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[lpeanc/ioBue pefaKkropa nepesoaa

INpeanaraemMas BHHMaHHUIO YuTaTeas kHura [nengopaa k. Maiiep-
ca BHIFOJAHO OTJIHYAETCA OT APYTHX KHHI MO TeXHOJOTHH IPOrpaMMHpoO-
BaHHsl TEM, UTO B Hell U3 BCEro pa3Hoo0pa3Hs XapaKTEePHCTHK Nporpam-
Mbl BBLIE/NSIETCS OfHA, HO TaKasi, KOTOpas MO3BOJNSET C eAHHbIX NO3HIHA
H3JI0XKHTb BECh CJIOMKHBIH KOMIVIEKC NPo6JeM, CBA3aHHBIX C pajHKa/lb-
HbIM CHHXKEHHEM 3aTpaT Ha NPOU3BOACTBO, BHEAREHHE H HCNIOJNb30BaHHE
NpOrpaMMHOro obecreyeHHs.

10 neppasi B MHPOBOH JIMTEPATYpPe KHUra, LETHKOM IOCBSULEHHAS
HaJIeXKHOCTH NPOTPaMMHOrO ofecriedeHusi U He 6e3 OCHOBaHHMH NpereH-
Lyloulasi Ha OCBeLIGHHEe NPAKTHYECKH BCeH COBOKYMHOCTH (PaKTOpOB,
CYIJeCTBEHHO BJIHSIONIHX HA 3TOT BaXKHEHLINH [0Ka3aTe/lb. Asrop Hacra-
HBaeT Ha TOM, YTO IIOBBILIEHHE HAJEXHOCTH — CAMbId BBLIFOAHBIA MYTh
K CHHKEHHIO OGUIUX 3aTPaT, CBSI3aHHBIX C MPOrPaMMHbLIM O0ecredyeH HeM.
BriGpaB HaneKHOCTb OCHOBHBIM KpPHTEPHEM KauyecTBa OKOHYaTeJbHOro
[IPOTPaMMHOI0 MPOAYKTa, aBTOpP NO/YYaeT TOYHBIA OPHEHTHD WIS OT-
6opa TEXHONIOTHYECKHX PEKOMEHJALHH, - COCTAB/AIOUIHX CYUIHOCT
KHHTH. .

Posib aBTOpa KaK KpYIHOrO CHelHaIHCTa, OCO3HABLIEro M NponaraH-
JUpYIOWEro TaKoil B3r/s[ HA NPo6/eMbl palHOHAIN3ALHH IPOU3BOJCT-
Ba NMporpaMMHOro ofecrneuyeHHsl, AOCTAaTOYHO 3aMeTHa. K Hacrosiuemy
BpeMeHH MM HAMHCaHO y2Ke MATb MOHOTpaguil 10 STHM BONpOCAM, Cpeiy
KOTopHIX Bbliieawass B 1979 ropxy KHura, CoenHaJbHO NOCBSILIEHHAs
HCKYCCTBY TeCTHpOBaHHS. \

Kak 3To Bceria GhiBaeT B pa6oTe Takoro o6beMa U HOBU3HBI, aBTOPY
He Besjie yAaloCb OAHHAKOBO yGeIHTEeJbHO H TOYHO OGOCHOBATb CBOH
YTBEP>KIEHHUS u OLUeHKH. OQHAKO B 1IeJIOM KHHIa NMOJYYHIach JOCTaTOY-
HO CTPOroil, oueHb MHPOPMATHBHOH W BHOJNHE AOCTYNHOH A/ NEPBOro
yrennst. OHa GyJieT noJie3aHa BCeM NPHYACTHBIM K NPOU3BOACTBY MPO-
IpaMM— OT HAYHHAIOWHUX JO PYKOBOAHTesed NMPOrPaMMHCTCKHX KO-
JIEKTHBOB. MHOrO ULeHHOro HalAYT B Hell W MO/Ib30BaTe/H, U 3aKA3UHKU

NPOrPaMMHBIX MPOAYKTOB. '
B. I, Kaypman



Mocsswaemes Axncennugep, 3ndu u Qocedy

[peancaosue

B xonue 60-x rofos mpucTalbHOe BHHMaHHE NpPECCH NMPHBIEK TOT
()akT, YTO BHIYHC/JUTEJIbHblE MAIUMHBI MOT'YT Je/aTh OIIHOKH, KOTOphIe
CNOCOOHHE! BJAMATH Ha HaWly KHM3Hb. B COOOLIEHWH NOJ XapaKTepHBIM
saroyoBkoM «Tynuna xomnbioTep!» onuchiBajcsi ciaydal, Koria MOKY-
naTenb, NoayyuB 4u3 yHuBepmara cyeT Ha 0.00 monnapos, nhiTajscs
COOOIMTL 06 3TOH owinbKe B Mara3uH, HO NPOLOJAXKaJ 6e3 KOHLIA Mony-
yaTh HanoMuHanus oT DBM c¢ npenynpekienuem 3akphiTb €ro Ccuer,
€CJIM 3aJI0/12KEHHOCTh He OyneT noraiena. B cayuasx Takoro popa npo-
11 BCero nocJjaTh no noute cyeT Ha 0.00 noaapoB WM, Kak 3TO caenan
NoKynarenb, cOOOLIUTL O HEOpa3yMeHUH B PUHAHCOBBIH paszesn «Hbio-
HMopk Taiimc».

Takue HenopasymeHHA, KOHEUHO, HexeJaTelbHbl, HO yulep6 or
HHX OOBIYHO He BLIXOAMT 32 PAMKH HENpUATHOCTeH NJiA OTHEeJBHBHIX
Jul. 5l 66 CKopee mpeAnoyes BCTYNHTh B AKCKyccHio ¢ 9BM yHuBepMa-
ra, YeM OUYTHMTBCS B I0E3/€, KOTOPHIH ynpapasiomas kM SBM nuitaercs
pasoruats 10 1000 kM B yac Bmecto 100 13-3a omnGky B nporpamme. Mel
JKHBEM CeroiHs B MHpe, I'le TOfoOHas CUTyauHsi yxke Bo3MOxHa. [Jo-
CKObKY 06paboTKa NaHHBIX 3aTparuBaeT Hallly XKH3Hb BO Ece GoJsbluefi
cTeneHu, own6kH IBM MoryT Temeph MMeTb Takue MOCJENCTBHS, Kak
HaHeCeHHe MaTepHaNbHOrO yllep6a, HapylleHHe CeKPeTHOCTH, ocKopGie-
HYe JINYHOCTH U Jaxe CMepTh.

JTa KHHTa O TOM, KaK peliuTb Npo6aeMy HeHaNeXKHOCTH NporpamMm-
Horo o6ecnevenusi. Vccaenyioress Bce acmeKThl MPOM3BOACTBA MpoO-
rpammueixX cucteM. [Ipensiaraemere pelieHHs NPEACTABIEHb B BUAE Npun-
yunos u memo0os. TIPHHILUIIEL — 3TO OCHOBHbIE CTPaTeruyecKHe Hanpas-
JIEHHS! B M3rOTOBJIEHUH HaJEeXXHOTO NporpamMMHorc oecneueHus, a me-
TOAbl — 3TO GoJlee MeJIKe TaKTHYECKHE PeIlleHHA pas3/HYHBEIX aCREKTOB
npo6JemMbl HeHaAeKHOCTH.

KHHra cocTOHT H3 yeTbipex GOMbILHUX YacTeil. 3afiaya nepBoii 4acTH —
ONpeNe/NHTh MOHATHE HANEeXKHOCTH NPOrpaMMHOro obecreueHus, pac-
CMOTPETb OCHOBHblE NPHYHHBI OLIMGOK B NpPOrpaMMHBEIX CHCTeMax H
BbI3BaTb Yy UHUTaTe/l HHTEpeC K APYFHM 4acTsAM KHUrd. B vacru 2 us-
J1araloTCsl MPHHUMKIBL U METOAB!, HCNOMb3yeMble NMpPH NPOEKTHPOBaHHH
HaZieXXHOro rnporpammHoro ofecneyeHusi. CJI0BO «IIPOEKTHPOBaHHE»
TIOHHMaeTCs! B LIHPOKOM CMbiCJIe H 0603HaYaeT BCe MPOLECCH OT ompe-
JelleHHst TpeGOBaHHi K NPOrpaMMHOH CHCTeMe JIO HaNHCAHHUS OTAe/bHBIX
NPeJIOKEHUH NPOrpaMMBl.

Yacte 3 nocssiueHa oGlMpHON 06/1aCTH TECTHPOBAHHS MPOrpaMm-
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Horo o6ecrieyeHusi, KOTOpOe IIOIVIOU[aeT 3HAYHTENbHYIO JOMIO 3aTpar
Ha 06paboOTKy JaHHLIX H O KOTOPOM GO/ILIIMHCTBO 3HAET BCe ellle CJIHUIL-
KOM MaJsio. XOTS K/JII0UOM K HaJeXXHOCTH CJYXKHT YeTKOCTb NPOEKTHPOBa-
HHsl, TECTUPOBAaHHME UIPAeT BaXKHYIO PO/Tb B 00eCMeYeHUH HANEIKHOCTH
nporpaMMHOro obecneuenusi. B Kuure paccmaTpuBaeTcs UeMBIH PSR
MpPOBEPEHHBIX NMPHHUKIOB M METOJOB TECTUPOBAHUS. '

[TpodeccHoHAMLI 3HAIOT, YTO HA HAJEXKHOCTb BIMSIOT U Apyrue ¢a-
KTOpbI; MHOTHE M3 HMX paccmaTpuBaiotcs B yacTH 4. Ha HajgexnoctH
MporpaMMHpPOBAaHHsl, HANpPUMEp, CyIIECTBEHHO CKa3bIBAlOTCS OpraHH3a-
LIMOHHAsA CTPYKTYpa, NoAGOp KaJpoB H B3aUMOOTHOILEHHS COTPYAHUKOB,
/1aHbl PYKOBOACTBA M BO3MOXHOCTH MX BBINOJIHEHMUS, CPEJCTBA IIPOrpam-
MHUPOBaHHs#, 00CTAHOBKA, B KOTOPOH NMpoBOAHMTCA padora,  T. 1. Pac-
CMaTpHBAIOTCS TaKxkKe NMpo6/ieMbl, CBA3aHHbIE C COBPEMEHHBIMH 13bIKAMH
nporpaMMHpPOBaHUsi M apXuTekTypoit OBM, u mpemiaraiorca pelueHus
sTHX mpobneM. YJeleHO BHUMAaHHE TAaKXKe MaTeMaTHYeCKOMY JOKasza-
TeJIbCTBY ITPABHIBHOCTH TNPOTpaMM M MeTolaM pacyeTa (MOJensiM)
HaJIeXKHOCTH.

O Haile)XXHOCTH INpPOrpaMMHOTO obecrieyeHHsl TOBOPUTCH TONBKO C
TOYKH 3peHHUs OWHOOK B HeM camoM. CoBepllleHHO He 3aTPOHYTa BaxKHas
TeMa HCNONb30BAHUSI NPOTpaMM JJisl MCIpaBleHHA OWIUGOK ammnapary-
pbi WM UX TIOCJEACTBUH, TAKHX, KaK OTKa3bl YCTPOHCTB BBOJa-BHIBOJA.
Xors 3Ta TeMa, OYeBHJHO, AOJKHA PACCMATPUBATLCH NPU aHA/IU3e Ha-
JIeXKHOCTH CHCTeMBI B I[€I0M, OHA He BOLWIA CI0Ja NOTOMY, YTO 3aCJyKH-
BaeT OT[eNbHOH KHHUIH M, KPOME TOTo, JOBOJTbHO XOpOLIO paspaGoraHa.

Ora KHHra JOVDKHA ObITh [0/1e3HA BCEM, KOTO UHTEpecyeT MPOU3BOJ-
CTBO HaJie2KHOTO NPOrpaMMHOro obecriedenusi. HauGonbiyio nosipsy us3
Hee CMOr'yT H3Biedb Te, KTO HeNoCpeICTBeHHO CBfi3aH C 3THM Hpouec-
COM: NMPOrpaMMMCTbI, aHATUTHKH, TIEPCOHA/N TPYNN TeCTHPOBAHHUS, PY-
KOBOJMTe/IH OT[e/]0B NPOrpaMMHpOBaHMs H 00paGOTKH JaHHBIX. Pa3s-
paGOTUYHKOB $I3LIKOB MPOrpaMMUPOBAHUA MOT'YT 3aHHTEpecoBaTb pas-
JieNel O A3biKaX, CTH/Ie NpOrpaMMUpoBaHus U apxuTekType DBM. INons-
30BaTe/IM MPOrpaMMHOro obecrnedyeHHsi, B 0COGEHHOCTH Te, KTO OTBedaer
3@ MNOKYNKY MNPOrpaMMHBIX CHCTEM HJIM TOATOTOBKY KOHTPAKTOB Ha
Pa3paGoTKy HOBEIX CHCTeM, IIO3HAKOMSATCS C HAESMH HAaJeXHOCTH H HX
BIITHSIHYEM Ha BBIUHC/UTE/IbHbIE CHCTEMBI. Bech MaTepuas KHUTH TIOMOXKET
HCC/IeR0BaTeNAM JyYllle [OHATb NPOGJIeMbl HafleXKHOCTH, OLEHHTD NMOMb-
3Y TpPeXHHUX HCCJeNOBaHHH M YyBHAeTb obeiamoiiue 0671aCTH HOBBIX
H3BICKAHHH. :

Kuura Gyner nomesna u kak cnpaBounuk, H Kak yye6Huk. Ona
TIO3HAKOMHT CTY[eHTOB YHHBEPCHTETOB CO MHOT'MMH pealbHBIMH IpO-
Gremamu paspaGoTku nporpaMMHoro obecrnedeHusi. Ee MOXHO HCHO/b-
80BaThb B KayecTse yueGHUKA 1O pa3paGoTKe MPOrpaMMHOro ofecmeye-
HHA 119 CTaplUeKypPCHHKOB MM aCUPAHTOB MO CHEUUATbHOCTSM MpH-
KJIHOTO M TecpeTHuecKoro nporpaMMHpOBaHHs, B OCOGEHHOCTH €CTH
obydenue Gyner COMPOBOXKAATLCA pellieHMeM INPAKTHYECKHX 3anady,
HaNpUMep | yueGHBIM npoekToM. §I HMCHONB3OBan BeCh 3TOT MaTepuan
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B Kypcax IO HaJeXXHOCTH MPOTPaMMHOro o0ecrneyeHHs IJsi acrupaH-
ToB B MHCTUTYTE cHCTeMHBIX HccaenoBanuii IBM u IMonurexuuyeckoM
nnctutyTe Hbto-Vopka.

51 6narogapeH MHoruM KoJuieram u3 MHCTUTYTa cuCTeMHBIX Hcciie-
JoBaHuit IBM 3a neHHBIe COBeTH 1O MaTepualy KHUIMM. B wactHocTH,
OYeHb MOJIE3HHB! ObLIM KOHCTPYKTHBHas KpHTuka KHuru P. [onn6eprom
n C. X. XacnenoM, a Takxe COJepxaTelbHble peKOMeHIalHH
B. I'. Beiizenxodppepa, K. k. Bouremno u JIxk. E. ®asnarana no
Mmatepuany 4acTtd 4. 51 06fi3aH OTMETHTb, UTO HEKOTOphbie IOJOXKEHHS
KHHTH MOXKHO CYMTaTh CIIOPHBIMH; B3IVISIIBl H MHEHHS, BHICKa3aHHLIE IO
STHM BONpOCaM, NPHHAJJIEXKAT JHYHO MHE H He 06513aTe/IbHO BHIPAXKAIOT
MHeHHA NepeyHCeHHEIX Bhlllle Jiofed WiM Kopnopanuu IBM.

Huro-FHopr, H.-H. - .
Anpeao 1976 Trengpopd Hdoac. Madepc



YACTDb 1
O6umue MOHSITHA
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OnpeaeneHne HaJeKHOCTH
nporpaMMHOro obecrneyeHus

Ha ceromus camasi cepbe3Hasi npo6ieMa B 061aCTH 00pabOTKH AaH-
HBIX — 3TO npoGieMa nporpamMmMHoro obecneyeHusi. BHelliHe oHa nposiB-
JisieTCsl B IOCTOSIHHBIX XKa/J00ax Ha TO, YTO NMPOrpaMMHOe ofeclieyeHue,
BO-TepBbIX, JOPOTO M, BO-BTOPBIX, HEHaJeXHO. BOJBUIHHCTBO crienua-
JIUCTOB CUHTAeT MepBHI H3 HEIOCTAaTKOB BO MHOIOM IIPOsIBIE€HHEM BTO-
poro. [TockonbKy COBpeMEeHHOe NporpaMMHOe OfecrieyeHHe MO CaMoH
CBOeil MpHpOJe HEeHaleXKHO, ero TeCTHPOBaHUe H 06CTyKHBaHHe Tpely-
0T CYLIEeCTBEHHBIX PacXofoB. XOTS 3Ta KHHTa NOCBALIEHA B OCHOBHOM
npo6/eme HaJeXKHOCTH NMPOTPAMMHOrO ofecreyeHHs, BOINPOCHL €ro Bbl-
COKOH CTOMMOCTH TaKke OYAYT 3aTparuBaThCs B TOH Mepe, B KAKOH OHH
CBfI3aHbl C HaJeXHOCTHIO.

ViHTepecHO OTMeTHTb, 4TO NpoG/ieMa HaAeXKHOCTU MPOIPAMMHOIQ
obecnieyeHus (C nosuuui, BecbMa OMHM3KHX K COBpPEMEHHBIM) paccMmart-
pHuBajach eume Ha 3ape NMpPHMeHEHHUs BLIYMC/IMUTETbHBIX MAIlHH:

«Te, KTO pery/isspHo nporpaMMHpyer AJs GbICTPOAEHCTBYIOLHX 3JEKTPOHHLIX
MalI¥H, 3HAIOT Ha COGCTBEHHOM OIbITE, YTO COJNHAHAS A0JSl NMOATOTOBHTEJILHOrO 3Tama
padotet Ha OBM yxoanmt Ha ycTpaHeHnHe OWHMGOK, CAENAaHHBIX NPH COCTABJEHHH
nporpamMmel. C TNOMOULbIO 3PABOr'0 CMBIC/IA H OTIAJIOYHBIX MOANPOrpaMm GOJBLILIMHCTBO
OHGOK yJaercst HaliTH H MCTIPaBHTb [OCTATOMHO ObicTpo. ONHAKO HEKOTOpBlE H3

HHX HaC'i‘(l).iIbKO HeyJIOBHMbI, 4YTO HE NOANAIOTCA OGHAapYIKEHHIO yAHBHTEJBLHO J0JIroe
Bpems» [1].

O1o HabmoneHHe GbIO CTIYGNHKOBAHO TPEMsi aHIVIMHCKHMH MaTeMa-
THKaMH B 1952 r. Xors owHGKH B mporpaMMHOM OGeClIeUeHHH BCTpeya-
JIUCB 1 110 1952 1., 3T0, KaxeTcst, epBoe NpU3HaHHe POG/IEMbI HaIEKHO-
CTH, T. €. TOro $aKra, 4To TeCTHPOBaHHe TPeGYeT 3HAUHTEIbHOTO Bpeme-
HH, ¥ Raxe nocje ero 3aBeplieHHs] HEKOTOPble OIIHOKH B NPOrPaMMHOM
ofecrieueHuH OCTalOTCS HEOGHADYKEHHBIMH,
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SABJAETCSA JIM JIYHA BPA)XECKOHA PAKETOH?

FlepBoe ¢ ueM Mbl CTaJIKHBaeMCsl IPH aHA/MU3e HaJIeXKHOCTH IPOrpaMM-
HOro ofecreyeHusi,— 3TO npobieMa ONpelie/ieHHs: YTO Takoe OLWIHOKa
B NPOTrpaMMHOM OGecleyeHHH U 4TO TAKOe HAJeXKHOCThb NMPOrpaMMHOroO
obecneyeHusi? BaxHO JOTGBOPHTLCA O CTAHJapPTHOM ONpefeieHHH, YTOObI
u36exaTb TaKUX CHTYallMH, Korja rnonb3oBaTelb yTBepxkJaer, uto 06-
HapyXHuJ B CHCTeMe OUIMOKY, a paspaboruuk oTseyaeT: «Her, cucrema
Tak ¥ Obl1a 3agymaHa».

CucreMa paHHero OGHapyxeHHs OaNJIHCTHYECKMX cHapsajos Bal-
listic Missile Early Warning System Jomxna Ha61104aTb 32 OGbEKTaMH,
JIBUXKYIIUMHUCS N0 HanpaBneHHio K CoenunennbM IllTaTam, u, ecnn 06~
€KT He ONO3HaH, HayaThb N0C/1eL0BaTe/IbHOCTD 3aLUTHBIX MEPONPHATHH—
OT NOMBITOK YCTaHOBHTb C OOBEKTOM CBfA3b JO NepeXBaTa H, BO3MOX-
HO, OTBeTHOrO yzaapa. OnHa U3 paHHHUX BepCHi CHCTeMBI OlIMGOYHO NpH-
Hsla noApiMaiomyiocs JIYHy 3a cHapsif, JIeTAMUHA HajJ CeBepHbIM IO-
aywapueM. Ounoka au 5170? C TOYKH 3peHus nonb3obarteis (MuHucTep-
crBa o6opoHsl CIIIA) — na. C ToukH 3peHHs pa3paGoTuMKa CHCTEMBl —
BO3MOXHO, H HeT. Pa3pa6oTunk MoOxKeT HAaCTauBaTb HA TOM, YTO B COOT-
BETCTBHH C TPeGOBAHHAMH WIH ClelU(pHKAUMAMH 3aLIHTHbE NeHCTBUS
JIOJIXKHBI GBHITb HAYyaThl 110 OTHOLIEHHIO K JIIOGOMY JBHKYIIEMYCSsl OGbeKTY,
NOSIBUBLIEMYCSl HaJ FOPH30HTOM W He ONO3HAHHOMY KakK Mupublﬁ Jiera-
TeJbHBIH anmapar.

Ieno B TOM, YTO pasHble JHIA NMO-PAa3HOMY HOHMMAIOT, YTO TaKoe
olH6Ka B mporpamMMHOM ofecnieueHHH. [Ipexne yem NPHCTYNUTb K 06-
CYXKJEHHIO MeTOJOB YCTpaHeHUs TaKHX OLIMOOK, ciefyeT AaTb OIpene-
neHue own6ky. OnHAKO nosnesHee OyJeT CHayana NPOAHATU3HPOBATH
U3BECTHBIE OonpejiefieHHs U yKa3aTbh Ha MX CJabble MeCTa, a He MbITAThCs
6e3 BCAKO#H MOAroTOBKH (GOpMYJ/IHMPOBaTh CBOE COOCTBEHHOE OIpejieieHue.

YTO TAKOE OLIMBKA?

Cor/1acHO OJHOMY K3 M3BECTHBbIX ONpefe/eHHi, porpaMMHoOe oGec-
nedyeHHe CONEPIKUT OIIUGKY, eC/TH €ro NoBelieHHe He COOTBETCTBYET Clie-
uubHKamusAM. DTO ONpeleNeHHe CTPajaeT CYIeCTBEHHBIM HEeJOCTaTKOM:
HeABHO NpeAnosaraercs, 4yro crnenndbHkailuy KOppeKTHH. Takoe npex-
HOJIOXKEeHHe ecd H GblBaeT CnpaBelJiMBLIM, TO PelKO; MOATOTOBKA cre-
nupUKanuil — ONHH H3 OCHOBHBIX HCTOYHMKOB owHO60K. Ecau mnose-
JleH}e IPOrPaMMHOTO POLYKTa He COOTBETCTBYET ero cneiudukamusM,
omubKa, BepoATHO, uMeercsi. OXHaKo, €C/IH cucTeMa BefeT cebs B Co-
OTBETCTBUH CO CHeuUpHKalHAMH, MBI HE MOXKeM YTBEpXKAaTb, YTO OHA
He COJEpIKUT OLINGOK.

BTopoe u3BecTHOe ompezeneHue I1acHT, YTO MPOrpaMMmHoe ofecre-
4eHHe COAEPKHT OMIUOKY, eC/TH ero IoBefleHHe He COOTBETCTBYET CellH-
(HMKaLusaM NPH HCIOJb30BAHHH B YCTaHOBJIEHHBIX NPHU pa3paGoTke npe-
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nenax. B IeHCTBUTE/ILHOCTH 3TO Onpeje/eHUe ele Xyxe nepsoro. Eciu
cuCTeMa C/Y4allHO HCNO/Nb3YeTCs B HeNnpefyCMOTPEHHOH CHTyalHH, ee
noBelleHHe JO/IXKHO OCTaBaThCfi pasyMHBIM. Ecin 5To He Tak, OHa co-
AEPIKUT OUIHOKY. PacCMOTPUM aBHALHOHHYIO CHCTEMY ANCIIETUEPH3ALIHH,
KoTOpast NIPOC/IeXXKHBAET H KOOPIAMHHPYET JBHKEHHE CAMOJIETOB Haj He-
KOTODHIM TeorpapuueckuM paiionoM. [lpeanosoxum, uTo, COrNacHo
crenMbUKaLNAM, CUCTeMa JOXKHA ynpaBiaTh ABHxkeHuem 10 200 camo-
netoB ofHoBpeMeHHO. Ho onHaxabl No HempeaBHAeHHBIM OGCTOATE/b-
ctBaM B paiione nossunca 201 camoser. Eciiu nosejenue CHUCTeMbI Hepa-
3yMHO — CKa)keM, OHa 3a6biBaeT 06 OJHOM U3 CaMOJIETOB MU BLIXOLHT
H3 CTPOsi,— CHCTEMa CONEPHKHUT OLIUOKY, XOTsl OHA HCHONb3YETCs BHE
pee/oB, YCTAHOBJIEHHBIX MPH MPOEKTHPOBAHHH.

COIVIacHO TpPeTbeMy BO3MOXKHOMY OINpeJie/IeHHIO, OLIMOKa HMeeTCst
TOrJla, KOTJia mporpaMMHoe ofecriedenue BeJeT ce6si He B COOTBETCTBHH
¢ opuILHATbHO IOKYMEHTALKel H TOCTaB/IeHHBIMU NI0/1b30BaTe0 ny6nu-
kauuaMd. K HecdacTnio, 3TO onpefie/ieHHe TaKKe CTPaJaeT HECKOIbKHMH
U3bsiHaMH. BO3MOXKHBI CHTYAallHH, KOTJa NporpaMMHoe obecreyeHue Be-
et cebst B coomeemcmeuts ¢ OQUIHATBHBIME MYGIHKALUAMH, HO OLUIHOKH
BCe-TaKH HMEIOTCsl, TAK KaK OHM COJepKaTcs U B mporpamme, H B nyGiu-
Kauusix. Jpyras npoGieMa BO3HHMKAeT BCJIEICTBHE TEHAEHUHH ONHCHI-
BaTh B PYKOBOJACTBAX AJISi IOJIb30BATE/NEH TONBKO OXKUAAEMYI0 H TUIAHH-
pyeMmyio paGoty ¢ cucremo#t. [Ipesnonoxum, 4To Mbl UMeeM PyKOBOJICTBO
JJI5 TI0/Ib30BaTe/ell CHCTEMBI pasjiesieHHsl BpeMeHH, B KOTOPOM TOBOPHT-
csa: «UToGHl AaTh HOBYIO KOMaHAy, HaXXMHTe OAHMH Pa3 KJIaBHIIY «BHH-
MaHHE» W HameyaTafiTe 3Ty KoMaHLy». [Ipefno/soKuM, 4To NoJib30BaTe/b
C/ly4yaiHO HaXXUMaeT KJaBHIYy «BHHMaHHe» JBaX</bl H CUCTeMa NPOrpamm-
HOro oGecrieyeHHusi BBIXOZHT M3 CTpOsi, OTOMY YTO ee Pa3pabGOTUHKH
He mpefycMOTpesd Takofl curyauun. CHCTema, OYEBHIHO, COAEPIKHUT
ouHOKY, HO Mbl HE MOXKEM yTBEpXKAaTb, YTO OHA BeleT ce6Gsl He B COOT-
BETCTBMH C MyGJAHKalUAMH.

CorsiacHo noc/iefiHEMY OIpe/ie/ieHHI0, KOTOpoe TaKKe HHOTAA HCIOMb-
ayercd, omMOKa onpenesisieTcs KakK HEeCHOCOOHOCTb CHCTeMbl AefCTBO-
BaTb B COOTBETCTBUH C HCXOJHBEIM KOHTPAKTOM WU NepeuHeM TpeGoBanuf
nojb3oBaresisi. XoTsl 3TO onpefiesieHHe Jyulle Tpex NpeAbAYUIHX, OHO
Takxe He 6e3 HefocTaTkoB. Ecau, coriacHo TpeGoBaHHAM NOIb30BATe/1,
CHCTEMa JOMKHA obecrieyuBaTh CpefHee BpeMsi MEXAY OTKa3aMH H3-3a
OWMGKH B NporpaMMHoM obecrieueHuu Ha yposHe 100 yacoBs, a st Jed-
CTBYIOLIeH CHCTEMbI 3TOT MoKasareib paBeH 150 yacam, cucTeMa Bce ke
UMeeT OUMOKH (IOCKOJIbKY ee CpeiHee BpeMst Mex /1y OTKa3aMH KOHEUHO),
Aaxke HeCMOTPSl HA TO, YTO OHA TpeBblaeT TPeGOBaHUs MOJIb30BaTeNs.
Kpowme Toro, mucbmenno sagukcHpoBaHHbE TpeGOBaHHS NONb30BATENA
PEIKO AeTaNH3HPOBAHbl HACTOJABKO, YTOObI OMHCHIBATL KeJ1aeMoe MoBe-
AeHHE NPOrpPaMMHOTO OGecredeHusi NPU BCEX MBICIMMBIX OOCTOSITENb-
CTBax.

Ecrs, oanaxo, pasyMHoe omnpejie/IeHHe OIIHGKH B POrpaMmMHoM o0ec-
MEYeHUuH, paspemaiouiee nepeyuc/eHHble Bble NPOOTeMBbl;
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B RpoCPAMMHOM obecnevenuu umeemcsa ouibra, ecai OHO He 8bINOAHS-
em moeo, 4mo noaL308aMeNr0 PasymMHo om Heeo ogcudams. Omxa3 npozpam-
MHO20 obecneqenus — 3mo nposerenue owubKu 8 HeM.

Sl npeiBHKY [Be pasHble peaKLHH Ha 3TO ompeieneHne. Peakunei
nosb3oBarens 6yner: «TouHo!s Paspaboruuk mporpaMMHOro obecneye-
HYisl MOXeT Bo3pa3uTh: «OnpejeneHne HenpakTHyHo. OTKYAa MHe 3HaTh,
YTO MOJb30BATENI0 Pa3yMHO OXKHAATL?» Jleso B TOM, 4TO ec/iH pa3pabot-
YHK NMPOTPaMMHOTO OOecledeHHsi XOoueT €NpoeKTHPOBATh YAAUHYIO CH-
CTeMY, TO OH BCErAa JOMKeH NOHHMAaTh, YTO HMEHHO ee NO/b30BaTeNAM
«Pa3yMHO OXHJATb».

C/10BO «pa3yMHO» ymoTpeGJeHO B ONpeleNeHWH HJis TOTO, YTOGHI
HCKJIIOYHTh CHTYallM}, KOTJa, HaNpuMep, K TepMHHANY HHPOPMAHOHHO-
NOWCKOBOH CHCTeMBbl My6GaHYHOM OHOIHOTEKH NMOAXOAHUT YeJOBeK U Mpo-
CHUT OlpeNle/IHTb 06beM CBOETO BKJ1aJla B MeCTHOM Ganke. Ilox «nosb3oBa-
TeJieM» NOAMMaeTcs 10601 yesoBeK, BBOASAIIMH HHpOpPMALIHIO B CHCTEMY,
HCC/enyIoI M BHIXOAHBE JaHHble WM B3aHMOACHCTBYIIMA C CHCTeMO#
KaKHM-TO MHEIM o6pa3oM. Bonbluas cucteMa nporpaMMHoro c6ecnedeHHust
(npuKNafHble MPOTpPaMMbl, ONEPALMOHHAs CHCTeMa, KOMITHJATOPHI,
o6CayKUBaloNke NporpaMMel U T. A.) GYZeT UMETb MHOrO PasjHYHBIX
no/sb3oBaTesiell, B YaCTHOCTH OOLIAIOMIMXCS C CHCTEMOH Yepe3 ya/eHHbIe
TepMHHAJB! WIH 1O NOYTE (3a4acTyI0 3TO JIMIA, He 3HAKOMBIE C BBIYHC-,
JIUTENbHEIMH MallMHaMH WIH nporpammuponanueM). Kpome nux, nosnb-
30BaTe/IIMH GYAYT MPOrPaMMHUCTHI (KaK CHCTEMUIHKM, TaK ¥ IpPHKJAA-
HHKM) H ONepaTopel CHCTEeMHI.

Tenepb uuTatenb JOMXKeH OBHITh yXKe TOTOB YJOBUTb TaKYI0 TOHKYIO
OCOGEHHOCTb HaJIeXKHOCTH NPOrpaMMHOTO obecnedeHHsi: owubKu 6 npo-
epammHom obecnederul He SBASIOMCA GHYMPEHHUM €20 CE0LICMEOM. DTO
3HAYMT, YTO, KaK Obl JOJTO M NPHCTATBHO MBI HH PasTIAABIBAIH (WIH
TECTHPOBAJIH, WAH «JOKa3blBalh») mporpammy (qu60 mporpammy H ee
crnenuduKanyu), Mbl HUKOrJa He CMOXEM HalTH B Heli BCe OUMOKH. Mel
MOXeM OGHapYKWTb HeKOTOphle OLIMOKM (HampuMep, OeCKOHEYHBI
IUKJ), HO, IO cCaMOH NpHpofe OWHG0K B NMPOrpaMMHOM ofOecHevyeHuH,
Mbl HUKOTZ2 He MOXXeM pacCYHThIBaTb HAHTH uX Bce. Koporko roeops,
Ha/iuuue onn6oK -—— QYHKIHUSA KaK CaMoro NporpaMMHOro obecneueHust,
Tak M OXHJaHUH ero nonb3oBaTeled.

XoTs MBI IPHMEM 3TO ONMpefe/eHHe OIUGKH B TPOrpaMMHOM obecre-
YeHHH 32 OCHOBY, B HeM UMeeTCsl Mo KpaiHefl Mepe OJUH HENOCTATOK.
Paccmorpum curyanuio, Korfa B OTBeT Ha 3alPoC CHCTEMBI pe3epBHPO-
Banns apuabuneros «<BBEJIUTE HOMEP PEVICA U IATVY» cayxamui
Ha6upaet Ha TepmuHane «239, MAU 10». CucTema oTBeuaer cooblieHHeM
«OIIMBKA B JIATE», noToMy 4TO Croco6Ha BOCIIPMHHMATh AaTy TOJb-
Ko B dopme «10 MAS]». SIBnsieTcst iu 3170 OLIMGKOHR B MpOrpaMMHOM 0Ge-
crneyenuu? CoryiaCcHO HailleMy ONpeJeNeHHIO, MOXXHO CUMTaThb H Tak, HO
s YTBEPXKJAAlo, YTO 3TO He OLIMOKA; 3TO CKOpee OTHOCHTCA K NpoGiieme
qesioBeueCKnX GakTopoB. Mbl MOIVIH GBI pacIIMpPHTD Hallle OllpefeneHue,
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gTo6bl OHO OXBAThIBAJO M CHTYalHH BpOJE STOH M OTHOCHIO Obi HX K
omn6KkaM B NPOEKTHPOBAHMH YEOBEKO-MalUMHHOTO B3aHMONEHCTBHS;
IJie-TO, ONHAKO, HAJI0 MIONBECTH YEPTY, NOITOMY f1 NIPEATIoes HCKJIOYHTD
noao6Hble TpoGJeMbl H3 Halero onpesenenns. Yenopeveckne GakTopsi,
KOHEUHO, HCKJIOUHTENbHO BaXKHAsi CTOPOHA MPOEKTHPOBAHUS CHCTEMH,
HO 9TO — OTAeJbHas 06/1aCTb HCCJIEIOBAHHS, OHA YXKe pacCMaTpHBanach
B aureparype [2]. K stomy Bonpocy mbl emle BepHemcs B 4. 2 1 4.

YT0 TAKOE HAAE)XHOCTbD?

Bropo#t TepMHH, KOTODHIA CJIEfyeT ONpeNeNHTb,— 3TO HAJexHOCmb
npozpammHoeo obecneuerus. Mbl ONSITb HAYHEM C HCC/IEAOBAHUA H3BECT-
HOTO Ompeje/ieHusl, COrMIaCHO KOTOPOMY HAalleXKHOCTb €CTh BepOSTHOCTD
TOro, YTO TNPH (PYHKIUHOHHPOBAH MM CHCTEMDI B TEUEHHE HEKOTOPOro IepH-
olla BpeMeHH He OyleT OGHapyXeHO HH OAHON owHOKH. OCHOBHO! Heno-
CTaTOK TAaKOro ONpelesleHHsi — 3TO TO, YTO B HEM He y4TEeHO pasjiuyue
MexJy OmUGKaMH PasHbIX THNOB. PacCMOTPHM aBHAUMOHHYIO CHCTEMY
JHCreTyepu3auuy ¢ JAByMs OWHNOKaMy B NMPOrpaMMHOM ofeCreyeHHH:
H3-32 OLHOM TepseTcsl CJleld caMoJieTa, a Apyrasi COCTOHT B TOM, 9TO B
COOGIEHHH ONePaToOpy HENMPAaBHAbHO N1eYaTaeTCcsl OJHO CJIOBO (Hanpumep,
TPAHCAMMEPUKAHCKHUN Bmecro TPAHCAMEPHKAHGCKHWIN).
Tlo cBOUM MOCJEACTBUAM 3TH OMMOKH AaneKo He OXUHAKOBHI, NOSTOMY
HaJIeXKHOCTb JOJXKHA OLITh Onpefie/ieHa Kak GYHKIHA He TONbKO YaCTOTHI
oIUGOK, HO H HX cepbesHocmu. B COOTBETCTBHH C 3THM JafHM Clenyloliee
Onpenesenne: '

Hadescrocme npoepammnoeo obecnewenus ecmeo 8eposmrocine ezo pabo-
moi 663 0MKQ306 8 medenue onpedesenHoz0 nepuoda epemerw, paccuuman-
Haa ¢ yuemom cmoumocmu OAs noavb308amean Kandoeo omKasa.

Takum o6pasoM, HaJleXKHOCTb NIPOT'PAMMHOr0 0GeCTICUeHHs ABJSAETCS
¢ynKiHei BO3feHCTBHA OKUGOK Ha N0Jb30BATe/IsI CHCTEMBI; OHA He 06s-
3aTe/IbHO NPSIMO CBsI3aHa C OLEHKOH «H3HYTPH» MPOrpaMMHOr0 obecre-
uenusi. Jlaxe KPynHuIfi MpocYeT B MPOEKTHPOBAHUHM MOXeT OKa3aThCA
HE C/IMIIKOM 3aMeTHBIM /15 o/Jb3oBaTesisi. C Apyroit CTOPOHEI, Kak Gya-
TO Obl TPHBHA/IbHAS OLIMOKA MOXKET HMETb KaTacTpoduuecKne NnocaeacT-
BHA. Hanpumep, nepsuiit 3anyck kocMuyeckoro kopa6iis Ha Benepy mo-
Tepres Heylauy u3-3a Toro, 4to B oneparope DO nporpammsl Ha PopTpa-
He Oblia nponyiieHa 3ansras.

HaznexHocTs He siB/isieTcst BHYTpeHHHM CBOMCTBOM NPOrpaMMbl; OHa
BO MHOrOM CBsi3aHa C TeM, KaK TiporpamMma ucmnoabayercs. CJIOBO «Bepo-
ATHOCTb» B ONPE/C/IEHHH, 10 CYLIeCTBY, 03HA4YaeT BEPOSTHOCTb TOrO, 4TO
TI0/Ib30BATE/Ib HE BBEJET B CHCTEMY HEKOTODLIH KOHKPETHbIH Ha6op HaH-
HBIX, BBIBOJASLIUH CHCTEMy M3 CTpOs.

B 570i1 KnHre TepMuH «HageKHOCTY HCTIOb3YeTCst JOBOILHO CBOGOA~
Ho. HMHoraa oH npocro o3nauaer HEKOTOPYIO KOJHYeCTBEHHYIO Mepy OT-
CYTCTBHR ownGox B nporpamme. CMBIC/, BKNaJblBaeMbiii B 5TO CJIOBO,
BCeraa Oyner oueBHAEH M3 KOHTEKCTa.
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PA3BE HH)XEHEPBI J1YYHLIE NPOrPAMMUCTOB?

- TunuyeH BONpOC, C KOTOPEIM PYyKOBOAUTENb OTHeNa 06paGoTKU AaH-
HBbIX NOC/Ee YCTAHOBKH HOBOH BBIYHC/IHMTENBHOH CHCTeMbl o0paliaercs K
u3roroBuresio: «Kak TONBKO Mbl YCTAHOBHJIM CHCTEMY, CaMa BBIYHC/IH-
TejbHasl MallnHa (ee ammnapatypa) cpasy 3apaboTaJa.Xopollo, a BOT
onepauMOHHas cucTeMa Obu1a mosiHa owHOOK. Paspe BallM HHKeHephbl
Jiyulie BallHX nporpammuctoB? IloueMy Bbl He npoBepseTe CBoe Npo-
TpaMMHOe obecrneyeHHe Tak e TINaTeNbHO, KaK, BHIHUMO, NpoBepseTe
annaparypy?»

Bornpoc coBeplieHHO 3aKOHOMepeH, HO OTBETHTb Ha Hero JOBO/MbLHO
cnoxHo. [lpexie Bcero, usrorosuress OBM, BepoATHO, 3aTpaTu/i 3Ha-
4yTeNbHO GOJ/Iblie JeHeT HAa NPOBEPKY NpOrpaMMHOro obecrneueHHsi, 4yeM
Ha NpoBepKy annapatyphl, H, OYeBHIHO, OLIHGKH B IPOrPaMMHOM oGec-
IeyeHHH Hesb3sl NMPOCTO OTHECTH 3a CYET HeNOCTaTKa KBalHpHKaUMH
nporpamMmuctoB. [V1aBHas mpHYHHA B TOM, YTO NMpOTpaMMHoe ofecneye-
HHe IO CYTH CBOeH 3HAUNTeIbHO CJIOXKHee annaparyprl. BxonHble faHHble
J/IS1 oNepallHOHHOH CHCTeMbl HEH3MEepPHMO pasHooGpasHee, 4eM s LeH-
TpajabHOro npoueccopa. Hanpumep, KoMIIeKT pyKoBOACTB AJs NONB30-
BaTeJIsl onepauHoHHo# cucremsl IBM OS/VS2 u cBsisanHoro ¢ neit npo-
TPaMMHOro oGecriedeHHs1 MO 06bEMY B COTHH pa3 NMPeBOCXOAHT PYKOBOA-
CTBO, OIMCHIBaIOllee apXHTEKTYpy LeHTpanbHOro mnpoueccopa Cucre-
Mbet 370.

B ocHOBHOM BXoJHbIe JaHHBIE LieHTpanbHoro npoueccopa (LIIT) — ato
TIOTOK MalUMHHBIX KOMaHA. [Ipu o6pa6oTke THNHUHOH MalUHHHOH KOMaH-
abt LIIT nonyuaer caMmy koMaHLy, pasMepbl KOTOPOil GHKCHPOBAHEI (06bIY-
HO 16—36 OHT), H HECKOJIbKO KOPOTKHX CTPOK GMTOB (omepaninl) B na-
MSATH, NpHYEM MPEANOJaraeTcsl, 4YTo BXOJHBE JaHHBIE HUMEIOT XKeCTKHH
¢opmar. Bonee Toro, 3Ha4deHHsI ONepaH/I0B HE OKA3bIBAIOT CYILECTBEHHOIO
B/IMSIHMSI Ha BBLINOJIHEHHe GOMbIIMHCTBA KoMaHJ, U Bo MHorux III1 Be-
TIO/IHEHHe KOMaHJbl He 3aBHCHT OT BBIMOJIHEHUs mpeAblayuux. ITo cpaB-
HEHMIO C 3THM BXO/Hble JaHHbIE CHCTEMbI IIPOIDAMMHOr0O obecrevyeHHst
3HAYHTEJIbHO pasHooOpasHee; OGLIYHO HYKHO YUHTBIBATb BCE, UTO MOJIb-
30BaTe/b MOXKET 3aXOTeTb BBeCTH B cHcTeMy. K ToMy ke B 60J/BIIHHCTBe
ciy4aeB o0pa6oTka d/MeMeHTa BXOAHBIX JAHHbIX 3aBHCHT OT Npeibl-
CTOPHH.

Bropoe cymecrseHHOe pa3nuunHe — 3TO OTHOLIEHHE K BO3MOXKHBIM
npumeHeHusM. AnmapaTypa B 3HAYMTe/bHOH CTeNneHH He3aBHUCHMA OT
npumenendii. Onun u ToT ke LIIT MOXXHO MCTONB30BaTh U [ peanusa-
{lUM CHCTeMbl PE3ePBUPOBAHHS MeCT B T'OCTHHUUE, H IV MeIHLHHCKOM
JIHarHOCTHYECKOH CHCTeMBl, U /15l MOAETHPOBaHHS MHPOBOi SKOHOMHUKH.
Hanporus, 60/bLIHHCTBO NPOrpaMMHEIX CHCTEM BECbMa YYBCTBHTENbHO
K KOHKDETHBIM TNPHIOXKEHUSIM.

Tperbe pasnnune Kacaercsi NpUPOAL! KOMIOHEHT (CTPOHTENBHEIX 6J10-
KOB) CpaBHHBAeMbIX NPOAYKTOB. Annaparypa COCTOMT H3 XOpOLIO U3BeCT-
HBIX CTPOHTe/IbHbIX O/IOKOB: NaMsTH, PErHCTPOB, CyMMaTOpoOB, LIMH U
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penTuiel. JI060# TOMKOBEBIN yYeGHUK HO JIOTHYECKOMY [POEKTHPOBAHHUIO
OTHCHIBaeT ONTHMAbHbIE CNOCOGHI KOHCTPYUPOBAHHUSI 3THX YCTPOMCTB.
PaspabatsiBasi [IPOLIECCOP, YNOBAETBOPSIOUIHA Olpejie/leHHBIM TpeGoBa-
HUSIM K CTOHMOCTH M NPOHM3BOAHTENBHOCTU, WHXKEHep HHTepecyeTcs
r7iaBHbBIM 06pa3oM pa3MepaMu, CKOPOCTbIO H KOHGHUrypauuell 3THX yCT-
poiicts. CrpouTesbHble 6/10KH, LOCTyNHbBIE Pa3paboTYHKY NPOrPaMMHOro
obecrieyeHHsi, ropasio NPHMUTHBHeE N0 OTHOLIEHHIO K KOHEYHOMY Mpo-
nykty. Jl1s Hero TakuMH Gl1OKaMu ABJAIOTCHA ONEpaTOPhl MPOrPaMMBI,
Ha6opul aIrOPHTMOB U GparMeHTH! JPYTrUX CUCTEM NporpaMMHoro obec-
neyeHus.

Llene Hamero comnocTap/eHHs] — He CPaBHUBAaThb KBaMHDHKALHKIO
nporpaMMHCTa M HH2KeHepa, a NoKasaTb, YTo obeclieyeHue HaJeXHOCTH
ABJIsIeTCH A5 pa3paboTyuKa nporpaMMHOro ofecrneyeHns ropaszo 6osee
CIOXKHOH 3ajauel, yeM A5l uHkKeHepa. OINHAKO 3TO HE MOXKET CJYXKHUThb
OlpaBAaHUeM HeHaJleXKHOCTH NIPOrpaMMHOr0 o6ecrieueHHsI; Ha CaMOM Jlese
co3fiaTe/b NPOrPAMMHOrO OCecrneyeHUsi JOJMKEH MHOIOMY HaYUHThCH Y
HHXKeHepa. MeTojipl, UCnoNb3yeMble /il CO3AaHUA HAlleXKHBIX IPOrpaMM,
npeBpamaT pa3paGoTKy NpPOrpaMMHOTO ofecrieyeHMsi B JOCTATOYHO
CTPOTO pernaMeHTUPOBAHHYIO AESITEJIbHOCTb, AHAJOTUYHYIO HHXKeHep-
HOMY TIPOEKTHPOBaHHUIO.

HAE)KHOCTb ATINAPATYPbI -

Jas jpyduiero noHUManusi HaJleXXHOCTH NPOrpaMMHOTO obecneueHust
CTOUT CPaBHHTDb €€ C HAJIEXXKHOCThIO anmapaTtypel. BosMoxHb! Tpu mpu-
YHHBI OTKa3a HEKOTOPOTO YCTPONUCTBA: OIHGKA NPOEKTHPOBaHHsI, IPOU3-
BOACTBEHHBIH JiedekT M cOoi. OunbKa NpoeKTHPOBaHHs — 3TO Je(eKT,
KOTOpBIf C CaMOro Havaja MPUCYTCTBYET B KaXKAOM IK3eMIUIsIpe u3je-
Jus. 910 oK6Ka TaKoro popa, Koraa, ckaxem, yactb namsatu LIIT oka-
SbIBAeTCSl HENOCTYNHOH H3-3a JIOTMYECKOH OMIHOKH B IPOEKTHPOBAHHH
cxembl anpecauuu. ITpousBoAcTBeHHBI! AepeKT — 3T0 omubka, uMelo-
asca B OXHOM WIH HECKONBbKHX 3K3eMILISIpaX H3JENHS H3-3a TOTO, YTO
5TH KOHKDETHBIE 5K3eMIUIsipbl H3rOTOBJeHH HeBepHo. Hampumep, mpo-
M3BOJICTBEHHBIE [€(PeKThl MOTYT GbITh BHI3BAHBI MJIOXOH MANHKON WM He-
NpaBUJIBHBIM COEiWHeHHeM TNpoBOAOB. COou — 3TO nedeKTH, NepBo-
HaYaJbHO HE NPHCYTCTBYIONIHE B U3JENHH, HO BO3HUKAIOUHE B IPOLEC-
Ce ero GYHKUHOHUPOBAHHA BCJIEACTBUE HEKOTOPHIX (DH3UYECKHX sIBIe-
HHH, HanpuMmep, yXyAuleHHs NapaMerpoB, BHI3BAHHOTO MOJIeKyIsip-
HBIMH JI€pEKTAMH, HArpeBOM, BJIAXHOCTLIO, TPEHHeM, pajMaluedi u
T. L. IIpumepamu c60eB MOTYT GbITh (H3HUECKHIT H3HOC nepek./IIoyaTesns
BGICICTBHE TPeHMsl, pasMarHMYUBAHHE MATHUTHOTO CepleYHHKA NpH
TIePETpeBe W/IH BBIXOJ M3 CTPOSl MHTErpajbHON CXeMbl BC/IEACTBHE MeA-
JIEHHOTO YXYJIIEHHs ee TepMeTH3aluH. '

Ha puc. 1.1 nokasano usmenenue co BpEeMeHeM 4YacTOTbl OTKa3oB
THITHYHOTO ycTpoficTBa. MOXKHO MPOWIMIOCTPHPOBATh KPHBYIO Ha MpH-
Mepe aBromMoGuns. CpexHuil aBTOMOGWIL BHAyale HEHAJAEKEH H3-33
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Puc. 1.1, Pasnnune MexAy HafeXKHOCTBIO aNNapaTypsl H MPOTPAMMHOrO 0GeCHeyeHHs,

OWIKHGOK NMPOEKTHPOBAHHS H NPOU3BOACTBEHHHIX Ne(eKTOB, TAKHX, KaK
HerpaBHJIbHAsA PeryJHpoBKa, HeJ03aTsAxkKKa 6ONTOB, HEXBaTKa JeTajefl,
A1 JedeKThl GLICTPO OGHAPYKHBAIOTCH, JHUKBUIMPYIOTCA, W MAalIHHA
JOCTUTaeT CBOEro NHKa HajexHocTH. Ilocie mepBoHavanbHOro srana
HJeT NepHOJ OTHOCHTENBHOTO NMOCTOSIHCTBA YaCTOThI NNOJIOMOK, BO BpeMsi
KOTOpOro HeTa/ld BHIXOAAT H3 CTPOA CJAydaHHBIM 06pa3oM, 0GbIYHO B CO-
OTBETCTBHH C ITYaCCOHOBCKHM pacnpezeieHuHeM. Ilo mepe Toro xak 3a-
KaHYHBAeTCs CPOK C/1YKOBI aBTOMOOM/IS, IOJIOMKH T€PeCcTaioT GbiTh CJ1y-
yafHBIMM M BO3HHMKAaIOT C Bo3pacraioied 4acrorodt. HccnemoBaHus
HAJIeXHOCTH aNnaparyphl KOHLUEHTPUPYIOTCA B NepBYIO oOdepelb Ha
[POMEXYTOYHOM NepHoje CJHYuaiHBIX CGOEB.

HazexxHocTs mporpaMMHOro oGecrneueHusl CYIIECTBEHHO OTJIMYaeTCs
OT HaJieXKHOCTH anmnaparypbi. [IporpaMmel He W3HALIUBAIOTCH, MOIOMKA
fporpaMmbl HeBO3MOXKHa. Bosiee TOro, NpoU3BOACTBeHHblE JedeKThl (Ta-
KHe, KaK owHx6Ka NpH KONHPOBAaHHU CHCTEMBI HA JIEHTY BO BpeMmsi ee
IiepeHoca) He UMEIOT 3HAYEHMSI, TIOCKOJIbKY OHH OTHOCHUTE/IBHO pelKH H
ObICTPO OGHapy»HBalOTCA. TakuM 06pasoM, HEHAJEKHOCTb Nporpam-
MHOro ofecneyeHHsl — CJeICTBHE HCKJ/IOUHTEJNbHO OLIHOGOK HpPOEKTHPO-
BaHuA, T. . OlIHOOK, BHECEHHBIX B npoiecce pa3paboTku. B ycioBusx,
KOTJIa OWHOKH UCTPaBJSAIOTCS TOTYAC XKe, KaK TOMbKO OHH OOHapy:KHBa-
10TCS (MpHYeM OHM HHKOIJA He MOSBJSAIOTCA HOBTOPHO), H3MEHeHue Ha-
JIEXKHOCTH NPOrpaMMHOTO obecriedeHUsl OOLIYHO COOTBETCTBYeT KDHUBOI,
n3o6pakenHofi Ha puc. l.1. IToguepkHem, YTO 3Ta KpHUBas OTPaKAaET
NpeAnoyokKeHne, YTO NMPH HCOpaBJeHHH OOGHApYXKEHHBIX OMIHUGOK He
BHOCATCSI HOBble. DTO INpeanosoxeHue OObLIYHO He CIpaBelIHBO.

Puc. 1.1 orpaxaer ToT ¢akr, uTO NOBEEHHe HANEKHOCTH MPOrpam-
MHOTO ofecrieyeH s H annaparyprl o CyTHcBoel pasinnuHo. Hagexuocrs
annaparyprl onpele/nsieTcss BO MHOTOM CIY4aHHBIMH CGOSIMM, HaJex-
HOCTb MNpPOTrpaMMHOrO ofecrneueHHss — CKPHITBIMH B HeM OIIHGKaMH.

Uro6bl NOAYEPKHYTh pasiuyus MeXIy OMHOGKaMH B IPOTPAMMHOM
ofecrneyeHHH W ammapaType, pacCMOTPHM ToBeJeHHe CO0eB annaparyput
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1 OWIHOOK B IpOrpaMMe B 3aBUCHMOCTH OT BXOJIHBIX JAHHBIX U BPEeMEHH.
O6byHO COOM ammaparypbl He 3aBHCAT OT 06pabaThiBaeMbIX CHCTeMOH
naHHbIX. ECIM cXema IBOMYHOrO CymMaropa paspyliaercsi ¥ BOT-BOT
BRIHJET M3 CTPOsi, KOHKpeTHble 3HaueHHs1 o6pabaThiBaeMbEIX NaHHBIX He
BIUAIOT Ha c60i. [TposBienue omHGOK B MporpaMme, HaNmpoTHB, B BbiCe
el CTENeHH 3aBHCHUT OT BXOAHBIX AaHHbIX. Takas owmu6ka oOHApY»KH-
BaeTCsl B HEKOTOPHIfi onpele/eHHBIH MOMEHT HMEHHO MOTOMY, 4TO B 3TOT
MOMEHT 06pabaThiBaeTcsi paHee He BCTpeYaBIUAsCs MOC/IeA0BAaTEIbHOCTD
BXO/JHbIX JNaHHBIX. :

Yacrota c6oeB annapaTyphl CyMECTBEHHO 3aBHCHT OT BpeMeHH. Bce
(u3uyeCKHe YCTPOHCTBA MMEIOT HEKOTOPBIA CPOK CayKObl, [0 HCTEUEHHH
KOTOPOTO 3Ta 4acTOTa HauMHaeT 6eicTpo pactH. Yacrora, ¢ koTopo#i o6Ha-
pYKHBAIOTCSl OWIMGKH B MPOTPaMHOM OOECIeYeHHH, XOTSi HHOTAA H Ka-
JKeTCsl 3aBUCAIIEH OT BpeMeHH, B JeHCTBUTENIbHOCTH B/ASETCH (PyHKIH-
efi BXOIHBIX JNAaHHBIX M COCTOSIHHSl CHCTeMbl. BOJIbLIYIO YacThb BpEMeHH
JKH3HH anmnapaTHOro YCTpoicTBa ero cO60H C/lyyalHHbl M ONHCBHIBAIOTCS
yacCOHOBCKHM 3aKOHOM pacCnpelie/IeHHs; Ha 3TOM OCHOBaHBI MHOTHe
ucenenoBanus. OUIMGKH B mporpaMMe MPOsIBSIIOTCS KaK CHCTEMaTHYec-
KHe, JajleKo He ciyyaiHbie COOBLITHSA.

[Mpupoma HaleXKHOCTH ammapaTypel U HPOrpaMMHOrO obecrneyeHus
nofpo6GHee paccMaTpHBaercsi B IV. 18 B CBSAI3U C MONBITKAMU NPHUMEHHTb
MaTeMaTHYeCKHil anmmapaT ONHCaHMs HAJEXKHOCTH anmaparypsl K INpo-
rpaMMHOMY oOGecreyeHHuIo. A

BbICOKASI CTOUMOCTb IMPOTPAMMHOI0 OBECIIEYEHHU S

Kak y:xe roBopu/och, e OCHOBHbIE Npo6/1eMbl B IPOH3BOACTBE MPO-
rpaMMHoro obecrieyeHus — ero YpesMepPHO BbICOKAsi CTOUMOCTb M HH3Kast
HajlexxHocTb. [lpensiaraeMble pemieHHss nNpoG/eMbl CTOUMOCTH OGBIYHO
CBOJATCSL K MOMNLITKE MOJHATH «NPOM3BOJAUTENBHOCTh NPOTPAMMHCTAy,
M300peCTH HMHCTPYMEHTHI U MeTO[bl, MNO3BOJSAIONIHE €My paboTaTh
6bicTpee. ’ : )

Puc. 1.2 mumocTpupyerT OTHOCHTENbHbIE 3aTpaThl HAa MPOTPaMMHOE
ofecrieyeHHe B TEYEHHE €r0 KHU3HEHHOTO LHUK/IA st GONMBIIMHCTBA TH-
NIHYHBIX KPYNHBIX pa3pabGoTok. Ha momo conpoBoxaeHus (ycTpaHeHust
OHGOK M BHECEHHsl HEGO/IbIIMX H3MEHEHHH 1OC/e YCTAHOBKU CHCTEMBI)
1 TecTHpoOBaHHsA npuxoautcsi noutu 75% 3sarpar. Hanpumep, cpeauero-
RoBasi CTOMMOCTb CONPOBOXKIEHHS POrpaMMHOro oGecrneyeHHsi BOGHHOM
cucremnl samurst SAGE nocse 10 Jiet ee GpyHKUHOHUPOBAHHUS COCTaBIISA-
€T npumepHo 20 MJIH. IO/JIapOB NPH NepBOHAYaIbHOH CTOMMOCTU pa3pa-
Gorku B 250 M. nounapoB [3[. Kak npasuio, 60 (uxoraa no 76) npo-
UCHTOB 3aTpaT Ha OuepeAHOH BHITYCK onepanHoHHOMH cuctembl OS/360
BRaIafpiBasiocs ¢pupmoit IBM yixke mocsie Toro, Kak CHCTeMa CTaHOBHJ/IACh
AOCTynHo# monb3oBatesisiM. B 060X cilyuasix pedb HIAET TOMBKO O 3a-
Tpatax na conpoBoxaente. CTOMMOCTb CONPOBOXKAEHHsI H TECTHPOBAHUSA
BMECTe B kaxI0OM M3 5THX C/ydYaes, BepoOsTHO, cocTasaser 6oiee 80%
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BCeX 3aTpar. XOoTs HHKTO He
3HaeT eXerofHblX PacxojoB
Ha TeCTHpPOBaHHE H COHpO-
BOXJeHHe B MHpe, 0CTOBep-
HO H3BeCTHa OpraHH3alHUsA
(a umenno BBC CIIIA), 3a-
tTparuBwas B 1972 r. Ha
TECTHPOBaHHe NPOTPaAMMHOrO
obecnieuenus: 6onee 750 MIH.
aonnapos [4].

Tenepb 1OMXKHO OBITH fAC-
HO, YTO BBICOKAast CTOUMOCTb
NporpamMMHOro o6ecrneye-
HHSl — BO MHOT'OM CJle[iCTBHE
Hu3koi HazexHocTH. [lpu
yBeJIHYeHHH POU3BOJUTE b-
HOCTH TNpOTpaMMHCTa (eCJaH
Prc. 1.2. Tunuusoe pacnpegenenue cro"MOCTH  H3MEDATH €€ TOIBKO CKOpOC-

nporpaMMHoro o6ecreyeHHs. ThbiO paspaﬁorrxu U KOJHpOBa-

HMsl TIPOTPaMMbl) CTOHMOCTh
{lonbITKH YBEJUYHTb MPOU3BOLHUTE/ b-
OTOPBIX Cy4asnX Jaxe MOBLICHTb CTOH-
MocTb. Hamnyuwmii nyTs pem",renbﬂoro_coxpameﬂua CTOHMOCTH HIpoO-~
IpaMMHOr0 0GeCrie e s — B ymeHbLIEHHH CTOUMOCTH €r0 TeCTHPOBaHHS
H COMpOBOMXAEHHS. A 3T0 MOXKeT 6biTb JOCTUTHYTO HE 33 CYET HHCTPY-
MEHTOB, NPH3BAHHBIX yBeTHUHI® CKOpOCTb NPOrpaMMHpoOBaHis, a
Wb B pesyabTate pa3paGoTKH CPEJCTB, NMOBHILIAIOMIMX KOPPEKTHOCTD

neveHHus.
M YeTKOCTb MpH cosfammy mporpMMHOTO 00ec

Conposoxcdenié

Tecmupesniue

fjpoexmuposarue

€YLIECTBEHHO He YMeHbIIaeTcs.
HOCTb IPOT'PaMMHCTa MOTYT B HeK

9KCMEPHMEHTBI B OBJIACTH npof PAMMHOTO OBECNIEYEHHS
B sToft Kuure HeonHokpato 0YAYT BbICKasbiBaThCS YTBEPXJEHUS 06

TPYMEHTaX H T. I.., KOTOpbie CaelyeT
«OINTUMAJbHEIX» M€ HHC
METOHKaX, oKHOCTH. OZlHAKO BCJIEICTBHE HCKIIIOYH-

MEHATDb A1 J0CT a
:gn”bﬂoﬁ c ngmuélcm I:Imigg;eznﬁ HKCIIEPUMEHTOB B 00/1aCTH PaspaboTKu
p (OJBILIHHCTBA 3aK/IIOYEHHH TAKOTO poza

IPOrpaMMHOT0 oGecreyeHust A5
HTaJIbHbIE IOATBEPKAEHHUS .
HEeBO3MOMKHO MpuBecTH conuaupie 2KCTIEPUMEHTAT OLTBEPHI

ITpuunHbL 3TOH CJIOXKHOCTH nepe"m‘"el'lbI HHKE.

1. PaspaGorka nporpammuo’® ofecrievenns — Tg;[ynoe'""“ﬁ (rou-
Hee, «MbiC/I€eMKHII») TIpOLECC. gCTIEPHMEHTBI B STOH 00/1aCTH BO MHOTOM
CBSI3aHBI C JIOAbMH. MHEHHUS Go/PLUIMHCTBA HCC/IE/I0BATEIEH CXOAATCS
B TOM, 4TO CaMblil TPYAHBIf oGpefT W19 FKCIEPUMEHTHPOBAHHSA — HeJlo-
BeK, MOCKONBKY OH (MAH OHA) — OueHb CJIOXKHAsi H BO MHOTOM He 103-
HaHHas cucTeMa. Hanpumep, B gKCTIEPHMEHTAX, 3aJ.lezvlaHHblx C LeJbIo
CpPaBHHTb HaKeTHHIH H Auanoropply PEMHIMDL puaﬁO’l‘bI, AKMaH HEOKUAAH-
HO OGHApY’KMJI, YTO OTHOLICHHE floKasaresiell pa3HbiX NPOrpaMMHCTOB,
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peluaBIIHX OJHY H TY )Ke 3aj1a4y, JOCTHral0 28 : | [5]. 3avactyio uHAH-
BulyalbHble Pa3MYuA TaKOr0 pOAa CyIIECTBEHHee, YeM BJIHSIHUE HC-
caenyeMbix (akTopos.

2. DKCIepHMEHTHI MO pa3paboTKe NporpaMMHoro obecrneyeHusl Hexo-
CTYMHO ROpOrH. [lis uccneoBanus oAHOro ¢akropa, Takoro, Kak Bius-
HHE CTPYKTYPHOTO IPOrpaMMHPOBAHHA, MBI MOIVIH ObI HauaTb paboTy Haj
JBYMsl IPOEKTAMH CpeiHeH CI0XKHOCTH, HIEHTHIHBIMH BO BCEX OTHOLIEHH-
X, 3@ HCKJIIOUEHHEeM TOI'0, YTO B OJHOM C1y4Yae HCHONb3YEeTCs CTPYKTYp-
Hoe MPOTpaMMHpOBaHue, a B Apyrom — HeT. PaGora mor.ia 6bi 3aHATb
OJLMH TOX ¥ CTOUJa GBI BMeCTe C MalIHHHLIM BpeMeHeM HeCKOJIbKO MHJIJIHO-
HOB JO/J1apoB. 3aTeM /Il YHCTOTHI IKCIIEPHMEHTA C/Ie0Bal0 Obl MOBTO-
pUTDb Ty 3Ke pa6GoTy HECKO/MbKO pas. 3aTeM C/ieoBao Obl NOBTOPHTL e,
usMeHdAs ApyrHe ¢akropsl. [lonHas NpoRONKHUTENBHOCTD 3KCHEPHMEHTA
(cciieoBaHHe TOJMbKO OZHOrO (hakTopa pas3paGOTKH IPOrpaMMHOTO
o6ecreyeH s ) MOXKET COCTaBUTh HECKOJIBKO J1eT u cTouTb oT 10 10 20 MuH.
nonnapos. Jlaxe ecaiy 6bl UMEJIHCh NeHbIH HA TAKOH SKCHEepPHMEHT, BO3-
HHKJa Obl mpo6jeMa HaATH HECKOJbKO COTEH NMpodecCHOHANbHBIX NMpO-
rPaMMHCTOB, KOTOPBIE OCBATUIHN Obl €My CTO/BKO JIeT. A TeM BpeMeHeM
KTO-HHOYAb HpPHIyMaeT Koe-4TO MOJYYLlIe CTPYKTYPHOIO IPOrpaMMHpO-
BaHUA.

3. Ha pa3pa6orky nporpaMmHOro oecrneueHust BIHAIOT COTHH GaKkTo-
pOB, MHOTHE W3 HUX ellle He BhifiBJeHHl. Bojsee Toro, 3t QakTophl He
HesaBucuMul. Hanpumep, nawymeswnit npoext IBM ans «Hbio-Hopk
TaliMC» 4acTO paccMaTpHBAeTCA KAaK CBHAETeJbCTBO HOCTOMHCTB CTPYK-
TYpHOrO NporpaMMHpoBaHMs H OpHrafbl Bepyinero nporpamMmmucra. He-
BLISICHEHHBIM OCTaeTCsl, OXHAKO, BONPOC: KaKOH NpOLEHT ycnexa — pe-
3yJbTaT 3THX METOJAOB, @ KAKOH — CJIeACTBUe APYTHX (HaKTOPOB, TAKUX,
KaK HCKJIOUHTEJIBHO BBICOKHA KJacC 3aHATHIX B NPOEKTe MNporpam-
'MHCTOB? :

4. Te HeMHOTHe TUIATENBHO CIJIAHHPOBAHHLIE 3KCIEPHMEHTHI, KOTO-
pble ObLTH NMOCTaB/eHbl, OGLIYHO KACATHChb WHJIHBHAYaNbHBIX paboT —
KypCoBbIX pa6oT H HeGoabiiux nporpamm. Crexyer GbITh BeCbMa OCTO-
POXHEIM, IpejrnoJiaras, 4ro CTaplieKypCHUKH NPOrpaMMHpPYIOT TakK e,
KaK npocgeCCHOHAMbl, H IKCTPANOJUPYS Pe3y/bTaThl HHIHBUAYaJbHOH
pago'rbl HaJ HeOOJIbLUHM [IPOEKTOM Ha CJIOXKHLIE KOJJIEKTHBHBIE pas-
pabotkmu.

STH TPYJHOCTH NEpeyHC/IeHbl 31eCh He A/Isl TOTO, YTOObI ONPaBABbIBATD
HIH pacXoJaxXMBaTb SKClepumeHTatopoB. Hawa unenb — mokasars,
UTO, XOT5 MOJOXKUTENbHOE BIAHSIHHE HA HaJleXKHOCTb ONMUCAHHBIX B KHUTe
METOJI0B M 3aMeueHO, KCIePHMEHTaJbHbIX JaHHbIX, MOATBEPKAAOUINX
9TO, nourty Het. KoHeYHO, MOKHO OTKa3aThCs MPUMEHSATh STH NP HHLUITBI
H MeTo/ibl, TOKa HaKOHell, He OYAYT NOJy4eHbl yGeauTe/ bHbIe SKCIIepUMeH-
Ta/lbHble 0KAa3aTe/bCTBA, HO B TAKOM CJlydae €CThb PHCK elle AOITO He
YBUIETb CKO/MBKO-HHGYAb 3HAYHTENbHONO MOBLILIEHHS HAAEKHOCTH
porpamMmHoro oGecneueHus.
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FAABA 2

OwHOKH — UX TNPHUMHDI
H nocaeaCTBHS

B 1971 r. Bo ®paHusy NPOBOAKJICS KPYIHBI! METEOPOJIOTHYECKHIT IK-
cnepuMeHT. DBbiio 3anymeno 115 mapoB-30HAOB € H3MEPHTEIbHBIMH
npuGopaMHu B BepXHHE CJIOU aTMOCHEPHI, a TAKKe CIYTHHK JJIs epechll-
KM JAHHBIX MexJy IapaMH W HaseMHbIMM craHuuamu. llaper ymenu pe-
arMpoBaTh Ha J(Beé KOMaHAbl: KOMaHAy YTeHHsl, IO KOTOPOH JAaHHLIE Ie-
pechlIaluch OT Wapa CNYTHHKY, H KOMaHAY JHKBHAAUMH MJsi B3PbBA
TNIOMEIIEHHOTO B H1ape 3apsjia, eclly map cobbercs ¢ Kypca. K Hecuacrsio,
B NpOrpaMMHOM obecneueHHH cHCTeMbl Oblia omHOKa. B pesynbrare
BMECTO KOMaH]Ibl YTeHHs Obl1a Moc/jaHa KOMaHAa JIMKBUAAILHH, YHHUTOs
JKHBLIas 72 mapa, HaXOAMBIUUXCS B IlO/e 3peHHS CIYTHHKA.

- TIpexze yem paspaGaThiBaThb METOABbI NOBHILIEHHS HANEKHOCTH, IO-
‘3BOJISIIOIE U30eXKaThb TaKWX OIHGOK CTOMMOCTbIO B MHJITMOHBL JOJ-
J1apoB, C/EAyeT MOHATh MX MPHYHHBI. DTO MOXKET NOMOYb B MOMBITKaX
OTBETHTb Ha TaKHe BONpocHl, Kak: «Her sn wero-n1n6o yHMKanbHOTO B
npodecCHH MPOrpaMMHCTa, TaKOro, YTO NMPUBJIEKaeT K HeH JioleH, no
cBoell MpHPOJie 0OCOGEHHO CKJIOHHBIX coBepiuath omn6ku? He obnanaer
JY TpOorpaMMHOe ofecneueHHe KaKHMH-TO BHYTPEHHHMH CBOHCTBamH,
0GbSICHAIOIUME €T0 0COGYI0 MOIBEPKEHHOCTh OmuGKkam? CHOCOGHBI JH
MBl KAaK-TO BJIMSTb Ha 5TH CBOHCTBA WM OHH HaM HeNOJBJIACTHBIPS

OnMH U3 METOJOB, YaCTO NPHUMEHSIeMBbIX NPH HCCIeAOBAHHH NPHUYHH
OlIHGOK, COCTOMT B TOM, YTOGBI COGpaThb JaHHBIEe 00 OWHOKAX U 3aTeM
paséuTh UX MO KAaTeropusiM, MOATBEPXKAAIOMIUM, Hampumep, uto 17%
BCeX OMHOOK — 3TO OWMGKY compsixkeHus, 22% omu6oK — c/eacTBUe
HenpaBUJILHOTO BHIGOpa MOC/IeJOBAaTeJbHOCTH ONepaToOpOB NMPOrPaMMBbl
H T. . B COOTBeTCTBMH C APYTMM METOAOM OWIHGKH TIpYyNIHPYIOTCA
IO THNY MOpeNTOXKEeHUH f3blKa NPOrPaMMHPOBAHHS, B KOTOPBIX OHH
COBepUIeHBI: HanmpHMmep, OKasbiBaercs, 4ro 29% Bcex omHGOK NpH-
XOIUTCSI Ha YCIOBHBle mnpeanoxenus, 13% — Ha oObsiBIeHHs HaH-
HBIX U T. A.

XoTsi pesy/bTaThl TAKHX HCC/IEJOBAHUH UHTAIOTCA C HHTEPECOM, OHH
He 0COGeHHO MoMe3Hbl PH BLISICHEHHH TOTO, KaK Ke M30exaTb OLIHOOK.
Hanpumep, u3 nepBoii cepni ynoMuHaBIIMXCS Pe3yJbTATOB MOXKHO Cle-
J1aTh BBIBOJI, YTO HEOGXOAMMO MPABHJIBHO BHIOHPATh MOC/AE10BATEIbHOCTD
NpeJIOKeHUH IPOrpaMMbl. STO He OUeHb LIeHHOe Ha6/II0leH1e, TOCKOMbKY
HH OJMH NPOTPAMMHCT He CTaHeT YMBIIVIEHHO PacrojiaraTh Npeasoxe-
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HUS HenpaBuibHO. BTopasi cepusi pesy/bTaToB, NOKA3bIBAIOWASA, YTO B
YCJIOBHBIX NpejOXEeHUAX OLUOGKH BCTPEYAIOTCA yaule BCero, Morsia Gel
NPHBECTH K HENMPABUJIbHOMY 3aKJIOYEHHIO, YTO YC/JIOBHBIE NMPEIOKEHHUSA
Jqyuile B NporpaMMax BooOile He ynorpe6JasThb.

[Tonb3a MosOGHBIX HCC/IEJOBAHHH OTPaHHYeHa, IOCKOIbKY OHH 3aHh-
MaloTCsl CUMIITOMAMH, a He IPHYHHAMH OIIHG0K. FIMeHHo noHuMaHue nep-
BONPHYHH OIIMOGOK U BO3MOXKHOCTb yBfI3aThb UX C MPOLECCOM CO3JaHUSA
NpPOrpaMMHOro o6ecriedeHHs HEOOXOAMMBI IpexIe BCero.

EQuncmeennas 6ajcHAs npuduna ouwubox 8 npozpammHom obecnede-
Huu — Henpasuabreili nepesod urgopmayuu (U3 00H020 npedcmasieHus
8 Opyeoe).

Cospanne nporpaMMHOro oGecrnedyeHHst MOXKHO ONMHUCATb NMPOCTO Kak
pSIA NpPOLIECCOB NMepeBOAa, HAYMHAIOIUX C 3afauH M 3aKaHYMBAIOLUIMX
GoJsbIIHM Ha6opOoM NMOAPOGHBIX MHCTPYKIHH, ynpasasiiowunx DBM npu
peleHuu 3ToH 3azaud. JIpyrHMH CJOBaMH, NpPOTPaAMMHMpPOBaHHE — 3TO
pellleHne 3ajady, a NporpaMMHoe o0ecrieyeHue — 5TO COBOKYNHOCTb HH-
¢opMaUMOHHBIX 3/IEMEHTOB (HO He (H3HYeCKUX OOBEKTOB), OMHCHIBAIO-
mux pemende 3agauyn. CosjaHue NPOrPaMMHOTO OGECTIeYeHHs B 3TOM
c/lyyae — MPOCTO COBOKYMHOCTb MPOLECCOB TPAHCASALMH, T. €. epeBoia
HCXOJHOH 3aJlaii B PA3JIMYHble NpPOMEXKYTOUHLIE pelleHHs, MOKa Ha-
KoHell He GyJeT noJydeH noApoGHbIf Habop MalMHHBIX KoMaHA. Koraa
He YIaeTcsl NOJMHO M TOYHO NepeBecTH HeKOTOPoe NMpeiCcTaBIeHue 3aayu
WM pelleHHs B pyroe, 6oJiee JeTajbHOe, TOTAA U BO3HUKAIOT OIIHOKH B
MpOrpaMMHOM oGecredeHHUH .

[Mpexxae yeM peuraTh npoGieMy (CKaxeM, npobjemMy HaJeXHOCTH), ee
cenyer NoHsTh, [IoHMMaHHe TOrO, YTO UMEHHO OLIMOKH epeBoAa sBSA-
I0TCsl mpHYMHOH OIWHGOK B nporpaMmme, ype3BbYAHHO BaxKHO, TaK Kak
3T0 — KJ/IIOY K IOHMMaHHIO NpoG/eMbl HaJeXHOCTH.

MAKPOMOJEJIb NMEPEBOJA

Uro6bl nogpobHee HCC/en0BaTh NMpobJeMy OMHGOK B MPOTPAMMHOM
obecrnieyeHHH, paCCMOTPHM pasJHYHblE TUIIbI IPOLECCOB NIepeBO/ia IPH ero
co3fanui. Moens pa3paGoTKu NporpaMMHOro obecrieyeHHs H300paxkeHa
Ha puc. 2.1. [lpexkne ueM NpHCTYNHTb K ee aHANHU3y, CIefyeT CIenaTh
HECKOTbKO 3aMedaHHi. B 3Ty moZenb He BKIIOUEH MpoLecc TeCTHpOBa-
Hus nporpaMmel. [IpencrapieHbl TONBKO [Ba 11ara IpOeKTHPOBAHHUSA,
XOTs1 B A€HCTBHTEJILHOCTH HX OGBIYHO GBHIBAET (M JOMKHO GbiTb) Goblie.
3ajaua mofesH — He B TOM, YTOOBl MNEPEUHCHHTb BCe peKOMeHIyemble
ZneficTBHA (3TO JesiaeTcsi B YacTAXx 2 M 3), a NOKa3aTh JHIUb OCHOBHBIE
THINBI BO3HHKAIOLIHX MPOLECCOB nepeBoja. Kpome Toro, Mbl He yYHThIBA-
€M I0Ka B3aUMHOT'O MEPEKPbITHS MpPOLECCOB U UHKJIOB 06GpaTHOH CBA3H
(HampuMep, BcjeACTBHe OMUOOK, OGHApYXKEHHBIX BO BpEMsl BbINOJHE-
HHS OJHOTO H3 MpOLIeCCOB, YacTo TpeGyeTcs BepHYTbCA Ha3aj U CKOppek-
TUPOBATb paHee BHINIONHEHHYI paloTy).
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Puc. 2.1. Makpomogenp nepesoga.

Uro6bl Nyulle MOHATL NpOGJIEMY IepeBofia, PacCMOTPHM KPaTKO
Ka)k/iplit U3 NpOLEecCcoB, U300paKeHHBIX Ha puc. 2.1.

1. 3ror npouecc HaunHaeTcst ¢ pa3pabOTKH ONHMCAHHMA pellaeMOl 3a-
Aaun. Takoe onucaHue UMeeT BHJ NepeyHs TpeGOBaHHH noJb3oBaTes s,
B HekoTOpBIX C/Tyuasix MO/Nb30BaTe/Nb COCTABASET 3TOT NEPeyeHb Cam.
B 1pyrux ciydasx s1o fenaer paspaGoTUHK NPOrPaMMHOTO obecredeH Hst
71160 B pesynbTarte Gecell C NONb3oBaTeNeM, OO HCCaenys ero norpeb-
HOCTH, MO0 CaMOCTOSITEJIbHO OLIEHMBAsi 3TH MOTpeOHOCTH B Gyayllewm,
JHG0 KOMGHHHPYSA MepeYHCIeHHbIe METO/bI.

B mo6om cyuae 31ech uMeloTCsl OGLIMPHbIE BOSMOXHOCTHU A/15 OLIK-
6OK; Hampumep, MOMb30BATE/Nb MOXKET HE CyMeTb aJeKBAaTHO BbIPA3HTb
CBOH noTpeGHOCTH, OHH MOTYT GbITb HEBEPHO NOHATHL KGO yUTeHbl HE B
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noanom o6weme. SIcHo, 4TO OWKGKH, BOBHHKAIOLIHE HA 5TOM YPOBHe, 00-

XOIATCST Ype3BHYAHHO AOPOTO-
2. Bropoii mpouecc COCTOHT B MEPEBOje Tpe6oBaHUH MOb30BaTeNs

B UeJu nporpammbl. XOTs Ha 5TOM luare oGbeM repeBojia HeBeJHK, 31ech
Tpe6yercsi FBHO BHUGTUTb M OUEHHTb JOBOJIBHO MHOTO KOMIIPOMHCCHbIX
pewenuil (MepedyHCeHHBIX B 1. 4). OWHOKH Ha 9TOM LIare BO3HHKAIOT,
KOTAa HEBEPHO UHTEePIpeTHpYIOTCsi TpeGOBaHMs, HE YHAeTCS BbiSIBUTh
Bce TpeGYyIOLUIHEe KOMIPOMHCCHBIX pelIeHU# NpobJieMbl WIH THPHUHATHI
HenpaBWIbHbBIE pelleHHs!, a TaKXKe B c/lydyae, KOTAa He chopMyJTHPOBAHbI
Lesd, HeoGXOAHMbIE, HO He HOCTaBJIEHHLIE IBHO B TPeGOBaHUAX IOMb-
3oBaress.

3. Tperuit war cBasaH ¢ nmpeoOpa3oBaHHeM liefiedl MPOrpaMmbl B ee
BHEIHYe CrenHdHKALUY, T. €. TOYHOE ONHCAHHe MOBeJEeHHUs BCEH CHCTe-
MBI C TOYKH 3peHus mosb3oBatensi. [lo o6beMy nepeBona 3To caMblil 3Ha-
YHTE/NbHBIA 3Tan pa3paGoTKH mporpaMMHOro obecriedeHHs. Tak 4To oH
GoJIbILie BCEro MOABEPXKEH OIIHOKAM — OHH ObIBAIOT U HaHGoJee cepbes-
HBIMH, N HauGoJiee MHOTOYHCJIEHHBIMH.

" 4, YersepThiil Liar npeactaniaseT co00i HECKOMBbKO NMPOLECCOB Mepe-
BOJa — OT BHEIIHETro OMHCAHHs IOTOBOTO NPOAYKTa JO NOJYYeHHs Je-
TaJBHOI'O MPOEKTA, ONMUCHIBAIOIIEr0 MHOXKECTBO COCTaB/AIOLIHMX POrpaMm-
MY NpeaJOXKeHHH, BEINOHEHHEe KOTOPBIX AOMKHO 06ECIeyHThb roBeieHHe
CHCTeMbl, COOTBETCTBYIOLIEE BHENIHUM Crielu(UKAUAM. DTOT 1WAar BKJIO-
yaeT TakHe MpPOLECCH, KAaK NepeBoJ BHEIIHEro OMHCAHHSI B CTPYKTYPY
KOMIIOHEHT NporpaMMsl (HanpuMep, MoAyJiel) H epeBoJ Kax/0i U3 3TUX
KOMIIOHEHT B ONHCaHHe [IPOLe/ly PHBIX IIAroB (Hanpumep, B 6/10K-CXeMEl).
IlockonbKy HaMm NPHXOAUTCH .MMEThb €0 CO BCe GOMbLIMMU OGbeMaMH
UHPOpMAaLMH, HIAHCH BHECEH U OIMGOK CTAHOBATCS Ype3BblYafHO BHICO-
KHMH. :

5. Tlocaeanuit npouecc NpoeKTHPOBAHHA — MepeBOJ ONHCAHUS JIOTH-
KM NpOrpaMMbl B NpeJJIOXKeHHsl si3blKa MpOrpaMMHUpoBaHMA. XOTS Ha
9TOM LIare 4acro [e/naeTcsl MHOIO OLIHGOK, OHH OGLIYHO OTHOCUTENBbHO
MeJIKHe, JIEFKO 0OHapyKHBalOTCA U KoppeKTHpYyiorcs. (OnHaKo, Kak Bb
YBHIUTE HHKE, 3TO He 6ceeda Tak.)

Ha sTom mare BosHHKaeT TakKe U APYTroii Npouecc TPaHCASALHU: Tie-
PEBOX MpeACTaB/AEHHS NPOrPAMMBI HA SI3bIKE POrpaMMUPOBAHHS B 06b-
€KTHbIH (BbINOMHAEMbIHi MaIHHOA) KOA. OGBLIYHO 3TOT nepeBoJ BbIMOMHSA-
eTCsl CHelHaTbHOH NporpaMMoil — koMnunsTopoM. KoHeuHo, HHOrza
H KOMOWISATOPHI COjepKar OMHOKH, BCJIEICTBHE 4Yero OwHOKH MOTYT
HOsIBUTECS H B 06beKTHOH nporpamMe. OIHAKO Mbl CYHTaeM 3TH OLIMOKH
HeNoJB/JACTHBIMH HaM (€C/TH TOJBKO NpOrpaMma, KOTOPYIO Mbl CO3/aeM,
cama He ABJIAETCA KOMIHJIATOPOM).

6. B pesyabrate paGoThl Haj NMPOTPaMMHBIM MPOEKTOM BO3HHKAIOT
Kak caMo nporpammHoe ofecrieyeHue, TaK M JOKYMEHTHI, ONMHUCLIBAIOIIHE
€ro ucnonb3oBanue. [TocnenHue o6bIYHO UMEIOT BHJ, MeYaTHLIX PYKOBOA-
CTB, XOTfl UX MOXKHO XPaHMTb M B CaMOH BBIYHCJIHTEJbHOH CHCTeMe U
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OGBIUHO NOJYYAIOTCS NIepPeBOLOM BHEIUHUX CrelHdUKALui B MaTepHabl,
OpUEHTHPOBAHHEIE HA KOHKPETHEIE IPYNNEl NOVIb3oBaTesed.

[Ty6nuKauuyu onpefe/ieHHbIM 06pa3oM BIHAIOT Ha HaJEeKHOCTb Mpo-
rpaMMHOro ofecnevenusi. Ec/iu olun6Ka BO3HMKAET NIPH HX MOATOTOBKe,
OHH He GYZyT TOUHO ONMHCHIBATh NOBeJeHHe MPOrpaMMbl (€C/TH TONBLKO HA
marax 4 u 6 He clies1aHbl HAEHTHYHBIE OHGKHU). [TpounTaB pyKOBOACTBO,
N0/b30BaTeNb HayHeT paboTaTb C NPOrpaMmod U OGHAPYKHUT, YTO OHa
BelleT ce6f He TaK, KaK OH OXHAaJ1,— 3TO U SIBIAETCS, N0 ONpeleTeHHIo,
own6Koii B nporpamMme. KoHeuHo, Kak oTMeueHo B IVI. 1, Aaxe ecau npo-
rpamma H nyG/lMKalHuu COTJIacyloTcss MeXAy co6oi, B IporpamMMe TeM He
MeHee MOTYT IPUCYTCTBOBaTb OMIHOKH (HampHUMep, €C/IH OHH BO3HUKJ/IH
npu nepesofie Ha wWarax 1, 2 unu 3, a TakxKe ec1H OAHHAKOBbE OLIHOKHK
coBepileHbl Ha 4-M M 6-M warax).

7. Elle oIHMM HCTOYHHKOM HH(pOPMaLHH BO BpeMsi pa3pabOTKH C/1y~
»xar cneuupukanuu annaparypel. Hanpumep, paspa6orunk onepaunyoH-
Holi cHcTeMbl onupaercsi Ha onucanusa LIT (Hanpumep, HaGopa KomaHA,
MEXaHH3MOB INpepbIBaHHUs, CPEACTB 3allHThl) H BCero nepHpepuiiHOro
06opynoBaHHsa CHCTeMbl. Pa3paGoTyuKy NPHKJAAZHOM CHCTEMbl 4acTo
HYHO 3HaTh XapaKTepUCTUKH TePMHHAJNOB M JHHH#A cBa3H. Henpapn-
JIbHOE HCTOJIKOBaHHE 3THX MarepHaJiOB MOXKET NPUBECTH K OlIHGKaM B
nporpaMMHOM obecreyeHHH. .

8. O6bluHO NpUKMafHblE NMPOrpaMMbl B3aHMOJIEHACTBYIOT ¢ 6a30BbIM
NpOrpaMMHBIM ObecreueHHeM BBIYUC/IHUTENbHOA CHCTEMBI, oOpallasch
K HeMy C 3aKa3aMH Ha BBOI-BHIBOJ M JAHHAMHUYECKOe paclpefie/leHue
pecypcoB. HenpaBuibHoe mOHHMaHHe JOKyMEHTAlUMH no 6a30BoMYy Npo-
rpaMMHOMY O0eCHEeYeHHIO CJYXKHT ellle OJHUM HCTOYHHKOM OIUHGOK.

9. 'oToBas mporpamMma COCTOMT M3 MpeMJOXKeHUH Mo KpafiHedl Mepe
OJHOT'O si3blKa IporpaMMupoBaHus. HeloHumaHMe CHHTaKCcHCa U ceMa-
HTHKM S13bIKa TaK»Ke fIBJSIeTCs] MPHYMHOH OMNGOK B NPOrpaMMHOM obec-
MeYeHHHU.

10. Ectb nBe ¢opMEl CBA3M MEXAY I0Jb30BaTe/ieM H FOTOBOH MpOr-
pPaMMOH: PYKOBOZACTBa, ONHUCHIBAIOLIYE €€ HCIOJNb30BaHUe, H HeloCpeCcT-
BeHHas paGota c Hefi. llar 10 npencrabasier co6oil H3yyeHHe NOJAb30Ba-
TeJleM PYKOBOJACTB M NepeBOJ HX COAEPXKAHMA B €ro NMOHHMaHHE Toro,
KaK OH XKeJlaeT HNPHMEHATb NporpaMmy.

YToGE! NOHATH, KaK 3TOT NIPOLLECC BIHSAET Ha HALEXKHOCTD, NPeACTaBHM
cebe, YTO y HacC ecTh rOTOBasi MpPOrpaMMa, CoAepKalllasi HECKOJIbKO He-
H3BEeCTHHIX OIMGOK. Ec/ii nosib3oBaTe/b NbITAETCs € ee NOMOLIbIO YTO-TO
ChenaTth H M3 MyGNUKALMH He MOXET MOHATb, KaK 3TOro NOGUThLCS (Ha-
npuMep, H3-3a TOTO, YTO OHH IVIOXO HANHCAHBLI), OH MOXKET MOMbITAaThCSH
TNI03KCTIepHMEHTHPOBATD C CHCTEMOH, STH NONBITKH HCIO/Ib30BaTh CHCTEMY
He3aIIaHMPOBAaHHBIM CIIOCO6OM YacTO YBEJIHUIHBAIOT BEPOATHOCTb HATOM-
KHYTbCS Ha OCTaBIUWeCs B MPOrpaMMHOM oGecnieueHuH omn6Ku. Takum
006pasoM, KauecTBO AOKYMEHTalHH AJS TMOJNb30BATe]fl, XOTS OHO M He
CBfI3aHO C KOJIHYECTBOM OMMGOK B IpOTpaMMe, MOXET BJATh Ha ee Ha-
AEXHOCTb.,
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11. Dror war npeacrapser co6oil HENOCPEACTBEHHOE B3aUMOJeiCT-
BHE N0/1b30BaTe/s1 C NPOrpaMMHBIM obecrneyeHreM, HallpHUMep NPH BBOAE
JIaHHBIX C TepMHHANA U NIPH aHajau3se Bbiiay. Eciu yesoBeyeckne ¢pakTo-
pbl yuTeHbI c1a6o (T. e. AMANOT YeJOBeK — MallHHa pa3paboTaH MI0Xo),
BepOSATHOCTb OLIHMOKH N01b30BaTenNsl yBeJuuHBaercd. OuubKky momb3o-
BaTeJis 4aCTO CTaBAT CHCTEMY B HOBble, HeTpeJABHIeHHbIE OGCTOATENLCTBA,
yBeIUYUBasA TakUM 00pa30M IAHCH POSIBIIeHHs] OCTaBLIMXCS B IPOTpaM-
Me OLIHOOK.

12. Kak y:xe roBopuioch, Mbl TOKa He pacCMaTpHBaeM MHOTOYHC/IEH-
Hble LMKJIbI OOPaTHOH CBf3H, UMelolHecs Ha 3Toil guarpamme. OnHako
OJIUH H3 HHX (war 12) AocTaToYHO BaxkeH, YTOOBI OOGCYAHTbH €ro yixe
ceiiqac.

3HauuTenbHAA JOJA 3aTPaT Ha NMporpammHoe ofecnedeHie B Mupe
NPUXOAUTCA HA H3MEHEHUs] CYLIECTBYIOIMX Nporpamm. XoTs MoJelb
nepeBojia Ha puc. 2.1 IOBOTbHO XOPOLIO NMpeJCTaB/IseT H 3TOT Mpolece,
BaXKHBIi JONOJTHHUTE/bHbIH 111aT, BO3HUKAIOUIMHA B ITpolecce H3MeHeHUsi,—
YyTeHHe Y MOHHMaHHe TeKCTa CYIECTBYIOMeH NPOrPaMMBI /19l BbIAICHEHHUS
TOro, YTO U KaK Haf0 N3MEHHUTb. DTOT LAl NOSABAAETCS NPH CONPOBOKIe-
HHH (MCIIpaBIeHHH olMGOK) U MoAuduKaiuy (Z06aBIeHUH HOBBIX (DYHK-
IHH CyLIECTBYIOIUMM TporpamMmam). BesteacTBue 3Toro cama no ce6e roro-
Bas NnporpamMma — 370 ellle He KOHeIll IpoLecca NepeBoja; 4YeloBeK H0/-
2KeH CHOBA NepeBOJHTh ee NP HCIpaBJeHHH OWHUGOK U J06aBlieHHH HO-
BbIX pyHkuuiA. OwnOKH, OYeBUIHO, MOTYT BO3HHKATh U Ha TOM 3Tale,
TI03TOMY TaKHe 0COGeHHOCTH NpOrpaMMHOro obecreyeHHus, KaK CBOHCTBa
HCTIONb3YEMOTO A3bIKa IPOrpaMMUPOBAHHUS H CTH/Ib NPOrpaMMHpOBaHHus,
noTpebyIOT HAlIlero BHUMAHUS.

MakpoMozienb nepeBofa OMHCHIBAeT NPOUCXOXKJeHHe OGOMbLIHHCTBA
owH60K B nporpamMMHoM ofecriedeHud. (OTMETHM TaKe, YTO MHOTHe
U3 OWHKOOK MepeBofa BO3HUKAIOT BHYTPH KaxJA0To U3 mpoueccos.) BHa-
yajle 3Ta MOJe/lb 4aCTO BHI3bIBAET yAUBJEeHHe, TAK KaK HepeiKo CYUTa-
ercsi, 4YTo OWHGKH B NMporpamMMe — 5TO Te OMIHOKH, KOTOpLle Aesaer
TIPOTPAMMHCT, KOrJa MULIeT NporpaMMy Ha si3blKe NpOrpaMMHpOBaHuA.
TIpHuHHBE HEKOTOPBIX OLIUGOK 3/1€Ch He OTPaKEHbI, HAPHMEP YTeps mep-
¢oKapThl U3 KOJOABLI WM TMEePeCTaHOBKA ABYX GYKB IpH BBOJAE NpPENJIo-
JKEeHUA C TepMHHa/Na, HO RO/ TaKHX OIIHOOK HeBelHKa, U OObIYHO HX
HeTPYAHO OGHAPYXKHTb.

Sra Mozieb BaxKHa, IOCKOJbKY OHA ONHCHIBaeT NPHYHHBI, JeXKalllHe B
OCHOBe HeHaleXXHOCTH. Byiarogaps eif HaMm CTa/l H3BeCTeH NepeyeHb MOJ:
JieXaluX pelleHuio 3ajauy. MHorue M3 ONHCAaHHBIX B KHHMI€ METO/IOB
OCHOBBIBAIOTCS Ha AaHHOH MoJe/u. JTO 3HAUWT, YTO pacCMaTpUBaemble
METOXBI CBOAAT K MMHUMYMY WU TO3BOJNSIIOT OGHApYKHBaTh OLUMOKH
fiepeBojia, BO3HHKAIOIMe Ha KaxJoM sTame.
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Puc. 2.2. MukpoMojeib NepeBoja.

MHUKPOMOJEJIb NMEPEBOJIA

Yto6b1 /yylle MOHAMATh NpobieMbl epeBojia, pacCMOTPHUM MOJAENb,
n306paxeHHy0 Ha puc. 2.2, Yenosek 31ech — J11060€ JNHLO, ONHCHIBaE-
MOE MaKpOMOJIEJIbIO: [0/1b30BaTe/b, CHCTEMHBIA aHAMUTHK, IPOEKTHPOB-
MK WM [NPOrpaMMHUET. DTOT YesioBeK MbITaeTCs NMepeBOAHTb HHpopMa-
uuio us ¢opmbl A B popmy B. [las storo eMy c/ielyeT COBEpPIINTh YeThIpe
OCHOBHEIX ILIara.

1. On (oHa) nonyyaer HHGOPMALHIO C [IOMOLILIO CBOETO YHTAIOLIErO
MexaHu3ma R (o6nacTeil Mo3sra, ynpaB/sIIOLIHX 3pPEHHEM H CJIYXOM).

2. OH 3anoMuHaer HHpopMauuio B cBoeH namsatH M.

3. On BbIGUpaeT U3 NaMATH 5Ty HHPOPMALIHIO, a TaKKe WHDOpPMAIHIO,
ONHCHIBAIOLLYIO TPOLECC NepeBofia, BINOJHSAET NepeBOJl H NOChUIAeT pe-
3yJIbTaT CBOeMY NHmymemy mexanusmy W (o6aacTsiv Mosra, ynpasid-
IOIIMM Peybio WIH JBHXEHHeM pYK).

4. npopmManus ¢pu3nyeCKH pacrpoCTPaHAETCs C MOMOLbIO MHChbMa,
NeyaTH Ha TepMHHa/le HJIH peud.

Ila}xe ‘FaKas yIpouleHHas MOAENDb IepeBoja NO3BOISAET HaM HUCC/Ie-
J0BaTh BO3HHKAIOUIHE Ha KaXIOM W3 3TaNoB OLINGKH.

1. OnHoit U3 Bemuuafux oCOGEHHOCTEN YeJOBEUECKOT'O MHTEJIEKTa
ABJseTCA CHOCOGHOCTb NMOHHMATh BXOAHYIO HHGOpPMAIHIO, COMOCTAB/ S
€€ C OrpoMHBEIM Ha6OPOM XPaHHMBIX B MaMsATH 06pa3LOB, CO3JAHHBIX 06-
Pa3oBaHueM u XKM3HEHHBIM OIBITOM. DTOT MPUHIIKII JIEXKUT B OCHOBE YeJio-
BEUECKOH cnocOGHOCTH «YHTaTb MEXKAY CTPOK», TIOHUMAaTh I'pammarHye-
CKH HenmpaBH/IbHBIE NPEAJIOKEHHS, TPEJCKA3bIBaTh Pa3BA3KY KHHODH/Abs



28 rJa. 2. OUWIMBKU — UX NMPUYHHBI U MOCJIEACTBUS

Ma u 7. A. K HecuacTbio, 3TH MOLIHEIE CTOCOGHOCTH B HEKOTOPhIX C/ydasx
BEI3BIBAIOT HETOYHOCTH B IpoLecCe NepeBoja, SIBASIOTCA NPHYHHOMN OLIH-
Gok B mporpamMmHoM oGecredeHHH. OWHOKH BO3HUKAIOT TOTAAa, KOTJAa
TIDY YTEHHH JOKYMeHTa A 4eJIOBEK BUIMT TO, 4TO OH OKHIAET HIH XOYeT
YBHAETH, a He TO, YTO HANHCAHO, KOTAA OH MbITAeTCs1 BOCCTAHOBHTb He-
Jocraiouiue GpaKkThl WIH IIPOCTO He 3aMedaeT CyLIeCTBeHHON HHPOPMALLHH,

ItH ke crocoGHOCTH YaCTO OKa3bIBAIOTCA MOJE3HbIMU NP 0GHApyXKe-
finy own6ok. Ecnu ommOKU NPUCYTCTBYIOT YXKe B CaMOM JOKYMeHTe
A, MBI crocoGHBI 0GHAPYKHTb HX, OCO3HABasi HECOOTBETCTBHE C HALLUUM
fIpeXKHHM XKH3HEHHBIM ONLITOM. 3TO, O/IHAKO, NIOJIE3HO JTHILb TOT/Ia, KOrAa
MBI OTIPaB/IsieMCSl K CO3[aTesi0 NOKymera A M BHIAICHAEM C HHM BO3-
sukuige Bonpockl. Ho uame fesaercs He Tak: Mbl paspeiiaeM KOHGNVIMKT
CaMOCTOSIT&/IbHO, MHOTAA BEpPHO, HHOIJAA HET, M NPOJO/MKaeM paGoTy
JAaJiblue.

2. B GoabliuHCTBE Clyyaes, A5 TOro 4ToObl MPaBUJIbHO 3aNIOMHHTb
uHdopMalHio, HaM Hazlo ee MoHATb. Ha sToM 3Tane omnGKH B nporpam-
MHOM obecrieyeHuH NOSBAAIOTCS B pe3yJibTaTe HENpPaBHJIbHON MHTepIpe-
Tal{M WIH TOJHOTO HEMOHMMaHHUA BXOAHOH HHGpopMauuu. OHa Moxer
ObITh C/IMILIKOM CJIOKHOH WIH ABYCMBICTeHHOH, 06pa3oBaTeJbHbIH ypo-
BeHb YeJIOBEKa MOXET OKa3aThCfl HENOCTaTOYHO BBICOKHM.

3. OcHOBHOH HCTOYHUK OLIMGOK Ha 3TOM 3Tane — 3a6GLIBYUMBOCTD: Ye-
JIOBEK MOXKET 3a0biThb BXOAHYIO HH(opmauHio A 160 TOYHbE NpaBHIA
BhIMOMHEHHs mepeBofa. Cna6ocTb APYrHX yMCTBEHHBIX CIOCOGHOCTeH,
TaKUX, KaK YeTKOCTb MBIULIEHHsl WJIH yMEeHHe u3BJeKaTb H3 NaMATH
OTHOCSIIIHECS K JeJy 3HaHUSA, TaK¥Ke CIIOCOGCTBYET MOABIEHHIO ONIHOOK.

4. Tocnefnui aTam, Ha KOTOPOM HH(OPMAaIN Ul MOXKET OBITh UCKaXKeHa
wiHd yrpauena,— war 4. MHorue He yMelOT ICHO NHCaTb WJIH BbIpaXaThb
CBOH MBICJIH — 3TO 3aTeMHsieT CMBICJ HX coobuieHui. Eciin Kolmu4ecTso
BBIXOJHOH MHGMOpMAIHH BENTHKO, Ye/IOBEKA HAYHHAeT pasjpaxarb pas-
HHIIA MEXKIY CKOPOCTBIO MBILIIEHUS H THCbMa. UTOGEI CIpaBHTLCS C 9THM,
OH HCHO/Mb3yeT COKpauieHus JH60 npeinonaraer, 4to ¢GakTel OyLyT
«MHTYHTHBHO OYEBHIHbLI» €T0 ajipecaTaM. DTO YBeJIHYUBAeT BEPOSITHOCTh
TOro, 4TO CJAEAYIOUMA Y4YaCTHHK mpouecca paspaGoTKH NpH NepeBofe
COBEPLUHT OLIHOKH.

Tenepb y Bac yxe, BepOsITHO, CJIOKHJIOCH BleYaTJEHHE, YTO OWIHOKH
B NPOrpaMMHOM oGecrieYeHHH — IEHKOM H MOJHOCTBIO C/IEICTBHE He-
COBEpLIEHCTBA YeJIOBEYECKOT0 pasyMa H eIMHCTBEHHOe BO3MOXKHOE pe-
leHue 3TOH MpobjeMbl — pasBelleHHe TOPOAbl JYYUIMX CErOAHSILIHHX
NPOrPaMMHCTOB YHCTO FeHeTHYeCKHM myTeM. OfHaKO A1 GOJMbUIIMHCTBA
npo6J/ieM nepeBojia CyLIECTBYIOT Gojlee peaqHCTHUeCKHe pelueHusi. Cpea-
€TBa NPeJACTaBNeHHs MPOEKTa HA Pas3/IMYHBIX YPOBHAX (Hanpumep, s3bi-
KH ONMCAHHH U NPOrpaMMHPOBaHH) BIUSAIOT Ha mpolece nepesosa. [Tpo-
LleCCbl NPOEKTHPOBAHHUA M CBOHCTBA CaMOro NpPOeKTa (HampuMep, ero
C/IOXKHOCTB) TaKXe CYILECTBEHHO BiusioT Ha owubku. IloxpoGuee 06
ATOM TOBOPHTCA B 4acTH 2.
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[IOCJEACTBH S OLIHBOK

Byayuwu elle CTyIeHTOM-CTapLIeKypCHHKOM, si paGoTall KaK CHCTeM-
Hblil IPOrPAMMHCT B BBIYHCJHTENBHOM LEHTpe Koiemxka. OgHum us
3aaHHi, KOTOPhIE s MOMYYHJI NOCJ]E YCTAHOBKY HOBO#H BBIYUC/HTEIbHOH
cucteMbl, Ob1a pa3paboTka OIOJKETHOH CHCTeMBI, T. €. COCTaBJsioled
OnepalHOHHOM CHCTeMBI, NPeAHa3HAaYeHHOH /IS U3MEPEeHHsl H perHcTpa-
LMY HCMOMb30BaHHSA PECYPCOB, H MPHKIANAHON Nporpammsel Jjs o6pabor-
KUY NOCTYNAIONIMX JaHHBIX ¥ IEPHOAHYECKOH Buljauu oTueToB, [IocKoMbKY
MecTa B MaMATH Ha AMCKe ObLTO KpafiHe Mano, Tpe6GoBajoCh ONTUMAIbHO
yNakoBaTb 3alHCH O (akyJbTeTe, NPOEKTe M MOJMb3oBaTele B HaGope
JlaHHBIX Ha AOPOXKKe JHCKA.

HeckonbKo €T Hasax Ha OLHOH U3 KOHGepeHUHI 51 CayyafiHO BCTpe-
TH/ICH C AUPEKTOPOM BHIYHMCAUTENBHOTO LeHTpa. OH JIMIIWI MeHs1 OCHOBa-
HUi1 TOPUTLCS CBOEH CHCTeMOH, cooblIuB 06 omnGKe, KOTOpas HeAaBHO
6oi1a oGHapy:xeHa. [TonbiTka K06AaBUTH 3alIHCh O HOBOM NIPOEKTe AIsl He-
KoToporo ¢aKyJabTeTa BeI3Bajla NepenojiHeHHe BMECTO Tiepexoja Ha BTO-
pYI0 IOPOXKKY JMCKa, OTBEAECHHYIO 7151 3TOro haKyJibTeTa. 5l nyaHupoBan
TaKyl0 CHTYallHiO, HO, K HECUACTbIO, COBEPIIMJ OLIHOKY THUNA COIHHM
Mmenbie»: onepatop EC/IU-MEHbIIE-UJIN-PABHO-TO nonxed Gbut
6nth oneparopom ECJ/IM-MEHDIIE-TO.

YBepeH, uTo y MHOTHX uuTareefl HMeeTcsi aHa/MOTHYHBIA onbiT. CHe-
TeMa MOXET yCHemHo pafoTaTh HECKOJbKO JieT, Bce Gosee H Gonee 3a-
C/yKHBas JoBepue NoJb30Bare/ied, I0Ka BAPYT He BbIHAET H3 CTPOS H3-
3a TOrO, YTO B HOBBIX YCJIOBHSX HEOXMAAHHO BCIVILIBAET HA TIOBEPXHOCTh
CKphITasi owHbKa. _

[oroBa pykonuch 3TOH KHHTH, sl HCIIOJIB30BaJl nporpammy obpabor-
KM W pelakTHpPoBaHHsi TekcToB. [Iporpamma paGorana HeIJiOXO, HO
BAPYT HOBOJILHO MOYYMTENbHO «OTKasana»., ObpabarmiBasi rvi. 1, oHa
clenyrouM o6pa3oM Hareyarajia OnpefiesieHUe HaJeXHOCTH Mporpam-
MHOro obecnieyeHus: )

HanexxHocTb mporpammHoro ofecreyeHusi eCTb BEPOATHOCTD €
paGoThl 6e3 OTKa30B B TeueHHEe ONpele/IeHHOro TepH
o A
BpeMeHH, pacCuMTaHHasi C y4eTOM CTOHMOCTH J
a
nonb3oBaTessi KaxJIoro OTKasa.

Brievatsienme Takoe, uTo % 3a4e/ YYBCTBHTE/IbHbIA HEPB NPOrpaMMLL: eil
He NoHpaBMJIOCh MOe onpese/eH e HaaexxHoctu! Ha camom xe Jeste nony-
YHJI0Ch BCEro JIHLIb TaK, YTO MOH Crnoco6 onpeleseHust GopMaToB CTPOK
He Ob1 mpeayCMOTPEH aBTOPOM NpOrpaMMbl 0GPaGOTKH TEKCTOB.

B npogeccruonanbubix xypranax no o6paGoTke JaHHbIX YaCTO A6/ H-
KYIOTCa Becesbie (4151 BCEX, KPOME HX YYACTHHKOB) HCTOPHH O KJIacCHUe-
CKHX owmn6Kax B mporpamMmHom obecrneuennu. CTpaxoBasi KOMIOaHus 6e3
BCAKHMX BHAUMBIX NPUYHH aHHY/AHPOBAIA MONUC H OTKas3alach ero BOCs
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craHoBuTb. [Iporpamma perucTpaunvi NOANMUCYHKOB HampaBHaa BCE K-
3eMIVIIpH XKYpHa/lIa 1Mo ofHoMmy aipecy. BaHkoBckas cucrema yuera
3aiiMOB NpeJCTaBHU/Ia K OIVIaTe MecAYHLIH cueT B 212 958 nonyiapoe’72 uex-
Ta, B TO BpeMsi Kak 6anaHc 1o 3aiiMy COCTaBasa Bcero 2 342 monsapa
55 nenTtoB. )Kene3HOZOpOXKHAsl cuCTeMa MOTepsiia TOBapHbIE BarOHHL.
Benencrue omu6oK B cucTeMax o6paGoTKH pe3y/bTaTOB TOJIOCOBaHHSA
rojoca usbupartenefi NOAaBaduCh He 3a TeX KaHIUAATOB, MPOCTO Teps-
JIHCb, a B ONHOM CJyyae Jaxke ObLIM OTAaHbl BCe OJXHOMY KaHIMAATY
(TosbKO Moc/efHaAa omu6ka Gbina Ge3 Tpyna obHapyxkeHa). Ouwubka B
CHCTeMe ynpaBsJieHus 6a3of JaHHBIX GO/bLIOrO CKJAaja MpHBena K pas-
pylueHHIO 3anucefl, Gnarofaps ueMmy, NOMHUMO IpOYEro, 3aTepsHCh
cenpl 15 TOHH 3aMOpOXeHHOH MneueHH, NOMELIeHHON B oTcek Ge3 XoJio-
aunbHuka, IlkonbHas cucrema yuera ycreBaeMOCTH BOCHPHHHMANa
TONBKO JABYX3HAYHble YHCJIa, TaK YTo yuauuecs, HaGpapiuue Gonee
100 GannoB, okasanuch HeycneBaloUUMH. [IporpaMMmuCT, TOJNBKO YTO
3aKOHYHBIUMHA NepeHoC NPOrpaMMbl HAUHC/IEHUS 3apmaatel JJis CBoeH
¢upmbt ¢ IBM 1401 na IBM 360, oTKpbIBaeT KOHBEPT C OuepeqHOH Bbl-
njaToil ¥ 06HapyKHMBaeT, YTO ero okzaj cokpailet o 0 goanapos 00 nex-
TOB.

K cuacTbio, OYTH BCe 3TH OUOKH He HMENU Cepbe3HbIX MOCAe/CT-
Bui. OJHAKO eCTb H APYTOH KJaCCHYECKHH CBOJ OIUOOK, 3aKOHUHBLIHX-
ca Karactpodamu WM NouTH kartacTpopamu. Owun6Kka B MpOrpamMMHOM
obecrneyeHun 6opToBoii DBM KocMHuueckoro kopabns «Anosnion-8» ynuu-
TOXKHJIA COJePKUMOe YaCTH NamaTu MawuHel. 3a 10 gHeit nonera «Anos-
JIoHa- 14» Obl10 o6HapyxeHo 18 ommbok. BecrioxolicTBo Mo moBozy oLM-
6ox B mporpaMMHOM oGecleyeHHH NpPOrpaMMbl «ATO/NJIOH» BbIpaXKaer
caenywouee 3aspiedue [11:

«CamMoe TIHIATeJbHO CIVIaHHPOBaHHOe M HIEAPO (HHAHCHPOBaHHOE NPOTPaMMHOE
obecneuenne B MHpe GbIo paspaGoTaHO AAf cepHH NoJeToB Ha JIyHy mo mporpamme
«Anoanon». K paGote B JIByX CONMEpHHUYAIOMMX Tpynnax OblIH NpPHBJICYEHH JyuliHe
nporpaMMHcThl €Tpanbl. Ilposepka nporpamMMHoro obecneyeHHs: Besiach CO BCEH NOJHO-
TO#, KOTOPYIO TOJILKO MOIVIH MPEACTaBHTh cebe cnennaaucTel. B obuteli cioxuocTd oko-
J10 660 MITH. 1O/UIapOB GBIIO 3aTPayeHO Ha 3TO Nporpammuoe obecneyenue. W Bee-Taku
FIOYTH BCe KPYMHblEe HeyAayH MPOrpaMMbl «AMOJIOHY, OT JIOXKHBIX TPEBOT JIO PealibHHX
ger}guﬁmo‘:'reﬁ, OLIIH NPSMBLIM PE3yJNLTATOM OMIHO0K B NPOTPaMMHOM oGecreyeHHH

BM>.

CepbesHbie olIHOKH B IPOrpaMMHOM OGecriedeHHH He OrpaHHYHBATHCh
TO/NBKO TporpamMmoii «Anosion». BeseAcTBHe OLIMOKH B pOrpaMMe UH-
¢dopmanus ¢ pagapos Obia Moc/JaHa He 110 Ha3HAYEHHIO, M TaKUM o6pa-
30M ObIM yHUYTOXEHBI Bce pesynbrarthl yuenuit [IBO CIIA NORAD
B 1963 r. Yacrora c6oeB H3-3a omMGOK B NPOrPaMMHOM 0GeCTieYeHHH KO-
MaHIHOH cucTembl 465 L crparernueckoro komanjgosanuss BBC CIIA,
¢yHKUuOHHUpYIoLIel yxe 12 jier, IO CUX NOp paBHA B CPEHEM OJZHOMY
c6oio B JieHb. OmunbKa B eAHHCTBEHHOM onepaTtope nporpammsl Ha dopr-
paHe npuBena K HeyJaue NpU NepBOM 3aNYCKE aMepHKAHCKOTO HCE/IeNo-
BaTeJbCKOro Kopabusi Ha Benepy. Uto Xyxke Bcero, OlHOKH B MEAUIHH~
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-

CKOM NIPOrpaMMHOM obecriedeHuH IBHIHCh IPHUUHOM HECKOMbKHX CMEpT-
apix ciydaeB [3], a ommbka B mporpamme MpPOeKTHPOBaHHsI camojiera
BHI3BAIa HECKOJNILKO Cepbe3HbIX aBHAKaTacTpod, XOTS UMeoLIascs HH-
dopmaLHs 06 3TUX owWHOKaX, KaK M C/lel0Bajlo OXKHAATh, BeCbMa He-
noJiHa.

JlBe nepBLie riaBbl JOJXKHBl OBUIM JaTb MNpeACTaBAeHHE O mNpol-
JieMe HaJleXKHOCTH MporpamMMHoro obecniederus. 1o mepe npoHHKHOBEHUS,
9BM B0 Bce chephl Hauleli JKU3HHU NOC/IEJCTBUS HeOCTaTOUHOH HAJIEKHO-
CTH CTAHOBATCSI Bce cepbesHee. K cyacThio, pelieHust MHOTHX acCNeKTOB
npoG/ieMbl HaJeXHOCTH CYIIECTBYIOT; MM M IOCBfillieH BeCb OCTalbHOH
MaTepuaJ KHUTH.
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IlpoekTHpOBaHHE HAJEKHOro
NporpaMMHOro oodecneyeHHst

raasa 3

OcHOBHbIE NPHHIKObI
NPOCKTHPOBaHUS

Paspa6oTka nporpaMMel BKJAIOYaeT 3aflayi IBYX THIIOB! NPOEKTHPO-
BaHMe M TeCTHpoBaHMe. B wgacTu 2 paccMmaTpuBaloTCsi 3ajaud MPOEKs
TUPOBAHHSl U Te€ BHJAB TeCTHPOBAHMS, KOTOpPble MOTYT BO3HHKHYTb B
npouecce NMpoekTHpoBaHusi. B uwactn 3 peyb HJET O TeX BHAAX TECTHs
pOBaHHA, KOTOpBble KacaroTcs TOTOBOTO MPOrpaMMHoro ofecrnedeHHs,

CioBo npoexmuposarnue ynorpebGnsiercsi cefiuac B o6JaacTu paspas
60TKH NPOrpaMMHOro obecnieyeHHs B HECKONbKUX CMBICIaX. Bo MHormx
OpraHU3alMaX CMBICJ CJIOBA «IIPOEKTHPOBAHHE» NPOHU3BOJBHO Orpas
HUYHBAETCS] HAa4albHBIM 3TanoM paGoThl HaX MPOEKTOM, a A1l 0603Hayes
HHUA TOC/AENYIOIMNX 3TAlloB HCIOJAb3YIOTCA TAKHe TePMUHBI, KaK «peajid-
3auus», «paspaboTka», «mporpammupoBaHue». K coxajeHuio, HeT oG-
IEeNPHHATOTO CoryameHus o6 ynorpe6jeHNH 3THX CJIOB; PasJHUHBIE
OpraHH3aIuH OHUMAIOT NOA STHMH C/IOBAMH pasHble I'PYNIbL IPOLECCOR,
9TO MPHUBOAHUT K NYTaHHUIle MPH NONLITKE CPABHUTD JiBa npoeKTa. Bosee
TOTO, 3TO NPOU3BOTBHOE Je/NeHHe TMOPOXKIaeT TEHIEHLHIO K «KaCTOBOC-
TH», TOCKOMbKY MPOTPaMMUCTBI YacTO CUHTAIOT PaboTy «IPOEKTUPOB-
mKa» GoJsee MpecTHKHOM, ueM paboTy «peanusaTopar.

Yro6b! nipeosiosieTh 3TH NPOGJIEMB, . UCMONb3YIO CJIOBO «IPOEKTHPO~
BaHHe» TaK, KaK OHO ONpeleJeHO B CoBape: «npuiianue GopMbl B CO-
OTBETCTBHH C INIAHOM». ITO onpefieJleHHe 0XBaTbiBAeT PasNHUHbIE BHJbI
JeATeJbHOCTH MO CO3LaHMI0 TNPOrpaMMHOro ofecrieyeHHsl, HayHHas
¢ onpefieJieHUs] TpeGOBaHHH U nesieli 1 KOHYas HAallHCaHHMEM TEKCTa Mpo-
rpaMMbl, HO TNOApa3yMeBaeT, KOHEYHO, HaJH4Me pAasJHYHbIX CTafuil
npoekTHpoBaHHA. Ppaspl «pa3paGoTka NPOrPAMMHOIO ofecredeH s,
«KOHCTPYHPOBAHHE IPOTPAMMHOIO OGECTIEYeHHsl» H «IIPOU3BOJCTBO
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NpOrpaMMHOro o6ecrieyeHHsi» OGO3HAYAlOT BeCh LMK/ €ro CO3JAaHHf.
B srofi TJlaBe pPacCMaTPHBAIOTCS HEKOTOpHIE NPUHIMIBL, OOHE AJA
BCEX CTAAMH NPOEKTHPOBAHHSA.

YETBIPE NOAXOJA K HAAE)KHOCTH

Bce nmpuHLMNBL H MeTOAb OGecnieyeHysi HaJEXKHOCTH B COOTBETCTBHH
C HX LEbI0 MOXKHO Pa3buTh Ha ueThipe I'PYNNLL: npedynpesxcdenue owiu-
6ok, obrapyxcenue owubox, ucnpasrerue owubox u obecnederue ycmoti-
ausocmu K owubxam. K nepBofl rpynne OTHOCATCS NPHUHIMIBL U METO-
Jibl, MO3BOJISIOLIHE MUHUMHU3HPOBATh MU BOOGLIE MCKIIOYHThL OIIHGKH.
Mertoznbl BTOPOH I'pYHMBl COCPENIOTOUHBAIOT BHUMAaHKE Ha (DYHKUHUAX ca-
MOTO NPOTPaMMHOTO obecreyeHHusi, MOMOrAMOMUX BHIABAATD OIIMGKH,
K TpeTbeil rpynmne oTHOCATCS (YHKIHM NMpoOrpaMMHOro oecrieueHusi,
npe/Ha3HauYeHHbIE 1A UCTIPAB/JeHHA OWMOOK HIW HUX INOCIeACTBHI.
YcTofiunBoCTb K OlIMOKaM — 9TO Mepa CNOCOOGHOCTH CHCTEMBI ITPOrpaM-
MHOrO ofecrieyeHHsl NPOAOIXKATb (YHKUHOHHPOBAHHE TNpH HAAUUYHH
oun6oK.

Mpeaynpexnenue oumu6ok

K sTo#t rpynne oTHOCATCA NMPUHUUNBI H METOAbl, LENb KOTOPhIX —
He JONYCTHTb MOSIBNIEHHsl OIHGOK B roTOBOH MporpamMme. BoJbIIMHCTBO
METO/I0B KOHIEHTPHPYETCS Ha OT/eNbHBIX ITPOLeccaX nepeBojia 1 Hanpas-
JIEHO Ha [IpefynpexIeH e OLHGOK B 3THX npoueccax. X MoxHO pasbutb
Ha CJefylolHe KaTeropuu:

1. Meroapl, no3posIfiiONIYe CPABUTHCH CO CJAOXKHOCTBIO, CBECTH ee
K MHHUMyMY, TaK Kak 3TO — IVIaBHas MNpHYUHA OWMGOK mnepeBoja.

2. Merozp! JocTHKeHUs1 GO/IbILEH TOYHOCTH NPH MepeBoje.

3. Metonpl yayumeHus o6MeHa uH(pOpMmaluei.

4. Meroibl HeMeJIeHHOTO OGHApYKeHUsi U YCTPaHeHUs OWHOOK. DTH
METO/lbI HanpapJieHbl Ha OOHap Yy KeHHe OLIHGOK Ha KaX/OM luare nepeso-
Aa, He OTKJaAbIBasi JO TECTHPOBAaHUA NPOTPAMMEI OC/Ie ee HanMCaHus.

HonkHo GbiThb OUYEBHAHO, YTO HPeRyNpexKJeHue OuluGOK — ONTH-
MaJIbHBIH MYTb K ZOCTHXKEHUIO HA/[eXKHOCTY NPOrpaMMHOro obecreyeHust.
Jlyuwmii cnoco6 o6ecneynTh HalleXKHOCTh — MPEXK/E BCEro He JO0NYCTHTh
BO3HMKHOBeHUs owKHGOK. ['apaHTHpOBaTh OTCYTCTBHE OLIMGOK, OAHAKO,
HEBO3MOKHO HuKor/Ja. Jlpyrue TpH rpynnsl METOAOB ONMPAIOTCS Ha npej-
nonoxenue, 4yro OMIUOKH Bce-Taku OYyAyT.

OGHapyxenne omnGox

Ecin npeanonarats, uro B nporpaMMHOM OOecredeHHH KaKHe-TO
OWHOKH Bce xe GYAyT, TO Jydlllass (nocjie MPeAyNpexMIEHHs OWHGOK)
CTpaTerus — BK/IOYHTb CPEACTBA OGHApYKEHHA OWIHGOK B CaMO Npo-

9 .
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rpamMMHoe obecrieuenre. dta Hies Hauwia orpaxeHue B ¢uabme «2001:
Kocmuueckasi Onuccesi», NpaBia Ha npuMepe oGHapykeHUs c60eB B am-
naparype.

Komnbiotep: «¥Y MeHs 3aTpy/JHEeHHs B NOAJEPKAHHH KOHTaKTa C 3eM-
aelt. Tlonomka B ycrpofictee AE-35. Moit uentp mpor-
HO3HpOBaHHSA cGoeB coolulaeT, YTO OHO MOXeT BHIATH U3
CTpPOsi B TeyeHHe 72 4acoBy.

BonbmMHCTBO METOJ0B HANpPAB/AEHO N0 BO3MOXHOCTH Ha He3aMelJIH-
Te/ibHOe oGHapy:keHHe cGoeB. HeMmemneHHoe oGHapyikeHHe HMeeT ABa
NPEeUMYLIeCTBA: MOXKHO -MHHUMH3UPOBaTb KaK B/AHMsHHe OIWIMOKH, TaK
H HocJefyiouiue 3aTpyAHEHHsS JJIs 4eJOBeKa, KOTOPOMY NPHIETCA W3-
BJIeKaThb UHpOpMAaLHIO 00 ITOH oIHOKe, HAXOLUTb €€ MECTO U HCIIPABJATD.,

Hcnpaenenue oGOk

Cnenyromuit mwar — MeToAbl HCIpaBlIeHHs owWUGOK; Mocje TOro Kak
ouin6Ka obHapyxeHa, 1u60 OHAa cama, JubO ee MOCJAENCTBUS JAOJAKHABI
6bITb UCNIpaB/IeHbl NPOrpaMMHEIM obecnieueHueM. Mcnpasnenue omnGok
caMoll CHCTeMOH — IVIOZOTBOPHBIA METOJ NMPOEKTUPOBAaHUS HaNEXKHBIX
cucTeM anmnapaTHoro o6ecredeHusi. Hekoropbie ycrpoficTBa CHOCOGHBL
O6HapYXHTb HEUCIIPABHble KOMIIOHEHTH H NepedTH K HCHOJb30BaHHIO
HIEHTHYHBIX 3aMaCHbIX. AHAJOrHYHbIE METOAbI HETPUMEHUMBI K TIpOrpam-
MHOMY 0o6ecreueH Hio BCJIeACTBHE IV1y6OKNX BHYTPEHHHX Pa3iHYHA MeXIY
c6osiMH annapaTypsl M owu6KaMu B nporpammax. Ecau HeKoTopbli
NPOTPaMMHBIH MOAYJIb COJEPXKHT OWHOKY, HIEHTHUHBIE <«3aMacHBIe»
MOZRY/IH TaKxe OyAyT CofiepKaThb TY 2Ke OLIHOKY.

Jpyrofi noAXox K MCTPaB/IeHHIO CBfA3aH C NONBITKAMU BOCCTAHOBHTD
paspylleHHs, BBI3BaHHbIE OLIMGKAaMM, HaNpHMep HUCKaXEHWs! 3amucei
B 6ase JaHHBIX WM ynpaBjsomux Tabmunax cucremsl. ITonb3a or Me-
TOJ0B 60pLObI C HCKaXKeHHAMH OrpaHHYeHHa, NOCKONbKY MpeAnoaraer-
cfl, 4YTO pa3paboTYMK 3apaHee NpelyrafaeT HECKOJbKO BO3MOXKHBIX
TUIIOB HCKa)X€HUH U NPeLyCMOTPHT NMPOTPAMMHO pean3yeMbie PyHKIHH
JUI MX YCTpaHeHHUs. DTO MOXOXKe Ha NMapajoKc, NOCKO/ILKY, €C/IH 3HATh
3apaHee, KakHe OLUMOKH BO3HHKHYT, MOXKHO GBLIO Gbl MPUHATH JOMOJ-
HHUTEJbHbIE MEPHl 0 WX NpenynpexieHHo. Ecau Meroibl JHKBHAALMH
noc/ieACTBHH c60eB He MOTYT ObITb 0GOOLIEHB! A1 paGoOThl CO MHOTHMH
TUMAMH MCKaKeHHH, Jyyllle BCero HanpasaATh CHIBL H CPEJCTBA HA Npe-
pynpexjaeHue owHOOK. Bmecto Toro urobwl, paspabaTbiBasi onepa-
L{HOHHYIO CHCTEMY, OCHALLLATh ee CPeJCTBAMH OOHAPYIKEeHHS ¥ BOCCTaHOB-
JIEHHs HENOYKH MCKaXKeHHBbIX TaGuuu, WiH yNpasJisiomuX OJOKOB, cie-
nosasio Gbl Jyylle CIPOEKTHPOBAThb CHCTEMY TaK, 4TOGbl TOMBKO ONHH
MOAYJIb MMeJ JAOCTYN K 3TOH LeNodYKe, a 3aTeM HACTOHYMBO MBITATHCS
yOeAuTbC B NPaBUIBHOCTH 3TOTO MOAYJIS.
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YcToiunBOCTL K OWIHOKam

MerToApl 3TOH TPYNNBI CTABAT CBOEH LeNbI0 06eCeYuTh PYHKIUOHH-
poBaHHE MPOTPAMMHOM CUCTEMBI P HaMUYUK B Hel omnbox. Onu pas-
6MBAIOTCS HA TPU TOATPYNIH: AHHAMHYECKasi H3GBITOYHOCTb, METOIBI
OTCTYIVIEHHSI H METOJbl M30MALUH OMHUGOK. :

1. Hcroku xoruenunn dunamuueckot u3bbimounocmuy nexar B IpoeK-
TUPOBaHMH ammnapaTHoro obecneyeHusi. OAMH H3 TOAXONOB K AMHAMM-
yeCKOH H3GLITOYHOCTH — MeTOJ, 2020c06anus. JlanHble 06pabaTHBalOTCA
HE32BHCHMO HeCKONbKHMH HAEHTHUHBIMH YCTPOHCTBAMU, U Pe3YJIbTaThl
cpaBHuBaloTcs. Ecim GONBUIMHCTBO YCTPONCTB BHIPaGOTaNo ORHHAKO-
BBI pe3yJbTar, 3TOT Pe3yJabTaT W CUHTAeTCs NPaBWIbHLIM. W omaTh,
BCJEACTBUE OCOOOH Npupoibl OWHGOK B NMPOrPAMMHOM OGeCTeyeHHH
omHn6Ka, HMEIOLancs B KOIWH NPOTrpaMMHOTO MOAYJsA, GyZeT TaKxke NpH-
CYTCTBOBAaTb BO BCeX NDPYIHX €ro KONHfX, NMO3TOMY HAEs TO/NOCOBa-
HUf 3]eCb, BUAUMO, Henpuemnema. [penaraemMeifi HHOT 1A NOAXON K pe-
LIEHUIO 3TOH Npo6neMbl COCTOUT B TOM, YTOObI UMETh HECKONBKO HeHIeH-
THYHBIX KOMHHA MOAYJIfl. DTO 3HAYHT, YTO BCE KOMHU BLINOJNHSIOT OMHY
U Ty e (yHKIUIO, HO JIHOO peaju3yIOT PasMUuHbBe ANTOPHUTMbI, JH-
60 CO3JaHBl Pa3HbIMH Pa3paboTUMKAMH. DTOT NOAXON GecrepcreKkTH-
BeH 10 CJeAylomuM npuyyHaM. Hacto TpyIHO MONYYUTh CYIHECTBEHHO
pasHble BepCHM MOZYJisl, BEHINOJHAIONINE OfHHAKOBble QYHKIHMH. Kpome
TOT0, BO3HHKAeT He0OXOAMMOCTDb B JOIOJNHHTEIbHOM IPOrpaMMHOM o6ec-
neYeHHH JJis OPraHM3allMM BHINONHEHHS STHX BEPCHA NapasieNbHO
WIH TIOC/JeJloBaTeNbHO M CPaBHEHWs Ppe3y/bTaToB. IDTO JOHCJIHHTENb-
HOe NPOrpaMMHOe obeclieueHHe MOBHILIACT YPOBEHb CJI0KHOCTH CHCTEMH,
4TO, KOHEYHO, [pPOTHBOPEYUT OCHOBHOH HJee NpeiynpexieHHs OLIH-
60K — CTPeMUTbCS B NEPBYIO oOuepelb MHHHUMH3MPOBATb CJIOXKHOCTb.

Bropoit noaXxof K AMHAMUYECKOH H3OBITOYHOCTH — BHIIONHATbH STH
3anacHele KOMHMH TOJbKO TOrAa, KOTAA Pe3yJ/bTaThl, NOJY4YeHHbIe C 10-
MOLIBIO OCHOBHOH KOINMH, NpU3HAHBI HENPaBHIbHLIMH. EC/H 3TO mpouc-
XOIMT, CHCTeMa aBTOMATHYeCKH BbI3bIBAeT 3amacHyio Konuioo. Ecau
H ee pe3yabTaThl HENPaBWIbHBI, BHI3bIBA€TCS JpYyrasi 3amacHas KoIuf
u T. A. Xorss Pangenn [1] naer HaGpocok XOpOILEro MeTONa peanusa-
HUM TaKoro moAxoza, 3TOT MOAXOX CTpajaeT OObLIMHCTBOM Mepeyuc-
JIEHHHIX paHee HeNOCTAaTKOB. Kpome Toro, BHOMHE BEPOSITHO, 4TO €cC-
JI¥ pecypchl npH paboTe Hall APOEKTOM (UKCHPOBAHEI, TO NPH peajiusa-
UMK «3anacHbIX» BepCHH MPOEKTHPOBAHHIO U TECTUPOBAHHIO GyJer yle-
JICHO MeHbllle BHHMaHHS, YeM MOXKHO OblLIO Gbl Y/e/UTh, eclu Obl peanu-
30BbIBaJIach JIMIUbL OfHA KOMUS U AWHAMHYECKas M3OBITOUHOCTb He HC-
NoNb30Baach.

2. Bropas noprpymnna MeTofoB oGecrieyeHusi YCTOHUHBOCTH K OLIHG-
KaM HasbiBaeTCsi METOAAMH OMCMynAenus WIH COKPAIEHHOrO 06C/yKu-
Bahus. Oty MeToApl mprem/ieMbl OGLIYHO JIHIUbL TOTAA, KOrja sl CHC-
TEMBI IPOrpaMMHOro O6ecTieyeH sl CYLIeCTBEHHO BaXXHO 6/1aronpuCTORHO
SaKOHuuTL paGory. Hanpumep, eciiy OlIHOKA OKa3biBAa€TCsl B CHCTEME,

7%
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ynpas/sioweii TeXHONOrHYeCKHMH MPOLECCaMu, M B pesyJabraTe 3Ta
CHCTEMa BHIXOAHUT H3 CTPOSi, TO MOXKeT OBbITh 3aTPyKeH H BHIIOJNHEH 0OCO-
G6uiii (hparmMeHT MporpaMMbl, IPH3BaHHbIH 0JCTPAaXOBAaTh CHCTEMY H obec-
neyuTh GesaBapuiHOe 3aBeplleHue BCeX YIpaB/isieMblX CHCTEMOH mpo-
1eccoB. AHa/IOTHYHBIE CpefCTBAa YacTO HEOGXOJMMBbI B ONEPalMOHHBIX
cucremax. Eciiu onepanHoHHas CHCTeMa OOHAPYKHBAET, YTO OHA BOT-BOT
BBIAJIET U3 CTPOs, OHA MOXKeT 3arpy3uTh aBapUHAHHIA (parMeHT, OTBETCT-
BeHHbIH 3a OmnoBelLleHUe IOJb30BaTeJeH Y TEPMHHAJIOB O IPEACTOAILEM
c6oe H 3a coOXpaHeHHe BCeX KPUTHUYECKHX VISl CHCTEMbI JAHHBIX.

3. INocnenusas noarpynna — MeToAbl ugoaayuu ouwbox. OcHOBHasA
X ujes — He JaTb IOCJEJCTBHAM OWIMGKM BLIATH 3a Hpelebl Kak
MOXKHO MeHblIEH YaCTH CHCTeMBl NporpaMMHoro oGecrneyeHusi, Tak 4To-
6bl eciu OIMOKAa BO3HHKHET, TO He BCSl CHCTeMa oOKasajiachb Hepa6o-
TOCIIOCOGHO#; OTK/IIOYAIOTCS JIMLIb OTAeJIbHBIE (GYHKIUM B CHCTeMe J1H60
HEKOTOphle ee noJb3oBaTesqd. Hampumep, BO MHOIMX onepalHMOHHBIX
CHCTEMaxX H30JHPYIOTCSA OIIHOKH OTHEJNBHHIX MNOJb30OBaTeJeH, Tak 4To
c6oil BJIUSIET JIHIIb HA HEKOTOPOe MOJMHOXECTBO NOJb30BaTeNIed, a CHC-
TEMa B LIEJIOM NPOJOMKAET PyHKIHOHHPOBaTh. B TeseoHHBIX Nepekito-
yaTeNbHbIX CHCTeMaX JJIsi BOCCTAHOBJEHHsS Iocje OWMOKH, YTOObl He
PHCKOBATb BBIXOJOM H3 CTpPOsi BCell CHCTeMbl, IPOCTO pasphLIBAIOT Te-
JeoHHYIO CBfA3b. [Ipyrue MeToAbl U30MSALUH OLIKMGOK CBA3aHLI C 3allH-
TOH Ka)IOH W3 NPOrpaMM B CHCTeMe OT OWIMGOK APYTHX NpOrpaMM.
Own6Ka B NPUKMAHOH MPOrpamme, BHINTONHSAEMOH NMOA yNpaBleHHeM
OnepaLHOHHOM CHCTeMBl, JO/KHA OKAa3biBaTbh BJUSIHHE TOJIbKO Ha 3TY
nporpammy. OHa He JOJKHA CKashIBaThCA Ha ONEepalHOHHOH cucTeMe
WM APYTHX NporpamMmax, GyHKIHOHHPYIOMHX B 3TOH CHCTEME.

U3 3TUX Tpex noArpynn MeToJoB obecneyeHHs YCTONUHBOCTH K OLIHG-
KaM TOMBbKO TPeTbsl, H30/SALHUA OIIMOOK, IPHUMEHHMA 151 GOJIBIIMHCTBA
CHCTEM HPOTPaMMHOTO obecreyeHHs .

BaxkHoe 06CTOATENBCTBO, Kacalolieecsi BCeX YeThipeX MOAXOJOB, CO-
CTOHT B TOM, YTO OGHapy»KeHHe, HCIIpaB/JeHHe OMHO0K U YCTOHYMBOCTD
K olIH6KaM B HEKOTOPOM OTHOILEHUH NPOTHBONONIOKHBI METOJAM Mpexy-
npexJaeHus oMO0K. B yacTHOCTH, OGHApYKEHHe, HCTIPAB/IEHUE U YCTOH-
YHUBOCTb TPe6GYIOT JOMOMHUTENbHBIX (DYHKIHHA OT CAMOro MPOrPaMMHOTO
obecnieyeHnsi. TeM caMbIM He TOBKO YBEJHYHBAETCS CIOXKHOCTb OTO-
BOH CHCTEMBl, HO H HOSIBJSETCS BO3MOXHOCTb BHECTH HOBbIE€ OLUHOKH
npu peanusauuM 3THX ¢yHkuuf. Kak mpaBu/Io, 6ce paccMaTpHBaeMbie
METOJbl NpeAyNpexKAeHHs] H MHOTHe MeTO/bl OOHApyKeHHs OLIHOOK MpH-
MEHUMHI K JII060MY POrpaMMHOMY NPOEKTY. MeTO/bl HCPaBJIEHHUS OLUH-
60Kk M obecreyeHHs] YCTOHYHBOCTH NPHMEHSIOTCA He O4YeHb UIHPOKO.
310, O/(HAKO, 3aBUCHT OT 06/1aCTH NpHIOKeHHUA. Ecau paccmaTpuBaercs,
CKaxkeM, CHCTeMa peajlbHOroO BpeMeHH, TO ICHO, YTO OHa JO/IKHA coxpa-
HHUTb pPaGOTOCNOCOGHOCTb W NPH HATHYHM OWIMGOK, a TOTAa MOTYT OKa-
3aThCAl KeaTeJbHbIMH M METOAbl UCTpPaB/JeHHA U OOeCNeyeHHs YCTOM-
yuBocTH. K cHCTeMaM Takoro Tuma OTHOCATCA Tese(OHHBIE MepeKIio-
YaTeJIbHBIE CHCTEMBI, CHCTeMbl yNpaBJieHHsi TEXHOJOMHYECKHMHU npoliec-
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Puc. 3.1. CootBercTsHe MexAy I[VlaBaMHM H MeTofaMH obecneyeHHs HaJeHOCTH.

caMmH, a3pOKOCMHYECKHe H aBHALIHOHHBIE IUCIETUYEPCKHE CHCTEMBI H Olle-
palHOHHbIE CHCTeMbl LIHPOKOTO Ha3HAYeHHS.

Ha puc. 3.1 ykasaHo cooTBeTCTBHE MeXAY STUMH METOAAMH M IJ1aBa-
MH KHHUTH. [Ipunyune: — 3TO He 3aBHCUMble OT OG/IaCTH TPHIOKEHHSA
cTpateruy ofeCneyeHHsi HafeXXHOCTH MPOrpPaMMHBIX CHCTeM. Paccwmar-
pHBAIOTCS MPHHIHUOB NPOEKTHPOBAHUS CHCTEMbI, MPOTPaMMbl, MOAY-
Jisl, HanpaBJIeHHbie Ha NMpeAynpexjeHue oWu6oK. [l oCTalbHEIX TPeX
KaTeropHii NpuHLHIL HeusBecTHB. Memoder — 310 Gosiee MesKHe, 06bIY-
HO 3aBHCsILIIMe OT 06/1aCTH NPUIOXKEHHS TaKTHUECKUe cpeicTBa. [aBhl,
B KOTOPBIX 0GCYXXAAI0TCSi METOABI A/1fl BCeX YeTHIpeX KaTeropu#, ykasa-
HH Ha puc. 3.1.

NMPOLECCbI MPOEKTHUPOBAHH S

[TpoekTupoBaHue J060r0 NPOrpaMMHOI0 NMPOAYKTa BKJIOYAET He-
CKOJIbKO pas/IdyHBIX mpoueccos. IIpu Xopoluo nocTaBieHHOM pPYKOBOACT-
Be OpPOEKTOM 3TH IPOLECCH SBHO BbIPa)KeHBl, TaK YTO MOTYT
ObiTb  YCTaHOBJIEHBl ~KOHTPOJMbHbIE CPOKH, BbIGPaHa  METOAOJO-
THSl M O 3aBepIUIeHHH KaxKJOro INpOLECCa MOXKHO IPOBEpPHUTH «A06po-
KauyeCTBEHHOCTb» €ro pe3ysbTaroB. IIpH mI0XoM pyKOBOACTBE HEKOTO-
pble M3 3THX IIPOLECCOB WM BCe OHM He BLIAEJIAIOTCA fIBHO: KaXKABIH
NPOIleCC MO-NpexKHeMY NPHCYTCTBYeT B KAKOM-TO BHUJe, HO HEKOTOpbie
H3 HUX MPOXOAAT HEABHO, BCJIEACTBHE 4ero KOHTPOJbHEHIE CPOKH, Me-
TOJOJIOTHS U OLUEHKH HHUKOTAA He YCTaHaBJUBAIOTCA.

Ha puc. 3.2 npeacrasnena Mozenb npoueccoB NPOEKTUPOBAHHA TH-
NHYHOW KpynHO# mporpaMMHoii cucreMsl. OTMETHM, U4TO MOAENTDb He 3a-
BHCHT OT MeTo0/0THH. Bece yKazaHHble B Hell JeHCTBHSA JO/IKHBI BLHITIOJ -
HATbCH B TOH UM HHOH (opMe BO BCAKOH pa3paboTke, He3aBHCHMO OT
TOro, Kako# A3BIK NPOrPaMMHUPOBAHUA GBI NMPHHAT, MUCAT JH NOMb+
S0BaTeNb HMCXOAHBIE TPEGOBAHUS, HCIOAb30BANOCH JH (CTPYKTYPHOE
lporpaMmupoBanue» u T. A.

Ha nepeom mare cocraBnsiercs nepeuedb TpeGoBaHMil, T. €. UeT-
KOe ompeniesieHue TOro, 4To MOMB30BATENb OXKHAAET OT TOTOBOIO IPO-
AYykra. Cnepyromuit war kacaercs NOCTAHOBKH LeJeil — 3a1ad, KOTO-
PHE cTaBaTCs nepel OKOHUATEJbHBIM Pe3yJbTATOM M CAMHM MPoeK-
TOM. 3atem BhINO/HSETCA BHELUHHIl IPOEKT BLHICOKOTO YpoBHs. Ha stom
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Ipebosarus

Yemt

pedsapumenshsni
SHeunud npoensm

Jenansksid
aneunuld
npoexm

Apxumenmypa
cucmemel

fpoexm
QAPXUMENTTIYPY!
nApopaMmsl

lpoexm
dassl dannsix

Brewnud npoexm
Modysas

Alpoexm_no2und
modyns

Puc. 3.2. Dranpl npoexTHpOBaHWA KPYNHOH CHCTEMHR.

mare onpenesfeTcs B3auMoAeHCTBHE C NMOJb30BATe/IeM, HO He paccMar-
pMBAIOTCSi MHOTHE €ro JeTanH, TakHe, Kak (opmaTbl BBOJA-BLIBOAA.

Hcxoanbiil BHEIIHUEA MPOEKT NPHUBOAHMT K ABYM MapasyellbHLIM Tpo-
neccaM. B mponecce aeranbHOro BHEUIHErO IPOEKTHPOBAHHUS 3aBepLIaeT-
Csi ONpeJie/ieHNe B3aUMOJEHCTBHA C MOJb30BAaTe/EM, OMHCHLIBAIOTCA €ro
Menbyalilmye nofpo6HocTH. B npolecce paspaGoTKH apXHTEKTYpHI CHC-
TeMbl BLINOIHSAETCSA Pas/OXKeHHE €€ Ha MHOXECTBO IPOrpaMm, NOACHCTEM
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et

WM KOMIIOHEHT M ONPeNeISIIOTCA CONPSKeHHs MeXAy HHMH. DTH JBa
ara BeAyT K NPOIECCy NPOeKTUPOBAHHUS CTPYKTYPHI IPOrPaMMbl, B KO-
" TOPOM [POEKTHPYIOTCS MONYJH, HX CONPSIKEHHSA U B3aHMOCBA-
34 VIS KaXA0H NporpamMmbl, KOMIOHEHTEL WIH nojcucteMbl. Ciaeytomui
npolecc — BHelllHee MPOEKTHPOBAHHE MOAYJsA — 3TO TOUHOE Ompejesne-
HHe BceX compsikeHuH wmony/ada. [locnennmit mar — npoekTupoBaHue
JIOTHKH MOAYJISl — COCTOHT B pa3pabOTKe BHYTpeHHell JOFHKU Kax-
JIOTO MOZAYJISl CHCTEMBI, OH BKJIOYaeT TaKKe BbIpaXKEHHE 3TOH JIOIHKH
TEKCTOM KOHKPETHOH NpPOrpaMmsl.

