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[pegucnosue

B cepe pa3pabGoTKu A3BIKM TPOTPAMMUPOBATIUS CMETISIOT APYT APYTa, U TEMIL, C KO-
TOPBIM CO3/IAI0TCS HOBBIE, KAXKETCS, TOJIBKO YBEIMYNBaeTCs1. Exeroano nosBisioTcs
MIOBBIE A3BIKH, ¥ 32 KaXIbIM — KOJIOCCaIbIas paboTa 110 popMUPOBAIIMIO LENOH HKO-
CHCTEMBI, aKTYaJIbIION 10 MOMEIITA BBIXOA IIOBOTO sA3bIKa. JII060M TPeI IOsABIAETCS
Y UCYE3a€T, U TO XKe CIyYaeTCs: C 9KOCUCTEMON, CO3/IAINOL BOKPYT MHETO.

Jliomu, BKJIAIBIBAIOIIYIE B 9TY TPETIOBbIE 9KOCUCTEMBI 3TIAYNTENbHBIE CPEACTBA, Ya-
CTO CTATKMBAIOTCSI C MIIOKECTBOM MPo0OJIeM, KOTOPbIE TIPUBOIAT K IeyAa4aM B GrsHece
Y IOTEPE MTPOEKTOM MMILYJIbCA U3-32 IEBO3MOXKIIOCTH AWTH Y HAHATH Pa3pabOTUNKOB.
ITo Mepe co3peBanusi 9KOCUCTEMBI IIPOIIECC PACTIO3HABAHUS U IEPECTPONHKH CIIOXKIION
CHCTEMBI 324aCTYIO TIPUBOAUT K TPYANOPEIIAEMBIM MPOOIEMAM HECOBMECTUMOCTH.
Pa6o4rx MHCTPYMENTOB OKA3bIBAETCSA HEJOCTATOUTIO, UM OIU COIEPKAT GOJIbIIoe
KOJINYECTBO OMIMOOK, a UTIOT/[A ¥ BOBCE OTCYTCTBYIOT.

VcTounuk cuiibl 9KOCHCTEMBI Java 3a mocieauvie 20 JeT — ee CTaHAAPTSI, U TJIaB-
nbiM 13 niux sisercsa Java EE. Tloxa srumoit Java EE cobpanst 53 3anpoca na creru-
¢dukanuio Java! (Java Specification Requests, JSR): oT cuntakcu4eckoro aHaansa
XML no cunrakcuyeckoro ananusa JSON, ot cepsretoB a0 JAX-RS, oT nBonunbix
mpOTOKOJIOB 10 ipoTokoaoB RESTful, takue unrepgeiicnbie Texunonoruu, kak JSF
wiu MVC, API nna mapmanunra aanmnbix B XML (JAX-B) uau JSON (JSON-B).
Crerudukaiy pacnpoCcTPpaniInch CTOJIb HIMPOKO, YTO AAKe €CJIU BBHI € PACCMA-
TpuBaere cebs1 Kak nojb3oBaress Java EE, naxe eciu Bbl Java-pa3zpaboTuuK, TO BCe
PAaBIIO B OIIPENENENTION cTenenu ux npuMersiere. [lo coBpeMeHIIBIM OLIeTIKaM, B MUPe
OKO0JIO 9 MUJLITMOTIOB Java-pa3paboTyrKoB.

O6nacts npumenenus Java EE npoctupaercs or Walmart, kpynreiinieit B Mupe
KOMTIaHWH, 3aTIMMAIONIENCs PO3MUYIIBIMU IIPOIA’KAMHU, M TPETHETO 110 BeTnyuiie pabo-
toxatess, 10 mporpammbl NASA SOFIA, uccnenyroriei kocMoc Ha BbicoTe 12 Thicsu
MeTpoB naj 3emuei. HecMoTpst ma TO 4TO cO0OBIECTBO Pa3paBGOTYUKOB MTOCTOSITIIIO
paspacraercs ¥ KOpropauuu Bce 60Jblie 3a1eHCTBYIOT Java, COBPEMEITIBIX PECYPCOB

1 cDOpMa_HbH])Ie JOKYMEHTBI, OIIMCBhIBAIOLIVIE Cl'[e].[I/I(bI/IKaLII/II/I 1 TEXHOJIOTUH, KOTOPbIE IIPEM-
naraercs 106aBUTh K Java-mardopme. — IIpumeu. peo.
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Java EE neBoobpasumo mano. Walmart u NASA, nanpumep, ucnosb3yior Apache
TomEE, peanusanus kotopoi 3anumaet 35 MGaiiT na aucke, 3arpy’KaeTcsi 3a CEKY LY
u notpebser menee 30 MbaiiT maMaTu. ITa CAEPIKAIIIOCTh XapaKTePHa A/ BCEX CO-
BpeMeHHBIX peanusanuii, Bkaouas WildFly, Payara u LibertyProfile. UnctpymenTst
Java EE, o6aka u IDE moJmbl KOHKYPENTHBIX PEIeHUH, KOTOPbIE HEMPOCTO OTCIIE-
1uth. Cocrosimas us 6osiee uem 200 yenoBex Kommanust ZeroTurnaround, nanpumep,
paboraeT na 6ase MpOrpaMMsl, 100ABIAIONIEN PEllleHUsI MITIOBEHHOTO Pa3BePThIBAIIUS
na cepBepsl Java EE.

W3-3a TOTO YTO 9KOCHCTEMA CTOJIb OOIIUPHA ¥ UMeET IIoYTH 20-JIETII0I HCTOPUIO,
e Tak [POCTO MONATD, YTO UMeHHO AesaeT Java EE oTinunbiv pemienuieM ceroass
Y KaK €r0 IPUMEHSITh I1a TPAKTHUKE B COBPEMETTHOM MUPE MUKPOCEPBUCOB. OYerb JIETKO
naiT NoApoOIy0 MHGOPMALIUIO ABYX-, IATH- WU JecaTuieTnel naaoct. Ctathbs,
HANKCANTIAasi aBTOPUTETIIBIM ABTOPOM B O/ITIO BPEMSI, MOXKET IIPOTUBOPEYUTH CTOJIb JKe
ABTOPUTETIIOMY, IO MOJIIOCTHIO MPOTUBOMOIOKHOMY BUAEHUIO aBTOPA CTAThH, CO3-
nauHOu B apyroe Bpemsi. Maktuuecku y Java EE ynukanbnast uicTopusi — HEMIIOTHE
TEXTOJIOTUHU CYIECTBOBAJIHU CTOJIb J0JTO U 9BOTIOIHOMUPOBAIY CTOJIb 3MAYUTENBIIO.

ITa KHUTa ONMKChIBaeT moBoe nokosemnue Java EE. Bel otnpaBurtecs B myTelie-
ctBue 110 Java EE B KoHTeKcTe COBpeMEeHHOTO MIPa MUKPOCEPBUCOB U KON TEHIIEPOB.
ITOo cKOpee Tie CIPaBOYIIOe PYKOBOACTBO Mo cuHTakcucy API — usmosxenisie 31€Ch
KOTIIEMIIMH ¥ METOAUKH OTPAKAIOT PEATbIIbI OTIBIT YeJI0BEKA, KOTOPBI CaM HEIABIIO
TIPOILIEJI 3TOT Iy Th, 0Opalas IPUCTATbHOE BIMMAITIE Ha BOSHUKAIONINE MPEMATCTBIS,
¥l TOTOB TIOZIETUTHCSI CBOMMU 3MATIUSIMU. B Pa3iudIibix CUTYaIUSIX, HAUMHAS C CO3aMus
TIAKeTa /151 TECTUPOBAMHS U 00JIa4HOTO MCTIOIb30BAIINS, 3TA KIIUTA CTATIET UeATbIIBIM
KOMIIAMbOTIOM U [IJIs TAYMMAIOIINX, U JJI ONBITIIBIX Pa3paboTIMKOB, CTPEMSLIUXCS
HOHATH G0JIbINE, YeM PocTo API, 1 IOMOKET UM IEPECTPOUTD CBOE MBIILIEHHE IS
CO3/IaHUSI ADXUTEKTYPHI COBPEMEHHBIX NpuIoxeHuit B Java EE.

Js6uo Baeseunc (David Blevins),
ocrosamenv u CEO Tomitribe



O6 aBTOpE

Ceb6acrban Jamuep (Sebastian Daschner) — Java-¢punancep, paboraoomuil KOH-
CYJIbTANITOM U IIPETIOZiaBaTeieM, SNTy3uact inporpammupoBanus u Java (EE). On npu-
numaet yyactue B JCP, momoras cosmaBath mmoBble cTanzaptsl Java EE, oOcayxuBas
B JSR skcneprmsie rpymnimbt 370 u 374 u paboTast B pa3nuIIbIX IPOEKTAX C OTKPHITHIM
MCXOITBIM KOZIOM. 32 CBO# BKJIA/l B COOBIECTBO M 9KOCUCTEMY Java oI ObLI HATPasK e
TUTYJIaMH YEMIIMOHA Java 1 ueMnroHa-paspaborunka Oracle.

CebacTban pery/sprio BBICTYTIAET Ha TAKUX MesKAynapoaHbix [ T-kondepenuusx,
kak JavaLand, JavaOne u Jfokus. On momyumn narpagy JavaOne Rockstar na xom-
depenunu JavaOne 2016. Bmecte ¢ menemxepom coobuectsa Java Ctusom Yumom
(Steve Chin) oH mocetwnn gecATkr Kordepeniuil U TMoJb30BATENbCKUX TPYIIN Java,
nyrenrectBys ma motouukiae. Ctus u Cebactosamn cospanu JOnsen — nekondepemnimo
Java, koTopas mpoxousia y TepMaJbHOTO UCTOUIHMKA B CEJIbCKOM MECTIIOCTH B S monuu.



O peueH3eHTe

Menncca Maxkkeii (Melissa McKay) — pa3paboTuyuk mporpamMmiioro obecredenus
¢ 15-71eTHuM OTBITOM CO3AANUS MPUIOKENUIN PA3IMYHBIX TUIOB KaK JJISI YACTIIBIX
KJIMETITOB, TaK U sl npeanpustuil. Celfuac ona 3aHUMAeTCs B OCTIOBIIOM CEPBEPIIBIMU
Java-npunoxeHusMu, KOTOPbIE UCIIONB3YIOTCS B 06JACTH KOMMYTIUKAIMIA U TeJie-
BUZeHUs. B cdepy ee MHTEPECOB BXOAAT KIACTEPIIbIE CUCTEMBI, OCOGYIO CTPACTh ONa
NHUTAET K PENIEHUIO 33/[a4, CBSI3AMIBIX C MaPaJJeIbHON ¥ MHOTOMOTOUTION paboToi
HIPUJIOKEHUN.

Menucca peryaspino noceniaeT Hekondepeniuu JCrete ma Kpute (I'penust)
U C yIOBOJIBCTBUEM IIPUIISLIIA YUACTHE B OTKPBITHH Iekotidepeniiu JOnsen B Anonuu.
Ona J1106UT y4acTBOBaTh B BOOHTEPCKUX [ T-Kon(epeHIuAX 1 fAeTelt, Hanpumep
JavaOne4Kids u JCrete4Kids. Bruia uienom komuteta mo Konrenty na JavaOne 2017
U SIBJISIETCS aKTUBIBIM uienioM Denver Java User Group.



bnarogapHocTu

B nporecce cBoeli kapbepbl S UMeJ 4eCTh MO3MAKOMUTHCSI CO MHOTUMU JIIOAbMY,
OKa3aBINVMU GOJIBIIOE BAUATIME TI€ TOJBKO Ma MO0 paboTy, TI0 U Ma 3Ty KIUTY, ¥ €CTh
nemMajo Tex, 6e3 KOTopbIx OHa Te Oblaa Obl manucana. ITOT CUCOK YBEJMYMBAETCS
C KaXIbIM TO10M. Bce 3Tu J1io11 KOCBENTIO MOoMOTJIM ¢(OPMUPOBATH KIIUTY, U 51 LETI0
KaXXa0ro n3 Inx.

EcTb necKosIbKo Apy3eli, nanpsiMyIo MOBIUSBIIMX 112 MO0 paboty. Xouy nobaro-
NapUTh OT/EJIBIIO:

O Kepka [lennepauna (Kirk Pepperdine) — 3a ero neyroMumoe CTpeMJIeHUE K pas-
BeHYanuio MU(OB B MUPE IPOU3BOAUTEILIIOCTH IIPOTPAMMHOTIO 06eCIIedeHMsI
U paspellenye ucnojb3osath jPDM. Ero 6eclienHblii OIbIT OYelb TIOMOT YIyYIIUTh
KayeCcTBO 9TOU KIIUTH;

Q Meanccy Maxkkeit (Melissa McKay) — 3a ee neycranmyio 10paboTKy TEKCTa, 311a-
YUTENBHO YIYYIIUBIIYIO KAYECTBO KHUTH, 32 KEJIAMHUE TOETUTHCSI CBOUM OTIBITOM
B Enterprise Java u He B oCjIeIHIOO OYepeab — 32 BIOXIIOBEHUE U MOTUBALHUIO;

Q /lssuna baesunca (David Blevins) — 3a To, uto on pasaenser Moro ctpactb  Java EE
Y TIATIKCAJT TPEAKCIOBHE K 3TOU KHUTE;

Q IAnau I'ymGpexta (Andy Gumbrecht) — 3a momo1b He TOJIBKO € TEMOH KOpopa-
TUBIIOTO TECTUPOBAITHUS, HO U C ANITTUNACKUM SI3BIKOM;

Q Mapkyca diizene (Markus Eisele) — 3a 10, 4To 3aer uckpy sToi paboThI;

Q @uaunna bpanen6epra (Philipp Brunenberg) — 3a KoHCTpyKTUBIIbIE BAOXHOBJISA-
IOII[Iie UIEU U TIE B MTOCIEAIOI OYEPETH 32 MOCTOSITTHYI0 MOTUBAIMIO B MIPOIIECCE
MANUCATNS KHUTH,



Baaronapio Kupun Ben Atien

3a IOHUMaHNe, HOCTOSIHHY IO HOIIEPKKY
1 6eCKOHEYHOe TepIieHne. JTa KHUTa
HOCBAILIEHa Tebe.



BBegeHue

Java EE 8 upeanaraer MHOXeCcTBO (DyHKIIMIA, B OCHOBHOM OPMEHTHPOBAHHBIX HA HOBbIE
apXMUTEKTYPhI, TAKKE KaK MMKPOCEPBHUCHI, MOfiepHU3NpoBanHbie API 6e3omacHocTn
1 06JIauHble pa3BepPTHIBAHMS. JTa KHUTA HAYYWUT Bac MPOEKTUPOBATH U Pa3pabaThi-
BaTh COBPEMEHHBIE OU3HEC-OPUEHTUPOBAHHBIE IPUJIOKEHUS C UCTIOIb30BAHUEM
Java EE 8. B Heii paccka3biBaeTcsi, KaKk CTPYKTYPHUPOBATh CUCTEMBL U IIPUIOKEHUS
M KaK 1a6JI0HbI TIPOEKTUPOBAHMUS M TEXHOJOTUU MPOOIEMHO-OPUEHTUPOBAHHOTO
MMPOEKTUPOBaHMS peanu3yioTcs B 9Hoxy Java EE 8. Bol u3yuunre KOHIENI[UN 1 HPHUH-
LIHBI, JIeXKaliue B ocCHOBe npusoxenuii Java EE, u y3Haere, Kak OHM BIUSIIOT Ha
KOMMYHUKAIUIO, COXPaHSEMOCTb, TEXHUYECKYIO ¥ CKBO3HYIO (DYHKIIMOHAIbHOCTD,
a TakXe Ha aCHHXPOHHOe HOBeJ/leHNe.

B u3naHuy OCHOBHOE BHUMAHUE Y/ESIETCS PeATU3alni OU3HEC-TIOTUKU U TOMY,
KaK y/I0BIETBOPUTH HOTPEGHOCTH KJIMEHTOB B KOPIIOPATUBHOM cpeze. PacckasbiaeTcst
0 TOM, KaK CO3/IaBaTh IPOMBILITIEHHbIE HPUJIOKEHUS], HPUMEHSISI pa3yMHbIe TEXHOJIO-
TUYECKHUE Pellienns, 6e3 4pe3MepHOro TEXHUUECKOTO YCIOKHEHNA. B KHUTe He TOIBKO
JIEMOHCTPUPYETCs, KaK PEATM30BATh ONPEIETEHHOE PENIeHNE, HO 1 OObACHSIETCS, T10-
4eMy BBIGPAHO UIMEHHO OHO.

[TpounTaB 3Ty KHUTY, BBl U3y4HTe IPUHIUIEI coBpeMeHHo# Java EE 1 ocBouTe crio-
cobbI peauzanuu 3(HEKTUBHBIX APXUTEKTYPHBIX peinenuii. Kpome Toro, Bel y3Haete,
Kak pa3paboTaTh KOPHOPATUBHOE TPOrPAMMHOE 0OECTIEYeHNE B STIOXY ABTOMATHU3AIINH,
HEMPEPBIBHOM MOCTABKM KOJa U OOAYHbIX TIAT(OPM.

CTpyKTypa KHUMM

['naBa 1 «BcTyHneHnes 3HAaKOMHUT ¢ KOPHOPAaTUBHBIMU NpuUoxkeHUsiMU Java EE
U pacckasbiBaet, mouemy Java EE Ho-mipexxHeMy MOJIb3yeTCST HOMYISIPHOCTBIO B CO-
BpEMEHHBIX CHCTEMaX.

I'naBa 2 «[IpoexTupoBaHue U CTPYKTYpUpPOBaHUe puiokeHuii Java Enterprises
Ha IpUMepax HOKa3bIBaeT, KaK CIPOEKTUPOBATh CTPYKTYPY KOPHOPATUBHOIO IIPHU-
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noxxenus. [logpasymeBaeTcs: HDOEKTUPOBaHIE KOPHOPATUBHBIX HPUJIOXKEHUI [1JIst
ompeieJieHHbIX GU3HEC-CIIEHAPHUEB.

I'naBa 3 «Buenpenue coBpemeHnHbIx mpuiokeHuit Java Enterprise» oHuceiBaer,
KaK BHEAPSITh COBpeMeHHBbIe Ipuokenus Java EE, u 06bsAcHseT, HoueMy aTOT BHIOOD
TEXHOJIOTUH aKTYaJIEH U CETO/IHS.

I'nasa 4 «O6aerdennas Java EE» yuut cosnaBath HecoxkHbIe Ipusioxenus Java EE
HeGOBIIOTo pa3Mepa ¥ C MUHUMAJIBHON 3aBCMMOCTBIO OT CTOPOHHUX Pa3paboToK.

I'nasa 5 «Java EE B KOHTeiHEPHBIX ¥ 00JaYHBIX CPefiax» OOBACHSET, KaK MC-
HOJIb30BaTh HPEUMYIIIECTBA KOHTEIHEPOB 1 COBPEMEHHBIX CPe/l, KAK MHTETPUPOBATH
KOPIIOPATUBHbIE MIPUIOKEHUSA W KaK HTO TIOMOTAET yJaydliaTh paboune IMpoIeccs
pa3paboTKu.

I'naBa 6 «PaGoune IpoLEecChl CO3AaHNA HPUIOKEHNA» PACCKAa3hIBAET O KIIOYEBbIX
MOMEHTaX, 00y CJI0BINBAIOIINX CO3MaHKe ObICTPHIX KOHBEHEPOB pa3paboTKy 1 0OecHe-
4eHMe BBICOKOTO KAaueCTBa IIPOrPaMMHOTO 00€eCTieYeH s], OT HENPEPHIBHOW HOCTABKU
10 aBTOMAaTU3UPOBAHHOTO TecTHpoBanus U DevOps.

I'naBa 7 «TectupoBaHues Kak cjefyeT U3 HA3BaHUSI, 0XBAThIBAET TEMY TeCTHPOBA-
Hust. OHa TOMOKET BaM 00ECHEYHTH BBICOKOE KaueCTBO Pa3paboTKU aBTOMATUYECKOTO
TECTUPOBAHUS TIPOTPAMMHOTO 0OeCTIeYEeH S,

I'maBa 8 «MUKPOCEPBUCH M CUCTEMHAS APXUTEKTYPa» PACCKa3bIBAET 06 OCHOBHBIX
MOMEHTaX HPOEKTHUPOBAHUS CUCTEM B COOTBETCTBUHU C YCJIOBHUSIMU MPOEKTA U KOM-
HAHUW, O TOM, KaK CO3/1aBaTh MPUJIOKEHUs U UX MHTEP(ERCH 1 Koraa TpebyioTcs
MHUKPOCEPBUCHBIE APXUTEKTYPBL

I'naBa 9 «MOHUTOPUHT, HPOU3BOAUTEALHOCTD U JKypPHAIUPOBaHUE> OObSICHSIET,
HOUYEMY TPAAUIMOHHOE JKyPHATUPOBaHKE TIPUHOCUT BPEJl, KaK pa3obpaThesi B HPO-
6J1eMax MPOU3BOANTEIBHOCTH ¥ KOHTPOJIMPOBATh Paboure U TEXHMYECKIE XapaKTe-
PUCTHUKY HPUJIOXKEHUS.

I'naBa 10 «Be30HACHOCTb» PaCcCKa3bIBAET O PeaNU3allMy U MHTErPalny 3a1a4 6es-
OTIACHOCTH B COBPEMEHHBIX CPeNaX.

B saksounTenbHOM, 11-ii r1aBe KpaTko 06001IaeTCsA BECh U3JI0KEHHBIN MaTepua,
a TaK’Ke OMMCHIBAIOTCSI HEKOTOPBIe cTanaAapThl Java EE 8.

Y710 BaM NoOHaaobuTCs AN 3TOM KHUMM

1151 3a1mycKa v BHITIOJHEHUS TPUMEPOB KO/Ia, HDMBEJEHHBIX B KHUTE, BaM MOTPEOYIOTCS
C/IelyIolIne MHCTPYMEHTBI, HACTPOEHHbIE B Balllei CUCTEME:

O NetBeans, Intelli] uau Eclipse IDE;

Q GlassFish Server;

Q Apache Maven;

Q Docker;

Q Jenkins;

Q Gradle.
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[1na Koro npeaHasHa4vyeHo 3TO usgaHue

Kuura npeqHasHayeHa /s OMBITHBIX pa3paborunkoB Java EE, koTopbie cTpemMsTcs
CTaTh aPXUTEKTOPAMH HPHJIOKEH I KOPIOPATHMBHOTO yPOBHSI, & TAKXKE U151 pa3paboT-
4KKOB porpammHuoro obecueuensi (I10), koTopbie xoTesm 6l UCTIOAB30BaTh Java EE
111 co3iaHust 3G (PEeKTUBHBIX HPOEKTOB HPUJIOXKEHU.

YcnoBHble 0603HavyeHus

B usganuu Bl yBUANTE TEKCT, OOPMIEHHDIN pa3inyHbiMU cTHIsIMU. Hike mipuBo-
ISITCSI TIPUMEPBI CTUJIEH 1 OOBICHSIETCS, UTO 03HAYAET BCE ITO (POPMATUPOBAHMKE.

B TexcTe KomoBbIE CI0BA, MMeHa TabuI] 6a3bl JaHHBIX, ANOK, (haliaoB, pacuim-
peHwuit paiinos, MyTell, MONB30BATENBCKAN BBOJ TOKA3aHBI CIEAYIONIUM 00pPa3oM:
«EJB annoTtupyercs ¢ Homortipio @Startup>. URL-aapeca u TBUTTEP-1€CKPUHTOPBI
BbIZIEJIEHBI 0COBLIM HIIPUGTOM.

BJioku Kona BbIIeIeHbI CIEAYIONUM 06pa3oMm:

@PreDestroy
public void closeClient() {
client.close();

}

Korza Hy»HO IIpuB/IeYb BHUIMAHUE K OIPENEJEHHOMY YYacTKy OJ0Ka Koza, COOT-
BETCTBYIOIIHE CTPOKU WUJIH 3JIEMEHTHI BBIAEISIOTCS MOTYKUPHBIM HIPUGPTOM:
private Client client;
private List<WebTarget> targets;

@Resource
ManagedExecutorService mes;

J171s1 yIIpOIIEHMST ¥ YTy YIIEHUST YN TAEMOCTH HEKOTOPbIE TIPUMEPBI KOJIa COKPAIIIEHBI.
OmnepaTopsl Java, HAIpUMeED import, yKa3aHbl TOJBKO /JisI HOBBIX THHOB, a HeCyIIe-
CTBEHHBIE I/ IPUMEPA YYACTKM KOZIa 0003HAYAIOTCSA MHOTOTOYMEM (. . .).

Bce, 4T0 BBOAUTCS ¥ BBIBOAUTCSI B KOMAHIHOU CTPOKE, 3aMIUCAHO B TAKOM BH/IE:

mvn -v

Hoevie mepmMutbL 1 86AINHCHbLE C/106A BbIAECJICHBI KYDCUBOM.

3arpy3ka npuMepos Koaa

[TpuMepsI KO/A /1J1S1 BBITOJTHEHUS YITPAKHEHWH U3 3TOW KHUTH JOCTYITHBI JIJISI CKA4U-
BaHWUA HO azapecy https://github.com/PacktPublishing/Architecting-Modern-Java-EE-Applications.
[ ckauMBaHUSI MATEPUAJIOB BBITIOJHUTE CJEAYIONIUE TIATH.

1. Haxwmure xHomky Clone or Download (KiioH1poBath wiu ckavyats).

2. Ha otkpeiBieiics naHeu ImeaKHUTe Ha ceblike Download Zip (Ckauats Zip).
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ITocuie Toro Kak apxuB OyIeT 3arpy:KeH, MOXKeTe PACIIAKOBATD €70 B HYKHYIO [AIKY,
HICIIOJIb3YsI HOCJIEHIOIO BEPCHIO OJTHOM M3 HUKEIIePeYUCIEHHBIX HPOIPaMM:

QO WinRAR wm 7-Zip nna Windows;
Q Zipeg win iZip wnu UnRarX a1 macOS;
Q 7-Zip unu PeaZip ns Linux.

Ynaun!



BcTynneHue

K coBpemennomy kopmopatuBHoMmy 1O mpeabaBAsSETCS MHOTO HOBBIX TPeOOBAHUIA.
YiKke HEeIOCTATOYHO JIUIIb Pa3paboTaTh HEKUI HDOTPAMMHBIN ITPOAYKT ¥ Pa3BEPHYTh
€T0 Ha cepBepe MPUJIoKeHuid. BHpoueM, 3Toro HUKOrAa He GbLIO JOCTATOYHO.

HoBble Tpe6oBaHNA K KOPMOPATMBHLIM CUCTEMAM

Ceroxas Mup MeHsieTcs1 ObICTpee, 4eM Koraa-nu6o mpesxae. [[osToMy cHOCOOHOCTD 6bi-
CMPO USMEHAMBCSL — OTHO U3 BUKHEMIINX TpeboBaHmMit K coBpeMeHHbIM U T-KoMIaHusiM.
[TocsiesHre CHOCOOHBI OTIEPATUBHO PUCHOCOOUTHCSA K PEATBHOMY MUPY U TIOTPEGHO-
crsim kineHToB. OKraeMoe BPeMsT BHIX0/1a HOBBIX (DYHKIIUN HA PBIHOK COKPATHIOChH
OT HECKOJIBKYX JIET UJI MECSILIEB /10 HEMIENb 1 iHeH. UTOOBI yII0KUTHCS B TAKUE CPOKH,
KOMIIaHUSM HEOOXOMMO He TOJIbKO BBOJUTH HOBBIE TEXHOJIOTUY U 8bl0eLAMb 60bie
Oenez Ha Peanu3aIio OU3HEC-TOTUKH, HO U IEPEOCMBICTIUBATL U PEOPTAHNU30BBIBATh
6a30BbIe IPUHIMHBI paboTel ux UT.

YT0 B 9TOM KOHTEKCTE O3HAYaeT 6bicmpo menamuvcs? B uem a10 Boipaxaerca? Kakue
METO/IBI Ul TEXHOJIOTHH 3TOMY CIIOCOOCTBYIOT?

BhIcTpO MeHATHCS 03HAYAET OBICTPO AAANTUPOBATHCS K MOTPEOHOCTAM PhIHKA
1 KaneHToB. Eciu tpeGyercst HOBast HYyHKIMA M OHA KAXKETCS MHOTOOOEIAIoNIEeH,
CKOJIbKO TIOHAI00UTCS BpEMEHH, YTOOBI OHA HPOIIJIA TYTh OT HEPBOHAYANBHOU UIen
[I0 TOTOBOTO WHCTPYMEHTA B PyKax mosib3oBaresist? Ecau HykHa HOBast uH(MPACTPyK-
Typa, CKOJIbKO BpEMEHU HPOMIET OT HPUHSTHSL PEIIEHUS /10 IOy YeHns: paboTaronero
obopynoBanus? U He 6ynem 3a6bIBATH O TOM, 4TO, KPOME Pa3pabOTKU HPOTPAMMHOTO
obGecrieyeHust B TpeGyeMble CPOKH, HyKEH elle aBTOMATU3UPOBAHHBIN KOHTPOJIb Kaue-
CTBa, KOTOPBIA rapaHTUPYET, 4TO Bee OyaeT paboTaTh KaK 0KUAAIOCH U HE HAPYIIUTCS
CYUIECTBYIONIAs PYHKIIMOHATBHOCTb.

[Ipu pa3paboTKe HPOTPAMMHOTO 0OECIIEYEHHS] OCHOBHASI YaCTh 3TUX BOMPOCOB
KacaeTcsl HEHPEPBIBHOTO Pa3BepThIBaHusA 1 aBToMaTu3anuu. Hosoe HporpammHoe o6e-
CHEYeHWeE MOJIKHO ObITh pa3paboTaHO, MPOTECTUPOBAHO U HOCTABIEHO ABTOMATUYECKIM,
OBICTPBIM, HAZIEXKHBIM ¥ BOCHPOU3BOAMMBIM CHOCOG0M. Ha/iesKHbIil aBTOMATH3MPOBaH-
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HBII HPOLIECC 0GECHEUNBAET HE TOMBKO GoJiee GBICTPbIe U3MEHEHM S, HO U B KOHEYHOM
cuere Gosiee BHICOKOE KaueCTBO. ABTOMATUYECKUI KOHTPOJIb KAaueCTBa, HAIPUMED
BBIHOJIHEHVE IIPOTPAMMHBIX TECTOB, — YaCTh TEXHOJIOTUYECKOTO Ipotiecca. B coBpe-
MeHHOH pazpaboTtke IO HeHpePBIBHOE Pa3BePThIBAHNUE, ABTOMATHU3AIINSA M HA/[TIEXKAIIEE
TECTUPOBAHUE ABJSAIOTCS OHUMU U3 HanboJIee BaXKHBIX TIPUHIUIIOB.

CaMbIM y3KMM MECTOM B 6OJILINMHCTBE KOMHAHUH Beeraa Ob11a MHOPACTPYKTypa.
Hebonbiivie KOMHAHUM YaCTO MBITAIOTCSI HOCTPOUTH HOBYIO HH(PACTPYKTYPY, UMest
OrpaHUYeHHbIH 6r0/KeT. Bosiee KPyITHBIM KOMITAHMSIM, KAK HPABUIIO, HE YIaeTCsl pa3pa-
6otatb GeicTpBIe 1 9ppexTrBHBIE Tporiecchl. [IpobaeMa MHOTHX GOMBITMX KOPIOPAIMI
3aKJII0YAETCS He B OI0/1KETe, 2 B TEXHOJIOTHAX. TaCTO IPUXOAUTCS KAATh HOSBJIEHUS
HOBOI MH(MPACTPYKTYPHI B TeUeHUE HECKOJIBKUX JHEN WU AaKe Hellesb U3-3a COTa-
COBAHUU ¥ YPE3MEPHO CJIOXKHBIX MPOIIECCOB, KOTOPhIE TEXHUYECKU MOTJIU Obl OBITH
BBIHOJIHEHBI 32 CYUTAHBIE MUHYTHI.

VIMEHHO [I03TOMY TaK BaXKHbI MH(PPACTPYKTYPa HPUJIOKEHHUS U CHOCOD €ro pas-
paboTku. B riiaBe 5 Mbl pacCMOTPUM COBpeMeHHbIe 0OJauHbIe Cpebl. Bbl yBuaMTE,
4TO HA CAMOM JleJie He UMeET 0COOOT0 3HAYEHMsI, CIIOAb3YIOTCs 00JauHbIe YCIYTH
WK HeT. BhICTphIe U MPOMYKTUBHbBIE HPOLIECCHI MOJKHO PEAN30BATh U HA IOKATBHOM
o6opymnoBanuu. ['opa3no BaskHee, YTOOBI OHU TPABUIBHO PAbOTAIN U TIPUMEHSLIUCH
COOTBETCTBYIOIIME TEXHOJIOTHH.

CoBpemeHHast HHDPACTPYKTYpa MOJKHA CO3/1ABATHCA OBICTPO M AaBTOMATUYECKH,
OBITh BOCTIPOM3BOAMMON U HazexkHON. OHa noKHa 6e3 0COObIX yCUINiA aIanT-
POBAThCA K MEHAIUMCA TpeboBanusiM. J[ss1 TOro 4To6bl COOTBETCTBOBATH HTUM
TpeboBaHUAM, MH(GPACTPYKTYPA HOJKHA OBITH OTMCAHA B BUE KO — JIMOO KaK IIPO-
[elyPHBIH ClIeHAPUH, 1160 Kak HaGOoP AEKIaPAaTUBHBIX OMMCaHWiA. [T03e MBI yBUIVM,
KaK MH(MPACTPYKTypa B BUJE KOJIA BAUSET HA HPOLECCHI PaspabOTKU IPOTPAMMHOTO
obecreyeHyst ¥ KaKie TEXHOJOTUY €€ HOIIEPIKUBAIOT.

Jlanubie Tpe6OBAHUSA OTHOCATCS ¥ K pabounM rpynHam. Komanze paspaboTunkoB
yKe HEeZOCTATOYHO NPOCMO CO30amb HPOTPAMMHBIN TIPOAYKT ¥ MEPeNaTh €ro onepa-
[IMOHHBIM KOMaH/IaM, KOTOPBIE €r0 3aMyCTsIT, a 3aTeM OYAyT PeliaTh BO3HUKAOIIME
B MPOLIECCEe SKCHIyaTaruu HpobieMbl. Takas MpakTUKa YpeBaTa HATSIHY TBIMU OTHO-
[IEHUSIMU Y TIEPEKJIAIbIBAHNEM Ha JIPYTHX OTBETCTBEHHOCTH 32 KPUTHIECKHE OUINOKH.
Ho Bezb 0611as 11e71b J0KHA 3aKII0YaThCS B TOM, YTOOBI HOCTABJISITH TPOTPAMMHOE
obecriedeHue, MOTHOCTHIO YIOBIETBOPSIIOLIEE CBOEMY (DYHKIMOHATIBHOMY Ha3Haye-
. OnKchiBasg HeOOXOAUMYIO0 UHGPACTPYKTYPY ¥ KOH(MUTYPAIMIO B BUZE KOJA,
TPYNbl pa3paboTYMKOB U ONEPAIUOHNUCTOB JOJIKHBI COCTABJISTh €IMHYI0 KOMAH/IY,
OTBEYAIIyI0 32 pabOTy HPOrPAMMHOTO 0O€eCIedeH sl B [eJOM. ITO HA3bIBAETCS
DevOps — KyabTypa pa3pabOoTKH U 9KCILLyaTaliy, HalleJeHHAs! HA OTBETCTBEHHOCTb
Bcelt koMaH bl pa3paboturkos I1O 3a pyHKIIMOHMPOBaHWE HPOAYKTA. Bee yuacTHUKM
OTBEYAIOT 33 TO, YTO KJIMEHTHI OYAYT MCIIOIb30BATh HAJIEXKAIIee TPOrpaMMHOe 06e-
creyeHne. ITO CKOpee OPTaHU3AIMOHHAS, YeM TEXHIUYECKast 33/1a4a.

TexHuyecku 1711 pelileHUs 9TUX 33124 IPUMEHSIETCST HETIPEPBIBHOE PAa3BEPTHIBAHUE,
a TaK)Ke METO/INKA, KOTOPYIO HA3bIBAIOT 12-ghaxmopHvim HOAXOMIOM Y OPUEHTALIUEN HA
svinoanenue 8 obnaxe. Obmaunblii 1 12-haKTOPHBIN MOAXOABI OHUCHIBAIOT, KAK JOIKHBI
pa3pabaThiBaThCS COBPEMEHHbBIE KOPIOPATUBHBIE MPpUaoxKeHust. OHU ONPeNeAIOT
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TpeOGoBaHMsI He TOJBKO K pa3paboTKe, HO U K 9KCILIyaTalluy IMPUIOKeHui. B aToi
KHUTE€ Mbl HI3Yy4YHM YKa3aHHbI€ HOAXO/AbI, COBPEMEHHbBIC O6JIa‘-IHbIe cpennl U TO, KaK UX
noaepxuBaet Java EE.

CoBpeMeHHbIM crnocob NocTpoeHus
KOpPNOpPaTUBHBIX CUCTEM

[TocMoTpuM, Kak pa3pabaThiBAIOTCSA KOPIOPATUBHBIE HPOTPAMMHBIE KOMILIEKCHI.

CTpeMsch yIOBJIETBOPUTD MOTPEOHOCTH PeajbHBIX KIMEHTOB, MBI JOJKHbI CHPO-
cuTh cebs: KAKOBO HAa3HAYEHME HPUJIOKEHUS, KOTOPOE Mbl HAMEPEHbI pa3paboTaTh?
[Ipexne yeM yraybaaTbCst B TEXHMYECKHUE JETANU, HEOOXOAUMO MPOSICHUTH MOTHBBI
Y LIeJU CO3[aHUsI KOPDHOPATUBHBIX IIPOTPAMMHBIX CHCTEM, NHAYE HOJIYYUTCS Pas-
pabotka paau pazpaborku. K coxaneHuro, Tak mpoucxoaut canmkom yacto. Cocpe-
JIOTOYMB BHUMAaHWe Ha OU3HEC-JIOTHKE ¥ HPUHIIUIIAX NPOOIEMHO-OPUESHIMUDOBAHHO20
npoexmuposarusl, Kak 3TO HpeKpacHoO onucaHo B kuure Jpuka IBauca (Eric Evans),
MBI TAPaHTHPYEM, 4TO CO3/IaBAEMO€ TPOrPaMMHOE obecHedeHre OyIeT OTBeYaTh Kop-
MOPATUBHBIM TPEGOBAHUSM.

Tosbko mocJie TOro, KaKk Ha3HAYEHME U 331241 IPUIOKEHUSI CTAHYT TOHSITHBI BCEM
3aMHTEPECOBAHHBIM CTOPOHAM, MOKHO HEPEHTH K TEXHUYECKUM JAeTalsIM. [ pyIHbI
pa3pabOTUYNKOB JOJKHBI BLIOMPATh T€ METOAUKH U TEXHOJIOTHH, KOTOPbIE HO3BOJISAT
He TOJIBKO 3(h(HEeKTUBHO Peann30BbIBATH OU3HEC-CIIEHAPUH UCTIOIb30BAHMS HPOIAYKTA,
HO U YMEHBIIUTH 00beM pabOoThI U N3/1ePKKHU. Y Pa3paboTYNKOB IOIKHA GBITH BO3MOK-
HOCTB COCPEIOTOUNTHCS Ha GU3HECE, a He HA OHEPAIIMOHHOM Cpelle UM TEXHOIOTHN.
Xopoliast OHepalMOHHAS CPe/la TUXO U HE3aMETHO HOMOTAET PEAM30BbIBATH OU3HEC-
JIOTHKY, He TpeOysl BHMMaHMs Pa3paboTynKa.

BoiGpaHHast TEXHOJIOTUSA OJKHA 06ECTIEYMBAThH U MAKCUMATBLHO 9(h(heKTUBHBIE HPO-
1[eCChI Pa3pabOTKU. ITO O3HAYAET HE TOJNBKO ABTOMATHU3AIUIO ¥ GBICTPOE BBHITIOJHEHME
BCEX 3TAHOB, HO U HOJZIEPKKY COBPEMEHHOHN UH(PACTPYKTYPBL, TAKOH KaK KOHTEHHEepbI
Linux. B riiaBax 4 u 5 Mbl oApoGHEE PACCMOTPUM TEXHUYECKHE OCOOEHHOCTH COBPE-
MEHHBIX CPeJl ¥ IIOTOBOPUM O TOM, KaK UX nozazepxusaet Java EE.

3HayeHune Java EE gna coBpeMeHHbIX cucTeMm

[epetinem k Hiatrdopme Java EE, mockonpKy OHa MeeT HpSIMOE OTHOLIIEHHE K KOp-
MOPATUBHBIM CUCTEMAM U 9TO OCHOBHAS TEMA KHUTH.

Java EE u J2EE ucHoMb3yI0TCSI OYeHb IIMPOKO, 0COOEHHO B KPYITHBIX KOMITAHUSX.
O[HO 13 UX PEUMYIIECTB 3aKII0YAETCS B TOM, YTO HIATHOPMa COCTOUT U3 CTaHAAD-
TOB, TAPAHTUPYIOIINX OGPATHYIO COBMECTUMOCTD C PaHHUMM BepcusiMi. [laxe ctapbie
npunoxenus J2EE B nanbHeiiemM GyayT rapaHTUPOBAHHO (PYHKIIMOHUPOBATH.
310 Beerza GbLIO BECOMBIM APIYMEHTOM JJIsi KOMIIAHWH, CTPOALIMX I0JTOCPOYHbIE
nansl. [Ipunoxkenus, paspaborannsie Ha 6aze Java EE API, cHocoOGHBI paboTaTh Ha
Bcex cepBepax npuiokenni Java EE. HezaBucrumblie 0T TPOU3BOANTEST HDUIOKEHUS
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HO3BOJISIIOT KOMHAHUSIM co371aBaTh nepcrektuBHoe [10, He orpaHyeHHOE paMKaMu
KaKOro-1n60 KOHKPETHOTO MPOAYKTA. ITO OKA3AI0Ch PA3yMHBIM PEIIEHUEM 1 B UTOTE
HPUBEJIO K HOSIBJIEHUIO MHYCTPUATbHOM KyJIbTYPBI, B KOTOPOI CTAHAAPTHI YIyYIIAIOT
CUTYAIIMIO B I[EIOM.

ITo cpaBrenuio ¢ mupoMm J2EE B Java EE MHOroe namMeHun10Ch. 31€Ch COBEPILIEHHO
WHasi MOJIeJIb TPOTPaMMUPOBaHKS — Oojiee KOMIIAKTHAsl U HPOAYKTUBHasA. Paau-
KaJIbHblE M3MEHEHUST TIPOU3O0IILIN BMecTe cOo cMeHoi Ha3Bauus ¢ J2EE na Java EE 5
u ocobenno Ha EE 6. B riaBe 3 MbI pacCMOTPYM COBPEMEHHBIH CII0cob paspaboTKu
HPWJIOXKEHU Ha Java. Y3HaeM, Kakue apXUTeKTypHbIe IOAXOAbI ¥ IIPOTPAaMMHBbIE MO-
JIeJTM VICTIOMB3YIOTCS, ¥ YBUAUM, 4TO Gsaronaps miatgopme pa3paboTka CTaHOBUTCS
ropaszio addekTrBHee, ueM npexzae. Toraa Bel HOliMeTe, Touemy Java EE saBasercs
COBPEMEHHBIM PENIEHNEM [1JIs1 Pa3paboTKK KOPIOPATUBHBIX TIPUIOKEHUI.

Celiyac 1oHecTH 9Ty UH(GOPMALIMIO JI0 OTPACTH — B CYITHOCTH, CKOPEEe MAPKETHH-
roBasi U HOJMTUYECKAs, YeM TEXHUYECKas 3a7a9a. MHOXeCTBO pa3paboTYMKOB U ap-
XUTEKTOPOB Bce elile cunTaioT Java EE rpomMosakum, Ts:ke10BeCHBIM KOPITOPATUBHBIM
pemenuem snoxu J2EE, TpeGytommm MHOTO Bpemenu, yeuiuii u XML, 3a Enterprise
JavaBeans (EJB) u cepBepaMu IPUJIOXKEHNU COXPAHSIETCS OUYEHD ILJI0Xast PEHYTAIIMSI.
VIMeHHO 3THM BBI3BAHO HpenyOex1eHne MHOTHX WHXKEHEPOB MPOTUB 3TOU TEXHOJIOTUH.
ITo cpaBHEHUIO C IPYTUMH KOPIOPATUBHBIMU pernennsamu y Java EE 65110 10BOIBHO
MaJI0 MAPKETUHTOBBIX PENIeHUH 1JIs1 pa3pabOTUNKOB.

B rsiaBe 4 Mb1 yBUiMM, TOYeMy coBpeMenHas Java EE sBisieTcst omHUM U3 caMbIx
HPOCTBIX KOPIIOPATUBHBIX PEIleHuiA. Bbl y3HaeTe, 3a Cuet 4ero oHa cToJib ya1o6Ha 1 HO-
yeMy ceifyac Goiee aKTyabHa, 4eM KOrga-aub0, 0cOOEHHO B COBPEMEHHBIX 00IauHbIX
Y KOHTelHepHbIX cpefax. Biusinne M T-uHaycTpry Ha KOHKPETHYIO TEXHOJIOTHIO OUEHb
BaXKHO /IJISI JOCTHKEHUS €10 ycIexa.

Komuanuu Beibupaiot Java EE B 0CHOBHOM M3-3a HaIe)XHOCTU U 0OPATHO# Co-
BMecTUMOCTH. S peanouuntaio Java EE u3-3a ee mponsBoguTEIBHOCTH U HDOCTOTHI
ucnosb3oBanus. [logpobHee 06 9TOM MBI TIOTOBOPUM B Iy1aBax 4 u 5. B atoil kuure
s1 XoTeJ1 Obl JOKa3aTh YMTATENAM, 4To Java EE — pelenne, XopouIo y10BIeTBOPAIOIIEe
HOTPEGHOCTH COBPEMEHHBIX HPEANPUITUN. SI TaK¥kKe MPEACTABII0 BAM TEXHOJOTUH
U CTaHJAPTHI — He Yray6ssach B mogpobHocTu. CKopee paccKa)y, Kak OHY CBA3aHBI
MexKIy coboit. CumTalo, 4To, COCPENOTOYMBINUCH HA 9TOU CBSA3H, MBI JIy4llle TOAMEM,
Kak 3¢ (PeKTUBHO CTPOUTD IPOMBIIILIEHHbIE TIPUJIOKEHUSI.

O6HoBNeHMe 1 NepcnekTuea pa3sutus Java EE 8

Celiyac MBI KPaTKO PaCCMOTPHM, 4TO HOsSIBUJIOCH B Java EE Bepcuu 8. Llenb co3nanus
STOW BEPCUM — C/IeJIaTh HPOAYKT elile yaoOHee AJsi pa3paboTynKa, OHTUMU3UPOBATh
paboty API unpusectu Java EE B cooTBeTCTBME C HOBBIMU TPEOOBAHUAMMY, IIPEIbSB-
JisieMbiMu o6 1auHbIMU cpeamu. [TnaTgopma pacnosaraet IByMs OJTHOCTHIO HOBBIMU
JSR — JSON-B (Java API naa JSON Binding) u Security. Kpome Toro, ycoBepiueH-
CTBOBaHBI CyIIECTBYIOININE CTaHAapThl. B yactHocTH, BHeApeHne JSON-B yHpormiaer
HE3aBUCHMYIO OT [TOCTaBINUKa uHTerpauuio nutepdeiicos JSON HTTP APL
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Hasnauenue Java EE — yayumuTh pazpaGoTKy KOPIOPATUBHBIX HPUJIOKEHUH
B COOTBETCTBUHU C COBPEMEHHBIMU CPeZIaMu 1 yCI0BUsIMU. OKa3bIBAETCST, COBPEMEHHBIE
Cpezibl He HpOCTO COBMeCTHUMEI ¢ Java EE — oHM moiepKBatoT HOAXOABI, KOTOPBIE yoKe
MHOTO JIET SIBJISIIOTCS YacThio I1aThopMbl, HanipuMep otaenenue API ot peanusanun
WJIM MOHUTOPHUHT CepBepa IPUIOKEeHUN.

B monrocpouyHo#l HepcleKTHBe HPeAHOJAraeTcsi OHTUMU3UPOBATh HOAJEPKKY
COBPEMEHHBIX METOIOB MOHUTOPUHIA, HDOBEPKH PaGOTOCHOCOOGHOCTH U YCTONYMBO-
ctu. CeroqHs AJist peajnu3alni Kax /a0 U3 9TUX BO3MOXKHOCTE!N IPUXOIUTCS CJIETKA
JOHOJHATH KO/, B 4eM Mbl YOeIUMCA B CJAEAYIONIMX IaBax. [IpeaHosaraercs, 4to
B JaJbHeHIIeM Takas MHTerpanus yHpocturcs. Java EE opranusosana tak, 4T06bI
pa3paboTUUK MOT COCPENOTOUNTHCS HA CBOUX MIPSAMBIX 33/1a4aX — 3aHATHCS PeaTn3a-
et Gu3HeC-TIOTUKHL.

Java Community Process

YuukanpHocTh HIaTdopmbl Java EE — B Hpoueaype ee onpenenenus. CTaHaapTs
Java EE paspabarbiBaioTcs Kak 4actb Java Community Process (JCP). JCP — apkuit
IIPUMED OTPACJIH, TA€ AKTUBHO HOOLIPSIETCS yYaCTHE BCEX, KTO MHTEPECYETCS JaHHOM
texHojoruelt. [lnardopma BKIOYaeT B cebsi CTaHAAPTHI B BUJIE 3aHPOCOB HA CHEI[H-
duxanuio Java Specification Requests (JSR). 3anpochl JSR npuMeHHMBI He TOJIBKO
B Java u Java EE, HO U B OTHOIIEHUYM OCHOBAaHHBIX Ha HUX TEXHOJIOTHH, TAKUX KaK
cpena paspaborku Spring. B pesyabTaTe mpakTUYECKUI MMPOBOM OHBIT paspaboOTKU
3TUX TEXHOJIOTHI ToMoraeT popmupoBaTh HOBbIE JSR.

I[Ipu paspaboTKe NPUIOKEHUH, 0COOEHHO IIPY BO3HMKHOBEHUH HOTEHIIMAIbHBIX
npobieM, TUCbMeHHbIE CrielupUKaImH, ChOpMUPOBAHHbIE Ha OCHOBE JSR, OKa3bIBaroT-
Cs1 Ype3BbIYAITHO [T0JIe3HBIMU. [locTaBIIMKY, TOAEeP;KUBAIOIIKE KOPIIOPATUBHYIO ILIAT-
opmy, 00s13aHbI 0OECIIEYNTD PEATUIALINIO TAK, KAK YKA3aHO B CTaHAapTax. Takum obpa-
30M, B CHeI_lI/I(I)I/IKaLII/IOHHbIX JOKYMEHTaX COAEPIKUTCA HH(bOpMaLIHH U V151 HOCTaBIIIHUKOB,
U [71s1 pa3pabOTYHKOB O TOM, KaK OyzeT pabotats TexHosorus. Eciu kakue-1160 QyHK-
OUuU HE pa6OTaIOT, IMMOCTABIINKHU JOJI)KHBI UCIIPABJIATD 9THU HpO6JIeMbI B CBOMX peain3a-
UAX. ITO TAKIKE O3HAYAET, YTO Pa3pabOTIMKAM TEOPETHIECKHU OCTAETCSI TOJIBKO U3YYaTh
Y 3HATh CAMH 9TU TEXHOJIOTUH, & HE JI€TAJIH, 3aBUCSIINE OT IOCTABIIUKA.

JIio6011 paspaboTYNK MOXKET y4acTBOBaTh B Java Community Process, 4To65bI 1o-
Moub chopmupoBath Gyayiue Bepcuu Java u Java EE. Sxcnepmuvie epynnot (expert
groups), paboTamomiye HaJl KOHKPETHBIMU CTAHAAPTAMU, IPUBETCTBYIOT KOHCTPYK-
TUBHYIO OGPATHYIO CBSI3b OT JII0OOTO, KTO MHTEPECYETCS 9TOM TEMOM, IaXe eciu OH
He coctouT B JCP. Bosee Toro, MO:KHO 03HAKOMHUTHCS CO CAETYIOUINMMY BEPCUSIMU
CTaHAPTOB ellle [0 UX BBIMYCKa. Bce 310 HpuBIeKaeT paspaboTYNKOB apXUTEKTYPHL
¥ KOMIIAaHHUI: OHU HE TOJIbKO HOHUMAIOT HaHpaBJIEHHE PA3BUTHUA, HO U UMEIOT BO3MOX-
HOCTb IIOBJIMATDH HAa HETO U BHECTHU CBOH BKJIa[ B ITPOIIECC.

VIMEHHO HO 3THM COOOPaXKEHUAM S CaM CIeluanIu3upyioch Ha Java EE. ¥ mens
€CTb OIIBIT Pa3pabOTKU KOPIIOPATUBHBIX CUCTeM B cpene Spring. Kpome Toro, uto obe
TEXHOJIOTHH OUYEHD TIOX0XKHU C TOYKH 3PEHUS MOJIE/M HPOTPAMMUPOBAHUA, sl 0COOEHHO
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uenio addextuBHOCTh ctangapta CDI, a Takike BO3MOXXHOCTD JIETKO MCIIOJIb30BATh
BCe TEXHOJIOTUH IIaThOpMBL. S n3ydas KOHKpeTHbIE JSR, KOTOpbIE ABASIOTCS YaCThIO
KOPHOPATUBHON HIAT(HOPMBbI, y4aCTBOBAT B Pa3pabOTKe MHCTPYMEHTOB, KOTOPbIE ObLIN
CTaHJAPTU3UPOBAHbI B TO BpeMsi. KpoMe TOro, s SIBJISIOCH YIE€HOM BYX 9KCIEPTHBIX
rpynn — mo JAX-RS 2.1 u JSON-P 1.1. YuacTBys B onpefieJieHUU 9TUX CTAHAAPTOB,
s 3HAUMTEJILHO TOHOJHUJI CBOY 3HAHMSA B 06JIACTH KOPIIOPATUBHBIX crcTeM. KoHeuHo,
HpUJETCA TITyHOKO N3y4aTh KOHKPETHYIO TEXHOJIOTHIO, €CJIH BbI 32X0OTUTE HOMOTATD €€
cranzaptusupoBats. Ho, cormacutech, HpUSATHO OCO3HABATD, YTO HDUHUMAEIIID YUaCTHE
B paspabotke crangapra U T-unaycrpun.

YTo Bbl HAMAETE B 3TON KHUrE

S1 pelun HamMCaTh KHUTY O TOM, YTO Y3HAJ CaM, paboTast CO BCEBO3MOXKHBIMY KOPHO-
paTUBHBIMU cHUCTeMaMH Java. Mosi 1ieTb — OHHUCATh BaM COBPEMEHHYIO TeXHOJIOTHUIO
Java EE. OHa npenHasHayeHa mpesk/e BCEro s pa3paboTKy KOPIIOPATUBHBIX HPH-
JIOXKEHUI U COBPEMEHHBIX MOJIEJIEN HPOTPaMMHUPOBaHusL. 51 Xouy, 4TOOBI BBI XOPOIIO
Honuman, kak Java EE ucmonp3yercs B anoxy EE 8 u rne nposiBasitotcs nydinve
cBoiictBa Haatgopmbl. Ha 6ase coBpeMeHHBIX cpel pa3paboTKK HOABUJIKNCH HOBbIE
1mabIOHBI U HAPAUTMBI HPOEeKTUPOBanus. Eciu Bbl 3HakoMbl ¢ MupoM J2EE, To, Ha-
ZIel0Ch, OIIEHUTE U HpeuMyIlecTBa coBpemeHHoU Java EE. I HocTapasics Hoka3aTs,
KaKue U3 CTapbiX MapaJurM, OTPAaHUYEHUHN 1 COOOPAXKEHMH, 13-32 KOTOPBIX MHOTHE
paspaborunku He mobuan J2EE, 6oabine HeakTyaabHbl. Kpome 5T0ro, HOHBITAIOCh
3apa3uTh BAC CBOUM DHTY3MA3MOM M OOBSCHUTD, HOUeMy s1 yOeXkIeH B TOM, U4TO Java
Enterprise X0po1i1o moaX0IuT AJisi HOCTPOEHUS KOPIIOPATUBHBIX IIPUIOKEHUI.

Bam nHe 06s3aTenbHO pa3bupaThCs B WabGA0HAX U PEKOMEHAOBAHHBIX METOAAX
paspabotku J2EE. B uacTHOCTH, HOBast MOZIe/Ib HDOTPAMMUPOBAHMS HACTOIBKO OT/IU-
YaETCs OT CTAPOH, UTO 51 yOEXKIEH: UMEET CMBICJ TPOIEMOHCTPUPOBATH COBPEMEHHBIN
HOZIXOJI C YACTOTO JIUCTA.

Ecsu Bam Hpuxoausocs paspabarsisats J 2EE-nipuiosxenus, 310 oTinyHo. Bel yBu-
[UTe, KAaK TPYAHO OBLIO periaTh MHOTHE 337124 C TIOMOIIbIO CTAPhIX MABIOHOB TIPO-
extupoBanus J2EE, 0c06eHHO B COBPEMEHHOM MUPE, KOTIa MOKHO COCPEIOTOUNTHCS
Ha Gu3Hec-TPeOOBAHUSAX, & HE HA TEXHOJIOTUH, UCIOIb3YEMON /IS MX PEaTN3aAIUN.
310 TeM GoJiee aKTyaTbHO, €CJIM CJIEA0BATH HPUHI[MHAM HPOOJIEMHO-OPUEHTUPOBAHHO-
TO HPOEKTHPOBaHUs1. Bl 3aMeTHTE, CKOTBKUX TPOMO3IKUX U YTOMUTETBHBIX METO/IOB,
B [IPOIILJIOM CBOMCTBeHHBIX cricTeMaMm J2EE, MoxkHO nabexatsb B coBpemenHou Java EE.
[TpoctoTa u Morp Hiaatgopmbl Java EE MoryT BZOXHOBUTH Bac Ha MEPEOCMBICTIEHIE
HOJZIXOZIOB, KOTOPBIE BbI IPUMEHSIIH 10 CHX HOP.

ITa KHWra IpefHa3HaYeHa /IS MHKEeHEPOB-TPOTPAMMUCTOB, Pa3paboTYMKOB U ap-
XUTEKTOPOB, KOTOPBIE CO3/IAI0T KOPHOPATUBHBIE HPUIOKEHUS. B u31anuu st B OCHOB-
HOM Oy/ly MCHOJIb30BATh TEPMUHBI «Pa3pabOTUMKU» WM «HHKEHEPbI». TeM He MeHee
a1 yOexIeH, 4TO APXUTEKTOPAM TaKKe BPEMSI OT BPEMEHU CTOUT 3arISIIbIBATh B UCXOIHBIN
KOJ. ITO HYXKHO HE TOJBKO JJIsA HOAAEPKKY APYTHX Pa3paboTUNKOB B KOMAHIE —
HTO BAXKHO JJISl HUX CAMUX, BE/lb TAK MOYKHO MOIYYMTh GOMBIIE MPAKTUYECKOTO OHBITA.
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TouHo Tak xe 11060 paspaboTYNK AOMKEH MMETh M0 KpaliHei Mepe 6a30Boe Hpel-
CTaBJIEHUE O CUCTEMHO# aDXUTEKTYPE U IOHUMATh HPUYMHBI, HO KOTOPBHIM IPUHUMAIOT-
Cs1 OIpeiesIeHHbIe pelieHus. YeM Jiydllie CIeaaiCcThl CTAaHy T IOHUMATh APYT APYTa,
TeM IIpolle UM OyzeT o0MAaThCs U TEM yCIeLIHee IIPOiAeT paboTa Hafl IIPOEKTOM.

Pa3paboTKa cCOBpeMEeHHbBIX KOPHOPATUBHBIX IIPUJIOKEHUN — 3TO TOpaszio 6oblIe,
4eM MPOCTOo pa3paboTka. ITO ¥ HOBble TPEGOBAHMS, TPEAbSIBIISEMbIE K KOPIIOPATHB-
HBIM IPUJIOKEHUSIM, U MHXKEHEPBI, KOTOPbIE BHUKAIOT B TPOLIECCHI, U 06IaYHbIE CPE/IBI,
KOHTEHHEPBI M ”HCTPYMEHTHI yIIPABJIeHUsI UMU. MBI TIOAPOGHO U3y4rM HPOOJIEMBI He-
npepbiBHOM octaBku [10 1 aBTOMaTU3MPOBAHHOTO TECTUPOBAHUS, IOTOBOPHM O TOM,
MOYEMY OHU MMEIOT TaKoe GOJIbIIoe 3HaUeHMe U Kak MHTerpupyiotes ¢ Java EE. Mbl tak-
K€ PACCMOTPHM KOHTeWHePHBIE TEXHOJIOTUHY, Takue kKak Docker, v cpe/ibl yripaBJieHus,
Haupumep Kubernetes. B coBpeMeHHOM MUpe KOPHOPATUBHBIX CUCTEM BaXKHO OKA3aTh,
KaK TexHOJIoris Hanoaobue Java EE HopepKuBaeT aTH BO3MOKHOCTH.

Apxurtextypa Microservice — obuIipHasi TemMa, ellle OfHa U3 CETOAHSIIHUX HPO-
6s1eM. MBI pazbepeM, 4TO TAKOE MUKPOCEPBUCH U KAK OHU MOTYT OBITh PEATU30BAHBL
¢ momoisio Java EE. Kpome Toro, 06513aTeIbHO MOTOBOPUM 0O 6€30MACHOCTH, HPO-
TOKOJIMPOBAHUY, IPOU3BOAUTENbHOCTH U MOHUTOPUHTE. 1 HOKaXy, YTO UMEHHO
MOJIKEH 3HATH ¥ IIPUHUMATD BO BHUMAaHKE apXUTEKTOP, paboTas HaJl COBPEMEHHBIM
ITO. B yacTHOCTH, EMY MOXKET MOTPeGOBATHCA OHPENEIUTh HAOOP HYXKHBIX TEXHO-
JIOTU#, 0COGEHHO KOT/Ia PEYb UET O COBPEMEHHBIX PENIEHUSX, HAHPUMED, B 061aCTH
12-axTopHBIX MK 06IaUHBIX TpUIOKeHMH. ONHAKO rOpasio BaKHee IOHUMATD,
KaKye KOHIIETIINH JIEKAT B OCHOBE 9THX TEXHOJOTUI U KAKOBO UX Ha3HAUEHUE.
Wcmonp3yeMasi TEXHOIOTHUSI MEHSIETCS C KXKIABIM THEM, IPUHIUIIBL 1 KOHI[EHITIH
“HGOPMATUKHU KUBYT rOpa3o J0JIbIIe.

Moii moaxoz Ko BceM TeMaM, 3aTPOHYTBIM B 9TON KHUTE, 3aKII09aeTCS B TOM, YTO-
6bI cHauasa OOBACHUTH IPUYMHBI, JIEJKAIIMe B OCHOBE TIPUHATHIX PEUICHUH, a 3aTeM
[IOKAa3aTh, KaK 3TH pellleHusI HpUMEHSIOTcs U BHeApsitoTes B Java EE. § cuuraro, yto
MPOCTOE U3YYEHUE OTPEIETEHHOM TEXHOMIOTHH, Ge3YCIOBHO, MOYKET TIOMOYb Pa3paboT-
4KKaM B MX TIOBCEIHEBHOM PaboTe, HO OHY He YCBOSIT MATEPUAJ HOTHOCTBIO /10 TEX HOP,
[OKa He MOYWMYT /10 KOHIIA, B YeM Ha3Hau€eHKe TOTO WK MHOTO MoAXoaa. BoT Houemy
s1 HAUHY C OHUCAHUSI KOPHOPATUBHBIX MPUIOKEHUIT B LIETIOM.

B Java EE mHoro ¢yHKIHi1, 0COGEHHO eCIi CPAaBHUBATD C HPOILIBIMU BEPCUSMHL.
Ho sta xHuTa He SABJsETCS MOJHBIM clipaBoYHUKOM 110 Java EE. Ilpu ee Hanucanuu
s1 CTPEMUJICS PACCKA3aTh BAM O CBOEM HPAKTHYECKOM OHBITE, a TAKXKE IaTh npaKkmuye-
cKue pexomendauuu ¢ IoApPo6HBIM Pa3bopPOM PEIlleHNi THHUYHBIX ClieHapueB. VTak,
MPUTOTOBbTECH HACJIAMUTHCS IYTEUIECTBUEM B MUP COBPEMEHHOTO KOPIIOPATHUBHOTO
MPOrPaMMHOTO 0GECHEYEH M.



[1poeKkTpoBaHue
N CTPYKTYPUPOBAHME
npunoxexHun Java Enterprise

JI106ast 4acTh IPOTPAaMMHOTO 0OECHEUEHUS CIIPOEKTUPOBAHA IO KOHKPETHON CXEME.
[TpoexTrpoBaHue OXBATBIBAET APXUTEKTYPY CUCTEMBI, CTPYKTYPY IIPOEKTOB, CTPYKTY-
py ¥ KauecTBO Koma. OHO MOKeT JiMbO0 SICHO cO00MATh O HA3HAYEHUY CUCTEMBI, TUHO
BBOAUTS B 3a0ay-xaenue. [Ipexie yem pa3paboTaTh KOPHOPATUBHOE HPUJIOKEHUE UITH
CHCTEMY, MHIKEHEPBI I0JKHBI MX CIIPOEKTUPOBATH. [[JIs1 5TOr0 HEOOXOIMMO OHPEIETUTh
HasHa4YeHye JaHHOTO IMporpaMMuoro obecmnedenus (I10).

B 5710l r1aBe 6yAyT PaCCMOTPEHBI CIEAYIONIE TEMBL

Q Yemy Hy)HO yaeasTh ocoboe BHMMaHue npu paspaborke I10.
Q CrpykTypbl cOOPKM IIPOEKTa U cucTeMbl cbopku Java EE.

Q Kak cTpyKTyprpoBaTh MOAY/IN KOPHOPATUBHBIX TIPOEKTOB.

O Kak peann3oBarh MaKeTHbIE CTPYKTYPhI MOIYJIEH.

HasHauyeHne KopnopaTuBHbIX NPUIOXKEHNN

Y Kaxzmoro AeicTBUSA KaK B HOBCEHEBHOI KU3HH, TaK U B J€SITENbHOCTH KPYITHOM
OPraHM3aLMK WK Pa3paboTKe HPOrPAMMHOTO IPOEKTA, €CTh CBOsA prunHa. Hawm, j1io-
[M, HYKHBI IDUYUHBI, IJIA TOTO ‘1TO6bI YTO-TO A€JIaTh. Pa3pa60TKa KOPHODPATUBHBIX
HPOTPaMMHBIX IIPOAYKTOB HE UCKJIIOYCHHUE.

ITpu cozpanuu NPOTPaMMHOTO IPUJIOKEHUS B HEPBYIO OYepeb HYXKHO 337aTh BO-
HPOC: 3auem? 3aueM HyKHA 3Ta 4acTh IporpaMmbl? [louemMy HEOGXOAMMO MOTPATUTH
BPEeMsI U CHJIBI Ha Pa3paGoTKy MaHHOTO penieHnsa? U mouemMy KOMIaHUsA T0JKHA CaMa
3a60THUTBCS O pa3pabOTKe STOTO pelIeHus?

JIpyrumu cioBaMu: KaKOBO HasHaueHue HpunoxeHus? Kakyto npo6iemMy 10KHO
PeILaTh 9TO IPOrpaMMHOe obecredenre? XOTUM JIM Mbl, 9TOOBI HPUIOKEHME BBIITOJIHSI-
JI0 BaxkHbIi 6usnec-npoiecc? [punecer im 510 MpubbLab? Byaer a1 OHO IPUHOCUTD
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JI0XO/l HEMOCPEICTBEHHO, HAIIPUMED TIyTeM IPOJAAKK TOBAPOB, WM KOCBEHHO — 32
CYeT MapKeTHHTa, HOMAEPKKM KJIMEHTOB WK GusHec-miporieccos? CylecTBYIOT Jn
JPYTHE BO3MOXKHOCTH OOCTYKUBAHMSI KIMEHTOB, PAOOTHUKOB W/ GU3HEC-TIPOLIECCOB?

AT ¥ ApyTHe BOIPOCH OHPEAEIAIOT OU3HEC-1IeM PUIoKeHust. Boobiie rosops,
Ka)K/IbIil 9JIEMEHT ITPOrPAMMHOTO 0OGECHEUEHUsI HYXKIAETCS B TAKOM OOOCHOBaHUY,
4TOOBI CHAYAJIA YBUAETh OOLIYIO KAPTUHY ¥ TOJbKO IIOTOM BKJIAAbIBATh B Pa3pabOTKy
BPEMA U CUJIBL.

HawnGoee oueBraHBIM 000CHOBAHHMEM ABJISETCS PEATU3aLUA HEOOXOAUMbIX OM3HEC-
crieHapues. OHU MMEIOT OHPEIENEHHY IO IIEHHOCTb /711 BCEro OM3HeCa, PAHO WJIH O3IHO
aBTOMATU3UPYIOTCS U HPUHOCST J0X0/. B KOHIIE KOHIIOB, IJIABHOM 11€/IbI0 CO3MaHMUS
1O sBasteTcss MakcMMabHO 3¢ deKTBHAs peanu3alyst OM3HEC-CIIEHAPHEB.

Ha yeM cocpeaoTounTbCs pa3paboTumnky

Pa3paboTuynkam porpaMMHOTO 00€CTIeYeH s, & TAKKE PYKOBOAUTEISAM HPOEKTOB
CJIeZlyeT B IEPBYIO OYEPEb OPUEHTUPOBATHCS Ha TPeGOBaHMS HDEAHPUSATHS M COCPe-
JIOTOYNTHCS HA Peanr3ay OM3HeC-ClIeHAPUEB.

ITO KAXKETCSA OYEBUIHBIM, HO CIMIIKOM YaCTO BHUMAHUE B KOPIIOPATUBHBIX HPO-
eKTax yIeJsieTcs ApyruM mpobiaeMaM. PazpaboTunKy TPaTAT BPEMs M CHJIBI HA pe-
anu3anuio getaseil U GyHKIMHM, GeCIONe3HbIX TIPU PEUIEHUH aKTYaTbHBIX 337124,
BcrnoMHuTeE, CKOJIBKO pean3aliuii Ky pHAINPOBAHHUS, CAMOIEIbHBIX KOPIIOPATUBHBIX
(pefiMBOPKOB U TEXHUYECKH TIEPETPYIKEHHBIX YPOBHEH abCTPaKIMil BCTPEYaIoCh HAM
3a HOCJIe/[Hee BpeMsl.

Hedyuknunonanpase TpeboBanus, kauecTso I1O 1 Tak HasbIBaeMble CKBO3HBIE
npobJeMbl Ha CaMOM JIeJie SIBJISIIOTCS BaKHBIMU COCTaBAsAOmUME paspaborku I10.
Ho niepBoii ¥ r1aBHO#M TOUKOM MPUIOKEHUS BCEX NHIKEHEPHBIX YCUIIHIA IOJKHbI ObITH
yIOBJIETBOpEHME TPeOOBaHUI OM3Heca U pa3paboTKa IPOrPaMMHOTO 00eCHEYeHN S,
KOTOpOe JeHCTBUTENbHO IPUHOCUT HOJIB3Y.

YnoBneTBopeHue TpeboBaHUIN KIIMEHTOB

OTBeThbTE HA CIeayoue BOHPOCHI.

O B uem HazHaueHVe HPUIOKEHUS?
O Kakue ero pysximy Hanboree BaXKHbI A1 TOJb30BaTE N ?
Q DByzer i HpuioxkeHre HPUHOCUTD IOXO/?

OTBETHI HAa 9TH BOIIPOCHI I0JIKHbI ObITh M3BECTHBI BCEM 3aMHTEPECOBAHHBIM CTOPO-
HaMm. Ecyii 370 He Tak, TO CIeyeT ceiaTh [Iar Ha3af, ellle Pa3 IPOaHAIU3UPOBATh MPO-
€KT B I[eJIOM U HEPECMOTPETD €T0 HPABO Ha CyllecTBOBaHue. He Bceraa 1esb co3panus
[IPOrPaMMHOTO 00€eCIIeYeH sl JUKTYETCA NCKIIOYNTENbHO 6usHecoM. Ha HpakTuke Bo
MHOTHUX CJIy4asiX BHEIPSIOT PelleHus, KOTOPbIe He IPUHOCIT JOXO0/a HAMPSIMYIO, HO
[IEJIAI0T 9TO KOCBEHHO, OIEPIKUBAs APyTHE MPOAYKTHL. Takue peneHust, 6e3yCn10BHO,
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HeoOXOIMMBI, ¥ Mbl PACCMOTPHM UX B IJIaBe 8 B paMKax BOIPOCA O TOM, KaK CO3/aTh
PAIMOHANBHYIO CUCTEMHYIO CPEY.

3a MCKIIOYEHNEM TUX BCIIOMOTATEIbHBIX IIPOTPAMMHBIX CUCTEM MBI OyaeM
KOHIIEHTPUPOBAThCS Ha 6Gu3Hec-acnekTax. [IoMHs 06 9TOM TJIABHOM 1€/, IEPBOE,
Ha 4TO CJeayeT 0OpaTuTh BHUMaHUE, — CIOCOO MOeMPOBaHKs OU3HEC-CIIEHAPHER
1 Hpeo6pa3oBaHUA UX B IIporpaMmHoe obecrederne. TONBKO MOCIE TOTO MOKHO
Ppeanmn30BbIBATDb CLIEHAPWUH C HOMOILBIO TE€X UJIN MHBIX TEXHOJIOTUI.

Taxuie IPHOPUTETHI OTPAKAIOT TAKKE TPeHOBAHUS KIMEHTOB. Bee yyacTHMKY pas-
paGOTKM MPUIOKEHUS 3aMHTEPECOBAHBL B TOM, YTOOBI OHO COOTBETCTBOBAJIO CBOEMY
HA3HAYEHUIO.

W HxeHepbl-pa3paboTYMKX HPOIPAaMMHOTO 00€eCIeYyeH s CKIOHHBI BUIETh BCE
unave. OHM 3260TATCA O IETANAX PeANU3alii U U3ANIECTBE penieHni. HKeHepst
4acTO yBJIeYeHBbl TOU MJIM UHOU TEXHOJOTHEH U TPaTST MHOTO BPEMEHU M yCUIUN
Ha BHIOOP MPABUJIBHOTO PEIIEHUS U €T0 KAYECTBEHHYIO Pean3aiuio. IT0O BIedYeT
3a 060l MHOKECTBO CKBO3HBIX TEXHUUECKUX HPOOJIEM, TAKMX KAK BeJI€HUE XKyPHATA
U Ype3MepHOe TEXHUYIECKOE YCIOKHEHNE CUCTEMBI, YTO HE SABJISIETCS 00sI3aTeNbHBIM
C TOYKHU 3peHus 6usHeca. BbICOKOe MacTepcTBO MPOrpaMMUPOBaHus, Ge3yCI0BHO,
umMeeT 6OIbIOE 3HAYEHWE U HEOOXOANMO /IJIs1 HAITMCAHUS XOPOUIETO TIPOTPAMMHOTO
obecHeueHrs1, HO BO MHOTUX CJTy4asix OHO PACXOIUTCA C LieJsiMu KianenTa. [Tpesxae uem
TPATUTh BPEMA U YCUJIUA HA PEATU3ALUI0 TEXHUYECKHUX I[eTa]Ieﬁ, WHXEHEPDI JOJI)KHbL
U3Y4nTh TPEOOBAHUS KITUEHTA.

TpeboBaHUs K CPOKaM BBIMIOJHEHNSI HPOEKTA — €Ille OJIVH aCIeKT, KOTOPbIi HeoO-
XOIMMO y4ecTb. [ pyHIIbI pa3paboTYMKOB OLIEHMBAIOT OU3HEC-CIIEHAPUY, CPABHUBAS UX
C Ka4Y€CTBOM TEXHUYECKUX peHleHI/Iﬁ. OHI/I CKJIOHHBI OTKa3bIBATbCA OT HeO6XOI[I/IMbIX
tectoB ITO u MpPOBEPKU Ka4eCTBa, YTOOBI YIOKUTHCSA B CPOKU. TEXHONOTHUS, UCHOIb-
3yemas /17151 BHeIpeHYsi OM3HEC-TIPUIIOKEHU S, TOIKHA OAAEPKUBATD 3(PPEKTUBHYIO
Y HParMaTUYHYIO Pa3paboTKy.

[TocMoTpeB Ha KOPIIOPATUBHBINM MUP TJIA3aMU KJIUEHTA, KOTOPBIN IJIATUT JIEHBTH,
UM MEHEKePa ¢ OTPAHUYEHHBIMU BPEMEHEM U GIOIKeTOM, pa3paboTunuKu mpo-
IPaMMHOTO 06ECHEUEHUST, CKOPEee BCETo, TONMYT MX HPUOPUTETHL. I1epPBOCTEIEHHYIO
BaJKHOCTH NMPUOGPETAET Peasn3alusl ClieHAPUEB, TPUHOCAIIMX 10X0/. TexHuueckoe
obecrieueHune, BHIXOAAIIEE 32 PAMKU 3TOTO, PACCMATPUBAETCS KJIMEHTAMU U MEHe/I-
JKepaMH Kak GecIioyiesHoe.

B manpHeiimem 6yzeT mokasaHo, Kak COeIUHNUTD 1 COATAHCUPOBATh 9TH JBE MOTH-
Banuu ¢ nomorsio Java EE.

BHeLHAa CTpyKTypa KOpnopaTUBHOIO NpoekTa

[ToMHSs O TJIABHOM IeJI — peanusanuu Gu3Hec-CIlieHapyueB, — CIyCTUMCA ¢ Hebec Ha
3eMJII0 ¥ 06PaTUM BHUMAaHUE Ha PeasbHble KOPHOPATUBHBIE HPOEKTHL. B cenyromux
IJIaBax Mbl y3HAeM, KAKUe METO/IbI IOMOTYT HaM HPABUJIBHO OMKCAaTh OU3HEC B apXU-
TEKType MPUJIOKEHHSL.



32 MaBa 2 e [lpoeKTMpOBaHWUE U CTPYKTYpUPOBaHWE Npusoxenuii Java Enterprise

CTpykTypa 6usHeca u rpynnbl pa3paboTymkos

[TporpaMMHBIe IPOEKTHI OOBIYHO Pa3pabaThIBAET KOMAH/IA HHIKEHEPOB, Pa3pabOTYNKOB
ITO uu apxuUTeKTOPOB. [[J1s1 TPOCTOTH MBI Oy/IeM Ha3bIBaTh UX HporpamMmmuctamu. He
o1mubych, €CJIU CKAXY, UTO BCeM MM — pa3paborurkam [1O, apxuTeKTopam, TeCTUPOB-
IIMKaM 4 APYTHUM HUHXXEHEPaM — BPEMA OT BPEMEHHU ITPUXOJUTCA IIPOrPaMMHUPOBATD.

[TouTu Bceryia Hajl MPOTPAMMHBIM HPOEKTOM OJIHOBPEMEHHO PAabOTAIOT HECKOJIBKO
gesioBeK. [109TOMY TpeGyeTcst yuecTs ellle Hapy MOMEHTOB, TIaBHBIM 06Pa3sOM KOM-
MYHHKAI[IOHHBIE U OPraHU3aI[IOHHbIE U3/EPKKU. Eciu ke paccMOTpeTh CTPYKTYpPY
OPraHU3aLUH, COCTOSAIIEH U3 HECKOJBKUX KOMaH/, PabOTAOMINX HAJl HECKOJBKUMU
[IPOEKTAMU WJIH JIAKe — BDEMEHHO — HAJl OHIM [IPOEKTOM, TO MBI CTOJIKHEMCSI C EIIIE
60bIIMY TPobIEMaMHU.

3akon Konses riacut: «Opzanusauuu, npoexmupyiouue Cucmemvl <...> eviiyicoe-
HbL €030a6aMb NPOEKMbL, KOMOPbIE ABASIOMCA KONUSLMU KOMMYHUKAUUOHHBLX CIMPYKMYD
SMUX OP2AHU3AUULL>.

JlpyrumMu cinoBamu, c11ocob opraHusaivy KOMaH ¥ KOMMYHUKAIUY MEXKIY HUMMU
HensbexHo oTpaxaercs Ha cTpyKrype I1O. IIpu pazpaboTke MpOrpaMMHbBIX IPOEKTOB
ClIeyeT yYUTHIBATh OPTraHU3AOHHYIO CXEMY, B COOTBETCTBUHU C KOTOPOM paboTaior
[IPOTPAMMHUCTBI, U UX 9 (PEKTUBHBIE KOMMYHUKAIIMOHHBIE CTPYKTYPhL. O TOM, Kak
CO31aTb HECKOJIBKO PaCHPEAE/IEHHbIX CUCTEM N KOHKPETHbIC MUKDOCEPBUCHI, A IO~
po6HO pacckaxy B riase 8.

Jlaxke B OZIHOM TIPOEKTE, BBIMIOJHAEMOM HEGOIBIION KOMAHIONU HPOTPAMMUCTOB,
CKOpee BCero, Oy/IeT CO31aBaThCSA HECKOJIBKO (PYHKIIMH UM MCTIPABJISATHCSA HECKOJIb-
KO OMUGOK OHOBPEMEHHO. ITO OOCTOATENBLCTBO BIUSAET HA TO, KAK MBI [LJIAHUPYEM
UTEPAIUH, CTPOUM M HHTETPUPYEM HCXOTHBIN KOJI, & TAKXKE CO3AEM U PA3BEPTHIBAEM
rOTOBOE NPOrpaMMHOe obecrieuenue. [[aHHbIe BOHPOCH OYAyT PACCMOTPEHBI, B YaCT-
HOCTH, B IJ1aBax 6 u 7.

Coaiep>XMMOo€e NpOrpaMMHbIX NMPOEKTOB

[IpoeKT KOPHOPATUBHOTO TIPOTPAMMHOTO 0OECTIEUEHHsI BKJIIOYAET B CeOsl HECKOBKO
paboYnX MPOAYKTOB, HEOOXOAUMBIX /JIsl CO3IAHUS M PACIIPOCTPAHEHUSI IPUIIOKEHUH.
Paccmorpum ux HoapoOHee.

McxoaoHbIi koA NPUNOXeEHUs

Bce kopriopaTuBHbBIE HPIIOXKEHMS], KAK U JII00bIE IPYTHE, 3AIIMCHIBAIOTCA B BUAE UCXO/-
HOTOo Kozia. VIcXomHbIH KO/, BEPOSITHO, SIBJISIETCS] CAMOU BaYKHOU 4aCThIO IPOrPAMMHOTO
npoekTa. B HEM coiepKUTCA caMO HPUJIOXKEHUE U OTPEAESIOTCS BCE ero (pyHKIMO-
HaJIbHbIEe BO3MOKHOCTUA. OH MOXET PacCMaTPUBATHCS KAK €JUHCTBEHHBIN NUCTOUHUK
JOCTOBEPHBIX JAHHBIX, OHPEIENSAIOIINX [TOBEAEHNE IPOrPAaMMHOIO 06ECIIEYeH .
Bechb ucxoHbIil Ko MPOEKTA MOKHO Pa3/IeJIUTh HA TPOU3BOICTBEHHBIN KOJI IS
paboThI FOTOBOIO HPOAYKTA U TECTOBBIIM KO, HEOOXOJUMBI 7151 TOT0, YTOOBI HPOBE-
PUTh IOBejIeHVe HPUJIOKeH UL, TecTOBOMY M HDOU3BOACTBEHHOMY KOy COOTBETCTBYIOT
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Pa3INYHBIE TEXHOJIOTUH, K UX KAYECTBY HPEABABJIAIOTCS pasHble TpeGoBanus. Tex-
HOJIOTMM Y CTPYKTYPhI HPOTPAMMHBIX TECTOB MBI TIOAPOOHO PACCMOTPUM B TJIaBe 7.
B OCTaJIbHBIX I'JlaBaX CTaHEM I‘OBOpI/ITb (0] HpOI/IBBOI[CTBeHHOM Kozae, KOTOprﬁ I10-
CTaBJISIETCS KJAMEHTaM U 06pabaTeiBaeT OM3HEC-IOTUKY.

MNporpaMMHble CTPYKTYpbl

Wcxoanplii Ko HDOTPaMMHOTO HPOEKTA YHOPSIZIOUEH B BUZIe OHpeeIeHHBIX CTPYKTYDP.
B Java-HpoeKkTax ecTbh BO3MOKHOCTb O0bEMHATH KOMHOHEHTBI ¥ 33/1a4H B Java-HaKeThl
¥ Mozy.Jiu nipoekTa (puc. 2.1).

MpoexT
Mopaynb Mopynb
[ -
MakeT MakeTt
- - |
MakeTt MakeTt
Mogaynb
[
Maket
[
MakeT
Puc. 2.1

CTpyKTypUpOBaHUE 9TUX KOMHOHEHTOB — HE CTOJIbKO TEXHUYECKAS, CKOJIBKO
apXUTEKTypHas HeOOXOAMMOCTh. C TEXHUYECKOM TOYKM 3PEHMSI KO, Pa3bUThIi Ha
HaKeTbl HDOU3BOJIBHO, TOXKe OyneT paboTath. OTHAKO CTPYKTypa HOMOTAET UHXKEHEPaM
JIydllle HOHSITh HPOTPaMMHOe oOecHeueHne U peainsyembie uM 3anaun. OObenuHssa
B TPYIIHBI HPOTPAMMHbIE KOMHOHEHThI, BHIHOJTHSIIOII[HE COTJIACOBaHHbIE (DYHKIIUU, MBI
YBEJIMYMBAEM COTJIACOBAHHOCTD U yJIy4lllaeM CTPYKTYPUPOBaHKE UCXOAHOTO KOJIA.

B ar0ii u cienyomel riaBax Mbl 06Cy MM IPEUMYILECTBA IPOOIEMHO-OPUEHTUPO-
BaHHOTO HPOEKTHUPOBAHUSI, OITMCAHHOTO B KHUTe JpuKa JBanca (Eric Evans), u yaHaem,
HOYEMY U KaK CJIeAyeT pa3buBaTh KO/ HA MAKETHI B COOTBETCTBUU C GU3HEC-JIOTHKOIA.
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IToka HPOCTO 3aHOMHKM, YTO MBI TPYITHUPYEM COTIACOBAHHbBIE KOMITIOHEHTHI, TAK YTO JIOTH-
yeckue (PyHKIUK Oy/IyT OOBEUHATHCS B JIOTHUECKHE HAKETHI WJIM MOJTYJIA HPOEKTA.

Java SE 9 nocraBisieTcsi ¢ BO3MOKHOCThIO YCTAHOBKH MOy el B hopmarte Java 9.
I1i MoayIu HOXOXH Ha JAR-(aiiisl ¢ BOSMOXHOCTBIO JAE€KIApaIlii 3aBUCUMOCTEN
Y ICHOJTb30BaHUSI OTPaHUYEeHUN APYTUX MoAayaei. IlockopKy aTa KHUTa HOCBSIIIEHA
Java EE 8, amonysu Java 9 etiie He nOTyuniu MIXPOKOTO PACTIPOCTPAHEHUS B PEATIBHBIX
MIPOEKTaX, PACCMOTPUM TOJIBKO MAKETHI Java U MOIYJIU IPOEKTA.

Clieyo1M 3JIEMEHTOM B CTPYKTYPE TIPOTPAMMHBIX HPOEKTOB SABJSETCS GoJiee
MeJIKas eIMHUIA IIPOTPAMMHBIX KOMIIOHEHTOB — KJjacc Java. Kimacce u ux gynkiuu
3aKJII0YAIOT B cebe OHpefeeHHbIN (hyHKIMoHAI. B nneane onu c1abo cBsA3aHbI MEXKIY
€060 1 OTIUYAIOTCS BHICOKOM 11€JI0CTHOCTBIO.

EcTp MHOTO JTUTEPATYPBI O HPAKTUKAX YHCTOTO KOJA U IPEACTABIEHUN (PYHKINO-
HAJBLHOCTH B MCXOAHOM Kone. Hanpumep, B kaure «Huctsiit koa»! (Clean Code)
Po6epra K. Maptuna (Robert C. Martin) onucansl Takie METOAbI, KaK IIPaBUIbHOE
MMEHOBaHUE U PeHaKTOPUHT, KOTOPbIE HO3BOJISIOT MOJTYyYUTh JOOPOTHBIN UCXOMHBIN
KOZI B BU/IE HAKETOB, KJIACCOB U METO/IOB.

CucTeMbl KOHTPONS BEpCUiA

[TockobKy GOMBUIMHCTBO MPOrPAMMHBIX TIPOEKTOB TPEOYIOT KOOPAMHALIUY HPY U3MeE-
HEHUU KOJ12, BBITIOJIHAEMOM OfHOBPEMEHHO HECKOIBKMMY HPOTPAMMUCTAMU, UCXOHBIN
KO/l XpPaHUTCS B CHICTEMe KOHTPOJIsA Bepcuid. Cucmemvi Konmpoais sepcuti (version control
systems, VCS) 3apekoMeHnoBaau cebs Kak 0043aTeIbHbIE CPEICTBA, HEOOXOAMMBIE /IS
HAIEXKHOM KOOPAMHAIUY U OTCJIEXKMBAHUS U3MEHEHUN B TIPOTPAMMHBIX CUCTEMAX.
OHM Ke TIOMOTAIOT TIOHAT, B Y€M 3aKTIOYAIOTCS 3TU U3MEHEHUSI.

CyliecTByeT MHOKECTBO BAPUAHTOB CUCTEM KOHTPOJS Bepcuil, Takux kak Git,
Subversion, Mercurial u CVS. 3a nocnennue roast pacnpedenenioie Cucmemot KoH-
mpoast éepcuii, B 4acTHOCTU Git, OGbLIN MIKMPOKO NPU3HAHBI CAMBIMU COBPEMEHHBIMU
uHCTpyMeHTaMu. [IJist XpaHEeHUs U pa3pelieHns KOHMIMKTOB MEXIY OTAeJbHBIMU
BEPCUSIMU B HUX MCHOJI3YETCS TAK HA3bIBAEMOE Xell-ePeBo, WM AepeBo MepkJist
(Merkle tree), uto obecHeunBaet 3¢ (hHeKTUBHbBIE PA3IUYMS U CIUSHUSI,

Pacupenenennas VCS mnossossier paspabotunkam paboTath ¢ PENO3UTOPUSAMU
NPOEKTa B PACHPEIETIEHHOM cpejie, He TPeGys TIOCTOSTHHOTO HOAKJIIOUEHUS K CETH.
Kaxnas pabouasi craHnus uMeeT COOCTBEHHBIN PEHO3UTOPHNA, KOTOPBINA BKJIIOYAET
B ce0s1 MOJIHYI0 MCTOPHIO U3MEHEHU I U HEPUOAMIECKU CUHXPOHU3UPYETCS C IIEHTPAb-
HBIM PEHO3UTOPUEM TIPOEKTA.

Ha MOMEHT HanMCaHUs 3TOM KHUTH B TIOAABJISIONIEM GOJIBUIMHCTBE TIPOTPAMMHBIX
MIPOEKTOB JIJIsT KOHTPOJISI Bepcuil mpuMensiiu cuctemy Git.

NcnonHsembin koA

B VCS-penosutopuu npoekta XpaHUTCS TOJBKO UCXOIHBIN KO, KOTOPBIi CO3AAETCSI
U ToJepiKuBaeTcs paspaboTynkamu. Pazymeercsi, KOPIOPATUBHbBIE IPUTOKEHHS

U Mapmun P. Yucrsiit koa. Cosnanue, anaaus u pedpaxkropunr. — CII6.: TTutep, 2018.
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Pa3BEPTHIBAIOTCST B BUIE CBOETO POJa IBOMYHBIX apTedakToB. TOJBKO 3T TOTOBBIE
IBOUYHBIE (Daiibl MOTYT BBIHOJIHSATBCS B BU/E UCIIOJHSIEMOTO HPOTPAMMHOTO KOJIA.
NmenHo nBonyHble (Haiiyibl B KOHEYHOM CUETE U SIBJISIIOTCS PE3YJIBTATOM IMPOIECCa
Pa3pabOTKU U KOMITMJISAIMY TPUTIOKEHUSL.

B mupe Java aTo o3Havaer, YTO UCXOAHBIN KO/ Java KOMITUIUPYETCS B HEPEHO-
CUMBI 6aifiT-Koq U 0OBIYHO YIIAKOBBIBAETCS B BUAE apxusa ee6-npurosxcenuti (Web
Application Archive, WAR, unu Java Archive, JAR, coorBerctBeHH0). WAR- 1 JAR-
(atinbl comepKat Bce Kaacchl v (Haiibl, CTPYKTyPHbBIE 3aBUCUMOCTU U OGMGIMOTEKH,
HeOOXOMMBIE JIJIS yCTAHOBKY HPUJIOXKeHUst. B utore supmyanvnas mawuna Java (Java
Virtual Machine, JVM) BbiHOJIHAET 6aliT-KOI, 8 BMECTE C 9TUM U Ou3HeC-YHKIUU.

B KOpHOPATUBHBIX POEKTaX apTe(haKThI PA3BEPTHIBAHMS, [TPECTABISONIME COHOI
WAR- win JAR-daiinbl, 1160 pasBepTHBAIOTCA B KOHTEHHEPe MPUIOKEHMH, 16O
HPEAOCTABJAIOT caM KoHTeliHep. KoHTeliHep npuiokeHni HeO6XOAUM, IIOCKOJIbKY,
HOMMMO Peanu3aiuu cCOGCTBEHHO OM3HEC-TOTUKY, KOPIIOPATUBHBIE TIPUIIOKEHUS
PEeLIAloT AOIOTHUTEIbHbBIE 331241, TAKUE KaK TOAAEPIKKA KU3HEHHOTO IUKJIA HPH-
JIO)KeHUs Uu obecriedeHre BCeBO3MOKHBIX (popM KomMmyHukanuu. Hanpumep, Be6-
HPUJIOXKEHUE, KOTOPOE PEATU3YET ONPENeTEHHYIO JIOTUKY, HO HE HEPEaeT TaHHbIE HO
HTTP, Bpsan au Gyzaer nosesubiM. B Java Enterprise 3a Takyto MHTerpanuio oTBe4aeT
KOHTEWHEP HPUJIOKEHUsL. Y TAKOBAHHOE TPUIOYKEHE COIEPHKUT TOJIBKO OM3HEC-TIOTUKY
1 Pa3BEPTHIBAETCS HA CEPBEPE, KOTOPBIA 3a60TUTCSI 060 BCEM OCTATIBHOM.

3a HocJIeiHYE TObI HOSIBUIOCh MHOTO Linux-TexHosorui, Takux kak Docker, 4yto
CHOCOGCTBYET PACIPOCTPAHEHUIO UIEH TOTOBBIX IBOMYHBIX (haiiios. Takue IBONYHbIE
(haiisel comepKatT He TOJIBKO YIAKOBAHHBIE Java-IPUIOKEHUS, HO ¥ BCE KOMHOHEHTBI
JIJIA €T0 3aMyCKa: CepBep MPUIOKEHUHN, BUPTYATIbHYIO MAIIMHY Java 1 HeoOX0auMbIe
nBouyHble (ailibl OHEPAIMOHHON CHUCTEMBL. B ri1aBe 4 Mbl 06CYMM BOIIPOCHI yCTa-
HOBKM M Pa3BePTHIBAHUS KOPIIOPATUBHBIX MPUIOKEHUN, OCOGEHHO B OTHOIIEHUU
KOHTEHEePHBIX TeXHOJIOT U

JIBouruHbIe (haiiibl CO3AIOTCSA B IIpoIiecce COOPKH IPOTPAMMHOTO 06€CTIEUEH S, YTO
HO3BOJISIET HAJIEXKHO BOCCO3/IaTh BCE IBOUYHBIE (DB M3 MCXOIHOTO KO/Q, XPAHSIIe-
rocst B penozutopuil. [loaTomy nBonuHbie (hailibl He TOJKHBI XPAHUTBHCS B CHCTEME
KOHTPOJIsA Bepcuii. To ke caMoe KacaeTcsl U CTeHEPUPOBAHHOTO MCXOTHOTO KOJA.
Panbiue, Hanpumep, kaaccsl JAX-W'S, Heobxoaumbie 1151 SOAP-KOMMyHHMKALNH,
06BIYHO TEHEPUPOBAIUCH U3 (PAIIOB 1eCKPUNITOPOB. [eHepUPY€EMBbI MCXOAHBIM KO —
CO3/IaHHBIH B Hpollecce COOPKH, OH He JI0JIKEH XPAHUTHCSI B CUCTEME KOHTPOJISI BEPCHIA.
XpaHUTbh B PETIO3UTOPUU CJIEAYET TOJbKO YHCTHIN UCXOIHBIN KO/, HO HE HOTyYaeMble
13 Hero paboure HPOAYKThI.

CucreMbl c6opku

I[Iporecc c60pKy B HEPBYIO OYePenb OOECHEYNBAET KOMIUISILUIO UCXOJHOTO KOZA
HPOTPaMMHOTO TIPOEKTa Java B GaiiT-Koa. DTO MPOUCXOIUT KaXKAbIN pas, KOraa B Ipo-
€KT BHOCSIT U3MeHeHUs1. Bce coBpeMeHHbIe CUCTEMBI COOPKY MOCTABJISIOT C yAOOHBIMU
HAYaIbHBIMU yCTAHOBKAMHU, YTOOBI CBECTH K MUHUMYMY JIOHOJHUTENBHYIO HACTPOMKY.

B KOpPHOPATUBHOM MUPE C €70 MHOTOYKCIEHHBIMU CTPYKTyPaMu 1 GubIMoTeKaMu
BaXXKHBIMU 3TallaMU SIBJIIOTCSI OPTaHU3allUs U OTIpejieJieHIe BCeX 3aBUCHMOCTEH OT
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API u peammzanuii. Cucremsl c6opky, Takue Kak Apache Maven u Gradle, ynpoctunu
PpaspaboTYNKaM KU3Hb, IPEAOCTABUB UM 3(P(PEKTUBHbIE MEXaHI3MbI PA3PELICHMSI 3a-
Bucumocteit. CucreMa COOPKU 3aMMCHIBAET BCE 3aBUCUMOCTHU (C COOTBETCTBYIOIUMU
BEpCUsAMHU ), HEOOXOMMBIE 1151 KOMITMJISIIMY U 3aMyCKa HPUJIOKEHUS. DTO yIIPOIIAeT
HACTPOMKY HPOEKTA JJIsl HECKOJIBKUX Pa3paboTYMKOB, a TAKIKE MO3BOJISIET CO3/1aBaTh
MOBTOPsieMbie COOPKHL.

YHaKoBKa CKOMHIIMPOBAaHHBIX KJIACCOB U MX 3aBUCUMOCTEN B apTeaKThl pa3Bep-
TBHIBAHUSI TAKIKE SIBJIAETCS YaCThIO poiiecca COopKu. B 3aBUCMMOCTH OT UCTIOJIB3yeMOM
TEXHOJIOTUH apTedakThl ynakoBbiBatoTcss B WAR- unu JAR-daiins. B riase 4 Mo
PacCMOTPUM pas/IM4HbIE CIIOCOOBI YHAKOBKM KOPHOPATUBHBIX HPUIOKEHUN Java, ux
[PENMYLIECTBA ¥ HEAOCTATKH.

[anee, B paspenax «Gradle» u «Apache Maven», MbI 10pO6HO 06CYINM PEATA3ALIAIO
Y Pa3/INYUs 9TUX ABYX OCHOBHBIX CUCTEM COOPKH.

OAHO- U MHOrOMOAY/IbHbIE MPOEKTI

Kak yske ToBOPUIIOCH, UCXOIHBIN KO/ HPUIOKEHUSI MOKHO OOBEUHATD B Java-maKkeThl
Y MOZLYJIM TIPOeKTa. MOLyJ/IM, IOCTPOEHHBIE N0 TIPUHIUTTY 00111l (hyHKIIMOHATBHOCTH,
NPECTABAIOT COOO0M OTIEBHO KOMIUIUPYEMbIE TOATIPOEKTH. OGBIUHO OHU OTIPeIe-
JITIOTCSI CHCTEMaMU COOPKH.

Ha nepBbiit B3rJ15i/1, HDUYUHBI pa3/ieJIeHUs] IPOEKTa HA MOAYJIU BIIOJTHE HOHSTHBIL.
O6benuHeH e Java-Ko/a 1 MaKeToB BO B3aMMOCBSI3aHHBIE MOYJIU HO3BOJISAET CO3/IATh
6oJiee 4ETKOE TIPEICTABJIEHNE 17151 Pa3PabOTYMKOB, 0GECTIEUNBAET JIYUIITYIO CTPYKTYPY
Yl TIOBBIMIAET COTJIACOBAHHOCTb.

Eue ogHa HpuYrHA MOCTPOEHMST MHOTOMO/Y/JIBHON CTPYKTYPhl — 3TO CKOPOCTb
cbopku. UeM ci0xHEE HPOTPAMMHBIH TIPOEKT, TEM [0JIbIIE OH OYIET KOMITUIUPOBATHCS
Y YHAKOBBIBAThCA B apTeakt. PazpaboTurku, KaKk HPABUIIO, B KAXKIbI MOMEHT Bpe-
MEHHU 3aTPAruBaiOT JIUIIb OT/ENbHbIE YACTU HPOEeKTA. I[03TOMY 1Iesi COCTOUT B TOM,
4TOOBI KAXK/IbIi Pa3 HEPECTPAUBATH HE BECH ITPOEKT, a TOJBKO MOALYJIH, HEOOXOAUMbIE
ISl BHECEHUSI JKeJIaeMbIX M3MeHeHul. VIMEHHO 3TO IPenMyIIeCTBO MPENOCTABIISIET
cuctema cbopku Gradle, oberast COKOHOMUTD BPEMS 32 CUET TOTO, UTO NEPECTPANBA-
FOTCS1 TOJIBKO T€ YaCTH, KOTOPBIE ObLIN U3MEHEHBL

Emte onHUM apryMeHTOM B MOJIb3y 3TOU IPAKTUKU SIBJASETCS BO3MOXHOCTD I10-
BTOPHOTO MCIIOJIb30BAaHUST HOAMOAYIEH B Apyrux mpoekTax. Co3aaBast MOJHPOEKTHI
U BBIZIEJISIS UX B CAMOCTOSITEIbHBIE apPTe(AKTHI, TEOPETMIECKHM MOXKHO B35Th CybapTe-
(baxT U3 OHOTO IPOEKTA U BKJIIOUUTD B APYToii. Hanprmep, 06bIYHBIM JIEJI0M SIBJIAETCS
CO3/aHNE MOTYJISt MOOeiL, KOTOPBIN CONEPIKUT BCE CYIIHOCTH, OTHOCAIINECS K 00JaCTH
6usHeca, 0OBIYHO B BUJIE AGTMOHOMHLIX npocmblx 06vexmos Java (plain old Java objects,
PQJO). Takast moaenp ynakoBbiBaetcst B JAR-daiin u moBTOpHO 3a/1€HiCTBYETCS Kak
3aBUCHUMOCTb B IPYTUX KOPIIOPATUBHBIX ITPOEKTAX.

OaHaKo y 9TOU HPAKTUKH €CTh PSIT HEIOCTATKOB, WU, CKOPEE, OHA BHYIIAET OIIpe-
JieJIEHHbIE MJLITIO3UU.
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Nnno3um NOBTOPHOIO MUCMNOJ1Ib30BaHUA

HaHowmHI0: HporpaMMHOe obecriedeHre Co3/1aeT KOMaH/Ia Pa3paboTYNKOB, U CTPYKTYpa
HPOEKTa COOTBETCTBYET X KOMMYHUKAIIMOHHBIM CTPyKTypaMm. IloaToMy moBTOpHOE IIpH -
MeHEHME MOYJIel B PAMKAX HECKOJIBKMX HPOEKTOB TPEeGYET HEKOTOPOU KOOPAMHAIMH.

TexHu4yeckue 3aBMCUMOCTU

Mopyib mpoeKTa, peiHa3HAYEHHBIH /17151 TOBTOPHOTO UCIIOIb30BAHUS, IOJIKEH COOT-
BETCTBOBATH ONPEAENEHHBIM KpUTepusM. IIpesk/ie BCEro TeXHOMOTUsI OOIUX MOy el
JIOJI’KHA COOTBETCTBOBATh HOBOMY MIPOEKTY. ITO KAXKETCS OYEBUIHBIM, TOCKOJIBKY
BJIMSAET Ha ieTanu peanusanunt. OCoGEeHHO CUNBHO CBA3AHBI C IOAKTIOYEHHBIMU MOJLY -
JISIMU ¥ 32BUCAT OT KOHKPETHOM TEXHOJIOTHHY TIPUMEHSIEMbIe OUOIMOTEKN U CTPYKTYPBIL.
Hanpumep, knaccel Mozeneii B Java EE 06b14H0 comepskat andoTaruu ot API, takue
Kak JPA, KOTOpbie JOTKHBI OBITH TOCTYHHBI BO BCEX 3aBUCUMBIX MO JISIX.

Eme BaxxHee ¢ TEXHUYECKOH TOUKU 3PEHUSI 3aBUCUMOCTH OT IPOLYKTOB OIIpe-
AEJIEHHbIX Bepcnﬁ CTOPOHHHUX HpOHSBOI[PITeJICﬁ, HCO6XOI[I/IM])I€ JIAd HPaBUJIBHOTO
(DyHKIIMOHUPOBAHYS COBMECTHO UCTIOIb3YEMOTO MOAYJISA. DTH 3aBUCUMOCTH JIOJIKHBI
6bITb AOOCTYIIHBI IIPH BBITIOTHEHUU W HE NOJI)KHbBI BbI3bIBATh KOH(I)JII/IKTOB C IPpyrumMu
3aBUCHMOCTSIMU WU BepcusaMu. KoJIu3uu ¢ yke JOCTYHHbBIMU Ha CEPBEPE 3aBUCHMO-
CTSIMM MOTYT BBI3BaTh Maccy HpobieM. To xke caMoe OTHOCUTCS K IETANISIM PeaIU3aliuu,
KOTODBIE COZIEPKAT HESIBHBIE 32BUCUMOCTH.

TUHUYHBIM IPUMEPOM, UILTIOCTPUPYIOIIVM CKA3aHHOE, ABJISIIOTCSA OUOIMOTEKN OTO-
6paxenus JSON, takue kak Jackson u Gson. MHOr1e CTOPOHHME 3aBUCUMOCTH 3a/1€H-
CTBYIOT OHPE€/I€/ICHHbIE BEDCUU 3TUX 6I/I6JII/IOTCK, KOTOPBIE MOT'YT BbI3bIBATh KOH(I)JII/IKTbI
C IPYTUMHU 3aBUCHUMOCTAMU HUJIN BEPCHUAMH IIPU BBINIOJTHEHU U IIPHUJIOKEHHUA. ﬂpyI‘I/IM
HPUMEPOM SBJIAIOTCA peaju3alluy XKy pHaIupoBaHus, Takue Kak Logback u Log4j.

B 11€J10M COBMECTHO HCTIO/Ib3yEMBIE MOIENHU JIOJIKHBI OBITH KAK MOXKHO 60J1ee camMo-
AOCTAaTOYHBIMU UJIN XOTHA 6])1 COAEPXaThb CTa6I/IJIbeIe 3aBUCHUMOCTH, KOTOPbIC HE BbI-
30BYT ONMCAHHBIX Po6jeM. XOPOLUIMM HPUMEPOM O4YeHb CTAOUIBHON 3aBUCHMOCTH
asnsercsa Java EE API. Baarogaps o6paTtHoii coBmMectuMocTu ¢ Enterprise Edition
HpuMenenue 31oro API u obecHeunBaemasi UM (QyHKIIMOHATIBHOCTE He OYAYT HADY-
II€HbI HPHU IMOABJECHUU HOBOM BEpPCHUU.

Ho naxe ecau Java EE API aBisierca equHCTBEHHOM 3aBUCUMOCTBIO OOIUX
MOJIyJIel, 9TO TIPUBA3BIBAET MOJIEJb K OTPEIETEHHON BEPCUM ¥ YMEHBIIAET CBOOOLY
BHECEHUST U3BMEHEHMU.

OpraHunsaumoHHble NpobnemMbl

COBMECTHO MCIOJIb3yeMbIE TEXHOJOTHY U 3aBUCHMOCTHU BBI3BIBAIOT PSIJl OPraHU3a-
[UOHHBIX TIpo6ieM. YeM Goblile KOJUYECTBO POrPAMMUCTOB M PaboYUX TPYHIL,
TEM CUJIbHEE BIUAHUE TAKUX TEXHOMOTHMM ¥ 3aBUCUMOCTEN. [ PyHIIBI JOJKHBI CO-
IJIACOBBIBATH MEKY COBON HPMMEHEHUE ONPeIeJIEHHBIX TEXHOMOTUH, (PPEeMBOPKOB,
6uGAMOTEK U UX BEPCUI.
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Ecnu kakasi-To rpyHIia 3aXo4eT YTO-TO U3MEHUTD B 3TOU CUCTEME 3aBUCUMOCTEN WU
TEXHOJIOTHIA, TO TAKOE U3MEHEHHE IIOTPeOyeT 3HAYNTENbHOM KOOPANHALIAN 1 HAKJIaAHBIX
pacxoa0B. Bormpocsl COBMECTHOTO MCIIOJIb30BAHUS KO U apTE(aKTOB B HECKOTbKUX
CHCTEMAX, a TAKXKe X 11eJ1eCO00PasHOCTh PACCMATPUBAIOTCSA B IIaBe 8.

Kputepun NnoBTOPHOro MCMosb30BaHUA

[ToBTOPHOE MUCII0Jb30BAHUE — ITO BCETAA KOMIIPOMKCC MEXK/TY IIPOCTOTOM 1 BO3MOXK-
HBIM Ay6aupoBaHueM. BoiGop B HOJIb3y TOTO MU APYIOrO OHPENENSETCS YPOBHEM
camozocTatouyHocTd. Kak mpaBuiio, 3aTpaThl Ha KOOPAMHALIMIO 3aBUCUMOCTEMH, BEPCUiA
1 TEXHOJIOTMH MePeBENIMBAIOT HPEUMYIIECTBA, IOJIyYeHHbIE 3a cYeT n30eranus us-
OBITOYHOCTH.

OnHAKO 0CTAaeTCsA BaXKHbIM BOHPOC: KAKUE YPOBHHU 06Pa3yIOT MOLY/IX IIPOEKTOB 110
BEPTUKAIN 1 TOPU30HTAN ? [IpUMEpPOM rOPH30HTATBHOMN CTPYKTYPHI SIB/SIETCS TUITAYHAS
TPexXypOBHEBast aDXUTEKTYPa KJIACTEPU3AIY B BUAE IPEACTABIEHNUs, OM3HEC-TOTUKY
¥ naHHbIX. BepTHKaabHOE pasaesieHre Ha yPOBHU O3HAYAET TPYHITUPOBKY (PYHKITHO-
Hasla Ha OCHOBe Ou3Hec-10ruKy. [IppMepaMu MOTYT OBITh MOZYJIM YYETHBIX 3aHUCEH,
3aKa30B WM CTaTel, BKIIOYAIOIIUE B ce0A BCe TEXHUYECKNE TPeOOBaHMS, TAKKE KaK
koneunsre Toukr HTTP u goctyn k 6ase nannbix. Teopernyecku 06a TUIA MOLYIeH
MOTYT ObITh 3a€CTBOBaHbl MHOTOKPATHO.

Bbiiiie BEPOSATHOCTD MCIIOIH30BAHUS B APYTUX HPOEKTAX TOPU3OHTAIBHBIX MHOTO-
YPOBHEBBIX MOAYJIbHBIX CTPYKTYP, TAKUX Kak Moze/u. EcTecTBEHHO, Y MOYJIEH 9TOTO
THUIIa MEHBILIE 3aBUCUMOCTEH, B nease ux Booblle HeT. BepTukaabHble MHOTOYPOB-
HEBbIE MOJIYJIbHBIE CTPYKTYPbI, HA060POT, COAEPIKAT ACTAIM PEATUIALNN U OKUAAIOT
OTIpe/IeJIEHHBIX YCJIOBU, TAKUX KaK 3aJaHHast KOH(puUTrypalusa KoHteiHepa. Ho ato
TaK’kKe 3aBUCUT OT TEXHOJIOTHH, UCIIOIb3yEMOM B paMKax MOYJIEH, KOTOPbIE JOJIXKHbBI
MIPUMEHSITHCSI MHOTOKPATHO.

ApTedakTbl NpoeKkTa

Tenepb HEMHOTO OTBJIEYEMCS U TIEPEKITIOYMMCS Ha apTeaKThl pa3BePTHIBAHIS HAILIETO
KOPHOPATUBHOTO NpuioKeHus. Kak HpaBuio, HPUIOKEHNE CO3AA€T OAUH apTedaKT,
KOTODBIN 1 OyIeT 3alycKaTh IporpaMMHoe obecriedenue. Jlaxke MHOTOMO/LY IbHBIA
MPOEKT B UTOTE CBOAMTCS K OMHOMY-ABYM apredakram. TakuM 06pa3omM, B GOJIBIINH-
CTBE CJIyYaeB BCS 3T CTPYKTYPa CHOBA CBOAUTCS K oqHOMY JAR- umu W AR-daiiny.
C y4eToM TOr0, YTO HOBTOPHO KCITOJIb30BATh MOJIYJIU HE BCET/IA BO3MOXKHO, BOSHUKAET
BOIIPOC: TaK JI HY’>KHA MHOTOMO/IYJIbHOCTb B IPOeKTe? B KOHIlE KOHIIOB, CO3/IaHUE
U yIpaBJieHue NOATPOEKTaMU, BEPTUKAIBHBIMU UJIA TOPU3OHTAIBHBIMHM, TOTPEOYET
OT NPOTPAaMMUCTOB OHPE/IETIEHHBIX YCUJIHIL.

JlelicTBUTENBHO, pa3/ie/ieHHe KO CIIOCOOHO YCKOPUTD COOPKY, €CJIH MIEPECTParBa-
I0TCSI TOJIBKO T€ MOATIPOEKTHI, B KOTOPblE BHOCHINCH u3MeHeHust. OTHAKO B pa3aesax
«Apache Maven» u «Gradle», a Takxe B r1aBe 4 MbI yBUAMM, 4TO COOPKa €MHOIO
PasyMHO TIOCTPOEHHOTO TIPOEKTa B OAUH apTedaKT BHIHOJHSIETCSA IOBONBHO OBICTPO
1 0OGBIYHO €CTh PYTHE HPUUUHBIL, BIUSIONINE HA CKOPOCTH CO3aHUsS COOPOK.
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OaviH NpoeKkT — oauH apTedakT

[Tesiecoo6pa3Ho yHAKOBAaTh HPOEKT KOPIOPATUBHOTO MPOAYKTA B OAUH apTedakt
pa3BepThIBAHUS, CO3/1aBaE€MBIH U3 €IMHCTBEHHOTO MOAyJisl HpoekTa. KosmuecTBo
Y CTPYKTypa apTedaKTOB Pa3BEPThIBAHUS COOTBETCTBYIOT CTPYKTYPE IPOTPAMMHOTO
HpoekTa. Ecsiu B IpoeKTe MOSIBISIOTCS OHONHUTENbHBIE apTe(haKThI, TO OHU MIPE-
CTaBJIEHBI B BU/IE€ OTJEJbHBIX MOIYJIEN. JTO MO3BOJISIET C(HOPMUPOBATH MOHSATHYIO
Y HPOCTYIO CTPYKTYPY [IPOEKTA.

O6b14HO B KOPIIOPATHUBHOM MPOEKTE CO3AaeTCs HepeHocuMbiit JAR- unu WAR-daiin,
reHepUPYEMBIiT U3 OJHOTO MOAYJist HpoekTa. OHAKO MHOTAA €CTh BECKIE MPUYUHBI
17151 pa3paboTKK MOLyJIed, TPUMEHSEMBIX B HECKOJIBKUX PoekTax. OHU, 4TO BHOHE
JIOTMYHO, OOPMIISIIOTCSI B BU/IE OT/EJIbHBIX HPOEKTHBIX MOAYJIEH, CO3AI0IIUX COO-
cTBeHHbIe apTedaxTsl, HarpuMep B Bue JAR-daiinos.

EcTb 1 ApyTyie IpUYYHBI /151 TOSIBIEHISI MHOTOMO/YIbHBIX ITPOEKTOB. CHCTEMHBIE
TECTBI, IPOBEPSIOIILE BHEIIHEE HOBEEHNE PA3BEPHYTOTO KOPIOPATUBHOTO HPH-
JIOKEHUS], HE BCET/Ia 3aBUCSIT OT KOZIa TOTOBOTO HPOAYKTA. B HEKOTOPBIX cUTyarusax
HIMeeT CMbICJI HPEICTABUTD 3TH TECTHI B BU/IE OTAEIbHBIX MOIYJIEN MHOTOMOY/IBHOTO
HPOEKTA.

Jlpyrum npuMepoM SIBISIIOTCS KJIMEHTCKUE TEXHOJIOTUU, KOTOPbIE HOIIPOCTY CJia-
60 CBsI3aHBI C CEPBEPHOI YaCThIO PUIIOXKEHUSL. [1py UCHOIB30BAHUN COBPEMEHHBIX
KJINEHTOPUEHTUPOBAHHBIX (PPEMBOPKOB JavaScript cBsI3b ¢ CEPBEPHOI YAaCThIO TAKKe
ocabeBaet. Pabounii mpolecc v XU3HEHHBIN UKJ Pa3paboTKU KIUEHTCKOM 4acTh
MOTYT OTJIMYATHCS OT TAKOBBIX JIJIsi CEPBEPHOI YacTu npuioxkeHust. [lostomy nmeer
CMBICJI Pa3/[eJIUTh TEXHOJIOTUIO HA HECKOJIBKO HO/IIPOEKTOB HJIU JIa’Ke Ha HECKOJIBKO
HPOTPaMMHBIX HPOeKTOB. ITonpo6Hee Mbl 06Cy MM 3Ty TeMy B paszene «CTpyKTypu-
POBaHUE /IS COBDEMEHHBIX KINEHTCKUX TEXHOIOTUI.

OpnHako 3Tu cuTyanuu B 60Jiee NIMPOKOM CMBICJIE TAKXKE OTBEYAIOT KOHIETIIUN
COOTBETCTBUS apTe(AKTOB MOAYJISIM MPOeKTa. I[POEKT TeCTUPOBAHUS CUCTEMBI HC-
HOJIb3Y€ETCSI U BBIIIOJTHSIETCSI OTEIBHO OT KOZIa TOTOBOTO MpoayKTa. PazpaboTka u mo-
CTPOEHHUE KJIMEHTCKOM YaCTH TOKe MOTYT OTJIMYATHCS OT Pa3paboTKH U HOCTPOEHUST
cepBepHOiL. BpIBAIOT 1 ApyrUe CUTYALUH, KOTa TAKOE PA3/IeeHUE 11€TeCO00PA3HO.

C6opka cuctem B Java EE

Moy mpoeKTa OnMCaHbl B BUIE MOy et cucteMbl c6opku. HesaBucumo ot toro,
CKOJIBKO B CHCTeME MPOEKTOB — OJWH MU HECKOJIbKO, HallpuMep KO HPOAYKTa
Y CUCTEMHBIE TECTBI, — 3TH YaCTH CTPOSITCS U BBINOJHSIOTCS KaK 4acThb IIpoIiecca
cOOpKH.

Xopotuasi cuctema cO0PKH T0/DKHA MMETD opesieneHHbie pyHkuuu. Ee ocHoBHas
3a/[a4a COCTOMT B TOM, YTOOBI CKOMITMIMPOBATH UCXOIHBIE KOJbI M YHAKOBATD IBOUYHbIE
(atisbl B BUze apTedakToB. Ha sTane KOMIUAIMy Win yrakoOBKY TAKKe J06aBIISIOTCS
Bce HeOGX0oMMbIe 3aBUCUMOCTH. ECTb HecKosbKO 0bJacTeil, rae TpebyIoTcs Takue
3aBHUCUMOCTH, — HaIllpUMep Ha dTale KOMITUJISINY, TeCTUPOBAHUS WU PeaU3aii.
Ha xakzioMm aTaHe Hy>KHbI CBOM 3aBUCUMOCTH, BKTI0YaeMbI€ B apTe(axT.
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C6opka ImpoeKTa J0/KHa OBITh HaZIeXKHOU ¥ BOCIIPOU3BoAUMOiL. Hecko1bko c60pok
OJIHOTO 1 TOTO € UCXOIHOTO IPOEKTa C OAUMHAKOBOM KOH(UTYpaIMe J0KHbI 1aBaTh
OIMHAKOBbIE PE3YJIbTAThl. DTO BAXKHO JJIsl PEANU3AIMM KOHBEHEPOB HENPEPbIGHOL
nocmaexu (Continuous Delivery, CD), 103BOJIAOIUX CO3[aBaTh BOCHPOU3BOAUMEbIE
c6bopku. IIpu aTOM crcTeMa COOPKY JOJIKHA 3aIyCKAThCSA HA CEPBEPE HENPEPLIBHOU
unmezpavuu (Continuous Integration, CI), Takom kak Jenkins unu TeamCity. Jlns aToro
HY’KHO, 4YTOGBI HPOrPaMMHOE 06eCHEYeHME YHPABJISLIOCH Yepe3 nHTepgeic KOMaHIHON
CTPOKH, 0COOEHHO B crcTeMax Ha ocHoBe Unix. [IprynrHb HEOGXOAUMOCTH HENPEPHIB-
HOIi mocTaBKu Gy/IyT ONKMCaHbI B T1aBe 6.

Cucrema cO0PKH, MCHOJIb3yeMast MHKEHEPAMU-IIPOrPAMMUCTAMHY, JOJIKHA TOJI-
JepKUBaTh Te (PPeMBOPKHU U ONEPAIIIOHHbIE CUCTEMBI, B KOTOPBIX OHYM paboTaioT.
Jlns cucteMm c60pku Ha ocHOBe JVM Takasi IEPEHOCUMOCTH OOBIYHO HPEMYCMOTPEHA.
HOT/1a HPOEKTHI UMEIOT 0COObIe TPEOOBAHUS, TAKME KAK HEOOXOIMMOCTD IIOCTPOEHUS
COBCTBEHHOTO KO/ /7Sl KAKOTO-TO KOHKPETHOTO OKpyKeHust. OTHAKO B KOPHOPATUB-
HBIX IPUJIOKEHUSX Java aTo 0ObIYHO He TPeGyeTCs.

B uesiom mpoitecc cG0pKHU 0IKEH BBIOTHATHCS KAK MOYKHO ObicTpee. 3arpyska
Y HACTPOUKA CUCTEMBI COOPKH HE JOJIKHBI OBITh TIPOAOIKUTETbHBIMY, UeM 6oJibiie
BpeMeHU TpebyeT c6OPKa, TeM [0JIbIIe HPUIETCS JKAATh MHKeHepaM 0GPaTHOM CBA3U
B mporiecce paspabortku. [logpo6Hee Mbl PACCMOTPHM 3Ty TEMY B TJIaBe 4.

Ha MOMEHT HaHMCaHUS KHUTY CaMOU PacIIPOCTPAHEHHOU CHCTEMOM cOOpKHU ObLTa
u3BecTHas 6OMBIMHCTBY Java-niporpammucTtoB Apache Maven.

Maven — 310 cucTema c6opku Ha 6ase Java, HacTpanBaeMas nocpeactsoM XML.
[IpoeKTHI B HEl OMPeEISIOTCS B PAMKAX TAK Ha3bIBAEMO 066€KMHOL MOOCTU NPOeKma
(project object model, POM). Maven ocHOBaHA Ha IPUHIIKIIE IPOrPAMMHUPOBAHKS 110
COTJIAIIEHUSIM, UTO CBOAUT K MUHUMYMY OTIOJIHUTENBHYIO HACTPOiKy. CTaHAapTHas
KOH(UTYPAIUS XOPOIIO HOAXOAUT JJIs Java-HPUIOKEHUIA.

Eute oauH pacnpoctpaneHHbiit nHCTpyMeHT cGopku — Gradle. On Brioyaer
B cebs1 ocHOBaHHBIM Ha Groovy npedmemo-opuenmuposaniwiil a3vik (Domain-Specific
Language, DSL), npeiHa3HaueHHbIN /17151 HACTPOUKHU MOJHOCTHIO PACIIUPSAEMBIX COOPOK
MPOEKTOB C HOMZEPKKOU ciieHapueB. [Tockoabky Groovy sIBIsieTCs TIOMHOIEHHBIM
SI3BIKOM TIPOrpaMMUpOBaHus, cueHapuu cbopku Gradle, ectectBenHo, sBasioTcs
3¢ (HEKTUBHBIMU U TUOKUMU.

U Gradle, u Maven BkJouaioT B ce6s1 paciImpeHHOe yIpaBIeHue 3aBUCUMOCTMU
Y XOPOIIIO MOAXOMST A5 COOpKH Java-npoekToB. KoHeuHo, eCcTh U Apyrue CUCTeMBbL
cbopxw, takue kak SBT, Ho Gradle u Maven siBaisitotcs Haubosiee pactipoCTpaHEHHBIMU
1 GyyT paCCMOTPEHBI B CIEAYIONIMX Pa3zesiax.

Apache Maven

Cucrema c6opku Apache Maven mupoko HCHOJIB3YeTCs B Java-HPOEKTaX U U3BECTHA
MOABJSAONIEMY GOMBUIMHCTBY PaspaboTYINKOB KOPIIOPATUBHBIX HPOTPAMMHBIX HPO-
IyKTOB. B ocHOBe cructeMbl Maven JIeXXUT IPUHIUH CO2lauUleHUs N0 KOHGUzypayuu,
KOTOPBI YHPOIIIAET CTAaHJAPTHbBIE BAPUAHTEI ee puMeHeHus. OfHAKO KOHUTypauus
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Maven He Bcerna obecriednBaet TuOKOCTD. BripoueM, HETMOKOCTh MHOT/IA OKA3bIBAET-
cs1 IpeuMyniecTBOM. [TOCKOJIBKY OUeHb CJI0KHO M3MEHUTh CTAaHAAPTHYIO CTPYKTYPY
HpoekTa Maven u npoiecc c60pku, GOTBITUHCTBO KOPIIOPATUBHBIX Java-TIPOEKTOB
HOJIYYAI0TCSA OY€Hb MOX0XUMHU. HOBBIE IPOrPaMMUCTBI JIETKO OCBAUBAIOT HACTPOUKY
cOOpKM IIPOEKTA.

Ha puc. 2.2 nokaszas TUnu4HbIH IpUMEP CTPYKTYPHI IpoekTa Maven.

iz cars
v Msrc
v I main
¥ [Mjava
> Bu com.example.cars
[z resources
v Bmwebapp
v Im WEB-INF
& beans.xml
v Bmtest
Ljava
R=resources
> Bmtarget
m pom.xml

Puc. 2.2

Ita cTPyKTypa 3HaKOMa GOJBIIMHCTBY Pa3paGOTYMKOB KOPHOPATUBHBIX Java-
HPOEKTOB. 3eCh HPUBEIEH [IPUMEpP BeO-TIPUIOKEHNS, YIIAKOBaHHOTO B Buge WAR-
(aiina.

OpnuM u3 HeocTaTkoB Apache Maven sIBIS€TCS HECKOJIBKO HETIPO3PaYHbINA CHO-
co0 OHpeZeeHUs HYXKHbBIX pacliMpeHuil cOopky u ux 3aBucumocteil. [Ipumenenne
CTaHJAPTHOTO COTJIANIEeHYsI 6e3 IBHOTO yKA3aHWsI BEPCUH 15 PACIIUPEH U, TAKMX KaK
Maven Compiler Plugin, MoXeT BbI3BaTh HEXKeJIaTeIbHbIE N3MEHEHUS MCII0Ib3yEMbIX
BepCHii. ITO HAPyIIAeT HPUHLIUI HOBTOPSAEMOCTH cOOpKM. V3-3a 3TOr0 B IPOEKTAX,
TpebOYOIINX BOCTIPOM3BOANMOCTH, YACTO SIBHO YKA3bIBAIOT U IEPEOHPE/IEISIOT BEPCUU
3aBucHMOcCTel paciuupennii B POM. B 5ToM ci1ydae poeKTs KaxK bl pa3 cobnpaoTcs
C ICHOJIb30BaHUEM OZIHUX U TeX JKe BePCHUH, 1ake eCIN MEHSIOTCS] BEPCUU PaCIIMPeHU
HO YMOJTYaHUIO.

Eute oauH pacHpoCTpaHeHHbIN cnocob OnpeseieHrsi TOUHBIX BEPCU pacuivpe-
Huii — npumenenue Super POM. O6beKTHBIE MOZIE/IH TPOEKTA MOTYT HACJIEJOBATh-
CS1 OT POJMTENBLCKUX HPOEKTOB M TEM CaMbIM COKPAIIATh MAGIOHHbIE OHPEIETEHIS
pacuripenuii. [IporpaMMucTsl MOTYT 33/1€iicTBOBATh 9 (PEeKTUBHBIE TPECTABIEHUS
POM, oTpaxaioiye pe3yabTUPYIONIYI0 00bEKTHYIO MOJIEND, C YIETOM CTAHAAPTHOM
KOH(UTypaluy ¥ BO3MOKHOTO HACcJIeZIOBaHUA.
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Tunuunas npobiaema ¢ POM B Maven 3aK/II09a€TCS B TOM, YTO B KOPIIOPATUBHBIX
MPOEKTAX OYEHD YacTo 310y noTpebsor XM L-onpenenenvsiMut. B Hux npexaeBpemMen-
HO BBOZSIT paclIMpeHUs UM HACTPOUKH, KOTOPBIE U TaK COAEPKATCS B CTAHAAPTHOU
KOH(UTYpaIUH.

B caenyromeM pparmMenTe Koza NOKasaHbl MUHUMaIbHbIE TpeGoBanust POM s
mpoekTa Java EE 8:
<project xmlns="http://maven.apache.org/POM/4.0.0"

xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalLocation="http://maven.apache.org/POM/4.0.0

http://maven.apache.org/xsd/maven-4.0.0.xsd">
<modelVersion>4.0.0</modelVersion>

<groupId>com.example.cars</groupld>
<artifactId>car-manufacture</artifactId>
<version>1.0.1</version>
<packaging>war</packaging>

<dependencies>
<dependency>
<groupId>javax</groupld>
<artifactId>javaee-api</artifactId>
<version>8.0</version>
<scope>provided</scope>
</dependency>
</dependencies>

<build>
<finalName>car-manufacture</finalName>
</build>

<properties>
<maven.compiler.source>1.8</maven.compiler.source>
<maven.compiler.target>1.8</maven.compiler.target>
<failOnMissingWebXml>false</failOnMissingWebXml>
<project.build.sourceEncoding>UTF-8</project.build.sourceEncoding>
</properties>

</project>

[IpunoxeHue 4715 IPOU3BOACTBA aBTOMOOUIeN car manufacture cobpano B WAR-
apredaxT. FinalName nepeoHpenesisieT HesiBHOe uMst W AR-(aiina, u nosyyaercs daiin
car-manufacturing.war.

API Java EE 8 — equHcTBeHHas 3aBUCUMOCTb, HEOOXOAMMas B TOTOBOM KOJ€
MPOCTOTO KOPMOPaTUBHOTO penienust. [logpobHee 0 3aBUCUMOCTSX U UX BIAUSHUU HA
MIPOEKT MBI HOTOBOPKM B TJIaBe 4.

Ter properties ycrpanser He06XOAUMOCTD ABHOM HACTPOMKY PACIIMPEHUI COOPKL
OH UCHOJIB3YETCS 711 HACTPOMKHU MapaMeTpoB paciiupenuii Maven B KaXKIOH KOH-
durypanyu. YxkazaHue 9TUX apaMeTPOB M03BOJISIET HEPEHACTPOUTD pacimupenue 6e3
SIBHOTO OObSIBIEHUS TIOJIHBIX OTIPEEIEHU,
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Yka3aHHbIe CBOWCTBA MMO3BOJISIOT IIOCTPOUTH IIPOEKT ¢ puMeneHueM Java SE 8,
HPUYEM CUYUTAETCs, YTO BCe Ucxoauble daiinbl co3nansl B koaupoBke UTF-8.
W AR-aiiny He TpedyeTcsa niepenaBath JeCKPUITOP Pa3BEPThIBAHMS web . xml, IMEHHO
HO3TOMY MBI JlaeM Maven yKasaHue He IPepIBaTh COOPKY MPU OTCYTCTBUH IE€CKPUII-
topa. [Ipexae ana Servlet API tpeboBanich AeCKPUHTOPBI PA3BEPTHIBAHUS, YTOOBI
HACTPOMTH U COIOCTABUTh CEPBJETHI HpUIokeHus. Iloce nossiaenus Servlet API
BepcuM 3 IE€CKPUHTOPBI web . xml 6OJblile He HY’KHBI — CEPBJIETH HACTPAUBAIOTCS
C HOMOUIBIO aHHOTAIUH.

IIpowuecc c6opku B Maven COCTOUT U3 HECKOJIbKUX ITANOB: KOMIIMJISALUY, TECTHU-
POBaHUS ¥ YHAKOBKU. TO, KaKue Oneparyuy BBIHOMHSIOTCS, 3aBUCUT OT BLIOPAHHOTO
stana. Hanpumep, ecaiv BBIGPATh 9Tall YIIAKOBKH, TO OYAYT CKOMIMINPOBAHBI UC-
XOJIHbIE KOZIBI main U test, IPOBEIEHbI KOHTPOIbHBIE TECTHI, HOCJIE YETO BCE KJIACCHI
U Pecypchl 6yyT yrakoBaHbl B apTehakT.

Komanzsr copxu Maven sanyckaiorcs yepe3 IDE unu B BUie KOMaHIHOM CTPOKH
mvn. Harmpumep, koMaHza mvn package 3amyCKaeT 9TaH YIAKOBKH, U HA BBIXOJIE CO3/1a-
eTcs yHaKoBaHHBIA apredakrt. [TogpobHee 06 sranax u GyHKIuUAX cucteMbl Apache
Maven BbI MOXKETE y3HATh U3 €€ OPULIUATBHON TOKYMEHTAIIUM.

Gradle

Ha momeHT HanucaHust 3Toit kauru cuctema Gradle nprMeHssach B KOPHOPATUBHBIX
Java-upoektax pexe, uem Apache Maven. Bo3aMoxHO, 9TO CBSI3aHO C T€M, 4TO pas-
PaGOTYNKN KOPHOPATUBHBIX HPUJIOKEHUM 3a4aCTyI0 HE3HAKOMBI C TUHAMUYECKUMU
JVM-sassikamu, Takumu kak Groovy, KoTopbiii ucuoassyercsi B Gradle B kauectse
A3bIKa clieHapueB cOopku. OHAKO /1J1s1 TOTO, UTOGBI co31aBaTh (haiibl cbopku Gradle,
riay6okoe snanue Groovy He Tpebyercs.

V¥ Gradle MHOXeCTBO IPEMMYIIECTB, X B HEPBYIO 04epenb MOKOCT. s OHpe-
JIeJIEHUSI ¥ BO3MOXHON HACTPONKKM COOPKM MPOEKTA K yCIyraM pa3paboTUYMKOB BCE
BO3MOKHOCTH SI3bIKa TIPOTPAMMUPOBAHMSL.

¥ Gradle B poHOBOM peskume paboTaeT IEMOH, KOTOPbIIA HOCJIE HEPBOUM COOPKH 3a-
HyCKA€eTCst HOBTOPHO, YTOGBI yCKOPUTH HOCIeAyomue c6opku. OH TaKKe OTCIEKUBAET
BXOAbI U BbIXObI C60pKI/I, HpPOBEPAA, 6])IJII/I JI1 BHECEHbI U3MEHEHHA CO BPEMEHHU HO-
CJIETHETO €€ BBITIOJHEHUSL. DTO IO3BOJISIET CUCTEME KIIIMPOBATh OHEPALIMH, COKPAIIAs
BpeMs COOPKH.

OnHaKo TaKast ONTUMU3AIINA MOYKET U HE HOTPEOGOBATHCS. DTO OHPEIEIISAETCS CIIOXK-
HOCTDBIO HPOEKTAa U MCII0JIb3yEMbIMHU 3aBUCHUMOCTAMHU. Hoz[p06Hee O BJIUSIHUUN 3aBUCU-
MOCTell HpOeKTa U IIPUJIOKEHUSX C HyJIEBOW 3aBUCUMOCTBIO UUTAlTe B IJIaBe 4.

Ha puc. 2.3 mokasana ctpykrypa c6opku npoexra B Gradle. Kak Bunure, ectb 60J1b-
II0€ CXOZICTBO C HpOeKTaMu Maven, ¢ Toli pa3HuIleil, YTO TOTOBbIE [BOMYHbIE (DAiIIBI
HOCJIe CHOPKY 110 YMOJIYAHUIO IOMEIIAIOTCS B KATAJIOT build.

O6b1uno npoextsl Gradle BKmouaoT B cebs crieHapuil 060JI0YKK AJIS TEX OIepa-
LMOHHBIX CPel, B KOTOPBIX He ycTaHoBjIeHa cuctema Gradle.
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bg cars
» Pm .gradle
» PBa build
> P gradle
v Bmsrc
v g main
v Pajava
> Em com.example.cars
Dz resources
v Bmwebapp
v [Ba WEB-INF
& beans.xml
v Bgtest
Pu java
Bz resources
(& build.gradle
& gradlew
& gradlew.bat

Puc. 2.3

Cuenyrommii Koz peacTasaser coboli mpumep (aiina build.script:
plugins {
id 'war'

}

repositories {
mavenCentral()

}

dependencies {
providedCompile 'javax:javaee-api:8.0'

}

3amauu c6opku B Gradle samyckaoTcs u3 KOMaHAHON CTPOKM C ICHOJIb30BaHUEM
KOMaH/Ibl gradle UM MOCPEACTBOM TIPEOCTABISIEMBIX ClieHapreB obonouky. Hampu-
Mep, koMaHza gradle build aBisieTca aHasoroM mvn package 1 3aHycKaeT KOMIIUJIALIAIO
MCXOHOTO KOJIa, BBITIOJIHEHHE TECTOB U cOOPKY apTedakTa.

Buiarogapst HaIMYUIO TIOJIHOIEHHOTO SI3bIKA TIPOTPAMMUPOBAHUS, OIIPEAEJISAIOIIETO
(aiinsr cb6opku, y Gradle ects pax npeumyinects. B caydae o6paboTku crieHapueB
C60pKI/I B BH/I€ KOJia IIPOTPaMMHCTaM y;106Hee HPUMEHATD IPUHIUIIBI YUCTOT'O KOAQ,
€CJIM OTIPe/IeJIEHs CTAHOBSITCS CJIUIIKOM CJI0KHBbIMU. Hanpumep, MOXKHO HpeacTa-
BUTD CJIOKHBIE Oll€PpAllN C60pKI/I B BH/I€ HECKOJIBKHNX METOAO0B C JIETKO YUTa€EMbIM
KOJIOM.
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OnHaKO 3TH BO3MOXKHOCTH TIOPOKAAIOT OMACHOCTh YPE3MEPHOTO TEXHUYECKOTO
ycaoxHenus cbopku. Kax ysxe ormedasnoch, Heru6kocth Apache Maven nnorza MoxkeTt
GBIT TPEUMYIIIECTBOM: BO3MOKHOCTD JIETKO HACTPAUBATh CLIEHAPUM COOPKHU HO3BOJISET
CO3/aBaTh OIPE/IEEHNS, IPUCYIIUE TOJIBKO JAHHOMY IIPOEKTY. 3/1€Ch, B OTJIMYUE OT
Maven, neperpyKeHHble CHEU(PUIECKUMH AETATIMU COOPKU MOTYT CTaTh IIPEHAT-
CTBHEM [JIA IIPDOTPAMMHUCTOB, HE3HAKOMBIX C IIPOCKTOM.

OHBIT NIOKA3bIBAET, YTO TOAABJSIONIEE GONBITUHCTBO COOPOK KOPIOPATUBHBIX
HPOEKTOB OYE€Hb IMOXOKH. HOBTOMy BO3HHKAET BOIIPOC: TaK JIX YK HYKHa FI/I6KOCTb
Gradle? /I npoeKTOB, He MPEABABIAIOMNX 0COOBIX TpeGoBanuil K c6opKe, B OT-
JIMYKE OT, HAPUMEP, Pa3pabOTKU TPOAYKTa, BHOJHE JOCTATOYHO TAKON CUCTEMBI
c6opku, kak Maven.

B masnbHeiinem, Korga B KauecTBe HpuMepa HoTpebyeTcs cuctemMa cOOPKH, MbI Oy-
JAEM HCII0JIb30BaTh Maven. OI[HaKO BC€ HPUBOAVIMBIE 3/1€Ch IIPUMEPDBI KOJa OMNHAKOBO
xopomio Hoaxozat u s Gradle.

CTPYKTYpUPOBAHWE AN COBPEMEHHbIX
KJTMEHTCKUX TEXHOJIOTUIA

ITocsie TOTO KaK MbI OCBETHJIA COBPEMEHHBIE CUCTEMBI COOPKH JIJIsi KOPHOPATUBHBIX
HPOEKTOB, HOCMOTPUM, KaK UHTETPUPOBATH B CEPBEPHYIO YaCTh KJIMEHTCKNE TEXHOJIO-
TUn.

310 nenaetcs 10BOIbHO HPocTo. KineHnTckas yacTb BeG-IPUIIOKeHu B 6OJBITNH-
CTBe CJIy4aeB TpencTaBisieT coboli coznaBaembie Ha cepBepe HTML-cTpanuis! co
cueHapusmu Ha JSP uiu JSF. HTML-cTpaHuiibl TeHEPUPYIOTCS IO Mepe He0OX01u-
MOCTH, TO €CTh HO 3aIIPOCY KJIMEHTA, U HPEAOCTABISIIOTCS eMy. [lJisi 3TOro Ha cepBepe
v pacHosaraiotcst J SP- wnu JSF-ctpanuiist. Bce kopHOpaTUBHbBIE HPUIOMXKEHUS A0IKHBI
HOCTABJIAAITBCSI ¥ PA3BEPTHIBATHCS KAK €MHBINA apTehaKT.

BeeneHue B JavaScript-cpenMBopku

Buiarozapst HOBBIM TEXHOJIOTHSIM Pa3pabOTKU KJIMEHTCKOMN YaCTH, B OCHOBHOM CJIOJKHBIM
(ppetimBopkam JavaScript 1 0COGEHHO OMHOCTPAHUYHBIM HPUIOKEHUAM, 9T CUTYALIUS
CUIbHO M3MeHmnach. OpeldMBOPKY A1 pa3paboTKu BeG-MHTEPDENRCOB CTAHOBATCS
Bce 60J1e€e KIMEHTOOPUEHTU POBAHHBIMY U BKJIIOUAIOT B cebst ropas o 6oJibiie GusHec-
JIoTUKH, YeM Tpeskze. Ha ctopoHe cepBepa 3TO 03HAYAET, YTO B3AUMOIENCTBIE MEXK LY
CEpBEPHO U KIIMEHTCKOHN 4aCThIO IEPEXOIUT OT MEJIKUX METO0B K O0iee KPYIIHbIM,
OIUCHIBAIOIIUM OU3HEC-CIIEHAPUY UCHOJB30BAHUS.

Taxum 06pa3om, yeM 6oJiee KINEHTOOPUEHTUPOBAHHBIMU ¥ (DYHKIIMOHATBHBIMU
cTaHOBSTCS (PPeHMBOPKH JavaScript, TeM Aajibliie B3aMMOIEHCTBIE MEK/TY KIUEHTCKOM
Y CEPBEPHOM YACTHIO MPUIOKEHUST YXOIAUT OT TECHO CBSI3AHHBIX 3AIIPOCOB U OTBETOB
u Hpubamxkaercs k ctunio API, o6prano B popmate JSON uepes HTTP. 910 Takxke
03HAYAET, YTO CEPBEPHAS CTOPOHA BCE MEHbIIIE 3aBUCHT OT KIreHTCKoU. Hampumep,
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npu niepegade naHHbIX ToabKO yepes RESTful-nono6usie API B popmate JSON co6-
CTBEHHBIE ¥ MOOWJIBHBIE KJIMEHTBI, TAKUE KaK CMAPT(OHbI, MOTYT IPUMEHSITH TOT XK€
API, yTo 1 y KIMEHTCKOH YacTu.

Mpb1 HabJIO1aeM 3Ty TEHIEHIIUIO BO MHOTUX KOPIIOPATUBHBIX POeKTax. TeM He Me-
Hee ellle HEM3BECTHO, YTO JIy4Ille, HEPEHOCUTD BCe HOJIbIIE JIOTUKY HA CTOPOHY KJIMEHTa
WJIM CO3/[aBaTh TUOPUIHBIE PEIIEHUS, YaCTh KOTOPHIX PEAM30BAHA HA CTOPOHE Cep-
BEpA, a YaCTh — Ha CTOPOHe KyireHTa. He B1aBasich B eTa I, PACCMOTPUM HECKOJIBKO
KJTIOUYEBBIX MOMEHTOB.

[MoAroTOBKA JAHHBIX M COAEPKUMOTO OBICTPEE BHIHOJHSIETCS HA CTOPOHE CepBe-
pa. Tam Gosbllle BO3MOKHOCTEHN M pecypcoB, 4eM Ha CTOpOHe KiaueHTa. Ha cepsepe
TaKXe JOCTYHHBI Takue (DYHKINH, KaK KIUIMPOBAHUE, U €CTh BO3MOXXHOCTb YBUIETD
CUTYAIIMIO B I[EJIOM.

C0XKHBIE KJIMEHTCKUE TEXHOJOTUH YaCTO BKIIOYAIOT B ceOsl IOTUKY HABUT AU,
KOTOpast UCIOJIb3YeT TaK HasdbiBaeMble miebGanr-cTpanuibl. [Ipumepom URL 1me-
GaHT-CTpaHUIIBI ABAsETCA /car-manufacturing/#!/Cars/1234. Takue CTPaHUIIbI,
HaHpPUMEp car 1234, He Pa3MENIAIOTCS HA CePBEPE, a TEHEPUPYIOTCS HA CTOPOHE
KJIMEHTA U CyIecTBYIOT ToibKO TaM. URL-aapec Takoit moacTpaHuiibl OnpeaeaseTcs
IocJie CUMBOJIA PEelleTKU U He yUYUTBIBAeTCS IIpH 3anpoce pecypco uepe3 HTTP.
ITO 03HAYAET, YTO KJIMEHT 3aHPAIINBAET HAYATbHYIO BXOIHYIO CTPAHUILY, KOTOPAs
3aTeM peayu3yeT BCIO HABUTAIMOHHYIO JIOTUKY, BKJIIOYAsl TEHEPAIUIO IOACTPAHUIL.
Taxum 06pa3oM, ¢ OJHOU CTOPOHBI, 3HAUUTEIBHO YMEHBIIAETCS KOJUYECTBO 3a-
MPOCOB, HO C APYTOil — cepBep He 0GEeCHEYNBAET MOATOTOBKY U HPEABAPUTEIbHYIO
BU3YaJU3AIUIO COAEPKUMOTO — BCE MPOUCXOAUT HA CTOPOHE KIMEHTa. VIMeHHO
10 3TOM HpUYMHE HEKOTOpble KPYIHble KOMIIAHUY, Takue Kak Twitter, HoHagamy
MOIEP’KUBABIIKE TAKOU MMOIXO0/, BIIOCJIEACTBUM OTKA3aNCh OT Hero. B yactHocTH,
MPOCMOTP 3TUX CTPAHUI] HA MOOUJIBHBIX YCTPOMCTBAX COMPSIKEH C OMPEIETEHHBIMU
TpyaHocTsAMU. V3-3a 0XKUIaEMO MeIEHHBIX MOOUIBHBIX COEMHEHUH U MEHbIIeH
BBIYKCIUTENbHOM MOIIHOCTY BU3YaJN3ALMS U BBINIOJTHEHUE CIOXKHON KJINEHTCKOM
JIOTUKY Ha 9TUX YCTPONUCTBAX 3aHUMAIOT GOJIbIIE BpEMEHHU, 4eM OTOOpasKeHUe TIPel-
BapuTeJibHO Bu3yanusupoBanHbix HTML-ctpanum.

I[To cpaBHEHUIO C SI3BIKAMU BBICOKOTO YPOBHS CO CTATUYECKUM KOHTPOJIEM THHOB,
TaKUMHM Kak Java, mpo0jeMa KIMeHTCKUX naTepdelicoB Ha JavaScript sakmodaeTcs
B TOM, 4TO B SI3bIKaX C JUHAMWYECKUM KOHTPOJIEM TUHOB BBIIIE BEPOSITHOCTh HPO-
MYCTUTh OMUOKM HPOTPAMMMPOBAHMS, KOTOPbIe MHade ObLiu Obl OOHAPYKEHBI Ha
cTagnuy KOMIUaALUK. 110 3ToM HpUUMHE TOABAAIOTCS 60Jiee CI0KHBIE KIMEHTCKIE
TeXHOJIOTHY, Takue Kak TypeScript, co CTaTU4eCKUMY TUHAMU U SI3bIKOBbBIE KOHCTPYK-
1uu 60J1ee BBICOKOTO YPOBHA, 06pab0TKa KOTOPBIX nepegaercst oOpatHo B JavaScript.

CTpYyKTypa COBPEMEHHBIX KNIMEHTCKUX MPUTOXKEHWUN

BripoueM, HE3aBUCHMO OT TOTO, KaKasi AMEHHO TEXHOJIOTUS BhiOpaHa 115 pa3paboTKu
KJIMEHTCKOU YaCcTH, CEYac KJIMEHTCKAsl YaCTh KOPIIOPATUBHBIX ITPOEKTOB TOPa3/io
C/IOXKHEE, YeM B HPOULIOM. DTO CBSA3aHO C HOBBIMM 3a[a4aMy OPraHU3allUU eKe-
aHeBHOTO pabodero mporecca. O6bYHO paboyne LMKIIbI KIMEHTCKOro nHTepdeiica



BHewwHAs CTpyKTypa KOprnopaTUBHOro NpoexkTa 47

U CEPBEPHOIT YaCTH HEMHOTO Pa3anyaioTcs. [Ipu 3ToM OHM HPOTPAMMUCTBL 3aHUMA-
I0TCSI IPEUMYIIeCTBEHHO CePBEPHOM YaCThIO, a IPyTre — KAneHTcKo. [laske eciu Best
KOMAH/Ia COCTOUT UCKJIIOYUTENBHO U3 Pa3pabOTYMKOB HOJIHOTO IIUKJIA, CO BpEMEHEM
TIPOUCXONT pasfiesieHne 06A3aHHOCTEN.

HO3TOMy B 3aBUCHUMOCTH OT HCl'[OJIbByCMOfI TE€XHOJIOTUU NMeEET CMBICJI BhIACJIUTD
KJIMEHTCKYIO 4acTh B 0COObIi HpoeKT. Kak yike 0TMeYasiocs, eciiv 4acTh POrpaMMm-
HOTO 0GecrieYeH st TIOCTABJISETCS OTAEIbHO WU €r0 JKU3HEHHBIN UK OTINYAETCS]
OT KM3HEHHOTO IIUKJIA OCTAIBHON CUCTEMBI, UMEET CMBICJI CO3/IATh [T HETO 0COOBIN
MO/IYJIb IPOEKTA.

Ecnu knueHTCKast 4acTh MOKET ObITH Pa3BepPHY T HE3ABMCHMO OT CEPBEPHOM 4acTH,
3a uckideHreM ucHosnb3oBauusi HTTP, To cTpykTypa HpoeKkTa ZOBOJIBHO MPOCTA.
[IpoeKT MOXKHO cOOpaTh U Pa3BEPTHIBATH HA BeG-CePBEPE OTAEIBHO U 33/ CTBOBATH
OJIHY MJIU HECKOJIBKO CEPBEPHBIX YACTEW CO CTOPOHBI KJTHMEHTA. TaKoU IPOEKT COCTOUT
TOJIPKO M3 CTAaTUYECKUX pecypcoB, HanpuMep daittoB HTML, JavaScript unu CSS,
KOTODBIE TIEPENAIOTCS KJIUEHTY U BBIOJIHIOTCS HA €70 CTOPOHE. 3/1€Ch HET JKECTKUX
TEXHUYECKUX 3aBUCHMOCTEH OT HPUMEHAEMBIX CEDBEPHbBIX TCXHOJIOFPIﬁ, 3a UCKJII04e-
nuem HTTP APL

ITOT MOMEHT, OUEBU/THO, I0JIKEH OBITh TIIATEHHO OTOBOPEH BO BPEMs1 pa3paboTKH,
a TaK)Ke OMHUCAH B TOKYMEHTAI[UU cepBepHOi yactu. Kak npaBuso, cepBepHas 4acTb
onpenensier HTTP-pecypcsl, HpemocTapsiomue TpebyeMoe ConepkuMoe B popMaTe
JSON, xoropoe HpK HEOOXOAUMOCTH MOKET OBITh OT(PUIBTPOBAHO B COOTBETCTBUU
¢ HapaMeTpaMHy 3aHpoca. [[pHunHON CTOIb MMPOKOro pacupocTpanenus ¢popmara
JSON sBnsieTcs TO, YTO KIMEHTCKUIT KOA JavaScript MOXKeT UCIOJIb30BAaTh OTBET
cepBepa HEMOCPEACTBEHHO B Bujie 0ObEKTOB JavaScript, 63 TOHOJHUTENBHBIX MIPe-
0bpa3oBaHMii.

Ecnu xnmentckuit unTepdeiic pa3BepThIBaeTCsS BMECTE C CEPBEPHON 4aCThIO Kak
eIuHbIHi apTedaKT, To CTPYKTypa IipoekTta TpebyeTr Goblneii KoopauHanuu. Apredakt
COEPKUT 06a YPOBHS TEXHOJOTHH, OHU KOMITMJIUPYIOTCS U COOMPAIOTCS B TTAKETHI
OJHOBPEMEHHO B Hpolecce cOopku. IIpu paspaboTke Takoe 00beJuHEHNE He SBJSETCS
006s13aTeIBHBIM, €CJIH [IUKJI Pa3pabOTKU KIMEHTCKON YaCTH OTJIMYAETCS OT Pa3paboTku
cepBepHoil. [IporpaMMucT, KOTOPBIi 3aHUMAETCS KITMEHTCKOW YaCThIO, €/1Ba JIN 3aX0YET
Ka)K/Ibli pa3 HepecoOUPaTh BMECTE C Hell cepBepHyIo yacTh. To je camoe Kacaercs
1 CEPBEPHOI YacTH, Pa3pabOTIMKK KOTOPOI He 3aXOTSIT KAATh OKOHYAHM ST KOMITHJISLAN
¥ YIIAaKOBKH MTOTEHI[UAIbHO MeJIEHHOTO JavaScript.

Boatux CJIy4adaX UMEET CMBICJI Pa3J€/JIUTh HPOEKT Ha HECKOJIbKO MOI[yJICfI, KEDK,Z[])II';I nu3
KOTOPBIX COOMPATICS GBI OT/EIbHO. XOPOLIO 3apeKOMEH/I0BAJ CeOst HpUHIMH YHAKOBKH
KJIMEHTCKOM 4acTH KakK OTAEJBbHOI'O MOAYJIA U HPEACTAaBJECHHA €TI0 B BU/I€ 3aBUCHUMO-
CTH JIJIsl CEPBEPHOTO MOy Jisl, KOTOPBIH 3aTeM HaKyeTcs OTAeNbHO. Takum o6pasom,
KJIMEHTCKUH MOYJIb MOXKET ObITh COOPaH OT/IEIbHO, 2 IPOrPAMMHUCT CEPBEPHOI 4acTH
MOJKET TIEpecobMPaTh CEPBEPHY IO YACTh, UCTIOIb3Y S MOCAEHIO BEPCUIO KIMEHTCKOTO
untepdeiica. Baarogaps aTomy cokpaiaercs BpeMs cOOpKM 06enx 4acTeii.

Jlnst Toro 4To6BI 3TO MOXKHO OBLIO peanu3oBaTh, B Servlet API upexycmotpe-
HBI CTATUYECKHE PECYPCHI, HE TOJBKO YIAKOBAHHBIE B ADXUB, HO U COJEPXKAIIUECS
B JAR-daiinax. Pecypcsl, Haxopsiuecs B pa3zese META-INF/resources JAR-daiina,
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KOTOpBIN xpanutcss B WAR-daiine, Takke mOCTaBasgoTCs B KOHTelHepe Servlet.
[TpOeKT KJIMEHTCKOM YaCTH COAEPIKUT BCe HEOOXOANMbIE MHTEP(DECHBIE TEXHOMOTUH,
(hpefiMBOPKY U HHCTPYMEHTBI 1 cOOMpaeTcs B otaeabHoM JAR-(aiise. ITo HO3BOJISIET
MPOrPaMMUCTAM OT/AEJISATh KIUEHTCKYIO YaCTh OT CEPBEPHOM, YTOOBI 1aNITUPOBATHCS
K UX Pa3HBIM *KM3HEHHBIM ITMKJIAM.

[ocnenyroumii MaTepras GyaeT MOCBSIIEH CEPBEPHBIM TEXHOJIOTHSIM 1 OU3HeC-
CIIeHapUsIM, JIOCTYH K KOTOPBIM MOHO IIOJIyYUTh IOCPEICTBOM MEKKOMHBIOTEDHOTO
B3aMMO/IENCTBYUSI, HAHPUMED C HOMOIIBIO BeO-CEPBICOB.

CTpyKTypa Koaa KOprnopaTUBHOIO NpoeKkTa

MBI pacCMOTPESIM BAPUAHTBI CTPYKTY Pbl KOPIIOPATUBHOTO ITPOEKTA, TEHEPh TOAPOOHEE
M3Y4YMM KOHKDETHYIO CTPYKTYpy npoekTa. [Ipeanosaras, 4To MbI MOZieTpyeM KOPIIO-
PATHBHYIO CUCTEMY HEOOJIBIIOTO pa3Mepa ¢ HE3HAYUTENbHON (PYHKIIMOHATBHOCTBIO,
npeobpasyeM 3aj1auu POEKTa B KOAOBBIE CTPYKTYPBL

MBpI y>xe 3HaeM, UTO TaKOe BePTUKATIbHbBIE I TOPU30HTAIbHBIE CTPYKTYPBI MOAYJIEN.
VIMeHHO 3TO HY»KHO B [IEPBYIO OUepeb U3yYUTh IPU CTPYKTYPUPOBAHUY IIPOEKTA.

CuTyaumsi B KOPNOPATUBHBIX NPOEKTax

TUNUYHBINA KOPIIOPATUBHBIN HPOEKT OGBIYHO COCTOUT U3 TPEX TEXHUYECKU 000CHOBAH-
HBIX CJIOEB — YPOBHEN NPE/ICTABJIECHYSI, GU3HEC-JIOTHKY U IAHHBIX. ITO 03HAYAET, UTO
MPOEKT UMEET TOPU3OHTAIBHYIO CTPYKTYDPY B BUZIE TPEX HOAMOIYJIEH, UJIH AKETOB.

Vziest cOCTOUT B TOM, YTOOBI Pa3eIUTh HO YPOBHSIM JIaHHBIE, GU3HEC-JIOTUKY Y NIPE/I-
crapJienist. TakvM 06pasoM, PyHKIMOHATEHOCTb HUKHETO YPOBHS HE MOJKET 3aBUCETh
oT 60JIee BBICOKOTO — TOJIbKO Hao0opoT. Ha ypoBHe 6M3HeC-TOTHKY He MOXKET ObITh
3ameiicTBOBaHA (PYHKIIMOHATHHOCTh YPOBHS IIPEACTABJIEHUS, 2 YPOBEHb HPEJICTAB-
JIEHUSI MOXET UCTOJIb30BaTh (PyHKIIMOHAN Ou3Hec-Toruku. To XKe caMoe BEPHO /st
YPOBHSI IAHHBIX, KOTOPBII HE MOXKET 3aBUCETh OT YPOBHS OU3HEC-JIOTUKH.

Y KasK10r0 TeXHMYECKU 000CHOBAHHOTO YPOBHS MJIM MOJIYJIS €CTh CBOW BHYTPEHHME
3aBUCHUMOCTH, KOTOPbIE HEJIb3sI 33/1eICTBOBATh n3BHe. HaHprMep, MCHonb30BaTh 6a3y
JaHHBIX MOKET TOJBKO YPOBEHB JAHHBIX, TIPSIMbIE BHI30BBI C YPOBHS OM3HEC-TIOTUKU
HEIOMYCTUMBL.

Eie ogna mpuymnHa pasziesieHust HA YPOBHU 3aKJII0OYAETCS B BOSMOXKHOCTHU IEpe-
[IaBaTh IETAJIV Peau3alliy, He BIusis Ha Apyrue ypoBHuU. Eciiu GyneT HpuHATO perte-
HUE U3MEHUTDb TEXHOJIOTUIO 6a3bl IAHHBIX, TO TEOPETUYECKH ITO HE HOBJUSET Ha JBa
OCTAJIbHBIX YPOBHSI, TOCKOJIBKY 9THU [I€TaIl MHKAHCYJIMPOBAHbI HA YPOBHE JaHHbIX.
AHaJIOTHYHO N3MEHEHUE TEXHOIOTHY HPEICTABIEHNS HUKAK HE HOBJIUSIET HA OCTAJIb-
Hble YPOBHU. B cylIHOCTH, MOXKHO CO3/IaTh 1aKe HECKOJIBbKO YPOBHEH IIPEICTABIEHMS,
WCHOJIb3YIOIIUX HA YPOBHE OM3HEC-JIOTHKY OJIHU ¥ T€ JK€ KOMIIOHEHTBI, — B CJIy4yae
€CJIV 9TU YPOBHU HPECTABJIEHBI B BUZE OT/IEJIbHBIX MOYJIEN.
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Mpbi OBLIN CBUAETENSMY TOPSYUX AUCKYCCUN MEXKIY BBICOKOKBATU(DUIMPOBaH-
HBIMU APXUTEKTOPAMU O HEOOXOAUMOCTH OPTaHU3AIMHU U Pas/iesieHnst 00A3aHHOCTEN
B COOTBETCTBHHU C TEXHUUeCKUMU 337a4amMu. OIHAKO y 9TOTO MOJX0/A €CTh PSI HEO-
CTaTKOB.

CTpYKTYpMpOBaHMe Nno ropu3oHTan un no BEpPTUKaAIN

UuCThIH KO — 9TO TaKOH KOZI, KOTOPBII JOJIKHBI IOHNMATh JIIOAY, 2 He MAaIIUHBL T0 ke
camoe KacaeTcs 00acTy pa3pabOTKK U pa3fieIe K OTBETCTBEHHOCTH. Mbl XOTHM I10-
CTPOUTH CTPYKTYPY, MO KOTOPOH WHKEHEPHI JIETKO Pa3obpannch Obl B TOM, 4TO COOON
HPECTABJISIET TPOEKT.

[Ipo6iemMa CTPYKTyPUPOBAHUS HO TEXHUYECKUM MTPU3HAKAM HA BBICOKHUX YPOBHSIX
abCTpaKIMK 3aKII0YAETCS B TOM, YTO HPU HTOM HasHayeHWe W 00JIaCTh IPUMEHEHWS
MIPOrPaMMHOTO 0O€eCTIeYeH s HCKAXKAIOTCS U CKPBIBAIOTCS Ha 60Jiee HU3KUX YPOBHSIX
abcrpakiuu. Korzia ueoBek, HE3HAKOMBIH € TPOEKTOM, CMOTPUT Ha CTPYKTYPY KO,
TIEPBOE, YTO OH BUINT, — 3TO TPH TEXHUYECKUX YPOBHsI (MHOT/A X HA3BAHUS U KO-
JINYECTBO MOTYT GBITh UHBIMH ). C OHO¥ CTOPOHBL, 3TO GYAET BHITJISAAETH 3HAKOMO, HO
C IPYTOI — HUYETO He CKaXeT 0 (PaKTUIECKOi 06JaCTH HPUMEHEHSI HPOTPAMMHOTO
TPOIYKTA.

VHXeHepBI-HPOrPAMMUCTBI CTPEMSATCS Pa3o0paThes B 00JaCTH IPUMEHEHUST MO-
IyJel, a He B TEXHU4YeCKuX ypoBHsX. Hanpumep, B pyHKIMOHATIE yUeTHBIX 3aluCei
OHU HAWIyT TOJBKO TO, UTO CBSI32HO C OOIACTHIO YYETHBIX 3aMMCEH, a He BCE MOAPSI/
KJIACCHI JI71s1 IOCTy A K 6a3e JaHHbIX. Bosiee TOro, HpOrpaMMUCTY, CKOPEE BCETO, HYKHBI
He BCe KJIACChI IOCTYTA K 6a3e NaHHBIX, & TOJBKO TOT €IMHCTBEHHBIN KJIACC, KOTOPBIN
obpabaTbIBaeT 3Ty JIOTMKY B CBOEH IIPeAMETHON 001aCTH.

To xe camoe kacaeTcst U3MEeHEHUH, BHOCUMBIX B cucteMy. MIamenenus QpyHk-
[[HOHATBHOCTH, CKOPEE BCETO, BIMSIOT HA BCE TEXHUYECKUE YPOBHHU OJHOM MU
HECKOJIbKUX 00s1acTell Gu3Hec-JIOTUKY, HO BPSI/L JIU CPa3y Ha BCE KJACCHI OLHOTO
TEXHUYECKOTO ypoBHs. Hanpumep, nu3aMeHeHue OJHOTO HOJISI B YYETHOU 3aHUCH
TI0JIb30BATEJIS IOBJIUSAET HA MOJIEJb HOCJIEMIHEr0, OCTYM K Ga3e MaHHBIX, OU3HeC-
CIIEHAPUU U JIaXe JIOTUKY TIPECTABJEHNS, HO He 0653aTeIbHO HA BCE OCTAJIbHBIE
KJIacChl MoJieJIeli.

Jl71st TOro 4TOGBI Jiyudnie 0OBACHUTH, KAKUE XapPaKTEPUCTUKU OOJbIIE BCETO UHTE-
PECYIOT IPOrPAMMHUCTOB, TTO3BOJIbTE TIPUBECTH €elile oAuH npumep. [IpeacrasbTe, 4TO
BCE WIEHBI CEMbH XPAHST CBOIO ONE€XKIY B OAHOM 6osibinoM mkady. OHu Moriu 6bt
Pa3MECTHUTh B OJHOM SIIIUKE BCe OPIOKH, B IPYTOM — BCE HOCKH, a B TPETHEM — BCE
pybamku. Ho Majio KoMy 3ax04eTcst, 0/1eBasACh, IepebupaTh Bce 6PIOKH, YTOOBI HANTH
cBou. Kaxaoro uHTEpECYET TOJNBKO €ro ofexaa, Oyab TO 6PIOKHU, pybaliku, HOCKU
wm 4To-TO eile. [10aToMy 1enecoo6pasHo cHayama pasaeauTh mkad Ha HECKOJIBKO
30H, 110 OHON HA KasKIOTO YIEHA CEMbH, & 3aTEM CTPYKTYPUPOBAThH KAXK YO 30HY O
MEeXHUYECKUM NPUSHAKAM OIEKIBI, B Measle CIeAys aHATOTHYHOH cTpyKType. To ke
CaMoe BEPHO U B OTHOIIEHUU HPOTPAMMHOTO 0OECHEYEHNS.
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CTpyKTypa, NpOANKTOBaHHasi GU3HEC-NTOrMKoM

Pobept MaptuH, oH e asimonika Bo6, 0aHax bl ONIUCAT «KPULAUY10» apXumexmypy,
KOTOPast I0JKHA COOOIIUTD MHXEHEPY MPESK/IE BCETO O TOM, YTO MIPEACTABISAET COOON
KOPIIOPATUBHBIN MPOEKT B 11eT0M. UTOObI, [JISI/I51 HA YEPTEXHU 3AaHUM, BUMS CTPYKTY-
Py ¥ [€TaIu3UPOBAHHBIA MHTEPbEP, CPA3y MOKHO OBLIO CKA3aTh: 80M 3M0 00M, IMO
bubnuomexa, a 3mo — sxcere3Ho0opoxcnas cmanyusi. To xe caMoe CripaBeIUBO U 1151
MPOTPAMMHBIX CUCTeM. B3I/IsIHYB Ha CTPYKTYPY ITPOEKTA, TPOTPAMMMUCT JOJKEH CPa3y
MOHATD: MO CUCMEMA YYema, MO CUCMEMA UHBEHMAPU3AUUL KHUICHO20 MA2A3UNHA,
a amo — cucmema ynpasnenus, 3axazamu. Tak v 370 B GOTBIUINHCTBE CYIIECTBYIOIINX
poeKkToB? Miu xke, IIs1/151 Ha CAMBblil BBICOKUI YPOBEHD MO/TYJIEl 1 TIAKETOB, MBI MOJKEM
JIMIIb CKA3ATb: MO NPULONCEHUE SPTing, y SMot CUCTEMbL eCTb YPOBEHb NPEOCMABNeHUS.,
busHec-n0zuKy U 0anHHbIX, a 8 MO cucmeme ucnonvsyemcs kau Hazelcast?

Texuuueckas peanusaiiysi, 6e3ycJ0BHO, BAXKHA JJIst HAC, TPOrpaMMucToB. OHAKO
nepBoe, Ha 4To MbI 0OpaiaeM BHUMaHue, — OusHec-10ruka. COOTBETCTBEHHO, 3TH
ACHEKTBI JIOJIKHBI OTPAXKATHCS B CTPYKTYPE MIPOEKTA ¥ MOAYJIEN.

Ho camoe riaBHOe, 3TO 03HAYaeT, YTO MpeAMeTHAs: 00acTh OyAET OTpaskeHa
B CTPYKTYDP€E HPUJIOKEHMUSI. Y Ke UMeHA HAKETOB BEPXHETO YPOBHS NEPAPXUY OIKHBIL
[aBaTh MPEJCTABJIEHHUE O TOM, [/l YErO TPEAHA3HAUEHO ITO MPOrPaMMHOE ObecHeue-
nue. [ToaTomy paszenenne Ha yPOBHU L0JDKHO OHPE/IENSITBCS HPEXK/IE BCETO 331a4aMu
Ou3Heca ¥ TOJBKO MOTOM — JIETAJISIMU PEeaju3allku.

UepTexu 37aHUI TOXKe CO3AIOTCS MO TAKOMY HPUHIIMHY: CHAYaIa HYXHO I10-
Ka3aTh, YTO TIPEACTABJSAET COOOM 3MaHNe, KAaK pa3/eieHbl KOMHATBI, T/Ie HAXOASTCS
ABepU U OKHA. VI TOJIBKO OTOM MOTYT OBITh yKa3aHbI MCHOJIb3yEMBbIE MATEPHUAJIbI,
COpTa KUPHMYA U THH OeTOHA.

B kauecTBe 0630pa MUKPOCEPBUCOB PACCMOTPUM CJIEAYIOIIEE: HPOEKTUPOBAHME
BEPTUKAJBHBIX MOJYJIEH MO3BOJISIET KOMaH/Ie Pa3pabOTYMKOB JIETKO HPEACTABUTD
MPIJIOXKEHNE KaK CHCTEMY U3 HECKOJbKUX TpuJoKeHuil. Vccienys 3aBUCUMOCTH
MEXXAY MOAYJISIMH — HAIIPUMED, HOCPEJCTBOM aHAIN3a CTATUYECKOTO KOJd, — MOXKHO
HAMETUTh TOYKU UHTErPALIMY MEXKAY CUCTEMAaMU. JTU TOUKH MPOSIBSITCS B KAKOM-TO
(bopme KOMMyHUKAIIMY MEXY MIPUIOKEHUSIMU. TeOpeTHYECKU MOKHO CO3AATh OJNH
MOJyJib, 100aBUB K HEMY MUHMMAJbHbIE €831, M YHAKOBATH €T0 B BUIE OTAEIBHOTO
CaMOIOCTATOYHOTO HPUJIOKEHHSI.

Y TOYHUM TEPMUHOJIOTHIO: MOOYASLMU MBI Ceiiuac Ha3biBaeM OGU3HEC-MOYJIH, Pea-
JIN30BAaHHBbIE B BU/IE TIAKETOB U HOAMAKETOB Java, a He MOAy/u IpoekTa. [loaTomy
TEPMHUHOM <MOO0Y/b> OHUCBIBAETCS CKOPEE KOHIIEMI[US, YEM CTPOTask TEXHUYECKAs
peau3alusi.

PaunoHanbHoOe NpoekTupoBaHue MO,CI,YJ'Ieﬁ

A Teneps nepeiiziemM K MpaKTUKE: KaK MOCTPOUTH CTPYKTYPY MOy el pa3yMHOTO pa3-
Mepa’?

[TockoJbKY Ha HEPBOM MECTe y Hac TpeboBaHuUs GU3HECa, Tydllle BCEro HAYaTh ¢ 00-
30pa BCEX 3a/1a4 U CIIEHAPUEB UCIIOJIb30BAHUS IPUJIOKEHHSL. ITO MOXKHO CIEJIATH BO
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BPEMS MO3TOBOTO LITYPMa, B UJl€aJie IPU YYACTUU CIIEIUAIMCTOB TI0 OU3HECY, ECITU 9TO
He ObLTO TIpeAnpUHATO panbiie. Kakosbl 3anaun npuoxenus? Kakve Gustnec-cueHapuu
crenyeT peanu3oBaTh? Kakoil mogxozasimii pyHKIIMOHAI MOXKHO TPUMeHUTh? OTBETHB
Ha 9T BOIPOCHI, BBl COCTABUTE MPEACTABIEHIE O TOM, KaKiie MOIYJIH, CKOpPee BCero,
6yI[yT IIPHUCYTCTBOBATH B IIPOEKTE, HE KOHLIECHTPUPYACH Ha BHEIITHUX CUCTEMAX, IETAJIAX
peanusaiy uiu ¢GpeiMBOpPKax.

Ha aToM sTare Mbl y2ke YU THIBAEM 3aBUCUMOCTH MeX Ty Ou3Hec-3anayamu. Takue 3a-
BUCHUMOCTH — TI0JIE3HBIE MHAUKATOPHI TOTO, CIEAYET MOAYJIN PA3AEIUTh WK JKe 00b-
€IVHUTB, 0OCOOEHHO eCJ OOHAPYKEHBI KPYToBbie 3aBucMMOCTH. [TocTpoeHne 0630pHBIX
JiarpaMM, HAYMHAS C CAMOTO BHICOKOTO YPOBHSI M IOCTETIEHHO CITyCKAsICh, 32 HECKOIBKO
uTEpaIuii TIO3BOJISIET COCTABUTD HOJIEe YETKOE MPEACTaBIEHUE O TOM, KaKyI0 OusHec-
JIOTMKY IOJIKHO PeaIM30BbIBATh NpIIoKeHre. Boobiie roBopst, uaeHTU(UIINPOBAHHBIE
MO/LYJIH JIOJIKHBI COOTBETCTBOBAThH GU3HEC-JIOTHKE, CO3/IaHHOMN 9KCIIEPTAMU MIPEAMET-
HOI1 061aCTH.

Hanpumep, HpusoxkeHue 17151 UHTEPHET-MAara3uHa MOXKET COCTOSITh U3 MOAYJIEl,
OTBEYAIOIIUX 32 N01b308aMeNel, PEKOMEHOAUUU, CATLU, NIAMENU U 00CTABKY.
VX ocHOBHasI CTPYKTYpa MOKET BBITJISIIETh TAK, KAK TOKA3aHO HA puUc. 2.4.

MHTepHeT-marasunH
Cratbu < PekomeHnpaLmn
/ Monb3osaresnn
Mponaxwn
Onnata
JocTaBka

Puc. 2.4

W pentndunnpoBaHHbe MOYJIU TIPEACTABISIIOT cO00i 6a30Bbie MAKETHI Java co3-
[1aBaeMOTO MIPUJIOKEHUSL.

VIMeeT CMBIC/ TOTPATUTh BPeMsl Ha 3Ty pa3paboTky. OnHaKo, Kak 00bIYHO, T106ast
onpedenennas CTPYKTyPa WU PEATIU3ALHSL, HE3ABUCHMO OT YPOBHsI — KOJIa UJIU MOy -
Jieit, — JI0KHA UMETh BO3MOYKHOCTb U3MEHSITHCS. MOTY T NOSIBUTBCST HOBbIE TPEOOBaHUSI
K cHOPMUPOBATHCS JTydlliee IOHMMaHUE YKe CyIIECTBYIONINX, KOT/Ia IPOrPAMMUCTBI
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THIATeNbHEE U3yYaT MPeAMETHYI0 00acTh. MITepaTUBHOE TEPEnPOEKTHPOBAHKE, HA
KaKoM Obl yPOBHE OHO HU JI€JIAJI0Ch, BCET/A YIYYIIAET Ka4eCTBO CUCTEMBI.

B raBe 8 GyayT moKaszaHbl aHAJIOTMYHBIE HPUYMHBL U METOAOJIOTHU TIPOEKTUPO-
BaHUSI CHCTEM C paclipele/IeHHBIMU IIPUJIOKEeHUSIMU. B yacTHOCTH, MBI pacCCMOTPUM
MNPUHIUHBI TPOOIEMHO-OPUEHTHPOBAHHOTO MTPOEKTUPOBAHUSA B3AUMOCBA3AHHbIX
KOHTEKCTOB U KapPThl KOHTEKCTOB.

Peanusaumsa nakeTHbIX CTPYKTYp

[Ipeamnonoxum, uto 6a3oBas CTPYKTypa Java-makeToB cosnaHa. Kak remepp peas-
30BaTh BHYTPEHHIOO CTPYKTYpy MakeToB? /[pyruMu CIoBaMu, KaKue HOATAKETHI
KCIIOJIb30BaTh?

Coaepxumoe nakeTos

17151 Haua1a pacCMOTPHUM COZIEPKUMOE MOIYJISI C BEPTUKATIBHOU CTPYKTYPOil. IlockonbKy
€ro MOJIe/Ib COOTBETCTBYET OM3HEC-JIOTHKE, TO B COCTAB MOAYJIsI OyJeT BXOAUTH BCE
HeOOXOAMMOE [JIsl PeaI3aliH OTPe/IeJIEHHOTr0 (hyHKIMOHAIA.

I[Ipesxne Bcero B Moayie OyAyT TEXHMYECKHME TOUKU BXOAA JJIsl TAKUX CLIEHAPHUEB,
kak koHeunble Touku HTTP, koHTpos1eps! npeacTaBieHus (ppeiMBOPKOB MIH KOHEY -
Hble Touku JMS. B aTux k1accax v MeToziax 00bIYHO IPUMEHSAIOTCS TAKKE TIPUHITMHBL
Java EE, xax unBepcust ynpasJjieHus1, 4TOObI IPU 0OpaLIeHNH K TIPUIIOKEHUIO MOXKHO
OBLIIO OCYIIECTBJIATH BHI30B MPSAMO U3 KOHTEHHEPA.

Crenyolieii He MeHee BaXKHOU 3a/1a4€ll SIBJISIETCS CO3[aHne (PYHKIIMOHAIBHOCTH,
peasnuaylonieil pasanyHble CIEHAPUH UCHIOIb30BaHust. OObIMHO OHU OTJIMYAIOTCS OT
TEXHUYECKUX KOHEUHBIX TOYEK TEM, UTO HE COAEPKAT KOMMYHUKAIIMOHHOMN JIOTUKH.
BusHec-cuieHapuu sIBJSIIOTCS TOYKOU BXO/IA B JIOTHKY HPeAMeTHOH obact. Onu pea-
JIM3YIOTCS KAK yIpaBJisieMble KOMIIOHEHTHI, 00bIYHO Kak Stateless Sessions Beans —
apyrumu cioBamu, EJB unu ynpasisiemsre komnonentst CDI.

ITH KOMHOHEHTBI OUEPYUBAIOT MIPE/IETBI, B KOTOPBIX Pean3yeTcss GU3HeC-JIOTHKA.
B tex ciydasx, KOTza JIOTHKA ClieHApUSA COCTOUT BCETO U3 HECKOJbKUX IIArOB, OHA
BIIOJIHE MOKET OBITh OTPaHUYEHA Wb OM3HEC-METOI0M WJIY IPUBATHHIMU METOAMHU
B ollpe/ieJieHNH Kjacca. B aToMm ciyyae HUKaKue Apyrue Aeserarsol He Hy>KHBL B 1mo-
HaBJstoIEM GOJIBIIMHCTBE GU3HEC-CIIEHAPUEB 32 JIOTUKY OTBEYAIOT COOTBETCTBYIOLINE
1y KGOBI, M IMEHHO 9TH JIEJIETAThI BHITIOJHSAIOT H0Jiee MeKre OHepaivu. B 3aBucumocti
OT MPEIMETHON 06IACTH 3TO 03HAYAET PEATU3ANMUIO AETAIBHON OU3HEC-TIOTUKU UK
MOCTYI K BHENIHUM CHCTEMaM, TAaKUM KakK 6a3bl JaHHBIX. B COOTBETCTBUM C SI3BIKOM
npo6JIEMHO-OPUEHTHPOBAHHOTO MPOEKTUPOBAHMUS ITH KJIACCHI BKJIIOYAIOT B cebs
cayk0bl, ClleHAPUY TPAH3aKIMiA, (PaOPUKK ¥ X PAHUJIMIIA JAHHBIX.

Caenywouuii THH 06BEKTOB — 3TO BCE KJIACChI, KOTOPbIE OOBIYHO HPUHATO CUM-
TaTh MOOEASIMU CONEPKUMOTO, TAKOTO KaK CYI[HOCTH, OOBEKTHI-3HAYEHHUST U OOBEKTHI
MepeHoca JaHHbIX. T KJIACChI OMUCHIBAIOT CYIIHOCTH U3 HPEAMETHON 06J1aCTH, HO
TaK)e MOTYT U JIOJIKHBI Peau30BbIBaTh OM3HeC-T0TUKY. [IpuMepaMu ABAAIOTCS
CYIIHOCTHBIE 0OBEKTHI, KOTOPBIMU OTIepupyeT 6asa naHHbIX, Apyrue POJO-06beKTh
U TIePEeYUCIIeHUS.
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B HEKOTOpBIX Cily4asix B COCTAB NMAKETa MOXKET BXOAUTH TAKXKE CKBO3HAST (DYHK-
[OHAJIbHOCTD, TAKAsA KAK METO/bI-TIEPEXBATYNKN OU3HEC-TTOTUKY UM TEXHUYECKUX
dyuxnuii. Terneps ocTaeTcsi pAa3MECTUTD U yHIOPSIOYUTH BCE 9TH KOMITOHEHTHI B PAMKaX
MOy JISI.

[OpU30HTaNbHOE CTPYKTYPUPOBAHWE NAKETOB

Ecu 661 iepe HaMu CTOsLIA 3a/1a4a CTPYKTYPUPOBATh COAEPKUMOE MO/YJIsA, TO CHAYAIa
MBI [IOIIBITAIUCH Obl, BEPOSITHO, CIIPOEKTHPOBATh BHYTPEHHIOI CTPYKTYPY MAKeTa Iy TEM
TEXHUYECKOTO pasaesieHus Ha ypoBHu. CriepBa pa3enTh HO KOMMEPUYECKUM 3a/1a4aM,
a 3aTeM N0 TeXHNYeCKUM QYHKIUSIM — 10 KpallHel Mepe, 3TO 3BYYUT Pa3yMHO.

Hanpumep, B makere users 3T0 03HaYajI0 OBl IPELYCMOTPETh TAKKE MOANAKETE,
Kak controller, business (uu core), model, data u client. [Ipunep:kuBasce aToro
MO/IX0/1a, /Iajiee pas/iessieM (PyHKIIMOHAI BHYTPH IIAKETA users 1o TEXHUYECKUM KaTe-
ropuaMm. JleiicTBys ocIe10BaTeNbHO, MBI I0OBEMCS TOTO, YTO BCE OCTAIbHbBIE MO U
1 TaKeThl B IPOEKTe OYAyT UMETh aHAJOTMYHYIO CTPYKTYPY B 3aBUCUMOCTH OT UX
CONEPXKUMOTO. DTa U/EsT TOXO0KA HA PEATU3AINI0 TPEXYPOBHEBOM apXUTEKTYPBI, HO
TOJIBKO BHYTPH MOJYJIEH, COOTBETCTBYIOUIMX IIPEMETHOM 001aCTH.

OauH U3 MOANAKETOB, HAIPUMeEpP controller, 6yAeT CYNTATHCS TEXHUYECKOH
TOYKOI BXoga. DTOT makeT OyeT COAePKaTh KOMMYHHUKALMOHHbIE KOHEYHbBIE TOUKH,
WHUIIMUPYIOIIUE JIOTUKY CLIEHAPUEB UCIIOIb30BAHUS, U CIYKUTh TOYKOU BX0O/Ia U3BHE
npunoxkennst. Ha puc. 2.5 npuBezieHa CTPYKTypa FOPM30HTAIBHO YIIOPSAOYEHHOTO
MaKeTa users.

Ha puc. 2.6 sTa cTpyKTypa peann3oBaHa B BUE Java-TaKeToOB.

Mopaynb users

KoHTponnep
A Em com.example.users
Aapo v Eaclient
® RoleRegistry

/ \ v Ba controller

® UsersResource
v Emcore

\ / o :Dat:serManager

® UserRepository
v Em model

© Role
® User

Puc. 2.5 Puc. 2.6

JaHHble KnuneHnt

4

Mogenb
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Mnockas CTpyKTypa Moaynen

Ectb 601€€ IPOCTOM 1 HPAMOJMHEHHBIA CHOCOO CTPYKTYPUPOBATh COAEPKAMOE MOLY-
Jisl — Pa3MECTUTD BCE CBSI3aHHbIE KJIACCHI B MOJYJIbHOM TIAKETE B BU/E HIOCKOH (TOPH-
30HTAJIBHON ) uepapxuu. B yacTHOCTH, /17151 HAKETA users 3TO 03HAYAET BKJIIOYUTH B HETO
BCe KJIACChI, OTHOCSIIHECS K TI0Ib30BaTENSIM, B TOM YHCJIe TOYKU JOCTYHA AJISI TI0JIb30-
BaTe/NbCKUX CHIEHAPHUEB, ITapaMEeTPhI IOCTYIIA K 6336 JAaHHbBIX HOJIbSOBaTeJIeﬁ, IIOTEeHII -
aJIbHBIN (PYHKIIMOHA TSI BHEHIHUX CHCTEM U KJIACChI TIOIh30BATENbCKUX CYIIHOCTEM.

B 3aBHCHMOCTH OT CIOKHOCTH MOJLYJIEH TAKMM CITOCOGOM MOKHO MTOJIYYUTh MO0
SICHYI0 M HPOCTYIO CTPYKTYPY, 1100 TaKyw, KOTOPas CcO BPEMEHEM HPEBPATUTCSA
B XaOTUYHYI0. B 4aCTHOCTH, CYUIHOCTH, OOBEKTHI-3HAYEHUSI U OOBEKTHI TIEPEHOCA
JAHHBIX MOTYT PacUIMPUTHCS 10 HECKOJBKUX KJIaccoB. Ecm Bce aTH KJacChl Ha-
XOZISITCSI B OTHOM HAKETE, TO €70 CTPYKTYPa CTAHOBUTCS 3ally TAHHOM ¥ HETIOHSITHOM.
TeMm He MeHee UMeeT CMbBICJI HA4aTh C TAKOH CTPYKTYPbI 4 IIDAU HeO6XOI[I/IMOCTI/I I103Ke
€€ peopraHu30BaTh.

Ha puc. 2.7 Hoka3aHa CTPYKTypa PACCMOTPEHHOTO B IPUMEPE HAKETA users.

Em com.example.users
© Role
© RoleRegistry
© User
© UserManager
© UserRepository
© UsersResource

Puc. 2.7

[TperMy1iecTBO TAaKOTO NOAXO/IA 3AKJII0YAETCS B TOM, YTO OH XOPOIIIO IOAePXKUBA-
eTcs s13bIKOM Java. [1o yMoT9aHuIO KJIaCChl ¥ METO/IBI Java UMEIOT BUAMMOCTD TOJIBKO
B Hpezenax nakera. C yueToM aToro 06CTOSTEILCTBA Pa3MEIIIEHNE BCEX KJIACCOB B O/I-
HOM TIAaKeTe yJIy4IaeT UHKAHCYJISIUIO U BUIUMOCTh. KOMHOHEHTBHI, K KOTOPBIM JKeJia-
TeJIbHO 06ECTIEUNTD OCTYH U3BHE TIAKETA, CTAHOBSITCS 001IeI0CTYHHBIMU. Bee Kaces
1 METO/bI, KOTOPBIE [JOJIKHBI OBITh IOCTYIIHBI TOJbKO BHYTPHU IIAKETa, UMEIOT TaKyI0
BUMMOCTD 110 yMOJYaHU0. TakuM 00pa3oM, B MaKeTe WHKAICYJIUPYIOTCS BCE BHY-
TPEHHUE 33/]aUM.

MNoaxoa «CywHOCTb — ynpaBneHue — rpaHuua»

Jlsis1 TOTO YTOGBI MOXKHO OBLIO CHPABUTHCS C TAKUM OOJIBIINM KOJNYECTBOM KJIACCOB
B [IAKETE MOYJISI, TPEAYCMOTPEH IPYTOii MOAXO, AHATOTMYHBIN TEXHUYECKOMY Pas/e-
JIEHUIO HA CJIOU, HO 60J1€€e JIOTUYHBIH 1 TTOPa3yMeBAOIIMI HCHOIb30BAaHUE MEHBIIETO
KOJINYeCTBA HAKeTOB. CMBICJI €70 COCTOUT B TOM, YTOOBI CO3/1aTh CTPYKTYPY MOAYJIEH,
COOTBETCTBYIOIIYIO KOHTYpaM (TpaHuIlaM ) OU3HEC-CIIEHAPUEB, KOTOPHIE 3aTEM CTAHYT
KOMHOHEHTaMU GU3HEC-JIOTUKY U KJIACCAMU CYI[HOCTEN.
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ITpu aTOM OCHOBHOE BHUMAaHUE yIENSETCS CTPYKTYPUPOBAHUIO TAKETOB MOYJIEl
B COOTBETCTBUU C UX 32/[a4aMH, HO C MEHBIINM, 10 CPABHEHUIO C TOPU3OHTATbHBIM
CTPYKTYPUPOBAHUEM, KOJHYECTBOM TEXHUUECKUX JIETATIEN HA BEDXHEM YPOBHE [TAKETA.
B xoumype conepxatcsi ”HUIMATOPbI OGU3HEC-CIIEHAPUEB M KJIACCHI-PA3TPAHUYUTENH,
JIOCTYTIHBIE U3BHE CUCTEMbI. JTHU KJACCHI OOBIYHO MPEACTABISIOT COOON KOHEUHbIE
toukn HTTP, ynpasisiembie cOOO1IEHUSIMUA OOBEKTBI, KOHTPOJLIEPHI KIMEHTCKUX
uHTepeiicoB U 0ObIUHBIE CEPBEPHbIE KOMIOHEHTH Java. OHM peanusyror GusHec-
CIIEHApUU U, BOBMOXKHO, JIEIETUPYIOT KAKHe-TO ONePAlUU MOAYNHEHHBIM KJIaCCaM
U3 JOTIOJIHUTEJIbHBIX AKETOB ynpasnenus. I1akeT cyunocmu conepxuT Bce UMeHa
MOJLYJIS, CyUIHOCTH TIPEIMETHOI 061aCTH 1 0OBEKTHI IEPEHOCA JIaHHBIX.

AtiBap J]xexo6con (Ivar Jacobson) cpopMynnpoBaj TEPMUH «CYUHOCTD — YNpas-
nenue — epanuuas> (Entity Control Boundary, ECB), onychIBaomMii IOKa3aHHbIA Ha
puc. 2.8 crocob opraHu3aly MOAYJIE.

Mogaynb users

paHnua

Ynpasnexue

v

CyLHoCTb

Puc. 2.8

MakeTsl

PaccMOTpuM mozipobHee MOrpaHUYHbIE TAKETHI, COOTBETCTBYIONME KOHTYypaMm. CyTh
B TOM, ‘-ITO6])I WHHULMUHNPOBATDH B TAKUX IMAKETaX BCE 6H3HeC-CHeHapI/II/I, BbI3bIBa€MblI€
13 KJIMEHTCKOTO HHTep(elica Nin U3BHE CUCTEMBL, ITH AKEThI IPUHUMAIOT 0Gparie-
HUS IJIS1 CO3/IaHNUs1, OOHOBJIEHWS WJIM yIAJI€HUS TI0Jb30BaTEIEH, UM XKe TIPUHALIEKAT
KJIaCChl BEPXHETO yPOBHSL. B 3aBUCHMOCTH OT CJI0KHOCTH GU3HEC-CIIEHAPUEB KOHTYP
1160 MOTHOCTHIO 06pabaThIBAET IOTUKY, TUOO AEJIETUPYET €€ 3IEMEHTY YIIPABJIEHNS,
TIPEXKJIE YEM ITO CTAHET CJAMIIKOM CJIOKHBIM.

B KOpPIOpaTHBHOM NMPUIOKEHUM Java KJIacChl MOTPAHUYHOTO TIAKETA Pean30Ba-
HbI B BU/IE yIIPaBJsieMbIx 00beKTOB. Kak yxe oTMeuanoch, B JaHHOM ciiydae OObIYHO
npumensiercs: EJ B.

Ecnu jiorviKa B KOHType CTAHOBUTCS CIMLIKOM CJIOKHOU UM TPYAHOYTIPABJISEMOM
B PaMKax OJIHOTO KJIaCCa, TO €€ TIePEIaloT 3aefiCTBOBAHHBIM B KOHTYDE JeJIeraTaM.
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ITH [IeJIETaTBI, WU dAeMEHMbL YNPasieHus, Pa3MelaloTcs B HaKeTe yHpaBieHus. OHu
06BIYHO peanu3yIoT 6oiee AeTanbHble GU3HEC-ClIeHapUH, 06eCIIeYrBaIOT I0CTYH K 6ase
JAHHBIX UM BHEIIHUM CHCTEMaM, I€HCTBYS B PaMKax TEXHUYECKUX TPAH3AKIUI,
KOTODPbIe HHUIIUKUPYIOTCS KOHTYPOM.

B Takoii cCTpyKTYpe MOBBIIIAIOTCS COTTIACOBAHHOCTD 1 BO3MOKHOCTb HOBTOPHOTO HC-
II0JIb30BAHMSI, A TaKKe COOTIONAETCS] IPUHIMII pasaesienusi obsisanHocteit. [loce Toro
KaK BBEIEHBI 3TH YPOBHU abCTPAKIINU, CTPYKTypa OU3HEC-CIIEHAPHEB CTAHOBUTCS
6o.tee untaemoii. CHavaIa MOXKHO PACCMATPUBATh KOHTYP KaK TOYKY BX0/1a B Ou3Hec-
CIIEHAPUIA, a 3aTEM IO OYEPEAU BBIIOJIHSATH BCE I€JIETHPOBAHHBIE OTIEPALIUY.

B s3bike HPOOIEMHO-OPUEHTUPOBAHHOTO MPOEKTUPOBAHUS HAKET YIPABICHUS
BKJIIOYAET B ce0s1 CIy»KObI, CIIEHAPUM TPAH3aKIUH, (pabPUKU ¥ XPAHUIUIIA JAHHbIX.
OnHako HaIM4He aKeTa YIPaBIEHUs IS PEAIN3alii OU3HEC-CLIEHAPHUEB HE SIBJISIETCST
00513aTebHBIM.

OcHoOBa HaIETo MPOAYKTa — CYNIHOCTH M OOBEKThI-3HaueHus1. B COBOKymHOCTH
¢ o0beKTaMy TIepeiayr JaHHBIX OHU 00Pa3yIoT MOJE/Ib MOy IEN MIPeAMETHON 0bJia-
CTU — 0OBEKTOB, KOTOPHIMU OOBIYHO OTIEpUPYeT Oustec-cieHapuil. OHu 06 beaANHEHBI
B HaKeT CYU[HOCTEHN B COOTBETCTBUU ¢ mabmonom ECB.

A Kak 6BITh C KOMHOHEHTAMH, CBSAI3AHHBIMHU C TIPE3eHTAlNEH, 1 CKBO3HBIMU 3a-
JavyaMy, TAKUMU KaK NMepexXBaTYUKU Uin GPeMBOPKH CO CBSI3YIOIIEH JTOTHKON?
K cuactbio, B coBpemennbix npoekTax Java EE Bce Tpebyembie cBsizyionime (pyHKIUM
CIIPSATAHBI B Hpeziesiax (hpeliMBOPKa, KaK MbI yBU/IMM B ri1aBe 3. Bcero Heckosbko Heo6X0-
IVIMBIX Belllel, TAKUX Kak caMoHacTpoiika JAX-RS ¢ kaccoM akTuBaTopa NpUIoXKeHus,
MIOMEIAIOTCS B KOPHEBOW HAaKeT MPOeKTa UK B CIIeLUAIbHBIHN makeT platform. To ke
CaMoe KacaeTcsl M CKBO3HBIX 33714, TAKUX KAK TEXHUYECKH 00YCIOBJIEHHBIE METO/IbI-
MEPEXBATYMKY, KOTOPBIE HE IPUBSI3aHbI K OTPe/IeIEHHOMY MOJYJIIO, & OTHOCSTCS K IIPH-
JIOJKeHUIO B 11e1oM. OGBIYHO TAKUX KJIACCOB HE OYEHb MHOTO, IMEET CMBICII BBIIEIUTD
uX B 0co0Obii makeT. OHACHOCTH 106aBJIeHNsI HaKeTa platform 3aKII0YA€TCS B TOM, UTO
MPOTPAMMUCTAM, ECTECTBEHHO, 3aX0UETCs1 I0OABUTD Ty/Ia ¥ IPYTHE KOMHOHEHTHL OHAKO
OH IIpe/IHA3HAYEH JINIIb /LTSI HECKOJIBKUX KJIaCCOB HJIAT()OPMBI — BCE OCTATIBLHOE JIOJIXKHO
HAXOIUThCSI B COOTBETCTBYIONINX HAKETaX OM3HEC-JIOTHKH.

Ha puc. 2.9 HpuBeieH HpUMED MOJIYJIS users C UCTOab30BanueM mabioua ECB.

Em com.example.users
v Bamboundary

© UserManager

© UsersResource
v Em control

© RoleRegistry

© UserRepository
v [Em entity

® Role

© User

Puc. 2.9
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[octyn K nakeTam

B mwa6aose ECB maneko He kKaxoe oOpalieHne 13 KaXKA0r0 IMaKeTa HUMEET CMBIC]
", COOTBETCTBEHHO, CHUTACTCA A0y CTUMbBIM. B O6].I.[eM ciydae JIOTUYECKUH IIOTOK Ha-
YMHAETCS C KOHTYPA ¥ 3aKAHYMBAETCSI HA HAKETE YIPABJIEHUS] MU TAKETE CYIITHOCTENH.
Takxum 06pa3oM, y HOTPAaHUYHOIO IIAKETA ECTh 3aBMCUMOCTH OT IIAKeTa yIPaBJIEHUS
(ecyiv OH CYIIECTBYET) U MAKeTa CylIHOCTe. Vcnop30BaHue IOrpaHUYHbBIX TAKETOB
IPYTHX MOYJIEH HE JOMYCKAETCA 1 HE MIMEET CMBICJIA, TAK KaK IOA00OHbIN AKeT Hpe/-
CTaBJIsieT COOO0M OTAENbHBIN GusHeC-cleHapuil. /IoCTyn K ApYyroMy MOrpaHUuYHOMY
HaKeTy o3Hayas Obl oOpalleHe K TOMY, YTO JOJIKHO ObITh OTAEIbHBIM, AaBTOHOMHBIM
6usnec-cieHapueM. [10aTOMy HOTpaHUYHbBIE HAKETHI MOTYT OOPAINATHCS TOJIBKO BHU3
IO MePAPXUU K 3JIEMEHTaM yTIPaBJIEHUSL.

OI[HEIKO WHOTrIa 3aBUCUMOCTH U BBI3OBBI OT IMOTPAHUYHBIX IMTAKETOB K 2JIEMECHTAM
yIpaBJIeHUS APYTUX MOYJIEl JOTyCTUMBI U UMeIOT cMBICI. IIporpaMmucTaM HyKHO
CJIEIUTD 32 TeM, YTOOBI TPU 0OPAIIEHUH K KOMIIOHEHTAM U3 IPYTHX MOAYJIEH IPABUIbHO
BBIGMpaack 061acTh TpaH3aKuit. [Ipu OCTYTIE K 3IeMEHTaM YHPABJIEHUS U3 IPYTUX
MOJLYJIEN TaKKe HYXKHO MPOCJEIUTh, YTOOBI 0OBEKTHI, C KOTOPBIMU OHM PAGOTAIOT UK
KOTOpBIE BO3BPAIIAIOT, IIPUHAJIEKATU COOTBETCTBYIOIINM «IYyKUM» MOAYJIsIM. Tak
OBbIBAET B HECTAHAAPTHBIX OM3HEC-CIIEHAPHSIX, U HTO HE BBI3BIBAET MPOOJIEM, €CJIHU TIO-
3a60TUTBCS O pas3iesieHny 00SI3aHHOCTEHM ¥ TIPABUIBHOM MCIIOb30BAHUHU HIEMEHTOB
YIPaBJEHUS U CYIIHOCTEN.

DJIEMEHTBI YIIPABJIEHUs OHOTO MOLYJISi MOTYT 0OPAIIATHCS K 3JIEeMEHTaM yIIpaBJie-
HUA APYTUX MOI[yJICfI, a TaKXe K UX CO6CTB€HHbIM W BHEITHUM CYHTHOCTAM. KaK N B CIIy-
4Yae C HOTPAaHUYHbIMHU IIAaKE€TaMHU, HET CMbICJIa B TOM, ‘-ITO6])I 9JIEMEHT yIIPaBJI€HUA
BBI3bIBAJ (DYHKIIMY KOHTYPA. ITO 03HAYATO ObI HOSIBIEHHE HOBOTO OM3HEC-CIIEHAPUS
BEPXHET0 YPOBHS B PAMKaX YK€ CYIECTBYIOIIETO CIIEHAPUSL.

CyIIHOCTH MOTYT 3aBUCETh TOJIBKO OT APYTHX CylIHOCTel. VIHOTIa puxoauTcs
HNMIIOPTHUPOBATH 9JIEMEHTBI YHDABJICHUA, HAHPUMED, €CJIU €CTb HDUEMHHUK Cy].l.[HOCTeI'/JI
JPA unu npeobpasosarenu tuna JSON-B, peanusyomue CI0XHYy0 JOTUKy. Taxue
TEXHUYECKU 0OOCHOBAHHBIE CJIyYau, KOT/A CJAeAyeT Pa3peuiuTbh UMIOPTUPOBATD
KJIACCHI, ABJISIOTCS MCKII0OYEHnEM U3 oOuiero npasuia. B uxeane noddepacusarowue
CYWHOCMU KOMITOHEHTHI, TAKUE KaK IPUEMHHMKY WU TIPeoOpa3oBaTesin CyuIHOCTEH,
JOJDKHBI HAXOAUTBHCS HEHOCPEJCTBEHHO B NakeTe cyuHocTel. V13-3a Hanmuuus apy-
TUX 3aBUCUMOCTEN U MCIOJb30BAHUS [I€JIETUPOBAHUS JAHHOE HPABUJIO HE BCET/a
BBITIOJTHSIETCSI, HO 9TO HE JOJDKHO HPUBOAUTH K PEaTU3aldy YPE3MEPHO CIIOMKHBIX
TeXHUYECKUX PEeIIeHUN.

Bce 310 HOABOAUT HAac ellle K OZHOU BaXKHO TEMe.

He neperpy»xainte apxuTekTypy

Kaxoit 6b1 apxuTeKTypHbIH MabI0H BbI HU BHIOPAIN, OCHOBHBIM TIPMOPUTETOM TPHU-
JIOXKEHHSI JIOJI)KHA OCTaBAThCSI €10 OU3HEC-IOTUKA. ITO CIPABEAIMBO KAK [IPH HOMCKE
TIPHUEMJIEMBIX MOJIYJIEH, COOTBETCTBYIOIINX HPEAMETHOM 06JIACTH, TAK U IPU CTPYKTY-
PUPOBAHUM TIAKETOB BHYTPH MOZYJISI, YTOOBI MPOrPAMMUCTBI MOTJIU PaboTaTh ¢ HUM
C MUHUMJIbHBIMU yCUJIUSIMHU.
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BaskHO: HDOrPaMMUCTBI JOJKHBL pab0TaTh Hafl IIPOEKTOM, He 3aeCTBY S CAMIIKOM
CJIOKHBIX UJIN YPe3MEPHO Ileperpy KeHHbIX CTPYKTYP U apxuTekTyp. Ham BcTpevanoch
CJIUIIKOM MHOTO IIPUMEPOB TOr0, KaK HAMEPEHHO UCIIOJIb30Ba/JINCh YPOBHH, 1€ BbI-
TIIOJIHAJIUCH YUCTO TEXHUYECKHE 3a4a49H, NN CIUIIIKOM CTPOTrue U.[a6JIOHbI — JINIIb 6bI
CAeJaThb BCE HO KHUTE UJIX YYE€CTb 3aJaHHbI€ OTPAHUYCHUA. Hostu OrpaHNYE€HUA 4aCTO
HUYeM He 060CHOBaHbI ¥ He IIOMOTAIOT AOCTUYb Kakoh-1n0o0 BaxHol meu. Heobxo-
AVIMO PallMOHAJIbHO BCE II€PECMOTPETD U OTACJIUTD TO, YTO ﬂeﬁCTBHTeﬂbHO HeO6XOI[I/IMO,
OT TOTO, YTO JIUIIb Pa3LyBaeT Hpollece pa3paborku. [lonHTtepecyiitecs Ha 10CyTeE, UTO
O3HaYaeT TEPMUH «Kapro-KyJjbT» B IIPOTPAMMHKUPOBAHKUHN, — BbI YCJIBIIIIUTE UHTEPEC-
HYIO PEaIbHYIO KCTOPHIO O TOM, YTO OBIBAET, €CJIM CJIE0BATh IPABUJIAM U PUTYAJIaM,
He 33lyMBIBasICh 06 UX CMBICTIE.