[Tocnepnuit u3o6paxkeHHbIH HA PUC. 3.2 NpoLeCC — NPOSKTHPOBAHHE
6a3bl JAHHBIX. DTO MNpoIEecC ONnpeje/eHHs BCeX BHEUIHWX VISt Npo-
rpaMMHOM CHCTeMbl CTPYKTYp NAaHHBIX, HampuMmep 3anuceil B Qailne
uad B 6a3e HAHHLIX. :

Puc. 3.2 uwnniocTpupyeT OCHOBHblE 3aBHCHMOCTH MEXAY IIpoLeccaMu
NPOEKTHPOBAHHUS, HO OH He MNpeTeHAyeT Ha TO, 4TOOH CHYXKHTb IJIa-
HOM PaGoThl Jyisi Kakoro-HuGylAp KOHKpeTHoro npoexrta. B uacrHocTy,
BO3MOXKHBl U OOBIYHO 3KeJaTeJbHbl NEePEeKPHITUA MeXIY PasHBIMH Hpo-
umeccamu. Ha puc. 3.2 nokasaHo, KakHe mnpomecch NpoeKTHPOBAHHSA
JIOJIKHBL OBITh MOJIHOCTBIO 3aKOHYEHBI, NPeX/E 4eM MOXKeT ObiThb 3aBep-
weH apyro# mnpouecc. Hanpumep, Heo6XxoZuMO 3aKOHYUTb BHeLUHee
NPOEKTUPOBaHHE BCeX MOAYJed CHUCTEMB! JIO 3aBepllieHUs] MPOeKTHPOBa-
HHUS JIOTHKY MOAynef. OIHAKO NPOeKTHPOBaHHUE JIOTHKY OTAE/IbHBIX MO-
nyneil, KOHeYHO, MOXKHO 3aBepLINTb U JO OKOHYaHUF BHEIUHEro Ipoex-
THPOBaHUA BceX MoAyse. Takaa hopMa NepekpuITHA MEKAY CMeX HbIMH
npoleccaMy 4acTo GblBaer mose3Hol. OTMETHM, OfHAKO, UTO He GOAXCHO
GbITb HHKAKOT'Q NepPEeKPLITUSI MEXKIY HeCMeXHbIMU nporueccamu. Hanpu-
Mep, poLece NPoeKTHPOBAHUA JIOTUKY MOAY el He CefyeT HaYUHATDb J0
OKOHYAHHSI POEKTHPOBAHUS CTPYKTYpHI porpamMmsel. ¥ BTopo# npumep:
HE CleflyeT MPUCTYNAaTb K pa3paboTKe apXUTEKTypHl CHCTEMb! O TOro,
KaK NOJIHOCTbI0 OYAYT onpefiesleHHl ee Le/H. :

Crnenyer Takxe IOMHHTb, YTO B paGoTe Haj JIOOBIM POEKTOM IOC/Ie-
J0BaTeNILHOCTL TPOLECCOB NPOEKTHPOBAHHSl OTHIOAb HEe TaK IpocTa.
Ectb cymectsennas o6partHas CBsisb MeXXAy npoueccamu. Hanpumep, Bo
BpeMsi OHOrO M3 LIATOB BHEIUHEro NPOEKTHPOBAHHMA MOTyT ObiTb OGHa-
PyxeHbl norpemHocTy B (GopMy/NUpPOBKe LeseH, TOTAa HYXKHO HeMme[-
JICHHO BepHYThCA M UCOpPaBUTH MX. [Ipu NpOeKTHPOBAHHMU CTPYKTYpHI
TIporpaMMbI MOXKHO BHE3aNMHO OGHAPYKHUTb, YTO YKa3aHHAs BO BHELUHHX
Cneuuduxanuax yHKUUs HEOCYMECTBHMA HIH OOOHETCS C/IMIUKOM J0-
poro, Torna Moxer mNOHAJOGHTbCA MPUHATb KOMIIPOMHMCCHOE pelleHHe
H U3MEHHUTDb BHEWIHMe crenupuKalHuy.

Puc. 3.2, ¢ HekoTOpHIMHM H3MEHEHUSIMH, MOXKET CJAYXHTb MOJETbIO
H ana maneix npoekToB. Koria npoekTHpyeTcsi efHHCTBEHHAA NMporpam-
Ma, TO yacTo OTCYTCTBYIOT HPOLECCH! TPOEKTHPOBAHHS APXHMTEKTYpPhI
CHCTeMbl ¥ npoeKTHPoBaHUs 6a3bl JAHHBIX; NPOLECCH HCXOJHOTO H fe-
'gngﬂoro BHEILIIHEr0 MNpPOEKTHPOBAHHA TaKXKe 3a4acTyi0 CHAHBAIOTCH

I1HO,
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CJI0)KHOCTDb

CI103XHOCTb — 3TO OCHOBHas MPHYHHA OIHGOK NepeBoAa M, CEeXO0Ba-
TeJIbHO, OfHA W3 IMIaBHHIX NPHYHH HEHAJEXHOCTH MPOrPaMMHOrO obec-
neuenysd. CH0OXHOCTb NMOYTH HE NOJJNAETCSI HH TOYHOMY OMpeleeHHIO,
Hu u3MepeHHto. OJIHAKO MOXKHO CKa3aTh, YTO MEpO# CJIOXKHOCTH 0GBEKTa
AIBJISIETCS] KOJIHYECTBO HHTENJEeKTYaAbHbIX YCHJIHH, HEOOXOAHMBIX IJIsi
NIOHMMAHHUSA 3TOro O0BLEKTa.

B obuiem cnyyae CJOXKHOCTb OGbeKTa sBASETCA (YHKUMEH B3aUMO-
DeACTBUSl MeXAY ero KoMrnoHeHTamu. Hanpumep, c/10XKHOCTbL BHELHEro
NIPOEeKTa NPOrpaMMHOH CHCTeMbi B HEKOTOpPOH CTeneHW ONpeaeNsiercs
CBA3SMH MeXJy BCeMH ee BHEIIHMMH CONpPSIKEHHAMH, HanpHMep MeX-
Ay KOMaHIaMH NO0JIb30BaTeJsi H COOTHOIUEHUSIMU MEXJY BXOJHOH H BHI-
XopnHo# MHpopmanuedi cucteMul. C/I0XKHOCTh aPXUTEKTYPHI CHCTEMBI OII-
peflensiercst CBA3AMHA MexAY nojcucremamy. CI0XKHOCTb NPOEKTa IIpO-
rpamMmel — QYHKUUSA CBsi3eH MeXAy MOAY/IsiMH. CIIOXKHOCTb OTAETBbHOTO
MOAY/A — QYHKUMA CBsI3eH MeXAY ero KOMaHAaMH.

B 6opp0e €O C/I0XKHOCTBIO IPOrpaMMHOTO OGecriedeHHst MOXKHO MpH-
B/Ieyb JiBe KOHLENUWH M3 obmweit Teopun cucrem [2). IlepBasi — nesa-
sucumocms. B COOTBEeTCTBHHM C STOH KOHIeNueH AJds MUHHMU3ALUH
C/IOXKHOCTH HEOOXOAHMMO MAaKCHMAJbHO YCHJIHTb He3aBHCHMOCTb KOM-
noHeHT cucremsl. Ilo cylecTBy, 5TO O3HauaeT Takoe pa3bueHHe CHCTe-
Mbl, YTOOBI BLICOKOUACTOTHasi AHHAMHKA ee Oblia 3aK/IOYeHa B eJHHBIX
KOMIIOHEHTAaX, a MEXKOMIIOHEHTHble B3aNMOAEHCTBUS IPEICTaBASIIH
JIMIIb HU3KOYACTOTHYIO AUHAMHMKY CHCTEMBI.

Bropas KoHuenuus — uepapxuueckas cmpysmypa. Hepapxus nos-
BOJISIET CTPaTHPULUUPOBATL CHCTEMY IO YPOBHAM NMOHHMaHus. Kaxapii
YPOBEHb NpeAcTaBsieT CO60H COBOKYMHOCTb CTPYKTYPHBIX OTHOLIEHHH
MeXJy 3JeMeHTaMH HIXHHX ypoBHeH. KoHuenumus ypoBHsi mossossieT
MOHATh CHCTEMY, CKpPbIBasi HeCyIlleCTBeHHLIe YPOBHH JeTasnn3aunuu. Ha-
npHMep, CHCTeMa, KOTOPYIO MBI HasblBaeM «4eloBeK», NpeACTaB/IsieT-
¢ uepapxueii. COLHOJOI MOXET HHTEPecoBaThCs B3aHMOOTHOLIEHHS-
MH JIofieHl, He 3a60TACh 06 HX BHYTpeHHeM yctpoficTBe. Ilcuxomor pa-
Goraer Ha Gosiee HU3KOM YypoBHe uepapxXuu. OH MOXKeT HCCIeHOBaTh
pasJHYHbe JIOTHYeCKHe H (PH3HYeCKHe NPOLECCH B MO3re, He paccMmar-
pHBasi BHyTpeHHero crpoeHus obsacreit Mosra. Elne Huxe B 9T0# uepap-
XHH HAXOAUTCS HeHPOJIOT — OH HMeeT JeJIo CO CTPYKTYPOH OCHOBHBIX
KOMINOHeHT Mmo3ra. ONHAaKo OH MOXeT H3ydarb MO3I' Ha 3TOM YpOBHe,
He 3a00TACh O MOJIEKYJSIPHOH CTPYKType OTIeNbHBIX OeJKOB B Hefi-
porne. XHMUK-OpraHHK HHTepecyeTcsl NMOCTPOEHHEM CJIOKHBIX aMHHO-
KHCJIOT M3 TaKHX KOMIIOHEHT, KaK aTOMbl YIJIepoia, BOAOPOIA, KHC-
Jopoza H xyopa. HakoHel, ¢pu3uK-sa1epmyK H3yyaeT CHCTEMY Ha ypoB-
He 3/IeMeHTAapHbIX YacTHIl B aToMe H B3aUMOAEHCTBHS MeXAy HHMH.

Hepapxns no3so/seT npoeKTHPOBaTh, OMUCHIBATL 1 [IOHHMATh CJIOXK-
Hble cucteMbl. Ecyiy Gbl Heslb3si GbIIO NPUHATD OMHCAHHBIA MOAXOL K M3-
YYEHHIO YeJIoBeKa, COLHOJNIOrY NpHUIIoch Obl paccMarpHBaTh €ro Kak
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HeoOBbATHOE H CIOXKHOE MHOXKECTBO cyGaToMHbIX 4acTui. OueBHJIHO,
yTO TaKOEe KOJMUYeCTBO JAeTajlell MoAaBHIO Obl €ro, TAK YTO HEBO3MOXKHEE
GbuiM OBl Ja)ke Te OTPaHHYEHHBIE 3HAHHA O uesoBeKe, KOTOPbIMU MbI
pacroyaraem.

K 3TUM JBYM KOHUENIHSM COKPAIeHHS CJAOXKHOCTH (HE3aBHCUMOCTH
W MepapXuuecKas CTpYKTypa) a 1006aBuJ Gbl TPETbIO: npossieHue censell
BCIOAY, TAe OHM Bo3HHMKaioT. OCHOBHas mpo6jeMa MHOTHX GOJBIIMX
npOrpaMMHBIX CHCTeM — OTPOMHOE KOJIHYECTBO HE3aBHCHMBIX 10604-
pbix 3d¢exToB, CO3AaBaeMblX KOMIOHEHTAMH CHCTeMbl. M3-3a sTux no-
GouHblX 3(xpeKTOB cHCTeMy HEBO3MOXHO NOHATb. Y MoxHO GhITh yBe-
DEHHBIM, YTO CHCTEMYy, B KOTOPOH Heab3sl paso0parbcsi, ObLIO OYeHb
TPYAHO CIPOEKTHPOBAaTb XOTs Obl ¢ MUHHMA/IbHOH rapaHTHell Hajex-
HOCTH.

[TpoekTHOe pelieHHe IOGOI0 YPOBHS HMEET HEKOTOPYIO BHYTPEHHIOIO
opraHusauuio, uiu gopmy. Jaf MHHUMH3AIHH CIOXKHOCTH HaM HYyKeH
METOJ TIPOSIBIEHUSI STOH BHYTPeHHel (OpMHI, C TeM 4TOObI B COOTBETCT-
BUH C HElO pas3OUTb NpPOeKT Ha yacTH. [Ipu BHeIIHeM MPOeKTHPOBAHUH,
Hampumep, pasbueHue CUCTEMBI B COOTBETCTBUH C e€ BHYTpeHHeH (opmoit
Ha3BIBACTCS KoKyenmyarbHot yeaocmrocmeto [3]. B rnasax, nocssiuen-
HBIX pa3paboTKe apXHMTeKTYpbl CHCTEMbl U NPOCKTHPOBAHHIO CTPYKTY Dbl
[porpaMMbl, pPacCMaTpPHBAIOTCA METOAbl OIlpeJeNeHHs] 3TOH BHYT-
penHeii GopMBl /A JanbHeHIIero pasGUeHHs] CHCTeMbl Ha MHOXECTBO
KOMIIOHEHT C BBICOKOH cTemeHbi0 He3aBHUCUMOCTH. [IpH mpoekTHpoBa-
HHM JIOTMKH INporpaMMbl AMCLUHIIHHA, HasblBaeMasi CMpYKmypHolM
npozpammuposarnuem, UMeeT lebio, OMHMO BCero Npouyero, mpHBec-
TU 3Ty JIOTHKY B COOTBETCTBHE C HECKOJNbKHMH Ga30BbIMH CTaHJApT-
HEIMH dopMaMH.

OTHOIIEHUS C NMOJIb30BATEJIEM -

B ri. | Geuio ompefeneHo, YTO B NPOTPAMMHOM OGeCreYeHHH HMe-
ercs ownbKa, ecJH CHCTEMa He BHINONIHSET TOTO, YTO MOJAb30BaTENiO
PasyMHO OT Hee OXHAATh. TaMm ke OblI NpHBEJEH PacnpOCTPaHEHHbIi
Bonpoc paspaGoTuuKa nporpaMMHoro obecrneueHus: «Kak MOXHO 3HATh,
YTO [0JIb30BaTeNTI0 PasyMHO OXUJAATh OT cucreMbi?» [Ipu mnpaBHIBHO
OpraHu3oBaHHOH paGoTe 5TOT BONPOC HUKOTZAA He JOMKEH BO3HHKHYTD.
Ecnu paspaGorumk cucTeMbl MIOXO NpeACTABASiET WM He TpPEACTaB-
JISIeT BOBCE, YTO MOJIb30BATE/I0 Pa3YMHO OKHAATh, IPOTPAMMHBIH POEKT
HHUKOrja He GyAeT YCHEIUHBIM.

IlBe camble pacnpocTpaHeHHbIE OLUHOKY NP PaGOTe HAJ MPOrPAMMHEI-
MH NpoeKTaMH — 3TO OTKa3 OT BOBJEYeHUsl I0JIb30BaTe/si CHCTEMBI
B Tpoueccel IPHHATHSA pPelleHHA H HECNMOCOGHOCTb MOHATb €ro KYilbe
TYPHBI ypoBeHb M OKpYXKawoliylo ero o6cranoBky. Ilpu paGorte Haj
MHOTHMH NpOeKTaMH HMEETCSi TeHAEHUHS YMBIUIEHHO HCKJ/IOYaTh MOJb-
SOBartesst u3 mpouecca NpUHATHA peieHud, OGBIYHO NMPHYHHA 3TOTO
B TOM, 4T0 paspaGoTyuK NporpaMMHOrO OGECTEYeHHS YYBCTBYET: ece
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JIM BOBJIeYb MOJb30BaTe/sl, TOT HUKOTJa He MPHIET K OKOHYATENbHOMY
peleHuIo, ero TpeGoBaHuda GyAyT MOCTOAHHO MeHsTbCs. s Takoi
TPeBOTH €CTb HEKOTOpble OCHOBaHHs, HO Ha NpPaKTHKe MpeHMYLIeCTBa
OT YYacTusl HOJb30BaTe/lsi 3HAYMTEJIBHO IePeBEeLIHBAIOT 3TH BO3MOX-
Hble Heyno6cTBa. Bropasi omu6ka B nporpaMMHBEIX NPOeKTax — paspa-
6OTYMK CHCTEMBI 4acTo C/a6o 3HAeT (WJM He 3HAaeT BOBCE) OGCTaHOBKY,
B KOTOPOH HaXOJAHMTCH NOJb30BaTelb, T. €. INIOXO MOHUMAET, C KaKUMH
HMEeHHO TPYAHOCTSIMH CTaJIKMBaeTCs MO/b30BaTe]b ¥ KaK OH OyleT mpu-
MeHATb POrpaMMHYIO cucTeMy. DhiBaer, Hampumep, Tak, YTO B IpOeK-
THPOBaHHH ONePallHOHHOH CHCTeMB! YYacTBYIOT JIIOAH, CAMH HHKOTLA HE
HCTOJb30BABIINE ONEpalMOHHEIX cucTeM. EcTb pa3paboTynKH fA3LIKOB
nporpaMMHUpOBaHHUsl, HUKOTJa He MPo6GOBaBLINE peajJH30BaTh NPHUKIAL-
HYIO CHCTeMY Ha sI3blKe BBICOKOI'O YpoBHs. EcTb pa3paboTumkH CHCTeM
ynpaBieHUsi 6a3aMH IAaHHBIX, KOTOPble HHKOTZA He NBITaJUCh HCIO/b-
30BaTh 0a3y JaHHBIX B PHKJAJHOH IporpaMme. 10O He MOXKET He BeCTH
K Cepbe3HbIM olIM6KaM B NPOrpaMMHOM obecriedeHHH.

EnvHCTBeHHBIH BO3MOXKHBIH €COCO6 H36eXxaTh 3THX OWHOGOK — MOA-
Jep>KHBaTh NPOYHBII KOHTAKT C [O/b30BaTe/leM B TEYCHHE BCETo IHKJIa
paspaborkH. C KOJNIEKTHBOM MN0Jb30BaTe/ el JOMKHE ObITh YCTaHOBJIEHE!
TaKHe OTHOLIEHHs, YTOOH Te CepPbe3HO YYaCTBOBANM B Npolecce NPHHS-
THSl PEIleHHH Ha 3Tanax onpefesieHUs TpeGOBaHHH, LeNell H BHELIHEro
npoexktupoBanus. Ilpus/edeHue monb3oBaTtenell Ha MOC/AEAYIOLIUX 3Ta-
nax TaKXKe »XeJaTelbHO, 0COGeHHO B IpolLecce TeCTHPOBAHMS, KOTAa
N0/1b30BaTe/1b MOXET [IOMOYb Pa3paGoOTYHKY CHCTEMbl 3HAYHTEAbHO JY4-
1lle [IOHATb, KaK C/IelyeT TeCTHPOBaTh cucTeMy. ByAbTe, ofHako, ocMoT-
pHUTeNbHBI, NPUBJEKAas IOb30BaTeNss K OOCYKIEHHIO JeTaned, CyIUThb
0 KOTOpHIX OH HekoMneTeHteH. Hampumep, xopoio, 4yToGhl 1MOIb30Ba-
Te/lb MPHHUMAJ Y4acTHe B NPOEKTHPOBAHMH BHEUIHUX XapaKTepUCTHK
CHCTeMbI, HO IIPHBJIEKATb €r0 K TaKO# padoTe, Kak aHANH3 JIOTHKH KOH-
KPETHOTO MOZAY/sl, HepasyMHO.

Hmeetcst (y»ke ynmoMuHaBIIafCs) ONacHOCTb, YTO no.nbsoBaTebe Mo-
JKET U3MEeHATb CBOM TpeGOBaHHsS K CHCTeMe. OmeruM OJIHaKO, 4TO 3TO
HHKAaK He CBSI3aHO C HENOCPeICTBEHHHIM ero yuyacTHeM B paboTe Haj
npoekToM. Eciid Tpe60BaHUs K CHCTeMe JO/NKHBI H3MEHHTLCS, 3TO Mpo-
N30feT HE3aBUCHMO OT TOTO, TIpHBJIEYeH JIU NONb30BaTe/b HeMoCpeCT-
BEHHO K pa6oTe WJu HeT. B feACTBHTE/IbHOCTH, €CJIH CaM NOJb30BaTe/lb
B paboTe He yyacTBYyeT, pa3paGOTYHK, BEPOSITHO, He y3HaeT 06 H3MeHe-
HUM TpeGoBaHUH N0 TeX MOp, MOKa He CTaHeT C/HLIKOM Mo3fHO. Eciu xe
NoJb30BaTe/b HENOCPEACTBEHHO NpHBJedeH K paboTe, OH MOXET 3Ha-
YHTEJbHO JIyyllle NpPeACTaBIsATh cefe CTOMMOCTb KaxJOro H3MeHeHHS.
Ecav npaBuibHO mpefycMOTpeTh YCJIOBUS V1Sl H3MEHeHMsl TpeGoBaHHuH,
yyacTHe MNOJMb30BaTeNsl MOXET OKas3aThCsl BHITOIHBIM M C 3TOH TOYKH
3peHHs.

YyacTHe NOTEHIHANbHBIX NOIb30BaTe/Iell B CO3AAHHH HOBBIX CHCTEM,
KOTOpBie pa3pabaTbiBalOTCS HE MO 3aKa3y H CBElleHHA O KOTOPBIX CO-
CTaB/IAIOT KOMMEPYECKYIO TaliHy, TaKkxKe He ABJSAETCA HEeAONYCTHMBIM.
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XoTsl TaKo# MPOAYKT NpejHa3HauyeH He A1l KOHKPETHOro norpeGuress,
pa3palboTyYHK H B 3TOM C/lyuae, BEPOSITHO, XOPOLIO MPEACTaBIseT cele
BO3MOXKHBIX TMOKynatenefi. C OAHUM WM HECKOJBKHMH M3 HHX MOXET
6bITh MOAMKMCAHO COIVIAIICHHE O COXPAHEHHH KOMMepuYecKo# TafHbl, uTO
NO3BOJHT H BO3MOXKHBIM NOKYNaTes1siM CHCTeMbl y4aCTBOBaThb B ee pas-
paGoTKe 10 TOro, KaK o Hell 6yjerT nyGIHYHO O0OBABIEHO.

[peosfonenne BTOPOH TPYAHOCTH — HENOHWMAaHKE 3aMpOCOB MOMb-
30BaTeNfl M OKpYKaioulel ero o6CTaHOBKH — TpebyeT, YTOGbl INPOEKTH-
POBUIMKH MPOrPAMMHOM CUCTEMBl JOCKOHAJbHO NpeACTaBuin ceGe oco-
GenHocTH ero paGorel. OOGBIYHO MPHUHUMAETCA BecbMa Head(peKTHBHOE
pellieHHe — KOMaHAMPOBATb OCHOBHBIX POEKTUPOBUIMKOB IS H3YYEHHUS
nonoxeHusa Aed. [TpOEKTHPOBIIMKH IMONYYalOT NOBEPXHOCTHOE MNpeJ-
CTaBJIeHHE O CYIIECTBYIOLIUX CHCTEMAX H COBCEM He MOJy4aloT CKOJIbKO-
HHOYab IVyGOKOro MpeAcTaBieHHsi O TOM, KaK CHCTeMa HCHO/b3yeTcd
M B 4eM XK€ COCTOAT NOMIHHHBIE npobaembl. Eciu 6bl A NpOEKTHPOBAX
CHCTEMY pe3epBHpPOBaHUSA aBUaOWJIeTOB, TO 1 Gbl YCTPOMJICA BPEMEHHO
pa6oraTh areHTOM IO pe3epBHpoBaHMIO. Uepes HecKONbKO Heaenb 5 Gbl
N0-HACTOSAIIEMY NPEACTaB/sA] cefe OKPYKaloWylo NoJab30BaTes Cpely
M, BO3MOXHO, HMeJ Obl HEKOTOpHIE HJEH OTHOCHTEJIbHO ee yJydlleHHd
M YBeJUYEHHS! NPOU3BOAUTEBHOCTH.

PEWIEHHE 3AJAYH

BosbLIKHCTBO NPOLECCOB pa3paGoTKH NPOrpaMMHOro obecneyeHus —
3TO MPOLECCHl pellieHHsl HEKOTOpPhIX 3ajay. BHeliHee NpoexTHPOBa-
HUe CBOAMTCS K pelleHHIo TaKol 3ajauu: «[lepeBequTe MHOXKECTBO L€
CHCTeMbl BO BHEIUHHE crielnbHKaUuuy, IIe HeJH — JaHHble, a BHEIIHHe
cnenuuKanUy — HeU3BeCTHHe. B 3ajade NpOEKTHUPOBAHHA JIOTHKH
MOZYJIfl AaHbl BHELIHUE CIIelHdHKAIHH MOY/Sl, @ HEN3BECTHOE — TEKCT
ero nporpammel. OT/Iafika — 3TO 3ajlaya Ha NMOCTPOEHHe HCNpaBJeHHA
OLIHOKY (HEM3BECTHOE) 110 OMHCAHHIO ee CHMITOMOB (JaHHbBIE).

YnuBuTeNbHO, YTO Pa3paGOTYMKH MPOTPAMMHOrO OOecrHeyeHMs He
TNOYYal0T HUKAKOH CHenHaJbHONH MOATOTOBKH MO OOLIHM MeTOJaM pe-
lienus 3anau. [IpermogaBas Ha KypcaxX NpOeKTHPOBaHHfA IMPOrPaMMHO-
ro obecrieuennsi, i 3aMeTWI1, YTO YJauHble PeIleHHs CNOXKHBIX NpobiieM
NPOeKTHPOBaHHs OOBIYHO HAXONAT Te CTYNEHTBI, KOTOphE, CO3HATENIbHO
WIH TOACO3HATE/bHO, MPHMEHSIOT OfllHe NpaBH/ia pelleHHs 3ajad.

OnHo u3 nMyywIMX PYKOBOACTB IO pellleHHIO 3aja4 — KHura Iloda
«Kak pewats 3agauy» [4]. Xors peub WIeT B OCHOBHOM O pelEHHH
FeoMeTpHYeCKUX 3aad H MaTeMaTHYeCKHX TOJIOBOTIOMOK, GOJIbUIHHCTBO
H3JIOKEHHBIX B Hell coo0pakeHMH MPHMEHUMbl M K NPOEKTHPOBAHHIO
nporpammuoro obecneyenusi. [TockonbKy npoGaembl NPOrpaMMHOrO
obecnieueHdsi B OT/IMUME OT OOJIBLIMHCTBA MAaTeMaTHUeCKHX 3a/ay He
HMEIOT eJMHCTBEHHOT'O <(IPABUJIBHOrO» pPELIeHHs, f CJIETKa H3MEHW]
H peopranusosas merox [loita, Cxema MeTona mpejcTaBiena Ha puc. 3.3
H paccMaTpuBaercsi HUKe.
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Pewenue 3agaumn

1. Movimute 3apauy
Usyuute paHHole,
Uayuute HenssecTHbie,
HoctatouHo nu pavHbix ans pewexus? He npoTtusope-
YUBbI N OHM?
2. CocraebTe nnaH
Yero Bbl gonxHsl pobusarbcs?
Kakue metoasl npoexTupoBaHus 6GypyTt ucnonbsoaancu?
BcTpeuanacb Ny Bam yxKe Takas 3apaual

He 3HaeTe nu Bbl 6nu3koi 3apaun? Mokete nu Bbl BOC-
nonb30BaThCsl €e pesynbTaTom?

Moxetre nu Bol pelmts Gonee cneuuanu3MpPOBaHHYIO
MNM aHanoruuHyto sapauy?

Moxere nu Bbi pewnTs YacTb SGAG'-IF?

3. BuinonHure nnau
Cnepyiite cBO€My NNaHy pelleHUs 3apAaum,
MpoBepsiiTe NPaBUALHOCTL KAXAOro LLIAFA.

4. MNpoaHanusupyiite pelueHne
Bce nu paHHble Bbl MCNONb30Banu?
MpoeepbTe NPaBUALHOCTL PELLeHHA.

Moxere nu Bbl BOCNONL3OBATLCA MONYYEHHbIM pPe3ynb-
TaTOM MU NPUMEHEHHBIM MEeTOAOM MNPKU peLleHuH Apy-
rux 3apau?

Puc. 3.3. Dransl pemeHHsi NPo6JeM NPOEKTHPOBAHHUS,

MNoiiMuTe 3apauy

Xymuwas u3 onu6oK, KOTophle MOTYT ObIThb Clie/1aHbl IPH PEILeHHH 3a-
Jlaud,— He BIOJNHe pa3obparbCsi B ee mocTaHoBKe. IIoHATL 3ajauy —
9TO 3HAYUT MOHATH [BAa €e KOMIOHEHTA: JaHHbIe M HeusBecTHoe. [lan-
Hble — 3TO BCe 3/1eMeHTapHble (akThl, Kacalomuecs 3ajayd, U CBs-
3u MeXay (akTaMH H HeU3BeCTHbIM. YCBOeHHe BCeX HAHHBIX O CJIOK-
HoH 3ajaue — Gonbluas, HO a6COMIOTHO Heu36exkHas pabora. IIpu atom
B NepBYI0 ouyepelb HEOOXOAMMO XOPOLIO OXBATHTb «OOMLYI0 KapTHHY»
JaHHBIX 6e3 Jierasnel, KOTOpHle, OXHAKO, TAKXKe 3alOMUHAIOTCS «B CTO-
pOHKe», YTOObl MX MOXHO OBbLTO JIETKO BCIIOMHUTb mo3xe. EcTb MHO-
ro cnoco6oB no6HTbCA 3TOro. Hampumep, Koe-KTO (GU3HUeCKH paspe-
3aeT crenHGHKALUY Ha KYCKH, KOTOpBle 3aTeM PacK/IeHBAIOTCs Ha CTe-
He B ONpEJIeJICHHOM Nopsiike. DTO NO3BOJSAET YBHAETD «OBILYIO KapTH-
Hy» H IPH 3TOM ONPEAETHTb MECTO A5l KaXJA0H JeTalH.

Bropasi wactb 3ajauu — HenspecTHoe. IIpOEKTHDOBLIMKY CrepyeT
NIOHHMaTb, Kakylo ¢opMy AOJKHO HMeTb peuieHHe. Ecau, Hanpumep,
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3afiaua — JeTaJIbHOE BHEIIHee NPOSKTHPOBAHUE NPOTPAMMEL, TO IIPOeK-
THPOBIIMK JOJKEH fICHO NpPEACTaBATh HA3HAYeHHe BHELIHHX CIeuH-
q)nxamaﬁ, HX TNOTE€HUMaNbHBIX ydTaTeNel, popmar u T. X.

Hccnenys 3agavy, npoeKTHPOBIIUK AOJI2KEH TaKxKe MCC/ef0BATh JaH-
Hble, 9TOOBI YOeIUTLCA, YTO HX JOCTATOYHO JJisi PEHIeHHs 3alaYd H OHH
He MpOTHBOpeYaT APYr APYry.

CoctaBbTe NJaH

[Mpexkse 4eM NPUCTYNHUTD K PeIlieH I, CliellyeT pa3paborarh ero miad,
OTcyTCTBHE IJIaHA — OYeHb pacnpocTpaHeHHasi omubka. Hanpumep,
MPOEKTHPOBIUKH NPOrPaMMHON CHCTEMbl, KOTOPble NMOTPATHIH BpeMst
Ha TO, YTOObI MOHATbH 3ajayy, HO 3aTeM HeMeJJIEHHO HPHUCTYNMWIH K ee
pelleHHio, He TOXKeNaB TPATHTb BPeMs Ha IJIaHUPOBaHUe CBOUX YCH-
Juil, B KOHIle KOHIIOB MOTYT NPUHTH K XOpOILEeMy pelieHHI0, HO HE paHb-
e, 4eM I0c/e HEeCKOJNbKUX HeHYXKHBIX (palbCTapToB.

[pexxze Bcero B IJIaHe HYXKHO OINpeNe/NUTb, Yero BBl XOTHTE J0-
6utbcsi. [lecATh ueloBeXK MOTYT HMeTb JAECATb PasHbIX MHEHHH OTHO-
CHTEJIbHO IIPaBHJILHOIO» OTBETA HA 33124y NPOEKTUPOBAHHS; NPOEKTH-
POBUIMK JIOJKEH MPeNyCMOTPeTb Te KOHKPeTHble acNeKThl pelleHus,
KoTopble TpeOyloT HauGoabliero BHuUMaHuA. K coxanenuio, B Go/ib-
IIMHCTBE TPOEKTOB pa3palOTYMKU MMEIOT CJIUIIKOM MHOTO CBOGOMIB
B 5TOM OTHOILUEHHH: KaXKAblfl NPOEKTHPOBIUUK NMPUHUMAET KOMIIPOMHC-
CHble pellieHUsl, OCHOBBIBASICb HCKJIOUHTEJbHO Ha CBOEM COGCTBEHHOM
MHEHHH, YTO NMPHBOIMT K HECOIVIaCOBaHHOCTH MHOTHUX pellleHuil B cucre-
me. Mnest yeqell npoekma, paccmaTpuBaemasi B IV. 4, fIBIsieTcsl pelle-
HueM 3Tofi npoGnembl. CyTb HJIieH COCTOHMT B TOM, YTO Ha YPOBHE BCEro
NpoeKTa OMpejensiioTcsi oOLiMe Lead, KOTOPBIMU CleayeT pYKOBOA-
CTBOBaTbCS BO BCEX PeLIEHUAX NPH NPOEKTHPOBAHUM.

KitoueBo#t KOMIOHEHTO! YCIEIIHOTO NPOEKTHPOBAaHUS SIBJISIETCS Me-
Tofonorusi. BriGop noaxoAsuied MeToA0MOr UM AJIsi KaKAOTO KOHKPeTHO-
ro mpoilecca NPOEKTHPOBAHHMA JIOXKeH ObiTh 3adUKCUPOBaH B KauecT-
Be OJHOH W3 COCTABJISIOUIMX IVIaHa.

Hakon/ienHbifi onbiT, 06pa3oBaHHe W UMEIOLLUeCs] pelieHHs npobieM
TaKke CYLIeCTBEHHO BJIMAIOT Ha ycnex JAena. O6paGoTKa NaHHBIX B
CBOEH 3BOMIOUMM JOCTHIVIA TaKOH TOYKH, KOIJa ITPOEKTHPOBLIUK Kpai-
HE pelKO CTaJKUBaeTcsl C 3ajauell, Koropasi yxe He Obuia Obl pelie-
Ha yacTHuHO WiM nosHocTblo. Hanmpumep, paspaGoryuk HOBOH omepa-
UHOHHOHX CHCTeMBbl JO/:KEH NOHHMMATb, YTO YiKe CO3[aHbl COTHH oOre-
PaLHOHHBIX CHCTEM M Ha 3TY TeMy HanucaH He OIMH YyueGHuk. [Ipo-
€KTHPOBIMK, CTOMKHYBUINCh C 3ajadefl COPTHPOBKH, AOMKEH 3HATb,
UTO yKe NpUAYMAHO M NPOAHANHU3HPOBAHO MHOMKECTBO a/IFOPHTMOB COP-
THpoBku, [Tpu pasymHOM noaxone K pellieHHIO 3aay HAUHHATb CJAexyeT
C aHanusa cBoero ONbHITa U ONbITAa APYIHX, C TeM 4ToGHl MPOBEPHTD, He
Oblna nu sajaua yke petleHa.

Haxe eciau rorosoe pelieHHe HallTH He YAAeTCsA, BEPOATHO, KOFAa-
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-To 6bl1a peleHa Gnuskasi 3ajava. [IpoeKTHPOBUIHK CHCTEMbl pe3epBH-
poBaHHsA aBHaOGWIETOB MOXKET COOOpa3HTb, YTO y Hee eCThb MHOTO CXOA-
CTBa C JPYTHMH CHCTEeMaMU pe3epBHUPOBaHHS, HanpUMep C CHCTEMOH
pe3epBHpPOBaHMS MeCT B rocTuHHIE. Torja emy, BO3MOXHO, yIAacTcs
BbIIENIUTh U NPUMEHUTb y ceGsi 3/IeMEeHTHl pellieHHs 3afayd O pe3epBH-
POBaHHU MeCT B FOCTHHHIIE.

Ecnu Bce 5TH METOZbI HE MPHHOCST yCIeXa, MOXKET 0Ka3aTbCa (pek-
THBHBEIM pelleHue Gojiee CHelHa/JU3UPOBAHHON 3afayd WJIM 4acTH 3a-
Aayn. Ecu KomuuecTBo Jeraneil B OCTaHOBKE 3aJJa4y CJIMIIKOM BeJHKO,
pa3paGoTYHKY CJIedyeT NOCMOTPETh, HEMb3sl JIH YIPOCTHTD ee, OTOPOCHB
4acTh Jetaneii. B pesysbrare 1u60 CTaHeT SICHO, KaK Cle/yeT H3MEHHTb
'YIOPOLIEHHOE pellieHHe, yToObl yyecTb W OTGPOLIEHHBIe IeTanH, Ju6o
yaacTcsl Jydllle YBHAETb BO3MOXKHBIE pelleHHs, TaK 4TO MOXKHO Oyjer
NIpeKpaTUTh 3aHHUMAThCA YNPOIIEHHHM BapHAHTOM M HauyaTb CHadana,

Boinoanure naaH

Crenyloutnii war — JefCTBHTENBHO PELINTh 3aJayy B COOTBETCTBHH
¢ 3alVIaHHPOBAHHBIM MOAXOXOM. [TOCKO/MbKY peleHHe OOBIYHO COCTOHMT
H3 LEJOro psiia MOC/JeNOBaTe/NbHBIX LIaroB, pa3paGoTyHMK B mpolecce
pelueHHs1 IOMKEH NbITaThCs NPOBEPUTh MPABHIBHOCTb KaMJOro Liara.

Ipoananu3upyiire peueHue

[locne Toro kak pe3ysnbTaT NMOJYYeH, HYKHO elle ero NpOoBEepHTh,
Paspa6oTuuk Jo/KeH NpPOCMOTPeTb BCe JaHHble, 4TOObl yOeauThCS,
YTO YuTEHO BCe, YTO HMEeT OTHOUIeHHe K Aeny. [TonesHo Ans sToro eme
pas nepeunTaTb GYKBa/lbHO KaxJoe CJOBO MOCTAHOBKM 3aJlayH, BbYep-
KUBas KaxIblil HCHOMb30OBaHHLIH B pelMeHHH (aKT, a 3aTeM NPOBEPUTh,
HAaCKOJIbKO CYIIeCTBEHHO IJIs1 3aJa4H TO, YTO OCTA/NOCh He3a4epKHYTHIM.
Pa3pa6oTynK AOJKeH TaKKe NPOBEPUTH PABH/ILHOCTD pellleHU s 3aauH,

fIPABUJIbHOCTb NMPOEKTHPOBAHHSA .

$1BHO BbIJIe/IEHHBIM 3TaNOM BCSIKOTO NPOLECCa IPOeKTHPOBAHH S O/ K-
Ha ObITb NpPOBepKa NMpPAaBHIBHOCTH pe3y/bTaToB, T. €. MOMBITKA HalTH
owk6KH nmepeBoja, BOHHUKLUIME B 3ToM npouecce. OCHOBaHHUS W15l 3TOTO
HITIOCTpUpYyeT pHC. 3.4. [les1o He TOJNBKO B TOM, YTO CTOUMOCTb HCIIPaB-
JleHHA OWINOGKH TeM HHXKe, YeM paHblle oHa GyZerT OGHapy:KeHa, HO U
B TOM, YTO BePOATHOCTb NPaBUIbHO HCNPABUTh OWINOKY Ha paHHed cTa-
Aud paboTHl HajJ NMPOEKTOM 3HAYHTENbHO BhHIlEe, YeM B Ciydae, eClH
owr6Ka o6HapyxeHa Ha Go/ee NMO3JHUX 3Tamax, HaupuMmep IPH TECTH-
POBaHHUH CHCTEMBI. -

Xors npoBepKa NpaBHIbHOCTH KaX/I0T0 OTAEIBHOTO Npoliecca npoeK-
THPOBaHHUA OOCYXKIAE€TCS B NMOC/MEAY{OUMX T1aBaX, MOXHO copmyHpo-
BaTb 00LLYI0 Pum0codHI0 TPOBEPKH B BHAE NPABUIA 1 NAC- MUHYC 00UH.
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Beposgmuocms npasunske
ucnpasums owuoKy

" Cmoumocms ucnpasnews omabiu

Bpemn Bpema

Puc, 3.4. OcnoBaHMA J/IA PaHHEro OGHapyKeHHs OMMGOK NPOEKTHPOBAHHS.

BoripocoM NepBOCTENEHHOR BaXKHOCTH NPU NPOBEpKE MPABUILHOCTH
NpoeKTa SIBJSIETCA NMPHUBJEYEHHEe K 5TOMY Aeay TNOAXOASAUIUX JIofeH.
«HaunGonee noxxoasiuue» JIOAM — 3TO Te, B YbHX MHTepecax oGHApy-
XUTb BCe OWHOKHU. [IpaBuIO «7 MIIOC-MHHYC OAMH» COCTOHT B CJEAYIO-
mem:

ITposepka npasusvrocmu gasv. n npoekma GoAHHA OCyweCmesamo-
ca npoekmuposuukamu gas n+1 u n—1.

[lyctp, Hanpumep, Mbl 3aKOHYHIHM a3y NPOEKTHPOBAHHS apXHTEK-
TYpbl CHCTeMbl. BosBpamasick K puc. 3.2, BHAHM, YTO IPOEKTHUPOB-
mHKH (assl n—1 — 3TO aBTOPH HCXOAHBIX BHEIUHHX creuuduKaLu,
a MPOEKTHPOBUWHUKH (a3bl 741 — 3T0 pa3pabOTUHKH CTPYKTYPHI Mpo-
rpamMmel. FiMeHHO UM M C/I€LyeT JOBEPHTb «TECTHPOBAHHE» APXHUTEKTYPHI
CHCTeMBI.

B ocHoBe Hamefi ¢usocoduu JIEKHUT NPEANONOKEHHE, YTO BCAKHH
NPOLIeCC NPOBEPKH NMPaBHIBHOCTH (TECTUPOBaHME) NOMKEH HMeTb pas-
PYIWIUTENTbHBIN, AaxKe CafgUCTCKUH Xapakrtep. Llenb JomkHA cocTosiTh
B TOM, 4TOOBI OGHAPYKHTb JIIO00H MBEICTUMBIA AedeKT, 06yio c1abocTh
B IIDOEKTe CHCTeMBI, a HE B TOM, YTOOBI IPOCMOTPETb MPOEKT M IOKa-
8aTh, YTO OH MpaBHJeH. 3aHHTEPECOBAHHOCTb MPOEKTHUPOBILIMKA (ha3bl
n—1 (aBropa BHemHUX crienudUKauuil) B HAXOKIEHUH OLIHGOK NPOsIBIS-
€rcs o6biyHO Tak: «Hy-Ka NMoKaxuTe, KAaKuX OLIMGOK 3TH CHCTEMHble
3pXHTEKTOPBI HacaxKaly B MO BE/JIHKOJIeTIHbIE BHELIHHe CrienHdHKauu».
PaspaGoruuk caset n-+1 B Tako#l e Mepe 3aHHTepPecoBaH B OGHa-
PYXeHun own6oK, XOTs U 1o Apyroii npuyune. Ero omymeHus npumep-
HO TaKOBHI: «ApXHUTEKTypa CHCTEMbl JJIfi MeHs — UCXOJHble JaHHLIE,
TI03TOMy MHe ciefyeT HaliTH B Hell Bce fedeKTH M YOeIHThCS, YTO 5 Npa-
BHJLHO ee moHuUMalo, [0 TOTO, KaK s MPUCTYILIIO K CBoefi paGore».

Sra dunocopus — ele oxMH NPUMEP TOTO, YTO UHTYHTHBHO OYEBUA-
HO, HO peaKO mpuMeHsETCA Ha NPAaKTHKe. B cyuae HEOGXOAMMOCTH
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JOMXKHBEI ObITb YCTAHOBJIEHH (OPMAIbHBIE TNpPOLEAYpPHl, 06eCrneynBao-
e ee npumeHenne. OHa MoxkeT ObITh MCNOJB30BaHA BO BCEX MpoLeC-
cax NpPOEKTHPOBaHHSA, H300pakeHHBIX Ha puc. 3.2. EcrectBeHHO, ee
cJieyer cierka W3MEHHThb [JIs IePBOTO M TMOC/AEJHETO MPOLECCOB, a TaK-
xKe U1 cIydas, KoTJa ABa MOCJENOBATE/NIbHBIX MPOLECCa BhINOMHSATCA
OJHHMH M TeMH Xe pa3paboTYuKaMH.
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rnasa 4

TpeGoBatHug,
peJd H cnemudpHKanuu

[MepBbie omMIMOKYM NMPOKPAABIBAIOTCS B NPOrpaMMy TOrAa, KOrAa Of-
penenslOTCA TpeGoBanusi W uenu. [IpHunHa GONbUIMHCTBA ITHUX OLUH-
60K — HeTpaBWJIbHOE [IOHUMAaHUe NOTpeGHOCTe! Mob30BaTeNsi. B fanb-
HelilieM BO3HHKAIOT U JApyrue ouu6KH, KOrAa TpeGoBaHUA H LU TPaHC-
JHMpPYIOTCS BO BHelIHHe crenupuKauuu. K coxajeHuio, CIUILIKOM peaKo
Ha 3TH Tmpoiiecchl obpalaeTcs AocTarouHoe BHuUMaHue. Heo6xonumocTb
0co6oro BHMMaHHUs K HEM XOpOLIO BhipaxkeHa Yuibsmcom [1]:

«Hnuto, aGCOMOTHO HHUTO He MOXKeT Gojiee MaryGHO TOBJHATL Ha Pa3paGoTKy,
yem HENOJIHOE WJIH/H HempapHIbHOE 3HAHKE U, KaK CJEACTBHE, HeajleKBaTHas CrielHpH-
Kauus TpeGOBaHHA K CHCTeMe H NMPOrPaMMHOMY OOecreueHHION.

ONPEJAEJIEHHE TPEBOBAHUH

ITporpamMmHbIe NPOEKTH MOXKHO Pa3GHTb HA TPH TPYNMLL: ynpasise-
Mble MOJIb30BaTeNeM, KOHTPOJIMPYEMble MOJAb30BaTe/leM M He3aBHCH-
Mble OT mosib3oBarelisi. B ciyvae ynpasasemoeo nosv3ogamesem npoexra
Tpe60oBaHHs K NporpaMMHOMY ofecrieyeHHIO paspabaThIBalOTCA Hero-
CPeACTBEHHO OpTaHM3alHeli-noNb3oBaTeseM. PaspafoTuHK mnporpamm-
HOro obecreyeHust sIBJASETCA ee CYyOMOAPsIAUMKOM, M TpeGOoBanus mpe-
ACTaBJSIOT cOGOH KOHTPAKT WM ero yactb. Hampumep, MHorue mpo-
rpammubie NpoekTH A5 npasuresnberBa CIIA orHocsiTest K aTolt KaTe-
ropuu. [TpaBuTe/NbCTBEHHOE areHTCTBO Pa3pabaTbiBaeT NOBOJNBHO AJIHH-
HbIA CIHCOK TpeGOBaHHMM, KOTOPbIE AOJIXKHBI BHIIONHSATh H3TOTOBHTENH
porpaMMHOro oGecreueHusl.

B npoexre, xonmposupyemom noavaoeamenem, TpeGOBaHHS K mpO-
TpamMmHOMY oGecreueHuio QopMyupyloTcsi HGo ero paspaBoTaukoM,
JHGO COBMECTHLIMM YCHMAMH Da3paGoTUYMKAa W OpPraHH3aLUH-NIONb-
SOBaTeqss. B mpoekTax Takoro THNa OpraHH3aUHA-NONb30BaTENb HMEeT
TpaBo yTBepxaaTh TpeGOBaHHS M, KaK MPABHJIO, cnenudHKAluM cie-
AYlOWUX ypoBHEH, B UAaCTHOCTH — BHEIUIHHE CHEUU(PHKALMH,

B ne sasucumom om noassosamess npoekte BCSI OTBETCTBEHHOCTD
84 ompenesienue TpeGoBaHH JIOXKHUTCA Ha Pa3paboTUMKa NPOTPAMMHOTO
ObecrieyeHus. BoJBUIMHCTBO NPOEKTOB, CBS3AHHBIX C PaspaGOTKOM
°5H56110crynﬂmx, MOCTaB/AsIeMBIX HAa PHIHOK MpOrpaMM, OTHOCHMTCH K
STOi rpynne. Qpuako, KaK FoBOPWIOCH B MpeBUylueil IVaBe, U 34€Ch



50 rJ. 4 TPEBOBAHHS, UEJH H CNEUNOHUKALNHN

fo-npexHeMy KpaliHe BaXKHO B Kako#-1n6o ¢opme nmpHBJieyb NONb30Ba-
Telss K paboTe Haj TMPOEKTOM. )

TpeGoBaHusi K NPOrpaMMHOMY OGECIEUeHHIO HAloT BO3MOXHOCTD
1o/nb30BaTeNo cHopMyNHpPOBaTh CBOHM NMOTPEGHOCTH B OTHOLIEHHH KOH-
KpeTHOro mnporpammHoro npoaykra. C 5ToH TOUKH 3peHusi Haubonee
NpUBJeKaTe/JeH NPOEKT, KOHTPOMUpyeMblH nojb3oBaTeneM. Her com-
HEHMH, YTO BCETJa JKeJaTe/lbHO Cepbe3HOe YydacTHe MOTeHINaJbHOro
NOJIb30BaTe/ sl OKOHYATENbHOIO MPOAYKTA B ompefielieRuH TpeGoBaHuM.
Ho, GesyciioBHO, XesnaTeNbHO M ydyacTHe B 3TOM NpoIlecce OpraHMsa-
I1H-pa3paGoTyHKa NporpaMMHoro obecreveHus. Eciiy B ynpasiseMoM
NoJb30BaTe/ieM NpoekTe pa3paGOTUHK INPOTPAMMHOTO obeclieyeHHs He
NIpHBJIeYeH K ompejeneHHio TpeOOBaHM, 3TO yBeJHYHBACT €ro LIAHCHI
HeMpaBUJIBHO NOHATDH WIH HENIPaBUNIbHO HHTEPIPETHPOBaTh TpeGOBaHHS,
M ynpasiasiemble mosib3oBaTeNeM, M He 3aBHCHMble OT I10/1b30BaTesst
NpOeKThl JOJKHbI MJIAHHPOBATLCH TaKHM 00pa3oM, 4TOOH OGeCHevuThb
y4dactve o6eHX CTOpOH.

TpeGoBanusi K cpeAHell wiM KpyNHOH cuCTeMe HOJKHBHI pa3pabaThi-
BaThCA HeGoabioH rpynnoi. ONMH yYaCTHUK 3TOH I'PYMIbi AOKEH ObITh
OCHOBHBIM IIpeJICTaBHTeJIEM OpraHU3aLNH-NONb30BaTeNs, OGIeYeHHBIM
JOCTATOYHBIMH MOJHOMOYMAIMH, 4TOORl NPHHUMATh pemeHus, Otme-
THM, OIHAKO, YTO OH OOBIYHO He SIBJISIETC HACTOSLUIMM MOJb30BaTe-
Jem cucteMel. [103TOMY BTOpPHIM YIeHOM I'pYIIBL A0JIKeH ObITh Y€J0BEK,
KOTOpbIH JeACTBUTeNbHO OyJAeT mNoab3oBarbcsi cucremoil. Hampumep,
npu paspaGoTke TpeGOBaHHH K CHCTeMe pe3epBHPOBaHHS aBHAOH/IETOB
MM JIO/3KeH ObiTb ONBITHBIA KaccHp. Oprannsauus-paspaGoTYHK TaKxke
JOMKHA OBITb NpejcTapjeHa B 5Tod rpynne. OIHHM H3 ee NpelCTaBHTe-
Jell o/KeH OHITh YelOoBEK, KOTOpPHIl B KOHeYHOM cyere GyJeT Hrparb
IVIaBHYIO POJIb B IIpoliecce BHEIHEro NpoeKTHpoBaHusA. [pyrum uneHom
TPYMIH! JOMXKeH ObiTh TOT, KTO GYA€T WrpaTh K/IOYEBYIO poJib B OJHOM
H3 NpOLECCOB BHYTPEHHETo MpoeKTHpoBaHUsA. UTo Kacaercs HajexHoC-
TH, 3/leCb CTaBHTCA LeNb 00eCneYnTb MAaKCHMa/lbHO BO3MOXHYIO aKKY-
paTHOCTb W TOYHOCTb B oONpeleNeHHH TpeGoBaHUI MoOJMb30BaTeNs,
uTo6bl OpraHu3anus — pa3paboTuHK NporpaMMHOro oGecreyeHust MOIVIa
TPaHCIUPOBATb 3TH TpeGOBaHUS B IPOEKT C MHHMMAJbHBIM UYHCIOM
OLIHGOK.

$1 He cobupaloch ONHCHIBATH 3/eCh CaM NPOLECC ONMpejeseHHsT Tpe-
6oBanuii. B Hero BXOAAT aHA/IN3 CYLIECTBYIOIIHUX CHCTeM, Gecentl C Moib-
30BaTe/1sIMU, IPOBeJieHHe HCC/IeOBaHUH OCYLIECTBUMOCTH H OLEHKH J10C-
TouHCTB. COOTBETCTBYIOLIHE METO/B! ONMHCAHBl B paGoTax 10 CHCTEMHO-
My ananusy [2].

Buin paspa6oTaHbl aBTOMATH3UPOBAaHHLIE CHCTEMBbI JJIsi ONHCAHHA
n o6paboTKu TpeGoBaHMH, HO OHH NOJNYYH/IH OrPaHHUEHHOE PacIpocTpa-
Henue [3, 4]. Cucrembl Takoro poxa, Hanpumep Information Algebra
ADS u TAG, opHeHTHpYIOTCS Ha HeGO/IbIIHE, CrelHa]H3HpPOBaHHbIE
H HCKJIOYHTEJIbHO XOpOLIO Onpefle/eHHbIe 3a1auu.

IlpumepoM «pyyHHIX» NONyPOPMaNbHBIX METOAOB OMHCAHHS TpeGo-



Juaepamma 8.0.
onepamicha s
cucmema
Japasnents
ars
]
l | | L | | 1 1
wazpamma 641 Auagpamma 602 gg,‘}’;gg”’”” E03)\ \ puaspanma 604 |Quagpanma 605 {,’,‘,’;’,;@,’;‘;";gjﬁf {,’;’,i‘;gf:;’“ ar gg;‘,';f,’;’”"” €08
P A Z%fo{%z RCCODMUMERMA %%%/[é ?‘%Mﬂﬁﬂ napamenmpos CInoHERIE undungyuy
| pgngui A4h pyrgue PYRGUl waea
j
: Lueepamma 634) | Quacpamma 642\ \Juaepasisz 677, I
%%%izz ﬁ,”,‘;',%mm" %Zggg‘l;"%?:ﬁ Cranuposanve | | Obosnenue nalppi | | Padomacmadm - | \AUsbamMa 672, |
sadna CIREIVEUAL anmsrx EImpoXu i wed nomomosal coggzzi%f |
cunteonos HHIX EDMUHENO8
OBHOBNERE | | MAAERE HeXOUHBE | | et danirs e coo51 E
|

Puc, 4,1, Ornasnesue,

Auazpamm 5.0,
Modcuememas
JnpAsnEHUT
naxemom
V.

AUaEnamma €73
amamuemusecxue
omvemsr o
MEPMURAIAX
CTAT




Brod

[lapamemper exodnoze cooduerus

| 2ysmqus o5m081EH0E

Onepanun PABOSTT, HIMEFHTS,
| JOBABHTE, OFHCTH TS, SAME-
HHTb, Y6PATE

~ Kod npoerme

- Hia bubaaomerit
- Hus gadna

- flapons paine

«Bosroxcroems dsmenenus
nocnedosamensrocme

~BOIMONCHOCITS BPEMENHOO

HUSIMERERUR

bubmaomeswild pain

Yyemnan samucs
painx

JSlapons

Auzzpemma 62.1. Oowosene paitaa I5HOBIERNE

[put20mosunts cooduerie 08 ouwubne
W JOTISITING  HECQWAULIONUDOSARKO20

Jocmyna K Qainy*

Otpabormmer Bsixod
Fena mapons HeoOXodum & on seden 2k ecnu 1apons O
S| we ngwen s
abovan
abnacms
Ecmt Xomerda - PABOBTT, ovacimums
N CYLecmEyRIYro PRBOYYO OONECTTS MEPMURANR
v MEPMURARNA WU B6108IUMS HOSYID
>
Ecnu onepagun-WMERHTS , nepecaams xonuro
mpe{)’yem INEMERTIE (PASMECTILS KAK ~ ey
> credyenm Ka CIMpaNags) & padoyyro obracms | cootenas
MEDMUKANR, YITOGE! NOS6308QMENS MO2 U3~ naibintnd
> MEHUMS ce. ([IPOBEPRR KAWYIR BbINONHRENICH
& Cnyvae nonstmre SAMEHHTE anemenm) —————
Eenru onepaqus-4OEABHTS, OHETHTE wae
SAMERATE, em. Juaepammy 6.2.1.1.
Ecnu onepagun - Y5PATS, cM. Juaepammy
8.2.1.3. Obpamume syumeanie, ymo exodusie
Fanpsre nOCMynarom ¢ mepmMERana, & ,, COO5-
wenun o8 omubnax " nomeeret 6 Gypen
congugerud
Huave

Puc. 4,2, HIPO-guarpamma,




LEJIM TPOTPAMMHOIO OBECNIEYEHHS 53

e

paHuil Moxer cnyxutb Meros, HIPO-auarpamm (Hierarchy plus Input-
Process-Output: uepapxus nnioc BBop-o6paborka-eiBox) (5], HIPO-
Auarpamma CTPOMTCS VISl KaX[0i OCHOBHOM TpeGyemoil QyHKIHY; B HeA
jaercs o0llasi XapaKTepUCTHKA BXOAHBIX ¥ BEHIXOXHBIX JAHHBIX /IS STOH
(yHKUUH U OCHOBHBIX IIaroB o6paborku. [l OTpaxeHWs uepapxuye-
cKOl OpraHu3auuu TakuX QYHKUME cTpoutcs oeaasaenue (visual table
of contents). ’

Ha puc. 4.1 u 4.2 usobpaxkeHbl OIVIaBJeHHe W OJHA U3 JHarpaMm
J1f IPOEKTa ornepaTupHoii Gubmuorexn mporpamm [6]. Kaxnaetii mps-
MOYFOMBHHK Ha puc. 4.1 mpeacraBnsier KpynHyio (yHKuuo, Heo6Xxo-
aumyio monb3osarento. Puc. 4.2 — sto HIPO-anarpamma ana omsoro
TaKoro TPsSMOYTOJNbHHKA.

[Tpy uCTIONb30BaHHH 3TOTO METOAA AMArpaMMbl OOBIYHO T'OTOBHUT Op-
rau3anya-paspaboTuHK, a 3aTeM NpeAbAB/IfeT UX MNOJb30BaTeNi0 A1
npoBepkH. Jlnarpammbl He COAepKaT HHKAKHX MPEINoNoKeHu# o Ko-
HEYHOH CTPYKTYpe nmporpaMMbl U He JOJKHBI ObITb HAalMCaHbI HA MpPOT-
PaMMHCTCKOM kaproHe. VX safada — jatb No/ib3oBaTesio HarasHoe
npejcTaplenye o OyaymeM NPOAYKTe B HajAeXJe YCIBIUATb OT Hero:
«Jla, 9 xoTes, 4ToOHI TporpaMMa jenana MMEHHO 3TO».

[lpu ucrnonb3oBaHHH 3TOTO METO/A BaXKHO MoHumartk, yro HIPO-zu-
arpaMMBbl BBHIPaXKaloT TONbKO (PyHKuUOHanMbHble TpeGoBaHusa. [pyrue
TpeGoBaHHsA (HanmpuMep, HaleKHOCTb, POU3BOJUTENBHOCTb, CTONMOCTD)
JOJKHBI OBITH OMHCAHBI OTHENbHO.

O wmeTonax NpPOBepKU NPAaBUILHOCTH TpeGOBAaHHH MOXKHO CKas3aTb
JHlb, YTO MOJb30BaTeJNb HeCeT OTBETCTBEHHOCTb 3a NPOBEPKY Tpe6o-
BaHUH Ha MONHOTY W TOYHOCTb, a Pa3paCoT4UK — 33 NPOBEPKY OCY-
MEeCTBUMOCTH M TNOHATHOCTH. B mpouecce mpoBepku TpeGoBaHMil ke-
JIaTe/IbHO YCTaHOBUTb MPHOPHTETHI VISl KAXKIOTO U3 HHUX, YTOOH! OMOYD
Pa3paGoTYMKy NporpaMMHOro obecrieyeHHs IPUHUMATb KOMIIPOMHCCHEIE
pelleHHsl Ha CJEAYIOUUX STalax NPOEKTHPOBAHHSA.

LHEJIH MPOTPAMMHOI0 OBECITEYEHUS

Bropo#i mpouece paspaGoTKu nporpamMMHOro ofGecredyeHusi — nocra-
HOBKa Lesell. Llen — 3TO KOHKpeTHBIe OpPHUEHTUPH! JJisi IPOr'PAMMHOTO
nponyxkrta. [Ipounecc uxX NOCTAHOBKM — Mpex/e BCEro Npoiuecc MPHHs-
THA KOMIOPOMMCCHBIX pelleHufi. Hampumep, He cTonb yK HeBepoOsTHO
BCTPETHTb ZOKYMEHT, B KOTOPOM Tpe6GoBaHHsS (GOpPMYIHPYIOTCS B cile-
Aywwei dopme:

«O6ecreunTb MaKCHMaJbHYIO HafeXKHOCTb, S(PQeKTHBHOCTb, afanTHPyeMOCThb, 06-

ILHOCTL H Ge30MacHOCTb CHCTEMb, MHHHMHU3HPYSI CTOMMOCTb H BPeMs pa3pa6oTKH, Tpe- -
YEMYIO naMsTh ¥ BpeMs PeaKIMH TepMHHAJIa»,

Taxoro pona GpopmynMpOBKU GeCCMBIC/IEHHE!, IOCKOMLKY MHOTHE M3
TlepeyncnenHsix (akTOpoB mpoTuBOpeyaT Apyr Apyry. Takum o6pa-
80M, HasHayeHHe NMOCTAHOBKHU llefeli — He TONbKO CaMU LeJH, HO, eClIH
HYXKHO, M KOMIPOMUCCH MEXKAY STHMH LEASAMH,
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[lpu mnocraHoBKe ue/ed pPaCHpPOCTPaHEHH CJEAYIOUIHE OLIHGKH.

1. Lleau He GOPMYJNHPYIOTCS SIBHO.

2. CocraBasiercsi Geryibiii HAOPOCOK CNMCKA LieJlefl, MpHYEM JKHU3HEH-
HO BaKHble LIeTH B HETO He BKJIIOYAIOTCA.

3. Lenu ¢opMynHpyIOTCSs, HO TAKUM O6PA30M, UTO OHH KOH(WI HKTYIOT
Ipyr ¢ apyroM. B pesysbrare KaAblii NpOrpaMMHcT, paGoTaiomiui
HaJl TPOEKTOM, paspeLIaeT 3TH KOHGVIHKTH caM, IPHYEM BCE paspellaror
HX 10-CBoeMY. B mpoekTe ¢ yyacTueM CTa 4eJIOBEK 3TO NPUBEAET K TOMY,
YTO KOMIPOMHCCHHIE pelileHHs ‘OynyT NpHHMMATh [0 KpaHHeH wmepe
COTHeH pas/IMYHBIX MyTeH, YTO JaeT COBEPLIEHHO HeNpelCKasyeMbli pe-
3yJbTar.

4. Heo6x0UMOCTb KOHKPETHEIX Liesiell IpU3Haercs, Ho Ieau GopMy-
JIUPYIOTCA TOJNBKO /ISl MPOAyKTa, a He Aas mpoexta. [Ipu paspa6or-
Ke TmporpamMmHoro obecrieueHuss HeoOGXoAuMbl ABa HaGopa LeJel: yeau
npoOykma, T. €. onpele/eHUe LeJeli OKOHYAaTeNbHOTO pe3yJbTaTa C TO4-
KH 3peHHsl TIOJIb30BaTeNsi, H yeau npoekma, Takue, Kak rpagmk, cro-
UMOCTb, CT€lleHb TECTHPOBAHHOCTH U T. A.

NOHUMAHHE KOMIIPOMHCCOB

Kak yxe roBopuioch, NMOCTaHOBKAa LeJell Tpe6yeT pacCMOTpPeHHS
KOMIIPOMHCCOB MeXAy KOHQIHKTYyIouuMu TpeboBaHusMH. Ouubka 3,
KOIJa He ONpeAeSIOTCs HeoOXOAMMble KOMIPOMHCCHBIE pelleHHA Ha
YPOBHE NpOEKTa B LEJNOM,— OWIHOKa Cepbe3Has H paclnpocTpaHeHHas.

[lesin mporpaMMHOro obecreyeHHsi MOXKHO pasOUTb Ha JecATb 6o/b-
IIMX TPYNmH, OINHY M3 KOTOPbIX IIpeJCTaBJAsieT HHTepecylollasi Hac
HaJEXKHOCTb. [TOCKOIBKY B 3TOH KHHIe el yAessiercss OCHOBHOE BHH-
MaHUe, Mbl PacCMOTPHM, KaK OHa COOTHOCHTCSI C JEBSITbIO JPYrHMH
rpynmnamH. :

O6mHoOCTD

OGWHOCTb XapaKTepU3YeTCs YHCIOM, MOIbIO H 00/1acThio JeHCTBUS
NpeJoCTaBIAeMbIX NMOMb30BaTeNo GyHKuud. Xorenoch Obl HafesAThCS,
YTO ZOKYMEHT, B KOTOPOM ONPEJENIOTCs Tpe6OBaHHA HAH LETH, HUKOT-
Ia He OyleT coep:aTb GOPMYJHPOBOK THMA «I100elTeChb MaKCHMaJbe
HOIi OGUIHOCTHY;, B HEM HMPOCTO JOJIKHBI OBbITh NMEpeuycC/leHbl HeoOXonu-
Mble NO/Ib30BATENO (PYHKUHH. ‘

TpeGoBanus HafeXKHOCTH M OGUIHOCTH KOHGNIMKTYIOT Mexay coGoii,
TMIOCKOJIBKY «0GOGIIEHHbIE» CHCTEMBI OGBIYHO Gonblie M claoxHee. Paspe-
ILIEHHE 3TOTO KOHQWIMKTA, OHAKO, He NpeANonaraer, 4To nporpaMMHble
NPOAYKTHl JAOMKHBI GbITh KpaiiHe ChelHaJu3HpOBaHHBIMH. KoHQMHKT
MOXKHO CIVIafiHTh, H30eras o006LIeH I B TEX aclieKTaX, KOTOphie He O4eHb
MM BOBCE He BaXKHbl JJIsi Mosib3oBaresisi. Hanpumep, HeKoToprie KoM-
MUIATOPBl NpeAnaraioT NoJMb30BaTEN0 CTONbKO NOMONHUTENbHBIX BO3-
MOXXHOCTEH, YTO NPOCTOE HX NEPECYHCACHHE 3aHHMAET HECKOJbKO CTpa-
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pui. K ToMy ke He HCK/IOYEHO, YTO HEKOTOpPbIE U3 HUX TaK HUKOTAA H He
ACTIONb3YIOTCAA. OTH OTHIOAb He 0Gsi3aTesibHBIE BAaPHAHTH YCIOXKHAIOT
KOMIUJIATOP, YTO, HECOMHEHHO, BeJeT K OLIHGKaM.

KoH®MHKT OOIMHOCTH W HAJEXHOCTH PaspelliUTb CIOXKHee BCero,
ApUHATUE pemeHui 37iech TpeOyeT OCOGEHHO Cepbe3HOH NpopaGOTKH.
Heo6x011MO MOMHHUTDL, YTO BCAKUH 3/€eMEHT B3auMOAEHCTBYSA C TOAb30-
BareJieM, Kakofi Obl MeJIOYbIO OH HH Ka3aJICfl, OKa3blBaeT KaKoe-TO BJIHsA-
HMEe Ha HagexHocTb. Kaxkjas (yHKUUA NporpaMMmHOro oGeeneueHUs
JIOJIKHA OBITb OllEHEHA C TOYKHW 3PEHHS] PealbHOH ee BHIrOAbl AT MOJIb-
30BaTeNsl U ee BIHAHUA Ha HaJeXK HOCTh.

INcuxonorunueckue ¢akropso

[Neuxomoruyeckve ¢GaxkTopbl FOTOBOH CHCTEMHl — 5TO Mepa JIerkoc-
TH ee MOHUMAaHuS U YAO6CTBAa HCIOJb30OBAaHHS, 3aLIULIEHHOCTH OT He-
NpaBWIbHOrO ynorpeb/eHyus M, KaK pe3yJabTaT, YyaCTOTHI OLIHGOK MOJb-
soBaTensd. XOTA «TyMaHW3amufd» B3aUMOJAEHCTBHS C MOJIb30BaTe/EM
MOJKET YBeJIHYHTb CIO0XKHOCTb CHCTEMB! H, TAKHM 00pa3oM, OTpULATENTbHO
BIHfeT Ha HAaJeXKHOCTb, NCHXOJNOTHYeCKHe (AKTOPH U HAJENKHOCTb,
BOOOILiE T'OBOpS, He HaxonsTca B koHdaukre. Hanpumep, korma we-
OXHAAHHO MEHSIOTCS YCIOBUA QYHKIIHOHUPOBAHUS ONEpPalUOHHBIX CUC-
TeM, B HUX TIPOSIB/JISETCSI MHOXECTBO «3aTaHBUIMXCA» OMUGOK. 3TH HO-
Bble YCIOBUA 4YaCTO SIBJSIIOTCS Pe3y/abTaTOM HEOXKHIAHHBIX AedcTault
N0/1b30BaTe/ . XOPOWHH yyeT NMCHXOJOTHYeCKUX (PaKTOPOB 1O3BOJSAET
CBECTH K MMHUMYMY BO3MOXKHOCTb TaKHX HEOXHJAHHBIX JeHCTBH,
9TO YMeHbLIaeT H BO3MOXHOCTb NMPOSIBJIEHUSl «3aTAUBLIMXCS» OILIHGOK,

AnantHpyemocTh

AnanTupyemocTb — 3TO Mepa JIETKOCTH PacClIHPeHHsi TPOAYKTa, Ha-
nprmep no6GaBieHNs ele OfHOH MoTpeGoBaBIIeHCs MOAb30BaTeN0 QYHK-
unn. TpeGoBaHusA afanTHPYeMOCTH W HaNEXKHOCTH, KAaK 3TO HHU YAHBH-
TENbHO, COI/IACYIOTCSI MexAy Co0oiH. JlOMOJMHHUTEeNbHOE NMpPEeUMYIIECTBO
MHOTHX M3 paccMaTpUBAaBLIMXCH B NPeIbIAYLIUX I1aBaX METOIOB MPOEeK-
THPOBaHWUs, MPU3BAHHLIX OGECNEUHTb HAJEXKHOCTb,— UX MOJIOXHTENb-
HOe B/idAiHYe Ha pPacUIMpseMOCThb M aJlalTHPYEeMOCTb. 3TO 03HayaeT, 4To
paccMarpuBaemble METOALI TPOEKTHPOBAHUA NO3BOJAIOT CO3/1aBaTh Npo-
TPaMMHble CHCTeMBI, KOTOpbIE HE TONbKO 6o7nee HaJeXHbl, HO M Jierde
Pacmupsiorcs.

Yno6cTBO ConpoBOXACHHS

Y106cTBO CONPOBOXK/IEHUS — 9TO Mepa 3aTpaT BPEMEHH U CPEACTB
Ha ucnpasnenune omubku B paboraiomed cucTeme. 310 TpeGOBaHHe CO-
Tacyercst ¢ TpeGoBanueM HaN@XHOCTH, OCKONLKY OHO TECHO CB3aHO
¢ anantupyemoctbio. KpoMe Toro, Takue MeToabl 06eCneueHHs HaleK-
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HOCTH, KaK OCHapyeHHUe H H30JsALHs OWHOOK, MONONKHTENbHO BJH-
SIIOT Ha YAOGCTBO CONPOBOMKAEHHA CHCTEMBI.

BeszonacHocTh

BesonacHOCTh — 3TO Mepa BepOSITHOCTH TOTO, YTO OAHH IOMb30-
BaTeJib CHCTEMBI MOXET CJYy4yalHO WJIH HaMepeHHO oGpaTHTbCS K JaH-
HbIM, SIBJISIIOUIMMCSI COGCTBEHHOCTBIO JPYTOro MOJIb30BaTeNsi, paspy-
WHTh MX WM NOMellaTh pabore cHcTembl. CpeicTBa 3auiuThl (oGecre-
YeHHs! Ge30maCHOCTH) BKJIOYAIOT TIIATENBHYIO H3OJSUUIO AAHHBIX M
NporpaMM pasHbIX NOJIb30BaTeJiell APYr OT APYyra M OT ONEpPALHOHHON
cucrembl. ITocKOJNIBKY OHM CXOXKH CO CPEACTBAMH M3OMSIHH OWHGOK,
OHH OGLIYHO COTVIACYIOTCS CO CTPEMJIEHHEM K HAJEXKHOCTH.

JlokymeHTanus

DTOT BONPOC KacaeTcs KayeCTBA M KOJIHYECTBA MYGMHKAUMA A1st
nojb3oBarens. Llenu 3fech aHaIOTHYHBI TEM, KOTOPBIE KaCalOTCs NMCHXO-
JIOTHYECKHX (DaKTOPOB,— OHH TOXKE CBfI3AHBI C JIETKOCTHIO NMOHUMAHHS
H HCIIOJIb30BaHHUsl NPOAYKTa. [TosToMy UeTH JOKYMEHTHPOBaHHS HE KOH-
¢uiuKTyIOT CO CTpemsieHHeM K HafeXHOCTHU.

CrouMoCcTb MPOAYKTA

CToMMOCTh NMPOrpaMMHOI0 MPOAYKTAa BK/IOYaeT 3aTparhl HA mepBo-
HayaJlbHYIO pa3paboTKy IJIIOC CONPOBOXKAEHHe NMPORYKTa. B ri1. 1 o6eyxk-
JaJIOCh COOTHOIIEHHE MEXIY HaeXHOCTHIO M BO3pacTalouiefl CTOH-
MOCTBIO NPOrpaMMHOTO obecredeHusl; ObIO MOKa3aHO, YTO POCT CTOH-
MOCTH BO MHOTOM BBI3bIBAeTCSl BO3pacTaHHeM uHc/1a owHGoK. [TosTomy
MOXKHO CYHTaTh, YTO CTPEeM/IEHHE K BBICOKOH HAaNEXKHOCTH M MHHH-
MaJIbHOH CTOMMOCTH Pa3palOTKH M CONPOBOXKIEHHS HE IPOTHBOpeyaT

Apyr apyry.

Kanenpapusiii nian

Eme ofxa KiatoueBasi LeJb BCAKOTO MPOEKTAa — MOJAYYHTb Pe3y/ib-
TaT K Ompefle/IeHHOMY CPOKY. BbIrofipl OT CO3JaHHSI NPOAYKTa OGLIYHO
CYIIECTBEHHO 3aBHCAT OT TOTO, KOTAa OH CTaHeT AOCTynHHIM. MHorue
COOTHOIIEHHUS, CBA3LIBAIOLINE HAJEXKHOCTb H CTOMMOCTb HpPOTPAMMHOTO
-o0eCreyeH st, UMEIOT MECTO TaKXKe MEXKAY HAJEXKHOCThIO H KaJlleHAapHbIM
niaHoM. OnHa U3 [VIaBHBIX NMPHYHH CPLIBOB TIpaduka — HEHAJeKHOCThb
cosjaBaeMoro mnpoaykrta. Hanpumep, Hmeercs TeHIeHUMs 4Ype3Bbl-
4afiHO CHJIbHO HEJOOLIEHMBATh BpeMs, HEOGXOAUMOE /15l TECTHPOBAHHS.
JHeficTBurenpHo, Tpebytolieecss Ha TECTHPOBAHHE BPEMsi TECHO CBSI3aHO
€ 4yHcIoM omH6OK, OCTAIMMXCA B POrpaMMHOM obecnieyeHHH nocse 3a-
BepLIEHHA €r0 MPOEKTHPOBAHHSA, H ITO BpeMs MOKHO COKPaTHThb, yMeHb-
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PRS-

mas YHCI0 OIIMOOK, MOpOXKJAaeMbIX B MpoleccaXx NpOeKTHPOBaHHS.
JIBe TeHJEHIMH: 06eCneyuTh HAJEKHOCTb M COKPATHTb 3aTpauuBaeMoe
Ha Dpas3paboTKy BpeMsl — BIOJIHE COrJ1acyIOTCsl MexkAy co6oi MpH yc/o-
BHH, KOHEUHO, YTO CPOKH He COKpallleHbl MO TaKoH KpaiHOCTH, Korla
Ha HaJJIeXallee NPOEKTHPOBAHHE MPOCTO HE OCTAETCS] BpEMEHH.

3ddekTHBHOCTD

CooTHouleHne MexAy 3)PEKTHBHOCTBIO, HIH NIPOU3BOAHTEIBHOCTDIO,
1 HalleXXHOCTBbIO KpalHe clOXHH. Tak, cpeicTBa ofecreyeHHs HaLex-
HOCTH MOTYT YBEJHYHTb YHC/JIO KOMaHJA, KOTOpHE NPUAETCS BHINOJ-
HATb (Hanpumep, Al OOHApPYy>KeHHS H PeTHCTpalMH OWHGOK), YBesH-
YUTb HaKJajiHble PACXOIbl H3-3a HEPAPXHYECKOH CTPYKTYpHI POrPaMMbt
M 3a0peTUTb HCHONb30BaHHE TPIOKOB NPH NPOrPaMMHPOBAHHH, YTO MO-
JKeT YBeJIHUYHTb BpeMsi BHIIOJHEHHS NPOrpaMMEl U HEOGXOLHMBIH 00beM
namatd. C JApyroé CTOpOHbI, O HEHAJeXKHOH CHCTeMe HeNb3s YTBep-
H]aTh, YTO OHA «3(peKTHBHA», HE3ABHCHMO OT TOTO, KaK GbICTPO oHa
pa6oraer. Kopoue rosopsi, Bce oOliHe YTBEPKACHHS O HAIEXHOCTH
1 3(¢peKTHBHOCTH (KpOMe 3TOTr0) HeBepHHI.

CKOpOCTb BLINOJTHEHHsT MOXKeT OLITh OXapaKTepH30BaHa ABYMsl Mepa-
MH: MTHOBEHHO#H CKOPOCTbIO NPOABHXEHHs (BpeMeHeM OTBeTa TepMHHa/a
U1 BpeMeHeM 0GpaGOTKH COOOLIEHHSI) M TPONYCKHOH CIOCOGHOCTBIO
(nosmHO# paGoTOM, BBLINIOJNHAEMOH 3a. ONpENeNEHHbI NMepHoA BPeMEeHH).
HazexHocTb B onpesie/leHHOM CMBIC/IE KOHQIHKTYET CO CKOPOCTBIO T1po-
ABIXKEHHA M B TO JXe BpeMs COIVIaCyeTCsl C NPONYCKHOH CHOCOGHOCTBIO-
(nocneaHss 3aBUCHT OT MHOTHX (aKTOPOB, B HX UMC/e — IPOLEHT Bpe-
MeHH, Koria cucrema paGoTtocnoco6Ha). MoKHO NpOBECTH aHaJOruio
C aBTOrOHKaMHu. J[parcrep — 5TO CHCTeMa, LIl KOTOPOH WENbIO SIBJIfA-
€TCsl MrHOBeHHasi CKOpocTb. ITOCKONBKY Takoro poja COpEBHOBaHHS
HPOJI0JIXKAIOTCS JIMIIL HECKOJNBKO CeKYHJ, NPOeKTHPOBIIMKA He 3a60THT
HajlexkHocTb. OH TNBITAaeTCs MHHHMH3HPOBAaTb BeC MALIWHBI, H €ro He
BOJIHYeT, YTO OHa Pa3BaJIHBAeTCs HAa YaCTH Mocje Kaxuo# rouku. C apy-
TOil CTOpOHBI, B TAKUX COpPeBHOBaHHUsX, Kak «HMHauananonuc 500», Gonee
BaXKHa «MpPONYyCKHAfA CHOCOGHOCTB». [IpH MPOEKTUPOBaHHH ABTOMOGH/ISA
ANl NPOJOMKUTENbHEIX COPEBHOBAHHHA BBIHOCAUBOCTb MALIMHBI 4acTo
BaxKHee, yeM ee MaKCHMajlbHasi CKOpOCTb. [IPOEKTHUPOBIINK 3aGOTUTCS
O MHUHHMHM3aLUY 33JepKeK Ha PEMOHT, ONTHMH3alUH CHCTEMBI CMasKh
¥ OXJ1aKIeHHs MOTOpa, 3alUTe BOAUTENS IPU aBapUAX U T. II,

IMpousponcTeo IBM npouwio HECKOIbKO PasiHYHEIX 3TalOB PelieHUs
Bonpoca o komMmpoMMcCe MEXAY HaleXHOCTBIO H 3(PEeKTHBHOCTDHIO.

nepBbie rofpl, KOTAA anmaparHoe obecrneueHue ObLUIO HEHAJEXKHO, &
TIpUIOXKeHUs1 NPEeACTaBAsNU COGOi AHHHBIE NPOrPaMMbl AJIsi HAYYHBIX
Pacuerop B makernom pexume, npeoGnanano TpeGoBanue sddeKTHBHOC-
TH. TIporpammuct 3a6OTHICS O TOM, YTOGbI BLDKATh KaXAYI0 CEKYHILY W3
CBOeH mporpamMmbl ¥ UMeTb WIAHC 33KOHUHTb €e 0 OYEPEAHOro OTKasa
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annapatypnl. [Takernbifi pexXKHM NO3BOJAJ MPOrpaMMHUCTy, OGHApYKUB
OIIKNOKY, POCTO UCIIPABUTh €e H 3aHOBO [POTHATh MPOTpaMMy.

B 1960 ronax npoMBILIEHHOCTb BCTYNHJIA BO BTOpYIO a3y, KoTopas
TIPONOJIKAeTCsl U ceyac M COXPAHHUTCA ellie HekoTopoe BpeMms. Ha-
JIeXKHOCTb U CKOPOCTb annaparypsl YBeJHYH/Iach HAa HECKONBKO NOps-
KoB. [IpuK/afHbIe CHCTEMBbl CTAHOBSTCH CHCTEMaMH DeaJbHOTO Bpeme-
HH, yNpaBJsOUIIMH KPUTHYECKHMH HPOLECCAMH, OKAa3bIBAlOTCS HEOTB-
eMIeMOH 4acTbiO IIOBCEIHEBHOH JeATeJbHOCTH MHOTHX KOpHopauui.
Jlnsi GOMBIIMHCTBA TaKHX MNpPHJIOXKeHHH Hes(peKTUBHOCTL TepmiuMma,
HO OUMOKHM — HeT. §I UUTHPYIO CJIOBAa OJRHOTO U3 MOMX 3HAKOMBIX M3
State Farm Automobile Insurance [7]:

«[IporpamMmHoe obecnieyente cHcTembl State Farm oGeayxusaer nopsizka 15 000 000
BJIaJieJIbLIEB NOJNHCOB M 06pabarbiBaeT CTPAaXOBble IPEMHH Ha CyMMy nopsaka 2.3 mHJ-
JIHap/ia JOMIapOB eXerofiHo. B ycioBHAX, KOra OT aKKyPaTHOCTH CHCTEMbI 3aBHCHT
‘TaK MHOTO JOJJIAPOB U JIIOAeH, HAJIeXHOCTb JIONXKHA NpPeALIecTBOBATbL 3((HeKTHBHOCTH.,
Kpome Toro, State Farm — xomnanus no crpaxosaHHio aBTOMOGHJIEl, H KaK TaKoBast
OHA 3aBHCHT OT MOXKeJaHHH OKos0 50 WIeHOB rocyfapcTBeHHOM KOMHCCHH MO CTPaxo-
BaHHIO M FOCYJaPCTBEHHBIX 3aKOHOJaTe/IbHbIX YupexAeHHH. JIpyrumu ciiosamMu, MOLH-
¢HKalUKM NPOrpaMMbl — 3TO NMOCTORAHHBIA npouece, o6pa3 xHu3uu. ITostomy yRo6eTeo
COTIPOBOXKJEHHA TaKkxe ‘Gojee BaxHO, 4YeM 3(PheKTHBHOCTBY.

[Toka mpoMbILIEHAOCTb HAaXOAHTCSA BO BTOpoH (ase, ciefyeT CuH-
TaTh, YTO BCAKHI pa3pabOTUUK NPOTPaMMHOr0 obecriedeHHUsl, JKePTBYIO-
YA HaleXKHOCThIO paad 3(PPeKTUBHOCTH, MOCTyNaeT Ge30TBETCTBEHHO.
(Kak Besge, 3ileCb TOXe €CTb HCKJ/IOUeHHsl, HO OHH JOJIKHBI COCTAB/IATh
JIMIBL HeGO/BbIIOH NPOUEHT CEroJHSALHHX NPOrpAMMHLIX HPOEKTOB.)
Annaparypa DBM nocTosiHHO CTAaHOBUTCS JelleBne U OuicTpee. Heapdek-
‘THBHOCTb NPOI'PAMMHOTO oGecreyeHHs MOXKHO, €CJIH 3TO HEOOXOLHMO,
YCTpaHHTDb NO3/iHee; N36aBUTHCS OT HeJOCTATOYHOH Ha/eXKHOCTH ropasio
cnoxHee. Pe3yibraTh HeahheKTUBHOCTH OObIYHO NpefickadyeMsl (Goree
JUTUTEbHOE OXHJAaHHe); pe3yJbTaThi HEHAaJeXHOCTH HenpenCcKa3yeMbl
# 4acTO pa3pyLIHTEJbHBI.

MOXXHO NpeAnoNOKHUTb, YTO NPOMBIIEHHOCT BCTYNHT B TPETHIO
$asy; BO3MOXKHO, 3TO IIPOU3OHJET B KOHIE CTOoJeTHs. XOTs abCouioT-
Hasi HaJeXHOCTb OCTaHETCs HEOCYLIECTBHMOH LeJIbio, MOXKET GhiTb XO-
CTUTHYT Takofl YpoBeHb, KOTja pa3paboTKa IporpaMMHOro obecreye-
HHS CTAaHET HACTOTbKO TOYHOH AMCIIMIJIMHOM, YTO BBICOKAsl HaJeXKHOCTh
Oyzner HopMofi. B 3TOT MOMEHT NMpOEKTHPOBUIMKH CHOBA CMOTYT CKOH-
UEHTPHPOBaTb CBOe BHHMaHHe Ha 3(peKTHBHOCTH, peluas, HanpuMep,
3aflayd HCKYCCTBEHHOrO HHTe/JIEKTa, HepaspeliuMbie cefiyac Bcael-
<TBUE HX BBIYMCJHTEJbHOH CMOXKHOCTH. Jlo Tex mop, ofHaKO, OCHOB-
Hoe BHHMaHHe [OJIKHO YHe/NATHCA HaleXHOCTH NporpamMmMHoro obecre-
4eHHus Aaxe, TAe 9T0 HeOGXOAHUMO, 3a CYeT APPEKTHBHOCTH.
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NOCTAHOBKA LEJIEH JJ151 IPOTPAMMHOIO OBECIIEMEHUS

[pu npaBUALHOM NIOCTAHOBKE Leeft 1151 NpOrpamMMHOro obecneyeHust
He JeJAeTCsi HUKaKNX NPEANONOMEHHH O KOHKDETHOH peasH3auuH, HO
yKashlBaeTcsl, KakuM o6pasoM Ha Moc/IefyIomHX Tarax MpoeKTHPOBa-
HHUS C/IeAyeT NMPUHUMATb KOMIPOMHUCCHble peweHusi. Kak yxke roso-
PHJIOCH, NOJKHBI OBITb NOCTABJ/IEHb LeM JBYX THIIOB: LM MPOAYKTA
¥ LeJNH TPOEKTa.

Llean npoaykra

D10 LeNH C TOYKH 3PEeHHs MOTb30BaTes. Jlonkna GhiTh npencTaB-
JieHa craepyomas uHpopManus.

1. Pesrome. Brauane HyKHO KOpPOTKO cQJopmy.anOBaTb ofliee HAa3Ha-
yeHUe pa3pabarbiBaeMoro MPoOLYKTa.

2. Onpedenenue noavsosameass. Ecnu paspaGateiBaeTcsi Govibluas
CHCTEMA, C PasHbIMH I'PyNNaMH NMOJb30BaTeNel, ROTKHDI 6uITh ompene-
JieHbl POJH PA3IMYHBIX NO/Mb30BaTeNeH.

3. I1o0pobroe nepeuucrenue dynxyuli. 31eCb ¢ TOYKH 3PEHUS TI0Jb-
soBaTens ClefyeT o6pucoBaTh (PYHKIHH, KOTOphbie AOMXKHBI oGecredn-
BaThCsl CHCTEMOH.

4. Ily6auxayuu. JlomxHb ObITL ONMpeneeHbl UeMH IS AOKYMEHTa-
LMY, TIOCTaBJIsieMOll MO/b30BaTe/NsIM, B TOM YHCJI€ THIB JOKYMEHTALMH
H npejnosaraeMblii Kpyr 4urateneil JJisi KaKAOrO THIA.

5. Igdgpexmusrocmo. Ciofa OTHOCATCA BCe LeTH, KacaIOLWHECst :-qu)ex-
THBHOCTH, WJIH NPOM3BOAMTENBLHOCTH, TaKHe, KaK BpeMeHHKIE XapakTe-
PHCTHKH, NPONMYCKHAsA CIOCOGHOCTD, HCIO/Ib30BaHHE DECYPCOB, a Tak-
e HeOOXONHMBIE CPeCTBA H3MePEHHS MPOU3BOJUTENBHOCTH H CPeICTBa
‘HaCTPOHKH.

. Cosmecmumocmo. Ecny KOHKpETHBIA NPOrpaMMHBIR NPOLAYKT J0J-
MeH ObiTh COBMECTHM C APYTHMH, 3TH LEJH yKasbiBaloTcs 3aechb. Cienyer
YKa3aTb TaKxKe OTHOCSIHeCs K JAeJy MeXAYyHapoIHble U rocyIapCTBEeH-
Hble CTaHJapThl U BHYTPeHHHEe CTaHAApThHl KOMIAHMH.

7. Konghueypayuu. 31ech yKasbiBaloTCs pasjiHyHble KOHGHUTYpauuu
annaparypsl ¥ NPOrpaMMHOTO O0ecrieyeHHsi, B KOTOPEIX CHCTEMa MOXKET
paboraTh, U Apyrue NporpaMMHbIE MPOAYKTHI, OT KOTOPHIX OHA 3aBHCHT,
a TakxKe JIONOJHUTeJbHble BO3MOXKHOCTH BbIOOpa OTJe/NbHBIX YacTel CHC-
TEMBI, eCJIM 3TO OCYIIECTBHMO.

8. Besonacrocms. Cioja OTHOCHTCSI ONHCAaHHE LeNeH B OFHOLIEHHH
OGecnieuenysi GesomacHoctH. Eciu CHCTeMa cBsisaHa ¢ GHHAHCOBOH Jes-
TeIbHOCTBIO (HampuMep, MrOpHasi CHCTeMa HJH CHCTEMAa YIpaBJIeHHS
Sanacamu), AOMXKHBL OBITb YKa3aHbl CPeCTBA HaA30pa.

9. Obcayxmcusanue. 31ech HaMEUAIOTCsi CTOMMOCTb M BpeMsi HCIpas-
JI€HHs1 OIINOOK, 8 TakXkKe HeOGXOAHMBIE /IS JOCTHXKEHHs HaMeyaeMbIX
:aPaMeTpOB nporpaMMHble CpeACTBa, HanpHUMep AHArHOCTHYECKHE mpo-

Pammel,
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10. ¥Ycmaroska. Ciofia OTHOCATCS METOAbl M CPEACTBA HACTPOUKH
CHCTEeMBI Ha KOHKDETHBIE YCJIOBHSI KCITyaTallHH.

11. Hadexcnocme. Llesin B 061aCTH HAleXKHOCTH, KaK U ApYTHe LEIH,
CYLIECTBEHHO 3aBHCAT OT KOHKpeTHOro Tuma cucremsl. Ciepyouiue
BONpPOCH], OJHAKO, HY2KHO pacCMaTpPHBaTh 06f3aTeNbHO.

a. Jina kaxJoro THma OTKa3oB JOJIXKHO OBbITb OIpeleseHO CpelHee
BpeMsl MEXAY OTKasaMu (OTKa3s CHCTEeMBI, OlIHOKa mosib3oBaTesns,
OTKasbl KOHKPETHHIX (YHKLHH) C yyeToM CEepbe3HOCTH TaKoro
OTKasa. :

b. Cpenxee BpeMst BOCCTaHOBJIEHHUS] CHCTEMBI [IOC/IEe OTKa3a.

c. OpueHTHpH B OTHOLIEHHH YHC/Ia OMIMGOK B IIpOrpaMMHOM ofecrie-
YEeHHH, PaCK/JIaCCHHIHPOBAaHHLIE N0 CEPLE3HOCTH U BpeMeHH 00-
HapyXeHHUS. A

d. TlocneacTBHsi OTKa30B CHCTeMbl WM OTKa3a HauGo/lee BaXKHBEIX
dyHKIHA.

e. JlonmycTuMbli o6beM NaHHBIX, YTpPauHBaeMbIX B CIyuae OTKasa.

f. )KusHeHHO BaxKHast MH(pOpMALUsi, KOTOPast AO/MKHA GBITh 3allHIle-
Ha OT paspyLieHHus.

g. dynkuuy, HeobXoqumble AJist OGHAPYXKeHHs OLIHOOK.

h. ®ynkuun, HeoGXOANUMBIE JUISl HCTIPABJIEHHUS OHGOK.

i. OyHkuHY, HeO6XOAHMbIE A5 o0ecrieyeHHs] YCTONYUBOCTH K OLING-
KaM.

j- Bo3amoxKHOCTH OGHapyKHBaTh OIIMGKHU MOJIb30BaTes U c6ou anna-
paTypel, a Takxe BOCCTAaHaBJMBAaTh PabOTOCTIOCOGHOCTb.

Lean npoekta

34ecb ONHCHIBAIOTCS LETH, KOTOPHIE KAacCaloTCS TOJABKO CaMoro mnpo-
mecca pas3pabOTKM U He MNPOSIBJASIOTCS B OKOHYATeJIBHOM pe3y/bTare
pa6otsl. OHH JOMKHBI ObITh YCTaHOBJEHBl OopHUHANBHO, H0O, KakK Mo-
kasanu BeiinGepr un llyamen [8], B ciyyasx, Korza NmporpaMMHCTHI
He UMeIOT CIHCKA Lieel IIPOeKTa, OHH IOJ1y4aloT NPOTHBOPEUHBEIE H He-
OXUJaHHble pe3y/abTarhl. Llenu NpoeKTa NOMKHBEI JaBaTb OTBETHl Ha
CJIeNyIOLIHe BOMPOCHL:

1. OpueHTHpPOBOYHAS CTOMMOCTb KaxJOro IpoLecca.

2. KajlengapHulfi mjaH IpoekTa.

3. llenun ans Kaxaoro mpouecca TeCTHPOBAHHA.

4. llesn B o6/acTH ajanTHPYeMOCTH, YKasbiBalolIHe CTeNeHb afanTH-
pYeMOCTH, HIH pacIIMpsieMOCTH, KoTopasi JOJ:KHAa ObiTb NOCTHIHYTA.

5. Bonpoce! conpoBoxKAeHHsl CO31aBaeMOH CHCTeMBbl, KOTOpbie Heol-
XOAUMO YYMTHIBATb NPH pa3paboTke.

6. YpoBHH HaJIE2KHOCTH, KOTOpbI€ JO/IMKHBI ObITb JOCTUTHYTHI HA KaX-
JoM 3Tane pa3paGoTKH ISl JOCTHXKEHHS 3aJlaHHOH HAJEXHOCTH  Ipo-
AyKTa.

7. BHyTpeHHfs NOKYMeHTalus NpH paboTe HaJl MPOEKTOM.

8. Kpurepuu /17 OLUEHKH OTOBHOCTH NMPOJIYKTa K HCIO/Ib30BaHHUIO,
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JlononHuTe/bHBIE NOAPOGHOCTH 110 KAXKAOMY H3 STHX BOIPOCOB MOXKHO
HafTH B NOC/IENYIOUIHX [VIaBaX, B 0COGEHHOCTH B 4acTH 3.

O6mue NMpaBUAA TNOCTAHOBKH UeNei

KpaitHe BaxkHo, 4TOOBI Le/IH ObTH 4emKuUMLL, SBHOIMU, PASYMHOIMU H
usmepumomu. lenb, KoTopyto Hemb3si MOHATB, GecrniosiesHa. Hu B koem
c/1yuaeT HENb3sl CKPHIBATh LEJIH OT pa3spaboTuMKOB IPOrpaMMHOro obec-
nedeHusi; OHH ROJXKHBI GbiTh U3BECTHBL BCEM YYacTHHKaM npoekra. Llenu
JOMKHBI ObITb JIOCTHMKUMBI — HCC/IEJOBAHHA KJACCHYECKHX IIpOeK-
TOB MOKAa3a/j{, YTO pa3BepThHIBaAHHE PaBGoOT C HEJOCTHXKHUMBIMH LEJAMH
yacTO fIBJIsleTCs IVIaBHOW NpUUYMHOH Heyjlauu. Bee menu JOMXKHEL GHITH
c(OpMYJIHPOBAHBI 10 BO3MOXXHOCTH B KOJIHYECTBEHHBIX TEPMHHAX, YTOOBI
MOXKHO GbLTIO OLEHHTb, B KAaKOH Mepe B OKOHYATeJIbHOM MPOAYKTE 3TH
pend gocTurHyThl. OfHH M3 OMHCAHHBIX B YacTH 3 MPOLECCOB TECTHPO-
BaHHSA TIPEANoJiaraer NPOBEPKY COOTBETCTBHS NPOILYKTa MOCTABJIEHHBIM
HeasM.

Kaxnasa nens fonxkHa O6biTh ¢HOPMYITHPOBAHA AOCTATOYHO NOAPOOHO,
KaK TOTO TpeOYIOT MpolLecchl IPOEKTHPOBAHHSA, HO He NOMKHA Npearno-
JlaraTb KOHKPETHBIX NPOEKTHHIX pemieHHH. JloMxHbI OBITh OnpesieleHsl
3aBHCHMOCTH MeXJy LeNsIMH, 4TOObI B C/ydae, KOrAa M3MEHsIeTCs WIH
HE MOXeT ObiTb JOCTUTHYTA KOHKpPeTHas uelb, IPOEKTHPOBLIUK J1erKO
MOT ONpeJeNHThb, KaK 3TO CKa3bBaeTcs Ha APYrux uensax. s xaxnoi
UEJMH JOJIKEH OBITb YCTAHOBJEH NPHOPUTET (HampuMep, MO ILIKajle OT
«a0COJIIOTHO HEOGXOAMMO» 10 «XOpPOIIO, HO He 00s53aTelbHO»), YTOObI
HMETb OCHOBY JUISi TIPUHSATHA KOMIIPOMHUCCHBIX pelUeHHH.

QueHb MOJIE3HbIH MPHEM — [I€PEYUCTUTb B JOKYMEHTALUU KOHKpeT-
Hble «HeUedU» BMECTe C LEeASMH. DTO NMpelJOTBpAliaeT MHOTHE Clydau
OLINGOYHBIX (IPEAINONOKEHUH» WY «YTEHUS MEXIY CTPOK», SIBHO MOKa-
8biBasl, YTO paccMaTpuBaeMasi CUCTeMa He TipeAnoJaraer aenartb. Oue-
‘BUJIHO, «Heueau» JoGoro npoekra Heucyuciaumbl. OfHAKO, NpeABUIA
HEKOTOpLie BO3MOXKHEIE HEOpa3yMeHH s, CJIEefyeT COCTaBUTh HeGoJ bIoH
CIIUCOK «Heresied» AJIsi YMEHbIUEHHUs] 3THX HeAOpa3yMeHHH.

Ouenxa ueseit

[MpaBuno «n-maOC-MUHYC-OAKH» NpeAnaraerT HpUBJIEYb K OLEHKE
lieneit aBTopa TpeGOBaHHIl U MPOSKTHPOBIIMKA HCXOAHBIX BHEIUHHX Crie-
UHbuKauuii. [TocKOMbKY, ONHAKO, LENH — CaMblil Ba)KHbIH aCTIEKT MPoeK-
Ta, Heo6XOAMMO y4yacTHe B UX OIEHKe JNOMOJHHUTeNbHBIX cwi. K oueH-
K€ J0/IXHB! GBITh NPHUB/EYEHB! TOJHOMOYHbIE NPeACTaBUTENH I1071b30Ba-
Tenedt, a Takke Te€X, KTo GyNeT 3aHUMATbCSl MPOEKTUPOBAHHEM, TECTH-
POBaHueM, conpoBokKIEHHEM U MOATOTOBKOH NyGIHKAIHM.

€PBBIA AT — COMNOCTaBHTh LEIH C TPEGOBAHUSIMH, YTOOLI Y6eAHTDb-
Cfl, 4To Bee TpeGOBAHHUSI IPABUIBHO NIEPEBE/IeHbl Ha A3BIK uenelt. Kaxxas
Ue/Ib 20/mKHA OLEHHBATBCA C YUETOM NPaBHil, NPUBEACHHBIX B IPEABIAY-
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memM pasgene. Tak Kak 3TOT BONPOC OYeHb BaXXeH, KaxJas M3 nesei
JIOJI2KHA OBITb JIMYHO OLIEHEHa MPEACTaBUTENSAIMM HECKOJbKHX YpOBHeM
PYKOBOACTBA KaK B OPTaHU3allMH-IIONb30BaTeNe, TAK U B OpraHH3alHH-
pa3paboTuuke.

BHEWHEE NMPOEKTHPOBAHHUE

BHelllHee NPOEKTHPOBaHHE — 3TO NMPOLECC OMHCAHHUSA OXKHAAEMOro
noBeleHHsl pa3pabaThiBaeMOTO NPOAYKTA C TOUKH 3peHUsl BHEIUHErO Mo
OTHOLIEHHIO K HeMy Habmojarensi. Lleab sToro npouecca — «KOHCTpyH-
poBaHMe» BHELIHHX B3aHMONEHCTBUH Oyayllero NpoAykTa (oObIYHO ¢
nonbsoparesieM) 6e3 KOHKPETH3alMH €ro BHYTPEHHero YCTpoHCTBa.
BHeHHA NpoeKT Boipaxaercsa B (opMe BHEIUHHX creuHbHKauui, npex-
HasHayeHHBIX /15 LIMPOKOH ayJAMTODHH, BKJIIOYAIOMEd NOJb3oBaTe/ s
(1151 NPOBEPKH U 07106peHMs1), aBTOPOB AOKYMEHTALUU LJIsi OJb30BaTe-
Jisl, BCEX YYacCTBYIOUIMX B NPOEKTe NPOrpaMMHCTOB, a TaK:Ke BCEX TeX,
KTO GyIeT 3aHHMaTbCs TeCTHDOBAaHHEM IPOAYKTa.

[MoaroroBKka MOMHBIX H NPaBHIbHBIX BHEIUHHX CHenHOHKaui —
CerofiHsi camasi OTBETCTBEHHasl 3ajaya B paspaGoTKe NPOrpaMMHOTO
oGecrieueHusl. Kak mbl BHAeaH Ha puc. 2.1 u 3.2, BHelHYe cneupHKalHH
y4acTBYIOT B GOJibllIeM YHC/e NPOLECCOB NepeBoja, YeM Jo6oH Apyroh
NPOEKTHHIH JIOKYMEHT.

XOTs METOZIO/IOrHM BHEILHETO MPOEKTHPOBAHHSA HE CYLIECTBYET, BaK-
HO coG/IiofaTh MPHHUMN Koxyenmyanorol yeaocmruocmu [9]. Konuen-
TYyaJibHasi [EIOCTHOCTh — 3TO FapMOHHS (HJIH CTpeMJIeHYe K Hell) Mexay
BHEIUHHMH (DYHKUHSIMH CHCTEeMBHI; B COOTBETCTBHH C 3TOH KOHUeNIHelH
Jlyyllle UIMeTb OTHOCHTe/bHO HeGOIbIIOH Ha6op XOpOHIO COIVIaCOBaHHBLIX
¢GyHKUui, yeM, BO3MOXHO, GOJIbIIMH HabOp HE3aBHCHMBIX H HECKOOp.H-
HMpOBaHHBIX QYHKIMH. OCOGEHHOCTH, KOTOPhIe KaXXyTCsA pHUBJeKaTe/b-
HbIMH, HO He COIVIaCYIOTCS C OCTaJbHLIMH, BEPOSITHO, CJEAYeT OTKJO-
HUTb, YTOGHI HE YCJOXHATH B3aHMOZEHCTBHE C I10O/1b30BaTE/IEM.

KoHnenTtyanbHas U€JOCTHOCTb HpENCTaBJsieT COGOH MEpy €enHHO-
obpasus crioco6a B3aMMOJAEHCTBHS C noyb3oBaTesieM. CHCTeMa, JIHIIEH-
Hasi KOHIENTYalbHOH LeJOCTHOCTH,— 3TO CHCTeMa, B OCHOBE KOTOpOM
HeT eAMHOOOpasys, B pesy/bTaTe TaKas CHCTEMa XapaKTepU3yeTcs
C/TMILKOM CJIO2KHBIM B3aHMOZIEHCTBHEM C [I0/1b30BaTe/IeM H U3JIHIIHE CJI0X-
HOM CTpYKTypo#. IlocKONMbKY KOHUENTya/lbHas LUEJOCTHOCTh — BCEro
JIMLIb MAesi, ¢ TPYAHO OMHMCaTb B JeTallfiX, TaK KaK OHA HM3MeHsercs
B 3aBHCHMOCTH OT npuMeHeHusi. Hanpumep, cucrema c pasaenenneM Bpe-
MeHH, 06Jajaiomas KOHLENTYalbHOH LeJOCTHOCThIO, GyIeT MMeThb [0
KpafHe#l Mepe cjefylole XapakTepHCTHKH. Bce BO3MOXHOCTH, JOCTYN-
Hble NOJIb30BaTE/IO epeaHero M1aHa (3a TepMHHAIOM), IOCTYNHEI TaKKe
TNIOJIb30BaTeNIO 3a/iHero miaHa (MaKeTHBIH pexxuM), H HaoGopor. Conpsi-
JKEHHs! C NMOJIb30BaTeNIeM /A NEepefHero M LS 3aJHero IVIaHOB COBNa-
JialoT. 3TO 3HAYMT, YTO, BMECTO TOTO YTOOBI BBOAUTH MPHKAa3sbl C Tep-
MUHa/Ia, NOJMb30BaTe/b MOMKET BBECTH HX B BHAE 3aJauyH 3ajJHero mia-
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pa. Bce mpukashl 06/1aJalOT BHYTPeHHEH CHMMeTpHEH 1O OTHOIIEHHIO
K CMHTaKCHCY, HMEHaM, onepaHjaM, COIVIaleHHAM M NPaBWIaM yMoJada-
pusi. CeMaHTHKA BCeX NPHKa3oB coriacoBaHa. Hampuwmep, eciu ome-
paHi «®AWJI» oxHoro npuKasa NPUBOAMT K nepechblike coobieHu# cuc-
reMbl B (paiiyl BMECTO Bbilaud MX Ha TepMMHAaJ, TOTAA BCe MPHUKas3bl, AJs
KOTOPHIX BO3MOXKEH TNOAOGHbIA BapHaHT, NOMKHBI HCNOJb30BaTh CJIO-
Bo «DAPI». XapakTepuCTHKH TePMHHAJIA, 3ampoCHl H COOGMmEHHsA 06
oiruGKax — obliye A5 BCeX NMPHKA30B.

IMpocrefinii cnoco6 AOGUTBCA Omcymcmeus KOHUENTYalbHOH wLe-
JIOCTHOCTH — NOMNBITAThCS pa3pabaThiBaTh BHEIIHUH NPOEKT CJIHLIKOM
Gouiblioi rpynnoH. Maruueckoe 4uc/IO 3[eCh, Kaxercs, 1Ba. B 3aBucH-
MOCTH OT MaciiTaboB HPOEKTa OTBETCTBEHHOCTb 3a BHEILHEE MPOEKTH-
pOBaHME JIOJIXKHbI HECTH OIMH-1BA YE/IOBEKa.

INocnennee yTBepxKAeHHe, BEPOATHO, LWIOKHPYET YHTaTelNsl, KOTOpPBIH

B HACTOSILIMA MOMEHT pa3pabaTbiBaeT HOBYIO ONEPALHOHHYIO CHCTEMY
' ¥ C TPUAUATLIO COTPYAHUKAMM NMHILIET BHeIIHHe cnenupuxanuu. Onbit,
OHAKO, II0OKa3a/l, YTO BepOSATHOCTb yCIeXa Pe3Ko MajaeT, Korha uuc-
JIo pa3paboOTUUKOB NPEBOCXOAMT [Ba, Jaxe IJIi KPYNHOTO IPOEKTa.
3T0 He O3HauaeT, YTO B Npolecce INPOEKTHPOBAHHA HO/NKHBI MPHHH-
MaThb ydYacTue TOJNBKO JABOe; TpeGyercsi, 4YToObl OTBETCTBEHHOCTh 3a 3TOT
npouecc Hec/aa JMiIb MajeHbKas Tpynmna Jiofie, IpHHHMAas BCe pelle-
HUS M TOTOBA cnenHdukanuy. B ciyyae KpynHOro npoekta STUM JIIOASM
Heo6XOIMMa TMOMOLIb HCCJIeoBaTesie, AaCCHCTEHTOB, YepPTEXKHUKOB,
cekperapefi U T. A. [ToMomuuKH 3aHHMalOTCH cOopoM H 06paGoTKOi
HHpOpMALUH, HO He NPOEKTHPOBAHHEM, T. €. NPUHATHEM PeleHUll HIH
COOCTBEHHO HaNHCaHUEM CrelHbHKalHi. - :

Kem xe Toraa ZoMKHBI ObITb 3TH U3GpaHHBIE OTBETCTBEHHbIE JIHLA?
Haunewm ¢ Toro, 4to yx BO BCSIKOM C/ly4yae OHHM He XOMKHbI GHITb TpOr-
paMMHCTaMH WM HeJaBHUMH BBIIYCKHHKaMH-TeOpeTHKaMH. BHelrHee
TNPOEKTHPOBaHHe MaJIO YeM CBSI3aHO (ecaH CBA3aHO BOOOILE) C Nporpam-
MHpOBaHUeM; Oosee HeNmOCPeACTBEHHO OHO KacaeTcsi NOHUMaHHsA o06-
CTaHOBKH, Mpob/ieM U HYK] NOJNb30BaTeNs, ICUXOJOrH OOIeHHs Yesio-
Beka ¢ mamuHo#. Bosee Toro, sTa CTOpoHa BHELIHEro NPOeKTHPOBaHHS
CTaHOBHTCS Bce Oojiee 3HAYMTEIBHON IO Mepe TOro, Kak IpHUMeHeHHe
OBM Ece Gosblie HAauMHAET 3aTPArMBATh MOJNb30BATe/EH, HE 3HAKOMBIX
¢ nporpamMMupoBanueM. [IporpamMMHCTEI M JHIJIOMHPOBaHHble CrelHa-
JIUCTBI IO TEOPHH NPOrPaMMHPOBAHHS OOBIYHO He HMMEIOT MOATOTOBKHU
H OnbiTa B MpOEKTHPOBAHHMH Takoro Tuna. OHM MOTYT GbITh CHelHalH-
CTaMu no A3biKaM NpoOrpaMMHPOBaHUA, aIrOPUTMaM, MeToAaM Nporpam-
MHpOBaHHUsI, TeOPUM KOMIOHJISITOPOB, TECTHPOBAHHMIO H OT/IAJKE, HO Y
HHX Mamo W/ BOBCE HET ONMBITA B UCMOAb30BaHUH IBM, paspaborke
icuxonmoruyeckux (HakTOPOB, NMCHXONOTHH B3aHMOOTHOLIEHHH UYElOBEKa
Y Malunpl. Bbio Gbl Pa3yMHO HCIOMbB30BaTh POrPAMMHUCTOB AJisi BHELL-
HEro mpoexTHpoBaHWsI MPOAYKTA, NpPEJHA3HAYEHHOrO MIsi NPOrpam-
MHCTOB, Hanpumep A3LIKOB NPOrPAMMUPOBAHHS UM UHCTPYMEHTOB OT-
JajKH, HO HepasyMHO OMHMAATb, YTOGbI POrPAMMHUCT BbUIOJIHKA BHELL-
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Hee NPOEKTHpOBaHHe ONEPALHOHHOW CHUCTEMBl MJIH CHCTEMHl JWCIETYe-
pH3alMH rpy30BHKOB. .

Hi3-3a c/I0:KHOCTH BHEIIHETO NMPOCKTHPOBAHHA W €ro BO3pacTalomiel
BAXKHOCTH M1 paspaGoTKH NMPOTPaMMHOTO obecreueHHsi OHO TpeGyer
CrenHaaucToOB oco6oro poja. Takoil cneuuanucT HOJKeH pasbHparbes
B YIIOMHHABIIUXCSl Bhille 06JacTsAX, ObiTh 3HAKOMBbIM CO BCeMH (azamu
NPOEKTHPOBAHHA W TECTHPOBAHHS CHCTEMbl, YTOGbl MOHHMATb BJIHSAHHE
Ha HHX BHEILHEro NpOEKTHPOBaHHS. B KauecTBe BO3MOXKHBIX KaHIHAa-
TOB MOXHO Ha3Barb CHCTEMHBIX aHAJIMTHKOB, NCHXOJIOTOB, 3aHHMalio-
IUXCSl BONPOCAMH MOBELEHHS, CHElHATHCTOB M0 UCCIEeAOBAaHHIO onepa-
uuil, HHXKEHepOB, a BO3MOXKHO, H OIBITHHIX CIHEIHAJMCTOB MO TEOPHH
NPOrpaMMHPOBaHUs (€CAH MX NOATOTOBKA BK/IOYAeT YNOMSHYThle oG-
JlacTH, 4TO ObIBaeT pefilko). Hekoropele opraHusalui ObiTalHCh TOPY-
4aTh COOCTBEHHO HaNHCaHHE BHEIUHHX cneuupukauui npodeccHOHANb-
HbIM TEXHHYECKMM NHCaTe/sM (3aHHMaBIUMMCSl Y HHX paHee PYKOBOI-
CTBaMH J/191 NIOJIb30BaTeNell). 310, OHAKO, HE PeKOMEHYeTCs!, HOCKOMI b=
Ky no6aBisieTCsl JUIIHUH mar nepepofa (oT paspaGoTuHKa chemudHKa-
uui k nucarenio). Bce xe yacTo 6biBaeT xesaTesIbHO NpHBJIEYb MHUCaTe-
Ja K 3Todl pafore, Tak KaK ero OPHEHTHPOBAHHOCTb Ha MOJb30BATeNIs
OKAa3bIBAeTCS1 OYeHb NOJNe3HOH.

~

NPOEKTHPOBAHHWE B3AMMOJENCTBUSA C MOJIb3OBATEJIEM .

IIpy npoeKTUPOBAHNU. BHELLIHUX CONPSI:KEHME CHCTEMBI Pa3paGOTUHK
HHTepecyeTcsl TpeMsl 00/1aCTSIMH, HMEIOUIUMH OTHOIIEHHe K HaJeXKHOCTH
NporpaMMHOro o6ecreyeHHs!: MHHMMH3anuell owH6OK MONb30BaTeN,
obHapyeHHeM OLIHGOK MOJb30BaTeJsl, KOTAA OHU BCe e BO3HHKAIOT, H
MHHMMH3aLMeN cioxHocTH, Knura Mapruna [10] siBnsiercs Gnectsuium
BBeleHUeM B 3Ty 06/1acThb. JlononHuTeNbHbIE TPUMEPHI NPOEKTHPOBAHHA
IUaJIOTOBbIX CHCTEM MOXHO Halitu B kuure Oppa [11].

Kak yxe rosopuioch, Halla KHHra — 06 omn6Kax B NPOrpaMMHOM
obecnieuenuH, a He 06 omnbkax nojab3oBareneil. OIHAKO OIHO C APYTHUM
cBA3aHo. OwHOGKM NONb30BaTeNsl YBEIUYHBAIOT BepOSATHOCTb Nepexofa
CHCTEMHl B HeNpejBHJIEHHOE COCTOsSiHMEe. MUHMMH3aLHs OHIMGOK NOJb-
30BaTe/Isl HE yMeHbIIAeT Yucja OWHOOK B NPOrpaMMHOM oGeCredeHuH,
HO YBeJIMYHBAeT €ro HaJeXKHOCTb 3a CYET YMeHbIUEeHHsI BepOSITHOCTH
oGHapyXeHHs OCTaBlUuXCs OWHMOGOK. OCHOBHLIE IIpaBWJIa MUHHUMU3aLUH
OMIMGOK TNOJIb30BaTENsl B HHAJOTOBBIX CHCTEMax NepeyHC/eHbl HHXKe.
Bo/bUIMHCTBO H3 HHX MMeeT aHaJoruio AIs ciayyas nakerHol obpa-
GOTKH.

1. CornacoBbiBaiiTe cnoco6 B3aHMOZEHCTBHS C MOATOTOBKOH H ypOB-
HeM NOJIb30BATeN s, @ TAKXKe C OFPaHHYEHHSMH, B YCJAOBUSAX KOTOPBIX
no/nb3oBaTesib paboraer. Hanpumep, MOXHO OXHAATh, YTO B3aUMOJEH-
CTBHeE C NoJyb3oBarteseM 6aHKOBCKOH CHCTEMBI AOMXKHO CYLIECTBEHHO pas-
JIM4aThCsl B 32aBHCHMOCTH OT TOTO, SIBJAAETCS JIH OAb30BaTelb KJIHEHTOM
6aHKa HIH OMBITHBIM KacCHPOM. 1 BCTIOMHHAIO aHEKAOTHUECKHH mpuMep
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S

TOro, KaK He Hajo JAejaTh: GOJbHHYHAA MHGOpMAaIHOHHAS CHCTEMA Bhl-
po/lMJia Ha TEePMHHAN JaThl B Takol Qopme:

2.5x 10t OCT 1.969 % 10°

2. IpoexTupyiite Takum o6pa3oM, 4ToGb COOGIEHKS, BBOAUMEIE 10~
1b30BaTeseM, ObIH KaK MOXHO KOpoue, HO He HaCTOMbKO, 4TOOHI MC-
yes/ia UX OCMBICJIEHHOCTb. [Ipu 5ToM yuuThIBaiiTe 9acToty paboThi ¢ CuC-
TeMOH /11 CPEIHero mojb3oBaTessl (YacTO WIH H3pelKa), a TaKxkKe Bo3-
MOXXHOCTb CTPECCOBOH CHTYallUH LJfi MOJNb30BaTelsl B MOMEHT €ro pa-
6OTHI C CHCTeMOH.

3. OG6ecneubTe KOHLENTYAJbHYIO IHEJNOCTHOCTb JJIsi Pa3HBIX THIIOB
BBOJMMBIX H BHIBOAUMBIX coobuieHuil. Hanpumep, Bce coobuieH s, Bblaa-
4y Ha 3KPaH JUCILVIes, OTYeTHl NOKHBI MMeTb OJMHAKOBble (POPMATHI,
CTHJIb, COKpaLleHU .

4. OGecrieybTe CpeiCTBa «MOMOLIM»: CllelHanbHbIl Habop GYHKUHI
JUIfi OKa3aHWA IOIb30BaTeNIO IMOMOWIH, €M TOT 3amyTaeTcs WIH 3a-
GyneT Kakoe-TO NMpaBWJIO B3aHWMojeHcTBHA. [Ipumep MOLIHBIX CpejcTB
noMomtu neMoHcTpupyer CucreMa pasfienenus Bpemenn Bepkau [12].
Tak, monb3oBatenb MoxeT BBecTH coobmenue “*HELPIHOW CAN I
TERMINATE AN EDIT?” («Kak MHe 3aKOHYHTb pefaKTHPOBaHHE?»)
¥ MOMYunTb 06bAcHeHHe B 50 C/IOB ¢ yKasaHHEM TOTO, KaK MOXKHO Bep-
HYTbCS H3 PeXKHUMa PEAAKTHPOBAHHA B PEXKUM IPHKA30B.

5. Crapalitech, uroObl cHCTEMa He paccepAwsia mosb3oBarens, HGo
3TO MOXKET NPUBECTU K HEKQTOPHIM HEOXKUJAHHbIM CHTYallHsIM Ha BXOJe.
Haberafite ocKOPOGUTENbHBLIX COOGLIEHHH €HCTEMBI, O6WafiTeCh C MOJb-
30BaTesieM Ha ero s3blKe, a He Ha TapaGapCKOM ¥KaproHe NpOrpaMMHICTOB,

6. Bcerna Ha KaxJoe BXOAHOe cooblleHUe BhIaBaiiTe Kakoe-HUGYLb
yBefiomneHue. Bes aToro nonb3oBaTesb MOXKET 3aCOMHEBAThCS, IPABU/Ib-
HO J14 cooblieHne GBblI0 BBEJEHO, U NONbITaeTCs MOBTOPHUTL BBOJA, BCIE-
CTBHe 4ero MOXKeT BO3HHKHYTb OIIMGOYHAsi CHTYyaLus.

[TomMuMo MHHHMH3a1HY OIIMGOK NONb30BaTeN s, CHCTEMA JIOIKHA TaK-
Ke HajIexKamuM o6pa3oM o6panaTbCs C OLIHOKAMH, ecl¥ OHH BCe-TakH
BO3HHMKAIOT,— a BO3HHKATb OHH OylyT HE3aBHCHMO OT TOTO, HaCKOJIBKO
Xopowo GbIY CIPOEKTHPOBaHBI NMpaBuna B3aumonefictsus. Hampumep,
oneparopsl Hblo-VlopkcKo#l CHCTeMbl AHCIETYEpH3ALMH IO HUEHCKHX
Mawya SPRINT B cBoGopHOe BpeMs pasBleKaJUCh TeM, UTO NMBEITATHCH
BLIBECTH CHCTEMY H3 CTPOsi, BBOAS 3aBeJOMO HelpaBHJIbHbiE COOOLIEeHH S
[10]. OcnoBHble mpaBHNa OGHApyKeHHS! OWIHOGOK NOJbL3OBATENs Mepe-
YHC/TEHBI HUXKeE.

1. CnpoexTupyiiTe cucTeMy Tak, 4ToGbl OHa NMPHUHHUMANA A100ble JAH-
Hble. Ecin BBeeHHast HHOOPMaLUs He SIBSETCS TeM, YTO CHCTeMa CYH-
TaeT JonyCcTUMBbIM, OHA JONKHAa MH(QOPMHPOBATh MONb30BATENS.

2. Ecau nonb3oBaTelb BBOAMT €/I0XHOE COOGLIEHHE, OCOGEHHO eCH
A5 3TOro HY2KHO HECKOIBKO OGpalleHHH K CHETeMe, O3BOJILTE eMy Npo-

2 -~
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BEPHTb 3T0 CoobiueHHMe Npexie, YeM oHo Gyner oGpabarhiBaThCcs, Ha-
NpHUMep TaK, KaK 3TO NOKa3aHO HHKe.

MMonb3oBateab: 222, AA, 23MAH, 2 F
Mamuna: BAM HY)XHbBI 2 MECTA IIEPBOIO KJIACCA
- HA PENC 222
AMERICAN AIRLINES H3 ORD
_ (UMKATO) 10 JFK (HbIO-FMIOPK) HA 23 MA4,
BBIJIET B 8.00 BEUEPA, IPMBbITHE B 10.30
BEYEPA.
BEPHO?

3. TlpoekTupy#Te cucTeMy TakK, YTOGHl OLIMOKU MOJb30BaTeNf 06-
HapyXKHBaJHCb HeMmelIeHHO. EciM nojp3oBatesib BHAAeT COOGLIEHHE
«[Tocnatb ToBapHble Barons! F23 n F42 n3 Uukaro B He-Ilneiiuc noesiom
883», cucTema HeMeIJIEHHO JOJ/IKHA NPOBEPUThb, HAXOAATCS JIH 3TH Ba-
rousl yxe B Uukaro u ectb siu moesx 883 uz Uukaro B Jle-Ilneitnc.
Ecrp ZBe npuuMHBHL, 3aCTaBJfIOIHE NPOBEPHTh 3TO HeMeNJIEHHO. Bo-
HepBLIX, [OJb30BaTeb MOMKET pPacCHJIaTh MHOIO BAaroHOB, H IVIAH €ro
JanpHeHUHX AeHCTBHA MOXeT omupartbes Ha To, uro F23 um F42 na-
npabiensl B [e-ITnefinc. Eciu nosnnee o6uapyxurcsi, uro F23 — 8
ITurrcOypre, a He B Unkaro, BeCb IylaH PYMIHTCSs, TIOC/E Y€ro NOMb30-
BaTe/b JOJIKEH «BePHYTby BCe coobLIeHHs 0 pacceike. KpoMe Toro, ec-
Jau omwn6Ka He O6yJeT o6Hapy:KeHa Cpa3y, BbIUUCIUTENbHAA CHCTEMA MO-
JKeT 3alyTaTbCs M OCTAaHOBHTLCS, BCTPETHB 3amHcH o ToM, uto F23 of-
HOBpeMeHHO Haxoautcs H B [TutrcOypre, u B [le-ITnefince.

4. Tam, rae oco6eHHO Ba)KHAa aKKypaTHOCTb, ofecrneubTe H3GBITOY-
HOCTb BXOJHbIX AaHHBIX. B 6GaHKOBCKOH cHCTeMe MOXKHO NOTPeGoBath,
9T0GB! haMHJIUsT KJHEeHTa BBOAWIACh BMeCTE C HOMEPOM CueTa, TaK YTo-
66l MOXHO ObLIO OGHApY»KHMBaTb OWIMGKH NPH BBOJAE HOMEPOB CUETOB.
Jlpyras BO3MOXHOCTb — C/ieJlaTb HOMEp CueTa CaMONpoBepsieMbiM 3a
CueT TOro, YTOOLI, HampHMep, ABe MOC/AELHHe LHUPPLI ObLIH HEKOTOPOi
apudmernyeckoll koM6uHauuel npeapiaymux uudp [13].

HenocpezncrsenHoe oTHOUIeHHE K HAJEXKHOCTH MMEET elle OJHa 3aja-
4ya — MHHUMH3aLHsA COXKHOCTH BHELIHEro MpPOoeKTa € LEJNbI0 YMEeHbLie-
HHUA BHYTPEHHEH CIOXHCCTH OyAyled CHCTeMH M MHHHMHU3AUHH OLUH-
60k nosb3oBaTesnell. PacnpocrpaHeHO NMPEACTaB/IeHHE, UTO «TyMaHH3HU-
pOBaHHBI» BHELIHHH MPOEKT JOMKEH ObiThb CJOXKHBIM, YTO OH IPERIO-
Jlaraer p)aHTaCTHYECKHE 1O MOIHOCTH METOABI, MHOTO JOMOJHHTENbHBIX
BO3MOXKHOCTEH, aBTOMAaTHYeCKOe HCIpaB/leHHe OuM6OK (Hanpumep,
opdorpaduyeckux). 3To npeAcTaBieHHe OUIHGOUHO.

Bomnpoc, KoTopelii Bceria BO3HHKAET NpH BHELIHEM NPOEKTHPOBAHMH
‘AHANOroBOi CHCTEMbl,— IOACKA3LIBATh JIU O/Nb30BATEN0, KaKHE UMEH-
HO 4aCTH BXOAHOTO COOGUICHHA €My CJIeAYeT NOBTOPHTb, KOTZa B HHX
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obHapyeHa owubka. [Tpeanonoxum, 4TO N0JAb30BaTe/ b BBOAHT PHKA3
EDIT GJMPROGSET.1 TYPE(TEXT) DISP(80)

u cucreMa oGHapyxuBaerT omM6ky: TEXT — HemonycTumblii onepaHz
s kmouesoro cnosa TYPE. Crenyer i cucreme oGparmarhbcsi K NoJb-
.30BaTeJII0 32 WCIpaB/leHueM, nedatas, Hanpumep, INVALID TYPE.
ENTER TYPE FIELD (HenpaBuabHbiii Tvn. Beegute mose Tuna)?
Bo-nepBLIX, TeNepb MOAb30BaTeNb cMylieH. JlomkeH JH OH BBOAUTH
KJIOYEBOE CJOBO M OMNepaHi WIH TONbKO onmepanin? Bmecto Toro utolnl
cTOATh Mepel Takoi auneMMmoi, 6bl1o Obl MpOIe 3aHOBO BBECTH BeCh
nprkas. Kpome Toro, mpocs6a BBECTH TONbKO HCNIpaB/ieHHs TpebyerT,
yTo6Bl CHCTEMA Jenaja IPEeANoJOXKEeHUs! OTHOCHTENbHO TOTrO, 4TO mpa-
BWIBHO, a 4To — HeT. Uro, ectu Ha camom jiete omn6ka — He B TEXT?
[MpeanonoxXuM, 4To coobleHHe ObI0 Obl MPABUIBLHLIM, €C/TH Obl BMECTO
EDIT 6su10 ckasano FILE? Uro nenath nonb3oBartenio Tenepb?

Taxoro poja nojiCKa3ok cjlefyer usberarb, NOCKOJbKY OHH 3aMyThl-
BAIOT TIOJIb30BaTessl H Ype3BblUafiHO YCJOXKHSIOT IPOrpaMMHOe ofecrie-
venre. Ec/in Bbl HacTauBaeTe Ha TOM, YTO B Ballled cUCTeMe OHH Heol-
XOJUMBI, TIOCKOJABKY TpHKa3bl B HeH TaK AJUHHBI, YTO TIOBTOPHBIA HX
BBOJ 3aiiMeT C/MLIKOM MHOIO BpeMeHH, TO BaM MOTYT BO3pas3HTb, 4TO
y Bac NPOCTO NJIOXO CIPOEKTHPOBAHBI MPUKA3b.

Bropas npoGieMa, CBSI3aHHasi CO CJOXHOCTbIO,— IIPe/lOCTaB/leHUEe
110/1b30BaTEN0 CAULIKOM GOJMBLIOrO YUCIa JONOTHUTENbHEIX BO3MOXKHO-
creit 1 BapnaHToB. B onmepanuonHo#t cucreme OS/360 umeetcs mpouecc
Hactpoiiku, HaspiBaeMbli SYSGEN (renepaumusi cucremsl), MO3BOJIAIO-
wWHi mepekpauBaTh CUCTEMY NPH ee HACTPOHKe. STO NPUBEJIO K TOMY, 4YTO
NoyTH Kaxkaasi ycraHoBka OS/360 umeeT CBOIO YHHKATBHYIO BEPCHIO Olle-
PaLMOHHOM CHCTEMBI, 4TO yCaOXKHAeT pa6ory IBM mo conpoBozaenuio,
310 B CBOIO OuYepeAb HABOAUT HAa MBIC/Ab O TOM, 4TO sl IBM Gruto Obr
nemesse y6parb npouecc SYSGEN, Ho ofecnieyuBaTh KaxyioO YCTaHOB-
KY JOCTaTOYHbIM KOJIMYECTBOM «CBOGOJHOMN» TMAMATH M1 XPaHEHUs TeX
yacTell CHCTEMBI, KOTOpbie AJA 5TOf YCTaHOBKH He HYJXKHBI.

Besiknit pas, Korza ectb COMHEHHs!, JaBaTh IOJb30BaTeIi0 HEKOTO-
PYIO BO3MOXKHOCTb WIH HeT, ceHyac C/IMIIKOM YacTO NPHHUMAeTCs pe-
Wenye «aapaTh». B cucreme, ¢ KOTOPO# 51 HEAABHO pa6oTal, ABe CTpaHH-
Upl PYKOBOJACTBa AJIfl IOJb30BaTejell 3aHHUMaeT NPOCTOE MepeuyucieHHe
(6es onucanui) Bcex BapuaHTOB BbisoBa Kommwiastopa PL/1. 3to He
TOJIbKO 3amyTajlo MeHsl, KOTrJia si DbiTajlCcsa cooOpasuTh, KakK ke CKOMIIH-
JHPOBaTh MOIO mporpammy Ha PL/1, HO HaBepHsKA YCIOKHHUIO KOMIHISA-
TOp, 4TO, HECOMHEHHO, fIBWIOCH MPHUUYUHON ouI6oK. Boobuie rosops,
OGH/THEe NOMOJHMTEIbHBIX BO3MOXHOCTEH KOMIW/ISTOpA HEGIaronpust-
HO cKasbiBaeTcsi Ha paboTe mosb3oBatentsi. Pa3apaboTyuk AO/KeH Tia-
TeIbHO paccMOTpeTh KaXKAYI0 H3 HHUX, CONOCTAB/AfAA €e IOJEe3HOCTb H
CTeneHn ycnoKHEHHs KommuisTopa. Korza umelorcsi COMHeHHsl, 6Ge3o-
NacHee oOTKas3aThCsl OT paeCMaTpHBaeMOro BapuaHTa. MHOXeCTBO J0-
CTYNHEIX MeJKHX BO3MOXKHOCTEH® He NOBBICHT KOHKYPEHTOCHOCOGHOCTH
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npoAyKTa, Kpome Toro, sTH BOSMOXHOCTH MOTYT HETaTHBHO MOBIHATH
Ha TMOTeHUMa/ibHOro MOKYNaTeJsi, NOKasbiBas, 4TO pa3paGoOTUUK He
HMeeT §iCHOro MNpelCTaB/leHHs O TOM, KaK HUMEHHO €ro cucTeMa Gyzer
HCNONbB30BATHCA.

[Mocnennuil BONpoC, CBSI3aHHBIA CO CIOXKHOCTbIO,— Ha KaKHX Npef-
NOJIOKEHHAX OCHOBBIBAETCS CHCTeMa, BOCIHpUHHMMAsl BXOJHBIE JaHHLIE;
HanpuMmep, U3 KaKuX CooGpaKeHHH OHA MBITAETCA UCIPABAATH OLIHOKH.
Mertozbl TAKOIO poJia HACTOIBKO CJIOXKHBHI, YTO 4aCTO CTAHOBSTCS Onac-
HbIMH. PaccMOTpHM MeAMUMHCKYIO UHGOPMALMOHHYIO CHCTEMY, Y KOTO-
poil mo/b30BaTeJb 3aNpaniuBaeT 3THJIOBHIA CIIHPT, M INPEANoNOXKHUM,
YTO OH CNY4aHHO HaXXMMaeT HA JIMIIHIOI KJaBHIUY, BCJAEICTBHE 4ero
BXOJHOe coobiienne npuodperaer Bux «PITHUJIOBBIN CITUPT». Cuc-
TeMa He ONMO3HaeT MepBoe CJOBO M NepejaeT aArOPHTMY HCIpaBleHHs,
KOTOpPBIH pelaeT, 4To B AeHCTBUTENBLHOCTH NMOJMb30BaTeNb HMENT B BULY
«METHUJIOBbIU CITUPT». Besikuit, KTO NPocaywan XoTs Gbl BBOXHbIH
KypC XHMHH, KOJ2KEH [OHHMAaTb OrPOMHYIO PasHHLY MEXAY TeM H Ipy-
T'MM: 3THJIOBBIHl CNHPT ONbSIHSET, METHIOBbIH — yGUBaeT.

TakuM o6pasoM, AJsi oGeCcneueHHs] HAJEKHOCTU HpHU paspaboTke
B3aUMOJIEHCTBHS C NO1b30BaTe/eM He06X0 HMO 06eCIIeUUThb ero eJHHO06-
pasHe U NpPOCTOTY, OXKHIATb HAa BXOJle BCero M HeMeJJIeHHO OGHAapYyKHu-
BaThb KaK MOXHO Gosblie OIHOOK.

NMOAroTOBKA BHEWHHWX CNEHU®HKALUA

[IpaBHIbHO COCTaBJEHHbIE BHEIIHHe CreuupHKanud — OGBEMHCTBIM
oK yMeHT. UTo6H CripaBHTbCA C TaKHUM GOMBUIMM IOKYMEHTOM, JIYdllie
BCETO NMPHMEHHTb HepapXU4YeCKyto OpraHu3anuio. B ofHOM U3 mpoexToB
7 HelaBHO NpPHMEHW] MeTOJ, KOTOPHIH COCTOMT B TOM, YTOGHI pa3OHTh
cneutHKalUHMH HA OCHOBHbIE KOMNOHEeHMbl, 3aTeM MPOCTO KOMNOHEHMbL,
H, HaKoHel, PyHKyuu. OXHON N3 OCHOBHBIX KOMIIOHEHT GHLT ympaB/siio-
wuit 6ubanoTeKod. B pamkax 3TOH OCHOBHOH KOMIIOHEHTHl HpUMEPOM
KOMIIOHEHTHl MOXeT OBITh aIMHHHCTPATOp CEKpeTHOCTH. B pamkax sroit
KOMIIOHEHTH! npumepoM ¢ynkiun 6but npukaz COOBIIUTD O HAPY-
MEHUAX CEKPETHOCTH.

B ra. 2 BHelwHee mpoeKTHPOBaHHE NPEJCTaBJIeHO B BUJe ABYX Hpo-
I1eCCOB: NpeJBapHTeJbHOIO H NEeTaJbHOrO BHELIHEr0 NMpOEKTHPOBAHHS.
B cnyuvae eciu cneuuHKalMH OpPraHHW30BaHbl HEpapXHYECKH, ABYM
5THM TIPOLIeCCaM COOTBETCTBYIOT NPOCTO KOHTPOJIbHBIE TOUKH B MpoLEcce
HHCXOAALICTO MPOEKTHPOBAHHUA CHCTEMbl B COOTBETCTBUH C 3TOH Hepap-
xueil. [lepsblii mar — o6pHcOBaTh OCHOBHbIE KOMIIOHEHTH (HJIH TO, YTO
HAaXOJINTCs Ha NMEPBOM ypPOBHE), 3aTeM— KOMIIOHEHTHI, 3aTeM — BHell-
Hue QYHKUHH (DYHKLHH NOJb30BaTe/1s1) H B KOHIIE KOHLIOB JETalH BCEX
GyHKuui nonb3osatesis. [IpeaBapuTenbHOE BHELIHEE NPOEKTHPOBaHUE
BKJIIOYAeT TPH nepsuixX wara. CucreMa npoeKTHPYETCA K0 TAKOro YPOBHS,
KOTJla yKe BblAesieHbl Bce (PYHKIMH NOJb30BaTe/Nsl, HO TOYHLIE HX CHH-
TAaKCHC, CEMaHTHKa M BbIXOJHBIE Pe3y/abTaTbl OCTAIOTCA ellie He ompeje-
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JIEHHBIMH. DTHUM NIpecyefyioTCsi ABe LeJdU: BO-NepBbIX, BHYTPH NPOJOI-
JKUTETBHOIO TpOLeCCa BHEUIHEro INPOEeKTHPOBaHHsS YCTaHABJIHBAETCH
KOHTPOJIbHASl TOYKA JJI PYKOBOACTBA M, BO-BTOPLIX, CTAHOBHUTCS BO3-
MOXKHOH NpOBepPKa NPAaBHIbHOCTH MPOMEXYTOYHOrO YPOBHSA MNpOEKTa
M CONOCTaBJIeHUE ero C MIOCTABIeHHBIMH LETSAMH.

JleranbHelfl BHEIIHUHA NMPOEKT KaxJAoH (QYHKUMH NMOJIb30BaTeNsl HOJ-
JKEH OCBeLIaTh CJAeJyouiHe BOIPOCH.

1. Onucanue eéxodHoix OarHotx. TOUHOE onmucaHHe CHHTaKCHCa (Ha-
Tipumep, Qopmat, AOMyCTHMble 3HaueHHs, oGIaCTH H3MEHeHHs) H Ce-
MaHTHKH BCeX JaHHbIX, BBOZMMEIX II0/1b30BaTeIeM. JTUMH (IAHHBIMH»
MOTyT ObITh NpHKa3, yNpaBAflolas KapTa, BKOJHOH JOKYMEHT, OTBET
Ha TMOACKA3KY WM aHAJOTOBHIA CHI'HAJ.

2. Onucanue 6bix00Hblx Oanrbix. TOUHOE ONHCaHHE BCeX Pe3y/abTaToB
(GYHKIMH (HanpuMep, peaklHs TepMHHasla, coobuleHHsi 06 ownGKax,
OTYeTbl, aHAJIOrOBbIE YMpaBJsiiollHe CUTHANbI). [loskHa GbITh ONMHCaHA
(YHKUHOHA/IbHAA CBA3b BXOMHLIX JAHHLIX C BbIXOJHBIMH; 3TO 3HAYHMT,
YTO YWTATeNb crnenuduKaluuil JoMKeH OBITb B COCTOSIHUHM NPeJCTABUTH
ce6e BHIXO[HBIE JaHHbIE, MOPOXKAAeMble Ka)KIbIM KOHKPETHbIM BapHaH-
TOM BXOJAHBIX. JI/151 KaxI0A QyHKUUN JOMKHBI ObITh YKa3aHBI TaKXKe pe-
3yJILTaThl /11 BCeX HENMPABHIbHBIX BXOAHBIX NAHHBIX.

3. IIpeobpasosarus cucmemot. MHOTHe BHEIIHHE QYHKLUHH HE TONBKO
NOPOXXAAIOT BLIXOAHBIE AaHHBIE, HO H3MEHSIOT TAK)Ke COCTOSIHHE CHCTEMBI.
3peck JOMXKHEL ObITh ONMHUCAHBI BCE TaKHe NpeoGpa3oBaHusi CHCTEMbl, HO
IIpU 3TOM CJieAyeT NMOMHMTb, YTO peub HIET O BHELIHUX ClelHpHKAHAX,
TI03TOMY Npeo6pa3oBaHUs AOMIKHBI GHITb ONHCAHBI C TOYKH 3PEHHS MOJb-
soBarensi. Hampumep, cknagckas cucrtema Morja Obl MMeTb KOMaHIy
«3aKas», KOTOpast UCIIO/Ib3yeTCsl MPOAABLOM, YTOGE HauyaTh BHINOMHEHHE
3akasza. Jra (PyHKIMSI MMeeT 1Ba BbIXOJAHBIX pe3y/bTaTa: Hak/aajHas,
KOTOpasi TePEeCchIaeTCcsl B OTAea JOCTaBKH, M MOATBEpXKIeHHe, BhbljaBae-
Moe Ha TépMHuHal npoxaasua. OHa BBI3LIBAET TaKxke JBa NpeoGpasoBaHus
CHCTeMbl: OGHOBJISIeTCSI UHBEHTapHBIH (afn1 M 3aka3 perucrtpupyercsa B
Gafisie KOHTPOJIS.

4. Xapaxmepucmuxu Hadescnocmu. Onucanue Bo3feHCTBHA BCeX
BO3MOXKHBIX OTKa30B (PyHKUMH Ha caMy cucTeMy, (aiiyibl U N0Jb30BATEN .
S1 06Hapyxui, 4TO BKJIIOUEHHE STOTO pasieiia OKasbiBaeT HeGoJAblioe,
HO HOJIOXKHTE/NbHOE BJUsiHUe Ha HajexHocThb. [Ipu paspaboTke ananoro-
BOil CHCTeMBI 51 IONMPOCHJ, YTOObI (pa3a «HHKaKasi OlUGKa B 5TOM MpPHU-
Kaze He JOJIKHA NMPHBOANTb K OTKa3y CHCTeMbl» [OBTOPAJTACh B 3TOM
Pasnene s KaXA0ro NpuKasa. Xors pa3paboTynKi BHYTPeHHeH CTPYK-
TYPBl CHCTeMbl HHKOTAA CO3HATE/NbHO HE NOMYyCTAT, YTOObI OIHOKa B
TIpnkage nonb3oBaTe/s BbI3Bala OOLIMA OTKA3 CHCTEMBI, 3Ta ¢pasa ciy-
HUT MOCTOAHHBIM HANOMHHAHHEM 06 3TOM. -

5. permusnocme. Onucanue Bcex TpeGoBaHUil, KOTOpHIE NPeNbsB-
J0TCS K 3eKTUBHOCTH DYHKIHH, TAKHX, KAK 3aTPayHBaeMoe BpeMs
H vcnonbsyemasi namsitb. ¢XPeKTHBHOCTb PEIKO YHAaeTcsi yKasaTb B
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a6CoJIIOTHBIX TePMHHAX, MOCKOMbKY OHA 3aBHCHT OT KOHQHTYpalUuH an-
napaTyphl, CKOpPOCTH JNHHMHA CBA3H, 3QQEKTHBHOCTH BCEX OCTAMbHBIX
BBLINONHSAEMBIX Mapa/yIeIbHO NPOTPaMM, YMC/Ia aKTHBHBIX [0Jb30BaTe-
Nell TepMUHAMOB U T. 1. YToObI CIpaBUTLCSA C 3TOH npo6/aeMoi, B CrielH-
(GuKaLUAX MOXKHO ONHMCATh HECKONbKO CTAHAAPTHHIX KOHQHrypauui u
ypOBHell HarpyskM, a 3aTeM MOXHO YKa3aTb 3(eKTUBHOCTL OTAENbHBIX
(GYHKUMA NO OTHOIIEHHMIO K HUM.

6. Sameuanus no npoepammuposaruro. BHelllnye creuuprKaumy 1o7-
JKHBI ONHCBIBATH NPOAYKT C TOYKH 3DeHUsl MOJNb30BateJs U M36erarb
orpaHMu€eHMil HA BHYTPeHHee YCTpOoHCTBO cucteMbl. OnHako HHoraa Obl-
BaeT HeoGXOAHMO IOACKA3aTh WIH COOOGINTD KaKHe-TO HeH OTHOCHTe b~
HO BHYTpEHHEro NpoeKTHpPoBaHUsi (pyHKuWu. [IpakTukoBaTth 3TO Cle-
JlyeT KaK MOXHO peXxe, HO, ec/il 3TO Heo6XOIUMO, COOTBETETBYIOILYIO
HHdopMaNyIo ClIeyeT CCOOIIMTL B 3TOM pasjele.

Jloist Besikof 10CTaTOYHO COXKHOH (YHKIMH NOJAb30BaTeNs 3ajaya
onucaHusl (HYBKLUHOHANbHBIX CBsi3eH pe3yJbTaToB M NpeoGpa3oBaHMil ¢
BXOJHbIMH NAaHHBIMM HeTpuBHajdbHa. Tabauya pewieHuti — OTIHUYHBIA
cnocob CnpaBUThCS € 3TOH mpobieMof. )

Ha puc. 4.3 npusenena tabnuua pewmeHnuit nja komanast OTIPY-
3UTb JETAJIM u3 cnenndbukanuil A1s CKIaaCcKoi cuctembl. Komanna
HMeeT TPH ONepaHja: HOMEep NOKynartelis, HOMep JeTald H KOJHIEeCTBO.
dra Tabnuua pelleHuH, CONPOBOKAaeMas HEGOJNBLLIUM OMHCAHHEM, fIB-
JIfeTCsl IpeKpacHoll BHellHeH crienngukauyel komanapl. Tabauip pele-
HUH NpeaCTaBAAIOT Co60# HAIIAAHBIA H CTPOTHH Crocob OTpaXKeHHus oT-
HOWEHHH MeXJy BXOIHBIMH M BBIXOAHBIMH JaHHbIMH. UTOGHl OLEHHTH
HX LOCTOHHCTBA, monpoOyiiTe BLIpa3uTh NpejcTaBieHHble Ha puc. 4.3 oT-
HOLIEHHs B APYrofl ¢opMe: OOBIYHBIM C/IOBECHBIM ONHUCAHHEM.

Tabnuua peuleHHH — noOJe3HOe CPeLCTBO MOBBILIEHWS HANEXKHOCTH
nporpammHoro ofecneuen’si. OHH YHHKAJBHBI 110 CBOMM JOCTOUHCTBaM
B KauecTBe CPeACTBa OOIIeHNs MEeXAY pa3paGoTUHKOM BHEILHETO NpoeK-
Ta, NoJb3oBaTesqeM M nporpaMmucToM. C OIHOH CTOPOHEBI, B HUX JIETKO
MOXKeT pa3obpaTbcsl NMOJAb30BaTe]b, NMPOCMATPHBAIOUMH BHELIHUE che-
nudukanuu. C Apyroil CTOPOHbI, OHH CJIyKaT MAeaJbHBIMH HCXOINHBIMK
JaHHBIMH JAJIA NMPOrpaMMHCTa, pa3pabaThiBalOLIEr0 BHYTPEHHIOI JIOMH-
KY Iporpammbl. 3T0 ABOHCTBERHOE NPHMeHeHHe Tab/uL peleHu cokpa-
IaeT YHCIO OMWHGOK mepeBoa. Kpome Toro, HMEIOTCA «MEXaHHYECKHED
METOJBI NPOBepKH Tab/ ULl pelieHHH Ha HEMOMMOTY, H30BITOYHOCTb H HEOJl-
Ho3HauHocTh [14]. Hanmpumep, MOXHO GbITO Gbl IPUMEHHTb 3TH METOAbE
K Tabauue Ha puc. 4.3, uToObl TNpPOBEpPHUTH, BCE JIM YC/IOBHSI Ha BXOME
npenycmorpensl. IlockonbKy MHOTHe OMIMGKH B IIPOrpaMMHOM obechie-
YeHHH BHISHIBAIOTES HENPEABHICHHBIMH YCJIOBHUSMH, TaKHE «ME€XaHHYeC-
KHe» CPeICTBA BeCbMa IIEHHEI.

INo kKaKMM-TO HEOODBACHHUMBIM IPHYMHAM TAG HIb pEeIleHUH He MMeloT
WIHpOKOTro pacrnpocTpaHeHusi. X pefiko BK/IOYAlOT B nporpaMmel oGy-
YeHHs1 TPOTPaMMHCTOR KaK B IPOMBILVIEHHOCTH, TaK H B yHUBEpCHTETaX.



| Komanga OTIPY3nNTb AETANN 1

CHHTaKCHMC KOMaHgel npasunen?

Homep nokynatens npasunen?

Homep aetann npasnneu?

Konuuyectso — nonoxurensHoe n uyenoe?
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z|l=<|=<|<]|=<

Kpegut noxynatens e nopspke?
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BDocratouHo getaneit Ha cknape?

BoctatouHo nu geraneit octaHeTcs Ha ckhage?

Mocnars ysegomneHune B8 oTAen JOCTaBKK

x| x|l <|<|<]=<|=<]|=<|=<
><><z-<-<-<|-<|-<,-<

Mocnate Ha TepmmHan coobuwenune 1

Mocnate Ha TepmuHan coobuiexne 2 X

Mochate Ha TepmuHan coobujenue 3 X

Mocnats Ha TepmmuHan coobueHne 4

MNocnats Ha TepmuHan coobuienmne 5

Mocnate Ha TepmuHan coobuieHne 6

BuixogHbie coobuierus

Mocnate Ha TepmuHan coobuienne 7

Mocnats B oTAen 3akynok ysegomnetime 1 X

Mocnate B oTAen 3akynok ysegomnexwe 2 X

YMeHbwinTL kONMUedTBO B MHBEHTapHOM (aiine || X | X

paso-
BaHUSA

MNpeo6-

3aperucTpuposath cgenky B ¢aiine kontpons | X | X

Puc. 4.3, Tabauua peweHHi.
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Tabnuupl pewenufi AOMKHBI CTaThb BaXKHOH YaCTbi0 HHCTPYMEHTApHs
pa3paboTynKka NporpaMMHOrO oGecreyeHts, TaK KaK OHH CHOCOGHHI Cy-
IleCTBEHHO MOBHIIATD HaJEXKHOCTD.

Tocnie mOAPOGHOTO OGCYXKAEHHS BCEX 3JIEMEHTOB MOANOTOBKH BLICO-
KOKAYeCTBEHHBIX BHEIUIHHMX cnenupuKanuii UHOTJA MOMKHO YCJBILIATH
Takyio peakuuio: «Jla, sTo, MOxkeT ObITh, HAEaqbHO, HO fl, BEPOSTHO,
He CMOTY NpeACTaBHTh HHGOPMALMIO HA TAKOM YPOBHE, He CKOHCTPYH-
pOBaB CHaya/ia BCIO CHCTeMY». Takoe MHeHHe HHOTZA CIIpaBeJIHBO, UHOT-
Ja Het. Koraa oHo cnpaBenyinBO, 3TO 3HAaYHT, YTO peyb HAeT 06 uccie-
JIOBaTeJbCKOM npoekTe. B npoexme-paspabomke pesynbraT MOXeT ObITh
T0JY4eH MOC/IeJ0BaTeNbHEIM PSoM ¢a3, CBepXy BHH3 U U3BHE BHYTPb.
Hccaedosamenvckuii npoexm — 3TO TaKoH NMpPOEKT, TAe 3aJauyd M OKOH-
qaTeNbHBIH pe3ynbTaT He ONpezeneHsl (WM He MOTYT GhiTh olpejene-
HbI) 3apaHee. $1 He NbITaloCh NPHHU3UTH UCC/AEOBaHUS; OHH, 6e3yC/I0B-
HO, 1leHHBl. OfHaKO NPOEKTUPOBIIHK AOMKEH MOHUMATh, C KaKOro poja
NPOEKTOM OH HMeeT JeJo, MOCKOMABbKY HCC/e[oBaTelbCKHH MpPOEKT MO
caMoi CBOeH npHposie He MOXKeT UMeTb (PMKCHPOBAHHOTO KalleHAapHOro
IUVIaHA M OLEHKH CTOMMOCTH. BOMBLIMHCTBO HBIHEIUHMX IPOTPAMMHBIX
NPOEKTOB ABJsETCs Pa3paboTKaMy; JNHIIb HEMHOTHE CTABAT LIE/bIO BHe-
CTH YTO-TO HOBoe. JTa KHWIa MOCBsillieHa pa3paGoTKaM, XOTs YHTaTelb
JOJIKeH ITOHMMAaTh, YTO TaKHe NPOEKThl MOI'YT noTpeGoOBAaTh NpenBa-
PUTEJILHBIX HCCIEHOBaHUM.

PesioMupysi, MOXHO CKa3aTb, YTO BHElWIHWe Cneuu(UKALHU OMHCH-
BaIOT BCE BO3MOXXHBIE BXOJHbIE XAHHLIE CHCTEMbI (KaK JAOMYCTUMEIE, TaK
H HeJIONYCTHMEIE) H COOTBETCTBYIOLLYIO PeaKL IO CHCTeMEl. BHelliHue crie-
HUpUKALHMH JO/KHBEI TOYHO ¥ HNOJIHO OMHCHIBATh BHENIHHE COMpSiXKEeHHs
NpH MHHHMANbHBIX NPEANOJNOXKEHHAX O BHy’I‘peHHeM ycrpoﬁc:rse cHcre-
Mbl (W1H coBceM Ge3 HHX).:

NPOBEPKA NPABWUJIbHOCTH BHEWIHHMX CHELUPUKALIUA 5

3aBeplieHHe BHELIHETO MPOEKTHPOBAHHS SIBISIETCS MOBOPOTHHIM MO-
MEHTOM JUTsl BCero npoekTa. IIpolecc BHELIHEro NPOEKTHPOBAHMS U MPeX-
11eCTBOBABHINE MPOLECChi KOHLEHTPHPOBAIHCh BOKPYT B3aHMOJEHCTBUSA
CHCTEMBI H MOJb30BaTeJsl; QCTajbHble NPOLECCH NPOEKTHPOBAHUSA Ka-
caloTCsi BHYTpeHHeH, CTPYKTYPHI nporpaMmuoro oGecnevenus. Ilo sroit
npmmﬂe, a Takxe ECJeJCTBHe pacCMaTPHMBABLIMXCS Bhllle TPYIHOCTEH
B TOArOTOBKE BLICOKOKAYeCTBEHHBIX BHEUIHHX CriellHbHKaLMi nposep-
Ka MX MPAaBWIBHOCTH NPHOGPETAET HCKJIOYHTEJbHOE 3HAUEHHE.

Ha stom stane no/xHA ObiTh 3aHATA aKTUBHAs MO3MIUA B OTHOILE-
HHH omn6oK. Llenb BCAKOro npouecca npoBepKH MPABHIBHOCTH WIH Te-
CTHPOBaHHA — HaHTH KaK MOXHO Gosibliie OHOOK, a He NOKa3aTh, YTO
crneliudpukanuu He conepxar omu6oK. OueHb BaXKHO NMOHMMATh 3TO TOH-
Koe pasinune. Baxkno Takxe NpoBepuTh NPAaBUIBHOCTD CHeLHpHKaLUi,
NoKa ellie OHH HMMEIOT BHJ HAaOPOCKOB, MOCKOJNbKY 4acTo, KAaK TOMbKO
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JOKYMEHT TpuoOperaeT «3aKOHUEHHYIO» NeuaTHyl0 (opMy, BO3HHKaer
NCHXOMIOTHYECKHH Gapbep, MpensTCTBYIOWNH BHECEHHI0 H3MEHEeHHH.

ViMeercs mecTb METOXOB NPOBEPKH NPABHIBHOCTH, MPHMEHHMBIX K
BHEIIHUM CHellHpHKALHAM. DTH METOAbl He HCKJIOYAlT APYT Apyra, f
PeKOMEHAYI0 NPHUMEHATb HX BCe.

KoHTpoAL N0 npaBHily «f NIOC-MHHYC OfHH»

[TpaBuIO «n MIIIOC-MHHYC OfHH» MPHMEHHMO H 3flech. CrienuanucTsl
ypoBHSl n—1 HMILYT OWIMGKH MepeBoAa, a CnelHalUucTsl YpoBHs n+1 —
HESICHOCTH, KOTOpPbIE MOTYT NPHBECTH K OWIMGKAM B MOC/IELYIOWHUX NPO-
meccax.

[pensapuresbubie BHEIHME CrielUHKALMH OLEHHBAIOTCS TEMH, KTO
OTBeuaeT 3a MOATOTOBKY ue/jed, pa3paGoTKy apXHTeKTyphl H JeTajlbHoe
BHelIHee TnpoekTHpoBanue. CnenudHKauny cjaefayeT CONOCTaBHTb C Lie-
JISIMH, PacCMaTpMBas KaXKAylo LeIb H aHANH3HPYs, HACKONbKO ajieK-
BaTHO OHAa OTpaxkeHa B CrelHpHKALHAX.

JeranbHble BHeIIHHE cneuM(pHKAaLHH JOJKHBI OLEHMBATHCA TEMH,
KTO OTBeYaeT 3a Npe/iBapHuTe/bHOe IPOeKTHPOBaHHE, pa3paGoTKy CTPyK-
TYpbl IPOrPaMMbl U NPOEKTHPOBaHHEe 6a3bl JaHHBIX, a TaKXKe 3a MOATo-
TOBKY JOKYMEHTalluy JJIsi NOAb30BaTe/el.

KOHTPOJlb CO CTOPOHBI MOJb30BaTeJst

Kpaiine BaxxHO R0GUTLCA TOrO, YTOOBI MOJIb30BATENb NPOCMOTPEN H
ofo0pu/ mpeABapHTeJbHble M JeTalbHble BHEIUHHe Crenuduramnuu,
Ecny no kako#i-To MpUYHHE 5TO HE MOXKET ObITh ClenaHo (Hampumep, B
He 3aBHCHMOM OT M0JIb30BaTe/Nsl NPOEKTe), TOrAa JOJKHA ObITh CHOpMH-
poBaHa crnenHajbHas rpynna B CaMOH OpraHH3alMH-pa3paboTuHKe,
KOTOpasi NpU3BaHa HCIOJHATh POJb «aJBOKaTa AbsBONA»;, B ee 3afady
OyzeT BXOAMTb oLeHKa crneuupUKauui C TOYKH 3peHHS NOTb30BaTesNsl.

Ta6anust pewennii

Ecan B crnennbuKamuax UCIONB3YIOTCS Tab/IHIbl peiieHnid (a KoJxK-
HO ObITb UMEHHO TaK), TOTA JJIsi HX MPOBEPKH Ha MOJNHOTY (NIOUCK BCEX
NpOnyIieHHbIX YCAOBHIA) ¥ HEOAHO3HAYHOCTD (MACHTHYHbIE YCIOBHS N H-
BOJSAT K Pa3HBIM BbIXOJIHEIM JAHHBIM MIIH NPeo6pa30BaHUAM) MOT'YT GbITh
NpUMeHeHbl «MeXaHHYeCKHe» MeTOJBI.

Pyunas umutauus

OpdeKTHBHBIN IPUEM OLEHKH AETAJbHBIX BHEIUHHX CieHpHKAHE —
NOATOTOBUTh TECTH H 3aT€M BOCIOJ/Ib30BATbCA JETANbHLIMH BHELIHHMH
CrienupuKauHsAMH AN HMHTAUHH NOBEJeHHs] CHCTEMBl. JTOT Ipomece
OUEHKH NPOEKTHOTO AOKYMEHT& METOAOM «BHINOJHEHHA» €ro Ha TecTo-
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BBIX JAAHHBIX YaCTO HA3BIBAETCS CKBO3HbIM KOHMpPoaem (HIN NPOCTeK1Ba-
HHEM). .
Jlns npoBepKH OTACIBHBIX BHEUIHUX (YHKIHHA KOJMXKHBI OLITH BLITOJ -
HeHn! caenyouine Jeictsua. KTo-10 (we aBTOp cnenudukanui) AojxeH
CHayasa NOCTPOUTD «TeCTHl Ha Gymares Jyisi 5TOH (YHKIHUH, T. €. CIHCOK
KOHKDETHHIX BXOAHHIX JAAHHBIX (AONMyCTHMBIX H HEJONYCTHMBIX). BMecre
C aBTOpOM cHelM}HKalUl OH 3aTeM WMHTHPYET BBOJX 3THX JaHHBIX B
CHCTEMY, HCNOMb3Y$ CHelH(pUKANUN KaK ONMHCAHHe NMOBELeHHsl CUCTEMBI.
Beakuit pas, Koria oxasbiBaercsi, UTO cHelH(pUKaLUH ONMHCHIBAIOT BhI-
XOJlHble JaHHBIe WM NMpeoOpa3oBaHue sl KAKOTo-TO Habopa BXOAHHIX
JlAaHHBIX HEJIOCTAaTOYHO MOJTHO U NpPaBWJIBHO, 3TO O3HauaeT, 4To oOHapy-
>xeHa ouin6ka. Ilpexpe yem HaYUHATL CKBO3HOH KOHTPOJb, OOBIYHO ObI-
BaeT HeOGXOAMMO YCTaHOBHTb HCXOJHOE COCTOSTHHE CHCTEMBI (Hanpumep,
OIHCaTh NPOCThie HAyalbHbIe COCTOSIHUA BceX (ailioB) W 3aTeM OGHOB-
JAThL 3TO ONMCAaHUe COCTOSIHUA MO Mepe INOJb30BaHHS.

[TonoGHbIM 06pasoM MOXKHO TECTHPOBaTb M KOMOMHAUMH (YHKUUH,
CTpOs TeCThl, NpPeACTaBsIOIINE COO0H COXKHBIE CLieHApHH.

BaxXHO OTMETHTD, UTO LieJIb BCSKOTO TAKOTO CeaHca CKBO3HOTO KOHT-
po/a — oOHAapyXHBATh OIMHOKH, HO He HCIPABAATh UX ¢ Jery. Mcnpas-
JieHHe OLIHOOK HYKHO OTJIOXKMTb JI0 TeX Nop, MOKa He GYAyT OOHAp Y KeHEI
10 BO3MOXKHOCTH BCe OMIMOGKH. BaxxHO TakXe, uTOOB CTPOMJ TECTH U
HHTepHpeTHpOBa/ crenndHKalHl KTO-TO APYroH, a He aBTOp, TaK Kak
Noc/AefAHUA OYAeT «YUTATh MEXKAY CTPOK».

Hmurauus 3a TePMHHANOM

Bonee nsouipeHHEIH MeTOJ CKBO3HOTO KOHTPOJISI — HTpa B «4esioBe-
Ka, CIIPATAHHOTO B NyCTOH MaiiuHe». BmecTo TOro YTOGH POCTO YHTATh
CITHCOK TECTOB, KaK NPH PYYHOH MMHTALMH, Y€JOBEK CaANTCA 3a TEPMU-
HaJl ¥ BBOAMT TECTOBLIE JAHHbIE H M3y4yaeT pe3y/bTaThbl TOYHO TaK, KaK
ec/IM Gbl TepMMHaJ ObLT NMOAKJ/IIOUEH K HACTOSIILEH NPOrpaMMHOH CHCTEME.
Jlssl MMUTaLUK CHCTEMBI ellle OHH Y4YacTHHK NPOBEPKH, BOOPYKUBLIUCH
cnenudHKanuuaMHY, caauTcs 3a Apyroi tepmuHan. HeGoubiuas nporpam-
Ma CBSI3bIBaeT 3TH TepMMHAJBI, NepefaBasl BXOAHbIE JaHHbIE C TEpMUHAJIA
«1I0/1b30BaTe/sl»y Ha TepMHHAJA <HUMHTATOPa», a BBHIXOAHbiE AAHHEIE —
o6paTHO, MO KOMaHjaM «uMHuTaTopa». IlocaefHMii JeHCTBYeT Tak e,
KakK NPH Py4HOH MMHTALHH, T. €. H3y4aeT JaHHHE, NOCTYNAIoLIHe C Tep-
MHHaJIa «[0/1b30BaTeis», HUET MO ChneuHpUKalHaM COOTBETCTBYIOMIHM
pesysbTaT, Npoc/exuBaerT NpeobpasopaHHe CUCTEMBI H TOCHLIAeT pe-
3yJbTAT Ha APYTroH TepMHHAJ «0J]b30BaTesfy.

Sra cpa3biBalollas NporpamMma copceM npocras. Ecin TepMUHaNbl —
OOblYHBIE YCTPOMCTBAa THNA Tenerafina, 4el0BeKY-HMHTaTOPy HYX-
HBl KOMaHZbl OOM€Ha COOOIIEHHSIMH C TEPMHMHAJIOM «IOJIb30BaTeNf» H
crnoco6 pacrio3HaBaHMs BCexX NEHACTBHIH, NpeAnpUHIAMaeMbIX 33 9THM Tep-
MHHAJIOM, HAPHMeP HaXKaTHA KJIaBUIIH «BHHMaHHe». Ec/iu TepMunan —
YCTPOKMCTBO THNA AHCIVIEs, HeOGXOAUMEI KOMAHAB! yNpapjeHns ¢gopMa-
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TOM BBIXOJHEIX COOOIIEHHH M PacNO3HABAHHS CHTHAJIOB BCeX CHELHaJb-
HBIX KJIaBHIll, OTHOCAIMHXCA K (PYHKIHOHANbHBIM.

OTOT METOJ OYeHb lEeHeH, NMOCKONbKY OH IOMOraeT O6HAPYKHUTh B
cnenupUKaUMaX BCe HEAOUETHI MO YaCTH TICHXOMOTHYECKHX (aKTopoB. B
IpoLecce BHELIHEr0 MPOEKTHPOBAHHSA OH OCOGEHHO MoJie3eH A/1si M3yde-
HUS QIbTEPHAaTHUBHLIX BAPHAHTOB PELIEHHS] MNPOGIeMbl NCHXOJOTHYEC-
KuX (akTopoB.

dyHKUHOHANbHBIE JHATPaMMbI

[TocTpoenyie GyHKUHOHANbHBIX AHATPAMM — 3TO METOJ, I03aHMCTBO-
BaHHBIA H3 NPOEKTHPOBAHHSA NEPEK/IIOYATENbHbIX CXEM M MO3BOJIAIOUINH
NPOEKTUPOBIIUKY TMPEJCTABHTL CrelHpHKAUHH GyJeBCKOH JIOTHYECKOMH
auarpammoil. TaBHOe ero HasHauyeHHe — CJYXKHTb OCHOBOH CTPOrOro
NOAX0Ja K MOCTPOEHHIO ONTHMANbHOTO Habopa TeCTOB A1 MPOrPaMMHO-
ro obecneuenus. OfHAKO, MOCKOJNBKY METOX NMpPeANOaraer AETalbHbIl
aHanu3 cneuupuKauui, OH MOXKET 0Ka3aTbCA MOJE3HBHIM U 1Sl OGHapy-
KeHHs oWHGOK B HHX. [TocTpoeHHe (YHKIHOHAMBHBIX AUarpamMmMm pac-
cMarpuBaercs B . 12. ’

MJAHUPOBAHUE U3MEHEHUWH

Msmenenue TpeGoBaHHi — OOGBEKTHBHBIH (akTOp pa3paGoTkH mpo-
rpaMMHOrO ofecneuyeHHs. JTH M3MEHEeHHsS BO3HMKAIOT BCJIEJCTBHE TeX-
HHMYECKOro MPOrpecca, CoLHaNbHbIX NepeMeH (Halpumep, HOBOE 3aKOHO-
NaTe/IbCTBO), U3MEHEHHH B JIOAfX, NpeJaraeMblx yaydweHuit, oGHapy-
XeHHA owHGoK. OnbITHBIA pas3paGOTYUK MPOrPAMMHOIO obecreueHwust
NOMHUT 06 3TOM; OH 3apaHee 3al/IaHUPOBAJ H3MEHEeHHsi, OPTaHH30BaJ
CBO# NPOEKT TaK, YTO H3MEHEHHE HEe CTAHOBHTCS TPaBMHUP YIOLIUM NpPOMC-
IIeCTBHEM, OH 3HaeT, KaK BHECTH U3MEHEHHA TaKHM o0pa3oM, 4To0bl He
HOHU3HTb HAJEHHOCTH CHCTEMEI.

[lepBoe npaBui0 paGoThl C H3MEHEHHAMH — BO BpeMsl BCEro WUKJA
pa6oThbl Haj MPOEKTOM NOJAAEPIKUBATD JOKYMEHTAIHIO HA YPOBHE MoC/Ie-
HUX pelneHH#l. PacnpocTpaHeHHass olmMGKa — paspaboTaTh HEIIOXHe
[eJIH u BHeLHue crenupUKamiy, a 3aTeM He OOHOBJATh UX NMPH NOSBIIE-
HHMH M3MeHeHHH. DTo mIoxas NpakTHKA, MOCKOAbKY LeJH H crenuduxa-
LMK B TaKOM c/1y4ae Gosblie He OTPaXKaloT pealbHOr0 COCTOSIHUS CHCTe-
MBI, YTO MPHUBOXMUT K mpobiemMaM B o6MeHe HHGMOPMAIHEH U NPU UCIOJb-
30BaHHH crenuduKanuil B npoueccax TeCTHpOBaHUsA, PacCMaTpHBaeMbIX
B yactH 3.

Bropoe npaBu1O — B KaKOH-TO OIpele/eHHBII MOMEHT «3aMOpo-
3UTb» pe3yJIbTaThl KaXAOro TNpolecca NPOeKTHPOBAHHSA. «3aMOPaXKu-
BaHHe» He O3HauaeT, 4YTO GOJblle HeJb3sl BHOCHUTb H3MEHEHHd; INpel-
noJyiaraercs JIULib, YTO C 5TOTO MOMEHTA H3MEHEHHS JOJXKHBI IIPOXOAHTh
bopManbHyl0 npoueaypy yTBepxAenusi. TpeGoBaHUsI W UeTH TOMMKHBL
ObiTb 3aMOPOXKEHBI TIOC/IE HX YTBepXKACHHS. BHelHuHe crienlHPUKAUHH —
TIoc/Ie yCrenHoro 3aBepileHUs NPOBEPKH X MPaBHIbHOCTH,
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[Mpouecc npuHATHS H3MEeHEHHH 3aMOPOXEHHOrO JIOKYMEHTa OOBIYHO
Ha3bIBAETCA NPOUECcCcoM udmerenusi npoexma. 3anpochl Ha H3MeHeHHe
IpoeKTa HCXOAAT OT NONb30BaTeNsl HIH Pa3paGoTYUKOB INPOrPaMMHOTO
obecrreuennsi. Kaxplil Takofl 3anpoc OLleHUBAeTCs C TOYKH 3peHHs €ero
JIOCTOMHCTB M BJIHSIHUSI HA MPOAYKT (HA KaJE€HJAPHBIH IIaH, CTOHMOCTD,
HaJle;KHOCTb, Ge3omacHocTh, sdekTHBHOCTL). OOBIYHO OTBETCTBEHHOCTh
3a NPUHATHE WIH OTKAa3 OT BCAKOTO U3MEHEeH sl (H/IH OTCPOUKY U3MEHEHHS
o Gynymel peanusanuy) HeceT HeGoabliod KomureT. Kaxioe yTeep-
XKIEHHOE H3MEHeHHe JNO/KHO ObTb HeMeJVIeHHO OTDaXeHO B COOTBET-
CTBYIOLIUX NPOEKTHBIX A0KyMeHTax. OLeHuBas NpejjoKeHHe H3MEHHTb
NPHHATOE paHee pellleHHe, NIOMHHUTE, YTO HA IOCJELHEM MOIVIH OHITH OC-
HOBaHbI H ipyTHe pellenusi. OMMOKH NPH NONMBITKAaX YBUAETh BCE NOC/EN-
CTBHS IPOEKTHBIX M3MEHEHMH BeCbMa PaclpOCTPaHEeHHL.

Tperbe mnpaBuno paboThl C H3MEHEHHAMH — IPOBEPATb IPABUb-
HOCTb BCSIKOTO H3MEHEHMsl B TaKOH ke CTeleHH, B KaKOH MPOBEPANOCH
ncxogHoe pewenne. Eme ofHa pacmpocTpaHeHHas owu6Ka — NOTpa-
THUTb JOCTaTOYHO BpeMeHH, TIATeJbHO NPOBEPSAs NMPAaBUIBHOCTL BHELU-
HMX crieMH(UKalMi, HO 3aTeM He BBINONHHUTb TAKHX e NMPOBEPOK Haj
usMeHenusMu. TIoCKONIBKY H3MEHEeHHs NpoeKTa Jejaiotcs B Gosee Ha-
NPSKEHHBIX YCJOBHAX, OHH BECbMa ONACHLI B OTHOLIEHHH OMIHGOK U 10J1-
JKHBI OBITb OCOGEHHO TIIATEIbHO IIPOBEPEHHI.

Tocnennee npaBuio — yOeIHTbCS, YTO BCE HYXXHBIE H3MEHEHUs CJe-
JlaHbl Ha BCE€X YPOBHAX. [1porpaMMHCT, MPOEKTUPYIOIIUH BHYTPEHHIOW
JIOTHKY MOAYJSl, MOXKeT ClelaTh M3MEHEHHS, HO He 3aMeTHTb [IPH 3TOM,
YTO OHH BJIEKYT W3MEeHeHHs BHEHIHHX XapakTepucTHk. [IporpammHoe
obecrnieueHre U crneludUKanuy Tenepb PaccoryacoBaHEl, a 3TO O3HAYaeT
omwn6Ky B mporpaMMHoM obecneyeHuu. Her mpocToro peieHust 3Toi
npo6neMbl, HO HY>KHO N03a6OTHTLCSI O TOM, YTOOLI BCE MOMHHJIM O Heil.
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ApxuTeKTypa CHCTEMBI

PaspaGoTka .apXuUTeKTYpbl — 9TO mpolecc pas3bueHus GonbHIOR cuc-
TeMbl Ha Gosee MesKHe yacTd. sl 0603HaueHHdA 3THX Yacteil nmpuayma-
HO MHOXKECTBO Ha3BaHHM: MPOrpaMMbl, KOMIIOHEHTHI, TOJACHCTEMEI H YPOB-
HH aGCTpaKUUH.

[pouecc pa3paGOTKH AapXHUTEKTYpbl — LIAr, HEOOXOAMMBIA INpH
HIpPOEKTHPOBAHUH CUCTEM, HO He 00si3aTeNbHBIH NPH CO3JaHHH NMPOrpaM-
Mbl. Eciin BHeLIHHe crienuHKaLHH ONHCEIBAIOT IIPOTPAMMHYIO cucmemy,
TO CJAeAyIOIHMH MIar NPOeKTHPOBAHHSI — pa3paboTKa apXHMTEKTYpHI,
a 3a HUM — NPOEKTHPOBaHHE CTPYKTYpHI nporpammel. EciH e BHeuw-
HHe CrenHbUKAIHH ONHUCHIBAIOT npozpammy, paspaGoTKa apXHTEKTYPhl
CHCTeMHI He o6s3atesbHa. QueBHIHO, HeMeJIeHHO BO3HHKaeT npobieMa,
KaK pas3/iuyaTh CHCTEMBl U [porpammel. K coxxaneHHio, TOUHBIX onpeje-
JeHHl 3THX nmoHaTuél Her. CiioBaphb 34ech Gecrosie3eH, NOTOMY 4TO BCe
OGBEKThbI, OT ONEPAalHOHHOH CHCTEMBI JO NMOANpOrpamMmel u mHkiaa DO,
YAOBJIETBOPSAIOT ONpe/eNeHUI0 CHCTeMbI.

Msi MOXKEM CKa3aTh, YTO IIPOTpaMMHas CHCTeMa NpeicTaBiaseT Co6oi
Habop pelleHHH MHOXKECTBA PA3/JUYHBIX, HO CBSI3AHHBIX MEXAY COOOH
3aj]ay, Y Jajee MOJNIOXKUTBCS Ha HMHTYHMLHMIO B CJy4asiX, KOrAa Haxo OT-
JHUYUTb CHCTEMY OT mporpammbl. Tak, onepalHOHHAas CHCTeMa, CHCTeMa
pe3epBHPOBaHHS aBHAaOWJIETOB WJIM CHCTeMa YIpaBieHHs 6asaMy JaH-
HBIX — BCE 3TO NMPHMephl CHCTEM, H MO3TOMY OHH JOJIXKHbI IIPOATH Npo-
mecc paspaboTku apxuTekTyphsl. ITporpamMmma pelakTHpPOBaHHs TEKCTOB
B CHCTeMe pasje/ieHHs] BPEMEHH, KOMIHUISATOP, MporpaMMa y4eTa ToBa-
pOB ABJSIOTCS [pUMepaMH OTJeNbHBIX NporpamMm, H B HHX 3Tan paspa-
6GOTKH apXHTEeKTYpbi OTCYyTCTBYeET.

Bcsikasi MeToJ0/10THSI TPOEKTHPOBAHHA NMPOrPaMMHOro obecrneyeHHs
COCTOHT M3 JBYX uacTeii: Ha6opa xKesaTelbHbIX XapaKTepPHUCTHK Pe3y/b-
TaTa W PYKOBOAAIIMX NPHMHLHIIOB CaMOTO IpOLECcCa IPOEKTHPOBAHHSA.
Ilpu pa3paGoTke MeTOAOJOrHH NMPOEKTHPOBAHHA OGBLIYHO HAYHHAIOT ©
OnpejieJIeHHs XKeJlaTe/IbHBIX XapaKTepPHUCTHK, a 3aTeM KOHCTPYHPYIOT
MBIC/IMTe/IbHBIA NIPOLECC, HEOOXOAMUMBIN /ISl NMOMYYEHHS HYXKHOIO pe-
3yabraTta. [103TOMY MOXHO NpPENNOJNOKHUTh, YTO O JKeJNaTeJbHbIX CBOH-
CTBax pesy/bTaTa H3BeCTHO OoJjiblle, YeM O camMoM mpouecce. Mbl yxke
CTaJIKMBANIHCh C TAKOH CHTYyalHel NpH aHalHM3e BHEWHEro NpoeKTHpO-
BaHHsA; HEKOTOpbIE XKe/laTeJIbHble CBOACTBA OBUIM NEPEeYHCAeHH B I1. 4,



YPOBHH ABCTPAKLIMM 79

HO CaM MpPOLECC BHEIIHEro MPOeKTHPOBaHHS — INpoUelypa, Bce ele
BO MHOTOM 3aBHUCAIIAs OT KOHKpeTHoil curyanuu. IIpu npoekTupoBaHuK
JIOTHKM MOAYJfl 2KeJlaTellbHbIH pe3y/bTaT —— CTPYKTypHas Iporpamma,
W OfIHH U3 MBICIMTE/IbHBIX NPOLIECCOB Ha3bIBaeTCs nowiazo8oll demarusa-
yueil.

Ec/iy nonbITaThCA BHIAETUTD YIOMUHABILHECS ABE YACTH METONOIOT HH
NpOeKTHPOBaHUA B Pa3pabOTKe apXHMTEKTYpHl, CTaHET fICHO, YTO 3TO —
I0Ka HaHMeHee MOHATHLIN NpoLecc nepeBoia. 31ech He TONBLKO HE Ompe-
JieJIEH COOTBETCTBYIOLIHHA MBIC/UTE/IbHBIH NPOIECC, HO JaXe U XKelaTellb-
Hble XapaKTePUCTHKHN CTPYKTYPH CHCTEMBI TOJbKO HAUHHAIOT OCMBIC/ H~
BaTbcA. B cienylomux pasgenax Jaerc o630p HEKOTOPHIX NOKa €lle
IVIOXO OMpejeJeHHbIX NTOAX0N0B K MPOEKTUPOBAHHUIO CHCTEMBL.

YPOBHH ABCTPAKHHH

Konuenuus ypoeneli a6Gerpakuuyu Obvia npenjoxeHa J[lefikeTpoit
[1, 2]. Cucrema pasGuBaercsi Ha pasiiuyHble MEpapXHUECKH Ymopsao-
YeHHBIE YaCTH, Ha3blBaeMble YDOBHSIMM, YIOBJIETBOpSIOLINE OTpefeeH-
HBIM TIPOEKTHPOBOYHBIM KpuTepusaM. Kaxkaelfi ypoBeHb siBAsieTCs Ipym-
N0 TECHO CBSI3aHHBEIX MopyJeid. Wjes ypoBHeil npu3BaHa MHHHMU3H-
pOBaThb CJOXKHOCTL CHCTEMBI 3@ CYET TaKOTO HX ONpeje/ieHHsi, KOTopoe
ofecrieuyBaeT BHICOKYIO CTENeHb HE3aBHCHMOCTH YDOBHeH JApPYT OT ApY-
ra. 3ro jgocruraercsi Gnarofapsi ToMy, YTO CBOHCTBa ompeleieHHbIX
OOBEKTOB TaKOH CHCTeMBl (pecypchl, HpejCTaBleHHe JAaHHBIX M T. 1.)
yNPATHIBAIOTCA BHYTPb KaX0T0 yPOBHS, YTO IO3BOJISET pacCMaTpHBATh
KaXIblil ypoBeHb Kak «aO6CTpaKIHIO» STHX 0OBEKTOB.

"Bo3MoKHBI IiBe ofliHe CTPYKTYPHI TaKUX yPOBHEH, M300paxceHHble
Ha puc. 5.1 u 5.2 coorBercTBeHHO. Puc. 5.1 winocTpupyeT Tako# noj-
XoJ, Korja 3ajjaqa paccMaTpMBaercsl KaK Co3JaHHe «MalliHbl N0J1b30Ba-
TeJlsl», HAYHHAsA C CAMOTO HHU3KOTO YDOBHSI — YDOBHf aniiapatypnl HJIH
onepanuoHHO#H cucreMmbl. [lociienoBaTesbHOCTh YPOBHEH, HasbiBaeMbIX
abCmpPaKmHbimu MauHamy, OpenessieTcs TakK, YTo Kaxaas clefyomas
MallyHa CTPOHTCA Ha OpelblIyIIHX, PACWIHPAA UX BO3MOXKHOCTH. Kax-
IBlil yPOBEHb MOXKET CCHLTAThCS TONBKO Ha ONMH, OTIMYHEIA OT HEro ca-
MOTO YpOBeHb (BHI3BIBATb €r0), 8 HMEHHO TOT, KOTOpbIfi eMy Herocpes-
CTBEHHO NpPeJALIeCTBYET.

B crpykType, HaoOpaxeHHOH Ha pHuC. 5.2, YPOBHH He ABJIAIOTCA MOJ-
HEIMH aGCTpakuMsiMu 0ojlee HU3KHX YpDOBHEH, KaXKIbi M3 HHX MOXeET
CCBUIAThCS HA JI06OH NpeAUIeCTBYIOMHH YPOBEHb.

Xors coBpemeHHOe onpefieJieHNe YpoBHeH aGCTpaKUHH CaMo JOBOJ b-
HO aGCTpakTHO, HEKOTOpHIE CBOHCTBA YPOBHEH HAa4MHAIOT NPOSCHATLCA.

1. Ha xaxzaom ypoBHe aGCOMIOTHO HHYEro He H3BECTHO O CBOMCTBaX
(1 naxe o cymecrBoBanun) 6osee BHICOKHX ypoBHed [3]. 910 — dyHna-
MeHTa/lbHOe CBOHCTBO YpOBHEH aGCTpaKLMH, CYIIECTBEHHO COKpauiaio-
lee yucio cBA3el MeXAy $acCTAMH NPOTPaMMHON CHCTEMHE H HX NpeA-
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Yposens Ln W"L’,‘:"‘

Yposens 2 Yposens 2
Yposens _ Sposens 1
Yposens 0 Yposens O
5a300a58 88IYUCIUMENSHER BA30SAA  BHYUCAUMENHAR
cucrmema cucmema
Puc. 5.1. Yposuu abcTpakuud., Puc. 5.2. lpyro#i mogxoA K Hiee ypos-

Hell abCTPaKIHH.

TIONIOXKEeHHil OTHOCHTE/IbHO CBOKCTB APYT Apyra, 6narosaps yemy yMeHb-
[12eTCsl CJA0XKHOCTb CHCTEMB.

2. Ha kakoM ypoBHEe HHYEro He M3BeCTHO O BHYTPEHHEM CTPOEHHH
JApyrux ypoBHed. CBA3b MEXAY YPOBHAMH OCYLIECTBJISIETCS TOJNBKO
yepes JKECTKHe, 3apanee OIpeleNeHHbie CONpsKeHUs.

. Kaxkppiit ypoBeHb npejcTasiisieT co6oit rpynny Monysei (pasienb-
HO KOMNHJHpYeMbIX mojmporpamm). HekoTopeie u3 sTux monyne#t siB-
JISAOTCS BHYTPEHHUMH JUIs1 YPOBHS, T. €. HEAOCTYMHBI JUIsi APYTHX YPOB-
,Heil. HMimeHa ocTa/bHBIX MOAyJIefi, BooGiie roBopsi, H3BECTHBI Ha CJIEAYIO-
m.eM Gosiee BBICOKOM YpOBHE. DTH HMEHa NPEACTaB/IfAOT coboii conps-
JKEHHe C 3THM YyPOBHEM.

4. Kaxapiit ypoBeHb pacronaraer Onpe/ie/IeHHEIMH Pecypcamu U an-
60 CKpBIBAeT MX OT APYrHX YpOBHeH, JTH6O npeocTaBaseT APYruM ypoB-
HSIM HEKoTophle ux abcrpakuuu. Hanpumep, B cHCTeMe yripaB/ieHHs ¢aii-
JIaMH OfIMH U3 YpOBHeH MOMeT colepaTb (pusuyeckue (aiinbi, CKprIBas
HX OpraHH3alHI0 OT OCTANbHOH 4acTH CHCTeMbl. [Ipyrue ypoBHH MOTYT
BJaJieTb TAKHMH pecypcaMH, KaKk KaTajlorH, CJ10BapH AaHHBIX, MEXaHH3-
MBI 3aIllUTHL.

5. Kaxnpii ypoBéHb MOXKET Takxke obecreuuBaTh HEKOTOpYiO a6-
CTPaKUHIO JaHHBIX B CHCTeMe. B cucTeme ympasieHHsl JaHHBIMHM OJVH
U3 ypOBHeH MOXeT NpeACTaB/sATb (paill KaK JpeBOBHIHYIO CTPYKTYpY,
H30JTUPYS TeM CaMbIM AeHCTBUTe/IbHYIO (PH3HUECKYIO CTPYKTYpYy (aiina
OT BceX JPYTHX YpOBHeH.

6. [Ipexnonoxenns, KOTOpble HA KaXJAOM yPOBHE NeJaloTCst OTHOCH-
TeJbHO APYTHX YPOBHEH, AOMKHBI ObITh MHHUMANBHHL [4]. 10 npeanono-
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JKeHHsI MOTYT NPHHHUMATb BHJ COOTHOLUEHHH, KOTOpHe JOJKHBHI COG/IIO-
JaThCA Tepejl BhINOJHeHHeM QYHKIMH, JUG0 OTHOCATCA K MpeicTasie-
HHIO JaHHBIX WIH pakTopoB BHemHel cpensl. Hanpumep, B cucreme cTpa-
XOBaHUSA aBTOMOOHUJIEH 5TO MOXeT O3HauaTh, YTO BCE CBEAEHHA O rocy-
JapCTBEHHBIX 3aKOHAX, KaCalOIMXCA CTPAXOBaHUSA, YNPATAHbI BHYTPH
OJHOTO YPOBHS, a JaHHble O XapaKTePHCTHKax YCTPOHCTB BBOAa (Ha-
npuMep, TepMUHAJIbl THNA AHCIVIEEB WIHM TEJETAHNOB, ONTHYECKOE YU-
tamolee yCTPOHCTBO, TelleKOMMYHUKALMOHHOE - YCTPOHCTBO) — BHYTPHU
Apyroro.

7. CBsi31 MeKly yPOBHSIMU OI'PaHUYEHB! i BHBIMH apr'yMeHTaMH, nepe-
JlaBaeMbIMH C OJHOTO YpOBHSI Ha Apyrofi. Hemonycrumo coBmecTHOe Hc-
[10/1b30BaHHe VIOGAIbHBIX JaHHBIX HecKonbKuMH ypoBHsMH [5]. Bosee
TOTO, KeJaTeJbHO MOJHOCTBIO HCK/IIOUUTh HCIONb30BaHHE TV106aNbHbIX
JaHHBIX (axke BHYTPH ypoBHs) B cucreme [6].

8. Kaxplii ypoBeHb JO/XKEH UMETb BBHICOKYIO IPOYHOCTb M ciaaboe
CLEIVIEHHE B CMEIC/IE, ONpeAeJeHHOM B IVI. 6. DTo 3HAuYHT, YTO BCsAKas
(GYHKIUHSA, BHINOJNHAEMAas ypOBHeM abGCTpaKuuH, AOMKHA ObITb npel-
CTaBUMa €JIHHCTBEHHBLIM BXOJOM. ApryMeHTH, MepechiiaeMble MEXAY
YPOBHSIMH, HOJI2KHbI ObITb OTA€/NbHbIMH 3/IEMEHTAMH JAHHBIX, @ HE CIOXK-
HbIMH CTPYKTYpaMH.

Tloaxon K MPOEKTHPOBAHUIO CHCTEMBI HAa OCHOBE YPOBHEH a6CTpaKL UK
[0 CHX TOp HCTO/Tb30BAa/ICA He OYeHb HpOKo. Hanbosnee u3BecTHH ABa
ciydasi ero NpUMEHEHHs NpH paspaGoTKe HeGONbIIMX ONepanHOHHBIX
cucrem: THE [1, 2] u Benepa [7]. Cucrema THE — HeGonbluasi one-
pauMoOHHaA cHCTeMa, pa3paboTaHHasi KOJJIEKTHBOM H3 LIECTH UYelOBEK
B TexnonmoruueckoM yHuBepcutere JfinaxoseHa.. (lonnangus). Ouxa
ABJISIETCS TMaKeTHOH CHUCTEMOH € MYJbTHNPOrpaMMHMPOBAHUEM H BHp-
TyaJbHOH MaMATHIO (CO CTpaHMYHO# opraHusaiuel). CucremMa BK/IO4YaerT
NATb ypoBHeH ab6CTPAKLUMH, CTPYKTYPa KOTOpbIX G/1M3Ka K H306paKeH-
HO# Ha puc. 5.2. '

YpoBeb 0 comepxut pyHkuuu aucnerdepusanuu LIT v cunxponu-
3alMK OPOLECCOB (3afay). TO eAHHCTBEHHbIl YPOBEHb, OCBEAOM/ICHHBI
O MYJIbTHIIPOTPAMMHBIX aCleKTaX CHCTEMBI, B TOM YHCJIe H O KOJIHYeCTBe
uentpanbHbix npoueccopos (LIIT).

Yposenb | oTBeuaer 3a ynpas/ienye NaMsTbIO, B TOM YHCJIe 32 YIpaB-
Jienue cTpaHuYHbIM GapaGanoM. Hu ofuH Apyroit ypoBeHb He 3HaeT o
CTpaHHYHOM MexaHH3Me. BoJjiee Toro, HH OfMH ypOBeHb AaXke He 3Haer,
YTO 3TO CHCTEMa C BHPTYa/JbHOH NaMATHIO.

YpoBeHb 2 3aHAT oBecreueHHeM CB3H MeXAY GoJiee BLICOKHMH yPOB-
HAMM M KOHCO/TBIO omepaTopa. KpoMe Hero, HUKTO He 3HA€T XapaKrep Hc-
THK ¥ yyhc/aa KoHCo/eH omeparopa.

YpoBeHb 3 oTBeyaer 3a Gy¢epu3alHi0 BXOJHOTO H BBIXOAHOIO MOTO-
KoB. OcTa/bHEIE YPOBHYU HE 3HAIOT 06 5TOM ITPOLIecce HHYETo, B TOM YHC/Ie
H XapakTepuCTUK YCTPOHCTB BBOAA-BHIBOJA M TOr0, KaKHE KOHKPETHO
YCTpoiicTBa HCHO/B3YIOTCA.,
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Ilporpammbl nonb3oBatesiell (MPHKJAJHBIE NPOrPaMMbl) HaXOASTCA
Ha yposne 4.

Cucrema IPOEKTHPOBANACh H TECTHPOBAJIACh METONOM ¢CHH3Y BBEPX»
(BOCXOASIIIIMM METOROM), HauMHas ¢ ypoBHA 0. YpoBHU a6CTPaKUUH MH-
HMMHM3UPOBAJH YHCJAO BHYTPEHHHX COCTOSIHHH CHCTeMBbI, Giaroaps ye-
MY O0Ka3ajoch BO3MOXHBIM He(OpMaJbHO NPOBEPHTb NPaBH/ILHOCTH
KaXJIoT0 YPOBH# I0C/Ie eT0 NPOEKTHPOBAHHSA M MPOBECTH «HCUEPIIBIBAIO-
mee TeCTHPOBAHHE» OKOHYATENBHOTO pe3ydbTara. STO MO3BOJHJIO OC-
HOBHOMY pa3paboTuuky cucTembl (. [IefiKcTpe) chenaTb PeAKOCTHOE
3asiBlieHue: «B pesy/brare rapaHTHpYercs, YTO CHCTEMa He CONEPMKHT
omu6ok» [1]. :

BcsikMi, KTO HCHIBITaN TparefHio BHeCEHMsl CYLIECTBEHHBIX H3MeHe-
HHUI B ONepalHOHHYIO CHCTeMYy (TakHX, Kak npeoOpa3oBaHHE CHCTEMHI
B MYJbTHIPOTPAMMHYIO H/WIH B CHCTEMY C BHPTYalbHOH NaMSThIO),
YBHAHUT B TaKOH OPraHH3aniy MHOTO ZOCTOMHCTB. [lesio He TONbKO B TOM,
4TO MOAM(HKAUNH OTPAHUYMBAIOTCS H3OJMPOBAHHEIMHU UACTAMM CHCTE-
Mbl; YPOBHH a6CTpaKLUHK YETKO YKa3bIBAlOT, KaKHe YacTH MOAJIEXKAaT H3-
MeHEeHHIO.

XoTst B TOM, YTO Kacaercsi HaJeXKHOCTH, JOCTHTHYTHI BBIAAIOLIMECS
pe3yJ/bTarHl, He clenyer 3abuiBaTh, uro cucremMa THE aBnsercsa Bo MHO-
IUX OTHOIIEHHAX OYeHb NPHUMHTHBHOH onepauHoHHOHA cucremoii. Ha-
npuMep, OHa He MMeeT BTOPHYHOH NaMATH, KpOMe CTpPaHHYHOro GapaGa-
Ha, noaToMy npobiema ynpasieHus (aHniaMH He BO3HHKaeT.

BTOpEIM IPOEKTOM, HCIIOJIB3YIOUL UM HJiel0 YPoBHeH a6GeTpakiuu, Oblla
onepauuoHHas cucremMa Benepa [7]. Aro 6bu1 Gomee KpynHBLA MPOEKT,
uyeM THE, nockonbKy OH BK/IIOYaJ TakxKe pa3paGorky annaparypsl. Tak,
HUXKHHe ypoBHH abcrpakuuu (aucneryepusauus LT u ynpasnenue Bup-
TyaJbHOH NaMATbIO) peanu30BaHbl MHKPOIPOrPaMMHO.

Eie onHuM AOCTOMHCTBOM HAEH YpPOBHeH abCTpaKIHH SABISIETCS
MOBUAbHOCMD: JIETKOCTb MOAM(HKALNH NPHK/IALHON CHCTEMbl AJs pa-
6OTHI Ha ApYro# BEIYHCIUTENbHOMH cucTeMe. [TockonbKy Bce conpsikeHus
¢ 6a30BOH BHIYMCJHNTENbHOH cHCTeMOH HaXoAsaTcs Ha ypoBHe 0, a Bce
CONpPSKEHHS CO CPeACTBAMH YNpaBJE€HHS JaHHHIMH H30JHPOBaHBI Ha
JPYroM ypOBHE, HpHUK/IajHasi MporpaMMa Moxer ObiThb mpHCTnocoGreHa
s paGoTH B APYrofl omepallMOHHOH CHCTeMe WIH C ApYro# cucremoit
ynpaB/eHUs1 JaHHEIMH 3aMeHOH TObKO OJHOTO YPOBHS.

Xors noaxol Ha OCHOBe ypOBHe#i a6CTPaKIHH OCTAeTCs IOKa A0BOJb-
HO TYMaHHEIM, 5TH WJeH KaXKyTCsl MOJIe3HBIMH NIpH ONpeleeHuH obLuiei
CTPYKTYPHI OO/BLIMX CHCTEM (KaK ONepPalMOHHBIX CHUCTeM, TaK H HpH-
KJIaaHbiX). XOTS [0 HAcTOSIEro BPEMEHH 3TOT NMOAXOJ, HCIONTb30BANICS
OpH BocXoisflel paspaGoTke (HHKHHE YPOBHHM NPOEKTHPYIOTCS PaHb-
Ile BePXHHX), 3Ta HAes MOXeT GBITb HCNOJb30BaHA W NMPH HHCXOAsmEH
paspa6botke. I/l TeX HEMHOT'HX NPOEKTHPOBIINKOB, KOTOPHIE 3aHHMAIOT-
CA TOJNHOH BBLIYNCJIUTENbHOM CHCTEMOH — U NPOrpaMMHBIM obecneue-
HYHeM, M annapaTypoi;— HHCXOAsHIas pa3paboTKa OKasbiBaercs Cy-
IECTBEHHO GoJiee BLIFOAHOMH; OHAa MO3BOJIAET OTIOXKHTE PelieHHe O TOM,
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c/IellyeT JIH PeajH30BaTh JAHHYIO QYHKUHIO annapaTHLMH HIH NPOrpam-
MHBIMH CPEICTBAaMH, [0 3aK/IIOUHTENbHBEIX ATANOB HKJIA MPOEKTHPOBA-
HHA, KOTa MOXHO GYAET HCCJENOBAaTh COOTHOLIEHHE 3aTpaT M Mpous-
BOJMTEIBHOCTH.

MOACHCTEMBI, YIMPABJISAEMbBIE METOJOM MOPTOB

Bropoit MeToZ NpOEKTHPOBAHUS CHCTEM OCHOBAH HA HJee MOACHCTe-
Mbl, Ynpasasemoil nopmos, unu ouepedoio [8—10]. B ornume ot Metona
ypoBHe# aGCTpakuuH, Iie BHUMAHHE YJe/sieTcs B NepByIo ouepelsb npa-
BHJILHOMY pacrpefiefieHnio (yHKUH MeXRY YPOBHAMH HEpapXuH B
cucTeMe, 3/leCb OCHOBHOE BHHMaHHe 0OpallleHO Ha MeTOAbl CBA3H MeXIY
T10JICHCTEMAMH, KOMIIOHEHTAMH HJTH IIPOrpaMMaMH.

Mexanusmbl, o6ecrieynBaiomIde B3aUMOCBSI3b MEX1y YacTSIMH CHCTe-
Mbl, MOXKHO Pa30HTb Ha TPH rpynnsl. MeXaHH3Mbl NepBOH IPyNMkI, Ta-
kue, Kak npegioxkenve GO TO, npepriBanue, «oOpaulenue K CynepBH-
30py», NepPeNaloT ynpasJeHHe (IOTOK BHINONHEHHS) OT ORHOH 4acTH ApYy-
rof, He mepenaBasi IBHO HHKAKHUX JaHHBIX. MeXaHU3MBbl THNa BLI30OBa
npoLeRypbl HIH NOANIPOrpaMMBI OTHOCATCS KO BTOPOH I'pyINe; OHH Nepe-
JAI0T OT OHOM YaCTH CHUCTeMH! APYrofi U ynpasneHue, u JaHHue. K Tpe-
The#l Tpynne OTHOCATCS MeXaHH3Mbl [OPTOB — 3TO METOABI Nepejauu
IaHHBIX 0e3 mepelayH ynpaBJeHHS.

[Ipu ucHoNb30BaHHH MeXaHH3Ma MOPTOB CHCTEMa NEJNUTCS Ha He-
CKO/IbKO MOJCHCTeM, Kax[asi M3 KOTOPhIX HMEET OJMH HIH HECKOJbKO
BXOJIHBIX TIOPTOB (OHY MJIUM HECKOJNBKO BXOIHBIX ouepeneit). [Topt — ato
NPOCTO TEKYLIHH COIHCOK BXOJHBIX COOOLIEHHH (CITHCKOB NapaMeTpoB) A1 A
noicucrembl. Kaxaasi nojcucrema pacCMaTpHBaeTcsi KaK aCHHXPOHHBIM
npouece, T. €. Bce NOACHCTEMBI paboTaioT mapaJienbHo. Eciu onHa us
HHX XO4YeT NnepeiaTb HEKOTOpble NaHHbIE APYroH, OHA MOCHITAET UX BO
BXOJIHOH MOpT 5TOH Apyro#l nojacucremel. Eciau nojacucrema rortoea o6-
pabarbiBaTh KaKHe-TO JaHHBIE, OHA YHTAeT UX M3 OJHOTO U3 CBOMX BXOJ-
HbIX nOpToB. Mcmonb3yeMsle /151 Tako# CBSA3U JIBE ONEpaliy Ha3bIBAIOTCS
[TOCJIATD u I[TOJIYUUTD.

MexaHH3M NOPTOB YBeJHUYHBAET HE3aBHCHMOCTb TMOJACHCTEM, B 3HAYH-
TeJibHOH CTenmeHU OCBOGOXKIAsi MX OT BpeMeHHOH 3aBHCHMOCTH APYT OT
Ipyra. Bosnee Toro, mojpcucTeMbl He AOVIXKHBI Jaxe 3HaTb O B3aHMHOM
pacnononceruu. TOTbKO MEXaHU3M TIOCBLITKH/TIONYUYEHHs (T10YTA) JOJKEH
3HaTh pacnoyoKeHHe Kaxaoi MoACHCTeMb! (HanpuMep, B TOH XKe BHpTYa-
JIbHOW NaMATH WIH B APYroil BUPTYalbHOH NaMsATH, B APYTofl BEIYUCTH-
Te/IbHOH cHcTeMe). MeXaHH3M NMOPTOB HMEET TaKiKe HEKOTOpLIE NpeHMy-
llecTBa npH TeCTHPOBaHHH, OTJAJKe W NPOBepKe, KOTOphie OYAYyT pac-
CMarpuBaThCs MO3KeE.

Ha puc. 5.3 usobpamena noacuctema (6yieM HasbBaTb ee rnpoyec-
COM, 4TOGBI OTIHYATH OT HE HCMOJb3YIOUUX MEXaHH3M MOPTOB MOACHCe
Tem). Takoil nMpomecc MMeeT OAMH HAH HECKONIBKO Nepeutnblx 8X00H6Y
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nopmos, mo ORHOMY W KaxHOH ¢yHKuMMN npouecca. [Ipomecc Moxer
BEHIOJTHATbL ONEPaTopbl WM KOMaHIBl THIA

IMMOJIYUYHUTD TIOPT1 (A, B, C)
no koropo#t s Bxonxoro nopra [TOPT1 BeiGupaercs ouepenHoe coobuie-
HMe H BblIeJIeHHble M3 Hero apryMeHThl IPUCBANBAIOTCS Mapamerpam A,
B u C. TNpouecc moxker mocsaTh JaHHBIE JPYTHM IpOLieccaM B pe3yJ/ibTaTe
BBITIOJIHEHHST onepaTopa .

[NOCJIATb YIIPIAHHBIMHU (X, A)

‘1o Kotopomy M3 aprymentoB X H A ¢opmupyercs cooblleHHe, mepeckl-
Jaemoe B HeKoTopuili mopt mo umedn YTIPJAHHBIMH.

.Y npouecca MoxeT GLITh H APYToH HabOp BXOIHEBIX IIOPTOB, Ha3biBae-
MBIX GMOPUHHbIMU GXOOHbBIMU nOpmami. STH NOPTHl HCHONb3YIOTCA LIS
CBSI3H C MOAYMHEHHBIMH npoueccamH. Eciau mpoueccy Ansi BhIIOJHEHUS
ero ¢yHKIuM HeoGXOAUMO OCYUIECTBHTb YTeHHe M3 0asbl HAaHHBIX, OH
MOXKET MocJaTh coollleHue ynpapjeHHio 6a30ii JaHHBIX H 3aT€M OXU-
JlaTh MOJyYeHUsl pe3ysbTaTa yepe3 BTOPHUHBIH mopT. BxopHoe coobuie-
Hue yrnpaB/ieHHIO 6a30f JaHHBIX OOBIYHO JOJIXKHO COJAEpKaTb apryMeHT,
YKa3bIBAIOIUA MMs 3TOr0 BTOPHYHOrO NOpTa.

IMpouecc Ha puc. 5.3 — yacTb npamoti Konpueypayuu. Kaxasii ta-
KOl mpolecc OCYIIEeCTBASET CBA3b MOCBLIKOH COOOLICHHS NMPAMO BO
BxoxHOH nopt apyroro mpouecca. Ha puc. 5.4 usobpaxen mpotecc,
ABJSIONMIACS YacTolo Henpamol kowgueypayuu. TIpolieccs 3TOro THma
HMEIOT BHIXOAHBIE MOPTHL. BMecTo TOro yToObl MOCHLIATL COOOLIEHHE BO
BXOJHbIE MOPTH APYTHX NMPOLECCOB, OHH IOCHIIAIOT HX B CBOH BbIXOJHEIE
nopthl. BHIXOXHOH NOpPT CBf3HIBAE€TCS CO BXOAHBLIMH MOPTaMH APYrHX
NpOLECCOB MOCPEACTBOM CIIENMaNbHBIX YKa3aHMH, Halmpumep Ha si3blKe
ynpasneHusi 3afiaHusiMu. TUIHYHBIM TPHMEPOM TAKOTO ONIEPATOPA MOXKET
ObITh:

CBSISATb BLIXIIOPT2 IMPOLIECCA ABC C BXIIOPTI

[MPOLIECCA XYZ :
Bcesikuit pas, korza npouecc ABC nochinaer cooGleH e B CBOH BLIXOAHOH
noptr BbIXTIOPT2, mexaHusM TNOCHUIKH/NIONYYeHHs] HANPaBHT €ro BO
‘BXTIIOPT! npouecca XYZ. Takum 00pasoM, BHIXOIHBIE MOPThI (HH3H-
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Puc. 5.5. CTpyKkTypa CHCTEMBI, HCNOJB3YIOUIefl MOPTHL.

¥eCKH He CYLIeCTBYIOT, 3TO a6CTPAKTHBIE HAUMEHOBAHHA AJsi BXOLHBIX
[OpTOB APYTHX MPOLECCOB.

Ha puc. 5.5 uzobpaxena cxema HMHGOPMAIHOHHO-TIOHCKOBO!H CHCTe-
MBI, HCHOMb3YyIOWeH NpsAMyIo KoHburypauuo. YnpapsieHue TepMHHana-
MU — 3TO HenpepbIBHO BBLINOJHSEMbIH IIpoleCC (TOYHO TAK Ke, KaK H
Yerripe Apyrux npouecca). OH ompaiBaeT TePMHHABI CHCTEME], U BCS-
KHH pa3, Koria ¢ TepMHHa/la NoJyyeHa KOMaHJa, OH MOCHLIAeT MOACHC-
TeMe MHTeprpeTaluy KOMAHJ COOOLIeHHe, COCTosAllee U3 ABYX apryMeH-
TOB: KOMaH/(bl C TEPMHHAJIA U HAEHTH(UKATOPA STOr0 TepMHHANA. YIIpaB-
JIEHHe TePMHHATIAMHU BBINMOMHSAET TaKXKe U APYrylo GyHKIMIO: Bbady Ha
TEPMHHABl BLIXOAHBIX CTPOK; AJMA STOH LENIH Y TePMHHAJIOB MMEIOTCH
BXOJIHbIE TTOPTHI.

IMoxcucrema uHTepnperanMd KOMaHA MOCTOSIHHO o6pauwiaercs 3a
A3HHBIMH K CBOeMY eIMHCTBeHHOMY nepBuyHoMmy noprty. Ilonyuus
KOMaHjly ¢ TepMHHa/Ma, OHA HCHOJb3YeT ABe NOAYHHEHHBIE OACHCTEMBI,
STOGLL MOATOTOBUTDH KJI0Y J/Isi IOUCKA M OCYLIECTBHTD NOUCK B 6ase XaH-
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HbIX. Koraa nomck sakonueH, OHa MOCBUIAET €ro pe3y/bTaT BMeCTe ¢
HAEHTH(DHKATOPOM TepMHHANa NMOJICHCTEME PEAAKTHPOBAHHS H BbIIAUH,
Ecnu nopgcucrema uHTepnpeTandd KoMaHi oOHapyKHBaeT OIIMOKY (Ha-
npuMep, HeMpaBHIbHYIO KOMaHAy), OHa MOChIaeT cooblieHne 06 OuInG-
Ke (4 naeHTH(HKATOP TepPMHHAJa) BO BXOJHOH NOPT yNpaBIEHHS Tep-
MHHA/aMH H 3aTeM I0Jy4aeT HOBoe COOOIIEHUe U3 CBOETO BXOJHOTO Hop-
Ta. [leficTBHA OCTa/NbHBIX MPOLECCOB OuYeBHAHBI. OTMETHM, YTO yrpaBie-
Hye 0a3oil JaHHbIX HMeeT elle OJMH MEePBHYHBIH BXOAHOH MOPT AIsi
sanucH uH(opmauuy B 6a3y JaHHBIX, HO B STOH CHCTeMe OH HE HCIO/b-
syercs.

Mexanu3M NOCHLUIKH/NONYYEHHS

MexaHH3M NMOCBLIIKH/TIONYYEHHSI — 3TO OTAEIbHAs MOACHCTEMA, Bbi-
3biBaeMasi BCAKHH pas, Korja cucrema BuinoaHsier onepauuu [IOCJ/IATb
unu [IOJTYHUHTD. Ipu co3ranuyu MeXaHH3Ma MOCBHIIKH/TIONyYeHHST OV~
JKHBI ObiTh OOecrnieyeHn! ciiefyiouiye ero GpyHKUUH.

1. ®ynkuua [TOCJIATh, onucaHHas Bblie.

2. ®yukuua [NOJIYUHUTD, koropas npuocTaHaB/iHMBaeT mpollecc,
JaBUIMA 3Ty KOMaHAY, €CJIH HeT HUKAKUX CooOileHHH. BoimonHeHue
NIPHOCTAHOBJIEHHOTO Mpollecca BO30OHOB/AETCSA, KOTAa B OAHH U3 ero
BXOJHBIX NOPTOB MOCTYIAeT COOGLIEHHE.

3. @ynxkuusa I[TOJTYUUTH-ECJ/IM-ECTb, nossoasiomas nporeccy
NPOJIONIKATb BBINONHEHHe, €C/TH COOOIEeHHH HeT.

4. ®dyuguun CO3JATH-TIOPT n YHUUTO)XUTL-IIOPT, nosso-
JISIIOIIHe MOJACHCTEMaM CO3[aBaTb H YHHYTOXATb NMOPTHI AHHAMHYECKH.

5. @ynkuuu CBA3ATDb u PASBEINHUTD, uTo6hl COOOUIHTE Me-
XaHH3MY NOCBUIKH/MONY4YeHHs, MeXAy KaKHMH MOJCHCTEMaMH yCTaHOB-
JieHa CBA3b.

6. Pacnonoxkenue J11060# MOICHCTEMEI JOMKHO ObITb «CKPBHITO» OT
BCeX JPYTHX MOJCHCTEM C IOMOLIBIO CPEACTB CBSI3H MEKAY BHAAMHU NaMsi-
TH H MEXIY LEHTPaJbHBIMH TpoleCCOpaMH (HampHMEp, COBMECTHO HCe
noJjb3yemble (aiiyibl, afanTepbl KaHal-KaHal, TeJeKOMMYHHKAUHOHHBIE
JIUHUH). ’

7. BO3MOXHOCTb NpEeACTaBIATH NOPTHI KAK ouyepelH (NepBbIM NpH-
illesT — TepPBLIM YILea), CTeKH (MOCJAeIHHM NPHIe] — NepBbIM YIles) HIH
HEKOTOpble IpYTHe CTPYKTYpHl NaHHBIX (HampuMep, CIHCOK, YNOpsao-
YeHHBIH MO NPHOpUTETaM).

8. KoHTponb conpsixeHHil (IpoBepKH COOTBETCTBHS MEXAY apryMeH-
TaMH U MapaMeTpaMH) WIH npeoOpa3oBaHHe JaHHBIX MeXIY apryyMeHTa-
MH «OCHIIaeMbIX» H TapaMeTPaMH «I0Jy4aeMblX» COOOLIEHHH.

9. CoxpaHeHue TeKYIETo COCTOSIHUS BCEX NOPTOB Ha JHCKe, MO3BO-
JISIollee MPOAO/IKATh C KOHTPOJBHOH TOUKH B C1Yy4ae BO3HHKHOBEHHS
OLIHGOK.

10. Perucrpauus Bcex COOGUIEHHH (A1 JHATHOCTHKH OILIMGOK).
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11. Bo3MOXHOCTb 1O TPeGOBaHHIO KOHTPOIHPOBATh BCE COOGLIEHUS
ONpeNeNIeHHOTO XapaKTepa (L1l AMarHOCTHKH OIIHGOK). T

Kaxpnas mnoacucteMa Ro/xHa ObITb OTAEIbHON 3ajauedl, 4To IO-
3BOJIMT BHINIOJIHATh HX MapasjieJIbHO B MYJIbTHIIPOLPAMMHOR WJH MYJIBTH-
NpOLECCOPHO CHETEME, XOTSl 3TO He SB/IATCS MPUHUMIHATBHBIM LIS
paccMaTpHUBaeMoOl HJeH.

[TpocTefiuuii cnoco6 pean3ald MEXaHH3Ma MOCHUIKH/ MO yYeHUsi—
BOCNO/Ib30BATBCA, €CJIH 3TO BO3MOXHO, COOTBETCTBYIOIUM MeXaHH3MOM
6230BO# BBIYHCIHTENbHON cucTeMbl. Ecin Heo6X0nMMO MOCTPOHTD CBOM
cOGCTBEHHBIN MeXaHH3M, To B paGore Knorra [11] moxHo makitu npu-
Mepbl conmpsixkeHuH, a B kuure Knyra [12] — coorBercTBylomue anro-
PHTMBL.

JlononHuTeNbHbIe COOGpAKEHMUS

MexaHHU3M TNOCBUIKH/TIONYYEHHSI CaM YJOBJETBOPSET ONpeleeHHIO
'ypoBHA alCTpaKIKH, NOCKOJbKY OH obecneyuBaeT aGCTPAKIHMIO (MOHS-
THe mopTa), o6nafaeT pecypcamH ((pusHyecKHe MOPTH) M CKPHIBAeT OT
OCTaNbHOH YacTH cHcTeMbl MH(pOpMAUUIO (PU3HUECKHE XAPAKTepHCTUKH
nopToB N (DM3HUYECKoe pacrojoxeHHe Bcex mnoxcucreM). [loatomy,
€CTEeCTBEHHO, 3TH J[Be KOHLENIMH MOXKHO HUCIOJb30BaTh BMECTe, ompeje-
Jf8 KaXAylo NMOACHCTeMY, YNpaB/lsieMyl0 MeTOAOM NOPTOB, KaK ypo-
BeHb a6¢rpakuun. Ha puc. 5.6 nsobpaxena obiias CTpyKTypa CHCTEMbt
peaibHOrO BpeMeHH, B KOTOPOH nmpuMeHeHbl o6e Konuentuu [13].

[NonsTHe MoOpTa MOXKET HCNONb30BATbCA TaKXKe AJf MpeICTaBjieHHs
3aNOMHMHAIOIIMX YCTPOHCTB noacuctembl. Kaxzasi noiacHcTema MoxxeT
HMeTb OJIMH WM HECKOJbKO «IHYHBIX IIOPTOB», TO €CThb NMOPTOB, B KOTO-
pble OHa TOCHLIAeT U U3 KOTOPBHIX OHA € 3aTeM NOJy4aeT COOGLIeHHS,

TNonsTHe mMOpTa UMeeT MHOrO IOCTOMHCTB NMPH TECTHPOBaHHH U OT-
Jlajike, OCKOJNBKY OJiaronapsi el B UEHTpe BCeX B3aUMOJAEHCTBHMHA noi-
CHCTeM OKa3bIBaeTCsl OCHOBHOM MeXaHU3M CBSI3H. B Jono/HeHye K ynoms-
HYTBHIM Bbillle (DYHKIIHAIM KOHTPOJIS H TPACCHPOBKH MEXaHH3M NOCHUIKH/
nojydeHust Mor Obl NOCHLIaTh HAa TEPMUHAJN KOMHIO BCEX COOGLIEHHH,
YTO NMO3BOHJO Obl NIPH OTJafKe HAOMOAATh 3a paGoroi cucremsl. Bia-
Tofiapst TOMy 4YTO IOPTbl MOXHO CBSI3bIBaTb C YCTPOHCTBAMH BBOAA-BbI-
BOIA, TakWUMH, KaK TEPMHHA/BI, MMEETC BO3MOXHOCTb HMHTHPOBAThb
noxcucremsl. [Tycth yxe peannsoBasa usobpaxeHHasi Ha puc. 5.5 cc-
TeMa, 3a HCKJIOUeHHeM ynpaBieHHs 6a30i naHHBIX. CHCTEMY MOXHO Te-
CTHpOBaTh U 6e3 ynpabieHusi 6a30i JaHHBIX, eCTH OHa OyleT meuaTarb
Ha Tepmunane komanay [TOJTYUUTD Bcakuit pas, korna Hy:Ho noay-
YHTb CoobieHN e, IOMellleHHOe BO BXOJHOH NMOPT ynpasieHHs 6a3o0ii AaH-
HpIX. Torza MOXXHO MMHTHPOBaTh ynpap/ieHHe 6a3ofl XaHHBIX, MOAOHPas
BPYUHYIO A1 Ka)XIOTO 3ampoca MOAXOAAIIMH pe3y/abraT W nepenaBas
€ro ¢ TepMuHa/la B COOTBETCTBYIOUHH BTOPHYHBIR BXOAHOH MOPT MOA-
CHCTeMbl HHTeprperTauuu KoManj ¢ nomoibio koMauael ITOCJIATD.
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-afpadomna cioes annapamyps

MHOIHCECTIED BUPITIYANBHEIX MALUR
~Ynpasnenue SUpmyansiod namamsto Ypoeens 2

MHOHCECIB0 BUPITYRNSHEIX IPOLECCOPOS
- pacnpedenenie npoyeccopos Yposens |
-QUCemYepUIaLUR NIPOYECcos

basosas mawura Sposers 0

Puc. 5.6. CucTema peasibHOrO BpeMeHH, HCNOJB3YIOMAsA YPOBHH aOCTPaKIHK H MOPTH,

K coxalneHHIO, HBIHeIIHee COCTOsIHME OGOHMX MOAXOAOB — METOXA
ypoBHe#i aGCTPAaKIMH M METOJA NMOPTOB — TaKOBO, YTO 002 OHH OMHChHI-
BAIOT KeJlaeMble CBOMCTBA CUCTEMEI, HO He CaM MPOIIECC ee IPOeKTHPOBa-
Hus. HecomHeHHO, B GYAylIeM 3TO MOJOXKeHHE yaydiuurca. Tem He me-
Hee 006a MOAXOXA YKe CErofHs MOJe3Hbl TeM, 4TO AT paspaboTyvKy
HEKOTOpble PYKOBOASIIME NpPHHUMIbLI NPOSKTHPOBAHHA NPOrpaMMHEIX
cHCTeM.
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NOCJELOBATEJIbHBIE MPOrPAMMbBI

3uHauuTe/NbHBIA NPOLEHT pa3pabaThiBaeMLIX CErOHS CHCTEM NO-IIPex-
HeMy. COCTAaB/IAIT TPAAMUHOHHBIE MAaKeTHble CHCTEMbI, KOTOpble MOTYT
GLITh pa3OUTHI HA PsAJl OC/IEA0BaTe/IbHBIX NIPOrPaMM, OOLIAIMIUXCA MEX-
Ay coboit yepe3 Qailbi BO BropHuHO# namsTH. Hanpumep, cucrema A
Ha4YHC/IEHUS CTPAaXOBBIX NIPEeMHI MOXET COCTOSITb U3 NPOTpaMMbl pelaK-
THPOBAaHUS M COOpa BXOAHBIX JAHHBIX 32 HelesI0, 3a KOTOpO# Cielyer
nporpamMma COPTHPOBKH, 3aTeM Mporpamma oGHOBJIEHHs IMaBHOTO daii-
Jia M HaKOHel| IporpamMma reHepanuy OT4eToB.

Xors NPoeKTHPOBaHHE TAKOrO PO/ CHCTEM BEINOJIHACTCA ye B Te-
yeHHe MO KpaliHell Mepe mocnefHuX 25 Jer, He BbIpaGOTAHO HUKAKOMN
METOLOMOTUH, KpOMe He 0COGEHHO M0/Ie3HOI'0 COBETa «HapHCOBATh GJIOK-
CXeMy CHCTeMBl ¥ 3aTeM pasGuTb ee Ha NporpamMbly. MOXHO, OfHAKO,

NpHMEHHTh HEKOTOpble HIeH MOAX0/Ja, OCHOBAHHOI'O Ha MOHATHH YPOBHSA
a6CTpaKIMK, H KOMIIO3UUHOHHOTO TpoekTHpoBaHus [6]. Kaxpmas mnpo-
rpamMma He JIOJI)KHA HUYero 3HaTh O MPOrpaMMax, BBHIMONHABIUMXCS PaHb-
e ee. JIOMKHBI GbITh CBELEHBl K MHHHMYMY NPEANONOXKEHHS O CBOACT-
Bax Jpyrux mporpamm. Kax/Jas nporpamMma JOJKHA CKPBIBATb OT APY-
rMX TNPOTpPaMM HEKOTOpbie CHCTeMHble pecypchl. Kaxkmas nporpamma
nonxkHa 001afaTh GYHKIHOHATBHOA MPOYHOCTHIO H MHHUMATBHOH CTe-
TeHbIO CLEIVIEHHs ¢ JpyruMu nmporpammamy (ri1. 6).

JOKYMEHTALIUA

PesysnbraToM nmpotiecca pa3paboTKH apXUTEKTYPHI CHCTEMBI SIBJISIETCS
AOKYMEHTAlusi, ONMHCHIBAIOIasi pa3bueHHe TIPOTPAMMHOH CHCTEeMbl Ha
OCHOBHBIE YaCTH (KOMIOHEHTbI, MOACHCTEMbI, IPOTPaMMBbl, IPOLECCHl WK
ypoBHH a6cTpakuuu). JIOKyMeHTalus HOMXKHA ONMUCHIBATH (PYHKIHIO
KaX/OH KOMITIOHEHTbI, TOYHbIE CONMPSIKEHHSI MeXAy KOMIOHEHTaMH H
CTPYKTYpY cucTeMbl. Heo6XoauMo OTpasuTh BCe NMepeuncIeHHbIE HMXe
aCMeKTHl CTPYKTYPhI CHCTEMBI.

1. Mepapxus nepemau ympap/leHHsi ¢ BO3BPaTOM (T. e. «CTPYKTypa
BBI30BOB» KOMITOHEHT).

2. CTpyKTypa NOTOKOB JaHHLIX B CHCTEMe.

3. I/Iepapxnﬂ 3anay (mapaJsiesbHbIX MPOLECCOB), T. €. CTPYKTYpa OT-
HOLIEHHH «MaTh/J0Yb/CeCTpa» MeXIy 3aladaMH.

4. CrpykTypa maMaTH B CHCTeMe. DTO Kacaercsl TOJNbKO CJy4aes,
KOrJla KOMIOHEHTHl HAXOAATCS He B OLHOH ajpecyeMoll namaTH (Hanpu-
Mep, He B OZHOH BUPTYa/NbHOH NMAMSATH WJIH He B OJHOM pasjieie MaMATH).

5. OtoGpaxenne CTPYKTYphI NPOrpaMMHOro obecrieyeHuss Ha KOHQH-
Typaumio anmaparypsl (Hanpyumep, KaKue KOMIOHEHTH! BllajJieoT AaHHbi~
MH ycTpoiicTBaMH BBOJA-BbIBOJA WJIH OGLIAIOTCA C HHMH).

Hekoropbie KOHKpeTHble HIEH OTHOCHTENBHO OMHMCaHUs q)yHKum"d,
Conpsienns M CTPYKTYPhl MOXKHO HaiTH B I, 6 u 8.
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NIPOBEPKA NMPABMJILHOCTH

[TockonbKy npeAcTaBIEHHsI O mpouecce pa3paGoOTKH apXUTEKTYDh:
fI0Ka ele JOBOJBHO PACIIBIBYATHI, 3TO e BO MHOTOM OTHOCHTCH H K
npoBepke ero NPaBHIbHOCTH. MOXHO yKasarh JIHIb ABa AOCTHXKEHHA B
STOM HarPpaBleHUH — METOJ «n ILTIOC-MHHYC OZHMH» H METOJ CKBO3HOIO
KOHTPOJSL.

Henb METOMA «7 MJIIOC-MHHYC ORUHY» 31eCh — OGHapYKHUThb BCE OLIHG-
KH nepeBoja, CAeNaHHble IpY pa3paboTKe apXHUTEKTYPbl CHCTEMbI, U MH-
HMMU3HPOBaTh BO3MOXKHBIE OIIMOKH B OyAYLIEM, KOrfa apXHTeKTypa
OyleT CAYXUTb HMCXONHbIMM HAHHHIMH JJISi HOCHEAYIOUUX [POLECCOB
npoekrupoBanua. M3 puc. 3.2 cnenyer, 4To KpUTHYECKHH aHANIHM3 ap-
XUTEKTYPBI JOJI2KHBI BHINOMHATD Pa3pabOTUYHKH UCXOAHBIX BHEILHUX Clie-
uupHKanui M npeanosaraeMple pa3paboTuuKH CTPYKTYPhl KAXKAOH KOM-
nioHeHTH. [IpoekTHpOBIIMK YpOBHS n—1 HIIET TNpUMepHl HENOJHOro
WIH HeTOYHOT'O NepeBOjia BHEIUHEro NpoekTa. [IpoeKTHPOBIIMK YPOBHA
n~+1 nposepsieT, NMOHATHA JIM aPXUTEKTypa CHCTeMBbl H paGoTOCocOGHa
Jin ona. [TockonbKy apxuTekTypa dacto paspabaTbiBaercs mapaJefb-
HO C JIeTaJbHbIM BHEIIHHM IIPOEKTOM, BAaXKHO TaKxkKe COMOCTaBHTb pe-
3yJAbTaThl 000UX MPOLECCOB, YTOOB BBLIABUTH OLIHOKH.

ITpouecc CKBO3HOTO KOHTPOJIS, aHAJOIHYHBI TOMY, 4YTO ONMMCaH B
I, 4 JJa BHEUIHErOo NMPOeKTa, TAaKkKe MOKeT OKas3aTbCs BecbMa adxpek-
THBHBIM. CHaya/la HY>XHO pa3paboTarb TeCThl, 3aTeM MBICIEHHO NpocJie-
JHTb 32 HX BBINOJIHEHHEM, CTPEMACh HAHTH He MOMHOCTBIO Olipe/ie/ieHHbIe
KM HecOIVIaCOBaHHbIE CONPSKEHHs, OTCYTCTBYIOIHE WM HeJoompeje-
JeHHble QYHKI MK, BaxKHO BKJIIOYMTD N0 KpaiiHell Mepe OfMH TeCT Hayana
paboTHI CHCTeMBI, ellie IO KpalHHe#l Mepe OMH TeCT AJis 3aBEpILeHHs, He-
CKOMTbKO TECTOB J/151 XapaKTePHBIX TUIIOB BXOJHBIX COOOLIEHHH 1 HECKOJIb-
KO TeCTOB HeNpaBH/IbHBIX BXOAHBIX AAHHbIX M HEOOBIYHBIX COCTOSIHUH
CHCTEeMEI.
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INpoekTnpoBaHue
CTPYKTYpPbl NPOrpammsl

Ciieayom Ui npoLecc NPOeKTHPOBAHKS MPOrPaMMHOT0 obecnieyeH s —
NPOEKTHPOBAHHE CTPYKTYpHl mporpammel. OH BKJ/IIOYaeT omnpefeleHue
BCEX MOAYJeil MpOrpamMMbl, UX HEPapXHU M CONPSIKEHHH MEXIY HHUMH.
Eciu paspaGarbiBaercsi OTAeNbHAsi MPOrpamMma, MCXOAHBIMH AaHHBIMU
JJisi 3TOro mpouecca OYAYyT JeTalbHble BHElIHHE CleUH(PUKALUH, ecau
JKe CHCTeMa — JeTasbHble BHELIHHe CileludHKaLUU H apXHUTeKTypa CHc-
TeMbl. B 3TOM noc/ienHeM ciyyae paccMaTpUBaeMblif IPOLECC COCTOHT
B NIPOEKTHPOBAHHH CTPYKTYPHl BCEX KOMIOHEHT WIH NOACHUCTEM IOJ-
HON CHCTeMBI.

TpazuuuoHHbIH METOA 60PbGLI CO C/IOKHOCTDIO — NP HHLUI «pa3fiesiit
# BJIacTBYfi», 4aCTO Ha3blBaeMblil «Moiy/nsipusauMedt». Ha npakruxe,
OIIHAKO, 5TOT MOAXOJ YacTO He MPUBOAUT K OXKHJAEMOMY YMEHbLICHHIO
cnoxdoctd. JluckoB [1] ykasama Tpu npuuuHbl mogoGHOM Heynauwu:

1. Monyny BBHINONHSAIOT C/IMIIKOM MHOTO CBSI3aHHBIX, HO Pa3/IHYHbLIX
¢yHKUHUA — 3TO JejiaeT HX JOTMKY 3amyTaHHOH.

2. TIpu npoeKTHPOBAHMH OCTANHUCh HEBLIABIEHHLIMU O0mINe PyHKIHH,
BCJIECTBUE Yero OHM PacCpefoTOYeHbl (M [O-pa3HOMY peasH30BaHbI)
B Pa3HbIX MOAYJSX. , :

3. Moaynu B3auMOJEHCTBYIOT NOCPEICTBOM COBMECTHO HCIOJb3ye-
MBIX WIH OGUIMX JAHHBIX CaMbIM HEOXXHIAHHbIM 00pa3oM.

Merononorust NPOEKTHPOBAHHS, HA3bIBAEMas KOMNOSUYUOHHbIM Npo-
exmuposanuem [2],— 3TO NPUHIKMN TNPOEKTUPOBAHUS, PACCMATPHBae-
MbIff 3]1eCb Ha MpHMepe MPOEKTHPOBAHHS CTPYKTYpPH mporpammsl. Kom-
MO3UIHOHHOE TPOEKTHPOBAHHE COCTOMT, MO CYLIECTBY, H3 ABYX KOMIO-
HEHT: CHCTeMbl SIBHBIX IPOEKTHBIX OLEHOK, NMO3BOJISIIIKX PEHINTh BCE
TPH HepeyucTeHHbe Bhlle NPo6aeMbl U ellle LeNbIH pAj JONOJHUTE b=
HbIX TpoOieM, M pfAja MBICAHTEJNbHBIX MPOIECCOB, 06eCrneYHBalOINX
pasbueHue nporpaMmel Ha MHOXECTBO MOAy/eH, UX CONpPSKEHUA H
OTHOWeHHA. B pesysbTaTe KOMIO3UIIMOHHOTO NPOEKTHPOBAHUA XOC-
THUT2eTCsl MHHUMAJbHAsl CJAOXKHOCTb CTPYKTypbi nporpammel. Takyio
fiporpammy Jierde MOHHMAThb, CONPOBOXKJATH U aJaNTHPOBATb.
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HE3ABUCHMOCTb MOAYJIEH

YTo6bl YMEHBLINTb CJOXHOCTb MPOTpaMmbl, HY>KHO Pa3GHTb ee Ha
MHOXECTBO HeOO/bILINX, B BBICOKOH CTeNeHH HEe3aBHCHMBIX MOAYJeH.
Mojy/ib — 3TO 3aMKHYTasi MpOrpamma, KOTOPYIO MOXKHO BbI3BaTb H3
J1060T0 APYroro MoAyJ/s B IPOrpaMMe H MOXKHO OTHE/NBbHO KOMITHJIHPO-
paThb (OTMETHM, YTO TeM CaMbiM HCKJ/IIOYAIOTCS BHYTPEHHHE MpOLeNy-
pei PL/1 u naparpagpi KoGosna). [{oBo/bHO BHICOKO!H cTemeHu He-
3aBHCHMOCTH MOXKHO JOCTHYb C TIOMOIIBIO JBYX METOJOB ONTHMH-
3allMM: YCHIEHHeM BHYTPEHHUX CBsizell B KaxKIOM MozyJe u ocjiabre-
HHeM B3aHMOCBSI3H MEKAY MoAyJsMH. Eciiu paccmarpuBaTh nporpammy
KaK Habop NpenToXeHHH, CBA3aHHBIX MexXAy cO60# HEKOTOPBIMH OTHO-
[weHHUSAMH (KaK 110 BHINOMHAEMBIM (PYHKUIHAM, TaK H 110 06pabaTbiBaeMbIM
JAHHBIM), TO OCHOBHOE, 4TO Tpebyercs,— 3TO IOTajaThCs, KaK pacrpe-
IENHTb 3TH MNpPENJIOXKEHHS MO OTASJNbHBIM «ALIHMKaM» (MOAYJNAM) Tak,
yTOGH! MpENTOXKEHUs BHYTPH KaxKAOTO MOAYJf ObIM TECHO CBS3aHH,
a CBsI3b MeXAY JI0060H mapoil mpeiyioXKeHUH B pasHbIX MOAYJASX Oblia
MHHHMaTbHOH. HyXHO CTpeMHTbCS, BO-NIepBLIX, peaqlu3HpOBATh OTIE/b-
Hble (YHKLUUH OTHAENbHBIMH MOAYNSIMH (BBICOKasi NMPOYHOCTb MOAYJISA)
H 0C/1a6JATh CBSI3b MEXKAY MOIYJISIMH 1O JAHHBIM, MpHMeHsis (opmanb-
HbIi MeXaHH3M Nepeflaud napameTpoB (ciaaboe cuelVIeHHe MofyJnel).

NMPOYHOCTb MOAYJIEH

[lpouHocTs Mony/si — 3TO Mepa ero BHYTpeHHHX cBsidefl. UToObt
OflpeJe/IUTh MPOYHOCTb MOAY/sl, HEOGXOAUMO NPOAHATH3NPOBATb BHI-
NOMHAEMYI0 HM (QYHKIHIO (WIH QYHKIIUH), C TeM 4TOGbl peLIHTb, K Ka-
KOMY M3 CEMH KJIaCCOB OH OTHOCHTCSl. Kstaccel aTH crenuanbHO onpeje-
JIEHBI /151 TOTO, YTOGBI BBECTH KOJIMYECTBEHHYIO XapaKTePUCTUKY «I100po-
KayeCTBEHHOCTH» KOHKDETHBIX THUIIOB MoAyJeH.

[Ipexne uem ABUraTbCs Aajiblie, HEOOGXOLHMO ONpPENeNHTb, YTO IO~
HUMaercsl noj ¢yrkyueld mMoaynsa. Mony/nb HMeeT TPH OCHOBHBIX aTpH-
6yTa: OH BLINOJHSET OIHY HJIH HECKOJbKO ¢hynkyui, obnajnaer Heko-
TOPOH A02uK0li N UCTIOAb3YETCH B OXHOM HJIH HECKONbKHX KOHmeKcmax.
OyHKUHUA — 3TO - BHELIHee OMHCAHHe MOJAYJS; OIHCHIBAaeTCs, 4o
Jie/1aeT MOAYJ/b, KOTZIa OH BHI3BaH, HO He Kax 3TO Aesiaercd. JIoruka onu-
ChiBaeT BHYTPEHHHH anropuTM MOAYJS, APYTMMH C/I0BaMH, Kak OH
BLINOMHSET CBOIO (PyHKUHIO. KOHTEKCT OMUChIBaeT KOHKPETHOE NpHMeHe-
Hue monynsi. Hampumep, moaynb ¢ ¢yHKuuell «yHaquTb HpoOebl H3
JIUTEPHOH CTPOKH» MOXKET HCIIONb30BAaTbCA B KOHTEKCTE «C2KaTh coobLie-
HHe J1s Tesieo6paboTKu». UToObl yBHAETh pasHMLY MexAy GyHKuHel
H JIOTHKOH, pacCMOTPHM MOAYJ/b, (DyHKLUHS KOTOPOro — KOMITHJIHPO-
Barb nporpammy Ha PL/l. O moxeT ObITb roJIOBHBIM MoAysieM 83-Mo-
AYJIbHOrO KOMIIWJSITOpPA JHGO €IHHCTBEHHBIM MOAYJIEM KOMIHJIATOpA.
B o6oux ciyuasx GyHKuus sTUX ABYX MOAY/IeH OMHAKOBA, HO JIOTHKA —
CoBepuleHHO pa3Hasi. Mel BHAHM, 4TO DPYyHKLHUS MOAY/IA MOXKeET paccMmar-
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PHBaTbCSA KaK KOMIMO3MIHUs €TI0 JIOTHKU U QYHKIHHA BCceX MOAYHHEHHBIX
(BLI3HIBaeMbix HM) MoayJieil. DTO olpele/leHHe PeKyPCHBHO W NPUMEHH-
MO K Jilo60My MOAYJIO B HEPApXHH.

Llesb MpOEKTHPOBAHMS — TaK ONMPENENHTb MOLYJH, UTOObI KaXK/IbIA
M3 HHX BBINOJHAJ OLHY (DYHKLHIO (TOBOPSIT, YTO TaKHe MOAY/IH o6aa-
NAIOT PYHKYUOHAAbHOL npourocmero). UTOObI MOHATL Ba)KHOCTb 3TOH
HesiH, HHXe PAacCCMOTPHMM CeMb KJ1acCOB NMPOYHOCTH MOAYJelH, HauHHAas
¢ caMoro c¢jaboro Tuma NpPOYHOCTH.

Monynb, npounsli no cosnaderuro,— MOAY/b, MEXAY 31€MEHTaMH
KOTOPOTO HeT OCMBIC/IeHHHIX cBsizefi. TpyAHO NMpuBeCTH NpUMEp TAKOro
MOJZY/1fl, IOCKOMbKY OH He BBHINOJHsSET HUKAKHX PasyMHBIX (QYHKUMI.
OnucaHne JOrMKH — eMHCTBEHHBI BO3MOXHBIA COCO6 OMUCAaHHUSA MO-
ayaeit storo tuna. OnHa U3 NPHYHH, MO KOTOPHIM TaKHe MOLYJH MOTYT
BO3HHMKHYTb, — 3TO «MOAy/nsipu3auus» nporpammel post factum, kor-
Ja Mbl OOHapy»KHBaeM OAUHAKOBBIE NOC/EJOBaTe/IbHOCTH KOMaHA B He-
CKOJIbKHX MOAYJIAX U pelllaeM CIPYNIHPOBAaTh UX B OTAEJIbHBIHI MOAYJIb.
Ecayn sTH nocilenoBaTesIbHOCTH (XOTSl OHM H KaXyTCs HIEHTHUHBIMH)
MMeIOT pas3Hblfl CMBICT B TeX MOLYJ/ISIX, B KOTOpHle OHH NEPBOHAYAIBHO
BXOLW/IH, TO Halll HOBHIH MOAY/b SIBJASIETCA MPOYHBIM IO COBMAJICHHUIO.
Moznynb 3TOro THma TeCHO CBSI3aH C BHI3HIBAIOLIHMH €r0 MOAYJSAMH,
NO3TOMY TOYTH Jfo6as ero MOAU(HKALHA B HHTEPECAX OAHOIO M3 3THX
MoJyJ/ed IPHBOIUT K TOMY, UYTO /151 BCEX OCTATbHBIX OH CTaHeT paboTaTh
HenpaBHJbHO.

Monynb, npouneli no aoeuke, NPU KaKAOM BHI30BE BHINOJIHSET Bhbl-
O6paHHyl0 GYHKIHIO W3 Ha6opa CBSI3aHHBIX ¢ HUM. BhiGupaemas ¢yHk-
uua o6blYHO 3ampaliyBaeTcsl BHI3BIBAIOIINM MOJAYJEM, HanpHMep C Io-
Mombio Koza (pyHKuMH. [IpumepoM MOxeT ObITb MOAYJb, GYHKIUS KO-
TOpOro — 4uTaTh M3 Qaiaa wiu nucarb B ¢ain. [1aBHaa npobiema ¢
MOZLYJISIMU 3TOT'O THIIA — 3TO HCNO/Ib30BaHHE OJHOTO H TOTO e COMpxKe-
HUSl /1S BBINONHEHHS MHOIMX (DYHKUHH. 3TO NPUBOAUT K CJIOMKHBIM
CONpPSIKEHHSIM H HEOXHIAHHBIM OMIHGKAM NPH H3MEHEHHU CONpsIKEHHUA
paiH oaHOH u3 (QYHKUMH.

Mopnynb, npounsii no Kaaccy, NocjefoBaTebHO BBITIONHSAET HAaGoOp
CBfi3aHHBIX ¢ HMM ¢yHkuuiA. CaMble pacnpocTpaHeHHble NpHMEpbl —
«Ha4aJbHbIHY M «3aKJIOYHTeJNbHbIN» MOAYAH. ['1aBHas nmpobnema c Mo-
IyJAsIMH 3TOTO THIIa COCTOHMT B TOM, YTO OGbIYHO OHH HEsIBHO CBSI3aHHI C
IpYTHMH MOAYJSIMH MNpOTpPaMMbl, 4YTO JeJaeT NPOTrpamMmy TPYRHOH
JJIsl IOHHUMaHHSA M BelleT K Oln6KaM, KOT1a ee MPUXOLHTCS H3MEHSTb.

I1poyedypHo npourbii MORYJIb NOCTENOBATELHO BEHHIONHAET Habop
TeX CBA3aHHBIX C HAM QYHKLUH, KOTOPBlE HENOCPEACTBEHHO OTHOCATCS K
npouejype pelleHus 3axayd. Bor npuMep 3ajauu: HamucaTh NporpamMmy
PeryJUpOBaHHsA TeMIepaTypbi NpPOCTOr0 NapoBOoro kKoraa. B ompe-
JieJIeHHOH CTeleHu NMOJOOHAsA 3aJaya MOXKeT onpefensiTb AefiCTBUS Hpo-
rpammel. Hanpumep, B mocTaHOBKe 3ajayd MOxeT OBITb CKa3aHO, 4TO
NpH TONY4YEHHUH CHMTHAZa X CJelyeT 3akphITh KJamaH y M NpoOvUTaTh
H 3aperucTpupoBaTh 3HaueHHe TeMnepatyphl. Moayap ¢ QyHkuueii «3a-
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KpHiTb KJaNaH y, NPOYHTATh 3HAaYeHHEe TEMIIEPaTyphl NapOBOro KOT/a
{ 3aHECTH €ro B XYypHa/I» o6JajaeT npouefypHOH MPOYHOCTbIO. B 3TOM
cydyae eIMHCTBEHHasi npobsiema, CBA3AHHAs C HAJEKHOCTBIO, COCTOHT
B TOM, YTO (pparMeHTHl MPOrpPaMMbl, OTHOCALIHUECS K PasJHYHbIM QyHK-
LHsM, MOT'YT ObIThb mepemjeTeHbl. OTMeTHM, 4TO A/Isi MOAYyJeH 3TOro
THMa, TaK K€ KakK H I OOJIbUIMHCTBA APYrHX THIIOB, HMEIOTCS U ApY-
rue, He CBA3aHHbIE C HaJIEXXHOCTBIO, TPOOVIEMBI, KaK oKa3aHO MaiiepcoM
B [2]. ,

[Kommynulcauuonuo npounsil mo0yab — 3TO MPOLELYPHO MpPOYHBIH
MOZLY/b C OJHHM JOTIONHUTENbHBIM OTDAHHYEHHEM: 6c¢ €ro (PyHKIHH
cBfA3aHH 10 JanHbM. HanpuMep, MOAYJIb «IIPOYHTATH CIELYIOLLYIO 3aNUCh
¥ OOHOBUTb IVIaBHBIH (ali» KOMMYHHKALHOHHO IPOYEH, MOCKOMbKY
o6e ero pyHKUHH CBf3aHBI MeXAy co00# TeM, uTo o6e OHM paboTaioT
c ofHO#M u TOii ke 3anucbio. 1 31ech 0OBIYHO BO3MOXKHO HeperJieTeHHe
¢GyHKUHMA, HO PHCK BHECEHMs! OLIMOKH NPH MOAH(DHKALHH HECKOJIbKO
MeHbllle, [OCKONbKY GYHKUHH CBsi3aHbl 6Gojiee TeCHO.

Cnenyomas Ha Hawel WwKage — HHQOPMAaUHOHHAS IPOYHOCTb.
OnHaKo §1 HEHANOJIro OTJIOXKY ee OOCYKJAeHHE. ‘

DYHKYUOHANOHO NPOUHILE MOLYTH — 3TO MOAY/Ab, BHINOIHSIOMMKH O~
Hy omnpefie/leHHYI0' QYHKIHUIO, TaKylo, KaK ¢3aKpbiThb K/alaH Y», «BbI-
nonuuth Komauay PEJAKTHUPOBATD» wiu «noaBecTu HTOT 1o Cael-
KaM 3a HefiesTio». DyHKIUHOHA/IbHAS TPOYHOCTh — 3TO BhICIIAS (1y4llas)
¢opma MPOYHOCTH MOAYJA.

OtmeTuM, 4TO PYHKIIMOHATBHO NPOYHBIH MOAY/Ib MOXKET OBITh OMUCAH
Ha6opom Gosnee neranbHeix ¢GyHkuuil. Hanpumep, moaynb «mogBectu
HTOT 110 CHEJIKAaM» MOMHO ONHCaTh TaK: «INOATOTOBHTh Ha4aJibHOE CO-
CTOSIHME HTOTOBOM TaGJIHLbl, OTKPHTDL (afa CHeNOoK, YUTaTh CACIKH H
OGHOBJ/ISITH HTOTOBYIO TaOMumy». [VIfiAa HA 5To, YHTaTe]b MOXKET IOAY-
MaTh, YT0 NpocTOH mnepepasHpOBKOH ONNMCAHHS MOAY/Isl NOHHKEHA
ero npoyHoctb. OfHAKO eclH 3TH «DYHKUHH Oonee HH3KOTO YPOBHSI»
MOTYT GLITh PAllMOHAJBHO ONMCAaHbl KaK OJHA XOpOLIO OnpefeseHHast
¢GyHKuust «Gonee BBICOKOTO YPOBHSI», TO CJIEAYeT CUMTATb, YTO MOAY/b
obnanaer GyHKUHOHANbHON MPOYHOCTHIO.

OcraBiuufics THO TPOYHOCTH — UHPOPMAYUOHHAA  NPOUHOCMb.
HHpopmayuorro npounsiil MOLYJb BLINOJIHAET HECKONbKO QYHKIUMH, NPU-
YeM Bce OHH paGoTalOT C OJHOH M TOH XK€ CTPYKTYPOHl JaHHBIX H Kax/as
THpeacTaBsieTCsi COOCTBEHHbIM BXOZOM. MonyJib ¢ ABYMsl BXOJAMH, OfUH
H3 KOTODBIX COOTBETCTBYeT (YHKIHH «BKIIOUMTb 3JEMEHT B Tabmuuy
CHMBOJIOB», a APYrO# — (PYHKIHH «HCKATh B TaG/Hie CHMBOJIOBY, 00/1a-
Aaer MHGOPMALMOHHOH MPOYHOCTHIO. MOAY/b 3TOro THIA MOXKET TaKXKe.
paccMarpuBaThCl Kak (u3uueckoe oGbefHHEHHe HECKONIbKHX (yHKUHO-
Ha/IbHO NPOYHBIX MOAYJel ¢ Ueablo «ynpAThHBaHUA HHopMamuu» (3],
HanpuMep Asis TOro, 4YToObI YKPHIT BHYTPH OZHOTO MOAYJS BCE CBele-
HHA O KOHKpeTHO#l CTPYKType JaHHBIX, pecypcax WIM ycTpodcrse. B
ynoMsiHyTOM Bbillle IpUMepe Bcsl HHGOPMAUUs O CTPYKType H pacnovio-
HeHHH TaGMHUBI CHMBOJIOB CKPBITA BHYTPH OJHOIO MOAY/AfA. DTO HMEeT
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TO NPEUMYIECTBO, YTO BCAKHA pas, KOTAA yAaeTcs CKPHITb HEKOTOPhif
acneKT MporpaMMbl BHYTPH OIHOTO MOLYJISi, HE3aBUCHMOCTb e MOLyJeft
yBe/THUHBaeTCA. Y NOMHHABIIYIOCS paHee lelb NPOeKTHPOBAHUS HYXHO
Tenepb NMOANPABHTh, YTOOLI HAPSNY C (YHKIMOHAIBHO NMPOUHEIMU Mo-
LYJAAMH CTPEMHTBCS K WHQOPMAIHOHHO MPOYHBIM.

XoTs BbIlIE Mbl CKOHUEHTPMPOBalM BHUMaHHE TONBKO HA CBA3H
MeXy TIPOYHOCTBIO MOZYJISl H 3aLIUIIEHHOCTHIO OT OLIHGOK, NPOYHOCTH
MONYJisi BJAHfAET TAaKXKe HA afaNTHPYeMOCTb MPOTPaMMEbI, TPYAHOCTh
TECTHPOBaHHSI OTHAENbHBIX MOAYJed M CTeneHb MPHMEHHMOCTH MOZYJs
B APYTHX KOHTEKCTax W Apyrux mporpammax [2]. Illkana mpouHoctu
yIOpsiZOYeHa C YYeToM BCEX 3THX aTpUGYTOB.

OTMmeTHM, Y4TO MOAY/Ab MOXKET COOTBETCTBOBATH ONHMCAHWIO HECKOJb-
KHX TMIIOB NPOYHOCTH. Hampumep, KOMMYHHMKAlHOHHO NPOYHBIA MO-
LyJb YAOBJIETBOPAET TaKXKe ONPENENEHHIO NMPOLELYPHOH MPOYHOCTH H
IPOYHOCTH MO Kaaccy. BymeMm Bcerna OTHOCHTH MOAYJAbL K BHICILEMY
TUNY NPOYHOCTH, ONPEAENEHHI0 KOTOPOTO OH YAOBJETBOPSET.

CUENJIEHUE MOAYJIEHA

Bropoit BaxHeHuMi cnoco6 YBeTHUHTb HE3ABHCHMOCTb MOAyJeHd —
ocabuth cBA3M Mexxay HuMH. Clenyienue MozyJefi, T. e. Mepa B3auMo-
3aBMCHMOCTH MOJYJefl [0 JaHHbIM, XapaKTepHayeTcs KakK crnocoboM mne-
pelayH JaHHBIX, TaK M CBOHCTBAMH CaMHX 3THX AaHHbIX. IIpoaHanusu-
poBaB JI0GYI0 Mapy MOAyJeH, MOXHO ONPEAeNUTb, K KAKOMY M3 ILECTH
BH/IOB OTHOCHTCS CLENVIEHHe MeXAY HHMH, JTHOO YCTaHOBHTb, YTO MEXKAY
HHUMH NPSAMOTO CLEMNJIEHHs HeT.

Llenb MpoOeKTHPOBAHHUS COCTOMT B ONpefe/leHHH TAKHX COMpsixKeHHH
MEXIy MOLYJIAIMU, UTOOHI BCe AaHHbIE NlepeflaBa UCh MeKAY HUMH B opme
SIBHBIX M MPOCTHIX napameTpoB. Kak u panblie, 4To6b! MOHATb BaXKHOCThb
9TOH LeTH, MBI PAaCCMOTPUM HHXKe I1IeCTb BHUJIOB CLEIIEeHUs, HauWHas
C CaMOro eCTKOro (Hauxymuuil ciyuyail).

JlBa MOZLyJIs1 cyenaerol no coOepIrcUMOMY, €CTTH OUH NPAMO CChLTaeTCs
Ha coxepxkumoe npyroro. Hanpumep, eciu moxynb A kakuMm-1u6o o6pa-
30M €ChIIaeTCsl Ha JaHHble MORYJIA B, ucnonb3ys aGCoOTHOE CMEIEH e,
TO 3TH MOLYJHU CLEIJIeHbl Mo cofepxkuMoMy, [louTu Bcsikoe H3MeHeHHe
B w1u, BO3MOXHO, TPOCTO NepeKOoMNuAAUHA B ¢ moMoubio apyro#
BepCUM KOMIUIATOpA BHeceT omHOKY B nporpammy. K cuactbio, 6o/ib-
IIMHCTBO $I3bIKOB MPOTPaMHUPOBAHHS BBICOKOTO YPOBHS IeJAIOT Clem-
JieHHe N0 COZEPXKHMOMY TPYIHOOCYLIECTBHMBIM.

I'pynna Monyneh cyenaena no obueti obaacmu, €ClIM OHN CCHIIAIOT-
€51 Ha OIHY M Ty Xe NI0oGalbHYyI0 CTPYKTYpY AaHHHIX. Moxynu PL/I,
CChUIaloLIKecs: HAa CTPYKTYpY, obbsaeieHHyio kak EXTERNAL, cuen-
JIeHBl ApYT C ApyroM mno obuieit o6mactu. Moxynu ®Poprpana, ccoinaio-
muecs Ha AaHHble B 6aoke COMMON, 1 rpynnet MofyJeil, cchinaolecs
Ha a6Co/IOTHBIE ajpeca MaMATH (BKJAIOYasi PETHCTPH), TAaKKe Cayxar
npHMepaMH cuensiesus no obiuei obnacTy.
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Co cuenyieHneM no ofmed 06JacTH CBs3aH LeNbifl paj npobieM.
Bce TakHe MOAYJH 3aBUCAT OT (PU3HUECKOTO YMOPSAOYEHHS 3/IeMEH-
10B OOIIEH CTPYKTYPHl NAHHEIX, BCJIEACTBHE YETO M3MEHEHHe PasMepoB
OJIHOTO 3JIEMEHTa JaHHBIX BJHSAET Ha Bce MOAyaH. Hcnonbsosanue rio-
6aJIbHBIX IaHHBIX CBOJMT Ha HET BCE MOMBITKH YNPaB/AsTh JOCTYIOM KaXK-
Jioro MoZlyJisi K iaHueiM. Hanpuwmep, B OS/360 ¢pupmer IBM ectb Gonbiuas
rn00albHAasi CTPYKTYPA NaHHBIX, HasbiBaemasi TaGiuuell BeKTopa CBS-
sH. HeBO3MOXHOCTL ympaBAsiTh JOCTYNOM K 3TO Tabnuue (M ApYTHM
rn00a/bHBIM TaG/ullamM) TpUBeNTa K MHOTOYHMC/IEHHBIM MpoGiemMaM B
CBA3H C HAJIeXKHOCTBIO M ajanthpyeMocTbio. ViMeHa ryio6anbHbIX mepe-
MEHHBIX CBSI3bIBAIOT MOAYJIH ellle TOTAa, KOTAa T€ TOJIbKO CO3AaloTCH.
9710 3HAYMT, YTO HCNOMb30BAHHE CLEMVIEHHBIX MO obLiefi o6macTH MOLy-
Jell B HOBBIX NpOrpaMMax 3aTPyIHEHO, €CJU He HEBO3MOXHO BOOOLIE.

[oGanbHEIe NaHHble YCMOXKHSIOT W BOCHpPHATHE mporpammil. Pac-
CMOTPHM CJIEAYIOWUH parMeHT:

DO WHILE (A);
CALL L (X,Y,Z);
CALL'M (X,Y);
CALL N (W,2);
CALL P (ZX,Y);

END;

Ecau A He sBnsercs rmo6GanbHOR nepeMeHHOH W eclH Apyrue Heynau-
Hble IPHeMBl KOAUPOBaHHsA (Takye, Kak copmemeHue A ¢ W, X, Y uin Z)
He HCIIOMBb3YIOTCS, TO MOXKHO YTBEPXKAaTb, YTO 3TOT LMK/ HHKOTAA HE
sakoHuutcsa. Ecnmm A — rio6GanbHasi mnepemeHHasi, TO Cpasy Hesb3si
OnpeJIe/Th, 3aKOHUHUTCH JIH BhIOJIHEHHe LHK1a. [Ipuiercs wcenenosars
BHYTpeHHee ycTpoiicTtBo moxyaefi L, M, N u P, a takxe Bcex monynei,
KOTOpBIE HM NOAYHHEHbl, YTOObl MOHATb TOJBKO 3TOT uMka DO!

Bopn6a npoTHB rio6anibHBIX JaHHBIX MPHOOPETaeT TaKYio Ke Bax-
HOCTb, KaK Gopb6a npoTus oneparopa GO TO, u 3TOMY HauHHAIOT yie-
JIATh BHUMaHHe B NpogeccHoHaNbHOM JuTeparype [4, 5, 6].

[pynna monynelt cyeniena no newurum Oarteim, €CTH OHH CChUIAOT-
CAl Ha OJIMH M TOT ke IVIOOAJIbHBIA 371eMeHT JaHHBIX (NepeMeHHYIO, HMe-
lomyio enuHcTeenHoe noje). Hampumep, mogynu PL/1, cchimatomuecs
Ha ofiHy mnepemMeHHY0 (He CTPYKTYPHYIO), OOBSBJIEHHYI0 KakK
EXTERNAL, cuensiens! ApyT ¢ APYTOM MO BHEIUHUM AaHHBIM. Clene-
HHe Mo BHeMIHNM JAHHBIM MOPOXKAAET MOYTH Bce NpobJeMbl, CBOHCTBEH-
Hble cuemyieHuo mo obuel o6aactd. OnHako npo6/ieMbl 3aBHCUMOCTH
OT (U3HYECKOTro YIOpsiAOYEHHsl SJEMEHTOB B CTPYKTYpE HE BO3HHKaeT.

IBa Monyns cyenaenor no ynpagrenuro, eCIM OfHMH SIBHO YIpaBJsieT
dynKuHOHHPOBaHHEM IPYTOTO, HANPHMED HCIOMbL3Ys KOX KOHKPETHOf
$yHkunu. Cuensienue Mo ynpapJleHHIO H TPOYHOCTD MO JIOTHKE OGHIYHO
conyrcrByiorT Apyr Apyry, HO3TOMY OCHOBHasi mpoGiema 31ech Ta e,
YTO ¥ C NPOYHOCTHIO MO JIOTHKE: UCIIONb30BAHUE OXHOTO U TOTO XKe (CI0K-
HOT0) conpsixenus ANs BHINOJNHEHHs: MHOTHX ¢yHkuuii. CuemnseHne no

4 r vos.
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YIPaB/EHHI0 YacTO NPEANOoNaraeT TaK¥Ke, YTO BHI3bIBAIOMHA MOXY/b
HMEeT HEeKOTOpOe MpeICTaBIeHHe O JIOTHKE BbI3BIBAEMOrO MOAYJS, YTO
YMEHbIIAeT HX HEe3aBHCHMOCTb.

[pynna moaynei cyenasena no ¢popmamy, €Clii OHH CCHLIAIOTCSA Ha
OfHY M Ty Xe Helo0albHYI CTPYKTYpy AanHbiX. Ecau moxynb A
BbI3bIBAET MOAY/b B M nepeaer emy 3anuCh aHKeTHBIX HaHHBIX CJyKa-
11ero, U NpH 3TOM KaK A, Tak H B 4yBCTBUTE/ILHB K H3MEHEHHIO CTPYK-
TYpbl WM opmaTa 3To# 3anucH, To A u B cuensens mo gopmary.

Cuennienusi mo c¢opmary cjaenyer, rie 3TO BO3MOXHO, u3berarb,
TNIOCKOJIbKY OHO CO3/1aeT HeHYXXHble CBfI3H MexAy MoxynasmH. Ilpexmo-
JIOXKHM, 4TO MOAY/II0 B HYXXHBI TOTBKO HEKOTOpbIE NOJIA B aHKeTe.
Ilepenaua emy Bcefi aHKeTbl BbIHYXK/AeT €ro 3aHHMAThCS €l0 LETHKOM,
M TaKuM o06pasoM YBeJHYHBAETCS BePOSITHOCTb TOrO, YTO OH HEYMBIll-
JIeHHO ee usMeHHT. ([To-BHAMMOMY, MOXXHO YTBepXKAaTh, 4TO, 4eM 6OJib-
11e TTIOCTOPOHHUX AAHHEIX AOCTYMHO MOAYJIO, TeM GoJibile BO3MOXKHOCTh
OLIHOKH.)

Cuenvienre 1mo QopMaTy 4acTO MOXKHO HCKJIOUHTb, H30MHPYs BCe
¢yHKuuu, paboraioliHe ¢ KOHKPeTHOH CTPYKTYpoH NaHHBIX, B HHGpop-
MAIlOHHO NPOYHOM MoAyse. JIpyTHM MOAY/NSIM MOXKET MOHAaJ0GHTbCS
UMl 3TOH CTPYKTYpBl, HO OHH H 3HAIOT TOJbKO 3TO MMf (aJpec), a He
¢opmaT. DTOT NpUEM WIJIIOCTPHPYETCS HHXKe B 3TOH TI/iaBe.

JlBa Mmony/si cyenieno. no OaHHoiM, €CIH OIHH BbI3bIBAeT APYroi
M BCe BXOJHblE U BBLIXOJAHBbIE MapaMeTpbl BHI3bIBAEMOTO MOAYJSI — IPO-
CThble (He CTPYKTYPHBIE) 3/71eMEHTE! AaHHBIX. [IpeAnonoxuM, 4To GyHKILHs
Moayns B u3 mpedmayuiero mpumepa — HaAneyataTbh KOHBEPT ISt
cyxaiero. Bmecro Toro uro6el nepesaBatb B Bcio aHKeTy, Mbl MOIVIH
6bl mepefaTb €My B KauecTBe apryMeHTOB (DaMHJIHIO CJYXKallero, yJau-
Iy, AoM, FOpOX, WITaT M MOYTOBHIH MHAeKc. Moayns B Temepn He 3a-
BHCHT OT 3allHCH aHKETHBIX AaHHbIX. A u B cranu Gomee He3aBHCHMb,
U BepOATHOCTb OWHOKM B B MeHbule, NMockonbky aBTOop MonyJis B
HMeeT €0 C MEHBIIUM KOJHYECTBOM NaHHbIX.

Kak u B cl1ydae ¢ npovyHOCTBIO MOAYJs, CLUEIVIeHWe BIHsAeT H Ha
Jpyrue, He paccMaTpHBaeMmble 3/leCh CrelHaJbHO CBOKCTBA NMPOrPaMMEbL
(Ha azanTHpyeMOCTb, C/10KHOCTb TECTHPOBAHHS, BO3MOKHOCTb IOBTOp-
HOrO HCMO/Ib30BaHHsA MOLYJEH, NPOCTOTY WIH CJIOXKHOCTb MYJIBLTHIIPO-
rpammupoBanus [2].

CuenyienHe napel MoAyJedl MOXET YAOBJETBOPSITH ONpeleseHHAM
HECKOJbKUX THTOB. Hampumep, ABa MomyJs MOryT OBHITb CLEMJEHb
1 mo obpasuy, u no obumel obsactu. B sToM cinyuae Mbl OTHOCHM Mo-
JyJId K CAMOMY >KeCTKOMY (X yALIEeMY) U3 3THUX THIIOB CLeIVIeHHs (B aaH-
HOM CJydae — clienyieHue no obuiel o6macrtu).

CreneHb NPOYHOCTH M CUEIVIEHHS] MOXHO HCIO/Nb30BaTh AJIsl OLEH-
KH CYIIECTBYIOIIETO NPOEKTa U KaK PYKOBOJALIHH NMPHHLHUN IpH IpO-
€KTHPOBAHHH HOBOH NporpaMmbl. 310, ONHAKO, HE O3HAayaeT, 4TO IPO-
€KT, B KOTODOM B OTAEJBHEIX CIY4asiX MPOYHOCTb U CLEINJIeHHe JaleKH
OT ugeana, o6s13aTeJbHO IVIOX. MICX0As U3 HEKOTOPOro KOMIIPOMHCCHOTO
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pelleHHsl, TPOEKTHPOBLIMK MOXET NMOHTH Ha BKJIOYEHHE MOAYJsl, MPOY-
HOTO BCEro JiHlb no Joruke. OIHaKO MOCTynas Tak, OH JOJKEH yMeTb
y6enuTeNbHO OGBSACHATD NPUYHHEL H XOPOLIO NIOHUMATh CJIEACTBHS CBO-
ero KOMIIPOMHCCHOTO pellleHHsl. DTo, BO BCAIKOM Cjyuae, Jydlle, 4eM
NpOeKTHPOBaTb, OCHOBBLIBASICH TOJNLKO HAa MHTYUIUH M MoJIaraTbCs Ha
CUaCTAMBLIH cayyaf.

Bhicokas npoyHoOCTh ¥ cllaboe ClienJieHne CnocoGCTBYIOT He3aBHCH-
MOCTH MOAyJ1ell, MOCKOJIbKY OHH CBOJAT K MUHUMYMY HX B3aUMOJAEHCTBHE
¥ UX IPeAnonoKeH s Apyr o apyre. Cienyiomue Tpyu KpUTEp Usi NPOEKTH-
poBaHusi, chopMyaupoBaHHele XonbToM B [7], XOpolio noabToKUBAIOT
CKasaHHOe,

1. CnoxHOCTb B3aUMONEHCTBHA MOAYJs C APYTHMH MOAYJISAMH JOJ-
KHa OBbITb MEHbIlE CJIOXHOCTH €r0 BHYTPEHHEH CTPYKTYpHI.

2. Xopomuii MOAY/b CHAPYXKH TpoLle, 4YeM BHYTPH.

3. XopowH#i MORYJb MpoIle HCIOAb30BaTh, YeM NOCTPOUTb.

APYTHE XAPAKTEPUCTHKH

B nononHeHHe K NPOYHOCTH M CUEIVIEHHIO €CTb H JpyTHe XapakKTe-
PMCTHKM, OKasbiBalollue BO3JEHCTBHE Ha HE3aBHCHMOCTb MOLYJIEH,
OHN KpaTKo OXapaKTepu3oBaHBl HHXKe.

Pasmeper modyas. Pazmeprl MOAYJS BIAUSIOT HAa CTeNeHb HE3aBHCH-
MOCTH 3/1eMEHTOB NPOTPaMMBbl, JIETKOCTb €€ YTeHHS M TeCTHPOBaHHSE
(nanpumep, 3a cyeT uucia BeTBel). MoXKHO OblIO Gbl YAOBJETBOPHTH
KPUTePHAM BBHICOKOH MPOYHOCTH H MHHHUMAJBLHOTO CLEIVIEHMS, CIPOEK-
THPOBAaB NMpPOrpaMMY KaK OXMH OTPOMHBINl MOAYJb, HO BPSil JIH TAKHM
o06pasom Obiia Obl JOCTUTHYTa BBbICOKasi CTeNneHb He3aBHCHMOCTH. )Ke-
JlaTeJIbHO pa3bHBaTh NpPOrpaMMy Ha JOCTaTOYHO GOJIBLIOE YHCIO MO-
Zynefl, MOCKOMbKY MOAYJH NPEICTaBJIsA0T co60H sIBHBIe 6apbephl BHYT-
pH mporpaMMbl, YTO COKpAllaeT YHCJIO CBfA3eH MeX1y omepaTopaMH H
JaHHbIMH mporpaMMbl. Kaxk npaBusio, MOAy/nb AOJMXKEH COAepKarb oOT
10 1o 100 BHINOIHAEMBIX ONEPAaTOPOB f3bIKA BBICOKONO YPOBHS.

lpedckasyemoie modysu. TIpenckasyemulit MOAYJAb — 3TO MOZYJb,
paboTa KOTOpPOro He 3aBUCHT OT TNPelLCTOPUH ero HCIONb30BaHHMS.
Monysb, xpaHawmufi creabl CBOUX COCTOSIHMH NpPH TOCJAE€A0BaTeNbHBIX
BbI30BaX (HampHMep, C IOMOIMIbIO YCTAHOBKH «IepeKJIouarens s
[epBOro pasa»), He ABIfAETCA IpeacKasyembiM. Bce MOAYIH AOJIKHBL
OLITb mpejckasyeMbl, T. €. OHM He JOJIXKHBI COXPAHATh HHKAKHX «BOC-
NOMHHaHU#» O NpejblayllieM Bbi3oBe. XHUTPHIE, HEYJIOBHMBIE, 3aBHCSIHE
OT BpeMeHH OlNOKH BO3HUKAIOT B TeX NPOrpaMMax, KOTOpbIe NBITAIOTCS
MHOTOKPaTHO BbI3bIBaTb HelpeicKasyeMblii MOAYJIb.

Cmpyxkmypa npunamus pewenuii. Bcioly, rae 370 BO3MOXHO, Xe-
JIaTeJIbHO OpPraHU30BaTb MOAYJHU H NPHHATHE DelieHUH B HUX TaKuUM
06pa3oM, 4TOOBI Te MONYJH, Ha KOTOpbie MPSIMO BJHSET NPHHATOE pe-
lieHHe, GbUTH NOAYHHEHHBIMH (BBI3bIBAEMBIMH) 1O OTHOIIEHHIO K. IpPH-
HHMaiomemMy pelleHHe MoAymaio. TakuM o0pasoM OOGLIYHO. YJaercs

A
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HCKJIOUHTbL Tepefady CHelHalbHBIX NapaMeTpoB-HHAHKATOPOB, Ipef-
CTaBMSIOIWMX peuleHHs, KOTOpbie JOMKHbBI OBITb NPUHATH, 4 TaKXe
NPUHHMATb BJIMAIOLLME HA YNPaBleHHe NMPOrpaMMOH PEIUeHHs HA Bbl-
COKOM YpOBHE B HEPapXHH MpPOrpaMmbl.

Mununusayua docmyna k Oantoim. OObEM JAHHBIX, Ha KOTOpBIE
MOZLYJ/Ib MOXKET CChLIaThCsA, AOMKEeH OMTb CBeleH K MHHHMYMY. Hckiro-
yeHHe CLenienus no obiei 061acTH, BHEIUHUM JaHHBIM H 1O popMmary —
KPYNHBIAl [Ial B 3TOM HamnpasieHHH. [IPOeKTUPOBIIMK AOJKEH IO-
NBITaThCA H30JUPOBAaTh CBelleHHS O JI0OOH KOHKPETHOH CTpyKType
JaHHBIX WIH 3aniucH B Gase JaHHBIX B OT/JeJbHOM MOAYyJE (HIH HeGO/b-
1110M TIOAMHOXKECTBe MOAyJeil), BO3MOXHO, 3a CueT MCNOJb30BaHHs
uH(OPMALHOHHO NPOYHBIX “MopyJsefl. [Ipobnema rio6a/bHBEIX AAHHBIX
He JIOJI2KHA peliaThCsl mepejayeil 0[HOrO OrpPOMHOTO CUCKA NapaMeTpoB
pceM MonynaM. Crefysi 5TUM mpaBWiaM, Bbl yMeHbllaeTe 06,1acTh J0C-
Tyma Kaxzaoro MoayJs, Gaarogapsi 4emy owMGKH Jierde H30JHPOBATh,
a 06/1aCTh UX BIHSIHHA — YMEHBIUUTD.

Brympennue npoyedypot. BRyTpeHHAs npoueaypa WIH NOANPoOrpam-.
Ma — 9TO 3aMKHYTas MNoAnporpamMma, (U3HYeCKH pPaclloJOXKeHHas B
BhI3bIBalOLeM ee Monyse. BHyTpeHHHX npoueayp ciaeayer usberaThb no
HECKOJIbKUM DPHYHHAM. BHyTpeHHHe npoueaypbl TPYIHO H30J1HPOBATDH
I/11 TeCTHPOBAHUS (aBTOHOMHOI'O TECTHPOBAHHUSA), H OHH He MOTYT OBHITh
BbI3BaHbl #3 MOJYyJ/el, OTIMYHBIX OT TeX, KOTOpble HX (PHU3HUECKH
cofiepKar. 10 He COOTBETCTBYET HJee «IOBTOPHOrO HCIOJNb30BAHHSY.
KoHEYHO, UMeeTcst albTePHATHBHBIN BapHaHT: BK/IIOYHTb KONUH BHYTpEH-
Heil Mpoueaypsl BO BCe MOAYJH, KOTOPbIM OHA HYxkHa. OnHako 3To yac-
TO NPHUBOAMT K owMOKaM (Komuu ORHOH W TOH ke MpOLeRypH 4acTo
CTaHOBATCSA «HE COBCEM TOYHBIMH KONMHAMH») H YC/IOXKHSAET COMNPOBOXK-
JleHHe MporpaMMel (Korja npoueiypa uU3MeHsieTCs, BC€ HUCHOJMb3Youiue
ee MOIYJH JOJIKHBL GHITh mepekoMnuiupoBanbl). Hakonen, ecan Tosb-
KO NpH NPOrpaMMHPOBAHUH He YCTAHOBJIEHA CTpoxaifiuas RUCUMIIMHA,
BHYTPeHHHe npouelypbl 6YAyT MMeTb IVIOXHE CLEIVIEHHS C BbI3bIBAIO-
muMH uX Moxynasimu. Korja BosHuKaeT norpeGHOCTb BO BHYTpeHHeH
npoLesype, NPOeKTHPOBLIHK JOJKEH pacCMOTPeTh BO3MOXKHOCTb ocop-
MJIeHHS ee B BHJE OTAeJIbHOTO MOAYJf.

KOMNO3ULHOHHDbIA AHAJIU3

[TpounocTb MOAyNA, CUENJEHHe H APYrHe pacCMaTpHBaBLIHECHA Xa-
PaKTePUCTHKU MOJME3HH NpPH OLEHKE ajlbTepPHATHB, HO OHH He ompefe-
JISTIOT SIBHO XOJ, MBIC/IM MpH NPOeKTUPOBaHHU. B paMKax KOMNO3HIIHOH-
HOTO TNPOEKTHPOBAHHMsS MMEETCS] NPOLECC, HAa3blBAEMBIH KOMNO3ULUOK-
HbIM GHAAU30M,— HHCXOJALMHA NpOLECC NMPOAyMbIBaHHA MpoekTa. Kom-
MO3UIMOHHBLIA aHATH3 BK/AIOYaeT aHalMW3 CTPYKTYyphHl 3afaud ¥ MU aHa-

1) CnosoM «3agaua» (problem) asTop 0603HayaeT 34ech (¥ HHXe B 3TOM pa3Aele)
CKOpee HEKOTOPYIO AeATeNbHOCTb N0 06pabOTKe JAHHBIX, YeM NPob/aeMy HJIH 43afauys,
noadexamyw pewentio,— llpumn, ped,
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Jiu3 Npeo6pasoBaHMs NAHHBIX MO Mepe HX IIPOXOXKAEHHA CKBO3b 3TY
CTPYKTYpY. DTa uHpopMauus ucnoab3yerca ANs pa3GueHHs 3ajadyd Ha
«c7oH» MOAyJIeH. KaxAplii MORy/b paccMaTpuBaeTcsi 3aTeM Kak MOZ-
3alaua, H aHa/Ju3 INOBTOpSETCHA JJIs 3TOH Noj3ajauH H T. 1.

ViMeloTCsi TPM OCHOBHBIE CTpaTerHH pa36GuUeHHs NPH NpPHUMEHEHHH
KOMITO3HI{HOHHOTO aHa/ju3a. Jlis pa36neﬂuﬂ J1060#1 MojA3a/iaui UCIIO/ b=
8yeTCsl ONHA W3 Tpex ClIeAyloluX crparerudt. Pasbuenue STS (ucmok-
npeobpasosanue-cmoK) NpeAnonaraeT JeJeHHe 3a1auH Ha QyHKIUH, 3a-
HUMAIOIHeCs] TOJyYyeHUeM JAaHHBIX, H3MEHeHHeM HX (GOpMbl M 3aTeM
JOCTaBKOH MX B HEKOTOpYIO TOUKY BHe 3amaud. Onepayuonnoe pasbue-
Hue COCTOHMT B JelleHHH 3aflauM Ha (YHKIHH-«CECTPLI», KaXKIasi H3 KO-
TOPHIX BBINONHAET ONepalHy OTAENbHOrO THHA. DYHKYUOHAALHOE Pa3-
6uenue — 3TO Jie/leHHe 3aJaud Ha yHKUHH, BHITOJHSIOMHE 1peobpaso-
BaHHsA AaHHbIX. Pas6uenue STS 0ObIYHO NMPHUMEHSIOT A/ BbiAEJICHUSA
NepBOrO CJIOSi MOAYJEH, a 3aTeM K KaxIOH Noj3ajaye MpHMeHseTCs
OflHAa M3 TpeX CTparerui, npnqu BLIOOp 33aBUCHT OT XapaKTepHCTHK
noA3ajiaux.

QDYHKLUHOHANTBbHOE H ONepalHoOHHOe pa36HeHHs — 5TO B OCHOBHOM
HHTYMTHBHBIE NIPOLIECCHl, H O HUX HEMHOroe MOXKHO J0GaBHTH K TOMY,
4To yiKe ckas3aHo. Pasbuenue STS — Gosnee cnoxHHE mpouece, H €ro
MOKHO KParTKO ONUCAaTh B BHJAE NMATH IIaroB.

1. OcHoBBIBasiICh Ha MOTOKE JaHHLIX B 3ajiaue, oOpUCYHTe ee CTPYK-
Typy B BHie 3—10 TPOLLECCOB.

2. Onpenenute IIaBHbI BXOZHOM IOTOK NAHHBIX, MOCTYNAIOMIMX
B 3ajauyy, U IVIaBHBLIH Bblxom{oﬁ MOTOK.

3. Ipocnexure BXOAHOH HOTOK JAHHHIX IO CTPYKType sazaqm. Ilpu
3TOM Bbl OOHApy»KHTe [Ba ABJIEHMSA: BXOJAHOH NOTOK GyAeT H3MEHATh
¢dopmy, CTaHOBsACH Bce a6CTpaKTHee IO Mepe TOro, Kak Bbl CJEAyeTe I0
CTPYKTYpe 3ajlaud, H B KOHIIe KOHIIOB BHl NONajeTe B TOYKY, I'/le OH
Kak GyAro ucuesaeT. Touka, IZie OH NOABJSAETCS B MOCNAeJHUH pas, Ha-
3bIBA€TCS1 TOUKOH Haussicuiell abcmpakyuy BXORHOTO IMOTOKA. -

BrinosnHuTe aHa/MOrHYHBIA aHA/MU3 BEIXORHOTO MOTOKA JaHHBIX, Ha-
YMHAs C CKOHIA» CTPYKTYphl 3ala4yH M JBUrasiCb B 0OpaTHOM HampasJe-
HUH. Onpenenwre TOYKY, Ti€ BLIXOJHOH IIOTOK BIEpPBblE NOABISETCS
B cBoell camoii aGcrpakTHOH (opme.

OTH TOYKM NPEACTABJISIOT OCOOHIE HHTEpPEC, IOCKONBKY OHH AEJST
3ajlayy Ha HauboJiee HE3aBHCHMbIE YacTH.

4. JIpe HalifeHHble TOYKHM pa3GHBAIOT CTPYKTYDY 3aJauH Ha 4acTH
(o6biyno Tpu). ITpencraBbre 3TH YacTH Kak (YHKUHH M ONpeleHTe
MOZYJIH, BBINONHSIOMHKE KaXKAYIO U3 3THX QYHKUHA. DTH MOAYy/IH CTa-
HOBSITCSI MOAYMHEHHBLIMU MO OTHOLIEHHIO K MOAYJIO, pa3OHeHHe KOTO-
poro BhImoJHSETCA.

5. Onpenenure conpsiKeHHUst STUX MOAYJIeH. B 3TOT MOMEHT Bbi JOJIK-
Hbl HHTEPEeCOBAThCsl TOJMLKO ONpedesieHHeM BHAA NAHHBIX IS KaXKJAOro
conpsixxenusi. TO 3HAYMT, YTO BaM CJeAyeT AaTh KayecTBEHHOE OIIHCa-
HHe BXOAHBIX H BHIXOAHLIX apryMeHTOB, He 3a60TACb 006 UX TOYHOH MpH-
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porie (mopsimok, aTpuGyTH, NpeicTaBieHue). [letann Kaxjaoro comps-
KeHust GyayT onpejeseHbl B ONHOM H3 MOCTEAYIOWHX MPOLECCOB MPOEK-
THpOBaHHsl (BHELHee NPOEKTHPOBAaHHE MOAYJsi, ONMHCaHHOE B IiI. 8).

[pduecchl pa3GUeHUs] MOBTOPAIOTCSA Ha CJAeAyIOmHX, 6olee HU3KUX
YpPOBHAX B HepapXuM, H TaK JO MOMEHTa OCTaHOBKH. DTOT MOMEHT
onpezeasierca no cjaelyiouwemy ofuiemy NpaBuiy: JIOTHKa MOZYJei
JIOIKHA CTaThb «MHTYHMTHBHO OYEBHIHOH» (3TO O3HAYaeT, YTO MOAYJb Be-
posTHO, Oyner cojgepxarb He Gonee 50 mpenyioKeHHH).

PesysnbTaToM aHanu3a siBJAsSIeTC MepapXHyecKas CTPYKTYypHas cxe-
Ma, OTpa)kawllas CTPYKTYpPHble OTHOIIEHHS MeXIYy BCEeMH MOAYJAMH
(kTO KOTO BHI3bIBaET), DYHKUMH KaXKAOrO MOAYJA H CONPSIKEHHS MeX-
Ry Humu. OGosHauyeHHs IJI1 TAKUX CXeM omucansl Makiepcom B [2].

NPUMEP KOMMO3ULIHOHHOIO AHAJIU3A

Tlpocrefiinfi MyTh K HOHHMAHUIO KOMIIO3MI[MOHHOIO aHaJH3a —
paccMOTpeTh ero NnpHMeHeHue Ha NMpumepe. ITOT XKe NpuMep Gyner uc-
NoJIb30BaH B MOCJAEAYIOIHX [VIABaX VISl WIJIIOCTPALMH APYTHX Mpolec-
COB NPOEKTUPOBAHHA M TECTHPOBaHHUS.

Bribupast noaxofsuui npuMep, s Cpasy xe CTOTKHYJICS C HECKO/I b~
KHMH npo6GnemaMu. B kauecTBe mpuMepa He/sb3si B3ATh GOJBIIYIO IpO-
rpamMmy; OHa HOJKHA IO pa3MepaM MOJAXOAMTDb Jjis yuyeGHHKA, HO IIpU
9TOM OCTaBaTbCsl HETPUBHANbHOH. [TpuKaaaHas nporpamma (Hanpumep,
nporpaMma HayuCJeHHs 3apIVIaThl) MOXET He 3aHHTEepecoBaTb CHUCTEM-
HHIX [IPOTPaMMHCTOB H Ja)ke MHOI'MX HPHKJAIHbIX NPOrpaMMHCTOB;
HpPHUBJIEKATeIbHOCTb KAKOH-THO0 KOMMOHEHTbI ONepalUOHHOH CHCTEME
Obla GBI B TaKOH 2Ke CTelleHH OorpaHudyeHHO!H. B KauecTBe KoMmpomucca
A BHIOpaJa 3aepy3uuK — TporpaMMy, HaXOASAILLYIOCS KakK Obl mocepeiHHe
MEXIY NPHK/IAAHBIMM IpOrpaMMaMH H onepanuoHHO# cucremodt. [py-
ras pUYMHA, MO KOTOpOH fi BbiOpan B KadecTBe NMpHMepa 3arpysuuk,
TaxKoBa: fl Hajesscs, YTO GOJBIIMHCTBO yuTareqed Oyaer No KpaiiHei
Mepe B OOUIMX yepTax 3HAKOMO C €ro Ha3HauYeHHeM.

Kak y:xe roBopuioch B Hayase I/1aBbl, HCXOILHOH MH(pOpMaLHed Ans
npouecca NpoeKTHPOBAHHS CTPYKTY Pbl IPOrPaMMBI ABJSIOTCS JeTajlbHEIe
pHellHUe crnerudukanuy. BMecro Toro uto6nl AaTh 3f€Ch TaKHe Cliell-
¢uxauuu s 3arpysuuka, s NPOCTO ONHIIY €ro HasHaueHue, a TaKxke
BXOJHble U BBIXOIHbE JaHHBIE HACTOJIBKO NCAPOGHO, YTOOBI MbI MOIH
CIPOEKTHPOBATh €ro CTPYKTYpY.

Hasnauenue 3arpysunka — noMecTuTb nporpaMMy B OCHOBHYIO Ma-
MAThL B FOTOBOM K BHIIOJHEHHIO COCTOSIHHH (HEKOTOpbie 3arpy3udkH
Cpa3y jXe W aKTHBU3HPYIOT 3Ty NpOTpaMMmy, HO TaKHe MOXAPOGHOCTH
Hac 3Zlecb He HHTepecyioT). McxoAHbIMH JaHHBIMH JUIsl 3arpysdyuka
spasiercs: paitn BXOAWJT (INFILE), copep:amuii OXHH HIH HECKO/b=
KO OOGBEKTHBIX MoJyJell, BEIpaGOTaHHBIX KOMNWIATOPOM. 3arpysuHk
MOXET HMeTb B KaYeCTBE HCXOAHBIX JaHHBIX TaKke H Qaiin 6ubiuorey-
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ueix nporpamm BHUBITIPOI" (PROGLIB), comepxamuit Gonbuuyo 6u6-
JIUOTEKY OOBEKTHBIX MOJyJeH, KOTOphbie MOryT morpeGoBaTbCsi B 3a-
rpyxaemoi nporpamme. Pesynbraramu.paGoThl 3arpy3uyuka sIBJAIOTCA:
3arpykeHHass B OCHOBHYIO NaMsTb INporpaMMa H BHIXOZHOH (Qafin
BbI X®AWJT (OUTFILE), KoTOpbIii COXEPKHUT TaG/IHILy 3arpysKH, OIH-
CHIBAIOLLYIO PACIOJIOXKEHHE MOAY/eH 3arpyKeHHOM mnporpammel B OC-
HOBHOH NaMATH, U CIHCOK COOOIIEHHH 006 OWIHOKaX, eCM OHU €CTh:

BX®ATJT — 3To noc/ienoBatenbHbli daii, COIep2KaILMH ONMH HIH
HECKOMbKO 00beKTHbIX Monysed. BHBITPOI' — Hekortopwili daitn ¢
MHJIEKCHBIM WM GHOIHOTEUHBIM METOJIOM AOCTYNA, B KOTOPOM OGBEKT-
Hble MOAY/IH XPaHATCS pasjaeibHO. Bce oM HMeloT ofnHakoBhIi dop-
Mar: ofiHa HIH Heckoabko 3anucefi CBUM (ESD — ciioBapb BHewHUX
MMEH), ONHCHIBAIOLIMX BHEIIHHE HMEHA H BHELIHHE CCbLIKH B MOAYJIE,
ase unu Gonee samuch TKCT (TXT — TekcT), KOTOphle COAEpKat
OOBEKTHBIH (MAlUIMHHBIA) KOZ MOXY/IfA, 32 HHMH MOXET CJIEJI0BaTh
HeckobKo 3anuceli CITPM (RLD — cioBapb nepemenienHii), onuchl-
BalOUIUX BCE aJpeCHble KOHCTAHTBI MOAYJIfA, H (06s3aTesibHO) 3anuch KO-
HELL (END). Kaxnasa 3anuce CBMM cozepuT HEKOTOpOe CHMBOJIH-
yeCKoe MMfl, ero THI (MMs MOAYJ/sl, HMS BXOJla WJIH CCHIKA HAa BHELIHee
HMsS) H OTHOCHTENIbHOE CMelleHHe BHYTPH MoOAyasi. [lepBasi 3amuch
TKCT cogzepxkuT pa3mep oObeKTHOro Moaynas. Kaxpias chaenymoas
3aMuCh COAEPXKHT Pa3Mep OGBEKTHOI'O KOJa M TOJe, yKashBaloliee
ero siuHy B 3T10# 3anucd. 3anucu CITPM onwuceiBaloT Bce ajpecHble
KOHCTAHTHI B MOJAYJe, T. €. aJpeca, KOTOpble XOJKHbI ObITh HACTPOEHSI,
KOrja MOAYJb IOJIYYaeT Onpefe/leHHOe MeCTO B OCHOBHOH MaMSTH.
3anucp CITPM comep:KHT OTHOCHTENIbHOE CMELeHHEe aIpecHOil KOHCTaH-
Thl H HOMep cooTBercTBYIomeli 3anucy CBHM (kaxnas agpecHasi KoH-
CTaHTa B OObEKTHOM MOJYJe CBSI3aHa C BHELIHMM HMeHeM). AJpecHbIM
KOHCTaHTaM, YKa3bIBAIOUWIUM Ha 06JaCTH BHYTPH MOLYJ/IsI, COOTBETCTBY-
et 3anucb CBUM as1a umeHnu Bxofa. AZpecHBIM KOHCTaHTaM, yKasblBa-
IOUIMM Ha ApYrHe MOAYJH, cooTBeTcTBYIOT 3anuch CBHUM ans cceuiok
Ha BHeIIHHE HMeHa APYTHX MOAyJel.

3arpysutb nporpammy — 3TO 3HAUHT ClenaTh CJelylolee:

1. TloMecTHTb OGBLEKTHBIH KOA Kaxmoro moxyns us BXDANJI ua
npeJHa3HayeHHOE IJIs1 HETO MECTO B OCHOBHOH NaMATH.

2. Y6eautbcs, YTO BCe BHEIIHHE CChUIKH 3aMKHYThl. Hampuwmep,
€CJIH 3aTpyKaeTcsi MOAY/Ib A, KoTOphIfl BhIbIBaeT MoAyab B, To 3arpys-
YHK JOMKeH yOeIMThCSsl, 4TO MOAY/Ib B Takxke 3arpyxaercsi. Ecau mo-
xyns B mer Bo BX®ANMJI, To on sarpyxaerca us BUBIIPOT, eciu o
TaM HafifjeH. OTMeTHM, YTO MOAY/Ib B Tak:ke MOKeT CofepKaTh BHEUIHHE
CCHIIKH Ha JApYyrue MOXYJIH, KOTOpBle TaKkKe JO/IXKHBI ObIThb B KOHEUHOM
UTOre 3aMKHYTHI.

3. Hactpoutb Bce ajpecHble KOHCTaHTHI. AjpecHasi KOHCTaHTa —
3TO yacTb OOBEKTHOTO KOJa, COJleprKalias HeKOTOphIH aapec. Mbl mpe-
nosaraem, 4To BCe aipecHble KOHCTAHTBI UMEIOT OAHY (HKCHPOBAHHYIO



104 TJ. 6. MPOEKTHPOBAHME CTPYKTYPBHI NPOrPAMMBI

HcXOOHAS NPOSPAMMA (Ha 2UROMEMUIECKOM AIEINE)

OFFSET

o|PrROC M . 0| prOC ¢
[ ] [ ]
® L]

50| CALL c 30| CALL B
[ ] [ ]
‘. .

100| ENTRY B 60
[

200 v e ADDR (x)

o
220| X DCLo o o
[ ]

" 300

Codepmeanue BX®AHTa

[pumevaruq
ESD M MD 0000
ESD B EP 0100
ESD ] ER 0000
TXT 0300 Adpecrag Kowcmasma £ cHeué~ -
TXT ~nnJ 000000 o~ | UM 54 3};7 SeslKU KA Modyne &
R s Wi A
RLD 0054 3
RLD 0200 1
END
ESD C MD 0000
ESD B ER 0000
TXT - 0060 AGDECKan KoNemanma co cMelyes
TXT «~{ 000000 f~mmm~ rues 34 ong cosianu I oxo?’ﬁ
RLD 0034 2
END

Puc. 6.1. Tlprmep BXOAHBIX AaHHBIX AJISi 3arpysuHdKa.

JVIHHY. KOMOUWIATOpPY HHUEro He M3BECTHO O TOM, B KAaKOe MeCTO B
namsATH OylleT 3arpyseHa mnporpaMma, No3TOMY OH IOMeliaeT B moJs
aJ[peCHBIX KOHCTaHT OMHOCumenvHbie ajpeca. BMecTo ajpecHbIX KOH-
CTaHT, YKa3blBAIOIHMX Ha TOYKH BHYTPH 3TOTO Ke MOAYJIS, KOMIUISTOP
NOMeEILAeT CMellleHHe 3TOH TOUKH OTHOCHTENILHO Hauajla MopyJas. Bmec-
TO afpeCHbIX KOHCTAHT, YKa3blBaIOUIMX HA BHELIHHE CCbIIKH, KOMIIH/IS-
TOp NomeniaeT HyAH. Kak TonbKo BceM HeOOXOAMMEIM MOAYJISIM Bblzee-
HO MeCTO B OCHOBHOH NaM#TH, 3arpy3YHK IPHUCBAaNBaeT COOTBETCTBYIO-
IHe 3HaYeHHs BCEM AaJpPECHbIM KOHCTaHTaM.
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Pe3synstate B BbIX®DAR e

TABJIULA 3ATPY3KU

MOAYNb/BXOA "ADPEC ™n
M 100000 MA
B 100100 BX
C 100300 MA

PesynbTat B rnasHod namsatu

Bairtu 100000-1002FF copepwar Tekct moayns M
» 100054 » 100300
» 100200 » 100220
»  100300-100360 » Tekct moayns C
» 100334 » 100100

Puc. 6.2. CooTBeTCTBYIOLIHE BHIXONHbIe XaHHHIE.

BmecTo TOro 4ro6bl 06BACHUTD 3TOT Ipoliecc 6oJiee NoApo6HO, A NpH-
BeJs1 Ha puc. 6.1 o6pasell HCXOAHBIX JaHHBIX 3arpy3uHKa, a Ha puc. 6.2—
cooTBeTCTBYIOUIMA pe3ysnbraT. M3 puc. 6.1 u 6.2 MOXKHO H3BJIEYb HOC-
TAaTOUHO MHGOpMaLHUH, YTOOLl NMOHATH 3ajauy. [IpoekTHpys 3arpysuuK,
MBI TIpenmosiaraeM, 4To oH Oyler paborarb B HEKOTOPOH OmepalHOH-
HOH cHCTeMe, MMeIOIEeH CpejCcTBa pachpeleseHHs OCHOBHOH NMaMATH H
CpeicTBa BBOJA-BBIBOJA, HEOOXOJAMMBIE [Jisi BBIIOJHEHHS onpepanHi
yTeHMs, 3alUCH M TMOHCKA HaJl BXOAHBIMH H BBIXOJHBIMH (hafnamu.

[NepBHlfi wWar B NPOEKTUPOBAHHH 3arpy3uHKa COCTOMT B Ompeje-
JIEHHH TJIaBHOTO MOAYJ/A, GYHKIHS KOTOPOI'O SKBHBAJEHTHA (YHKIHH
BCEro 3arpysuHka. JtoT moayJb HaszoBeM SATPY3UTDH-ITIPOI'PAMMY
(LOAD-A-PROGRAM).