[T09TOMY HE CTOUT YPE3MEPHO YCIOKHATH WU IEPETPYIKATh apXUTEKTYPyY. Ecau
CYLIECTBYET HPOCTOM U MOHATHBIA C1IOCOO OCTUYB TOTO, YTO TPEGYETCS B HACTOSIIEE
BPEMs1, — HPOCTO BOCHOJIb3YHTECh M. DTO OTHOCHTCS HE TOJIBKO K ITPEKIEBPEMEHHOMY
pehaKTOPHHTY, HO U K IPOEKTUPOBAHUIO apXUTEKTYPhL. Ec/i Hpu 06beuHeHNN He-
CKOJIbKHUX KJIaCCOB B O/INH HAKET C IIOHATHBIM Ha3BaHUEM 6y/:[eT pelreHa moCTaB/JI€HHAA
3a/1a4a ¥ 06eCHEYEHO CO3/IaHNE HOHSITHOM JIOKyMEHTAIIU Y, HOYeMY GBI He OTPAHUYHUTHCS
atum? Ecim morpaHudHbIi Kace A71s1 GU3HeC-CIIeHAPUS CaM BBIHOJIHSIET BCIO IPOCTYIO
JIOTUKY, 324EM CO3/[aBaTh HYCTbIE JI€IETATHI?

Ecau apxuTexTypHbIi 11a6JI0H He BCEr/a Hy KeH, TO He0OOXOIMMO UCKATh KOMITPO-
MUCC MEX/1y TIOCIIEN0BATENBHOCTBIO M TIPOCTOTOM. Ecii Bce makeTsl, MOy IU U TIPO-
€KTbI COOTBETCTBYIOT OfIHMM M TEM K€ MabI0HAM U UMEIOT OIUHAKOBYIO CTPYKTYPY,
TO Y IPOTPAMMUCTOB GBICTPO CKJIAABIBAETCS TPeICTaBIeHue 00 apxuTtektype. OmHaKO
B IJIaBe 8 MBI YBUMM, YTO NIPU OIMKalilieM PaCCMOTPEHUH COTIACOBAHHOCTh — 9TO
11eJIb, KOTOPOU BPSIZI JIX YIACTCS JOCTUYDb B PAMKAX BCEN OPraHU3AIMU UJIU IaXKe OT-
NEebHBIX TPOEKTOB. Bo MHOTHUX Cily4asx BeITOHEE Pa3paboTaTh 4TO-TO HoJiee PoCcToe
U, CJIeZI0BATENIbHO, 60J1ee THOKOE, YeM COXPAHUTh €JUHO0OPa3He.

To >xe camMmoe BepHO U /11 Ype3MEPHON MHKAHCYJISIIIUU C UCTIOJIb30BAHUEM TEXHU-
YeCKHux ypOBHeﬁ. ﬂeﬁCTBI/ITe]IbHO, HMMEHHO MOAYJIU U KJIACChI JOJIKHBI MHKAIICYJIUPO-
BaTh JIETAJIN PEATU3ALNH, 00ECTIeYnBasi ICHbIE U MOHSATHBIE UHTEP(eiich. OnHAKO 3TH
3aa4v MOTYT U AOJIKHBI PEIIAaTbCA C HOMOIIbIO €IUHBIX, B N/1€aJ1€ CaMOAOCTAaTOYHBIX
IIAKETOB U KJIACCOB. Y HAKOBHIBATH B MOAYJIb BCIO K/IIOYEBYIO (I)yHKLlI/IOHaJ[bHOCTb HE-
IIPaBUJBHO, IOCKOJIbKY, C TEXHUYECKOH TOUYKU 3PEHUA, B TAKOM CJIy4dae Mbl OTKPDbIBa€M
MOCTYII K JIETAJISAM B OCTAJIbHOM YaCTH MOJLYJIsl, HATPUMED, BBIZIaeM, KaKy10 6a3y TaHHbIX
MBI UCTIOJIb3Y €M MJIH YePe3 KAKOM KJIMEHT 001aeMcst ¢ BHelHel cuctemoit. [Toctpoete
CTPYKTYPHBI CUCTEMBI B HEPBYIO OU€Pe/lb B COOTBETCTBUH C 33/[a4aMU HPEAMETHOU 00-
JIaCTHU MO3BOJIAET NHKAIICYJINPOBATDb (I)yHK].[I/IOHaJI B €ANHBIX TOYKAX OTBETCTBEHHOCTH,
MPO3PAYHBIX JIJIS1 OCTATBHBIX MOLYJIEN U IPUIOKEHUS B TIEJIOM.

Bo us6exanmne ommboK npu BEIOOPE criocoba yIIaKOBKH CJIeAyeT BOCIIOIb30BAThCS
CaMbIM HDOCTbIM XU HPDO3PAaYHbIM BaDHAHTOM — BbIIIOJITHUTDH CTaTUYEeCKUI aHAIN3 Koza.
HaKeTbI, HUMIIOPTHPOBAaHHBIE B KJIACChI, U CAMH HAKEThI MOXXHO CKAHHMPOBATb U aHAJIH -
3UPOBATB C I[EJIbI0 OOHAPYKEHUS U HPEOTBPAIIEHNUST HEXKENATENbHBIX 3aBUCUMOCTEIA.
Takoe onpegenienye creneHn GE30MACHOCTH, MOXOKEE HA MCIONb30BAHUE TECTOBBIX
CIIEHAPHEB, TTO3BOJISIET U30eXkKaTh CaydaiiHbix omubok. CTaTMYeCKUi aHAIN3 KO/
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0OBbIYHO BBIHOJIHSIETCS KAK JIOTOJHUTEIbHAS HPOLIEAypa B Hpollecce cOOPKY Ha cep-
Bepe HEeMPEPBIBHOM MHTErPAIMHU, HOCKOJIbKY CO0PKA 3aHUMAET OIPe/IeJIEHHOE BPEMSL.
MpbI HOIPOOHO PACCMOTPUM 3Ty TEMY B Iiase 6.

Pe3iome

['JIaBHBIM IPUOPUTETOM HPU Pa3paboTKe KOPHOPATUBHOTO HPOTPAMMHOTO OOECTICYEHNUST
JIOJIKHA OBITH pean3arst GU3HeC-TOTUKH. TO HPUBOAUT K HOCTPOEHUIO HPIJIOKEH WA
Y TeXHOJIOTHH Ha 6a3e GU3HEC-CIIEHAPUEB, 2 He TEXHOJIOTMIECKUX perneHuit. B koHeu-
HOM CYeTe UMEHHO OU3HEC-CIIEHAPUY IPUHECYT TIPUOBLIb.

HackosibK0 BO3MOXKHO, KOPHOPATUBHbIE TPUIOKEHUS OJKHBL Pa3pabaThiBaThCS
B PaMKax OHOTO TIPOeKTa COOPKH /IS KayKA0T0 apTedhakTa B CUCTEME KOHTPOJIS BEp-
cuii. PasziesieHue PoeKTa HA HECKOJIBKO HE3ABUCHMBIX MOZyJiel COOPKH, KOTOPBIE
B UTOTE CBOAATCS K OMHOMY apTedakTy, He HDMHOCUT 0co00l monb3bl. Ha Bepxuux
YPOBHSIX CTPYKTYPBI IPOEKTA PEKOMEHAYETCSI PACHOJIATATh IPOrPAMMHBIE MOIYJIU
BEPTUKAJIBHO, & HE TOPU3OHTANBHO. JTO O3HAYAET CTPOUTH CTPYKTYPY MPUIOKEHUS
B COOTBETCTBHMHU C OU3HECOM, a He ¢ TeXHUYecKuMU 3aa4amu. C epBOTO B3IJIsA/A HA
CTPYKTYPY MPOEKTA TIPOTPAMMUCT A0JKEH MOHUMATh, K KAaKON HPeIMETHO 061acTH
OTHOCHUTCSI TPUIOJKEHHE U KAKKe 331241 OHO BBITIOJIHSIET.

B camoMm npocTOM cityyae OTAeNbHBIN MOIYJIb HPUIOXKEHUSI MOXKET HPEACTABIISITh
co60ii euHbIIH Java-TiakeT. ITo yA0OHO, ECIIH KOJINYECTBO KJIACCOB B MOLYJIE HEBEIUKO.
[l 6osiee CIOKHBIX MOJIY/IE MMEET CMBIC CO3/aTh AOTOJHUTENbHBINA Hepapxuye-
CKUI yPOBEHD, UCIIONb3Y sl TaKoH 1mabiioH, kak ECB.

NuxeHepaM-HPOrpaMMHCTaM CJIEAYET HIOMHUTD, UTO HE HY>KHO YPE3MEPHO YCJIOXK-
HSITh APXUTEKTYPY HPOTPAMMHOTO IPOAYKTA. XOPOLIO HDOAYMAHHAS U 33[I0KyMEHTH-
pOBaHHasA CTPYKTYPa, 6e3yCI0BHO, CIIOCOOCTBYET CO3[aHUIO BBICOKOKAYECTBEHHOTO
nporpaMmmHuoro obecrneuenus. TeM He MeHee BCETa €CTh 30JI0Tasl CEPEMHA MEXKIY
Pa3yMHOIi apXUTEKTYPOI U YPE3MEPHBIM TEXHUUECKUM YCIOKHEHUEM.

PaccMOTPEB OCHOBHYIO CTPYKTYPY KOPHOPATHBHBIX POEKTOB U CIIOCOOBI pa3pabot-
K1 MOJLyJIei, CHyCTUMCS Ha OJIUH yPOBEHB U pa3bepeM, KaK CO3IAI0TCSI MOLYJIH TIPOEKTA.
B crnenyroieii riiaBe moroBOpUM 0 TOM, YTO HYKHO [IJIS1 PEATU3AI[UU KOPITOPATUBHBIX
npunoxeHuii Ha 6aze Java EE.



BHeapeHne cCoBpeMeHHbIX
npunoxexHun Java Enterprise

Tenepb, KOrga Mbl 3HaeM, KaKH€ KOMHOHEHTBI COZIEPIKATCA B IPOCKTaX U MOAYJIAX, 110
KaKOMY IIPUHIUITY CTPOATCA U KaK p33p36aTbIBaIOTC$[ MOAYJIUA U IAKETbl HDUEMJIEMBIX
Pa3MepOB, HEPEWIEM OT TEOPUH K IPAKTHKe U moroBopuM o Java EE. Pazymeercs, umeer
CMBICJI CHaYaja obCcyauTh 3agaun Ou3Heca U CIeI0BaTh PEKOMEHAAIMAM IPoOaeM-
HO-OPHUEHTUPOBAHHOI'O MIPOCKTUPOBAHUA, ‘-ITO6bI OHpEOEe/NIUTh O6JIaCTb IIPUMEHEHUA
¥ MOZYJIH [IJIs1 BCEX 3324 TIPUIOKEHHS.

HOCMOTpI/IM, KaK MOKHO p€aIn30BaTb HAME€YE€HHbIE 6PI3H€C-MOI[y]II/I " CHEHapuu
KCIIOJIb30BAHMUSI.

B »10i1 r1aBe OyayT pacCMOTPEHBI CIEAYIOIUE TEMBL.

Q Kax oueptuts rpanuis GusHeC-CIlieHAPUEB TIPUIOKEHMS.

O

Y10 Takoe 6U3HEC-KOMIIOHEHTHI siapa Java EE.

O

[Ia610HBI HPOEKTUPOBAHUS U MTPOOIEMHO-OPUEHTUPOBAHHOE TIPOEKTUPOBAHUE
B Java EE.

KoMmMyHUKanus B IPUJIOKEHUN.

Kak nHTerpupoBarth J0JITOBPEMEHHOE XPAaHEHUE JAHHBIX.
TexHuuyeckre CKBO3HbIE 3314l U aCHHXPOHHOE HOBeZIeHUe.
Konuenuuu u npuniusst Java EE.

0O00O0o

Kak nony4uts 06y KuBaeMblii KOZI.

paHnUbl BU3HEC-cueHapues

[TocTpoeHMe TTAKETOB B COOTBETCTBUM C 33/[a4aMU TIPEIMETHON 061aCTH TPUBOAUT
HAC K apXUTEKTyPHOU CTPYKType, OTPaXalollell peasbHble KOMMEPUYECKHUE 3a/1auH,
a He TEXHUYECKHUE TIOAPOGHOCTH.

BI/IBHCC'CueHapI/II/I OIIKMCBIBAIOT BCIO JIOTHUKY, HCO6XOI[I/IMyIO JJIs1 BBIHOJIHEHUS 3a-
J1a4 HPEJHPUSATHUS, UCHOJIB3YS1 IS 3TOTO COAEPKUMOe MOy ist. OHU UTPAIOT POJIb OT-
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TNIPABHOM TOYKH B paboTe NpHIoKeHus. BusHec-ClieHapuu pean3yioTcs Ha TPaHUIax
cucreMbl. KopriopaTuBHbIE CUCTEMBI NIPEAOCTABISIOT KOMMYHUKAIIMOHHbIE HHTED-
(elichl 17151 CBA3M C BHEITHUM MUPOM B OCHOBHOM uepe3 BeO-CEPBUCHI M KJIMEHTCKIE
BeO-uHTEpPQENCH, KOTOPbIE BBI3BIBAIOT COOTBETCTBYONIHI OM3HEC-DYHKIIMOHAI.

Pa6oTy Hajl HOBBIM HPOEKTOM MMEET CMBIC/I HAUATh C IOTUKH HPEIIMETHOU 06.1aCTH,
He 3a60TCh O TpaHUIaX (KOHTYPE) CUCTEMBI U IPYTUX AETAJISIX TEXHMIECKOH peasv-
3auy. ITO O3HAYAET, YTO CHAYAJIA Pa3PabATHIBAETCS BCE COAEPKMMOE HPEAMETHON
006J1aCTH, HDOEKTUPYIOTCS THUITBI, 3aBUCUMOCTH U 33/1a4H, 2 HOTOM CO3/IAI0TCS MX TIPO-
TOTUHBI B BUZle Kozia. Kak MbI yBUZIMIM B 9TOM I71aBe, (paKTHYecKasi TOrUKa IIpeAMeTHON
o6sacTu peasu3yeTcsi B OCHOBHOM B Bujie 0OBIYHOTO Koja Java. [lepBoHavaibHas
MOJIEJTb MOKET OBITh CAMOZIOCTATOYHOM M TECTUPOBATHCS UCKIIOYHUTENBHO C UCTIOMb-
30BaHMEM TECTOB Ha ypoBHe Kozia. ITocsie Toro Kak 6yeT HOCTPOEHA 0BOJIBHO MOJIHAS
MO/IeJTb TIPEIMETHOM 06J1aCTH, MOKHO HEPEKTIOUNTHCS HA OCTABUIMECS TEXHUYECKHE
npo6JIEMBI, BBIXOALINE 32 TIPEIEbI MOLYJIsi GU3HEC-JIOTHKH, TAKUE KaK JOCTYT K Oa-
3aM JaHHBIX U BHENTHUM CUCTEMAM, a TAK)KE KOHEYHbBIE TOUKU CUCTEMBI.

B nmpusnoxenun Java EE koHTYp peanusyercs ¢ IpUMeHEeHUEM yHPaBJISEMBIX
obbexToB — Enterprise JavaBeans (EJB) unu Contexts and Dependency Injection for
Java (CDI). B pasgene <EJB u CDI: ob1iee 1 pasandnsi» Mbl pACCMOTPHUM, Ye€M TH
TEXHOJIOTUHY OTJINYAIOTCS OfHA OT JPYTOi U B YeM HX Ha3HAYEHHUE.

Jlnst ciioxHBIX GU3HEC-CIIEHAPUEB WHOT/A CO3/AI0T 0eNezamos, PEaTM30BaHHBIX
B BUjIe yHpaBJsieMbix 00bekToB CDIwiu EJ B B 3aBucumoctu ot TpeboBanuit. Itu ne-
JIeraThl HaXOJSATCS B makeTe yHpaBienus. Cymuoctu peanusyiores B Buge POJO,
WHOT/IA C OMUCAHUAMM, YTOObI MHTETPUPOBATH TAKWe TEXHUYECKUE (QYHKIIUHU, KAK
otobpaxeHne 6a3bl JAHHBIX UM CEPUATTM3AIIHS.

B13HEeC-KOMMOHEeHTLI 94pa
B coBpeMeHHou Java EE

IIpocras Java, CDI u EJB — 510 6a30Bble 6M3HEC-KOMHOHEHTBI B COBPEMEHHOM IIPU-
noxennn Ha Java EE. IloueMy OHM Ha3bIBalOTCS 6a30BHIMU OM3HEC-KOMIIOHEHTAMM?
Kak y»xe 0TMe4asiocs, B IEpPBYIO OUepeib Mbl OOpaliaeM BHUMAHUE Ha peajbHble KOM-
Mepueckue 3aa1a4yn. CyIecTByI0T KOMHOHEHTBI U (DYyHKLIUH, HAl[eTEHHbIE HA PELIIeHUE
OCHOBHBIX GU3HEC-33/1a4, TOT/IA KaK APYTHeE TIPOCTO HOOOePpHCUBAION, IENAIOT UX [10-
CTYNHBIMHU WJIM PEANU3YIOT MHBIE TEXHUYECKUE TPeGOBAHMSI.

Java EE nocraBnsiercs B koMIwiekTe ¢ pa3andabiMi AP, koTopble HOAIepKUBAIOT
JECATKY TEXHUYECKUX TPeGoBaHUM. BOMBUIMHCTBO U3 HUX TEXHUYECKH 0O0CHOBAHBIL.
OpHako cambiM 60bIIMM TpeuMyInecTBoM miatdopmsbl Java EE aBasercs To, uto
4ucTas GU3HEC-JOTHKA HA Java MOKeT ObITh Pealn30BaHa ¢ MUHUMAJIBHBIM BO3/IEH-
CTBUEM TEXHOJIOTNYECKUX JeTasiel Ha Ko, O6brao 17151 atoro goctatoudo CDIu EJB.
Octanbubie AP, He0OX0MMMBIE HO TEXHUYECKUM COOOpaXKeHMsAM, Takue Kak JPA,
JAX-RS, JSON-P u MHOruUE Apyrue, BBOAATCS 10 MepPe HEOOXOAUMOCTH.
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Yupasisiembie 06bexThl HezaBrucuMo oT tunia — CDI uiam EJB — peanusosarst
B BUJIe aHHOTUPOBAIIHBIX KJIACCOB Java, 6e3 Kakux-J1nb0 TEXHUIECKUX CYTEPKIAC-
coB 1y untepdeiicos. Pambile 5T0 Ha3bIBAIOCh IIpeAcTaBaenyeM Oe3 unrepderiica.
B nacrosimee BpeMsi 3TOT BapHaHT NIPUMeIseTcs [0 yMoJa4daHuio. Pacmupenue
KJIACCOB YCJIOXKHSET MPECTABIEHNE TIPEAMETHON 00IaCTH, HE TOBOPS YXKe O APYTUX
HEIOCTATKAX, KOTOPbIe IPOSIBISAIOTCS TP TecTpoBaHuu. CoBpeMenTtibiii hpeiiMBOPK
MHTETPUPYETCS MAKCUMAIBHO TIPOCTHIM U TI€3aMETITBIM CIIOCOOOM.

EJB n CDI: obwee n pasnuuuns

3amagumcs Bonipocom: EJB uau CDI? Kakue ynpasisionie 00beKThl IPUMEHATh
U Koraa?

Boobuie rosops, y EJB 60:bI1ie (hyHKIMOHAIBIIBIX BO3MOKHOCTEH, FOTOBBIX K HC-
noJib30BaHmIo. Y nipasasiembie 06bekTsl CDI mpenctaBasior co6oi HECKOIBKO yIIpo-
LIEMHYIO aJIbTEPHATUBY. KaxkoBbl ocrioBHbBIE Pa3Inyna MEXAY 3TUMU TEXHOJIOTUAMU
Y KaK OHU BJIMSIIOT Ha pabGOTy MPOrpaMMucTa?

I[IepBoe pasanune — ato obmact Bugumoct. O6bexTsl ceccun EJ B mubo He co-
XPaHSIOT COCTOSIHUE, TO €CTh OCTAIOTCS AKTUBIBIMHU B T€YEHHE BCETO KIUEHTCKOTO
3ampoca, 1M60 COXPAMNSIOT COCTOSIIINE, TO €CTh OCTAIOTCS AKTUBHBIMU B TEYEHUE
Bpemenu xus3iu HTTP-ceccuu xamneHTa, 1160 SBISIOTCS CUHTJATOHAMU. Y IPaB-
nsiembie 00bekThl CDI MMEIOT [OTOMHUTEIBIIBIE BOBMOXKIIOCTH, TAKUE KaK 100aB-
JIeHW€ TeCTaHAAPTHHIX 00acTeil neiicTBusl, a 061aCTh BUAMMOCTH, BBIOMpaeMast
[0 YMOJIYATIHIO, SIBJISIETCST 3aBUCUMOI — OIa aKTUBHA B 3aBUCUMOCTH OT BPEMENH
JKU3HY ee ToukM BHeApenus. [logpoGuee 06 aToM ynTaiite B noapasaene «OQbmactu
BUAUMOCTU».

Jlpyroe pasanune Mexay ynpasiasembiMu oOobektamu EJB u CDI 3akmouyaercsa
B TOM, uTO EJB-06b€eKTHI HESIBHO PENIAIOT OTIPE/IEIEHTIbIE CKBO3HBIE 33/1aUH, TAKUE KaK
MOHUTOPHUIIT, TPAN3aKIMK, 00PabOTKa UCKIIOYEHUH U YIIPABJIEHNE TAPaJIeTM3MOM
11 cunraToHoB. Hanpumep, npu BeizoBe OusHec-metoga EJB Hessno samyckaer
TEXHUYECKYIO TPAH3AKIUIO, KOTOPAsl OCTAETCSI aKTUBHOM B TEYEHHUE BCETO BPEMEHU
BBIIIOJTHEHU A METO/la 1 O6’beI[I/IHFIeT HUCTOYIINKHU JAIIHBIX WJIN BIIEIITHUE CUCTEMBIL.

Kpome Toro, EJB 6e3 coxpaHeHus: COCTOSIMNS MIOCJIe UCIIOAb30BAHUA 00beIUHS-
I0TCS1. DTO O3HAYAET, UTO TIOCTIE BBI30Ba OU3HEC-MeTO/1a 1151 00beKTa 6e3 COXpaHeHust
COCTOSTHUSI CYyLIHOCTD 3TOTO 0OBEKTA MOKET U GY/IET IPUMEHSATHCS TIOBTOPIIO U3 KOH-
teiinepa. Biarogaps stomy EJB-06bekth Hemmoro a¢dexrusnee, yem CDI, koTopbie
3aTI0BO CO3/IAI0TCA KasKIBIA pas, Koraa ux 06JacTb BUANMOCTH TPeGYeT aToTo.

Ha mpakTuike TeXmuyecKre pasandsi e OYeHb CUJIBHO BIUSIOT a paboTy mpo-
rpaMMHUCTA. 33 HNCKJIIOYCHHUEM IIPDUMEHEHHUSA PA3NBIX aHHOTaHHﬁ, 066 TEXHOJIOTNU
MOTYT HCIIOJIb30BaThCSI B OMHOM M TOM Xe cTuie. Java EE nBuskeTcs: K BOSMOXHOCTH
NPEOCTaBIATH 60JIee OTKPHITHIN BEIOOP U3 9TUX ABYX BapuaHToB. Hanpumep, HaunHas
¢ Bepcun Java EE 8, MoxkHO 06pabaThiBaTh aCUHXPOIIIIbIE COOBITUSA UCKIIOYUTEIBIIO
¢ nomorbio CDI, a nie Tonbko npusiekast EJB-00bexThI.
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Oanako uHTerpanus ¢ynkuuonanbHoctu or CDI — oxama u3 camMbix cepbes-
Hbix Bo3moxkHocTeit API Java EE. Yike Tonbko Breapenue 3aBucumocteit, CDI-
TeHEPATOPHI ¥ COOBITHS ABJISIOTCS 3(H(PEKTUBHBIMU CPEACTBAMMU JIJISI PEIEHUS Pa3-
JIMYIIBIX 327124,

I'nasHas, manbosee mupoko npumensiemas ¢yukuus CDI — s1o BHeApeHue 3a-
BUCHMOCTEH C TIOMOILIbIO aHnmotanuu @Inject. OHO peasn3oBaHO TaKUM 06Pa3oOM,
YTO IPOTPAaMMHUCTY He Hy>KHO 3a[yMbIBaThCs, Kakas Texnosorus Java EE ynpasaser
obbeKTaMu, — OHa npocmo pabomaem. Bl MoxeTe cMeIINBAaTh 1 KOMOMHUPOBATD
CDI-o6bextsl 1 E]B ¢ mo6bpiMu 061acTssMu BUAMMOCTH — (PERMBOPK caM I103a-
6OTUTCS 0 TOM, KaKue OOBEKTBI CO3MAI0TCS WM UCTIOIb3YIOTCS B IAaHHON 0b6mactn
BUAMMOCTH. ITO obecreynBaeT rMOKOCTh, HAPUMeP, Korjga oObeKTH ¢ bojee Ko-
POTKOI 06/1aCTHIO BUAUMOCTHY BHEAPSIIOTCS B OOBEKTHI ¢ H0JIee AIUHIION 061aCThIO
BUIMMOCTHU — JIOMIYCTUM, KOT/Ia O6BEKT ¢ 06JIACTHIO BUMMOCTH B TIPE/IEax CECCUU
BHE/IPSIETCSA B CUHIJITOH.

JanHas Qynkuus noanepKuBaeT 6usnec-3afadyl TaKUM 00Pa3oM, 4TO KOHTYPBI
U 3JIEMEITHI YIIPABJIEI s MOTYT IIPOCTO BHEAPSTD My KHbIE 3aBUCUMOCTH, HE 3aIIMMAsICh
UX CO3/IaHUEM WJIU YIIPABJIEHUEM UMM,

B cnenyrorem kojie moka3aHo, Kak KOHTYP, PEATM30BAIIHBIN B BUIE 0OBEKTA CECCUU
6e3 CoXpaHeHUsI COCTOSITINS, BHEAPSIET HEOOXOMMBIE 2JIEMEHTHI YIIPABJIETIMSL:

import javax.ejb.Stateless;
import javax.inject.Inject;

@Stateless
public class CarManufacturer {

@Inject
CarFactory carFactory;

@Inject
CarStorage carStorage;

public Car manufactureCar (Specification spec) {
Car car = carFactory.createCar (spec);
carStorage.store (car);
return car;

Knacc CarManufacturer npencrasiser coboir EJB-06bekT 6e3 coxpaHenust co-
crosinus. BHenpenmbie KOMIIOHEHTHI CarFactory u CarStorage peaju30BaHbI B BUJE
CDI-06beKTOB € 3aBUCUMBIMU 00JIACTAMY BUIVUMOCTH, KOTOPBIE Oy/IyT CO3/1aHbI 1 BHE-
npensl B E]JB-o6bexrt. Ilnatdopma Java EE ynporiuaer ycrpanenue 3aBUCUMOCTEN,
[03BOJIAS C TIOMOIIBIO ANIOTalUU @Inject BCTABAATH M0ObIE 0OBEKTH, HEOOXOAH-
Mble 1 npoekTa. Ho Tak ObL10 He Beerma — mpeskae aas BHeapenns EJB-o6bexToB
3a/lelicTBOBajach aHNOTalMs @EJB. AnHOTanus @Inject ympolaeT UCIOIb30BaHNe
06bexToB B Java EE.
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BHuMAaTesbITbIe YMTATEM MOTJIM 3AMETHTh, UTO BIIEAPENNE YEPE3 MOJIE € 00IACTAMY
BUIMMOCTH OCYIIECTBJISIETCSI BHYTPH MakeTa Java. BHenpenue yepes moJie MeHblie
BJIMSIET 1A COAEPKUMOE KJIACCa, IOCKOJIBKY [03BOJISIET He 00PAIIAThCSI K €r0 KOH-
CTPYKTOpY. BunmmocTs BHyTpH IakeTa JaeT IPOrpaMMICTaM BO3MOXKHOCTD CO3/1aBaTh
U BIIEIPSTH 3aBUCMMOCTH B TECTOBOM 061acTy BuammocTu. [Tloxpobriee 5Ta TEXHOMIOTUS
U ee aJIbTEPHATUBEI OyIyT PACCMOTPEHBI B IiaBe 7.

eHepaTopbl CDI

T'eneparopsl CDI — a10 emme ogna pynkums Java EE, koTopas ocobeHHO mo1e3Ha 1711
peanu3anny BCeBO3MOXKITHIX (habpuk. [erepaTtopsl, B OCHOBHOM PEATM3yeMble KaK Me-
TOJIBI, CO3MAI0T OOBEKT, KOTOPBIN MOKIIO BHEAPSITH B IPYTHE YIPABJISEMbIE OOBEKTHI.
ITO OTHENSIET JIOTUKY CO3[aHUsI M KOH(PUTYPAIMK OT UCIOJIb30BaMust. [eHepaTops
IIOJIE3HDBI B CaAyYadAX, KOrJa HYKHO BBOAWTDH JONOJHUTE/IbHBIE TUIIBI, IOMUMO TEX,
KOTOPBIE BHEAPSIIOTCS YIPABASEMBIMUA OOBEKTAMH.

[lanee nokasaHo omnpenenenue Mmetoaa-renepatopa CDI:

import javax.enterprise.inject.Produces;
public class CarFactoryProducer {

@Produces

public CarFactory exposeCarFactory() {
CarFactory factory = new BMWCarFactory();
// BononHUTenbHas noruka
return factory;

OTKpHITHI TUII CarFactory MOXKIIO BBECTHU IIPOCTO C IOMOIIIBIO BHEIPEHUS aHHOTA-
uel @Inject, Kak ObLIO IOKA3aIIo paHee B mpuMepe ¢ CarManufacturer. Kaxprii pas,
KOI/Ia ITy>KHa CyIIIocTh CarFactory, CDI-00beKT BHI3BIBaeT METO exposeCarFactory ()
U BCTABJISIET BOBBpaLLlaeMbIﬁ O6’beKT B TOYKY BHEAPDEHUA.

ITUX METONOB JOCTATOYHO /151 OOIBIINHCTBA CIy4aeB UCIIOAb30BAIIM OCIIOBHOM
OU3HEeC-JIOTUKU.

[eHepaums cobbiTU NpeaMeTHON 0bnacTu

Jlnst Tex caydaeB, KOTAA nMeo6X0auMo ele 6obliie OTAETUTh OU3HEC-TOTUKY OT
ynpasisieMbix 00bekToB, B CDI nipexycmorpena ¢yHkius 06paboTku cOOBITHIA.
YupasisieMble 0GbEKTH MOTYT aKTUBU3MPOBATh OOBEKTh COOBITHIA, KOTOPBIE 3aTEM
IeHCTBYIOT KaK IIOJI€3Has marpyska u o0pabaTbiBaoTCs MabIogaTeassMyu COOBITHIA.
AxrtuBusupysi u o6pabatsiBast cobertusi CDI, Mbl 0TZ€7I51eM OCHOBITYI0 GU3HEC-TIOTHKY
OT IOGOYHBIX ACHEKTOB 00PabOTKM COOBITHI. ITOT IPUEM IIPUMEHSIETCS, B YACTHO-
CTH, B TE€X CJIyyYasix, KOrjaa B OM3HeC-J0rMKe yKe MPOAyMaHa KOMIENus COOBITHIA.
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ITo ymosuanuio cobsrtrist CDI 06pabaTsiBa0TCss CAHXPOHHO, IPEPHIBASI BBHIOJITIEINE
B TOM MECTe, T/i¢ OHHU ObLIM aKTuBU3MpoBaHbl. Oy Takke MOTYT 06pabaThiBaThC
ACHITXPOIIHO WJIH B ONIPEEJIEHBIX TOYKAX JKU3HEHIIOTO IIMKJIA TEXITUYECKOM Tpans-
AKIHH.

Ha npumepe ciieyioiero Kojia moKa3aHo, Kak ONPeAeATh U aKTUBU3UPOBATH CO-
6biTusa CDI B GusHec-cLieHapUM:

import javax.enterprise.event.Event;

@Stateless
public class CarManufacturer {

@Inject
CarFactory carFactory;

@Inject
Event<CarCreated> carCreated;

public Car manufactureCar(Specification spec) {
Car car = carFactory.createCar(spec);
carCreated.fire(new CarCreated(spec));
return car;

Cobbitre CarCreated SIBISIETCS HEU3MEIISIEMBIM U COAEPIKHUT OTIOCSULYIOCS K CO-
GBITUIO TPEAMETHOM 061aCTH NIIHOPMALNIO, TAKYIO KaK Crelu(UKaIyist aBTOMOGKIISL.
Camo cobbiTie o6pabaTsiBaeTcs B Kaacce CreatedCarListener, KOTOPBIN HAXOAUTCS
B CJIE/YIOLIEM [IAKETE yIIPABJICHHUSL:

import javax.enterprise.event.Observes;
public class CreatedCarListener {

public void onCarCreated(@Observes CarCreated event) {
Specification spec = event.getSpecification();
// obpaboTka cobuiTua

Takum o6pasoM, 06paboOTUNK COOBITUSA OTAENEH OT OCIIOBHOM GU3IEC-TOTUKM.
Konreiinep CDI cam obecnieunt nogxouenue GyHKIi 00pabOTKN COOBITHI U CHTT-
XPOHIIBIN BBI3OB MeTO/Ia onCarCreated().

IMoapoGHee 06 akTHBU3aLK 1 00PabOTKe COOBITUI ACUITX POHHO UJTU B ONIPE/IETIEH-
HBIX TOYKaX JKU3HEHIIOTO IIUKJIA TPAH3AKIINN YuTaNTE B pasaeiie «HOCJICI[OBaTeJIbHOCTb
BBIIIOJITIECIIN Y.

Cobbituss CDI — 370 criocob OTAeIuTh OTpeaenenue coObITHI TpeaMeTHON 06-
JIacTv OT UX 06paboTku. Torna MOKHO U3MEHUTD UK YCUJINTH JIOTUKY 06paboTymrKa
c06b1T1/Iﬁ, He 3aTparuBas KOMIIOHeNT manufactureCar.



66 MaBa 3 e BHeapeHue coBpeMeHHbIX NpUoxeHuit Java Enterprise

O6nactn BUANMOCTMU

O61aCTh BUIMMOCTH YTIPABJISIEMbIX 0OBEKTOB O4€Hb BAXKIIa B TEX CIyYasiX, KOTJa Co-
CTOSTHUE COXPAISIETCS B IPUIOKEHUH JIOJIbIIIE YEM [1a TPOTSIKEHUHU OJIHOTO 3aPOCa.

Ecsu Bech 6u3HeC-TIPOIIECC MOXKHO PEATM30BaTh 6€3 COXPAHEHUS COCTOSTHUS, IIPO-
CTO BBITIOJIMISASI HEKOTOPYIO JIOTHKY Y 3aTEM OTOPACHIBAsI BCE COCTOSIHUS, TO OTIPEIETUTh
006J1aCTh BUMMOCTH OY€HbB JIETKO. B 6OJIBIIUIICTBE CIyYaeB /Jisi HTOTO AOCTATOYIIO
00BbeKTOB ceccun 0e3 COXpPaHEHUSI COCTOSIHUS ¥ 3aBUCUMBIX OT 06J1aCTH BUAUMOCTH
o6bektoB CDI.

O6actu BugrmMocty cunratona EJB u npunosxennst CDI takike 10BOJIBIIO 4aCTO
UCnosb3yoTes. OTAebIIbIE CYITHOCTH YIIPABISIEMbIX 00bEKTOB IPEIOCTABISIOT IPO-
CTO# €1oco0 XpareHus: WK K3IUPOBanus WH(GOPMAIIUH C JIJUTEbIBIM BpeMerneM
sku3HU. Hapsiny co ciioskHOHN TeXHOJIOrHel K3IIMPOBaHUs, CUIITJITOH, COAep KAl
IpoCThie HABOPHI UM OTOOPAKENMs ¢ KOHTPOJIEM MapaIen3Ma, Mo-TPeKHEMY
OCTaeTCst MPOCTEHIINM CTIOCOGOM Pa3pabOTKU KPATKOBPEMEIIIIBIX X PATIAJIMII JAHIIBIX,
OPUEHTHPOBAHITBIX HA PEIIEHIE KOHKPETIbIX 3a/a4. CUTITJITOIBI TaKyKe 00ECTIeYNBAIOT
€IMHYIO TOYKY 3amycKa (hyHKIUH, JOCTYI K KOTOPBIM 10 ONPEAEIeHHbIM TPUYNHAM
MOJIKEH OBITH OTpanuyer.

U nocaexnnsas 061acTh BUAUMOCTH yrpasiseMbix 06bekToB EJB u CDI — at10
obmactb ceccun, npussizannasg K HTTP-ceccun kanenTa. OObeKTH U3 9TOM 00/1aCTH
OCTAIOTCSI AKTUBHBIMU ¥ MOTYT OBITh TIOBTOPHO MCTIOIb30BAHbI BMECTE CO BCEMU CBOMMH
COCTOSTHUSIMU, TIOKA AKTUBHA CECCHsI MOab30BaTe sl. OHAKO PU XPAaHEHUH JaHHBIX
ceccuu B 00BEKTaxX C COXPAHENTMEM COCTOSTHYSI BOSHUKAET TPOBIeMa, KOT/a KIMEHTHI
3a110BO MMOJKJIIOYAIOTCS K TOMY XK€ CepBepy IPUIOKEHHUH.

310, 6e3yCI0BIIO, BO3MOKIIO, HO TI€ TIO3BOJISIET CO3/IaBaTh IPUIOKEHUs Ge3 coxXpa-
HEHUSI COCTOSIHUS, KOTOPBHIMHU ObLIO GBI JIETKO YIIPaBJsATh. ECau nprioxeHne cTamno-
BUTCSI HEJJOCTYTIHBIM, TO BCE BPEMEHHbIE JAHHbIE CECCUU TEPSIOTCS. B COBpeMeHHbIX
KOPIIOPATUBHBIX [TPUIOKENHAX B LEJISAX ONTUMU3AIMY COCTOSIHUE OOBIYHO XPAHUTCS
B 06a3e mamHbIX WM Kamax. [[09TOMy 06BEKTBI ¢ BUAUMOCTBIO B TIPEesiax CeCCUn
MIPUMEHSIOTCSI BCE PEXe.

Yupasasemsie 00bekThi CDI nMeoT 6oblie roToBbIX 001acTell BUAUMOCTH,
a MMEeHHO 00JIaCTh BUAMMOCTH B Tpefiesiax 0OMeHa JAHbIMU ¥ 3aBUCUMYIO 00J1aCTh
BUAMMOCTHU (HUCHOJB3yeTCs IO yMordanuio). CyIecTByeT Takxke BO3MOXIOCTh CO3-
NaHVsI HECTAHAAPTHBIX 06J1aCTeN BUANMOCTH /151 0COOBIX TpebGoBaHuil. OMHAKO OTIBIT
MOKa3bIBAET, YTO BCTPOEHHBIX 00JACTEN BUAMMOCTHU JOCTATOYHO /i1 OOJBIIMIICTBA
KOPIIOPaTUBHBIX NpUIoKeHu . [loapobHas MH(POPMAIIHSI O TOM, KaK PACUIMPUTD ILIAT-
(dhopmy 1 pa3paboTaTh AONOJINUTENbHbBIE 0OIACTH BUAUMOCTH, COAEPIKUTCS B CIIEIH-
¢uxamnyu CDI.

Kaxk MblI yoke BieH, C TOMOIIIBIO OCIIOBHBIX KOMIIOHEHTOB Java EE MosxHO noctuyb
ouenb MHOTOTO. [Ipesk/ie 4eM MPUCTY AT K M3YYENUIO0 TEXHOJIOTHI UIITETPAIIAH, TAKAX
kak HTTP-KoMMyHUMKALIMK U JOCTYT K 6a3e JaHHBIX, GoJiee MOAPOOHO PACCMOTPUM
OCTIOBHBIE AGJOHbI, IPUMEHSIEMBIE [TPY MPOEKTUPOBATIMHU TTPEIMETHON 001aCTH.
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LLIabnoHbl npoekTupoBaHns B Java EE

O mwabronax MPOEKTUPOBAHUS HAMKUCAHO MHOTO. OJIHUM M3 CAMBIX SIPKMX M YacTO
yIIOMUHAEMBIX UCTOYHUKOB ABJsAETCS Knura «IlaTTepHbl MPOEKTUPOBAHUSS»!, HA-
nvcanHas «6andoti uemvipexs> (Gang of Four, GoF). B neii onuceiBatotcst Hanbosiee
pacmpocTpaHeHIIble 3a4aui Pa3paboOTKU IPOrpaMMIIOro obecredyeHus v maba0HbI
PEANTU3aIINH, C TIOMOIIBIO KOTOPBIX T 33/Ia4¥ PELIAIOTCS.

CrpyKTypa 1 060CHOBaHUE UCTIOIB30BAINS KOHKPETHBIX MIA6I0HOB MO-TIPEKIEMY
AKTYaJIbHBI, HO X (DAKTUYECKAs PEATM3AIMSI BO MIIOTOM U3MEHUIACh, 0COBETIO B 00-
JIACTHM KOPIIOPATUBIIOTO NPOrPaMMHOro obecriedenusi. [IOMUMO pacmpocTpamneHHbIX
abJI0I0B IPOEKTUPOBAHUS, KOTOPbIE TIPUMEHUMBI JIJIS1 BCEX BUIOB TPUIOKEHU,
NOSBUJIOCH MIIOJKECTBO APYTUX, CBI3aHHBIX UCKIIOYUTEIBHO C KOPIIOPATUBHBIMHU
NPOrPaMMHBIMK [TPOAYKTaMU. B uacTHOCTH, paHee CyIIECTBOBAIO MIIOKECTBO KOP-
noparusnbix mwabaonos s J2EE. Ho mel skuBem Bo Bpemena Java EE 8, a me J2EE,
U Tenepb MOSBUIUCH O0JIee TIPOCThIE CIIOCOOBI PEATU3aIINH PA3IMYHBIX IHAOJIOTIOB /151
pellleHnsT KOHKPETHBIX 3a/1a4.

0O630p wWabnoHOB NPOEKTUPOBAHUS

[1Ia6i0HbI IPOEKTUPOBaHYsL, OcaHHble B kHure GOF, 1e/ISTCs Ha TPU KaTETOPUY: 10~
PO IatoNINE, CTPYKTY PIIble U IoBeZieHYeckue. Kaxapiil m1ab1omn OmChIBaET TUIMYHY IO
3aj1auy, PEIIaeMyio IIPOrPaMMHBIM 06ECTIEYeHNEM, U TOKA3bIBAET CIIOCO0 ee PeIemnus.
[Iabmonb MPeACTaBASAIOT COOOM CXEMbI PEATU3AIINHY, TI€ 3aBUCALINE OT KOHKPETHOM
Texnonoruu. Bot nouemy 060t 13 aTUX mabJ0HOB MOKET ObITh PEATM30BaH B II060M
cpezne. B coBpemennom mupe Java SE 8 u EE 8 Goubllie A3bIKOBBIX BOSMOKHOCTEH, 4eM
npesxze. S xo4y moKazath HEKOTOPbIe MAGIONbI TPOEKTUPOBAHMS, TIPEIJIOKEHIIbIE
«6anoii yeTsipex», 060CIOBATh UX IPUMEHEHNE U 00BSACIUTD, KAK OHU MOTYT OBITH
peanusoBasbl B Java EE.

CUHrNTOH

O6bexT-onnHouKa (singleton) — XOpoIIO U3BECTHBIN IAOIOH UM, [IO MIIEIIUIO HEKO-
TOPBIX, aHTUIIAG101T. CHHIJITOHBI MIMEIOT TOJIBKO OHY CYIHOCTD JJIsl KAKIOTO KJIacca
BO BCEM IPUJIOKEHMH. Takoi mabIoH 3a1eiCTBYIOT, KOT/a IyKHbI BO3MOKHOCTH
coxparenusi COCTOSIHUH, a Tak)Ke KOOPAWHAIIUY BCEX IEMUCTBUI B €JIMHOM IIETITPE.
Cunritonsl, 6€3yCI0BIO, UMEIOT IPABO Ha CylilecTBoBanue. Ecim my:kHO obecrneunTts
HaJIeXKIIbI COBMECTHBIN JOCTYII IECKOIBKHX [TOTPEOUTEIEN K OIPeLeIEHHOMY COCTO-
STHHWIO WX CO34aTh €IUHYIO TOYKY BXO/la, TO CAMbIM IIPDOCTBIM PEIIEITNEM TaKoOH 3aa4u
OyleT peann3anys CUIITTOHA.

U Tamma 3., Xeam P., lnconcon P., Bauccudec /Jxc. TIpuembl 06bEKTHO-OPUEHTHPOBAHHOTO
upoexTupoBanusi. [larrepust npoexruposanust. — CII6.: ITutep, 2015.
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31ech CIeIyeT YYUTHIBATh HECKOJIKO MOMEHTOB. Hasume eHO# TOUKY OTBETCTBEH-
HOCTH CO3/IA€T TIAPAJLIEN3M, KOTOPBIM HEOOXOAMMO yIpaBisATh. [[09TOMY CHHIITOHBI
MOJDKHBI GBITH TOTOYHO-OPUEHTUPOBAHHBIMAL. [IPyTMMU CJI0BaMU, HEOOXOIMMO [IOMIIUTS,
YTO CHIITJITOIIBI T10 CBOEH IPHPOJIE HE MACIITAOUPYIOTCSI, IOCKOJIBKY CYIIECTBYET TOJIBKO
OJIH 9K3eMILIAP Kacca. Yem 60JIbIIIyI0 CHHXPOHU3AIMIO MBI BBOIMM K3-32 CTPYKTYPBI
JIaHHBIX, TEM XYJKe Al KJacc OyAeT CpaBIAThCS ¢ OANOBPeMEHIbIM gocTymioM. OnHa-
KO B 3aBHCHMOCTH OT CLIEHAPUS UCIIOJIb30BAHMSI 3TO MOXKET U 1€ ObITh IPOOIEMON.

B knure GoF omnceiBaeTcst cTaTHYeCKU I CUHIJITOH, YIIPABJISIEMBII OJTHO3IEMEITHHIM
kiaccoM. B Java EE koH1eniiys cuHIJITOHOB BCTpoeHa HertocpecTBerHo B EJ B B Buze
cecCOHHBIX cunraToHoB 1 B CDI — B Buzie 06/1aCTH BUAVMMOCTH MIPUJIOKEHU. ITH
OTIPE/IEIEHNUST CO3AI0T O/IVH YIIPABJISIEMbIi 0GBEKT, TPUMEHSIEMbIH BCEMU KINEHTAMHU.

Paccmotpum npumep cunratosa EJ B:

import javax.ejb.Singleton;

@Singleton
public class CarStorage {

private final Map<String, Car> cars = new HashMap<>();
public void store(Car car) {

cars.put(car.getId(), car);
}

Ectb Baknioe pasnuyme MeXKIy CHHIJITOHAMHY, PEATN30BAaHHBIMY HA OCHOBE YIIPaB-
nsiemoro o6bexTa EJB niam o6bexTa obmactu Buaumocty nipuaoxenns CDI.

[To ymomuanuio napauiean3Mom cuHrIToHOB EJ B ynpaBasier konreiinep. Jto ra-
PaHTHUPYET, 4TO OTKPBIThIE GU3HEC-METOABI OY/Iy T BHITIOMHSITHCS TI0 OHOMY I10 O4€PEIN.
[ToBeneHMe MOKET OBITH U3MEHEHO C TIOMOIIBIO AHHOTAIMH @Lock, KOTOpast OO BSABISAET
METOAbI KaK 6J101<1/Ipy101u1/1e 3aIliCh WJIN YTE€HHE, — APYTUMH CJIOBAMH, KOrJa yIpaB-
JsieMbie 00BEKTHI IEUCTBYIOT KaK GJIOKUPATOPHI 3aITMCH UM YTEHHUS] COOTBETCTBEHHO.
Bce 6usnec-meronn cunraTona EJB Heasno 6moxkupyior sanuck. [lanee npuBeneH
npuMep ucnosab3oBanusa EJB ¢ koHTeiiHepoM, yIpaBisieMbIM IIapajjieIn3MoM, 1 aH-
HOTaLueH 6JI0KUPOBKIML

import javax.ejb.Lock;
import javax.ejb.LockType;

@Singleton
public class CarStorage {

private final Map<String, Car> cars = new HashMap<>();

@Lock

public void store(Car car) {
cars.put(car.getId(), car);

}

@Lock(LockType.READ)
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public Car retrieve(String id) {
return cars.get(id);

}

[Tapanmean3M Takke MOXXHO OTKJIIOUUTD, 3aMEHUB €ro Ha [apajljle/In3M, yIpas-
ssieMbiil 06bekToM. OGBEKT GyIeT BBI3BIBATHCS T2 KOHKYPEIITHOH OCHOBE, 2 CaMa ero
peanmn3aius obecrneynt 6e30macHOCTb MOTOKOB. Tak, uCmosb30Baue moToKobe3onac-
HOI1 CTPYKTYPHI IaHHBIX He TpebyeT, uToObl cuHraTon EJB ynpasiisii napanniensHbM
nocrynoM. Busnec-merozp cynHoctu EJB GyayT BbI3BIBATHCS NApaJIeblo aHA-
gornuno obvektam CDI, npuHaasesxkammm o6JaCTH BUANMOCTH TIPUIOKEHMS, KK
MIOKa3aHO fajee:

import javax.ejb.ConcurrencyManagement;
import javax.ejb.ConcurrencyManagementType;

@Singleton
@ConcurrencyManagement(ConcurrencyManagementType.BEAN)
public class CarStorage {

private final Map<String, Car> cars = new ConcurrentHashMap<>();

public void store(Car car) {
cars.put(car.getId(), car);
}

public Car retrieve(String id) {
return cars.get(id);

}

CDI-06beKTbI ¢ 06JACTHIO BUANMOCTH B IPEIEJIaX BCETO MPUJIOKETHUS He OTPariv-
YMBAIOT NAPAJLIEAbIIBIA JOCTYIL, M IIPY MX PeaIn3alliy BCera eo0X0auMo YIUTHIBATh
HapaJIJIeTu3M.

ITH penrenvsi MPUMENSIIOTCSA B CUTYAIUSIX, KOT/Ia TPeOYEeTCsl OIMH CUIITJITOH, Ha-
OPUMEP, JJIsl COCTOSIINS, KOTOPOE TOJIKIIO XPAHUTHCS B IAMSTH U OBITH JOCTYITHBHIM
B IIpefieiaX BCEro IPUIOKEHUS.

CDI-06beKThl, BUAUMbIE B Mpe/eiaX BCEro MPUI0KENus, U CUHTATOHB EJB
C YIPAaBJSIEMBIM MAPAIETU3MOM U MOTOKOOE30MACTIHIMU CTPYKTYPaMHU JAAHHBIX TIO-
3BOJISIIOT CO3JATh B MaMSTHU IEKJIACTePU30BAIIHbIH, JOCTYIIHBIN B IIpe/iesiax BCEro
IPUJIOKEHNUS KIII, KOTOPHII oYerb Xopomo Macmradbupyercs. Eciau ne tpebyorcs
pacrpeziesieIHble BEIYKUCAEHMS, TO 3TO [IPOCTeiiliiee, [10 3JIeTAaHTHOE pellernye.

Eme ogauM pocrouncrtBoM npumenenus cunratoHoB EJB saBisercs Bo3Mox-
HOCTb BbI3bIBATH OOIIMH MPOIIECC IPH 3aTTyCKe Npuioxkernst. C mOMOIIbI0 aHHOTAIIMN
@Startup co3zaeTcsi TOTOBBIN K 3aMyCKY MPUJIOXKENUS KOMIIOHEHT, BhI3bIBAIOIIUMA
Mmetog @PostConstruct. IIpoueccs 3amycka MOryT ObITh Ompeneens a1 Bcex EJB,
HO, 33/IeMCTBYSI CHHIJITOHBI, MOXKHO PeaIn30BaTh IIPOLIECCH], KOTOPbIe HY»KHO HAaCTpa-
MBaTh TOJIbKO OJIH pas.
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AbcTpakTHas ¢abpuka

ITa610n aberpakTHOM dabpuky, onucanHbiii GoF, HampaBieH Ha TO, 4YTOObI OT-
NeJUTh co3aanne 06beKTOB OT ux npuMmenenus. Co3nanue CA0KHBIX 00BEKTOB
MOXKeT TPe6OoBaTh 3HaHUH 00 ONpe/IeSIeHHBIX TPEIBAPUTEIbHBIX YCIOBUSX, IETATISIX
peasusanuy Uiv TOro, KaKOii MMEHHO KJIacC peanusanuu OyeT 3amaelicTBOBAIL.
DabpuKy MOMOTAIOT CO34aBaTh TaKue 0OBEKTHI, He 00a1as1 rIyOOKUMY 3HAHUAMHU
006 ux BHyTpeHHeN cTpyKType. [1o3xke B 3T0M r1aBe MBI 06CyuM (GabpUKU B IPo-
6JIEMHO-OPMEHTUPOBAHHOM MIPOEKTUPOBAHNY, KOTOPHIE TECHO CBSI3AHBI C ATUM IIIa-
6soH0M. TIprunHbl Mcnoab30BaHus (HabpUK 37ech Te XKe: abcTpakTibie (habpuky,
KaK [IPaBUJIO, UMEIOT HECKOJIBKO Peasn3annii abCTpaKTHOTO TUIIA, re cama (pabprka
TaKxke ABJsieTCA abcTpakTHbIM TUnoM. [Tosb30BaTeu pyHKIMOHANA pa3pabaThIBa-
10T uHTEp(ENCH, TorAa Kak Konkpernas (pabpuka Gyner co3gaBaTh U BO3BPALIaTh
KOTIKPETITBIE CYIIIOCTH.

Hanpumep, Mox1o co3gats aberpaktioyio (padpuky GermanCarFactory ¢ TAKUMU
KOHKDETHBIMU Peann3alisaMy, Kak BMWFactory u PorscheFactory. Obe dabpuku aB-
ToMOOWMIIeH GYAyT BHIMOJIATH PEANU3alnio GermanCar, TOJIbKO B OJJHOM CJIydYae 3TO
Oyzner BMWCar, a B ipyroM — PorscheCar. KinueHTy, KOTOPOMY IysKel POCTO HEMEII-
KW aBTOMOOWIIb, HE TIPUETCA 3ayMBIBATHCS O TOM, KAKOM M3 KOHKPETHBIX KJIACCOB
peanusanuu BeiGepet pabpuka.

B mupe Java EE yoxe ecTb MOUTHBIN (DY IKIIIOHAT, KOTOPBIH, B CYIITHOCTH, SIBJISIETCS
(abpuunoii crpykrypoit, — 310 CDI. CDI npenocrasisger MIoKecTBO (GyHKIIUHA A1
CO3/IaHUS ¥ BHEJIPEHUS CYLITIOCTEH ONpe/ieJIeHHBIX TUMOB. [IpUYnHbl nX IPUMEHEHUst
Y pe3yJIbTaThl OMMHAKOBBI, HO JIETAIV Peannsalinu pasandaTcs. Ha npakruke cyiie-
CTBYET MIIOXKECTBO CIIOCOO0B peannsanuy abcTpakTHON (habpUKY B 3aBUCUMOCTH OT
CLIEHAPUS UCTIOIb30BAHUS. PACCMOTPUM HEKOTOPBIE U3 HUX.

Yupasisiemblit 00EKT MOXKET BHEAPATH CYITHOCTH, KOTOPBIE MOTYT ObITh KOHKPET-
HBIMH, aOCTPAKTHBIMU M JA%e [TAPAMETPU30BATHBIMU TUTIAMU. EC/M HaM HyKIa TOJIBKO
OJIHA CYLIHOCTD B JAHHOM O0OBEKTE, TO BIEAPSIEM MENOCPEACTBEHHO GermanCar:

@Stateless
public class CarEnthusiast {

@Inject
GermanCar car;

Ecau 6yzmer BBeZIeHO HECKONBKO Peaausaluii Tuma GermanCar, 9TO NPUBEAET
K UCKIIOYEHUIO PAa3PEUICHUA BBBHCI/IMOCTeﬁ, IIOCKOJIbKY KOHTeﬁHep HE MOJKET 3HaTh,
KaKOM MMEIITI0 aBTOMOOUIb HY KHO BIEAPUTD. Ui TOr0 YTOOBI PEIUUTD 9Ty Ipodie-
MY, MO’KHO BBECTU KBIN(UKATOPHI, KOTOPbIE SIBHO 3aIIPALINBAIOT KOIMKPETIBIA THIL.
MOo02KHO BOCIIOJIb30BAThCSI TOTOBBIM KIacCH(PUKATOpoM @Named, OTIPEIETUB /71 HETO
CTPOKOBBIE 3HAYEHUS, OMHAKO 9TO HeGe30macHo ¢ Touky 3penust Tunos. CDI no3so-
JISIET CO3JaBaTh COOGCTBEHHbIE TUIIOOE30IaCHbIe KAAaCCU(DUKATOPDI B COOTBETCTBUM
¢ Gu3HeC-CclieHapreM:
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@BMW
public class BMWCar implements GermanCar {

}

@Porsche
public class PorscheCar implements GermanCar {

}

KBanudurarops! npeacTaBisior co6oii moab30BaTENbCKUE ATHOTAIIMY, COXPa-
HsieMbl€ MDY BBIIIOJINENNH IIPUIOKEHUSI, KOTOPbIE, B CBOIO O4Y€PEb, alllIOTUPYIOTCS
€ TOMOLIBI0 @Qualifier u 06b1YIIO @Documented:
import javax.inject.Qualifier;
import java.lang.annotation.Documented;

import java.lang.annotation.Retention;
import java.lang.annotation.RetentionPolicy;

@Qualifier

@Documented
@Retention(RetentionPolicy.RUNTIME)
public @interface BMW {

}

Kpamudukatops! onucansl B Touke BHeApeHUs. OHU ONPeNessioT BHEAPsIEMbIit
THUII ¥ OT/IEJISIIOT BHeApenye OT (haKTH4eCKU MUCII0Ib3yeMOro TUIIA:

@Stateless
public class CarEnthusiast {

@Inject
@BMW
GermanCar car;

IIpu nonyyenuu cymrmnocty CarEnthusiast Teneps 6yAeT co3aan u BHeAPEN 06b-
€KT BMWCar ¢ 3aBUCHMMOI 06J1aCThIO BUIMMOCTH, TIOCKOJbKY 9TOT THI COOTBETCTBYET
TOYKe BHEZIpETHsl.

Ternepb MOXKHO Iaske OTPEIENUTh TTOATHI aBTOMOOMIs BMW, KOTODBII MCTIOIB30-
BasiCst ObI G€3 M3MEHENUS TOUKH BHEAPEHNUS. DTO [IETAETCS [Ty TEM CO3/IaHUST CREUUANU -
3ayuu TrTIa BMWCar ¢ 1pyroii peasn3anyeil. Tun ElectricBMWCar SIBISIETCS [TOJKJIACCOM
J1J11 KJlacca BMWCar U OIIMCaH ¢ IOMOIIBIO allnoTaluuu @Specializes:

import javax.enterprise.inject.Specializes;

@Specializes
public class ElectricBMWCar extends BMWCar {

}

CrenuannsupoBaHHble 00BEKTH HACAEAYIOT TUIB ¥ KBAAU(MUKATOPHI POAU-
TeJIbCKOrO THUIIA ¥ MOTYT IIPO3PavHO HCII0JIb30BATHCSI BMECTO Hero. B npeacraBieHHOM
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npuMepe BHeApeHue GermanCar ¢ KJIacCu(pUKaToOpoM @BMW PeIOCTaBIISAET CYIIHOCTh
ElectricBMWCar.

OpHako A7ist TOTO, 9TOOBI OBITH GJIMXKe K ONUCANTIOMY B KHUTE MA6I0HY TPOEKTH-
pOBaIus, Mbl MOTJIM OBI TAKIKE OTPEIETUTh TUT aBTOMOOUIBHOM (habpUKH, KOTOPHIN
npy HeoOXOMMOCTH MO3BOJIST ObI CO3/1aBATh CPa3y MECKONBKO aBTOMOOUIIEN:

public interface GermanCarManufacturer {
GermanCar manufactureCar();

}

Ita aBTOMOOUIbHAs (habprKa MOXKET OBITh PEaTM30BaHA C PA3IMYIIBIMU CIIEIH-
(pukanusmu:

@BMW
public class BMWCarManufacturer implements GermanCarManufacturer {

@0verride
public GermanCar manufactureCar() {
return new BMWCar();

}
}

@Porsche
public class PorscheCarManufacturer implements GermanCarManufacturer {

@0verride
public GermanCar manufactureCar() {
return new PorscheCar();

}

Biarogaps sToMy Tenepb KIMEHT NP CO3JAHUU HOBBIX IIEMENKHUX aBTOMOOUIEH
CMOJKET BIIEJIPSITh Y MCTIOJb30BATH IPOU3BOIUTEJISI HATIPSIMYIO:

@Stateless
public class CarEnthusiast {

@Inject
@BMW
GermanCarManufacturer carManufacturer;

// co3paTb HeMeuKyl MawuHy

Ecau tunst BHeI[peHI/II'/JI SIBIIO OTIpEAEJEHBI 1 KBaJII/I(bI/ILII/IpOBaHbI, KaK IIPUBEICHHbIC
B IIPMMEPE Ba HEMELKUX aBTOMOOUIIS, 3TO oOecrednBaeT O0IbIny0 TMOKOCTh IIPU
peanu3anum.

MeTtoa ¢abpuku

J1J151 TOrO 4TOGBI TOHATH, UTO TIPEACTABJISIET COO0M MeTo (habPUKH, PACCMOTPUM JPYTOit
1abJI0H, C TIOX0XKWMM HA3HAYENNEM, [T0 MHAYE PeATM30BaHHbIi. MeTozibl (habpuKku ompe-
nenstiioT (pabpuKu, pealn30BaHHbIE KAK METOIbI KOHKPETHBIX TUNOB. He cyniectByer
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€/ITHOTO KJIACCa, OTBETCTBEIIIOTO 32 CO3/IaHKE OTIPEIEJIENIIBIX CYII[HOCTEN, — CO3/IaHue
CYIIHOCTEH SBIsieTCs 003aHHOCTBIO MeToa (PabpUKH, OIMCAIIIIOrO KaK YacTh KJIacca
IpeaMeTIION 00aacTH.

B kauecTBe IpuMepa pacCMOTPUM aBTOMOOUJIb, B KOTOPOM BCE IIOE3 KM 3aII1ChIBa-
I0TCS B BOAUTEIbCKUH sKyPHaJL. B0 661 BeCbMa Pa3yMIIO BKIIOYHUTh B TUII aBTOMOOHU-
Jisl METOJI createDriverLog(), KOTOPBIN BO3BpAIal Obl OOBEKT THIIA «BOAUTENbCKUAN
JKYpIIal», OCKOJBKY BCS €r0 JIOTMKA MOKeT ObITh peajn30Bana B Ipeeax JaHHOTO
kaacca. Takue pemenns yaoOHO BOILIOIATh HA YUCTOM Java, 63 UCIIOIb30BaHUs
KakuX-1160 (HpeiiMBOPKOB UM AaHHOTAI[MIA:

public class Car {

public LogBook createDriverLog() {
// co3paHue 60pTOBOro XypHana
}

Kak MBI yBUAUM fasee, IpU MPOBGJIEMHO-OPUENTUPOBAITHOM MIPOEKTUPOBATUY
(abpuku ne genarcsa Ha aberpakTnbie Gpabpuku u Metons! padbpuku. Ouu 60bLIe
OPUEHTHPOBAIBI HA TPeGOBAIUS TPeIMETHOM 061acTr. VIHOTIa IMEET CMBIC/I MHKATICY -
JUpoBaTh (habpPUKK KaK METO/BI BMECTE C IPYTUMHU 00sI3aHHOCTSAMM KJacca. B apyrux
C/Ty4asiX, KOT/Ia JIOTHKA CO3[IaHus OOBEKTOB SBJSETCS 0COOON TOUKON OTBETCTBEHHO-
CTH, JIy4IIle BBIIEJTUT €€ B OT/ebHBIH Kiaacc. Boobiie roBops, sKeaTeabHO BKIIOYATh
JIOTHKY CO3/aHKsI OOBEKTOB B TUIIbI IIPEAMETIION 061aCTH, IOCKOAbKY TOLJa MOXKHO
UCIOJb30BaTh Apyrue (PyNIKINONagbIibie BO3MOXKIIOCTH M CBOMCTBA 3TOTO Kjacca
IpeaMeTIION 00aacTH.

Paccmorpum renepatopsl CDI-00bekToB. [eHepaTopsl — 3TO METOBI MJIH TIOJIS,
KOTOpPbIe TUHAMUYECKU [IPUMEHSIIOTCS [JIs1 TIOMCKA ¥ BHEIPEHUsI CYIIIHOCTEN ompe-
JIEJIEHHBIX TUIOB. Y HAC €CTh MOJmas cBoO0Aa BLIOMPATh 3HAYEITHS, COMEPIKAIINECS
B 9TOM TI0JIe WK MeTozie. MBI Takske MOXKeM 3a/1aBaTh KBATU(UKATOPbI, YTOOBI UC-
KJIIO4YUTH KOH(i)JII/IKT C rernepatopaMu APYIrux TUIIOB, KOTOPbIE€, BOSMOKHO, ITOABATCA
BIIOCJIEZICTBUU. Y IpaBJisieMble 0OBbEKTH, KOTOPBIE OMNPEIESAIOT METO/l TEHEPATOPA,
MOTYT COZIEPKATH TAKXKE TOMOJIUTEbIIbIE CBOMCTBA, UCIIOIb3yEMBbIE TEHEPATOPOM:

import javax.enterprise.inject.Produces;

public class BMWCarManufacturer {

@Produces

@BMW

public GermanCar manufactureCar() {
// vcnonb3oBaTb CBOWCTBA
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ITO COOTBETCTBYET Mee METOAOB (PabpPUKM, PeaTN30BaIIbIX B BUJE TeePaTo-
pos CDL

KaxoBa :e 06/1acTh BUANMOCTH TeHEPUPYEMBIX cyInHocTe? Kak u apyrue ynpas-
nsiemble 06bexThl CDI, renepaTopsl 10 YMOIYAHUIO 3aBUCAT OT 00J1aCTH BUANMOCTH.
[MocaenHsisi onpeaeasieT SKU3HEHTIbIHM UK YIPaBIsSeMblX 00BEKTOB U CIIOCOOBI MX
BHeApEnud. 3TO BJ/IMSET HA YaCTOTY BbI3OBa METOJA '€HEPAIUH. B o611acm BUIUMOCTHU,
OTIPEIeISIEMOM 110 YMOJTYATTUIO, METO/] BEI3BIBAETCS OJIUH Pa3 JIJIsl KAXKIOU BIIeIPSIeMOi
CYILIIOCTH, KOT/Ia CO3JAETCS BbI3bIBAEMBIN yIIpaBseMbiil 06beKT. Kaxkapiii pas, korma
BBOJUTCA O6’beKT, BHCI[pS[IOH.lI/Iﬁ Cr€HEePpUPOBAIINIYIO CYIIIIOCTDb, BbI3bIBACTCA METOL
rerepanun. /laxe eciiu y 3T0ro 00beKTa IJIUTENbHBINA CPOK CITyKOBI, METO/ TETIEPAIINI
BBI3BIBAETCS OAMIOKPATIIO.

[lanee B 9TO¥ r71aBe MBI PaCCMOTPUM GoJIee CJI0XKHBIE CIIOCOOBI UCTIOIb30BAHMUS
renepatopoB CDIL.

Hakonutenb 06bekToB

[Tabmon npoektupoBanus «HakonuTenb 06beKTOB»> GBI paspaboTan A ONTUMU-
3aI[UK POU3BOAUTENbHOCTH. HakonuTesn 06beKTOB CO3MAI0TCS i1 TOTO, YTOOBI
n36exaTh Me0HXOAUMOCTH TIOCTOSTHHO CO3/1aBaTh HOBBIE CYIITIOCTH OOBEKTOB U 3a-
BUCHUMOCTEHN, BMECTO 3TOTO COXPaHSIs MX B HAKOTIUTEJIE B TeueHue GoJiee IIUTENbIIOT0
Bpemenu. Tpebyemast CymmocTb U3BJIEKAETCS U3 MAKOIUTESI X 0CBOOOKIAETCS TIOCTIE
UCIIOJIb30BAHUS.

[laHHas KOHLIEMIUS yKe BCTpoeHa B KoHTeitHepsl Java EE B pasnbix dopmax. Kak
OTMEYaIOCh paHee, 00bEKTh G€3 COXPAHEHUS COCTOSMUS CECCHM TIOMEIIAIOTCS B Ha-
KOIINTEJIb, UMEHHO 9TO 00BSICHAET UX BBICOKYIO 3(deKTUBHOCTh. OIHAKO [IPOrpam-
MMCTaM CJaeAyeT 3HATh, YTO 3THU CYLUTHOCTHU UCIIOJb3YIOTCA MHOTOKPATHO M I1€ JOJIXKIIbI
COXPaHATh COCTOSITIUE MOCJIE TOTO, KaK ObLM 3a/eticTBoBanbl. Hakonurens sTux cymi-
HOCTeH XpaInuTcs B KOHTeUIepe.

JIpyruM npuMepoM sIBJISIETCS TIAKOIUTENb CoeMHeHn ¢ 6a3oit nannsix. Coenu-
HeHUsl ¢ 6a301 JanmbiX yCTAHABAMBAIOTCS 0JITO, IOITOMY UMEET CMBICJ COXPAITUTh
HEKOTOPbIC U3 IMUX AJIA UCIIOJb30BaIIUA B I[aﬂbﬂeﬁl[[eM. B saBucumoctu ot peannsa-
WX IIOCTOAHHOI'O XPaHUJIUIIA JAIIIBIX 3TH COETUIICHUA IIOBTOPIIO IIPUMEIIAIOTCA IIPU
KaXK/IOM CJIEAYIOIIEM 3aIIPOCE.

B xopropaTHBHBIX HPUJIOXKENUAX CYLHIECTBYIOT TaKXe IMaKOMUTEeIN IOTOKOB.
B cepBepHOii cpesie Java KIMEHTCKMIA 3apoc 00bIYIO TIPUBOMT K CO3JAIUIO TOTOKA
Java, koTopsiit o6pabaThiBaeT ero Joruky. Ilociae o6paboTKH 3ampoca MOTOKM MOTYT
MCIIOJIb30BaThCs MOBTOPMO. KoHpurypanus HakonuTessi MOTOKOB, 2 TAKXKE HATMYME
Pa3HBIX TIOTOKOB — BaKIIBIN aCIIEKT ﬂaﬂbﬂeﬁmeﬁ OIITUMHU3ALIU IIPOU3BOANUTE/IbHOCTH.
MBI pacCMOTPHMM 3TOT BONIPOC B riaBe 9.

OOGBIYHO TPOTPAMMUCTHI HE CO3/AI0T MAKOMUTESN 00BEKTOB CaMOCTOSITEBIIO.
Kax mpaBuJio, Takoii abJioH aJist CYIIIIOCTeH, MOTOKOB U 6a3 JaHHBIX BXOJWT B CO-
CTaB KOHTeHHepa, 1 pa3pabOTYMKU NPUIOKEHNI HESBHO IPUMEHSIOT STH TOTOBbIE
ynxIMN.
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[ekopaTop

Enite oguu usBecTbii mabaoH npoekTupoBanus — «Jlekoparops. O 03BOJISET 10-
6aBJIATDH TIOBeNeHNE 0OBEKTa, TIe 3aTParuBas Apyrue oObeKTH 3TOro Kiaacca. QueHb
4acTo TaKoe MOBeJIeNrie CO3/JAeTCsI COYETaHNEM ITeCKOJIbKUX MO TUIIOB.

ITpu paccmoTpenyu gexopaTopa MOXKHO TIPOBECTH aHATIOTHIO € eI0H. Y Kakoro
13 HaC CBOM BKYCOBBIe IperiouTenusi. BospMeM, k mpumMepy, kode. Mbl MOskeM BBI-
OUTh OOBIYITBIN YePIIbIiA Kode, Uiu Kode ¢ MOTOKOM, HJTU C CAXapOM, UK C MOJIOKOM
U caxapoM, WK JaXe ¢ cuporoM. U aTo ellle He yYNTHIBas pa3inyHble CrIOCOObI TIpU-
roTOBJIENNS KO(e.

Jlanee mokasaHa peanusanus mabaoHa «/lekoparop» ma 4nctom Java.

M1 ykasbiBaeM TuI Coffee, KOTOPHBII MOXKET GBITh IEKOPUPOBAH C UCTIOIb30BAaHUEM
noaruna CoffeeGarnish:

public interface Coffee {

double getCaffeine();
double getCalories();
}

public class CoffeeGarnish implements Coffee {
private final Coffee coffee;

protected CoffeeGarnish(Coffee coffee) {
this.coffee = coffee;
}

@Override

public double getCaffeine() {
return coffee.getCaffeine();

}

@Override

public double getCalories() {
return coffee.getCalories();

}

CrangaptHas peanu3aius CoffeeGarnish mpocTo AeerupyeT IOJTHOMOYUS PO-
IUTEJbCKOMY KJlaccy Coffee. BO3MOXHBI ciefyioliie BADUAHTHI IPUTOTOBJIETIHS
HAIWUTKa:

public class BlackCoffee implements Coffee {
@Override

public double getCaffeine() {
return 100.0;

}

@Override
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public double getCalories() {
return 0;

}

[TomMuMO KJ1acca /st O6BINIIOr0 Y€PHOTO KO(E, MOKIIO CO3AATh KJIACCH A Kode
¢ jobaBKaMu:

public class MilkCoffee extends CoffeeGarnish {

protected MilkCoffee(Coffee coffee) {
super(coffee);

}

@0verride
public double getCalories() {
return super.getCalories() + 20.0;

}
}

public class SugarCoffee extends CoffeeGarnish {

protected SugarCoffee(Coffee coffee) {
super(coffee);

}

@0verride
public double getCalories() {
return super.getCalories() + 30.0;

}
}

public class CreamCoffee extends CoffeeGarnish {

protected CreamCoffee(Coffee coffee) {
super(coffee);

}

@0verride
public double getCalories() {
return super.getCalories() + 100.0;

}

Ucnonb3ys pasubie Tumbl Kode, MbI MOXEM COCTABUTH JKEJAEMbI BADUAHT CO
crieiupUYECKUM MTOBEJEHUEM:
Coffee coffee = new CreamCoffee(new SugarCoffee(new BlackCoffee()));

coffee.getCaffeine(); // 100.0
coffee.getCalories(); // 130.0

[Tpumepom mabioHa «/lekoparop» B J DK siBisietcs knace InputStream ¢ BO3MOKHO-
CThIO 100aBJIEHNS OTIPEIEJIEHHOTO OBEAEHMS 171 (HailioB, 6ali TOBHIX MACCUBOB U T. I1.
B Java EE mbi cHoBa ucnionbsdyem CDI, koTopsiit moctaBsieTcst ¢ PyHKIMOHATb-
HOCTBIO ZIeKopaTopa. JeKopaTophl J0OABIISIOT yIPaBIsIeMOMYy 0OBEKTY 0COOENHOEe
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nosezienue. [[py aKTUBU3AIMK BIIEIPEHTIOTO 06BEKTa BMECTO (PAKTHYECKOT0 00BEKTa
BBI3bIBAETCSI IEKOPATOP, OH I06ABJISIET CIIEIUATBIIOE TTOBEIETIVE U IEIETUPYET YIIPaB-
JieHUe CYIHOCTH 06beKTa. VICXOAHBIN THIT YIIPaBIAEMOTO 06BEKTA CTAHOBUTCS TAK
Ma3bIBAEMBIM /IEJIETATOM IEKOPATOPA:

public interface CoffeeMaker {
void makeCoffee();

}

public class FilterCoffeeMaker implements CoffeeMaker {

@0verride
public void makeCoffee() {
// cBapuTb kode

}

Tunom generara moyxeH ObiTh unrepdeiic. CountingCoffeeMaker mexopupyer
cymectByionue ¢pynkuuu kodepapku (kiaacc CoffeeMaker):

import javax.decorator.Decorator;
import javax.decorator.Delegate;
import javax.enterprise.inject.Any;

@Decorator

public class CountingCoffeeMaker implements CoffeeMaker {
private static final int MAX_COFFEES = 3;
private int count;

@Inject

@Any

@Delegate

CoffeeMaker coffeeMaker;

@0verride
public void makeCoffee() {
if (count >= MAX_COFFEES)
throw new IllegalStateException("Bonbwe kodpe cBapuTb Henb3n.");
count++;

coffeeMaker.makeCoffee();

DyHKIMOMATHIIOCTH IEKOPATOPA AKTUBU3UPYETCSI C TOMOIIIBIO IECKPHUIITOPA beans . xml:

<?xml version="1.0" encoding="UTF-8"?>
<beans xmlns="http://xmlns.jcp.org/xml/ns/javaee"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemaLocation="http://xmlns.jcp.org/xml/ns/javaee
http://xmlns.jcp.org/xml/ns/javaee/beans_1_1.xsd"
bean-discovery-mode="all">
<decorators>
<class>com.example.coffee.CountingCoffeeMaker</class>
</decorators>
</beans>
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[Tocsie akTUBH3aIMY IeKOpaTOpa BIeAPeHbIe CyIIHOCTY TUIIa Cof feeMaker UCTIOIB3Y-
0T ZIEKOPUPOBAIHBIE (GYTIKIUU, DTO TPOUCXOAUT GE3 U3METIETINS UCXOATION PEATA3AIN:

public class CoffeeConsumer {

@Inject
CoffeeMaker coffeeMaker;

Ynpasisiemble 0ObEKTBI MOTYT MMETh MECKOJIBKO A€KOPaTopoB. I1pu Heobxonu-
MOCTHU MO2KIIO 33/IaTh [TOCJIE0BATENBIIOCTD UCIIOIb30BAIHNS IEKOPATOPOB € TOMOUIBIO
anrnorauuu @Priority.

B saBucumocTu ot TOTO, Tpe6yeTc5[ JIU I[O6aBI/ITb nmoBeAenue CyueCTByOInM
KJIaccaM MojieJiell IPeMeTHOM 061aCT! UK CBA3AMHBIM C HUMU CEPBUCAM, 3TOT
wab0H co3aanT ub0 Ha YMCTOM Java, Kak OMMCaHO pariee, TuO0 ¢ MOMOIIBIO I€KO0-
patopos CDI.

dacap,

[Ta6s0n npoekTupoBanus «Dacaj» MO3BOJIAET CO3AATH MOMATIIBIA U IPOCTOMN UTITEP-
(etic s onpenenenupix GyHKIMN. Be3ycioBIo, 0MMMU U3 BaXKMENINX TPUTITUATIOB
NPY HAMUCAHWHU KOJIA SIBJISIIOTCS UIKANCysinus v aberpakuus. Dacaapl mo3BOJSIOT
HIKATICYJIMPOBATH CIOKIBIH (PYIKIIUOTIAI VJIU TPOMO3KHE yCTapEBIIIe KOMIOIENThI,
CKpbIBas ux 3a 6osee mpocThiMu uHTEpdeiicamu. Takum o6pasom, dacaa ABasSETCS
SIPKUM TIPUMEPOM aGCTPAKIIUHL.

PaccMoTpuM BechMa CII0KITY IO HACTPOUKY 17151 Kade. B HeM ecTh Kodemoitku, kodema-
IIVIbI, BECHI ¥ PA3JINYHbIE TIPUCTIOCOOIEHNS, KOTOPBIE IE0OXOMMO IPABUJIBIIO TACTPOUTD:

public class BaristaCoffeeShop {
private BeanStore beanStore;
private Grinder grinder;
private EspressoMachine espressoMachine;
private Scale scale;
private Thermometer thermometer;
private Hygrometer hygrometer;
public GroundBeans grindBeans(Beans beans, double weight) { ... }
public Beans fetchBeans(BeanType type) { ... }
public double getTemperature() { ... }
public double getHumidity() { ... }

public Coffee makeEspresso(GroundBeans beans, Settings settings) { ... }
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MOHO ¢ YBepenmnocThIO YTBEPXKIATh, YTO ITOT KJIACC y)Ke ceifiyac HYXKAAeTCs
B pedaktopunre. OHAKO yCTapeBINe KJIACChI TIe TAaK JIETKO U3MeMNuTh. [10aTOMy MBI
omuieM 6apucTy, KOTOPbI UTPaeT poJb (acaaa:

@Stateless
public class Barista {

@Inject
BaristaCoffeeShop coffeeShop;

public Coffee makeCoffee() {
// npoBepuTb TemnepaTypy M BNaxXHOCTb
// nocYMTaTb KONUYECTBO Kode W NpOBEpUTb HACTPOWKY KOPeMalMHbl
// HaceinaTb U CMONOTbL Kode
// cBapuTb 3cnpecco

B Java EE cambim sipkuM npuMepoM dhacaioB SIBASIIOTCS KOIITYPhI, peajnu3yemMble
¢ nomomipio EJB. Onu cayxar dacagamu 115 OusHec-ClieHapreB, KOTOPBIE SBJSIOTCS
4acThIO TIpeaMeTHOM o6aactu. Kpome Toro, (hacambl MOTYT ObITH PeasU30BAalIbI C UC-
IMOJIb30BAITMEM BCEX BUAOB YIIPABJISAEMBIX O6’beKTOB.

Dacaapl generupyoT GYNKIUKA M OPralnu3yoT BBIIOJHEINE CI0KHON JIOTMKH.
[paBuibno mogobpaHbie AOCTPAKIMY YAYYIIAIOT CTPYKTYPY MTPOrPAMMIIOTO TIPO-
NyKTa — TIpU pa3paboTKe Majjo CTPEMUTHCS K ITOMY.

MNMocpeaHuk

[Ia6bmon npoexTupoBanus «Ilocpeanuks», BeposATHO, MauboJiee OUEBUANBIN U3 TeEX,
uTo BXOAAT B cocTaB Java EE. Cebuiku ma Bneapentbie 0ObEKThI MOYTH BCETAA CO-
ZIePIKAT CChLIKY He Ha (PaKTHYECKYIO CYIIIOCTb, a a nocpeanuka. [locpeanuku — ato
TOTKYE 00EPTKH /U151 CYIIIIOCTEN, B KOTOPbIE MOTYT OBITh 106ABJIETBI OMIPe/IeIENTIbie
dbysukuun. KiuenT naxe He 3aMeyaeT, 4TO B3aUMOJIENCTBYET Tie ¢ caMUM 00BEKTOM,
a C TIOCPE/ITIIKOM.

IMocpenuukm 06€CIeYnBaIOT CKBO3MYIO (DYHKIIMOHATBHOCTD, KOTOPast TpeGyeTcst
B KOPIIOPATUBIIOH CpeJie: CI0/Ia OTIIOCSITCS TEPEXBATUUKY, TPATI3AKIINH, TPOTOKOJIU-
poBanue wiu monutopunr. Ho B mepByto o4epeib OHU HEOOXOAUMBI /1715l BHEAPETUS
3aBUCUMOCTEH.

Pa3paboTunKy NPUIoKenuil 066140 Me 3aeHCcTBYIOT mabon «Ilocpeanuks na-
npsimyto. TeM e Meree PeKoMenyeTcsi pa3o6paThbCs B TOM, KAk MIMEHHO OT1 paboTaeTr
B IIEJIOM U KaK Ucnosab3yercs Ha miargopme Java EE B wacTHOCTH.

Habniopatennb

[Ia6non npoextupoBanusi « Habironarenp» OmuchBaeT, Kak 0ObEKT YIPABIIsIeT Ma-
GJrofiaTeNISIMM U YBEAOMIISIET UX B Cily4yae uaMeHenus cocrosinusi. Habmonarenu
PETUCTPUPYIOTCS IS IOJy4YeNusl YBeJOMJIEIUH 110 OIIpeZiesIeNIIbIM TeMaM U 3aTeM
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MOJIYYAI0T 9TU YBEAOMJIEHUS. Y BEIOMJIEIINS MOTYT PacChLIAThCsA MAabMI0LATENsIM
B CUNXPOHHOM WJIU ACUTIXPOIITIOM PEKUME.

Kax mb1 yxe snaem, CDI BriitouaeT B cebst (pynKImonanbibie BO3MOXKHOCTH 06pa-
6OTKM cOOBITUH, peannays TakuM oOpasom mabon « Habmonatenb». IIporpaMmucram
e HY’KIIO CaMOCTOSITENBIIO Pa3pabaThiBaTh JIOTUKY PETUCTPALUU U YBEIOMIIETIHS,
OHU TIPOCTO CO3JAI0T CIabYI0 CBA3b, UCMIOJB3YS anHoTaluio. Kak nokasaHo B paszuese
«busnec-xomnormneHTs! sipa B coBpeMennol Java EE», Tun Event<T> u aHHOTaIUs
@0bserves 00BABIAIOT MyGAMKAIMIO U TAGIONENNE 32 COOBITUAMU. ACUITXPOTIITBIE
cobbrtuss CDI 6yayT paccMoTpeHs! B pasaesie «IlocienoBaTebHOCTh BBITIOMIEN >,

CrpaTterus

[IIa610m npoekTrpoBanus « CTpaTervs» UCIOAb3yeTcs A AUMaMUIeCKOro Bhioopa
aJITOPUTMa PeaIn3allii — CTPATETNU — BO BPEMS BBIITOJTHEIINA IIPUJIOKEHU A. OH IIpu-
MEIISIETCS, MAPUMED, 11 BBIOOpa 13 HECKOIbKUX OM3HEC-aITOPUTMOB B 3aBUCMOCTH
OT 0OCTOSATEIBCTB.

EcTb meckonbKo BO3MOKHOCTeH npuMmenenus mabsaona «CTpaTterusi», KOTOpbie
3aBUCAT OT CUTYyallNH. Moxi1io O(i)OpMI/ITb Pa3JMYHbIC PeaIN3allui aJITOPUTMaA B BUIE
oTZebIIbIxX Kaaccos. B Java SE 8 Berpoena GpynKUMOHAIBHOCTS JIIMOIA-METOA0B U CChI-
JIOK Ha METO/[bI, KOTOPbIE MOJKIIO UCIIOJIb30BATh KaK IPOCTYIO PEANTU3AIUIO CTPATETH:

import java.util.function.Function;
public class Greeter {
private Function<String, String> strategy;

String greet(String name) {
return strategy.apply(name) +

, MeHsA 30BYT [wk";

}

public static void main(String[] args) {
Greeter greeter = new Greeter();

Function<String, String> formalGreeting = name -> "floporo# " + name;
Function<String, String> informalGreeting = name -> "MpuBeT, " + name;

greeter.strategy = formalGreeting;
String greeting = greeter.greet("Java");

System.out.println(greeting);

B sTom npumepe noka3zarno, yTo HynKIHonaIbHble UITEPDENHCH MOTYT UCIIOJIB30-
BAaThCS /51 AUTIAMUYECKOTO OTIPEIETIENUsl CTPATETUN, KOTOPBIE BHIOUPAIOTCS U TIPH-
MEHSIIOTCS B IIPOLIeCCe BBITIOTHEHUS IPUJIOKETIUSL.

B cpene Java EE anst aToro MOXITO 33/1eliICTBOBATh TAKXK€E BHEPEIHE 3aBUCUMO-
creii CDI. Utob6b1 ipoaeMoncTpupoBath, uto CDI moagep:xuBaet mo0ble TUIIBL Java,
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MBI BOCIIOJIb3YEMCS T€M K€ IIPUMEPOM CO CTPATErrei, KOTOPbIN ObLI IPUBEIEI IS
(dyukimonanboro unrepdeiica. Tum Function mpeacTaBsieT 3/ieCh CTPATETHIO TIPU-
BETCTBUSI:

public class Greeter {

@Inject
Function<String, String> greetingStrategy;

public String greet(String name) {
return greetingStrategy.apply(name);
}

Metoz reneparopa CDI gunamMudecku BBIOMPAET CTPATETHIO TIPUBETCTBUYS:
public class GreetingStrategyExposer {

private Function<String, String> formalGreeting = name -> "[oporoi " + name;
private Function<String, String> informalGreeting = name -> "MpuBeT, " + name;

@Produces
public Function<String, String> exposeStrategy() {
// BbIGOp CTpaTeruu

return strategy;

Yrobb1 puMep ObLI MOJITIBIM, 100aBUM KOMKPETHbBIE KIACCHI AJISI Peain3aiuu
anroputmoB. CDI mo3Bosisier BHEAPSITH BCE CYIHOCTH OMPe/IeIEHHOTO TUITA, KOTOPbIE
MO’KHO BBIOUPATH IUTTAMUYECKH.

Tun GreetingStrategy onpenessieTcsi B 3aBUCUMOCTH OT BPEMEIH CYTOK:
public interface GreetingStrategy {

boolean isAppropriate(LocalTime localTime);
String greet(String name);

}
public class MorningGreetingStrategy implements GreetingStrategy {
@0verride
public boolean isAppropriate(LocalTime localTime) {
b
@0verride

public String greet(String name) {
return "flobpoe yTpo, " + name;
)
}

public class AfternoonGreetingStrategy implements GreetingStrategy { ... }
public class EveningGreetingStrategy implements GreetingStrategy { ... }
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TenepaTop CDI MoxeT BHEAPATD J00bIE CYINNOCTH GreetingStrategy 1 BBIOUPATh
UX 11 OCTIOBE CIEeUDUKAIIN:

public class GreetingStrategySelector {

@Inject
@Any
Instance<GreetingStrategy> strategies;

@Produces
public Function<String, String> exposeStrategy() {
for (GreetingStrategy strategy : strategies) {
if (strategy.isAppropriate(LocalTime.now()))
return strategy::greet;

}

throw new IllegalStateException("He yaanocb Bblb6paTb Tun npuBeTcTBUA");

Ksamudukarop @Any HesIBIIO CYIECTBYET B JI060M yripasJisieMoM o0bekte. Touku
BIIEZIPETIHSI C TUIIOM Instance ¥ 3TOT KBAIU(MUKATOP BIEAPSIOT BCE CYIINOCTH, COOT-
BETCTBYIOLIME YKa3aNIOMY THILY, B AAIIIIOM cJy4ae GreetingStrategy. Tun Instance
MI03BOJISIET AUTIAMUYECKY MOJIy4YaTh U KBaIU(UIMPOBATh CYLIIIOCTH 33JJaHHOTO TUIIA.
Orn peasu3yeTr UTEPATOP IO BCEM MOIXOASIINM THUIIAM.

Buiiarozapsi crienpiabHOM JIOTHKE Mbl BBIOMPAEM MOIXO/ISIILY 0 CTPATETUIO, KOTOPast
3aTeM BHeJPSIeTCS B IPUBETCTBHE.

B CDI ecTb meckojbKo Cocob0B OMUCAHUS U BHIOOPA PA3IMYIIbIX CTPATETHIA.
B 3aBUCHMOCTHY OT CUTYal[y BIeJIpelrie 3aBUCUMOCTH MOKeT IIPUMEISAThCS AJIsI OT-
JeJIeT¥isi JIOTUKY BbIOOPA OT UCIIOIb30BAIIHSI.

Apyrve wabnoHb!

[ToMUMO YTIOMSATIYTHIX MIAGI0TIOB, PEATM30BAHIIBIX C IPUMEHENeM (DY IKIIMOHATBHBIX
Bo3Moxmnoctedi Java EE, ecTb u ipyrue miabaonsl mpoeKTUPOBAHUSL, KOTOPbIE BCE elle
peanu3yroTcs Ta YMCTOM Java, Kak omucamno B knure GoF. IlpeacraBienmbiii 3mech
CIIUCOK SABJISIETCS JIAJIEKO TIe TIOJITIBIM, TI0 BKJIIOYAET B ceOst abiombl IPOEKTUPOBATIUS,
KOTOpbIE 0OBIYHO UCTIOIb3YIOTCS B KOPIIOPATUBHBIX MPOEKTAX.

Hekotopbie m1a6I0HbI TPOEKTUPOBAMSL, TAKKe Kak «[locpeanuKs», 3a10Kelbl B oc-
noBy Java EE. /I[pyrum npumepowm siBisieTcs: «MeauaTops, KOTOPBIA MHKAIICYIUPYeT
obMen TaHHBIMK MeX1y IabopoM 06bekToB. Hanpumep, a1 paspaboTku c1abocss-
3aHHOW KOMMYIUMKAIMH TI€ MYXKIO PEATM30BbIBATH ITOT A0 CAMOCTOSITENBIIO —
JIOCTATOYIIO BOCTIOIb30BaThCs (hynkimonanoM AP, BIyTpu KOTOPOTO OH pean30Ball,
B yacTHOCTH cobbiTusiMu CDI.

EcTh MHOTO APYyTrUX MabI0HOB, KOTOPBIE TI€ MOJYYUIU IMUPOKOTO TIPUMETIETIHSI
B Java EE API, Ho MoryT GbITh peasn3oBaHbl a YUCTOM Java. B 3aBucumocTu ot
KOIKPETIIOTO CIy4ast MOXHO ucnob3oBath CDI auis cozganuvst v uncranuupoBanust
06bekToB. [Ipumepamu sBstioTcs mwabnousl «IIpototuis, «CTpontenss, « Axanreps,
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«Moct», «Kommnosur», «IIpucmnocobaenen», «Ilenmouka orBercTBeHnocT», «CocTo-
siaues U «Iloceturennbs.

U cnioBa, ecyin paccmatpuBath Enterprise API, MbI 06miapyskum, uTo, HapuMep, Ia-
6s0m «Crpoutenb» akTusio 3ageicreyercs B API JSON-P. IToxpo6Gnee o pabote ¢ mabio-
TIaMU YnTaliTe B Kiure «I1aTTepIibl MPOEKTUPOBAHUS», TIATIUCATITION «OaH/ION YeThIPEX».

Mpo651eMHO-0pUEHTUPOBAHHOE NPOEKTUPOBaHNE

HTak, Tenepb Mbl 3HaeM, Kak 1abI0MbI TPOEKTUPOBaHUs, onucanmnbie B Knure GoF,
peanusoBatbl B Java EE. Kpome aToro, npex/e ueM mepexoauTh K YMCTO TEXTTHYE-
CKHUM BOTIPOCAM, 5 XOUY TIEPEYUCTUTH HEKOTOPbIE OCTIOBITBIE MIAGIOTIBI U KOMIIETIIUH,
KOTOpbIE IPUMETISIIOTCS TIPY OTIMCANINY TIPeMEeTHOM ob1acTu. Bosee moapobmo atu
abI0Tbl U KOHIEMIUY, OAAEPKUBAIONINE Pa3pabOTKy MPOTrPAMMITBIX MOJIEJeH,
MaKCUMAJIBIIO TOYTIO ONMUCHIBAIOIINX PeaibHble OU3HEC-CIIEapUH, OMIMCATIBI B KIIUTe
Ipuka Isanca (Eric Evans) «IIpo6seMno-0pueHTHPOBANIIOE TIPOEKTUPOBATIEs ,
B uwacrnocTy, B meit o6pamaercs ocoboe BIUManue Ha TO, KaK BaXXHO TIOCTOSITINO
KOTICYJIbTUPOBATHCS C IKCIIEPTAMM MTPEAMETIION 06JIaCTU ¥ TOBOPUTH C HMMH TIa T10-
TISITHOM, 0OUENPUHAMOM A3bIKE, XOPOLIO TIONIUMATD U IOCTETNIEHHO COBEPIIEHCTBOBATh
6a30By10 Mozesb 31Ol o6sactu. IIpo6aeMo-0pUeHTUPOBATITIOE TPOEKTUPOBATIE
BBOJIUT B MUP IIPOTPAMMIIOTO 06ECTIeYenust Psi/l KOHIETIUHN, TAKUX KaK PETO3UTOPHH,
cepBUCH, GaObPUKK 1 aTPEraThl.

BosnukaoT BOIpochl: MOXKHO JIM peaju30BaTh 3TH KOHIENIUHU B Java Enterprise
U KaK 370 cenath? [1pobieMHO-0prenTupoBanHoe NpOeKTUPOBAHUE BCET/A CTPEMUT-
51 peayIn30BaTh BXKITbIE €TV IIPUJIOXKEIHS HETIOCPEACTBEITHO B MOJIEJTH IIPeIMETIION
006J1acTH, a He TOJIBKO CHAPYMNCU, KAK YaCTh CIIEHAPUS CEPBUCA WM TPAN3AKIK. Mbl
YBUIUM, YTO TAKOM MOAXO/ XOPOIIo paboTaeT B ynpasisembix oobektax EJB u CDI.

Cepsuceol

SI3b1K TIPO6JIEMHO-OPUEHTUPOBAIIIOTO TIPOEKTUPOBAHUS OTPEAEISIET KOHIIEIIMIO
cepBuca. CepBUCH OTBEYAIOT 32 OPTAMTUIAINIO PA3TUUTIBIX POIECCOB OU3IEC-TOTUKH.
Kak npaBuiio, onu ciiyskat TOUKOM BX0/a /17151 GU3TeC-CIENAPUEB U CO3AAI0T OOBEKTHI,
NIPUNA/TIEKAIIME MOIEU TIPEIMETHOM 00/1aCTH, MK yPaBstioT uMu. CepBHCH 06b-
€IMHSAIOT OT/IEJIbITbIE ITAIBI GU3IIEC-TIPOIECCOB.

Ecnu conoctaBuTh 3Ty KOMIIEMIIMIO ¢ Haeel u copepxanueM nakeroB ECB, To yBu-
JIVIM, 4TO OTIa PENIAET TY XK€ 33714y, YTO ¥ KOHTYPBI U 9JIEMENThI yrpasJienust. Takum 06-
pasoMm, B Java EE 911 cepBrCHI peann3oBaHbl B BU/e ypasseMbix 00bexktoB EJB u CDI.
CepBHUCHI, IPEACTABIISIONINE TOYKY BXO/a B CLIETIAPUIA, PEAII30BATIbI B BU/IE KOIITYPOB,
TOT/Ia KAK CEPBUCHI, 06CTIEUNBAIOIIYE JATIbIIEHIIEE BHIMOTIEHNE OU3HEC-IOTUKH, JOCTYTI
K 6a3e JalHbIX U BHEIINUM CUCTEMaM, IPEACTABISIOT COOOM 3IEMENThI yIPaBJIe s,

v Jeanc 3. [IpenmeTHo-opuenTrpoBaHHOe HpoekTipoBanue (DDD). CTpykTypusauus cIox-
HBIX HpOrpaMMHbIX cucteM. — Kues: Busbsmc, 2011.
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CywHocTtu

[Tpo6.1eMIo-0pPUENTUPOBATHOE TPOEKTUPOBAHKE TAKIKE OIPE/IETISIET TAK Ha3bIBaeMble
cyurocmu. Kax BUAHO U3 Ha3BaHUS, CyNINIOCTh MPECTABISAET COOON HEKOE TOMSATHE,
OTIOoCsIIeecs K mpeaMeTnon obmactu. CyINocTy SBASIOTCS UACHTUDUIUPYEMBIMU
YaCTSIMU KOTILENIUH, KOTOPbIe COCTABJISIIOT OCIIOBY JANNON MPeAMETHOM 061acTu.
[IprMepsI CYIHOCTER — TMOJIb30BATENH, CTAThU, aBTOMOOMIN. BaskHo, 4TOGBI CyIII-
MOCTH TIPEMETION 061aCTH MOKIIO OBLIO pasnudarh. HyKMo MOHUMATh, KaKOU U3
MOJIb30BaTe IeN BBI3BAJ ONpeenentbiii busnec-cuenapuii — /Ixon oy wau [I:xoH
Cwmur. B atom oTsiume cymmocTeit 0T 00 beKTOB-3HAUEHUA.

CyuHoCTH, a Takke Apyrue 06beKThH MOIEIN PEaTU3yITCsA B BUIE MPOCTHIX
KmaccoB Java. Uto6bl PyNKIMONMPOBATh B €AUIICTBEHHON MPEAMETIION 00IaCTH, UM
ne Tpebyercs nogaepxka GpeiMBopkoB. B naeane cymmoctu camu 1o cebe yxKe uii-
KaTCyJMPYIOT OTIPEAEEHIYI0 OGU3HEC-TIOTUKY, KOTOPasi SIBJISETCS CaMOJOCTATOUIION
IS TATITIOTO TUIA CYLITNOCTENH. DTO 03MAYAET, YTO MOXKHO MOJIETUPOBATH HE TOJIBKO
npoctbie POJO u ux cBOKCTBA, 110 M METOAbI YTEHMSI 1 3AIIUCH, & TAKKE OU3HEC-METObI,
KOTOPBIE PabOTAIOT € 3TOM CYIHOCTHIO0. VnTerparivs GU3Hec-T0TUKY MENOCPEICTBEHO
B S1PO OM3TIEC-CYNIHOCTEH MOBBIIIAET COTIACOBATIIOCTD, IEIAET CTPYKTYPY Ooiee 1mo-
MSTHOM ¥ COOTBETCTBYET NMPUIIIUITY €TUHON OTBETCTBEHHOCTH.

OO6BIYHO CYIIMOCTH, KaK U IPYTHE MOJIEIbIIbIE TUITBI IPEIMETION 061aCTH, COXpa-
nsoTces B 6ase ganmnsix. B Java EE noanep;xxusaercs 06beKTIO-peNsLUONIIOe 0TOOpa-
JKenue JanHbix ¢ J PA, KOTOpOE UCTIO/b3yeTCs [1J1s1 COXPATenus U U3BJIeYeH st 00bEKTOB
1 06BeKTNBIX uepapxuii. Annoranus JPA st 06bsABIENNs TUTIOB CYIHOCTEH TaKk
1 HasbiBaeTcst — @Entity. /lasee B 9T0# r1aBe MbI TOAPOOHO paccMOTpuM, Kak JPA
MO/IEPIKMBAET COXPATIETIME MOJIEIBIIBIX TUTIOB MPEIMETHOM 06IACTH C MUTTUMATBIIBIM
U3MeIlenveM KIacCcOB MOJEJH.

O6bekTbl-3HaYeHus

Ecsu Tun npeameTnion 061acTi 06pasyeT He uAeHTU(DUIPYEMBbIE CYITHOCTH, a JIUTIb
OTIpeIENETITIbIe 3HAUEHUSA, TO Ol Ha3bIBAETCS 0ObEKTOM-3MaueHueM. [Ipeanoururenbo,
4T0OBI 0GBEKTHI-3MaueHNs1 OB Her3MeTsieMbIMU. QT MOTYT UCTIOJIb30BATHCS TIOBTOP-
10, TIOCKOJIBKY UX COZIEPKMMOE MOCTOSMHO. XOPOIIUH TPUMEP 06BEKTOB-3MAYen i —
nepeuncienus Java. JIroObie 00bEKTHI, B KOTOPBIX MAENTHYHOCTD IEBAKHA, MOTYT OBITh
peasn30BaHbl KaK 00 BEKThI-3Mauenusi. Hanpumep, 1Jis epeyrcieHnii Java HeBaxIio,
KaKas U3 CylHocTel Status . ACCEPTED GyzieT BO3Bpallena — eCTh TOJAbKO O/ITa CYIIl-
MOCTh EPEUUCIENHS, KOTOPAs U TPUMEISIETCS B JIIOOBIX carydasnx. To jke caMmoe BEPHO
UIS1 MIIOTUX JIPYTHX TUIIOB TIPEAMETIION 061aCTH, TakuX Kak aapeca. [loka 3mauenue
azpeca 42 Wallaby Way, Sydney OCTaeTCs NeM3MEHIIBIM, TI€ CTOJIb BaXKIO, K KAKOU
HMEIIIO CYIIMNOCTH afipeca Mbl 00palaeMcsl.

B 3aBUCUMOCTH OT TOTO, SIB/SIETCS JiK TAOOP 3MAYETTHIA KOTIEUIThIM, 0O BEKThI-3T1aue-
IS PEATU3YIOTCS MO0 KaK IIepedncenys, 1u6o kak o0bextol POJO, B ugeae nens-
MeHsiemble. HenamensieMocTh nipe/icTaBisieT co60M KOMIENIio 00beKTOB-3HAYeHUI
Y YMETBIIIAET BEPOSITHOCTh OMIMGOK. EC/iM 06bEKT N3MENSIeMBIH, TO IPU €T0 UCTIOJb-
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30BaHUM B HECKOJIbKUX MECTaX M3MeHelre MOKeT IPUBECTH K Me3arJIaHPOBAHIIBIM
no6ounbIM a¢herTam.

[TockobKYy 0OBEKTHI-3MAYEHS e UACHTUDUIUPYIOTCS HAMPSIMYIO, TO MEIb3s]
COXPaHSITh UX ¥ YIIPABJISATh UMY MEMOCPEACTBEHHO B 6a3e aHubIx. Omu, 6e3yCI0BHO,
MOTYT COXPaHSIThCSI KOCBEMHO, KaK 4acTh rpada 0O0beKTOB, Ma KOTOPHIN CCBHLIAETCS
CYIIHOCTb MM arperat. JPA moamep:KuBaeT yupaB/eHMe coXparennueM 0ObeKTOB,
KOTOPBIE TI€ SIBJISIOTCS MY CYIITIOCTSIMU, HU arperaTaMu.

Arperatbl

Azpezambi TPEACTABAAIOT COOOU KOMIENIUIO A3bIKA MPOOIEMIIO-OPUEHTUPOBATI-
II0r0 IIPOEKTUPOBAINs, KOTOPAs UIOrJa BBOAUT IIPOTPAMMUCTOB B 3a0/Iy K AEIHeE.
Arperatsl — 9TO CJIOKIIbIE MOJIEJIH, COCTOSIIIUE U3 TIECKOIBKUX CYIINOCTEN UK 06b-
€KTOB-3Mayentii, KOTOpble 00pPa3yIoT eAuNoe 1eoe. B 1essx coracoBanmnocti 3ot
KOII[JIOMEPAT OOBEKTOB JI0JIKeEI ObITh ZOCTYIIEN, ¥ YIIPABJIATD UM CIELYET TAKKE KaK
YeM-TO LEJIbIM. Henocpeacmennmﬁ JAOCTYII K METOAaM XPAIIAUINXCA B HEM OTAEJIb-
IIbIX O6’beKTOB MOJKET IPHUBECTHU K HECOTVIACOBAHHOCTH U MMOTE€HIUAJIbITIBIM O].I.II/I6KaM.
Vjiest arperara 3aKkJIi04aeTCsi B TOM, YTOOBI BCE OTIEPAIIUY BBITIOJIHSIUCE Y€Pe3 KOPIeBOM
00beKT. XOpOLINM IPUMEPOM arperara BJSETCA aBTOMOOIIIb, COCTOSIMIMA U3 YETHIPEX
KOJIeC, IBUTATe s, Ky30Ba U T. II. Beskuii pas, korma TpebyeTcs: BBIIOJIIUTD KaKyio-
Ji60 OTEePAIIo C ABTOMOOUIIEM, TIATIPUMED 3aBECTH IBUTATE b, 9TA OTeparus 6yaer
BBI3BIBATHCS IJISl BCETO aBTOMOOIIIS M MOKET 3aTPATMBATh CPa3y HECKONBKO OGHEKTOB.
ArperaTbl — 3TO CYIINIOCTH, B KOTOPBIX OIPEAEIEN KOPEb HepapXun 00beKTa.
OHU BBINIOJTHEHBI KaK MPOCThIE KJIACCHL Java, B KOTOPBIX PEAn30Banbl QyIKIUN U3
HpeﬂMeTHOﬁ O6JIaCTI/I " MMEETCs CChLIKaA Ia CYIIHOCTU UJIN O6’beKTbI-31'[a‘1€HI/IH.
Taxum 06pa3oM, arperaTbl MOTYT COXPAaHATHCS TAKAKE C MCIIO/Ib3oBaHueM JPA. Bee ome-
PAaLUY COXPATENVs BHIIOJIISIIOTCS JIJISI BCETO arperara, PacpoCTPaIisisiCh OT KOPIIEBOTO
00beKTa Ha OCTATbHBIE OOBEKTHI, IPUIIATIEKAIIME arperaty. Kak Mbl yBUIMM B oCIey-
IOLIKX TI0Apasfenax, JPA moamep:xuBaer coxpaleHue CI0KHbIX HepapXuii 00bEKTOB.

Penosutopuu

[l mocTyma k 6a3e JanHbIX B KOHLEIIUH IPOOJIeMIIO-OPUENITUPOBAHIIOTO IIPOEKTUPO-
BaIlUs OTIPE/IeIEHbI PETIO3UTOPHH, YITPABJISIONINE COXPAHETHEM U COTJIACOBATITIOCTHIO
cyurnocredt. [IpuunHoil MosIBIENNST PENIO3UTOPUEB CTANIO XKeJIANEe UMETh eUITYIO
TOYKY OTBETCTBEMIIOCTH, KOTOPasi O3BOJISIET MOJEIH IPEAMETIION 00IaCTH COXPAHATh
YCTOMYMBOCTD U COTJIACOBAaHTIOCTD. Omucanuie 3TuX GyIKIIUOMAIbHBIX BO3MOKITOCTEN
Tie OJIKIIO 3aTPOMOXKIATH KO/ MOJIEJTH IPEAMETHON 00JIACTH IETATISIMU PEATU3AIIUM.
ITosTOMy B IIPO6IEMIIO-OPUENTUPOBAHIIOM IIPOEKTUPOBAHUH OIIPeeiena KOHIE-
I[UST PETIO3UTOPUEB, KOTOPBIE CAMOCTOSITENBHO U COTJIACOBATIIO UNKANCYJIUPYIOT 9TU
oTepaIuu.

Penosutopun sBASIOTCS TOUKaMU BXOJa [IJIsI ONIEPAIU COXpaNlenusl CYIIOCTe
ompezenentoro tuia. [IockoabKy neodXoauMo NAeHTH(PUIUPOBATh TOIBKO SK3EMILIS-
PBI arperaToB U CYIITIOCTEMH, JUIIh 3TH TUTIbI HYKAAIOTCS B PETTO3UTOPUSIX.
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B Java EE u JPA ysxe peamusoBaiia yHKIHOHATBIIOCTh, KOTOPAsi XOPOILIO COOT-
BETCTBYET H/Ie€ PEMTO3UTOPUEB, — 3TO JAUCIIETUEDP CYIIHOCTEH EntityManager u3 JPA.
On uCToNb3yeTcst AJIsi COXPATENUS U U3BJIeYeHUs1 0OBEKTOB, KOTOPbIE OMpPe/eIeHbI
KaK CYIITIOCTH, & TAKXKEe YIPaBIENUs TAKUMHU O0bEKTaMU UM MX TOTENIUATbHBIMU
uepapxusmu. To, uTo 06beKTHI, ypasisiembie JPA, nosknbl ObITh uaenTudUIUpye-
MBIMH CYIITIOCTSIMU, UA€ATBHO COOTBETCTBYET OTPAaHNYETIHIM, YCTAOBIEIIBIM Heei
CYUIHOCTEHN B KOHIEMIIUU MPOGJIEMHO-OPUEHTUPOBAIITIOTO TPOEKTUPOBAHMSI.

JlucrieTyep cymmnocreii BeApseTCs B yrpasJsieMble 0ObEKTHI U IEHCTBYET B THX.
ITO COOTBETCTBYET MPE/CTABJIENIIO O TOM, YTO CEPBUCHI, OY/Ib TO KOTITYPBI UJIM dJIe-
MEHTBI YTIPABJIETIHS, TIPEANa3HAYEHBI [JIs1 TIOCTPOEnus Ousec-clieHapyreB, B AATNOM
CJIy4ae IIyTeM BBI30Ba JUCIeTdYepa JJIsl COXPaIeHUsI CyIIHOCTEN.

®abpukn

®abpuku B npo6aeMIO-OPUENTUPOBANIHOM TPOEKTUPOBATIUY UCTIONb3YIOTCS T10-
TOMY, UTO TP CO3/[aHUU OGBEKTOB MTPEAMETTION 00JIACTH YaCTO IPUMENAIOTCS Goee
CJIOXKHBIE IOTUKA U OTPATIMYENS, 4eM TIPOCTOM BbI30B KOHCTPYKTOpa. [1Jist co3nanust
COTJIACOBAHIIBIX OOBEKTOB MPEAMETIION 061aCTH MOTYT MOTPEOOBATHCS BaIUAALIMS
U IPYTHE CIOKHBIE TIPOIEAYPHI. [[03TOMY MMEET CMBICJI BBIIEIUTD JIOTUKY CO3JAITUS
B 0cOObIe METO/bI UJIM KJIACCHI, KOTOPBIE UTKATICYJUPYIOT €€ OT OCTANbIIOTO MPH-
JIOKETTHSL.

DabpuKH CO3MAI0TCS MO TEM JKe TIPHYMIIAM, YTO U PACCMOTPEHTIbIE PaHee MabIoTbL
npoekTupoBanust «AbctpakTtnas dpabpukas u «Metoa dpabpukus. [loaTomy 31ech uc-
MOJIb3YETCS TaKas e peanusaius ¢ npuMenenuem ¢yuknuit CDI. Cnenndukarus
CDI — at0, B CymIrocTty, u ecTh (YyHKIIMOHAIBIIOCTD (habPUKHL.

O6bexThi-pabpuKu U3 PEAMETHON 06IACTH TaKXkKe MOTYT ObITh PeaTrn30BaIbl
KaK METO/(bl B COCTAaBE APYrOro KJaacca MOJEJNU TPeAMETION 06JacTH, TAKOTO KaK
CYUIHOCTb. DTH pelIenus Pealnu3yoTCs a YUCTOM Java, 6e3 Kakux-nubo ¢hpeiiMBop-
KOB 1K anmnoTaruii, QynKIronaibnocTh BOAUTEILCKOTO KypPHajaa, PACCMOTPEHHAs
B pas/ieJie, IOCBAIIENIIOM abomy npoeKTupoBanust « Metoa ¢pabpukus», — XOpouui
npumep Metosa GpabprKY, BKIIOUENTIOro B 00beKT npeaMeTiol obaactu. Ecau knace
U3 MIPEAMETIION 06IACTH CAMOCTOSITEBIIO BBIMOJIMSET BCIO JIOTUKY, BIIOJHE PA3yMHO
BKJIIOUUTD TY/Ia U JIOTUKY (habpuku.

CobbITusi NnpeaMeTHoOM obnactu

Co06bITHSI IIPEMETIION 061aCTH IIPEACTABIAIOT CO00 COOBITHSL, OTHOCSIIECS K O613-
nec-ciieHapusiM. OOBIYHO OHU TeNEPUPYIOTCS OU3HEC-CIETIAPUSMU U UMEIOT CEMATITUKY,
COOTBETCTBYIOILYIO ipeaMeTnion obmactu. [IpuMepamu cOOBITHIA TIPeAMETIION 06J1aCTh
ABIAI0TCA UserLoggedIn, ActiclePurchased u CoffeeBrewFinished.

Co6bITUs IPEAMETIION 061aCTH OOBIYHO TIPEICTABJISAIOT B BUE 0ObEKTOB-3MAYeHuUH,
cozepxamux Tpedyemyio undopmanuio. B Java takue cobbITHS peanrn3oBansl B BUe
neusMmensieMbix POJO-06bekToB. COOBITHS, TIPOU3OIIE/IINE B TPOIILIOM, TIeé MOTYT
OBITh BIOCJIEICTBUN U3MEHEHDI, TOITOMY MACTOSATENBIIO PEKOMEH/YETCSI I€IaTh 9TU
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06beKThI enamensieMbiMu. Kak Mbl yoke Busiesiu, 17ist Iy OuKaIu cOGbITUN €O CTabbiM
CBSI3bIBATIMEM M HAOJIONENNSA 32 TIMMU MOJKIIO 33/1€CTBOBATH (DY KI[MONIATIBIIOCTD CO-
6urtrit CDI. B CDI st06bie TUtb Java MOTYT GBITh UCIIONB30BATIbL JIst TyOIMKAIIT
B Buzie coObITHi. TakiumM 06pa3oM, KOHIEMIUS COOBITHI TIPEAMETIION 06IACTH SBIAETCS]
CKopee OU3TIeC-ONpeeIeHUEM, YEM TEXTTUYECKIM TEPMUTIOM.

Co6bITHS IPEAMETIION 061aCTH 0COBETITIO BAXKIIBI 17151 TIOPOSKAETINS COOBITHUI U CO-
OBITUIHO-OPUENITUPOBAHHBIX APXUTEKTYP, KOTOPBIE OYAYT MOAPOOIO PACCMOTPEITBI
B Iy1aBe 8.

BHeLHAs U ckBO3HasA (hYHKLMOHANBHOCTb
B KOPMOPATUBHBIX MPUSIOXKEHUSX

Vtak, Mbl PACCMOTPEJU KOTIENIMY ¥ Peanu3anuu, HeoOX0MMbIe sl TIOCTPOe-
Vst JIOTUKY MPEAMETHON 061aCTH MPUJIOKenus. TeopeTuuecku 3Toro JOCTaTOUHO
111 pa3paboTKy OU3IIEC-JOTUKY IIPUIOKEHMNSI, OAIIAKO OT OU3NEC-CLIeNapUueB Majio
TIOJIb3BI, €CJIM OIY MEAOCTYIIbI U3BHE CUCTEMBL [109TOMY paccMOTpUM TeXTUYeCKU
060CHOBAMTIbIE BHEIIME U CKBO3HbIE (DYHKIMK NpUIoxkeHuid. HecMoTps ma 1o 4to
3TH (PYHKIMOTIAIbHbIE BO3MOXKIIOCTH TI€ BXOJAT B SIAPO TPEAMETHOM 061aCTH, NX
BCe Ke MeoOXOMMO peann3oBaTh. [IpuMepaMu TeXMUUECKH 0GOCTIOBAMIHBIX 33124
TIPUJIOKEHUS SIBJISIIOTCS JOCTYM K BIIEITHAM CUCTEMaM UM 6a3aM JaMHbIX, HACTPOUKA
TPUJIOXKEHUS U KIINPOBAHUE.

O6MeH AaHHbIMK C BHELLHWMU CUCTEMAMM

OO6Men JanmbMU ¢ BHEIITIMM MUPOM SIBJISIETCS OATION U3 BAKIENIIMX TEXTHYECKUX
33/1a4 KOPIOPAaTUBHOTO NPUJIOXKemus. Be3 Takoit KOMMYHUKAIUKY IPUIOXKEHUE BPSIZ JI
TIPUIIECET KAKYIO-TUO0 MOJIb3Y KIHEITY.

Bbibop TexHonorum ceasu

Korzma xoprnopaTuBnbiM cucTeMaM TpeOyeTcst CBsI3b, BO3MUKAET BOMPOC: KaKUe KOM-
MYTUKAIKOTIIIbIE TIPOTOKOJIBI ¥ TEXTIOJIOTUH Jist 3TOTO puMenuTth? CytiectByer
MHOeCTBO (POPM CHIIXPOTITIOTO M aCUMXPONTIOro obmMeHa gaHnbiMu. [Ipexae uem
YIIYyOUTBCS B 9Ty TEMY, HeOOXOIMMO OTBETUTD Ha PsAJl BOIPOCOB.

Kakast KOMMYHUKAIIMOTINAsA TEXHOMOTUS TOAEPKUBAETCS BHIOPATHBIMU SI3bIKA-
MU U ppeiiMBopkamMu? VCrosb3yroTCs JIM KAKMe-TO TOTOBbIE CUCTEMBI, TPEGYIOIIMe
ompezesentoii ¢opmbl o6Mena naunbiMU? Kak cucreMs! epenaoT nHGOPMAIKIO —
CUHXPOMTO Uin acuuxponmo? C KaKMMU PEIenUsIMU 3HAKOMa KOMATI/Ia UIKETIEPOB,
paboratomux Haj poektoM? JloKHA JIM cCUCTeMa AeCTBOBATh B CPeJie, T/ie BasKIa
BBICOKAST IPOU3BOAUTENBHOCTH?

BrioBb B3IJISIMTYB 1 IPOAYKT C TOYKHU 3peHUsi GU3TIECA, MbI TIOWUMEM, YTO CBSI3b MEXKTY
cucTeMaMu HeoOXO0/IMMa, TIO OTIa He QONHCHA MEWAmb PEAT3AINY OU3HEC-CIIETIAPUEB.
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Jlpyrumu cioBamu, o6MeH uriopManueit 101Ken 6pITh Peanrn30Ban MAaKCUMAJIBIIO
MPOCTBIM CHIOCOOOM, COOTBETCTBYIOIIUM JIATINON TPEAMETHOM 00JIaCTH, T1E3aBUCUMO
OT TOTO, ABJISIETCS KOMMYITUKAIMSI CUITX POITHON MJIM ACUTIXPOTIHOM. DTH COOOpaskeHuUs
3MAYUTENIBIIO BIIMIOT HE TOIbKO Ia (PAKTUYECKYIO PeaTn3aluio, o U 1a TO, COOTBET-
CTBYET JIM BECh CIIEMAPUI MCIIOJIb30BAHUS BHIOPAIIOMY pelneHuto. TakiuM o6pa3om,
3TO O U3 TIEPBBIX BOMPOCOB, KOTOPbIE HEOOXOIMMO 33/1aTh HE3ABUCHMO OT TOTO,
KaK opranusoBana cBsi3b. CHHXPOHHAS] KOMMYTIUKAIKs 0OECIIeYNBAET COTJIACOBAH-
MOCTh U TIOCJIEI0BATENBIIOCTh 06Mena nHdopmarueit. OHAKO ee CKOPOCTh METIbIIIE,
4eM y aCUHXPOMION KOMMYTIMKAILIUY, U €€ TIeJb3si MaCIITabupoBaTh GECKOHEYHO.
AcUIXpOHHBIHM 06MET JANmbIMU 0CTIabISIET CBSA3b MEXK/Y 3a/1eMCTBOBATITIBIMU CUCTE-
MaM¥ ¥ TOBBIIIAET OBIIYI0 TPOU3BOUTENBHOCTD, HO OJHOBPEMETHO YBEIUYUBAET
makJaaneie pacxoabl. OH TakKe MO3BOJISIET PEATN30BATh CIENAPUY, B KOTOPBIX MET
MOCTOSIHHOTO TAIEXKIIOr0 AOCTYIA KO BCeM cucTeMaM. M3 coobpaskeHui TPoCTOTHI,
a Takxe 171 00ecrieyenst COrJiaCoOBAHIIOCTH KOPIIOPATUBIIbIE TPUIOKEUS OOBIUHO
MPUMETISTIOT CUIIXPOTIHYIO CBSI3b.

Boi6panmnsiii criocob o6Mena AambIMU A0JKE MOAEPKUBATHCS T TOJIBKO SI3BIKOM
1 (ppedMBOpPKaMu, TIO M UCTIOJIb3YEMBIMU CPelaMu ¥ MHCTpyMenTamu. Heobxoaumo
BBISCTIUTh, YCTAMIABAUBAIOT JIM CPE/la M CBOMCTBA CETH KaKue-IuhO0 Orparvyenus ma
cBsi3b? B cymHOCTH, UMEHHO 9TO CTAJIO O/TION M3 MPUYKMH TOTO, 4TO MPOTOKOoT SOAP
ObLI IMPOKO PACTIPOCTPATIET B TIPOIILIIOM: OTI IEHCTBOBAT Yepe3 ceTeBol opt 80, 4To
NOTYCKAaIOCh B GOJIBIIMHCTBE CeTeBBIX Komurypanuit. Ene oamimM BaxnbiM (pakTopom
SIBIAETCS TIOZIEPKKA UTICTPYMENTApuUsi Pa3paboTKu U oTaanku. ViMenmo ato ctano
npuurHoi nomyssipnoctu HTTP.

B cuctemax Java noamepxuBaercs 60JIbIIUNICTBO KOMMYHUKAIMOHIIBIX TEXIIO-
Joruii — aubo usnavanwno, nanpumep HTTP, 1ubo croponnumu 6ubinorexamu.
UYT0, KOHEYTo, e OTHOCUTCS K IPYTUM T€XHOJOTHSIM. VIMEHHO 3TO SIBJISIETCS OATOM
u3 npobiieM, cBsizaHHbIX ¢ TpoTokosoM SOAP. TToaaepsxkka nporokona SOAP 6biia
peasin3oBaHa TOJIbKO B puiioxkenusx Java u NET. B agpyrux rexmosorusix npeamno-
4Tenue OTAaBANOCh MITBIM CIIOCO6aM 0OMeHa ATTBIMU.

Ha npousBoAMTEIBIOCTh KOMMYITUKAIIMOMNIIBIX TEXHOJIOTUHN BaXXIo 06pamaTh
BIIMMAIIKE IIe TOJbKO B BBICOKOIIPOU3BOAUTENBIBIX cpegax. OOMmen undopmMaleis
IO CETH B X0/Ie KOMMYITUKAIIUI MeXAY IPOLeCCaMU WK BIIYyTPHU MPOIIECCOB BCETZA
MPUBOJUT K OTPOMITBIM ITAKIATNBIM pacxoiaM. Bompoc TopK0 B TOM, HACKOJIBKO OTIH
BeMMKU. B 0CTMOBIOM 3TO KacaeTcst MI0THOCTH MHGOPMAIMK, CKOPOCTH 06paboOTKU
coOoDOILIeHNH U APYToii moIe3noi Harpy3ku. B kakom ¢opmate mepemaercs undop-
Manus — ABOMYHOM MU 00bIYHOM TeKCcTOBOM? B kakom dopmare oTobpaxkaercs co-
nepxumoe? Boobiie roBopsi, 1BonyHbIe (HOPMATHI ¢ BHICOKOM MIOTIIOCTHIO U HU3KUM
nybauposanuem undopmaryu 6osee 3G GHEKTUBIBL U IEPEAIOT AAMTIbIE MEMBIIETO
pasMepa, 1o UX CJIO0XKIIee OTIKUBATh.

Ellte ofn1M BaKIIbiM CBOMCTBOM SIBJISIETCSI THOKOCTh KOMMYTIMKAIIMOHHBIX peliie-
nuii. BeiGpaHHas TEXHOJIOTHS T1e I0JIKIIA YePEeCYyp OTPaHNYUBATL 0OMen UH(pOPMa-
uueil. B upeane mpoToKoJI OIKEN MOAAEPKUBATD PA3Ible CIOCOOBI KOMMYHUKAIIUH,
ManpuMep CUTIXPOTIIYIO U ACUHXPOIIIYIO CBA3b, ABoMYbie opmatsl u Hypermedia.
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IToCKOJIBKY OCIIOBIION 3ailadyell MPUIOKEHN ABJISAETCS Peanusalys OM3Iec-JIOruKHY,
BBIGPATITIAS TEXIIOJIOTHS JOJIKIIA UAEATBIIO COOTBETCTBOBATH OOIIMM TPEOOBAMKM,
HPEABSBISIEMBIM K TPOTPAMMHOMY TIPOJYKTY.

B coBpemeHMnBIX cucTEMaXx Yallle BCETO KUCMOJb3yeTcs: mpoTokoJ cBsizu HTTP.
Ha T0 ectb Heckoabko npuuun. HTTP xopouio noanep:kuBaercs: GOMbITUHCTBOM
SI3BIKOBBIX TaTHOPM, GPeiMBOPKOB 1 6ubmuoTeK. JIJist 3TOr0 MPOTOKOJIA CO3/ATO0
MIIOJKECTBO Pa3mo0OpPa3HbIX UTICTPYMENTOB, U OTl XOPOIIO U3BECTEH OOJBIIUTICTBY
umxeHepoB-nporpaMmMuctoB. HTTP me HakmaasiBaeT 0cOObIX Orpanudenyii na
C1ocob UCTOMb30BAHUS U TIOITOMY MOXKET TIPUMEISATHCS IJIS1 BCEX BUAOB oOMena
undopmainueil — CUIXPOHHON 1 acCMHXponmoi cBsi3u, Hypermedia v mpsiMbIX BbI-
30B0B yaanennsix pyuakuuii. Oanaxo HTTP moompsieT onpeaesenibiii cnocod
ucnonb3oBanus. B caenytomem pasaene mbl 06cyaum cemantuky HTTP, Bbi3oBbI
ynanenmnsix npouenyp u REST.

CylIecTBYIOT IPOTOKOJIBI CBSI3U, KOTOPBIE TIe BCET/a, 10 B GOJIbUIMHCTBE CIyYaeB
npumensitotcs noepx HTTP. B npoiiioM caMbIM SIpKUM IIPUMEPOM TaKOT'0 ITPOTOKOJIA
6611 SOAP, 60:1ee cBexuii mpumep — gRPC. O6a oHM peasu3yioT BbI30B YAATEHHBIX
nporieayp. BbI30BbI yAaIeHIbIX TPOIIEAYP TPEACTABISIOT COGON BAPUATIT MENOCPe-
CTBEMHOTO BbI30Ba (PYNKIUU U3 APYroil cCUCTeMbI MO ceTu. B omucanuu dhynkuuu
YKa3bIBAIOTCS €€ BXO/ITble U BbixoAmble 3navenus. B SOAP Takue BbI30BbI yAAIEIIBIX
niporeyp peanusoBanuck B popmate XML, B gRPC ucnonb3yorcs nBonutbie Gydepst
MIPOTOKOJIA /IJIsI CEPUANU3ALUY CTPYKTYP AAHHBIX.

B OTHOWIEHUU CUTIXPOTTHOTO MU ACUTIXPOTIIOTO O6GMeNa AANTbIMU MACTOSITEb-
10 PEKOMEHYETCs TIOCJIE[OBATENBIIO TPUAEPKUBATHCS BHIOPAMHOTO MOBEAETIHS,
3aBucsniero ot TpeGoBanuii 6usneca. B obuem ciaydae me ciaeqyeT CMEIUBAThH
CHHXDOHIIOE U acunxpommoe nosejaenve. CUNIXponnas nepeaavya AAMMbIX MEXKIY
CepBUCaMH, KOTOPBIE COJAEPKAT ACUNXPOIMIYIO JIOTUKY, [Te UMEeT CMbICJa. Bbi3bI-
Barouuii abonedT OyaeT 3a0J0KMPOBAH 10 3aBEPIIEHUS aCUHXPOIHOIO IIPOLECCa,
1 BCA (PYTKIMONAIBIIOCTD He cTaneT MacmTabupoBatbes. Ho umnoraa umeer cmbica
3a1eMICTBOBATDH ACUMIXPOTIIIYIO CBSI3b [JIST MIKANCYJISIINY AJIUATEIIIBIX CUTIXPOTTHBIX
niporeccoB. Hanpumep, 370 MOTyT GBITh BHENITTUE CUCTEMbI, KOTOPBIE MEJb3sI N3Me-
MUTb, WU YCTapeBIIue MpuioxKenusi. KIneHTCKuii KOMIIOHEHT MOKET TOIKJII0YaThCS
K TaKOi CHICTEME B OT/IEIbHOM MOTOKE, TO3BOJISISI BHI3BIBAIOIIEMY TIOTOKY IIPOAOJIKUTD
paboTy cpasy mocje Bbi30Ba. KIMeHTCKUHI NOTOK 1160 OIOKUPYETCS [0 3aBeplle-
Ysi CHHXPOHTIOTO TIPOIECCa, 60 UCob3yeT onpoc. OIHAKO MPEATOYTUTEIbIIEE
MOJIEIUPOBATH CHCTEMBI ¥ CIIOCOG CBSA3U MOCJIE TOTO, KaK OYAYT yIOBIETBOPEHBI BCE
6usnec-TpeboBaHUS.

Cyl1ecTByeT HEMaJIO TPOTOKOJIOB ¥ KOMMYTIMKAIIMOHTIBIX (POPMATOB, MHOTHE U3
KOTOPBIX SIBJISTIOTCST KOMMePYeCKIMHU npoayKTamu. VmkenepaM peKoMeHIyeTcst pas-
OGUPATBCSI B Pa3/INUTIBIX KOTIIEMIUAX U CI0co0aX CBA3M B 11e710M. KoMMyHUKaIonHbIe
TEXTIOJIOTHY MOTYT U3MEHSIThCS, TIO TIPUHIIUIIBI 0OMENa AHTIBIMU OCTAIOTCS TPEKTIAMHU.
Ha MomenT Hanmucanus aToi Knury nanbosiee mOMyJIsIPIbIM MPOTOKOJIOM CBSI3U ObLI
HTTP. 310, BO3MOXIIO, O/iTIa U3 CAMBIX BAXKITBIX TEXTIOJIOTHUH — OIla XOPOIIIO IPopa-
60TaHa U UMEET OTJINYIYIO0 MHCTPYMENTATBITYIO TTOJIEPKKY.
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CUHXPOHHbI 06MeH AaHHbIMK nNo HTTP

Ceroamnst CUIIXPOMasi CBsI3b B KOPIIOPATUBIIBIX CUCTEMAX PEATU3YETCSI B OCTIOBIIOM
yepe3 nporokos HTTP. KopnopaTuBHbie IpUIOKeHNS IPEAOCTABISIOT KOTIEUIIble
HTTP-T0oukH, K KOTOPBHIM 0OPAINAIOTCS KAMENTHl. ITH TOYKKU OOBIYIIO UMEIOT BUJ
Beb-CepBUCOB MM KJIMEHTCKUX BeO-unrepdeiicoB B hopmare HTML ¢ nepegayeit
nannbix uepes HTTP.

CyniecTByIOT pa3iuymbie cnocobsl pa3paboTKy u onucanus BebG-cepsucos. B mpo-
creiiniem ciayyae TpebyeTcst BCEro JIUIb BHI3BATh (DYHKIIUIO U3 APYTON CUCTEMBL. JTa
(bynkuus 10/KHA OBITH ONKMCAHA ¢ YKA3aMMEM €€ BXOATNBIX U BBIXO/MbIX 3HAUEHUN.
Takue GYHKIMH, UIH 6b1308bL YOareHHbIX npouedyp (remote procedure calls, RPC),
B JIAHHOM cjiy4ae peanusyiorcs yepes HTTP, o6bruno ¢ ucnosb3oBanueM ¢popMara
XML pns onucanus aprymentoB. Bo Bpemena J2EE atu Tunsl Be6-cepBUCOB ObLIN
JOBOJIBIIO IUPOKO PACIPOCTPAHENbI, Tanbosiee IPKUM TIPUMEPOM OBLIT TIPOTOKOJ
SOAP, peanusoBanmnsiii Ha 6ase crangapra JAX-WS. Ogaako SOAP u ero ¢popmar
XML 6bL11 OYenb FPOMO3AKUMHY U T TIOAAEPKUBAIICH APYTUMU A3bIKAMU, KPOME
Javau NET.

B coBpemenmbix cucTeMax ropaszio yaliile MPUMEHSIETCST ADXUTEKTYPIbIN CTHIb
REST c ero xon1eniueit u orpanuyenusMu.

lNepenaya COCTOAHWUA NpeacTaBneHns

Vinen u orpanuyenus nepedauu cocmosnus npeocmasnenus (Representational State
Transfer, REST), nokazanmnoit Poem T. @unaunrom (Roy T. Fielding), popmupyior
APXUTEKTYPIIbIA CTUJIb Be6-CEPBUCOB, KOTOPBIN YIOBJAETBOPSET MOTPEOHOCTH GOJIB-
HIMTICTBA KOPIIOPATUBIIBIX MIPUJIOXKENHiA. Ero umen npuBoAsT K MOSIBIEIUIO CUCTEM,
GoJiee TECTIO CBA3AMHBIX ¢ UHTEPdEcaMu, TPeAOCTABISIOMUMYI eIUHOOOPA3IBIA
Y IPOCTOM AOCTYII 151 PA3HBIX KIUENTOB.

Orpanuyenue yrupuuuposannozo unmepgeiica 8 REST Tpebyet, 4ToOBI pecypcehl
uzentuduIpoBanuck B 3anpocax no ux URI B Be6-cuctemax. Pecypcebl mpeacras-
JSI0T c000i 0OBEKTHI TIPEAMETIION 06JIACTH, TAPUMED MOJIb30BATEEN UK CTAThY,
NpUYEM y KaXKI0TO U3 9TX 00BEKTOB B KOPIIOPATUBHOM MTPUJIOKenHu ecTh cBoi URL.
I pyrumu cioBamu, URL-anpeca 6osbiie e siBaisitotest Metoziamu RPC, a cranoBsiTest
NEACTBUTENBIIBIMU CYIINOCTSMU TPEAMETIION 061aCTU. DTU TPEACTABJIENNS MOJIY-
dbunupyores enunoobpasubiM criocobom B HTTP ¢ ucnosnbzoBanuem takux HTTP-
METO/IOB, Kak GET, POST, DELETE, PATCH u PUT. Cymnoctyt MOTYT ObITh IPECTaBIEHBI
B pa3mbix (hopMaTax, 3anpairnBaeMbix KianenToM, Takux kak XML wnu JSON. Ecau
aTU (HOPMATHI TIOJEPIKUBAIOTCS CEPBEPOM, TO KJIMUENTHI MOTYT BBIGUPATH, B KAKOM
(dhopmaTte 06paIaThCsi K KOHKPETHOMY T10/b30BaTenio — XML wiu JSON.

Eute oanoit 0co6eHnocThio ynuguIrpoBaNoro orpanudyedus narepgeiica ss-
asiercs: mpumenenne Hypermedia B kauecTBe MexXamuaMa COCTOSIHUS TIPUIOKEHMUSI.
Hypermedia o3nayaer coeaurnenvie B3auMOCBA3aHHBIX PECYPCOB C TIOMOIIBIO THIIEP-
ccoutok. [lepenaBaemsbie knventy pecypcbl REST MoryT comepkarh CChUTIKH TIa IPYTHE,
CEMaHTUYECKY CBSI3aHHBIE C MU pecypcbl. Eciv mosib30Bate b BKII0YaeT ungopMaiuio
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006 ux JuUcreTyepe, TO 3Ty UTIPOPMAIMIO MOXKIIO CEPUATU3OBATH, UCIIONb3Ys CCHLIKY
a pecypc BTOPOTO MOJIb30BaTe sl (IUCIIETYEPA).

Jlanee npuBezien IprUMep MPEACTABIENUS KIUTH co cechuikamu Hypermedia, Bkitio-
yenmbiMu B oTBeT JSON:

{
"name": "Java",
"author": "Duke",
"isbn": "123-2-34-456789-0",
"_links": {
"self": "https://api.example.com/books/12345",
"author": "https://api.example.com/authors/2345",
"related-books": "https://api.example.com/books/12345/related"
b
}

Ha caiftax ¢ pasnnysoii undopmaliieii 11 Moab30BaTeNeH 5T CCHUIKA 0COOEHIIO
Baxmbl. B API Hypermedia oun npumensiorcs REST-kanentamu /15 naBUranyu o
API. KoHrlenuus OTKPhITOCTH OCIabISET 3aBUCUMOCTD ¥ YBEJUUMBAET CIIOCOOHOCTh
K 9BOJIIOIINH 33/IeICTBOBAHIIBIX cHcTeM. Ecii aTa KOHIenys peali30BaHa II0JIOCTLIO,
TO KJIMETITHI IOJIKHBI 3MATh TOJIBKO TOUKy Bxoza AP, a noctyn ko BceM pecypcam ocy-
IIECTBJISIETCS TI0 CEMAaHTUYECKUM CChLIKAM, TAKUM Kak related-books. Omnu oTpaskaot
U3BECTHBIE B3aMOCBSI3H, UCTI0Jb3Ys1 TpenoctaBsentbie URL.

B 6ompmmncTBe API REST Kimenrtam HeoCTaTOUIIO TOJIbKO OTC/IEKUBATh CChLIKY,
4T0GBI TIOYYaTh A0CTYT K pecypcam metogom HTTP GET. O6men unipopmanueii ocy-
HiecTBIIsIETCS ¢ uctoib3oBanreMm MetooB HT TP, rakux kak POST 11 PUT, M3MEHSTIOIINX
cocTosiHMeE U TeJio 3anpoca. Hypermedia Takike moagep KuBaeT 9TH Tak Ia3biBaeMble
nerictBus (actions), 3a1eHiCTBYSI CBOU 3JIEMEHTHI yripaBienus. [[elicTBUS ONUCHIBAIOT
nie Tos1bKo 1esieBoit URL, Ho u Mmeron HTTP, u undopmariuio, KoTopyio HeoGX0auMo
nepeaars.

[lasee npuBeneH CAOXMBINA MPUMED KUCIOJIb30BATNS KOMIENIIUYN AeHCTBUN
B Hypermedia. 3nech mpoaeMoncTpupoBan Tl copepxumoro Siren. Ilens sToro mpu-
Mepa — JaTh BaM MPEJCTaBJIEHIE O BO3MOXKIIOM cofiepkumMoM otBeToB Hypermedia:
{

"class": [ "book" ],
"properties": {
"isbn": "123-2-34-456789-0",
"name": "Java",
"author": "Duke",
"availability": "IN_STOCK",
"price": 29.99

b
"actions": [
{
"name": "add-to-cart",
"title": "MomecTUTb KHUrY B KOpP3UHY",

"method": "POST",
"href": "http://api.example.com/shopping-cart”,
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"type": "application/json",

"fields": [
{ "name": "isbn", "type": "text" },
{ "name": "quantity", "type": "number" }
]
}
1,
"links": [

{ "rel": [ "self" ], "href": "http://api.example.com/books/1234" }
]

ITO NpUMep TUIA COAEPKUMOTr0, IOAAEPKUBAIONIETO JIEMENTHI YIIPABIEHUS
Hypermedia. Ha MOMeHT HanucaHusi KHUTH W OIUH U3 TUTIOB COAEPIKUMOTO C TIO/-
nepxkoit Hypermedia, Takux kak Siren, HAL uau JSON-LD, He ctan pakTudecKkum
cranaapToM. OIaKo THUII COAEPAKIMOTO Siren B TOCTATOYHOU CTENEHU MOIEPXKITBA-
€T KOHLENMY 0OMEeHa JAHHBIMU C TOMOIIBIO CCHIJIOK U I€HCTBUI.

Wcnonssosanue Hypermedia otaenser kauenra ot cepsepa. IIpesx e Bcero, Tob-
Ko cepBep oTBeuaeT 3a URL-aapeca. KinueHTs! He UMEIOT MPEACTABIENNS O TOM, KaK
cospatorcst URL, Hanipumep, uTo KIIMra HaxouTCs 10 aapecy /books/1234, KOTOPBIX
COCTOUT U3 IyTH /books/ 1 uaeHTH(UKATOPA KHUTH. B peaibHbIX IPOeKTax aM 4acTo
BCTpeYanuch cnydau aybauposanus soruku URL-agpecos ma cTopoHe KIMeHTa.

Kpowme Toro, oTaenena BO3MOXKHOCTh U3MEHENHsI COCTOSIHUS HA cepBepe. Ha-
MPUMED, UHCTPYKI[USI, COTJIACHO KOTOPOI KJIMEHTHI AOJKHBI MOJIYYaTh COAEPIKU-
Moe /shopping-cart Mmetomom POST B popmate JSON omnpeznesneHHO CTPYKTYPHI,
GoJIbIIe HE 3ATKMCAHA YKECTKO 1A CTOPOTIE KIMENTa, a OPMUPYETCS JUHAMUYECKH.
Knuent 6yner Tonbko cebiatbes na geiictBue Hypermedia, ucnonssys ormorie-
HUe WiIn uMs (B JAITHOM ciiydae add-to-cart) 1 undopMaiuio, NpeoCTaBJIeHIYIO
B nefictBun. [Ipy 9TOM OAX0/I€ OH JOJXKEH 3MATh TOJBKO CMBIC AeHCTBUS «100a-
BUTH B KOp3uHy» (add-to-cart) u uctounuku nqanueix — noas ISBN u xosuuectsa
€IMHUII TOBAaPA, YTO OTHOCUTCS K JIOTUKE KJIMEHTA. JHAYENUsI [T0JIei MOXKIIO IOJTY-
YUTH HEMIOCPEACTBEHIIO U3 IIPeJCTaBJIeNsl pecypca Wi KINEeHTCKOTO Ipollecca.
Hanpumep, K0114ecTBO KIIUT MOXKET UMETh B [10J1b30BaTEIbCKOM HHTep(elice BUA
PacKpbIBAIOLIETOCS CIIHUCKA.

Elne o1Ha OTeHIMAIbHAS BO3BMOKHOCTD MCTIO/Ib30BaHust Hypermedia — otaenuts
OUBHEC-JIOTUKY OT KJIWEHTAa, 33/IeWCTBYsI CCBLIKU U JAEHCTBUS, U HANPABUTH KJIWENTa
Ha JOCTyIIbIe pecypcbl. VIH(opManus, coaeprkaiiascs B ZOCTYIIIIX CChIIKAX U Ae-
CTBUSIX, IPUMEHSIETCS /ISl HESBHOTO YKA3aHUs KJIMEHTaM, Kakue OU3Hec-Clenapun
BO3MOXHBI B TEKYIIIEM COCTOSIIUY CUCTEMBI. [Ipennonoxkum, 4To B KOP3UHY MOKIIO
[IOMEIIATh TOJbKO KIIVTH, IMEIOIINECs Ha CKJIazie. Toraa KJMeHThbl, KOTOPhIE PEATTU3YIOT
3TO TIOBE/IETIHE, TO €CTh [TOKA3BIBAIOT KIOIKY [J06aBUTL B KOP3WHY, JIOJIKIIBI 3HATH 06 3TOM
soruke. B atom ciyuae knveHTckas Gynkiws GyaeT NpOBEPSITh, COOTBETCTBYET JIK
MOCTYITHOCTh KHUTY 33[IaHHbIM KPUTEPUSM U T. [ TeXHUYeCKH 3Ta OU3HEC-IOTHKA
JI0JDKIIa HAXOAUTBCS TOIBKO Ha CTOpOHe cepBepa. IIpenocTaBisst muHaMU4ecKy CChUIKY
Y JIEUCTBUS JOCTYIIIBIM PECYPCaM, CEPBEP ONIPENesieT, Kakue QyIKIUN BO3MOXKIIbL
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B TeKy1ieM coctosiHuu. /lobaBenue B KOp3uHy OyeT JOCTYIHBIM TOJIBKO B TOM CJIyYae,
€CJIM KHUTA JIEHCTBUTENBIIO MOKET OBITh Ty/a rmomereHa. Takum o6pa3oM, JIOTHKA
KJIMEHTA YIIPOIIAETCS ¥ CBOAUTCS K IPOBEPKE TOTO, IOCTYIHBI JIU CCHLIKU U IEUCTBUS
C U3BECTHBIMU OTHONIIEHUSIMU WJIM UMETaMK. B TOre KJIMEHT MOKa3bIBAET AKTUBHYIO
KIOTIKY [J06aBUTb B KOP3WHY, TOJIBKO €CJIM B PE3YJIbTATE €€ MaXKaTUsI MOXKET ObITh BbI-
TIOJITIETIO COOTBETCTBYIOIIEE JIEHCTBHE.

ITocne nossnenus Java EE apxutextypnsiii cruias REST npusiekaer Bce Goubiie
BruManus. XoTs 60abInHCTBO BeO-cepBucoB Java EE ne peannsyior Bce orpanuye-
HUsI, onpesiesisieMble apxuTekTypHbiM ctusieM REST, ocobenno Hypermedia, B iesiom
ux MOkHO cuntath REST-cepBucamu.

JIJist oIy YeHust IOTIOUTENbHOM nHpopMaiuu o6 orpannyenusix REST moxHO
obparutsest k auccepranuu Pos T. @uangunra (Roy T. Fielding) «ApxurtexTypHbie
cTIIK U pa3paboTKa ceTeBbIX npusioxennuii» (Architectural Styles and the Design of
Network-based Software Architectures).

Java API ans Be6-cepsucos RESTful

B Java EE API 0ns 6e6-cepsucoe RESTful (JAX-RS) 1CrioNb3yIOTCS AJIS ONPEAEICHUST
REST-cepBucos u gocrymna Kk HuM. JAX-RS mupoko npuMeHsIIOTCS] B 9KOCUCTEME
]ava, B TOM YHCJIE€ U B IPYTHUX KOPIIOPATUBIIBIX TEXHOJJIOTHUAX. HpOFpaMMI/ICTbI OTAAaIOT
NpenoYTeHNE AEKIAPATUBHON MOIe/M Pa3pabOTKH, KOTOPast 3HAYUTEIBHO YIIPOILIAET
coznanuie REST-cepBucos.

Tak HasbiBaeMbie pecypcbl JAX-RS — ato REST-pecypcsl, nocTynHbie 1o onpe-
nenernnomy URL. Pecypcot JAX-RS — 910 MeTOIBI B KJ1acce PECYPCOB, PEATU3YIOIIIIE
6usnec-noruky nocie obpamenns no URL-aapecy ¢ moMomipio Kakoro-1bo Merozaa
HTTP. Paccmotpum npumep kiacca pecypca JAX-RS nis nonp3oBareneii:
import javax.ws.rs.Path;
import javax.ws.rs.GET;

import javax.ws.rs.Produces;
import javax.ws.rs.core.MediaType;

@Path("users")
@Produces (MediaType.APPLICATION_JSON)
public class UsersResource {

@Inject
UserStore userStore;

@GET
public List<User> getUsers() {
return userStore.getUsers();

}

Meron getUsers() — ato metog pecypcoB JAX-RS, koTopbiit 6yaeT BbI3bIBATD-
CsI KOHTEUIIepoM IocJjie TOro, Kak kiaueHT BboaHuT HTTP-BbI30B GET ... /users.
3areM CHMCOK MOJIb30BaTeIel BO3BpalaeTcs kaueHTy B ¢popmare JSON — B Buze
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JSON-maccusa, cogepxkamiero JSON-06bEKTBI A/ KaKA0T0 U3 MOJb30BaTENEN.
ITO ompeziesieHo B aHHOTalMK @Produces, KOTOpasi TYT HESIBHO UCIIOb3yeT Java AP
for JSON Binding (JSON-B) 15 npeo6pa3oBaHtsl TUIIOB Java B COOTBETCTBYIOIIHE
npeactaBienust JSON.

3mech MbI BUIMM, KaK paboTaeT IPUHIUI UHBEpCUHM yripaBienus. Ham ne npuxo-
JWUTCS CAMOCTOSTEIBHO IIOAKII0YATh UK perucTpupobath URL — gocTatouno 06b-
SIBJIEHUS C IPIMeETenueM anHoTanuu @Path. To xke camoe BepIIO /ist Tpeobpa3oBaHust
TUITIOB Java B Takue mpezcrasienws, kak JSON. /loctaToumno yKkas3ats B I€KIapaTUBHOM
dopme, kakue HopMaThI IPEACTABAEHUS MBI XOTUM npenoctaButh. Ocranbnoe obpa-
GaTbiBaercs KoHTelHepoM. Peanusanusa JAX-RS takxke obecrieunBaer HEOOXOIUMYIO
HTTP-komMyHuKanuio. Bo3spaiuas 06beKT, B JaHIIOM CJIydae CIKUCOK II0Ib30BaTeeH,
JAX-RS nHegsmno mpeanonaraet, yto koa coctosinus HTTP — 200 0K, xotopsiii Bo3-
BpalllaeTcs KIMEeHTy BMecTe ¢ npeacTasienvieM JSON.

Jly1st Toro 4To6bI 3aperucTpupoBath pecypchl JAX-RS B KoHTelnEpe, IPUIOKEHIE
MOXET OTIIPaBUTh NOAKJIACC Kyacca Application, KOTOPHIH 3aIycKaeT Cpey BbIIOJ-
uwenust JAX-RS. [Tocsie aHHOTHPOBaHMST 3TOTO KJIacca ¢ MOMOIIbio @ApplicationPath
NPEI0CTABISIEMbIH [Ty Th aBTOMATHYECKY PerucTpupyeTtcs kak Servlet. [lanee nokasan
kaacc Kongurypauuu JAX-RS, KOTOpOro 40CTaTOYHO 151 IIOAABISIOIETO OOJIBIIIH-
CTBa ClIEHAPUEB UCIIOIb30BAHUS:

import javax.ws.rs.ApplicationPath;
import javax.ws.rs.core.Application;

@ApplicationPath("resources")
public class JAXRSConfiguration extends Application {
// BononHuTenbHasa HacTpoika He TpebyeTcsA

}

JAX-RS u apyrue cranpaptsl, npumensiemsie B Java EE, ucnonp3ytor npuHnun
MporpamMMUpoOBaHus 1o corarnienusm. CtanaapTHoe nmoseaenue atoro REST-pecypca
npuemMIeMo J7ist GOJIBIIMHCTBA ClleHapueB. ECu ke 9To He Tak, TO CTaHAapPTHOE TI0-
BeJleTre BCET/ia MOXKHO IIEPEOTIPEAEIUTD C TOMOIIBIO HacTpauBaeMoli TOTHKH. VIMenHo
o aroii mpuuune JAX-RS, kpome npoyero, moanep:KuBaeT IPOAYKTUBIIYIO MOJETD
nporpammupoBatust. CTaHIAPTIBIE CIIEHAPUY MOKIIO PEATM30BaTh OYeHb GBICTPO,
[IPUYEM C BO3MOKHOCTBIO IAJIbIIEHIIETO YIYUIIETI s,

PaccMotpum Gostee mosmbiii ipuMmep. [Ipeanonoxnm, 4To Mbl XOTUM CO3/IATh HOBOTO
MOJIb30BATENIST B CCTEME, B KOTOPOU KJIUeHT ucnosb3yer Hail REST-cepsuc. B co-
otBerctBuu ¢ HTTP-cemantukoii a1o meiicteue 6yner POST-3anpocom k pecypcy
M0JIb30BATEJIS, IOCKOIBKY CO3Ia€TCS HOBBIM Pecypc, KOTOPHIH ellfe He MOXeET ObITh
unentudunuposan. Pazuuna mMexxay mMeromamu POST u PUT 3akiiouaeTcs B ToM,
YTO MOCJENNI MOXKET BCE, TOJbKO U3MEHSISI AOCTYIIHBIN PECYPC C TPENIOXKEHHBIM
npezcraBienueM, Toraa kKak POST Moxet co3gaBaTh HOBbIe PECYPCHI B BUJIE HOBBIX
URL, uto u TpefyeTcs B JTaHHOM ciiydae. MBI CO3[1aéM HOBOT'O II0JIb30BaTe IS, KOTOPbIi
Oy et upeHTuUIUPOBATHCSA [I0 HOBOMY, creHepupoBannoMmy URL. Ecau pecypce ans
HOBOTO TOJIb30BATESI YK€ CO3/aH, KJIMEHT N0JKeH ObiTh manpassen na atot URL.
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Cosnanuie pecypcoB 0ObBIYHO PEATU3YETCS C KOAOM COCTOSIHUS 201 Created, yKa3bl-
BAIOIMM, YTO HOBBIH PECYPC CO3/Iall YCIENINO, U 3aT0JI0BKOM Location, comepikanim
URL panmnoro pecypca.

YrtoObI BHIIOJHATH 3TO TPeGOBAHME, HYKHO IIPEA0CTaBUTh B pecypce JAX-RS nomosn-
HUTENbHYIO uriopmaruio. /laee mokasamno, Kak 310 IeNaeTcs B METOIE createUser():

import javax.ws.rs.Consumes;
import javax.ws.rs.PathParam;
import javax.ws.rs.POST;

import javax.ws.rs.core.Context;
import javax.ws.rs.core.Response;
import javax.ws.rs.core.Urilnfo;

@Path("users"

@Produces (MediaType.APPLICATION_JSON)
@Consumes (MediaType.APPLICATION_JSON)
public class UsersResource {

@Inject
UserStore userStore;

@Context
UriInfo urilnfo;

@GET
public List<User> getUsers() {
return userStore.getUsers();

}

@GET

@Path("{id}")

public User getUser(@PathParam("id") long id) {
return userStore.getUser(id);

}

@POST
public Response createUser(User user) {
long id = userStore.create(user);

URI userUri = uriInfo.getBaseUriBuilder()
.path(UsersResource.class)
.path(UsersResource.class, "getUser")
.build(id);

return Response.created(userUri).build();

Ms1 Bocniosib3oBasuch Bxozsiei B coctaB JAX-RS dynkuueii UriInfo, mostomy
HaM He HYXHO MOBTOPAThCA Tpu nocTpoenuu HoBoro URL. Ita dynkuusa 6eper um-
(opmariiio o myTH, KOTOpas yKe eCTh B aHHOTAIUU KJ1acca pecypcoB. MeTos Response
NPUMETISIETCS JIJIS1 TOTO, YTOOBI yKa3ath (axTuueckuii orser HTTP ¢ ucnonbzoBanueMm
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mabyiona «Crpoutenb». JAX-RS oTMeuaet, 4TO BO3BpAIaeMbIi THIT ALIETO METO/A
Tenepb sIBJASETCS crienuprKalreil 0TBeTa, U OYAET 0TBEYATh KJMENTY COOTBETCTBY-
rommM obpasom. Biarogaps TakoMy moaxoay 06eCcreYrBaOTCs MOJNbIA KOHTPOJIb
1 TuGKOCTD IPEICTABIEHUS OTBETA JJIsl KJIMEHTA.

Kak BuauTe, 5T METOABI SABASIOTCA TOYKOM BXoJa s OM3HEC-clienapues.
Mp1 BrieipsieM KOHTYP UserStore, KOTOPBI B JaHHOM CJIydae peanusyetcs kak EJB-
00BeKT, 06eCTIeYnBAIONIMHN JIOTUKY [/ BO3BPATa CIIMCKA MOJIb30BaTeNel 1 CO3aHus
HOBBIX 10JIb30BaTEJIEH.

JAX-RS npenpocrasnsier ahHexTUBNIBIA 1 IPOCTOi criocob peanusaru GusHec-
¢dbyuxuuii ¢ momorsio Be6-cepsruco RESTful. TIporpammucram He mysKIo mucath
HU3KOYpPOBHEBBIN cBaA3ylomumii kox a1t HTTP, ecnu goctarouno crangapTnoro mo-
BE/IEHHUSI.

MNpeobpa3oBaHue TMNOB coaepxumoro HTTP

Bce ¢ Tol e 11e1bi0 — 06eCneynTh MAKCUMATBHYI0 POU3BOAUTEIBHOCTD PAbOTHI
nporpaMMucToB — B Java EE BKJIIOUenbl CTaHAAPThI TPO3PAYHOTO TPE0OPa30BAHUS
POJO-06nextoB B JSON mnu XML. B paccmorpenniom npumepe ¢ JAX-RS 6511
HeSABHO Mcrosb3oBad JSON-B nnsa npeobpasoBanus TUIIOB User B 0OBEKTHL M MaC-
cuBsl JSON.

3mech croBa 3aeiCTBYeTC s MPUHIUI IPOTPAMMUPOBAIINS 10 COTJIALIETIHSIM.
Ecau Huyero cnenuanbHo He ykasaHo, To JSON-B mpeanonaraer npeo6pasoBamnue
cBoiictB POJO HemocpesCTBEHHO B APl <Koy — 3HadeHue> JSON-o6bexTa. Vnen-
TU(hUKATOD TIOIb30BATEJISI TAKKE IIPUCYTCTBYET B BRIXOAHOM MaccuBe JSON.

10 cupasenuBo u 1A Java Architecture for XML Binding (JAXB) v cOOTBETCTBY -
routelt npuBsiaku XML, kotopas 6buia Bkatodena B Java EE Hammoro pansbine, yeMm
JSON-B. O6a cranapra nofAepKUBAOT PUHIIKI JEKJAPATUBION KOHMUTYpAK
C UCTIOJIb30BAHMEM aHHOTAIIMH, KOTOPBIE PA3MEIAIOTCS B IPe0Opa3syeMbIX TUIAX Java.
L1151 Toro 4T06BI M3MENUTSH NpeacTapienye Tua B JSON, Hy:KI110 106aBUTh ATHOTALIMN
B COOTBETCTBYIOIIUE MOJIS:

import javax.json.bind.annotation.JsonbProperty;
import javax.json.bind.annotation.JsonbTransient;

public class User {

@JsonbTransient
private long id;

@JsonbProperty("username")
private String name;

PeanuzoBath 6oJiee CJI0KIIOE PpeoOpa3oBaHue PECYPCOB, KaK B IPUBE/IEIIHBIX PAHEE
npumMepax ¢ kuuramu u Hypermedia, MOXHO, UCTIOIb3Ys AEKIapaTUBHOE TIpeobpa-
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3oBanue. HanpuMmep, mpeobpa3oBaTh CCLIKU B PECYPC KIIUT MOXKHO C TIPUMETENUEM
KapThl IPeoOPa3oBaHUS, COAEPIKAIIEN CCHIIKM M X COOTBETCTBUSI:

public class Book {

@JsonbTransient
private long id;

private String name;
private String author;
private String isbn;

@JsonbProperty("_links")
private Map<String, URI> links;

I1u cchlaky 3amamnbl B pecypee JAX-RS Takum o6pasom:

@Path("books")
@Produces (MediaType.APPLICATION_JSON)
public class BooksResource {

@Inject
BookStore bookStore;

@Context
UriInfo urilnfo;

@GET

public List<Book> getBooks() {
List<Book> books = bookStore.getBooks();
books.forEach(this::addLinks);
return books;

}

@GET

@Path("{id}")

public Book getBook(@PathParam("id") long id) {
Book book = bookStore.getBook(id);
addLinks(book);
return book;

}

private void addLinks(Book book) {

URI selfUri = uriInfo.getBaseUriBuilder()
.path(BooksResource.class)
.path(BooksResource.class, "getBook")
.build(book.getId());

book.getLinks().put("self", selfuri);
// Bpyrue ccobinku
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BriBoz crincka Knur OyAeT BBITISAAETD CIEAYIOMNAM 00pasoM:

{

"name": "Java",

"author": "Duke",

"isbn": "123-2-34-456789-0",

"_links": {
"self": "https://api.example.com/books/12345",
"author": "https://api.example.com/authors/2345",
"related-books": "https://api.example.com/books/12345/related"

}

b

[IpumepKkUBasiCh 3TOTO IPUHIIUTIA, MOKHO IPOTPAMMHO CO3/IaBATh CCLIKU C OTHO-
IIETMSMI, II0 KOTOPBIM IepexoauT kauent. OaHako, ucnonbsys noaxon Hypermedia,
MBI ZIOBOJIBHO GBICTPO IOCTUTHEM TOTO, YTO AEKJAPATUBHOE TIPe0OPa30BaHKE CTAHET
Tpeb6oBaTh CAMNIKOM OOJBIINX HAKIAAHBIX PACXOA0B Ha Mozenab. Kapra cchuiok
Y OTHOIIENUH HE SIBJSIETCS YaCThIO MPEAMETHON 06JIaCTH — 9TO TEXIUYECKas He0O-
XOIMMOCTb, KOTOPasI JO/KHA [IOABEPraThCsl COMHEHMIO. MBI MOTI/IY ObI BBECTH THIIBI
TPAHCIIOPTIIBIX OOBEKTOB U TAKMM 00Pa3oM OT/EIUTh TEXHIMYECKOe TIpeodpasoBanue
0T Mozie M TIpeaMeTtoi obaact. Ho 310 nensbexHo npuBesno 66l K MHOTOKPATHOMY
My 6IUPOBATIMIO M 3aCOPEHUI0 POEKTA GOJBIITUM KOJTUYECTBOM KJIACCOB, [€ IPUHOCS-
KX [I0JIb3bI GU3IECY.

Eme ogna npobsema, ¢ KOTOPOI Mbl CTAJKUBaeMcs, — TO, 4To a1 Hypermedia
HeobxoauMa rubKocThb. [Jaxe B 6oJiee IPOCTHIX CIyYasx UCIIOAb30BAHMS 9JIEMEHTOB
ynpasaenus Hypermedia mpuxoauTcs co3aaBaTh CChUIKY U AE€HCTBUSA B 3aBUCUMOCTH
OT TEKYIIEro cocTosAHus cucTeMbl. Hypermedia cBOMCTBEHIIO KOHTPOIMPOBATD IIOTOK
KJIMENTOB U MANPaBJISATh €ro [a OIpeesIenibie pecypesl. Hanmpumep, oTBeT KineHTa
IIOJIKETI COJIEPKATD IEUCTBUE /I7Isl PA3MEIIEHHUST 3aKa3a TOJIBKO B TOM CJIy4ae, €CJIM KHUTA
€CTb Ha CKJIAJIE, @ Y TI0JIb30BATEJIS [1a CYUETY JOCTATOUTIO cpeacTs. [luist atoro Tpebyercs,
4TOOBI OTBET IPe0OPA30BHIBAJICS B 3aBUCUMOCTHU OT CUTyaluu. II0CKOIbKY BO BpeMst
BBITIOJIHEH WS TIPUJIOYKETIUS HEJIETKO JOCTUYD AEKIaPaTUBHOTO MPpeobpasoBanus, He-
obxoxum Gosee TMOKUH IOAXO,.

Eme B Java EE 7 nossuncsa cranmapt Java API for JSON Processing (JSON-P),
OINKCHIBAIOIINH IIporpaMMHOe npeobpasoBanue cTpykTyp JSON B cruie mabaona
«Crtpoutenb». MOKHO MPOCTO BBI3BIBATH KOHCTPYKTOPHI JsonObjectBuilder miu
JsonArrayBuilder u c034aBaTh CTPYKTYPbI JI000M CIOKIIOCTH:

import javax.json.Json;
import javax.json.JsonObject;

JsonObject object = Json.createObjectBuilder()
.add("hello", Json.createArrayBuilder()
.add("hello")
.build())
.add("key", "value")
.build();
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B pesyabrare noayuutcs takoii JSON-06BEKT:

"hello": [
"hello"
1

"key": "value"

ITOT MOAXOA OCOOEHHO MOJIE3EH B CUTYAIUAX, KOI/IA Hy KHa 60JblIas TMOKOCTb,
Hanpumep B Hypermedia. Cranzapt JSON-P, nogo6uo JSON-B u JAXB, nerko um-
terpupyetcs ¢ JAX-RS. Meroast pecypcoB JAX-RS, BozBpamatoriue tumnbl JSON-P,
TaKue Kak JsonObject, aBToMaTH4eCKu BO3BpaAIAIOT coaep:kuMoe B ¢popmate JSON
BMECTE C COOTBETCTBYIOIUM OTBETOM; MMKAKOU JOMOJTHUTETBHOM TACTPOUKU HE Tpe-
Oyercsa. PaccMoTpuM mpuMep, ComepKaIinil CChIIKM Ha PECYPChl M peajiM30BallIlbli
¢ nomoripio JSON-P:

import javax.json.JsonArray;
import javax.json.stream.JsonCollectors;

@Path("books")
public class BooksResource {

@Inject
BookStore bookStore;

@Context
UriInfo urilnfo;

@GET
public JsonArray getBooks() {
return bookStore.getBooks().stream()
.map(this: :buildBookJson)
.collect(JIsonCollectors.tolsonArray());

}

@GET

@Path("{id}")

public JsonObject getBook(@PathParam("id") long id) {
Book book = bookStore.getBook(id);
return buildBookJson(book);

}

private JsonObject buildBookJson(Book book) {

URI selfUri = uriInfo.getBaseUriBuilder()
.path(BooksResource.class)
.path(BooksResource.class, "getBook")
.build(book.getId());

URI authorUri = ..

return Json.createObjectBuilder()
.add("name", book.getName())
.add("author", book.getName())
.add("isbn", book.getName())
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.add("_1inks", Json.createObjectBuilder()
.add("self", selfUri.toString())

.add("author"”, authorUri.toString()))
.build();

O6bexThi JSON-P co3a10TCst AMHAMUYECKH C UCTIONb30BanueM mabaona «Ctpou-
Tesb>. OH TO3BOJISIET CO3/1aBaTh Ha BBIXO/E JI00ObIe CTPYKTYpsI. [IpumMensTs JSON-P
TaKKe PeKOMEH/YETCs B TEX CIyYasix, KOT/a [IJIs CBSA3U TPEOYeTCst OO NPeCTaBIeHEe
CYIIHOCTH, a JIJIsl TeKyIlel MOJIei — Apyroe. B npouwioMm ais aTo# 11esiv B COCTaB
[IPOEKTOB BCErJa BXOAUIN OObeKTHI IepeHoca aanmbix, uan DTO. Teneps 06beKThI
JSON-P (paktruecku 3ameHmn co60i 06bEKTHI IEPEHOCA NaHbIX. Biaronaps atomy
MOXO/LY TIAM YoKe He MyJKeTl elle OUI KJIacc, Ay Oaupyomuii 601bIIUIICTBO CTPYKTYP
MO/IEJIbHOU CYIITIOCTH.

OnHaKo B 9TOM IPUMEPE TOXKE eCTh HEKOTOpoe AybaupoBanue. iMeHa CBONCTB
nosnyuuBinuxcs JSON-06bEKTOB Tenephb MPeACTaBIEHbI B BUE CTPOK. [[/1s1 TOro uTO-
Obl HEMHOTO ONTUMHM3UPOBAThH KO IPUMEPA, CO3IAAUM EUIYI0 TOYKY OTBETCTBEH-
HOCTH — YIPaBJseMbIi 00bEKT, KOTOPBIN OyzeT co3naBaTh Bce 00bekThI JSON-P u3
MO/IEJIbHBIX CYLI[HOCTEM.

IT0T 06BEKT — Ma3oBeM ero EntityBuilder — GyeT BHEAPEN B JAHBIN U [PyTHE
Kaacchl pecypcoB JAX-RS. 9to He uzbasut Hac oT 1ybaMpoBanus, HO OHO Oyaer
UIKATICYJINPOBAHO B €IUIIYI0 TOYKY OTBETCTBEHHOCTH U CTAlE€T MHOTOKPATIIO KC-
[OJIb30BAThCSI PA3HBIMU KJIACCAMU PecypcoB. B cienyiomieM Kozme mokasan npuMep
o6bexTa EntityBuilder AJist KHUT U, BO3MOXKIIO, IPYTMX OOBEKTOB JJIst PpeoOpasoBaHus
B ¢popmar JSON:

public class EntityBuilder {

public JsonObject buildForBook(Book book, URI selfUri) {
return Json.createObjectBuilder()

Ecau npezacrasienue, HeoOX0aUMOe A1 KAKOK-1100 KOHEYIIOM TOYKY UM BIIEII-
Hel CUCTEMBI, OTJINYAETCS OT HALIEH MOIENH, TO MBI [1e CMOYKEM MOJTHOCTBIO U30€KaTh
ny6upoBanys, e MoJyYUB B3aMeH APYTUX MeA0CTaTKOB. VICIoNb3ys 3TOT MOAXOA,
MBI OT/IEJISIEM JIOTUKY TIPeoOPa3oBanus OT MOJEU U TIONYyYaeM MOJIYI0 THOKOCTb.
CaotictBa POJO-00beKTOB mpeobpasyioTcs myTeM Bbi3oBa 1mabiona «Ctpoutenss.
I[To cpaBHEHMIO C BHEAPEHUEM OT/EIbHBIX KIACCOB OOBEKTOB MEPEHOCA U UX MTPE0H-
pa3oBaHKeEM B IPYroi (HyNKIUOIAT 3TO TIO3BOJISIET ONYYUTh G0JIee IPOCTOM U, B KO-
He4roM cyere Hosiee KOMIAKTIBIHM KOJI.

Ho Bepuemcsa x npumepy ¢ Hypermedia, cHoBa ucnonssys meiictBust Siren 1o
106aBJIEHIIO TOBAPA B KOP3UIY. ITOT IPUMEP AA€T MPEACTABIENNE O BO3ZMOKIIOM CO-
nepxxumoM otBetoB Hypermedia. [y TAKMX OTBETOB Pe3yJIbTaT AOJXKEH ObITh AMHA-
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MUYHBIM U THOKMM ¥ 32BUCETh OT COCTOSIHUS TIPUJIOKEHUS. Terepb Mbl [IPe/ICTABIsIEM
cebe rMOKOCTh U BO3MOKHOCTH IIPOrPAMMHOTO TpeobpazoBaHus, Takoro kak JSON-P.
ITOT BBIXOATION 0OBEKT HEBO3MOXKHO MOy YU Th, €CJIU 331€HCTBOBATH I€KIAPATUBHOE
npeobpaszosanue POJO, — nonbiTKa npuBesa Gbl K CO3IaHUIO JOBOJBHO CIOKHOTO
rpada o6bektoB. B Java EE ays Takoro comepkuMoro peKOMeHAYeTCsl TPUMEHUTh
JSON-P kak equmnyio TOYKY OTBETCTBEIIIOCTH WM CTOPOHHIOIO 3aBUCUMOCTD.

Jlnst npeobpa3oBanus 06bEKTOB Java B cTpyKTypsl gaHHbX JSON mau XML
cranaaptsl JAXB, JSON-B u JSON-P npeanaraioT moJmnyto HHTETPALMIO C APYTUMU
crangapramiu Java EE, takumu kak JAX-RS. Hapsiny ¢ npoaemonctpupoBaHioi paHee
unrerparueit B JAX-RS moskno takske unterpupoBarb CDI-BHeapeHue. ITa coBme-
CTHUMOCTD COXPaHSIeTCs [JIs1 BCeX COBPeMeHHBIX cTaHAapToB Java EE.

Ananreps Tuna JSON-B n03BosI0T Takke IpeoOpasoBLIBATh MECTAIAAPTIIbIE
Tunbl Java, neusBectiblie B JSON-B. Takue Tumnbl Java KOHBEPTUPYIOTCS B U3BECTHbIE
u nipeobpasyemble TUIbL. TUNNYHBIN IPUMEP — CEPUATU3AIMS CCHLIOK Ha OOBEKTHI
Kak UIeHTU(UKATOPHL:

import javax.json.bind.annotation.JsonbTypeAdapter;
public class Employee {

@JsonbTransient
private long id;
private String name;
private String email;

@JsonbTypeAdapter(value = OrganizationTypeAdapter.class)
private Organization organization;

ApnanTep Tumna, yKazaHHbBIN B MOJIE organization, MCTIOJNB3YETCS JISI IPEACTAB-
JIEHUST CCBLIKM KaK uentuduKaTopa opranusanuu. [[s pa3penieHus: 3TN CChLIKU
HY>KHO NalTH IpreMyeMble Opranu3anuu. Takyio GyHKIHOHAIbHOCTD MOKHO IIPOCTO
BHeApuTh B ananTep tumna JSON-B:

import javax.json.bind.adapter.JsonbAdapter;
public class OrganizationTypeAdapter implements JsonbAdapter<Organization,String> {

@Inject
OrganizationStore organizationStore;

@verride

public String adaptToJson(Organization organization) {
return String.valueOf(organization.getId());

}

@verride
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public Organization adaptFromJson(String string) {
long id = Long.parseLong(string);
Organization organization = organizationStore.getOrganization(id);

if (organization == null)
throw new IllegalArgumentException("Opranu3saummu c Takum ID
He cyuwecTByeT" + string);

return organization;

Ha sToM nprMepe oKasano IpeuMyIecTBO IPUMeHeH s HECKOJIbKUX CTaHAAPTOB,
XOPOIIIO COBMECTUMBIX JPYT € APyroM. IIporpaMMKCTBI MOTYT MPOCTO UCIIOJIb30BATh
Y MIHTETPUPOBATh UX PYHKIIMOHATbHbIE BO3MOKHOCTH, 1€ TPATS BpEMETIH 114 TTACTPOIKY
1 pa3paboTKy C643Y10uez0 IPOrPAMMIIOr0 06eCIedeHu .

Banugauna 3anpocos

JAX-RS nosBonsier unterpupoBars B cucteMy koHeurnbie Touku HTTP. Jto moapa-
3yMEBAET, B YACTHOCTHU, TPe0OPa30BaHUE 3aIIPOCOB U OTBETOB B THIIBI Java, TIPUMe-
HsieMble B TpuiokeHun. OMHAKO KIMENTCKUE 3aTPOChl Te0OX0MMMO BAIUMPOBATh,
4TOOBI IPEAOTBPATUTD HETIPABUIBHOE UCTIOIb30BAHUE CUCTEMBI.

Crangapt Bean Validation obecriednBaeT BCECTOPOHHIOI Banuganuio. CMbICT
€e COCTOUT B TOM, YTOOBI OOBSBUTH YCIOBUS BATUAAIINY, HATIPUMED «HEIYJI€BOE
[oJiey, «HEOTPULIATENbHOE LIEJI0€ YKCII0» WU «IOBBINIENNe 3aPILIaThl JOJIKIO CO-
OTBETCTBOBATH MOJUTUKE KOMIAHUW», U CBSI3aTh UX C TUIIAMU U CBOICTBaMHU Java.
CaMble pacIipoCTpaIeHITbie TEXHUYECKU 0O0CHOBAHHBIE YCIOBUS YK€ MHTETPUPOBAHBI
B ctanaaprt. K mumM Moxkmo 106aBUTH CrieiuaabHbIE YCIO0BUsE, 0COOEHHO T€, UTO BbI3BA-
HbI Ou3nec-(YHKIIMOHANBIIOCTBIO U GU3HeC-BauAauel. ITO MHTEPECHO TI€ TOIBKO
C TEXHUYECKON TOYKY 3PEHUsI, HO U C TOYKY 3PEHUs mpeaMeTnon obaactu. Jloruka
BamUAAIMH, 00y CIOBJIEHTION TIPEAMETHOMN 06IACTHIO, TAKYKE MOXKET OBITH peaTn30BaHa
C TIOMOIIIBIO TOTO CTAHAAPTA.

Banupanus ak THBU3UpyeTCs aAMTHOTHPOBAHIEM NTapaMETPOB METO/IA, BO3BPAII[AEMbIX
THUIIOB U CBOWCTB C MOMOIIbIO @Valid. Banumarus MokeT NpUMEHSATHCS B PA3JIUYHbIX
MeCTaX MPUJIOKEN U, HO OHa 0OCOOEHHO BayKHA B KOHEUTIbIX TouKax. Eciu ayst mapame-
Tpa pecypcHoro metoaa JAX-RS ykasaTs aHHOTa1MI0 @Valid, To OyAeT BBIIOIHATHCS
BaJIMAINS TeJla WK IapaMeTpa 3anpoca. Eciu 3amnpoc me npoiifieT Baauganuio, To
JAX-RS aBromatuyecku orBetut na HTTP-3anpoc kogoM coCTOSAINS, yKa3bIBAIOIIUM
Ha oIuOKy KJINEHTa.

B cnenyromem npuMepe nokasaHa MHTETPALUS BATUIAIUY I0JIb30BATES:

import javax.validation.Valid;
import javax.validation.constraints.NotNull;

@Path("users"”
@Produces(MediaType.APPLICATION_JSON)
@Consumes (MediaType.APPLICATION_JSON)
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public class UsersResource {

@POST
public Response createUser(@Valid @NotNull User user) {

}

Tun nosb3oBaTensa cCHaOXKeH aHHOTAI[uelH ¢ YCJIOBUAMU BaJaUAALIU:

import javax.validation.constraints.Email;
import javax.validation.constraints.NotBlank;

public class User {

@JsonbTransient
private long id;

@NotBlank
private String name;

@Email
private String email;

AnHotaiuy, pa3MeleHtbie B Metone JAX-RS, BbI3bIBAIOT BATHAAIMIO TEJIA 3AIPO-
€a, KaK TOJBKO OH TIOCTYIIMT OT KJuenTa. Teso 3anpoca J0KIO OBITh AOCTYIIHBIM,
He PaBHSTHCS null M COOTBETCTBOBATH KOH(MUTYpaLy THUIIA TT0/1b30BaTe 1. CBOMCTBO
VMEHH T0JIb30BATEJIS T1€ JA0JIKIIO OBITh MYCTHIM — IPYTUMMU CIOBAMU, OTIO He I0JIKHO
OBbITH Null WK COMEPXKATH TOMBKO Pobesbl. CBOMCTBO email OKHO COOTBETCTBO-
BaTbh (popMary ajipeca 37IeKTPOHIION MOYTHL. ITH yYCIOBUSI yYUTHIBAIOTCS IPU IPOBEPKE
06beKTa M0JIb30BATES.

Banugauuio 06beKTOB NPOBOAUT MeTOA Validator, Bxogsmuii B coctas Bean
Validation. Eciu nposepka He mpoiifieHa, BaIMAaTOP BbI3BIBAET UCK/IIOYeHHE Con-
straintViolationException. Dynkuus BanugaTopa TakkKe MOXET ObITh JOCTYIHA,
€CJIY BHEIPUTD 3aBUCUMOCTD U BbI3BaTh ee IporpaMMHo. JAX-RS BbI3bIBaeT BanuaaTop
aBTOMATUYECKH U, eCIM IPOBEPKa He IpOoiiieHa, OTIPaBJseT KIUEeHTY COOTBETCTBY-
IOIIUI OTBET.

B paccMoTpernnHOM prMepe He yAacTCsI BBITIOJINUTD Hepa3petieHHble Bbi3oBbl HT TP
POST nns pecypcea /users/, Takue Kak CO3/IaHIe IT0Jb30BaTEIbCKUX [TPEACTABIEHUI
6e3 uMenu. ITO NPUBEIET K BbIJAYe CTATyCa 3arpoca 400 Bad Request, KaK TIPUHATO
B JAX-RS no ymosuanuio, eciv Banuaanyst KIMEHTa 3aBEPIIUIACh HeyJaueit.

Ecnu xaventy tpebyercs n0monnuTe bHast UopMaIisa 0 TOM, IOYEMY 3aIPOC
OB OTKJIOTIET, TOBEJIEHHUE M0 YMOTYANMIO MOKET ObITh paciupeno. MckmodyeHus,
renepupyeMbie BATUAATOPOM MPU OIKOKAX BATMIAIMU, MOTYT MPe0GPa3s0OBbIBATHCS
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B otBeThl HTTP ¢ momombio ¢pyHkuun npeobpaszosanust JAX-RS. [Ipeobpazosarenn
HCKJII0YeHUN 00pabaThIBAOT UCKJIIOYEHNSI, CTeHEPUPOBAaHHbIE METOJAMU PECYPCOB
JAX-RS, B cooTBeTCTByIOIIME OTBETH KauenTaM. Jlasee mokasamn Takoi npeobpaso-
BarteJib ExceptionMapper 115 uckroueHus ConstraintViolationExceptions:

import javax.validation.ConstraintViolationException;

import javax.ws.rs.ext.ExceptionMapper;
import javax.ws.rs.ext.Provider;

@Provider
public class ValidationExceptionMapper implements
ExceptionMapper<ConstraintViolationException> {

@verride
public Response toResponse(ConstraintViolationException exception) {
Response.ResponseBuilder builder =
Response.status(Response.Status.BAD_REQUEST);

exception.getConstraintViolations()
.forEach(v -> {
builder.header("Error-Description”, ...);

H
return builder.build();

[TpeoGpasoBaTev UCKIIOYEHWI IBISAIOTCA TIocTaBumKaMu ijist JAX-RS B mporecce
BBIIIOJITIEH Y IpUIoKeHyst. [TocTaBIIMKY HACTparBalOTCs AMO0 IIPOrpaMMIIO B 6a30BOM
kiacce npunoxenus JAX-RS, n1u6o, kKak MoKa3aHO 371€Ch, AE€KIAPATUBIBIM CIIOCOGOM
C MCIIOJIb30BanveM aHHoTaluu @Provider. B xome atoro JAX-RS nposepsiet kiacco
Ha HaIN4YKEe IMTOCTAaBIUINKOB U aBTOMAaTH4Y€CKH UX ITPUMEIIACT.

[TpeobpasoBaTess UCKIIOYETTHI PETUCTPUPYETCS AJIS KasK[I0TO TUIA UCKITIOYeTnit
U ero NoATUIOB. Bce UCKIouenus HapyIieHus yCJIOBUM BaJTUAIINY, TellepUpPy€eMble
pecypcnbim MeTooM JAX-RS, npeo6pasyroTcst B OTBEThI KIMEHTY, KOTOPbIE BKJIIOYAIOT
B ceOs1 6a30BO€ OMMCAaHME TOTO, KAKUE IMOJIs BhI3Baiu omnOKy npu Bajauganuun. Co-
o01IeHNs 0 HAPYLIEHUAX MPeAoCTaBasAnTCa Gynkimsamu Bean Validation B Buze,
TIIOHATHOM 4Y€JIOBEKY.

Ecnu BCTPOEIIHBIX yCJIOBI/Iﬁ HEeJOCTAaTOUYIIO AJd BaduJalni, MOKHO BBECTU O0-
MOJIHUTETBHBIE, ITO OCOOETIO MOIE3HO JIJ1s1 TIPABUI BATU/ALMHY, CIELU(DIHYECKIX JJISt
NaHHOM TpeaMeTHOM obaacTu. Hanpumep, Mena nosb3oBaresieit MOTyT NoTpe6GoBaTh
GoJiee CI0XKHON BaIMIAIMK, OCHOBAHHOM Ha TEKYIIEM COCTOSIHUM CUCTEMBL. B cremy-
IOLIEeM ITPUMEPE UMeTIa MI0JIb30BaTE IEH 11e JOJIZKHBI IIDUITUMATBCS IIPHU CO3/JaHUHU HOBBIX
nosib3oBaTeeil. Pagymeercs:, BMecTe ¢ HUMM Ha HhopMaT 00BEKTa M IOMYCTUMBIE CUM-
BOJIbI MOT'YT HaKJIaIbIBATbCA U APYTUE OTrPAIIUYCIINA:

public class User {

@JsonbTransient
private long id;

@NotBlank
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@UserNameNotTaken
private String name;

@Email
private String email;

AnnoTtanus @UserNameNotTaken — 3TO CHEIMAIBIIOE YCIOBUE BAIUIAIUU, OTIPE-
JleJIEHIIOe TIPUJIOJKENTEM. Y CJIOBUS BAJU/IALNYU JIeJIETUPYIOT yIIpaBjenue Baju/a-
TOPY — KJIACCy, KOTOPBIU U BBIMIOJHSIET TACTOSIIYIO TPOBEPKY. Basuaatops nuMeoT
IOCTYII K allIOTUPOBAHHOMY OOBEKTY, TAKOMY KaK KJACC WU B JaHHOM CIydae
nose. CrenuanbHas GyHKIUS IPOBEPSET, YAOBAETBOPSET JIU JAIIbIA 0OBEKT BCEM
yCA0BUAM Banuaanun. s KOHTPOJIS HECTaHAAPTHBIX HaPYIIEHWH BBIBOAA COOOIIE-
HUU 1 JOTIOJTHUTENbHOM WH(POPMALIMY B METOJIE BATUAAIIMY MOXKET MCIIOIb30BATHCS
ConstraintValidatorContext.

B cnenyloniem nprMepe mokazaHo ONpe/iesienie HECTAHJAPTHOTO YCIOBUS BAJIU-
aluu:

import javax.validation.Constraint;
import javax.validation.Payload;

@Constraint(validatedBy = UserNameNotTakenValidator.class)

@Documented

@Retention(RUNTIME)

@Target ({METHOD, FIELD, ANNOTATION_TYPE, CONSTRUCTOR, PARAMETER, TYPE_USE})
public @interface UserNameNotTaken {

String message() default "";
Class<?>[] groups() default {};
Class<? extends Payload>[] payload() default {};

Knacc UserNameNotTakenValidator poBepsieT 3TO yCJIOBHeE.

import javax.validation.ConstraintValidator;
import javax.validation.ConstraintValidatorContext;

public class UserNameNotTakenValidator implements
ConstraintValidator<UserNameNotTaken, String> {

@Inject
UserStore userStore;

public void initialize(UserNameNotTaken constraint) {

// HWYero He genaTb
}

public boolean isvalid(String string, ConstraintValidatorContext context) {
return luserStore.isNameTaken(string);
}
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Kaxk u B cityyae ¢ 1pyrumu CTaHAapTaMU, BATUIATOPBI MOTYT UCIIONb30BATD YIIPAB-
ssieMble 00BEKTBI Yepe3 BHenpenue 3aBrucuMocTeil. Takas HeoOX0AMMOCTh BOSHUKAET
OYeHb YACTO [IPU HECTAHAAPTHOI JIOTHKE BATUAALUY C BBI30BOM 3JIEMEHTOB YIIPaBJIe-
Hus. B rannom npumepe BanuaaTop BrezapsieT UserStore. Hanmomuio emie pa3: B Java EE
pa3Jau4HbIC CTAIIIAPTHI MOKHO IIPUMEHATD MHOTOKPATHO.

CriennajibHble yCI0BUSA BAIUAALNN OYEHD YaCTO ONPENEIAIOTCS IIPEAMETIION 00-
Jacthio. B BUA€ CIICLIAJIbHBIX yCJIOBI/Iﬁ HNMEET CMbICJI MHKAIICYJIHUPOBATh CI0XHYIO
MIIOTOKOMIIOHEHTHYIO JIOTUKY BaJTUJAllUH. HpI/I TaKOM II0AX04¢e B(D(i)eKTI/IBHO HCIIOJIb-
3yeTCsA TaKXe IMPUHITUIL eI[HHOﬁ OTBETCTBEHHOCTU — BBIAEJIEIINE JIOTUKHU IIPOBEPKHU
B €IIHBII BATTMIATOP BMECTO Pa3jleJIeHUs ee Ha IPOCTeEHIIie YCIOBUSL.

Bean Validation npegocrasnsier 60see ClIOXKIbIA (PYHKIUOHAI, TO3BOISIOMIMIA
CTPOUTH CLI€EHAPHUU IIPOBEPKH, B KOTOPBIX K OAHUM U TEM XK€ TUIIAM IIPUMEHAIOTCA
pasyuurbie ciocoObl Bamuaauu. [[Jisi 5TOro peaynayercst KOHIIEIIHsI TPYIIIL YCIOBUS
00beIVHSIOTCS B TPYIIIIBI, KOTOPBIE MOTYT OBITh IIPOBEPEHBI MHANBUAYAIbHO. [ToapobHee
00 aToMm yuraiite B cienudukanuu Bean Validation.

Kak 6b110 mokasano pasee, nosesusie ganmnsie HTTP JSON takske Moryt GbiTh
npeobpasosanbl B JAX-RS ¢ ucnonszoBanuem crangapra JSON-P. 910 Bo3MOKHO
u 1151 esia 3anpocos HTTP. ITapaMerpsl Tesia 3anipoca MOTYT OBITh [TPECTABJIEHB KAk
tunsl JSON-P, conep:xarive JSON-CTPyKTypbl, KOTOPbIE CUUTHIBAIOTCS TUMAMHUYECKH.
VMeeT cMBIC TIPEACTABIATH TeJa 3alIPOCOB, KAaK U TEJO OTKJIUKA, C IPUMEHENNEM
tunoB JSON-P, eciu cTpyKTypa 06bEKTa OTJMIAETCS OT TUIOB MOJieNel 1miu Tpeby-
€T 6OJIleeﬁ I‘I/I6KOCTI/I. B takux CJIy4asX BBIMOJIHATH BaJIUAAUIO IIPEAOCTABIAEMbIX
00BEKTOB ellle BaKHEe, TOCKOABKY CTPYKTYPbI JSON-P MOryT 6BITH IPOM3BOIBHBIMU.
Jlsist TOro uTOGBI TAPaHTUPOBATD MPABUIBHOCTD ONPE/IETIENNBIX CBOUCTB 0OBEKTa 3a-
npoca, npeacTasaenibix B popmate JSON, aTOT 06BEKT HOJIKET TPORTY BATUIALINIO
C UCIIOJIb30BAHKUEM CIIeL[UAJIbIIBIX YCIAOBUI IPOBEPKHU.

[Tockoabky 06beKThl JSON-P 10CTPOEHbI IPOrPaMMHO 1 HE UMEIOT IIPENOIpPee-
JIEHHBIX THUIIOB, Y IIPOTPAaMMHCTOB II€T BOSMOXHOCTHU aHIIOTHUPOBATh HX I10JIA, KaK
9TO Aesaetcs As TunoB Java. [loaToMy k mapaMeTpaM Teja 3ampoca NPUMEHSIOTCS
CIieMHaJIbHbI€ YCJIOBUA BaJIUJAllNH, IIDUBA3aHHBIE K COOTBETCTBYIOILIEMY BaJIHUIATOPY.
CrennanbHble YCAOBUS BAIUAAINU ONPENETAIOT CTPYKTYpy npuemaemoro JSON-
00BbeKTa /17151 JAHTIOTO TeJia 3aTpoca.

B cnenyiomniem npumepe npeacTaBiien KO/ AJIsI UIITETPALIMK IPOBEPEHHOTO THUIIA
JSON-P B pecypcubiit meton JAX-RS:

@Path("users"”
@Produces(MediaType.APPLICATION_JSON)

@Consumes (MediaType.APPLICATION_JSON)
public class UsersResource {

@POST
public Response createUser(@valid @validUser JsonObject json) {

User user = readUser(json);
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long id = userStore.create(user);

}

private User readUser(JsonObject object) {

}

Creruanbioe ycioBue ValidUser cchliaeTcs ma UCosib3yeMblil Basuaatop. Ilo-
CKOJIBKY CTPYKTYPa IPeA0CTaBIsseMbIX 00beKTOB JSON-P MoXkeT ObITh IPOU3BOJIBHOM,
BAJIU/IATOP IIPOBEPSIET HATUYHME U TUII ONPEIEJIETTIBIX CBOMCTB:
@Constraint(validatedBy = ValidUserValidator.class)

@Documented
@Retention (RUNTIME)

@Target ({METHOD, FIELD, ANNOTATION_TYPE, CONSTRUCTOR, PARAMETER, TYPE_USE})
public @interface ValidUser {

String message() default "";
Class<?>[] groups() default {};

Class<? extends Payload>[] payload() default {};

Banuaarop cenuanbibix yCaIoBUil mpuMenuM Takke k tunam JSON-P:

public class ValidUserValidator implements ConstraintValidator<Validuser,
JsonObject> {

public void initialize(ValidUser constraint) {
// Hu4ero He pgenaTb

}

public boolean isValid(JsonObject json, ConstraintValidatorContext context) {

}

ITocne Toro Kak mpemocTasienmbiii 06bekT JSON-P mpoinesn BaIugauuio, ero
CBOMCTBA MOXIIO GE30MACTIO U3BJIeYb. B 3TOM NprMepe MoKa3arno, Kak TMOKue mpo-
rpaMMHPYEMbIE€ TUIIbI MOKIIO UIITETPHUPOBATH U BAJIMAUPOBATH C IIOMOIIBIO METOA0OB
JAX-RS. Kiacc pecypcoB U3BJIEKAET TEJIO 3aIIPOCa, IPeoOpasyeT ero B TUII CYIIIOCTH
TIpeZIMETHOM 06JIaCTH U UCTIOJB3Y€ET KONITYP /IJIs BHI30Ba OM3HEC-CLIEHAPUSL.

O6paboTtka owmnbok

Kak mMbl Buziesv B nocaienux npumepax, JAX-RS nossosisiet mpeobpasoBaTh NCKIIOYE-
YA B CIIELNAJIBIIBIE OTKJINKHN. 3Ta moJie3mas d)yHKLlI/IOHaJ'[bHOCTb Aa€T BO3BMOXHOCTb
peann30BaTh IPO3Padyio 06paboTKy crenuduIecKnx OUbOK, e BIAMIIOIYIO 1a
BBITIOJIHEHYE OCTIOBIIOTO KOJA.
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Tunuunas npobaema npu pabore ¢ EJB cocTouT B TOM, 4TO NP MOJIyYenuu 10-
CTyIa K J1000My KOHTEKCTY, 1€ aBsommemycs EJB-06bekToM, nanpumep 3ampocy
na pecypc JAX-RS, Bce uckmouenus 6yayt obepnyTsl B EJBException. 1o menaer
006paboTKy NCKII0YEHNH OY€eIlh IPOMO3IKOM, II0TOMY 4TO EJBException m0OIKIIO OBITH
Pa3BEPHYTO [JISI IPOBEPKYU MPUYUIIBI UCKITIOUEHMS.

Ecau cnabxkath crenuaabHble TUIIBI UCKIKOYENNH anmnoTanusaMy @Applicati-
onException, To mpuYMIIa HCKIIOYENHs Iie OyaeT o0epHyTa:

import javax.ejb.ApplicationException;

@ApplicationException
public class GreetingException extends RuntimeException {
public GreetingException(String message) {
super(message);

}

Br13os EJB, renepupyromuii uckirouenue GreetingException, e npuBezeT K Ho-
SIBJIETIMIO 00EPIIyTOro ucKaodenus EJBException U HE CO3MAET TUII MCKIIOYEHUS
nanpsAMyo. 3aTeM MPUJIOKENre MOKET OMPEeUTh MEXaN3M TIPeoOPa3oBaIyst Uc-
kmouennii JAX-RS ans paxruueckoro tina uckiovenus GreetingException, Tak xe
KaK B CJIyyae MpeoOpa3oBaHus yCJAOBUHA BATUAAINN.

Baaronaps ycsioBuio anHortanuu @ApplicationException (rollback = true)
KOIITe{Hep TaK’Ke BBIIIOJINUT OTKAT aKTUBIION TPAN3aKIMH IIPY BO3HUKIIOBETINH HC-
KJIIOUEeTIHS.

[oCTyn K BHELWHMM cucTeMam

VTax, Terepb MbI 311a€M, KaK 00eCIIeunBaeTCs JOCTYI K OM3HEC-CleNapyusM U3BIIE
yepe3 HTTP.

s peanuszanuy 6U3nec-I0rMKY OOJBIINHCTBY KOPIOPATUBIIBIX IIPUIOKETNH
Iy>el AOCTYI ¥ K APYTUM BHEIUNMM cucTeMaM (KpoMe 6a3 JaIIbiX, KOTOPBIE IPU-
naIexaT npuaoxenuo). OObIYIO MO/ BIEIIMTUMA CHCTEMAMH TI0/IPa3yMeBaOTCS
CHCTEMbI, BHELINHUE 10 OTIIOUIEIINIO K IPEAMETIION 06 1acTu npunoxenusa. Onu npu-
Ma/IJIeXxat APyroMy KONTEeKCTY.

[l TOro 4To6BI MOMYYUTh AOCTYT K BHeImHUM cepBucam HTTP, myxHo uHTe-
rPUPOBATH B MMPOEKT KJIUENTCKUN KOMIOMIEHT, KaK MPAaBUJIO, B BUE OT/AEJbIOTO
3JIEMETITa YIIPaBJenyst. ITOT KJIACC dIEMENTA YIIPABIEHUS UTIKATICYINPYeT PYHKIINO-
naJjbIble BO3MOKHOCTH, HEOOXOUMbIE JIsI CBA3M C BIIEIIHEH cucTeMoii. PekoMen-
AYy€eTCH TIIATEbIIO IPopaboTaTh unTEpPEc 1 He CMEIINBATh 33441 IIPEAMETHOR
06J1acTH ¢ JeTalAMU peannus3allui COeANHENNs, TAKUMHU KaK YIIaKOBKa IOTEHIIN-
QJIBHBIX MOJIE3TBIX JATTHBIX, TPOTOKOJ cBs3H, unipopmanus HTTP (ecam ucnosb3y-
ercsas HTTP) u npyrue cocraBisionive, e OTIOCSIINECS K OCIIOBION MPeAMETHON
obmactu.

B cocra JAX-RS BxoauT cioknasa Kanentckas QynKuua A oOecrnedyeHus
addexruBmnoro gocryna kK HTTP-cepBucam. Omna npeaocTaBisieT TaKue e BO3MOXK-
MOCTH TIPeoOPa30BaIyisl TUTIOB, YTO U [/ KIACCOB PECYPCOB. B ciexyromem npumepe
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IPeACTaBJIEI 3JIeMeNlT YIPaBaenus A1 A0CTyIa K BIeNINnel cucreMe AJs Mojadu
KO(EeNTbIX 3epeH:

import javax.annotation.PostConstruct;

import javax.annotation.PreDestroy;

import javax.enterprise.context.ApplicationScoped;
import javax.ws.rs.client.*;

import java.util.concurrent.TimeUnit;

@ApplicationScoped
public class CoffeePurchaser {

private Client client;
private WebTarget target;

@PostConstruct
private void initClient() {
client = ClientBuilder.newClient();
target = client.target("http://coffee.example.com/beans/purchases/");

}

public OrderId purchaseBeans(BeanType type) {
Purchase purchase = ..

BeanOrder beanOrder = target
.request(MediaType.APPLICATION_JSON_TYPE)
.post(Entity.json(purchase))
.readEntity(BeanOrder.class);

return beanOrder.getId();
}

@PreDestroy

public void closeClient() {
client.close();

}

Knuent JAX-RS co3zmaeTcst u HacTpauBaeTcs KanenToM-cTpouteneM. O 3aaeii-
CTBYeT 1ieJieBble Be6-06bekThl st noctyna K URL. tu 06beKTh MOTYT OBITH 13-
MeIleHBbI ¢ Mcnob30BanueM pyHkuuii nocrpoenusi URI, ananornysbix Tem, KOTOpbIe
neiicTByioT B pecypcax JAX-RS. IleneBbie 06beKThI IPUMENSAIOTCA IS CO3MAHUS
MOBBIX BBI30BOB, peAcTaBstiomux dakrndeckue HTTP-Boi30Bb1. Bri3oBel MOTyT Ha-
crpauBatbcs B coorBeTcTBUM ¢ HTTP-undopmariueit, Takoil Kak TUIIBL COJEPKUMOTO,
3arOJIOBKH, a TAKIKe 0COOEMHOCTH TPeobpasyeMbIX TUIIOB Java.

B nantom npumepe 11es1eBoit 00beKT, ykasbiatonuii Ha Biemmuit URL, cosaaer mo-
BbIli 3anpoc copepxkumoro tuna JSON ¢ momonrbio Metoga HTTP POST. Oxunaercs,
urto BozBpaiaemas JSON-crpykTypa Gyzer mpeobpasoBbiBaThCsl B 0OBEKT BeanOrder.
JlanbHeHIyo JOTUKY [J1s U3BJIe4enus neobXoauMoi ungopMaIuu BHIIOISIET
KJIMEHT.

Bo usbexanuie yredky pecypcoB MPH 3aBepUIeHIH PaOOTHI KONITEHHEPA B METO/IE
@PreDestroy 9K3eMIUISP KIHeHTa OyAeT 3aKPBIT JOJIKHBIM 06Pa3oM.



110 lnaBa 3 e BHeapeHwe coBpeMeHHbIX NpuoxeHuit Java Enterprise

CrabunbHOCTb Npu ncnonb3osaHnm HTTP

B paccmotpenom mpuMepe He yYTenbl XapaKTEPUCTUKYN YCTOHYMBOCTY. BbI30B aTOTO
KJIMEHTCKOTO 3/IEMENITA YIIPABJIeHNs 6€3 CIEIMAbIION MPOPabOTKU MOKET IIPUBECTH
K IeXKeJIaTeIbIIOMY IIOBEIETHIO.

3anpoc kiuenTa 610KupyeTes 10 Tex nop, noka na HTTP-Bbi30B ne GyaeT nony-
4eH OTBeT b0 Te uctedeT BpeMs 06paboTku coequuenus. JlomycTumMoe BpeMs 00-
pabotku HTTP-coenunenus 3apucut ot peasusanuu JAX-RS, koTopasi B OTA€IbIBIX
TEXTMOJIOTHSIX MACTPOENA 1A HeCKONeYHYI0 GJOKUPOBKY. [/ CTabMIIBIIBIX KIMENTOB
aT0 HenpruemieMo. CoenuTentie MOXKeT [JIUTHCS BEUHO, 6I0KMPYS TIOTOK, U B Xy/AIIEM
caydae MOKeT 3a0JI0KUPOBATh BCE TIPUJIOKEHNE, ECIM BCE OCTYIHBIE TIOTOKK OYayT
MIPUBSI3AIbl K 3TOH JIOKALNH, OKHUJasl 3aBeplieHus ux naausuayaasnoro HTTP-
coeaunentist. YToOBI 3TO MPENOTBPATUTS, MYXKIO HACTPOUTH KJIMEIT, 33/1aB JJIS TIET0
JIOTIyCTUMOE BpeMsI OXKUAAIINS COeqUIIETIHS.

BpeMs oxxupaHus 3aBUCUT OT MIPUJIOKEHUS, OCOOEMTIO OT MapaMeTPOB CETH, 110
KOTOPOH OCYIIECTBJISIETCS CBSI3b C BIIElIHelH cucteMoit. OHO onpe/esisieTcs JOMyCTH-
MbIMU 31adenuamu Bpemenu oxunanuss HTTP. {7151 Toro 4To0bI OIyYUTh Pa3yMHOE
BPEMSI OJKU/IATINsA, PEKOMETILYETCs COOUPATh CTATUCTHKY 3a/IEPXKEK IOCTYTIA K BIIENIeR
cucteme. [[71s1 cucteM, B KOTOPBIX Narpy3Ka U BpeMsi OXKUAAINS COeJUTIeNSI CUTBHO
Pa3JIMYAIOTCS, MATIPUMED /IJIST CUCTEM 3JIEKTPOHIION KOMMEPIIVY C TMKOBOU MAarpy3Kou
B OIlpe/ieJIEeHHOe BpeMsl, CllelyeT yYUThIBATh XapaKkTep U3MEeHEeHUH.

Bpems oxuganus HTTP-coenqunenusi — aTo MakCUMaJIbHOE BpeMs, B Teuelne
KOTOPOTO COEAMHEINE JOJIKIIO ObITh ycTamnosaeno. Omno J0MKHO OBITh 1e6OIbIINM.
Bpewms oxunanus urenuss HTTP onpenesnsiet, Kak 0r0 MOXKIIO OKUIATH YT
nanmbix. OHO 3aBUCHT OT XapaKTepa BIIEIITIEro cepBrca. B cooTBeTCTBIY ¢ cCOOpaHHOM
CTATHCTUKOMN XOPOIe# OTIPABHOM TOYKOM /ISt BBIOOPA BpEMEHY OKUIATINS YTETIHS
SIBJISIETCSI Cpe/iliee BpeMsl OTKJIMKA IIJTIIOC TPeXKpaTIioe CTANAAPTIIOe OTKJIOIEeHHeE.
[Moxpobriee TeMbl MTPOU3BOAUTENBHOCTH W PEAKI[UM CEPBUCOB OYIYT PACCMOTPETIBL
B ryiaBe 9.

B crnenyromem npumepe nokasano, kak Hactpoutb HTTP-coenunenue u Bpems
OXKUJAHS YTEHUS:

@ApplicationScoped
public class CoffeePurchaser {

@PostConstruct
private void initClient() {
client = ClientBuilder.newBuilder()
.connectTimeout (100, TimeUnit.MILLISECONDS)
.readTimeout(2, TimeUnit.SECONDS)
.build();
target = client.target("http://coffee.example.com/beans/purchases/");
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BBI30BBI KJIMEHTOB MOTYT MPUBECTU K MOSABJENUIO omnbok. Bremmnsas cayxba
MOJKET BBIIATh HEMPEABUAEINIBIN KO/ COCTOSITNS, 1aTh HEOKUIAMBII OTBET WK
Tie OTBETUTDH BOOOIIE. ITO TE0OXOANMO YYUTHIBATH MIPU PEATU3ANNN KIUETITCKUX
KOMITOTIETITOB.

Kiuentckuii BBI30B readResponse () 0XKHIAET, YUTO OTBETOM Gy/IET KO COCTOSTIMS
HTTP tumna SUCCESSFUL, a TeJIo OTBETa MOXKIIO OyeT Ipeobpa3oBaTh U3 THUIIA COAEP-
JKMMOTO 3anpoca B 3afanmbiii Tun Java. Ecan yto-To nmoiiger me tak, 6yaer cremepu-
POBaHO IUTIAMUYECKOe UCKIIIoYenye RuntimeException. [[uHaMIYeCKIie UCKITIOYETHs
TIO3BOJISIIOT MHKEHEPaM MUCATh KO, TIe 3aCOPETTIbliA TUIIIUMY 610Kamu 06paboTKH
UCKJIFOUETIHH, TI0 TIPU HTOM NE0OX0MMO YYMTHIBATH BO3MOXKIIbIE OIIUOKH.

Kauenrtckuit MeTO MOXKET yJIaBAMBATH JUHAMUYECKUE UCKIIOUYETIHS, YTOOBI
OHU TIe TIepeIaBajiCh BHI3BIBAIOIIEMY CEPBUCY MpeaMeTnoi obnactu. CyiecTByer
U IpyTO, 60/Iee MPOCTON BAPUATIT: UCIIOJIb30BATh TIEPEXBATUNKM. [lepexBaTunKu —
3TO CKBO3IbIe (PYIKIUK, KOTOPbIE TIPUMETAIOTCS (€3 KEeCTKON MPUBSI3KY K KO-
pupoBansbiM pynkuusM. Hanpumep, paccMOTpenHbIN KIMEHTCKUN METO/] TOJKeH
BO3BpAIlaTh 311aUernye null, eIy BHEMLISISI CHCTEMA He TPeOCTaBUIA TPUEMIEMBIN
OTBeT.

B cnenyiomem npruMepe mokasamn mepexBaTUMK, KOTOPBIH MTEPEXBATHIBAET BBI30-
BBI METO/IOB U BeJleT cebsl Tak 10 OTTMOUIENNIO K CTeTIEPUPOBAHHBIM UCKIIOUEHUSIM.
JlaHTiblil TepexBaTYMK UNTECPUPYETCS C MTOMOIIBIO AMIMOTAIINK METO/A YIIPaBJIeNus
CoffeePurchaser:
import javax.interceptor.AroundInvoke;

import javax.interceptor.Interceptor;
import javax.interceptor.InvocationContext;

@Interceptor
public class FailureToNullInterceptor {

@AroundInvoke
public Object aroundInvoke(InvocationContext context) {

try {
return context.proceed();
} catch (Exception e) {

return null;

Mertoz purchaseBean( ) cHabsxern anmoTanueil @Interceptors (FailureToNullInter-
ceptor.class), KOTOpasi aKTUBU3UPYeT JJISI IEr0 CKBO3Mble (DYHKIINH.

YTo KACAETCS YCTONYMBOCTH, TO (DY TIKITMU KIMEHTA MOTYT BKJIIOYATh B ce6s1 1010
MUTEJBIIYIO JIOTUKY. ECJIM ZOCTYIIIBI TECKOTBKO CUCTEM, TO B CTy4ae Neyaauu KIUenT
MOJKET OBTOPUTH BBI30B, 0OPATHBIIUCH K IPYTol cucteMe. Y TOIbKO B KpaiineM ciyyae
BBI30B 3aKOHYMTCS TIE€YAUeii ¥ Pe3yabTaT 1e Oy/IeT OMyYeH.

[Moxpobuee ckBo3mbie GynKimyu OyayT paccMOTpensl B paszaese «CKBO3HbIE 3a-
Jadyuy» gasee.
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[octyn k cepsucam REST Hypermedia

HTTP-cepsucsi, ucniosbayomue yciaosust REST, ocobenmo B orHomenvu Hypermedia,
My>KAI0TCST B GOsiee CJI0XKHOI JIOTHKe Ta cropore Kiuenta. CepBUChl HATPABJISIIOT
KJIMEHTOB I1a COOTBETCTBYIOUINE PECYPCHI, IOCTYT K KOTOPBIM OCYIIECTBJISETCS OPe-
nenenmbiM o6pasom. Hypermedia pasgensier cepuchl u npumensiet ¢pyukiuu API,
TaKKe KaK CIoCcOOMOCTDb K Pa3BUTHIO U OTKPHITOCTD, HO TpebyeT GoJibliei AunamMmmd-
TIOCTH ¥ JIOTHKU Ha CTOPOTIE KJIMETITA,

Patnee GbLT TIPEICTABIIEN TIPUMEP JIJIS TUIIA COAEPIKUMOTO Siren, B KOTOPOM GBLIO
[IOKA3aHO, KaK OTKJUK cepBuca nepenamnpabisier REST-kiuenrta Ha qocTymnmble mo-
caieyrolive Bbi30BbL. [IPEnosoKuM, 4TO B OTBETE KJIMENT TONYYaeT 3aKa3 U XOYeT
BBIIIOJIIUTB JIeicTBHe add-to-cart:

{
... pacCMOTpEHHLIn paHee npumep
... cBoWcTBa pecypca book
"actions": [
{
"name": "add-to-cart",
"title": "Add Book to cart”,
"method": "POST",
"href": "http://api.example.com/shopping-cart”,
"type": "application/json",
"fields": [
{ "name": "isbn", "type": "text" },
{ "name": "quantity", "type": "number" }
1
}
1,
"links": ..
}

Kivent 3HaeT TOMBKO TO, YTO 03T1aYaET JeHCTBIE «100ABUTH B KOP3UILY» C TOUKH
3penusi GU3MeEC-CIenapusl, a TAKKE KaK TMPEIOCTABUTD CBEAEHUS O 3TMAYETIUU T0JeH
ISBN 1 Kos1nyecTBe KIur. ITa JIOTHKA ITPeMETIION 00J1acTH, Ge3yCII0BIIO, I0JIKIA OBITh
peasin3oBaHa B kiuente. Mndopmaiins o ToM, Kak OCyIIECTBIISIETCS JOCTYII K CIIE/y-
IOLIIEMY PECYPCY — KOP3MHE IOKYIIOK ¢ ucnob3oBanuem Metona HT TP u kakum 6yzaer
THUII COAEP>KUMOTO, SIBJISIETCS AUTTAMUYEeCKO U Tie 3amucana B KJIUenTe.

Jlnst Toro 4To6s! 106ABUTH KIUTY B KOP3UIY MOKYIIOK, KIUENT CHAYAJA JOJIKET
MOJIYYUTh AOCTYII K PECYPCY KIINTH. 3aTeM BhI3bIBAETCA OU3IIEC-CLENapHii «<106aBUTh
B KOP3HUILY», OH U3BJIEKAaeT MH(POPMAIUIO O COOTBETCTBYIIEeM aeiictBun Hypermedia.
Vndopmarius A8 my>KIbIX TIOJIeH 0/Kna GbITh peocTaBiena npy Bezose. [loce
3TOTO KJIMEIT OOPAIIAETCS KO BTOPOMY PECYPCY, UCTIOJIb3Y sl CBEIETINS, IPEIOCTABIIE-
nbie REST-cepBrcoM 1 BBI30BOM 3/IEMENTA YTIPABIEHUST:

public class BookClient {

@Inject
EntityMapper entityMapper;

public Book retrieveBook (URI uri) {
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Entity book = retrieveEntity(uri);
return entityMapper.decodeBook(uri, book.getProperties());

}

public void addToCart(Book book, int quantity) {
Entity bookEntity = retrieveEntity(book.getUri());

JsonObjectBuilder properties = Json.createObjectBuilder();
properties.add("quantity", quantity);

Entity entity = entityMapper.encodeBook(book);
entity.getProperties().forEach(properties::add);

performAction(bookEntity, "add-to-cart", properties.build());
}

private Entity retrieveEntity(URI uri) {

}

private void performAction(Entity entity, String actionName,
JsonObject properties) {

Tun Entity unkancyaupyer ungopmaiuio Tunos cymmnocreir Hypermedia.
EntityMapper oTBeuaer 3a mpeobpa3oBamnye TUIA COAEPIKUMOTO B MOJIEIN TTPEAMET-
noi obnactu 1 naoc6opot. B aToM mpumepe Bce HEOOXOAUMBIE IO A/ A€HACTBUA
MOJIyYeTIbl U3 CBOMCTB Pecypca U IPeI0CTABIENIOro napaMeTpa quantity. /[ns toro
4TOOBI AKTMBU3NPOBATH ONPEIEJIENNYI0 JUNAMUKY, BCE CBOMCTBA CYITHOCTH [0-
6aBSIOTCA B KapTy NpeoOpa3soBaHus U MepefanTcs MeTony performAction().
B 3aBucuMOCTH OT J€HCTBUS, 33IaNNOT0 CEPBEPOM, U3 ITOM KApPThI U3BJIEKAIOTCS
neob6xoaumeie mosist. Eciim tpebyercs Goibliie Mosel, TO IOTUKY KINENTa, OUEBHUIIIO,
cJenyeT U3MEHUTb.

Pa3zymeeTcs, UMeeT CMBICJ MNKANCYJIMPOBATh JOTHKY JAOCTYNA K CEPBHUCAM
Hypermedia, a Takxe npeobpasoBanue Mozeell MPeAMETION 061aCTH B TUIIBI CO-
NIEPIKUMOTO, OT/eJbIIble feeraThl. Takke MMEET CMBICT 3aMeNUTh GUOINOTEKON
(yukunonangbnocts A nocryna kK REST-cepucam.

Bol morsim 3ametuts, yTo URI nmpocovyunucek B oTKpbITHIM unrepdeiic kaacca
KiaurenTa. U me caydaiino — 31o Heo6X0auMo, YTOOBI UAenTUUIMPOBATD PECYPCHI
IJIS1 TIECKOJIbKUX BHI3OBOB Ousnec-cuenapues. [Ipyrumu ciaoamu, URI nepemn
B TIPEAMETIYIO 00JIaCTh U UCIOIb3YIOTCS TaM KaK yIUBEPCAJbIIbE NAENTU(DHKATOPHI
pecypcos. [Tockonbky oruka coznanust URL ma ocHOBe Texnuyeckux uienTU(UKaTOPOB
BBITIOJIHSIETCS 112 CTOPOHE KJinenTa, Becb URL-anpec pecypca, B CylIiHOCTH, CTAIOBUTCS
udenmugpuxamopom. OnHAKO TpU pa3pabOTKe KIMENTCKUX SJEMENTOB YIIPABJIEHMS
UIDKenepaM cJaeayeT mo3aboTurbes 06 oTKpeiToM untepdeiice. B wactnoctn, Hukakas
uH(OpPMAIMs O CBSA3U C BHEIINEH CUCTEMOM TI€ OJIKHA MOMACTh B TIPEAMETIYIO 00-
JIACTh. DTOT MOAXO/ XOPOLIO peanusyercs ¢ momoinbio Hypermedia. Bes neo6xoqumast
TpamncrnopTHas upopMaIis U3BIEKAETCSA U UCIOIb3yeTcst AunaMudecku. Jloruka
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TMIaBUTallNH, peaan3dyemMasi B COOTBETCTBHUU C OTBETaMU Hypermedia, HaXOAUTC B KJIN-
EIITCKOM 5JIEMEHTE YIIPABJIEHUSL.

ITOT NpUMep NPU3BAH JATh YUTATENIO MPEICTABJIENINE O TOM, KaK KJIUENT 3a/1ei-
crByet cepBrcsl REST Hypermedia.

ACVYHXpPOHHAs KOMMyHUMKauma n 0bMeH coobLueHnamMu

ACMHXpOTNasi KOMMYTIUKAIMS TIPUBOAUT K OCJAAONEHUIO CBA3KM MEKLY CHCTEMAMHU.
OGBIYHO 3TO MOBBIIAET OTIEPATUBIIOCTD, & TAKIKE YBENUUMBAET HAKJIAIHBIE PACXO/IBI
Y TIO3BOJISAET BBIMIOJIIATH CIIEHAPUH, B KOTOPBIX OTCYTCTBYET MOCTOATIAS MaeXkKHas
CBsI3b C cucTeMaMy. ECTh MIIOJKECTBO CIIOCOGOB MTPOEKTUPOBATIHSI ACUTIXPOTITIBIX COE/IU-
TIEH WA T1a KOTILENTYAIbIIOM U TEXTIMYECKOM YPOBIIE. ACUTIXPOTINAs CBA3b HE 0311aYaeT,
4TO Ma TEXTMTUYECKOM YPOBIIE BHI30BBI HUKOT/A e OyAyT CUHXPONNbiMU. Busnec-npo-
1ecc MOXKeT ObITh TIOCTPOEH KaK ACUITXPOIIIBIN, MO TP 3TOM MOJIEINPOBATH OJNH
WJIM HECKOJIBKO CUTIXPOHHBIX BHI30BOB, BOT TOJILKO OMH Ti€ OYAYT BHIOJIHATHCS UK
o6pabatbiBarbes Hemeniento. Hanpumep, API MokeT mpeaycMaTpuBaTh CUTIXPOHTIbIE
METO/IBI JIJIs CO3/IAMMSI IOTOBPEMEMHBIX MIPOIECCOB, KOTOPhIE BIOCIEACTBUN OYayT
YaCTO OMPAIIUBATHCS HA TIPEIMET OOTIOBJIETIHIA.

Ha TexnunyeckoM ypoBIie aCHHXPOTINAst CBSI3b 00BIYIIO Pa3pabaThIBAETCS KAK OpHU-
eNTUPOBANTIAs HA COOOLIEHNS U PEATU3YETCS T1a OCTIOBE Ouepeiell cooduenuil uim
mabona nyGauKaru-oANUCKY. [1puitoskenus obIanTcs NanpsMyIo TOJBKO C Oue-
peznbio uian 6poKepoM cooOLIenuii, a COOOLIEHN TIe TIEPEAAIOTCS NAIPAMYIO KOIIKPET-
MOMY TIOJIYYaTEIO.

PaccMOTpUM pasiindiibie CocoObl CO31anus ACMHXPOMITIBIX COeAUHEHN.

AcuvHXpoHHOe HTTP-coeanHeHue

Mogens otsera na sanpoc npu HTTP-coegunenuu oObYIIO BKIKOYAET B cebs CUII-
XpOHMBIA 06Men AaHHbIMU. KiMeHT 3anpanuBaeT pecypc Ha cepBepe 1 6JI0KUpyeTcst
110 TeX TIOP, OKa He OyeT nepegan oTBeT. TakuM 00pa3soM, aCUIIXPOHHASI CBA3b C UC-
nonb3oBanvieM HTTP 06614110 10CTUTaeTCs a KOMIIENTY b0 ocHOBe. CUTIXPOTITIbIE
HTTP-BBI30BbI MOTYT MHUIIUMPOBATD TUTEJIbHBIE GUTIEC-TTPOLIECCHL. 3aTEM BIIEIITISAS
cucTeMa MOXeT 100 yBEJOMUTH BI3bIBAMOIIETO a0OTENTa MOCPEACTBOM APYrOro
MeXaHM3Ma, JIUO0 TPEIJIOKUTD BAPUAIIT OTPOCA /1151 OOTIOBJIETIHA.

Hamnpumep, B CJIOXIION cHUCTeMe YIPaBJeNnysl T0JIb30BaTeNISIMU IIPeyCMOTPEIIbL
METO/BI JJIs CO3/IaTMsl oJIb30BaTeelt. Jlonyctum, mosb3oBatenein TpeGyeTcs: peru-
CTPUPOBATh U BepU(DHUIINPOBATH BO BHENITMX CUCTEMAX M TOT IIAr BXOAUT B GoJiee
JIATEIBIIBIA ACUIIXPOHIIBIN GU3IIec-IIpoLece. 3aTeM npuoskenue ¢ nomornsio HTTP-
¢ynkum, nanpumep POST /users/, 3aIlyCKaeT IIPOLIECC CO3/JaNHs IIOBBIX M0Jb30Ba-
teseit. OHAKO BBI30B TAKOTO CI[EHAPUS TI€ TAPANITUPYET, YTO MOJb30BATEND OyAeT
yCIemmno co3aan u 3apeructpupoBad. OteeT ot koneunoii Touku HTTP, nanpumep,
C KOJIOM cTaTyca 202 Accepted Gy/IE€T TOMBKO OATBEPKAATE MOMBITKY CO3/AMMsI HOBOTO
os1b30BaTe 1s1. Ol TOBOPUT JIUIIB O TOM, UTO 32IPOC TIPUIIST, TI0 3TO €I1Ie He 3HAYUT, UTO
o11 6bLT OJTHOCTBIO 06paboTaH. Jlablile ¢ TOMOILBIO [OJIsI 3ar0I0BKa Location MOXKIIO
MepenanpaBuTh KJINENTa Ha PECYPC, Te Ol CMOXKET BBIMOJIATH OMPOC OOMOBIEHNI
JUTS1 YaCTUYHO 3aPETUCTPUPOBAHHOIO [T0JIb30BATEJIS.
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Ha texnmueckom ypoBae HTTP He TosIbKO MOAEpKUBAET CHHXPOTIIIBIE BHI3OBBL
B mynikre «CoObITHS, OCHLIAEMBIE CEPBEPOM» MBI PACCMOTPUM OTIPABJSIEMBIE C CEP-
Bepa cobbiTus Kak npumep HTTP-crangapTa, MCHONB3YIONIEr0 aCUTIXPOHHYIO CBA3b
IIOCPECTBOM COOOIIETIHIA.

CBsi3b NOCPEACTBOM COOBLLEHUI

CBs13b IOCPEACTBOM COOOIIENNI ogpasyMeBaeT 0OMen udopMaLreis, cCoaepKaIencs
B aCHIIXPOHIIO OTIPABJIsAEMbIX coobuienusax. OGIUIO ONa peasu3yerTcs: ¢ MOMOIIbIO
ouepesielt coobuieHunit nm mabona myOIMKaMU-MOATUCKA. [[penMyIiecTBOM TaKOM
CBSI3U SIBJISIETCS Pas/eJienie CUCTEM: TPUJIOKEHUS MANPSIMYyI0 B3aUMOJENHCTBYIOT
TOJIBKO C OYepe/bio Uiu 6pokepoM coolienuii. Pasnenenue BauseT He TOJBKO Na
3aBHUCUMOCTD OT CHCTEM U HCIOJIb3yeMOU TEXIIONIOTHY, 110 ¥ Ha XapaKTep KOMMYHU-
KalliY, TaK KaK OJarofaps aCMHXPOIIIOMY 0OMeIly cooOLIenuamMmy OU3ec-mpoLecchl
CTanoBATCA caabee CBA3AIIBIMU MEKIY COOOM.

Ouepens cOOBIEHNI — ITO OYEPElb, B KOTOPYIO IOMEIIAIOTCS COOOIIE s, YTOObI
3aTeM 10 OJHOMY 6bITb nepeaaniabIMA l'[OTpe6I/ITeJIﬂM. B KOPIIOPATUBIIbIX CUCTEMaX
odepenn coobuIenuii 06BIUIO PeaTu3yIOTCs MOCPENCTBOM npomexcymournozo 110,
opuenmuposaniozo wa obpabomxy coobuenuii (message-oriented middleware, MOM).
B npomiom pemenrss MOM 4acTo BCTpedannch B CUCTEMAX odepenel CooOIeHni,
takux Kak ActiveMQ, RabbitMQ u WebSphere MQ.

[IabmoH mMy6GAMKAIUMK-TIOATIMCKH OMUCHIBAET MOTPEOUTENEl, KOTOPbIE TIOMUCH-
BAIOTCSI Ha OTIPE/IETIENIYIO TEMY U MOJyYaioT yOauKyembie B el coobuienust. [Toa-
NIMCYNKY PETUCTPUPYIOTCS B TEME M TIOJTy9At0T COOOIIEHsI, OTIPABJIEHIIbIE N3/IATETIEM.
ITa KOHIIEMIXS XOPOLIO MACIITaGUPyeTcst 7ist GOJIBIIOTO YMC/Ia yYaCTHUKOB. [Ipome-
YTOUIIOE IPOrPaMMIIOe ObecIedeHre, OPUEHTUPOBAIIIIOE I1a 06pabOTKyY COOBILEHNUA,
006BIYIIO TIPUMETIAIOT, YTOGBI KCIIOIB30BATH TPEMMYIIECTBA KAK OYepeell coobuienui,
TaK ¥ abyoHa MyOIMKAIUK-TIOATIUCKHY.

OpHako, KaK ¥ aCUHXPOIINAs CBSA3b B 1[EIOM, IPOTPAMMIIbIE PELIEIns, OPUEITH-
pOBarble T1a COOOIIEN s, UMEIOT ONIPe/IeIENTIble He0CTaTKK. [lepBoe, 0 yeM caiemyer
1103a00TUThCSI, — 9TO TAAEKIIASA AOCTaBKa coo0menuii. M3gaTenu OTIpaBasioT co-
o01enusi B aCHHXPOIIIIOM, A6MOHOMHOM Pexume. VITKenepbl TOJKIbI YINThIBATH
HOAIEPKUBAEMYIO CEMANITUKY JOCTABKH COOOIIENNiA: OYAET I COOBILENHNE IOy ETIo
MaAKCUMYM 00U Pa3, xomsi 6bL 00U Pa3 WK PoeHo 00uH pa3. BeI6op Texmoaoruy, noa-
JIEPXKUBAIONIEN OTPEIENENHYI0 CEMAITUKY JOCTABKH, OCOOENIO BapHaNT AOCTABKH
POBHO O/IMH pa3, Oy/IeT BAUSATH Na MaCUITabUPYEMOCTh U MIPOIYCKIIYIO CIIOCOOHOCTD
cuctembl. B riaBe 8 Mbl moapo6no paccMOTPUM 3Ty TeMmy, Koraa 6ymaem obCcykaaTh
NIPUJIOKEHMSI, YIIPABJIsIEMble COOBITUSIMU.

s unrerpaunu B npusioxenus Java EE npomexxyTouyHoro nporpaMmMHOro
obecredenust, OpUENTUPOBAIIHOIO 1a 06pabOTKy COOOINENUil, MOXKIIO MCIIOIb30-
Batb API Java Message Service (JMS). JMS API noanepxuBaeT perieHus u IJsi
ouepesieli coobLIeHnH, U 171 ab1010B ybankanuu-noanucku. Itot API Tonpko
ompenesieT UITePPENCH U PeaTU3yeTcs ¢ MOMOIIbI0 poMmeskyToutoro 110, opu-
enTUpoBanIoro na o6pabotky coobmenuit. Hecmotps na ato JMS API ne mony-
YXJI ITUPOKOTO PacIpOCTpAIenus Cpean MporpaMMucToB. Ha MomenT nanucanus
KIIUTHY CYIIECTBOBAJIO HE TAK Y’ MIIOTO CHCTEM, B KOTOPHIX On npuMeHsics. [lo
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CPaBIEMNUIO C IPYTHMHU CTAHJAPTAMU €r0 MOJIEJIb IIPOrPAMMUPOBATIUS CJIOXKIIA
U MaJIONIPOAYKTHUBIIA.

Ewe oana tengenuusi B KOMMYTUKAIMX TIOCPEACTBOM COOOIIEHUI 3aKIII0UAETCS
B TOM, YTO TIa CMEHY TPaAUIMOHHBIM MOM-penrenusm Bce yaiie Ipuxoaar GoJee
npoctsie. Ceifyac MIIOTHe 13 Pelentiii, OpPUerTHPOBAHITBIX Ha COOOIIENHs, UTITETPUPY-
1oTcs ¢ momolipio cobersenmbix AP TIpumepom siBasiercst Apache Kafka, B koropom
HCIOJIB3YETCST U OYepeb COODLIENnnii, 1 MOJeNb ybmnKauu-noanucky. B riase 8
B KauecTBe npuMepa npumMenenuss MOM-pemenus B npunoxenusix Java EE mokazama
unrerpauus Apache Kafka.

CobbITHs, NoCblIaeMble cepepoM

Cobuvimusi, nocvLiaemvie cepeepom (server-sent events, SSE), — IpuMep acUIIXPOHIION
TEXHOJIOTUHM IMyOauKauu-noanucky na ocnose HTTP. Ona npezjaraet mpocToi mpo-
TOKOJI OIHOTIATIPABJIEHIION IIOTOKOBO# nepenayn. KineHTbl MOTYT 32apericTprupoBaThCst
B TeMe, 3anpocuB HTTP-pecypc, koTopsiii ocTaBisieT oTKpbITOE coeaumnenue. Cepaep
MOCBLIAET COOOIIENNS KIMENTaM, TOAKIIOUYEHITBIM K TieMy 110 9TuM aktunbiv HTTP-
COeTUIICIINSAM. Kiuenrsl e MOTYT OTBETUTD €MY NAIIPAMYIO, a MOT'YT TOJIBKO OTKPbIBAaTh
Y 32KPbIBATh COEUIIENINS C KOTIEYIION TOYKOH ITOTOKOBOI MIepeiauu. JTO IIPOCTOE peliie-
mye IIOAXOAUT [JIA CLHEeINlapueB C MMOBOCTIIBIMHA PACCBLIIKaAMH, TAKUMH KaK O61'[OBJI€1'II/I$I
B COIMAJIBIIBIX CETAX, PaCChLIIKa LIEH I1a aKITUH UJIK HOBOCTHbDIE JICTITHIL.

CepBep pacchLIaeT KINENTaM, MOIUCATIIBIM 1A TEMY, TEKCTOBbIE aHbIe B (op-
mare UTF-8 B Buze cogepxumoro text/event-stream. MopMat coObITHI MOKa3an
nanee:

data: 3To coobuweHue

event: namedmessage
data: Y 3TOoro coobweHus ectb MMA CO6bLITUA

id: 10
data: Y aToro coobuenua ectb id; ecnu coeauHeHne 6yaneT npepBaHo, OH byaeT nepepaH
kak 'ID nocnepHero cobbiTna'

Tot ¢akr, 4T TEXMOMOTHSI COOBITHIH, OTIPABJIAEMBIX CepBepoM, ocrioana ma HTTP,
YMPOIIAET €€ UHTETPAIUIO B CYIIECTBYIONINE CETH U MHCTPYMENTAPUi pa3paboTKu.
SSE u3HayasibIo noAnepkuBaeT UAENTA(DUKATOPHL COOBITUN 1 BOCCTAHOBJIEHNE CO-
enunenuit. KinenTtel, KOTOpbIe OBTOPITO MOAKIIOYAIOTCS K KOHEUYTION TOUKE IIOTOKO-
BOM Iepejayy, IPeAOCTABIAIOT MOCAEANNIA OTYYEHHBIA HAENTU(PUKATOP COOBITUA
Y TIPOJIOJIKAIOT MOJIHMCKY € TOTO MECTa, IIa KOTOPOM OCTaHOBUJIKCS.

JAX-RS nonnepxkuBaer coObITHS, TOCHLIAEMBIE CEPBEPOM, KaK 11 CTOPOIIE CEPBEPA,
TakK U na ctopoHe kiaunenTa. Koneunbie Touku nepenayu SSE onpenensiorest ¢ MCIob-
3oBanueM pecypcos JAX-RS caenyromum o6pasom:
import javax.ws.rs.DefaultValue;
import javax.ws.rs.HeaderParam;

import javax.ws.rs.InternalServerErrorException;
import javax.ws.rs.core.HttpHeaders;
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import javax.ws.rs.sse.*;

@Path("events-examples")
@Singleton
public class EventsResource {

@Context
Sse sse;

private SseBroadcaster sseBroadcaster;
private int lastEventId;
private List<String> messages = new ArraylList<>();

@PostConstruct
public void initSse() {
sseBroadcaster = sse.newBroadcaster();

sseBroadcaster.onError((o, e) -> {
b
}

@GET

@Lock(READ)

@Produces (MediaType.SERVER_SENT_EVENTS)

public void itemEvents(@HeaderParam(HttpHeaders.LAST_EVENT_ID_HEADER)
@DefaultValue("-1") int lastEventId,
@Context SseEventSink eventSink) {

if (lastEventId >= 0)
replaylLastMessages(lastEventId, eventSink);

sseBroadcaster.register(eventSink);

}

private void replaylLastMessages(int lastEventId, SseEventSink eventSink) {

try {
for (int i = lastEventId; i < messages.size(); i++) {
eventSink.send(createEvent(messages.get(i), i + 1));
}
} catch (Exception e) {
throw new InternalServerErrorException("He yaaeTcAa noBTopuTb
coobueHus", e);

}

private OutboundSseEvent createEvent(String message, int id) {
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return
sse.newEventBuilder().id(String.valueOf(id)).data(message).build();
}
@Lock(WRITE)

public void onEvent(@Observes DomainEvent domainEvent) {
String message = domainEvent.getContents();
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messages.add(message);
OutboundSseEvent event = createEvent(message, ++lastEventId);

sseBroadcaster.broadcast(event);

Jlns1 coOBITHIA, TTIOCHIIAEMBIX CEPBEPOM, UCIIOIB3YETCS TUT COAEPKUMOTO text/
event-stream. 3aperuCTPUPOBAHIIBIN TIPUEMHUK COOBITHM SseEventSink maer JAX-RS
UICTPYKIUIO TOAJEPKUBATh OTKPHITOE COEAUIIENNE C KIUEHTOM /IS CEAYIONNX
coOBITHIA, KOTOpBIE OyAyT OTIpaBJIENh Yepes nepegatduk. CormacHo crangapry SSE
3aroJI0BOK Last-Event-ID ympaBiseT Mpogo/KeneM MoToKa coObTui. B ganmom
npuMepe cepBep OYIET OBTOPIIO OTIIPABJIATH COOOIIENSL, €CJIH O MyOJMKOBAIKCH,
MOKa KJIMENTHI ObLIN OTKJIIOYEITBL.

B MeToze itemEvents() peasu3oBamna perucTpalys IMOTOKOBOI Ilepefayu U me-
MEJIJIETITION TIOBTOPIION OTIIPABKH POIIYIEMITBIX COOBITHI KJMEITY B CIy4ae meohxo-
mumocty. [locie Toro Kak KJIvenT 3aperucTpUpOBAT PE3YIbTAT, O BMECTE C APYTUMHU
AKTMBHBIMU KJIMENTAMHU TIPOAOJIKUT TIOJIy4aTh CIEAYIOUIE COOOIEN s, CO3/IAMTIbIE
C TIOMOIIIBIO Sse.

B xopnopaTuBIOM NPUIOKENNN aCHHXPOIIAs UHTETPALUS PeATU3yeTCs Yepe3
oTciexuBanue cobbIThsi DomainEvent. Kaxabiil pas, Korja rae-To B IPUIOKEHUH TTPO-
ucxoaut CDI-coObiTre 9TOro Tvma, akTusIble Kauentsl SSE momyyaoT coobimenne.

JAX-RS Takske moamepxKuBaeT BO3MOXHOCTH Hcmoab3oBanusa SSE. Mcrounuk
cobBITHI SseEventSource Tpe0CTaBaseT (HYHKIMOHATBIBIE BO3MOXHOCTHU JIJIS1 OT-
KPBITHSI COEIUMENHS C KOHeurnol Toukoit SSE. Omn peructpupyer nosyyaresb COObITHIA,
KOTODBIH BBI3BIBAETCS MIPU MOCTYIIENUHU COOOIETTHIA:

import java.util.function.Consumer;
public class SseClient {

private final WebTarget target =
ClientBuilder.newClient().target("...");
private SseEventSource eventSource;

public void connect(Consumer<String> dataConsumer) {
eventSource = SseEventSource.target(target).build();

eventSource.register(
item -> dataConsumer.accept(item.readData()),
Throwable: :printStackTrace,
() -> System.out.println("completed"));

eventSource.open();

}

public void disconnect() {
if (eventSource != null)
eventSource.close();
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ITocse Toro xak SseEventSource yCIIeMITIO OTKPOET COeANHeN e, TEKYIUN 110-
TOK mpogoxkaercs. Korza cobbITrs mocTynar, OyAeT BbI3Ball PUEMIIUK COOBITHA,
B IalTIOM ciiy4yae dataConsumer#accept. SseEventSource CTaHET BBIOIAThH BCIO
11e06X0auMYyI0 06paboTKy B cOOTBeTCTBUH O cTaHzaptoM SSE. Croaa BXOIAT, B 4acT-
TIOCTH, TIOBTOPTIOE MOAKJIIOUENNE TTOCTIE PA3PhIBa COSAUTIENHS U OTIIPABKA 3ar0JOBKA
Last-Event-ID.

Y KJIMEHTOB TakXke eCTh BO3MOXKIIOCTh MOCTPOEnus 60jiee CAOKIBIX PeIenui
C PYYHBIM YIIPABJIETIMEM 3ar0/JI0BKaMH 1 ITIOBTOPIIBIMHU ITOAK/IIOYETTUAMM. HOSTOMy THUII
SseEventInput 3ampaIinBaeTCs ¢ TUIIOM COIEPIKUMOTO text/event-stream U3 06bIYTIOTO
1ieieBoro Be6-o6bexTa. [loapobuee 06 aToM yuTaiite B cienmgukanun JAX-RS.

Cob6biTHS, TOCHLIaEMbIE CEPBEPOM, MIPEAOCTABIISIOT YAOOHOE OJHOCTOPOITIEE
notokoBoe pemenue a5t HTTP, koTopoe Xopouio unrerpupyercsi B TEXIOJOTHIO
Java EE.

WebSocket

Texnosorust COOBITHIA, TOCHLIAEMBIX CEPBEPOM, KOTIKYPUPYET ¢ HoJiee MOIIHON Tex-
nosorueii WebSocket, koTopasi OAAEPKUBAET ABYCTOPOIIIIOIO CBA3b. TeXHOMOIMA
WebSocket, crannaprusoBannas IETF, asasercsa elje oAnuM NpuMepoM OPUEIITH-
POBAITION Ta COOOLIEHNS CBA3U THUMNA «MTyOJUKalus-NOANUCKa». V3navanpno ona
NpeIHA3HAYAIACH JJIsI TIPUJIOXKENHH Ha OCTioBe Opay3epa, HO MOXKET MIPUMETAThCS
1151 MI060r0 KJIMENT-cepBepioro oomMena coobiennusamu. B WebSocket o6pramo uc-
HOJIb3YIOTCA TE K€ MOPTHI, 4TO U ma Komeunsix Toukax HTTP, Ho ¢ cobcTBEMHBIM
TCP-npoTokonom.

B Java EE WebSocket sBasiercs gyactoio unrepdeiica Java API for WebSocket,
BKJIIOYAIONIETO B ceOst CEPBEP U MOIEPIKKY KIMENT-CEPBEPIIOro OOMENa AaTbIMH.

Mogesb TporpaMMHUPOBAMUS 7151 OTIPeIeJIEN IS KOIIEYTIbIX TOYEK A CTOPOIIE Cep-
Bepa 371eCh TOXKe COBMAAAET € 001IEN KapTUTIOi, XapakTeproii 1 Java EE. Koneurnbie
TOYKHU MOTYT OBITh ONPEAEJIENBI IPOTPAMMIIO WJIH JAEKJIAPATHUBIIO, C TIOMOIIIBIO AIITIO-
tauuit. TlocaeHuii BApyanT NPenoJIaraet, 4To anmnoTauy J00aBASIOTCS B KIACCH
KOTIEYTIbIX TOYEK, KAaK B MOJEJIH ITporpaMmmupoBanus pecypcoB JAX-RS:

import javax.websocket.*;
import javax.websocket.server.ServerEndpoint;

@ServerEndpoint(value = "/chat", decoders = ChatMessageDecoder.class,
encoders = ChatMessageEncoder.class)
public class ChatServer {

@Inject
ChatHandler chatHandler;

@0nOpen
public void openSession(Session session) {

}

@0nMessage
public void onMessage(ChatMessage message, Session session) {
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chatHandler.store(message);

}

@0onClose
public void closeSession(Session session) {

}

ANnoTupoBanibie METOABL KJacca KOHEUYIION TOYKH cepBepa OyayT BhI3BIBATHC
B UMUIUMPYOIIUX CECCHUSIX, TIPYU MOCTYILIEHUHU COOOLIETNH 1 3aKPHITUH COETUTIETTHIA.
Ceccun IpeACTaBsioT cOO0M 0OMEH MATIHBIMU MEKIY IBYMS KOTIEUITBIMA TOYKAMU.

KomneunbiMu Toukamu WebSocket MOryT onmpenensatbest KOAEPH! U AEKOAEPhI IS
npe06pa3OBan1/Iﬂ I10JIb30BAaTEJIbCKUX THUIIOB _]ava N3 TEKCTa B IBOUYHBIE JAaHIIbIE U HaA-
060pot. B aTOM IprMepe MpeAcTaBIeH HeCTaAAPTIIBINA THII AJI51 COOOIIEHNH YaTa, A1
npeobpas3oBarysi KOTOPOTO UCIIOIb3YIOTCS CIIELMAIbIIbIE KOAEPHI U AeKoaepbL. [Togobmo
JAX-RS, WebSocket mocraBisieTcs ¢ TOTOBBIMU CPEACTBAMY CEPUATM3ALIMH 711 00bIY-
TIBIX CEPUATTU3YEMBIX TUIIOB Java, TAKMX KaK CTPOKH. B ciiemytorieM Ko/ie mpoieMoICTpu -
POBaI KOEP /IS CIEUAIbHOIO TUIIA, CO3JAHIIONO /15 HALeH IPEIMETION 001aCTH:
import javax.websocket.EncodeException;

import javax.websocket.Encoder;
import javax.websocket.EndpointConfig;

public class ChatMessageEncoder implements Encoder.Binary<ChatMessage> {

@0verride
public ByteBuffer encode(ChatMessage object) throws EncodeException {

}

OTH TUIIBI COOTBETCTBYIOT TUIIaM MessageBodyWriter 1 MessageBodyReader B cTaH-
napre JAX-RS. /lanee mokasai cOOTBETCTBYIOIIUI AEKOAEP COOOIIENIA:

import javax.websocket.DecodeException;
import javax.websocket.Decoder;
import javax.websocket.EndpointConfig;

public class ChatMessageDecoder implements Decoder.Binary<ChatMessage> {

@0verride
public ChatMessage decode(ByteBuffer bytes) throws DecodeException {

}

KOHC‘-IHLIC TOYKH KJIMEHTA OIIPEAECTAIOTCA allaJIOTUYIIO0 KOHEYIIbIM TOYKaM CepBepa.
PasHula Juib B TOM, 4TO cepBepbl WebSocket mpocynBaoT moBoe coequnenue
BZI0JIb BCET'O ITYTH, a KJIHUEIIThI — IIET.
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Knnentckue pynkumonasnbneie Bosmoxnoctu WebSocket API MoryT ucmosib3o-
BaThCs I1€ TOJIBKO B KOPITOPATUBIION Cpefie, HO U B mpuiioxenusx Java SE. To xe camoe
kacaercs u JAX-RS Ha ctopone kiventa. Peann3ainio KOHEUON TOUYKU KIUETITA
WebSocket npegocrasio BaM B KaueCTBe yIIPasKIIENInsL.

WebSocket u cobbiTus, nocsIaeMbie CEPBEPOM, MPEACTABIAIOT COOOH XOPOIIO
UIITErPUPOBAHIIbIE TEXIIOJIOTHHI, OPUENITHPOBaIHbIE Ta coobmenus. Kakyio us nux
TIPUMEHSATS, B 3MAYMTENBIION CTEIENN 3aBUCKUT OT TPeOGOBAHUH NIPEIMETHOI 061aCTH,
CYLIECTBYIOIIETO OKPYKEHUs M XapaKTepa oOMerna JalHbIMH.

KopnopaTuBHblE TEXHOMOMMKN CBA3M

Hekoropbie BreniHne KOPIOPAaTHUBHBIE CUCTEMBI, KOTOPBIE HYJKIIO UHTETPUPOBATH
C IPUJIOJKETIEM, HE UMEIOT CTaHAAPTIbIX nHTepdeiicos wu Java API. K atoii kateropuu
MOTYT OTIIOCUTBCSI YCTAPEBIIIe CUCTEMBI, & TAKXKE IPYTHUE CUCTEMBI, UCIIOIb3yEMbIE
Bopranusatuu. API Java EE Connector Architecture (JCA ) T03BONISIET UIITETPUPOBATH 9TH
TaK Na3bIBAEMBbIE KOPHopamueHoie ungopmamuonnvie cucmemvt (Enterprise Information
Systems, ELS) B npunoxenus Java EE. [Ipumepamu EIS saBasiorcs cucteMbr 06paboTku
TPaH3aKIUii, CUCTEMBI 0OMeHA COOOIIEHNAMY U 3aKPIThIE OA3bl JAIIIBIX.

Ananrepst pecypcos JCA mpencTasisior co00i pa3BepThIBAEMbIE KOMIIOHEIITHI
EE, xoTopble I03BOSIIOT UNITETPUPOBATh B MpUJIOKeNHe HH(POPMAIIIOHHbIE CHCTe-
MBI COEUTIEHHNS], TPATIBAKIINY, H€30TACTIOCTh U YIIPABJIENNE KU3TEHHBIM IIUKJIOM.
Nndopmaiiionmibie cicTeMbl MOTYT JIy4llle UIITETPUPOBATHCS B MPUJIOXKENNE, YEM
IPyTHE TEXTIOJIOTHH MOAKIIOYEHNs. AZIarITepPbl PECYPCOB MOCTABJISIIOTCS B BUIE APXUBOB
adanmepos pecypcos (Resource Adapter Archives, RAR). [loCTyII K IINM B IIPUJIOKEIINH
ocyiecTBisieTcs: Garonapsi GyHKIMOHAMY MAaKeTa javax.resource U €ro TMOJIaKe-
tT0oB. Hekotopsie mocraBuinku EIS mpenoctaBisitoT agantepsl pecypcoB AJsi CBOUX
cuctem. [Toapobmee o pa3paboTKe U pa3BepPTHIBANIUY A/ATITEPOB PECYPCOB YNUTANTE
B crieriudukaiuu JCA.

JCA nmpennaraeT MHOKeCTBO BAPUANITOB UIITETPAIIMH /IJIST BHELITTUX UTI(OPMAIIHOI-
nbix cucteM. OHAKO 9TOT CTANJAPT I€ MOJYYUJT IUPOKOTO IPUMEHEHMS U TIe TI0JIb-
3yeTcs MPU3MAHUEM Y WHKEHEPOB KOPIOPATUBHBIX cUCTeM. PazpaboTka ajiantepoB
PeCypCOB — IOBOJIBIIO CJIOXKHOE Jiejio, a utitepdeiic JCA API He oueHb XOPOIIIO U3BECTET
MIPOTPAMMUCTaM, IO3TOMY KOMITAITMK OOBIYIIO IPEATIOYNTAIOT UHTETPUPOBATH CUCTEMBI
npyrumu criocobamu. Ha mpakTuke ciefiyeT peimThb, 4To Jiydiiie: TOTPATUTD CUJIBI T TO,
4TOOBI MAMKCATH AATTEP PECYPCOB, UM UIITETPUPOBATH UTI(HOPMAIMOTITIBIE CUCTEMBI
C TIOMOIIIbIO ApYTUX Texuosoruit. [log 1pyrumMu pelreHUsIMY 3/1eCh TIOAPA3yMEBAIOTCS
TaK¥e UIMTErPaluoNmbe CTPyKTypbl, Kak Apache Camel u Mule ESB.

CucteMbl yripaBneHus 6a3amm AaHHbIX

BobIIMIICTBO KOPIIOPATUBIIBIX TIPUJIOMKENUH 3a/IEUCTBYIOT Ga3bl IATITIBIX B KAYECTBE
MOCTOSITHOTO XPaNMJININA JAannblX. Ba3bl JaHTBIX JIe3KaT B OCHOBE KOPIIOPAaTUBHOM
CHICTEMBI, B KOTOPOH coJepskaTcs jamniible nputoxenus. Ceilyac amnible siBIISIOTCS
OJIIIMIM M3 CaMBIX BAXKIbIX TOBApOB. KOMITaHUM TPATAT MIIOTO BPEMEH U YCUJIUI T1a
ux c60p, 3aLUTY U IPUMETIETIHE,
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CyliecTByeT HECKOJIBKO CHOCOOOB TPEICTABIEHNS COCTOSTHUS B KOPIIOPATUBHBIX
CHCTEMAX, OTHAKO PEJISIIMOHHbBIE Ha3bl JAHHBIX TIO-MIPEKHEMY OCTAIOTCS CAMBIMHE T10-
nyssipubiMu. KoHienmu u cnocobb! MX MCHOJIb30BaHMSI TIYOOKO M3YUYEHBI ¥ XOPOIIIO
MHTErPUPOBAHBI B KOPIIOPATUBHbIE TEXHOIOTHH.

MHTerpupoBaHue CUCTEM PEnsiLMOHHBIX 6a3 AaHHbIX

Java Persistence API (JPA) HpuMeHSsIETCS 1)1 UHTETPALIU PEJISIIIMOHHBIX CUCTEM
6a3 TaHHBIX B KOPIIOPATUBHBIE NPIIOKeHUs. JPA, eciiv cpaBHUBATD € yCTAPEBIIUMHU
nozaxoxamu BpeMet J2EE, Xopoi1io HHTErpupyeTcs ¢ MOAENSAMU TIPEAMETHOM 061aCTH,
MOCTPOEHHBIMU B COOTBETCTBUU € KOHILENIUAMU MPOOIEMHO-OPUEHTUPOBAHHOTO
npoekTrpoBanust. [IocTOSHHOE XpaHEHHE CYITHOCTEN He TpeOyeT 60MBIIMX PacX010B
Y He HAKJIaIbIBAET 0COOBIX OTPAHMYEHUH HA MOJIETh. DTO MTO3BOJISIET CHAYAIA HOCTPO-
UTb MOJIEJIb HPEAMETHOM 06J1aCTH, COCPEIOTOYMBINUCH HA OM3HEC-ACTIEKTAX, A 3aTEM
MHTETPUPOBATH YPOBEHD Ga3bl IAHHBIX.

BsaumozeiicTBue ¢ 6a30ii JaHHBIX MHTETPUPYETCS C HPEAMETHOM 06IaCThIO KaK
HeoTheMJIeMast YacTh GU3HeC-ClIeHAPUs. B 3aBUCUMOCTH OT CJIOKHOCTH MOCJIEHETO
(byHKIMM B3auMOZIEHCTBYSE ¢ 6a30ii IAaHHBIX BBI3BIBAIOTCS MO0 Yepe3 CHEIMATbHbIE
BJIEMEHTHI YHPABJIEHMs], TNGO HEMOCPEACTBEHHO U3 KOHTYpa. [Ipo6ieMHO-0pUeHTH-
POBaHHOE HPOEKTHPOBaHUE [IPEAYCMATPUBAET KOHIIEIIINIO PETO3UTOPHUEB, KOTOPas,
KaK yKe 0TMEYaIoCh, XOPOIIO COOTBETCTBYET 0OSI3aHHOCTSAM JUCHETYEPA CYIHOCTEN
JPA. [Tlucneryep CymHocTel NCIOIb3Y€ETCS 17151 IOTyYEHMs M COXPaHEHWs OO BEKTOB,
yIPaBJIEHVsI MU, 2 TAKKE BBITIOJHEHUS 3arpocoB. Ero unrepdeiic sipasiercs abeTpakT-
HBIM, 1 €T0 MOKHO 3a/1efiICTBOBaTh B 06001IEHHOM (opMme.

Bo Bpemena J2EE upuMmensiics mabnon o6sexma docmyna k dannwvim (Data Access
Object, DAO). IIpnunHoii 3T0r0 61710 A6CTPArNPOBAHNE U MHKAHCYIMPOBaHKe (hyHK-
[UH IOCTYHA K IAHHBIM. DTOT MIA6JI0H OMIPE/IENISIET TUH JOCTYTHON CUCTEMbI XDAHEH WS,
TaKoM Kak pesiMOHHble 6a3bl JAaHHBIX, 0GBEKTHO-OPUEHTUPOBAHHbIE Ha3bl JAHHBIX,
cucrembl LDAP nu dpaitnst. Takoil HOxo/1, KOHEYHO, UMEET CMBICJI, HO C HOSIBJIEHUEM
Java EE Heo6Xx0auMOCTh B HEM HPaKTUYECKU OTHAJIA.

B GosbIIMHCTBE KOPHOPATUBHBIX MPUJIOKEHUN UCIOIb3YIOTCS PEISAIUOHHbBIE
6a3bl ganHbIX, nogaepxusaomme SQL u JDBC. B JPA yxe peannsoBana abcTpakius
CHCTEM PEJISIIMOHHBIX (a3 JAHHBIX, TAK UTO WHIKEHEPaM OObIYHO HE HDMXOUTCS UMETh
neno ¢ ocobeHHoctsiMu HoctaBmuka. Onnako HpuMenenue BMecto CYPB/I apyroii
CHCTEMbI XPaHEHWS MIOBJIUSET HA KO/ TprioxkeHus. [IpeobpazoBaHme TUHOB CYIIHO-
cTeli mpeMeTHON 06/1aCTH B 00BEKThI XpaHeHUst H0JibIle He TpeOyeT 3a1eiCTBOBAHUS
06BEKTOB HEPEHOCA, TIOCKOJIBKY JPA XOPOIIIO MHTErPUPYETCst C MOJETISIMU PEIMETHON
obaactu. HenocpencTBenHoe HpeoGpa3oBaHiie THHOB CYLIHOCTEN JOMEHa — 3TO a¢h-
(hexTUBHBIN CcrIOCOb peann3oBaTh B3auMOZIeCTBYE ¢ 6a30 JaHHBIX 6e3 0COObIX Ha-
KJIQJIHBIX PACXON0B. Takum 06pa3oM, B MPOCTHIX CIYYasiX, HAHPUMED IIPH COXPAHEHUH
1 yTeHnn 06beKTOB, noaxon DAO npumenaTs He Tpebyercsa. OQHAKO [J1s CIO0KHBIX
3ampocoB K 6a3e aHHBIX MMEET CMBICJ MHKATICYJUPOBATh 3Ty (BDYHKIMOHATBHOCTh
B OT/IEJIbHBIX 3JIEMEHTAX YIIpaBieHus. TaKkue Peno3uTOpUU MOTYT XPaHUTb BCe PyHK-
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1M B3aUMOJENCTBUSA ¢ 6a30M JaHHBIX 111 KOHKPETHBIX TUIIOB CylHocTeil. OnHako
PEKOMEH/IYeTCSI HauaTh C MPOCTOTO MOAXO0/A U TOJBKO IO MEPe BO3PACTAHUS CIIOXK-
HOCTH BBIAENATD B3aUMOeNCTBHE ¢ 6a301 JaHHBIX B 0COOYIO TOUKY OTBETCTBEHHOCTH.

Taxum 06pa3om, 1151 yIpaBJIeHUs COXPAHEHHEM CYITHOCTEN KOHTYPbI 1 9JIEMEHTBI
YHpaBJIEHUs UCTIOIB3YIOT IUCHETYED CYIIHOCTEM. B cienyioieM HpuMepe mokasaHo,
KaK MHTETPUPOBATD JUCIETUYED CYIIIHOCTHA B KOHTYD:

import javax.persistence.EntityManager;
import javax.persistence.PersistenceContext;

@Stateless

public class PersonAdministration {
@PersistenceContext
EntityManager entityManager;

public void createPerson(Person person) {
entityManager.persist(person);
}

public void updateAddress(long personld, Address newAddress) {
Person person = entityManager.find(Person.class, personld);

if (person == null)
throw new IllegalArgumentException("He ypaanocb HaitTu 4enoseka c ID "
+ personld);

person.setAddress(newAddress);

Omnepanus persist() mpu CO3MaHUN HOBBIX 0OBEKTOB Person JiejlaeT person
yInpasjseMoi cymHocTbio. OHa GyneT mobasiena B 6a3y JaHHBIX IOCJE 3aBEPILEHNUS
TPaH3aKIMU U MOXKET ObITh H3BJIEYeHa OTTY 1A BIIOCJEICTBIY HO IIPHCBOEHHOMY € HieH-
TUhUKATOPY, KaK C/IeaHo B MeToie updateAddress (). CyIHOCTD person U3BIEKAETCS
u3 6a3b1 HO ID 1 peo6pasyeTcs B yIpapaseMyIo CyLIIHOCTb. Bce M3aMeHeHMs CyIHOCTH
Oy4yT CHHXPOHU3MPOBATHCS C 6a301 JaHHBIX B MOMEHT 3aBEPIICHMSI TPAH3aKI[UM.

MNpeobpasoBaHre Moaenen npeaMeTHon obnactu

Kax ysxe 0TMe4anoch, CyI[HOCTH, arperaTbl ¥ OGBHEKThI-3HAYEHUST NHTEPUPOBAHBIL
B JPA 6Ge3 0cobbix orpannyennii Mozesn. CyniHOCTH, KaK U arPEraThl, MPeICTaBIEHbI
B Bujie cymHocTtel JPA:

import javax.persistence.*;

@Entity
@Table(name = "persons")
public class Person {

@1d
@GeneratedVvalue
private long id;
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@Basic(optional = false)
private String name;

@Embedded

private Address address;
}
@Embeddable

public class Address {

@Basic(optional = false)
private String streetName;

@Basic(optional = false)
private String postalCode;

@Basic(optional = false)
private String city;

Tumn person — 3710 CcymHOCTh. Ero HE06X0AUMO UAEHTU(PUITMPOBATH C HOMOIIBIO
ID, xoTopbiii GymeT HepBUYHBIM KJII04OM B Tabsuile persons. Kaxmnoe cBoiicTBO 3a-
NUChIBaeTCs1 B 623y TaHHBIX OMPE/IETIEHHBIM 06Pa30M B 3aBUCUMOCTH OT XapaKTepa TUIA
u otHouIeHus. HanprMep, nMsi 4enoBeKa — 3TO HPOCTOM TEKCTOBBIH CTOJOEIL.

Anpec — aTo HenmeHTUGUIMPYEMBIH 00beKT-3HaYeHre. C TOYKHU 3PEHMs TIPEI-
METHOH 00J1aCTH He BajKHO, K KAKOMY UMEHHO adpecy Mbl 0OpalllaeMcs, IUIIb Obl
COBIMa/au 3HaueHus. [103TOMy ajipec He ABJSETCS CYIIHOCTHIO U HE OTOOPaXKAeTCst
B JPA. O6beKThI-3HaUEHUsT MOTYT OBITh PEaM30BaHbI C TOMOIIBIO BCTPAMBAEMBIX
tunoB JPA. CBoiicTBa TaKMX TUTIOB OYAyT COXPAHATHCS B Ga3e TaHHBIX B BU/E AOMOJ-
HUTEJBHBIX CTOJAOIOB TaGIMI[BI CYNIHOCTH, COAEPIKANINX CChLIKKM HA HUX. [IOCKOMbKY
00BEKT person BKJIIOYAET B cebOs OHpe/eJIEHHOe 3HaYeHNe a[peca, CBOMCTBA aapeca
GyIyT YacThiO TABIUIBI person.

KopHeBble arperatsi, COCTOSIIME U3 HECKOIBKUX CYIIHOCTEN, MOTYT OBITH peaju-
30BaHbI B BUJIE OTHOIIEHWIA, COXPAHSIEMBIX B COOTBETCTBYIOIIUX CTONGIAX 1 TabInIax
6a3bl nanHbx. HanprmMep, aBTOMOOKIb COCTOUT U3 JIBUTATEJISI, OJIHOTO UJIN HECKOTIBKUX
CUJIEHUH, Ky30Ba U MHOTHX IPYrux Aerajneil. HexoTopble 13 HUX SABJSIOTCS CYLHO-
CTSIMHU, KOTOPbI€ HOTEHIIMAIBLHO MOTYT OBITh MAEHTU(UIIUPOBAHBI M JOCTYITHBI KaK
orzesabHble 00beKThI. [IpOM3BOANTEID ABTOMOOMIISI MOXKET UAEHTU(DUIMPOBATH BECH
aBTOMOOWJIb WJIM TOJIBKO JIBUTATENb U B CJAyYae PEMOHTA WM 3aMEHBI I€HCTBOBATh
cooTBeTCTBeHHO. IIpencTaBienne 6a3bl JAaHHBIX TAKXKE MOJKHO Pa3MECTHUTh TIOBEPX
CYILECTBYIOIIENH MOJIEIN IIPEAMETHOM 06IaCTH.

Jlanee HPUBOASTCS (PPATMEHTHI KOJA C OHUCAHMEM CYI[HOCTH aBTOMOOWUJIS, BKJIIO-
gas oTobpaxkenue JPA:
import javax.persistence.CascadeType;

import javax.persistence.OneToMany;
import javax.persistence.OneToOne;
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@Entity
@Table(name = "cars")
public class Car {

@1d
@GeneratedVvalue
private long id;

@0neToOne(optional = false, cascade = CascadeType.ALL)
private Engine engine;

@0neToMany(cascade = CascadeType.ALL)
private Set<Seat> seats = new HashSet<>();

CuieHbst BKITIOYEHBI B KOJUIEKIUIO HashSet, KOTOpast CO3/1aeTCs 111 HOBBIX 9K3€M-
HspOB Car. Cnenyet uaberath KOIEKIUH Java co 3HaYeHneM null,
JlBuraTeib MpeACcTaBasieT COG0N APYTYIO CYUIHOCTh MPEIMETHON 06JaCTH:

import javax.persistence.EnumType;
import javax.persistence.Enumerated;

@Entity
@Table(name = "engines")
public class Engine {

@1d
@GeneratedVvalue
private long id;

@Basic(optional = false)
@Enumerated(EnumType.STRING)
private EngineType type;

private double ccm;

CuzieHbst TaKKe SIBJSIOTCS CYUIHOCTSIMU, uaeHTUduUIpyeMsiMu o 1D:

@Entity
@Table(name = "seats")
public class Seat {

@1d
@GeneratedVvalue
private long id;

@Basic(optional = false)
@Enumerated(EnumType.STRING)
private SeatMaterial material;
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@Basic(optional = false)
@Enumerated (EnumType.STRING)
private SeatShape shape;

Bce CYILIHOCTH, KaK aBTOHOMHBIE, TaK 1 3aBUCHUMbIE OT APYTUX O6'beKTOB, JOJIKHBI
6bITb YHpPaB/IAE€MbIMU B KOHTEKCTE XpaHECHHA B 6336 JaHHBIX. Ecmu JABHUraTeJIb aBTO-
MO6I/IJIFI 3aMeHUTb HOBOI1 CYILIHOCTBIO, €€ HeO6XOI[I/IMO COXPaHUTH B 6&36 OTAEJbHO.
OHepa].[I/II/I COXpaHEHUA NOJI)KHbBI BBI3bIBATbHCSA ]II/I6O SBHO, OTAECJIbHBIMU CYLTHOCTAMU,
160 KacKazHO HO nepapxun 00beKToB. Kackaibl OMCHIBAIOTCA B OTHOIIEHUSX CY1I-
HocTtu. B crenyiomem Koge mpoaeMOHCTpUPOBaHb 06a IOAX0/1a K COXPAHEHUIO JAHHBIX
O HOBOM /JIBHUraTeJie aBTOMO6I/IJIFII
public void replaceEngine(long carIdentifier, Engine engine) {

Car car = entityManager.find(Car.class, carIdentifier);
car.replaceEngine(engine);

// aBTOMO6UNb — ynpaBnAemas CYWHOCTb, ABUraTesb HYXHO 3aMeHUTb
entityManager.persist(engine);

I[Tocne 3arpysku 13 6a3bl JaHHBIX MHGOPMALUU 06 aBTOMOOKIIE 10 €r0 NAEHTU(DU-
KaTOpy IOJIy4aeM YIIPaBJSIEMYIO CYITHOCTb. /[BUTaTETh BCE €llle HY>KHO COXPAHUTb.
[lepBsili BapuaHT — SIBHOE COXpaHEHUeE B BUJIe CEPBUCA.

BTopoii BapuaHT — KacKagHas OHepaLus CIUSHUsI, KOTOPast Takxe oOpabaTbiBaeT
HOBBIE CYIIHOCTH M3 COCTABHOTO 0OBEKTa «aBTOMOOUIIb>:
public void replaceEngine(long carIdentifier, Engine engine) {

Car car = entityManager.find(Car.class, carIdentifier);
car.replaceEngine(engine);

// onepaunAa C/AMAHUA NPUMEHAETCA K aBTOMOGUNI U BCEM KaCKagHbiM OTHOWEeHUAM
entityManager.merge(car);

HacrosiTenbHO peKOMEH/Iy 10 UMEHHO TTocaeaHui moaxoa. KopHeBbie cocTaBHbIE
0OBEKTHI OTBEYAIOT 3a MOAAEPKAHKE 1LIEJIOCTHOTO U COTIaCOBAHHOIO OOIIETO COCTOS-
HUWAA. HeJIOCTHOCTb JAaHHBIX ITPOIIE rapAaHTUPOBAThb, €CJIK BCE€ OHEPALTNHY NMHUITUUPYIOTCA
1 KaCKaJHuPYIOTCS U3 TAKOTO COCTABHOTO OOBEKTA.

WHTerpaumsa cucteM 6a3 AaHHbIX

JlucHeTYep CYIHOCTEN YIPaBJsSET CYI[HOCTSIMUA B KOHTEKCTE cOXpaHeHus B HGase
nauubix. OH UCHOB3YeT 00U GJOK yIpaBlIeHUs AaHHBIMU, COOTBETCTBYIOUINN
9K3eMILISpy 6Ga3bl IaHHBIX. BJOKM ynpaBieHus] TaHHBIMU BKAIOUYAIOT B cebs BCe
YHpPaBJIsieMbl€ CYIIHOCTH, JUCIETYEPHI CYIHOCTEH U Tpeobpa3oBaHue KOHpUTrypa-
i, [Ipu 10CTyHE TOABKO K OHOMY K3eMILISIPY 6a3bl JAHHBIX JOCTYH K JUCIETYEPY
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CYIIHOCTEN MOXET OCYLIECTBSATCS HAIPAMYIO, KaK ObLIO MOKA3aHO B IIPEABIAYILEM
HpUMepe. AHHOTAIMs KOHTEKCTA COXPAHEHUS B 3TOM CJIy4ae OTHOCUTCS K OJTHOMY
6JI0Ky yIIpaBJIeHUs JAHHBIMU.

Bioku yHpaBIeHs TaHHBIMY OHPEIEIEHBI B IECKPUHTOPHOM (haiisie persisten-
ce.xml, KOTOPBIH HAXOAUTCS B Katajore META-INF. 9TO OJJMH U3 HEMHOTHX CJIydYaeB
B coBpeMeHnHo# Java EE, xorza neiictByet koHpurypanus Ha ocnoBe XML. /leckpun-
TOp yHpaBJjieHHs 06a30i JaHHBIX COAEPKUT OJIOK yIIPaBACHUS JAHHBIMU U JOIOJ-
HUTEJIbHYIO KOHbuUrypanuio. K ucTouHuky maHHBIX 06palaloTCs TOABKO HO €ro
JNDI-umenu, 4ToObl OTAEIUTD KOH(PUTYPALMIO [JI OCTYIIA K SK3EMHJISAPY 6asbl
JIAHHBIX OT HpUJIOXKeHus. [/lelicTBUTENbHAS KOH(DUTYPAIIMSI UICTOYHUKA JAHHBIX OIH-
caHa Ha cepBepe HpwoXxeHui. Eciu cepBep HPUJIOKEHUI COMEPIKUT TOJIBKO OJHO
HPHUIOKEHNE, HCIIO/b3YIolee OAHY 6a3y JaHHBIX, IPOrPAMMMCTBI MOTYT 3a4eHCTBOBATh
WCTOYHUK JIAHHBIX CEPBEPA HPUJIOXKEHUH TI0 YMOTYaHUI0. B 3TOM ciryyae ums ucrou-
HUKA JAHHBIX MOXHO IIPOIYCTUTD.

B cnenyromem dparmenTe koja npezacranieH npumep ¢aiiia persistence.xml,
I7le OHMCaH eUHbIH 6JI0K yIIPaB/IeHUs JaHHBIMY, UCIIO/Ib3Y O NCTOYHUK JaHHBIX
HO YMOJIYaHUIO:
<?xml version="1.0" encoding="UTF-8"?>
<persistence version="2.2"

xmlns="http://xmlns.jcp.org/xml/ns/persistence"”
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemalLocation="http://xmlns.jcp.org/xml/ns/persistence
http://xmlns.jcp.org/xml/ns/persistence/persistence_2_2.xsd">
<persistence-unit name="vehicle" transaction-type="JTA">

</persistence-unit>
</persistence>

Koma, Hoka3aHHOTO B 3TOM HPUMEPE, IOCTATOYHO /17t OONBITUHCTBA KOPIIOPATHB-
HBIX HPUJIOXKEHUI.

B crenyomem pparmenTe reMoHCTpUpyeTCs haiii persistence. xml, cogepKaninit
HECKOJIbKO OIIMCAaHUI 6JIOKOB yupaBJaeHHA JaHHBIMU AJI HECKOJbKHNX MCTOYHHUKOB
TAHHBIX:

<?xml version="1.0" encoding="UTF-8"?>

<persistence version="2.2" xmlns="http://xmlns.jcp.org/xml/ns/persistence"”
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemalLocation="http://xmlns.jcp.org/xml/ns/persistence
http://xmlns.jcp.org/xml/ns/persistence/persistence_2_2.xsd">

<persistence-unit name="vehicle" transaction-type="JTA">
<jta-data-source>jdbc/VehicleDB</jta-data-source>
</persistence-unit>
<persistence-unit name="order" transaction-type="JTA">
<jta-data-source>jdbc/OrderbB</jta-data-source>
</persistence-unit>
</persistence>

[Ipu BHEAPEHWM AUCTIETYEPOB CYNIHOCTEH HYIKHO YKa3bIBATh JKENAEMBbIi 610K
YHPaBJIEHUS JAHHBIMH 11O €70 UMeHU. [[MICHETYEPBI CYIIIHOCTEH BCETIA COOTBETCTBYIOT
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OHpE/IEIEHHOMY KOHTEKCTY COXPaHEHUS JAHHBIX, KOTOPBIN UCIIOIb3YET OJIUH U TOT K€
6JI0K yHpaBJIeHWs! JaHHBIMU. B ciexytomiem onpeneneHnn CarManagement HOKa3aH
IpeAbIAYIIUI IIPUMED B CPEAE C HECKOAbKUMMU OJIOKAMU YHPABJIEHUS JAaHHBIMU:

@Stateless
public class CarManagement {

@PersistenceContext(unitName = "vehicle")
EntityManager entityManager;

public void replaceEngine(long carIdentifier, Engine engine) {
Car car = entityManager.find(Car.class, carIdentifier);
car.replaceEngine(engine);

// onepauuAa cnuAaHuA npumeHAeTcA AnA obbekTa "asBTomobunb"
// W BCeX KacKaAHbIX OTHOWEHWN
entityManager.merge(car);

I/Inor/:[a BHEJAPEHNE JUCIIETYEPOB O6’beKTOB MOJKHO YIIPOCTUTD, BOCITIOJIb30BABIINCH
monsiMmu CDI-reneparopa. Eciu aucHeTYepbl CYIIHOCTEN CO3/AI0TCS IBHO, C HPHU-
MEHEHUEM CIIEINAJIbHBIX KBaJII/I(I)I/IKaTOpOB, TO BHEAPEHHE MOXET 6bITb peasin30BaHO
B BU/IE CiIeayroriero daiina:

public class EntityManagerExposer {

@Produces

@vehicleDB

@PersistenceContext(unitName = "vehicle")
private EntityManager vehicleEntityManager;

@Produces

@0rderDB

@PersistenceContext(unitName = "order")
private EntityManager orderEntityManager;

Tenepb MOXHO BHEIPUTD JUCHETYEPHI CO3/JaHHBIX CYLUTHOCTEH C TOMOIIbIo @Inject
Y KBJIN(UKATOPA TUIIOB:

public class CarManagement {

@Inject
@vehicleDB
EntityManager entityManager;

Taxkoii moaxo/1 yIpoIaeT UCIIOIb30BAHNE JAHHBIX B CPENIAX, T/I€ B PA3HBIX MECTAX
BHEJIPSTIOTCS PA3HbIE AVICHETYEPHI CYIITHOCTEN.

Ectb 1 apyrue BapuaHThl HpeOOPa30BaHUS MOZIEJIEN IIPeAMETHOR 06aacTy B Ga3bl
nannbix. [Ipeo6pasoBanue 6a3bl JAHHBIX TaKKe MOXeT ObITh omnpeneneHo B XML-
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(aitnax. OxHako mpeskHUE MOAX0/bI, HpUHSATHIE B J2EE, mokasany, uTo meKapaTuBHAs
KOH(UIyPaIMs C HCIIOIb30BAHNEM AaHHOTALKH 60JIee HPOLYKTUBHA. AHHOTMPOBAHME
MoJieJIell HPeAIMETHOM 061acT Takke 00eCeynBaeT Jydiiee PeaCcTaBIeHue O Mpo-
1ecce.

TpaH3akuuu

Omnepaiuu 1o B3auMOAeHCTBHIO ¢ 6a30 MaHHBIX HEOOXOAMMO BBIIOJHATH B BUJE
TpaH3akiuil. VIaMeHeHe ypaBIsieMbIX CYITHOCTEl U MX CHHXPOHU3ALUSI C UCTOYHU-
KOM JIAHHBIX JIOJKHBI PEATU30BBIBATHCS B PAMKAX TPaH3aKIwu. TakiuM 06pa3oM, TpaHs-
aKI[1sI OXBAThIBAET JeHCTBHE MOANDUKALINY U, KAK IPABUJIO, BECh OM3HEC-CLIEHAPHUIA.

Ecau xoHTyp peanmsoBaH kak EJB, To o ymMos4aHUIO TPaH3aKUMsI SBJSETCS
AKTMBHOU BO BPEMsI BBIIIOJIHEHUST OU3HEC-METO/1a. ITO COOTBETCTBYET THHUYHBIM KC-
HOJIb3y€eMbIM B IPUJIOKEHNH CIIEHApUSIM COXpaHeHus AaHHbIX JPA.

Taxkoe e HOBeJIEHME PeaATU3yeTCs ¢ OMOMIbIo yrnpasiasembix CDI-06beKTOB,
METO/Ibl KOTOPBIX aHHOTUPYIOTCS HOCPEACTBOM @Transactional. TpaH3akIMOHHbBIE
KOHTYPBI OTPEENSIOT OBEJEHNE TI0CIe BBoAa OusHec-MeToa. [lo yMom4aHuio aTo
HOBezieHe REQUIRED: TPaH3aKIs IOO0 CO3/1aeTCst, TUO0 OBTOPHO IPUMEHSIETCS, ECJIU
BBI3BIBAIOIUI KOHTEKCT y3Ke BBIIIOJHEH B AKTUBHOI TPaH3aKI[UH.

ITpu HoBeseHnn REQUIRES_NEW Bcerna OyzeT 3aHyCKaThCsl HOBasi TPAH3aKIKS,
KOTOpPasi peajn3yercsl MHAUBUAYAIbHO U MOKET BO30GHOBUTD MPEABIAYIIYIO TPaH-
3aKIMIO TIOCJIE TOTO, KAaK 3aBEPIIUT paboTy METO HOBOM TPaH3aKIKUU. ITO HOJE3HO
U151 ITATEIbHBIX GU3HEC-TIPOTLIECCOB, 0OCTYKUBAIOIIMX GOJIBIIOE KOJTMIECTBO aHHBIX,
KOTOPbIE MOTYT 06pabaThIBATHCSI HECKOJIBKUMMU OT/IENbHBIMHU TPAH3AKI[MSIMU.

Bo3moskHBI 1 ApyTHiEe BADUAHTHI TOBEEHYsI TPAH3AKIIHI, TAKVE KAK TPUHY IUTEb-
HOE BBIHOJTHEHUE YK€ aKTMBHOW TPAH3aKLUUU WU HOJHOE OTCYTCTBHE MOAAEPIKKU
TpaHzakuuit. OHM HACTPaMBAIOTCS B BU/IE AaHHOTAIMI OM3HEC-METO0B C HOMOII[IO
@Transactional. E]JB-00beKTbl HESIBHO OMPEAESIOT TPAH3AKIIMK C HOBEJIEHUEM
REQUIRED.

Cucrembl PEIANMOHHBIX 6a3 JaHHBIX XOPOLIO UHTETPUPYIOTCS B HPUIOKEHMUS
Java EE. B cooTBeTcTBHU € cornameHueM 0 KOHQUTYpalluyd B HUX U3HAYAJIbHO
HPEeIyCMaTPUBAIOTCST TUIIMYHbIE BAPUAHTHI UCHOJIb30BAHMS.

PensaumnoHHble 6a3bl AaHHbLIX UM NoSQL?

3a nocieiHre HECKOJIBKO JIET B TEXHOJIOTMHM 623 JAHHBIX HPOU3OILIH GOIBIINE U3MEHE-
HUsA, 0COGEHHO B OTHOLIEHUH pacHpocTpaHeHust. OIHAKO TPAAUIIMOHHbIE PETIAIOHHbIE
6a3bl JAHHBIX MO-HPEKHEMY OCTAIOTCSI CAMbIM MOMYIAPHBIM BapuanToM. Vx Hanbosiee
BaKHBIMU XaPAKTEPUCTUKAMHU SIBJISTIOTCSI TAOJIMYHBIE CTPYKTYPbI IAHHBIX U TIOBEJIEHIIE
C HOZZIEPKKOM TPaH3aKIIMi.

B cucremax 6a3 nanubsix NoSQL («ne SQL» vnu «ie monvko SQL») naHHbie Ipes-
CTaBJIeHbI B (POPMaAx, OTJMYHBIX OT PEJISIIMOHHBIX TAOJIUII, TAKUX KAK JOKYMEHTHbIE
CHCTEMBI yIIPABJIEHUS TAHHBIMH, X PAHUJINIIA THHA <KJII0Y — 3HAYEHUE>, CTOJIOII0BbIE
XpaHuuina u 6a3pl JaHHBIX rPadoB. BOJBIIMHCTBO U3 HUX XKEPTBYIOT COTIACOBAH-
HOCTBIO B T10JIb3Y IOCTYHHOCTHU, MACIITAOUPYEMOCTH ¥ YCTOMYMUBOCTH K Pa3/eJIEHIIO
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cetu. B ocHoBe NoSQL €Ut umest oTkaza OT MOJTHOM MOANEPKKY PEISINOH-
HBIX TaGJUYHBIX CTPYKTYP, ACID-Tpausakuuii (Atomicity, Consistency, Isolation,
Durability — aToMapHOCTb, COTIIACOBAHHOCTH, U30JUPOBAHHOCTD, /I0JITOBEYHOCTh)
Y BHEIITHUX KJIIOUYeH, a TakxkKe 06beanHeHni Tabuil. B3aMeH HOTy4aroT BO3MOXKHOCTh
FOPU30HTAIBHOTO MACHITAOMPOBAHYSL. DTOT HPUHIIMH BOCXOIUT K M3BECTHOM TEOpEMe
CAP (Consistency, Availability, Partition tolerance — coriacoBaHHOCTb, JOCTYIIHOCTb,
YCTOMYUBOCTD K PA3/IEIEHUIO), KOTOPAsI [JIACUT, YTO JJIS1 PACTIPEAETIEHHBIX XPAHIIUIIL
OaHHBIX HEBO3MOJXHO rapaHTHPOBATh 60JI€€ ABYX U3 TPeX YKa3aHHBIX OrpaHI/I‘{eHHﬁ.
[Tockonbky pacmpeneseHHbIE CETH HE SIBJSIOTCS HAZEXKHBIMU (YCTOWYMBBIME K Pa3-
NIEJIEHHUIO ), TO MOXHO BHIOHPATh, Oy €T CUCTEMA TapaHTHPOBATh COTJIACOBAHHOCTD UITK
FOPU30HTAIbHYIO MacIITabrpyemMocTh. BosbinHeTBo 623 nannbix NoSQL cornacoBan-
HOCTH HPEATIOYMTAIOT MaciiTabupyemMocTb. HeoOX01MMO YYUTHIBATH 3TO IIPU BHIGOPE
TE€XHOJIOTUHW XPaHECHUA JaHHBIX.

[Tpuunna ucHosnb3oBanus cucteM NoSQL KpoeTcst B HEIOCTATKAX PEISIUOHHBIX
6a3 mannbix. Camas Goabinas HpobieMa PeIANUOHHBIX 0a3 JaHHBIX, HOAAEPKUBA-
foux ACID, 3aK/11049a€eTcsl B HEBO3MOKHOCTH FOPU30HTAIBHOTO MACIITAOPOBAHMSL.
K 6a3am JaHHBIX, JIE€XKAIMM B OCHOBE KOPIIOPATUBHBIX CUCTEM, OOBIYHO 0OpaNIAOTCs]
HECKOJIbKO CEPBEPOB NPIIOKeHU. [[aHHbIe, KOTOPbIE HEOOXOIMMO MOCTOSTHHO OGHOB-
JIATDH, JOJIXKHBI CHHXPOHHU3HUPOBATDHCA C HEHTPAJIbHBIM XPAHUJIUIIEM. CI/IHXpOHI/I3a].[I/I$[
BBIIIOJIHSETCS KAK TEXHUYECKAs TPaH3aKLus OusHec-cueHapus. [Ipu permkanmy 6asst
JIaHHBIX JIOJKHbI COXPAHATH COTJIACOBAHHOCTD M OJJIEPKMBATh MEKLY COBOI pacpe-
neneHnbie TpaHsakuuu., OHAKO pacrpe/ieieHHbIe TPAH3AKIIMK He MACIITabUPYIOTCS
Y He BCEr/a HA/IeKHO PaboTaIOT B PA3JNYHBIX PEUICHUSX.

Tem He MeHee PeaAIUOHHBIC 6a351 JAaHHBIX JOBOJIbHO XOPOWIO HOAXOAAT AJIA
GOJBIIMHCTBA KOPIOPATUBHBIX Mpuioxkenuit. Ecau xe Tpebyercst ropu3oHTAIBHOE
MaciuTabupoBaHue 1 IIEHTPAIN30BaHHASA Oa3a MaHHBIX GOJIbIIE HE OAXOANT, MOXKHO
Pa3meInTh XPaHWIHUILE, BOCIIONb30BABIINCH TAKOU TEXHOJIOTHEH, KaK COOBITMHHO-
OPHMEHTHPOBaHHAS apXUTEKTypa. Mbl pACCMOTPUM 3Ty TeMy HozpobHee B TyiaBe 8.

V 6a3 nannbix NoSQL Toxe eCTh HEJOCTAaTKH, 0COOEHHO B OTHOIIEHWH II0BEJIe-
HUAC HOI[I[Cp)KKOfI Tp&HB&KL{HOHHOﬁ CEMAaHTHUKU. ﬂOJI)KHbI JIN IAaHHbIE€ XPAaHUTbCA
B CHCTEME C HOIEPKKOM TPAH3AKIIUH, 3aBUCHUT OT GU3HEC-TPeOOBAHMI IPUITOKEHMSI.
Kak mokasbiBaer OIIBIT, ITIOYTHU BO BCEX KOPIMOPATUBHBIX CUCTEMAX BaXHO rapaHTU-
POBaTh COXPAaHAEMOCTDb JaHHBIX— HWHBIMU CJIOBaMH, HCHOJIb30BaTh TPaH3aKIIUHU.
OnHAKO WHOTIA BCTPEYAIOTCs 0COOble KATErOpuu AaHHBIX. B TO Bpems Kak oxuu
MOJIEIN TIPEIMETHON 006acTH SBAAOTCA 6oJiee BaXXHBIMU U TPEOYIOT 06paboTKH
Tp&HB&KL{I/Iﬁ, B IPYTHUX JaHHbIE MOTYT 6bITb BbIYMCJICHBI TIOBTOPHO UJIX BOCCTAHOB-
saensbl. K Takum OAaHHBIM OTHOCATCA CTaTUCTHUKA, DPEKOMEHAAIIUU NN I/IH(i)OpMaLlI/IH,
coxpaHeHHas B kaie. J[yis mocneqHero tuna gaHHbIX xpanuauia NoSQL moryt
6bITb XOpouIMM BapHUaHTOM.

Ha MomeHT Hanucanust 3Toi KHUTH HY oaHa cuctema NoSQL e crana daktuue-
CKHM CTaHJapPTOM. MHuorue 13 HUX CUJIbHO Pa3In4aIOTCA I10 KOHOUEHIIUAM U HDAKTHUKE
npuMeHenus. He cymiecTByeT Takke cranaapTHoit NoSQL, BKIIOYEHHOI B KOMILIEKT
Java EE 8. [Toatomy noctyn k cuctemam NoSQL 06bIYHO peannusyeTcs ¢ UCTIOIb30-
BanueM API Java ot croponHux noctaBimukoB. OHM 33/1eWCTBYIOT CTaHAAPTHI GoJiee
HU3KOTro ypoBH#, Takue Kak JDBC, wau cobcrBennnie APIL
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CKBO3Hble 3334

B KopropaTuBHBIX MPUIOKEHUSX PUXOAUTCS PEIIATh PSAZ TEXHUYECKHA 060CHO-
BaHHbBIX CKBO3HBIX 3a/ay4. HpI/IMepaMI/I ABJIAIOTCA TPAaH3aKIMK, TIPOTOKOJINPOBaHUE,
K3LIMPOBaHuUe, 06ecriedeHre yCTONYMBOCTH, MOHUTOPUHT, 0OecHedeHre 6e30HACHOCTH
u fpyrue HeyHKIMOHANbHBIE TpeGoBanus. /lake B cUCTEMAax, HPeIHAZHAYEHHBIX
UCKJIIOUNTENbHO AJ151 Ou3Heca, ClieHapuyu MCHOJIb30BaHUs TPeOyIoT He6OIbLION 10-
paboTKu.

[Tpumep HepYHKIIMOHAIBHON CKBO3HOH 3a/1a4¥l MBI TOJIBKO YTO PacCMOTpPeNN —
310 06paboTka Tpansakuuii. B Java EE uHxeHepaMm He HDUXOAUTCS TPATUTH MHOTO
BPEMEHU Y YCUJIUI Ha WHTErPAIUIO MMOBEJEHUS C MOJAAEPKKON TPAaH3aKI[MOHHOMN
CEMaHTUKHU. 3TO BE€PHO U B OTHOILIEHUH APYTUX CKBO3HBIX 3a/a4.

SApxuM npuMepOM CKBO3HBIX 33/1a4 sIBJIsIIOTCS epexBatuuky Java EE. B coorBet-
CTBHHU C KOHL[CHL[PIefI ACMEKTHO-OPHUEHTUPOBAHHOIO IIPOTPAaMMHUPOBAHUA pealn3alnsia
CKBO3HOU 3a/1au¥ JIO/IXHa OBITh OT/IE/IEHA OT IeKOPUPOBAHHON (PYHKIIMOHATBHOCTH.
MeTo/p1 yHpaBIsSEMbIX 00BEKTOB MOTYT OBITh O()OPMJIEHBI HYTEM OTPEAEeIEeHUs
HEPEXBATUYMKOB, HPEPHIBAOINUX PabOTy HPUIOKEHUS ¥ BBIMOIHSIONUX TPeOyeMyio
3anauy. [lepexBaTUMKN MOJHOCTHIO KOHTPOJIUPYIOT PEATU3AIMIO IEPEXBAYEHHOTO
METO/Ia, BKJII0Yast BO3BPAlllaeMble 3HAYEHNUSI U TeHEPUPYEMBble UCKIIoueHus. J[71s1 Toro
4TOGBI COOTBETCTBOBATH CTUIIO APYTuX API, mepexBaT4vky HHTETPUPOBAHBI HPOCTO,
6e3 0coObIX OTPaHUYEHUH Ha IEKOPUPOBAHHBIH (DYHKIIMOHAIL.

[IpuMeHeH e TTePEXBATYNKA HPOJIEMOHCTPUPOBAHO B PACCMOTPEHHOM paHee HpH-
Mepe IIpo3payHoil 06paboTku ommbok B karenTckoM HTTP-knacce. Busnec-metomnt
TaKXe€ MOIryT 6bITb JAE€KOPUPOBAaHbI C UCIIOJIb30BAHUEM HECTAHAAPTHBIX HPUBA3OK
HEPEXBATUMKOB. B caenyromeM HprMepe rokasaH 0G0CHOBAHHBIN GU3HEC-ClIEHAPUEM
HpOILIECC OTCJIEKUBAHNUS, PeATM30BaHHBIN IIOCPEICTBOM CIIEI[MATbHBIX aHHOTAI[UIA:

@Stateless
public class CarManufacturer {

@Tracked(ProcessTracker.Category.MANUFACTURER)
public Car manufactureCar(Specification spec) {

}

AHHoTanus Tracked oHpeeNsIeT TaK HA3bIBAEMYIO HPUBSI3KY NE€PEXBATYMUKA.
ITapameTp aHHOTALMH IIPEACTABIAET cOOO0I HeoOsI3aTeIbHOE 3HAYEHHE [IJ1sT HACTPONKY
HapaMeTPOB MepPeXBATYMKA!

import javax.enterprise.util.Nonbinding;
import javax.interceptor.InterceptorBinding;

@InterceptorBinding
@Inherited

@Documented
@Target({TYPE, METHOD})
@Retention (RUNTIME)
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public @interface Tracked {

@Nonbinding
ProcessTracker.Category value();

HepeXBaT‘{I/IK AaKTUBHU3HUPYETCA C MIOMOIIBIO aHHOTAIIUHN IIPHUBA3KHU!

import javax.annotation.Priority;

@Tracked(ProcessTracker.Category.UNUSED)
@Interceptor
@Priority(Interceptor.Priority.APPLICATION)
public class TrackingInterceptor {

@Inject
ProcessTracker processTracker;

@AroundInvoke
public Object aroundInvoke(InvocationContext context) throws Exception {
Tracked tracked = resolveAnnotation(context);

if (tracked != null) {
ProcessTracker.Category category = tracked.value();
processTracker.track(category);

}

return context.proceed();

}

private Tracked resolveAnnotation(InvocationContext context) {
Function<AnnotatedElement, Tracked> extractor =
c->c.getAnnotation(Tracked.class);
Method method = context.getMethod();

Tracked tracked = extractor.apply(method);
return tracked != null ? tracked :
extractor.apply(method.getDeclaringClass());

I[To yMoIYaHMIO TIEpEXBATYNKHY, OObEANHEHHBIE IIOCPEICTBOM IIPUBS30K, HE aKTH-
Busnposanbl. [lepexBaTunk J0JKeH 1160 ObITh IBHO AKTUBU3UPOBAH IIyTEM YKA3aHUs
[IPUOPUTETA B AHHOTALMYU @Priority, Kak HOKa3aHO B 3TOM IIPUMepE, 1160 aKTUBU3U-
pOBaH B IECKPUHTOPE beans . xml:

<?xml version="1.0" encoding="UTF-8"?>
<beans xmlns="http://xmlns.jcp.org/xml/ns/javaee"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalLocation="http://xmlns.jcp.org/xml/ns/javaee
http://xmlns.jcp.org/xml/ns/javaee/beans_1_1.xsd"
bean-discovery-mode="all">
<interceptors>
<class>com.example.cars.processes.TrackingInterceptor</class>
</interceptors>
</beans>
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551 u3BnIedYeHNss BO3MOXKHBIX ITapaMeTPOB aHHOTAIIMH, TAKUX KaK KaTeropus
OTCJIE)KMBAaHUA HPOLIECCOB B ITaHHOM IIPDUMEPE, MEPEXBATYNKHN MOTYT MCIIOJIb30BATh
orpaxkenue. [[pUBSI3KM MEPEXBATYNKOB MOTYT PA3MEIIAThCsI TMOO HA YPOBHE METO/IA,
b0 Ha ypOBHE Kiacca.

[NepexBaTYMKHU IEKOPUPYIOT IOBEIEHNE METO/IOB, HE 00pPa3ysi TECHOM CBSI3U C HUMM.
Onu 0cOGEHHO TOIE3HBI /IS TAKUX CIIEHAPUEB, T7I€ CYIIECTBYIOT CKBO3HbIE 33/1a4n
¢ GOBUINM KOJMIECTBOM (DYHKIIMOHATBHBIX BO3SMOXKHOCTEN.

IepexBaTunku ananorndubl CDI-gexoparopam. O6e KOHLEHIY AEKOPUPYIOT
YHpaBJ/IA€MbIe O6’beKTbI C HECTAaHAAPTHBIM ITOBEACHUEM, KOTOPOE€ MHKAIICYJIUDPYETCA
B ipyroM MmecTe. Pa3zHuIia 3aKk/I049aeTcs B TOM, 4TO JIeKOPAaTOPBI IPeAHA3HAUYEHBI 1JI51
OGU3HEC-IOTUKH, KOTOPasi B OCHOBHOM XapaKTePHa JJisl IEKOPUPOBAHHOTO YIIPABJIs-
€eMoro O6’beKTa. B otnmune ot HuX IepexXBaTYNKHN UCHOJIb3YIOTCA IJIaBHBIM 06])330M
/IS PEIIEHNs TEXHUYEeCKUX 3a1a4. OHM TOMyCcKaoT GoJiee IMMPOKOE HPUMEHEHME, HO-
3BOJIASA aHHOTHUPOBATDb BCE€ BHU/IbI YIIPABJIAEMbIX O6’beKTOB. 066 KOHILEIINHU ABJAIOTCA
HOJIE3HOH (DYHKIIMOHAIBHOCTDIO JIJ1s1 PELIEHUsT CKBO3HBIX 33/1a4.

HacTpolika npunoxeHu

Ecau npunioxeHne He MOXET OBITh JKECTKO 3aHPOTPAMMHUPOBAHO, a JOJKHO OIIpe-
NeNSIThCSI AMHAMUYECKH, €T0 IIOBEIEHNE MOXHO HACTPoUTh. Peanusaiiust HacTpOHKY
3aBUCHUT OT KOHKPETHOTO NMPUJIOXKEHUSI ¥ XapaKTepa ero JMHAMUYECKOTO HOBEIEH UL

Kakwue acnekTsl IpuiokeHns: HeoOX0MMO HaCTPanuBaTh? J[0CTATOYHO JIK CO31aTh
(aiisbl KOH(UTYpaLKH, KOTOPBIE U TAK SIBSIOTCS YaCThIO HOCTABJISIEMOTO apTedakTa?
Hy>Ho i1 HaCTpanBaTh YHAKOBAHHOE NPUJIOKeHUe u3BHEe? ECTh 1 He0GX0AMMOCTD
U3MEHSITH [TOBEJIEHNE HPUIOKEHUSI BO BPEMSI €TO BHIHOJTHEHUST ?

Hacrpoiika, koTopasi He HyXKIa€eTCs B UI3MEHEHUH TI0CjIe COOPKHM TIPUIIOKEHNS,
MOJKeT OBITh JIETKO PEATM30BaHA B CAMOM HPOEKTE, TO €CTh B UCXOHOM Koze. [ToaTomy
GyIeM CYMTATh, YTO HAM HYXHa 60JbIas THGKOCTD.

[Mosxamyi, caMbIM IPOCTHIM CHOCOOOM HACTPOMKY B Cpejie Java sIBJSETCS TIPEIo-
cTaBJienye (GailioB CBONCTB, COJePKAIIMNX HADAMETPbI HACTPOMKH B BUJIE TTAP «KJII0Y —
3HaueHuey. OTTyna HApaMeTPbl HACTPOMKY 3aTeM U3BJIEKAIOTCS JJIsSI IPUMEHEHUs
B KojZie. KOHEUHO, MOJKHO HaHKMCATh KOMIIOHEHTHI Java, KOTOpble Obl HDOTPAMMHO
obecrieunBaiu 3HayeHus cBOMCTB. B cpeze Java EE 15 usBieveHns Takux KOMHO-
HEHTOB BHE/[PSIIOTCSI 3aBUCUMOCTH.

Ha momeHT HanmcaHus 9TOM KHUTH HU OfiuH cTaHaapT Java EE ve noanepxuBan
roToByio KoHburypaiuo. OxtHako ¢ Homolbio CDI-pyHKIHT MOKHO peaaTn30BaTh
3Ty (PYHKIMOHATBHOCTh OYKBAJIbHO B HECKOJBKUX CTPOKaX Koja. Jlanee HOKa3aHO
BO3MOJKHOE PEeLIEHNE, TO3BOJISIONIEe BHEAPSITh 3HAUEHUsT KOH(PUTY DALY, UIEHTH-
¢unupyemble 1o KI0Yam:

@Stateless
public class CarManufacturer {

@Inject
@Config("car.default.color")
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String defaultColor;

public Car manufactureCar(Specification spec) {
// vcnonb3oBaTb defaultColor

}

[l TOro uyTOGBI OJIHO3HAYHO BHEAPATH HAPAMETPhbl KOH(DUTYPAIMY, HATIPUMED
IIPeIOCTaBJIsIEMblE B BU/IE CTPOK, HY>KHO 33/I€HICTBOBAaTh KBATH(UKATOD, TAKOH Kak
@Config. DTOT CHENMAIbHBII KBATU(DUKATOD OMpPE/eseH U B HALIIEM NMPUIOKEHUU.
Ero HazHaueHWe COCTOUT B TOM, YTOObI BHEAPSTH 3HAYEHMSI, UACHTU(UIINPOBAHHBIE
IIPEOCTABJIEHHBIM KJIIOYOM:

@Qualifier

@Documented
@Retention(RUNTIME)

public @interface Config {

@Nonbinding
String value();

CDI-reneparop oTBe4aeT 3a MOJIy4YE€HUE U MPENOCTABIEHIE O PEIEIEHHBIX Mapa-
METPOB KOH(PUTYPAIINH:

import javax.enterprise.inject.spi.InjectionPoint;
import java.io.*;
import java.util.Properties;

@ApplicationScoped
public class ConfigurationExposer {

private final Properties properties = new Properties();

@PostConstruct
private void initProperties() {
try (InputStream inputStream = ConfigurationExposer.class
.getResourceAsStream("/application.properties”)) {
properties.load(inputStream);
} catch (IOException e) {
throw new IllegalStateException("He ymanocb 3anycTuTb KoH¢urypauuw", e);
}
}

@Produces
@Config("")
public String exposeConfig(InjectionPoint injectionPoint) {
Config config =
injectionPoint.getAnnotated().getAnnotation(Config.class);
if (config != null)
return properties.getProperty(config.value());
return null;
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CchuUlouHBIH K109 B aHHOTAIMKM @Config siBysieTcst aTpubyToM Ge3 MPUBSI3KH,
HOCKOJIbKY BCE BHeIpEHHbIe 3HaueHus1 oOpabarsiBatotcss CDI-reneparopom. O6bekT
InjectionPoint, mpenoctaBaenusiit CDI, cogepxut ntdopmaiinio o Mecte, B KOTOPOM
OIKCaHO BHEIPEHUE 3aBUCUMOCTH. ['eHepaTop mosiyyaeT aHHOTAIUIO ¢ (PaKTHYECKIM
KJIOYOM KOH(UTYPAIIUU U UCTIOJIB3YET €€ 7151 HOUCKA COOTBETCTBYIONIETO HApaMeTpa
HacTpoiiku. IIpegHonaraercs, 4to (aiia cBoiicTB application. properties Gyner Ha-
XOJIMTHCS TaM XKe, T/ie U Kaacchl. Takum 06pa3oM, CO31aI0TCsT TapaMeTPhbl HACTPONKH,
KOTOPBIE JIOJKHBI ObITh IOCTYITHBI BO BPEMSI BBIIIOJHEHUS TPUIOKEHUS. [[0CKOIBbKY
KapTa CBOWICTB MHUIIUUPYETCSI TOJBKO OUH Pas, HOCJIe 3arPY3KK 3HAUEHNSI U3MEHSIThCS
He 6yayT. YHPaB/IsAeMbIi OGBEKT, YNTAIOIHIA TAPAMETPHI HACTPONKH, SIBJISETCS BU/IM-
MBIM B IIpeesiaX BCErO MPUJIOKEHUS U JOCTYHEH TOJBKO /7151 OTHOKPATHOM 3arpy3Ku
HeoOXOIMMBIX 3HAUEHWH B KAPTY CBOMCTB.

Ecnu cuenapmii TpeGyeT u3aMeHEeHWs TapaMeTPOB HACTPOMKU BO BPeMsI PEAIU3aIluH
HPHUJIOKEHHUSI, TO METO-TeHepaTop A0JIKeH Iepe3arpy3uTh dailn KOH(PUrypaluu.
O61acTh BUAMMOCTH METO/Ia-TEHEPATOPA ONIPEAEISAET KU3HEHHBIH UK/ TAPAMETPOB
HACTPOMKM U TO, KaK 4acTo Oy/eT BbI3bIBATHCS HTOT METO.

B nannoM mpumMmepe peasiv3oBaHa HacTpOMKa ¢ IpUMeHeHHeM IpocToi Java EE.
CymiectByet psii croponnux CDI-pacuiupenunii, mpegoCcTaBasIIONINX aHATOTUYHBIE,
a TaKxke GoJiee CIoxHbIe GyHKINA. Ha MOMEHT HaHMCaHUS 3TOW KHUTH HOMYJISIPHBIM
HpMMepoM Takoro pentenus 61 Apache Deltaspike.

IToMrMO KOPHOPATUBHOI TEXHOJIOTHH, CAEAYET IPUHSATh BO BHUMAHUE €1l O/1H
BaKHBIH (haKTOp — MH(DOPMAIIMOHHYIO CPely, B KOTOPOU paboTaeT KOHTEHED, B HEP-
BYIO OY€PE/Ib IOTOMY, YTO TEXHOJIOTUY KOHTEIHEPOB HAKJIA/IBIBAIOT OIPE/eIeHHBIE
OTPaHUYEHUS HA CPEey BBITIOJHEHUS IPUIOKeHus. Bosee HOnPoGHO coOBpeMeHHbIe
uH(pOPMAIIIOHHBIE CPEIbI U UX BIWSHIE Ha Peain3aiuio npiioxennii Java EE, Bmouas
HPOEKTUPOBaHKE AUHAMWYIECKOI KOH(DUTYpaiuu, OyAyT PACCMOTPEHBI B TJIaBE 3.

I'nasroe npenmymectso CDI-renepaTopos 3akmodaercsa B ux rubxoctu. OHu HO-
3BOJIAIOT JIETKO HOAKJIIOYUTh JII0OON NCTOUHVMK MAPAMETPOB HACTPOWKHM U HA3HAYUTD
HY>KHbIE TapaMeTPbl KOH(MUTY AU,

KawunposaHue

KamupoBaHue — 3T0 TeXHUYECKH 0O6OCHOBAHHAS CKBO3HAs 33/[aya, KOTOPas prob-
peTaet GoJIbLIOE 3HAYEHKE, KOT/IA TPUIOKEHMSI CTATKUBAIOTCS C TPOOIeMaMu HPOU3-
BOJIUTENbHOCTU (MEJIEHHBIMYA BHEUTHUMY CUCTEMAMHU, CIOKHBIMH KIUIMPYEMBIMU
BBIUMCJIEHUSIMU UJIA OTPOMHBIMY 00bEMaMU IAaHHBIX ). B 06111eM ciydae KammpoBaHue
HalleJIeHO Ha CHUXKeHUEe BPEMEHU OTKJIMKA 32 CUeT COXPaHEHUs JaHHBIX, KOTOpbIE
C/IOXHO HOJIYYaTh TOBTOPHO, B HOTEHIUAIBHO 60J1ee GbICTPOM Katte. TUMYHBIM MPH-
MEpPOM HCHOJIb30BAaHUSI K3IIIa SIBJISIETCS COXPaHEHHe B IIaMSATH OTBETOB, HOTY4E€HHBIX
13 BHENIHMX CUCTEM WK 13 (a3 MaHHBIX.

ITpexne ueM peann3oBaTh KIUIMPOBaHUeE, CIeyeT 3a7aTh TaKHe BOIIPOCHL: He-
06XO01IMO JI OHO ¥ BO3MOXKHO JiK B IpuHIMHe? HekoTopbie naHHble, HAHPUMED BbI-
4ucIsieMble o TPeGOBaHMIO, He MOTYT ObITh KammpoBanbl. Ho gaxe eciu cutyanus
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Y [IaHHBIE JIOHYCKAIOT KIUIMPOBAHUE, CAEAYET MOAYMATh, HET JIU UHOTO PELIEHUS.
Ksmmposanue moapasymeBaet 1yGaupOBaHE, M €CTh BEPOSITHOCTD IIOJYYUTD yCTape-
BIyI0 nH(opmaiuo. Boobie roBops, B 601bITMHCTBE KOPHOPATUBHBIX TIPHIOKEHUI
K9IIMPOBaHus caenyer usberatb. Hanpumep, ecu 6a3a JaHHBIX PaOOTaET CAUIIKOM
Me/IIEHHO, PEKOMEH/IYETCSI M3YYUTh APyTHe BAPUAHTHI PEIIEHUs ITOW HPOOIEMBI,
TaKWe KaK MHAEKCUPOBaHMUE.

Kaxvie UMEHHO peltieHus KIIMPOBaHUs TPEGYIOTCsI, 3aBUCHUT OT CUTyaruu. B riesiom
O/THO JIUIIIb K3IIHUPOBAHIE HEMTOCPEACTBEHHO B MIAMSITH HPUJIOKEHUS PEIIAET MHOTO
npobJiem.

Camblil IPOCTOH CrIoco6 K3mMpoBaHus HHGOPMALUY — XPAHUTD €€ B OJHOM Me-
cTe B pUIoXKeHuH. [/ 3TOTO MIealbHO TOAXOAST yHPaBsieMble 0OBEKThI B BUIE
cuHIATOHOB. CTPYKTYpa AaHHBIX, KOTOPasi €CTECTBEHHBIM 06Pa30M COOTBETCTBYET
Ha3HAYEHWIO K314, — ITO THUII Java Map.

[IpencraBneHHsili panee npumep ¢ ¢hparMeHToOM Koja CarStorage — ato EJB-
CHHIJITOH C HAPAJJIEITM3MOM, YIIPABJISEMbIM 9TUM 00beKTOM. JIaHHBI! CHHTJITOH
COZIEP’KUT OPUEHTHPOBAHHYIO HA MHOTOTIOTOYHOCTD KAPTY XPAHEHUS HAHHBIX. JTO
XPaHWINIIE BHEAPSETCS B IPYTHE YIIPABJIsieMble OOBEKTI M HICHOJIB3YETCS TAM:
@Singleton

@ConcurrencyManagement (ConcurrencyManagementType.BEAN)
public class CarStorage {

private final Map<String, Car> cars = new ConcurrentHashMap<>();

public void store(Car car) {
cars.put(car.getId(), car);

}

public Car retrieve(String id) {
return cars.get(id);
}

Ecau tpebyercs 60blie rnOKOCTH, HAIPUMED Hy KHA IIpeIBapUTeIbHAd 3aTPy3Ka
COZIEPKMMOTO Ka1lia 13 (paiiyia, To yHpPaBIsSeMbIi 0OBEKT MOKET KOHTPOJUPOBATD MKM3-
HEHHBII IIUKJI, UCTIO/Ib3YsI METOJIBI, Pea3yeMble Cpa3y HOCJIE CO3/JaHKsI M HEHOCPE/I-
CTB€HHO HEPE/JlI YHUUYTOKECHUEM 061>e1<Ta. I[JIFI TOTO ‘{TO6bI rapaHTHPOBATDb BBIITIOJTHEHHUE
(dyHKIMiT BO BpeMst 3aHycKa nipuioxenus, EJB cHa6xaercst anHoTanmei @Startup:
@Singleton
@Startup

@ConcurrencyManagement (ConcurrencyManagementType.BEAN)
public class CarStorage {

@PostConstruct
private void loadStorage() {
// 3arpyska copepxumoro ¢aina

}

@PreDestroy
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private void writeStorage() {
// 3anucb AaHHbIX B ¢aiin

}

[epexBaTYMK MOXKET UCTIOIB30BATHCS 711 IPO3PAYHOTO J06aBaenus kauia 6e3 He-
06X0IMMOCTH €T0 IPOTPAMMIIOTO BIIEAPEHNUS 1 IPMeHeHust. [lepexBaTunK mpephIBaeT
BBITIOJIHETINE TIPUJIOXKEHMS 10 BbI30Ba OM3HEC-METO/a U BMECTO ITOTO BO3BpPAIAET
K3lIMpoBaHmbie 3Hauenvst. Hanbosee ipkuM npuMepoMm sABJIsieTCs Py IKIUONANBIIOCTh
CacheResult us Java Temporary Caching API (JCache). JCache — crangapr, npeaHa-
3HaueHHbIl 111 Java EE, HO HA MOMEHT HanMCaHUs 3TOW KHUTH €llle He BKJIIOYEIITbIN
B 06001at011y 10 crienpuKanuio. B Ipuiokenusx, B KOTOPHIX UCTIOIb3YETCS (DYHKIIHO-
HaabHOCT | Cache, moaxoasmmue a5 3T0ro 6M3Hec-MeTObI CHAOKAIOTCS aHIIOTAL[EN
@CacheResult 1 IPO3PAvYHO OOCIYKUBAIOTCS COOTBETCTBYIOIUM KIIIEM.

B nesom JCache mo3BoJisieT BBIMOTHSTH CA0XKHOE KIMIMPOBAHUE JJIsA TEX Clle-
HapueB, Te npocThix pemenuii Java EE nexocrarouno. B yactnocty, peanusanum
JCache obecrieunBatoT BO3MOKIOCTh pacnpeieIeHHOTo KaupoBanust. B macrosiee
BpeMsi 00bIYIIO CTIOJIB3YIOTCS TaKkue pemenus, kak Hazelcast, Infinispan v Ehcache.
3710 0CcOGEIHO BayKHO B TEX CAYYASAX, KOTJa HEOOXOAMMO NHTETPUPOBATH HECKOIBKO
K9IIIeli, KaX/Iblil M3 KOTOPBIX IPEANa3HayYeH [JIs1 PEIIeHUsT CBOUX 33/a4, TAKMX KaK
samenienue Kama. Texuosorus JCache u ee peanusaiyy npeaoCcTaBasIOT M0A0OIbIE
CUJIBIIbIE PELIETHsI.

[NlocnepoBaTeibHOCTb BbINOSIHEHUS

BI/I3HCC'HPOHCCCBI, peasin3yeMbie B KOPIIOPATUBHBIX IIPUJIOXKEHUAX, OIINCBIBAIOT
olpe/iesIeHIble TIOTOKU MPoIeccoB. [lyis 3a1eicTBOBATHBIX OM3HEC-CLIEHAPUEB 3TO
1160 MPOIIECC CUMTXPOHHBIX 3AIIPOCOB U OTBETOB, TGO ACMHXPOIHAst 06pabOTKa HHHU-
IIMMPOBAHHOTO IIPOIIECCa.

BI/ISHCC'CHCHapI/II/I BbI3BIBAIOTCA B OTAEJIBIIBIX IMOTOKAX, IO OAIIOMY IIOTOKY IIa
3anpoc WK BBI30B. II0TOKH CO37AI0TCA KONTEHHEPOM U IIOMEMIAIOTCS B IIAKOIIUTENb
IJIsI TIOBTOPIIOTO MCIIOAb30BAaHUS [IOC/IE TOTO, KaK BBI30B ObLI ycIemo oOpaboTaH.
[To ymouanuio 6GuU3Iec-TPOLECCH, ONPENEEHHBIE B KIACCaX MPUIOKEHI, a TaKkKe
CKBO3IIbIE 33/1a4H, TAKUE KAaK TPAN3aKIMK, OCYIECTBISAIOTCS IOCJAEI0BATEbIIO.

CWHXpPOHHOE BbINOSTHEHME

Tunwuunei cuedapuii, korga Ha HTTP-3anpoc tpefyeTcs oTBeT oT Ga3bl JaHHBIX, Pe-
anmsyercs caexyomuM obpazoM. OnuH MOTOK 06pabaThIBaeT 3apoC, IMOCTY AN
BKoITYD, HanpuMep JAX-RS UsersResource, myTeM NTIBEPCHY IPUIIIUTIA YITPABIEHIS;
pecypcubiii MeTon J AX-RS Boi3biBaetcs koHTelinepom. Pecypc BrieapsieT u UCmosb3yer
EJB-06bekT UserManagement, KOTOPBIH TaK)Ke HESIBHO BRI3BIBAETCS KOHTEHHEepoM. Bee
OTIepalliiyl BHIIIOTHSIIOTCS OCPEeJIINKAaMU CUIIXPOMNHO. [[/1s1 XpaneHnsl HOBOH CYyII[HO-
ctu User EJB GyneT npyMeHsTh AUCTIETYED CYIIIIOCTEM, U KAK TOJBKO OGU3HEC-METO,
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MHUI[MMPOBABIINH TEKYIYI0 aKTUBIYIO TPAT3AKIINIO, 3aKOMYUT PaboTy, KOHTEHHED
nonbitaeTcs 3aUKCUPOBATh TPAH3AKIMIO B 6ase sanmbix. B 3aBucuMocty ot pesyJibrara
TPaH3aKIMU PECYPCHBIA METO KOHTYpa BO30OHOBJISIET PaboTy U (OPMUPYET OTBET
KJmenTy. Bce IponcxoauT CHHXPOITHO, B 3TO BPeMsl KIMEHT 3a0J0KMPOBAH ¥ OKUAAET
OTBeTa.

CHHXPOHTIOE BBINIOJHENNE BKIOYaeT B cebst 06paboTky cunxpouubsix CDI-
cobbrTuit. OHM OTAESIOT 3alyCcK COOBITHI IPeAMETHOM 001acTh OT ux 00paboTKy,
oamnako o6pabarbiBalOTCA COOBITHS CUHXPOHTIO. CyIIeCTByeT HECKOIBKO METOIOB
HabJIIo/IeHNs 3a TPaH3aKIMAMU. EC/M yKasam aTan TpaH3aKIMH, TO COObITHE MOXKET
6bITh 06pPabOTAaHO Ma ITOM dTane — BO BpeMs: (PUKCAIMU TPAH3AKIUH, 10 €€ 3aBep-
WIETUS, TIOC/IE 3aBEPUIETNsI, B CIyYae HEyAauyHoi aubo ycnenHol tpansakuuu. [1o
YMOJTYAIIIO WK eC/IM Tpansakiusa HeakTusHa CDI-coOpitus 06pabaThiBalOTCS cpasy
[PY MX BO3HUKIIOBEHHUH. ITO [IO3BOJISIET MHKEHEPAM PEaTU30BbIBATh CIOXKHBIE Pellie-
HMsI — HAallPUMep, C UCIIOJIb30BAaHUEM COOBITHI, KOTOPBIE IIPOUCXOMSAT TOJIBKO MOCJIE
ycrnemnoro gobasienus cyuHocTed B 6a3y manubix. Kak 661 To mu 66110, BO Beex
ciydasx 06paboTKa BHIIOIHAETCS CAHXPOHHO.

ACMHXPOHHOE BbINOSIHEHUNE

CUHXPOIIIOE BHIOJHEHUE 33/1a4 YAOBJIETBOPSET TPpeOOBAHUSIM MIIOTUX OU3HEC-CIIe-
HapHeB, HO OBIBAIOT CTy4Yau, KOT/a My KO aCMHXPOHHOe noBenenue. B cpene Java EE
YCTaHOBJIEH PsiZl OTPAaHIYEHHI 112 MICII0Ib30BaHMe IIPHIIOKeHHeM OoTOKoB. KoHTeliHep
VIPaBJISET PECYPCAMU U IOTOKAMHU U IOMEIIAET MX B HAKOIUTE b, Briennue yTuanTe
KOIITPOJISI TAPAJIJIETU3Ma HAXOASATCS BHE KOHTEWHEDA, U UM HUYETO T1€ U3BECTHO 00 3TUX
norokax. [10aToMy Ko pUJIOXKeus He JOJIXKEI 3aIlyCKAaThCs! M YIPaBIATh CBOMMU
morokamu. J[is aToro oH 3axeiictByet pynkuuu Java EE. CymectByer Heckonbko API
CO BCTPOEHHO NMO/1ePKKOI aCUHXPOIIIOCTH.

ACUHXpOHHble EJB-MeTOoab!

Cawmblit IpocToii crocob peannsanuy aCUIIXPOHIIOTO MOBEAEHNS] — UCTIOJIb30BATh
aHHOTaIMIO @Asynchronous 1ist 6usHec-merona EJB nan EJB-knacca. Buizosbl aTux
METO/JIOB CPa3y BO3BPAILAIOTCS, MHOTZIA C OTBETOM Tuma Future. OHU BBITOTHSIOTCS
B OTZEIbHOM IIOTOKE, YIIPABJIseMOM KOHTeliHepoM. Takoii crocob xoporo paboTaer
IUIS1 IPOCTHIX ClIeHapHeB, o orpanuyen EJB-o6bexTamu:

import javax.ejb.Asynchronous;

@Asynchronous
@Stateless
public class Calculator {

public void calculatePi(long decimalPlaces) {
// 3TOT MeToA MOXeT A0Aro BbLINOJHATHLCA

}
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CepBUC yripaBneHUs BbINONHEHNEM

JlJisi acMIIXPOHIIOTO BBIMOJIHENHMs 3324 B yrpaBisieMbix CDI-o6bekTax uiu ¢ 1mo-
MOIIIBIO YTHJIUT KOHTPOJIs mapastenu3ma Java SE B coctas Java EE Bkiiouens: ynpas-
JisieMble KOHTeWnepoM Bepcuu GyHKIUM ExecutorService u ScheduledExe-
cutorService. OHU UCTIOIB3YIOTCS AJISI PEATTU3AIH ACUIIXPOHHBIX 337134 B IIOTOKAX,
yIpaBJIseMbIX KONTeHHepaMu. JK3eMILIAPBI ManagedExecutorService u Ma-
nagedScheduledExecutorService BHEAPSIOTCS B KoA npuioxeHus. OHU MOTYT
NPUMEHSTHCS JIS BBITIOJINEHNsI COOCTBEHHOM JIOTUKH, OHAKO Hanboee 3¢ hexTrB-
HbI IPY O0bEIUHEHNY C YTUJIUTAMK KOHTPOJIS mapajieausma Java SE, Takumu kak
nonoJHseMbie Oyayue 3Hauenus. B cieayoieM npuMepe MoKas3amno co3gaHue
JIOTIOJTHSIEMBIX Oy Iy KX 3MIAYETIHIA C UCIIOIB30BAIMEM TIOTOKOB, YIIPABJSEMBIX KOTI-
TEHEPOM:

import javax.annotation.Resource;

import javax.enterprise.concurrent.ManagedExecutorService;

import java.util.Random;
import java.util.concurrent.CompletableFuture;

@Stateless
public class Calculator {

@Resource
ManagedExecutorService mes;

public CompletableFuture<Double> calculateRandomPi(int
maxDecimalPlaces) {
return CompletableFuture.supplyAsync(() -> new
Random() .nextInt(maxDecimalPlaces) + 1, mes)
.thenApply(this::calculatePi);
}

private double calculatePi(long decimalPlaces) {

}

O06mbexT Calculator Bo3Bpalaer donoansemoe 6yoyuee snavenue muna double,
KOTOPOE ellle MOYKET ObITh BBIYMCJIETIO ITPY BO30OHOBJIEHNH PabOTHI BHI3BIBAIOIIETO
komnrekcra. Ero MoxHoO 3aIlIPOCHUTD, KOrga BbIYMCICHUA 6yI[yT 3aKOHYEHBI, a TaKXKe
O6’beI[I/IHI/ITb C IOCHEAYIOIUMHU BbIYHNCICHUAMU. Hesasucumo ot TOTO, IAI€ B KOPIIO-
PaTUBHOM IIPUJIOKECHUH Tpe6yIOTCFI HOBBIE ITIOTOKH, OJA YIIPDABJIECHWA UMU CJIEAYET
HCI0JIb30BaTh QyNKIMOHAIBHOCTD Java EE.

AcnHXpOHHble CDI-cobbiTus

CDI-cobbITs TakKe MOTyT 00pabaThIBaThCsl ACHHXPOIIIO. B 5TOM ciiy4ae komTeiiHep
TOXe IPEAOCTABISAET OTOK 4151 00paboTKy coObITHIA. [ ONMCAaHUS aCUIIXPOHHOTO
obpaborunka cobbITHI MeTO criabKaeTcss aHHOTaIuell @0bservesAsync, a cobbITHE
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aKTHBU3HMPYETCS C TIOMOIIbI0 MeToaa fireAsync(). B caenyronux ¢pparMentax Kozxa
[IPOJIEMOHCTPUPOBaHbl acuHxpormbie cobbrrss CDI:

@Stateless
public class CarManufacturer {

@Inject
CarFactory carFactory;

@Inject
Event<CarCreated> carCreated;

public Car manufactureCar(Specification spec) {
Car car = carFactory.createCar(spec);
carCreated.fireAsync(new CarCreated(spec));
return car;

O6paboTunK COOBITHS BBI3BIBAETCS B COOCTBEIIOM TIOTOKE, YIIPABJISEMOM KOII-
TEUNepoM:

import javax.enterprise.event.ObservesAsync;
public class CreatedCarListener {

public void onCarCreated(@0bservesAsync CarCreated event) {
// acuHxpoHHas obpaboTka cobbiTuA
}

W3 coobpaxenuil o6parnoii coBMecTuMocTy cunxpomnmnbie CDI-coObiTus Takxke
MoryT obpabarbiBaThes B acuuxpornrnoM EJB-merozne. Takum o6pa3oM, coObITHS 1 06-
pPabOTYMKY ONIPEAETAIOTCA KaK CHHXPOIIHBIE, a METO, 06paboTynKa ABasgeTCa OusHec-
merogoM EJB ¢ anHoraumeit @Asynchronous. /[0 TOTO KaK aCUIXPOIHbBIE COOBITHUS
BHecsu B cranapt CDI st Java EE 8, 910 6bL1 AMHCTBEHHBIN CTIOCOG PEATU30BATh
nannyio Gynkuuo. Bo usbexanue nyranunsl B Java EE 8 u crenyomux Bepcusax
TaKOM pean3aliu Jydiie n3berarh.

O6nact BMAMMOCTM NPU aCMHXPOHHON 06paboTke

[TockosbKy KOHTeIHep He uMeeT HH(OPMAIINH O TOM, KaK /I0JITO MOTYT BBIIIOJIHATHCS
ACHHXPOHHBIE 32/[a9M, UCTIOIb30BaMnue 00aCTel BUAMMOCTH B 9TOM CJIyYae OrpaHuye-
HO. OGBEKTHI ¢ 061aCTHIO BUAMMOCTH B TIPE/Ie/iaX 3apoca UK CECCUM, KOTOPbIE ObLIN
MOCTYIIHBI TIPU 3aIyCKe aCUMXPOITHOM 3a1a4, e 0053aTeabHO OYIyT aKTUBHBIMU
B Teyelnue BCEH ee peayi3alyy — 3alpoc ¥ CECCUSI MOTYT 3aKOHYUTHCS 33/10JITO JI0 ee
3aBepuienust. Takum 06pasoM, TOTOKH, BBIMOIISIONINE ACUTIXPOHHBIE 33/1aUH, HATIPH-
Mep IIpeocTaBJsieMble CTyK00ii 3aJIaHMPOBAHHBIX UCIIOTHUTEIEN UM aCHHXPOH-
HBIMU COOBITUSAIMU, MOTYT TI€ UMETD JOCTYTIA K 9K3EMILISIPAM YIIPABJISEMbIX 0GBEKTOB
C 06J1aCTHIO BUAMMOCTH B TIPEIEJIAX 3aMPOCa WU CECCHM, KOTOPBIE OBLIN aKTUBIIBI BO
BpeMsI BbI30Ba. T0 ke camoe KacaeTcsl I0CTyIIa K CCBLIKAM I1a BIIeZIPEIHbIE 3K3eMILISIPHL,
HAIpUMep B JIsIMGIa-METOAX, KOTOPBIE SIBJISIIOTCS YACTHIO CUIIXPOHIIOTO BBITIOTHETUS.
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370 Meo6XOAUMO YUUTHIBATH TIPU MOJIEINPOBANIMY ACUHXPOHHbIX 3371a4. Bes um-
(dbopmManusi 0 KOHKPETHOM BBI30BE J0JUKIIA OBITH PEIOCTABIENA BO BPEMSI 3aMyCKa
3agaun. OIHAKO aCHXPOHIIAs 3371243 MOXKET UMETh COOCTBEHIIbIE IK3EMILISIPBI YIIPAB-
JIIEMBIX OOBEKTOB C OTPANUYENToi 06IaCThIO BUANMOCTH.

BbinonHeHWe B 3agaHHOE BpeMs

BusHec-crieHapyuu MOTYT BBI3BIBAThCS T1€ TOJIBKO U3BIIE, manpumep, o HTTP-3anpocy,
HO ¥l U3HYTPH NIPUJIOKEHHUS — 3ajiauel], 3allyCKaeMOli B OIIpe/ieJIeHIIOe BpeMSL.

B mupe Unix nonysaspna ¢GpyHKIHMOHAIBHOCTD IS 3aIlyCKa [1€PHOANYECKUX 3a-
Januii — 3TO 3a[a4y IIaHUPOBINKKA. EJB-06beKTh 00€CeuynBaoT aHAJIOTUYHbIE
BO3MOXHOCTH ¢ ucnoab3oBanuem EJB-taiimepos. TaliMepsl BbI3bIBalOT Gu3HeC-
METO/Ibl Yepe3 3aJlaHHble UIITEPBAJIbI WU 110 UCTEUYENINH OIIPeesIelIHOTO BpeMeHH.
B crenyromem nmpuMmepe npeacTaBieno ONMCAHKe [IUKJINYECKOro TaiiMepa, KOTOPBIH
3aIlyCKaeTcsl KaXK/ble IeCSITh MUHYT:

import javax.ejb.Schedule;
import javax.ejb.Startup;

@Singleton
@Startup
public class PeriodicJob {

@Schedule(minute = "*/10", hour = "*", persistent = false)
public void executelob() {

// BbinonHAeTCA Kaxabie 10 MUHYT
}

Jlio6bie EJB-06beKThl — CUHIITOHBI, YIIPaBJsieMble OOBEKTHI ¢ COXPAHEHUEM UJIH
6€e3 CoOXpaHemnusi COCTOSTHUSI — MOTYT CO3/1aBaTh TaiiMepbl. Omako B 60IBIIMHCTBE
CIIeTIapUeB UMEET CMBICJ CO3/IaBaTh TAWMEPBI TOJBKO /Js1 CUIITJITOHOB. 3aJepXKKa
YCTaHABJIMBAETCS JIJISl BCEX AKTUBITBIX 00beKTOB. OOBIYHO OHA ITY>KHA, YTOOBI BOBPEMST
3aIlyCKaTh 3allJIallPOBAIIIIbIe 33/1a4H, IMEITTHO 1I03TOMY OHA MCIIOJIb3yeTCs B CUHIJITO-
He. Ilo 3T0i1 e npuumHe B qanHOM npuMepe EJB-06beKT 10/KeH ObITh aKTUBHBIM
[pY 3aI1yCKe TPUIOKEHNsL. ITO TAPAaHTUPYET, YTO TaiiMep cpa3y HAYHET paboTaTh.

Eciu onicats TaiiMep Kak IOCTOSIITHBIN, TO €T0 BPeMSI KU3IH PACIIPOCTPAIIUTCS Ha
Bech Jku3nenHsiil ki J VM. Konreiinep oTBeyaet 3a coxpaHeHHe IIOCTOSHITBIX TaliMe-
POB, 06bIUTIO B 6a3e manHbix. I10CTOAHbIE TAMEPBI, KOTOPBIE AOJKHBI pabOTaTh B TO
BpeMsi, TOKa MPUJIOKEHYE IEI0CTYITHO, BKIIOYAIOTCSI [IPY 3ATyCKe. TO TAKIKE TO3BOJISET
UCIIOJIb30BATh OJ[HU U TE K€ TalMePhl HECKOJIbKMMM 9K3eMILisspamu o0bekTa. [ToctosH-
HBIE TalIMEPBI IIPU COOTBETCTBYIONIEN KOH(MUTYPAIIVK CEPBepa — IMOAXO/SIIIEE PEIIEHNE,
€CJIM HY’KHO BBITIOJIHUTH OU3IIEC-TIPOIIECC POBIIO OJIVH Pa3 Ha HECKOJIBKUX CepPBepax.

TatiMepsbl, KOTOPBIE CO3AAI0TCS AaBTOMAaTHYECKH C TIOMOIIBIO aHHOTAINH @Schedule,
OIKMCHIBAIOTCS € TOMOIIBI0 Unix-mogo6HbIX cron-Beipaskenuii. J{jis 6osbinei rubkocTu
EJB-TaiiMepsl OITHCHIBAIOTCS IIPOTPAMMIIO C TIOMOIIBIO [TPEA0CTaBISIeMON KOHTEITHEPOM
ciny>k6bl TaliMepa, KOTOpast CO34aeT METOBI 06PATIIOro BbI30Ba Timers 1 @Timeout.

[epruoanyecKye 1 OTIOKEHHBIE 33/Ia4¥ TAKIKE MOTYT GBITH OTIMCATIBI 32 IPEAETAMH
E]J B-KOMIIOHEHTOB C IIOMOIIIBIO YTIPABJISIEMO# KOIITEHHEPOM CJIYKObI 3aMIAMUPOBAHHBIX
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HCTIOJHUTENIEH. DK3eMILISIp ManagedScheduledExecutorService, BBITOTHAIONIMH 3a-
JIa4¥ 110 UCTEYEHUH YKA3aHHOM 33/IEPXKKH WJIH C 33/[aNITION IEPUOINYIIOCTHIO, BHEPSI-
€TCs B yIpaBJIsieMble KOMIIOIENTHL. DT 3a4auul OyAyT Pealn30BbIBATHCS B IIOTOKAX,
YIIPaBJISIEMBIX KOTITEHHEPAMU:

@ApplicationScoped
public class Periodic {

@Resource
ManagedScheduledExecutorService mses;

public void startAsyncJobs() {
mses.schedule(this: :execute, 10, TimeUnit.SECONDS);
mses.scheduleAtFixedRate(this: :execute, 60, 10, TimeUnit.SECONDS);

}

private void execute() {

}

Boi3oB MeTona startAsyncJobs() mpuBeneT K 3anyckKy Gynkiinu execute()
B yIIPaBJIsieMOM IIOTOKE Yepe3 AeCATh CEKyI/ [TOC/e BbI30Ba U 3aTeM KaXKIble AeCsTh
CEKYH/ 110 IPOLIeCTBUY [I€PBON MUITYTHL

ACMHXPOHHOCTb U peakTUBHOCTb B JAX-RS

JAX-RS noazepxuBaeT aCHHXPOIMIIOE MOBEEHUE, YTOOBI U3IUIIHE 1€ GIOKUPOBATH
[IOTOKH 3a1IpOcoB Ha cTopoHe cepBepa. [lake ecin HTTP-coequnenue oxxugaer oTBera,
[IOTOK 3aIIPOCOB MOXKET IIPO0JIKATh 00pabaThIBAaTh APYTHE 3aLIPOCHL, IOKA HA CEPBEPE
NpOTEKaeT AMUTENbObIM nponecc. [ToToKM 3anpocoB OOBEANHSIOTCS B KONTEHHEDE,
Y 9TO XPaHUIIUIIE 3aTIPOCOB NUMEET OTIPEIeIeHHBIH pasmep. YTOObI e 3aHMMATh TOHA-
[IPACILy IOTOK 3aIIPOCOB, aCUIIXPOHHBIE pecypciibie MeTobl JAX-RS co3patoT 3amauwy,
KOTOPBIE BHIMIOJIHSAOTCS [IPY BO3BPATE TIOTOKA 3aIIPOCA M MOTYT OBITH UCIIOIb30BAITHL
nosropno. HTTP-coeaunenvie BO30GHOBISETCS Y BHIIAET OTKJIUK TIOCTIE 3aBEPIIETUS
ACUHXPOHHOM 33/1a41 WJIX 110 UCTEYEHUH BpeMeIn OxKuiaHus. B crenyiomem npumepe
[OKA3all aCMHXPOHIIBII pecypcmbiii MeTox JAX-RS:

@Path("users"”

@Consumes (MediaType.APPLICATION_JSON)
public class UsersResource {

@Resource
ManagedExecutorService mes;

@POST
public CompletionStage<Response> createUserAsync(User user) {

return CompletableFuture.supplyAsync(() -> createUser(user), mes);
}

private Response createUser(User user) {
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userStore.create(user);

return Response.accepted().build();

Jlsist Toro 4TOOBI IOTOK 3aITPOCOB HE OBLI 3aHAT CJAMIIKOM 10Jr0, MeTon JAX-RS
JOJIKEH OBICTPO 3aBEPIIATHCSL. ITO CBSA3AHO C TEM, UTO PECYPCIIBII METO/] BHI3BIBAETCS
13 KONTeliHepa I0CPeCTBOM MHBEPCUH yIIpaBJIeHUs. Pe3yibTaT, IoIyYenHblil Ha dTare
3aBepilenss, OyeT UCIIOIb30BAIl /Jisi BO30OOHOBJIENNS KIUETCKOTO COEANHEHMSI [0
OKOHYaHUU 00pabOTKH.

Bo3sBpar aTamnoB 3aBepiienisi — CPaBHUTENbHO oBasi TexHosorusi B API JAX-RS.
Ecau myHo omucarh 3aepKKy M IIPU 3TOM 06eCIednTh OOIbLIYI0 THOKOCTD MIPK
ACHHXPOIIIIOM OTBETE, TO B METO/] MOKHO BKJIIOYUTh THI AsyncResponse. ITOT HOAXO
IPOIEMOHCTPUPOBAH B CIEAYIOLIEM IPUMEPE:

import javax.ws.rs.container.AsyncResponse;
import javax.ws.rs.container.Suspended;

@Path("users"
@Consumes (MediaType.APPLICATION_JSON)
public class UsersResource {

@Resource
ManagedExecutorService mes;

@POST
public void createUserAsync(User user, @Suspended AsyncResponse
response) {

response.setTimeout (5, TimeUnit.SECONDS);
response.setTimeoutHandler(r -»>
r.resume(Response.status(Response.Status.SERVICE_UNAVAILABLE).build()));

mes.execute(() -> response.resume(createUser(user)));

Baarogaps co3naBaeMbIM TaliM-ayTaM KJIMENITCKUH 3aPOC CTAIET JKAATh e Gec-
KOTIEYHO, & TOJBKO JI0 TeX MOp, TIOKa 1e OY/eT MOJAyYeH Pe3yabTaT WU TI€ UCTEYeT
BpeMsi OKuiaHus Bbi30Ba. OHAKO BBIYUCAENUS OYAyT TPOAOIKATHCS, TOCKOIbKY
OHH BBINIOJIHAIOTCA aCHHXPOIIIIO.

s pecypcoB JAX-RS, peanusyembix kak EJB-06beKTbI, MOKHO IIPUMEHSTD aIl-
HOTaLuIo @Asynchronous, YTO6BI Iie BHI3bIBATh ACUIIXPOHHBIE OM3HEC-METO/BI ABIIO,
4yepe3 CEpBUC-UCIIOIITUTED.

Kimuent JAX-RS takxe mognep:kuBaeT acMHXPOHHOe moBenenve. B 3aBucumoctu
oT TpeGoBaHMH UMeeT cMbICT He 61okupoBaTh ero ipu HTTP-Bbi3oBax. B npenbimy-
II[eM TIpUMepe TI0KA3aHO, KAK YCTANaBINBATh 33I€PXKKY [JIs1 KIUENTCKUX 3alIPOCOB.
ﬂﬂﬂ JJNTE/AbHO BBINIOJHAEMBIX U 0C06eHHO IapaJ/ajeJbHbIX BHEIIHUX CUCTEMHbBIX
BBI30BOB JIy4lll€ UCII0Ib30BaTh aCHHXPOHHOE U PEAKTUBHOE MOBEJIEHUE.



144 MaBa 3 e BHeapeHue coBpeMeHHbIX NpunoxeHuin Java Enterprise

PaccMOTpUM HECKOJIBKO CEPBEPHBIX IPIJIOKENNH, TPEAOCTABISIIONNX NH(MOPMAIIUIO
o morozie. Kiventckuit KOMOOHEHT 06PAIAETCss KO BCEM STUM MIPUJIOKENUSIM U BbI-
YKCTIAET YCPEAHEHHBIN IPOTTo3 Moro/bl. B maeane MoxxHO ObLIO ObI CETATH AOCTYTI
K CHCTEMAaM TaPAJLIETbHBIM:

import java.util.stream.Collectors;

@ApplicationScoped
public class WeatherForecast {

private Client client;
private List<WebTarget> targets;

@Resource
ManagedExecutorService mes;

@PostConstruct

private void initClient() {
client = ClientBuilder.newClient();
targets = ..

}

public Forecast getAverageForecast() {
return invokeTargetsAsync()
.stream()
.map(CompletableFuture: :join)
.reduce(this::calculateAverage)
.orElseThrow(() -> new IllegalStateException("HeT mocTynHbIx
nporHo3oBe norogb"));

}

private List<CompletableFuture<Forecast>> invokeTargetsAsync() {
return targets.stream()

.map(t -> CompletableFuture.supplyAsync(() -> t
.request(MediaType.APPLICATION_JSON_TYPE)
.get(Forecast.class), mes))

.collect(Collectors.toList());

}

private Forecast calculateAverage(Forecast first, Forecast second) {

}

@PreDestroy

public void closeClient() {
client.close();

}

Mertozn invokeTargetsAsync () BBI3bIBAET JOCTYIIIbIE OOBEKTI ACHHXPOITHO, 3a/1€H-
CTByS CaLyK0y 3aIIaHMPOBaHHbIX UCTIOTHKTEEH. [leckpunTopbl CompletableFuture
BO3BPAIAIOTCS ¥ MCTIOIb3YIOTCSI 711 BBIYMCJIEHUS YCPETIEHIIBIX PE3YIbTATOB. 3aIyCK
MeToga join() 6ymeT 6IOKUPOBATHCA 0 TEX HOP, IOKA BBI3OB II€ 3aBEPILUTCS U HE
Oy YT MOJIYYEHBI PE3YIbTATHL
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OO0beKTHI, BbI3bIBAEMbIE ACMHXPOHHO, 3aIyCKAIOTCS ¥ OXKUAAIOT OTKJIMKA Cpa3y OT
HECKOJIbKUX PECYPCOB, BO3MOXKHO, 60jiee MeIeHnIbIX. B aTOM ciaydae oxugaHue ot-
BETOB OT PECypPCOB MeTeOCJIy>K6bI 3aHHMMaeT CTOJIbKO BPEMEIIH, CKOJIbKO IIPUXOAUTCA
OXUAaTh CaMOr'o MEAJIEHHOTO OTKJ/IMKA, a HE BCEX OTK/JIMKOB BMECTE.

B nmocnennioio Bepcuio JAX-RS BcTpoeHa moamep:kka 3TAnoB 3aBEPIIEHUS, YTO
IIO3BOJIAET COKPATUTDb CTepeOTHHHbIﬁ KO/ B ITIPUJIOKECHUAX. Kaku B cay4dae C 401101~
HAE€MBIMHU 3HAYE€HUSAMHU, BBI3OB CPa3y BO3Bpalla€T KO/ dTalla 3aBEPIICHWA OJ JAJb-
HEMIIero uCnoab3oBanus. B CIeAYIOUIEM IIPUMEPE ITOKa3allbl pPEAKTHBHBIE KJINEHTCKHE
¢ynkuuu JAX-RS ¢ npumenenneM Bb30Ba rx():
public Forecast getAverageForecast() {

return invokeTargetsAsync()
.stream()
.reduce((1, r) -> l.thenCombine(r, this::calculateAverage))
.map(s -> s.toCompletableFuture().join())
.orElseThrow(() -> new IllegalStateException("HeT mocTynHbIx
nporHo3oBe norogb"));

}

private List<CompletionStage<Forecast>> invokeTargetsAsync() {
return targets.stream()
.map(t -> t
.request(MediaType.APPLICATION_JSON_TYPE)
.rx()

.get(Forecast.class))
.collect(Collectors.toList());

B npuBenennom npumMepe e TpebyeTcsa UCKaTh CIysK0y 3aIIaHMPOBAIIHBIX HC-
nosnureseit — kaneHT JAX-RS Gyaer ynpaBaATh 9TUM caM.

[lo Toro kak nmosiBuICS METOZ rx( ), B KJIMEHTAX IPUMEHSLIICS SIBHBIN BBI30OB async ().
Irot MeTox Bell cedst aHAIOTMYHO, TI0 BO3BPAILal TOJIbKO 06beKThl Future. Mcnonsso-
BaHME B KJIMENTaX PEaKTUBIIOTO IIOAX0AA ONTUMAIBHO /1151 GOJbLUIMHCTBA IIPOEKTOB.

Kax Bugure, B cpene Java EE sageiicTByercs cy:x6a MCIIOJHUTEEH, yIpaBaseMast
KOHTEWHEPOM.

KOHUENuUMn 1 NpuHUMINbl NPOEKTUPOBaHUS
B coBpeMeHHou Java EE

API Java EE ocrioBaH Ha coryialienusix ¥ MpUIIMIax MpoeKTHPOBAINS, KOTOPbIE TIPO-
[MCaHbl B BUJIe CTaHAApTOB. MIKenepel-IpOrpaMMHUCTBL BCTPETSIT B HEM 3LIaKOMbIE
mabiaoust API u moaxoxsl k paspaborke npunoxenuit. [lensio Java EE sBasiercs
MOONIPEHE MTOCJIEA0BATENBIIOr0 Ucnoib3oBaHus API.

['maBHBI IPUHINT NPUIOKEHNH, ODHEHTUPOBAIIHBIX B IIEPBYIO OUepe/lb IIa pea-
JIM3aluni0 GU3HEC-CIIEHAPUEB, 3BYUUT TAK: MEXHOI02UA He 00nxcHa meuwams. Kak yixe
YIOMUTNIATIOCH, Y UTKEHEPOB J0/KHA OBITH BO3MOKHOCTb COCPEIOTOUNTHCS T1a Pea-
Jgusanuy 6U3HeC-JTOTHKY, He TPaTsl GOMBINYI0 YaCTh BPEMENH Ha TEXHOJIOTHYECKUE
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1 unpacTPyKTypHBIE BOTIPOCHL. B nzease joruka npeaMeTHON 061aCTH peanunsy-
€TCs Ha TIPOCTOM Java ¥ 00n0IHAem s AHIOTAIIMSIMY ¥ IPYTUMU CBONCTBAMM, MOJI-
NePKUBAEMBIMU KOPIIOPATUBHOW CPEIOH, e BAUAS Na KO/ TPeIMETHON obnacTu
Y HE YCJIOXKHSIS €r0. ITO 03HAYAET, YTO TEXTONOTHS HEe TPEGYET HOMBIIOrO BIUMAHMS
MH)KEHEPOB U He MAKJIaBIBAeT CAMIIKOM GOMbIINX OTpaHuueHuii. Panbiie cpexa
J2EE tpeboBajia MHOKECTBA OYelb CIOKHBIX pelleHui. s peannsanuuyu MHTEP-
(eticoB u pacmupenus 6a30BHIX KJIACCOB IPUXOIUIOCH UCTIOAb30BATH YIIPABJIsEMbIE
00BEKTHI U OOBEKTHI TIOCTOSTHIIOTO XPATIENHsL. ITO YCAOKHSIO JOTUKY TIPEAMETHON
06s1aCTH ¥ 3aTPYHSJIO TECTUPOBAHUE,

B Java EE snoruka npeameTHol 001acTy Peantnsyercs B BUE MPOCTHIX KIACCOB
Java, cHaGKeHHBIX AHIIOTAIMSMY, COTTIACHO KOTOPBIM KOIITEMHED B [POIIECCE BBITIOJTIEHNST
MIPUJIOXKEHHS PEIIaeT Te MJIU HbIe KopropaTuBibie 3ana4u. [pakTuka co3aamiist 4ucToro
KO/Ia 4aCcTO MPE/IOJIaraeT HAMCAHNE KOZIA CKOPee KPACUBOTO, TIEKEH YA0OHOTO /15t
[IOBTOPHOTO Mcnonb30BaHus. Java EE nogaepskuBaet aTot noaxos. Eciu o kakoii-To
NPUYKHE HYXKIIO0 yOPaTh TEXHOJIOTUIO ¥ OCTABUTE YUCTYIO JIOTUKY IPEMETIION 00J1acTH,
3TO JieJIaeTCsI IPOCTHIM YAJIeNIEM COOTBETCTBYIOIINX alTHOTAI[UH.

Kak Mb1 yBUIUM B ry1aBe 7, TAKOI MOAXO/ K IPOrPAMMUPOBAIIUIO IT0IPa3yMeBaeT
HEeoOXO0IMMOCTb TECTUPOBAHUS, TIOCKOJIbKY JJISI TPOTPAMMUCTOB GOJIBINUIICTBO CIIEIH-
¢dukanwmii Java EE — ato He 60ee yeM annoTauu.

Bo Bcem API npunsrt npuHuun NpoeKTUPOBaHMS, HA3bIBAEMBII UHBEpCUE YNpas-
nenus (inversion of control, IoC), — IpYyIr¥MHU CIIOBaMU, <HE 3BOHUTE HAM, MBI CaMU
MO3BONUM». ITO OCOOGEHTIO 3aMETHO B KOHTYPAX MPUIOKEHUH, TAKMX Kak pecypcbl JAX-
RS. Pecypcribie METOIBI OITCHIBAIOTCSI € TIOMOUIBIO ATHOTAIUI Java-MeTO0B, KOTOPbIE
[I03/THEe BBI3BIBAIOTCSI KONITEHHEPOM B COOTBETCTBYIOILEM KOHTEeKcTe. 10 e camoe
CTIPABE/IJIMBO U /IS BIIEJPEHYSI 3aBUCUMOCTEH, [IPU KOTOPBIX IPUXOUTCS BHIOUPATh
renepaTopsl MK YYUTHIBATH TAKME CKBO3HBIE 32/[a4M, KaK epexBaTunKy. Paspaboruu-
KU IPUJIOYKEHUI MOTYT COCPEIOTOUUTHCS HA BOILIONIEHUY B XKU3Hb JIOTHKY 1 OMTUCATINH
OTHOIIENTNH, OCTABMB PEAIN3AlNI0 TEXHUYECKUX JleTasell B KonTelinepe. Eule oqun
[PUMEP, HE CTOJIb OYEBMTIBIN, — 9TO OMMCaHKe IpeobpasoBanus Java-00beKkToB B JSON
1 o6patno nocpenctBoM anHoTaimii JSON-B. O6bekTsl peobpasyioTcst e TOABKO
B SIBHOM, 3a[IPOrPAMMHUPOBAHIIOM BHUJIE, HO U MESIBHO, B I€KJIAPATUBHOM CTHIIE.

Etile oguH npUHIKII, KOTOPBI MTO3BOJIsIET UHXKenepaM 3 (PeKTUBHO IPUMEHSTh
3Ty TEXHOJIOTUIO, — NpozZpammuposanue no cozrauerusm. Ilo ymomryanuio B Java EE
3a/1aTI0 ONPeIETIEHHOE TIOBEIETNE, COOTBETCTRYIONIEE OONBIIUHCTBY CIIEHAPUEB HC-
noJib30BaHus. EC/IM €ro HeJOCTATOYHO WM OHO HE COOTBETCTBYET TPEOOBAHMAM, T10-
BeJIeHIEe MOXXHO IIepeoIpe/IeIUTh, YaCTO Ila HECKOIBKUX YPOBHSIX.

EcTtp MHOX€CTBO IPUMEPOB ITPOrPAMMUPOBAMNUS 110 coratieHuio. OAUH U3 HUX —
npumMenenne pecypcunbix MmeTonoB JAX-RS, npeobpasyomux GynkiuroHan Java
B HTTP-otknuku. Eciu crangaptaoe noseznemnue JAX-RS no oTHOIIEHUIO K OTKJIH-
KaM He y/IOBJIETBOPSIET TPEOOBAMUSAM, MOXKHO TIPUMEHSITh THII BO3BPAIAEMOTO OTBETA
Response. /[pyrum npuMepoM siBJIsieTCs CreruduKaims yupaBisieMbiX 00bEeKTOB,
KOTOpasi 06BIYHO PEATN3YETCS C IOMOILBIO aHITOTAKA. J[J1s1 TOTO YTOOBI MIBMEHUTD 9TO
[IOBeJIeHYE, MOXKHO 3azielicTBoBaTh X M L-nieckpurntop beans . xml. /{151 mporpaMMuUcTOB
oueHb ya06110, uTO B coBpeMeHHOM Mupe Java EE kopriopatiBHbIe IPUIOKEHUS pas-
pabaThIBAIOTCS MPArMaTUYIIBIM U BHICOKOIIPOU3BOAUTEIBHBIM CIIOCOOOM, KOTOPBIT
00BIYHO He TpeOyeT TAKOI0 MHTEHCUBHOTO UCIOIb30BaHusa XML, kak npexze.
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YT0 5Ke KacaeTcsi IPOAYKTUBHOCTH PabOTHI IIPOTPAMMHKCTOB, TO €I11l€ OJMH BaXKIIbII
npuHIuI pa3pabotku na Java EE cocrouT B TOM, 4T0 9Ta mtatdopma Tpebyer MHTerpa-
I[UY B KOHTeWIepe pa3JINYHbIX cTangapToB. IloCKOIbKY KOHTeHIephl IOALEPKUBAIOT
onpenenennsiii mabop API — a B cayuae noamepxku Bcero API Java EE sto numenno
TaK, — TpebyeTcs Takxke, uTo6bI peanusaiu APl obecrniedrBav IPOCTYIO UITTETPALUIO
npyrux API. JIoCTOMHCTBO 3TOTO MOAX0/1a — BO3MOKHOCTb UCITOJIb30BAHUS PECYPCAMU
JAX-RS npeobpasosanus JSON-B u texnonoruu Bean Validation 6e3 gonoanuTens-
HOW SIBIIOM HACTPOMKH, 3a UCKJIIOUEHHEM annoTauuil. B npeapiaymux npuMepax Mol
YBUIENH, KaK (DYHKI[UH, OTIPE/IeJIEHHBIE B OTAEbIIbIX CTAHAAPTAX, MOXXHO IIPUMEHSITh
COBMECTHO, He TIPUJIarasi JOMOIMUTEIbHBIX YCUIUH. ITO OIHO U3 CAMBIX OOMBINUX
npenmytects rmiaTdopmet Java EE. O6o6matomas cnenudukanys rapaHTupyeT co-
JeTaHue OTAETbHBIX CTAHAAPTOB MeX Iy co00i. IIporpaMMUCTHI MOTYT OJIATATHCS Ha
omnpeneneHHble (DYHKIMY U PEATU3aIIHNIO0, IPEIOCTABISIEMbIE CEPBEPOM IIPUJIOXKENU.

Ya06HbIN B CONPOBOXAEHUU
BbICOKOKAUYEeCTBEHHbIN KO/

HpOI‘paMMI/ICTbI B II€JIOM COTJIACIIBI C TE€M, YTO CJIEAYET CTPEMUTHCA ITHUCATh KO BbICO-
koro KauectBa. OTHAKO He BCE TEXMOJOTUH OJJMHAKOBO XOPOIIO MOAXO/ST JIJist ITOTO.

Kax yxe ynoMunanoch B mavaje KHUTH, B [IEHTPEe BHUMaHUsI IpU pa3paboTke
NPUIOKEHUH J0/KHA ObITh OU3Hec-moruKa. B ciyyae nuameneHuii Gu3HeC-JIOTUKA
WJIY TIOSIBJIEHUST HOBBIX 3HAHUH 1€06X0ANMO 0OTIOBUTH MO/IEJTH [TPEAMETHOM 061aCTH,
a TakXKe UCXOANBIN Ko, [ cO3MaHusT ¥ MOANEPKKY BBICOKOKAYeCTBEHHOM MOjieu
npeaMeTHON 06JaCTH U UCXOMHOTO KOJa B 11eJI0M TPeOyeTCs UTepaTUBHBIM pedak-
TOPUHT. Y CHJINS, HAlIPaBJIEHHBIE HA Yray0OJieHre TIOHUMaHUs TPEIMETHOM 061acTH,
OIIHNCaIlbl B KOHLEIIINU HpO6]IeMHO-OpI/IeHTI/IpOBaHHOI‘O IIPOEKTUPOBAHUA.

Ecth MHOTO JIMTEPATYPHI, TOCBAIIIEHHON pehaKTOPUHTY Ha ypoBHe Koza. [locie
TOTO Kak OGusHec-joruKa Oyner mpeAcTaBieHa B BUe KOJa U IPOBEPEHa TECTAMHU,
IIPOrpaMMHUCTaM CJIEAYyEeT IIOTPATHTh HEKOTOPOE BPEM: U IPUJIOXKUTD YCUJIUA K TOMY,
4TOOBI [IEPEOCMBICUTD 1 YJTyYUINTD IEPBbIA BAPUAHT. DTO KACAETCs MACHTU(DUKATOPOB
MMeH, METOZIOB U K1accoB. OCO6ENIIo BaxKHbI 8bL00p UMEH, YPoeH abCmpaKuuii u eou-
Hble MOUKU OMBEMCMEEeHHOCTI.

CornacHo onpeziesieHU 10 TPOGJIEMHO-OPUEHTUPOBAIIIOTO POEKTUPOBAITHS TIPE/I-
MeTHast 06J1aCTh JOJKHA MAKCUMAJIBHO COOTBETCTBOBATH CBOEMY MPEICTABIECHUIO
B Bujie Koga. Cioia BXOAUT, B YACTHOCTH, A3BIK MIPEAMETIION 06aCTU — APYTHUMHU
CJIOBaMH, TO, KaK IIPOTPaMMUCTbI U 6H3HeC-3KCHeprI TOBOPAT 06 OIpeneaenHbIX
(yukuusax. Llenp Bcell KoManabl — NANTH yHUSEPCAAbHBIL 06U SA3bIK, KOTOPBIH
Oynet aphEeKTUBIIO UCIIOAb30BATHCS HE TOIBKO B AUCKYCCHUSX U HA IIPE3ENTALIMOIIIBIX
craiiiax, Ho ¥ B Kojie. Y TOUHEHMEe 3HaHWM B oOaacTu 6usneca GyeT IpOUCXOIUTh
iukanyecku. Kak u pehakTopuHT Ha ypOBHE KO/IA, 3TOT MOXO/I [IOPA3yMEBAET, YTO
NepBOHAYA/IbHASI MOZIEND 1€ Oy/IET TIOMTHOCTHIO COOTBETCTBOBATH BCEM TPEOOBAHUSIM.

Takum 06p3.30M, IIpUMEHsAEMaA TEXHOJIOTHA AOJIXKHA IMTOAAECPKHUBATh U3MEHEHUA
MOZe/aUu U KoJa. Ecan OI‘paHI/I‘-IeHI/Iﬁ CJIMIIKOM MHOIO, TO BHOCUTh U3MEHEIINS BIIO-
caencTBun OYAET TPYAHO.
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Jlnst pa3paGoTKY TIPUJIOKEHHH B 1I€I0M, U OCOGENTIO A7t pedhakTOpUHTa, KpaiiHe
Ba’XKI10, YTOOBI IIPOrpaMMHOe obecriedeHne ObLIO JOCTATOYIIO OXBAYEHO ABTOMATU3M-
POBaHHBIMH TECTAMMH. HOCKOJIbe KO ITOCTOAITHO U3BMEHAETCA, PETPECCUOIIINBIEC TECThL
rapanTUpyIoT, YTO HY O/iNa U3 Ou3Hec-QYHKIMIA He Oy/IeT IPU 9TOM CJIyYaiHO OBPE-
xeHa. Takium 06pasoM, 10CTATOUII0E KOJMYECTBO KOITPOIbHBIX TECTOB MOIEPKUBAET
pedaKkTOpHHT, TI03BOJIAS MHKEHEPAM SICHO MIOHSATh, YTO [0C/IE BHECEHHST M3MEHETNH
Bech (QYHKIMOHAJI TIO-TIPESKIIEMY PaGOTaeT Tak, KaK MpeArnoaraercs. B ueasne TexHomorus
JOJIKIIA TIOZIEPKUBATH BO3MOKHOCTb TECTUPOBAHNS, HE HAKJIAIbIBasi OTPAHMYEHUH Ha
CTPYKTypy Koza. IlongpobHee Mbl 06CyaMM 5TO B IIaBe 7.

Jlns obecrieuenust BOSMOKHOCTH pepakTopura ciaboe CBs3bIBaHUE MIPEATIOYTH-
TeJIbIiee, 4eM Tectoe. Vi3MeneHne oAmnoro KOMIIOHENTa 3aTparuBaeT Bce QyHKIWH,
KOTOpBIE SIBHO €T0 BBI3BIBAIOT, U BCe KOMIIOIEITH], B KOTOPBIX OH Hykaaetcs. Java EE
TO/IIEP/KMBAET IECKOIBKO BAPUAITOB CJ1a00T0 CBSI3bIBAHWS: BHEIPEHNE 3aBUCMOCTEHH,
CO6bITI/I$[ 1 CKBO3HbBIC 3a/1a4H, TAKHE KaK [I€PEXBATYUKHU. Bcesto yrupouaeT uU3BMEHEHHE
Koza.

CytiecTByeT psifi MIICTPYMEHTOB ¥ METO/IOB JIJIsT M3Mepenus KadyecTBa. B vact-
HOCTH, CTAaTUYECKUI aHAIU3 KO/a TI03BOJISIET COOUPATh UII(HOPMAIHIO O CJIOKHOCTH,
CBSI3HOCTH, 3aBUCHMOCTSIX MEXK/y KJIaCCaMU M TIAKeTaMU ¥ Peaju3allii B LEJOM.
ITH CPeICTBA TIOMOTAIOT MHXKEHEPAM BBIABJSATH MOTENIMAIbIIbIE TIPOGIEMBI U POP-
MHPOBaTh OOIIYI0 KapTHHY IIPOrPaMMIIOTO TIpoeKTa. B riase 6 6yaer nokasaHo, Kak
aBTOMATHUYECKY TIPOBEPUTH KAYE€CTBO KOJA.

B 11€10M pEKOMEH/YETCs TIOCTOSATITIO PEOPralii30BbIBATH KO/ U yJIyYIIaTh €T0 Ka-
4yecTBO. [IporpaMMHBIe IPOEKTHI YACTO CO3AAIOTCS /ISl BHEAPENHS HOBBIX (DyHKITUH,
[IPUHOCAINUX J0XOI, a II€ /IS TOTO, YTOOBI YIydIIUTh CYyLIeCTBYIOMNN (PYIKIMOHAL.
[Ipo6seMa B TOM, 4TO pepakTOPUIIT U MOBHIIIEHNE KAYeCTBA KO/ I1a II€PBbIi B3I
He TIPUHOCSAT MOJIb3bI /1711 Gu3Heca. ITO, KOHEIo e, He Tak. /7151 Toro 4To6s1 106UThCst
CTaGUJIbHON CKOPOCTH U UTITETPUPOBATH HOBBIE (DYHKIIUU C YOBJIETBOPUTETBHBIM
KayeCTBOM, HeOOXOIMMO MEPECMOTPETh CylecTByomue ¢pynkuuu. B uneane caenyer
BCTPOUTD LIUKJIbI pehaKTOPUIIra B cXeMy IpoeKTa. Kak mokassiBaeT OMmbIT, PyKOBOIM-
TeJIM IIPOEKTOB YACTO T1€ 3HAIOT 06 3T0M npobaeme. OANMaKo KOMAaIIa MHKEePOB-TIPo-
IPaMMKCTOB HECET OTBETCTBENIOCTD 3a TO/IIEPKAHNE KaueCTBa.

Pe3iome

VH:xeHepaM PEKOMEH/IYETCS B [IEPBYIO OUEPElb COCPEIOTOUNTHCS HA TPEAMETHON 06-
JIacTy v GU3IIec-JIOTUKE, HAYMHAS C KOHTYPOB OU3IeC-ClenapyueB, a 3aTeM UATH BIIyOb
10 ypoBHSAM abcTpakuuu. (s peanusanuy mpocToi GU3HEC-JOTUKU TIPUMETSIOTCS
Takue KommomneHThl sapa Java EE, kak E]B, CDI, CDI-renepaTops! u cobbitust. Jpyrue
API Java EE B 0CHOBHOM 33/IEUCTBYIOTCS /715l IOAEPIKKH TEXHMYECKUX TTOTPeOocTen
6usnec-noruku. Kak Ml yBuzgenn, B Java EE ma coBpeMeHHOM ypOBHE Peann30Baribl
1 IOOIPSIOTCSI MHOTOUMCIIEHHBIE MA0I0HbI TIpoeKTrpoBanus 10, a TakKe MPUHIUITHL
po6JIEMHO-OPUEHTUPOBAIITIOTO MPOEKTUPOBAHMSI.

MBI HayYUIUCh BHIOUPATH U PEAN30BbIBATH CAHXPOHHYIO M ACUHXPOIIITYIO CBS3b
U y3Iaju, YTO BIGOP TEXHONOTUY CBSI3U 3aBUCUT OT GusHec-TpeboBanuii. OcobeHno
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HIMPOKO UCIIOIb3yeTCs U XOopotio nojnepxubaercs B Java EE texnosorus HTTP —
yepe3 JAX-RS. dpkum npuMepoM apXUTEKTYPHOTO CTHJISI IPOTOKOJIA CBSI3H, MO~
JepPsKUBAIOIIETO caaboe cBsI3biBaHKe cucteM, spasercsa REST.

B xommiext Java EE BxoaaT pyHKIUY, KOTOPBIE PEATU3YIOT U 06ECTIEYNBAIOT BbI-
TIOJIITEHUE TEXHNYECKHNX CKBO3HbBIX 3a/1a4, TAKHNX KaK YIIPAaBJI€HHNE IIOCTOSAIIHBIM XPaHe-
HHEM JaHHBIX, H&CTpOﬁKa 1 K9IIMPOBAaHUE. OCO6CHHO MHOTO Pa3JIUYHbIX TEXHUYECKHU
00OCHOBAIIIIBIX CIENapueB yAaeTcsa peannsoBath nocpeactsom CDI. Heobxomumoe
ACUTIXPOTITIOE TIOBEENNE MOXKET OBITh PEaTN30BaHO TO-pasHoMy. [IpumoxkeHus
He OJIXKIIBI CAMU YIIPABJSTh CBOMMH IOTOKAMU WJIU MAPAJIETU3MOM — JJIst 9TOTO
cienyer ucnoab3oBaTh ¢pyHkiuu Java EE, Takue kak ynpaBisieMble KOHTEHHEPOM
cnyx6b1 ucnomureneit, acunxpouusie cobbitust CDI u EJ B-Taiimepsi.

Konnenuuu u npuniunst miaatgopmsl Java EE noanepxusaoT pa3paboTKy Kop-
NIOPATUBIIBIX PUJIOKEHUH ¢ yIIOpOoM Ha 6usHec-1oruky. OcoOEHHO XOPOIIY B 3TOM
CMBICJIE TeCHAsI UOTETPAINS PAa3INYNbIX CTAHAAPTOB, UIIBEPCUS YIIPABJIEHUS, CO-
TJIaCOBAMNIOCTh KOH(PUTYPAIMH U NPUHUUN HesMeuwamenscmea. VIHxeHepbl TOKHBL
CTPEMUTbHCS MOAJIEPSKUBATh BHICOKOE KAa4eCTBO KOJIA HE TOJIBKO IyTeM pedakTopumnra
Ha YPOBHE KO/Ia, HO TAK)Ke 32 CYET COBEPINENICTBOBANUS GU3HEC-JIOTUKY U CO3MAHWUS
YHUBEPCANLHOZO A3bIKA, KOTOPHIM OYET TOIb30BAThCS BCSA KOMAIa. Y Iydilenue
KayecTBa KO/a, & TAKXe JIOCTUKEHNE COOTBETCTBUS MOJIEM TIPEAMETIION 001acTh
TPOMCXO/SIT UTEPALUOHHO.

Taxum 06pa3oM, TEXHOIOTUS IOJIXKHA MTO/IEPIKUBATH U3MEHEHMSI B MOJIENN U KO/IE,
a TaKXe IIe IIaK/JIaaAblBaTh CJIUIIKOM MIIOTO OI‘paHI/I‘-IeHI/Iﬁ Ha KCII0JIb3YyEMbIE PDEIICIINA.
B Java EE arto peanusoBano 6sarogapsi MUHUMAIbHOMY BJAUSHUIO (PpeiiMBOPKa ma
6U3HEC-KO/J ¥ BO3MOXHOCTH CJab0T0 CBA3BIBaHUsA (YHKIMI. YUYaCTIMKY MPOEKTa
JOJI’)KHBI 3HATh, 4YTO pe(baKTopHnr B COYE€TAaHWU C aBTOMAaTUYECKUM TECTUPOBAHUEM
SIBJISIETCS TIEOOXOIMMBIM YCJIOBHEM Pa3pabOTKU BEICOKOKAYECTBEITHOTO TPOrPAMMIIOTO
obecrnieuernusl.

B cienyromeii riase Oyer nokasaHo, Kakue ere ocobenHocty genaot Java EE co-
BPEMEIHON MIaT(hOPMOH, TOAXOAAIIEN AJIst pa3pabOTK! KOPIIOPATUBHBIX TIPUJIOKEHUA.
Mpui PacCMOTPUM PEKOMEHAOBAaHHbIE BADUAHTBI BHEADEHHNA U y3I1aeM, KaK 3aJI0KHNTh
OCHOBY NIPOAYKTUBHBIX PabOYMX IIPOIIECCOB.
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Oobneruennas Java EE. Heyxenu ato Boamoxno? Panbine npusoxenus J2EE u oco-
GerIro cepBepbl MPUIOKEHUH CUNTATIVCH TSAKETOBECHOMN U TPOMO3IIKOM TEXIIOIOTHEH,
¥ BO MITOTOM 3acayxkeHHo. VIx API 6111 10BOJIBIO MeyJOGHBIMU B UCTIOJIb30BAHUN.
TpeboBanack cepbesHas nacTporika yuepes X ML, 4To B KOIIEYHOM CYETE IPUBEJIO K I10-
sienuto XDoclet — nHCTpyMeHTa, TIPUMEHsIEMOTO /1151 TeHepaiu XML Ha ocriose
MeTaundopManuy, moMenlenoi B kommentapuu JavaDoc. CepBepsl NpHIOKETHiA
Tak»e ObLIY TPOMO3AKUMU B paboTe, 0COOEIIIO B OTIOMIEHNH BPEMEHU 3aI1yCKa 1 pa3-
BEPTHIBAHUS.

OnHaKo [OCJIE TOTo, KAaK Ha3BaHMe IPOAYKTa IOMEHsIOCh Ha Java EE, u ocobenmno
C BBIXO/IOM Bepcuu 6, Bce 3TO IIOTEPSIIO AKTYyalbHOCTb. [10sSBUIIICh aHHOTAIMH, TIEPBO-
HAYaIbIIO BO3HUKIIKE U3 TeroB JavaDoc, npeanasnadennsix 1715 X Doclet. ITosiBuioch
U €IIl€ MIIOTO HOBOTO, UTO TI03BOJIMJIO TIOBBICUTD TIPOU3BOUTEIBIIOCTD U CIETATh paboTy
nporpaMMucToB Gosiee a(pheKTUBHOI.

B 510i1 r1aBe OyAyT pacCMOTPEHBI CIEAYIOIUE TEMBL.

Uro ynpouraeT TeXHOJIOTHIO.

[Mouemy cranaaptsr Java EE noMorator cokpatuth 06beM paboThL.

Kax BbIOpaTh 3aBUCUMOCTH MTPOEKTA U (POPMATHI apXUBA.

[TpenmMy1iecTBa KOPIOPATUBHBIX ITPUJIOKEHUH C HYJIEBOH 3aBUCHMOCTBIO.
CoBpeMeHHbIe cepBephl TIputokeHuit Java EE.

0O0O0DO0OOD0OD

[Toaxom «0MHO MPUIOKETIIE — OIUH CEPBED IPUIOKEHUIT.

ObneryeHHasa TexHonorusa
KOpropaTMBHOW pa3paboTku

YTo meaeT TEXHOJIOTHIO 06aezuenion? V1 HaCKOABKO 06JIErYeHOMN, TPOAYKTUBHON
M cOBpeMeHIoi siBnsietcst Java EE B anoxy koHteiinepoB u ob6makos? Oanumu u3
CaMbIX Ba)KHBIX IOKa3aTeJIell TAKOW TEXIIOJIOTHUH SIBJSIIOTCS 00eCIIeYBaEMBIE €10 IIPO-
M3BOIUTENBIIOCTH U 3¢ ek TUBNOCTD. Bpemsi, 3aTpaueHnoe KOMaHI0M IPOTPAMMICTOB,
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Ba)KHO U IOPOTO, ¥ YeM MEHBIIIE €TO PACXOIYETCS Ha TEXHUYECKHUE 331241, TEM JIyYIIIE,
K noceiHuM 0THOCSTCS pa3paboTKa CBA3YIONIETO KO/a, COOPKa IIPOEKTOB, HATUCAHUE
U BBITIOJITIEHUIE TECTOB,  TAKJKE PA3BEPTHIBAHKE IPOTPAMMHOTO 0OECTIEYEH ST B JIOKAIIb-
HOI1 U yaasieHnoi cpezie. B uzease MHXeHEPHI OMKIBI TPATUTH KAK MOKHO GOJIbIIE
BPEMEIN [1a PeaTn3alnio OusHec-PyIKIMA, IPUHOCSIINX JOXO.

[To3TOMY TEXTIOMOTHS, 32 UCKIIOUEHMEM PeaU3aliy Ou3HeC-CIIEHAPUEB, HE 0JDKIIA
TpeboBaTh OOMBIIMX AONOJHUTENLHBIX PACXOA0B. Pasymeercs, meo6XoanMo perath
CKBO3IIble TEXHUYECKUE 32/]a4H, 110 UX CJIEAYeT CBECTH K MUHUMYMY. B npensiayieit
rJIaBe MbI yBUeH, Kak Java EE no3Bossier mporpaMmiictam apheKTHBIIO peaTn30BaTh
6usnec-cuenapun. [logo6HBIM 06pa3oM ClIEAYET MAKCHMAIIBIIO COKPATUTD BPEMS, Iie-
obxoxuMoe Ha cOOpPKY U pa3BepThiBaHKe apTe(haKTOB.

B aroii u ciexytonieit riaBax 6yzer nmokasaHo, Kak Java EE mosBosisier cTpouTh
addexTuBmbe pabodne MPOLECCHL.

3a4eM Hy>XHbl CTaHAapThl Java EE

B uncie rmaBubix npunnunoB Java EE — npenocrasienue addekTrBHOTO KOpIiopa-
tuBHOTO API. Kak Mbl 3HaeM U3 TIPeAbIayIIei IJIaBbl, OJIHO M3 CAMBIX GOJIBIINX MTPe-
umyiectB Java EE — Bo3MOXHOCTb UNITErpUpOBaTh Pa3jiN4HblE CTAHAAPTH TAKUM
006pa3oM, 4TO MPOrPaMMHUCTY IeT HeoOXOAUMOCTH UX mactpanBarh. Ob6obuanimas
cnerudukanus Java EE tpeGyer, 4ToObI pasiibie CTaHAAPTHI XOPOIIO COYETATHCH.
KonTeiinep npeanpusTus 10JKeH COOTBETCTBOBAT 9TOMY TpeboBaHuio. VIHKeHePHI-
nporpaMMUCThI pazpabathiBatoT cooTBeTcTBY0IME API clienapuu, mepexiabsiBast BCIO
CLONHCHYIO UHMEZPAUUOHHYIO Pabomy Ha CEPBEP IPUIOKEHUN.

B cooTBeTcTBUY C coranienyueM 0 KOH(PUTYPALUK 321€HICTBOBAHNE PA3TUYIBIX
MHTETPUPOBANHBIX CTAHAAPTOB, KOTOPbIE SIBJISIIOTCS YACTHIO 0600MIAONIEN CIIery-
(dbukaiuy, He TpebyeT HaYaabHOM macTpoiiku. Kak Bl Buzenn paHee, TEXHOJIOTUH,
OCHOBAITHBIE Ha Pa3HbIX CTaHAapTax, B Java EE xopo1io coBMeCTUMEI APYT C APYTOM.
M1 paccmaTpuBasy IpuMepsl aToro: ucnoabszoBanue JSON-B nis aBTomatnueckoit
npussisku 00bexToB K JSON B pecypcax JAX-RS; unterpanus Bean Validation
B JAX-RS u nocaenyomux HTTP-oTBeTOB ¢ IOMOIIIbIO BCETO OMHOM aHOTAIUM;
BHeJ[pEHUeE YIIPaBIsieMbIX KOMIIOHEIITOB B 9K3eMILISIPHI, ONpe/ieleHIble APYTUMHI
crangapramu: Banuaatopsl Bean Validation wiau aganteps: Tuna JSON-B; ynpas-
JIEeHWE TEXHUYECKMMHU TPAN3AKIMAMH, OXBATHIBAIOIIMMY ONepanuy 6asbl JaHITBIX
JPA, B EJB.

EcTb v anbTepHATHBA IPUMEHENTHIO 0606IIAIONIEH CrIeU(pUKAIINN, KOTOPAst OXBa-
TBIBAET PA3JNYHBIE TEXTIOJIOTUU MIIOTOKPATIIOTO UCIIOIb30BaHMA? ECTh: KOHKpeTHBIE
¢ peliMBOPKU PA3HBIX NMPOU3BOAUTEEN CO CTOPOHIIMMU 3aBUCUMOCTSIMU, KOTODBIE
HeoOX0IMMO OGBEANHUT C TEM, YTO Pa3pabOTaIO MPOrPAMMHUCTAMH CIIEIUATBHO JJIS
atoro npuioxkenus. OxHo u3 cambix Goabuinx npenmyiects API Java EE coctour
B TOM, YTO y [IPOIPaMMHUCTOB IO/l PYKO! OKa3bIBA€TCs LIEJIBIN PSIZl TOTOBBIX TEXIIOJIO-
ruit. Ito obecneunBaeT 3((HEKTUBITY IO MHTETPAIIMIO Y 9KOHOMUT BPEMSI, IO3BOJISIS UM
COCPEIOTOUMTHCS HA peain3aluu OU3nec-JOTuKM.
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CornaweHuns 0 KoHpUrypaumm

B cootBeTcTBUY € cornanieHreM 0 KOH(MUTYPALUU KOPIIOPATHBHBIE IIPIIOKEHUS MOTYT
Pas3pabaThIBATHCSA TAK, UTO UCKIIOYAETCS HEOOXOAUMOCTh UX HAYAIbHON HACTPOWKH.
API 06ecHeYMBAaIOT CTAHAAPTHOE TOBEIEHNE, KOTOPOE COOTBETCTBYET GOJIBIINHCTBY
CIIEHAPUEB KUCIOJIb30BaHuA. UHKeHepy He0OXOIMMO HPUIOKUTh JOHOTHUTENbHbIE
YCHUJIHSI TOJIBKO B TOM CJIydae, eCJI¥ 3TUX BO3MOXKXHOCTEH HEeZ[0CTaTOYHO.

ITO 03HAYAET, YTO B COBPEMEHHOM MUPE /151 HACTPOUKH KOPIOPATHUBHBIX IIPOEKTOB
TpebyeTcss MUHMMAJIbHOE U3MeHeHne KoHdurypaiuu. Bpemena obummpabix XML-
KOH(Urypaimii Hpouuiy. B ocobeHHOCTH 3TO KacaeTcs IPUIOKEHH, He UMEIOIUX KJIU-
eHTCKOTO BeO-uHTep(eiica, — B HUX 06beM X ML-(hailyioB CBOAUTCS K MUHUMYMY.

HauneMm ¢ mpocToro npuMepa IpuUIoKeHus], IPeJOoCTaBISIONIero KOHEeYHbIe TOUKHT
REST g4 noctyHa k 6asaM JaHHBIX U BHeIIHUM cucteMaM. Koneunsre Toukn REST
HMHTErprupOBaHbl mocpeacTBoM TexHosoruu JAX-RS, B KOTOpoit ICHO/IB3YIOTCS CEPB-
JieTsl 1711 00paboTku 3anpocoB. CepBAETH TPAAMIIMOHHO HACTPAUBAIOTCS C TIOMOMIBIO
(haiina meckpunTopa pa3BepThIBAHMS web . xml, KOTOPbIH HaxoauTcs: B WEB-INF. OxHako
JAX-RS oTHpaBisieT ApJbIK [ CO3AaHuUs MoAKaacca Application, cHaOKeHHOTO
aHHoTaluelr @ApplicationPath, kKak MOKa3aHO B HPEbIAYIIEH IJIaBE, B PE3YJIbTATE
yero cepsiet npuoxkenus JAX-RS perucrpupyercs Ho ykazanuoMmy mytu. [Ipu 3a-
MyCKe MPOEKT IPOBEPSIETCS HA HATMUYME CBSA3aHHBIX KaaccoB JAX-RS, takux kak pe-
cypcst u HocTaBiuky. [Tocse 3amycka npusoxenus: kKoHeutsie Toukd REST rorosst
K 00paboTKe 3aIpocoB, Aaxe ecIy He ObLI IpeaocTaBaeH daiin web. xml.

YHpaBJisieMble KOMIOHEHTHI TPAAUIIMOHHO HACTPAUBATINCH C HOMOIIBIO KOHMU-
rypanuoHHoro (paiina beans.xml. B HpumokeHnsax BeG-apxXuBOB 9TOT (paiily TaKKe
HaXOJAUTCA B pa3/ese WEB-INF. B HacTosiniee BpeMsi OH UCIIOJIb3YEeTCsI B OCHOBHOM /LTSI
OMUCAHUSA PeXUMa OOHAPYKEHHS YIIPABJISEMBIX KOMIIOHEHTOB, TO €CTh B HEM YKa3aHO,
kakve CDI-KOMIOHEHTHI AOIKHBI IPUMEHITHCS HO yMoJdanuio. PekomeHnayercs
IIPUCBOUTDH HapaMeTpy bean-discovery-mode 3HaueHue all (Bce KOMIIOHEHTBI), a He
TOJIBKO annotated (aHHoTHpoBaHHbIe). Dailn beans.xml MOXKET MEPEOHPENENSTH
so6sie CDI, Takre Kak HepeXBaTYMKHY, AJIbTEPHATHUBBI, IeKOpaToph u T. H. CoracHo
cnenudukanuu CDI B mpocTeiiieM ciydae aTOT (haiia MOKET ObITh HYCTHIM.

Broku ynpassenus nanubiMu J P A HacTpanBaloTcs ¢ OMOIIbIO (haiiia persisten-
ce.xml B pasnesie META-INF. Kak 6b1J0 OKa3aHO paHee, OH COAEPKUT OIpPeeie-
HUS UCTOYHUKOB JIAHHBIX, UCHOMB3yeMBIX B mpuioxenun. [IpeobpasoBanue JPA-
KOMHOHEHTOB B Tabu1bl 6a3bl JaHHBIX HACTPAUBAETCS IOCPEICTBOM aHHOTALUN
B KJIaCCaxX MOJIEJU TIPEAMETHON 06acTU. ITO HO3BOJSIET XPAHUTh BCE 3a/1a4HU 110
HacTpOIKe B OTHOM MeCTe U CBECTU K MUHUMYMY npuMeHenne XML.

Jnis1 GOJIBIINHCTBA KOPIIOPATUBHBIX MIPUJIOKEHUH, HE UMEIONUX KJIMEHTCKOTO BED-
vHTepdetica, Takoi KOH(GUTYpaIuy BHOJHE 10CTaTOuHO. KiMeHTCKre TEXHOIOTUY HAaHO-
nobue JSF 0ObIYHO HACTPaMBAIOTCA C IOMOLIbIO (aiiioB web.xml u faces-config.
xml 1160, ecnu TpebyeTcs, ¢ MOMOIIBIO AOTIOJIHUTENbHBIX (haliIOB, XapaKTEPHBIX JJIS
JTAHHOU peau3alluu.

Paubiie daiisbl koHbUTypanyy, cielr@ Uy HbIe A5 HOCTABIINKA, TAKIE KaK jboss-
web .xml uiu glassfish-web.xml, BCTpe4asnch JOBOJIBHO YacTo. B coBpeMeHHOM MUpe
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Java EE 60/1bIIMHCTBO HPUJIOSKEHUH yoKe He HYXKIAIOTCS B 9TUX OOXOMHBIX PEIIEHUSX.
Jlsist TOro 4yTOOBI OOECTIEYNTH TIEPEHOCUMOCTD, HACTOATENBHO PEKOMEH/YETCSI PEATH-
30BaTh QYHKLUU, UCTIOJIb3YS cTaHAapTHbIe API, 1 TObKO B TOM cilyyae, ecyiu 3TO He-
BO3MOJKHO WJIM TPebyeT Ype3MepHBIX YCUIUH, HpuberaTb K (pyHKIUAM, CHEIIU(DUYHBIM
1715 ocTaBiyvka. Kak mokasbiBaeT OHBIT PabOTHI ¢ yCTAPEBIIMMU HPOEKTAMM, TAKOU
II0ZIXO/I HO3BOJISIET CO3/IaTh TOPa3fo bosiee YHPABISIEMYIO CUTyalnuio. B oTimyue ot
XapaKTepHBIX 7151 HpousBoauTens dyHkuuit ctanaapTel Java EE rapantupyor, yto
B [aJbHeNIIeM IpUIoKeHne OyaeT paboTars.

ITpu 3anycke npusoxeHus1 KOHTeHep MPOBePsIeT AOCTYIIHbIE KJIACCHI, COOTBET-
CTBYIOII[M€ AaHHOTAIUSAM U U3BECTHBIM THIMaM. Tak 0OHAPYKUBAIOTCA U HYXKHBIM 00-
pa3oM HaCTPaMBaIOTCS YIIPaBJisieMble KOMHOHEHTEHI, PECYPCHI, CYITHOCTH, PaCIIUPEHUS
Y CKBO3HBIE 33/1auu. /1711 HpOrPaMMUCTOB TaKOM MeXaHu3M odeHb yaobeH. VM He npu-
XOJIUTCSI IBHO YKa3bIBaTh TpebyeMble KJIACCh B (haiiiax KOH(PUTYpaIuu, cepBep cam
uX OOHAPYXKUT — OTJIMYHAS PEATM3AIMS NHBEPCUU YIIPABJICHMUS.

YnpaBneHue 3aBMCMMOCTSIMU B NpoekTax Java EE

praBJIeHI/Ie 3aBHCHUMOCTAMHU B KOPIIOPATHBHOM HPOEKTE Hall€JIEHO Ha 3aBUCUMOCTH,
nobassiembie moBepx JDK. Cro1a OTHOCATCS 3aBUCUMOCTH, KOTOPBIE HY>KHBI BO BPEMSI
KOMITUJISIIIVY, TECTUPOBAHUS U B MPOIIECCE BBIMOJIHEHMS HPUIOKeHUs. B kopmopa-
TUBHOM HpoekTe Java Tpebyiorcs Java EE API ¢ HpenocraBieHHOM 06J1aCThIO 3aB1-
cumocrtu. [lockonbky API yske ecTb Ha cepBepe IPUJIOKEHNH, UX He HY>KHO BKJIIOYATh
B YIIAKOBAHHBIN apXuB HPUJIOKeHust. Takum obpa3oM, HpenocTasieHHbiii Java EE API
He BJIMSIET HA Pa3Mep MaKeTa.

PeasibHble KOPIIOPATUBHBIE TPOEKTHI OOBIYHO BKJIIOYAIOT B CeOsl APYTHE 3aBUCUMO-
cty. TUNMYHBIMU TPUMEPAMU 3aBUCUMOCTEH OT CTOPOHHUX Pa3pabOTYNKOB SABJIAIOTCS
(ppeiiMBOPKY IPOTOKOIMPOBaHNUs, Takue Kak SIf4j, Log4j win Logback, dpeiiMBopku
npeobpasosanusa JSON, Takue Kax Jackson, u 6ub110Texu o0Iero Ha3HAYEHMs], Ha-
npumep Apache Commons. VIcnions3ys ux, CJie[lyeT yIUTHIBATH PsTI MOMEHTOB.

IIpeskae BCEro, CTOPOHHME 3aBUCUMOCTH OOBIYHO HE HPEIOCTABJISIOTCS CEPBEPOM
MPUJIOXKEHHUI U IO3TOMY YBEJTHNYUBAIOT pagMep apredakrta. ITO HEKPUTHUYHO, HO ITPU-
BOJIUT K OHPE/IEJeHHBIM HOCIEACTBUSM, KaK OyAeT HOKa3aHo mosxke. Yem 6GoJbiie
3aBUCHUMOCTEH f06aBisieTcsa B apTedakT, TeM JoJblie OyAeT BIIOIHAThCA cOOpKa.
CI/ICTeMbI C60pKI/I JOJI)KHbI KOIMMPOBATb 3aBUCUMOCTH, KOTOPbIE MOTYT 6])IT]) JOBOJIBHO
GosbIMMHY, B apTehaKkT KaskAbIi pa3 HPY CO3IAHUU MPoeKTa. B rnase 6 Mbl yBUAUM,
uTo c6OPKA MPOEKTA J0/KHA 3aHUMATh KaK MOKHO MeHblile BpeMenu. Kaxnas 3aBu-
CUMOCTb, 106aBJIEHHAS B TIAKET, YBEJMYMBAET BPeMsI COOPKHU.

Ewte 60b1y1o pobieMy HPeACTaBIAI0T cO00ii BO3MOXKHbIE KOH(DINKThI 3aBUCH-
MOCTEH U UX Bepcnﬁ. K HHUM OTHOCATCA YIIaKOBAaHHBIC 3aBUCUMOCTH, TPDAH3UTHBHDIEC 3a-
BUCUMOCTH, a TAKKe GUOINOTEK Y, KOTOPBIE Y2Ke CYIIECTBYIOT Ha CEPBEPE HPUIOKEHUIA.
Hamnpumep, bpeiiMBOpKY perucTpanny 4acTo yske eCTh B HalIKe KJIaCCOB KOHTEHepa,
BO3MOJKHO, B IPYroii Bepcuu. Vcroib30BaHue Pa3IMYHbIX BEPCUN MOKET MIOPOKIATH
rpobiembl ¢ 6ubarorexamu. Camoli G0JIbIIOM U3 HUX, KaK TOKA3bIBAET OHBIT, ABJISIOTCS
HesIBHBIE 3aBUCUMOCTH, KOTOPbIE I00aBJSIOTCS TPAH3UTHUBHO.
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[ToMUMO TEXHUYECKUX HPUYWH, €CTh U APyTHe 0COOEHHOCTH, KOTOPbIE CIELYeT
YYeCTb, IPEXK/IE YEM JIETKOMBICJIEHHO BBOAUTH HOBbIE 32aBUCHMOCTHU B TIPOTPAMMHBIN
npoekt. Hanpumep, npu pa3zpaboTke KOMMEPUECKOTO TIPOrPAMMHOTO TPOAYKTA TPO-
6JieMOM MOTYT CTATh JIUI[EH3UU Ha 3aBUCUMOCTU. KpoMe pasperneHust Ha UCTI0Ib30-
BaHUeE OIPEAETEHHBIX 3aBUCUMOCTEH, HYXKHO, YTOOBI 3371eICTBOBAHHBIE JUIIEH3UN
OBLIM COBMECTUMBI MeKAY cOO0M HPU pacnpoCTpaHEHUM TAKeTa MPOrPAMMHOTO
obecrieueHusl.

IIpocreliimii cmoco6 BHIOJIHUTD BCE YCJIOBYS IULEH3UPOBAHUA — U30eraTh JH0ObIX
3aBUCUMOCTEHN, KOTOPBIE HE CIYXKAT AOCTHKEHUIO KOMMEPUYECKHX 1eJiedl. AHAIOTHY-
HbIE COOOPaXKEHUs CYIIECTBYIOT U OTHOCUTEIbHO O€30HACHOCTH, OCOOEHHO AJIs TEX
MPOrPaMMHBIX TIPOAYKTOB, KOTOPbIEe Pa3pabaThiBAIOTCS /s 00JaCTed C BHICOKMMU
TpeOOBaHUAMU K HEI.

OnHaXK/IBI 51 yY4aCTBOBAJ B Pa3pabOTKe CIIaCATENbHOTO IPUIOKEHST, OGHOBJISIBIIETO
BepcuM (HpeiiMBOPKOB B KOPIIOPATUBHOM HPOEKTE, B KOTOPBIM BXOAUJIO MHOXECTBO
3aBucuMocTeii c6opku. C yueToM BCeX CTOPOHHUX 3aBUCUMOCTEM B HPOIECCE BbI-
MOJIHEHUS HPOEKT B KOHEYHOM UTOTE 3aIyCKAJ 6Ce N3BECTHBbIE (PPEHMBOPKU TIPOTO-
KOJIMPOBaHUs, a TakXke Bce ¢peiiMBopku nipeobpazosanus B JSON, 4To PUBOAKIO
K MHOTOUYMCJIEHHBIM KOH(MDJIMKTAM BEPCHUi M HECOOTBETCTBUIO 3aBUCUMOCTEN. ITO OBLIO
1o noasienns JSON-B u JSON-P. Bpems pa3paboTku 6bLI0 MOTPAYeHO IIaBHBIM 00-
Pa3soM Ha HACTPOMKY COOPKHU MPOEKTA, PACHYTHIBAHKE U UCKIIOYEHNE TPAH3UTUBHBIX
3aBUCUMOCTEN B apTedakTe HPOEKTa. TO TUNIMYHAS TPoGJIeMa TIPU UCHOJIb30BAHUU
CTOPOHHUX 6ubaMOTEK. [[J151 COXpaHEHUs KO/Ia HPOEKTa HPHUIETCS HOTPATUTD BPeMst
Y YCUJIUS: HACTPOUTH COOPKY HPOEKTA U PACHYTATh 3aBUCMMOCTH, OCOGEHHO €CJIA OHU
BBOJAT MHOTO TPAH3UTUBHBIX (DYHKIIUIA.

YupasJisis 3aBUCUMOCTSAMY COOPKU, WHXKEHEPHI COCPEAOTAYMBAIOTCS HA JETAJIAX,
He BJAMSIONINX Ha GU3HeC-ClleHapyu. Bo3HUKAET BOMTPOC: CTOUT JIM CTAPATHCS COXPAHUTh
HECKOJIBKO CTPOK KO3, €CJIU TIPU 9TOM BBOASATCS JOMOJHUTEIbHbIE 3ABUCUMOCTH?
OnBIT HOKA3BIBAET, YTO BHIOOP MEXIY Ay6IMPOBaHMEM U MATBIM 0OBEMOM, KaK B IIPO-
eKxTax (€3 3aBUCUMOCTEM, CJAMIIKOM Y4acTO CKJIOHSIETCS B CTOPOHY TPEIOTBPAIEHIS
nybaupoBanus. SPKUM IPUMEPOM ITOTO SABJSIOTCS HPOEKTBI, BKIOYAONINE B cebs
Bcio 6ubnnorexy Apache Commons, 4ToObI HPUMEHSIT (DYHKIIMHU, KOTOPBIE MOTJIN OB
OBITh PEATM30BAHBI BCETO HECKOJNBKUMU CTPOKAMU KOJIA.

XopouyM CTUIEM CYUTAETCS HE M300peTaTh BEIOCUIIE, paspabaTbiBast COOCTBEH-
Hble Bepcuu (PyHKIHUI, 2 MICHOJIB30BaTD yoKe cyuiecTByommue. OMHAKO P 9TOM HYKHO
YYUTHIBATH BO3MOKHBIE OCeACTBYsA. Kak MOKa3biBaeT OBIT, BBEIEHHBIE 3aBUCUMOCTHI
JIOBOJIBHO YaCTO UTHOPUPYIOT U HPUMEHSIIOT OYEHb OTPAHUYEHHO.

Korzna uHxeHepsl HDOBEPSAIOT KaUueCTBO KO/a, HATPUMED UCHOJIb3YsI NHCTPYMEHTHI
aHaJM3a KO3, UM CJIE[IyeT YYUTHIBATh TAK)KE COOTHOIIEHNE 3aBUCUMOCTEH U KOozia
MPOEKTa, KOTOPBIE PENIAIOT 3a/1aui GU3HECa U BCoMoraTebHbie 331auu. CyiecTBy-
€T HPOCTOW METO[ /i IPUHSITUS PEIeHrs 110 MOBOoAY 3aBucumocteid. IIpexe yem
BBOJIUTH CTOPOHHIOIO 3aBUCHMOCTD, OTBETHTE Ha CJIEAYIONIME BOHPOCHL

Q IloBbicuTCs U B pe3yJIbTaTe [EHHOCTh NPUJIOKEHUS 1151 Or3Heca?
Q CKOoJIbKO CTPOK KO/Ia TIPOEKTA OHA COKOHOMMUT ?
Q Hackonbko Benmko OyeT ee BAMAHME Ha pa3Mep apTedakTa?
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Hamnpumep, npeactaBbTe, 4TO 4aCTh CIIEHAPUER B MPUJIOKEHUN HO TIPOU3BOACTBY
aBTOMOOUJIEH CITyKUT AJ11 0OMeHa JAHHBIMU C KOHKPETHBIM 3aBOJCKHM IIPOTPAMMHbIM
obecneuennriem HocpencTBoM API Java coGcTBenHo paspaborku. Q4eBUIHO, 4TO A
peanuzanuy OM3HeC-JIOTMKY 3Ta KOMMYHUKAIUA MMEET PeIlaolee 3HaYeHNe, TAK 4TO
CTOUT BKJIIOYKTH 3Ty 3aBUCHMOCTD B HPOEKT. A BOT 100aBJIeHHE ellle OAHOro dpeiim-
BOPKa HPOTOKOJIMPOBAHMUS, HAIPOTHUB, BPS/ I HOBBICUTH I[EHHOCTh HPUJIOXKEHUS
1151 6usHeca. [TogpoOHee o mpobeMax TpagUIHOHHOTO IPOTOKOIMPOBAHMS YNTANTE
B rJ1aBe 9.

Il Toro 4ToObI He yBEINYUBATD pasMep COOPKHU, MOXKHO YCTAHOBUTH KDUTHYIECKU
Ba’KHBIE 3aBCUMOCTH Ha CEpBEPe HPUIOKEHNH 1 0ObABUTh UX B COOPKE HPOEKTA KaK
TIPeI0CTaB/IsIEMble U3BHE.

B riaBe 1 MbI paccMOTpESTN TPYAHOCTH, BO3HUKAOIIIVIE HPY COBMECTHOM MCITOIb30-
BaHUU TaKUX OM3HEC-3aBUCUMOCTEN, KaK ob1ue Moen. B naease npumoxKeHus 10J0K-
HbI OBITh MAKCUMAJIBHO CaMO0OCTAaTOUYHbL. B riase 8 moapo6Ho 06Cy 1M aBTOHOMHBIE
CHUCTEMBI U HDUUYWHBI CO3ZIaHKST APXUTEKTYP, KOTOPbIE He 33eICTBYIOT COBMECTHBIM
JOCTYTI K 4eMy ObI TO HU OBLIO.

OnHaKO C TEXHUYECKUMHU 3aBUCUMOCTAMY cutyarus apyras. API Java EE Bxuto-
yaeT B cebs TEXHOIOTHUIO, KOTOpas TpedyeTcs A1 GOJIbIIMHCTBA KOPIOPATUBHBIX
npujIoKeHui. B nnease numxenepsl paspabaTbiBaioT Hpuaoxenue Java EE ¢ HyreBoi
3aBHCHUMOCTDIO, YHAKOBAaHHOE B BH/IE «TOHKOTO» apTedaKTa pa3BePThIBAHUS, COLEP-
JKAIIleTo TOJIbKO KJIACCHI, OTHOCSIIMECS K MPUIOKeHH0. Eciin HeKoTopbie ClieHapuu
HCHOJIb30BAaHUS TPEOYIOT CTOPOHHUX 3aBUCUMOCTEN, TO OHU MOT'YT OBITh yCTAHOBJIE-
HBI B KOoHTelHepe. L[eb cOCTOUT B TOM, YTOOBI HOTyYUTh apTedaKT Pa3BepPThIBAHMA
Masoro oobema.

ITO 03HAYAET, YTO B TOTOBBIN KO HPUJIOXKEHUS BKIIOYEHBI TOJIBKO HPEIOCTABIISI-
eMbl€e 3aBCUMOCTH, B uzease ToJabKo Java EE API. OaHako TecToBbie 3aBUCUMOCTH —
3TO COBCEM JPYTO€ JIeJI0: i1 TECTUPOBAHMUS HPOIPAMMHOIO obecIeueHns TpebyoTcs
HEKOTOPBIE IOHOJHUTE IbHBIE TEXHOIOIUH. IogpoOHEe 0 3aBUCUMOCTSX, HEOOXOIMMBIX
/IS TECTUPOBAHUS, YUTATE B TJIaBe 7.

Ob6neryeHHbIM cnocob ynakoBKM MPUNOXKEHNN

B nmpusoxeHusx ¢ HyJIEBOM 3aBUCHMOCTbBIO PEIIAIOTCS MHOTHE POOJIEMBI, CBSI3aH-
Hble CO COOPKOit MPoeKToB. [I0CKOIBKY HET CTOPOHHUX 3aBUCUMOCTEH, TO HET U He-
06X0IMMOCTH YIIPABJIATH UMH, 4TOObI 06ECHEYNUTH COOTBETCTBUE BEPCUI U N30EKATh
KOH(JIUKTOB.

Yo ewe ynpouraercsi barogapst takomy noaxoay? Co6opka mpoeKTa He3aBUCUMO
ot Toro, ucnoabayercsi Gradle uau Maven, Bceria IpoxoauT ObICTPeE, €CIH He HYKHO
HU4Yero 106aBisiTh B apTedakt. PazmMep co31aBaeMbIX TAKETOB HATIPSIMYIO BIIUSIET Ha
BpeMs cOOpKU. B HPUIIOKeHUs ¢ HyIEBOMN 3aBUCHMOCTBIO BKJIIOUEHBI TOJBKO CKOMHU-
JIMPOBAHHBIE KJIACCHI, TO €CTh TOJIBKO (hakTudeckasi Gusnec-noruka. [loatoMy Bpemst
c60pKH TAaKOTO HPUJIOKEHUs Oy IeT MUHUMAIbHBIM. Bee Bpemst cbopku Oy et pacxomo-
BAaThCs TOJBKO HA KOMITUJIALIUIO KJIACCOB MIPOEKTA, BHIHOJHEHUE TECTOBBIX IPUMEPOB
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Y YIAKOBKY KJIACCOB B «TOHKUit» apTedakT pasBepThiBanus. Takas cG0pKa 3aHUMaeT
HECKOJIbKO CEKYH]I — /13, UMEHHO ceKyH 1. Kak npasuio, eciiu cO0pKa MpoeKTa AJIuTCst
GOJIBIIIE IECATHU CEKYHI, €€ CJEYeT HEPECMOTPETD.

Pasymeertcsi, 2To IpaBU0 OKa3blBaeT OHpeleeHHOe [aBJieHue Ha IPOEKTHI.
OHo, ecTecTBEHHO, TpebyeT n3beraTh BKIKYEHNS B HUX OOJBIINX 3aBUCUMOCTEN
Y peayiu3alyii — OHU JJOJKHBI IPEIOCTaBIISATLCS cepBepoM HpuiioxeHuH. Ene oqaumM
(hakTopoM, 3aMeANAIOIKM COOPKY, 0OBIYHO SBASETCSA BPEMs BBIIOJHEHUS TECTOB.
O ToM, Kak co3aBaTh 3 (DEKTUBHbIE TECTHI, BBl Y3HAETE B IJIaBe 7.

BoicTphie cOOPKY — OHO U3 HPEUMYUIECTB CO3/aHMUS HPUIOKEHWH C HyJIEBOH 3a-
BUCUMOCTBIO. [Ipyrum siBisieTcst ObicTpast iepeaya apredakToB. [oToBbIE apTedaKThl
B Buge WAR- unu JAR-}aiiioB 00bI4HO COIEPKATCS B XPaHU/IKIIE APTE(PAKTOB, TAKOM
Kak Sonatype Nexus vnv JFrog Artifactory, B COCTOSIHUM, TOTOBOM K UCTIOJIb30BAHUIO.
[Tepenaua aTrx apTedaKTOB 10 CETH 3HAYNTENBHO YCKOPSIETCS, €CJIU PEYb UJET BCETO
0 HECKOJIbKMX KuJobaiTax JaHHBIX. ITO KACAETCS BCEX BUOB Pa3BEPTHIBAHMS ap-
tepakra. HezaBucumo ot TOro, Ky/aa HEPEealoTCs apXUBbl COOPOK, YeM MEHBIIE UX
pasMep, TeM Jiyuliie, 0COGEHHO eciu paboure MPOLECCH BBIMOJHAIOTCS YaCTO, KaK
B CJIy4ae HEMPEPHIBHOU TOCTABKHL.

K nepecMOTpy ¥ MCKJIIOYEHUIO BCETO TOTO, YTO HE UMEET IIEHHOCTH 7 OusHeca,
OTHOCHTCS M U3MEHEHHUE CTIOCO0a YIIAKOBKY MPUJIOKEHMHA. TpaguIiinoHHO KOPIOPATHB-
HbIE HPUJIOKEHNA IOCTaBIA0TCs B Buae EAR-daiinos. B ux cocras Bxoaar Be6-apxus,
W AR-daiin u ogus wiv HeCKOIbKO KoprnopaTuBHbix JAR-daiinos. Kopmopatushbie
JAR-apxuBsbI conepxar busHec-10ruKy, 00braso B Buge EJB-komnonentos. Be6-apxus
cozepskas BeG-CepBUCH ¥ KIMEHTCKUE TEXHOJOTUY M1Jis1 0OMEHa JaHHBIMU ¢ GU3Hec-
JIOTHKOH IIOCPEZICTBOM JIOKAJIbHBIX UK yaaneHubix EJB-koMnonenToB. OHako Takoe
pasnesienue HeOOS3aTEIbHO, TOCKOJIBKY BCE KOMHOHEHTBI TIOCTABJISIIOTCA B 00IIeM
3K3eMILJISIPE CepBepa.

Ceituac yxe He HY)KHO YHAKOBBIBATh Pa3Hble TEXHUYECKHE OJIOKU B OT/E/IbHbIE
cybapxuBsl. Bes GusHec-moruka BMecTe ¢ BeO-CepBUCaMU U CKBO3HBIM (DYHKIIMOHATIOM
ynakoBbiBaeTcs B oauH W AR-daiin. 1o 3HaUnTEIHHO YIPOIIAET YCTAHOBKY MPOEK-
Ta, a TaKKe mpoueaypy cbopku. Tenepb He MPUXOAUTCS YIAKOBBIBATH MPUJIOKEHUE
B BUJIE HECKOJIBKUX YPOBHEN Mepapxuu, yToObl 3aT€M CHOBA PACIIAKOBATH €r0 B OJIH
aK3eMILIsIp cepBepa. Hammyunieil peanusanueil «TOHKUX» apTedakToB SBJISIOTCS
W AR-aiinsl, conepaiiye HeoOXOAUMBIN GU3HEC-KO/I, Pa3BEPTHIBAEMBbIii B BU/IE KOH-
teiiHepa. [1o aToil mpuunHe pa3BepThiBaHUe «TOHKUX» W AR-(aiinoB BenosHsAeTCA
ObicTpee, yeM cooTBeTcTByIONMX EAR-(aiinos.

Ha puc. 4.1 nokasan aprepakT «TOHKOrO» BeO-IIPUIOKEHN, COAEPIKAILETO TH-
MUYHbIE KOMIOHEHTBL

ApredakT pa3BepThIBAaHUSA COAEPIKUT TOIBKO KJIACCHI, HEOOXOAMUMBIE s PEAIH-
3auuu OusHec-cLeHapus, 0e3 peanusaluii, cielnnPUIHbIX I JAaHHOW TEXHOJIOTUH,
Y TIPEJICTaBJIEH B MUHUMANbHOU KoH(purypauuu. B yactHocTty, B apredakT He BKIIIO-
gatorcsa JAR-daitnbs 6ubamrorex.

Apxurektypa miatdopmet Java EE mpusercTByet jierkue apredakTbl. ITO CBSI-
3aHO C T€M, 4TO B AaHHOM mmaTdopme pasaenenst API u peanusanuu. Paspaboryuku
[IPOrpaMMUPYIOT, TOJbKO uconb3ysi API. cepBep npusnoxenuii peanusyet 3ToT APL
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ITO MO3BOJISIET MOCTABJISITH JIUIIb OU3HEC-JIOTUKY, CO34aBasi Jerkue apredakTsl
Y BKJII0Yasi B HUX TOJbKO HEKOTOPBIE KOMHOHEHTHI MpuioxeHus. IloMmiumo oyeBu-
HBIX TPEVMYIIECTB, TAKUX KAK OTCYTCTBHE KOH(MIUKTOB 3aBICUMOCTEN U CO3JaHMe
PELIeHNH, He 3aBUCSIINX OT HOCTABIMKA, TAKOMN MOAXO0 0OECHEUNBAET TAKKeE OBICTPOE
pasBeprhiBaHye. YeM MeHblIe COfePKIMOe apTedakTa, TeM ObICTPee HPOMCXOLHT €10
pacIakoBKa Ha CTOPOHe KoHTeliHepa. [[0aToMy HacTOsITeIbHO pEKOMEH/Iy€eTCsI YHAKO-
BBIBaTh KOPIOPATUBHbBIE NPUJIOXKeHUS B oairH W AR-aii.

B car-manufacture.war
v B META-INF
> I maven
& MANIFEST MF
v I WEB-INF
v Iy classes
v Igcom
v I example
v Iycars
v Iy boundary
@& CarManufacturer.class
@ CarsResource.class
v I control
@& AssemblyLine.class
@& Automation.class
@ CarFactory.class
v I entity
@& Car.class
@ Specification.class
@ JAXRSConfiguration.class
v I META-INF
&% persistence.xml
&% beans.xml

Puc. 4.1

B 2016 rogy MbI HabIIOAATU PACTYIIMEI UHTEPEC K MOCTAaBKe KOPHOPATUBHBIX HPH-
JIOXKEHUU B BUIE «TOJICThIX» JAR-(aiinos, To ecTh K OCTaBKe HPUJIOKEHUN BMECTE
¢ peanzaiiveii. PazBepThIBaHUE «TOJICTHIX> apTe(haKTOB OOBIYHO PUMEHSIETCS B TAKUX
KOPIOPaTUBHBIX (hpeiiMBOpKax, Kak Spring Framework. [Ipuuntoi Takoro moaxozaa
SIBJISIETCSI TO, YTO BEPCUM HY’KHBIX 3aBUCUMOCTeH U (PpeiiMBOPKOB 4eTKO YKa3aHBI
Y TIOCTaBJIAIOTCS BMECTE ¢ OU3HEC-TOTUKOM. « ToCThie> apTeakThl pa3BePTHIBAHUS
MOTYT CO3/1aBaThcsA B BUe 60mbimnx W AR-¢aiiios, KOTOpbie pa3BEpPTHIBAIOTCSA B KOH-
TeHepPe CEPBJIETa, UK GOJIBIINX UCHOHSAEMBIX JAR-(paiinos, 3amyckaeMbIx aBTOHOM-
Ho. TakuMm oOpasom, HpuioxeHue Java EE, ynmakoBaHHOe B BUJE UCIIOIHSIEMOTO
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«rosictoros» JAR-(aitna, HOMUMO CaMOT0 HPUJIOXKEHUST, CONEPAKUT KOPIIOPATUBHBIN
koHTeitHep. OHAKO, KaK yXKe OTMEYaI0Ch, €CJIU BKIIOUUTH B apTehaKT CTOPOHHUE 3a-
BUCUMOCTH, TO BpeMst COOPKH, TIOCTABKHU U Pa3BEPTHIBAHUS 3HAYUTEBHO BO3PACTAET.

OmBIT HOKA3bIBAET, YTO SIBHASI HOCTABKA BCEH KOPIIOPATUBHOU PeaTn3aly BMECTE
C HPWIOKEHUEM B GOJIBIINHCTBE CJy4aeB 00yCIOBIEHA HE TEXHMYECKMMU XapaKTe-
PUCTHUKAMU, 2 HOMUTUKOM npennpusitus. OmnepalnroHHble CPebl BHYTPY KOMITAHMI
HEernOKM 10 OTHOIIEHUIO K CEPBEPY MPUIOKEHUH U MHCTAUIALMSIM Java, 0COGEHHO
B 4acTH OOHOBJICHWIA BEPCHM, U B HEKOTOPBIX CJAYYASX 3TO BBIHYIKAAET TPOTPAMMU-
CTOB UCKaTh 06x0/iHbIe HYyTH. KOpHOPATUBHBIE MPUIOKEHYS], TIOCTPOEHHBIE Ha Oase
6oJiee HOBOW TEXHOJIOTUY, HEMb3sl Pa3BEPHYTh HA CTAPbIX MHCTAJLIAIMAX CEPBEPA.
WHoraa ¢ TOYKYU 3peHUs HOJUTUKY MPEATPUSITHUS TIPOIIE OJHOCTHIO TPOUTHOPU-
pPOBaTh CyIIECTBYIOIIME HHCTAJUISIIUY U SIBHO 3aHYCTUTh aBTOHOMHBIN JAR-daii,
TpeOyIoIuii TONBKO OHpeeIeHHo Bepcun Java. Ho xoTs ot pemenns, 6e3yc0BHO,
B KAKOM-TO CMbICJIE OTIPAB/IaHHbI, TEXHUYECKU (0JIee Pa3yMHO GBLIO ObI yITAaKOBBIBATh
NPWIOKEHUS B TOHKKE apTedaKThl pa3BepThiBats. JIOOOHBITHO, UTO, KAK MBI YBUIMM
B CJIEAYIOIIEN IIaBe, IPOrPaMMHOE oOecIiede e [JIsl IIOCTAaBKU B KOHTedHepax Linux
MMeEEeT MPEUMYIIEeCTBa 000UX HOIXOOB.

Cy1iecTByer ellle OAUH UHTEPECHBII [TOJIX0/I, KOTOPBIiT T03BOJISIET HOCTABJSTD BCE
NPUIOXKEHNE B BUJIE UCIIOJHAEMOrO IAKETa U TIOJEPKUBATH OBICTPBIE pabouune HpPo-
I[ECCHI «TOHKOTO» Pa3BepThiBaHMUsl. HEeKOTOpBIE MOCTABIIMKY CEPBEPOB HPHUIIOKEHMI
MPeIOCTABSIOT PellieHNe [Jis HOCTABKY CIEI[HAJbHOTO KOHTEIHEPA HPUJIOXKEeHUI
B Bu/ie cHOTHSIeMoro J AR-daiiia, KoTopbIil pa3BepThIBAET «TOHKOE» HPUJIOXKEeHE KaK
JOIIOHUTEIbHBIN apTYMEHT BO BpeMs 3aHycKa. Takum 06pa3oM, BeCh AKeT ¢ 000MMHU
apredakTaMu BKIIOYAET B ceOst OM3HEC-TTOTUKY M PEATU3AIIUIO U 3aIyCKAETCS KaK OT-
JeJibHOe Tpuiioxenue. [IpuioxeHue No-HPesKHEMY OTAEIEHO OT CPE/Ibl BHIIOTHEHUS
Y YIIAaKOBAHO KaK «TOHKHIT» apTedakT B BUIe TaK Ha3bIBaeMoro 7101020 JAR- nmt WAR-
(aiina. Takolt moaxon 0cobeHHO 3¢ HEKTUBEH, €CIIM HYXKHO 06eCTednTh TMOKOCTD 6e3
KCII0JIb30BAaHUS KOHTeHHepoB Linux.