Ha caenyrouwewm are rlpOEKTPlpOBaHHﬂ HaJo paccMOTpeTh 3TOT MO-

LyJ1b KaK 3ajady, NOJIeXallyI0 pelieH o, U, mpumeHss pas6uenue STS,
pasnoxuTh ero Ha Gosnee MenKHe (pyﬂxmm Ha puc. 6.3 mokasaHo,
KaKHe MATb MPOLECCOB BHIAETAIOTCS B HalleHl 3ajave, €C/H IPOCAEIHTh
33 MOTOKOM JAHHBIX. OCHOBHOH BXONHOH HOTOK — 3TO OOBEKTHHIE
MOZY/IH; OCHOBHOH De3y/bTaT — 3arpykeHHasi Nporpamma (rabnuua
3arpy3KH TpeACTaB/seT co00H BTOPUUHBIA pesyibrar). Oco3Has, uTO
OGBeKTHBIH MORYJb — 3TO MOAYJIb C nepemewjaemoimy aApeCHHIMH
KOHCTaHTaMH, a 3arpyxeHHas nporpamma — Ha6op Moxynaed ¢ abco-
MOMHbIMY 3HAYEHUSIMH aPeCHBIX KOHCTAHT, JIEF'KO HAaHTH TOYKH HaH-
Boiclieli aGCTpakiWH (OHU OTMeueHbl 3Be3fioukamu). Temepb 3ajava
pas6ura Ha Tpu PYHKUMH M HayaTa paspaGoTKa CTPYKTYpbl MOAYJS,
Kak MokasaHo Ha pHC. 6.3.

Ha sTom ypoBHE NpOEKTHPOBaHMSI OCTaJOCh ONPENEIMTH TONBKO
conpsixkeHust MoAynelt (ormeueHHble nudpamu 1, 2 u 3). Haunemc conps-
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% £l
Samngms ocmams sce Kacmpoums
snewnue Modynu us adpecrste

cesinnu BAEIPOr NOHCIIANMS!

Jaromwume
axodnsie
Modyme

— —
D0'senmusie Jazpywcennas
Modynu npozpamme

Sazpysums
npozparmy
/ ) l \
Jazpysume
SaAMNHYMYK ’gg’zz’,’;" Borgecmu
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Puc. 6.3. IleppoHauasibHoe pasGuenne.

JeHust 3. Mbl 3HaeM, YTO BBIXOLHOH JIUCTHHT COCTOHT M3 TaGJHLBI 3a-
IPy3KH (CIUCKa BHEUIHMX MMEH M COOTBETCTBYIOLIMX MM aGCOMIOTHBIX
ajipecoB) H cooOlleHnH 06 ownbkax. BXoJHble NaHHBIE CONMpsKEHUs 3
MOryT OBbITb OmpeJieNieHbl KaK CMHCOK coolbueHuit o6 omunbkax ©# TBHM
(ESTAB) — Tabnunua, cojgepxainasi BHeWIHHE HMeHa, HX THOB U
abcomtoTHble agpeca. OTMETHM, Y4TO B NPOLECCE NPOEKTHPOBAHHS CTPYK-
TYpbl IPOrpaMMbl HaC He HHTepecyeT TOYHOE IIpeJCTaBAeHHe NaHHBIX
(nanipumep, nosgHee TBMM moxer GbITb ONpefesieHa Kak MOCJEI0Ba-
TeJIbHBIH WIH OJHOCBSI3HBIH CIHCOK). BBHIXOXHBIE JaHHbE COTpPSIXKEHHs
3— elne nojexXalluil onpeesIeHuio KoL OWHOKH.

®ysxkuun HACTP-AJIP (RELOCATE-ADCONS) Hy»HBI BXOIHbIE
JlaHHble JABYX TUIOB: OMHMCAHHE BHEWIHMX UMeH (B 4aCTHOCTH, MX abco-
JIIOTHBIE aJipeca) W OMHCaHHe BCeX aAPECHBIX KOHCTAaHT. Oonp;m(eﬂue 2
COJZIeP2KHT JiBa s1eMeHTa BXoAHbIX AaHHbIX: TBUM u TTIEPM (RLTAB),
Tab/MHUIly, COAEpXKALIYl0 yKa3aTelb Ha KaxIyl0 aApeCHYI KOHCTAHTY
H yKasaTeab Ha cooTBeTcTBywomuii saemenT TBHM (unm ero unpexc
B Tabnuue). Her Heo6XoauMOCTH MepeNaBaTh 3arpyKeHHLIE OObeKTHbLIE
MOAYJH Kak mapamerprl, nockoabKy B TBVIM ecTb ykasarenu Ha HuX.
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Puc. 6.4. Pa36uenne 3AI'PY3HUTH-3AMKH-TTIPOTP.

Boixon conpsiKeHHsi — TOMbKO Kox owH6ku. Tenepb ompenesieHo H
COMpsiXKeHHe 1; OHO He MMeeT BXOJHBIX JAHHBLIX, 8 BHIXOJHEIE JaHHblE —
TBUM, TITEPM u cnincok coolmenui 060 BceX oLIMGKax, 06HApYxKeH-
HBbIX TIDH BBIMOMHEHUH QYHKIHH.

Ha cnenyromem miare HY»XHO B3fTb MOIYJH, H3006pa)keHHble Ha
puc. 6.3, u 3aHsATbCA UX pasbuenueM. Jloruky monysneii HACTP-AZIP u
BbIJATb-TUCTUHI' (PRODUCE-OUTPUT-LISTING) Jserko ce-
Ge NpeACTaBHTb, MOITOMY HX pa30HeHUEM Mbl 37eCh 3aHHUMAaThCs He 6Y-
nem. Takum o6pasom, ocraercsi Tonbko mogynb SATPY3HUTb-3AMKH-
[MTPOr'P (LOAD-RESOLVED-OBJECT-PROGRAM). IlepBriM Aenom
PaccMOTPHM €ro Kak MHOJJIEeXKAUlylo pelleHHIO 3aJaJyy H HaMeTHM ero
CTPYKTYPY, KaK IOKa3aHo Ha pHC. 6.4. BxojiHO# moTOK — MHOKeCTBO
obbekTHBIX Moxysell u3 BX®PAWJI, a BLHIXOZHOH NOTOK — OGbeKTHas
IporpamMma, B KOTOpO#t 3aMKHYThI BCe BHelIHHe CChIKH. Touka HauBhbIC-
uleit a6CTPaKIMK BXOXHOTO IOTOKAa — TaM, TJie Bce Moay H 3 BX ®ANJI
pa3sMeinieHbl B namaTH H npeAcrasiessl B TBUM u TITEPM. Touka Hau-
BolCllel aGCTpaki[MM BHIXOAHOTO MOTOKA HAXOJHUTCS HAa CaMOM BbiXoje
3anaun. [TosToMy paccmaTpuBaeMast 3ajaua pa36uUBaeTCs TOJAbKO Ha jBe
GyHKUHH (OTpefesieHbl JBa COOTBETCTBYIONIMX MOAYUHEHHBIX MOZYJS)

ConpsixxeHHe 4 He UMeeT BXOAHLIX KaHHBIX W BO3BpalllaeT B Kaue-
cTBe BbixoaHbiX AaHHBIX TBMM u TIIEPM u cnucok coobueHuit o6
ownbkax. ConpsikeHHIO 5, oueBHHO, Heo6X01HMa B KauecTBe BXOJHOH
vndopmauuu TBUM. Opnako, BCAEICTBHE TOro 4t0 MOAYJAb 3AM-
KHYTb BHEIIH-CCHIJIKU (RESOLVE-EXTERNAL-SYMBOLS)
MoxeT moTpe6GoBath 3arpy3ku moayseil us BUBITPOI, moxer oka3arb-
Cs HeoOGXOJMMBIM BKJIIOUHTL AOMOJHHTEJbHbIE 3j1eMeHTH Kak B TBUM,
Tak u B TITEPM. TlosTomy o6e TaGsuubl AOMKHBL ObITh M BXOXHLIMH
JaHHbIMH, H BbIXOJXHLIMH. ‘

JIBurasicb BHH3 1O MepapXHH, Mbl Teepb MOxeM pa3buTb MOAYJh
3ATPY3UTb-MOAY/IU-BXPAWJIA (LOAD-INFILE-MODULES).
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Ora 3ajaya no CBoeH CTPYKType SIBJISIETCH LHUKJIHYECKHM MPOLECCOM,
n300paxkeHHBIM Ha puc. 6.5. OHa AOCTAaTOYHO MPOCTa, TaK YTO pas3Gu-
paTh ee Jajblie He o0s3aTeqbHO. ITOCKONBKY, OIHAKO, 51 Npeciaelyio
onpele/eHHYIO lieJlb (MHHAMH3HPOBATh YUCJI0 MOAYJell, OCBEIOMIEHHBIX
o npeacrasnenny TBHUM u TITEPM), B Hell BoiAenensl ABe QYHKLHH.
OrmetuM, uto moayab 3ATPY3UTb-MOAYJIU-BX®PAW/I obpaua-
ercsl TakXKe K onepaulUoHHOH cucreme Aiasa ureHusi uz BXOAWI u
pbijesieHns GlIoKoB ocHoBHOM mamsatu. TBYIM saBasiercs BxomHo# aist
conpsxenus 6, a TTIEPM — nnsa conpsixkeHus 7, 4ro nosBojsier o60HM
MOLY/1M OBITb NPEACKA3yeMbIMH H NOBTOPHO BXOAUMBIMH. OIHO U3 3HA-
yenuit Koga ownOkH (KO) B conpsixkeHun 6 ykaspiBaeT Ha NOMBITKY
noBTOpHO BKMouuTh B TBMM umsa tuna MJ1 (Moxyas) wiu BX (Bxon).

Tenepb Mbl MOXeM 3aHATbC pas3bHeHHeM Ipyroro mMopyJs. BriGe-
pem 3BAMKHYTb-BHEIIH-CCBIJIKH, nso6paxenunifi Ha puc. 6.4.
BX0IHO HOTOK — MHOXKE€CTBO (BO3MOXHO, MYCTOE€) HE3aMKHYTHIX BHelI-
HHUX HMEH, B BBIXOIHO! MOTOK — 3aKOHYeHHasi oObeKTHas Iporpamma.
Touky HauBbicLled aGCTPaKUMKM M NOJNY4YeHHOe B pe3yabTaTe pas36u-
enue NoKasaHbl Ha puc. 6.6.

Croutr o6paTutb BHMMaHue Ha cienyloumee. Monyaun 3AIPY3UTD-
MOY/JIb-BUBITPOT" (LOAD-PROGLIB-MODULE) u 3ATPY3UTb-
MOIYJ/IU-BXDPAWJIA umetoT cXonHble QYHKUHH, H MOXHO GbLIO Gbl
06061IMTD MOCJAeAHHHE MOLYJIb, C TeM UTOObI OH BBLINONHAT 06€ pyHKIHH.
Taxoe npoexkTHoe pelleHHe He Obl10 6bl HEPa3yMHbIM, HO fl IPEANOYUTAI>
OCTaBHTh 062 MOAY/S 1O ABYM NPHYKHAM: BO-NEPBHIX, Gai1bl OpraHu3o-
BaHbI N0-PasHOMY M, BO-BTOPBIX, HHaYe BO3HHUKJO Obl CLeNVIEHHe 110 YII-
paBJIeHHIO (OXHOMY MOAYJIO HY3KHO Obu1o OBl IBHO YKasbiBaTh (aila, u3
KOTOpPOro C/efyeT yuTaThb). OTMETHM, OXHAKO, YTO 5l MOI'Y HCIIO/Ib30BATh.
MOJLyJIH, TofuHHeHHble Moaymio SATPY3UTh-MOLYJIN-BX ®ANJIA,
KaK 3TO NOKa3aHO Ha PHCYHKE.

Moayns  COIVIACOBATbL-BHEIIH-CCbIJIKW ~ (MATCH-ERI-
TEMS) coscem npoct. On npocMarpubaer TBHM B nouckax s/nemeHToB ¢
elle He 3aMKHYTHIMH HMEHaMH (OTMEeUeHHBIMH HYJISIMH B aIPECHOM I10JIe).
Berperus Takoe ums, od uimer B TBHIM snement tina M win BX ¢
STHM xe uMeHeM. Eciii Takoli aneMeHT HaljieH, ero aJpecHoe rnojae nome-
aeTcs B afpecHoe MoJje NepBoro 3JeMeHTa H 3aTeM MOAYJb NMPOJO/IKa-
€T MOHCKHM He3aMKHYTHIX uMeH. Pa6oTa 3aKaHYHBaeTcsi, €C/IH TaKOBBIX
He ocTaloch (B 3ToM ciydae ycraHaenausaerca ¢uaxok I'OTOBO)
JH6O ec/iu HAHAEHO UMsi, KOTOPOE He YIaeTcsl 3aMKHYTb (OHO H BO3Bpa-
maercsi kak pesyiabrar). Moayir 3AMKHYTb-BHEUIH-CChIJIKH
TaKke BIOJHE IPOCT; OH LIMK/JAMYecK 1 Bhi3biBaeT Moay/ib COI'JTACOBATD-
BHEUIH-CCBIJIKH u 3ATPY3UTb-MOAYJIb-BUBIIPOI' no Tex
nop, noka He GyAyT 3aMKHYTbI BCe HMEHA HJIU BCTPETHTCS] HE3AMKHYTOE
UMs, kotopoe He HaineHo B BUBITPOI'. 310 He caMblél s(peKTHBHDIX
CIoco6 BhIMOJHEHHs! (PYHKIHH, HO camblii mpocToi. Kak rosopur Kuyt
B [8], «npexpeBpeMeHHas onTHMH3ALHsT — KOpeHb BceX 30i». ITocie
TOTO KaK Mbl 10/1y4MM paGoTaIoLLYI0 IPOrPaMMy, MOXKHO GYAET H3MEpHTh
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«3arpy3nts moaynu B)S(DAVU‘Ia» Mcnonb3yeT (PyHKUMM OnepaymMoHHOM Cu-
cremsl GET (3 BXMDAWNa) u GETMAIN (ans sbigeneHus namsth).

1

2

«3arpysute mogyne u3 BUBMPOr» ucnons3syer (yHkumumu cuctemnr FIND u
GET (u3 BMBMPOT) u GETMAIN.

3. «BuiBeCTM NUCTMHr» McnoNb3yeT dyHKuuio cuctemsl PUT (8 BbIXDAMI).

4, nement TBUM copepknt ums, tMn (MOAYNb, BXOA MM BHELIH. CCbiNKa)
W agpec BbIAGNEHHOrO MOoNs NAMATH.

Snement TMEPM cogepxuT HoMep cooTsercTByiowero anemedtra TBUM
M appec appecHON KOHCTAHTBI B MAMATH.

Lyl
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Bxoa Buixog
1 TBUM, TNEPM, CCOOB
2 ‘ TBUM, TMEPM KO
3 | TBUM, CCOOB KO
4 TBUM, TNEPM, CCOOB
5 | TBUM, TNEPM TBUM, TNEPM, CCOOB
6 | TBUM, umsa, Tmn, agpec TBUM, Homep an-ta, KO

TNEPM, Homep 3n-t1a, appec agp.
7 KOHCTaHTbI TMNEPM, KO

8 | TBUM TBUM, cnakox TOTOBO, wums
HE3aMKH. BHELH. CCbINKMU

’

9 | TBUM, TMEPM, ums moayns TBUM, TMEPM, CCOOB
10 cosnagaet ¢ conpaméﬂuem 6

1 cosnagaer ¢ conpsykeHem 7

12 | TBUM, ums snemeHTa WUmsa, tvn, agpec, KO
13 ' cosnagaert ¢ conpskeHrem 12

Prc. 6.7. OkoHuaTe/lbHbIH pe3yJbTaT.

€e NPOU3BOAUTEbHOCTL H ONTHMH3HPOBATH JIOTHKY OXHOTO UJIH HECKOJIb~
KHX MofyneH, ec/iu AJs sToro GyAyT OCHOBaHHUSA. (DTH NOAPOGHOCTH YO~
MHHAIOTCA 3JeCh TOMbKO AJIfl TOro, YToOB! YHTaTe/lb NOHUMAN 0COGeHHOC-
TH Hallero 3arpy3yuka; B JEeHCTBUTENBHOCTH B 3TOT MOMEHT He C/IefyeT
HHTEpecoBaTbCS JIOTHKOH MOIYJs.)

OuenvBasi Tekyllee COCTOSIHHE HAIIEro MPOEKTHPOBaHHMs, 1 GOJbLLE
He BiKy MOAYJIel, nomyiexamux paséHeHno. MoxHO GblI0 6bl TO3TOMY
00BABHTD NPOEKTHPOBAHHE 3aKOHYEHHBIM. OJIHAKO 5 MO-NPEXKHEMY HMEIO
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B BUJy yNOMHHABIIYIOCS paHee Lelb — CBECTH K MUHHMYMY UHCJIO MO-
Iysteit, analomux cBoAcTBa H npexcrasiesne TBUM u TIIEPM. S mory
OCYIIeCTBUTD 3TO, CO3/laBasi M3 HEKOTOPBLIX MOAYJeil HH(POPMALUOHHO
npounble 0GO0LIEHHbIE MOAY/IH, KaK 3TO NMOKa3aHo Ha puc. 6.7. Uto6w
n3onHpoBarh Bce cBefieHus 0 TBMM B oxgHOM MoayJsie, MHE HYXKHO CO3-
JaTb HOBYIO GyHKUmIO (BXx0a) ¢ umenem HAWTU-3JIEM-TBUM (FIND-
ITEM-IN-ESTAB), swisbBaemyto u3 HACTP-AIP u BBIJATb-
JIMCTUHT, kak 3To nokasano Ha pucyHke. OTMeTHM, 4TO, XOTS U ApY-
rue moayau nepenaior TBUM u TITEPM kak mapameTpHl, TONbKO JBa
HHPOPMALMOHHO NpoYHBIX Moxyns, YIIPTBHMM (ESTABMGR) u
YIIPTIIEPM (RLTABMGR), 3HaioT BHYTPEeHHIOIO CTPYKTYpPYy 3STHX
ta6auu. Hanpumep, Tonbko YTIPTBUM 3HaeT, kakoB ¢opMmaT 3/eMeH-
T0B TBUM, sieasiercs nu TBHMM nocaenoBarenbHod TaGnuued wiu
CIIHCKOM, COPTHPOBAHbl JIH €e 3JIEMEHTHl U T. II. :

B okonuatenbHOM npoekTe, u3oGpaxkeHHOM Ha pHUC. 6.7, Mbl AOCTHT-
J¥ CJelyIOLUX pe3yJbTaToB: ,

1. Illectb Mmomysefi (YHKIHOHAABHO TNPOYHBI,; OCTaJbHbIE 1Ba —
¥H(pOpMALMOHHO NPOYHBI.

2. Kaxpaplii Monynab Man, ero JIOTHKY JIETKO TNOHATH.

3. 3nanus o TBVYIM u TITEPM CKpHITH B K2XKIOM CJydae B eHHCT-
BEHHOM MOAYJIe.

4. Tonbko ABa MOAYJsl OCBeAOMJEHH O (popMaTe OGBEKTHBIX MOAY+
Jie#, BbIpaGaThHIBaEMbIX KOMIUISATOPOM.

5. 3a uckaOueHHeM 3THX [BYX MoAyJeH (KOTOpble CIEIVIEHBI IO
¢opmary), Bce OCTalbHble CleMIeHbl TOAbKO MO JAHHBEIM.

6. Bce onepaiiu BBOJA-BbIBOAA JJ1s1 KaxA0Tro aiiia cocpesoTOUeHk!
‘B e[IMHCTBEHHOM MOJY.Te. '

HanomHuM TO/BKO, 4TO B peanbHOM 3arpysunke OyleT ellle OIHO
JOTOSIHEHNE: OH JINGO Cpasy axTHBH3UPYET 3arpyKEHHYIO NPOrpammy,
Ju6o BepHeT ajpec ee BXoja oOpaTuBLIeHCs K HeMy Nporpamme.

NMPOBEPKA NPABHJIbHOCTH

B mouckax HezoCTaTKOB H OUINOOK B CTPYKType NpOrpaMMbl MOXHO
TI0C/IeA0BaTe/IbHO TPHMEHUTh TPH METOJA: METOA «/ MJIIOC-MHHYC ORXHHM»,
CTaTUYeCKYIO TPOBEPKY U CKBO3HOH KOHTPOAb. MeTOox «n ILTIOC-MHUHYC
OIMH» — 3TO OpHIHa/bHASA NIPOBEPKA NPOEKTHOH JOKYMEHTallHH pa3pa-
6oTyrvikamu 3tana n—1 (aBTOpaMH apXHTEKTYPHl CUCTEMBl H BHEWIHUX
crenudUKauuit), Koropble HUyT OIIHOKH NepeBoAa, u pa3paboTuMKaMH -
sTana n--1 (co3aarte/ssiMu BHEIIHEr0 MpPOEKTA MOAYJS), KOTOphle Ipo-
BepAIOT, HACKOJABKO OCYIIECTBHM U NOHSTEH NIPOEKT, COIacyeTcs U OH
C fI3BIKOM NPOrPaMMHDPOBAaHHS W ONEPalMOHHOH CHCTEMOH, KOTOpbie
npeAnoJiaraeTcsi HCHO/JMb30BaTh. _

CraTHuecKas ITpoBepKa COCTOMT B OLEHKE MPOEKTa C TOUKH 3peHHst
PACCMOTPEHHBIX paHee B 3TOM IVIaBe XapakTEPHUCTHK, BhLINOIHAEMOH
YIeHaMH BTOPOH IpyNnbl. ¥Y4YaCTHUKOB 3TOH NPOBEPKH AOJXKHBI HHTEpE-
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coBaThb TaKHe Bonpocu: «Bee i Moy GYHKIHOHAIbHO HIH HH(pOPMA-
[{UOHHO TpoYHEI? Eciiu Her, To nouemy? CWIbHO JIM OHH CLEIJIeHH? Bee
JIH MOLYJIH MpeicKasyeMbl? BrinosineHo /in pas6uenue a0 konua? (To
eCTb MOJKETE JIH Bbl OTYET/IHBO MPEACTaBUTh ceGe JIOTUKY KaXKIOro MOAY-
n9?) MHHMMU3HPOBAH MM JOCTYI K JAHHBIM KaXJOTO MOAYJSP»

TpeTuit MeTox NPOBEPKH — CKBO3HOH KOHTPOJIb, aHATOTHYHBIH pac-
cMaTpUBaBlIeMyCs A5 NPeIbAYLIUX IPOLECCOB NPOeKTHpoBaHus. CHa-
yajia Hy>XHO Pa3paboTarb TECThI JJIs1 <MBICJIEHHOH» IPOBePKH (Hanpumep,
puc. 6.1 u 6.2 MOXHO HCMONBL30BaTh KAK TecThl IS 3arpy3uHKa)
M V15 KAXKIOro TeCTa NPOCIeLUTb 3a eHCTBUAMHU CHCTEMH LIAT 3a 11aroM,
JIBHTasich No CTpyKType Moayaeil. Ilpu sToM cenyer npeanosnarars, uro
JIOTHKA KaXI0ro MOAYJisl IPaBU/IbHA, T. €. YTO Kax/bId MOLY/Tb IPaBH/Ib-
HO BBIMOJIHSAET cBoU QyHKuuU. Hiure B CTPpYRTYpe Takue fedeKThl, KaKk
HefocTalomye (YHKIHH, HENONHEE CONpSKEeHHs, HelnpaBHIbHbIE pe-
3yabTaThl. PaccMoTpHTe AOCTATOYHOE KOJIHYECTBO TECTOB, YTOGH KaMKAbIH
moAynb ObLT BLI3BaH IO KpaiHel Mepe oauH pa3. PaccMoTpute B KauecT-
Be TeCTOB M HENpaBUW/IbHBIE BXOJHbIE AaHHble (Hanpumep, OOBEKTHBI
monyab Ge3 3anuceit TBHIM), a Tak:Ke TeCThl C «rpPaHUYHBIMH YCJIOBHAMHU»
(nanmpumep, oObeKTHBHIH MOAY/Nb Ge3 BHEUIHUX CCHUIOK WJIH aJpecHBbIX
repeMeHHbIX).
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MeToabl NPOEKTHPOBaHUA

B ra1. 3 mopuepkuBanoch, YTO U3 YETHIpeX OCHOBHBIX TPYMN METOIOB
ofecneyeHHs HAIeXXHOCTH HaWJyylllue Pe3y/IbTaThl JAI0T MeTOJb! peny-
npexjeHns owHG0K. B GoJbIIKHCTBe C/yyaeB, OJHAKO, NpH pa3palor-
Ke TporpaMmHoro oGecrneyeHusl HHKaK HeJb3si Npeinosnarath, 4To To-
TOBas mporpaMma He OyZneT cofiepKaThb OINGOK. B 3ToM u coctouT mc-
XO[Haf NPeINoChlIKA MeTOAOB OOHapyxeHus OWHNOOK, WUCHpAaB/IeHHs
olNGOK M ofecneyeHusi yCTOHYHUBOCTY K OLIHOKaM: roTOBasi mporpamma
(cucrema) 6yzeT cofiepKaThb OWHOKH M NOITOMY JIOVXKHA OBITh CIIPOEKTH-
pOBaHa Tak, uToObl ee noBejieHHe GBIO NpecKa3yeMo U B ciydae OiiHG-
kH. [Ipy 3TOM HMetoTCS B BUAY KaK OLIMOKH B TPOrpaMMHOM o6ecrnieueH Hy,
Tak H OWMOKH MoJb30BaTenss MIH COOM amnmaparyphl.

NMACCHBHOE OBHAPY)XEHHE OHIHBOK

Ecnyn MBI HCXOAUM M3 Npeiro/OKeHUs, YTO B IPOrpaMMHOM ofecrie-
yeHuH Oy YT OHOKH, TO, OUEBUAHO, B IEPBYIO OUepeb CielyeT NPUHATh
Mephl 4151 UX o6HapyxeHus. Hosee Toro, eciu HeO6XOAUMO NPHHUMATh
JOTOJIHUTE/bHBIE MEpPH (HanpuMep, HUCNPABIATb OWHMOKYU HAH HX [O-
C/IeCTBHSA), TO BCE PaBHO CHAYa/a HY>KHO YMeTb OOHApyKHBATh OLIHGKHU.

Mepb! 10 06HapyKeHHIO OLIHGOK MOXKHO pasOUTh Ha JBe HOATPYIIMbI:
naccueHvle TIONBITKH 06HAPYKUTh CUMITOME! OLIKOKH B mpouecce «oGblu-
HOI» paGOTHl MPOTPAMMHOTO obecreyeHHsI M QKmMuéHole TONBITKH Tpo-
TP2MMHO CHCTEMBI Ilep HoAHYeCKH 00C/Iel0BaTh CBOE COCTOSIHME B TOHC-
Kax NpU3HAKOB ownGOK. [TaccuBHoe o6HapykeHHe paccMaTpHBaeTcsi
B 3TOM pasjene, akKTHBHOe — B CJIEAYIOLIEM.

Meps! o o6HapyxKeHHI0 OIUHG0K MOTYT OLITh MPUHATHI HA HECKOJIb-
KUX CTPYKTYPHBIX YPOBHSIX MpOrpaMMHOH cucTeMbl. B aToii ryiaBe Ml
OyneM 3aHHMaTbCsl YPOBHEM INOACHCTEM, WM KOMIIOHEHT, T. €. Hac Oy-
ILyT MHTepecoBaTb Mephl 10 OGHapYXKEHHI0 CHMNTOMOB OLIMOOK, Mpel-
NpHHUMaeMble NIPU Mepexojie OT OAHOH KOMIIOHEHTHI K IPYTOH, a TaKxKe
BHYTPH KOMIOHeHTHI. Bce 3T0, KOHEUHO, IPUMEHHMO TaKXKe K OTAE/]bHLIM
MOZYJISIM BHYTPH KOMIOHEHTHI.

PaspaGaTbiBast 3T Mepnl, Mbl OyJeM ONHPAaTbCsi Ha CleAyloulHe
TNOJIOXKEeH NS
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1. Bsaumnoe nedosepue. Kaxkaast U3 KOMIOHEHT IO/MXKHA TpeArnona-
rath, YTO BCe Jpyrue cofep:xaT omub6ku. Koraa oHa momydvaer ka-
gue-HUOY/b JaHHbIE OT APYrofl KOMIIOHEHTbI WJIH H3 HCTOYHHKA BHE
cHCTeMbl, OHA JOJIXKHa MNpeanosararb, 4To JaHHble MOTYT OBITb Hempa-
BH/JIBHBIMH, U IEITaThCS HAHTH B HUX OLIMOKH.

2. Hemedaennoe obHapyscenue. OWMOKH HEOGXOAUMO OGHApPYKHTh
KaK MOXHO paHbllle. DTO He TOJIbKO OTPaHUYHBAET HAHOCHMBIH HMH
yuiep6, HO M 3HAYMTEJbHO YNpOWlaeT 3aJadyy OTJIAAKH.

3. Hsbumournocme. Bce cpeicTBa oOHapyxeHUs OMWIHGOK OCHOBAHBI
Ha HeKOTOpOH (popMe H3GBLITOUHOCTH (IBHOH WIH HEsIBHOM).

Konkpersele Mepbl OCHapyKeHHsi CHJIBHO 3aBHCAT OT CHEUHPUKH
npHKJaAanHoi obmactH. OJHAKO HEKOTOpble HAEH MOXHO MOYEpPHHYTh
M3 CIeYIOLIEro CIHCKa:

1. Tposepsiite aTpuGyTHI MIOGOrO 3/1EMEHTa BXOAHBIX NaHHBIX. Ecoiu
BXOJHbIE JaHHBIE JO/XKHBI OBITb YHCJIOBBIMH HIH GYKBEHHBIMH, IpO-
BepbTe 3T0. Ecsiy 4HC/I0 HA BXOAe JO/MKHO GBITh MOJOXKHUTETbHBIM, MPO-
BepbTe €ro 3HadeHue. Eciy M3BeCTHO, KakoH MOMKHA ObiTh IJIHHA
BXOJHbIX JAaHHBIX, POBEphLTE ee.

2. Ipumensiite «raru» [1] B Tabnuuax, sanucsx U ynpasasioOUlHX
6/10KaxX ¥ NpoBepsifiTe C UX NOMOUIBIO JOMYCTHMOCTb BXOAHEIX JAHHBIX.
Tsr — 3To noJsie 3anucH, fBHO YKasblBaiollee Ha ee HasHauyeHue. Tak,
B IpuUMepe C 3arpysdyukoM B Ii. 6 xaxjas 3anucb CBUIM cuaGxena
T3rOM — OHa (u3uyecku cofep:kut cumboanl «CBHMM». Cucrema, ko-
TOpasi nmpejnojaraer noxydatb Ha Bxone sanucn CBUM, nomxua npo-
BEPSATb HaJHuHe B KOHKPETHBIX BXOAHBIX AaHHBIX 3TOrO Tara.

3. INpoBepsiite, HAXOAUTCA JIH BXOJHOE 3HAYEHHE B YCTAHOBJIEH-
HbIX TIpefesnax. Hampumep, eciu BXOZHOM 3/1eMEHT — ajfpec B OCHOB-
HOH mamATH, NpoBepsiiTe ero gonycTuMocTb. Bcerga mpoBepsiiite mo-
Jie ajpeca WIM yKasareJs Ha HYJAb H CYHTaiiTe, YTO OHO HEBEePHO, eC/H
paBHo HyJmo. Ecnu BxosHble AaHHBIe — Tabnuia BeposTHOCTeH, Mpo-
BepbTe, HAXOJATCA JIM BCe 3HAYEHUS] MeXAy HYJeM H eNuHHIeH.

4. TlposepsiiTe JOMyCTUMOCTb BCeX BapHaHTOB 3HaueHuil. Eciu
BXOJHOe nose — Koj, 0003Ha4yamui OJHH H3 AeCATH paioHOB, HHU-
Korja He mpejnoJjaraire, 4To ecjIM 3TO He KOJ HH OZHOTO U3 pajioHOB
1,2, ..., 9, To 310 06s13aTesILHO KoZ pafiona 10.

5. Ec/1H Bo BXOAHBIX JaHHBIX €CThb KaKas-1u60 fBHAs U3GbITOYHOCTD,
BOCHO/Ib3YfiTECh €l0 11 NPOBepKH JAHHBIX.

6. TaM, rie BO BXOAHBIX JaHHBIX HET SIBHOH H3GBLITOYHOCTH, BBEIH-
Te ee. Ecam Bama cucrtema HCIoMb3yeT KpafiHe BaxkHYylo Tabnunmy,
NoAyMafiTe O BKJIOYEHUH B Hee KOHTPONBbHO!H CyMMbl. Bcsikuii pas,
Korga Tabsuua OGHOBIsIETCs, CJelyeT IPOCYMMHpOBaTh (IO HEKOTO-
POMy MoOAyJII0) ee moJiA M pe3y/bTaT NMOMECTUTb B CleLHaJbHOE IoJe
KOHTponbHOH cymmbl. [loacucrema, ucmosbaymomas TabaHIly, CMOXeT
Te€nepb nposepuThb, He Obl1a Jd Tabauua ciyuyaiHO MCOOpYEHA,— A
STOTO TONBKO HYXKHO BBINOJHHTb KOHTPOJNbHOE CyMMHPOBaHHe.
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7. CpaBuupaiiTe, COr1acylorCsi JH BXOLHbE JNAHHbIE C KAKHMU-JIH-
6o BHyTpeHHHMH AaHHbIMM. EciaM Ha BXoje omepalHOHHOH CHCTeMu
BO3HHKaeT Tpe6oBaHHe OCBOGOAMTb HEKOTOPLIH GJIOK NMaMsATH, OHA AO0J-
JXHa y6eauTbCs, 9TO 3TOT GNOK B JAHHHII MOMEHT NeHCTBHTEJbHO
3aHAT.

Korna paspa6aThiBaioTcsi Mephl N0 OGHApYKeHHIO OLIHGOK, BaXKHO
NPUHATD COIVIACOBAHHYIO CTpaTeruio AR BCeH CHCTeMBbI (T. €. NpHMe-
HUTb HJIE0 KOHIENTYaJlbHOH ILENOCTHOCTH, O KOTOpPOH 1yia peub B
. 4, K o6HapyxeHHI0o owu6oK). [leficTBHS, NpeANpHHUMaeMbe Mocae
00HapyxKeHHUs ouHOKH B MporpaMMHOM obecrieyeHHuH (HarnpHmep, BO3BpaT
KoJlla OWHOKH), AOVKHBI ObITb €1MHOOGPa3HBIMH IJIfi BCEX KOMIIOHEHT
CHCTEMBl. 3TO CTaBHT BONPOC O TOM, KaKMe MMEHHO NefCTBUS cieayer
NpeAnpHHAThL, Koraa owubka ofHapyxeHa. Hawunyumee pemenue —
HeMelJIeHHO 3aBeplUHTb BHINCAHEHNHe MporpaMMel WIH (B ciydae omne-
pauvonHo# cucremul) nepesectd LT B cocrosnue oxupanms. C Tou-
KH 3pEHMsi NMpPeJoCTaB/leHHs Yel0BeKy, OTJaXKUBAIoIleMy Nporpammy,
HarpuMep CHCTEMHOMY [POTPaMMHCTY, CaMbiX OTarONpUSATHBIX YC-
JIOBHH A1 JINaCHOCTHKH OWIMGOK HeMeAeHHOe 3aBeplleHye MpeacTaB-
AsieTcsl Hautyuwed crpaterneli. KoHeyHo, Bo MHOI'MX CHCTeMax noxo6--
Has cTparterus OblBaeT HellenecooOpa3HoH (HampuMep, MOXKeT OKasaTb-
cf, YTO MPHOCTAHABJIHBATh paboTy CHCTEMb Henb3s). B Takom ciyuae
HCIIOJIb3YETCsl METOA peaucmpayuu owubox. Onucanne CHMNTOMOB OLIHG-
KH M <MOMEHTAIbHbIl CHMMOK» COCTOSIHMSI CHCTEMBI COXPAHSETCsi BO
BHellHeM (aiine, nocje . 4Yero cHCTeMa MOXKeT NpPOROJIKaTh pabory.
3Jror daitn nosgnee Gyner usyuen o6CayxHBAIOLULMM NepcoHasoM. Takof
MeTOJ, HCTIO/Ib30BaH B onepainonHoil cucreme OS/VS2 MVS dupme: IBM.
Kax1as KoMnoHeHTa COICP>KHT NPOrpaMMy BOCCTAHOBJIEHHS, KOTOpas
NnepexBaThiBaeT BCe CJydYad HEHOPMAaNbHOTO 3aBEpLUEHHS H NpCTpaM-
MHblE TpepLIBAHHS B 3TOH KOMMNOHEHTe M pEeTrHCTpHpYyeT IaHHble 06
oln6Ke Bo BHewHeM (aiine.

Bcerza, korna 3To BO2MOXHO, Jy4llle NPHOCTAHOBUTH BEHINOMHEHHE
NporpaMMbl, 4YeM PeTHCTPHPOBATh OWHOKH (1H60 obecneyuTb Kak Io-
TIOJIHUTE/IbHYIO BO3MOXKHOCTb paGoTy CHCTeMbl B JIIOOOM U3 3THX peKH-
MoB). Pasnnume Mexny sTuMu MeToJaMH IPOWITICCTPHPYEM Ha cIIo-
coGax BbIfIBJeHHs TPHYHH BO3HHKAIOUIEIO MHOIJAa CKpexera Ballero
asTomMobuns. Eciu aBTOMeXaHHK HaXOAUTCA Ha 3aJHeM CHJIEHbE, TO
OH MOKeT 00CJeZloBaTh COCTOSIHHE MallMHbl B TOT MOMEHT, KOrja
cKpexxeT Bo3HHKaeT. Eciiu ke BBl BbIGUpaeTe MeTON perHcTpalHy OulH-
6OK (3amUChBasi CKpeKeT Ha MarHuTooH), 3ajaya AHarHOCTHKM Oyjer
SHAYUTEJBHO C/I0XKHEe.

Mpumep: cucrema PRIME

Cucrema PRIME — 310 MysnbTHOpOLecCOpHas CHCTeMa C BHPTY-
anbHOW MaMATbIO, pa3paboTanuas B Kanu@opHUACKOM yHMBepcuTeTe. B
Bepknu [2]. Ee ynpouweHnHas cxema nokaszaHa Ha puc. 7.1. OxuH us
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IPOLIECCOPOB CHCTEMbI BhIIGNIEH B KauecTBe LEHTPa/bHOrO mpoueccopa
H COAEPXKHT HEHTPaNbHHIH ynpasiasiomuii MoHutop (CCM — central
control monitor) — ynpaensiomyio nporpamMmmy, Koropasi pacmpe-
JieifieT CTPaHHUUBl MAaMsATH W TPOCTPAHCTBO HA JAMCKe, Ha3HayaeT Mpo-
rpamMMbl IpYTHM npoueccopaM (mpoGleMHBIM IPOLECCOpPaM) M PeryJiu-
yeT MEePechUIKH BCeX MEXIPOLECCOPHBIX cooOuleHuit. PacunpenHelif
ynpasasioumuii moHurop (ECM — extended control monitor) — sto
ea/M30BaHHAss MUKPONPOTPaMMHO yIpaB/aioLias NporpaMma, nocTosiH-
HO TPHCYTCTBYIOIlas B KaXJOM IpolLeccope H YNpaBiAiomas LUCIHET-
yepu3allMell NPOLECCOB, oOmepalHMsAMH BBOAA-BHIBOAA M INOCBLIKH/MO-
JyYeHHs. . .
3amuTa AaHHBIX — OJHA M3 OCHOBHBIX IleJiefi CHCTeMbl. B sToM Ha-
npaeienud B cucteme PRIME cnenan war Bmepel mo cCpaBHEHHIO C
GOIbLIMHCTBOM JDYTHX CHCTEM: B JIOTIOJIHEHHe K O0ecneuyeHHIo 3allH-
THl B HOPMANbHBIX YC/JIOBHAX CTaBHTCS LENb apaHTHPOBAaTb 3alllHTY
jaxke NPH HAJIUYHM OTIENBHOH OWHOKH B NPOrpaMMHOM obecliedeHHH
WIH OTAeJNbHOro c6osi annaparypel. Mepbl no oGHapyXeHHIO OWUGOK
COCTaBJIAIOT OCHOBY METOZa JOCTHXKEHUS 9TOH LeNH.

Bo Bpems paspa6orku cucremsl PRIME Obuiu $iBHO BhIIeJ/ieHB! BCe
NpUHUMaeMble OnepalHOHHOH CHCTeMOH pelleHHs, OIHOKH B KOTOPBHIX
MOTYT NPHBECTH K TOMY, YTO JaHHBIE OJHOTO MOJb30BATENs CTAHYT AOC-
TYNHBIMH JPYroMYy NOJb30BaTe/lio WIK ero nporpamme. Beuiu peanuso-
BaHBI CPEACTBA OOHAPYKEHHSA OWIMOOK LIl KaXKIOro U3 3THX peLieHui.

K yempoicmean s607a-668000

A A A S A B

Hemeppeic 6600a-6s1600a

§

§ 144 lpoyeccs fpoyecesr fpoyeces

& ECM ECM ECH ECM
Namsms | | faniaas famsms | | famsme, | | namams flamsrnb

Puc, 7.1, Cucrema PRIME,’
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Miorue us mux NPEICTABASIOT COGOH KOMOWHALMIO annapaTHLIX H
nporpammusix CPEACTB. Hanpuwmep, BcAkuiit pas, Korja npomeccy mnoJb-
soparensn Bbyensiercs TepmuHan, CCM sanomunaer uaeHTHhHKATOp
‘sroro npouecca B perucrpe tepmunasa. Korga ECM nocbulaer faHHbie
Ha TEpMHUHAJ, TOT BCerja CpaBHUBaeT XpaHUMBIH HAEHTHOUKATOP C
HIEHTHPHKATOPOM TNpH NMOCJAAHHBIX JaHHbIX. [locnenHee rapanrupyer,
4TO OTJe/NbHAs OWMOKa B mMporpaMMHOM ofecrieueHuH WM cOofi anna-
paTyphl He NIPHBEAYT K IeyaTH JaHHBIX He Ha TOM TepMMHaJe.

Cucrema PRIME cozepUT MeXaHH3M NOCHUIKH/TIONYYeHHS, KOTO-
pbifi TIO3BOJISIET NPOLECCY OJHOIO NOMb30BaTeNs MOCAaTh CooblleHHe
npoieccy Apyroro nosb3onartedsi. s 3TOro mpouecc-oTnpaBUTeb
nepegaer cBoeMy ECM 310 coobuienne H uaeHTHOHKATOp mpoLecca-no-
aydareqsa. ECM no6asiseT uAeHTHOHKATOD OTNPABUTENs U Mepelaer
coobienne CCM. Tor nepenaer coobuieive ECM npoueccopa, coaep-
JKaiero npouecc-nonyuarenb, a ECM HakoHen nepenaeT cooGlieHHe
yKa3aHHOMY MpolecCy Mofab3oBarensi. B 3Tofi mocienoBaTesbHOCTH
BLITIONHAIOTCS TPH IPOBEPKH C uenbio o6HapyxeHua ownbku. CCM
npoBepsieT, NpaBWIbHLIH JTH HIEHTHDUKATOP Mpolecca-OTIpaBHTe/s J0-
6aBten ECM; oH MoxeT 3TO caejlaTh, MOCKOJBKY HM3BEeCTHO, KaKOMYy
nosib30BarTeio BbijeJeH npoueccop. ECM afpecata nposepsier, TOMY
Jiu npoueccopy CCM HanpaBui coollieHue; OH BbINOMIHAET 3TO, CPaBHH-
Bas HMAeHTU(HKATOP TIpouecca B COOOMEHUN € WAEHTH(PHKATOPOM Mpo-
necca, KOTOpoMY B JaHHBIH MOMEHT BbllelleH npoueccop. TpeTbs mpo-
BepKa jesaeTca AJs obecrieueHHsi COXPAHHOCTY COOOLIEHHs NMpPH TpaH-
sute. ECM-ornpasurenb dopMupyer a8 COOGLIEHHS] KOHTPOJNbHYIO
CyMMy 4 TmiepefiaeT ee BMmecTe ¢ coobweHueM. ECM-monydarenb BbI-
YHC/ISieT KOHTPOJBHYIO CyMMY JIOCTaB/I€HHOTO COOGIIeHUST U CpaBHHBaeT
C W3BJICYEHHON U3 COOOLIeHHS.

B kauectBe mpumepa Apyroi#l nposepxu orMerum, yTo CCM pacnpe-
JiensieT cBOOOAHBIE CTPAHUIB! MaMATH MEXAy NpOLEecCaMH MoNb30Ba-
Teslell 1 XpaHHT CIUCOK CBOGOAHBIX cTpaHul. Korpa crpanuua 6osnbuie
ne Hy:)xHa ECM, oH nomeuaer ee u coobmaer CCM, 4TOOB! TOT BKJIIOYHI
ee B CIHCOK CBOGOIHEIX. [Tonyuass oyepeHYIO BbIIENEHHYIO CTpaHHULY,
ECM npoBepsieT noMeTKY Ha Hefi, 4ToGbl yOeIHTbCS, YTO CTpaHHUA Jeil-
CTBHTEJIBHO CBOOOJHA. JTa U3GLITOYHOCTb MOXKET OBbITh HCHOIb30BAHA
s oOHAapyKeHHsl OMUOOK, NMOTOMY YTO CHHCOK CBOGOAHBIX CTPaHHLU
obpabarsiBaercs CCM, a noMeyaloT CTPaHULbl APyTHe NPOLeECCOpHI.

AKTHBHOE OBHAPY)XKEHHUE OLIHBOK

He Bce omn6ky MOXKHO BHISIBUTb MaCCHBHBIMH METOAAMH, MOCKOIBKY
9TH METOIbl OOHAPYKUBAIOT OWIKOKY JIHIUbL TOTZA, KOTAA ee CHMIITOMb
MoJBEpraloTCs COOTBETCTBYIOWEH nIpoBepke. MOXKHO AenaTh H AONOMHH-
Te/IbHbIE MPOBEPKHU, €C/IH CIPOSKTUPOBATH ClellUalbHbie NPOrpaMMHbIE
CpPEACTBa /ISl aKTHBHOrO MOHWCKA MPH3HAKOB owu60K B cucteme. Takue
CPEJICTB2 HAa3bIBAIOTCS Cpedcmeamu QKmMuBHO20 OGHApyicerus OuuboK.
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AKTHBHBIE CPEICTBA OOHApYXKeHUS OWHGOK OGBLIYHO O6BENHHSIOTCS
B OUQ2HOCMUMECKULL MOKUMOP: NApa//IeIbHBIA TIpoLlece, KOTOPHIf nepuo-
JNUeCKH aHATHU3HPYET COCTOSIHME CHCTeMbl C Ie/bI0 OGHAPYKHUTD OLIUG-
Ky. Do/bliiie nporpaMMHele CHCTEMBI, YNPaBIsIOLIHe PeCypcaMt, YacTo
cojiepKaT OWHMOKH, NMPUBOAALIME K IIOTepe PeCypCoB Ha IJIHTENbHOE
ppemsi. Hanpumep, ynpasieHne naMaThio OnepaiHoOHHON CHCTEMbI CJa-
er GJIOKHM MaMATH «B apeH1y» NMporpamMmam mno/ib3oBaTesell H APyTuM
yacTAM OMNePaLHOHHOH cHCTeMbl. OmKOKa B 3THX CaMbIX «IPYTHX yac-
TAX» CHCTEMbI MOXET HWHOTAa BECTH K HENpaBUABHON paGore Groka
ynpaB/leHHsi NaMATbiO, 3aHUMAIOMIEroCs BO3BPATOM CHAHHON paHee B
apeHly NMaMfTH, YTO BLI3HIBAET MEJJICHHOE BBIPOXKLEHHE CHCTEMbI.

JIMarHoCTHYECKUH MOHHTOD MOXXHO Peanu3oBaTh Kak MNepHOpUYec-
KH BHINOJHSEMYIO 3aJady (Hampumep, OHAa IJIAHHPYETC HA KaAbll
yac) /16O Kak 3aJauyy C HM3KHM MNPHOPHTETOM, KOTOpas MJIaHUpYercs
JUis BBIMOJIHEHHSl B TO BPeMsi, KOTAA CHCTeMa NEepeXOiHT B COCTOSIHHE
oxunanus. Kax v npexie, BHIIONHAEMbIE MOHHTOPOM KOHKPETHEIE IPO-
BEPKH 3aBHCAT OT CrelU(UKH CHCTEMBI, HO HeKOTOpble HieH GyIyT mo-
HATHBI U3 MpHUMepOB. MOHHTOpP MOxkeT 06C/ef0BaTh OCHOBHYIO MaMSATh,
yToGbl OGHAPYKHTb OJIOKH MaMATH, He BbIAENEHHblE HU OIHOH U3 Bbl-
NOJHAEMBIX 3aJa4 U He BK/IIOYEHHBIe B CHCTeMHBIH CIHCOK CBOGOAHOM na-
MATH. OH MOXeT NpOBepATb TaKKe HeOOblYHble CHTyallMH: HampHMEp,
TNpoLecC He IaHUPOBaJCA /i BHINOJHEHHUS B TeueHHe HEKOTOporo pa-
3YMHOI'O HHTepBajia BpeMeHH. MOHHTODP MOXKeT OCYIIECTBISATL MOHCK
«3aTepsBILIMXCA» BHYTPU CHCTeMBbl COOOLIEHHH WIH omepanuii BBoja-
BbIBOJA, KOTOpPHIE HEOOBIYHO JO/ITOe BpeMsl OCTAIOTCS He3aBepIUIEHHBIMH,
Y4acTKOB NaMsATH Ha JHCKe, KOTOphle He NOMeueHbl KaK BblIeNeHHbIe H
He BK/IOYeHbl B CIHCOK CBOGOJHOH NaMfATH, a TaKXe PasiuYHOrO
poia crpaHHocTell B (hafiyiax JaHHBIX.

Huorpa xkenarenpHo, 4ToObl B Upe3BLIYaHHBIX OGCTOATENBCTBAX MO-
HHUTOP BLINOJTHAJ AHaTHOCTHYECKHE TeCThl CHCTeMbl. OH MOKeT BHI3bIBaTh
onpejie/leHHbIe CHCTeMHble @YHKIUH, CPABHHBAsA MX pe3yabTaT C 3apa-
Hee ompele/NeHHHIM U INPOBepfs, HACKOJBKO Pa3syMHO BpeMs BBINOJ-
HeHHsI. MOHUTOpP MOXKeT TaKxe NepHOJHYECKH TPeNbsBIATb CHCTEME
«IyCThle» WIH «IerKHe» 3allaHusl, YTo0bl yOeluThCs:, YTO cucTeMa (DyHK-
LUHOHHpYeT XOTs1 Obl CaMbIM MPUMHTHUBHBIM OGpa3oM.

IMpumep: nporpamMma oGHapyXxeHHs pa3pylieHHI,
pa3paGorannas ¢upmoii TRW

Cucrema saimutel pecypcoB ¢upmsl IBM — 3To 3kcnepumeHTasb-
Hasi moauduKauus onepaunoHHoi cuctembl OS/360 115 H3ydeHus mpoo-
JieM, CBSi3aHHBIX C CHCTeMaMH 3aiutel, Mcnonb3ys ee, kopnopauuss TRW
paspa6orana MOHHTOp, AEHCTBYIOIUH B 3apaHee YCTaHOBJIEHHbIE HHTCD-
Banbl BpeMeHHM H NbITAIOMHACA OGHApYXKHTb IPU3HAKH TOro, 4YTO
nporpamma No/b30BaTe/si HapyIlIHaa mpaBuia 3altutsl [3].

STOT MOHUTOP NPOBEPSIET MHOTO PA3THYHBIX YCJIOBHHA. BonbwMHCTBO
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H3 HMX XapaKTepHO HMEHHO s 0S/360 u no3ToMy HHTEpPECHB! HE Aas
Bcex. B KauecTBe HEKOTOPbIX NpPHUMEPOB, MOXKHO, OJHAKO, YKasaTb,
YTO MOHHTOp oOfpeJensieT, BCA JH ynpapasiomas unpopmanus OS/369
0 3ajauax NOJb30BaTe/N XPaHUTCA B 3alIMUIEHHOH 06jiacTH IaMsTH,
MoOHHTOp TaKxKe IpoBepsieT, BCe JIH POrpaMMbl OJIb30BaTeJsl BLINOMHSA-
10TCSl B PEXHMe 3alayd M BCA JIH NaMATh 10Jb30BaTes 3allyileHa or
BRIGOPKH COOTBETCTBYIOLIUM KJAIOYOM 3allUThl. MOHUTOp KOHTpOJHpYer
NPaBUIBHOCTb COOTIONEHHSA OYepefH OXKHIAIIUMH ONepalHsMH BBOJA-
BbIBOJIA W TFaDAaHTHUPYeT, YTO TOUKH BXOJa VISl BCeX MpephiBaHWA fABJIfA-
I0TCs1 COOTBeTCTBYIOWMME Bxozamu OS/360 u uTo BCAl MaMATh CyNepBH-
30pa HajsexamuM o6pasoM 3auiuiieHa. Kak TOMbKO o6GHapyXKHBaercs
KaKoe-TO HEeCOOTBETCTBHE, HeMeJJIEHHO BBIAeTCsl COOGiieHHe orepa-

TOpY.

WUCMPABJEHHUE OMIMBOK M YCTOMYHUBOCTb K OIIMBKAM

Hmes cpencrBa o6Hapy:xeHus olIMGOK B.NpOrpaMMHOM obecneyeHnH,
€CTeCTBEHHO NPeNpPHHATD CleAyIoUHUi war, nonpo6oBars Co3/JaTh cpef-
CTBa, HaleJeHHble Ha HCOpaBleHHe OGHapyKeHHbIX owwHGoK. [To cy-
IIECTBY, TEPMHH ¢HCTpaBjieHHe OLUGOK» B IPHMEHEHUH K POrpaMMHO-
My ofecrneyeHHI0 O3HayaeT JHKBHAALHMIO yujepba, HaHeCEHHOro OMIKG-
KOil, a Hé ucnpasieHHe camoil omMOKH. Kak Mbl yxe BHAETHN B II. 3,
UCTpaBieHye olHGKY B anmapatype (HanpHMep, aBTOMaTHIECKUM nepe-
KJIIOYCHHEM Ha 3allacHoe YCTPOHACTBO) — BIIOJHE KU3HECTIOCOOHBIH MpH-
€M, HO NBITaTbCA HCNPaBHTb HACTOSALLYIO OLIHOKY B NPOrpaMMHOM o6ec-
neyeHuH Ge3 yudacTHs vejqoBeka Oecrone3HQ. Camoe Gosbluiee, 4YTO
MOXKHO CJeJIaTb B 3TOM CJ1yyae,— CBECTH HAa HeT ymep06, HaHeCeHHBIH
omn6koii. Camoe Gosbillee, YTO MOMKHO CAE/IaTb MO YacTH YCTOHYHBO-
CTH K omuOKaM, — nubo clesaThb HaHECeHHHl yiep6 He3aMeTHbIM,
aH60 U301HPOBaThb ero JHlllb B paMKaX YacTH CHCTEMHI.

XoTst MeToAbl HCMpaBJeHHs/YCTORYHBOCTH U HMETH OrpaHHYEHHBIH
ycrex B HeCKO/NbKHX CHCTeMax, B GOJIBIIHHCTBE CJy4aeB UX JydYlle W3-
Geratb. UHCI0 BO3MOXHBIX OLIHOGOK B OOJBIIOH CHCTEME TaK BEJHKO,
YTO MOXKeT CUMTaThCfl NpaKTHUeCKH OecKoHeuyHbIM. PaspabarbiBass wme-
TOIbl UCIPAB/JIEHHs/YCTOHYHBOCTH, MBI BbIHYKIEHBI MBITaTbCsl Mpeqyra-
JaTh JIHIUb HECKOJbKO THIIOB OLIHGOK, YTOOH peajiH30BaTh CPEACTBa,
npeJHa3HayeHHble Jis1 GopbOBI ¢ yuiep6oM OT 3TUX OMHGOK. B smyuiem
cJyyae Hama cHcTeMa GyJIeT UCNPABAATb HHYTOXHBIA TNPOLEHT CBOHX
NOTEHIMaAbHBIX OWHGOK. K TOMYy ke 3TH CpeAcTBa CaMH JOBOJLHO
CJI0KHDI, TaK YTO 6/1aroAaps MM HCXOIHOE KOJIHYeCTBO OLNGOK B CHCTeMe
TONLKO Bo3pacreT. Bosee Toro, onu camu 6yAyT, HECOMHEHHO, COZIepKaTh
omu6KkH. HaxkoHel, ecnu HeKOTOpble CpENCTBAa HCNpaBJeHus/ycToh-
9UBOCTH BCe-TaKH 3apaboTalOT, OHH TeM CaMbIM CTaHYT MacKHpOBaTh
OWHOKH (fenasi X MeHee 3aMeTHbIMH), H NoCJeHUEe, BO3MOKHO, HUKOIAA
He OyQyT ycTpaHeHbl OOGCJYXMBAIOUMM II€PCOHAJIOM, a 3TO — SIBHO
HexKeJlaTeJbHOe C/IEACTBHE.



HCTIPABJIEHUE OIIMBOK H YCTORUNBOCTb K OLIMBKAM 121

OLHAKO CaMblM CHJIbHbIM JOBOZOM NPOTUB HCIpAaBIEHHs OLHOOK M
ofecneyeHys YCTOHUHBOCTH OCTaeTCs Clefylowuii aprymenT. ITockonbky
Bce PaBHO HEOOXOAMMO 3apaHee NpeXBHIETH HECKONbKO BO3MOXHBIX
oHOOK, OObIYHO Jyyllle NPH NPOEKTHPOBAHUH H TECTHPOBAaHHH Ha-
npaBJfATbh BCE YCHJIMS HA UX YCTPaHEHUe.

Ipumep: cucrema oGcayxuBanus TenedoHHbIX cTaHuuit TSPS
¢upmbl «Bes

Cucrema TSPS ¢upmel «Bessi» I1eMOHCTPUPYET HEKOTOpHIE NMPHUMEPH!
METOZIOB HCIIpaBJIeHHsT OUIHGOK u obecreyenusi ycroituuBoctd [4]. Cuc-
Tema MpelHa3’HayeHa A5 OGCAYXHBaHHS TeseOHHOH CeTH, MOITOMY
Ha Hee HaKJaJblBaloTCsl CTPOrHe TpeGOBaHUS B OTHOILEHHU TOCTOSTHHOH
FOTOBHOCTH: CyMMapHOe BpeMs INpOCTOs CHCTEMBI 43-32 OTKa3oB
He JOJ2KHO IpeBHIIATh ABYX 4yacoB 3a 40 ser. B TSPS nonnbifi BEIXOx
CHCTEMBI H3 CTpOsi — cepbe3Hoe COOBITHE, B TO BpeMsl KaK Takue Cly-
yafiHple COOH, KakK pa3pbiB Teje(OHHOH CBA3H, BIOJNHE JONMYCTUMBL.
(OTMeTHM, 4TO BO MHOTHX CHCTeMax TPeGOBaHUS NOPSMO HPOTHUBOIO-
JaoxHel. HampuMep, B cucteme o6paGoTKH GaHKOBCKHX YEKOB BBIXOJ,
CHCTEMBI M3 CTPOSi MeHee Cepbe3eH, ueM OWHOKa B JaHHBIX.)

B TSPS npumensiotcsi ¥ nacCUBHbIE, H aKTHBHble METOAbl OOGHapy-
JKeHHUs OWHUGOK M CPeACTBA HCIIPaB/IeHUs OWHOOK LIS COKPAIIEHHs YHC-
Ja c6oeB cuctempl. OCHOBHO!H NPHHUUI COCTOHT B OOHApY:KEHHH OIpe-
JeNeHHBIX THIOB OLIMOOK [0 BO3MOXXHOCTH PaHbllie, MOCKOMbKY B, Npo-
THBHOM CJ1yyae MX BO3JeHCTBHe GBLICTPO pacmpOCTPAaHHUTCA MO BCefl cHc-
TeMe H CHCTeMa B KOHIe KOHUOB Bbliiier u3 cTposi. [Ipn ucnpasiennn
noc/JIeACTBHH 3TUX OWIMGOK yTpaTa HEKOTOPbIX JAAHHBIX JONYCTHMA,
€C/1M TaKOBa LleHA 3a COXpaHeHHe paGoTOCNOCOGHOCTH CHCTEMB.

TenedonHas cerb mpeicTaBneHa TaGnuyLaMH B OCHOBHOH MNaMATH,
KOTOpble XpAaHATCA KaK MHOXECTBO CBSI3aHHBIX JIMHEHHBIX CIIHCKOB.
Hanpumep, cnucok Ha puc. 7.2 MoxeT NMpenCTaBJAATb BCE COENUHEHHs
CeTH, HaXoAsIlHeCs B aKTHBHOM COCTOsiHHM. B sTOM cmicke Habuonaer-
€A cyuiecTBeHHaa H3ObITOYHOCTL. Hanpumep, xaxaniii 610K UMeeT CBOLX
T3r, nocJeNHUH GMOK ompejensieTcs NO ABYM NpH3HaKaM, H B INoje
COCTOSIHHSI KAXKAOTO GlOKa B TOM CIIHCKE JOMKHO OBIThb’ YCTAHOBJ/IEHO.
3HayeHue «akTuBHO». MoHutop (HaswiBaembiii B TSPS audit program)
TIEPHOLMYECKH TIPOCMAaTpUBaeT CHHUCKH. Ecau o6HapyxkuBaeTcs npo-
THBopeuue, Hanpumep B noie CJIEJIYIOUIMI nexoroporo 610ka yka-
3aH HempaBWIBHHIH ajpec (4TO OGHApPY:KHBaeTCA MO HECOOTBETCTBHIO
T9ra 6jioKa, HaXOAALerocss Mo 3TOMY ajpecy), TO CIIHCOK OGpbiBaercs
TI0C/1e MOC/IEAHET0 NPaBHIbLHOIO 6J0Ka M B KaXAOM NpPaBHIbHOM GilOKe:
3Hauenue Gura L (of aHraufickoro ciosa lost — morepsino) ycranaenu-
Baercsi paBHBIM 1. Jlpyras KOMIOHEHTa MOHHTOpa NMepUOLUYECKH Npo-
CMaTpHBaeT MOCJAENOBaTeNbHO O/I0KH Bcex simHuH. Ecnin 6uT L Gnoka
PaBeH O (4TO 3HAYHT, YTO OH «NOTEPsiH»), 6JOK BKJAIOYAETCS B CIHCOK
He3aHATHIX JIUHHH COOTBETCTBYIOIIEro THNA. DTH ACHCTBUA MOTYT HpH~
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Puc. 7.2. Jluneitnplit cnucok tabauu (pecypcos).

BECTH K PasphiBY TeJe()OHHOH CBSA3H, HO COXPAHSIOT paboTOCTIOCOGHOCTD
BCell CHCTEMBI.

MHorue JHHHU HMEIOT TaKxe B CBOMX Onokax GHT «Tafim-ayT». Mo-
HHUTOpP HCMOJb3YeT 3TOT OWT, YTOObI ONpEAe/NHTb, He ObiIa JH JIHHUSA
3aHATAa B TeueHHe HeoOBIYHO JOJNTOro nepHoja BpeMeHH. Ecau 310
TaK, TO rnoc/e AONOJHHUTETbHBIX NPOBEPOK JIHHHS MOXeT ObiTh IepeBe-
JleHa B cBo6oAHOE COoCTOsIHHE. Ec/i MOHHUTOP OGHAP yXKUBAEeT, YTO CHCTeMa
HaXOJMTCS B XaOTHUECKOM COCTOSIHHH, OH HMeeT BO3MOXKHOCTb 3aNyCTHTb
-ee 3aH0BO. MOHHTOp TaKxKe PerHcTpUPyeT Bce 0GHApYy»KeHHble oH60Y-
Hble CHTyal{H JUig Nocae/yolel oTaalkH.

Mexanusm ucnpasienusi own6ok B TSPS exenneBHo ucmpapbnser
ZoBOJIbHO MHOro ownGok. YcranoBka TSPS mocie Tpex ser pa6oTh
Bbuonnser B cpeasem or 10 go 100 peanbHBIX MCHpaBieHHH B JeHb H
npuMepHo pas B JBa MeCAilla — aBTOMAaTUYECKHHA NOBTOPHBIA 3amycK.

H3I0JALUUA OWHUBOK

B 6051b1110H BLIYMCAUTEIBHOI CHCTEME H3OJIAIHS NPOrpaMM sBJsAeTCS
KJIIoueBbIM (PAKTOPOM, FapaHTHPYIOUHM, YTO OTKAsbl B NpOrpamme OA-
HOT'0 MOJ1b30BaTeisl He MPHBEAYT K OTKa3aM B IporpaMMax JApyrHX mojb-
30BaTesiefi WM K MOJHOMY BbIBOAY CHCTeMbl H3 CTposi. OCHOBHBIE Mpa-
BWIa U30/sAL MY OLUMGOK nepeyuceHbl Hiuxe. XoTs B opMyJTHPOBKE MHO-
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[HX M3 HUX YNOTpPeGJSIOTCS C/I0BA «ONepalMOHHAs CHCTeMa», OHH IpH-
. MEeHHMBI K JIo60H mnporpamme (6ynb TO OmepaliHOHHas CHCTeMa, MO-
HATOp TeeoOpaboTKH WM NOACHCTeMa ynpaBieHHs ¢afiiamu), KoTo-
pasi 3aHATa OGC/TyXKUBAaHHEM IDPYTHX NMPOTpPamM.

1. Tlpuknagnas nporpamma He AOJXKHA UMETb BO3MOXKHOCTH HEmOC-
PEACTBEHHO CCHUIAThCH Ha APYTYIO NMPHKIALHYIO NPOrpammy MM IaH-
Hble B JpYroil mporpamme 1 H3MeHSITb HX.

2. llpuknaxHas mporpaMma He JO/IKHA UMETb BO3MOXKHOCTH HeENo-
CPEJCTBEHHO CChIATLCSA HA MPOrpaMMbl WIH JlaHHBIE OTIEPAIIHOHHOM Clic-
TeMbl H U3MEHATD HX. CBA3b MeX/Jy ABYMA IpOrpaMMamH (U Nporpam-
MOH U oOIlepallMOHHOH CHCTeMOH) MOXeT OhITh paspelieHa TOJbKO NpPH
YCJIOBUH HCTONB30BAHUSI YETKO OINpeJeJIeHHBIX CONpsiKeHUA U TOIbKO
B c/yuyae, KOrja obe nporpaMMsl JaloT COrJiache Ha 3Ty CBfi3b.

3. IlpukiasHble NpOrpaMMbl H X JaHHbIE NOJIMKHBI OBITb 3aUIHIIEHBL
OT OmlepPaLlHOHHON CUCTEMBI JI0 TaKOH CTeneHH, 4ToObl OIHOKH B omepa-
LHOHHOH CHCTeMe He MOTVIH MPUBECTH K CJyyailHOMY H3MEHEeHHIO npu-
KJNaIHbIX NMPOTPaMM WU HX JaHHBIX.

4. OnepauMoHHasi cucTeMa J0JJKHA 3allMIATh BCe INpHKJaJHbE
NporpaMMbl H JiaHHble OT CAY4aHHOTO HX H3MEHEHHS OnepaTopaMH CHC-
TeMBl WM OOC/YXKHBAIOIUM TEPCOHANIOM.

5. Ilpuknafsbie nporpaMmsl He JOMKHBEL UIMETb BO3MOXXHOCTH HH OCTa-
HOBUTb CHCTEMY, HH BBHIHYAUTb €e H3MEHUTb JAPYTyl0 MPHKIaTHYIO
nporpaMMy WIH ee JaHHBIE, ‘

6. Korna npuknagHas nporpamma o6paiiaercsi K onepamHoHHOH cuc-
TeMe, JOJKHA TNpPOBEPATbCS JOMYCTHUMOCTb BCeX mapameTpoB. Donee
TOro, NMPHUK/JAfHAs NporpamMMa He JOMKHA HMETb BO3MOXKHOCTH H3Me-
HUTb 3TH NapaMeTphbl MKy MOMEHTaMH IIPOBEPKH M PeajbHOro HX HC-
HO/Ib30BaHUS OTNepPallHOHHOH CHCTeMOH.

7. Hukaxue cucTeMHble JaHHBIE, HENIOCPEJCTBEHHO [OCTYNHbIE NpH-
KJaJHbIM IIPOrpaMMaM, He JO/IKHBI BAUATb Ha (DYHKUHOHHPOBAHHE olle-
paunonHo# cuctemel. Hampumep, OS/360 XpanuT HekoTOpble G6/0KH,
ynpasasiouiue pacrpe/ieleHHeM NaMATH, B 06/1acTAX OCHOBHOH mnams-
TH, JOCTYNHBIX NpPHKAaAHbIM Nporpammam. Omubka B HPHKJIALHON
nporpamme, BCIELCTBUE KOTOPOH COfEpKHMOE 3TOH MaMATH MOXKeT ObiTh
ClyyailHO M3MEHEHO, NMpPHBOLHT B KOHIle KOHUOB K COOI0 CHCTEMB.

8. Ilpuk/anHbie porpamMMbl He JOMKHBI UMETb BO3MOXKHOCTH B 06XOX
OnepamioHHOM CHCTEMBI NMPAMO HCIONb30BaTh yINpaBjseMble elo anmna-
parubie pecypcbl. [TpuK/IaaHbIe NPOrPaMMbl HE JOIKHBI IPSIMO BHI3HIBaTh
KOMIIOHEHTBl ONMepalHOHHOH CHCTeMbl, NpelHasHaueHHble IS HCIO/b~
30BAHUS TOJBKO €e MOJCHCTEMAaMH.

9. KoMmnoHeHThl OnepanHOHHOH CHCTEMBI JOJIKHB! ObiTb H30JHPOBaHbI
Apyr ot apyra Tak, yToGbl omu6Ka B ONHOH H3 HUX He NpHBeJIa K H3Me-
HeHHIO IPYTrHX KOMIIOHEHT WJIH UX AaHHBIX.

10. Ecan onepaunoHHas cuctemMa o0Hapy»kupaeT ownbky B cebe ca-
MOH, OHa J0/KHA MONLITATbCSi OrPaHHYHTh BJHMAHHE 3TOH OWIMOKH O
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HOH mpHKafHOH mporpammoil u B KpaiiHeM cJyyae MpeKpaTHTh Bh.
HOJHEHUe TOMIbKO 3TOH NMpOrpaMMBl.

11. OnepauuoHHas CHCTeMa JO/IKHA JaBaTh IPHKJIAAHBIM IPOTPaMMay
BO3MOXKHOCTb 110 TpeGOBaHHIO HCIPABIATh OGHAPYKEHHbIE B HHX OMIHG-
KH, a He 6e30rOBOPOYHO MPEKPaillaTh HX BHIIOJHEHHE. '

Peanusanusi MHOTMX M3 3THX [PHHUMIIOB BJHSIET HA apXHUTEKTypy
JIeXKalllero B OCHOBE CHCTEMbl anmapaTHoro otecmedenns. HekoTophe
acreKkThl 3TOrO BJAUSIHMA paccMarpuBaiorcs B INI. 16. "

Umnraresip MOXKET 3aMETHTb, YTO MHOIHE H3 NEepPeyHuC/IeHHbIX NpaBHA
AIBJIAIOTCA TaKKe MPaBWIaMH obeCleueHHsl 3alUTHI B ONEPaLHOHHEIX
cucremax. JleACTBUTE/NbHO, B GONBUIMHCTBE CBOEM 3TO BBIAEPKKH M3
pa6orel Crenuuka [5], sBasiomefics GiecTAmKUM aHATH30M TPeGOBaH Ui
K 3all[UTe pecypcoB B OmepallMOHHBIX CHCTeMax H 0630pOM METOJOB ee
obecnieuennsi. 1o NOATBepKAaeT chOpMYyJHPOBAHHOE B IVI. 4 yTBEpK-.
JeHue: [ead oGecrieuyeHHsl 3alIUThl PeCYpCOB M HAJEXKHOCTH OObIUHO
corJiacyiotesi. 910 NOATBepXKAaeTcs Takxke paspabGoraHHoii IBM skcne-
pumenTasbHoi Cucremoil 3amuTel pecypcoB a1si OS/360. Braropaps -
Goniee BBICOKOH CTeneHH M30/fALMH B 3TOH CHCTeMe ObLIH OGHAPYXKeHH
paHee He 3aMeyeHHble OIIHOKM B CHCTEMHBIX KOMIIOHEHTax (Hampumep, .
B KOMIWIATOPAX) W NMPHUKJIAIHBIX NpPOrpaMMax, a TaKxKe 3HAYMTENbHO -
CHUXKEHA YacTOTa CJAYYaHHbIX OTKa30B CHUCTEMbl H3-3a OIIHG0K B MpH-
KMaJHBIX TpOrpamMmax.

‘OBPABOTKA CBOEB AMNMAPATYPbI

Ynyuwass o6Liyl0 HaleXHOCTb CHCTeMbl, CJenyeT 3aGOTUTBCS He
ToNbKO 00 ownbKax B MPOrpaMMHOM oOecrieueHHH (XOTsi HaJeXHOCThb
nporpammHoro obecredenusi Tpebyer HanbosblIero BHuManus). Jpyrasa
CTOpOHA, 0 KOTOPOH Heo6XOAHMO NMOJAYMaTh,— 3TO OIIHGKY BO BXOAHBIX -
JaHHBIX cucTeMbl (OHGKHU monb3oBaTens). O6CyxaaBuinecs Boille cpel-
.cTBa OOHapyxeHHs owHOOK M MNpaBH1a, pacCMOTpPeHHble B II. 4 B-
€BSI3U C BHEIIHUMH TpeGOBaHHAMH, MOTYT ObiTb MPHMEHEHbI H K OwH6-
KaM moJb3oBartesef. ‘

HakoHel, eme ofMH WHTepecyOUHH Hac KaacC OMHGOK — COOH
anmnapatypel. Bo MHOrMx ciyuasax onH o6pabaThiBaloTCss CaMoH am-
napaTypoH 3a CYeT HCIONIb30BAaHHSA KOJOB, HCIPABAAIOMHX OLIHOKH,:
HMCIpaBJieHUs1 NMOC/eJCTBHA c60eB (HampuMep, MepekJIoueHHeM Ha 3a
nmacHble KOMIIOHEHTHI) U CPeiCTB, OGecrmeyHBalOmUX YyCTOHYHBOCTH K
omnbkam (Hanpumep, ronocosanue). Hekoropbie c60H, OJHAKO, HeJb-
351 06paboTaTh TOJNBKO annaparHbIMH CPEACTBAMH, OHH TPe6GYIOT MoMOIILE
CO CTOpOHBI mporpammuoro obecneuenus. Takue ciydau He paccMarpi-
BAIOTCS B 3TOH KHHIe, HO /sl MOJNHOTH HHXE NPHBOJUTCSA CIHCOK BO3-
MOKHOCTel, KOTOpble 4YacTo ObIBAlOT HEOOXOLHMbl B NPOIPAMMHBIX CHC
geMax AnfA 6opbOhl cO COOSIMH ammaparypsbl. ’
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1. [losmopHoe evinoaxenue onepayuii. MHorue c60M annaparypel He
[IOCTOSIHHBI (HAampHUMep, CKAauKU HampsiKeHHs, WYM B TeJeKOMMYHHKa-
LIMOHHBIX JIHHUAX, KolebaHus NpH MEXaHUYeCKOM JBHKeHHH). Bceraa
{MeeT CMBIC/T MONBITATbCA BHIMOIHHTL ONEpALHIo, UCKAaXKeHHYI cGoeM
(sanpuMep, KOMaH1y MAalIWHbI WK ONEPALHIO BBOAA-BbLIBOAA), HECKOJIb-
KO pas, Npexie Yem NPHHAMATb APYTHEe Mephl.

2. Boccmarosaenue namsamu. Ecnu o6HapyxeHHBI caydaliHblil c6of
annaparypbl BhI3bIBAET HMCKax{eHHe O0/aCTH OCHOBHOH MNaMATH H 3Ta
061aCTh COJIEPXKHT CTaTHYeCKHe JaHHBle (HanmpuMep, KOMaHIAb 0O6b-
eKTHOH TpOTPaMMbl), TO MOCJAEACTBHA COOS MOXKHO JIMKBHAMPOBATD,
NIOBTOPHO 3arpy3uB 3Ty 06/1aCTb NaMATH.

3. Hunamuueckoe usmernenue xongueypayuu. Eciv annaparsas nog-
cucTema, Takasi, kak LII1, kaHan BBoma-BbiBOZa, OGJIOK OCHOBHOH Ma-
MATH WIN YCTPOHCTBO BBOJA-BbIBOJA, BBHIXOJHUT H3 CTpOs, paGoTocrocob-
HOCTb CHCTeMbl MOXKHO COXPaHHTb, AMHAMMUYECKH HCK/IIONas HEHCNPaB-
HOe YCTPOMCTBO U3 Ha0opa pecypcoB CHCTEMBI.

4. Boccmarosaenue ¢patirog. CucteMbl ynpasieHUsi 6a3aMH AaHHBIX
06bIYHO 06ecneynBaloT U3CHITOYHOCTD AAHHBIX, COXPaHAs KONMHIO TeKy-
LIETO COCTOAIHMS 6a3bl JAHHLIX Ha BbIIEJEHHBIX YCTPOHCTBaxX BBOAA-
BBIBOZA, PETHCTPUPYSl BCe H3MeHeHHA 6Ga3bl JAHHBIX WIH NepHOAHYec-
KH aBTOHOMHO Komupysl BCIo 6a3y AaHHbIX. [TosToMy nporpammsi Boc-
CTAHOBJEHHS MOT'YT Bocco3jaTb 0asy JAaHHbIX B Clydae KaracTpo-
¢uyeckoro c6osi BBOJA-BbIBOJA. -

5. Konmpoasras moukal/ pecmapm. KOHTpoNbHAs TOYKA — 3TO EpHO-
JN4eCKH OOHOBJIsieMasi KOINMUS COCTOSIHHA NPUKJAAAHOH NporpamMmbl MM
Bcell cucreMbl. Eciiu npoucxonut oTkas anmaparypbl, TakoH, Kak omu6-
Ka BBOJa-BLIBOA, COOH MaMATH WIH NUTaHUs, NPorpamMma MoxeT ObiTh
3amyllieHa TMOBTOPHO C Moc/efsedl KOHTPOJNbHOH TOUKH.

6. [MpedynpexcOenue omxa3os numarus. Hekoropbie BbIYHC/HUTEb-
Hbleé CHCTeMbl, B OCOGEHHOCTH Te, B KOTOPBIX UCHO/NB3YyeTCsi 3Hepro-
3aBUCHMas NaMATb, NPelyCMATpHBAIOT IpephiBaHHe, NperyNpexaa-
ljee mporpammy O NpPeACTOAllEeM OTKase NHTaHUA. JTO [JaeT BO3MOXK-
HOCTb OpraHH30BaTb KOHTPOJNBHYIO TOUKY WJIH TEPeHeCTH XU3HEHHO
BaXXHbIC JaHHble BO BTOPHUYHYIO NaMATh.

7. Peeucmpayus owwubox. Bce c6ou anmaparypbl, C KOTOPBIMH YAa-
JIOCh CIPAaBUTLCSA, NOJKHBI PETUCTPUPOBATLCA BO BHelUHeM (aiiie, uTo-
6bl 0GC/yKUBAIOWIHH NePCOHAN MOT MOMYYaTh CBEJEHHS O MOCTENEHHOM
H3HOCEe YCTPOMNCTB.

Tor, kTo HyX1aeTCst B AOMOTHUTENbHON HHPOPMALHH O IIPOTPAMMHOM
06paGoTke cOOeB anmapaTypel, MOXeT NOJYYHTh NOCTaTOuHOE OOpa-.
30BaHHe B 3TOH 00/1aCTH, H3yuyash METOABI, TPHMEHsieMbie B COBPE€M€H-
HBIX oOMepamUOHHBIX CHCTEMax, cHcTeMaX yINpaBieHHs JaHHbIMH M
lporpammax TesneoGpaGoTKH. DTH METOAbI PACCMATPHBAIOTCS TAKKE B
PAle yyeGHHKOB, 4aCTb M3 KOTOPBIX lepeyucieHa B paborax [6—10}
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raABA 8

[IpoeKkTHpOBaHHE
¥ MporpaMMHpoBaHHe MOAYJd

Sranbl NMPOEKTHPOBAHHSA M NPOrPaMMHUPOBAHHS KaXKIOTO MOXYJIASA —
3aKJIOYHTe/IbHBle B 00IEeM LHUK/Ie mpoeKTHpoBanus. Ha sTux sramax
BHIMIOJIHSIIOTCS TIPOLLECCHI BHEUHe20 NPOEKMUposanus mooyss (T.e. pas-
pabOTKH CONPSKEHHH KaxJIOr0 MOAYJIS) H NPOeKmMupoBanus A02UKL Mo-
Oysa (T.e. paj 1IAroB, BKIIOYAIOMHX ONpeje/leHHe NaHHBIX, BHIGOP
a/JropuTMa, pa3paboTKy JOTHKH ¥ COGCTBEHHO nporpammuposanue). daa
MHOTHX 3TH NpOLECCH OJNUIETBOPSAIOT CYLIHOCTh HPOrpPaMMHPOBAHUS;
O[IHAKO MocJe MPOYTeHHs NepBbIX CeMH U MOC/eAYIOHX OAMHHAAUATH
IVIaB 3TOH KHUTH JO/MKHO ObITh SICHO, YTO 3TH JBa mpolecca — JHIUIb
Manasi 4acThb MOJMIHOTO LUK/Ia pa3paGoTKu mporpaMMmHoro ofecrneyeHus.

B sToll raBe paccMaTpHBAIOTCA NMPHMHIMUIBL H METOABI IPOEKTHPO-
BaHHUS M IporpaMMupoBaHus Mopyneit. O6 oTAe/bHBIX pobiemMax, KOTO-
pble B COOTBETCTBHH C TpafHLHeH Takxe MOIIH Obl ObiTb BKJIOYEHBI B
Hee, TOBOpUTCA B Apyrux riasax. Hampuwmep, pasroBop o ctunie mpo-
rpaMMHPOBaHHA, BCICACTBHE €I0 BAXKHOCTH, COCTaBW OTAEJbHYIO IV1aBy
(r1. 9). OpraHusalHOHHblE aCNeKTH, TaKHe, KaK paboTa KOT/AeKTHBA
NPOrpamMMHCTOB H NTPOrpaMMHCTa-GHOI HOTeKaps, 06CYK1a10TCA B [M1aBe,
NOCBALIEHHOH MeTofam ympasieHus (ria. 14). Takue Bonpochl, Kak
HHCXOAAWAs M BOCXOAAIas paspaboTka Mporpamm, paccMarpHBalOTCA
B 1. 10 BeaejgcTBHe MX TeCHOH CBfI3H € npo6GieMaMu TeCTHPOBaHHS,

BHEWIHEE NPOEKTUPOBAHHUE MOAYJIS

[TepBhiit Wwar npu NpoeKTHPOBAHHH MOAYJS COCTOUT B ONpeAe/IeHUH
€0 BHeWIHHX XapaKTePHCTHK. Jra HH(pOpPManus BbIPaXKaeTcs B BHAE
6Hewnux cneyupurayuli Molyas, KOTOPble COJepXKaT BCe CBEAEHHUS,
HeoOXO/lUMble BBI3BIBAIOIMM €r0 MOAYJAM, 4 Huueeo Gorvuie. B wact-
HOCTH, BHeIIHYe celudHKal iy MOAYJIS He HOJKHBI COePKaTb HHKaKOH
UHpOpMALUH O JIOTHKE MOAY/AsSl WIH O BHYTPEHHEM [peiCTaBleHHU
AaHHBIX. Kpome Toro, crneuH(pUKalUuH He HAOJKHBI BKJIOUAThb KAKUX OBl
TO HH OBIO CCHIOK HA BBbI3HIBAIOMIME MOLYJH WIH HAa KOHTEKCTHI, B
KOTOPBIX 3TOT MOAYJb HUCHOJb3Yercs.

Bremnue cieuudukaun MOLY/si JO/KHBI COAEPKATb CBEACHHS CJIe-
AYOWuX WeCTH TUMOB:
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1. Hma modyss. YKasbiBaeTcst HMsi, IPUMEHsieMOe J/IS BBI3OBA Mo-
Ayas. s Mopynsi ¢ HECKONbKMMM BXONAMH 3TO HMS OlpeleleHHOro
BXxofa (A1 KaXIOro BXOJAd HMEIOTCS OTAeNbHbe CHelH(HKAIHH).,

2. @ynxyua. Jlaerca onpejenenre QyHKUMHU WIH QYHKLUHH, BHITIONHS-
eMbIX MOJYJIeM. DTOT pasfiel He JO/IKEeH ONMHCHIBATb JIOTUKY HJH KOH-
TEKCTbl, B KOTOPBIX MOAYJb NpHMEHseTCs (CM. ompejenenne GYHKUuy
B ra. 6).

3. Cnucox napamempos. Onpenensercs YHCJIO H NMOPSAOK MapaMer-
POB, - Iepe/iaBaeMbiX MOAY.JTIO. ‘

4. Bxoonoie napamempot. JlaeTcs TouHOe OMMCAaHHEe BCEX BXOJHBIX
napamerpos. Cioa BKJIOYaeTcs onpenereHue Qopmata, pasMepos,
aTpubyTOB, eIMHHIL H3MepeHHs (HanpuMep, MOPCKHE MUMTH) H JOmyc-
THMBIX [Mara3oHOB 3Ha4YeHHH BCeX BXOIHBIX apaMeTpoB.

5. BoixoOnee napamempel. JlaeTca TOYHOe ONHCaHHe BCEX AAHHBIX,
BO3BpailaeMbix MopyseM. Ciofia OMXKHO BXOJHTDb onpenenenue (opma-
Ta, pasMepoB, arpuOyTOB, €JMHHIL H3MEPEHHs H AOMYCTHMBIX AHana-
30HOB 3HauYeHW BCeX BBHIXOAHBIX NaHHBIX. [lo/kHa GbITh onHcaHa GyH-
KLUHOHANbHAsl CBA3b MeXKAY BXOIHBIMH H BRIXOZHBIMH JAHHBIMH, T. €.
C/Ie/lyeT N10Ka3aTh, KAKHE BbIXOJHbIE JAHHbIe KAKHMH BXOJHBIMH MOPOXK-
naiotcsi. JIo/mxHbl GHITh TaK:Ke Olpe/e/eHbl BHIXOJAHbE JaHHBIE, OPOXK-
JlaeMble MOAYJ/ISIMH B C/lyyae, KOrja BXOAHBIE NaHHble He roasaTcsa. [las
TOro YTOOHl MOXHO OBIO CUHTATb MOAY/Ib CreyupuUUUPOBanHHoLM nos-
HOCMbI0, JIONXKHO OBITh ONpefiesieHo ero NoBeJeHue NPH JMIOGBIX BXOJHBIX
YCJIOBHUSIX.

6. Brewnue appexmor. JlaeTcs onucanue BCeX BHELIHHX JJIsi TpPOr-
paMMbl WM CHCTeMbl COOBITHH, TMPOMCXOAALIMX NpH paboTe MoIyJs.
Ilpumepamu BHeIIHHX 3(PGDEKTOB FABISIOTCH Me4yaTb COOGLIEHUSs], YTEHUE
3ampoca ¢ TepMHHa/na, YTeHHe U3 (hafina 3aKasoB, BBHIBOA COOGLIEHHS
06 omnbke. BHelnue 3tbdeKThl MOAYJIS BKJIIOYAIOT BCe BHEUIHHE 3¢dek-
THl TMOJYHHEHHBIX eMy MoAyJei. Hanpumep, eciu Mogynb A Bbi3biBaeT
moAyab B u B newaraer cooflieHue, 3TOT BHeWHHH 3QdekT noskeH
BKJIIOYAaTbCSl BO BHELUHHE CHeUM(PAKAUMM Kak Moiyas A, Tak H
monyns B.

BaxkHo orzenuTh BHelUHHe cnellndHKAUUH MOAYJSl OT APYro#l JoKy-
MeHTalHH (HalpuMep, OMHCaHHA €ro JIOTHKH), NOTOMY YTO H3MEHEHHe
JIOTHKH MOXKET HHKAK He NOBAHATb Ha BbI3bIBAIOHIHE MOAYJH, a H3MEHe-
HHe BHeIUHHMX cnenudukanuii o6bYHO TpebyeT H3MEHUTb BHI3bIBAIOLIME
MOZYJIH.

Brernue crienudukauun Moayas GH3HMYeCKU MOT'YT NPHUHHUMATb Pas-,
HooGpasHble (opMbl, JHIIL OBl OHH BKJIIOYAJNH OTBETHI HA TME€peYnCIeHHbIe
BBILIIE HIECTh BOMPOCOB. Jlyulle BCero noMecTuThb creludHKauuu B BH<
Jle KOMMEHTapHusl B Hajajle TEKCTa HCXOIHOH NMPOTpaMMbl MOLYJIS (H/ITH,
B C1yyae MonyJiell C HECKONbKHUMH BXOJaMH, y Kaxjaoro us Hux). Ha
puc. 8.1 nmokasaunbl cnenuduKalny OJHOTO U3 BXoJ0B Mopyasi ESTAB-
MGR (YIIPTBHM), cnpoekTHpoBaHHOrO B Ii. 6 3arpysunka. Otme-
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RS

‘.“0“####“‘#####‘#‘“###t‘#"##“#‘##t"#‘tttt#t?*i*#‘#*‘#/

* */
f. EXTERNAL SPECIFICATION FOR MATCHES */

* */
/* FUNCTIONg MATCH ALL EXTERNAL REFERENCE ITEMS IN ESTAB. */
7 IF ONE IS ENCOUNTERED THAT CANNOT BE MATCHED, */
7 RETURN ITS NAME. */

* */
/* PARAMETER LIST: CALL MATCHES (ESTAB,UNRESNAME,MATCHCODE) */

» */
/* INPUT: ESTAB POINTER POINTER TO ESTABLE */
/* */
/* OUTPUT: ESTAB POINTER POINTER TO UPDATED ESTABLE */
/* UNRESNAME CHAR(8) NAME OF AN’ UNMATCHED */
7* EXTERNAL REFERENCE */
/* MATCHCODE FIXED BIN(15) RETURN CODE (0, 1, OR 2)*/

. */
7* CAUSE/EFFECT RELATIONSHIP;: A
/* ./
/* ) ANY UNMATCHED (NULL ADDRESS FIELD) EXTERNAL */
/* REFERENCES ARE MATCHED WITH A MATCHING MD OR */
/* EP ITEM BY TRANSFERRING THE ADDRESS OF THE MD OR*/
/* , EP ENTRY TO THE ER ENTRY UNTIL AN ER CANNOT BE */
/* MATCHED. */
/* -IF ALL ER'S CAN BE MATCHED, MATCHCODE=0 AND */
/* UNRESNAME IS UNCHANGED. */
/* -IF AN ER CANNQOT BE MATCHED, MATCHCODE=1 AND */
/* UNRESNAME = NAME OF ER ITEM */
/* -IF AN ERROR OCCURS (INVALID ESTABLE) , MATCH- */
/* CODE=2 AND UNRESNAME IS UNCHANGED */

* R4
/* EXTERNAL EFFECTS: NONE */

/t“#t‘#‘t###‘####‘##0‘#‘#‘t“#,ttt###t#“t##"##t##t‘##‘.#‘##/
Puc.: 8.1. Bremnne cnenndukanun Mopyas.

THM, uto ¢popmat ESTAB (tabnuusl BHeminux umen TBHMM) He onucan
B 3THX crenuHKaUHsX Haxe HecMorps Ha To, uro ESTAB spasercs
3JIEMEHTOM M BXOJHBIX, H BBIXOAHBIX JaHHBIX MoAy/ns. Ho TakoBa Gbuia
HCXOIlHasl e/b IPOEKTHPOBAHHA 3TOTO MOAYJA, NIOCTaB/JeHHas B IV, 6:
copsitaTh B HeM Bce cBelleHuss o crpykrype TBUM. Tlostomy BbI3bI-
BalOWHA MOAY/b JIMIb TepefiaeT eMy IepeMeHHYIO-yKasaTelb, Hasbl-
Baemylo ESTAB, a cdopmar Tabnuupl He CUMTAeTcs 4acTbio comps-
JKEHHS 3TOTO MOAYJIS.

NPOEKTHPOBAHUE JIOTUKH MOAYJIS

Tocnennum B AJIMHHOM 1IeNH MPOLECCOB NPOSKTHPOBAHHA NMpoOrpaM- '
MHOTO o6GecrieyeHusi IBJSIETCS NPOLECC NPOEKTHPOBAHUS H COOGCTBEHHO
HporpaMmMupoBanusi (KOAHPOBaHHs) BHYTPEHHEH JIOTHKH KaXaOro Mo-
Ayns. Ouenb yacTo HMies TUIATENbHOTO IVIaHUPOBAaHHS 3JeCb OTGPAChI-
Baercs, u nporpaMMHCT pa3pabarthiBaeT MOAY/Ib 6osee HIHM MEHee Xao-
TH4HO. Onnako npouece paspaGoTKH MORYJIR MOXKET H IOJKEH TILATe/b-

-
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HO mJaHHpoBatbesi. Crenyrouue 11 1WaroB cocTasisiioT HaGPOCOK Xrc-
WATTHHHPOBAHHOTO MOAX0AA K NMPOEKTHPOBAHUIO MOLYJs.

1. Bubepume a3bik. Be6Op si3blKa OOBIYHO JHKTYETCS TPeGOBaHHsIMU
KOHTPAKTa MM NPHHATHIMU B OPraHH3aLHK CTaHAApTaMH. XOTs BEGOp.
f3blKa M BKJIIOYEH CIOJa, Ha caMOM Jesie A3bIK JOJKeH ObITb BbiOpan
B Haua/JbHLIH Mepuol paboTbl Hal NpPOEKTOM, NOCKOJNBKY OH BJIHseTr
Ha TJIaHMpOBaHue paGoThl HaJ MPOEKTOM (HanpHMep, o6yueHHe Nporpam-
MHCTOB, MOATOTOBKA KOMIWISITOPOB M CPEACTB TECTUDOBaHHS).

2. Cnpoexkmupyiime erewrue cneyupurayuu modyas. 10 Mpouecc
onpeleneHHsl BHEUIHMX XapaKTepUCTHK KaXAOro MOAYJs, O KOTOpoM
uvia pedyb B TNpelblaylleM pasfese.

3. Iposepvme npasuroHocme erewnux cneyupurayud. TpaBuibHOCTh
cneuuduKauuii Kaxaoro MoAay/as A0JAkKHA ObITh POBEpeHa CpaBHeHUeM
UX Cc HHpopMalue# O CONpsKeHHAX, NOTYIeHHOH NPY NPOEKTUPOBAHHU
CTPYKTYpbI IPOTPaMMBbl, U aHaJIH30M HX BCEMH NPOTPaMMHUCTaMH, paspa-
6aTbIBAIOIHMH BBISBIBAIOLIHE MOAYJIH. '

4. Bebepume arzopumm u cmpykmypet OarHoix. JKU3HEHHO BaXKHbIM -
IaroM B [POLIECCE POEKTHPOBaHUS JIOTHKH SIBJISIeTCS BbIGOP a/ropHTMa
M COOTBETCTBYIOIIUX CTPYKTYp AaHHBIX. CerojiHs JUbL HEMHOTHE airo-
PHTMBI CO3/1a10TCA BIepBbe; OTPOMHOE HX YHCJIO YKe GbLIO H300peTeHo,
H BeCcbMa BePOSITHO, YTO YXKe HMeeTCsl OJHH WIH HeCKOJbKO alropur-
MOB, BNOJIHE YCTPaHBAIOLUIHX NpPOEKTHPOBUIMKA. Bmecto Toro uroGnl
TPaTUTh BpeMsi, 3aHOBO H300perasi aJrOPHTMbl M CTPYKTYPhl JaHHHIX,
Jyuqlle NOHMCKAaTb ToToBble pelieHHsi. Ecu peub uieT 0 HEUHCAEHHBIX
aqropuTMax (T. e. 0 GOMBLIMHCTBE BHIOB 00paGOTKH NAHHBIX), Jyulie
Bcero Hauatb ¢ KHuru . KHyta o ¢yHIaMeHTaNbHBIX aJropUTMax
[1] 1 mocnenytomwux TOMOB 3TOi cepHH. B ciyyae YHC/IEHHBIX aITOPHT-.
MOB HayHuTe ¢ u3naBaembix ACM «M36panubix anroputmos us CACM»
(Collected Algorithms from CACM). [IpyruM HCTOYHHKOM aJrOPHTMOB
06OHX THIIOB SIBJSIOTCS YueOHHKH, TeXHHYECKHe CTaTbH H CYIIECTBYIO-
e nporpaMmsl.

OOGbIYHO NMPOEKTHPOBIIMK OGHAPYKHBAET HECKONBKO (PYHKIHOHAMb:
HO 5KBHBAaJIeHTHBIX aJITOPUTMOB H CTPYKTYpP AaHHBIX H e€MY P HXOAUTCS
BBIOUpaTh OfUH U3 HUX. [TOCKOJIBKY MHOI'HE COBpeMEHHbIE BEIYHCAUTENb-
Hble CHCTeMEl UMEIOT MHOTOYPOBHEBYIO NaMATh (OGBIMHO 3TO OCHOBHAf -
namsTb, BUPTyaJbHasA nmaMsTh, ObicTpas GydepHass mamsaThb), TO OCHOB-
Hasl TeHAEHIHA Y TPOTPaMMHCTOB, CTPEMALUXCA K HCTHHHOH 3(PhEeKTHB-
HOCTH,— Ha3all, K NPOCTeHILMM aTTOPUTMAM U CTPYKTYpaM JiaHHbLIX (Ha-
NpHMep, B CHCTEME C MHOT'OYPOBHEBOH AMSATBIO ABOHYHBIA MTOHCK MOXET
OKa3aThCsl HE HAMHOTO GhICTpee, YeM Gosiee MPOCTOH MOC/Ie0BaTeNbHbI ).
D10 npuMep TOro, Kak 3(xpeKTHBHOCTb U MPOCTOTA CTAHOBATCS He Mpo-
THBOPEYHBLIMH, & COTJIACOBaHHbIMH TpeGoBaHHAMH!

5. Hanuwume nepeoe u nocrednee npedaoncerusn. Cnenyromui war —
Hanucarb npegioxeius PROCEDURE u END 6yaywero monyas (uid
HX 5KBUBAJIEHThI, B 3aBHCHMOCTH OT H30PaHHOrO f3biKa POrpaMMHpPOBA-
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gnn). ECIH MOLY/Ib HMeeT HEeCKONBbKO BXOLOB, CPa3y e MULIYTCA H
npemioxennss ENTRY. Ormernm, 9To Mbl 31€Ch ONYCTHIM TPaAMIIHOH-
HBIfl 3Tall BHIYEPYHBAHUS OGJIOK-CXeM; MPHYHHBL 3TOro GYAYT paccMor-
peHbl HHXKe.

6. O6vsgume ece dannole u3 conpssicenus. CleayOMHUA War COCTOUT
B HaNWCaHHH TeX MPEJVIOKEHHH MNPOrpaMMbl, KOTOPLIE OINpPENEN AT
win OODBSIBASIIOT BCe MePeMEHHbIe NJIfi CONpPSKEHUS CO3]aBaeMOro Mo-
ayas.

7. O6vs6ume ocmaabHbie OanHble. Hanuiure npemioxenusi, KOTopuie
onpeaen»ioT Wik 00bsBAAIOT BCe APYrie HeoGXOLHMBIE epemenHbe. [1o-
CKONIbKY TPYIHO NpEeACKasaTh BCe NepeMeHHble, KOTOpbIE IOHAN0GATCH,
5TOT WAl 4acTO NepeKkphIBaeTCsl CO CJIEAYIOLIUM.

8. Hemaausupyiime mexcm npoepammor. Crenyiowuii mwar — urepa-
THBHBIH, OH TpEeAnoJaraeT IOCAEIOBATENbHYIO AETANU3AIHI0 JOTHKH
MOJYJ/si, HAYMHAs C JIOCTAaTOYHO BHICOKOTO YpOBHs abCTpakuUuH U 3a-
KaHUMBas FOTOBBHIM TeKCTOM mporpammbl. Ha 3ToM wiare ucnonbayiorcs
METOJIbl nowiaeosoll demaausayuu i CMpPYKmypHo2o npoepammuposans, o
KOTOPBIX TOBOPMTCAl B CJefylollleM pasfieie.

9. Omuwaugyiime mexcm npoepammor. Tenepb MOAYJIbL HYXHO OT-
windoBaTh A5 JOCTHIKEHHS «ICHOCTH» H CHaGIUThL €ro ZONOJHHTENb-
HbIMM KOMMEHTapHMAMH, OTBEYalOIIHMH Ha BONPOCHI, KOTOpPHIE MOTYT
BO3HHKHYTD I1PH YTE€HUH nporpammbl. OCOGEHHOCTH CTH/ISL IPOTpaMMHUPO-
BaHHf, KOTOPblE B MAKCUMANbHOM CTeneHH o6IeryaioT BOCIPHATHE TPOT-
pamMMbl, paccMaTpuBaioTCsi B ra. 9.

10. IIposepome npasusvrocme npoepammsl. Bpyunyio nposepsiercs
NpaBUIbHOCTE MOAY/s1. COOTBETCTBYIOLINE NMPOLEAYpPHl OMHCaHBl B IO-
c/ieHeM pasjesie 3TOMH IV1aBhl. ~

11. Komnuaupyiime moOyae. IlocnenHufi miar — KOMOH/SLHUS MO-
AyJis. TOT AT OTMeYaeT nepexo OT MPOEKTHPOBAHUS K TECTHPOBAHHIO;
KoMmu/IsiLMel, 0o CyLeCTBY, HAYHHAETCSl TECTHPOBaHKHe MPOTPaMMHOIO
oGecneyenus. .

Yro6h! Jyulle MPOW/IIOCTPUPOBATh NEPEUHCIEHHbE MYHKTBI, MpH-
MeHHM uX K paspaGoTke Moayas YIIPTBHUM (ESTABMGR). Ha ware
1 mpexnonaraercs, uwro BuGpan sswik PL/1. Ilpeamosaraercs Taxixe,
YTO wary 2 M 3 BbIOJHEHHB! (BHEIIHHE CTIeUHHKAMH OJHOTO H3 BXOJ0OB
NoKasaHel Ha puc. 8.1).

Cawmpiit Baxknbiflt Bonpoc npH BhinoiHeHnH wara 4 ans YIIPTBHUM
coctour B BhisicHeHHH CTPYKTypst TBHUM (ESTAB) — tabnuuel, co-
Aepxawed BHelIHWe HMEHAa, MX THNBl M a6COMIOTHBIE ajpeca. 37ech
BO3MOXHBI MocJ/iefioBaTe/IbHOE W/IH CBSiI3aHHOE pa3MellleHHe, a TaKxe
OPraHH3anus TaGI LBl NepeMelinBaHus . [TOCKOIbKY HeT He0OXOAHMOCTH
BRIouaTs anementsl B cepeinHy TBMM win BhluepkHBaTh HX, pasMe-
Wi€Hye B BHge CBA3AHHONO CHUCKA He O6s3aTebHO. Tak Kak BbIGOPKa
Oyner kak NOCJIe/IoBaTe/IbHON, TaK W NMpsAMOH, OpraHH3alus Ta6/uLbl
TepemelnnBanus TakxKe Hexenateabna. TakuM 06pasoM, OETaeTCs JKLIb

&
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/% MODULE ESTABMGR (EXTERNAL SYMBOL TABLE MANAGER) */
* ]
j* THIS IS AN INFORMATIONAL STRENGTH MODULE WITH 3 ENTRY *5
/* POINTS: */
/* */
/* MATCHES (MATCH EXTERNAL REFERENCES IN ESTAB) */
/* ADDTOES (ADD AN EXTERNAL SYMBOL TO ESTAB) */
/* FINDES (FIND AN EXTERNAL SYMBOL IN ESTAB) */
/* */

/* THE DESIGN OBJECTIVE OF THIS MODULE IS TO HIDE ALL KNOW- */
/* LEDGE OF ESTAB, ALTHOUGH ESTAB IS AN INPUT AND OUTPUT */
/* OF THIS MODULE, THE INTENT IS THAT NO OTHER MODULES HAVE */

/* ANY KNOWLEDGE OF THE STRUCTURE OF ESTAB. HENCE THIS */
/* IS AT WORST DATA COUPLED TO ANY OTHER MODULE. */
/* *

/* STRUCTURE NOTES: EACH OF THE 3 FUNCTIONS ARE ENCLOSED IN */
/* BEGIN BLOCKS TO ISOLATE NAMES. MODULE- */
/* WIDE DATA DEFINITIONS (ESTAB) ARE PLACED*/
/* OUTSIDE OF THE BEGIN BLOCKS. ONE OF THE*/
/* FUNCTIONS (MATCHES) IS REPRESENTED BY */
/* THE PROCEDURE STATEMENT. THE OTHER TWO */
/* FUNCTIONS ARE REPRESENTED BY ENTRY */
/* STATEMENTS. *

/**ttt*t**ttitt****tt**ﬁ*ttkt*ﬁ*t****l-ttﬁ*t************t****‘/
MATCHES: PROCEDURE (ESTAB,UNRESNAME,MATCHCODE) ;
‘module-wide data declarations and
parameter declarations
MATCH_ER_ITEMS_IN_ESTAB: BEGIN;
local declares for MATCHES function
code for MATCHES function
END:

ADDTOES: ENTRY (ESTAB,ESNAME,ESTYPE,ESADDR,ENTRYNUM,ADDCODE) 3
ADD EXTSYM_TO_FSTAB: BEGIN;
T local declares for ADDTOES function
code for ADDTOES function
END/

FINDES: ENTRY (ESTAB,ENTRYNUM,ESNAME,ESTYPE,ESADDR,FINDCODE) 3
FIND EXTSYM IN ESTAB: BEGIN;
“1ocal declares for FINDES function
code for FINDES function
END:
END;

Puc. 8.2. Crpykrypa Mopyas YIIPTBHM.

BapHMaHT [OC/]eJ0BaTebHON OpraHH3alHH ta6auubl. [Mostomy TBHUM
6ylder IpeiCTaBjeHa OJHOMEPHBIM MaCCHBOM (BexkTOpOM), KaMBIA
9/IEMEHT KOTOPOTO HMeeT TPH oJisi: uMs, Tun 1 axpec. Ocraercst Bonpoc
0 ToM, CJAefyeT JH YNOPsJOYHBAaTH (COPTHPOBATb) 3J/IEMEHTHL. Ilo-
CKO/IbKY Tab/uua OGHOBJSETCS 4acTo, PeluHM OCTaBHTb ee Heyropsi-
JOUYEHHOH M HCIIOJIb30BaTh TPOCTOH 0C/TeN0BATENbHbI] TIOHCK. (Otme-
THM, OJHAKO, YTO A CHeNa] HECKOIbKO NMPEANOIOMKEHHH, TPeCyHouHX
JIOCTAaTOUHOH KBaqubHKALUM. JTH DEeHUs MO03XKe MOXKHO nepecMmor-
peTh, eciii NOHAAOOHTCs MOAPEryHPOBAaTh a(pexrHBHOCTD. Beap Hall
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/* MODULE-WIDE DATA DEFINITIONS */
/* *
DECLARE ESTAB POINTER; /
%DECLARE TABSIZE FIXED;
%TABSIZE=2000; /* HO. OF POSSIBLE ESTAB ENTRIES */
DECLARE 1 TABLE BASED(ESTAB) ,
2 HEADER,
3 TAG CHAR(4), /* DOG TAG ESTB */
3 SIZE BINARY FIXED (15), /* NO, OF CURRENT ENTRIES %/
2 BODY (TABSIZE), /% ARRAY OF ENTRIES */

3 NAME CHAR(8),
3 TYPE CHAR(2),
3 ADDRESS POINTER;

DECLARE /* TYPE VALUES */

MODULE CHAR(2) STATIC INIT ('MD'),

ENTRYPT CHAR(2) STATIC INIT ('EP'), .

EXTREF CHAR(2) STATIC INIT ('ER');
DECLARE NULL BUILTIN; /*FUNCTION RETURNS VALUL OF EMPTY POINTER*/
DECLARE MATCHCODE FIXED BINARY (15); /*MATCHES RETURN CODE*/
DECLARE UNRESNAME CHAR(8); /* OUTPUT FROM MATCHES FUNCTION */.

Puc. 8.3. O6bsiB/ieHus1 JaHHBIX.

NPOEKT 3arpy3uMKa No3BoJseT H3MeHHTb CTpyKTypy TBHM, meHss
JIULIb OIMH MOZAY/b.)

Ha ware 5 tpe6Gyerca onpenenurs cTpykrypy YIIPTBUM B Buge
Mmonynsi ¢ Tpemsi Bxofamu. Ilyctb y nac mpeanoxenne PROCEDURE
npeicTaBsieT ¢ynkumio  COIJIACOBATHL-BHEIIH-CChIJIKU
(MATCHES), a nsa npemnoxenus ENTRY — ¢ynkuun HAUTU-
SJIEM-TBHUM (FINDES) wu JOBABWUTb-BHHM (ADDTOES).
Hcnonb3yem 6nokn BEGIN sspika PL/1, uroGel TakuM oGpamyieHHEM
TEKCTa KaxJoH H3 QyHKUHA U30MHpPOBaTh UMEHA mepeMeHHBbIX. CTpyk-
Typa MOAy/S IOKa3aHa Ha puc. 8.2.

Ha mare 6 Heo6X0AuMO OGBSABHTH BCE CYLIECTBEHHbIE V151 CONPSKEH Us
JauHsle, Kak ymoMHHa/moCh B mpenwaylleM pasjene, napamerp TBUM
(ESTAB) siBnsieTcsi mMpocTo yKasaTesieM, CCbUIAIOLIMMCS Ha TaGmuiuy.
ITockonbky Tabmuua mpexcTaBiasier co6oi CTPYKTYpPY, AOCTYNHYIO BO
BCeM Mopyse, o6bsiBUM ee cefiuac. BmecTo Toro 4to6bl CTPOHTb 34€Ch
BeCb MOAY/b, HamHIIeM TOMbKO ero tTperb: ¢ynkuumo MATCHES. Ha
puc. 8.3 nokaszaHo onpefiejieHHe TaGTHLBI BHEUIHHX UMEH, apaMeTPoB
MATCHES u Bcrpoennoit pyukuuu NULL, KoTopast nos:xe N0HaZ0GHTCS
HaM JyI NMpoBepKH MYCTHIX (HE3aMKHYTBIX) aJpeCcHBIX IoJed.

lllar 7 npeanonaraer ompenejeHHe BCEX JIOKAJbHBIX NepPEeMEHHBIX
dynkuun MATCHES. [MoHATHO, YTO HaM MOHAAO6ATCA BA CUETUMKA IS
noncka no TBUM, nostomy no6asum B 6ok MATCH _ ER _ ITEMS _
IN _ ESTAB caenyiomue o6baBieHHs:

DECLARE
I FIXED BINARY (15);/«MHIEKC OJ1 TTOUCKA HE-
3AMKHYTOIO MMEHH «/
J FIXED BINARY (15);/« MHOEKC IJIs1 TIOMCKA
3AMBIKAIOIIETO HUMEHH «/
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Bmecto TOro 4TOoOH! BBINOJHHTb OCTABIIMECS YeThipe mara cefyac, -
OTJIOKHM MX IO TeX NOop, MOKa He 06CYNHMM HEKOTOpPhie JONONHHTe/bHER

BONPOCHI.

CTPYKTYPHOE NPOTPAMMHPOBAHHUE
M NOWATOBASl JETAJIU3ALUSA

KoHuenunsi, HasbiBaeMast CTPYKTYpPHbIM NPOrpaMHpPOBAaHHEM, OKa-
3aja HACTOMbKO 3HAYHTEJbHOE BJUSIHHE Ha pa3pabOTKy NMPOrpaMMHOro
obecrieuennsi, YTO OHA, BEPOSITHO, BOHJIET B HCTOPHIO KaK OJHO H3 KpYII-
HeHmux AOCTHXKeHUH B TeXHOJIOTHU NPOrpaMMHpPOBaHHs (HapaLy C KOH-
HeNnuyuAMH NOANPOrpaMMbl H f3bIKa BBICOKOTrO ypoBHs). ORHaKO, XOTs
camoe obiuee U JOBOIbHO CMYTHOE MNpeJCTaBleHHe O CTPYKTYPHOM Mpo-
rpaMMUPOBAHHH MMEETCSl MOUYTH y BCeX, OOWIENPHHATOTO YeTKOTro ero
onpezejenyus HeT. BoT nouemy 371€Ch He Ja€TCs HU CTPONOrO ONpee/IeH s
CTPYKTYpPHOTO NPOrpaMMUPOBAHHs, HH BCECTOPOHHETO aHa/lu3a CyTH
Lena: Ha STy TEMy HamucaHel yxe ueisie Knuru (2, 3]. Bmecro atoro
paccMaTpHBalOTCsl OCHOBHbIE CBOACTBA CTPYKTYPHBIX MPOrpamm, a Tax-
JKe HeKOTOpHle HHTepeCHble MOMEHTBI, KOTOPbIe 4acTo OCTaloTCs 6e3 BHH-
MaHHus.

Xors 3JIeMeHThbl CTPYKTYPHOTO IPOrpaMMHPOBAHHS MeJJIEHHO Pa3BH-
BajiHCh ¢ Hayana 60-x rofoB, Kak KOHLEMIHS OHO BHEPBbe MPHBJEKO
Bceobmee BHHMaHue B 1968 r. mocne onyGIHKOBaHHS 3HAMEHUTOH 3a-
merku J. Jeitkerpel [4]. Jeiikctpa ykasan, 4TO MEXAy TEKCTOM Npo-
rpaMMbl H NOPSAKOM BBHIMOJIHEHHsI €€ JIEMEHTOB (IIOTOKOM yNpaBleHusl)"
ROJIKHO GBbITH IIPOCTOE COOTBETCTBHE (MporpaMma JOJKHA GbiTb Tako#,
yTOOLI ee MOXHO OBbLIO YMTAThb «CBePXY BHH3») H YTO HEOTPAaHHYEHHOE
ucnosnb3oBanue oneparopos nepexona (GO TO) HapyLiaeT Takoe COOTBeT-
cTBHe. BeielcTBue 3TOro CTPYKTYpPHOE NporpaMMHpOBaHHE 4acTo Ha-
suiBatoT «nporpammuponanueM 6es GO TO». Onnako Beerza Goin npume-
pul mporpamm, Kotopbie He conepxat GO TO u akkypaTHO pacnoJioxe-
Hbl JIECEHKOM B COOTBETCTBUH C YPOBHEM BJIOXKEHHOCTH ONEPaTOpOB, HO
COBepILEHHO HEIOHATHBI, U GBUIH ApYyrue nporpammsl, coxepxaiue GO,
TO u BCe Xe COBEpLIEHHO MOHATHble. TakuM oGpa3oM, HalHuyHe WIH
orcyrereie GO TO — mnoxofi mokasaresb KauecTBa NMpPOrpaMMbl, 4TO
WATIoCTPUPYIOT MHOrMe mpuMephi JI. Kuyra [5].

Sl mpennovHTAaIO ONpPEAe/NATh CTPYKTYpHOE IPOTpaMMHpOBaHHe KOK
npozpammuposane, OpueRmuposantoe Ha obujerue ¢ a00omu, a He €
mawunoti. UTo6bl COOTBETCTBOBATb 3TOMY ONpeNe/eHHIO, CTPYKTypHas
nporpamMma NOJKHA YAOBJETBOPATL CJAENYIOMHM OCHOBHBIM Tpe6oBa-
HUAM: '

1. TekcT mporpaMMbl NpeACTaB/isieT COG0H KOMMO3MLMIO Tpex oC-
HOBHBIX 3JIEMEHTOB: TOC/TENOBAaTENbHOE COEfMHEHHe (ClefoBaHue), YyC-
JIOBHOE HpelJIOKeHHe g)asapmxa) U TIOBTOpPEeHHe (LHKJM). :

2. Ynorpe6nenns GO TO usGeraior BCIOAY, TAe 3TO BOSMOKHO.
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Puc. 8.4. IIATh KOHCTPYKIHil CTPYKTypHOro mporpam-

MHPOBaHHS.
Nocnedoeamenspocms

Hanxyawum npumenenueM GO TO cuuraer-
¢l NEpPeXof Ha OlepaTop, PacHONONKEHHbIR ECHH-TO-HAASE
poilie (PaHbllle) B TeKCTe MPOrpaMMBbI.

3. [lporpaMma HanmucaHa B NpHEMJIEMOM
crune (cM. . 9).

4. TekCT nporpammbl HameyataH C Ipa- AETAT-N10KA
BWIbHBIMH CJBHTAaMH, TaK 4YTO paspbiBbl B
NI0C/1EI0BATENILHOCTH  BBINOJIHEHHS]  JIETKO
NpOC/eXHUBAIOTCA (Hampumep, MJIsi Tpeio-
xenna DO Jierko HaliTH mpemioxeHHe, 3a- AENATG -NOKA-HE
KaHuHBaiolllee rpynmy, 6e3 Tpyaa ycTaHaBIU-
BaeTCsi COOTBETCTBHE MEXAY KOHCTPYKUHSMH
THEN u ELSE u 7. 8.).

5. Kaxaplfi MOAY/Ib HMEET pPOBHO OJAMH
BXOX U OfiMH Bbixol. OTMeTHM, 4TO HEGOpMa-
LHOHHO MPOYHBIA MOAY/Ib He HapyliaeT 3TOro
TpeGOBaHHS, MOCKONbKY TEKCTBl IpOrpamMm
I KaXAOTO BXOjia (M3HYECKH M JIOTHMYECKH pa3fie/IeHbl.

6. TekcT nporpamMmbl (hpU3HMYECKH pa3OUT HA 4acTH, 4TOGbL OGIETYHUTD
yTenne. BeImonHseMble NMPEIIOKEHUS KaXIOrO MOAY/s AOMKHBI yMe-
IaThCSl HA OJHON CTpaHHLE INeYaTaiollero YCTPOHCTBA.

7. IlporpamMma npeicTaB/sieT CO00H NMPOCTOe M SICHOE pellleHHe 3a-
Jayu.

Bs160P

21H ceMb TPeGOBaHMIl YETKO BBHIPAXKAIOT LETH CTPYKTYPHOTO Mpor-
PaMMHpOBaHHMSI: NUCATh NPOTPAMMbl MHHUMAJIBHOH CJIOMHOCTH, 3ac-

TaBUTb MNpPOTPaMMUCTA MBICIHTB $ICHO, 00JeryaTb BOCHPHATHE NpO-
TpaMMBI.

KoHCTpyKumn cTpyKTypHOro nporpamMmHpoBaHHS

CrpykTypHble mporpaMMbl COCTaB/IeHbl U3 MSATH OCHOBHBIX CTDOH-
TeIbHBIX GoKOB, M306paXkeHHbIX Ha pHc. 8.4. Yacto rosopsT o Tpex
CTpouTeNbHBIX GOKAX, MOTOMY YTO B GOJBLIMHCTBE 5I3HIKOB [POrpaM-
MHPOBaHNs1 uMeeTCst TONIBKO OfIMH U3 ABYX BHIOB LMKJIOB M HET KOHCT-
PYkunn BbIBOP (CASE).

HOCHTE/IBHO 3TUX TPEX CTPOMTEJbHBIX GJOKOB HEOOXOAMMO MpPex-
fll: BCero nousitb, uTo OHM onpexeseHsl pekypcusHo. ITocrenHee o3Ha-
€T, 4To npsiMoyroNibHUKH Ha pHC. 8.4 U300PaKAIOT BJIOKEHHBIE CTPO-
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IF (I=2) GO TO 4
GO TO 5
C THEN

4 A=3
B=2
GO TO 10
C ELSE

5 A=2
B=3
10 CONTINUE

Puc. 8.5. Crpykrypnas nporpamma Ha Poptpane.

urenbuble GIOKM; KaXAbl# M3 OJOKOB MOXKET HCHO/Ib30BaThCSl BMECTO
npsamoyronpHuKa. Hanpumep, cilefoBaHHe MOXeET COiepxaTb pasBHi-
Ky, 3a Koropoit uzer unka IIOKA, a uukn TIOKA moxer cozepxatb
apyro#i muka [TOKA. TIpsIMOYTOJILHHMK MOXKET NPEACTAaBAATH TaKke
060 OTAeNbHBIA «IOC/AeoBaTeNbHbIA» onepaTop (Hampumep, omepa-
Top mpucBanBaHHs). Hekorophie CK/IOHHBEI CUMTaTb, YTO HCNOJIb30Ba-
une oneparopoB CALL 1 RETURN sanpeinieno. 1o MHeHHE OIIHGOUHO:
CALL u RETURN paccMarpuBaloTCcsl KaK «IOC/IEI0BaTe/IbHbIE» Omnepa-
TOPHI.

B kaxoifi cTenmeHM MoOxeT ObiThb JOCTHTHYTA CTPYKTYPHOCTb HpO-
rpaMMbl, KOHEUHO, 3aBHCHT OT HCIOJb3YEMOro f3blKa MPOrpaMMHpPOBa-
gusi. Ceiiuac B CTaJiuN pa3pabOTKH HAXOAUTCS 3HAUHTEIBHOE KOJHUYECT-
BO NMPOEKTOB «HAWIYYILIEro» sI3bIKa /ISl CTPYKTYPHOTO NpPOrpaMMupoBa-
HHsA. Y3 pacnpOCTPaHEHHBIX 5I3bIKOB CaMBIMH IMOAXOASAIMMH CUHTAIOTCH
PL/1, PL/C, ITackanb u Anron. CTpyKTypHOe nporpaMMHpOBaHHe BO3-
MOKHO TaKxKe M ITPH HCNo/Ib30BaHUU s13biKoB KoGon, PopTpan u Baiicuk,
XOTs C GOIBUIMMH TPYAHOCTSIMH M HEKOTOPLIMH HexeJaTelbHLIMM HOC-
aeacreusaMi. B KoGoue npy BlIOXKeHHH PasBWIOK APYT B APYra BO3HH-
KaeT CTPYKTypa, OTIHYHAs OT H3oOpaxeHHOH Ha puc. 8.4. Tombko
noc/IeH Ui oneparop B npeajioxenn Ha KoGose MoxkeT GbITh pa3BH/IKOH,
OTKYAa 3ak/I0YaeM, 4TO Bpems OT BpemeHH 6yyT HEOGXOAHMBI omnepa-
topsl GO TO nin PERFORM. Oneparop PERFORM B KoGone mox-
Ho npumensth B KauectBe ITOKA. Onnako stor omeparop xeficrayer
KaK BbI30B MOAIPOTPAMMEI, IO3TOMY TEKCT TeJa IMKJA JAOMXKEeH GbiTh
¢usuuecky oraenen or oneparopa PERFORM. Hs-3a stux aByx TpyA-
HOCTe#l uyuTaTb CTPYKTYPHYIO NpPOrpaMMy CBepXy BHH3 CTaHOBHTCA
TAXKEJIO.

CrpykTypHOe nporpammupoBanue Ha PoprpaHe uiau Baiicuke eme
CJIOXKHee, IMOCKObKY B 3THX f3bIKaX OTCYTCTBYIOT IOC/EIHHE 4YeThipe
W3 NMOKa3aHHBIX Ha pHC. 8.4 KOHCTPYKUHH, YTO BBIHYXKJAeT Mporpam-
mucta ucnoab3oBatbh oneparop GO TO. Omnako Yapmonmen u Bef-
xenep [6] mokasbiBalOT, Kak MOXHO cleJaTh nporpammy Ha doprpaHe
noxoxe Ha CTPYKTYPHYIO, €C/IH MOAGIHPOBaTh KOHCTpyKuuu Bbl BOP
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H PasBHJIKY, COYeTasi PAaCHOJIOXKEHHE ONMepaTopoB JIECEHKOH C HCHOJb-
3oBaHHeM KommenTapues. Ha puc. 8.5 nokasaHa peannsauusi passuiku
Ha Qoprpane. TekcT B pamMKke BHIVIAHT KaK HACTOSIAs Pa3BUJIKa,
a TEKCT BHE ee JIONOJHSET KAapTHHY NeTalsiMH, HEeOGXOJHMBIMH /st
TOrO, 4TOGHI MPOrpaMMa OCTaBaach MPABHILHON mporpammoii Ha PopT-
pane. Crpykryproctu nporpammsl Ha @oprpane (win KoGose) MOXHO
JOOHTBCS TaKXe H [O-APYTOMY, HCTIO/b3Yst ONHH U3 MHOT'MX CYLIECTBYIO-
wMx npenpoueccopos. [Ipenporeccop pacuiupsieT A3bK, AONOMHSSA €ro
CTaHJapTHBIMM KOHCTPYKLHAMM CTPYKTYPHOTO NPOrpaMMHPOBAHHS.

CrpyKTypHOE nporpaMMHpoBaHHe Ha ABYX APYTHX OY4eHb pacCrpocT-
paHEHHBIX f3bIKAaX — si3blke accem6aepa u AIT/I — nourH HeBO3MOXK-
HO. XOTs1 M ObUTH MPHAYMaHbl MaKpPOCH!, YTOGHI MOREJTHPOBATh OCHOBHBIE
KOHCTPYKIMH CTPYKTYPHOTO NpPOrpaMMHpPOBaHUs, GOJBUIMHCTBO MpOr-
paMM Ha accembiepe, HCHOJB3YIOMIUX 3TH MaKPOCH, HHKAaK HeJIb-
35 HasBaTb CTPYKTypHbIMH. CaM (pakT UCNO/Nb30BaHHA f3bIKA acceM-
Gnepa yKasblBaeT Ha TO, YTO porpaMma HalHcaHa B OCHOBHOM B Tep-
MHHAX MallHHHOTO $i3blKa, a He ]I YeJoBeKa, YTO NPOTHBOPEYHT (yH-
JaMEHTAJTbHOMY CBOFCTBY CTPYKTYpHbIX mporpamm. AITJ/1 — sswIK, oT-
JIUYHBIH BO MHOTHX ADYT'HX OTHOLIEHHSX — HECOBMECTHM CO CTPYKTYp-
HBIM NIPOrPaMMHPOBaHHEM: B HEM OTCYTCTBYIOT OCHOBHBIE KOHCTPYKLHH
CTPYKTYPHOr'O MPOrpaMMHpPOBaHHs, 3aNpellleHO CMellleHHe ONepaTopoB
N0 CTPOKe, fA3bIK NOOIIpsieT HaNHCaHHe 3alyTaHHbIX NPOTpPaMM.

Yurarenio, unTepecylomemycs Gojiee TOHKUMH CBSI3AMH MEXAY fA3bl-
KOM H 5crpym*ypm:m [porpaMMHpPOBaHHEM, pPEKOMEHLyeM 00paTHThCA
K r1. 15. ' '

Yero caenyer u3beratb

[NockoyIbKY KOHLENMIUY CTPYKTYPHOTO MPOrpaMMHPOBaHHs BCe elie
Pa3BMBAIOTCSl, HEKOTOPHE U3 NPEIJIOKEHHBIX paHee HAeH, KaK OKasa-
JIOCh, OTPULATENbHO BJIMSIOT Ha HalEXHOCTb, H HX CJEAyeT H30eraTb.
OnHa u3 HUX — TaK HasbiBaeMbil memod Sukpogma — Mannst. OH
Ha3BaH Tak 110 HMEHH aBTOPOB CTaThH, ONMHCHIBaIOlell MeToJ npeobpa-
30BaHHsI NMPOU3BOJLHOH mNporpammsl B mporpammy 6e3 GO TO [7].
XoTsi Meroj NpeACTaB/SET TEOPETHUECKHH HHTEpec, €ro HHKOrza He
CJefyeT MCHOJb30BaTh Ha npakTuke ). [IpUHIMNIHANTBHO BaXXHO, YTOOHI
NPOrpaMMHCT, elie TOTbKO IPHCTYNas K IPOEKTHPOBAHMIO JIOTHKH,
MBIC/THJI B TePMMHAX OCHOBHBIX CTPYKTYPHBIX KOHCTPYKIHH, a HE CO3-
AaBal cHaya/la HECTPYKTypHBle NporpaMMbl, a 3aTreM NpeoGpasoBbLIBA
HK B CTpYKTYpHEIE.

[Tosunus B ornowenun omeparopa GO TO aomkHa GHITb CAERYIO-
Wed: uzberarr ucnosnpsoBanus GO TO Bciony, Iie 3T0 BO3MOXKHO, HO

1 Astopm paGoTh [7] He nmpemnaranM NpakTHYECKOTO METOAa MOJYYEHHS CTPYK-
TYPHBIX nporpamm. OHH JHML TOKA3aJH, YTO AJA NPOU3BOMLHOH NPOTPAMMEL CYLIECT=
BYeT sxksupanenrnan ek nporpamma 6es GO TO,— [Hpum. ped.
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He LeHOH sicHocTH nporpamMmel. Kak ykaswiBaer Kuyt [5], B onpenesnen-
Heix cayuasix GO TO xenarenbHee APYTMX BapHaHTOB.

YacTto okasblBaeTcs xelartelbHbiM Henonb3oBanue GO TO pns Beixoga
W3 LKA HIM MOAYJs, AJf Nepexola Ha KOHel MOAYJAsl B KOHCTPYK-
unu ON sasbika PL/1 win Bo u3bexkaHHe CAMLIKOM GOMBLIOH I1yOHHBI
BJIOXKEHHOCTH DPa3BWJIOK, TeM Gosiee 4TO Mepexof OCYIIeCTB/SETCA Ha
nocaedyrouyue (pacronoXKeHHbIe HHXKe) ONepaTopbl MPOrpaMMbl H CTPYK-
TypHasi Mporpamma NpOJOJIIKAeT OCTABAThCs JIETKO YHTaeMOH CBepXy
BHU3.

TpaBuna CTPYKTYpHOrO MPOrpaMMHPOBAHHS YACTO NPEANHCHIBAIOT
NOBTOPSTb OAUHAKOBbie ()parMeHTBl MporpaMmbl B PasHbIX YdacTKax
Mozyasi, 4ToObl M36aBUTLCSI OT ymorpeGnenus onepatopos GO TO.
B sToM ciydae JiekapcTBO Xyxke GoJie3HH; LyOIHpOBAaHHE PE3KO yBe-
JINYMBAET BO3MOXKHOCTb BHeCeHHs OIIXOOK NpH H3MEHeHHH MOZAYJf
B Oynyluem. :

- omarosas jaeranH3anus

CrpyKTypHOe IporpaMMHpoBaHHe JO CHX nop ObIO Y HAC MpeicTaB-
JIEHO Kak CBOHCTBO WIH OIleHKa OKOHYaTelbHOTO TEKCTa MPOTrpPaMMbL.
Heo6xonumo [10GaBHTh ellle OAUH KJIIOYEBOH 3JEMEHT: MEeTOHOJIOTHIO,
WIH OCOGEHHOCTH MBICJIHTE/IBHOTO TPOILecca, YHPaBISAIOIWEro NMpoeKTH-
poBaHHEM MOAYJsl Ui TOJY4eHHs CTPYKTYPHOH NpOrpaMMbl. ITOT
MBICJIHTEIBHBIA MpOLEecc, KOTOpHI Mel OyfeM ceifuac paccMaTpHBaTh,
Ha3bIBAeTCs nowiazoeoti demaausayuel 1 ObL1 IEpBOHAYATBHO NPELTOKEH
Jleiixcrpoit [8], a sarem yayuwen Buprom [9, 10].

INowaroBasi Jeranusaunus NpeACTaBisieT coGOH MpocToil mpolece,
NPEeANoJaraioLyil IepBOHaYalbHOE BHIPaXKeHHe IOTMKU MOAYJISl B TEPMH-
HaX THIIOTETHYECKOTO f3bIKA «OYeHb BHICOKOI'O YPOBHS» € HOCTERyIo-
mel JeTanusalHell KaXXAOTo NMpeiIOxKeHHs B TepMMHAX s3blka Gosee
HU3KOT'O YpOBHS, O TeX MOpP NOKa HaKoHeLl He GYJeT NOCTHTHYT ypo-
BeHb HCIIO/Ib3YEeMOro si3blKa NporpammupoBanusi. Ha mporskeHuu Bce-
ro mpouecca JIOTHKa BbIPaXKaeTcsi OCHOBHBIMH KOHCTPYKLHSIMH CTPYK-
TYPHOrO NMporpaMMHpOBaHHUS. :

Jla uaTioCTpanMM 3TOTO TpoLecca NPHMEHHM -eT0 K paspaboTke .
Jgoruku ¢ynkunu MATCHES. Hcxonnasa dopmynupoBka Takopa:

DO I=1 TO SIZE WHILE (He BCTpeTHTCsi 3/€MEHT, KOTOpH HE:
yAaeTcsi 3aMKHYTh); ‘
IF  (BcTperu/icsi HE3aMKHYTBIH 3/IEMEHT)
THEN uckath coOOTBeTCTBYIOlee BHEIIHEe HMS;
IF (naiizeno)
THEN noMeTHTb He3aMKHYTHIH 9/IEMEHT;
ELSE BrIBeCTH 3TO HMs;
ELSE;
END;
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OueBHJHO, 3Ta NEepPBOHAYaJbHasA HOPMY/IHPOBKA BbIpAXKEHA HA fA3bI-
Ke, YPOBEHb KOTOPOTO CYHIECTBEHHO Bbillle YPOBHSI BHIGDAHHOTO HaMH
a3bika nporpammupoBanusi (PL/1). Caenyiommuit mar COCTOHT B ee
JeTaln3anni. Mbl MOXeEM HCTonb30BaTh BXoAHoil napamerp MATCH-
CODE mis1 u306pakeHUs] COCTOSIHHH «B HAcCTOSIMA MOMEHT HET He3aM-
kHyTeX 3iementoB» (MATCHCODE = 0) u «B HacTosmuii MOMEHT
umeeM HesaMkHYTbifl anemenT» (MATCHCODE = 1), nockoiabKy 370
cooTBeTcTBYeT Bo3BpamaeMuim 3nayeHusim MATCHCODE. Tenepb nera-
JIN3UPYEM TEKCT TakHM o0pasom:

MATCHCODE = 0; .
DO 1=1 TO SIZE WHILE (MATCHCODE =0);
IF (BcTperusicsi He3aMKHYTHIH 3J/IEMEHT)
THEN DO;
MATCHCODE = 1;
HCKaTb COOTBETCTBYIOLee BHELIHee HMS;
IF (nafizeno)
THEN MATCHCODE = 0;
[IOMETHTb HE3aMKHYTHIH 3/IEMEHT;
ELSE BbIBeCTH 3TO HMf;
END;
ELSE;
END;

B kauecTBe TpeTbero wara paciiugpyem npefoxeHHe «BCTPETUJICS
He3aMKHYTHI 3nement» Tak: BODY (I). ADDRESS = NULL (s PL/1
BcrpoenHast oynkuuss NULL BeipaGarthiBaeT Heompeje/leHHOe 3HaYeHHe
ykasaressi). CleRylowHil MWar COCTOMT B JAeTalM3aUUH BHYTPEHHEro
LMKJA TOMCKA COOTBETCTBYIOLIErO BHELIHEro HMEHH, a 3aTeM B €ro or-
MeTKe MM BO3BpaTe HE3aMKHYTOTO MMeHH. DTo GyleT BbINVIAAETh TaK:

DO J=1TO SIZE WHILE(MATCHCODE=1);
\F (Haddens)
THEN DO;
MATCHCODE=0;
BODY(I). ADDRESS=BODY(J).ADDRESS;
END;
ELSE;
END;
IF (MATCHCODE=1) THEN UNRESNAME=BODY(l).NAME;
ELSE;

[MaTeiit, 1 nocnenuui, WAr COCTOMT B AETANH3aLMH YCJIOBUS «Hail-
A€HO». 3T0 yC/IOBHE BBHINONHSAETCS, €CTH JAHHOE MM W €ro THI (Mo-
AYAb WM BXOX) COBNAJAIOT C HMEHEM H THIOM 3/eMEHTa TaG/IHLUEL.
STa okonuaresibHas JeTaNH3alus H3oOpakena Ha puc. 8.6.
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MATCHCODE=0 ;
DO I=1 TO SIZE WHILE (MATCHCODE=0);
IF(BODY(I) . ADDRESS=NULL) /*UNMATCHED NAME?*/
THEN DO;
MATCHCODE=1;

DO J=1-TO SIZE WHILE (MATCHCODE=1) ;
IF((BODY(I) .NAME=BODY(J) .NAME) &
((BODY (J) . TYPE=MODULE) | .
(BODY (J) . TYPE=ENTRYPT) ) )
THEN DO;
MATCHCODE=0;
BODY (1) . ADDRESS=BODY (J) .ADDRESS ;

END; ’
ELSE;
END;
IF (MATCHCODE=1) THEN UNRESNAME=BODY (I) .NAME ;
ELSE;
END;
ELSE;
END;

Puc. 8.6. OxonuaTesbHasi JAeTaqH3alHs.

Tekct nporpammsl, peanusyomefi ¢pyakuuo MATCHES, He Bnoa-
He 3aKOHYeH; 5TO GyJeT CHeNaHo B caelyoumeM pasaene. Kpome toro,
saGorswuiics 06 3ppeKTHBHOCTH 4YHTaTelb, BEPOSITHO, YK€ OTMETHJI
HECKO/IbKO BO3MOXHBIX yJayuweHui. OfHako ajaa Toro, 4ro6el He yc-
JIOXKHSATb NpUMEp, Mbl He OyJeM 3aHHMaTbCA MOBbIIEeHHEM 3(GheKTHB-
HOCTH.

JIO0CTOMHCTBO NOWIAroBoi AeTaJU3alluH COCTOMT B TOM, YTO OHA MO3-
BOJISieT MPOEKTHPOBILMKY YNOPSNOUHTb CBOM pacCykaeHHs. AjbTep-
HATHBHBIA TOAXOJ — TOMBITKA HANHCaTh OKOHYATENbHBIA TEKCT (WIH
6/10K-CXeMy) MOAYJ/IA 32 OfMH 1ar — ropasno Gojiee CIOXeH M upepaT
own6kamu. Illaru neranusauun ¢pynkuun MATCHES — He akanemu-
YecKHe HJIH TeOpeTHYeCKUue pacCyxkAeHus, a B TOYHOCTH TOT MeTOf,
KOTOpbIM paspabaThiBanach JaHHas nporpamma. JIpyrumMH c/oBamy,
MHOIO HaNWCaHo nsaTh pasnuuxeix Bepcuit MATCHES, neppasi u3s Ko-
TOPBIX SIBSIETCS aGCTPAKTHBIM NPeJCTaBNeHHEM JIOTHKH, a MOCAeHASA —
nporpammoii Ha PL/1, nsoGpaxenHo#t Ha puc. 8.6.

OpHa U3 CBSI3aHHBIX C ONHCAHHBIM METOJAOM MPOGJeM COCTOMT B TOM,
4TO BCe BapHaHTbI, KPOME 3aK/IOYHTEBHOTO, NMO-BUAHMOMY, TOTYAC Xe
BbIOpachIBalOTCsA. JT0, IMO0X0XeE, PaCTOYHTENbCTBO, MOCKONbKY Npeibl-
Jyuiue ward- GMKCHpPOBalM pPaslHYHbe YPOBHH aGCTPaKUHM JIOTHKH H
X0 MBICAIM pas3paboryvka. Uro6bl KaK-TO COXPaHHTb HHGPOPMALHIO
06 sToi paboTe, HCXOIHBI BapHaHT CJeAyeT NOMECTHTb B KauecTse
KOMMEHTapHsl [IePeJl TEKCTOM IporpaMmbl Ha si3bIKe NporpaMMupoBaHHA.
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CTOHT JH nsﬁeraﬁ. u ELSE?

Ecin GO TO He ucnonb3opath COBCEM, MHOTHE CTPYKTYDHBIE Tpo-
rpamMMbl CTAaHOBATCS IOXOXKHMM Ha 1aGHPUHT IV1y6OKO BJAOKEHHBIX APYT
B Apyra pasBuioK. Takue mporpammbl 3a9acTyio CTONb e CJIOXKHBI,
KaK H HX HeCTPYKTYypHbie cobparbsi. IIbITasch MOHSTL NpeiIoKeHHe
BHYTPH INIYGOKO BJIOXKEHHBIX Pa3BHIOK, YaCTO 0Y9eHb TPYAHO ONpeleT HTh
TOUHbIE YCJIOBHS, MPH KOTOPBIX 3TO NPEAIOKEHHE BLINOAHSETCH. JTH
YCJIOBHS MOTYT GbITb PasGpoCaHbI 0 MHOMKECTBY PACIIOJIOKEHHBIX paHee
IF, KOTOpbie HaXoAATCsi HOBONBHO JajieKo OT PacCMaTpHBAEMOro Ome-
paropa.

Baym [11] npusoaut ocHoBaTenbHblE apryMeHTH B MOJB3Y OTKa3a
OT BJIOXEHHBIX Da3BW/IOK. Jlerko nokasarb, 4ro KoHCTpyKuHs «ELSE»
0ObIYHO He sB/IsieTcsi HeoOxoaumoH, mockonbky ELSE skBuBajieHTHO
IF (—ycnosue) THEN. Koucrpykuns ELSE Heo6xoauma Tonbko
B TOH peakoil curyauun, xorja koHcrpykunsst THEN usmensier oguy
H3 NepeMeHHHIX B ycaoBuH. Hanpumep, dparmenT nporpammet

IF (yenl) THEN DO;
onepl;
IF(yca2) THEN onep2;
ELSE DO;
IF(ycan3) THEN onep3;
ELSE onep4;
END;

END;
ELSE onep5;

MOXHO OBUIO nepenucarb Tak:

IF(ycal) THEN onepl;

IF(ycnl & yen2) THEN onep2;

IF(yeal & 1ycn2 & yen3) THEN onep3;
IF(ycal & —1yen2 &=—1yca3) THEN onep4;
IF(—ycnl) THEN onep5);

o ofmemMy npu3HaHUIO STOT NOAXOA CTPANAET ABYMS HELOCTATKAMH
U3-32 MHOTOKPATHBIX IPOBEPOK YCJIOBHH (Hanpumep, ycal npoBepserT-
Cs B INecTH omneparopax). Bo-mepBbIX, €C/IH YCJOBHE HEOGXOIMMO H3-
MEHHTb, TO JOJKHBI ObITb HM3MEHEHLI BCe €ro BXOXJAeHHs (NpaBja,
HX B 3TOM ciyyae mo KpafHell Mepe Jierue o6HapyxuTh). Bo-BTOpHIX,
MHOFOKpaTHEIE TPOBEPKH YCIOBHA HECKOIBKO CHHKAIOT 3QeKTHBHOCTD,
HO B GO/MBUIMHCTBE CJIy4aeB 3TO, BEPOATHO, HECYIIECTBEHHO.

SAIIMUTHOE NMPOrPAMMMPOBAHUE

Kounenuuu o6napyxenus own6ok, o6cyxaapuuecs B I, 7, MOXHO
NphMenaTh Takxke Ha ypoBHE OTAENBHBIX MOLYJEH; TAKOE HX TpPHMeHe-
HHe yacTo HasHIBAIOT SAUUMHOLM NPOCPAMMUPOSAKUEM. 3ALUTHOE TPOr-
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pPaMMHpOBaHHEe HaMOMHHAET IOBEJEHHE OCTOPOXKHOro BOJHTENd, COC-
Toflllee B TOM, YTOGHI C OMPEleeHHEIM HEOBEPHEM OTHOCHTHCS K Jieil-
CTBHSAM APYrMX BoAuTesedl (WIH, B MPOrPAMMHUCTCKHX TeDMHHAX, C He-
JZOBEpHeM OTHOCHTBCA K IEHCTBHAM JPYTHX MOJYyJei).

3aluTHOe NPOrpaMMHPOBAHHE OCHOBAHO HA BAXKHOH NpEANOCHUIKE:
Xyjulee, 4TO MOXeET CAeIaTb MOAY/b,— 3TO NPHHATb HENpaBH/IbHbIE
BXOJHble JaHHBIE M 3aTeM BEPHYTb HEBepHBIH, HO IPaBAONOAOOHbIH pe-
syabTar. YToObl paspewmuTs 3Ty npoGiemy, B Hauaje Kaxuoro MOZLy/Is
NOMEILLAl0TC MPOBEPKH BXOAHBIX JAHHBLIX HAa COOTBETCTBHE MX CBOKCTB
atpubyTaM M AManasoHaM HM3MeHeHHs, Ha MOJHOTY H OCMBICJIEHHOCTb.
Ilpu BbIGOpe HalleXallHX NPOBEPOK Ba){HO N0 TEKCTY NPOTpaMMbl
MOAYJSi BHIIBUTb BCe MpEANONOXEHHA, KOTOphble B HeM CJeJlaHHbI
OTHOCHTE/bHO BXOIHBIX [aHHBIX, a 3aTeM pPacCMOTPeTb BO3MOXKHOCTb
NpPOBEPKH COOTBETCTBUS BXOJHBIX JAHHBIX 5THM IPeATIONOXKEHHUSM BCS-
KM pas, KOTAa MOJY/b BHI3bIBAaeTCH.

3amuTHOEe MporpaMmupoBaHHe TpebyeT pasyMHOro nojxopa, H6o,
JOBeJlcHHOe 10 KpaHHOCTH, OHO MOBJIeYeT HexenaTelbHble 3(PEKTHL.
Ecnv Hang BXOZHBIMH JAaHHBIMH BBIMOJIHSITH BCE MBICJAHMblE HPOBEPKH,
3alMLIAMAS YacTh NPOrPaMMBlI MOXKET CTaTh HACTOJNBKO CJOXKHOH (u
NoTOMY 4peBaToll ojuuOKaMu), 4TO ee BIMSIHUE Ha HaJeXKHOCTDb (a TaKxke
Ha 3(dekTHBHOCTb) GYyIeT He TNO3UTUBHLIM, a HEraTHBHbIM. YUTOGb
pellHTb, CKOJIbKO 3alUTHBIX NPOBEPOK ONpPAaBJaHO, CHayasa H3y4HTe 1o
"JIOTHKE MOJYJI5l BCE NPEJNOJIOKEHUS O BXOAHBIX JaHHBIX, KOTOPHIE B HEM
clieJlaHbl, # COCTaBbTe CIHHCOK BCeX MPOBEPOK, KOTOPLIE MOXKHO GBIIO Ght
caenatb. J1s KaxKaoH M3 HHMX OLEHHTe ee CJOXHOCTb, BEPOSTHOCTD
TOrO, YTO BXOJHbIE JAHHblE MOI'YT ObITb OLIMGOYHBIMH, H TOCJEACTBHS
oTcyTcTBHA npoBepkH. Ilocse sToro ocraercs NPHHATH TPYAHOE KOMIIpO-
MHCCHOE pellleHHe MO ONpejeJieHHI0 TOTO MUHHMMYMa 3allUTHOH 4YacTH
nporpammel, KOTOPHIH oGecneuHBaeT MaKCHMaJbHO BO3MOXKHHIH ypPOBEHB
oGHapyxKeHHs1 OUIMGOK. .

Hns wnmocrpauun pacemotpum ¢dyukuuio MATCHES. Eauncreen-
HbIM BXOAHHIM napameTpoM cayxut ESTAB — ykasarenan Ha Ta6auiy
BHEIHUX MMeH. BOT cuCOK BO3MOXKHBIX NMPOBEPOK OLIMGOYHBIX CHTYa-
Huil (3 He yTBepXKJaaioo, 4To OOHAPYXKHJ HX BCe):

1. ESTAB — He saBasiercsi ykasaTeneMm.

2. 3nauenue ykasarensi ESTAB He ompepeneHo.

3. ESTAB — ponycTumblit yKasate/ib, HO OH CChblIaeTcsi He Ha Tab-
JIMIly BHEUIHUX HMeEH.

4. Tlone SIZE (4ncno pas/HYHBIX 3/1EMEHTOB) TaG/IULBI HETIPABHIIb-

HO.

DneMeHT TaOJHIBI HMEET HEeNpPaBHJbHBIA THI.

DnemeHT TabauUBI (MOAYJIb MM BXOA) HMeeT HYJIeBOH ajpec.