B 3akioueHve oTMeuy: HACTOSATEIHHO PEKOMEHYETCS CO3/IaBaTh «TOHKUEY ap-
TepaKThl pa3BepThIBAHUS, B Haease B Buzie «TOHKUX» WAR-daiinos. Ecau aToro
He JIOTYCKAET HOJIMTUKA HPEAHPUATHUS, TO Pa3yMHBIM pelieHreM HpPobieMbl OyayT
mosibie JAR-aitasr. OgHako, Kak Mbl YBUINM B CJEAYIONIEH TIaBe, KOHTeHHEpPHbIE
TexHoJioruy, Takue kKak Docker, He TpebytoT ucnonusembix JAR-daiinos u obeche-
YUBAIOT T€ Xe MPENMYIIECTBA.

CepBepbl npunoxeHun Java EE

Yo enfe yHPOIIAeT TEXHOJIOTHIO CO3/IaHMUS KOPIIOPATUBHBIX IPUJIOKEHUIH, KPOME IIPO-
nyktuBHoctu API? Kak Hacuer cpezibl BHITIOJHEHHS, KOPIIOPATUBHOTO KOHTEHHEPA?

[Ipesx e mpOrpaMMHUCTBI YaCTO JKATOBAIKCH HA TO, YTO cepBep npuioxkeHuit J2EE
CJTUIITKOM ME/IIEHHBIH, CJIMIIKOM HeyIOOHBIN U rPOMO3AKUEA. PasMepsl MHCTALISAIINN
1 HOTpebIeHYe TaMSITH GBLIY OBOJBHO BEICOKUMU. Kak mpaBusio, MHOTHE IPUIIOKE-
HUS BBITIOJIHSIMCDH HAa 9K3EMILISIPE cepBepa U OAHOBPEMEHHO IlepepacHpPe/esiIich,
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KaX/I0€ B OTAETbHOCTH. TaKoii MOAXO0/ MHOTIA CO3JaBaJI JOMOTHUTEIbHbIE CIOXKHOCTH,
B 4aCTHOCTH TIPOBJIEMBI C MepapXuel KJIaccoB.

CoBpeMeHHbIE CEPBEPDI MPUIOKEHUHN M€K0 YILIA OT 3TOr0. DOJBIIHHCTBO U3
HHUX 3HAYUTEJIbHO OHTUMHU3UPOBAHBI AJIsA COKPAIllEHUA BPEMEHH 3aHYCKa U Pa3BEPTHI-
BaHUA. B 0COGEHHOCTH 3TO KacaeTcsi BHYTPEHHUX CEPBEPHBIX MOYJIEH, TAKMX KaK
Open Service Gateway Initiative (OSGi), KOTOPBIH O3B0 000ATHCH Oe3 00sI3aTeNb-
Hol Hopnepxkku nosHoro API Java EE, tak uTo HeoO6XoauMble MOAYJIM TElePh
3arpy’KalTcs HO TPeOOBAHUIO, 2 HTO 3HAUUTENBHO yCKOpsieT paboty. UTto Kacaercs
KICIIO/Ib30BAHUS PECYPCOB, TO CEPBEPHI MPUIOKEHUIT TAKKE 3HAUUTEBHO YTy UIININCH
TI0 CPABHEHUIO C TeM, KakuMu Obliu panbine, COBpeMeHHbIN KOHTeHHep moTpebsieT
MeHbIIIEe HAMATH, 4eM PabOoTAIONINI SK3eMHIAP Opay3epa Ha HACTOJABHOM KOMIIbIOTEDE.
Hanpumep, sxksemmiap Apache TomEE 3aHycKaeTcs 3a OAHY CEKYHAY, MOTpedaseT
Mmenee 40 M6aiiT ArCKOBOro HpocTpaHcTBa U MeHee 30 MOaiT maMaTu.

Pacxoz[ HPOU3BOAUTEJIbHOCTHU Ha YIIPABJIsAEMbIE KOMHOHEHTBI TAKXKE HE3HAYNUTEJICH.
Dakruyecky, o cpaBHeHUIO ¢ yipaBysieMbiMi CDI-KOMHOHEHTaMU U IPYTHUMU CTPYK-
Typamu, Takumu Kak Spring Framework, EJB-koMmoHeHTsI 6€3 COXpaHEHUS COCTOSTHUS
IMOKa3bIBAaIOT HANIYYIIHE PE3YJ/IbTAaThI. 3T0 CBsI3aHO C T€EM, YTO KOMIIOHEHThI ceccuit
6€3 COXpaHEHUsI COCTOSIHUS 3aHOCATCS B HAKOIIUTEJb U HOBTOPHO MPUMEHSIIOTCS TIOCTIE
BBI30Ba COOTBETCTBYIOIUX GU3HEC-METO/OB.

Kpome Toro, cepBepbI MPUIOKEHNIT YHPABJISIOT HAKOHUTENSIMU COETUHEHUI U HO-
TOKOB Y HO3BOJIAIOT MHXEHEPaM C06I/IpaTb CTaTUCTUKY U JJaHHbIE O ITPOU3BOAUTEIb-
HOCTH (€3 I0TIOMTHUTEIbHON HAacTpolKu. KoHTeitHep obecrieunBaeT MOHUTOPHHT 3TUX
nokazareseit. Y utxenepoB DevOps ecTh BO3MOKHOCTD MCIIOIb30BATh 9TU JaHHbBIE
HAHPAMYIO, 6€3 CO3/IaHMUS CTIEIUATIBHBIX TAPAMETPOB.

K Tomy ke, KaK Mbl y3HAIM U3 HPEAbLIYIIE [JIaBbl, CEPBEPHI MPUIOKEHUIT TaK-
/K€ YIIPABJIAIOT 9K3EMHJIAPAaMH KOMIIOHEHTOB U KU3HEHHBIMHU ILTUKJIaAMHU, pECypCaMH
U TPaH3aKIUAMUH 633])[ JAaHHBIX.

Bce neno 3nech B kouTeitHepe npusoskenusi. OH BHIMOJHAET BCIO paboTy 110 3amy-
CKY KOPIIOPATHBHOI'O HPHUJIOKEHHA — MHIKXEHEPBI-IIPOrPaMMHUCTBI OTBEYAIOT TOJIBKO
3a 6usHec-n0rMKy. KoHTeliHep obGecneunBaeT HEOOXOAUMbBIE PECYPCHI ¥ YHPABJISAET
MU, OH I[efICTByeT B paMKaX CTaHZapPTOB IIPE€IOCTaBJICHUA TaHHBIX JIAA Pa3BEPHYTHIX
HpHHO}KeHHﬁ. HOCKOJIbe IMMOCTaBIIUKHU MMPHUJIATAIOT 60J1b].I.II/Ie ycuaud Ajisi OHTHUMHA-
321K HeOOXOAMUMBIX TEXHOIOTUH, 06BEM HEPAIIMOHATIBLHO MCIIOJIb3YEMBIX PECYPCOB
CBOUTCA K MUHUMYMY.

Pa3Mepbl MHCTAIAIMNA CEPBEPOB HPUIOXKEHUH BCE ellle HECKOJIBKO OOJIBIIIE, YeM
y IPYTHX KOPIIOPATUBHBIX (hpeiiMBOPKOB. Ha MOMEHT HaHMCAHMSI 9TOM KHUTH HOCTABITMKHI
CTPEMUJINCH HPEAOCTABUTD I10 Tpe60BaHI/IIO B COOTBETCTBUU C HOTpe6HOCTHMI/I HPHJIO-
JKEHUSI CPe/ibl BBIHOJIHEHVS MEeHbIIero pasmepa. uunumarusa MicroProfile obbenuumia
HECKOJIbKMX HOCTABIIUKOB CEPBEPOB IPUIOKEHUH, KOTOPBIE CO3/1AI0T KOPHOPATHBHbIE
npouIn, JOHOIHSoIIE 00061manIyio crerpdukanmio Java EE. 9tu npodumu Tak-
e cobuparorcst u3 cranaaptos Java EE. C Touku 3peHUs MPOrpaMMUCTOB, 3TO OY€Hb
WHTEPECHBIN MOIX0JI, HOCKOJIBKY OH He TpeOyeT KakuX-1b0 U3MEeHEHUH Ha CTOPOHE
npunoxenusi. Cpezia BBITIOJHEHUS, TO €CTh HAOOP BKJIIOYEHHBIX CTAHAAPTOB, OyaeT
COOTBETCTBOBATH MOTPEGHOCTSAM TIPUJIOKEHUS [IJIS1 PEATIM3AIIUH er0 OU3HEC-IOTUKH.
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OAHO NPUNOXEHWE — OAWNH CEPBEP MPUNOXEHUI

TpaguuOHHO U3-3a OOJBIIUX PA3MEPOB UHCTANIALMY U AJUTEIHHOIO BPEMEHU
3aIyCKa CePBePhI MPUIOKEHUI UCTIOIH30BATUCH [IJIs1 PA3BEPTHIBAHUS HECKOJIBKUX
€IMHUII, €CJIU He IECSITKOB, KOPIOPATUBHBIX MPUJIOKEHUH. JK3EMHIISIPOM CepBepa
MI0JIb30BAJIUCH OTHOBPEMEHHO HECKOJIBKO KOMAH/I, MHOTAA BCsSI KOMIAHUSL. JTO MPH-
BOZIUJIO K HEKOTOPO# HErMOKOCTH, KaK B CIydyae o61ux Moese npuaoxenus. Otaen
KOMIIaHUU He MOT YCTaHOBUTH 6osiee HOBYIO Bepeuio J DK wiu cepBepa, nepesanyctursb
WJIY TIEPEHACTPOUTD CEPBEP MPUIOKEHUH, HE COTJIACOBAB 9TO C IPYTUMHU KOMAHIAMHU.
ITO, eCTECTBEHHO, 3aMEJIJISLIIO TIPOLIECCHI, YMEHBIIAJIO UX MPOAYKTUBHOCTD U YCIIOXK-
HSLIO HETIPEPBIBHYIO TIOCTABKY.

Y0 KacaeTcsi METOZI0B pabOThI B KOMAHIE, & TAKIKE KM3HEHHBIX IIUKJIOB TIPOEKTOB
u l'[pPIJIO}KCHPIfI, TO CaMbIM IIPOCTBIM BaPHAHTOM B 3TOM CJIy4ae ABJIACTCA Pa3BEPTbIBAHNE
MPUJIOXKEHUSI HA OTIeJIbHOM cepBepe npuiioxenuit. [Ipu atom komanaa DevOps nosiHo-
CTBIO KOHTPOJIUPYET BEPCHIO, KOH(MUTYPALIUIO U SKU3HEHHBIHN IIUKJI CBOETO HPIJIOKEHHI.
Takoi 11o/1X0/1 TO3BOJISIET YIIPOCTHUTD IPOIIECCHI X M30E5KATH BO3SMOXKHBIX TIPOGJIEM, TAKUX
KakK KOH(I)JII/IKTBI C IPYTUMHU KOMaH/IaMH KOMIIAHUH U UCITIOJIb3yEMbBIMHU TEXHOJIOTUAMU.
Takske ycTpaHstoTCs IPoOJIeMbl HEPAPXIMYECKON 3arPy3KH KJIACCOB, KOTOPBIE MOTJIH GBI
TIOABUTBHCA ITPU YCTAHOBKE HECKOJIbKUX HpPIJIO}KCHI/Iﬁ.

OrpeneieHHO, CEPBEP MPUIOKEHUIN — 9TO KOHCTPYKIIHS, IPeTHA3HAYEHHAS TOJIBKO
I71s1 ofiHOTO Ipuiokenust. OZIHAKO, KAaK MBI y>Ke 3HAaeM, pa3Mepbl MHCTAJIISIIINIL cepBe-
POB IPUJIOXKEHUI 3aMETHO YMEHBIIUINCH IO CPAaBHEHUIO ¢ mpouLibiM. Kpome aToro,
MPOrPAMMUCTBI IOJIKHBL YAEJISATh 60IbIIE BHUMAHWS PasMepaM apTe(aKToB Pa3BePThI-
BaHUs, TOCKOIBKY OHU SBJISIOTCS MOABMKHBIMU YaCTSAMU TIpoliecca pa3paborku. [Tpu
HENPEPBIBHOM MOCTABKE TIPUJIOXKEHUE TTOTEHIIUATBHO COOUPAETCS U YIIAKOBBIBAETCS
MHOTO pa3 B ieHb. YeM GoJibliie BpeMeHU TPATUTCA Ha COOPKY U repenady apredakToB
IIPOEKTa, TEM AJHNHHEE UK IIPON3BOCTBA. B CyMMeE BCe C60pKI/I, BBITIOJIHAEMBIE B T€UE-
HUe HS, MOTYT 3aHUMATh 3HAUNTEIbHOE BpeMsi. CepBep NPUIIOKeH it yCTaHABIUBAETCS
Y pa3BepTHIBAETCs ropasno pexe. [loaToMy pekoMeHyeTCs pa3BePHYTh IPUIOKEHHUE
Ha OIHOM BbizesieHHOM Java EE-cepBepe, Kak moka3aHo Ha puc. 4.2.

CepBep npunoxeHui

CepBsep NpunoxeHnn
car-factory.

CepBep NpusoxeHuin
car-factory.w

car-factory.war

Puc. 4.2
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B caenymomeii riaBe Mbl YBUAMM, KaK KOHTEHHEPHbBIE TEXHOJIOIMH, HOJOOHbIE
Docker, HOIIep:KUBAIOT TaKOW moAX0/1. I1oCTaBKa HPUIOKEHUS, BKJIIOYAs BECh CTEK
BILJIOTB /IO OTIEPAI[MOHHOM CUCTEMBI B KQUeCTBE KOHTEWHEPA, HOOLIPSIET MOIXO0 «OHO
MIPUJIOJKEHUE — OJIUH CEPBEDP HPUJIOXKEHU>.

Pe3iome

[MonHas urTerpanusa HeckoJbkuxX crangapToB Java EE B couetanuu ¢ cornanieHvem
0 KOH(UTypanuy CBOAUT K MUHUMYMY KOJMYECTBO CTEPEOTUHHOTO KO/a, KOTOPBIN
NIPUXOAUTCS MUCATh HporpaMmucTam. Takum 06pa3oM, KOH(MUTYPaIKst COBPEMEHHBIX
KOPHOPATUBHBIX MPUJIOKEHNIH MUHUMU3UPOBaHA. OCOOEHHO TOJIE3HBI COTJIALIIEHMST
TI0 YMOJTYAHUIO, KOTOPBIE TIOAXOAAT /17151 GOJIBIINHCTBA KOPHIOPATUBHBIX PUIOKEHUH,
Y BO3MOKHOCTb HEPEOHPE/IeJIeHUS KOH(UTYPAIIUHU TOJIBKO B CIyyae HeoOXOAMMOCTH,
4TO 3HAYMTENHHO TOBBILIAET TPOAYKTUBHOCTH PABOTHI IPOrPAMMUCTA.

B xopHOpaTUBHBIX HPUJIOKEHUSIX CJIeyeT CBECTH K MUHUMYMY 3aBUCHUMOCTH,
B H/leajie OTPaHUYUTHCS TOJBKO HpenoctaBiasiembiMu Java EE API. Croponnue 3a-
BUCHMOCTH CJIEAYET J00aBISATH TOJBKO B TOM CJIydyae, €CIU OHU HEOOXOAUMBI ISt
OusHeca, a He IS PEIIEHUS] TEXHUUECKUX 3a/1au.

B cooTBeTcTBUY ¢ HDUHIIMHOM HyJIeBOW 3aBUCUMOCTH HpuioxeHus Java EE nomx-
HbI OBITH YIIAKOBAHBI B BUjIE «<TOHKUX> W AR-(haiiioB. ITO HOMOKUTETBHO BIAMSIET HA
BpeMsl, 3aTpaunBaeMoe Ha COOPKY U ITyOIUKALIUIO TTPUIOKEHUSI.

CoBpemennbie Hpuaoxenus: Java EE — yxxe He peskHMe TSKETOBECHBIE TIPOIYKTHI
Ha 6ase J2EE. OHu 3aHyCKaIOTCSA M PasBePTHIBAIOTCS OBICTPO U CTPEMSITCS YMEHD-
[IUTh HATPY3KY Ha maMsiTh. CepBePbl HPUJIOKEHUM MOTYT OBITh HE CAMBIMY JIETKUMU
B IIPOIIECCE BBIMOJHEHNS, HO OHM 0GECHEUNBAIOT KOPIOPATUBHBIM HPUIOKEHUAM
3HAYNTeJIbHble HDEMMYIECTBA, TaKUe KaK UHTEerPalys TeXHOJOTUM U YHPaBJIeHHe
’KU3HEHHBIMU [[UKJIaMU, COeIMHEHUSIMY, TPAH3aKIMSIMU U HOTOKaMH, KOTOPbIe HHAYe
TIPUIILIOCH ObI PEATTU30BBIBATH B CAMOM MPUJIOKEHWH.

[171s1 yIpoIieHY st JKU3HEHHOTO IIMKJIA ¥ Pa3BePThIBAHUS IPIJIOKEHUI pEKOMEH/TyeTCsI
KICHOJIB30BATh JIJISI KAXK/IOTO U3 HUX OTAEJIbHBII CEPBEP MPUIOKEHU. ITO YCTPAHSIET
Cpa3y HEeCKOJIbKO MOTEHINAIbHBIX HPOOJIEM U HPEKPACHO BIIMCHIBAETCS B COBPE-
MEHHBI MUP KOHTEHHEPHbIX TeXHOJIOTUN. B ciexyromieil riaBe s HOKaxky BaM 3TOT
COBPEMEHHBIM MUP B 9HOXY OOJIAYHBIX HAAT(HOPM M HO3HAKOMIIIO C KOHTEHHEPHBIMU
TexHoJoTUsIMU. BBl yBUnuTe, Kak Java EE BnucsiBaeTcs B 3Ty KapTUHY.



Java EE B KOHTENMHEPHBbIX
n 06NnayvHbIX cpeaax

3a mocjeaHue TOAbI 3HAUYUTENBHO BBIPOC MHTEPEC K KOHTEHHEPHBIM U 00JaYHBIM
texHosorusm. [lonasssiomiee GOMBITMHCTBO KOMHAHUMN, CO3[IAI0NIMX TPOTPAaMMHOE
obecreyene, 0 KpailHel Mepe PacCMATPUBAIOT HEPEXO/ CBOUX CHUCTEM HA ITU CO-
BPEMEHHBIE TEXHOIOTMU. BO BCeX MOMX HOCTIEHUX TPOEKTAX ITU TEXHOJIOTHU OBLIU
npeaMeToM obeyskaeHus. B yacTHOCTH, BHEIPEHUE TEXHOIOTHMI YHPABJIEHUS KOHTEH-
HepPaMH CYIIEeCTBEHHO BJIUSIET HA CTUJIb PaGOTHI IPUTOKEHUH.

B ueM HperMy1IeCTBA KOHTEHHEPHBIX TEXHOJIOTHIT? V] HOUEMY KOMHAHUSIM CTOUT
noxymath 06 obake? TToxosxke, 4TO 06 ITUX HPUHIIUIIAX YACTO TOBOPAT JIMIIb PAIU
KPaCHOTO CJIOBLIA MJIM B HaJeXk/le Ha BOJIIEOHOE CPEACTBO, KOTOPOE YCTPAHUT BCeE
npobiembl. B 1anHo# riiaBe Mbl McceryeM IPUYMHBI HDUMEHEHU S TUX TEXHOJIOTU.
A rtaxxe y3HaeM, rotoBa Jjiu wiatdopma Java EE k BcTymieHuIo B HOBBIN MUP U 4UTO
B Hell cieJIaHo JIsI 3TOTO.

B atoii ri1aBe 6y1yT paCCMOTPEHBI CIEAYIONINE BOHPOCHL

Q Kaxk undpactpykrypa B Buie K0oJa MOAAEPKUBAET OTEPALUU.

Q KowureitnepHble TEXHOJIOTHY U YHPABJIEHUE UMH.

Q Ilouemy umenHo Java EE HogxoquT AJ1s1 3TUX TEXHOJIOTUH.

Q O6aaunbie HAATGOPMBI U TIPUYMHBI UX HPUMEHEHMSI.

Q /lseHaguatudakTopHbie 061auHble KOPHOPATUBHBIE IPUIOKEHMSI.,

Llenn n o6ocHoBaHMe NCNONb30BaHUSA

KakoBbl HpUYMHBI UCMIONB30BAHUS KOHTEIHEPOB, CUCTEM YIIPABIEHUST KOHTETHE-
pamu u obmaunbix cpea? [loyemy ata 06/1aCTh MOAYYMJIA TAKON MOIIHBIM TOMYOK
K Pa3BUTUIO?

TpanuioHHO pa3BepThIBaHUE KOPIIOPATUBHBIX MPUIOKEHUH PabOTATIO IPUMEPHO
TaK: pa3pabOTYMKY MPUIOKEHHUH PEaTN30BbIBAIM HEKOTOPYIO OU3HEC-IOTUKY U CO-
OGupau IPIIOKEHNE B BUIE YHAKOBAHHOTO apTedakta. OH pa3BepTHIBAJICS BPYYHYIO
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Ha CepBepe MPUJIOKEHUH, KOTOPBIN TaK)Ke YIPaBJIsiIcs BpyuHyIo. Bo Bpems pa3sep-
THIBAHUS WM PEKOHMUTYPAIIMU CePBEPa MPUIOKEHNE OOBIYHO TPOCTANBAJIO.

EctecTBeHHO, Takoli HOAXO/ ObLI CBSI3aH CO 3HAYMTETBHBIMY PUCKaMU. Penienue
337124 BPYYHYIO YEJIOBEKOM COHPSIKEHO € OIMOKAaMU, K TOMY JKe HET TapaHTHH, YTO OHU
Bcerza OyyT BBITIOIHSTHCS OAMHAKOBO. JII0/111 I0BOJIBHO TLIOXO BBITIOIHSIOT ABTOMA-
TUYECKYIO, TOBTOPSIONIYIOCs paboTy. Takue IMPoIeccsl, Kak yCTAHOBKA CEPBEPOB HPU-
JIOSKEHWH, OTIEPAIIMOHHBIX CUCTEM M CEPBEPOB B 11€JIOM, TPEOYIOT YETKOM IOKyMEHTAIINH,
0COGEHHO /IJIS1 TOTO, YTOOBI 0GECHEYNTh BOCHPOU3BOAUMOCTD B GYIyILIEM.

PaHbliie Ha 9KCITyaTAIIMOHHbIE 3312494 OOBIYHO O(HOPMIISIUCH 3aKa3bI C UCTIONb-
30BaHKeM OUJIETHON CUCTEMBI, U 3TH 33/[a4¥ BBIHOJIHSIIUCE BpPyYHYy0. Takum o6pazom,
IPY YCTAHOBKE 1 HACTPOIKE CEPBEPOB CYIIECTBOBAJ PUCK TOTO, YTO CUCTEMA ITEPEIIET
B HEBOCIIPOM3BOIUMOE COCTOSsIHUE. /7151 HOCTPOEHUsT HOBOI CPeibl, MIEHTUYHOMH CyIIle-
CTBYIOII[EH, TPEGOBATOCH BPYYHYIO IIPOBECTU MHOKECTBO MCCJAEI0BAHUH.

Heobxoxumo 6b110 aBTOMATU3MPOBATH ONIEPATUBHBIE 33/1a4K U CIEJaTh UX BOC-
MIPOU3BOIUMBIMH. Y CTAHOBKA HOBOTO CEPBEPA, OMEPAIMOHHON CUCTEMBI UJIU CPEIbL
BBIHOJIHEHUSI BCET/A A0/KHA HPOXOAUTh OAMHAKOBO. ABTOMATU3AIUsI HPOIECCOB
He TOJIBKO YCKOPSET UX, HO ¥ 00eCrednBaeT MPO3PauHOCTh, TAK KAK HPU 3TOM BUHO,
KaKue UMEHHO onepanuu Oblin peannsoBanbl. I[lepeycTaHoBKa Cpesibl I0MKHA 0be-
CHEYMBaTh TOYHO TAKYIO XKe CUCTEMY, KAK U PaHblile, BKJIIOYAsl BCIO KOH(PUTYPAIIHIO
U HACTPOUKY.

Bce ckazaHHOe OTHOCHUTCSI TaK)Ke K Pa3BEPTHIBAHUIO U HACTPOIKE MPUIOKEHUS.
BmecTo py4HO cOOPKY 1 IOCTABKY NIPUJIOKEHU N Cepeepbl HenpepbieHOU UHMEZPAUUU
(Continuous Integration, CI) 06ecHeurBaIOT ABTOMATUYECKYIO HAZIEXKHYIO U BOCIIPOMU3-
BoAMMYI0 cOOpKY Hporpammuoro obecrieuerust. Cepsepbl CI BBHICTYNAIOT B KaueCTBe
ucmumbL 8 nOCAeOHel uHcmanyuy Hpu cOopKe nmporpaMMHuoro obecnedenus. Cosmasa-
eMbl€e C UX IOMOIIBI0 apTe(aKThl PA3BEPTHIBAIOTCS BO BCEX 33/1€MICTBOBAHHBIX CPEaX.
[TporpamMMHBIi apTedakT cOGUpAETCs OIVH Pa3 Ha CepBepe HEHPEPHIBHOM MHTETPAIIH,
TIPOXO/IUT UHTErPAI[OHHBIE U CKBO3HBIE TECTBI, OKA He Gy/IET MOJTy4YeH FOTOBBII HPO-
aykt. Takum 06pa3oM, OJIVH ¥ TOT JKe IBOMYHBIN KO/ TIPHJIOKEHU I, PA3BEPTHIBAEMBIA
B pabo4ux cpesax, IpeBapuTeIbHO HAEKHO TECTUPYETCSL.

Emte onHa oueHb BaxkHast 0COOEHHOCTD 3aK/II0YAETCS B IBHOM YKa3aHUM UCTIOJb-
3yeMBIX BEPCHii IPOrPaMMHOT0 0GECHEYEHUA. DTO OTHOCUTCS KO BCEM HPOTPAMMHBIM
3aBHUCHUMOCTSM, OT cepBepa IIPUJIOKEHUN U Cpefibl Java 0 ONepalyioHHON CUCTEeMBI
u ee ABoWYHBIX (aiinoB. IIpu BoccTaHOBIEHUM WU TIEPEYCTAHOBKE MPOTPAMMHOTO
obecreyeHust KaxkKIbli pa3 JOMKHO 0OECHEYUBATHCS OHO U TO XK€ COCTOSTHUE CHCTEMBI.
[IporpaMMHbIE 3aBUCMOCTH — CJIOJKHAS TEMA, OHU MOTYT CTATh IIPUYMHOMN PazHooOpas-
HBIX OIMOOK. [IPUIOKEHUS TECTUPYIOTCS AJIsi HDABUJIBHOM pabOThI B OHPE/IeIeHHBIX
cpe/ax ¢ KOHKPETHBIMY KOH(MUTYPAIIMSIMU U 3aBUCUMOCTSIMU. JIJ1s TOr0 uTOOBI rapaH-
TUPOBATh, YTO HPUJIOKeHUE OyeT paboTaTh A0JKHBIM 00Pa30M, OHO MOCTABJISIETCS
HMMEHHO B TOM KOH(MUIypaLKH, KOTOPas Oblia IIPOBEPEHA PaHee.

ITO TaK>Ke MOAPA3yMEBAET, YTO TECTOBBIE U TPOMEKYTOYHbIE CPE/IbI, HDUMEHSIEMbIE
1715 HDOBEPKH TIOBEICHUST HPUJIOKEHUS, IOJKHBL OBITh MAKCUMATBHO MMOXOKUMH HA
JKCHJIyaTaluoHHble. TeopeTudyecku 3T0 OrpaHYeHre 3ByYUT pasyMHo. OIHAKO, KaK
TIOKa3bIBAET OMBIT, CPeia Pa3pabOTKU MOXKET 3HAUUTENbHO OTJIUYATHCS OT CPEIbl
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SKCHJIyaTalliu B CMBIC/IE MCIIOJIb3YEMBIX BEPCHUil TPOrPAMMHOTO 0OecTiedeH s, KOH-
¢durypanuu cetu, 6a3 JaHHBIX, BHEIIHUX CUCTEM, KOJMYECTBA SK3EMILIAPOB CEPBEPa
u T. f. J[s1s1 TOro 4To6bl MPAaBUJIBHO TPOTECTUPOBATH TIPUJIOKEHMUS, OTU Pa3IUIUS
CleZlyeT CBeCTH K MUHUMYMY. B pasnene «KouTeiinepsi» GyeT HOKa3aHO, KaK B 9TOM
MOTYT HOMOYb KOHTEITHEPHBIE TEXHOJIOTUU.

NHppacTpyKTypa Kak Koa

JloruyHBIM pellieHreM, HO3BOJISIOIINM CO3/IaTh BOCIIPOU3BOUMYIO CPELy, SIBJISIETCS
HCIIOJIb30BaHNUE uHppacmpyxmypol Kax xkooa (infrastructure as code, IaC). Cmbica
€ro B TOM, 4TOOBI Bce HEOOXOAUMBIE OTIEpaLIuK, KOH(MUTYPAIMU U BepCHu ObLIN SIBHO
OHpe[IeJIEHbI B BU/Ie KOJa. JTH ONPeeNeHNs B BUIE KO/A 3a1€HICTBYIOTCS HETTOCPE] -
CTBEHHO JIJIsl HACTPOUKHU MH(MPACTPYKTYphl. MHGPACTPYKTypa KaKk KO MOXKET OBITh
peann3oBaHa B IPOLEAYPHON (GopMe, TAKOU KaK CLIeHAPUM, UK B BUZE O0bABICHUNA.
[Tocnenuuii BapyaHT 03HAYAET OMMCAHUE COCTOSIHUSI, KOTOPOTO HA/I0 IOCTUYb, U BbI-
MOJIHSIETCS C IPUMEHEHUEM JIOTIOTHUTENbHOTO HHCTpyMeHTapusi. HezaBucumo ot
TOTO, KaKO} BapUaHT BHIOPaH, BCsI CPeia IOJKHA OBITh OTIMCAHA KAK KO/, PEan3yeMbIil
ABTOMATUYECKU HAJIE)KHBIM M BOCHPOU3BOAMMBIM CIIOCOOOM, BCET/1a 00eCHEYNBAIOIIMM
OJTHU U T€ K€ PE3YIbTaTh.

B n11060M citydae 9TO oApasyMeBaeT, 4To PyYHbIE OHEPAIVY CBOASATCS K MUHIUMYMY.
I[IpocTeiimeii hopmoit MHPPACTPYKTYPHI KAK KOAA SBJISIOTCS CleHApPUU 000JIOUKH.
OHnu OT Hayasa 10 KOHIIA I0JKHBI BBIOJIHSATHCS €3 yUacThs 4eI0BeKa. ITO KaCaeTcst
Bcex pemienuti [aC.

Pasymeetcst, OTBETCTBEHHOCTb 32 YCTAHOBKY U HACTPOMKY CPEIbl MEPEXOAUT OT
9KCILTyaTaI[IOHHOM IPYHITBI K TporpammuctaM. Ilockosibky KoMaH1a HDOTPaMMIICTOB
YCTaHABIUBAET OIPeIeIeHHbIE TPeOOBAHMS K HEOOXOIUMOM OMEPAIIMOHHON CPETIE, Clie-
IyeT HAIATUTh COTPYAHUYECTBO MEXKIY BCEMU KOMaHIaMU UHXXeHepOB. VIMeHHO Takast
Ujiest TEXXUT B OCHOBe ABIKeHUsT DevOps. B mpoiiioM CIUIIKOM YacTO MPOUCXOAMIIO
TaK: pa3paboTYMKK HPUIOKEHUH CO3/]aBaJIU IIPOTPAaMMHOE 0becIieueHne, HepeaaBain
€r0 BMECTE C OCTAJbHBIMU 0OA3aHHOCTSMU 9KCHTyaTAIIMOHIUKAM U B IajbHENIeM
HUKAaK He y4acTBOBaIM B niporiecce. [ToTeHnuanbHbie ONMOKY Ha 9Tare 9KCITyaTaluiu
B TIEPBYIO Ouepeib OLIM TIPO6IEMON 9KCHIYaTAlIMOHHOM rpynmbl. Bee aTo He TOMB-
KO MPUBOJUJIO K HAHPSDKEHHBIM OTHOIIEHUSIM MEXKAY KOMaHIAMU UHXXEHEPOB, HO
U B KOHEYHOM CYeTe CHUXKAJIO KayeCTBO MPOAyKTa. Toraa Kak obmuias meb J0KHA
3aKJII0YATHCS B CO3[IAaHUM BBICOKOKAYECTBEHHOTO MPOrPAMMHOTO 00€CTIeueHus, Bbi-
MIOJIHSTIONIETO CBOM 33/Ja4 .

Ita uenb TpebyeT OT pa3paboTYMKOB MPUIIOKEHUH oTBeTCTBeHHOCTH. Koraa Best
HeoOxoaMas MHPPACTPYKTYpa, KOHMUTYPAIKSI ¥ TIPOTPAMMHOE 0OecTiedeH e Ompe-
JeJIEHbI KAK KOJI, BCE KOMaHJIbl €CTECTBEHHBIM 06Pa30M BMECTe ABUKYTCS K HAMEYEH-
sott niesn. /[Brkenune DevOps HampaB/ieHO Ha yCUJIEHHE OTBETCTBEHHOCTH KOMAH/IbI
PaspaboOTYMKOB TIPOrPAMMHOTO OGECTIeYeH sl 32 TIPOAYKT B 1eJIoM. IIpencTaBienue
UH(PPACTPYKTYPBI KaK KOJa — 9TO HEOOXOIMMOE TPEBAPUTEIBHOE YCIOBUE, KOTOPOE
MI03BOJISIET MOBBICUTD BOCIIPOM3BOIMMOCTD, ABTOMATHU3AIIMIO U B IEJIOM Ka4eCTBO HPO-
TPaMMHOTO OOECHEYEHUSI.
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B pasnenax «Konreitnepsi» u « DpeliMBOpKY yrpaBJieHUs] KOHTeRHEpaMu» GyaeT
noKas3aHo, kak HpuHnui [aC peasn3oBaH B CyHIECTBYIOMIUX TEXHOJIOTHSIX.

CTabunbHOCTb U FOTOBHOCTb K 3KCr1yaTaumu

[IpakTWKa HEMPEPHIBHOW MOCTABKM BKJIOYAET B €0 TO, YTO HEOOXOAUMO CIETATH
171 TIOBBINIEHNST KAYECTBA U [IEHHOCTU TIPOrPAMMHOTO obecrieueHus. ITo, B 4acT-
HOCTH, CTaOUIBHOCTD MpUJioKeHust. [lepeHacTpoiika 1 MOBTOPHOE Pa3BEPTHIBAHME
NIPOrPaMMHOTO O6GeCTIieueHus He IOJKHBL TPUBOAUTD K IpocTosiM. HoBbie dyHKIMN
Y UCTIPABJIEHUs He [OJIUKHBI YCTAHABIUBATHCS TOJBKO BO BpeMsi 0OCHYKBAHMSI.
B uzeasne kopriopaTrBHOE MPOrpaMMHOE OOeCTIeYeHIE MOKET HETTPEPHIBHO YIIYYIIATHCSE
Y COBEPIIIEHCTBOBATHCSL.

Jlo6UTBCS HYLEe8bIX NPOCMOes MOKHO, IPUIIOAKUB OTIpeiesIeHHbIe yeuust. [Jist Toro
4T006BI U30€XKATh IEPUO/IOB, KOT/Ia TPUJIOKEHUE HEOCTYITHO, TI0 KpaiiHel Mepe OJIuH
HK3EMILISIP IPOTPAMMHOTO 00eCTIeUeHuUsT TOMKEH OBITh AOCTYIEH B JTIO60H MOMEHT
BpeMenu. Pacnipesienutesib HArPY3KH W TPOKCH-CEPBEP 3apaHee T0/KeH HATIPABISTh
TpadUK HA AOCTYTHBIHN 9K3EMILISIP IPUIOKEHUS. JTa TEXHOIOTHUS IPUMEHSIETCS TIPU
«CHHE-3eJIEHOM» Pa3BEPTHIBAHUY, KaK MTOKA3aHO Ha puc. 5.1.

«CuHniA» cepeep

3
MpunoxeHune —> ﬂ

«3eneHblli» cepeep

3
MpunoxeHune +—> H

Puc. 5.1

/’

Pacnpepenutenb
Harpysku

IK3EMILISIPBI IPUJIOKEHUM BMeCTe € uX 6a3aMu JaHHBIX PETUIAIUPYIOTCS U TIPO-
KCUPYIOTCSI C TOMOMIBIO pactpeenuTeist Harpy3ku. OObIYHO 32/1eiCTBOBAHHBIE TIPU-
JIOXKEHUS TIPEACTABASIOT COOO0M pa3indyHble BEPCUU MPOTPAMMHOTO 0OeCcTieueH s,
[Mepexouenne TpaprKa C «CUHETO» HA <«3eJIEHBI» cepBep U HA0O0POT MTHOBEHHO
U3MEHSIET BEPCUIO, ¥ TIPOCTOsI He Habonaercs. J[pyrue ClieHapuu «CUHe-3eJIeHOTO»
Pa3sBEPTHIBAHUS MOTYT 33J€HCTBOBATH HECKOJBKO DK3EMILISIPOB HPUIOKEHUH, Ha-
CTPOEHHBIX HA UCTIOIb30BAHME OJIHOTO M TOTO JK€ 9K3eMILISAPa 6a3bl TAHHBIX.

ITOT MOAXO0/, OYEBUIHO, MOXKET ObITh PeaJn30BaH 6€3 NPUMEHEeHU KaKOi-To
GaecTsanielt HOBOU TexHoMorMK. [Ipeskie HaM BCTPEYATNCH «CUHE-3€IEHbIE> Pa3Bep-
THIBAHUS, 00ECTIEYNBAIONINE HYJIEBOE BPEMS IIPOCTOS], KOTOPbIE OBUIN PEATM30BAHBI
Ha 6aze pemeHuii cobcTBEeHHOH pa3paboTku. Tem He MeHee COBPEMEHHbIE TEXHOJIOTUN
TIOJ/IEPSKUBAIOT STH METOJIbI, TIOBBIIIAs CTAOUIBHOCTD, KAYECTBO U TOTOBHOCTD K 9KC-
IUIyaTaliy [0 YMOMYaHUIO, 6€3 0COOBIX TEXHUYECKUX YCUIUIA.
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KoHTenHepb!

B HOCenHME roabl HOABUIICS OOJIBLION MHTEPEC K TEXHOJIOTUY KoHmelinepos Linux.
TexHUYECKH STOT HOAXO/ He HOBbIM. OHepaloHHbIe cucTeMbl Linux, Takue kak Solaris,
MO/IEPIKUBAIOIIME KOHTEHHEPDI, CYIECTBYIOT IaBHBIM-aBHO. Tem He menee Docker
CTaJl TIPOPHIBOM B 3TOM TEXHOJIOTUH, TIPEAOCTABJISISA (DYHKIMHU JJIsl EIUHOTO CHOCOOA
c6OPKU KOHTEHHEPOB, YIIPABICHUS MU U MX HOCTABKU.

B ueMm pasHuia MeXAy KOHTEHHEPAMU U GUPMYALbHbIMU Mawunamu (virtual
machines, VM) 1 4TO UHTEPECHOTO B KOHTEHHEPaX?

BupryasbHble MauHbl IEHCTBYIOT KAaK KOMITbIOTEP B KOMHbIOTEpe. OHU HO3BOJISIOT
JIETKO YIIPaBJISATh CPefol U3BHEe — HAHPHMep, CO3/1aBaTh, 3aIlyCKaTh, OCTAHABINBATD
Y PACHPEIENSITh BUPTYaJIbHBIE MAIIMHBL OBICTPO, UIEATHHO ABTOMATU3NPOBAHHBIM
crioco6om. Eciiv He06X0MMO YCTAHOBUTD HOBBIN CEPBEP, TO €r0 KOHMs, WU 06pa3
TpeGyeMoro TUMa, MOKET ObITh PasBEPHYTa TAK, UTO HE MOTPeOyeTCs KaXIbii pas
3aHOBO YCTaHABJIMBAThH MPOrpaMMHOe obecHeuenue. J[Jist Toro 4To6bl yIPOCTUTD pe-
3epPBHOE KOHUPOBAHUE TEKYIIETO COCTOSHS, MOXKHO CIEIATh CHUMKU pabouel Cpesbl.

KoHTeitHepbl BO MHOTHMX OTHOIIEHUSIX TIO0OHBI BAPTYaIbHbIM MammnHaM. OHU OT-
JEJIEHBI OT XOCTA, & TAKJKE OT [PYTUX KOHTEHHEPOB, 3aMyCKAIOTCS B COOCTBEHHOMU CETH
co cBoeil (pailyioBoit cuCTEMOU U, BO3MOXKHO, C OTAeTbHBIMU pecypcamMu. PasHuna
3aKJII0YAETCSA B TOM, YTO BUPTYaJbHBIE MAIIWHBI pabOTAIOT HA YPOBHE aOCTPAKINK
060pyI0BaHuUs, SMYIUPYS KOMHBIOTED, B TOM YMCJIE OMEPAIMOHHYIO CUCTEMY, TOT/A
Kak KOHTeHHepbI 3aITyCKAIOTCsI HETIOCPEACTBEHHO B sIZipe X0cTa. B oTiindne oT Apyrux
MIPOIIECCOB Spa KOHTENHEPHI OTAEIEHBI OT OCTAJIbHON CCTEMBI 1 UCIIOIb3YIOT PYHK-
[MOHA/IbHBIE BO3MOXKHOCTHU OTIEPALMOHHON crcTeMbl. OHU YIPaBJISAIOT COOCTBEHHON
(baiiI0BOI CHCTEMOM, II0STOMY BEAYT CebsI KaK OT/ebHbIE MALIMHBL, HO UX IIPOU3BO-
JMTEJBHOCTh MAKCHMAJbHA U HE PACXOAYETCS Ha HOJJAEPIKKY YPOBHs aGCTPAKIUU.
[Ipor3BOAKTEILHOCTD JK€ BUPTYATbHBIX MAIITMH €CTECTBEHHBIM 0OPA30M YMEHBIIIAETCSI
3a cueT ux aberpakuuu. B To Bpemst Kak BUPTyaibHbIe MAIMHBI 04€Hb THOKO MOAXOASAT
K BBIOOPY OTEPAIMOHHOM CUCTEMBI, KOHTEHHEPHI Beeraa OyayT paboTaTh Ha TOM XKe
sIZIpe U, CJIeZI0BaTEeIbHO, B TOU JKe BEPCUM, UTO U OTIEPAIIMOHHAS ChCTeMa XocTa. Takum
06pa3oM, KOHTEeHHEPBI He CoAepKaT COOCTBEHHOTO Aapa Linux u ux pasmep MOXKeT
OBITH CBEZIEH K MUHUMYMY — 10 HeOOXOMMBIX OUHAPHBIX (hallJIoB.

Kowurelinepusie Textosiorny, Takue Kak Docker, 06ecrieunBaoT (yHKIIMOHATBHOCT
111 eIMHOOOPa3HbIX COOPKH, 3allyCKa M PacIpoCTpaHeHus KoHTeldHepos. B Docker
cbopka 06pa3oB KOHTeHEPOB oHperneseHa kak 1aC, uTo MO3BOMSAET ABTOMATU3UPO-
BaTh MPOLIECC, HOBBICUTH €T0 HAJIEKHOCTh ¥ BOCIIPOM3BOAMMOCTD. B daitnax Docker
OHUCAHbI BCE OTEPAINH, HeOOXOAUMBIE JJIsl YCTAHOBKH TPHUJIOKEHMUSI, BKJIIOUAS €T0
3aBHCHUMOCTY, HATIPUMEP KOHTEeIHep MPIIoXKeHus U cpedy Java. Kaxsiii miar B paiine
Docker cooTBeTCTBY€ET KOMaH/I€e, BBITOJIHSIEMOM BO BpeMs chbopku o6pasa. [Ipu samycke
13 0bpa3a KOHTEMHED J0JKEH COIEPKATD BCe, UTO JJIs HTOTO TpedyeTcs.

OO6BIYHO KOHTENHEPHI copepskar oauH npouece Unix, mpeacTaBasomui co6oi
3aHYIIEHHYIO CayKOY, HAHPUMED CepPBEP MPUIOKEHUH, BeO-cepBep wian 6a3y JaHHBIX.
Ecsu kopriopaTBHAs! CUCTEMA COCTOUT M3 HECKOJIBKUX PabOTAOIIMX CEPBEPOB, TO OHU
3aHYCKAIOTCS B OTZEJIbHBIX KOHTEITHepax.
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OpHUM U3 caMbIX GOJIBIINX TIPEUMYIIECTB KOHTeNHepoB Docker siBnseTcs To, 4to
OHU UCIOB3YIOT QaiiIoBYIO CUCTEMY C Konupoganuem npu sanucu. Kaxxnas onepaius
cOOPKH, a BIIOCTEACTBUY KAXK/IBIH 3aMyIIEHHBII KOHTEHHep paboTaeT B MHOTOYPOB-
HeBoi (HaiiyIoBoM cucTeMe, B KOTOPO YPOBHU OCTAIOTCSI HEU3MEHHBIMH U TOIBKO TI0-
BepX CyLIECTBYIOMMX A00aBs0TCa HOoBble. [[0aToMy coOGpaHHbie 06Pasbl COAEPKAT
HECKOJIbKO YPOBHEM.

Kowurteiinepsl, coznraBaeMbie 13 06pa3oB, BCET/a 3aHYCKAIOTCA U3 OHOTO U TOTO JKe
HAYaJIbHOIO COCTOsIHM. B xo0z1e paboThl KOHTEHEPOB (pailibl MOTYT U3MEHATHC,
npu 3TOM B (DalIOBOI CHUCTEME CO3/IAI0TCSI HOBBIE BpEMEHHBIE YPOBHU, KOTOPhIE
GyayT OTOPOILEHBI TIOCAE TOTO, KaK KOHTENHEp 3aBepiuT paboty. Takum o6pasom,
no ymor4anuio kourelinepsl Docker siBisioTcs pabounmu cpesamu 6e3 coXpaHeHUs
COCTOSIHUSL. JTO CTUMYJIHMPYET UJEI0 BOCIIPon3BoauMocTy. Kaxmoe nocTosiHHOE 110-
BeJIeHHE JIOJIKHO OBITh OMMCAHO SIBHO.

MHoro4ncIeHHbIE YPOBHHU TI0JIE3HBI IPU MOBTOPHOI COOPKE U PACIPOCTPAHEHUH
o6pazos. Docker kamupyer mpoMesKyTOYHbIE YPOBHH, HEPECOOMPAET M MOBTOPHO OT-
TPABJISIET TOJBKO TO, YTO OBLIIO U3MEHEHO.

Hanpumep, c6opka 06pasa MOXKET COCTOSTh M3 HECKOJIBKKX 3TanoB. CHauasa B Hee
BKJIIOYAIOTCS] CUCTEMHbIE IBOMYHBIE (DAiiyibl, 3aT€M Cpefia BBITOJHEHUS Java, cepBep
MPUJIOXKEHUI 1, HAKOHEI], CaMo mpuiioxenue. Eciu B puiokeH1ie BHECEHBI U3MEHe-
HYs U TpebyeTcst HoBas cOOPKa, TO BHIMOJHAETCS TOJbKO MOCAETHUN 9TAll, TaK KaK
IpeIbIAYIIHE STAbI OBUTN 3aK3UIMPOBaHbL T0 jkKe caMoe MPOUCXOINT U IIPH TIEpeade
006pa3oB 1o cetu. [IOBTOPHO MepesaoTes TOABKO Te YPOBHU, KOTOPbIE OBLIN N3MEHEHBI
Y KOTOPBIX ellle HET B PEeCTPe MOTydaTels.

Ha puc. 5.2 mokasausl ypoBuu 06paza Docker 1 nx MHANBUAYaTbHOE PACTIPOCTPA-
HEHUE.

O6pas Docker

MpwunoxeHue

v
Cepsep
NPUNOXEHUA

v
JDK/JRE
v #

OnepaunoHHas
cucrtema

Peectp Docker

Puc. 5.2

O6pass1 Docker cozgaorcs au6o ¢ HyJis, 1100 ¢ MyCTOM Haya bHOM TOYKH, 1100 Ha
OCHOBE CyLIECTBYIOIIEro 6a30BOro obpasa. ECTh MHOXKECTBO TOTOBBIX 6a30BBIX 06Pa30B
/151 BCEX OCHOBHBIX AUCTPUOYTUBOB Linux ¢ MeHeIXepaMy MAKETOB 1 THHUYHbIX



168 MaBa 5 e Java EE B KOHTEMHEPHBIX M 06/1aYHbIX Cpefax

CTEKOB CPeJibl, a TaKKe /i1 00pa3oB Ha OCHOBE Java. Bazosbie 06pasbl — 310 crocob
co3aarh cOOPKU Ha €IUHOI OCHOBE 1 obecrednTh 6a30By0 QYHKIMOHAIBHOCTD AJIS
BCeX ToJyYaeMbix 00pa3oB. Hanpumep, MMeeT CMBIC UCIIOIb30BaTh 6a30BbIi 06pas,
BKJIIOYAIOINii B cebs cpey BhimosiHenust Java. Ecim ero morpebyercst 0GHOBUTD, Ha-
npuMep, YTOObI UCTIPABUTS ITPOGIEMbI HE30MACHOCTH, TO MOKHO OYZIET TEPECTPOMTH BCE
3aBHCHMbIe 00Pa3bl ¥ MOMYYUTh HOBOE COAEPKUMOE, 0GHOBUB OHY BEPCHUIO 6a30BOTO
obpasa. Kak ysxe orMedanocs, cO0pKa IporpaMMHOT0 obecrederns J0KHA 0becedn-
BaTh MOBTOPSIEMOCTD. [109TOMyY BCerna Hy>KHO yKa3blBaTh sIBHbIE BePCUH apTe(aKTOB
IIPOrPAMMHOTO 0GECTIeYeH ST, TAKUX KaK 0Opasbl.

KoHTeitHepsl, KOTOPbIE 3aIlyCKAIOTCS U3 paHee Co3faHHbIX 06pa3oB Docker, Hyx-
MAlOTCA B A0CTyIE K 3TuM o6pasam. OHU PacpOCTPAHSIOTCS C UCTIOJIb30BAaHUEM
peectpos Docker, Takux kak o6menoctynabie DockerHub unu BHyTpeHHuEe peecTpb
KOMIIAHWH JIJISl PACTIPOCTPaHeHHst COOCTBEHHBIX 06pa3oB. JIOKasbHO cObpaHHbIE 00-
Pasbl TIOMEIIAIOTCS B 9TH PEECTPhI M U3BJIEKAIOTCS OTTYA B CPEax, B KOTOPBIX 3aTe€M
OyZlyT 3allyCKATbhCS HOBbIE KOHTEHHEPBI.

Java EE B koHTelHepe

Kak oka3zajioch, KOHIIETIMS MHOTOYPOBHEBOH (DaitioBo# CCTEMBI COOTBETCTBYET CY-
iecTByiolleii B Java EE koHueniy pasaeneHusi IPUI0KEHUS U CPEIbl BBIMOTHEHS.
«Tonkue» apreakTsl pa3BEPTHIBAHMS COAEPIKAT TOIBKO (PAKTHIECKYIO GU3HEC-TIOTH-
Ky — TY 4aCTbh, KOTODPasi IIOCTOSIHHO U3MEHSIETCS U TEPECTPANBAETCs. ITU apTedaKThI
Pa3BEPTHIBAIOTCS B KOPHOPATUBHOM KOHTEIHepe, KOTOPBIil U3MEHSIETCS HE TaK YK
gacto. Obpassl koHTeiiHepa Docker co6upanTCsa MO3TANMHO, YPOBEHD 32 YPOBHEM.
C6opka 0bpasa KOPIIOPAaTHBHOIO NPUIOKEHNUS BKIIOYaeT B ceds 6a30BbIit 06pas o1e-
PaLMOHHOM CHCTEMBI, CPE/IY BBIIIOJIHEHUS Java, CepBep IPUI0KEeHU I 1, HAKOHEI], CAaMO
npuioxenue. Eciii 13MeHsIeTCs TOJbKO YPOBEHD IPUJIOKEHUS, TO TOJIBKO €T0 HY>KHO
nepeco6paTh U MOBTOPHO MEPENaTh — BCE OCTAJbHBIE YPOBHYU U3MEHSIOTCSA TOJBKO
OJIVH Pa3, a 3aTeM KIIIHPYIOTCSI.

«ToHkues apTedakThl pa3BEPTHIBAHUS UCIIOIB3YIOT TPEUMYNIECTBA YPOBHEN — 3TO
M03BOJISIET IEPECTPAUBATH ¥ TIOBTOPHO PACIIPOCTPAHSTE BCETO HECKOJIBKO KMIOOAMT.
Takum 06pa3oM, peKOMEH/yeTCsl IPUMEHATh B KOHTEHHEPAX UMEHHO MPUIOKEHUS
C HYJIEBOI 3aBUCHMOCTBIO.

Kak roBopuiocs B ipenbiayIieil riiaBe, UMeeT CMBICT PA3BEPTHIBATH KAXK/I0€ MPH-
JIOJKEHUE Ha OTJENbHOM cepBepe MpuiiokeHuil. Kontelinep peannsyer TONbKO OIMH
IPOIIeCC — B JAHHOM CJIy4ae 3TO CEPBEP MPUIOXKEHUI, COAEPKAIIUI CaMO MTPUIIOXKe-
uue. [loaToMy cepBep NpUIOKeHUI JOKEH 3aIyCKAThCS B OTAEIBHOM KOHTEMHEDE,
KOTOPBI, B CBOIO OYepe/lb, BKJIIOUEH B KOHTeNHep. U cepBep MpuIoKeHui, U caMo
npuIcKeHne 106aBAAIOTCSA B 06pa3 B mpoiecce cbopku. [loTeHmanbHast KoH(pUry-
panus, HanmpuMep, KICTOYHUKOB JIAHHBIX, HAKOMUTEJEH UIu MOy el cepBepa TakxKe
coszaercs B mpouecce cOopkH, 0OBIYHO J06aBIEHUEM CIEUATU3NPOBAHHBIX (haiilioB
koHburypauuu. [Iockonbky KOHTeIHED COAEPKUT TOJIBKO OJHO MPUJIOXKEHHE, TO
KOH(UTYPAIKs] 9TUX KOMIIOHEHTOB OOJIBbIIIE HU HA YTO HE TIOBJIHSIET.
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3anyuieHHbIH 13 06pa3a KOHTEAHEP TOJKEH CONEPKATD BCe, UTO TPeOYETCs ISl ero
paboThl. B 4acTHOCTH, B HEM JI0JKHO IPUCYTCTBOBATH IPUJIOKEHNE BMECTE CO BCEi He-
o6xoaumoit kKoHgwuryparuei. [loatoMy npunoxerns GobIIE He Pa3BEPTHIBAIOTCS B YKe
3aIylIeHHOM KOHTEHHEpE, a 100aBJISAIOTCS B HETO Ha aTare cO0pku 06pasa, YToObI OBITH
Ha MecTe B MOMEHT 3aItycKa KoHTeiHepa. OObIYHO /17151 9TOTO apTe(haKT Pa3BepPTHIBAHUS
MIOMEINAIOT B KaTaJOT aBTOMAaTHYECKOTO Pa3BepThiBaHus KOHTelHepa. [Ipuiokenue
GyzieT pa3BepHYTO [PH 3aIlyCKe CKOH(MUIYPUPOBAHHOTO CEPBEPa IPUITIOKEHHUH.

O6pa3 KoHTeliHepa cOOUPAeTCst TOJIBKO OfUH Pas, a 3aTEM BBINOJHAETCS BO BCEX
cpenax. B COOTBETCTBUY € U3JIOKEHHON paHee KOHIENIUEH BOCIPOU3BOANMBIX
apreakToB, MCIOIb3yeMble B paboueii cpezie apTedakThl AOKHBI ObITh 3apaHee
nporectupoBaHbl. [10aTOMyY B paboueil cpene myOGaMKyeTCs: NpeaBaPUTENbHO BEPH-
¢dbunuposanusiii 06pas Docker.

Ho uTo ne1aTh, ec/iu NpUIOKEeHHs MMEIOT Pa3Hyio KOH(DUTYPAIUIO B Pa3HbIX Cpe-
nax? Yto genarh, eCv Hy>KHO HAJIAJIUTh KOMMYHHMKAIIMIO C Pa3/IMYHBIMU BHEUIHUMH
cucremMamu uiiu 6azamu JaHHbIX? YTOOBI HE CO3aBaTh KOH(DIMKT MEXLY Pa3HbIMU
cpezaMH, 1o KpaliHel Mepe Clie/ly€eT UCII0JIb30BaTh Pa3Hble HK3EMILIAPbI 6a3bl JaHHbIX.
[IpusioKeHw s, TOCTaBJsiEMble B KOHTEHHEPaX, 3allyCKAIOTCSI M3 OHOTO U TOTO ke 00-
pasa, HO MHOT/IA BCE ellle Hy/KAAI0TCS B HEKOTOPBIX N3MEHEHHSIX.

Docker 103BoJIsieT U3MEHATh HEKOTOPbIE XapaKTEPUCTUKH PabOTAIONIMX KOHTEH-
HEPOB: CO3/IaHNe CeTeH, 106aBIeHe TOMOB, TO €CTh BCTAaBKY (hailjIoB U KaTajoros, pac-
nosioskeHHbIx Ha xocte Docker, a Takxke cosnanue nepementbix cpeast Unix. Pazaunuuns
TIapaMeTPOB CPeIbl I0OABJISIIOTCS TIOCPEACTBOM YIIPaBJIeHMsI KOHTelHepoM u3BHe. O6pasbi
COOUPAIOTCS TOMIBKO OJIMH Pa3 /IJisl KOHKPETHON BEPCUY U 3aTEM UCIIOJIB3YIOTCS U, BO3-
MO’KHO, MOIM(PULIMPYIOTCS B Pa3HBIX CPeax. ITO 0OeCIiednBaeT GOIbIIOE PEUMYIIIECTBO
B TOM CMBICJI€, UTO Pa3/JIMyY¥si B KOH(DUTYPALIUH HE MOIEAMPYIOTCS BHYTPH IIPUTIOKEHMS,
a ynpasasioTcs usHe. Kak Mbl yBUAMM B CIEyIONIUX Pa3lesax, 9T0 BEPHO U IS Ha-
CTPOMKH CeTeH, a TaksKe MOAKTIOYEHUS TIPUTOKEHNH 1 BHEITHUX CHCTEM.

Kcrary, Linux-KoHTeHEPBI PENIAIOT YACTO BO3HUKAIOIIYIO BCJIEACTBUE KOPIIOPa-
THUBHO# TIOJUTUKA MPOOJIeMy MOCTABKY TIPUJIOKEHNSI BMECTE C Peal3allieil B eUHOM
naxete u3 coobpaxkenunit ru6kocTy. [I0CKOMbKY KOHTEHHEPDI BKIIOYAIOT B ce0st Cpemy
BBINOJIHEHYSI M BCE HEOOXOIMMBbIE 3aBUCHMOCTH, B TOM YMCJIe CPelly Java, MH(ppacTpyKTypa
NoJKHA obecriednBaTh TOJIBKO cpeay BbimosHenuss Docker. Bee mpumensiemblie Tex-
HOJIOTHH, BKJIIOYasi BEPCHH, IOJUKHBI TPEIOCTABIATCS TPYIIION IPOrPaMMHUCTOB.

B crenymomem ¢parmMenTe Koza mokasaHo onpeznesienue Dockerfile aas cO60pku
KOPIOPAaTUBHOTO MpuioxkeHust hello-cloud ¢ noiyyeruem 6azoBoro obpasa WildFly:

FROM jboss/wildfly:10.0.0.Final

COPY target/hello-cloud.war /opt/jboss/wildfly/standalone/deployments/

Dockerfile onpenenser 6a30Bbiit 06pa3 jboss/wildfly B 3amaHHOI BEpCUH, KOTO-
past yKe COIEPKUT Cpeay BhinoaHenus Java 8 u cepsep npuioxennit WildFly. On Ha-
XOIUTCS B KaTajore MpoeKTa IPUI0KEeHNA U CChlaeTcsa Ha apxuB hello-cloud.war,
KOTOPBIH ObL cOOpaH paree mocpencTsoM Maven. W AR-¢aiis cKomMpoBaH B KaTanor
aBTOMATUYECKOTO Pa3BepThiBaHus WildFly u OyeT ZOCTYIEH B 5TOM MECTE BO BPeMs
BBINOJHEHNUsI KOHTeliHepa. BasoBeiil 06pa3 jboss/wildfly yike COOEPKUT KOMAHILY
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3aIlyCKa, I7le YKa3aHo, KaK 3aIlyCTUTh CepPBep IPUIOKEHNH, yHacaenosanubii Dockerfile.
[ToaTOMY B HEM He HyKHO 3aaBaTh 9Ty KoMaHxy emte pa3. [locme c6opku Docker
roToBBIN 00pa3 OyAeT comepKaTh Bce, YTO 6b1I0 B 6a30BOM obOpase jboss/wildfly,
BKJI04as npuiaokenue hello-cloud. 9to cooTBeTCTBYET KOHLIENIMY YCTAaHOBKY CEpPBEpa
npunoxennit WildFly ¢ vyss u nobasnenust W AR-daiiia B KaTasor aBTOMAaTHYECKO-
ro pasBepThiBaHus. [Ipu pacnpocTpaHennu coGpaHHOTO 06pasa HeobxoaMMo Gyner
nepeiaTh TOIbKO J0GABAEHHBIM YPOBEHD, CONEPKAIUil «TOHKU> W AR-daii.

Monens pa3BepthiBanus 1 miatgopmel Java EE cooTBeTCTBYeT KOHIIENITNY KOH-
TeiiHepoB. PasziesieHrie MpIJIoKEeHNs Ha yPOBHU KOPIIOPATUBHOIO KOHTEHHEPa [03BOISET
UCIIO0Ib30BaTh (haiiJIOBbIE CUCTEMBI C KOITMPOBAHUEM IIPHU 3AMUCH, CBOAS K MUHUMYMY
BPEMsI, 3aTpaunBaeMoe Ha COOPKY, PACIIPOCTPaHEHNE U Pa3BEPTHIBAHME.

®peNMBOpPKM YrpaBneHUst KOHTENHEpPaMm

[MoapoGHee paccMOTPUM yPOBEHb aGCTPAKIIUY, JesKaui Haj KoHTeiiHepamu. Kou-
TeHEPBl BKJIIOYAIOT B cebs Bce HEOOXOAUMOE /IS 3alTyCKa KOHKPETHBIX CEPBUCOB
6e3 cOXpaHeHUs COCTOSIHUSA, B BU/IE AaBTOHOMHBIX apTedakToB. OHAKO KOHTEHHEPHI
HY’KIAI0TCS B HACTPOMKE [Jisl MPaBUJIBHON pabOThI B CETH, YTOOBI TPU HEOOXOAUMO-
cTi 0OMEHUBATHCS NaHHBIMU C IPYTMMHU CEPBUCAMU ¥ 3aIyCKAThCSA B MPABUIBHON
koHurypauuu. [IpsiMonHeiiHOe pelleHre 3TOM 3aJa4y 3aKJII0YAETCS B CO3[aHUU
CaMOJEbHBIX CIIEHAPHEB, 3AIyCKAIONINX HYKHbIe KOHTeiiHepbl. OHAKO AJIs peasi-
3aruu 6osiee ruGKOTO PeleHust, KOTOPoe 06ecrednBaio Obl TAKKE FOTOBHOCTH K DKC-
NUTyaTAIMH, HATIPUMED, C HYJIEBBIM BPEMEHEM MPOCTOS], 11e1eCO00PAa3HO UCIIONB30BaTh
(ppeliMBOpKH 17151 yIIpaBIeHUS] KOHTeHHEPAMU.

®DpeiiMBOpKY yTIpaBieHus KOHTeliHepamu, Takue Kak Kubernetes, DC/OS v Docker
Compose, TO3BOJISIIOT HE TOJBKO 3aIyCKaTh KOHTEHHEDDI, HO U YIIPABISITh UMH, TOA-
KJII0YATh ¥ KOH(MUTYPUPOBATH JOKHBIM 00pa3oM. 31ech AEHCTBYIOT T€ JKe IPaBUJIa
Y IPUHIUIIB, YTO U JJIsI KOHTEHEPHBIX TEXHOJOTHIA B 1[€JIOM: aBTOMATHU3AI!s, BOC-
npousBoauMocTh 1 [aC. VIHKeHepbI-[TPOrpaMMUCTHI OIPEESIOT COCTOSIHUE, KOTOPOE
HEOOXOIMMO IOJTyYHTh, B BU/IE KO/, M 3aTEM HHCTPYMEHT HACTPOUKHU MO Mepe Heob-
XOZMMOCTH HA/IE)KHO YCTAHABIUBAET ONEPAIIIOHHBIE CPE/IBL.

[Ipesx e yeM MepeiTH K ONIMCAHMIO KOHKPETHBIX PENIEHUH B 06IACTH yIPaBIeHN,
PaccMOTpUM TOAPOOHEE CaMy KOHIEMIIHIO.

DpeiiMBOPKH YIIPABJIEHUS MO3BOMAIOT 0ObEAUHATH HECKOIBKO KOHTEHHEPOB.
OO6BIYHO 9TO MOAPa3yMeBaeT MOMCK CEPBHCA TI0 JOTUYECKOMY MMeHM yepe3 DNS.
Eciv ucions3yoTess HECKOMBKO (PU3MYECKUX XOCTOB, TO (hpeHMBOPK mpeobpasyer
IP-axpeca no s1uM yanaMm. B ugease npumoxenue, paboraroliee B KOHTEHHEDE, IPO-
CTO MOJKJIIOYAETCS K BHEIIIHE CHCTEME, TPUMEHSISI IOTUYECKOe UMST CEPBHUCA, KOTOPOE
npeobpasyeTcst C TOMOUIBIO CUCTEMBI yIIpaBJaeHus KoHTelHepa. Hanpumep, npuioxe-
HUeE /IS TIPOM3BOJCTBA aBTOMOOUIEH, MCTIOb3YIolee 6a3y JaHHBIX TPAHCTIOPTHBIX
CpeICTB vehicle, MOXKET COeAMHSTHCS C Hel 110 MIMeHH XocTa vehicle-db. [locnenuee
3ateM npeobpasyercs ¢ momoibio DNS B 3aBUCUMOCTH OT CPefibl, B KOTOPO#i paboTa-
er npusioxenue. [ToaKI0YeHe TOCPEACTBOM JIOTHYECKUX MMEH YMEHbBIIAeT 00beM
KOH(UTYPAIMOHHBIX IAHHBIX B KOJI€ PUJIOXKEHMS, TAK KAK HACTPOEHHOE COEIMHEHHE
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Bcerna GyeT ofMHAKOBLIM. B mporiecce ynpasienus 6yer MpocTo NOAKIIOYEH HYXK-
HBIN 9K3EMILISIP.

370 cnpaBefMBO AJIS BCEX TPeAaaraeMbix cucteM. IIpuosxenus, 6asbl JaHHBIX
U IPyTHE CEPBEPBI AOCTPATUPYIOTCS 10 MMEH JIOTHYECKUX CEPBUCOB, IO KOTOPHIM K HUM
06pamawTcs 1 KOTopbie PeoOpasyoTcs BO BPeMs BHINIOJHEHMS.

Ente ogna 3amava, koTopyio pemaioT peiiMBOPKY yIIPaBJIEHUS KOHTEHHEPAMU, —
3TO KOH(pUTypHpOBaHNe KOHTEITHEPOB B 3aBUCUMOCTH OT Cpe/ibl. B 11es10M pekoMeH-
NyeTcsl yMEHbUINTH 00beM HE0OXOAMMON KOH(pUTypaluy B npusioxkenusx. OaHako
CTyYaeTCs, YTO KaKasi-TO KOH(pUrypaius Heobxoauma. Torna MoXKHO BOCIIOB30BATHCS
(peitMBOPKOM, YTOOBI CO3aTh KOH(MUTYPAIMIO KOHTEHHEPA MyTeM JUHAMUYECKOTO
BHe/IpeHus (HaiiioB UK MEPEMEHHBIX CPEIbl B 3aBUCUMOCTH OT 0OCTOSTENBCTB.

OpHuM U3 caMBIX GOJIBITNX NPEUMYIECTB, TIPEAOCTABJISIEMbIX HEKOTOPBIMU (hpeiim-
BODKaMU YIIPaBJIeHUs, ABISAIOTCS DYHKLIUY FOTOBHOCTH K 3Kcmiyatanuu. [Ipu Henpe-
PBIBHOM pa3paboTKe MPUIOKEHHUS TIOCTOSHHO CO3/IAI0TCS HOBBIE COOPKHU TIPOEKTA, YTO
ZIaeT HOBBIE Bepcuu 00pa3oB KOHTEHHePOB. [leficTBy0Me KOHTEHHEPDI HEOOXOAMMO
3aMEHSITh TEMH, KOTOPbIE 3aI1yCKAIOTCS U3 9TUX HOBBIX Bepcuid. J[J1st Toro 4rober nsbe-
JKATh IPOCTOEB, (PPEMMBOPK yNPABIEHUS KOHTEHHEPAMU MEHSIET MECTaM K paboTatoIme
KOHTelTHephl METOZIOM Pa3BePTHIBAHNUS C HYJIEBBIM IIPOCTOEM.

TouHO Tak ke (PpeiiMBOPK yIIpaBIeHUS KOHTEHHEPAMU [TO3BOJISIET OBBICUTE Pabo-
4yI0 Harpy3Ky, yBeJIM4YHB KOJINIECTBO 9K3eMILTSIPOB KoHTeliHepa. [Ipexkie HekoTopbie
MPUJIOKEHMSI BBIITOIHSINCH OAHOBPEMEHHO B HECKOJIBKUX 9K3eMILISIPaX KOHTEHHEPOB.
Ecau HY>HO 6bLIO yBETMYUTH KOJMYECTBO IKIEMILISPOB, TO TPeGOBAIOCH 6OJIbIIE
CepBepOB IIPUJIOXKeHUH. B a110Xy KOHTetHepOB AJ1 ZOCTHXKEHUSI 3TOM I[eJIU I0CTATOYHO
[POCTO 3aIYCTUTD GOJIbIIE KOHTEHHEPOB TPUIOKEHUN GE3 COXPAHEHUST COCTOSTHMUSL.
ITporpaMMucTBl yBeIMYMBAIOT KOJIMYECTBO PEIJIMK KOHTEITHEPOB B KOH(UTypanuuy,
(hpeiMBOPK yIIPaBIEHHUS PEANU3yeT 3TO M3BMEHEHNUE, 3aITyCKas OOJbIIE SK3eMILISIPOB
KOHTelHepa.

[l TOro YTOOBI KOHTENHEPHI pabOTa/IN B YCJIOBHSIX MPOMBIILIEHHOM 9KCILTyaTa-
I[1¥, HEOOXOAUMO YYECTh HEKOTOPBIE TOHKOCTU yIpaBjieHus: uMu. Kak mokasbiBaer
OIBIT, HEKOTOPBIE KOMIIAHUU CKJIOHHBI CO3/IaBaTh COOGCTBEHHBIE PELIEHNS, a He UC-
MO0JIb30BaTh YTBEPXKIEHHYIO TexHoaornio. OqHaKo GpeiiMBOPKU yIPABIEHUS KOH-
TeHepaMy Y Ke XOPOIIO PEIIAoT MPOBIEMBI, M OUEHB XKeIATEIbHO M0 KpaHel Mepe
paccMOTpeThb BapUAHT C UX IPUMEHEHUEM.

Peanusaumst ynpaBneHns KOHTeNHepamm

HTax, Terepb Mbl 3HaeM, Kakue IpobJieMbl peraoT GpeiiMBOPKY yIPaBIeHNs KOHTEH-
Hepamu. B aToM pasgese GyayT nokasaHsl ocHOBHbIe KoHUenuuu Kubernetes — peie-
Husi, paspaborannoro komnanueit Google a7is1 cBoux pabounx npoueccos. Ha MoMeHT
Hamnvcanus 51oii kuuru Kubernetes pe3ko HaGupas momyasipHOCTb ¥ CTaJl OCHOBOM /1J1st
npyrux GppedMBOPKOB ynpasJjeHus, Takux kak OpenShift or RedHat. 51 BeiGpan ato
peleHre He TOJIBKO U3-32 €r0 MOIYJISIPHOCTH, HO ¥ IOTOMY, YTO CYUTAIO: OHO OTJIMYHO
CIIPaBJIseTCs € 3a1a4eil ynpasienust. OHAKO B MOMEHT BbIOODA IJIABHOE — IOHUMATb
HE TOJIBKO TEXHOJIOTHIO, HO M IPUYMHBI ¥ KOHIENIIUY €€ TIPUMEHEHUSL.
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Kubernetes 3amyckaer konTeliHeps! Linux u ynpas/sieT MU B KJ1acTepe y3710B. [1aB-
ubiii y3en Kubernetes ynpasasier pabourmu y3amu, KOTOPBIE U BBIMOJIHAIOT (haKTH-
4ecKyio paboTy, TO eCTh B KOTOPBIX Pab0TAIOT KOHTEHHEPHI. VIHKEeHEPHI-TPOrPAMMUCTBI
VIIPaBJISIOT KJIacTepoM ¢ nomotibio AP, mpenocTaBisieMoOro riaBHbIM y3JI0M, C TIO-
MOIIbIO TpaduuecKoro Beb-unTepdeiica uin U3 KOMaHHOM CTPOKH.

PaboTraomuii KaacTep COCTOUT U3 TAK HA3BIBAEMBIX PECYPCOB OMPEAETEHHOTO
tuna. OcHoBHBIMHU THTIaMU pecypcoB Kubernetes siBnsiiorcst modynu, paseepmoisanus
u cepsucol. Monyns (pod) npeacrabisier co60it MUHUMANBHBIH 610K paboyeil Harpys-
KU, B KOTOPOM PabOTAIOT OJIMH UJIM HECKOJIbKO KOoHTeliHepoB Linux. Takum o6pasom,
NpuUIcKeHne paboTaeT B MOJyJIeE.

Monynu MOTYT 3aIyCKaThCs U YIIPABJSATHCS KAK ABTOHOMHBIE, OT/IEIbHbIE PECYPCHL.
OpHAKO IMEET CMBICJI CO3/IaBATh HE TPOCTO OTAENbHbBIE MO/IYJIHU, 2 PA3BEPTHIBAHNUE, KOTO-
POE MHKATICYIUPYeT paboTAOII1E MOYJIN 1 YIIPABJSET MMU. Pa3BepThiBAHMS MPEIOCTAB-
JSI0T (PYyHKIIMOHAIbHBIE BO3MOKHOCTH, 00€CTIEYMBAIOIIKE TOTOBHOCTD K 9KCILITYaTAIlMH,
TaKue KaK YKPYIHEHUE U PasyKpyMHEHWEe MOyJiell U Pa3BepThiBaHME OOHOBIECHUN.
Onu 06€eCeunBaIOT HAIEKHYI0 PABOTY YKa3aHHBIX BEPCHIA MPUJIOKEHUIA.

CepBUCHI CO3AI0TCA B CHCTEME IS MOAKII0YEHUs K PaGOTAIOIMM IPUIOKEHUSIM
M3BHE KJIacTepa WM B APYTuX KoHTeliHepax. OHU MPeCTaBasSIoT COGOH ONUCaHHYIO
B TIPEMIbIAYIIEM pasziesie TOTMIECKY 0 aOCTPaKIIMIO, KOTOPast OXBAThIBAET HAOOP MOLY-
sieit. Bee Monyu, B KOTOPBIX pab0oTaeT KOHKPETHOE TIPUJIOKEHNE, a0CTParupyoTCst Ofl-
HUM CEPBUCOM, KOTOPbII HanpaBJisgeT TpaduK Ha AKTUBHBIE MOLYJ/IH. MapiupyTusanus
CEPBUCOB K AaKTUBHBIM MOJYJ/ISIM B COYETAHUM C PAa3BEPTHIBAHUSIMU, YIIPABASIOUIIMU
N0CJIEZI0OBATEIbHBIM OOHOBJIEHUEM BEPCHUTL, 00ECTIEUNBAET PA3BEPTHIBAHKE C HYJIEBBHIM
BpeMeHeM mpocTost. JIOCTYI K TPUIOKEHUAM 06ECTIEUNBAIOT CEPBUCHI, KOTOPHIE HA-
MPABJSIOT KIMEHTOB HA COOTBETCTBYIOIIUE MOYJIH.

Bce ocHOBHBIE PeCypChl YHUKANbHBI B npocmpancmee umer Kubernetes. IIpo-
CTPAHCTBA UMEH MHKAICYJIUPYIOT arperatbl PpECYpPCOB U MOTYT IIPUMEHSITBCS /IS
MOJIEJIMPOBAHMS Pa3aNyYHbIX cpell. Hanpumep, cepBUCHL, CChIIAIONIMECST HA BHEIIHIE
CHCTEMBI, PACIIOIOKEHHbBIE BHE KJIACTEPA, MOTYT UMETh PAa3HYI0 KOH(UTYPAIIHIO B Pa3-
HBIX TIPOCTPAHCTBaX MMeH. I1pusioxeHus, paGoTaIOIINE C BHEITHUMU CUCTEMAMM, BCET/IA
HCIOJIb3YIOT OJHO ¥ TO )K€ JIOTUYECKOe UMsI CEPBUCA, KOTOPHII HATIPABJISIET KIHNEHTOB
B pPa3Hble KOHEYHbIE TOYKH.

Kubernetes nopnepxusaer onpeznesnenue pecypcos kak [aC ¢ ucnonb3oBanneMm
daitnos JSON u YAML. @opmar YAML npeacrasisier co0oii yaoOHbIM 11 YTEHUS
(opmart cepuanusalnuy JaHHBIX, pacumpenHbii Bapuant JSON. B Kubernetes on cran
(hakTHYECKMM CTAHAAPTOM.

B cenyioieM (pparmMenTe KOAa PEACTABAEHO ONPEAETEHHUE CTyKOBI TPUTOKEHUS
hello-cloud:

kind: Service
apiversion: vi1
metadata:

name: hello-cloud
spec:

selector:
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app: hello-cloud
ports:
- port: 8080

B sTOM nprMepe omucana citysk6a, HanpaBAonas TpapyK Ha TOPT 8080 K MOIYJISAM
hello-cloud, KOTOpbIE ONPEAEIAIOTCA Pa3BEPThIBAHUEM.
B caenyiomem koze onucaHo pa3BepThiBaHNe IPUBETCTBUS hello-cloud:

kind: Deployment
apiVersion: apps/vlbetal
metadata:
name: hello-cloud
spec:
replicas: 1
template:
metadata:
labels:
app: hello-cloud
spec:
containers:
- name: hello-cloud
image: docker.example.com/hello-cloud:1
imagePullPolicy: IfNotPresent
livenessProbe:
httpGet:
path: /
port: 8080
readinessProbe:
httpGet:
path: /hello-cloud/resources/hello
port: 8080
restartPolicy: Always

B pasBepThiBaHMY yKa3aH OAMH MOIYJb U3 3aJaHHOTO mabaoHa ¢ 06pa3oM, Tpe-
noctaBaennbiM Docker. Kak Tonbpko Gyzer cosnano passepteiBanue, Kubernetes
[POBEPSIET COOTBETCTBHUE CIENU(MUKALUAM MOYJIs, 3aIlyCTUB KOHTENHEDP U3 o6pasa
Y TIPOTECTHPOBAB €T0 C HOMOIIBIO 33JaHHBIX 30HIOB.

O6pa3 konreiiHepa docker.example.com/hello-cloud:1 BKIOYaeT B cebs KOp-
NIOPaTUBHOE MIPUJIOKEHME, paHee COOpaHHOe U pa3BepHyToe uepes peectp Docker.

Bce atu onpenesienus pecypcoB npruMeHA0TCs K kaactepy Kubernetes in6o c mo-
MOIIbI0 rpadudecKoro BeO-unrepdeiica, MO0 U3 KOMAHAHON CTPOK.

ITocne co3panms pasBepThHIBaHUSA U CIyk0bl mpuiokenue hello-cloud cranosutes
JOCTYITHO U3HYTPH KJIacTepa 4epe3 cepBuc. /17 10CTynma U3BHE KIacTepa He06X0AUMO
OIpeNeuTh MapUIPyT, HAIPUMEDP UCIOJIb3Ys BXOA ingress. BxomHble pecypch Ha-
HPaBJIAIOT Tpa UK HAa CEPBUCHI IO ONPEIEIEHHbIM IpaBuIaM. /{ajiee mpuBeieH mpumMep
BXO/ZIHBIX PECYPCOB, KOTOPBIE IIPEAOCTABIAIOT JOCTYII K cepBUCY hello-cloud:

kind: Ingress
apiVersion: extensions/vlbetal



174 MaBa 5 e Java EE B KOHTEMHEPHBIX M 06/1aYHbIX Cpefax

metadata:
name: hello-cloud
spec:
rules:
- host: hello.example.com
http:
paths:
- path: /
backend:
serviceName: hello-cloud
servicePort: 8080

ITH pecypchl TENEPD OMKCHIBAIOT BCE MPUIOKEHNE, KOTOPOE Pa3BEPTHIBAETCS B KJIa-
crepe Kubernetes, siBisieTcst 10CTyHBIM U3BHE U aGCTParMpyeTCs: KaK JTOTUYECKUM
CepBUC BHYTPH KJacTepa. Ec/u ApyruM IPHIOKEHUAM HEOOXOAUMO 0OMEHMBATHCS
JIaHHBIMU C 3TUM IIPUJIOKEHHUEM, TO OHU MOTYT CZIEJIaTh 5TO YEPE3 Pa3pelleHHbIE BHYTPU
DNS-zmomena nms hello-cloud Kubernetes u mopt 8ese.

Ha puc. 5.3 mokasana npuMepHas ycTaHoBKa Hpuiaoxenus hello-cloud ¢ pemu-
KO M3 TpeX MOJyJiel, KOTOpbie BHINMOJHATCA B Kiactepe Kubernetes, coctosimem
U3 [IBYX y3JI0B.

Bxop,
Knactep Kubernetes
Cepsuc
Yaen R Ysen .
/,/’ ,// \\\\
K// // \\\
///
Moavib ¥ MO,D.yﬂb
Mogynb
Puc. 5.3

Kpome moucka cepBuca 1o JOru4eCKOMY UMEHU, HEKOTOPBIM TTPUIOKEHUSIM TI0-
npexHeMy TpebyeTcst AoMONHUTENbHAsA HacTpoiika. [loatomy B Kubernetes, kax
Y B IPYTUX TEXHOJIOTHSIX YIIPABJIEHNUS KIacTepaMH, eCTb BO3MOKHOCTb AMHAMUYECKON
BCTaBKHU B KOHTeliHeD (pailioB 1 HepeMeHHBIX cpeibl. [[J151 5Toro mpuMeHsieTcsl KOHIEH-
Us KoHQuzypayuorusbix kapm (KOHPUTypalus Ha OCHOBE Hap «KJII0Y — 3HAUECHUE» ).
Conepxxumoe KOH(PUIYPalMOHHBIX KapT MOXKeT ObITh JOCTYIIHO B Buze (aiiios, 1u-
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HAaMHWYECKH yCTAaHABJIMNBAEMBIX B KOHTelHeD. /lanee npuBeneH npuMep KOHGUTypaIm-
onnoii kaptel ConfigMap, onpenensioineii coepxumoe (aiiia CBOKCTB:

kind: ConfigMap
apiversion: vi
metadata:
name: hello-cloud-config
data:
application.properties: |
hello.greeting=Hello from Kubernetes
hello.name=Java EE

KoHurypannoHHbie KapThl IPUMEHSAIOTCS AJ151 BCTABKU COJEPKMMOTO B KOHTEH-
Hepsl B Buze daitios. Kioun KoHGUTypallioHHOM KapThl 33I€HICTBYIOTCS B KAUECTBE
uMeH (HaityioB, yCTAHABIMBAEMbIX B KATAJIOT, 2 3HAYEHHUS ABJISIOTCS CONEPKUMBIM 3THUX
(aiinos. B onpenenenusix Moayiell yka3plBaeTCs, YTO KOH(MUTYpPAalOHHbIE KapThI
CMOHTHMPOBaHbI B BU/Ie TOMOB. B ciienyoiieM nmpumepe MoKa3aHO MPeJCTaBIEHHOE
paHee ompezejeHne pa3BepThiBanus npuiaoxenus hello-cloud ¢ ncnonbsoBanuem
KoHburyparmonHoii kapthi hello-cloud-config B cMmonTHpOBaHHOM TOME:

kind: Deployment
apiVersion: apps/vlbetal
metadata:
name: hello-cloud
spec:
replicas: 1
template:
metadata:
labels:
app: hello-cloud
spec:
containers:
- name: hello-cloud
image: docker.example.com/hello-cloud:1
imagePullPolicy: IfNotPresent
volumeMounts:
- name: config-volume
mountPath: /opt/config
livenessProbe:
httpGet:
path: /
port: 8080
readinessProbe:
httpGet:
path: /hello-cloud/resources/hello
port: 8080
volumes:
- name: config-volume
configMap:
name: hello-cloud-config
restartPolicy: Always
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PasBeprhiBaHMEe omnpeneasieT TOM, KOTOPBIN CChLJIAETCS HAa KOH(MUTYPAITMOHHYIO
kapty hello-cloud-config. Tom MoHTHUpYeTCs B KaTajiore /opt/config, B pe3yJibTa-
T€ Yero BCe Maphbl <KJI0Y — 3HaYeHre» KOH(MUTYPALUOHHON KapThl IPeoOpasyioTcs
B (baityibl ¥ pa3MenIaloTCs B 9TOM Katajsiore. Tak, COTJIACHO MPEACTABJIEHHON paHee
KOH(UTYPAIIMOHHO KapTe, O6yzeT co3nan (aiin application.properties, comepxa-
UM 3HaYeHus Kiaodel hello.greeting u hello.name. IIpuioxeHue 0XXUAAET, 4YTO
BO BpeMsI BBIIOJAHeHN (paiia OyeT HaXOAUThCA UMEHHO B 9TOM MECTE.

[l pa3HBIX Cpesl MOTYT IPUMEHSIThCS pa3Hble KOH(PUTYPAIIMOHHBIE KAPTHI C Pa3-
HBIM CO/IEPKUMBIM B 3aBUCHUMOCTH OT JKeJIaeMbIX 3HaUeHu KoHdurypaiuu. Ho ectsb
U IpyrHUe CocoObl KOHMUTY PUPOBAHNUS IIPUIOKEHNH, KPOME HCIIOAb30BAHUS JUHAMMU-
yeckux (aitnoB. Takke BO3BMOXKHO BBOJIUTD U MEPEOTIPENEIATh KOHKPETHBIE TEPEMEH-
HBIE CPeJIbl, KaK II0Ka3aHOo B CJAEAYIOIIEM IIpUMEpPE Koa. ITOT CIOCOO PEKOMEHYETCS
TOT/Ia, KOT/Ia KOJIMYECTBO 3HAYEHU N KOH(DUTYPAIIUU OTPAHUYEHHO;

# Kak B npejapiayweMm npumepe
# ..
image: docker.example.com/hello-cloud:1
imagePullPolicy: IfNotPresent
env:
- name: GREETING_HELLO_NAME
valueFrom:
configMapRef:
name: hello-cloud-config
key: hello.name
livenessProbe:

[IpunoxeHnsaM HEOOXOAMMO yKa3aTh B KOH(UIYPALUU YI€THbIE JaHHBIE, HCIIOJb-
3yeMble, HallpUMep, AJ151 aBTOPU3ALMY BO BHEITHUX CUCTEMAX UJIH ITOJYYEHUS JOCTyHA
K 6azaM JaHHBIX. B niease sTu yu4eTHbIe JaHHBIE JIyYllle XPAHUTh B IPYIOM MECTE,
OTZIEJIbHO OT HEKPUTHYECKUX MapaMeTpoB koHgurypanuu. [losTomy, kpome KoHDpU-
rypannoHHbIX KapT, B Kubernetes peannsoBana kouuenuus cexpemos. Kak u kondu-
I'ypallMOHHBIE KAPTHI, CEKPETHI MPEACTABIAIOT COOOM Maphl «KII0Y — 3HAYEHHE>, HO
HEIOCTYIIHBI sl YTEHUST YeIOBEKOM, TaK KakK 3air(poBaHbl Mo aaroputMy Base64.
CexpeTsl 1 MX COAEPKUMOe 0OBIYHO He CEPUATM3YIOTCS B BUIe NH(PPACTPYKTYPhI KAK
KOJa, TOCKOJIbKY JOCTYII K yYETHBIM JAHHBIM JI0JKEH ObITh OrPaHIY€eH.

OO0BIYHOM TPAKTUKON SBJSAETCS IPEAOCTABJIEHNE JOCTYNA K YIETHBIM JaHHBIM
B KOHTEWHEepaXx ¢ MOMOIIIbIO IEPEMEHHBIX Cpe/ibl. B caexyiomnieM pparmeHTe Ko/a mo-
Ka3aHo, KaK BKJIIOUUTh B npuiaoxenne hello-cloud 3nauenue, kondurypanus Kotoporo
XpaHUTCA B cekpere hello-cloud-secret:

# Kak B npejapiayweMm npumepe
# ..
image: docker.example.com/hello-cloud:1
imagePullPolicy: IfNotPresent
env:
- name: TOP_SECRET
valueFrom:

secretKeyRef:
name: hello-cloud-secret
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key: topsecret
livenessProbe:

[TepemenHast Okpy>keHusi TOP_SECRET co3/aeTcsi IyTeM 0OpalieHusi K KI04y
topsecret B cexpete hello-cloud-secret. JTa mepeMeHHast CPebl JOCTYIIHA BO Bpe-
M1 BBIIIOJTHEHU KOHTefHepa U MO>KeT UCII0Ib30BaThCs AEHCTBYIOIUM IIPOLIECCOM.

Hexkotopsle npusoxeHusi, yiakoBaHHbIe B KOHTeHEPBI, HE MOTYT BBIIIOJHSATHCS
OT/IEJIbHO, KaK TPUJIOKEHUS €3 COXpaHeHus COCTOsiHYs. TummyHbIi nprumep — Gasbl
naHHbIX. [lockosbky HOCe 3aBeplIeHNs IPOLECCOB COOTBETCTBYIOIME KOHTEHHEPhI
0TOPACHIBAIOTCS, COAEPKUMOE UX (hailyioBoil cucTeMbl Takxke ncuesaer. OHAKO TaKue
CepBHUCHI, Kak 6a3bl JaHHBIX, HYK/IAIOTCSI B COXPAHEHUH COCTOSIHUSL. [[JIs penuenus
stoit npobiemsl B Kubernetes ucnonsayrorcst nocmosinnvie moma. Kax BunHo u3 Ha-
3BaHUS, OHU JOCTYIIHBI 10CJIe OKOHYaHUS XKU3HEHHOTO LIMKIa Moy el [loctosiHHbIE
TOMA AMHAMHUYECKH /1eJIal0T ZOCTYIMHBIMHU (Daliibl ¥ KaTaI0TH, KOTOPbIe IPUMEHSIOTCS
B MOJIyJi€, ¥l COXPAHSIIOT X MOCJIE 3aBEPIIEeHHs €10 PabOThL

[MocTosiHHbIE TOMA MOAEPKUBAIOTCS CETEBBIMU MU OOAUHBIMU XPAHUIUIAMK
B 3aBUCHMOCTH OT TOTO, I7Ie yCTaHOBJIeH KjacTep. OHU II03BOJISIOT 3AIyCKATh CEPBHCH
XPaHeHWs1, TAKKe KaK 6a3bl IAaHHBIX, B KJIACTEPaX C yIpaBjieHreM KoHTeiiHepamu, OHaKo,
KaK IPABUJIO, CJIeyeT U30eraTh MOCTOSIHHOTO XPAHEHUsI COCTOSIHUS B KOHTEHHEPaX.

Omnpenenennsi YAML [aC xpaHsTcs B crcTeMe KOHTPOJISI BEPCUI B PETIO3UTOPUU
npuiioxenust. B crenyomnieii riaBe 6yaer mokasaso, kak B kinactepe Kubernetes mpu-
MEHSTD cofiepskuMoe (aiiia Kak 4acTh KOHBeliepa HellpepbIBHOM IMTOCTABKU.

Java EE B ynpaBnsieMbIx KOHTENHEpPaX

(DpeiiMBOPKH yIpaBJIeHNs] HACTPAUBAIOT ¥ UHTETPUPYIOT KOPIOPATHBHbIE TPUJIOKE-
HUS B KJIACTEPHBIX CPeax. ITO SKOHOMUT MHOTO CHJI IPU Pa3pabOTKe MPUIOKEHHUSI.
YnpasieHue KOHTelfHepaM# Tak)Ke 3HAYUTEJIbHO YIpoIlaeT KOHGUTYpaLHio IpU-
JIOXKEHUS U COCOObI €r0 MOAKIIOUEHNs K BHEUIHUM CEPBUCAM — KaK MMEHHO, MBI
paccMOTpYM B JJaHHOM pa3/ieie.

MNoaknioyeHne K BHELWHMM CcepBuCaM

Jl71s1 MHTerpanyy BHEIIHMX CAyKO KAMEHTCKMM 3JIeMEHTaM yIpaBlIeHus TpedyeTcs
coenunenie nocpenctBom URL-anpecos. Tpanuninonuo kouduryparus URL-aapecos
omKChIBajach B (paiiiax, KOTOpble MOTJIM PAa3/INYaThCs B Pa3HBIX cpenax. B ympasis-
€MO cpejie IPUIOKEHNE MOYKET BBIIIOIHSTD IPeoOPa30BaHUe afPECOB BHELHUX CIyKO
mo ux joruyeckuM uMmeHam dyepe3 DNS. B caeayroriem ¢parmMenTte Koaa moKa3aHo
HOAKII0YeHne npuioxenus cloud-processor:

@ApplicationScoped
public class HelloCloudProcessor {

private Client client;
private WebTarget target;
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@PostConstruct
private void initClient() {
client = ClientBuilder..
target = client.target("http://cloud-
processor:8080/processor/resources/hello");

}

public String processGreeting() {

}

Jro crnpasennuBo u A apyrux URL-axpecoB, HanpuMmep 1 OnpenesIeHus 1c-
TOYHUKOB JJaHHBIX. B KoHUTrypauu cepBepa NpuaoKeHUN MOXHO ITPOCTO yKa3aTh
uMsi cepBrca 6a3bl JAaHHBIX U UCTIOJIb30BATH €T0 JIJIsl IONYyYEHNs CCBUIKY HA COOTBET-
CTBYIOLINI 9K3eMILISIP BO BPeMS BBIIIOJTHEHUSI IPUJIOXKEHUS.

KoHUrypvpoBaHue ynpaBnsieMbiX NPUIoXeHUi

OGHapysKeHne CEPBUCOB M0 JIOTUYECKUM UMEHAM MO3BOJISIET 3HAYUTETBHO COKPATHUTH
06beM KoH(bUTypaiuu B npuioxkeHun. [[0CKONbKY OMH U TOT JKe 00pa3 KOHTeNHepa
HCIOJIb3YeTCs BO BCEX CPeJaX, IOTeHI[MaIbHbIe PAa3Inyis KOHDUTYPALlMOHHBIX 1aH-
HBIX OyyT IEepeaBaThCs U3 CPeibl ypaBjieHus. Kak ObLI0 MOKa3aHO B IPEAbIAyIEM
npumepe, KoHurypanuonnsie kaptel Kubernetes crnpasasiorest ¢ aToii 3azauei.
[Ipunoxenue hello-cloud oxumaer, uto Bo Bpems BoinoaHeHUs (paiia cBOACTB OyaeT
HaXOJUThCSA IO azpecy /opt/config/application.properties u uMeHHo Tyza Oy-
net obpaiarbes Kox npoekTa. Jlajiee moKa3aHo, KAK MHTETPUPOBATh (paili CBONCTB
B CDI-renepatop:

public class HelloGreeter {
@Inject

@Config("hello.greeting")
String greeting;

@Inject
@Config("hello.name")
String greetingName;

public String processGreeting() {
return greeting + ", " + greetingName;
}

Onucanne CDI-renepaTopa aHaJOrMYHO NPUBEIEHHOMY PaHee IIPUMeEPY C KOH-
(urypanueit:

@ApplicationScoped
public class ConfigurationExposer {

private final Properties properties = new Properties();

@PostConstruct
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private void initProperties() {
try (InputStream inputStream =
new FileInputStream("/opt/config/application.properties”)) {
properties.load(inputStream);
} catch (IOException e) {
throw new IllegalStateException(“He yaanocb WMHWUMANM3MpOBaTL
KoHbUrypaumw", e);

}

@Produces
@Config("")
public String exposeConfig(InjectionPoint injectionPoint) {
Config config =
injectionPoint.getAnnotated().getAnnotation(Config.class);
if (config != null)
return properties.getProperty(config.value());
return null;

Omnpenenenne kBanudukaropa @Config aHAJIOTUYHO TPUMEDPY, IPUBEIEHHOMY
B riaBe 3. [IpusoskeHue 3arpy:aet comaep;kumoe (aiiia CBONCTB B KapTy CBOHCTB
Y TeHepHUpyeT mapaMeTpsl Koudurypauuu ¢ nomoibio CDI. Bece ynpasisiembie kom-
MOHEHTHI MOTYT BHEZIPSITh 3T HAPAMETPHI, HOTyYaeMble 13 KOH(MUTYPAIIMOHHON KAPThI
Kubernetes.

L5t Toro uTOOBI PEAN30BaTh CEKPETHBIE TapaMeTphl KoHurypanuu, B Kubernetes
BKJIIOUEHA OTNMCAHHAS paHee KOHIEMIHs ceKpeToB. OObIYHAS PAKTUKA 3aKITI0YAETCS
B TOM, 4TOOBI 06ECTIEUUTD JAOCTYIL K COAEPKUMOMY CEKPETOB B KOHTEHHEPAX uepe3
nepeMeHHBIE CPe/Ibl.

JocTyn k mepeMeHHBIM Cpefibl B IPUJIOXKEHUAX Java MOoJy4aioT IOCPeACTBOM
MeToza System.getenv(). ITa PyHKIUOHATBHOCTb UCIOJIB3YETCS KAK JJIsI CEKPETOB,
TaK U JJ151 3HaYeHU KOHMUTYPAIIMIOHHOM KapThL.

ITpomeMOHCTPHPOBAHHBIE IPUHIIMIIBI ¥ IPUMEDSI TIO3BOJISIIOT Pa3BEPTHIBATH KOP-
MOpaTHUBHbIE IPUJIOKEHUS B KJIacTepe, YIIPaBJISIONeM KOHTeTHepaMHy, YIPaBJISTh UMU
Y HACTpauBaTh uX. /171 60JIBIINHCTBA CIIEHAPUEB ITOTO OCTATOUHO.

[ABeHaguaTudakTopHble npunoxeHns un Java EE

Ha MoMeHT HamucaHus 9TOH KHUTH 12-paxmopivie IPUIOKEHUS CTAIU CIIOCOO0OM
Pa3paboTKK MPUJIOKEHU TUTIA npozpammmoe obecneuenue xax cepsuc (Software as
a Service, SaaS). Konnemius 12-¢haKkTopHOTo NPUIOKeHUs OnpeaensieT 12 MpuHITUIoB
pa3paboTKu MporpaMMHOro obecredenus. Lleab aTHX IPUHIUIIOB — CBECTU K MUHU-
MyMY BPeMsI U yCUITUS, 3aTPAUuMBAEMBbIe Ha CO3/IaHUE IPOTPAMMHOTO 00ecTiedeH s, U3-
6esxaTh ero 3po3uHn, 00eCTIEYnTh BOBMOKHOCTh HEITPEPHIBHOM OCTABKU ¥ IPUMEHEHUS
Ha 00/IauHBIX MIAT(HOPMAX.

Jlpyrumu cioBamy, ati 12 GakTopoB COCOOGCTBYIOT COBPEMEHHOMY BHEPEHUIO
KOPHOPAaTUBHBIX MPUAOKeHUH. HexoTopsie N3 HUX OUeBUAHBI 1JisA GOJBITMHCTBA
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WHKEHEPOB, B TO BPEMsI KaK [PyTHE, MO-BUANMOMY, IPOTUBOPEYAT 00LIEl MTpaKTUKe
CO3IaHUSI KOPIIOPATUBHBIX MPUJIOKEHUH.
Bor atu 12 axtopos.

1. Onna konoBas 6a3a, OTCIEKUBAEMas B CHCTEME KOHTPOJISL BEPCUH, ¥ MHOXKECTBO
Pa3BEPTHIBAHUIL.

SIBHO 0OBABAANTE ¥ U30JUPYHUTE 3aBUCUMOCTH.

XpaHute KOHQUTYPALUIO B CPe/ie BHIIIOJHEHHS.

PaccmarpuBaiite BcrioMoratesibHble CEPBUCH KaK HOAKIIOYAEMBIE PECYPCHI.

Crporo paspesstiite 3Tanbl COOPKY U 3aMycKa.

o W

BrinosHsiiite IIPUJIOKEHHE KaK OJWH UJIX HECKOJBKO IIPOILIECCOB 6e3 COXpaHEHUA
COCTOAHMUA.

~

IKCIOPTUPYIITE CEPBUCHI YEPE3 MIPUBS3KY TOPTOB.

o

BoinosHsiiTe MaciTabupoBaHKe C TIOMOIIBIO TPOLIECCOB.

9. Ob6ecneubTe MAKCUMAIBHYIO HAIEKHOCTD, OBICTPBIN 3aMyCK U IJIABHOE OTKJIIO-
YeHue.

10. Caenaiite pa3paGoTKy, YCTAHOBKY M 3aMyCK B 9KCIIyaTAI[MI0 MAKCUMAJBHO T10-
XOXKUMU.

11. O6pabaThbiBaiiTe KypHAIBI KAK IOTOKK COOBITHH.

12. BanyCKaﬁTe 3aa4u aAMUHHUCTPHUPOBAHUA U YIIPABJACHUA KaK OJJHOKDAaTHBIE IIPO-
LECCHhI.

IIaJIee MbI PAaCCMOTPHUM NPHUYNHBI BHEAPEHHA BCEX 3THUX IIPUHIIUIIOB U UX peajin-
3amuio B Java EE.

OpHa kogoBas 6a3a B CMCTEME KOHTPOJIS BEPCUA
N MHOXXECTBO pa3BepTbIBaHWN

17151 "HXXKEeHePOB-IIPOTPAMMHUCTOB 3TOT IIPUHIIUI COBEPIIEHHO OYE€BU/IEH: TIPOTPAMM-
HBII KOJ MOJIKEH XPAHUTHCS B CUCTEME KOHTPOJISI BEPCUI B BUIE OJHOTO PEIO3H-
TOpUS, AAXKE €CIU PA3BEPMbIBAHUN HECKONbKO. Pa3BepThIBAHUS — 3TO HK3EMILISPBI
NPOrpaMMHOTO obecredeHrs, paboTaolue B pa3andHbIX cpeaax. Iloatomy 6a3a kozia
NPUTOKEHNS JOJKHA XPAHUTBCS B OJJHOM PEIIO3UTOPHH, a He TPEACTABASATH COO0H
HECKOJIBKO BEPCUI KOZA 7151 KAXKIOTO IPUJIOKEHUS, ¥ COAEPIKATh BCe CeluduKanuu
7SI MOTEHIIMATIBHO PA3HBIX CPE]] BBITIOJTHEHUSI.

ITOT IPUHIIKII TO3BOJISIET MIOBBICUTh MPOAYKTUBHOCTb TPYZAa MPOTPAMMUCTOB,
MOCKOJIbKY BCst MTH(OPMAIIUSI HAXOAUTCS B OMHOM Xpanuiuiie. OH He 3aBUCUT OT BbI-
OpaHHOM TEXHOJOTUY U, CJIEIOBATENBHO, MOAAEPKUBAETCS IPHIOKeHUAME Java EE.

Penosutopuii 10JKEH CONEPHKATH BCE UCXOAHBIE (Paiiiibl, HeOOXOAUMBIE 115 COOp-
KU U 3aIlyCKa KOPIOPAaTUBHOTO MpuIokeHus. IloMuMo ucTouHUKOB Java u aiinos
KOH(UTYPAIUH, CIOIa BXOAUT TaKKe HHOPACTPYKTypa KaK KOZ.
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SIBHOe 06bsIBNEHNE N N30N5UMS 3aBUCUMOCTEN

[IporpaMMHbIE 3aBUCMOCTH ¥ MX BEPCUH, HEOOXOMMBIE [IJIs 3aMyCKa TPHIOKEHN,
JIOJIKHBI OBITh YKA3aHBI IBHO. ITO KACAETCS HE TOJILKO 3aBUCUMOCTEH, 3aTIPOTPAMMHU-
POBaHHBIX B IPUJIOKEHUH, TAKUX KaK cTopoHHUE API, HO 1 HESIBHBIX 3aBUCUMOCTEIH
OT Cpe/Ibl BHIMOJIHEHUS Java Ui onepaionHoi cucreMsl. Korna Tpebyembie Bepcun
yKa3aHbl ABHO, BO3HMKAET FOPa3/Io MeHbIIE TPOOJIEM COBMECTUMOCTH BO BPEMSI IKC-
wiyartaiu. COCTaB IPOrPaMMHBIX BEPCHiIT IOBOJIBHO XOPOIIO TECTUPYETCS B IIPOIIECCe
paspaborku. Eciu npy moBTOPHO#M cOOpKe ABOMYHBIX (DAiIOB BEPCUU 3aBUCUMOCTEH
Pa3IMYAIOTCS, MOTYT BOSHUKHYTB MpobGsemMbl. [109TOMY peKOMEHIYeTCs ABHO YKa3bi-
BaTh BCE BEPCUH IIPOTPAMMHOIO 0OECTIEYeHH S, YTOOBI yMEHBIIUTh BEPOSITHOCTD OIIUGOK
1 06€ecneynTh BOCIPOU3BOIUMOCTb.

KonreiiHepHasi TEXHOIOTHS YIPOIIAET PEATUIAIIIO 3TOTO IPUHIIUIIA, SIBHO OIMU-
ChIBasi BCE 9TAllbl YCTAHOBKM MPOrPAMMHOTO obecnieyenust. Bepcuu ucmnosib3yeMbix
6a30BBIX 06Pa30B NOJKHEI OBITH OObSBIEHHI AIBHO, TAK YTO KaxKaas cOopka o6pasa
NPUBOAUT K OZIHOMY U TOMY e pesysbrary. Ilostomy B Docker cienyer usberats
Tera latest, yKa3bIBasi BMECTO 3TOr0 KOHKPeTHBIE Bepcuu. Bo Bcex ycTaHOBKAx mpo-
rpaMMHOro oOecredenus, onucadubix B Dockerfiles, Taxxe 101KHBI ObITh YKa3aHBI
siBHbIE Bepcun. [ToBTopHbie cObopku Docker, ¢ kamem uin 6e3 Hero, 10JKHbBI IPUBO-
IIUTb K OHOMY U TOMY K€ P€3yJbTaTy.

B npuioxeHusx Java 3aBUCUMOCTH OTIPEAENAIOTCS OCPEACTBOM CUCTEM COOPKH.
B riiaBe 1 yse roBOpUIIOCH O TOM, YTO HYKHO /I CO3/[aHUS BOCTIPOM3BOAMMBIX COOPOK
c mpumenenneM Maven u Gradle. B npunosxenusix Java EE atu 3aBucumocTy B uzease
cBozarcs k API Java EE.

ITo BO3MOXKHOCTU PEKOMEHAYETCsI YKAa3bIBATh BEPCUM 3aBUCUMOCTEI SIBHO, a HeE
IPOCTO MCTIOAB30BaTh Ter latest. ToBKO MporpaMMHOe 0becrieueHue ¢ IBHbIM yKa-
3aHMEM BEPCHil MOXKET OBITh HA/IEKHO TIPOTECTUPOBAHO.

V3oasmus 3aBUCUMOCTEN He0OX0AMMA JIJIsI OCYIIECTBJIEHHS PACTIPENETEHHOM pa3-
pabOTKH KOMaHAO! MPOrpaMMUCTOB. JIOCTYI K MPOrpaMMHBIM apTedakTaM J0JKeH
ObITh OGECneYeH MOCPEACTBOM YETKO OMUCAHHBIX MPOILECCOB, HATIPUMED, B PEIO3H-
TOpUAX apTehaKTOB. 3aBUCUMOCTH, 100ABJIsIEMbIEe BO BPeMs COOPKU IPOrPaMMHOTO
obecnieyenns, Gyb TO Cpeia BHITIONHEHUS Java, apTeaKThl Java Uid KOMIIOHEHTHI
OTIEPAIIOHHOM CUCTEMBI, JOJIKHBI PACIIPENENSIThCS U3 HEHTPATBHOTO XPAHUIIUIIA.
Takoii moaX0a MOKHO Peasn30BaTh C IOMOIIBIO PEMO3UTOPHUEB, TaKNX Kak Maven
Central u DockerHub, niv KOPOPAaTUBHBIX XPAHMJIHIIL

XpaHeHue KOHpUrypaumm B cpege

KondurypainonHbie qaHHbIE IPUIOKEHUS, 3aBUCSIIIINE OT CPEJIbI, TAKUE KAK TapaMe-
TpbI 623 JaHHBIX, BHEITHUX CHCTEM WM yYETHBIX 3allMCeH, JOMKHBI XPAHUThCS B CPEle
BoinosiHeHUs. OHU He JOJIKHBI OTPAXAThCS B ICXOAHOM KOJIE, 2 BMECTO 3TOTO JUHA-
MUYeCKH MOAN(HUIUPOBATHCS U3BHE. ITO O3HAYAET, UTO KOH(UTYPALIMS NU3BAEKAETCS
u3 (aityioB, MepeEMEHHBIX CPEIbI WJTH IPYTUX BHEUTHUX UCTOUHUKOB.
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Kak y»e G110 IOKA3aHO paHee, KOHTEWHEPHBIE TEXHOJOTUY M CTPYKTYPhI YIIPAB-
JIEHUS TIO/IIEPKUBAIOT 3TU KOHIeNI Y. KoHdurypanus st pa3TuyHbIX CPeJl, TAKUX
KaK cpeda mecmuposanusi, NPOMENCYMouHas. cpeda u cpeda SKCNLYamayiiu, XpaHuTcs
B KoH(uUryparuosHsix Kaprax Kubernetes u quHaMu4yecku UCIIOIb3yeTCs B MOLYJISAX
TOMOB WJIM B TIEPEMEHHBIX OKPYKEHUS.

Coracto 12-¢haKkTopHOM KOHIIETITUH MIPUIOKEHNE XPAHUT KOH(MUTYPAIIUIO B IEPe-
MEHHBIX cpefibl. IlepemMeHHble Cpeibl — 9TO IPOCTOM CIIOCOO BCTABKHU OIIPEeJeHHBIX
BApUAHTOB, O/IEPXKNBAEMBIX BCeMU BugaMu TexHosoruit. Ho eciu kougwurypanus
IPUJIOKEHNS BKJIIOYAET B Ce6s1 MHOKECTBO MHAVBUAYAIbHBIX 3HAYEHUH, MHKEHEPDI
MOTYT BMECTO 3TOTO KCITOJIb30BaTh (haiiyibl KOH(MUTYpAI[UU B TOMaxX KOHTEHHepa.

BcnomoraTenbHble CepBuUChI
KaK NnoAK/to4YaeMble pecypcsl

Basbl JaHHBIX ¥ BHEIIHUE CUCTEMBI, K KOTOPBIM 06paIaeTcs IPUIOKEeHUE, Ha3bIBa-
10TCs1 pecypcamu. /7151 cCTEMBI He JOJKHO UMETh 3HAUEHUS], SIBJISETCS BHEUIHMI
cepBuC WK 6a3a TAHHBIX YACTHIO IPUJIOXKEHMS UK HET. Pecypcot NOMKHBI TIOAKIIIO-
4aThCsl K TPUIOKEHUIO METOZOM C1a6oT0 CBsi3biBaHMsl. [[0/12KHA OBITH BO3MOKHOCTD
3aMEHUTD BHEIIHUE CUCTEMBI Y 0a3bl IAHHBIX HOBBIMU DK3EMILIsIPAMU, He 3aTParuBast
caMo IpUJIOXKeHUe.

[punoxeHns abCTParvupyoT NOAKIIOYEHHYIO K HUM BHELIHIOW CUCTEMY, TIPEK/IE
BCET0 Ha YPOBHE IIPUMEHSEMO KOMMYHUKALIMOHHON TeXHOJIOTUH. Tak, CBA3b yepe3
HTTP uau J]DBC abcTparupyer peasusaniy 1 MO3BOJISET 3aMEHSITh OHU CUCTEMBI
apyrumu. Takum 06pa3oM, IPUIOKEHHMSI CBA3AHBI TOJBKO C UX KOHTPAKTOM — TIPOTO-
KOJIOM CBSI3U U OTIpefieleHHbIMY cxeMamut. [IprMepaMul moanepKKy 3TON KOHLIEI MK
sisastiotest JPA, JAX-RS u JSON-B.

DpeliMBOpPKY yNpaBieHUs] KOHTeAHEPAMU MTPOJABUHYJIHUCH €Ille JaJbIle, OHU
abCTParvpyroT CEPBUCHI, 3aMEHSISI UX JIOTUYECKUMY UMeHaMu. Kak 6b110 moKa3aHo
paHee, IPUJIOKEHUST MOTYT UCIIOIb30BATh IMEHA CEPBUCOB B KAUECTBE MIMEH XOCTOB,
paspemiaembix ocpeactsom DNS.

B uesiom, npu pa3paGoTKe MPUJIOKEHUI CleyeT CBOOOIHO CBAZBIBATH CUCTEMBI,
B H7leajie OCTaBJISASI TOJIBKO 3aBUCUMOCTH OT IIPOTOKOJIOB U cxeM. Ha ypoBHe xoza
Ca1yK0Obl IOANEPKKK aOCTPAarupyIOTCs B COOCTBEHHbIE KOMIIOHEHTHI, TAKHE KaK OT-
ZieJIbHbIE 3JIEMEHTHI YIIPABJIEHUS C YMCThIMU HHTEPdeiicaMu. ITO CBOAUT K MUHUMYMY
M3MEHEeHUs KOZIa B CIIy4ae, eCJIM U3MEHSITCSI CBSI3aHHBIE PECYPCHIL.

Crporoe pasaeneHuve 3tanos cOOpKu 1 3anycka

ITa KOHIEMIYSI PEKOMEH/YET Pa3eInuTh MPOLECCH COOPKY, Pa3BEPTHIBAHUS U 3a-
mycka npuiaoskenuit. OHa XOpPOIIO 3HAKOMA Pa3paboTYMKaM KOPIIOPATUBHBIX Java-
npuioykenuit. CyIecTByOT OTAENbHBIE 3TANbl COOPKHU, PAa3BEPTHIBAHUS 1 BBITIOJTHEHUS
OGuHApHBIX (haiiyioB MpUIOKeHu. VI3MeHeH e IPOrpaMMHOTO 00eCTIeYeH s I €ro
KOH(UTypanuy IPOUCXOAUT B UCXOJHOM KOJ€ KUJIU HA ITAIEe PAa3BEPTHIBAHUS CO-
OTBETCTBEHHO, HO He IPSMO B IIpoliecce sKcIUTyaTauuu. Ha atame pasBepTbIiBaHUSA
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IBOMYHbBIE (PAlJIbI IPUIOKEHUH 0OBEAUHSAIOTCS C IOTEHIUAIbHON KOH(pUTypaluei.
XopoII0 OnrcaHHbIe MIPOLIECCHI YIIPABICHN U3MEHEHUSMHU U BBITYCKaMu 00ecIeun-
BAIOT 11€JIOCTHOCTD KOPIIOPATUBHOTO TIPOTPAMMHOTO 00€eCIedeH s,

Jl1s1 moaBsiomero GOMbIIMHCTBA IIPOrPAMMHBIX IIPOEKTOB PACIIPOCTPAHEHHOM
MPaKTUKOH SIBJIsIeTCS pas/iesieHue 3TUX TAllOB U YIIPaBJIeHUe UMY Ha cepBepe Helpe-
PBIBHOM MHTErpaiuu. ITo HeOOXOAUMO J1Jisi 00eCTIeYeH sl HaZIeXKHOCTU U BOCTIPOM3-
BOAMMOCTH. ITH BOIIPOCHI IIOAPOOHO OIKUCAHbI B IIaBe 6.

BbiNOMHEHME NPUNOXKEHUS KaK OAHOrO WU HECKOMbKMX
npoLeccoB 6e3 COXpaHEHUS COCTOAHUS

B unease npuiioskeHust BBITOIHSIIOTCSI KK IIPOLECCHI 63 COXPAHEHUsT COCTOSIHHUSI, TAK
YTO KaXABIH ClleHapUil HCIIOIb30BaHMS IPOTEKAET OT/AEIbHO, He 3aTparuBas Jpyrue
3alyIeHHble Iporecchl. II0TeHIUAIbHO COCTOsIHUE MO0 COXPAHSETCS B IPUKpE-
TIIEHHOM Pecypce, TAKOM Kak 6asa JaHHBIX, 1100 oTOpackiBaercs. Takum obpasom,
COCTOSIHUE CECCHUM JJIUTETbHEE OJHOTO 3apoca Hapyuaer aToT npuHuui. [Ipobie-
Ma TPAJUIMOHHOTO COCTOSTHUS NTOIb30BATEIbCKON CECCUM COCTOUT B TOM, YTO OHO
XPaHUTCA TOJIBKO B 9K3EMILISIPE JTOKATbHOTO IPUJIOXKEHUS U HEJJOCTYIIHO U3 IPYTUX
9K3eMILIIpoB. HE0OX0AMMOCTD TaK HA3bIBAEMBIX 3AIUNAIOUUX CECCULl B PACTIDENIE-
JINTEJISIX HATPY3KU SIBJISIETCS] MHIUKATOPOM TOTO, UTO JAAHHBIN IPOJAYKT HE SBJISIETCS
NPUJIOKEeHEM €3 COXPaHEHUST COCTOSTHUSI.

Takoit moxxon xapakTepeH /Jisi MHOTHX COBPeMeHHBIX TexHoJoruil. [Ipumepamu
saBasAOTCS KoHTelHepsl B Docker u ux ¢aiiioBast cucteMa ¢ KOMMPOBAHUEM NP 3a-
nucu. ITocsie 0CTaHOBKY KOHTEWHEPHI OTOPACHIBAIOTCS, X COCTOSIHUE TAKIKE TEPSIETCSI.
Ha ananoruurom npusiune ocHoBanbl EJB-koMmoHeHTs! 63 COXpaHeHst COCTOSTHUSI.
OIHAKO 9K3EMILISIPBI CECCHOHHBIX KOMIIOHEHTOB (€3 COXPaHEHHSI COCTOSIHHSI [TOMeIIa-
I0TCSI B HAKOMUTEb U UCIIOAB3YIOTCS TIOBTOPHO, O3TOMY HEOOXOAUMO 00ECTIEYUTh,
4TOOBI HU OJHO COCTOSIHHE He COXPAHSIOCH ITOCJIE BbI30BOB OU3HEC-CLIEHAPHEB.

KopriopaTuBHbIe IpUIoKeHNS AOKHBI [TEPe3aIyCKaThCs C HyJIsI, He U3MEHSIS CBOe
TOBe/IEHHE. DTO TAKIKe TOPA3yMEBAET, YTO MPUIOKEHNST 0OOMEHUBAIOTCS COCTOSTHUSIMU
TOJIbKO Y€Pe3 YeTKO OMUCAHHBIE TOJKII0YaeMble PECYDCHL

DKCMOPT CEPBMCOB Yepes NpuBA3KY NOpToB

Be6-npuioxeHus TPaANIIMOHHO Pa3BEPTHIBAIOTCS B BUJIE ONIPEIEJIEHHOTO CTEKA IIPO-
rpaMMHOTO obecrieuenust. Tak, KOPHOPaTUBHbIE IPUIOKEHHUS Java Pa3BePTHIBAIOTCS
B KOPIIOPaTMBHOM KOHTeHepe I KOHTeHepe CepBJIeTOB, TOT/AA KaK MPUJIOKEeHHUS,
HAINMCAaHHbIE HA CEPBEPHBIX CLIEHAPHBIX SI3bIKAX, Takux Kak PHP, paboTaioT moBepx
BeO-cepBepa. [109TOMY NPHIIOKEHUST 3aBUCAT OT X HEMOCPEACTBEHHON CPEIbI BbI-
MOJHEHUS.

JlBenaanaTruaKkTOpHast KOHIENIMSI PEKOMEH/IY€eT Pa3pabaThiBaTh CAMOLOCTATOY-
HbIe IPUJIOXKEHMS, QYHKIMOHATBHOCTh KOTOPBIX Peai3yeTcs Yepe3 ceTeBble TOPTHL.
[TockoIbKy KOPIIOPATHUBHBIE BEO-TPUIOKEHNUS OY YT B3AUMO/IEICTBOBATH Y€PE3 CETh,
TIPUBSI3Ka CEPBUCOB K IIOPTAM SIBJISIETCS CIIOCOOOM €J1a00T0 CBSI3bIBAHUSL.
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[punoxenus Java EE, koTopsle paboTaroT B KOHTEHHEPE, TOAAEPIKUBAIOT ITOT
MIPUHIINI, 3KCIOPTUPYS JaHHBIE TOJIBKO Yepe3 MIOPT, UCIIOIb3yeMbIH 7151 CBSI3U C IIPU-
JoxxeHrueM. KoHTeltHepbI 3aBUCAT TOJIBKO OT siipa Linux, moaToMy cpezia BEIIOJIHEHUS
npusoskeHnii mpospadna. MpeiiMBOpKY yIpaBieHus] KOHTEHEPAMU PEATU3YIOT 3Ty
W/Ier0, CBSI3bIBAsI CEPBUCHI C KOHTEHHEpaMHU Yepe3 JIOTHYecKue MMeHa U MOPThI, Kak
ObLIO TIOKAa3aHO B NpeablAyiueM npumepe. Java EE nognep:xxusaer npuMeHeHNe KOH-
TeHHEePOB, a CJIeJ0BATeIbHO, U 3TOT IPUHIIUIL

MacwTtabuposaHue C NOMOLLbI NPOLIECCOB

COBpeMeHHbIe TMIPUJIOKEHUA U UX CPEAbI JOJIXKHBL O6eCHe‘-II/IBaTb MaC].HTa6I/IpyeMOCTb
B CJly4ae yBeaudeHus: pabodeit HarpysKku. B umease puoKeHus JOKHBI MaCIITa-
GUpOBATHCA HE 10 BEPTUKAIY, a 110 TOPU3OHTAIM. PasHUIA 3aKTI092€TCSI B TOM, YTO
MacuTabMpoBaHUe M0 TOPU3OHTAMM O3HAYAeT A00OABIEHUE K TIPUIOKEHUIO HOBBIX
UHANBUAYAJIbHBIX aBTOHOMHBIX y3JI0B, TOT/la KaK IIPpU MaC].HTa6I/IpOBaHI/II/I 110 BEPTU-
KaJli YBEJIUYUBAETCSI KOJTUYECTBO PECYPCOB /IS OT/EIbHBIX y3/I0B WK IIPOIECCOB.
OnHako MacmTabupoBaTh 10 BEPTUKAIN MOKHO OTPAaHUYEHHO, TOCKOJIBKY KOJMYECTBO
pecypcoB Ha (PUBMYECKUX y3J1aX HEeJb3sl yBeJIMYNBATh OECKOHEYHO.

B 12-(akTOpHBIX IPUIOKEHUAX MPOLEAYPa 100ABIEHUS AaPaJIEIN3Ma B [IPO-
rpaMMHO€ 00€eCIIeYeHIE OTUCHIBAETCS KaK 100aBJIeHr e HOBBIX ABTOHOMHBIX ITPOIIECCOB
6es cosmecmmozo docmyna. Pabourie HATPY3KH [OIKHBI PACTIPEAETATHCS MEXKIY He-
CKOJIBKUMHU Cl)I/IBI/I‘-IeCKI/IMI/I XOCTaMH, YBEJIUYHBasA KOJIUYECTBO IIPOLIECCOB. HpOHeCCbI
IPEACTABIAIT OO0l 3anpochl UK pabodyne MOTOKH, oOpabaTriBaoIue Pabouyio
HarpysKy CUCTEMBL

ITa KOHILENIMS MOKa3bIBaeT HEOOXOAUMOCTD Peau3aluy MPUIoKeHui 6e3 co-
XPaHEHUsI COCTOSIHUSL B PEKUME <«HUYEro obuiero». Konreiinepsl, 3anyckamouue
KOPIIOPaTUBHbBIE Java-TIPUIOKEHUs 63 COXPaHEHUS COCTOSHUSL, TO3BOJISIOT MACIITa-
6uposats cuctemy. Kubernetes obecnieunBaet ynpassemyio MaciiTaGupyeMoCTh IpU
Pa3BEPTbIBAHUU ITYTEM YIIPAaBJCHHA KOJIUYECTBOM PEILIUK.

OnHAaKO Y3KUM MECTOM KOPIIOPATUBHBIX TIPUJIOKEHHUIN OOBIMHO SBJISIOTCS HE 9K3€M-
IUIAPBI IPUIOKEHUH, a lIeHTpasibHble 6a3bl naHHbIX. [loagpobHee 0 MacTabupyemMocTu
B PacIpeieJIeHHbIX CHCTEMAX, a TAKXKe O IPOU3BOAUTENBHOCTU B poekTax Java EE
B II€JIOM BBI y3HaeTe B I71aBax 8 u 9.

MakcuMasbHas HaAEXHOCTb, BbICTPbIN 3anyck
1 NNaBHOE OTKJIIYEHUE

B ri1aBe 4 yske TOBOPUIIOCH O TOM, UTO TIEPEKII0YEHHUE AOKHO OBITH ObicTpbiM. KoHilen-
st 12-(paKTOPHBIX MPUIIOKEHUH TPeOyeT IPUMEHEHNS] TEXHOJIOTHH, 00eCTIeUNBAOIIEN
CKOPOCTb ¥ TUOKOCTS. JI7ist TOTO 4TOOBI IPOrpaMMHOe obecrieyenne GBICTPO MaCUITa-
OGUPOBATIOCH, OHO JOJIKHO 3aIlyCKAThCS 32 CUMTAHbIE CEKYHIbI, YTOOBI CIIPABJIATHCS
C pacTyIiei Harpy3Ko.
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Ipu 3aBepuieHrK PabOThI MPUIOKEHUE OKHO MJIABHO 3aKAHYMBATH TEKYIIUE
3aMPOCHI U MIPABUJIBHO 3aKPbIBATh BCE OTKPBITHIE COENMHEHUS U pecypchl. OcobeHHO
3TO BaKHO [JIS 3aIIPOCOB U TPAH3aKIINH, KOTOPbIE BBIIOJHSINCh B MOMEHT CUTHAJIA
BBIKJTIOUEHVSI, — OHU J0JIKHBI OBITH HA/[IEKANIUM 00Pa30M 3aBEPIIEHbI, YTOOBI HE Tpe-
PBIBAJIOCH BBITIOJTHEHNE KJIUEHTCKUX clleHapueB. B konnenmuu nporieccoB Unix npu
OKOHYaHWMHU paboThl OTIIPaBJsieTcst curHaa SIGTERM. Konteiineps: Linux ocranassiu-
BaIOTCSI OAMHAKOBO, YTO MIO3BOJISIET KOHTEHHEPHBIM IIPOLIecCaM HOPMaJIbHO 3aBEpIIUTh
pabory. IIpu c6opke 06pa3oB KOHTEHHEPOB IIPOrPAMMICTAM CJIeAYET 0OPaTUTh BHUMA-
HIE Ha TPABUIILHOCTH 00paboTKH Tpo1ieccoM curHanoB Unix — 5TO MO3BOJIUT MJIABHO
3aBepiuarh paboTy cepBepa MPUIOKEHUHN IIPU TOTyYeHUY CUTHAIA SIGTERM,

Java EE nonnep:xuBaet Kak GBICTPBIH 3211y CK, TAK ¥ IJIABHOE BbIKIoueHue. Kax 66110
MOKA3aHO paHee, COBPEMEHHbIE CepBePhI IPUJIOXKEHNH 3aIlyCKaOT U Pa3BEPTHIBAIOT
HIPUJIOXKEHUS 32 CYUTAHbIE CEKYH/IBL.

ITockonbKy cepBepbl IPUIOKEHUH yIIPaBASIOT KOMIIOHEHTaMHU, pecypcaMu, Ha-
KOTIUTEJIEM U TOTOKAMU, OHU 3a00TATCSI M O TOM, YTOOBI TPABUIBHO 3aKPHITh PECYPCHI
nipu octatoBke JVM. TIporpaMmMucTam He IIPUXOAUTCS CAMOCTOSITETBHO 3a00TUThCST 06
aToM. KOMIIOHEHTE!I, yTIpaBJIsIONye ClIelUaJIbHbIMU PECYPCAMU UJIU IeCKPUIITOPaMH,
KOTOPbIE HEOOXOVMO 3aKPbITh, 33/IEMCTBYIOT METO/IBI ITPELY HIYTOKEHYSI 7S TIPABUIIb-
HOTO 3aKpbITHA. B cienyromeM npuMepe oKa3aH KIMEHTCKUH 3JIeMEHT YIIPaBIeHUS
C UCTIOJIb30BaHUEM KJIUEHTCKOTo Aeckpuntopa JAX-RS, KOoTopbIil 3aKpbIBaeTCs Mput
3aBepieHun paboThl cepBepa:

@ApplicationScoped
public class CoffeePurchaser {

private Client client;

@PreDestroy
public void closeClient() {
client.close();

}

ITnatgopma rapanTUpyeT, 4TO METOABI IPEAYHUUYTOKEHUS BCEX YIPaBJISEMBIX
KOMIIOHEHTOB Oy/IyT BHI3BaHBI IPU BBIKJIIOYEHUY CEPBEPA IPUTOKEHUH.

MakcuMmanbHO eaMHoobpasHas paspaboTka, YCTaHOBKa
M 3aMycK B 3KCNlyaTauuio

Itot u3 12 PakTOPOB HAMPABIEH HA MUHUMU3AIIMIO PA3JIUYUN MEXKTY CPEJaMU.
Cpenp! mpoiiecca pa3paboTKU KOPIOPATUBHBIX MPUIOKEHUHN TPAAUIIMOHHO PA3JIK-
4aroTCst MeXAy co60it. CyliecTByeT HECKOIbKO BAPUAHTOB CPEIbl Pa3paboTK, Cpeau
KOTOPbIX JIOKAJIbHBIE paboure CTAaHIIUY U BbIEJIEHHbIE CEPBEPHbIE CPE/IbI, — U ECTh,
HaKoHell, cpeja akciuryaranuu. OHU Pa3an4aloTCcs 110 BDEMEHH Pa3BepPThIBAHUS
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MPOTPAMMHBIX apTe(aKkTOB ONpPeeeHHbIX BEPCUl U KOH(PUTYPAIUU B MPOIECCE
paspabotku. UYeM 0JblIe ONHOBPEMEHHO MCMOJIb3YIOTCS Pa3Hble BEPCUU B PA3HBIX
cpelax, TeM 3HauuTe bHee OyIyT Pasiuyms.

CKa3bIBA€TCS 371ECH U TO, YTO PAGOTOM 3aHATHI PA3IMYHbIE KOMAH/IBI M COTPYIHUKH.
TpanuiroHHo pa3pabGoOTYMKY IIPOrPAMMHOTO OGECTIeYeH st IOIEPIKUBAIOT CPEY Pas-
paboTKH, a OTIEPAI[IOHHAS TPYTITA 3a00TUTCS O Cpelie SKCILIYaTalliui. ITO MOXKET CTaTh
MPUYMHON HEJJOCTATOYHO TECHOM KOMMYHUKAIIVH, 2 TAK)KE HECOBIAIEHUS IPOIIECCOB
Y MCIIOJIb3YEeMBIX TEXHOJIOTHH.

Camblii 60JIBIION PUCK IIPEACTABIAET COO0M TEXHUYECKAsI Pa3HUIIA MEKLY Cpefia-
mu. Ecaut B cperax pa3pabOTKU M TECTUPOBAHUS TIPUMEHSIIOTCS OJJHU MHCTPYMEHTBI,
TEXHOJIOTUY, BHEIITHVE CEPBUCHI 1 KOH(UTYpAINY, a B cpepe IKCITyaTaliu — APYTHE,
TO TU PA3JNYMsI MOTYT BBI3BATH MOsIBIEHME OMMOOK. [lepes 3a11yCcKOM B SKCILIyaTa-
WO TPOrpaMMHOe 06ecTiedeHre aBTOMATUYECKHU TECTUPYETCS B 9THX cpenax. Kaxkmoe
HETPOTECTHPOBAHHOE OTJIUYME OT YCJIOBUIT SKCILIyaTalld MOXKET MPUBECTU U PAHO
WJIH TIO3/IHO TIPUBEJIET K OMIMOKAM, KOTOPbIE MOXKHO OBLIO IPEIOTBPATUTh. TO Jke camoe
BEPHO NIPU 3aMeHe MHCTPYMEHTAPUsI, CEPBEPHBIX CEPBUCOB U UCIOIb3YEMBIX CTEKOB
UX YTIPOIIEHHBIMU ATTbTEPHATUBAMU B Cpejie pa3paboTKy v TOKATbHBIX CPE/Iax.

[ToaToMy peKoMeHAyeTCsl paboTaTh B MAKCUMAJIbHO MOXOXUX cpenax. OcobeHHo
BaKHO 3TO /11 KOHTEHHEPHBIX TEXHOJIOTHI 1 (DpENMBOPKOB yiipaBieHust. Kak MbI yike
BUJIEJIH, PA3JINYUsI B KOH(PUTYPAIVK, CEPBUCAX U TEXHOJIOTUY CBEAEHBI K MUHUMYMY
WJIU TI0 KPAHEN Mepe SIBHO OIpe/ieIeHbl uepe3 cpeny. B ujease nmporpaMMHbIe CPeIbI
npu pa3paboTKe, TECTUPOBAHUY, TIEPEHOCE U IKCILTYATAIUY AOKHBI ObITh UAEHTUYHbI-
mu. EC/IU 9T0 HEBO3MOKHO, TO Pa3JINU Ml TOAAEPKUBAIOTCS aGCTPAKIIUSAMY CEPBUCOB,
a TaKk’kKe YIIPaBJIsieMbIMU CPeiol KOHPUTYPaLUSIMHU.

[Tpo6ema pa3anuuii BO BpeMeHH U 0OCTyKMBAIONIMX KOMaHAaX pemraercs Ga-
roziapsi HEIPePBIBHOU ITOCTAaBKe He TOJIBKO C TEXHIYECKOM, HO U C OPraHU3allOHHON
Touku 3perus. Ob61iee BpeMst TPOU3BOCTBA AOIKHO OBITh KAK MOKHO MEHBIIIE, YTO
MO3BOJISIET OBICTPO YCTAHABIMUBATH HOBbIE (DYHKIMU U UCTIPABJIATD OMOKY. BHeapete
TEXHOJIOTUY HEIPEPHIBHON MOCTABKU €CTECTBEHHBIM 00Pa3oM 0ObEAUHSIET MOAPa3-
nenenust u obsizannocT. CorsacHo npuniunam DevOps Bce MHKEHEPBI OTBEYAIOT
3a BCe MPOrPaMMHOe obecriedeHre. ITO IPUBOAUT K TOMY, YTO BCE KOMAH/IbI TECHO
COTPYAHMYAIOT WY OOBEVHSIOTCS B OOIIYIO TPYIITY WHKEHEPOB-IIPOrPAMMUCTOB.

XKypHarbl Kak NOTOKM cobbiTuit

KopropaTuBHbIe IPUIOKEHUS TPAAUIMOHHO BHOCAT XKyPHAJbHBIE 3aTIUCH B (halijIbl
JKyPHAJIOB, XPAHSIIMECS Ha JucKe. HeKoTopble NHKEHEPHI YTBEPKAAIOT, YTO 9Ta MH-
(hbopMaius IBIAETCSA OHAM U3 CAMBIX BAKHBIX MICTOYHUKOB CBEJIEHUHN O TPUIOKEHUH,
[IpoekT mporpaMMHOro obecredeHust 0ObIYHO BKIIOYAET B cebsi KOHMUTYpALHUIO CO-
IEPKUMOTO 1 (HOPMAT ITUX Ky PHATBHBIX (haiiios. ONHAKO XpaHEeHUE JaHHBIX XKy PHAIA
cobBITUI B (haiiiax pacCYMTAHO TIABHBIM 0OPa30M Ha YTE€HUE U OOBIYHO TIPETY CMATPH-
BAeT Pa3MelleHIe KaK/I0T0 XKyPHAIBHOTO COOBITHUS B OZHO CTPOKE.

CoryacHo koHIenuuu 12-hakTOPHBIX MPUIOKEHUI KyPHATHPOBAHUE JTOKHO
paccMaTpuBaThCs KaK MOTOK COOBITUH JKypHAia, TeHEPUPYEMBIX MPUIOKEHUEM.
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OHAKO NIPUIIOKEHMS He OJIKHBI CAMU PENIATEH BOIIPOCH MAPIIPYTU3AIIMI U XPAHEHVSI
¢aiisa )xypHaia B ONpeeIeHHOM BhIXOJHOM ¢opmare. BmecTo aToro oHu nepeiaoT
3aMMCH XKypHaJa Ha CTAHIAPTHBIN BBIXO[ MPOIECCca. DTOT BbIXO/] TEPEXBATHIBAETCS
1 06pabaThIBAETCS CPENOM BBITIOTHEHMSI.,

Jli1s1 GOJIBIIMHCTBA KOPIIOPATUBHBIX Pa3pabOTIMKOB CO BCeMU UX (ppeiiMBOpPKaMu
JKYPHATMPOBAHMUSI, BHIXOMHBIMU (POPMATAMU Y MHCTPYMEHTAMU TAKOM MOAXO HEOObI-
yed. OHAKO CPebI BHIOJHEHNS, B KOTOPBIX MHOKECTBO CEPBUCOB Pab0TaeT mapas-
JIEJIBHO, IOJIKHBL B TII000M ciiydae GUKCUPOBATh ¥ 06pabaThIBaTh COOBITUS Ky PHAJIA.
Taxue pewenus, Kak Elasticsearch, Logstash u Kibana, xopo1o ce6st 3apeKoMeHI0BaIN
npu 06pabOTKe KYPHATBHBIX COOBITHH, MOCTYNANIMX U3 HECKOJIBKUX UCTOUHUKOB,
B TOM YMCJI€ B CJIOXKHBIX cuTyarusax. Coxpanenne coObITUH xKypHaia B daiigax xKyp-
HAJIOB HE BCET/Ia MOIEPKUBAET ITU KOHIIETIIUH,

BoiBoz cOOBITUI JKypHAJIA HA CTAHAAPTHBIN BHIXO/] IPUIOXKEHMSI HE TOJBKO YIIPO-
1aet pa3paboTKy, MOCKOJBKY MAapIIPyTU3AIUS U XpaHEHNeE GOJIbIIE He BXOAAT B KPYT
337124 IPUIIOKeHUs. Takyke 3TO yMeHbIIaeT He0OX0IMMOCTh BHELITHUX 3aBUCHMOCTEHH,
TaKUX Kak ppeliMBOpKH peructparuu. JJaHHbIi HOIX0/ TOAAEPKUBAETCS IIPIIOKEHISI-
MU C HYJIEBOM 3aBUCUMOCTHI0. Cpe/ia BBITTOMHEHHMS, TAKast Kak (PedMBOPK yIIpaBJIEHMSI
KOHTeliHepamu, GepeT Ha cebs IepexBaT 1 MapIIPYTU3ALUIO [TOTOKA coObITHiL. IToapobHee
0 BEJIEHUU XKYPHAJIA, €T0 HEOOXOAUMOCTH U HEJIOCTATKAX UUTANTE B IyiaBe 9.

3anyck 3aAa4 aAMUHUCTPUPOBAHUA U ynpaBieHus
KaK OJHOKPaTHbIX NpOLECCOoB

CoriacHO 3TOMY IPUHIIUITY AMIMUHUCTPATUBHBIE U YIIPABIEHUYECKUE 331a4H TOJIKHBI
Peasn30BbIBATHCS KaK OT/AEIbHbIE KPATKOCPOUHBIE IIPOILIECCHL. JTa TEXHOJOTHS H/le-
aJIbHO TIOJ/IEP/KUBAET BHINOJHEHNE KOMAH/ B 000JI0YKe, KOTOpast paboTaeT B cpesie
BBITIOTHEHUSI.

XoTs KOHTelHepbl HHKANCYIUPYoT Unix-mpoluecchl, OHU NPeA0CTaBISIOT J10-
HOJTHUTEIbHbIE (DYHKIUH [J151 BBIIOJHEHUSI OT/IeJIbHBIX KOMAH/I UJIU OTKPBITHS B KOH-
TeliHepe yaaneHHo o6oaouku. Biarogaps aToMy WHKEeHEPbl MOTYT PEaU30BbIBATh
CIIeHADUHU YIIPABJIEHUS U aIMUHUCTPUPOBAHUS, IPEOCTABJISIEMBIE CEPBEPOM IIPIUJIO-
sxenuii Java EE. Tem He MmeHee B npuoxkenusix Java EE konnyecTBo HEOOXOAUMBIX
3a/1a4 AIMUHUCTPUPOBAHUS U yIpaBJjeHus orpanudeHo. Konreiinep 3amyckaet npo-
I[eCC cepBepa IMPUJIOKEHUH, KOTOPBI aBTOMATUYECKU PA3BEPTHIBAET NIPUJIOKEHUE,
U B IaJibHEHIIEM YIIPABJISITh )KU3HEHHBIM IIUKJIOM MPUIOKEHUS He TpeGyeTcs.

BospmuHCTBO 33124 aAMUHUCTPUPOBAHUS BBITIOIHSIETCSI B IPOIECCE OTIAIKU
Y IIPU yCTPaHeHUU Hemoaanok. [10aToMy KoHTeliHepbI 1 (PPEHMBOPKY YIIPABJIEHUS
KOHTEeWHePaMU TTO3BOJISIOT OTKPHIBATH YAJEeHHbIE 000J0YKY C JOCTYTIOM B KOHTEH-
HEpPbI WU BBITIOJHATH OHOPa30Bbie KoMaHAbl. Kpome 3T0TO, B ra1aBe 9 Oyaer moka-
3aHO, YTO HEOOXOAUMO 1715t c60PA AOTIOTHUTETBHON NH(POPMALIUY O KOPTIOPATUBHBIX
TIPUIOKEHUSIX.

Onucannsie 12 haKTOPOB MO3BOJAIOT pa3padaThIBATh MACHITAOUPYEMbIE KOPIIOpa-
TUBHBIE TIPUIOKEHUSI 6€3 COXPAHEHUST COCTOSTHUS, 00ECTIeYnBAIOIINE HEMPEPHIBHYIO
MIOCTaBKY, pabOTa0IIe HA COBPEMEHHBIX KOPIIOPATUBHBIX MIATHOPMAX, JAIONINE
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BO3MOXKHOCTb ONTUMU3MPOBATH BPEMS U YCUJIUS, 3aTPAueHHBIE HA Pa3paboTKy, v U3-
GesxaTh 9pO3UK POrpaMMHOTo obecreyenus. [[BeHaauatrdakTopHble IPHI0KEHUS
MMEIOT YUCThIH KOHTPAKT ¢ Ga30BOM CPEION U B Mealie IeKIaPATUBHBIE OMIPeeIeHUS

“HGPaCTPYKTYPHL

O6naka, obnayHble NPUNOXEHNS
N UX NpenMyLLecTBa

Ha MOMeHT HanucaHus 3TON KHUTH 00JaYHbIe MIaT(OPMBbI BHI3BIBAIY GOJIBIION MHTE-
pec. MbI HabTI0o1aeM, KaK KPYTTHbIE KOMITAHUHM iepeMernaioT oo U T-undpactpykTypy
B obmaunbie cpenbl. Kakue ke mpenMyiectsa npeaiaraet 06Jaxko?

[Ipesk e BCEro CeyeT 3HaTh, YUTO COBPEMEHHBIE CPEIbI HE 06513aTENBHO OKHBL
paGotath Ha o61auHol IaTdopme. Bee npenmyiiecTBa KOHTEHHEPHOM TEXHOMOTUN
U (ppeiiMBOpKa yTIpaBJieHHsI KOHTeHepaMU AOCTYIIHBI 1 BO BHYTpeHHe! HH(PPacTpyK-
Type NPeAnpusATusi. B ctaHaapTHBIX ycTaHOBKax Takux miatdopm, kak Kubernetes
i OpenShift, oGecrieunBaioTes Te e MPeUMyIIeCTBa [ KOMaH pa3pab0TYNKOB
[IPOrpaMMHOTr0 obecredenus. B CymHoCTY, OMHUM U3 CaMbIX O0JIBIINX IPEUMYILECTB
KOHTEIHEPHOH Cpe/bl BHIIIOJIHEHNS SABAsETCA abCTparupoOBaHKe CPEbl, B KOTOPOU
paGotaioT KoHTelHepbl. YeM ke Torma obmauHble maaT(hOPMbI MHTEPECHBI JJIS1 KOM-
MaHuHi?

Kak oTMeuanoch B Hauasie KHUTH, CETOHSI MUP POTPAMMHOTO o0ecriedeHust Me-
HseTcs OpIcTpee, ueM Koraa-aubo. Kiaouom k ToMy, 4ToObI KOMIAHUK HE OTCTABAIU
OT TeHAEHLUHI B CBOeM OU3HECE, ABJISAIOTCS CKOPOCTh U TUOKOCTD, TO €CTh OBICTPOTA
u3MeHeHMiA. BpeMsi BbIX0O/1a Ha PHIHOK HOBBIX MPOAYKTOB U (DYHKIMH JOJKHO OBITH
KaK MOKHO Kopoue. [ToaTanHoe mpoaBuKeH e, aaTanus K moTpeOHOCTSIM KJIUEHTOB
1 TOCTOSTHHOE COBEPIIEHCTBOBAHKE TPOrPAMMHOTO 0OECTIEUEHISI OTBEYAIOT HTOMY TPe-
6oBanuto. J{71s1 peanuzaruu ool nesi U T-uHbpacTpyKTypa, Kak U OCTATbHBIE COCTaB-
JISTIOIIKE TIPOTPAMMHOTO 00€eCIIeYeH s], OIKHA ObITh OBICTPOI U TMOKOM. Y CTaHOBKA
HOBBIX Cped AOJ/IXKHa 6bITb aBTOMATHU3WUPOBAHHBIM, HAa/IE)KHBIM W BOCIIPOU3BOAVMbBIM
npoueccoM. IIpUHIUIIBI HETPEPHIBHOM IIOCTABKY IIPOrPAMMHOIO 0OeCIIeYeHUsT OTHO-
CATCS U K CePBEPHBIM cpeiaM. VIMEHHO 3Ty BO3MOXKHOCTD ITPEOCTABIISIOT 0OIaYHbIe
1aTHOPMBL

Ecu kommanust skesiaeT 06ecrnedynTb TMOKOCTh U aJaTUPOBAaThCsA K TpeGOBaHU-
sIM KJIMEHTOB, TO €l CJieayeT 3a1aTh cebe BOMPOC: CKOIbKO BPEMEHU HYNCHO, UmOobbL
npedocmasums um HOBYI0 cpedy BvinoaHerus? ITO HeOOXOAUMOE YCIOBHE OBICTPOR
aganTanuu. IpesocTaBiieHne COBEPIUIEHHO HOBOM CPEIBI BLIMOMTHEHUS HE JI0JDKHO OBITh
YPE3MEPHO CJIOKHBIM IIPOIECCOM, TOKHO 3aHUMATh HECKOJBKO MUHYT U B Ueaje
npoTekaTh 6e3 BMEINAaTeabCTBA YenoBeka. Kak yike roBOpUIOCh, TAKYI0 KOHIEMIUIO
BIIOJIHE BO3MOKHO PEATN30BATh JOKaIbHO. OHAKO 06IauHbIe CPe/Ibl TPEAJIATAIOT 3TH
[PENMYLIECTBA M0 YMOMYAHUIO C JOCTATOYHBIMHU ¥ MACIITaOUPyEMbIMHU PECYPCAMMU.
Huppacmpyxmypa xax cepeuc (Infrastructure as a Service, laaS) vnv niamgpopma xax
cepsuc (Platform as a Service, PaaS) 0cBOO0KIAI0T B KOMIIAHUSAX MHOTO pabounx pyK,
4TO MO3BOJISIET Pa3PabOTYNKAM COCPENOTOUNTHCS HA CO3IAHMU COOCTBEHHBIX MTPOLYKTOB.
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HecMmoTps Ha 3T0, KpyTTHbIE KOMIIAHUY 9aCTO CKENTHYECKU OTHOCATCA K 0671au-
HBIM CepBHCaM, OCOOEHHO OIAacasCh 32 COXPAHHOCTD JAHHBIX. IHTEPECHO, 4TO, KaK
MIOKA3bIBAET OIIBIT CO3JAHMUS IIPOEKTOB, 00IauHble I1aT(OPMBI, Ha KOTOPBIX pab0TaioT
CJIOJKHBIE KOPIIOPATUBHBIE IIPOAYKTHL, 0becrednBaioT 6oee 6e30IMacHOe OKPYKEHMUE,
4eM GOJILIIUHCTBO O0OBIYHBIX pemneHuil. [TocTaBimKy 061auHbBIX MIATGOPM TPATAT
MHOT'O BPEMEHU U IMPUKJIAAbIBAIOT 6OJIbH.[I/Ie ycuiusa aJid MOCTPOEHU A IMPaBUJIbHBIX
pemennit. OcoGeHHO 3HAYNTEIbHBIM TIOTEHI[NATIOM 00JIa/IAI0T COYETaHUs 0OJAYHBIX
1aTHOPM C peleHUsIME 10 yTipaBjieHuto, Takumu Kak Docker Compose, Kubernetes
u OpenShift.

I/IHTepeCHO, 9TO AJ1d KOMIIaHUI OOHUM M3 I'/TaBHBIX aPIT'YMEHTOB B I10JIb3Y IIEPEHOCA
T B 06s1aK0 SABAAIOTCA 9KOHOMUYECKUE TIPUYUHBIL. KaK II0Ka3BIBAET OITBIT, MHOTHE KOM-
MIAHWU XOTAT COKOHOMUTb, UCTIONIB3Ys1 00J1auHble TIaTGOpMBL B cyiHocTH, TpUHUMAas
BO BHUMAHUE BECH TIPOLIECC MUTPAIIMY 1 TPEOOPA30BAHUS CPEIBI, KOMAH, TEXHOJIOTUI
U TIPESK/IE BCETO BCEX HOY-XAY, OCTABATHCSI Ha CTAPOU MIaT(hOpME, KaK IIPABILIO, [IEIIEBIIE.
OnHAKO OCHOBHBIMHU IIPEUMYILECTBAMY 00IAYHbIX IPEII0KEHNHA ABISIOTCA THOKOCTD
¥ c1ioco6HOCTD ObICTPO MeHsIThCs. Eciin U T-koMImauvs co31aa XOPOIIo YIPaBIISIEMY 10
cpeny, B TOM YUCJI€ aBTOMAaTU3WPOBaHHbIC, HAAEKHbIE 1 BOCIIDOU3BOAUMBIE IIPOLIECCHI,
11e71€CO00PA3HO COXPAHUTS €€ U TIPOJIOJIKATH COBEPIIIEHCTBOBATH. [[PyTvMu cioBaMu,
COBPEMEHHas Cpefla — 9TO HE CTOJBKO 00JIauHble TIAT(HOPMBI, CKOJBKO TPOIIECCHI,
KOMAaH/IHBII MEHTAJIUTET U pa3yMHO€e IIPUMEHEHNe TeXHOJIOTHIL.

O6naynbie HpuaoKenus. Kpome nnrepeca k 06J1a4HbIM TEXHOJIOTHSIM, CYLIIECTBY -
€T TaKXKe UHTEPEC K 00IAUHBIM NPULONCEHUSAM — TIPUIIOKEHUSM, KOTOPBIE HE TOJBKO
COOTBETCTBYIOT KOHIIEIIIUU 12 (baKTOpOB, HO U ITPOYHO CBsA3aHBI C O6JIa‘-IHbIMI/I iatT-
dopmamu. Obnaunsie u 12-(aKTOpHbIE IPUIOKEHNS HE ABIAIOTCA CUHOHMMAaMU,
CKopee, 06 1auHbIe IPUIOKEHM S, KPOME IIPOYETO, ABJIAIOTCS Takxke 12-hakTopHbIMM.

O6nauHble TPUIOKEHNS TIPEAHA3HAYEHBI 1151 PaboThl B 061auHbIX cpenax PaaS
CO BCEMH HX IPEHMYIIECTBAMH U 3ajla4aMH, BKIOYaA KOHTeﬁHeprIe TEXHOJIOTNN
1 TbKy0 MacuTabupyeMocts. OHM OCTPOEHBI KAK COBPEMEHHBIE MACIITAOUPy€eMbIe
u yCTOﬁ‘-IPIBbIe TIPUJIOKEHUA 663 COXPaHEHUA COCTOAHUA, YIIPABIAEMbIE COBDEMEHHBIMH
cpezsiamu yripasJietvst. HecMOTps Ha TO YTO 9TH IPUJIOKEHHS Ha3bIBAIOTCS 00JAYHBIMY,
OHU HE BCET/IA TOCTPOEHBI KAK MMPOEKTHI, PA3BEPTHIBAEMBIE C HYJIS U MOEPKUBAIOIIITE
TEXHOJIOTUIO O6JIa‘-IHbIX BBIYUCJIEHUI 10 YMO/I4aHHUIO.

BaskapiMM MOKa3aTeasIMu 006Ia4HbIX MPUIOKEHWH, TOMUMO 12 (hakTOpOB, ABIs-
I0TCA MOHHUTOPHHI U HCIIPABHOCTb HpPIJIO}KeHPIfI, KOTOpbIE B 11€JIOM MOXHO Ha3BaTh
tenemerpueil. TeseMeTpust i1 KOPIIOPATUBHBIX TPUIOKEHUN BKIIOUAET B ceOst
OBICTPOE pearnpoBaHe, MOHUTOPUHT, CIENU(PUYECKYIO MHGOPMALIUIO O IPEIMETHOR
obsacty, MPoBepPKy paboTOCIOCOOHOCTH 1 OTIAAKY. Kak Mbl yKe 3HaeM, yIpaBieHue
KOHTENHEPaMU pelaeT Kak MUHUMYM JIBE€ IOCEHUE 3a/Ia4kl — TIPOBEPKY paboToCTIo-
COGHOCTH ¥ OTJIafIKy. Bo BpeMsi paboThI IPUIOKEHUN TIPOBEPSAETCS, AEHCTBYIOT I
OHU U IIPAaBUJIBHO JIA pa6OTaIOT. OT]IaI[I/ITb " YCTPAHUTDb HEIO/JaAKKU MOXHO IIYTEM
OIIEHKH MTOTOKOB COOBITHIA Ky PHAJIA, TOAKIIOUYEHUS K pabOTAOIM KOHTEHHEPaM UTU
HPOTEKAIIUM IIPOIECCAM.

MOHUTOPHUHT IIPUIOKEHUH JOJKEH BBIITOIHATH PadOTaOIIUi KOHTEHHED. ITO Tpe-
OyeTr HeMHOro 0OJbllle YCUINH OT Pa3pabOTYMKOB MPOrPAMMHOIO 00€eCIedeHus.
[Ipesxae Bcero GU3HEC-IKCIEPTHI OJKHBI OMPEETUTh TIOKA3aTeN M, XaPAKTEPHBIE
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17151 JaHHOM peMeTHOM 061acTi. VIMEHHO 9TH IIOKa3aTe I, BAYKHbIE 1151 OU3HEeC-TI0/ -
pasnenenuii, 6yzer oroOpaxkats npuioxkerue. Taksxe 115 pabOTaIOMIEr0 IPUIOKEHUS
coOMpAIOT TeXHUYECKUE TTOKazaTe . [loApoOHee 0 MOHUTOPUHTE B COBPEMEHHBIX
cpenax yuTaiiTe B ri1aBe 9.

B paccmotpennsbie 12 daxtopos He BxoasT API u 6e30macHOCTb, KOTOPbIE TAKKE
UMeIoT GOJIbIIoE 3HAYEHHE. SaaS-TIPUIOKEHHS B3aUMOIEHCTBYIOT Yepe3 OTKPhIThIE
API, koTOpbIE TOKHBI GBITH U3BECTHBI IPYTUM TPYTIIAM MPOrPAMMUCTOB. XapaKTep
U CTPYKTYPa BeO-CEPBUCOB MOKHBI OBITh TOKYMEHTUPOBAHBL ¥ COTIACOBAHBI B TIPO-
Hecce paspaboTkn. D10 0coOeHHO BaxkHO, ecan API HTTP we peanuszyer Hypermedia.
[IpuI0KEeHUS TOJKHBL 3HATh XapaKTep ¥ CTPYKTYPy IepefaBaeMoi nHGOPMAaILuH,
B MjleaJie — KaK MOXKHO PaHbiIle B riporiecce pa3pabotku. Crofia TaksKe BXOAAT MPOBEPKa
TMMOAJMHHOCTU X aBTOPU3ALUA. PaBpa6OT‘-II/IKI/I l'IpI/IJIO}KeHI/Iﬁ JOJI’)KHBI 3HATh O MEXaHU3-
Max 6e30MacHOCTH, KOTOPbIE MM HEOOXOIMMO UCTIONb30BATh, IPEK/IE YEM MEPENABATh
naHHbIE APYTUM cyxk6am. B 1iesiom HexenaTebHo 03a60TUTHCS Bonpocamu Ge3omac-
HOCTH JIULIb TTocJie paspaboTku. [ToapoGHee 06 061a4HbIX CPeaX U MHTETPALMHU B HUX
npunoxenuii Java EE uutaiite B rase 10.

J1151 TOTO 4TOGBI TOCTPOUTH 060OUIAIONITY IO TEXHOIOTHIO /151 06IAYHBIX TIATHOPM,
HECKOJIBKO IIOCTaBIIMKOB IPOrpaMMHOro obecredenus copmuposanu Cloud Native
Computing Foundation — 0CHOBBI BBIYMCJIUTENBHBIX TEXHOJOTHH /151 OOJAYHBIX PIIIO-
skeruit. Ito yacth Linux Foundation, npeacrasiistionias co6oi 0CHOBY /7ist pa3paboTKu
O6JIa‘-IHbIX HpPIJIO}KeHI/Iﬁ C OTKPBITBIM MCXOAHBIM KOJOM. CIOI[a BXOJAT TEXHOJOIUM,
KOTOPbIE OPraHU3YIOT, YIIPABJISIOT, KOHTPOJIUPYIOT, OTCIEKUBAIOT U APYTUMHU CIIOCO-
6aMu TIOAEPKUBAIOT KOHTEHHEPHbIE MUKDOCEPBUCHL, PABOTAIOIINE B COBPEMEHHBIX
cpenax. Ha MoMmeHT HammmcaHus 3TON KHUTHA IIPpUMEPAMU TEXHOJIOTHYECKHUX IIPOEKTOB,
Bxoasimux B Cloud Native Computing Foundation, 6sim Kubernetes, Prometheus,
OpenTracing u containerd.

Pe3iome

OnepaTrBHBIE 33/1a4¥ TOJKHBI OITH ABTOMATU3UPOBaHbL. HacTpoiika cpesibl BbINOJIHE-
HUS TPUIOXKEHWH, BKIIOYASI MHCTAJUISIIIUY, TTAPAMETPbI CETU U KOH(UTYPAIIUIO, BCETIa
NOJIKHA 06ECTIEYMBATD O/IUH U TOT JKe Pe3y ibTat. KoHTelHepHbIe TEXHOJIOTHH, a TAKKE
“H(QPACTPYKTypa Kak KOJ HOAAEPKUBAIOT 3TOT IIPUHIIUII, OTIpe/esisisi, aBTOMATU3U-
PYysi ¥ paCTIPOCTPAHSSI UHCTAJIALUY M KOH(PUTYPALIUIO TPOrPAMMHOTO 00€CTIeYeH M.
Onu obecnednBarOT OBICTPBIA U BOCIIPOU3BOAMMBIN COCOO BOCCTAHOBJIEHUS TIPO-
TPaMMHOTO 00€ECTIEYEHYSI ¥ CUCTEM.

W HbpacTpyKTypa Kak KO/ IIPEA0CTABIISIET OMUCAHUS, OTIPEeSIoNIne TpeOyeMy o
UH(PACTPYKTYPY U BCE 3aBUCUMOCTH KAK YACTh KOJA IPUIOKEHMUS, X PAHAIILYIOCS B CH-
CTeMe KOHTPOJISI BEPCUI. DTOT IPUHIIUII COOTBETCTBYET uiesM aBrxkenns DevOps.
O06513aHHOCTD ONKCATH HE TOJIBKO MPUIOKEHUE, HO U €T0 CPEMy BBITIOTHEHNUS] BMECTE
CO BCEMU Tpe6OBaHI/IHMI/I, O6’beI[I/IHFIeT Pa3Hble KOMaHAbl KOMIIaHHH. Bce HHXXEHEPbL
JOJIKHBI OTBEYATD 32 KAYECTBO MPOTPAMMHOTO 00eCedeH s, TPEIHAZHAYEHHOTO /ISt
peanuzanuu OU3HEC-JTOTUKU.
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KonTelinepubie TexHomornu, tTakue kak Docker, mpefocTaBasior ¢hyHKIIMOHAT 1151
eIMHOOOPa3HbIX OIepaluii cOOPKH, yIIpaBAeHUs U IOCTaBKU KOHTEHHEPOB. MHOro-
ypoBHeBas ¢aitnoBas cucreMa Docker ¢ KOTMpOBaHMEM IIPU 3AIIUCH TI03BOJISAET MUHM-
MU3MPOBAThH BpeMst COOPKU U MyOAMKAIMY 32 CIET TOJBKO TOBTOPHOTO BBIMIOHEHUS
TOJIBKO TEX 3TAMOB, KOTOPbIE ObLIY N3MeHeHbI. [IPUI0KeHNUS ¢ HYJIEBOM 3aBUCUMOCTBIO
Java EE noourpsifor ucnosb3oBaHue KOHTEHHEPHOU TEXHOJIOTUY, OTAEJSIS JIOTUKY
MPUJIOXKEHUS OT €€ PeaTH3allNY, TaK YTO U3MEHSIOMIUICS YPOBEHD COMEPIKUT TOTIHKO
6usHec-KozI.

®DpeliMBOpKY yIpaBieHus] KOHTelHepamu, Takue Kak Kubernetes, ynpasasior
KOHTeHHEPAMU B T€UEHUE BCETO KM3HEHHOTO IIMKJIA, a TAK)Ke MapaMeTPaMU CeTU
Y BHelHel KoHburypaiueil. OHY HECYT OTBETCTBEHHOCTH 32 MOUCKOBBIE CEPBUCHI,
06€eCTeynBaI0T TOTOBHOCTh K 9KCILIyaTAlluK, K KOTOPOM OTHOCSITCSI Pa3BePThIBAHME
C HyJIEBBIM BPEMEHEM IIPOCTOSI, a TAKXKe YBeJIMYEHNEe U yMEHbIIIEHE KOJUYECTBA 9K-
3eMILISIPOB IPUJIOXKEHUs. YTIPaBieHNe KOHTeHepaMU TOAEPXKIBAET O PeesIeH s
UHOPACTPYKTYPHI KaK K02, B KOTOPBIX COAEPKUTCS KOH(MUTYPAIUS BCell CPe/Ibl BbI-
TIOJTHEH VST, HeOOXOAUMAs JIJIS TPUTIOKEHUSI.

Konnemnius 12-gaxTopHbix 1 061a4HbIX IPUIOKEHUI HAllPaB/ieHa Ha pa3paboTKy
COBPEMEHHBIX KOPIIOPATUBHBIX IIPUJIOKEHUN C MUHUMAJIbHBIMU 3aTPaTaMU BPEMEHU
Y yCUIUH, IPEIOTBPAIlEHKE SPO3UH MPOrPAMMHOTO 0GECTIEUEH S, 2 TAKIKE MOIIEPIKKY
HETNPEPHIBHOMN MOCTABKY 1 00/1a4HbIX T1aTHopM. /[ BeHaaaTU(haKTOPHAS KOHIIEIIIIUS
KacaeTcs IPOrPAaMMHBIX 3aBUCUMOCTEM, KOH(PUTYPAIMY, 3aBICUMBIX CEDBUCOB, CPE/IbI
BBITIOJTHEHUSI, KyPHATUPOBAHUS ¥ aIMUHUCTPUPOBAHUS. AHATOTUYHO KOHI[ETIIIVS
06JIaYHbIX TIPUIOKEHUM HATIPABJIEHA Ha CO3JaHue KOPIIOPATUBHOTO TIPOTPAMMHOTO
obecreyeHst, XOpoIo paboTaroIIero Ha 06JaYHBIX MIATHOPMAX, C TOAAEPKKON MO-
HUTOPUHTA, TIPUHIUIIOB YyCTONYMBOCTH, UCTIPABHOCTH U GesonacHocTu. [lockobKy
3TU MOIXO/IbI HE CBSI3aHBI C KOHKPETHOMN TEXHOJIOTHEH, OHU PEATU3YIOTCS B TOM YHCJIE
u ¢ ucnosib3oBanueM Java EE. M bl u3yyuiu npuduHsbl, 1o KOTOPBIM CJIEAYET MPUIEP-
JKUBAThCSI ITUX IPUHIUTIOB.

B cienytouieii riase Gyner mokasaHo, Kak CTPOUTH 3¢ heKTuBHbIe pabouune mpo-
11eCCHI Pa3pabOTKU MPUJIOKEHWIA, OCHOBAHHBIE HA KOHTEWHEPHBIX TEXHOJIOTHSIX.



Pabouune npouecchl
CO3aHNS NPUNOXEHUN

Yutas npeapAyLIyIo I[J1aBY, Bbl HABEPHAKA OCO3HAIU BCIO BAXKHOCTh OBICTPOTO U3-
MEeHEHUs JIJIsl KoMITaHui 1o paszpabotke I10. 1o Bausiet Ha UHPPACTPYKTYPY U CPELY
BBIIIOJHEHNS, 4 TAKXKe Ha COBMECTHYIO PaboTy KoMaH/ MHKeHepoB. [IprunHsI co3aa-
HUS COBPEMEHHBIX CPefl — CTPeMJIEHNE NOOUThCS MACIITAOUPyEMOCTH U TUOKOCTH,
MUHUMU3UPOBATH BPEMSI U YCUJTUSL.

Ho erne 6071ee BasKHBIMU, 4eM COOCTBEHHO MH(PPACTPYKTYPA, ABJSIOTCS TPOLIECCHE
paspabotku. Bech mporiece oT co3naHus UCXOHOTO KOJA 10 BBIYCKa paboTaioIero
IPUJIOKEHMS JOJKeH OBITh OIIMCAH Pa3yMHBIM U IPOAYKTUBHBIM criocoboM. U 3mech
1071 6BICTPBIM U3MEHEHNEM B OBICTPO MEHSIOLIEMCS MUPE IOAPA3yMEBAETCH, YTO DTU
MPOIIECCHI BBITIOIHSIOTCS aBTOMATUYECKU M HAJIESKHO, TI0 BO3MOYKHOCTY C MMHUMAJTb-
HBIM BMEIIATEIbCTBOM YEJIOBEKA.

B 31011 T71aBE MBI PACCMOTPUM CJIEAYIOLIUE TEMBI.

[IpruuHBI U HEOOXOAUMOCTD HEMPEPBIBHOM TIOCTABKU.

Y10 npencTasisior coboi IPOM3BOACTBEHHbIE KOHBEHEPHI.

Kak aBTOMaTH31pOBATH BCE ONIEPALIUY.

Kak rapaHTHpOBaTh U yJIy4YIINTh KAYECTBO MPOrPAMMHOTO 00€CTIeYeH .

0000OD

HeobxoanMas KynbTypa v MOfIEU pabOThI B KOMaH/IE.

Lilenn n obocHoBaHME NOCTPOEHMS MPOAYKTUBHbIX
paboumnx npoueccos

BeicTpoe n3MeHeHHe ¢ TOYKH 3PEHUST IPOLIECCOB Pa3paboTKU 03HAYAeT 0OecIeyeH e
OMepaTUBHON 0OPATHOM CBSA3M 3a CYET KOPOTKUX TIPOU3BOACTBEHHBIX HUKJIOB. [[st
TOTO 4TOOBI MOBBICUTH TIPOU3BOAUTENBHOCTD, IIPOTPAMMUCTEI, Pa3pabaThiBaOIUE
MIOBe/IeHYe IIPUJIOXKEHH S, OJIKHBI CBOeBDEMEHHO ITPOBEPSITh peaTi30BaHHble (PYHKIUN
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Y MCTIPABJISTH OIIMOKY. B TOM uricie pedyb MIeT v 0 BpeMeHH, 3aTPaunBaeMOM Ha COOPKY,
TECTUPOBAHKE U Pa3BEPTHIBAHKE TPOrPAMMHOTO 00ECTIEYEHUS.

Ki1i0ueBbIM yCI0BUEM TIOCTPOEHUS IPOAYKTUBHBIX PaOOUMX TIPOIIECCOB SBJISETCS
aBTOMaTU3aIMs. VIHXKEHEePhI-TPOrPAMMUCTHI JIOJKHBI TPATUTh KaK MOKHO GOJIbIIIe
BPEMeHM HA IPOEKTUPOBAHME, PEATU3AIIMIO U 00CYK/IeHe GU3HEC-IOTUKHU U KAK MOXKHO
MeHbllle — Ha pelileHre CKBO3HBIX U MOBTOPSIOMIKXCS 3a1a4. KoMITbIoTeph! npeHa-
3HAYEHBI [171sl OBICTPOTO U HAZEKHOTO PElIeHUs JeTePMUHUPOBAHHBIX U MPOCTHIX
3ama4. Ho HU ofiHA MalIMHA He CPABHUTCS C YETOBEKOM B TBOPYECKOM MBIIIJIEHUH,
YMEHUU TeHePUPOBATh UIEN BO BPEMsI MO3rOBOTO miTypMa. [loatoMmy mpocTsie mpo-
11€CCHI, TPEOYIONINE IPUHATUSA GOIBIIOTO KOJMYECTBA PEIIEHUH, JOJKHO BBIMOIHSIT
NporpaMMHOe obecrieyeHme.

TaxuM mporpaMMHBIM 06€CTIeYeHIEM SBJISIFOTCS TIPEK/IE BCETO CUCTEMBI COOPKU.
OHU MO3BOJISIIOT AaBTOMATU3UPOBATh KOMIIJISIIIUIO, Pa3pelieHe 3aBUCUMOCTEN
Y YIAaKOBKY IPOTPAMMHBIX IPOeKTOB. Ellle mupe 3Ta KOHIEMIUS UCIIOTIb3YETCS
B cepBepax HenpepblBHOU nHTerpanuu. OHU YIPABJSIIOT BCEM IPOLECCOM Pa3paboT-
KH, OT c60pKU apTehakTOB [0 aBTOMATHYECKOTO TECTUPOBAHUS U Pa3BEPTHIBAHUSI.
CepBepbl HENMPEPHIBHOW MHTETPAIMY SIBJSIOTCS UCTUHOM B MOCIEHEH MHCTAHIINN
TP MTOCTAaBKE MPOrpaMMHOT0 obecrieuerust. OHU MOCTOSTHHO UHTETPUPYIOT paboTy
BCEX MPOrPAMMUCTOB B €IMHOM I[EHTPE, TAPAHTUPYS], YTO MPOEKT B JIOOOH MOMEHT
TOTOB K IIOCTaBKe.

HemnpepriBHas MOCTaBKa — 9TO MPOIOKEHUE KOHIIENIUY HETTPEPBIBHOI NHTErPa-
1Y, BKJIIOYAOIIAst B ce0s1 aBTOMATUYECKYIO ITOCTaBKy cobpannoro I1O B 3asaHHble
CpelIbl BBIMIOJHEHHS TIOCTIEe Kask10i cO0pKu. [TOCKONbKY M3MEHEHUsT IPOrPAMMHOTO
obecrieyeHvis CJIeAyeT A0KHBIM 00PA30M [IPOBEPUTH, [PEK/IE YEM OHHU [IOCTYIISIT B 9KC-
IUTyaTaIuIo, CHAYAJIa IPUIOXKEHUSI PA3BEPTHIBAIOTCSI B TECTOBBIX U TPOMEXKY TOUHBIX
cpenax. Bce nelicTBus Mo pa3BepTHIBAHUIO AOJKHBL FAPAHTUPOBATH, YTO CPEAA MO -
TOTOBJIEHA, HACTPOEHA 1 PA3BEPHYTA TaK, KAK HY>KHO. ABTOMAaTU3UPOBAHHbIE U PYYHbIE
CKBO3HBIE TECTHI TAPAHTUPYIOT, YTO MPOrPaMMHOe obecrieueHne paGoTaeT Tak, KakK
oxkuganocsk. [lociaenyromniee pa3sepTbiBaHNe B Cpejie SKCILIyaTalluy BBIOTHSAETCS
B N01YA8MOMAMUYECKOM Pecume TIOCPEACTBOM PYyYHOTO 3allyCKa aBTOMAaTU4eCKOro
Pa3BePTHIBAHUSL.

Pa3znuna mexay HelnpepbIBHON IIOCTaBKOW U HENPEPHIBHBIM pa3BepTHIBAHNEM
3aKJII0YAETCsI B TOM, UTO HOCJIEHEe NIPEelyCMAaTPUBAET aBTOMAaTHYECKOE PAa3BePThI-
BaHUe KaX/0# IIOATBEPKAEHHON BEPCUU IPOTPAMMHOT0 00€eCTieYeH sl B CPelIe IKC-
IUIyaTaluy — Pa3yMeeTcsl, IPU YCJIOBHM, YTO BCE TPEOOBAHUS K KAYeCTBY yIOBIIE-
TBODEHBL.

Bce aTi IPUHIKUIIBL CBOAST K MUHUMYMY HEOOXOAMMOCTh BMEIIATEIbCTBA TPO-
TPaMMICTOB, COKPALIAIOT TPOU3BOACTBEHHBIN UK U MOBBIIIAIOT IIPOU3BOAUTEb-
HOCTb.

B upeane HenpepbiBHASI IOCTABKA MOAEPKUBAET HE TOJIBKO Pa3BEPThIBAHUE, HO
Y HajiexkHble OTKaThl. CylIecTBYIOT IIPUYMHBI, IO KOTOPBIM BEPCUU IIPOrPAMMHOTO
obecriedeHr st MHOT/IA IPUXOAUTCS OTKAThIBATH, HECMOTPSI Ha TO YTO OHU ObLIM 3apaHee
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IpOBepPeHbL. B Takoii cutyarm MosKHO 1100 IPOABUHYThCS BIIEPE], HAIPUMED IEpeii-
J151 Ha HOBYIO BEPCHIO, OTMEHSIONIYIO HeJIABHYME N3MEHEHMsI, TUOO0 BO3BPATUTHCS K T10-
cregHeMy pabouemMy COCTOSTHUIO.

Kak ormeuasniocs patee, c60pka IpOrpaMMHOTO 06€CTIEUEH IS TOJIKHA BBITOTHATHCS]
HaJIeXKHBIM crI0cO60M. Bee Bepcuu UCToib3yeMoii TEXHOIOTHHY, TAKKE KK 3aBUCUMO-
ctu cGOPKY U CePBEPDI IIPUTOKEHUI, TOJKHBI YKa3bIBaThCs ABHO. [loBTOpHAsA cOOpKa
MPUIOXKEHUH Y KOHTEHEPOB BCET/IA IOJDKHA IaBaTh OJITHAKOBBIE PE3YJIbTAThL JTAIIbI
MPOIIECCOB Pa3pabOTKU TAKIKeE JOJKHBI IPUBOAUTH K OJHOMY U TOMY K€ Pe3yJIbTaTy.
Kpaiitne BaxxHO, 4TOOBI AJIs1 HKCILIYATAIIMU PA3BEPTHIBAICSA UMEHHO TOT apTedakT
MPUIOXKEHMST, KOTOPBIN ObLI MIEPE TUM TIPOBEPEH B TECTOBBIX cpeziax. [lajee B aTOR
IJIaBe MBI PACCMOTPHM, KaK II0JIy4aTh BOCIIPOM3BOMMbIE, IOBTOPSIEMbIE 1 HE3aBUCH-
Mble COOPKHL.

Jlnist obecniedeHrst HaIEXKHOCTH JKeJIATeNbHO UCIOIb30BATh aBTOMATU3NPOBAHHbIE
npoiiecchl. B uacTHOCTH, pa3BepThIBAHKE C TIOMOIIBIO IPOrPaMMHOTO 0becriederus, 6e3
BMeEIIATEIbCTBA YEJOBEKA TOPa3Io MeHee oABEpKeHo omubkam. Bee Heobxoaumbie
3Talbl NIPoliecca YeTKO ONpeJesieHbl M HeSIBHO MPOBEPSIIOTCS IPU KKIOM BBIIOJI-
HeHun. TakuM 06pa3oM, aBTOMATU3UPOBAHHBIE TIPOLIECCH] B KOHEYHOM CYETE TOPaso
HaZie’kHee, YeM BBINIOJTHSIEMble BDYYHYIO.

[TpoBepka u TecTupoBaHMEe — Ba’KHBIE YCJIOBHUS HENPepbIBHOU noctaBku. Kak
MOKa3bIBAET OTIBIT, MOAABJIAIONIEe GONBIIMHCTBO MPOTPAMMHBIX TECTOB MOTYT OBITH
aBTOMATUYECKUMU. B cienyroieii riaBe Mbl moapo6HO paccMOTpuM aTy Temy. Kaue-
CTBO MPOTPAMMHOTO MPOEKTa 0OECTIEUNBAETCS HE TOJIBKO TECTUPOBAHUEM, HO U T10-
CTOSTHHBIM KOHTPOJIEM.

PaGoune mpolecchl HEMPEPHIBHOM MOCTABKU BKJOYAIOT B ceOs BCe ITAMBI, He-
obxoxumble 151 3G EKTUBHON U aBTOMATU3MPOBAHHOM COOPKH, TECTUPOBAHUS, I10-
CTaBKH U Pa3BePThIBAHUS MPOTPAMMHOTO obecrieuenusi. V3 3TOi T71aBbI BbI y3HAETE,
KaK CTPOUTH 3(heKTUBHBIE PAbOYKE MTPOIECCHL

Peanunsauusa npoleccoB
pa3paboTku

Hpoueccm HereprBHOﬁ IIOCTAaBKU COCTOAT U3 HECKOJIBKUX 3TAIlOB, OAHU BBIIIOJI-
HSIIOTCSI TIOCJIEZIOBATENBHO, A APYTHe — MapajuiebHO. Bee aTambl ABASIOTCS 4acThIO
equHOro mpoiecca coopku. OHa 3amyckaercs 06bIYHO mocie (GUKCAINN U3MEHEHNH
WJIH, TOYHEE, TI0CJIe 3aMMCU U3MEHEHUIT KOJIa B CHUCTEMY KOHTPOJIST BEPCHIL.

[anee 6yyT pacCMOTPEHBI COCTABIAIOINE POIIECCA HETPEPHIBHOM MOCTABKU. ITO
0011Me 9TAIBI, HE 3aBUCSIINE OT TPUMEHSIEMON TEXHOIOTHN.

Ha puc. 6.1 ynpolieHHO 0Ka3aHbl OCHOBHBIE 9JIEMEHTHI KOHBelepa HeMPePhIBHOIM
MOCTABKHU. DTAIlbl PEATU3YIOTCS HA CEPBEPe HENPEPhIBHON MHTETPALIUU C HCIIOJIb30-
BaHUEM BHEIIHUX PEMO3UTOPHUEB, TAKUX KAK CUCTEMA KOHTPOJIS Bepcuii, apTedakT
Y KOHTeHePHbIE PETIO3UTOPUH.



Cuctema
KOHTpONS
BEpcuin

Penosutopun
apTedakToB

Peanusauus npoueccos pa3paboTku
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Puc. 6.1

Bcé noa KOHTponeM Bepcuii

[TporpaMMuCTBI MOATBEPKAAIOT: HCXOAHBIN KO JOJIKEH XPAHUTHCS B CUCTEME KOH-
Tpous Bepcuit. Ceityac 6OJIBIIOHA MONMYISAPHOCTHIO MOJIb3YIOTCS TAKUE COBPEMEHHbIE
MHCTPYMEHTBHI, KaK paclpe/esieHHble CUCTEMBI KOHTPOJISI Bepcuit Tuna Git. OgHaxo,
KaK yKe OTMeYajioCh, TOMUMO UCXOHOTO KO/Ia IPUIOXKEHMS], ECTh ellle 0OBEKTHI, U3-
MeHeHMe KOTOPBIX Ha/I0 OTCJIEKUBATh.

[prynHa UCIOIB30BaHUA UH(PPACTPYKTYPHI KAK KOJIA 3aKTI0YAETCS B TOM, YTOOBI
COXPaHUTH Bce apTedakThl, HEOOXOAUMBbIE JJis1 TOCTABKY MPUIOKEHUS], B €IMHOM
nenTpe. Bce u3mMeHeHus1, BHeCeHHbIE B IPUJIOXKeHYe, KOH(DUTYPALUIO U CPeLy, IIpes-
CTaBJISAIOTCSA B BUZE KOZla ¥ IPOBePsIIOTCs B peno3utopun. HbpacTpykTypa Kak Koa
MO3BOJISIET TIOBBICUTH BOCIIPOM3BOAMMOCTD M aBToMaTu3auuo. [Ipu passutuu atoro
MOX0/Ia KOHBEMEPhI HEMPEPHIBHOM TOCTABKY Takxke OyayT onpeneensb kak ko, Cam
noaxoz 6yzer paccMoTper B pasnene «Konseliep kak Koa» Ha MpUMepe MUPOKO UC-
0JIb3yEMOTO cepBepa Jenkins.

Kak roBopuioch B IpebIAyIIeli r1aBe, [IaBHBIM NPUHIKUIOM 12-hakTopHbIX nIpu-
JIO)KEHUH SIBIIAETCS XpaHeHue BeeX (PaiiioB u apTepakToB, HEOOXOMMMBIX /7t COOPKU
Y 3aIlyCKa MPUJIOXKEHUS], B OAHOM XPaHUJIUIIE.

ITepBpiM mIaroM KoHBeliepa HENPEPHIBHON MOCTaBKY SBJSETCS IPOBEPKa OIpe-
JeJeHHON (puKcauny U3MEHEeHUU B CUCTeMe KOHTPOJISI Bepcuil. KoMaHAbI, UCTIONb-
3yIolMe pacipe/eseHHble CUCTEMBI KOHTPOJISI BEPCUH, IOJIKHBI CHHXPOHU3KUPOBATh
JKeJlaeMOoe COCTOSIHIE C IIEHTPAIbHBIM XpaHuuiieM. CepBep HENPEPbIBHOM HHTETrPa-
IIUY MPUHUMAET COCTOSTHUE JJAHHOU (DUKCALIVU U3BMEHEHW A, 3aTEM HAUUHAET IIPOIECC
cOopKu.

[TprurHO# UCTIOIB30BaHMS KOHKPETHOU (DUKCAIlNY N3MeHEeHHH, a He IPOCTO TI0-
CJIEJTHETO COCTOSIHYSL, SIBJISIETCSI TAPAHTHSI BOCTIPOM3BoAMMOCTH. Eciii c60pka ocHOBaHa
Ha KOHKPETHOH (pUKCALU U3MEHEHMIA, TO IIOBTOPHAs cOOPKa TOH Ke BEpCUU BCETA
OyaeT MPUBOAUTH K OJHOMY M TOMY K€ Pe3y/IbTaTy. ITO BO3MOXKHO TOJBKO B TOM
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ciydae, ecau c6OpKa OCHOBAaHA Ha OTPE/eeHHOM (PUKCAIIMU COCTOSIHUS B CUCTEME
KOHTPOJIst Bepcuit. OQnepaiiusi 3aucy B CUCTEMY KOHTPOJISI BEPCHUil 0OBIYHO 3aITyCKAeT
c60OPKy Ha OCHOBAHMM COOTBETCTBYIOLIEN BEPCUY (DUKCAIVH.

[Ipu yTeHUU PENO3UTOPUS MPENOCTABIISIOTCS BCe UCTOUHUKY U (aitnpl. Creny-
OLIMM IIArOM SIBJISIETCS COOPKa apTepakToB MPOrPaAMMHOTO 00ECTIeYeH S,

C6opka ABOMYHBIX (hainos

Kax roBopusiocs BriiaBe 1, k 1BOMYHBIM (haiiyiaM OTHOCSITCSI BCe UCIIOHsIeMbIe apTedak-
TbI, KOTOPBIE 3aIlyCKAIOT KOPIOPAaTUBHOE IPIJIoKeHNe. Perno3utopuil mpoekTa coaepsKuT
TOJIbKO MICXO/IHBIH KOJI,  TAK3Ke (haiisibl U apTedaKThl, HeOOXOAUMBIE /711 UHPPACTPYK-
Typbl. BunapHbie (aiinbl coGUpPAIOTCst Ha CepBEPE HEMPEPHIBHOM MHTET PAIIKH.

JlauHbI# 3TAN KOHBENepa OTBEYAET 32 HAZIEXKHYIO COOPKY HTUX IBOMYHBIX (DAIoB
u obecriedeHre uX A0CTYIHOCTH.

ApTedakTbl Java

B Java EE ocHoBHOI1 1BOMYHBIN (paiiy — 9TO ymakOBaHHOE KOPHOPATUBHOE MIPUJIO-
JKEHUe B BUJIE aDXMBA. B COOTBETCTBUY C IPUHIIUIIOM CO3/IaHUs IPUIOKEHUI C HyJIe-
BOM 3aBMCHMOCTBIO IPOEKT COOMPAETCS U YIIAKOBBIBAETCSI B «TOHKHUiT> W AR-aii,
coziepKammii TOJbKO OU3HEC-TOTUKY TpuaokeHust. Onepanusi COOPKU BKIIOYAET
B cels paspelnenue TpeOyeMbIX 3aBUCUMOCTEN, KOMITMJIALMIO MCXOJHBIX KOLOB Java
Y YIAKOBKY ABOUYHBIX KJIACCOB U APYTUX ¢aitnoB B apxuB. WAR-paiinel sBasioTcs
MEPBBIM CO3/1aBAEMBIM apTe(aKTOM B KOHBeNepe COOPKH.

ApredaxTsl TPUIOKEHUSA COOUPAIOT C MCTIOIb30BAHUEM TAKUX CUCTEM COOPKH,
kak Maven unu Gradle, KoTopble yCTaHABINBAIOTCA Ha CEPBEPE HENPEPHIBHON WH-
terpauun. O6p19HO cOOPKa MPOEKTa BKIIOYaeT B ceOs 6a30BbIE TECTHl HA YPOBHE
koza. [Togo6HbIe TECTHI, KOTOPHIM He TPEOYETCS UCTIOAb30BAHUE CPEABI BBITOTHEHUS
KOHTelHepa, MO3BOJISIOT IPOBEPUTH MOBEEHNE KIACCOB U KOMIIOHEHTOB HAa PAHHUX
aTanax koHseitepa. [IpuHIINT HeNIpepBIBHOMN ITOCTaBKY MOPa3yMeBaeT, UTO B CIy4ae
BO3HUKHOBEHUS OMMOOK HYKHO KaK MOYKHO PaHbIlle OTMEHUTH U TIPEPBaTh COOPKY,
4TOOBI MAKCUMATBHO COKPATUTH TIPOM3BOACTBEHHBIN UKL

[Ipu HEOOXOAUMOCTH CUCTEMBI COOPKHU MOTYT IyGIMKOBATh apTe(aKThl B PENO3HU-
topuu apredakToB. Penosutopuu apredakToB, Takue Kak Sonatype Nexus niv JFrog
Artifactory, MO3BOJISIIOT XPaHUTh COOPaHHbBIE BEPCUY apTedaKTa sl MOCAEAYOIEro
ucnosbp3oBanusa. Ho eciu mpuioxeHue mocTaBisieTcss B KOHTelHepax Linux, To ap-
TeakT He 0653aTETBHO Pa3BEPTHIBATH B PEIIO3UTOPUU.

Kaxk 6b110 MOKa3aHO B IJaBe 2, IPOEKT Java coOupaercsa B Maven ¢ IOMOIIbIO
KOMaH b1 mvn package. Ha aTare ynakoBKu coGUpaIOTCs BCe UCXOHBIE KOBI TIPOAYKTA
Java, koMmIupyIoTcst U 32y CKat0TCS MCXOAHBIE KO/l TECTOB U IIPUIOXKEHUE YIIAKOBBI-
BaeTcs B 1aHHOM ciyuae B WAR-daiin. CepBep HelrpepbIBHOM MHTETPAINY BBIOIHSIET
aHAJIOTMYHYIO KOMaHAy cOOpKU 1 cobupaeT apredakT B JJOKAIbHOM KaTajiore paboyei
o6sacti. ITOT apTedhakT MOKHO PasBEPHYTh B PEMIO3UTOPUM apTe(aKkToB, HATPUMED,
C TOMOIIBI0 KOMaH/bI mvn deploy, YTOGBI UCHIONB30BATh €r0 Ha CIEAYIONIMX JTAIaX.
Vu 2ke ero MOJKHO B3SITh HETIOCPEJCTBEHHO U3 KaTayora paboyeii 06acTu.
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Bepcuu aptedakTos

Kak yse oTMeuanocs, CucTeMbl COOPKH JIOKHBI 0OECHEYNBATH HAIEKHOCTh HPHU CO3-
nauny apredaxtos. s 9Toro Kaxabiii apredakT Java 101KeH coOMPaThCsa U apXUBH-
POBaThCS TOJ] CBOEI BEPCHUEM, 10 KOTOPOU €ro HO3XK€e MOXHO UIeHTU(UIMPOBATD.
I[Ipu TecTUPOBAHUU HPOTPAMMHOTO 0GECTIEYEH NS TIPOBEPSIOTCS KOHKPETHBIE BEPCHH
KOPHOPATUBHBIX MpuokeHuil. Ha mocienyonmx sTaHax COOPKY 3T BEPCUU HYKHO
yKa3bIBaTh MPH pa3BepThiBaHnK. HeoOXoanMa BO3MOKHOCTh UAECHTUDUIUPOBATE
pasnyHble Bepcun apTedakTa U CChLIATHCSA HA HUX. JTO KACAETCS BCEX ABOUYHBIX
(aiinos.

OpuH u3 npuHIUNOB 12-(haKTOPHBIX MPUIOKEHHI TPeOYyeT IBHOTO OObABIEHWUS
3aBHCHUMOCTEIA, B TOM YUCJIE CII0JIb3yeMbIX Bepcuil. Kak ysxe oTMeuanocs, aTo crpa-
BEJJIMBO U [/ COOPKU KOHTeliHepoB. YKa3aHHbie 6a30Bbie 06passl Docker, a Takxe
YCTaHOBJIEHHOE [TPOrPAMMHOE 0becTieueH e TOKHBI IBHO M OJTHO3HAYHO UAEHTU(DH-
LPOBATHCS 10 UX BEPCHUSIM.

O1HAKO IOBOJIBHO YACTO YKA3BIBAIOT COOPKH Java Kak BEPCUU CHUMKOE COCTMOSHUA,
Hanpumep @.1-SNAPSHOT. CHUMOK COCTOSIHUS, B OTJIMYKE OT pabodeil Bepcuu, Tpes-
cTaBseT coOOM COCTOAHME TIPOTPAMMHOTO 00€ECTIEYEHNS B MIPOIIECCe Pa3pabOTKU.
ITpu paspemieHnr 3aBUCUMOCTEH, €CJIU CYIIECTBYeT HECKOJIbKO BepCUil CHUMKA CO-
CTOSIHUSI, BCET/IA IEIAETCsI TIOHBITKA BKJIFOYU T TIOCTEAHUN U3 HUX, Kak B Docker, HO
MeTke latest. PaGounii Hporiecc Ha OCHOBE CHMKOB COCTOSIHUS 3AKJTI0YAETCA B TOM,
4TOOBI BLIHYCTUTh BEPCHIO CHUMKA COCTOSIHUS KAK BEPCHUIO C YHUKATBHBIM HOMEPOM,
KaK TOJIbKO €€ YPOBEHb Pa3BUTHUS OyIET JOCTATOUHBIM.

OaHaKo co3qanue BePCUil 3 CHUMKOB COCTOSTHUS IPOTUBOPEYUT Hlee HEHPEPHIB-
HOU HOCTaBKY. B KOHBeliepax HEPePbIBHOM MOCTABKY KaXK/1ast (DUKCALMS COCTOSTHUS
SIBJISIETCSI HOTEHIIMAIBHBIM KaHAWIATOM HA Pa3BEPTHIBAHUE B CPe/le SKCILIYaTaIlVH.
Bepcuu cHUMKOB COCTOSIHMSI, Pa3yMEETCsl, He IPeAHA3HAUYEHBI [IJIS1 TAKOTO Pa3BEPThI-
BaHUsA. JTO O3HAYAET, UTO B X0/€ paboyero mporecca Hago GyAeT 3aMEHATh CHUMOK
COCTOsIHYS Ha PabOUYI0 BEPCHIO, HOCJIE TOTO KaK BEPCHSI IIPOTPAMMHOTO 00OeCTieueH st
HpoiigeT HeoOxoauMblie HpoBepKu. OHAKO HPEIHOJIATaeTCs, YTO ocyie cOOpKH Java-
apTedaxTsl He JOJIKHBI U3MeHAThCS. Ecii apTedakT npoes IpoBepKy, TO IMEHHO OH
U IOJDKEH UCHOJIb30BATHC [71sI pa3BepThiBaHus. [l09TOMy BepCHY CHIMKOB COCTOSTHUS
He [TOJXOAAT 151 KOHBeliepoB HelIPePBIBHOM ITOCTaBKU.

B cooTBeTCTBUY C TIOHYISIPHBIM IPUHIIUTIOM CEMAHMUUECKO20 YNPABACHUSL BEPCUSIMU
pa3paboTYnKaM HPUJIOKEHNH HeOOXOAUMO HO3a00TUTHCS 06 0OPaTHOM COBMECTUMOCTH
Bepcuii. IIpy ceMaHTUYECKOM YHPABJEHUM BEPCUAME TPOTPAMMHOMY OOECHEUEHUIO
HPHMCBaWBAIOTCA Takue HoMepa Bepcwid, kak 1.1.0, 1.0.0-beta wau 1.0.1+b102. Bep-
CHISIM, MMEIOIIUM MPABO Ha HETPEPHIBHYIO MOCTABKY, YAOOHO HPUCBAMBATH HOMEPA
C YHUKAJIbHBIMU MeTafanHbiMu cOopku, Haupumep 1.0.1+b102, rne 1 — ocrnosmnoi
HoMep BepcuH, 0 — s8cnomozamenvhbiii, cnepyomas 1 — HOMep BEPCUU UCIPABIEHUS
u 102 — Homep c6opru. To, 4TO CTOUT HOCJIE 3HAKA <ILIIOC», — HTO HEOOSI3aTeNbHbIE
MeTaaHHbie cOOpKU. [laxke eCoiv CEMaHTUYECKAs! BEPCUST HE MEHSIACHh HA HDOTSKEHUU
HECKOMBKUX COOPOK, CO3/1aBaeMbie apTe(aKThl MO-HPEKHEMY MOXKHO UIEHTU(DUIIAPO-
BaTh. ApTedaKThl MOKHO OHYOJIMKOBATH B PEMO3UTOPUM apTE(DAKTOB U BIIOCJIEACTBUU
HOJIYYMTb OTTY/Ia [I0 HOMEPaM BEPCHIL.
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Takoli HpUHLINII yTIPaBJIeHNS BEPCUSIMU PACCUUTAH HA IIPOEKThI KOPIIOPATUBHBIX
MIPUJIOKEHU, a He Ha TPOAYKTHL. /(711 IPOAYKTOB, MMEIOIIUX HECKOJIBKO IOCTABJIS-
€MBIX U TIOJIEPKUBAEMBIX BEPCHUil OIHOBPEMEHHO, TPeOYIOTCs GoJiee CI0KHbBIE HPO-
LIECCHI YIIPABIEHUS BEPCUSIMU.

Ha MoMeHT HamycaHMst 9TOM KHUTH elle He ObLI0 (haKTHYECKOTo CTaHAapTa s
yrpaBjeHus BepcusiMu. OfHU KOMHAHWY TIPUAEPXKUBAIOTCS HPUHIIUIIA CEMAHTHYE-
CKOTO YIIPABJIEHUsT BEPCUSIMU, TOT/IA KAK [PYTUE UCIIOAb3YIOT TOJIBKO HOMepa COOPKU
cepBepa HeHPePBhIBHOW MHTErPallii I XeUIMPOBaHHbIe HOMepa 3apKCHPOBAHHbIX
coctosiHui. Bce 5T BApUAHTHI MOKHO MCIIOJIB30BATh, €CJY HE TIEPECTPanBaTh 0Opa3
KOHTeliHepa I He PaclpoCTPaHsITh HPUJIOKEHNUE IBAKABI 110 OJHOMU U TOM JKe MEeTKe.
Kasxas c6opka 10KHa 1aBaTh OTAETbHYIO BEPCHIO 06pa3a KOHTelHepa.

Cbopka KOHTeNHepoB

OO6pasbl KOHTEHHEPOB — 3TO TOXKE ABOMYHbBIE (haliyibl, TOCKOJbKY OHU COJEPIKAT
paboTaloliee HpUIOKEHNUE, B TOM YKCJIE CPE/Y BIIIOIHEHNS 1 JBONYHbBIE (haiiibl ome-
paruonHoii cuctemsl. st Toro uto6sr cobupats 06pas3bl KOHTEHHEPOB, HEOOXOIMMBL
6a30Bbie 06Pa3bl U BCe apTeaKThl, KOTOPbIE N00ABIAIOTCS BO BpeMs cOopku. Ecin
UX ellle He CyLIeCTBYET B cpezie COOPKH, TO 6a3oBbie 0Opa3bl U3BIEKAIOTCS HESBHO.

Il xaxzaoro stana cbopky, onucanHoro B ¢aiine Docker, yposens oOpasa m0-
OaBiIseTCs MOBEPX HPEABIAYIIETO YPOBHA. [locieHMM — 110 MOPSAKY, HO HE IO
3HAYEHUI0 — B COOPKY 06pasa KoHTelHepa 106aBseTCs TIPUIOKEHNE, KOTOPOE OBLIO
cobpano panee. Kak y:ke ObLI0 MOKa3aHo, KOHTelHepbl HputoxkeHuii Java EE coctost
U3 YCTAHOBJIEHHOTO Y CKOH(UTYPUPOBAHHOTO CEPBEPA MPUJIOKEHUH, KOTOPBII aBTO-
MaTHU4Y€CKH PAa3BEPTHIBAET Be6'apXI/IB B Cp€/Zie BBIHOJTHCHMU .

CepBep HENPEPHIBHON MHTErPAIMK YHPABJISIET 9TOM cOOPKOI 00pasa KaK 4acThIO
KoHBeitepa. OMHUM U3 pelleHUH ABJSETCS YCTAHOBKA Cpelbl BiHOMHEHUA Docker
aHAJIOTMYHO cucTeMe cbopku Maven. 3ateM peanusyeTcs 9Tall KOHBelepa, Ha KOTO-
pom B karasore paboueii 061aCTH UCMIONB3YeTCsA KOMaHAa cO0pPKY 06pasa, IPUMEPHO
takast: docker build -t docker.example.com/hello-cloud:1. Hampumep, Hpu cGopke
obpasa Docker moxer B3satb WAR-daiin B katanore target Maven u 106aBUTh €ro
B KOHTEIHEP.

Cob6pantomy o6pa3y MpPUCBaWBAIOTCSA UMS U YHUKAJIbHAsA METKA, COJeprKalas
HOMeED COOPKM WU APYTYI0 YHUKaAbHYI0 nHdopmManuio. Vimena obpasos Docker
BKJIIOYAIOT B ceOsl peecTp, B KOTOPLIH 6yayT mobasiensl. Vinentudukatop obpasa,
TakoM kak docker.example.com/hello-cloud:1, 6ymeT HESABHO MEPEAABATHC C y3J1a
docker.example.com u Ha Hero. KonBeiiep Hepenaet o6pa3 B peectp Docker, kax npa-
BUJIO, OIIPeZIeJIsieMblil KOHKPETHOM KOMIIaHHe.

O6passt Docker MOTyT 6bITH IOBTOPHO CHAGKEHBI METKAMU KaK YaCTh KOHBEWePa,
€CJIM 3TO HPeLyCMaTpUBaeTcsi pabounM mporeccoM KoMmHanuu. Hanpumep, crienuains-
Has MeTKa latest MOJKET YKa3blBaTh Ha nOCAeOHION cobpanuyto Bepcuto. [Iia aToro
MOJKHO SIBHO [IEPEUMEHOBATh 00pa3, 4TOOBI 1Ba AEHTU(DHKATOPA YKA3BIBAIY HA OJIUH
1 TOT Xe 06pas. B oriimume ot Java-apxuBos o6passl Docker MOXHO IIOBTOpHO CHab-
JKaTh METKAMH, HEe MEHsISI MX COIEPKUMOTO. BTOPYI0 METKyY Takxke HY:KHO 100aBUTH
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B penosutopuil. OnHAKO, KAK Mbl YBU/IMM B IQJbHEHIIIEM B 9TOM I/1aBe, He 0053aTeb-
HO CCBLIATBCS Ha nocAeonue eepcuu 06pa3os, Takue Kak metka Docker latest. B cyu-
HOCTH, KaK U IIPU YHPABJICHUH BEPCUAMHU CO CHUMKAaMU COCTOAHUA, PEKOMEHAYETCA
u3berathb nociednux Bepcuii. Jlyuiie yKasbiBaTh sIBHO BCe BEPCUU apTedakTa — TaKk
OyeT MeHbIIIe BEPOSTHOCTD OMINGOK.

HexoTopbie MHKEHEPBI YTBEPKIAIOT, 4TO 3amycK Docker BHyTpH cepBepa HEHpe-
PBIBHOM MHTErPaluy — He Jydinas uzes, ecau caMm CI-cepsep paboTaer Kak KOHTEHHED
Docker. ITpu c6opke o6pasza Docker 3amyckarotcst BpeMeHHbie KOHTelHepbL. KoHeuHo,
MOJKHO JTUOO 3aTyCKaTh KOHTEWHEPHI B KOHTEHHEPE, TUG0 MOAKIIOYATH CPETY BHIHOJI-
HeHUs K pyroMy y3iy Docker, He OTKPbIBas BCIO IIAaTHOPMY U He PUCKYSI IOJTYYUTh
HPOO6IeMBI ¢ 6e30TMACHOCTBI0. OTHAKO HEKOTOPBIE KOMIIAHUH [TPETIOYUTAIOT COOUPATh
06pasbl 3a HpeJeJaMy cepBepa HerpepbiBHOM nHTerpanuu. Hanpumep, OpenShift —
cucrema PaaS, moctpoennas na ocHoe Kubernetes, obecrieunBaet pyHKIIMOHATBHOCTS,
KOTOpas BKJII0YAET B ce0s1 cepBep HENPEPHIBHON MHTETPALUH,  TAKXKe COOPKY 00pa3oB.
VTak, MOXHO yHPaBIATh COOPKON 06Pa30B € cepBepa HENPEPHIBHON MHTETPAIWH,
a cama cbopka Oyner ocyuiecTBasAThCaA Ha maaTgopme OpenShift, uto sBaseTcsa anb-
TepHaTUBOI c6opKe 00pa3oB KoHTeliHepoB HenocpeacTBeHHo Ha CI-cepsepe.

[apaHTnA KayecTBa

Co6opxka apredakToB Java cama 110 cebe yiKe JaeT HeKyIo 6a30ByI0 TapaHTHIO Ka4eCTBa.
IIpu c60pKe BBIHOTHAIOTCS TECTHI HA YPOBHE KO/A, HATPUMED MOAYJIbHbBIE TECTBL.
[TpaBUJIBHO HOCTPOEHHBIH KOHBENEP BKIIOUAET B CeOsl HECKOJIBKO TECTOBBIX MTOKA3a-
TeJIed M CIIEHAPUEB TECTUPOBAHUS, KAJK/ABI U3 KOTOPHIX UMEET U CUJIbHBIE U CIabbie
CTOpOHBI. BK/ItoUeHHBIE B TIPOIIECC COOPKYM MOZYIbHBIE TECTBI PabOTAIOT HA YPOBHE
KOJIa U MOTYT OBITh HPOBE/IEHBI 6€3 KaKON-100 OTIOTHUTENBHON paboyeil Cpesibl.
VIx 11e11 — HPOBEPUTH OBE/IEHIE OTAETBHBIX KJIACCOB U KOMIIOHEHTOB U [TPEJIOCTABUTh
ObICTPYIO0 06PATHYIO CBA3b B Cilydae c60eB TeCTMPOBaHUA. B cienyiouieil riase Mbl
YBUIUM, YTO MOJYJIbHbBIE TECTHI JIOJIKHBI BBIHOJHSITHCS CAMOCTOSTENBHO U OBICTPO.

Pe3yabTaThl TECTOB OOBIYHO 3AMUCHIBAIOTCS C CEPBEPA HEMPEPHIBHON HHTETPALIAH
¢ 1enbio obecriedeHrs TOCTYIHOCTH U MOHUTOPUHTA. CliesIaTh pe3yibTaT BHIHOJIHE-
HISI 9TANOB KOHBEHEPA BUMMBIM — BayKHAsI COCTABJISIIONIAs HEHPEPBIBHOM MOCTABKL.
CI-cepBep MOXKET OTCIEKUBATH KOJTMIECTBO MPOMIEHHBIX MOLYJIBHBIX TECTOB U HO-
Ka3bIBATh, YTO IIPOUCXOAUT C TEUEHHEM BPEMEHHU.

CyliecTBYOT PACUIMPEHUS CUCTEMBI COOPKH, KOTOPBIE OTCJIEKUBAIOT HOKPHITUE
Koaa TectaMu. IIOKpbITHE HOKA3bIBAET, KAKKE Y4aCTU 6a3bl KOAa OBLIM BHIHOJHEHBI
HPU HPOXOXKIEHNH TeCTOB. Boobiie roBops1, ueM GoJIblile TIOKPHITHE KO/, TEM JIy4-
mre. OHAKO BBICOKMH MPOIIEHT HOKPBITUS KOJA CaM Mo cebe HUYEero He TOBOPUT
0 KayeCTBE TECTOB U MOKPHITUHU TECTOBBIX yTBEPKAEH M. Pe3yibTaTsl TECTUPOBAHMS
B COYETAHHUM C TECTOBBIM MOKPBITUEM SIBJSIOTCS JIMIIb OJHUM U3 HECKOJBKHUX I1O-
Ka3aTeJseil KayecTBa.