OneMeHT TabauuUbl (MOAYJb HJH BXOJA) HMEET HeNpaBH/IbHEIA

ajpec.

Noo
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/* MODULE ESTABMGR (EXTERNAL SYMBOL TABLE MANAGER) */

*
;" THIS IS AN INFORMATIONAL STRENGTH MODULE WITH 3 ENTRY */
/* POINTS: */

* */
Vad MATCHES (MATCH EXTERNAL REFERENCES IN ESTAB) */
/* ADDTOES (ADD AN EXTERNAL SYMBOL TO ESTAB) */
/* FINDES (FIND AN EXTERNAL SYMBOL IN ESTAB) */
/* : *

/* THE DESIGN OBJECTIVE OF THIS MODULE IS TO HIDE ALL KNOW=- */
/* LEDGE OF ESTAB. ALTHOUGH ESTAB IS AN INPUT AND OUTPUT */
/* OF THIS MODULE, THE INTENT IS THAT NO OTHER MODULES HAVE */

/* ANY KNOWLEDGE OF THE STRUCTURE OF ESTAB. HENCE THIS */
/* IS AT WORST DATA COUPLED TO ANY OTHER MODUIE. */
*
/* STRUCTURE NOTES: EACH OF THE 3 FUNCTIONS ARE ENCLOSED IN */
/* BEGIN BLOCKS TO ISOLATE NAMES. MODULE- */
7* WIDE DATA DEFINITIONS (ESTAB) ARE PLACED*/
/* OUTSIDE OF THE BEGIN BLOCKS. ONE OF THE*/
/* FUNCTIONS (MATCHES) IS REPRESENTED BY  */
/* THE PROCEDURE STATEMENT. THE OTHER TWO */
/* FUNCTIONS ARE REPRESENTED BY ENTRY */
/* STATEMENTS. */

SRR A KRR AR AR RN R R AN A RN RN R AR R RRR R RR R RN R AR KRR AR AR R RN KR AN/

MATCHES: PROCEDURE (ESTAB,UNRESNAME ,MATCHCODE) ;

/* */

/* MODULE-WIDE DATA DEFINITIONS */
*/

DECLARE ESTAB POINTER;

$DECLARE TABSIZE FIXED; . o

$TABSIZE=2000; /* NO. OF POSSIBLE ESTAB ENTRIES %/

DECLARE 1 TABLE BASED(ESTAB),
2 HEADER,
3 TAG CHAR(4), /* DOG TAG ESTB */
3 SIZE BINARY FIXED (15), /* NO. OF CURRENT ENTRIES *,
2 BODY (TABSIZE), ARRAY OF ENTRIES */

. 3 NAME CHAR(8),
3 TYPE CHAR(2),
3 ADDRESS POINTER;
DECLARE /* TYPE VALUES */
MODULE CHAR(2) STATIC INIT (°'MD'),
ENTRYPT CHAR(2) STATIC INIT (‘'EP'),
EXTREF CHAR(2) STATIC INIT ('ER');
DECLARE NULL BUILTIN; /*FUNCTION RETURNS VALUE OF EMPTY POINTERY,
DECLARE MATCHCODE FIXED BINARY (15); /*MATCHES RETURN CODE*/
3ECLARE UNRESNAME CHAR(8); /* OUTPUT FROM MATCHES FUNCTION */
L]

*/
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MATCH ER ‘ITEMS IN_ESTAB: BEGIN;
Y

*

/Qii*t*tk****ttt****tﬁ*****tt*****ﬁﬁktﬁ*tt**t*itﬁt*i*t***'ﬁtt/

* */
;*-EXTERNAL SPECIFICATION FOR MATCHES :5

*
5. FUNCTION: MATCH ALL EXTERNAL REFERENCE ITEMS IN ESTAB. L4
* IF ONE IS ENCOUNTERED THAT CANNOT BE MATCHED, */
/* RETURN ITS NAME, */
/* */
/* PARAMETER LIST: CALL MATCHES (ESTAB,UNRESNAME,MATCHCODE) :5
/a
/* INPUT: ESTAB POINTER POINTER TO ESTABLE :/
VAR /
/* OUTPUY: ESTAB® POINTER POINTER TO UPDATED ESTABLE */
/® UNRESNAME CHAR(8) NAME OF AN UNMATCHED */
VA EXTERNAL REFERENCE */
/* MATCHCODE FIXED BIN(15) RETURN CODE (0, 1, OR 2)*/
/* */
/* CAUSE/EFFECT RELATIONSHIP: */
/* */
/* ANY UNMATCHED (NULL ADDRESS FIELD) EXTERNAL */
/* REFERENCES ARE MATCHED WITH A MATCHING MD OR */
/* EP ITEM BY TRANSFERRING THE ADDRESS OF THE MD OR*/
/* EP ENTRY TO THE ER ENTRY UNTIL AN ER CANNOT BE */
/* MATCHED. ‘ */
/* -IF ALL ER'S CAN BE MATCHED, MATCHCODE=0 AND */
/* UNRESNAME IS UNCHANGED. */
/* -IF AN ER CANNOT BE MATCHED, MATCHCODE=1 AND */
/* UNRESNAME = NAME OF ER ITEM */
/* -IF AN ERROR OCCURS (INVALID ESTABLE) , MATCH- */
/* CODE=2 AND UNRESNAME IS UNCHANGED */
/* - t/
/* EXTERNAL EFFECTS: NONE */
/iﬁtﬁ*iﬁ*t*tttt*ttt*i**tt**ttiii*iﬁiiii*i.**iﬁﬁt*ﬁtﬁttt**t***/
/* MATCHES LOGIC INFORMATION */
/* *
/* MODULES CALLED: NONE */
/t */
/* INITIAL REFINEMENT : . */
/* .
/* DO I=1 TO SIZE WHILE(DON'T ENCOUNTER AN ITEM THAT *
/* CAN'T BE MATCHED) *
/* IF (ENCOUNTER AN UNMATCHED ITEM) */
/* THEN SEARCH FOR A MATCHING EXTERNAL SYMBOL */
/* IF (FIND- A MATCH) */
A THEN MARK UNMATCHED ITEM */
/* ELSE OUTPUT ITS NAME */
/* : ELSE */
/* END *

[RRERRRRRRRRR AR RRRRRRRA R AR RRRRR RN R ARRRRRRRARRRRRRARRRARRR AR K/
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/* LOCAL DECLARES */
DECLARE .
I FIXED BINARY (15), /* INDEX FOR SEARCHING FOR AN

UNMATCHED NAME */
J FIXED BINARY (15); /* INDEX FOR SEARCHING FOR A

MATCHING NAME */

/ * * /
MATCHCODE=2; /
IF (ESTAB-=NULL) /*NULL IS UNSET POINTER*/
THEN
IF((TAG='ESTB') & (SIZE>0) & (SIZE~>TABSIZE))
THEN
DO;
MATCHCODE=0;
DO I=1 TO SIZE WHILE (MATCHCODE=0);
IF(BODY(I) .ADDRESS=NULL) /*UNMATCHED NAME?*/
THEN DO;
MATCHCODE=1;
DO J=1 TO SIZE WHILE (MATCHCODE=1);
IF((BODY(I).NAME=BODY (J) .NAME) &
((BODY(J) . TYPE=MODULE) |
(BODY(J) . TYPE=ENTRYPT) ) )
THEN DO;
MATCHCODE=0;
BODY (I) . ADDRESS=BODY (J) . ADDRESS ;
END;
ELSE;
END;
IF (MATCHCODE=1) THEN UNRESNAME=BODY(I).NAME;
. ELSE;
END;
ELSE;
END;
END;
ELSE;
ELSE;
RETURN;
END;
- END;

Puc. 8.7. 3akonuenHnit TekcT mporpammst MATCHES.

Bce nposepkn, kpome | u 7, ocymecrBuMbl (Gy/Zem NpeanoJarars,
4TO KOMMU/IATOP OOGHAPYKHBaeT CHTYyalHio 1, a NpPoBEPUTb CHTYaLHIO
7 niss MATCHES HeBo3M0XHO). BeposiTHOCTb KaXIoH M3 3THX ceMH
OINGOK KaKeTcsi OAMHAKOBOH M JOBOJIbHO HH3KOH. [locaeacrsus 2, 3
¥ 4 cepbesHwl, NOCKOJNbLKY STH CHTYalHH NPHBEAYT K MPepHIBAHHUIO
nporpamMmbl w/id HenmpaBWJIbHbIM pe3ysbratam. Curyauun 5 u 6 B
AeficTBUTeIbHOCTH He BaHsiorT Ha QyHkuuo MATCHES (o mporpamme
BUIIHO, yTo ec/iu B 3/eMEHTE-MOAYJe UMeeTcs HyJeBoi ajpec, oH GyzeT
Conocrapsien ce6e, Tak uro ¢yHkuuss MATCHES npoursopupyer ero).

O3TOMY ObIJIO pellleHO HamHcaTh 3aLIMTHBIE MPOBEPKH JIA CHTYaUMH
2,3n 4. lns cnayuas 2 npoBepsieM, onpeflesieH M yKasareab. Jlias
Glydas 3 — pmeer /M 06/1aCTh, Ha KOTOPYIO CCHINIAETCS YKasaTelib, TIT
ESTAB. Ian cryuas 4 npoBepsieM 3HayeHue SIZE; oHO NOMKHO ObITH
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Gosblle Hyns ¥ He GOJIbIUE MAKCHMANbHOBIA JUIHHBI (HET MpOCTOro
croco6a 06HapyHTb CHTYalHIO, KOTJa Tabiuua COAEPHKHT SJIEMEHTOB
Gosibllle uayu meHbile, ueM ykaswiBaer SIZE). JlomosHUTEbHbIA 3alluT-
HbIif pparMeHT NporpamMMmel uso6paxkeH Ha puc. 8.7. Texkcr nporpammsl u
Heo6xoauMble 00bsiB/IeHNs AaHHBIX A5 BXxofoB ADDTOES u FINDES,
a Takxke CrnelH(pUKalnMH 3THX BXOJOB ONYIIEHHL.

A3bIKH BbICOKOI'O0 YPOBHSA

Hcnonb3yeMblii f3bIK DPOrpaMMHPOBaHHUsi CYIECTBEHHO BJMSIET Ha
HaJIeXXHOCTb; B OOLIEM CJyyae, yeM «BbIlle» YPOBEeHb $13blKa, TeM MeHb-
e ownGoK. Bo3paxeHHs NPOTHB NPOrPaMMHPOBAHHUS HA SI3BIKE MalIHH
(w1, 4TO TO ke camoe, MPOTHUB MPOTPAMMHPOBAHHS Ha fi3blKe acceM-
6J1epa) CTO/Tb CHJIBbHEL, YTO TPYAHO NMPEACTAaBUTb ceGe Cepbe3HYIO NMpHYH-
HY, N0 KOTOpo#l 6blIo Gbl HYXKHO NPOrPaMMHPOBATHL YTO-HHGYIbL B Ma-
IIMHHBIX KOJAX, 32 HCK/AIOueHHeM ABYX HeuacThiX CHMTYaluii: npH pac-
KPYTKe Ha HOBOH BBIYHCAHTENIbHOH CHCTEME MOXET NOHaNOOMTbCS 3a-
OpOrpaMMHpOBaTh B KOZAX SIAPO KOMNMWJIATOPA; OOBIYHO JO/DKHO GBITh
TaK)Ke HalHCaHO Ha f3blKe MalUVHbI OUeHb MaJieHbKOe PO ONepalHoH-
HO#i cHcTeMbl (He H3 coo6pakeHHi 3DPeKTHBHOCTH, a NO TOH NPHYMHE,
YTO oOmpefesieHHble OCOOGHHOCTH apXHWTEKTYpH, cHenupHuecKue iis
KOHKPETHO! MallMHBl, HalpuMep MeXaHu3M INpepbiBaHWH, He Oyayr
OTpaxKeHbl B AI3bIKE MPOrpaMMHpoOBaHHs). TpeTbe HCKIIOYEHHE, OUeBH-
* HO, BO3HHUKAET B CJyyae, KOTJa fI3blK MallMHBI — €XUHCTBEHHLIH S3HIK,
JOCTYNMHBIA Balllell BBLIYMCAHUTENbHOH CHCTEME.

Bo3paxeHHsi NpOTHB f3blKa MAlUHHBEI HACTOJbKO YOeAHUTENbHbI, UTO
9TOT BOMPOC OTHOCUTCS K YHCJHY TeX HEMHOTHX B NPOIPaAMMHPOBAaHHH
BONPOCOB, Ha KOTOpBHIe MOXKHO 1aTh OKOHYaTeJdbHHIH oTBeT. Ecau npo-
TPaMMHUCT MCIOJIb3YeT SI3bIK MalIHHbBI, OH TPATUT GOJBLIYIO YaCcTh CBOETO
BpPEMEHM He Ha pellleHVe 3aa4y, a Ha BO3HIO ¢ 0COGEHHOCTAMM MallWHEL
SI3BIKM BBICOKOIO YpPOBHSI YCTPAHSIOT HECKOJbKO YpPOBHeH OIIHGOK B
nporpaMMax, CKpbiBasi OCOGEHHOCTH MALUMHbl W TO3BOJISI BbIPa3uThb
Jo0y10 GYHKIMIO MeHbUIMM YncjoM onepatopoB. [Iporpammbl Ha si3bl-
Kax BbICOKOTO YPOBHS JIeTye NOHATh H H3MEHSITb, OHH B HEKOTOPOM CMBIC-
Jie CaMOJOKYMEHTHPOBAHbI, 06G/aJaloT Jyullledi COBMECTHUMOCTBIO H MO-
6usnbHOCTBIO: [IporpaMmbl Ha A3BIKAX BHLICOKOTO YPOBHS elleBjie, Mo-
CKOJIbKY, XOTfl YeJoBeK OOBIMHO NporpaMMmupyer ¢ (GUKCHPOBaHHOM
€KOPOCTBIO (M3MepsieMOH YHC/IOM ONEpPaTOpPOB B EeIHHHILY BpeMeHH),
orepaTopb! fI3bIKa BHICOKOTO YPOBHS MO (PYHKIIMOHAJIbHBIM BO3MOXHO-
CTSIM TPEBOCXOAAT ONepaTopnl sisbika Mauinuel [12, 13].

Camoe GoJibllioe JOCTOHHCTBO $3bLIKOB BBHICOKOTO YPOBHS 3aKJIIOUEHO
B HX CIIOCOGHOCTH paBoTaTh CO CJIOXKHBIMH CTPYKTYpPaMHu AaHHbIX. OnbiT-
HBIfi NPOrPaMMHCT COTJIACHTCS, YTO NPOrpDAMMHPOBAaHHE COCTOUT B
paboTe c JaHHBIMH, a He C TOHKOCTSIMH MalIMHbl. Bonpoc adexTuBHOCTH
06bIYHO OTO/ABHIAeTCA Ha BTopoH nyaH. CenyeT noHMMaTh, 4TO addek-
THBHOCTb JOCTHTaeTCsi PasyMHBIM BLHIGOPOM aJNrOPUTMOB M CTPYKTYP
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JaHHBIX, a He Gnarogapsi MHKpo3(p{eKTHBHOCTH, oGecreyHBaeMol HC-
0/1b30BAHHEM MalllMHHOIO fi3blKa. DoJiee TOro, COBpeMEHHLIE ONTHMH-
3UpYIOLlYe KOMIHJIATOPHI FeHEPUPYIOT 3aMeyaresibHBIe [0 3(pdEeKTHBHO-
cTH OOBEeKTHble NPOTrpaMMBL.

[MoxTBepknenneM ckasaHHOro sBJsieTcs GoJiblias OnepalloOHHas
cucteMa Multics, peanusoBannasi ma PL/1 B coBmecTHOM npoeKTe
nab6opatopuii Benn, dxenepan snekrpuk n MTH [12]. Tonbko 5%
CHCTEMbI HAMHCAHO HA MAIIMHHOM SI3bIKE. DTO YMCJIO MOIVIO GHITh H
MeHblle, 6yab kKommusitop PL/1 noctyneH ¢ camoro Hauana paGotsl Hajg
NPOEKTOM.

Ceroasst B 6O/IBIUMHCTBE NPOrPaMMHBIX IIPOEKTOB, MO CYUIECTBY, HET
ornpaBJaHHfA HCNO/Ib30BaHHIO MAlMHHOTO f3biKa. ByAb s pykoBoamre-
JieM oTjena 06paGoTKH JaHHBIX, 5 Obl OTIPABH/ICS B CBOH BBIYHC/IUTE/b-
Hblil EHTP W BhIGpocHJ Bce acceMOnepnl. HM3rotoButenu DBM wmoryr
NIOMOYb B 3TOM OTHOIUEHUH, NPHHSAB 3a NPABHJIO HE NOCTABJATb acceMG-
Jephl VISl CBOMX CHCTeM (HEKOTOpHIe M3 HHX YyXKe IPHMEHSIOT 3TO mpa-
BUJIO K OTAEJIbHBIM cHcTeMaM). CiiefyeT ocnaGuTh YNOp Ha npenofaBaHue
A3blKa acceMbiepa B yueGHBIX NJaHaX 1Mo HHOOPMaTHKe, 3a UCKJIIO4E-
HHEM, BO3MOXKHO, CHellMaJbHbIX KYpPCOB IO apXutektype OBM u kom-
NUAATOpaM.

NO3ULIUA NMPOTPAMMMUCTA ’

Cpenn MHOxeCTBa MAeH, KOTOpble KacaloTcsl HaJeXKHOCTH IpOrpamMm-
HOTO OGecreyeHHs1, Hé HYXKHO 3a0bIBaTh O BaXKHOM W 4acTO HeXOOLEHU-
BaeMOM (aKTope: MO3MUMH (WIH MCHXOJOTHM) nporpammucra. Hac
0coOeHHO MHTepecyloT CJejyiollHe ABa acnekTa 3TOr0 BONPOCA: MO3H-
M5 MPOrPpaMMHCTa MO OTHOUIEHHIO K MPOJAYKTY €ro TPYyJZa M ero Touka
3peHUs Ha PoJib Ipolecca KOMIUJSALHH.

Bonpoc o mo3unyu mporpammucTa 1o OTHOLIEHHIO K HNPOAYKTY €ro
TPylda cBA3aH, KaK 3To nokasaHo BeiinGeprom [14], ¢ npunuunamu
6e3nuuno20 npoepamMmuposaHUs U KoeHumugHo2o oucconarca. Koruurus-
HBI JMCCOHAHC — 3TO TNCUXOJIOTHYECKHH IIPHHIMI, KOTOPHIA pYKo-
BOAMT JefiCTBUSIMH YeJIOBeKa, YbH TNpPEACTaBJdeHHs1 O..cefe OKas3aluCh
nox yrposoii. [ToBenenue nporpaMMucTa, KOTOpPbIH paccMaTPUBAEeT CBOIO
nporpammy Kak npojoJiKeHue ce6si u NOJCO3HATENBHO CYNTAET HEJOCTaT-
KU IpOrpaMMBl NPOSIBJIEHHEM CBOHX HEIOCTaTKOB, MOXKeT ObiTb H3MEHEHO
BCJeACTBHE KOTHHUTUBHOIO JHCCOHaHCA.

«[IporpamMmHcT, KOTOpBI HCKpEeHHE CUMTaeT NPOrpaMmy MPOROTKEHHEM CBOEro
1», He OyneT nbiTaThCs HAHTH BCe OWIHGKK B Heit. HanmpoTus, ol nocrapaercs nokasars,
uro nporpamma npaBHIbHA, faXKe €CIH 3TO O3HAYaET He 3aMeuyaTb 0111“60!(, YYAOBHIUIHBIX
ATa nocroponHero Barasaa... YesoseuecKuii ryias uMeeT NOYTH 6e3rpaHHUHYIO CIOCOG-
HOCTb He BHMJeThb TO, YerO OH BHACTH He xesaem» [14].

Cnactn B Takofi CHTyaUHMH MOXKET 6€3/IMUHOE NMPOrPaMMHPOBaHHE.

MECTO TOro yTo6h! GHITh CKPBITHHIM U 3aIMLIATH CBOIO MpPOrpamMMmy, Npo-
TPammuer 3aHuMaer NPOTHBOMOIOXKHYIO MO3HIMIO: €TO0 NpPOrpamMma B
ACHCTBUTEIbHOCTH — 4aCTb O6LUeH PAaGOTBI HA IPOCKTOM, H OH OTKPHITO
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NPHIJIAIIaeT APYrUX NPOrPaMMHCTOB YMTATh H KOHCTPYKTHBHO KPHTHKO-
Batb ee. Korja KT10-T0 HAaXOAHT OWKGKY B €ro mporpamme, mporpam-
MHCT, KOHEUHO, He NOJDKeH PaJoBarbCs, YTO OWIMGCH; €ro MNO3HIUs
npumepHo TakoBa: «O! Mo wauutn omn6ky B Hawed nporpamme! Xo-
polLo, YTO MBI HAlIY ee cefyac, a He nosxe! [loyuumes Ha sTo# OILIKG-
Ke, a 330/1HO TNOCMOTPHM, He HaiieM Ju ewel» Ilporpammuct, o6Hapy-
UBLIXA OWHKOKY B uyxKoi nmporpamme, He KpHaut: «[locMOTpH Ha cBolo
WIHOTCKYIO olMOKYyl», a pearupyer mpumepHo Tak: «Kak Jo6onbitHol
ViHTepecHo, He Clesasl JiH U f TaKOH OIHMOKM B HAITHCAHHOM MHOH Mo-
Ayne?» 3aMeTbTe B MOCJAEAHEM MPENJOKEHHH TOHKYIO A€Tallb, CBS3aH-
HYIO ¢ KOTHHTHBHBIM JIHCCOHAHCOM: §1 HCHOJ/Ib30BaJ 06OPOT «HAIHCAHHEI
MHOH MOAYJb» BMECTO «MOH MOZYJbY.

Bropas BaxHasi CTOPOHA NO3HIHM IPOrPAMMHCTA — STO €I'0 OTHOILe-
Hue K TouHocTH. Hu onHa apyras aucummivea He TpeGyeT TaKoil cre-
NeHH TOYHOCTH, KaK mporpamMMmupoBaHue. XMPYpPr, HECOMHEHHO, He
6ecrioKOUTCs O TOM, 9TOOH! JieJIaTh pa3pe3 0643aTeNbHO MEXKAY KJIEeTKaMH
tena. [IporpaMmupoBanne He 3HaeT MOHATUS OONYcKA, NOJb3YSACh KOTO-
pHIM HHXKeHep ToBOPHT: «$1 GyLy mNpeACTaBAATH ABOHYHOE 3HaueHue |
NOTEHNMAIOM B 5 BOJLT MJIOC-MHHYC 1 BOJIBT»; KaXAplfi y4acTok npo-
rpammbl JIH60 NMpaBHJeH, JHOO HerpaBujeH, H NPOMEXYTOYHOTO IOJO-
xeHHs1 HeT. [ToaTOMy M BaXKHO OTHOLIEHHe NMPOrpaMMHCTA K TOMHOCTH,
M CKa3blBaeTcsi OHO BO B3IVIfJaX HA MPOIECC KOMNMWJALMH [POrpaMMBL.
Yacto MOXKHO yc/bllIaTh TaKoe MHeHHe: «BmecTo TOro 4toObl TpaTuTh
BpeMms, JO6MBafiCb COBEpIUEHCTBA MOETO MOAYJS, i MPOTOHIO ero yepes
KOMIHJIAATOP, H NMYCTb MM 3aHMMaeTcsi MallHHa». 3acTaBHTb paboTaTh
MalllHHy — 9TO, KOHEYHO, Wjes, JieXalllas B OCHOBE BCeH WHAYCTpUH
o6paGorkn AaHHbIX. OHAKO KaK TOJIbKO «paboTa» OTOXKAECTBJSETCS C
NPOrpaMMHPOBAHHEM, HYXHO MOCTaBHTb TOYKY, MOTOMY YTO «3HaHHsI»
OBM B o6jacTH mnporpaMMHpPOBaHHsS BecbMa OTPaHUYEHHBH.

DKCNepUMEHTHPOBAHHE C KOMITWJIATOPOM, KOMIWJSANHS HACKOpO
HaNMHCaHHOTO MOAYJIs, YTOGBEI HOCMOTPETh, «YTO HOJYYUTCS»,— He3A0pO-
Basi TO3ULMSA, NMOCKOJbKY NMPOTHBOPEYUT TPeOGOBAHHUIO TOYHOCTH. §1 cy-
Talo, 4TO NPO(eCCHOHANbHBI MPOrpaMMUCT AOJIXKeH OPHEHTHPOBAThCA
Ha YCTelHYI0 KOMITH/IALHIO €T0 NPOorpamMel ¢ nepsoro pasa. OH noJKeH
caM cJies1aTh Bce BO3MOXKHOE, YTOObI HCKJ/IIOUMTh CHHTAKCHIECKHE OLIHGKH,
a TaKxe JaTb CBOIO NPOrpaMMy NPOCMOTPETH ellle KOMY-HHOYIb, pexae
yeM NPHUCTYNaTh K KOMOUASAUUH. HMeeTcs yeThipe 10BOJIbHO y6eUTE b
HBIX JI0BOJ@ B NOJIB3Y 3TOTO.

1. OzHa w3 TNpPHYMH CHHTAKCHYECKHX OIIMGOK — HeJIONMOHHMAaHHe
CHHTaKcuca f3bika. EcaM y Bac ecTh ynyuleHus B CHHTaKCHCe, TO BHl,
BEpOSITHO, HEJONOHMMaeTe M ceMaHTHKy. Kommuastop, ofHako, Hafi-
JieT JIMIIb OYeHb HEeMHOTHe M3 BAlLIWX CeMaHTHUECKHX OLIHGOK.

2. Bropass mpuYHHA CHHTAKCHYECKHX OLIHOOK — HeGPeXHOCTD.
3zech MOXHO MOBTOPHTB MpeXKHHe paccyxjeHHs. EciH Bbl HeOpeXKHHI B -
CHHTaKCHCe, Bbl, BEPOATHO, TaKxKe HeGPeXKHbl B CEMaHTHKeE.
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3. Hu oauH M3 KOMNHJIATOPOB, M3BECTHHIX MHe, He OGHApYKHBaeT
pcex CHHTaKCHYecKHX ownGok. Uem Gosiblle HX cfesNaHo, TeM GoJibiue
BepOATHOCTb TOTO, UTO KaKas-TO U3 HHUX He Oyner oGHapy»KeHa W NpH-
peneT, TaKHM o6pa3oM, K JIOrMYecKo# omiHOKe.

4. Tvwe enemp — Janbiie Gyjeiib. 51 3aMeTus, Y4To mepBas Kowm-
NMJISILHA MOAYJISl AIBJISIETCS BCErJa MHTEPECHBIM MIOBOPOTHEIM MOMEHTOM:
BHE3aIHO H OLICTPO BO3pAacTaeT AaBjeHNe, OKa3biBaeMoe MPOrpaMMUCTOM
Ha caMoro ce6s. [lo KOMIUISIMH OH OGBLIYHO TPATHT 3HAYNTEILHOE BpeMs
ga OGAYMblBaHHE KaXKIOTO H3MEHEHHS W/ YJYYIUEHHS HPOrpaMMbl.
Toc/ie nepBOH KOMNMWJISIIMM MOAYJISI BOSHHKAET olpejie/leHHOe MCHXO0JI0-
rHyecKoe JaBjeHMe, BLIHYXKJaiolulee BHOCHTb HM3MEHEHHS KaK MOXKHO
6uicTpee, 4ToObl HAKOHEM, «3aCTaBUTb €ro paboTaTby WIM «3aCTaBUTh €ro
CKOMITUJIMpOBATbCSA». V3MeHeHMs, KOTOpHle NeNaloTCsi NOA TAKUM JaB-
JeHyueM, OObIYHO M300UMYIOT OIIMOKaMH.

JOKYMEHTALUS

JokymenTanus Bcerfa Oblia GOIBHBIM BOIPOCOM B IpOrpaMMHpo-
BaHHM M3-3a PaCHpPOCTPAHEHHOTO MNpPEACTABJIEHHS, YTO NPOTPAMMHCTHI
HEHaBUAAT NOKyMeHTHpoBaHHe. OJHAKO HCTHHA COCTOHT B TOM, YTO
HUKTO He HCILITHIBAET YAOBOJBLCTBHS OT AOKYMEHTHPOBaHH A TONLKO pPaju
JOKYMEHTallHH, HO TaM, IjJe AOKYMEHTAaUMs COCTABJIAET HEOTHEMJIEMYIO
yacTb npolecca NporpaMMHPOBaHHS, OHa OXOTHO BOCHPHHUMAeTcsi H
noaroras/iuBaercsi. HaunHasi ¢ I'1. 4 MBI y2Ke COCTaBHJIH OCHOBATeJIbHEIN
CNIHCOK JIOKYMEHTOB, XOTSl 3TO CIELHaJbHO M He IORYePKHBAJIOCh.
B r1. 4 — 310 TpeGoBaHHsi K pe3yJbTaTy paGoThHl, LeJH NPOeKTa M
BHellHMe creuudukaunn. B ra. b — ompeneneHve apXuUTeKTypbl CH-
cremul. [locsie 1. 6 y Hac MOsIBUJIaCh CXeMa CTPYKTYPbI IIPOTPaMMEI, a
B HacTosileil IV1aBe Mbl IOATOTOBU/IH BHELIHHE CrielHbHKAIMK MORYIS U
TEKCT ero mnporpammel. CrpaliHBaeTcsi: HYXKHO JIM ellle 4YTO-HUGYIb
(kpoMe ny6GauKauMi A5 MOJB30BATENsi — @ UX YacTO TOTOBHT CIELH-
albHasi rpynna npogecCHOHANbHBIX TeXHHYECKWX MHcaTeseft)?

OrBeT COCTOHT B TOM, YTO HHKAaKas JONOJHHUTENbHas JOKYMEHTAaLus
0 mporpaMMe He HyxHa. B wacTHocTH, 6/10K-CXeMbl HJIH 4TO-1HGO 3ame-
Hslolllee HX BOBCE He 00513aTe/bHBI.

MoxeT nmokasaThbCs, YTO He XBaTaeT NOKYMEHTAallMH, ONHChIBaouieii
JOTUKY MoAyJsi (Hampumep, G6/IoK-cxeMm). DBiok-cxembl HuM pa3y He
YNOMHHAJIHCh NP OGCYKIEHUH Npoliecca NPOSKTHPOBAHUS JIOTHKH, MO-
3TOMYy OHH, OUEBMAHO, He SIBJSIOTCS HEOOXOAMMOH 4acCTbIO MPOEKTHPO-
Banua. Ha caMoM Jie/ie OHH He TOJIbKO HeOOsI3aTeJIbHEI, HO ¥ HeXeJslaTeb-
HBl N0 HECKOJNbKHM NpHYHHaM. BJOK-cXeMbl HE COTJlacyloTcsi ¢ Haeet
Nollaroso#i petanu3danuy !). KimoueBas ee uies — psan HeGOMbIIMX

——————

1) 310 canmkom cumbroe yTrepxaenue. Hanpumep, B kuure Xeioa Jx., Muurtom
A CrpyktypHhuiit nogxoa K nporpammuposannio.— M.: Mup, 1980, Gnok-cxemul cu-
TAIOTCA npHemMeMEHIM HMHCTDYMEHTOM NpH NowaroBoll Aetaausauun,— llpum, ped,
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JIETAJIM3HPYIOUIHX (1aroB, [OCTENEHHO NPUGAHKAIOMHKX yPOBeHb K
YPOBHIO f13bIKa NMPOrpaMMHPOBaHHsA. ITO MOXKHO CAENaTbh U HCIOJb3YsA
GJI0K-CXeMBl, HO OCTOSIHHO IepedyepuyUBaTh HX MPH KAXKIOM LIare JeTa-
Ju3auuy 610 GBI IOBOJILHO XJI0MOTHO. Kpome TOro, ocrasaincs 6wl eme
ofinH GoJIbLIOH Imar nepeBoja: npeoGpasoBaHue GJOK-CXeMbl B nporpam-
MY Ha MCXOIHOM si3biKe. Jlajiee, XOTSl OCHOBHbIE KOHCTPYKIIHH CTPYKTYp-
HOTO TIPOTPaMMHpPOBaHUsS H3006paxeHb Ha puc. 8.4 B Buie GJI0K-CXewm,
foC/I€[IHHE He COIJIACYIOTCSi CO CTPYKTYPHBIM NpPOTpPaMMHpOBaHHeM,
flOCKOJIbKY B 3HAaYMTEJbHOH CTeneHH OpHEHTHPOBAHBl Ha HCMOJ/b3OBa-
aue GO TO.

Ecay He 6J0K-cXeMbl, TO 4TO xe? B neficTBUTE/IbHOCTH Y Hac yxke
€cTb NMpHeM/eMasi ajibTepHAaTHBA: caM TeKct nporpammbi! Koab ckopo
OH HanucaH, noyemy Gbl €My H HE CHYXXHUTb AOKYMEHTallHeH JIOrHKu?
ITpocmorpeB 3aHoBo puc. 8.7, MOXHO YyOeIHTbCA B TOM, YTO TeKCT
aporpamMmel MATCHES BMecte c¢ nepBoHaua/IbHOM €ro Aerausauneft
¥ BHEWIHMMH CHNEeLHPUKALHUAMH MOAYJSA COCTaB/IAIOT NOCTAaTOYHBIA U
BeCcbMa KeqlaTeJbHBIH  KOMILIEKT JOKYMEHTAUMH ISl (YHKUHH
MATCHES. [lononHurenbHast fokyMeHTauus (HanpHMep, G10K-CXeMbr)
HeXesaTe/lbHa, TaK Kak oHa Gblia 6bl H3OBITOUHOH NPH HANHYUH TAKOTO
TeKcTa nporpammbl. M36biTouHOCTH B JAOKYMEHTAlHH JI000T0 BHAA Clle-
JAyeT u3beraTb, NMOCKOJbLKY OHa YBEJIHYHBAET +BO3MOXKHOCTb BO3HHK-
HOBeHHs NpoTuBopeunii. BoJee Toro, ec/in He 3a60THTHCS 06 OGHOBJIEHHH
JIOKYMEHTaUUH (a2 3To 0COOEHHO TPYAHO, ecji JNOKYMEHTaUHsi JIOTHKH
(U3NUECKH OTJHE/IeHa OT TeKCTa NpOrpamMbi), M30LITOYHAS JOKYMEHTa-
11AS YaCTO CTAHOBHTCS COBEpIUEHHO GecrnoJie3HOH MOCJe TOro, KaK TeKCT
NporpaMMbl HECKOJNBKO pa3 H3MeHeH.

MHorza MCnosb3yloTcsi Takxe ApYrHe KOHKYDEHTHI G6/I0K-cxem —
Tabauibl pemwenudi, ciosecHsle omucaHusi b HIPO-aumarpammer [15].
HIPO-anarpamma cocrout u3 Tpex G6MOKOB: B LEHTpe — GloK
06paGoTKH, B KOTOPOM CJIOBECHO OMMCaHa JIOTHKAa MOAYJsl, H MO CTO+
poHam — GJIOKH, ONMHCHIBAIOIHE HCIOJb3YyeMble BXONHbIE M BHIpaGaThi-
Baemble BbIXoAHbe jaHHble. XoTsi HIPO-nuarpamMbl aydiie Gl0K-cXeM,
TaK Kak H3006paxaioT M MOCJeHOBaTe/NbHOCTb BBINOJHEHUS, U MNOTOK

JIAHHBIX, OHH He HYXKHEI TIO TeM Ke NpUYUHaM.

BheluHye cnennduKaMin MOAYJsl ¥ TeKCT HCXOXHOH mporpammsl co-
CTaBJISIIOT OCHOBY JNOKyMeHTanuu MoAyns. OHH HO/KHBI GHTH J0NOJ-
HeHbl HeGOJIbILOH [030H HHGOPMalHU O JIOTHKE M KOMMEHTapHeB K HC-
xonHo# mporpamMme. OGpaTuTe BHUMaHHe Ha GJOK KOMMEHTapueB, H3006-
paxeHHbll Ha puc. 8.7; 610K cozepKHT MHPOPMALUIO O JIOTHKE
MATCHES, cocrosiuryio u3 ucxogHo#t Aerajausallid IPOrpaMMbl U CIIHC-
Ka BBI3bIBaeMbIX MoOAyJseH (OTMETHM, YTO B JOKYMEHTallMH HH B KOeM
c/Iyyae He JOJKHBEI YIOMHHATBLCS BhI3bIBaiouiye MOAYJIH). Bmecte ¢ uu-
opMalHedl 0 JIoTHKe MOXET TaKKe MPHCYTCTBOBATb H CIIHCOK COBETOB
no MoAucpuKauuu.

[Tocnennuit THH NOKYMEHTAUHMH — KOMMEHTapHH HENOCPEJCTBEHHO B
TeKCTe HCXOZHOH mporpammbl. Bce oObsiBieHUs AAHHBIX JOJUKHBL GHITh
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NPOKOMMEHTHPOBAHBI, MIOCKOJIbKY MOHHMAHHE JaHHBIX — KJIIOY K HOHHM-
MaHHIO TporpaMMel. BhinosHsiemble omepaTopbl B MOJYyJe €C/H H Clle-
AyeT KOMMEHTHpPOBaTb, TO JIMILbL u3pefka. Ecau mporpaMma CooOTBer-
CTBYET ONpeJleJIEHHIO CTPYKTYPHOM, TO HEOGXOAMMOCTH B KOMMEHTapHaX
K BHIIOJIHSIEMBIM omepaTopaM HeT. Jlesio B TOM, 4TO M3GBITOK KOMMEHTa-
pHEB YCTOXHSET YTeHHe Nporpammbl. PasymHO pyKoBOACTBOBATbCS
TaKMM [PAaBHJIOM: YHTaTb TEKCT NPOTPaMMbl M MbITAaTbCsi NpeAyrafaTth
BOIpOCHI, KOTOPHIE MOT'YT BO3HMKHYTb Y JAPYroro uutarensi. Kommed-
TapHH JOJ/DKHBI OTBEYaTb Ha 5TH BONPochl. Bo BCsAKOM ciyvae, oHH He
JOMKHBI JyGIMpPOBATh TEKCT MPOTPaMMBl; €CIH YK OHH HCIOJIb3YIOTCS,
TO MX CJeAyeT pacCMaTpUBaTh KaK YKasaHMs JJIs 4uTare/is.

CTAHJAAPTDI

[Ipo6remMa craHzapToB — ellle OAHO GOJbLHOE MECTO Y IporpaMMHC-
ToB. VMeercsi monmo3peHue, 4TO CTaHAAPThI CAEPKUBAIOT TBOPYECTBO.
B neiictButenibHOCTH 3Gh¢deKT XOpowo BHIGPAHHHIX CTAHAAPTOB MPSMO
NPOTHBONOJIOKEH; OHU JAIOT NPaBHJa LIS MPUHATHUS PellleHHH N0 MHO-
T'HM PYTHHHBIM BONIPOCaM, HeH30eXHBIM NPH paboTe Haj NPOEKTOM, TaK
4TO TBOPYECKHE CIOCOOHOCTH NpPOrpaMMUCTa MOT'YT ObITh HanpaBJeHEE
Ha 6aJcHvle BOTIPOCH (Ha pelleHHe 3ajaud). CTaHAApTH NMOJOXHTENLHO
BJUSAIOT TAKXKe M Ha HaJIeXKHOCThb, TAK KaK FapaHTUPYIOT elnHOOGpasue
NOAX0JA K OmpeJeJieHHbIM acllekTaM MpOrpaMMHCTCKOH JeATesbHOCTH,
npenynpexaas TaKUM 00pa3oM HECOTJIaCOBaHHOCTb MeXKJY HporpamMmHc-
TamH. : ‘

Huxakune craHmapTs B,TPOrpaMMHPOBAHHK He JOJIXKHBI PaccMaTpH-
BaTbCs KaK aGCOJIIOTHHIE NPaBW/a, KOTOPble HH B KOEM CJlyyae HeJb3st
Hapymwnutb. LleJib CTaHZAPTOB — YCTAaHOBHTb OCHOBHBIE NpaBWIa NJIsSt
OfpeJie/IEHHEIX aCTeKTOB IesiTeJTbHOCTH, 4TOOBl BCe MpejlaraeMble OTK-
JIOHEHHSI OT HHX MOXXHO GblIO MYG/IHYHO PacCMOTPeTb U ONpPENeNHTh,
onpasjiaHbl Jii OHH. Bblo Gbl Gecriosie3HO MHITaTbCs MPHBECTH 3/eCh
HaGop CTaHIapTOB, NMOCKOJbKY GOJNBIIMHCTBO OpraHH3alluii paspaboralo
CBOHM HaGopHl, MpHeMJIeMble B X KOHKpeTHoH o6craHoBKe. OfHako, Aaa
TOTO 4TO6BI AaTh NpEACTaBJeHHEe O TOM, KaKHe acleKTbl NporpamMMHupo-
BaHHsl OGBIYHO B HHX OTPaXaloTCf, OTMETHM, YTO B GOJILIIHHCTBE CTaH-
HapTOB (MKCHPYIOTCSI PYKOBOASILME NPHHIHKIBI HCNOMB3YeMOHi MeTono-
Joruy, ¢opmarbl JAOKYMEHTallUH, BO3MOXKHOCTH KOMIIMJIATOpa, COTJa-
IleHHsl mo pasMelleHMI0 TeKCTa NporpaMMbl Ha CTpaHMue, NpaBuia
ynorpe6/ienysi KOMMEHTApHeB, a TaKXe KOHCTPYKLUHMH fI3blKa Iporpam-
MHDOBaHHs, KOTOPBIX ClefyeT u3berartb.

NPOBEPKA NPABUJILHOCTH

[ocnepuuit war B mpouecce NPOEKTHPOBaHHS MORYJS — IPOBEPKa
NPaBUNBLHOCTH €ro BHYTPEHHel JIoTHKH. 31eck paccMaTpHBaeTCs IpoBep-
Ka npapuJIbHOCTH Y€JIOBEKOM, T. €. NPOBEPKaA J0 BHINOJHEHHS NMpOrpaMs
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MBI BblUHC/IMTeNbHON MalumHoil. [IpoBepke mpaBHIBHOCTY NPH BHUION-
HEHMH MpOrpammel, T. €. TECTHPOBAHHIO, NOCBSAIlEHA 4acTb 3.

[TpoBepka MNpaBHJIBHOCTH OCHOBLIBAETCS HAa PAa3/IMYHBIX crnocobax
4menus mexcma npozpammel. XoTs pas3Hbie (opMbl YTEHHS MPAKTHKO-
BaJINCh MHOTO JIET, 3HaUueHHEe 3TOT0 METOAA AJIsl MACCOBOTO IIPOM3BOJICTBA
IporpaMM GBIJIO OCO3HAHO B JOCTaTOYHOH Mepe TOJLKO JHILUb ¢ BHIXOJ0OM
kuuru Beiin6epra [14].

[IpoBepKa MOKET OCYLIECTBIATLCA KakK B (JOPME Crnarmu4eckoeo 4me-
Hus npozpammsl, Tak U B GopMe OuHamu4eckozo umenus. Stu GOPMHI Jio-
HOJIHAIOT APYT APYTa U JOJKHbI HCNOJIb30BaThCs COBMECTHO. B nponecce
CTaTHYECKOTO YTEHHSI UCXOAHBIA TEKCT MOAYJsS MPOCTO. NPOUHTHIBAETCHA
C HayaJa M A0 KOHIA, KaK KHHra. 1o OOBIYHO Je/aloT BTPOEM Wiy
BYETBEPOM, NpHYEM OAHH HrpaeT poJib npefcelarensi, T. €. CJELHUT 3a
TeM, 4yToOBl BCTpeua Oria npopykTHBHOH. Lleab Takoi Berpeun — Hafitu
olIOKH B MOLYJe, HO He HCHpaBafATh UX. McnpaBaarh omHOKY HYXKHO
NOTOM.

TpyzHo mnepeuHcanTb, Y9TO HMEHHO CJAEAyeT MNPOBEPATb B Xoxe
BCTpeuH, MOTOMY 4TO Te, KTO NOJIb3YeTCsl 3THM METOJOM, OOLIYHO BCKOpe
COCTaBJ/ISIIOT MBIC/IEHHO CBOH COOCTBEHHBIH CHHCOK pacrnpocTPaHEHHBIX
omnbok. PefiraH wuaer eme Jaablie H PeKOMEHAYET UCIOJb30BAThb
npodeCCHOHAIbHBIX «KOHTPOJIEPOB» H O(PHIHAIBHO (PUKCUPOBATH THIHL
HafilcHHbIX OWNGOK [JiA Jydluefi OpraHM3alMu MNOCJEAYIOWUX BCTped
(16]. OueHb HENOMHBIA CIHCOK BONPOCOB MOXKET HAUHHATLCS C MPOBEPKH
TMOJTHOTBI JOKYMEHTAIMH M JIETKOCTH YTeHHS! IporpaMMbl. 3aTeM CJIeLyer
TIATEbHO MPOBEPHTH YCJI0BHA Bo Bcex mnpemtoxenusix IF u DO.
Hanpumep, oueHp 4acTo nyTaioT YC/a0BHUS «GOJIbLIE HIH PaBHO», «GOJIbLIE
uyeM», «MeHblle YyeM», «He MeHblle HJIM PaBHO», «MO KpaHHeH Mepe»
u T. &. Heo6xoanuMo mpoBepHThb CJIOKHBIE JIOTHYECKHE YCJOBHsS, BKJIO-
YalollHe CBA3KH WAL U U, 4TOOB! YORRUTBCS, YTO 5TH ONEPAlUH YKAa3aHbl
B MpPaBUJbHOM MocjefoBaTesqbHOCTH. [l KaXiaoro muk/aa craenyer
MpOBEpUTb, MOXKET JIH 3aKOHYHTHCS €ro BhiNOJNHeHMe. Utepanuonubie
urkibl DO ¢ mocTosiHHOf (fIBHO YKa3aHHOH) BepXHelt rpaHHuileii cieayer
MpOBEPUTH OCOGEHHO TLIATEIbHO. Ec/i BBl BHANTE TaKoe Npei/IOKeHHe,
Kak

DO I=1 TO N WHILE (FOUND),

crefyer o6paTHTh BHUMAaHHE HA fBe CUTYalMH: IHUKJ HUKOTAA HE Bbi-
nossiercss (FOUND cpasy wumeer 3HaueHHe «iokb» AW N MeHblle |)
WM UMKJ 3aKaHuuBaercsi Heyjauefl (1 gocruraer sHauenusi N panbiue,
gyem 3HaueHneM FOUND craner «ioxb»). O6pamaiite oco6oe BHUMaHUE
Ha HHJEKCH MacCHBOB M LHMKJIBI, He BO3HUK/IA JIH CHTYaIlUA «IIIOC-MHHYC
oIMH» (UHMKJ BHINONHAETCS Ha OAHH pa3 GoJibllie WK MeHblie, YeM HYXK-
Ho). Heo6xomzuMo npoBepuTh NpPaBHJIBLHOCTb MOpsAKa, (opmaros,
eMHHI M3MepeHMss H arpubyToB BCeX AapryMeHTOB, MepelaBaeMbiX
MOAYJIO M [OJy4aeMBIX OT HETro.

Jpyrofi Metox npoBepKH NPaBUIBHOCTH — CKBOZHOU KOHMpPOAb,
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CXOAHBIH MO CBOEH HAee ¢ OGCYXKAABIIMMHCA B NpEIbIAYIIUX [JaBax
METOJAMH CKBO3HOTO KOHTpPOJIA B mpoueccax NPOEKTHpoBaHHMsA. 3hech
TaKXKe OPTaHH3YeTCs BCTPeYa HECKONbKHX YYaCTHHKOB (KOHTPOJIbHAs
ceccHsl), OMH M3 KOTOPHIX BeJIeT BCTpedy B posiu mnpepcedarens. Ho
BMECTO TOTO, 4TOOHI MPOCTO YHTAaThb TEKCT MPOrpPamMMbi, TOTOBHTCS He-
CKOJIBKO JIOCTAaTOYHO NPEACTaBUTE/bHHLIX TECTOB, H YYaCTHHKM BCTPEUH
MBICJIEHHO KOHTPOJIMPYIOT BECh XOJ UX BHIIOJIHEHHS MoayJeM. Bo Bpemst
5TOH NPOLEAYPH KOHTPOJIMPYETCH COCTOSIHHE MOLYJS (T. €. 3sHaueHus
nepeMeHHbIX). TecThl JOMKHBI ObITh IPOCTE H HEMHOTOUHC/IEHHE!, UTOGk
npouecc He Obl1 YTOMHTEJNbHBIM, HO OHH JOJIKHBI OXBaThIBaTb BO3MOXK-
Hhle BapHaHThl OMIMGOYHBLIX BXOAHBIX JAAHHBIX H IpeAe/IbHbE C/Iydaw.
Ha posb uyeloBeKa, 3aHMMAIOLIETOCS MOATOTOBKOH TAaKHX TeCTOB,
OuYeHb XOPOILO MOAXOANT NPOrPaMMUCT-Pa3paboOTUHK ORHOTO U3 MOAYJIEH,
BbI3bIBAIOLIUX JAHHBIH.

Bo Bpemsi CKBO3HOrO KOHTpOJISL K IPOrpaMMHCTy GYyAYyT ofpaliarb-
csl 32 pa3bsACHEHHAMH TeX WJIH WHBIX MecT B MoayJe. Ero komveHTapun
YacTO PacKpHIBAIOT M OWIHGKH TaKOro XapakTepa, KOria OH OCHOBHI-
BaeTcsi Ha COMHUTE/NBHBIX IpeanoJoxeHusix. Bo Bpems Kaxnoro us
STHX ABYX MPOLECCOB COCTABJSAETCS! CIHCOK BCeX OGHapyXKeHHbIX ymy-
weHH# (Cloga MOT'yT BXOAWTh KakK OIMOGKH, TaK W IVIOXHE NPHeMbl por-
pammupoBanus). Ilo3nHee B COOTBETCTBHH C STHM CIIHCKOM IpOrpam-
MHCT JeJaeT HeoOXoAuMble HcrapaBjeHHs. OGBIMHO YCTAaHAB/IHUBAETCS
onpejie/ieHHas BepXHsAs IPAHHIA, TaK YTO €CJAH YHMCJIO0 OOHapYKeHHbIX
ynyieHui npeBOCXOAHT ee, MOAYJb JOJIXKEH CHOBa MPOHTH 3Ty npoie-
Rypy mocJie Toro, Kak GYXYT cAeJlaHbl BCe HCITPABJIEHHs.

BceaenctBue pacrnpocTpaHeHHOrO CpeAu NPOTPaMMHCTOB OTHOLIEHMS
K POJH KOMIOWJISITOpPA KOHTPOJIbHBIE CECCHH HeOOGXOJUMO MPOBOAMTH
0 MepBOH KOMIHJSAUMH MOAYJs. 3aTo Nocje Hee JOJDKHA HCIOJb30-
BaTbCsl TPETbsi (POPMA YTEHHS TEKCTa MPOrpaMMbl: NpoBepKa MHpopMma-
IHH, BhIZaHHOH KoMnuiasitopoM. Hanpumep, GOJBIIMHCTBO KOMIMJSATO-
pos PL/1 npoBomut TOuHBIH aHadH3 aTpHOYTOB BCEX NEPEMEHHHIX B
monyJe. HeoGXoAuMO TIIATENIbHO NMPOBEPUTH pacleyaTKy pe3yJbTaToB
KOMIHJI 1M, 4TOGB YOEAUTRCS, YTO KOMIHJIATOP NPaBUJbHO HHTEpIIpe-
THPYEeT BallM HaMePeHHs OTHOCHTEJbHO OOBbsIBJCHHS NaHHBIX.

Hecmorpss Ha nocToMHCTBa BM3yasnbHOH IIPOBEPKH, OHa HHOTZAa
HEJIOOIIEHHBAETCSI H3-3a PACIPOCTPAHEHHOTO MHEHHs, YTO «TeCTHpOBa-
HHe KoMmblotepoM» Jemesne. MccieloBanue, nposefeHHoe B JaGopa-
Topusix «Beas» [17], nokasaso, uro 310 Bneuatsenue omuGouno. Cpex-
Hssl CTOMMOCTb OGHapy»eHHsi OLIMOKH NMpPH YTEHHH NporpaMMbl Gblia
paBHa 10 moan. 62 neHraMm, cpelHsisi CTOMMOCTb OOHapyMKeHHSI HpH
O0bIYHOM TecTHpoBaHHH — 251 noas. 60 nenram (M3 Hux 196 mos.
70 uentoB cromsio MaumMHHOe BpeMs)). KoHeyHo, Mor/ao okasartbes,
YTO OIHGKH, OGHAPYXKEHHbIE YEJOBEKOM, ObIIM NIPOCTHIMM, a MallMHa
O0Hapyxusa Gojiee CNOXHBIE. AHANN3, ONHAKO, ONpPOBEPraeT TO Npex-
nosnoxenve. Kpome Toro, BM3yajibHasi NPOBEPKa HMeeT NONOJHMTENb-
Hoe, XOTA W Heocs3aeMO€ NPEHMYIECTBO: oOyueHHe nporpaMMHCTOB.
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Ocranacs ene ozna (Gonee c/ioxHas) opma uTeHUs! TeKCTa POrpam-
MBI, OCHOBaHHAs Ha Wjee MAaTEMaTHYECKOro I0Ka3aTe/bCTBa €€ NPaBHJlb-
HOCTH, JJIA 4Yero HYXHO CHadaja cOpMyJupOBaTh, a 3aTeM NOKa3arhb
TeopeMs! o cBoficTBax nporpammbi. [lockosbky T paboThl B 60JbLIKE-
CTBE CBOEM Bce ellle HaXOJATCSl B CTAiMH HCCAeJOBaHHSA, O HUX MbI OyaeM
rOBOPHTb OTAENbHO, B TV 17.
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raABa 9

Cruab NPOrpaMMHPOBaHHS

Ot pykoBoauTeJiefi NPOrpaMMHCTCKUX KOJIJIEKTHBOB MOXHO HHOTI@
ycablilaTh Takue 3amevaHusi: «Pa6oTas Haj MOCNEIHUM MPOEKTOM, Mbi
HCTIOJIb30BA/IM CTPYKTYPHOE NPOTrpaMMHPOBaHME, HO NpPOrpamMMul Bce
paBHO M30GWJIYIOT OIIMOKaMHM, H, N0 MHEHHIO TPYNIbl CONPOBOXKICHHS,
YUTaThb HX COBEPIIEHHO HEeBO3MOXKHO». MHorza nomo6Hasi peakuus -—
NPOCTO MPOsiBJIEHHE KOHCEPBAaTH3Ma B OTHOIUEHUH HOBBIX MJEi, HO yalle
OHa 03HayaeT HeNPaBHJIbHYIO, YPE3MEPHO YNPOLLEHHYIO HHTEPNPETALHIO
KOHLENIMH CTPYKTYPHOTro mporpaMMmupoBaHHsi. Kak ykasbiBajoch B
r1. 8, CTpYKTypHOe MpOrpaMMHpOBaHMe BKJIOYaeT HeJblii psii B pas-
HOH CTENeHH BaXKHBIX HAe#l W MeTOJOB; KOHIEHTpAalHsi BHMMAHUA Ha
KaKOM-TO OJIHOM acleKTe (Hampumep, NPOCTO OTKa3 OT YNOTPeG/eHus
npewtoxennii GO TO) u npeneGpexkeHue OCTaNbHBIMU NPUBOAUT K He-
ylaue NpoeKTa. '

LlenTpanbhoe moHATHE, CBA3AHHOE CO CTPYKTYPHBIM IPOrPamMHupo-
BaHHeM,— CTWJIb TIPOTPAMMHPOBaHMfA, T. €. MaHepa, B KOTOpPO# mpor-
paMMHCT (NPaBWJBHO HWJIM HENPaBHJbHO) YIOTPEGJseT OCOGEHHOCTH
CBOEro fi3blKa NMPOrpaMMHPOBAHHSI — B TOM K€ CMBIC/IE, KaK MHUCATe/b
(NpaBH/IbHO WJIH HENpaBH/JIbHO) MCHOJb3YET €CTECTBEHHHBIH A3hIK. MMeH-
HO NJIIOCHI H MHHYCBI CTHJIS NPOTPaMMHPOBAHHS OGLIYHO OKAa3bIBaKOTCS
OCHOBHOM NpHYHHON TaKHX, HanmpuMmep, CyXJIeHHi: «§l Buaen nporpam-
My, OueHb KPaCHBO pa3MelICHHYIO Ha cTpaHHile u Ge3 exrHoro GO TO,
HO TpH 3TOM aGCOJIIOTHO HEMOCTHXHMMYIO, M APYTYIO, COBEPLIEHHO IO-
HATHYIO porpaMMmy, B KoTopo# 6ei10 Heckoabko GO TO».

Cruno nporpaMMHpOBaHHsl, BBHRY BaXKHOCTH NpeaMeTa, NOCBSIIEHa
OTHe/IbHas T/1aBa. 3aMeyaHus M oOLiue NPHHLMIE, CPOPMYIHPOBAHHbIE:
B 3TOH TIJlaBe, OCHOBAHbI Ha MOEM JIHUHOM OfbiTe, HAKOIJIEHHOM MpH
YTEHHH NPOrpaMM, ONbITe KOJWIET M Ha HIesX, MOYePNHYTHIX U3 GrecTsi-
me# xuuru Kepuurana u Ilnerepa mo crumo nmporpammupoBanus [1].

AICHOCTb MPOrPAMMDI

Kak yxe roBopusock B ri1. 8, 3aaua nporpaMMHcTa NONKHa COCTO~
fATb B TOM, 4TOGBl MHCATh HAa HCXOAHOM fA3blKe NMPOTPaMMbl, MpeXHa3Ha-
UEHHbIE AN ayAMTOPHM, COCTOSIEH B NEPBYIO ouepenb W3 JiofeH, a
He wmawmH. Dm0, Tpebyer yaenenus GOMbMIErO BHHMAHHS SICHOCTH,
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—

NPOCTOTE H JOCTYMHOCTH TEKCTA 3a CUET HTHOPHPOBAHHS MEHEe Bax-
HbIX KPHTEpHeB, HanpuMep KPaTKOCTH (YMC/IO Y[apoB MO KJaBHIuaw,
HEOOXOAMMBIX /ISt TOTO, YTOGbI HareyaTaTh NPOrpaMMy) MM MalIHHHOR
s(pekTnBHOCTH. BHINOJNHEHHE C/CLYIOMHMX NPaBHJI NOMOTaeT NHCATh
SICHBIE MPOrpPaMMbl.

Hcnoavsyiime ocmoicaerHoe umena. D10 TMPABWIO BHIPAXKaeT CaMBIi
BaXKHbIN TMPHHIMI CTUJIA TporpamMmupoBanus. Huuero Her xyxe npor-
pammel c uvedamu XX, XXX, XXXX, XY, EKK, EKKK, A u Al,
3anoJIHEHHOH KOMMEHTapUsSMH, Pa3bsCHSIONMMU CMBIC/I H Ha3HAYeHHe
srux umed. [Ipocroit npuem — Hcnonb3oBanue Gosee AJIMHHBIX COAEp-
XKare/IbHbIX MMEH — 3HAYMTeNbHO OGJeryaer yTeHHe MPOrpaMMbl H CBO-
JUT K MHHMMYMY KOJIMYECTBO HeoGXOAMMBIX KoMMeHTapueB. Kak mpa-
BUJIO, MMEHa NepeMeHHBIX JAO/IXKHBI ColepXkaThb OT 4 mo 12 cumBosios.
CnuwkoM anuHHble umeHa, tuma YHMCJIO - TOUEK . B _T'PA®E _
PACCTOSIHMH, nexenateibHbl, IOTOMY 4TO OHH OTBJIEKAIOT BHHMaHHe
OT COGCTBEHHO NPOTPaMMEI H CaMH MOXBEPXKEHB! OLIHOKaM.

JlsMHa ucnoib3yeMbIX HMEH 3aBUCHT OT OpaHHYEHHi SI3BIKa IMpo-
rpammupoBaHusa. QopTpaH CYHIECTBEHHO OTPAHHUMBAET JJIHHY HMEH
(ne Gonee 6 cumBosioB). B GosbuimHcTBe peanusanuit PL/1 paspeiuenst
UIeHTHOUKATOPEI A/MHOHA J0 31 cHMBOJIa, HO HMeHa NPOLEAYp OTPaHUYH-
BAalOTCS CEMbI0 CHMBOJIAMH — CEPbe3HOe OrpaHUYeHHe, eC/IH TbITaThCs
JaBaTb NpPOLEAYPAM OCMBIC/IEHHBIE HMeHa.

Jlaxe HeCMOTpS Ha TO YTO MCHOJNB30BaHHE OCMBICICHHBIX HMEH JHK-
TyeTcsl 3APaBbIM CMBICJIOM, HHOT/A BCTPEYAIOTCS NPSMO NPOTHBOMOJOMK-
Hple pekoMenzauuu. Hampumep, si GblT mopakeH, BCTPETHB B TEKCTe,
ony6/1KoBaHHOM B 1974 r., ciiepyouiuil coBeT: eciy Bl XOTUTE MHMHMU-
MH3HPOBATh BpeMsl KOMNWJIALMM Bauwielf nporpammbl Ha PopTpane, He
HCNOJIb3YHTe OCMEICJIEHHBIX MMEH; BMECTO 3TOro NpuMeHsiiTe paBHOMep-
HO pacrpefie/ieHHble OZHOGYKBeHHbIE, 3aTeM JBYXGYKBEHHble HMEHa
H T. A., HOCKOJBLKY 3TO MHHHMHU3HDYET BpeMsi MOHCKAa B Tabuauuax
B HeKOTOpbiXx KoMmoussitopax Poprpanal

Hsb6ezaiime cxo0nbix umen. VIHorHa BCTpedarOTCsi TPOrpammbl, B
KOTOPHIX HCMOJIB3YIOTCA TakWe HMeHa nepemeHHbiX, Kak VALUE u
VALUES, uau psin nepemeHunix ¢ nmeHaMmu BRACA, BRACB, BRACC
# BRACD. 3r0 yc/oxHsieT yTeHHe nmporpaMmbl. Bbi6upasi ocMbiC/IeH-
Hble MMEHa, cTapaiitech, 4TOGbl OHH OBIH KaK MOXHO MEHee NOXOXKH.

Ecau 6 udenmuguxamopax ucnossdyromcs yugpel, nomewaime ux
moavko 8 konye Uudpps 0, 1, 2 u 5 nerko cnyrate ¢ 6yksamu O, I,
Z u S. Eciv yX undpb B UMEHAX NepeMeHHbIX He06X0uMBI, oMelaiTe
HX B KOHIE.

Hukozda ne ucnoassyiime 6 Kawecmse UOEHMUPUKAMOPOs KAroueevie
ca06a. XOTS Clefyiouiie OnepaTopbl CHHTAKCHUECKH COBEPLIEHHO npa-
BuabHE B Goprpane 1 PL/1, OHH NpHBOAAT YHTATe/Is B 3aMeLIATENbCTBO,
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FORMAT(16)=1
IF IF=THEN THEN THEN=ELSE;
ELSE ELSE=THEN;

Hzbezaiime npomexcymourolx nepementvix. Xorsi B GOJbLIHHCTBE
porpaMM HEKOTOpOe KOJIMYECTBO NMPOMEXYTOUHBIX NePeMEeHHBIX HeoG-
XOIMMO, HHKOTJa He co3jiaBaiiTe JHLIHUX. YacTo MOXHO BCTPETHTBb
pEKOMEHJALMH 3aMEHATb BbIPaXEHHS BHIA

X = All) 4+ 1/A()

Ha

Al_= A()
X = Al 4+ 1Al

yToObl COKOHOMHTb Ha MHAEKCAaIUH, UJIY 3aMEHATh

TOTAL = Y 4 A/B*C
VAR = X 4+ A/B*C

Ha

ABC = A/B*C
TOTAL = Y + ABC
VAR = X + ABC

4To6bl CIKOHOMHTb HECKOJIbKO apHMeTHuecKux omepaiuii. Takue co-
BeThl OGBIMHO CJIeZlyeT HTHOPHPOBaTh, NOCKOJbKY OHH BeAYT K CO3JaHUIO
JIMIIHUX MPOMEKYTOUHBIX NepeMeHHbIX. DTH NepeMeHHble 3aTpyIHAIOT
YTeHHE MPOTPaMMbl, YBEJHUHBAs KOJHYECTBO JeTasleH, ¢ KOTOPHIMH
NPUXOAUTCH HMeTh feso. OHM TaKKe JIMIIAIOT CMbIC/Ia BbIpaGaThbiBaeMblil
KOMITHJIAITOPOM  CJIoBapp nepekpecTHolx ccbiok (XREF). Tlocnen-
HHii . ABJIsieTC LIEHHBIM NOACHOPbEM, MOCKOJBKY TOBOPHT YHTaTelo,
Kakne HAEHTHHKATOpPHl B KaKHX omepaTopaXx HcroJb3yiorcs Bpoas
MPOMEXKYTOUHBE NEepPeMEHHble U1 SKOHOMHMH HECKOJNbKHX MMKpoce-
KYHJl, MOXHO CH€/1aTh TaKOH CJOBAapb COBEPLIUEHHO 6ecIoNe3HLIM.

Bo usbexanue HeoOHO3HauHocmu ynompebasime ckobku. Tlopsimok
BLINOJIHEHHs (IpUOpHUTET) apudMeTHUECKHX oNepaniii B PasHLIX A3bIKax
NPOrpaMMHpPOBAHHSI BCerfa fIBJSETCA HCTOYHMKOM nyTaHMubl. Hampu-
Mep, osHadaer Ju — A**2 «Bo3BecTH B KBaZpar MOC/e H3MEHEHUS
3HaKa A» MM ¢HSMEHHTb 3HaK y pe3yJsibTaTa BO3BELeHHS A B KBaZpar»?
Korna ectp x0Thb KaKue-TO COMHEHHS, CJIeflyeT HCNOJb30BaTh AOMOJNHH-
TeNbHble CKOOKH, YTOOBl yKa3aTh HYXKHbIH NOPSAAOK BhINOJIHEHHA ole-
Pauui,
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BO/BIIMHCTBO NPOrpPaMMHCTOB 3HAKOMO C 3THM MPABHJIOM, HO OHH
ype3mepHO 0606WAIOT €ro, CUMTasi, 4TO JIAUIHUE CKOOKM HHKOTAA He
M3MeHsIoT cMmpic omepatapa. K coXasleHMIo, B HEKOTOPBHIX S3bIKax
NPOrpaMMHpPOBaHHs 5TO NPABWJIO He BHINOJHSETCS, B YaCTHOCTH B Olle-
patopax BBoia-BhiBoga # BhsoBa (CALL). Hampumep, crenymompue
IBa Ornepatopa CeMaHTRYECKH He 3KBUBAJICHTHBI:

CALL SUB(X,Y);
CALL SUB((X).(Y));

B NepBOM H3 HHUX HCIOJNb3YeTCA IMepelaya napameTpoB «IO CCHIIKE»,
BO BTOPOM — «II0 3HAYE€HHUIO». .

Bydome erHumamenvtol, UCNOAb3YA KOHCMAHMbL KAK Qp2YMEHMmbL.
BosblinHCTBO nporpaMMHCTOB 3HAaKOMO €O clelyiollel OWHMOKOH:

CALL SUB(X,2)
1=2

WRITE {6,101) |
SUBROUTINE SUB(S,J)

J=3
RETURN

Haneuarannoe 3Hauenne 1 Bo mHorux peannsamusx Poprpana 6ymer
paBHO 3, a He 2, MOTOMY YTO MOANpPOrpaMMa H3MEHSIET 3HAYECHHME KOH-
CTaHTHl 2.

Pacnoaazaiime moavko odun onepamop Ha cmporxe. Pasmelende Hec-
KOJIbKHX_ONepaTopoB Ha OJIHOH (PM3MYECKOH CTPOKE MPOTHBOPEUHUT Ipa-
BHJY CTPYKTYPUPOBAHHOTO NPOrPaMMHpPOBaHMsA, TpebyioleMy CIBH-
raTb ONnepaTop Mo CTPOKe B COOTBETCTBHH C YPOBHEM €TO BJIOXKEHHOCTH.
KnaccnyeckuM npuMepoM SB/ISieTCA TaK»Ke NPOTPAMMHCT, KOTOPHIH
nuier A=B=C B onHo#i cTpoke nporpamMmbl Ha PL/1, oxupas, uto
aHayeHue C 6yner mpucBoeHo u A, u B. 3ror onepartop, oaHako, uH-
TEPNpPEeTHPYETCsl KOMIMJISTOPOM Kak NpHCBaHBaHWe A JIOrHYECKOro
snauendss 0 uau 1 B 3aBHCHMOCTH OT Toro, orianuaerca B or C uim
HeT. B gefictButenbHOCTH 3T0 AedekT sisbika PL/1; 3Hak paseHcrtsa
ACNOJIb3YeTCs B 3TOM f3blKe JUISl NBYX Pas3/MUHBIX onepaiufi: cpaBHe-
HUS M OpHCBaHBaHMS.

He usmensiime snavenue napamempa yuxia 8 mese yuxia. Nsmene-
HHE NapaMeTpa IMKJa BHYTPM LHKJA YCIOXKHAET U NOHUMAHHE HK/IA,
H JIOKa3aTe/IbCTBO TOTO, YTO OH He SBJSETCS «GECKOHEUHbIM».
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Hsbezatime nomedenubix onepamopos. TlpH HCNONB30BaHHH IPaBH
CTPYKTYPHOTO TPOTPAMMHDOBAHHS METKH NPH ONepaTopax He HYXHb,
ecJ/1¥ TOJIBKO 3TO He HIeHTHHKaTopb 610koB BEGIN, BX0/10B MM KOHCT-

xuuu ON B mporpamme Ha PL/1. Hukoeda He crefyeT HCIOJNbL30BaTh
MeTKY, €C/IH B IPOrpaMMe HET Ha Hee Nnepexoja (MPUHATAs Y HEKOTOPbIX
npoTPaMMHCTOB NPAKTHKA NOMEIIATb HOMEp OnepaTopa B Ka4ecTBe Mer-
ki neped KaxIbiM onepatopom B nporpamme Ha @oprpane coBepleHHO
c6uBaeT C TOJKY). Ec/in MeTKH HYXHbl, OHM JOJ/IKHBEI OBITH OCMBIC/IEH-
HHMH M He MOXOXHMH JADPYr Ha JApyra UMEHaMH.

JICMOJIL30BAHHUE SI3bIKA

Bropasi BaXHasi XapaKTePHCTHKAa CTH/IA TNPOTPaMMHUPOBAHHA —
¢noco6, KOTOPbIM NPOrpaMMHCT OTOHpaer AJsa ynorpebiaeHus (uau or6-
paKoBBIBA€T) BOSMOXKHOCTH si3bika nporpammuposanus. OOluee mnpa-
BHJIO 3/1€Cb COCTOMT B TOM, YTOOBI MOHATH M MCHOJb30BaThb BCE BO3MOXK-
HOCTH SI3bIKa, HO OCTeperarbcs MJIOXO NPOLYMAaHHBIX ero ocoGeHHOCTeH
¥ 3aBHCSIIMX OT peaju3alUH TPIOKOB.

Hsywume u axmueHo ucnoawsyime 8o3moxcHocmu Asvika. HHorna
MOXHO YBHIETb nporpammy Ha PL/I, copmepxkamyio uuka DO m1s o6-
HyJIeHHsi BCeX 3/eMeHToB MacchBa. OGBIMHO 3TO ABJIAETCS NMPHU3HAKOM
cjaboro 3HaHHs A3biKa, NOCKOJIbKY JOCTaTOYHO 6bLIO Obl OJJHOTO Omepa-
topa A=0. B mpyrux ciayuasix nporpaMMHCT Hcnoan3yeT uukan DO
L/1si OPraHW3aluH, HampHMep YMHOXXEHHS 3/leMEeHTOB MacCHBa. Ha JBa
H CJIOXKEHHA C 3/IeMEHTaMH APYroro MaccuBa, B TO BpeMs KaK U 3Jech
6o Gul gocratouHo onHoro omepatopa A=(B*2)+C. B KoGose
umeercsi onepatop SEARCH, mostomy OOBIMHO He HYXKHO peasii30BbI-
BaTh NMOMCK B Tab/uue B Bule 1MK/Ia. CyTb CKa3aHHOIO COCTOUT NPOCTO
B TOM, 4TO B OCHOBaTeJbHOE OOyueHue SI3bIKy MPOrpaMMHPOBaHHsS Bbi-
TOJHO BKJ/IafibiBATb CPENCTBA: B pe3yJbTaTe HPOrpPaMMbl CTAHOBATCA
KOPOUYE ¥ MCKJIOYAIOTCSl ONpeNeseHHble THMbl OIUHGOK.

Hayaume u ucnoassytime OGubAuomeuHole U 6CMPOEHHbIE PYHKYUU.
MHorve nporpamMMucTHl 3HAKOMBI C MAaTeMaTHYECKUMH (QYHKUUSIMH,
peanusoBaHHBIMM B f3biKe (KBaZpaTHBIi KOpPeHb, CHHYC, KOCHHYC,
abcoJlioTHas BeJIMYHMHA), HO MEHBILE 3HAIOT O APYrUX NOJIE3HbIX (pYHKLH-
fX. UTo6Hl faTh HEKOTOpOE NpejcTaBlJeHHe O psle NMOJE3HbLIX BO3MOX-
HocTell si3wika, 3amerum, uto PL/1 comepxur Gosee 80 BCTPOEHHBIX
$ynxumi, cpenn Hux Tpasuunonnsie MAX u MIN (noMck mMakcuMalib-
HOTO H MUHMMaJIbHOTO 3HAYEHHs B TPYMNe MepeMeHHbIX), QYHKUMH Haj
OIHuM maccusom, Takue, kKak SUM, PROD (cymmupoBanue ¥ nepemHo-
XeHUe Bcex 3/1EMEHTOB MaccHBa), QYHKUMH CPaBHEHHS] MacCUBOB, Ta-
Kue, kak ANY (A=B) (ecTb /iu mapa paBHBHIX MEXIy COGOH COOTBeT-
CTBYIOmKXx KoMnoHeHT maccuBoB A u B?) u ALL (A=B) (ce u KoMIo-
HeHTbI A papHBI cOOTBETCTBYIOIMM KommnoHenTam B?). B PL/1 umeercs
T‘f“‘e Psn GyHKuMA Haj JIMTEPHBIMM CTpOKaMHu, Takux, Kak INDEX

N
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L —
(Z, ‘DOG’) (uckatb B ctpoke Z noactpoky DOG), VERIFY (npoge.
PUTb, Kaxjas Jy JINTepa NepBofi CTPOKH BXOLMT TaKke M BO BTopyg
crpoky) u TRANSLATE (3ameHWTb JMTEpHl OZHOH CTPOKM COOTBer-
CTBYIOIMMH JIHTEPAMH IPYTO#l CTPOKH). YTIOTpeGIeHHEe TaKHX DYHKiuf
TaM, A€ 9TO HeOOXOIHMO, CrocOOHO OGJErdyHTh YTEHHE NPOTPAMME g
YMEHBIIHTb YHUC/IO BO3MOXHBIX OLIHGOK.

Hsbezaiime mprokog. Cnenyer n3beraTb TeX ocoGeHHOCTEN s3bikg
KOTOphie GYJyT HeNOHATHH YHTaTe/io Bawedl mporpaMMel. K HuM orxo.
CATCsI, HANIPUMEp, TaKHe NMPHEMBbI, KaK HCIOJb30BaHHE NapaMeTpa HKig
0C/ie OKOHYaHUA LHKJA WIM COBMeLIeHNe nepeMEeHHbIX (BbiIeJICHHe Hy
OJIHOTO Y4acTKa B MAMSATH), C TeM 4YTOGbl MOXKHO GbLIO BOCNOJb30BaThey
TaKHM OIaCHLIM [IPHEMOM NPOrpaMMHpoBaHus Ha PL/1, kak BbinonHenue
apu¢MeTHUECKHX oOmepaluii Hal MNepeMeHHLIMH THOA YyKasaTess.

He uenopupyiime npedocmepezarouyux coobuernudi. Hekotopble Kom-
MUJATOPHl, OGHAaPYKHB TPIOKa4eCcKoe, COMHHTE/IbHOE HJIH HempelyCMoT
PEHHOE HCIOJb30BaHNE BO3MOXKHOCTeH s3blKa, BBLIAAIOT MPENOCTEperaio-
mee cooGlIeHHe, HO NOBOAAT KOMIWJISAIMIO A0 KOHua. Takue mpenocre-
PEeXKeHHs OYeHb BaXKHbI; OHH YKa3biBalOT, 4TO JIH6O MPOrpaMMHCT Aomyc-
KaeT OmuOKy, JHOO NOTeHUMaJbHBIH YHTATe/b MPOrpaMMbl 3TOrO MeCTa
He mofiver. TeKcT nmporpaMMbl cjleflyeT M3MEHUThb TakK, 4TOObl He Ghiio
HHKAKHX INpefocTeperamomux coobiieHui.

Brumamensto npoumume pasder 0 «nOOBOOHbIX KAMHAXY 8 PYK0800-
cmge no eaulemy A3biKYy. MHOrMe DPYKOBOACTBAa MO fA3LIKaM COJepiKar
rJaBy O pacmpocTPaHEHHHIX OlMGKax W HelopasyMeHHsX mpu pabore
C 3THM S3BIKOM. DKOHOMbTE€ BpeMs, YUHTeCh Ha OIIMGKax APYTHX.

MUKP039PEKTUBHOCTD

K HauxyAmuM HapyLIEHHSIM XOPOILEro CTHJSI NpOrpaMMHPOBaHHsA
OTHOCSITCSI MHOTOYHCJIEHHBIE «YJIYYIUEHHs JIPOTPAMMbl AJIsi MOBLIILEHHSA
ee 3(QdeKTHBHOCTH», KOTOPLHIE MOXHO HaHTH BO MHOT'MX Yy4YeOHHKaX,
CTaHAApTax OpraHu3alMi W roJoBax NMPOrpPaMMHCTOB. DTH Mpeisoxe-
HHSl HE TOJBKO YCJIOXKHSIOT YTEHHE NPOrpPaMMbl M CHUXKAIOT ee Hajex-
HOCTb, HO K TOMY 2Ke BecbMa cJ1a6o (ecsiu BooGlie XOTb KakK-TO) BAHSIOT
Ha 3pdeKTHBHOCTB;, OTCIOlAa W Ha3BaHHe pasfena: «MHKpoad(eKTHB-
HOCTb».

Bcesikuit, KTo Korna-iubo cepbesHo 3aHHMAJICsi [POU3BOAWTENbHO-
CTBIO CHCTEM, 3HaeT, YTo 3PEKTHBHOCTL HAOCTHUTaeTCs B pe3yJ/bTaTe
TIIATEJTbHOTO aHa/jdu3a CTPYKTYD HaHHBIX M aJrOpUTMOB, a TaKxe
HCMOJIb30BaHKsS PecypcoB, HO He 3a CueT TaKMX TPMBHajbHOCTEH, KakK
UCKJIIOUEHHEe HHIEKCAllHH, 3aMEéHa BO3BeJiEHHS B CTEHeHb YMHOXEHHEM,
NporpaMMHpOBaHHE HA MalIHHHOM fI3bIKE WJIM MOHCKH CaMoro GeiCTPOro
crnocoGa oGHYJ/IeHHst PeTHCTPa (B Moel KOp3HHe AJist GyMar MHOro maMsT-
HBIX 3alHCOK MO TNOCJERHEMY BONPOCY). 7

-
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capmm—

B kadecTBe npuMepa yCremHoro noaxoAa K apQpeKTHBHOCTH paccKa-
Ky 00 OJHOM H3 MOHMX KOJUIEr, Y KOTOPOro HEJ|aBHO BO3HMKJA HIed
yaAyullleHAsi aJirOPHTMa IJIAHHPOBaHHs B onepaunHoHHOA cucreme TSS
¢upmel IBM. OxHaXkzpl HOUBIO OH OCYINECTBHJ CBOIO MAEIO HAa CHCTeMe
TSS, ycraHoB/ieHHo#t B Hccnenosatenbckom nentpe IBM umenn To-
maca JIX. YorcoHa, roc/ie 4ero M3MepeHHsi NOKasajd TPeXKpaTHoe
yBeM4YEHHE MPOU3BOAHTENLHOCTH CHMCTEMBbI, YTO BO MHOTO pas Jydiie
o6biunblX 10—20%, K KOTOpPHIM CTpeMATCSI MHOTHE. 3jech OCOOEHHO
npUmedaTesieH ToT ¢akr, yro cucrema TSS cymecrsoBajia K TOMY Bpe-
MEHH Y2Ke NPHMEepHO I1LIeCThb JIeT, H npu ee BHeapenuu B MccnenoBaredn-
CKOM LIEHTPE OHa TiaTeJbhHO HacTpauBajach. K ToMy ke mpensioxen-
Hble H3MEHEHHs! He ObLIH XapaKTepHbl TOJBKO JJIsl 3TOH OpraHH3alHH,
OHH OblIH BHEJPEHBI U MPOBEPEHBl Ha APYruXx ucnogs3ytomux TSS ycra-
HOBKaX €O CXOAHBIMH pe3yJbTaTaMH.

Bropoit npumep, HIMOCTPUPYIOWHKA BaXKHOCTb MaKpo-, a He MHKPO-
3(eKTUBHOCTH, OTHOCHTCSI K TOMY BpeMeHH, KOrZa s paboTas CHCTeM-
HbIM TPOTPAMMHCTOM B BBIYHCIHMTENILHOM LEHTPe, B KOTOpOM cobupa-
JIHCb YCTAHAB/IMBAaThb HOBYIO BBIYMCJMTEJLHYIO CHCTEMY TPETHErO IOKO-
JieHusi. MHe ¢ ApYTHMH CHCTEMHBIMH NMPOTPaMMHCTaMH NOPYYHJIH YJyu-
IIHTh TPOM3BOAHTENBHOCTh ONEPALMOHHOH CHCTEMBl, MOCTaBJAEMOMH
u3rotoBuTesieM. HeckobKo nepBhIX MecCsilieB MBI IOCBATHIIA pa3paboTke
CreHa/lbHOrO MOHHTOPA AJISl H3MEPEHHS NPOU3BOLUTENBHOCTH H pabote
C HUM HaJl onpesiesieHHeM y3Kux mect B cucreme. Ilocsie Toro kak anamus
CHcTeMbl GBI 3aBepILEH, MBI IPEANPHHSAIN TAKHe LIaTH, KaK yJaydlueHne
anroputMoB GydepusalMM B NpPorpaMMHOM obecneyeHHH BBOJA-BhI-
BoJa, M3MeHeHHe dopmaTa pu3MUeCKHX GJIOKOB CHCTEMHBIX OGHOIHOTEK
IS YMEHbLIEHHS BPeMEHM OXKHJAHHS M3-32 BpauleHHs] JHUCKa, H3-
MeHeHHe B3aMMHOrO (DH3HYECKOTo pacloJIoXKEeHHS HEeKOTOpHIX daiios
ANl YMEHbIUEHMS BPeMeHH NOWCKAa H Pery/JMPOBaHHE HCIOJb30OBAaHHSA
KaHasioB. [locnie 3TOro «y3KMM» MECTOM CHCTEMHBl CTaJlo CHCTEMHOE
YCTPOKACTBO meyaTH, H Mbl, OOHapyXHB 3TO, CJerka H3MEHHJIH KOM-
NUJIATOPbl M PENAKTOp CBsi3eH, 4TOObl MCKJ/IOUHTh JIMIUHIOO IedaTh
(nanpumep, Komnuastop ¢ PopTpaHa B JIMCTHHIE KaXIOro 3ajaHHs
nleyaraj HecKONbKO CTPaHHIl, COlepXKamux mo ofHo# crpoke). Xots
3TH Mephl noTpe6oBa/¥ H3MEHEHHs] MEHee THICAYH ONepaTOpPoOB HCXOAHOMH
NporpaMmel CHCTEMBI, MPONYCKHasi CHOCOGHOCTb CHCTEMBbl YBEJIHUHIACH
NpHMepHO B ueThipe pa3al

OTH JiBa NpuMepa WIMIOCTPHPYIOT LEHTPAIbHYIO HIEI0 TOBbILIEHHS
NPOU3BOJMTE/ILHOCTH: CHaYasla 3MepeHMe M 3aTeM ONTHMU3ALHUS MAKpo-
Spepexmugrocmu. B oboux ciydasx B pesyJ/ibraTe YAaJdoCh 3HAYHTENBLHO
YIYYWINTL NPOU3BOJUTENLHOCTD, HE 3aHHMAsACh MHKPO3({eKTHBHOCTHIO,

Henopupyiime ece npedaoscenus no nosviuenuto sggpexmusrocmu,
Noxa npoepamma re 6ydem npasusvroti. Xymiee, 4to MOKeT OLITH Che-
#1aHO0,— 310 HauaTbh GECIIOKOHTHCSA O CKOPOCTH MPOTPaMMBI [0 TOTO, KaK
OHa cTaner paGoraTh NpaBHIbHO. BricTpas, HO HelpaBW/IbHAsK NporpaM-

Va
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Ma Gecriojle3Ha; MeIJeHHasi, HO TpaBHJbHAs BCerfa HMeET HEKOTOpYio
LEHHOCTb, a MOKET OKa3aTbCs M BIOJIHE YJIOBJETBOpHTENbHOH. Beiin-
Gepr [2] pacckasbiBaeT 3a6aBHYI0 MCTOPHIO O HOBOH NpOrpamMMe, KOTo-
pasi u3-3a CaMUKOM GOJIBIUOH CJIOXKHOCTH OKasajaCh COBEpIIEHHO He-
HajexXHoH. BB BbI3BaH HOBBLIM MPOrpaMMHCT, KOTOPBIH HallleJl Jydiliee
pelueHHe M 3a JBe HEJe/H CleNajl HOBYIO, HaJEXKHYIO BEPCHIO NPOrpaM-
Mel. [Ipy nemoHcTpauuu ee paGoThl OH OTMETHJ, YTO €ro MporpaMme Tpe-
Gyercsi- 10 cekyHR Ha Kaxayio Kapry. OfuH u3 pa3paGOTYHKOB NepBo-
HayaJbHOTO BapHaHTa, TOPXKECTBYs, 3asiBHJI: «A Moeil mporpamme Tpe-
6yeTcsi TOMIBKO OJHA CeKyHJAa Ha Kapry». OTBeT mporpammucra cran
kiaaccuyeckum: «Ho Bama mporpamma He paGoraer. Ecam mporpamma
He JOJI’KHa pa6oTaTb, fi MOT'Y HalHCaTh TaKyl0, KOTOpOH XBaTHT OJHOM
MHJITHCEKYHIBI Ha KapTy».

ITycme onmumusupyem xomnuasmop. MHoOrHe U3 HaXOASAILIMXCH B
SKCIJIyaTalH¥ KOMITHJISITOPOB BHINMOJIHSIIOT 3HAYHTEJNbHYIO PaboTy Mo
OTNTrMH3aLMH: COKpallleHHe MHAEKCAlHH, BhbisSBJEHHe BbIpaXKeHWH THOa
Ax%2, KOTOpHle MOXKHO 3aMEHHTb OJHHM YMHOXKEHHEM, BbIHECEHHe
TMOCTOSIHHBIX BHIPaXKEHHH M3 LHUKJIOB, pa3MellieHHe YacTO UCIOIb3YeMbIX
nepeMeHHbX Ha ObICTPBIX perucrpax M ap. Ilporpammucry He Hy:KHO
COCTS3aThCSl C KOMITMJIATOPOM; CJeXyeT MHCAThb MPOrpamMMbl NMPOCTO H
sicHo. Ilyctb 06 onTHMH3aukH 3a60THTCH KOMMHJIATOP.

He ocepmeyiime aeckocmoto umenus padu sgpexmusnocmu. Kaxk
NPaBHJIO, TPEJIOKEHUS MO YJNy4IIeHHI0 MHKPO3(peKTHBHOCTH CBOJAAT-
Csl K COBOKYNHOCTH TPIOKOB W MeLIAIOT JOCTHYb JIETKOCTH BOCIIPHATHS.
$1 BCOMHHAI0 KHHUTY, HOMHYIO NOJOGHBIX NPeAJOXKeHHH M0 NOBHILIEHHIO
3(eKTHBHOCTH, B KOTOpOH yTBep:xaaMoch: «BOJBUIMHCTBO NpPHEMOB,
KOTOpble yBeqHYHBaIOT 3PeKTHBHOCTb NMPOrpaMMBl, He HAHOCHT yuiep6a
JIETKOCTH ee UTeHHUs»,— H B TO e BpeMs NOUTH KaxK1as peKOMeHJalus
nporuBopeunsia mosoxkenusm kuuru Kepuurana u Tlnorepa [1].

Ha puc. 9.1 npuBeneHb pekoMeHJaLUM MO NPOrPaMMHPOBAHHIO
HHUKJIa YMHOXKEHHS MaTpHll, B3SThle M3 CTaTbW O HPOrPaMMUPOBaHHH
IJISl CHCTEM C BUPTYaJbHOM MaMAThIO. Y TBEPKAAIOCH, UTO, €C/H HCIIONb-
30BaTh BTOPYIO BEPCHIO, MEpeJUCThIBAHME CTpaHMIl OyIeT COKpaueHo,
MOTOMY YTO CCBLIIKHM Ha 3JIeMeHThbl MAaTPHULE! GyAyT BCTPEUaThCsi B TOM XKe
nopsiike, KaK OHH XpaHATCA B namati B PopTpaHe. dra «yJaydlIeHHAA»
BEepCHS SIBHO CJIOXKHee U MeHee noHsATHA. UecTHo rosops, npocMarpuBasi
ee B NepBblil pas, s Obl1 yBepeH, 4yTo paboraTb OHa He Oyjer. Bouee
TOTO, aBTOP He OTMETHJI, UTO «yJy4llIeHHasi» BEPCHS B JeHCTBUTENLHOCTH
BO MHOTHX cayuaax Oynaer paboTtaTh medieHtee (Hampumep, eclH Mar-
pHUB HE CJAMIIKOM OOJIbIINE HJIM CHCTEMA 3arpyeHa ciabo, Tak 4TO
HMEEeTCSl JOCTaTOuHbifl 06beM peasibHOH NaMSATH).

Camas 3amedaresbHAast OCOGEHHOCTb (YJY4LIEHHOH» BEepCHH — 3TO0
TO, YTO MOXKHO HanucaTb 6oJiee MPOCTYIO BEPCHIO, KOTopasi GyeT -GhICT-
pee! Hanumure mukn DO, B KoTopoM BTOpasi MaTpMila TpaHCIOHHPY
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Hexodnas eepeus :

DO 20 I = 1,M
DO 20 J = 1,N
SUM = 0 .
DO 10 K = 1,L ,
10 SUM = SUM + A(I,K) * B(K,J)

20 C(1,J) = suM
w Ay uuennas “ oepous :

M1 =0

I3 = -1

DO 20 J = 1,N
DO 20 I = 1,M
SUM = 0

I3 = -1I3

M1 = M1 + I3

DO 10 K = 1,L
SUM = SUM + A(I,M1) * B(M1,J)
10 I3
20 C(I,J) = SuM
Puc. 9.1. YMHOXeHHe MaTpHIL.

2
1
X
-
+.

ercsl, BCTaBbTe ero nepej HCXOJHOi Bepcueil, u306pakeHHOM Ha puc. 9.1,
u 3amenure Bhipaxenue B (K, J) mva B (J, K).

Jlpyroft nmpumep — OT4eT, COAEPKalMA COBETHl MO MPOrpamMMHpO-
BaHHMIO A5 cucTembl IBM/360, B KoTOPOM B KauecTe caMoro GEICTPOTO
cnoco6a yABOEHHS 3HAYEHHS! PETHCTPA NPELJaraeTcsi XUTPOYMHO HC-
nosb3oBath Komanay BXLE (nepexon no muiekcy MeHblie WM pPaBHO).
Ilpu 3TOM He TONBKO HE FOBOPHUTCS, UTO STOT MPUEM COCOGEH COBEpILEH-
HO COHTb C TOJIKY, HO He YKasblBaeTcs Jaxe, YTO OH NPHMEHHM TOJbKO K
perncTpamM ¢ HeueTHBIMH HoMmepamu!

Hukoeda He onmumusupyiime, ecau 8 SMOM Hem HeoGX00UMOCIL.
OueBupHo, 4T0 3(pPEKTHBHOCTb HE SIBJSETCSH COBCEM YK HECYILIECTBEH-
HbiM BorpocoM. OIHaKO NPOTPaMMHCTY HHKOT/A: He CJe[lyeT 3aHHMaTbCs
onTHMH3aLKMeH pajH caMO¥ ONTHMM3allMH; OH JOJ/IKEH ONTHMH3HPOBATb
TOJILKO TOTAa, Korjaa 3ppeKTHBHOCTb Ba)KHAa M TOJNbKO KOIJA OH 3HaeT
TOYHO, KaKasl MMEHHO YacTb MpPOrpaMMbl HYXKJA2eTcs B ONTHMM3ALMH.

Ho6usaiimeco appexmusrocmu  3a cuem maxposgpexmugHocmu.

CHCTEME C BMPTYa/bHOH NaMATBIO MOXXHO 3HAUHTENbHO YBEJNHYHTH
30bdeKTHBHOCTD, pacno/iarasi MOLYJM Ha CTPaHHIE TaK, YTOObl MHHHMH-
SUpOBaTh YMCJO CTPAHUYHLIX NpepLHIBAHHA H pa3mephl paGouero MHo-
Xecra nporpammbl [3]. Dror mpuem He TpeGyer H3MeHeHHH B TeKcTe
Nporpammel. K cpefcTtBaM noBhieHHsT MaKpo3(hGheKTHBHOCTH OTHOCATCS
TakXe pa3yMHasi OpraHH3alUsi BBOJA-BHIBOJA, BHIGOp ONTHMAJIbHBIX
aNTOPUTMOB M CTPYKTYp namsiTH. Hampumep, HeKoTOpHE aJrOpHTMb
COPTHPOBKH M HOHCKa B COTHM pa3 GeicTpee APYrux (OpMajbHO SKBH-

2
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BaJICHTHEIX aaroputMoB. IIporpaMmucry He cileayeT 3aGOTHTbCS O MHK-
po3dpeKTHBHOCTH, NMOKa He OYAyT HCYeplaHhl BCe ApYrHe CPeACTBa.

Jlo6usaiimecy sgpexmusHocmu Ha OcHose usmeperuli, a He dozadok,
IlokasaHo, 4TO NpPOTrpaMMHCTBl KpailHe cJa60 YrajplBaloT NpPHYHHLL
HeyJIOBJIETBOPUTEIbHOA 3(PEKTHBHOCTH MpPOrpaMM. JTO He pesyJbTar
KaKHMX-TO HEJIOCTATKOB CAMHX MpPOI'PAMMHCTOB; H3-32 CJIOXKHOM NPHMPOALL
nporpaMm H CHCTEM HHTYHIHS B BOTpoce 06 «y3KHX» MECTaX NOXBOIHUT
noyTH Beeria. Jlyule Bcero npu nepBoHadajbHOH paspaGoTke mporpam-
MBI HTHOPHUPOBaTh GOJIBIIMHCTBO cooOpaXkeHHH, Kacaomuxcs sddek-
tuBHocT. Koraa nporpamma paGoraeT (¥ TOJILKO B TOM ClIydae, €Cliu ee
3()peKTUBHOCTD HEYNOBJIETBOPHTENbHA), MPOTPAMMHUCT JOJ/IKEH BHINOJ-
HUTb U3MepeHHs, YTOOBl OGHAPYKHTb H HCIPABHTh T€ CaMble 3HAMEHHThIE
«5% nporpammsl, 3anumaiomue 90% Bpemenu». Ecau nporpamma Geisia
CNIPOEKTHPOBAHA MPABUJILHO (3TO SHAYHT, UTO OHA JIETKO ajantHpyema),
Takde u3MeHeHus1 post factum fo/KHBI GHITD HECJOXKHBIMH.

B caoscHbix cucmemax cameie npocmole GAOPUMMbL HACMO W caMble
Goicmpole. MHorHe coBpemeHHble DBM uMelor TpexypoBHEBYIO NaMsTh!
HeGouboit Geictphiit 6ydep mexkay ILIIT u ocHoBHOM namsaTbiO, caMa oc-
HOBHasl NaMsiTh M BHPTYa/bHasl NaMATh, OTOOpaxeHHas Ha ycTpoficTBa
BTOPHUHOH namsTH. B Takux cucreMax JIOKaJbHOCTb CCBUIOK, T. €. OT-
CYTCTBHE YaCTBIX CCBUIOK B LIHPOKOM JHana3oHe ajpecoB MPOrPaMMBI
H JaHHBIX,— KJ04eBoH (akrop 3¢PeKTHBHOCTH. DTO 3HAUHUT, YTO NpO-
CTble MOC/IEA0BATE/NbHEE A/ITOPUTMBI B TAKHX YCJOBHSX YacTo paGoTaioT
6ricTpee, geM GoJiee H3OLIPeHHLIE H CJOXKHLIE.

KOMMEHTAPUH

Jlyumeit noxymeHrauueli BHyTpeHHeH JIOTHKH NIPOTrpaMMbl sIBJISIOTCS
IpoCTasi U AcCHasA CTPYKTypa T€KCTa NporpaMMel, HCIOJIb30BaHHE CABUra
IO CTPOKE B COOTBETCTBHH C YPOBHEM BJIOXKEHHOCTH, OCMBICJIEHHBIE
HMeHa H coOMofieHHe IPYTUX NPaBHJ, KACAIOMMXCS CTHJSA NPOrpaMMHu-
poBaHusi. Ecan TekeT nporpammbl 06/1afaeT STHMH CBOACTBaMH, oGH/IHe
KOMMEHTapHEB He SIBJIsIETCS] HEOGXOAUMBIM M 4acTo JaXKe HexKe/aTe/bHO.
HsBecTHbl ciyyau, Korja KOMMEHTapuUH Mewaau OTNafKe, MOCKOJBbKY
4e/I0BEK, OTJIaXKHBAIOWMA 1porpaMMy, CK/IOHEH BEPUTb MM U B Pe3yJib-
TaTe HeAOCTATOUHO TIIATENbHO MpoBepsfieT TeKCT nporpammel. ONbITHLHIE
MPOrPaMMHCTHI, OTHICKHBASI BO BpeMs OTJIafIKU OIUMOKY B MOAY.JIe, 4acTo
3aKPBIBAIOT KOMMEHTapUH JHCTOM Gymaru.

Hsbeeaiime oburus xommenmapues. VI3o6unne KOMMEHTapHEB Me-
11aeT YTEHHIO MPOrpPaMMel, OTBJEKas BHHMaHHe. Beskuit pas, koraa f
BHXY MOAYJb C OUeHb GOJIBIIHM KOJHYECTBOM KOMMEHTapHeB, fl CPasy
HayHHaIO MOJO3PeBaTh, YTO MPOrPAMMHCT HaMHCaN HX TaK MHOTO JIHGO
foTOMY, YTO CaMa NporpaMma 3alyTaHHAa WM COAEPXKHMT TPIOKH, J1kG0
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fIOTOMY, YTO OH CJIeJloBaJ/l KAKOMY-HHOY/Ab MPaBHJY, BPOJE «NO KpaidHel
mepe 50% Bcex omepaTopoB NO/KHBI MMEThb KOMMEHTapHH»; 3HAUMT,
MHOTHe H3 KOMMeHTapueB GeccojepkatesibHul. [IporpaMMHcT JoskeH
6bITh CKYN Ha KOMMEHTapHH, ynoTpeG/sisi MX TOJbKO TaM, e 3T0 a6-
COJIIOTHO HEOOXOIHMMO. .

Kommenmupytime max, kax 6yomo Obt 6bi Omeedaeme HA 80NPOCHL 4uU-
mameas. OueHb 3bdeKTHBHBI METOJ COCTOMT B TOM, 4roOBl CHauaJja
ganucaTb TEKCT NporpaMMbl Ge3 KOMMeHTapHeB, a 3aTeéM NOCMOTPETh
Ha Hero ryasamu uuratess. EC/IH OKaxercsl, YTO Y YHTATENs] B HEKOTO-
poil TOYKE MPOrpPaMMEI MOXKET BOSHMKHYTb BONPOC, CJAEAYET BCTaBHTb
coliepKaTeJIbHblfl KOMMeHTapuii ¢ OTBeToM Ha Hero.

Ddusuuecku «soi0sueatimes 6ce KOMMEHMAPUL U3 MEKCMA COOCMBEHHO
npozpammor. TlpH nedaTH KOMMEHTapHH CJIefyeT CMellaTh BNPaBo OT
TeKCTa NMPOTPaMMEl, TaK YToOHl YHTaTe/b MOT NPOCMaTpHBATh NpOrpaM-
My, He NpepbiBaeMyl0 KOMMeHTapusMH. J[pyruMu cjoBaMH, KOMMEHTa-
PHH B NporpaMMe IOJ/DKHbI OBITb aHaJOTMYHbl NMOACTPOUHBLIM NpHMeYa-
HUSIM B KHHTE,

I pokommenmupyiime ece nepementowe. TToHHMaHHe JaHHBIX — KJIOY
K NOHHMMaHMi0 mporpaMmsl. Kaxnoe npensoxeHue, oObsABJAAIOUIEE He-
KOTOpPYIO NepeMeHHYIO, JO/IKHO CONPOBOXKAAThCS KOMMEHTapHeM, Mosic-
HFIOWUM CMBIC] 3TOH NepeMeHHoOM.

ONPEAEJNIEHHA JAHHBIX

[Tonumast 0006y10 BaXXHOCTb JaHHBIX, HPUBEAEM HECKOJLKO IpaBHJ
#X onpepeseHUA H HCIOJb30BaHHS.

O6Gvsgastime 6ce nepemerHoie A8H0. Bo MHOTHX s3bIKax NporpaMmH-
POBaHHs paspellaeTcsi ONpele/ATb JaHHBIE HESIBHO, IPOCTO MCMOJb3YS
HX MMeHa B BBINOJHAEMbIX onepatopax. TakHe «COKpallleHHs» npeJHas-
HaueHHl JJIST OUJIETAHTOB HJIH TeX, KTO NPOrpaMMHpyeT OT clyyas K
CJyqao, HO He /IS MporpaMMHCTOB-npodeccuoHaloB. [Ipodeccnonans-
HEIH POrpaMMHCT ROJ/DKEH SIBHO ONMpENE/IATh HJIM OOBABJATH BCE Tepe-
MeHHEle B caMOM Havase MomyJs 1),

O6vsgaatime ece ampubymer Kaxncdoti nepemennoti. He crenyer takxe
T0JIb30BaThCsl MMEIOWIMMUCS B S3bIKE COKpAIleHHSAMH NIsi 0ObsIBJACHHS
ATpubyToB, HE YyKa3aHHHIX SIBHO, no ymoJuanuio. I[Tpouecc BeiGopa
aTPUGYTOB 10 YMOJYAHHIO YaCTO C/IOXKEH M BeJeT K OIUMGKaM, ecaH
TporpammucT He BIIOJIHE €ro MOHWMaer. Bojee Toro, HEKOTOpLIE KOM-
\-

a D CiumkoM cHabHOE yTBepIXKICHHe; HeSCHO, TPH3BIBAET JH aBTOP, CKaXKeM, He
Olb3oBaThest Gnokamu B Aarone.— ITpum. peo,
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MUJIATOPHl NMO3BOJISIIOT Ha KaXAOH BHLIYHCAUTENbHOH YCTAHOBKE H3Me-
HATb NpaBHJA YMOJIYAHHSA, YTO SIBJAETCS KpafiHe OMacHON MPaKTHKOHM,

H3abezaiime asHuix koncmarnm. Ilpu u3ydyeHHH NporpaMMmbl HA MalllMH-
HOM sI3bIKe, TIPeTeHA0BaBLIeH Ha TO, YTOGbI CYHTATBCA CTPYKTYPHOH, no-
CKOJIbKY B HeHl yINOTpeGJsJIHCh MaKpOChl AJIsi KOHCTPYKUHH CTPYKTYyp-
HOTO NPOrPaMMHPOBaHHMS, MpexJe Bcero MHe OpoCHJCSl B IJiasa Takof
oneparop: -

MVC DPSREP+ 32(2),=X'0009’

B 3TOM omepaTope TPHK/bI HapyLIalOTCs TPeGOBAHUSI XOPOLIETO CTHJIS
(ueThIpexapl, €CAH CYHTaTh M TOT (pakT, YTO MNporpamma HamHCaHa
Ha f3blKe MalllMHbI). 3JeCh NpHMEHseTcsi ajpecauusi N0 aGCOMOTHOMY
cMmelieHuio B o6nacty namatu DPSREP, sBHO ykasbiBaercs JJInHA noJst
H HCHOJIb3YeTCSl «BCTPOEHHas» NPFMO B TEKCT MPOrpaMMbl KOHCTaHTa
X+0009°. ‘ ,

B HcrnosHsieMOM TeKCTe HpOrpaMMbl He JOJIKHO GbiTh aGCOJIOTHBIX
KOHCTaHT, 3a HCK/IOYEHHEM TaKHX OOIIeYNnoTpeOUTENIbHEIX 3HAYeHHi,
KaK elMHHUA M HyJb. [l KOHCTaHT Ha4o BBOAUTb CUMBOJIHYECKHE
¥IMeHa M MCIOJIb30BaTh MX B porpaMme. STo NO3BONUT YUTATEIIO, YHTas
C/IOBapb NEPEKPECTHBIX CCBHLIOK, JIETKO ONpeleNuTb, TAe ynorpelb/eHb
KOHKDeTHble 3HaYeHHS. -

[pumep HenpaBUIBHOIO MOAXOMA K PelleHHI0o 3TOH npoGJieMsl coxep-
JKHTCS1 B ORHOM H3 MopyJel cucrembl OS/360 IBM. Cranaapt aJis Moxy-
Jiell Ha asbpike MamMHbL B OS/360 TpeGyer MCHOJIB30BAHHSI CHMBOJIHYE-
CKHX HMEH ISl OOLMX perucrtpos (Hampumep, R6 ans perucrpa 6),
TaK 4TO JIMCTHUHI CJIOBapf NMEPEKPECTHHIX CChIIOK NOKA3bIBAET, B KAKOM.
oneparope Kakod perucTp ucnosb3oBasicsi. OfUH M3 NPOrpaMMHCTOB,
BHayajie MCNOJIb30BABILHH 3TO COrJIallleHHe, 3aTeM peLIkJ W3MEHHTh
pacnpefieJieHHe PeruCTPOB, YK€ 3aKOHYMB IIPOrpaMMHUPOBaHHE MOLYJS,
nocje 4ero B MOAyJie MOSIBUICA (parMeHT:

R6 EQU §
R7 EQU 4
R4 EQU 4

Her HyXznl TroBOpuTb, Y4TO Tenepb MOHATb 3TOT MOAYJb COBEPLICHHO
HEBO3MOXKHO.

Huko20a He ucnoab3aytime HeckoabK0 umer 045 00HOL 06.Aacmu namMamu.
HcnoansoBanue  onepatopoB  EQUIVALENCE B  ®oprpate,
REDEFINES B KoGose unu arpu6yra DEFINED B PL/1 orHocutc#
K YHCJy NpHEMOB, HauGojiee CHJIBHO 3aNlyTHIBAIOMIKX NMPOTPaMMy.

Huxkozda ne ucnoassyiime nepemennyio Gosee uem 0a3. 00HOL yeau.
PacnpocrpaHeHHbI nprHeM SKOHOMHH JIHLIHErO CJIOBA NAMATH HJIH JIMLU®
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gero onepatopa DECLARE cocToHT B NOBTOPHOM HCIOJIb30BaHHH
niepeMEHHOH B Pa3HYHBIX Ue/siX. [IporpaMMHUCT BNIOJIHE MOKET PELINTD:
«$1 3akonuua paGoratb ¢ TIME n1s pacueToB BpeMeHH, O3TOMY Tenepb
GyAy HMCNOJB30BaTh 3TY MEPEMEHHYIO KaK NMPOMEXYTOYHYIO MPH BbIUHC-
seHuH faThi». Takas npakTHKa yBeJMUHBaeT MIAHCHI BHECEHHs OLIMGOK
npu MOAHGHKAUMH MPOrpaMMbl.

Huxoe0a He ucnoaw3yiime ocoboie 3HaueHUA NepemeHHOL ¢ 0coGbim
cMolcA0M. B onpesienieHuH napamMeTpoB MOANPOrpaMM 4acToO MOXKHO YBH-
neTb KoMMeHTapHu Bposie Takoro: «[IJICTPOKH — sto unciio cumBosoB
so sxonHo# crpoke, npuuem JJICTPOKHW=0 o3nauaer owu6kKy npu
BBOJEY. DTO HEOJHO3HAayHoe ynoTpelJieHMe mapameTpa 4acTo NMPHBOIUT
K JBYCMBIC/IEHHBIM CHTyallMsiM W HHOTJAa 3aTPyAHsieT u3MeHeHHe MNpo-
rpammel. UToOb! nepejaBatb KOA OWIMOKH, C/I€AyeT ONpeAeNHThb OTAE/b-
HBIH mapamerp.

Muwume modyau, ynpasasemore mabauyamu. IIpu nporpammuposa-
HUM MOZLYJIeH, peasn3yIOUIUX CJOXKHBIH IMpoLecC NPUHATHS penieHHd,
5TH pelleHHs ClelyeT OMHChIBATh TabJMieH, a He BCTPaHBaTb B TEKCT
nporpamMmel. 1o CoKpamaer H «o6ofumiaeTs NporpaMmy, a Takxe 3Ha-
quTeIbHO OGJIeTyaeT MOXH(UKALMH.

Bydvme ocmoposctst ¢ dsoutrodl mawunol. JiBonuHble MaluHel 06/1a-
JaloT TeM CBOHCTBOM, YTO YMCJA C NUaBatouiell TOUKOH B HUX NpelCTaB-
JSIOTCA OPHOMHXKEHHBIMH 3HaueHHsMH. B Takoll MalinHe yMHOXeHMe
10.0 na 0.1 penko naer B pesyabrate 1.0. [IporpamMmucT fo/mkeH ocrepe-
ratbCsl 3TOTO CBOHCTBA, 0COGEHHO NMPH MOMBITKE CPaBHUBATb JBa YHCIa
C nJaBawoiefi TOUKOH.

Bydeme ocmoposicHel ¢ deticmeuamu Had yeaoimu. Chnenyer OGbITh BHH-
MaTeJbHBIM TIpH YMHOXXEHHH WJIH JeJeHHM uennlx uucena. Ecam I —
LleJIOUHC/IeHHas TiepeMeHHasi, TO OTBET Ha BONPOC, PaBHBI JH MEXIY CO-
Goit I u 2«1/2, saBucut or Toro, yetHo I WiH HeT W uTé B CreHepH-
POBaHHOH KOMNHJIATOPOM nporpamme OyneT BBLINOJNHATLCA paHblle:
YMHOXKEHHE WIH JieJIeHHe.

Hsbezaiime onepayutl co 3Havenuamu cmewiannolx munos. Ilporpam-
MHCTY He cJefyeT YNOTpeG/asTh BNEPeMEIIKY NepeMeHHble Pas/IMYHbIX
THINIOB (HanpuMep, ABOMYHLIE, AeCATHUHbIE, [/1aBalOLIUe) HJH Pa3IHYHOM
TOYHOCTH B OZHOM BbIPa’KEHHH; KOMITHJIATOP MOXET BHIIOJHHTh HEKOTO-
Puie HeoxupanHoie npeoOpasoBaHusi. Takue TPIOKH, KaK CJOXeHHe
CTPOKH CHMBOJIOB C LEJIOYHCJEHHOHA nepemeHHOM, Heslb3fl AeNaTbh HH-
Korma. HeoGxozuma OCTOpPOXKHOCTb OpPH YNOTpeGJeHHH KOHCTaHT,
TOCKO/ILKY KOMITHISITOP MOXKET NPUIIKCATD UM IO YMOJTYaHHIO aTPHOYTHI,
Tpebyiomue HeoxuAaHHBIX NpeobpasoBanuii AaHHEIX. Hampumep, cire-
Ayowui - wukn ma PL/1
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DCL | FIXED BIN(15), N FIXED DEC(S);
N=10; ’
DO | = 1 TO N/2;

° e

END;

He GyJeT BHIIOJIHEH HH pa3y BCJEACTBHE NpaBHJ Npeo6pasoBaHMs 3Ha-
ueHus BolpaxeHus N/2 k tuny BIN npu cpasrenun c I, koropoe omnpe-
JieJieHo KaK ABouyHoe. COrJlacHO MPHHSITHIM B HEKOTOPHIX KOMIWJISTO-
pax mpaBuiiaM, 3TOT ONEPATOP CEMAHTHYECKH SKBUBAJIEHTEH oneparopy

DO I=1TO 0O;

CTPYKTYPA NPOIrPAMMbI

OcTa/ibHble TIPaBHJIAa «XOPOILUEro CTHJS» NPOTPAMMHPOBAHHA Kaca-
I0TCA  CTPYKTYPH TNpPOrpaMMbl,

Hsbeeatime kpamnowxx END. Xopollee nmpaBujio npH mporpammupo-
BaHuu Ha PL/1 — npenycmarpusate oraenpHnii END nas kaxpgoro
oneparopa DO. 310 no3BoJ/IsieT KOMIHAATOPY OOHApPYKHUTb HEKOTOpHIE
OIHOKH, a YHTATENI0 NOMOraeT NMOHAThH NMOAPA3YMEBaeMYIO MocCJeloBa-
TeJILHOCTb BhINOJHEHHs. KpaTHele (¢ yKasaHHeM MeTOK) oneparophl
END, Trakue, kKak

‘

END AMODULE;

HCIIOJB30BaTh He CJELyeT, NOCKONbKY KOMOWIATOP GYyIeT CUHTaThb, YTo
Bce Henocraomue END no/mkHbl GHITb BCTaBJeHBl HENOCPEACTBEHHO
nepepn stHM KpatHeiM END.

I pedycmampusaiime ELSE 0sn xamdoeo THEN. B ycnoHbx
npenioxeHuax f1omxkHo 6bTh mopoBHy THEN u ELSE. Ilaxe eciu ne
HYXXHO Hu4ero aenarth B caydae ELSE, cienyer npepycmorpers nycroi
onepartop. ATo NOJACKa)eT uuTarelio, yro ciaydyat ELSE takxke pacemar-
pHBaJcs, ¥ NOMOXET IMOHATb MOCJENOBATENbHOCTb JEHCTBHH.

OrMeTHM, 4TO STOMY NPABUJAY He 00A3aTeNbHO CAEN0BaTh, €C/H GY1eT
NPHHATO BHICKa3aHHOE B IJ. 8 MpeNIOXKEHHE TMOJHOCTHIO OTKAa3aThCs
OT BJIOKEHHHIX YCJIOBHBIX mpejsioxkeHu#i u KoHcrpykuun ELSE. Baxno
NIOMHHTb O HEOOXOJAMMOCTH OHITh MOCJENOBATEJbHBIM; €CIM B MOAYJE
Hmeercss Xotb ofHo ELSE, 3HauuT, BO BCeX YCJOBHBIX NPEAJIOKEHHSIX
JokHb 6hiTe ELSE.

Botnoansiime ucwepnosaroujue nposepku. Tlpu ananuse BxofHoro na-
paMeTpa, OXHIaemoe 3HAaueHHe KOTOPOTO NOJIXKHO ObTh 1, 2 wiu 3,
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ge CJIEAYET NpeanoJiararb, 4YTo €ro 3HaueHue paBHO 3, ecau OHO He paB-
#O HH l, HH 2. :

He nuwume usmensougux camux cebs npoepamm. SI3HIKH BEICOKOTO
ypOBHsl MOYTH HCKIIOUKIU 3Ty NPAKTUKY. OiHAKO TaKHe KOHCTPYKLMH,
Kak nepeMeHHere TMna MeTKH B PL/1 u onepatop ALTER Ko6ona,
0103B0J1AI0T H3MeHATb onepaTop GO TO, u B TakoM KauecTBe HX HYXKHO
y3berathb *).

Bydome ocmopodcel ¢ enympennumu npoyedypamu. Ecau nporpam
MHCT pellaeT HMCNOJIb30BaTh BHYTPEHHHE NpPOLEAYPHl B TAKOM Sf3bIKE,
xak PL/1, oH Jiomxen GbiTh BHHMATE/bHBIM B OTHOLIEHHH NPABUJ ONpe-
JeseHus obnacTell JOCTYNMHOCTH HMEH, KOTOPHIE MO3BOJSIOT CCHIATHCA
Ha BHemHue npoueaypsl. Ilepeunraiite paspen o cuemyienuu MopyJseit B
r1. 6 U NpHMEHWTE 3TH NPaBHJa K CBSI3H C BHYTPEHHUMH IPOLELYPaMH.

I1o 8oamoxcrocmu ucnoavaydime pexkypcuro. PeKypcuBHEIE MOLYJIH —
fipocTOif NYThb PpELIeHHS MHOTHX CJOXHBIX BBIYHCJAHTENbHBIX 3ajay.
Yro6sl HAay4uTbCS MBICJHTh PEKYPCHBHO, TPeOYIOTCS OnpelesieHHbIe
ycunus, Ho mocjie Gojiee GJM3KOro 3HAKOMCTBA C TOH KOHLENIHeH OkK-
pyxarouias ee TalHa ucuesaer. PekypcHsa XenaTenbHa npu o6paGoTke
CTPYKTYP JaHHBIX, ONpele/ieHHHX PEeKyPCHBHO, HalpHMEp JEpEeBLEB,
TIpeJCTaBJSAIOMHX NepedeHb HeOGXOAMMBEIX MATEPHAJIOB, H/H CJOKHHIX
CNHCKOBHIX CTPYKTYP, I'pacdoB HIH PelLeTOK, A KOTOPBIX HE H3BECTHHI
UM U3MEHSIOTCH JUVIMHA U I1yOHHA. MICTOUHHMK CHJIBI pEKYPCHH COCTOHT
B TOM, YTO OHa CHHMMAaeT ¢ nporpaMmucra Gpemsi 3a6oT 006 ynpaBJieHHH
1IaMATbIO U IpeBpallaer «nepeGop ¢ Bo3BpaTtoMy (T. €. BO3BpAT IO Jepe-
BY U 3aTeM NPOXOJ BHH3 IO APYTroii BEeTBH) B COBCEM MPOCTOH mpoiiecc.

Pekypcuio, onHako, He clefyeT NPUMEHSTb TaM, Ile BNOJHE JOCTa-
TOuHO mpocrofi urepaunuu. Hanpumep, peKypcuBHO ompefiesieHHast ma-
TeMaTHuecKaa ¢yHkuus daxkropuan (X!=X#(X—I1)!) wacro ucnosp-
8yercsi AJfl WIIIOCTPAIlMH PEKYpPC *BHBIX METOJOB IPOrPaMMHPOBAHMA.
TlockonbKy, onHako, MpH ee BblurCJEHHM He Tpebyercs mepeGopa ¢
BO3BpaTOM, TO NpOLIE BCero 3anporpaMMHUpoBaTh 3TY (YHKIMIO C mMo-
Mouwibio urepauuu (uukiaa DO), a He peKypcHBHON npouenyphl.

Mexny cTuieM U I3bIKOM NPOTrPaMMHPOBAHHS HMEeTCs TeCHas CBA3b,
fl03TOMy Mbl peKOMEeHAyeM 4uTaTeNio oOpaTHTb BHHMaHMe Ha M. 15,
Kpowme Toro, xuuru Jlearapna [4, 5] sBasioTcs AOMONHUTENLHBIMH HC-
TOYHHKaMH fiefl, KacalouXcs CTWIA NPOrpaMMHPOBaHHUS, a HCC/IEJoBa-
Hue Beiicmana [6] — oquH W3 HEMHOTHX 3KCNEPHMEHTOB MO CTAaTHCTH-
9€CKOMYy HCCJICZOBAaHHIO CTHJIA NPOrpaMMHPOBAHHS.

——

CASI) Tepemennbe THNa METKH MOSBOAAIOT NMPOCTO MOXeAHPOBATh KOHCTPYKIHMIO
ped E (BBIBOP), u ux ucnoab3oBaHHe AJIA STOH Le/H BIOJAHE ONPaBAaHC,— I1pus,
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YACTb 3

TecrupoBanue
NPOrpamMMHOro obecneyeHus

raasa 10

[IpuHUHNBI TECTHPOBAHHA

MHorne opraHmsanHH, 3aHHMAIOLIMECH CO3JaHHEM MNPOTPAMMHOTO
oGecriegenust, 1o 50% cpencTs, BbILEJNEHHBIX HAa Pa3paboOTKy NPOrpamm,
TPaTAT Ha TECTHpPOBaHHME, UTO COCTABJISET MHJIHApAbl JOJIAapOB IO
BceMy MHpY B LeJioM. M Bee ke, HeCMOTPSI Ha rpoMajiHble KalHTaJIOBJIO-
MeHHd, 3HaHHA O CYTH TECTHPOBAHHS SABHO He XBaTaeT M GOJIBIIHHCTBO
NPOTrpaMMHBIX MPOAYKTOB HeNMpHEMJIEMO HEHaJieXHO JaxKe IOC/]e «oc-
HOBaTeJIbHOTO TECTHPOBaHHS».

O cocTOsiHMHU AeJ1 Jyylile BCeTo CBHAETeNbCTBYET TOT (bakT, uTO 6OJIbe
WKHCTBO JiofieH, paboTalomux B 06/1acTH 06paGOTKH JaHHBIX, Jiaxke He
MOXeT NPaBHJbHO ONpPENeNHTb CJOBO «TECTHPOBaHHe», H 3TO Ha CaMOM
JeJle ryiaBHasi puyvHa Heyxad. Ecau monpocuts Jmo6oro npodeccHoHa-
Jla OMpeje/iuTh CJIOBO «TeCTHPOBaHHe» JHOO OTKPHITb (KaK IpaBHIO,
C/IMIIKOM KPAaTKYIO) IJ1aBy O TeCTHPOBaHHH Jio6oro yue6HHKa mporpam-
MUDOBaHHs, TO, CKOpee BCEro, MOXKHO BCTPETHTb TaKoe ONpeJeJieHHe!
«TectupoBanne — mpotiecc, NOATBEPKAAIOWHA NPABHIBHOCTb NIPOrpaM-
MBl W JeMOHCTPUpYIOUHil, yTo olmM6OK B nporpamme Her.» OCHOBHOR
HelocTaToK MoA0GHOTO OmpelesieHHs 3akKJodaercas B TOM, 4YTO OHO
COBEpLIEHHO HeNpaBHJbHO; (HAKTHYECKH 3TO TOYTH OMNPENe/IeHHE aHTO-
HHMa cjoBa «TecTHpoBaHUe». UHTaTe/b ¢ HEKOTOPEIM OIBLITOM IIPOrpam-
MHDOBaHHs yiKe, BEpOSITHO, TOHMMAET, YTO HEBO3MOXHO TMPOJEMOHCT-
PHpoBarb orcyrcTBue omuGox B mporpamMe. Ilostomy ompesesnenue
ONIUChIBaeT HEeBLINOJIHUMYIO 3a4auy, a TaK KaK TECTHPOBAHHE 3aUacTyio
BCe e BhImosHseTCS C ycrexoM, o KpaiHell Mepe ¢ HEKOTOPHIM ycme-
XOM, 1o Takoe onpefesieHHe JOTWUECKH HeKoppektHo. [IpaBuibHoe
Olpesesiene TecTHpOBaHHSI TaKOBO: :
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Tecmuposanue — Npoyecc 6bINOAHEHRUR NPOZPAMMBL C HAMEPEHUem
Haidlmu owubku.

TecrupoBaHHe OKasbiBaeTcs HOBOJILHO HEOOBLIMHBIM INPOLIECCOM (BOT
NoUeMY OHO H CYHTAeTCS TPYIAHBIM), TaK KaK TOT NMPOLECC Pas3pyLIHTe b~
Hell. Benp nenb mposepsiiouiero (recToBHKa) — 3aCTaBMTh NPOrpamMmy
c6utbcsi. OH JOBOJIEH, €CJIH 3TO €My YAAaercs; €c/ii e MporpaMMa Ha
ero Tecre He cOWBaeTcsi, OH HE YNOBJIETBOPEH.

HeBo3moxHO rapaHTHpOBaTh OTCYTCTBHE OIHGOK B HETPHUBHAJIBHONK
nporpaMMe; B JIYUIIEM CJiyyae MOMKHO MOMBITaThCS MOKa3aTh HajHyue
omnbok. Ecau nporpaMma npaBH/IbHO BesieT ce6si A COMUAHOTO
Habopa TecToB, HeT OCHOBaHHH YTBepiKjiaTh, YTo B Heil HeT OIIHOOK;
CO BCeH ONpEeeNIeHHOCTBIO MOXKHO JIMILbL YTBEPXAaTh, YTO He H3BECTHO,
Korja sra nporpamMma He paGoraer. KoHeuHO, €C/IH €CTb IPHYHHLE
cYuTath JAHHbIA HAaGOp TECTOB CHOCOGHHIM ¢ GOJIBLIOH BEPOSTHOCTHIO
06HapyXHUTb BCe BO3MOXKHBIE OLIUGKH, TO MOXKHO FOBOPHTb O HEKOTOPOM
YPOBHE YBEPEHHOCTH B NPABHJIbHOCTH HpPOTpPaMMBl, YCTaHABJHWBaeMOM
9THMM TeCTaMH.

He crnenyer oTHOCHTBCS K HallleMy aHaJH3y ONpejeJieHHsl TeCcTHPO-
BaHHMA KaK K npoctodl wurpe ciioBamu. OTMEYeHHOE TOHKOE pasjiHuHe
MEXIY ONpelesIeHHsIMH — CaMoe BaXKHoe, YTO HYXKHO YCBOHTb O TeCTH-
poBaHHH. Benb nepBoe onpezesieHHE HE NMPOCTO OMUCHIBAET HEBHINOJI-
HHMYIO 3ajlauy, HO ellie ¥ OKashiBaeT HexeJlaTe/lbHOE BJHSIHHE Ha OTHO-
IIeHHe NpOrpaMMHCTa K TecTHpOBaHHIO. EciM 3ajaua TeCTOBHKAa —
NPOJIEMOHCTPHPOBATh, YTO B NPOrpaMme HeT OWHGOK, NOACO3HaHME MOo-
GyxxJaeT ero BLIGHPATh T€ TECThbl, KOTOPHIE ¢ GOJMbILOH BEPOSATHOCTHIO G-
AYT BBHINOJHATBCSA NPAaBUIBHO, H GJOKUPYET /t06ble MBIC/IH O BHINOJIHEHHH
«XHTPLIX» TECTOB, B OTHOIIEHHH KOTOPHIX OH NMpPEAYYBCTBYET HENpHAT-
Hocty. [lcuxosoruyeckne sKcnep MMEHThI NOKA3LIBAIOT, YTO GOJIbLIHHCTBO
JoJiell, NMOCTaBUB LeJb (HampHMep, NMOKa3arth, YTo OMMGOK HET), OpHEH-
THPYeTCsi B CBOEH NefATENLHOCTH Ha JOCTHXEHHE 3TOH wuesH. TecroBUK
NOJCO3HATE/IbHO HE MO3BOJINT cebe AeficTBOBaTb NPOTHUB LEJH, T. €.
NOATOTOBHTb TECT, KOTOPHIA BhLIABHJ OBl OHY M3 OCTaBLUINXCS B NPOTpaM-
Me oliH60K. [TocKoIbKY MBI BCe NIPH3HAeM, UTO COBEPILEHCTBO B MIPOEKTH-
POBaHHM H KOJRHPOBaHHH /OG0 NMPOrpaMMbl HEJOCTHXKHMO H TIO3TOMY
Kaxkasi mporpaMMa COIEPXKHT HEKOTOPOE KOJIHYEeCTBO OIIMGOK, CaMbiM
TVIOROTBOPHLIM NPHMEHEHHEM TeCTHPOBaHuUsi OyJeT HalWTH HEKOTOpLIE U3
Hux. Ecan MBI XOTHM HOOHTbCSA 3TOro M M36GexaTh NCHXOJIOTHYECKOTO
Gapbepa, MeILIaIoUero HaM JefCTBOBaTh MPOTHUB [MOCTABJEHHOH UeJH,
Hallla [eJb JOJIXKHA COCTOATb B TOM, YTOOBI HafTH KaK MOXKHO.60JblLe
oun6ok. ChopmyJsHpyeM OCHOBOIOJATAIOMMi BhIBOA:

Ecau eawa yeao — noxasams omcymcemsue owubok, avl ux Hatideme
He cauwrom muozo. Ecau ace eawa yero — noxasams Hasudue owubox,
6bi Haldeme SHAYUMEALHYIO UX 4acme.
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Puc. 10.1. Pacnpenenenve 3Hanufi B 70-e rogpl.

O TecTHpOBaHHH TOBOPHUTb JNOBOJBHO TPYAHO, MOCKOJNBLKY, XOTH
OHO M crocoOCTBYeT MOBHIIEHUIO HAJEKHOCTH [POrPaMMHOTO obecre-
9eHHsl, ero 3HayeHHe orpaHuyeHHo. HajeXHocTb HEBO3MOXHO BHecTH
B nporpammy B pe3yJbpTaTe TECTHPOBAHHs, OHa ONpeleasieTcs mpa-
BHJILHOCTBIO 3TanoB npoekTHpoBaHus. Haunyuuiee pemenue npoGaemnr
HaJIeXXHOCTH — C CaMoro HadaJja He JonyckaTbh OWIHGOK B mporpamme.
Onnako BeposTHOCTH TOTO, UTO yAacTcsl Ge3YNPEUHO CIPOEKTHPOBATH
Geabinyio nporpammy, GeckoHeuHo Majia. Posib TeCTHPOBaHHsSI COCTOMT
KaK pas B ToM, 4TOGH ONpeJeNHTb MECTOHAXOXKAEHHE HEMHOTOUHCJIEeH=
HbIX OmMGOK, OCTaBIIHXCS B XOPOUIO CIIPOEKTHPOBAHHOH mHporpamme.

ONBITKM ¢ MOMOLIbIO TECTHPOBaHHA JOCTHUb HAJEXHOCTH IJIOXO
CNIPOEKTHPOBaHHOH NPOI'PAMMBI COBEPILEHHO GECIIOAHEL.

Eme oasa npuuuna, mo KoTopo#i TPYAHO TOBOPHTb O TECTHPOBa-

HHH,— 3T0 TOT (KT, 4TO O HEM M3BECTHO OueHb HemHoroe. Eciau ce- ‘
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TOJHSl Mbl pacnosiaraem 5% Tex 3HaHHH O MPOEKTHPOBAHUH H COOGCTBEH-
HO mporpaMMupoBaHHH (KOZHPOBaHMH), KoTopele 6yayT y Hac K 2000 r.,
TO O TeCTHpOBaHHM HaM H3BecTHO MeHee 1%. Kpome Toro, Kak nokaswi-
Baer puc. 10.1, GO/blIas yacTb CErOAHAIIHHX 3HAHMHA KOHUEHTPHPY-
eTcsi BOKPYI' «BHYTPEHHHX» IIpOLleccOB pa3paGOTKH NPOrpaMMHOro
obecrieyeHus. 3HaHAS B 0GJAcTH TNPOEKTHPOBAaHUA, KOXHPOBAHHS H
TECTHPOBAHHA OTHEJNbHBIX MOAYJEeH JOBOJILHO BENHKH, B TO BpeMs
KaK 0 mpoleccax HayaabHbIX (TpeGoBaHHs, Le/NH, BHelIHee IPOEKTHPO-
BaHWE) W 3aKJIOYMTENbHBIX (Hampumep, KOMII/IEKCHO®  TeCTHPOBaHHe
CHCTEMBI) M3BECTHO MaJo.

OCHOBHDBIE OHPEAEJ]EHHSI

XoTsi B TeCTHPOBAaHMH MOXKHO BHUIEJUTb HECKOJbKO PasJIUYHBIX
MPOIIECCOB, TAKHE TEPMHUHBI, KaK TECTHPOBaHME, OTJalKa, JOKa3aTe/lb-
CTBO, KOHTPOJIb W HCILITaHHE, YAaCTO HCIOJb3YIOTCA KaK CHHOHHMEI H,
K COXKaJIeHHIO, VISl Pas3HBIX JIOAEH HMEIOT pa3Hblfi CMBbICA. XOTS CTaH-
JapTHHIX, OOLIENPUHATHIX ONpeJe/IeHHHA 5THX TEPMHHOB HET, MOMNBITKA
copMyHpoBaTh UX Grla NPeANpHHSTa HA CUMIO3HYME MO TeCTHPOBa-
HHIO OporpamM, opranuszoBanHom ACM [1]. Hawmy xkaaccuduxanmio
Pas3THYHBIX GOPM TECTHPOBAHHSA Mbl HAUHEM C TOTO, YTO JaZAHM 3TH Olpe-
JeNeHusi, clerka UX NONOJHHB M PacUIMPHB UX CITHCOK.

Tecmuposarue (testing), Kak Mbl y»Ke BBIICHHJIH,— NPOLECC Bbi-
NOJTHEHHsI POTPaMMbl (WJIH YacTH TPOrpaMMbl) C HamepeHHeM (WJH me-
JbI0) HaWTH OIUHGKH.

Hokasameascmso (proof) — nomeiTka HalTH OWMOKH B Nporpamme
6e30THOCHTEJILHO K BHEWIHefdl AIsi mporpammsl cpeie. BosbLIHHCTBO
MeTGIOB ZI0Ka3aTeJbCTBa mpenrnosaraer GopMyJIHPOBKY YTBEPXKAEHHI O
NOBEJICHHH MpPOrpaMMBL M 3aTeM BbIBOJ, H JIOKa3aTeJbCTBO MaTeMaruye-
CKHX TeopeM O MpaBHJIbHOCTH nporpaMmel. JloKasarejbcTBa MOTYT
paccMaTpHBaTbhCs Kak (opMa TECTHPOBAaHHSA, XOTS OHM M HE mpearnoJa-
raloT NPsSMOro BbINOJHEHHS NporpamMmel. MHOrHe ucCJefOBaTeNH CYH-
TalOT J0KAa3aTeJbCTBO AaJIbTEPHATHBOH TECTHPOBAHHIO — B3IISIL BO
MHOTOM olIHGouHbIH; GoJiee moApoOHo 310 OOCyXAaercss B ra. 17.

Konmpone (verification) — monbiTka Ha#fiTH OWMGKH, BHIMOJIHSS
nporpaMMy B TeCTOBOH, HJH MOJIENHPYEMOli, cpefe.

Hcnomanue (validation) — nonbiTkKa HalTH OWIMOKM, - BHINOJNHASA
fiporpaMmy B 3ajlaHHOM peasibHO! cpefe.

Ammecmayus (certification) — aBTOpHTETHOE NOATBEPXKAEHHE INpa-
BHTEJILHOCTH NPOTPaMMBbl, aHAJIOTHYHOE AaTTeCTallMH 3JEKTPOTeXHHue-
ckoro obGopynosanus Underwriters Laboratories. Ilpu TecrupoBanuu ¢
[eIbI0 aTTECTAlMH BHINOJHAETCSI CPaBHEHHE C HEKOTOPHIM 3apaHee
onpejeNeHHbM cTanfapToM. Ko BpeMeHH HanmHcaHHsl KHUTH GblIo mpel-
NPHHATO HECKOJIbKO [MOMNLITOK YCTaHOBHTH MPOLEAYPY aTTecTaluH,
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HanpuMep NpouenypHl aTTecTallH KoMnuaaTopoB KoGosa u maTemars-
yeckux nporpamMm HaumnonanbueiM Giopo cranfaptos CIIA u ®enepain-
Hoit cIyXK060i TecTHpoBaHHs KoMnustopos Ko6Goaa [2, 3] u atrecrauuu
MaTeMaTHYeCKoro mporpammHoro oGecneuenusi NATS [4].

Omuaadka (debugging) He sBJsIETCS Pa3HOBHIHOCTBIO TECTHPOBAHHUS.
XoTs CJIoBa «OTJIafKa» H «TeCTHPOBaHHE» 4YacTO HCMOJB3YIOTCS Kak
CHHOHMMEI, MOJ HHMH MOJPa3yMeBalOTCH PasHbie BUJbl AEATENbHOCTH.
TecTHpOBaHHE — JEATENbHOCTb, HaNpaBJ/eHHasi Ha OOHAapYyXKeHHUE OLLH-
GoK; OTJIaJKa HampaB/ieHa Ha YCTaHOBJEHHE TOYHOH NMPHPOABI H3BECT-
Hofi OIMGKH, a 3aTeM — Ha HCHpaBJieHHe 3TOH ownOKH. ITH ABa BHIA
JeSTeIbHOCTH  CBSI3aHbI — Pe3YJIbTaThl TECTHPOBAHHUA SBJSIOTCH HC-
XOJAHBIMH JaHHBIMH LISl OTJaJKH.

31u onpeleNeHUs] NPEACTABJSIOT OAMH B3TJIsA HAa TECTHPOBaHHE —
CO CTOPOHHI Cpefibl, Ha KOTOPYIO OHO onHupaercs. Jlpyroit psx ompeze-
JIeHui#l, MPHUBEJEHHBIN HHKe, OXBaTHIBaeT BTOPYIO CTOPOHY TECTHPOBa-
HHS: THOBH OWHKGOK, KOTOpble Mpeanosaraercsi oOHapyXKMTb, H CFaH-
JapThl, C KOTOPHIMH CONOCTABJSIOTCS TECTHPYeMbie IIPOrPaMMbL.

Tecmuposarue mo0yas, usu asmoHomuoe mecmuposarue (module
testing, unit lesting) — KOHTPOJIb OT/AE/NLHOTO NPOTPAMMHOTO MOAYJIs,
O6GbIYHO B M30JIMPOBAHHOM cpefie (T. €. M30JHPOBAaHHO OT BCeX OCTaJib-
HeIX mopyaefi). TecTupoBaHue MOAYJsi MHOTJAA BKJIOYaeT TakKXke Mare-
MaTHuecKoe JOKa3aTeNbCTBO.

Tecmuposarue conpssceruil (integration testing) — KOHTpoab co-
NpsXKEHHH MEXIY YacTAMH CHCTeMBl (MOZLYJISIMH, KOMIIOHEHTaMH, MOJ-
CHCTEMaMH).

Tecmuposanue erewnux ynxyuil (external function testing) —
KOHTPOJIb BHEIIHEro MOBEJEHHSI CHCTEeMbI, OMpPENeNeHHOTO BHELIHHMH
cnenupUKaLHSIMU.

Komnaexcroe mecmuposanue (System testing) — KOHTPOJIb H/HIH
HCTbITAHWE CHCTEMBI 110 OTHOIUEHHIO K MCXOAHBIM ueasM. KommiekcHoe
TECTHPOBAHHE SABJSETCS NPOIECCOM KOHTPOJISI, €C/H CGHO BBINOTHSETCS
B MoOjieIMpyeMoii cpele, H TPOLECCOM HCMBITAHHsl, €C/H BHINONHSETCS
B cpefie peaNbHOM, KH3HEHHOH.

Tecrmuposarue npuemaemocmi. (acceptance testing) — nposepka co-
OTBETCTBHMS 1.90TpaMMbl TPeCGOBaHHUSIM IOJIb30BATE/IS.

Tecmuposanue nacmpotiki (installation testing) — mposepka cooT-
BETCTBHA KaXJOI0 KOHKPETHOTO BapHAHTa YCTAHOBKH CHCTEMBI C LEJIbIO
BLISIBUTL Jo6Gble OMMGKYW, BO3HHUKIIME B Ipolecceé HACTPOHKU CH-
CTeMBI.

OTHOWeEHHs! MEXAY STHMH THIAMH TECTOB H MPOEKTHOH JOKyMeHTa-
lKeit, Ha KOTOPO#H OCHOBHIBAETCS TECT, MOKA3aHbl Ha puc. 10.2.
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Puc. 10.2. ITpoueccsl TeCTHPOBaHHS M HX CBfI3b C NpPOlLECCAMH NPOEKTHPOBAHHUS.

Tecmuposanue no omwo- Tecmuposarie no omio-
IR K CIERUDUNELL- wenu X mexcmy npo-
AM. (He sabomscs 0 nex- apammsl. (He sabomacs
ome” npo2pamme!) O CneyuPUNALUAK)

Puc, 10.3. CneKTp MOAXOAOB K NMPOEKTHPOBAHHIO TECTOB,
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TecTHpoBaHHE NMPOrPAaMMHOIO oGecriedeHHs] OXBaThIBAaeT LEJBIH Paj
BHJIOB HESITEJIbHOCTH, BeChMa aHAJIOTHYHBIH NOCJENOBaTeNLHOCTH MPO-
peccoB pa3paBoTku mporpamMmHoro oGecneueHus. Ciofia BXOAAT IOCTa-
HOBKa 3aJlayd JJIs TeCTa, NPOEKTHPOBAHHE, HANMHMCAHHE TECTOB, TECTH-
poBaHHE TECTOB H, HAKOHell, BHINOJIHEHHE TECTOB H H3YYeHHe PesyJibTa-
TOB TeCTHPOBaHMs. Pellaiomyio posib MrpaeT NPOEKTHPOBaHHE TECTa.
Bo3MOXKeH LEJBIH CHeKTp NOAXOJOB K BbIpaGoTKe ¢(uI0oCO(HH, HIM
CTPaTerHH TPOEKTHPOBAHHMS TECTOB, H3o0paxeHHuli Ha puc. 10.3.
Yro6Ll OPMEHTHPOBATHCS B CTPATETHAX NPOEKTHPOBAHHS TECTOB, CTOMT
paccMOTpeTh /B2 KpaiiHHX MOJAXO0Aa, HaXOAALIHXCS HA IPAHHMIUAX CreK-
tpa. Cllenyer OTMETHTb TaKXKe, YTO MHOTHE U3 TeX, KTo paboTaer B 3710
06/1acTH, 4acTo 6pocaloTcs B OAHY HJIH APYTYIO KPaiHOCTb. '

CTOpOHHMK (WJIH CTOPOHHHIA) MOAXOJA, COOTBETCTBYIOLIETO JIEBOH
rpaHulle CNEKTpa, NPOEKTHPYET CBOH TECTHl, MCC/EAYfl BHElIHHe cre-
UHGUKALMH WIH CeUMbHKALHH CONpSXKeHHS IPOTPaMMbl HIH MOJIYJIA,
KoTopbie OH Tectupyer. IIporpaMmy oH paccMaTpHBaeT Kak 4epHbii
amwuk. [To3nnuss ero TakoBa: «MeHSI He HHTEpeCyer, Kak BBINISIAHT
9Ta mporpaMma M BBLINOJIHHJI JIX 5 BCe KOMaHIbl MM Bce myTH. I Gyny
YZIOBJIETBOPEH, €C/H mporpamma GyeT BeCTH ce6si TaK, KaK yKasaHO B
cnenuduxanuax». Ero uaean — nposepuTh Bce BO3MOXHbE KOMGHHa-
OMH H 3HaYeHWs Ha BXOJE.

[MpuBepaxeHel, NOAX0AA, COOTBETCTBYIOMIETO APYTOMY KOHILY CIEKT-
pa, NIPOEKTHPYET CBOM TECTHl, H3Yy4ast JOTHKY nporpamMmbl. OH HauHHaET
€ TOro, YTO CTPEMMTCS NOATOTOBHUTH HOCTATOYHOE YHCJIO TECTOB MJIs
Toro, 4roOHl KaXKAasi KomaHja Oblla BHINOJNIHEHA MO KpaiiHefl Mepe
onuH pa3. Ecan oH HeMHOro Gojee HCKYIUEH, TO NPOEKTHPYET TeCThl
Tak, uTo6bl KaxJas KOMaHJa YCJOBHOrO Tepexoja BHINOIHANACH
B KaXXJIoM HanpasJieHHU XoTs Obl pa3. Ero uaean — npoBeputh Kaxpill
yTh, KaXXAYIO BETBb a/Jropurma. IIpu sToM ero coBceM (W/IM MOYUTH CO-
BeeM) He HHTEpeCYIOT CremH(pUKaLUH.

Hu ogna u3 3THX KpalfiHocte#l He siBJIsleTcsl Xopouwie#f cTpaTeruei.
Unratenn, ofHAaKo, yXe, BEPOATHO, 3aMeTHJ, UYTO MEepBaf M3 HHX,
4 HMEHHO Ta, B COOTBETCTBHH C KOTOPOH MporpamMma paccMaTpHBaercs
Kak yepHblfi sMMK, npeanouruteabHelr. K coxanenwio, oHa crpajaer
TeéM HefjocTaT .OM, YTO COBEpIUEHHO HeocyuiecTBMMa. PaccmoTpum mo-
HLITKY TecTHpOBaHMS TPUBHAJIBLHON MpOrpaMMel, NoJayyaiomei Ha BXoje
TPH yucsla M BhUHCASIOWEH HX cpenHee apHdmernyeckoe. TecrHpoBa-
‘HHe 310/ mporpaMMsl AJIsi BceX 3HaueHHH BXOAHBIX JAaHHBIX HEBO3MOX-
HO. Jlaxke A/1si MAUIMHBI C OTHOCHTENBHO HU3KOH TOUHOCTBIO BHIMHC/ICHHUIR
KOsnuecTBo TecToB Mcumcsssioch G6bl MuiMapiamu. Jaxe umefi Mbl
BbluHC/IHTe/IbHYI0 MOIIHOCTD, JOCTATOUHYIO VISl BHITOJIHEHHsI BCEX Tec-
TOB B pagymHoe BpeMsi, Mbl MOTPATWAH OB Ha HECKOJABKO MOPAAKOB
Gonbune BpeMeHH JJIf TOro, uToObl 3TH TECTHl MOATOTOBHTH, a 3aTeM
TPoBeputh. Takue nporpaMMel, KaK CHCTEMBI PeajibHOTO BPEMeHH, ome-
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pallOHHbIe CHCTeMBl H MPOrpaMMbl yNpaBJeHHSt JAaHHBIMHM, KOTOpbie
COXPAHSIOT «NaMATb» O MPeAbAYLNX BXOAHBIX IaHHHIX, elle Xxyxe. Ham
norpeGoBajioch Gbl TECTHPOBAaThb NPOTPaMMy HE TOJBKO AJIS KaXJOro
BXOJIHOTO 3HA4Y€HMs, HO H /sl KaXKIOH MOC/eOBAaTeNbHOCTH, KaXKMIOfH
KOMGHMHaNKH BXOAHBIX AaHHHIX. [losToMy HcuepmbiBaloiiee TecTHpoBaHue
ANa BCeX BXONHBLIX AaHHHIX JIOOOH pa3yMHON mpOrpaMMbl HeOCYILECT-
BHMO.

STH pacCyXeHHs MPUBOAAT KO BTOPOMY (yHAAMEHTAJbHOMY NpPHH-
HHIY TECTHPOBAHHSA: TECTHPOBaHUe — npobaema 8 SHAUUMEALHOL Cmie-
nenu sxoHomuueckas. TlocKoJIbKY HcuepNHBalollee TECTHPOBaHWE He-
BO3MOXKHO, Mbl JOJ/RKHBI OTPAHHYATHCSA YeM-TO MeHbIUMM. Kaxmelii Tect
JOJIKeH JaBaTh MAKCHMaJIbHYIO OTAauy MO CPaBHEHHIO C HAUIHMH 3aTpa-
TaMH. 3Ta OTAa4a H3MepPSeTCsl BEPOSITHOCTbIO TOTO, YTO TECT BLISIBHT He
OGHapyeHHYI0 NpexJe OWHOKY. 3aTpaThl H3MEPSIIOTCH BPEMEHEM H
CTOHMOCTBIO MOJATOTOBKH, BHIIOJHEHHSI H MPOBEPKH Pe3yJ/bTaTOB TECTa.
Cuurasi, 4TO 3aTpaThl OrpaHHYEHH! GIOJXKETOM H rpagHKOM, MOXKHO yT-
BepKIaTh, YTO UCKYCCTBO TECTHPOBAHHf, MO CYLIECTBY, MNPeLCTaB/seT
coboil HckyccTBo oT6Opa TeCTOB ¢ MaKCHMaJbHOI oTaauelt. Bosee Toro,
Kaxabll TecT JAo/keH ObITh NpefCTaBHTEJeM HEKOTOPOro KJacca BXOAs
HbIX 3HaueHHH, TaK YTOOBI €ro NPaBHJILHOE BHITOJHEHHE CO3/aBajo Y
Hac HEKOTOpYI0 YyGexXJeHHOCTb B TOM, 4YTO JJIs ONpeNeJIeHHOTo KJjacca
BXOAHBIX JAaHHBEIX NporpamMma OyJAeT BHIIOJHATBCA NPaBWIbLHO. 10
OGLIYHO TPeGyeT HEKOTOPOro 3HAHUA aJATOPHTMA U CTPYKTYPH Iporpam-
MBI, M Mbl, TAaKHM 00pasoM, cMelllaeMCsi K NMPaBOMY KOHIY CHEKTpa. .

Mucd o TecrnpoBanun nyreit

INocko/MbKY JIeBBIH KOHell CNeKTpa HEJOCTHXKHM, JIOTHUHO CAe/aTh
CJIeZYIOU Ml 1ar W HcC/lefoBaTh NPaBHIA KoHel,. 3rta Apyras KpaiHoCTb, -
KOTJa npec/iefyeTcsi 1eJib TeCTHPOBaThb BCe BHINOJHMMBIE NMyTH, OKa3bi-
Baercs, eme Xxyxe. OHa He TOJBKO HENOCTHXHMMA (37ech si 6yny cud-
TaTh «HEJOCTHXKHMMOM» JIOOYIO LeJib, /ISl JOCTHXXEeHHs KoTopof TpeGyer-
cs Gosee 100 Jiet), Ho naxe, OyAb OHAa JOCTHIHYTA, TAKOTO TECTHPOBA-
HHUSl Bce-TaKH ObIo Gbl HEZOCTaTOYHO. ,

Ha puc. 10.4 uzo6pakeHnl BO3MOXKHBIE IYTH HEGOJBLIOTO MPOrpaMM=
Horo Moznyns. Kpyxkkamu npeicTaB/eHBl I0C/1e0BaTe/IbHbIE CEIMEHTH,
a CTpeJKaMH — Tepellauyd ynpaBjieHHst (C NMOMOIIbIO Pa3BHIOK WJH
HMKIOB). MoOAyJib COCTOMT M3 LMKJa, BhinosHsemoro ot O no 10 pas,
3a KOTOpBIM CJIefyeT pa3sBHJIKa M 3a Hell — BTOpoH HMKJ. B kaxaoM
IIMKJE€ MMeeTCsl DAl BJIOXKEHHHIX Pa3BMJIOK, KaK 3TO NOKa3aHO Ha pH-
cyHke. [lpeanonaras, yro Kaxnoe pellleHHe NOMHOCTHIO HE3aBMCHMO OT
JAPYrHX (O4€BMIHO, 5TO NPEANOJOMEHHEe ONHCHIBAT HAUXYAUIMH CJy-
yaii), MOXXHO OLEHHTb YHCJIO Pa3/IMYHBIX NyTell B MOAYJIe NIPUMEPHO Kak
108, Yro6ul Jyuine npeacTaBuTh cebe 3TO UHCJIO, YKaxeM, 4yTo Bo3pacT
Bceenennoii ouennBaerca B 4X10'? cexyna. B xauecrBe npumepa pe-
aNbHOM CUTYalH¥ OTMETHM, YTO BHINOJIHEHHE BCEX BO3MOXHBIX nyTed
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.na NporpamMMHoOro obecneyeHusi cHcremsl HaBefieHHst cHapsjos TITAN
no-rpeﬁosa.no 6bi 60 000 yacoB MawwmuHoro Bpemenu [5]. Takum o6pa-
30M, [laXe IPH TOM, YTO YHCJO NyTeil B MporpaMMe CyIECTBEHHO MeHb-
e 4HCJaa KOMOMHANMil BXOJHBIX JaHHBIX, OHO BCe-TaKH OCTAeTCsl ac-
T POHOMHUYECKHM.

Tlpeanosoum Ha MHHYTY, YTO MBI HOCTPOMJIHM BBIYHCIHTENbHYIO
MallHHY, KOTOpasi BONPeKH BCeM U3BECTHBIM 3aKOHAM (DM3HUKH MOXKET Bbl-
MOJIHHTh BCe NYTH, H300paxceHHble Ha puc. 10.4, 3a Bpems mopsiaka
roa. [lepel HaMu o-npexxHEMY CTOMT MPo6iEMa NOArOTOBKH. U MPOBep-
ki pesyabTatop 10 Tecro. IlpeanosioxuM, uTO MBI CMOXeEM pas-
PeLINTD H 3Ty mpobsieMy (s Aaxe He MOTY BOOGPa3uTh, KAKHM 06pasom).
3agafuM TOTZa BOMNPOC: JOCTATOYHO JIH, YHOBJIETBOPHTENLHO JIH Mbl
TECTMPOBANHU 3TOT MOAY/b? OTBET: onpelesieHHO Hem.

Camoe o4YeBHJHOE OCHOBAaHHE JJIST TAKOTO OTBETA COCTOHT B TOM, YTO
BbINOJTHEHHE BceX NyTeH He TapaHTUPYET COOTBETCTBHS INPOrPaMMbl
ee cneuudukanuam. Ecam tpeGoBasioch, YyTOOB MPOrpaMMHUCT HaIHCal
nporpammy JUIsi BbIYUC/IeHHs Ky6HUecKoro KOpHsi, a OH Cliesiajl mporpam-
My ATSl KBaZpaTHOTrO, ero nporpamMma GyZeT COBEpUIEHHO HeNpPaBW/ib-
HOM, Jaxke ec/iM OH NMpoBepuJ Bce NyTH. Bropas, u Gojee peanucThue-
ckas, npobiema — oTcyTcTBYIomHe nyTH. Ec/in mporpamma peanusyer
cnenvp¥KalUHl He MOJNHOCThbIO (Hanmpumep, OTCYTCTBYET TaKas SIBHO
cneuudurnpoBaHHas (yHKIKs, KaK NpoBepka Ha OTPHIATEJNbHOE 3Ha-
ueHHe BXOAHBIX JaHHBIX NMPOrpaMMbl BBIYHCJIEHHS KBaJPaTHOro KOPHs),
HHKaKoe TeCTHpPOBaHHE myTeil He JacT WHGopMaLuu 06 OTCYTCTBYIOMIUX
nytax. Tperbio mpoGseMy mnpeicTaB/sieT COGOH uyscmsumesbHocms K

10 pas <10 pas

Puc. 10,4. Bo3MoxHble NyTH HeGO/IbIIOA NPOrpamMMul,
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Oarroem. [lyTh MOXKET BHINONHATBHCS NPABHJALHO AJIfA OZHMX BXOAHMIX
JNaHHHIX M HENpaBWJIbHO — JJIS APYTHX. PaccMOTPHM TPUBHAJIBLHEIR
npuMep, KOTAa NpOTrpaMMHCTy TpefyeTcs HammucaThb MNOANPOrpammy
JU1s onpeliesIeHHA TOTO, PaBHHI JIM TPH UHCHA MexAy coGoit. OH nuwer:

IF(A+B+C)/3=A

W npoBepka OyJeT NPaBHJAbHO BHINONIHATLCA AJA GOJBLIMHCTBA, HO He
aast Bcex sHavenufi A, B u C (ommn6ka BO3HHKAeT TOJNBKO B TOM CJy-
yae, ecsiM U3 ABYX 3HaueHu# (B uau C) opno GoJblue, a Apyroe Ha-
CTOMIbKO Ke MeHble A). Ecan nporpaMMHCT KOHHEHTPHPYET CBOe BHH-
MaHue TOJIbKO Ha TECTHPOBAaHWM NyTei, HET OCHOBAHMI BEPHTH, Y4TO OH
o6HAapYXHUT STY OMHOKY.

HcKyccTBO MpOEKTHPOBAaHHS TECTOB BHIMVIAHT IOKa, BEPOSITHO,
6aefHO; K COXKAaJNEeHHIO, TAKOBHIM OHO B IEHCTBHTENLHOCTH M SIBJIAETCH.
Mbi y6eaunnuch, 4To o6e KpafiHOCTH HeyAOBJIeTBOPUTENbHEL. UT06H noc-
TPOMTL Pa3yMHYIO H SKOHOMHUHYIO CTPAaTerHlo, MBI HCIOJb3YyeM 3Jle-
MEHThl KaXJofi M3 HMX, BHIOMpasi TOUKY BHYTPH CNEKTPa HECKOJbKO
6auxe K JieBOMY ero Kosmy. O6 sToft cTpaterns peub nofzer B ra. 11,

UHTETPALIMA MOAVIIEA

BTopeIM N0 BaXXHOCTH aCNEKTOM TECTHPOBaHHsA (MOC]e NPOEKTHPO-
BaHMs TECTOB) SABASIETCA NOCJENOBaTeNbHOCTb CAMAHHA BCeX MoAyJel
B CHCTEMY WJIH nporpamMmy. 9rta CTOPoHa Bompoca OGLIYHO He noaydaer
JIOCTaTOYHOTO BHUMAHHS H YaCTO PacCMATPHBAeTCsl CJMIIKOM NO3JHO.
Brifop 3TOfi MOC/ENOBATENbHOCTH, OJHAKO, SIBJIAETCH OXHHM H3 CaMbIX
JKH3HEHHO BaXXHBIX peIleHHi, MPHHUMaeMbIX Ha Tane TeCTHPOBaHUS,
IOCKOJNbKY OH ompezensieT ¢opMy, B KOTOPOH 3alHCHIBAlOTCH TECTH,
THNbI HEOGXOAUMBIX MHCTPYMEHTOB TECTHPOBaHHS, MOCJAEA0BATENbHOCTD
nporpaMMHpPOBaHHsA MOAYJIeH, a TaKXKe TIaTeJbHOCTb H S3KOHOMHYHOCTh
Bcero srana tectupoBaHud. Ilo sToft npuunHe Takoe peleHHe JOMKHO
NPHHUMATBCA Ha YPOBHE INPOEKTa B LIEJIOM W Ha JIOCTATOYHO paHHEeH
€ro CTajuH.

Hmeercsi GoJibilioli BHIGOP BO3MOXHBIX MOAXOJNOB, KOTOphHIE MOTYT
GLITh HCTIONL30BAHK 1Sl CAMAHUS MOAYyJell B 6oJiee KPYNHBIE €AHHHLHL.
B 6o/bIIMHCTBE CBOEM OHM MOT'YT pPacCMaTPHBATbCSl KaK BapHaHTHI lue-
CTH OCHOBHBIX NOAXOJOB, OMHCAHHBIX B CJEAYIOIMX LIECTH pasfenax.
Cpasy e 3a HHMH HAeT pasfie]l, TAe NPENIOXeHHbe NOAXO/bl CpaBHH-
BaloTCA MO MX BJHSAHHIO Ha HAJIEXKHOCTb NporpaMMHoro obecneueHus.

BOCXOASIMEE TECTUPOBAHME

IMpu "BocxopsieM MoAXoAe Nporpamma cOGHpaeTcs W TecTHpyeTcs
cuusy BBepX. TO/IbKO MOAYJH CaMOro HHXKHEro yPOBHS (¢«TepMHHaJIb-
Hbie» MOAYJIH; MOAYJIH, He BBI3bIBAIOIIME APYTHX MOAYJel) TeCTHPYIOTCH
H30JIHPOBaHHO, aBTOHOMHO. Ilocsie Toro Kak TeCcTHpoBaHHe 3THX MOAY-
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Jieft 3aBeplLUeHO, BHI30B HX NO/XKEH ObiTb TAK XK€ HaJIeXeH, KaK Bbi30B
pCTpoeHHOR QYHKIHH A3biKa WIH onepaTop NpHCBaMBaHus. 3aTeM Tec-
THpYIOTCA MOLYJIH, HEMOCPEICTBEHHO BHISHIBAIOIIHE YXKe NPOBEPEHHbIE.
Sru MOLYJH Gosiee BHICOKOTO YPOBHSI TECTHPYIOTCS He aBTOHOMHO, a
pMecTe C YMe NPOBEPEHHbIMH MOAYJsMH GoJlee HH3KOro ypoBHs. ITpo-
jiecc NOBTOPSETC JO TeX Mop, NMOKa He GyieT AOCTHTHYTAa BepIIMHA.
3nech 3aBEpILAIOTCS M TECTHPOBaHHEe MOAYJEH, U TECTHPOBaHHE comps-
seHHI MPOrPaMMEL.

Ha puc. 10.5 usoGpaxkeHa CTPYKTypa MOAYJe# sarpysumka, cnpo-
eKTHPOBaHHOTro B 4acTi 2. Jlasi KpaTKOCTH MBI [IOMETHM MOAYJIH GyKBa-
MH. 3arpy3usK — mporpaMma HeoGbIMHas B TOM CMhIC/e, UTO Y Hero
TOJbKO OJMH TEPMHHAJBHLIA MoayJb — MoRyab H. Ilepsmiit mar co-
CTOHMT B aBTOHOMHOM TecTHpoBaHuH MoyJisi H. 3atem Moxxno napansiesns-
o TecrupoBath Mofyau C u G, ucno/b3ys yxXKe NpOBEPeHHHIA MOAYJb

A
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Mpumeuanuns

1. «3arpyauts mogynu BXDAMSla» ucrioneayer yHKUMM onepaquénno% cu-

cremot GET (43 BX®DAWNa) u GETMAIN (gns ssinenexnus namsrtu).

n GET (u3 BUBMPOT) u GETMAIN.

U aapec BbiAGNEeHHOro nons namsaTu.

2. «3arpy3uts moayns n3 BUSMPOM» ucnonbayer dyHkuum cuctemss FIND '

3. «BoiBeCTM nMCTMHF® ucnoOns3yet yHkumio cuctemsl PUT (s BBIXDAMT).

4, DneméeHr TBUM copepmut umsa, THn (MOAYNb, BXOA MNM BHEWH. CCbinKa)

5. dnement TMEPM co,qepugm.nomép cootsercTsy:ouiero snemextra TBUM

M agpec appecHol KOHCTAHTbI B MAMSATM.

-t

LU - Y B . 2

10
11
12
13

Bxos Buixop

TBUM, TMEPM, CCOOB
TBUM, TNEPM KO
TBMM, CCOOB KO

TBUM, TNEPM, CCOOb
TBUM, TNEPM TBMM, TNEPM, CCOOB
TBUM, ums, ™n, agpec TBUM, Homep an-ta, KO
TNEPM, Homep an-ta, agpec aap. TNEPM, KO

KOHCTAHTb!

TBUM

TBUM, onaxxok TOTOBO, wuma
H@3AMKH. BHEUH. CChINKU

TBUM, TMNEPM, umsa ~opyna

TBUM, TMEPM, CCOOB

cosnagaet ¢

conpsiKeHuem 6

cosnagaeT ¢

conpsiykeHuem. 7

TBUM, umsa snemeHTa

WUma, tvn, agpec, KO

cosnapzeT ¢

conpsmenuem 12
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Puc. 10.6. Iuarpamma PERT psisi HMCXOAAMEro TeCTHPOBaHHS.

H. Hdanee tecrupyiorca mMoayan D u F, sarem E, 3ateM B u Hakonen
A. Tak kak MOpPANOK TECTHPOBAHHMS TECHO CBA3aH CO CTPYKTYpoH
nporpaMMbl, AJsi [eJed NJAHHPOBAHHA JIETKO MOXHO HapHCOBAaTb
PERT-puarpammy (puc. 10.6).

[Tpu BoCXOASLIEM TECTHPOBAHHH AT KaXIOro MOAYJAS HEo6XoJum
Opatigep: HYXHO IOJAaBaTh TeCTbl B COOTBETCTBHH C COMPSIKEHHEM Te-
crupyeMoro MoAyJsi. OfHO M3 BO3MOXHBIX PellleHHA — HamucaTh s
KaXJ0ro MOAYJsl HeGoMblIyIo Belyulyto nporpammy. TecToBble AaHHbie
NpPeJCTaBJSAIOTCS KaK <BCTPOEHHBIE» HETOCPEACTBEHHO B 3TY NPOrpamMMmy
nepeMeHHbie U CTPYKTYPHl JaHHBIX, H OHa MHOTOKPAaTHO BBLI3HIBAaeT Tec-
THPYEMBIii MORYJ/b, C KaXKIbIM BbI30BOM lepejiaBasi eMy HOBbIE TECTOBLIE
JaHHbie. MiMeeTcs M Jyuilee pellieHHe: BOCIOJIBL30BaTbCSi NMPOTPaMMOik
TeCTHPOBAHHS MOAYJEH — 3TO HHCTPYMEHT TeCTHPOBaHMs, NO3BOJSIO-
IMH omuChiBaTh TECTHl HA CHELHAJbHOM sI3blKe M H36aBASIOMHHA OT
HeOGXOJMMOCTH NHcaTh ApaiiBepul. ‘B ra. 11 ynoMuHaeTcst HeckKoJbko
KOMMepueCcKH HAOCTYNHBIX NpOrpaMM TECTHPOBaHMsI MOLYJeH.

HUCXOASAIMEE TECTUPOBAHHE

Hucxonsimee tecrnpoBaHHe (HasbiBaeMO€ TaKKe HHCXOASIEH pas-
paborkoii [6]) He siB/sieTCS NOJNHOM NPOTHBONOJOMKHOCTHIO BOCXOAS-
IEMy, HO B NepBOM NPHOJHKEHHH MOXET pacCMaTPUBAThCS KaK TaKo-
Boe. [Ipu HuCXOZASAILEM MOAXOAE mporpamMma coGupaeTcsi H TeCTHpyeTcs
CBepxy BHM3. }30/IMpOBaHO TeCTHPYyeTCsi TOJIBKO TOJIOBHOH MOAYJb.
Tlocnie Toro Kak TecTHpoBaHHe 5TOTO MOLYJsA 3aBepLIEHO, C HUM COELH-
Hil0TCs (HampuMmep, DEeJAaKTOPOM CBf3efl) OAMH 3a APYTMM MOLYJIH,
HernocpeCTBEHHO BBI3HIBAEMBIE MM, H TECTHPYETCS! NOJyueHHash KOMOH-
Hauus. Ilpouecc moBTOpsiercst Ko Tex nop, Moka He GyAyT coGpaHsl i
TIpoBepeHbl Bce MOZAYJIH.

IMpn stoM moaxofe HeMELIEHHO BO3HMKAaeT JABA BONPoOCa: 4TO Jie-
J1aTh, KOrza TeCTMPYEMbIl MOAYJb BhLI3bIBAeT MOAYJb GoJiee HH3KOTO
YPOBHs (KOTOPOro B JaHHHIA MOMEHT €lle He CYLIECTBYET), H KaK Noja-
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[OTCS TecToBble AaHHpe. OTBET Ha MEPBHIA BOTNPOC COCTOHT B TOM, YTO
JIS MMHTAlHM QYHKUMA HEJOCTAOWMX MOAyJed MporpaMMHpYyioTCA
MOZY/IH-(3a2AYUiKU», KOTOPHIE MONEHPYIOT QYHKUHH OTCYTCTBYIOUIHX
Mozy/ieil. Ppasa «NPOCTO HAMHUIIKTE 3arJIyIIKy» 4acTO BCTpeyaercs B
omucaHHH 3TOro MOJAXOZJa, HO OHa cnoco6Ha BBECTH B 3abnyXAeHHe,
[OCKO/BKY 3a/lada HalHCaHHsA «3alJIyLIKH» MOXET 0Ka3aTbCA TPYAHOM.
Bexp 3araymka peiko cBogurcs mpocto K omepatopy RETURN,
[OCKOJIBKY BHI3bIBAIOUHA MOAYJb OGHIYHO OXKHJAeT OT Hee BhIXOXHBIX
napaMeTpoB. B Takux caydasx B 3aryyllKy BCTPaHBAlOT QUKCHPOBaH-
Hble BRIXOAHbIE JIaHHbIE, KOTOPHIE OHA BCErJa M BO3Bpalaer. dTo HHOrAa
OKa3blBAa€TCH HENpHeMJEeMbIM, TAK KaK BBISHIBAIOUIHH MOAY/b MOIKET
pacCUMTHIBATb, YTO Pe3y/IbTaT BbI30BA 3aBHCHT OT BXOXHBIX HaHHBIX.
ITosTOMY B HEKOTOPBIX CJAydasX 3arJyliKka A0J/KHA GbiTh JOBOJLHO H30LIL-
peHHOMH, NPHGIHKAFACH N0 CIOXKHOCTH K MORYJIIO, KOTOPLIA OHA MbITaeTcs
MOZE/IPOBATh.

Viutepecen u BTOpOHl BOMpOC: B KakoH (popMme FOTOBATCH TECTOBHIE
JaHHbIE H KaK OHM nepefarorcs nporpamme? Eciu Gbl roI0BHOM MOAY/b
CcoZiepKaJl Bce HyKHble onepalH BBOJA H BbIBOJA, OTBET OblI Ghl POCT:
TecThl MHIIYTCS B BHAE OOLIMHEIX /ISl MOJIb30BaTeJell BHEIIHUX JAHHBIX
H TepellaloTcsi NporpaMMe uepes Bhlje/leHHble e€ff ycTpoiicTBa BBOJA.
Tak, OlHaKO, cJIy4yaeTcs pefKo. B Xopolio cnpoeKTHPOBaHHO!M mporpam-
Me (H3HYecKHe omepalMH BBOJA-BbIBOAA BLINOJHAIOTCS HAa HHKHHX
yPOBHSIX CTPYKTYPHI, MOCKOJIbKY (M3HUECKHH BBOA-BBIBOJ — abCTpaK-
nus JIOBOJIbHO HHM3Koro ypoBHs. [lostomy miIs Toro, 4roGel pewmuTth
npo6/ieMy 3KOHOMHYECKH 3((EeKTHBHO, MOLY/IH AOOABJSIOTCS HE B CTPO-
ro HHCXOAAIIEH MOoCAeN0BaTeNbHOCTH (BCe MOAYJIH OXHOTO FOPH3OHTA/b-
HOTO YPOBHSI, 3aTeM MOAYJIH CJENYIOIIero ypPOBHS), a TaKHM oGpasom,
ytoGBl obecnedums pyHKyUOHUposanue onepayuti guauteckozo esoda-
sui600a Kax mosxcHo Goicmpee. Korzna sta nenb DOCTHIHYTa, HUCXOAsIEE
TeCTHPOBAHHE MOJYYaeT 3HAUUTEbHOE NPEUMYILECTBO: BCe AajbHeHIne
TecTH TOTOBATCA B TOH Xe ¢opMme, KOTopasl pacCUHTaHa Ha NoJb30BaTe/is,

Ocraertcq ele OAMH BOIPOC: B Kako# (opMe MUIIyTCH TECTHI IO TeX
nop, Noka He GyJer IOCTHTHyTa 3Ta meib? OTBeT: OHM BKJIOYAIOTCA B
HekoTopble u3 3araymek. [lokaxeM, kak 910 JiesaeTcs, Ha NpuMepe Ha-
[ero 3arpysuska.

ITpexcne Bcero Hy»XHO pelIuThb, KakK o6ecneyuTh GyHKUHOHHPOBaHHE
onepaluii BBOJa-BbIBOJA,— KJIOYEBOH BONPOC NPH BhIGOpe MoOC/EA0-
BaTe/bHOCTH cOOpKH MolyJsiel. B mporpamme sarpysumuka, u3oGpakeH-
poil Ha puc. 10.5, BxoaHble RaHHBe 4uTaloTcs Moayasmu D u E, a
BLIXOJHBIE JaHHble BhpabarniBaioTca MopyJdem C. Bcece HayuHaeTcss ¢
nporpaMMHpOBaHHsS ¥ TecTHPoBaHHA MORyAs A. Moayns A Ha camom
JIieJie MaJl, OH MPOCTO NOCJIENOBATENbHO BLI3BIBACT TPH APYTHX MOAYJS H
MOXeT TaK:e J00aBHTb OQHO HJIH HECKOJIBKO COOGIIEHHIH B CIHCOK c006-
weHui 06 omn6Kax, eciH TakoBhle 06HapyxuT Moayab G. Jas tect-
poBaHHS MOAYJs A JOMXKHO GbITb HANMMCAHO TPH 3arAyIIKK. 3arJyuka
BMECTO MOAYJsi B MOXET mpocTO BO3BPalllaTh 3amaceHHbe 3apaHee
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TBUM, TIIEPM ¥ cnucok coobieHuii. 3araylika BMECTO BXOJa MOJY-
aa G, 3aHHMalOIIerocss HaCTPOAKOH ajApecoB, MOXKET COAEPKaTb JMIUIb
onepaTtop Bo3BpaTa, a BMecTo moAy/as C — newaTaTb CBOM BXOJHLIE
napamerpul. [locko/bKy ciepyer TectupoBaTh H 06paGOTKY OWIHGOK B
monyJse A, HyXHH OfIHa MJIH HECKOJNbKO 3arayliek ais GpyHKUUM Ha-
CTPOMIKH aJipecoB — NpH BHI30BE OHM JIO/KHBI BO3BPAILIaThb KOJ COOT-
peTCTBYIOIIEH OWIMOKH. DTO yKasblBaeT HAa ONUH M3 HEJNOCTATKOB HC-
no/ab30BaHus 3araymiek. IIpy TecTHpoBaHUHM pa3/MYHBIX YCIOBHH B
nporpamMax 4acro Tpefyercsi, 4TOObl MOLYJ/b BblAaBaj pasHble HaGOPHI
BLIXOJHBIX HaHHBIX. EclM oXZHA u3 3arjylleK BBI3BIBAETCA TOJLKO
OJIMH pa3 3a Bce BpeMsl BHINONHEHHUS MPOrpaMMbl, MOXKET NOHAaXOGHTHCS
NOCTPOHTH HECKOJBKO Pa3HBIX BADHAHTOB 3arJylIeK BMECTO OXHOTO MO-
AyJIs H 3aTeM 3aMEHATh WX NMPH BHINOJHEHHUH KaXJOTo TecTa (MMeercs
W Apyrofi BapuaHT, KOTAa 3arJylIKa UHTaeT AaHHbIe U3 BHelllHero ¢afina).

Crnepyromuil war npH TeCTUPOBAHUH 3arpy34MKa — KaK MOMKHO CKO-
pee 1o6paThcsi 0 MOAYJel BBONa-BbiBOAa. 3arayuky C MoxHO y6paTh
M 3aMeHNUTb ee Hacrosimum moay/iem C. Tenepb aToMy MOAYJ/IIO HYXKHA
3arjiylika, HMHTHpYOUas (QyHKIMIO MOHCKA 3JIEMEHTa, BLINOJHAEMYIO
monynem H. Takasi saraywka morya Gbl MPOCTO BO3BpallaTh 3amnaceH-
Hblfl Ha0Op BBIXOJHBIX MAapaMeTpoB, HO 3TO MomewaJso 6bl HaM HCIOJb-
30BaTb BBIXOJHOH JIHCTHHT, BhipabaTeiBaeMblit MoayseM C, /st MPOBEPKH
pe3ysbTaToB OYAYIIUX TecToB. BoT noyeMy B JeHCTBHTENbHOCTH OHA
JOJDKHA BBINOJIHATh TY (YHKIHIO, KOTOPYIO MNBITAETCS HMUTHPOBATh.
Tenepb monyau A u C u saraywku aias B, G u H recrupyiorcs Bme-
cre. OTMETHM, YTO TECTHl — 3TO B JEHCTBHTENLHOCTH 3apaHee 3amaceH-
Hble pe3yJbTaTsl, Bo3Bpallaempie 3araylikoit B. ITockoabky B BbI3bI-
BAeTCsl TOJIbKO pas, NpH TeCTHPOBAaHHH MORYJA C MOXeT NOHAaNOGUTLCS
MHOTO BapMaHTOB 3arJylleK, MPeACTaBJAsIOMHUX MOAY/Ib B A pasHbix
Bepcuii TBUM, TIIEPM u cnuckoB cooOLieHHH.

Ha ‘cnenyiomem uiare fo6asisieM MoAyab B. 3arayumiku, ucnoJb3o-
BaBILMeCs JJisi €T0 MOJENMPOBAHUSA, BEIGPACHIBAIOTCA, a 1Jisi MOAYyJel D
u E — po6asasiorcsi. [lociie Toro Kak sToT 3Tan TeCTUPOBaHHS 3aKOH-
UHTCS, BMECTO 3arymiku D mporpaMmupyercsi H NOAKJ/IOYAeTcs Ha-
crosimuéi MoAysb. Tenepb Heo6xoAuMMO [0GaBHUTb 3arJyWIKH I WC-
nosnp3yemeix uM Bxofio Moayneit G n H. Ilo-Buaumomy, Her mpocrtoro
croco6a WMHUTHPOBATh HYHKIMH STHX MOAYJEH, TaK UTO MPO 3aryIIKH
ANl HHX Jydile MPocTO 3a6hITh, a BMECTO 3TOrO HCMOJ/b30BaTh CaMH
MonyJu.

Teneps onepaunu BBofa-BbBOja PabOTAIOT, TAK UTO MOXHO FOTOBHTH
Tectel B ¢opme 3anuceii B BXPAWJle (uam, mpoue, Aas reHepauuu
TECTOB MOXKHO MCIOJIb30BaTh KoMmnuasTop). Temepb ckeJer sarpysunka
ynKkumonnpyer, XoTs Bce ele He HACTPAMBAIOTCs aJPECHbIE KOHCTaH-
Tbl U He 3aMBIKAIOTCS HUKaKMe He3aMKHYThle BHEIIHHe cChlIKH. OcTanoch
NOAKMOYNT 5TH (YHKIMH K 3arpy3uukKy.

Hucxopsamuii meton uMeer Kak HAOCTOMHCTBA, Tak H HEJOCTATKH
IO cpapHeHmI0O ¢ BoCXOAsuM. Camoe 3HAYHTENbHOE NOCTOUHCTBO —
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8 TOM, YTO STOT METOA COBMeELlaeT TECTHPOBAaHHE MOZXYJS, T€CTHPOBa-
#ue conpsKeHHA W 4aCTHYHO TECTHPOBaHHe BHEIIHUX QyHKuui. C 3TuUM
2Ke CBSI3aHO ApYyroe ero JAOCTOMHCTBO — KOTAa MOXYJMH BBOJA-BhIBOAA
yKe MOAKJIOYEHH!, TECTHI MOXKHO FOTOBHTb B yHoGHOM Buze. Hucxonas-
1Ml MOAXOA BHITOJEH TaKXe B TOM CJyyae, KOTJa €CTb COMHEHHS OT-
HOCHTEJIbHO OCYUW{eCmBUMOCMy, TIPOTPaMMbl B 1I€JIOM HJIM €C/IH B TPOEK-
T€ NMPOTPaMMbl MOTYT OKa3aThCsl cepbe3Hble AeeKTHI.

[IpenmyiiecTBOM HHCXOASILErO NOAXOAA OYEHb 4aCTO CYHTAIOT OT-
CyTCTBHE HEOOXONMMOCTH B JpaiiBepax; BMECTO JApafiBepoB BaM IPOCTO
ciefyeT Hanucatb «3arJayuwik». Kak ugurarenn cefiuac ymxe, BeposiTHO,
IOHUMAeT, 3TO NPEHUMYLIECTBO CIOPHO. '

Hucxoasauwmit MeTox TeCTHPOBaHHS HMEET, K COXKa/MeHHIO, HEKOTOPhIe
#egocraTkd. OCHOBHBIM W3 HHX SIBJSIETCS TOT, YTO MOAYJb PEIKO Tec-
THpYeTcsl NOCKOHa/MbHO cpasy nocje ero moakJouenus. Ieno B Tom,
Y70 OCHOBATE/JAbHOE TECTUPOBAHHE HEKOTOPHIX MOAYyJell MOKeT moTpe-
OoBaThb KpailHe H3oLIpeHHBIX 3ariyuiek. [Iporpammuct yacro pemaer
He TPaTHTb MacCy BPeMEeHH Ha HX NPOrpaMMHpOBaHHe, a BMECTO STOro
THIIET NPOCTHIE 3arJYIlK{ W IPOBEpSeT JNIUb YacTb YCJIOBHH B MOZYJIe.
OH, KOHeYHO, coOHpaeTcsi BePHYTbCH H 3aKOHUHTb TECTHPOBaHUe pac-
CMaTpUBaeMoro MonyJs nosxe, Koria yGeper sarayumiku. Tako# miaH
TECTHPOBAHUSl ONpeJeJIEHHO He Jydyllee pelleHHe, MOCKOJIbKY 06 OT-
JIOKEHHBIX YCJOBHAX 4acTo 3a6LIBaloT.

Bropoit ToHKH#I HefoCTaTOK HMCXOASALIEro MOAXOJAa COCTOHT B TOM,
4TO OH MOXET [OPOAHTb BEPY B BO3MOXHOCTb HauaTb MPOI'PaMMHPOBa-
HHe M TEeCTHPOBaHME BEPXHEro YPOBHs NpPOrpaMmbl JO TOro, KaK BCA-
nporpamMma GyJeT NOJIHOCTBHIO CINPOEKTHPOBaHa. DTa ules Ha NepBhlil
B3IVIAJ KaXKeTcst 9KOHOMHYHOH, HO OObIYHO JeJIo OOCTOMT COBCEM HA060-
POT. BOJILLIMHCTBO ONBITHBIX MPOEKTHPOBILHKOB IPU3HAET, UTO POEKTHU-
poBaHMe NporpamMMmbl — MpoLEcC WTepaTUBHBIH. Peiko nepBblfi NMpoekT
OKasbiBaeTcsl coBeplieHHbIM. HopMmajbHBIE CTHIL NPOEKTHPOBAaHHS
CTPYKTYPHl NpOrpaMMbl IpeANoJaraeT no OKOHYAaHHH [IPOEKTHPOBaHHS
HIDKHHX YDOBHeil BepHYTbCS Ha3al M MOANPABHTb BEPXHUIl YpOBeHb,
BHECHl B HEr0 HEKOTOpPble YCOBEPLIEHCTBOBAHHSA UM HCNPABJAS OIMOKH,
Jn60 MHOrAa JAaxe BhIOPOCHTb NMPOEKT M HayaThb BCE CHayaJa, NOTOMY
yTO pa3paboTYuK BHE3amHO YBUAEJ Jayuliuil moaxon. Ecau xe rosoBuas
YyacTb IporpaMMbl yXKe 3anporpaMMHpOBaHa H OTTECTHPOBaHA, TO BO3-
HHUKAeT Cepbe3HOe CONPOTHBJEHHE JIIOOBIM YJYYLIEHUSM ee CTPYKTYPHI.
B koHeuHOM MTOre 3a CueT TaKHX Y/JYyulleHHH OGLIYHO MOMKHO CIKOHO-
MuTb GOJIbllle, YeM Te HEeCKOJNbKO AHel W/IH Helesb, KOTOphbie PacCYHThI-
BaeT BHINTPAaTh MPOEKTHPOBIIUK, NPHCTynas K NPOrpaMMHPOBAHHIO
"CJIMIIKOM PaHo.

MOJHOULHPOBAHHDbIA HHC.XODJIIHH“ METO]

Hucxopsmufi nogxon HMMeeT elle OAHH CYLIECTBEHHBIH HEJOCTATOK,
KaCAIOLWHICA NOJHOTH TecTHpoBaHus. [1peanonoxum, 4to ecTb Gonbluast
fnporpaMma H rje-To O/iMKe K HHXXHEMY €€ YPOBHIO HaXORHTCS MOAYJIb,
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_ApeAHa3HAYEHHBIA MV BBIYHCJAEHHS KOPHEH KBaJApaTHOTO YpaBHEHHUS.
Jlns 3ajlaHHbIX BXOAHBIX nepemeHHbX A, B n C oH peilaer ypaBHeHHe

AX*+BX+C=0.

Ipyu NpOEKTHPOBAHHH H NPOTPAMMHUPOBAHHH MOAYJISI C TaKOH dyHKIHEH
pcerjaa Cjaefyer NOHMMATb, YTO KBAaJpaTHOe ypaBHEHHe MOXeT HMeTh
Kak jeficTBHTeNIbHBlE, TAK U KOMILVIEKCHBle KOpHH. JlnA MoJHOH peanu-
3auuy 3T0i QYHKUHH HeO6X0JAuMO, YTOOH pe3ysIbTaThl MOIVIH ObiTh JAeii-
CTBUTEJIbHBIMH HJIH KOMIJIEKCHBIMM WHCJIaMH (HJIH, €CJIH JOTOJIHHTE/ b~
Hble 3aTpPaThl Ha HaxoXJAeHHEe KOMINVICKCHBIX KODHEH He ompapjaHBL,
MOAYJIb JIOJKEH 10 KpaliHelf Mepe BO3BpallaTh KOJ OMIMOKH B cilyuae,
Korja BXOAHble KO3(QUUUEHTH 3aJal0T ypPaBHEHHE C KOMIIJIEKCHBIMH
kopHamu). IIpeAnosoKuM, YTO KOHKDETHBHIH KOHTEKCT, B KOTOPOM
HCTIOJIb3YETCSl MOAYJ/b, HCKJIOYaeT KOMIIIEKCHHe KOPHH (T. €. BhI3bl-
BalOlMe MOAYJH HHKOTAA He 3aJaloT BXOAHHIX NAapameTpPoB, KOTOpLie
npuBesy 6bl K KOMIJIEKCHbIM KOpHsM). Tlpu cTporo Hucxoasimem metose
HHOTZia OblBaeT HEBO3MOXKHO TECTHPOBATh MOAYJb ISl C/ydasi KOMILIEKs
CHBIX KOpHe#l (WM TecTHpPOBaTh OLIMGOUHBIE YCJAOBHS). MOXHO MOMNbI-
TaThCA ONPAaBABIBAaTh 3TO TEM, YTO, MOCKOJLKY TaKoe YpaBHEHHe HHKOTAa
He GyJeT JaHO MOAYJIIO, HUKOTO He JHOJIKHO 3a60TUThb, PaboTaeT M OH H
B 3THX cayuasx. Jla, sTo 6e3pas/iMyHO cefiuac, HO OKaXeTCsl BaKHLIM B
GynyiieM, KOTAA KTO-TO MOMBITAETCS HCMO/b30BaTh MOAYJ/b B HOBOH
nporpamMMme WJIH MOAUGHHHPOBATbL CTApPYIO NMPOrpaMMy TakK, YTO CTaHYT
BO3MOXXHBIMH H KOMILJIEKCHBIE KODHH.

Sra npobnema NposiBasieTcss B pa3HooOpasHbix ¢gopMax. [pumensia
HUCXOJsilllee TECTHPOBAHWE B TOYHOM COOTBETCTBHM C NpeAblIYILHM
pas;JioM, 4acTO HEBO3MOXKHO TECTHPOBATb ONpPEE/IEHHEE JIOTHYeCKUe
YC/IOBHsI, HanpHMep OIIHGOYHbE CHTYalMH HJIH 3allMTHBIE NPOBEPKH.
B nauane cnpoekTupoBaHHOro B Ii. 8 MOAyJsa 3arpysudka OblIM Mo-
MellieHsl YeThIpe 3aliuTHbie npoBepkH. [TpoBepuTh 3TOT QparmMeHT mpn
HUCXOASIIEM TOJXOAE HEBO3MOXKHO, TOCKOJNBKY OH paGoTaeT TOJILKO
TOrja, KOIZA PAacHOJIOKEHHBIH Bhille MOAYJ/b NMEPENaeT HeNONyCTHMbIE
BXOJHBIE JlaHHEIE (2 €c/IM pa3paGOTUHK BKJIOYHJ B MOAYJIb 3TOT (P)ParMeHT,
TO pa3yMHO MNpEANOJIOXKHTb, YTO OH 3aXOYeT TEeCTHPOBaTb TaKXe H
ero). Hucxoasmuii meroi, Kpome Toro, AeJaeT CJOXKHOH WM BooOlle
HEBO3MOXKHOH TpPOBEPKY HCKJIOUUTENbHBIX CHUTYalMid B HEKOTOPOM
MonyJe, ecniu mporpaMma paboTaer ¢ HHMM JIHUIb B OTPAHMYEHHOM KOH-
TeKCTe (3TO O3Hayaer, YTO MOAYJb HHUKOTZa HE MOJNYYHMT AOCTaTOYHO
Nonnbifi HaGop BXOAHBIX 3HayeHuH). Jlaxke eciiu TECTHPOBaHHE TaKo# CH-
TYaUuH B NpHHUHKNE OCYLIECTBHMO, 4acTO GbIBAaeT TPYAHO ONpENEJHTb,
Kakue MMEHHO HYXKHBI TECTbl, €C/IH OHH BBOASITCS B TOUKE NPOTPAMMSI,
YlaneHHo#t OT MeCTa NPOBEPKH COOTBETCTBYIOIIETO YCJIOBHS.

Meton, naskBaeMblit MOAM(UIHUPOBAHHEIM HHCXOSAIIMM MOAXOJIOM,
Pellaer atu npo6sembi: TpeGyercsi, YTOOB KaMIblli MOAYJb MpPOLUEJ
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AaBTOHOMHOE TECTHPOBaHHWE Nepej NOAKMOYeHHEM K mporpamme. Xorts
9T0 JNEACTBHTENbHO pelliaeT Bce INEpeYHCJEHHbIe MpobJaeMsl, 31ech Tpe-
6ylorcsi M JpafiBeprl, H 3aIVIyLIKH VIS KaXJAOTO MOAYJISI.

METO]J, BOJIbLIOr0 CKAYKA -

BeposrHo, cambiffi pacnpocTpaHeHHHIH MOAXOA K HHTErpalHH Mo-
RyJaefi — MeTol «6OJbILIOrO CKauyka». B COOTBETCTBHH G 3TUM METOJOM
KaXXABIA MOLYJb TECTHPYETCs aBTOHOMHO. 1o OKOHYaHMH TeCTHPOBaHHS
MolyJiefi OHM HMHTErPHPYIOTCH B CHCTEMY Bce Cpasy.

Merop 6OMIBILOTO CKayKa N0 CPAaBHEHMIO C APYTUMH NOAXOAAMH HMe-
€T MHOTO HEJOCTAaTKOB H MaJsIo HOCTOMHCTB. 3arJIyIUKH H JpaiiBephl He-
06XOAMMBL JJIs1 KaXKI0ro MORYJ/A. MoAy/iu He HHTErPHPYIOTCS IO CaAMOro
Moc/eXHero MOMEHTa, a 3TO O3HauaeT, YTO B Te€YeHHe AOJTOro BPeMeHH
cepbe3Hbie OIHGKH B CONMPSIKEHHAX MOTYT OCTATbCs HEOOHAD YKEHHBIMH.

Uto6ul npuMeHuTh MeToJ GOJBIIOTO CKaukKa K HalleMy 3arpysdHky,
CJeflyeT B3SITb BCE€ BoCeMb MOAYJEeH M TECTHPOBaThb HX HE3aBHCHMO.
3areM Bce BOCeMb MOAYJEH CJefyeT COEAWHHTb PEllaKTOpPOM CBsi3efl H
HayaTb TeCTHPOBaHHe BCEH MpPOrpaMMbl. 3aMeTHM, YTO NPH BOCXOAf-
IeM ¥ HHCXOZISMLIEM MOAXOJAaX KaXKIbli Pa3 MOAKJIOUAETCS TONBKO OAUH
MOAYyJb, H, ecqU oOHapyXkHBaeTcs olnNGKa, MNONO3PeHHe B MepBYIO
ouepefib NaflaeT Ha NOC/eNHHH AOGaBJEHHBIA MOAYJAb. Tak 4TO MeToj
6OJIBIIOT0 CKaYKa 3HAUHTENLHO YCJOXHSET OT/NafKy.

U Bce ke GoJbllON CKauOK He BCeraa HexkesareseH. Ecau nporpam-
Ma Maza (KaKk, Hampumep, IporpamMma 3arpysudka) ¥ XOpollo CIPOEK-
THPOBaHa, OH MOXET OKa3aThCsl mpuemJeMbiM. ORHAKO s KDYIHBIX
fiporpaMM Metoj, GOJIBIIOTO CKayKa OGRIYHO FyOHTeseH.

METOA CAHIABHUYA

TecTupoBaHue MeTonoM caHABHYA NPEACTaBJseT COO0H KOMIIPOMHUCE
MeXIy BOCXOISMIHM H HMCXOISUIMM MOAXOXaMH. 3ech JAeaeTcsi MHo-
NBITKA BOCNOJB30BaThCA JOCTOMHCTBAMM OGOHX METOROB, u36exaB
HX HEJOCTaTKOB.

Ilpn uCnonb30BaHHM 3TOTO METOAA OXHOBPEMEHHO HAYHMHAIOT BOC-
XoAsiiee U HHCXOJsllee TECTHPOBaHHe, cOGHpas NpPOrpaMMy Kak CHH3Y,
TaK H CBEPXY M BCTpeyasich B KOHIE KOHIOB rje-to B cepeanne. Touka
BCTPEYH: 3aBHCHT OT KOHKDETHOH TecTHpyeMofi mporpamMMmbl U JOJKHa
ObiTh 3apaHee ONpejiesieHa NPH M3Y4eHMH ee CTPYKTypsl. Hanpuwmep,
€C/IH Pa3paGoTYHK MOXKET NPeACTaBHTL CBOIO CHCTEMY B BHAE YDOBHSA
OpPHKIaAHBIX MOAYJel, 3aTeM YPOBHSI MOAyJel o06paboTKH 3amnpocos,
3aTeM YPOBHS NMPHMHTHBHBIX QYHKUHMH, TO OH MOXKET pelINTh NpHMe-
HATb HHCXOASIMA MeTo] Ha YPOBHE NPHKJaAHBIX Moaysell (mporpam-
MHDYA 3arayIKH BMECTO MOAYyJell o6paGoTKH 3ampocoB), a Ha oCTallb-
HBIX YPOBH$IX NPHMEHHTb BOCXOAALIMH METOL.

[TpuMeHeHHe mMeToja caHABHYAa TPYAHO NPOMJIIIOCTPHUPOBATH HA Ma-
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JIEHbKOM TpPOTpaMMe, TO3TOMY MPUMEpP C 3arPY3UMKOM SIECH HE MOMO-
eT. D10 Pa3yMHbIfi MOAXON K HHTerpamuyu GOMBIIHX NPOrPAMM, TAKHX,
KaK ONMEPAlHOHHAS CHCTEMA WM NaKeT NPUKJIAAHBIX NPOTpamM.

Merox caHfBHYAa COXPaHfiET TaKoe NOCTOMHCTBO HUCXOASIIETO H
BOCXOZAIIEr0 MOAXOMOB, KaK HA4yajJoO HHTErpPAllUH CHCTEMbl Ha CaMOM
panHeM 3Tane. [ToCKoJIbKy BeplIMHa MPOrpaMMEl BCTYmaer B cTpodl pa-
HO, MBI, KAK B HHCXOJfleM METOJlE, y»Ke Ha paHHeM sTane Mojydaem
paGoratoutiit kapkac nporpammsl. [Tocko/IbKy HHXXHHE YPOBHH NpOrpam-
MBI CO3JI0TCSl BOCXOASIHM METOJAOM, CHHMAIOTCS Te MpoGJemMsl HHCXO-
IALIETO METOAd, KOTOphle GbLIM CBf3aHHI C HEBO3MOXKHOCTBIO TECTHPO-
BaTb HEKOTOpBIE YCJIOBHAl B IJIyOHHE MPOrpPaMMbl. ‘

MOAH®ULIMPOBAHHBIA METOA CAHABHYA

[pu TecTHpoBaHHH METONOM CaHABHYA BO3HHMKAeT Ta e npobieMa,
4TO0 M MPH HUCXONSALIEM MOJAXOAE, XOTH 3/leChb OHA CTOUT HE TaK OCTPO.
IMpo6iema 3Ta B TOM, YTO HEBO3MOXKHO JIOCKOHAJIbHO TeCTHPOBATh
OTZe/IbHLIE MOLYJIH. BOCXOAAMME 3Tan TeCTHPOBAHHS MO METOAY CaHI-
BUUA pelaeT 3Ty npobieMy IJIsi MOAYJeH HUXKHHX YPOBHEH, HO OHA
MOXKeT INO-NPEXKHEMY OCTaBaTbCs OTKPHITON JJIi HHXKHEH MOJOBHHBL
BepXHe# yacTH nporpaMmbl. B MopudHUHpOBaHHOM METONE CaHABHYA
HHXXHHE YPOBHH TaKXXe TECTHPYIOTCA CTPOTO CHH3Yy BBepX. A moay.au
BePXHUX YPOBHeH CHauajla TeCTHPYIOTCSl H30JHUPOBAHHO, a 3aTeM CcoOu-
paroTcs HUCXOAAIUM MeTofioM. Takum o6pasoM, MOAH(UILHPOBAHHBIH Me-
TOJl CaHABHYA TAKXe MPEJACTaBJ/sAeT COG0H KOMIIPOMHCC MEKAY BOCXOAs-
UMM H HUCXOASILUM NOAXOJaMH.

yTo dIlY'-lll.lE?

TpynHo olleHUTH 3TH IIECTh CTPaTeruil U HAHTH JYYLIYIO, MOTOMY YTO
«HaWJyqniniiy NOAXOJA 3aBUCHT OT KOHKpEeTHOH OpraHusaluu H KOH-
KperHo#t nporpammbl. C TOYKH 3peHHsI HaJEeXKHOCTH INPOIPAMMHOrO
obecrieyeHus1 3TH CTPATETHH MOXKHO OLIEHHTD N0 BOCbMH KPHUTEPUSM, KaK
nokasano Ha puc. 10.7. IlepBrlit KpuTepuii — BpemMa 10 MomeHTa cGop-
K1 MoptyJ/iefi, MOCKOJIBKY 3TO BaXKHO V15 OGHApYKEeHHUs OUGOK B COTpSi-
HKEHHAX U MPEeANoJIOKEHHAX MOLYJel o cBoHCTBAaX APYr apyra. Bropoi
Kputepuii — BpemMs 0 MOMEHTa CO3[aHMS MEPBLHIX paboOTaOMUX «CKe-
JIETHLIX» BepCHH MPOrPaMMBl, OCKOJIbKY 3eChb MOT'YT NPOSBUTBCS IJIaB-
Hble nedekThl NPOEKTHPOBaHUsi. TPeTHI W YeTBEPTHIN KPUTEPUH KacaioT-
Cs Bonpoca 0 ToM, HeOGXOAMMBI JIH 3arVIyWKH, APaiiBephl U APYrHue HH-
CTpymentnt TectupoBanmsi. Ilatbifi Kputepu#ft — Mepa napajennsma,
KOTophiff Bo3moxkeH B Haualle W/IH Ha PAHHUX CTaJMsAX TECTHPOBAHHUS.

O HMHTepecHBIil BOIPOC, NMOCKOJbKY HEOOXOAMMOCTb B pecypcax (T. e.
Tporpammucrax) o6LIMHO AOCTHraeT MHKa Ha STanax NPOeKTHPOBaHHS H
Tporpammupopanus Moayseil. ITosToMy BakHO, YTOGH BO3MOMHOCTH
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. | Modupuan- | Memod Memod MZf:%'
Bocxodauui| Hucxadaaqud| posanneii | onsuwoeo emo, 4
Hucxadsuyul | crayvra candeua memod
4 cardsuva
Coopra Pario Pano Paro Nozdro Pirro Pario
Bpems: do nossnernus .
PRbOMAIE20 SapIENTIE Toséwo Paro Paro flosdwo Paro Paro
TDO2PAMMS]
HYyxcrsl au gpadeepsi
(HOBS1O TIPOSPAMME] Ja Hem La Aa Yacmavwo | 4a
una 20/m0881€ UHCTPY-
MEHMSL) ?
Hywcrst nu saenyand ? Hem da da Aa Yacmuywo | Yacmuymo
Napannendsm & Cpednud | Craberi | Cpedwud Bsiconuid | Cpedwuiz | Beicoxuti
wayane paldomst .
Bosmocrocms mecmupo- | flezro b Aezko Tpyino Cpedne Jeeko
8ants OMIENsHsIE Nymu .
BOIMONCHOCITIS NACHEPDO - '
sams u rormponuposams | J1eeK0 Tpydro Tpydno Sezxo Tpydwno Toydno
710CAE008QMENBHOCITIG
Hesgpgpenmusnocms CIumaemen wecyecmecnmod

Puc. 10.7. Konnuectsennas oleHka HOAXOJ0B K cGOpKe.
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napaJlyie/IbHOTO TeCTHPOBAHHS MOSIBHJACH G/IHMKE K Havaly, a He KOHLY
LMKI3a TECTHPOBAHHS.

[llecroft KpuTepui CBfi3aH C OTBeTOM Ha OOCYXJaBluHuificd paHee
poTIPOC: BO3MOXKHO JIH MPOBEPUTD /000t KOHKpeTHHIi nyTh H Jioboe
ycjioBHe B nporpamme? CelbMOH KpHTEPHH XapaKTepH3yeT CJIOXKHOCTb
[aHHPOBAHHSA, HAJA30Pa M yNpaB/eHHs B Mpolecce TeCTHPOBaHUsS. IT0
¢Bf3aHO C OCO3HAHHEM TOro ¢aKTa, 4TO TECTHPOBAHHE, KOTOPHIM TPYIHO
ynpaBJsTh, YaCTO BEJET K HEJ0CMOTpaM H ynywmenusm. - [locnenunit
KpUTEpHil OUEHWBAET CTeNeHb IePepacXoia MAIIHHHOTO BPeMEHH:
JUIIHKE TIPOTOHBI PaHee NPOBEPeHHBIX mporpamM. Bpems or BpemeHH
paszaloTcsi BO3PaXKeHHs NPOTHB HHCXOMSIIETO MOAXOJA B CBS3H C TeM,
yTo TECTHPOBaHHE HMXKHHX MOAYJeld TpeGyeT MHOTOKPATHHIX JIMIUHHX
TIPOrOHOB TOJIOBHBIX MOAyJsed. OJHAKO 3TOT KPUTEPHii OTMEUEH KaK He-
cyuiecTBeHHbIH. XOTs JIMUIHKE MPOTOHbI AEHCTBMTENLHO GbIBAIOT HEOG-
XOAMMBI, BO3MOXHO TaKxe, YTO BO MHOTHX C/lyyasX, KOTOpble KaXXyTcCs
JIMILHAMH, B Je¥CTBHTENBbHOCTH BOCCO3JAIOTCS HECKOJBKO PasHble YCJIO-
BHsi. DTH MPOTOHEI MOTYT BCKPHITb HOBHIE OIIHOKH, TpeBpauiasi TaKUM
06pa30M HeIOCTaToOK B JOCTOMHCTBO. Ilocko/bKy aToT sdpeKT HelocTa-
TOYHO OCO3HaH, MBI HM IpeHeOGperaeMm.

Tenepb OLEHMM HAIIH IECTh NMOAXOLOB C MOMOIIBIO NepeyHC/TeHHBIX
BocbMH KpHTepHeB. Kak yxe roBopHJoCh, Takas OLIEHKAa 3aBHCHT OT
KOHKPETHOTO NpoeKTa. B kauecTBe HCXOAHOTO MpUOGMHMEHHS IS BbI-
TIOJIHEHUsl BalIUX COOCTBEHHBIX OLIEHOK NpHBeJieH BapHAHT OyeHb IpyGoii
onenku. [Ipexne Bcero ciieyeT B3BECHTb OTHOCUTENIbHOE BJIUSTHHE KaxK-
JIOrO U3 BOCbMU KpUTEpPHeB Ha HaJeXKHOCTb NPOrpaMMHOT0 0GeCTIeueHHU .
Pauusis cOopka # paHHee moJydyeHHe paboTaioilero Kapkaca nporpam-
Mbl, a TaKXe BO3MOXHOCTb TECTHPOBATb JiOOble KOHKpPETHbE YCJIOBHSA
NpefCTaB/sAIoTCS HanboJiee BaXKHBIMH, TIO9TOMY UM JaeTcsi KoahduilueHT
3. C AKHOCTb NOATOTOBKY 3arIyllieK, a TaKXKe CI0XKHOCTh MIaHUPOBa-
HHS W ynpasJ/ieHHs MOC/eJ0BaTebHOCTBIO TECTOB TaKXXe BaXKHbI, 103TO-
MY OHH mostyqaioT Bec 2. Tpetuit KpuTepHii, He0O6XOAHMOCTb JpafiiBepoB,
HmeeT Bec 1 BBHAY JOCTYNHOCTH OOLIMX HHCTPYMEHTOB TeCTHPOBaHHA.
Kpurepuii, cassanubiil ¢ mapaniennsmoM paGoThl, Takxe Hmeer Bec 1,
NOTOMY 4TO, XOTSi OH, MOXeET OblTb, W BaxKeH 0 APYruM NMPUUHHAM, HA
HaJIeXKHOCTh CHJIbHO He BJHsieT. BocbMo# kputepuit nosnyyaer koaddu-
LHEHT HYJb.

Ha puc. 10.8 nokasansl pe3y/bTaTHl 3TOi OlleHKH. B Kaxao# rpage
Tab/iuus Bec GepeTcsi O 3HAKOM IUTOC WM MUHYC TIHGO He YUUTBIBAeTC,
B 3aBHCHMOCTH OT TOTO, GarompuaTHO, HeGaaronpuaTrHo Hau Gespas-
JIMYHO MpOSIB/ISIETCAA COOTBETCTBYIOLIMH (GAaKTOp MPH paccMaTpHBaeMoOM
lonxone. MoaMUUHPOBaHHLIH METOX CAHABHYA H BOCXOASLIMH Me-
TOX OKaskIBaIOTCA HAMJYYIIHMH IOAXOAAMH, 8 METOA GOJIBILOTO CKauKa—
Hanxynumm. Ecau cnioco6 oleHKH oKasbiBaeTcsi G6IM3KUM K Baulefi KOH-
KPeTHOM curyanuu, ciieflyeT peKOMeH0BaTh MOXHMHIMPOBAHHBIN METOX
CaHNBHYa a5 TecTHPOBAHMSA GOJBLIIMX CHCTEM WJH TPOrPaMM M BOCXO-
AWK foxxox JVIsS TECTHPOBAHHS MPOTPAMM MAJBLIX M CPEIHHX.



Modugage- |  Memod . Memod Modugpugu-
Bocxodsugus \Huexodauuil | posanneid | domsuroco s”’” P”“”’;”
Bec ucxodamui| cnavna | CPHOOKYE a;;/eng o
3 Coopra Patio Paro Paro 103340 Pavio Paro
+ + + - + +
. Bpema do posienenus: .
3 padomargezn sapurnma Moo Paro Paro Tloadro Paro Pano
npOpaAMMBl - + + - + +
Hywewsr mu goadeeps -
1 (if”oea/e /r,weppawmz Aa Hem /24 da Wemaywo | Az
unu 20mossIe GHETDY- — + — -_— -
MeHmesl) ?
2 Hyovcrer mit saenyuune ? - Hem Aa da Aa Sacmuvwo | YacmudHo
+ - — —
1 7aparneniss & Cpeduuit Cnabesrid Cpeduiis Berconull | Cpednuid Bsicomud
wayane padoms - + +
3 Bosmoscrocms mecmapo- | Jlezno Toydwo JSezio Jlezno Cpedve Searo
sams omdemnsie nymu + - + + +
Boamocrocms naanupo- .
2 8am U KONTPONUIPOEAMS Seexa Tpydno Tpyra Seeno Tpyono Tpydno
nocnedesamenshocms - — + — -
0 Hesgpepe RITLHOCTS Cvurmae nes Kecywecmeentod
Beezo +6 —1 +4 -3 +4 +7

Puc. 10.8. BspelueHHas OLEHKa NOAX0A0B K cGopKe.
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AKCHOMBI TECTUPOBAHHUS

Tlpexjae uyeM nepeiiTH K TeXHHUECKHM acleKTaM TeCTHPOBaHHA
nporpamMmHoro obecrnedeHus, cieayeT o6CyAUTb HEKOTOPhIE W3 BaXHefi-
IMX aKcHoM TecTHpoBaHHs. OHM NPUBENEHH B HACTOSILIEM pasjefie H
ABJAIOTCA QYyHAAMEHTANbHEIMH TIPUHIUNIAMH TECTHPOBaHUA. ITOT COH-
COK HETOJIOH, elle O HeCKOJILKHX aKCHOMaX F'OBOPHTCS B COOTBETCTBYIO-
UIMX MECTaX OCTaBIUIMXCS IJIaB 4yacTd 3.

Xopour mom mecm, a5 KOmMopoeo 6bICOKA 8epOAMHOCHL 00HAPYHCUME
owubKy, a He mom, Komopuili OemoHcmpupyem npasurvhyo pabomy
npozpammet. Ita aKCHOMA ABJSETCH (PYHIAMEHTAJbHBIM NPHHILUIIOM Te-
CTHPOBaHMs, O HEM TOBOPUJIOCH B Hauyaje rjaBul. [lockodbKy HeBo3-
MOXKHO NOKasaTh, YTO NporpaMMa He uMeeT OWHGOK H, 3HAUMT, BCe
Takue MNONBITKH GeCIJIOAHBI, NPOLECC TeCTHPOBaHHUS NOJIKEH NpeACTaB-
JIsiTb OGO MOMBITKH OGHApYXKWUTh B POTpaMMe MpexJe He HalHNeHHble
OLIMOKH.

O0Ha u3 camoix cr0xcHbIX npobaem NPU MECMUPOSAHUU — peluums,
Koeda HyxcHo sakonuums. Kak yxe roBOpPUJIOCh, HCUEPNILIBAIOLIEE TECTH-
poBaHue (T. e. HCNBITAHME BCeX BXOAHBIX 3HAueHHil) HEBO3MOXKHO.
Takum 06pa3oM, NPH TECTHPOBAHUH MbI CTAJIKUBAaEMCS C SKOHOMHUECKOM
npoGyieMoli: Kak BLIGPATh KOHEYHOE YHCJIO TECTOB, KOTOPOE JaeT Mak-
CHMaJ/IbHYIO OTAauy (BEepOSITHOCTb OOHApyKeHHs OIIHGOK) AJs HNaHHBIX
3arpar. M3BecTHO CIMILIKOM MHOTO CJy4aeB, KOTJa HalHCaHHbLIE TeCThl
HMeNH KpaliHe Majlylo BepOATHOCTb OOHAapYKeHHs HOBBIX OIIHGOK, B TO
BpeMsi KaK JIOBOJIbHO OYEBHJHBEIE XOpOLIHE TeCThl OCTaBaJHUCh He3ame-
yeHHbIMH. JTa npobsema o6cyxkpaercsi NMoApobHee B HECKOJLKHX cJie-
LYIOUIHX IJIaBax.

Hegoamoscro mecmuposame 6010 cobcmeennyro npozpammy. Hn
OJlMH NPOTPAMMHUCT He JOJIKEH MbITaTbCs TECTHPOBATh CBOIO COGCTBEHHYIO
fnporpammy. DTO OTHOCHTCS KO BceM (popMaM TeCTHPOBaHHs, KakK K
TECTHPOBAHUIO CUCTEMBl, TaK M K TeCTHPOBAHHIO BHEIUHHX (QYHKUHHA u
llaxe OTAeJbHBIX MOAYJIed. MHOTHe U3 JieXamuX B OCHOBE 3TOrO YTBEPXK-
JeHHsl TIPUYUH YXKE PacCMaTPHBA/IUCh B IVI. 8 NPH OGCYXKIEHHH POJH
YTeHHsi TeKcTa nporpammbl. TecTHpOBaHUe JO/KHO OBITb B BHICLIEH CTe-
NeHH pa3pyUIUTEIbHBIM TIPOLECCOM, HO HMeloTcs Ty6oKHe NMCHXOJOTrH-
YECKHe NPHUYUHBI, MO KOTOPBIM NPOTPaMMHUCT He MOMKeT OTHOCHThCS K
CBoeli coGcTBEHHOH Nporpamme Kak paspyuureab. JlonosHuresbHoe
AaBjieHUe (Hanpumep, KeCTKuil rpaduk) Ha OTAEJBLHOTO INPOTrPaMMHCTa
HJIH BeCb KOJIJIEKTUB Pa3paGOTUHMKOB MPOEKTa 4acTO MellaeT Hporpam-
MHCTY HJIH BCEMY KOJJIEKTUBY BLINOJIHUTL aieKBaTHoE TeCTUPOBaHHUe.
Bosnee Toro, eciium MOLy/Mb COBEpPKHT fedeKThI BCAEACTBHE KAaKHX-TO
OHMINGOK mepeBofa, AOBOJLHO BBICOKA BEPOATHOCTb TOTO, YTO NpOrpaM-
MHCT IonmycTuT Ty »Ke OlUMOKY nepeBoja (HanpuMep, HENpaBHJIbHO MH-
Tepniperupyer cneuuuKaiuH) U NpH NOATOTOBKe TecToB. Bce owmbku
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B €ro MOHMMAaHHH JAPYTHX MOAYJEH M HX CONPSKEHHH TaKXKe OTpassiTcs
Ha Tecrax.

TecTupoBaHHe BCerfa NOJ/KHA BF™OJHATh BHEIWUIHAS TPYMNna, KoTo- -
pasi B HEKOTOPOM CMBIC.i€ CTOMT OCOGHAKOM OT MPOTPaMMHCTa H MpPOeK-
Ta. BMecro Toro 4TtoGhl BEINOMHATb aBTOHOMHOE TECTHPOBaHHE MOJYJe
CaMOCTOSAITENIbHO, HPOrpaMMUCT JHOJKEH HMETb Habop TecToB, TNOA-
FOTOBJIEHHBIX Pa3paGOTYHKOM OJHOIO M3 MOZAYJEH, BBI3HIBAIOLINX Te-
CTHPYeMblfi MOAYJb (2@ MOXeT ObITh, aX€ BBHINOJHEHHBIX Ha MaIlHHe
H NpoBepeHHHIX STUM paspafoTuukom). KomnjekcHoe TecTHpoBanue
BCErJa JOJ/DKHO BHINOJIHATLCSI HE3aBHCHMOH Tpynnoi, HampuMep cre-
HHaIbLHBIM OTAENOM obecrmeucivsi KayeCTBa MJIM FPYNIOH NOJb30BaTe-
JIeH-R06POBOJBLEB.

. Heobxooumas wacme 6cakozo mecma — onucanue oNUOAEMbIX Boi-
X00HoLX OaHHbLX ual pesyavmamog. OnHa U3 CaMbIX PacrpOCTPaHEHHhIX
OWHOGOK NPH TECTHPOBAHHH COCTOMT B TOM, YTO PE3YJbTaThl KaXAOro
TeCTa He NPOTHO3UPYIOTCH 1O €ro BbiMoJHEeHHs . OXKulaeMble pe3yJibTaTh
HYXXHO omnpejeJsaTb 3apaHee, 4yToObl He BO3HHKJA CHTYalHd, KOTJa
«r/Jia3 BHAMT TO, YTO XO4yeT yBHAETb». UTOOGbI COBCEM HCKJOYMTH Ta-
KYI0 BO3MOXHOCTb, JIyyllle paspabaThiBaTb CaMONPOBEPSIOLIHECH TECTH
160 MOJBL30BaThCS WHCTPYMEHTaMM TECTUPOBAHUsl, CNOCOGHBIMH aBTO-
MaTHYECKH CBEPATh OXHAaeMble H (paKTHYECKHE DPe3yJbTaThl.

XoTa sra akcuoMa upes3BblUAfHO BaXKHA, WHOTAA, HanmpuMep, NPH
TECTHPOBAHHH MaTeMaTHYeCKoro nporpaMMHoro obecneyeHus, NPHXO-
JAuTCA JOMYCKaTh HCKJIIOUeHHsi. MaTeMmaTuuecKoe ImporpamMMmHoe oGecrie-
yeHHe o6/MajaeT TeM CBOMCTBOM, 4YTO BBIXORHbIE JaHHble SIBJSIOTCS
TOJIbKO MNPHUOJHKEHHEM TNPaBHJILHOTO pe3y/bTaTa. 3TO MPOUCXOLHT
¥3-32 HMCNOJIb30BAHHSI KOHEYHBIX BBIYMCJIHTEJNBHBIX MPOLECCOB BMECTO
‘0ECKOHEYHLIX MaTeMaTHYeCKHX MpPOLeccoB, H3-3a OMHUGOK OKPYrJ/eHus,
‘CBA3aHHBIX C KOHEUHO! TOYHOCTHIO MAlIMHHOHN apU(METHKH H HETOYHOroO
TIpeACTaBJIeHHA YHCeJ B JABOMYHOHM MallHHE, a TakXe OmnbGOK H3-3a
KOHEYHOH TOYHOCTH INPEACTAaBIEHUA BXOAHLIX JaHHBIX U KOHCTaHT.
TlosTOMY BO MHOTHX CJyYasix OKa3LIBAeTCs Bax<HOH He aGCOJIIOTHAsA TOY~
‘HOCTb, @ Koppeasauus owu6ok. Hanpumep, koraa matemaTHueckas
fporpamma BO3BpallaeT MacCHB YWCeJN, MOXET OKasaTbCH BaXKHbIM,
9TOGH BHIYHC/EHHOE pelieHHe GbiyIC TOUHBIM pellieHHeM ISt Ha6opa BXOJ-
HbIX JAHHBIX, aNNPOKCHMUPYIOUEro peasbHbie BXOAHHE naHHbe. [lo-
3TOMY NpPH TECTHPOBAHHH MaTeMaTHYECKOro nporpaMMHOro obecmeue-
HHMS MPOTHO3HPOBAaHHWE TOYHBIX BBIXOAHLIX NAHHBIX 3aTPYAHMTE/LHO.
JleTa/bHoe 06CyKAeHHE 3THX NPo6JIeM BEIXOIHT 3@ PAMKH JaHHOH KHHUIH.
Hx 063([)p] u GuOaHOrpadHio o 3TOMY BONPOCY MOXKHO HaHTH B pabote
Konu [T71.

Hsbezaiime Hesocnpousgodumbix mecmos, He mecmupyiime «¢ asemys.
Hcnonb3oBaHHe ZHAJJOTOBBIX CHCTEM HHOTAa MelllaeT XOpolleMy TeCcTH-
poBaHuio. [Insi TOro 4ToGel TECTHPOBAaThH MPOrpamMMy B MaKeTHOH CH-
cTeme, MPOTPaMMECT OOBIYHO AOJ/IKEH OQOPMHTb TECT B BHAE CrielHa/lbs
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Hoii BeAylleH nporpaMmbl HIH B Buje dai/ia TeCTOBLIX JaHHBIX. B ycuo-
pUAX AHajora NporpaMMHCT CJIMLIKOM YacTO BLINOJIHSET TeCTHPOBaHHE
«c JETy», T. €., CHAf 3a TePMHHAJIOM, 3a/jaeT KOHKpEeTHble 3HaueHus H
BLINOJIHAET MPOrpamMMy, YTOObI «MOCMOTPETb, YTO HOJYYHTCSI». DTO —
HepSILIMBAs ¥ 10 MHOTHM NPHYHHAM HeXeslaTelbHasi OpPMa TeCTHPO-
paHus. OCHOBHOH €e HENOCTAaTOK B TOM, UTO TaKMe TeCTbl MHMOJIETHDI;
OHH MCUYE3aloT N0 OKOHYaHHH HX BbINOJHeHUs. Besikuil pas, koraa npo-
rpaMMy TOHAaJOGUTCS TECTUPOBATb MOBTOPHO (HampHMep, INOCTE HC-
npasJieHusl OWHKGOK WK Tocsie MOAM(DHKAIINH), NpHIEeTCs NPULYMbIBATh
TeCThl 3aHOBO. :

TecTHpoBaHHe O6XOLUTCS CAMILIKOM JOPOro ¥ 6e3 3THX JOMOJHHUTEb-
HeIX pacxofioB. Hukoraa He ucnosib3yiiTe TecToB, KOTOPHIE TYT e Bhl-
6pacbiBaioTcsi (eC/Id TOJLKO NPOrpaMMa He TaKOBa, U4TO €€ caMy TyT
ke Hajio BhIGpocHTb). Bosiee Toro, TecThl cieayer JOKYMEHTHPOBAaTh H
XpaHHTb B TaKO# opme, 4TOObI KaxKAbIH MOT HCTOJb30BaTh HX NIOBTOPHO.

T'omogvme mecmbt Kak 04 NPABUALHbIX, MAK U Ol HENPAGUALHBIX
6X00HbIX OanHblx. MHOTHE TPOTPaMMHCTBI OPHEHTHPYIOTCS B CBOMX
TeCTax Ha «pa3yMHble» YCJIOBHsI Ha BXoZe, 3a6biBas O MOC/IEACTBUAX
OSIBJIEHHS] HENPEeRYCMOTPEHHBIX HJH OLIHGOYHbIX BXOAHBIX JAaHHBIX.
Onnako MHOTrHe olIM6KH, KOTOPHIE NOTOM HEOXKHAAHHO OOHAP Y KHBAIOTCA
B paboTalolMX NporpaMMax, MpPOSIBASIIOTCS BCJAEACTBHE HHKAK He Ipe-
JLyCMOTPEHHBIX JeHCTBHil moJib3oBaTesisi mporpammel. TecTh, npex-
CTaBJISTIOLIYE HEOXKUAHHbIE WM HeNPaBHJIbHLIE BXOJHbIE JaHHbIE, 4aCTO
Jyyume OGHApYKMBAIOT OIIMGKH, €M <MPaBHJIbHLIEY TECTHI.

Jemanoro usyuume pesysomame Kaxcdoeo mecma. CaMbie H30LLPEHs
Hbl€ TECThl HUYEro He CTOAT, €CJAH UX Pe3y/bTaThl YAOCTaUBAIOTCA JHLUB
Gersioro B3rJsifa. TecTHpoBaHHe MPOTpaMMbl O3HauaeT OoJiblllee, Hexe-
JI¥ BBINOJIHEHHE JOCTATOYHOI'O KOJIMYECTBA TECTOB; OHO TaKXKe Mpejrno-
JlaraetT H3y4yeHHe pe3yJ bTaTOB KaxKaoro Tectra. «[la, s yxe mpoeepsn
TaKyio CHTYalHlo, HO MaK020 KaK-TO He 3aMETHJ B BhIlaue»,— JOBOJIbHO
pacnpocrpaHeHHasl peaklMsi NPOTPAMMHCTa Ha OOHApYMKEHHYI0 HOBYIO
OIINOKY.

llo mepe mozo Kax uucso owubox, OOGHAPYICEHHLIX 8 HeKomopol
KOMNOHeHMme npoepammuoeo 00ecneqeris Yeeausueaemcs, pacment maxice
OMHOCUMEAbHAS BEPOAMHOCTb CYWECMBOBAHUS 8 Hell HeOOHAPYNCEHHbIX
Owwubok. IToT MNPOTHBOpEYalIMii HHTYMUHH (GeHOMeH, WIIoCcTpHpye-
MbiA puc. 10.9, o3Hauaer, uto OwWHOKH O6GPa3ylOT KJacTepH, T. €.
BCTpevatotes rpynnamMi. C pocToM 4mcia OImHGOK, OOHAapYXKEeHHBIX B
KOMIIOHeHTe Nporpammbl (Hampumep, B MOAYyJe, NoicucreMe, QYHKIHH
NOJIb30BaTe/s) YBeJIHYMBAETCSl TaKxkKe BEpPOSTHOCTh CYLIECTBOBAHHS B
3TOH KOMIIOHEHTE ellle He 0GHapyXeHHbIX oluGoK. Ecau npu tecTupoBa-
HUY JIByX Mopy/iell B HUX OGHapyKeHbl 0fHa U BOCEMb OILMGOK COOTBET-
CTBeHHO, KpuBas Ha puc. 10.9 mokasniBaet, 4To 1/l MOAYJIA C BOCbMbIQ
OH6KaMu BeposITHOCTb TOTO, YTO B HEM  €llle €CTb OIIMGKH, BBHIlLE.

7 Y -
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Beposmrocme cyuecmsosanus
Qoyeux owrabox

Yucno HaldenHsix owubon

Puc. 10.9. CoorHouieHHe MeXKAY OOGHADYKeHHLIMH H HeOGHApYKEHHHIMH OLIMGKAMH,

dror ¢eHomeH HaGMIOAAJCA BO MHOTHX CHCTEMaxX, B YaCTHOCTH B
onepaunonHo# cucreme OS/360 IBM. Ero nonnmaHHe CrnocoGHO NMOBbI-
CHTb KayecTBO TECTHPOBAaHHs, obecneuHBas OOPaTHYIO CBfi3b MEXIy
pe3yJbTaTamu NPOTOHA TECTOB H HX MNPOEKTHpOBaHueM. EciaM KOHK-
peTHasi yacTb CHCTEMbl OKaXeTCsl NMPH TeCTHPOBAHHH MOJHOH OWINGOK,
LISl Hee c/eAyeT MOATOTOBHTH JAONOJHHUTE/bHbIE TecThl. JIpyrumu cio-
BaMH, MPOBEPSTH 3TY KOMIOHEHTY HYXKHO TUIaTe/JbHEe, 4YeM ApYyTHe.

Iopyuaiime mecmuposanue CaMblM CrOCOOHOIM  NPOSPAMMUCITIAM. -
TecTnpoBaHue, H B OCOGEHHOCTH NPOEKTHPOBAHHE TECTOB,— STal B
paspaGoTke nporpamMMHoro o6ecriedeHMsi, TPeGYOmHi O0COGEHHO TBOp-
yeckoro noaxoja. K coxaseHHio, BO MHOTHX OpraHH3allUsAX Ha TeCTUPO-
BaHHe CMOTPST COBCeM He TaK. Ero yacTo CYHMTarOT pyTHHHOH, HETBOp-
4yecKoll paboTo#i, BC/AEACTBHE YEro KOJIJIEKTHUBBI, 3aHHMAlOLIHECH TECTH-
pOBaHHeM, YKOMIJIEKTOBAaHbl B OCHOBHOM HEOTIBITHBIMH WJIH MOJIOABIMH
nporpammucramd. OfHaKo NpaKTHKa NMOKaspiBaeT, 4ro GoJsiee npaBUJIb-
HbeIM Obio Obl caenath HaoGopot. [lpoekTHpoBaHue TecTOB TpeGyer
Jaxe GoJiblile TBOPYECTBA, YeM Pa3paboTKa apXUTEKTYpPhl H MPOEKTHPO-
BaHHe MNporpaMmHoro obecrieueHusi. Dyap y MeHs ajasa paGoThl Hap
NPOEKTOM HECKOJBKO TBOPYECKH OZapeHHBIX NPOrpaMMHUCTOB, s Obl 1O
KpaiiHe#l Mepe.NOJIOBHHY W3 HHX HalmpaBHJl Ha TeCTHPOBaHHe.

Cuumaiime mecmupyemocme KAatouesoll 3adated eauiet paspabomKu.
XoTs «TeCTHPYeMOCTb» U He (PUT'YPHUpOBaAJIa SIBHO B YaCTH 2, CJIOXHOCTb
TeCTUPOBaHHS NMPOTPaMMbl 3aBHCHT OT €€ CTPYKTYPhl M KauecTBa IpoeK-
THpoBaHusA. HecMoTps Ha To 4TO 3Ta CBA3b OCO3HAHA ellle HeJIOCTATOYHO
r1y60Ko, MOXKHO YTBEPXKIAaThb, YTO MHOTHE XapaKTEPHCTHKHU XOPOLIEro
IIpoeKTa, paccMatpuBaBlinecsi B ra. 5 u 6 (nanpumep, HeGosibiuHe B
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3HAUMTENIbHON CTENeHH He3aBUCHMble MOAYJH U HE3aBUCHMELIE MOJCH-
cTeMbl), YJIYUUIAIOT H TeCTHPYEMOCTb IPOTrpaMMBI.

Ipoekm cucmemol Goasicer Goimo maxum, 4mobor Kaxcdoii Modyae
N00KAOHAACA K cucmeme moabko o0ur pa3. MHoxkecTBo npo6/aemM BO MHO-
rux GOMBIIMX MPOTPAMMHBIX CHCTeMaX BO3HHKAaeT H3-3a HapylIeHHs
groil akcHoMbl. CuTyanus, Koria Bo BpeMsl UHKJ/A TECTHPOBAaHUS GOJb-
10H CHCTeMBI HEKOTOpLie MOAYJH MPHXOAUTCS TOAK/OUATh GoJiblie fe-
cATH pa3, He penkocTb. Kaxpasi BepcHsi TAKOTO MOAYJISI COAEPAKHUT ele
OIHY MaJIeHbKYIO JONOJHUTE/NbHYI0 DYHKUHIO, HEOOXORUMYIO JJiS TEKy-
mero YypoBHs cucreMbl. Ecau ciefoBaTh npaBu/IaM, ONHCAHHBIM B
ra. 6, ¥ TPOEKTUpOBaTh HeGOJbIIME MOAYJH, KaXIbIH H3 KOTOPBIX
BBHINOJIHSAET OTAENBHYIO QYHKIHMIO, 6OPOThCS € 3TOH MpoOJieModt CTaHeT
Jerue Y,

Huxoz0a He usmenatime npozpammy, 4mobel 06aec4umo ee mecmupo-
sanue. Hacto Bo3HHKaeT cobnasH M3MEHHTb NpPOrpamMmy, 4YTOGH GbLIO
Jerye ee TecTHpoBaTb. Hanpumep, mporpammucT, TeCTHPYS MOAYJb,
cofiepXKauMil LHKJ, KOTOPHIH JoyxeH moBropsaThest 100 pas, meHsier
€ro Tak, 4toObl HHUKJA ToBTOpAJcA TodbKOo 10 pa3. Moxer GuiTh, 3TOT
NpPOrPaMMHUCT M 3aHHUMAETCsl TECTHPOBaHHEM, HO TOJbKO APYrof Mpo-
TpaMMBl.

Tecmuposarue, Kax noumu 6cskas Opyeas OeameavHocms, OGOAHCHO
Hauunamecs ¢ nocmaroeku yeseli. Kak yxe roeopujioch, LUK TeCTH-
poBaHHs MOKOGEH MOJHOMY LUKJAY paspaboTKH mporpammHoro obecre-
yeHusi. TecThl JOJKHBI ObITH CHPOEKTUPOBAHLI, peau30BaHbI, MpOBe-
PEHBl ¥, HAKOHell, BhINOJIHeHB!. [103TOMY 3ajauu TeCTHPOBAHHUS TOMIKHEL
ObITh cHOPMYJIHPOBAHB Ha KaX<[IOM €ro sTame, HanpHMep A/t KaXKAOTo
KOHKPETHOTO THIa TECTHPOBAHHWS JOJIKHBI ObITh ONpefeseHbl OpPHEHTH-
pol (4ucs0 TpofineHHHIX NyTed, NPOBEPEHHBIX YCJOBHBIX MEPEXO0B
U T. L) u JoAs OlHO0K, KOTOPbie JOMKHBI ObiTh OOHApYXKeHbl Ha 3TOM
3Tane.
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raasa 11

TectupoBanue Mmoayas

\

B xaxaoM M3 WIecTH pacCMOTpeHHBIX B IVI. 10 MoAXoloB K TeCTHPO-
BaHHIO H c60PKe BHUMaHHe NPH TECTHPOBAHHU CHaya/na KOHLEHTPHPYeT-
s Ha OTJIEJTbHOM TIPOTPaMMHOM MoOAyJe. B cilyyae HHCXOASIIHUX METO-
JIOB KaX[plii TeCTHpYeMbli MOLYJb MOJKMIOYAeTCS K yXKe TecTHpOBaH-
HBIM MOJYJISIM CHH3Y, B C/ly4ae BOCXOAAMHNX — cBepXy. [ToGouHbM mpo-
ILYKTOM BCeX 3THX METOJOB, KpoMe MeToAa 6OJIbLIOro CKauka, sBJSeTCS
TECTUPOBAHHE CONPSIKEHHH.

Llesb TecTHpOBaHHs MOAYJIS /I NPOrpaMMHON KOMNOHEHTH ~— Hall-
TH HECOOTBETCTBHS MEXKIY JIOTHKOHA M CONpPSIKEHHSIMH MOAYJS, C ORHOM
CTOPOHBI, M €ro BHEUIHUMH crenupuKamusaMu (onucanueM QyHKuui,
BXOJHBIX H BBIXOAHBIX JaHHBIX U BHeWHUX 3(deKToB), C APYro# cTopo-
Hel. KoMnu/Isiuus MOAY/s TaKxke JOJIKHA pacCMaTpuBaTbCsl KaK 4acTb
npouecca TeCTUPOBAHHUS, NOCKOJIbKY KOMIHJIATOP OOHapyiKuBaeT 60Jb-
IIMHCTBO CUHTaKCHUECKHX OIINGOK, a TaKKe HEKOTOphHe CEMaHTHYECKHe
# JIoTHYecKue OIHOKH.

NPOEKTHPOBAHHE TECTA

s WITIOCTPallMd CJI0O2KHOCTH 3aJadyd NPOECKTHPOBAHHS TECTOB 5
YacTo B HavyaJ/ie KYpPCoOB M0 HAALXKHOCTH HpOI‘paMMHOI‘O obecrnieyeHUs a0
B KayecTB€ JAOMAILIHETO 3aJaHuf CJAEAYyIOULlyl0o 3ajady:

«Y MeHst ecTb HeGOJIbIIAS IPOTPAMMa, KOTOPas YHTAET TPH LeJbX YHCIa, IPeACTaB-
JA0LUX co6oil JVIMHBL CTOPOH TpeyronbHUKa. IIporpaMma HeclleflyeT BXOXHBIE JaHHBIG
H rlevataer cooGuieHHe O TOM, SIBJASIETCS JH TPEYTOAbHHK Pa3HOCTOPOHHHM, paBHOGeN-
DeHHbIM HJIH paBHOCTOPOHHMM. Hanuwinte TecTsl s MOMHOM MPOBEPKH NPOTPaMMbL.

dra mporpaMma TPHMBHAJ/bHA, a GOJIBLIMHCTBO CJyllarejed — mpo-
GeccuoHassl ¢ onbiToM pa6oTsl B 06/1acTi 06paGoOTKU AaHHBIX, H BCE 3Ke
Pe3ysbTaTel BCerja O4yeHb MNOKa3aTe/lbHbl, NOCKOJbKY 6OJbllas 4acTh
AyIUTOPHH TECTHPYET NPOTrpamMMy IJI0X0. DTO He CleAyeT paccMaTpu-
BaTb KaK KPHTHKY B HX aJpec; MPOCTO 3[eCh HarJsAHO HJIIOCTPUPYIOT-
Cl TDYAHOCTH NMPOEKTHPOBAHMSI XOPOLIMX TECTOB Aaxe M/ TPHUBHAJIb-
HoM mporpammel. [Ipexkse yem 4HTarh pajblue, MOJE3HO MNOMBITATHCS
Pewnts, sty 3ajauy caMOCTOSAITEJBHO.-
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Hanevarmaims
wPASHO- )
CTOPOKHHA

JIT0 HE

, »PABHO-
TPEYTOSIBHHN

CTOPONHMA

Puc. 11.1. Ilporpamma nJjsi 3ajaum O TpeyroJbHHKe.

Jlyquie aHa/lW3HPOBaTH NOJYYEHHble OTBETH, CONOCTABJIAA HX C
aJTOPUTMOM 3TOH nporpaMmsl, H3o6pakeHHHIM Ha puc. 11.1. O6pature
BHUMaHHe: 3JeCb HCNOJb3yeTcs OJMOK-cXema, XOTA B IVMI. 8 yTBepiKja-
JIoch, 4TO GJIOK-CXeMbl He SIBJISIIOTCS BaXXHOH YacTbiO JOKYMEHTaLHU
NP NPOEKTHPOBAHUU MporpaMMel. BJlok-cxema nosiBMJach 31eCh MOTO-
MY, 4TO OHA MOJIe3HAa NpPH TECTHPOBaHHY; OJIOK-CXeMbl OKa3biBalOT BO3-
MOXKHBIE YTH B nmporpaMme GoJiee HarJsfHO, 4e€M TEKCT NPOTpaMMBl Ha
HCXOHOM fA3bIKe caM mo ceGe. B 3Toii mporpamMMe muMmeercs TOJBLKO 8
PasMUHBIX NyTell, U3 Yero MOXKHO 3aKJIOYHTh, YTO KEeJIaTeJbHO HMETh
no KpafiHei Mepe BoceMb TeCTOB.

Crenytomufi mar npyu aHa/u3e TeCTOB — NpPEACTaBHTh cebe BO3MOXK-
Hble OIIMGKH B NpOrpaMme H NOCMOTPETh, KaK MHOTO cjyllaTesell Hali-
Jo Gbl 3TH omMOKH. 'MnorerHueckhe OMMOGKH MOXKHO MOJYYHUTb, yOu-
pasi oiHy U3 mpoBepokK B 6JI0K-cxeMe Ha puc. 11.1 Win Kakum-1u6o 06-
pasoM usMeHsis ee. Fla puc. 11.2 noxasaHbl HEKOTOpHIE THIMYHBIE JIO-
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[poyernm cay-
wameaned, Ko-
mopble Hawau
661 smy owubky

T'unomemuueckaa owubka

He nposepsetcs, cocrasnmoT nAM OTpesku 56
TpeyronsHuk

Buinonnserca toneko nposepka A < B--C 28
He nposepsercs pasxocTopoHHMt TpeyronsHmuk 84
He nposepsietrcs pasHoBeapeHHblii Tpeyronb- 95
HUK

BeinonHseTcs TONLKO OAHA npoBepKa pasHo- 46

6eapenroro tpeyroneHuka: A=B # C

He npoBepsieTcs paBHOCTOPOHHMII Tpeyronu- 100
HUK

Puc. 11.2, Hexotopbie pesy/bTaTsl TeCTHPOBaHHS POrPaMMbl JJIsl 3a/1aUd O TPEYTO/b-
HHKe.

THYecKHe OIWMOKH M MPOLEHT Cayluarenefl, KOTOpble OGHapyXu/au Gbl
‘9TH OWIHGKH C MOMOIIBIO CBOMX TECTOB.

3Has ypoBeHb ONBITHOCTH CJylLaTesell, TPHBHAJIBHOCTh IPOrPaMMbl
H TOT (aKT, 4TO YNPaXkKHeHHe BBHINOJHAJOCh B Kypce 1O HaJeXXHOCTH
MpOrpaMMHOro obecrieyeHds, MOXKHO ObLIO Gbl 0XKMAATh, YTO TECTHl Gy-
JYT JIOBOJIbHO NOJIHBIMH, OIHAKO, cyAsl mo puc. 11.2, meno o6crosiio
MHaye. Bce BK/IOUM/IM TECTHI AiA Ciyuasi paBHOGEIPEHHOTO TPEYToJb-
HHKa, HO YIMBHUTEJBHO BEHICOK NPOLEHT c/yllaTesell, KOTOphe He mpo-
BEPHJIN cay4asi TpeyTosbHHKa pasHocroponHero. ([IpuuuHa B TOM, uTO,
BEPOSITHO, BCe HaMepeBaJHCh NPOBEPUTb 3TOT CaAydal, HO MCMOJbL30Ba-
/1 BXOJHble HaHHble Bpoie 1—2—4, kKoTropble BOOOLIE He NOAXOAAT
AJsl TpeyroJibHHKa). XOTS NMOYTH BCE BKJIIOUHJIM MO KpailHeH Mepe 1o
OIHOMY TecTy /ISl clyyas paBHOGeApeHHEero TpeyroJbHUKa, 6osee mo-
JIOBUHEI cayllaTe/iel He MPOBEpPHUJIO Bce TPH KOMOMHALMH BXOJAHBIX JaH-
HBIX, KOTOpBHE MOIVIM OBl COOTBETCTBOBATb 3TOMY THNY OTBeTa (Hampu-
MEpP, OHH paccMaTpuBaJH cnyyait 2—2—3, HO YIIyCTU/IH cayyan 2—3—2
H3—2-9).

3aMerbTe, UTO CHaya/a NPOrpaMma J0JKHA NPOBEPHTH, ONMUCHIBAIOT
Il BXOAHblC JaHHBIe BOOOLle KaKOH-HHGYAb TPEYroJibHHK, MOTOMY YTO,



202 TIJL o1 TECTHPOBAHUE Monvaa

ecan Obl OHa neyarala «pa3sHOCTOPOHHMH» B OTBET Ha BXOJHBIE YHC/a
2—3—6, oHa pomyckana Obl OIHOKY (OTPeSKH C JIHHAMH 2—3—6 He
o6pasyioT TpeyroJibHHKa). IlaTbaecaT wiecTs NpPOLEHTOB ciymiaresei
NPOBEPHJIM 3TO NO KpaiiHed Mepe OXHHM TecTOM, HO TosbKO 28% cay-
1areJiefi NPOBEPHJIM BCe TPH IEPeCTaHOBKH.

Jpyrue pesy/bTaThl, He OTpaxkeHHHIe Ha puc. 11.2, Takxke BecbMa
noyuutenbHbl. IllecThiecaT opMH npoleHT caywiaTesneil He BbIIHCAJIH
OKHJIaeMbIX pe3yJ/IbTaTOB TECTOB, YTO YMEHbIIAET MX IUAHCHI 3aMETHTH
omubKy, faxe eciH TecT 0OHapyXUT ee. OnHH cayllaTe]b NPeJOKHI
6oJiee THICSIUH TECTOB, HO BCE e He 0GHAp YU/ HEKOTOPhble M3 THIIOTeTH-
ueckuX omHGoK. CeMblecsT NMPOLEHTOR CayliaTesell NMPOSBHIN JOCTa-
TOYHO 3]PaBOro CMHIC/MA M Nompo6oBa/jy MOAATh HAa BXOJE «MYCOp»
(Hanpumep, CUMBOJIbHLIE JaHHBE), HO TosbKo 37 % caylnareneii mccue-
JOBaJl¥ MOBeJeHHEe MPOrpaMMbl, KOTZa OHa NOJyYaeT Ha BXONe MeHee
Tpex uucels.

Jnsi npoBepKH cBoell KBanu(HKauMH B IIPOEKTHPOBaHHHM TeCTOB
nonpoGyifite HamucaTh TECThl A/IS NOANPOrpaMMEI, KOTOPAs BBIYHUCJSET
KOpPHH KBajgpartHoro ypaBHeHusi. [lonyuas Ha Bxope 3Hauenus A, B
u C, oHa HaxXoauT JBa 3HaueHHsi X, YNOBJETBOPSAIONIME YPaBHEHHMIO:
AX“—}-BX +C=0. CpaBHuTE CBOH pe3yJbTaThl C MPUBEACHHLIMM B KOH-
e TJaBHL.

CxaszaHHOe NPH3BaHO HPOMJIIOCTPHPOBATL TPYIHOCTb BBICOKOKaue-
CTBEHHOTO NMPOEKTHPOBAHHA TeCTOB. JIO/XHO CTaTh SICHBIM, YTO paspa-
6GoTKa TecTOB — TBOPYECKHi npouecc, TpeGyouuit He TOMBKO 0co6Oro:
HCKYCCTBa, HO H B HEKOTOPOM CMBICJ€ Pa3spyLIMTENbHOTO CKJaja yma.
Hmeercs1, onHaKko, HECKOJIBLKO POCTHIX MPAaBUJ, KOTOPBIMH MOXKHO HOJb-
30BaThCsl, YTOGEI COCTaBHTh Pa3yMHbIH Ha6op TectoB. OHH PEKOMEHAYIOT
CHayaJla pacCMOTPETb MOAYJb KaK uepHbifl SILIMK (JleBast IPaHMLA CIIEKT-
pa cTpaTteruii), a 3aTeM MCCJEIOBaThb ero BHYTPeHHee YCTPOHCTBO IJist
MOJTOTOBKH XOTOJHHTE/NbHBIX TECTOB. Ber IpoLecC COCTOHT M3 CJie-
JIYIOLMX YeThIpeX LIaroB:

1. PyxoBoAcTBysicb BHEWIHHMH crnelu(UKan¥sIMA MOAYJs, TNOAro-
TOBbTE TECT AJA KaXXIOH CHTyallUM H KaXKJOH BO3MOMKHOCTH, AJfl KaX-
Jofi rpaHunBl 06JsacTell JONYCTHMBIX 3HAYEeHMH BCeX BXOJHBLIX AAHHBIX,
obsactell M3MeHEHHS JAHHBIX, VISl BCeX HEJONMYCTUMBIX YCJIOBHI.

2. TlpoBepbTe TEKCT NPOrpaMMbl, YTOOH YOEAUTHCSA, UTO BCE YCJIOBHbIE:
nepexofbl 6YAyT BHINOJHEHH B KaXA( M Hanparsennu. Eciu Heo6xoau-
MO, J06aBbTE COOTBETCTBYIOLUIHE TECThI.

3. ¥Y6enurech Mo TEKCTY MPOrpaMMBbl, 4TO TeCTbl OXBATBHIBAIOT JOCTa-
TOYHO MHOTO BO3MOXKHBLIX myTted. Hanpumep, Mis KaXAoro HukJa aoJ-
)eH GLITh TeCT, COOTBETCTBYIOUMI MYyTH Ge3 BLINOJHEHHs TeJja LMKJA,
C ONHOKPATHBIM €r0 BLIIOJIHEHHEM M MaKCHMAaJbHBIM UYHCJIOM [IOBTO-
penui.

4. TlpoBepbTe 1m0 TEKCTY NpOrpaMMbl €€ YYBCTBHTENbHOCTb K OT-
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7eTbHBIM OCOObIM 3HAYEHMSIM BXOAHBLIX NAHHBIX M, €CIH HeoGXOAHMO,
J06aBbTE COOTBETCTBYIOLIME TECTHI.

[NepBuiit ar NPoeKTHPOBaHHUS TECTOB NpeANoJaraeT MNOLXOA K MO-
AYJIO KaK K 4ePHOMY SIIUKY U NOJy4eHHe TECTOB 3a CUET MaHHUMNYJISALU
¢ BXOJHBIMH JaHHBIMH MORY/s. FIMEHHO Ha 3TOM Liare B OCHOBHOM H Tpe-
6yroTcs TBOpUeCKHe CNOCOGHOCTH (OCTasbHBIE TPU lara, B OT/IMYHE OT
nepBOro, JOBOJIBHO MeTOAMYHH). ECHH 4HC/IO pa3jHYHBIX BXOIHBIX
3HaYeHUH MoIy/asi HeBelMKO (Hampumep, OLMH U3 NSATH 3ampoOCOB),
NPHTOTOBbTE TeCT AJS KaXKAoro u3 HHX. EclH BXOAHBIX mapameTpoB
HECKObKO M KaXKABIH MMeeT HeMHOTO JONYCTHMBIX 3Ha4eHWi, MPHro-
TOBbTE TECTHl A/l BCeX KOMOHHALME.

Boubie u3o6peraTtesIbHOCTH NOTpeGyeTcs B TOM c/ly4ae, KOraa BXof-
Hble JaHHbIe MOTYT IPMHUMATh 3HaYeHHs B IIMPOKOM JHana3oHe. Pasym-
Hoe pellleHHe — HamUcaTh TeCThl JJIsi NMPOBEPKH MOAYJA HAa 2paHutax
06/1aCTH JONYCTHMBIX 3Ha4yeHHiA ero BXOAHbIX JaHHEIX. Ecau obmactb
3Ha4YeHMH BXojgHoro mapamerpa or — 1.0 zo 1.0, npuroroBbTE TECTHI
JJIs 3TUX rpaHuu. B Takoil curyaimuu xenatesieH TaKKe TPeTHH TecT
¢ 0.0 Ha Bxope A/ OGHApYyXKeHHSI TaKHX OIIMOOK, KaK Je/eHHE Ha
Hyab. Eciu B Balllell BRIMUC/IUTENBHOH CHCTEME eCTh [Ba Npe]CTaBie-
HusA Hyaa (ogHo ans +0.0, a apyroe mas —O0.0), mpenycMoTpHTe o6a
Tecra.

Mmorue mporpaMmbl UMEIOT TaKXKe (YHKYUOHANbHbIE epanuybl. UTo-
Obl OGHAapYXKHTb TaKHe (YHKUMOHA/NbHBIE TPAHHIE, 4acTo Tpebyercs
OYEHb HANpsXKEHHO MOPA3MBIC/IUTb, HO 3TO OOLIYHO OKYMAaeTcs BBICOKOM
PesyJIbTaTHBHOCTBIO TecTOB. IIpenrosiokuM, 4TO TeCcTHpyeTCs MOLYJIb,
BLIMOJIHAIOUIMI BHYTPEHHIOIO COPTHPOBKY CHHCKAa BXORHBIX 3amuceil.
PyHKUHMOHA/IbHbIE T'DAHHIBI COOTBETCTBYIOT CJYydYasiM, KOTAA CIIHCOK
MyCT WJIH COZEPXKHT TOJNBKO OIHY 3amiChb, KOTJla BXOZHBIE 3aNUCH YXKe
OTCOPTHPOBaHbl HJIM UMEIOT ORHHAKOBbIe 3HAaYeHUS.

Bosppaniaemble MoxyJieM BBIXOAHBIE 3HAaueHMsl MOTYT IOKPHIBATh
HEKOTOPLIH (PMKCHPOBAHHBIH AManasoH (Hampumep, ueJble yucia ot |
J0 65535 uau cTPOKH JuTep ATHHOH ot 1 10 255 cumBoJIOB). YGeauntecs,
4TO y Bac ecThb TeCTH! JJIfl MPOBEPKH MOAYJ/S Ha TPaHHUAX AHaNa3sOHOB
€ro BBIXOIHLIX 3HaUeHHH. YUTHTe, UYTO He BCerja rpaHH4Hble BXOAHEHIE
SHaueHUs1 JalOT pe3yJbTaThl Ha IPaHHIE BHIXOAHBIX JHANa3OHOB.

Ocrajicst ofMH BOmpoC, OTHOCSAWMHACH K wwary 1,— TecThl A/s HeZO-
TlycTumblx ycaoBui. Ecnu TecTupyemblii MOAY/Ib crenytHUMPOBaH NoJ-
HOCTBIO, 0JIKHO OBITH ONpejie/IeHO ero NMoBefieHHe Kak ISl IPaBUJIbHBIX,
TaK U JNst HENPaBHM/IBHBIX BXOLHBIX JAHHBIX. XOPOWIMH TeCT IS Ta-
KOro cjyyas — Gnuxkafiiie 3Ha4eHHs] BHe TpaHULEB! 061aCTH JOMYCTH-
MBIX BXOAHBIX 3HAUEHHH.

lponsmocTpupyem nepBuifl [War Ha npuMepe TecToB MIsi QYHKUHH

TCHES sarpysuuka, CHPOEKTHPOBAHHONO B 4acTH 2. 3aTeM 3TH
TeCTBl GyayT momosiHeHHl Ha wuarax 2, 3 u 4. Bepuemcst K puc. 8.7 u
BCroMHMM BHewHue creuudukauuu u Teker nporpammsl MATCHES.
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Homep
meema

Bxodrsre danrsie

Oxetrdaemsiil pesymeman

ESTABLE sanonweno Hymamu

MATCHCODE = 2

UNRESNAME we usmersero

MATCHCODE = 0

ESTB 001
A i [ e o 02001 UNRESNAME we usreneso
ESTABLE we usmereno
3 MATCHCODE = 1
ESTB 001
S I UNRESNAME = ‘X’
X l ER | mult 1 ESTABLE we wsmererno
4 MATCHCODE = 0
ESTB I 002 _ " L UNRESNAME #e usmeneno
ABCDEFGH | ER | rull ESTABLE me wamenens, pome noas
ABCDEFGH | MD | 44444 Qdpeca Nepeceo INEMEHMA
= 44444
5 MATCHCODE = 1
T 06
EST I 0 UNRESNAME = "XXXXXXXX'
XX, MD | 00003 ESTABLE  wasrerumics monsko
Z ER | null NONS QEPECE NTEPEORG SAEMEHTIE
XX ER | null = 00022
XXXXXXXX | ER | mull “ ’”/’;'3’3533” ACMERMA
Z ER | nuit -
z EP ] 00022

Puc. 11.3. Ucxoaunie tectnl ama MATCHES.

Ui, NOoAJeXaniux TECTHPOBAHMHIO:

MATCHES wumeer oaut Bxogno#t napamerp (ykasatear ESTAB Ha
tabnuny BHewHMX umeH ESTABLE) u Tpu BHIXOIHBIX NapameTpa:
o6HoBnennylo ESTABLE, HecormacoBannoe BHemnee umsi (UNRES-
NAME) u kox BosBpara (MATCHCODE). Uccrnenys BHewHue crnenn-
(HKaLHH 3TOTO MOAYJ/A, MOXKHO MOJYYHMTH C/IELYIOIMHH CIHCOK CHTya-

1. ESTABLE, noctpoeHHast HeNmpaBHJIBHO.

HYTbI.

3aMKHYTHIX HUMEH.

2. ESTABLE, B kotopofi Bce BHellHHe HMEHa MOTYT GbiThb 3aMK-

3. ESTABLE, koropast B HCXOAHOM COCTOSTHHH HE CONEPIKUT He-
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F((A=6) &(¢=0))

IF((A>C)(x>Y))

THEN

DO /=1T0 N
WHILE (A =0)

END

lpasunsro

Henpasunsno

Hem

da

THEN

Aa Hem

Hem Aa

THEN ELSE

Aa

Hem

ELSE

END

Do
Puc. 11.4. BuisiBjlense nyTefl B CJOXKHBIX NpPEJIOXKEHHSX.

4. ESTABLE, B KOTOpOfi OZHO W/ HECKOJbKO BHELUHHX HMEH Mo-
TYT ObITb 3aMKHYTHI, TIpeXJe 4eM BCTPETHTCS MMs, KOTOpoe He yjaeTcs

3aMKHYTb.

5. ESTABLE, B KoTopoil cpa3y e BCTpeyaercsi HMsl, KOTOpOe He
YAaeTcsi 3aMKHYTb (T. €. HH OJHa MONbITKa He yaaercs).

B KauecTBe rpaHMYHBIX YCJOBHfi HaMm CJelyeT NPOBEPHTH CJyyaH,
Korpga ESTABLE cozepMT €IMHCTBEHHBIH 3JeMERT M KOTla MMeHa
COCTOSIT M3 OJHOTO M BOCBMH CHMBOJIOB. Jlpyrue rpaHuuHbie YCJOBHS
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BKJIOYAIOT CUTYalHH, KOTAa He3aMKHYTHIH H COOTBETCTBYIOUIHH 3aMbl-
KaloW i 3/1eMeHTHl HaXOATCS B nepBo# HiH nocsennedi crpoke ESTAB-
LE. Tecrsl, MOArOTOBJEHHbIE JJISi 3ITHX YCJIOBMH, HM300pax<eHbl Ha
puc. 11.3. 3amerbTe, 4TO, BO-MEPBLIX, MATHIA TECT OXBAThIBAET CPasy
HECKOJIbKO CHTyalH# H, BO-BTOPLIX, B COOTBETCTBHH C aKCHOMaMH Tec-
THpoBaHuS M3 IJ1. 10, BHIMHCaHH OXMZaeMble Pe3yJIbTAThI.

OcranbHble TPH HIara NPOeKTHPOBAaHHA TECTOB HpeJNoJaralT HC-
c/efoBaHue JIOruku Monyasi. OIMH M3 OCHOBHBIX KpuTepueB monGopa
TectoB Tpebyer, yToGBbl KaxJasih KOMaHJAa MOIYJSI BHINOJIHAJIACh XOTA
6b1 pa3. D10 TpeGoBaHye ONpeiesieHHO HeoOXOAMMO, HO OCTaHABJIHBATh-
csl Ha 3ToM Heab3st. ['opaszo Jayyine y6efuTh TECTOBHKA B TOM, YTO HYXK-
HO MOATOTOBHTb JOCTAaTOYHO TECTOB, YTOOBI Ka)k1oe pasBeTBJEHUE Npo-
XONWIOCh B pe3yJ/bTare NPHHATHA pelleHHs B KaXAOM HamnpaBJjeHHH
no KpaiHeill Mepe OIMH pa3. DTO NPUBOIMT HAC K elle OJHOH aKCHOME
aBTOHOMHOTO TECTHPOBAHHS.

Munumanreretii Kpumepuil npu ABMOHOMHOM MECMUPOBAHUL MOOYAS—
no xpadneti mepe 00UH pas GvINOAHUMb 6Ce PA3EEMBACHUS 8 KANCOOM U3
B03MONCHBLX HAnpasieHull.

Jlyullie Bcero HayaThb C BbIYEPYMBaHMs OJOK-CXEMbI MOAYJISA HJIH ee
KBHBaJieHTa. YUTOObI BHIJENHTH BCE BO3MOXKHble BETBH, HEO6XOIHUMO
YUUTBIBATh METOX, B KOTOPOM KOMNHWJIATOp OYHET reHepHpOBaTh KOJ
U151 CIOXKHBIX peltenuii V. Ha puc. 11.4 nmokasaHbl HeKOTOpbIe TPUMePHE
TOro, Kak NpaBu/bHO paccMarpuBath omeparopsl IF u DO B PL/I
IIPH TONBITKE BBIAEAUTH BCE BETBH.

INockobKy Hac MHTepecyeT JIMIUb NOC/IeJOBaTeJbHOCTh BHINOJHE-
HUs BeTBefl porpammsl, nMoApobHas GJOK-cXeMa He obs3aTenbHa. [Ipo-
e JJsi 3TOH UMM HCIOJb30BaTh Quazpammy YnpasaeHus: OPHEHTH-
poBaHHHI rpad, u3o6pakalomHuii CTPYKTYPY BeTBJEHHH B Iporpamme.
Kaxnas BepmnHa rpada (Kpy»KOK) MNpeACTaB/seT JIHHEHHBIH YYacToK
(mocsienoBaTeILHOCTb ONEPATOPOB MEXAY TOUKAaMH BETBJICHMs, WIH NPH-
HATHS PellieHHsi, Ha KOTOPYIO MOXKHO IOMNAacTb TOJNbKO 4epe3 MepBhIil
u3 Hux). Jyru rpada mpeicTaB/SIIOT CBA3H MEXJLY BBINOJIHEHHEM OT-
JeMbHBIX JIHHEHHBIX YuYacTKOB mnporpammbl. Takasi nuarpamma jgst
MATCHES uso6paxena na puc. 11.5. ~

Ha puarpamme mokasaso, uto umeercs 13 pasperBiieHH#, Kaxaoe Ha
JBa HanpasJ/ieHus. UToGbl ONpenesuTb, He HYKHbI JIH JONOJHHTENbHHIE
TeCThl A/ MPOBEPKH BceX 26 HanmpaBJieHHH, HapHCOBaHa MATpUIa, M B
Hee BKJIIOYEHB! HAllH 5 TeCToB, YTOOb! GBbIO BHIHO, KAKHE BETBH yxkKe
O6yayT BbImosMHeHBl. CTOHT OTMETHTb, YTO MATPHIY MOXHO OblIO OBl
NOCTPOHTb B Ipollecce CKBO3HOTO KOHTPOJISl, pacCMaTPUBABLIETOCH B

1) 3ra peKOMeHAAHMs IVIOXO COIIAcyeTcsl ¢ APYTHMH HIeSMH KHHIH, B YacTHOCTH
C eCTeCTBEHHbIM 3eJIaHHEM He 3aCTaBJIATb Yes0BeKa, PaGOTAIOLIETO Ha SI3bIKE NPOrpaM-
MHDOBAHHS, 3HATh NMPeJICTaBJeHHe NPOrPaMMHEl Ha YPOBHE MALIMHHOrO f3blKa. JIyume
6ui1o GBI aHAJH3MPOBATb HENOCPEACTBEHHO CJOXKHOE YCIOBHE H COOTBETCTBEHHO TOTO-
BHUTb TeCThl A/ KOMOHHAUHIl 9/eMeHTapHUX yCaoBHil.— IIpum. ped,
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flepexod npu genosuu
o™
Tepexod npu yeno-
o PALSE *°"

suu

KEY

ESTAB-==NULL
TAG ="ESTB’
SIZE>0
SIZE~>TABSIZE _
1<SIZE
MATCHCODE=0
ADDRESS =NULL
JSSIZE
MATCHCODE =1
NAME(1) = NAME(J)
TYPE=MODULE
TYPE=ENTRYPT
MATCHCODE= 1

gr’xh—'IQ'nmUom;;

Puc. 11.5. Jluarpamma ynpasaenns aas MATCHES,

V1. 8, MOCKOJILKY ISl STOTO HYXKHO CJIeJMTh 3a MCIIOJIHEHHEM KaXJoro
TéCTa 1O adropuTMy. Marpuia, B KOTOPOH OTMEYEHBI BETBH IJisi
MATCHES, oxBaueHHble Y:Ke TOTOBBHIMH TecTaMH, H30GpaxeHa Ha
puc. 11.6.

K HaweMy yauBieHuio (moTomy uTo TakK ObIBaeT JajieKo He BCerja),
9Ta MaTpHLA NMOKAa3bIBaeT, YTO HE3aTPOHYTHIMHM OKAas3ajMChb TOJLKO TPH
BeTBH. UYTOOBI OXBAaTHTh W MX, HYXXHO NOJATOTOBHUTH €llle TPH TecTa.

Tperuit war — uccnenoBaTh TEKCT NPOrPaMMbl, YTOGHI yOERHTHCH,
9TO oxBayeHo jocrartouHo MHoro myTedl. Uucno myrei MATCHES n¢
brukcHpoBano, 0HO 3aBHCHT OT 4HCJ/Ia, PACTIONIOKEHHS ¥ 3HAYEHUS 3/1€
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J | NAME(D) =NAME()

K | TYPE=MODULE

L | TYPE=ENTRYPT

M | MATCHCODE =1

Jecmss
Yenosue 1 2 3 45
A | ESTAB~=NULL T X| x| x| x| x
F
8 | TAG="ESTB’ T x| x| x| X
F| X
c | size>0 T x| x| x| x
F
D | SIZE~>TABSIZE T X| x| x| X
F
E | IsSIZE T x| x| x| x
rd F X
F | MATCHCODE=0 T X| X
F
G | ADDRESS=NULL T X| X
F X X
H | J<sIZE T X
: - .
1 | MATCHCODE=1 T X
F
T
F
T
F
T
F
T
F

>
x
X IX | XXX |X|X|X|X|X|X|X|X|X]|X}X

Puc. 11.6. Matpuna yuera BeTselt.

mentoB ESTABLE. M3-3a mByx uukiaoB MATCHES wmoxker umersb
aCTPOHOMHYECKOE YUC/IO MyTell, MOITOMY GECCMBICAEHHO M MBITAaThCs
TeCTHpOBaTb MX Bce. JIJIs1 KaXKIOro LHKIa, OJHAKO, CIEAYET NPOC/IELHTh
3a €ro BBINOJHEHHEM HOJMb, OAMH M MaKCHMajbHoe yucio pas. Ilpo-
cmatpuBast nporpammy MATCHES, moxHO yBHJETb, YTO ee LHKJBI
He MOTYT UMeTb MeHee onHo# urtepauuu (SIZE Bcerna GoJblue HyJs, a
yciopue WHILE niepBoHaua/bHO Beerja UCTHHHO). LIMKJIBL MOTYT GbITH



NMPOEKTUPOBAHUE TECTA 209

Homep

mecma
Bxodnsie dannsre Oxcudaemsidl pesyssmam

6 | Bxodwod napamemp ESTAB. | MATCHCODE=2
yemanoonen 8 NULL © | UNRESNAME we uspeneno
ESTAB we usmenero

7 MATCHCODE=2

| Est8 | ooo | UNRESNAME se zameneno

ESTABLE #e usmenerro

8 ’ MATCHCODE=2

ESTB | 4000 UNRESNAME #e usmeneko

ESTABLE we usmenero

9 MATCHCODE =0
Est8 | 003 UNRESNAME #e usmereso
ABC EP | null ESTABLE xe usmeneno
CDEF MD | null
P ER (22222

Puc. 11.7. Jononuutensusle Tects! jyis MATCHES.

BBINOJIHEHB! TOJbKO C OXHOH M MakcuMalbHbiM uuciaoMm (SIZE) urtepa-
UK, HO MOATOTOBJIEHHBIE TECTHI YK€ OXBATLIBAIOT 3TH CHTYaLHH.

Hanee cnenyer npoBepuTb JIOTHUECKHE BbipakeHHs (Hanpumep, B
wukaax DO ¢ ycnosuem WHILE uan B cioxueix ycnosusx IF), Bce
JIH BO3MOXKHbIE JIOTHUECKHE KOMOHHAUUH TeCTHpYIOTcsi (Hampumep, Ta-
Koit omeparop, kak IF((A=0) & (B=4)), umeeT uyeTHpe KOMGHHALUHU
3JIeMeHTapHbIX ycnoBuit). Mcenenosanue Tekcra nporpammbl MATCHES
NoKaskIBaeT, YTO Hall HaGop TEeCTOB YAOBJETBOPSIET U 3TOMY TpeGo-
BAHHIO.

[Tocniennuit mwar — npoBepHTb YYBCTBHTENBHOCTb aNTOPUTMA K OCO-
ObiM BXOAHBIM 3HadeHHsM. ClefyeT Takke N06aBHUTb TECTbl, MbITAsICh
ROGHUTBbCSI BHIXOJA 33 BEPXHHE M HMXKHHE TPAHMIBI MaCCHBOB HJIH Jua-
Na30HOB YHC/IOBBLIX 3HAYEHHH.

MATCHES HMmeeT HeCKO/IbKO YYBCTBHTENbHHIX K OCOGBLIM JAHHBIM
Mect, kak 370 Obl10 OTMeueHO B Ii. 8. Eciu BcTpeuaerca MOLYJb HIIH
BXOA ¢ HyJIeBBIM aJipecHbIM MoJsieM (ciyuail, KOTOpPBIf «HUKOTAa He KOJ-
XeH Bo3HukHyTh»), MATCHES npocTto nponyckaer ero HyseBoil ajgpec
Y nepexogur K cienyioimemy snementy. Kpome toro, moayns MATCHES
HE JIOMKeH mbITaThCSt 3aMKHYTb YK€ 3aMKHYTOe (T. €. HMeloilee HeHy-
JIeBoe appecHoe 10J€) BHemiHee ums. Il1si MpoBEpPKH 3THX YCIOBHH
BK/ioyalorcst HoBble Tectsl. Ha puc. 11.7 mokasaebl TecTbl, KOTOpbIe
AoGaBleHbt B pesysibTaTe HCCAEJOBAHMS aJTOPHTMA MOAYJIS.
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Sransl NPOEKTHPOBAHHS TECTOB MOTYT NOKa3aTbCs TPYAOEMKHMH,
HO HMKTO HMKOTJa He YTBEepKAaJ, YTO TECTHPOBAHHE — JIeTKasl 3aja-
ya. Ciiefyst STHM NPaBHJIaM, MOXXHO MOJNYYHTb HaGop TLIATeJbHO CIpo-
€KTHPOBaHHbBIX TECTOB C BLICOKOH CMOCOOHOCTbIO OGHapyKHBaTh OLIHG-
KH. TOT NpOIECC MOXET 3aHATh Ha HECKOJIbKO 4acoB CoJblle, 4eMm
BHIGOP HECKOMbKHX NPOH3BOJIbHEIX TECTOB Ha OCHOBE HHTYMUMH, HO,
€ClH OH NPUBEAET K OGHApYXKEHMIO ONHOH-ABYX C/ly4afHbIX OLIMGOK,
3HAYuT, NONOJHHTEJbHOE BpeMs ObIO MOTPAYeHO He 3ps.

BbiNOJIHEHHE TECTA

ITocsie TOro Kak TecTbl AJisi MOLYJSi CIIPOEKTHPOBAHEI, MOXKHO mepeii-
TH K CJEAYIOUMM 3TanaM — HAaNHucaTh HX, TECTHPOBAThb H BBINOJIHHTb.
Kaxk rosopusmoch B . 10, ¢opma npeiactaBJeHHsi TECTOB 3aBHCHT OT
IPHHSATOrO MeToaa c6opKH MoayJedi. JIis HUCXOAAMX METOAOB TeCThl
CHayaJsa MHUIIYTCS B BHAE KOHKPETHBIX HAaO0POB BBIXOJAHBIX NAHHBIX, BBl
paGaThiBaeMbIX 3arJyliKaMH, a 3aTeM Y€ B BHJE BHEIIHHX BXOJHBIX
JaHHBIX, 3ajaBaeMbiX Mosib3oBaTeseM. [l1si BOCXOJAIIMX METONOB HJH
npy aBTOHOMHOM TECTHPOBaHHMHM MOAYJeHl TEeCTEl NMPHOOGpETaloT BHA Be-
AyIIUX nporpaMM (ApaHBepPOB) MJHM ONEPATOPOB A3bIKA TECTHPOBAHHS
(ecim MCMOMB3YIOTCA CHElHalbHble MHCTPYMEHTHl TECTHPOBAHHS MOAY-
Jeil). B crenyiomem pasjese Mbl pacCMOTPHM HEKOTODbIE M3 TAKHX HH-
cTpyMeHToB. A moka 6yaeM npennosaraTh, YTO OHM HE HCHOJb3YIOTCS.

[Nponecc nHamucaHHsi TeCTOB (B OTJIMUME OT MX NPOEKTHPOBAHHUSA)
HOCHT B OCHOBHOM DYTHHHBIH XapaKTep M NpPeICTaBJIeH 3JeCh MO3TOMY
Julb BKpatue. Hanpumep, eciu HyxeH LpafiBep, NHINETCA HEGOJb-
Ilasi NMporpamma, Bbi3bIBAlOIasi TeCTHpyeMbli MOAyJb. Kaxnmeilt Tecr
NPEeCTaB/IseTCs BRI30BOM 3TOTO MOAYJS H Nepefayell eMy KOHKPETHOTr(
Habopa BXOIHBIX JaHHbIX. UToObl OOMErYUTH NMOBTOPHOE BBITNIONHEHNE
Tecta B Oyaylem U H3bGexkaTb npoGJeM THNA «IJ1a3 BUAMT TO, YTO XOUeT
BHJETBY, C/IeLyeT MONKTATbCA CHENATh TECTH CaMONpoBepsieMbIMH. Bme-
CTO TOTO 4TOOBI MEYaTaTh BHIXOJHblE AaHHbIE JJIsT KaXKAOTO TecTa, cJe-
ZyeT, TJe 3TO BO3MOXKHO, BKJIOYATh HENOCPEACTBEHHO B ApaliBep CBep-
KY TNOJIYUEHHBIX U OKHJAeMbIX Pe3YJIbTaTOB. :

B uzeanbHOM cilydyae TeCTbl CaMH JOJ/IKHBI OBITb NPOBEPEHHI Nepef;
WX HCNOJIb30BaHHWEM JJIsi TECTHPOBAHHMS peasibHOH nporpammel. OGbiu-
HO 3TO HEOCYLIECTBHUMO; €IAHMHCTBEHHAs BO3MOXKHOCTb IIPOBEPHTL Mpa-
BHJILHOCTb TecTa (KPOMe IpPOCMOTPa 4eJOBEKOM) — LefCTBUTELHO
BBIMOJIHUTL ero. OJHAKO NpH TECTHPOBAHHM cjefyeT HMeTb B BHAY,
9TO CaMM TeCThl MOTYT COJepKaTb OLIHOKH.

KpurHueckuit MOMEHT B BHIIOJHEHHH TECTOB — aHAJIM3 pesyJibTa-
TOB, 6YZb TO C IIOMOILBIO TpOrpaMMel JIHG0 BH3Yya/JbHO. PacnpocTpanen-
Hasi HeJIeNoCTb — NOTPAaTHThb 4Yachl Ha NPOEKTHPOBAHHE H3OLIPEHHHIX
TECTOB M 3aTeM He 3aMeTUThb OIUMGKY TOJbKO MOTOMY, 4TO pe3y/bTarhl
TeCcTa YJOCTOEHbI JHWb Gersioro B3rJsfa. Upe3BplyaiiHO BaXKHO TINa-
TEJIbHO HM3YYHThb pe3yJbTaThl KaXJOro TecTa, BHIMCKHBas MaJeliluve
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TpeBOXKHblE NPH3HAKH. 31€Chb-TO YK XKH3HEHHO BAXKHO ONpeJesNHTh, Ka-
Kue Pe3yJIbTaThl Bbl OXKHJaeTe, NMpex[e YyeM M3yYaTh peasibHuie BHIXOJ-
Hble JaHHBE.

EcTb MHOTO THNOB OWMOOK, KOTOpble He MOT'YT GbiTb OGHApYKEHbI
npu NPOCTOM H3YYEHHH BBLIXOIHBIX JAaHHBIX MoAyJasi. MIX MOXHO ompe-
JIeNTMTDb KakK omuﬁpqame n0604Hble 3QpeKTr. Moy b MOXKET BO3BPAIATh
npaBU/IbHbIE BBLIXOJHBbIE TapaMeTpbl, HO OIHOBPEMEHHO C 3THM H3Me-
HATb BXOJHBIE NapaMeTpbl, 3allOMHHATb HEKOTOpble JaHHbIE B IPOM3-
BOJIbHOM MeCTe MaMATH JHGO HMeTb HEKOTOpble APYTHE HeXKesaTe/bHble
noGouHsie sddexrsl. Hekotopbie s3biKM MpOrpaMMuUpoBaHUs ¥ OCOGEH-
HOCTH apXuTekTyphl OBM yMeHbIIAOT BEpPOATHOCTh TAKHX OIIHGOK,
HO 4acTb U3 HUX MOXeT OCTaThCfl HeOOHApYKeHHOH, M, KOI/a OHH €CTb,
ux OblBaeT O4yeHb TPyAHO HaiTH. MiMeeTcs HECKOJBKO THIIOB POBEPOK,
KOTOPBIE MOTYT OHITb BLINOJNHEHH! AIA TOTO, YTOOBI OGHApPYKHTb Ompe-
JeneHHble MoGouHble 3(¢dexkTH. Eciu BXoaHON mapamerp creuuduny-
pyeTcs TOMBbKO KaK BXOJHOH (MOXHO CChIATbCS, HO He/b3sl U3MEHSTD),
cleflyeT NMpOBepPATb MOC/Ae KaxJAOoro TecTa, Tak JH 3TO Ha CaMoM JeJe.
Ha puc. 11.3 u 11.7 noxasano, uto nocne kaxporo tecra MATCHES
clenyeT NpoBepATb, He H3MEHWIHNCh JIM HEKOTOpLie O6JacTH JaHHBIX.
EcJ1 5T0 BO3MOXKHO, HaJIo IPOBEPUTDh YYACTKH NaMATH, HENOCPEACTBEHHO
npuJeramoye K Kaxaol o6JacTH BbiBOJa, YTOGbl OOHAPYKHTb OIUMGKH
THNA «OJHHM GOJbIIE — ONHHUM MEHBILEy.

Bo Bpems TecTHpoBaHus He clenyer 3alblBaTb akcHOMBbI . 10,
BmecTo TOro 4To6H CAMOMY TECTHPOBATh MOAYJ/Ib, KOTOPHIA BbI NPOrpam-
MHpPOBaJH, AaliTe ero TeCTUPOBATb TOMY, KTO pa3pabaThiBaeT OAUH M3
MojyJieHl, BBI3LIBAIOMIMX Ball, Ju60 nonpoGyHTe Inepeli, aBTOHOMHBLIM
TECTHPOBaHHEM OOMEHSITbCA MOAYJISIMH C APYTHM NpOrpaMMHCTOM, pa-
GoraiomuM Haj STUM TNpoeKToM. 3Geraiite TecTHpOBaHHA «C JeTYy»;
HUKOTAa He MpeamnoJiarafite, yTo TecT OYIET HCIONB30BATHCHA TOJIbLKO
onuH pa3. Hukorza He ynpoiaiite cBot0 nporpamMmy, 4ytoOul oG/erynThb
TeCTHpOBaHHE. '

UHCTPYMEHTB! AJ1S1 TECTHPOBAHHS MOJYJIEA

3Hast, 4TO NPOrpaMMHpOBaHHe — HHAYCTPHS C MHOTOMHJIJIMADIHBIM
060pOTOM, MOXKHO OBLTO OB OXKHIATHb 3JleCh BBICOKOTO YPOBHS aBTOMa-
TH3allUH, ¥ B YaCTHOCTH GOJILLIOrO pPa3sHoo6pa3Hs M3OLIPEHHBbIX CPEACTB
PaspaGoTku mporpamM, npefHasHauYeHHbIX AT MHHHMHU3ALUUH PYYHOH
1 oJHoOGpa3HOi paboThl, ABJAOLIEHCA YaCTbIO AESATENIBHOCTH BCSKOTO
Iporpammucra. [leno, OAHAKO, OGCTOMT He TaK; B AEHCTBUTE]BHOCTH
B OTHOLIEHHM TPOrpaMMHPOBAHHS YacTO CHOPaBel/IMBO 3aMeYyaHHe, YTO
3leCh BHIYHC/IHTE/NbHbIE MALIMHBI PHMEHSIOTCS MEHblLe, yeM B JI0GoMH
Apyro#i oTpac/id NPOMBILIEHHOCTH. B 3TOM M c/efyiolHX pasjiesax
ONHKCHIBAIOTCS HEKOTOpPble MOMBITKH ABUraThCS B IPaBU/ILHOM Hampas-
JI€HHH — mIporpamMMHble HHCTPYMEHThI, IOMOTraolHe B paGoTe Mo TECTH-
PoBanmio mMonyneit. Hekotopble H3 ONHMCaHHBIX HHCTPYMEHTOB KOMMep-
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YeCKH JOCTYIHBI, APYrUe SIBJASIOTCS TOJBKO «IOMAalIHHMH» pa3paboTka-
mu. §1 He nbITajcs JaTh NOJHBIA 0630p BCEX TAKUX MHCTPYMEHTOB, MO-
CKOJIbKY OH TOTYac e ycTapes 6bl. BmecTo 3TOr0 o BEIGpas HECKOJIbKO
NOKa3aTeNbHbIX NPHMEPOB, 4TOOLI AaTh NPeICTaBJeHHe O TOM, 4TO CAe-
JlaHO B 3TO# 06JIaCTH.

AproMaTtusupoBaHHblii  aBToOHOMHBIF Tect (AUT — Automated
Unit Test) — nHcTpyMeHT, paspaGoTaHHBIf [/t BHYTPEHHEro MNpHMe-
Henus B xopnopaunu IBM [1]. Ero nasHaueHue — o6ieruurb pabory,
CBSI3aHHYIO C HHUCXOJSIIIMM H BOCXOASALIMM METONaMH TeCTHPOBAHHS 3a
CyeT ycTpaHeHHs Heo6XONMMOCTH B ApaiiBepax W 3arJIyLIKax, a TakKike
CTaH[apPTH3HPOBaTb BHMJ aBTOHOMHBIX TecToB, Giarojaps uemy IOBTOp-
HOe BBIMOJIHEHHE TaKHX TeCTOB (Hampumep, nocie MoauduKauUH mpo-
rpaMMbl) CTaHOBHTCSI TPHBHasbHOM 3ajauefi. Kpome Toro, oH JoJ/xeH
ofecneynBaTh AaBTOMAaTHYECKYIO IIPOBEPKY Pe3yJbTaTOB BHIMOJIHEHHS
TECTOB H JIO/KEH ObiTb HE3aBHCHMBIM OT HCNOJIb3YeMOTo sI3bIKa MPOTpaM-
MUpPOBaHHUSI.

OCHOBHOE CpEICTBO B3aUMOIEHCTBHS C IOJIb30BaTe/eM — SI3HIK
MIL-S, cayxamuit Ans ONMMCAHHS BXOJHBIX JAHHBIX H OXKHJAAeMBIX pe-
3y/JbTaTOB KaxIOro Tecra. [IporpaMMHCT HauHHaeT € NpeiCTaBJeHHs
CBOMX TecToB Ha f3bike MIL-S u 3amomunanusi ux B 6ase gaHubix. s
TecrupoBanus monyass MATCHES ou 3arem HanmeuaTaer Ha TepMmHHaJje
«AUT MATCHES», nociie yero AUT BhiGupaer kaxawifi Tect Ha MIL-S
anss MATCHES, koMnu/aMpyer TecT M Bhi3bIBaeT MOAYJb. Koraa BeinoJ-
HeHHe MOJyJ/sl 3aKaHYHBAaeTcs, OXKHIaeMble pe3yJbTaThl CPaBHUBAIOT-
csi ¢ IefiCTBUTEIbHBIMH H TI0JIb30BaTe/Ib ONOBeLllaeTcsl 060 BCEX PacXoxk-
JeHHAX. :

MIL-S — nenpouenypHblil AI3BIK AJIS NpeAcTaBleHUs TecToB. TecT 2
(puc. 11.3) MoxHO 6bIIO Gbl MPEACTaBHTH CJEAYIOUIMMH ONEPaTOpPaMH:

INO2 PARMLIST  ESTAB,UNRNAME MCODE;
ESTAB PTR ESTABLE;
UNRNAME DATA @ )
MCODE = DATA (2) IGNORE;
ESTABLE  DATA (4) (‘ESTB');
SIZE DATA (2) (VD)
DATA (8) (A");
DATA (2) (EP');
PTR ESTABLE; TO GIVE ADDR FIELD
* ANY NON-NULL VALUE
OouT02 COPY;
MCODE DATA " (2) (0'D); EXPECT NO UNMATCHED
> ITEMS

BXofHOH M BBIXOAHOH pasienbl KaAOLO Tecia KOMIIMJIHPYIOTCH
pasjienibHO, B pe3yJibraTe Yero reHepHpyeTcs BXOAHAs CTPYKTypa, ne-
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pelaBaeMasl TECTHDYEMOMY MOAYJIO, W BHIXOAHASl CTPYKTYpa, MCHOJb-
3yemast MJIsi NPOBEPKH NOJYUYEHHBIX pe3y/bTatoB. BxojaHo# pasjen B
NpHBEIEHHOM INpHMEpe AO/IKeH OhiTh MOHATEH Ge3 noscHeHui (CJI0BO
IGNORE osnayaer, 4To 3HaueHHe COOTBETCTBYIOLIETO 3/IEMEHTAa He-
cymectBenHo). Cnopo COPY B BHIXOJHOM pasjese — COKpalleHHe,
o3Hauaiouiee, yto omepatopsl MIL-S u3 BxopHoro paspena Ao/KHBL
6LITh CKONMMPOBAHBl B BBIXOAHOH pasjiesi niepesi ero KoMmmuasiuei. Bce
IOTIONTHUTE/IbHbIE ONepaTophl B BHLIXOAHOM pasjiese (B HalleM ciyyae
MCODE) 3aMeHSIIOT COOTBETCTBYIOLIYE KONHMpYyeMble OmnepaTopbl JHGo
NPOCTO BCTaBJISIIOTCS, €CIH COOTBETCTBYIOLIUX ONEPaTOPOB BO BXOAHOM
paszenie Her. ITo MPoCToil cnoco® BKJIIOYHTb NPOBEPKY COXPaHHOCTH
BXOJHBIX JaHHBIX KaK YacTHBIA ciydall TPOBEpKH pe3yJ/iLTaTOB.

Hansa paccmarpuBaemoro tecta AUT nocsie BHINOMHEHHST MORY /IS PO~
BEPUT CJeJyIoUlUe YC/OBHS:

1. Cnucok mapameTpoB COZEpPXKHMT TPH Mapamerpa.

2. TlepBuiii mapamerp — ykasatesnb. OH CChaeTCs Ha NOC/IeNOBa-
TEJbHYIO CTPYKTYPY NaMsiTH, B NMepBHIX ueTblpex 6aHTaX KOTOpoH Ha-
xonaTcst cumsoiel «ESTB», B cnenyowue npyx Gafitax — 3HaueHwue I,
B CJe[YIOUMX BOCbMH GafiTax — CHMBOJ «A», 32 KOTOPbIM HJET CeMb
npo6esioB, 3ateM cuMBOJIbI «<EP» B 1BYX ciefyomux GafiTax ¥ HakoHell
appec ESTABLE (moGoii HeHyJIeBOH ajpec) B NOC/IEAHHUX YEThIpeX
GaiiTax. '

3. Btopoii mapamerp — BocbMHGaNTOBasi CTPOKa Npo6esioB (UTOGH!
npoBeputh, uto 3HaueHue UNRNAME He uaMmeHeHO). .

4. Tperuit napaverp — nByx6aiiToBoe noJsie co 3HaYeHHEM, PABHBIM
HYJTIO.

Ecan o6HapyXKMBaOTCA KaKHe-TO PaCcXOXJAEHHS, MOJb30BaTeNio CO-
ofumaercsi, Kakoii MMEHHO 3/IeMEHT NAaHHBIX HE COOTBETCTBYET OXMHJa-
HHSIM, M BHIAAIOTCA €ro npejmojiaraeMoe M peajibHoe 3HauyeHus. Bce
NpOrpamMmMHbie NpepuiBaHusi B OT/IaXKUBaeMOM MOJYJIe epeXBaThIBAIOTCSE
nporpammoii AUT. HMHTepecHo crlefyiomiee NpoeKTHOe pelleHHe, Mpu-
Hatoe B AUT: cucrema caMa MOxeT HNporpaMMHpoOBaThb NPOBEPKH NpH
aHa/iu3e BBIXOJHOH WHQOpManuy TecTa (HanmpuMep, KOTJa NpPOC/EXKH-
BaeTcs ownGoyHOEe 3HAueHHe NepeMeHHoll — ykasartens). Takue coObi-
THSl HUKOTJa He BHAHBI nojb3oBaremo. AUT momuut, Kakas o6mactb
AaHHBIX HCCJIELyeTcsl BO BpeMsi MPOBEPKH NMpPOrpaMmbl, NEepeXBaThiBaeT
NporpaMMHoe npepbiBaHKe U COOGIIAET O TOM, YTO B 3TOH 06/1aCTH HMeeT-
€A ownbKa. :

Korga AUT wucnosb3yercss AAsi BOCXOASIIETO TeCTHPOBAaHHs, Bce
Monymu, HaxoAsliMecsi B CTPYKType MporpamMMbl HHXe TECTHPYeMoro,
aBTOMaTHuecKH 3arpyxatorcsi no komanjae AUT. Jlns HHCXOAAIIETO Te-
CTHpoBanusi AUT mnpepocraB/isieT cpeicTBa HMUTALMH, MO3BOJSIOMIHE
Paspenints HeKoTOpblE NPOGJIEMBbI, CBA3aHHHIE C HCMOJb30BAHHEM 3a-
Tiywek. @yukuusa MATCHES He Bbi3biBaeT HHKaKHX APYTHX MOAyJei,
HO MbI NpeAnoMIoKUM, VISl WIIOCTPALLMHU, YTO OHA BHISHIBAET MOAYJb C
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uveHem INVERT. [liis ero HMHTAIMH MOXKHO BO BXORHOMH pasjes Tecta
MATCHES BkJiioquTh oneparop

INVERT CALL INO7;

Srot onepatop Bri3biBaeT caenytouye neficrBust AUT. Korna MATCHES
poispiBaer INVERT, AUT nepexBaTthiBaer Bbi3oB. B 6a3e JaHHBIX
oThICKHBaeTcs H Komnusupyercsi (nporpamma AUT pekypcuBHa) Tect
07 pna monyns INVERT. AUT omnpegensier, coBnaiaior Ju nepena-
Baemple INVERT mnapamerpsl ¢ BXOJAHBIMH JaHHBIMM, YKa3aHHBIMH
B tecte 07, M, ec/i¥ TaK, BO3BpALIaeT COOTBETCTBYIOI[HE RAHHBIE H3 Bbi-
XofHOro pasjena, kak ecau 6ol INVERT nefictBuTeibHO OBl BBINOJ-
HeH, a sareM ynpasienHe Bo3Bpamaercs MATCHES. 3to ne ToJsbko
CHUMaeT HeoGXOJAUMOCTb 3arJylleK, HO IO3BOJISIET TAKXKe MpexycMar-
PHBaTh Pa3jH4HbE pe3YJ/bTaThl JJIsl Pa3HLIX TECTOB INPH HMMHTALHH
HECYIIeCTBYIOWMX MOAYyJeH.

Becbma noxozkee 1mo CBOMM KOoHuenuusM cpenctBo — Cucrema Tec-
THpoBaHusi moayJaeirt (MTS — Module Testing System), pacmpoctpa-
HAemass Ha pbiHKe ¢Hpmoli Management Systems and Programming
Ltd. MTS moxer paGoraTh Ha GoJbliuHCcTBe cucteM IBM/360, 370 u
ICL u TecTHpyer MoAy/H, HAMHCAHHBEIE Ha si3blKe acceMbiepa, KoGose,
PL/1 unu ®oprpane. :

Tectsr B MTS onuchiBaioTcsi Ha f3bike, aHajoruunom MIL-S B
AUT. B uucio oneparopoB s3nika Bxoaar takue, kak PARAMETER
Juist onucanust o6nacredt nanueix, TEST /i1 vHUNUHpPOBaHHSA BBINOJHE-
Husi tecta, PRINT COMPARE ans npoBepkH pesyJbTaToB TeCTa H
SIMULATE pnst uMHTanMu pe3ysbTaTOB HECYLIECTBYIOWIETO MOZYJifl.
Tect mnst moxynss FINDMEAN, Bbuuc/siiollero cpefHee apugmerHye-
CKOe Tpex uuces, BEITIAAENT OBl Tak:

PARAMETER X 6 CORE
PARAMETER Y 6 CORE
PARAMETER  Z 6 CORE
PARAMETER MEAN 6 CORE
X D)  1230.0 .
Y D)  2722.00
z D) 1502.00
EXP-MEAN  D(6)  1818.00
TEST FINDMEAN X Y Z MEAN

PRINT COMPARE MEAN EXP-MEAN

Tperuit uncrpymenr — TESTMASTER, koropblit mpegoctaisieT
8 apenny ¢upma Hoskyns Inc. OH npexmasHaueH A1 TecTHPOBaHHUA
aporpamM Ha KobGosie, BoimosHsieMbix B cucreme IBM 360/370. Tectst
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NHILYTCA Ha A3bIKe, noxoxeM Ha Ko@os, ¥ nojalorcs mpenpoueccopy,
KOTOPBIH TpPaHCAHPYeT HMX B craHAapTHeE KoGoa M KOMIHJHpYeT.
He BLINOJHAETCA HHUKAaKOH aBTOMAaTHUeCKOil NPOBEPKH pPe3yJbTaToB;
BLIXOAHAsl HHGpOpMaNMsa TNpPeACTaBJsieT coGofi «MOCMEPTHYIO Bbiauy»
(namm), KoTopasi JO/KHA ObITb NPOBEPEHa NPOrPAMMHUCTOM BPYUHYIO.

CTATUYECKUA AHAJIN3 YMPABJIEHUS

Ewe oxHa o6JacTe TEeCTHPOBaHHA MOAYJA, KOTOpask MOXET GbiTh
aBTOMATH3HPOBAHA,— CTaTHUECKH aHaJu3 IPOrPaMMbl HA HCXOLHOM
si3biKe (CJIOBO «CTAaTHUYECKHil» 03HAYaeT, UTO STOT aHAIH3 IPOHU3BOAUTCS
6e3 peasbHOTO BhINOJIHEHHsI mporpammel). Hanpumep, MoxHO 6biio Gl
HamucaThb Mporpammy, Koropasi Obl aHaJH3HpOBaNa MOAYJb H CTPOMJIA
JJIsi HEro JHarpamMmy ynpaB/jeHHsi (Hanmpumep, KaK JHarpamMma Ha
puc. 11.5). Ilpu TakoM aHa/nH3e MOXHO OblJIO Obl TaKXKe NepPeYuc/IUTh
BCce BO3MOXHbIe NMyTH B MOJAYJE M MPOaHAJM3HPOBATh OIUHGOUHLIE CH-
TyalH, THNA UCNO/Mb30BAaHUS JaHHBIX 10 MPUCBAMBaHUSI MM HaYa/bHLIX.
3Ha4YeHHH. '

OnHO M3 TaKMX CPeACTB — ABTOMaTH3HPOBAHHAsi CHCTEMA OLEHKH
nporpammHoro ot6ecneyennss ASES (Automated Software Evalua-
tion System) [2]. ASES ananusupyer HCXOJHYIO NpOrpamMMmy H mouy-
yaeT ee BHYTpEeHHee NpeACTaBJIeHHe B BHJE OPHEHTHPOBAHHOIO rpada.
ITo stomy rpagy ASES nosyyaer HeKOTOpbIE CTPYKTYpDHBIE XapaKTepH-
CTHKH INpOrPaMMbl H COOGIlaeT HX MNOJb30BaTeNio. Takoe Coo6uieHUe
BKJIIOYaeT €MHCOK BCeX UMKJIOB, BCEX ONMEPaTopoB, KOTOpble HHKOTAa
He MOTYT ObiTh BBINMOJIHEHBI, H TAKHX YPeBaThIX OLINGKAMM CHTyallui,
KaK nepexoj BHYTPb LHKJA.

s tectupoBaHus nporpamm Ha PopTpaHe MOXKHO BOCIOJIB30BATh-
ca cucremot RXVP, koropas cosjgana kopnopauueii General Research
[3]. RXVP HauuHaer ¢ nocrpoeHusi ¥ nedatu rpada ynpasieHHs npo-
rpamMmel. OHa Tak:Ke BhlpabaThIBaeT CIMCOK NOTEHIMANbHBIX OIIHGOK,
TaKHX, KaK MCHOJIb30BaHHe MepeMEHHOH J0 NMPHUCBAaUBaHHS el Hauasb--
HOrO 3Ha4YeHHS, HECOOTBETCTBHE MeXJY apryMeHTaMH U NapameTpamu
NOAporpaMMbl, a TaKxkKe HaJM4He 3HaMeHaTesell, KOTOPHE CHOCOGHBI
06paTHTbC B HYJb. '

CPEJCTBA MEPHUOJA BbINOJHEHHSA

OcTanbHble MHCTPYMEHTHI IJIsi TECTUPOBaHMsI MOAYJeH B3auMozeii--
CTBYIOT ¢ nporpaMMoii BO BpeMsl ee BhinosHeHHsA. HMx ocHOBHas uenp —
M3MepHTL KauecTBO TECTHPOBAHHMSA: ONPEAENINTb, B KaKOH Mepe TeCTHl
TpoBepsiior anaroputm nporpammbl. HekoTopbie U3 HMX NPOCTO KOHTPO-
JUDYIOT BHIMOJIHEHHE KaX[OM MOANPOrpaMMbl, MOACUHTHIBAS, CKOJIbLKO-
Pas ona BmsbiBasnach. [Ipyrue yuuTHIBAIOT, CKOJIBKO Pa3 BBIOIHSJICS
Kaxnpiit onepatop HCXOXHON mporpammbl. BoJiee H3oLIpEHHBIE NOKA3bI-
BaloT, Bo Beex JiM HanpapJieHHAX BLINOJHAJCS KaX/blil YCIOBHLIH nepe--
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xox. Kak mpaBusio, 3TH cpeactBa coGMpalOT CTaTHCTHKY TaKoro poja,
BCTaBJIsisl «30H/BY, HJIH IOBYLIKH», B KaXKIOH TOUYKE BETBJEHHUSI B KOHT-
poJspyeMoii mporpamme. , _

BoJiee cloXHble CPeACTBA, KPOMe 3TOTO, HAKANAUBAIOM CTAaTHUCTH-
YecKHe CBEJIEHHA 0 KOHKPETHO!H nporpamme B 6ase JaHHbIX WIH B Qaii-
Je. XOTsl 3T0 M He 00513aTeJbHO NMPH aBTOHOMHOM TeCTHPOBaHMH, IIO-
CKOJIbKY OOBIYHO BCe TECThbl MOAYJS BBIMOJHSIIOTCS MOYTH OJHOBPEMEH-
HO, 3aTO BA)XHO IPH TECTHPOBAHMH BHELIHHX (GYHKUHA HIH KOMILIEKC-
HOM TeCTHPOBAaHHH CHCTEMBI, KOTOPOe pacTArHBaeTcsl Ha HeECKOJbKO
Helle/Ib HJIM. JaxKe MecsilleB. HakomnsieHHasi CTaTHCTHKA NO3BOJISET OTpe-
JleTATh, KaKHe 3JIeMEHTHl aJIrOPHTMa elle He NPOBEPSJIUCH JOCTATOYHOE
4uCa0 pas.

IIBe cucTeMbl, 0GecrieuHBAOIHE KOHTPOJDb B MEPHOJ BLINOJHEHH S, —
310 KoHTpoaHpytomnit (checkout) u onrumusupyomuit (optimising)
komnusitopsl PL/1 gupmst IBM. Onu umeior ¢pyukuuio COUNT, koro-
pasi B KOHIIE BHIMOJIHEHUST coOOL1aeT, CKOJILKO pPa3 Obla BHIMOJHEH Kaxk-
Ibifi onepatop mporpammel. [pyrasi cucrema, MeraKo6osn ¢upmsr Ap-
plied Data Research, cooGmaer, cKo/bKO pas BHLIMOJHAJICHA KaKIbll
naparpad. Ilaker «Series-J» ¢upmbpt National Computing Industries
BBIJIa€T OTHYET, B KOTOPOM YKa3aHbl BCE NPeJIOKEHHsi B NporpaMme Ha
KoGosie, kotophle He Gbl/IH BHIIOJHEHBH B JaHHOM TECTE.