Vcxoqusiii Kox caM 110 cebe MOKET JaTh MHOTO MH(GOPMALMK O KAa4ecTBe IIPOo-
rpaMMHOT0 obecriedeHus. Tak Ha3bIBAEMBbIH CIMAMUUeCKUtl AHAIU3 K00 HOLPA3yMeBaeT
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OHpEJIEJIEHHYIO TIPOBEPKY KA4€CTBA CTATUYECKUX (DaliIOB C MCXOAHBIM KOZIOM [IPOEKTA
6e3 ux BoinonHeHys. I1py TakoM aHaI3e cOOMPaIOT MHGOPMALIIO 00 OIIepaTopax Koza,
pasMepax KJIacCOB U METOJIOB, 3aBUCUMOCTSIX MEX/y KJIaCCaMU ¥ MaKeTaMH, CIOXK-
HOCTHU METOL0B. AHaIn3 CTaTUYECKOro KOZa HO3BOJISIET HaWTH BO3MOJKHBIE O].I.II/I6KI/I
B MCXOIHOM KO/I€, HAIPUMED BBISIBUTH PECYPCHI, HE 3aKPBIThIE OIKHBIM 0GPa3OM.

OI[HI/IM N3 CaMbIX U3BECTHbIX HHCTPYMEHTOB HPOBEPKH Ka4y€CTBa KOJa ABJIACTCA
SonarQube. OH HpenocTassieT UHGOPMALIUIO O KAYECTBE HPOTPAMMHBIX IIPOEKTOB, CO-
IIOCTaBJIAA PE3YJIbTAThI PA3/IMYHbIX METOOB aHAIN3a, TAKUX KaK CTAaTUYECKUI aHAIN3
Ko/a ¥ TOKpbITHeE TecTamu. O6berHeHHas HHPOPMAIKSI T03BOJSIET C(HOPMUPOBATH
MOKa3aTe/I Ka4€eCTBa, HOJIE3HBIE [/l MHIKEHEPOB-TIPOTPAMMUCTOB U Pa3pabOTYNKOB.
HaHpI/IMep, KaKne MeTOAbI CJIOKHbBI, HO B TO JK€ BpEM:A JOCTATOYHO HpOTeCTI/IpOBaHbI?
Kakue KOMIIOHEHTBI 1 KJIaCChl caMble GOJIBIINE TI0 Pa3Mepy M CJIOKHOCTHU U TI0ITOMY
SIBJITIOTCSI TIEPBBIMM KaHIWAATAMU HA PecTPyKTypusanuio? Kakie makeTsl UMeOT
IUKJIUYECKHE 3aBUCUMOCTHU U, BEDOATHO, COAEPIKAT KOMIIOHEHTbI, KOTOPbIE CJIEaYyET
o6benuunTh? Kak TectoBoe HOKpbITHE MEHsIETCsE CO BpeMeHeM? CKObKO HpeIyHPexk-
neHud 1 coobureHnit 06 omubKax BbIAT aHAIM3ATODP KOJA U KaK 3TO KOJUYECTBO
HU3MEHSIETCST CO BpEMEHEM ?

PeKOMeHI[yeTCH IpUAEPKUBATHCA HEKOTOPDIX 6&30BbIX IIPUHIIUIIOB, KaCaOIIUXCA
CTaTUYeCKOTo aHann3a koxa. OTaeIbHbIe HOKA3aTelU MPOCTO MO3BOJISAIOT COCTABUTD
NpUbIU3UTENBHOE HPEACTABIEHHE O KAYECTBE IIPOrPAMMHOT0 obectiedenust. TunmaHbLii
IpUMeEpP — TECTOBOE MOKPBITHE. BBICOKOE TECTOBOE TIOKPHITHE IIPOEKTA HE 00s3aTENb-
HO O3HAyYaeT, yTo AaHHoe I1O XOpPOoLIO MPOTECTUPOBAHO: OMIEPATOPI KOHTPOJIS MOTYT
0Ka3aThCs HEIeIecO0OPa3HbIMK UM X MOXKET ObITh HenocTaTouno. OHAKO Mpe-
CTaBJIEHHE O KaYeCTBE JIaeT aHAIN3 OPraHU3aLUK TECTOBOTO HOKPBITHSI — HAIIPUMEP,
N06ABIAIOTCS JIM TECTHI IPOTPAMMHOTO OOECHEYEHHUS /ISl HOBBIX M CYLIECTBYIOIIUX
(hyHKIH, a TAKXKE 1151 UCHPABJIEHUS ONTUOOK.

CyliecTBYIOT TaKkKe [OKa3aTeau, KOTOPBIX CIEAYEeT CTPOTO TPUIEPKUBATHC.
K HUM OTHOCATCSI, B YaCTHOCTH, TIPEAYTIPEKACHUS U COODIIEHNs 00 OmMOKax aHAU-
3aTopa Koza. OHY MHOTOE FOBOPAT MH)KEHEPAM O CTHJIE M HapyIEHUSIX Ka4eCTBa Koa
Y yKa3bIBAIOT Ha TPOBIEMBbI, KOTOPbIE HEOOXOANMO YCTPAHUTb.

[Ipesxie BCeTo, He OKHO ObITh TAKMX BEIEeH, KaK PeLyHPEKIeHUS KOMITUISALN
nv ananu3a. OHO U3 ABYX: MO0 cO0PKa YCIEIHO HPOXOAUT BCE IPOBEPKU KaueCcTBa
U NOAYuaem 3enenbii céem, MO0 Ka4eCTBO HEAOCTATOYHO /sl PA3BEPTHIBAHUS — KPAC-
Houti ceem. HUKaKMX KOMIIPOMUCCOB, TPETHETO He JaHO. Ppa3paboTuMKu MPOrpaMMHOTO
obecrieyeHst I0JIKHBI ICHO HOHMMATh, KaKue PpoOJEeMBI MOTYT U JJOJIKHBI OBITH pe-
IIIEeHBbI, a KAKHWE — HET. H03TOMy HPEAYHPEXKICHU A, YKAa3bIBAIONINE HA HE3HAUYNTEIbHDIC
npobIeMbl B HPOEKTE, CIeyeT pPacCMaTpuBaTh Kak omunbku. Eciiu ectb BecKue npu-
YWHBI UX YCTPAHUTD, TO HHKEHEDDI JOJIXHBI 3TO CAEIaTh, MHAYE C60pKa 3aBEPIIUTCA
Heygaueit. Eciu oOHapy KeHHbIE OIUNOKY WK IPEAYHPEKIEHUS IIPUBOIST K LONCHbIM
cpabamvieanusm, ux He CTaHyT YCTPAHATb — MPOIECC UX IPOMTHOPUpYET. B aTom
cinydae c6opka OyZeT BHIHOJHEHA YCIIEIIHO.

CiieicTBrEM HTOTO MPUHIMHA SABIAETCS NOIUMUKA HYLEB0T MOIEPAHMHOCTIU
K HpeaynpexaenusM. Eciu c60pKa u aHaIu3 IpoeKTa HOCTOSTHHO BBISIBJISIIOT MHOTO
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omKOOK U MPeAyNPERAECHUH, TyCTh U HEKPUTUIECKUX, — ITO MCTOUHUK BO3MOXK-
HbIX pobaeM. Hamuune B MpoeKTe HpeAyNIpekAeH i 1 coobuennii 06 ommubrax
HE JIaeT COCTaBUTh alEKBATHOE HPEICTABJIEHNE O €r0 KauecTBe. VIHKeHepPbI He MOTYT
C HEPBOTO B3IJIS/IA ONPEETUTh, IeHCTBUTENBHO JIU COTHU COOOUIEHNH SBIAIOTCS
Hpobemoit. Kpome Toro, MHOXKECTBO CO0OIIEHUT 0 TPOBIEMax 1eMOTUBUPYET MH-
JKEHEPOB — OHHU HEPECTAIOT NCHPABJIATH HETaBHO IMOABUBIINECA NIPEAYIIPEXACHUA.
[TpoBeseM napasiesb — HPEACTABUM JOM B Y/KACHOM COCTOSIHUM: CTEHBI Pa3pPyILIeHbI,
OKHa pa3buTbl. HUKTO HE OTOPYNTCS, €CJIM TPECHET CTEKJIO ellle B 0AHOM okHe. Ho
ecau OyzeT pa3bUTO OKHO B yXOKEHHOM ZIOME, 9TO MOOYAUT X03sIMHA HEMEIEHHO
HPUHATH Mepbl. To e camoe MOXKHO CKa3aTh U O MPOBEPKE Ka4eCTBa HPOTPAMM-
Horo obecrieuenusi. Eciin yKe eCTh COTHU TIPeayHPEXIEHNH, TO HUKTO HE CTaHeT
GeCHOKOMTBCS O HEOYeTax B MOCAeHEM 3a(pUKCUPOBAHHOM COCTOAHUU. [loaTOMy
KOJINYECTBO HAPYIIEHWI KaueCcTBa MPOEKTA IOJKHO OBITh PaBHBIM HYJI10. OunbOKu
B cOOpKax WM NPH aHAIW3€e KOJa AOJKHBI IPEPhIBaTh KOHBeHep cbopku. 3aTeM
HY’KHO 1160 MCIIPaBUTh KO HPOEKTa, 1160 CKOPPEKTUPOBATH KPUTEPUU KAUeCTBa,
4TOOBI yCTPAHUTH HPOOJIEMY.

VIHCTpyMEHTBI KOHTPOJII KadecTBa Koja, Takue kKak SonarQube, unrterpupyrorcst
B KOHBeWep Kak OTAeNbHBIN aTan cOopku. [IocKonbKy aHanu3 KayecTBa paboTaer
TOJIBKO Ha CTATMYECKOM BXOJIE, 3TY OTIEPAIMIO MOKHO JIETKO BBITIOJHSATD TAPAJLIETbHO
CO CJIEYIONMMU 9TaHaMHU KOHBeliepa. Eciin KoHTposib KauecTBa He OyIeT HpOU/IeH, TO
c6OpKa 3aBEPIIUTCS HEYAYHO ¥ HHXKEHEPAM HPUAETCS YCTPaHsATh IIPobJieMy, Ipesk/e
4eM HPOAOJIKUTH Pa3paboTKy. DTO BaKHbBIN aCIIEKT MHTErPAllUY KOHTPOJISI Ka4ecTBa
B KOHBeitep cOOpKH. AHAIN3 JIOJIKEH HE TOJBKO [aBaTh MPEACTABJIEHNE O KAYeCTBE
HPOEKTA, HO U aKTUBHO IIPENATCTBOBATH I[aJIbHeﬁ].[[HM I[eﬁCTBPIHM B CIy4ae, eciIu
Ka4yeCTBO HEYAOBIETBOPUTEBHOE.

Pa3BepTbiBaHMe

[Mocae cbopky ABOMYHBIX (DANIOB U MOCJE UM BO BPEMS TIPOBEPKY KA4eCTBA TIPO-
IPAaMMHOTO 0OECHEYEH sl TPOUCXOIUT PA3BEPTHIBAHIE KOPIIOPATUBHOTO MPUTOKEHM.
B 3aBucuMocTu 0T ycs10Buil IpoeKTa 7151 TECTUPOBAHU S, KaKk HPaBUJIO, ICHOIb3YIOTCS
HECKOJIBKO CpeJl, TAKUX KaK Cpelbl TECTUPOBAHUS, lepeHoca ¥, KOHEYHO XKe, IKC-
HayaTaiuy. Kak yxe 0TMeYasoch, OHU TOJIKHBL OBITH KAK MOKHO 60Jiee CXOKUMHL.
ITO 3HAYUTEIHHO YHPOIIAET HPOIIECC PAa3BEPTHIBAHUS MO YIPABIEHUEM CEPBEpA
HEHPEPBIBHON MHTETPAITHH.

ITporiecc pa3BepThIBAHUS IPUIOKEHMST OOBIYHO OepeT ABOMYHBIE (Dbl U3 TOJBKO
4TO COGPaHHON BEPCUU UM Pa3BEPTHIBAET UX B CPe/ie BBIHOMHEHMS. B 3aBrcrMocTy oT
MHQPaCTPYKTYPHI 3TO MOXET IIPOUCXOIUTH C HCIIOIb30BAaHNEM IIPOCTHIX CIIEHApHeEB
unu 6oJiee CIOKHBIX TeXHOMOTUH. OCHOBHOM MPUHIIMII BCET/IA OJMHAKOB: [BONYHbIE
(paiinel, a Takke KOHGUTYpaLUs [eTal0TCs JOCTYIIHBIMU B Cpelle BBIHOJHEHUS Ha-
JIEKHBIM aBTOMAaTUYECKUM CHOCO6oM. Ha 3TOM aTame peanusyoTcst TakKe TOATO-
TOBUTENBHBIE ONEPAIMH, KOTOPbIE, BO3MOKHO, HOTPEOYIOTCS /sl TIPUIOKEHUS UITH
Cpe/Ibl BBIIIOTHEHUSI.
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CoBpeMeHHbIE CPeIbl BBITIOJHEHNUs, TAKUE KaK (PPEeIMBOPKY YHPABIECHNS KOHTEH -
HepaMU, HOAJEPXKUBAIOT MH(PACTPYKTYPY Kak koa. Kondurypanus uabpacTpyKTyph
3anuchiBaeTcs B ¢ailiax, XpaHUTCS B PEIO3UTOPUY HPOEKTa U HDUMEHSIETCS KO BCEM
cpeziaM BO BpeMsi pa3BepThiBaHMs1. Bo3MOXKHbIE Pa3/Iiyus, HAIPUMED B COJEPKIMOM
KOH(uUrypanronHsix kKapT Kubernetes, Takxke coxpaHeHbl B PEHO3UTOPUY B BUJIE Pa3-
JINYHBIX [IPEACTaBIEHUI.

Vcnonb3zosanme [aC, a Takske KOHTENHEPOB 06eCriednBaeT HOMBIIYIO HANEKHOCTD,
yeM crieHapuy 000J1049KY COOGCTBEHHOM paszpaboTku. [IpuiokeHne Beeraa J0MKHO pas-
BOPAYMBATHCS UIEMHOTEHTHBIM CHOCOOOM HE3aBHCHUMO OT TOTO, B KAKOM COCTOSTHUU
HAXOAUTCS Cpefia BhinonHeHust. [[ocKoIbKy 06pa3 KOHTeHePa CONEPIKUT BECH CTEK, TO
pesyJIbTar Beerzia 6y/IeT TaKiM, Kak eciiv bl IPOrpaMMHOE 00ECTIEYeHE YCTAHABIMBAIOChH
¢ Hyss. HeobxoarmMast kKoHGUTypaLus OKpyKeHus Takxe Oepercs us daiinos laC.

HoBsle Bepcun 06pa3oB KOHTEHHEPOB MOTYT ObITH PA3BEPHYTHI PA3HBIMU CHOCO0A-
MU C IOMOIIbIO (ppeiiMBOPKOB ynpasienus. CyIIecTBYIOT ONpe/eieHHbIe KOMaH/IbI,
KOTOpbIE BHO yCTaHABAUBAOT 06pasbl Docker, ncnosb3yeMbie B pa3BepTHIBAHUSIX
Kubernetes. Ho 4To6b1 y10Ba€TBOPATH TPEGOBAHUAM HAIEKHOCTH U BOCHPOU3BO-
IVMOCTH, UMEET CMBICJ PEIAKTHPOBATH TOJBKO (haiiibl HHOPACTPYKTYPHI KaK KoJa
Y IPUMEHSITD UX B KJIacTepe. ITO rapaHTUPYET, 4TO (paiinbl KOHPUTYpauy OCTAIOTCS
€IMHCTBEHHBIM MCTOYHUKOM UCTUHBL. CepBep HENPEPBIBHON MHTETPAIIMU MOXKET
peIaKTUPOBaTh onpeneaeHns 06paszos B ¢ainax [aC u puKcHpoBaTh U3MEHEHNS
B peHosutopuu VCS.

Kak cienyer us npezbiayieit riasst, 06pasbl Docker yKa3bIBalOTCA B ONIPEIETEHUSIX
passepteiBanusa Kubernetes takum o6pasom:

# onucaHue passepTbiBaHWUA Kak B rnase 5

# ..
spec:
containers:
- name: hello-cloud
image: docker.example.com/hello-cloud:1
imagePullPolicy: IfNotPresent
livenessProbe:
# ..

A1 oHucaHust 06Pa30B OOHOBJIAIOTCS B HpoIecce PabOTHI cepBepa HETPEPHIBHOM
WHTErpaluu v IpuMeHsiores K kaactepy Kubernetes. CI-cepBep BBITIOIHAET KOMAH/IBL
Kubernetes uepes unrepdeiic komanaHO# cTpoku kubectl. ITO CTaHAAPTHBIN CHOCOD
KoMMyHuKanuu ¢ kiaacrepamu Kubernetes. ITo komanze kubectl apply -f <file> Hpu-
MeHsIeTCs cozlepskuMoe HH(MPaCTPYKTYPhl KaK Ko/la, Ipe/icTaBIeHHOe B Bue (daiina
WJIM KaTastora, xpausinero oupenenerus YAML umu JSON. Ha stane konBeiiepa BbI-
TOJIHSIETCS] KOMAH/Ia, aHAIOTHYHAs 3TOM, HpepocTas s daitnsl Kubernetes, kotopbie
ObLIM OOHOBJIEHBI B PEHO3UTOPUM HPOEKTA.

B cooTtBetcTBUU ¢ 3TUM MeETOOM B (haiiiax nHGPACTPYKTYPHI KaK KOAA CO/Eep-
JKATCST TEKYIlee COCTOSIHUE CPebl BBIMOTHEHMS, A TAK)KE M3MEHEHUsI, BHECEHHBIE
uHKeHepamu. Bce 0GHOBJIEHUS Pa3BEPTHIBAIOTCS HYTEM HCIIOIb30BAHUS B KJIACTEPE
cootBetcTByloIIei Bepcuu daitnos Kubernetes. Knacrep crpemutcst npuiiti K HOBOMyY
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JKEJIAeMOMY COCTOSTHUIO, COZIEPIKAIIEMY HOBYIO BEPCHIO 00Pa3a, U O3TOMY HPOBOAUT
HOcJIeioBaTebHOe 0OHOBIeHNe. Tloce 3amycka 9TOro OOHOBJIEHHUS CEPBEDP HEMpe-
PBIBHOI MHTETPAIMH IPOBEPSIET, YCHEIIHO JIU HPOILTO pa3BepThiBatue. [locie Toro
KaK KOMaH/Ibl Pa3BE€PThIBAHUA Kubernetes BbITIIOJIHEHBI, MOTYT HOCTYHHUTb KOMaH/bI,
HozmoOHbIe kubectl rollout status <deployment>, KOTOpbIE OXKMIAIOT, IIOKA 3aBEP-
IINUTCA Pa3BEPThIBAHWE — YAA4YHO UJIU HET.

ITa mpolleaypa BBIIOIHSAETCS BO BCeX cpenax. Pazymeercs, ecau onpeneneHust
[JIA OAHOI'O Pa3BEPThIBAHUA UCHOJIB3YIOTCA B HECKOJIBKUX CPEAaX, TO OIIMCaHUE METKU
obpasa Hy»HO OOHOBUTH TOJIBKO OIMH pas.

Bonee Harasaubiii mpuMep HPUBEAEH Ha puc. 6.2 — HpeJACTaBIeHA BO3MOXHasI
cTpyKTypa ¢daiiyioB koHpurypauuu Hpoekra Maven.

3 hello-cloud
v Dadeployment
© hello-cloud.yaml
> [Bmsrc
> [Pmtarget
[® Dockerfile
m pom.xml

Puc. 6.2

B ¢aiine hello-cloud.yaml COIepPKUTCSA HECKOJBKO OIPEEEHUN PECYPCOB
Kubernetes. /7151 atoro onpenenenns 06bektoB Y AML pasaensior cTpoKoii, cocTosen
u3 Tpex neducos (- - - ). B3ameHn MOXXHO cO31aTh OT/Ie/IbHbIE (DAMIIBI 11T KAXKIOTO TUTIA
pecypcoB — deployment.yaml, service.yaml u T. 1. Kubernetes nonnep:xusaer o6a
BapuanTa. Tum pecypca B o6bektax YAML yKasbIBaeTCsl ¢ HOMOLIBIO OIpeeJeHni
Ttuna kind.

B rzaBe 5 651710 MOKa3aHo, Kak (GPEeMBOPKY yIIPABJIEHNS KOHTEHHEPOM TTO3BOJIS-
0T TIPOBOAUTD Pa3BEPTHIBAHUSI C HYJIEBBIM [IPOCTOEM 0€3 CHEIUANBHOM HACTPONKH.
[IprMeHeHne HOBBIX BEPCHIA 06Pa30B B CPEIaX BHIMOJIHEHUS, YHPABJISEMBIX CEPBEPOM
HEHPEPHIBHOW NHTETPAIIMH, TAKIKE CIIOCOOCTBYET MOCTUKEHUIO 3TOH 11esu. Takum 06-
Pa3oM, cpeia BHIHOJHEHUs Beeraa Oyer cnocobHa 06CIyKuBaTh TPaUK, TaK KAK HO
MeHbIIEH Mepe OJIHO HPUIOXKEHNE OYAeT aKTUBHO B KaXKbI MOMEHT. ITOT HOIXO/
0COGEHHO BajKEH J1JIs1 YCJIOBUN SKCILIyaTallUH,

KoHurypaums

B uneane undpacTpyKTypa Kak KO/ OXBATHIBAET BCE ACHEKTHI, HEOOXOAUMBIE ISt
OIIMCaHUS BCeU cpelbl, BKJIIOYAs PO/ BBIHOJHEHUS, CeTeBOe B3auMoieiicTBre
u koHburypammo. Vcrnonp3oBanye KOHTEITHEPHBIX TEXHOJIOTUM U yIIPaBIeHUs KOH-
TeliHepaMH Cephe3HO NMOEPKUBAET U yIIPoLaeT 3ToT Hoaxo1. Kak yke oTMeyasnocs,
KOH(UIEHIMATbHBIE CBEJIeHNs], HAlIPIMep y4eTHbIe JaHHbIe, He JOJKHBI XPaHUTHCS
B CHICTeMe KOHTPOJISI BepCUl. AIMUHUCTPATOP JOJIKEH BBOAUTH UX BPYYHYIO.
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Ecnu xondurypauus pazindaercs B pasHbIX Cpe/laX BBIIIOJHEHHUS, TO B PEHO3UTO-
pUU IPOEKTa OHA MOXKET OBITh ITPEICTABJIEHA B BU/E HECKOIbKUX (haitioB. Hanpumep,
HMeEeT CMBICJI CO3/IaTh BIOXKEHHBIe MAHKH AJIs KaXx 101 cpezbl. [IpuMep Takoit koHbU-
rypaluy HOKa3aH Ha puc. 6.3.

I3 hello-cloud
v [Pu deployment
v DBa production
@ configmap.yaml
v [Du staging
© configmap.yaml
v Dmtest
© configmap.yaml
O hello-cloud.yaml
> Bmsrc
> [pmtarget
[® Dockerfile
m pom.xml

Puc. 6.3

B daiine configmap.yaml XpaHUTCSI COAEPKUMOE OTIPEIETEHHON KOHMUTYPAITH-
OHHOU KapThl, BO3MOKHO, TaM K€ HAXO/STCSI Pa3/IMYHble OHPEIENEH S TIPOCTPAHCTBA
umen. Kak ormeuasiocs B riase 5, mpocrparctsa uMeH Kubernetes — ato cHocob pas-
JINYATh CPE/IbI BHIMOIHEHUS. B ciiefiyoneM Kozie MoKa3aH npruMep KOHGDHUTYyPanoHHO
KapTbl production:

kind: ConfigMap
apiversion: vi1
metadata:
name: hello-cloud-config
namespace: production
data:
application.properties: |
hello.greeting=Hello production
hello.name=Java EE

YyeTHble agaHHble

ITo coobpaennssM GE30IIACHOCTH CEKPETHBII KOHTEHT, TAKOI KaK ydYeTHbIE JaHHEIE,
0OBIYHO HE BKJIIOYAETCS B PENIO3UTOPUil HpoekTa. Kak mpaBuiio, aiMMHUCTPATOP BBO-
JIAT er0 BPYYHYIO B Kax 101 u3 cpe. [Iono6uo apyrum pecypcam Kubernetes, cexpets
IIPUBA3AaHBI K OIIPEICIEHHOMY IIPOCTPAHCTBY UMEH.

Ecnu B HpoeKkTe HPeLyCMOTPEHO MHOXKECTBO CEKPETHBIX JAHHBIX, HATIPUMEP
Y4e€THbI€ JaHHbIE IJIA PA3/JINYHBIX BHEIIHUX CUCTEM, BBOAUTD UX BPYYHYIO MOXKET OKa-
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3aThCs1 yTOMUTEIBHOM U TPYIHO OTCIEXKUBaeMoli onepanueii. CKoHUTyprupoBaHHbIE
CEeKPETHBIE IAHHBIE HYKHO BHECTH B JOKYMEHTAIIHIO, & OTCJIEKUBATH UX HEOOXOIMMO
B 3aIUIIEHHOU (hOpMe BHE PEMTO3UTOPUS MTPOEKTA.

[Ipyroii MeTo[ 3akj04aeTcsl B XpaHeHNH 3alIM(PPOBAaHHBIX YUETHBIX JAaHHBIX,
KOTOpbIE MOTYT GBITh paciin(pPOBAHbI C TIOMOII[BIO €IUHOTO TJIABHOTO KJII0Ya B PEHO-
autopun. [[09TOMY B Peno3uTOpru MOKHO 6E30TIaCHO XPAHUTH CKOH(PUTYPUPOBAHHBIE
y4eTHbIE aHHbIE B 321 POBAHHOM BUJE U HE HECTIOKOUTHCS O TOM, UTO CEKPETHI
OyayT packpbiThl. [Tocie 3amycKa IPUIOKEHUE CTAHET UCTIOAb30BATh JMHAMUYECKU
HPEeJOCTaBJIsIEMbIN MacTeP-KJIi0Y J71s1 paciinpoBKY CKOH(PUTYPUPOBAHHBIX YYETHBIX
naHHbix. Takoit moaxon o6ecHeynBaeT Ge30MACHOCTD M YHPABJISIEMOCT.

PaccMoTpuM BO3MOXKHBIN BapuaHT pelieHus. 3amudpoBaHHble 3HAYEHUS KOH-
(durypanuu MOryT HaJle)KHO XPaHUThCA B KOH(UrypannoHHbix kaprax Kubernetes,
HOCKOJIbKY pacinv(ppoBaHHbIE 3HAYEHUS OYLYT BUIHBI TOJIBKO B IPOIIECCE KOHTEHHEpA.
3aumdpoBaHHbIE YUETHbBIE JaHHbIE, KAK U APYTUe 3HAYeHUs KOH(PUTYpaIuu, MOTYT
OBITH IPE/ICTABIEHBI B TIPOEKTE KAK ONpe/e/eHUs] KOH(PUTYPAIIMOHHBIX KapT B BUIE
KO71a. AZIMUHUCTPATOP N0OABJISIET 7SI KAXKI0M CPEIbl BHITIOJHEHUS CEKPETHY IO HHDOP-
MaI[HIO O IJIaBHOM KJIIOU€, NICHOIb3yEeMOM /JISI CHMMETPUYHOTO MI1(POBaHUS yUETHBIX
JaHHBIX. TOT KJIIOY MPEJOCTABIIAETCS PaboTaOIEMy KOHTERHEPY, HAHPUMED, Yepe3
HepeMEHHBIE CPe/Ibl, KaK ObLIO HOKa3aHO paHee, PaboTaroiee HpUIOKEHNE 33/1eWCTBYET
3Ty eIUHCTBEHHYIO [IEPEMEHHYIO Cpe/bl I Pacuin@poBKYU Bcex 3an(poBaHHbBIX
3HAYEHUI YUETHBIX JAHHBIX.

OaHuUM U3 pellleHnH, 3aBUCSIINX OT TEXHOJOTUU ¥ AITOPUTMA, SIBJISIETCS UCHOJIb-
3oBanue npusnoxenus Java EE 1y paciindpoBky y4eTHBIX JaHHBIX HETIOCPECTBEHHO
Hpu 3arpyske (ailioB cBoiicTB. UToObI 00eceYnTh HE30HACHOE PEIIEHIE C HDIMEHE-
HUEeM HOBEUIINX aJITOPUTMOB (G POBaHMS, B CPeZie BBIIOJIHEHMS CIeyeT yCTAaHOBUTD

Java Cryptographic Extensions (JCE). [Ipyroii moaxos 3akaiodaercs B paciundppoOBKe
3HAUEHUN /10 Pa3BePTHIBAHUS IPUIIOXKEHMSI.

Murpaums naHHbIX

IIpunoxeHys, NCIOIb3yIOMMe 6a3y JAaHHBIX AJIS XPAHEHUSI CBOETO COCTOSHUSA, HPU-
BA3aHbI K KOHKPETHOM cxeMme 06asbl AaHHBIX. MI3MeHeHNs B cxeMe 00BIYHO TPeOYIOT
U3MEHEHHUsI MOJEIN HPUIOKEHN, ¥ Hao60poT. II0CKOIbKY IPUIOKEHNE aKTUBHO
Pa3BUBAETCS, a MOJEID [IPEAMETHOMN 00J1aCTH IIOCTOSIHHO COBEPLIEHCTBYETCS U PEOP-
TaHM3YEeTCsl, 9Ta MOJEJIb PAHO WJIK TI03HO IOTPeOYeT U3MEHEHHUS CXeMBI Oa3bl JAHHbIX.
Hosbie kmacchl Mozies1ell 1in HOBbIE 100aB/IsieMble CBOMCTBA HEOOXOANMO COXPAHSITh
B Gase manubix. Kimaccsl 1 ¢BOMCTBa, KOTOPBIE [IOABEPIJIUCH PECTPYKTYPU3ALUHU HIU
ObLIY N3MEHEHD], TAKKE A0JKHBI OBITh HEPEHECEHBI B 6a3y JJaHHbIX, YTOOBI IPUIOKEHIE
HE OTJIMYAJIOCH OT CXEMBL.

IIpoBecTH MUTPALMIO AAHHBIX CJIOKHEE, YeM U3MEHUTh KoJ. IIpuaoxenus 6e3
COXpaHEHUsI COCTOSHUS MOTYT OBITh IIPOCTO 3aMEHEHBI HOBBIMM BEPCUSIMHU C HOBOM
¢yukunonaabaocThio. OnHako B 6a3y JaHHBIX, B KOTOPOIl XpaHUTCSA COCTOSIHME
HPUJIOKEHM S, HEOOXOAMMO TIIATEIbHO IIEPEHECTH HOBOE COCTOSTHUE [IPY U3MEHEHUH
CXEMBL.
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JlesaeTcs 3T0 ¢ HOMOLIBIO CLIEHAPUEB MUTPAlMU. B peanuoHHbix 6a3zax JaHHBIX
MOKHO U3MEHSATH TabJIMIbL, COXPaHssA JaHHbIe Oe3 U3MEHEHUN. DTU CLEHADUU BbI-
HOJIHAOTCA JI0 Pa3BEPTHIBAHMA HOBOM BEPCHM IPOrPAMMHOIO 0OECHEYECHMS U CIIEAT
3a TeM, 4TOOBI cxeMa 6a3bl JAHHBIX COOTBETCTBOBA/IA HOBOMY IIPHJIOKEHHUIO.

CymecTByeT BaxHasi 0COOEHHOCTD, KOTOPYIO CIEYET YYUTBIBATh IIPU Pa3BEPThI-
BaHMHU HPUJIOKEHUI C UCIOJIb30BaHKEM IIPUHIMHA HyJIeBoro Hpocros. IIpu passep-
THIBAHUY OOHOBJIEHUI B CpeJie B OAUH MOMEHT Oy/ieT paboTaTh KaK MUHMMYM OJMH
AKTMBHBIA SK3EMILIAP IPUIOKEHHUS. ITO HDUBOJUT K TOMY, 4TO B TEYEHUE KOPOTKOTO
nepyosia BpeMeHu OyyT aKTUBHEI U CTapasl 1 HOBas Bepcuu Hpunoxenus. Cucrema
yIIpaBIeHU JOJKHA HO3a00TUTHCS O TOM, YTOOBI IIEpBast U3 HUX ObLIA IIJIABHO 3a-
KPBITa, yCHEB 06paboTaTh TEKYIIKEe 3aIPOCHL, 4 BTOPas — TaK e ILUIABHO 3allylleHa.
Ecm Bce HpUIokKeHHs NOAK/IIOYAIOTCA K LEHTPAJIbHOMY SK3eMILIAPY 6a3bl JaHHEIX,
3TO TIPUBEJIET K TOMY, 4TO K 6a3e MaHHBIX OyAyT 00pamaThCs OAHOBPEMEHHO Pa3HbIe
BepcHuH npunoxenus. TpeOyercs, 9To6bl IPUIOKEHHE HOAIEPKUBAJIO TAK HA3bIBAEMYIO
coemecmumocmv N — 1: TeKylast Bepcus NPUIOKEHN JOJKHA paboTaTh ¢ TON XKe
Bepcuelt cxeMbl 6a3bl JAHHBIX IIIOC-MUHYC OJIHA BEPCHUSL.

Jlnsa nopuepxku coBmectMoctu N — 1 Ipy pa3BepThIBaHMK OOHOBJIEHHS HEOOXO-
JIIMO YCTaHOBHUTH HOBYIO BEPCHUIO HPUIOXKEHHS X OOHOBUTH CXeMy 6a3bl JAaHHbIX, TapaH-
TUPYS [IPU 5TOM, YTO OHU Pa3JIMYaIOTCA He H0see 4eM Ha OJIHY BEPCHIO. JTO O3HAYAET,
4TO COOTBETCTBYIOIASA MUTPAL¥s Ga3bl JAHHBIX BHIHOIHAETCS HEHOCPEACTBEHHO IEpe]]
pa3BepThIBAHUEM HPHIOKEHHUs. 1109TOMYy cxeMa 6asbl JAHHBIX, KAK U IPUIOKEHHE,
HEPEHOCUTCS IOCTENEHHO, HeGOIBIINMY [IATAMU, A HE PHIBKOM.

Takoil HOAXO/1 He/lb3s Ha3BaTh GaHaMbHBIM. OH HPEAOAraeT OIIPEeeIeHHOE HIAHM-
POBaHKE U OCTOPOKHOCTb. OCOOEHHO BakHO 06PATUTh BHUMAHKE HA OTKATHI BEPCUI
MIPUJIOKEHUI.

[lo6aBneHne cTpykTyp 6a3 AaHHbIX

Jlo6aBuTh TaOIMILY UIU OTAEIbHbIE CTOIOLBI TAOIMIIBI B CXeMy Oa3bl JaHHBIX JOBOJIBHO
npocto. HoBast tabsuia uiu ctonbern He BXOAAT B KOH(JIUKT CO CTAPBIMU BEPCUSIMU
MIPUJIOKEHUI, TOCKOIBKY T€ UM HEU3BECTHBI.

HoBble TabauIbl 17151 XpaHEHUsA HOBBIX CYI[HOCTEN MPEIMETHON 06IaCTU MOTYT
OBITH TIPOCTO T0OABJIEHBI B CXEMY, YTO IPUBE/ET K HOsIBJIeHHIO Bepcuu N + 1.

[Tpu CO3MaHNM HOBBIX CTOIOIIOB TAGIHIIBI, UIMEIOIMX HEKUE OrpaHudeHus1 (HarprMep,
WX 3HAYEHUSI JOJKHBI OBITH not null Wiu unique), CIeayeT HO3aO0TUTHCS O TEKYIIEM
cocrosiinu Tabsmibl. CTapast Bepcrst HDUJIOXKEHHS BCE €1IIe MOKET HPOU3BOIUTD 3aITHCh
B TaKyIo TabJIKIly, HpY 3TOM HOBBIH cTO/I0€11 OyIeT IPOUTHOPUPOBAH U, CJIEI0BATEBHO,
orpannyeHus He OyayT BbIHOMHEHBI. HOBBIE CTOMOIBI CHAYAA JOJKHBI JOHYCKATh
HYJAeeble 3HAUeHUs1 Y He UMETh TOTIOJTHUTENbHBIX OrpaHrdeHnil. B HoBoll Bepcuu npu-
JIOJKEHUS HYKHO YYECTh, 4TO BHAUAJIE ITOT CTOJOEI GYIET MYCTHIM, HPETIOJOKUTENBHO
€O 3HAYEHUSIMU null, TIOJTYYEHHBIMH U3 CTAPOIl BEPCUU MPUIOKEHUSI.

Tombko B cregyiomeii Bepcuu (N + 2) MOKHO OyeT IIOC/Ie 3aBePLIEHN TEKYILETO
pa3BepThIBAHYSI BBECTHU MIPABUJIbHBIE OTPAHUYEHMS. ITO 03HAYAET, UTO JJIsI TOTO, YTOOBI
106aBUTH CTOJIOEI] C OTPAHNYEHMSIMU, TPEOYETCSA KAaK MUHUMYM J[BA OT/IEJIbHBIX Pa3-
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BEPTHIBAHUS: HEPBOE J0GABISAET CTOMGEI] U YIIYYIIAET MOJIENb TIPUIIOKEHUS C YIETOM
BO3MOKHBIX 3HaYeHUIl null, BTOPOE rapaHTUPYET, UTO BCE 3HAYEHUSI, COJEPIKAIIIECS
B TabJIuI1E, YIOBJIETBOPSIOT OTPAHUYEHWSIM CTOJIONOB, 100ABIAET OTPAHUYEHHUS U y1a-
JIIeT HOBEJIEHUE, PAaCCUMTAHHOE Ha 3HAUeHus null. PazymeeTcs, 9TH 3Tanbl HYKHBI
TOJILKO B TOM CJTy4ae, eCJIM JKeJaeMbiil (popMaT cToI61a CONEPHKUT OTPAHUYEHUSL.

OTKaThl K CTaPBIM BEPCUSM BBITIOJHSIOTCS aHanoruuyHo. [Ipu Bo3BpaieHnu
K [IPOMEKYyTOYHOMY pasBeprhiBanuio (0T N + 2 k N + 1) BHOBb TpebyeTcsl yAauTh
OTpaHUYEHMSI.

IIpu Bo3Bpare B ucxonnoe cocrosauue (N + 0) Becs cronden 6yzaer yaaneH. OQHaKo
HpPHY MUTPAILIUYU JAHHBIX HE JOJKHBI YAATISIThCS JaHHbIE, €CJIU OHU HE TIePEJaHbl Ky1a-TO
eme. IIpu Bo3Bpare B cocTosiHre 6e3 CTOI0LA MOKHO HPOCTO OCTABUTh CTOIGEL He-
TPOHYTHIM, UTOOBI HE TOTEPATH JaHHbIe. Bompoc o ToM, 4To f1e1aTh ¢ IaHHBIMHE, 106aB-
JIEHHBIMH 32 9TO BPEMSI, HAJIO 3a/1aTh OU3HeC-crenuanuctaM. Bo3MOXHO, yIaIsaTh UX
He cTouT. OIHAKO, KOT/Ia CHOBA HOHAI06UTCS 106aBUTH CTOIGEI B IPUJIOKEHHE, HYKHO
OyIeT yu4ecThb B ClIEHAPUY Pa3BEPThIBAHMS, YTO B Ha3e JAHHBIX OH yKe CYIIECTBYET.

M3mMeHeHne CTpyKTypbl 6a3bl AaHHbIX

Vi3MeHeHHe CyNIeCTBYIOMMX TaGIMI] UK CTOIOIOB 6a3bl JTaHHBIX — GoJiee CA0KHAS
omnepaiys. He3aBHCUMO OT TOTO, YTO MIMEHHO MEHSIETCSI, MMSI CTOJIONA, TUH UJIM OTPa-
HUYEHMS, TIEPEXO]] I0JKEH BBITIOJHITHCS 32 HECKOJIBKO TaHOB. [IpsiMoe TieperMeHo-
BaHUE U U3MEHEHKE CTONOIOB IPUBEET K HECOBMECTUMOCTH C YK€ Pa3BEPHY THIMU
9K3eMILIAPAMU MPUIOKeHuit. UToObI 3MeHeHUEe ObLIO HPABUIbHBIM, HYXKHO CO3/1aTh
HPOMEXKYTOUHbBIE CTOMOIBL.

PaccMoTpum 3TOT MeTos Ha ipuMepe. IIpeanosoxkuM, 4To 06bEKT «MalluHa»
MMEET CBONCTBO «IIBET», KOTOPOE XPAHUTCSA B Tabmuile 6a3bl JaHHBIX, B CTONOIE
color. TIpeqHONOXUM, UTO MOCTIE PECTPYKTYPUBAIUY TIPUIOKEHUS 9TO CBOUCTBO
HEPEVMEHOBAHO B «IIBET Ky30Ba», COOTBETCTBEHHO CTO6E1 6a3bl JaHHBIX OyAeT Ha-
3BIBAaThCA chassis_color.

Kak u B mpenpigyieM ciydae, U3MEHEHME BBIHOTHAETCS 32 HECKOJIBKO Pa3BEPThI-
Banwuit. [Ipu mepBoM pas3BepThIBaHUY B TabAMILYy 106aBsieTcst cToaber chassis_color,
3HAYEHUS KOTOPOTO MOTYT OBITH B TOM YKCJIE MyCThiMU. KOl IPUIOKEHMS PACITUPEH
C yYETOM UCIIOJIb30BaHMs HOBOTO CBOMCTBa Mozienu. [TockombKy GoJiee cTapas Bepcust
HPUJIOXKEHUS HE 3HAET O HOBOM CBOMCTBE, TPUMEHSTD €T0 BO BPEMST HEPBOTO Pa3Bep-
ThIBaHUs OyeT pUCKOBaHHO. [[09TOMY TI€pBasi BEpCHsi KOJA MO-TIPEKHEMY CUNTHIBAET
IBET M3 CTAPOTO CTOOIIa color, HO 3aHUCHIBAET €70 3HAYEHWSI M B CTAPbIi, U B HOBBII
CTOJIOIIBL.

IIpu cienyioneM pa3BepTbIBAHUY ClIEHAPHI MUTPALIUK OOHOBJISET HEAOCTAIOLINE
3Ha4YeHMsI HOBOTO CTOJI0LA chassis_color, KOMUPys Ty/a COAEPKUMOe CTo1611a color.
Taxum 06pasoM 06eCTIeYMBAETCS 3aTIOMHEHIE HOBOTO CTOJONA. 17151 HETO TaKKe BBO-
IWTCst orpaHndeHue not null. Temepb BepCHs KOAa TPUIOKEHMS OYAET CUNTHIBATD
JIaHHBIE TOJBKO U3 HOBOTO CTOJIONA, HO 3AMUCHIBATH JaHHBIE HO-TIPEXKHEMY B 002 —
U B CTapbIii, U B HOBBII, IOCKOJIbKY B TEUEHHE KOPOTKOTO IEPUO/A CTAPast BEPCHS BCE
eme OyneT aKkTUBHA.
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Ha crenyiomem stamne pa3BepThiBaHMs yAAIAETCS OTPaHdeH e not null 1151 cToa6-
11a color. B 3T0ii Bepcuu Koz IpUIoKeHus OOJIblIe He MCIIOIb3YET CTaphlil cTombel,
UTEHHUE Y 3aIIUCh BBIIIOJIHAIOTCA TOJBbKO B chassis_color.

Ha caenyromem, nocienneM sTamne pasBepThiBaHUsA CTOI0eL color yaaasercs.
TeHepb Bce JaHHBIE IEPEIAHbI B HOBBIN cTo0€1 chassis_color. B koze npumoxenust
GOJIBIIIE HET CBOMCTBA <I1IBET» CTAPOil MOJIEH.

V3aMeHeHue Tumna cToa0La WX OTPAHNYEHMI BHEIIHETO KIoYa TpebyeT aHajo-
TMYHBIX AeACTBUH. EAMHCTBEHHBIH cr10cOO HOCTENEHHOM MuUrpanuy 6asbl JaHHBIX
C HYJIEBBIM BPEMEHEM HPOCTOSI — 3TO HOITAITHAS MUTPAIIMS C MCIIOJIb30BAaHUEM HPO-
MEKYTOYHBIX CTOIOLIOB ¥ CBOMCTB. PEKOMEHYETCsI HECKOIBKO pa3 3a(pUKCUPOBATh
U3MEHEHUSI, COJIEPKAIIME TOJbKO 3T U3MEHEHUSI CIIEHAPVEB MUTPAIIUU U KOJA TIPU-
JIOKEHUS.

Kak u B nmpeapigyIneM ciiydae, MUTPalys OTKaTa JOJKHA HPOTEKATh B 0OPaTHOM
HOPsAKE KaK I/ ClieHapreB 6a3bl JaHHBIX, TAK U A/ U3MEHEHUS KOJA.

YpnaneHue CTpykTyp 6a3bl AaHHbIX

VY nansaTh TabaMLIbI MK CTOIOLBI IIPOILE, YeM U3MeHATh uX. Ecm kakue-mmbo cBoiicTsa
MOJIEJTH TIPEAIMETHOM 061acTH G0JIbIIE HE TPEOYIOTCS, TO CLIEHAPUH UX MCTIOIb30BAHUS
MOJKHO YIATUTh U3 TIPUJIOKEHU.

Ha HepBOM 3Tare pa3BepThIBAHNUS M3MEHAIOT KO HPUIOXKEHH, YTOOBI IIPEKPATUTh
uTeHUe U3 CTOJIONA 6a3bl JAHHBIX, HO COXPAHSIOT 3alMCh B HETO. ITO HEOOXOAUMO,
4TOOBI CTapast BEPCHsI BCE €Ille MOTJIa YNTATh 3HAYEHHUsI, OTIMYHBIE OT null.

Ha cnenyromem sramne pa3BepThIBaHNE YAATUT OTpaHUYeHMe not null st 3TOTO
cros61a 6a3sl MaHHBIX (eI OHO ObLT0). Ko priIoskeHus IPeKpaiiaeT 3auch B CTOJ-
Gem. Ha aToM atame cBOMCTBO MOJIENHU y3Ke MOXKHO YAQIUTh U3 6a3bl KOZA.

Ha 3aksmounTeibHOM 3Tane pa3BepThiBaHus croaber; Oyaer yaaned. Kak yxe ot-
MEeYaJioCh, TO, JEHCTBUTEIBHO JIU HYKHO YAAIUTh JAHHBIE U3 9TOTO CTOA0LA, CUIBHO
3aBHCUT OT Ou3Hec-cueHapusa. B ciyuae oTkara yganeHHsiii cronber norpedyercs
BOCCTAHOBUTbD, YTO HOAPA3YMEBAET, UTO €T0 COAEPKUMOE OBLIO YTPAYEHO.

Peanuzauns murpauum

Kak BUAMM, MUTPAIMIO TAHHBIX HYKHO BBIHOJHATH B HECKONBKO 3TanoB. CiieHa-
pYM YCTAaHOBKU M OTKATa PEAU3yIOTCS HETIOCPEICTBEHHO TIEPE PA3BEPTHIBAHUEM.
IT0 03HAYAET, YTO IIPUIIOKEHNE HOIAEPKUBAET COBMECTUMOCTD N — 1, a TaK:Ke TO, 4TO
Pa3BePTHIBAHMSI IPOXOJSAT [IOCIEN0BATEIBHO, II0 OHOMY.

I[Iporecc Murpanuu TpeGyeT BBHITOJIHEHNS] HECKOJIBKUX BEPCHUI HDOTPAMMHOTO
obecrieueHus1, Kaxaasi U3 KOTOPBIX COCTOUT M3 COTJIACOBAHHOTO KOJA MIPUIOKEHHUST
U CIIEHAPWEB MUTPAIMH JaHHBIX. VIH)KeHePbl I0JKHBI HIAHUPOBATh COOTBETCTBYIOIINE
(dukcanu uameHeHuit HpoekTa. XKenatespHO HPOM3BECTH TIOTHYI0 MUTPAIMIO CXEMBI
CBOEBPEMEHHO, YTOOBI COXPAHUTH YUCTYIO CXeMy 0Ga3bl JAHHBIX U TAPAHTUPOBATH, YTO
TEeKyI[1e MUTPALuK He GYIyT POCTO 3a0BITHL

Bormpoc 0 ToM, HYKHO JI COXPaHUTh CYIIECTBYIOIINE JAaHHBIE MU UX MOYKHO
yAAJIUTh, OIPENEJSETCST BBIOPAHHOI MOJETIBIO pecTpyKTypH3aiuu. Boobie roBops,
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JKEJIATEIbHO He BRIOPACHIBATD JaHHbIE. DTO 03HAYAET, UTO HE CJAEAYET yAAMATh COAED-
JKalliie UX CTPYKTY Db, EC/IM 9TU JaHHbIE He XPAHATCA eIle Iae-HUuOyab.

Kax MbI Buzie/11 B IpUMeEpax, MUTpaLus 6yAeT BBIHOIHATHCSA HOCTEHEHHO, METKAMMU
maramu. OcoOGeHHO BaKHO 9TO /11 OTPaHWY€e N 6a3bl JaHHBIX, TAKAX KAK HEHYJIEBbIE
3HAYeHNs WK OTpaHn4eHns LeaocTHocTd. ClieHapuy MUTPALMK JOJKHBI OBITh CTa-
O6uabHbIMU. HanpuMep, MUTpaiys He [J0JKHA IPEPHIBATHCSA HPH MIOBITKE CO3AaHUS
yIKe CyLIeCTBYIOIUX CTOIONOB. OHY MOIJIM OCTAThCA MOC/IE MPEABIAYIUX OTKATOB.
Boob1ie roBopsi, UMEET CMBICJ IIPOAYMATh U IIPOTECTUPOBATh Pa3JUYHbIE CLIEHAPUH
pa3BepThIBaHUSA U OTKaTa.

ITpu 0OHOBIEHNY COAEPIKUMOTO TabIUI] MHKEHEPaM CIeLyeT HOMHUTh O BDEMEHH
o6HoBenus1. O6HOBJIEHNE OYEHB OOMBIINX TaOJIHI] — AJIUTEIbHBIM HPOIIECC, B TEUEHE
KOTOPOTO IaHHbIE Oy Ay T 3a0I0KMPOBAHbL. JTO HYKHO YYUTHIBATh 3apaHee — B Meale
HyTeM TeCTHPOBaHMsI CLIEHap1eB OOHOBJIEHNS B OTAEIbHOM Oase qaHHbIX. [Ipu oueHb
GOJIBILIOM KOJIMYECTBE 3a/IeACTBOBAHHBIX JAHHBIX STAIIBI OOHOBIEHH MOTYT BHIIOIHATHCS
HO 4aCTsIM, HaIIPUMEP HOCPEACTBOM pa3OueHHUs JaHHBIX II0 UACHTU(UKATOPAM.

Bce cuienapuu pa3BepThIBaHUS M OTKATa MUTPAIUU JJOJIKHBI XPAHUTHCSI B PETIO-
sutopun npoekTa. Cxema 6a3bl JAHHBIX COAEPKUT HOMEP BEPCUH, COOTBETCTBYIOLIMM
BepcuM cLeHapus murpanyu. [locaennss xpaHuTcs B 6ase JaHHBIX KaK METaJaHHbIe
BMECTE C TEKYIIMM COCTOSIHUEM CXeMbL. [lepes KaxapIiM pasBepThIBAHNEM cXeMa Oa3bl
MAaHHBIX MUTPUPYET 10 Kejaemoi Bepcuu. Cpasy HOCJIE 3TOTO Pa3BEPTHIBAETCS CO-
OTBETCTBYIOIIAS BEPCHsI HPUIOKeHU. IIpy 9ToOM HEOOXOAUMO IIPOCTIEANTD, YTOOBI
BEPCUM HE Pa3IndajInch OoJiee 4eM Ha eUHUILY.

Jlna ppeiiMBOpKa YHPABJIEHNS] KOHTEHHEPOM 3TO O3HAYAET, YTO MUTpANUs 6a3bl
JAHHBIX JOJKHA BBIIOIHATHCS METOOM CKOJIb3SAUIMX OOHOBIEHUH HEHOCPEACTBEHHO
HEPEJI pa3BePThIBAHNEM HOBOUW BEPCUU MTPUIOKEHMSL. [[0CKOIBKY MOXKET CYIIIECTBOBATh
MHOTO PEHJIMK MOZYJIEH, ITOT IPOIECC AOMKEH ObITh NAEMIIOTEHTHBIM. [loBTOpHAs
MUTPaI¥s TOU K€ BEPCUU CXeMbl 0a3bl JaHHBIX BCET/a JOJUKHA 1aBaTh HEM3MEHHBIN
pesyabrat. Moayau Kubernetes MoryT oHpenesaTh Tak Ha3blBaEMbIE KOHMEUHEPbL
UHUYUAAU3AUUL, BBITIOJHSIONIAE OJHOKPATHBIE IIPOLIECCH] Hepel 3aIlyCKOM OCHOBHO-
ro KouTteitHepa. KoHTeliHephl MHUITHATM3AIUY SBASIOTCS B3aMMOUCKIIOYAIOIINMU.
OHU JOJKHBI yCHELIHO 3aBEPLIMTD PAOOTY [10 TOTO, KAK 3aHYCTUTCS IIPOLIECC MOAYJIS
KOHTEWHEPOB.

B cnenyiomem dpparmMenTe Koma HOKa3aH MPUMEP KOHTENHEPA MHUITUATU3AIUN
initContainer:

# ..
spec:
containers:
- name: hello-cloud
image: .../hello-cloud:1
initContainers:
- name: migrate-vehicle-db
image: postgres
command: ['/migrate.sh', '$VERSION']

B atom HpuMepe moapasyMmeBaeTcs, uTo 06pa3 KOHTeNHepa MHUIMATU3AINHT CO-
JIEPIKUT BCe HEOOXOAUMBIE MHCTPYMEHTHI JJIS TIOAKIIOUEHMsI K 9K3eMILISIPy 6a3sl
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JIaHHBIX,  TAKJKE KO BCEM MOCIEAHUM BEPCHSIM ClIeHapyeB MUrpaiuu. st Toro 4To6st
3TO CTAJIO BO3MOXHBIM, 00pa3 TakKe COOMPAETC KaK 4aCTh KOHBeepa, BKII0Yas BCe
CIIEHAPUU MUTPAINH U3 PEHO3UTOPUSL.

Ecth MHOTO perenuit s nepeHoca cxeM (a3 AaHHBIX. BaskHO# 0COOEHHOCTHIO
SIBJIIETCS TO, UTO MAEMIIOTEHTHAS MUTPALIUS JOJKHA OBITH TIPO/IE/IaHA 3aPAHEE U B ITO
BpeMsI He I0JDKHO HPOTEeKaTh HUKAKMX APYTUX omepaliuii pa3seproiBanus. CiieHapuu
MUTPALIUU COOTBETCTBYIOMIUX BEPCUI JOIXKHBI BBIIOJIHSTHCS B IIOPSIIKE BO3PACTAHUS
un yOBIBAHUS B 3aBUCUMOCTH OT TOTO, UTO PEATU3Y€eTCs, 0OOHOBJIEHUE UITU OTKAT CXe-
MbI 6a3bI JAHHBIX 10 HYKHOM Bepcuu. [Tocsie TOro Kak crieHapuu OyAyT BBITIOTHEHBI,
BepCUs METAIAHHBIX B 6a3e TAaHHBIX TAKKE OOHOBIAETCA.

CooTBeTCTBIE MEKLY BEPCUSIMHU KOJa ¥ Ga3bl JAHHBIX MOYKHO OTCJIEXKUBATH B pe-
no3utopuu npoekta. Hanpumep, camblii mocieJHIi clieHapyuil pa3BepThIBaHUS, CO-
AepXKaIuiics B Bepcuu GUKCAINU U3MEHEH U, COOTBETCTBYET TpebyeMoii cxeme Gazbl
nauubix. [logpobHee 0 TOM, KaKue MeTaJaHHble HYXKHBI U T/I€ UX XPAHUTD, YUTANTE
B nozipasziesie «MeTtanaHnubie COOPKM».

[TockombKyY BEIOOP PELIeHYs ISl MUTPAL[MY CUJIBHO 3aBUCHUT OT TEXHOJIOTHU HPO-
€KTa, HE CYNIECTBYET «yHUBEPCAIbHOM TabJIeTKI> HA BCE CIyYau KU3HU, KOTOPYIO
MOXHO OBLTIO GBI 3/1eCh HPUBECTH. B ciepyiomeM npumMepe MOKa3aH OfWH U3 BO3-
MOXHBIX BADUAHTOB (DaiiJIOBOI CTPYKTYPBI U BHIIIOJTHEHUSI MUTPAIINH HA TICEBAOKO/IE
(puc. 6.4). 3nech npuBOAATCS BaliIbl MUTPALIUH 1J1s1 0OCYKIABIIErOCS PaHee pUMepa
¢ U3MeHeHueM cT1o611a color Ha chassis_color.

Iz cars
v Mu deployment
v m database-migration
v I rollbacks
£5.001_remove_chassis_color.sql
3 002_set_chassis_color_nullable.sql
.003_add_color.sgl
v M rollouts
i3 001_create_initial_tables.sql
8 002_add_chassis_color.sql
i 003_copy_chassis_color_set_not_null.sql
3.004_remove_color.sql
;-E; 000_create_metadata_schema_version.sql
[® Dockerfile
migrate.sh
© car-manufacture.yaml
» IEsrc
> mmtarget
[® Dockerfile
m pom.xml

Puc. 6.4
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B npenpiayueM npumepe ObLIM MOKA3aHbI CIIEHAPUU Pa3BEPTHIBAHMSA M OTKATA,
KOTODbIE HEPEBOJAT BEPCHUIO CXEMBI 6a3bl JAaHHBIX B XKenaeMoe coctosnue. CrieHapuit
pa3BepThIBaHUs 004_remove_color.sql IEPEBOANT CXEMY B BEPCUIO 4, YA CTOI6eL]
color B IpuBeZieHHOM paHee npuMepe. COOTBETCTBYIOIIUI ClieHAPHIt 0TKaTa 803_add_
color.sql OTKATHIBAaeT CXeMy JI0 Bepcuu 3, rie cTosberl color BCe ellle CYIeCTBYET.
Jlpyrumu cioBaMu, Bepeust 3 COAEpIKUT CTonGel! color, TOTIA KaK B BEPCUU 4 €r0 yKe
HeT, Hpu4eM 00a 3T (haiia MUTPAIIMK HO3BOJSIOT COBEPIIATh KAaK Pa3BepPThIBAHUE,
TaK 1 OTKaT.

[lanee nokasaH ICEBAOKO/ CliEHAPUs, BBIMOHAOIIEr0 Murpannio. JKemaemas
BEPCU MUTPALIUY IPEAOCTABJIAETCS IIPU BbI30BE CLIEHAPUA B Ka4€CTBE apryMeHTa:

TeKkywana_BepcuA = TeKyllaAn BepCUA CXeMbl, XpaHAWAACA B 6a3e AaHHbIX

eC/Nn TeKylana_Bepcua == HOBaA_BepcuA
BbLATU, HUYEro He AenaTtb

eCcnu TeKylasa_BepcuA < HOBaA_Bepcus
nanka = /rollouts/
nocnefoBaTeNbHOCTb_CLEHapUeB = MOCNeA0BaTEeNbHOCTb OT TeKyuwas_Bepcua + 1
AO HOBas_BepcuA

if Tekywas_Bepcua > HoOBaA_Bepcus
nanka = /rollbacks/
nocnefoBaTeNbHOCTb_CLEHapUeB = MOCNeA0BaTEeNbHOCTb OT TeKyuwas_Bepcua - 1
AO HOBas_BepcuA

for i in nocnepoBaTenbHOCTb_CLeHapueB
BLINONHUTL CLeHapuit B nanka/i_*.sql
06HOBUTL Bepcuw cxembl Ao i

ITOT ClleHAPWI MUTPAIUK BHIHOJHSETCS B KOHTEHHEpE MHUIMATU3AIUY TIEPE
Pa3BEPTHIBAHUEM.

TectTupoBaHue

[IpoBepka pe3ysibTaTa, HOJYYaeMOTO HOCJE KajKAOTO 9Tala KOHBeliepa, — oHa U3
CaMBIX BayKHBIX COCTABJIAIONIMX HENPEPhIBHOM HOCTaBKU. OHA MOBBILIAET KAYECTBO
HPOIPaMMHOTO 00eCHEYEHN S, [IO3BOJIAS OOHAPYKUTh BO3MOXKHBIE OIMINOKY, HPEKIE
4yeM IIPUIOKEHNE HOCTYHUT B 9KCILIyaTanuio. Hajmexaias HpoBepKa HOBBIIIAET Ha-
IEXXHOCTD HpotleccoB. Co3/1aBast IPOrpaMMHbIE TECTBI B LIEJIOM M PETPECCHOHHBIE TECTHI
B YaCTHOCTH, Pa3pabOTYNKY FaPaHTUPYIOT PAGOTOCHOCOOHOCTD (DY HKIUIM IPUIOKEHMS
HOCJIE MX U3MEHEHMS 1 PECTPYKTypU3anun. B KOHEYHOM CYeTe TeCThI IIPOrPAMMHOIO
obecreyeH st TIO3BOJISIFOT aBTOMATH3MPOBATH MPOIECCH Pa3pabOTKH.

TecTbl Ha YPOBHE KO/Ia BBIHOJIHSIOTCS YK€ IIpH cOOPKe ABOMYHBIX (aiinos. [py-
THE TECTBI, COAEPKAIIMECS B HPOEKTE, MOTYT PEATU30BBIBATHCS HA OT/E/bHBIX STANax
KonBeliepa. Kakumu OyayT 3TH 3Talibl, 3aBUCUT OT TOTO, PaOOTAIOT /I OHU Ha YPOBHE
KOJIa WJIM B IEWCTBYIOIIEM KOHTelHepe. B 4acTHOCTH, 17151 CKBO3HBIX TECTOB TPeOyeTCs
paboTaromias cpea.
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[Tocsie pa3sBePTHIBAHUS MPUJIOKEHNUS B TECTOBBIX CPelaX B HUX MOTYT OBITH BbI-
MOJIHEHBI CKBO3HBIE TeCThI. OOBIYHO TIPOEKT COAEPHKUT HECKOJBKO YPOBHEH TECTOB
CO CBOMMH 33/[auaMU Ha KaKJIoM 3TaHe. B 3aBucrMOCTH OT IIPOEKTa U NPUMEHSIeMOM
TEXHOJIOTUM MOXET HCII0JIb30BaThCSI MHOXKECTBO PA3JIMYHBIX TecTOB. [1aBHOE — Ha
KasK/IOM dTalle KOHBelepa TIaTeIbHO IPOBEPSITh IOTyYeHHbIH pe3yabTaT. [Ipu aTom
MUHUMU3UPYETCS] PUCK HAPYUIEHUs] HOBBIX WJIHM CYLIECTBYIOIUX (DYHKLINOHAIBHBIX
BO3MOJKHOCTEH U mosiBJeHus omuboK. B yacTHOCTH, HpeiliMBOPKYU yTIpaBIEHUS
KOHTeHHePaMHU C PeajN30BaHHBIM B HUX IIPUHIUIIOM 20MO8HOCMU K IKCNAYAMAUUU
MO/JIEPIKUBAIOT KOMIIAHUHU B MX CTPEMJIEHUU TTOCTABJIATh MACIITAOUPy€eMBbI€, HAZIEXK-
HblE KOPIIOPATUBHBIE TIPUIOKEHUS BHICOKOTO KauecTBa. [loapo6Hee 0 pa3anyHbIX
BapHaHTaX TeCTUPOBAHUS, BKJIIOUAsl BBIIIOJHEHE TeCTOB B KOHBelepax HeHPePbIBHON
MOCTaBKY, YMUTANTE B II1aBe 7.

HeynauHnoe npoxox/ieHre TeCTOB JOJIKHO BbI3bIBATh HEME/JIEHHYIO OCTAaHOBKY
KOHBeliepa U HpeJOTBPallaTh JAajbHelIIee UCII0Ib30BaHNE COOTBETCTBYIOLIETO ABO-
n4HOrO (paiisa. ITOT BasKHBIA HPUHIUII 0OeCHEYMBAET GBICTPYIO OOPATHYIO CBA3b,
a TaKKe BHICOKOE KA4eCTBO MPOTPAMMHOT0 obecHeueHus B mpoiiecce cbopku. MHsxe-
HepaM He cJieiyeT IPOHYCKaTh CTAaHAAPTHBIE 3TaIlbl [TPOLecca U IPAKTUKOBATh Ipyrue
CIOCO6BI PENIUTh POHIEMY HA CKOPYIO PYKY. ITO IPOTUBOPEUUT UIEE HEHPEPHIBHOTO
COBEPUIEHCTBOBAHUS 1 06ECTIeUeHUs Ka4ecTBa COOPKY B TIPOIIECCE HETIPEPHIBHOM 110-
CTaBKH U B UTOTE TIPUBOJUT K MOSABJIECHUIO OMInGOK. Ec/iv HpuioskeHne He HPOXOAUT
TECThI UJIM TPOBEPKY KAYECTBa, TO CHOPKa M0/KHA ObITH TPepBaHa 1 TMGO UCHPaBIEH
KO/l TIPWJIOKEHUS, TGO U3MEHEHBI yCIOBUS TIPOBEPKHL.

HeyaauHoe poXoKaeHre TECTOB TOJKHO He TOJIBKO MPePhIBaTh COOPKY, HO U 1a-
BaTh IIPE/ICTAaBJIEHNE O TOM, [I0UEMY 3Ta OTlepallis He y/Ialach, U COXPAHSTh Pe3yabTaT
KaK 4acTh METaaHHbIX COOPKH.

MeTagaHHble c6opKu

B MeTananubie cOOPKY 3aHUCHIBAETCA BCA MHGOPMAIIHSI, TIOTyYEHHAs] BO BPEMSI €€
BBIHOJIHEHUSL. B 4acTHOCTH, 3TO Bepcuu Bcex 00bEKTOB, KOTOPBIE HYXKHO OTCJIEKUBATh
TSI AAJIbHEHIIIETO UCTIOIb30BAHUSL.

Ecnu c6opka KaskAbIil pa3 BBIHOJHSETCS C HAYaja 10 KOHIA, TO TOHOJHUTEIbHAS
uHbopMaIus He Hy>KHA. Bce aTambl peaansyioTcs 3a OANH MPOXO/ 10 TEX HOP, MOKa
cbopKa He 3aBepPIIUTCS YCIEIHO Uau He OyneT npepBana. Eciu ke onpeneneHHbie
ITallbl 1IN apTe(l)aKTbI JOJIKHBI 6bITb BBITNIOJIHEHBI ITIOBTOPHO UJIX Ha HUX HYXXHO CO-
caThest, To TpebyeTcs JOMONMHUTENbHAS HH(POPMAIIHS.

SIpKUM HPUMEPOM TaKOU HEOOXOAUMOCTHU ABJIAIOTCA Bepcun apredaktoB. WAR-
(haiin u ero comepKUMOe COOTBETCTBYIOT OTIPE/IEIEHHOUN BEPCUY B UCTOPUU (PUKCAITUI
U3MEHEHUI B CCTeMe KOHTPOJISI Bepcrit. JIjist TOro 4ToObl OTC/IEKUBATD UCXOTHYIO
BEPCUIO U3 PA3BEPHYTOTO IPUJIOKEHUS, 9Ty HHGOPMAIIUMIO HYXKHO T[e-TO XPAHUTb.
To e camoe Kacaetcst U Bepcuii 06pa3oB KOHTEHHEPOB. /st TOTO 4TO6B! UAEHTHU(M-
LIUPOBATH IIPOUCXOXKICHUE U COOEPKHUMOE KOHTeﬁHepa, HY>XHO UMETb BO3MOKXHOCTb
oTcseknBath Bepcun. Elle oMH npuMep — Bepcuu cxeMbl 6a3bl JaHHBIX. Kaxkaas
TaKasl BepCHs COOTBETCTBYET KOHKPETHOU BEPCUU HPUJIOXKEHUS, BKJIOYast HPe/bl-
IYIIYIO U CIEIYIOIYI0 BEPCUU, B COOTBETCTBUU C TIPAaBUIOM coBMecTMocTu N — 1.
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[l pa3BepTHIBAHUS C MUTPAIMEN CXeMbl 6a3bl JAHHBIX HEOOXOIUMO 3HATH BEPCHUIO
CXeMBI, JI0 KOTOPO# HY>KHO MUTPUPOBATb, [JIs1 JaHHOU BEPCUU IPUJIOKEHUS.

Mertananubie c60pKU 0COOGEHHO HEOOXOAUMBI, KOT/Ia HPOIIECC IOHYCKAET Pa3Bep-
THIBaHWE KOHKPETHBIX BepcHil puoxkenusi. OObIYHO MPU HENPEPHIBHON MOCTABKE
Pa3BePTHIBAETCS TEKylas Bepcus u3 penosutopusi. OaHAKO BO3MOXHOCTH pas-
BePTBHIBaHUS CPe/bl BBIIOJIHEHUS B HDOU3BOJIBHOE COCTOSIHUE SIBJISIETCSI OTPOMHBIM
NIPEMMYIIIECTBOM, OCOGEHHO HPU UCTIOJIb30BAHUY CXEM M MUTpaIuii 6a3 TaHHBIX.
Teoperudecku mpoiece paboTaeT CaeayIuM 06Pa3OM: 832Mb KOHKPEMHYIO 8EPCUIO
NPULOINCEHUS U NPOdelamb éce Heobxo0umoe 0N ee 3anycka 8 KOHKPemnou cpede
HE3aBHCUMO OT TOTO, SIBJISIETCSI 9TO IEPEXO/IOM K CJeAYIOIIel NI OTKATOM K Iipe-
JBIAYLIEN BEPCUM.

[l Toro 4ToObI Mydlle OTCAEKUBATH U MOBBIIATH BOCIIPOM3BOAUMOCTD, JKeJa-
TEJIbHO TaKyke KOHTPOIUPOBATh nH(pOpMaIuio 0 KauecTBe cbopku. K Helt oTHOCATCS,
HaHPUMeD, Pe3yJIbTaThl aBTOMATHYECKUX U PYYHBIX TECTOB, a TAK)Ke aHAIN3a Ka4eCTBa
KOJa. 3aTeM MOKHO IIPOBEPUTD HATIMYHE OHPE/IETIEHHBIX METAITAHHBIX HA COOTBETCTBY-
IOIIMX 3TaHAaX Nepe]] pa3BepThIBAHUEM.

EcTp MHOXECTBO pellleHUi! /IS IpeCTaBAeHNsI MeTaflaiHbIX. HekoTopele peno-
sutopuu apredakTos, Takue kak JFrog Artifactory, ob6ecHedMBaOT BO3BMOKHOCTh
CBSI3BIBAHUA COOPAHHBIX APTE(PAKTOB C MOJIb30BATENbCKUMY METAJAHHBIMU.

Jlpyroii BapuaHT — rcHosb30BaTh Cl-cepBep A5 OTCIeXXKUBaHUS 3TOM MH(pOpMa-
11K, ITO 3ByYUT HEIJIOXO [I/s1 XPAHEHUST METAIAHHBIX COOPKH, OJTHAKO B 3aBUCUMOCTHU
OT TOTO, KaK PaboTaeT ¥ HACTPAUBAETCS CEPBEP HENPEPHIBHONW WHTErPALIUY, MHOTIA
He PEKOMEH/Iy€eTCsl XPAaHUTh HA HaM HOCTOsIHHBIE faHHble. CTapbie COOPKYM MOTYT OT-
6packIBaThCA, M MH(POPMAIIKSA O HUX MOKeET ObITh yTpayeHa.

B nesioMm KosmiuecTBo mouek ucmumsi, HAHPUMED, [J1s1 XpaHeHUs apTepakTOB U UH-
hopmanuu K0JKHO ObITH HEGOJIBIINM 1 YETKO OHpeieleHHbIM. [109TOMY NMeeT CMBICJT
KICHOJIb30BATh PENO3UTOPUH apTehaKTOB /1151 METAJAaHHBIX.

Ilpyroe, 6onee nHAUBUAYAJIbHOE pelleHne — 3afgeiictBoBath VCS-penosuropun
KOMITAHUY JIJIsT OTCJIEKUBAHUS OTpe/ieieHHoN nHdopMaluu. bosbimM npeumyiie-
CTBOM XPaHEHUS METAIAaHHBIX, HaHpUMeD, B Git SIB/IA€TCS TO, 4TO HPY HTOM 0OECHEU M-
BAETCS IOJHASA THOKOCTh COXPAHSAEMBIX IAHHBIX ¥ CTPYKTYPbL. CepBepbl HEMTPEPHIBHON
MHTETPALUU HO YMOJYAHUIO 006/1a1a10T (PYHKI[MOHAIBHBIMUA BO3MOXHOCTAMHU JJISI
noctyna k VCS-peno3utopusim, HO3TOMY UHCTPYMEHTBI CTOPOHHUX TPOU3BOAUTEEH
He TpebyoTCA. Peno3uTopun Mo3BOJSIOT XPAHUTD JIIOOYI0 HH(MOPMAIIMIO, KOTOPast
MOsKeT ObITh HpeACTaBJeHa B Bujie (haiiioB, HATPUMED 3aHUCAHHbIE PE3YJIbTATHI Te-
CTHUPOBAHUS.

PeannzoBaHHbBII peHO3UTOPHII METAIAHHBIX JIOCTYHEH B Pa3HBIX TOUKaxX KOHBelepa,
HaHPHUMeP B IIpolecce pa3BepThIBAHUSL.

MNepenaya B aKCnAyaTauuio

[Tocsennuit aTan KOHBeliepa HEHPEPBIBHOM IIOCTaBKU — 3TO Pa3BEPTHIBAHUE B Cpeie
akciuryaTaiui. OHO 32y CKaeTCst BpYYHYIO JIH, IOCJIE TOTO KaK MPOLIEHbI BCE HPOBEP-
KU M aBTOMATHYeCKKeE TeCTHI, aBToMaTiyecku. [Toaassistionee GOBITMHCTBO KOMHAHUI
HCHOJIb3YIOT pa3BePThIBAHME C PYYHBIM 3ammyckoMm. Ho maxe eciu koHBeliep He ObLI
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NPOU/IEH ¢ HAYAJIA U 10 KOHIIA, HETIPEPhIBHAS TOCTABKA /a€T GOJIbIINE HPEUMYIIECTBA,
ABTOMATU3UPYs BCe HEOOXOAMMBbIE OTIEPALIUH.

B koHBeliepe eCTh TOJBKO IBE CTAPTOBBIE TOUKU: HAYA/IbHAS (DUKCALINS U3MEHEHUI
B PEMO3UTOPUH, KOTOPAS 3aIIyCKAET BBHINOJHEHNE, U OKOHYATEJIbHOE PA3BEPThIBAHUE
IS KCILIyaTalMH II0CJIe TOrO, KAK BCe 9TAHbI OBLIM IIPOBEPEHBI BPYYHYIO M aBTOMA-
TUYECKH.

B cpene ynpaBiienusi KOHTeliHEpaMU Pa3BEPTHIBAHUE [IJISI IKCILIYATAIlUU, TO ECTh
Pa3BEPTHIBAHUE B OT/IEJIBHOM ITPOCTPAHCTBE UMEH WJIM OT/IEJIBHOM KJIACTEPE, TTPOUC-
XOJIUT TAK K€, KAK U Pa3BepThIBaHUE B TECTOBBIX cpenax. [lockombky nHdppacTpykTypa
KaK KO/l aHAJIOTUYHA WJIM UJIEHTUYHA TEM, KOTOPbIE BHITIOJIHSIJIUCH PAHEE, 9TA TEXHO-
JIOTHS CHI)KAeT PUCK HECOOTBETCTBUS CPEIBI 711 9KCHITyaTallH .

Mopenu BeTBneHUsA

B xoze pazpaboTku MPOrpaMMHOIO obecriedeHus yao0H0 UCIOAb30BaTh PA3IMYHbIE
MO/IeJI BeTBJIeHNs1. BeTBU HPOrpaMMHOTO 06eCcTiedeH sl BOSHUKAIOT U3 OOIIETO UCXOI-
HOTO BapHaHTa ! Pa3JjIn4yaioTCs Ha OTIpeieJIeHHOM 3TaHe, YTO I03BOJISIET TApalyIeIbHO
BECTH HECKOJIBKO STATIOB Pa3paboTKL.

Oco6eHHO pacHPOCTpaHeHo BeTBjeHne QyHKuit. [Ipy 9TOM co31a10TCA OTAENb-
HbI€ BETBU A Pa3pabOTKK Ka)xao¥ (PyHKIMM HPOrPaMMHOTO ImpoxaykTa. Ilpu 3a-
BepiieHny paboThl HaJ GYHKIUEN BETBb OObEAUHSAETCS C TIaBHOU BeTBbIO. I1oKa
(dbyHK1Ms paspabaTbiBaeTCs, TIaBHASI BETBb Pa3pabOTKU M IPYTHE BETBU OCTAIOTCS
HETPOHYTHIMU.

E1e oHa Mozie b BeTBJIEHUST — UCIIOIb30BaHME BeTBeil KOHEYHBIX Bepcuil. BeTBu
KOHEYHBIX BEPCHIA COZIEPKAT TOTOBOE ITPOrPAMMHOE 0GECTIEUEHUE OTIPEIETIEHHBIX BEP-
cuif. CyThb B TOM, 4TOGBI CO3/IATh ONPENETEHHYIO TOUKY /1715 BBIHYIEHHOM BEPCHH, TI1e
K Helt MOTyT 106aBJIsATHCS UCTIPaBIeHUs OKMOOK 1 HOBbIe (DyHKIMY. Bce BHECEHHbIE
B [JIABHYIO BETBb U3MEHEHUSI, KOTOPbIe IPUMEHSIIOTCS 1151 KOHKPETHON BEPCUU, BbI-
MIOJIHSIIOTCS U B BETBU BEPCUM.

OnHAKO BETBSIINECS MOJIEIM IPOTUBOPEYAT U/ee HelpepbsIBHOM noctaBku. Hanpu-
Mep, BeTBU (DYHKIUH 33/1epKUBAIOT UHTETPALUIO 3TUX (DYHKUHUI B TJIABHYIO BETBb.
YeM foJ1blile HOBBIE (DYHKI[MYM HE UHTETPUPYIOTCS, TEM GOJIbILIE BEPOSTHOCTD KOH-
bavkToB causius. Takum 06pa3oM, BETBU (PYHKIIUH PEKOMEHIYETCS NCHOJB30BATh
B KOHBeliepax HeHPEPHIBHOU ITOCTABKY TOJIBKO B TOM CJIy4ae, eCJIM OHU HeI0JITOBEYHBI
¥ CBOEBPEMEHHO WHTETPUPYIOTCS B [JIABHYIO BETBb.

Brinyck pasHbIX Bepcuil U mapaJiesibHas paboTa HaJl HUMY MPOTUBOPEYAT UIIee
HETPEPBIBHOU MOCTAaBKY Bepcuil. Peann3oBanuble (DyHKIUU B UIea€ JOJKHBI 110-
CTaBJIATHCA B CPEly SKCILTyaTAllMU KaK MOXKHO OBICTpEE.

ITO OTHOCUTCS HO KpaliHeil Mepe K KOPIIOPaTUBHBIM IpoeKTaM. [IpogosskuTens-
HBI XKU3HEHHBIH I[UKJ NOApa3yMeBaeT, YTO Kakaas GuKcalnusi ”3MeHeHU — I10-
TeHI[UAJTbHBIA KaHIUAAT [JIs1 Pa3BePTHIBAHUS B Cpefie dKCILTyaTtanuu. ViMeeT cMbICT
WHTETPUPOBATH U UCMIOJIb30BATh B paboUell Cpefie TIaBHYI0 BETBb, YTOOBI KAK MOKHO
paHbllie UHTETPUPOBATh U Pa3BePTHIBATh (PYHKIUH, IIPOBEpEHHbIE aBTOMATUYECKUMU
tectamu. Takum 06pasoM, MOZIeNIb BETBJIEHUS IPU HEHPEPHIBHBIX HOCTABKE U Pa3Bep-
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TBIBAHUHU SIBJISIETCS IOBOJIBHO MPOCTOI. VI3MeHeH S IPUMEHSIIOTCSI HETIOCPEACTBEHHO
K TJIABHOM BETBU, COOMPAIOTCSI, TPOBEPSIIOTCS U PA3BEPTHIBAIOTCS KOHBEHEPOM COOPKH.
J106aBIATh METKY BPY4HYIO 06b14HO He Tpedyercs. Kaxnasa dukcauys nusmMmeneHni
B KOHBeliepe HelpephIBHOM TOCTABKU HESIBHO KBATU(PUIIUPYETCS AJisI BBITYCKA U Pa3-
BEPTHIBAHMS B CPEJlE IKCILIYATAIIMHU, €CJM TOJAbKO HE OOHAPY/KATCS OIIUOKU B XO/IE
aBTOMATUYECKOU TPOBEPKU.
Ha puc. 6.5 noka3zaHa KOHIIEMI[¥sT MOJIEIM BETBJIEHUST P HETTPEPHIBHOM Pa3Bep-

ThIBAaHHUH.
12ab [¢—134 be [¢— 56de [«— 67ef 89ff [«—| 90aa |« HEAD
master

feature-xy

Puc. 6.5

OtzenbHble BeTBU (DYHKIUI CYIIECTBYIOT HEZOJTO U CBOEBPEMEHHO CJIUBAIOTCS
C IJIaBHOM BETBBIO. BBITIYCKH CO3/1AI0TCS HESIBHO TTPU yerelnHbix chopkax. [pepBantbie
c6OPKY He TIPUBOJIAT K PA3BEPTHIBAHUIO B CPe/ie IKCILIYaTalluu.

OnHaKo POAYKTHI ¥ GUOMUOTEKU MOTYT UMETh Pa3Hble MOJE BeTBeHus. Ecau
CYIIECTBYET HECKOIBKO OCHOBHBIX I 6MOPOCMENeHHbIX BEPCHIL U B KAXKAOM U3 HUX Be-
neTcs paboTa Mo UCTIPABJIEHUIO OMIMOOK, TO MIMEET CMBICJI CO3/1aBaTh OT/EIbHbIE BETBU
JUIST KXKIOH Takoi Bepcuu. BeTBu okoHYaTenbHOM Bepcun, Takue Kak v1.0.2, MOXHO
BIIOCJIEZICTBUY MCIIOJIB30BATH JIJIsl TEXHUYECKOU MOIEPIKKH U UCTIPABIEHUHN OmMGOK,
IpOJO/IXKas Hymepaluio, Hanpumep, kak v1.0.3. OcHoBHas pa3paboTKa B 9TO BpeMsi
IpoIoJIKaeTCs B 6oJiee HOBOM BETBU ¢ HOMEPOM, Hanpumep, v2.2.0.

TexHonorusa

[Tpu npoekTHpOBaHUM KOHBEMEPOB HENPEPHIBHOU MTOCTAaBKU BO3HUKAET BOIIPOC,
KaKyI0 TEXHOJIOTHIO MCIOJIb30BaTh. Peub uiet He TosbKO 0 camoMm Cl-cepsepe, HO
1 060 BCeX MHCTPYMEHTAX, IPUMEHSIEMBIX B X0/ pa3pabOTKM, TAKUX KaK CUCTEMA
yIpaBieHNs BEPCUAMHU, XPAaHUIUIIA apTe(aKTOB, CUCTEMbI COOPKY M TEXHOJIOTHU
CpelIbl BBITOTHEHUS.

Bb160p TEXHOJIOTHY 3aBUCUT OT PEATBHBIX IOTPEOGHOCTEN U He B MIOCIEHIO0 OUe-
pellb OT TOTO, C KAKMMU TEXHOJIOTUSIMU 3HAKOMA IPYTa MHXXeHepoB. B cienyomux
npumepax GyayT npumenensl Jenkins, Git, Maven, Docker u Kubernetes, mupoko
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pacmpocTpaHeHHbIe BO BPeMsI HAMTUCAHYS 3TOM KHurn. OJHAKO 7151 MHXKEHEPOB BaX-
Hee IOHUMATh OCHOBOITOJIATAONI e HPUHIUIIB 1 MOTUBalMo0. CaMu Jke TEXHOJIOTHH
B3aMO3aMEeHsIEMBI.

HeszaBucuMo OT TOTO, KaKe UMEHHO MHCTPYMEHTHI OYAyT BbIOpaHbl, PEKOMEH-
IY€TCS MCTIOIb30BATh UX TI0 MPSIMOMY HazHadeHuI0. OTBIT HOKa3bIBAET, YTO UHCTPY-
MEHTBHI YaCTO IPUMEHSIIOTCS [IJIs1 PellleHus 3aa4, 7151 KOTOPBIX OHU He HpeHa3HAYEHbI
¥ KOTODBIe JIy4llle BBIIIOJIHUTD, 33eACTBYS IPYTHe TeXHOJIOTHH. SIpKkuM nmprmMepom
siBaIsieTcs cucteMa c6opku Maven. B HpoekTax 4acTo CO31ai0TCs mpoltiecchl c60pKy,
KOTODbIE HApSIAY C CO37laHueM apTepakTOB PEIIAIOT JOTIOJHUTENbHBIE 33Ja4H.

VMeeT cMbIC/ HE CMEIINBATh ONEPAl[MK HO CO3/IaHUIO0 KOHTEITHEPOB UM pa3Bep-
TBIBAHUIO MIPOTPAMMHOTO obecriedeHust Hpu cOopke apTedakToB. ITH 3a1a4U HPEI-
MOYTUTENBHO PeaTN30BaTh HEHOCPEACTBEHHO Ha cepBepe HeIIPePbIBHOIN WHTETPALIMHL.
[TepeHOC NaHHBIX OHEPALUH B TPOIECC COOPKHU CBSI3BIBAET TEXHOJIOTHUIO COOPKH CO
Cpe/Ioii BBIMOTHEHMSI, XOTS B 3TOM HET HEOOXOAUMOCTH.

Wtak, pekoMeHIyeTCs UCIOIb30BaTh HHCTPYMEHTHI 7Sl TOTO, /JIsl 4ero OHU He-
MOCPEACTBEHHO MpeAHasHauenbl. Hampumep, ctouT ctpouth KoHTelHeps Docker u3
COOTBETCTBYIOMIMX ABOMYHBIX (haiinos Docker, a He co31aBaTh NOMOJHUTEIBHBIE CH-
cremubie Moy, Heobxoanmbie ypoBHY abCTpakiuu ydiie 100aBIATh B KOHBeHep
KaK OTpe/iesIeHus Koaa, Kak Gy/IeT TIOKA3aHO B CIEAYIONUX IPUMEPax.

KoHBelep Kak koA

Mb1 yxe BUEIN IPEUMYIECTBA HPEACTABIEHUST KOHMUTYPALUU KaK KO, IPex/Ie
Bcero nHQPACTPYKTYPHI Kak Kozxa B Buae (aiinoB. Te ke HpUYMHBI IPUBENN HAC
K OHpeZieJIeHNIO KOHBelepa Kak KoJia — KOH(UTypaluy, olpeessonleil 3Tanbl KOH-
Betiepa CI-cepsepa.

B npouriom MHOTHE cepBephl HENPEPHIBHOM MHTErpanuu, Takue kak Jenkins,
IPUXOAMUIOCH HACTpauBaTh Bpy4Hy10. Bece 3amaun CI-cepsepa TmiatebHO 0Obean-
HSIJINCh B KOHBEMEPHYIO MMOCJIE/I0OBATENBHOCTD. [[09TOMY TIepecTpoiika KOHBelepa
C Y4€TOM HOBOTO MPUJIOXKEHUS UM HOBBIX BETBel (PyHKIUHN TpeboBaia CI0KHON
PYYHOH paboTHL

OrnpesiesieHrie KOHBeliepa Kak Ko/a TIO3BOJISIET CAEIaTh KOHBENEep HEHPEPbIBHOM
MIOCTABKH YaCThIO IPOrpaMMHOTro HpoekTa. Cl-cepBep cO31aeT 1 BBIHOJIHSIET KOHBEHED
COOTBETCTBYIOIIMM 06Pa30M, CIeys CLEHAPHIO. ITO 3HAUNTENBHO YIIPOIIAET OHPe/e-
JIeHVIe ¥ TIOBTOPHOE UCHOJIb30BAHNE HPOEKTOB ITOCTPOEHUSI KOHBEHEPOB.

Cyl1ecTByeT MHOTO CEPBEPOB HENIPEPHIBHOM HOCTABKU, KOTOPBIE TOAIEPKUBAIOT
oTpe/iesieHVe KOHBeliepa Kak Koja. CaMoe BaXKHOE 3aKTI0UAETCSI B TOM, UTO UH)KEHEDBI
JIOJDKHBI TIOHUMATh HPUYMHBI HPUMEHEHUS 9TOY TEXHOIOTHH U 3HATH €€ HDEUMYIIECTBA.
[lanee mpuBefeHbI IPUMEPHL 4JIs Jenkins — MIMPOKO MCHOIb3YEMOTO B 9KOCUCTEME
Java Cl-cepsepa.

[Monb3oBatenu Jenkins MOryT co3naBaTh KOHBelephl B (paiiie Jenkinsfile, xo-
TOpbIi oHpenensieTcs ¢ Homortbio Groovy DSL. Groovy — 3To OHIIMOHATBHO THIIH-
3UPOBAaHHBIN AUHaMIYecKuil JVM-s3bIK, KOTOPBIN XOPOLIO HOAXOAUT /7SI CO3aHUS
DSL u cuenapues. B cuenapusx c6opku Gradle ucnonssyercs taxxe Groovy DSL.
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B caenyomux HpyMepax IOKa3aHbl 3TaHbl 04€Hb HPOCTOTO KOHBeMepa JJIsl IIPo-
€KTa ]ava. OHI/I HPHU3BaHbI 1aThb l'[pI/I6JII/131/ITeJIbHOC IIpEeACTaB/JI€HHE O BBIIIOJIHEHHOM
nporecce. J[1a moaydenus nosnoi nudopmaiuu o gaiinax Jenkinsfile, ux cunrakcuce
Y CEMAHTHKE COBETYEM 00PATUTHCS K JOKYMEHTAI[H.

Ilanee nmokasan Jenkinsfile, comepsamuuii oHpenenenrne 6a30Boro KoHpeliepa:

node {
prepare()

stage('build') {
build()
}

parallel failFast: false,
'integration-test': {
stage('integration-test') {
integrationTest()
}

3,
‘analysis': {
stage('analysis') {
analysis()
}

}

stage('system-test') {
systemTest ()
}

stage('performance-test') {
performanceTest()
}

stage('deploy’) {
deployProduction()
}

}

// onpeaeneHus meTopa

Omnpenenenns stage COOTBETCTBYIOT 3TaHaM KoHBeliepa Jenkins. ITockobKy cue-
Hapuii Groovy peacTaBJsieT OO0 MOMHOLEHHBIN 3K HDOTPAMMUPOBAHUS, MOKHO
" HYXHO IPUMEHATDH METOAbI YUCTOI'O KOAa, ‘{T06b1 IMMOJIYYHUTHh XOPOIIO YUTAEMBbII Kona.
HO3TOMy COAEPKNMOE€ KOHKPETHBIX 3TAIIOB IIPEACTABJIEHO B BUZIE OTAEC/JIbHBIX METOAOB,
KOTOPbIE HAXOJSATCS Ha OHOM yPOBHE abCTPaKLIUU.

Haupumep, Ha aTaHe prepare () HHKANCYIUPYIOTCS HECKOJIBKO METOIOB, BHIHOJIHSI-
IOLIMX [IPEABAPUTEIbHbIE YCIOBUS COOPKH, TAKMX KAaK IIPOBEPKA PEHOZUTOPHS COOPKU.
B cnenyromem xozie HOKa3aHO OTpeiesIEHYE 9TOTO METO/A:
def prepare() {

deleteCachedDirs()

checkoutGitRepos()
prepareMetalInfo()
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Ha stamne C60pKI/I TaKXe NHKaHCYJHUPYIOTCA HECKOJIBKO IIOJ3TAIIOB, OT BBIIIOJIHE-
HuUs cO0pKu Maven, 3anicy METalaHHbIX U Pe3yJIbTaTOB TECTA J0 CO34aHUs 00Pa3oB
Docker. B cienyiomem Koge IIOKa3aHo OIPEAeTIeHIEe METOA:
def build() {

buildMaven()
testReports()
publishArtifact()
addBuildMetaInfo()
buildPushDocker(dockerImage, 'cars')
buildPushDocker(databaseMigrationDockerImage,
'cars/deployment/database-migration')
addDockerMetaInfo()
}

ITU MPUMEPBHI [AIOT TIPECTABJIEHNE O TOM, KAK OHUCHIBATh U MHKAHCYJIUPOBAThH
onpe/ieleHHOe HOBE/IEHHE B BUJIE 9TANOB KOHBeepa. PaccMoTpenue mofipoOHBIX IpH-
mepoB Jenkinsfile BbixoauT 3a pamkyn KHUTH. 51 IOKaXy TOJBKO OCHOBHBIE OHEPAIIUH,
MO3BOJISAIONINE COCTABUTE HPEACTABJIEHNE O TOM, KaKUe JIOTUYECKUE IeHCTBHS HE0OXO0-
JIMMBI M KaK UX OTIMCATh B CLIEHAPHSIX KOHBEepa HOHATHBIM U 3((DEKTUBHBIM CHOCOOOM.
OnHako (hakTUUECKHe PEAIM3AIUY CUITBHO 3aBUCAT OT KOHKPETHOTO HPOEKTA.

Onucanus koHBelepa Jenkins HO3BOJISIOT MOAKIIOYATD TAK HA3bIBAEMbIE KOHBEHED-
Hble 6UOMNOTEKY. DTO TOTOBbIE GUGIMOTEKHU, KOTOPBIE COZEPAKAT YACTO UCHOJIB3Y EMbIE
(hYHKIMY, YIPOUIAONINE UX PUMEHEHNE U yMEHbUIAIOIINE 1yOIMPOBAHUE TIPU HA-
JIMYMU HECKOJIBKUX PoeKTOB. CTOUT co31aTh GUGIMOTEKY KOMIIAHMY ¥ BHIHECTHU Ty/1a
onpefeeHHbie GYHKIMU, 0COOEHHO Te, YTO KACAIOTCS CHEIM(DUKU KOHKPETHON CPEJIBL.

B crenyroteM npuMepe oKa3saHo pa3BePThIBAHKE TPUIOKEHUS 171 HDOU3BOICTBA
aBTomobueii B cpene Kubernetes. Meron deploy () BbI3bIBaeTCsI U3 KOHBEMepa cbop-
KU [IPU Pa3BePTHIBAHMM KOHKPETHOTO 00pa3a 1 cXeMbl 6a3bl JaHHBIX B TIPOCTPAHCTBE
umen Kubernetes:

def deploy(String namespace, String dockerImage, String databaseVersion) {
echo "pasBepTteiBaHue $dockerImage B Kubernetes $namespace"

updateDeploymentImages(dockerImage, namespace, databaseVersion)
applyDeployment (namespace)
watchRollout(namespace)

}

def updateDeploymentImages(String dockerImage, String namespace, String
databaseVersion) {
updateImage(dockerImage, 'cars/deployment/$namespace/*.yaml')
updateDatabaseVersion(databaseVersion
'cars/deployment/$namespace/*.yaml')

dir('cars') {

commitPush("[jenkins] updated $namespace image to $dockerImage" +
" and database version $databaseVersion")

}

def applyDeployment(namespace) {
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sh "kubectl apply --namespace=$namespace -f
car-manufacture/deployment/$namespace/"

}

def watchRollout(namespace) {
sh "kubectl rollout status --namespace=$namespace deployments
car-manufacture"

B atom Hpumepe oupenenenns Kubernetes YAML 06GHOBJISIIOTCS U COXPAHSIIOTCS
B VCS-penosuropuu B Buzie pukcaiuu nuamMenenii. Bce onepanuu npencraBieHst
B Bujie MH(MPACTPYKTYPHI KaK Koja B mpocTpaHcTBe uMeH Kubernetes u oxxunaror 3a-
BepILEHUS Pa3BEePTHIBAHUA.

Iesb, KOTOPYIO 51 CTAaBUJI, HDUBOZS 3TY IIPUMEPBIL, — AaTh YUTATEJIO IPeCTaBIeHUe
0 TOM, KaK UHTETPHPOBATh KOHBeePhl HEIIPEPHIBHOU ITOCTAaBKU B hopMaTe «KOHBeliep
KaK KoJl» ¢ (ppeiiMBOPKOM ympaBJieHust KoHTelHepamu, TakuM Kak Kubernetes. Kak yxxe
OTMEYANOCh, MOXKHO TAKXKE 33/1eWCTBOBATH OUOINOTEKM KOHBEHEPOB /ISl MHKAHCYJIsI-
LM YaCTO UCHOJIb3YEMbBIX KOMAaH/ 060s109ku kubectl. /[uHaMUuYecKye I3bIKH, TAaKUeE
Kak Groovy, I03BOJISIOT MHXKEHEPAM HICATh XOPOIIIO YUTaeMbIE CIIEHAPUY KOHBeepa,
a Takxe JM000# APyroi Koz,

Paboune npoueccol B Java EE

B HpuBeNIEHHBIX HPUMEPAX PACCMOTPEHBI TUTIMYHBIE KOHBEHEpH! COOPKU Java, KoTo-
pble, KOHEYHO Xe, IpuMeHUMBI U K Java EE. B cymuocty, Java Enterprise Ho3BoJsIeT
a¢dexTUBHO pazpabaThiBaTh KOHBeHEPhL. BricTpas c6opKa 1, CIe10BaTENbHO, OBICTPAs
obpatHasi CBsI3b C MPOTPAMMUCTAMU UMEIOT PElIaioliee 3Ha4eHe 1JIs1 TOCTPOEHUSI
3¢ deKTUBHBIX PAGOYUX MTPOIECCOB HEHPEPHIBHON HOCTABK.

Kak MBI Buzmesu B riiaBe 4, IPUJIOKEHUsI C HYJI€BON 3aBUCUMOCTBIO, OCOGEHHO
yIaKOBaHHbIE B KOHTeHHEPHI, ellle 3¢ deKTUBHee NCHOIB3YIOT 3TU NpUHIHUIbL. Kopro-
pPaTUBHOE TIPUJIOXKEHNE, HPEACTABIEHHOE B BU/Ie YIIAKOBAHHOTO apTedakTa uiu Ha
YPOBHE KOHTENHEPA, COAEPHKUT TOJIBKO OU3HEC-TOTHKY, pa3paboTanHyio Ha 6asze API.
Ee peanuszanuio obecreuynBaeT KOHTEHHED HPUIOKEHUI.

KouBeiiep HenpepbIBHOUM HOCTABKU BHIMTPHIBAET OT UCTIOIb30BAHUS TPUIOXKEHUM
C HYJIEBOM 3aBUCHMOCTBIO, TIOCKOJIbKY 33/1eHCTBOBAHHbIE 3TAHbI COOPKH U PaCIPOCTPa-
HeHUs TpeOyIOT HEMHOTO BPEMEHU Ha BhINOAHEHYE U niepenady. Coopka apredakTon
Y KOHTEHHEPOB MPOTEKAET MAKCUMAIBHO OBICTPO, KOMIUPYIOTCS TOJIBKO aBCOOTHO He-
06X0IIMBIE BJIEMEHTDI. AHAIOTUYHO HPU Ty OIUKALIUY U Pa3BePThIBAHUY apTe(aKkToB
Y KOHTEAHEPOB BBIMIOIHAIOTCS TOIBKO HEOOXOUMBbIe GU3HEC-3a/Iaul, UTO COKPALIAET
BpeMsi Iepeiaun. ITO MO3BOJAET YCKOPUTH MK HPOU3BOACTBA U 00ecHeunBaeT Obi-
CTPYIO 0OpPaTHYIO CBS3b.

IddekTrBHbBIE KOHBEMEPH KPUTUYECKH BAXKHBI 111 BHEIPEHUS KYJIbTYPbI HETIpe-
PBIBHOM MOCTABKU B KOMaH/IaX, T/ie pab0Tal0T HPOrPAMMUCTHL. ITO MOTUBUPYET UH-
JKEHEPOB BBIIOIHSITh TECTUPOBAHKE KAK MOKHO PaHblIle U Yallle, HOCKOJIbKY KOHBeHep
paboTaet 6BICTPO, 0OECHEYNBAET CKOPYIO OOPATHYIO CBSA3b U MOBBILIAET YBEPEHHOCTD
B TOM, YTO KQueCTBO TIPOTPAMMHOTO 0OGECHEYEHUsI HAXOAUTCS Ha JOJUKHOM yPOBHE.
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Kak yske roBopuioch, BpeMst COOPKH He JOJI’KHO TIPEBBILIATH HECKOJIBKUX CEKYH/I.
[Ipoxosk/ieHre BCEX ITATIOB KOHBeiepa CO0PKH, BKJIIOYast CKBO3HBIE TECTbI, HE IOJIKHO
3aHUMATh OOJIbIIE HECKOJIBKUX MUHYT, B U[€aJI€ €1lle MEHbIIIE.

Pa3paboTuyuKy MOJKHBI TIPUJIaraTh MAKCUMYM YCUJIUN K TOMY, 4TOOBI COOPKU
Y KOHBeWepBl BBIHOMHSIUCH KaK MOXKHO ObicTpee. B Teuerue pabouero aHsa Hporpam-
MUCTBI 4aCTO yCIEBAIOT COOPATh U MPOTECTUPOBATH MPOEKT. B peskrme HenpepbIBHON
MOCTABKY KasK/[asi TPOTECTUPOBAHHAS COOPKA SIBJISIETCS TOTEHIIUATbHBIM KAHIUAATOM
IS pa3BEPTBIBAHUS B CPejle SKCHIIyaTaluu. Eciu Bech mmpolecc 3aHUMaeT, Hallpu-
Mep, BCETO JIUIIb HA OJHY MUHYTY 60JIbIlE, TO BCE TPOTPAMMUCTHI B KOMAH/IE JKIYT
HA OJIHY MUHYTY J0JIblIIe KAXKIBIHA Pas, KOraa COOMPAIOT MPOrpaMMHOeE obecriedeHue.,
Jlerxo mpeacTaBUTh, YTO CO BPEMEHEM 3Ta 33/I€PXKKa HAKAIJIMBAETCS ¥ CTAHOBUTCS
I0BOJIbHO 60s1b1I0i. Ec/in nHKeHepaM HPUXOAUTCS AOJIbIIE OKUAATH PE3YIIBTATA, TO
y HUX IOSIBJISIETCSI COOJIA3H PeKe HPOBOIUTH TECTHL

Takum 06pa3oM, MOBHILNIEHE CTAOMIBHOCTH U TIPOU3BOAMTENBHOCTU KOHBEME-
pa — 3TO MOJATOCPOYHAS MHBECTUIIMSA B HPOAYKTUBHOCTD KOMaH/Ibl Pa3paboTYMKOB.
TectupoBaHue U 9TAIBI, KOTOPblE 00CTIEYNBAIOT OBICTPYIO U HOJIE3HYIO 0OPATHYIO
CBsI3b M CPOYHO MPEPBIBAIOT COOPKY B CiIy4ae OmMOOK, JOKHBI BBIIOJIHSATHCS KAK
MOXHO paHbiiie. Eciii HeKOTOpbIe CKBO3HBIE TECTHI 3AHUMAIOT MHOTO BPEMEHU U 9TO
HEJb351 U3MEHUTH U3-32 XapaKTepa IPOEKTa U CAMUIX TECTOB, TO X MOJKHO OITUCATh KaK
OT/IEJIbHbIE [IOCIEYIOIVE ITAIIbI KOHBEWEPA, YTOOBI HE 33/1ePIKMBATH OOPATHYIO CBSI3b
ocJie mpeapiayieii Hpopepku. Onepanuu, KOTOPble MOTYT MIPOTEKATh MAPAJIENbHO,
HAHPUMED CTATUYECKUI aHAIM3 KOJIA, IOJIKHBI HDOXOIUTD TaK, YTOOBI COKPATUIIACH 06~
1Iasi HPOJOJKUTENBHOCTB mipotiecca. CoBpeMeHHbIe TIOAX0/bI K pa3pabotke B Java EE
MO3BOJISIIOT CO3/aBarth elile bosee apdexTrBHBIE KOHTEHHEPDI COOPKH.

Tem He MeHee TEXHOJIOTHS — 3TO JIUIIB OHA CTOPOHA MOCTPOeHuUs 3 PeKTUBHOI
HEHPEePBIBHOU TOCTaBKYU. BHeapeHne HeHPepbIBHOM IIOCTABKY ellle CHJIbHEE BIUSIET Ha
KyJbTYPY KOMaH/Ibl pa3paboTynkoB. PaccMOTpUM 3TOT acmeKT noapobHee.

KynbTypa HENpepbIBHON NMOCTaBKU
N KynbTypa pa3paboTku

AddexTrBHAA HEHPEPHIBHAS TOCTABKA 3aBUCKT OT TPAMOTHOM KyJIbTYPbI Pa3pabOTKL.
Ecnv koMaH/1a MHXEHepOB-IIPOIrPaMMUCTOB He IeHiCTBYeT HO IPUHIIMHAM U PEKOMEH-
nausim coobutectBa Continuous Delivery, To naxe ot camas Jydiiasi TEXHOJIOTUS
He IIpUHeceT 10J1b3bl. KoHBeliephl, 103BOJIOIIYE PeaTu30BaTh aBTOMATU3POBAHHOE
pasBepThiBaHuE, GECIIONE3HBI, €CIU HET JOCTATOYHOTO KOJUYECTBA HPOTPAMMHBIX
TECTOB /IS TIPOBEPKY Pa3BEPHYTOTO MpOrpaMmHuoro obecnieuernst. Camblii MOIHBINA
CI-cepBep He HOMOXKET, €CJIM HDOTPAMMICTBI PEIKO HPOBEPSIIOT BHOCKMbIE N3MEHEHS,
U3-3a 4ero MHTerpauus OyaeT cJA0KHOU 1 rpoMo3zkoi. [loHOe HOKPBITHE TeCTaMU
Y IIPOBEPKA Ka4ecTBa KOJ[a HUUETOo He 3HAYaT, eCIM KOMaH/a He PearupyeT Ha Hey1ad-
HbI€ TECThI UJIH, UTO €II€ XYK€, OTK/II0YA€T NX BBIHOJTHEHHUE.
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OTBeTCTBEHHOCTb

HeHpepbiBHAst TOCTABKA HAYMHAETCS C OTBETCTBEHHOCTH 3a IIPOrPaMMHOE obecrede-
uue. Kak ysxe roopuiioch, B KyabType DevOps He0CTaTOUHO, YTOOBI TPOTPAMMUCTBL
IIPOCTO MHCAJIA MIPOTrPaMMBbl U ITPEAOCTABJIANN APYTUM CIIPABAATHCA C BO3SMOKHBIMU
omubkamu. KomMata HporpaMMICTOB, KOTOPast CO3/IAeT PUIOKEHNE U BJAJIEET UM,
0CO3HAET CBOU 00SI3aHHOCTH, 3HAET 00 MCHOJB3YEMBIX TEXHOJIOTHUSIX U YCTPAHSIET He-
MMOJIaIKH, €CJIM BOSHUKHYT OIJ.[I/I6KI/I.

IIpencraBbTe cebe HEOOMBINYIO KOMIAHUIO, B KOTOPOI TOJBKO OMH IPOTPAMMUCT
oTBeyaeT 32 npusiokeHue. OH 3aHUMAETCS BCEMU TEXHUYECKUMU 33/1a4aMi — paspa-
60TKOM, COOPKOI, Pa3BePThIBAHMEM U YCTPAHEHMEM HEHOJIAZOK B HpuoxeHuu. OH
JIydllle BCEX 3HAET BCE OCOOEHHOCTU MPUIIOKEHUS U MOXKeET 9(P(PEKTUBHO CHPABUTHCS
¢ BO3MOXXHBIMU HpoOaeMamu. O4eBUIHO, YTO TAKOU MOAXOM C €AMHON TOYKOM OT-
BETCTBEHHOCTU HE JOHYCKaEeT MaCIJ.[Ta6I/IpOBaHI/IH U IIPUEMJIEM TOJIBKO B KDOLIEYHBIX
KOMIIaHUAX.

Ha xkpyHHBIX npeanpuATUsaX 6GOJblIe IPUIOKEHUN, GOJbIIe HPOIPAMMUCTOB
1 60JIbIle KOMAH/I C PA3HBIMU 00SI3aHHOCTSAMU. 3a/1aua ¢ Pas/esieHNeM U TIEPEHOCOM
00s13aHHOCTEN 3aKJII0YAETCS B Tiepeziaue 3HaHUM. B uzeane 3HaHMs pacmipocTpaHs-
I0TCSI B KOMaH/le WH)KEHEPOB, KOTOPbIE TECHO COTPYAHUYAIOT B X0/€ paboThl HAJ
OAHUM U TEM XK€ HPOTPAMMHBIM 06ecnequI/IeM. Kak u B He6OJIbU.[I/IX HAa4YMHAIOIUX
KOMIIaHUSIX, MAHTPa /ISl pa3paboTKy MPUJIOKEHU 0KHA 3ByYaTh TaK: «Bol camu
amo cosdanu, camu u 3anycxaiimes. B enuHO KOMaH e 9TO BO3MOKHO TOJIBKO HPH Ha-
JIMYUHU OCHOBHBIX YETKO OIIPEACICHHbIX aBTOMAaTU3WPOBAHHBIX IIPOLECCOB. KOHBeﬁepr
HETPEPBIBHOM MOCTABKY HO3BOJISIIOT PEATTN30BATh STH IIPOLIECCH HANEKHOM HOCTABKHU
MIPOrPaMMHOTO 0GeCHEYEHMSI.

YHpaBJjieHre 9TUMU POIIECCAMU U UX COBEPUIEHCTBOBAHME GOJIbIIE HE SIBASIOTCS
npobeMaMy KOMaH/[bl 9KCHIYATAIMHU, & CTAHOBATCS 00A3aHHOCTHIO BCEH KOMAaH/IBI
UHKeHEPOB. Bce mporpaMMICTBI HECYT PAaBHYIO OTBETCTBEHHOCTD 32 COOPKY U TIO-
CTaBKy pabOTAIOIIETO TIPOrPAMMHOTO 00ECTIEYEHM ST, HPUHOCSIIIETO HOJIb3Y O13HeCy. ITO,
6e3ycnoBHO, TPeGYET BHITIOMHEHUS ONMPEAEIeHHbIX 00SI3aHHOCTEH 1 KOPHOPATUBHOMN
KYJIbTYPBHIL.

lNpoBepsaTb paHO U YacTo

HemnpepbiBHOM IOCTaBKOM A0JKHA 3aHUMAThCS BCsl KoMaHa. [IporpaMmucTsl, pabota-
IOLIYE HaJl OTAENIbHBIMU (GYHKIMSIMY WM UCHPABICHUEM OIINOOK, JO/IKHBI KAK MOYKHO
paHblIire 1 yarie GUKCHPOBATh BHOCUMbIE U3MEHEHUS B IJIABHOM BETBU. ITO KPUTUIECKU
Ba’sKHO JJIs1 0OecIieueHysi HellpephIBHOM nHTerpanuu. Yem 60J1blie BpeMEHN HPOXOIUT
10 TOTO, KaK U3MEeHeHNs OOBbEVHATCS C IJIABHON BETBBIO, TEM CIOKHEE BHIHOJHUTD
CIMAHUE U MHTEerpanuio pyHkumii. JJobasieHne CI0KHOH (PyHKIMOHAIBHOCTH B GOp-
Marte «O0JIbIIOHA B3PhIB» IIPOTUBOPEYNT UAEE HENPEPbiGHOT SBOTIONNN HPOTPAMMHOTO
obecnieyenvst. DYHKIIMOHANBHOCTh, KOTOPas He J0JKHA GBITH BUAHA TTOJB30BATESM,
MOJKHO MCKTIOUUTH TEpeKTodeHreM GyHKITHH.
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Heob6x0auMoCTh CIUSHUS C TIABHOM BETBBIO 4ACTO MOOYK/AaeT pa3zpaboTUNKOB
C CaMOTO Hayaja MUCaTh JOCTATOYHOE KOJUYECTBO ABTOMATU3UPOBAHHBIX TECTOB
nporpaMMHoro obecuedenusi. Ha 310, 6e3yCc/I0BHO, 3aTPAaTYNBAETCS] BPEMS B XO/I€
pa3paboTKu, HO 3aTPaThl BCerAa OYAyT OKYMAThCs B JOJTOCPOYHOM HEPCHEKTUBE.
PaspabatbiBasi pyHKIMIO, HHKEHEPHI 3HAIOT O €€ 3aa4ax U OrpaHuYeHusx. [opasno
IPOIIIE C CAMOTO HAYaJia HAIKMCATh He TOJbKO MOJYJIbHBIE, HO M CJIOXKHbBIE CKBO3HBIE
TECTBI, a He JIeJIaTh 3TO IIOCJIE TOTO, KaK (DYHKIWsI Oy/IeT HAMCAHA.

Oco6eHHO BasKHO COOOUIUTH MEHEee OHBITHBIM HPOTPAMMUCTAM, YTO BBHITIOJ -
HATH CJAMSIHUE BETBU Pa3paboTKU (PYHKIMH ¢ TIaBHOM BETBBIO HA PAHHUX HTaHAX —
He OILIOIIHOCTb, & YaCTh pabouero npotuecca. Koz, KOTOpsIi elie He peCTPyKTYPHPOBaH
U HE BBITJIANUT U/E€ATbHbBIM, HO BBIOJHSET TPEOOBAHUS U IPUHOCUT HOJIb3Y OU3HECY,
MO3KeT ObITh OUHUIIEH Ha CIIeyIoNieM aTane. [0pas/io BaxkHee 3aHICATH €T0 B [JIABHYIO
BETBb HA PaHHEHN CTaAUM HPOIIECCA, YEM JK/ATh 10 TOCIEHEN MUHYTHL.

MpobnemMbl HEMeAIEHHbIX UCMPaBIEHUI

Hewmennentoe ycrpanerue omuboK cO0pPKU — ellle OfiHa BaXKHAS 4aCTh KOMAHIHOM
KyJIbTYpbl pa3pabotku. HeBO3MOKHO UTHOPUPOBATh WJIM OTKJIAAbIBATh TECTHI, €CJIM
NPUIOKEHNE UX HEe TPOXOAUT, — CJeNyeT UCHPABUTh OMIMOKU KaK MOKHO ObICTpEe.
Ecu c60pKM YacTo pephiBalOTCS U3-3a OMMO0K, HO HUYETO He JIeJIaeTCs1, 4TOObI pe-
UTH IPOGJIEMY, TO CHUKAETCS IPOAYKTUBHOCTD BCEX YIEHOB KoMaHbl. Hampumep,
HeyIa4HBIN TECT, M3-32 KOTOPOTO CTAjIa HEBO3MOKHON cO0PKA TPOEKTA, He TI03BOJISIET
JPYTUM TIPOTPAMMUCTAM MHTETPUPOBATh U HPOBEPATH CBOM (yHKIMK. TeM He MeHee
HeyzayHble COOPKH, BO3HUKIIKME M3-3a OUIMOOK TECTUPOBAHMS UM HEAOCTATOYHOTO
KaueCTBa, ABJISAIOTCS TIPU3HAKOM TOTO, YTO Baauaanus padoraer. U 310, 04E€BUIHO,
ropas/Io Jy4llle, YeM JIO)KHBIE COOBIIEHNs 06 OTCYTCTBUU OIIKOOK, TO €CTh OMUO0Y-
HO ycHelHbie cO0pku. TeM He MeHee BAXKHO UCIIPABUTHh COOPKY HPOEKTa CPasy ke,
KaK TOJIbKO CTaHEeT ICHO, YTO OHA 3aBEPIIMJIACh HeyAauHO. [[pOrpaMMUCTbI TOJKHBI
BBITIOJIHATH OCHOBHBIE OBICTPbIE HPOBEPKH, TaKKe Kak cOOpKa HPOEKTa Java U TeCTH-
pOBaHUe Ha yPOBHE KOJa, HA JIOKAJIbHBIX MAlIMHAX MEPE TEM, KaK 3allMCaTh HPOEKT
B [leHTpasbHOM penosutopun. Cienyer Ho03a60TUTBCS O TOM, YTOOBI HE TIEPErpyKaTh
KOHTeHeD, BOBpeMs1 OOHAPYKUBATh CAydaliHble OMNOKY U He 6ECHOKOUTD JUIIHUN
pa3 PyTUX 4JIEHOB KOMaH/IBI.

Kak ysxe roBOprIIOCh, NpeayTpexIeHusi KOMIUIATOPA U aHATU3aTOPa KOJa CJie-
NlyeT pacCMaTpUBaTh KaK OIMMOKU, HpephiBaoIye cO0PKY. DTO 03HAYAET MOJIUTUKY
HYJIEBOM TONIEPAHTHOCTH K IPELYHPEKIEHUSIM, KOTOPasi TOOYKAAeT UHKEHEPOB MO0
UCTIPaBUTH OMMOKY, 1160 U3MEHUTD yCIOBUS IPOoBepKU. Takum 06pa3oM, peaynpe-
JKIEHWsI 0 COOPKe, KOMITUJISILIAY MU CTHJIE KOJIA TAK/KE CYUTAIOTCS OIIMOKAMH, KOTOPbIE
MPEPHIBAIOT COOPKY U TOJIKHBI OBITh MCHPABJIEHBI KAK MOXKHO CKOpEe.

YJieH KOMaH/bl, KOTOPbIN 3aUKCUPOBAJ U3MEHEHNUE, BHI3BABIIEE MIPEPHIBAHUE
c60pKH, B Uieasie 0IKEH TIEPBbIM B3SIThCS 32 yCTPaHEeHMe NPUYUHbL ook, Ox-
HAKO OTBETCTBEHHOCTH 32 MOJIJIEPIKaHKE KOHBeHepa B paboTOCHOCOOHOM COCTOSTHUN
HECeT BCsA KOMaH/Ia, HOCKOJIbKY OHA OTBEYAET 32 BeCh MPoekT. Hu y Koro He M0KHO
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OBITb UCKIIOUUMENBHO20 NPABA HA UCNOAL30BAHUE K0Od, TO €CTh HE JOJIKHBI CyIIe-
CTBOBATb YaCTU IMMPOEKTOB, KOTOPbI€ U3BECTHBI TOJBKO OZJHOMY YJ/IEHY KOMaH/bI.
[TporpammucTsl, HaHNCaBIINE KOHKPETHYIO (DYHKI[MOHAJIBHOCTD, BCETZa 3HAKOMBI
Cc Heit sydnre, yeMm ocTanbHbie. ONHAKO B MI060M cJaydae BCS KOMaH/a A0JKHA
MMETH BO3MOXHOCTH pa6OTaTb CO BCEMHU 4YaCTAMH HPOEKTa U IIPHU HeO6XOI[I/IMOCTI/I
YCTPaHATh MPOOIEMBI.

MNpo3payHoCTb

Ellle 01HUM Ba)KHBIM [IOKA3aTEJIEM SIBJISIETCS] HPO3PAYHOCTD, KOTOPYIO 00ECHEYMBaeT
HeNpPepbIBHAS HOCTaBKa. MOXKHO BECh HPOIECC Pa3paboTKH, BKIIOYast (PUKCAIMIO 13-
MeHeHui, cGOPKY, HDOBEPKM U Pa3BEPTHIBAHUE, OTCJEKUBATH U3 OJHOM TOUKHU U CO-
CTaBUTH OOIIlee TIPeACTaBIeHre 0 HpoeKTe. Kakue XxapakTepUCTUKY MPO3PavyHOCTH
Ba)KHBI B KOHBelepe HEHPEPbIBHOIN HOCTABKHU ?

[Ipex e Bcero HeOOXOAMMO YKa3aTh, TOTOBO JIM IPOrPaMMHOE 0OeCHEYEHHE K 10~
craBke. Ciola OTHOCUTCSI COCTOSIHUE COOPKU C TOUKHU 3PEHUSI KOMHUJISILUM, TECTOB
1 aHaM3a KoAa. JJ1s1 Toro uToObl COCTABUTH 0011Iee TIPECTABIIEHNE O XO/Ie Pa3paboTKy,
MOJKHO MCITOJIb30BAaTh IIaHE/Ib MOHUTOPUHIA NI TaK Ha3bIBa€MO€E yCTpOﬁCTBO IKCcmpe-
MATBHOU 06pamnoil c63u — TabIIo ¢ PeabHBIMU 3€JIEHBIMU U KPACHBIMU JIAMIIOUKAMH.

PagymHast HDO3PayHOCTb B U/ieaJle He eperpykaeT nH(popMalrei py yCrneuHoM
BBIHOJIHEHUY COOPKU (3EJIEHBII CBET), HO B Cydae c60eB 06eCTIeuBaET YETKOE U ICHOE
MIOHUMAaHUE TPUYKH. ITO CHOBA HDUBOJUT HAC K TPUHIUITY, 4TO HPU COOPKeE He ObIBaeT
IIPeAyIPEKIeHUI — OHA MO0 HPOXOAUT YCTIENTHO U HMYETO eJIaTh He Ha/10, 100 TIpe-
phIBaeTcs ¥ TpeGyeT ucHpasaeHui. [laHean MOHUTOPHUHTA WK IPYTHE UHAUKATOPHI
KPACHOTO WJIM 3eJIEHOTO CBETA y3Ke CAMMU TI0 ceOe HPEAOCTABIIAIOT MOIE3HBIE CBEIEHYSI.
3TI/I HWHCTPYMEHTBI IPO3PAYHOCTU OOJIKHbBI 6bITb JOCTYIIHBI BCEM YJIEHAM KOMaH/ bl
17151 06eCHEYEeHUsT COBMECTHOM pabOoTHI.

Ho uTo6bl He CAMIIKOM HApyUIaTh €XeIHEBHBINA MpoIiece pa3paboTKu, UMeeT
CMBICJI B HEPBYIO 04epeab cooOmath 06 omnbKax TeM, Ybd (PUKCALUN U3MEHEHUH
BbI3Bas cOO1 pu c6opke. CKopee BCEro, OHM Jyyllle 3HAIOT, KaK MCIIPABUTh COOPKY,
He HpepbiBas 6e3 KpaiiHel HeobxoauMocTu paboty koJier. CepBepbl HEMPEPBIBHON
HMHTErpally HPeloCTaBIAI0T (QYHKIIMOHATbHBIE BO3MOKHOCTH JIS1 OTIPaBKH 3JIEK-
TPOHHBIX IKCeM, 0OMeHa COOOLIEHUSIMU B YaTax WU APYIUX (POPM YBEIOMJIEHMUS.
3TO IIOBBIIIAET Ka4€CTBO IMIPOTPaAaMMHOTO O6eCHe‘-IeHI/I$[, a TaKXe HPOAYKTUBHOCTDH
paboThl IPOrPAMMUCTOB.

Nudopmanus, cobpanHas B mpoiecce COOPKY, MOKET UCTIOIb30BATHCS JIJISI U3-
MepeHMs KauecTBa MPOrPaMMHOTO HPOEKTa. B 1mepByio ouepeasb K Hell OTHOCATCS
Pe3yJIbTaThl COOPKHU U TECTUPOBAHMS, @ TAKJKE HOKA3aTe M KauecTBa KOjla, TAKUE KaK
NIOKPBITHE TeCTaMK. DTa MHGOPMALUS MOKET 0TOOPaKaThCsl Ha ydacTKe rpaduka,
COOTBETCTBYIOIIEM OIIPE/IEJIEHHOMY BPEMEHH, U IaBaTh MPEICTaBJIEHHE O TEHIEHIMSAX
KayecTBa HPOrPAMMHOTO 00€CTIeYeHUSL.

JIpyrue o4eHb MHTEPECHBIE METaJAHHbIE KACAIOTCS CaMOTO KOHBelepa cOOPKU.
Kak nos1ro 06b14n0 aimtest cbopka? Ckoabko c60pOK BBINOIHsIETC 3a ieHb? Kak gacto
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cbopka sakaHuMBaeTcs Heyaadel ? Kakossl Hanbosee yactoie mpuanb c6oes? CKoOJb-
KO BpeMeHU Tpebyercs A uctpasieHus: c60si (KaKOBO 8pems 60CCMAHOBIEHUS)?
OTBeTHI Ha 3TH BOMPOCHI IAI0T HOJIE3HYIO MH(MOPMAIIKIO O KaUueCTBe HPoIlecca Herpe-
PBIBHOH IIOCTaBKU.

Cobpannast uHGOPMALUS CIYKUT XOPOILUMM OTIIPABHBIM ILy HKTOM /1151 JaJbHe1Ie-
O COBEPIIEHCTBOBAHYS MPoIlecca pa3paboTku. [1po3pauHOCTh HEIPEPHIBHOM HOCTABKU
HE TOJIBKO TOBOPUT O TEKYIIEM CTATyCe MPOEKTa, HO U MOXKET IPUBJIEYb BHUMAaHUE
WHKEHEPOB K OHPE/IEJIEHHBIM HPOOIEMHBIM TOYKaM. [/1aBHAs 1[eJ1b — HOCTOSIHHO CO-
BEPILEHCTBOBATh POTPAMMHOE ObeCHEUeHHeE,

[NoCTOSAHHOE COoBEepLUEHCTBOBaHME

Best koHIen M HENPEPHIBHOM TOCTABKY HATIPABJIEHA Ha JIOCTABKY ITPOrPAMMHOTO 06e-
CrieYeHHs C HEU3MEHHBIM Ka4eCTBOM. ABTOMATH3MPOBAHHBIE [TPOLIECCHI CTUMYIUPYIOT
UCII0JIb30BaHKE TIPOBEPOK KAYECTBA.

Pa3zymeeTcsi, BBICOKOTO Ka4ueCTBa IPOrPAMMHOTO 00€eCIieYeH sl HeJIb3s1 IOCTHYb 6e3
3atpat. [IpoBeneHue O0CTATOYHOrO KOJIMYECTBO KOHTPOIBHBIX TECTOB, @ TAK)KE AHAIH3
KayecTBa Ko/a TpeOyI0T OHPEIEIEHHOTO BpeMeH! U ycruinil. OIHAKO TepBOHAYAIBHBIE
3aTpaThl Ha ABTOMATU3AIMIO U MOCTOSIHHOE TIOBBIIIEHNE KAYECTBA B KOHEYHOM CUETe
OKYTISITCS ¥l IPUBEAYT K YIy4IIEHUIO HPOTPAMMHOTO 00eCTIedeH sl

HoBbie pyHKIMY, 2 TAKIKE UCTIPABIEHHBIE OITMOKY JOKHBI OBITH TPOTECTUPOBAHbI
BO BpeMs pa3pabOTKU HACTOJIBKO, YTOOBI TAPAHTUPOBATH, YTO (YHKIMOHATBHOCTh
paboTaeT TaK, Kak 03KUAATOCh. ABTOMATU3UPYSI TECTHI K COXPAHSISI KX HOCJIEI0BATEb-
HOCTb, Pa3pabOTYNKU MOTYT OBITH YBEPEHbI, YTO HUKAKUE HOBBIE OITMOKN HE CMOTYT
HapyuTh QYHKIMOHAIBHOCTD B OyayiieM. To jke caMOe KacaeTcsi U aHaIu3a Kade-
crBa kona. Korza aHain3 HaCTpOeH, HANMCAHBI BCE COOTBETCTBYIOIINE HPABUIIA,
a HaliIeHHbIE OIIMOKY yCTPAHEHBI, TO TAPAHTUPYET, YTO HUKAKUE HOBBIE HAPYIIEHWS
B HPOTPaMMHOM 00€CHEYEHNH BO3HUKHYTh He CMOTYT. [TpH MOsIBIEHN Y HOBBIX JIOXKHBIX
coobienuit 06 yIa9HOM HPOXOKAEHUH TIPOBEPOK HpaBuia OyyT CKOPPEKTUPOBAHBbI,
Y 9TO HPEIOTBPATUT HOBBIE JIOKHBIE CpabaThiBaHUS B OyIy1ieM.

BHenpeHue HOBBIX TECTOBBIX CLIEHAPHMEB, TAKUX KAK CKBO3HBIE TECTHI, HOMAEP-
JKMBAET ITOT HOAXOM. PerpeccuoHHble TECTH YMEHBIIAIT PUCK HOSBJIEHUS HOBBIX
omubok. Kiou k ycnexy 3mecs TOT ske — aBroMaTu3anusi. Kak Mbl yBugnMm B riase 7,
BMEIIIATEIBCTBO YEIOBEKA HOJIE3HO /sl Pa3PabOTKY Pa3yMHBIX TECTOBBIX CIIEHAPHEB.
OpnHako 1715t o6ecHeYeHrsI KayeCTBa IPOrPAMMHOT0 0becedeHrs KpaiiHe BasKHO,
4TOObI 3TU TECTHI OBLIM ABTOMATU3UPOBAHBL U CTAJIM YaCThio KOHBelepa. Biarogaps
3TOMY KayecTBO CO BpeMeHeM Oy/IeT Yy qIaThCsl.

KoneuHo xe, 3T0 TpebyeT OT MHKEHEPOB MPUCBOUTH YJIYUNIEHUIO KAYeCTBA BbI-
COKHIi IPUOPUTET. YJIydllleHUe KayeCTBa MPOrPAMMHOTO 0OeCIIeYeH s, 8 TAKKe pe-
CTPYKTYPH3AIMS KOJA He IPUHOCAT OU3HECY HEME/JIEHHOMN BBITO/Ibl. 3aTO 3TH yCUIIUS
OKYIISITCSI B I0JITOCPOYHO HEPCIIEKTUBE 32 CYET TOTO, YTO MOXKHO Oy/eT PETYISIPHO
106aBASATh HOBbIE (PYHKIIUY WU U3MEHSITh CYLIECTBYIONIEE TIOBEIEHNE, OyydH yBe-
PEHHBIMM, YTO HPH 9TOM HUYTO JAPYToe He OyeT HAPYIIEHO.
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Pe3iome

J17151 HDOZYKTUBHBIX HPOILIECCOB Pa3paboTKu TpebyeTcst KOPOTKHIA IIMKJI TPOU3BO/ICTRA,
a TakxKe ObICTpast 06paTHas CBSI3b. ABTOMATHM3AIUS TIOBTOPSIONIUXCS 3a/[a4 CBOIUT
K MUHUMyMY BPEMsI, 3aTpadyrBaeMoe Ha COOPKY, TECTUPOBAHUE U Pa3BepTHIBAHUE.
[Ipunoxenus Java EE ¢ Hy/ieBBIME 3aBUCUMOCTSIMU 00€CTIEUNBAIOT OBICTPYIO 00par-
HYIO CBSI3b, MUHUMU3UPYS BpeMsl COOPKY, HyOJUKAILMY U Pa3BEPTHIBAHML.

BasxHo ompeennTh, Kakasi KaTeropust oluOok Oyaer nmpepsiBath cO0pKy. ITporpam-
MICTHI IOJIXKHBI 3HATh, 4TO cOOpKa 1160 IpepBaHa 13-3a 0OHAPYKEHHBIX OIIMOOK, 1160
npoiia 6e3 onosenienns 06 atoM. OT IpeaynpeKaeHNH, He BAUSIONINX HA PE3YIbTaT
COOPKH, MaJIO HOJIB3HL.

Ele oavH BaKHBII MOMEHT, Ha KOTOPBIH CJIeAyeT 06paTUTh BHUMAHKE, — 9TO MUTPa-
1151 IAaHHBIX. PazBepThiBaHME IPUIOKEHUH 6€3 COXPAHEHVSI COCTOSIHYSI BHIHOJIHSAETCS
CPaBHUTEJIBHO JIETKO, OTHAKO HEOOXOIMMO YYUTHIBATH CXEMBI 0a3bl JaHHBIX, KOTOPbIE
JIOJIKHBI COOTBETCTBOBATD KO/ TIPUJIOKEHNs. PazBepThiBaHNe OGHOBJIEHUI BMECTE CO
CIIEHAPUSIMY MUTPAIIKH, KOT/[Aa U3MEHEHUST BHOCSTCS MAJIBIMU HOPIMSIMU, HO3BOJISIET
Pa3BePTHIBATH HPUJIOKEHUS C HYJIEBBIM BpeMeHeM PocTost. [109ToMy NprIoKeHusM
HeoOXO0ANMO MOAJEPKUBATh COBMECTUMOCTh MeTomoM N — 1.

HewnpepbiBHass HOCTaBKa 3aBUCHUT OT IPAMOTHOU KOPIIOPAaTUBHOU KyJabTyphl. He-
JIOCTATOYHO PEeaM30BaTh TOJBKO TEXHUYECKUE MOTPEOHOCTU — BCE MHIKEHEPBI-TIPO-
IPaMMUCTHI JOJKHBI IPUAEPKUBATHCS IPUHIMHOB COBMECTHOM paboThL. IToTeHIMab-
Hble HPOGJIEMBbI COOPKH, PE3YJIbTAThl TECTOB, KAUYECTBO MPOTPAMMHOTO 0OEeCHEUEeHNs
U COCTOSIHUE Pa3BePTHIBAHMUS JOJKHbI ObITh BUAHBI BCEH KOMaHA€e Pa3pabOTYMKOB
MIPOrPaMMHOTO 0GeCHEYEHMSI.

ITporiecchl HEMPEPBIBHOM HOCTABKHU CIIOCOOCTBYIOT MOCTOSIHHOMY COBEPIIEHCTBO-
BaHUIO HPOTPAMMHOTO obecnieuenust. J[06aBsieMble B KOHBEHED TAIbl HPOBEPKH,
TaKUe KaK aBTOMATHYECKOE TECTUPOBAHKE POTPAMMHOTO 00€CTIEYeHN S, BBITIOTHSIIOTCS
KasK/IbIA pas, KOT/ia TPUJIOKEHHEe COOPAHO, UTO TO3BOJISIET IIPOBOAUTE PETPECCUOHHBIE
TeCTHl U U36erath HOBTOPEHMSI OJHUX U TeX ke omnOok. Pazymeercs, aTo Tpedyer oT
IPOrPAMMUCTOB [IOIOJHUTEIbHBIX YCUINH 110 YIy4dIIEHNIO KayecTBa Koma. OxHako
9TU yCUJIMsI, HATIPABJIEHHbIE Ha OGecreyeHne HePEPHIBHOM TOCTABKY, OKYIIAIOTCS
B IOJITOCPOYHOU NTEPCHEKTHBE.

Ciriemyromas riaBa HOCBSLIEHA KAYECTBY IIPOrPaMMHOTO obecHeuenust. B Heit 6ymet
PaCCMOTPEHO TECTUPOBAHKE KOPIIOPATUBHBIX MTPUIOKEHUIA.



TecTupoBaHue

Kak Mbl y3Ha/IM U3 npeAbIAyIIeli T1aBbl, KOHBEHEPhl HEMIPEPHIBHON ITOCTABKYU HO-
3BOJISIIOT MIPOTPAMMMUCTAM MOCTABAATH MPOTPAMMHOE 0becreyeHne ¢ HOCTOSTHHOU
CKOPOCTBIO M CTAOWIBHBIM KayeCcTBOM. J[Js1 TOrO 4TOGBI TapaHTUPOBATh KA4eCTBO,
HEOOXOMMMbI ABTOMATUYECKME TECTHl HPOTPAMMHOTO oGecHeuyeHust. VIHXKeHepBl,
paspabatpiBaoiye QYHKIUY, JOJKHbBI OBITh YBEPEHDI, 4YTO BCe pabOTaeT Tak, Kak
OXKUJIAJIOCH. DTO OCOGEHHO BasKHO, KOT/Ia TPOEKT IPOTPAMMHOTO 00ECTIEUEHU ST Pa3-
BUBAETCSI, U3MEHSETCS U eCTh PUCK HaPYLIUTh CyllecTBYIolee HoBeZeHue. [Iporpam-
MUCTHI IOJKHBI OBITH YBEPEHBI B TOM, YTO HE BOBHUKHET HUKAKMX HEXeJATeNbHbIX
M0GOYHBIX 3P PEKTOB.

B uzeane TecToB nporpaMMHOTo 06ecTieueH st, COAEPKANINXCS B KOHBeRepe cOopKy,
MOJIKHO OBITH IOCTATOYHO [IJIs1 Pa3BEPTHIBAHUS TIPHJIOKEHUS B CPE/le IKCHITyaTA[Y
(K TOMy Xe OHU He IOJIKHBI TPEOOBATH aNbHENIIIEN PyYHON TPOBEPKH).

B 5710i r1aBe GyayT pacCMOTPEHBI CIEAYIOIIUE TEMBL.

Q TpeGoBaHus K MPOrPAMMHBIM TECTaM.

Q Pasnuunbie ypOBHU U 06JaCTH TPUMEHEHUS] TECTOB.

Qa MOI[yJIbeIe, KOMIIOHEHTHbIC, MHTETPALlTMOHHbIEC, CHCTEMHBIEC TECThI U TECTHI IIPO-
HU3BOAUTEJIbHOCTH.

Q JlokanpHBIH 3aHYCK TECTOBBIX CI[€HAPHEB.
Q PaspaboTka moaaepKuBaeMbIX TECTOB.
Q Heobxoxumbie TEXHOTOTUY TECTUPOBAHUA.

HeobxoanMMocTb TeCTUpOBaHNS

TecThl HEOOXOAUMBI — OHH II03BOJISIIOT FAPAHTUPOBATD, YTO OIPeAeIeHHAS (PYHKIINO-
HAJIBbHOCTb HOCJIE BBOJIA B 9KCILIyaTaluio Oyaer BecTu cebst OIpefe e HHBIM 00pa3oM.
Ha Bcex BUzax IpoOM3BOCTBA UCHBITAHUSI SIBJISIIOTCS €CTECTBEHHOU YaCThIO MPOIIECCa.
ABTOMOGUJIb COCTOMT U3 MHOKECTBA A€Tajlel, KOTOpble HeOOXOAUMO UCIIBITHIBATD
HEe3aBUCHMO JIPYT OT pyra, a Takke BO B3auMojeiicTBuu. HUKTO He 3axoueT cecThb
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3a PyJib MAIMHBI, €CJU 3TO OY/ET ee HePBbIN NPOOHBIN HPOOEr Ha PeabHOM yaulle
C KMBBIM Y€JIOBEKOM BHYTPH.

TecTbl MOJEIMPYIOT OBEIEHUE TIPOAYKTa TIPY SKCILTyaTAIIU U MIO3BOJISIOT [IPO-
BEPUTb KOMHOHEHTBI B 6€301acHOM cpezie. Ec/iv M3roToB/IEHHbIE JeTaIN TOMAIOTCS BO
BPEMSI TECTOBBIX HPOTOHOB, 9TO XOPOLIO: 9TO yKa3bIBAET HA MTOTEHI[MAIbHbIE OUINOKH,
HOTEPSIHBI BCETO JIMIIb BPEMsI U MaTepuasbl. Ec/n Je feTanu IoOMaoTcs B POLecce
SKCILTYaTall1K, 9TO MOXKET IPUYMHUTH TOPa3a0 GOMBIIMIA BPEL.

To e caMoe MOKHO CKa3aTh U O TECTaX IPOrPaMMHOTO obecrieuenusi. TecToBbie
c601 — 3TO XOPOLIO: B Xy/IIIEM C/Iy4ae HOTPAYEHbI TOIBKO HEKOTOPOE BPEMSI U yCHJINS,
B JIy4llIEM C/Ty4ae OHY He MO3BOJISIOT OTEHIMATbHBIM ONIMOKAM HPOSIBUTHCS B TIPO-
1iecce 9KCILTyaTalluu.

Kak Mbl yoxe 3HaeM, TIpU HPOXOKIEHUM TECTOB BMELIATENbCTBO Y€I0BEKA J0JKHO
ObITh MUHUMAIBHBIM. JII0IM yMEIOT XOPOIIO MPUAYMbIBATh TECTOBBIE CJIydYau U Pas-
pabaTbiBaTh TBOPYECKHE TECTOBbIE CLieHapuy. OIHAKO KOMITBIOTEPbI TECTUPYIOT JTydIIle
moneit. [IpoBesieHne CIOKHBIX TECTOB — 3TO UIMEHHO TO, B 4€M KOMITbIOTEPBI HPEyCIIe-
BAIOT, €CJI UM J[aHbl YETKME HHCTPYKIUU. M YeM CJI0KHEee CO BpEMEHEM CTAaHOBUTCS
HporpaMMHOe obecriedyenne, TeM 6oblie TpebyeTcs: yCUInii 0 HpOBEPKE €ro IOBe-
JIEHUS] BPYYHYIO U BBIIIE BEPOSITHOCTD OMMOOK. [Py BBIMONHEHUU HOBTOPSIONINXCSE
3a/1a4 KOMITbIOTEPBHI PabOTAIOT JIyUllle U HA/IEKHEE YE0BEKa.

HanesxHble aBTOMaTH3UPOBaHHbIE TECTHI HDPOTPAMMHOTO OOECTIEYEHUS SIBJSAIOTCS
YCJIOBYEM GBICTPBIX MBMEHEHUH. ABTOMATUYECKUE TECTHI MOTYT POBOAMTHCSA MHOTO-
KpaTHO, TpoBepsis Bee pusoxenne. COH0pKa 3amyCKaeTcst MHOTO Pa3 B [IEHb, TIPU 9TOM
KasK/blil Pa3 BBITIOJNHSIIOTCS BCE TECTDI, aXKe €CJIK ObLIM BHECEHbI HE3HAYMTETbHbIE
M3MEHEHUS], U K BBOJLY B 9KCHJIyaTaIMIO JOHYCKAIOTCS TOJBbKO TIPOBEPEHHBIE BEPCHN.
B cayuae TecTpoBaHuUs BPYYHYIO 3TO GBLIO 6B HEBO3MOXKHO.

ABTOMAaTU3MPOBaHHbBIE TECTHI MOBBIIIAIOT HAEKHOCTD TIPOLIECCA HETTPEPHIBHOM
noctaBku [10 1 06eCrednBaoOT yBEPEHHOCTD B TOM, YTO OH TIPOTEKAET ITATHO. J[71s1 He-
HPEPBIBHOTO Pa3BEPTHIBAHMS, TO €CTh HEPEAUM HPUJIOKEHHMS CPa3y B SKCHIIyaTallHIo,
JI0OCTATOYHOE KOJIMYECTBO aBTOMATUYECKUX TECTOBBIX CIIEHAPUEB aOCOMOTHO HEOOXO-
aumo. Korza mobas pukcanms u3MeHeHuni SIBISeTCs IOTEHIATbHBIM KaHANIaTOM Ha
pa3BepThIBaHKE B CPelle SKCILIyaTalliH, BCe IIOBEIEHNE TIPOrPAMMHOTO 06ecedeHnst
JIOJIKHO OBITh HaJ/IekKaIM 06pa3oM HpOBEPEHO 3apaHee. Bes Takoit aBToMaTH3NpO-
BaHHOW HPOBEPKM HENPEPHIBHOE Pa3BePThIBAHME ObLIO Obl HEBO3MOXKHO.

TpeboBaHWs K XOpOLLUM TecTaM

B coBpemMeHHOM MUpe HPOTPAMMUPOBAHUS BCE COTJIACHBI C TEM, YTO TECTHI UMEIOT
pelnanliee 3HaYEHUE 17151 HoTydeHust pabouero mporpamMmmuoro obecneyenust. Ho uto
ZesiaeT mporpaMMHbIi TecT xopoimM? Kakue kommonents [1O cienyer TecTupoBaTh?
W 4T0 enre BaxkHee, KaK pa3pab0oTaTh XOPOIIKE TECTHI?

B o611eM ci1yyae TeCThl JOIKHBI OTBEYATh TAKUM TPeOOBAHUAM, KaK:

O HpeACKa3yeMOCTb;
O 430JMPOBAHHOCTD;
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O HaAEKHOCTD;

Q 6bICTPOE BBHITIONHEHHE;

O aBTOMATH3AIMS;

Q yao6CTBO COHPOBOKAEHNSL.

Paccmotpum ot TpeGoBaHMst HOApoOHEe.

[peackasyeMocTb

I[Ipex e BCEro TeCTHl MPOrPAaMMHOIO 00eCIedyeHus: JOMKHBL ObITh CTabUIbHBIMHY,
[IPEACKa3yeMbIMU ¥ BOCHPOU3BOANMMBIMU. OJHO 1 TO %€ COCTOSIHYE IIPOEKTA JOJIKHO
JaBaTh OIMHAKOBBIE PE3YJIbTATHI TECTOB, TO €CTh OHMU JOJIKHBI 16O BCErna HPOXO-
JWUTD YCIIEIIHO, 160 HUKOT/IA He BBIHOMHATHCA. TeCThl, KOTOPbIe 3aKaHYNUBAIOTCS TO
YCIENIHO, TO HeYAa4HO, OecHo1e3HbL. OHuU 1160 OTBIEKAIOT pa3pabOTYNKOB JTOKHBIMU
cpabaThIBaHUSAMHU, 1160 CKPHIBAIOT (DAKTUYECKHE OMINOKY, aBast IOKHbIE CBEAECHU
00 yCHEIIHOM BBHIHOJIHEHUM.

Heo6x0a1M0 yYUTHIBATH HAPSAAY C HPOYMMH CIEAYIONINE OOCTOATENBCTBA: TEKY -
1Iee BpeMs, YaCOBOii MOsIC, JOKAAbHbIE A3BIKM, CIyYaiHO T€HEpUpPYEeMble JaHHbIE
1 OZIHOBPEMEHHOE BHIHOJIHEHHE APYTUX TECTOB, KOTOPbIE MOTYT BMELIMBATHCS B IIPO-
necc. ClieHapuM TECTUPOBAHUSA CIAELyeT MPeACKa3yeMO U SIBHO HACTPaMBaTh TakK,
4TOOBI 9T OGCTOATENBCTBA HE BJAMSIIN Ha pe3yabraT. Ecau ke maHHble GaKTOPHI
BIUSIOT Ha HPOTECTUPOBaHHbIE (PYHKIMOHAIbHbBIE BO3MOKHOCTH, 3TO 3HAYUT, YTO
HY’KHBI JOHOJHUTEIbHbBIE TECTOBBIE CLIEHAPUY, YYUTHIBAIOIME Pa3InyHble KOHDU-
rypaium.

N30nnMpoBaHHOCTb

TpeboBaHMe HPEACKA3yEMOCTH KACAETCSA U U30JIUPOBaHHOCTU. KaXkblii TeCTOBBIN
ClieHapHii JOJKEH BBIIOIHATHCS HO OTAEAbHOCTH, HE B/IMsIA Ha APyTHe TECThL. M3Me-
HEHHE U COIIPOBOXAEHHE TECTOBLIX CLHEHAPHEB TAKXKE HE JOJ/IXKHO BJIUATH Ha APYTHeE
TECTOBbIE CIIEHAPUU.

V30/1MPOBAHHOCTD TECTOB BJIUSIET HE TOIBKO HA HPEICKA3yeMOCTh U 00CTy KUBa-
€MOCTb, HO U Ha BOCHPOU3BOAUMOCTH OMO0K. CJI0XKHBIE TECTOBBIE CIIEHAPUM CHO-
CO6HbI BBIIIOJTHATD MHOXXECTBO 3a/1a4 W 3aTParuBalOT MHOTHE€ MOMEHTBI, YTO MOXET
3aTPYAHUTH MOUCK [JIABHBIX IPUYIH HEYAAYHOTO HPOXOXKAeH s TecToB. OHAKO U30-
JIMPOBAaHHBIE TECTHI C MEHBIITNM OXBAaTOM OIPaHNYMUBAIOT KPYTI' BO3MOJKHbBIX npo611eM
Y [IO3BOJISIOT pa3paboTynKaM ObICTpee HAXOAUTD OLINOKH.

OO6BIYHO Y KOPIIOPATUBHOTO HPOEKTA eCTh HECKOJIBKO TeCTOBBIX obiacteit. Kaxk Gy-
IeT HOKA3aHo JaJiee, Kak/ash U3 HUX MOKET UMETh HECKOJIbKO YPOBHEN U30JIAIMH
TecToB. TecTsl C He6OJIb].I.II/IM OXBaTOM, HAalIpUMEP MOAYJIbHbIE, ABJAIOTCA CHIbHEE
HN30/IMPOBAaHHbBIMH, Y€M, HAHPHUMED, CKBO3HbIE TECTHI. OHpeI[eJIeHHO NMEET CMBICJI
[KCaTh TECTOBBIE CLIEHAPUHY [/ PA3HBIX 00/IACTEN, UTO HOAPA3yMEBAET PA3INYHbIE
YPOBHU U30JISIIIUU TECTOB.
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HageXXHocTb

B uzeasie mporpaMMHbIE TECTbI HDOEKTA HA/IEXKHO IPOBEPSIIOT BCIO €r0 (DYHKI[MOHATb-
HOCTb. MaHTPa HPOrPAMMHUCTA JOJKHA 3BYYaTh TaK: IPOrPAMMHOE 00ECTIEYEHHE, TIPO-
LIE/IIIIEE TECTHL, TOTOBO K UCIIOJIb30BaHUI0. VIMEHHO K 9TOA 11€J11 CJIEAYET CTPEMUTHCS,
HOCTOSTHHO COBEPILIEHCTBYSI TECThL

HenpepriBHasg HOCTaBKa Koga ¥ 0COOEHHO HENPEPHIBHOE Pa3BEPThIBAHHUE TPEOYIOT
Ha/IEXHOTO U IOCTATOYHOTO TeCTUPOBaHMUA. TeCThl IPOrPaMMHOTO OOECHEYEHMS SIBJISI-
I0TCSI OCAEHUM 6apbepOM HPOBEPKHU €T0 KAaYeCTBa TIEPE/] PA3BEPTHIBAHMEM B CPEIE
9KCILTyaTalliH.

Ecan HaZIe’)KHbI€ TECThI YCHEUTHO HpOﬁI[eHbI, HUKAKUX JOHOJIHUTEJIbHBIX I[efICTBPIﬁ
He Tpebyercs. [ToaTomy, eciiu ux ob1iiiee BhIMOTHEHUE ObLIO YCIENTHBIM, OHU HE I0JIK-
HBI BBIBOAUTH HOI[pO6HbIe OTYETHhI, TaK KaK 3TO CTAaHOBUTCS OTBJIEKAIOIIIUM MOMEHTOM.
Ho npu HeynauHbIX TeCTax AeTanbHOe 0GbSICHEHHE TOTO, YTO IPOM30LLIO B IPOLECCe
TECTUPOBAHMsI, 04EHb T10JIE3HO.

BbicTpoe BbinonHeHue

Kax y»e roBopuioch, TECTUPOBAaHUE AOIKHO [IPOXOAUTD OBICTPO. BHICTphIE TECTHI HE-
00X0xKMMBI HpH pa3paboTKe KOHBEEePOB, 00€CHEYNBAIOIINX CKOPYIO 0OPaTHYIO CBSI3b.
EnuHcTBeHHDIH C1I0CO6 COXpaHUTh 3P PEKTUBHOCTb KOHBEHEPa — HTO COKPATUTD BPEMSI
BBIHOJIHEHHW S TECTOB, OCO6€HHO €CJIN YYECTbh, YTO C TEHEHHUEM BPEMEHHU UX KOJIUYECTBO
PACTET, 2 CAMU OHU TIOCTOSTHHO COBEPIIEHCTBYIOTCS.

Kax nmpaBuJio, HpY BHIIIOJHEHNH TECTA OCHOBHOE BPEMSI 3aTPaYyNBAETCs Ha 3aIyCK
TE€XHOJIOTUU TECTUPDOBAHUA. OCO6€HHO MHOTO BPEMEHHU YXOAHNT Ha TECTbl UHTETPAallUH,
B KOTOPBIX MCIIO/Ib3Y€TCSI BCTPOEHHBIN KOHTeMHEP. BpeMs, 3aTpaunBaeMoe Ha caM TeCT,
B OOJIBIIMHCTBE CIy4aeB HE TaK YK U BEJIHKO.

HpOI[OJI)KI/ITe]IbeIe TECTBI HDOTUBODPEYAT N€€ HOCTOAHHOTO ITIOBBIIICHWA Ka4ueCTBa.
Yem 6oJ1bllie TECTOBBIX CAYYaEB U CLIEHAPHUEB N0OABISAETCS B IIPOEKT, TEM [0JbIIIE Te-
CTUPOBaHME U MellJieHHee 00paTHAs CBsA3b. B yCI0BUsX GBICTPO MEHSIOIIETOCS MUAPA
0c0OEHHO BaXHO, YTOOBI TECTHI HPOIPAMMHOTO 00ECHEYEHHMSI IPOTEKAIN KaK MOKHO
OvicTpee. B aToii r1aBe Mbl HOKaKeM BaM, KaK IOCTHYb TOH 11e/11, 0COOEHHO B OTHO-
II€HNX CKBO3HBIX TECTOBBIX CLICHAPHEB.

ABTOMaTM3aUUSA

ABTOMAaTH3aIUA ABAAETCS 00I3aTeIbHBIM YCI0BHEM 00eCHeYeH s OGhICTPOit oOpar-
HOM CBsI3W. JTambl KOHBeepa HEHPEPHIBHOM MOCTABKHU KO/Ja MOKHBI HPOXOIUTH
C MUHHUMaJIbHBIM BMEIIAaTE€JIbCTBOM Y€J/JI0BEKA. 3TO KaCaeTCsAa U TECTOBBIX CLICHADHUEB.
IIporpaMMHOE TECTUPOBAHHUE U [TPOBEPKA €0 PE3YJIbTATOB JOJIXKHBI B IOJHOM 06bEME
¥ HAJIEXKHO POXOAUTH 6e3 B3aNMOIEHCTBUS C YETIOBEKOM.

TecToBbIE CIy4ay ONKMCHIBAIOT OKUIaEMOE HOBeieHHEe (DYHKLIMOHATLHOCTH U 3aTE€M
BBIBOZISAT pe3ysibTar. Torma tect GyzeT 1mb0 yCIIEeNHO BBITOMHATHCS 6€3 I0TOTHUTETBHBIX
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yBezoMIeHnH, 1u60 gaBaTh c60ii 1 BhIIABaTh OAPOOHOE 00BbsicHeHue. TecTUpoBaHue
He JI0JKHO TpebOBaTh NaIbHEHIIEr0 B3ANMOIEHCTBUSA C JIIObMH.

CHeHapI/II/I C O4YEeHb 6OJIb].I.[I/IMI/I WJIN CJIOJKHBIMU TE€CTOBBIMHU ITaHHBIMHU IIPEACTaB-
1a10T co60i 0coby10 HpoOIeMy HPU aBTOMATU3aLlMK TECTOBBIX Cilydaes. s TOTO
‘-ITO6bI €€ PelInTh, MHKECHEPDbI JOJIXKHBI pa3pa6aTbIBaTb TEeCTOBbIE C/Iy4YaH, KOTODBIE
yA0OHO COHPOBOXKIATD.

Ypo6CTBO CONpoBOXAEHMUS

Pa3paboTKa TECTOBBIX CJIY4aeB — HTO OJHO, M COBCEM APYroe — HOAAEPIKKA o(h-
(I)CKTI/IBHBIX TECTOBBIX CJIYy4aeB C COXPAaHEHUEM XOPOIIETO IIOKPBITUA ITPU U3MEHEHUHN
byukuuonansHocTu. IIpobieMa HI0X0 pa3pabOTaHHBIX TECTOBBIX CIIEHAPUEB 3a-
KJI4YaeTcd B TOM, 4YTO, KaK TOJBKO (byHK].II/IOHaJIbHOCTb IIPUJIOXKEHUA NU3MEHUTCA,
9TH TECThI TaKXKe HeO6XOI[I/IMO 6y/1eT U3MEHUTD, YTO HOTpe6yeT MHOI'O Bp€EMEHHU
Y yCUJIUN.

Jl1s1 pa3paboOTKU TECTOBBIX CIyYaeB HyKHbBI TaKHe Ke BHUMAHNE U YCUINS, KaK
Y JUIs1 HAIMCAHUS OCHOBHOTO KO/[a TPOrPAMMHOTO HPOyKTa. OTIBIT HOKa3bIBAET, YTO
TECTHI, pa3pa6OTaHHbIe HE€BHUMaTEJIbHbIM HPDOTPaMMHCTOM, BO MHOTOM I[y6JII/IpyIOTCFI
1 MMEIOT MHOYKECTBEHHbBIE 00s13aHHOCTH. Kak 1 0CHOBHOM KOJI IPUJIOKEHHS, KO/l TECTOB
Hy’K/I2€TCs B PETYJISIPHOM PECTPYKTYPU3ALMHL.

HeO6XOI[I/IMO HNMETh BO3SMOXHOCTb UBMEHATH U PACHIUPATH TECTOBbIE CLIEHAPUH,
HE HpuJarad OCO6bIX yCPI]IPIfI. B YaCTHOCTH, TECTOBBIC JaHHbIEC, KOTOPbI€ HYXHO HU3-
MEHHUTb, TOJIKHBI UMETh 3(P(HEKTUBHOE HPENCTABIEHHUE.

Y no6Ho€e 06y KUBAHUE TECTOB ABJSAETCS 00S13aTEIbHBIM YCJIOBUEM JIJIs1 KOPIIO-
PaTUBHBIX HPOEKTOB, KOTOPbIE UMEIOT HaJIEKalllee TECTOBOE IIOKPBITHUE U HPU 3TOM
AOCTATOYHO I‘I/I6KI/I J1s1 BHECEHUA U3MEHEHU B UX 6I/I3HCC']IOI‘I/IKy. BosmoxHOCTD
a/IAITUPOBATHCS B OBICTPO MEHSIOIIEMCS] MUPe TPeGyeT HACTPANBAEMBIX TECTOBBIX
ClLIEHADHEB.

YTO TecTMpoBaTh

[Ipesx/e yeM TEPeTH K PasroBOPy O TOM, KaK CO3/1aBaTh 3((eKTUBHBIE, OBICTPDIE,
HaJIeXKHblEe, aBTOMATU3MPOBaHHbIE U YA0OHBIE B 0OCTYKMBAHUU TECTOBbIE CIIEHAPUH,
PAcCMOTPUM, YTO UIMEHHO HY>KHO TecTUPOBaTh. CyIIECTBYIOT TECTHI HA YPOBHE KOJIa,
a Takke CKBO3Hble. TecThl Ha YPOBHE KOJla OCHOBaHBI Ha UCXOAHOM KOZie TIPOeKTa
1 00BIYHO BBITOJIHSIOTCS B HpOLiecce pa3paboTKu U COOPKH, TOT/Ia KAK CKBO3HbIE TECTBI
BCEX BH/IOB PabOTAIOT C YK€ 3aHYIIEHHBIM IPUIOKEHUEM.

B 3aBucumocTn ot 06s1acTeil TeCTUPOBAHMSI, KOTOPbIE MBI 0OCY MM B CJIELYIOLIEM
pasziesie, CyleCTBYIOT pa3JINuHble YDOBHU TECTOB: B3aUMO/IEICTBYIOIIHE C KJIACCAMHU,
HECKOJIbKMMHU KOMIIOHEHTaMU, KOPIIOPAaTHBHBIMY IIPUJIOKEHUSIMU WU LIeJI0N Cpeaon
BbINOJTHEHMS. BO Beex ciyuasix 00beKT TECTUPOBAHUS H0JIKEH OBITh N30IMPOBAH OT
BHEIIHUX Bo3zeiicTBui. [Ipupona TecToB 3akiI04aeTcss B TOM, UTO OHU HPOBEPSIIOT
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OHpeZieJIEHHOE TIOBEJIEHVE HPU OIpPeiesIeHHbIX yeaoBusX. OKpyskaoias cpesia te-
CTOBOTO 00BEKTA, TAKAsA KAK TECTOBBIE CIy4au, a TAKKE CI0JIb3yeMble KOMITOHEHTHI,
JIOJI’KHA B3aUMOJIENCTBOBATH C 0GBEKTOM TECTUPOBAHUS COOTBETCTBYIOIIMM 0GPa3OM.
ITosTOMY TECTOBBII CIy4ali yHPaBIseT TeCTOBbIM 00beKToM. Ci0[1a BXOAAT HE TOJb-
KO TeCThbl Ha yPOBHE KO/a, HO ¥ CKBO3HbIE TECTHI C UMHUTAI[MEN MM OTUYKIEHHUEM
BHEILITHUX CHUCTEM.

I'naBHas 0653aHHOCTD TECTOB MPOTPAMMHOTO 00€CTIeUeH s 3AKII0YAETCS B TIPO-
BepKe HOBeJeHUsi Ou3Hec-clieHapueB. B BBIOpAHHBIX TECTOBBIX CAYYasiX MOJIKHA
BBIHOJIHATBCS OMPEZEJeHHas JIOTUKA, KOTOPYI0 HE0OXOUMO MPOBEPUTH [0 Pa3-
BepPThIBaHUS HPUJIOXKEHUS B cpee sKciyaTanuu. [loaToMy TecTsl mporpaMMHOro
obecrieyeH st IOJIKHBI IPOBEPATH COOTBETCTBHE HPUJIOKEHNUS TPeOGOBaHUSAM OU3HECA.
Heo6x011M0 0XBaTUTh TAKIKE CTIEIMATBHBIE U TPAHMYHBIE CJYYAU U OTPULIATEIbHBIE
TeCTBL

Hanpumep, Hpu TecTUpOBaHUY (PYHKIIMY HPOBEPKH MOAJUHHOCTH TpebyeTcs ybe-
IUTBCS HE TOJIBKO B TOM, YTO [10JIb30BATEIh MOKET BOMTH B CUCTEMY C IPAaBUIbHBIMU
YYETHBIMHU IAaHHBIMY, HO ¥ B TOM, YTO OH He MOKeT BOWTHU B CCTEMY, HCHOJIb3YSI He-
BepHbIE yYeTHbIE AaHHble. [ paHUYHBIN TeCTOBBIH CIy4ail 11 9TOr0 HpUMepa A0JKeH
COCTOSITh B IIPOBEPKeE TOTO, YTO €CJIM CPOK JIEHCTBUS [1apOJIsi UCTEKAET, TO [TOCJIE BXO/A
HOJIb30BaTeJIsl B CUCTEMY KOMIIOHEHT ayTeHTHU(MUKAI[UU CPa3y OTHpPaBJIsSIeT eMy yBe-
ZoMJIeHHE 00 3TOM.

ITomMuMo Gu3HEC-HOBEIEHNUST, HEOOXOINMO ITPOTECTUPOBATH TEXHUYECKHUE XaPAKTe-
PUCTUKHU ¥ CKBO3HBIE KOMIOHEHTHL. JlocTyn K 6a3aM JaHHBIX ¥ BHEITHUM CHCTEMaM,
a Takxe (POPMbI KOMMYHUKAIIMY JOJXKHBI ObIThH IPOBEPEHBI HA 06EUX CTOPOHAX,
4TOOBI TAPAHTUPOBATh PaGOTY BCEN TPYIIIBL. ITH ACTIEKTHI JyYIlle BCETO TIPOBEPATD
CKBO3HBIMHU TECTaMHU.

Bo Bcex ciy4asix TeCTUPyeMbI OOBEKT He JOJKEH U3MEHATHCS BO BPEMSI TECTa — OH
IO/KeH (DYHKIIMOHUPOBATD KaK B IIPOIIECCE TPOMU3BOACTBA. ITO BAXKHO /JIsI CO3[AHUS
HaJIE)KHBIX TECTOB, IOBEIEHNE KOTOPHIX He OYET U3MEHSAThCS CO BpeMeHeM. J[jis te-
CTOB YPOBHSI KO/Ia TPeOYETCs TONBKO, YTOOBI COAEPKMMOE BCEX 3a/1eWCTBOBAHHBIX
KOMIIOHEHTOB He MEHSIJIOCh Ha IIPOTSKeHUU TecTUpoBaHusl. [[J151 CKBO3HBIX TeCTOB
3TO KaCaeTcs BCero KOPHOPATUBHOTO IIPUJIOXKEHHS, a TaKKe YCTAaHOBKU U HACTPOUKHU
Cpe/ibl BBIIOTHEHUST IPUJIOKEHHSL.

OnpeaeneHne o06n1acTeit TECTUPOBaHWS

Cy1iiecTByeT HECKOBKO cep U 331a4 TECTUPOBAHMS, K KOTOPHIM CJIELYET OTHECTHUCH
BHUMaTeabHO. Janee 6yayT mepedncaeHbl pasandHble 061aCTH, KOTOPbIE MBI HO-
npobHee pacCMOTPUM JaJiee B 9TOM IIaBE.

HekoTopsie Ha3BaHUS, TAKWE KAK «UHTETPALIMIOHHBIE TECTHI», HEOAHO3HAUYHO
TPAaKTYIOTCSI B Pa3HbIX KOPIIOPAaTUBHBIX ITPoeKTax. B aToMm paszene s mpuBeny co-
rJIaCOBaHHbIE Ha3BaHUS 00J1acTel TECTUPOBaHMS, KOTOPbie OYAYT MCIOAb30BAThCS
B OCTAJIbHOM YaCTU KHUTH.
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MoAaynbHble TeCTbI

MOI[yJIbeIe TECTbl Hp€AHA3HAYEHDI AJId IIPOBEPKU IIOBEACHUA OTAC/IbHbBIX Moz[yneﬁ
npusIoKeHusi. Moy IbHBIN TECT OOBIYHO TPeCTaBIsieT o060 OMUHOUHBIN KIacc,
B HEKOTOPBIX CIYYasiX — HECKOJIbKO B3aMO3aBHUCUMBIX KJIACCOB.

Pa6otaloT Takue TecThl Ha ypoBHE Koga. OObIYHO OHM BBIIONHAITCA B cpene IDE
B Iporiecce pa3paboTKy, a TakKe B X0/e COOPKH 0 TOTO, KaK HpUIOkKeHue byner
ynakoBaHo. Mozy/ibHbIE TECTHI IPOTEKAIOT ObicTpee pounx. OHU PeanusyroT orpa-
HUYEHHBIH HAabOp DYHKIINI, KOTOPBIE MOKHO JIETKO CO3/IaTh Ha ypoBHE Koaa. [loTen-
[[MaJIbHBIE 3aBUCUMOCTH MEXKIY MOLYJISIMA MOJIETUPYIOTCS C TIOMOIIBIO MAKETOB WJIH
(pMKTHUBHBIX KJIACCOB.

KOMMNOHEHTHbIE TeCTbl

KoMImoHeHTHbIE TeCThI HPOBEPSIIOT TOBEIEHUE COPSIKEHHBIX KOMITOHEHTOB. OHM 0XBa-
THIBAIOT H0JIEE OZHOTO MOJYJIsI, HO TOXKe paboTaloT Ha ypoBHE Koxa. KoMmoHeHTHbIe
TECThI HalleJIEHbI Ha 00BEANHEHE HECKOJIBKIUX KOMIIOHEHTOB ¥ HPOBEPSIIOT B3aUMO-
3aBHCHMOE TIOBeJIeHNe, He HaCTpanBasi KOHTefHepHbIe Cpefibl.

[1e1b10 KOMIIOHEHTHBIX TECTOB SIBJISETCS 0OecHeueHne 6obIneli CTeHeH! MHTEerpa-
1M, YEM C TIOMOIIIBIO MOZYJIbHBIX TECTOB, 0€3 3aHYCKA HPUJIOKEHMS B HOTEHI[MATIBLHO
ME/IJIEHHBIX UMUTUPYEMbIX cpefax. [1om06HO MOy IbHBIM TeCTaM, KOMIOHEHTHbIE
HCHOJIB3YIOT MOJIeInpoBanye (GyHKINOHAIBHOCTHU /ISl pa3TPaHUYEeHUs] U UIMUTHPO-
BaHUS OTPAaHUYEHUH TecTa. BCTpOEHHBIN UK yAaleHHBbIA KOHTEHHED IPeANPUATHS
JLJIS1 9TOTO TECTHPOBAHMUSI He TPebyeTcsl.

NHTerpaumoHHble TecThl

Cyl111ecTBYIOT Pa3HOIJIACHS HO MIOBOLY TOTO, YTO TAKOE WHTETPAIIIOHHBIE TECTHI K KaK
uX cieyeT pa3pabaTbiBaTh. lleneHanpaBieHHas MHTErPALMS MOKET HPOUCXOAUTD Ha
Pa3HBIX YPOBHSIX.

$1 6ymy MCHONIB30BATh ITOT TEPMUH, HOCKOJIBKY OH IIMPOKO PACTIPOCTPAHEH B 9KOCHU-
creMe Java u cornameHusx Maven. IHTerpaliuOHHbIE TECTHI BHIHOJHSIIOTCS HA YDOBHE
KO/1a, 06eCHEeUNBast MHTETPALMI0 HECKOIBKUX MOAYJIEH M KOMIIOHEHTOB, M OOBIYHO pea-
JIM3YIOT HECKOJIBKO H0JIee NI MEHeEe CIIOJKHBIX CXeM TECTUPOBaHUsl. B 5TOM 0cCHOBHOE
OTJINYME UHTETPAITUOHHBIX TECTOB OT KOMIIOHEHTHBIX.

VIHTerpanoHHble TECThI UMEIOT TY K€ 00/IACTb JeHCTBYSI, YTO U KOMIIOHEHTHBIE,
MOCKOJIbKY 00BEIMHAIOT HECKOJIBKO MOIYJIEN, OMHAKO B JAHHOM CJIy4ae OCHOBHOE
BHUMAaHUE y/ieJisieTcss uHTerpanuu. ViMeeTcs: B BUy CKOpee TEXHOJIOTUYECKAST H-
Terpanmsi, Y4eM MHTerpanus OusHec-noruku. Hanpumep, ynpasiseMble KOMIIOHEHTBI
MOTyT ucHOIb30BaTh CDI-BHeApEeHYE 7151 HOTYYEHUST OHPEEIEHHBIX 3aBUCUMOCTEMN
¢ npuMeHeHneM KBanudukaropos uau CDI-reneparopos. IIporpammucTtaM HEO6X0-
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JIMMO HPOBEPU T, IPABUJIBHO JI1 ObLIIN HPOJIEJIAHBL BCE 6CNOMO2AMENbHbIE ONEPAUUU HO
CDI, 10 ecTh ObLIM JIM KCTIONH30BaHbI HPABUJIbHBIE AHHOTAIMH, G€3 Pa3BEPTHIBAHUS
HPUJIOXKEHUSI HA CEPBEPE.

CTpyKTypBI TECTUPOBAHUS 3AMIYCKAIOT BCTPOEHHYIO CPE/Y BBIIIOJIHEHNUS, KOTOPast
cobupaeTr HECKOJIbKO KOMIIOHEHTOB U 3aI1yCKAET /JIsl HUX TECThI Ha YPOBHE KOJIA.

KoMIOHEHTHbBIE TECTbI, HAHPOTUB, COCPENOTOYEHbI UCKIIOYUTEIBHO Ha GU3HeC-
JIOTUKE M OTPAaHUYECHBI ITIPOCTBIMU 3aBUCHUMOCTAMHU, KOTOPbBIE JIETKO PACIIO3HAIOTCA
663 IIPUMEHEHUA CI0XHBIX KOHTefIHepOB. B 11€JIOM KOMHOHEHTHBIE€ TECTBI IIPEAIIo-
YTHUTENIbHEE /ISl TECTUPOBAHWSI OUBHEC-TIPUIIOKEHHH, IOCKOJIBKY COAEPIKAT MEHBIIE
M3MEHSIEMBbIX YacTel U, KaK IpaBujo, paboTaioT GpicTpee.

CucteMHble TecTbl

TepmuH «crucTeMHBIE TECTBI» TOKE MHOTZIA KMeeT Pa3HbIi cMbICJI. B 1aHHOM KOHTEKCTe
Mbl Oy/IEM TaK Ha3bIBATH TECTOBBIE CIy4aH, TPEOYIONINE 3aHYCKA BCETO MPUIOKEHWUS
WJIA CCTEMBI B I1€JI0M 1 HPOBEPSIIOLINE CIIEHAPUY MICHOJIB30BAHUS OT HAYAJIa 10 KOHIA.
WNHorna nx Ha3bIBAIOT TAKXKe HDUEMOYHBIMU UJIM MHTETPALMOHHBIMU. OIHAKO B 3TO
KHUTE /17151 0003HAYEH M CKBO3HBIX TECTOB Oy/1€M MOCJIEI0BATENLHO TIPUMEHSATH TEP-
MUH «CHCTEMHBIE TECTBI».

CuHCTeMHBIE TECTBI OUEHDb BAXKHBI 1151 IPOBEPKU TOTO, YTO PA3BEPHYTOE HPUIOKEHUE,
BKJIIOYAs KaK OU3HEC-JIOTUKY, TAK M TEXHUYECKUE KOMIIOHEHTBI, PABOTAET JOJKHBIM
o6paszom. C y4eToM TOro, 4T0 6OIbIIAst 4acTh OU3HEC-TIOTUKHU YIKe HPOBEPEHA MO Jib-
HBIMU ¥ KOMHOHEHTHBIMH TECTAMMU, CUCTEMHBIE TECTHI HO3BOMAIOT YOEIUThCS B TIpa-
BUJILHOCTH OO1IIETO HOBEIEHMS TPUJIOKEH NS, BKII0UAs Bce BHelHue cucteMsl. Croza
BXO/IUT TaK)Ke IPOBEPKA TOTO, UTO Bce QYHKIMU NHTETPUPOBAHBI BEPHO U TPABUIBHO
B3aMMOJIEUCTBYIOT B CUCTEMHOM Cpefie.

Y1o6bl IPUIOKEHHE TPEACTABIISIIO LIEHHOCTH /17151 GU3HECa, HEIOCTATOYHO IIPOCTO
BKJIIOUMTD B HETO OU3HEC-JIOTUKY — HYXHBI CIIOCOOBI I0CTYMA K Hel. DTO TakxKe He-
06X0I1IMO HPOBEPUTD OT HAYAJA U JI0 KOHIIA.

ITockonbKy 9Ta KHUTA MOCBSIIEHA CEPBEPHBIM MIPUJIOKEHMSIM, TECThL HA YPOBHE
HOJIb30BATEIBCKOTO MHTEP(eElica B Hell He pacCMaTPUBAIOTCS. TaKue TECThI BKITIOYAIOT
B cebs1 KOMILJIEKCHBIE TECTHI IOJb30BATENBCKOTO HHTEP(EliCa, a TAKXKE TECTHI HA pe-
akTuBHOCTH UL O6BIYHO HPOTPAMMHUCTBI pa3pabaThIBAIOT TECTHI TIOJb30BATENBCKOTO
unTepdeiica ¢ NCIONb30BaHNEM TAKUX TECTOBBIX TEXHOIOTUH, KaK Arquillian Graphene.
MeToapl CHCTEMHOTO TECTUPOBAHUsI, OTIMCAHHbBIE B 3TOM IJIABE, TAKXKE IPUMEHNMbI
K TectaM Ha ypoBHe UL

TecTbl NpON3BOAUTENBHOCTH

TecTbl HDOM3BOAUTENBHOCTH IIPEJHA3HAYEHBI /ISl TOTO, YTOOBI HDOBEPUTH HE(DYHKIU-
OHAJIbHBII HOKA3aTeJIb: KAK CUCTEMA PaOOTAET C TOYKM 3PEHUS CKOPOCTH PEArnPOBAHUS
¥ HPABWJIBHOTO TIOBEIEHUSI IPU OHPEIEJEHHBIX HATPY3KaX.
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Heobxoanmo obecriednTdb, YTOOB IPUIOKEHNE MMEJIO LIEHHOCTD /51 Ou3Heca
HE TOJIbKO B J1aOOPATOPHBIX yCIOBUSIX, HO U NIPU 9KCHJIyaTaluu. B peasbHbIX ycio-
BUSIX HATPY3Ka HA CUCTEMY MOXET CHJIbHO OTJIMYATHCS OT TAKOBOW B YCJIOBUSIX Pa3-
paboTKu. ITO 3aBUCHUT OT XapaKTepa HPHJIOKEHHSI M BADUAHTOB €r0 MCHOJIb30BAHUSL.
OO611e0CTy THbIE HPUJIOXKEHUS TAKXKE PUCKYIOT CTaTh 0OBEKTOM aTaK THIA «OTKa3
B 00CITy)KUBAHUM >,

TecThl MPOM3BOAUTENBHOCTH — HOJIE3HBIA MHCTPYMEHT /1J1S1 BbISIBJIEHUST HOTEHIIN-
AJBHBIX TPOGJIEM C HPOU3BOANTENBHOCTHIO MPUIOKEHUsL. K HYM OTHOCATCS, HAaHPUMED,
TECTbI Ha YTEYKY PECYPCOB, HEMPABU/IbHYIO KOH(MUIYPALIUIO, TYHUKOBbIE CUTYallUK
U OTCYTCTBHE 3a/€epxek. VIccaenoBaHme OBeIeHNsT IPIIOKEHNSI ¢ UMUTAIUEN pa-
6oYell Harpy3KH MO3BOJISIET BBISIBUTH TOAO0OHbBIE TPOOIEMBI.

OnHako, Kak Mbl yBUAUM B TJIaBe 9, TECTHI HDOM3BOAUTENLHOCTH HE BCET/a AAI0T
BO3MOKHOCTb CHPOTHO3MPOBATh HPOM3BOAMUTENBHOCT B YCJIOBUAX IKCIIyaTalluN
WY CHOCOOBI HACTPOMKH [IPUIIOXKEHSI, [IO3BOJISIIONIIE OCTUYb A0JKHOM HPOU3BO-
autenbHoCTUH. OHU OIKHBI KCHOJIB30BAThCS JIUIIb KaK Gapbep MPOTUB OYEBHUIHBIX
omunboK, obecrieunBasi GbICTPYIO0 OOPATHYIO CBS3b.

Jlanee B 3TOM KHHUTE 1 OyAy IPUMEHSATh TEDMUH «TECTbI IIPOM3BOAUTENBHOCTH>
JIJIS1 OTIMCAHUSA TECTOB MPOU3BOANTEIbHOCTH,  TAKYKE HATPY30YHBIX U CTPECC-TECTOB,
KOTOPBIE CTABAT HPUJIOXKEHUE B YCIOBUS BHICOKOM HATPY3KH.

Crpecc-TecThl

Kaxk u TecThl HpOM3BOAMTENBHOCTH, CTPECC-TECTHI HAIPABJIEHBI HA TO, YTOOBI CO3/1aTh
JIJISI CHCTEMBI CTPECCOBbIE YCIOBHUS M HPOBEPUTD, IIPABU/ILHO JI OHA ceOsi BEJET B He-
HOPMAJIbHBIX CUTyaIuAX. B TO BpeMs KaK TeCThl HPOM3BOAUTEIbHOCTA B OCHOBHOM
HalleJIEHbI Ha OTIpeieIEHEe TIPOU3BOAUTEIbHOCTH MTPUJIOKEHMST C TOUYKH 3PEHUS TIPpa-
BUJIBHOTO BBIHOJIHEHUS (PYHKIUI 1 CTaOMIBHOCTH, CTPECC-TECTHI MOT'YT OXBATHIBATh
BCe 0COOEHHOCTY HOBEJEHUS IIPUIOKEHMNSI, B TOM YHCJIE HOIBITKY BHIBECTH CHCTEMY
u3 cTposi. K mocietHuM 0THOCATCS HEZIOHY CTUMBbIE BBI3OBbI, HECOOIIOIEHNE YCIOBUI
oOMeHa JTaHHBIMY U CJTy4aliHble, HEIPELy CMOTPEHHBIE COOBITHS U3 CPEIbI BHIHOJHEHMSL.
ITO MajIeKOo He HOHBIN CHUCOK TECTOB — €r0 MOAPOGHOE PACCMOTPEHNE BHIXOIUT 32
PaMKH KHUTH.

OmHako HPUBELY HECKOJIBKO MPUMEPOB. Tak, cTpecc-TeCT MOKET TPOBEPSATD IIPHU-
JIO’KEHVE Ha ITPeIMET HEMPAaBUJIbHOTO Mctosib30BaHus HTTP-coequnennii, Takux kak
napuHHas azapecaius SYN, paznuunbie DDoS-ataku, HeoXKUAaHHBIE OTKIIOYEHUS
WH(PACTPYKTYPHI, a TAK)Ke TaK Ha3bIBAEMOE CJIyYaifHOe TECTUPOBAHKE UJIM TECTHI HA
«3aIIUTY OT AypaKas.

Co3nanue CJI0KHOTO MAKETa TECTOB, BKIOYAIONIETO B ceOst GOIBIIOE KOJTNYECTBO
CTPECC-TECTOB, BHIXOAUT 32 PAMKU GOJIBITMHCTBA TPOeKTOB. OMHAKO A1 KOPHOPa-
TUBHBIX IPOEKTOB UMEET CMBICJI TTPOBECTH HECKOJBKO Pa3yMHBIX CTPECC-TECTOB, CO-
OTBETCTBYIOIINX UCHOJIb3YEMOU CPEJIE.
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Peannsauusa TeCTMpoBaHuUS

V3y4nB HpUYMHBI, TPeOOBAHUSA M Pa3Hble 00IaCTH TECTUPOBaHU, Oojiee MOAPOOHO
PaccMOTpUM, KaK CO3/IaBaTh TECTOBBIE CIyYan B HpoeKTax Java Enterprise.

MoaynbHble TecThl

MoaynbHble TECTBI IPOBEPSIOT HOBEJEHUE OTAEAbHBIX MOAYJEH MPUIOXKEHUS.
B Java EE 510 06bI9HO OTHOCHUTCS K OTAEIbHBIM CYLIHOCTSIM, KOHTYPaM U yIIPaBJIsi-
IOIUM KJIACCaM.

JI71s1 MOy IBHOTO TECTUPOBAHUSI OT/ETBLHOTO KJIAcCa He TPpeGyeTCst MCUEPHBIBAIOIINAX
TECTOBBIX CJyYaeB. B ujeasne m10CTaTOUHO CO31aTh 9K3EMHIISAP TECTOBOTO 0OBEKTA
1 HAaCTPOUTb MUHHNMAJIbHbIE 3aBUCUMOCTH, ‘-ITO6bI HUMeEThb BO3MOXHOCTbDb BbI3bIBATh
Y HPOBEPATD €0 Ou3HeC-PYHKIIMOHANTBHOCTD.

CoBpemennasi cpena Java EE nonnepskuBaer atot Hoaxoxa. Kommonentst Java EE,
takue kak EJB, a Takke ynpasisiembie komnoHeHTbI CDI MOKHO JIETKO TPOBEPUTD,
HPOCTO CO3/[aB 9K3eMILISIPhI K1accoB. Kak Mbl yke 3HaeM, COBpeMEHHbIE KOPHOPATHUB-
Hble KOMIIOHEHTHI TIPEACTABISAIOT COO0M POCThIE Java-00beKThI, BKIOYAIONINE AHHO-
Tauuu, 6e3 pacIIMPeHns UK PEAT3AIUY TEXHUYECKA 0O0CHOBAHHBIX CYTIEPKIACCOB
u uHTepdencoB, Tak Ha3biBaeMble HPEACTaBIeHUs Oe3 nHTepdeiica.

ITO MO3BOJISIET TECTUPOBATh 9K3eMILIsIphI KaaccoB EJB u CDI, noaxiiouas ux Ho
Mmepe HeO6XOI[I/IMOCTI/I. I/ICHOJIb3yeMbIe AeJieraTol, TaKM€ KaK BHEIPEHHbBIC 3JIEMEHTDI
yIIpaBJIEHUs, HE UMEIOIIME OTHOIIEHUsI K TECTOBOMY CIIEHAPHIO, 3AMEHSIOTCST MaKe-
tamu. [locTymnas TakuM 06pasoM, Mbl OHPEZEJISieM TPAHUIIBI TECTOBOTO CJIyYasi: YTO
HYKHO IIPOTECTUPOBATD, 4 YTO HE MMEET 3HaUeHUs. MaKeTHPOBaHUE [IeJIETaToOB I0-
3BOJIAAET ITPOBEPUTH B3&PIMOI[CfICTBPIe C TECTOBBIM O6’beKTOM.

Maxker 06beKTa UMUTHPYET TIOBEAEHNE HACTOSIIETO IK3EMILISPA AaHHOTO TUTIA.
MCTOI[I)I BbI30Ba MAaK€TOB O6b1‘-IHO BO3BpallaioOT TOJBKO (bHKTPIBHbIe, NI MaKeTHbIE,
3HaYCHMA. TCCTI/IpyeMbIe O6’beKTbI HE 3HAIOT, YTO 06MeHI/IBaIOTCFI JAaHHBIMHU C MAKE€THbBIM
obbexToM. [ToBeeHre MAKETOB, a TAK)Ke HPOBEPKA BHI3BAHHBIX METO/IOB OHPE/ENsI-
I0TCSI TECTOBBIM CI[EHAPHEM.

Peanuzauyus

Haunewm ¢ MmozyipbHOTO TecTa 17151 ocHOBHOTO KoMmmioHneHTa Java EE. Koutyp CarManu-
facturer peanusyeT onpejeleHHYI0 OM3HEC-TOTUKY M BBI3BIBAET YIIPABJISIOINIHA
anemeHt-zenerat CarFactory:
@Stateless
public class CarManufacturer {

@Inject

CarFactory carFactory;

@PersistenceContext
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EntityManager entityManager;

public Car manufactureCar(Specification spec) {

Car car = carFactory.createCar(spec);
entityManager.merge(car);
return car;

[Tockonbky xoHTYp EJB siBaisieTcst HpocThIM Java-KjaccoM, ero MOXKHO CO3IaTh
1 HaCTPOUTh B MOy IbHOM TecTe. Hanboee monyasspHoi TEXHOIOIMEH TeCTUPOBAHUS
Java-monyneit sBasiercs JUnit B couetanuu ¢ Mockito nist cosnanvst MakeToB. B ciie-
nytouieM ¢parMeHTe Koja OKa3aH TeCTOBBIMA Ciydall Ass Kiuacca CarManufacturer,
B KOTOPOM CO3/Ia€TCsI 9K3eMILISAP OOBEKT /I [PAHUYHOTO TECTA U 3a[eWCTBYETCS
Mockito a7151 MaKETHPOBAHUS [€JIETATOB:

import
import
import
import
import

public

org.junit.Before;

org.junit.Test;

static org.assertj.core.api.Assertions.assertThat;
static org.mockito.ArgumentMatchers.any;

static org.mockito.Mockito.*;

class CarManufacturerTest {

private CarManufacturer testObject;

@Before
public void setUp() {

}

testObject = new CarManufacturer();
testObject.carFactory = mock(CarFactory.class);
testObject.entityManager = mock(EntityManager.class);

@Test
public void test() {

Specification spec = ..
Car car = ..

when(testObject.entityManager.merge(any())).then(a->
a.getArgument(0));
when(testObject.carFactory.createCar(any())).thenReturn(car);

assertThat(testObject.manufactureCar(spec)).isEqualTo(car);

verify(testObject.carFactory).createCar(spec);
verify(testObject.entityManager).merge(car);

I[Ipu BeinoHeHnu Tecta PpeiiMBopk J Unit oTHOKpPATHO 3a1yCKa€eT TECTOBBII K1acc
CarManufacturerTest.

Merton @Before, B JTaHHOM ciiy4ae setUp(), BBIIOJIHSETCS KAkl pa3 Heper 3a-
MyCKOM MeTo/1a @Test. AHAJIOTMYHO METO/IbI C aHHOTAIMEN @After 3aIyCKAIOTCS IOCJIe
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KaX0ro BbimonHeHus tecta. OqHaKo MeTonbl @BeforeClass u @AfterClass peanu-
3YIOTCS TOJIbKO OZIMH Pa3 /ISl KaXI0TO TECTOBOTO KJIacca — /10 U HOCJIe BBIIIOJTHEHUS
COOTBETCTBEHHO.

MeTtoxst Mockito, Takue kak mock (), when() 1 verify(), UCIIOIB3YIOTCS /151 CO3/A-
HUS, HACTPOWKH ¥ HDOBEPKH MaKeTHPYEeMOTO [T0Be/leHUsI COOTBETCTBeHHO. MakeTHbIe
00OBEKTHI HACTPOEHBI Ha OHpe/leJieHHOe HoBeeH e, [1ocie BBITIONIHEHUS TeCTa OHU
MOTYT HPOBEPUTb, OBLJIN JIM BHI3BAHBI MMH OTIPE/IEI€HHBIE (DYHKIIUM.

Henb3s He HpU3HATBH, YTO 3TO O4eHb HpocToi HpuMep. Ho B Hem mpezcTaByieHa
CyTb MOZYJIbHOTO TECTUPOBAHMUS OCHOBHBIX KOMIIOHEHTOB. J[/151 IPOBEPKY IOBEEHUS
KOHTYpa He TpeOyeTcs [PYyruX CHEIIMATbHBIX ICHOJHUTENIEN TECTOB MM BCTPOEHHBIX
KOHTelHepOB. B oT/1une 0T criennanbHbIX UCIIOJHUTENEH TecToB (peliMBopk J Unit
HO3BOJISIET 3AIyCKATh MOIYJIbHBIE TECTHI C OY€HB BBICOKOU CKOPOCTHI0. COBpeMeHHOE
060pyI0BaHKE TO3BOJISIET BBIMOJHATH COTHU TAKMX HPUMEPOB IIOYTH MIHOBEHHO.
Nx Bpemst 3ammycka KOPOTKOe, a OCTaJIbHOE — 3TO IIPOCTO BBITIOJIHEHNE Java-Ko/a ¢ He-
GOMBIIMMY HAKJIAJIHBIMU PACXOAAMHU Ha (PPEMBOPK TECTUPOBAHUSI.

Hexoropsie unTarenn, BO3SMOKHO, 3aMETUJIM, YTO 00/1aCTh BUAUMOCTHU KJIacca
CarManufacturer orpaHuyeHa TpegeJaMy MAKeTa. ITO CAENAHO JJIsI TOTO, YTOOBI
06€eCreynTh JAYYIIYI0 TECTUPYEMOCTDh M NUMETh BOBMOXKHOCTh HA3HAYATD JIEJIETaT JJIs
9K3eMILISIPOB KJIacCoOB. TecToBbIe KIacChl, KOTOPbIe HAXOJATCS B TOM JKe HaKeTe, YTO
Y KOHTY]D, MOTYT U3MEHSTh CBOU 3aBUCUMOCTH. OTHAKO MHXKEHEPHI MOTYT BO3PA3UTh,
YTO 3TO HapyllaeT MHKAICYJSANHUIO KOHTypa. TeopeTnuyecku OHM IIPaBbl, HO HU OJUH
BBI3BIBAIONINN 0OBEKT HE CMOXKET U3MEHUTh CCHUIKM MOC/IE TOTO, KAK KOMIIOHEHTHI
HAYHYT BBITIOJIHSTHCSA B KOPIIOPATUBHOM KOHTelHepe. OGBEKT, Ha KOTOPBIN yKa3bIBAaET
CCBLIKA, B IeICTBUTEJILHOCTH SIBJISIETCS HE [IeIeTaToOM, a €70 HOCPEAHUKOM, HO3TOMY
peanuszaiuss CDI MoxeT mpeoTBpaTUTh HENPaBUIbHOE UCHOMb30BaHUe. KoHeuHo,
MOJKHO BHEPUTH OOBEKT-MAKET, 33/IeWCTBYsI OTPaXKEHNE UK BHEJPEHNE HA OCHOBE
KoHCTpyKTOpa. OHAKO BHEAPEHNE HA OCHOBE MOJIsI B COYETAHUU C HETIOCPEICTBEHHOM
HACTPOMKOI 3aBUCUMOCTEH JIJIs TECTOBBIX CJIYYAEB 06ECIIEYNBAIOT JYUIIYIO YATAEMOCTh
KOJIa TIPY TOM K€ HOBEJIECHUM HPUIOKeHusA. B HacTosmee Bpems npu paspaboTke
MHOTHX KOPIOPAaTUBHBIX IPOEKTOB IPUMEHSIETCS BHeI[peHNe 3aBUCHMOCTeH Ha OCHOBe
HOJISI C BUIUMOCTBIO B HpeJlesIax MakKeTa.

[pyroii Bompoc 3aKJ049aeTcss B TOM, YTO JIy4lile MCIIOJIb30BaTh: HECTAHAAPTHBIE
ucnostHUTENM TectoB J Unit, Takue kak MockitoJUnitRunner, B COYETAHUY CO CHEIU-
aJIbHBIMU MaKeTHBIMHM aHHOTALUSIMU WJIU JKe IIPOCTYIO0 HACTPOUKY, KaK IMOKa3aHO
panee. B caenyiomem ¢parMente Koga npeacrasieH 6oee ogpoOHbli IpUMeD ¢ He-
CTaH/IaPTHBIM UCIIOJIHUTEJIEM TECTOB:
import org.junit.runner.RunWith;
import org.mockito.InjectMocks;

import org.mockito.Mock;
import org.mockito.junit.MockitoJUnitRunner;

@RunWith(MockitolUnitRunner.class)
public class CarManufacturerTest {

@InjectMocks
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private CarManufacturer testObject;

@Mock

private CarFactory carFactory;

@Mock

private EntityManager entityManager;

@Test
public void test() {

when(carFactory.createCar(any())).thenReturn(car);

verify(carFactory).createCar(spec);

Hecrangaprasiii ucnossuTenb TectoB Mockito mo3BossieT mporpaMMUCTaM Ha-
CTPauBaTh TECTHI C MEHBIIUM KOJMYECTBOM KO/Ia, & TAKXKE CO37aBaTh BHEIPEHUS
C BUAMMOCTBIO B TIpefieiax Kiaacca obcayxuBanus. [IpuMeHeHre HPOCTOTO MOAX0/A,
Kak ObLI0 HOKa3aHO paHee, 00ECHEUNBAET OOMBIINYI0 THOKOCTD ISl CIOXKHBIX MAKETHBIX
ciieHapueB. BHpoueM, To, KaKOil IMEHHO METO/] MCTIOJIb30BATH [J151 3aHYCKa 1 OHpee-
neHus MaketoB Mockito, — B cymHocTH, €710 BKyca.

B JUnit ectb nomostuTenbHas (PyHKITMOHATBHOCTD — TAPAMETPU30BAHHbIE TECTHL
ITO HO3BOJISIET CO3/IaBATh OJIHOOOPA3HBIE TECTOBBIE CIIEHAPUU C HEOAUHAKOBBIMU
BXOJIHBIMH U BBIXOJHBIMU JaHHBIMU. MeTon manufactureCar() MOXXHO HPOTECTH-
POBaTh C PA3HBIMU BXOJAHBIMU JAHHBIMU, YTO JAET UYTh PA3IMYAIOUINECS BHIXOIHbIE
pesynbTarhl. [TapaMeTpr30BaHHbIE TECTOBBIE CIy4an HO3BOMSIOT 6oiee 3¢ hHeKTUBHO
pa3pabaThiBaTh 9TH CIIEHApUU. B cieyionieM nmpuMepe TOKa3aH KO /s TAKKX Te-
CTOBBIX CJIy4YaeB:

import org.junit.runners.Parameterized;

@RunWith(Parameterized.class)
public class CarManufacturerMassTest {

private CarManufacturer testObject;

@Parameterized.Parameter(Q)
public Color chassisColor;

@Parameterized.Parameter(1)
public EngineType engineType;

@Before

public void setUp() {
estObject = new CarManufacturer();
testObject.carFactory = mock(CarFactory.class);

}
@Test
public void test() {
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// chassisColor & engineType

}

@Parameterized.Parameters(name = "chassis: {0}, engine type: {1}")
public static Collection<Object[]> testData() {
return Arrays.aslList(
new Object[]{Color.RED, EngineType.DIESEL, ...},
new Object[]{Color.BLACK, EngineType.DIESEL, ..}

)5

[TapameTpr30BaHHbBIE TECTOBbIE KJIACCHI CO3/IAI0TCS 1 BHITOJIHSIOTCST HOCJIE TAHHBIX
B METOJI€ TECTOBBIX JaHHbIX @Parameters. Kaxk/p1ii s71eMeHT B BO3BpaIaeMOit KOJLIEK-
[[1Y IPUBOAUT K TOMY, YTO T€CT IIPOBOAUTCS OT/IEbHO. TecTOBBIH KIacc HpHUCBauBaeT
3HAaYE€HUA CBOﬁCTBaM, M TECT IMPOJAOJIXKAET BBIMOJIHATHCA KaK O6bI‘-IHO. B TecToBbIX
IAHHBIX COJIEPXKATCSI BXOHBIE TAPAMETPBI TECTOB, & TAKXKE OJKUaEMbIE 3HAUEHUSI.

[TpenmyiiiecTBO MapaMeTPU30BAHHOTO MTOIX0/1A 3aKII0YAETCSI B TOM, YTO OH TT03BO-
JISI€T IPOrPaMMUCTAM CO3/1aBaTh HOBbIE TECTOBBIE CJIyYaH, IIPOCTO A00ABIISAS CTPOKH
B MeTo[ testData(). B mpeasiayiiem npruMepe moka3aHo HpUMEHEHME TTapaMeTPHU30-
BaHHOTO MOZYJIbHOTO TECTA B COYETAHMHM C MaKeTaMM. Takas KoMOMHALKs BO3MOXHA
TOJIBKO HPH MCIOJIb30BaHUK HPOCTOro Hoaxoaa Mockito, kak ObLIO OHMCAHO paHee,
HO He ¢ MockitoJUnitRunner.

TexHonorus

B paccMoTpenHbix mpuMepax ObL1 ipuMeHeH ¢peiiMBopk J Unit Bepcuu 4, KoTopasi Ha
MOMEHT HAIMCAHUS 3TOM KHUTHU Obla pacHpoCTpaHeHa Hanbosee mupoko. Mockito
3afleficCTByeTC sl 711 MAKETUPOBAHUS OOBEKTOB M 0OECIIEYBAET TOCTATOYHYIO 151 OOJIb-
IIMHCTBA CIlEHAPHUEB TUOKOCTb. J{/151 TOro 4T00bI IOATBEPKAATh YCAOBHUS, B IPUMEPaX
Obli1a CI0J1b30BaHa OuOIMOTeKa COHOCTAaBIEH s TeCTOB Assert]. OHa mpeocTaBisieT
(byHKI_lI/IOHaJIbeIe BO3MOJKHOCTH JJIA IIPOBEPKU COCTOAHUA O6'beKTOB C IPDUMEHEHUEM
3(pPeKTUBHBIX BHI3OBOB IIETI0YEK METO/IOB.

3TI/I TE€XHOJIOTHUU ABJIAIOTCA HpUMEPaMU HHCTPYMEHTOB, HeO6XOI[I/IMbIX JJIs1 TECTU-
POBaHHA. OI[HaKO 34eChb Mbl HE HAMEDEHBI HACTaNBAaTh Ha MCIIOJIb30BAHUHU TE€X UJIN
MHBIX (QYHKIWH, a TUIIb XOTUM [IPOAEMOHCTPHUPOBATh KOHKPETHbIE Pa3yMHbIe Bapu-
AHTBI COOTIONEHYS YCIOBHI TECTUPOBaHMsL. MOXXHO IPUMEHSTH U IPYTUE TEXHOJIOTHH,
obecreynBaloIue aHAIOTUYHbIE (PYHKIIMOHATBHOCTD U TIPEUMYIIECTBA.

TUNUYHBIM HPUMEPOM SIBJISETCS IMUPOKO PACHPOCTPAHEHHAS B KA4eCTBE OUOIMO-
TEKH COTIOCTABJIEHUSI TECTOB TEXHOJIOTUS aHaIM3aTopoB Hamcrest nim pesxe MCHOIb-
3yeMblit PpeiMBOPK /17151 MOAYIbHOTO TecTupoBanus TestNG.

K ToMy mMomeHTy, KOraa Bbl 3TO HpouuTaete, nosiButcs Bepcust JUnit 5, mpeno-
CTaBJISIOIAs HEKOTOPbIE IOTIOJHUTENbHbIE (PYHKIINH, 0COBEHHO JIJIS1 JUHAMUYECKUX
TECTOB. HOI[O6HO mapaMe€TPHU30BaHHBIM T€CTaM, ITMHAMWNYECCKHE TECThl HDUMEHAIOTCA
HOTOMY, YTO JOHYCKAIOT IIPOTPaMMHO€ U TUHAMHWYECKOE€ OHPEACJI€EHNE TECTOBLIX
CJly4aes.
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KOMMOHEHTHbIe TeCTbl

KoMIoHeHTHbIE TeCThI TPOBEPSIIOT MOBEIEHUE COTPSIKEHHBIX KOMIIOHEHTOB. OHM 00e-
CTIEYMBAIOT GOMBIIYIO MHTErPAIMIO, YEM MOJIYJIbHBIE TECTHI, He TPeOys 3arycKa Ipu-
JIO’KEHUSI B UMUTUDPYEMBIX CPeZIax BBIIIOJHEHHSI.

anL-IMHbI MCcnonb3oBaHUA

[ToBemeHME COHPSIKEHHBIX (DYHKI[HIA, HPEICTABIEHHBIX HECKOJbKMMH B3aNMO3aBUCH -
MbIMH KJIACCAMHU, HEOOXOIMMO HPOBEPUTH, YTOOBI IPOTECTUPOBATH UX B3aUMOJEH-
cTBre. KOMIIOHEHTHBIE TECTHI IOJKHBI BBIHOHSATHCS TAK XK€ OBICTPO, KAK U MOJYJIb-
HbIE, BCE ellle M30uPyst QYHKIMH, TO €CTh TECTUPYSI COHPSIKEHHbIE MOAy.U. [loaToMy
3T TECTHI HAlleJIEHbI Ha 0becHeueHre ObICTPOit 0OPATHOM CBSI3U MyTEM MHTETPalii
GOJIBIIIETO KOJIMYECTBA JIOTUKH, YEM B OOBIYHBIX MOAYJIbHBIX TecTax. KOMIIOHEHTHbIE
TECTBI HPOBEPSIIOT PaboTy GU3HEC-CLIEHAPUEB OT KOHTYPA [0 33/1eICTBOBAHHBIX dJI€-
MEHTOB YIIPABJIEHUSI.

KoMroHeHTHbIE TECTBI HA YPOBHE KO/Ia BO3MOKHBbI, [IOCKOJIBKY [O/aBIIsIIONIEe 6OIb-
IIMHCTBO yTIPABJSIEMbIX KOMIIOHEHTOB MCHOJB3YIOT JOBOJBHO HPOCTHIE JEJIETAThI.
BuexapeHHbIe TUHBI B GOBITUHCTBE CIy4aeB MOTYT OBITh PACTIO3HAHBI HEHOCPEICTBEH-
HO, 6e3 nHTEp(hEiicoB NN KBaIM(PUKATOPOB, M CO3[aHBI ¥ BHEAPEHDI TPAKTUYECKU
6e3 BCTPOEHHBIX KOHTEHHEPOB. DTO MO3BOJISET PEANTU30BATh KOMIIOHEHTHBIE TECTHI
¢ TeMU ke (HhPeIMBOPKAMY TECTUPOBAHWS, UTO U JIJIsI MOYJIbHBIX TECTOB. Bce Heobxo-
AIMBbIE JIeJIEraThl 1 MAKEThl HACTPAUBAIOTCSI KAK YaCTh TECTOBOrO ciaydast. CreHapuii
TECTHPOBAHWS, KOTOPBI MBI XOTMM HOKA3aTh, TIPOBEPSIET BCE — OT Hayasia Ou3Hec-
CLIEHAPUS 10 BHEAPEHHBIX 3JIEMEHTOB yTIPABJICHMUSI.

B cnenytonyx HpuMepax pacCMOTPHUM, KAK PEATU30BATh KOMHOHEHTHBIE TECTBI C T10-
MOIIbIO HEKOTOPBIX GA30BBIX METOZIOB KOHTPOJISI KAYECTBA KO/Ia, KOTOPBIE TIOMOTAI0T
€o31aBaTh 0OCIIYKMBAEMbIE TECTBL.

Peanuzauyus

[IpeATIoNOKIM, 4TO HYKHO IPOTECTUPOBATH BECh OU3HEC-CLIEHAPUI HPUIOKEHMUS 110
NPOU3BOJACTBY aBTOMOGUIIEH, TIOKA3aHHBIN B MIPEABIAYIIEM TIPUMEPE B TOAPa3iese
«MogynbHbie TecTbI». [I/151 cCoO3MaHUs aBTOMOOWIIS TIPUMEHSIETCS eieraT CarFactory,
a 3aTeM pe3yJsbTaT coxpaHsieTcsi B 6a3e naHHbIX. TecTUpoBaHue Ha ypoBHeE 6a3bl 1aH-
HBIX BBIXOJIMT 32 PAMKH 3TOTO TECTa, TIOITOMY BMECTO AMCIIETYEPA CYIHOCTEN Oyner
HICHOJIb30BaH MaKeT.

B cnenymomem ¢pparMenTe Koga HOKa3aH KOMIOHEHTHbIHM TeCT OGU3HEC-CIIEHAPHST
[POM3BO/CTBA aBTOMOOUIISE:

public class ManufactureCarTest {
private CarManufacturer carManufacturer;
@Before

public void setUp() {
carManufacturer = new CarManufacturer();
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carManufacturer.carFactory = new CarFactory();
carManufacturer.entityManager = mock(EntityManager.class);

}

@Test
public void test() {
when(carManufacturer.entityManager.merge(any())).then(a->
a.getArgument(0));

Specification spec = ..
Car expected = ..

assertThat(carManufacturer.manufactureCar(spec)).isEqualTo(expected);
verify(carManufacturer.entityManager).merge(any(Car.class));
b

ITOT HPUMED OYEHb IOX0XK HA TIPEABLAYIINIA, 32 NUCKJIIOUYEHUEM TOTO, YTO 3ECH JJIsI
coszanus CarFactory 3a/1eliCTBOBaHa peajibHast GusHec-moruKa. MakeTsl, HPeICTaB-
JISIIONINEe TPAHUIIBI TECTOBOTO CJIy4asi, HDOBEPAIOT HPAaBUJIbHOCTD IIOBEICHUSI.

[laHHBIN MeTOJ] HPUTOZEH /ISl IPOCTBIX ClieHapHeB UCIO0Ib30BaHUs, OJHAKO /IS
6oJ1ee CIOKHBIX PEANTbHBIX CIIEHAPUER IPUMEHSITh €T0 HECKOJIBKO HAMBHO. ['paHuUIIbI Te-
CTOBOTO CJIy4asi IOKa3aHbl B TECTOBOM KJIacce, IOCKOJIbKY Jiesierat CarFactory sBJseTcst
CaMO/IOCTATOYHBIM U HE BHEAPSIET JOTIOJTHUTEIbHBIE 3IeMEHTHI yHpaBieHus. Koneuno,
BCE B3aMO3aBHCUMbIE MOZLYJIH, KOTOPBIE SIBJISTIOTCSI YaCThI0 KOMHOHEHTHOT'O TECTa, MOTYT
OHpeJIeJISATh /lesieraToB. B 3aBrcuMOCTH OT XapakTepa TecTa U ClieHapys UCII0Ib30BaHMs
HTH BJIOXKEHHbIE JIEJIETaThl TAKHKE JAOJKHBI ObITh CO3/IaHbI MJIM CMAKETUPOBAHBIL.