Bosiee cloXHBIM cpeAcTBOM sBJsieTcst cuctemMa OueHkdH u Tectu-
posanus nporpamm PET (Program Evaluator and Tester) anst nporpamm
Ha ®@optpane [4]. PET ykassiBaer, CKOMbKO pa3 BBINOJIHAACSH KaXKABIH
onepaTtop mporpaMMel H, 4to GoJiee Ba)KHO, CKOJIbKO Pa3 BHINOJHSJICA
Kaxnpiii ycnoBHblfl nepexon (oneparop IF uau Beuucasembiit GO TO).
PET umeer oaHo HeoOblyHOe CPeNCTBO OT/aiKH: OHa KOHTPOJHpYer
pe3y/bTaThl NPHCBaMBaHUS H 3HaUeHHsl mapamerpoB UHkKAOB DO u me-
YyaraeT nepBoe, NOC/AeNHee, MHHHMaJbHOE M MaKCHMa/bHOE 3HAYEHHS
Kaxao#l nepeMeHHOM.

Yxke ynomuHaBwasicsi paHee cucreMa ASES rakxke ocyuiectBiser
'KOHTPOJIb BO BpeMs BLINOJNHEeHHs. VIMesl CIIHCOK mepeMeHHBIX C YKas3aH-
HBIMH BePXHMMH W HHXXHHUMH Trpanuuamu ux sHauenuit, ASES waGuaro-
JlaeT 3a BCEMH M3MEHEHHSIMH MepeMEeHHBIX M coobuiaerT 060 BCeX MOMbIT-
Kax BbifiTH 3a yKasaHHbe rpanuusl. Kopnopauuss TRW paspaGorana
apyroe cpenctBo, HasbiBaeMoe PACE (Product Assurance Confidence
Evaluator — OueHka cTeneH# n0BepHa K NMPOAYKTY), KOTOPOE CUMTAET
KOJIMYECTBO BHITIOJIHEHHH KaXKIOro Oneparopa ¥ KaKIOod MOANpOTrpaMMbl
[5]. PesynbTaThl NMOACYETA MEYATAOTCHA, a TAaKkKe COXPAHAITCH U 06-
HOBJIAIOTCA B (ailye.

Yxe ynomuHaBwasics cucreMa RXVP Takke oCylIeCTB/ISET KOHT-
posib Bo Bpems BbinosiHeHHs. OHa COOOIAeT, CKOILKO Pa3 BLIMONHSJICA
oIeparTop, CKOJIBKO Pa3 BLIMOJHAJNACH KaXkKJas BeTBb B TOUKAaX MpHHSA-
THSl pelleHHil, MHHHMa/lbHOe, MaKCHMa/NbHOE ¥ cpefHee 3HAYeHHs pe-
3YJIBTATOB KaXJoro omneparopa npucsauBanus. RXVP coobumaer kak
CBOJHbIE JaHHble, TaK U Pe3yJIbTaThl KaXKIOTO OT/E/NBHOTO NPOTOHA.
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HecKo/bKO CJIOB C LIe/IbI0 NpefocTepeyb YHTaTeNsl, KOTOpbi 3any-
man paspaboTaTh CBOA COGCTBEHHBIH MHCTPYMEHT TeCTHPOBaHHsA. MHo-
rde OpraHH3alM{ [LITAIOTCA 3TUM 3aHUMATHCS, HO, XOTH MJEeH 4acTo
npUBJAEKATe/IbHbI, CO3JAHHLIE CPEACTBA HE JyyliuM o6pasoM BOCIPHHH-
matoTcsl mporpaMmucTaMu. OCHOBHAsi NMpUYMHA, KOTOpas TYGHUT GoJb-
IUMHCTBO HUHCTPYMEHTOB TeCTHPOBaHHS,— CJabbli Y4yeT ICHXOJoruye-
ckuX ¢axTtopoB. [lpoekTHpPOBUIMK, 3aHUMAIOMMHACS Pa3pabOTKOH HOBO-
ro MHCTPYMEHTa TeCTHPOBaHHs, JO/IKEH yIeNUTb UM ocoloe BHUMaHue.
OCHOBHO#l HeJJOCTaTOK aBTOMaTH3MPOBAHHHLIX CPeACTB TECTHPOBaHHs —
CJMIUKOM 6OJIbILIME pacneyaTkH, BCJeACTBHE 4ero NPOrpamMMHUCTY NpH-
XOAMTCA NPOYHTHIBATH CTPAHULY 3a CTpPaHuLel, yToObl HaHTH ONMH-
e/MHCTBEHHBLIH MWHTepecyomui ero pesynabrar. Hanpumep, Goablumn-
CTBO NPOTPaMM, OCYLIECTBJSIOIIHX KOHTPOJb BO BpEMs BBHINIOJHEHMS,
BhideT JIMCTHHT NpPOrpaMMbi Ha HCXOIHOM f3bIKE, JONOJIHEHHBIH He-
CKOJIbKHMH CTOJIGIIAMH €O CYETYMKAMM YHCJ/A BHIMONHEHHS KaxJOro
omnepatopa. 1o MoxeT ObiTb NpHeM/IeMO NPH TeCTUPOBaHHH MOAY/JISl, HO
C/THIIKOM O0OpeMeHUTeNbHO, KOTJa TeCTHPYETCs Bcs NMporpaMma WiM cH-
cTeMa U KOrAa GoJsiee MHTEPECHO Y3HATb, YTO HE BHINOJHAJNOCH. MOHHTO-
pBI, coOHpaloLiHe CBOAHYIO CTaTUCTHKY, JAOJKHBI YMeTh BbilaBaTh KpPaT-
KHMe OTUETHI C YKa3aHHeM TOJbKO TeX BeTBefl, KoTophie He ObWIM MpoBe-
PeHbI.

TECTb] AJil KBAJIPATHOTO YPABHEHMS

Ilns uuTaTedsi, KOTOPBIA MBITaJCS B Hayaje IVIaBbl NMOCTPOMTb Te-
CTBl AJIsi MOAYJS, Ppellaiollero KBaJpaTHOE YypaBHEHHe, HHXe mepe-
YHC/ISIOTCA TecThl, paspaGorannble [ploHGeprepom [6].

. 1. A=0, B=0, C=0. B 3Tom ciiyuae ypaBHEHHe CBOAUTCSA K BUIY
0=0 u He moxKeT OuiTb paspeleHo oTHocuTenbHO X. ITpoGoBanu Ju BbE
9TOT TeCT AJIsi 1POBEP KH NOBEACHUS MOLYJISl IPH TAKHX BXOXHBIX JaHHbIX?

2. A=0, B=0, C=10. 210 coorBercTByer ypaBHeHHi0 10=0, Ko-
TOpoe He HMeeT pelleHudl. VHTepecHbIll TecT Ha OHMGOYHBIE BXOIHbBIE:
yCJI0BHS.

3. A=0, B=5, C=17. CooTBercTBylOllee ypaBHeHHe (BX+17=
= 0) He sBAseTcs KBaapaTHbIM. COPaBUTCS JIU C HUM MOAYJb? DTOT TeCT
MOXeT OGHapYXKHTb TaK¥Ke MOMBbITKY HeJeHHs Ha HYJb. -

4. A=6, B=1, C=2. D10 OJI1H U3 HECKOJIbKHX HOPMaJIbHBIX» Tec-
TOB, KOTOpble BaM C/ERYeT BHINOJIHUTH. He 3a6biiv /v Bbl 3apaHee BhI-
YHCJINTH pe3yJsbTaT AMsl KaXJoro Tecra?

5. A=3, B=7, C=0. Eue oaun «HopMabHbiii» Tect. [IpoBepser-
Csl CHTyauus, KOTAa OJMH U3 KOPHeH paBeH HYJIO.

6. A=3, B=2, C=>5. [TomuuTe Jiu Bbl, YTO KBaJAPAaTHOE ypaBHeHHe
MOXeT UmeTh KOMIIEKCHBIE KOPHU?

7. A=7, B=0, C=0. 10T TecT npoBepsieT, yMeeT JH MOJy/b H3-
BliekaTe kBajnpaTHbIA KOpeHb M3 HYJIA.
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8. IMone3nsl TaKkKe TeCTbl, MPOBEPSIOMIHE TPaHULB! AUATIA30HOB

apu(MeTvyecKHX 3HauYeHHA U TOYHOCTb MOZLYJIS.
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TecTHPOBaHHEe BHEWHUX (YHKUHI
1 - KOMIIEKCHOE TeCTHPOBaHHe

ITocie TOro Kak NpOBefleHO TECTHPOBaHHE MOAYJeH U 3aKOHYEHO
TECTHPOBAHHE CONPSIXKEHNH, ABAAIOLEECS HEOThEMJEMON KOMIOHEHTOH
nati (M3 LIECTH) NMOAXOJAOB K cOOpKe MOAYJeH, MPOUECC TECTHPOBAHHS
elle TOJIbKO HauWHaercsi. Elle NPeicTOHUT TeCTHPOBaHHE COOTBETCTBHUS
NpOrpaMMbl HJIH CHCTEMBl BHEIUHHM cneuuduKamusM (TeCTHPOBaHHUE
BHEIIHHX (YHKLHUH), nensiM (KOMIVIEKCHOE TeCTHpOBaHMe), TpeGoBa-
HUsIM (TeCTHPOBaHUEe NPHEMJIEMOCTH), a.TaKXe HeoOXOAMMO ompene-
JIUTb,  TPABHJBHO JIH CHCTeMa YCTaHOBJeHa (TeCTHPOBaHHE Ha-

CTPOFKH).

TECTUPOBAHHME BHEWIHUX & YHKLHUA

Llenp Tecra BHewHe# QYHKUHH — HANTH PaCXOXAEHHs MEXAY NPo-
rpamMMoll H ee BHeWIHHMH crneuudukauusaMid. HeoGXoquMmeIM yCloBHEM
yCMeuHoro TecTHpoBaHusl GYHKUHUH gB/IAETCA HajJu4he YETKHX M -TOU-
HBIX BHEWIHHX cnenucHkauui. Eciau BHellHne cneuu(HKaLHH HENMOJHB
WJIH HEOJAHO3HAYHBI, pe3y/bTaThl TECTHPOBAHHS He MOTYT He OHITb Ta-
KHMH Ke. .

C uenblo NPOEKTHPOBAHUA TECTOB BHEIIHHX (QYHKUHMI BHeILHHE cIie-
unpuKanuy OOblYHO pa3OuBalOTCS Ha OTHAeJbHbie BHEIUHHE (QYHKIHH
(Hampumep, MO THIY BXOAHBIX COOOLIEHHH MJIH KOMaHJ NOJb30BaTes),
H TOC/e TUATeNbHOrO H3y4eHHA KaxIoH (YHKUHH CTPOATCH TECTHI.
Tpy 5T0M GOMBIIHHCTBO NPaBHJI MPOEKTHPOBAHHS TECTOB M MOAYJIeH,
PaccmartpuBaBlIiuXcs B V. 11, npUMEHHMO TakXe M K TECTHPOBaHHIO
¢ynxunii. Hanpumep, TecTel HOJ/KHBI CTPOHTBCS /s BCEX BXOHBIX
YcnoBuii M BapHaHTOB, a TaKXe Ha rpaHuuax Bcex oGnacrefl nomycr-
MBIX 3HayeHMH Ha BXoje W o6sacTeli H3MeHeHHMSI Ha BwIXofe. TecThl
JIOJKHBI TaKKe NpoBepsATb NOBeleHHe NPOrpaMMbl y GYHKUHOHAMBHEIX
TPaHuU ¥ B cayyasix BBOJA HEJOMYCTHMBIX WJIH HENpefyCMOTPEHHBIX
JaHHBIX. B cnenyromieM pasjiesie paccMaTPHBAaeTCsi METOAOJOTHSA NPOEK-
THPOBaHHA TeCTOB, OCHOBAaHHAS HA (DYHKYUOHAAbHLIX Ouazpammax
(cause-effect graphing). ’

CymectByior cpeacTBa /i aBTOMAaTHUECKOH Te€HEpallMH¥ TECTOB, HO
HMU 06BuHO He cieflyeT mosib3oBaThesi. Hampumep, o6eayxuBaroumiass
porpamma IEBDG [1] moxer ncnosib3oBaTbCsi [J1si T€HEpalMH MOTO-
K2 1enosuTHBIX CHENOK C Pa3HBIMH YYETHHIMM HOMEPAMH H CyMMaMH
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B JloJ1apax JJisi TECTMpOBaHHs GaHKOBCKOH cucTeMbl. Onnako Tako#
MOAXOJ ¢ MO3HLUH «rpyGOH CHJ/Ib» HeNPOAYKTHBEH N0 HECKOJNIbKHM TpH-
YHHAaM:. TaKde TeCTHl c1a6o 06HapyHKHBAIOT OUIHOKH H IIPU TAKOM TECTH-
pOBaHMM HapyLiaeTcsi OfHa M3 (yHIaMeHTAJbHBIX aKCHOM TeCTHpOBa-
Husl, KoTopasi TpeOyeT pacCuMThHIBaTh Pe3yJbTaThi AJIsi KaXKAOTo TecTa
3apanee. be3 aToro nporpamMmucT, BHINOJIHAOWMA TeCTHPOBAHHE, CKO-
pee Bcero He 3aMeTHT NMpPOSIBJIEHHS! OIUHOKH (KPOME TaKHX OYEBHIHBIX
ciyyaeB, KaK NpOrpaMMHble MpephIBaHHS).

Kak ¥ npu aBTOHOMHOM TEeCTHPOBAaHHMH, TECTbI BHEIUHHX (yHKIHH
He JO/DKHBI OBITb TECTAMH «OJHOPA30BOrO MCMOJBb30BaHHs». Kaxnaprii
‘TECT JOJIKeH GbiTh JOKYMEHTHPOBaH (HanpuMep, HEOOXOAMMBI HHCTPYK-
UMY N0 €ro MCHOJb30BaHHUIO, JOJXKHBI ObITh NMPHBEACHBI OXKHJAaeMbie pe-
3yJbTaThl) M, €CJAH 3TO BO3MOXKHO, CaMOIpoBepsieMbIM. XOpOLIO TakK-
K€ "OHBHHTb OTHOCHTEJbHYIO BaXXHOCTh KaXXJOT0 TecTa. DTO MO3BOJSET
HeGOJIBUIYIO YaCTh TECTOB BHIAEIUTb B KauecTBE Mecmos pezpeccull, T. e.
TEeCTOB, KOTOphble B GYAyLieM JOJ/DKHBI BBIIOJNHATLCA MOCHE KaxAoH Mo-
JHUPUKAUKH, KaXIOTO HCIOPABJEHUS NpOrpaMMmbl (4ToOBI NPOBEPHTD,
He BO3HMKJO JIH IBHKEHMe BCISThb, He NPUBHECEHL! JIM 5THM HCIpaB-
JIEHUEM OIIMGKH).

TecrupoBanue (QyHKuuii — npouecc KoHmpoas, TOCKONbKY OHO
‘00bIYHO BBIMOIHSAETCS B MOJeJHpyeMofi cpelie (B MPOTHBONOJIOXHOCTD
o6cTaHoBKe peasibHOM). JIpyrMMH cJIoBaMH, TeCTHPOBaHHe (YHKIMH
-OGBIYHO BLINMOJIHSAETCA IJ8 KOMIIOHEHT CHCTeMbI NpexKJe, yeM OHa Gyjer
coGpaHa BoeauHo. Hampumep, MOryT GHITb HEZOCTYIHBI ONpejie/ieHHbIE
ycTpoficTBa BBOJA-BhIBOZA, BCJAEACTBHE Yero noTpeGyeTcsi HamucaThb
CrmelHaJbHEE OPOrpamMMbl /A MMMTALUM UX paboTHl, MOTYT OTCYTCT-
BOBaTh WJH ObITh HENOJHBIMU OTAEJbHble KOMIOHEHTHl NMPOrPaMMHOI0
ofecrieyeHHUs, YTO TaKxKe norpefyeT MMUTAUMU WM NPUMEHEHMS BCIO-
MOraTeJIbHBIX NPOrpaMM — «IOANOPOKY.

Touka, cOOTBETCTByIOIIAsi TECTHPOBAHHIO BHEIIHUX (YHKUUI Ha
cnektpe crpateruii (puc. 10.3), Haxoxautca OaHKe K JIeBOMY (UepHBIi
SIMK) KOHIY. B mepBylo ouepelib ciieyeT COCTaBUTb TECTHI IO BHELIHUM
crenuduKauuaM, He o6pamiascb K BHYTPEHHEH CTPYKTYype HJIM ajro-
purmy mnporpammbel. OfHaKo c/efyeT KOHTPOJIMPOBATL U BHINOJIHEHUE
HpPOrpaMMbl, YTOGEI ONpeleuTh, B KaKofl CTeeHH OXBayeHbl BCE YCJIOB-
Hble TIepexofsl. ‘

0653amenbHolli MUKUMYM NPU MECMUPOBAHUL 8HEWHUX (PYHRKYUE —
8bINOAHUMb 6CE PA3BEMBACHUS NO KpatiHel mepe o0uH pas 8 KanooMm Ha-
npasAenuU, 3a UCKAIOHeHUem mex eemsell, Komopae obecnexusarom 3a-
UUMHOe NpocpammUposanue.

Bo Bpems TecTHpoBaHHf (YHKIHH CJefyeT HCIOJb30BaTh MOHHUTOP,
KOTOPHI cOGHpaeT CBOAHYIO CTaTHUCTHKY. Eciu kakie-To BeTBH OKasa-
JUCh HENpOBEPEHHBIMH, CJelyeT [A06aBHTb COOTBETCTBYIOLIME TECTHI.
OHHU JOMIXKHEI CO3JaBaTh TaKue CHTYalWH, KaK HeJONyCTHMbE BXOJAHHE
JaHHBIE WJIH OWHOKH BBOJA-BbIBOJA. EJMHCTBEHHOE HCKJIOUEHHE CO-
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CTABJAIOT BETBH, BBINOJIHSEMbIE TOJILKO MPH HAaJHYHH OWIHGOK B Npo-
rpaMMHOM o6ecrieyeHHHU (T. e. IPOBEPKH, CBS3AHHBIE C 3aUIMTHBHIM MPO-
: 1«pm,mmpoazmneM). 31ech pasyMHO NPOCTO TIOJNIOKHTHCS HAa KauecTBO
ABTOHOMHOTO TeCTHPOBaHHS.

METOJ @ YHKUHNOHAJIBHBIX JUATPAMM

Meton dyHKunoHanbHEX Auarpamm [2, 3], otHocsuuiics K Jesomy
Kpalo CNEKTPa CTpPaTeruii TECTHPOBaHHsl, MpejJiaraer cnoco6 nepesoa
crendpUKaUKi, HAaNHCAHHBIX Ha €CTECTBEHHOM f3bIKe, HAa fA3BIK (op-
Ma/bHbIA. JTO CMOCOGCTBYET NPOEKTHPOBAHHIO BHICOKODPE3Y/IbTATHBHBIX
TeCTOB, HE CTPAJalOlIMX U3OLITOYHOCTHIO, M, KPOME ITOr0, KaK OTMe-
yajiocb B IVI. 4, OOHAPYXKUBAIOTCA C/IyYaW HENOJHOTH M HEOXHO3HAY-
HOCTH B HCXOJHBIX cHelHpUKaIHSX.

Mertoj nipeJnoJiaraeT aHa/u3 CEMaHTHYECKOTO COJlepyKaHMs BHEIIHUX
crieunUKaluil 1 MEPeBoA MX Ha A3HIK JIOTHYECKHX OTHOIUEHHH Mexny
BXOAHBIMU JAHHBLIMH (CHTYalUHsMH) U BHIXONHBIMH JAaHHBIMH U Npeo6pa-
sopaHHsIMH (3dpekTamu), npencTaBleHHBIX B (OpPME JOTUYECKOR Awmar-
pammbl («H-uaW»-rpaca), HasbiBaeMON (PYHKYUOHANLHOL Ouazpammod.
JluarpamMma cHa6xkaeTcsi NpUMeYaHHAMH B BUJe CHHTAKCHYECKUX MpaBu
W orpaHvueHHil BHEIUHe# cpeabl W 3aTeM npeoOpasyercsi B Tabiuuy pe-
IeHHH ¢ OrpaHUYeHHHIM BXoAoM. Kaxawiéi cronbery TabauipBl COOTBET-
cTByeT GyAyleMy TecTy.

Pacecmotpum npumep npumeHeHHst 3Toro Merofa. Ilepsruifi mar —
PasOUTh BHeWIHHE CrielUUKalMH Ha OT/e/IbHble (GYHKIHH, KOMGHHATOP-
Hble CBOACTBA KOTOPBIX M JOJIXKHBI TeCTHPOBaThcsl. B KauecTBe mpumepa
3afivemcsi (parMeHToM crienHpHKanMH, H300pa*KeHHbIM Ha puc. 12.1.
Ormerum, uTo 9TH crieUM@HKAUKM C/eTKa YNpOUIEHHl, 4ToGbl mpuMep
Obl1 He CAMIIKOM GOJIbILUM.

Bropo#i mar — npoaHaJM3HpOBaTh CHEUU(HUKAIMK B NMOHCKAX BCeX
fABHGIX M HESIBHLIX CHTYaIufl (ycaoBHS Ha BXoze) U adderToB (nelictBus
Ha Bhixose). Jlyuiie Bcero nesiaTh 570, MOJYEPKMBAs KaXKIY CHTya-
M0 U Kaxauiit addeKt, Mo Mepe TOro Kak OHHM BCTPeYaloTcsl NpH yTe-
HuM cnenudukaniii. Bee cutyanus ¥ apdeKTH HyMepyIOTCS NPOH3BOJIb-
HbIM 06pa3som. s paccMaTprBaeMOro NpUMepa OHU Nepeutc/IeHbl Huxe,

Curyauns 1. Tlepsbiil, OTJIHUHBIH OT TpoGe/a CUMBOJ, CJIEAYHOMH
32 cumBosiom «C» H OJTHHM HJIH HECKOJIbKUMU TpoGenaMu, SBJSITCS CHM-
BoJiom «/».

Curyauust 2. KomaHga COJEpPKHT POBHO jBa CHMBOJA «/».

Curyauns 3. JlauHa cTpoku 1 paBHa enuHHIe.

Curyanus 4. Jlnuua crpoku 1 pasua 30.

Curyauus 5. Jlnuxa crpoku 1 — mexkny 2 u 29.

Curyauus 6. Jlnuua cTpoku 2 paBHa HYJIO.

Curyayua 7. Jluna crpoku 2 pasHa 30.

HTyauus 8. [IauHa cTpokH 2 — mexay 1 u 29.
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3.4. Noaxkomanga UBMEHUTb

Moaxomanaa USMEHMTb ucnonb3yetca ans m3meHenns nocnepoBarenibHoO-
CTM CMMBONOB B «TeKyllei» CTpoOKe pepakTupyemoro dakina.

.

3.4.1. BxogHule paHHble

.Komanaa umeer cnepylowmii cuHTaKcuc:
C/crpokat /ctpoka2

Crtpokal —3T0 CTPOKA CUMBONOB, KOTOPY:O Bbl XOTHTE 3ameHuTb, OHa ModKeT
umetb AnuHy or 1 po 30 cumBonoB M cocTosTb M3 NOBLIX NUTEP, 33 UCHIIO-
yeHnem «/». CTpoKa2 —cCrpoKa CMMBONOB, Ha KOTOPYIO CReAyeT 3aMeHHMTb
ctpoxkyl., Oxa moxer umerb anudHy ot 0 go 30 cumsonos u copepate
niobble nurepsl, kpome «/». Ecnu ctpoka2 onyuieHa (Mmeer Hynesyio fnmHy),
crpokal npocto sbidepkuBaeTcs.

3a umeHem komanabl «C» fOMKEH clepoBaTth MO KpaiHed Mepe oauH npoben

3.4.2. Peaynutarel

M3meHeHHan CTPOKA B CNyyae YAAYHOTO 3aBEPLIeHU KOMaH Ll nevataercs
Ha TepmuHane. Ecnn mameHeHne He MoOXeT GbiTb BLINONIHEHO, NOCKONLKY He
ynaetcs Halitm B TeKywlei crpoke crpokyl, neuaraetcs coobuwenue «HE
HAMAEHA». Ecnu cuHtakenc komangb! olwmboued, nevyataerca coobujenue
«CUHTAKCUYECKAA OLUMBKAN,

3.4.3. Mpeobpa3osanue cucTemsl

Ecnu cuHTakcuc npasunieH M ctpokal HakgeHa B Tekywei# ctpoke, Torga
crpokal ypansercs, a ee mecto 3auumaer ctpokal. [pu atom rekywas
CTPOKA PacMPSETCH MIU CIKMMAETCS B 3aBMCMMOCTM OT PasHMUbI B ANMHAaX
ctpokul M cTpoku2. EcnaM KOMaHAA CMHTAKCMYECKW HEenpaBMnbHa WAM B
TeKylW e CTPOKe He yAaercs HaiTH CTPOKyl, TeKywlas CTPOKa OCTaeTcs He-
U3MEHEHHOM.

Puc. 12.1, Cneunduxanuu.
Curyanust 9. Tekywas CTpoKa COZEPXKHT BXOxkIeHWe cTpokH I.

A¢dexr 31. HaneyaraHa uameHeHHasm CTpOKa.

ekt 32. TlepBoe BxoxaeHHe CTPOKH | B paccMaTpHBaeMyio CTpo-
Ky 3aMeHeHO Ha CTPOKy 2. '

Sddexr 33. Hanewarano «HE HAWMIEHO».

A¢pderr 34. Haneuarano «CMHTAKCHUECKAS OHIMBKA».

PaccMaTpuBaemasi KOMaHAa MOXKET HMeTb acTPOHOMHYECKOe 4HC/IOo
BapHaHTOB, MOCKOJIbKY CTpoKa 1 u cTpoka 2 Bmecre nomyckator 30X 31
pas3/IMYHBIX KOMOMHAUM#A IJIMH, '@ KaXblii CHMBOJ CTPOKH MOXET ObITb
Jio6oil u3 npumepHo 80 siuTep, MMEIOUMXCH Ha TepMuHaje. CHTyauus
3—8 mpepcraBasaOT cOGOl HEKOTOPBIi KOMIIPOMHCC; 3Jech Npeanona-
raercsi, 4To Mbl B NEPBYIO Ouepefib HHTEPECYeMCA TPaHHYHbIMH 3Haye-
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HUAMH IJIHH H 4YTO (XOuercsi BepHTh) 06pabOoTKa KOMaH/bl HE 3aBHCHT
OT KOHKPETHRIX CHMBOJIOB CTPOK 1 u 2. ekt 32 mnokasbiBaer, 410 B
creuHdHUKanUAX yxe oOGHApyXKeHbl HEOZHO3HAYHOCTH: SIBHO He CKasa-
HO, 4TO TPOHCXOAMT, KOT[ia HMeeTCs HECKOJIbKO BXOXIEHHH CTPOKH 1
B paccMarpusaeMyio cTpoKy. CrefoBajio Gbl yKa3aTh, 4TO H3MEHsSETCS
TOJIbKO nepsoe BXOXJAeHHe.

Tperuii war — HapucoBaTh (YHKLUHOHAAbHYIO AHarpammy. Curya-
uuy H300paxaioTcsi B BUJE BEPIUMH Ha JIEBOM Kpawo JHcra Oymaru, a
sddekTsl — Ha npasoM. C moMollbio 6a30BbIX JOTHYECKHX OTHOLUEHHH,
1300paKeHHBIX Ha puc. 12.2, u3 curyaunit 1 sdeKToB CTPOUTCA CTPYK-
Typa JIOTHYECKHX OTHolleHu#. B ciyuae Heo6xoaumocTu Aisi usoGpa-
JKeHHs OoJsiee CIOXKHBIX OTHOLIEHHH (Hanpumep, abdexT M umeer mecro
npu ycaosuu «cutyauns A Yl (curyauns B UJIH curyauus C)») ucnosns-
3yI0TCSl IPOMEXYTOUHbIE BepIUMHLL. B Tepmunax GyneBoil aareGpol, cu-
TyaudH H 3QPeKTH MOT'yT HAXOAUTLCH B ABYX COCTOSIHHSAX: HYyaob (T. €.
HEe MMEeeT MeCTa, WJIH OTCYTCTBYeT) H 00uH (T. €. UMeeT MeCTo, W/H NpH-
CYTCTBYET). _

Ha puc. 12.3 dynkumonasbHas AuarpamMma npHBefieHa B He3aBep-
ieHHoM BuJe. JIeBATb cHTYalH#t M deTbipe addeKra n306pakeHbl B BH-
Je BepuinH 1—9 u 31—34. ITpomexxyTounsie BepiuHb 21 u 22 npeacras-
JIFIIOT COCTOSIHHA, COOTBETCTBYIOLIME C/y4alo, KOTAA ONEpaHApl «CTPO-

Pywnuus ECTH:, Pywryus HE:
#ECTH 2 TO b wECITTH HE a T0 b*“

* ) Pynrgan HIN: Pymyus H:
WECTH a AT b TO ¢ wECTIH a /b T0 c*
VX9 AX
b (®)
Pynnyun HE-UIH: Pywrauy HE-H:
WwECTH ﬁiaa HIH HE b ” Ez’/mr l/;'E (a # b)
¢ ¢

(®
AXe)

Puc, 12,2, ®yuskuuoHanbHbe CBA3H,
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Puc. 12.3. Hesasepmennas AHarpamma.

Kal» H «Tpoka2» cHHTaKCHueCKM mnpaBuibHBL. [IpoMexxyTouHas Bep-
IHHa 23 NpeacTaB/sieT COCTOSIHHE, COOTBETCTBYIOLEE C/y4alro, KOraa
CHHTAKCHYEeCKH NPaBU/IbHA BCA KOMaHJA.

Ha puc. 12.4 usobpaxena sakoHueHHasi auarpamma. OHa npejcrae-
JsieT co6oil GopMmasbHOE BbIpaXKeHHe NpuBeAeHHbIX Ha puc. 12.1 cneuu-
¢uKalMii Ha ecTecTBeHHOM f3bike. [IpM MOMBITKaX NMOCTPOMTL MOJHYIO
AMarpaMmy 4yacto oGHapy»KUBAIOTCSl TaKHe OIUMOKM B crenMpHKauusx,
Kak Ha/Jnuye CHTyalW# uau KOMOMHalUM# CHUTYalluii, He HMEIOIUX BH-
JUMBIX 3(Q¢eKToB, Wi Hanuuue 3G¢HeKTOB, HUKAK HE CBSA3AHHBIX C CH-
TyauHsiMH Ha BXole.

BeposiTHO, BO BCSIKOH TaKoH JuarpamMme omnpeje/eHHble KOMOuHa-
LMK CHUTYauHi U 3)HEeKTOB HEBO3MOXKHBI H3-3a OrPAaHHYEHHH CHHTaKCHCA
HJIM BHellHe#l cpeipl. Takue orpaHuueHHs caepyer n06aBaATb K jAuar-
pamMe, 4TOGHl TpeaynpeiuTb TECTHPOBAHUE HEBO3MOXKHBIX CHTYauui.
Ha puc. 12.5 u3zo6paxeHr! HONOMHHUTENbHbIE Ga30BbIE OTHOLIEHHUS, KO-
TOpble B c/y4ae HeOGXONMMOCTH YTOUHSIOT Auarpammy. Hckawo4as,
8KAK04a5, 00HO-U-MOAbKO-00H0, mpebyem — TaKHe CrPaHUYEHHsT HCNOJb-
3YIOTCSl JJIfi OMMCAHHsl OTHOLIEHMH MexAy cHTyauusmu. OrpaHuueHne
MOCKUpyem WCTIONb3YeTCs AJisi ONMC3HUSl TAaKHX OTHOLUGHWH MeXAY
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Puc. 12.4. 3asepwennas ¢yHkuHOHaNbHAS AMArpaMma.

sbdexramn, Korja Hajiuuyve OJHOro sgdekra MacKupyeT, HJIH NOAaB*
AseT, npyro# sddexr.

Ha puc. 12.6 noxasana okoHuaTesqbHasi AWarpamMma Co BCEMH JiO-
NOJIHUTE/IbHEIME OrpaHuueHnsiMH. Curyauud 3, 4 U 5 B3aWMHO HCKJIIO-
YalT Apyr -Apyra, NoToMmy 4To AJIMHA CTPOKM 1 B OflHO# KOMaHne ¢uk-
CHpoBaHa M onpejesneHa ofHO3HauHO. OHH He CBSA3aHbI OrPaHMYEHHEM
“OJIHO-H-TOJILKO-O/{HO®, IOTOMY UYTO AJINHA CTPOKH | MOXKeT ObiTb MEHbILIE
€nunMubl uau  6oabwie 30. OrpaHHueHHe «HCK/IOYasi» CBSA3LIBaeT
TaKxe cutyaunu 6,.7 u 8.

[Mocnennuit war — npeo6pasoBaTh AuarpaMMmy B TaG/MLY pelUeHHi
C OrpaHuyeHHbHIM BXOAOM. JlJisi 3TOro HYXXHO BEIOpAaTb HEKOTOPHIH 3¢-

KT ¥ 3anucath Bce KOMOMHALMH CHTyalM#, KOTOPLIE €ro BHI3LIBAIOT,
3aTem BHINUCATh TaKXKe COCTOSIHHS BCeX OCTA/bHBIX 3(eKTOB mpH STHUX
KOMGuHauusix curyaumii. IlepBoie 1eBsiTb cTOAGLOB Ha puc.12.7 mpex-
CTaBJAslOT KOMOMHAIMU CHTyauuf, BeI3biBalomye adgekr 31.

Crenyiomum Beo6x0auMo paccMoTpeTh sddekT 32. OaHaKo auarpam-
Ma nokaseipaet, 4TO OH BO3HHKAET B TEX K€ CHTYANHsX, 4TO H 3dQeKT

» TIO3TOMY €ro yuecTb COBCEM JIETKO.
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Depanuvenue BKAOYAR:
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Puc. 12.5. Orpanvuenus Ha GyHKUHOHAMBHBIE CBSA3H.

Apdekr 33 MoxeT ObITh BbI3BAH JEBATHIO HOBHIMM KOMOHHAIUAMH,
npescTaBieHHbIMH crosibuamu 10—18. Tlocnennuit apdexr, 34-i, umeer
MECTO Bcerja, Korja npoMexXyToyHasl BepiiHHa 23 HaXOXUTCH B COCTOf-
HHH «HYJIb». D10 ObiBaeT, KOI'Za B TOM Ke COCTOSIHHH HaXOAHTCSI XOTS
Obl ofiHa 3 BepHH: 1, 2, 21 u 22. Mul Moryin Gbl NIPEACTaBUTH 3TO Ye-
THIPbMS CTOJIOLAMH, B KaXK/JAOM H3 KOTOPHIX OJHOM H3 BepIUHH COOTBET-
CTBYET «HyJAb», a IPYTUM — «6e3pasjanyHo» (T. €. HX COCTOSIHHE Hecy-
mectBeHHO). OJHAKO KayecTBO TECTOB MOXKHO YJIYULUHTb NOBbILUCHUEM
4YECMBUMEAbHOCTU K NYmAM. B COOTBETCTBHH ¢ 3THM NPHHIIMIIOM B CIYy-
gae, KOTJa Jiofas H3 HECKOJNIbKMX CHTYauMil MOXXeT MPOH3BECTH OAUH
 TOT Xe 3PeKT, cToabLbl clenyeT onpeneauTh TaK, YToOb! STOT 3bpeKT
OBl CBfA3aH TO/IbKO ¢ OXHOMH cutyarnueii. Hanpumep, ecau Gul Mbl yCTpa-
HUJH cuTyauuu 1 u 2 ogHOBpeMeHHO, Mbl MOTJIH Obl He OOHAPYXKHUTb Ta-
Kylo olIH6KY, KOrja mporpamma npoBepsieT OfHO YCJOBHE W He IpoBse-
psier apyroro. Ilostomy croabusi 19—22 oprannsoBaHbl TakuM 06pa-
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Puc. 12.6. OxoHuaTenbHass QyHKUMOHAJIbHAS RHArpaMma.

30M, 9TOGBL TOJILKO OJHA BIIOJIHE OMpeJiesieHHAs CHTyalus NPUBOANIA K
apdexry 34.

Ha puc. 12.7 uso6paxkeHa nosydeHHasi Tabnuua pemweHuii. OnucaHet
BXOJHbIE YCJOBHS M OXUJAaeMble pe3yJbTaThl LISl KaxIoro us 22 tec-
TOB. 3aMeThbTe, YTO YHC/IO MOCTPOEHHBIX TECTOB 3HAYHMTEJNbHO MEHbIIE,
YyeM B pe3yJibTaTe MNPHUMHTHBHOIO KOMOHWHHDPOBaHMSI BCEX CHTYyaLHH.
O6buee yucio Takux KoMmOuhHanuit — 512 (meBsTb cuTyamufl, NI Kax-
IO — JBa COCTOSIHWS), HO OHH CBEJEHHl JIHIIbL K 22 CYIIECTBEHHO pa3-
Jnyaiomumcs ciyyasaM. Eciin Gbl TECTOBHK He NPHMEHSJ (yHKIMOHAMb-
HBIX JuarpaMM, OH MoT Gbl HauyaTb C BhsiBJieHHS Bcex 512 komOuuaumii,
a 3atem coxpanmuJ 6bl TobKo 20—30 U3 HUX M3-32 BPEMEHHBIX OIpaHH-
yeHnii. OfHaKo, OH, BEPOSITHO, cpesal Owl 310 GoJiee MJIH MeHee Mpous-
BOJIbHO, TaK uTo ero 20 uan 30 TecToB ObIH OBl a71€KO He ONTHMaJbHbIM
NOAMHOXeCcTBOM. [IOCTOMHCTBO (PYHKIMOHA/JNbHBIX AHarpaMM HUMEHHO B
TOM, yTo Garofiapss WM BHIAIBJISIETCS OTpaHUYEHHOE YHCJO BBICOKOpe-
3Y/JIbTaTHBHBIX TECTOB.

[TpuBnekas HHTYUTHBHBIE JOBOJbI, MOXKHO ellle CHJIbHEe COKPaTHTb
uncno tecros. Tectsi 10—18 cooTBeTcTBYIOT CilyuasiM, KOTAa cTpoka 1
He Oygmer HailifieHa B TeKymeil cTpoke daina. MHTYHTHBHO SICHO, 4TO
NporpamMmMa B TaKOM Cjy4ae He JOJ/DKHA GbITh UYBCTBUTEJILHOH K CBOH-
CTBaM ctpoku 2 (curyauuu 6—8). IlosTomy Takne KoMOMHaLHUM, KaK B



998 TJI. 12. TECTUPOBAHME BHEIIHHUX ®YHKLMA

Tecrmsr
123 45 67 8 92101112131415161718192021 22

yoofepepepejepefopeegegepepejepepepepejejrirgs
2 | rfepepepepepepepepeprpejepeprpefrpepergs
3 jtrfr]s|{s|s|s|s|s|tt|r1]|s|S|S|S|S|S|S|S|S|S
4 | S|S|S|I]t]{t]|S|S|S|S|S|S|t]t]|1]|S|S|S|S|S]|S|S
N SIS|S|S|S|S|t|V]|V]S|S|SIS|S|S|t{t|r]S|I]|I1]!
§,6ISSISSISSISSISSISSSSSS
87 S[1|S|S|I|S|S|V[S|S|I|S|S]|!|S|S|!|S|S|S|S]S
8 [S|S|I]|S|S|V|S]|S|I|S]|S|t|S|S|t|S|S|I]|V]|S]|I]I
9 Lyl fi|S|S|S|S|S|S|S|{S|S|X|X|XIX

31 [e|p|p|p|P|P|r|P|P|a|alalalalalalalalalalala
§32 plrlelr|p|P|P|P|P|alalalalalalalalalalala]a
§33 alalalalalalalalale]|e|r|r|ri{r|r|p|P|ala]a]a
“1as [al|alalalalalalalalalalalalalalalalalele]e]r

N

S: He umeem mecma
\: ameem mecrmo

| X: Hecyuyecmeenno

A:omcymemsyenmn

P: npucymemeyem

Puc. 12.7. Tlpeacrasiente xHarpaMmsl B BHAe TaGIHIBE PelleHHH.

Tecrax 11, 12, 14, 15, 17 u 18, BeposiTHO, He GYAYT UMETb BHICOKYIO pe-
8YJILTaTHBHOCTb, H HX MOXKHO OTGPOCHTb, COKPATHB YHCJIO TeCTOB 10 16.
KoMmnpomHcchl Takoro poja HMEIOT YHCTO 3KOHOMHYECKHH Xapakrep #
BIIOJIHE COOTBETCTBYIOT aKCHOME, COIJIaCHO KOTOPOH OAMH H3 3/1IeMEHTOB
HCKYCCTBA TeCTHPOBAHUS B TOM H COCTOHT, YTOOH 3HaTh, KOTJa OCTaHO-
BUTbCA. OHH yacTo GBIBAIOT HYXKHBI, KOTZA ®OYHKUHOHA/bHAS AHArpaM-
Ma NPUBOJHUT K GOJIbIIOMY YHC/Y BO3MOXKHBIX TeCTOB. B Takux ciyuasx,
€C/IH 9KOHOMHYECKHE CO00paXKeHHsl NPeBa/IMPYIOT, CJEeAyeT, OCHOBbI-
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'BafACb HA OLEHKe Pe3YJbTaTHBHOCTH TECTOB, 3aTPaT Ha HX MOATOTOBKY
‘U CEPbe3HOCTH JJIsi MOJb30BaTe/sl OOHApYKHBaeMoH OMIMOKH, paccTa-
BUTb TPHOPUTETHI TECTOB M OTGPOCHTb TECTHl C HU3KUM HPHOPUTETOM.

AHalH3 MeTOAA

Meron ¢yHKUMOHANBLHEIX AHArpaMM KOHKDETH3HPYET HEKOTOpbie M3
aKCHOM TecTHUpoBaHMs, obcyxiaaBunecss B ri. 10 u 11. Ipenckasanue
OXHJAEMBIX PE3YJIbTaTOB — CYIECTBEHHBIAl 3JeMeHT Mmeroza. Orcyt-
CTBHe OXHJaeMbIX 5((}eKTOB MOACKAa3bIBaeT TECTOBHKY, UTO CJEAYET IIo-
HCKaTb OWHMGOUHLIE MoGouHble 3pdextr. Hampumep, corsaciHo Tecram
10—18, xpome mpoBepku Toro, uyto coobmente <HE HAMIEHO» BiI-
JlaeTcsi, HeOOXOLHMO NPOBEPUTh OTCYTCTBHE sdxpexTa 32 (T. €. y6eAUTH-
csl, 4TO paccMaTpHBaeMasi CTPOKa He M3MEHeHa). o

10T MeTox O6G/MamaeT M HEeKOTOPHIMH HefocraTKaMH. OH He «Haue-
JieH» Ha TecTbl GOJIBIIOH «pa3pyIINTENbHOH CHJIBIY, II03TOMY MOJyYae-
Mble C €r0 MOMOIIBIO TECTHl ZOJDKHBI JOTNOJHATbLCA TECTaMH, OCHOBAHHEI-
MH{ Ha TNOJNO3DEHHSIX, MHTYHIIHH, H3006DeTaTeNbHOCTA TECTOBHKa. PHC.
12.7 cepyer NOMONHUTH TeCTaMH, BKJIOYAIOUUMH TaKHe CJAydad, Kak
Ha/M4He CTelHa/lbHbIX CHUMBOJIOB (TaGyJIfiMs HJIH BO3BPaT KapeTKH)
B CTpoKe | H cTpoke 2, BXOXKIeHHe HCKOMOH CTPOKH B CaMOe Hayasjo MU
B caMblil KOHell paccMaTpuBaeMoil CTPpoKH. DyHKIHOHANBHBIE AHArpaM-
MbI MOTYT ONHUCHIBATb TOJNBKO KOMOHHATOPHBIE COOTHOIIEHHUS MEXAY CH-
TyauusMi. OHH He TOMOralT YYHTHIBaTh TaKHe OCOOEHHOCTH, KaK Bpe-
MeHHEle 3alepKKH, UTePaTHBHble QYHKIHH, 00paTHYIO CBA3b 3PdPeKTOB
W CHTyaluH. .

B ¢upme IBM 6bi0o pa3paboTaHO HECKONBKO 3KCHEPHUMEHTa/bHBIX
fIporpaMm noJyyeHHs! QYHKIMOHANbHBIX JHarpamm, ¢ TeM 4YTOGbI TPYX
TI0 aHAJIU3Y AUATPAMMBI H MOCTPOEHHIO TaG/MHLb pelueHHH CHATD C IJey
nporpamMmucta [2]. OTH nporpaMmbl HCHOMB3YIOT aITOPHTMBI IPOEK-
THPOBaHHs 3JEKTPOHHBLIX CXeM H MHHHMH3aUuM rpadoB Ijd NocTpoe-
HUS ONTUMAJLHBIX HaGOPOB TECTOB.

[ToxBoxsi MTOr, MOXKHO CKa3aTh, YTO MeTOZ (yHKLHOHAJbHbIX AMAr-
PaMM sIB/ISIETCSI CTPOTHM MOAXOAOM K NpeoGpa3soBaHMIO CrelH(HKaHit
Ha ecTeCTBEHHOM fi3blKe K Gosiee ¢popmaibHOMy BHAY. OH BhIpaGaThiBaer
Habop TecToB, KOTOPHIH 3KOHOMUYHee Jio6oro Merosa ad hoc uiu mero-
Ja rpy6GoH CHJIBI M HMeeT IOMNOJHHTeNbHOE AOCTOMHCTBO — IIOMOraer
OGHapyKHUTb HEOAHO3HAUYHOCTH B cneundpukauusax. Te, KTo noab3oBa-
€l 5THM METOJOM, YacTO HaXOJsT, YTO OH TpeGyeT CAHMIIKOM MHOIO CHJI
H BpeMeHH, HO, MOBTOPSSl CKa3aHHOe B IJl. 11, HalOMHHM: HHUKTO U HH-
KOrja He yTBepxkJaJ, YTO TeCTHpoBaHHe — Jerkoe jeno. Ilocrpoenue
DYHKUHOHAMBHBIX AHMATPaMM — TPYAHAst paGoTa, HO Pe3YJIbTaThl CTOAT
Tpyna.

UHTErPALIMSA CUCTEMBI

5151 GobIIMHCTBA POEKTOB LIECTh TI0AX0/I0B, OMUCAHHBIX B NI, 10,—
3T0 Bce, YTO HYXKHO A/ COOPKH CHCTeMbI M3 yacTeil (MoayJe#). beisator,
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ONHAKO, YHHWKAJbHble NPOEKTH, CBA3AHHBIE C Pa3paGoOTKOM Upe3BbYai-
HO GOJIBINMX CHCTeM MJIM CHCTEM, Pa3JIMYHbIE HaCTH KOTOPHLIX pa3pala-
ThIBalOTCsSl B pasHbIX FeorpaduyecKHX TOYKaxX WM pasHbIMH cy6mox-
PAAHBLIMM OPTaHM3alMsAMH. B TakuX NMPOEKTax BOSHHKAIOT 0cOGOrO pona
JIorHY4eCKHe Npo6JeMbl, a Takxke Npo6JeMbl NJIaHHPOBAHHA M ympas-
JIeHHs.

HaanupoBanue cOOpku

INpouecc vHTerpauMu TakuX CHCTEM HAUHHAETCH C MOATOTOBKH NAQHE
cbopku, NI unmezpayuu, B KOTOPOM YTOUHSETCS, KaK, KeM, I'le U KOor-
Aa OyIeT BLINOJNHATbCA cOOpPKa CHCTEMBI U3 OTHENBHBIX KOMIIOHEHT,
OcHoBHas 3ajiaya 3TOro IJaHa — ONHCaTh MPOLECC MoCTeneHHo# cGop-
KU chcteMel. Kaxpasi mociefoBaTefibHasi BepCHS, HJH YPOBEHb CHCTe-
Mbl, Ha3bIBAETCH CNUHOM (JaCTO MCMOJB3YETCS TEPMHH dpaligep, HO ero
MOJKHO COyTaTh C NOHSITHEM JpaiiBepa MOAYJefi, pacCMaTpHBABILHMCSL
B 1. 11). Cnun 0 o603Ha4aeT «mycTYio» BEPCHIO CUCTEMB, Ha 6ase KOTo-
poit cTpositcs Bce mochepylouine crnuHbl. JIs HOBOH NpHKJIagHOH cH-
creMBl criiH () MOXKeT coiepKaTh IPOCTO 6a30BYIO ONEPALUOHHYIO CUCTe-
my. Eciv 3ajaya npoekra COCTOHMT B MOJy4eHHH HOBOTO BHIYCKa Ofe-
panuoHHO# cucteMbl, cniMH O — 3710 npeAblAyIKA ee BhNyck. Coud N
0603HayaeT nocjefHH#l CIMH, T. €. 3aKOHUEHHYIO CHCTEMY.

B nnase cGopkH, KpoMe NPOYHX BONPOCOB, YKAa3bIBAETCH YHUCIOG
CNHMHOB, KaJleHJapHb IJIaH HX pa3spaGoTKH H HX (DYHKUHOHA/bHOE
cozepxanne. KioyeBbIM MOMEHTOM Mpouecca SIBJAsIETCS NMPHHATHE pe-
HIeHHs: 0 yucie cnuHOB. OfHa KpaHHOCTb — €JUHCTBEHHBIH chnHH (no
aHaJIOTHH C METOJOM «GOJbLIOTO CKauKay), Apyras KpafiHOCTb — HOBBbI
CIIMH €XEeJHEeBHO, MpHYeM HOBHIH CIIHH OTJIMYAeTCA OT craporo jAoGas-
JICHHEM BCero JIHLIb OJHOTO MOAYJA. EcTb ocHOBaHMs cuMTaTh mocnef-
HU# cayuafi HauboJsiee IpeANOYTUTENbHEIM. TaKasi CTpaTerus HasbiBaeT-
csl Henpepoisroll unmeepayued. OHa TIpeAnoJiaraeT, YTo HOBbIE CIHHbL
CO3/IaI0TCS1 YacTO; BO3MOXKHO, €XeIHEBHO, MaKCHMYM — eXeHe/lelbHo.
Kaxnpifi cnuH oT/MyaeTcst OT NMpeXbAYLIEro JHIb HEMHOTHM, U 3TO
ofeyaeT OTJaJKy H MO3BOJSET «3a6pakoBaTb» BCSIKYIO HOBYIO (yHK-
I¥I0, KoTopasi BeleT ceGsi HEelPAaBMJILHO.

B kauecTBe mpuMepa, IEeMOHCTPHPYIOLIETO NOCTOMHCTBA HENpephIB-
HOH MHTerpauyH, MOXKHO BCIIOMHHTb, YTO KaXKABIH BbINYCK T'MTAHTCKOR
onepaiuonHoit cucrembl OS/360 IBM cTpousicsi ¢ NMOMOIIBIO JHIUb He-
CKOJIbKHX KPYNHBbIX CMHOB. HeKkoTopble BEIMYCKH CTPOWJHCH TOJBKO G
OJIHHM CIHMHOM — 3TO O3HauaeT, YTO GYKBaJBHO THICAYH MORYJeH CKO-
JIaUUBaJINCh B CHCTEMY OJHOBpeMeHHO. [lpyrue BEHIYeKH CTPOHJHCH B
yerbipe cnuHa. CriuHBl pa3pabaThiBa/IuCh aBTOHOMHO OKOJIO IBYX Mecs-
1IeB, ¥ KaXKIbil U3 HUX COLePKaJs COTHH H Jjaxke THICIYH HOBHIX MOAyJef.
[Tpu sTomM noxxoze BHISIBWIOCH HECKOJLKO Cepbe3HbIX mpoGiaem. Kax-
JRIA sTan cOOpKH Obln HEOOBATHBIM, YTO BeJO K yTepe MoAyJjeii, Jioru-
YEeCKMM TYHHKaM, OTHHMAJO MHOTHE HeJleIH Ha TOo, 4TOGHl JOGMTLCH
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xoTsl Obl Kakoro-To ¢pyHKUHOHHpOBaHUsA cnuHa. OTaanka Oela TPyAHa,
NOTOMY YTO BMEPBLIE CTHIKOBANHCH APYT C APYroM GoJbllMe KYCKH Mpo-
rpamMmbl. McmpaBiieHusi omMGOK 3aiepKUBANHCh, TaK KaK KOPPEKUHH
cOOMPAIMCh B TPYNINBl ¥ BBLINOMHSIMCH JOBOJBLHO PEAKO.

HenpepeiBHast uHTEerpanusi Bnepsbie Gbia npumeHeHa K OS mpu
- pabote Haj BrimyckoM OS/VS2. CnHHBEL CO31aBa/HCh MOYTH €XEIHEBHO.
TeT ¢axT, uTo 370 GblN NEPBHIH BEINYcK OS, 3aKOHYEHHbIH C OTIEPEKEHHEM
rpad¥Ka, BO MHOrOM 0GDbACHSIETCS BLIFOAaMH HENpephIBHOH HHTErpaiyy.

Ilnan c6opKu 3aBHCHT OT pa3bUEHHUS CHCTEMbl Ha COOPO4HbIE Yaibi.
COopouHblii y3eq — 3T0 Habop MOAyJIeH, KOTOPHIl OpraHH3auusi-pas-
paboTuuk 6yaer cobuparTh B KOHKpeTHbIt criH. COOpOUHbIH y3es oGbiy-
HO TIPEACTaBJIsiET HEKOTOPYIO QYHKIHIO CHCTeMBbI, GoJiee KPYMHYIO, YeM
MOAYJb, HO MEHbINY(0, 4yeM mnojacucreMa. OCHOBHasi 4acTb Tmpouecca
QIaHUPOBaHUsl COOPKH — BblieJieHHe COOPOYHBIX Y3J/I0B H COCTaBJIEHHE
KaJleHJapHOTro MjaHa MX pa3paGoTKH. dra pabora TpebGyeT AOCTaTOYHO
BBICOKOH KBaJIHQHKALHM B TEXHHYECKMX H KOMMEpPUECKHX BOINpocax, a
TaKXe B MCKYCCTBE IEPEroBOPOB U ompejensieTcsl CJAepyIoUHMH PaKTo-
pamu:

1. Ilnan cOGOpKM HOJIKEH YUHTHIBATh OrPaHHYEHHS, CBSI3aHHBIE C
pecypcaMu H rpadHkoM opraHu3samuii-paspaGoT4HKoB.

2. TlocnenoBarenbHocTh COOPKH JOMMHa OBITH ONpefesieHa TAaKHM
obpasom, 4ToObl paGoTaiouiasi KapKacHasi BepCHSI CHCTeMBI GbL1a roto-
Ba yxXe B KauecTBe OJHOIO H3 MePBBIX CIHHOB.

3. TocnenoBareabHOCTb COOPKH JAOM:KHA ObITh TaKoH, 4ToObl BCe
BaxKHeHlMe (YHKIHM NONANH B MepBble CIHHBL.

4. COopouHble y3Jbl MOTYT GbiTh 3Q8UCUMbL OT APYTMX COOPOYHBIX
y3/0B (Hanpumep, QyHKuHMA 0OGPabOTKH JENO3HTHHIX cooOuleHHft Gy-
JeT 3aBHCETb OT HEKOTOpbIX (YHKuUMA ynpaBneHuss 6Ga3olt NaHHBIX).
TocnenoBatenbHOCTh COOPKH JO/MKHA OHITH ONpefiesieHa C YueToM 3TOi
B3aBHCHMOCTH.

5. Bo Bcex crnMHax, KpoMme IocjefHero, HeKOTopbie (parMeHThl CH-
CcreMbl GyAYyT OTCYTCTBOBAaThb. IJTH OTCYTCTBYIOImIMe (pparMeHTH 4acro
TIPHXOAMTCS HMHTHPOBATb HANHCAHHBIMHM CNEUHAJIBHO AJIf ITOrO Npo-
Tpammamu, Ha3blBaeMbIMU «nodnopxamu» (scaffold code) (anHanorHUHBIMH
no upee saeaywxam). Ilnan cGoOpKH NOMKEH 1O BO3MOXKHOCTH MHHHMH-
3HPOBaTh NOTPEGHOCTh B (MOANOPKAX».

[Tnau c6opku noJKeH ObITb TAKHM, YTOOH KaKABIH MOAYJb CHCTEMBI
TIONICOEMUHSAJICSL MOAbKO 00UX pa3 (Kpome cjydaeB HCHPABJEHHS OLIH-
Gox). Ecn 3T0 KakeTcsl HEBO3MOXKHBIM, 3HAuMT, JHOO 4TO-TO Hempa-
BHJIbHO B NPOEKTE CHUCTEMbl, JIHOO HENpaBWJIbHO BBIAE/EHB COOPOUHbIE
Y3nel. Tak kak myaH cGOpKM CBsSI3aH C IJiaHaMM H rpa¢ukaMu PaGoTbi
OpraHusauuii-pa3apaGoTuuKOB, €To CJeAyeT COCTaBUTH 3apaHee, BO BCH-
KOM cilygae, 0 Hayajla KOJHPOBAaHHS.

;ﬂpyroﬁ KJIIOYeBOH 3/IeMEHT IIaHa COOPKH — HEKOTOPLIA H3MepH-
MBI Kpumepudi npuemky, Hanpumep TpeGoBaHHE TaKOTO KauecTBa Kax-



232 rJ. 12. TECTUPOBAHUE BHEHMIHUX @®YHKLUMA

Aoro cGOpPOYHOro ysja, yToGHl mocse ero cOOPKH OblIO OOHApYKEHO He
Gosiee ABYX olnGox Ha 1000 onepaTopos nporpammsl. Ilocnennee yacro
BhISBIBA€T yAMBJEHHe, NIOTOMY YTO HET crocoGa, KoTophiM Obl opranu-
3aius-pa3paboTudK H3MEpsJa 3Ty BEJIHYHHY B MOMEHT c6opku. OnHako
Zaxe ¥ B TAKOM BHJE TPeOOBaHHE 3TO HMEET HEKOTOPBIH NOJIOXHTe/b-
Heili ncuxonorudeckuii apdexr. IlockonbKy opraHusauuu-paspaGoTyH-
KH 3HaloT, 4yro MX OyAyT ny6JHYHO OLEHHBaTb IO 3TOMY KPHTEpHIO,
co3zaercsl atMocepa 3A0POBOTO COMEPHHYECTBA, MOJIOXKHTENLHO BJANS-
Iomas Ha paboTy MO NMPOEKTHPOBAHHIO M TECTUPOBAHHIO.

Ynpasjenne c6opkoi

OcraBlURfiCA 3Talm HHTErpalMH CHCTEMBl — NPOLECC HEMOCPencT-

BEHHO KOHCTPYHPOBaHMA KaxJoro cinyuHa. Koy K sToil AeATe/bHOCTH —
ynpasaenue. Opranusauisi, BHIOJHSIOWAS MHTETPALHio, AOJNXKHA TOY-
HO 3HaTh, H3 YEro COCTOMT KaXXIbH ypOBeHb cHCTeMul. EJMHCTBEHHBIR
crnoco6 BHecTH J:060e M3MEHEHHEe B CHCTeMY — uepe3 ouepelHo#l cGo-
pOuHBI y3es uan GopMasbLHYIO NpoLefypPYy HCNpaBjeHHs owubok. Bee
UCTPaB/IeHHs OIMINGOK NOJ/IKHHEI JeaThCSl 3aMEHOH HCXOJHOTO TeKCTa
uejioro MoayJad. JIpyrue BUAB H3MeHeHUH, TaKyue, KaK «CBepX3aIaThix
(3anyaTel B OGBEKTHON NpOTpamMme) MM «KapThl KOPPeKLHH» (3amarhl
B MCXOJHOH mporpamme), JomycKaTbcsi He JAOJIKHHI. Jlaxke opranusa-
1149, BBINOJHAIOAS HHTErpanHlo, caMa He JIOJKHA H3MEHSATb CHCTEMY.
Korzna o6napyxeHa omun6GKa, OpraHH3auusa A0JMKHA, €CH HeOGXORHMO,
H3DbATb U3 CHCTEMBI BeCb HENPaBMJ/IbHLIH COOPOUHBHIA y3esl W OpHIHAIb-
HO H3BECTUThb 00 3TOM OpraHH3anuio-pa3paGoTuHKa.
- OpraHu3sanus, BbIIOJNHSIOMAA HHTEIRALUIO, OTBEYAET 32 CONPOBOX~
JeHMe OYepENIHOTO CHMHA B KOHTPOJNHPYeMbIX €10 OGUGIHOTEKaX, YTBepX-
JeHMe BceX H3MeHeHHH (UTO NpearnoJiaraeT aHa/lu3 TEKCTa BCEX H3Me-
HEHHA Ha MCXOJHOM f3blKe), COOPKY KaxJOro CHHHA, NOKYMEHTHpPOBa-
Hue crnoco6a HMCHOJNb30BaHMS M OUPAHHYEHHMHA KaXK[IOro CIHHA, a TaKxke
PacChUIKy KaxJoro CIHHAa OpraHu3alMsM-paspaboTunkaM. Ir1a op-
raHM3alHs CHayasla pacchiiaeT CHH 0 M 3aTeM KJIeT NOJyu4eHHs Bcex
cOOpOYHBIX Y3JI0B, 3am/IaHHPOBAaHHBEIX AISl caenyioumiero crnuHa. OHa
no06aBJsieT 3TH Y3Jbl K NpeKHEMY COHHY (co3JjaBast TaKMM 06pasoM Ho-
BHIfl CIIHH), A006aBjsieT Bce HeOOXOAUMBIE NPOI'PAaMMBI-TIOANOPKH, Mmec-
mupyem peepeccuto HOBOTO CIMHA, YTOObI YOeAMTbCH, UTO CHCTeMa He
perpeccupyer, H 3aTeM pacHpoCTpaHseT HOBHIH CIOHH IO OpraHu3a-
uusamM-paspaboruukam. [locsie Toro Kak CO31aH AOCHAeJHHH CNHH, npo-
IOYKT TOTOB K KOMIJIEKCHOMY TeCTHPOBaHHIO.

Kaxnass rpynna paspaGoTUHKOB BBHINONHSET OXHOBPEMEHHO C ApY-
TMMH TPyNNaMy CJIeLYIOUIME [IArH: OHA BHINOJHAET aBTOHOMHOE TECTH-
poBaHue M TeCTHPOBAaHHE CONpsKEHHH MOAyJeH, Mojsexamux cGopke
B CJe/lyIOUHii CIIHH; 3aTeM OHAa BKJIIOYaeT 3TH MOAYJH B CBOIO K®IHIO
NPEAbIAYIIET0 CMMHA M BHINOJHSET TECTHPOBAHHE BHELIHMX (YyHKIMiA,
3TH MOAYJIH OTCHLLIAIOTCA TPYINMNe, 3aHUMAIOUIEHCA MHTerpamyed, u npo-
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1iecc MOBTOPsieTc co clenyomuM cniuHoM. Koraa aeno noXomut zo no-
CJIE[IHETO CMHHA, TPynna pa3paGOTYMKOB JOJXKHA NMOBTOPHO BHINOJHHTH
-TECTHPOBaHHe BHEUIHUX (QYHKUHA napajjieJbHO C KOMIJIEKCHBLIM TeCTH-
pOBaHHEM.

Haxkonen, Hy>XHO I0OHTbCSI TOTO, 4TOGH! KaXKiasi rpynna paspa6ort-
YHKOB 3aMeHsJIa CBOK KOMMIO INPEXHEro CIHHAa, KaK TOJNBKO CTaHEeT
JOCTYNHBIM clieftyromui cnud. Takum o6pasoMm rapaHTHpyercs, 4To Bce
OpraHH3alUH HCTIONL3YIOT KOMHKH OJIHOM M TOH XKe, M caMoll moc/enHei,
BEPCHH CHCTEMBI.

KOMMJIEKCHOE TECTHPOBAHHE

KomniiekcHoe TecTHpoBaHHe, BepOsITHO, caMasi HeMoOHsTHas ¢opma
‘TeCTHpOBaHHs. Bo BCAKOM cilyuae, KOMIIEKCHOE TECTHPOBaHHE He SIB-
JISIETCA TECTUPOBAHHEM BceX (QYHKUMUM TMOJHOCTBIO COGPaHHOH CHCTEME,
TECTHPOBaHHe TAKOTO THNA Ha3bIBaeTCH TeCTHPOBaHHEM BHEUIHHX QYHK-
uuii. KoMijekcHoe TecTHpoBaHHE — MPOIECC NOHCKOB HECOOTBETCTBHUS
CHCTEMBI ee HCXOJHBIM Ue/IAM. DIeMEHTaMH, Y4acTBYIOUIHMH B KOMILJIEKC-
HOM TeCTHPOBAaHMH, CIyXkaT caMa CHCTeMma, ONHCaHHe Uejed NMPoAYyKTa
U BCS JOKYMEHTaLHUs, KoTopas OyJeT NnocTaBlAaThCS BMECTe C CHCTEMOH.
Bremnye crennGHKaunu, KOTOpbie GblIU K/IIOUEBLIM 3JIEMEHTOM TECTH-
‘POBAHHSA BHEWIHHMX (YHKUMHA, UIpalOT JHIIb HE3HAUHTENBHYIO POJb B
KOMIIIEKCHOM TeCTHPOBaHHH.

B ra1. 4 nonyepkuBasach BaXKHOCTb NMOCTAHOBKH H3MEPHMBIX LEJEH.
YacTb apryMeHToB B NOJIb3Y STOrO JO/KHA OBITb YK€ OUeBHJHOH: H3-
MepHMble [eTH HeoGXOAWMBI, YTOOHl ONMpEeNeNHTh NpaBHJa A mpoiec-
COB npoekTHpoBaHus. OcrajbHbE COOO6paXKeHHs RO/KHbI MPOACHHTbCA
cefiyac. Ecnn menn chopMynnpoBaHbl, Hanpumep, B BUAE TPeGoBaHHS,
4TOGHI cHCTeMa GblJIa JOCTaTOYHO GLICTPOM, BIOJIHE HaleXXHOH M YTOGHI
B pa3yMmHBIX npenesnax ofecreynBasnach 6€30I1aCHOCTb, TOTAA HET CIO-
€00a onpefeNuTh NMPH TECTHPOBAHHH, B KaKOH CTENEHH CHCTeMa JOCTH-
raeT CBOMX IHeJeH.

Ecau evt He cpopmyauposaru yeau eauieeo npodyxma Ul ecau smu
Yeau He UBMEPUMBL, Bbl HE MOXCEme B6LNOAHUMb KOMNAEKCHOe mecmupo-
sanue,

KomniiekcHoe TecTHpoBaHUE MOXeT OBITb NMPOLECCOM H KOHTpOJIS,
¥ Henbitanuit. Tlpolleccom HCMBITaHHE OHO SIBJSIETCS TOTJA, KOTZJa BhbI-
TIOJIHsIeTCSI B PeasIbHOl Cpejie M0/Ib30BaTe sl KU B 0GCTaHOBKE, KOTOpast
<CrenuanbHO CO3aHa TaK, 4ToGbl HallOMUHATh cpely nosb3osarend. On-
HaKo TaKasi POCKOLIb 4aCTO HEJOCTYNHa MO PAAY NMPHYMH, M B Moaol-
HBIX cyyasiX KOMIIEKCHOE TeCTHPOBAHME CHCTEMBI fIBJISETCS Ipouec-
COM KOHTpOJs (T. €. BHINOJIHAETCS B UMUTHPYEMOH, HJIH TECTOBOH, cpe-
Ze). Hanpuwmep, B ciiyuae GopToBOf BBI4HCAHTENBHOM CHCTEMb KOCMH-
Y€CcKoro kopal/si MM CHCTEMBI MPOTHBOPAKETHOH 3alMTBEI BONPOC O
PeasibHoO# cpepe (3amycK HAacTOMIEro KOCMHYECKOTo Kopaliis W Bbi-
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cTpen Hactosueil pakeroit) o6braHO He cTOMT. Kpome Toro, Kak Mul yBH-
AMM Janblile, HEKOTOPBIE THIbI KOMIVIEKCHBIX TECTOB He OCYLIECTBHMEHI B
pealibHO# OGCTAHOBKE M0 SKOHOMHYECKHM COOGpaXeHHAM, H Jyd1ie Bee-
rO BBHINOJIHATH HX B MOJEJHPYeMOil cpeje.

IpoekTHpPOBaHHE KOMILIEKCHOrO TeCTa

KomniiekcHoe TecrupoBaHHe — Hanbosnee TBOPUYECKHM M3 BceX 06-
CYXJaBIIMXCA JI0 CHX NOP BHAOB TeCTHpPOoBaHHUS. PaspaboTka Xopouiux
KOMILJIEKCHBIX TeCTOB TpefyeT 4acTo Jaxe GoJblie H300peTaTesbHOCTH,
YeM CaMo NpPOeKTHPOBAHHE CHCTEMBbI. 3[ieChb HET NMPOCThIX peKOMeHHaluit
THNIA TECTHPOBaHHs BCEX BETBEH MWJIH NOCTPOEHHS (YHKUHOHAJbHBIX
JAuarpamm. OnHako ciepytomue 14 NYHKTOB HAlOT HEKOTOPOE MpPEeACTaB-
JIEHHE O TOM, KaKHe BHJBI TeCTOB MOT'YT NOHaJOGHTBHCSH:

1. Tecmuposanue cmpeccos. PacnpocTpaHeHHH!I HeJOCTaTOK 6oib-
UIMX CHCTEM COCTOMT B TOM, 4TO OHH (YHKLUMOHHMPYIOT KaK GyATO GhLI
HOpMaJsibHO NpH c/1a6oii WK yMepeHHOH Harpyske, HO BLIXOAAT U3 CTPOst
npy GOJIbLIOH HArpy3Ke M B CTPECCOBHX CHTYalMfX peasibHOM Cpelsl.
TectupoBaHue cTpeccoB npeacTap/sier oGO NONBITKH NMOABEPTHYTH
CHCTEMY KPaHHeMY «/1aBJIEHHIO», HAIPHMep MONEITKY OHOBPEMEHHO M0oJ-
KIIOYHTb K cucteMe paspiesieHus BpemeHd 100 TepMHHAJIOB, HACHITHTH
6aHKOBCKYIO CHCTEMY MOIIHBIM IIOTOKOM BXOJIHBIX COOOHIEHHH, WIH mo-
CLUIKY CHMCTeMe yNpaBJieHHs NpolieccaMH aBapHiHBIX CHTHAJIOB OT BCeX
ee MPOLECCOB. : ‘

OnHa M3 NpHYMH, MO KOTOPOH TeCTHPOBAHHE CTPECCOB ONYCKAIOT
(Kpome ©YeBHIHBIX JIOTHYECKHX NpoG/ieM, pacCMaTPHBAaeMBIX B CJEAYIO-
eM pasfesie), COCTOMT B TOM, YTO NepcoHaj, 3aHHMAIOUUACA TeCTHPo-
BaHUEM, XOTsi H NPH3HAET NOTEHIHAJIbHYIO NMOJb3Y TaKUX TECTOB, CUH-
TaeT, YTO CTOJb XKECTKHEe CTPECCOBbIe CHTYallHH HHKOTJA He BOSHHKHYT
B peaJibHOH cpefle. 210 MPEANONOKEHNE pelKo onpasibiBaercs. Hanpu-
Mep, ObIBAlOT C/1ydYaH, KOTZA BCE IOJb30BATeNIH CHCTEMBI pasjie/ieHus
BPEMEHH IBITAIOTCS MOAKJ/IOUHTLCA B OJHO M TO Xe BpeMs (Hampumep,
KOTJla IPOM30LLes] OTKa3 CHCTEMBl Ha MHHYTY-/iB€ H CHCTEMA TOJbKO 4TO
BOCCTAHOBJIeHa). Y OaHKOBCKHX CHCTeM, OOC/IYXHBAIOMX TepMUHa-
Jbl NOKynareJeid, OHBAalOT NMHKOBLIE HArPY3KH B MepBbIe yachl paGoTht
MarasiHoB H B 4ac o0eJileHHOro nepepriBa. bBoJee TmaresbHOe TecTHpO-
BaHHe CTPEeCCcOB NMOMOIJIO bl H30exxaTh NneperpysKu NporpaMMHoro obec-
[leYeHHs MpOrpaMMel «AmOJITOH», KOTOpasi BO3HHMKJA IpPU TPH3eMJe-
HuH «AnonsioHa-11». ‘

2. Tecmuposanue o6vema. B To Bpems KaK npu TeCTHPOBAHUM CTpec-
COB J€J]IaeTCsi MONBITKA MOJBEPrHYTh CHCTEMY CEepPbe3HbIM HarpyskaMm B
KOPOTKMt MHTepBaJl BpeMeHH, TeCTHPOBaHHe o0BeMa NPEACTaBJsEeT CO-
6ot MONBITKY NMpeAbsBUTL cHcTeMe Gosbilve 00beMbl JaHHLIX B TeyeHHe
Gosee anutenbHoro BpemeHu. Ecau cucrema o6pabaThiBaeT MHOTOTOM=
Hble QajiJibl Ha JICHTE W/IM Ha JMCKax, TO NPH TeCTHPOBaHUM olbeMa el
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fIOflaeTCA HaCTOIbKO MHOTO JaHHBEIX, YTOOHI 3aCTaBHTh ee NepefTH C O~
Horo ToMa Ha apyroii. Ha Bxox xomnunsitopa ciepyer nojathb 1o Hede-
NoCTH TpoMajHyio nporpammy. [Tporpamme 06paGoTKU TEKCTOB — OI'pPOM-
Hplit JoKymeHT. Ouepenb 3ajaHHH onepauHOHHON CHCTEMBI CJIEAyeT 3a-
noMHHTL R0 npefena. llenp TectupoBanus o6bema — nokasath, 4TO
CHCTEMA HJIH NporpamMma He MOT'YT oGpabarbiBaTh JAaHHEIE B KOJHYECT-
paxX, YKa3saHHHIX B HX crnenudHKauusx.

3. Tecmuposanue Kongueypayuu. MHOrHe CHCTEMBI, HalpHMEpP Orle-
palOHHBIE CHCTEMBbl WJIH CHCTeMBl ympasieHWsi daiiyiamu, obecrneyu-
BaloT paboOTy PasJHYHBIX KOHOHIYpauMil annmapatypel u NPOrpaMMHO-
ro obecrniedeHusi. Uucao TaKMX KOH(QHIypauHil 4acTo C/HLIKOM BEJTHKO,
4TOGBEl MOXXHO GHIIO TNPOBEpHTH Bce BapuaHThl. OfHAKO CJIEAYeT TecTH-
poBaThb M0 KpaiHefi Mepe MaKCHMaJIbHYI0 U MMHHMaJIbHYIO KOHHTYpa-
umd. CucTeMa JoJ/KHA OBITh NPOBEPEHA CO BCSIKUM aNnapaTHbIM YCTPOH-
CTBOM, KOTOpPOe OHa OGC/JYKHBaeT, HJIM -CO BCSAKOH Iporpammol, o
KOTOpOil OHa Jo/KHa B3auMogeilicrBoBatb. Ecim cama mporpammuas
CHCTEMA JIONYCKaeT HeCKOJNbKO KOH(HUIypauHi (T. e. MOKynaTeJlb MOXKeT
BLIOPATh TOJILKO ONpejie/leHHble YacTH WJIM BapHaHTHl CHCTEMBI), JOJIK-
Ha ObITb TeCTHpOBaHa KaXJad H3 HHX.

4. Tecrmuposanue cosmecmumocmu. B GOMbUINHCTBE CBOeM paspa-
OaTbiBaeMble CHCTEMBI He SIBJISIIOTCSI COBEPLIEHHO HOBBIMH; OHH Mpef-
CTaBJISIIOT COGOH yJydllleHHe NPEKHMX BepCHil HJIH 3aMeHY YcCTapes-
KX cucreM. B Takux cayyasx Ha cucremy, BEpOSITHO, HaKJalblBaeT-
sl JIOTIOJIHMTENbHOE TPeGOBaHHE COBMECTHMOCTH, B COOTBETCTBHH C KO-
TOPLIM B3aHMOJEHCTBHE MOJIb30BATE/IS C TpeXxXHeH BepcHell JO/IKHO MoJI-
HOCTBIO COXPAaHHTBCS U B HOBOH cucreMe. Hampumep, Bo3MoxHO, mo-
Tpebyercsi, 4yTo6bl B HOBOM BHINYCKE OMNEPALMOHHOH CHCTEMBI A3BIK
yNpaBleHHUs 3afaHUSIMH, SI3BIK OOIIEHHS C TEPMHHAIOM M CKOMIHJIH-
POBaHHbIE NPHKJ/aAHbEIE IPOrPaMMBbl, HCNIOIBE30BABLIMECS PaHble, MOTJIH
HCTOJIb30BaThcsA Ge3 uameHeHuil. Takue TpeGOBaHUS COBMECTHMOCTH
cenyer tectHpoBaTh. Kak mepuomnueckd nojdepKHBaIoCh IPH pas-
ToBOpe 060 BCeX APYruX (opMax TeCTHPOBAHHS, Ilesb NPH TECTHPOBa-
HHU COBMECTHUMOCTH [OJKHA COCTOSITb B TOM, YTOOBI NIOKa3aTb Ha/JHYHe
HECOBMECTUMOCTH.

5. Tecmuposanue sauumet. Tak Kak BHHMaHHe K BONPOCAM COXpa-
HEHHsl CEeKPETHOCTH B CETOAHSIIIHEM aBTOMAaTH3HPOBAaHHOM oOOleCTBe
Bo3pacraer, K GOJIBHIHHCTBY CHCTEM IIPelbSABJSIOTCA OINpPeJeneHHbIe
TpeGoBaHHA MO OGECHEYEHHIO 3alIMTHl OT HECAHKIMOHHPOBAHHOTO J0-
CTyna. Hanpumep, onepanHoHHas cHCTeMa AOJIKHA YCTPAHHTb BCAKYIO
BO3MOHOCTb JJIs1 IPOrPaMMBl T10/Ib30BaTe sl YBUAETb JAHHBIE HJIH NPO-
TpaMmmy ppyroro noJb3oBaTesasi. AJMHHHCTpPaTHBHasi WHGMOPMAIHOH-
Has chcreMa He JOJIKHA MO3BOJIATH MOAYHHEHHOMY TNOJNYUHTh CBEICHHS
O 3apnsiate TeX, KTO CTOMT BhIlIE e€ro Ha clyxeGHofl JecrHuue. llean
TECTHPOBaHMA 3alUTHl — HAPYIIUTh CEKPEeTHOCTh B cucreme. OnMH H3
METO0B — HaHATh NPOGECCHOHANbLHYIO TPYNIY <¢B3JOMIIHKOB», T. €.
JIIOZieli ¢ ombITOM pa3pyIUeHHs CPEACTB O6ecTeyeHNs 3aLHTHI B CHCTEMAX.
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6. Tecmuposarue mpebosanuii K namamu. Ilpy npoexkTHpOBaHUMKE
MHOTHX CHCTeM CTaBATCS LiesH, onpelensiomue o6beM OCHOBHON M BTO-
PHUHOM NaMsATH, KOTOPYIO CHCTEME Pa3pelieHO HCIOJb30BaTh B PasJiHy-
HBIX ycaoBusX. C nOMOWbIO CHEUHAVILHBIX TECTOB HYXHO MONBITAaThCS
TIOKa3aTh, UTO CHCTEMA 3THX LieJIeH He AoCTHraeT.

7. Tecmuposarue npousgodumenvrocmu. TpeGOBaHHS K TPOU3BO-
JMTeNbHOCTH M 3(G)EKTHBHOCTH, HanpuMmep BpeMsi OTBeTa H MpPOINYCK-
Hasi CNOCOGHOCTb JJIsi Pas/IMUHBIX Harpy3oK M Pa3/IMYHBIX KOHQHUTypa-
IMil,— Ba)KHasi 4acTb GOJIBIUMHCTBA NPOEKTOB cucTeM. Ilo cpaBHeHwuio
C.APYTHMU THNAMH KOMIJIEKCHOTO TECTHPOBAaHMsI CHCTEMbI O TECTHPO-
BaHHH NPOM3BOAUTELHOCTH HM3BECTHO O4YeHb MHOTO, STOMY IpEIMETY
TNOCBsILEHA JaXe uesiasi KHura [4].

8. Tecmuposanue Hacmpodxu. K coxaneHHio, HpoLeAypbl HacT-
POHKH MHOTHX CHMCTeM CJIOXKHE. Hanpumep, ectb ¢upMbl, KOTopbie cre-
IMaMU3UpPYIOTCA Ha HacTpolike 3a ompenejeHHyio miaty OS/360 IBM.
TecTupoBanye nmpouecca HaCTPOHKH CHCTEMBI OYeHb BaXKHO, HOCKOJIbKY
OJiHa U3 HauGoJjee 06eCKypaKUBAIOUIUX CUTYalLHi, C KOTOPBIMH CTaJIKH-~
BaeTcs MoKymnaTelb, 3aK/JI04aeTCsl B TOM, YTO OH OKa3bIBaeTcsi He B CO-
CTOSIHUH Jaxke HaCTPOMTh HOBYIO CHCTEMY.

9. Tecrnuposanue Hadesxcnocmuleomostocmu. KnioueBoii MOMEHT B
KOMIIVIEKCHOM TeCTHPOBaHHH 3aKJiOuaeTcss B INOMBITKE HOKa3aTb, YTO
CHCTEMAa HE YJIOBJETBOPSIET HCXOLHbIM TPeGOBAHHSM K HAaIEXXHOCTH
(cpenHee BpeMsi MeXIy OTKa3aMH, KOJIHYeCTBO OMIMGOK, CNOCOGHOCTH K
06GHapYKEeHHIO, HCIPaBJIEHHIO omm6ox w/un YCTOHYHBOCTb K OMIMG-
KaM H T. A.). TecTHpoBaHHe Hale}KHOCTH KpaiHe CI0XKHO, H Bce XKe cJie-
JIyeT TOCTapaTbCsl TECTHPOBATb KaK MOXKHO 6oJblue 3THX TpeGOBaHHH.
Hanpumep, B cucteMy MOXHO HaMmepeHHO BHECTH OIUMOKH (Kak amna-
paTrHble, TaK H MPOTpaMMHBIE), YTOObI TECTHPOBATh CPEACTBa OOHApYHkKe-
HMsl, MCTIpaBJeHHs ¥ obecneyeHHs ycroituuBocTH. Ilpyrue tpeGoBaHus
K Hale)KHOCTH TECTHPOBATb NMOYTH HeBO3MOXHO. Ecan Tpebyercsi, uro-
6Bl cpejiHee BpeMs MeXJIY OTKasaMH CHCTeMbl ObwIo paBHO 250 uacam,
cucreMa JOJ/DKHA pa6GoTaTb 3HauHTebHO GoJibllie 250 yacoB, 4TOGbI MOXK-
HO OBITO CTaTHCTHYECKH JOCTOBEPHO YCTaHOBHTb, YTO OHA YIOBJIETBO-
psieT aToMy TpeGoBaHu0. HeB0o3MOXHO NMOKa3aTb, YTO B MOMEHT MO-
CTaBKH B IPOrpaMMHOM ofecrieueHHH CHCTeMbl GoJibllle OLIMGOK, ueM
onpefieNeHo TpeGOBaHHSIMHM, NOTOMY 4TO, €CJAH Obl BHI MOTVIM MOACYH-
TaTh OCTABIIHECS OINHOGKH, BBl CMOTJIH Obl M HCHpaBuTb uUX. B ra. 18
PaccMaTPHUBAIOTCSl HEKOTOPHIE MPOCTHIE METOIBI, KOTOPble MOXHO HC-
TI0JIb30BaTh JJIsl MPOBEPKH 3THX TPeGOBAHMH.

- 10. Tecmuposarue cpedcms eoccmaroerenus. BaxkHas cocraBHag
yacTb TpeGOBaHMH K ONEPAlUOHHEIM CHCTEMaM, CUCTEMaM YNpaBJleHHst
6azamMH JaHHBIX M CHCTEMaM Iepejaud AaHHBIX — ofbecneueHHe crnocob-
HOCTH K BOCCTAHOBJIEHHIO, HalIpUMeP BOCCTAHOBJICHHIO YTPaueHHbIX AaH-
HbIX B Gase JaHHBIX WJIH BOCCTAHOBJIEHHIO MOCJIE OTKA3a B TeJI€KOMMYHH-~
KaUMOHHOH JHHHM. Bo MHOTHX MNpPOEKTaX COBEPLIEHHO 3alhLIBAalOT O
TECTHPOBAHHH COOTBETCTBYIOIWIMX CpecTB. Jlyuwe Bcero TOMEITATECS
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noKasarhb, 4TO 3TH CPEACTBa PaGoTAlOT HeNPAaBHJbHO, IPH KOMILIEKCHOM
TECTUPOBAHHH CHCTEMBI.

11, Tecmuposanue ydobemsa obcaymcusanus. Jlu6o B TpeGoBaHUSX
K MPOAYKTY, JHGO B TPeGOBaHUAX K NMPOEKTY NOJIKHEI GHITb Nepeducse-
Hbl 33/ja4H, ONpeJe/IsiomKe yA06CTBO O6CTYKUBAHUS (COMPOBOXKICH!S)
cucteMbl. Bee cepBHCHBIE CPEICTBA CHCTEME], HalpUMep IPOTPaMMEI BhI-
JayH JaMIoB MaMsTH, NPOTPaMMbl TPAaCCHPOBKM, AHATHOCTHUECKHX CO-
OOGImEHHH,— BCE 3TO HYXKHO MPOBEPATH NPH KOMILIEKCHOM TECTHPOBa-
HHM. Bce JOKYMEHTHI, ONHCHIBAIOIIME BHYTPEHHIOI JIOTHKY, Clexyer
npoaHaM3MPOBaTh Ija3aMd OGCJYXKUBAIOLIEro MepcoHaja, 4TOGH Io-
HATb, KaK ObICTPO M TOYHO MOXKHO YKa3aTb NPHYHHY OLIMGKY, €CiH
M3BECTHBI TOJIbKO HEKOTOpHie ee cumnToMbl. Bce cpencrsa, obecrneyu-
BalOLIHe COMPOBOXKJEHHE H IOCTaB/IsfieMble BMECTE C CHCTEMOH, TaKke
JO/KHBL OBITh TPOBEpEHHI.

" 12. Tecmuposanue ny6iuxayuii. TIpoBepKa TOUHOCTH BCeH JOKY-
MEHTalliy ISl [I0J1b30BaTe sl SIBJISIETCS BaXXHOH YacCTbiO KOMIJIEKCHOTO
TecTHpoBaHus. Bce xoMmjieKCHble TecThl C/EIYET CTPOMTb TOJIBKO Ha
OCHOBE JOKYMEHTAlHMU JJIs NMOoJb30BaTeNsi. B yacTHOCTH, Jo/IKHA GBITh
npoBepeHa I[PaBUABHOCTL BCeX NPUBOAMMBIX B NYyGMHKaUMAX TNpH-
MepoB.

13. Tecmuposarue ncuxonozuueckux ¢haxmopos. XoTss BO BpeMs Te-
CTUPOBAaHHSl CHCTEeMBI CJ/elyeT NMPOBEPUTb U NCHXOJIOTHuecKHe (hakro-
PHI, 3Ta CTOPOHA He TaK Ba)KHa, KaK APYyTHe, MOTOMY YTO OOBIYHO HpH
TeCTHPOBAaHHH YXKe CJUIIKOM NO3JHO MCIPAB/ATb Cepbe3Hble IMPOCYETHE
B TaKHX Bomnpocax. BoT moueMy Tak BaKHbl METOABI MOJeJHPOBaHHS,
paccMaTpuBaBHIHecs B rJiaBe 4 (4ToGbl OGHAPYKHTH NCHXOJOTMYECKHE
HECOOTBETCTBHUSA ellle B Mpoliecce BHEIHEro npoekTHpoBanus). OxHako
MeJIKHe HeJJOCTaTKH MOT'YT OBITb OOHapYKeHbl M YCTPaHeHbl NPH TeCTH-
poBaHuHu cucrembl. Hanpumep, MoxeT 0ka3aTbcsl, 4TO OTBETHl H/IH COO6-
LIEHHS CHCTEMBI IJIOXO cHOPMYJIHPOBAHLI HJIH BBOJ KOMaHAHI NOJb30-
BaTeJis C TEPMHHaJa TpeOyeT MOCTOSIHHEIX MEPEK/IOueHUHi BEepXHEero u
HHXKHEro perucTpos.

14. Tecmuposanue ydobcmsa sxcnayamayuu. BOMbIIMHCTBO cuCTeM
06paGoTKH AaHHBIX JU60 SBJASIETCS KOMIIOHEHTaMH Gojiee KPYIHBIX CH-
CTeM, MpeAnoJaraiommx AesiTeTbHOCTL YeNoBeKa, JUGo CaMH perjameH-
THPYIOT TaKylo JefTeJIbHOCTL BO BpeMsi cBoell pabothl. HykHo mpoge-
PHTb, 4TO BCH 3Ta AESATEJNLHOCTb, HalpuMep MOBeJeHUe omeparopa WJn
NoJIb30BaTe/IsI 3a TEPMHHAJIOM, YAOBJIETBOPSET ONpeleieHHEIM YCJIo-
BUAM,

He Bce u3 nepeunciieHHBIX 14 MyHKTOB NPMMEHHMbI K T€CTHPOBAHHIO
BCAKOH CHCTEeMBI (HampHMmep, KOTJAa TeCTHPYeTcsi OTAeNbHas NpHKJaj-
Has mporpamMma), HO TeM He MeHee 3TO MepeyeHb BONMPOCOB, KOTOphie
Pasymuo umernb B BHAY.

OcHoBHOe npaBHJIO NPH KOMILIEKCHOM TeCTHPOBaHHH — «Bce To-
Autcs», Iumure paspymuTe/]bHBIE TECTH, NMpoBepsiiite Bce QyHKIUO-
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Ha/IbHbe TPAHMULI CHCTEMBI, MHIUKTE TECTHl, NPEACTaBJsoLye omubKu
No/Ib30BaTe/Isl (Hanpumep, oneparopa cucremsl). HyxHo, 4ToGhl TecTo-
BHK JAyMaJ TaK e, KaK N0JIb30BaTe/ b HJIH NOKYNaTe/lb, a 5T0 MpeAro-
JnaraeT JOCKOHAaJbHOE MOHHMaHHe TOTO, AJIsi 4ero chcreMa GyneT mpu-
meHsATbCsA. [109TOMY BO3HHKaeT BOMPOC, KTO 2Ke JHOJIXKEH BBLIMOJHSATH
KOMIJIEKCHOE TeCTHPOBaHHE, H B YaCTHOCTH KTO JOJIKeH NMPOEKTHPO-
BaTb TeCTHl.” BO BCAKOM cilydae, 3TOro He JOJIKHBI JeJ1aTh NPOrpaMMH-
CTbl HJIH OpPTaHH3alliH, OTBETCTBEHHbIE 32 pa3paGoTKy cHcTeMbl. ['pynna
TECTHPOBAHHS CHCTEMbI JOJIKHa ObiTh HE3aBHCHMOH opraHusamnuefil u
JO/KHA BKJIOYATh NPOeCcCHOHANBHEIX CHEHANUCTOB N0 KOMIVIEKCHO-
MY TeCTHPOBaHHIO CHCTEM, HECKOJbKO MOJIb30BaTeseH, IJIA KOTODPHIX
cucreMa paspabaThiBasiach, OCHOBHBIX aHAJHTHKOB U POEKTHPOBLIMKOB
CHMCTEMBI H, BO3MOXHO, ORHOTO HJIH ABYX MCHX0JOroB. OueHb BayKHO
BK/IOUHTb CAMHX MPOEKTHPOBIIHKOB CHCTEMBl. DTO He HPOTHBOPEUHT
aKcHOMe, COTJIaCHO KOTOPOH HEBO3MOXKHO TeCTHPOBATh CBOIO COGCTBEH-
HYIO CHCTEMY, NOCKOJIbKY CHCTeMa MpoLlIa 4yepe3 MHOIO PyK mHocje
TOr0, KaK ee ONHcaJi apXUTEKTOpP WJIM MPOEeKTHPOBUIMK. B feficTBUTE D
HOCTY NPOEKTHPOBILIHK U HE NBITAeTCsl TECTUPOBATh COOCTBEHHYIO CUCTe-
My; OH MILET PacXOXKIEHHS MEXIy OKOHUATe/NbHOH BepcHell H TeM, 4YTO
OH NepBOHaYa/IbHO — BO3MOXKHO, TOA WJIU [Ba Hasaj — HMeJ B BHAY.
JlJ1s KOMIVIEKCHOTO TECTHPOBAHMS KeJlaTe/IbHO TaKke HMeTb HHdpopMma-
IHIO O PHIHKE HJIM M0JIb30BaTeNdAX, YTOUHSIOUIYIO MPEATNOJIOXKEHHUS O
KOHQUTypanuy ¥ Xapaktepe NPHMEHEHMS CHUCTEMBI.

KoMmmjiekcHOe TecTUpOBaHHE CHCTeMbl — Takas ocobas H TaKasl
BaxKHas pa6oTa, 4TO B OYAYIIEM BO3MOXHO TMOSIBJEHHE KOMIMaHHiA,
Creluau3upPYIOUHXCSl B OCHOBHOM Ha KOMIJIEKCHOM TeCTHPOBaHHM CH-
cTeM, pa3paboTaHHBIX Apyrumu. Yxke M ceiiuac B pamkax BBC CHIA
JIefiCTBYeT PEeKOMEHJaIHsi, B COOTBETCTBHH C KOTOpOH B c/ydae, eciu
Pa3pabaTLIBAOLIMA CHCTEMY MOAPSIAYMK HE UMEET OMbiTa, AOCTATOUHOrO
IJIsT CaMOCTOSITE/ILHOTO KOMILJIEKCHOTO TECTHPOBAHHS, TO Ha KOMILIEKC-
HOe TeCTHPOBaHMe ero CUCTeMbI J0/KEH ObITh 3aKJIIOUEH OTAEJ/IbHBIA KOH-
TpakT c apyro#t komnanuedr [5]. -

Kak yxe YNOMHHAJOCh, KOMIIOHEHTAMH KOMIJIEKCHOTO TecTa fiB-
JISIIOTCSl HCXOJHBIE LIEJH, NOKYMEHTaUMs, NyGIHKAUUH IS T0/Mb30BaTe-
Jieil 1 caMa cucrema. Bce koMnsiekcHble TeCTbl AO/IKHBI GBITh MOATOTOB-
JIeHBl Ha OCHOBe MyGJIHKaUU# JJIS TOJIb30BaTeNs (2 HE BHEIUHUX CHelH-
¢ukaunit). Ko BaemHum cneuudpukauusaM o6pamarbcs CJAeAyeT TOJAbKO
IJs TOro, utoOwl pa3bHpaTbCcsi B NMPOTUBOPEUHSIX MEXKNIY - CHCTEMOH H
ny6IuKauuAMH O Heil.

ITo cBoeft npuposie KOMNJIEKCHBIE TECTHl HUKOTA HE CBOASTCSH K MpPo-
BepKe OTACTbHBEIX ¢yHKUMH cuctembl. OHH yacTo nuwyTtcsa B ¢opme
ClIEHapueB, NPEACTABAIIIMX UeNbIH PAJ NOCAeNOBaTeNbHbIX AeHCTBUH
fiofib3oBaress. Hanpumep, oJMH KOMIJIEKCHBIHl TECT MOXKET IpefCTaB-
JATb MOAK/IOUEHUe TepMHHAJla K CHCTeMe, BblJauy NOC/e0BaTeNbHO
10—20 KomaHZ u 3aTeM OTK/IIOYEHHE OT CHCTeMbl. BestencTBue HX ocoGoii
CJIOKHOCTH TECThI CHCTEMBL COCTOSIT M3 HECKOJNIbKHX KOMIIOHEHT: ClieHa-
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pHs, BXOAHBIX JAHHBIX M OXHIAeMbIX BLIXOAHBIX JAaHHHIX. B cueHapum
TOUHO YKasbIBAIOTCS JeHCTBHS, KOTOpPBIE JAO/IKHBI GHIThb COBEpUIEHH! BO
BpeMs BBHINOJIHEHHA TecTa. ‘

BbinoJiHeHHe KOMIUIEKCHOTO TecTa

KoMimieKCHoe TeCTHpOBaHME HAXOJMTCA y caMo JIEBOR TIpaHHIbL
cnekTpa, onucanHoro B ra1. 10. TIpu sTom Bca cucreMa paccmarpuBaer-
€ KaK YEpHBIA SINUK; B 4aCTHOCTH, HECYIIECTBEHHO, KaKHe Y4acTKH
NPOTpaMMbl 3aTParHBaeT KOMILJIEKCHBIH TeCT.

OnvH M3 MeTONOB, NO3BOJISIOLIAX BOBJEUb B TECTHPOBAHME MOJL30-
BaTesiell,— onoimHas sxcnayamayus. JINsi TPOBEAEHHS OMBITHOH 9KC-
nUiyaTallH ¢ OJHOH WM HECKOJbKHMH OpPraHH3alMAMH M0JIb3oBaTeNel
8aK/IIOYAIOTCSA KOHTPAKTHl Ha YCTAHOBKY Y HHX CO3JaHHOH CHMCTEMBI.
2710 YacTo BHITOJHO O0GEHM CTOPOHAM; OpraHH3anus-paspaGoOTYMK oro-
peiiaercs 06 omx6Kax B NPOrpaMMHOM OGecleueHHH, KOTOpble OHa He
3aMeTHJIa caMa, a OpraHu3auMi-noJb3oBarTe]b MOJYUaeT BO3MOMKHOCTh
H3YYUTb CHCTEMY M SKCIEDHMEHTHPOBATH C HEHl JO TOrO, KaK OHa CTaHeT
JOCTYNHOH oHLIHANBHO.

Bropofi noJesHbli METOR — HCIOJb30BAaTb CHCTEMYy B OpraHH3a-
IMH-H3TOTOBHTENE /ISl BHYTPEHHHX HYXKA. DTO MOXHO CAesaTh 4acro,
HO Jlafieko He BCerja (HampHuMep, KOMIIAHHH N0 pa3paloTKe Nmporpamm-
Horo ofecrnedeHHsl Herje HCIOJb30BAaTh CHCTEMY YIpPaBJEeHHS MNpolec-
eoM ouncTkH Hedrn). Tak, nponssoauress 9BM MoxKeT yCTaHOBHTbH HO-
BYIO ONEpalMOHHYI0 CHCTEMY /ISl ONLITHOH 3KCIIyaTalHM BO BceX
CBOMX BHYTPEHHHX BBLIYHCJMTEJNbHBIX LEHTpax, MpeXJe ueM HauMHaTb
NOCTaBJATb €e NoJb30BaTeIfIM, a KOMIAHUs N0 pa3paboTKe Nnporpamm-
Horo ofecneyeHHs] MOXKET HCIOJNb30BaTh CBOH COOGCTBEHHbIE KOMITHJISI
TOPhHI, NporpaMmMbl 06paGoOTKH TEKCTOB, HauMCJEHHS 3apnjaThl M T. A.
OnHOlt M3 NpPHYMH OTHOCHTENIbHOTO Ycnexa ONepamuoHHOH CHCTeMb
TSO (Time-Sharing Option) ¢upmbt IBM 6b1 TOT haKT, 4TO OHA HCTIOMb-
30Bajlach JJisi pa3paGoTKM NPHKAAAHBIX TNporpaMM B camoit Qupme
IBM po Toro, kak Hauajoch €e pacmpoCTpaHeHHe.

Bocnoavayiimecs cobcmeennoim npodykmom, npescde uem nepedasarmo
€20 Jpyeum.

Ilpy KOMIJIEKCHOM TEeCTHPOBaHHM 4acTO HAYMHAIOT € MPOCTBHIX Te-
CTOB, npuGeperas GoJiee CJOXKHbIe TECTbl K KOHIY. Tak Ae/naTb He HyX-
HO, NOTOMY YTO KOMILJIEKCHOE TeCTHPOBAHHE NPUXOJAMTCH HA CaMblil KO-
Hey nukKJIa pa3paGoTKH, Tak YTO Ha OTJAAAKY M HCIIPaBJeHHe HalJeHHBIX
OLIHGOK OCTaeTcsi MaJo BpeMeHH. ITocKo/bKY CJOXKHEE TecThl YacTo 06-
HapyxuBaioT GoJiee CJIOXKHBIE JJisi MCOpaBJeHUs OLIMOKH, H3MEHHTE
T0C/leIoBaTENLHOCTb: HAYHMTE € CaMbIX TPYAHBIX TECTOB, a 3aTeM Iie-
Pexoaute K Gosiee MPOCTHIM.

XoTa-npoueccsl TECTHPOBaHHUS PacCMaTPHBANHNChL MOCJEAOBATENbHO,
STO He 03HauaeT, UTO H peaJU30BbLIBATD WX HYXKHO TaKkKe MocjeloBa-
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Puc. 12.8. 3aBHCHMOCTb CTOHMOCTH HCIpaBJIeHHS OIIMGKH OT BPeMEHH.

TeJIbHO; B Cjlyyae HeoOGXOAMMOCTH Pa3HELIe NPOLECChl TECTUPOBAHHSA GOJIb-
IIMX TPOEKTOB 4acTo mepekphiBaiotcs. Hampumep, opranusauus, 3a-
HHMMAIOLIasiCsi KOMIIJIEKCHBIM TECTHPOBaHHEM CHCTEMEBI, MOXKET BHIMOJI-
HSTb TECTH, OTHOCSAILMECS KO MHOT'HM M3 ONMHCaHHBIX 14 Kiaccos, eile
10 TOTO, KaK BCsA cucTeMa 6yner cobpaHa.

Ha puc. 12.8 orpaxeHnl 1Be 3aKOHOMEDHOCTH, CBfA3LIBAIOLIHE HC-
npaBjieHne olWHGOK M KaJeHAapHbli muaH. [lepBas us Hux, B cooTBeT-
CTBHH C KOTOPOH CTOMMOCTb HCIIPaBJIEHHs OIHMOGOK OBICTPO pacreT AIA
6oJiee MO3JAHKMX 3TANOB LUK/ Pa3paGoOTKH, AO/KHA GbITb OYEBUIHOH AN
GONIbLIMHCTBA 4HTaTesedl. DTa e KpHBaf ONMCHIBAeT, OXHAKO, M JApY-
roe, MeHee H3BECTHOE COOTHOILeHHe. BeposiTHOCTL BHECTH HOBYIO OIUKG-
Ky TNPH HCNpPaBJeHHM CTapoH Takxke OBICTPO pPacTeT Ha NOCJELHHUX
sTanax. D10 fBJeHHe NpeacTaBsieT ocoOblil HHTepec, NOTOMY YTO OLINO-
Ka, BHECEHHAsl MPU UCIPABJICHUM APYroi OIIMOKH, MOXET ObITh XyXKe
nepBoHayanbHo#. Bo3HNKaeT BaxKHbIN BONPOC: €CTh JIH KAKOH-TO CMBIC
B TOM, 4TOGbl HaMepeHHO He HCTPaB/IATb OWIUGKY B mporpamme?

Ilpexne uem oTBeuaTb Ha 3TOT BONpOC, MHI, YTOOGBI JIyyille HOHATH
npobieMy, pacCMOTPHM  CJIEAYIOHMYI0 THIOTETHYECKYIO CHUTYalMIo.
Ilpeano/oxuM, YTO Cepbe3HOCTh KaXKRoH OLIMOKH MOXHO ONEHHTb, OC-
HOBBIBAasiCh Ha ee BO3JECTBHH Ha MoJb30BaTeNsA, uucaoM ot 1 mo 10
(HarOMHHUM, YTO CepPbe3HOCTb OIUHGKH He CBsi3aHA HENMOCPEACTBEHHO C
pasMepaMH HeoOXOIMMBIX JJISl ee yCTpaHeHHs ucnpasienuit). Ilpenmno-
JIOXKHM, YTO NIPH HCHPaBJeHHH OWHUGKH BO BpeMf TeCTUPOBAaHHUS CHCTE-
Mbl BEPOSITHOCTh HE MCIaBUTb OIMOKY paBHa 0.2, a BepOATHOCTb BHe-
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CTH HOBYIO OWHOKY — 0.3 1 3HayeHUs OLUEHKH CEPbe3HOCTH 3TOi HOBOMH
owMOKM pacrnpesesiens paBHoMepHo Mexay | wu 10. U3 srtoro cue-
LYeT, YTO, MOXET OLITh, Jyullle BO3AEPIKATHCS H CO3HATEbHO OTKA3aThb-
csl OT MCOpaB/ieHMsl HE OYEHb CepPbe3HbIX OWMGOK, MOTOMY 4YTO HX HC-
TNpaBJIeHHe HE YJYYIUHT, a TOJIbKO YXYAUIHT CHCTEMY.

Takyo U000 HE MPOCTO NPOIVIOTHTb, OCOGEHHO YYHTHIBASI TOT
(baKT, YTO KHHra NOCBsilleHa HaJeXHOCTH. C ofHOfl CTOPOHHI, mpoek-
THPOBUIMK XOTes1 Obl yTBEPXK/aTh, YTO OH BBIMYCTHJ CHCTEMY, B KOTOPO#i
He H3BECTHO HM OJHOH OWHNOKH, HO, C JAPYTroil CTOPOHEI, OH JHOJIXKEH
YUHTBIBaTh TOJNLKO YTO ONHCaHHBIH ¢(eHomeH. KoHeuHo, yeM syuuie
CTPYKTYPHPOBaHa CHCTEMa, TeM MeHbllle 3TOT ¢eHOMeH TNpPOsBJsETC,
HO CBHJETEJILCTB B II0JIb3Y TOTO, YTO OH COBCEM HCUe3aeT B C/lydae CH-
CTeM C Xopolle#l CTPyKTYpo#, HeT. ’

M3 storo caenyer, 4ro AJIs KaXkao# «MeJKofi» omHGKH, oGHApyXKeH-
HOH NMpH TECTHPOBAHMH CHCTeMbl U Ha APYTHX NMO3JHHUX 3Tanax TECTH-
poBaHHUs, TPHXOJHTCH OTHENbHO pelaTh, CTOMT JIH HCIPABJATL 3TY
omnOKy WIH CJeLyeT OT/IOXKHTb HCIIPaBJieHHe N0 CleAyioled BepcHH
cucreMbl. Koy K TakoMy pellleHHIO — OUEHKa OMIHGOK M0 HX Cepbe3-
HoctH. Ho MHeHHe mporpaMMHCTa O Cepbe3HOCTH OIIMGKH 4acTo 3Ha-
YHTENbHO PACXOAHMTCH C MHEHUEeM MoJib30BaTessl. Bcsikoe peieHue oT-
JIOXXHTb MCIPaBJIeHHe JOMKHO ObiITb OCHOBAHO HA MOJHOM TNOHHMaHHH
ycnoBHii pabGoTH MOJIB30BATE/IS.

UHCTPYMEHTBI JJI1S TECTHPOBAHUS BHELIHUX & YHKIUA
H KOMIUIEKCHOI'O TECTHPOBAHHS

B 1969 r. s uMesn CYacT/IHBYIO BO3MOXKHOCTb NPUHATH Y4acTHE B
HeGOJILILIOM NPOeKTe Mo pa3paboTKe onepanHOHHOH CHCTEMB! PeajbHOrO
BpeMeHH H MNPHKJ/JIAJHBIX NPOrpamMM IJIs CHCTeMbl, aBTOMATH3HUPYIOWEH
TEeCTHPOBAHHE MHTErPaJIbHbIX CXEM U BHITIOJHSIOIEH B pPeKHMe pealb-
HOTO BpEMEHH HH)XEHepHble SKCNEPUMEHTHl C 3JEeKTPOHHBIMH CXeMaMH.
Cucrema ObuTa, KaK 3TO NOKas3aHo Ha pHC. 12.9, cBs3aHa ¢ GoJiblloit
MyJIBTHIIPOLIECCOPHON CHCTeMol Ha Gase OS/360, uto mospodsiio mepe-
JaBatb OS pya Gosee sdpeKTHBHOrO BHINOJHEHUs1 GOJbILIHE NpPOTpam-
Mbl 06paGOTKH AaHHBIX M CaMM JaHHbIE.

Yempoiiem
Cucmema peansHozo K 05/360
apemenu ynpaenema S5 S/,
("50/ 44) odpabornnod
Tepmara s
coopa
Bantesrx

Puc. 12.9, Cucrema 06paGOTKH-TEXHONOTHYeCKOA HHPOpManUH,
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Mos pa6ota B ocHoBHOM coCToflia B NPOGKTHPOBAaHHH, KOAUPOBa-
HMH U TECTHPOBAHUHM Bcero NPOrpaMMHOro obecneueHus Teneo6paboTKi
B OMepaiHOHHON CHCTEME. Inanupys mpouecc TectHpoBaHus, A TOTYAC
3Ke CTOJIKHYJcs € TPeMsi BONPOCaMH:

1. Kak MOXHO TecTHPOBaTb BHeIUHHe (YHKUHUM IPOrpaMMHOIG
ofecneuenns Teseo6paGoTKH 0e3 ycTpPoficTBa yNpaB/eHHsl Tejlenepesa-
yeil (KOTOpOe ellleé He BhINYCKa/IOoCh)?

2. TTocKoJIbKY Julla, OTBETCTBEHHbIE 32 JaHHYIO ycraHOBKY OS/360,
BecbMa MNPOXJAAHO OTHOCHJIHNCh K HJee TNMOAKJIOUEHHSI ITOH «HOBOHC-
NeYeHHON» CHCTeMbl, KaK TeCTHPOBATb NPMKJAHbe MPOTPaMMBI, HC-
rionb3yolHe QyHKUUH Tesleo6paGoTKu, Ge3 moxkoueHuss Kk OS/360?

3. Kak MoxKHO OGHapy»XHBaTh H OTJaKUBaTh OHHIGKH Tesenepefaun
pocJe Toro, Kak JABe 3TH CHCTeMbl GYAYT CBA3aHbLI? :

Jlas pelieHMs 3THX mpo6JeM ObuiH pa3spaGoTaHbl TPH NPOTPaMMbl:
umumamop ycmpoucmea, UMUMAMOpP MEPMUHAAG WIH YOareHHOl cu-
cmembl 1 MORUMOp 6600a-66i800a. MmutaTop yCTpPOHCTBA MOJeJMPOBaE
XapaKTepPUCTHKH YCTPOHCTBA ympaBJieHHs Tejleniepejauyedl M HCIOJb30-
pajca VI TEeCTHPOBaHHS TeJeKOMMYHHKalVOHHOro MeToja JocTyna
(mporpaMMHOTo obecneyenHsi BBOJa-BHIBOA HU3KOTO YPOBHS), BKJOuas
BCe €ro NpoUeRyPhl BOCCTAHOBJIEHHsl nocjie omubku. Mmurarop nepe-
XBaThiBaJl BCE MPHKasbhl ONEpPalMOHHOH CHCTeMbI HayaThb ONEpauul
BBOAA-BHIBOJA U MOJEJNHpPOBaJ NpepHiBaHHA OT YCTPOHCTBa ympaeie-
Husi. C NOMOIIBIO YIPaBAAIOUINX 3aNHCeH MOXKHO GBIIO 3aCTaBHTb UMH-
TaTOp CreHepHpOBaThb KOHKPETHYIO OINHOKY BBOJAA-BLIBOJA B KOHKpeT-
HOM THII€ OMEpalnyH BBOAA-BLIBOJA M YKasaTb €My, JO/KHa JU ObTh
olIM6Ka NMOCTOSIHHOA WJIM 3TO HeperyJspHblli cO0H, KaKyio BpeMeHHYIO
3aJiepPKKy CAeNaTh s STOH onepauMH M KakHe NaHHbe BbJaBaTbh B
KauecTBe pe3yJ/bTaTa onepauuu ureHHs. OTMETHM, YTO MHOTHE H3 3THX
ycaoBuii 6bio Gl TPYAHO TNPOBEPHTH HaXke B CJyyae, ecau Obl an-~
napaTHoe YCTPOHACTBO MMEJOCh.

Bropoit MMHTaTOp OblI HalMCaH AJisl TECTHPOBaHUs (YHKIHMH 06b-
e[VHeHHsl NPUKJIAAHLIX NpPOrpaMM Tejieo6paGoTKM M MeToAa AoCTyna..
DToT MMHUTATOD mNepexBaThiBaj Bce 3JEMEHTapHHIE oOlepauyd BBoAa-
BLIBOJ4, MepeJiaBaeMble YCTPOHCTBY YyNpaBJeHMs,, H MoJeJupoBaj pa-
6oty ynanenHo# OS/360, Bkaiouas Bce Onepaniu ynpasJeHHs JHHHel
CBA3U M HeoGXOfMMbie BpeMeHHble 3aziepxku. Korga maHHble mocblna-
auce OS/360, uMuTaTOp BO3BpAlla/ COOTBETCTBYIOLIEE MOATBEPXKACHHE
AJIS TIOCAeAylolmero aHaiusa. IlepuonnueckH MUMHMTaTOp Gpasj MHHLHA-
THBY B CBOM PYKHU M HauMHaJ «pasroBop» C CHCTEMONi peasibHOTO Bpe-
MeHH, MOCHJIasi NMOTOK 3apaHee ONpeJeJIEHHBIX JaHHBLIX.

Tpetnii HHCTPYMEHT — MOHHTOP BBOJA-BHBOJia — ObL1 paspao-
TaH Jjif KOMILIEKCHOTO TecTHpoBaHHsi. Omeparop CHCTEMBI PeasbHOTO
BpPeMeHH MOT MHMIIMHPOBaThb paboTy MOHHTOpA KaK NapaJljle/ibHo# 3a-
Jlauy HU3KOTO NPHOPHTETA M YKa3aTbh eMy Ha Jiro6oe ycTpoHCTBO BBOAA-
BLIBOZla. MoHUTOp mnepexBaThiBaJl BCE€ JaHHbE, NEPechlIaeMble 3TOMY
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Puc. 12.10. Koupurypauus ¢ HMHTAaTOPOM TepMHHAJIA,

YCTPOACTBY H OT HETO, BCe CBf3H C KaHAJbHEIMH IPOrpaMMaMH, Bce npe-
PHIBaHHMA H COXpaHsAJ 3TH JaHHble B KoJablle 6ydepos. Koraa He Gbuio
JpPYruX aKkTHBHBIX 3a/lauy, MOHHTOp Mepechulaj]l 3TH JaHHBIE B JIEHTOY-
Hblfl Qaii. Beina HamucaHa TaK:ke BCHOMOraTe/IbHasi nporpamMma, aHa-
Jiu3upyomas JeHTouHble (afiibl.

Bo BpeMsi KOMIJIEKCHOTO TECTHPOBAaHHSI MOHHTOP HACTpPaHBaJCcs Ha
HabmoneHusi 3a pabGoroii ycTpoficTBa yNpaB/eHHdA TeJsenepenaueii.
B nepByio ke Hejesl0 TeCTHPOBaHHSI CHCTeMbl Gblia OGHapyXeHa CH-
Tyauusi, Korja CBfi3b MEXIY ABYMsI HOJCHCTEMaMH BHeE3allHO MNpepbl-
BaJlach. AHa/Iu3 JIEHT TPaCCHPOBKH NOKa3as, YTO 00e CHCTEMBbl MbiTa-
- JIUChb OXHOBPEMEHHO mNepejaTh NaHHbIE NPYr APYry, Tak Kak ofe He-
NIPaBHJILHO HCTOJIKOBBIBA/IM COTJIallleHUs1 00 ynpaBieHuu JuHued. Uro-
6bl 0GHApYXKUTb TaKyi0 OLIHGKY Ge3 MOHHTOpA, MOHAZOGH/IOCH GBI He-
CKOJIbKO HeJle/b, a He 4acoB.

Campiii pacnpocTpaHeHHBIE HHCTPYMEHT TeCTHPOBAHHSA JHAJIOro-
BbIX CHCTEM W/IH MPUKJIAJHBIX TMPOrPaMM — UMUMAMODP MEPMUHANA.
O6bluHast KOHGUIYpAUHst UMHTATOPa TEPMUHANA M3006pa)keHa Ha PMuC.
12.10. Bmecto Toro 4toGhl CBS3LIBaTh TECTHPYEMYIO CHCTEMY C peaib-
HBIMH TePMHHA/IbHBIMH YCTPOFICTBaMH, ee COeJHHSIOT C APYroil cHcTe-
MOJi, KOTOpasi MOZEJUPYET MHOTO TepMUHA/NOB, H3BJIeKasl TECThl M3
0asbl JaHHBIX M TiepejaBasi UX (KaK KOMaHAbl C TEPMHHaja) NpoBepsie-
MO#l cuctreme B pa3/HYHBIX BapHAHTaX U NO Pa3HBIM JIHHHSM CBSI3H.

0 TO3BOJIAET U3MEHATb KOHQHI'YpaLHH TEPMHHAJIOB, YTOOBI TECTHPO-
BaTb TsaxMeJble CTPecChl, 3HAYHTEJNbHYIO HAarpysky, OoJbliiHe OOGBEMEHI
JaHHBIX, He CTaJKHUBAACh C JOTHYECKUMH NpobjeMaMH NpH HCHOJb30Ba-
HHU HacTosILMX TepMuHaI0B. OGHIYHO BO BpeMsi TECTHPOBAHMUSA HMHTA-
Top sanuceiBaeT Bce COOOIIEHHA B PerHCTpalMoOHHOM ¢dafiae.
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INpumepoM ycnemsoro npuMeHeHHsl HMHTAaTOpa TEPMHHAIOB GhTO
HCNONIb30BaHHe Mmuraropa CHCTEMBI KOJIJIEKTHBHOTO MOJb30BaHHS
MUSE (Multi-User Environment Simulator) ans TectupoBanus cucre-
mbl paszenenusi spemeHH TTY RESPOND nas cepun CD 6000 [6).
MUSE nonaer cucreme RESPOND HaGop 3apaHee onpeje/ieHHBIX KO-
MaHJ, MOJENHPYs AeHCTBHA 1o 64 tepmunasoB. MUSE umeer unrepec-
HYI0 0COGEHHOCTb, MO3BOJIAIOLLYIO MY U3MEHSITh CBOM COOGIIEHHSI B 3a-
pucuMocTH oT oTBeroB RESPOND. BrijaBaemasi nocjiefoBaTesbHOCTD.
COOOLICHHH MOXET H3MEHATHCSl C NMOMOLIBIO PACNONIOMKEHHBIX B TECTe:
«yCJIOBHBIX MEpexXoJIoB», 3aBHCAILUX OT OTBETOB, IIOJYYaeMbIX OT CHCTe-
met RESPOND.

MUSE wucnosib3oBasach B nNepBYlo ouependb AJsi OGHApYXKeHUs Bpe-
MEeHHBIX HeCOOTBETCTBHH M CHTYalLlHH HachiueHus B cucreme RESPOND.
Bo Bpems TecTHpoBaHHs GbNIO OGHAPYXKEHO HECKOJIBKO CEPbEe3HBIX OLIH--
0OK, HanpuMmMep TaKHX, KOTOpbie BO3HHKA/NH TOJNbKO B C/y4ae, KOTAa
KpaTHoOe IeBSITH YHCJO MOJb30BaTe/elf 32 TePMHHAJIaMH 3arpauiuBajio-
(YHKLHIO COPTHPOBKH WJIH KOTZa B ouepenb oOMEeHa C JUCKOM MOCTymaJ
TpHHAAUATHIH 3anpoc. EcTh mofospeHue, 4TO.5TH OIIHOKH He GhLIH GbL
OGHapY2XeHb! NPH TECTHPOBAHHU CHCTEMEI, €CJH OB HE MCIOJb30BaJCH
MMHTaTOp TepMHuHaJoB [6].

MHOXeCcTBO HMHTaTOPOB TepMHHAJOB OHLIO pa3paboTaHo H che-
IHaJBHO NPHUCNOCOGNEHO A/l OTAENbHBIX NPPOEKTOB. XapaKTepHbIMH
npuMepaMH HMHTAaTOPOB IIMPOKOTO Ha3HaUeHWs MOTYT CIYXKUTb Apaii-
BepHast cucrema DB/DC ?JHprI IBM [7] n smyssiTop ynanenHoro Tep-
MHHasa ¢upMel Mitre [8].

ViMuraTopel UrpaloT BaXXHYIO POJib NPH TECTHPOBAaHMH BHEIUHHUX
GYHKUMA U KOMIUIEKCHOM TECTHPOBAHHH RHAJNOTOBBIX CHCTEM H CHCTEM
peajibHOrO BpeMeHH, HO, OUeBUJIHO, 3HAUHTENbHLIH OGBEM TECTHPOBa-
HUS JOJKEH GbITh BBHITIOJIHEH H B peasibHOH o6cTaHoBKe. EcrTb, 0fHaKo,
CUTYyallM¥, KOTJa NP KOMIIJIEKCHOM TECTHPOBAaHHH MNpPUXOAMTCH MO-
JlaratbCsl TOJIbKO Ha uMuTanuio. [IpuMepoM Takoi cuTyauuu siBasieTcCs
TecTupoBaHHe cucteMul yrnpasieHuss NORAD — Gousbiioit c/IOXHOM cH-
cTeMbl peasibHOro Bpemenn Komanpopanus CeBepoamepukanckoil [TBO:
[9]. 3nech NMPUXOAMIOCH MOMAraThCs Ha UMHTALMIO, NMOCKOJBKY TeCTH-
poBaHHe B peasibHOH OOCTAHOBKE MOIJIO OBITh BHINOJIHEHO TOJNBLKO B
YCIOBHSX Hacrosimieil BoFMHBL. VIMuTHpOBasach mochHJIKA CHCTeMe
NORAD coofIiueHuil, ONHCHBAOIUX Pa3HOOGpasHble HHIUIEHTH], B
TOM YHCJ/Ie MaCCHPOBAHHbIE aTaKH CaMOJIETOB M PaKeT C HCNOJIb30BaHKEM
BCEBO3MOXKHBIX TaKTHYECKHX HpHEeMOB. BaxKHOW cTOpOHOH KoMmJekc-
HOTO TeCTUPOBaHHSI Hapsly C TECTHPOBaHHEM NpOrpaMMHOro obecne-
yenus M annapatyps cucteMtl NORAD 6bita nmpoBepka peakiiuu ome-
paTopoB.

Himutanus XXu3HeHHO HeoGXoA¥Ma TakiKe W JJIsl TECTHPOBaHHUS as-
POKOCMHYECKHX CHCTEM, IJie HCIBITAHWS B PeasibHOil OGCTaHOBKE MOTYT
CTOHTb MMJIIHApJbl JO/JIaPOB M Aaxe ObiTb CBSI3aHHBIMH C PHCKOM A/
Ku3HY moAeil. MuTtanus ucnonb3oBaaach AJlsl TECTHPOBAHAS IPOT'PaMM-
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Horo obecnedenuss GoproBoii DBM pakerol CaTypH — pakeThi-HOCHTe-
71 KOCMHYEecKoro Kopa6ss «Anoason» [10]. BoproBast MaiuuHa BbimoJs-
HfIET MpPEACTapTOBLIE NPOBEPKH, YNpPAaB/sieT 3alyCKOM H BLIBOAOM Ha
OKOJIO3EMHYI0 OpPOUTY M TpaekTopHio K JIyHe. OHa ympaBJsieT ABHraTe-
JISIMH ¥ COILIaMH PaKeThbl, aHaNIu3upys GoJbwioll 06beM HHGOpMALMH OT
JATUHKOB U CooOlieHus ¢ 3eman. Mofesupyowas cHCTEMa «OKPYKaeT»
GoptoBylo OBM MogzenupyeMoii CpeloH M INO3BOJSET CHEUHANHCTaM
BBIIIOJIHATD TECThI, BBOAS AaHHbIE O Pa3jIMYHBIX NOMeXaX B IoJIeTe, Ha-
pyluasi mocjiefioBaTeNIbHOCTh AeHCTBUH W Habmofas 3a peakuueii Gop-
ToBO# OBM.

Kpome yxe paccmMaTpuBaBIIMXCS HMHTAaTOPOB YCTPOHCTB, TEPMHHa-
JIOB, YZaJIeHHHIX CHCTEM M MOHHTOPOB, OCTaeTCsl €lle OJHO MOJIEe3HOE
CPEACTBO TECTHPOBAaHHS — 8UpMYyasbHas mawuna. BupryanbHas ma-
IIHHA, peann30BaHHas, HampuMep, ¢upmoit IBM B cucreme VM/370,
IBJIETCS] THNEPBU30POM, MO3BOJIAIOWIMM BHIONHATh Ha OJHOH MallKHe
HECKOJIbKO CHMCTeM NpOTpPaMMHOro obecrnedeHHsi, NMpHYeM Kaxnoil cu-
cTeMe NPEJNCTaBJIseTCS, YTO OHA OfHA MMeET JAOCTYN K coGCcTBEeHHO! (u-
3MYEeCKOH MalllHe H TOJHOCTBIO KOHTPOJIHpYeT ee. BupTyanbHbie Ma-
HIMHE! NOJIE3HBl MPH TECTHPOBAaHMH CHCTEM, MMEIOHmIMX IPSIMOiM JOCTYM
K (H3HUeCKUM pecypcam MalllMHBI (HallpHMep, ONEPAUHOHHBIX CHCTEM).
KoHuennus BUpTya/JbHOH MallMHBI NI03BOJSET, HANpPUMEp, HA OJHON H
TOH Xe (usnueckoldl MalllMHe OJHY CHCTeMYy SKCIIyaTHPOBaTh B pabo--
yeM pexxume, a APYILYIO CHCTEMY B 3TO K€ BpeMs TECTHPOBATb Ha Jpy-
ro BHUPTyaJbHOH MallHHe.

NJIAHHPOBAHHUE U YINIPABJIEHUE NPU TECTUPOBAHUH

INockosbKy 3Ta KHMra He O MeTOAAaX PYKOBOACTBA NMPOEKTaMH, TO
BONpocaM IIAHMPOBaHHS, KOHTPOJfA H YNpaBJeHHs, CBA3AaHHBIM C
npoueccoM NporpaMMHPOBaHHs, OLIO O CHX IOP NOCBSIIEHO JIHIIL He-
CKOJIbKO ¢JIoB. OIIHAKO A/1s TEeCTUPOBAHHUS 3TH BONPOCH HMEIOT pellaio-
llee 3HaueHHe, M Ha STOT CYET YMECTHO NPHBECTH HECKOJbKO PeKOMEeH-
Jauui.

OnHa ©3 caMbIX pacmpocTpaHeHHBIX OIIMGOK HPH TeCTHPOBAaHUH
nporpaMMHOro obecrieueHdsi — IJIAHHPOBATh STOT Ipolecc, I0JACO3-
HaTeJIbHO TIpexriosiarasi, yTo He GyneT o6HapyKeHO HH OJHOH OIIMOKH.
Hanowmmio, yto uen» TectupoBanus — HaliTh owuGKu. IlnaHupoBaHue
BhilesIsieMbIX Ha TeCTHPOBaHHE pecypcoB (/Mofei, MAIIMHHOTO M KaJseH-
JapHOTO BpeMeHH), OCHOBAHHOE Ha MPENNOJIOXKEHUH, UTO KaxJIbifi TecT
Gyner BLINOJIHATLCA C EPBOTO XKe pa3a, BEJET K ABYM CEpPbe3HbIM NPo6-
Jemam. [lepBas cocTOUT B KpPYNMHOH HelooleHKe HeOOXOAUMBIX pecyp-
coB. ToT ¢hakT, YyTO TeCTHpPOBaHHE — OJiHA H3 NOCJeAHHX (a3 paspabor-
KH, ycyry6aser npoGiaeMy, MOCKOJbKY cepbe3Hoe mepepacrpejeneHye
PecypcoB B 3T0 BpeMsi NOYTH HEBO3MOXKHO. Bropasi npo6ieMa cOCTOMT
B TOM, uTO KOrjJa NepcoHas, 3aHUMAaIOWHUHACH TECTUPOBAHHEM, OKa3sbi-
BaeTcs B nolo6HO# cuTyanHs, To OH 4aCTO CTPEMHUTCS BCe-TaKH YJIOKHThb=



946 IV 12. TECTUPOBAHME BHEWHHX OYHKUHA

Csl Jake B TaKoil HepasyMHbill TpaQHK, a 3TO BBIHYXKJAeT NpONyCKaTh
OLIMGKH H YNOTPEOJAATb TONBKO WIETKHE» TECTHI, u3beras yepecuyp pas-
PYILHTEIbHBIX. .

Kak u ANs BCSIKOTO CJOXHOTO Jefa, MAaH SIBASIETCS XM3HEHHO
pajkHOH KOMIIOHEHTOH mpollecca TecTupoBaHHs. [lmaH Jo/mkeH ObiTh
pa3pa6oTaH JI0 Hadajla TECTHPOBaHHs, BO3MOXHO — BO BpeMs NPoekK-
THPOBAHHSA CHCTEMbl. XOPOLINH MJIaH TECTHPOBAaHHSA AOJKEH CORepKaThb
CJIeRyIOLie KOMIIOHEHTHI:

1. Lesu. Onpenenenne 3afaq Kaxjo# asbl TECTHPOBaHUS.

2. OmgemcmeserHocme w mouneiti epagux. Onpenensiercs, KTO U B
KakHe CpPOKH GyJIeT OCyIecTBJSATb NPOeKTHPOBaHHe, pa3paGoTKy H
BBHINOJIHEHHE TECTOB, a TaKxke OTIAAKYy IJA KaxIod ¢asbl TeCTHPO-
BaHHUA.

3. Hucmpymenmor. Onucanue HeoOGXOAUMEIX HHCTPYMEHTOB TECTH-
pOBaHHS C YKa3aHHEM TOro, Kak H Korja oHH GYAYT NOJIYdYeHbI.

4. Mawunnoe epems. OueHKH KOJHMYECTBA MALIHHHOTO BpeMeHH,
HeoGXONMMOro Ha KaXk7IOM 3Tame, C YKasaHHeM TOro, Kak H KOTJa OHO
6GYZeT MoJyyeHo. . B

5. Kongueypayuu. OnucaHue BceX HEOOXOAHMBIX OCOOBIX KOH(H-
TypauMil annapaTrHoro oGecrnedeHnst HiIH YCTPOHCTB, BKJIouast rpadUKH
3aKa30B U YCTaHOBKH, C YKa3aHHEM OTBETCTBEHHBIX 32 HCIOJIHEHHE.

6. Bubauomexku mecmos u cmarnOapmei. OnpeneseHde npaBui Xpa-
HEHHSI TECTOB, CTAHAAPTHl HX INOATOTOBKH.

7. Ipoyedypor konmpoas. OnucaHue crioco6a KOHTPOJS 3a mporuec-
COM TECTHPOBaHHS.

8. Ipoyecc omaadku. Onucanue mpouenyp, HeOGXOAMMEIX IJisi BBI-
Jaun cooOuienuii 06 olunbkax M MX HcmpasieHHH. [loxpoGHee onu pac-
.cMaTpHBaloTcs B . 13.

9. Kpumepuu ycnexa. Kputrepuu, B COOTBETCTBHH C KOTOPLHIMH CJie-
AYyeT MPUHHUMATh PelleHHe O TOM, HAaCKOJIbKO YCNELIHO 3aBeplleHa Kaik-
Jas ¢dasa TecTUPOBAHHMSA.

10. Iaan c60opru. O HEM yKe FOBOPHJIOCH B 3TO# IMiaBe. B HeM noumk-
Hbl OBITh ‘ONMCAHBI BCe HEOOXONMMbIE MPOTPAMMBI-IOANIOPKH» H TpaduK
HX MOATOTOBKM C YKa3aHHEM OTBETCTBEHHBIX.

W3 Bcex mepeuynceHHBIX 3/1EMEHTOB CaMoe CJIOXKHOE — ONpPENENHUTh
Kputepuu ycmexa. Hanpumep, pacmpocrpaHeHHBIfi KpUTepHii mpu Tec-
THPOBaHHH BHEIIHHX (YHKLUHHA — CUHTAaTh TECTHPOBaHHE 3aBeplUeH-
HeiM, eciad 100% TectoB BhIMOMHSIOTCH npaBuabHO. CnaGocTh 3TOro
KpUTepHS B TOM (XOTSl f M OTKa3blBalOCh BEPUTb, YTO JIOAH B OCHOBE
.cBoefl HeYeCTHHI), YTO OH OINpefieJIeHHO He HacTpauBaeT TOro, KTo 3aHH-
MaeTcsl TeCTHPOBaHHEM, IHCAaThb B BHICOKOH CTeneHH paspyIIuTeJbHbIE
recThl. UTOGH BAOXHOBHTb Ha MOMCKH KaK MOXKHO GOJIbLLETO0 KOJIHYe-
CTBa OWIHGOK, MPEANOUTHTENbHBI Hecamusrole KPUTEPHH, HanpHuMep Ta-
KOH: cuuTaTh, YTO TeCTUpOBaHHe (yHKUHMH He 3aKOHUEHO, MOKa He 6y-
JeT oGHapyeHO W WCIpPAaBJEHO N0 KpaiHeHd Mepe Mo JBe OMHMOKH Ha
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KaXAylo ThICAYY CTPOK TeKcTa mporpaMmel. Takoro poxa KpurepHH
COOTBETCTBYIOT TOMY HPHHIMNY, YTO LeJb TeCTUPOBaHHS — HaHTH
omn6KH. KoHeuHO, TaKo#i KpHTepHil CTaBHT HEKOTOpHie NMPOG/eMbl 1J15%
TECTOBHKA, KOTOPOMY AOCTa/JHChb HCKJIOUHTEJIbHO KOPPEKTHO peajn30s
BaHHble (YHKIMH, HO TAKOTO POJia CHUTYalMH MOAJAIOTCS YpPeryJ/aupoBa-
HHIO (Bce MBI Xejaju Obl moyame uMeTb Jeslo ¢ mpoGjieMaMu Bpoje:
stofi, He Tak Au?). [Ipexxne Bcero oH 3acTaBilsieT €ro TECTHPOBAThL CTPO-
e, a 3aTeM, ec/IM HHKaK He Y/iaeTcsi HaiiTH OMHMGKH, TECTOBUKY HYXKHO-
NeperoBopuTh ¢ IPYNMNOH, BHIMONHAIOMEH KOMIJEKCHBIE TeCTH, ¥ yOe-
JMTh €e YJacTHMKOB B TOM, 4YTO GoJiblie OMHGOK NEHCTBUTENILHO HE-
yaajoch Obl HafiTH, ClleflyeT NPHMEHATb U JAPYTHe paHee YNOMHHABIIHE-
cl KpPHTEDHH, HalpuMep KPHMTEPHH TeCTHPOBaHHS (YHKuui, TpeGyo-
WM BHINOJMHEHUS] KaxAOH BeTBH XOTsA Obl pa3 (3a MCKJ/IOYEHHEM 3a-
LIMTHRIX YYaCTKOB).

Kpumepuii sasepuienun ¢paso. mecmuposanus 00aNeH YKasuiéamo-
4uca0 ouwuboK, Komopote oaxcHor Gbimb HatiOeHvl, a He ONUPAMbCA HA
maKue Huwezo He 3SHadawue axmopel, KaK NPOYEHM MeCcmos, 6binoAs
HAEMbIX NPABUALHO.

Takue »Xe NPHHUMNBI MOTYT ObITh MPHMEHEHBl M K OIpeje/eHHIO-
MOMEHTa, KOrja KOMIIEKCHOe TeCTHPOBaHUE MOXKHO Ha3BaTbh 3aKOH-
YyeHHbIM. MOXHO CYHMTaTb, YTO OHO 3aBepILEHO, €CJH JIOCTHIHYTA IO3J-
Hefillasi M3 JBYX JaT: HCTEK CPOK, HaMeUeHHHIA Mo KaJeHAapHOMY Iia--
HY, WJIH OPH TeCTHPOBAHUM OGHAPYKeHO no KpafiHeil mMepe X ommGOK.
Eume oana nosnesHass Mepa — BhIYePTHTb Ipaduk 4Yucia oMGOK, 06Ha-
PYXEHHBIX 32 e[MHHIy BpeMeHH (Harmpumep, 3a Helemo). Bmecro Toro.
4TOOBl CYHTATh BCe OLIMOKM Ha rpaduke ONMHAKOBLIMH, CJENYET B3Be-
IIMBATh HX B COOTBETCTBHH C HX cepbe3HOCTbi0. Takofl rpaduk mosso--
J17eT NPUHUMATh PYKOBOASIIKE PeLIeHHs Ha OCHOBE aHa/u3a B3BellleH-
HBIX CKOpOCTeHl OOHapyXeHHsl OHGOK.

OGcyxpas sTy TeMmy, si u3beras ynorpe6aaTb oGOPOTHI THIA «TeCT
Obl1 yCHemHbIM», TOCKOJIbKY OHM 3aKJIOYaloT B ceGe WHTEpECHBIH ma--
panokc. PykoBoputenn Jo6AT ynorpeGJsTh CJOBO <yCHEIUHBIH», To-
BOpS O TecTe, TpPH BHINOJHEHHH KOTOPOro OIIMOGOK He OGHapy¥KeHo.
Ecnn, oamako, paccMaTpuBaTh TeCTHPOBaHHe KaK IPOLECC INOMCKas -
OIINGOK, CJIOBO «YCIELIHLIH» CefyeT yNnoTpeGasaTh cCKopee AJs ONHCa-
HHSl TecTa, KOTODBI NMO3BOJIMJ OGHAPYXKHTb HOBYIO OLIHUOKY.

KoHTponupys mnpouecc TecTHpPOBaHHs, He cJeiyeT 3a0biBaTb aK-
ciomy u3 riu. 10, B coOTBETCTBHU C KOTOPO#i, yeM GoJibile OIIHGOK 06Ha-
PYXeHo Ha yyacTKe CHCTeMBl, TeM BbILlIe BePOSTHOCTb, UTO €CTh elle ApY-
THe, HeoGHApYKEeHHbIe OMHOKH. AHa/M3 JaHHBIX 06 OLIHOKAxX C LEJbIo-
BBISIBUTL OMNACHble HOBBLIMH OLIMOKaMH MOAYJAH HJIH (YHKUHH MOXKET
elle Ha paHHUX 3Talax TeCTHPOBAHMS IOMOYb YCTAHOBUTH OOPaTHYIHO-
CBf3b, MO3BOJIAIOILYIO ONpEJeINTb, FJlle HMEHHO CKOHIEHTPHPOBATh.
OCTaBIllMecsi pecypchHl.
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[Mpu TecTHpoBaHHM BCerja BCTPEHAETCs €ILIE OJMH HHTEPECHbIf ma-
PaJiOKC: C OLHOH CTOPOHHI, XOUETCs HaHTH He CIMIIKOM MHOTO OWHGOK
H YJIOXHUTBCsl B TpadHK, a C APYTroi CTOPOHBI, MOHATHO, YTO HeJb TeCTH-
poBaHHsi — HafiTH KaK MOXHO GoJbiue OWHGOK. D70 elle ORHO MOA-
TBepXKAEHHe IBYX 00s3aTe/IbHbIX MNPHUHIMIOB, YyXe 0O6CYXaBUIHXCS
BHILUE: KPHUTEPHH 3aBepLIEHHS JO/IKHbI (OPMYJIHpOBAaTbCA B HEraTHB-
HOM Ayxe (Hampumep, ¢pasa TeCTHPOBaHHS He 3aKOHYeHa, NOKa He 06-
HapyXKeHO 3apaHee YCTaHOBJIEHHOE YHCJIO OWHOGOK) H, Kpome TOro,
TeCTHpOBaHMe JOJ/KHO BBINOJHSTBCS HE3aBHCHMON opraHMsanued, Ko-
TOpasi He WCMLITHIBAET AABJIEHHS KaJeHIApHHIX IJIaHOB OpPraHH3alUHH-
paspaboT4HKa.

TECTUPOBAHHUE NMPHUEMJIEMOCTH

TecTHpoBaHue MPUEMJIEMOCTH TIPEACTaBJseT cO00H Npoliecc HCIBITa-
HHH, BO BpeMs KOTOPOro NpoBepsieTCs] COOTBETCTBUE CHCTEMEI He BHeL-
HHM crenudHKanyaMm, He UeJsM, a HCXOAHbIM TpeGoBaHHSM. TecTHpo-
BaHHe NPHEMJIEMOCTH — HeOOGLIYHBIA BHJ TECTHPOBAHHS, TOCKOJIBKY OH
BBINIOJIHSIETCS] OpPTaHH3alHeH-NoKynaTesNeM WJIM NOJAb30BaTe/eM, a He
paspaGOTYHKOM INPOrpaMMHOro oGecrnedeHus.

s HOBOrO NPOTrpaMMHOTO NPOAYKTa Atbo20 THnma, O6yab TO mpo-
JYKT, MOJIYdEHHHIH 1O KOHTPAKTY C KOMMaHUEH-pa3paGOTUHKOM HIIH
N0 COIJIalIEHHI0 C BHYTPEHHEH NpPOrpaMMHCTCKOHM OpraHu3ailHei, HJIH
YyCTaHOBKAa HOBOH BePCHM OMNEPALHOHHOA CHCTEMBl, WIH NOKYIKa yike
FOTOBOTO MPOTPaMMHOIO NPOAYKTa, OPraHH3alMsA-TI0Jb30BATeNb JHOJIXK-
Ha CIIPOEKTHPOBaTh H HAMHCATh HECKOJIbKO TECTOB C LEJbIO BHISICHHTB,
B KaKoil Mepe NPOAYKT He COOTBeTCTBYET TpeGoBaHHAM. Ec/i 3TH TecTht
OKa3bIBAIOTCH «HEYAAyHbIMH», TO NMPOAYKT OGMHIHATLHO NPHHUMAETCSH
'K MchoJsib3oBaHHio. TecTupoBaHHe NPHEMJIEMOCTH BCEr'Ja NPEACTaBjIsieT
coGoii HEKOTOPYI0 KOMOHHAIIMIO TPeX 3JIeMEHTOB: MEeCHUposanue Ha
munosetx 3a0a4ax, KOTJa BHIIONHSIIOTCS CHENUaJbHO NOATOTOBJIEHHBIE
TECTBbI, ONGIMHAS 3KCRAYyamayus, Korja HOBBIH NPOAYKT HCHOJb3YEeTCH
OTpaHHYEHHO, Ha 3KCNEepPHMEHTaJbHbIX Hadajax, H mecmuposanue co-
nocmasaenuem, KOTAa OH yCTaHaB/JIHBaeTCs H paboTaeT mapasjieJbHO C
npexkHeit cucreMoi. :

‘TECTHPOBAHUE HACTPOWKH

OcraBuiMic THI TECTHPOBAaHHMS NPOTPAMMHOro ofecreueHHs, KakK
 Bce IpYTrHe, HampaBJieH Ha oOHapy)KeHHe OMNGOK, HO Temeph yxke He
B CaMOM IIporpaMMHOM ofecneueHHH. MHorue GOJIbIIHE CHCTEMBI H
nporpaMMel  TPeOyIOT CJIOXKHBIX npouelyp Hactpoikd. [lokynareab
JNOJKEH OTOOpaTh HYXKHHlE €My BO3MOXKHOCTH, PasMecCTHTh ¢aiJibl H
6HGTHOTEKH, HMETb B HAJIMUMH HEOGXOJHMYIO KOH(HUIYpalHio annapar-
HOro o0ecreyeHHsT H 4acTo elle COCTHIKOBATh HOBBIH MPOAYKT € APYTHMH
nporpammamu. Lless TectupoBanus HacTPOHKH — HafiTh JioGble OIIHG-
KM, KoTopnie ObIM JOMYLIEHBl NMPH OCYLIECTBJEHHH 3THX MpoLeAyp.
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Tectbl HaCTPOﬁKPI JO/IXKHBI  OBbITH CIIPOCKTHPOBAHbl H HAaNHCAaHBI

pa3paboTyHKamM¥ MPOTPaMMHOrO OGeCnedeHHsi M MOCTaBJ/IATLCA BMecTe
¢ MPOAYKTOM M JOKYMeHTamueil Ha Hero. TH TeCTbl BHINOJIHSAIOTCA JHG0
noxkynareaeM, Ju60 OOC/HYKHBAIOUWKUM II€PEOHAJOM OpraHuU3alHH-pas-
paboTUHKa Nocje HAaCTPOHKH MPOAyKTa. TecThl HacTpo#lKM mpoBepSIOT
HaJlHuke BceX HeOOXOIUMBIX (pail/IoB M anmapaTHbIX YCTPOHCTB, CO-
JepKHUMO€e NepBO#i 3alHMCH KaXXJoro ¢aiJa, HalHuHe BCeX 4acTedl mpo-
rpaMMHOTO NMpPOAYKTa W T. I

JIwbas npoepamma OOAHHA NOCMABAAMGCS 8MECME C HECKOMbKUMU

mecmamu, cnocobrbimu obHapyscusams OWUOGKU HacmpolKu.
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Taasa 13

O1najgka

HecmoTps Ha Bce pekoMeHAANMM U3 4acTH 2, HEKOTOphle OIIHOKH
B nporpaMMHOM ofecniedeHHH Bce-TakH OYAyT CleJaHbl, U TPpyJHas 3a-
Jaua ero oT/afKkH ocraercs. TeM GoJiee UTO NPaBHALHO TECTHPOBATb —
3HAYUT CTPEMHUTHCH HAHATH KaK MOXKHO GoJbilie omn6ok. Tot dakr, uto
3Ta IflaBa MMeeT HecyaCTJHBHIA HoMep 13,— BecbMa KpacHopeuHBoe
COBHaJieHHUe.

Ornafika — 3TO yCTpaHeHHe OLIMOOK: OHA HayHHaercsi ¢ oGHapyxe-
HHsl HEKOTOPBIX NMPH3HAKOB, WJIH CHMOTOMOB OMIHGKH B NPOrpaMMHOM
obecrneueHnu, U Npencrasiaser cobofi mpouecc ompeneneHUs ee MECTo-
NOJIOXKEHHA M HCnpasiaeHHus. [IpuuHHA, MO KOTOPOH OTJafKa CYUTAETCs
TPYAHBIM HCKYCCTBOM, B TOM, YTO BC€ Mbl KaK-TO MOACO3HAaTeNbHO
NpefHA3HAYaeM «ITO 3aHATHE JJIsi APYTHX, MEeHee COBEpLIEHHBIX JIO-
Jei». VmeeTcsi ynUBHTENbHO MaJlo MCCJIEAOBaHHH HJIH peKOMEeHpaamui
no oT/ajike, H 3TO TNPH TOM, YTO CPeJHHH MPOrPaMMMCT TPATHT Ha Hee
Gonbllle BpeMeHH, 4eM Ha INPOEKTHPOBAHHE H COGCTBEHHO MpPOrpaMMH-
posanue. [TosiBuaMCH, NpaBAa, HEKOTOpble OGHAAEKHUBAIOUHE MPH3HA-
KH: KHHra, 4acTHUHO NOCBsiieHHasi atomy Bompocy [11, u kypc, mo-
CBSIIEHHBIH HCKIIIOUHTENbHO NpeaMeTy oT/iagku (2], koTopriil yuraercs
no KpaiiHefi Mepe B OXHOM YHHBEpCHTeTe.

KAK UCKATD OIHMBKY

Uro6hl yCTPaHUTh OLIMOKY, HYXKHO NHpexJAe BCEro TOYHO YCTAHOBHTH
ee pacrniosoxkeHue. Ilpuxopurcsi HauMHATH C CHMITOMOB THIA <«NOCJEN-
HHH CHMBOJI OTCYTCTBYET BO BCeX 3aNMHCAX BBLIXOXHOTO ailsia», u Tpe-
6yercsi TOYHO YCTAHOBHTb, KAKOH MMEHHO HJIM KaKHe HMEHHO OnepaTopsl
(u3 100 000) B Hawel nporpamme omnGouHbl. Berpeualoniasicss Bo MHo-
X KHHTax 00 NPOrpaMMHPOBaHUIO PeKOMeHJauus «pasbpocaiite mno
nporpamme noGoJIbLie ONePaToPOB MeyaTd NPOMEXKYTOYHBIX Pe3yIbTaTOBY
He JIMIIeHa CMEIC/Ia, HO 5TO — mpumep GeccUCTEMHOTO INOAXOna, W Ha-
YHHATbh C Hero He cienyer. Meroy peinenusi 3agay [ofia [3] moxHo npHu-
MEHHTb H K OTJIafiKe, BIOJIHE aHAJOTHYHO TOMY, KaK B IVI. 3 OH Obld
npucnocobseH K 0COGEHHOCTSIM [POEKTHPOBAHHS.