B utore A71s1 HACTPOIKY TECTOBOTO prMepa TpebyroTes Gobine yeuvst. Mbl Mo-
11 GBI TPUMEHUTH (PYHKIIMOHATbHBIE BO3MOKHOCTH TECTOBOTO (DPERMBOPKA, TAKKE
Kak anHoTtaiuu Mockito. TakuM 06pa3soM B TECTOBbIM TPUMEDP BHEIPSIUCH ObI BCe
KJIacChl, y4acTBYIOI[E B TECTOBOM ciydae. [IporpaMMucCThI yKa3bpIBAIOT, Kakue U3
HUX JIOJIKHBI CO3/IaBAThCsl, @ KaKWe — 3aMeHsAThest Maketamu. Mockito mpegocrasis-
eT (QyHKIMOHAJIbHbIE BO3MOXKHOCTH [JIS1 PaCIIO3HABAaHUS CCHLIOK, IOCTaTOYHBIE JIJISI
GONBIIMHCTBA CIIEHAPHEB UCTIOIb30BAHMSL.

B cnenyromem ¢pparmMenTe Ko/1a HpeJICTaBAEH KOMHOHEHTHBIN TECT aHAJIOTUYHOTO
CLIeHapus, Ha 3TOT pa3 ¢ gejieraToM CarFactory, ¢ BJOXE€HHBIMHU 3aBUCUMOCTSIMU
AssemblylLine u Automation. OHUM MaKETHPYIOTCS B TECTOBOM CJIy4ae:

@RunWith(MockitoJUnitRunner.class)
public class ManufactureCarTest {

@InjectMocks
private CarManufacturer carManufacturer;

@InjectMocks
private CarFactory carFactory;

@Mock
private EntityManager entityManager;

@Mock
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private AssemblylLine assemblyline;

@Mock

private Automation automation;

@Before
public void setUp() {
carManufacturer.carFactory = carFactory;

// HacTpomka TpebyeT MakeTUpyemMOoro NnoBeAEeHWA, Hanpumep:
when(assemblylLine.assemble()).thenReturn(...);

}

@Test

public void test() {
Specification spec = ..
Car expected = ..

assertThat(carManufacturer.manufactureCar(spec)).isEqualTo(expected);
verify(carManufacturer.entityManager).merge(any(Car.class));

}

®ynkimsa Mockito @InjectMocks HbITAeTCA PACTIO3HATH CCHLIKM Ha OOBEKTHI C Ma-
KETHBIMU OObEKTaMH, BHEJIPEHHBIMY B TECTOBBLIA CIyyail Kak @Mock. CChLIKY 3a/1a10TCS
C UCHOJIb30BaHUEM OTPaKeHUs. Eciii KOHTYPBl WX 37IeMEHTB! YIIPABIEHUS CO3AI0T
HOBBIE [eJIeraThbl, TO OHHU JOJIXKHDBL 6b1Tb OIIpe/IeJIEHbl B TECTOBBIX CAYy4YasiaX HO KpaﬁHeﬁ
Mepe Kak 00beKT @Mock Bo n3bexxanne nckaodenns NullPointerException. Oxnako
9TOT METO/J JIMIIb YaCTUYHO YJIYUIIA€T CUTYalHIO, IOCKOJIbKY IIPUBOJAUT K TOMY, YTO
B TECTOBOM KJIACCe OHPE/IEeNSIeTCSI MHOTO 3aBUCHMOCTEN.

Ecnm npuzepxuBaThCs 3TOTO HOAXO/Q, TO BCKOPEe KOPHOPATHUBHBL HPOEKT IO
MeEpe poCcTa Y1MCJIa KOMIIOHEHTHDIX TECTOB CTAHOBUTCA CINIIKOM A€TAIM3NPOBAHHBIM,
¢ 60J1b11IIM 06BEMOM 1y OIUPOBAHUS.

Jlnist TOoro 4To6h! C/1esIaTh TECTOBBIN KO/ HE CTOJIb TPOMO3IKAM U COKPATUThH Y-
6aupoBaHue, MOXKHO ObLI0 6bl BBECTH TECTOBBIH CyNEPKIACC A/ KaXKA0To OU3HeC-
cueHapus. ITOT CyNePKIAce coaepxai Obl Bce oHpeaeneHns @Mock 1 @InjectMock,
YCTAHABJIUBAI HEOOXOMMblE 3aBUCHMOCTH, CO3/IaBaJI JeJieraTbl U MakeTbl. OIHAKO
TaKue TeCTOBble CYIePKJIAacChl COAEPKAT MHOTO HESIBHOU JIOTUKH, KOTOPasi OIpee-
JISIeTCsI leJieraTaMU U KCHOJIb3YeTCs B PACIIMPEHHBIX TECTOBBIX caIydasx. [13-3a aToro
MOSIBJISIFOTCSL TECTOBBIE CJTy4Yau, TECHO CBSI3aHHbBIE ¢ OOBIYHBIMM CYTIEPKIACCAMHU, UTO
B UTOT'€ HPDUBOJUT K HESABHOMY CBA3bIBAHUIO TECTOBLIX CIy4Ya€B.

[enernposaHue TeCTOBbIX KOMNOHEHTOB

Bmecto pacuripenuist sydiiie HCHOIb30BATh J€JIETHPOBAHUE.

Jlornka MakeTUPOBAHUS U HPOBEPKH, 3aBUCSIIAs OT HPUMEHSIEMbIX KOMHOHEHTOB,
JeJIETUPYETCS CIIENMAaIbHbIM TECTOBBIM 00beKTaM. Takum 06pasoM, fejIeraTbl MHKAII-
CYJIUDYIOT 9Ty JIOTUKY U YIIPABJISIOT €10 HO OTAEIbHOCTH.
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B crnenyloniem dparmeHTe Koja MoKa3aH TECTOBBIM CIydYail ¢ UCIIOIb30BAHUEM
KOMIIOHEHTOB, OHPEAEJISIONINX 3aBUCUMOCTH JIJIs1 carManufacturer u carFactory:

public class ManufactureCarTest {

private CarManufacturerComponent carManufacturer;
private CarFactoryComponent carFactory;

@Before
public void setUp() {
carFactory = new CarFactoryComponent();
carManufacturer = new CarManufacturerComponent(carFactory);

}

@Test

public void test() {
Specification spec = ..
Car expected = ..

assertThat(carManufacturer.manufactureCar(spec)).isEqualTo(expected);

carManufacturer.verifyManufacture(expected);
carFactory.verifyCarCreation(spec);

TecToBble 3aBHCUMOCTH Component OMTUCHIBAIOT OOBsIBJIEHHbBIE 3AaBUCUMOCTH U Ma-
KeTbhl, BKJIIOYAsI HACTPOWKY U HPOBEPKY HOBEAEHUSI IJIsI HALIMX TECTOBBIX CJIYYaeB.
CMBICJ B TOM, YTOGBI OHPEIETUTh KOMHOHEHTBI, KOTOPblE MOYKHO HOBTOPHO UCHOJIb-
30BaTh B PAMKaX MHOTOKOMIIOHEHTHBIX TECTOB, IPUBSI3blBAS K HUM AHAJOTUYHYIO
JIOTHKY.

B crexyroniem hparmeHTe Kozia IOKa3aHo OHpezeseHne CarManufacturerComponent:

public class CarManufacturerComponent extends CarManufacturer {

public CarManufacturerComponent(CarFactoryComponent carFactoryComponent) {
entityManager = mock(EntityManager.class);
carFactory = carFactoryComponent;

}

public void verifyManufacture(Car car) {
verify(entityManager).merge(car);

}

Kiacc HaxoauTcst B TOM ke HaKeTe, YTo U CarManufacturer, HO B HICXOIHBIX KOZAX
TECTOB. ITO MOXKET ObITh IOJKIACC KOHTYPA /st 10OABIECHNS MAKETOB ¥ JIOTUKH TIPO-
Bepku. B 1aHHOM HpUMepe OH 3aBUCUT OT KOMHOHEHTA CarFactory, KOTOPBLii TaKXKe
06€ecreyrBaeT TOHOIHUTEIBHYIO TECTOBYIO JIOTHKY:

public class CarFactoryComponent extends CarFactory {

public CarFactoryComponent() {
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automation = mock(Automation.class);
assemblyLine = mock(AssemblyLine.class);
when(automation.isAutomated()).thenReturn(true);

}

public void verifyCarCreation(Specification spec) {
verify(assemblylLine).assemble(spec);
verify(automation).isAutomated();

3TI/I KOMIIOHEHTHI ABJIAIOTCS TECTOBbIMU O6'beKTaMI/I MHOTOKPAaTHOTIO IIPUMEHEHU,
KOTOpbI€ YCTaHABJIMBAIOT OIPEACJICHHDbIE 3aBUCUMOCTH U HACTPAKWBAIOT IIOBEACHNE
MakeToB. IX MOXHO IIOBTOPHO BBHCﬁCTBOBaTb B HECKOJIbBKUX KOMHOHEHTHBIX T€CTaX
¥ pacupuTh 6e3 yiiepba 1yis UCIONb30BaHMUSI.

[esb 5TMX HPUMEPOB — JIATh BaM MPEACTABJIEHNE O BO3MOKHOCTSIX OOCIIYKUBA-
€MblX TEeCTOB. I[]IH HOBTOPHOT'O NIPUMEHEHUA KOMIIOHEHTOB HCO6XOI[I/IMO YUYUTBIBATDH
OOIIO/THUTE/NbHbIE METOAbl PECTPYKTYPHU3AUN B PA3/IMYHBIX CUTyallUAX, HAIIPDUMED
C MCTIO/Ib30BaHMeM KoH(purypauuu, nogo6Ho mabaony «Crpoutenb». [loapoGuee
0 TOM, KaK HUCATh KOJl 0OCIy’KMBaeMbIX TECTOB, UnTaiite B paszene «O06cIyKuBaHue
TE€CTOBBIX TaHHbIX U CHEHAPHUEB».

[IpenMyIecTBO KOMIIOHEHTHBIX TECTOB 3aK/II0YAETCS B TOM, YTO OHM PaboTaioT
TaK ke ObICTPO, KAK U MOAYJIbHbIE, M [IPH HTOM MPOBEPSIOT GOJIEe CAOKHYIO UHTE-
rpauronHyo JoruKy. CJI0XKHast JIOTHKA Pealn3yeTcsi HyTeM JeJeTMPOBAHMUs 1 UH-
KarcCyJIsil1y, YTO NOBbLIIAET yA06CTBO 0bcayxuBanusi. Ko n HakIagHble pacxozpl,
HensOeXHble TP HACTPONKE, HEBETUKH.

C moMOIIIbI0 KOMIIOHEHTHBIX TECTOB UMEET CMbBICJ TIPOBEPSATH COMPSIKEHHYIO
6usHec-10ruKy. Br130Bbl Gu3HEC-CIIEHAPUER HPOBEPSIIOTCS HA GU3HEC-YPOBHE, 4 HUA3-
KOYPOBHEBbBIEC TEXHUYECKHE AETAIN MAKETUPYIOTCA.

TexHonorus

B aTux npumMepax cHOBa IPOAEMOHCTPUPOBAHBL HDOCThIE METO/Ibl TECTUPOBAHMUSI C ITO-
moibio J Unit u Mockito. IIpu ucmiob30BaHUH 5TUX METO/IOB TPOBEPKH KAUECTBA KOJIA
MOKHO HMCaTh yAO0OHO 00CIyKUBaeMble IIOAPOOHBIE TECTOBbIE CIyYay C OTPAHUYEH-
HBIMU 3aTPaTaMy Ha KOHUTYpALIUIO.

KoMmmoHeHTHble TECTHl, peaTU30BaHHblE TaK, KAK IIOKA3aHO B 9THX NPUMepPaX,
MPEICTABJAAIOT COHON MPAKTUYECKUN MOAXOM K TOAKIIOYEHNUI0 KOMIIOHEHTOB, UC-
MOJIb3YIOIIUX HEITOCPENCTBEHHOE BHEIPEHHE 3aBUCUMOCTel. Eciu B TOTOBOM Kofle
3aneiicTByioTcss CDI-reHepaTopsl 1 KBamu(HKaTOPBL, TO JIOTUKA BHEPEHS TECTOBBIX
KOMIIOHEHTOB U3MEHUTCS COOTBETCTBYIOIUM 0OPa3oM.

[le1p10 KOMHOHEHTHBIX TECTOB SIBJISIETCSI IPOBEPKA HOBEAEHUS COHPSIKEHHBIX
MoayJiel B 6usHec-cueHapusx. O6bIYHO OHU He TIPOBEPSIOT CBA3aHHblE TEXHUYE-
CKUe KOMHOHEHTBI. [[71st TOro 4ToGbl HPOBEPUTH HPABUABHOCTD IIPUMEHEHUS BHE-
apenusi CDI, HaHpuMep, ¢ TOYKU 3PEHUS CIIENIUATBHBIX KJIACCH(PUKATOPOB, TeHEPa-
TOPOB ¥ 06/aCTeN BUAUMOCTH, PEKOMEH/YETCS UCTIOIb30BATh MHTETPALIMOHHDIE
TECTBL.
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OZIHAKO CYLIECTBYIOT TECTOBbIE TEXHOJIOTUH, KOTOPblE 0OECTIEYNBAIOT BHEAPEHHE 32~
BUCHMOCTEH B TECTOBBIX CIIyuastx, Takue kak CDI-Unit nnv GoJiee CI0XKHbBLH (hpeiiMBOPK
tectupoBanus Aquillian. TecToBble Cllyuan ¢ UCTIOJIb30BAHUEM 3TUX (HPEHMBOPKOB
BBIHOJIHSIOTCSI B KOHTETHepax, He TOJIbKO BCTPOEHHBLX, HO 1aXKe Y/JaleHHbIX, 1 MOTYT
JOTIOTHUTEIbHO HPOBEPSITH UHTETPAIIIO KOMIIOHEHTOB.

CroxHble TecTOBble (DPERAMBOPKH, H€3YCIOBHO, HO3BOJISIIOT CO3/aBaTh TECTOBbIE
cay4au, 6osiee 6J1M3KKE K PEATBHOMY KOPIIOPATUBHOMY HPUJIOKEHHUIO, HO MX IPobITe-
MOIi SIBJISI€TCSI MEIJIEHHBLH 3amycK puaoskeHnii. KonTeiinepsbl 06bIYHO 3aTyCKAIOTCS
¥l HACTPAUBAIOTCSI 75T KAXKIOTO TECTOBOTO CJIy4asi B OTAEIbHOCTH, YTO OOBIYHO 3aHU-
MaeT HECKOJIbKO COTEH MUJLIMCEKYH/I uiiu ente 6obine. Ha nepBbiil B3rIsiz 9TO He Tak
y>K MHOTO, HO 110 Mepe YBeJW4YeHUs KOJTMYeCTBa TECTOB 3aTPAaThl BpDEMEH!U CTAaHOBSITCS
3aMETHBIMH.

ITosToMy /1151 KOMHOHEHTHBLX TECTOB, II€JIbI0 KOTOPBIX SIBJISIETCS TOJBKO HPOBEPKA
Ou3HEC-CIIEHAPUEB, IPEANIOUTUTENbHBL 60sIee GbICTPhIE U JIETKME METO/bl, TAKKE KaK
HPE/ICTaBJIEHHbIN patee. Biarogapsi ToMy YT0 KOMHOHEHTHBIE M MOy IbHBIE TECThI Obl-
CTPBI 10 CBOEH ITPUPOJIE, OHU BHITIOMHSIIOTCS 10 YMOJTYAHUIO BO BPEMsI COOPKH IPOEKTA.
OHu 10/KHBL OBITH CTAHAAPTHBIM CHOCOOOM TIPOBEPKY OGU3HEC-TOTUKHU TIPUIIOKEHUSI.

B crenyromem npuMmepe HpUBeZeHbl HHTETPALlIOHHbBIE TECThl HA YPOBHE KO,
B KOTODPBIX HUCIOJIb3YIOTCSI UMUTUPYyEMble KOHTeHEepBL.

NHTerpaumoHHbIe TeCTbl

Ipyt KOMHOHEHTHOM TECTUPOBAHUH COTIPSIKEHHAS GU3HEC-TTOTUKA TIPOBEPSIETCS My TEM
BBIHOJTHEH VS M30TMPOBAHHBIX U OBICTPBIX TeCTOB. OJIHAKO 9TU TECThl HE OXBATHIBAIOT
CJIOKHOE HOBeZleHue uHterpanuu Java EE, Takoe kak BHepeHMs, ClieI[MaIbHbIE KBA-
smpukaropsl, CDI-co6biTuist unu 06JaacTy EACTBUSL.

Iesp10 MHTETPALIMOHHBIX TECTOB SIBJSETCS IPOBEPKA TEXHUYECKOTO COTIPSIKEHUS
KOMIIOHEHTOB B PAMKaX KOPIIOPATUBHOM CUCTEMBL. ITO KACAETCS TAKUX POOIIEM, KAK
KOH(UTYpaIis OCHOBHBIX KOMIIOHEHTOB Java EE, cBsI3b ¢ BHEIIHUMU CUCTEMAMU
U XpaHeHHe AaHHBbIX. [[paBUIbHO JIM aHHOTHPOBaHbl KOMHOHEHTH Java EE? Ilpe-
obpasyet 1 JSON-B nanubie B HyxHbi# hopmat JSON? IIpaBUIbHO 1 OHUCAHO
Hpeobpazosanue JPM ORM?

CyTb HHTETPALIMOHHBIX TECTOB Ha YPOBHE KO/IA 3aKTI0YaeTcs B obecHeueHnu bomee
OBICTPOI 0OPATHOM CBSA3M MyTEM ITPOBEPKU MHTErPaIiu Ge3 CO3/[aHNUs U Pa3BEPThIBA-
HUS IPUJIOXKEHUS B TECTOBOM Cpejie.

BcTpoeHHble KOHTeNHepbI

IToCKOMBbKY TEXHOJOTUSI MOMYIbHBIX TECTOB He yYUThiBaeT ocobenHocty Java EE,
MHTETPAIMOHHBIE TeCThl TPEOYIOT Hosiee CIOKHBIX TECTOBBIX (PYHKIMA B BU/E KOH-
TeiiHepoB. ECTb HECKOIBbKO TEXHOJIOTHH, KOTOPBLE 3aIlyCKaIOT BCTPOEHHBLI KOHTEITHEeD
U [1eJTal0T JOCTYHHBIMH YacTU HPUJIOKEHUS.

ITpumepom Takoii TexHosoruu siisiercss CDI-Unit. Oua npenocrasisier GyHk-
I{MOHAJbHblE BOBMOXKHOCTH [IJIs1 3aHyCKa TecTOBbIX caydaeB B CDI-koureiinepe,
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YTO MO3BOJISIET IPOTPAMMUCTAM YJIy4IIaTh U U3MeHATh KoHpurypanuio. CDI-Unit
CKaHUPYET 3aBUCUMOCTH TECTUPYEMBIX 0OBEKTOB U KOH(UTYPUPYET UX COOTBETCTBY-
romuM ob6pasom. Bee HE0OX0AMMble MAKETHl M CHEIIU(UYECKOE TECTOBOE MOBEIECHNE
OTIpeZIeJISIIOTCS B BUJle AeKIapaliid. Y IpaBjsieMblii KOMHOHEHT, TAKOH KaK KOHTYP
B HPUJIOKEHUHY JIJIsl IPOU3BOJICTBA ABTOMOOUIIEH, HACTPANBAETCS B TECTOBOM CJIydae
CO BCEMU HEOOXOAMMbIMU 3aBUCUMOCTSIMU U MAKETAMH.

JT0T MeToz 06HApYKUBaET OIMOKU KOH(pUTypanuy, Takue Kak orcytctere CDI-
aHHoTalui. B ciexyioniem parmenTe Ko/ia MOKa3aH TECT TPUJIOXKEHUS JIJISI TPOU3-
BOJICTBA aBTOMOOUIIEH, aHAJIOTUYHBIH MOKA3aHHOMY PaHee KOMHOHEHTHOMY TECTY,
KOTOPBL CO3/1aeT KOHTYP:

import org.jglue.cdiunit.CdiRunner;

@RunWith(CdiRunner.class)
public class ManufactureCarIT {

@Inject
CarManufacturer carManufacturer;

@Mock
EntityManager entityManager;

@Before
public void setUp() {
carManufacturer.entityManager = entityManager;

}

@Test

public void test() {
Specification spec = ..
Car expected = ..

assertThat(carManufacturer.manufactureCar(spec)).isEqualTo(expected);
verify(entityManager).merge(expected);

}

CreryanbHblii uCoNHUTENb TecTOB J Unit HAXOAUT UCIIOIHSIEMble KOMHOHEHTHI,
BHe/IpsieMble B TECTOBBIX CIy4asiX, ¥ pacrosnaet ux. [lockonpky CDI-Unit Honnepxu-
BaeT TobKo ctanaapt CDI, a ve nonusiit API Java EE, TecT siBHO MakeTupyer u Ha-
CTpauMBaeT MeHeKep CyIHocTel. Bee octanbHble 31eMeHTDl yIIPaBIeHHs], TaKHe KaK
(habpuka, aBTOMaTU3aNMA U COOPOYHAS IMHUSA ABTOMOOUIIEH, CO3AI0TCS U BBOASITCS
COOTBETCTBYOIIUM 0OPa30M.

Tectbt CDI-Unit MoryT 6b1Th paciiMpensbl, 4T06b1 06CAYKUBATH HOMIEe CIOXKHbBIE
ciieHapun. MOXXHO TeHEPUPOBATh KOMIIOHEHTBL, KOTOPblE UCHOIB3YIOTCS B HPEAEIax
06J1aCTH TECTUPOBAHUSL.

OnHaKo y 9T0# TEXHOJIOTHH, 6e3YCI0BHO, eCTh cBoM orpanunyenusi. CDI-Unit yno6-
Ha, KOT/ia Ha/10 ObICTPO HPOBEPUTH KOH(PUTYPALIUIO U B3aMMOAEHCTBYE YHPABJISIEMbIX
KOMIIOHEHTOB.
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Ewie onna, 60j1ee CI0KHAsA TEXHOJIOTUA TECTUPOBAHUS IPUIOKEHUN HA3blBAETCS
Arquillian. Ona o6beanHsIeT HHTErPAIIOHHbIE TECTOBbIE CIyYau B Pa3BEPThIBAEMblE
apXWBBbl, YIIPABJISIET KOPHOPATHBHBIMY KOHTEHHEPAMU, KaK BCTPOEHHBIMHU, TaK U yAa-
JIEHHBIMH, ¥ Pa3BEPTHIBAET, BHIIIOIHSIET M HDOBEPSIET TECTOBbIE APXUBBL. ITO TIO3BOJISIET
PacCUIUPSATH TECTOBbIE CIIEHAPUHU C TECTOBBIM HOBEIEHUEM, 3aBUCSIIIUM OT CLIEHAPUSI.

ITpeumymectBoM Arquillian sBnsietcs pabora ¢ KoHTeliHepaMK ¢ HOJTHOW HOJI-
nepxkoii Java EE. 910 mo3BosisieT MpoBOAUTD MHTETPAIOHHBIE TECTH B CIIEHAPHUSIX,
HPUOIVKEHHBIX K YCAOBUAM SKCILIyaTalM.

B cienyroniem (pparMeHTe Koza MPEACTAaBIEH HPOCTOM IPUMeED pa3sBePThlBAHUS
KOHTYPa HPUJIOKEHHUST HO HPOU3BOACTBY aBTOMOOMJIEN BO BCTPOEHHOM KOPHOPAaTUBHOM
KOHTelHepe 1oy yrpasaenueM Arquillian:
import org.jboss.arquillian.container.test.api.Deployment;
import org.jboss.arquillian.junit.Arquillian;
import org.jboss.shrinkwrap.api.ShrinkWrap;

import org.jboss.shrinkwrap.api.asset.EmptyAsset;
import org.jboss.shrinkwrap.api.spec.WebArchive;

@RunWith(Arquillian.class)
public class ManufactureCarIT {

@Inject
CarManufacturer carManufacturer;

@Deployment
public static WebArchive createDeployment() {
return ShrinkWrap.create(WebArchive.class)
.addClasses(CarManufacturer.class)
// ... BO6aBUTb OCTanbHble HyXHble 3aBUCUMOCTHU
.addAsWebInfResource(EmptyAsset.INSTANCE, "beans.xml");

}

@Test

public void test() {
Specification spec = ..
Car expected = ..

assertThat(carManufacturer.manufactureCar(spec)).isEqualTo(expected);

}

B 5TOM TECTOBOM CiIyyae Co3aeTcsl JUHAMIYECKUI BeG-apX1B, KOTOPbLH JOCTABJISAET
KOHTYP HPUJIOXKEHHS M TPEGYEMBIX JIEIETaTOB ¥ Pa3BEPTHIBAET X BO BCTPOCHHOM KOHTEM-
Hepe. CaM TeCT MOXET BHEZIPATD U BbI3bIBATH METO/Ib! /11 KOHKPETHBIX KOMIIOHEHTOB.

Konreiinep He 06513aTeJIbHO I0JKEH 3aHYCKAThCS KAK BCTPOEHHbIN, OH MOYKET ObITh
YHpaBJIAeMbIM WM yAaneHHbIM. Eciu konTeiinep paboTaer foJblue, yem Tpebyercs
LIS TECTA, TO MOXKHO COKPATHTh BPEMs 3a CUET 3aHyCKa KOHTEHHEPa U BBIIOJHATD
TECTHl HAMHOTO ObICTpEE.

Peanuszanus 5TMX MHTErPAlMOHHBIX TECTOB 3aHUMAET JOBOJIbHO MHOTO BPEMEHH,
HO 3aTO TOYHEE UMUTUPYET PeasbHOE MOBEJEHKNE B cpefie dKCHayaTauu. Omunbkn
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B yIIpaBJIseMbIX KOMIIOHEHTaxX OyayT oOHAPYKeHbl B IIpollecce paspaboTKy, epes
OTIPaBKOM npuiiokenust. [u6kocTs u HacTpanBaeMocTb Arquillian HyTem Br/IIOUEHUS
JIOHOJTHUTEJIbHBIX OTIPEAETEHN I KOMHOHEHTOB, KOTOPbIE HAXOAATCS B 0OJACTH TECTH-
POBaHMsI, HO3BOJISIIOT UCTIOJIb30BATh YA0OHBIE TECTOBbIE CIIEHAPUH.

OaHAKO B 3TOM [IPUMeDE JIUIIb CJIETKA 3aTPOHYTA (DYHKIIMOHATBHOCTD BCTPOEHHBIX
KOHTelHepHbIX TecToB. TecToBble ppeliMBopkH, Takue kak Arquillian, MoryT npu-
MEHSIThCS [JIs1 IPOBEPKU MHTETpaliy KOH(MUTYPAIMU KOHTEHEPa, KOMMYHUKAIINH,
XpaHEHUs TaHHBIX U MOJIb30BAaTEJIbCKOTO UHTEpPdelica. B ocTaBmieiics yactu aToit
[JIaBBl Mbl PACCMOTPHMM HEKOTOPBIE HEAOCTATKYM MHTErPALIMOHHbBIX TECTOB, PAOOTAIONINX
C UIMHUTHUPYEMOH WJIM BCTPOEHHOU CPeoN.

BcTpoeHHble 6a3bl AaHHBLIX

[Ipeo6pa3oBanue Py COXpaHeHUH OOBEKTOB MPEAMETHOM 061acTH 06BIYHO OHpE-
nensiercs ¢ noMoinbio anHoranuil JPA. IIpoBepka 3Toro npeoOpa3oBaHus Iepes
(haKTHYECKUM Pa3BEPTHIBAHUEM CEPBEPA TIO3BOJISET U30EXKATh CIYYANHBIX OMIHMOOK
1 COKOHOMMTDH BPEM.

Jlnst Toro 4TOOBI IPOBEPUTH HPABUIBHOCTD MPe0OPA30BAHUSA HPU COXPAHEHUU
B 6ase JaHHBIX, HeoOxoauMa cama Oasa JaHHbBIX. IIOMMMO MCIIOIb30BAHUS Pa3Bep-
HYTbIX 9K3EMILJIAPDOB 633])1 JMaHHBbIX B Cpe/ie BbIIIOJITHEHN A, BCTPOCHHbDIE 633])1 JTaHHBIX
00ecIeunBaloT aHAJOTUYHYIO IIPOBEPKY ¢ GbICTPOI 0OpaTHOM ¢BA3bI0. [1a JocTymIa
K 9TOH (byHKL[I/IOHaJIbHOCTI/I MOJHO ITPUMEHUTHh BCTPOEHHbDbIE KOHTeﬂHeprle TECTHhI,
paGoraomniue B Takux ¢ppeiiMBopkax, kak Arquillian. OxHako ams npocreiiieit Hpo-
BE€PKH HET HeO6XOI[I/IMOCTI/I 3aHYCKaTb HPUJIOXKE€HHE BHYTPU KOHTeﬁHepa.

JPA nocraBisieTcs ¢ BO3MOKHOCTBIO aBTOHOMHOTO 3aI1ycKa B 1106011 cpene Java SE.
Vcriosib3ysi ee, MOKHO IIACATH TECTOBbIE CTy4au, KOTOPble HDUHUMAIOT KOH(DUIYPALMIO
JPA v coenuHSAIOTCS CO BCTPOEHHOM WM JIOKATBHOM 6a301 TaHHBIX.

[IpeqHOMOK M, YTO B TIPOIECCE TPOU3BOACTBA ABTOMOOMIIEH U3TOTABINBAETCS
1 cobupaeTcs HeKast IeTajlb aBTOMOOUIIsL. DTa CYIHOCTh KaK OOBEKT HPeIMETHOU
obmactu otobpaxkaercsa B JPA crexyomum o6pasom:
@Entity
@Table(name = "car_parts")
public class CarPart {

@1d
@GeneratedValue
private long id;

@Basic(optional = false)
private String order;

@Enumerated (STRING)
@Basic(optional = false)
private PartType type;
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ﬂ]IF[ TOTrO ‘-ITO6I>1 HPOBEPUTDb HPABUJIbHOCTD COXPaHEHHWA JaHHbBIX, KOMHOHEHT T€CTO-
BOU CYNIHOCTH JIOJIKEH HO KpaiiHeil Mepe COXpaHAThCA B 6a3e JaHHBIX M 3arPyKATCS
ortyza. B cnenyiomem dbparMeHTe Koja HOKa3aH MHTETPAIMOHHBLI TECT, KOTOPBLIT
yCcTaHaBJMBaeT aBTOHOMHOe JPA-coxpaneHue:

import javax.persistence.EntityTransaction;
import javax.persistence.Persistence;

public class CarPartIT {

private EntityManager entityManager;
private EntityTransaction transaction;

@Before
public void setUp() {
entityManager =
Persistence.createEntityManagerFactory("it").createEntityManager();
transaction = entityManager.getTransaction();

b

@Test

public void test() {
transaction.begin();
CarPart part = new CarPart();
part.setOrder("123");
part.setType(PartType.CHASSIS);
entityManager.merge(part);
transaction.commit();

b

ITocKkoIbKY COXpaHEHME IPOTEKAET ABTOHOMHO, TO HET KOHTEHePa, KOTOPbli Obl
3aHUMAJICS 06PabOTKOM TpaH3aKIMiA. B TeCTOBOM CJiydae 3TO BBITIOIHSIETCS TIPOrPAMM-
HO, TaK K€ KaK ¥ HaCTPOMKa MeHeIXKepa CyLIHOCTEH, C HOMOLIbIO O/I0Ka YHPaBJIEHUS
JMaHHBIMU it. BJoK yHpaBeHUs JaHHBIMY KOH(UTYPUPYETCS B obmactu TECTUPOBAHUSA
persistence.xml. [[7151 3TOH LieIM AOCTATOYHO OTIPe/IeINTh KOH(PUTYPALIUIO JIOKATBHOTO
TPaH3aKIMOHHOTO MOAYJISI pecypca:
<?xml version="1.0" encoding="UTF-8"?>
<persistence version="2.2" xmlns="http://xmlns.jcp.org/xml/ns/persistence"

xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"

xsi:schemalLocation="http://xmlns.jcp.org/xml/ns/persistence
http://xmlns.jcp.org/xml/ns/persistence/persistence_2_2.xsd">

<persistence-unit name="it" transaction-type="RESOURCE_LOCAL">
<class>com.example.cars.entity.CarPart</class>

<exclude-unlisted-classes>true</exclude-unlisted-classes>
<properties>
<property name="javax.persistence.jdbc.url"
value="jdbc:derby:./it;create=true"/>
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<property name="javax.persistence.jdbc.driver"
value="org.apache.derby. jdbc.EmbeddedDriver"/>
<property name="javax.persistence.schema-generation.database.action"
value="drop-and-create"/>
</properties>
</persistence-unit>
</persistence>

3azeiicTBOBaHHbBIE KJIACCH CYLIHOCTEH, TAKKE Kak CarPart, I0XHbL ObITh YKa3aHbl
SIBHO, HOCKOJIbKY HET KOHTEIHEePa, KOTOPbli 3aHMMAaJICs 6bl 06pabOTKOM aHHOTALIMIA.
Kouduryparust JDBC ykasbiBaeT Ha BCTPOEHHY0 623y IaHHBIX, B 9TOM ciyuyae Apache
Derby.

B xopnopaTuBHBII IPOEKT BXOAUT He Bcs peanusanus Java EE — toasko APL
Taxum obpasom, peammsauus JPA, takas kak EclipseLink, a Taxxe 6asa ganasix Derby
N06ABAIOTCS KK TECTOBbIE 3aBUCUMOCTH.

ITOT MHTETPAIMOHHBII TecT obecriednBaet GoJiee GbICTPYIO OOPATHYIO CBA3b, MH-
(bOpMHUPYIOILYIO O HECOOTBETCTBUAX KOH(MUTYPALIK 1 CIy9aiiHbIX OMINOKAX, TOKAIbHO
poBepssa HpeoOpasoBaHue HPY COXPAaHEHNH JaHHbIX. [IprBeIeHHbl TECTOBBLI CTydai
3aBEPUINTCA OIIUOKOMA, TIOTOMY YTO CBOMCTBO order 1151 TUIA CarPart He MOXKET ObITh
npeo6Pa3soBaHO M COXPAHEHO, TAK KAK order sIBJISIETCSI 3aPE3€PBUPOBAHHBIM KJIFOUEBbIM
caoBoM SQL. J[71s1 TOTO YTOOBL YCTPAHUTD 3Ty OMIMOKY, HAZIO U3BMEHUTH PeoOpa3oBaHme
cTOI01L0B, HATIPUMED IIEPENMEHOBAB CTOIOEI: @Column (name = "part_order™).

ITO TUMMYHBLHA TPUMEDP OMMOKH, KOTOPas MOXKET ObITh AOMyIIEeHa TPOrPaMMHU-
CTaMu [IPYU KOH(DUTYPpUPOBAHUY COXPaHEHMs AaHHbIX. [IpeqoTBpalas Takye ommnbKu,
KOTOpble B HDOTUBHOM CJIy4ae He Oy Ly T 0OHAPY KEHbl 0 MOMEHTA Pa3BEPThIBAHMSI, Mbl
obecneunBaeM 60s1ee GbICTPYIO 0OPATHYIO CBA3b, SKOHOMMM BPEMS 1 YCHUIIHUAL

Pasymeercs1, TakuMm 06pa3oM 0GHAPYKUBAIOTCS HE BCe HECOOTBETCTBUS UHTETPA-
1y 1 6a3bl JaHHBIX. [IOCKOIBKY KOHTEHHED HE UCIIOAb3YETCs, OIINOKH COXPAHEHMS,
HaHPHUMEDP CBA3aHHbIE C TAPAJIJICIbHBIMU TPAaH3AKIIUAMU, HE 6y£[yT BbISIBJ/IEHB], IIOKA
HE 6yI[yT BbIHOJIHEHB1 ITIOJTHOLIEHHbIE CUCTEMHbBIE TECThL. Tem He MeHee Takoe TeCTHU-
POBaHUE SIBJISIETCS TIOJIE3HOU TEPBUYHON MPOBEPKOI B KOHBEWEPE.

3anycK MHTerpaumoHHbIX TECTOB

BHuMAaTE IbHblE YNTATENH, BEPOATHO, 3AMETHIIH, YTO B UHTETPALMOHHBIX TECTAX CYIIE-
CTBYET corJialieHre o6 UMeHax: OHYM 3aKaHYMBAIOTCA Ha IT, 4TO O3HAYAET integration
test. Takoe MMeHOBaHME OCHOBAHO Ha coryanieHnu o6 MMeHax Maven, 3a UCKJIIOUe-
HUMEM TECTOBBIX KJIACCOB, COOTBETCTBYIONINX MABIOHY UMEHOBaHUA Test, Ha 9TaHe
TecTupoBanus. Kiaccamu ¢ iMeHaMu, 3aKaHYMBAIOIMMUCS Ha IT, 6yAeT yupaBisaTh
JIPYTOU MOJTYJTh }KU3HEHHOTO IIUKJIA.

ITOT HOMXOA HOOYXKIAET MPOTPAMMUCTOB CO3/aBaTh 3(h(HEKTUBHbIE KOHBEWEPb
pa3paboTKH, HOCKOJbKY WHTETPAIMOHHbIE TECTHl HA YPOBHE KOZIa He 0653aTeNbHO
JIOJIKHB BBITIOMHATBCS HA IEPBOM 9Tare COOPKU — BCE 3aBUCHUT OT BPEMEHHU, KOTOPOe
nuisa Hux Tpebyercs. Tak, B Maven Moy s Failsafe Plugin 3amyckaet MHTErpalliOHHblE
TECTbl, UCII0JIb3Yy s KOMaHAy mvn failsafe:integration-test failsafe:verify, Hocie
cBOPKY HPOEKTA.
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Pazymeercs, IDE HOomnepxuBaeT 3ayck U TeCTOB Test, U TECTOB € APYTUMH CO-
IJIalIeHUsIMY 06 UMEHaX.

B Gradle ata ctpykTypa uMeHOBaHUS He yuuThiBaeTCs. JIJist JOCTUXKEHUS TOM JKe
niesu B poekTax Gradle ucnosb3yoTes HECKOIBKO HaGOPOB TECTOBbIX UCTOUHUKOB,
BBIHOJIHSIEMBIX TI0 OT/IEIbHOCTH.

NHTerpaumMoHHbIE U CUCTEMHbIE TECTbI Ha YPOBHE KoAa

TecTtpiHA YPOBHE KOZIa — MOAyJ/IbHbl€, KOMIIOHEHTHbBIE U UHTETPALIMOHHbIE — O6CCHC‘{I/IB3'
10T OBICTPYIO OOPATHYIO CBA3b B IIporiecce pa3paboTku. OHM IO3BOJIAIOT IPOrPAMMUCTAM
HPOBEPATH, paboTaeT 1 OGU3HEC-JIOTHKA TaK, KAaK 0KUAAJI0CH, IJIs N30JMPOBAHHBIX
KOMIIOHEHTOB ¥ HACKOJIbKO Pa3yMHO HOCTPO€HA 001ast KOH(UTYpaius.

HepnocTaTkun MHTErpaumoHHbIX TECTOB

Jl1s1 TOrO YTOOBL IPOBEPUTD, KAK BEJIET Ce6sT HPUIOKEHNE B YCIOBUSIX IKCILIyaTalluH,
9THMX TECTOB HEIOCTATOYHO. Pa3nnuusi B TEXHOMOTHY, KOH(PUTYPAIMU U BPEMEHU
BBIHOJIHEHUSI B UTOT€ TIPUBEAYT K HPOHYCKAM B TECTOBBIX CAyYasix. ITO MOTYT ObITh
pas3Hble BEPCUM KOPIOPATUBHBIX KOHTEHHEPOB, HECOOTBETCTBHSI B KOH(MUTYpaIun
KOMIIOHEHTA HOCJIE Pa3BEPThIBAHKS BCETO TIPUJIOKEHNSI, Pa3nYHble peannsannu 6a3
JMAHHBIX WU pa3anyus B cepuanusaiuu JSON.

B koHeuHOM cueTe, IpuiIoKeHre paboTaeT B cpefie sKCILTyaTanuu. [1oaToMy umMeert
CMBICJI IPOBEPUTH €T0 TIOBEJIEHNE B CPEIAX, IKBUBAJIEHTHBIX yCIOBUSAM IKCILTYATAIH.

OueBHUIHO, CTOUT CO3/IATh HECKOJIBKO TECTOBBIX 0bOacTel /711 0600UX TECTOB C U30-
JIIPOBAHHOM 06/1aCThIO 1 60J1ee OBICTPOI 06PATHOM CBS3bIO, A TAKKE MHTErPALOHHBIX
TecToB. HeocTaTKOM MHTETPalMOHHBIX TECTOB Ha YPOBHE KO/IA SIBJSIETCS TO, 4TO 4ACTO
OHU 32HUMAIOT MHOTO BPEMEHH.

B npouiioM B MOMX NPOEKTaX MHTETPAIMOHHBIE TECTDI, BHITIONHSAEMbIE B TAKMX
KOHTelHepax, Kak Arquillian, 06bp19HO 3aHMMaN GOJBIIYIO YACTH BPEMEHH COOPKH,
U B Pe3yJbTATE OHA JJIUJIACH JIECATh MUHYT U GoJiee. ITO 3HAUMTETBHO 3aMEJISI0
KOHBeWep HenpepbIBHOM MOCTABKU KO/A, 3aMEJIJISIO OOGPATHYIO CBSA3b M YMEHBIIAIO
KOJMYECTBO COOPOK. S HBITAJICS YCTPAHUTD ITOT HEAOCTATOK, UCHOJb3YS /51 TECTOB
Arquillian ynaneHnble u yHpaBJisieMble KOHTEHHEPbL. VX dKU3HEHHBIH [IAKIT IOJIBIIE, YeM
TECTOBBII1 HPOTOH, YTO TIO3BOJIsIET HpeHeOpeuyb BpEMEHEM 3aIyCKa.

VHTerpainoHHble TECThL HA YPOBHE K0/1a — YA0OHBIH €11oco6 6BICTPO HPOBEPUTD
KOH(PUTYPAIMIO IPUIOXKEHNUS, KOTOPYIO HEJIb3s1 IPOTECTUPOBATD € TIOMOIIBIO MO-
NyJbHBIX WM KOMIIOHEHTHBIX TeCTOB. OHAKO IJIS1 TECTUPOBAHUS GU3HEC-TOTUKY
OHU HEUJIEATTbHBL.

VIHTerpaioHHble TECTL, B XO/I€ KOTOPBIX BCE MPUIOKEHNE PA3BEPTHIBAETCSI B UMMU-
THPYEMBIX CPE/IaX, TAKMX KAK BCTPOEHHbIE KOHTEHHEPBI, UIMEIOT OIPe/IeJIEHHOE 3HAYE-
HUE, HO /17151 IPOBEPKU MIOBEIEHMS B CPE/IE KCILTYaTAI[MN X HEIOCTATOUHO, TOCKOIbKY
OHY He SKBUBATIEHTHbI yCIOBUSM 9KCHIyaTanuu. HezaBucumo ot Toro, rie HpoTekaer
TECTUPOBaHNE — HA YPOBHE KO/Ia MJIM B UMUTUPYEMbIX CPE/laX, — UHTETPAIIOHHbIE
TECThl, KaK MPaBUJIO, 3aMEJISIOT BbITIOJIHEHUE BCETO KOHBEHepa.
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HepocTtaTkn CUCTEMHBIX TECTOB

Hawu6oee momHyo MpoBEPKY TPUIOKEHHsT 00ECTIEINBAIOT CICTEMHBIE TECTD, IPH KOTO-
PBIX IPUJIOKEHNE TIOJTHOCTBIO PA3BEPTHIBAETCS B YCJIOBUSX, HOMOOHBIX CPE/ie IKCILTyaTa-
Inn. HOCKOJIbe 9TU TECTh1 BBIIIOJIHAKTCS HAa HO3/THEM dTalle KOHBeﬁepa HerepblBHOﬁ
MOCTABKH KO/Ia, 00eCHeUMBaeMast UMU 06paTHast CBsI3b OKa3blBAETCs1 H0Jiee MeJIEHHOM.
TecToBble ciTyyau, TAKKE Kak poBepka npeobpasosanuii JSON B koneunoii touke HTTP,
TpebyIoT GoIblle BpeMEHH Ha IOIy4eHNe NHKeHepaMy OOPATHOM CBSI3H.

Cosnanvie u 06Cay)KUBaHUE CIOXKHBIX TECTOBBIX CIIEHAPUEB 3aHUMAET JOBOJILHO
MHOTO BPeMeHU U TpebyeT 3HAUMTENbHbIX yeuauii. KopropaTusHble npuioxeHus
HY)KIAI0TCS B OTPEIETCHNN 1 0OCAY)KUBAHUY TECTOBBIX JAQHHBIX U KOH(PUTYpPAINH,
0COOEHHO KOT/Ia 33/I€HCTBOBAHO MHOTO BHEIHUX cricTeM. Hampumep, B CKBO3HOM TeCTe,
MPOBEPSIIOIIEM CO3/IaHNE ABTOMOOJISI B HPUJIOKEHHH 110 TIPOM3BO/ICTBY aBTOMOOMIIEH,
HY’KHO YY€CTh TaK¥€e BHEIIHKE POOIEMbl, KaK JIMHUS COOPKHU, KOTOPas M0JKHA ObITh
HACTPOEHA TAK e, KAK ¥ TECTOBbIE JAHHblE. Y TIPABJIEHNE TUMHU ClIeHAPUsMU TPpebyeT
OTIpefieJIeHHBIX YCHUINN.

B cxBO3HBIX TECTax IIpeaANPUHUMAECTCA HOIIbITKA UCII0JIb30BaTh BHEIIITHHNE CUCTEMBL
nu 63,3])1 JMAaHHbIX aHAJIOTUYHO TOMY, KaK 3TO IIPOUCXOAUT B YCIOBUAX SKCHIyaTalluH.
ITO CTABUT 33/1a4y OOCAYKUBAHUS HEAOCTYTTHBIX CPEJl M CPET, COAEPIKAIIMX OUInb-
KHU. HeﬂOCTyHHble BHEUIHNE CUCTEMbl NJIN 633])1 JAAaHHBbIX Bbl3b1BAIOT C60ﬁ TECTOB, HO
NPUIOKEHNE HE OTBEYAET 33 TAKKME OTKa3bl. ITOT ClieHapuii HapyiaeT TpeGoBaHMe
IIPeaCKa3yeMOCTH, B COOTBETCTBUH C KOTOPBIM TE€CTbl HE JOIXKHbL 3aBUCETDH OT BHEIITHUX
(hakTOPOB, CIOCOOHBIX IPUBECTH K JIOXKHBIM cpabaTbiBanusaM. [109TOMy peKoMeH-
oYyeTCH, ‘-ITO6b1 CHUCTEMHBIE TECTbl MAKETHUPOBAJIN BCE€ BHEUTHNE CHUCTEMbl, KOTOPbIE
He SIBJIAIOTCS YACThIO TECTUPYEMOTO NPUIOKEHUSI. ITO MO3BOJISIET CTPOUTh HPEICKA-
3yeMble CKBO3HblE TeCThl. [lopo6Hee peannsalus 3TOro MoaAxoaa 6yaeT paccMOTpeHa
B nozpaszese «CucTeMHblE TECTbL.

BbiBoAabI

MonynbHble 1 KOMHOHEHTHbBIE TECThl HA YPOBHE KO/JIa HPOBEPSIIOT U30JUPOBAHHYIO
KOHKPETHYI0 GusHec-10ruKy. OHM 06€CHEYNBAIOT HEMENJIEHHYI0 OOPATHYIO CBSI3b
Y MO3BOJIAIOT GBICTPO YCTPAHUTD CydaiiHble OIMOKK. B 4acTHOCTH, KOMIIOHEHTHbIE
TECTbl HPOBEPSIOT HHTETPALIMIO TPOTPAMMHBIX MO/YJIEH, CBA3aHHBIX ¢ OU3HECOM.

OrpannyeHrie KOMHOHEHTHBIX TECTOB 3aKJII0YAETCS B TOM, YTO OHU PaboTaoT 6e3
MMUTAI[IOHHOTO KOHTEMHEPa, HACTPAUBasi TECTOBbIE CJIy4ay [IPOTPAMMHBIM CIIOCOGOM.
I/IHTera].[I/IOHHble T€CTbl OCHOBaHbl HAa UHBEPCHUH YIIPABJICHUA, KaK B KOHTeﬁHean
HpHJIO)KeHHﬁ, rae roaAK/JIIn4YeHre KOMIIOHEHTOB Tpe6yeT OT HPOTPaMMHCTOB MEHBIINX
yeunuit. OgHako pa3paGoTKa yA06HBIX 1Jis1 0GCTYKUBAHUS TECTOBBIX CIYYAEB C UC-
IIOJIb30BaHHUEM IIPOTrPAaMMHOI0 HOAXO/Ja IO TEXHOJIOTHUU MOAYJ/IbHbIX TECTOB B UTOTE
obycnosauBaer Gosee appexTrBHOE TecTpoBanue. [lasee B 9TOi IyaBe, B pasjiese
(<O6CJIy)KI/IBaHI/Ie TE€CTOBbIX JAaHHBIX U CII€EHAPHEB», PACCKa3blBACTCsA, KAKHME METOAbl
[IOMOTAIOT CO371aBaTh 3¢ (PeKTUBHbIE TECTOBBLE CAyYau.

I/IHTCI'paLlI/IOHHble TECTbl IIO3BOJIAIOT IIPOBEPUTH TEXHUYECKYIO MHTETPAIIUIO, a TAKKE
KOH(UTYPAIMIO KOMIIOHEHTOB HpUIoXeHus1. VIx oGpaTHast CBsi3b, KOHEYHO, ObICTPEE,



Peanu3aumsa TectupoBaHus 253

4eM MpY Pa3BEPTHIBAHUY MPUJIOKEHUS KaK 4acTy KoHBeitepa. OnHako oHY He 06e-
CIIEYMBAIOT JOCTATOYHOHN IIPOBEPKH HO CPABHEHUIO YCIOBUSIMU IKCILIyaTallH.

ITH TecTbl — XOPOLUIMH HEPBUYHBIM, 6a30Bb1i1 6apbep, 3aAIUINAIOLINMIA OT PacIpo-
CTPaHEHHbIX WX CAyYalHbIX OMKMO0K. [I0CKOMBKY 3allyCK WHTETPAIMOHHBIX TECTOB
06BIYHO 32HMMAET JOBOJBHO MHOTO BPEMEHM, MMEET CMbICJI OTPAHUYMTh MX KOJIM-
dyecTBO. B uneasne tectobie ¢peiiMBopky, Takue kak Arquillian, pasBeprhiBatoTcs
B YIIPaBJIsIEMbIX MJIH yJaJIeHHbIX KOHTEHHEPAX, KOTOPble He OCTaHABIMBAIOTCS [IOCJIE
3aBepILIEHMS KaXI0TO TECTOBOTO CIyYasl.

CucteMHBI€ TECTBI TIPOBEPSIIOT HOBEIEHNE HPUIOKEHWS METOIaMu, bosiee pubJin-
JKEHHBIMU K YCJIOBUSAM 9KCILTyaTaruy. OHu 06eCrieunBaioT BO3BPALIEHNE MAKCUMATHHO
HOAPOOHBIX CBEIEHUH O TOM, pabOTaeT Jii BCe KOPHOPATUBHOE TIPUJIOKEHUE TAK, KAK
OXWIATIOCh, BKJII0Yas GU3HEC-JIOTHUKY U TEXHUYECKHE KOMIIOHEHTHL. JIJ1s1 mocTpoeHust
HPE/ICKA3yeMbIX TECTOBBIX CIIEHAPUEB BAXKHO YUUTHIBATH BHENIHUE OOCTOSTENbCTBA,
TaKue Kak 6a3bl JAaHHBIX U BHEIIHME CHCTEMBIL.

Pa3paboTKa TECTOBBIX CIYYAEB, 2 OCOGEHHO CJIOJKHBIX TECTOBBIX CIIEHAPUEB, TPeOyeT
MHOTO BpEMEHU Y 3HAUUTENbHBIX yCUauil. BOHPOC B TOM, K Y€MY CTOUT HPUJIATaTh 3TH
yewnusi. YTo6b1 IpOBEPUTH GU3HEC-JIOTUKY U OCOGEHHO COHPSIKEHHbIE KOMIIOHEHTbI,
peKoMeHAyeTCsl 3a4efiCTBOBAaTh KOMIIOHEHTHbIE TeCThbl. VIHTerpanMoHHble TeCThL
He 06eCTIeYnBaAIOT UCYEPIIBIBAOIIEH IIPOBEPKH, HO BCE XKe TPeOYIOT OHPEIeEHHbIX
BPEMEHHU U yCUIUHN. VIMeeT CMbICIT MCHOJIH30BATh HEKOTOPBIE U3 HUX ISt OBICTPOI
06paTHOM CBSI3U HO HOBOJY WHTErPAI[MU, HO HE JIJisi HDOBEPKU OU3HEC-TOTUKH.
[IporpaMMICTBL MOTYT TAK3Ke HAMTH CHOCOObl MHOTOKPATHOTO IIPUMEHEHUS CO3/IAHHbIX
CIIEHAPHUEB B HECKOIBKUX TECTOBBIX 06IACTAX, HATIPUMED B KAYECTBE MHTETPAIIMOHHBIX
Y CUCTEMHBIX TECTOB.

O61as 11e71b JOIKHA 3aKII0YAThCS B TOM, YTOObl COKPATUTh BPEMSI U YCUIIHS, 3a-
TpayMBaeMble Ha paspaboTKy 1 06CTyKMBAHME TECTOBBIX CAYYAEB, M TAKUM 06Pa3soM
CBECTU K MUHUMYMY 0OIlee BPeMs BbIHOJHEHNSI KOHBEWEPA U YBEJIMYNUTH TIOKPbITHE
HPUJIOXKEHUS TECTAMU.

CucTeMHble TeCTbl

CuCTeMHblE TECTH PEATU3YIOTCS [JIS1 Y2K€e Pa3BEPHYTOr0 KOPHOPATUBHOTO HPIJIOKEH M.
OHO COAEPIKUT TOT JKE KO, UMEET TY kK€ KOH(UTYPAIIHIO U TO K€ BPEMSI BBIHOJTHEH WS,
YTO U B yCJIOBUSAX PEAbHOU 9KCHIyaTauuy. /{1 THUIIMMPOBAHUS TECTOBBIX CIy4aeB
UCIIOJIB3YIOTCS BHENIHIE CHOCOOBI CBsi3u, Takue kKak HTTP. Ilesb TeCTOB — IPOBEPUTH,
40 00IIMiA Pe3yIbTaT, Takol Kak oTkauky 10 HT TP, cocrosHue 6a3bl JaHHBIX WU CBSA3b
C BHEITHUMU CHCTEMAMH, COOTBETCTBYET O’KU/IaeMbIM PEAKIMSIM IIPUI0KEHHUSI.

CucTeMHble TECThl OTBEYAIOT HAa BOIIPOC, YTO UMEHHO HAJI0 TPOTECTUPOBATD: HPU-
JIo)KeHUe paboTaeT TaK ke, KaK 1 B YCIOBUSAX IKCILTYaTAIMH, 32 UCKIIOYEHUEM BHEII-
HUX CUCTEM, U JIOCTYTI K HEMY MOXHO HOJIyYUTh C HOMOIIBIO OOBIYHBIX HHTEP(ENCOB.
BHeninve cucTeMbl MMUTUPYIOTCS, YTOOBI OOECTIEYNTD MPENCKA3YEMOCTh TECTOB
Y BO3MOXKHOCTH TIPOBEPKM KOMMYHMKaIu. B 3aBucumMocty ot ciieHapus 6a3a gaH-
HBIX MOXKET PAcCCMaTPUBATHCS KaK YaCTh HPUJIOXKEHHUS ¥ ICHOJIb30BAThCS aHAJIOTUYHO
WJIH K€ 3aMEHSIThCSI MAKETOM.
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YnpaBneHue TeCTOBbIMU CLIEHApUAMU

ClieHap1y CUCTEMHBIX TECTOB YaCTO CTAHOBATCS BEChMA CJIOXKHBIMM, 3aTPArUBast He-
CKOJIBKO 33/124 U 3aTPY/AHSISI IOHUMAHWE TOTO, KAKOW CIEHAPUH B IEHCTBUTENbHOCTH
NOJIKEH OBITh TPOTECTUPOBAH.

Y1061 yIPOCTUTH CIIEHAPUH, UMEET CMBLCJI CHAYaIa COCTABUTH CXEMY TECTOBOTO
ciyuas 6e3 Hanucanus Koga. Onucanue TpeGyeMbix onepanuii B KOMMEHTAPUSIX
WJIM Jlaske TIOHaYary Ha GyMare MO3BOJISIET COCTABUTD SICHOE TIPEJICTABIECHHE O TOM,
YTO IOJIKEH JieslaTh JaHHBIHA clieHapuil TectupoBaHus. Ilocnenyomas daktuye-
CKasi peaju3aius TECTOBOTO CIIEHAPUS C YYETOM Pa3yMHOTO YPOBHS abCTpakiuu
npuBeseT K GopMUpoBaHUIo Gosee yAIOOHBIX TECTOBBIX CIyYaeB, KOTOPbIE MOKHO
MCIIOJIb30BATh MHOTOKPATHO. Mbl PACCMOTPUM 3TOT HOAXOM B TIPUMEPE, KOTOPHIA
NPUBOIUTCS NAJIEE.

BaxkHO mpuHMMAaTh BO BHUMaHUE TECTOBblE AaHHble. YeM GObIas OTBETCTBEH-
HOCTb BO3JIATAETCS HA CIIEHAPUIA, TeM CI0XHee OyeT onpenensTh u 06pabaThiBaTh
TECTOBblE aHHble. FIMEET CMBICJ HPUJIOXKUTD HEKOTOPbLE YCUIHS, YTOOB1 06ECTIEunTD
(YHKIMOHATLHOCT TECTOBBIX IAHHBIX, KOTOPblE OOBIYHO UCHOIB3YIOTCS B TECTOBBIX
ciyyasx. B 3aBUCHMMOCTH OT XapakTepa HPUIOKEHUS M €T0 HpeAMETHOH obaactu
MHOT/IA JIJIs 3TOTO JIaXKe BBIAESAIOT CHEIIMATbHOTO HHKeHepa. MHOTOpasoBble u a¢h-
(dhexTrBHbIE DYHKIIMU MOTYT HECKOJBKO yIIPOCTUTD 33124y, OHAKO MO-TIPEKHEMY
MOXKET TIOTPeGOBaThCS 10 KPailHeN Mepe ONPENEIUTh U ONKMCATh B IOKYMEHTAIUU
o0111e TeCTOBbIE JAHHbIE U CIIEHAPUN.

B KOHEUHOM cueTe He CJIe/[yeT UTHOPUPOBATh CIOKHOCTb TECTOBBIX IaHHBIX. Ecu
npeaMeTHas 061acTh IPUIOKEHUsT TPeOyeT CI0KHBIX ClieHapueB, 6eCCMBICTIEHHO
He IPUHUMATH 5TO BO BHUMAHUE, MCKJII0Yasi OTIPEIeIEHHbIE TECTOBbIE CIYYau WU OT-
KJIa/Ib1Basi BBIHOJHEHME TECTOBbIX CIIEHAPUEB /IO T€X HOP, TOKA KAYE€CTBO TPUIOKEHUS
He YIYYIINTCA B TPOIIECCE IKCILIYATAINH.

Jlnsa Toro 4To6bl CO3/1aBATh TPECKa3yeMble U30IMPOBAHHbIE TECTOBbBIE CIIyYaH,
ClleHapUH I0JKeH OblTh Pean30BaH 110 BO3MOKHOCTH aBTOHOMHO 1 63 COXpaHeHust
cocrostuus. TecToBble CIyyau JOJKHBI MMETh HAYAIBHYIO TOUKY, MPUOIUKEHHYIO
K YCJIOBHSIM 9KCHJIYATAI[MH, ¥ HE PACCYUTHIBATD HA OTIPEJIETIEHHOE COCTOSTHUE CHCTEMBI.
CiiezlyeT yunuTHIBATh, YTO TAPAJIIENBHO ¢ HAMU MOTYT BBIIIOJHATHCS APYTUE TECThL
Y CLIEHAPUY UCIIOIb30BaHMSI.

Hanpumep, npyu co3aHUM HOBOTO aBTOMOOWIISL HEMb3s [IEATh MPEANONOKEHUS
0 KOJIMYECTBE CYLIECTBYIOMMX aBTOMOOUIEH. B TecToBOM ciyuae mepes cospaHueM
HOBOTO aBTOMOOWJISI HE CJIEZIYET TIPOBEPSITh, MYCT JIU CIIUCOK aBTOMOOWIIEH UIn TO,
4TO 110 OKOHYAHUY TECTA OH COAEPIKUT TOJBKO OJIMH CO3MaHHbli1 aBTOMOOUIb. CKOpee
HY’KHO yIOCTOBEPUTHCS, YTO ITOT ABTOMOOHIIB ABJISIETCS YACTHIO OOIIETO CIMCKA.

ITo 9TO# XK€ IPUYMHE CTOUT U36ETaTh BAMSIHUS CUCTEMHBIX TECTOB HA KU3HEHHBIIT
IMKJI CPebl BBIIOHEHUS. B cuTyanusx, CBA3aHHbIX ¢ BHEITHUMU CUCTEMAMHU, HEOO-
XOJIMMO YHPABJISITh HOBEJIEHNEM MAKETOB 3TUX CUCTEM. TaKue C1ydau JOJKHbL ObITh,
HACKOJIBKO 3TO BO3MOXKHO, OTPAHUYEHbBL, YTOObl OIHOBPEMEHHO MOTJIM BBIIIOTHATHCS
Y IPYTHE CIIEHAPUU.
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MoaennpoBaHue BHELHUX CUCTEM
BHermHue crucTeMbl HCTIOIB3YIOTCA B CLIEHAPUSIX CUCTEMHBIX TECTOB TaK e, KaK U B Cpe-

ne axcHnyaTaiuu. OHAKO, HOAOOHO MAKETUPOBAHUIO OOBEKTOB B MOJIYIbHBIX U KOM-
HOHEHTHBIX TECTAX, CHCTEMHbIE TECThl UIMUTHPYIOT M MAKETUPYIOT BHEIITHIE CICTEMBL.
TaxuM 06pa3oM yCTPaHAIOTCSA HOTEHIIUATbHbIE HPOOJIEMBI, 32 KOTOPblE HPUIOKEHIE
He HECET OTBETCTBEHHOCTH. CHCTEMHbIE TECTH! BHIIOTHSIIOTCS B CIIENIUATU3MPOBAHHBIX
cpenax, HAHPUMep IIPe0CTaBJIsieMbIX (hpeliIMBOpPKaMH yIIpaBJjeHUsI KOHTeHHepaMu.
Tectupyemblii 06beKT — 060C00IEHHOE IPUIOKEHNE — PA3BEPTHIBAETCS, BHIHOIHS-
eTcst 1 KOH(PUTYPUDPYETCS TaK XKe, KAK U HPY 9KCHIIyaTaI[iH.

VIMUTHpyeMble BHENTHKUE CUCTEMBI CKOH(UTYPUPOBAHBI TAK, YTOObI 00ECHEUNTD 0K K-
JIaeMOe HOBeZIeHNEe HPY 06paIleHny K HuM npuioxenust. [logo6HO MakeTam 0OGbEKTOB,
OHM HPOBEPSIIOT HPABUJIbHYIO CBSI3b B 3aBUCUMOCTH OT CIIEHApHs UCII0JIb30BaHUS.

Jlyist 60MBIIMHCTBA ClIEHAPUEB HPUMEHsIeMble (Ga3bl JAHHBIX HE MAKETUPYIOTC.
ITpu HEOOXOAMMOCTH CLIEHAPUI TECTUPOBAHMS MOKET YIIPABJIATH 623011 JaHHBIX U 3a-
HUCBIBATh B Hee JIAaHHbBIE KaK YacTh )KU3HEHHOT'0 LIMKJIa TecTa. Ecii cucreMa yHpaBJieHUs
623011 ITaHHBIX BBINIOJIHSAET MHOXKECTBO 33/1a4, BHEIIHUX HO OTHOLIEHUIO K TPUJIOKEHHIO,

HaHPUMEP COIEPIKUT MHOTO K072 6a3bl JIAHHBIX MJIU MPENOCTABISET HOUCKOBYIO CHCTEMY,
TO, BO3MOXKHO, IM€ET CMBICJI CO3JaTh MaKeT U IMUTHPOBATh 3TO HOBEZIEHHE.
YHpaBJieHre KOHTEHHEPOM CUJIBHO YHPOIAET 9Ty 3aj1auy, HO3BOJIsAs abcTparu-

POBaTh CUCTEMBI KaK cepBuchl. O6pas3bl MOLYIEN MOXKHO 3aMEHUTD APYTUMU PEATH-

3alMsIMM, HE 3aTPATMBasi TECTUPYEMOE IPUJIOKeHre. MaKeThl CEPBUCOB MOTYT ObITh

JIOCTYHHBIMH 1 KOH(UTYDPUPOBATHCS U3 AEUCTBYIONIETO CUCTEMHOTO T€CTa, OHPEes-

I0IIleTO HOBe/leH!e 1 BHeIlIHNe TeCTOBbIe aHHble (puc. 7.1).

CucTeMHbIn TecT

\
Knactep Kubernetes
v A
Mpunoxexne BHelwHasa cuctema
// II \\
/ I’ \
// ! \\
74 1 \
/// ,l \\
‘/ ” \\
/’ *
1
Moayne |y Maket
Mogaynb
Puc. 7.1
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[TyuxTupHas TuHUS Ha pUC. 7.1 OKa3bIBaeT HAHPABJIEHHUE YIIPABJIEHUS U IPOBEPKHU
MaKeTHPYEMOil CHCTEMBI KaK 4acTh TECTOBOTO clieHapusi. PaGoraioniee npuioxeHme
CTaHeT KCI0JIb30BaTh BHEIIHIOW CIy:K0y Kak 0OBIYHO, C TOI PasHMIIEN, YTO B 1EHCTBY-
TeJIbHOCTH 3TOT CEPBUC 3aMEHEH MAKETOM.

Pa3paboTka CUCTEMHbLIX TECTOB

CHCTeMHBIE TECTHI BBITOIHSIOTCS KAK OJJUH U3 9TAIIOB B KOHBElE€Pe HENIPEPBIBHOI ITO-
craBky Koza. OHU MOAKIIIOUAIOTCS K TPUJIOKEHHIO, pabOTAI0IEMY B TECTOBOH CPETIE,
BBI3BIBAIOT OGUBHEC-CIIEHAPUH U [TPOBEPSIIOT PE3YIbTAT.

CucTeMHbIE TECTOBBIE CTy4Yan OOBIYHO HE BJAMSIIOT HA JKM3HEHHBIN [IUKJI HPUJIOKE-
uust. [Ipumoxxenvie pa3BepThIBAETCSI HEHOCPEICTBEHHO B COCTaBE KOHBeWeEpa Helpe-
phIBHO# nocTaBku. [Ipy HEOGXOMMOCTH CHCTEMHBIE TECTHI KOHTPOJUPYIOT COCTOSTHYE
Y TIOBEJIEHWE MAKETOB BHEITHUX CUCTEM U COJEPKUMOE 6a3 TaHHBIX.

Boobiiie roBOpst, UMEET CMBICT Pa3pabaThiBaTh CUCTEMHBIE TECTHI B BUIE OTAENBHO
cobupaeMbIX TIPOEKTOB — TaK, YTOOBI KOJ HUKAK He 3aBUCEJ OT OCHOBHOTO TIPO-
ekTa. [IocKOIbKy CHCTEMHBIE TECTHI MOIYYAIOT AOCTYH K IPUIOKEHUIO U3BHE, OHU
He JIOJIKHBI BIUSTH HA TO, KaK UCIIO/Ib3yeTCs cucTeMa. CUCTEMHBIE TECThI pa3pabaThl-
BaIOTCSI B COOTBETCTBUH C YCJIOBUSIMU KOHEYHBIX TOYEK HPIIIOXKEHUST. TakKe 9TH TeCThI
He TOJDKHBI 33[IeCTBOBATD KJIACCHI WK (DYHKIIMOHATbHBIE BOBMOXKHOCTH, KOTODBIE
SIBJISIIOTCSI YaCThIO NIPUJIOXKEHNST, HATPUMED Peai30BaHHbIE B IPUIOXKEHNUU KJIACCHI
npeobpasoBanus JSON. OnpezeseHne TEXHOJIOTHH U JOCTYIIA K CCTEME U3BHE, B BUIE
OT/eJIBHOM COOPKU HPOEKTa, PEOTBPAIIAET HeXKelaTeTbHble TO60UHBIE I(DHEKTHI,
BBI3BaHHBIE CYLIECTBYIONIEH GYHKIMOHAIBHOCTHIO. [IpOeKT cucTeMHOro TeCTHPOBaHMS
MOXET HAXOAUTHCS B TOM K€ PEHO3UTOPHH, YTO U IPOEKT HPUIOKEHUSI.

B caexytoniem npumepe 6yaeT NOCTPOEH CUCTEMHBIN TECT 10 HPUHIIUAIY HUCXO/S-
IIETO aHAIN3A, OTIPEAEISIONINI CLIEHAPUH TECTUPOBAHUS ¥ COOTBETCTBYIOIINE YPOBHU
abCTpaKumy.

locTyn k 6u3HEC-CIIeHAPUSIM HPUJIOKEHMS IJIs TIPOU3BOJICTBA AaBTOMOOUIIEH 0Cy-
wectBsiercs: yepes HTTP. [t paGoThl HpUIoKeHUs TpebyIoTcst 0OMEH TaHHBIMU
C BHENIHUMU CUCTEMAMU U JIOCTYTI K 6a3aM MaHHbIX. /1715 TOrO 4TOGBI IPOTECTUPOBATH
IPOLECC CO3/aHMsI ABTOMOOWJISI, CACTEMHBIN TeCT OyeT HOAKIIOUAThCs K pabora-
OLIEMY TIPUIOKEHMIO TAK XK€, KAK 9TO IPOUCXOAUIO Obl B YCIOBUSAX PEATBHOM 9KC-
[Ty aTallu.

J1151 TOTO 4TOOBI YIIPABJATH CLIEHAPUEM TECTUPOBAHUS, TECTOBBIH CITy4Yail CO3AI0T
C MCHOJIb30BAHUMEM JIOTUYECKHUX OIEPAIHii, OMMMCAHHBIX B KOMMEHTAPUSX, a 3aTEM
PEATU3YIOT HA HECKOIBKUX YPOBHSX aOCTPaKIINK:

public class CarCreationTest {

@Test
public void testCarCreation() {

// ybepuTbca, 4TO MawuHa 1234 He BKJMEHA B CNUCOK aBTomobunei

// co30aTb aBToOMObGUNb
// c ID 1234
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// W Au3enbHbIM ABUraTenem,
// KpacHOro ugeTa

// ybeautbCcAa, 4TO y MawuHbl 1234
// AU3eNbHbIA ABUraTenb
// W OHa KpacHoro ugeTta

// ybeautbcA, 4TO MawuHa 1234 ecTb B cnucke aBTomobunei

// NpoBepUTb WMHCTPYKUWUM KOHBeihepa cbopku AnAa mawuHbl 1234

KOMMCHTapI/II/I OIIKCBIBAIOT JIOTHYECKHE Iaru, KOTOPbhIE€ BBIIIOTHAIOTCA 1 HDOBEPA-
I0TCSI TP TECTMPOBAHMU CO3JaHus aBToMoOmIsA. OHU OTHOCATCS K GusHec-001acTH,
a He K TEXHUYECKOU pean3aii.

@yHK].[I/II/I, COOTBETCTBYIOIIHE€ 3TUM KOMMEHTAPUAM, PEAINU3YIOTCA B BUZE YACTHBIX
METO/IOB UJIH, UTO €ellle JyYlile, [eJeratoB. [locieaHre NHKAHCYINPYIOT TEXHUYECKUE
ZIETAJH, & TAKXKE OTEHIIUATbHOE HOBEIEHNE KU3HEHHOTO ITUKJIA.

Cosganum geserathl CarManufacturer 1 AssemblyLine, KOTOpbie abCTParupyioT
IOCTYI U HOBeJIEHUE TIPUJIOXKeHUN U aeseratoB. OHM ONPEAESIOTCS KaK YacTh CHU-
CTEMHOI'0O TECTa, HE UMEIOT OTHOIIEHUA K OAHOUMMEHHbIM YHDPABJ/IAAEMbIM KOMHOHEHTAM
Y HUYETO He 3HAIOT 0 HuX. KoJI IpoeKTa CUCTEMHOTO TECTA ONKUCAH HE3ABUCHUMO OT OC-
HOBHOTO NprIoKeHus1. OH TaKKe MOKET ObITh PEATU30BaH C UCHOIB30BAHUEM JIPYTON
TEXHOJIOTUH, COXPAHSS TOJIbKO COBMECTHMOCTH C KOMMYHHUKAIIOHHBIM HHTepdelicoM
HPUJIOXKEHUS.

B cienyromem ¢pparMenTe Koaa HoKazaHa uHTerpaius aeneratoB. CucTeMHbIT
TECT MPUJIOKEHUS /sl CO3[AHUS AaBTOMOOUIISA CONEPAKUT TOJBKO OU3HEC-TOTUKY,
CBSI3aHHYIO C peanu3alueil, a 1efiCTBUTEIbHBIE BBI30BbI BBIMIOJHSIOTCS C HOMOIIBIO
ZIeJIETaTOB. ITO HO3BOJISIET CO3/IaBATD JIETKO YNTAEMBbIE ¥ 0OCIYKMBAaEMbIE TECTOBbBIE
CJlIy4au. B Takux cucTeMHBIX TECTaX MOKHO MHOTOKPATHO MCIIOJIb30BATh (byHKLlI/IO-
HAJIbHOCTb JIEJIETATOB:

import javax.ws.rs.core.GenericType;
public class CarCreationTest {

private CarManufacturer carManufacturer;
private AssemblyLine assemblyLine;

@Before

public void setUp() {
carManufacturer = new CarManufacturer();
assemblyLine = new AssemblylLine();

carManufacturer.verifyRunning();
assemblyLine.initBehavior();

}

@Test
public void testCarCreation() {
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String id = "X123A345";
EngineType engine = EngineType.DIESEL;
Color color = Color.RED;

verifyCarNotExistent(id);

String carId = carManufacturer.createCar(id, engine, color);
assertThat(carId).isEqualTo(id);

verifyCar(id, engine, color);
verifyCarExistent(id);

assemblyLine.verifyInstructions(id);

}

private void verifyCarExistent(String id) {
List<Car> cars = carManufacturer.getCarList();
if (cars.stream().noneMatch(c -> c.getId().equals(id)))
fail("ABTomobunb ¢ id '" + id + "' He cywecTByeT");

}

private void verifyCarNotExistent(String id) {
List<Car> cars = carManufacturer.getCarList();
if (cars.stream().anyMatch(c -> c.getId().equals(id)))
fail(" Astomobunb ¢ ID '" + id + "' yxe cywecTByeT");

}

private void verifyCar(String carld, EngineType engine, Color color) {
Car car = carManufacturer.getCar(carld);
assertThat(car.getEngine()).isEqualTo(engine);
assertThat(car.getColor()).isEqualTo(color);

ITO HPOCTEMNIINIA TPUMEP CUCTEMHOTO TECTa TPUIOKeHHUs. JleseraTsl, Takue KaKk
CarManufacturer, BHIIOJHAIOT HA3KOYPOBHEBBIN OOMEH IaHHBIMU M TIPOBEPKY:

public class CarManufacturer {

private static final int STARTUP_TIMEOUT = 30;
private static final String CARS_URI =
"http://test.car-manufacture.example.com/" +
"car-manufacture/resources/cars";

private WebTarget carsTarget;
private Client client;

public CarManufacturer() {
client = ClientBuilder.newClient();
carsTarget = client.target(URI.create(CARS_URI));

}

public void verifyRunning() {
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long timeout = System.currentTimeMillis() + STARTUP_TIMEOUT * 1000;

while (!isSuccessful(carsTarget.request().head())) {
// xpaTb Ao ucteyvenua STARTUP_TIMEOUT,
// 3aTem coobuuTb O Heyaaye

}

private boolean isSuccessful(Response response) {
return response.getStatusInfo().getFamily() ==
Response.Status.Family.SUCCESSFUL;
}

public Car getCar(String carId) {
Response response =
carsTarget.path(carId).request(APPLICATION_JSON_TYPE).get();
assertStatus(response, Response.Status.OK);
return response.readEntity(Car.class);

}

public List<Car> getCarList() {
Response response =
carsTarget.request(APPLICATION_JSON_TYPE).get();
assertStatus(response, Response.Status.OK);
return response.readEntity(new GenericType<List<Car>>() {
s
}

public String createCar(String id, EngineType engine, Color color) {
JsonObject json = Json.createObjectBuilder()
.add("identifier", id)
.add("engine-type", engine.name())
.add("color", color.name());

Response response = carsTarget.request()
.post(Entity.json(json));

assertStatus(response, Response.Status.CREATED);

return extractId(response.getLocation());

}

private void assertStatus(Response response, Response.Status
expectedStatus) {
assertThat(response.getStatus()).isEqualTo(expectedStatus.getStatusCode());

Jlenerat Tecta HACTPOEH [JIS1 CPE/bI TECTUPOBAHUS ABTOMOOMIIEH. DTy KOHPUTY-
pALIMIO MOXHO CZ€JIaTh U3MEHSIEMOM, HAHPUMED, C HOMOIIBIO CHCTEMHOIO CBOMCTBA
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Java unu nepemeHHo# cpeib, 4TOOBI 0GECHEYUTH MHOTOKPATHOE UCIIOIB30BAHUE TECTA
B Pa3HBIX CPEIaX.

Ecau nenerat moykeH BKIIOYATHCS B XKU3HEHHBIH [[UKJI TECTOBOTO CIy4asi, TO €T0
MOKHO OHpeNeTUTh Kak mpaBuio JUnit 4 wiu mozenp pactuupenus JUnit 5.

B naHHOM npuMepe TeCTOBBIH CTyyYail IOAKIIOYAETCS K PaGOTAIONIEMY TPUTOKEHUIO
1A cospanusa apTromobuieii yepes HTTP. OH MoxeT feaTh aBTOMOOMIN ¥ YUTATh
CHHCOK TOTOBBIX aBTOMOOMIEH, PeoOpa3oBbIBATh U TPOBEPATH OTBETHL. YuTaTenn
MOIJIN 06paTI/ITb BHHMAaHHKE HaA TO, KaK AeJIeraT MHKAIICYJINPYET BHYTPEHHUE KOMMY -
nukauuu, Takue Kak URL-agpeca HTTP, koxsl coctosanus u JSON-npeobpasoBanue.
Ero nyb6auunblii nHTEepdeiic COAepKUT TONBKO OTHOCANIMECS K OGu3Hec-061acTu
TECTOBOTO CLIEHAPUS KJIACChI, TAaKHe Kak Car Wiy EngineType. Tumnesl cyuiHocreii Hpej-
METHOMH 06JIaCTI/I, HCIIO/JIb3yEeMbl€ B CUCTEMHBIX TECTAaX, HE JOJIKHbI COOTBETCTBOBATH
TUIIaM, OHPEAECJECHHBIM B IIPUJIOKCHUU. ITo C006pa)l€eHI/IHM IIPOCTOThI B CUCTEMHBIX
TeCTaX MOTYyT HDUMEHATbHCA APYyTrue, 60]166 IIPOCTBIE€ TUIIbI, KOTOPbIX JOCTATOYHO AJIA
JQHHOTO CI[EHAPHSI.

Pa3BepTbiBaHME M yNpaBieHNe BHEWHUMN MaKeTaMu

MBI TOJIBKO YTO y3HAJIHU, KaK HOAKIIOYUTH CUCTEMHBIN TECT K PaGOTAIOIIEMY KOPIIO-
paTuBHOMY HpUIOXKeHHI0. Ho kKak KOHTPOIMPOBATh U YIIPABJSTh BHELIHEN CUCTEMOH,
KOTOPasi ICHOJIb3YeTCsl B GU3HEC-CIIEHAPUHU TTPUTIOKEHWA?

Buenraue cucteMbl MOKHO MOJETHPOBATh C HOMOIIBIO TEXHOJIOTHH MaKeTHOTO
cepBepa, Takux kak WireMock. WireMock paboTaeT kak aBTOHOMHBIA Be6-cepsep,
HACTPOEHHBIH TaK, YTOOBI OHPEIETEHHBIM 0GPA30M OTBEYATh Ha KOHKPETHBIE 3aHPOCHL
OH neficTBYeT KaK TeCTOBbIM MakeT 0OBEKTA HA YPOBHE KOJQ, KOTOPBIA MMUTHUPYET
U TIpOBepsieT OHpeleIeHHOe TIOBEIeHHE.

[TpeumymiecTBo npuMeHeHus1 HpeliMBOPKOB yHPaBJIeHUSI KOHTellHepaMu AJIst
BBITIOJIHEHWSI CUCTEMHBIX TECTOB 3aKJII0YAETCS] B TOM, YTO CEPBUCHL MOTYT OBITH JIeT-
KO 3aM€eHEeHbl MAKeTHbIMU cepBepaMu. VIHpacTpyKTypa BHEIIHEN CHCTEMBI B BUIE
KOH(UTYPAIMK KO/ /151 CPEbl CHCTEMHOTO TECTUPOBAHMS MOXKET CONEPAKATh 0Opa3
Docker WireMock, KOTOPBIH BBIIIOJIHSAETCS BMECTO PEATIBHOMN CUCTEMBI.

B crenymomem pparmenTe Koga nokasan npumMep kondurypamuu Kubernetes s
CHCTEMbI KOHBEEPHO JIMHIHY C UCIIOAb30BanueM obpasa Docker WireMock B pa6o-
TAIOIMNX MOJYJISIX:

kind: Service
apiversion: vi1
metadata:
name: assembly-line
namespace: systemtest
spec:
selector:
app: assembly-line
ports:
- port: 8080
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kind: Deployment
apiVersion: apps/vlbetal
metadata:
name: assembly-line
namespace: systemtest
spec:
replicas: 1
template:
metadata:
labels:
app: assembly-line
spec:
containers:
- name: assembly-line
image: docker.example.com/wiremock:2.6
restartPolicy: Always

CHCTEMHBIH TECT TIOAKTIOYAETCS K 9TOMY CEPBUCY, 33/IEUCTBYSI aIMUHUCTPATUBHbBIIN
URL 1 HacTpoWKY ¥ MI3BMEHEHUST HOBE/IEHUSI MAKETHOTO CEPBEPA.

B crnenyiomem dparmMeHTe Koja MOKa3aHa peaju3alusi TECTOBOTO Jejierara
AssemblyLine ¢ ucnonbsoBannem API WireMock 1151 yripaB/ieHust cepBUCOM:
import static com.github.tomakehurst.wiremock.client.ResponseDefinitionBuilder.
okForJson;

import static com.github.tomakehurst.wiremock.client.WireMock.*;
import static java.util.Collections.singletonMap;

public class AssemblyLine {

public void initBehavior() {
configureFor("http://test.assembly.example.com", 80);

resetAllRequests();

stubFor(get(urlPathMatching("/assembly-line/processes/[0-9A-Z]+"))
.willReturn(okForJson(singletonMap("status", "IN_PROGRESS"))));

stubFor(post(urlPathMatching("/assembly-line/processes"))
.willReturn(status(202)));

}

public void verifyInstructions(String id) {
verify(postRequestedFor(urlEqualTo("/assembly-line/processes/" + id))
.withRequestBody(carProcessBody()));

HauvanbHoe noBezieHre TaKOBO, 4TO sK3eMIuisap WireMock nosyuaer uHCTpyKIuIO,
Kak HpaBuJabHO oTBeyath Ha HTTP-3anpocsl. [ToBeneHue MoxeT GbITH U3MEHEHO
B HPOLIECCE BHIHOJHEHUS TECTOBOTO CJIyYasi, €CIM HEOOXOAUMO MPEACTABUTh Goee
CJIOXKHBIE TIPOIIECCHI U BAPUAHTHI 0OMEHA JAHHBIMU.
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Ecin 60.iee CI0KHBIN TECTOBBIN ClIEHAPHIA TIOAPa3yMeBaeT ACHHXPOHHYIO CBA3b,
TaKYIO KaK JJIUTEJIbHbBIE IIPOLIECCHI, TO AJA OKHAAHUA IIPOBEPOK B TECTOBBIX CAyYaAX
MOZKET HUCII0JIb30BATHCSI OHPOC.

Jlesnieratsl, CO3aHHbIE [ M3TOTOBUTESI aBTOMOOMIIEH U COOPOYHOI JTHHWH,
MOTYT MHOTOKPAaTHO IIPHUMEHATHCA B PAa3HbIX CIE€HAPUAX TECTHUPOBAHUA. B nexo-
TOPBIX CIIYy4YasdaX MOXET HOTpe6OBaTbCﬂ BBIIIOJIHATH CUCTEMHBIE TE€CTbl HE3aBUCHUMO
APYyT OT ApyTa.

B pasnene «O6cayxuBaHue TECTOBBIX JAHHBIX U CIIEHAPMEB> MBI YBUINM, KAKKe
ellle METO/Ibl ¥ HPMHIIMITHI TIOMOTAIOT IPOrPaMMUCTaM pa3pabaTeiBaTh yA0OHbBIE IS
006CIIyKUBaHHSI TECTOBBIE CJIy4Yau.

TecTbl NPOU3BOAUTENBHOCTH

Tecth IIPOU3BOAUTEIBHOCTU IIPEAHA3HAYECHBI AJIAA IIPOBEPKU He(byHK].[I/IOHa]IbHOFO
TpebOBaHUSA — TOrO, KaK CUCTeMa PabOTAET C TOUKHU 3peHus BpeMenu peakuuu. OHu
MPOBEPSIOT He OGM3HEC-JIOTHKY, 2 TEXHOJIOTHIO, PEATU3AIMI0 U KOH(DUTYPAIMIO [IPH-
JIOJKEHMSL.

B yc10BUsX 5KCHIyaTaluy Harpy3Ka Ha CHCTEMbI MOXKET CHJIBHO Pa3iM4aThCs.
IT0 0COOGEHHO aKTYAIbHO AJI5 OOIIEAOCTYIIHBIX HPHIOKEHUIA.

MNpyynHbI

Hapsiny ¢ Tectamu, HPOBePAIOIIMMY GU3HEC-CIIEHAPUY, OBIBAET MOJIE3HO TPOBEPUTD,
06€CHEYNBAIOT JIM TIPUJIOKEHUE WU €T0 OTAETbHbIE KOMHOHEHTHI TIPOU3BOAUTENb-
HOCTb, 0XKUAEMYIO B Cpe/ie IKCILIyaTaluu. [IpudmHbl 3TOr0 — XKejaHue IpeaoTBpa-
THUTBH NaJIeHNE TIPOU3BOJUTETbHOCTU M3-32 OITMOOK, BOSHUKAIONIUX HPY TIOBBILIEHHBIX
Harpy3Kax.

[Tpu mocTpoeHUH ClleHApHEB TECTUPOBAHUS IPOU3BOAUTETBHOCTU BAXKHO YIUThI-
BaTh JIOTHKY HpUIoKeHus1t. OTHY BBI30BHI 3AI1yCKAIOT AJTUTETbHBIE TPOLIECCHI, IPYTHE —
6osee kopotkue. Kak HPaBUJIO, MMEET CMBIC CTPOUTD TECTHI HPOU3BOAUTEIBHOCTH
B COOTBETCTBUY C PEATUCTUYHBIMU CIIEHAPUSMU IKCILTYyaTAIUU C YYETOM YACTOTBI
U XapakTepa 3anpocoB. Hanpumep, cOOTHOIIIEHE AHOHUMHBIX TIOCETUTENEN UHTED-
HET-Mara3uHa U KJIMEeHTOB, PaKTUYECKH COBEPIIAIOIIUX TOKYIKH, TOJIKHO KAKUM-TO
06pa3oM OTpakaTh peasbHOE MOJIOKEHHE .

VMeeT cMBICJ TaKXe CO3aBaTh TECTHI, B KOTOPBIX KOJIMYECTBO 3aTPATHBIX IO
BPEMEHU BBI30BOB 3HAYMTEIHHO MPEBHINIAET PEabHOE, YTOOB OOHAPYKUTh TIOTEH-
MaIbHbIe TPOGIEMbI, KOTOPBIE MOTYT BO3HUKHY Th, €CJIM CHCTEMA HOTIA/IET B YCJIOBUSI
9KCTPEMATIbHBIX HATPY30K.

B riaBe 9 MBI yBUAVM, HOYEMY TECTBI IPOMU3BOIUTENBHOCTH B CPENAX, OTIUYHBIX
OT peasbHOMN CPelbl IKCILIYATANH, [IJI0X0 MOAXOAST AJsI U3YYeHUS] OTPAHUYEHMI
Y MOTEHIMAIbHBIX Y3KUX MECT MPUIOKeHUsI. BMecTo Toro 4to6s1 TpaTuTh GobIIME
yCUJIMA Ha Pa3pabOTKy CJAOXKHBIX CIIEHAPHEB TECTUPOBAHUS MPOU3BOJUTENBHOCTH,
MMEET CMBICT BKJIBIBATh CPEICTBA B TOJTyYE€HHE TEXHUUYECKOH HH(pOPMALIUU O pe-
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AJIbHBIX CUCTEMAX DKCILTyaTal[uu. TeM He MeHee Mbl PACCMOTPHM HECKOIBKO METOZIOB
CO3/IaHMS TIPOCTHIX HATPY30UHBIX TECTOB, UMUTHUPYIOIIUX JJIsI IPUIOKEHUS YCIOBUS
BBICOKOI HAarpy3Ku, 4T0Obl yCTPaHUTh HanboJIee sIBHbIE TIPOOIEMBI.

PasyMHBblIif HOZIXO/ COCTOUT B TOM, YTOOBI UMUTHPOBATH OOBIYHYIO HATPY3KY, YBe-
JIMYUB KOJIMYECTBO [OJIb30BATEEH, 0OPAIIAIONIMXCS K TIPUIIOKEHUIO OTHOBPEMEHHO,
Y U3Y4UTh, B KAKOM MOMEHT TIPIJIOKEHUE TIEPECTAET OTBEYATh Ha 3aHpockl. Ecim oT-
BETHAsl PEaKIIUs [POMAJIAeT PaHblile, YeM BO BPEMs IIPEIbIAYIIErO TECTOBOTO TPOrOHa,
3TO MOJKET YKa3bIBaTh HA HPOOJIEMY.

OcHOBHble NoKa3aTenn NPoOU3BOAUTENBHOCTU

KitoueBble mokasaTenu mpoM3BOAUTENBHOCTH JAIOT MH(POPMALIUIO O CKOPOCTU pea-
TUPOBaHUA HPUJIOKEHHA ITPYM HOPMAJIbHOM IIOBEJICHNH, a TaKKE€ HPHU MOI[eJIPIpyeMOﬁ
paboueii Harpyske. CyIiecTByeT HECKOJIBKO PETUCTPUPYEMBIX HOKA3aTe e, Hermocpe-
CTBEHHO BJIMSIONINX HA TIOJB30BATEJISA, TAKAX KAK BPEMsI OTKJIMKA WU 9ACTOTa OITUOOK.
OHU ONKCHIBAIOT COCTOSTHIE CUCTEMBI U HO3BOJISIIOT COCTABUTH IIPECTABIEHUE O €€
HOBE€JAEHUHU B XOA€ T€CTOB IPONU3BOAUTEIbHOCTH. ITHU 3HAYEHUS MOTYT 3aBHUCETDb OT
KOJIMYECTBA MOJIb30BaTe/IeH, 06PALAIIINXCS K TPUTOKEHHIO OTHOBPEMEHHO, 2 TAKXKE
OT TECTOBOTO CLIEHAPUSL.

ITpexze Bcero HamO MOHSITh, UTO BPEMS OTBeTa IIPUJIOKEHUS — 3TO BpPeMsl, KO-
TOpoe TpebyeTcs /s OTBETA Ha 3aMPOC KJIUEHTA, BKJI0YAs BCE ONEPAIMY EPeaun
nanHeix. OHO HANPSIMYIO BAMSET Ha KAa4eCTBO MPeAOCTaBasseMoit ycayru. Ecau
BPEMA OTKJ/INKA ITPEBBIIIAECT OHpeI[eJIeHHbIﬁ IIOpoOr, TO MOTYT BO3BHUKHYTb 3a/I€PKKH,
B pe3yJbTaTe KOTOPBIX 3ampoc OyeT OTMEHEH WU 3aKOHUUTCS Heyaaueit. Bropoi
HOKa3aTeJb — 3TO BpeMs OKUJAHUS, TO BPEMsI, KOTOpPOe HPOXOIUT IO MOJIy4YeHUs
cepBepoM HepBoro Gaiita 3anpoca. OHO 3aBUCHUT TJIABHBIM 06Pa30M OT TaPaMETPOB
CeTHu.

IIpu TecTUPOBAHUM MTPOU3BOAUTEIBHOCTU OCOOEHHO UHTEPECHO HABMIONATH, KAK
M3MEHSIOTCS BpeMS OTKJIMKA U BpeMsI OXKU/IaHU s 10 CPAaBHEHHIO CO CPeJTHUM 3HAUeHU-
em. IIpu yBemueHnyu Harpy3Ku B KaKOI-TO MOMEHT HPUJIOJKEHNE HEPECTAaeT OTBEYATh
Ha 3anpocsl. Takas cuTyanusi MokeT BO3SHUKHYTh HO psify npuyuH. Hanpumep, MmoryT
6bITb 3aHATHI BCE JOCTYITHbIE COEINHEHUA UJIM HOTOKH, MOTYT BOSHHUKHYTb 3a1€PKKH,
MOJKET OKa3aThCsl HEYAAYHOM OJI0OKMPOBKA 6a3bl JAHHBIX. DTO ONUCHIBAET KOI(DPUIIUEHT
omuGOoK 3apoca — MPOIEHT HEYAABIIUXCS 3aHPOCOB.

KonuyecTBO napasniesbHbIX HOJB30BaTE el TN Pa3Mep 3arpy3KH 3a OIIpeeseH-
HBIII HHTEPBaJI BPEMEHU BJIMSIIOT HA IOKa3aTeIN IPOU3BOJUTENbHOCTH IPUIOKEHUS
U JIOJKHBI YYUTHIBATHCA B PE3yJIbTaTax TecTa. Uem GoJIblIle MoIb30BaTENEl, TEM BhILIE
Harpy3Ka Ha CCTEMY B 3aBUCUMOCTHU OT XapaKTepa 3apoca. ITO YUCIO CBSI3aHO C KO-
JINYE€CTBOM HapalJaeJIbHbIX TpaH3aKHHﬁ, B TOM 4YHCJI€e TEXHUYECKHUX, 1 [IOKA3bIBACT,
CKOJIPKO OTHOBPEMEHHBIX TPAH3AKI[MiT MOXKET 06pabaThiBaTh MPUIOKEHHE.

3arpyska mpoleccopa U HaMsITU €T HPEACTABJIEHUE O PECYPCaX MPUIOKEHUSI.
ITH 3HAYEHKS HE BCET/a IBHO TOBOPST O MPABUIbHOM paboTe IPUIIOKEHUS, OHAKO
HOKAa3bIBAIOT TEHIEHIUIO OTPEOIEHUS PECYPCOB TIPH MOJIETMPOBAHUY HATPY3KH.



264 Mnaesa 7 e TectupoBaHue

AnamornyHo o61ias MpoIycKHas CIIOCOOHOCTh YKa3blBaeT Ha oOIuil o6beM aaH-
HBIX, KOTOpPbIE CEPBEP HEPENAET MOAKIIOUYEHHBIM HOJb30BATESAM B KK/l MOMEHT
BpPEMEHH.

KiioueBsie mokaszatesy 3 HeKTUBHOCTH AAIOT IPEACTABIEHIE O CKOPOCTH Pearu-
poBaHus HpuaoKeHu:A. OHU IIOMOTAIOT COOPATh OHBITHBIE JAHHBIE ¥ COCTABUTH HPEI-
CTaBJIEHUE O TEHAEHIUAX B HPOIeCCe Pa3pabOTKU. ITOT OTBIT MOXKHO MCIIOJIb30BATh
I HpOBEPKM OYyAyLIMX BEPCUM HPUIOKeHUH. TecTsl IpOU3BOAUTENBHOCTA MOTYT
YKa3bIBaTh Ha MMOTEHIIMAIbHOE BAUSHUE U3MEHEHUI Ha TPOU3BOAUTEIBHOCTD, OCO-
GEHHO TIOC/Ie BHECEHU S U3MEHEH U B TEXHOJIOTHIO, PEATU3AIIMIO MM KOH(MUTYPAIHIO.

Pa3paboTka TecToB Npon3BOAUTENBLHOCTHU

Co3snaBaeMbie CIIEHAPUU TECTUPOBAHUSA TPOU3BOUTENBHOCTHU JIOJKHBI OBITH GIM3KH
K PeasIbHBIM yCTOBUSIM. TEXHOJIOTUS TECTUPOBAHUS IPOU3BOAUTENBHOCTH J0JIKHA [TOI-
ZIep>KUBATh CLIEHAPHH, KOTOPBIE HE TOIBKO YBEIMYMBAIOT KOJUYECTBO MOJIb30BATEENH,
HO ¥ IMUTHPYIOT UX IOBe/ieHHe. TUITNYHBIM TOBEIEHNEM MOKET OBITh, HATIPUME, T10-
CellleHYe [T0JIb30BATEJIEM JOMAIITHEH CTPAHULIBI, BXO/ B CCTEMY, TIEPEXO/ II0 CCHLIKE
Ha CTaThio, 106aBJEHNE TOBApa B KOP3UHY M COBEPIIEHUE MOKYHKH.

Cy11ecTByeT HECKOJIBKO TEXHOJIOTHI TECTUPOBaHUS IPOU3BoauTEIbHOCTH. Ha Mo-
MEHT HAMMCAHKA ATOH KHUTH HanboJiee pacHpoCTpaHeHHbIMU Obtn Gatling u Apache

JMeter.

Apache JMeter BBIOIHSET TECTOBbIE CLIEHAPUH, KOTOPbIE CTABAT HPUIOKEHM
B YCJIOBUS BBICOKOU HArPY3KHU, U TEHEPUPYET OTUETHI 110 PE3YIbTATaM TECTA. JTa CH-
cTeMa HCIOJb3yeT KoH(purypanuio Ha ocHoBe XML, noanep;xuBaeT pa3jinvHbIe,
B TOM YKCJIe HECTAHJAPTHBIE, IPOTOKOJIBI CBSI3U M MOXKET IIPUMEHSIThCS AJI1 BOCHPO-
U3BeIeHMs 3allMCAaHHbIX ClIeHapUeB TeCTOBOM Harpysku. Apache JMeter onpenenser
IJIaHbl TECTUPOBAHMUS, KOTOPBIE COEPXKAT KOMOUHAIIMY TaK HA3bIBAEMbBIX 06Pa3IoB
U JIOTUYECKUX KOHTPOJLIePOB. OHU UCHOMB3YIOTCS /JIsI OTIPEE€HUST TECTOBBIX CIie-
HapUeEB, UMUTHUPYIOLINX TOBeeHNe Hoab3oBares . Cucrema JMeter pacrpenensiercs
MIOCPEACTBOM APXUTEKTYPBI «BEAYIINIT — BEAOMBIi»> U MOXKET MCHOJIb30BAThCS [JIS
reHepaly HarPy3Ku M3 HECKOJIbKUX UCTOYHUKOB. OHa nMeeT rpaduvecKuii HHTEp-
(deiic naa pemakTHpoBaHUS KOH(PUTYpaliK HIAaHA TECTUPOBaHUA. VIHCTPYMEHTHI
KOMAaH/HOH CTPOKH [TO3BOJISIOT IPOBOJUTH TECTHPOBAHUE JOKAJIBHO WU HA CEPBEPE
HETIPEPHIBHOM NHTErPAIIVH.

Cucrema Gatling npenyaraer aHaJTOTHYHOE PEIEHNeE ISk TECTUPOBAHMSI TPOU3BO-
JMTETBHOCTH, HO B HEH CIIEHAPUY TECTUPOBAHUS OTIUCHIBAIOTCS HPOTPAMMHO, Ha Scala.
[ToaTomy oHa obecriedrBaeT HOMBIINYIO0 TAOKOCTD IPU OHUCAHUY TECTOBBIX CIIEHAPHEB,
MOBEIEHNsI BUPTYAJIbHBIX MOJb30BaTeNeR U crocob6oB TectupoBanus. Gatling Taxxe
[MO3BOJISIET 3aMKCHIBATH BAPHAHTHI HOBEJEHMS MOIH30BATENEN U MCIOIb30BATh UX
moBTOPHO. [10CKOJIbKY TECTBI OMUCHIBAIOTCS IPOrPAMMHO, CYIIECTBYET MHOXKECTBO
IUOKWX PENIeHNUH, TAKUX KAK JUHAMIYECKOE [IOTyYEHUE TECTOBBIX CTy4aeB U3 BHEITHUX
MCTOYHUKOB. [[JIs1 HDOBEPKHU YCIIEITHOCTH BBIIIOJTHEHUSI TECTOBBIX 3AIIPOCOB U BCETO
TECTOBOTO CJIy4asi 3a€MICTBYIOTCS TAK HA3bIBAEMbIE IPOBEPKH U YTBEPIKIEHUS.
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B orimunme ot JMeter Gatling paboTaer Ha ofHOM y3Ii€, a HE B PACIIPeNeIeHHOM
cpene.

B cjaeaymuemM (I)parMeHTe KOJa IIOKa3aHO OIMKMCaHHue IIPOCTOr0 MOAETHPOBAHUA
nis Gatling na Scala:
import io.gatling.core.Predef._
import io.gatling.core.structure.ScenarioBuilder
import io.gatling.http.Predef._

import io.gatling.http.protocol.HttpProtocolBuilder
import scala.concurrent.duration._

class CarCreationSimulation extends Simulation {

val httpConf: HttpProtocolBuilder = http
.baseURL("http://test.car-manufacture.example.com/car-manufacture/resources")
.acceptHeader("*/*")

val scn: ScenarioBuilder = scenario("create_car")
.exec(http("request_1")
.get("/cars"))
.exec(http("request_1")
.post("/cars"
.body(StringBody("""{"id": "X123A234", "color": "RED",
"engine": "DIESEL"}""")).asJSON
.check(header("Location").saveAs("locationHeader")))
.exec(http("request_1")
.get("${locationHeader}"))

pause(1l second)

setUp(
scn.inject(rampUsersPerSec(10).to(20).during(10 seconds))
).protocols(httpConf)
.constantPauses

CueHapuii create_car BKIIOYaeT B ceOsA TPY KIMEHTCKUX 3aHPOCA, KOTOPHIE YUTAIOT
CIIMCOK BCEX aBTOMOOUIIEH, CO3/IAI0T aBTOMOOUITb U HOJKJIIOYAIOTCS K CO3MAaHHOMY pPe-
cypcy. ClieHapyy HACTPAUBAIOT HECKOJIBKIX BUPTYJIbHBIX 0JIb30BaTe el KonmuruecTBo
HOJIb30BaTeIe HAUMHAETCS C IECSATHU U yBeInIuBaeTcs 10 20 B TeYeHUE AECSITH CEKYH/L.

CuMyISI1IMS 3aHYCKAETCS Yepe3 KOMAHIHYIO CTPOKY U BBIHOJIHSIETCST B CPEIE IKC-
unyarauuu. Gatling npeacrasiser pesyabrarsl TectoB B daitiax HTML. Ha puc. 7.2
HOKa3aH pe3yJbTaT TecTupoBanus Gatling B opmare HTML a5 1aHHOTO TECTOBOTO
HpUMepa.

[IprMep MO3BOJISIET COCTABUTH TIPEACTABIEHUE O BO3MOXHOCTAX TecToB Gatling,

HOCKOJIbe TECThI IPOU3BOAUTEIBHOCTU AJOJIKHBI OTPAKaTh HEKUE PEATUCTUYHbIC
HOJIb30BaTeJbCKIE CIIeHapUH, MMeeT CMBICJ IIOBTOPHO MCHOJIB30BATh [JISI HUX YXKe
CYIIECTBYIOIINE CIIEHAPUY CHCTEMHOTO TeCTUpOBaHwus. [[oMrMO HPOrPaMMHOTO OTTH-
CaHUs HOBEJIEHUS TI0JIb30BaTE €M, TPEABAPUTEIBHO 3aMTHCAHHBIE TECTOBbIE HPOTOHBI
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MOTYT HPUMEHATHCA AJA HEPeAadYn JaHHbIX U3 BHECITHHUX UCTOYHHUKOB, TAKUX KaK
(baiizbl XKypHAIOB BeO-cepBepa.

tli
~ ﬁ @satling —
~ 2 testsimulation
2017-00-17 13:34:11 402:00, duration : 11 seconds null
e Global Information
Active Users.
. Indicators
‘Requests  see "  (ndicators J requ
Responses [ sec
. CIENCES)
1« 800 ms 'm-‘lclm’ 1> 1200 ms J ¥es v
"
Expand a3 groups | Coltapue aif groupa.
| @ Rosponse Time (ms)
Requents & ’ = = 20 A asth | satn | oo o
| | ' > sincic petecfioiic
Giohal Information 5 ¥ : 2 E mwn ] 1223
requeat 1 18 ‘ ] « sl wn 1a
Puc. 7.2

[lenb TeCTPOBaHUS HDOU3BOAUTENBHOCTH — HE CTOJIBKO TIOJIyYEHHE «3€JIEHOT0» WK
«KPaCHOTO» Pe3yJIbTaTa, CKOJIbKO UEeH, COOPaHHBIE B XO/Ie TECTOBBIX IIPOrOHOB. B Hpo-
1ecce MPOXOXKAEHNS TECTOB OyAyT COOPaHbl OTYETH O TECTUPOBAHUY U IIOBEAEHUU
HPUIOXKeHUsI. ITH HABOPbI TaHHBIX MMO3BOJSAIOT TPUOOPETATH OHBIT U OTCIEKUBAThH
TeHACHIIUN B U3MEHEHUHU ITPOU3BOAUTEIbHOCTH.

Tector HPOU3BOAUTEIbHOCTH MOT'YT HPOBOAUTHCA aBTOHOMHO, OTHAKO OHH HE-
aJIbHO PaboTalOT HENPEPHIBHO B PaMKaX KOHBelepa GecHepebOHOM MOCTaBKY KOZA.
HNmets 3T CBE€AEHNUA 663 HCO6XOI[I/IMOCTI/I BJIMATH Ha PE3yJabTaT BBIHOJTHEHUA 3TaHA
KOHBeliepa moJjie3Ho camo 1o cebe. [Tocse Toro kak GyayT MOMyUY€EHbI OMPeeIeHHbIE
pe3yabTaThl H3MepeHHﬁ, HWHXEHEPbI MOTYT DELINTD, CJICAYET JIU CYHUTATD IIPOXOKIACHUE
TeCTa HEYJAYHbIM, €CJIU U3MEPEHHAA IIPOU3BOAUTEIbHOCTD 3HAYUTEJIbHO CHU3UIACh
HO CPaBHEHHUIO C 06b1‘{HbIMI/I OXKUJaHUSIMU.

3TO COOTBETCTBYET HU/I€€ HEIIPEPBIBHOIO yAYUYIICHUA UJINU B JAHHOM CJIy4ae OT-
CYTCTBHUA YXYAIICHUA BPEMEHU OTKJIMKA.
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JlokanbHoe BbIMO/IHEHUE TECTOB

B raBe 6 GblIM pacCMOTPEHBI TIPOIECCH! Pa3pabOTKK U KOHBENEPhl HEMPEPHIBHOM
HOCTaBKH Koja. /[y COBpeMEHHBIX KOPHOPATUBHBIX IPUJIOXKEHUN OY€Hb BAYKHO HO-
cTpouTh 3(pdeKTUBHBII KOHBelep. OJHAKO, HECMOTPSI HA TO YTO CEPBEP HEHPEPHIBHOI
HOCTAaBKH BBITIOJHSET BCE OHEPAIIMK HO COOPKE, TECTUPOBAHUIO M PA3BEPTHIBAHMUIO,
MHKeHePaM-TIPOrPAMMUCTAM HO-TIPEXKHEMY HEOOX0AUMO cOOMpaTh U TECTUPOBATH
HPOZAYKTBHI B JIOKQJIBHOU Cpeie.

KomnBeliepbl HEHPEPBIBHOM MOCTABKU KOJA B COYETAHUM C HAJIJIEXKAIUMU TECTA-
MM JIOBOJIbHO HA/IEKHO TaPAaHTUPYIOT, YTO KOPIOPATUBHbIE TPUIOKEHHS PaGOTAIOT
noKHBIM 06pasoM. Ho ecsiu mosaratbCst TOBKO Ha KOHBEMEp, TO MHKEHEPHI CTa-
HYT MOJIy4aTh 0GPATHYIO CBSI3b MO3KE U TOJBKO TIOCJIE TOTO, KAK U3MeHeHust Oy 1y T
3aHeCeHBl B LIEHTPAJIbHBIN perno3dutopuii. HecMoTps Ha To 4TO MMEHHO 3Ta uaes
JIEXKUT B OCHOBE HEHPEPBIBHOI MHTETPAIMH, IPOTPAMMUCTHI IO-TIPEKHEMY XOTSIT
OBITH YBEPEHHBIMU B TIPABUJIBHOCTH M3MEHEHUH, TIpek/Ie YeM 3a(pUKCUPOBATh UX
B PEHO3UTOPUHU.

Dukcanus B pEO3UTOPUN U3MEHEHUH, KOTOPBIE COAEPIKAT CIydaiHbIe OIIMOKH,
MeIaeT APyruM YeHaM KOMaH/Ibl, TAK KaK MOHATpacHy Hapyuiaet cbopky. Ommnbku,
KOTOPBbIE JIETKO OOGHAPYKUTh, MOSKHO TIPEIOTBPATUTD, IPOBEPUB HPUIOKEHUE JIOKATHHO
Hepes (puKcanueil i3BMeHeHWit. ITOTo, OUEBUIHO, MOXKHO JOOUTHCS C TOMOIIIBIO TECTOB
Ha YPOBHE KOJIa — MOJYJIbHbIX, KOMHOHEHTHBIX U HHTETPAIIHOHHBIX, KOTOPbIE MOTYT
BBITIOJIHATHCS B JIOKATBHBIX Cpefiax. TecTupoBaHue Ha YPOBHE Kofia riepe]] puKcaiueit
M3MEHEHUH MO3BOJISAET U36€XkKaTh HOTBITMHCTBA OMUGOK.

IIpu pa3paboTKe TEXHUYECKUX WM CKBO3HBIX 3a/1a4, TAKUX KAK IE€PEXBATYMKH
unu npeo6pasosanue JAX-RS JSON, unkeHeps! TAKKe XOTAT TONYyYUTh OOPATHYIO
CBsI3b, HPEXIe YeM (DUKCUPOBATh U3MEHEHUs B KoHBeliepe. Kak yxe oTMeuanocs,
HanboJiee PEATUCTUYHYIO TPOBEPKY PabOTAOIETO IPUIOKEHMSI CUCTEMHBIE TECTHI
06€eCTIeunBAaIOT.

Jlist Toro 4yTo6Bl HOTYYUTH GoJiee OBICTPYI0 OOPATHYIO CBSA3b, IPOTPAMMMCTHI
MOTYT MMCATh CI0OXKHBIE HHTETPALMOHHBIE TECTHI [1JIs1 IOKAJbHBIX Cpel, paboTaioliye
BO BCTPOEHHBIX KOHTeHepax. OIHAKO, KaK MBI y3Ke BUJIEJIH, [JIsl 3TOTO TPeGyeTCs 10-
BOJIbHO MHOTO BPEMEHHU U YCUIIUI 1 BCE PABHO He 06€CTIeYNBAET HAJIEXKHOTO TECTOBOTO
HOKPBITHUS 1151 BCEX CIyYaEeB.

UcHomp30BaHNe KOHTEHHEPHBIX TEXHOJIOTUN TI03BOJISIET MHXXEHepaM 3aIyCKaTh
OJIHU ¥ Te JKe MPOrpaMMHbIe 06pa3bl B HECKOIBKUX CPEaX, B TOM YHCJIE JOKATIBHO.
CymectBytoT yctaHoBku Docker /17151 0CHOBHBIX OTiepaIlfuoHHbIX cucTeM. KonTeitHepst
Docker MOKHO 3amycKaTh Ha JOKAJbHBIX MANIMHAX TAK XK€, KAK ¥ B CPe/le 9KCHITya-
TallUK, HPU HEOOXOAUMOCTHU CO3/1aBasi CIEN(PUUECKYI0 KOH(PUTYPAIMIO UK CBOU
CeTeBble COETUHEHSI. ITO HO3BOJISIET PEATU30BBIBATD IIOTHOIEHHBIE CUCTEMHBIE TECTHI
B JIOKJIbHBIX cpefax. HecMOTpsi Ha TO UTO 9Ta oneparivst He 00513aTETBHO I0JIKHA BbI-
HOJIHSTHCS B TIPoIlecce pa3paboTKu, OHA HOJIE3HA /171 HDOTPAMMUCTOB, KOTOPBIE XOTAT
HPOBEPUTH UHTETPAIIMOHHOE TIOBEIEHHE.



268 Mnaesa 7 e TectupoBaHue

[TporpaMMHICTBI MOTYT HPOBOAUTD OHEPAIMU COOPKU M TECTUPOBAHUS JIOKAIBHO
TaK e, Kak B KOHBellepe HellpepbIBHOU IOCTaBKU. Peannsaius aTanoB KoHBeliepa
13 KOMaHHOM CTPOKM 3HAYUTENIBHO obseryaet aToT nporecc. Komanasr run Docker
[IO3BOJISIIOT IMHAMUYECKH HAaCTpamuBaTh TOMA, CETH U IlepeMeHHbIe CPe/lbl Ha OCHOBE
JIOKAJIBHOTO y3JIa.

Jlsist TOro 4TOGB ABTOMATU3MPOBATH ITOT MPOILECC, OTAETbHbIE KOMAH bl COOPKH,
Pa3BepTHIBAHKS U TECTUPOBAHUSA MOXKHO OOBEIUHUTD B CIIEHAPHH OO0TOUKH.

B crepytoriem ¢pparMeHTe Koja MOKa3aH MPUMEP TAKOTO clieHapus 1Jis Bash,
BBHIHOJIHSIIONI[ETO HECKOJBKO OHepanuii. Bash-cuenapum MoxHO peanusoBbIBaThH
u B Windows, ucHOb3ys1 aMynaTopbl Unix-KOHCOJM:

#!/bin/bash

set -e
cd hello-cloud/

# build
mvn package
docker build -t hello-cloud .

# deploy
docker run -d \

--name hello-cloud-st \

-p 8080:8080 \

-v
$(pwd)/config/local/application.properties:/opt/config/application.properti
es \

hello-cloud

# system tests
cd ../hello-cloud-st/
mvn test

# stopping environment
docker stop hello-cloud-st

[punoxenue hello-cloud Haxonurces B manke hello-cloud/, COGPaHO C HOMOMUIBIO
Maven u Docker. Komanaa Docker run 3aHuchIBaeT KOH(GUTYPAIUIO B CHIENMATBHBI
(aiin CBOWCTB aHATIOTMYHO TOMY, KaK 3TO ObLIO CENaHO B TIPUMEPE KOH(PUTYPAIUU
(peitMBOpPKa, MOKA3aHHOM B TJIaBe 5.

B manke hello-cloud-st/ comepskaTcsi CHCTEMHBIE TECTHI, KOTOPbIe BBIHOTHSIOTCS
s paboTaoIero npuiaoskenus. [lis Toro 4to6bl HEPEHAHPABUTD CUCTEMHBIN TECT
B JIOKQJIBHYIO CPEZlY, MOXKHO BHECTU COOTBETCTBYIOIINE U3MEHEHUS B KOH(UTYPAIIIO
hosts Ha mokanbHOM KOMIbIOTEpE. CHCTEMHBIE TECTHI TPOBOASTCSA HOCPEACTBOM CH-
cTeMbl TecTHpOBaHusA Maven.

Takoii moaxo/] MO3BOJISIET IPOTPAMMUCTAaM HPOBEPUTH MTOBe/leHNE ITPUIOXKEHUS
[IOCPEZCTBOM TOTHO(MYHKIMOHATBHBIX CUCTEMHBIX TECTOB, KOTOPBIE BHIIOTHSIOTCS
B KOHBeliepe HEHPEPHIBHOW HOCTABKH, 8 PY HEOOXOMMOCTH — JIOKAJIBHO.

Ecnu f71s1 clieHapyisi CHCTEMHOTO TECTUPOBaHUS TPeOYeTCst HECKOJIBKO BHEITHUX
CHCTEM, TO OHHU TaKKe MOTYT paboTaTh Kak KOHTelHepbl Docker aHaorn4Ho TecToBOM
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cpene. Ilpunoxenus, paboTaoniue B Cpejie yIpaBieHNs] KOHTEHHEPaMH, UCTIOb3Y-
0T JIOTUYECKVE€ UMEHA CEPBUCOB /1 PACIIO3HABAHUSI BHEIIIHUX CUCTEM. ITO MOKHO
C/IeJIaTh U JIJIS 3arPYKEHHBIX KOHTeNHepoB Docker, KOTOpBIE SBJISIIOTCA YaCThIO CIie-
ruanusupoBanubix cereit Docker. Docker pacriosHaer nMeHa KOHTEHHEPOB BHYTPH
KOHTENHEPOB, pabOTAIONINX B OHOM CETH.

ITOT HOAXO/ UCITOJIB3YETCS 1JIst IOKATbHOTO 3aMyCKA BCEX BUIOB CEPBUCOB U OCO-
GEHHO HOJIE3€H JIJIsl 3aHYCKA MAKETHBIX CEPBEPOB.

B caenyromem pparMeHTe nmokazaH NpuMep CO3/aHUS JIOKAJIbHOU TECTOBOU
cpensl:

#!/bin/bash
# previous steps omitted

docker run -d \
--name assembly-line \
-p 8181:8080 \
docker.example.com/wiremock:2.6

docker run -d \
--name car-manufacture-st \
-p 8080:8080 \
car-manufacture

# ..

Kak u B ciyyae ¢ HpUMEPOM CHUCTEMHOTO TecTa, cepep WireMock kougurypu-
pYeTCst KaK 4acTh TECTOBOTO Ciay4ast. JIokagbHast cpefia JOKHA TaPAaHTUPOBATh, YTO
MMEeHa Y3JI0B YKa3bIBAIOT HA COOTBETCTBYIOLINE JOKATbHbIE KOHTEHHEDBI.

st Gosee CIOKHBIX KOH(PUIYPALKMi MMEET CMBIC] 3aHYCKaTh CEPBUCH! B KJla-
cTepe yHpaBjeHus: KOHTelHepamMu. CyIlecTBYIOT JIOKaTbHbIE BADUAHTH YCTAHOBKHU
Kubernetes u OpenShift. Yapasnenne konrtelinepamMu abCcTparupyeT y3Jbl KJaacTepa.
[ToaToMy 15t oTpeesieHuss MHGPACTPYKTYPhl KAK KOJIa HE MMEET 3HaYeHwsl, paboTaet
KJIACTEP JIOKATBHO, KAK OT/EIbHBIN y3eJ, B CPelle CepBepa JIOKATbHO WU B O0JIaKe.
ITO HO3BOJISIET UHKEHEPAM IIPUMEHSITH T€ K€ CaMble OIIPE/IETIEHUS, YTO U B TECTOBBIX
cpenax. 3anyck JokaabHoi yeranoBku Kubernetes ynporaer cienapuu 060104k 10
HECKOJIbKUX KOMaH/ kubectl.

Ecu noxanbho ycranoiennsie Kubernetes umu OpenShift sanumaror ciunkom
MHOTI'O M€CTa, MOXHO UCII0JIb30BaTh TAKKWE YIIPOIIEHHbIC aIbTEPHATHUBBI JI YIIPaBJIE-
Hus Ki1actepamu, kak Docker Compose. 9ta cuctema Takske OrpeesisieT MHOTOKOHTEi-
HEPHBIE CPeIbl U UX KOH(UTypaluio B Buae (Paitios ¢ onrcaHueM HHGPACTPYKTYPHI
KaK KOJ[a, UCTIOJIHSAEMBIX OfHOM KoManaoi. OHa 06eCHEYMBAET HPUMEPHO Te K€ BO3-
MoxkHocTH, uTo U Kubernetes. Bosee cioxHBIN crIOCO6 OPraHM30BaTh U 3aHYCTUTh
kouteiinepsr Docker — Arquillian Cube.

JlokanmpHast aBTOMATU3AIMST 9TAHOB KOHTEWHEPA C MIOMOIIIBIO CIEHAPUEB MOBBI-
mIaeT IMPOAYKTUBHOCTD pa60TbI HpOTrpaMMHUCTA. BriHOIHEHHNE CHCTEMHBIX TECTOB Ha
JIOKQ/IbHBIX MallliHAX [IOMOTaeT UHKEeHepaM IOJIyYuTh 6oiee OBICTPYI0 0OPATHYIO
CBA3b C MEHBIIUMHU IIOTEPAMHU.
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O6CJ'IY)KMBaHMe TECTOBbIX AaHHbLIX U CLIEHApPUEB

TecToBbIE CIyYau HO3BOJIAIOT YOEIUThCS, YTO IPH PA3BEPTHIBAHUY B YCIOBUAX SKCHIIYa-
TalMK NPUJIOKEHe OyIeT BeCTH cebsi Tak, Kak 0)KUIaI0Ch. TeCThl TAKXKe rapaHTUPYIOT,
4TO 5TH OKUJAHUS COXPAHATCA HO Mepe Pa3paOOTKU HOBBIX (PYHKIHUIA.

OpHaKO HEIOCTATOYHO O/IMH Pa3 OHMCATD TECTOBbIE CLIEHAPUHU M TECTOBBIE JIAHHBIE.
Co BpeMeHeM 6usHec-I0TuKa OyAeT pa3BUBATHCA U MEHSITBCS, U TECTOBBIE CIydYau
OOJIKHBI aJalITUPOBATHCA K 9TUM U3SMECHECHUAM.

HackonbKO BaXkHbI OﬁCﬂY)KMBaeMbIe TECTbI

U 17151 HATIMCAHUS TECTOBBIX CIYYA€EB, U JIJIs1 YHPABICHUSI UMU KPaliHe BasKHO CO3/aTh
o6cmyskBaeMbIil TeCTOBBIN Ko CO BpeMeHEM KOJIMYECTBO TECTOBBIX CIyYaeB Oyner
YBEJINYUBATHCA. J[J1s1 TOTO YTOOBI COXPAHSTH IPOAYKTUBHOCTD Pa3paboTKH, HEOOXOMH-
MO MTOTPATUTh HEKOTOPOE BPEMSI U TIPUJIOKUTD OTIPEIEJIEHHBIE YCUIIHS 111 HOJTYYEHUST
Ka4eCTBEHHOTO TECTOBOTO KOJIA.

B orHOUIEHNM KO CAMOTO MPUJIOXKEHUSI JTI0O0N WHIKEHED COTJIACUTCS C TEM,
4TO Ka4eCTBO KOJA SIBJISIETCS BaXKHBIM TpeboBaHueM. OIHAKO, HOCKOIBKY TECTHI
He SIBJISIIOTCSI YaCThI0 HPHUJIOXKEHUSI, KOTOPasi paboTasa Obl B yCIOBUSIX IKCILIyaTa-
1M, K HUM YaCcTO OTHOCATCS MHaye. OHBIT HOKA3bIBAET, YTO HPOTPAMMUCTHI PEAKO
TPATAT BPEMS U MPUJIATAIOT YCUIUsA, YTOObI YIyYIIUTh KAYECTBO TECTOBOTO KOJA.
OpHAKO KAaYeCTBO TECTOBBIX CIYYa€eB MMEET OTPOMHOE BJIMSHUE HA HPOLYKTUBHOCTh
paGoTHI HPOTPAMMUCTA.

O TOM, YTO TECTHI HAHUCAHBI HIIOXO, TOBOPUT P/l IPU3HAKOB.

[pu3Hakn HeQOCTaTOYHOro KayecTsa TeCToB

Boob11e roBopst, ecaiu B Hpolecce pa3paboTKU Ha TECTOBBIIA KO 3aTpaynBaioT O0JIbIIe
BPEMEHH, YeM Ha KOJ COOCTBEHHO HPUJIOKEHMS, 9TO MOKET OBITh IIPU3HAKOM ILJI0XO
[IOCTPOEHHBIX MU pa3paboTaHHbIX TecTOB. Kaxnasa HoBast min nsMeHeHHast (PyHKIS
MOJKET BBI3bIBAaTh COOM HEKOTOPBIX TeCTOB. HacKoabKo OBICTPO TECTOBBIA KOZ aall-
TUpyeTcs K uaMeHeHnaAM? Kakoe KOIM4ecTBO TECTOBBIX JaHHBIX U (GYHKIUH HE0OXO0-
IMMO U3MeHUTh? HacKoIbKO JIErKo J06aBISATh TECTOBBIE CAY4au B CYLIECTBYIOIIYIO
KOZOBYIO 6azy?

Ecau Heyzmaunbie TeCTbl CHAGXKA0TCs aHHOTalMel @Ignored Ha CKOJIBKO-HUOYIb
MPOJIO/KUTENBHOE BPEMS, 3TO TOKE HPU3HAK MMOTEHIIUATBHO HEIOCTATOYHOTO KAYEeCTBA
TecToB. Eciin TeCTOBBII cilydaii IOrM4ecKy BCeE elle Hy>KeH, ero HeoOXoaumo crtabu-
JIU3UPOBATh U UCTIPABUTD, ECJIN K€ yCTapea — yaanuTb. OIHAKO HUKOT/IA HE CJIEAYET
YIAIAT TECThI, YTOOBI COKOHOMUTD BPEMS U YCUJINS, HEOOXOAUMBIE /IS NX UCHPaB-
JIEHUSI, ECJTV TECTOBBIE CIIEHADUY BCE €IIl€ JIOTMYECKU BAXKHBI.

KomupoBaHue 1 BCTaBKa TECTOBOTO KO/Ia TAKIKE SIBJISTIOTCSI TPEBOSKHBIM CUTHAIOM.
K coxanenuio, 3Ta HpaKTHKa JOBOJIBHO IIMPOKO PACIIPOCTPAHEHA B KOPIIOPATUBHBIX
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HPOEKTaX, 0COOEHHO KOT/Ia TI0BEIEHNE TECTOBBIX CIIEHAPUEB PA3IMYAETCS HE3HAUU-
teabHo. KoHupoBanue u BctaBka Hapymaiot npunimn DRY (don’t repeat yourself —
«He TIOBTOPsiii caM cebsi») ¥ MPUBOAUT K 3HAUYUTETLHOMY MyOIMPOBAHMIO KOJA, YTO
YCJIOKHSIET HOCJIEAYIOIIME U3MEHEHHUSL.

KayecTtBO TECTOBOIro Koaa

Jlnst obecHeyeHM st TOCTOSTHHOM CKOPOCTH Pa3pabOTKH BasKHO HE TOJIBKO KAaUeCTBO KOJIA
CaMOTO MPUJIOKEHM S, HO M KAUY€CTBO TeCTOBOTO Koja. OTHAKO K TECTaM, KaK HPAaBUJIO,
OTHOCSITCSI HE TaK, KAK K OCHOBHOMY KOf1y. OTIBIT [TOKa3bIBAET, YTO [IPU CO3TAHIH KOP-
HOPaTUBHBIX HPOEKTOB PEAKO MHBECTUPYIOT BPpeMs U YCUINA B PECTPYKTYPU3ALUIO.

B ob611em ciryyae k 06€CHEUEHUTIO BBICOKOTO KaUueCTBa TECTOBOTO KOJIa IPUMEHUMBI
Te K€ METO/IbI, KOTOPBIE AEHCTBYIOT U JJIs1 OCHOBHOTO KO/la HpuiioxeHust. OTHaKo He-
KOTOPbI€ HPDUHITUIIBI JJIsI TECTOB 0C06eHHO 3HA4YMMBI.

IIpexne Bcero, 6e3ycaoBHO, Baxken npuHuud DRY. Ha yposHe koaa 970 03Haya-
eT: u36eraTb HOBTOPEHUS OTPe/IeJIEHHI, TECTOBBIX TPOLIEAYD U AyOJUPOBAHUS KO,
UMEIOIIEr0 He3HAYNTEIbHbBIE PA3IUUHSL.

Jtor IIPUHIUAII HDUMEHUM U /I TECTOBBIX JaHHBIX. Kaxk HokasbiBaeT OIIBIT, CyILIIE-
CTBOBAaHHE€ HECKOJIBKHUX CLHEHAPHUEB TECTOBLIX CIYYA€B, HCIIOJIB3YIOIINX aHAJTOTUYHBIE
TECTOBbIE JaHHBIE, TOOYXKIaeT PaspaboTIMKOB 33/1eHCTBOBATH METOM KOHMPOBAHUS
1 BCTaBKMH. OI[HaKO 1ocJie BHECEHUS U3MEHEHUH B TECTOBBIE OaHHbI€ 3TO IPUBOAUT
K CO3/IaHUIO HeyIOOHOM B 06CTyKUBAHUY KOIOBOI 6a3bl.

ITO KacaeTcsi TaK’Ke HPOBEPKU YTBEP:KIeHUIT U MakeToB. OmepaTopbl KOHTPOJISI
U HPOBEPKH, KOTOPbIE 33IEUCTBYIOTCS OJMH 32 IPYTUM B METOJIE TECTUPOBAHUS, aHA-
JIOTUYHBIM 06Pa30M HPUBOMST K AyOJMPOBAHUIO U CJIOKHOCTSIM B OOCTYKMBAHUM.

Kax HpaBuo, camoii 60b1110i Hpo6IEMOI Ka4eCTBa TECTOBOTO KO/A SBJISIETCS OT-
CyTCTBUE YpOBHel abcTpakivu. TeCTOBBIE CIyYan CAUIIKOM YaCTO COAEPHKAT Pa3HbIe
HOKA3aTeJIu 1 33124, B HUX cMemuBaoTcs 613Hec-ClIeHApHK U TEXHUYECKUE 3a/IaUH.

ITo3BoabTE IIPUBECTHU HPUMEP IIJIOXO HAITMCAHHOI'O CUCTEMHOIO TE€CTa B BHUAE
HCEBIOKO/A:

@Test
public void testCarCreation() {
id = "X123A345"

engine = EngineType.DIESEL
color = Color.RED

// ybeputbcaA, 4TO MawuHbl X123A345 He cywecTByeT

response = carsTarget.request().get()

assertThat(response.status).is(0K)

cars = response.readEntity(List<Car>)

if (cars.stream().anyMatch(c -> c.getId().equals(id)))
fail("MawmHa ¢ ID '" + id + "' yxe cywecTByeT")

// co3patb mawuHy X123A345
JsonObject json = Json.createObjectBuilder()



272 Mmaesa 7 e TectupoBaHue

.add("identifier", id)
.add("engine-type", engine.name())
.add("color", color.name())

response = carsTarget.request().post(Entity.json(json))
assertThat(response.status).is(CREATED)
assertThat(response.header (LOCATION)).contains(id)

// npoBepuTb MawuHy X123A345

response = carsTarget.path(id).request().get()
assertThat(response.status).is(0K)

car = response.readEntity(Car)
assertThat(car.engine).is(engine)
assertThat(car.color).is(color)

// ybeautbca, 4TO MawuHa X123A345 cywecTByeT
// ... aHanoruYHble BbI3OBbI

if (cars.stream().noneMatch(c -> c.getId().equals(id)))
fail("Mawmnel ¢ ID '" + id + "' He cywecTByeT");

YuraTenu, BO3MOKHO, 3aMETHJIH: YTOOBI Pa300paThCsi B 3TOM TECTOBOM CJIyYae,
TpebyeTcs J0BONBHO MHOTO ycuiauit. KoMMeHTapuu HEMHOTO HOMOTAIOT, HO OHU
CKOpe€e SABJISIIOTCA HPU3HAKOM TLIOXO0 MOCTPOEHHOTO KOJIA.

OpHaKO 9TOT HPMMEP MOX0XK HA CO3IAHHBIN PaHee IPUMEP CUCTEMHOTO TECTA.

[Tpo6ieMa TaKUX TECTOBBIX CIy4YaeB HE TOJBKO B TOM, UTO UX CJIOXKHEE HOHSTD.
CMellenne B OIHOM TECTE HECKOIBKMX TEXHIYECKHUX 3a4a4 ¥ OU3HeC-ClieHapueB, 00b-
eIMHEHHBIX B OHOM KJIACCE WJIY IAKe B OHOM METOJIE, TPUBOAUT K AyOIUPOBAHUIO
1 MCKJIIOYAET TO, YTO UX OyAeT yIoOHO 06¢ayKuBaTh. UTO HPOU3OHIET, ECIM U3MEHUT-
Cs1 TIOJIe3HAst HATPy3Ka CEepBICa HO HPOU3BOICTBY aBTOMOOUIIEH? A ecii U3MEHUTCS
JIOTUYECKAS TIOC/IEZI0BATEBHOCTh OHEPAIMiA B TECTOBOM caydae? UTo nenarts, ecnu
MOHAZOOUTCS HAHUCATH HOBBIE TECTOBBIE CJIYYaW C HOXOXKEHN JIOTMYECKON TOC]en0-
BaTEJIbHOCTHIO, HO Pa3HbIMU JaHHBIMU? [IpUAETCS 1M IPOrpaMMUCTaM KOITMPOBATh
Y BCTaBJIATH BECh KOJI, U3MEHSASI B HEM JIUIIb HECKOJIBKO IeTaIel? A eciii U3MEHUTCS
cnocob o6MeHa ganHbIMK U 3T0 Oynet yxe He HTTP, a gpyroii mpotokoa?

J1J151 TECTOBBIX CJIy4aeB CAMbIM BasKHBIM KPUTEPHUEM KAUECTBA KOJIA ABJISIETCS [TPU-
MeHeHUe MTPABUJIBHBIX YPOBHEN aGCTPaKIMK B COYETAHUM C J€IETUPOBAHUEM.

[TporpaMMuCTaM ciieyeT CIPOCUTH Cebsl O LIeJISIX ITOTO TECTOBOTO ClieHapus. B Hem
CYIECTBYET MOCAEOBATENBHOCTD JJOTHYECKUX OTEPAIUI, HOITATHO TIPOBEPSIIONIAs,
KaK CO3/IaeTCS aBTOMOOWIIb, ECTh KOMMYHUKAIIMOHHAS YaCTh, BKJIOYAONIAs B ceOst
Bb130BbI uepe3s HTTP u npeobpaszosanust JSON. Takxke MoxeT GbITh 3a1eHCTBOBaHA
BHEIHSASA CUCTEMA, HPEICTaBIEHHAs, HAIPUMED, KAK MAKETHBIN CePBEP, KOTOPHIM He-
06X01MMO YHPaBJIATh. U eCTh yTBEPIKAEHUS U TIPOBEPKH, KOTOPbIE HYKHO TIPOJIENIATh
C YYETOM BCEX ITHX ACHEKTOB.

VIMeHHO 10 2TOI IpUYMHE HPEIBIAYLINI [IPIMep CUCTEMHOIO TECTA COCTOUT U3
HECKOJIbKUX KOMHOHEHTOB, KX/ U3 KOTOPBIX BBHITMOJHAET CBOU 0OS3aHHOCTH.
JlosxeH GBITh OIH KOMITOHEHT 1151 [OCTYIA K TECTUPYEMOMY TIPUIOKEHUIO, BKIIOYAsS
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BCe HEOOXOIMMBbIE IETAJIU JIJIsl Peajiu3allvi CBsi3u. B mpuMepe 3a aTo oTBevasn fesierat
HPOM3BOJICTBA aBTOMOOUIIEH.

ITomo6HO Aeneraty KOHBeHepHOH JIMHUY, UMEET CMBIC/ CO34ATh [0 KOMIIOHEHTY
TS KQKJIOU MAKEeTHOM CUCTEMBI. DTU KOMIIOHEHTHI MHKATICYJIUPYIOT KOH(UTYPAIIHIO,
yHpaBJleHUe ¥ HPOBEPKY MaKETHBIX CEPBEPOB.

[IpoBEPKH, BBIMOJHSEMbIE HA YPOBHE TECTUPOBAHUS OU3HEC-CIIEHAPUEB, TAKIKE T1eJIe-
coobpas3Ho nepearh 100 B YaCTHBIE METOIBL, IMOO JeJierataM, B 3aBUCMOCTH OT CUTY-
aruu. 3aTeM JieJIeraThl TECTa MOTY T MHKAIICYIMPOBATD JIOTUKY, CO3/IaB JAOTOTHUTEIbHBIE
yPOBHM aGCTPaKIUH, ECITU ITOTO TPEOYET TEXHONOTHSI UK TECTOBBIN CIydaid.

Bce aTu kimaccol u METOABI AeJIeTAaTOB CTAHOBATCA €AUHBIMU TOYKAMHU OTBETCTBEH-
Hocty. VIX MOXKHO MHOT'OKPATHO UCIIOJIb30BAaTh BO BCEX aHAJIOTUYHBIX TECTOBBIX CIIy4YaaX.
HOTCHLII/IaJIbeIe HU3MEHEHUA BIIUAIOT TOJIBKO HAa TOYKHU OTBETCTBEHHOCTH, HE 3aTPparuBasi
IPYTHe YacTH TECTOBBIX CaydaeB. [js1 aToro Tpebyercs: co3naTh sAcCHble HHTEPdENCh
MEK1y KOMIIOHEHTaMH, KOTOPbIE CKPhIBa/IK Obl ieTanu peanusanuu. [1o sToil npuuunne
UMeEET CMBICJI, 0COGEHHO /ISl CUCTEMHBIX TECTOB, MMETD BbIIEJIEHHOE TIPOCTOE MPEs-
CTaBJIEHUE MOJIENU. ITa MOJIEJIb MOXKET ObITh PEATM30BaHA MPOCTO U HOHSTHO, BO3-
MOJKHO, C MEHbIIEH 6e30HACHOCTHIO TUTIOB, YeM B OCHOBHOM KOJIE TIPUIOKEHUSL.

PasyMHblil HOAXO/ PaspabOTKU C HyJIsl, AHAJIOTMYHBIA HPUMEHEHHOMY B TIPEJIbI-
JylLIeM [IPUMePe CUCTEMHOTO TECTa, 3aKII0YaeTCs B TOM, YTOOBI CHavajla HAIKCaTh
KOMMEHTAPHH, a 3aTeM II0 Mepe nepexoza Ha 6osee rayOokue ypoBHM aOCTpaKLuu
3aMeHATh ux geseratamu. CHauama CO3/aeTcs JOTMIECKast CTPYKTypa TeCTa, a 3aTeM
N00ABJIAIOTCS AeTany peanusanuu. [IpusepKuBasch 3T0r0 HOAXO/a, Mbl €CTECTBEHHBIM
06paszom uzberaeM cMelMBaHusl OM3HEC-CIIEHAPMEB M TEXHUYECKUX 33124 [TPU TECTH-
poBanuy. OH TakKe II03BOJISAET YIPOCTUTh MHTETPALIMIO TEXHOJIOIUU TECTUPOBAHMS,
HoAJepXKUBaIIed 3(p(heKTUBHOE HAIIMCAHUE TECTOB, TaKOH kak Cucumber-JVM wnu
FitNesse.

MNMoanepxka TEXHONOMMN TECTH poBaHUA

HexkoTopbie TEXHOIOTUY TECTUPOBAHUSI TAKIKE TIOIEPKUBAIOT CO3[IaHKE TECTOB, yA00-
HBIX A1 o0caykuBanusa. Hanpumep, Assert] HO3BOJISAET CO3aBaTh HECTAHAAPTHBIE
yTBepXAeHus. B HaiieM TeCTOBOM ciiydae HY>KHO HPOBEDUTD NMPABUIBHOCTH yCTa-
HOBJIEHHOTO JIBUTATeJIs ¥ 1IBETa aBTOMOOWJISI — TIaPaMEeTPOB, MHKATICYIMPOBAHHBIX
B €r0 TEXHUYeCKUe XxapakTepucTuky. [losp30BaTeNnbCKUe YTBEPKAECHUS TO3BOJISIOT
YMEHBIINTH LyOJUPOBaHUE B 06IaCTH TECTUPOBAHMUS.

Jlanee MOKa3aHo CIEIMATbHOE YTBEPKAEHUE Assert] sl HDOBEPKH aBTOMOOUJIS:

import org.assertj.core.api.AbstractAssert;
public class CarAssert extends AbstractAssert<CarAssert, Car> {
public CarAssert(Car actual) {

super(actual, CarAssert.class);

}

public static CarAssert assertThat(Car actual) {
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return new CarAssert(actual);

}

public CarAssert isEnvironmentalFriendly() {
isNotNull();

if (actual.getSpecification().getEngine() != EngineType.ELECTRIC) {
failWithMessage("Expected car with environmental friendly
engine but was <%s>",
actual.getEngine());
}

return this;

}

public CarAssert satisfies(Specification spec) {

}

public CarAssert hasColor(Color color) {
isNotNull();

if (!Objects.equals(actual.getColor(), color)) {
failWithMessage("Expected car's color to be <%s> but was <%s>",
color, actual.getColor());

}

return this;

}

public CarAssert hasEngine(EngineType type) {

}

ITO yTBEpKIAEHNE MOXKHO MCIIOAb30BATh B Tpeesax 061acT TeCTUPOBAHUA.
Jlnst MeTozia assertThat () 10/uKeH OBITH BBIGPAH TIPABUIBHBIM CTATUYECKMIA UMIIOPT
Kjacca CarAssert:
assertThat(car)

.hasColor(Color.BLACK)
.isEnvironmentalFriendly();

[IpuBenieHHBIE B 3TOH IJIaBe IPUMEPBI TECTOB, 32 UCKIIOUEHUEM BCTPOEHHBIX KOH-
TeliHepoB nipuioxkenuii u Gatling, Hanucanbl B ocHOBHOM Ha Java, JUnit u Mockito.
CyIIecTBYIOT IECATKY IPYTHUX TECTOBBIX TEXHOJIOTUIA, B KOTOPBIX UCIIOIb3YIOTCS Pa3-
JvyHble (PpeiMBODKHY, a Takke JuHamMuyeckue JVM-a3bIKku.

OnvH U3 U3BECTHBIX IIPUMEPOB Takoro ¢peiiMBopka — Spock Testing Framework,
B KOTOpOM uctosb3yercst Groovy. [IprurHbl IprMeHEHSI 3TOM TEXHOJIOTUH — BO3MOX-
HOCTB TIMCATh 60JIee KOMIIAKTHBIE U YIOOHBIE A71s1 06CyKUBaHus TeCThL. [[0CKOMbKY
auHamudeckue JVM-asbiku, Takue Kak Groovy u Scala, 1akonndHee, 4eM mpoCTOi
Java, aTa uznes npencrasisieTcs: pa3yMHOU.
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TecToBble ppeMBOPKH, TakKe Kak Spock, IeNHCTBUTENBHO TO3BOIAIOT CO3aBaTh
TECTOBBIE CJIyYau, TPeOYIOUINe MUHUMATIBHOTO KOIa. B HUX MPUMEHSIIOTCS BO3MOXK-
HOCTU AMHAMUYECKOTO JVM-s3bIKa, TaKMe KaK MeHbIIIMe OTPAHUYEHUS] Ha UMEHA
MeTO/IOB, HarpuMep def "car X123A234 should be created" (). [Ipu TecTupoBanuu
B Spock 06ecreunBaloTCsa TakKe JIETKO YUTAEMBIE TECTHIL.

OnHaKO YMTAEMbIE TECTHI MOKHO HOJIYYUTH TIPY UCTIOIb30BAHUY JIFOOON TEXHOIIO-
TUM TECTUPOBAHUS, €CJIU YAeJSATh BHUMaHue KadyecTBY TeCTOBOro Koza. B wactHocty,
yno6CTBO 06CTYKUBaHYS HOJIBIIE 3ABUCUT OT XOPOIIO HPOAYMAHHBIX TECTOBBIX CJIyYaeB
Y IPaBUJIbHO BBIGPAHHBIX YPOBHEN aOGCTPAKIIUY, YeM OT 33/I€CTBOBAHHOM TEXHOJIOTHH.
Korza TecToBble pUMeEPBI CTAHOBSITCS CJIHUIIKOM CJIOKHBIMU, BIUSHUIE TEXHOJIOTUU
Ha yZ00CTBO 06CIYKMBAHUS CTAHOBUTCA MEHEE 3AMETHBIM.

I[Tpu BHIGOPE TEXHOJOTUY TECTUPOBAHUS CJIEYET TAKXKE YIUTHIBATH OHBIT PAOOTHI
c Hell komMaH/pl. Ha MOMEHT HAalMCaHUs 3TOM KHUTH Pa3paboTYMKY KOPHOPATUBHBIX
Java-npusoskennii, Kak HpaBUJIO, He ObLIM 3HAKOMBI C AUHAMUYECKUMU | V M-a3bIKaMu.

OpHaKo KayecTBO TECTOBOTO KO/Ia BasKHEE, YeM UCTIOIb3yeMast TexHosorus. [1pu-
MEHSITh PEKOMEHIOBAHHBIE CTAHAPTHI Pa3pabOTKU MPOTPAMMHOTO 0GECHEUEHUS K Ha-
HUCAHWIO TECTOB CJIEYET 00S3aTEBHO, a 33/1€MCTBOBATD IPYTHE TECTOBBIE (hPEHMBOD-
KU — HeT. PecTpyKTypu3aIiys TeCTOBBIX C/Iy4aeB YacTo MO3BOJISET CAEIATh TECTHI OoJiee
yIOOHBIMU B OGCTYKMBAaHWH, [TO3BOJISIET MHOTOKPATHO UCIIOJIb30BATh KOMIIOHEHTHI
TeCTa ¥ B KOHEYHOM CuYeTe HOBBIIIaeT KaueCTBO HPOIPAMMHOTO IIPOAYKTA.

Pe3iome

TecTbl HEOOXOAMMBI 11711 HDOBEPKH (PYHKIIMOHATBHOCTH ITPOTPAMMHOTO 0GECHEUEHUST
B UMUTUPYEMBIX cpefax. TecTUpoBaHue MpOrpaMMHOTO 06ECTIeUeHusT JOJIKHO ObITh
HPEICKa3yeMbIM, U30JUPOBAHHBIM, HAJIE)KHBIM, OBICTPHIM Y aBTOMATU3NPOBAHHBIM.
Jlns1 TOr0 9T0OBI 06€CTIeYnTD 3(PPEKTUBHBIM KU3HEHHBIN LUK/ HPOEKTA, BaXKHO, YTOOBI
TECThI 6N YIOOHBIMU B 00CITYKUBAHUH.

MonynpHbIEe TECTBI IPOBEPSIIOT IOBEAEHUE OTAEIbHBIX MOAYJIEH MPUIOKEHUS,
B OCHOBHOM OT/IEJIbHBIX CYLIHOCTEl, KOHTYPOB U KJIACCOB ynpaByieHus. KoMnoHeHTHbIe
TECThI HPOBEPSIIOT, KAK BEAYT Cebs1 COHPSIKEHHbIE KOMIOHEHTHL. VIHTerpalinoHHbIe
TECTBI YOBJETBOPSIOT MOTPEOHOCTD B TIPOBEPKE B3aUMOAEHCTBUSI KOMIIOHEHTOB
Java EE. UnTterpaunonnbie TecThl 6a3bl JaHHBIX MCHOJIb3YIOT BCTPOEHHBIE Ha3bl
JIAHHBIX U aBTOHOMHBIE JPA /17151 poBepKu npeo6Gpa3oBaHust JaHHBIX B IPOIECCE MX
coxpanenusi. CUCTEMHBIE TECTHI TPOBEPSIOT Pa3BEPHYThIE PUIOKEHNS, paboTarolue
B peIbHBIX Cpefax. YIpaBjieHre KOHTeliHepaMy B 3HAUUTeJIbHOU CTeTleHU NOAep-
XKUBaeT paGoTaIONIMe CPEIbl CUCTEMHOTO TECTUPOBaHUS Gaarofapsi IPUMEHEHUIO
MaKEeTHBIX PUI0KEHUI.

JT151 Toro 4ToGB HPOBEPUTH (DYHKIIMOHATBHOCTS 10 TOTO, KaK OHa Oy/IET TIepeHeceHa
B IIEHTPAJIbHBII PETO3UTOPUIL, UHKEHEPDI JOJKHBI IMETh BO3MOKHOCTD BBITIOJIHSTD
TECTHl B JOKAJbHOU cpene. VaMeHeHNsI, KOTOPble COAEPKAT CIydaiiHble OLIMOKHY,
MEIIAIOT UX TOBapUINAM HO KoMaHze, Hapymas c6opky. Docker, Docker Compose
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u Kubernetes MoryT paGoTath B JIOKalbHBIX CPE/IaX, YTO HO3BOJSIET IPOrPAMMUCTAM
3a06;1ar0BPEMEHHO HPOBEPATh HOBe/leHne HpuaoKeHus1. [lesecoo6pas3Ho co3naBaTh
[POCTHIE CIIEHAPUU aBTOMATHM3AI[1H, BKJIIOYaomue B ceOst COOTBETCTBYIONIUE OTle-
panuu.

Jlnsa Toro 4To6bl 06eCcneYnTh MOCTOSTHHYIO CKOPOCTh Pa3paboTKH, HEOOXOAMMO
CO3/1aBaTh TECTOBBIE CIy4au, yaAoOHbIE [/ obcayxkuBanusa. B obieM ciydae Tecto-
BBII KO JOJIKEH 6bITb TaKHUM K€ Ka4€CTBEHHBIM, KaK 1 KOJl OCHOBHOT'O IIPHUJIOKEHHUA.
I10 TpebyeT PeCTPYKTYPU3ALUH, HPAaBUIBHOTO BbIOOpA YPOBHEH aOCTPaKIK U BbI-
COKOTO Ka4ecTBa IPOrPaMMHOT0 0OECHEYEHYSI B IEIOM.

3TI/I IIPUHIIMHBI, B CYITHOCTH, 6011ee II0JIE3HbI, YEM BHEAPEHUE CIOKHBIX TECTOBBIX
(ppeliMBODPKOB ¢ McHOIb30BaHNEM quHamMIYecKux | VM-sa3pikoB. Takue ppeiiMBOpKH,
Kak Spock, Mo3BOJISAIOT CO31aBaTh JIETKO YMTAEMble JAKOHUYHBIE TECTOBBIE CITyYau.
Ho npumeHeHne peKOMeHZIOBaHHBIX CTAHAAPTOB pa3pabOTKM IPOrpaMMHOTO obe-
crieyeHus 6oJiee MOJIOKUTENBHO BAMSET Ha 00liee KauecTBO TECTOBOTO KO, 0CO-
GEHHO 10 MepE YCIOKHEHUsSI TECTOBBIX ClieHapreB. He3aBUCHMO OT MCIONb3yeMOl
TEXHOJIOTMH TECTUPOBaHUS MHKEHEPAM-HPOTPAMMKCTaM PEKOMEHIYeTCsl YAeIsATh
BHMMaHUE KayecTBY TECTOBOIO KO/a, YTOObl HOAAEPKUBATh PabOTOCIOCOOHOCTD
TECTOBBIX CJIyYaes.

Crenymomas riaBa HOCBSIIEHA PACIPEIENEHHbIM CUCTEMAM Y apXUTEKTypam
MHKPOCEPBHUCOB.



MunKpocepBUCHI
N CUCTEMHAA
ApXUTEKTYpa

B HpeabiymIuX raaBax OHUCHIBAIACH Pa3pabOTKa OTAEIbHBIX KOPHOPATUBHBIX HPU-
nokenuit Ha Java EE. CoBpeMeHHbIe IPUIOKEHHS COAEPKAT OmpeaeeHus: nHbppa-
CTPYKTYPHI ¥ KOHGUTYPaMH KaK KOJa, YTO HO3BOJISIET CO3/aBaTh CPebl B aBTOMa-
TUYECKOM PEKMME KaK Ha JIOKAJIbHBIX, TAK U Ha 06saunbix HaaTtdopmax. Konseiiepst
HEHPEPBIBHOI IOCTABKY KO/IA B COYETAHUY C TOCTATOYHBIMU aBTOMATU3UPOBAHHBIMU
TECTOBBIMHU CJIy4YasiMU ITO3BOJISIOT OCTABJISATh KOPHOPATUBHBIE IPUJIOKEHUS C BBICO-
KUMU KQ4€CTBOM U TIPOM3BOMTENBHOCTHIO, ITOMY CIIOCOGCTBYET MPUHATHIN B Java EE
COBPEMEHHBIN MPUHIIUI HYJIEBOU 3aBUCUMOCTH.

KopHopaTUBHBIE CHCTEMBI PEIKO TIOCTABJISAIOTCS € EAMHCTBEHHBIM HAGOPOM 337124,
KOTOPBIN MOXKET OBITh PA3yMHO PEalM30BaH B BUJIE OJHOTO KOPIIOPATUBHOTO MPUJIO-
xKeHust. TpaauiMoOHHO KOPTIOPATUBHBIE TIPUJIOKEHUS OOBEIUHAIOT B cebe HECKOIBKO
acrexToB Gu3Heca B BUIe MOHOJUTHOTO TPoAyKTa. Ho HACKOIBKO 1enecoobpasHo
KCTI0JIh30BATh 3TOT HOAXOJ HPY CO3/IaHUY PAaCHPEIEJEHHbIX CUCTEM?

B s710i4 r1aBe Oy AyT PaCCMOTPEHBI CIEAYIOIIIE TEMBL.

ITpuynHbI cO3maHKS pacpeeIEHHbIX CUCTEM.

Bo3MoskHOCTH 1 HPOGIEMbI PACHPEIETIEHHBIX CUCTEM.

Kak co3zaBaTh B3aM03aBUCUMbIE HPUIOXKEHUS.

Kontypst npunoxenuti, APl u nokymeHTarus.

CorniacoBaHHOCTh ¥ MAaCIITAOMPYEMOCTh: IPOOJIEMBI Y PELIEHMSI.

Peructpanus coObITHH, COOBITUAHO-OpUEHTHPOBaHHbIe apxuTeKTyphl 1 CQRS.
ApXUTEKTYPBI MUKPOCEPBHCOB.

Java EE B Mupe MUKpoCepBHCOB.

I Sy Sy Iy S Iy Ny

Peanusanus anacTH4HON KOMMYHUKAIUH.
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MpU4YnHbI co3aaHuns
pacnpeneneHHbIX CUCTEM

OpuH U3 HEPBBIX BOIPOCOB, KOTOPBIE CJEAYET 3a/1aTh cebe mepe/] MPOeKTUPOBAHUEM
pacrnpeneieHHON CCTEMBI: 3a4eM OHA HYKHA? ECTh HECKOJIBKO TEXHUUECKUX TPUYUH
CO3[aHUS PaCIIpeIeIEHHbIX CUCTEM.

TunuyHbie KOPIIOPATUBHbBIE CLIEHAPUH, TIO CYIIECTBY, SIBJSIOTCS PACIPeAeIeHHbI-
mu. ITonp3oBarenu niau APYTrHue CMCTEMBI, HAXOAAIIMECA B PAa3HbIX MECTaX, JOJIKHBI
B3aMMO/IEHCTBOBATD C CepPBUCOM. B3auMoseiicTBre OCyIIECTBIISIETCS IO CETH.

Bropas HprurHa — MacmtabupyeMocTts. Eciu o1uHOYHOE TPUIOKEHYE JOCTUTAET
npesena, u3-3a 4ero He MOYKET AaJIbIle HaJIeXKHO 00CTyKMUBATh O0UIYI0 HATPY3KY KJIH-
€HTOB, HEOOXOIMMO PaCTIPENETUTh OUZHEC-TIOTUKY MEXKITY HECKONBKUMU y3JIaMU.

AHaIOTUYHBIE PACCYXAEHUS MOKHO IPUBECTH U OTHOCUTETHHO OTKA30yCTOM-
4MBOCTU cUCTeMbl. OIMHOUYHOE HPUJIOKEHHME HPEACTABISAET COOON eUHYIO TOUKY
0TKa3a, €CJIM OHO HEIOCTYHHO, TO KJIMEHTHI HE CMOTYT I0JIb30BAThCS CEPBUCOM.
Pacnpez[eJIeHMe CEPBHCOB MEXIY HECKOJIbKMMH TOYKAMH YBEJIUYHNBAET JOCTYIIHOCTD
Y YCTOHYMBOCTb.

Ectp u gpyrue, He TexHOIOTHYeCKHe IPUYNHBL. [IpriioskeHe BBITIONHSET OHpee-
JieHHble 6usHec-3a1aun. Ha s3bike po61eMHO-0PUEHTHPOBAHHOTO HPOEKTUPOBAHUS
OHU OTIPEESIOTCS 02PAHUYEHHBIM KOHMEKCmMOoM HpuioKeHus. OrpaHY€eHHbIE KOH-
TEKCTHI BKJIIOYAIOT B ceOst OU3HEC-3a1auu, JIOTUKY U JaHHbIE HPUJIOKEHUS U OTAEJSIOT
X OT BHEUIHUX 3aJa4.

[Moxo6HO TOMY Kak MHXKeHEPBl O(POPMIISIIOT KO/ KJIACTEPHBIX 3a/a4 B BUJE Ha-
KETOB U MOI[y]ICﬁ, HMEET CMBICJI CO3/1aBaTh aHAJOTUYHbIE KOHTEKCTbI Ha YPOBHE
cucteM. CoHpsiKeHHas1 OM3HEC-IOTUKA U (DYHKIIMOHANTBHOCTD TPYITHUPYIOTCS B BUIE
OTAEJIbHBIX CEPBHUCOB KaK 4YaCTb OTAE/IbHbIX HpPIJIO)KCHPIﬁ. ﬂaHHbIe U cXeMa TakKxe
SIBJISIOTCS YACTHIO OTPAHMYEHHOTO KOHTEKCTA. I109TOMY OH MOKET OBITh MHKATICYJIH-
POBaH B HECKOJIBKHUX CYITHOCTAX 6&3])[ JAHHBIX, HDUHAJIECKAITUX COOTBETCTBYIOIIUM
pacrpezieJIeHHbIM IPUIOKEHUSIM.

MpobneMbl pacnpeaeneHHbIX CUCTEM

YuuThIBas BCe HPEMMYIIECTBA PACTIPEAETEHHBIX CUCTEM, 0OCOOEHHO TEXHOIOTUYECKHE,
TaKue KaK MacIiITabupyeMoCTb, MOJKHO 33/1aTh BOIIPOC: TI0YEMY UHKEHEDHI HE [€/IAI0T
BCe IPUJIOKEHUS pacnpeneneHHbIMU? /(€10 B TOM, YTO 32 BBITO/bL, KOTOPbIE HECYT
pacmpezeseHHble CUCTEMBI, IPUXOAUTCS NJIATUTh OHPeAeJeHHbIMU HaKJIaJHBIMU
pacxozami.

Kak npaBuiio, cyMMapHble U31ePKKY, HPEBBILIAIONIVE COOCTBEHHO OU3HEC-TIOTUKY
CHCTEMbI, YMHOKAIOTCSI Ha KOJIMYeCTBO 3aeMICTBOBAHHBIX IIpuiiokeHuil. Hanpumep,
€CJIY 1711 OMUHOYHOTO MOHOJUTHOTO IPUJIOKEHYSI TPEOYETCSI MOHUTOPHHT, TO HPH €T0
pacnpeziesieHIY BCe NPHIIOKEHsI, HOJIyYEHHBIE B Pe3yJIbTaTe PacrpeneeHus, Oy ayt
Tak)ke HyXXaTbCSI B MOHUTOPUHTE.
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MoTepu 3a cyeT NponyckHOW CroCOBHOCTH

[1aBHBIE HAKIAAHBIE PACXO/BI B PACHPEIENEHHBIX CPelax MPUXOAATCS Ha 0OMeH
JAaHHBIMHA MEXAY CUCTEMaMU.

OO0OMeH JaHHBIMK B paMKaX OZHOTO Hpolecca odeHb a¢gdextuBeH. [Ipu BoI30BE
(1)yHK].[PIﬁ, KOTOPBIE ABJAIOTCA YaCThIO IPHUJIOKEHUA, HAKJIATHBIX PACXOA0B IIPAKTH-
decku HeT. Ho Kak TOJBKO TpeOyeTcss KOMMYHUKAIIVSI MEXK/Y HPOLIECCAMY WJIU YA~
JieHHasi KOMMYHUKAIWsA, HHKEHEPHI IOJIKHBI ONpeeuTh abcTpakiuu uHTepdeiica.
Heo6xoauMo onpeneanTts HpOTOKObI CBA3U, Takue kak HTTP, u ncHomb30BaTh X
171 obMeHa uHdopMaIre.

310 TpebyeT OHpeeIEHHBIX BpeMeHH U ycunuit,. KoMMyHUKatms Mexmy mpusio-
JKEHUSIMU TOJKHA OHPEIESAThCS, BHEAPITHCS U MOIIEPKUBAThCs. B paMkax ogHoro
HPUJIOXKEHUSI OHA CBOUTCS K BbI30BAM METOJIOB.

KoMMyHUKAIMIO IPUXOAUTCS YIUTHIBATH TaKKe MpU pa3paboTke GusHec-crieHa-
pueB. YKe HeJlb3sl TPEATIONAraTh, 4T0 QYyHKIUY UK JaHHBIE MOTYT OBITh TIPUMEHEHBI
6e3 Kakux-1160 HAKJAJHBIX pacxonoB. KoMMyHUKAIMs B pacmpe/iesieHHOM cucTeme
BXO/IUT B KPYT 33/1a4 IIPUJIOKEHUSI.

MoTepn nponseBoanUTENbHOCTH

[Tpu Hepexoe K pacripesiesIeHHbIM MIPUJIOKEHUSIM T1a/1aeT POU3BOIUTENBHOCTD BCEX
cucreM. OOMeH JaHHBIMU B KOMHBIOTEPHOM CETH IPOUCXOANUT MEJIEHHEE, 4eM BHYTPU
oxHoro y3na. [losToMy B ceTu Bceraa OyayT BOSHUKATh OIpEAeNeHHbIE HAKJIaHbIe
pacxopl.

IToTepy HPOM3BOAUTEIBHOCTH OOYCIOBIEHBI HE TOJBKO CAMON KOMMYHMKAIUEH,
HO U HeOOXOAUMOCTBIO CUHXPOHU3auHy. Jlaxke B paMKax OJHOIO HPOILECCA CHHXPO-
HU3anusa TpedyeT OmpeaeJeHHOIO BPEMEHH IIPOLIECCOPa, B PACIPENEIEHHBIX Cpefax
3TO BJMSHME HAMHOTO OOJIbIIIE.

OaHaKo, HECMOTPS Ha 3T MTOTEPH, PACHPEIEIEHHbBIE CPEIbI B UTOTE YBEIMYNBAIOT
0011yI0 IPOM3BOAUTENBHOCTh CUCTEMbBI HO MEPE MACIITAOMPOBAHUA [IPUIOKEHMUS.
T'opusoHTanbHOE MacIITabUPOBaHUE BCETA COHPOBOXKAAETCS ONPeIeJeHHbIMU II0-
TEPSIMU HPOU3BOUTEIBHOCTH HO CPAaBHEHUIO C OJTHUM 9K3EMHJISIPOM TTPUJIOKEHUSI.

OpraHu3aunoHHbIe pacxoapl

PacrnipesiesieHHbIE CUCTEMBI, COZIEPIKATIIE HECKOIBKO MIPUIIOKEH N, 6e3yCI0BHO, Tpe-
OYI0T GOMBIIMX OPraHU3AIMOHHBIX YCUJIHIA, YEM OIHO IPUJIOKEHUE.

Heckonpko npuioxeHuil nojpa3yMeBaoT HECKOJIbKO Pa3BePThIBAHUM, KOTO-
PBIMU HEOOXOAUMO YHPABJATh. Pa3sBepThIBaHUE HOBBIX BEPCHIl MOKET HOBJIUATD
Ha 3aBUCUMBIe Tpuaoxkenus. KoManaa pa3paboTuMKOB J0JKHA TaPAHTUPOBATb,
YTO BEPCUU Pa3BEePTHIBAEMBIX HPUJIOXKEHUN XOPOIIO COBMECTUMBL. Y OAMHOYHBIX
MOHOJIUTHBIX TIPUJIOKEHU I HET 9TON POOJIEMBI, IOCKOIBKY MX COTJIACOBAHHOCTb —
BHYTPEHHSIS.
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Kpome Toro, kaxaoe HpuioxKeHue pa3pabdaTblBAETCs B PAMKAX OT/EJbHOTO HPOEKTA,
XPAHUTCSI B CBOEM PENO3UTOPHH, 1, KK IIPABIIO, 32 HETO OTBEYAET OHPE/IEIEHHASI KO-
MaH/a pazpaboTunkoB. Hanuune Heckonbkux KomaH | TpebyeT oOMeHa nadopManmei,
He CTOJIbKO TEXHMYECKOT0, CKOJIBKO YUCTO YeJI0BeYeCcKoro. TOYHO Tak ke, Kak HpU
Pa3BepTHIBAHUY HPUJIOKEHUH, JOJKHBI OBITH COTIACOBAHBI 0OSA3aHHOCTH, TPAHUIIBI
CHCTEMBI ¥ 3aBUCUMOCTH.

Kak paspabaTbiBaTb CUCTEMHbIE Cpepbi

HecMmoTpst Ha Bee 9T HPOOJIEMBI ¥ U3/IEPKKH, MHOTHE CLIEHAPUU HO-HPeXHeMY Tpely-
IOT PaCIpe/IeIeHHOM cpefibl. BaXkHO OTMETUTD, YTO /1S TOCTPOEHUST PACTIPEIENEHHBIX
CHCTEM JI0JIKHBI ObITh BECKME HDUYMHBI, TAK KaK 9TO CBSA3aHO C 3aTPATaMU M PUCKAMHU.
Ecau B Takux cucTEMax HET HEOOGXOAUMOCTH, CJIeyeT OTAaBaTh HPEAIIOYTEHNE Pa3-
paboTKe MOHOJIUTHBIX HPUJIOKEHHH.

TeHepb PacCMOTPUM, KaK CTPOUTh Pa3yMHBbIE CUCTEMHBIE CPE/IbI, aIaHTUPOBAHHbIE
K TpeGoBaHusAM GusHeca.

KapTbl KOHTEKCTOB U OrpaHUYEHHbIE KOHTEKCTbI

Ozpanuuenmvie KOHmMexcmbL OHPENENSIIOT KPYT 3a/1a4 HPUJIOXKEHNs B GU3HEC-TIOTHKE,
HOBE€JE€HUU U BJIaICHUU JaHHBIMU. Tax HasbIBaeMble KapmuvlL KOHmMeKcmos, OHNCaHHbIE
B KOHIIEHIIUAX HpO6JIeMHO-OpI/IeHTI/IpOBaHHOI‘O HPOTrpaMMHPOBAaHMsA, HPEACTABJJIAIOT
€000l BCIO CUCTEMHYIO cpeny. B Hell coOpaHbl MHAMBUAYAIbHBIE 321241, KOHTEKCTI
1 aKTUBBI BCEX I'[pPIJIO)KCHPIﬁ. Takum 06pa30M, KapTa KOHTEKCTOB IIOKa3bIBA€T, KaK
OrpaHMY€eHHbIE KOHTEKCThI 0OMEHMBAIOTCA MH(OPMaLe MeKIy COOOM.

[lasiee HpencTaBIeHa KapTa KOHTEKCTOB ISt TPEMETHOMN 00J1aCTH «aBTOMOOUIIN»,
BKJIIOYAIOINAs B cesl Ba OTpaHMYeHHbIX KOHTeKcTa (puc. 8.1).

KoHTekCcT npon3BoacTesa asTomobunen KOHTEKCT COOPOYHOM NNHUN
CarStorage Car H--+1 Assembly Car Part
CarFactory TechnicalProcess
T Specification ++-+-| Specification L]

Puc. 8.1
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PexoMmeHayeTcst pacCMOTPETh Pa3NyYHbIE 331241 CUCTEMBI ¥ TOJBKO HOTOM IIPO-
€KTHPOBATh U IEIUTh UX HA puiokeHuss. OTCYTCTBHUE SICHOCTH B OTHOIIEHUY KPYyTa
3a/1a4, PELIAeMbIX IPUIOKEHNEM, OOBIMHO [IPOSIBIISIETCSI CPa3y Ke, KaK TOIbKO OyeT
3amycaHa KOHTEKCTHAsI KapTa CUCTEMBI.

KoHTeKcTHBIE KAPTHI [10JIE3HBI HE TOJIBKO IIPH IEPBOHAYATBHOM OIMCAHUY IIPOEKTA,
HO U [IPU IEPECMOTPE M YTOYHEHU Y €T0 33124 TIOCIe U3MeHeHus GusHec-GyHKuuit. s
TOTO 4TOOBI TPAHMIBL I KPYT OOSI3aHHOCTEM pacHpeIeIeHHbIX TPUJIOKEHWI He pas-
MBIBAJICH, PEKOMEH/YETCSI BPEMSI OT BDEMEHU MX HEPECMATPUBATb.

PaspeneHue 3apad

3a1auu IPUIOKEHMS, & TAKIKE MX OTJMYUS OT APYTUX MPUIOKEHUM TOMKHBI ObITH
YeTKO OIKCaHBL

TouHO TaK e, KaK 1 Ha yPOBHE KO/Ia, OJIKHBI ObITh Pa3/ie/IeHbl 33/[a9K HECKOIbKUX
HPUWJIOXEHHU. 31eCh HDUMEHSIETCS IPUHIIUI eIHOI OTBETCTBEHHOCTH.

B uucno 3ama4 npusioskeHUs BXOASAT BCce KOMMepUYeCKUe 331a4l, KOHTYPBI [IPUJIO-
JKEHUH U laHHBbIe, IPUHaAJIeXalye IpuioxkeHuo. [lo Mepe pasBuTHS U U3MEHEHUS
OU3HEC-JIOTHKY 9THU 3a/1a4M CJEAYyeT HEPUOAMYECKU MEPECMATPUBATh. ITO MOXKET
HPUBECTH K Pa3/eJeHUIO IPUIOKEHUS UK, Ha000pOT, 00bEJMHEHUIO HECKOIBKIX
HPUJIOXKEHUH B 0fHO. OOS3aHHOCTH U 33]1a4H, BHITEKAIOIIME U3 KOHTEKCTHOM KapThl,
JOJIKHBI OTPA’KAThCSI B CUCTEMHBIX IIPUJIOKEHUSIX.

BaxxapiMu acniekTaMu pacHpeeeHHbIX IPUIOKEHUN SIBJSIOTCS JaHHble U HPU-
HaJIJIEXKHOCTH IaHHBIX. BU3Hec-pomecchl, 6yyun 4acThio OTPAaHUYEHHOTO KOHTEKCTA,
OTIPe/IeTISAIOT JAHHbIE, UCTIOIb3yeMble B Or3Hec-clieHapusiX. Te U3 HUX, 4TO TPUHAIE-
KaT OIpe/ieJIeHHOMY HPUJIOXKEHUIO, BXOASIT B KPYT €ro 337a4 U IOCTYHHBI TOJIbKO Yepe3
ompe/ieieHHbIe KOHTYPbL. BusHec-ciienapuu, Tpebyroiiye 10CTyna K JaHHbIM, KOTOPbIE
HPUHAJJIEXKAT IPYTOMY, yIaJeHHOMY I PIJIOKEHUIO, JOJIKHBI IOTy4aTh NHMOPMALIKIO
yIAJI€HHO, BBI3bIBAs COOTBETCTBYOIME OU3HEC-CIIEHAPUH.

Paboune komMaHabI

PacHpenenenuve mo KOMaHaM ¥ OPraHU3AIMOHHAS CTPYKTYPa — BaXKHbIe (PaKTOPHI,
KOTOPBIE CJIEAYET YUUTHIBATh IIPU MPOEKTUPOBAHUY PACHPENEJEHHBIX CUCTEM, O-
CKOJIbKY, HO KpaiiHell Mepe Ha MOMEHT HATIMCAHWS KHUTY IPOTPaMMHOe obecriedeHre
CO3/IaBAJIOCH JIIOAbMU. YunThIBast 3akoH KoHBest, coracHo KoTopoMy paspaboTaHHast
CUCTeMa B KOHEYHOM CYeTe TMIOBTOPSIET CTPYKTYPY CBsI3ell BHYTPU OPraHU3aIUH, BCE
pabourie KOMaHIbl OJIKHbI OBITH COOTBETCTBYIOUIMM 06Pa30M OHUCAHBI B CUCTEME
B BUJIe HPUJIOKEHUN.

JIpyruMu CJIOBaMU, MMEET CMBICJT CEJIATh TaK, YTOOBI KaXk/10e HPIIOKEHUE Pas-
pabaThIBaIOCh OTAEIBHON KoMaH[0i. VIHOT/Ia B 3aBUCUMOCTH OT 3a/]a4 M PasMepPOB
HPUWJIOXKEHUU OZTHa KOMaH/la MOXKeT CO3/[aBaTh UX HECKOJIBKO.

3nech, KaK v pu pa3paboTKe CTPYKTYPHI KOJA HPOEKTA, HDUMEHSIETCS TTOAX O/,
HOMOGHBINM MCIIOJb30BAHHOMY TIPU CO3[AHUK TOPU3OHTAIBHOU M BEPTUKAIBHON
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CTPYKTYPHI Moay e, Kak cTpyKTypbl MOy el CTPOSITCSI B COOTBETCTBUM C TpeboBa-
HUAMU 6M3Heca, TaK 1 KOMaH/IbL pa3pa60Tqm<OB OPraHr30BaHbl BEPTUKAJIbHO, OTpaXasa
CTPYKTYPY KapThl KOHTEKCTOB. HaHpuMeD, BMECTO TOr0, 4TOOI CO3/1aBaTh HECKOIBKO
TPYHII 9KCIIEPTOB HO apXUTEKTYPE, Pa3paboTKe UM OHEPAIIUSAM HPOTPAMMHOTO 0OecHe-
YeHUsI, MOXKHO CO34aTh KOMAH/BI 10 1pou3e00cmsy asmomobuneil, coopounoi iunuu
U YNPasieHuio 3axKasamu.

XXU3HEHHbIE UNKIIbl MPOEKTOB

[TockoJIbKY B pactpeesieHHON CUcTeMe Kaxk/1ast KOMaH/Ibl pa3pabaThiBaeT CBOE MPU-
JIOXKEHUE, Y KayKAOTO U3 STUX IPUIOKEHNH OyaAeT COOCTBEHHBIN KU3HEHHBIN 1IMKJI
npoexTa. OH BKIIOYAET B ce6s1, B YaCTHOCTH, TO, KaK PabOTAIOT KOMAH/Ibl — HAHPUMED,
KaK OHU OPTraHU3YIOT CBOU SPIrint-IIUKJIBL.

HI/IKJI])I 1 CXEMbI Pa3BEPThIBAaHUA TaAKXKE OHPEACTIAIOTCA JKU3HEHHBIM IIUKJIOM HPO-
exTa. [JI7ist TOTo 4TOOBI CUCTEMA B 1[EJIOM OCTaBAJIACH TIOCIEA0BATENBHOM U (DYHKIMO-
HaﬂbHOﬁ, HCO6XOI[I/IMO OHpPEC/NTD IIOTEHIIMAJIbHBIE 3aBUCUMOCTH OT Pa3B€PTbIBAHUA
IpyTuX npunokeHuit. OT 3TOT0 3aBUCUT He TONBKO JOCTYHHOCTD IIPUJIOKEHUSL.

Pa3BepHyThbIe BEPCUU IIPUIOKEHNHN JOMKHBI OBITH COBMECTUMBIMM. 1151 TOTO YTO-
ObI 5TO 0OECTIEUNTS, CJIEYET YETKO OHUCATh B3aUMO3aBUCUMBbIE IIPUJIOKEHMSI B KApTe
KOHTEKCTOB. KoMaH/Ibpl pazpaboTYNKOB MOJIKHBI TECHO OBINATHCS [TPU BHECEHUU U3-
MeHEHU B 3aBUCHMbIE CEPBHUCHI.

U 31ech cHOBa HPUXOAUT HA MOMOIIh KAPTa KOHTEKCTOB: COCTABJIEHUE YETKOIM
KapTbl KOHTEKCTOB, COI[C]))K&H.[Cﬁ OrpaHU4Y€HHbIE KOHTEKCTBI, IOMOTA€T OIIPEAC/TIUTD
B3aMMO3aBUCHUMBbIE HPUJIOKEHUS U UX 0OSI3aHHOCTH.

Kak pa3pabaTbiBaTb CUCTEMHbIE MHTEP(ENCHI

[Tocie TOro Kak OHpeIeIEHbI 3a/1a4U CUCTEMHOM CPe/ibl, HEOOXOAMMO YKA3aTh IPAHUI[BI
3aBUCUMBIX CHCTEM.

B npeabiymux riaBax Mbl PACCMOTPEJU PA3JINYHbIE TPOTOKOJIBI CBSA3U U CIOCOOBI
ux peanusaiu. BosHukaet BOmpoc: Kak pa3pabaThiBaTh MHTEPMENCH IPUTOKEHMN?
Kaxue pakTopbl HEOGXOAUMO YUUTHIBATH, 0COOEHHO B PACIIPEIE/IEHHBIX CUCTEMAX ?

YT0 Hago yuuTbIBaTh Npu paspaboTke API

MecTo KaXI0r0 PUIOKEHUST B CUCTEME OTIPEEISIETCS €0 OI3HEC-IOTMKOM.
CootercTBeHHO, API MPUJIOKEHUS TOJIKEH MPEACTABASATh 9Ty OU3HEC-IOTHKY.
OtxpriTeiii API mpezncrassisier Gu3Hec-ClieHapyu, BBITIOJHAEMbIE OHPE/IEIEHHBIM TIPU-
JIO3KEHMEM. DTO 03HAYAET, YTO IKCIIEPT B JaHHOH 001acTH OU3HECA MOKET OHPEZIEUTD
6usnec-cienapuu o API, 6e3 kakux-1u60 TOTIOTHUTETBHBIX TEXHUYECKUX SHAHUM.
B uzeasne 6usHec-ciieHapyuu I0KHBI ObITH TIPEACTABJIEHDI B BUIE HPOCTHIX U HOHSIT-
HbIX HHTEP(eiicoB. Be30B 6usHec-clieHAPUS HE JOJKEH TPEOOBATH MOTNOTHUTETLHBIX
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TEXHUYECKHUX OTepPALUi MM HEPeauyy TEXHUYECKIX [IeTalel, He SIBIISIOIINXCS YaCThIO
6usHec-noruku. Hanpumep, eciu 6usHec-clieHapuii «Co31aTh aBTOMOOKIb> MOXKET
OBbITb BbI3BaH B BU/E OAHOM orepaiui, To API puIosKeHus 110 IPOM3BOACTBY aBTOMO-
Ouieii He OKEH TPEGOBATH HECKONBKIX BBI30BOB, COAEP/KAINX TEXHUYECKUE IETATIH.

API nomkeH abetparupoBaTh OM3HEC-JIOTUKY B BUJIE TPOCTOTO U SICHOTO MHTEp(dEi-
ca. [ToaToMy OH He MoJKeH ObITh CBSAI3aH ¢ peanusalyell npuioxenus. Peamusanus
uHTepdeiica 10MKHA OBITH HE3ABUCUMOU OT BHIOPAHHON TEXHOJOTHU. ITO TAKKE
03HAYAET, YTO BHIOPAHHbINM (DOPMAT CBSA3M HE MOJKEH HAKJIAIBIBATD CJAUIIKOM MHOTO
OTPaHMYEHUH Ha UCIOIb3yEeMYIO TEXHOJIOTHIO.

Vcxons U3 CKa3aHHOTO, MIMEET CMBIC] BbIOPATh TAKYI0 TEXHOJOTHUIO, KOTOPAst
omnupasack OBl Ha CTaHAAPTHBIE TPOTOKOJBI, Takue Kak HTTP. NuxeHep, paspaba-
TBHIBAIOIUI NIPUJIOXKEHHE, CKOPee BCero, 3HAET BCE OCHOBHBIE IIPOTOKOJIBI, IOCKOJIBKY
OHU TIOANEPKUBAIOTCST PA3IMYHBIMU TEXHOJIOTUSIMU U UHCTpyMeHTaMu. Co3naHue
uHTepdeiicoB npuoxkenuit B Bune Be6-cepsucos HTTP HosBonsieT pazpabarsiBaTh
KJMEHTCKYIO 4acThb Ha Ga3e 000kt TexHomoruu, nopaepsxusatomnieii HTTP.

Ab6crparupoBaHyie GU3HEC-JIOTUKH B BUJIE SICHBIX U HDOCTBIX UHTEP(ENRCOB, OCHOBaH-
HBIX HA CTAHAAPTHBIX HPOTOKOJIAX, TAKXKE HO3BOJISIET M3MEHSITh UCHOJIb3yeMble B HPU-
JIO’KEHUU Pean3aliy, TexHosoruu u mnardopmsl. Eciu npuioskenue Java Enterprise
peanuzoBaHo TosbKo B Biae HTTP-cepBuca, To ero TeXHOIOTHI0 MOXKHO 3aMEHUTb APYTOM
peanusanueil ¥ 310 He NoTpebyeT U3MEHEHHMsI 3AaBUCUMBIX OT HETO KJIMEHTOB.

YnpasneHue uHTepdeiicammu

VHTepdeiichl HPUIOKEHUH YaCcTO MEHSIOTCS B TIpoliecce pa3paboTku. [losBisiores
HOBBIE OM3HEC-CIIEHAPUY M U3MEHAIOTCS yiKe cymecTByomue. Kak atu usmMmeHeHus
orpaxatorcst B API?

ITO 3aBUCUT OT HPUPO/BL U CPEbl KOPHOPATUBHOTO IPUIOKEHUS, OT TOTO, Ha-
CKOJIBKO CTabMIbHBIM 1071KeH Ob1Th API. Ecsi komaHa pa3paboTKU HPOEKTa OTBEYAET
TaK’Ke 3a 70 00CIYKMBaHKE, BCEX KJIMEHTOB U UX ’KU3HEHHBIE IUKJIbBL, TO B API MOXHO
BHOCUTBD IIPOM3BOJIbHbIE U3MEHEHMUSI, OTHOBPEMEHHO HEPEHOCS UX B KJIMEHTCKYIO YaCTh.
To xe camoe KacaeTcst CUTyaIMH, KOT/A 10 KAKOU-TO HPUYMHE KU3HEHHBIE [[UKJIBI
BCEX 33/IeliCTBOBAaHHBIX MIPUJIOKEHUIN UIEHTUYHBL.

OnHako 0OBIYHO KU3HEHHBIE [[UKJIBI TIPUJIOKEHUN B PACTIPENETEHHBIX CUCTEMAX
He TaK TeCHO CBsi3aHbl. [[yis1 11060 APYTON MOAETN «KJIUEHT/CepBEP» WU JIs1 HPU-
JIO)KEHUH, UMEIONIUX PasHble JKU3HEeHHbIe 1Kk, API He 10JKHBI HApyIIaTh paboTy
CYIIECTBYIOIUX KAMEHTOB. JTO 03Ha4aeT, 4T0 API 10/KHBI 00eCHEYUBATh HOJIHYIO
06paTHYI0 COBMECTUMOCTD, HE BHOCS KPUTUYECKUX U3MEHEHUT.

YcTonumsble K u3MeHeHuaM API

CyiecTBYIOT OIpe/ieIEHHbIE HPUHIUITBI pa3paboTku MHTep(ENCcOB, KOTOPbIE HPEIOT-
BpamaT JuiHue cbou. Hanpumep, BBelieHNe HOBBIX, HEOOA3ATENBHBIX UCXOMHBIX
JAHHBIX He JOJKHO MEIIaTh BHIHOJHEHUIO KOMaH/bl. TeXHOMOTUs NO/KHA OBITh
YCTOWYMBOM, 1 paboTa OKHA HPOIOIKATHCS, €CIIU HPEIOCTABIEHbI BCE HEOOXOIM-
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MBbI€E JaHHbIE. ITO COOTBETCTBYET IIPUHIINITY: 6biMb KOHCEPEAMUBHBIM 6 TOM, UMO 6bl
Oenaeme, u MUOEPATLHLIM 8 TMOM, MO NPUHUMAETE.

[MoaToMy 106aBIATH HOBBIE, HEOOsI3aTEbHBIE (DYHKIIMY U JJAHHBIE JOJKHO OBITH
BO3MOXHO 0e3 HapylleHus: paboTsl KaneHToB. Ho Kak 6bITh, €C/IM MEHSeTCs caMa
JIOTHKA?

NU3MeHeHne busHec-normku

Bomnpoc, koTopsiit He06X0AUMO 331aTh cebe B ITOT MOMEHT: UTO 03HAYAET U3MEHEHE
API ¢ Touxu 3penus 6usnec-ciieHapus? IloBeneHre NpuiokeHus G0IbIIE He SIBAETCS
npaBuabHBIM? JOJIKEH JIM KJIMEHT € 3TOTO MOMEHTA HPEKPaTUTh paboTy?

310 9KBHBAJICHTHO, HAHPHUMED, CUTyallH, KOrAa IIOCTABIIHK IOIIYJIAPHOTO IIPH-
JIOXKeHUs1 17151 cMapT(hOHOB PEIIUI IPEKPATUTb MOIEP;KUBATD CYIIECTBYIOIIVE BEPCUM
Y BBIHYIUTH TI0JIb30BATE/IEN YCTAHOBUTD y celsl TIOCAEIHUE BEPCUU TTPUIOKEHHUS.
Bo3MokHO, B 3TOM HET HEOOXOAUMOCTU U MOKHO [IPOAOJIKATD [OAEPKUBATH CyIIle-
CTByMOLIME (PYHKINH.

Ecu e 110 KaKkoi-T0 HprYMHE A€ CTBYyIe OU3HEC-ClieHApUH GOJIbIIIE HE MOTYT
HNCHOJIb30BAaTHCA B X HBIHEIITHEM BUAE, MOKHO HOAYMAThb O CO3AaHUN HeKOTOpOﬁ A0-
MOJIHUTENBHOM, KOMIIEHCUPYIOIIel OM3HEC-IOTUKH.

Hypermedia REST v ynpasneHve BepcmsaMu

API Hypermedia REST HeMHOTrO0 ynpomamoT Ty 3an1a4y. B yacTHOCTH, 2/1eMEHTBI
yupasnenusi Hypermedia Ho3BossioT pa3BuBath API HyTeM AMHAMUYECKOTO OTIpe-
JIeJIEHUsT CCBUIOK Ha pecypcsl U aerictuil. Knuents cepuca REST GyayT agantu-
pOBaThCA K U3MEHEHUSIM B IOCTYIIe K CepBUCAM, IPeJyCMOTPUTEIbHO UTHOPUPY S
Heu3BeCTHble (QYHKIINH.

J10BOJIBHO YaCTO HPEOCTABJISIETCST BO3BMOYKHOCTH KOHTPOJIs Bepcuii API. 91o o3Havaer
BBeJIEHVE PA3HBIX OIEPAIUI U PECYPCOB, TAKUX Kak /car-production/vl/cars, HpuueM
MIMEHHO BEPCHSI OTIPeIeNIsiET, Kakyio yacTh API victionb3oBath. O 1HAKO KOHTPOJIb BEPCHI
API HpoTHBOpEYNT Mzee NIPOCThIX UHTEP(deiicoB. B yacTHOCTH, HOCKOJIBKY PeCypChl
REST API nipeacraBasitor co60i CyIIHOCTY HPEAMETHON 061aCTH, BBEZIEHUE HECKOJIb-
KUX 6epcuii aBTOMOOUIIS HE IMEET CMBICJA B TepMUHax GusHeca. CyIHOCTh «aBTOMO-
6unb» upentugunupyercs no ee URL Vsmenenue URI, 4To6bI 0TpasuTh U3MeHEHUsI
GusHec-YHKIMOHANTBHOCTH, 03HAYAIO0 ObI U3MEHEHUE CYITHOCTU «ABTOMOOUIIb>.

VHorga TpebyioTcst HECKOIBKO Pa3JIMYHbIX IPEACTABIEHUNA WIU BEPCU OIHOM
1 TOM K€ CYLIHOCTH IpeaMeTHOM obaactu — Hanpumep, JSON-upeobpasoBaHus,
KOTOPBIE COAEPKAT PasHble HAOOPhI CBOKCTB. IT0 focTuraercs yepes HTTP-unrepdeiic
IIYTEM CO2IACOBAHUSL COOEPHCUMOZ0 Vi OHDPENIEJIEHUST HAPAMETPOB THHA KOHTeHTa. Hanpu-
Mep, pasauutbie npeactasnenvst JSON /151 OHOTO U TOTO 5Ke aBTOMOOUIISE MOTYT 3ampa-
IINBATbCA Yepe3 TUHBI KOHTEHTA, Takue Kak application/json;vnd.example.car+v2,
€CJI1 X TOAeP>KKUBaeT COOTBETCTBYIOIINI CEPBULC.

Yupasnenue unrepdericaMu — BaXXHBII BOHPOC JJISI pacIpe/leIeHHBIX CHCTEM.
PexoMeHyeTcs 3apanee TIaTeabHo HpopabatseiBaTh API ¢ yuetom o6paTHOi coBMe-
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crtuMocTy. Jly4diie IpUHATD JONOJTHUTEIbHbIE MEPBI, TAKKe KaK BBOJ CIEIINalIbHbBIX
oHepanuii, He Ho3BossTIoMX API HapymaTs cymecTByouyo GyHKINOHATHHOCTD,
4eM CO3JaTh YUCTHIN UHTepdeiic, Hapyuamuil paboTy KIMEHTOB.

JIOKYMEHTMPOBAHUE rpaHunL,

I'paHuIbI IPUIIOKEHNI, OHpeessiemblie API 115 BbI30Ba OM3HEC-JIOTUKY, TOJKHBI ObITh
OTKDBITBIMU J1JIsI KJIMEHTOB — HATIPUMED, IPYTUX IPUIOKEHUI B cucTeMe. Bo3Hukaer
BOIIPOC: Kakasd MH(OPMAIU JOJKHA OBITh JOKYMEHTHPOBaHa?

OrpaHuyYeHHbIN KOHTEKCT HPUJIOKEHUS SIBJISIETCS YaCThIO KAPThI KOHTEKCTOB.
TakuMm 06pa3om, 3a1a4u NPEAMETHON 06JACTH JOIKHBL OBITh YETKO OMUCAHBL.
[IpusoxeHue BBITIONHSET OHPEIETIeHHbIe OU3HEC-CIIEHAPUK B PAMKAX CBOETO KOH-
TeKCTa.

Ita uHbOpPMAIKS 0 HDEAMETHOM 06J1aCTH T0/KHA OBITH IOKYMEHTUPOBAHA B TIEP-
ByI0 ouepenb. KINEHTHI JOMKHBI 3HATH, KAKWE BO3MOKHOCTU HPEIOCTABJISIET MPH-
JoxKeHre. ITO KacaeTcs OU3HeC-CIleHAPUEB, a TaK)Ke HepelaBaeMod nH(popManuu
Y BJIaJIEHUS TaHHBIMH.

3aaun IPUIIOKEH S 111 HDOU3BOJICTBA aBTOMOOUIIEH — 3T0 cO0pKa aBTOMOOMIEN
B COOTBETCTBUU C TOUHBIMU crieliudukaiusamu. [Ipunokenvie Bnaseet nngopmanmein
0 COCTOSIHUM BBINYCKAEMbIX aBTOMOOUIIEH B TeYeHMe BCETo mpoiecca cO0PKHU, MoKa
aBTOMOOWJIb HE IOMIET 0 KOHIIA TIPOM3BOACTBEHHON JMHUK U He Oy/IET TOTOB K 110-
cTaBKe HOTpebuTeo. IIpUIoKeHe MOXKET OTIPAIITMBATHCS /151 TPEOCTABIEHMS HOBBIX
JIAHHBIX O COCTOSIHUY HPOIIECCA TPOU3BO/ICTBA ABTOMOOUJIS.

Onucanue npeaMeTHON 06J1aCTH TPUIIOKEHUS IOIKHO COAEPKATh MH(OPMAIIHUIO,
HeOoOXOIMMYIO KIIMEHTaM, C TOYHBIM, HO HE CJIMIIKOM MHOTOCJIOBHBIM OTIMCAHUEM BbI-
HOJIHSIEMBIX 33714, PACKPHIBAs TOJBKO TO, UTO KJIMEHTBI OANCHbL 3HAMND.

IToMuMO TIpeIMETHON 061aCTH, CYIIECTBYIOT €llle TEXHUYECKUE COCTABJISIIONINE,
KOTOpbIE CJIEAYET JOKYMEHTUPOBATh. KIMEHTCKIE HPUIOKEHUs JOKHbL ObITH 3a-
HPOTPaMMUPOBAHbI B COOTBETCTBIHM ¢ cucTeMHbiM API. Onu tpebyior undopmanmu
0 IIPOTOKOJIaX CBS3U U (popMaTax AaHHBIX.

B rnaBe 2 MbI pacCMOTpEJIN HECKOJIBKO TIPOTOKOJIOB CBSI3U U CIIOCOOBI UX Peasu3a-
1. Ha MOMeHT Hanmucanusi KHUTY OTHUM M3 CAMBIX PACIIPOCTPAHEHHBIX IIPOTOKOJIOB
6611 HTTP B coyeranuu ¢ Turamu cogepkumoro JSON u XML. ITpeanonoxum, 4to
™Mbl Toxe ucronb3yeM HTTP. Uto B aTOM ciiyuae HY:KHO TOKyMEHTHPOBATh?

Koneunsie Touku HTTP, 0coGeHHO Te, KOTOpbIE COOTBETCTBYIOT OrPAHUYEHMSIM
REST, HpencTaBasioT CyuIHOCTH HPEAMETHON 06JaCTH B BUE PECYPCOB, JOKAIU-
syembix Ho URL-agpecam. B nepByio odepeas Heo6X0AMMO 3a10KYMEHTUPOBATD J0-
crynusle URL. Knuents: 6yayT noakaodarses K 5TuM URL 17151 BHIHOIHEHNS TEX WK
uHbIX OusHec-cueHapueB. Hampumep, URL /car-production/cars/<car-id> Oyaer
CCHLIATHCS HA KOHKPETHBIA aBTOMOOUJIb, OHPEAEISIEMBIH 10 €r0 UAeHTU(PUKATOPY.

HeobxoanMo Takke JOKyMEHTUPOBATh TUI KOHTEHTA ¥ OAPOOHY 0 MH(POPMAIIHIO
0 ero HpeobpazoBanuy. KIMeHTHI 10KHBI 3HATH CTPYKTYPY U CBOMCTBA UCIIOJbB3Y-
€MOT0 THHA KOHTEHTa.
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HaupumMep, cienmgukanus 1Jist CO3AaHust aBTOMOOIIIS, CONEPIKUT UdeHmuuxamop,
a TaKKe CBEIEHUS O mune osuzamens u yseme kysoea. B popmare JSON atu maHHbIe
BBITIAAAT CJAEAYIOIM 06pa3oM.

{
"identifier": "<car-identifier>",
"engine-type": "<engine-type>",
"color": "<chassis-color>"

}

TuHBI ¥ IOCTYTIHbBIE 3HAYEHUS TAKXKE JIOJKHBI ObITh 337I0KyMeHTHPOBaHbL. OHY COOT-
BETCTBYIOT 3HAHUSIM U3 TIPEJMETHOM 06JIACTU U CEMAHTHUKE, OTTUCHIBAIOIIEH THH [BU-
ratesisi. BaKHO 3a10KyMEHTHPOBATh U TUHBI KOHTEHTA, M CEMAaHTUKY MH(MOPMALIUY.

B cnyuyae c HTTP ectb elnie psi 1OKyMEeHTUPYEMBIX [TOKA3aTENEN, TAKUX KaK JJAHHbIE
3aroJIOBKa, KOTOPBIE MOTYT TOTPEBOBATHCSI, KOZBI COCTOSTHUSL, TIPEAOCTABIISIEMbIE BeO-
cepBUCOM, U T. . Pagymeercs, Bcs 3Ta JOKyMEHTAIMSI 3aBUCHT OT 3a/1eiCTBOBAaHHOMN
TEXHOJIOTMHU ¥ ITPOTOKOJIA CBsi3u. IpeamMeTHas 061acTh TakKe I0JKHA ObITh 4aCThIO
MOKYMEHTAIIMH U IaBaTh KaK MOXKHO OOJIbIIE CBEIEHUH.

Hoxymenrtanusi API HpunoxxeHus sABJisieTCS 4aCThI0 HPOTPAMMHOTO ITPOEKTA.
OHa JI0/KHA TIOCTABJISITHCST BMECTE C HDUJIOXKEHIEM COOTBETCTBYIOIIEN BEPCUU.

JL1s1 TOro uTOOBI JOKyMEHTAIMS BCET]a COOTBETCTBOBAJIA BEPCUU [IPUIOXKEHUS, OHA
NOJIKHA OBITH YACTHIO PEHOZUTOPUS HPOEKTA M XPAHUTHCS B CUCTEME KOHTPOJISI BEPCHIA.
[ToaToMmy 17151 ee cO3JaHUSI HACTOSITENIbHO PEKOMEH/IyeTCsI HICHOIb30BaTh He IBOUYHBIE,
a TeKcToBbIe (popMaThl, HarrpuMep AoKyMeHTsl Word. Xoporio cebst 3apeKoMeH 0BT
Y TIPOCTBIE A3BIKY Pa3MEeTKH, Takue Kak AsciiDoc unv Markdown.

[IpenmyIiiecTBO COXpaHEHUS JOKYMEHTALIUY HETIOCPEICTBEHHO B IPOEKTE, BMECTE
C UCXOJHBIMU KOJAMU MIPIIOKEH, 3aKII0YAETCS B TOM, YTO TIPU 3TOM BEPCUS IOKY -
MeHTaIMK Beeraa 6yeT COOTBETCTBOBATD pa3paboTaHHOMY cepBUCY. VIHKeHephl MOTYT
U3MEHSITh UX OJIHOBPEMEHHO, UTO MO3BOJIUT U306€XKaTh PACXOKIEHUS TOKYMEHTAIUN
C Bepcueil cepBuca.

EcTp MHOTO UHCTPYMEHTOB, HOAAEPKUBAIOIIUX TOKYMEHTHPOBaHIE TPAHUIL IPH-
JIO)KEHUH B 3aBUCUMOCTH OT TEXHOJI0THH cBsi3n. Hanpumep, nuist Be6-cepsuco HTTP
[IMPOKO npuMeHsieTcs cneyugurauus OpenAPI B coueTanuu co Swagger B KauecTse
(petiMBopka foKyMeHTaIuK. Swagger BHIBOAUT onipenenenus API B Buze untaemoro
B 6paysepe HTML, 4To 103BOJISIET IPOTPAMMUCTaM JIETKO UAEHTU(DUIIUPOBATH HPE/I-
JlaraeMble PECYPCHI U CHOCOO UX MCIIOIb30BAHUSI.

Cepsucol Hypermedia REST 1mo3Boasior u36aBUTHCS U OT CaMOI GOJBILION HPO-
OsieMbl CEPBUCHON JOKyMeHTauuu. IlpenocTasienne nHGOPMALMKY O TOM, KaKKe
PECYPCHI JOCTYTIHBI TI0 CChLIKaM, U30aBJisieT OT HeOOXOAUMOCTHU JOKYMEHTUPOBATh
URL-azgpeca. @akTuyecku cepBep IOJy4YaeT KOHTPOJIb HAJ TEM, KaK CO3aI0TCs
URL. KnueHTs! yka3sIBalOT TOJIBKO TOYKY BX0j[a, HarnpumMep /car-manufacture/,
Y IEPEXO/IAT [0 CCUIKAM, TIpenocTaBisieMbiM Hypermedia Ha 0cHOBe UX OTHOIIEHUHA.
Cepsep cam 3HaeT, u3 4ero cocrout URL-aapec aBTomMo6uiist, 1 9ta nHdOpManms
SIBHO HE IOKYMEHTHPYETCSI.

370 0cOOGEHHO CTIPaBeIMBO /JIs 9JeMeHTOB yrpasienust Hypermedia, koTopbie
He TOJIbKO HAHPABJISIIOT KIMEHTOB K PECYPCaM, HO U COOBIIAIOT O TOM, KaK MX UCTIOJIb-
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30Bath. Tak, CEpBUC «IIPOM3BOACTBO aBTOMOOHUIIEH» TOBOPUT KJINEHTY, KAK BBIIIOIHATD
nevictBue create-car: Hysken POST-3anpoc mo aapecy /car-manufacture/cars,
KyZla BXOJUT TEJIO 3aHPOCca ¢ TUMOM coep:kuMoro JSON, KOTOpbIit UMeET CBOMCTBA
identifier, engine-type u color.

KiueHT no/keH 3HATh CEMAHTUKY BCEX OTHOLIEHUN U MMEH JEHCTBUM, a TaKXKe
CBOMCTBa ¥ WX HPOUCXOXKAEHME. ITO, KOHEUHO, JIOTHKA KianeHTa. Best nngopmarms
0 TOM, KaK 1crob3oBaTth API, sBasercs yacteio API. IIpoekTuposanne ciayx6 REST
n36aB/sgeT 0T HEOOXOAMMOCTH HUCATh OOMINPHYIO JOKYMEHTALIMIO.

MocneaoBaTeNbHOCTb UM MacLUTAabUpyeMoCTb?

KoMMyHUKaI1s SIBJISIETCS HEOThEMJIEMOM YaCThHIO PACHPEIETEHHOM crcTeMbl. [Tockob-
KY KOMHbIOTE€PDHbIEC CETH HEJIb3A Ha3BaTb HAAEXKHBIMH, JAXKE €CJIN 3TO BHYTPEHHAA CETh
KOMIIAaHWH, OPraHU3allMsl HAJE)KHOM CBA3U SABJISIETCS HACYIHOW HEOOGXOANMOCTDIO.
17151 IpaBUIIBHOTO MMOBEAEHUS OU3HEC-CLIEHApHeB HEOOX0AMMO 0OECIIEYNTh HALEKHYIO
KOMMYHUKAITHIO.

Patnee B 3TOI KHUTE MBI HPEJCTABUIN TaK Ha3biBaeMyio TeopeMmy CAP, cornacHo
KOTOPOW JJIsl paCHPE/IeNIEHHBIX XPAHUJINII JAHHBIX MOXKHO TapaHTHPOBATh He GoJiee
ABYX U3 TPEX U3BECTHBIX OrpaHH‘{eHHﬁ. MO3KHO TOJIBKO BbI6paTb, 4YTO UMEHHO MbI
XOTHMM rapaHTHPOBATh B CUCTEME — COTJIACOBAHHOCTD WJI TOPU3OHTAJIbHYIO MACIITa-
GUpPYeMOCTh. ITO CUIIBHO BJIMSIET HA OOMEH JaHHBIMU B PACIIPeNeJIEHHOMN Cpeze.

B o61eM ciydae KopHOpaTHBHbBIE CUCTEMBI JOJKHbBI HOCIE0BATENbHO BHIHOIHATD
6usHec-ciieHapun. BusHec-0ruKa J0IKHA TIEPEBOAUTD CUCTEMY U3 OIHOTO COTTIACO-
BaHHOTO COCTOSTHUS B IPYTOE.

B pacnpenenenHbix cucteMax obiiee COrjacoBaHHOE COCTOSTHUE TOPA3yMEBAET,
4TO O6M3HEC-CLIEHAPUH, KOTOPbIE 0OPALIAIOTCS K BHELIHUM CHCTEMAaM, [OJKHbBI TapaH-
THPOBATh, YTO BHI3bIBAEMAs BHEIIHS JIOTUKA Takxe OyzeT cornacoBaHHoi. Takoi
HOAXOJ MPUBOAUT K paCnpeeJIeHHbIM TPaH3aKIUAM. BI/I3HCC'CHeHapI/II/I, BbI3bIBa-
€MbI€ B CUCTEME, BKJ/IIOYaAd BCE BHEIIHUE CHUCTEMbI, BBIIIOJITHAIOTCA B PEXUME «6Ce UU
Huuez0». ITO MOAPA3yMEBAET HEOOXOAMMOCTD 3a6I0KMPOBATH BCE 33/1€CTBOBAHHbIE
pacrnpesenientble (PyHKIMU 10 TEX MOP, IIOKa BCE PacCIpe/eeHHble [TPUIOKEHUS
He pellaTr BCe CBOU 3a/1auu.

EcrecTBenHo, 3TOT mozaxoa He Macutabupyetcst. [IoCKobKy cucTeMa pacipe/iesieH-
Hasl, yIpaB/eHe TPaH3aKIUAMHU OyIeT HPOUCXOAUTD II0 MOTEHIUATIbHO MEAJEHHON
ceru. [Toayuaercs y3Koe MECTO, KOTOPOE MOJKET BbI3BATh BJIOKUPOBKY, HOCKOJIBKY
3aﬂeﬁCTBOBaHHbIe TIPUJIOKEHUA JOJIKHBI 6JIOKI/Ip0BaTbCFI 1 HaXOAUTDHCS B COCTOSIHUU
OXU/IAHWS B TEYEHHE JTOBOJIbHO TATENHHOE BPEMSL.

Boob1iie roBopsi, CAHXPOHHasI, COTJIACOBaHHAS KOMMYHHUKAIIMsI PEKOMEH/IYeTCsT
TOJIBKO JIJISI TeX HPUJIOKEHNH, KOTOPBIE He TPeOYIOT HOAKIIOUEHUs 60J1ee YeM K ABYM
APYTHUM IIPUJIOKEHHUAM OJHOBPEMEHHO. Tectnr IIPOU3BOAUTEJIBHOCTH, a TAKXKE OIIbIT
HKCILIyaTAlMK TOBOPSAT O TOM, YTO BIOPAHHBIN CIIEHAPUN CBA3M IOBOJBHO XOPOIIO
Macirabupyercs 1715 OM3HeC-ClieHapHUs U CPEIbL

ACUHXpPOHHAS CBSI3b HPEANOYTUTENbHA 0 HPUUMHE MacmTabupyemoctu. Pac-
Hpe/eleHHbIe CHCTEMBI C ACMHXPOHHOM CBSI3bIO 1O ONPEAETIEHUIO HE ABISIOTCS
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COTJIACOBaHHBIMU. ACHHXPOHHAsI CBSI3b OCYIIECTBIISIETCS HA JIOTUYECKOM YPOBHE, IZie
CHHXPOHHBIE BBI30BbI TOJAbKO MHUIMMPYIOT GU3HEC-IOTHUKY, HE 0XKKIast COrIaCOBaH-
HOTO pe3yJbTata.

Jlanee MBI PaCCMOTPUM IIPUYUHBI ¥ CIIOCOOBI IOCTPOEHUSI ACHHXPOHHOI 1 B UTOTE
COTJIACOBAaHHOW KOMMYHUKAI[UU B PACIIPEIEIEHHBIX TPUJIOKEHUSIX.

Peructpauns cobbITU, apXUTEKTYpa,
ynpasnsieMas cobbitnuammu, n CQRS

KopmopaTuBHble MPUIOKEHMS TPAAULIOHHO CO3AI0TCS C UCIOIh30BAHUEM MO/IEb-
HOTO HOJX0/1a, OCHOBAHHOTO HA aTOMAapPHOM METOJIE «Co30aHue, umenie, 06Ho6LeHUE,
yoanenue» (create, read, update, delete, CRUD).

Tekyllee coCTOSHIE CHCTEMBI, BKIIOYAsA COCTOSHIE CyLIHOCTEN HPeAMETHOM 061a-
CTH, OTPAXKAETCS B PEJSAMOHHOM 6a3e naHHbIX. EC/iu CyIHOCTD MpeaMeTHOMN 061acTh
OGHOBJISIETCS, TO €e HOBOE COCTOSIHUE, BKJIIOUasi BCE CBOMCTBA, IIOMeEIAeTcsa B 6a3y
JQHHBIX, & CTAPOE COCTOSIHUE YAASETCS.

Konuennuss CRUD TtpeGyeT, 4ToObl HPUTIOKEHUSI COXPAHSIIIN COTTIACOBAHHOCTD.
J1J151 TOTO YTOOBI raPAHTUPOBATH IPABUJILHOE OTPAsKEHUE COCTOSTHUS CYI[HOCTH HPE/I-
METHOM 06J1aCTH, BCE BBI30BbI GU3HEC-CIIEHAPHEB JOJXKHBI BBIIOJHATHCSA COTJIACO-
BaHHO, C CHHXPOHH3al[iell U3MEHEHUH CYLTHOCTeH.

Hepoctatkn CRUD-cuctem

ITa COrIacOBaHHOCTH sABJseTcA eme oguuM HegoctatkoM CRUD-cucrem, 066I9HO
HMCHOJIb3YEMBIX /15T CO3ZIaHUST HPUIOKEHUT.

MacwTtabupyemMocTb

Heob6x0AMMOCTh CMHXPOHU3AIMK OTPAHUYNBAET BO3MOXHOCTH MacTabupoBaHus
cucTeMbl. Bece TpaH3aKIMK BBIHOMHSIIOTCS € OJJHOW CYI[HOCTBIO PEJISIIMOHHON Ga3bl
JaHHBIX, YTO B UTOTE CO3/IAET Y3KOE MECTO HPU MACIITAGUPOBAHUN CUCTEMBL.

ITO B KOHIlE KOHIIOB CTAHOBUTCS MPOOIEMON JISI CUCTEM C OYEHb OOIBUIMMHU
paGoYrMU HATPY3KAaMU WJIM OTPOMHBIM KOJIMYECTBOM T10Jb30BaTesel. OmMHaKO st
MOZIABJIAIONIEro 6OIBUIMHCTBA KOPHOPATUBHBIX TIPUJIOKEHUH MaciiTabupyeMocTn
peNSIMOHHBIX 623 JAaHHBIX BIIOJIHE JOCTATOYHO.

KoHKypupytoLme TpaH3aKumm

Eme oxna HpoGiemMa, BOBHUKAIONAasi HPY MCHOJIb30BAHUM MOJEeJIel Ha OCHOBE
CRUD, — 310 06pab0TKa KOHKYPUPYIOIIKX TPAaH3aKIWiA. BusHec-cleHapuy, BKJIIO-
qaioue B cebsl OMHU U Te e CYNIHOCTH HPeAMETHON 06JacTh 1 AefCcTByoIne
OIHOBPEMEHHO, JI0JIKHBI TAPAHTHPOBATh, YTO UTOTOBOE COCTOSIHUE CYLIHOCTEN Gyer
COTJIACOBAHHBIM.
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V3MeHeHre NMEHH II0JIb30BATENsl ¢ OAHOBPEMEHHBIM OOHOBIEHHUEM KPEJUTHOIO
JIMMWTA €r0 YYETHOU 3aHUCH He JOJKHO IPUBOANUTH K MoTepe 0OHOBIEeHMIA. Peanu-
3alMsl JOJKHA TAPAHTUPOBATh, YTO OOMIMH pe3yibTaT 0benx TpaH3aKIuii GyaeT He-
HPOTUBOPEYNBHIM.

To, YTO KOHKYPHUPYIOIIKE TPAH3aKI[UH I10JIaraloTCs Ha OHTUMUCTUYECKYIO 6J10-
KHPOBKY, OOBIYHO BBI3bIBaeT cOoi Tpausakuuil. O4eBUAHO, TAKOM MOAXOM HengealeH
C TOYKY 3PEHUS MIOJIb30BATENST, HO OH TI0 KpaiiHeil Mepe 06GeCTieyBaeT COrJIaCOBAaHHOCT,
He MOZIABJIAET TPAH3AKIIMH, U OHU He TEPSIOTCS GECCIEeTHO.

OnHaKo TaKo# HOAXO/ MOKET IIPUBECTH K U3IUIIHUM O10KupoBKaM. C TOYKH 3pe-
HsI Teopur OM3HECA HEOOXOAUMO UMETh BO3MOKHOCTh OJITHOBPEMEHHO PEAAKTHPOBATh
VIMSI HOJTb30BATeJIsI U KPETUTHBIN JIMMUT YYETHOW 3aITUCH.

BocnpoussoanMocTb

[TockonbKy HPUJIOXKEHVE COXPAHSIET TOJABKO TEKYIIlEE COCTOSTHUE, BCST MH(MOPMAIHs
O MPEAbIAYIINX COCTOSHUAX TepsieTcst. COCTOSIHME BCET/Ia HEPE3aNMUChIBAETCS HOBBIMU
3HAYECHUAMMU. HOSTOMy 6bIBaeT TPYAHO BOCIIPOM3BECTHU, KaK IIPHUJIOKEHUE IIPHUIILIO
B TeKyllee cocTossHue. Eciu Tekyuiee cocTosHue ObLIO OMMUO0YHO BHIYMCIEHO HO
HUCXOAHBIM BbI30BaAM 6H3Hec—cueHapneB, TO BIIOCJIEAICTBU U UCIIPABUTD 3TY CUTYallUIO
HEJIb3SI.

YacTh ClieHapueB SIBHO TPeOYEeT BOCIPOU3BOAUMOCTH HO IOPUANYECKUM COO06-
paxenusaM. [109TOMy HEKOTOpBIE HPUIOKEHUS BKIIOYAIOT B cebs KyPHAJIbI ayauTa,
B KOTOPbIE MIOCTOSTHHO 3aHOCUTCSI OTIpeIesieHHAs MH(OPMAIIKSI O TOM, YTO TPOUCXOINAT
C CUCTEMOM.

Perncrpaums cobbiTui

PerucTpanus CO6bITUI — 9TO KOHIIEMIIUS, TO3BOJISAIONIAS PEIIUTH IIPOBIEMY BOCIIPO-
M3BOAMMOCTH Y YCTPAHUTD 3TOT HEAOCTATOK cucTeM Ha ocHoBe CRUD.

CucreMsl ¢ perucTpanueil COGBITUN BBIYUCISIOT TEKYIIEE COCTOSTHUE CUCTEMBI HO
ATOMapHBIM COOBITUSM, KOTOPBIE TPOU30ULIH B HPOILIOM. COOBITHSA HPEACTABISAIOT
co6oM OT/ebHbIE BHI30BBI OM3HEC-CIIEHAPUEB, BKIOUYAOIHe B cebst MHMOPMAIIMIO,
COZIEPIKaIIYIOCs B BHI30BaX.

Tekyliiee COCTOSIHUE HE XPAHUTCSI TOCTOSTHHO, HO €70 MOXKHO BOCCTAHOBHUTb, BOC-
HPOU3BOJIA BCe COOBITHS OHO 32 APyruM. CamMu COOBITUS TPOUCXOAUIU B TPOILIOM
1 HEU3MEHHBI.

PaccMoTpuM npuMep: HOJIb30BaTe b CO CBOMMH XapaKTePUCTUKAMU BBIYUCIISIETCS
HA OCHOBE BCEX CBA3AHHBIX C HUM COObITHIL. [IpUMeHsst OfHO 32 APYTUM COBBITHS
UserCreated, UserApproved 1 UserNameChanged, MbI CO3a{IM TeKy1llee IIPeICTaBIeHue
HOJIb30BATeIsl II0 €0 MOCAeAHNM cobbITrAM (puc. 8.2).

CobbITHS COmEPKAT CAMOIOCTATOUHY 10 MH(OPMAIIHIO, B OCHOBHOM KaCAIOIIYIOCS CO-
OTBETCTBYIOIIEro GusHec-ciienapusi. Hanpumep, cobbitie UserNameChanged coaepskuT
METKY BPEMEHU U M3MEHEHHOE M TI0JIb30BaTENST — U HUKAKOM APyroil MHGOpMaInu
o Hem. Takum o6pasom, nHGOPMAIUA COOBITHS ABJISAETCSA AaTOMAPHOI.
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UserCreated

UserApproved

UserNameChanged

A 4

John_Doe_ 123 : User

Puc. 8.2

Co06bITHSI HUKOT/IA HEe U3MEHSIIOTCS ¥ He yAAISA0TCS. ECm CyIHOCTh HpeIMEeTHOM
obsacty 6yneT yaanieHa u3 HPUIOXKEHUs, IPOU30UIET COOTBETCTBYIONIEE COOBITHE
yaanenus, Haupumep UserDeleted. Ilociie HpYMEHEHMS BCEX STUX COOBITUH TEKyILEe
COCTOSTHUE CHCTEMBI 60J1bIIe He OyIeT COAEPIKATh ITOTO TIOIb30BATEIS.

MNpenmyLlecTBa

B npusioxkeHuu ¢ peructpaiieit CoObITHI BCst THGOPMAIIUS O IPUIOKEHNN XPAHUTCS
B BHUJIE aTOMAPHBIX COOBITUH. ITO BCE CBEIEHUS O TOM, KaK TPUJIOKEHNE OKA3aTI0Ch
B TEKYLIEM COCTOAHUM. [17151 TOTO UTOGBI BOCIIPOM3BECTH TEKYIIEE COCTOSTHUE C [EThI0
OTJIaJIKK, MOJKHO PACCMOTPETD BCe COOBITUS U KakK/0€ N3MEHEHUE, BHOCUMOE MU
B CHCTEMY.

To, 4TO BCe, YTO IIPOMBOIILIO C CUCTEMOM, XPAHUTCS B BUAE aTOMAPHBIX COOBITHIA,
VIMeEET Dsii HPEUMYIIIECTB He TOJBKO C TOYKU 3PEHUS OTIAAKU. ITY UH(POpPMAIHIO
MO>KHO MCHOJIb30BaTh /1J1sI BOCHPOU3BEAEHUSI IPOMCXOANBIIETO C CHCTEMOM IIPH IIPO-
BE€JIEHUY CHUCTEMHBIX TECTOB B CPEJI€ IKCIUIyaTal[uu. 3aTeM TECThl MOTYT IIOBTOPSITh
TOYHbIE BHI30BbI OM3HEC-CIIEHAPHER, KOTOPbIE ObLIN CIEIAHbI PAHEE — B IIPOIECCE DKC-
HIIyaTaruu. JTO BaKHOE HPEMMYIIECTBO, OCOOEHHO JIJISi CACTEMHBIX TECTOB M TECTOB
HPOU3BOJUTEIbHOCTH.

ITO BEPHO U [IJ151 CTATUCTUKY, B KOTOPOIi aTOMHAst UH(MOPMAIINS UCIIOTb3YETCsI 11T
cb0opa MaHHBIX 0 HDUMEHEHUH HPWJIOXKEHUs. DTO HO3BOJISET 33/1eWCTBOBATh GU3HEC-
ClLieHapUH ¥ JaHHblE, HOJTy4YeHHbIe I0CJIe Pa3BePTHIBAHUS IIPUJIOKEHHUSI.

[IpeaHOI0KUM, YTO MEHEIKED XOUET Y3HATh, CKOJIBKO HOJIb30BaTEIEH ObLIO CO3-
JIaHO B HOHEJIEJIbHUK, HOCJIE TOTO KaK HPUIOXKEHE HPOPaboTaIo B TEYEHHE ABYX JIET.
B CRUD-cucteme 31y nH(GOpMALKIO HPULLIOCH Obl ABHO COXPAHATH A0 MOMEHTA
BbI30Ba Gu3Hec-ciieHapusi. Ecaiu B Hpo1ioM GusHec-ClieHapuil IBHO He 3aHPaIliBaI-
Cs1, TO OH MOXeT ObITh 1006aBJIeH TOJIBKO KaK HOBasA (DYHKIMS U B OyIyLIEM CMOKET
CO371aBaTh HOBbIE 3HAYEHUSI.

[Ipu perucrpanmu coObITHI Takas PyHKINOHATBHOCTh CTAHOBUTCS BO3MOYKHOI.
[TockonbKy MH(GOPMALIMS O TOM, YTO HPOU3OULIO C CUCTEMOM, COXpaHsieTcs, GusHec-
ClIEHapUH, KOTOpbIe OYYT CO3/aBaThCs B JaJbHENIIEM, CMOTYT paboTaTh ¢ paHee
CO3/1aHHBIMU JAHHBIMU.
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PazymeeTcst, 5TH BBITO/IbI MOXKHO TIOJIYYUTh U 6€3 MCII0Ib30BaHNs PACHPEIETEHHBIX
cucteM. MOHOJIMTHOE HE3aBHCHMOE TIPUIOKEHHE MOKET OBITH OCHOBAHO Ha MOJE/H
C perucTpainueil COGbITUH U MOIb30BATHCS TEMH XKe TPEUMYIECTBAMU.

CornacoBaHHOCTb B peaslbHOM Mupe

I[Ipex /e yeM yrayOUThCs B U3y4EHKE COTIACOBAHHOCTH M MACIITAOMPY€EMOCTH Paciipe-
JIEIEHHBIX CHCTEM, PACCMOTPUM IIPUMED TOTO, HACKOJIBKO COTJIACOBAHHBIM SIBJISIETCSI
peanbubiii Mup. KopropaTuBHble HPUIOKEHUS 0OBIYHO TIOCTPOEHBI TAK, YTOOBI MO
BO3MOXKHOCTh 06€CTIEYTh MOJIHYIO COTIACOBAHHOCTD. OHAKO PeaNbHbIA MUD TIPE-
cTaBiisieT coboit OUeHb PACHPEIEJIEHHYIO U HECOTTIACOBAHHYIO CUCTEMY.

I[IpencTaBbTe, UTO BBI TOJIOMHBI U XOTUTE ChECTh TaMGyprep. Bol uziete B pectopa,
CaINTECh 32 CTOJIMK M TPOCUTE OpulManTa HpuHecTu rambyprep. OpuInaHT npuMer
3aka3. Ho, XxoTs 3aka3 1 HpUHST, 9TO BOBCE O3HAYAeT, YTO BbI HoJlyuuTe eny. IIporecc
3aKa3a He SBJISIEeTCS IIOJTHOCTHIO COTIACOBAHHBIM.

B aToT MOMEHT MHOTOE MOXKET TIOUTH He Tak. Hanmpumep, HOBap MOXKET CKa3aTh
o(puIaHTy, 4TO, K COKAIEHHIO, TOJHKO YTO NCHOIB30BAJ TIOCIEAHION OYI0UKY /s
ramOyprepos 1 cerofHs ux 6obuie He 6yaer. Takum 06pa3oM, HECMOTPSI Ha TO YTO Balll
3aKa3 ObLJ TPAH3AKIIMOHHO HPUHSIT, OPUIIMAHT BEPHETCSA U CKAXKET, YTO BBIMIOJHUTh
€0 HEBO3MOJKHO.

Terepb BMECTO TOTO, YTOOBI IOHPOCUTH BAC YITH, OPUIIMAHT MOKET HPEIJIOKUTD
apyroe 6;0710. VI eciv BbI TOJIOAHBI ¥ 3aMEHA BAC YCTPAMBAET, TO MOXKETE B KOHIE
KOHIIOB HOJIYYUTb €1y.

Bot kakum 06pa3oM BBICOKOPACHpPeAeIeHHbIH PeaTbHbIA MUDP 00pabaThIBAET TPAH3-
akuy OU3HeC-CLEHAPUEB.

Ecau co3gaTh NOMHOCTBIO COTIACOBAaHHYIO MO/IeIb PECTOPaHa, TO CIIeHapUH BbI-
rasien 66t uHaue. JI7ist Toro yToObI rapaHTUPOBATH, YTO 3aKa3 OYIET HPUHSIT TOJBKO
B TOM CJIy4ae, eCJi eCTb BO3MOKHOCTb IPUTOTOBUTH €[y, BECh PECTOPaH AOJIKEH
ObITh 3aKpbIT. KiMeHTaM IPUIETCs: HOMOKAATh U IIPEKPATUTH PA3TOBOPBI, TIOKa O(u-
I[MAHT UJET HAa KyXHIO ¥ 3aKa3bIBaeT eny nosapy. [lockonbky 1 HOCsle 3aKa3a MHOTHE
HPOIIECCHI MOTYT HOMTH HENPABUJIBHO, BCSI TPAH3AKIUS 3aKa3a (PaKTUUECKHU TOJIKHA
GJIOKMPOBATHCS JI0 TEX TIOP, MOKA e/1a He OY/IET MOMHOCTHIO MPUTOTOBIEHA.

OueBUAHO, TAKOH TOAX0/] HAM He TOAX0ANUT. Benb peanbHbIil MUD ITOCTPOEH Ha CO-
TPYAHUYECTBE, HAMEPEHUY BBITIOJHUTH OOEIIAHHOE UJH, €CJIN CAENATh 3TO OKAXKETCS
HEBO3MOXKHO, HO KpaliHei Mepe yCTPaHUTh TPOOIEMBI.

ITO 03HAYAET, YTO PEATbHBIN MUP B UTOTE IEHCTBYET COTJIaCOBaHHO. B KoHeuHOM
CUeTe CHCTEMA PECTOPAHA OKAXKETCS B COTIIACOBAHHOM COCTOSTHMM, HO He 00s13a-
TeNbHO OYIET HAXOAUTHCS B HEM B JII000N MoMeHT. Ha mpakTuke 3T0 03HAYAET, YTO
HEPBOHAYAJBHO IPUHSITHIE 3aKa3bl B JE€HCTBUTENBHOCTH MOTYT OKA3aThCSI HEBBI-
HOJIHUMBIMHU.

PeasibHblE MIPOLIECCH TPEACTABIEHBI B BU/IE HAMEPEHWA, NI KOMAHO, TAKUX KaK
3aKa3 raMOyprepa, ¥ aTOMAPHbBIX PE3YJIbTATOB, WU COOBITUM, TAKUX KaK TO, UTO 3aKa3
HPUHST. 3aTeM COOBITHS BBI3BIBAIOT HOBbIE KOMAH/IbI, KOTOPbIE HPUBENYT K HOBBIM
pe3ysbTaTaM UIn cOOSIM.
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ApXMTEKTYpbI C pernctpaumen cobbiTumn

Tenepsb BepHeMCst K TeMe pacnpesiesieHHbIX cucteM. Kak u B ciydae ¢ pecTopaHOM,
pacHpezieJIeHHbIE CUCTEMBI, KOTOPble OGMEHUBAIOTCS JAHHBIMU COTJIACOBAHHBIM 00-
Pa3oM, HOCPEICTBOM PACHPEAENEHHBIX TPAH3AKIHI, HE MOTYT OBITh MACIITAGUPOBAHEIL.

B apxutexTypax ¢ perucrpainuei coObITui 31a mpobiema peuteHa. CBs3b B HUX
OCYILECTBJISIETCSI TOCPEACTBOM ACUHXPOHHBIX COOBITHIA, KOTOPbIE MYyOIUKYIOTCS U HO-
TPeBASIOTCS HAEKHBIM 0OPa30M.

Taxum 06pa3oM, Kax/asi COTJIACOBaHHAs TPAH3AKIMsI OM3HEC-CLIEHAPUEB pas/ie-
JISIETCSI Ha HECKOJIPKO MEHBIIUX COTJIACOBAHHBIX TPAH3AKIWIA. TO MPUBOIUT K TOMY,
4TO B UTOTE BECh GU3HEC-CIIEHAPUN Oy/IeT COTJIACOBAHHBIM.

PaccMoTpuM puMep Toro, Kak GusHec-clieHapuil 3aKa3a raMmbyprepa MoxKeT ObITh
peann3oBaH B apXMTEKTYpe ¢ peructpanueii cobprtuii (puc. 8.3). Cucrema pectopana co-
CTOWT He MEHee YeM U3 IBYX PACHPeIeJIEHHBIX HPUIOXKEHUN — «O(DUIIUAHT> U «<HOBap».
[TpusioKeHus: pecTopaHa KOMMYHUIMPYIOT, CIyinast coObITHs ApyT Apyra. [IprnoskeHue
«KJIMEHT» OY/IET CBA3BIBATHCS C <O(PUIMAHTOMS, UTOOBI 3aHY CTUTH OU3HEC-CIIEHAPUIA.

OduumaHT MoBap

—» orderMeal()

OrderPlaced -------p prepareMeal()

MealPreparati on Started

-------p  startOrder()

OrderStarted

MealPrepared

------» deliverMeal()

Meal Delivered

Puc. 8.3

«KnuenT» 3aka3piBaeT ey y NpuioxeHus «OPHUIHAHTY, YTO HDUBOAUT K HOsIBJIE-
HUI0 coObITHA OrderPlaced. [Tocsie Toro kak cobbITHE OBLIO HAZEKHO OHYOIMKOBAHO,
meToz orderMeal () Bo3Bpamiaet Bbi30B. Takim 06pa3oM, «KJIMEHT» MOXKET Mapajlieb-
HO JIeJIaTh APYIyIo paboTy.
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Cucrema «1oBap» npuHUMAET cobbITre OrderPlaced ¥ IPOBEPSET, MOXKHO JIN
BBIHOJIHUTD 32Ka3, UCHOJIb3YS JOCTYIIHbIE B HACTOSIIIEee BpeMs MHIpeAneHThl. Ecian
C/IeJIaTh 9TO HEBO3MOXKHO, TO <II0OBAP» FEHEPUPYET APYroe coObITHE, HAHPUMED
OrderFailedInsufficientIngredients, 1 Toraa «0UIMAHT> U3MEHUT COCTOSIHUE
3aKa3a Ha «He BBIIIOJTHEH».

Ecnu npuroroBieHue ebl yCIENIHO HAYaTO, «O(pUIIMAHT» HOJYYaeT COObITHE
MealPreparationStarted u 0OGHOBJISET COCTOSIHME 3aKa3a Ha OrderStarted. Ecin
<KJIEHT» B 3TO BPeMSI CIIPOCUT y «OHUIIHAHTa» O COCTOSTHIH CBOETO 3aKa3a, TOT CMO-
JKET OTBETUTh COOTBETCTBYIOIMM 0OPa3oM.

Korza npurotoBienue eibl 3aKOHIUTCS, TIOSIBUTCS COObITHE MealPrepared, KOTOPOE
COOBUIUT «O(UIUAHTY >, YTO HOPA JOCTABUTDH 3aKa3.

MToroBas cornacoBaHHOCTb B apXUTEKTYypax
C perucrpaumei cobbiTui

BusHec-ciieHapmii 3aKasa el ABJISETCS B UTOTE COracoBaHHbIM. HanexHast my6iu-
Kalus COOBITUH MO-HPEXHEMY TaPAaHTUPYET, UTO BCE KJIMEHTBI B UTOTE Y3HAIOT O CO-
CTOSTHMM CBOMX 3aKa30B. JTO HEHJIOXO, ecjin 06paboTKa 3aKa3a He HAYMHAETCS He-
Me/JIEHHO UJIH 110 KaKOM-TO MPUYMHE BHIHOJHUTD €T0 He yAacTcst. OHAKO He JOJIKHO
CIyYUTHCS TAK, YTOOBI 3aKa3 MOTEPSIICS B CUCTEME M3-3a TOTO, UTO IIPUJIOKEHUE ObLIO
HEZIOCTYHHO. ITO HEOOXOAUMO TAPAHTUPOBATH HPU HYOIMKAIUY COOBITHIA.

37ech TaKKe UCTIOIB3YIOTCS TPAH3AKI[MH, HO B TOPA3/I0 MEHBIITMX MACIITabaX v He
CBSI3aHHbIE C BHEIIHUMU CUCTEMAMU. JTO MMO3BOJISIET PACHPEAEJEHHBIM CUCTEMAM
PEeaNn30BbIBATh TPAH3AKIIMOHHbBIE OU3HEC-CIIEHAPUH, COXPAHSIsl BOBMOKHOCTh TOPH-
30HTAIBHOTO MACIITAOMPOBAHMSL.

Jlist TakuxX KOHIEMIMH, KaK apXUTEKTypa ¢ PErucTpaien coburTuii, Tpebyercs
BBICOKAsI HAZIEXKHOCTh. ITO CJIE/[yeT YYUTHIBATh HPU pa3paboTKe pelieHuil u BeiGope
TEXHOJIOTHH.

BeeneHune B CQRS

Terepb cobepeM BOEANHO HPUYMHBI BLIGOPA APXUTEKTYPBI C PETUCTPALIMEN COOBITUI
1 COOCTBEHHO PETUCTPALUK COOBITHIA.

B apxuTekTypax ¢ peructpaiueii COObITUH CBSI3b OCYIECTBIISIETCS TIOCPEACTBOM
ATOMapPHBIX COOBITUMN. VIMEET CMBIC TPUMEHATH KOMOMHUPOBAHHBIH HOAXO/ M CTPO-
UTb CUCTEMY C PErMCTpalneii COOBITUH, UCTIOIB3YS COOBITUS KAK MCTOYHUK UCTUHBI
o cucreme. Takum 06pa3oM HpenMylLIeCTBa 060MX METOAOB OYAYT COYETATHCS, YTO
HO3BOJIUT CO3/IaBaTh MacIITAbMpPyeMble HO TOPU30HTAIN CUCTEMBI C PETUCTPAIEN
COOBITHIA

Ho xax MoieTMpoBaTh IPIJIOKEHUS C PETUCTPALINEH COOBITUH, B KOTOPbIX MOZIEITH
HpeAMEeTHO 061acTH OCHOBaHa Ha coObITHAX? U1 Kak 3¢ (HEeKTUBHO BHIYMCIATD U BO3-
BpAIATh TEKYIIlEe COCTOSIHUE CYIITHOCTEH ITPeAMETHON 0baacT?
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MozenupoBaHue TAKUX MPUJIOKEHUHN OMUCHIBAETCS TIPUHIUIIOM pa3denenus 3aday
na xomanowt u 3anpocwvt (Command Query Responsibility Segregation, CQRS). OH BbI-
TEKaeT U3 apXUTEKTYPhI C PETUCTPALel COOBITUI M OCHOBAH Ha HEH.

OCHOBHblE NPUHUMNbI

Kak cnenyert u3 nassauus, B CQRS paszenenbl 3aaun KoMaH/ 1 3aIIPOCOB, 2 UMEHHO
YTEHWE U 3AMUCH.

KoMania M3MeHsIeT COCTOSIHME CUCTEMbI, B KOHEYHOM CUETE HPOU3BO/ISI COOBITHE.
Ona He MOXeT BO3BpauaTh AaHHble. KoMaHza 1160 3aBEPUIAETCS YCHEITHO U BO3-
BpAIAET HOJIb UJIM IPOU3BOIUT HOBBIE COOBITHS, OO 3aBEPIIAETCS HEYAAYHO U BO3-
Bpaiaet coobuierne 06 onmbke. COObITHSI TEHEPUPYIOTCS HATIEXKHO.

3aHpOC M3BJIEKAET U BO3BPAIIAET JaHHbIE 63 TT0O0YHBIX 3((HEKTOB B CHCTEME.
OH He MOKET U3MEHUTDH COCTOSTHHE.

Ha sa3pike Java komaHzma feiicTByeT KaK MeTO, HanmpuMmep void doSomething(),
KOTOPBIN M3MEHSIET COCTOSTHUE. 3amMpoC AeMCTBYeT KaK METOJ YTEHUs String
getSomething(), He BAUSIONIUNA HA COCTOSTHME CUCTEMBL. DTH HPUHIIUIIBI KAXKYTCS
MPOCTHIMH, HO UMEIOT OIPEEIEHHOE BIVSTHUE HA ADXUTEKTYPY CHCTEMBIL

OO6s13aHHOCTH KOMaH/] ¥ 3aIIPOCOB JIE/IATCS HA HECKONBKO 3a/a4, HO3BOJISASI C-
mop30BaTh npuioxkeHnst CQRS B HOTHOCTHIO HE3aBUCUMBIX PUJIOKEHUSIX, KOTOPBIE
BBITIOJIHAIOT 60 3aMKCh, TG0 ureHune. Kak je nx pa3pabaThiBaTh U PEATU30BBIBAT
3TOT HOAXOA?

Pa3paboTtka

B coOTBETCTBUY C IPUHIMIIAMU APXUTEKTYPBI C PETUCTPAI[UEN COOBITHI CUCTEMBI
YTeHMsI ¥ 3AMMCH B3aUMOJEHCTBYIOT UCKIIOUUTEIBHO Yepe3 cobbitus. [locnenHue
PaCIIPOCTPAHAIOTCA Yepe3 XPaHUIINILE I KOHIEHTpaTop cobbiTuil. Hukakoii gpyroi
CBSI3U, KPOME CHUCTEM 3aHUCH, CO3AIONTNX COOBITUS, U CCTEM YTEHUS U 3AMUCH, T10-
TpebAAIOUMX COOBITHS 1 OOHOBJISIIOIIMX CBOE BHYTPEHHEE COCTOSIHUE, HE CYIIECTBYET.

Ha puc. 8.4 nokasana apxutexktypa CQRS-cucremsr.

CepBHUCHI KOMaH/[ ¥ 3a[IPOCOB HOTPEOJISAIOT COOBITHS M3 XPAHUIMINA. ITO EIVH-
CTBEHHBIN CHOCOO KOMMYHUKAIINU MEXIY HUMH.

Bce cepBuCH TO/11EPKUBAIOT IPEICTABIEHHE TEKYIIIETO COCTOSTHUS, KOTOPOE OTPAKAET
COCTOSTHYE CYIITHOCTEN MPeIMETHOM 061acTi. TAKUMU CYIITHOCTSIMY MOTYT ObITh, HATIPH-
MeD, 3aKa3vL edvl NI a8MoMobuLU, TPIeM (PUKCUPYETCS HOCTIEAHEE COCTOSHUE UX
CBOWMCTB. ITO COCTOSHME COXPAHSIETCS B TAMSITY UJIU 3aHUCHIBAETCS B Ga3y JaHHBIX.

OTH NPEeACTABIEHUS MO3BOJISIIOT COXPAHUTD TEKYIee COCTOSIHUE B CUCTEME.
VcTuHOM B TIOC/EHEH MHCTAHIMU ABJSIOTCS aTOMapHble COOBITHS, 3aHUCAHHbIE
B xpaHunnie cobbThil. Kaxmapiii 9K3eMHIISIP PUIOKEHUST CAMOCTOSITENBHO 06-
HOBJISIET CBOU NPEJCTABIEHUs COCTOAHMM, TOTPe6IIsAst COOBITUS U3 XPAHUIUINA
Yl HDUMEHSIS UX.

KoMaHgHbIe cepBHCHI COfepKaT OU3HEC-TOTUKY, HHUIUUPYIOILYI0 U3MEHEHWUS
B cucteMax. OHM TIPOU3BOAAT COOBITHS, KOTOPBIE 3AHOCAT B XPAHUJIMIIE TIOCJIE BO3-
MOXHO¥ MPOBEPKH KOMAH/IbI, MCIIOJIb3YsT X MPEACTABIEHUsI COCTOSTHUI.
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Puc. 8.4

Jlyis1 TOro 4TOGBI JTyyllle HOHATD, KAK ABUXKETCS WH(POPMAIHUS, PACCMOTPUAM 3TOT
HPOILIECC Ha HpUMEpE 3aKa3a exbl (puc. 8.5).

void orderMeal()
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OrderPlaced ‘
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Puc. 8.5

KiueHt 3aka3bIBaet ey B 9K3eMHJIsIpe cepBuca koMaHz. [locie Bo3MOxkHOIT HPO-
BEPKU MPEJICTABJIEHUS CEPBUC KOMaH][ Co3/1aeT coObiThe OrderPlaced M 3aHOCUT €r0
B XxpaHunuie coObtuil. Ecm mybaukaiusa cobbITHs IIPOIILIA YCHEIIHO, TO BO3Bpalia-
ercst Meto orderMeal (). KiueHT MoXeT HPOAOIKUTE PaboTy.

CepBuC KOMaH/I MOXET CO3/IaTh UAEHTU(DUKATOP 3aKa3aHHOM e/Ibl, KOTOPBIii BIO-
CJIeICTBUM MOXKET MCIO0JIb30BAThCS, HAIlPUMep, KaK YHUBEPCAIbHBIN YHUKAJIbHBIN
unentudukarop (puc. 8.6).

Xpanuauiie coObITHI Z1e71aeT COOBITHE NOCTYIIHBIM /151 BCEX OTPeOUTENEH, KOTO-
PbIE COOTBETCTBEHHO OOHOBJISIOT CBOU BHY TPEHHKE HPEICTaBIeH s1. KieHT MosKeT moy-
YUTB IOCTYH K COCTOSTHHIO 3aKa3aHHOH /bl B CEPBHCE 3aHPOCa HO ero NAeHTHU(hUKATODY.
B otBert cepBuc 3anpoca GyaeT BbIIABATH MOC/IEIHE HPEICTABIECHNS 3aKa3a.
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MealOrder getOrder()

D D
m <“—> | CommandServise QueryService «—> W

AN b
N /
N .

OrderPlaced ‘ ‘ OrderPlaced

< 7
N ’
R, ’

4 .

Puc. 8.6

Jlnst Toro 4To6BI HPOOKUTH 0OPabOTKY 3aKa3a, aIMUHUCTPATUBHEIN IIEHTP MOXKET
BBI3BIBATD IIOC/IEAYIONINE KOMaH/Ibl, KOTOPBIE TaKke 00pabaThiBaioT coObiTHe (puc. 8.7).

void orderMeal() QueryService
l .
— i
<4—> | CommandServise |
OrderIIDIaced

Puc. 8.7

O6paboTunk cobbiThit 6yner oxuaath coObITHS OrderPlaced ¥ HOCJIE €TO HOMY-
4YeHMsl BbI3bIBATh GU3HEC-CIIEHAPUI CHCTEMBI «ITOBap» prepareMeal(). ITa KoMaH/a
MOJKET HPUBECTH K TIOSIBJIEHUIO HOBBIX COOBITHIA.

O tom, kak peanmn3oBath CQRS, BbI y3HaeTe B paszese «Peanusaiius MUKpPoOCep-
BHCOB B Java EE».
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MNpeumyLiecTBa

CQRS nosBoaser MacmTabpOBaTh pacHpeIeNeHHbIE IIPUI0KEHUS He TOJbKO 110
TOPHU30OHTAJIW, HO 1 HE3aBHUCHUMO OT 3a4a4 3aHWCHU U YTCHU . HaanMep, KOJIN4€CTBO
PEIUIMK CEPBHCA 3aIIPOCOB MOXKET OTJIMYATHCS OT KOJIMYECTBA CEPBUCOB KOMAaH/I.

Harpyska uTeHus ¥ 3am1CH B KOPIIOPATUBHBIX PUJIOKEHUSAX OOBIYHO PACTIPEIEIs-
€TCs1 HEPABHOMEPHO: OTEPAINI YTEHNSI 3HAUNTENBHO OOJIbINE, YeM OTIEPALIUii 3AITUCH.
Batux CIydasaX KOJIMYECTBO 9K3EMILIAPOB YTECHUA MOXKET 6bITb YMEHBLHIEHO HE3aBUCUMO
OT 3K3eMHJIAPOB 3anuck. B cucteme Ha ocioBe CRUD 3710 6110 GbI HEBO3MOKHO.

Jlpyroe HpEUMYIIIECTBO 3aKTIOYAETCS B TOM, YTO KQXK/IbI CEPBUC MOJKET COOTBET-
CTBYIOIIMM 06Pa30M ONTUMM3UPOBATH CBOE MpPEJCTaBJaeHne cocTosiuus. Hanpumep,
HOCTOSIHHOE COXPaHEHWe CYU[HOCTEN MPeAMETHOM 06JacTu B PessiIMOHHOM 6ase
JAaHHBIX HE BCerga SABJISAETCA JYYIIUM DEUICHHEM. Moxuo XPpaHUTb HPEACTAaBJICHUA
B HAMSTH U [IEPECYUTHIBATH BCE COOBITUS HPH 3aHYCKe HPUJIOKEHUS. J[e10 B TOM, 4TO
9K3EMILJIAAPBI YTEHUA W 3allUCU MOIL'YyT CBO6OI[HO BbI6I/IpaTb 1 OIITUMHU3WUPOBATH CBOU
HPE/ICTABJIEHNSI B 3aBUCUMOCTH OT OOCTOATENBCTB.

[To6ounbIM 3(hheKTOM ITOTO OAXOA ABAsIETCs Takxke TO, 4T0 CQRS obecneunBaet
BO3MOKHOCTb 0OPabOTKM OTKa30B Ha CTOPOHE uTeHusA. Eciau xpanunniie coObITHR
HEIOCTYHHO, TO HUKAKHNE€ HOBBIE CO6bITI/IFI HE MOTYyT 6bITb OHy6JII/IKOBaHbI, IIO3TOMY
B CHCTEME He MOTYT ObITh BBI3BaHbI OU3HEC-CIIEHAPHY, U3MEHSIONINE €€ COCTOSTHUE,
B cucremax Ha ocaoBe CRUD 3T0 COOTBETCTBYET OTCYTCTBUIO OCTYHA K Oa3e JaHHBIX.
Opnako B CQRS-cucTemMax cepBHCHI 3aIIPOCOB MOTYT IO KpaliHell Mepe MmepeaaBaTh
HOCJIETHEE COCTOSIHUE U3 CBOUX HPEJICTABIEHUIA.

IpeacraBnenus cocrostuuit B CQRS-cucremax peniaiotr Hpobiemy mMacuitabu-
PYEMOCTH CHUCTEM ¢ peructpanueit coObituit. Takue CUCTEMBI BHIMUCAIOT TEKYIIEe
COCTOSIHUE HPWJIOXKEHUS TI0 aTOMapHbIM COObITHAM. CO BpEMEHEM HO Mepe MOCTY-
HJIEHHN ST HOBBIX CO6bITHfI IIPHU Ka’XAOM BBI3OBE OII€PALlKH 3TOT ITPOIECC BBIHOJIHACTCA
Bce MeqsienHee. [IpeacTaBieHrsi CEPBUCOB KOMAaH/] U 3allPOCOB YCTPAHSIIOT 3Ty He-
06X0IMMOCTh, HOCTOSTHHO HPUMEHSISI TIOCJIETHUE COOBITHSI.

HepoctaTku

Y CQRS-cucreM ecTb He TOJIBKO IIPEUMYIIECTBA, HO M HEMOCTATKK. BeposiTHO, 0MHUM
U3 CaMbIX OOJIBUIMX SIBJISIETCS TO, YTO GOJBITMHCTBO HPOIPAMMUCTOB HE 3HAKOMBI
C UX KOHIIEMIUEN, CTPYKTYPOIi ¥ peasu3alueil. ITO MOXKET BbI3BaTh TPYAHOCTH, ECJIN
JaHHBIHA moaxo/ GyaeT BHIOPaH /Jisl KOPHOPATUBHOTO MPOEKTa. B oT/imune ot cuctem
Ha ocioBe CRUD CQRS HoTpebyeT J0IONIHNTENbHON IOATOTOBKY M 3HAHUS HOY-Xay.

Kax B m06b1x pacnpenenennsix cucremax, B CQRS-cucremax nmeercs 6oibiie
HPUJIOXKeHWUH, yeM npu ucmoab3oBatur CRUD. Kak yxke roBopuiocs, u ajs pac-
HpEJIEJIEHHBIX CUCTEM B 11€JIOM, U JIJIsI JAHHOTO CJIY4asi 3TO TPeOYeT TOHOTHUTETbHBIX
yewnuit. KpoMe Toro, HyKHO GyeT XpaHUIKIIe COOBITHTA.

B orainune oT cxeM, HOKa3aHHBIX HA PUCYHKAX, 3/16Ch He 00SI3aTEIbHO UMETh KO-
MaH/[bl ¥ 32aHPOCHI B BU/IE IBYX WK (0JIee He3aBUCUMBIX HpUiIokeHuid. [Toka hyHKImn
B3aUMO/IEMCTBYIOT TOJBKO Yepe3 cOObITHS], OHYONINKOBAHHBIE XPAHUIUINEM COObI-
THii, YTEHHE U 3aHUCh MOKET BBITIOJHSATH OJHO HPUJIOKEHUE., ITO MOKET IPUBECTH,
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B YAaCTHOCTH, K CO3/JaHMIO OTHOTO HPMJIOKEHUS 71T OUIMAHTa U HOBapa, KOTOPOoe
MO-HPEKHEMY MOYKHO FOPU30HTAIBHO MACIITaAGMPOBATh. ITO XOPOUINI KOMIIPOMUCC,
TaK Kak He TpeGyeTcst MHANBUAYAIbHOE MACIITAGUPOBAHKE CEPBUCOB YTEHUS 1 3AITUCH.

KoMMyHuMKaums

Cosnanne CQRS-crucTeM — 9T0 OUH U3 CIOCOOOB Peann3aluy aCHHXPOHHOM CO-
[JIACOBaHHOI B UTOTe KOMMYyHUKanuu. Kak Mbl y)ke 3HaeM, CYIIECTBYET MHOXKECTBO
(bopM KOMMYHUKALIMY, KAK CHHXPOHHBIX, TAK M aCHHXPOHHBIX.

[l Toro 4To6BI MPUIOKEHMS OBLIM MACIITAOMPYEMBIMHE, PACTIPEIETEHHBIE CU-
CTEMBI He JIOJKHBI OHUPAThCSI HA CHHXPOHHYIO CBSI3b, B KOTOPO# 3a/1€liCTBOBAHBI
HECKOJIBKO CHCTEM. JTO IPUBOIUT K PACIPEI€TIEHHBIM TPAH3AKI[USIM.

Opun 13 crocob60B peanu3aly MaciiTabupyeMOCTH TIPU UCIIOIb30BAHNM He3a-
BHCHUMBIX OT TEXHOJIOTUU CUHXPOHHBIX IPOTOKOJIOB CBSI3H — 9TO MOJEJIUPOBAHUE
JIOTMYECKH aCHHXPOHHBIX ITporieccoB. Hanprumep, Takue mpoTokoJisl B3y, Kak HT TP,
MOTYT HPUMEHSITBCS /IS 3aIycKa 06paboTKH, KOTOPasi BHIHOJHSETCSI aCHHXPOHHO,
a BBI3BIBAIONINH aOOHEHT CPa3y BO3BPAIAET 3HAYEHKE. ITO 0O6ECHEUNBAET UTOTOBYIO
COTJIACOBAHHOCTD, HO MO3BOJISIET MACIITAOMPOBATH CUCTEMY.

Taxxke TpebyeTcs pelnTh, Pa3andaioT Ju IPUI0KEHUs, 00Pa3yIole pacipe-
JIeIEHHYI0 CUCTEMY, BHYTPEHHIOIO ¥ BHeIHIO ¢Bsizb. B CQRS aToT moaxoxn peanu-
30BaH TaK: KJIWEHTAM IpeaaraloTcs: BHenrHue uHtepdeiicel, Hanpumep HTTP, mis
KJIMEHTOB, & CAMH CEPBUCHI OOIIAIOTCSA Yepe3 XpaHuauiie coObiThil. MonenupoBaHue
ACHHXPOHHBIX MIPOIECCOB € OOPAIEHUEM K HUM Yepe3 eIMHBbIA HPOTOKOJ B JIAHHOM
cJlydae He Pa3invaeTcsl.

B uesom npu maHMpPOBaHUY PaCHPEIEIEHHBIX CUCTEM PEKOMEHTYETCST OTIaBaTh
NpeATNoYTeHNE JOCTYHOCTH, TO €CTh MaciTabMPyeMOCTH, a He COTJIAaCOBAHHOCTH.
EcTb MHOTO BAPUAHTOB, COYETAIOIINX ACUHXPOHHYIO CBSA3b C PETUCTPAIMEH COOBITHIA,
u CQRS — nuuib oguH U3 HUX.

B cienytoniem pasnene Mb1 06CyIMM HEOOXOMMOCTD CAMOIOCTATOYHBIX TIPUIIOKEHHUIA.

ApPXUTEKTYPbl MUKPOCEPBWNCOB

M=1 paccMOTpenr IPUYUHBI, 3a/1a41 1 HDEMMYIIECTBA PACHPEIEC/ICHHBIX CUCTEM, a TaK-
JKe HEKOTOPBIE CHOCOOBI CBSI3U M 06GecTieueHrsl CorIacoBaHHOCTH. Ternepb obpatum
BHHMaHUeE Ha apXUTEKTYPY paclpe/ieleHHbIX HPUIOXEeHH.

CoBMEeCTHbIM AO0CTYyNn K AaHHbIM N1 TEXHONOIUAM
B KOPrNopaTuBHbIX CUCTEMaX
OO6mieit ugeeii 11 KOPIIOPATUBHBIX CUCTEM SIBJSIETCS COBMECTHOE MHOTOKPATHOE

IIPpUMEHEHNE TCXHOJIOI‘PIﬁ, a TaKKe OCHOBHBIX JaHHBIX. Panee mb1 paccMaTpuBaId CO-
BMECTHOE UCTIOIb30BaHKE MOJIyJIel Java 1 He[JOCTATKY 3TOTO IOAX0a. A Kak 06CTOUT
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ZIEJI0 C COBMECTHBIM HCITOJIb30BAaHMEM TEXHOJIOTUI U MOJIeNiel JaHHBIX B PacHpeje-
JIEHHBIX CUCTEMAX?

Heckonbko npuiioxeHuit, 06pasyonmx KOPHOPATUBHYIO CUCTEMY, YACTO PEAsIH-
3ytoTcst Ha 6a3e OIHUX U TeX e TEXHOJOTUHN. ITO eCTECTBEHHO JJIsi HPUIOKEHUH,
CO3/IaBaEMBbIX OJHOU KOMAHIO# MUY HECKOJIbKUMU TECHO B3aUMOJAENCTBYIOIUMU
koMmauznaMu. [10aToMy 0YeHb YaCcTO BOBHUKAET MBICJIb O COBMECTHOM HUCIOJI30BAHUU
TEXHOJIOTUY B MPUIOXKEHUSX.

IIpoeKThI MOTYT 33/1€CTBOBATh OCHOBHBIE MOJIYJIH, YTOOBI UCKIIOYUTH 1y6IUpO-
Banue B cucteme. O6bIUHBII CTIOCO0 peann3alny 3TON KOHIIEHIUN — OOIIre MOJEIH.
B opranusaiu MoxkeT ObITh TONBKO OIUH MO/IYJIb, KOTOPBI MHOTOKPATHO 33/IeHCTBY-
€TCsI BO BCEX MTPOEKTAX.

CoBMeCTHOE UCII0Ib30BaHUE MOJIEJIEl TPUBOAUT K BOIIPOCY O MHOTOKPATHOM HPU-
MeHEHWMH COXPAHEHHBIX CYUTHOCTEH MpeIMeTHOM 061aCTh 1 00BEKTOB HepeHoca. Ecin
CYIIHOCTb IIPeAMeTHOH 061acTh Oblia cOXpaHeHa B 6a3e JaHHBIX, e€ JKe MOKHO HOTOM
SIBHO OTTY/Ia U3BJIeYb, HE TaK JIU?

PacnpocTpateHtbie 6a3bl TaHHBIX HOJHOCTBIO MPOTUBOPEYAT KOHIIEMIMY pac-
HpeziesieHHbIX cucTeM. OHYM TECHO B3aUMOJENUCTBYIOT C MpHIoKeHusIMU. V3menenue
CXEMBI WK TEXHOJIOTUH TECHO CBSI3bIBAET JKU3HEHHBII IIUKJI IPIJIOKEHMS U HDOEKTA.
IK3EMILISIPBI PACTIPOCTPAHEHHBIX 6a3 TAHHBIX MELTAIOT MACIITAGM POBAHUIO HPHUJIOKE-
HUI, 4TO Jies1aeT 6ECCMBICJEHHBIM TPUMEHEHKE PACHPEIEJIEHHBIX CUCTEM.

To xe caMoe BEpHO U /IJisI COBMECTHOTO KUCIIOJIb30BAHUS TEXHOJIOTUI B I[EIOM.
Kak 66110 HOKa3aHO B IPEABIAYIIUX [JIaBaX, 0GBIYHO HPUMEHSIEMbIE MOYJIH Y 3aBUCH-
MOCTH BBOJAT TEXHUYECKUE OTPaHUYeHNs B peanusaiiui. OHY CBSI3bIBAIOT ITPUIIOKE-
HUS ¥ OTPAaHMYMBAIOT UX HE3aBUCUMOCTD B CMBICJIE U3MEHEHUI 1 XKU3HEHHOTO ITUKJIA.
Komangam paspaboT4MKOB HPUXOAUTCS TECHO OOIIATHCA U 00CYKAATh U3MEHEHUS,
JIaKe eCJIU T€ He HOBJIUSIOT HA TPAHUIIBI NCHOIb30BAHUS TIPUJIOKEHUS.

Ecsiu paccMaTpuBaTh 3HAHUS M 33/1a4¥ IPEAMETHOM 06J1aCTH B PAMKAaX OJIHOM CHCTe-
MBI, TO COBMECTHOE UCHOJIb30BAHNE JAHHBIX U TEXHOJIOTUH JOBOJIBHO GECCMBICIEHHO.
[To-HacTosmemy acddekTrBHOE COBMECTHOE HCHOJIB30BAHUE TEXHOJIOTHUN BO3MOKHO
MEXKIY CUCTEMAMHU.

Ho 3aiaua 3ak/104aeTcs B TOM, YTOOBI BHEAPSIT IIPUJIOKEHNUS, 3aBUCSIIINE TOJIBKO
OT X Ha3HAYEHUS, C OHOI CTOPOHBIL, 1 JOKYMEHTHPOBAHHBIX IPOTOKOJIOB CBSI3U —
¢ apyroii. [T0aTOMy PEKOMEHIyeTCs BHIOMPATh HE3ABUCUMOCTb, ITyCKall U C IOTEHII-
aJIbHBIM 1y6IMPOBaHKEM, @ HE CBSI3bIBAHUE TEXHOJIOTH.

CoBMeCTHOe HCII0Ib30BaHKE PECYPCOB, 32 UCKJIIOYEHUEM TOYEK COTTPUKOCHOBEHMSI
B KOHTEKCTHOM KapPTe CUCTEMBI, IOJIXKHO CIYXKUTh HPEAYTIPEXKACHIEM [JIST MHXKEHEPOB.
B onucanuu 3ama4 pasHeIX HPUJIOXKEHU CIEAYET SICHO HOKA3aTh, YTO COBMECTHO
UCIIOJIb3y€eMble MOJIEJIU 1 JAHHBIE TIPUHA/IIEXKAT Pa3HbIM KOHTeKcTaM. Kaxkioe Hpu-
JIO’KEHUE JJOJKHO CaMO OTBEYATh 32 PEllleHre CBOUX 33/1aY.

ApXVUTEKTYpbl 6e3 pa3aeneHns pecypcoB

YuuTbiBasi 3TH COOOPaKEHNUST, PEKOMEH/IYETCSI CO3/1aBATh IPUIOKEHUSI 63 COBMECTHO
UCIIOJIb3YEMbIX TEXHOJIOTUI MK AaHHBIX. Kaxmoe mpuioxkeHne HAXOAUTCS B CBOUX
CPaHMIAX ¥ BHIHOJHSET CBOM 33141, OOMEHUBASCh JAHHBIMU COTJIACHO KOHTPAKTY.
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Apxumexmypoi 6€3 pasoenenus pecypcos He 3aBUCAT OT TEXHOJIOTHM, TPUMEHSIEMBIX
61bIMOTEK, MX JaHHBIX U cxeM. OHM II03BOJSIOT CBOOOAHO BHIOMPATh pean3aliu
Yl TEXHOJIOTHH COXPAHEHUST JaHHbIX.

[TepeBoa HPUJIOXKEHUS B pacTpeieieHHoN cucteMe ¢ Python Ha Java He nomken
BJIUSITH Ha IPyTHe IPUIOKEHUS, eCIu coxpaHsiercs: KoHTpakT ero HTTP-untepdeiica.

Ecnu nanHbie 3a1eHCTBYIOTCS IPY TUMU MIPHIOKEHUSMI, HEOOXOAMMO SIBHO YKA3bi-
BaTh 3TO B KAPTE KOHTEKCTOB U TPEHOBATE, YTOOBI HPIIOKEHUE OTOOPAKAIO TaHHbIE
4epe3 nHTEPGECH GuHeC-I0TUKU. Basbl JaHHBIX HE UCTIONB3YIOTCS.

ApxuTeKTypbl 6€3 pas/esieHust PeCyPCcOB MO3BOJISIIOT CO3/IaBATh IPUIOKEHMS C He-
3aBUCHMBIMY KU3HEHHBIMU IUKJIAMU, OHPEEISIEMBIMU TOJBKO SIBHO OIMCAHHBIMU
KoHTpakTamu. KoMaHbl pa3apaGoTYMKOB CBOGOIHBI B BHIOOPE TEXHOJOTUN U JKU3-
HEHHBIX UKJIOB HPOeKTa. TeXHOJIOrus, a TaKKe JaHHbIe, BKIOUas 6a3bl JaHHBIX,
MPUHAJIEXKAT TOJIBKO IIPUIOKEHUIO.

He3aBucuMble CUCTEMBI

ApXuTeKTYypbI 6€3 pas3iesieHns: PeCypPCOB PaHO WJIH TIO3HO [OJIKHBI HAYaTh B3aUMO-
NeACTBOBATD C APYTUMU NPUIOKeHUsIMU. DUKCHPOBaHHbBIE KOHTPAKTbI IOJKHBI ObITH
BBITIOJIHEHBI, IOKyMEHTUPOBAHBI U HEPEIaHBbL

Jleso B TOM, 4TO apxXuTeKTypa 6e3 pas3aeseHuns: pecypcoB 3aBUCHUT TOJIBKO OT (u-
KCUPOBAHHBIX KOHTPAKTOB U 00si3aHHOCTEH. B ciiyuae nusmeHeHus: 6u3HeC-JIOTMKK
KOHTPAKThI I0JIKHBI ObITh HEPEOTIPENEIEHbI U NIePelaHbl 3aHOBO. 3a PEATH3aIUI0
KOHTPAKTOB OTBEYAET TOJbKO KOMaH/1a Pa3paboTYNKOB HPHJIOKEHHMS.

B3anmo3aBHCHMbIE CUCTEMbI COCTOSIT U3 HECKOJIBKUX NPUJIOKEHNH 6e3 paszere-
HUSI PECYPCOB C SIBHO OHUCAHHBIMU uHTepdeiicamu. VcHonb3yeMble nHTEpGhEChI
JOJKHBI OBITh HE3aBUCUMBIMHU OT TEXHOJIOTUH, YTOOBI He HAKJIAIbIBATh OTPAHUYEHHUST
Ha PeaIN3alHIo.

VIMEHHO 3TOT IIPUHIIMII JIEKUT B OCHOBE MUKPOCEPBUCHBIX aPXUTEKTYP. MUKPO-
CEPBHUCHI COCTOSIT U3 HECKOJIbKUX B3aMMO3aBUCUMBIX HPUJIOKEHUH, KAXKI0€ U3 KO-
TOPBIX Peann3yeT CBOI0 GU3HEC-JIOTHKY, & BCE OHU, BMECTE B3SIThIE, PEIIAIOT OOILYIO
npobiemy.

HasBanue MUKpOCepBICa He BCETAa TOBOPHT O pa3mepe npuuoxenust. [Ipumoxe-
HUE JIOJKHO CO3/1aBaThCs OAHOM IPyNnoi pa3paboTunkos. [1o opraHM3alMOHHBIM
NPUYKMHAM pa3Mep TPYIIIbI He J0JKeH ObITh CAMIIKOM 6osbiM. B Amazon yacto
OTMEYAIOT, YTO KOMaH/[a Pa3paboTYMKOB JOJKHA OBITH TAKOM, YTOOBI €€ MOXKHO ObLIO
JIOCBITa HAKOPMUTD ABYMSI [TUI[IIAMHU.

[Iepen MoCcTpoeHrEM MUKPOCEPBUCOB HYXKHO PACCMOTPETh IPUYMHBI, HO KOTOPBHIM
co3naercsi pacHpeziesieHHasi cucreMa. Eciii 0co60it He06X0AMMOCTH B TAKOW CHUCTEME
HET, CO3/1aBaTh ee He CTOUT. [IpeanouTenre caeayer OTAaTh MOHOTUTHBIM MIPUIOKE-
HMSIM C Pa3yMHbIM HaGOPOM PelIaeMbIX 3aj1au.

OG6BIYHO TIPY TPOEKTUPOBAHUN MUKPOCEPBUCHBIX aPXUTEKTYP CTPEMSTCS Pas-
[IeTUTh MOHOJINTHBIE HPUJIOKEHUS CO CIUIIKOM IIUPOKUM KPYyTOM PelllaeMbIX 3a/1a4,
WY CO3/IaBaeMble HECKOJIbKMMM KOMAaH/IaMy Pa3paboTYMKOB, MM MMEIOLINE PA3HbINA
JKM3HEHHBIN UKJI. ITO MOKHO CPABHUTD € PeCTPyKTypusanueir. O6bIMHO BHIHOTHUTD
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PECTPYKTYPHU3AIUIO KJIACCA, CTABIIETO CAMIIKOM OONBINNM, U Pa3/IeNTh €r0 Ha He-
CKOJIBKO JIEJIETATOB MPOIIE, YeM CPa3y HAMKUCATh UAEAIBHBIN CIIEHAPUIL.

B uiesioM, Beerzia peKOMEHYETCS] CTPOUTH CUCTEMY € yU4eTOM OGusHec-TpeboBaHui
1 KOHTEKCTHOM KapThl CUCTEMBI, I'/I€ OIIpEeAEI€Hbl KOMaH/1bl pa3pa60T‘-II/IKOB u XKU3-
HEHHbIE ITUKJIbL HpPIJIO)KCHPIﬁ.

ObnayHble 1 aABeHaauaTUdaKTOPHbIE NPUNOXKEHUS

B rnaBe 5 6b11M OHUCAHBI HPUHIUTIBI Pa3paboTku 12-(pakTOPHBIX U 0OIAUHBIX HPU-
soxenuit. OHM OCHOBATEIBHO MOIEPKUBAIOT MUKPOCEPBICHYIO ADXUTEKTYPY.

B 4acTHOCTH, KOHIIEIMSI, OCHOBaHHAS HA TIPUHIIUTIE <HUYETO OBIIEro» ¢ HATNYNEM
B3aMIMO33aBHCHMBIX paclipe/ieJIeHHbIX IIPUJIOXKEHHH, XOPOLIO PeaN3yeTcsl C UCII0JIb30-
BaHWEM [IPUHIIUIIOB KOHTEMHEPHBIX MACHITAOUPYEMBIX KOPIIOPATUBHBIX ITPUTOKEHUN
6e3 coXpaHeHHUs COCTOSHMUS.

[Mpunnunet 12-GakTOpHBIX MPUIOKEHUN U 3P (hEKTUBHBIN XapakTep 06JaYHbIX
Y KOHTEHEPHBIX CPe/] HOOLIPSIOT IIPOrPAMMUCTOB K Pa3paboTKe BEICOKO2(D(DEKTUBHBIX
MHUKDPOCEPBUCOB C yIIpaBJisieMOl Harpy3koil. TemM He MeHee KOPIIOpAaTHUBHAS CUCTEMA
He 06513aTeIbHO J0JKHA OBITH PACTIPEIEIEHHOM, YTOOBI COOTBETCTBOBATH 12-(hakTop-
HBIM WK OOJIAYHBIM HPUHIUTIAM. ITH HOAXO/BI 1€JeCO00Pa3HO MPUMEHSTh U TIPU
CO3/IaHUH MOHOJIUTHBIX HPUJIOKEHUH.

Koraa MUKpOCEPBUCHI HYXHbI, @ KOraa — HeT

B nocneqHue rofpl B MHAYCTPUU HPOTPAMMHOTO 006eCTIeYeH sl TOHSIACH HACTOSIIAS
IIyMKXa BOKPYT apXUTEKTyPbl MUKPOCcepBUCOB. Kak Bcera O6bIBaeT B TAKMX CIyYasix,
WHXKEHePaM CJIEAYeT CIPOCUTH Cebsl: YTO CTOMT 32 OUEPEIHBIMY MOJHBIMU CJIOBAMHU
Y MEET JIX CMBICJI 3TO BHEAPATH? Beer/a monesHo u3yuyuTb HOBYIO TEXHOJIOTHIO U €€
METO/IBI, HO BOBCE He 00sI3aTEIbHO CPa3y JKe UCIONb30BaTh.

[TpuurHbBI IPUMEHEHMST MUKPOCEPBUCOB T€ JKE, UTO U Y PACIIPEIEIEHHBIX CUCTEM
B 11esioM. EcTh TexHMYeCKKe MPUYMHBI — HAPUMED, HPUJIOXKeHUe TpebyeT Hesa-
BHCUMOTO XU3HEHHOTO I[MKJIA pa3BepThiBanus. ECTh Takke HPUYMHBL, TUKTyEeMbIE
6usHec-TpeOGOBaHUAMMY, CUTYAI[MEN B KOMaH/IaX Pa3pabOTUMKOB 1 PEXKUMAaMK PaGOTHL
HPOEKTa.

YacTo HPUIMHON MCHOTH30BAHKSI MUKPOCEPBUCHBIX APXUTEKTYD HA3bIBAIOT Mac-
mTabupyeMocTh. Kak Mbl yoKe yBUIEN, U3ydasi apXUTEKTYPhI C PETUCTpaIyeis coObI-
THi1, MOHOJIUTHBIE IPUJIOKEHM HEIb35 MacIITabupoBaTh [0 6eckoHeyHocTh. Bompoc
JIVIIIIb B TOM, SIBJISIETCS JIK MACIITAOMPYEMOCTh UCTUHHON TIPOBIEMOIA.

CylecTByIOT KPyITHbIE KOMIIAHUM, B KOTOPbIX GU3HEC-JIOTUKA, Pealn30BaHHAs
B BH/IE MOHOJMTHOTO TIPHJIOXKEHUs, 0OCTYyKUBAET OTPOMHOE KOJIMYECTBO MOJIb30Ba-
tesieit. IIpeske 4eM paccMaTpUBaTh PACIPENEEHHYIO CPEy Kak pelieHre HpobueM
MacmTabupoBaHus, HeO6XOAUMO coOpPaTh MH(GOPMAIIUIO U CTATUCTUYECKUE JTAHHBIE
0 TIPOU3BOIUTEBHOCTH.

VHkeHepaM He CJIEAyeT PACCUUTHIBATD HA TO, YTO MUKPOCEPBUCHAS aDXUTEKTYPA
peumt Bce HpoOsieMsL. ITo pe3ybTaTamM cCeMUHAPOB U 0OCYKIEHUSI MOTHBIX TEHAEHIHTA,
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pelIeH s YaCcTO MPUHUMAIOT Ha OCHOBE HE3HAYMTEIHHOTO YHC/Ia CBUIETEIBCTB B O3y
TOM WJIM WHOM TEXHOJIOTUU WUJIU JaXKe MTPH MX OTCYTCTBUU. KOHEYHO, MUKPOCEPBHUCHI
00€eCcTIednBaIOT PsA/ IPEMMYLIECTB, HO 3a HUX HPUXOAMTCH ILIATUTh OHPENENEHHYIO
LeHY B BU/Ie 3aTPAT BPEMEHU M IPUJIOKEHNs yeuanii. B mo6om ciyyae 3a pasaenesu-
€M 3a/1a4 MeX1y HECKOJbKUMM IPUIOKEHUAMH JOJKHBI CTOATD SIBHbIE TPeOOBAHUS
¥ BECKU€ HPUUMHBI.

Peanusauna mukpocepsuncos B Java EE

Tenepb IOrOBOpUM O TOM, KaK CO3/jaBaTh MUKpocepBUCHI Ha Enterprise Java.

B pasiuunbix 06CykIeHUSX U Ha KOH(DepeHIusx a3biK Java EE HassiBamu cm-
KOM TSDXKEJIOBECHBIM M TDOMO3/IKUM JJISI MUKpOCepBUCOB. besycoBHO, 3T0 BepHO A
texHosoruu u npuHiHoB J2EE, o Java EE mpeasaraer coBpeMeHHbIE SKOHOMHBIE
crocob6bl pa3paboTKU KOPIIOPATUBHBIX HPUJIOKEHUN. ITH acMeKThl HOAPOGHO pac-
CMOTpEHBI B IJIaBax 4 U 5, 0COOEHHO B OTHOLUIEHUU COBPEMEHHBIX CPE/I,

Java EE nelicTBUTEIbHO XOPOIIO MOAXOAUT [JISI HAMMCAHUS MUKPOCEPBUCHBIX
npusoxeHuil. KoHTeiiHepHBIE TEXHOJIOTUHU U yIIpaBjeHNe KOHTeliHepaMy HOJJep-
JKMBAIOT 3Ty HIaT(opMy 0cobGeHHO oTOMY, uTo B Java EE 6usHec-noruka otaeneHa
OT peayn3aluu.

an'IO)KeHMﬂ C HyneBbiIMMU 3aBUCUMOCTAMU

Muxkpocepsucsl B Java EE noctpoens! kak uzeanbHble IPUIOKEHUS C HYJIeBbIMU
3aBUCHMOCTSIMU.

«Tonkues> WAR-nipusioxeHns: pa3BepThIBAIOTCS B COBPEMEHHBIX KOPIIOPATUBHBIX
KOHTEHEpax, KOTOPbIE B CBOIO OYEPE/lb CAMU MOTYT COOMPATBCS B KOHTEWHEPHI, UTO
CBOJINT K MUHUMYMY BpeMsI pa3BepThiBaHUs. ApTedakTsl pa3BepTsoiBanus Java EE nomxk-
HbI COZIEPIKATH TOJIBKO YKa3aHHbIE 3aBUCUMOCTH. Ec/in ecTb 060CHOBaHHAs TOTPEGHOCTD
B 100aBJIEHUH CTOPOHHUX 3aBUCUMOCTEH, TO OHY IOJIKHBI ObITh YCTAHOBJIEHBI Ha CEPBEPE
npuioKeHuit. JlaHHbIN MOAX0/ yHpOoU[aeTcs: 61aroaaps KOHTEHHEPHBIM TEXHOTOTUSIM.

ITO TaKXKe BIIOJHE COOTBETCTBYET U/IEE APXUTEKTYPBI 6€3 pas/ieIeHus1 PECypPCOB.
Komanzia pa3paboTYMKOB OTBEYAET 32 BCE TEXHOIOTHH [IPHJIOKEHYIS ¥ 32 BKIIIOYEHHE
COOTBETCTBYIOIIMX OUOINOTEK B YCTAHOBOYHBIN TAKET CepBepa. JTO JIETKO CAEIATh
C HOMOIIIIO OTIpeie/IeHr it MHPACTPYKTYPHI Kak Koja, Takux kak Dockerfiles.

CepBepbl NPUIOXEHUN

B cooTtBeTcTBUY € 3TOM KOHLIEHIIMEN cepBep IPUJIOKEHUH HOCTABJISIeTCs B KOHTEIHepe,
COJIEPKAIIEM TOJIBKO O/(HO pHJIOKeHHe. [IpUHINH «00HO npunodcernue — 00uH cepeep
NPUNOKHCEHUL> TAKIKE COOTBETCTBYET UIIee ADXUTEKTYPbI O€3 pas/IeeH s PECYPCOB.
Bosnukaet Bompoc: He CAWIIKOM JIM BEJIUKHU HaKJIaJHblE PAacXO/bl OT CEPBEPOB
IPUJIOKEHUH, eCIIH KaX/blil 9K3eMILISAP cepBepa COAEPKUT TOIbKO OJJHO HPUJIOXKe-
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Hue? Panbine 370 TpeGOBAIO 3HAYNTENBHOTO 00beMa OHEPATUBHON HAMSITH M MECTa
B XpaHWIHIIIE.

B aTOM cMbICTIe cCOBpeMEHHbBIE CEPBEPHI MPUIOKEHUI 3HAYUTENBHO YIIYUIIEHbI.
CymiecTBy10T 6a30Bble 00pa3bl KOHTENHEPOB ¢ cepBepami, Takue kak TomEE, 3anuma-
fomue Beero 150 MGaiit u 1axke MeHee M COZIEPIKAIIie BECh CEPBEP, BKIIOYAs CPE/Y Bbi-
TIOJIHEH WS Java U OTlepalioHHyI0 cucTeMy. [loTpebieHrie HAMATH TaKKe 3HAYUTETbHO
ONITHMU3MPOBAHO OGsarogaps QyHKIMY JUHAMUYECKOH 3arPy3KH.

Pa3Mepbl yCTaHOBOYHBIX HAKETOB KOPIIOPATUBHBIX TIPOEKTOB OOBIYHO HE SIBJISIOT-
cs1 6obIION HPOGJIEMOI, €CIU TOJBKO OHYM HE Ype3MEPHO BeJMKH. [0paszio BaxkHee
pa3mep coOOpPaHHbIX ¥ HOCTABIAEMBIX apTe(akToB. ApTedhakT NPUIOKEHS], KOTOPBIN
171 HEKOTOPBIX TEXHOJOTUIM MOJKET COIEPXKATh 3aBUCHMOCTU OOBEMOM B HECKOIBKO
MerabaiT, CObMPaeTCs U MEPENAETC MHOTOKPATHO, B TO BPEMS KaK CPeZIa BBIMOJTHEHUS
YCTaHABJIUBAETCS TOJIBKO OJMH Pas3.

KoHrTeliHepHbIE TEXHOIOTMH, TaKKe Kak Docker, MCIOAb3YIOT MHOTOYPOBHEBBIE
(baiinoBbIE CUCTEMBI, KOTODBIE IO3BOJISIOT YMEHBIIAT U3MEHSIOIINECS YACTH. ITa KOH-
HeNnUus TOAAePKIBAET HPUIOKEHMS C HYI€BOI 3aBUCUMOCTHIO.

To, uto Kaxkaas cGOpKa MPU HENPEPHIBHOW HOCTaBKe Oy/eT MepesaBaTh BCETO
HECKOJIbKO KMI00alT MaHHBIX, OyeT ropaso 6oiee 1eaecoobpasHo, 4eM XPaHUTh
HECKOJIbKO MeTabaiiT B 6a30BOM yCTAaHOBOYHOM IIAKETE,

Ecsiu pasmep ycTaHOBOYHOTO MAKeTa BCE PABHO HEOOXOAMMO COKPATUTD, He-
KOTOPbIE HOCTABIIUKYU MPUJIOXKEHNI HO3BOJISIOT aIalITUPOBATh KOHTEMHED K Tpe-
6yembim crangapTaM. OcobeHHo 3T0 Kacaercs nnunuatubbl MicroProfile, koTopas
MOJ/IEPXKUBAET HECKOJbKUX MOCTABIIUKOB CEPBEPOB IIPUIOKEHUH U ONpenessier
TOHKME HPOUIn.

Muxkpocepsucsl Java EE He Hy>kHO pacHpOCTpaHSITh B BuJe aBTOHOMHBIX JAR-
daiinos. Hao6opoT, MpuioKeHus, TOCTABJIsIEMble B KOHTEHEPAX, JOMKHBI TOAED-
JKUBaTh IPUMEHEHNE MHOTOYPOBHEBBIX (DANIOBBIX CHCTEM U PAa3BEPTHIBATHCS B KOP-
HOPATHBHBIX KOHTEeHHepax, HaxoaAmuxcs B 6azooM obpase. Otaenbubie JAR-daiinn
HE YZIOBJIETBOPSIOT 3TOMY HPUHIIMILY.

EcTb BO3MOKHOCTH KOMOMHUPOBATH aBTOHOMHBIE JAR-(aiiibl u «ToHKOE» pas-
BEPTHIBAHUE C HOMOIIIbIO TaK Ha3biBaeMoro moJioro JAR. OHako HpY UCTIOIb30BAHUT
KOHTEHHEPOB 9TO He TpebyeTcs.

Peanusauuns KOHTYPOB MPUSIOXEHUM

[Tepeiinem k peanusanuu KoHTypa npuioxenus Ha Java EE. Ilo cytu, ato Borpoc
CKOpee CCTEMHOI apXUTEKTYPBhI, Y€M PeaTH3aI[HH.

CBs13b MeX Ty MUKPOCEPBHCAMH JI0JIXKHA 33/1€MICTBOBATH HPOTOKOJIBI, HE3ABUCHUMBbIE
ot Texnosorun. Kak Mol yxe 3HaeM, Java EE aktuBno nognep:kusaer HT TP, mockombky
u HTTP-cepsucsl, u REST-ceppucs! npumensior Hypermedia.

B caenyomem noapasaene GyaneT pacCMOTPEHa ACHHXPOHHAS CBA3b B CHCTEMAX
CQRS mocpeacTBoM my6aMKaLuy U HOANKMCKHY, PEATU30BaHHON ¢ ToMoIbio Apache
Kafka.
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Peanuzaumsa CQRS

Panee B 97011 I71aB€ MbI PACCMOTPEIN HPUYMHBI U KOHIIETII[HH, JIEXKAI[e B OCHOBE pe-
TUCTPALUY COOBITUH, APXUTEKTYD, OCHOBAHHBIX Ha yripaBieHuu cobbitusimu, 1 CQRS.
CQRS Hpenmaraer HHTEPECHBIN HOAXOA K CO3AHUIO PACHPEIEIEHHBIX TIPUIOKEHUH,
[PU KOTOPOM PEanu3yIoTcs MaciiTabupyemble B KOHEYHOM CUY€ETE COTIACOBAHHBIE
OU3HEeC-CLIEHAPHL.

Ha momenT Hanucanus stoi kauru texuonorus CQRS BoisbiBana 601bII01 HHTE-
pec, HO KOpHOpaIuK MaJIo 3HAJIU O TOM, KaK ee UCI0s1b30BaTh. [losiBumich ppeiiMBopku
¥ TEXHOJIOTHH, HAalTPaBJIEHHbIE Ha peasn3anuio 3Toro Hoaxona. Oauako CQRS — ato
APXUTEKTYPHBIHM CTUIIb, U 1A pa3paborku CQRS-cucreM cHennaIM3upOBaHHBIE
(ppeliMBOPKY He HYKHBIL.

[Moapo6Hee pacCMOTPUM KOHIIEMIIUIO, KOTOpas HpuMeHsietcs B Java EE.

CucteMHble UHTepdenchbl

Cuctemusbie untepdeiicsl B CQRS ucnonp3yiorcss u3BHe CUCTEMBI 1715 3ayCcKa
6usHec-cueHapues. Hampumep, KIMEHT 06paiaeTcs K cucTeMe «0(UIIMAHT», YTOOBI
3aKasarb ramOyprep.

Itu uHTEPDENCHI 32EHCTBYIOTCS U3BHE U UICATBHO PEATU3YIOTCS C IPUMEHEHUEM
TEeXHOJIOTUYECKU He3aBUCUMBIX IPOTOKOJIOB.

Jlnsa REST-nonobusix HT TP-cepBrCOB 9T0 03HAYAET, YTO B KOMAHAHBIX CEPBUCAX Pea-
Jm3oBanbl uaMenstonue pecypest HTTP-meTonbl, Takue kak POST, DELETE, PATCH u PUT.
CepBHCHI 3aITPOCOB 0OBIYHO TOIBKO UCTIOIb3YIOT PECYPCHI € TIOMOIIBIO 3AITPOCOB GET.

B mamem npumepe 3TO 03HAYaeT, 4YTO KJIMEHT JlelaeT HOBBII 3aKa3a e/lbl B BHE
POST-3ampoca B pecypc cepBrca KOMaH[. AHAJIOTHYHO 3aKa3bl Ha ey GopMUPYyIOTCS
yepe3 GET-3aHPOCHI PECYPCOB Yepe3 CePBUCHI 3AIIPOCOB.

Itu HTTP-untepdeiicsl 0OTHOCITCS K BHEIIHeH KOMMyHUKaIuu. BayTpu npu-
JIOYKEHUS CBSI3b OCYIIECTBISAETCS Yepe3 COOBITHS, KOTOPbIE Iy OIUKYIOTCS C TIOMOIIBIO
KOHIIEHTPATOPa COOBITUIA.

Mpumep cueHapusa B Apache Kafka

B sToM npumepe s Oy Ay HCII0/Ib30BaTh OPOKEP pacHpeeJeHHbIX coobuenuii Apache
Kafka, Tak xax on o6ecriedrBaeT BHICOKYIO IIPOM3BOAUTENBHOCTD U IIPOIYCKHYIO CIIO-
COOHOCTD. ITO JIMIIb OJMH U3 MHOTHX IPUMEPOB TEXHOIOIMH 0OMeHa COOOIEHUAMHY,
HOAJEP/KUBAOILEN METOA IyOINKALMY 1 HOAIUCKA.

Ha momenT Hanvcanus kauru B Apache Kafka ve Gbiia mosmHOCTBIO peansoBana
cemanTuka JMS. B caeayiomux npuMepax 6yaeT IpuMeHeH 3aBUCALINE OT IIOCTaB-
muka kanentckuit API Kafka.

CornacHo koHuenuu nybaukanuu u noanucku B Apache Kafka coobuenus
YIIOPSAZOYEHBI HO TeMaM. CHCTeMy MOXKHO KOH(UTYPUPOBATh TAKUM 06Pa3oM, YTOOBI
06€eCHEYNTh BO3MOKHOCTD TOTPEOIEHUS TPAH3AKI[MOHHBIX COOBITUH B TOM TIOCIEI0BA-
TEJBHOCTH, B KAKOW OHM GBbLIH CO3/IaHbl, YTO HEOOXOAMMO /151 Pa3pabOTKY HAIEKHBIX
Ou3HeC-ClIEHAPHEB B aDXUTEKTYPE C PETUCTPaIell COOBITHIA.
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ITocne pacnpocrpanenns 6pokepsl Kafka vcnonp3yior Tak HasbiBaeMble TPYIIIIbL
noTpebuTesiell, yTo6bl YIPaBAAThH TEMAMU U pasfeiamMu cooluenuit. Visyuenue ap-
xutektypbl Kafka BBIX0AUT 32 paMKU KHUTH, IO9TOMY TIPH BHIGOPE 3TOM TEXHOTIOTUU
PEKOMEH/IYI0 06PATUTHCS K €€ JOKYMEHTAI[UH.

Ecau xopoTko, coobineHne mybIuKyeTcsa B TeMe U MOTPeOIsAeTCs OAUH Pas3 KaxkK-
I0# Tpymoil HoTpebuTenei. Kaxaas rpymma cOCTOUT U3 OIHOTO WM HECKOJIbKUX
norpebutesneil. Ee Hannuue rapaHTUPyeT, YTO POBHO OMH nOTpebuTess 06paboTaer
coobIeHne, KOTOpoe GBITIO OMy6INKOBAHO HOCPEICTBOM TeHEPATOPa TPAH3AKIIUA.

CQRS-cucrema 10/KHa TOTPEOIATH COOOILEHNS B HECKOIBKIX MecTaX. [IpuioskeHns,
3aMHTEPECOBAHHbIE B OIPENEICHHON TeMe, Oy Ay T MOTPebIATh COOOIIEHNs 1 OOHOBIATD
CBOUM BHyTpeHHue npezctapenus. [[oaToMy Kaxkaoe coObiTre OyaeT MosyYeHo BCceMu
OGHOBJIAOIMMUCS TOTb30BaTenAMU. CyIECTBYIOT Takke 06paboTYnKM COOBITUH,
KOTODBIE UCIOJIb3YIOT COOBITHE IJIs1 peanusanuu 6usHec-noruku. Kaxmnoe cobpitue
TeMbI OJIXKeH 06pabaThiBaTh POBHO OMH 06pabOTUNK COOBITHIL, HHAYE TPOLECCH
GyIyT BBITIOJHATHCS HECKOJIBKO Pa3 UK He OYAyT BBINOJIHATHCS BOOOIIE.

Taxum o6pasom, koHuenuus rpymnmn norpedureneii 8 Kafka peannsosana tax, uto
CYIIECTBYET OfiHA TPyMMa noTpebuTeneii 0GHOBIEHUMN ISl KA IOTO TPUIOKEHMSI
1 ofiHa rpymmna o6pabGoTYMKOB COOBITU AJIsT Kaskaou TeMbl (puc. 8.8). 1o nmo3BosieT
BCEM DK3EMILISIPaM II0JAydYaTh COOBITHS, HO TOJBKO OJMH KOMaHIHBIA cepBHC 06pa-
GarbiBaeT 6usHec-I0rMKy. Takum 06pa3soM, 9K3eMHISIPhI MOTYT MacCIITaOuPOBAThCH,
He BJIMsAsI Ha 0011yIo paboTy CHCTEMBI.

OK3eMnnsip CUCTEeMbI «3aKas»

pynna o6HoBNEHNI O

Coh
E < | UpdatingConsumer (¢ +----=-------- —[D]:D:D:D:I

EventHandler

L N pynna o6paboTymkoB
Te-ell cobbITniA

OK3eMnnsap CUCTEMbI «3aKas3» e

EventHandler

pynna o6HoBNEHUA 1

-
[BA) > | UpdatingConsumer g ------------ -ITTITTIITIT

Puc. 8.8

NHTerpauuns Java EE

[lsa Toro uto6s1 nuTerpuposath kaactep Apache Kafka B mpusoxenue, B 9ToM npu-
mepe Bocnoabayemcsa Kafka Java API.
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[Mpunoxenus nonkaovaorces K Kafka, uto6si ero obHoBsII0MIMECS TOTPEOUTENH
1 06paboTunky cobbITHil oTpebIsIn coobienus. To ke caMoe KacaeTcst HybaMKa-
LUK COOBITHIA

Vcnonb3yeMast TEXHOJIOTHSE TOJKHA ObITh HHKAHCYIMPOBaHA OT OCTAIbHOM 4acTH
npusokeHus. st Toro yTo6bl MHTETPUPOBATH COOBITHUS, HPOTPAMMKCTHL MOTYT Pea-
JIM30BaTh (PYHKIIMOHAIBHOCTD, KOTOPAsi ECTECTBEHHBIM 00PAa30M MOAXOIUT JIJISl 9TOTO
cuenapus, — CDI-coObiTus.

CDI-cobbiTus

CobpiTus npeaMeTHOR 061acTy comepkKar crnennduueckie 11 COOBITUH JaHHBIE,
BPEMEHHYIO METKY U UAEHTU(DUKATOPDI, KOTOPBIE CCHLIAIOTCS HA CYIIHOCTH TIPEJ-
METHOM 00JIaCTH.

B crenyomem pparMenTe KoAa IPUBOAUTCS MPUMep abCTPAKTHOIO KJacca
MealEvent u cobbiTus OrderPlaced:

public abstract class MealEvent {
private final Instant instant;
protected MealEvent() {

instant = Instant.now();
}

protected MealEvent(Instant instant) {
Objects.requireNonNull(instant);
this.instant = instant;

}
public class OrderPlaced extends MealEvent {
private final OrderInfo orderInfo;

public OrderPlaced(OrderInfo orderInfo) {
this.orderInfo = orderInfo;

}

public OrderPlaced(OrderInfo orderInfo, Instant instant) {
super(instant);
this.orderInfo = orderInfo;

}

[Mono6HbIE COOBITHSI IPEAMETHOMN 06JACTH ABJSIOTCS IAPOM HpUIoskeHust. [To aTum
COGBITUSIM BBIYMCJISIIOTCS TIPEJCTABJIEHUS CYLIHOCTEH PEAMETHON 06IACTH.

Wurerpanus B Kafka rapantupyer, uto gantsie co6biTust 6y1yT 3aHyLIIEHbBI YePe3
CDI. 3a 3TuM HabIIOAAIOT COOTBETCTBYOIINE (BYHKIIUHU, KOTOPBIE OGHOBISAIOT TIPE/-
CTaBJIEHMsI COCTOSTHUI WJIY BBI3BIBAIOT TIOCIEAYIONIME KOMAH/IbL.
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O6paboTumkm cobbiTni

B crepyiomem ¢pparmenTe Koia mokasaH oOpaboTUYNK COOBITUI CHCTEMBI «II0OBap»,
BBI3bIBAIOIIUN (DYHKIIUM CepBHUCA KOMAH/I:

@Singleton
public class OrderEventHandler {

@Inject
MealPreparationService mealService;

public void handle(@Observes OrderPlaced event) {
mealService.prepareMeal(event.getOrderInfo());
}

O6pabotunk coObITUI HOTPEOJIsIET COOBITHE U BHI3BIBAET KOHTYP COOTBETCTBY-
folero 6u3HeC-CleHapysi HDUTOTOBJIEH s e1bl. MeTox prepareMeal () MOXET CO3/a-
BaTh COOBITHUS, B JAHHOM CJiyuae MealPreparationStarted uiu OrderFailedInsuf-
ficientIngredients:

public class MealPreparationService {

@Inject
EventProducer eventProducer;

@Inject
IngredientStore ingredientStore;

public void prepareMeal(OrderInfo orderInfo) {
// vcnonb3oBaTb ingredientStore 4TO6b NpoBEepUTbL HanU4Me NpoayKTOB

if (..)
eventProducer.publish(new
orderFailedInsufficientIngredients());
else
eventProducer.publish(new MealPreparationStarted(orderInfo));

e

Teneparop cobbIThii HagexKHO MyOauKyeT cobbitusa B kaactepe Kafka. Ecau my-
GMKaIMs 3aKaHYMBAaeTCA HeyJauyHo, TO BCst 00paboTKa COOBITHS HOMKHA OBITh OCTa-
HOBJIEHA U BIOCJIEACTBUAYU IIOBTOPEHA.

MpencraBneHne COCTOAHNSA

IToTpebuTenn, 0OHOBIISIOIIUE IPEACTABIEHNE COCTOSIHUS, Takxe HoTpebasior CDI-
cobbitusi. B crenyomem pparmenTte Kosa HOKa3aH KOMHOHEHT, KOTOPbBIHA COAEPKUT
TIPE/ICTABJIEHNsI COCTOSTHMSI 3aKa3a eIbl:

@Stateless
public class MealOrders {

@PersistenceContext
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EntityManager entityManager;

public MealOrder get(UUID orderId) {
return entityManager.find(MealOrder.class, orderId.toString());

}

public void apply(@Observes OrderPlaced event) {
MealOrder order = new MealOrder(event.getOrderInfo());
entityManager.persist(order);

}

public void apply(@Observes OrderStarted event) {
apply(event.getOrderId(), MealOrder::start);

public void apply(@Observes MealDelivered event) {
apply(event.getOrderId(), MealOrder::deliver);

private void apply(UUID orderId, Consumer<MealOrder> consumer) {
MealOrder order = entityManager.find(MealOrder.class,
orderId.toString());
if (order != null)
consumer.accept(order);

B 3TOM IIpOoCTOM HpPUMEpE TOKA3aHO COCTOSIHUE 3aKa30B HA €y B PEISIUOHHOM
6aze nannbix. Korga Hocrymnaer Hooe CDI-co6biTre, COCTOSHYE 3aKa30B OOHOBJISIETCS.
Tekylee cOCTOSIHIE MOKET OBITh IIOMYYEHO C TOMOIIBIO MeTozA get ().

CyImHoCTh HpeZIMETHOM 00IACTH «3aKa3 ellbl» coxpansercs yepes JPA. B Heii conep-
SKUTCSI COCTOSTHHE 3aKa3a, KOTOPOe 0OHOBJIsieTcs yepe3 Habmonaembie CDI-cobbiTus:
@Entity
@Table("meal_orders")
public class MealOrder {

@1d
private String orderlId;

@Embedded
private MealSpecification specification;

@Enumerated (EnumType.STRING)
private OrderState state;

private MealOrder() {
// HyxHO ana JPA
}

public MealOrder(OrderInfo orderInfo) {
orderId = orderInfo.getOrderId().toString();
state = OrderState.PLACED;

// onucanue cneundukaumii
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}

public void start() {
state = OrderState.STARTED;

}

public void deliver() {
state = OrderState.DELIVERED;
}

¥
MNoTtpebnexne coobeHunn Kafka

YacTh IPUIIOKEHUS, TOTPEOISAIONAsA COOOIIEHNS], THKAHCYIUPYET KOHIIEHTPATOP CO-
001IeHNH OT OCTATIBHOTO MPUIoXKeHHs. KOHIIEHTPATOP HHTETPUPYETCS HOCPEACTBOM
axtuBusanuu CDI-cobpiTuil npu HOCTYLIEHUH COO0IEHUH. DTO, 63y CTOBHO, XapaK-
tepHo auas API Kafka u 1o/mkHO cuntaThbess 06pasioBbIM PELIEHIEM.

OO6HOBIAEMBIH OTPEOUTEND MOAKIIOYAETCS K ONPEIeJeHHON TEME Yepe3 CBOIO
rpymnHy moTpebuTesieil. 3amyCK KOMHOHEHTA-CUHIJITOHA TAPAHTHPYET, YTO TIOTPeOUTENh
OyzeT 3aHyIeH HPU 3aHyCKe HPUJIOXKEHUA. Y HPABJIAEMBIN KOHTEHHEPOM CEPBUC-
HCTIOJHUTEb 3AMYCKAET TIOTPEBUTENb COOBITUS B CBOEM TIOTOKE:

@Startup

@Singleton
public class OrderUpdateConsumer {

private EventConsumer eventConsumer;

@Resource
ManagedExecutorService mes;

@Inject
Properties kafkaProperties;

@Inject
Event<MealEvent> events;

@PostConstruct
private void init() {
String orders = kafkaProperties.getProperty("topic.orders");

eventConsumer = new EventConsumer(kafkaProperties,
ev -> events.fire(ev), orders);

mes .execute(eventConsumer);

}

@PreDestroy
mpublic void close() {
eventConsumer.stop();
}
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Cuennduunsie s npunoxenust cpoiictsa Kafka oro6paxkarorcs uepes CDI-
reeparop. OH COAEPAKUT COOTBETCTBYIONIME TPYIIIbI HOTPeGUTEIE.
DaxTryecky MOTpebIeHNE BHITIOMHSIET HOTPEOUTETD COOBITHSI:

import org.apache.kafka.clients.consumer.KafkaConsumer;
import java.util.function.Consumer;
import static java.util.Arrays.aslList;

public class EventConsumer implements Runnable {

private final KafkaConsumer<String, MealEvent> consumer;
private final Consumer<MealEvent> eventConsumer;
private final AtomicBoolean closed = new AtomicBoolean();

public EventConsumer(Properties kafkaProperties,
Consumer<MealEvent> eventConsumer, String... topics) {
this.eventConsumer = eventConsumer;
consumer = new KafkaConsumer<>(kafkaProperties);
consumer. subscribe(asList(topics));

}
@0verride
public void run() {
try {
while (!closed.get()) {
consume();
}
} catch (WakeupException e) {
// BencTBUA NO 3aKpbITUI
} finally {
consumer.close();
}
}

private void consume() {
ConsumerRecords<String, MealEvent> records =
consumer.poll(Long.MAX_VALUE);
for (ConsumerRecord<String, MealEvent> record : records) {
eventConsumer.accept(record.value());

}

consumer.commitSync();

}

public void stop() {
closed.set(true);
consumer.wakeup();

[Torpebaenne 3anuceit Kafka HpuBoaut k nmossiaerno HOBbIX CDI-cobbiTuii.
Jlnsa mpeoGpa3oBaHus KJACCOB HPEAMETHON 061aCT KOH(DUTypUpPyeMble CBOMCTBA
HCTIOJB3YIOT CEPUATU3ATOPHI U fecepuanu3atopbi JSON.



Peanusauna Mukpocepsucos B Java EE 311

CobbiTust, koTopsle 3amyckaorcs 4yepe3 CDI 1 ycHeuHo noTpebisiioTest, 3aHUCHI-
Baiotcs B Kafka. CDI-coGbiTrst 3aHYCKAOTCA CAHXPOHHO, YTOOBI TAPAHTHPOBAT, UTO
BCE TIPOLIECCHI Oy/IyT HAZIEKHO 3aBEPIIEHBI [I0 TOTO, KaK COOBITHSI Oy T 3al1CaHbL.

leHepaums cobbiTuin Kafka

Tenepatop coObITHH MyGJUKYET COOBITHUS TIPEIMETHOM 061aCTH B KOHIIEHTPATOPE
COO0OIEHNH. ITO MPOUCXOANUT CUHXPOHHO, YTOOBI MOKHO OBLIO I10JIaraThCs Ha CO-
o011eH s, HAXOAAIIUECS B cucTeMe. [1ocie MOATBEPKAEHNS HEPelauk BO3BPAIIAETCS
MeToa EventProducer#publish:

import org.apache.kafka.clients.producer.KafkaProducer;
import org.apache.kafka.clients.producer.Producer;

@ApplicationScoped
public class EventProducer {

private Producer<String, MealEvent> producer;
private String topic;

@Inject
Properties kafkaProperties;

@PostConstruct

private void init() {
producer = new KafkaProducer<>(kafkaProperties);
topic = kafkaProperties.getProperty("topics.order");
producer.initTransactions();

}

public void publish(MealEvent event) {
ProducerRecord<String, MealEvent> record = new
ProducerRecord<>(topic, event);
try {
producer.beginTransaction();
producer.send(record);
producer.commitTransaction();
} catch (ProducerFencedException e) {
producer.close();
} catch (KafkaException e) {
producer.abortTransaction();
}
}

@PreDestroy
public void close() {
producer.close();

}

IToxpo6uoe nzyuenne API reneparopa Kafka Beixogut 3a pamkn kauru. OQHako
He0b6X0AUMO 06ECHEYNTD HAIEKHYIO OTIIPABKY COOBITUIH. DTy JJOTMKY NHKAHCYIUPYET
KOMIIOHEHT IeHepaTopa COOBITHI.
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[IpuBeneHHbBIE HPUMEDDI JEMOHCTPUPYIOT TOIBKO OJHY U3 BO3MOXKHOCTEl UHTe-
rparuu Kafka.

Kak ysxe ormeuasnocs, Java EE Connector Architecture (JCA ) — 970 eliie 0iHa BO3MOX-
HOCTb MHTETPalliy BHEIIHUX 33/1a4 B KOHTelHepe HpuioxeHust. Ha MoMeHT Hanucanust
KHUTH CYILIECTBOBAH CHeln(iecKyie /151 KOHKPETHOTO HOCTABIIMKA BAPUAHTHI KOHTEN -
HEPOB [I/Is1 UHTEerparuu ooMena coobuienusimu uepes JCA. IHTepecHO atbTepHATBON
SIBJISIIOTCS Y2K€ CYLIECTBYIONINE PEIIEHNUS /ISl UHTETPAI[MH KOHI[EHTPATOPOB Co0bIIe-
unii, Takue kak Kafka. Tem He MeHee pa3paboTuvKaM IMPUIOKEHUNA PEKOMEHIYETCS
MHKAICYJIUPOBATh CIEIM(UKY TEXHOJOTHII B BU/IE€ €IMHBIX TOUEK OTBETCTBEHHOCTH,
a B MPUJIOXKEHUU UCI0Jb30BaTh CTaHAapTHBIE pyHKIUHU Java EE.

KOHTYpbl NpUNoXeHui

[punoxenns B CQRS-cucreme 06MEHNBAIOTCS COOOILEHNSMY YEPE3 BHYTPEHHUE
cobbiTusA. VI3BHE MOTYT HPUMEHSITHCS APYTHE POTOKOJBI, Takue kak HTTP.,
DyHKIMK 3aTPOCA ¥ KOMAH/[bI, HAHPHMED B CUCTEME «O(DHUIIUAHTS, OTOOPAKAIOTCSI
yepe3 JAX-RS. KomauaHbiii cepBuc npeaiaraeT pyHKIIMY A5 pa3MeleH s 3aKa30B Ha
eny. Jlust myGauKauy HOTyYeHHbIX COOBITHIN B HEM UCIIOJIb3Y€ETCS TEHEPATOP COOBITHIA:

public class OrderService {

@Inject
EventProducer eventProducer;

public void orderMeal(OrderInfo orderInfo) {
eventProducer.publish(new OrderPlaced(orderInfo));

}

void cancelOrder(UUID orderId, String reason) {
eventProducer.publish(new OrderCancelled(orderId, reason));

}

void startOrder(UUID orderId) {
eventProducer.publish(new OrderStarted(orderId));

}

void deliverMeal(UUID orderId) {
eventProducer.publish(new MealDelivered(orderId));

}

Mertozn orderMeal () Boi3biBaeTcs koHeunoii roukoit HTTP. [[pyrue MeTozab! BBI3BI-
BaOTCs1 06paGOTYNKOM COOBITHIH CUCTEMBI «O(UIMAHT>. ITO HDUBOIMT K MOSIBJIEHUIO
HOBBIX COOBITHH, KOTOPbIE OYAYT JOCTABIEHBI KOHIEHTPATOPOM COOBITHIA.

[IpuunHa 3aKJII0YAETCA B TOM, YTOOBI HE aKTMBU3UPOBATH COOBITHS HEMTOCPE/-
CTBEHHO U He BBI3bIBATH BHYTPEHHIOK (DYHKIIMIO, TAK KAK TPUIOKEHUE HAXOIUTCS
B pacrpesieieHHOH cpesie. MOTyT CylIeCTBOBATH U PYTUE DK3EMILISAPhI «OUIMAHTAS,
noTpebsionue coOBITUS U3 KOHIIEHTPATOPA ¥ COOTBETCTBEHHO OOHOBJISIIONINE CBOE
npe/CTaBJIeHNeE.
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Cepsuc komaH/1 conepkut pecypc JAX-RS, KOTOpbIi HCHOMB3YETCS AJ15I 3aKa3a €Il

@Path("orders")
public class OrdersResource {

Inject
OrderService orderService;

@Context
UriInfo urilnfo;

@POST

public Response orderMeal(JsonObject order) {
OrderInfo orderInfo = createOrderInfo(order);
orderService.orderMeal(orderInfo);

URI uri = urilnfo..

return Response.accepted().header(HttpHeaders.LOCATION,
uri).build();

CepBiC 3aIPOCOB PACKPBIBAET HPEACTABIEHUs 3aKa3a exbl. OH 3arpyKaeT u3
6a3bl JaHHBIX TEKYIEe COCTOSTHUE CYNIHOCTEM MPeAMETHOM 06JaCTH, KAk HOKa3aHO
B MealOrders. Ty GyHKIMIO UCOMb3YIOT pecypchl JAX-RS cepuca 3ampocos.

Ecau cucrema «O(i)I/ILlI/IaHT» IMMOCTaBJISAETCA B e TMHCTBEHHOM 9K3EMHJIADE, KOTOprﬁ
COZEPKUT U CEPBUCHI KOMAHI, ¥ CEPBUCHI 3aIIPOCOB, TO 9TU PECYPCHI MOTYT OBITH 00b-
€VUHEHDbI. Ho HYXXHO rapaHTHPOBAaTh, YTO CEPBUCHI HE 6YIlyT CBsA3bIBAThCs NHA4YE, YEM
4yepe3 MexaHU3M coObITHi. B caenyromem ¢pparMenTe Koja npeacTaBieHa KOHEYHAsT
TOYKa CEPBUCA 3aHPOCA:

@Path("orders")
public class OrdersResource {

@Inject
MealOrders mealOrders;

@GET

@Path("{id}")

public JsonObject getOrder(@PathParam("id") UUID orderId) {
MealOrder order = mealOrders.get(orderld);

if (order == null)
throw new NotFoundException();

// co3patb JSON-oTBeT
return Json.createObjectBuilder()..
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ITU NpUMepBI HE MCYEPIIBIBAIOIINE, OHU TIPEAHAZHAYEHBI JIUIIb /I TOTO, YTOOBI
JaTh YUTATEJIO IPeAcTaBenne 00 narerpauyu Koumeniuit CQRS 1 KOHIIEHTPAaTOpOB
coobienuii B npuoxenusx Java EE.

JanbHenwasn nHTerpaums koHuenumii CQRS

OpHUM 13 IPEUMYIIIECTB CUCTEM C PETUCTPAIUEN COOBITUI SIBISETCS BO3MOKHOCTh
B3AATb MOJIHBIA HAOOP aTOMAPHBIX COOBITUI 1 BOCHPOU3BECTHU UX, HATIPUMED, B TECTO-
BbIX clieHapusx. CHCTEeMHbIE TECTHI HPOBEPSIOT peasibHble OM3HEC-CIIEHAPUH, KOTOPbIE
BBITIOJIHAIOTCS B MIPOIECCE IKCILTyaTaluu. TakKe aBTOMATMYECKH BEAETCS XKypPHAI
ay/nTa, HOCKOJIbKY 9TO JEMCTBHE ABJSETCS YACTHIO ApA IPUIOKEHUS.

Taxoii moaX0/ HO3BOJIAET TAKKE U3MEHATh Ou3HeC-PYHKIMOHAIBHOCTD U BOC-
[IPOU3BOAUTD OT/EIbHBIE COOBITHS, a 3aTeM JINOO0 UCIIPABJIATH OIIUOKH, 1160 KOPPEK-
THPOBATh MOBeJEHNE, TUOO0 UCTIOIB30BATh UH(POPMAIMIO O COOBITUAX HPU CO3aHUN
HOBBIX (PYHKIIHIA. ITO TIO3BOJISET IPUMEHATD K COOBITUSM HOBblE (DYHKI[MHM TaK, KaK
ecsi GBI OHU C CAMOTO Hayasia GBI YaCThIO TIPUIIOKEHUSI.

EcJm B cucTeMy «HOBap» 106aBUTD (DyHKIINIO HETIPEPHIBHOTO BBIYKCJIEHHUS] CPETHETO
BPEMEHU IPUTOTOBJIEHYS €]1bl, MO’KHO HOBTOPHO JIOCTABUTH BCE COOBITUS U 3aHOBO BbI-
YMCIUTH BCe IpeicTaBienns. IlosaToMy comep:xuMoe 6a3bl JaHHBIX OyAeT COpOLIEHO,
a Bce coObITUA GYyT HOBTOPHO IOCTABIEHBI OOHOBJIEHHOMY MOTPEOUTEIIO, YTO HPH-
BeJIET K BHIYMCIEHUIO ¥ COXPaHeHuio HoBoro Hpeactasaenus. Kafka HossossieT siBHO
MOBTOPHO JIOCTABJAATH COOBITHSI.

OpHako COOBITUS UCTIONB3YIOTCS TONBKO JIJIsi OOHOBJEHUS HPEACTABJIEHUN CO-
CTOSIHUSI, 2 HE JIJIs 3aHyCKA HOBBIX KOMaH/[ BO BPEMsl HOBTOPOB, MHAYE CUCTEMA
OKaszasach 6bl B HECOTIACOBAHHOM COCTOSIHUM. B HpUBeIeHHOM HPUMEpE 3TO peasu-
30BaHo HyTeM co3nanus B Kafka BoisesienHoM rpyHHBI OTpebuTenei 1 06paboT-
YHUKOB COOBITHIA, KOTOPast He COPACHIBAETCS, YTOOBI MOKHO OBLIIO TOBTOPHO IOCTABJISITh
cobbrTst 06paboTunkam coObiThit. COOBITUS TOBTOPHO TOMYYAI0T TOJIBKO OGHOBH-
BIIMECS HOTpeGUTENH, YTOOBI 3aHOBO BBIYUCIUTh BHYTPEHHHUE MTPECTABJIEHUS CO-
CTOSTHUSI.

CyTb B TOM, uT0 61aronapst peructpaiuu cobptuii CQRS-cucteMbl HO3BOJSIOT
peann3oBath ropaszo Gosbiie GusHec-clieHapueB. biarogapsi BO3SMOXHOCTH 3aXBaTa
1 BOCTIPOU3BE/IEHHsI COOBITUH,  TAKXKE COAEPIKAIINMCS B HUX KOHTEKCTaM ¥ MH(OPMAaiu
0 paHee COBEPIUIEHHBIX JIEHCTBUSAX MOYKHO CTPOUTH PACHINPEHHBIE CIIEHAPHH.

Java EE B anoxy pacnpeaeneHHbIX BbIMUCIEHUN

ApPXUTEKTYpa MUKPOCEPBHICOB U PACTIPEIETIEHHBIX CUCTEM, ECTECTBEHHO, TPEBYET KOM-
MYHHKAI[H, B KOTOPOH Y4aCTBYIOT HECKOJIbKO MOHOJIUTHBIX NpujioxeHuil. B Java EE
€CTh MHOYKECTBO CIOCOGOB Peain30BaTh KOMMYHUKAIIUIO, KOTOPBIE 3aBUCST OT BbI-
GpaHHBIX TIPOTOKOJIOB U TEXHOJIOTHI CBA3M.

[pu pa3paboTKe KOMMYHUKAIIMM HEOOXOAUMO YIUTHIBATH HECKOJIBKO OCOOEH-
HocTeil. HanpuMep, BHellTHMe IPUIIOXKEHU S, BXOJASIINE B CHCTEMY MUKPOCEPBHCOB,
JOJIKHBI HAXOIUTD 9K3EMILISIPbI CepBUCOB. [171st TOro 4T06BI M36€KaTh TECHOM CBSI3U
MeXAy HPUJIOKEHUSIMUA M KOH(UTypalield, TONCKOBBIE CEPBUCHI CIELyeT cleaTh
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IMHAMUYECKUMM, BMECTO TOTO 4TOOBI YKa3biBaTh B KOH(PUTYPALUU CTATHYECKUE
anpeca y3a08B wiau [P-agpeca.

[pucymuit 06Ja4HBIM CPeAaM TPUHIIUN YCTOMYNUBOCTH KACAETCSA U KOMMYHU-
Karuu. [I0CKOIBKY ceTh B 11060 MOMEHT MOXeT faTh c60i, paboToCocOO6HOCTh
TIPUJIOKEHM S HE IOJIKHA 3aBHCETh OT TOTO, YTO CKOPOCTh COEIUHEHUSI MOXKET YTIACTh,
a cBsA3b — BooOIIEe 060pBaTheA. [IpuIoKeHne NOKHO OBITh 3ALIUINEHO OT BO3MOYKHOTO
NIPOHMKHOBEHHUS B HETO OMIUGOK.

O6Hapy>eHue cepBucoB

O6HapyKMBaTh CEPBUCHI MOKHO MO-pasHoMy: Kak DNS-1iouckom, Tak 1 peanusarueit
6oJiee CJI0KHBIX CLIEHAPUEB, T/I€ TIOMCK SIBJSIETCS YACThIO GU3HEC-JIOTUKY M BHIOUPAET
Pa3JInyHbIe KOHEYHBIE TOYKU B 3aBUCUMOCTH OT cuTyaruu. OH 06BIYHO MHKATICYTUPYET
aZipecaliiio BHEIIHNX CHUCTEM, OTJeJsis ee OT 3a4ay puJIokeHus. B unease joruka
IPUJIOXKEHUS 3HAET TOJIBKO MMSI JIOTHYECKOTO CEPBUCA, C KOTOPbIM €My HY>KHO B3au-
MO/IeICTBOBATb, a (PaKTUYEeCKHIl TOMCK IIPOUCXOAUT BHE HPUJIOKEHUS.

BoaMoskHOCTH pa3paboTUYNKOB KOPIOPATUBHOTO TPUIOKEHHUS 3aBUCST OT MC-
M0JIb3yeMOH cpesibl BhIONHeHUsI. KoHTeliHepHble TeXHOJIOTHY TpeAiaraioT QyHK-
I[IMOHATBLHOCTD /Il CBSI3BIBAHUS CEPBUCOB 110 MMEHaM, U306aBJIsis IIPOrPAMMUCTOB OT
JIVIIHEH paboThl, 2 HPUJIOKEHNE — OT PEINEeHNs ITUX 3a1a4. KaneHTs coeuHsoTes
IO CChLIIKAaM ¥ MM€HaM CEpPBHCOB, TAKMM KaK MMeHa Y3JI0B, KOTOPbIE PACIO3HAIOTCS
TEXHOJIOTUSIMU KOHTEHHEpa.

Jtot Metox paboTaet kak B KouTelHepax Docker, Tak u Bo ¢peiiMBopKax ymnpas-
JeHns1 KoHTelHepamuy, Takux kak Docker Compose, Kubernetes u OpenShift. Bes
KOMMYHHUKAIWSI OCYIECTBISIETCS TOJIBKO HO JIOTUYECKUM HMEHaM CEPBUCOB U ITOPTOB,
M0 KOTOPBIM YCTaHABJIMBAETCS COENUHEHNE. JTO TAKXKE COOTBETCTBYET HPUHIMHAM
12-dakTOpHBIX HPUIOKEHUI.

ITocKobKY TIOMCK MPOUCXOAUT B CPE/IE BBHITIOHEHUS, IPUIOKEHNsT OyayT yKa-
3BIBATh TOJbKO MMEHA CEPBUCOB. JTO CIIPABEAINBO [IJIs1 BCEH BHEIIHEH CBSI3H, TAKOH
kax HTTP-coeaunenysi, o6painenns K 6a3e JaHHBIX MU KOHIIEHTPATOPY COOOLIEHHIA.
[Tpumeps! Takoii CBsI3U IPUBEIEHBI B TJIaBE S.

YcTonumnsas cBs3b

CBsI3b HO CETU HEHA/IEXKHA — €CTh MHOXECTBO HPUUMH, TI0 KOTOPBIM OHA MOYXKET TIpe-
pBarbcst. CoelHEHNS MOTYT OCYIIECTBIISITHCSI C 33/I€PKKAMMU, CEPBHCHI MOTYT OKA3aThCsI
HEZIOCTYTIHBIMU, PEATUPOBATH MEIJIEHHO WJIU JOCTABJISITh HEOKUIAHHbIE OTBETHI.

Jl71s1 TOro yTO6BI OMMOKY He TOTIAJANHU B TPUIOKEHNE, CBSA3b JOJKHA OBITH YCTOM-
YUBOM.

lMpoBepka OTBETOB

IIpesxme BCEro 3TO 03HAYAET IPOBEPKY U 06pabOTKY OIIUOOK Ha CTOPOHE KANEHTA.
HeszaBrucuMo 0T MCHOJIB3yEMOM KOMMYHUKAI[UOHHOW TEXHOJOTUN HPUIOKEHUS
HE MOTYT T0JIaTaThCs HA TO, YTO BHEIIHKWE CUCTEMBI IaAyT IIPABUJIbHbIE, HENCKA-
JKEHHBIE OTBETHI.
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3TO He 03HAQ4YaeT, YTO KJIMEHTHI JOJIX)KHBI HEMEJIEHHO OTKJIOHUTH BCE OTBETHI, €CJIU
B HOHMMAaHHWHU IIPHUJIOKEHUA OHU HEUJACaIbHBI. OTBeTbI, KOTOpBIE coaepKaT 6OJIbIJIe
uH(bOPMAIINY, YeM HAJ0, MM HECKOJIBKO OTJINYAIOTCS OT OXKuaaeMoro ¢popmara, HO
IIO-TIPEXHEMY ITOHATHBI, HE [OJI)KHbI BbI3bIBATh HEMEIJICHHOE ITIOABJICHHE COO6IJ.I€HPII>i
06 omubkax. IIpuaepKUBasCh IPUHIUHA «ObiMmb KOHCEPBAMUBHBIM 8 TOM, UMO 6bl
Oenaeme, u MUOEPATLHBIM 8 TNOM, UMO NPUHUMAEME >, CIIETYeT TPUHUMATD COOOIIEHMYS,
€CJI¥ OHY COIEPKAT JOCTATOYHO HH(POPMALIKH, YTOOBI IIPUIOKEHIE MOTJIO BBIHOJIHUTD
cBoI0 paboTy. Hanpumep, I0IOMHUTEIbHbIE HEU3BECTHBIE CBOMCTBA B oTBeTax JSON
He JIOJIKHBI TPUBOANTD K OTKA3y B HPeoOPa3oBaHUU OOBEKTA.

Pa3pbIB CBSA3U U NpeaoXpaHUTenu

K/1MeHTHI, BBIOMHSAIONE CUHXPOHHbIE BbI30BhI BHEIIHUX CUCTEM, OJIOKMPYIOT CBOE
BBITIOJTHEHYE /10 TeX IIOP, HOKA BHEIIHSIS CUCTeMa He OTBeTUT. Ecin BEI30B 3aBepUINTCS
Hey/Iayeit, 9T0 3aMeJIUT BBIHOJHEHHME MTPUIOKEHMS] UITH [IaXKe HPUBEIET K €ro ¢60I0.
IT10T (paKT OUeHb BAXKHO YUYUTHIBATH IPY PEATHU3AIMK KIUEHTOB.

[Ipesxze Bcero, Kak ObLIO MOKA3aHO B TJIaBe 3, KIUEHTCKUE COEIMHEHUsT BCET/a
JOJDKHBI YCTAaHABJINBATH PAa3yMHOE BPEMsI 3aIePXKKU. 3aePKKHU He TI03BOJISIIOT IIPH-
JIO’KEHUSIM HOTIAJIaTh B TYIIUKOBYIO CUTYAIUIO.

Kak yxe 6b110 OKa3aHO, [JIs1 TOTO YTOOBI AUHAMUYECKUE UCKITIOUEHUS HE TPO-
HUKa/IN B GU3HEC-JIOTHKY, MOJKHO HCIIOIb30BaTh Nepexpatynku Java EE.

ITOT NOAXOM PEAN30BaH B TAK HA3BIBAEMBIX NPEOOXPAHUMENSLX, HPEAHASHAYEHHBIX
JUTS1 HpeJIOTBPALIeHUs KaCKaJHbIX OTKa30B. IIpefoxpaHuTesu 3alUIaoT KIHEHTCKIe
BBI3OBBI, OIIPEIEIsIs IOPOTOBbIE 3HAYEHWSI OIIMOOK U 3a/IEPIKEK U He JIOMYCKast JaTbHE-
X BBI30BOB B cayuae c6os1. [IpuMeHeHre peIoXpaHuTeieii OCHOBAaHO Ha 3JIEKTPO-
TEXHUYECKOW MOJIEJIH, T/I€ yCTAHABTMBAEMbIE B 3[AHUSIX ITPEJJOXPAHUTEU IPEPHIBAIOT
3aMbIKaHMeE DIeKTPUIECKON LIENH, YTOOBI IIPEIOTBPATUTD JaIbHEHIINH yuIepo.

[IpenoxpaHuTen Ha CTOPOHE KJIMEHTA aHATOTHYHBIM 00Pa30M PasphIBAIOT CBS3b,
[IPeAOTBPAlLasl JaJbHeRIINE BHI30OBbI, YTOOBI He IIOBPEAUTD IPUIOKEHNE UM BHELI-
HI010 cucTeMy. OGBIYHO OHM JIOMYCKAIOT OMUOKY U 3a/I€PIKKH, HE HPEBBIIAIONINE
OHpeZieJIEHHOTO Hpe/esa, a 3aTeM pa3pblBalOT cOeJUHEHNe Ha OHpe/leJIeHHOe BpeMsi
WJIM IO T€X TOP, TOKa OHO He GY/IeT CHOBA YCTAHOBJIEHO BPYYHYIO.

B npunoxenusx Java EE MmoxxHO peann3oBaTh HpeZOXpaHUTEN B BUIe IIepeXBaTuU-
K0B. OHM MOTYT 106AaBUTH CJIOKHYIO JIOTUKY, OHPEIESIONYIO, KOT/IA U KAK OTKPBIBATh
Y 3aKPBIBATH COEIUHEHNUSI, — HAHPUMED, U3MEPsIst KOJIMIECTBO COOEB 1 3a/IepPKEK.

[anee npuBeseH oANH U3 BO3MOKHBIX BADUAHTOB PeaN3alliy IPeOXPaHUTeNs,
HalMCaHHBIN Ha HceBAOKoze. IloBeneHre HepexBaTYNKa aHHOTUPYETCS IS KIHEeHT-
CKOT'O METO/Ia, KaK B TPUMePaX KJINEHTCKUX MIEPEXBATYNKOB, HPOJAEMOHCTPUPOBAHHBIX
paHee B 3TOI KHUTe:

@Interceptor
public class CircuitBreaker {

@AroundInvoke
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public Object aroundInvoke(InvocationContext context) {
// 3aKpbiTb coeAWHeHMe NO UCTEeYEeHUW BpemMeHW BOCCTaHOBNAEHUA

if (circuit.isOpen())
return null;

try {
return context.proceed();

} catch (Exception e) {

// 3anucaTb MCKAKYeHue
// yBennunTb cnucok c6oes
// ecnun konuyecTBo c60eB npeBbilaeT NOpor, TO pa3opBaTb CoeAMHEHWe

return null;

[IpenoxpaHUTENb TAKKE MOXKET U3MEPATH BpeMsi pabOThI CepBUCA U PA3PHIBATH
COeTMHEHUE, ECITH CEPBUC CTAHOBUTCS CIMIIKOM MEJIJIEHHBIM UJIM BO3HUKAIOT 33/I€PXK-
ku HTTP-kauenTa. {7151 5TOro mpeaycMoTpeHo HecKoabKo 6ubanorek Java EE ¢ or-
KPBITBIM HCXOAHBIM KOJIOM, TaKuX Kak Breakr or Anama Buna (Adam Bien), sxcnepra
Ho Java EE. MOMEHT yCTaHOBKM ¥ pa3pbiBa COEAMHEHMS, a TAKKe HEOOXOAUMOCTh
CTOPOHHHUX 3aBUCUMOCTEN OHpEAEIACTCA TEXHUIYECCKUMHU Tpe60BaHI/IHMI/I 1 CJIOKHOCTBHIO
JIOTHUKH.

[l Toro 4To6bI CO3aBaTh NPUIOKEHNS C HYJIEBON 3aBUCUMOCTbIO, GUOINOTEKH,
€CJIU B HUX €CTb HeO6XOI[I/IMOCTb, JAOJI)KHbI YCTaHAaBJIHWBAaTbHCA B KOHTeﬁHep, a He HO-
CTaBJIATHCA € apTepakTaMu HPUJIOKEHUS.

MNepebopkun

Ha kopabuisix ecTh HepeGOPKH, KOTOPBIE JIEJISAT UX KOPITYC Ha HECKOJIbKO 0TCeKOB. Ecin
CYZTHO TIOJIYYUT NPOGOUHY, BOJA 3AMOJHUT TOIBKO OJIMH OTCEK U OHO, CKOpPEe BCETO,
OCTaHeTCs Ha ILJIaBYy.

111a610H nepe6opxu IPUMEHSIET 3Ty UAEI0 K KOPHOPATUBHBIM HPUJIOKeHUAM. Ecim
KaKON-I160 U3 KOMIIOHEHTOB MPUJIOKEHUS TACT COOM UM OKAXKETCs Ha TIpesieie Ha-
TPY3KHU, TO OCTAJIbHAS 4YaCTh IIPUJIOKEHHS BCE PABHO CMOKET BBIHOJHATD CBOIO 33/]a4y.
Taxast BOBMOKHOCTb, Pa3yMeETCsl, CUJIbHO 3aBUCUT OT OU3HEC-CLIEHAPUSI.

OpHMM 13 HPUMEPOB SBJISETCS Pa3/IeIEHNE TOTOKOB peajn3aluu Gu3Hec-porec-
coB u koHeuHbIx Touek HTTP. CepBepbl IPUIIOKEHWI YIPABISIIOT OOIIUM KOHIIEHTPa-
TOPOM MIOTOKOB 3anpocoB. Eciiu, HarmpuMep, o1l 6U3HEC-KOMIIOHEHT BBIMIET U3 CTPOSt
1 320JI0KMPYeET BCe BXO/AIINE 3AMPOCHI, TO BCE JOCTYHHbIE IOTOKH 3aHPOCOB B UTOTE
OKaXKyTcCs 3aHATHL. B pe3ysbraTe M3-3a OTCYTCTBUS JOCTYIHBIX IOTOKOB 3alIPOCOB
HeJb3s Gy/IET BHI3BATH APYTHE OU3HEC-CIIEHAPUH. ITO MOXKET CYYMThCS, ECITU KITUEHT,
B KOTOPOM HEIIPaBUJIbHO 33/IaHbI 32/I€PKKH, IIBITAETCS COEAMHUTHCS C OTKIIOYEHHOMN
CHCTEMOI ¥ BBIIOJHEHUE BIOKUPYETCS.
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Jlnst pereHust 3TOH HPOOGJIEMbI MOYKHO MCIIOJIb30BATh ACHHXPOHHBIE PECYPCHI
JAX-RS B coueTanuu ¢ BbII€JIEHHBIMU CEPBUCAMY YIIPABJISIEMbBIX NCHOTHUTENEH.
Kak y»e GbLI0 TIOKa3aHO B 3TOM KHUTE, pecypchl JAX-RS no3BoIAIOT BbI3bIBATH OHU3-
Hec-(GYHKIUU B OTAEJbHBIX [IOTOKAX, yHPABJISEMbIX KOHTeIiHEpaMy, a He B pesKiMe
00111eT0 BHITIONHEHNS C IPUMEHEHNEM HOTOKA 3aHPOCOB. PasHbie KOMIIOHEHTBI MOTYT
3a/1eliCTBOBaTh HE3aBUCHMble KOHIIEHTPATOPHI IIOTOKOB, YTO HPeJOTBpallaeT pac-
npocTpaHeHue c6oeB.

[TockoapKy 3a yHpaBJIeHIe HOTOKaMHU OTBe4YaeT CepBep MPUJIOKEHNH, TOT IIOAXO
NOJIKEH OBITh PeATM30BaH B COOTBETCTBUM cO cTaHaaptamu Java EE. CyTb ero B Tom,
4TOGBI CO3/IaTh BbIZIEJIEHHbBIE CEPBUCHI-UCIOIHUTEH, KOTOPblEe MOKHO BHEAPATD
B HY>KHBIII MOMEHT.

IToT npuHIUT OB peasu30BaH B pa3pabotanHoi AzamoMm Bunom 6ubanorexe
Porcupine ¢ OTKPBITBIM HUCXOJHBIM KOZOM, IPeJHA3HAUYEHHOU AJIs1 CO3/IaHUS BBIJIe-
JIEHHBIX CEPBUCOB-UCIIOTHUTEIEH, UCTIOIB3YIONINX ManagedThreadFactory 17151 onpe-
JleJIeHUs] KOHIIEHTPAaTOPOB [IOTOKOB, B KOTOPBIX KOHTEHHEPDI YIIPABISAIOT IOTOKAMHU.
BbijieieHHbIE CePBUCHI-MCIIOHUTENN MOTYT ObITh KOH(PUIYPHUPOBAHBI U HACTPOEHBDI
COOTBETCTBYOIINM 0OPa3oM.

B crenyrouieM (pparmMeHTe Ko/Ia OKA3aH OMH M3 BAPUAHTOB PeATU3aIMHU MIabI0Ha
nepeGopkH, 06beMHAIONIMI B cebe acuHxpoHHbIie pecypebl JAX-RS ¢ BoieieHHbIMU
CepBUCAMU-UCHOJHUTESIMU:

import com.airhacks.porcupine.execution.boundary.Dedicated;
import java.util.concurrent.ExecutorService;

@Path("users"
@Produces (MediaType.APPLICATION_JSON)
public class UsersResource {

@Inject
@Dedicated("custom-name")
ExecutorService executor;

@GET
public CompletionStage<Response> get() {
return CompletableFuture
.supplyAsync(this::getUsers, executor)
.thenApply(s -> Response.ok(s).build());

Busnec-crieHapuit BBINOTHSIETCS B YIIPABJISIEMOM HOTOKE, ITPEOCTABIISIEMOM CEPBU-
COM-HCHOTHUTEIEM, YTOObI HO3BOJIUTH HOTOKY 3aIIPOCa BO3BPAIATHCS 1 06pabaThiBaTh
JIPYTHeE 3aMPOChL. ITO AAET APYTUM (DYHKITHSIM MPUIOKEHIS BO3MOKHOCTH HPOIOIXKATD
paboTy, naXe eCJIM 9Ta YACTh TPUIOKEHMS OKAXKETCSI IEPETPYKEHHOM, U MICHOJIb30BATh
BCe ITOTOKH MCHOJIHUTEJISI custom-name.

[lasee paccMOTpUM KOH(PUTYPAIUIO CHEIIMATHHOTO CEPBUCA-UCHOJHUTEJIS.
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PykonoxaTuns un c6pocbl

JIpyroii BapraHT TMOKOM CBA3U — PYKONONCAMUSL U 3AMEOLEHHAS OOPAMHAS PEAKUUS.
CyTb €ro B TOM, YTO IIAPTHEP I10 CBSI3U, HAXOSIIMIACS IO/ HATPY3KO#, YBEIOMIISIET IPY-
TYIO CTOPOHY, KOTOpAasi 3aTeM OTCTYHAET U YMEHbIIIAeT Harpy3Ky. Pykomoxariie B 1aHHOM
CJIy4Yae O3HAYAET, YTO Y BBI3BIBAIOLIEH CTOPOHBI ECTh CIIOCOH 3aHPOCKUTD CEPBHUC, MOXKET JIN
OH 006paboTaTh CIEAYIOILKE 3aIIPOChL. 3aMe/IIeHHAst 0OpaTHAs PEaKIMsI CHUYKAET HATPY3KY
HAa CUCTEMY, YBEJIOMJISISI KIIMEHTOB O JOCTIKEHUH IPeesia U BO3BPAIIIast 3aIPOCHI.

CoueTaHue 9TUX IBYX METO/IOB MIO3BOJISIET TOCTPOUTD YCTONYUBYIO U 9(pbeKTUB-
HYIO CUCTEMY CBSI3H.

Wudopmaius o Tekymieil Harpyske Ha HPUJIOXKEHUE MOKET ObITh HPEJOCTaBIeHa
yepe3 HTTP-pecypch! uiu HOJIsI 3ar0JI0BKA, TIOCJIE YETO KJIUEHThI MOTYT €€ YYUTHIBATD
B JaJIbHEHIIEM.

Bosee kopoTkuii HyTh — IPOCTO OTKJIOHUTD 3aHPOC KJIMEHTA, ECIIU PECYPCHI CEPBEPA
HOJIHOCTBIO Mcyepranbl. [IporpaMMucTamM peKOMEH/yeTCst OOPATUTh BHUMAHME Ha [IOBETIE-
HU€e KOHI[EHTPATOPA, HATIPHMED, B CEPBUCAX-MCTIOHUTESAX ¥ HA TO, KAK OHK 006pabaThiBAIOT
CUTYAIIUU C HEPETIOTHEHHBIMU OYePeIsIMU. B MCKITIOUNTEIbHBIX CIYYasiX PEKOMEHIYETCsT
0TOPOCHTD 3aTIPOC KJIMEHTA, YTOOBI OH HE BHI3BIBAJ JIOTIOJHUTEILHBIX 33/IEPIKEK.

B caepymomem nmpuMmepe mokasaH CLieHapuil ¢ MCIIOAb30BaHMEM OUOIMOTEKN
Porcupine. busnec-¢byHKLKS BBIHOMHSETCS C IPIMEHEHNEM BbI/IeIEHHOTO CepBUCa-
UCIOJHUTES, KOHGUTYpaIUsi KOTOPOTO [IPeIyCMAaTPUBAET OTMEHY OTKIOHEHHBIX
ucnonnenuit. Kanentst 6yayT cpasy HOydyaTh OTBET 503 Service Unavailable, Ho-
Ka3bIBAIOIHi, YTO B HACTOSIIIMIT MOMEHT CEPBUC HE MOKET 0OCTYKMBATh 3aHPOCHI.

Pecypc JAX-RS 3necs 3aeiicTBOBaH, Kak B ipeabiayiieM HpuMmepe. Kounduryparms
UCIIOJTHUTEJIS custom-name HPEAYCMATPUBAET OTMEHY OTKJIOHEHHBIX UCTIOJTHEH ! HO-
CPE/ICTBOM CIIENIMATU3MPOBAHHOTO KOH(pUTYpaTopa. ExecutorConfigurator saBisiercs
dacTtbio 6ubanorexu Porcupine. lanee HpuBeneHa crelyaibHast KOHMUTYPAIIHSL:

import com.airhacks.porcupine.configuration.control.ExecutorConfigurator;
import com.airhacks.porcupine.execution.control.ExecutorConfiguration;

@Specializes
public class CustomExecutorConfigurator extends ExecutorConfigurator {

@0verride
public ExecutorConfiguration defaultConfigurator() {
return super.defaultConfigurator();

}

@0verride
public ExecutorConfiguration forPipeline(String name) {
if ("custom-name".equals(name)) {
return new ExecutorConfiguration.Builder().
abortPolicy().
build();
}

return super.forPipeline(name);
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VicHoJHEH s, KOTOPbIe GBUIN OTKIOHEHBI M3-32 TIEPEHONHEH NS O4E€PEH, B 1aTb-
HelIIeM IPUBOAT K MCKIIOYEHHMIO RejectedExecutionException. OHO mpeobpasyercs
yepe3 pyHkuuoHanbHocTh JAX-RS cienytommm o6pasom:

import java.util.concurrent.RejectedExecutionException;

@Provider
public class RejectedExecutionHandler
implements ExceptionMapper<RejectedExecutionException> {

@0verride
public Response toResponse(RejectedExecutionException exception) {
return Response.status(Response.Status.SERVICE_UNAVAILABLE)
.build();

3anpochl KJIMEHTOB, HPEBBIMIAIONINE BO3MOKHOCTH CEPBEPa, CPa3y BI3BIBAIOT
coobienne 06 ommbke. KareHTCKuii BbI30B MOXKET IPUHATD 3TO BO BHUMAHUE U €Hi-
CTBOBaTb COOTBETCTBYIONIMM o6pazom. Hanpumep, GyHkuus mabmoHa, urpaomas
POJIb NIPEIOXPAHUTEISI, MOXKET HPENATCTBOBATh HEMEIJIEHHOMY TIOBTOPEHUIO KJIH-
EHTCKOTO BbI30BA.

3amensieHHas OOpaTHasE PEaKIUs OKa3bIBAETCsI IOJIE3HOM TP pa3paboTKe ClieHa-
PHEB C HECKOJbKUMHU CEPBHCAMM, KOTOPbIE JI0JKHBI COOTBETCTBOBATD COZLAULEHUSM
06 yposne obcyxcusanus (service level agreements, SLA). IlogpobHee sta TeMa Oyaer
paccMoTpeHa B riaBe 9.

MoapobHee 06 ycToMumMBOCTH

[ToMuMO 0becTieueH st yCTOMYNBOM CBSA3U, MUKPOCEPBUCHI TIPEAHA3HAYEHBI JIJIS1 TOBBI-
IIEHVsI KAYEeCTBA U JIOCTYTHOCTH CEPBUCOB. [ PUIIOKEHMs JOIKHBI UMETh BO3MOYKHOCTD
MacITabUpOBaHUS U CAMOBOCCTAHOBJIEHUS B CIyYae cOOeB.

VicHO/b30BaHUe TEXHOIOTMH yIIPaBAeHUsl KOHTeiHepaMH, Takoii kak Kubernetes,
NO/EPKUBAET 9TY KOHIIEMIHI0. MOyJ1, BO3BPAIIAIOIINE IOTUYECKUE CEPBUCHI, MOTYT
OBITb paCIIUPEHbI, YTOOBI BHLAEPKUBATD 60JIbIIYI0 HATPY3KY. CepBUCHI PACHPENEISIOT
HArpy3Ky Mey KoHTeliHepaMu. ECTh BOBMOXHOCTh aBTOMATUYECKU YBEIUYUBATh
¥ YMEHBIIATh KOJIMYECTBO 9K3EMILISAPOB B 3aBUCMMOCTH OT TeKyIeil paboueii Ha-
IPY3KH B KJIacTepe.

Kubernetes cTtpemuTcss MaKCUMaIbHO YBEIMYUTD BPEMsI IOCTYITHOCTH CEPBHUCA.
OH cYMTHIBAET 3HAYEHWS JATYNKOB KU3HENESATETbHOCTH U TOTOBHOCTH, YTOOBI BO-
BpeMsi 06HapyKUBaTh cOOM U IPU HEOOXOAUMOCTH 3aIlyCKaTh HOBbIE KOHTEHHEPHI.
B cayuyae omuGox Bo BpeMst pasBepThiBanusi Kubernetes cuenaer tak, uto6b 310
He KOCHYJIOCh YK€ PabOoTaioNnuX CEPBUCOB, TIOKA HOBbIE BEPCUU HE CMOTYT 06CIY-
JKMBaTh TPaUK.

9T METO/IbI YHPABJIAIOTCS HE HPUJIO)KEHUEM, a CPe/Ioil BhimoaHeH s, B koprmo-
PaATUBHOM TPUJIOKEHUM PEKOMEHYEeTCsl CBECTH K MUHUMYMY He(pyHKIIMOHATbHbBIE
CKBO3HBIE 33/[a4H.
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Pe3iome

EcTh MHOKeCTBO IPUYMH [IJISI MCTIOJIb30BaHUS PacHpeneIeHHbIX cucteM. HecMoTpst
Ha HEKOTOPbIE OMKCAHHbIE 371€Ch HPOBIEMbI U 3aTPAThl HA KOMMYHUKAIIUIO, TOTEPIO
HPOM3BOAUTENBHOCTH 1 OPraHU3ALMOHHbIE TPOGIEMBI, PACHPE/IETEHHAS CUCTEMA YACTO
SIBJISIETCS HEOOXOLUMOCTBIO.

ITpu npoeKTUPOBaHNM CUCTEMHOU CPEZbl CJAEMYET YIUTHIBATD CUCTEMHYIO KapTy
KOHTEKCTOB, KOTOPasi HPEJCTABJSAET OT/ebHbIe 3anauu. 1lesecoobpasHo paspaba-
toiBaTh APl npusoxeHusi B BuZle HpOCTBIX U HaZeKHBIX HHTePGeECcoB, B uaeaie
peasn30BaHHBIX Ha Ga3e CTaHIAPTHBIX POTOKOJIOB CBsI3u. IIpexie 4eM BBOAUTD U3-
MEeHEHWUsI, MHKEHEPBI, a TAKXKe OM3HEC-9KCIEePTHI 0KHBI CHPOCUTH Ce6s, TAK JIU YK
HeoOXOIMMO TIPUHYAUTEILHO HPEPBIBATh PaboTy KiareHTCKuxX pyHkiwmii. K Tomy xe
API cnenyer nenath ruGKuMU BO u36eKaHne HEHYKHBIX OCTAHOBOK B paboTe, APyruMu
c10BaMu, ObITh KOHCEPBATUBHBIMY B TOM, YTO BbI JI€/Ia€Te, U JTUOEPATbHBIMU B TOM,
4TO IPUHUMAETE.

NHuxeHepsl, co3aaroliye pacipeieeHHbIe MPUIOKEHNS, ZOKHBI HANTH KOMIIPO-
MHUCC MEK/LY COTIACOBAHHOCTHIO M MACIITAOUPYEMOCTBIO. BOJIBITMHCTBO IPUIOKEHUT,
UCIIOJIB3YOIUX CHHXPOHHYIO CBSI3b C BHEIIHEN CUCTEMOM, CKOpee Beero, 6yayT jo-
BOJILHO X0po1o MacinTabuposatbest. CenyeT naberaTh paCHpeeJIEHHBIX TPAH3AKIUHA.

[lna obecniedeHrst aCHHXPOHHOM CBA3M MPUJIOKEHUE MOXKET OBITH OCHOBAHO Ha
apxuTexType ¢ peructpanueii cobsruit. [puniun CQRS coueraet B cebe cBoiicTBa
COBBITUHHO-OPUEHTUPOBAHHON aPXUTEKTYPbI U peructpaiuu cobbituit. CQRS, 6e3-
YCJIOBHO, IPE/JIATAET UHTEPECHDIE PEIEHNsT, HO 3TO IMEET CMBICJI TOILKO B TOM CJIyYae,
€CJIM €CTh HeOOXOMMOCTD B CO3/IaHMU PACTIPENETEHHON CUCTEMBI.

MuxkpocepBucHbIE APXUTEKTYPhI HE JOJKHBI UMETh COBMECTHO HCIIOIb3yEMBIX
TEXHOJOTMI WK JaHHBIX. APXUTEKTYPbl 6€3 pasieIeHus PECYPCOB IPENOCTABISAIOT
¢B060y BHIOOPA TEXHOJIOTMH PEATM3alUU U COXPAHEHUs JaHHBIX. IIpuIoKeHns
Java EE ¢ HysneBbIMEM 3aBHCHMOCTSIMH, IIOCTaBJIsieMble B KOHTeliHepax, BIIOJIHE HO-
XO[IAT 1151 CO3ZIaHNUsI MUKPOCEePBUCOB. KOHIIENTIMS «OHO IPUIIOKEHYE — OTUH CEPBEP
HPHUJIOXKEHUN> COOTBETCTBYET UJIEE APXUTEKTYPbI 6€3 pas/ieJieHus PECYPCOB.

B crenyromeit riaBe GyayT pacCMOTPEHBI BOIIPOCH TIPOM3BOAUTEILHOCTH, MOHM-
TOPHUHTA U KyPHATUPOBAHMUSI.



MOHUTOPUHT,
NpPOU3BOANTENBHOCTb
N XXypHanMpoBaHue

MBI yKe 3HaeM, KaK CO3/1aBaTh COBPEMEHHbBIE MaCIITabMPyeMble i OTKA30y CTOMYUBBIE
MUKpocepBuChl Ha Java EE. A ceiiyac mpomo/mkum TeMmy oOecHedeH sl yCTOHIMBOM CBsI-
3W, 4 TAK)KE PEIIEHUS TEXHMIECKUX CKBO3HBIX 33/1a4 [IPH Pa3pabOTKe MUKPOCEPBHCOB.

KopriopatuBHblie HPUIOKEHUs pabOTAIOT B CEPBEPHBIX CPEAX, YAAIEHHBIX OT 10JIb-
3oBaresieit. J11s Toro 4To6b1 06€CHEYNTH IOHUMAHUE CUCTEMBI, HEOOXOANUMO CEIATh
ux BUAUMbIMU. CyLIECTBYET HECKOJIBKO CIIOCOOOB PEIEHNS 9TOM TeJeMeTPUYECKON
3a/1a4¥, KOTOPbIE BKJIOYAIOT B €651 MOHUTOPHUHT, IPOBEPKY PabOTOCIIOCOOHOCTH,
OTCJIEKMBaHUE U XypHAJIUPOBaHue. B 9Toil riaBe paccMaTpUBAIOTCST IPUYUHBI, TIO
KOTOPBbIM BbI6I/IpaIOT TOT WU UHOH METO/, U HOKa3aTeJIu, UMEIOLIE CMbICJI /I KOP-
[IOPAaTUBHBIX PUJIOKEHHI.

B a10ii r1aBe 6yAyT pacCMOTPEHbI CIEAYIOLIME TEMBL

BusHec-nokasaresu U TEXHMYECKHE TI0KA3aTeH.

Wurerpauus Prometheus.

Kak y10B1eTBOPUTH TOTPEGHOCTD B TIPOUBBOAUTENHHOCTH.
JluarHocTuyeckasi MOjieJIb IPOU3BOAUTEILHOCTH Java.

MeTOI[bI MOHHUTOPHWHTA U OPraHu3aluAa Bbl60p0‘-IHbIX I/ICC]ICI[OBaHI/Iﬁ.
[ToueMy TpaJMIMOHHOE XKYyPHATUPOBAHKE BPEITHO.

MoOHUTOPUHT, )KypHaJIUPOBaHUeE U OTCIEKUBAaHNE B COBDEMEHHOM MIpe.

[ A S S A S N

[TpurogHOCTDb TECTOB IPOU3BOAUTENBHOCTH.

busHec-noka3artenu

BuanMocTh B GM3HEC-TIPOIIECCAX MMEET PEIIAIONIee 3HAUEHYE /111 y9aCTHUKOB Ou3Heca,
KOTOPBIM HY>KHO BUZIETh U HHTEPIPETUPOBATD IIPOUCXOSIIEE BHYTPU KOPIIOPATUBHOM
cucteMbl. CBsA3aHHBIE ¢ GU3HECOM TIOKA3aTEIM HO3BOJISAIOT OLlEHUBATh 3(PPeKTHUB-
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HOCTb IIPOI[eccoB. Eciii Hporiecch HEBUAMMBbI, KOPIIOPATUBHOE HPUJIOKEHUE HOLOOHO
YepHOMY SIIIUKY.

[Moka3satesu, CBA3aHHBIE C GU3HECOM, ABJISIIOTCS GECIIEHHBIM aKTUBOM JIJIs OM3HeC-
9KCHepTOB. OHU NPENOCTABIAIOT HH(POPMAIIMIO O MPEAMETHON 00JACTU U BBIMOJ-
HeHuu OGusHec-cueHapueB. Kakue mokasarein HHTEPECHDI, 3aBUCUT OT MPEAMETHON
obsactu.

Ckonbko aBTOMOOMIIEN co3/aeTcst B yac? CKOJMBKO TOBAPOB KYHJIEHO M Ha KaKyI0
cymmy? KakoB kypc BamoT? CKOJBKO KJINEHTOB IPUIILTO BCJIEACTBUE MAPDKETHUHTOBOM
KaMITaHWH 110 9JIEKTPOHHO# 1iouTe? Bee 3To HprMephl KII0ueBbIX MoKasaresei addex-
TUBHOCTH 11 CBOMX obmacreii. ITokasaTenn 1 KOHKPETHON 00IaCTy ONPEAEISaIOT
OUBHEC-IKCHEPTHI.

KopriopatusHoe npujiokeHue JoIKHO TPEAOCTABIATh HHPOPMAIIUIO, KOTOPAs 110-
CTyMaeT U3 Pa3HbIX TOYEK GU3HeC-porieccoB. XapakTep aToi HH(POPMAIK 3aBUCUT
OT KOHKPETHO# npeaiMeTHO# 06aacTu. Bo MHOTHX ciydasx 6usHec-nokasareau 00y-
CJIOBJIEHBI CO6bITI/IHMI/I HpeﬂMeTHOﬁ 06]IaCTI/I, IIPOUCXOAAIIMMHU BO BPDEMA BbITIOJTHEHHU A
OU3HEC-TIPOLIECCOB.

BosbMeM, k IpuMepy, KOTUYECTBO aBTOMOOUJIEH, BBITIYCKaeMbIX 3a yac. busnec-
ClIeHapHH CO3/IaHUs aBTOMOOUIIS TeHEPUPYET COOTBETCTBYIOLIEE COOBITHE PEMETHON
obsmactu CarCreated, KOTOpOe COOGUPAIOT AJis OyAylied CTATUCTUKY. A, HAHPUMEP,
pacyeT Kypca BaJioT HOTpebyeT ropaszo 6obiie nHGOPMAIIWH.

BI/I3HeC'3KCHeprI JOJIXKHBI OIIPEAEJIUTb CEMAaHTUKY U IIPOUCXOXKACHHNE KIIOYEBbIX
HOKazaTejel apdextusHoctr. Onpenenenue u c6Op ITUX HOKAa3aTeaell CTaHOBUTCS
4acThiO Ou3Hec-cleHapus. 3a Bbauy AaHHOM MH(GOPMAIMY TAKXKEe OTBEYAET MPH-
JIO)KEHUE,

BaxxHo pasiauuarh HOKasaTeau, coOupaeMble 15 6U3HECA M HO COOOPaKEHUIM
TEXHOJIOTUHU. Bu3Hec-HOKa3aTe Iy Jai0T TPeCTaBIeHEe O EHHOCTH MTPUIOKEHMS,
HO Ha HUX HAIIPpAMYIO BJIMAIT TEXHUYECKHE IIOKA3aTEJIN. HpI/IMepOM TEXHUYECKOI'o
HOKA3aTeJisl ABJSAETCS BPEMS OTKJIMKA CEPBUCA, KOTOPOE, B CBOIO 0YEPE/lb, 3aBUCHT OT
IPYTMX TEXHUYECKUX ITOKasaTeieil. IToT Bompoc OymeT noapoOHO pacCMOTPEH B pas-
nese «TexHuUeCKne HOKa3aTe .

[ToaToMy GU3HEC-9KCHEPTHI IOIKHBI MHTEPECOBATHCS HE TOJMBKO GU3HEC-aCTIEKTaMu
MOHHUTOPHHTA, HO U TEXHUYECKUMHU PE3YJIbTaTaMHU pa6OTbI IIPUJIOKEHUA.

C6op 6usHec-nokasaTenen

[TokasaTesy, OTHOCSIHECS K OU3HECY, O3BOJSIOT CIENHUATUCTAM B AaHHOI 00-
JIACTH OlleHUBaTh 3(h(PEKTUBHOCTD KOPIOPATUBHON cucTeMbl. OHM 06€CTIeYnBAIOT
HOJTy4YeHHUe TOJIE3HBIX CBEJIEHMH O KOHKPETHBIX CTOPOHAxX JaHHOro 6usHeca. I1pu-
JIO)KEHVE OTBeYaeT 3a cOOp HOKasaTeseil, CBSI3aHHBIX C OU3HECOM, B PAMKaX €ro
6Gu3HEeC-CIIEHAPHUEB.

Hanpumep, HpHIOKeH Y€ [0 IPOU3BOACTBY ABTOMOOIJIEH pean3yeT O1U3HEC-IOTHKY,
KOTOPast MOXKET BbIIABATh TAKUE MIOKA3ATENH, KAK KOJINYECTBO aBTOMOOMIIEH, CO3/1a-
BaeMbIX 32 Uac.
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C TouKu 3peHus1 6M3HECA COOTBETCTBYIOIIME IIOKA3aTeIl OOBIYHO 00YCIOBIEHbI CO-
ObITHAMY HPeAMETHOI 061acTy. [es1eco06pasHo ONPeNesTh ¥ TeHEPUPOBATH COOBITHS
npeaIMETHOM 061acTH, TaKKe Kak CarCreated, B paMKax GU3HeC-CIIEHAPUS [TOCTIE YCIIeTl-
HOTO U3TOTOBJIEHWsI aBTOMOOWIISA. ITU COOBITUS COOMPAIOT U MCHOJB3YIOT JISl HOJY-
YeHUs MTOHONHUTEIbHOM HH(pOPMALINK B BU/Ie KOHKPETHBIX OU3HEC-HOKa3aTelen.

CoGbiTre CarCreated renepupyercst B KoHType kak CDI-coObiTHE U MOXKET OT-
CJIEXKUBATHCS CTIENUATbHBIM COOPIIMKOM CTAaTUCTUKU. B caenyromem pparmente koga
MOKa3aHO COOBITHE HPEAMETHOM 06IaCTH, TeHEPUPYEMOE B IIPOIIECCE BHINOJIHEHUS
Ou3HeC-ClleHapHs:

@Stateless
public class CarManufacturer {

@Inject
CarFactory carFactory;

@Inject
Event<CarCreated> carCreated;

@PersistenceContext
EntityManager entityManager;

public Car manufactureCar(Specification spec) {
Car car = carFactory.createCar(spec);
entityManager.merge(car);
carCreated.fire(new CarCreated(spec));
return car;

Konutyp zanyckaer CDI-cobbiTiie, KOTOpOe co0o0imaeT 00 yCIEeUHOM CO3aHuK
aBToMo6mIs1. CooTBeTCTBYIOIasA 00paboTKa OTAeNeHA OT OU3HEC-HPOLIECCA, TIOITOMY
3nech Gosbine HeT HUKaKoi soruku. CobbiTue 6yeT OTCAeKUBATHCS APYTUM KOM-
MIOHEHTOM, BKJIIOYEHHBIM B cOCTaB npusioxenus. Cunxpontsie CDI-cobbiTis MOTYT
CO3/aBaThCs /s 00pabOTKU Ha OHPE/IEJIEHHBIX dTalax TpaH3akiuii. Takum o6pa3om,
caenyomuil HabIoxaTe b TPAH3AKIUI rapaHTUPYET, 9TO OYAYT 3aCYUTAHbI TOJIBKO
yCIieurHbi€ TPaH3aKIUH 6&3])1 JAHHBIX:

import javax.enterprise.event.TransactionPhase;

@ApplicationScoped
public class ManufacturingStatistics {

public void carCreated(@Observes(during =
TransactionPhase.AFTER_SUCCESS) Specification spec) {
// cbop CTaTUCTUKM O NPOU3BOACTBE aBTOMObunei
// B COOTBETCTBUM C 3aAaHHOW cneuudukaumeit,
// TO eCTb yBeAW4eHUe CHETHMKOB
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WupopmaImio o cOOBITUAX cOOMPAIOT 1 06pabaTHIBAIOT, YTOOBI IIOAYYUTh OM3HEC-
HOKa3aTeslu. B 3aBUCHMOCTH OT CUTYyaI[ii MOTYT NOTPE6OBATHCSA MOTIOJHUTENbHbIE
JaHHBIE, OTHOCAIHUECA K cepe OusHeca.

IIpencrasieHue HeoGX0AUMON MHGOPMAIIMH B BU/IE COOBITUI HPEAMETHOMN 001aCTH
COOTBETCTBYET OMPEETeHUIO GU3HeCa U OT/eAeT OU3HEC-CIIEHAPUH OT BBIYUCIEHUS
CTATUCTUKH.

B zaBucuMOCTH OT cHTyauuu U TpeOOBaHUN MHGOPMAIMIO MOXKHO COOUPATh
He TOJIbKO KaK COOBITUSI HPEMETHOMN OBJIACTH, HO U C MOMOIIBIO CKBO3HBIX KOMIIO-
HEHTOB, TAKUX KaK MEPEXBATUMKKU. B HpoCTeleM ciyyae HOKA3aTeqN U3MEPSAIOTCS
1 cobMpatoTcs B 6a30BbIX 31eMeHTaX. PazpaboTunKy HPUIOKEHUH IOJIKHBI yIUTHIBATH
061aCTU BUAMMOCTY KOMHOHEHTOB, 4YT00bI COOpaHHbIE JaHHbIE He OTOPACHIBAINCH U3-
32 HETIPABUJIbHO BBIGPAHHBIX 06/1aCTEN BUAUMOCTH.

Bbligaya nokasaTeneu

ITokazaTenn 0OBIYHO COXPAHSIOTCS HE B IPUJIOKEHUH, a B IPYTOA CUCTEME, KOTOPast
SABJIAAETCA 4YaCTbIO CPEbl BBINIOJTHEHM A, HAIIDUMED BO BHEIIHEN CUCTEME MOHHTOPHHTA.
ITO ynpoIaeT PEATHU3AIMIO CUCTEMBI TIOKA3aTesel, a KOPIOPATUBHOE HPUJIOKEHHE
XPpaHHUT I/IH(I)OpMaI.[I/IIO B IIaMATH U BbIJAET 3alaHHbIE HOKA3aTEJ/IU. Bueurnue cucreMsl
MOHHMTOPUHIA HOJIYYaIoT 1 06pabaThIBAIOT HX.

EcTb HECKOIBKO METO/IOB, KOTOPBIE MOKHO HCHOJIB30BATH /IS BHIIAYM U cHOPa HO-
kasareseit. Hanpumep, oHu MOTYT MMeTh (POPMAT CHIEIUATU3UPOBAHHBIX CTPOK JSON
1 HepeZaBaThcs yepe3 KoHeuHble Touku HTTP.

B Hacrositee BpeMs 04eHb HOIYIAAPHA CUCTEMA MOHUTOPUHTA Prometheus, BXxons-
mas B coctaB Cloud Native Computing Foundation. Prometheus — ato Texnoorus
MOHHTODPHWHTIA 1 OIIOBEIEHH A, KOTOPpAaA HOJIYy4aeT, 3(1)(1)CKTI/IBHO XPaHUT U 3allpalliiBacT
BPEMEHHbBIC JaHHbIE. OHa c061/1paeT JIaHHbIE, BbIIJaBa€MbI€ IPYTUMU CEPBHUCAMU Y€PE3
HTTP B oupeaenentom popmate. Prometheus nmeer mupokue BO3MOKHOCTH HOJY-
YEHUA U XPAaHEHUA JaHHBIX.

Jlna noctpoenus rpapukoB 1 MHGOPMAI[MOHHBIX HAHENEH ¢ 0TOGpaXkeHeM O13-
Hec-nH(OPMAIMK MOXKHO HCIIOIb30BaTh APyTrHe pelneHus Ha 6ase Prometheus. Oana
13 TEXHOJIOTHH, XOPOIIIO COBMeCTUMAast ¢ Prometheus 1 npeiocTaBsionias MHOXKECTBO
BO3MOJKHOCTEN JJIS1 CO3/aHUsA HATJSAMAHBIX TpaduKoB, HasbiBaeTca Grafana. Cama
OHa He XPAHUT BPEMEHHBIE JAHHbIE, HO IPUMEHSIETCS JIJISl 3aAlIPOCOB U OTOOPasKeHWs
BPEMEHHBIX JaHHbIX U3 TAKUX UCTOYHHUKOB, KaK Prometheus.

Ha puc. 9.1 nokasan aupumep nHdpopmanuonHoi nanenu Grafana.

VudopmanroHHbie HaHe 1 00 BEAUHSIOT PEJEBAHTHY IO MH(MOPMAIHIO 1 0OecTieyn-
BAIOT €€ BU3YAIM3AIIUIO JIsi OM3HEC-9KCHEPTOB. B 3aBucuMOCTH OT TpeGOBaHUH U TIPU-
YUH CBA3aHHAasA I/IH(bOpMaLlI/Iﬂ KOMIIOHYETCA B BH/IE I‘pa(I)I/IKOB, KOTOpbIE ITIO3BOJAIOT
HOJIy4UTh OOLIYIO0 KAPTUHY U OHpeZleieHHble CBeneHust. VIH(popMalMoHHble HaHeT!
JAal0T BO3BMOKHOCTD 3aHPAIINBAaTh U HACTPAUBATD IIPEACTABICHUA BDEMEHHBIX JaHHbIX
B 3aBHCHMOCTH OT I1€JIEBO IPYTIIIbIL.
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BeepeHue B Prometheus

B crepyomux HpuMepax HOKa3aHoO, Kak HHTerpupoBath Prometheus B Java EE.
ITO OZIHO 13 BO3MOKHBIX PELIEHUH /1 MOHUTOPUHTA, ¥ MBI XOTHM JIATh YUTATEJISIM HPEJI-
CTaBJIEHUE O TOM, KaK [JIABHO MHTEIPUPOBATH MIOKA3ATENM, CBS3aHHbIE C GU3HECOM.

[punoxenue 6yner BoIaBaTh COOpAHHBIE HOKA3aTENU B BHIXOJIHOM (hopMare
Prometheus. dx3emuisipsr Prometheus HosmyyaoT u XpaHaT 9Ty MHGOPMAIIUIO, KAK
HOKa3aHO Ha puc. 9.2.

MpunoxeHne

GET /metrics

count_total 123.0

Prometheus

Puc. 9.2

ITporpaMMUCTBI MOTYT PeaM30BaTh JOHOJIHUTEIbHbIE (PDYHKINU A1 cOOpa 1 BHI-
nauy nHGOPMALMK UIM MCHOIb30BaHusA KaueHTcKoro API Prometheus, koTopsrit
HOCTAaBJISIETCS C HECKOJIBKMMU FOTOBBIMU TUHAMU TIOKa3aTeJIen.

B Prometheus ecTh HECKOJIBKO TUHOB OKa3aTENIEH, B TOM YHUCJIE CIEAYIONIUE,

Q Cuemuux — OIUH U3 CAMBIX PACHPOCTPAHEHHBIX HOKA3aTeJel, IPe/ICTaBISIOIUA
co6011 yBeIMYuBaIONIeecs Yuca0Boe 3HaueHne. OH 10 CYNTHIBAET IPOU3OLIEAIIIE
coOBITHS.

Q Illxanra — 4ucioBOe 3HaYEHUE, KOTOPOE MOXKET YBEJUYUBATHCS U YMEHBIIATHCS.
Ero moxHO ucnosp3oBaTh JJI1 UBMEPEHUA TaKUX 3HaquHﬁ, KaK KypcC BaJIoT,
TeMIIEpaTypa I TOBaPOOOOPOT.

Q lucmoepammor 1 c600ku — HoJiee CIOKHBIE TUIIBI TIOKA3ATENEH, IPUMEHSIEMbIE
17151 BLIGOPOYHBIX HAOTIOIEHMI Ha OHPe/IeJIEHHBIX BpEMEHHbIX OTpe3kax. OObIYHO
OHHU OTCJIEKUBAIOT PacIpesieieHre IT0Ka3aTeel, HalpuMep, CKOJIbKO BPeMeHH 3a-
HMMAET BBIHYCK aBTOMOOWJIS, HACKOJIBKO 3TH 3HAYEHUSI PA3/INYAIOTCSA U KaK OHU
PacHpeAeATC.

¥ kaxnoro nokasaressi Prometheus ecTb uMs U METKY, KOTOpPbIE HPEACTABAAIOT
co6OM mapsl «KJI04 — 3HaYeHUe> . BpeMeHHOH psax uaeH TUUIMPYETCS] HO UMEHU HO-
Kaszaresist 1 Habopy MEeTOK. MeTKy MOXKHO pacCMaTpUBaTh KAk MHOXKECTBO HAPAMETPOB,
cerMeHTUpYIollee nH(pOopMaLIHIO.

ITpumepoMm ripesicTaBjIeHYsI HOKA3aTeJIsl «C4eTYUK> C UCIIOJIb30BAaHUEM METOK SIBJISI-
eTcs caefyloumii: cars_manufactured_total {color = "RED", engine = "DIESEL"}.
Cuerunk cars_manufactured_total HOKasbIBaeT 06IIee KOJUYECTBO H3TOTOBIEHHBIX
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aBTOMOOWJIEH C 33]aHHBIMM IIBETOM UM TUIIOM ABUTaTeNsA. BHOCIEnCTBUN cOOpaHHbIe
MOKA3aTeJIM MOTYT OBITh BBIZIAHBI HO 32HPOCY C YKa3aHWueM UH(POPMAIMU O METKAX.

Peanuzauusa B Java EE

B caenymomemM npumepe nokasaHa peanusanusi c6opa CTaTUCTUKK € OTCIEKUBAHIEM
OIMCAHHOIO paHee COOBITUS HPEAMETHON 001aCTH U COXPaHeHMA MH(GOPMALIUH B II0-
kazaresie Prometheus «cueTunks:

import io.prometheus.client.Counter;

@ApplicationScoped
public class ManufacturingStatistics {

private Counter createdCars;

@PostConstruct
private void initMetrics() {
createdCars = Counter.build("cars_manufactured_total",
"Bcero npoussBeAeHo aBToMob6unei ")
.labelNames("color", "engine")
.register();
}

public void carCreated(@0Observes(during =
TransactionPhase.AFTER_SUCCESS) Specification spec) {
createdCars.labels(spec.getColor().name(),
spec.getEngine().name()).inc();

CueTynk cosmaercs u peructpupyercs B kanedTckoMm API Prometheus. Msmeps-
eMble 3HAUEHMUsI 3aBUCST OT 3HAYEHUH CBOMCTB aBTOMOOUJISI color U engine, KOTOPbIE
YYUTBIBAIOTCS [IPH NIOIy4eHUY 3HAYeHN.

Jlsist TOoro 4TOGBI BBIIABATH 9TY MH(OPMAIIMIO, MOKHO HOAKIIOYUTE OUOIUOTEKY
cepaiietoB Prometheus. OHa BBHIBOAMT BCE 3aPETMCTPUPOBAHHBIE TOKA3ATENH B TIPa-
BuJIbHOM (popMmarte. Kordurypaiis ceppiieta MOHUTOPHUHTA OTIPeZeIsIeTCS uepe3 web . xm1.
Taxke MOXHO HOAKIIOYUTD pecypc JAX-RS, uToObl BbIIaBaTh JaHHBIE HOCPEACTBOM
obpamienus k CollectorRegistry.defaultRegistry.

BoiatHble MPUIOKEHNEM BBIXOAHbBIE TaHHbIe OYIyT BBHITIALETH IPUMEPHO TaK:

oo

cars_manufactured_total{color="RED", engine="DIESEL"} 4.0
cars_manufactured_total{color="BLACK", engine="DIESEL"} 1.0

KomuonenTst Java EE, takue kak CDI-co6biTus, yHPOIAOT paboTy HPOrpaMMu-
CTOB B TOM, YTO TJIABHO MHTETPUPYIOT MOKA3aTeaN COOBITUI MPEAMETHOM 061acTH.
B HpenbiayuiemM HprMepe Kiacc ManufacturingStatistics ObLI eIMHCTBEHHBIM 3J1€-
MEHTOM, KoTopsiii 3aBuces or API Prometheus.

OueHb KeaTeIbHO ToAKII0UaTh KaneHTckuit API Prometheus kak oTaenbHbrit
yPOBeHb 06pa3a KOHTEHHEPA, 4 He BKJIIOYATH €ro B apTedakT MPUIOKEHU.
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Penienue /711 MOHUTOPHMHTA TIOJIyYaeT U 3aTeM 00pabaThiBaeT MPe0CTABIEHHYO
nHbOopMaIuio, 4ToObI co6paTh HeOOXOAUMBIE OU3HEC-HOKa3aTeu. [lomyyenne 3Ha-
YEeHUH CYEeTUYMKA U3rOTOBJIEHHBIX aBTOMO6I/IJIeﬁ B 3aBUCHMOCTHU OT BPEMEHH JACT KO-
JIMYECTBO aBTOMOOUIIEH, CO3/[aBAEMBIX B 4ac. DTOT HOKA3aTeb MOKHO 3aIpallnBaTh,
4ToGBl y3HATH 0OIIee KOJTUYECTBO ABTOMOOUIIEH, 8 TAKXKE KOJIUYECTBO aBTOMOOUIER
OIIpeeIEHHOTO IIB€TAa U C HYKHBIM THUIIOM ABUTATEJA. SaHPOCbI, OHpene/AIInue
6I/I3HCC'HOKa3aTeJII/I, TaKX€ MOT'YT aJallTUPOBATbCA U YTOYHATLCA B COOTBETCTBUU
C TEKyIIUMH Tpe60BaHI/IHMI/I. B nuaeaje nprujaoKeHHue BbIIaeT HeO6XOI[I/IMbIe aTOMapHbIE
6GU3HEC-TIOKA3ATEH.

WMHTerpupoBaHue B cpealy BbiNONHEHUS

IIpunoxeHue BbIAAET HOKA3aTeIH, OTHOCAIeC K 6usHecy, uepes HTTP. Ixsemmisap
Prometheus nosryuaer u coxpaHsieT 9TH IAHHbBIE U IEJAET UX JOCTYTHBIMU [IOCPECTBOM
3arpoCoB, rpapUKOB ¥ BHEITHUX peleHni, Takux kak Grafana.

Bo dpeiiMBopke yripaBieHus KoHTelHEpOM sK3eMIuiap Prometheus 3anyckaercs
BHYTPH KJacTepa. ITo u36aBisAeT OT HeOOXOAMMOCTH HACTPAUBATH IOCTYHHbIE N3BHE
KOHEYHBIE TOUKM MOHUTOPUHTA. [[JIs1 TOrO 4TO6B OOHAPYKUThH HK3EMILIAPHI HPU-
noxenust, Prometheus unrerpupyercs ¢ Kubernetes. Prometheus Hyxmaercs B mo-
CTyIIe K KQKIOMY MOZYJIIO IPUJIOXKEHUS B OTAETBHOCTH, TAK KAK KaXKABIN 9K3EMHJISID
HPUJIOXKEHUS BBITIYCKAET CBOM HOKa3aTelu MoHUTOpuHra. Prometheus nakaniuBaer
unpopMaruio 060 BCeX 9K3eMHIIAPaX.

Kouguryparus Prometheus xpanutcs nu6o B kapte KoHbUTrypanuu, 1160 Kak
4acTh 6a30B0ro 00pasa. IKIEMHIIAP HACTPOEH TAK, YTOOBI KaXKble 72 CEKyHI 00paliaTh-
€S K TIPUJIOXKEHUSM ¥ SKCHOPTEPaM JIJIsl TIOJyYeHUs1 BDEMEHHBIX psAnoB. [loapoGuee
o koHdurypanuu Prometheus unTaiite B akTyasbHON BEPCUU IOKYMEHTAIIMH.

ITO TOJBKO OTHO M3 BO3MOXHBIX PELIEHUH J/IsI HHTErPaIiy GU3HEC-MOHUTOPHHTA
B 06/1a4HOE HPUJIOKEHHE.,

[okasaTenu, CBsI3aHHbIE ¢ GU3HECOM, 1[€1€CO0OPA3HO MPEACTABISTH B BUE CO-
OBITUH IPEIMETHOMN 06J1aCTH, KOTOPBIE BO3HUKAIOT B HPOIECCE BBIHOMHEHMS GU3HEC-
cuenapus. VIHTerparus BoIOpaHHbIX PEIeH i /1711 MOHUTOPHHTA I0JIKHA TIPOUCXOUTh
HPO3PAYHO JJIsI JIOTUKU HpeaAMeTHOM obaactu. K ToMy e He M0JIKHO BO3HUKATh
3HAYUTEIBHOMN 3aBUCUMOCTH OT CTOPOHHUX HPOAYKTOB.

TpeboBaHWs K NpoM3BOAUTENBHOCTU
B pacnpeaeneHHbIX cuctemax

Bpems peakiyu SBIAETCSA BAXKHBIM HETEXHMYECKUM TPeOOBAHMEM K KOPIIOPATUBHOMY
Hpunoxenno. Cuctema 6yeT MPeACTABIATh IIEHHOCTb /i OM3HECA TOJIBKO B TOM
CIlydae, eCJIM 3aIPOChl KIMEHTOB 00CIYKUBAIOTCS 32 Pa3yMHOE BPEMSL.

[l TOrO YTOOBI YIOBIETBOPUTH TPEOOBAHUS K TIPOM3BOAUTENLHOCTH, B PACIIpe-
JIEJIEHHBIX CUCTEMAX HEOOXOMIUMO YUUTHIBATh BCE 33/1eWCTBOBAHHBIE TIPUIIOKEHU.
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KopHopaTuBHOE NPUIOKEHUE YACTO I0JKHO BBIHOTHATD coziauenue 06 yposie
obcnyacusanus (service level agreement, SLA ). B SLA 06b14HO OIIpe/ie/IEHBI IIOPOTOBbIE
3HAYEHUS JOCTYIIHOCTU UJIA BPEMEHH OTKJIUKA.

CornaweHunsi 06 ypoBHe 06cnyxmnBaHus

Jly1s1 TOro yTOOB! pACCYNTATh U BBIIOJHUTD Bee SLA, BaXKHO OHPENEINTD, KAKKe HPO-
[ECCHI U IPUTIOKEHHUS YYACTBYIOT B OM3HEC-CLIEHAPUAX, 0COOEHHO B CHHXPOHHOM CBSA3H.
CKopocThb paboThI MPUIIOKEHMIA, KOTOPblE CUHXPOHHO BBI3BIBAIOT BHELIIHUE CUCTEMBI,
HAHPSIMYIO 3aBUCUT OT CKOPOCTHU 9TUX BBI30BOB. Kak y’ke yHOMUHAIOCH, CJIeyeT U3-
GeraTh pacipefeIeHHbIX TPAaH3aKIMA.

ITo cBoeii mpupoge SLA MOTYT OBITH BHIIIOJHEHBI TOJBKO B TOM CJIydYae, eCU BCE
NPUIOKEHHs PabOTAIOT U XOPOIIO COYETAIOTCS MeKAy coboit. Kaxkaoe npunoxerue
BiusieT Ha SLA 3aBHCHMBIX CUCTEM. JTO KACAETCS HE TOJBKO CAMOTO MeJIEHHOTO
MIPUJIOXKEHUS B CICTEME, HO U BCEX 33/I€HICTBOBAHHBIX CEPBUCOB.

Hanpumep, ynosierBoputh TpeboBanue 6e30TKasHol pabotsl B 99,995 % ciydaes
HEBO3MOJKHO, €C/IM OHO BKJIIOYAeT B cebsi CHHXPOHHBIE BBI3OBBI IBYX HPUJIOKEHUMH,
Kax0€ u3 KOoTophix rapantupyer 99,995 %. B pesynbrare SLA coctaBut 99,99 % —
3HAYEHUSI JJIs1 KAXK/0M YUaCTBYIOIIEH CUCTEMBI YBEJNUUBAIOTCS.

To ke camoe BepHO /JisI TADAaHTUPOBAHHOTO BpeMeHU oTKauKa. Kaxmas 3azneii-
CTBOBaHHAs CHCTEMA 3aMeJIJIAET ObIIee BpEMsI OTKJINKA, B PE3yJIbTaTe Yero OHo Oyner
PaBHO CyMMe BpeMeHHU 1111 Bcex SLA.

Bbluncnerne SLA B pacripeieNieHHOW CUCTEME

PaccmoTpuM npuMep TOro, Kak BEIHOJHUTH SLA B pacHpeieJIeHHbIX CUCTEMAX, ECIIU
KOpIIOPaTUBHOE HPUJIOKEHNE SBJISIETCS YacThIO CLIeHapUs C BBICOKOW Harpy3kKon
U KPUTUYECKH BAXKHO 0OECHEYUTh TapaHTUPOBAHHOE BPeMsl OTKJHKA. [IpunoxeHue
CHUHXPOHHO CBSI3BIBAETCSI C OHOM UJIN HECKOJBbKUMHU CEPBEPHBIMU CUCTEMaMU, HPeo-
CTaBJISOUMU Heobxoaumyto uHdopmanuo. Bes cucrema B niesiom cormacio SLA
J0JKHa obecHeurBaTh Bpems oTkauka 200 Mc.

B aToM crieHapuu cepBepHbIE PUIOKEHNS COOTBETCTBYIOT TPEGOBAHMSAM K BPEMEHU
orkauka SLA 3a cyer 3aMeJIeHHOM 00pPaTHOH peakiun ¥ HpEBEHTUBHOIO OTKa3a OT
3aMpPOCOB, KOTOPbIE He BHIMOAHAIOT ycaoBus SLA. [Ipu aToM y MCXOAHOTO HPUIOXKe-
HUST €CTh BO3MOKHOCTh MCIIOJIB30BATh JIPYTOU CEPBEPHBIN CEPBUC, KOTOPBINA yYCHEET
OTpearupoBaTh BOBPEMSL.

[l Toro yTo6BI HPABUJIBHO HACTPOUTD PEryJUPOBaHNE KOJUYECTBA 3AIIPOCOB,
HH)KeHepaM HY)XKHO 3HATh Cpe/lHee BpeMs OTKJIMKa CepBEPHO cUCTeMbl. B nanHOM
cayudae 910 20 Mc. CoOTBeTCTBYIOMIas1 GU3HEC-(DYHKIMSA ONPENETSAET BhIAETEHHBIH ITyJT
[IOTOKOB C [TOMOIIIBIO CIIEI[HATBHOTO CEPBUCA YHPABJsIeMbIX cnoaHuTeeit. Kondu-
rypauusi HyJjla HOTOKOB HaCTPauBaeTCs HHANBUAYAIBHO.

Hacrpoiika koHGUIypanuy IPpOUCXOAUT CAEAYIOMMM 00pa3oM: HHKEHEPHI BHIOK-
PaloT MaKCUMaJIbHBII pa3Mep IIyjia HOTOKOB U MaKCUMaJIbHBIN pa3Mep ouepeau Tak,
uTo6bl BpeMsi SLA B 7 pa3 npeBHINIATIO CPefHee BPeMs OTKJIMKa. B aHHOM ciydae



PeweHne npobnemM npou3BoanMTENbHOCTH 331

n paBHo 10 — 9TO MaKCMMaJIbHOE KOJIMYECTBO 3aIPOCOB, KOTOPbIE cucTeMa OyaeT
obpabaThiBaTh 0AHOBpeMeHHO. OHO PaBHO CyMMe MaKCMMAaJbHOTO pasMepa myJa
1 MaKCUMAJbHOTO pa3Mmepa ouepenu. Eciu ato KomnuecTBO OyAET MPEBBIIIEHO, TO
110001 3a1poC HeMeIEHHO OyIeT OTKJIOHEH CEPBUCOM C BhlJadel cOOOIEeHNs O Bpe-
MEHHOI HETOCTYITHOCTH. B OCHOBE 9TOIi JIOTUKY JIEXUT TAKOU PACYET: €CIU TEKYIIEee
KOJMYECTBO 06PabaThIBAEMBIX 3aTIPOCOB MIPEBBINIAET 72, TO HOBBIM 3aHPOC MPEBBICUT
pacueTHoe Bpemst SLA B 200 mc.

«HeMennenHoe OTKIOHEHME 3aTIPOCOBY 3BYYUT KECTKO, HO HDH 3TOM KJIUEHTCKOMY
HPUJIOKEHUIO PEOCTABIAETCA BO3MOXKHOCTh OOPATUTHCS K APYTOMY CEPBEPHOMY
HPUJIOXKEHUIO, HE TPATS BCe BpeMsl, HperycMoTpeHHoe SLA, Ha OfivH BbI30B. JTO HPU-
MEp CueHapuAa BBICOKOM HPOU3BOAUTEJIBHOCTH C HECKOJIBKMMHU CEPBEPHBIMU IIPUJIO-
JKEHUSIMH, T/I€ BBIIOJIHEHNE YCaI0BHi SLA nMeeT BHICOKUII IPUOPUTET.

Pean3alius 9TOro ClIeHAPUS aHAJIOTUYHA TIPUMEPY € 3aMe/IIEHHOM 06paTHOl peak-
I[1ell, OMMCaHHOMY B IIpeAbIAyIeii raBe. Ecau HepBblii BEI30B 3aBepIINJICS Hey[aueld
13-32 HEAIOCTYITHOTO CEPBUCA, KIIUEHT MOYKET OOPATUTHCS K IPYTOMY CEPBEPHOMY TIPU-
JIOXKEHUIO. ITO HESIBHO 06ecriednBaeT rubKOCTh KIUEHTA, TIOCKOIBKY OH MCTIONb3YeT
HECKOJIbKO Pe3ePBHBIX CEPBEPHBIX HPUJIOXKEHUH. J[JIs1 cepBEPHOIT YacTU HESIBHO HPU-
Mensercs mabaoH Hepebopku. Eciu onHa U3 pyHKIMN OKa3bIBAETCS HEAOCTYIIHOM,
3TO He BJIUAET HA OCTATbHYIO YaCTh HPHJIOKEHMSI.

PelueHne npobneM Npon3BoANTENBHOCTY

TexHUYECKHE HOKA3aTeNH, TAKMe KaK BPeMs OTKJMKA, HPOIyCKHAs CIIOCOOHOCTB,
4acTOTa OIKMOOK UK BpeMsl O€30TKa3HOM pabOTHI, TOBOPAT O CKOPOCTHU PEAKIUN CH-
creMsl. IToka CKOPOCTDb pe€aKIHU IIPUJIOKEHUA HAXOAUTCA B IOIYCTUMBIX HPEAEIaX,
HO)KaJIyﬁ, HUKaKue ApyTue MOKa3aTean HE HyKHBI. HeI[OCTaTO‘-IHaH IIPOMU3BOAUTEIb-
HOCTbH O3Ha4aeT, YTO SLA CHUCTEMbI HE BBIHOIHAETCA, TO €CTh BPEMA OTBETA CJIUIIKOM
BEJIMKO WY KJIMEHTCKUE 3aIIPOCH] 3aKaHYMBAIOTCS Heynauell. BogHukaeT Bompoc: 4to
HY’KHO U3MEHUTbD, YTOOBI YIYUIIUTh CATYAIUIO?

Teopusa orpaHUyeHun

Eciu jxemaeMasi Harpy3Kka Ha CUCTEMY YBEJWYWBAETCS, MPOIYCKHAsA CIIOCOOHOCTD
B HJeasie TaKxKe Bo3pacraeT. Teopusi orpaHUYeHUI OCHOBAHA HA HPETIOIOXKEHUH,
4TO CYLIECTBYET XOTS GBI OHO OTPAaHUYEHUE, KOTOPOE Oy/IET TOPMO3UTH HPOHYCKHY IO
CHOCO6HOCTI> CUCTEMBI. H03TOMy OrpaHUYeHUA UIN Y3KUE MECTA IIPUBOJAAT K HAACHUIO
HPOU3BOAUTEJIBHOCTH.

[Tox06HO 11eHH, TIPOYHOCTH KOTOPOIt OTIPENEAETCS CAMBIM C1a0bIM 3BEHOM, Orpa-
HUYMBAIOLINIT PECYPC CEPAKUBAET OOIIYIO HPOU3BOAUTENBHOCTH CUCTEMBI U €€ OHPE-
nesieHHble (PYHKIIMOHATbHBIE BO3MOKHOCTH. TakiM 06pa3oM, IPHIOKEHUE HE MOXKET
CHPaBUThCA ¢ 6OJIbIIEN HATPY3KOM, TIOKA APYTHE PECYPChI HE UCIIOAb3YIOTCS B IIOJIHOM
Mepe. Tonbko yBeTnYnBasi MOTOK Yepe3 OrPaHMYUBAIOIINI PECYPC, TO €CTh YCTPaHSIs
Y3KOE MECTO, MOXKHO YBEJMYUTh HPOMYCKHYIO CIOCOOHOCTh. EC/IM OHTMMU3UPOBATh
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BCIO CUCTEMY, KPOME Y3K020 MeCMA, BMECTO TOTO YTOOBI €TI0 YAAIUTh, TO BPEMSI €€ Pe-
AKI[MU HE TOJIbKO HE YMEHBIINUTCA, HO JaXXKe MOXET YBEINIUTHCA.

[103TOMY KPUTHUYECKHU BaXKHO OIIPEJENUTD, T/le HAaXOAUTCA y3Koe Mecto. [Toka
He OyZIeT IPEOI0IEHO 9TO OTPaHYeHUE, 00IIast TPOU3BOAUTENBHOCTD HE YTy dIIUTC.

Haupumep, BoiesieHre GoJIbIIeld MOITHOCTH HPOILIECCOPA ISl TIPUJIOKEHHUS C €r0
3HAYMTEJIbHOM 3aTPy3KOii e[Ba JIM HOMOXKET 00ecrednThb 6osiee BICOKYIO TIPOU3BO-
JMTENLHOCTD. BO3MOXHO, IPUIOKEHNE ILI0XO PabOTaeT U3-3a APYrHUX, TIyOUHHBIX
NPUYKH, a HE M3-32 HEAOCTATOYHOU MOLIHOCTH TIPOLIECCOPA.

3].'[er Ba’XHO OTMETHUTHD, UTO OTPAaHUYHBAIOIIHE YCIO0BUA, CKOPEE BCETO, ABIAIOTCA
BHEIIHWMH IT0 OTHOIIEHHWIO K IIPUJIOKEHUIO. B €ANHOM MOHOJIMTHOM HPHUJ/IOK€HUH OHU
BKJIIOYAIOT B ceOsl amHapaTHbIE CPeICTBA ¥ OTIEPAIIMOHHYIO CUCTEMY CO BCEMU 3aHy-
IIEHHBIMU B Hell nporieccamu. Eciiu gpyroe nmporpaMMHoe obecHedenne, paboramoliee
Ha TOM ke 000py/I0BaHUH, MHTEHCUBHO MCHOJIb3Y€eT CETEBOM alanTep, TO CETeBble
onepannuu BBOI[a/BbIBOI[a u 06].[[351 IIPOU3BOAUTEIBbHOCTD IIPHUIOKEHUA 6yI[yT OT 3TOTO
3aBHCETb, IaKe €CJIM OCHOBHOE OrPaHUYMBAIOIIEE YCIOBHE He BXOAUT B KOMIIETEHIIUIO
HPUIOKEHMS.

[TosToMy 7151 IPOBEPKU IIPOOIEM HPOU3BOAUTEIBHOCTH HEOOXOAUMO YIUTHIBATD
GoJiblIe, YeM caMo IpuIoxKeHye. Ha mpousBoANTEIbHOCTD IPUIOKEHNST MOKET BT
Bech HabOP IPOIECCOB, pabOTAOIINX HA TOM K€ 000PYAOBaHUY, B 3aBUCUMOCTH OT
TOTO, KaK JPyTHe MPOLECCH UCIIOAb3YIOT CUCTEMHBIE PECYPCHIL.

B pacHpeznenieHHOM cpefie aHATMTUKA TPOU3BOAUTENBHOCTH BKJIIOYAET B cebs1 BCe
B3aMIMO3aBHCHMBIE ITPUJIOKECHHNA, KOTOPbIE BSaHMOﬂeﬁCTByIOT C JaHHBIM IIPUJIOXKE-
HUEM, U CBA3b MEXKAY HUMH. [[J151 TOrO 4TOOBI OIIPEAEINTh OrPAHNYUBAIOIIUI PECyPC,
HEeOOXOMMO PACCMOTPETh CUTYAIIUIO B CUCTEME B IIEJIOM.

[TOCKOJIbKY HPUJIOKEHMSI B3AMMOCBSI3aHbI, [IOBBILIEHNE CKOPOCTH PEAKI[U OHOU
CHUCTEMbBI IIOBJIUAECT HA APYTrve€ U MOXKET CHU3UTh CKOPOCTb PEaKIUH BCEH CHUCTEMBI.
OnaTh ke HEeHPABUJIbHBIM BEIOOP HOKA3aTeJIsl, Hy KAAMOIIEroCs B y/Iy4YIlleHNH, HAaHPU-
Mep ONTUMU3AIMS BCETO, 32 MCKJIIOYEHNEM Y3KOTO MECTa, He HOBBICUT, a CKOPee JakKe
CHU3UT OOIIYIO TIPOU3BOAUTENBHOCTD. [[PUIOKEHNE, HONKIIOYAIONIEEC K BHEITHEH
cucTeMe, KOTOpast HPEJICTaBIIsieT COOOM y3KOe MECTO, OKAa3bIBAET OTIPEEIEHHOE IaBJIEHHE
Ha BHEIITHIOIO CUCTEMY. Ecau ONITUMH3HPOBATH IIPOU3BOAUTEIbHOCTD IIPUJIOKEHUA, 4 HE
BHEIIHEH CUCTEMBI, TO HATPy3Ka Ha BHELIHIOK CUCTEMY 1 IaBJICHUE Ha HEE YBEJIMYATCS,
4YTO B UTOT€ HPUBEAET K YBEIUYECHUIO O6H.ICFO BPEMEHU PEAKIUH.

B pacHpPEAECJIECHHBIX CUCTEMAX CUTyal[lsA CO BCEMHU B3aMMO3aBUCUMBIMU ITPHUJIOXKE-
HUAMU 3HAYUTEIBHO YCJAOXKHAET PEMIEHUE HPOOIEM IPOU3BOJUTENbHOCTH.

Onpenenenve nageHUs NpoM3BOAUTENBHOCTH
C nomoLubio jPDM

Java Performance Diagnostic Model Java (jJPDM) — 310 AMarHOCTUYECKAS MOZEb
MPOM3BOAUTEILHOCTH, KOTOPast aGCTParupyeT CIOKHOCTb CUCTEM. DTO IOMOTAET UH-
TEPHPETHUPOBATh CYHETYNKU HPOU3IBOAUTEIbHOCTHU CUCTEMBI U, TAKUM O6paBOM, HOHATH
OCHOBHYIO IIDUYHNHY ee TaJeHus.
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[Ipob6ieMa onpeeseHUs: IPUYUHBI MIaJ€HUs TPOU3BOIUTENBHOCTH 3aKII0Ya-
€TCs1 B TOM, YTO KOHKPETHBIN CLIEHAPUI CKJIAZBIBAETCS B PE3YJIbTATE MHOTOUIC-
JIEHHBIX BO3/IEHCTBUI, MHOTHE U3 KOTOPBIX SIBJSIOTCS BHEIIHUMU 1O OTHOIIEHUIO
k npuyioxenuio. jPDM u nosyueHHbIE ¢ €€ TOMOIIBI0 METOIUKY TOMOTAIOT PEIIUTH
3Ty 3a7a4y.

C TOUKM 3peHUs CKOPOCTH PEAKIINU CYIIECTBYeT 6ECKOHEUHO MHOTO MOMEHTOB,
KOTOpBIE MOTYT BBI3bIBATH HPOOJEMBI, HO BCE K€ KOJIUYECTBO MPOOJIEM SBIAAETCS
KOHeuHbIM. TakuM 00pa3oM, IPUYMHBL TAEHUS TIPOU3BOUTETLHOCTU MOTYT ObITh
OTHECEHBI K KOHEYHOMY KOJIMYeCTBY KaTeropuii. ECTh HECKONBKO TUINIMYHBIX TPO-
6JieM, BBI3BAHHBIX GECYMCIIEHHBIM KOJIMUYECTBOM Pa3jiMYHbIX CIIEHAPUEB U TIyOuH-
HBIX TIPUYMH. J[JI51 TOTO YTOOBI ONPEAETUTH 3TH KATETOPUH, OyeM UCIIOIb30BATh
IUATHOCTUYECKYIO MOZEIb.

jPDM ormpezesnsier BaKHbIe IOACUCTEMBI HCCJIELyeMOM CUCTEMBL, UX PoJid, GyHKLIUU
1 aTpUbyTHL. ITU MOACUCTEMBI B3aUMOJIEHCTBYIOT MeK Ly coboit. Mozenb moMoraer
BBIOPATD UHCTPYMEHTHI /ISl U3MEPEHUS YPOBHEH aKTUBHOCTH M B3aMMOIEHCTBUS
MeXy MmoAcucTeMaMu. MeTOAbI U MPOIECCH, TOMOTAONINE U3YYaTh U aHATU3U-
POBATh CUCTEMBI U CUTYAI[U B CMBICJIE TPOU3BOIUTETBHOCTH, BHIXOAST 32 PAMKH
JAHHOU MOZeJIH.

Moacucremsbi

[ToncucremMamu B IPUKJIAAHON cpefie Java SIBISIOTCS OllepalliOHHAs CUCTEeMa, BKJIIO-
4as anmapatHoe obecrieueHne, BUPTyaibHAs MAIIMHA Java, IPUIOKEHNE U aKTOPHL.
Kaxcz[aﬂ nmoacucreMa BaﬂeﬁCTByeT IMOAYNHEHHBIC e IIOACUCTEMBI AJid BBIIIOJTHEHHU A
CBOMX 3371a4.

Ha puc. 9.3 nokasano, kak noacucrems! jPDM B3anMoneicTBYIOT MeX Iy COOOIA.

AKTOpPbI

leHepupyIoT HarpyaKky

MpunoxeHne

MNoTpebnsier JVM-cepBucol

JVM

MNoTpeGnseT pecypcbl OC

oC
(v obopynoBaHue)

Puc. 9.3
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AKTOpSbI

AKTOpr — 9TO HOJIb30BaTE/JIN CUCTEMbI B CAMOM IIHNPOKOM CMBICJIE€. KOHEYHbIE HOJIb-
30BaTeJIM, HAKETHBIC IIPOLECChI 1 BHEITHHE CUCTEMbI — B 3aBUCHUMOCTH OT 6I/I3HCC'
CLieHapus.

VcHOMB3YsT CHCTEMY, aKTOPbI F€HEPUPYIOT pabodyio Harpy3Ky. CBolicTBaMu ak-
TOPOB SIBJISIOTCS KOA((PUIIMEHT HATPY3KU, TO €CTh KOJIMYECTBO 33/I€MICTBOBAHHBIX
MOJIb30BaTENIEH, a TAKXKe CKOPOCTh, TO €CTh TO, KaK OBICTPO 06PabaThIBAIOTCS HOMb-
30BaTe/IbCKUE 3aHPOCHL. ITH CBOMCTBA, KaK ¥ IPYTHe CBOUCTBA MOACUCTEMBI, BIUSIOT
Ha 00LIYI0 CUTYALNIO.

CaMu aKTOpBI He CO3/aI0T MPoOIeMbl HPOU3BOAUTEIBHOCTH, OHU HPOCTO UC-
MOJIb3YIOT TIPUJIOKEHUE. [[PyTUMU CJI0BaMU, €CJIM TPOU3BOAUTENLHOCTD CUCTEMBI
HeyIOBJIETBOPUTENIbHA, TO HE CTOUT MCKATh OTPAHMYMBAIOIIEE YCIOBUE HA YPOBHE
aKTOPOB — OHU M CO3/[aBaeMasi UMHU 3aTPy3Ka SBJISIOTCS YACThIO yCIOBHIA, B KOTOPBIX
J0JKHA paboTaTh CUCTEMA.

MNpunoxeHve

KoproparusHoe MpuiokeHre COAEPKUT AITOPUTMbI Gu3Hec-T0ruKu. YacTbio GusHec-
CLIEHAPHUEB SBJISIIOTCS BbIIEIEHYE AMSITH, ILIAHUPOBAHNE HOTOKOB M MPUMEHEHHE
BHEIIIHUX PECYPCOB.

[7n151 aTOTO HpUJIOXKEHUE 3a/]elCTBYeT (PYHKIMOHAIbHBIE BO3MOXHOCTY (ppeiiMBOP-
Ka U 513bIKa Java. B KoHe4HOM cueTe OHO SIBHO WJIM HESIBHO KCITIONBb3YeT KO U KOH(UTY-
pario JVM. Takum 06pasoM, IPUIOKEHHIE CO3IAET ONPEeTIEHHYIO HAarpy3Ky Ha JVM.

JVM

Bupmyanvnas mawuna Java (Java Virtual Machine, JVM) uHTepripeTupyeT U BHIIIOJI-
HseT Gait-koa Hpuaoxkenus. OHa 6epeT Ha cebs1 yrpaBJieHre HAMATHIO — BbIIEJIEHNE
namsat u c60p mycopa. CyIiecTByIOT OOIIMPHbIE METOIBI OTITUMU3AINY /IS TIOBbI-
LIEHUs TPOU3BOAUTEIBHOCTA HPOTPAMM, TaKue Kak komnunauus Just-In-Time (JIT)
B Java HotSpot Performance Engine.

151 pacHpeneneHus MaMsTH, 3aIIyCKa MOTOKOB, CETEBOTO MK AUCKOBOTO BBOZA/
BbIBOZa JVM HcCosib3yeT pecypchl OHEpPallMOHHOMN CHCTEMBI.

OnepaunoHHas cucteMa u obopyaoBaHue

AmnHapaTHbIe KOMIIOHEHTbI KOMHBIOTEPA, TAKHE KAK IPOLIECCOD, TAMSITD, IUCK 1 CETEBOI
a/laTnTep, OHPEESIOT PeCyPChl cucTeMbl. OHU UMEIOT OTIPe/IeJIeHHBIE CBOICTBA, TAKUE
KaK eMKOCTb UJIH CKOPOCTb.

[TocKOIbKY anmapaTHbie KOMIOHEHTBI IPEJCTABISAIOT COO0I PECYPChI, HEIOCTYITHBIE
IIJisi COBMECTHOTO TPUMEHEHMU I, OHEPALIMOHHAS CUCTEMA PACIIPEENSIET allapaTHbIe
cpencTBa MeKay poreccamut. OnepalioHHas CUCTeMa 00eCTIeYnBaET JOCTYIL K 001Ie-
CUCTEMHBIM PECYPCaM U pacIpeesisieT HOTOKU MEX/Y HPOLIECCOPaMHL.

ITo aTOM PUYKHE MOZIESTH PACCMATPUBAET OOIIYIO CUCTEMY, BKIIOYAs alllIaPAaTHOE
obecnieyervie. KopropatrBHOE HPUIOKEHE, CKOPEE BCETO, ABJISIETCS He eIMHCTBEHHBIM
NOTpeGUTEIEM ATIIIAPATHBIX PECYPCOB. [[pyrie MpoIeceh TakKe HCHOJIB3YIOT alllapaT-
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HbI€ KOMIIOHEHTHBI 1, TAKUM 06pa30M, BJIHAIOT Ha TPOU3BOAUTEIbHOCTD HPDUJIOXKEHHUA.
IToHBITKA HECKOJIBKUX HPOLIECCOB OAHOBPEMEHHO ITOJIYUYUTDh JOCTYII K CETH HPHUBEAET
K TOMY, 4YTO CKOPOCTb OTKJIKKA 6yz[eT HUXeE, YeM [JId KaXKA0T0 U3 HUX B OTAE/IbHOCTH.

Jk3emnnapsbl jJPDM B ycnosusax akcnayataumm

Ix3eMIsApel Mozenu jPDM onuchiBaioT KOHKPETHbIE CUTYAINH, BO3HUKAOIINE
B ipotiecce aKcityaranuu. OHU COIEPXKAT BCe MX CBOMCTBA, XapaKTEPUCTUKY U CHEIIH-
(puueckue yskue mecra.

JIi060€e n3MeHeHVEe OHOM U3 HOACUCTEM IPUBE/ET K PYTON CUTYAIUHY, C IPYTUMU
CBOWCTBAMH Y XaPAKTEPUCTUKAMH U, CIEAOBATEIBHO, K IPYTOMY 9K3EMILISIPY MOJIEJIH.
Haupumep, usmeneHvie Harpy3Ku Ha CCTEMY MOXKET BbI3BAThH MTOSIBJIEHUE COBEPIIEHHO
IPYTOro y3KOro MecTa.

ITO O7IHA U3 HPUYKH TOTO, TIOYEMY TECThI HPOU3BOAUTEIBHOCTH B CPEAAX, OTJIMYHBIX
OT CpPefIbl 9KCHJIyaTalluy, MOTYT YKa3bIBaTh HA COBCEM APYTHe y3Kue MecTa. B uHoii
cpeze Kak MUHUMYM uHas cutyarust ¢ OC u aHmapaTHbIM obecHeYeHUeM, U JIeJ10
He CTOJIbKO B MICHOJIb3yE€MOM 0O0PYI0OBAaHUY M KOH(MUTYPAIMH, CKOJIBKO B COCTOSTHUN
OC B nenom. Takum 06pa3oM, UMUTHPYEMBIE CLIEHAPUH, TAKKE KaK TECThl HPOU3BO-
JIMTEJBHOCTH, HE HO3BOJISIOT MEJIATh BHIBOABI 00 Y3KMX MECTaX M ONTUMM3AINY TIPO-
U3BOJUTENBHOCTH, TAK KAK MPECTABJSAIOT COO0M Apyroi ax3eMiuisap jPDM.

ITockoJabKY MbI B KOHEUHOM CYETE MPUMEHSIEM MOJIENb sl aHAJIM3a HpobieM
C HPOM3BOJAUTEJBHOCTHIO, OHUCAHHBIE /JaJIee METO/bI UIMEIOT CMBICJI TOJIbKO TOT/IA, KOT/IA
BO3HUKAIOT Takue HpobJembl. Eciiv ux Het, To ecTh 3aganHbie SLA BBIONHAIOTCS, TO
HEYero UCCIef0BATh U He Ha YTO BO3JEICTBOBATS.

AHanu3 ak3emnnapos jPDM

jPDM ucnosb3yertcs A5 MCCIeIOBaHUS HAIEHUSI HDOM3BOIUTENbHOCTH. MeToanky,
HPOIIECCH ¥ UHCTPYMEHTBI, KOTODbIe OHPEAEISIOTCS MOJIEIBIO, TIOMOTAIOT BBISIBUTD
OTPaHUYKBAIOIINE YCIOBUS.

Kaxnasa mogcucrema co cBouM HabopoM aTpubyTOB M PECYPCOB UTPAET COOCTBEH-
HYIO POJib B crcTeMe. Mbl IPUMEHSIEM CIIEIUaIbHbIE UHCTPYMEHTHI, YTOOBI BHISIBUTh
KOHKDETHbIE HOKA3aTeI! IIPOU3BOIUTEILHOCTY U IPOCJIETUTD B3AUMO/IEHCTBIIE MEXKTY
HOJICUCTEMAMH.

B cootBeTcTBUY € TEOpUEl OTPaHUYEHUI MBI XOTUM UCCJIEI0BATH OTPAHUYHUBAIOLIUE
YCJIOBUS Cpelbl dKCILTyaTalluy Kak ak3eMiuisipa jPDM. MHcTpymenTapuii Homoraet
B 9TOM. BaxkHO, 4TOGBI MCCIeIOBAHE PACCMATPUBATIO CUCTEMY B LIEJIOM. AHIIAPATHbIE
CPeZICTBa UCHOJIb3YIOTCST BCEMU HPOLIECCAMU OHEPAIIMOHHOI cricTeMbl. Clie[OBaTEbHO,
JIOMUHUPOBAHKE MOXKET GBITH BHI3BAHO OJJHUM TIPOLIECCOM MJIM CyMMOW BCEX ITPOLIECCOB,
BBITIOJTHSIEMBIX HA JAHHOM 0O0DYI0BAHWH.

TIpex e BCEro Mbl UCCMIENY €M JOMUHUPYIOIIETO TOTPEOUTEIS PECYPCOB IIPOLIECCOpa
U TO, KaK UCHOJIb3yeTcs nocaenuuit. [1labaoun notpebaenus pecypcoB CPU Hpusezer
HAC K HOJICHICTEME, KOTOPAsI SIBJISIETCS Y3KUM MECTOM.

Il TOro uTOGBI UCCAENOBATh JOMUHUPYIOIIETO TOTPEOUTEIS], BOCHOIb3YEMCS
nepesoM peternit. OHO HOKa3bIBAET, TAIE PACXOIYETCs HOJIBIIE BCETO MPOIIECCOPHOTO
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BpeMeHU — B IPOCTPAHCTBE S/IPA, IPOCTPAHCTBE [TOJI30BATES UK PEXKVIME OXKUIAHUS.
JlepeBo peliieHuit moka3aHo Ha puc. 9.4.

CucTeMmHBbIN
CPU>10%
BPEMEHUN
Ha nonb3oBaTens

UHcTpymeHThl OC:
vmstart, perf,
tcpdump...

Het

AddexT

MpocTon CPU >0 % namsaTts? XKyp!

Mpunoxexne

WccneposaHve
NPUNOXeHUs
HeTt Wccneposanne CPU

HeT (AuHaMn4HOCTb)

AnHamMnyHoCTb
NMOTOKOB.
MHoXecTBO
NOTOKOB

McenepoBaHy
namstu,
HacTpolika

Puc. 9.4

B oBasbHBIX paMKax Ha MarpaMMe MPEACTaBAEHBI JOMUHUPYIOIIME TTOTPeOUTENN
PECYPCOB IPOILIECCOPA, IIBETA COOTBETCTBYIOT nozicucteMam jPDM. IIpoxozsi o nepeBy
pellieHui, Mbl TIPU/EM K IOJICHCTeME, B KOTOPOU ecTh y3Koe MecTo. Y neHTrdukanus
MOJICHCTEMBI Cy’KaeT KPyT CHUCTEM, KOTOPBIe MOIJIU BbI3BaTh IaJileHHe NIPOU3BOJH-
TEJIbHOCTH, [I0 OTIPeIeIEHHOM KaTeropuu. 3aTeM MbI MCIIOJIb3YEM JOTIOTHUTEIbHbIE
WHCTPYMEHTHI /ISl aHAJIN3a PeaIbHOU CUTYaIuu B ak3eMIuisipe jJPDM.

[ToCKOMBKY y aeHUs TIPOU3BOAUTENBHOCTH MOKET ObITh GECKOHEUHOE MHOYKECTBO
NPUYKH, HYKHO CJIEZIOBATH OMMCAHHOMY MPOLIECCY, YTOOBI CYy3UTh KPYT BO3MOXKHBIX
BapuaHTOB. Eciiu GbI MBI He ILJIM 10 IEPEBY BAPUAHTOB, a IPOCTO CJIETO JEUCTBOBAIN
MemodoM MblKA VI TIBITATUCH YTAATh, TO HE TOJBKO 3Psi TPATHUIIM ObI BPEMS U CUJIBL,
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HO 1 MOIJIN 6bI O].I.II/I60‘-IHO IIPDUHATD ONPEACJICHHBIC TPU3HAKU 3a Cl)aKTI/I‘-IeCKI/I JAOMU-
HUPYIOLIYE OTPAHUYEHUA.

Jomuuupyomue norpedurenu pecypcos CPU — 3T0 MIMEHHO TO, Ha YTO PaCXOLy-
€TCsI IPOIIECCOPHOE BpeMsi. ITO BaskHast MHGOPMALYS AJIs1 UCCJIEOBAHUS CUTYalIUH.
Henocratouno HpocTo paccMoTpeTsh obuuii o6bem ucnosbzosauuss CPU. dta undop-
MaIusi cama o cebe He CBUIETENbCTBYET O HATUYMK Y3KOTO MECTa UJIM 3al1ace pecypea
MPOIECCOPA U HE YKa3bIBAeT HA JOMUHUPYIONUIETO TOTpebuTes. 3a1elicTBOBaHUE
npotieccopa Ha 60 % He TOBOPHUT O TOM, SIBJISIETCS JIU HPOLIECCODP OTPAHUYUBAIOLINM
PECYPCOM U yIIy4YNIUTCS JiU O611Iee BPEMsI OTKJINKA, €CJIU yBeIuuuTh KosindecTBo CPU.
Heo6xoaumo apoanamusuposats Bpemsa CPU Gosee HOApoOHO.

ITpesxae Bcero Hy»KHO U3y4YUThb COOTHOLIEHYE MeX Ty BpemeHeM CPU, 3aTpaueHHbIM
Ha 006CTyKMBaHUE HOJIb30BaTEJIEN U CUCTEMBL. JTO TIOKAXKET, PACXOLYETCs JIU Ha 33141
sipa 60JTbI1IIE HPOLIECCOPHOTO BPEMEHH, YEM 0KU/IATIOCh, U, CJIEIOBATEBHO, ABIAETCS JIX
OTepPAI[OHHAS CHCTEMA JIOMUHUPYIOIIM HOTPeOUTEIEM PECYPCOB HPOLIECCOPA.

JoMuHupytowmi notpebutens — OC

OmnepanuoHHast CUCTEMA IOMUHUPYET TPU HOTPEBIEHUH PECYPCOB IIPOLIECCOPa, KOTIa
Tpebyercs, uToObl OH paGoTan GoJiee MHTEHCHBHO, YeM OOBIYHO. DTO 03HAYAET, UTO
CJIMIIKOM MHOTO HPOLIECCOPHOTO BPEMEHU PACXOAyeTCsl Ha yIpaBJeHUe pecypcamMu
u yCTpOﬁCTBaMHI CETEBBIMU 1 AICKOBBIMHU OHEPALTUAMUN BBOI[a/ BbIBO/Ia, 6JIOKI/IpOBKaMI/I,
YIPaBJ/JI€HUEM ITaMATbIO U KOHTEKCTHBIMHU IIEPEKII0YATEIAMU.

Ecau npoueHTHOe COOTHOLIEHNE CUCTEMHOTO U TI0J1b30BATENbCKOTO BPEMEHH
TpoIleccOpa TPEBBIIIAET ONPeNeNeHHOEe 3HAaUeHUe, 9TO 3HAYUT, YTO OIEPAlMOHHAS
crcTeMa SBJISETCS JOMUHUPYoIuM nmotpedureneM. jPDM cuurtaer 10 % HOPOroBbIM
3HAYC€HHNEM, OCHOBbBIBAACH Ha OIIBITE aHA/JIHN3a MHOKECTBA IIPONU3BOCTBEHHBIX CUTYya-
Ui, ITO 03HAYAET, YTO €CJIM CUCTEMHOE BpeMsi Hpoleccopa coctassiet 6osee 10 %
OT T10JIb30BATENLCKOTO BpeMeHu, To noacuctema OC sBJISETCS y3KUM MECTOM.

B aTOM Ciyuae HyKHO UCCIEN0BATh HPOOIEMY NAbIIE, UCTIONb3YsT HHCTPYMEHTHI
OTEpalMOHHOM CUCTEMBI, TAKKE KaK vmstat, perf, netstat u ap. Hanpumep, eciiu kop-
IMMOPaTUBHOE HPUJIOKEHHNE, U3BJICKAECT 3allICHU U3 633[‘;[ OaHHBIX, TECHEPUPYA OTPOMHOE
KOJINY€CTBO MHAUBHUAYAJTIbHO BBINIOJTHAEMBIX 3alIPDOCOB, TO YHPABJIEHNE BCEMU 3TUMU
NIOJIK/IIOYEHUSAMU K 6a3e TaHHBIX CO3/[aeT 3HAYUTENbHYIO HATPY3KY Ha OHEPALIMOHHY IO
cucreMy. Pacxo/pl Ha yCTaHOBJIEHUE KXKIOTO CETEBOTO COEMHEHMsI B UTOTE OYayT
AOMHWHHPOBATDH B CUCTEME X CTAHYT OTPAaHUYNBAIOIINM CUCTEMHBIM PECYPCOM. Takum
06pa3oM, UCCIIeI0BaHIE CUTYALMH HOKAXKET, YTO 3HAYMTETbHASA YaCTh [POIIECCOPHOTO
BPEMEHM HPUXOAUTCS Ha SAZPO, T/Ie yCTAHABIUBAIOTCS CETEBbIE MTOAKIIIOYEHMS.

OTCyTCTBME AOMUHMPYIOLLErO NoTpebutens

Ecsm uccnenoBanme pacxoza poueccopHoro Bpemenu He onpezesiio OC B kauecTse
JNOMUHUPYIOLIETO OTPEOHUTENSI, TO B COOTBETCTBUU C AEPEBOM PELIEHUN CIIELYET
IPOaHAJIN3UPOBATh, HE HPOCTAUBAET JIU Ipoueccop. Eciu ato Tak, 3Ha4uT, ecTb mpo-
IIeCCOPHOE BPeMsi, KOTOPOe HEBO3MOXHO UCIIOJIb30BATb.

ITockosbKy MbI aHANTU3UPYEM CUTYAIUIO, Koria SLA He BbIHOJHSIETCS, TO €CTh
o011ast cucteMa HeOCTATOUHO A PEKTUBHA /17151 IAHHOW HATPY3KH, TO B PEXKUME HOJTHOTO
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HACBIIIEHUS TIPOLIECCOP JOJIKEH 33/1eHCTBOBATHCS IOJMHOCTHIO. CIIe[0BATENIBHO, TIPO-
CTOIi polIeccopa YKa3blBaeT Ha MPOOIeMY INHAMUYHOCTH.

B aTOM Ci1y4ae HyXKHO UCCIIEI0BATD, IOYEMY OHEPALIMOHHASI CUCTEMA He COCTABILIIA
PacHHCaHHUE IIOTOKOB. HpI/I‘-II/IH MOXeET 6bITb HECKOJIBKO: ITyCTbI€ COEAMHEHHWA UJIU ITYJIbL
IIOTOKOB, B3aUMHas1 6JIOKI/IpOBKa NI MeJIEHHBIE OTKJ/INKU BHEIITHUX CHCTEM. Ha IIpUYn-
Hy OrpaHnyeHus1 Gy/ieT yKa3bIBaTh COCTOSTHUE OTOKOB. [[JIs1 MCCJIe[0BaH s 3TOM CUTYya-
MY MOKHO CHOBa BOCHOJIb30BAThCS MHCTPYMEHTAPUEM ONIEPALIIOHHON CHCTEMBI.

[TprmMepoM HPOOJIEM TaHHOMN KATETOPUY ABJISIETCS 3aMe/IJIeHHAs PEaKI[Hsl BHEIHEH
CUCTEMBI, K KOTOpOfI BBITIOJIHSAETCA CI/IHXpOHHblﬁ OOCTYIIL. 3TO IIPUBEJAET K MOABJICHUIO
I0OTOKOB, KOTOPbIE HE MOTYT Pab0TaTh, TAK KAK OKUAAIOT OTBETA OT CETEBOTO BBO/A,/
BbIBOZIa. B oTsinuume ot noMunupyiouero Horpebiaenus OC, 31ech HOTOK He paboTaer
AKTHBHO, & JK/IET, KOI/1a OH OyJIeT 3allJIaHUPOBAH.

JoMuHupytowmin notpebutens — JVM

Jlo cux HOP MBI pacCMaTPUBAJIM CUTYAIlMH, KOT/A JOMUHUPYIOUIME NOTPeOuTenn
He NMPUHA/JIeKANU ToAcucTeMaM ipusiokenust uiau JVM. Eciu Ha Hpouiecchl siipa
¥ HPOCTOU TPATUTCS HE OUEHb MHOTO MPOIIECCOPHOTO BPEMEHMU, TO Mbl HAUMHAEM KC-
cienosanue JVM.

[Tockosbky BUpTyasbHasl MalllMHA Java OTBeYaeT 3a yIIpaBJIeHUe NaMsThIO, TO ee
MPOU3BOAUTEILHOCTb MOKET YKa3bIBaTh Ha TPOOGJIEMBI ¢ aMsThIO. VccienoBanue
ClIEHAPHEB BHIMOJHAETCSA B OCHOBHOM C ITOMOIIBIO XKy PHAIOB copru mycopa (Garbage
Collection, GC) v unctpymenTos JMX.

YTeuku maMsTH YBEJUYUBAIOT UCIIOJb30BAHNE HAMSITU U BBI3BIBAIOT JAOMOJHU-
TENbHBIA 3aMyCK COOPIUKOB MyCOpa, KOTOPBIE CO3[AI0T HATPY3KY HA MPOLIECCOP.
HesddektrBHOE MCIIOIb30BAHNE TIAMATH TAKKe HPMBOAUT K IOTIOTHUTEIBHOMY COOpPY
mycopa. 3anycku GC B UTOre MPUBOJSAT K TOMY, 4TO J VM CTaHOBUTCSI JOMUHUPYIOIIM
noTpebuTesIEM PECYPCOB MPOIECCOPA.

ITO ellle OAVH IIPUMEP TOTO, TOYEMY BAXKHO HPOBOAUTD UCCJIEIOBAHUS B COOT-
BETCTBUH ¢ iepeBoM pemternii jPDM. ITpo6iemMa mpou3BOAMTETBHOCTU BHIPAXKAETCS
B BbIcOKOI Harpy3ke Ha CPU, HO B 1efiCTBUTEIBHOCTH Y3KUM MECTOM B IAHHOM CJIy4ae
SIBJISIETCS yTEYKA HAMSTH.

Ceifuyac OCHOBHAsI TPUYMHA HPOOJIEM C HDOU3BOAUTENBHOCTHIO — HEXBATKA TIAMSTH,
B OCHOBHOM U3-32 BEIEHUs Ky PHAJIOB HPUJIOKEHUH, 4TO CO31aeT HOMBIIOE KOMUYECTBO
CTPOKOBBIX OOBEKTOB.

JOMUHUPYIOLWMIA NOTPEBUTEND — NPUIOXKEHNE

Ecnu ananus JVM He ykasbiBaeT Ha IPOOJIEMY C TAMSITBIO, 3TO 3HAYMUT, UTO JOMUHUPY -
IOLIM HOTPeOUTEIEM PECYPCOB HPOLIECCOPA SBJISAETCA HPUIOKeHHe. JIpyruMu CI0BaMu,
32 y3K0Oe MECTO OTBEYAET CaM KOJI IPUJIOXKeH!s. B OCHOBHOM 3TO KacaeTcst IPUJIOKeHUH,
KOTOPbIE PEATU3YIOT CIOKHbIE AITOPUTMBI, YPE3MEPHO HATPYKAOIIIKE TPOIIECCOP.
[lanbHetlilee vuccie10BaHYe HPUIOKEHU ITO3BOJIUT C/I€JIATh BHIBOBI O TOM, KaKast
YacTh NMPUJIOKEHUS CO3AAET MPOOIEMy M KaK ee MOKHO PEIIUTh. ITO O3HAYAET, YTO
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B IIPUJIOKEHUH JTUOO COAEPIKUTCS HEOTITUMABHBIN KOJ, TGO OHO JOCTHIJIO TIpeesia
NIPY MMEIOIIUXCS PECYPCax U €r0 HYXKHO MacIITabupoBaTh MO TOPU3OHTAM WX HO
BEPTHUKAJIH.

3aknoueHue

Crnocob pemmenust Tpo6ieM ¢ HDOU3BOAUTENBHOCTHIO 3aKII0UAETCA B TOM, YTOOBI
CHa4aJia IMONbITAaTbCA OHPEACIUTD IIPUYXNHBI €€ Ha/ICHUA, UCCJTIEAY A CUTYyalluIO B COOT-
BETCTBUHU ¢ KOHKPeTHBIM IporieccoM. [locne naenTrdrkany orpaHu4eHHOr o0 pecypca
IpeJIpPUHIMAIOTCS JabHeNIIe Mary o paspeuieHuio cutyanuu. [locse aHpeaHo-
JIOXKUTEJBHOTO penieHus: npobaeMbl He0OXOAMMO TOBTOPUTH U3MEPEHUE B CPelle
SKCIUTyaTalu. BaskHO He UIBMEHATH MOBEIEHNE UK KOH(DUTYPALIUIO, He YOEAUBINC,
4YTO U3MECHECHHUA I[CﬁCTBPITC]IbHO IIPUBOJAT K OKHUJA€MbIM pEe3yJbTaTaM.

Mertoz jPDM uccrenyer nageHne HpOU3BOAUTEIBHOCTH 0e3 yyeTa Koaa HPUJIO-
JKEeHUd, IPUMEHAA eI[HHbIﬁ IIPOLECC PEHIeHNA.

Kakue MHCTPYMEHTBI U HOKA3aTeu HEOOXOAUMBI /ISl UCIIOIb30BAHUS ITOTO
MeToza?

B 3aBuCuUMOCTH OT 3KCHJIyaTHPyeMON CHUCTEMBI I0J€3Hbl HHCTPYMEHTHI, I10-
CTaBJisieMble B KOMILIEKTE C OTIePAIlIOHHON CUCTEMOH, a TaKXe MHCTPYMEHTHL Java
Runtime. [TockosbKy HpH HCCIeJOBaHUM BCEX XapaKTePUCTUK PAaCCMaTPUBAETCS BCA
cpela BBIHOJIHEHUS Ha YPOBHE OHEPALIMOHHOU CHCTEMBI, a He TOJbKO HPUJIOKEHUE,
MHCTPYMEHTBI OHEPAIIMOHHON CUCTEMBI M HOKa3aTesu 60Jiee HU3KOTO YPOBHsI HOJIE3HEE,
4YeM MHCTPYMEHTDI NCCJICAOBAHUA KOHKPETHBIX HpPIJIO)KCHPIﬁ.

OI[HaKO TEXHUYECKHUE IMMOKa3aTe/JIN HPUJIOKECHUA, TAKHUE KaK BpEeMA OTKJIUKA UIN
NIPOHYCKHAs CIIOCOOHOCTD, — 3TO MEPBOE, HA UTO CJeAyeT OOpPaTUTh BHUMAHKE, TaK
KaK OHM TOBOPSIT O KauecTBe 00CIyKuBaHUs Tpuiokenus. Ecau atu nokasarenu
yKa3bIBAIOT Ha TPOOJIEMY MPOU3BOAUTENBHOCTH, TO UMEET CMBICJ UCCIIE0BATh HU3-
KOypPOBHEBBIE IT0KA3aTeJ! U UHCTPYMEHTBI.

B crexyroniem pasziene 6yer mokasaHo, Kak COOMPATh TEXHUYECKUE TIOKA3ATEIH
HIPUJIOXKEHUSI.

TexHunyeckme nokasarenu

Texnuuyeckue HapaMeTpPHI IIOKA3bIBAIOT HATPY3KY M CKOPOCTb PEAKINU CUCTEMBL.
OCHOBHBIMU U3 HUX SIBJISIIOTCS BPEMSI OTKJIMKA U TPOHYCKHAS CHOCOOHOCTD, OOBIYHO
v3MepsieMble B BI/le KOJIMYECTBA 3aHPOCOB UJIY TPAH3aKIUHU B CEKyHy COOTBETCTBEH-
HO. DTU MOKA3aTEIN HPEIOCTABAAIOT HH(POPMALIHMIO O TOM, KaK paboTaeT BCsl cCUCTEMa
B JaHHBIA MOMEHT.

OHu BAUAIOT Ha JIPYTHE CBA3aHHBIE ¢ OM3HECOM MOKasaTesu. B To xe Bpemsi, Kak
MBI BU/IeJIY B TIPeIbLAYIIIeM Pa3/iesie, 3TH HOKA3aTe ! SIBJISIOTCS BCETO JIIIb MHAUKATO-
paMu ¥ cCaMU ITO/IBEP>KEeHbI BJIUSHUIO MHOKECTBA APYTUX TEXHUYECKUX KOMHOHEHTOB,
a IMEHHO BceX CBOUCTB nozacucteM jPDM.
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[TosTOMy MPOU3BOAUTETBHOCTD HPUJIOXKEHUS ONIPEESETCS] MHOKECTBOM TEXHU-
YecKUX Bo3zelicTBUi. Bo3HMKaeT BOMPOC: Kakue TEXHUYECKUE HOKA3aTe I, TOMUMO
BPEMEHM OTKJIMKA, IIPOIIyCKHOM CHOCOOHOCTH, YACTOTHI OIIUOOK U BpeMeHu 0e30T-
KasHOU paboThl, CTOUT cOOUPATH?

Tunbl TEXHUYECKMX NMOKa3aTenen

TexHUYECKHE TIOKA3ATENH, TAKKE KaK BPEMS OTKJIMKA U IPOILYCKHAs CHOCOOHOCTB,
OTHOCATCA IIPEXae BCETO K KAYEeCTBY O6CJ'[y}KI/IBaHI/IH IIPUJIOXKEHHUA. OHI/I ABJAIOTCSA
UHANKATOPaMH, KOTOPbIE OIIMChIBAIOT CKOPOCTH PEAKIIUU IIPUJIOXKEHUA 1 MOT'YT YKa-
3bIBaTh HAa HOTEHIMAJIbHBIE IPOOJIEMBI C HPOM3BOAUTENBHOCTDIO. DTy HH(GOPMALUIO
MOJHO HCIIOJb30BaTh AJIs (I)OpMI/IpOBaHI/Iﬂ CTAaTUCTHUKHU O TEHACHLUAX U MMUKOBOH
HarpysKe MPUIOKEHUS.

3Has 3T0, MOKHO CBOEBPEMEHHO CIPOTHO3UPOBATh IIOTEHIMAIbHEBIE COOU U IIPO-
6JIEMBI C IPOU3BOAUTENIHHOCTDIO. ITO TEXHUYECKUH SKBUBAIEHT OU3HEC-TIOKAa3aTe e,
0€3 KOTOPBIX CHCTEMA IIPEBPALIAETCS B oA00Ke YepHoro Amuka. Camu HO cebe JaHHbIe
MOKa3aTeIu He HO3BOJIAIOT CAEIaTh 0O0OCHOBAHHBIE BBIBOJBI O IIEPBOHPUYMHAX WU
OTrPaHMYMBAIOIIKMX PECYPCax B Cydyae MpobeM ¢ TIPOU3BOAUTENbHOCTHIO.

Texuuueckas nHGOPMAIK HU3KOTO YPOBHS BKJIIOYAET B cebs1 JaHHBIE O MOTPeE-
GJIeHUY pecypcoB, HOTOKAX, MyJiaX, TPAH3aKLIUAX U ceccusx. Eue pas otmeuy: cama
10 cebe OHA He yKa3blBaeT MHIKEHEPaM TIOTEHIINAIbHbIE Y3KHE MECTA.

Kax 6b110 HOKa3aHO paHee, HEOOXOAUMO IIPOBEPUTH OOLIYIO CUTYALMIO I BCETO
[POrPaMMHOTO 00€eCIIeYeH s, KOTOpoe paboTaeT Ha JaHHOM obopynoBanny. Hanmydmm
MCTOYHUKOM JAHHBIX ABJSAETCS MHGOPMANsa 06 ONepaluonHoit cucteme. s Toro
4TOOBI PEIIUTD IPOBIEMBI ¢ IPOU3BOAUTENBHOCTDIO, HYKHO aHAIU3MPOBATh ONEpPa-
LUOHHYIO CUCTEMY U IPUKJIAJHbIe UHCTPYMEHTBL.

3TO HE O3Ha4aeT, 4YTO TEXHUYEeCKasd I/IHCI)OpMaI_lI/IH, HOJIy4€HHasA OT IMPUJTIOXKECHUA
umu cpeasl BoinosHenus JVM, 6ecrionesna. [TokazaTenn KOHKPETHOTO HPUJIOKEHUST
MOTYT HOMOYb PEIIUTH HpO6]IeMbI C HPOU3BOAUTEIbHOCTBIO. Baxuo IIOMHUTH, YTO
camu 110 cebe 9TH TI0Ka3aTes MOTYT 3aCTABUTh CeJIaTh HEBEPHbIE HPEIHOJIOKEHUS
0 TOM, KaKU€ PECYPCHI SIBJISIIOTCSI OTPAaHUYUBAIOIIUMY ITPU HACTPOUKE IIPOU3BOANTEb-
HOCTH CUCTEMBIL.

BbICOKOYACTOTHLIA MOHUTOPUHT
N BLIBOPOYHbIE UCCNEAOBAHMS

3a4acTyi0 MOHUTOPHUHT HallpaBjieH Ha cOOP TEXHUYECKUX MOKasaTejied ¢ BBICOKOI
4aCTOTOM — MHOTO pa3 B ceKyHxy. [IpobyieMa 3aK/II09aeTCsA B TOM, YTO OH CUJIBHO
BJIMSAET Ha HPOU3BOAMTENBHOCTD CUCTEMBI. [oKazaTen cOGUPAIOT 4acTo 1aXke B TOM
C/lydae, ecjiv HaJleHUs! IPOU3BOAUTEIBHOCTHU He HabIonaeTcs.

Kak yske 0TMeuaiock, mokasateiv Ha ypOBHE IPUIOKEHUS, TAKME KaK HOTpeOJieHe
PecypcoB, caMu HO cebe He HOMOTAIOT OTIPEIe/IMTh BO3MOKHBIE OTPAHMYEHUS TIPOU3BO-
JIWTENTbHOCTH. AHATOTMYHO ¢OOp MH(POPMALIUU CHUXKAET CKOPOCTD PEAKIIMN CHCTEMBIL.
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PekoMeHyeTcst cCOOUpaTh MOKa3aTeu Peske, HAPUMEP HECKOJIBKO Pa3 B MUHYTY.
KaK IMOKa3bIBACT TE€OPUA CTATUCTUYECKHUX COBOKyHHOCTeﬁ, 9TU HECKOJIbKO BbI60pOK
JIOBOJIBHO XOPOIIO MPEICTaBJSAIOT BCIO COBOKYITHOCTD JaHHbIX.

BbI60pO‘-IHbIe HUCCJIeA0BaHUA I/IH(I)OpMaI_lI/II/I JOJI’KHBI KaK MOKHO MEHbBIIIE BJINATH
Ha TIPOM3BOAUTENBHOCTh HPUJIOKeHUs. Bee mocnenyonume uceaenosanus, 6yab 10
BBIOOPOYHOE UCCIIEIOBAHKE HOKA3aTe el UM BBIYMCIIEHUS, IOJIKHBI TPOUCXOIUTD 32
npeaejaMu CUCTEMBI, APYTUMU CJIOBaMH, I€peiaBaTbCA BHEIIIHEN CHUCTEME, KOTOpasda
He BJIMsieT Ha paboTaroree nmputoxenue. Takum 06pa3oM, BHIOOPOUHBIE UCCTIEOBAHS
nHGOPMALNK JOIKHBL OBITh OT/IEJIEHBI OT IIPOLIECCOB €€ XPaHEHUs, 3aHPOCOB U OTO-
OpaskeHusL.

C60p TEXHUYECKUX MOKa3aTesnen

[punoxeHre — 9TO XOPOIIee MECTO /1151 cO0pa TEXHUYECKUX TTOKa3aTesel, B eane
Ha TPAHMIAX CUCTEMBI. TaKKe MOJKHO COOPATh MX HA MOTEHIIMATILHOM HPOKCU-CEPBEPE.

CepBep NpUJIOKEHYSI CAM TeHEPUPYET TEXHUYECKH PeJIeBAHTHbIE HOKA3ATENH, TAKLE
Kak nH(OPMAIHS O TOTPebJIeHNY PECYPCOB, HOTOKAX, MTYJIaX, TPAH3AKIMSIX U CECCHSIX.
HexkoTopbie peleHust TakyKe MPeOCTABIAIOT Java-areHToB, KOTOPbIEe COOUPAIOT U BBI-
JAIOT TEXHUYECKU pesieBaHTHYI0 NH(MOPMALIUIO.

TpaauIMOHHO Ha CEPBEPHI HPUIIOKEHUHN BO3AraeTcst 00sI3aHHOCTD IPEAOCTABIIATh
TeXHUYECKHE moKa3areu yepe3 JMX. IT1a pyHKIIMOHATBHOCTD siB/sieTCst 4acThio AP
yTIpaBJIEHU, HO TIPEXKIE PEAKO UCIIOIb30BAIACh B MpoekTax. OHO U3 IPUYLH 3TOTO
SIBJISIETCS TO, YTO ee Moziesib 1 API 1oBoIBHO TpOMO3AKY.

OnHaKo MO/IE3HO HATIOMHWTb, YTO CepBepPBI Hpunoxkenuii Java EE 1o/mkHbI cobupats
Y TIPEJIOCTABIISATD IAHHBIE O CBOUX pecypcax. KonTeitnep nepenaer sty nuugopmaiuio
uepe3 JMX. EcTb HECKOIBKO CHOCOOOB MOIYYUTh JAHHYIO HH(GOPMALIMIO.

CylIecTBYIOT TaK Ha3bIBA€MbIE IKCHOPTEPBI — TPUJIOKEHUS, KOTOPbie paboTaoT
Ju6O aBTOHOMHO, MGO Kak areHThl Java. OHU MOIYyYaAIOT AOCTYN K WH(pOPMAIMU
JMX u nepenatot ee uepe3 HTTP. B xauecTBe nmprMepa MOXHO HPUBECTH 3KCIIOPTED
Prometheus JMX, KOTOpBI 3KCHOPTUPYET UHGPOPMAIMIO B aHAJIOTMYHOM ¢opmare,
Kak IIoKa3aHo paHee. [IperMy1iecTBO 3TOro HOAXO/A 3aKII0YAETCS B TOM, YTO OH He JI0-
6aBJigeT 3aBUCUMOCTHU B HPUJIOJKEHHE.

¥YcTaHoBKa ¥ HaCTPOKA areHTOB Java BBITIOIHSIETCS Ha cepBepe NMPUJIOXKEeHHH, Ha
ypoBHe o6pa3a 6a30BOro KoHTelHepa. ITO ellle pa3 HOAUYEPKUBAET HEOOXOIMMOCTD
HIPUIEPKUBATHCSI HDUHIIUIIA, COTIACHO KOTOPOMY KOHTEeHEPBI He I0JKHBI CBSI3BIBATh
apTedakT IPUJIOKEHUS C IeTANSAMU Peaau3allri.

paHW4YHbIE NOKa3aTenu

TexHuuueckre HOKA3aTeIH, 3aABUCSIIKE OT MPUIOXKEHM, TAKME KaK BPEMsSI OTKJIMKA,
IPOIYCKHAs CIIOCOOHOCTD, BpeMs Ge30TKa3HOM pabOThI ¥ 4aCTOTA OIIUGOK, MOTYT OBITh
coOpaHbI Ha TPAHUIIAX CUCTEMBI Yepe3 HEPEXBATYNKY WU (DUIBTPHI B 3ABUCUMOCTH OT
cutyanuu. Mouutopusr yepes HTTP moskeT ocyiiecTBsiThCs Uepe3 cepBieT-(huibTp
17151 1I000# TeXHOJIOTUY, OCHOBAHHOM Ha CepBJeTax, Takoi Kak JAX-RS.
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B caenyromem ¢pparMenTe Koja HOKa3aH cepBeT-QUIbTP, KOTOPBIA cOOUpaeT
3HAYeHM BPEMEHH OTK/IMKA M HPOILYyCKHOM CIIOCOGHOCTH B BUJIE IOKAa3aTe el IHCTO-
rpammbl Prometheus:
import javax.servlet.*;

import javax.servlet.annotation.WebFilter;
import javax.servlet.http.HttpServletRequest;

@WebFilter(urlPatterns = "/*")
public class MetricsCollectorFilter implements Filter {

private Histogram requestbDuration;

@Override
public void init(FilterConfig filterConfig) throws ServletException
{
requestDuration = Histogram.build("request_duration_seconds",
"AnuTenbHoCTb HTTP-3anpocoB B cekyHaax")
.buckets(0.1, 0.4, 1.9)
.labelNames("request_uri")
.register();
}
public void doFilter(ServletRequest req, ServletResponse res,
FilterChain chain) throws IOException, ServletException {
if (!(req instanceof HttpServletRequest)) {
chain.doFilter(req, res);
return;
}
String url = ((HttpServletRequest) req).getRequestURI();
try (Histogram.Timer ignored = requestDuration
.labels(url).startTimer()) {
chain.doFilter(req, res);
}
}
@Override
public void destroy() {
// HMYero He penaTb
}
}

ITOT HOKa3aTejb PETUCTPUPYETCH TaK JKe, KaK OU3HeC-HOKa3aTeslb B HPEAbIAY-
1M HPUMEDE, ¥ BLIBOJUTCS Yepe3 BoixoaHoH popmar Prometheus. Ha rucrorpamme
MMOKA3aHbl YeThIPE BPEMEHHBIX OTPE3Ka, rae ykasano Bpems ot 0,1, 0,4 uau 1,0 ¢
1 Bbillle. ITU KOH(UTYPAI[MY BPEMEHHBIX OTPE3KOB JOJIKHBI OBbITh afallTUPOBAHbBI
k SLA.

CepBJieT-puabTp aKTUBEH AJI51 BCEX HyTel pecypcoB U OyaeT coOUpaTh CTaTUCTUKY,
COOTBETCTBYIOIIY IO KAKIOMY U3 HUX.
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YKypHanvMpoBaHue 1 OTCNeXnBaHue

VlcTOpUYECKH CIOKUIIOCH TAK, UTO Ky PHATMPOBAHUIO IPU/ABAIN OY€HB HOBIIOE 3HA-
YyeHUe B KOPITOPATUBHBIX NMPUIOKeHUIX. HaM BcTpeyanoch MHOXKeCTBO hpeiiMBOPKOB
JKYPHATMPOBAHUS ¥ HPEAIATaluCh BCEBO3MOXKHbIE PEKOMEHIOBAaHHBIE METOBI T10
Pa3yMHOU peayn3alyuu KypPHAJIOB.

JKypHanuposatue 06bIYHO UCHOMB3YETCS IJIs1 OTIJIKH, OTCIEKUBAHUS, BEICHUS
JKyPHAJIOB, MOHUTOPHMHTA U BbIBOZIA OIIMOOK. B JkypHasbl momenaeTcs Best uHGopMa-
1151, KOTOPYIO pa3paboTYMKK CUUTAIOT BAXKHOU /17151 ce6s1, HO He /ISt IOJIb30BaTEE.
[Toutn Bceraa >xypHaaMpoBaHUeE 03HAYAET 3aHUCH B (DaMJIbL.

HepnocTaTku TpaAMLMOHHOIO XYpHaNIMpOBaHUS

ITOT MOAXOJ, CIAUUIKOM HIMPOKO PAaCIPOCTPAHEHHBIN B KOPIOPATUBHBIX MPOEKTAX,
COMPSKEH C HECKOJIBKMMHU TIPOOJIEMaMHU.

MNpon3BOANMTENBHOCTD

I[Ipu TpaAUIIMOHHOM KYPHAINPOBAHUH, OCOOEHHO € HOJIBIINM KOJMIECTBOM OOpaiile-
HUI K KyPHAJIy, CO3MAeTCs MHOXKECTBO CTPOKOBBIX 00beKkTOB. Jaxe Takue API, kak
SIf4], nenpio KOTOPHIX ABAAETCS COKpAlleHUe TUITHUX OIEPALiA ITO CAMSHUIO CTPOK,
JIAI0T BHICOKYIO HAPY3KY HAa HAMSITh. [10CIe UCOIb30BaHKSA BCE 3TU OGBEKTHI OJKHBL
OBITH COOpaHBbL, YTO HATPYKAET HPOLIECCOP.

XpaneHue cOOBITUH XypHaia B BUAE CTPOKOBBIX COOOIIEHUI — 3TO CAUILIKOM
MHOTOCJIOBHOE XpaHeHue nHpopmanuu. Bei6op apyrux (opMaToB, B OCHOBHOM IBO-
MYHBIX, HO3BOJISET PE3KO COKPATUTh PasMepbl cO00IeHNH, 2 (heKTUBHEE PACXOA0BATh
HaMATh U obecriednBaeT 601ee BbICOKYIO MPOIYCKHYIO CHOCOOHOCTb.

JKypHasbHbie COOBIIEHNS, KOTOPBIE XPAHATCA B Oy(dhepe nin HEHOCPEACTBEHHO Ha
IMCKe, HeoOXOMMO CUHXPOHU3MPOBATH C APYTMMU BbI30BaMu Ky pHaia. CUHXPOHHBIE
CHCTEMBI XXy PHATVPOBAHUS B UTOTE IPUBO/IAT K TOMY, YTO (haiis 3anuchIBaeTCs 32 OJMH
BBI30B. Bce 01HOBpeMeHHbIE BHI30BBI JKYPHAJIOB JI0JKHBI OBITH CAHXPOHU3UPOBAHBDI,
4TOGBI TAPAHTUPOBATH, YTO PETUCTPUPYEMBIE COOBITHS OYIYT 3aMMCAHBI B IPABUIEHOM
nopsaaKe. ITO CO3aeT HPOOIEMY: CUHXPOHU3AIMS KOCBEHHO CBSI3bIBAeT (DyHKIUH,
KOTOpbIe WHaye O Obl MOJHOCTHIO HE3aBUCUMBIMU. B pesysibrate yMeHbIIAETCS
BO3MOXKHOCTb PAaCHAPAJLIETNBAHYS HE3ABUCUMBIX (DYHKIIMH U YXYALIAE€TCS HDOU3BO-
IUTeabHOCTD. [IpH 3ammcy B 5Ky pHAI GOMBIIOTO KOJTUYECTBA COOOLIEHUN BO3PACTAET
BEPOSATHOCTH OJIOKUPOBKY HOTOKOB M3-32 CUHXPOHU3AIINH.

Eute ogna HpobiemMa 3aK/II09a€TCA B TOM, 4TO (PPEiMBOPKYU KyPHAIUPOBAHUS
0OBIYHO HE 3aHMCHIBAIOT JKyPHAJbHBIE COOOUIEHUS TIPAMO Ha JKCK, & BMECTO 3TOTO
HCIIOJIB3YIOT HECKOJIBKO YPOBHEH 6ydepusanmn. ITOT METON OHTUMU3ALMY BHI3bI-
BaeT OTpe/ieJIeHHbIE HAKIAHBIE PACXO/bI, KOTOPBIE TAK)KE HE YIYYIIAIOT CUTYAIIUIO.
CHUHXPOHHBIE Onepauu ¢ HaijoM CTOUT BHIHOJIHITh C MUHUMAIbHO BO3MOXKHBIMU
HAKJIATHBIMU PACXOIaMHL.
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Daiinel KypHAIOB, KOTOpbie HaxonaTcsa B cucteMe NFS, ente Gosbliie CHUXAIOT
00111y 10 TPOU3BOMTENBHOCTD, TAK KaK OHEPALUS 3aHUCH JBAXK/IBI 0OPALIAeTCs K CH-
creme BBoaa,/BeiBoga OC, HpUYeM 3a/eicTBOBaHbI ¥ (hailioBast CUCTEMA, U CETEBbIE
BBI3OBBL J[J151 yHpaBJieHus (paiijlaMu Ky PHAJIOB M 3aHUCHU B HUX YACTO TIPEAIOYUTAIOT
CeTeBoe XPaHUJIHUIIE, 0COOEHHO BO (hpeiiMBOPKE YIIpaBJieHNs KOHTEHEPaMU, KOTOPBIA
HYK/IA€TCA B 3aTTUCBIBAEMBIX TOMAX.

B 11€710M, OIBIT MOKA3BIBAET, YTO KyPHAIUPOBaHUE HanboJjiee CUIbHO BAUSAET HA
MIPOU3BOIUTENHLHOCTD HPUJIOXKEHUS. B OCHOBHOM 3TO CBSI3aHO C BO3/IEHCTBUEM HAMSITU
HA CTPOKOBBIE COOBIIEHNS KypHATA.

YpOBHM XXypHanbHbIX 3anncei

Pelnenus 1715 xKypHAIUPOBAaHUA BKIIOYAIOT B C€651 BO3MOKHOCTD OIIPEIE/IATH BakK-
HOCTb XXypPHATbHBIX 3aHHCEH MyTeM BBeJeHUs KypPHaJbHBIX YDOBHEH, TAKUX KaK
omnaoka, ungopmauus, npedynpexcoenue Wi owubka. PazpaboTdynKaM CTOUT Kaxk-
IbIA pa3 3a7aBaTh ceOe BOIPOC: KaKOM YPOBEHD KypHaJa BHIOPATh /111 KOHKPETHBIX
BBI3OBOB?

KoHIeHIus HECKOIBKUX yPOBHEH — 6e3yCJI0BHO, Pa3yMHbIA HPUEM, MOCKOJb-
Ky MO3BOJISIET B YCIOBUAX DKCILUTyaTA[MK 33/1elCTBOBATh H0Jiee BHICOKMI YPOBEHD
JKypHaJia, 4eM BO BpeMs pa3pabOTKH, 4TOOBI HE CO3/[aBaTh CIUIIKOM MHOTO 3aHUCEH
B paboueii cperie.

[Ipo6ieMa 3aKII09aETCS B TOM, YTO HA 9TaHe HKCILIyaTallMK B XKypPHAT OOBIYHO
HE 3aHOCUTCA I/IHCl)OpMaI_lI/Iﬂ YPOBHA OT/IAAKH U €€ HE/NMb3A IOJNYYUTh, KOrAa 3TO He-
06xoxnmo. Eciii BOSHUKAIOT OLIMOKH, KOTOPbIE MOTY T HOTPEGOBATh TOHOTHUTETbHOM
I/IH(I)OpMa].II/II/I, TO IIOJIYYUTH €€ 6y/1eT HEBO3MOXHO, TaK KaK XypPHAaJbHbI€ YDOBHH OT-
JIaIKU ¥ TPACCUPOBKH, COfIEpIKaIIne 3Ty MH(POPMAIIUIO, OBLIM OTKJIIOYEHHDL.

Bb160p ypOBHEH 5Ky PHAJIOB — 9TO BCET/Ia KOMHPOMUCC OHPE/IETIEHUS TOTO, KaKyI0
UH(POPMAIMIO CTOUT BKJIIOYUTD B sKypHaa. OTIaaKy B mpolecce pa3paboTKu JIydlie
BCETO BBINOJIHATDH C IOMOIIBIO CIIEIUAJTbHBIX HHCTPYMEHTOB OTJIAAKH, IIOAKJ/II0OYa-
eMBbIX K paboTaolieMy MpPUI0KEHHUIO, BO3MOXKHO, yIaJeHHO. B pexume sKkciiya-
TallX KYPHAJIbI OTJIAAKHU U TPACCUPOBKHU O6bI‘-IHO HEAOCTYIIHBI U, CJ1€I0BAaTEJIbHO,
GecroiesHsbl.

B03MOHO, B CBOE BpeMsI 5Ky PHAJ Pase/IiIM Ha HECKOJIbKO yPOBHEH U3 XOPOIIMX
1'[O6y>K,I[eHI/II‘;I, HO HPAKTHYECKOE IIPMMEHEHKE 9TOr'O IIPYEMa B YCIOBHUAX IKCILIYyaTallUH
IPUHOCUT HEGOBUIYIO HOMB3Y.

dopmart xypHana

TpaauinoHHble PelIeHUs I/ Ky PHATUPOBAHUS 33/1al0T KOHKPETHbIE CXEMBI XKyP-
HaJIOB, oHpeaensouue ¢popMaT cooOLUEHNH, KOTOPble OYAyT 3aHOCUTHCA B (paiin
KypHana. Ha mpunoskenue BosnaraeTcs 3agada yIpaBasTh CO3JaHUEM, PAa3BEPTHI-
BaHUeM U (HopMaTUPOBAHUEM (DAMIIOB XYPHAJIOB, KOTOPbIE HE UMEIOT OTHOIIEHUS
K OM3HEC-JIOTHKE.

JlOBOJIBHO MHOTO KOPIIOPATUBHBIX HPUJIOKEHUN HOCTABSIOTCS B KOMILIEKTE CO
CTOPOHHUMU 3aBUCUMOCTSIMH JIJIST BEZIEHUS XKy PHAJIa, KOTOPbIE PEATU3YIOT 3Ty (hyHK-
[[MOHAJIBHOCTD, HO HE MIPEACTABIAIOT 0CO00 IIEHHOCTH /1151 Gu3Heca.
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Eute onHo pemenue, KOTopoe HEOOXOAMMO MIPUHATH HPU Pa3pabOTKe MPUIIOKe-
HMsI, — 3TO BLIGOP TEKCTOBOTO (hopMara 171 BefieHus Ky phana. CyiiecTByer KOMITpo-
Mucc: HGopMaT Ky PHAJIbHOH 3aIlUCH, KOTOPBIN MOTYT YUTATh KaK JIIOAY, TAK ¥ MAIIUHBIL.
Pe3y/bTaT, KaK HPaBUJIO, ABJISAETCS XYM BAPUAHTOM /1J1s1 00EUX CTOPOH: CTPOKOBBIE
(hopMaTBI 17151 Ky PHATIOB HEYZI000YMTAEMBI U 3HAYMTEBHO CHUKAIOT HPOM3BOAUTEIb-
HOCTb CUCTEMBL.

PasyMmHee BoIOUpaTh A1BOUYHBIE (POPMATHI, MO3BOJISAIONINE XPAHUTH NH(OPMAIIHIO
B 6oJiee MIOTHOM BU/E. A JIFOAU MOTJIU OBl TIPUMEHSTH CIEIUAIbHbIE MHCTPYMEHTHI
1151 OTOOpaXkeHUs COOOIEHUA.

0O6beMbl AaHHbIX

PacmupeHHoe XypHaJIMPOBaHUE CO32€T OTPOMHOE KOJTMYECTBO AAHHBIX, KOTOPBIE
XpaHATcs B (paiinax xypHasoB. B vactHocTH, aiiibl )KypHAIOB, UCIIONb3yEeMBbIX /TS
OTJIaIKY ¥ TPACCUPOBKH, Pa3PACTAIOTCS IO OOJIBIINX Pa3MEPOB, CTAHOBSITCS TPOMO3/I-
KUMU U HEYI0OHBIMU JIJIS1 CAHTAKCUYECKOTO AHAIN3A.

Cunrakcuyeckuii anann3 hopMaTOB JKyPHATIOB 0OBIYHO CO3/IA€T HATPY3KY HA CHU-
cTeMy, KOTOPO MOKHO 36exath. MHdopMalus, KOTopas MOXKET UMETh TEXHUYECKOEe
3HaYeHMe, CHAYaJIa CEPUAIU3YeTCs B OlIpe/ieIeHHOM (popMmare, a 3aTeM HPYU IIPOBEPKe
’KYPHAJIOB CHOBA Pa3/leNIsieTCsl.

Jlaniee B 3TOM pas/esie Mbl PACCMOTPUM APYTHE PELIEHUST ITOMU IPOOIIEMBL.

3anyTaHHOCTb

[Mono6HO HEOGOCHOBAHHOMY OOCTYKMBAHUIO UCKIIOUEHU M, PETUCTPAIMS] HDUBOAUT
K 3aHYTHIBAHUIO OM3HEC-JIOTUKU B UCXOIHOM Koje. ITO 0COOEHHO XapaKTEePHO JJIs
11126I0HOB Ky PHAJIOB, UCTIOJIb3YEMBIX BO MHOTHX HPOEKTaX.

3aHuCH JKypHAIA 3aHUMAIOT CIUIIKOM MHOTO MECTa B KOJIE U, YTO OCOBEHHO BasKHO,
TpebOYIOT OT IPOTPaMMUCTA MHOTO BHUMAHUS.

Hekoropsie TexHOIOTMY KyPHAINPOBaHU, Takue Kak Slf4j, Hpegocrapisior
(hyHKINOHATbHBIE BO3MOKHOCTH JIJIs (POPMATUPOBAHMS YUTAEMBIX CTPOK G€3 UX He-
Me/IJIEHHO!N KOHKaTeHanmnu. Ho TeM He MeHee 3aMuCH XKYPHAJIOB CO3AAIOT JIMIITHUE
BBI3OBBI, HE CBSAI3AHHBIE C OM3HEC-TIOTUKOM.

ITO B MeHbIIEN CTeeHN OTHOCUTCS K CIy4alo, KOT/a 3aMiCH JKypHAIa OTIaIKH
N0OABJIAIOTCS B CKBO3HOM KOMHOHEHT, TAKOW KaK HepexBaTurK. OHAKO B 3TUX CIIydasx
JKyPHAJIMPOBaHUE BEAETCSI B OCHOBHOM JIJIST TPACCUPOBKU. B cienyioliem noapaszene
MbI YBUIUM, YTO JIJIs 3TOTO €CTh G0Jiee OAXOAAIINE PENIEHMA.

Mpo6neMbl NpUNOXEHUN

Kak Mbl BuziesIN B IPUJIOXKEHUX, OAAepXKUBaOMX 12-hakTopHYIO KOHIEHITHUIO,
BBIGOD (haiiioB U HOpPMATOB COOOIIEHNI /17151 XKy PHAIOB HE BXOAUT B KPYT 33714 MPUJIO-
xeHus1. B yacTHOCTH, (HPEMBOPKH 5Ky PHATMPOBAHMS, KOTOPBIE TIPEAOCTABISAIOT O0siee
TIPOCTBIE PELIEHYs 1JIsl BEIEHUS JKYPHAJIOB, IOOABJSIOT K HPUJIOKEHUIO TEXHUYECKU
060CHOBaHHbIE CTOPOHHME 32aBUCUMOCTHU, KOTOPBIE He MPE/ICTABJISIOT HEHOCPEICTBEH-
HOI1 IIEHHOCTH /1151 OU3Heca.
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Ecau cobbiTust uiv coOBIEeHUs LIeHHBI 1711 OU3Heca, TO CIeAYeT OTAATh HPEIno-
uyTeHue APyromy perernio. /lasee GyneT HOKA3aHO, YTO MCIOJIb30BAHUE JJISI ITUX
Lesel TPAAUIIMOHHBIX XKYPHAJIOB — HEBEPHOE PellieHHE.

OWK60YHLIN BbIGOP TEXHONOMMU

TpaauuMoHHOE Ky PHATMPOBAHUE U TO, KAK OHO HPUMEHSETCS B OOBITMHCTBE KOPIIO-
PaTHBHBIX HPOEKTOB, — HEOHTUMAJIbHBIM BBIOOD /7151 33/1a4, KOTOPBIE JIyYIIle PEHIAITCS
IPYTUMU METOaMU.

Bompoc B ciieyronieM: 4To IMEHHO POTPAMMUCTBI XOTAT Ky PHAIMPOBaTh? MoxeT
OBITh, 3TO TaKKe MOKA3ATENH, KAK TeKyIee moTpebieHue pecypcos? Vim nndopmarus,
CBsI3aHHAs ¢ GU3HECOM, HATIPUMED KOIUUECMBO BbinyueHHbx asmomobureii? Cnemny-
€T JIM JKYyPHAJIUPOBATh OTJANOYHYIO U OTCIEKUBAOINYI0 MH(OPMAIIHMIO, TAKYIO KAK
sanpoc obvexma ¢ UUID xy om npunoxcenus A, 8vi3viéaiouuii samem npuioxcerue B?
Nnu BO3HHUKalIOIE I/ICKJIIO‘-ICHI/IH?

BHuMarenpHbIE YXTATEIN MOTJIU 3aMETUThH, YTO B 6OJIb]J.II/IHCTBe CJIy4a€B BMECTO
TPaAUIUOHHBIX XYPHAJIOB ropa3ao JIydlle UCII0Jb30BaTh APYTHE€ METOIBIL.

Ecan JKyPHAJTIMPOBaHHE HDUMEHACTCA AJ1A OTJIaAKH UJIU TPACCUPOBKH HpPIJIO?KeHPIﬁ,
TO XXyPHaJI ¢ YPOBHSIMU TPAaCCUPOBKY UJIH OTJIAAKU He oueHb noseseH. Ecau undop-
Maiust He O6y/IeT JOCTYITHA B CPe/ie 9KCILIYaTAIMH, TO OHA HE TOMOYKET BOCTIPOM3BECTH
noTeHIUabHbIe omubOKU. OHAKO XKypPHATUPOBaHUE GOIBIIOTO KOJTNYECTBA COOBITHMA
OTJIAAKU X TPDACCUPOBKH B YCJIOBUAX SKCHJAYATAIIUH OBJ/INAET Ha CKOPOCTb PEaKIINH
NPUJIOXKEHUA U3-32 OOJIBIIOTO KOJUYECTBA OMepaluii JUCKOBOTO BBO/IA,/BBIBO/IA,
CUHXpOHU3anuu u notpebienns namstu. OTnagka ommbOK, CBSI3aHHBIX ¢ MapasLie-
JII3MOM, MOKET JIaske TIPUBECTH K HDOTUBOHOJIOKHOMY PE3YJIbTATY U3-32 U3MEHEHHON
MOCJIEZI0OBATEBHOCTHU BBITIONHEHUSL.

Jlst oTaaKU TOPA3o Jydille UCIOAb30BATh BO BPeMs pa3pabOTKU peasbHbie
dyHKuMM oTaguMKa, Takue Kak IDE, KoTopble MOAKIIOYAIOTCS K paboTaoiemMy
npunoxenuto. JKypHanupoBanue 14 1eseit 6usHeca Jaydiie 1eJaTh ¢ MTOMOUIBIO
ClelUaNbHbIX PElIeHUH, KOTOpbie OyIyT OHUCAHBI fajiee B 910 riase. JKypHanbHbie
coo0uieHns B 0ObIYHOM TEKCTOBOM (hopMate, 6e3yCI0BHO, He SIBIAIOTCS UAEAIbHBIM
peureHrueM. BbI6paHHa$l TE€XHOJIOTUA JOJI)KHA CBOAUTHD K MUHUMYMY BJ/IMAHHE Ha IIPO-
HU3BOAUTEJIbHOCTD IIPHUJIOXKEHHUA.

Eme OJVH METOJ pPelICHUA 3adad XYPDHATIUPOBAHUA 3aK/II0YA€TCA B TOM, ‘-ITO6bI
NPUMEHSITH PETUCTPAIHIO COOBITUN. [Py 9TOM COOBITHS TPEAMETHOM 06JIaCTH CTAHO-
BATCSI YACThIO OCHOBHOM MOJIEJIY TIPUJIOYKEHUS.

JKypuanuposanue, 000CHOBaHHOE LIEIAMU OU3HECA, TAKKE TOJKHO ObITh 4aCThIO
Ou3HEeC-CIIeHAPUS U PeaU30BBIBATHCS C UCMIOJb30BAHNEM COOTBETCTBYIOLIETO Pe-
wenus. Kak Mbl yBUAMM B Coie[lyIoiieM pasyiesie, eCTb 6oJiee TOAXOAAIINE PEIIeHUs
TPaCCUPOBKH, TPEGYIOIIME MEHBILET0 CUHTAKCUYECKOTO aHAJIN3a U cJiabee BAMSIONTe
HA MPOU3BOAUTEIBHOCTD, TPACCUPOBOYHBIE PEIIEHMUS TAKKE HONAEPIKUBAIOT KOHCO-
JIUIAIMIO UHGOPMAIMY M 3aHPOCHI Y€PE3 MUKPOCEPBUCHL

VudopmaIss MOHUTOPUHTA, KOTOPast XPAHUTCS B COOOLIEHUAX JKyPHAA, JIyYIIle
YTIPABJSAETCS MPABUJIBHO BLIOPAHHBIMU PELIEHUSAMHU MOHUTOpUHTA. Takoit moaxon
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He TOJIbKO HAMHOTO ObIcTpee — 3T0 GoJtee appeKTrBHbBII CHOCOO BBIBOZIA NH(OPMAIIMI
B BUJIE TPAaBUJIbHBIX CTPYKTYP AaHHBIX. /laHHbIE MOHUTOPUHTA M BO3MOSKHBIE PEIIEHUS
HPOWJLTIOCTPUPOBAHbI HA HpUMEPaX paHee B 9TOM IJIaBe.

JKypHanupoBaHue TPAAUIIMOHHO MCTIOIb3YETCs M JJs BBIBOAA MCKIIOYEHUH
1 O1MOOK, KOTOPBIE He MOTYT OBITH 00pabOTaHbI B HPUJIOKEHNH APYTUMHU CIIOCOOAMM.
310, MoK, eAMHCTBEHHOE Pa3yMHOE IpUMeHeHue )Xy pHana. Kak u gpyrue nokasa-
TeJIM, KOTOPBIE MOTYT TIOMOYb OOHAPYKUTH OUIMOKY, HAHPUMED CYETYMKY ONIMOOK Ha
CPaHUIIE CUCTEMBI, 3AMTMCAHHOE B Ky PHAJI UCKJIIOUEHNE MOXKET HOMOYb HPOTPAMMUCTAM
B HCCJIEZIOBAHUH OLINOOK.

OpHAaKO OMKMOKA ¥ UCKIIOYEHWS CJIEAYET 3aHOCUTh B JKYPHAJI, TOJIBKO €CJIM OHU
JIEACTBUTENILHO KACAIOTCS IPUIOKEHUS U MOTYT OBITh yCTPAHEHBI HPOTPAMMHUCTAMHU.
[Ipy HaTMYKMK PELIEHUI MOHUTOPUHTA ¥ HPEAYTIPEXIEHNSI HEOOXOMMMOCTh U3y YEHMs]
’KyPHAJIOB JIOJIKHA YKa3bIBAaTh HA CEPbE3HYIO MIPOOJIEMY C ITPUIOKEHUEM.

XXypHanupoBaHue B MUpE KOHTENHEPOB

OpnvH n3 npuHUUNOB 12-haKTOPHBIX NPUIOKEHUIT — PACCMATPUBATH XKYyDPHAIN-
poBaHue Kak IOTOK coObITuii. Ciofa BXOAUT MBICIb O TOM, 4T0O oOpaborka daiinos
JKYPHAJIOB He [I0JKHA OTHOCUTBCS K KPYTY 3a/1a4 KOPIOPATUBHOTO TIPUJIOKEHUS.
>KypHaJIbeIe CO6bITI/IFI AOJIKHBI HDOCTO BBIBOAUTHCA Ha CTaHI[apTHbIﬁ BbIXOJ HPO-
1ecca.

Cpena BBITIOTHEHUST TIPUJIOKEHUS 00beIMHSET 1 06pabaThIBAET IIOTOKH Ky PHAJIOB.
Cy11ecTBYIOT pelieHs 17151 yHIU(UIIPOBAHHOTO TOCTYHA KO BCEM YYACTBYIOIIUM IIPH-
JIOYKEHUSIM, KOTOPBIE MOTYT ObITh Pa3BepHYTHI B cpesie. O6pabOoTKOM MOTOKOB JKypHaIa
3aHUMAETCs CPefla BHIHOJHEHNUSI, B KOTOPOii pa3BepHyTo npuiokenue. [Ipunoxenue
fluentd, xoropoe siBnsiercs yactbio Cloud Native Computing Foundation, yuudwunu-
PYET JOCTYT K COOBITUSIM XKyPHAJIA B PACTIPEIETIEHHON CPeTIe.

Pa3paboTunKy MPUIOKEHNH JO/KHBI 00pabaThIBATH UCHOIB3YEMYIO TEXHOIOTHIO
JKYPHAJIMPOBaHUS Kak MOxHO Hpotle. KoHTeliHep MpuIoskeHuit ckoHQUryprpoBaH
J17151 BBIBOZIA BCEX COOBITHI XKypHaJIa CEpPBEPa U TPUJIOKEHN I HA CTAHAAPTHBIN BHIXO/.
Takoi METO/I yHPOIAET 3a/a4 sl pa3pabOTYMKOB KOPIIOPATUBHBIX HPUJIOKEHUH
W IIO3BOJISAET UM YACIATD 60]1bllle BHHMAHUA PEHICHUIO aKTYaJIbHBIX KODHOPATUBHBIX
HpoOJeM.

Kax MbI Bunenu, nHgpopMaIim, KOTOPyo pa3paboTunkam IPUIOKEHUH UMeeT
CMBICJI 3aHOCUTH B TpaI[PI].[PIOHHbIﬁ KYpPHaJI, OCTAaJIOCh COBCEM MaJIo. MOHI/ITOpI/IHF,
JKypPHAJIMPOBaHWE WUJIN PELIEHUs] TPACCUPOBKH, a TAK)Ke PErMCTpalus COObITUIA HO-
3BOJISTIOT rOpa3/o 3 eKTUBHEE PENIATh 3TU 33/Ia4 1.

Korza coOGbITHS BHIBOAATCS Ha CTAHAAPTHBIN BHIX0/ 6€3 CII0KHOM 06paboTku (aii-
JIOB 5Ky PHAJIOB, KCUE32€T HEOOXOMMOCTH B CJIOKHOM (DPEMBOPKE JKYy PHATUPOBAHUSL.
ITO COOTBETCTBYET Ulee NPUIOKEHUN C HYJIEBOW 3aBUCUMOCTDBIO U [TO3BOJISIET Pas-
paboTuYMKaM COCPEOTOUNThCS Ha Hpobaemax OusHeca.

[ToaToMy pexoMeHyeTcst n3GeraTb CTOPOHHUX (PPERMBOPKOB Ky PHATMPOBAHUS,
4 TAKIKE 3aMMCH B TPAAUIIMOHHBIE (DAl KYPHAIOB. ITO M30aBASET OT HEOOXOIUMOCTH
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YTIPaBAATH 0OMEHOM 5Ky PHANOB, OPMATaMU XKyPHATbHBIX 3aHUCEH, YPOBHSAMM U 3a-
BHCHUMOCTSIMU (bPEHMBOPKOB, a TakKe KOH(pUTypaLuen.

Opnaxo paspaboTyrKaM KOPHOPATHBHBIX MPUIOKEHUHM 9TO MOYKET MOKA3aThCSI
MPOTUBOPEUUBBIM.

[pssmonuHenHbil 12-(akTopHbIil crIoc06 BBIBOAA KYPHANbHBIX COOBITHI Ha
CTaHJAPTHBIN BBIXOJ UCIIOJIb3YET BO3MOXKHOCTHU CTAHJAPTHOTO BBIBOJIA Java 4yepes
System.out u System.err. [Ipy 3TOM HPOMCXOAUT HEMTOCPEACTBEHHAS 3aMUCh Ha
CUHXPOHHBIH BbIX0/l €3 JUITHUX YPOBHEN Oydepusanuu.

BaHO OTMETUTD, YTO HPM TOM JAHHBIE BLIBOAUThLCS He OyayT. BBeneHHas CUHHXPO-
HU3AIUS COEUHSET YACTH HPUJIOKEH U, KOTOPBIE Ge3 Hee SBJISIOTCS HE3aBUCUMBIMU.
Ecnu BeIx01 poliecca 3aXBaThIBAETCS U BBIBOJUTCS BUAECOKAPTOI, TO IPOM3BOIUTEb-
HOCTB OYZIET el1le HUXKE.

BoiBog 3amuiceii sKypHasia B KOHCOJIb IPeHA3HAYEH TOJIbKO JJIsl BBIBOZA OMINGOK,
KOTODbIe, KaK HOKa3bIBAET UMsI TUIIA Java, SIBJISIIOTCS UCKIIoYeHusiMU. Bo Bcex ocTasb-
HBIX CJIyYasx MHXKEHEPbI JOJKHBI 3a/aTh cebe BOIPOC, XOTST JId OHU BBIBECTH ITY
MH(POPMAIMIO B IEPBYIO OYEPEIb UM JKe €CTh APYTHE, 0/Iee MOAXOISIINE PEIIEHUS.
Taxum 06pa3oM, )KypHAJIUPOBAHHBIE OIMUOKY MOMKHBI YKa3biBaTh HA (aTaIbHYIO
npobsieMy, TpeOYIOIIYI0 BMEIIATENbCTBA HHKEHEPOB. BBIBO/I TAKMX Ky PHATBHBIX CO-
0011eHU i He I0JIKEH TPOUCXOIUTD B YCIOBUAX IKCILIyaTallui — B CIy4ae (paTaTbHbIX
OIMOOK TPOU3BOAUTENBHOCTD MOXKET YHACTD HUKE BCAKUX TIPEIENOB.

Jlns BBIBOZI2 MH(pOPMaIuK 0 haTaibHbIX OmMOKax B Hpuioxkenuu Java EE MmoxHo
ucnonp3oBath GyHkiuu CDI, a Takxe dyHkunonanpHsie nuTepdeiice Java SE 8§,
obecrieynBaoIIue eANHYI0 (PYHKINOHATBHOCTD XKy PHATMPOBAHMSL:

public class LoggerExposer {

@Produces
public Consumer<Throwable> fatalErrorConsumer() {
return Throwable::printStackTrace;

}

Perucrpatop Consumer<Throwable> 3aTeM BHEIPSIETCS B IPYTHE KOMIIOHEHTHI U pe-
TUCTPUPYETCS C IOMOIIbI0 MeTOa accept() Tuma Consumer. Eciu Tpebyetcsa Gosee
yIOOHBIHA 1151 yTeHnA HTEPQEIIC, TO MOXKET OBITh CO3/1aH TaKoM (pacaj perucrpaTopa,
KOTOPBIH BHEZIPSIETCS C TOMOIIBIO @Inject:

public class ErrorLogger {

public void fatal(Throwable throwable) {
throwable.printStackTrace();

}

Pa3paboTunkaM KOPHOPATUBHBIX HPUJIOKEHUH TAKOM MOXO/] MOJKET [TOKA3AThCSI
POTUBOPEYNBBIM, 0COOEHHO UIes1 Ky pHATUPoBaHus 6e3 ppeiiMBopKa. 3a1elicTBOBa-
HUe CI0XHBIX (PEIMBOPKOB XKy pPHATNPOBAHUS, IPeAHA3HAUEHHBIX /1JI5 IIepEHAHPaB-
JIEeHUsI BBIBOJIA HA TO K€ CTaHAAPTHOE YCTPOUCTBO, AaeT JOMOJHUTEIbHYIO HaTPY3Ky
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Ha Pecypchbl U B UTOTE IIPUBOAMT K TOMY Ke pe3yibrary. Hexoropbie paspaboTuynku
HPETHOYMTAIOT HA 9TOM 3Talle MCI0JIb30BaTh XypHaaupoBanue JDK.

OfHAKO HPe/IaraTh CIOKHbIE MHTEPMENCHI JKyPHATUPOBAHUS U TAKUM 06Pa3soM
IaBaTh Pa3paboTYNKaM IPUIOKEHNH BOSMOKHOCTb BHIBOAUTB JII00bIe BUABI MH(POPMA-
111, 0COOEHHO JIETKO YNTAEMBbIE CTPOKH, HEIPOAYKTUBHO. IMEHHO HOTOMY IIPUBEJEH-
HbI€ TIPUMEPDI KO/Ia TI03BOJISIOT BBIBOAUTD TOJIBKO TaKKe THHBI WH(POPMAIIUY, KOTOpbIE
0OBIYHO BHIBOAATCS IIPY BOSHUKHOBEHNY UCKIIOUEHHUH, B CiIydae (aTaabHbIX OMINOOK.

YuuthiBaiiTe caeayonme 0COOEHHOCTH.

O HysxHo usberaTh TPagUIIMOHHOTO XKyPHAJIUPOBAHUS, IPEAHOYNTAS eMy GoJiee
HOZXOJSIIINE PELIEHUSI.

Q BkypHau ciexyer 3aHOCUTD TOJIBKO (haTaibHbie OLINOKH, KOTOPbIE SIBJISIOTCSI HC-
KJIIOUYEHHEM U B Hfieajie HUKOT/[A He TOJIXKHBI BO3HUKATD.

O B ciayyae xoHTeHHEPHBIX HPUJIOKEHUN PEKOMEH/YeTCsl BBIBOAUTD >KyPHAJIBI CO-
OBITHI HA CTAHIAPTHBIM BBHIXO/.

O KypuHamuposanue u uHTEPENCH B HPUIOKEHHUAX JOKHBI OBITh KaK MOYKHO
6oiee IPOCTBIMY, YTOOBI Pa3pabOTYNKU HE UCHOIB30BAIN UX 6€3 0CO00H HyKIbL.

XypHanupoBaHune

Ecnu xypHanupoBaHue sIBISETCS YaCThIO GU3HEC-TIOTHKH, eCTh Goiee adeKTrBHbIE
HYTH, 4YEM UCTIONb30BaHue PpeiiMBopKoB. JKypHaiupoBaHue GbIBaeT HYKHO B CUCTe-
Max JIJis ayIUTA I TOPTOBJIH.

Ecnu 6usHec-norvka Tpebyer sKypHATUPOBAHUS, TO €T0 CIEAYET PACCMATPUBATH
KaK Heo6X0AMMOCTD J7ist GusHeca. CyleCTBYIOT TEXHOIOTUY XKy PHATMPOBAHMSI, KOTO-
Pble CHHXPOHHO COXPaHSIIOT TpebyeMyio MH(pOpMALUIO ¢ 60JIee BBICOKO HIOTHOCTBIO
Y MEHbIIIEN 33/IEPXKKOU, YeM TIPU TPAAUIIMOHHOM XypHasupoBanuu. [Ipumepom Ta-
Koro peuenus sapasgercsa Chronicle Queue, KOTOPOE O3BOJISIET COXPAHATH COOOIIEHMS
C BBICOKOH TIPOITyCKHOM CIIOCOGHOCTBIO X HU3KOMW 33/1€PAKKOIA.

[peaMeTHas 061aCTh TPUIOKEHMSI MOXKET MOJIENPOBATh HH(POPMALIUIO B BUJIE
COOBITUI HPEAMETHOM 06JIACTH ¥ HAMIPSMYIO MIEPEHOCUTD €€ B PEIleHUe JIsl JKyPHa-
spoBanus. Kak yske oTMeuanoch, Ipyroii crnocob 3akaoyaeTcs B TOM, YTOOBI IPUJIO-
JKeHre 6a3MPOBAIOCH HA MOZIENTU PEruCTpalu cobbrTuit. Torma undopmanus ayauTa
SIBJISIETCSI YACTHIO MOJIEJIH TIPUJIOKEHUS.

TpaccnpoBka

TpaccupoBka IpuUMeHSIETCS 711 BOCIIPOM3BEAEHUS KOHKPETHBIX CIIEHAPUEB K HO-
TOKOB 3aHPOCOB. ITO, OUEBU/IHO, TIOJE3HO /JIs1 IOBTOPEHUS CIOXKHBIX IIPOIECCOB
HPUJIOKEHMs], HO elle 6oJiee HOJIe3HO, KOT/Ia 3a1eICTBOBAHBI HECKOJIbKO IIPUIOKEHUN
1 9K3EMILISIPOB.
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OI[HaKO BaXXHO OTMETHUTD, YTO, KaK U B C/Iy4ae C )KyPHAJINPOBaHNEM, OCHOBaAaHUEM
U151 NICHOJIb30BAHUS CHCTEMBI TPACCUPOBKH JIOJIKHBI ObITh TpeboBaHMsI Gr3Heca, a He
TEXHUYECKHUE yCIOBUSL.

TpaccupoBKa — HIOXOU CHOCOD OT/IAAKK WJIK HAOIIOIEHNSI 32 HDOU3BOIUTENbHO-
cTbio crcTeMbl. OHa OKa3bIBAET ONIPE/IeJIEHHOE BINSHME Ha HDOU3BOANTENbHOCTD 1 He
O4YEeHb TIOMOTaeT B perneHnu npobiem ¢ Heil. BzanMozaBucuMbIe, paCHpeIeTeHHbIE
HPUJIOKEHMA, KOTOPbIC HYXJAIOTCA B OHTUMU3ALU IIPOU3BOAUTEIbHOCTH, JOIKHBI
JIMIIb BEIBOAUTD MH(OPMAIHIO O KaueCTBE 0OCIyKUBAHNUS, HAHPUMEDP BPEMS OTKJIMKA.
TexHo10rMN BRIGOPOYHBIX UCCIEA0BAHMIN II03BOJISIOT COOMPATh IOCTATOYHO HH(pOPMa-
1M1, KOTOPad MOXKET YKa3bIBaTh Ha HpO6]IeMbI IIPOMU3BOAUTEIbHOCTU B HPDUJIOKECHUAX.

OIHAKO PACCMOTPUM CIIyyYaid, KOrjla TPACCUPOBKA HYKHA 110 COOOPAKEHMSIM OH3-
Heca, YTOOBI OTCIEKMBATh 3a/[€HCTBOBAHHBIE KOMIIOHEHTBI M CCTEMBI.

Ha puc. 9.5 HOKa3aHa TPACCUPOBKa 3aHPOCA, TPEOYIOLIETO YYACTHSI HECKOIbKUX
9K3EMHJISIPOB HPUJIOJKEHUSI U KOMHOHEHTOB.

KnueHt

Mpon3BoacTBO aBTOMOOUNEN

Pacnpenenurens 4,()\

Harpysku

AsTOMOOMAN P KnuneHt

N\

®dabpuka
aBTOMOOUNEN

Puc. 9.5

TpaccupoBKy TakKe MOXKHO OTOOPAKaTh Ha BPEMEHHOM IIKase, yTOObI HOKA3aTh
CHHXPOHHbBIE BBI30BBI, KaK Ha puc. 9.6.

TpaccupoBka BKI0YaeT B cebst TH(POPMAIIHIO O TOM, KAKHE HPUIOKEHMSI U KOM-
HOHEHTBI HPUJIOKEHWI OBLIN 33/I€MICTBOBAHBI U KAK JIOJITO BBIMOIHSIIUCEH OTAEIbHbIE
BbI3OBBIL.

TpaauiMOHHO 7151 3TOTO UCHOJIB30BAIUCH (haiisIbl )KyPHAJIOB, B KOTOPbIE 3aHOCH-
JIOCh BpeMs1 Hauasla ¥ 3aBepIIeHHs KaK0r0 BbI30BA METO/IA M1 KOMIIOHEHTA, a TaKXe
HAeHTU(PUKATOP KOPPEeJISLUY, TAKOH KaK ueHTU(UKaTop noToka. B skypHabl MOXKHO
BKJIIOYATH UAEHTU(PUKATOPBI KOPPEIALUH, KOTOpPbie OePyTCs M3 06IIEro UCXOAHOTO
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3arpoca 1 3aTeM IIPHUMEHSIOTCS TIOBTOPHO U PETUCTPUPYIOTCS B NOCIIEAYIOIINX HPU-
JoxeHusX. Tak HOSBJSIOTCST Pe3yJIbTAaThl TPACCUPOBKY, OXBAThIBAIOLIIE HECKOJIBKO
HPUJIOKEHUN.

dabpuka
L aBTomMob6uneri

Puc. 9.6

B cnyuae xypHanupoBanusi nHGOPMaIKs TPACCUPOBKY HAKAIIUBAETCS B He-
CKOJIbKUX (paiiiax XKypHasia, B YaCTHOCTH TIPU MCHOJb30BAaHNY TAKUX PEIIEHNH, KaK
crex ELK. JKypHaJsl TpacCHPOBKY OOBIYHO PEANTU3YIOTCS B BUE CKBO3HBIX 3a4a4 —
HaIpyMep, C HOMOLIBIO (DUIBTPOB XKy PHATMPOBAHUS U IIEPEXBATIMKOB, YTOOBI HE YCIIOK-
HSITh KO/I.

OnHako 3azeiicTBOBaTh (DaIbl JKyPHAIOB [JIsl TPACCUPOBKHU HELEIeCOo00pasHo.
Jlaxke ecii KOpHOpPATUBHBIE MPUIOKEHUS UCHBITHIBAIOT YMEPEHHYIO HATPY3KY, OHU
BCE PaBHO BHOCST MHOT'O 3aHMCEH B XXypHaJl, CyllecTByoImui B Buae daitnos. [Ipu
KXX/IOM 3aIIPOCe CO3AETCST HECKOJIbKO JKYPHAIbHBIX 3aHUCEH.

Daiin0BBII BBOA-BHIBO 1 HEOOXOANMAS CEpUATU3ALINS JaHHBIX /151 XKy PHAJIA, KAK
HPaBUJIO, CJIUIIKOM TSIXKEJIBI IJISI 9TOTO METO/A ¥ CUJIBHO BJIMSIIOT HAa TIPOU3BOAUTEb-
HocTb. [Ipu TpaccupoBKe ¢ 3aHUCHIO B XKyPHAJIbHBIE (DAJITBI CO3/IAETCSI MHOTO ITAHHBIX,
KOTOPBbI€E BIIOCJIE[ICTBUY HEOOXOAMMO 06pabaThIBaTh CHHTAKCMYECKAM AaHATU3ATOPOM.

Cy11ecTBYIOT APYTHE PEIIEHUS 15T TPACCUPOBKH, KOTOPbIE FOPA3/I0 JIyYIlie CIIPAB-
JISTIOTCSI C 9TUMU 33Ja4aMH.

TpaccupoBKa B COBpeMeHHOM MHpe. B nocsientue ropl BO3HUKIO MHOXKECTBO
pellieHunii 11 TPACCUPOBKH, 11€71b KOTOPBIX — CBECTU K MMHUMYMY €€ BJIUSHUE Ha
HPOM3BOUTENBHOCTD CICTEMBI.

CraHaapTHOI, HE3aBUCHMOI OT IIOCTABIIMKOB TEXHOJIOTHEH TPACCUPOBKH SIBJISIETCSI
OpenTracing, Bxonsamas s coctaB Cloud Native Computing Foundation. Ona onpeze-
JISIET TTOHSITUS ¥ CEMAHTUKY PE3yJIbTaTOB TPACCUPOBKH U MOANEPKUBAET TPACCUPOBKY
B paclpezieIeHHbIX TPUJIOKeHUsX. Peann3oBaHa B Bujle HECKOJIbKUX TEXHOJIOTHI
TPACCUPOBKH, TAKUX Kak Zipkin, Jaeger i Hawkular.

WNepapxuueckuii pe3yapTaT TPACCUPOBKU COCTOUT M3 HECKOJbKUX WHTEPBAJIOB,
HOZOOHBIX TIOKA3aHHBIM Ha HPEBIAYIINX PUCYHKaX. IHTepBaI MOKeT ObITh JOYEPHUM
HO OTHOIIEHWTO K IPYTOMY WHTEPBATY WU CJIEA0BATH 32 HUM.
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B npeabiayuiemM npuMepe UHTEPBAJ «IPOU3BOJCTBO ABTOMOOUIIEN» SBJISAETCS
JIOYEPHUM JIJIs1 UHTEPBAJIa «PaclpeieINTeN b HarPy3Ku», 2 UHTEPBAJ «COXPaHEHUE>
WIeT Iocje UHTepBaja «KJAUEeHT», TaK KaK UX BBI30BBI IPOUCXOSIT HOCIEA0BA-
TEJIbHO.

B API OpenTracing onucanve nHTepBaia BKJIOYAET B ceOsi BDEMEHHOM UHTEPBAT,
MIMsI OTIEPAIIMH, KOHTEKCTHYIO WH(OPMAIINIO, & TAKKE AOMOJTHUTENbHbIE HAOOPBI TETOB
1 )ypHanoB. HazBaHus oHepaiuii 1 Teru mog06HbI MIMEHAM ¥ METKAaM T0Ka3aTesiei
B Prometheus, onucannsim panee B pasnene «Beenenue B Prometheuss. B sxypranax
XPAHUTCS Takast MHGOOPMAIIKs, KaK COOOIIEHUs] HTEPBAJIA.

[IpumMepoM OTZAENBHOTO MHTEpBAJA SBJsETCA createCar ¢ TeraMu color=RED
U engine=DIESEL, a TakKe mojsieM Car successfully created )xypHasa message.

B cnenyiomniem dparMenTe koia npUBOAKTCS HpUMeD ucnionb3oBanust OpenTracing
Java API st npusioskeHus: <IIPOM3BOACTBO aBTOMOOUIIEl». OH TOAIEPKUBAET KOH-
CTPyKIMIO Java try-with-resource:

import io.opentracing.ActiveSpan;
import io.opentracing.Tracer;

@Stateless
public class CarManufacturer {

@Inject
Tracer tracer;

public Car manufactureCar(Specification spec) {
try (ActiveSpan span = tracer.buildSpan("“createCar")
.withTag("color", spec.getColor().name())
.withTag("engine", spec.getEngine().name())
.startActive()) {

// BbiNOSIHEHUEe 6U3HeC-/0ruku

span.log("Car successfully created");

Co3nanHblii MHTEPBAJ AaKTUBHO 3aIlyCKAETCS U [00ABIAETCS KaK I0YEPHUil B 1O-
TEHLUAJIBHO y’Ke CYILIeCTBYIOIINI POAUTEIbCKUI UHTEPBAJL. Tracer reHepupyeTcs
CDI-renepatopomM, KOTOPBI 3aBUCUT OT KOHKpeTHO! peanusaiuu OpenTracing.

OueBUHO, YTO TAaKOW MOAXOJ CUJIBHO YCJIOXHSET KO/ U €ro CJIeAyeT HEPeHEeCTH
B CKBO3HBIE KOMHOHEHTBI, TaKWe KaK rnepexBarduku. COOpKa nepexBaTunKOB TPACCH-
POBKH MOJKET IeKOPUPOBATH METOJIbI ¥ U3BJIEKATh MH(GOPMAIIUIO 00 MMEHAX U mapa-
MeTpax MeToza.

B 3aBucumocTu oT nHGOPMAILUK, KOTOPYIO JKeJIaTeJbHO BKJIIOUUTh B HHTEPBAJIbI
TPACCUPOBKH, IPUBSA3KA EPEXBATYMKA MOKET OBITh PACIIMPEHA U B HEE MOXKET OBITh
BKJIIOY€HA JIOHOJHUTEIbHASI UHGOPMAIIHS, TaKasi KaK UM OllePaLlHH.

B crexyromem dhparmenTe Kona HpeACTaBIeH OU3HEC-METO, IEKOPHPOBAHHBLH
C IPUBA3KOM MepexBaTuMKa, KOTOPBIH 100aBIsSET TPACCUPOBKY PAIIMOHATbHBIM
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croco6oM (pean3anmio nepexBaTInKa MPeJIaral0 BBIHOJHUTD YUTATEIIO B KAYeCTBe
YHPaXXHEHUS):

@Stateless
public class CarManufacturer {

@Traced(operation = "createCar")
public Car manufactureCar(Specification spec) {
// BbINONHEHWE 6U3HeC-noruku

}

Nudopmariust TpacCUpOBKY HEPEHOCUTCS B TOCTIEAYIONINE HPUIOXKEHUS Yepe3
KOHTEKCTBI ¥ HOCUTEJIU NHTePBaIoB. OHU TAK3Ke MTO3BOJISIIOT 32/1e/ICTBOBAHHBIM HPU-
JIO)KEHUAM 0OABJISITh CBOU JAHHBIE TPACCUPOBKH.

CobpaHHblie [aHHbIE MOTYT OBITh U3BJIEYEHBI C TOMOIIBIO MCHOJIB3YEeMOM peannaa-
1un OpenTracing. CyuiecTBytoT peanusanuu GUIbTPOB U HEPEXBATYUKOB, AOCTYII-
HBI€ [[JI51 TAKMX TEXHOJIOTHI, KaK pecypchl U kianeHThl JAX-RS, koTopsie Hpo3pauHO
N0GABJIAIOT B BHI30BBI BCIO HEOOXOAUMYIO OTJIA0YHYI0 WH(MOPMAIUIO, HAHPUMED,
¢ HoMmobio 3arosioskoB HTTP.

3ToT cnocob TPACCUPOBKU MEHBIIE BAUSET HA TIPOU3BOJUTEIBHOCTh CUCTEMBI,
4yeM TPaZNIIUOHHOE XypHamupoBaHue. OH OHPeesieT TOUHbIE OHEPAIIMU U CCTEMBI,
KOTOPBIE PEAIU3YIOT MOTOK GusHec-10ruku. OIHAKO, KaK yKe OTMEYAIOCh, IPUMEHEHHE
PElIeH s /151 TPACCUPOBKH JIOIKHO ObITh 000CHOBaHO TpeboBaHMsIMU OU3HECA.

TunnyHble NpobnemMbl NPOU3BOAUTENBHOCTY

HpO6JIeMbI IIPOU3BOAUTEIbHOCTHU IIPOABJIAIOTCA B BUI€ TUHUYHBIX IPU3HAKOB, TAKHUX
KaK 3aMe/IJIEHHOE MU TIOCTENEHHO 3aMeIJISIONIEECsT BPEMSI OTKJINKA, 33I€PKKHU MU
JIaXKe MOJIHOCTBIO HEOCTYTHBIE cepBUCH. Ha HocenHee 06CTOSTENBCTBO YKA3HIBAET
4acToTa ONMOOK.

Korza Bo3HUKAIOT Tpo6IEMBI ¢ HPOU3BOAUTENBHOCTHIO, CIEAYET 3a/1aTh cebe
HECKOJIbKO BonpocoB. Kakoit pecypc Ha caMoM zese SIBJISIETCST OTrPAHNYMBAIOLIM ?
Tne naxomutces yaxoe mecto? UTo siBisiercst uctouHnkom npobiemsr? Kak 6bu10 HO-
Ka3aHO PaHee, JIJIsl TOTO YTOObI HAWTH HPMYMHY, MHKEHEPAM PEKOMEHTYeTCsI HDOBECTH
pacciieioBaHue, B KOTOPOM y4ecTh 0010 CUTYAIINIO, BKIOYAS AHTIAPATHBIE CPEICTBA
1 OHEPAITMOHHbIE CUCTEMBI. He JOJIKHO 6bITb HUKaKHUX JOTaI0K U HPEX/IEBPEMEHHBIX
pelieHui.

HpO6JIeMbI C IPOMU3BOAUTE/IbHOCTHIO MOTYT UMETh OTPOMHOE KOJIUYECTBO IIEPBO-
HPpHUYMH. BopumnHcTBO U3 HUX BHI3BAHO O]J.II/I6KEIMI/I B KOA€ HUJIHN KOH(bI/II‘ypaLII/II/I,
a He TeM, 4yTo paboyas HArpysKa AeHCTBUTEIbHO CAMIIKOM BEIMKA IJIs JOCTYIIHBIX
pecypcoB. CoBpeMeHHBIE CEPBEPBI TIPUIOKEHUH CIOCOOHBI CIPABATHCS ¢ GOBIION
HArpy3KOM, MIPEXKIe YeM TPOU3BOUTENBHOCTD CTAHET TIPOBIEMOIA.
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OHAKO OMBIT MOKA3BIBAET, YTO CYNIECTBYIOT TUIMYHbIE TIPUIMHBI TPOOIEM
C HPOM3BOAUTEIBHOCTRIO. Jlaiee MBI IIOKaXeM caMble cepbe3Hble 13 HUX. MIHxeHepam
CJIE/LyeT TIATEIbHO PACCJIEN0BAT 3TH POOIEMBI, HE HOJIArasiCh HA TO, YTO IIPUHSITO
CYUTATh PEKOMEHIOBAHHBIMU METONAMU Pa3pabOTKU U He TPEHPUHUMAs HPEK/E-
BpeMeHHbIe OHTUMU3AIUH.

XKypHanupoBaHue 1 NoTpedbneHne namsT

TpaauinoOHHBIE METOIBI Ky PHAIMPOBAHMSI, TAKUE KAK 3AMIUCh JKYPHAIBHBIX COOOIIE-
HUil B BUJIE CTPOK B (aiiibl, — HanboJjiee PaCHPOCTPaHEHHAsS IIPUYMHA HU3KOM HPO-
M3BOAMUTENBHOCTU. B 9TOM T71aBe yke onmucaHbl 3TH MPOOJIEMBI U PEKOMEH AN 10
UX DEIIEHHIO.

OCHOBHOI1 IPUYMHOI HU3KOW HPOM3BOAUTEIHHOCTH SIBJISIETCS CO3JAHNE MHOXKECTBA
CTPOKOBBIX 0OBEKTOB U, CJIEJIOBATEIBHO, GOJIBIION PACXO/l MaMsATH. BbicOKoe moTpe-
GJIeHVE TAMSTH CO3/AET CEPhE3HYI0 HPOOJIEMY C IPOU3BOANUTENBHOCTHIO. ITO MOKET
OBITh BBI3BAHO HE TOJIBKO JKyPHATUPOBAHKEM, HO ¥ GOJIBIINM PACXOIOM MAMSITH IIPU
K3IIMPOBAHNHY, YTEYKAMY MIAMSITH WX CO3AaHNEM OOJIBIIOTO KOMMYECTBA OOBEKTOB.

[Tockoabky JVM yHpasaser cO0pKOii Mycopa B TaMATH, 60/IbLION pacxo/] HAMATH
NPUBOAMT K 4aCTOMY 3amyCKy cOOPIINKA MycOpa, KOTOPBIH TBITAETCSI OCBOGOIUTH
HENCIOJIb3yeMy1o maMsTh. IIpu c6opke Mycopa 3azeiicTByeTcs Hporeccop. JaHHas
CUTYaIMsl He YCTPAHSETCS OJHUM 3aHYCKOM COOPIIMKA, TAaK KaK OH BBI3BIBAET IO-
cnenyiomiue 3anycku GC 1, COOTBETCTBEHHO, Ia€T BBICOKYIO HArPY3KY Ha IIPOLECCOP.
ITO MPOUCXOAUT B TEX CAYYAsAK, KOT/A AMSITh He OCBOOOXK/IAETCS M3-32 YTEUEK Ta-
MSITH WU BHICOKOM paboueii Harpy3Ku ¢ BBICOKMM ypOBHeM noTpebiienus. [laxe eciu
cucTeMa He 1acT c6oit OutOfMemoryError, HEpErpy3Ka MpoIeccopa MOXKET TIPUBECTH
K OCTaHOBKE HPUJIOXKEHHSL.

B uccnenoBanum 3Tux HPoOJIEM MOTYT HOMOUB JKYPHAJIbI c6Opa Mycopa, TaMHBbI
Kyuu 1 u3Mepenus. nctpymenTs! JMX natoT HpecTaBIeHNe O pacHPeeJeHIH 1a-
MSITH ¥ BO3MOYHBIX TIPOOIEMHBIX TOUKAX.

Ecnu 6usHec-/10TrKa Peain30BaHa MPOCTHIM U JAKOHUYHBIM CIIOCOOOM € UCTIOb-
30BaHMEM KOPOTKOKUBYIIMX OOBEKTOB, TO HPOOJIEMBI C TIAMATBHIO TOPA3I0 MEHee
BEPOSITHBL

MNpexaespeMeHHas oNTUMU3aLMS

Pa3pa60Tq1/n<1/1 KOPHOPATUBHBIX HPOEKTOB YaCTO ITbITAIOTCA HPEXKAEBPEMEHHO OIITHU-
MU3UPOBATH MPUJIOKEHUS, HE BBITIOJHUB HA/IJIEXKAITY0 HpOBepKY. IIpumepamu sToro
SIBJISTIOTCST MCIIOJIb30BaHUE KIUIMPOBAHUSI, HACTPOIKA HYJIOB U MOBEIEHUS CEPBEPA
NpUIOKeHUH 6e3 BHIOOPOUYHOTO UCCIIEA0BAHMS [I0 U [IOCJIe HACTPOUKH.

HacrosrenpHo PEKOMEHAYETCA HE IIPOBOAUTD 9T OHTUMHU3ALNU IO TOT'O, KaK 6y/1eT
BBISIBJIEHA HPOGJIEMa C HPOU3BOJUTEIBHOCTBIO. [Ipesk/ie ueM U3MeHSITh KOH(UTYPALUIO
CHUCTEMBI, HCO6XOI[I/IMO IIPOBECTU IPAaBUJIbHbIC BbI60pO‘-IHbIe HCCIeI0BaHUA IIPOU3BO-
AUTEJIbHOCTHU U U3MEPEHUA B YCJIOBHAX SKCILIyaTalluH, a TaKXKe IIPOaHAIM3NPOBATh
OTPaHUYHMBAIOIINHN Pecypc.
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B HozmasnstoneM GONBIUIMHCTBE CAYYaeB JOCTATOUYHO COTJIACOBATh KOH(PUTYpa-
I[1I0. ITO CHPABEIJIUBO KAK [JIs1 CPeAbl BeioaHeHus JVM, Tak u Ans cepBepa HpU-
noxenuit. Ecam pa3zpaboTunky uCnons3yiot Hpoctoi meton Java EE co cranaaprHoii
KOH(pUrypaiueil cepBepa IPUIOKEHUHN, TO OHY BPSA JIM CTOJKHYTCS ¢ IpobaeMaMu
HpeXXZIeBpeMeHHOH ONTUMH3ALUN.

U TONbKO B TOM CJIy4ae, eCiiu, Cy/sl 0 TEXHUYECKUM TIOKA3aTe IsIM, BhIODAaHHON
KOH(UTypaluy HEAOCTATOYHO A1 paboueil HArpy3Ku, HEOOXOAUMO BHECTH M3Me-
HeHust. KpoMe TOTo, MHXKEHEPBI TOJUKHBI IEPUOIMIECK HPOBEPSTh HEOOXOIMMOCTh
CAe/IaHbIX naMeHeHui. TexHoIoTHYeCKe U3MEHEHMS U OIITUMHM3allMd, I03BOJIHBIINE
yCTPaHUTh IpoOJeMy B IPEbIAYIINX BEPCUAX pabodeil cpelbl, CO BPEMEHEM MOLYT
CTaTh HE JIYYIIUM PEHICHHUEM.

Konuemnius HporpaMMHUPOBaHuUs 110 COJIAIIEHUSAM U HEPBOHAYAJbHBIA BbIOOD
CTaHAAPTHOI KOH(UIypalMK TakxKe TPeOYIOT HAMMEHBILETO KOJIMYeCTBA HauyalbHbIX
YCUINM.

U cHoBa HAaHOMHIO: KaK ITIOKa3bIBaeT OIIbIT, MHOTHE HpO6JIeMbI BO3HHMKAIOT U3-3a
HPEKIEBPEMEHHOTO BHECEHNUST U3MEHEHNH (3 HajlsiesKallel peaBapuTeabHON| HPo-
BEPKHU.

PensaumoHHble 6a3bl AaHHbIX

OO6BIYHO TIPY HEOCTATOYHOM IPON3BOANUTEIBHOCTH KO3JIaMU OTHYIIEHHSI HA3HAYAIOT
pensinnoHHbIe 6a3bl JaHHBIX. Kak HpaBuUiIo, cepBephl PUIOKEHUHN Pa3BEPTHIBAIOTCS
B HECKOJIbKUX DK3EMILISIPAX ¥ BCE HOAKIIIOUAIOTCSI K OTHOMY 9K3eMILISIPY Ga3bl JaHHBIX.
3710 HEOOXOAMMO JIJIS1 COTIIACOBAHHOCTH B COOTBETCTBUU € Teopemoii CAP.

Basza maHHBIX KaK e€[MHAs TOYKA OTBETCTBEHHOCTH, UJIM TOYKA TPOOIEMBI, 110
OTIpeZieJIEHNIO CTAHOBUTCS [IEPBBIM KaHIUAATOM Ha POJIb y3KOro MecTa. TeM He MeHee
WHXKEHEPHI JIOJIXKHBI C/IEJIATh COOTBETCTBYIONIME U3MEPEHNS, 4TOObI TOATBEPAUTH 9TO
HPEHOJIOXKEHHUE.

Ecnu, cornacHo HOKa3aTesissM, OTKIUK 6a3bl JAHHBIX MEJJIEHHEE JI0IYCTUMOTO,
TO HPEXIE BCETO, KaK OOBIYHO, HY’KHO MCCJIEN0BATh EPBONPUYNHY ITOM CUTYaIlUN.
Eciu nprunHoii MeIJIEHHOTO OTKJIMKA SIBJISIETCS 3aTPOC GA3bI JAHHBIX, TO MHIKEHEPaM
PEKOMEH/IYETCS U3YYUTh BBITIONHSAEMBIE 3aTPOCHI. MOXKeET OBbITh, 3aTPYKAETCSA MHOTO
nauubix? Ecau fa, To Bee M 9TH IaHHbIE HY)KHBI, MJIM OHY BIIOCTEACTBUU OYAyT OT-
(uIbTPOBaHbL M COKpanieHbl? BeiBaeT Tak, 4TO 3aHPOCH K 6a3e JaHHBIX 3arPyXKAIOT
6oJIblIle TaHHBIX, YeM TpebyeTcs.

To e kacaercsi 6M3HEC-IOTMKH, OCOOEHHO U3BJIEYEHUs] JAHHBIX: BCE JI OHU
HYKHBI? B 2THX cydasix MOTYT 0Ka3aThCsl 9(pheKTUBHBIMU 60JIee TOUHBIE 3AMPOCHL
K 6a3e JAaHHBIX C TIPEABAPUTENbHOMN (PUIBTPAIIEN PE3YIBTATOB UM OTPAHMYEHUSIMU
HO pa3Mepy, TAKUMU KaK pa3OueHue Ha CTPAHMIBL.

Basbl MaHHBIX OYEHb XOPOIIO CHPABJSIIOTCS € 00beANHEHNEM U (DUIbTPALIUEH
JaHHBIX. BEIHOMHATH 60J1€€e CI0XKHBIE 3AITPOCHI HETIOCPEICTBEHHO B 9K3eMILIsIpe Ga3bl
JIaHHBIX 0OBIYHO a(h(PEKTHBHEE, YEM 3arPyKaTh BCE JAHHBIE B MAMATH MPUIOKEHUS
U BBITIOJIHATD 3aHpoc TaM. Ha Java MoXHO co3aaBaTh CyI0KHbIe BiokeHHble SQL-
3aPOCHI U BHIMOJIHATH UX B Gaze gaHHbIX. OHAKO B KOPIIOPATUBHBIX TIPUJIOKEHUSIX
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cnemyer usberaTh ONpeeeHus 3alIPOCOB GU3HEC-IOTMKY HEMIOCPEACTBEHHO B Oase
JaHHBIX C HpUMeHEeHNEeM XPaHUMBIX TIpoueyp. busHec-iormnka nomKkHa HaXOAUTHCS
B [IPHJIOKEHUH.

Emte ogHa TunmyHast omnbka KoHpurypauum — npeHebpexeHre MHIEKCUPOBa-
HUEM CTOJIO1I0B 6a3bl JaHHBIX, KOTOPBIE YACTO UCIIOB3YIOTCS B 3aHpocax. B mpoexTax
4aCTO YAETCS IOBBICUTD OOILYIO IPOM3BOAUTEIBHOCTD B HECKOJIBKO Pa3, BCETO JIMIIb
CO3/1aB HPAaBHUJIbHbIE NHACKCHI.

B LEeJI0M, aHATUTUYECKUE U3MEPEHUA KOHKPETHBIX 6I/I3HCC'CHeHapI/IeB O6bI‘-IHO
[IAI0T XOPOIllee HPECTABIEHNE O BO3MOXKHBIX HDMYNHAX HPOOIEMBI.

B HEKOTOPBIX CLIEHAPUAX 3aHPOCHI, OGHOBJSIONINE JAHHBIE, YACTO PUBOASAT
K OIIMOKaM ONTUMUCTUYECKOH GJIOKMPOBKU. DTO HDOUCXOAUT U3-32 OHOBPEMEHHOTO
0OHOBJIEHUS CYIIHOCTEH IIpeAMeTHOM 061acTu. OnTUMUCTUYECKAs OJIOKAPOBKA — 9TO
cKopee HpobJiemMa OGu3Hec-ClieHapyst, 4eM TexH4ecKast. Ha BO3HUKHOBeHMe MOI06HbIX
npobJieM YKa3biBaeT 4acTOTa OMIMOOK CepBHUCa.

Ecau B 6usHec-cueHapun Tpebyercs, 4TOOBI CYIHOCTH 9aCTO OJHOBPEMEHHO
HU3MEHAJIUCH, IIPOTPaMMHUCTBI MOTYT PACCMOTPETHh BO3SMOXHOCTbh U3MEHEHUA (I)yHK'
[MOHATBHOCTH Ha MOJIEJTb, YIIPaBJAsIeMYI0 cOObITUAMMU. VK ke, Kak ObLIO OKa3aHO
paHee, IPU PETUCTPALUU COOBITHI U B COOBITUIHO-OPUEHTUPOBAHHON aPXUTEKTY-
pe MOXHO I/I36aBI/ITbCFI OT 3TOH CUTyalluH, BBEAA HPUHIUII UTOTOBOM COrJIaCOBaH-
HOCTH.

Ecau npobsiemMbl ¢ IPOM3BOAMTENBHOCTHIO BOSHUKAIOT TOJIBKO U3-3a pabouei
Harpy3ku 1 KOHKYPEHTHOTI'O JOCTYIIA, TO HY)XHa APYyTrad MOJE/b JaHHBIX, TaKasd KaK
COOBITUITHO-OPUEHTUPOBAHHAS APXUTEKTYPa, peannsoBaHHas ¢ Homonbio CQRS.
OxHako, KaK IPaBUJIO, 9Ta CUTYAIUsl Pa3pelnaeTcs ApyruMu crocobamu. [logass-
fo1iiee 6OIBITUHCTBO KOPIOPATUBHBIX IPUIOKEHUH JOBOJIBHO XOPOLIO MacIITabupy-
€TCs C UCITOJIb30OBAHUEM PEJIAITMOHHBIX 633 JTaHHBIX.

KoMMyHuKauma

BoapmuncTso HpO6JIeM C IPOU3BOJAUTEJIbHOCTBIO, CBA3aHHBIX C KOMMyHHKaHHeﬁ,
OTHOCATCA K cepe CUMHXPOHHOM cBsA3u. [IpobieMbl B 9T0# 0061aCTH BO3HUKAIOT
TJIaBHBIM 06pa30M N3-3a OTCYTCTBHUA 3a4€PKEK U HPUBOJAAT K TOMY, YTO BbI3OBBI
KJIMEHTOB HOCTOSTHHO OJIOKHPYIOTCA U HabI04aeTcst B3auMoOJIOKHPOBKA. DTO IIPo-
HCXOIUT, €CJIM He HACTPOEHBI 33/IEP’KKU HA CTOPOHE KJIMEHTA U BHI3BIBAEMAST CHUCTE-
Ma HeJIOCTYITHA.

MeHee KpuTHYECKass, HO TOXe HeyAauyHas CUTyalts BO3HUKAET, €CJIM BhIOPAHbI
CJUIIKOM OOJBIIKE 33EPIKKU. DTO 3aCTABJSAET CUCTEMbI OKUIATh CIMIIKOM JI0JITO,
3aMeIJIsisl HPOLIECCHI ¥ BI0OKMPYST HOTOKH.

[IpaBubHBIN BBIOOD 3a/€PXKEK IS KIMEHTCKUX BHI30BOB, KAK OBLIO ONKCAHO
paHee, — 3TO IIPOCTOE, HO 3((PEKTUBHOE PEIIEHUE ITON IPOOIEMBL.

Bonbioe BpeMsi OTKIMKA U HU3Kas TPOMYCKHAsA CIIOCOOHOCTh MOTYT UMETh He-
CKOJIBKO HDUYMH. I[]IF[ TOTrO ‘-ITO6bI Y3HaTh, Ha YTO 3aTPAYUBAECTCA BPEMS, HYKHO BbI-
TIIOJIHUTDb aHAJIU3 IIPOU3BOAUTEIbHOCTHU.
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BepositHO 0OpasoBaHue U IPYTUX Y3KMX MECT, TAKUX KaK 00bEMBbI [TOJE3HOM Ha-
rpy3ku. Pazmep 1osie3HoM Harpy3Ku MOYKET 3aBUCETh OT TOTO, IEPEAAIOTCS JIV IaHHbIE
B BUjie OOBIYHOTO TEKCTA UK B 1BOMYHOM (hopmare. Cepranuzanusi, 171st KOTOPOM uc-
HOJIb3YIOTCA HECOBEPIIECHHBIC aJITOPUTMbBI UJIN TEXHOJIOTHA, TAKKE MOJKET YMEHbIIIATH
ckopocTh peakiuu. OLHAKO BCe 3T HPOOJIeMbl OOBIYHO HE CJIUIIKOM BasKHBbI, €CJIH
Harpy3Ka Ha HPUJIO)KEHUE HEBBICOKA.

Ecan Tpe6yeTca BBIIIOJIHUTh HECKOJIBKO CUHXPOHHBIX BbI3OBOB, TO 9TO CJIE€AYET
JIeIaTh TI0 BO3MOKHOCTH MAapaJlIeJIbHO, UCTIONb3Y sl IOTOKH, YHPABJIsieMble KOHTEMH-
HepaMH, HAHPUMED HPENOCTaBJseMble CIYKOOM 3aMIaHUPOBAHHBIX MCIIOJHUTEEH.
IT0 M03BOJIsIET M36ABUTH TIPUJIOKEHHE OT M3JIUIITHETO OKUAAHUSL.

B obmmem cayuae cienyer usberath GU3HeC-ClIlEHAPUEB C IPUMEHEHUEM He-
CKOJIBKHX TPAaH3aKIITMOHHBIX CUCTEM, TAKUX KaK 6a3bI JIAHHBIX C PaCHPeaeI€HHbIMHU
TpaH3akuusaMu. Kak ye roBopusioch, pacnpeesaeHHble TPaH3aKI[MKM HE MacIITa-
6upytorcsa. Bmecto atoro 6usHec-cueHapuil oaxeH 9¢Gp@(OEKTUBHO BbITOMHATHC
B ACHHXPOHHOM DEKHME.

MNoTokn 1 nynbl

Jls1s1 TOro 4TO6BI MHOTOKPATHO TIPUMEHSTH TIOTOKY M COEIMHEHNUSI, KOHTEHHEPHI HPH-
JIOXKEHUN 00beUHAIOT UX B MyJbl. TOr/a 3anpolieHHble TIOTOKU He 00653aTeIbHO
CO3/1aBaTh 32HOBO, UX MOYKHO MIOBTOPHO GpaTh U3 HyJIA.

[Tysel co3matoTcs A1t YHPABIEHUST HATPY3KOM HA OHPEZIeJIEHHbIE YACTU CUCTEMBI.
Bri60p HpaBUIBHOTO pasmepa 1myJia 06eCreYrBaET XOPOIIYI0 HATPY3KY CUCTEMBI, HO
HPEIOTBPAIAET TIEPErPy3Ky. ITO CBSI3aHO C TEM, YTO HYCTbIE HYJIbI IPUBEAYT K HPU-
OCTAHOBJIEHUIO WJIV OTKJIOHEHUIO 3aTIPOCOB. JTO 3HAYUT, YTO BCE HOTOKU U COEANHEHNST
3TOTO HyJIa y>Ke UCHOJIb3YIOTCSL.

I1a610H HEPeGOPKY IIpeAOTBPALIAeT BAUSIHNAE PAa3HBIX YAaCTel CHCTEMbI APYT Ha
IIPyTa, CO3/1aBasi BbIIeJIEHHbIE My JIbl MOTOKOB. B 9TOM cilyuae HeXBaTKa pECYypPCOB MOXKET
OBITh OrpaHUYEHA TOJIBKO KOHKPETHOM poGaeMHON PyHKIMeit. B HEeKOTOPBIX crydasx
HPUYMHOMN HPOGJIEM MOTYT OBITh yCTapeBIINE CUCTEMBL [lepeGopKY, peain30BaHHbIE
B BUJIE BBIIEIEHHBIX HYJIOB TIOTOKOB, U MIPABIJIBHBIN BEIOOD 33/IePKEK HOMOTAIOT CO-
XPaHUTh PABOTOCTIOCOOHOCTD MIPUIIOKEHUS.

[IpruyrHON HOSIBIEHUS HYCTBIX HYJIOB MOXET OBITh TUOO CIUIIKOM BBICOKAsS Te-
KyIIas HArpy3Ka Ha JaHHbI HyJ1, 1160 Topasio 6ojee AIUTETbHOE, YeM 0XKUAATIOCH,
MCHOJIb30BaHUE PECYPCOB. B m060M ciiyuae peKOMEHyeTcsl He HPOCTO YBEJUYHUTh
pasMep COOTBETCTBYIOIIETO MyJIa, a UCCAE0BATh UCTOYHUK pobyieM. OHUCAHHbIE
METO/Ibl UCCJIEZIOBaHMS, a TakkKe u3ydenne JMX 1 AaMIIOB IOTOKOB IIOMOTYT BaM
HaWTH y3KME MECTa, & TAKXKE HOTEHIIMAIbHbIE ONMOKY TIPOrPAMMUPOBAHUS, TAKUE KaK
B3aMOOJIOKMPOBKH, HEBEPHO BHIOPAHHbIE 33/IEPIKKH U yTeuKH pecypcoB. HemoctaTok
HOTOKOB B HyJIe M3-3a BBICOKO paboyeil Harpy3Ku BOSHUKAET TOPa3/io Pexe.

PazMepbl ¥ KOH(MUTYPAIKS yJIa BLIOGUPAIOTCS B KOHTEHHEpe MpuiioskeHust. [[1s1 aToro
WHXKEHEPhI JOJUKHBI HAIJIEXKAIUM 06Pa30M U3MEPHUTh TPOUBOAMTENBHOCTD B YCJIO-
BUSIX SKCILTYaTalUH [I0 U HOCJIE TIEPEHACTPOIKYU cepBepa.
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TecTupoBaHMe Npon3BOAUTENBHOCTU

[Tpo6emMa TECTUPOBAHUSA TPOU3BOANTEIBHOCTHU 3aKII0YAETCSA B TOM, UTO STH TECTHI
BBITIOJTHSIIOTCST B UMUTHPYEMOU Cpefie.

VMutupyembie cpebl OTAMYHO HOAXOMIST AJiSl APYTUX BUAOB TECTUPOBAHMS, Ha-
MIPUMEP C IOMOIIBIO CICTEMHBIX TECTOB, IOCKOJIBKY HEKOTOPbIE TOKA3ATEIN MOYKHO
abcrparuposats. Hanpumep, MakeTMPOBaHHe CEPBEPOB MTO3BOJISIET UMUTHPOBATH T10-
BeJIeHIe, aHAJIOTUYHOE YCIOBUSM 3KCILTyaTallUu.

Opanaxo, B oTanune oT HyHKIMOHATBHBIX TECTOB, IPOBEPKA CKOPOCTU PEAKINU
cucTeMbl TPeGYET yueTa BCEro, YTO TPOMCXOAUT B YCIOBUAX SKCHIyaTalvu. B koHie
KOHIIOB, IPUJIOKEHUS pabOTAIOT Ha PeaibHOM 000PY/I0BAHUH, TIOITOMY Ha TPOU3BOJIU-
TEJIbHOCTH IPUJIOKEHMSI BIMSIOT AlTHAPATHOE 0OOeCTIeYeH e, a TAKXKe O01Iast CUTYAIHS.
[IpON3BOANTENHBHOCTD CUCTEMBI B MMUTUPYEMBIX CPElaX HUKOT/IA He Oy/IeT TaKoM, Kak
B cpene aKciryaranuu. [loaToMy TecThl IPOU3BOAUTETHHOCTH — 3TO HEHAIEKHBII
C1ocob MOUCKa Y3KUX MECT.

EcTb MHOX€ECTBO CLIEHAPUEB, B KOTOPBIX HPUIOKEHNE MOXKET paboTaTh HAMHOTO
JIy4lIle, YeM B TECTAX HPOM3BOIUTEIBHOCTH, B 3aBUCMOCTH OT BCEX HETIOCPEICTBEHHBIX
1 HensbexxHbIx Bosaeiicteuil. Hanpumep, JVM HotSpot ny4ine pabotaer Hpu BBICO-
ko1 Harpy3ke. [loaToMy uccienoBaHre OrpaHUYEHWI HDOU3BOIUTENbHOCTH CJIEYET
BBITIOJIHSITh TOJIBKO B Cpejie 9KCIuTyaTannu. Kak 6110 HOKa3aHO paHee, IPOLECCH
uccnenoBanus jJPDM, a Takske METO/IbI M MHCTPYMEHTBI BBIGOPOUYHBIX UCCIIEA0BAHUI
MIO3BOJISIOT HAHTH Y3KO€ MECTO, €CJIM HCII0Ib30BAaTh UX B YCIOBUSX IKCILIyaTaI[lH.

TecTbl IPOU3BOANUTENBHOCTHU M CTPECC-TECTDI IOMOTAIOT HANTH OYEBUIHBIE OIIMOKM
KOJIa WY KOH(MUTYPAIMHK, TAKKE KaK YTeUYKa PeCypCoB, TpyObie ommnbku B KOH(UTY-
paluu, OTCYTCTBHE 33/IePKeK ¥ B3auMHbIe 6J0KUpoBKU. OHU GyAyT 0OGHAPYKEHBI
[I0 Pa3BEPTHIBAHUS B CPE/i€ SKCHIyaTallUU. TeCThl IPOM3BOIUTEIbHOCTH TIO3BOJISIOT
TaKXe OTCJAEIUTh TEHAECHIINY U3MEHEH ST HDOM3BOIUTEIbHOCTH C TEYEHUEM BPEMEHU
Y IPeAyTPEeInuTh HHXEHEPOB O BO3MOKHOM HaJIEHUH CKOpocTH peakuuu. OTHAKO OHU
MOTYT CBU/IETEILCTBOBATH TOJIBKO O IOTEHIIUATBHBIX TPOGIEMAX, TAK UTO HE CJAEAYET
ZIeJIaTh IPEXXKIeBPEMEHHBIE BHIBOBI HA UX OCHOBE.

BrInoIHATH TECTHI HPOU3BOAUTENBHOCTH U CTPECC-TECTHI UMEET CMBICI TOJIBKO J1JIsI
BCeli CeTH B3aMMO3aBUCHMBIX IPHJIOXKEHU C yYETOM BCEX 3aBUCUMOCTEH 1 B3AUMHOTO
BJIMSIHUS IPOM3BOINTENBHOCTH BCEX 3a/IeNCTBOBAHHBIX cCTeM U 6a3 raHHbix. Cpena
MOJIKHA GBITH MAKCUMAJIBHO MOA0OHOMN YCIOBUSM 9KCILTY ATAIH.

Ho nasxe B 9TOM cily4ae pe3ynbTaT He OyIeT TAKUM XKe, KaK B CPE/Ie SKCHIIyaTallUH.
OueHb BaskKHO, YTOOBI MHXKEHEPHI 3TO TIOHUMANX. 1103TOMY OHTMMU3AIIUs TPOU3BO-
JWUTENBHOCTH 0 PE3YIbTATAM TECTOB HUKOT/A HE MOYKET OBITh TOUHOI.

[l TOUHON HACTPONKM TPOU3BOAUTENBHOCTH BaXKHO MPUMEHSTH BHIGOPOYHbIE
KICCJIe[IOBAHUS ¥ MI3yYeHUe Pe3yIbTaToB B cpefie akcinyatauud. [lonnep:xka MmeTonoB
HETPEPHIBHOM TOCTABKM KO/IA IOMOTAET OBICTPO HEPEHECTH M3MEHEH st KOH(UTY paIiun
B CPe/Ly 9KCILIyaTal[iu. 3aTeM NHKEHEPBI MOTYT UCHOJIb30BATh BHIOOPKY 1 METO/IBI UC-
CJIeJIOBAHMSI TIPOM3BOUTEBHOCTH, UTOOBI Y3HAT, YIYUIIUIACH JIK cuTyaiwst. M cHoBa
HAIOMHIO: HEOOX0JUMO YYUTHIBATh COCTOSTHHE BCel cucTeMbl. IIpocTas HacTpoiika
OJIHOTO TIPUJIOKEHUS Ge3 yueTa OCTATBHONU CUCTEMBI MOXKET MMETh HETATUBHBIE T10-
CJIEZICTBYSI /1J1s1 OOIIETO ClIeHAPUSI.
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Pe3iome

IokasaTenu, CBSI3aHHbIE C GU3HECOM, MOTYT 06ECIEYnTh TI0JIE3HYI0 NH(POPMALIUIO
0 KOPHOPATUBHOM NpuioKeHnU. OHU SBJISIIOTCS YaCThIO OU3HEC-CIIEHAPUS U IOJIKHBI
paccMaTpuBaThes Kak TakoBble. Ha 6M3Hec-ToOKa3aTean B KOHEYHOM MTOTE BJUSIOT
Ipyrue, TEXHMYECKHe noKasaresu. I109ToMy ux Takske cieyeT KOHTPOJIUPOBAT.

CornacHo Teopu¥ OrpaHUYEHUH, MOXKET CyIIECTBOBATh OJHO WU HECKOJIbKO
OrPaHUYMBAOIINX YCIOBUHN, MENIAIOMNX GECKOHEUHOMY YBEINYEHUIO TPOHYCKHON
CIOCOOHOCTH CUCTEMBL. [[J151 TOTO YTOGBI HOBBICUTD [TPOU3BOAUTEIBHOCTD HPUIOKEHUS,
HeoOX0IMMO YCTPAaHUTh OrpaHnYnBaomue yciaosus. jPDM nomoraer uaentugu-
[IMPOBATh TAKWE YCIOBUS, CHAYaIa HAW/IS JOMUHUPYIONIETO0 HOTPEOUTENSI PeCyPCoB
HPOIIECCOPA, & 3aTEM UCIIOJIb3Ys COOTBETCTBYIOIME HHCTPYMEHTSI JI/1s JA/IbHEHUIIEro
u3ydeHus: mpobiieM MpoU3BOAUTENBHOCTH. CTOUT NCCIE0BATH TIOTEHIIMANBHBIE Y3KIE
MECTa, CJIeIy S 9TOMY TIPOLIECCY, KOTOPBIN YUUTHIBAET OOIIYIO CUTYAIHIO, 4 HE HOJIb30-
BAaThCsI METOZIOM HAYYHOTO THIKA.

BMeCTO BBICOKOYACTOTHOTO MOHUTOPHMHIA WHIKEHEPAM PEKOMEHIYETCs eIaTh
BBIGOPKY TEXHUYECKUX HOKA3aTeNel ¢ HU3KOW YAaCTOTOM U 3arPallvuBaTh, BHIYUCIISITh
Y UCCJIEIOBATH IAHHBIE BHE CUCTEMBI. DTO CYIIECTBEHHO caabee BIUSET HA TPOU3BO-
JUTENBHOCTD TIPUIOXKEHUS. PacHpeieIeHHbIE TIPUIOKEHUS JO0JKHBI COOTBETCTBO-
BaTh TpeboBanuam SLA. Merox 3ame/ieHHOM 0OpaTHON PeaKIHy, a TaKKe madaoH
HepeGOPKU HOMOTAIOT CTPOUTh YCTOWYMBBIE KOPHOPATUBHBIE CUCTEMBI C KOPOTKUM
BPEMEHEM OTKJIMKA.

ITo psALy HPUYMH CaeyeT U3GEraTh TPAAUIIMOHHOTO Ky PHATUPOBAHMSI, OCOOEHHO
HEraTUBHO BJAUSIONIETO HA TPOU3BOAMTENBHOCTh. B KOPIIOPATMBHBIX HPUIOKEHUSIX
PEKOMEH/IYETCS BBIBOAUTD COOBITHS XKy PHAIA TOJIBKO B CIyyae (haTalbHbIX U HENPe-
BU/ICHHBIX OIIMGOK, KOTOPbIE HEPENAIOTCS HA CTAHAAPTHBIN BHIXO MAKCUMAJIBHO MIPO-
CTBIM CHOCOGOM. /17151 BCeX IPyTHX IPUYKH, TAKUX KK OTJIA/Ka, TPACCUPOBKA, Be/IeHUe
JKypHAJIa UM MOHUTOPYHT, CYIIECTBYIOT 60JIee TIOAXO/ASAIINE PEIIEHUSI.

TecThl TPOM3BOAUTENLHOCTH U CTPECC-TECTDI, BBIHOJIHSIEMbIE B UMUTUPYEMBbIX Cpe-
[1aX, MOTYT UCHOJIb30BAThCS 1711 OOHAPYIKEHUST OUEBUIHBIX OITMOOK B HPUJIOKEHUH.
Cpena noskHa 6bITh Kak MOKHO Gosiee OJIM3KOM K SKCHITyaTAI[MOHHOM Y BKJII0YATD BCE
HPWJIOKEHUS 1 Ga3bl JAHHBIX. B OTHOIIEHMN BCEX OCTANBHBIX PACCYKAECHUH, 0COGEHHO
HPEIHOJIOKEHUH 06 0KUIAeMOl TPOU3BOMTENBHOCTU HPUIOXKEHUSI, Y3KUX MECTaX
Y OHTUMU3AI[UY, TECTHI HDOU3BOJUTEIBHOCTH HE QK0T HAIEIKHBIX PE3YIBTATOB U MOTYT
JIaXke HPUBECTHU K OIIMOOYHBIM BBIBOJIAM.

Crenyiomias riaBa nocBsieHa TeMe 6e30MacHOCTH TIPUIOKEHUH,



be3onacHOCTb

Jlo cux HOp IIPK PACCMOTPEHUH OOJIBIIMHCTBA TEM B 3TO KHUTE MBI HE 3aTPAaruBa/IN
BOMPOCOB 6e3oHacHOCTH. Ee uacTo ymycKaioT 13 BULy, 1 B HEKOTOPBIX peajibHbIX HPO-
eKTaxX BCIIOMHUHAIOT O Heli TOJIbKO TOT/A, KOT/A YKe CIUIIKOM HO3/IHO.

Pa3paboTunKy ¥ PyKOBOANTENN HPOEKTOB CMOTPAT Ha 6€30MaCHOCTh KaK Ha He-
n306ekKHOe 3J10, a HEe KaK Ha 4TO-TO, YTO MOKET ObITh OYEHb TI0JIE3HBIM [Jis1 Gu3Heca.
OxHako BCe 3aMHTEPECOBAHHBIE CTOPOHBI IOJIKHbI CYUTATh UMEHHO TaK.

B 5HOXY 06/1a4HBIX ¥ pacIIpe/IeIeHHbIX IPUJIOKEHUH TPeOOBaHMs K GE30HACHOCTH
JI0BOJIPHO CHJIBHO M3MEHUICH. B 3TOM r/1aBe paccKasbiBaeTcst, Kak ObLIO B IPOLLIOM,
a Takyke KaKOBBI CeroAHsIIHMe TpeboBanus. PaccMoTpuM cienyomue cHOcoObI 0be-
crieyeHust Ge30MACHOCTH C TPUMEHeHeM coBpeMeHHOM Java EE.

Q Ypoku 6e30HACHOCTH, U3BJICYEHHBIE U3 HPOIILJIOTO.

Q IIpuHIMHBI KOPIOPATUBHOM 6E30HACHOCTH.

Q CospeMeHHbIe penIeHA A1 obecriedeHns 6e30IaCHOCTH.

Q Kax obecrieunts 6€30macHOCTD C MCHOJIB30BaHMEM cOBpeMeHHOM Java EE.

YpOoKK1 npoLusioro

B coBpemenHoM Mupe nH(pOpMaIOHHAs GE30HACHOCTh — OY€Hb BAXHBIN (HaKTOD.
BosbnHCTBO JI0/Ieit 0CO3HANO, YTO HPU HETPABWJIBHOM IPUMEHEHNH MH(MOPMAITHU-
OHHBIE TEXHOJIOTHHU CTIOCOOHBI HDUYMHUTD OOMBINON Bpel.

3a HOCJIe[[HVE TTOJIBEKA UCIIOJIb30BAHUSI KOMIIBIOTEPOB Y€JI0BEYECTBO MHOTOMY
HAYYWJIOCh B CMBICJIE GE30TIACHOCTH, U HE TOJBKO B 06JIACTH KOPIIOPATUBHOTO MPO-
[PaMMHOTO 00€eCTIeYeH s,

PaccMoTpuM 371€Ch HECKOJIBKO YPOKOB, M3BJIEYEHHBIX M3 IPOLLIOTO OIMBITA Pa3-
PaboOTKM KOPHOPATUBHBIX HPUJIOKEHMA. PaHbllle CaMbIMU BaKHBIMYM HPObGIEMaMu
6e30nacHOCTY ObLIN UG POBAHKE U YIIPABJIEHUE PETUCTPAIIMOHHBIMU TaHHBIMH,

IIIudpoBaHue U 3J€KTPOHHBIE IOANNCHA — 5TO OECHPEIEIeHTHO Oe30HACHBII
CHOCOO XpaHEHNs CEKPETHBIX IAHHBIX, €CJIM TIPUMEHSTD €T0 HPaBIIbHO. BesonacHocTh
3aBUCUT UCKJIIOYUTETHHO OT MCIIOIb3YEMBIX AITOPUTMOB U IJIMHBI KITIOUEH.
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[Ipeanaranoch 4OBOJBHO MHOTO aJITOPUTMOB ITHN(POBAHUS U XEIINPOBAHMS, U BCE
OHU OKA3IMCh HEIOCTATOUHO Oe3onacHbiMu. [IpuMepaMu TaKMX aqTOPUTMOB SIBJISI-
1o1cst DES, a TakKe 4acTo HCHOJIb3yeMbIH alropuTM xeurpoBanus MD5. Ha momeHT
HAIMCAHUS KHUTH JOCTATOUHO 3aIIUIIeHHBIM cuuTanics AES ¢ nnunoi kiaoua 192 nan
256 6ur. s anroput™a xemupoBanus pekomenayercs SHA-2 v SHA-3 ¢ pnvnoi
KJII04Ya [0 MeHblIel Mepe 256 6ur.

Ecnu peructpanrioHHble JaHHbIE TIOJIH30BATENS SIBJSIOTCS YaCThIO NPUIOKEHUS,
TO OHU He JIOJIKHBI XPAHUTBCSI B 0OBIYHOM TeKCTOBOM ¢hopmare. B niporiiom 6s1710 06-
Hapy KeHO CAMIIKOM MHOTO Opelneii B cucteMe 6e30I1acHOCTH, 0COOEHHO B OTHOIIEHUN
6a3 JaHHbBIX, B KOTOPBIX XPaHUJINCH Tapoau. KpoMe Toro, He peKOMeEHIyeTCst IPOCTO
XEeIIMPOBATH MAPOJIH, G€3 NCTIOIb30BAHMS COMU.

B o6uiem ciyuae oueHb BaskHO, 4TOOBI pa3paboTYMKK KOPIIOPATUBHBIX [TPUJIOKE-
HUI He pean30BbIBAIN (DYHKIMU 6E30TIACHOCTH CAMOCTOSITEIBHO, €CJIH HTOTO MOKHO
n36eKaTh. B KOMIAHUAX MBICMIIN TAK: HYXKHO CO3/1aBaTh COOGCTBEHHbIE Pean3alun
cucTeM (Ge30MacCHOCTH, KOTOPbIE HUT/IE HE HDUMEHSUINCh U, CJIE0BATENBHO, OJIKHBL
obecrieunBaTh 6E30HACHOCTD, TAK KAK HEU3BECTHBI BCeM MPourM. OHAKO Pe3yJibTaT
OKa3bIBAJICS] TPOTUBOHOJIOKHBIM: €CJIU TOJBKO HE HPUBJIEKAIUCH SKCIIEPTHI HO 6e3-
OTIACHOCTH, CO3/IaBATIMCH HE COBCEM OE30HACHBIE PELIEHM.

IMopasasoee 60AbIIMHCTBO YCIOBUI KOPIIOPATUBHOM 6€30I1aCHOCTH He TPEGYIOT
CIelraIbHbIX CAMOCTOSITEIbHO HAHUCAHHBIX peanusaiuii. KopHopaTtuBHbie ¢peiim-
BOPKH Y UX Peau3alliy MOCTABJSIOTCS C TOTOBOM (DYHKIMOHATBHOCTHIO, XOPOIIIO
HPOTECTUPOBAHHOM B MHOTOYMCJIEHHBIX Ou3HeC-clieHapusax. [lajee B 3TOH IJaBe Mbl
paccmotpuM a3ty API niist Java Enterprise.

Ecau npunoxenue Tpebyer HeCTaHAAPTHOTO MHGPOBAHUS, TO CIEAYET UCTIOb-
30BaTh PEATM3ALNH, IPEIOCTABISIEMbIE CPEAOI BBIIOJHEHUS MM CTOPOHHIMHU Pas-
paboruunkamu. 1o aToii HpuuuHe nnatdopma Java BKIOUYaeT B cebs paciiupeHue
Java Cryptography Extension (JCE), obecHednBalolee peaansauio COBPEMEHHBIX
aJITOPUTMOB MK(PPOBAHUS U XEIINPOBAHUSL.

B nesiom npuioxkeHust 0JKHBI 06pabaThiBATh U XPAHUTh 3AIUIIEHHYO HH(OP-
MAI[HIO, TOJILKO KOr/Za 3TO abCOMOTHO HEOOXOAUMO 11 OusHec-ciieHapueB. B yact-
HOCTH, CYIIECTBYIOT CIOCOOBI M36€KaTh XpaHEHMsI YYETHBIX JJAaHHBIX MOJIb30BaTEeN
IUTST Ay TEHTU(PUKAIIUY 1 AaBTOPU3ALIUU B HECKOJIBKUX CUCTEMAX.

Be30nacHOCTb B COBPEMEHHOM MUPE

Pacnipocrpanenue mpuiokeHU IPUBOANT K YBEJIMYEHHUIO CIIPOCA HA 3alUIIEHHYIO
cB3b. Tpebyercst 06ecednTh [EJ0CTHOCT IiepenaBaeMoii nadopmain. Takxe moam
HOHUMAIOT HEOGXOANMOCTH U(POBAHMSI, OCOGEHHO KOT/IA PeYb 3aX0AuT 06 obMeHe
JAAaHHBIMMU.

Kakue BO3MOXKHOCTH €CTh Y UHKEHEPOB B COBPEMEHHOM KOPIIOPATUBHOM MUpe?
KakiMu HpUHIMIIAMU OHU JI0JIKHBI PYKOBOJICTBOBATLCS HpH obecriedeHnn Ge3oHac-
HOCTH?
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MpuHUMnbl obecneveHns 6ezonacHoOCTH

EcTb psin 6a30BBIX IPUHIUIIOB, KOTOPHIX HEOGXOAUMO TIPUIEPKUBATHCS TIPH 0bectie-
yeHUM 6E30TMACHOCTY KOPMOPATUBHBIX NpUIokeHuit. [IpuBeIeHHBIN faee CIIUCOK
He SIBJISIETCSI MICYEPIIBIBAIOLIMM, HO OH ITO3BOJIUT BaM COCTABHUTb ODIIIeE IIPE/ICTABIEHUE
0 HUX.

LLndposaHue cesizn

[Ipexae Bcero BaykHO OTMETHUTH, YTO BHENIHME KOMMYHUKAIMH, OCYIIECTBIISIEMbIE
yepes MIHTepHET, HOIKHBI ObITh 3a1nnpoBaHbl. O6BIYHO 3TO Ae1aeTcsa 310 yepes TLS
C MCITO/Ib30BAaHMEM JI0BEPEHHBIX cepTH(UKATOB. ITO BodmoxHo a1t HTTP, a takske
IPYTHX IIPOTOKOJIOB CBSI3H.

Aytentuduxanus cepTuduKaToB 10/KHA IPOBEPATHCS peann3anneii IpuIoKeHus
BO BpeMsl BbinosHeHus1. OHU OJIKHBI IO TBEPK/IATHCS JOBEPEHHBIM BHY TPEHHIM HITH
BHENIHUM [[EHTPOM CePTH(UKALUH.

[punuMaTh a106bIe cCepTUdUKATHL B MPUIOKEeHUH €3 MPOBEPKU HeHGe30macHo,
1 9TOTO cJielyeT u36eraTh Kak B yCJAOBHUSAX 9KCILIYATAIMH, TAK U B IPYTUX CPeiax. ITO
03HAYAEeT, YTO JIJISI CBSI3U IIPEIOCTABJISAIOTCS U UCIOIb3YIOTCS TOJIBKO HAJIEKAIIM
06pa3oM MoAMMCaHHbIE CEPTUHUKATHL.

HenervposaHue obecneyeHnsa 6e3onacHoOCTH

B Hacrosiee BpeMs mogXo K XpaHEHUIO HHMOPMALIMHK O [OJb30BATEIAX 3aKII0-
Yyaercs B A€JerMPOBAHUY IOJHOMOYUN U aBTOPU3ALMHU Y IIOCTABIIUKOB YCAYT IO
obecnedeHNIo 6E30IIACHOCTH B TOM CTENEHH, B KOTOPOH 5TO BO3MOKHO. DTO O3HA-
YaeT, YTO KOPIOPATUBHOE MPUIOKEHNE He XPAHUT UH(OPMALINIO, KACAIOUIYIOCS
6€e30MacHOCTH, a 3alpallMBaeT ee y JOBEPEHHOIO CTOPOHHErO MOCTABIIUKA YCIyT
1o 6e30MacHOCTH.

IT0 0COGEHHO NHTEPECHO B PACIIPEeIeHHBIX CPENaX, T/ie HECKOIbKO IIPUIOKEHHH
[IPe/JIaraioT OTeHIMAIbHbIE KOHEYHbIE TOYKH JOCTYIIA K BHEIIHEMY MUPY. BesomnacHas
nepenaya MHGOPMALUU CBOAUTCS B €IUHYIO TOYKY OTBETCTBEHHOCTH.

3amaun 6e30mMacHOCTH OOBIYHO BHIXOAAT 3a IPee/ibl OCHOBHON OU3HEC-JIOTUKH.
[Ipunoxenne aeaerupyeT JOBEPEHHOMY IIOCTABIIMKY YCIyT MO Ge30IIaCHOCTU BO3-
MOKHOCTh IIPOBEPUTH GE30MACHOCTD II0Ab30BATENbCKUX 3apocoB. [locTaBmnk
YCIyT 110 6e30MaCHOCTH AEHCTBYET KaK eqrHas Oe30MacHas TOYKa OTBETCTBEHHOCTH.
ITOT OAXO0/, PEATN30BaH B AEEHTPATN30BaHHBIX IPOTOKOIAX O€30IIaCHOCTH, TAKUX
kak OauthorOpenlID.

JlenernpoBanne OTBETCTBEHHOCTH JOBEPEHHOMY MOCTABIIUKY YCIYT 110 Oe3omac-
HOCTH MCKJII0YaeT HeOOXOAMMOCTD II€PEAABATh APOJIU B KOPIOPATUBHBIX CHCTEMAX.
VaenTuduKanys moab3oBaTeneil IPOUCXOAUT HEIOCPEACTBEHHO Y MOCTABIIMKOB
yeayr o 6e3omacuocty. [IpunoxkeHnsam, KOTopbie TPeOYIOT CEKPETHON NHHGOPMAIK
0 TIOJIb30BAaTEJIE, TPEJOCTABIAIOTCS MapKePhl CEaHca, KOTOPbIEe caMu 1o cebe He co-
Jlep>Kat KOoH(pUIeHI[MaabHON HHMOPMAIIUH.
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OI[HaKO 9TOT NPHUHIMII B OCHOBHOM OPHEHTHPOBAaH HA KOMMYHHKAIIUIO, I'ZI€ IO/
IIOJIb30BATEJIAMHA HpHJIO)KeHI/Iﬁ moapa3yMeBarOTCA JIOAH.

MNpasunbHas 06paboTka NoNb30BaATENLCKUX
YYETHbIX AaHHbIX

Ecau 1o kakoii-1u60 npuynHe MPUIOKEHUE CAMO yIIPABIsIeT ayTeHTuuKanuei
HOJIb30BATENIEN, TO OHO HU B KOEM CJIydyae He JOJKHO MOCTOSIHHO XPAaHUTh HapOJIU
Y MapKephbl CEaHca B BUJIE OTKPBITOTO TEKCTA. ITO CO3/AET CEPhE3HYIO yTPo3y 6es-
omacHocTH. /laxke ecau npusiokenue uian 6aza JaHHBIX JOCTATOYHO XOPOILO 3all[K-
IIEHbI OT AOCTYIIa U3 BHEIIHETO MHUPA, Ba’)KHO TaKXe€ 3alllUTUTh YYETHbIC JaHHbIE OT
BHYTPEHHUX yTeYeK.

HapO]II/I, KOTOPbIMHU HeO6XOI[I/IMO YHIPaBJIATH B IIPUJIOKEHNH, JOJKHBI XPAHUTHCA
TOJIBKO X€IIMPOBAHHBIMHU C IOMOIIBIO COOTBETCTBYIOIHUX AJITOPUTMOB U METO/ OB,
TAKMX KaK UCIOJIb30BAHKE COMU. DTO MPEAOTBPANIAET JI0OYI0 3I0HAMEPEHHYIO aTaKy
KaK MU3HYTPH, TaK U U3BHE OPraHU3alluH. PeKOMeHI[yeTCﬂ IIPOKOHCYJIbTUPOBATHCA 110
HTOMY BOIIPOCY C OPTaHU3AIMAMHU 110 0HecTeueHnIo 6e30MacHOCTH, TAKUMU Kak Open
Web Application Security Project (OWASP). OHu JaioT akTyaabHble PEKOMEHIALNN
TI0 METOJAM U AITOPUTMAaM GE30IIaCHOCTH.

M3berainTe XxpaHEHUS1 YYETHbIX AAHHbIX
B CMCTEMAaX KOHTPONS BEpCUi

ITo Toii e TpuUMHE, IO KOTOPOH HE CJAEAYET OTHOCUTHCA HEOPEKHO K CEKPETHBIM
YYETHBIM [JaHHBIM, IPOTPAMMUCTHI He IOJKHBI XPaHUTh yYeTHBIE JJaHHbIE B BHJlE
OTKPBITOTO TE€KCTA B PEIO3UTOPUM IIPOEKTA 0] yIPaBIeHHEM CHUCTEMBI KOHTPOJIS
BepCHil. ITO co3aeT yrpo3y GE30MaCHOCTH, AaXKe eCIIU XPAHUIIHIIE HAXOAUTCS BHY-
TPU KOMIIAHWY. Y YETHBIE JaHHBIE OYAYT MOCTOSIHHO BUAMMBIMHU B UCTOPUM XPaHU-
JINIIA.

Kak 65110 oKa3aHo B ri1aBe 5, B 06JaYHBIX CPEIax CYIIECTBYIOT (DYHKIIUH, KOTOPbIE
BHEZIPSIIOT B IPUJIOXKEHUSI CEKPETHBIE 3HAUEHMS KOH(UTypanuu. ITi PyHKIUN MOTYT
3a/1eliCTBOBATHCS JIs1 IPEIOCTABJIEHNS CEKPETHBIX yUYETHBIX JaHHBIX, KOH(PUTYpUpy-
€MBIX U3BHE.

Wcnonb3yinTe TeCTbl

Mexanusmsl obecrieuerust 6€30MaCHOCTH, BKIIOYEHHBIE B COCTAB TIPHJIOXKEHMUSI,
JAOJIP)KHBL 6bITb TIIATEJIbHO IIPOTECTUPOBAHBI Ha YPOBHE CHCTEMHBIX TECTOB. JIIO6bIe
BKJIIOUEHHBIE ayTeHTI/I(l)I/IKaLlI/Iﬂ W aBTOPpHU3alUA JOJKHBL 6bITb IIPOBEPEHBI KaK 4aCTb
KOHBeliepa HEMIPEPHIBHOM MOCTABKU. JTO O3HAYAET, YTO HYXKHO MPOBEPATD (PYHKIIHO-
HAJIBHOCTD B aBTOMATH3UPOBAHHBIX TECTAX HE OJUH Pa3, & IOCTOSHHO, [OCJIE JII0HOTo
M3MEHEHUS! TIPOTPAMMHOTO 06€ECTIEYEHHUSI.

OcobeHHO BaxKHO, YTOOBI TECTUPOBaHKE HE30IIACHOCTH BKIIIOYATO B cebs1 oTpuUIa-
TE€JIbHbIE TECTHI. Haan/IMep, TECT OOJI)KEH IIOKAa3bIBAaTh, YTO HEIIPABUJIbHBIC YYE€THBIC
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JlaHHBIE WJIM HEJJOCTATOYHBIE pa3pellieHNsI He TO3BOJISIIOT BBIIIOJIHATD OIlpe/leIeHHbIe
(pyHKIIMY IPUIIOKEHUS.

BO3MOXXHOCTM U pelueHns

PaccMOTpeB psiji OCHOBHBIX TIPUHITUIIOB 6€30MACHOCTH, TIEPEHIeEM K BO3MOXKHBIM MTPO-
TOKOJIaM U PEIIEHNSM IO 00eCIIeYyeHnI0 GE30MIACHOCTH.

LLncdpoBaHHas KOMMYHUKALMA

3amudpoBaHHast KOMMYHUKALUS OOBIYHO O3HAYAET, YTO CBA3D IUPPYETCA METOAOM
TLS-wugposarus B coctaBe MPOTOKOJIA CBSI3U HA TPAHCIOPTHOM ypoBHe. Ceprucdu-
KaThl UCIIOJAb3YIOTCA I I POBaHUA U HOANUCH cooOuienuii. Pasymeercs, oueHb
Ba)KHO UMETh BO3MOYKHOCTb MOJIATAThCS HA CEPTU(DUKATHL.

Kommanun gacto paboTaioT ¢ coOCTBEHHBIMU Op2anamu cepmuduranuu (certificate
authorities, CA) v IpeiBapUTEIbHO YCTAHABINBAIOT KopHesoti CA Ha CBOUX KOMIIBIOTE-
pax ¥ B IPOrPaMMHOM 0GECTIEYEHU . DTO OTIPEAETEHHO UMEET CMBICJI JIJIsI BHY TPEHHUX
ceTel: YMEHbIIATCA HaK/IaAHbIC PACXOAbI U ITIOTEHITUAJIbHBIC 3aTPAThI II0 CPABHEHHUIO
C 3ampocamu cepTUGHUKATOB /IJIs1 BCEX BHYTPEHHUX CIYKO OT O(PUIMATbHBIX OPTaHOB
ceptudukanuu.

CeprriduKaThl, KOTOPBIE NOIb3YIOMCS 00UUM 008EPUEM, TOTKHBI OBITH IIOAIMCAHDL
OAHUM U3 O(I)I/ILII/IaJIbeIX OpraHos CepTI/I(I)I/IKaLlI/II/I, KOTOpbIE IIPEABAPUTE/TIbHO YCTa-
HaBJIMBAIOTCS B ONIEPAllMOHHON cHCTeMe UJIH Ha IaTdopMe.

[MTucdpoBannas cBsi3b He ayTEHTUPUITUPYET MTOJTB30BATENEN, ECIU TOJBKO HE HC-
IMOJIb3YIOTCA NHANBUAYaJIbHbIC KIMEHTCKHE CepTI/I(I)I/IKaTbI. OHa TOJIBKO 3aKJiaAbIBa€T
OCHOBY JIJist GE30TIACHON U HAZIEKHON KOMMYHUKAIIWH.

AyTeHTuMKaumns Ha 0OCHoBe NPOTOKONA

HexoTtopbie IPOTOKOJIBI CBSI3M UMEIOT BO3MOXKHOCTD ayTEHTU(UKAIUN — HATIPUMED,
y HTTP ectb 6a3oBas, nian gaiaxecT-ayTeHTuduKanys. ITi GyHKIMOHAIbHbIE BO3-
MOKHOCTH SIBJISTIOTCSI YACTHIO TPOTOKOJIA CBSA3U U OOBIYHO XOPOIIIO TOJEPKUBAIOTCS
HWHCTPyMeHTaMHU U ¢ppeliMBOPKaMU.

Yaliie BCETO OHM MOAPA3yMEBAIOT, YTO COOOIIEHUE yKe HAEKHO 3aundpoBaHo,
vHaue NHQPOPMAIIKSA CTAHET JOCTYITHOM [IJIs TEX, KTO IIEPEXBATUT COOOIIEHNE, — B ITOM
CJIy4ae OH CMOXKET €T0 TPOYUTATH. ITO BXKHO MOMHUTD Pa3paboTINKaM PHIIOKEHUIL:
ayTeHTU(DUKAIMS Ha OCHOBE TPOTOKOJIA IOJIKHA 06ECeYnBaThCS Yepes 3amungpo-
BaHHOE COeINHEHNeE.

PerucrpannonHbie 1aHHbIE 17151 00ecrieueHnss Ge30MaCHOCTH Ha OCHOBE POTOKOJIA
06BIYHO BCTABJISIIOTCSA TIPSIMO B COOOIIIEHNE. DTO YIPOUIAET KIUEHTCKUE BHI3OBBI, TAK
KaK HeT HeOOXOAUMOCTH BBIMIOJIHATh MHOTOSTAMHYIO Ay TEHTU(UKAIIUIO, KAK TTPOUC-
XOJIUT, HATIPUMED, TIPU OOMEHE MapKepaMy CEaHCa. YiKe MPU MEPBOM KJIMEHTCKOM
BBI30BE€ MO’KHO IlepeiaBaTh HH(pOpMaLuIo.
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JeueHTpanu3oBaHHas 6e30nacHOCTb

I[pyme METO/ibl, KOTOPBI€ HEMMOCPEACTBEHHO HE€ BKAIOYAIOT PETUCTPAI[MOHHBIE JaH-
Hble B KJWEHTCKUE BBI3OBBI, CHAYA/Ia MOJYYA0T MapKepbl G€30IIACHOCTH, a 3aTeM
YCTaHABJIMBAIOT (PAKTUYECKOE COEAUHEHHE TIO TIPEAOCTABIEHHOMY MapKepy. JTO miar
B HANPABJIEHUY JIEIIEHTPATU30BAHHOTO ObecieueHus: 6e30MaCHOCTH.

J11s1 TOTO 4TOGBI OTAETUTE 6E30TIACHOCTD OT MPUIOKEHMSI, KOPIOPATUBHbIE CUCTE-
Mbl MOT'YT BKJIIOYaThb B ce6;1 IIOCTAaBIIUKOB yI[OCTOBepeHI/Iﬁ KaK [IEHTPaJbHYIO TOYKY
ayTeHTU(UKAIUYT UK aBTopu3aiu. Takum o6pa3oM 3aaun obecriedenust Gesomnac-
HOCTH JIEJIETUPYIOTCS OT MPHUJIOKEHUST MOCTABIUINKY.

[TocraBmnKY yAOCTOBEPEHUI aBTOPU3UPYIOT TPETHU CTOPOHBI, TaK¥e KaK KOpPIopa-
THUBHBIC IPUJIOKECHUA, 663 IIpAMOTo O6MeHa PEerucCTpalifuOHHbIMHA JJaAHHBIMH. KOHC‘-IHLIC
TI0JIb30BATEH MEPEHANIPABJISIOTCS K TIOCTABIUKAM YIOCTOBEPEHUN U HE MEPEAAIOT
3ANUIIEHHY0 HHOOPMAUIO KOPIIOPATUBHOMY MPHUJIOXKEHUI0. TPETbU CTOPOHBI MO-
JIy4aroT WHOOPMAIIUIO TOMTBKO B TOM CIYYae, ECJIU JOCTYIl Pa3pelieH, TOCPENCTBOM
MapKepoB, KOTOPbIE OHU MOTYT IIPOBEPUTb.

Taxast TPEXCTOPOHHSSE ay TEHTU(MKAIUSA [TO3BOJSET U30€XKATh EepeHoca 06s3aH-
HOCTeH 110 06ecneyeH o 6e30MACHOCTH B KOPIIOPATUBHOE IpuiIoKeHue. OTBETCTBEH-
HOCTb 32 TIPOBEPKY MPABUIBHOCTU WH(MOPMAIMH, TPEIOCTABIEHHON MOIb30BATEIEM,
HEePeXO/NT K IIOCTABIIUKY YAOCTOBEPEHHH.

OpHUM 13 IPUMEPOB 3TOTO METO/IA SIBJISIIOTCS MEXAHU3MBI CUCTIEMbL €0UHO20 6X00a
(single sign on, SS0). VX 4acTO MPUMEHSIIOT B KPYIIHBIX KOMIIAHUSAX, YTOOBI TIOJH30-
BaTeM ayTEHTH(PUIUPOBAIUCH TOIBKO OJMH Pa3 ¥ 3Ta MH(POPMAIIUS 3aTEM HCIIOJIb-
30BaJIach BO BCex cepBucax, 3amuiieHubix SSO. Cuctema SSO ayteHTHGULIUPYET
TI0JIb30BATEJIS M IPEIOCTABMISAET HEOOXOIUMY0 HH(POPMAIMIO O HEM COOTBETCTBYIOIIMM
npusokenusiM. [1o1b30BaTeSIM HY>KHO TOJBKO OUH Pa3 BOUTH B CHCTEMY.

JlpyruM BapuaHTOM SIBJISIETCS 33leiCTBOBaHIE TPOTOKOIOB [€JIETHPOBAHUS
JelleHTPaIn30BaHHOro gocTymna, Takux Kak OAuth, OpenID u OpenID Connect.
OHH IPEACTaBIAIOT OO0 TPEXCTOPOHHHUE IIPOLECCH 0OecieueHnss He30IaCHOCTH
1151 o6MeHa KOH(pUAEHIMAIbHON HH(OpMALMel MEXAY KINEHTaMU, CTOPOHHIMMU
NIPUJIOKEHUAMH U TIOCTABITMKOM YA0CTOBepeHu . [IpuHIun ux paboThl aHAIOTHYEH
MeXaHM3MaM eIuHOTo Bxoaa. OHAKO 3TU MPOTOKOJIBI MO3BOJISIOT MOIb30BATENSAM
peliaTh, KAKOe KOHKPETHOE MPUJIOXKEHHE MOTYyYUuT uxX uHpopmaruio. Bmecto dak-
TUYECKUX PETUCTPAIUMOHHBIX JAHHBIX IPDUJIOKEHHUA IIOJYYAIOT OT oJIb30BaTeaei
MapKephl I0CTYTa, HanpuMep, B opmare JSON Web Tokens, KoTopbie MPOBEPSAIOTCS
4epes3 MOCTABUIMKA YAOCTOBEPEHUH.

PaccMoTpeHye MpOTOKOJIOB /IEIETUPOBAHUS JAEEHTPATU30BAHHOTO JOCTYIIA U UX
peanmn3aly BBIXOAUT 3a PaAMKH 3TOI KHUTH. 3&,[[&‘-[8_ KOPIIOPAaTUBHBIX CUCTEM 3aKJIIO-
Yae€TCA B I€PEXBATE U [TIEPEHAIIPaBJICHUA ayTeHTI/I(l)I/IKaLlI/II/I IMOJIb30BAaTEJIA IIOCTABIIUKY
yIOCTOBEPEHU. B 3aBUCHUMOCTH OT CHCTEMHON apXUTEKTYPBI 3Ta OTBETCTBEHHOCTD
BO3JIATAETCSI HA IPOKCU-CEPBED UK HA CAMO MPUJIOKEHIE.

CyH.leCTByIOT peueHusa ¢ OTKPBITBIM HUCXOAHBIM KOJAOM, KOTOPbBIE O6eC1'[e‘-II/IBaIOT
JeLIeHTPaIM30BaHHy 0 Oe30macHoCTh. VIHTepecHol TexHomoruei apasercsa Keycloak,
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pemenne Identity and Access Management. OHO IOCTAaBISAETCA C PA3AUYHBIMM KJIM-
€HTCKHMH aJjaliITepaMU U ITOAAEPKHUBAET CTAaHAAPTHbBIE IIPOTOKOJIBI, TAKHE KaK OAllth
u OpenlID Connect, 4To yIpomaer 3auUTy MpUIOKEH! U CEPBUCOB.

MNpokcu-cepeepbl

[Tpokcu-cepBephl, HHKANCYJUPYION[YE CBsI3b C KOPIOPATUBHBIMU NPUJIOKEHUSIMUY,
MOTYT JOTIOJIHUTENBHO PEan30BbIBATh TAKUE ACTIEKThI HE30MaCHOCTH, KaK mU(po-
BaHue cBsi3u. Hampumep, Be6-mpokcu-cepseps! nopaepxkubaot TLS-mmdposanue
yepe3 npotokox HTTPS.

Bomnpoc B TOM, XOTAT JIM WHIKEHEPBI, YUTOOBI CYIIECTBOBAIM PA3JIUUUS MEKIY
BHYTPEHHEH U BHEIITHEl ceTeBOit KoMMyHuKaiueil. CBsi3b 10 BHYTPEHHE CETH YaCcTO
He mndpyercsa. B 3aBucuMocTy ot xapaktepa oOMeHa nadopMmaiueii cBsasb mo Murep-
HeTy B OOBINMHCTBE CAYYaeB A0IKHA ObITh 3amndpoBaHa.

[Tpokcu-cepBepbl MOTYT UCIIOIB30BATHCS /IS OTMEHBI IKU(POBaHUS B TPAaHUIIAX
ceTu — TakK HazbiBaeMoro TLS-annynuposanus. Ilpokcu-cepsep mudpyeT BCIO UCXO-
JISAINYIO U el pyeT BCIO BXOAANIYI0 HH(pOpMaIIUIO.

Taxxe MOXHO TOBTOPHO MIN(POBaTh COeANHEHNE, IPUMEHSS pa3Hble cepTudu-
KaTBbl /1J151 Pa3HBIX CeTell.

MHTerpaumns B COBpeMeHHbIX cpeaax

CoBpeMeHHbIe Cpe/ibl HalleJIeHbl Ha MTOJEPKKY CYLIECTBYIOIINX HA TAHHBIM MOMEHT
notpeGHocTelt B obmactu 6e3omacHocti. DpeiiMBOPKY yIIpaBJIeHNs KOHTeHHEpaMU
MPEAOCTABASAIOT IPOTPAMMHBIE TIPOKCU-CEPBEPHI U LLIIO3bl C TAKUM CEPBUCOM.
Hanpuwmep, pecypc Kubernetes Ingress, a takske OpenShift Routes nognepxuator
TLS-mudposatue 17151 BHENTHETO TpaduKka Kaacrepa.

J1J1s1 TOrO 4TOOBI IPEIOCTABIISATH CEKPETHBIE 3HAYEHSI, HAPUMED PETHCTPAIIMOHHbBIE
JIaHHBIE WJIN 3aKPBIThIE KI04U, GpeiiMBOPKH YIIPaBJIeHUS PeIN3yIOT CBOU (ByHKLUN
obGecrieuenust 6esonacHocTr. Kak G0 MOKa3aHO paHee, 3TO MO3BOJISAET MOCTABIATh
B CPe/ly CeKpeTHbIe KOH(MUTYPAIMU OTAEIbHO OT OCTAJbHBIX AaHHBIX. [loapo6GHEe
NIaHHBIJ TPOIIECC OMKCAH B IJIaBe 5. DTO MO3BOJSET MPUIOKEHUSAM, a TAKKe BCei
KOH(UTYPAIUH UCTIOIb30BATh CEKPETHBIE 3HaUYeHuUs. [Ipu HEOOXOAUMOCTH CEKPETHDIE
JIaHHbIE MOTYT GBITH BHEPEHBI BO BPeMs pabOThI KOHTEHHepa.

ObecneyeHune 6e30nacHOCTH
B NpunoxeHuax Java EE

Panee peus n1a 0 Haubosiee pacpoCTPaHEHHBIX COBPEMEHHBIX MOAX0AaX K obecmeye-
HUIO 6€30IIaCHOCTH, TEIEPh IIOCMOTPUM, KaK OHa peaansoBaHa B Java EE.

V3 Bcex Bepcmii Java Bepcus 8 Java EE Gosbiiie Bcero opueHTHpPOBaHA HA pelie-
Hue npobaem Gezonacuoctu. Ona copepsut API 6e30macHOCTH, KOTOPBIN yIPOIIaeT
U yHU(PUIUPYET UHTETPALMIO AJISI IPOTPaMMUCTOB.
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Mpo3payHas 6e30nacHOCTb

IIporie Bcero 6€30MacHOCTh B BEG-MPUTOKEHUSAX MOKHO PEATU30BATh Yepe3 MPOKCHU-
CepBepBI, TakKe Kak Apache vy nginx. B aToM ciydae 3agaun 6€3011aCHOCTH SIBJISIOTCS
MPO3PAYHBIMH JIJISI IPUJIOKEHUS. Tak 4acTo CIIy4aercs, KOraa KOPIIOPATHBHOE IIPUIIOKE-
HU€ He JI0JDKHO MMETB JIE71A C TI0JIb30BATEAMU KaK 0ObEKTaMU TIPeMETHOM 06/1acTH.

CepsneTbl

Jlsis1 TOro 4TO6BI 3AIUTUTH BeO-CEPBUCH], PealTn30BaHHble B puiokenuu Java EE,
06BIYHO UCTIOB3YIOT HE30MIACHOCTH HA YPOBHE CEPBIIETA. ITO OTHOCUTCS KO BCEM TEX-
HOJIOTUSIM, TOCTPOEHHBIM Ha OCHOBE CepBJIeToB, TakuM Kak JAX-RS. Konduryparms
byHKIHUIT 6€30MACHOCTY OMTMCHIBAETCS C TPUMEHEHMEM JIECKPHUIITOPA PA3BEPTHIBAHNS
cepBJieTa, TO eCTh B (haiiie web.xml. ITO MOKHO CAENATh HECKOIBKAMHU CIIOCOGAMHU,
TaKUMM KaK ayTeHTuUKaLusI Ha ocHOBe (opMm, Ha 6asze noctyna HTTP wiu kiamnent-
CKMX CepTH(HUKATOB.

Ananornyno penrenus 6esonacuocTy, Takue kak Keycloak, mocrasnsiorcs ¢ cob-
CTBEHHBIMH /IATITEPAMU U (PUIBTPAMU CepBJIeTOB. [IporpaMmMucTamM 0ObIYHO OCTAETCS
JIUIIB HACTPOUTD KOHMDUTYPAIIMIO STUX KOMIIOHEHTOB /IJIsI UCTIOJIb30BAHUS IIOCTABIMKA
YCIIYT 110 6e30IaCHOCTH.

CybbekTbl M ponn Java

Cy6beKThl ¥ PO OE30MACHOCTH Java IPeACTaBIAI0T coO0M CYLHOCTH U POJIM aBTO-
pusaLuy cooTBeTCTBeHHO. KoHburypaimy cyGbeKTOB U poJiel 0ObIYHO OIIUCHIBAIOTCS
Ha cepBepe IPUI0KEHNH, CIIOCO6 OIUCAHNA 3aBUCUT OT IIOCTABLUIMKA. AyTeHTU(DULIN-
POBaHHBIE 3aIIPOCHI IPUBSI3BIBAIOTCSA K CYOBEKTY BO BPEMSI BBIIIOTHEHMSL.

OaHUM 13 TPUMEPOB UCIIOIb30BAHUS CBSI3aHHBIX POJIEH B TIPOIECCE BHITIOIHEHMS
ABJIAETCS IPUMeHEeHHe OOLUIMX aHHOTAlMK 6e30IIaCHOCTH, TAKKUX KakK @RolesAllowed.
ITOT AeKJapaTUBHBIA [TOAXO0/ NMPOBEPSET MPABUIbHOCTh ABTOPU3ALNK CYOBEKTa
U, €CJIM TIPOBEPKA HE TPOii/IeHa, BBIIAET UCKII0YEHNE GE30IaCHOCTH:

import javax.annotation.security.RolesAllowed;

@Stateless
public class CarManufacturer {

@RolesAllowed( "worker")
public Car manufactureCar(Specification spec) {

}

@RolesAllowed("factory-admin")
public void reconfigureMachine(...) {

}



368 FnaBa 10 e Be3onacHocTb

[Tonb30BaTENN ¥ POJIA MOTYT OBITh PACLIMPEHBI 1, TIOMUMO PELIEHHH AJIs1 KOHKPET-
HBIX TIOCTABIIUKOB, CTAaHyT BKJIIOYATh B ceOst MHOOPMALIUIO O MIPEAMETHON 00JaCTH.
Il aTOTO B IprMepe ObLI CO3/IaH PaCIINPEHHbIH THIl Ge30macHoCTH Principal.

MO’KHO BHEAPUTD 3TOT CYOBEKT, MACHTH(PULKPYEMBIH 10 MMEHH, U IIPEJOCTABUT
ero crienuranusanuio. KonreitHep BoIMOMHIET HAEHTUDUKAIIIO TOJIb30BATE S, HAPHU-
Mep peanu3ys IPOBePKY MOJIMHHOCTH Ha OCHOBE (DOPMBL.

ITOT MOAXOM HACTOSITENBHO PEKOMEHIYETCS MCIOIb30BATh B IIPUIOKEHUAX IO
Bepcui Java EE 8. OnHako B COBpEMEHHBIX TPUIOKEHUSX [JIST TPEACTABIEHUS MTOJIb-
30BaTEIbCKON HH(POPMAIIMY O KOHKPETHOM MPeIMETHOM 06J1acTH, CKOpee Beero, Gy ayT
MPUMEHSITHCS XPAHWININA UAEHTH(HUKATOPOB.

JASPIC

WnTepdeiic nocTaBuivka ycayr ayTeHTUuGUKALNU Java A1 KOHTelHepoB (Java
Authentication Service Provider Interface for Containers, JASPIC) — ato cTaHmapr,
OTpeesIAoNInii nHTePhENCH TOCTABIIMKOB yCayT ayTeHTudukanuu. OH BKIIOYaET
B cebs Tak Ha3bIBaeMble MOAYJIU ayTeHTUdUKauuu ceppepa (Server Authentication
Modules, SAM) — noaxiouaeMble KOMIIOHEHThI Ay TEHTU(DUKAIIUY, KOTOPBIE YCTaHAB-
JIUBAIOTCSI HA CEPBEP MPUIOKEHMIL.

ITOT CTaHIAPT MpeJIaraeT MOIHbIE U THOKHUE CTIOCOOBI peanu3aluy ayTeHTH-
¢dukanuu. [TocTaBIMKY CEPBEPOB MOTYT UCIIOIb30BATH COOCTBEHHYIO PEATU3AIMIO
Monyneit SAM. OnHako BHEAPEHUE MOAYJIEN ayTeHTU(PUKAINY C IPUMEHEHNEM
cranzaapta JASPIC mHor1e mporpaMMUCThI CYUTAIOT JOBOJIBHO IPOMO3AKUM. [103TO-
my ctaugapt JASPIC He noay4yus mrmpoKoro pacipoCTPaHEHUsI B KOPIIOPATUBHBIX
MPOEKTaX.

Security API

Security API 1.0 nocraBnsiercst B komiuiekte ¢ Java EE 8. Cmbica aToro cranpapra

3aKJII0YaeTCsl B IPEJOCTABIEHUH COBPEMEHHBIX METOIOB 06ecTeyeH st Ge30MacHOCTH,

KOTOPBIE TIPOTrPAMMHUCTaM GYJIET IPOIIIE UCTIONB30BaTh. OHU PEATU30BaHbI HE3ABUCHMO

OT TIOCTABIIUKOB, TIPHYEM He TPEOYIOT GIOKUPOBKU ONPe/IeIeHHBIX PEIIEHWH.
Paccmotpum, uto Brtovaet B cebst Security API.

MexaHu3Mbl ayTeHTUMKaLMK

I[Ipexne Bcero, Security API Bximiodaer B cebs HttpAuthenticationMechanism, obe-
creunBatomuit ¢pyukiuu crangapra JASPIC ¢ ropasmo MeHbIIUME 3aTpaTaMy Ha
paspabotky. OH paccuMTaH Ha IPUMEHEHUE B KOHTEKCTE CEPBJIETA.

PaszpaboTynkam IpuIoKeHn TpeGyeTcs TONBKO OIPEAEINTD I0Ib30BATEIbCKUA
HttpAuthenticationModule 1 onucath KOH(pUTYypaLUIO ayTeHTU(DUKAIUH B IECKPUTI-
TOpe pa3BepThIBaHUs web . xml. B 3T0i1 ri1aBe Mbl PACCMOTPHM HECTAHAAPTHYIO PEAIHU-
3a1uio obecneyeHust Ge30MaCHOCTH.
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Kouteiinep Java EE mocraBisieTcst B KOMILIEKTE C TOTOBBIMU MeXaHU3MaMH
ayrentudukauuy HTTP g 6a30Boi, CTaHAAPTHOM U CIIEUAIbHOM ayTeHTH(PUKA-
11K Ha OCHOBE (popMBI. [IporpaMMuUCTBI MOTYT UCTIOJIB30BATh 3TY MPENOTIPEETEHHYIO
(byHKIIMOHATBHOCTh C MUHUMAIbHBIMU U3MeHeHusiMu. [Ipexe yeM paccMoTpeTh
TIPUMED, U3YYHM, KaK XPaHUTCA UHGOPMAIIHS O TOTb30BATEJIE.

XpaHunuLie yaocToBepeHui

Bwmecrte ¢ Security API nosiBunach KOHIIEMIMS XPAHUIUII YAIOCTOBEPEHUIL. X paHIIUIIA
YIOCTOBEPEHNI IIPEAOCTABIAIOT MH(pOpManuio 06 ayTeHTH(UKALNA ¥ aBTOPU3ALNK
T0JIb30BATEIEN B JIETKOM, IIepeHocuMOoM Buze. OHU 00eCcIedynBaloT equHbIi crocod
JIOCTYyTIA K HEM.

Tumn IdentityStore IpoBepsieT pErUCTPALIOHHBIE JAHHbBIE BBI3BIBAIOIIETO aOOHEH-
Ta ¥ MOJIYYaeT JOCTYII K ero undopmaiyn. Iloqo6Ho MexannsMaM ayTeHTH(DUKALMN
HTTP, xoHTEliHEPHI IPUIOKEHNH TOJKHBI TPEAOCTABAATh XPAaHUJIUIIA UAEHTU(DU-
KaTopOB 1714 noctyna K LDAP u 6a3e [aHHBIX.

[lanee mpuBeneH npyuMep UCIOJIb30BaHNUS IIPEOCTABISIEMbIX KOHTeTHEpOM (PYHK-
11t obecrieyeHnss 6E30MaCHOCTH:
import javax.security.enterprise.authentication.mechanism.http.*;

import javax.security.enterprise.identitystore.DatabaseIdentityStoreDefinition;
import javax.security.enterprise.identitystore.IdentityStore;

@BasicAuthenticationMechanismDefinition(realmName = "car-realm")
@DatabaseIdentityStoreDefinition(
dataSourceLookup = "java:comp/UserDS",
callerQuery = "select password from users where name = ?",
useFor = IdentityStore.ValidationType.VALIDATE

public class SecurityConfig {
// He MeHATb KOHUrypauuio

}

Pa3paboTYnKy IPUIIOKEHUH TOJKHBI TOJBKO IPEIOCTABUTD 3TOT aHHOTUPOBAHHBIH
K1acc. MeTon o6ecreunBaeT mpoCThie U MIOHATHBIE ONPeIeTeHns Ge30MaCHOCTH IS
TECTUPOBAHUSL.

OO6bIuHBIE KOPIIOPATUBHBIE TPOEKTH MHOTAA TPeGYIOT Hojiee MHANBULYATBHOTO
noaxoaa. Y Kax/I0# OpraHu3alum, Kak IpaBujo, €CTh CBOU CIIOCOOBI ayTeHTU(PUKAIIMI
Y aBTOPU3AIMH, KOTOPBIE HEOOXOANMO UHTETPUPOBATD.

CneuuanbHble Mepbl 6€30MacHOCTH

Ilanee npuBeneH GoJiee CIOKHBIA TIPUMEP.

Il Toro 4To6BI 06ECTIeYnTh HECTAHAAPTHYIO ayTeHTH(UKAIMIO, pa3paboTym-
KU MPUJIOKEHWH peaiu3yIioT CIelNaTbHbIN Kaacc HttpAuthenticationMechanism,
a B HeM — MeToJ validateRequest(). Kmacc momkeH ObITh BUIMMBIM TOJbKO B KOH-
teitHepe — kak CDI-kommoneHT. OcTabHOE BHIMOTHSIET KOHTEHHED MPUIOKEHUS. ITO
YTPOIIAET MPOrPaMMHUCTaM PaboTy MO MHTETPAIUHU CPEACTB GE30MIACHOCTH.
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Bot npocreiimii mpuMep peanusanuu ayTeHTU(HUKAINT Ha NCe600K00e:

import javax.security.enterprise.AuthenticationException;

import javax.security.enterprise.authentication.mechanism.http.*;

import javax.security.enterprise.credential.UsernamePasswordCredential;
import javax.security.enterprise.identitystore.CredentialValidationResult;
import javax.security.enterprise.identitystore.IdentityStoreHandler;

@ApplicationScoped
public class TestAuthenticationMechanism implements
HttpAuthenticationMechanism {

@Inject
IdentityStoreHandler identityStoreHandler;

@0verride

public AuthenticationStatus validateRequest(HttpServletRequest request,
HttpServletResponse response,
HttpMessageContext httpMessageContext)
throws AuthenticationException {

// NONy4uTb AaHHbIe ayTeHTudUKauuu
String name = request.get..
String password = request.get..

if (name != null && password != null) {

CredentialvalidationResult result = identityStoreHandler
.validate(new UsernamePasswordCredential(name,
password));

return httpMessageContext.notifyContainerAboutLogin(result);

}
return httpMessageContext.doNothing();

Meton validateRequest () moJsyyaer qocTyn K MH(pOPMAIMH MOJIH30BATENS, CO-
nepxaieticst B HTTP-3anpoce, Hanipumep, yepe3 HTTP-3aronosku. OH generupyer
MPOBEPKY XPAaHUJIUIILY yIOCTOBEPEHMH C TOMOIIbIO IdentityStoreHandler. Pe3ysbrat

nposepku conepxkurcs B tesie HTTP-cooGuienus: 6e30macHOCTH.

B 3aBucuMOCTH OT TpeOOBAHMIA MOJKET TAKXKE TIOHALO0OUTHCS CIIEUATbHAS PEasu-
3anusa o6paboTurka uaeHTH(UKATOPOB, 00ECIIeYnBaIONIas HECTAHAAPTHBIE METOLbI

ayTeHTU(UKAIMY ¥ aBTOPU3AIUH.

Eciiit uCrosib3yoTest eleHTpaIN30BaHHbIE TPOTOKOJIBI 6E30MIACHOCTH, TAKUE KaK
OAuth, cnienmanbubiii 06paboTunk UaeHTU(PUKATOPOB OYyAET MPOBEPATH MAPKEP J10-

CTyTIa K IaHHBIM GE30MaCHOCTH.
[lanee nokazaHna peanu3anus CIEUATbHOTO XPAaHIIUIIA YAOCTOBEPEHUI:

import javax.security.enterprise.identitystore.IdentityStore;

@ApplicationScoped
public class TestIdentityStore implements IdentityStore {

public CredentialvalidationResult validate(UsernamePasswordCredential
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usernamePasswordCredential) {

// cneuuanbHas ayTeHTUPUKAUUA M aBTOpU3aAUUA
// ecnn npoBepka npoigeHa

return new CredentialvalidationResult(username, roles);
// eCnn perncTpauroHHbie AaHHble HeBEePHbI

return CredentialValidationResult.INVALID_RESULT;

Jleckpurntop pa3BepThIBaHMS CepPBJIETa web . xml UCTIONB3YEeTCs [T YKA3aHMS 3alllu-
[IEHHBIX PECYPCOB. 3a/1a4a MHTETPAI[MHU BO3JIATAETCS HA KOHTEHHED IPUIOKEHU:
<security-constraint>

<web-resource-collection>
<web-resource-name>Protected pages</web-resource-name>
<url-pattern>/management</url-pattern>

</web-resource-collection>

<auth-constraint>
<role-name>admin-role</role-name>

</auth-constraint>

</security-constraint>

Mexanuam ayrentuduxaiuun HTTP obecneunBaer mpocToii, HO TuOKUi crocob
peanuzanuu 6esonacHoctu JASPIC. 91a peanusanus Ipolle, 4eM HEIOCPEACTBEHHBIN
JASPIC. Ona obecrieunBaeT BO3MOKHOCTD NEPEXBAaTa KOMMYHUKAIIMOHHBIX TOTOKOB
Y MOKET UHTETPHPOBATH MPHUJIOKEHNE CO CTOPOHHMMHU MPOAYKTaMU 00eCTieueHust
6€e30MacHOCTH.

[locTyn K cekpeTHoin nHdopmauum

KopropaTuBHBIM IPHIOKEHUAM MHOTA TPeGyeTCs (PyHKIIMOHATBHOCTS 151 IOCTY A
K nH(pOopMaIy 00 aBTOPU3AIMH [I0Jb30BATE B paMKax OusHec-1oruku. Security API
TIPEIOCTABJISAET eJUHOOOPA3HBIN CIIOCO0 MOTyYEHUS HTON HH(POPMALIUH.

OH comepxuT TUM SecurityContext, oGecneYnBaOIIUNA TPOrPAMMHBIN CIO-
cob6 moayyeHuss HQPOPMAILIUK O TTABHOM BBI3BIBAOIIEM aGOHEHTE U €T0 POJISX.
SecurityContext BHeApsieTCs B J0ObIE YIIpaB/sgeMble KOMIOHEHThL. OH TakKe WH-
TErpupyercs ¢ KoHGUrypaunein ayrTeHTu(PUKaluu CEPBIETOB U COOOIIAET O TOM,
paspellieH JiM BBI3bIBaOIeMy aGOHEHTY A0CTyT K onpeneieanomy HTTP-pecypcy.

[lanee npuBeeH MpuMep MCIOJb30BaHUS SecurityContext:

import javax.security.enterprise.SecurityContext;

@Stateless
public class CompanyProcesses {

@Inject
SecurityContext securityContext;

public void executeProcess() {
executeUserProcess();
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if (securityContext.isCallerInRole("admin")) {
String name = securityContext.getCallerPrincipal().getName();
executeAdminProcess(name);

Wnes Security API 3axmio4aeTcs: B MHTErpaliy € CYUIeCTBYIONIEN HYyHKINOHATb-
HOCTBIO U3 IpeAbIaynuX Bepcuit Java EE. D10 o3HavaeT, HampuMep, YTO aHHOTAIUS
@RolesAllowed MCTOJIB3YET Ty K& UH(MOPMAIIMIO O POJIU, YTO U SecurityContext.
[TporpaMMUCTBI MOTYT ITOJIATaThCs Ha CYIIECTBYIOUIYIO CTAaHAAPTHYIO (PYHKIMOHAJb-
HOCTb.

Pe3iome

B coBpeMenHOM Mupe nH(pOpPMAIMOHHAs GE30MIACHOCTH OYEHb BAXKHA. B 11poriiom camsi-
My 6OJIBIIIMY TIPO6IeMaMy 6€30MACHOCTH ObLIK C1a00CTh AITOPUTMOB IIM(PPOBAHUS
Y XeUIMPOBaHMs, COXPaHEHHE MApOJIeil ¥ CAaMOJIE/IbHbIE PEATU3AINY CUCTEM Ge3orac-
HocTH. OCHOBHBIMY MPUHIMIAMY GE30TIACHOCTH SABJISIOTCS NN(POBAHNUE CBSA3U C IPH-
MEHEHUEM HaJIEKHBIX BHEIIHUX TOCTABIIUKOB CPEACTB 0becrieueH st Ge30MacHOCTH 7St
ayTeHTU(UKAIIUY 1 AaBTOPU3AIMHU 6€3 COXPAHEHUS PETHCTPAIMOHHBIX TAHHBIX B CUCTEME
KOHTPOJISI BEPCUI U peayin3alysl TeCTOBBIX CIIeHaPUEB, IIPOBEPSIIOIIUX 3aIIUTY.

CBs3b 06bIYHO MU PYETCSI HA TPAHCIIOPTHOM YPOBHE ¢ Mcnoab3oBaruem TLS. Cep-
TUQPHUKATHI TOJKHBI OBITH TIPABUIBLHO TOATMCAHBI JTMO0 KOPIIOPATUBHBIM, JTUG0 Od1-
[[MATIBHBIM OPTaHoM cepTrdukaiyu. J[pyrue MeToAbl BKIIOYAIOT B ceOsl PEan3aIiiio
dyHKIHi 6€30MACHOCTH HA YPOBHE MPOTOKOJIA, TAKUX KakK 6a30Bas ay TeHTH(UKAIS
HTTP Ha ocHOBe mudpoBaHHOH CBS3U.

JlernieHTpan3oBatHas GE30MACHOCTD OTAENSIET HYHKIUYM Ay TEHTU(DUKALUY U aB-
TOPU3AIUY OT IPUIOKEHUH, UCIIOIb3Y ST JOBEPEHHBIX IIOCTABIIMKOB YAOCTOBEPEHMIA.
[TpuMepoM 9TOTO MOTYT CIYXKUTh CUCTEMbI €ITHOTO BXOJA U JIeLIEHTPATN30BAHHBIE
IIPOTOKOJIBI I€JIETHPOBAHUS JOCTYTIA.

BeszonacHocTh B rpanunax npunoxenuii Java EE 06b14HO peanusyercs Ha Oase
cepsaetos. Security API, saneiictBoBannbiii B Java EE 8, npussan obecrieunts 6oiee
MPOCTHIE ¥ eMHOOOPA3HBIE METO/IBI PEINEHNS 3224 6e30MaCHOCTH B IPUTOKEHUSIX
Java EE. Mexauusmsl aytentudukamyy HTTP — ato npumep 60J1€ee IpocToro npu-
MeneHust MolabIx Gynkumii JASPIC. Xpanunuia yaocTOBEpeHU IPEIOCTABIISIIOT
uHpopmamio 06 ayTeHTU(PUKAIMY U ABTOPU3AIUY TT0Jb30BATENEH.

CyTtb Security API 3akmouaercst B MHTETpaIUH € CyLIECTBYIOIIEH (hyHKIIMOHATb-
HOCTBIO 1 0GECTIEYEeHU Y €[TUHOO0OPA3HBIX MEXAaHU3MOB A0cTyna. Ero GyHKuumit nomxHo
OBITh IOCTATOYHO /1751 3AUIUTHI KOPIIOPATUBHOTO MpUIoKeHus Ha cropone HTTP.
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S Hageroch, YnTast 3Ty KHUTY, BBI IOJIYYHIN MI0JI€3HblE 3HAHUS O TOM, KaK CO3/1aBaTh
COBPEMEHHBIE, JIeTKUE, HU3HEC-OPUEHTUPOBAHHBIE KOPIIOPATUBHBIE TIPUIOKEHMS.
Bo3MoskHO, OHa fake [TO3BOJIUT BaM OTKa3aThCsl OT IAPOYKHU yCTAPEBIINX METO/OB
Pa3paboTKH, KOTOPbIE OBLIN XOPOLIX B MIPOILLIOM.

Msr yBuzeny, kak coBpeMeHHble Bepcuu Java EE BnucheIBaoTcst B HOBBIM MUD
TIPOM3BO/ICTBA MIPOrPAMMHOTO OGECTIEYeH ST ¢ KOHTEHHEPHBIMU TEXHOJOTUAMH, 06-
JIaYHBIMHU ILIaTOpPMaMHu, aBTOMATH3al el HeIIPePBIBHOM IOCTaBKOM KO/la U MHOTHIM
IPYTUM.

[paBunbHaA NOCTaHOBKa 3aA4au
NpW KOpPNopaTUBHOM pa3paboTke

Kax MBI ysKe HEOTHOKPATHO BUJIETH, KOMAH/[bl HHXKEHEPOB [I0JIKHBI GBITH TPABUIBHO
MOTHMBHPOBAHBI IPU pa3paboTke mporpaMMHoOro obecnievenust. Ecau 310 xopmopa-
THBHBIE CUCTEMBI, TO OCHOBHOE BHUMAHUE CJIEYET YAEAATh Ousnec-morusaiuu. Ciie-
HAapUY IPeAMETHON 06/1aCTh 1 OM3HEC-CLIEHAPHH AOIKHbI OBITh IIOHATHBIME, YTOOBI
TIPUHOCUTB TIOJIb3Y KIWEHTaM. B KOHIle KOHIIOB, MMEHHO IIPOTPaMMHOE 0OeCTIeYeH e,
BBITIOJIHAIOIIEE CBOU OU3HEC-(PYHKIIUY, ABJISETCS HCTOUHUKOM JI0XO/A.

Co BpeMeHeM pa3paboTYMKaM TIOE3HO 3a1aTh cebe BOIIPOC: HOMOZAeM 1L MO, 4Mmo
Mol Denaem, pewums 3a0auy 6usneca?

[TporpamMmHoe obecrieueHue, peHa3HAYEHHOE /Il yI0BJIETBOPEHUS TOTPEGHO-
cTel KareHTa, POKYCUPYETCs TIaBHBIM 0OPa30M Ha BHIOJTHEHUY OU3HEC-CIIEHAPHER.
TexHOJIOTHsI, peanu3yIolias COMyTCTBYIONINE TOTPEGHOCTH, TAKKE KaK CBSA3b, COXPa-
HEHVE WM PACIPOCTPAHEHKE JAHHBIX, UTPAET BTOPOCTENEHHYIO POJb. BeibGpanHbie
PEIleHNs I0/IKHBI ObITh HATIPABJIEHBI IIPEK/IE BCETO HA PEATU3aINI0 GU3HEC-JIOTHKH.

[TosToMy TexHOIOTUY, SI3BIKU [IPOrPAMMUPOBaHUS U (DPENIMBOPKH B Heae 10JIK-
HbI TIOUIEPYKUBATH PEATU3ALNIO OU3HeC-ClieHApUEB 6e3 Ype3MepHBIX 3aTpaT. ['pymie
MHXXEHEPOB PEKOMEH/IYETCS BHIGUPATH TEXHOJIOTHIO, C KOTOPOU OHM 3HAKOMBI K MOTYT
NPOAYKTUBHO PabOTaTh M KOTOPAst TAKIKE COOTBETCTBYET HTOMY TPeOOBAHUIO.



374 FnaBa 11 e 3aknoueHue

O6nayHble cpeabl
N HenpepbiBHAs NOCTaBKa

Mbi yBUIE M HEOOXOAMMOCTD GBICTPBIX U3MEHEHUN B OBICTPO MEHSAIOIEMCS MUDE.
BaxHo akIleHTHPOBaTh BHUMaHNe Ha TMOKOCTU U OBICTPOM PeakLMy Ha MOTPeOHO-
CTH KJINEHTA, BpEMEHHU BBIXO/Ia HA PHIHOK WJIH, EIIle TyYIlle, 6DeMeHl NPOU3B00CMEa.
Camblie coBepiieHHble (HYHKIUU HE IPUHECYT JOXO/a, OKA HE TIONaAyT B PyKH
KJIMEHTA,

VIMeeT CMBICJI UCTIOJIB30BATh KOHIIETIIUU U TEXHOJOTUH, KOTOPBIE IOMOTAIOT J[0-
CTUYb 9TOM 1IEJIM: HEMPEPHIBHYIO MOCTABKY, aBTOMATU3AIMIO, HHPPACTPYKTYPY KaK
KO/ U aBTOMATU3UPOBAHHBIE IPOTPAMMHBIE TECTHL. IMEHHO COCOOHOCTH GBICTPO
MEHSIThCSI ABJSIETCA TJIaBHBIM TPEUMYIIECTBOM COBPEMEHHBIX CPEl M 0OJTaYHbBIX
TexHoJOorHi. Cpebl MPUMTOXKEHUI A HOBBIX MPOEKTOB, (DYHKI[UI U TECTOBBIX
CIIEHAPUEB MOTYT OBITH CO3[IAHBI 32 CYUTAHBIE MUHYTHI IO YETKO OMPEAETEHHBIM
cnenudukanuaM. B 4acTHOCTH, 3Ty KOHIENINIO TOAAEPKUBAIOT HHPPACTPYKTYPa
KaK KOJl ¥ KOHTEHHEPHBIE TEXHOJIOTHH. PazpaboTyrKy pOrpaMMHOTO 0GeciedeH st
MPEJOCTABISIOT KOH(PUIYPAIIUIO CPEBI BMECTE C KOIOM MPUIOKEHUS, KOTOPbIE CO-
NEPKATCS B PETIO3UTOPUU MIPOEKTA.

Taxum 06pa3om, 3a OTpeieIeHre BCETO COAEPIKMMOTO KOPIIOPATUBHOTO IIPOTPAMM-
HOTO 0GECTIEYeHNsI OTBEYAET BCS TPYIINa WHKEHEPOB. UV IPOrpaMMUCTbI, M HHKEHEPH
T0 9KCILJIyaTallik 3aNHTEPECOBAHBI B IOCTABKE MIPOTPAMMHOTO OOECTIEYEHHUST, KOTOPOE
NPECTABJISIET LEHHOCTH JIJIS TOJIb30BaTe i, 3a IOCTHXKEHME ITOM 1eIM OTBEYAEeT BCS
KOMaH/1a pa3paboTYNKOB.

Crona Takske BXOAAT 3aa4M 00eCTieYeH s KaueCTBa MPOrPaMMHOTO 00eCiedeH .
BricTpast mocTaBKa (PyHKIUI BO3MOXKHA TONBKO MPY HAJMYUY TIPABUJIbHBIX aBTOMA-
THYECKMX MEXaHU3MOB MIPOBEPKU KaueCTBa. TeCThl, KOTOPbIE TPEOYIOT BMEIIATENBCTBA
4eJI0BEKa U PabOTAIOT HEHANEKHO WU HEJIOCTATOUHO OBICTPO, 3aMEJISIOT MPOIECCHI
1 He TI03BOJIAIOT Pa3paboTYMKAM BHIMOJIHATE GoJiee mose3nyo pabory. Heobxoaumo
CTPEMUTHCS K CO3/[AHUI0 aBTOMATH3NPOBAHHbIX, IOCTATOYHBIX ¥ HAZIEXKHBIX TECTOBBIX
MPUMEPOB, TIOCTPOEHHBIX C YIETOM yA06CTBA 06CTYKMBAaHUA 1 00eCTIeYeHNs KAUeCTBa
KOJIa.

AKTyanbHOCTb Java EE

M1 yBunenu, uro Java EE nosBosiseT Bce ato nenats. [lnardopma moanep:kuBaer
(oxycuposanue Ha bu3HeC-TPeOOBAHNAX, TIO3BOJIAA IIPOrPAMMIUCTAM [IUCATh KO, 1 He
YCTaHABJIUBAET CIUIIKOM MHOTO OTPaHUYeHMI. MOXXHO MPOEKTUPOBATh U PEATU30-
BBIBaTh OU3HEC-CLIEHAPUM, OIIMPAACH B IIEPBYIO OYePeib HAa TPeOOBAHUS IPEAMETHON
obaactu.

Cama TexHosIOTUA He mpebyem eHumanusi. B 6OJBIINHCTBE CIyYaeB A0CTATOYHO
AHHOTHPOBATh OM3HEC-JIOTHUKY, M KOHTEHHED IIPUIOKEHUS caM J0OaBUT BCe, 9TO He-
006X0INMO C TEXHUYECKOH TOuKH 3penns. Konuenuuu cranaapros Java EE, Takue xax
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JAX-RS, JPA u JSON-B, obecrneunBaroT He0OOXOAMMYIO TEXHUYECKYIO WHTETPALIUIO
IPY MUHUMYyMe YCUJIUH.

Ocobento sierko miatgopma Java EE mosBosser nHxeHepaM HHTETPUPOBATD He-
CKOJIBKO CTaHAAPTOB €3 IOTIOMHUTENBHON HACTPONKH. ITO CTAIO BO3MOKHBIM 6J1aro-
naps cnerudukanusaM JSR, HamucanHbIM ¢ yueToM npuHLUIOB Java EE.

Cospementas Java EE pagukanbHo oTinyaercs ot npexxkueit J2EE. Makruuecku
ee Mojiesib IPOTPAMMUPOBAHUS M CPE/a BBITIOJTHEHNs UMEIOT MaJio obiero ¢ J2EE.

Biarogaps o6paTHOit COBMECTUMOCTH ILIAT(GOPMBI YCTAPEBIINE METOBI BCE EIIE
IEMCTBYIOT, HO C T€X TIOP TEXHOJIOTHS YIILIA JaleKo Biepen. bpuiu mepecMoTpeHsb
Y 3HAYMTEJIBHO YIIPOIIEHBI MOJIEJIU IPOrPAMMUPOBAHMS U MIa0JOHBI IPOEKTUPOBAHMSI.
B yacTHOCTH, HCUE3/ M TPEKHYE OTPAaHUYEHUS IAOTOHOB IPY PeaTnu3alui NePAPXUit
TEXHOJIOTHYECKU 0O0CHOBaHHBIX NHTEP(ENCOB, a TAKIKE CynepKaacchl. [IporpaMMucTst
Tenepb MOTYT COCPENOTOUNUTHCS Ha OU3HEC-TIOTHKE, 2 HE HA TEXHOJIOTHH.

XapakTtep ctanzapToB Java EE no3Bossier koMnanusiM peain30BbIBaTh IPUIOXKE-
HYsI, HE3ABUCHMBIE OT [TOCTABIIMKOB, U, COOTBETCTBEHHO, N30EKATh TEXHOJOTHYECKOI
3aBUCUMOCTH OT HUX. [IporpaMMucTam TaksKe He IPUXOAUTCA CIEIUATBHO 00ydaThest
TEXHOJIOTUSIM OTIPEJIeIEHHBbIX MMOCTaBIIMKOB. HaM BcTpevanocs HEMao CIy4aes,
KOT/Ia KOMaH/[bl ObLIYM 3HAKOMBI TOJIBKO C OTPEIETeHHBIMU TIPOAYKTaMH, KOTOPHIE CO
BPEMEHEM yCTapesIu.

Texuosorus Java EE ucnonb3yeTcst He TOIBKO HA CTOPOHE cepBepa. Takue cTaH-
naptsl, kak JAX-RS, JSON-P u CDI, aBasioTcss BaXXHBIMY PEUMYIIECTBAMU U JJIsI
npuioxenuii Java SE. VimeeT cMbIca peann30BaTh OIpeiesieHHble (PYyHKIUH, TaKKe
kak HTTP-kauenTsl, Ha 6a3e CTaHAAPTHBIX TEXHOJOTUH], 3HAKOMBIX [IPOTPAMMUCTAM.

O6HoBnenusa API B Java EE 8

B xHuUTre 0OCHOBHOE BHMMaHME y/eJ€HO KOPIOPATUBHBIM NMPHUIOKEHUSIM Ha Gase
Java EE 8.

B aroit Bepcuu GbL1 0GHOBIIEH psAl cTaHAapTOB. [lasee nepeurcierbl Hauboee
Ba’XHbI€ U3 HHUX, 4 TaKX€ HOBbIE d)yHKL[I/II/I.

CDI 2.0

Hauunas ¢ Java EE 8 u CDI 2.0, co6biTust MOTyT 06pabaThIBATHCS HE TOIBKO CHHXPOHHO.
Kax mb1 Buzenn, CDI u3HayanbHO OALEP/KUBAET ACHHXPOHHYIO 06paboTKy COOBITHIA.
B neiicTBUTEBHOCTH 9TO GBLIO BO3MOXKHO TOJBKO [0 TOTO, KAK METOA-HAbI01aTe b
cobObiTuii cran 6usnec-meronoM EJB ¢ anHoTanuei @synchronous.

Jlnsa Toro 4yTo6b co31aBaTh U 06pabaThiBaTh acuHXpoHHBIE coObTHs CDI, Ha
CTOPOHE U3/IATENS UCIOIB3YI0T MeToAl fireAsync. [Tapamerp mMeToaa-HabmonaTens
cHabsKaeTcs aHHOTanMel @0bservesAsync.

Eute ogHa HOBas (PyHKIMOHAIBHOCTD A1 00pabOTKY COOBITUTH, MTOSBUBIIASICS
B CDI 2.0, — 9T0 BO3MOXHOCTb Ha3HAYaTh HabopaTesneit cobbituit. J{7st Toro 40661
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HAa3HAYUTh METOJ — HabII0aTe b 32 COOBITUSAMMY, IPUMEHSIETCS aHHOTALKsA @Priority,
XOpollo u3BecTHas Ha mnatgopme Java EE:

public void onCarCreated(@Observes @Priority(100) CarCreated event) {
System.out.println("first: " + newCoffee);
}

public void alsoOnCarCreated(@Observes @Priority(200) CarCreated event)
{

}

System.out.println("second: + newCoffee);

Taxoit MoAXo/ rapaHTUPYET, YTO HabMIAaTE M COOBITUN GYIyT BBI3BAHBI B YKa-
3aHHOM TIOPSIKE, HAYUHAsL ¢ GoJsiee HU3KOTO mpuoputera. [IpOrpaMMUCTHL I0TKHBI
[POBEPUTH, HAPYIIAET JIM 3TA CUTYAI[US IPUHITUITBI TO3[IHETO CBSI3bIBAHUS U €UHON
TOYKM OTBETCTBEHHOCTH MyTEM M3MEHEHUS TOCIEA0BATEIBHOCTU BbI30Ba 06paboT-
YMKOB COOBITHIA.

I'naBHo# ocobernocThio CDI 2.0 crasia MHTerpauys 3a peieJaMu KOPIIOPaTUBHOTO
KOHTeNHepa, 06eCrieynBaroas BO3MOXKHOCTD 3azeiicTBoBanust CDI B mpuioskeHusix
Java SE. Cmbic 3akitiouaercst B TOM, YTO mpuioxenus Java SE MoryT ucmonb30BaTh
TakKe (PYHKIMY CTI0KHOTO CTAHAAPTA BHEIPEHUS 3aBICUMOCTEIH, YTO II03BOJISIET PAC-
umputh npuMenenue CDI 3a npexesst Mmupa Java EE.

JAX-RS 2.1

Bepcus JAX-RS 2.1 6b11a paccunTaHa TIaBHBIM 00pa3oM Ha PeaKTHBHBIX KJIMEH-
toB SSE u npegHazHavanach AJS JTydlleil HHTETPALMHU C TAKMMHU CTAHIAPTAMH,
kak JSON-B. [Tomumo 3TOTO, B Hee ObLIM M0GABIEHDI €1l HEKOTOPbIEe HeGObIINE
YIIyYIHeHusI.

PeakTuBHOE MPOrpaMMHUPOBaHUE HCIIOJIB3YETCS BCE MKPE. B 4acTHOCTH, KIMEHT
[IOJIy4YaeT HOBble peaKTUBHbBIE MyHKIKH 1715 BeinoaHeHuss HTTP-BbI30BOB u mpsiMmoro
BO3BPATa TaK HA3bIBAEMBIX PEAKTUBHBIX THIOB. [[pUMEPOM TAKOTO THUTA SBJSIETCS
CompletionStage. DTOT THII MOAAEPKMUBAETCS MBHAYATBHO, IPYTHE THITHI U OUOIMOTEKN
MOTYT ObITh J0OABJIEHbl Y€PE3 PACIIMPEHUS.

[l coBepilieHNsT PEAKTUBHBIX BHI30BOB TIPUMEHSIETCS METOA rx () AJst Invoca-
tion.Builder.

Kak nokazaHo B 1011 kture, JAX-RS 2.1 nonnepxuBaetr SSE u Ha cTOpOHE KINEHTA,
u Ha ctopoHe cepBepa. Cranmapt SSE npeacrasiser coboi 1erKuii 0qHOCTOPOHHUI
IIPOTOKOJ 06MeHa COOOILIEHNAMM, B KOTOPOM 3a[eCTBYIOTCS coo0LIeHns B ¢popMaTe
OTKPBITOTO TekcTa 1o npotokory HTTP.

Jlsist TOTO 4TOGBI COOTBETCTBOBATH OCHOBHBIM KOHIIEMIUsAM miatgopmst Java EE,
craugapt JSON-B, nobasnennsbiii B Java EE 8, nerko unrerpupyercs B JAX-RS. 3to
03HAuaeT, uTo, MoA06HO JAXB, TuMbl Java, KOTOPbIE UCHOIB3YIOTCS B KAYECTBE TeJl
3ampoca WK OTBeTa, HessBHO mpeoOpasyiorcs B ¢popmat JSON.

AHasornyHo HOBble PYHKIMU, KOTOPbIE siBAsIOTCs YacThio JSON-P 1.1 u Bean
Validation 2.0, Bkitouersl B JAX-RS. 3To BO3MOKHO, IOCKOJBKY CIENpUKAIINN
MepeIaoT OnpeneeHHble (DYHKIIMU B COOTBETCTBYIOIIHE CTAHIAPTHL
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Ewe oano HeGOIBIIOE 0OHOBJIEHMNE, BoLIeAIee B cocTaB B JAX-RS, BK/oyano B cebs
aHHOTaNuo @PATCH ast onaouMenHoro metoaa HTTP. Hecmotpst Ha To uto B JAX-RS
1 pable Obl1a BO3MOKHa Hoazepskka Apyrux HTTP-MeTonoB, 3T0 yHPOLIAeT UX MC-
TI0JIb30BAHUE JJIsI TIPOTPAMMUCTOB, KOTOPHIM TpebyeTcst aHHast HYHKIHS.

Enite o1H1M HE6OIBIINM, HO IeHCTBUTEIBHO MOJIE3HBIM YIYYIIeHHEM OBLIO BKJIIO-
yeHue cTaHgapTu3npoBaHHbix MeTon0B 3a1epxxku HTTP B knuent JAX-RS. Metonst
KOMIIOHOBIIIUKA connectTimeout u readTimeout HOAAEPIKUBAIOT HACTPAUBAEMBIE 32~
nepxku. Takas koHpurypais TpeGyeTcss BO MHOTHX MPOEKTAX, MPEXKIE JJIsl ITOTO
Tpe6OBAIOCH MOAKIIOYEHNE CTOPOHHUX (DYHKITHIA.

Peanuzanus 51ux PyHKIKH OblIa ONMCaHA B IJIaBe 3.

JSON-B 1.0

JSON-B — 510 HOBBI# CTaHAAPT, KOTOPBIN TPeobpasyeT THHBI Java B CTPYKTYpbl JSON
u o6patHo. [Tono6Ho JAXB s XML, oH npenocTtaBisieT GyHKINOHAIBHOCTD JJIS
JIeKIapaTUBHOTO IMpeoOpa3oBaHus OOBEKTOB.

CaMbiM GOJIBIIUM TPEMMYIIECTBOM TOTO CTaHAapTa B 9kocucteme Java EE sBs-
€TCS$ TO, UTO MPUJIOKEHHSI HOJIBIIIE HE OJIKHBI TOJIATaThCS] Ha CTOPOHHUE PEaU3aIlHu.
DpeiiMmBopku npeobpazoBanus JSON 06bIMHO IPENATCTBYIOT COOPKE MEPEHOCUMBIX
KODHOPATUBHBIX NPUIOKeHui. OHU MOBBIIIAIOT PUCK HAPYIIIEHUSI 3aBUCUMOCTEL OT
CYIIECTBYIONINX Bepcuil (hpeliMBOPKA B CPe/Ie BHIMIOJIHEHNSI.

JSON-B petaet sty npobiemy, obecHednBasi cTangapTHoe npeobpasoBanue JSON.
PacnipoctpaHeHie HeCTaHIAPTHBIX (PeMBOPKOB HpeoOPa3oBaHus, TaKKX Kak Jackson
unu Johnzon, 6osblie He TpebyeTcs.

JSON-P 1.1

Cranpapt JSON-P 1.0, npeacrasnennsiii B Java EE 7, obecrneunBaer MOIIHYO BO3-
MOXXHOCTB IIPOTPAMMHO c03/aBaTh 1 YnTaTh CTPYKTYpsI JSON. Bepcus 1.1 B ocHoBHOM
BKJIIOYAET B ce0s moagepkky ooumx crangaptos JSON.

Opnunm u3 atux crauaaptos IETF asnsercs JSON Pointer (RFC 6901). On ompe-
JeJIsteT CUHTAKCHUC 7181 3a1ipoca cTpyKTyp u 3Hadenuit JSON. McHonb3yst ykasaTen,
Takue Kak "/@/user/address", MOXHO cchlaThest Ha 3HaueHus JSON, kak Ha XPath
B XML.

Ita (PpyHKUMS BKIOYEHA B TUH JsonPointer, cO3[1aBaeMblii C MOMOIIBIO METOIA
Json.createPointer(), ananoruyto cyiectByiouiemy JSON-P APL

JIpyruM ¢ HelaBHUX TIOP MOAJEPKUBAEMbIM cTaHaapToM siByisietcst JSON Patch
(RFC 6902). O oHpezienisieT Tak Ha3bIBaeMble ATYU U METOABI MOAM(DUKAIINH, KO-
TOpbIE TIPUMEHSIOT K CYIIeCTBYoUUM cTpyKTypam JSON.

JSON 1.1 nonnep:xuBaet coznauue natyeii JSON ¢ nomotipio IJson. createPatch uiu
Json.createPatchBuilder. CoorBercTBytommumii T JSON-P HassiBaeTcst JsonPatch.

Tperuii cranpapr, noaaepxusaemsiit IETF, — ato JSON Merge Patch (RFC 7386).
OH 1mo3BO/IAET OOBEAUHATD CylecTBYIOmUE CTPYKTYpsl JSON /151 cos3manus Ho-
BbIX cTPYKTYp. JSON-P noazep:kuBaeT co3naHue natyeil CAUSHUS HOCPEICTBOM
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Json.createMergeDiff unu Json.createMergePatch u nojyyeHue B pe3yJbTaTe THUIIA
JsonMergePatch.

[Momumo sTHX cTanaapTos, moanepxkuBaeMbix IETF, JSON-P 1.1 Bkitouaert B cebst
HECKOJIbKO HeGOIbIIKX (QYHKIUH, yHPOIIAINUX HCIIoab3oBanye AP, OnHum us npu-
MEPOB Takoii QYHKINY SIBSETCS MoAAepkKa moTokoB Java SE 8 uepes mpenonpene-
JIeHHBIE KOJIJIEKTOPBI HOTOKOB, TaKHe Kak MeToZ JsonCollectors.toJsonArray(). Euie
OJIHO HEBOJIBINOE YIIyYIlIeHHE TO3BOJISET CO3aBaTh TUIIL 3HaYeHUH JSON-P 13 crpok
Y IPUMUTHBOB Java ocpeJcTBOM Json. createValue.

Bean Validation 2.0

B Java EE 8 Bepcus Bean Validation o6HoBunace 1o 2.0. [IoMruMo HOBBIX TIpeno-
IpefieJIeHHBIX OTPAaHNYEHUI TJIABHBIM U3MEHEHUEM B Hell ctana noanepskka Java SE 8.

Mopaepsxka Java SE 8 BrtouaeT B cebst HECKOIBKO AHHOTAIMHN € Pa3HON KOH(DU-
rypaiueii orpanndyenuii nposepku. Teneps moanepsxxusaiorcs Tunsl AP Java 8 Date
u Time — HampuMep, X MOXHO HCIIOJIb30BaTh Kak @Past LocalDate date.

3HaueHNs1, KOTOPBIE COMEPIKATCS B KOHTEHHEPHBIX TUIAX, TAKKE MOTYT OBITH
IIPOBEPEHBHI [0 OTAEJbHOCTU Yepe3 aHHOTAIMHN apaMeTPU30BaHHBIX TUIIOB, HAHPU-
Mep Map<String, @Valid Customer> customers, List<@NotNull String> strings
1 Optional<@NotNull String> getResult().

B Bean Validation 2.0 HosiBiIMCH HOBBIE TIPEOTIPEIETIEHHbBIE OrpaHnyeHust. Hanpu-
Mep, @Email mpoBepsieT apeca 3JIeKTPOHHON HOUYTHL, a @Negative u @Positive — uuc-
JIOBBIE 3HaYeHUsT, @NotEmpty rapaHTHPYeT, YTO KOJIJIEKIIUY, KAPTHI, MACCUBBL U CTPOKU
He SBJISIOTCS HYCTBIMM M UX 3HAYEHWE He PaBHO null, @NotBlank mpoBepsieT, YTOOBI
CTPOKA He COCTOSLIA TOJIBKO U3 TPOGEJIOB.

OTH OrpaHUYEHUs SIBJSIOTCS TIOJE3HOM CTaHIapTHOM (DYHKIIMEH, KOTOpas TI03BO-
ssieT u36€KaTh BBIMOJIHEHUST HOTOOHBIX TPOBEPOK BPYUHYIO.

JPA 2.2

B Java EE 8 cuenudukanus JPA o6HoBUIACh 10 Bepeuu 2.2, ITa BEPCUSI OPUEHTHPO-
BaHa B OCHOBHOM Ha (pyHkiuu Java SE 8.

[Togo6uo Bean Validation, Hognepxka Java SE 8 Bxirouaer B ce6a API Date
u Time. Takue Tumnel, kak LocalDate wiu LocalDateTime, Tenepb HOAMEPKUBAIOTCS
10 YMOJTYAHUIO JIs1 CBOMCTB CYI[HOCTEN.

Bepcus 2.2 mo3BossieT Bo3BpaniaTh pe3yabTaT 3alpoca He TOJIbKO B (hopMaTe
List<T>, HO ¥ Kak Stream<T>, UCNIOJIb3YysI MeTO getResultStream(), Kak HOKa3aHO
B cJenyionieM (parMeHTe KoJa:

Stream<Car> cars = entityManager
.createNamedQuery(Car.FIND_TWO_SEATERS, Car.class)

.getResultStream();
cars.map(...)

Kpowme toro, B JPA 2.2 HakoHel HOSIBUJIACH TOJIEPXKKA BHEIPEHNUS YIIPABIISIEMBIX
KOMITOHEHTOB B HpeoGpasoBarenu arpubyTos ¢ Homolbsio CDI@Inject. ITo yBenuuu-



O6HoBneHus API B Java EE 8 379

BAaeT KOJIMYECTBO ClIEHAPMEB HECTAHIAPTHHIX peobpasoBaresieil aTpruOyTOB U fesaeT
ux 6osee HoJe3HBIMU. I10106HO APyTUM cTaHAapTaM, TakuM Kak JSON-B, yaydiientas
unterpaius CDI nooripsier moBTopHOE HpUMeHeHUEe KOMIIOHeHTOB Java EE.

Tax:xe B Bepcuu 2.2 HOSIBUJIUCh MHOTOKPATHO UCIIOJb3yeMble aHHOTAI[UH, TAKHE
Kak @JoinColumn, @NamedQuery 1 @NamedEntityGraph. [Tockonbky Java SE 8 mo3Bossiet
IPUMEHSTh OJWH U TOT K€ THUII AHHOTALMU HECKOJIBKO Pas, IIPOrpaMMUCTaM O0JIbIie
He TIPUXOUTCS 3a/I€WCTBOBATH [IJISI 9TOTO COOTBETCTBYIOIIME TPYITHOBbIE AHHOTAIIHH,
Takue Kak @JoinColumns.

Security 1.0

Kaxk BuzHO 13 mocsiezineit rasbl, nenbio Security 1.0 sSiBJsieTcs yHpOIeH e HHTETPaluy
3azia4 GezonacHocTy B npuiaokenus Java EE. TToaToMy IporpaMMuCTaM MpejjiaraeTcst
3aelicTBOBaTh MolIHble GyHKIMY, Takue Kak JASPIC.

B rnaBe 10 mbI paccMoTpeny GyHKINY U IPUMEHEHNE MEXaHU3MOB ay TeHTU(IKa-
i HTTP, xpanuiuig y10CTOBEPEHNH 1 KOHTEKCTHI GE30HACHOCTH.

Serviet 4.0

Ha moment nanucanus s1oil Kuuru HTTP /1.1 Obl1 ri1aBHOM UCIIONIBb3YeMOI BEPCH-
eit HTTP. Ocuosuoii 1ienpio HTTP/2 siBaisteTcst ycTpaHeHre HEAOCTATOYHOM TIPOU3-
soaurenbuoct HTTP B Be6-npunoxkennsx. B yacTHoCTH, 3a11poc HECKOIBKUX PECyp-
COB BeO-CHUCTEMbI MOT HPUBECTH K HEOHTMMAJbHOU HPOU3BOAMTEIHHOCTH M3-32
MHOTOYHUCIEeHHBIX HoAKIoueHuit. Bepcus HTTP 2 nanpaBiena Ha yMeHbIIeHME
TIPOCTOEB ¥ HOBBILIEHKWE HPOIYCKHON CMOCOGHOCTH HYTEM MYJIbTHUILIEKCUPOBAHUS,
KOHBeHepHO# 00pabOTKHU, CKATUS 3aTOJIOBKOB M OTIPABKY JAHHBIX HO WHUI[MATHBE
cepsepa (server push).

Boapmmuctso usmenenuit 8 HTTP/2 He Bauser Ha paboTy HHKEHEPOB — COBCEM
He Tak, Kak Obw10 B Bepcuu 1.1. KonTeiinep cepsiera cam oOpabaThIBaeT BCe, YTO Ka-
caercst HTTP. Uckniouennem siBnsieTcst pyHkuus Server Push.

Server Push paGoTaeT TakuM 06pa3oM, YTo cepBep HanpsMyto otnpassier HTTP-
OTBETHI PECYPCaM, CBSI3AHHBIM C TEM PECYPCOM, KOTOPBIH 3aIIPOCUJ KIUEHT, UCXO/IS U3
TIPE/NOJIOKEHUS, UTO KIMEHTY TIOHAZ00SITCS ¥ OHU TOXKeE. DTO TIO3BOJISIET CEPBEPY OT-
TIPaBJISITh PECYPChI, KOTOPbIE He GbLIN 3aHPOIIEHbI KIMEHTOM siBHO. Ha BeG-cTpanmiax
HTOT METOI ONITUMH3AIMH TPOU3BOJUTEIBHOCTHA B OCHOBHOM HPUMEHSIETCS K Tabsiriiam
cTuel, koay JavaScript u IpyTUM aKTHUBaM.

Servlet API nogmepxuBaet coobuieHns Server Push ¢ IOMOLIBIO THIIA PushBuilder,
CO3/1aBa€MOT0 MeTOIOM HttpServletRequest.newPushBuilder().

JSF 2.3

Java SErver Faces — 5T0 TpaauiimoHHBIH CHOCOO OCTPOEHUS CEPBEP-OPUEHTUPOBAH-
HBIX TI0JIb30BATEIbCKUX UHTEP(PeiicoB Ha ocHOBe koMnoueHToB HTML. Java EE 8
IIOCTaBJISIETCA B KOMILIEKTE ¢ 0OHOBIeHHO Bepeueit JSF 2.3,
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OcCHOBHBIE YCOBEPUIEHCTBOBAHUS B 3TOHW BEPCUU BKJIIOYAIOT B CeBs JIydNIyIO MH-
terpaumio CDI, WebSocket u AJAX, Bean Validation Ha ypoBHe K/1accoB, a Takxe
moanepxKy Java SE 8.

[TockosnbpKy OCHOBHOE BHUMaHUeE B 3TOW KHUTe yeJssieTCsl CePBEPHON YacTH, TO
0 JSF 31ech ymoMuHAETCst TOJIBKO BCKOJIB3b.

JCP 1 yyactune B co3gaHumM CTaHAapTOB

Java Community Process (JCP) oupene/nsier CTangapThl, KOTOPbIE 00Pa3yiOT HIaT(POPMBIL
Java SE u EE, Bruitouas cam obobmatonuii cranaapt Java EE. OtaenbHbie CTaHAAPTHI
oHpezensoTes Kak Java Specification Requests (JSR), KaxXIblil 13 KOTOPBIX 0Opa3yer
TaK Ha3bIBAEMbIE IKCNEPMHbLE ZPYNNbL, COCTOAIINE U3 IKCIIEPTOB U KOMHaHHﬁ, 3aHU-
MAIOIIUXCS Pa3paboTKON KOPHIOPATUBHOTO HPOTPAMMHOTO 0O€eCTIeYeH sl

Vpest 3aKk/1i04aeTcsl B CTAHAAPTU3AIMM TEXHOJIOTHH, KOTOpasi Xopoio cebs 3a-
PEKOMEH/IOBA/IA B PeajbHBIX IpoeKTax. O6beaNHAA ONBIT KOMHAHUM ¥ OTJENbHBIX
JIUI] U3 3THUX PEAJIbHBbIX HPOEKTOB, YIa€TCA C(bOpMI/IpOBaTb HE3aBHCHMBbIE OT BEHAOPa
KOPIOpaTUBHBIE CTAHAAPTHL Java.

OueHb BaXXHO, YTOOBI B JCP yuacTBOBaIM KaK KOMIIAHWUHU, TAK ¥ YaCTHBIE JIUIIA.
ITO0 MaeT BO3MOXKHOCTH (POPMUPOBATD CTAHAAPTHI ¥ OHPEENST Oy AyIlee TEXHOJIOTUH
Java, a Taxxke npuo6GperaTsb 3HaHMS B 061aCTH 5TON TeXHOIOTHU. OTKPBITHIE TPOIECCHI
JCP HO3BOJISIIOT HPOTPaMMHUCTaM y3HATh, KAKUMU OYAyT caexyromme Bepeuu Java EE.

YacTHble 112 ¥ KOMIIAHUY TaK)XKe MOTYT CJEeIUTh 32 IIPOLIECCAMU CTaHAAPTU3A-
1y, 1axe eciu He yyactByioT B JCP. Ouu MoryT nmpocmarpuBathk paboure Bepcuu
CTaHJAPTOB U OTHPABJSATH CBOU COOOPAKEHNUST IKCHEPTHBIM TPYTIIaM.

IKCIepTHBIE TPYHHBI AKTHBHO MTPUBETCTBYIOT KOHCTPYKTUBHYIO 0GPATHYIO CBSI3b
npu paspabotke cHenudukanuit. OueHb MOJE3HO TMOJYIaTh OT3BIBbI, CBEAEHUS 00
OHBITE IIPUMEHEHUA TEXHOJIOTUH B PEAJIbHBIX HPDOEKTaX U IIOMOIIb B paspa60T1<e CTaH-
JIapPTOB, JIyYIlle OTBEYAMOIIUX TIOTPEGHOCTSM OTPACIIH.

5 Toke yuactBoBan B cocraBiaenuu Java EE 8 — Bxoaua B 1Be aKCIepTHBIE
rpynmbr JAX-RS 2.1 u JSON-P 1.1. I MHOTOMY Hay4uJICsi B XOJI€ 3TON PabOTHI.
[Ipurnamaro APyrux pa3paboTYMKOB KOPHOPATUBHBIX Java-TIPOEKTOB yU4aCTBOBATh
B Hporieccax JCP.

MicroProfile

[easio nannuateel MicroProfile 65110 co3naTh HAACTPONKY HaJ CTaHAAPTAMU
Java EE u noctpouts nipoduiu MeHblero Macurraba, HpeiHa3HaYeHHbIE JIJIsI MUKPO-
CEPBUCHBIX apXUTEKTYP, a TaKXKe MMO3KCIEPUMEHTHPOBATh ¢ GYHKUUSIMU, HE 3aBU-
CAIUMMU OT CTaHJAPTU3AlMU. B aT0il MHUIMATHBE IPUHUMATH yYacTHe HECKOJIbKO
MIOCTaBIKOB CEPBEPOB MIPUJIOKEHUI, KOTOPBIE POPMUPYIOT (haKTUUeCKUe CTAHAAPTHL,
COrJIacOBaHHBIE C IPOYNMU NTOCTABIUKAMU.
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['MaBHOE IPENMYIIIECTBO CEPBEPHBIX IPUIOKEHUH, HO[IepkuBatoiux MicroProfile, —
BO3MOKHOCTB 3amycKa npuioskenuii Java EE, TpeGytomumx 1uiib HeGOIbIIOTO KoNuye-
cTBa cTaHAapToB (B nepBoi Bepcuu 310 JAX-RS, CDI u JSON-P). [Toxo6HbiM 06pasom
MOCTABIIUKY CEPBEPOB MPHJIOKEHNI HO3BOJISIOT COKPATUTD CPELY BBIMOJHEHUS 10
OIpeziesIeHHOro Habopa CTaHIaPTOB.

[IpenMy1iecTBO 9TUX HOAXOAOB 3aKIIOYAETCSI B TOM, YTO OHU HE MPOCTO ONTH-
MU3HMPYIOT BPEMSI BBITIONHEHVSI, HO U He J0GABJSAIOT JJIsl 9TOTO HOBbIE 3aBUCUMOCTHU
B KOPHOPATUBHBII HPOEKT. [IporpaMMKCTBI MOTYT IPOAO/IKATH HUCATD HPUJIOXKEHMS,
WCHOJTB3Ys CTaHAAPTHYIO TexHosioruio Java EE.

Eclipse Enterprise for Java

B centab6pe 2017 rozxa, nmepex camoii mybaukamuei sToil Kuuru, kommanus Oracle,
Bnazenen texuonoruii Java EE u JCP, o6bsiBrna o Hepenaue miatdopmsr Java EE
u ee cTanzapros opranusanuu Open Source Foundation, yto cTaso npuuuHoii moss-
nenus Eclipse Enterprise for Java (EE4]). Ceiiuac IaHMPYETCS CHU3UTD Oapbep /s
KOMHAHUIl ¥ MPOTPAMMUCTOB, KOTOPBIE XOTeIM Obl BHECTH CBOM BKJIa/[ B CO3/IaHME
6oJ1ee OTKPHITON TEXHOIOTHH.

OpHako, KaK Gbl HY BBITJISIZIE/IA Pealu3aliis 9TUX HIAHOB, BAXXHO OTMETHUTD, YTO
OHU TIO/IPAa3yMEBAIOT COXpaHeHue cyTu miaatdopmbl. KoHIleNIUuy U METOBI, TIPE-
CTaBJIEHHBIE B 3TOW KHUTE, COXPAHATCS B OyIyIIMX BEPCUSIX KOPIIOPATUBHOM Java.

$I Mory IOBTOPUTH TO, UTO y3ke roBopu 06 yuactuu B JCP. Ho, HOCKOJIBbKY 3a1ty-
IIEeH Mpoliecc cTanaapTusauuu Enterprise Java, s Hpu3bIBaio HHXEHEPOB 1 KOMIIAHUU
npucmotpetbes K Eclipse Enterprise for Java u npunsats yuactue B pazpaboTke Kop-
MOPATUBHBIX CTAaHAAPTOB. KOJIJIEKTUBHBIE 3HAHUS U TIPAKTHYECKUN OIBIT TIOMOTJIN
copmuposaTh ctanzapthl Java EE, HoMoryT co3nats ux u aist Enterprise Java.
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