1. [Todimume 3ada4y. MHOrHe NPOrpaMMMCTHI HAUMHAIOT NMPOLECC OT-
JIAJKH GeCCHCTEMHO, IPOMYCKas KH3HEHHO BaXKHbll 3Tanm AEeTajIbHOI'O
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aHa/I{i3a UMEIOIHUXCS AaHHbIX. [TepBhIM Je/I0M HYXKHO TILATeJIBHO HCCiIe-
JIOBaTb, 4TO B MPOI'PaMme BLHIMOJIHEHO MPaBWJbHO, a 9TO — HENpPaBHJb-
HO, 4TOOBI BLIPA0OTATh OJHY HJIM HECKOJIbKO THIIOTE3 O MPHPOJE OLIHG-
4 OnHa U3 caMBIX PaclpOCTPaHEHHBIX NPHYHH 3aTpYLHEHHH TpH
"OTJIaJlIke — He YYTeH KaKoi-HHOYZb CYLIeCTBEHHBIH (aKTOD B BHIXOAHBIX
JaHHbIX nporpammbl. CreyeT WU3Y4MTb BHIXOJIHbIE JAHHLIE W OLEHHTH,
JOCTaTOYHO JIM HX AJIA ONpelesieHHsT MeCTONOJIOMEeHHs OUINOKH, Tak
-KaK, ecllH HMX HeJIOCTaTOYyHO, IpexJe BCEro HYKHO coGpaTh GoJibiue
JaHHBIX, a JJIf 3TOTO NMOATOTOBHUTb H BHINOJHUTbH NONOJHHTEJIbHLHE Te-
cThl. BaxHO HCC/eNoBaTh JAHHBIE B MOMCKAX Npomugsopequli THNOTE3e
(HampuMep, owuOKa BO3HHKaeT TOJbKO B KaXJOH BTOPOH 3amucH),
NOTOMY 4TO 5TO MOBEJeT K YTOYHEHHIO THIIOTE3B WJlH, BO3MOXHO, MO-
KaXKeT, UTO UMeeTcs He OfHa NPHYHHA OLIHGKH.

Tose3HbIl NOAX0M K H3YYEHHIO CHMIITOMOB OLIMGOK — Memod b pay-
na u Comncona [1]. JIns opraHnsauyy U aHaau3a UMEIOUIMXCS JAHHBIX
UCTosIb3yeTcsi U3o6paxeHHbIi Ha puc. 13.1 6mank. B rpade UTO
OMHCHIBAIOTCS OCHOBHBIE cumnToMel, B rpade I'JIE omuchiBaioTCS TOUKH,
rae 3amedeHsl cumnToMbl, B rpade KOI'JIA — BceBo3MOXKHBIE HOTafKH,
Kacaioliyecsi Toro, Korja CHMATOMBI NPOMBJSIIOTCS, a KOTJa HeT, a B
rpage YTOUHEHHE ykasrciBaercss 06/1acTh JeHCTBHA CHMITOMOB.
Cron6ust JJA u HET cocraBnsiioT CyTb MeTOAa, NMOCKOJBbKY OHH OIHCHI-
BalOT OTJHUUSI M TIPOTHBOPEUHsi, KOTOpPble NOBEAYT K CO3JAHHIO T'HHO-
Te3Hl.

Tpenanonoxum, uto omwu6Ka BCTPeTHIACh MPH HCHOJb3OBAHHH pa3-
paGoTaHHOM B yacTH 2 mporpammbl 3arpysuvka. OG6LiHe CHMITOMbI —
pY BBINOJIHEHHH MOAYJIS, 3arpyKeHHOro NMOC/eHHM, HEOXKHAAHHO BO3-
HMKaeT NPOrpaMMHOe MpephiBaHue, XOTA CaM MOAYJb B JIUCTHHTE IpO-
rpaMMHl Ka)keTcsi NpaBU/IBHLIM. IIpexie Bcero Hy>KHO HPOBEpPHTH, JO-
CTaTOYHO JIH UMeeTcsi (haKTOB, YTOOBI 3aNOJHHTb BCe KJETKH TaGHUIIb,
uzobpaxenHofi Ha puc. 13.1. 3anojHeHHast TabJMua NpHBeleHa Ha
puc. 13.2.

2. Paspabomatime naarn. Ciaexyomuit 1ar — NOCTPOHTb OAHY WJIH
HeCKOJIbKO Trumnore3 o0 omubke M pa3paboTaTh NMJaH NPOBEPKU 3THX
runote3. MayuuB puc. 13.2, npugeM K rumortese, uTo NOCJEAHUHA 3/e-
ment B Tabauue TITEPM He 3aMKHYT (3TO OPUBOAMT K NEpexopy «Ha-
yrajfiy NpH BEHINOJHEHHH COOTBETCTBYIOLIETO Oreparopa CALL B 3arpy-
XeHHO# nporpamme), u omwuéka, epostHo, B dynkunn HACTP _ AJIP
moxpyas YTIP _ TIIEPM.

3. Bunoasnume naan. Temnepb, crefys cBoeMy MJaHy, MbiTaeMcs
JoKa3ath rumoresdy. Ec/IH IJaH BK/IIOYaeT HECKOJNbKO LIAaroB, HYXXKHO
npoBepuTb Kaxablil. UToGbl NOATBEpAMTL TMIOTE3y O 3arpysduke,
CJleflyeT HamucaTb TECT Y clesaTb Komuio coctosinus TITEPM u 3arpy-
*KeHHOMH NporpamMMsl NocsIe 3aBepiueHus BemoaHerus ¢ysxiuus HACTP
AQP. ;

4.. [Tposepome pewserue. Eciiu KaxeTcs, 4TO TOYHOE MECTONOJIOKEHHE
OlI6KH OGHapYKeHO, HeoOGXOAHMO BHINOJIHHTL elle HeCKOJbKO Mpo-
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Puc. 13.1, Ta6anua AJS aHATH3a CHMIITOMOB OIHGOK.

BEpOK, MpexJe ueM NbITaThCs MCNpaBHTb owWMOKY. IlpoaHanusupyiire,
MO2KET JIi MpefinosiaraemMast oniu6Ka AaBaTh B TOYHOCTH H3BECTHBIE CHMII-
TOMBbI. ¥ 6eauTeCh, YTO Hai[eHHAsi MPHYUHA MOJHOCTbIO OOBSACHSET BCe
CHMIITOMBI, a He TOJIbKO yacTh HX. IIpoBepbTe, He BLI3OBET JIH ee HC-
npaBJjieHHe HOBOH OIIHOKH.

FnaBHasi nmpuuMHAa 3aTpyAHeHUH IpH OT/MAfKe — Takas MNCUX0A0-
2UMeCKas YCMAHOBKA, KOTJa PasyM BHIMT TO, UTO OH OXHJAACT YBHIETb,
a COBCEM He TO, 4TO MMeeT MecTo B AeHcTBuTenbHOCTH [4]. Dro, Hanpu-
Mep, IJIaBHas NMPHYHHA TOTO, YTO HE YAaeTcs: 3aMeTHTb Bce Tunorpa(b-
cKue omeyaTkH B KHHre. OJUH M3 CnocoGOB NPEOJONEHUsI TaKOH ycTa-
HOBKH — CKeNTHI[U3M B OTHOLIEHHWH BCEro, UTO BHl H3yuaeTe, B OCOOEH-
HOCTH — KOMMEHTapHeB M HOKyMeHTaluH. ONbiTHbIE CrenHaTuCThl N0
OT/IaflKe, U3ydyasi MOLY/Ib, YaCTO 3aKPbIBAIOT KOMMEHTapHH, MOCKOJIBKY
KOMMEHTapHU HepPelKO ONHCHIBAIOT, YTO NpPOrpaMMma AEJaeT, N0 MHEHUl0
ee cos0amenn. O6pamneui npocmomp (4TeHue NMPOrpaMmbl B OGPaTHOM
HallpaBJIEHHH) — ellie OAWH NoJIe3HbIH TaKTHYECKUH NMpHEM, MOCKOMBKY
OH NOMOraeTr No-HOBOMY B3IVIAHYTh Ha aJTOPUTM.

Ewme oana TpynHOCTh NMPH OTJIajJKe — TaKoe COCTOSIHMe, KOTJa Bce
WleH 3alLLIH B TYNHK M HaHTH MECTONOJIOXeHHe oLIHOKH KaXkeTcsi mpo-
CTO HEBO3MOXKHEIM. DTO 03HA4aeT, 4To JM60 Bbl CMOTPHTE He TyJa, Kyla
HYXKHO, M CJIeyeT ellle pa3 H3yYUTb CHMOTOMbI H MOCTPOHTh HOBYIO I'H-
noresy, JHGO NMOJO3PEHUS NPaABH/IbHBIE, HO Pa3yM yxe He CIocoOeH
3aMeTHTh owMGKy. Ecan Kaxercst, 4T0 HMEHHO TaK M €CTb, TO Jy4iui
NPHHIHUN — «yTPO Beuepa Mynpenee». [lepekmounte BHUMaHUE HA APY-
Iylo JeATeJIbHOCTh, H NYCTb Haj 3ajayedl paboTaeT Balle MNOACO3HAHHE.
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Yro B 3arpyxeHHOl nporpamme Henpa- |He noxowe Ha owubky B
BMNIBHO BLINOMHAGTCA nepexoq noruke 3arpyMeHHOX npo-
rpaMMmbl
Tae Mpoucxoaur tonsko 8 nocnepHem | Cyas no nucrunry, TBUM
3arpy»eHHom mogyne npaBunbHa

Korpa Korpa B nocneaHem moayne sui- |Korpa sbinonssercs no6oi
nonusercs oneparop CALL apyroi oneparop CALL

Yrtounenue | Mpoucxogut, kaxerca, Tonbko B cny- [ Korga nocnepuuii 3arpymex-
4ae, ecnu MocnejHMI 3arpyKeHHbid | Hbii  MOAYNb He COASPIKUT
moayne copepwut oneparop CALL |onepatopos CALL

Puc. 13.2. CuMnrtoMbel OIWIMGKH B 3arpysuHke.

Msorue nporpaMMHCTH IPU3HAIOT, YTO CaMble TPYAHBIE CBOH 33/a4H OHH
peuIaioT BO BpeMsi GPUTbS WJIH 1O JOopore Ha paGoTy.

Korpa Bel HafiieTe ¥ npoBepHTe OLIHGKY H YOeIUTeChB TOM, YTO HALLTH
ee NMpaBHJIBHO, He 3a0yjnbTe O sBJEHWH, OTPaxKeHHOM Ha puc. 10.9,
KOTODPBI NOKa3biBaeT, YTO BePOATHOCTH APYTHUX OLIMGOK B 3TOH YyacTH
NporpaMMel Terlepb Bhillle. M3yunte nporpaMmy B OKPeCTHOCTH HaHIeH-
HOH omMGKH B NMOMCKax HOBbIx HenpusiTHocredt. [IpoBepsre, He Gbina Jiu
clleflaHa Takasl ke OLIMOKa B APYT'HX MeCTax IPOrpaMMmbl.

HccnenoBannst MeTofoB OT/IaJKH BHayasle KOHLEHTPUPOBAJHCh Ha
CPaBHEHHH OTJAJKH B MaKETHOM M JMAJIOTOBOM PEXHMaX, npudem GoJb-
UIMHCTBO HCCJeNOBaTesell NMPUXOAWJIO K BBHIBOAY, YTO AMAJIOTOBHIH pe-
XuM npexnouturenshee [5]. Onnako Gostee mosausis paGotra mokasana,
4TO, BEPOSITHO, CAMBIM JIYYIUIMM SIBJSIETCS TPeTHH pexum [6]. OnpiTHBEIM
nporpaMMucTam ObLTH AaHbL /11 OT/IaJIKH CJIOXHBIe nporpamMmbl Ha Pop-
TpaHe (KOTOPHIX OHH HHUKOT/Za He BHJEJH paHblle). B HeKOTOpHIX 3KChe-
PHMeHTaX WM TOBOPHJIOCH TOJIbKO, 4TO B MpOTrpaMMe ecTb OUIHGKH.
B apyrux ciyuasx uM gaBanu Takke OXujaeMble M JeHCTBUTETbHbLIE
pesy/bTaThl, a B HEKOTOPHIX 3KCNEPHMEHTaxX Jaxke coobIanu, B KaKOM
onepatope own6ka. ToyHoe MecTo OIWIHGOK OGHIYHO YCTAHABJIHBAJNOCH
OYeHb GhicTpo (M Ge3 momomu OBM), mpuuem pas3/iuudsi M0 3aTpaTam
BpeMeHH [i/1i Pa3HBIX SKCIEPHMEHTOB ObUIM YAHBUTEJbHO Masbl. OfuH
U3 BLIBOJIOB 3TOT'O MCC/IEOBAHHSA COCTOMT B TOM, 4YTO, BEPOSITHO, HAHMYyY-
WHit crioco6 OT/IaaKK — MPOCTO YHTaTh NPOTPaMMy H H30 BCeX CHJ
CTapatbcsi BHUKHYTh B aJITOPUTM, XOTA 3TO U Tpebyer ycepAus H cob-
PaHHocTH.
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BaXHO NOAYEPKHYTb, YTO MHOTHE H3 METOLOB NPOEKTHPOBAHHs,
o6CcyXaaBliMecss B 4acTH 2, NOMOTaioT M B mpouecce OT/IaikH. Takue
MeTOJBI, KAK KOMMO3HIMOHHOE IPOEKTHPOBAHUE, CTPYKTYPHOE Nporpam-
MHpPOBaHHe H XOPOIIHl CTHJb NPOTPaMMHPOBaHHS HE TOJIBKO yMeHbllla-
10T MCXOJ{HOE KOJHYECTBO OILHOOK, HO M 06JeryaroT oT/1ajKy, Aenas npo-
rpaMmy GoJjiee POCTOf JUISi OHHMAHHS. 3alNTHLE CPEACTBA, ONMHCaH-
Hble B TJ. 7 W 8, Takxe IOMOraioT npoieccy OTJIaJAKH, OOHapyKHBas
CHMNTOMBI OLIHOOK BCKOpE HOC/e MCTOJHEHHUs] OIIHGOUHBIX (PparMeHToB
M TeM caMbiM obJjieryasi ompejiesieHHe MECTOTNOJIOXKEeHHUS OLUHOKH.

KAK HCNPABJIAATHL OLIMBKH

ITocsie TOro Kak TOYHO YCTaHOBJIEHO, I'le HaAXOAHUTCA oOlIKOKa, Hajo
ee HcnpaButb. Camas GoJsbllasi TPYJHOCTb Ha 3TOM lllare — CYMeThb OX-
BaTUTb NMpoG6/ieMy LEJHKOM; camasi PacnpocTpaHeHHast HeNPHATHOCTb —
YCTpaHUTb TOJBKO HEKOTOpPHIE CUMNTOMBI OmIHOKH. M3GeraiiTe «sxche-
PHMMEHTaJIbHBIX» HcnpaBaeHHi («Kaxercs, Jes0 BOT B 4eM; MOMBITAIOCh-
Ka 51 U3MEHHTb 3TO TaK, M IOCMOTPHM, YTO TOJYYMTCA»); OHH MOKa3bl-
BaIOT, YTO BHI ellie¢ HeIOCTaTOYHO NOATOTOBJIEHHI K OT/IafiKe 3TOil nporpam-
Mbl, TIOCKOJIbKY He NOHMMAaeTe ee. :

B pmene ucnpas/ieHHs1 OLIHGOK Ou€Hb BaXXKHO MOHUMATh, YTO OHO BO3-
BpallaeT Hac Hasaj, K CTaiuy NpoeKTHpoBaHHs. OGUZHO, ecH mociae
3aBeplIEHHSA XOPOILO OPTaHH30BAHHOTO NPOEKTHPOBaHHS BeCh €ro CTpo-
Il NOpSJOK Hapyliaercs, KOTJa BHOCATCA MNoONpaBKH. McmpaBreHus
JIOJIKHBI BBINMOJIHATLCA NO KpaHHed Mepe Tak e CTpOro, Kaxk nepBoHa-
Ya/IbHOe MpoeKTHpoBaHHe mporpammbl. Ecnu HeoGxoaumo, ciaenyer o6-
HOBUTb JOKYMEHTAIHIO, NONMPAaBKH JOJKHBI IPOXOJUTb CKBO3HOMN CTPYK-
TYpHBIHl KOHTPOJIbL HJIM JApyrue GopMbl KOHTPOJIBHOTO 4TeHHs Nporpam-
mbl. Hy oniHa nonpaBKa He «Mana» HaCTOJIbBKO. , YTOOLI He HYKJAThCs B Te-
crupoBanHd. Ecau owmnb6ka Oblta oOHapyKeHa IOCJe€ aBTOHOMHOTO
TECTUPOBAHHUS, HYXHO JOGaBHTL TECTHl MOAYJ]S, KOTOPble, OYEBUIHO,
OTCYTCTBOBAJIH NPH NEPBOHAYaJ]bHOM TeCTHPOBAHWH, H MOBTOPHO Bbl-
[IOJIHUTb BCE ABTOHOMHBIE TECTHI.

ITo camoit cBoeil mpupoje HCNpaBJIeHHs] BCerja UMEIOT HEKOTOpoe
OTpULIaTe/bHOE BJHsHHE Ha CTPYKTYPY HpOrpaMMbl H JIETKOCTbL ee
yreHusi. TOT pakr, 4TO OHM JeNAIOTCS B YCJOBHSAX MECTKOTrO JaBJEHuS,
yCH/IKBaeT 310 BausiHue. ONBIT TOKa3al, 4TO NIPH HCNPAB/IEHHH JOBOJIbHO
BBICOKA BEPOSITHOCTb BHECEHHsI B NMPOrpaMMy HOBOH OLIMGKH (OGBIYHO
ot 20 no 50%). W3 aToro cnenyer, 4To OTMaJKa AOMKHA BHINOJHATHCS
JIY4IIUMH NPOrpaMMHUCTaMH NPOEKTa H HHKOrJa He NOJ/DKHA Mepek/ajipl-
BaTbCs Ha IJIEYH HOBUYKOB. .

HyXHO nmoNHOCTBIO OTKa3aThbC OT HCHpAaBJeHHH HeNocpeACTBEHHO
06BeKTHOFO KOAA B pacueTe No3jHee HCIPaBUTb HCXORHHIN TeKcT. TaM,
rlle JonycKaeTcs 3TOT METOJ, BCerja uapHr riy6okas TpeBora, mocKo/b-
KY JIETKO MOXET OKa3aTbCA, YTO OOGBEKTHBIH KOJ M HCXOAHBI TEKCT HE
COOGTBETCTBYIOT APYT APYry. fono/sHutesnbHoe BpeMmsi, HeoOXoqumoe AJ1%
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p]ﬁcnpaBJle,Hﬂﬂ HCXOJTHOTO TEKCTA H €ro KOMOUJIAUHUH,— 3TO 3aTpaThl, Ko-
TOpHIE Bcerja OKyNnaTCH.

YHCTPYMEHTDI OTJIALKH

HesaBupHbIA ypoBeHb, Ha KOTOPOM HAXOAHTCA GOJILLIUMHCTBO HH-
CTPYMEHTOB OTJIAJIKH, XOPOIUO W/UIIOCTPHPYETCS HeJaBHHM PEKIaMHbIM
o6bsABNEHHEM, OGDBACHSIOMHUM, I04eMy CJeLyeT NOKYNaTh HOBYIO KHHLY
no fA3bIKy accem6iepa: «[Ipexae Bcero, BaM HaBepHAKa NMPHAETCS WH-
TepOpeTHPOBaTh AHACHOCTHKY MJIA Pe3yJbTaThl KOMNHJSALHH C f3bIKa
BLICOKOTO YpoBHs. Ec/in BuI He 3HaKOMEI ¢ Ga30BbIM $I3LIKOM acceMbiepa,
Bac OXHJIaeT 3ajjaya NOYTH Hepaspewnmas». K coxanenuio, 310 yT-
pepXKIeHHe PHCYeT peasibHYI0 KapTHHY, XapaKTepHYIO st GOJbIUHH-
cTBa CpeAcTB oTAanKH. CerogHsa yKe He/b3si MUPHUTHCS C TeM, UTOGHI one-
palHOHHAsi CHCTeMa, OGHapyXuB owHOKy B nporpamme Ha Poprpane,
BLIBOAM/Ia BOCbMEPHUYHbIE HJIH IeCTHAaANaTep HUHbIe JaMmiibl, 6e3:KaJI0CTHO
pacrneyarbiBajla TNepeMeHHEIe ¢ MJIaBaiollell TOUKOH B IeCTHaALaTepud-
HoMm ¢dopMaTte (3acTaBisisi nporpamMmucra Ha PopTpaHe BHIIOJHATH He-
TpUBHAJbHbEIE TPe06pPa30BaHHu), NpeJicTaBsa porpammy Ha Poprpane
He B ee HUCXOAHOH ¢opme, a B BHIE MAaUIMHHBIX KOMaHA H afpecoB H
MoJaBJIsyIa IPOrPaMMHCTa H3OBITKOM He OTHOCSIIMXCS K Jeqy GecroJes-
HBIX JaHHBIX, HalpUMEP YKa3biBasl COAEPIKHMMOE YNPABJSIOMHUX GJIOKOB
CHCTEMBI.

OcHoBHO# HeZOCTaTOK GOJILIIMHCTBA UHCTPYMEHTOB OTJIAAKH 3aK/IIO-
4aeTcs B TOM, YTO OHH BHIHYXKJAIOT NMPOTPaMMHCTa, paboTaloweEro Ha
fI3blKe BBICOKOTO YPOBHSI, pa3GHUpPaThCs B JeTassiX MALIMHHOIO f3blKa, U
3TO B CHTYal[MH, KOIJa [JIaBHOE Ha3HayeHHe SI3BIKOB BbICOKOTO YPOBHS —
CKPRITb OT IIPOTPaMMHCTA 3TH AeTajiu. PemeHne 31oft npoGeMbl COCTOUT
B TOM, UTOGbI MPOEKTHPOBATh BCe CPEACTBA OT/IAJKH B pacyeTe Ha UX
obLieHue ¢ MPOrpaMMHCTOM HCKJIOYHTEBHO B TEDMHHAX f3blKa NPOrpaM-
MHPOBaHHS U HH B KOEM C/yuae He B TepMHHAX MauwHHb. OnuCaHHbIE B
9TOM pasfieie MHCTPYMEHTH MPeACTaBJASIOT co0OH HEKOTOphle ard B
HYKHOM HamnpaBJ/IeHHH.

JuajioroBbie HHCTPYMEHTDI

B GoabwinHCTBE CBOEM AHA/NOrOBLIE MHCTPYMEHTHI OTJajKH obecre-
YMBalOT B3aHMOJEHCTBHE NPOrpaMMHCTa C NPOTPaMMoil BO BpeMsa ee
Bbino/iHeHHa. OHH MO3BOJIAIOT NPOrPaMMHCTY NPepHBaTh Nporpammy,
YKaspiBasi B Heli mo4Kku 6KAUHUBQHUS (3apaHee HaMeyeHHblE TOYKH, B
KOTODHIX BHINOJIHEHHE NIPOTPaMMbI JOJIXKHO GbITh [IPEPBAHO), a TaKXKe Bhi-
BOJHTb M HM3MEHSATh 3HAUEHHs NepeMeHHBIX, 00pallasch K HUM 1O CUM-
60AuUdecKUM umeHam (a He N0 ajpecy naMsTH), MPOXOXHTH MO Mporpamme
‘OnepaTop 3a ONepaTopoM H MoJy4aTh AaMIbl B CHMBOJIHUECKO#H dopme.

OnHuM W3 TaKMX HHCTPYMEHTOB SBJSIETCS OTJNANOYHBIN KOMMHJIS-
T0p (Checkout Compiler) ¢ sizeika PL/I ¢pupmut IBM [7]. TIporpammuct
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ofiiaercs ¢ HUM TOJIbKO B TeDMUHAX ucx00HO020 SI3bIKA. OH MoXeT ycra-
HOBUTb TOYKH BKJIMHMBaHMSA B KOHKpeTHuIX oneparopax PL/1, uamenuts
3HaueHHe nepeMeHHo# A, neuatas «A =2», ¥ NOJYYHTh CAE] NOONEPaTOp-
HOH NPOKPYTKH nporpammbl. IIpOrpaMMHCT MOXeT MoJy4HTh BHIGOPOY-
Hble HarJsifHble AaMmnbl N0 TaKHM 3anpocaM, KaK «Bce aKTHBU3HUPOBaH-
Hble MPOLEAYPBI», «BCe pali/ibly, «BCce NepeMeHHble-yKa3aTeJu», H COCTOs-
HHe Bcex BeTBell U cutyauui npepbiBanus. Komnuasrop PL/1 B cucteme
Multics ¢upmel Honeywell npencrasisier ananoruuHsiii Ha6op cpencrs
OTJIafKH [853. ®upma IBM nocrasnsieT nogo6GHbIE CPEACTBA IJIS A3bIKOB
®oprpan 1 Koboa [9]. SIseix AINJT Graromapst npucywuM emy O6iHo-
CTH ¥ €lU1HOO6PAa3HI0 NPEACTaBIsieT CO00H HIeaNbHYIO OT/IALOYHYIO Cpe-
1y, B KOTOPOH SI3BIK NMPOrpaMMHPOBAHHS M A3LIK OTJNAAKH COBMAjAIOT.

MHCTpYMEeHTHl OT/IaJIKH TaKOro THNA MOJIE3Hbl NPH TECTHPOBAHMUH,
HO OHH OOBbIYHO HE MPHMEHHMMBI MPH OTJaJKe CHCTeMbl, SKCIIyaTHpye-
Moii B paboueM peKUMe, TAK Kak TpeGYIOT CHellHa/NbHbIX BO3MOXHOCTE!
Komnuastopa. Ilpu pa3paGoTke GO/BIINX, CJOMHBIX TNPOrPaMMHBIX
CHCTEM CTOUT PacCMOTPETH BONPOC O BKJIOYEHHH CPEACTB OTIAAKH NPAMO
B co3jaBaemyio cucremy. Hanpumep, onepanuonunie cucremsl OS/VSI
u OS/VS2 ¢upmer IBM comepkar oT/1ajouHoe CpPeACTBO, Ha3bIBaeMoe
DSS (Dynamic Support System — cucrema quHaMHYeCKOH NOAAEPIKKH)
[10]. DSS nosBoJsier 06CayKUBaIOLIEMY IEPCOHANY B3aHMOJEHCTBOBATD
c cucremoil B paGouem pexknme. MOXKHO 3aKasaTh MpephiBaHHE (TOYKY
BK/IHHHBAHHSA) Ha KOHKDETHOH KOMaHJEe, MOXHO NOTpe6GoBaTh OCTaHO-
BHTb CHCTEMY ITPH M3MEHEHHM KOHKPETHOTO PETrHCTpa HJIH CJIOBA IaMSTH.

Cucrema EXDAMS

OnpyH H3 JMaJIOTOBBIX HHCTPYMEHTOB, 3aCJYXUBAIOWHH 0co6Oro
ynomunanusi,— 3ro EXDAMS (Extendable Debugging and Monitoring
System — Pacunpsemas cucreMa otaaaky 1 Kourpods) [11]. EXDAMS
VHHKaJbHa H MO HaGoOpYy NpelNoCTaBJ/ISiEMBIX MOJL30BATENIO BO3MOMKHO-
cTeft, ¥ no crnocoGy HX peaju3allH.

'EXDAMS — nuasoroBoe CpeacTBo, HCNOJb3YiOLlee TEPMHHAaJA C
aucryieeM. XOTS NOJb30BaTeNb 3a TePMHMHA/JIOM MOXKET CUHTATb, YTO
OH B3aUMOJE/CTBYET C MPOTPaMMON BO BpPeMs ee BLINOJIHEHHS, B JeH-
CTBUTEJNBHOCTH OH paboTaeT ¢ XPaHHMOH HA JIEHTe HCTOPUEH BHINOJIHE-
Husi mporpammel. Ilpexxpe Bcero EXDAMS 3anomunaer B ¢aiisie ucxos-
HBIi TEKCT NPOrpaMMbl M ee TaGMHIly CHMBOJIOB. 3aTeM Mporpamma
BLINOJIHSAETCSA, H NP 3TOM CO3JaeTcsl JIeHTa, CofieprKalnas cnes ynpasJe-
HHsl M pe3y/IbTaThl BceX ONepaTopoB NMpHcBauBaHus. Korma nosib3oBa-
Telb NPHCTYyNaeT K OTJaJKe NPOrpaMMbl, OHAa «BBINOJIHSETCS» 3a CYeT
«TIPOKPYYHBaHHS» 3ToH JieHThl. Huxke mepeuncieHbl mpHMephl HEKOTO-
PbIX H3 MHOXECTBa OTJAJOYHBLIX BO3MOXKHOCTEH.

1. TMonp3oBartens MoxkeT ckasarhb: «[lokaxkure onepaTtop, B KOTOPOM
nepemeHHofi A mpucBoeHo 3naueHne 33.3.» EXDAMS nokasniBaer Ha
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sKpaHe CerMeHT HCXOIHOro TeKCTa MPOrpaMMbl, OCOGEHHO APKO BHICBE-
yyBasi COOTBETCTBYIOWLUE omeparop.

2. Tosmb3oBaTenb MOXKET yKa3aTh CIHCOK NMePEMEHHbIX, 3HAYeHHs
KOTOPHIX OH XKeJlaeT npoBepuThb. MiMeHa STUX nepeMeHHBIX CTAHOBATCH
Ha 9KpaHe 3arojIoBKaMM CTOJIGLOB, B KoTopbix EXDAMS, npokpyuu-
Basi NpOrpammy, nocCjeAoBaTeNIbHO MOKAa3HBaeT UX W3MEHSIOLLHecs CO
BpEMEHeM 3HayeHHs.

3. Ilonp3oBatesib MoXeT HabMoAaTh 3a BBHINIONHEHMEM CBoefl mpo-
rpamMmbl. OuepenHoi BEINONHSAEMEL ONEPaTOp BIAENSETCS] APKOCTHIO, H
€CJIH 9TO ONepaTop MPUCBAaUBAHMUS, TO BbIAAIOTCS TAaKXKe €r0 Pe3yJIbTaThl.
[Ipu 3TOM MO/b30BAaTe/b MOXKET BHINOJNHSATH CBOIO NMPOTPaMMy Kak B
npsIMOM, TaK M B OOpaTHOM HampapJeHHH.

CpencTsa si3nika

B nonojHeHHe K yNOMMHaBIINMCS BBIlIE CPEACTBAM OTJAJKH aHAJO-
TUYHBIE CPEACTBA 4YacTO BKJIOYAIOT B S3BIKH NPOrPaMMHMPOBAHHs B
KauecTe UX pacmupenuii. B PL/1 uMeercs mouuasi cutyauus npepbi-
Banus CHECK, koropasi NpUBOAHT K NpepPHIBAHUIO W/H Bbijaue cooblie-
HHsl Kax/Iplil pas, Korja H3MEeHseTcs 3HaueHHe YKa3aHHOH mepeMeHHOi
HJTH BHIMOJIHSETCS ONepaTop ¢ yKasaHHo# mMeTkoi. Hanpumep, oneparop

(CHECK (TRAN, TABLE, I)): DIST: PROC;

BLI3bIBaeT BblJAUy cooOUIeHHs, Kak Tosabko B mpoueaype DIST. usme-
HsoTC 3HaueHus nepemeHHbix TRAN, TABLE wau I.

JononuurenbHnie BosmoxkHocTH HMeworcs B PL/C [12], omuoit us
Bepcuii PL/1. Kpome Toro, uto B PL/C Takxke uMeeTcst KOHCTpYyKUHS
CHECK, PL/C takxe npoBepsieT, NPUCBOEHO JIH NePEMEHHOH 3HaueHHe
Io ee yroTpeG/ieHHs] U He BBIXOAAT JIM WHJEKCH 33 YCTAHOBJIEHHBIE Ipa-
Hunsl. PL/C no3BoJisieT Takke OCTaB/IATb B IPOrpaMMe OTJ/IaJ0uHLe Ofe-
paTophl; OHH pacCMaTPHBAIOTCH JHO0 KaK KOMMEHTapHH, JH60 Kak
BBITIOJIHSIEMbIE OMEPaTOPH B 3aBHCHMOCTH OT YKa3aHHS KOMIHJIATOPY.
Hanpumep, oneparop

/= 4 PUT SKIP(3) LIST(HIT POINT 32’, ICOUNT); «/

HHTepHpeTHPYeTCs] KaK KOMMEHTapHil, ec/H TOJNbKO B YNpPaBJISIOUKX
Kaprax He YKas3aHo

COMMENTS=(4);

B pe3yJjibTaTe 4ero 3TOT ONEPaToOp NpeBpaliaeTcs B HaCTOAIMH onepaTop
PUT. 3rot MeToa MOxHO GbiIO Gbi €lie yCOBEPIIEHCTBOBATh, NO3BOJSS
aKTUBU3UPOBATh 3TOT OMEPATOP BO BpeMsl BHINONHEHHS, a He TOJbKO BO

BpeMsi KOMIHJISILIMH.
PL/C Beiaer Takxe nosie3nvie cBeleHUs B caydae oHOGKH. OHH co-
JIePXKaT CIHCOK BCeX MepeMEeHHbIX M HX TeKyllHe 3HaueHus, CIHCOK ne-

e} o
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PEMEHHEBIX, Ha KoTopbie He GbUIO CCBUIOK, CYETYHKH YaCTOTHI BBINONHEHHS
BCeX TOMeYeHHBIX onepaTopoB H BXOJOB, a TaKxe CIHCOK 18 mociexHux

nepe'gaq ynpaBJleHHﬂ.

Jamnpl

Kax yxe oTMeuasocb, TPYAHO ONpaBJaTh BblIauy CPEeACTBAMH OT-
JaJiKA MPOCTOro BOCbMEPHYHOTO MJIH LIeCTHAAUATEPHYHOIO Aamma. DT
NPYMHTHBHBIE AaMIbl COAEPKAT OrPOMHOE KOJIHYECTBO He OTHOCSIIUXCSH
K JleTy JaHHbIX M OOBIYHO BBHIBOASIT HX B HeylnoOHOH (opme, BCaeAcTBHE
Yero MHOTHM OPTaHH3aLHAM NMPUXOAHUTCH CHENHaTbHO OPraHH30BHIBATH
3aHATHS, NOCBSILEHHblE HCK/IIOYHTEJNbHO HCKYCCTBY UTEHHsl AaMIMOB.
Jlamnel B TepMHHaX BXGIHOIO s3biKa, HalofoOHe Tex, YTo obecneduBa-
er PL/C, oueHb iKeJaTe/IbHBl, HO OHH TPeGYyIOT TeCHOH CBSI3H Nporpam-
MbI BbIZAUH JaMIOB C KOMIHJISITOPOM.

Pa3paGoranHas B yHuBepcuTere wirata Oraio nporpamma BbfauH
JlaMIIOB 10KasaJjia, YTO MOXKHO peasii30BaThb PasyMHble NMPOrpaMmbl fe-
yaTH namnoB u 6e3 cesisu ¢ KoMmnuastopoM [13]. Takue aamns! BepaGa-
TBIBAIOTCS ONEPAUHOHHONH CHCTEMOH NPH BO3HHKHOBEHHH INPEPLIBAHHSA
no omnbGke B HpUKIafHo# nporpamme. MX uejp — HanewaraTtb TOJIbKO
Te JaHHbIE, YTO OTHOCATCA K Jeny, npeoGpa3oBaTb HX B COOTBETCT-
BYIOLIYIO YHCJIOBYIO (OPMY H MOMOYb MPOTPAMMMCTY, MOACKA3aB BO3-
MOXHYIO NPHUMHY npephiBaHudA. B jpamne sHaueHHfl BCeX PErHcTpoB ¢
n/aBaioliell TOYKofi nevaraiorcsi B AeCATHYHOM dopMaTe C MOPALKOM, a
He B llecTHaAuaTepHuHoil GopMme «c H3ObITKOM 64». Bhi3aBaBLIasi OLIMGKY
KOMaHJa «pa3GupaeTcs» U neyataercs Ha si3plke acceM6iepa, a He B Ma-
LIMHHOM KOJe, BBIBOJMTCS TaKxkKe OMNMCAHHEe NpephBaHHA.

CyuiectBeHHast 0cOGEHHOCTb 3TO NPOrPaMMbl BbAaYH HaMIOB CO-
CTOMT B TOM, YTO OHa MbITAeTCSl yrajaTb AeHCTBHTEJBHYIO OLIHGKY,
KOTOpasi npuBeJa K NporpaMMHoMy npepbiBanuio. st 3toro 6bu1o mpo-
aHaJM3UPOBAHO MHOXECTBO JAHHBIX OO0 HM3BECTHHIX OLIMOKAaX C UEJbI0
OnpeJie/IHTh, KaKHe THIIB OHGOK OGLIYHO BH3LIBAIOT Te /M MHBIE MPO-
rpammHble npepbiBaHusi. Ilporpamma BblfauH: JaMIOB aHaMU3UPYET H
THII NpepbIBaHHS, U BbI3BaBINYIO 5TO NpepLIBaHHEe KOMaHIY, H €e pacro-
JIOXKeHMe, H, TMOJb3ysichb 3Tofi HHpOPMallMeH, BHICKa3biBaeT NOTaiKy O
BeposiTHo#l omuGke. Hanpumep, eciin kox npepriBanusi OC4 (nonniTKa
ajipecoBaTh 3alHLIEHHYIO 06/acTh MaMsTH), a o6 peructp 15 conep-
JKUT ecTHagnatepuuHoe unciao 02005000, mporpamMma BhZaud AamroB
JieJlaeT BbIBOJ, 4TO IPHKJajHas NporpaMMa MbITajJach YUTATh H3 HEOT-
KpHITOTO (aiiyia, H neyataeT cooluieHHe 06 9TOM, a TaKxe UHGOPMALHIO
06 sToM dafiie U3 ynpaBasiomero 6JoKa. )

Pa3symHble nporpamMmbl Bbilaul JaMIOB, BPOJie 5TOH, MOXHO pacuiu-
pHTb, BK/IIOYHB DPAaclo3HaBaHHe DPACHPOCTPAHEHHBIX OIIMGOK TNPH HC-
NoJib30BaHHH KOHKPETHLIX s13blkoB. Hampumep, ecan noamporpamme Ha
®opTpaHe B KauecTBe aprymMeHTa nepefiaH MacCHB H 3TOT MaCCHB He 06bsi-
BJeH B Hell B onepatope DIMENSION, To GOJIBIIMHCTBO KOMITUJISITOPOB
NPUMET CChUIKY Ha 3JEMEHT 3TOro MaccuBa 3a obpalleHHe K (yHKIHH
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B moc/eflyeT MOMbITKA BHIMOJHHTb MacCHB Kak nporpamMmy. Pasymuas
nporpamMMa Bbila4H JAMIIOB JIETKO Morya Obf pacro3HaTh TaKyi0 CUTYya-
MO M YrajaTb OLIMGKY.

Undopmaunonnbie cpeacrsa

[pu oti1azke GOMBLIOH CHCTEMbI MPOrPAMMHUCTY YacTo GBHIBaeT HYX-
HO MOJNYYHTb OTBET Ha BONPOCH Takoro popa: «Kakue eme mopymnu
CCBUIAIOTCS HA 3TO MOJie B 3TOH 3anuch?» uiaM «Kakue MOAYJM BhI3biBa-
10T 5TOT MOAYJIb?». Bbulo paspaGorano HeckOMbKO cpeAcTB c6opa u 06-
paGOTKH TaKol UH(pOPMAlHH, JAIOIHX OTBET Ha 3TH H ApYyTHe NnofoGHbe
BOIIPOCHI. .

PaccmatpusaBuiasicss B . 11 cucrema ASES o6ecrieunBaer 4acTh
5THX BO3MOXHOCTeH, 3anoMHHasi HWH{opMauuio o mporpamme B Gase
JaHHBIX H OTBeYasi Ha BONpPOCHl THNA «B Kakux omeparopax HCIoJb3Y-
10TCSl U/MJIH U3MEHSIOTCH 3HAYEHHS BOT 3TOfi NepeMeHHofiP». Bo3MoX-
HoctH Cross-Program Analyzer B cucreme AUTOFLOW 11 ¢upmer
Applied Data Research nosBosisiior BhIpaGaThiBaTh OTYETHI WJIH OTBe-
yaTh Ha 3aMpockl TAKOTO THIA, KaK MOHCK BCEX ONEPATOPOB, B KOTOPHIX
€CTb CCbLIKA Ha JaHHYIO NIePeMEeHHYI0, NOHCK HapyUIeHHH OnpeAesieHHBIX
CTaHJApTOB MPOrpaMMHPOBaHHMS, NMOHCK BCEX ONEPATOPOB, B KOTOPHIX
€CTb CCBLIKH Ha J@HHBbIA (aliy, WM NOHCK BCceX MOAYJefl, KOTOpbie Bbl-
3BIBAIOT JaHHLIA MOAYJb.

CpencTBa npociexHBaHHsI H TPaCCHPOBKH

lNocneanuit Kaacc HMHCTPYMEHTOB OTJIAAKH COCTaBJSIOT CPEACTBA
camoH MporpammHOi CHCTeMHI, coo6iaollye NporpaMMHCTy HHGopMa-
uHIo B c1y4ae owHOKU. CpelicTBa aKTHBHONO M IACCHBHOTO OGHapYyxe-
HUsi OWINOOK, paccMaTpHBaBUIHECS B T 7, HAXOAAT W 3alUCHIBAIOT MH-
¢opmauuio 06 omnbKax H, TakMM 00pa3oM, NONANAIOT B STY KaTerOpHIO.
B 6asax naHHBIX M cHCTeMax Tesneo6paGOTKH HacTo BeNETCs KYypHaJ,
B KOTOPOM XPaHATCH KONHH KaXIOTO cooBUIeHHs Ga3bl NaHHBIX WJIH
TepMHHana, 4ToObl OGecneynTh BOCCTAHOBJIEHHE B CJyuyae OTKas3a ar-
naparypsl HJIH IPOrPaMMHOT0 o6ecrieueHH s M COXPAHUTD CJIELH! MOMBITOK
HapyLIHTb NPaBHJIa CeKPeTHOCTH. TakKHe >KypHaJibl He3aMEHHMbl TaKXKe
U NIpU OTJIaJIKe.

KpynHple cHcTeMBl peasibHOTO BpeMeHH JOJKHBI HMETb CpeicTBa
IJIs perucTpauyiH BHYTPEHHHX NOTOKOB JaHHBIX B cUcTeMe. DTH cpel-
CTBa MOT'YT OBITb peajii30BaHbl Ha PA3JHUYHBIX YPOBHAX, HaOpHUMEp Mo-
TYT perucTPHPOBATH BCE BLI3OBbI NOACHCTEM, YPOBHell aOGCTPakUMM HJIH
laxe OTHENbHBIX MOAyJel. JI/s KaxJA0oro BHI30Ba COCTaBJAETCH 3aMHUCh,
Coneprxkauas HMeHa BbI3HIBAIOLIETO W BHI3LIBAEMOTO MOAYJIEH H mepesia-
BaeMple BXOJHEIE M BBIXOJHble IaHHblE. 3alHCH MOXHO XPaHHTb Ha
TpaccypoBOUHOI JIeHTe WJIH B Kojblle OydepoB TakUM o0pa3oM, 4TOOBI
CoxpaHuauch Toabko N (Hanpumep, 100) mocienHux 3amucedi.

Q%
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H3YYEHHUE MPOLIECCA OTJIAAKH

OpuH w3 JAydiwMx CHOCOGOB MOBBLICHTb HAJEKHOCTb NMPOrPaMMHOTO
ofecreyennsi B HBIHELIHHX HJM OYRyIUUX MPOEKTaX — OYEBUIHEBIH, HO
yacTo yNycKaeMbli U3 BUY Npouecc 06yyeHH sl Ha CAeTaHHBIX omHbKaXx.
Kaxayio olIMGKY CJeAyeT BHHMATENIbHO M3YUHTb, YTOObI MOHATH, NOYe-
MY OHa BO3HHKJIA M 4TO JOJIKHO OBLTO OBITH CI€JaHO, YTOGHI ee TPenoT-
BpaTUTb WJH OGHAPYXHTb paHblle. Pelko MOXKHO BCTPETHTb mporpam-
MHCTa HJIH OPraHHU3alHIO, KOTOPLIE BBINOJHANIH Obl TaKOH MNOJIE3HBIH
aHaJu3, a KorJa OH IPOBOLHUTCS, TO OOLIYHO MMeeT MOBEPXHOCTHBIA Xa-
pakTep M CBOAMTCA, HampHMep, K KJacCHPUKalHUH OLIMOOK: OIHGKH
NPOEKTHPOBaHMS, JIOTHYecKHe OHOKH, OINOKU conpsKeHHs UJIH JIpy-
rue, He HMeIOIHE OCOBOTO CMBIC]IA KAaTErOpHH.

HyxHo ynensiTe BpeMsi HM3y4eHHIO NPUPOABl Kascdoi oGHApyxeH-
Hoil OWIHGKH. §I J0/KeH MOJYePKHYTh, UTO AHATH3 OLIHGOK JOJ/IKEH OLITh
B 3HAYHMTE/ILHON Mepe Ka€ecmseHHoim W He CBOAMTHCS IPOCTO K yHpax-
HeHWIo B «nojcyeTe 6o6oB». UTOGH MOHSATb NpPHYUHEL, JekKaipe B oc-
HOBe OMIHGOK, H YCOBEpPLIEHCTBOBATb MPOLECCH HPOEKTHPOBAaHHS H
TECTHPOBAHUS, HYXKHO OTBETHTb Ha CJIEAYIOMIHE BOIPOCHL:

1. TTouemy BO3HUK/Ja HMEHHO Takasi omu6ka? B oTBeTe NOJIKHbBI
ObITb YKa3aHbl KaK IEePBOMCTOYHUK, TaK H HENOCPEJNCTBEHHBIH HCTOUHHK
omu6ku. Hanpumep, omnbka Moriia GbiTh cieslaHa TIPH HPOrpaMMHpO-
BaHHHM KOHKPETHOTO MOJYJIfl, HO B €e OCHOBE MOTIJIa JieXKaTb HEOLHO3-
HayHOCTb B cHerU(HUKauusAX HJIH UCTPaBJeHHe APYrod olwu6Ku.

2. Kak u korga omn6ka 6b1a o6Hapy»xeHa? [TocKosbKY MBI TOJIBKO
4TO JAOGHJIHCH 3HAYHTEJLHOTO ycrnexa, roueMy Obl HaM He BOCIHOJIb30-
BaTbCsl NMPHOOGPETEHHEIM OMNBITOM?

3. INouemy 3Ta omubOKa He Grina OGHapyXKeHa NpH NPOEKTHPOBaHHH,
KOHTpOJIe WM Ha npeAbiayinell ¢ase TecTUPOBaHUA?

4. Yro crenoBaJjio cienath Npu IPOeKTHPOBAHUH UJIH TeCTHPOBaHHU,
YyTOOBI TpeAyNnpefuTh NOSBJIEHHE 3TOH OWMOKH HJIH OGHApYXKHUTb ee
paHblue?

CoGupath 3Ty HMHGOPMALHUIO HYXKHO HE TOJBKO VISl TOro, YTOOKI
yuuTbesi Ha omn6Kax. OpuuuanbHas Gpopma oTUETHOCTH 06 omwnbkax H
06 HMX HCTpaBJeHMH HeoGXOAMMa U ISl TOro, 4roGbl rapaHTHPOBATh,
4To OGHapyKeHHbIe OIHMOKH B pabOTalomUX HJIH TeCTHPYEMBIX CHCTEMax
He YNyIEHb H YTO HCIpPAaBJIEHHs BINOJHEHbl B COOTBETCTBHH C MPHHSA-
TeiMH HOpMaMH. [TouTu B KaXkzofi opraHu3aluy ecTb Takas Ipouenypa,
NO3TOMY HET HeoOXOLUMOCTH ee ONUchiBaTh. )KesaTeNbHO NOJKPENHTb
ee Mporpammoii ympas/ieHHsl U HaGMIOfleHUs 3a UCNpaBJeHHeM OIIHGOK.
Hanpumep, B IBM ucnonbsyercss nmporpamma, HaseiBaemass SMP (Sys-
tem Modification Program — mporpamma Moaudukauuu cucrem) [14],
KOTOpasi TIOMOTaeT BHOCHTb M3MEHEHHsI H OTMEHATb HX, €C/lH OHH OLIH~
GouHbBI, 3aMOMHHAET CTATYC KaXKAOTO MOAYJs M obecrneuHBaer peru-
CTPaUHIO BceX MoAHHKaLMil.
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Jpyro#i cnoco6 obyueHusi Ha omu6Kax B MporpaMMHOM ofecreye-
f#UM — YYHTBCH Ha ONbITe APYTHX OpraHu3anHil, HanpuUMep H3ydas
ayOnHKyeMble HccefioBaHMsA OWMGOK. K coxaleHHio, 5TO He XKH3He-
€cnocoOHBIA BapHaHT, NOCKOJbKY TaKMX HCC/IeJOBaHHA HEJOCTATOYHO
110 HeCKOJIbKMM NpHUHHaM. BoJblIMHCTBO KoMmaHuil cunTaeT HHdopMa-
quio 06 olMOKax B NpOrpaMMHOM oOGecreueHHH KOH(HAEHIUANbHOM.
[TouTd Bce HCCNENOBaHHUSA, KOTOPbie BCe-TaKH MyGJAUKYIOTCS, CYyTh Npo-
CTHIE «MOACUETHl 6060B» (Hanmpumep, «32% Haumx omUGOK GLLIM JIOTH-
yeCKUMHM OHMIMGKaMU»), UTO JieslaeT UX NMouTH GecnojiesHbiMu. Hakouen, B
pa3JHYHBIX HCC/IEOBaHUAX OWMOKH MOACYMTBHIBAIOTCS MO-pasHOMy (Ha-
TIpUMep, 4acTo ObIBaeT HESICHO, YUMTBIBAIOTCSA JIH OLINOKH, OGHAapYKeH-
Hble IPH KOMIUJIALKH, CKBO3HOM KOHTpOJIE, aBTOHOMHOM TeCTHPOBaHHUH,
U OWHGKY, OOHapyKeHHble TOJb30BaTeJeM), UTO JeJaeT CPaBHEHHE
pasHbIX TPOEKTOB MNOUTH HEBO3MOXHBIM. ECTb, OfHaKO, HEKOTOphIe
uckmoueHusi. Duapewn [15] maer uHTepecHoe Hcc/enOBaHUE OLIHGOK,
HafeHHbLIX TNpPH TECTHPOBAHHM BHIMYCKa OMNEPanOHHOH CHCTEMbI
DOS/VS IBM. llyman u Boscku [16] ananusupyior pecypcel, norpa-
4yeHHble TIPH TeCTUPOBAHMH U OTJaJKe HeGosbLIOH mporpammel, a Kpeir
{17] ananusupyer omHGKH B Tpex GOJBIIMX MPOrpamMmax.
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YACTb 4

JononHuTe AbHBIE
'BONPOCHl HaJEKHOCTH
NPOrpaMMHOro oéGecneyeHus

raAsA 14

Metoabl PyKOBOACTBa
H HAJEXHOCTb

Ecau BBl agMUHHCTDATOP M OOPAaTHJIHCh K 3TOM IViaBe B Hajexne
HaWTH 3JieCh CKATOe H3JI0XKEeHHe METOJOB YNpaBJIeHHsl, KOTOPbIE MOT'YT
NOBJIMSITh HA HaJeXKHOCTb NPOTPaMMHOTO obecreyeHHs, Bbl 3a6ayKaa-
erecb. HeBo3MOXHO pasfenuTb npoGiemMbl Ha «UHCTO YHpaBJIEHYECKHE®
U «UHCTO TEXHHYECKHE», H 1O 5TOH NPHYHHE NOYTH B KAXKAOH IVIaBé KHUTH
OoOCyXAaloTcH HJeH, KOTOpble AOMKHBI HHTEPEeCOBAaTb PYKOBOAMTEJS
upoekrta. HasHaueHue JaHHOH TIJlaBBl — PaccMOTpeTb HEKOTOPhIE BO-
IIpoChl PYKOBOJCTBA, He BIHCABIUNECS €CTECTBEHHO B APYTHe IJIaBHL.

3pech y uuTaTessl, HE Y4ACTBYIOIHErO B YNPaBJIEHHH, MOXET BO3-
HUKHYTb BONpOC: a 3aueM BooOlie paccMaTPUBaTh 3TH INPOGJAGMEI B
KHHIe 10 HaJeXHOCTH NporpaMMHoro oGecneueHus? Kak To, uto pe-
JiaetT (WM He JeJaeT) MOH PYKOBOJAHTe/b, NOBJHSAET Ha YHCJIO OLIHGOK
B Moeli mporpamme? OTBeT NpOCT: HafleXKHOCTb NPOrpaMMHOro ofecne-
YyeHus1 Tpebyer cOGMIONEHHs HEKOTOPO# AMCIMIVIMHBIB BOIPOCaX PYKO-
BOJACTBA B TaKOH »Ke CcTeneHH, KaK M B Bonpocax TexHuueckux. Mccieno-
BaHHS NPOTPAMMHBIX [POEKTOB [OKA3a/H, YT® IPaMOTHOE DPYKOBOACTBO
{WJIH €70 OTCYTCTBHE) YACTO SABJSETCS OCHOBHBIM (aKTOPOM, ONpefessio-
muM ycnex npoekra. HepaBHee Heoduuua/nbHOe Hcc/legoBaHue B Kpym-
HOH KOMMaHUM MOKa3ajo, YTo, IO MHEHH® NPOrpaMMHCTOB, aJAMHHH-
CTpaTHBHBIE NPOGJIEMbl NOPOXKAAIOT GoJsiee cepbe3Hbie OMIHGKH B MPO-
TpaMMHOM ofecHeyeHHH, 4eM HeJOCTaTKH MPOLeCCOB NPOEKTHPOBAHHUS,
Peaynu3anuyM WJIM TECTHPOBaHWs. (DT0 MHeHHe, KOHeYHe, He CBOGOAHO
OT mpenyGexkaeHuit.) Tpemsi OCHOBHBIMH aAMHHHCTPATHUBHLIMH Mpobie-
Mamy Obuiu HasBaHbl: (1) fgaBieHue, OKasbiBaeMee C LEJbl0 HayaTh
(BcnexcTBUe HanpskeHHOT® TpaduKa) COOGTBEHH® NPOrPaMMHPOBAHRE
(KonupopaHHe) npexAe, ueM GYJET 3aKOHUECHO NPOEKTHPOBaHUE; (2)
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HeJOCTaTOyHOoe BHUMaHHE K OOYYEHHIO NpOrpaMMHCTOB (OCOGEHHO Hc-
IO/Ib30BaHHIO SI3biKa NPOTPaMMHpPOBaHHA), U (3) c/1a6bifl yuyeT JIMYHBIX
KauecTB NPOTPAMMHCTOB ITIPH pacnpele/leHUH 3ajaHHui.

OPIrAHU3ALIMSA H NOABOP KAAPOB

CaMoe Ba)XHOe B OpraHH3alHHM NpoekTa M mnojbope KajpoB — CBe-
CTH K MHHHUMYMY YHCJIO 3aHATBIX Jiojefi. XoTa GONbLIMHCTBO afMHHH-
CTPaTOPOB 3HAaeT, YTO HaJ MHOTMMH U3 HauboJ/iee yCNeUHbX NPOEKTOB
paboTano yIMBHTENBHO MAJIO JIIOJEH M UTO METOJ «MOHTOJILCKOHN Op Abi>
[1] (nombiTka ynpaBuTbCs ¢ MpoGJeMol, IeApo N06aBisisi aTaKyolue
LleNH COTPYAHHKOB) PeIKO onpaBjiblBaeT ce6si, HE 4aCTO BCTpevaloTcs
aJIMUHMCTPATOpPhl, NO-HACTOSIEMY TMpelaHHbie 3THM uHIesM. Korgaa
IPOEKT HauyMHaeT BhI3bIBaTh (eCNOKOHCTBO, OOBIYHOE «pellleHHe» — Jo-
6GaBuTb elne JogeHd BMecTo 6oJjiee Pa3yMHOTO — YMEHbIUHTb X HHCJO.
B monosHeHKe K MOJOKHTENBHOMY BJIMSAHHUIO Ha CTOMMOCTb U rpaduk pa-
6ot (cm., Hanpumep, Bpyke [2]) MuHHMH3auMsT ykc/la YUaCTHHKOB Xo-
pOLIO CKa3bIBAETCSI M Ha HAJeXKHOCTH 6Jlarofapsi COKpPAIlEHHI0 UMC/a
cBsi3eH M, C/eJoBaTe/NbHO, OIIMGOK mepeBoja.

B GoJabumuHCTBE NpPOEKTOB TpeGyercs, uTOORl MHK KOJIMYeCTBa 3a-
HATBIX YYaCTHMKOB NPHXOAHJICA Ha (a3bl NPOEKTHPOBAHHUS H KOAHPOBa~
HHs1 MopyJefi. He crienyer ciiMiKoM paHO KOMIIEKTOBATb IUTATHI B Pa-
cyere Ha 3TOT NHK. OxHa u3 npobJeM, KOTOPble MOTYT BO3HHKHYTh
B NPOTHBHOM C/lyyae,— PHCK, YTO CO3JaBaeMOH CHCTeMe IOJCO3HATEe b~
HO OyjeT mpHIaHa CTPYKTypa, OTpaxkaiollasi OpraHM3allUOHHYIO CTPYK-
TYPY KOJIIEKTHBAa ee co3JaTeJieil.

B cayuae npexneBpeMEHHOTO KOMIVIEKTOBAHHUSI IUTAaTOB GOJbLIOTO:
[IpOeKTa 4acTo BO3HHKaeT U Jpyras npo6jema: OTBETCTBEHHBIH 3a Mpo-
rpaMMHpOBaHHE MOXeT IIPeIJIOXKUTb OTBETCTBEHHOMY 3a NPOEKTHpPOBa-
Hue: «[lyctb mMou 50 mporpaMmHcTOB 10paGoOTaloT Haj TBOMMH BHell-
HUMM CTeUH(HKALUAMH, YTOObl Mbl CMOTJIN CSKOHOMHTb HECKOJIBKO He-
Ienb». Takoe MpenioxeHUe HeMb3sl Ha3BaThb MYIAPHIM 1O HECKOJbKHM
npuuvHaM. BHellHee NpoeKTHPOBaHYE JOIKHO BLINOTHATBCS MUHHMAJb-
HBIM YHCJIOM JItoAeH (B IV1. 4 npejsiarajoch HCIOJIb30BaTh He GoJlee IBYX),
H OHO TpeGyeT COBCeM APYrHX TalaHTOB. EC/IH 1O HEKOTOPBIM NPUYHHAM
HITaThl NPOTPaMMHUCTCKOH OpraHH3alMH YKOMIIEKTOBAaHbl Ha pPaHHeM
sTarne, Beerja HaiiJeTcsi Jpyras nose3Hass paboTa, KOTOpPoH MOXHO 3a-
HATbCS, He NpeBpallasch B MOHTOJNBCKYIO OPAY Ha CTaJuM BHEILHEro
NIPOEKTHPOBAHHS M pa3paboTku apxurekType. K Takoii pabore oTHo-
csiTcsl OOyueHHe, SKCIEPHMEHTBHI C Pa3/UYHbBIMH BapHaHTaMH [POEKTOB
JIOTUKH NPOrPaMMbl (3TO BO3MOXKHO JI0 3aBePIECHHs BHEIUHEro Mpoek-
THPOBaHHs), pa3paGoTKa CHelHaJbHBIX HHCTPYMEHTOB HPOT'PaMMHpO-
BaHHs, OLEHKA CJOXKHOCTH NpOeKTa M pa3paboTKa aJTrOPHUTMOB.

Uro6bl y uMTaTeNsi HE CJIOKHJIOCH MHEHHe, YTO KOMIJIEKTOBaHHE
LITaToB — JIEJI0 TPOCTOE, PAcCMOTPHM BOMPOC C 3aBeJOMO HEOXHO3HAU-
HBIM OTBETOM: JIOJKHA JIH OJHA W Ta e IpyNna BHIIOJHATb BCE 3Talbl
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f1poeKTUpoBaHus1? OCHOBLIBASICH HA MPEABLIYLIUX PACCYKACHHUAX, MOXK-
HO OTBETHTb «1a», MIOCKO/bKY 3TO CBeJIO Obl K MUHUMYMY YHCJIO 3AHSTHIX
B MpOEKTe JIIoAEH M ynpocTHJIo 6bl mpoGsembl HX ofwenusi. Ects, ox-
HAKO, HECKOJIbKO 60Jiee OCHOBATE/NbHBIX NMPUUHH, N0 KOTOPHIM Ha OJHY
rpynny He CJelyeT BO3/araTb OTBETCTBEHHOCTb 33 BCe (pa3bl NMPOEKTH-
poBaHHs. EclH OTBETCTBEHHOCTb 3a JBa NOCJENOBaTeJbHBIX 3Tana
TIPOEKTHPOBAHHSA HECYT pasHble IPYNNbI, OGBIYHO YJIy4LIAETCs Ka4yecTBO
JIOKYMEHTAlHH H BBINOJNHSETCS NBOAHAs NMpoBepKa mpoekTa (rpynna,
Mo/Iy4alowas pe3yJbTaThl NPEAECTBYIOMEro JTana NpOeKTHPOBaHHS,
BeCbMa 3aHHTepecoBaHa B TOM, 4ToCbl HaliTh Bee own6Ku). Ho, Beposr-
HO, Camasi BaXKHasl IpPHYMHA — OGCTOSITENIBCTBO, OTMEUeHHOe TIJI. 4:
Kaxnas (asa npoeKTHPOBaHHS TpeGyeT CrelHaJbHOfi TOATOTOBKH U
onbITa. JTanel onpefeseHusi TpeGOBaHMH, LeJefl W BHEIIHEro npoek-
THPOBAHHs TPeOYIOT TIJy60KOTO MOHWMAHUs HYXKJ MNOJMb30BATENA H
KBaJH(HKAUUM B CHCTEMHOM aHa/lu3e, MCC/AENOBaHMH ONEpalHi, ICH-
XOJIOTHH B3aHMOJEHCTBHSI uesioBeKa M MALUMHBI U T. . DTanbl NPOEKTH-
POBaHMSI APXHMTEKTYPbl CHCTeMbI M CTPYKTYPbl NpOrpamMmel TPeGYOT
3HaHHA B TakKMX 00JacTAX, KaK NMPOeKTHpPoBaHue (hailyioB, ypoBHH ab-
CTpaKuuy, obliasi TEOPUSI CHUCTeM, KOMIO3HIIMOHHOE MpPOEKTHPOBaHHE,
Drtanbl, BHEWIHETO M BHYTPEHHEro INPOeKTHPOBAHHS W NPOrPaMMHPOBa-
HHSi MOJyJIell TpeGYIoT ombiTa B 06JACTH A3bIKOB IPOrPaMMHPOBAHHUSA,
AJIrOPUTMOB, CTPYKTYPHOIO NPOrpaMMHPOBaHHMA M T. A. Bpsg qu Kro-
JIH60 OAHH 06JIaJlaeT BCEMH 3THMH TaJlaHTaMH.

Korga B pa6oTy Haj KaxIbiM 3TanoM NPOEKTHPOBAHHSI BOBJIEKa-
10TCs1 pasHble JIOAH, BaXXHO O0ecneyuTb HempephIBHOCTL 3TanoB. Pac-
npocTpaHeHHass oWIMOKAa COCTOMT B TOM, YTO CUMTAETCH BO3MOXKHBIM,
HanpuMep, IepeBecTH pa3paboOTYMKOB BHEIIHETO MPOEKTa HJIH aHaau-
THKOB Ha JPYToi NPOEKT, KaK TOJbKO BHellHMe cneundUKamum «cje-
JaHbly. Bemp u3-3a omHGOK M H3MEHEHHHl B MNpoeKTe cCrenu(pHKauuu
penKo ynaetcsl «cAesiaTh» HpexJe, YeM 3aKoHUYuTcs Bcsa pabora. Oc-
HOBHblE TNPOEKTHPOBIIMKH JOJIKHBL ObITh CBfI3aHBI C NPOEKTOM JO Ca-
Moro KoHua. Omu6KHU B cneludbUKauusaX 1 HeH30eKHbIe U3MEHEHHUST TIPO-
€KTa, MOABJSIOIWNECT B KOHUe paGoThl,— caMble PUCKOBaHHble H3Me-
HeHHsl, M OHH TpeGYyIOT BHHMAaHHS aBTOPOB mpoekTa. Kpome Toro,
Kak yKasbiBajJoch B IJl. 12, pa3paGoTuMkH BHelIHero NpoekTa— Hje-
ajIbHBle YJIeHBI PYNABI KOMIIEKCHOTO TeCTHPOBAHHS.

Eme oxns Bonpoc, KoTophiil HEOGXOLHMO PacCMOTPETh, MPEXAE 4YeM
3aKOHYHTL PasroBOp O NPOEKTHPOBAHWH,— odHUHATbHAS MPOUERypa
TIPUHATHS U3MeHeHMil B npoekTe. Ee HasHaueHHe — 06eCHeYHTb, YTOGBI
PelleHnst MPUHUMANUCh COOTBETCTBYIOMIMMY JIIOAbMH H YTOOB! GBUIH I1O-
HATEl BCe MOCJIEACTBHUS NpejsiaraeMoro u3MeHeHus. IlpeanosiokuM, 4ro
MBI IPUHSJIM B [IPOEKTe HEKOTOpoe pelleHne X B caMoM HauaJse paGoThl
H 4TOo BIOC/IEJCTBHM JeCATh pellieHHH OblIM OCHOBaHH Ha BLIBOJAX M3
Pewennss X. Ecau KTo-To npennaraer H3MeHHTb pelleHHe X, BaXKHO
PaccMorpers 3TO mpeasioxkeHHe B PaMKaX BCEro NpoekTa, 4ToGbl Bbif-
BUTb N MCCIeioBaTh TaKke H 3TH AECATb PelleHHH.
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Onna s onacHocTell NPHMEHEHHAs! POLENYPhI NPHHSATHS MPOEKTHBIX
M3MeHeHuil B 60JbLIOM TPOEKTE — B BO3MOXHOCTH NEPEXBaTHTh Yepes
Kpaii, IHTasCh yNnpaB/sTh NPOEKTHPOBAHHEM C ee MOMOLIbIO BIJIOTH 10
caulnKoM HH3KHX YpoBHell. B GoJjiblliom mpoekTe TOMIBKO onpesiesieHHe
nenell, BHEIIHee MPOEKTHPOBaHHe, pa3pabOTKa apXUTEKTYPbl CHCTEMBE
H TNpOEKTHpOBaHHWe O6a3bl NaHHBIX JOJ/KHBI KOHTPOJHPOBATHLCH TaKOMH
¢opMabHOH NpoLEeRypoH.

IIpouecchl TeCTHPOBAHHUS COCTABJISIOT TY YacTh PaGOTHI HaJ TPOEKTOM,
KoTopas B HauGoJblueil creneHW TpeGyeT OT aAMHHHCTPATOPOB MJIaHH-
poBaHHsi H BHHMaHHA. OJMH U3 K/IIOYEBHIX OPraHHW3aUHOHHBIX BO-
MPOCOB — CO3JaHHe OTAENbHBIX TPyNn TecTHpoBaHWs. Kak yTiomuHa-
Jocb B ra. 10, opraHusauusa-pa3paGOTYMK He NOJ/IKHA HECTH OTBeT-
CTBEHHOCTH 3a BHINOJIHEHHE TeCTHPOBaHHs CBoeH mpoaykiuu. Takas
opraHM3amus o6BIYHO CIMIIKOM NpPHBSA3aHa K Pe3yJbTaTaM CBOETo Tpy-
Jia, CJIHMIIKOM CTeCHeHa rpaukoM M GIOIPKETOM, BPSIA JIH JOCTATOYHO
CKENTHYeCKH OTHOCHTCSl K cBoefi paboTe M He CJHIIKOM 3aHHTepecoBaHa
B HaxoxzeHuH ownGok. Kpome Toro, tectupoBaHue TpeGyeT HaBHIKOB,
OTJIMYAIOUHXCA OT TeX, KOTOPHIX TpeOyeT mporpammupoBaHue. Tecrn-
poBaHHe TpeGyeT TaKxe APYyroi CHCTEMbI MOTHBAIIMH ¥ BO3HAI'paXACHHUS.
B To BpeMsi Kak BO3HarpaxJeHue NporpaMMHCTOB OOBIYHO TeM Bbillie,
yeM MeHbllle OIHG0K B X MPOrpaMMax, CNelMaJuCThl 0 TeCTHPOBAHHUIO
JIOJKHBI 110/1y4aTh BO3HarpakueHue 3a o6HapyKeHHe KaK MOXKHO 60Jib-
Iero 4ucja omuboK, BIJIOTH. Jiaxe N0 «CAENbHOH» omyaTthl (Hanmpumep,
100 ponnapoB 3a o6GHapyKeHHe OMMOKM cephe3HocTH X).

Ilpu koMIIEKTOBaHUHM IITaTOB /s HOBOTO NPOEKTa PYKOBOAMTENH
BCE ellle 3a4acTyl0 NPUAEPKMBAIOTC PacIPOCTPAHEHHOH «KaCTOBOM»
cucteMnl B pa6ote NPOrLaMMMCTOB. 3alaHHsl MO NPOEKTHPOBaHHIO
BEPXHHMX YpOBHeHl paccMaTpPHBAIOTCA KaK paboTa TOJBKO JJISl SJAUTHI,
T. €. TBOpYeCKUX PaGOTHHKOB, MPOeKTHpOBaHUe Gojiee HU3KUX YPOBHeH
¥ KOJMPOBaHHE CTOAT HAa CTYNEHb HUXKe, TeCTHPOBaHHE — elIe HHXKe
B 3TOH HIKaje, a paboTa MO CONPOBOXKIEHHIO pPacCMaTpPUBaeTCs Kak
3aJ]laHHe CaMOT0 HH3KOro KJjacca, NOAXOAsllee TOJNLKO LIS He €nocol-
HOro K TBOPYECTBY U HEOILITHOrO Nporpammucra. Takasi NO3HIHS He
TOMIbKO COBEPIIEHHO HempaBWJIbHA MO CYHIECTBY (B MPeAIlECTBYIOMKX
TJ1aBax yKe FOBOPHJIOCH, YTO TECTHPOBaHUe — caMasi TBopueckasi pabora
B CO3JJaHHH TPOrpaMMHOTO ofecrieueHHs U YTO OTJIaZKa TpebyeT Jyquiux
NPOrpaMMHCTOE), HO Giarozaps el JIOAH, OT MPUPOIbI OJAPEHHLIE Ta-
JAHTaMH, HEOOXOAMMBIMM B TECTHPOBAHHM H OTJaZKe, 3aHHMaIOTCSH
Apyroii paboToil TOJbKO pasu Kapbepbl. Opranusanus ¢ TakoH# KacToBoit
CHCTEMOH (a 3Ta CHCTeMa MOXKeT CYLIeCTBOBAaTh, Jaxe €c/H HHKTO o6
STOM He JorajiblBaercsl) JOJKHa JOOMTbCS CHpaBefTHBOro GanaHca B
COOTHOLUEHHH YHCJIa COTPYAHUKOB Ha CTapPIUMX M MAAJUIHX JOMMHOCTAX
BO BceX BHJAaX paboT U NOJIKHA SICHO NOKa3aThb, UTO BO BCeX BHJaX Jes-
TEJILHOCTH €€ COTPYJAHHKH HMEIOT paBHble BO3MOXXHOCTH IJisi NPOABH-
JKeHus Ino ciayx6e.

Eme opuH, nocaeHuii, Bonpoc, Kacaouiuiics KOMIJIEKTOBaHUs 1LUTa~
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TOB,— OTJIMUUTEJIbHbIE OCOGEHHOCTH XOpOoLIero mporpamMmucra. Bax-
HOCTb 3TOTO BOIIPOCA OYEBHJHA NPH HailiMe NPOrpaMMHCTOB, omlpejeJe-
HUH NpOrpamMMel oOyueHUs! U NPH ONpeJeeHHH COOTBETCTBHSI BO3MOX-
HoCTeH nporpammucra TpeGoBaHusAM fesia. OnpaiuuBasi Tpynmy pykoBo-
JuTeNied 0 Npu3HaKaX XOPOLIero NpOrpaMMUCTa, MOXKHO YC/BILIATH O
TaKHX KayecTBaX, KaK CNOCOGHOCTH K aHa/lu3y, pacnosHaBaHUIO o6pa-
30B, QJTOPHTMHYECKOMY MBILLIEHHIO, KOHUEHTPALHH H JEAYKTHBHHIM
paccyx®nenusim.” Ilpu onpoce rpynmbl 6osiee ONBITHBIX PYKOBOAHTEIEH
MOTYT MO5%LUThCSA TakHe (PaKkTOpHl, Kak NpodecCHOHANU3M, MOATOTOBKA
B 00/1aCTH OCHOBaHHH HMH(OPMATHKH, CNOCOGHOCTb PaBoTaTh B Hanps-
JKeHHBIX YCJIOBHAX, CNOCOGHOCTh paGoTaTh C APYTHMH JIIOIbMH, YMeE-
HHe TpHcrocabiuBaTLCS K U3MEHEHHsAM, aKKYpPaTHOCTb, CTpeMJIeHHE K
COBEPIIEHCTBOBAHMIO U Jaxke 4YBCTBO loMopa. Bce 3To, kKoHewyHo, Tpe-
OyeTca B paoTe mPOrpamMMHCTa, HO, BO3MOXHO, CaMbifi CYLIECTBEHHbIH
$akKTOp — 3T0 cnocobrocme Kk obuyeHuro. TIporpaMMUCTEl TPATAT OKOJIO
JABYX TpeTeil cCBoero BpeMeHH Ha oOlieHue (CJAYLIaloT, YHTAIOT, pasroBa-
PHUBAIOT M MUUIYT), a COTJIaCHO MUKPOMOJE/H TPaHCIALUMH B I, 2, 60/b-
HIMHCTBO OMIMOOK B NPOrPaMMHOM OGECNeUeHUH CBS3aHO C HpobGeMaMu
B3aUMHOTO OOUIEHHS MEXAY JIOAbMH. DTUM OOGBACHAETCH UHTEPECHBIH
()eHOMEH: BBIYCKHHKH ¢ IMIVIOMAMH MO JIUTepaType WM My3bike (KO-
TOphie B NMepPBYIO ouepelb TPeGYIOT MacTepcTBa B OOIIEHHH) 9acTO OKa-
3bIBAIOTCA BBIJAIOLIMMHCS TNpPorpaMMHcTaMHu. ['J1aBHBIM BONpPOCOM NpH
HaliMe W TIOATOTOBKE NporpamMm oOydeHHs NOJKHO CTaTb YMEHHe 00-
marbcsl, T. €. YMEeHHe NPOrpaMMHUCTa BbIPa3HTb CBOM COGCTBEHHBIE
MBICTH H TNOHHMaThb MJEH APYTHX. )

fIPOrPAMMUCT-BUBJIMOTEKAPD

OTHoCUTE/ILHO HeJaBHee M3MeHeHHe OpraHH3auuH paboThl Haj Mpo-
€KTOM CBSI3aHO C MOSIBJIEHHEM KOHUEILUH NpO2pAMMUCa-OGUOAUOMEKApS:
Cekperapsi WM napanpodeccHoHa a, NPHHUMAIOLIErO yyacTHe B paGoTe
Haj nporpammHbIM npoektoM [3, 4]. BuGauorexapb cTaHOBUTCS MOCpes-
HUKOM MEXJy NpPOrpaMMHCTOM H BBHYHMCIHTENbHOH MAaIUHHOH, BBINOJNHSSN
3HaAyUTE/NbHYI0 4aCTb «KOHTOPCKOH» paboThl (HampuMep, BBOA H pe-
JaKTHpOBaHHUe JNAaHHBIX, BbIIONHEHHE TECTOB), OH BeJET OCHOBHYIO GHO-
JIHOTEKY JIHCTHHTOB, HCXONHBIX H OOBEKTHBIX MOAYJeH, JOKYMEHTaluMH
H TECTOB, a TaKXe apXHMB BCEH NEATEJbHOCTH W NEPENHCKH, CBA3aHHOH
¢ npoekToM. OCHOBHOE JIOCTOMHCTBO KOHLEMIUH NpOrpaMMHcTa-6u6auo-
TeKapsi ¢ TOYKH 3PeHHS] HaJleXXHOCTH — LEHTPAIH3alHs KOHTPOJS 3a
TIOCJIERHHMHM BEpPCHSIMH NpOrpaMMbl H JOKYMEHTALHH, YCTpaHsiouast
O0blYHELIE MPOG/IEMbl, CBI3aHHbIE C KHIIaMHU JIHCTHHIOB B IIKadax, Korjia
HHKTO ¢ YBEpPEHHOCTBIO He MOXKET YKa3aTb MOCJEeLHIOI «OPULHANbHYION
BepCHIO MJIH COCTOsiHMe mporpaMmbl. EcH HCMoOJb3yeTcsl HHCTPYMEH-
Ta/ibHas GUGIMOTEeKA Ha MALIMHHBIX HOCHTEIAX, TO 6UGAHOTEKAPh OGBIY-
HO fBJIsIeTCS €JHHCTBEHHBLIM €€ M0JIb30BaTe/eM, YTO COKpAmlaeT YUCIQ
HHCTPYMEHTOB, KOTOPLIE JOJKHbI ObITh OCBOEHBI KaXKAbIM NPOrpaMMH-
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cToM. Bu6nuorekaps 4acTo MCHOJHSET TaKXKe OGSI3aHHOCTH CeKpeTaps
W uepTeXHWKA, neyaras M PETHCTPHPYS KOPPECHOHAEHUHIO M NOAro-
TaBJMBas no HaGpOCKaM IpaHYecKyio JOKYMEHTalHIo, Hanpumep TaG-
JMIbl pelleHni, CTPYKTYpHbIe cxeMbl nporpammbl 1 HIPO-auarpammer.

TToMHMO JIOCTOMHCTB, KOHUEMUHSI GHOMHOTEKAps HMEET TaKXKe He-
CKOJIbKO HEJOCTaTKOB.

1. TlporpaMMHCTBl TOABEPralOTCS 3acayXeHHOH KpUTHKe 3a To,
4TO OHM HE HMEIOT JOCTaTOYHOI'O ONBITa B POJIM MOJb30BaTeNEH CBOEH
npoaykuun. Hanpumep, BaHO, YTOOBI KaXKIBIH MPOrPaMMHCT, Co3ja-
IOIMH HOBYIO ONMEPAIHOHHYIO CHCTEMY, MMeJ HeKOTOPbIH ONBIT NpHMe-
HEeHHS CYLIECTBYIOHMIMX ONepamyOHHbIX CHCTeM KaK B pOJiH ONepaTopa
cHCTeMBI, TaK U I0JIb30Batesisi 3a TEPMHHAJOM, NMOTOMY YTO 3TO NO3BO-
asier emy (WIH ei) Jydlle MOHATb, KaK NPHHHMaeMble HMH DeLICHHUS
CKa3HBalOTCA Ha MOJb30BaTeNfAX. EcCHH KOHUeNmMs NporpaMMHCTa-
61GIHOTEKAPS JOBOAMTCS 1O KPaitHOCTH, IIPOrPaMMHUCTHL He Oy IyT UMETh
HENOCPEACTBEHHOTO KOHTAKTa C MAlMHOH, YTO BO BCAKOM CJyyae He-
JKeJiaTesbHo.

2. B HekoTOpbIX npoeKTax Ha OMG/IHMOTeKaps BO3Jlaraercsi OTBET-
CTBEHHOCTb 3a BBINOJIHEHHE CJIOKHBIX (YHKUHH MO PeIaKTHPOBAHHI
(HanpuMep, «M3M€HH B MOEH NporpaMMe Kakjloeé BXOXJEHHe NepeMeH-
Hoit XVELOCITY na YVELOCITY») ¥ paxe HCHOpaBJIEHHIO CHHTaK-
cnueckux owmubok. Ilepsoe omacHo, MOCKOJAbKY 4acTo Tpebyer mpo-
(hecCHOHa/ILHOTO HaBHIKA; BTOpPOE HEXKeJaTeJbHO NMOTOMY, YTO HPOTHBO-
peunT TPeGOBaHWIO TOYHOCTH B NPOrpPaMMHPOBAHHH (MPOodeCCHOHANbHbIE
NPOrpaMMHCTbl He JO/IKHBI Je/aThb CHHTaKCHYECKHX OIIHGOK).

3. He oueBuano, uro Bce BpeMs, 3aTPaueHHOE NPOrPaMMUCTOM
Ha «KOHTOPCKYIO» paGoTy, noTpaueHo HenpoAyKTHBHO. Ilockonbky
nporpaMMHpOBaHHe SIBJISIETCA NpexKae BCero HHTe/JeKTyalkHo# pado-
TOM, NMPOrpPaMMHCT, MO-BHAMMOMY, HYXKJAeTCs B 4YacThIX NepekJiove-
HHSIX BHHUMaHHS, 4TOObI M3MEHHTb YTOJ 3peHHs Ha npob/eMy U AaTh
nopaboTaTh cBoeMy nojco3HaHuio. [IporpamMmmuct, KoToporo BHl BHAH-
Te [AararolIUM Yepe3 BBHIYUC/IHTENbHBIH LEHTP 3a CBOHM JIUCTHHIOM, He
3psi TPaTHT BpeMsi; BO3MOXHO, OH BO BpeMs X0AbOBl pellaeT CBOI>
3ajaqy.

4. TpynHo noGuTbcs IOCTOSIHHOHM 3arpyskeHHocTH OGuOaHOTeKaps.
Ha nekoTopbix 3Tamax oH (WM OHa) MOXeT OBITb NMPOCTO 3aBaJieH Jie-
JIaMH H CTaHEeT TOPMO3UTh BCIO PaboTy Hajl NPOEKTOM; Ha APYTHX 3Tanax
MOXKET OKa3aTbCsl, YTO €My IIOYTH Heuero JesarThb.

K cuactbio, HH ofHa U3 5THX Npo6sieM He SIBJISIETCS HepaspeninMoi
W TIpH JIOCTATOYHO NpPELYyCMOTPHTEJIbHOM PYKOBOJACTBE TPOrPaMMUCT-
6H6/INOTEKaph MOMKET CTaTh LIEHHLIM 3BEHOM B OPTaHH3allH MPOEKTa.

Cnoppl 0 JIOCTOMHCTBAX KOHLENUHH GHOIHOTEKAapsl 4acTo BOCKpe-
IIAIOT B NMaMATH CTapble CHOPHI O TOM, KAKOrO THMNA CHCTeMbl — MaKeT-
" Hble WJHM JHANOrOBblE — OGECHEeYHBAIOT GOMBIIYIO POH3BOAUTENBHOCTD
nporpamMmucra. Ec/iM npousBOAUTENBLHOCTD 03HAYaeT «CKOPOCThb, € KO-
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TOPOfl NMPOrPaMMHCT NUILIET CBOU NMPOTPaMMbI», TOTAA €CThb CBHAETE/]b-
CTBa B MOJb3Y AWANOrOBHIX cucTeM. EcC/IH NpOM3BOAMTENBHOCTL YuH-
THIBA€T MOJIHYIO CTOMMOCTH NPOAYKTa (M IOTOMY, KaK YKasbBaJocbh B
rJ. 1, oKasbiBaeTcsl TECHO CBA3aHHOH C HaJleXKHOCTHIO), TOTJa JHA/NOro-
Bbl€ CHCTeMbl TIpOrPaMMHPOBAHHMfA, BUIUMO, EeXejaTelibHbl (3TO
MHEHHe pasieNsloT MHOTHe, cM., Hanpumep, [5]). [Iporpammucrsi, Hc-
TNOJIb3YIOIIUE NAKETHbIE CHCTEMbI, BHIHYKJIEHHI TIIATEbHO MIaHUPOBATH
CBOH JIeHiCTBUSA 3apaHee, a B YCJOBHAX AHANOTOBHIX CHCTEM TaKHM TLia-
TeNILHBIM TUIAHUPOBAHHEM 4YacTo NpeHeOperaiwT, 4to BeiAeT K OObIK-
HOBEHMIO «IKCNEPHMEHTHPOBATb» 3a TepMMHaJoM. JlMajoroBbie cCHCTe-
Mbl OOCBIYHO BBIHYKJAIOT NPOrpaMMHCTa AyMaTb CJAUIIKOM OBICTPO H
HeOpEXKHO H, CyIsl Mo BCeMy, CHOCOOCTBYIOT HepSAIIIUBOCTH NpOrpaM-
MHPOBaHHS. ‘

KoHeuHO, MHOTHe HM3 3THX BONPOCOB HCYE3al0T, €CJAH HCIOJb3Y-
eTcsl NPOrpaMMHCT-OMOIHOTeKapb, OTOMY YTO OH MCIOJHSIET POJb MO-
CpeHHKa MeX]y MpOorpaMMHCTaMU ¥ MallnHOH. BubanoTekappb He HYX-
JlaeTcsi B AUAJIOTOBOH cUCTeMe, TIOTOMY UYTO OH pelKo ObiBaeT crocobeH
BECTH «Auanor». Mcrnonb3ysi AMaNoroByio cUCTEMY, OH oOblyHO paboTaeT
C Hefl B pexuMe AUCTAHIMOHHOH MaKeTHOH 0OpaGOTKH; OH MOXKET BHe-
CTH H3MeHEeHHS B WCXOJHBIl MOAYJb H HauaTb BLINOJIHEHWE TECTa, HO
He BeJIeT J1ajiora ¢ cucremoil (T. €. eclid 4TO-TO HAET HeNpaBWJIBbHO, TO
OH coobmaer o6 5TOM MporpaMMHCTY). MoxKHO BO3pa3uThb, UTO 3TO He
TaK B CJyyae AHAJOTOBBIX HHCTPYMEHTOB OTJafKH, NOCKOJbKY B 9TOH
CHUTyalUMH C CHUCTeMOH [OJDKeH B3aHMMOJEHACTBOBATH MpPOTPAMMHUCT, a
He 6ubanorekapb. OpHaKo B I'l. 13 NpMBOAWINCH HEKOTOPHIE CBHIETEb-
CTBa B NOJIb3Y TOTO, YTO OTJIAXKHBaTb NMPOTPaMMy, MOXKET GhITb, Jyumie
BCEro BooOlie Ge3 HCNOJb30BaHUS MamIMHbIL.

BPUTAlbl NMPOrPAMMHUCTOB

Eule oXZHO HOBOBBEJEHHE B OPraHH3allMH TPOEKTa — MELIC/Ib, UYTC
TIPOrpaMMHCTHL JOJIXKHBI paboTaTh oduuUaIbHO 0oPOpPMIEHHBIMH OpH-
ragamn,— KJajeT KOHel, TPaJAMIHOHHOMY B3TJIfily Ha NpOrpaMMHpORa-
HUe KaK Ha JeATeJIbHOCTb B OCHOBHOM WHAMBUAYyanbHYto. OKasaloch,
4yTO Gpurajgsl NMPOrPaMMHCTOB OOJIAfAlOT MHOT'MMH CYINECTBEHHBIMH JI0-
CTOMHCTBAMH: yJy4ilaeTcsi o6lEeHHe MeX1y NPOrpaMMHUCTaMH, BbipaGa-
THIBAIOTCS1 OOLIME CTaHAAPThI KAYeCTBA H CAMOKOHTPOJIA, Y/IeHB! GpUrabl
MHOTOMY YyuaTcs APYT Y Apyra, noompsiercsi Ge3JHYHOEe NMpPOrpamMMu-
poBaHue, MOCKOJBbKY NPOrpPaMMHMCTHI PacCMATPUBAIOT CBOH Pe3YJIbTATHI
Kak pesysbTaTel Opuraiel, a He MHJMBHAyasbHble, W Jerue obecre-
YHBaeTcs MPEeeMCTBEHHOCTb, KOTJa OXMH M3 YYaCTHHUKOB NPOEKTa He-
OXHJaHHO OCTaBJsieT paboTy. 3/ech paccMaTPHUBAIOTCA TPU PacHpoCTpa-
HeHHBIX BapWaHTa KOHLEMUHMM OpHrajel mMporpaMMHCToB: Gpurana Be-
Ayulero mporpammicra, XuUpypruueckasi 6purajga ¥ JeMOKpaTHuecKas
Gpuraja.

KoHnuenuus 6puzader eedywjeeo npoepammucma Oblna TpPefNoKeHa
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X . Musiicom 13 IBM [3]. Bpuraay Bo3riiaB/isier Beayuiuii NporpamMMmucr:
ONBITHBLI MPOFPAMMHUCT BbICOKOH KBalMbHKauHH. OH BBHINOJNHSIET BCIO
pa6oTy M0 MPOEKTHPOBAHUIO, MHLIET MPOrPaMMbl BCEX OCHOBHBIX MO-
AyJell, a TaKxKe BBIMOJIHAET COOPKY M TeCTHPOBaHHe NPOTpPaMM OCTalp-
HBIX 4/1eHOB Opurajipl. OH TaKXKe C/IYMKHUT OCHOBHBIM NOCPENHHKOM MKy
Ipynnoil ¥ BHEIUHUMH OPTaHU3AMMAMH, HAlpUMep ApPYruMu Gpurajaamu
W/IH 3aKa34YHKaMH, COKpallast TakuM o6pa3oM YHCJIO JIMHHH CBA3H MeX1y
y4yacTHHKaMH npoekra. Belyuiemy mporpaMMHCTY acCHCTHpYeT 8mopod
npozpammucm.: CieliMaJHCT TOH K€ KBaJNIM(PUKALUH, KOTOPLIH BBIIOJHSET
Takylo paboTy, Kak HCC/IeOBaHHE a/bTepHAaTHBHBIX BapHaHTOB IpH
NPOEKTHPOBAHWH H [JIAHHPOBAHMH, a TaKke NPHHHMAeT YyacTHe B
NPOEKTHPOBAHHH, KOAHPOBAHUH U TECTHPOBaHHH. JIpyroii noCTOSHHBIH
4jJeH OpHranbl — NporpaMMHcT-6u6aHoTeKapb. OCTa/lbHBIE YYaCTHHKH
6purajibl MeHSIIOTCA B 3aBHCHMOCTH OT KOHKpPETHOro 3Tama paGotel. Ha-
OpHMep, Ha BpeMsi BHEIIHEro NPOEKTHPOBAHHSA MOMKHO JOGABHTb CHC-
TEMHOTO aHAJMUTHKA, a Ha STalle KORHUPOBAaHHS — OT IBYX JO NATH
NpOrpaMMHUCTOB. ‘

OCHOBHOE HOCTOMHCTBO KOHIENIHH GpUTafbl BeAYIIEro MpOrpaMmH-
_CTa B TOM, 4YTO OHa NO3BOJIieT BEPHYThb CNELHAJHCTOB BBHICOKOTO YPOBHS
Ha TIJIaBHOe HamnpaBJ/ieHHe B CO3/laHHM NPOTPAMMHOrO oGecreueHus .
Bo MHorux opraHu3zauusix, CBI3aHHBIX C IPOrpaMMHPOBaHUEM, ClielHa-
JIUCTB ¢ GOJIBIIMM OMNBITOM MOMHOCTBIO OTXOAAT OT y4acTusi B pabore
Haj npoekTamH. JIIoAM 4acTO CUMTAIOT OTXOA OT «KOAUPOBaHHsS» NpH
nepBoil BO3MOXHOCTH NpojBHXKeHHeM no ciayxbe. Takoe oTHoweHHe
NPHBEJI0O MHOXECTBO BHICOKOKBaJHQUUUPOBAHHBLIX B TEXHHYECKHX BO-
Npocax CHENHAJJHCTOB HAa AOJ/DKHOCTH, CBS3aHHblE C YIPaBJEHHEM HJH
KaJpaMH, KaK MOXHO 06ojiee ynaJieHHble OT 3ajau HeNoCpeNCTBEHHOMH
pa3paboTKn nporpaMmHoro obecneuens. Konuenuus Gpuragpl Bepy-
1lero NPorpamMMHCTa MbITAETCH HCIIPABHTh 3TY CHUTyallUIO, YCTaHaBIUBAsk
T0JIe3HbIE H MPECTHKHBIE JOMKHOCTH HENOCPEACTBEHHO B NPOTPAMMHBIX
MPOEKTax.

Bpuraga Bepyuiero nporpaMMHCTa MOXKeT UMETb TaKxKe H HEKOTOpbie
HegocTaTKH. CKeNTHKH YacTo yTBEPKAAIOT, YTO GpHraibl BELYLIEr0 npo-
IrpaMMHCTa XOpOUIM NI BeAYLUIMX MPOrpPaMMHCTOB, HO HE OCOGEHHO
BIOXHOBJIAIIOT OCTa/JbHBIX, NOTOMY YTO NPOrpaMMHCTOB YaCTO TaCyOT
u3 Gpuragel B Opurany, YTo JIMIIAeT UX UYBCTBA OTBETCTBEHHOCTH H
YIOBJIETBOPEHHST OT BHINOJHEHHOH pa6oThl. Takoe OTHoOLueHME K uJie-
HaMm GpHrajbl BbIpa)kaercsl pas/qMYHBLIMH aBTOpaMH: «JIpyrue nmporpam-
MHCTBbl BKJ/IIOYAIOTCS B I'PYNNY TOMbKO A/l KOXHPOBAHUS KOHKPETHBIX,
XOpOLUO onpeje/eHHbIX GYHKUHI [6] HIH «IPOrpaMMMCTOB MOXHO Jier-
KO NepeKJ/IoYaTh C ONHOTO NPOeKTa Ha APYroi, M MPH 3TOM OHH HeMeN-
JIEHHO TOTrpYKaloTcs B geTaau paGotul...» [7].

Urobrl 3Ta Huesa paboTaia, BeXyLiHH NpPOrpaMMHCT NOJ/IXKeH ObiTb
NIPOrpaMMHCTOM BBICOKOTO YPOBHSI, NMOJIb3YIOLIUMCSI B OpHrajie aBTOPH-
TeToM. OpraHusanua Opuragel M3 NPOrPaMMHCTOB C OTHOCHTEJBHO
PaBHBIM OMLITOM H Ha3Ha4yeHWe OJAHOTO M3 HMX BeAYLIMM 4acTO NPHBO-
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‘IAT K HeyJaue M3-3a BosHHKaiowed 3aBucTH. Jaxe ecau Bepyiuit
NporpaMMHCT NOJIb3yeTcsi IMy60KUM yBaMieHHeM, 3aBHCTb 4acTo MOSB-
JIsieTCsl M3-3a BIIEYATJIEHHUS, YTO OH MMeeT JOCTYN K oco6oil MHpopMaliu.
MHorye CYMTalOT, YTO M0 caMoif NMPHpoje 3TOH JOMKHOCTH BERYIUEMY
nporpaMMUCTy HeoOXOfMMa TNOATOTOBKAa B 06JAacTH ynpapieHus H B
JEACTBUTENIbHOCTH OH JIOMKeH GHTh agMuuuctpatopom [6]. IMocneanee
ONpe/ie/IeHHo TPOTHBOPEYHT OCHOBHOM HAee, TOCKOJNBKY 3TO JIErKo
MOXeT noMmellaTh oOMeHy uH(bOpManMeill ¥ B3aHMOCBA3SM BHYTpH GpH-
rajnl.

Bropoit BapuanTt, xupypeuueckas 6puzada, Gbin mpepnoxeH Bpyk-
com [2]. OcHoBHoe oTiMuMe XHpypruueckofi Gpuragpi ot Gpurajnl Be-
JyWero fnporpaMMHucTa B TOM, YTO 4JeHBl GpPUrajpl OCTalOTCS B Hell B
TeyeHne BceHl pabOThl Hal NPOEKTOM H KaXKABI M3 HHX HMEET CBOIO
0co6Yy10 poJsib, YUHTHIBAIOLLYIO €ro ocofble TajJaHTHl. Bpurajoii pykoso-
AUT BeyLIHH nporpaMMucT («XHpPypr»), HO 3leChb OH IHLIET éce NPO-
rpaMMBL U 6C10 JOKYMEHTALUIO Ha NpoAyKuuio 6puraiasl. B Gpuraze nme-
eTcsl TaKXe aCCHCTEHT, KOTOPHIH HCCJAelyeT ajbTepHATUBHbIE BapUaH-
Thl, CJAYXHT «aJBOKaTOM JAbsiBOJIa» AJIS BeAYIIETr0 NPOrpaMMHCTa H
B3aUMOJIEHICTBYET C OCTaJAbHBIMH usieHaMu Opuraiul. Bpykc mpepnaraer
TaKiKe, yToObl B 6pHraje Obl1 aiMMHHCTPATOP: YeJIOBEK, 3aHUMAIOHUHACS
HCKJIIOUHUTEJIbHO GIOZKETOM, CKHIHUIHEIMHY YCIOBUSMH, MaIIHHHbIM Bpe-
MeHeM, KafpoBbIMH BonpocaMH. HeTBepThlil ujieH Gpurajnl — peflaktop
JOKyMeHTauuH. XOTS BCIO JOKYMEHTAUHIO MHLIET BEAYLIMA Oporpam-
MHUCT, PeNakToOp OTBeYaeT 3a ACHOCTb NOKYMEHTAlUMH H CJAEJHT 3a ee
NOATOTOBKOM. ‘

Xupypruueckas 6purajia, Kak 1 6puraja pefyinero nporpaMMucra,
BKJIIOYaeT TaKxke Nporpammucra-6ubinuorekapsa. Eme oaun uyneH Gpu-
rajpl — WHCTPYMEHTA/bIUUK: YeJIOBEK, OTBEYAIOMUi 3a NPOEXTHPOBa-
HHe M pas3paboTKy (WM npuoGpereHHe) BceX HEOGXOAMMBIX MHCTPYMEH-
TOB NMPOrpaMMHPOBAHHSA WJIH TeCTHPOBaHMA. B Opuraxy BXOAHT Takxe
CeUHaNucT MO TECTHPOBAHHMIO, KOTOPHI OTBeuaeT 3a MOATOTOBKY Te-
CTOB W pa3paGoTKy 3arayliek Wam apaiiBepoB. Ilociepnnii ynen 6pu-
rajpl — SI3BIKOBEJl: UeJIOBEK, KOTOPHIH HCC/IefyeT PpasjHYHBIE METOJb
NPOrpaMMHPOBAHUSI H aJTOPHTMBIL. -

Tperuit THN Gpuraipl NPOrpPaMMHCTOB — OemoKpamuueckas 6puzada
[8]. Ona oranuaerca Tem, uTo He HMeeT (JOPMANBLHOrO JHAEPa WIH
npegBapHTebHOTO pacnpeliesieHnss o6s3anHocTell. OTAeNbHbIE Y/IEHB
Opurajel CTpeMsTCS OKas3aThCsl Ha BBHICOTE I0JIOKeHHS (6biTh Heop-
MaJIbHEIM JIHJIEPOM), KOTAa OpHraja nepexoAuT K TOMY 3Tany, B KOTOPOM
STOT ee wjeH Haubosee kBaaupuuupoBaH. bpuraga cama pacnpenesnser
006513aHHOCTH, OCHOBBIBasCh Ha CMOCOGHOCTSX ee ujieHoB. [Toatomy Ta-
Kas Gpuraja CTpeMHTCS IPUHHMATh BO BHUMaHHe NpeXK/e BCero CUIbHbIe
CTOpoHHL ee y/ieHOB. DoJiblioe pas/inune MeXAy Heto W 6purajoil Beny-
Ilero nporpaMMHCTa COCTOHUT B TOM, YTO JAeMOKpaTuueckas 6purajaa cox-
PaHser cBofi cocraB, Mepexois OT-NPoekTa K mpoekTy. Korza npoekt
3akoHyeH, Opurajja He pacnajaercs; OHa LEJHKOM MEPEXOAHT K HOBOMY
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npoeKTy. Jro 03HAYAET, UTO B3aHMOCBS3b, AE/NOBbIE B3aHMOOTHOLIEHHS
H cTanaapTsl BHYTPH GpHraipl COXPaHSIIOTCS OT IIPOEKTa K IPOEKTY.

Bpuralla NpOrpaMMUCTOB— IIEHHAsi KOHUENUHsA, MNOCKOJIbKY OHa
o3HauaeT IPHU3HaHHe TOro, YTO NPOTpaMMHPOBaHHE — CKopee KOJIIEK-
THBHAsl, HeXeJH UBRAHBUAYAJ/IbHAA JeaTeNbHOCTb. OnHAKO, Kak ObiBaeT
o4ty Beeraa, Gpurajgel NporpaMMHCTOB 06G/afaloT HEKOTOPHIMH HeMlo-
craTkamu. MHauBuayanbHas paboTa KaxIoro NporpaMMHCTa MeHee BH-
Ha PYKOBOJHTeJIO NPOEKTa, YTO YCJIOXKHSET OUeHKY nepcoHana. B 6pu-
rajax ¢ opMUHaNbHBIM JUJEPOM TOCTAENHHH MOXKET CTaTh NOCPEXHHKOM
MeXIy PYKOBOAHTENEM H OCTaJbHBIMH WIEHaMH [PYIIBl, 4TO BeJeT K
cepbe3HbiM THYeckuM npobiemam. (KoHeuHo, 06a 3THX HEJOCTATKA OT-
CYTCTBYIOT, €CJH BeRyIIMH NpPOrPaMMHCT SBJAETCS OJHOBPEMEHHO
PYKOBOZHTES2M). MoKeT MOHaA06UTbCSA NMoAoGpaTh U paboure moMelle-
HHSI TakuM o6pa3oM, 4TOOGH CO3JaThb COOTBETCTBYIOIYIO OOCTaHOBKY
s paboThl Gpuranbl. BMecro oOblyHOM CHMTyauuH, Korja Iporpammu-
CThl CHASIT MO ONHOMY-ZABOE B KOMHATe HJIM Korja Bce HaxoJfATCs B
OJHOH OrpOMHOil KOMHATe, pasTOPCXKEHHOH Ha KJIETYLIKH, MOXKHO mpe-
IyCMOTPeTb Takoe H3MEeHeHHe NJIaHHPOBKH, 9ToObl Kaxaas Gpuraga
pasmeiiajacb B OT[eJNbHOH KOMHaTe JOCTATOUHLIX pa3MepoB.

HeT eIuHCTBEHHO «NpaBHJILHOH» JJIsl BCeX YCJIOBHH OPTaHU3alUH
6purajsl, ¥ B JeHCTBUTENILHOCTH BO MHOTUX KOMIAHHSIX HCIOJB3YIOTCS
pas3/jinuHble MCTH(HKALHH TPEeX OCHOBHBIX METONOB ee OpraHH3alHMH.
Ecnu Henb3st nogo6path BeAyLEro NporpaMMHCTa, KOTOPHIH MOJIb3yeTcs
BCeoOUINM YyBaKeHHeM, TO NeMOKpaTHueckas OpHraja sBjAsieTCs Hau-
JAy4iedi anpTepHatHBofi. C APYrod CTOpOHBI, BO3MOXKHO, YTO rpynna
NPOrpaMMHCTOB MOXET HCHLTHIBATH TPYNHOCTH NPH paboTe B jeMo-
KpaTHuecKoll o6cTaHoBKe, Ge3 JHiepa, M TOTAA 3TO moTpebyer opra-
HU3alUUH OpUrajel BeAyIIETO0 NPOrpPAMMHCTA.

NPUHUMIIBI XOPOIIEr0 PYKOBOJCTBA

U3 Bcex acrneKToB PYKOBOJACTBA NPOEKTOM, BEPOfITHO, CAMLEIM BaiK-
HBIM C TOYKH 3pEHHS HaJEMKHOCTH NPOrpaMMHOro obecneuyeHHs: sBJsi-
eTCs 0MmeencmeeHHocms pyKkoeodcmea. MHorue nporpaMMUCTBL CUHTAIOT,
4TO PYKOBOLHTENH TOJbKO Ha C/I0BaX HHTEPECYIOTCS] HAJEXHOCTBIO MPO-
rpaMMHOT0 ofecrieyeHNsi U eMHCTBEHHOe, UTO JIEHCTBUTEJNbHO 3a6OTHUT
PYKOBOAHTEJS,— KaK yJOXUThCsi B rpaduk u Gomker. K coxanenuio,
3T0 MHeHHe 4acTo cnpaBefyBo. OOGbIMHO PYKOBOAMTENIbL NpPOEKTa Olle-
HuBaeTcsa B MEPBYIO oYeperb M0 TOMY, KaK BHZepxKaH rpaduk u Glofxer,
M peiKo — MO YHCAY OMHOOK B OKOHYATENLHOM MpoaykTe. Eciu cury-
auist HMCHHO TaKoBa, PYKOBOAMTE/IO HHYErO He OCTaeTcs, K&K IepeHe-
CTH 3TH K€ KPUTCPHH Ha OIIEHKY CBOMX COTPYRHUKOB. OfMH K3 cricco6oB
YCTPAHEHHSA TAKOTO MOJIOXKEHHS] — OLUEHHBAThb PYyKOBOJAHTENeH, TaK e
K3K M NMPOrpaMMHCTOB, MO HaJEeXHOCTH pe3yJ/bTaTa paboThl.

Bcee eille Npoxo/IXaloTCsl CNOPBI O TOM, HACKOJIbKO MOArOTOBJIEHHBIM
TeXHHYECKH JOJKeH ObiThb pyKoBoAuTteab. OfHA KpaiiHOCTb — MHEHHE,
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YTO OH JIO/KEH ObITh TOJNBKO aAMHHHCTPATOPOM, T. €. YIPABJATh Tepco-
HAJIOM H MOYTH (WJIH BOBce) He 065i3aH HUYEro MOHHMATh B TEXHHYECKHX
BOMpocaX paspaGoTKH mnporpaMMmHoro otecneuenud. Jllpyras kpaii-
HOCTb — DYKOBOJIMTE/b JNOJKEH ObIThb BEeAYUIMM CIelHaJHCTOM Opra-
HHM3ALHH, BO3MOXHO jaxe,— BeAywHM nporpammuctoM. OfHuH U3 KO-
yeil K 3T0i mpoGJieme NaeT McC/eNOBaHHE NMPOrPAMMHCTCKUX MPOEKTOB
MuHucTepcTBa 0GOPOHBI, KOTOPOE NOKa3blBaeT, uTo GaKTopoM, Hau6o-
Jiee TECHO KOPPeJIMPYIOUIUM C YCMEXOM NPOeKTa, Gblla CMOCOGHOCTD py-
KOBOAHUTEJIsS1 pa3bupaThCsi B TeXHHYeCKHX Bompocax [9]. Pykosoaurens
IOJKeH ObITb JOCTATOYHO XOPOIUO OCBEIOMJIEH B TEXHMYECKHX aCleK-
Tax pas3paGoTK¥ NpPOrpaMMHOro obecreyeHHsi, YTOGbHl CTaBHTb UEJH,
NPUHHMATb KOMIPOMHCCHBIE pellieHHUs1, OIIEHHBATDb UCNOJNb30BaHHE HOBBIX
HHCTPYMEHTOB U METOJOB, a TaK¥e TOUHO OlLIEHHBATh CBOHX MPOTPaMMH-
croB. Koneuno, 3To He citellyeT IOBOAMTD 10 KPAHOCTH, KOTa PYKOBO-
JMTeNb 0GbACHSET NPOrPaMMHUCTY, KaK eMy Ies1aTh CBoe 1eno. Bo Besikom
cllydyae, OT PYKOBOAMTeJs MpoekTa TpeGyercsl, 4TOGEl OH MOT YHTaThb
H OLIEHHBaTb NMPOAYKLMIO Te€X, KTO paboTaeT ¢ HHM (WJIH C Hel), T.e. ux
IPOrpaMMBl, TECTHI U T. ., U HE TOJLKO MOT, HO W JEHCTBUTEJBHO jeJall
ato. Korza pykoBoauTtenb NpoekTa YHTaeT NPOrpamMMbl BCEX CBOHX Mpo-
rpaMMHCTOB, 3TO TMO3BOJISIET €My Jyylle TIOHMMaTb HX mpoGJeMbi, a
TaKXe, C JPYrofl CTOPOHHI, yJydilaeT KauecTBO MpOrpamM.

B ra. 3 noauepkuBanach HeOGXOXMUMOCTb $IBHO CHOPMY/IHPOBATH
Yeau npoexma, onpefessiomye oOUN XapakTep NPUHUMaeMbIX IpH
IpOrpaMMHPOBAHHH OCHOBHBIX KOMIPOMHCCHBEIX pelLIeHMH, CBSI3aHHBIX
€ TakUMH (akTOpaMH, KaK 3(heKTHBHOCTb, afaNTHPYEMOCTb, KaJleHxap-
HBIH IJIaH, JIEFKOCTb YTEHHsl NMPOrpaMMbl M 1p. XOpOWHH PYKOBOIM-
TeJIb He TOJIbKO SIBHO YKa3bIBaeT IeJIH, HO H NPUBJIEKaeT K 3TON JesATe/b-
HOCTH PYKOBOAMMYIO MM OPraHH3aLHI0 NPOrpaMMHUCTOB, MOCKOJIbKY
ONBIT MOKashiBaeT, YTO JIOAH OXOTHEE CTPeMSITCH K JOCTHXKEHHIO TeX
Iesefl, KOTOpble CTaBSIT CaMH, a He KTO-TO APYToi.

. B GOJIbLIMHCTBE IIKOJA HJH KyPCOB IJIsi aAMHHHCTPATOPOB 3HAYH-
TeJIbHOE BHHMaHHe YJAe/seTcsi 060CHOBAaHHIO TOTO, YTO PYKOBOIHMTEND
JloJKkeH ObITb TOTOB CKa3Th «HET» CBOeMY pyKoBoguTe/sio. OIHAKO MHO-
rde pyKOBOAMTENHU He BCET[a OCO3HAKOT, YTO NPOrpaMMHUCTEI B CBOIO Oue-
pelb Takxke HMEIOT TIPaBO CKa3aTh «HeT», OCOOEHHO €/ OHH OKasbiBa-
IOTCSl B CUTYyallMH, KOTJa JOJIKHEI NMOHTH HA KOMIPOMHCC C COOGCTBEH-
HBIMH 3THYeCKHMH TNPHHIMNIAMH; HalpHUMep, KOrja HX IPOCAT CAaTh
NporpaMMHYIO CUCTEMY, O KOTOPOH BIOJIHE ONpeJie/IeHHO H3BeCTHO, 4TO
OHa BCe ellle COEPIKUT Cephe3HbIe OLINGKH, UIH YJIOXKHTLCS B Hepeanb-
Hbli rpadMK, XKepTBYs paiH 3TOTO KaueCTBOM COOCTBeHHOH paGoThHI-
Cnenyer Takxe NMOHHMMATb, YTO MPOTPAMMHCTHI MOTYT HPHHAIMIEXKATh
npod)eccHoHa bHbIM Opranu3alusaM, Takum, Kak ACM, IEEE unu ACPA,
4JeHbBl KOTOPBIX 00s13aHBI COOJIOZATH COOTBETCTBYIOUIME MOpPaJsbHBIE
KOJIEKCSI, H 4TO B ONpefesIieHHBIX OGCTOSITENbCTBAX 3TH KOZEKCHl MOTYT
BXOZHTb B KOH(VIHKT C LEJfAMH, ONpeje/ieHHbIMH aAMHHHCTparHeH.
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Kak pyKoBoguTeap Bbl AOJUKHBI YUHUTHIBATD MOPAJbHBIE KOAEKCHI ITUX
npogeccronabHBIX OpraHu3anuiil

B kauecTBe 3aK/IIOYNTEJbHOTO 3aMEeYaHHS HAaNOMHHM, YTO Nporpam-

MHCTHI — OJIHA M3 ueJloBeuecKHX npodeccuit. KaxkaoMy pyKOBOAUTETO
He3aBHCHMO OT €ro CJYxKeOHOTO MOJIOKEeHHS HeoGXOLHMO NpOUYHTAaTh
kuury Befin6epra «[lcuxosorus nporpaMmupoBanus s SBM» [8l.
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SI3biKH nporpamMMHUPOBAHUS
H HaJeNKHOCTb

B oKoHuaTe/qbHOM BHJE NPOrpaMMHAsi CHCTeMa MPEACTaBASeTCS Thl-
cAYaMHM WJIH Jiake MHJ/JIHOHAMH NpejsIOXeHHH A3blKa NporpamMHpoBa-
HHA. B HeKkoTOpoM cMbic/ie yepThl SI3blKa NMPOrpaMMHPOBAHHSA CAMH [0
cebe HE MMEIOT Pellaiolero 3HaueHHUsl, NMOCKOJbKY GOJIBILMHCTBO CYIIe-
CTBEHHBIX OIMGOK B TpoeKTe GYIeT cle/laHo elie J0 Toro, Kak Aeno Joi-
JeT 10 coOcTBeHHO mporpamMMupoBaHusa. OfHAaKO Ja)ke cambie TPHUBH-
asnbHbie OMHOKH NPH HCNOJb30BaHMU f3bIKa MOT'YT HMHOTJA BECTH K
rubenbHbIM pesysbTaTaM. B nmporpamme Ha PopTpaHe, ynpasasiBLiel
nepBbIM IOJIETOM aMepHUKaHCKOro KopaGna Ha Benepy, mporpammuct
sHanucan onepatop DO Bor Tak:

DO 3 I=1.3

Tlo omnbke oH BMecTo 3ansToll MOCTaBHJ TOYKY. ORHAKO KOMMHJSATOP
BOCHPHHAJ 3TO KaK NOMYCTHMBIN OnepaTop NMPUCBaHBAHHSA, MOCKOJbLKY
B DopTpaHe HeT 3ape3epBHUPOBAHHBIX CJIOB, NMPOGEJL! HTHOPHPYIOTCH,
a4 nepeMeHHbIE He 00513aTe/IbHO JOJXKHBI OOBABIATLCSA SIBHO. XOTSH Oye-
BHJIHO, YTO 3TO —— HenpaBuabHblA onepatop DO, kommnuasTop HHTep-
fIpeTHPYeT €ro Kak npucBauBaHHe HOBOH nepemeHHod DO3I 3naueHus
1.3. PesynbraToM Takoil «TPHBHAJbHOM» OWHUGKH GbLI CPHIB MOJIETA.
KoneuHo, f0/151 OTBETCTBEHHOCTH 3a 3TY OLIHOKY CTOMMOCTBIO B MHJIJIHAp-
Jbl JIO/IJIapOB MPHUXOANTCS Ha NMPOrpaMMHCTa W T'PYNNY TECTHPOBaHHS,
HO pa3Be He ChirpaJ/iH 3JeCh CBOIO POJib H 0COGEHHOCTH si3blka PopTpan?

BausHue aA3blKa nporpaMMHpPOBaHHUsl Ha HaeXKHOCThb MPOrPaMMHOTO
obecrieueHHs onpeJessieTcsl IJIaBHEIM 00pasoM TeM, Y4TO NPOTPAMMHUCTHI-
npodeccHoHabl TPATAT GoJiblile BPEMEHH Ha H3YyHeHHe CYIUeCTBYIOUMHX
nporpamm, yeM Ha Hanucanue HoBbIX. (CJI0BO «mpogecCHOHAT» O3HaYaeT
3]leCb BCAKOTO, KTO 3aHHMaeTCsi B OCHOBHOM H3rOTOBJICHHEM IIPOTpamm,
npejHa3HAYEHHBIX M/ HCHOJb30BaHUST APYTHUMH JOAbMH). Jlesarenn-
HOCTb 1O OTJIafiKe, CONPOBOXKIEHHIO H PAa3BHTHIO NpPOrpaMM BO MHOI'OM
CBfi3aHa C 4YTeHHWeM M NOHHMAaHHeM NporpamMMm, HaNMHCAaHHBIX Ha sI3bIKEe
nporpaMmupoBaHHsa. Taxkum o6pa3oM, XapaKTepHCTHKH s3bKa Mpo-
rpaMMHPOBaHHUsl JEeHCTBUTEJBHO CYLIECTBEHHO BJIMSIOT Ha OWIHGKU B
IporpaMMHOM OOecIeueHHH. :

3anaua 5TOH IJ1aBbl — OTMETUTb HEJOCTAaTKH CYLIECTBYIOMIUX A3bl-
KOB NPOrPaMMHPOBAHHS H TIPEJIONKHTH PellleHHs As A3bIKOB Oy Ayllero.
XoTs1 A/1st WIIIOCTPALHK GOJBIIMHCTBA HEAOCTATKOB Henodbayercst PL/1,
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M3 3Toro we cseayet> 910 PL/l — nuoxoit sspik. PaspaGotka PL/I
Oblia Hayarta B 1963 ., 1O Haya/a «peBOJIIOLHH B MPOTPAMMHPOBAHUMY,
¥ MHorue u3 HedocTatkoB PL/l mmeiotcsi Takxe B JApYrux ssmbiKax.
PL/l BwiGpaH NCTOMY, YTO 3TOT SI3bIK (MJH HEKOTOPHIH €ro AUaNeKT)
p3yuaercsl BO MHOTHX y4eOHBIX mporpammax fo uHGopMaTHke (TaK yTo
yuTaTeNb, BO3MOXHO, 3HAKOM € HHM Jydlle, ueM ¢ APYrMMH f3BIKaMH,
nanpumep ¢ KoGonom uian RPG), oH 6611 pa3paboTaH OTHOCHTENBHO He-
JaBHO NO CpPaBHEHWIO ¢ GOJIBIUIMHCTBOM JPYTHX IIHUPOKO pacmpocTpa-
HEeHHBIX f3bIKOB ¥ MpejHa3HayasCs AAS LIMPOKOTO CNEKTpa MNpusoxe-
HUil.

OnuH ¥3 BBLIBOAOB, K KOTOPOMY MBI IIPUXOLHM, COCTOMT B TOM, 4TO
YHHBepCa/lbHbIl $3bIK MPOrpaMMHpPOBaHHS HeBo3MoxeH. CloBo «yH:-
BepcasbHBEIHY He 00si3aTe/IbHO NpeAno/araeT NPHMEHHMOCTb K LiHpo-
KOMY CIeKTPY TPUJIOKEHHH; 3[eChb 3TOT TePMHH O3HauaeT BO3MOXK-
HOCTb YNoTpeG/eHHsl IIMPOKHM KPYIOM TMOJb3oBaTesell, TakKuX, Kak
npodeccHoHa/IbHble NPOrPAMMHCTBI, AHAJHTHKH, JIOGHTENH HJIH «IIpo-
TpaMMHCTH OT CJy4asi K cay4amo» (Takue, KaK HHXXeHep-XUMHK, KOTo-
pHifl BpeMsi OT BpeMeHH MHUILIET HeGOoJbIIHE MPOrPaMMbl pellleHHsl KaKux-
HUOYL> 3ajlay) M CTYNEeHTHl, BlepBble 3HAKOMSIUUECSH C KOHUENHIMH
pporpamMMupoBanus. K a3biky, paspaGoTaHHOMY AJfi TAKOro LIHPOKOTO
KOHTHHTEHTa II0J1b30BaTesell, MPeIbsBJAAIOTCS NPOTHBOPEUUBLIE Tpe-
OOBaHHMs. JIETKOCTb B H3YyuyeHMH H YyHOGCTBO INPH WUCNOJb30OBaHMH,
JIETKOCTb PacCIlMPEHHS CaMOro s13bIKa M JITKOCTb Pa3BHTHSI HalHCAHHBIX
Ha HeM INporpaMM, CONPOTHUBJSAEMOCTb OWIKMOKaM NPOrPaMMHPOBaHHSA,
HE3aBHCHMOCTb OT MAIIHHBI, 3()}PeKTHBHOCTb OOBEKTHOH NPOrPaMMbl ¥
o(pdeKTUBHOCTL KoMnuasiuud. Ecan DuITaThCs YAOBJETBOPUTL BCeM
9THM TpeGoBaHHUAM, f3HIK HeH30EXKHO OKa*KeTCs OTHIOAb He WIeallbHbIM
HHCTPYMEHTOM I KaXKIOH KOHKpPETHOH KaTeropuu [0Jb3oBaTesel.
-CaMbIMH YZAYHBIMKM f3bIKaMH NPOrPaMMHUPOBaHHS ABAAIOTCA Te, pas-
paGOTUHKM KOTOPHIX OPHEHTHPOBANHCh HAa KOHKPETHbIH KOHTHHIEHT
nonn3oBatesiedi (nanpumep, BAVICHUK 6bin paspaGotan pisa obyueHus
CTyfeHTOB yHHBepcuteroB, a RPG — a1 «KomMMmepuecKux» mporpam-
MHCTOB €O cJ1a6oil MOAroToBKOoW B cOaactu 6OpaboTKH NaHNLIX UM BOB-
ce 06e3 Hee).

B nacrosiwe# r1aBe MBI PacCMOTPUM $3bIKH, CO3JlaHHBIE AJIS HCOOJb-
30BaHUsl NpO(eCCHOHANbHBIMU MPOTPAMMHCTAMH B TeX INPCEKTax, Tie
HaJeXHOCTb BaxxHee Bcero. JIig 3THX sI3HIKOB Takue UeJH, Kak Jer-
KOCTb HM3YY€HUS W NPHUMEHeHUsl, CKOPOCTb KOAUPOBAHHS IPOrpamm U
3(peKTHBHOCTb KOMNHAATOPA, HecyuiecTBeHHBl. OCHOBHBIMH LeJAMH
CTaHOBATCA JIETKOCTb YTEHWs HATNWCAHHBIX Ha S3blKe IpOrpaMm, oT-
CYTCTBHE OCOGEHHOCTeHl A3BIKa, MPOBOLMPYIOUMX OWHOKH, U BO3MOXK-
HOCTb SICHO H NPOCTO BhIpa)kaTb (PYyHKIHIO M JIOTHKY nporpammsl. Ilo-
IOGHEIE LEeNH CTaBHJIHCh B HECKOJbKHX MPOEKTaX pa3pabOTKH HOBEIX
A3blKoB. Hanpuiep, cucremunii sisbik ans npoekra SUE (a3bik s pe-
a/Jlu3alMy ONepalMOHHBIX CHCTeM) NMPOEKTHPOBAJICS Ha OCHOBE ClIefy-
IOIUX JABYX npuHuumos [1]:
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1. OcHoBHast GyHKIHSA A3bIKA — OGLIEHHE MEXKAY JNIOABMH, H CYIIECTBEHHO, UTOGH
Takoe ofllleHHe GBUIO SICHHIM, YAOOHHIM H HelByCMHICAIeHHHM. UeM Goablue cHCTeMa,
TEM Gonee peluaiinM SBJAAECTCHA 3TO obuienue.

2. BaXHOCTb fI3BIKOB NMPOrpaMMHPOBAHHS BLICOKOTO YPOBHS AJISl KOHCTPYHpOBa-
HHA CHCTEM 3aKJIOYeHa He TOMIbKO B MOLIHBIX Ofepanysax, pa6ory C KOTOpPHIMH OHH Jie-
nal0T yAO0OHOH, HO M B CMOCOOHOCTH MpefynpexiaTh OWMOKH H «yMHHYaHbE».

Kak u noutu B Kaxzo# cepe fiesTeJIbHOCTH, B 06JacTH pa3paboTKy
nporpaMMHoro obecnedesus c/eAyiollie HMXKe NPENJIOXKEHHs, Kacalo-
1Hecs CO3JaHHs A3BIKOB, OCHOBAaHBI CKOpee Ha MHTYHLHM H OMNbiTe, YeM
Ha JOCTOBEPHBIX SKCNepHMEHTa/NbHBIX NaHHBIX. Paspaborka s3bika —
OJlHAa U3 HEMHOTHX C(ep AesATeNbHOCTH, IAe YNPaBJ/isieMble SKCIePUMEHThL
OCYLIECTBHMBI, HO BBINOJHEHO HX Ha yJAuBJIeHHe MaJjo. IIByms 3ameua-
TeJIbHBIMU MCKJIIOUeHHSIMH SBJISIOTCA 3KcnepumeHT Py6u nis BBC CIIIA
[2] u skcnepumenTs sHHOHa B yHuBepcutere Toponto [3]. Lleanio sk-
cnepumeHTa Py6u Gbuto cpaBHeHue PL/1 ¢ Tpemsi Apyrumu sisikamu.
Bruio BHIGPaHO ceMb pa3/IMYHBIX NPHKJIAJHbIX 3afad, H LA Kaxuol
HaIHCaHo 1O JiBe NPOrpaMMBbl, OflHa U3 KoTopeix — Ha PL/1, a gpyras —
Ha JOVIAL, ®optpane unu KoGose, B 3aBHCHMOCTH OT TOTO, KakKoH
U3 A3LIKOB Kasajcsi HauGoJee noaxoismuM. OOGLiuil BHIBOL COCTOSJ B
ToM, uto PL/1 He yctymaer Hu B 0fiHOR 06/acTu NpUMEHEHHH, HO MOA-
JINHHASI IEHHOCTb 3TOTO 3KCIepUMEHTA 3aKJ/II0Yaercss B 0GWIHH KoJHYe-
CTBEHHBIX ¥ KQUeCTBEHHbIX JAaHHBIX O BO3HHKAaBIIHX OWIHOGKax nporpam-
MUDOBaHHS.

HccnepoBanne I'sHHOHa npexcTaB/siio cOOON CTaTHCTHYECKHUH 3K-
cnepuMeHT ¢ 51 mporpammucroM (CTYZEHTHI YHHBepCHTETa, HE UMe-
IOIlHe CEpPhLEe3HOTO OMNbITa) ¥ IBYMs f3blKaMH. [lepBblfi M3 HUX —
TOPPS, s3biK «BblpaxeHHii», CIPOEKTHPOBAHHEINA 11 ofyueHus paboTte
C acHHXPOHHBIMH npoueccamu. Bropo#t siasik, TOPPS 1, 6611 cnennasnp-
HO CNPOEKTUPOBaH A5l 3TOro 3KcrmepumeHta. [lpeamosarajnoch, uTo
pasnuytbie KoHCTPYKUKi TOPPS npoBowypytor omHGKYH, H TaKHE KOH-
crpykuun B TOPPS II 6ein nepesenanbl, 4To6bl CTaTHCTHYECKH MpPo-
BepUTH pasanuus. B sToM HcciieioBaHUY GbIM NPOaHATH3HPOBAHbI MIPH-
YMHBL U CONPOTHBISIEMOCTD (Bpems JI0 o6HapyxeHus) 1248 owmbok. O6a
HCCIeIOBAHUA TNSATBEPXKAAIOT MHOTHE H3 HpEeANnoJIoXKeHHH, BHICKa3aH-
HBIX B JAHHOH KHHTe.

B TeyeHWe MHOrux JieT OCHOBHEIM BONPOCOM Pa3paGoTKH si3bIKa
cupTanach pa3paGoTKa ero rpaMMaTHKH (MaM cHHTakcuca). Hanpuwmep,
cneuuduKauud MHOTHX ¢opMm Asrosa B GoJbluefi CTENeHH KacaloTCs
CHHTAKCHCA M B MEHbIUEH — CEeMaHTHKH, a HEKOTOpPHie BONPOCH ce-
MaHTHKH fIBHO OCTaBJIEHH! «3aBUCSAIIHMM OT peajusauuu». BaxkHo, ox-
Hako, OHUMAaTb, YTO B MOJHOH pa3paboTKe si3blKa («A3LIKOBOH CHCTEMBI»-
no pa6ore [4]) rpaMMaTiKa — TOJILKO OIMH M3 MHOTHX acnekToB. JIpy-
rve GakKTopbl, TaKue, KaK CeMaHTHKa, JIMCTHHTU KOMITHJATOPa, AMar-
HOCTHYEeCKHE COOGuIEHMsl, CPENCTBAa JAHATHOCTMKM B IIpollecce cueTa,
CpeicTBa TeCTHPOBaHMS W OTJIafKH, NOKYMEHTaIlusi, CpelcTBa nepHona
KOMOUJIAALHK H MeXMONyJ/bHble CChLIKH (Hampumep, pelakTHPOBaHHe
CBA3el), 3ac/NyXKUBAIOT pPaBHOTO BHHUMAaHHA NPH pa3paboTKe A3bIKA.
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ERHHOOBPA3ME

OnuH H3 caMblX BaXHBIX NPHHUUIOB CHHTAKCHCA M CEMAaHTHKH SI3bi-
Ka — eauHooOpasue. §I3bIKOBasi KOHCTPYKUHMS, NOSIBJISIOMASACST B pa3-
HBIX KOHTEKCTaX, NO/KHA HMeThb OAMHAKOBblE CHHTAKCHC M CEMaH-
TuKy (HanmpuMep, eciu H omnepaTophl BBOJAa-BBIBOJA, H ONEPaTOpPhI MpH-
cBaHBaHHsl MOT'YT COZiePXKaTb MHJEKCHBIE BHIPAXKEHHS, PaBHJIA JOJIKHbI
GbiTb OAMHAKOBBIMH B 060MX ciyuasix). OfHa M Ta XKe KOHCTPYKIHS
He JO/UKHA MMeTb HECKOJIbKO CMBICJIOB (HanmpHMep, BO MHOTHX SI3bIKax
oneparop I=A(B) moxer o3HauaTb «nosioxXuTb | paBHbIM 3HaueHHIO
B-ro aneMeHTa MaccHBa A» maM «nepeiatb B ¢ynkuuu A B KauecTse
apryMeHTa ¥ MOJIOXHTb | pPaBHbLIM 3HaueHUIO, BO3BpalEHHOMY Abx).
.CHHTAKCHMC Pa3HbIX SI3bIKOBBIX KOHCTPYKIHUHA JO/MKEH GbITh MO BO3MOXK-
HOCTH NMOX0KuM (Bce omeparopsl PL/1, kpome onepatopa npucBauBaHus,
HAUMHAIOTCA C KJIOUEBOT'O CJIOBa).

SI3bIK JOJIKEH TaKXKe MOAYUHATHCS HehOpMaJIbHOMY 3aKOHY «MHHH-
MaJIbHOM HEOXHJAaHHOCTH», T. €. OH He JOJ/DKEH «TOABOJMTH» IPOrpaM-
mucta. OIHUM H3 caMBIX CGHBAIOLIMX C TOJIKY HapylIeHHH 3TOTO 3aKOHa
ABJAIOTCS npaBuia ymonuauus PL/1. Ias Toro uro6el COXpaHHUTb He-
KOTOpYIO coBMecTHMOCTb ¢ PopTpaHoM (uesb cama mo ceGe COMHHTEJb-
Hasi), MHOTHe KoMIuasiTopsl PL/1 B cOOTBETCTBHH ¢ PaBHIaMH yMOJIYa-
HHSI CUMTAIOT NepeMeHHble, HauMHalomuecs ¢ 6yks ot I no N, menasimu
JIBOMYHBIMH NIePeMEHHBIMH, KaK NMOKa3aHO B NMEPBbIX JABYX CTPOKax IpH-
BeJIeHHOTO HUXe MNpumepa. 3ameTbTe, ORHAKO, YTO NPOHCXOAMT, €CIH
MpOrPaMMHCT SIBHO OObsABJsieT yacTh aTpubyTos. [IpaBusa ymonuaHus
HEOXMHJAHHO M3MEHSIIOTCS TaK, YTO B OJHOM CJyuae OH NOJYdYaer jecs-
THYHOE UHCJIO C TOUHOCTBIO B MATb AECATHUHBIX LU(p, a B APYIOM —
ypc/o C IJIaBaollell TOYKoH H TOYHOCTBIO B 21 JABOMYHYIO HHPY.

Bun oneparopa  Ilpunmucanubie

DECLARE aTpUGYTHI
- AUTOMATIC FIXED BINARY(15,0) REAL
DECLARE I; AUTOMATIC FIXED BINARY(15,0) REAL

DECLARE | FIXED;  AUTOMATIC FIXED DECIMAL(5,0) REAL
DECLARE | BINARY; AUTOMATIC FLOAT BINARY(21) REAL
DECLARE | STATIC; STATIC FIXED BINARY(15,0) REAL

B GOJIBIUMHCTBE A3LIKOB HUMEIOTCSl MOpa3HTe/IbHble NPHMEPH OTKJO-
‘HeHHil OT eanHooOpasusi. Kocasi uepra “/” B dopTpaHe HCIONB3YETCSt
kak paszesnutesb B onepatope DATA u B o6bsiBennn 610ka COMMON,
B 1o BpeMs Kak B oneparope EQUIVALENCE B kauecrtse paspenuresis
ucronb3yiorcsi cko6kH. Jlnsi GoJIbIIMHCTBA onHcaTtesied moJieit B 06baAB-
neruu popmara FORMAT anuHa nosist yKaspiBaercs ocJjie CUMBOJIA KOA@
npeoGpasoBanus (nanpumep F8.0, A6,15), Ho B ABYX C/Tydyasix KOX mpe-
.06pasoBaHHs CJeXyeT 3a JUIUHOMH mosis (Hanpumep, 4X). B peanusauuu
PL/1 ¢pupmer IBM ymeHa NepeMEHHBIX MOTYT HMEThb AMHHY A0 31 chM-
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BOJIa, HO MIMEHA IIPOLEAYpP W IJoGaJbHBIX NEPEeMEHHBIX AOJIKHBHI colep-
3KaTb TOJLKO J0 7 CHUMBOJIOB (a YTOGHI elle YCJOMHHUTD JAEJIO, IS UMEH
JAKHOR GoJiee 7 CHMBOJIOB JIHIIHUE CHMBOJIBI OTGPACHIBAIOTCS, IPHYEM HC-
NOJIB3YIOTCS YeThlpe NMepBHIX W TPH mociepHux). IlporpammucroB ya-
CTO Y4aT HCMOJb30BaTh JIMIIHHE CKOOKU, YTOGBI CHesaTh BbipaxkeHHe
GoJsiee MOHSITHBIM, MOCKOJBKY JIHIUHHE CKOOKM HTHOPHPYIOTCS KOMITH-
astopoM. B PL/1 Tak oGLIYHO U MPOMCXOXMT, HO, K COMKAJIEHHIO, €CThb
¥ Hckaoyenusi. Ciepyromue apa onepatopa CALL cemanTHueckn pas-
JIMYHBI, EPBLI COOTBETCTBYET «BBLI3OBY IO CCHLIKE», BTOPOH — «BBI30BY
no 3Ha4YeHHIO».

CALL AMOD(X); -
CALL AMOD((X));

SI3BIK MOKHO YCJIOXKHHTb H TeM, YTO OXHOMY H TOMY XKe 3HaKy ore=
palUK NPUNHCHIBAETCH PA3HBIH CMBICT, MOJOGHO ToMy Kak B PL/1 e~
NOJIb3YeTCsi 3HAaK PaBeHCTBA W Uil MPUCBAWBaHUSA, W AJsl CDABHEHHSA.
Orneparop «A =B=C» o3Hauaer «npucBouTh A 3HaueHue 1, ecsiu B paBHO:
C, ¥ HYJb B NIPOTHBHOM cJyyae». 3aMeTbTe TaKxke, KaK IO-pasHOMY
9TO BbipaXK€HHWe HHTEPIpeTHpYeTcsl B PasHBIX KOHTEKCTax:

A=B=C; — to Xke, uro A=(B=C);
IF A=B=C — 10 xe, uto IF (A=B)=C

Sror onepatop IF o3Hauaer coBceM He To, UTO MOXKHO OXKHAATh.
Boipaxkenune nocie IF ucrunno, ecnin A paBHo B u C umeer Gurosoe
3SHaueHHe «eJuHUna» Jubo ecin A ue paBHo B, a C umeer 6uUTOBOE:
3HAauEHHE CHYJIbY.

B nukae DO sasbik PL/1 nonyckaer 3ajiaHme cuCKa BhIpaXKEHWUH,.
TaK YTO LHKJI BHIOJHSETCA MO pa3y A KaXKIOrO M3 HHX, MpHUEM Ma-
paMeTp LHKJA NpH i-d HTePalHH NPHHHMAaeT 3HaueHHe [-ro BbIpaXKeHHs ..
Takum o6pa3oM, MOXKHO ObLIO Obl OXKMAATH, UTO LHKJ

DO I=0,=1;
PUT DATA(l);
END;

6yneT BHITOJHEH JBabl, IPpUueM HaneyaTaHsl OyAyT 3HaueHHs O u 1.
ITH HajeXAbl ONPaBABIBAIOTCS TOJNBKO HAMOJIOBHUHY; UMK/ BBIIO/HS-
eTcsi IBaxJbl, HO 00a pas3a mevataercsi 3HaueHue 0. OOGbscHeHue npu-
YHHBl Sl OCTaBJAI0 UHTATE]AM B KauecTBe yNpaxkHeHHs (OHA CBSI3aHa.
€ OTCYTCTBHEM enMHOooGpasvsi B ynorpeGieHHH 3HaKa PaBeHCTBa).
HekoTopbie S3BIKM NO3BOJISIOT NMPOTPaMMHCTY YNOTPeGJATh COKpa-
HieHNs1. JTON NMPAKTHKH clefyeT n3beratb, NOTOMY YTO OHa YCJIOXKHsET
UTeHHe IIPOTPaMMbl, BBOIWT HECKOJIbKO KOHCTPYKIHH C OIMHAKOBBIM
CMBIC/IOM, a KpOMe TOT'0, COKpalleHHsl He Bcerja efnHoo6pasHel. Hanpu-
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mep, i kmoyesbix cioB PROCEDURE, REDUCIBLE u VARYING
ucnoan3dyoress cokpamedias PROC, RED u VAR cooTrBertcTBeHHO,
Ho cioa SEQUENTIAL, FIXEDOVERFLOW u CONTROLLED
cokpamatorcst 1o SEQL, FOFL u CTL.

[locnenusin obnactb, B KoTOpo# Hapywaerca eguHooGpasue, OT-
HOCUTCSl HE K CHHTAKCHCY MWJIH CEeMaHTHKe, a K OOBEKTHOMY KOAy.
Tlpeanonoxnm, uTo Mbr paspaGarthiBaem HOByi0 mporpammy Ha PL/1
(nH, ecin yronHo, Ha /OGOM APYroM s3bike), H 0GHAPYKHBaeM, UTO y
Hac yxKe ecTb HEKoTopnlie noAanporpammel Ha @Poprtpane unu Kobose,
KOTOPbIe MOXKHO OblIO Obl BK/MOUUTb B Hee. CMOrJIU Gbl MBI BHI3BAaTh HX
u3 nporpammel Ha PL/1? OGbluHblff oTBeT — HeT, 63 GOMbIIMX YCHIHH
He cMOrsH Obl. TpeGoBaHHsi K cpefe, B KOTOPOil BHINOJIHSIOTCS OOBEKT-
HbIC NPOrpamMMbl Ha pPasHbIX SI3bIKAX, CYLIECTBEHHO PACXOAATCS MEXIy
c0o00fi, Jaxe eCIM KOMIMAATOPH HAMHCAHBI JUISL OXHOH U TOH e Bbi-
YHC/IHTE/IbHON CHCTeMbl, MPHYEM OAHOH H TOH Ke KOMmaHmeil.

Oxnxo u3 peulenuii GO/BUIMACTBA STHX NpPOG/NEM — NPHMEHHTb HJIEH
KOHUENTYaJIbHO! LEeJIOCTHOCTH, O6CYykAaBLIyIOCS B IM. 4, K IPOEKTH-
POBaHHIO sA3blKa. KoHuenTya/nbHast LEJOCTHOCTb MpPEAMNOJaraeT, YTO
ASBIK I0JDKEH HMEeTb e[HHblfi TapMOHHUHBI HaGoOp COTr/IacOBaHHBIX
GyHKUMA H KOHCTPyKuui. JTio6asi «OCOGEHHOCTb», KOTOpas He COTJa-
CYeTCsi C 3THM HabopPOM C CHHTAKCHYECKOH, CeMaHTHUECKOH WIH /1060
APYTo#i TOYKM 3peHHs, No/KHa ObiTh WCKJMIOUEHa M3 s3blka. B ra. 4
YKasblBa/IoCh TaKXe, 4TO JJIs JOCTHXKEHHS KOHLENTYaJbHOH LeJIoCT-
HocTH TpeGyercs, YToGbl rpynna paspaGoTuHKOB Gblla OYEHb MaEHbKOR
(mpeasiaranoch uMeTb He Goslee IBYX YYaCTHHKOB, HMEIOULHX TIPABO MPH-
HUMaTh pelleHHs1). B rnoxTBepKieHHE TOrO MOXKHO OTMETUTD, UTO TPH
HauGosiee enuHOOGpasHbIX s3bika — AT, [lackanb M cHCTeMHbI

A3bIK W1t npoekta SUE — Gbliii CO3JaHBI OAHUM-ABYMsi pa3paboTyH-
KaMH. '

NMPOCTOTA

Tounoctn B NpOrpaMMHUPOBAHHH MOXHO IOOHMTbCH, JIMIIb B COBEp-
IIEHCTBE BJajesi CBOMM $SI3LIKOM IIPOTPaMMUpPOBaHUfA. $I3BIK ROMIKEH
ObiTb OCTaTOYHO MaJ, YTOGH MOXKHO GBLIO TMOJIHOCTBIO TMOHUMATH ero,
H NPHUTOM OH JOJ/IXKEH crnocoGCTBOBaTh HauboJiee SICHOMY BLIPAXKEHHIO
‘MBIC/IEH TporpaMMucra. $SI3bik He HOJIKEH HH NOOIIPATh 3aNlyTaHHOCTH,
HH YBEJHYMBATh BEPOATHOCTL OIIMOKM Mporpammucta. UHCIO BO3MOXK-
HBIX a/IbTEPHATHB JOJIXHO OLITh CBEAEHO K MHHHMYMY, YTOOBI Y TIpo-
TPaMMHCTa He GbUIO CJIMIIKOM MHOTO CNOCOGOB BHIPA3MTh OJHO H TO JKE,

Onun W3 npepnaraBIMXcsi AJIsi JOCTHIKEHHS pPOCTOTH CHOCOGOB
(4] npeanonaraer onuparbCcs B pa3paboTKe s3blKa Ha «<MaruyecKoe YUCIIo
‘ceMb» (KOTOPOe, KaK 0Ka3aJoCh, TECHO CBSI3aHO CO CHIOCOGHOCTDIO Ueso-
BEKA pas/nuaTb OOBEKTH M XPaHHTb HX B KPAaTKOBPEMEHHOW NamsTH).
Ipy 3amucu npeasioxkenus na XOpoIIeM si3blKe IPOIPAMMUCT B KaXKIBIi
MOMEHT BpeMeHH HOJKeH MMETh fesio He Gojiee yeM C CEMBbIO pas/ny-
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HbBIMU BapHaHTaMu. DTO 3HAYMT, 4TO JOJKHO ObITb HE 6ojiee ceMH TH-
OB ONEPaTopoB, CEMU BO3MOMKHBIX KJIOUEBLIX CJIOB JJIsi KaXJOro ome-
patopa, CeMH THMIOB JaHHBIX, CEMH onepauuil U T. A. 3To AOCTHraeTcs
HCKJIIOUeHUEM JIUDIHUX aJbTeDHATHB WIH BBeJEHHEM B SI3BIK JONOJIHH-
TeNbHBIX YDOBHeH uepapXuH.

PL/1 sBasiercsi HauayylldM NPUMEPOM sI3bIKa, KOTOPHIi He OTBe-
yaeT GOJBIIMHCTBY YNOMHHABIUMXCS Bble TpeGoBaHUE (clelom 3a
HuM ufier KoGom). HeBeposiTHO, 4TOGHl KaKoH-HHOYAb NPOrpaMMUCT,
paGotatomuil Ha PL/1, nmpereHjioBas Ha 3HaHNe 3TOTO 3bIKa B COBEPILEH-
ctBe. B PL/1 umeercs Gonee 30 OCHOBHBIX TUTIOB JAHHEIX, U HEKOTOpHIE
U3 HHX, KaxeTcs, cKopee BpeiHbl, ueM IoJiesHbl. OIHH U3 TaKHX BH-
JoB — nepemenHble THna LABEL, nosBoJjsioue nporpaMme AUHaMH-
SeCKH U3MEHATb CBOIO CTPYKTYpPY, B pe3yJbTaTe 4ero OHa CTaHOBUTCH
HeroctikuMoi. Criefyiomii npumep NOKa3blBaeT, KaK MOXeT ObITb
CKOHCTpYHpoBan «iuHamuueckuit GO TO»:

DECLARE XLAB LABEL;

XLAB= ALAB;

XLAB=BLAB;

GO TO XLAB;

Taxkoit onepatop GO TO MHoro xyxe o6LIYHOrO, NOTOMY 4TO Ge3 mpo-
KPYTKH NPOTpaMMBl UHTaTe/b He MOXKET y3HaThb JaXe, Ha KaKHe omne-
paTopsl BO3MOXE€H mNepexof.

B PL/1 umeeTcsi MHOTO MOJIE3HBIX ocoOeHHOCTell, HO 6Gela B ToM,
YTO MX CJHILKOM MHOro. MOXHO 3anofo3pHTh, uTo PL/1 Mor 6wl GHITh
HCKJIIOYHTEBHO XOPOIUHUM SI3BIKOM, ec/d Obl TOJILKO CAeNaTh TPH H3Me-
HeHUsi: oTKasatbcsi OoT 80% ero BO3MOXHOCTeH, COBCEM HCKJ/IOYUTh
aBTOMAaTHYeCKoe MpeoGpa3oBaHHe JaHHBIX (nojpobHee O HeM HHKe)
W Jyyllle HanucaTb ¥ OPraHH30BaTh JOKYMEHTAIIMIO.

[Mpoctota s3biKa He npejmojaraer GeCKOHEYHOH OGIIHOCTH; OHa
O3HayaeT SICHOCTb W LEJOCTHOCTb KOHUeNuHi asbika. HM3mepars mnpo-
CTOTY BHOJIHE Pa3yMHO 06beMOM PYKOBOACTBA MO sI3biKY. Beaw mpoctoit
ASBIK — 3TO HE 06f3aTeNIbHO SI3BIK MeHee MOLIHBLIH; BepOATHO, Hau/yd-
wuit npumep storo — AINJI. Cucremusrii s3bik npoekta SUE Bkmouaer
TaKHe MOIIHbIE KOHCTPYKIHH, KaK 6l04Hasi CTPYKTYpa, pa3HooOpasHbie
THUNB AAHHBIX, B TOM YKMC/I€ MAaCCHBBI U CTPYKTYPBI, MAKPOCPEICTBA Iie-
puosa komnwisnuu, onepatoput IF THEN ELSE, DO, CASE u
ASSERT, a Takxe siBHOE pa3mellleHue B NaMfATH, H NPH 3TOM (opMalb-
HOe ONHcaHUe €ro CUHTAaKCHCa 3aHHMAaeT TOJLKO TPH CTPaHHLUBL.
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OBbS BJIEHHE JAHHbBIX

BaxKHbiM BOpoCOM INPH NPOEKTHPOBAHHH S3bIKA SBJISIETCS CNOCOB,
KOTOPbIM IPOTPaMMHCT OOGDBABASET HJH ONpEeHeNsieT JAaHHbE B CBoeil
nporpaMme. YKasaHue aTpuOyTOB (HanmpHmep, pasMepoB H TuIA) Kax-
Joil mepeMeHHo# BaXKHO, MOTOMY YTO 3TO NMO3BOJSET KOMIUIATOPY OGHa-
pYXUBaThb OmpefesieHHble OUIHOKH (HampHMep, NOMBITKY C/IOXKHTb CHM-
BOJIbHYIO CTPOKY C HECATHYHBIM YHCJIOM) U CJAYKHT BaxkKHO# Qopmoit
JOKYMEHTHPOBAaHUSl NporpamMMbl (MOHMMaHHE AAHHBIX — OCHOBa MOHH-
MaHHsI NPOTPaMMBI). \

OcHoBHOe mpaBHJIO 3hech (GOPMYJIHpYyeTCs B BHAE TPeGOBaHHSA, 4TO-
Gbl Bce nepemMeHHble GbIH 0GbsBJAeHb! ABHO. AIlJI ci1a6 B sToM oTHOILe-
HHH, MOTOMY YTO OH He AOTYyCKaer oObSBJEHHIA NAaHHBIX B Kako# Gbl
TO HH GblI0 popme. B PopTpane (M Bo MHOTHX APYrHX s3bIKaxX) BCAKast
nepeMeHHasi, He O0bSIBNIEHHAs SIBHO, CYUHTAeTCs OGBABJIEHHON IO yMmoJ-
yanuio. Hanpumep, onedyatka B omepartope

MNDEX = INDEZ + 1

KOTOpbifi Zo/KeH Gbl Gbl yBeawuuBath 3HaueHue INDEX, ve Gymer
ofHapy:keHa GOJIbLIHHCTBOM KOMIHJASATOPOB. Kommuaaropsl periar, 4to
INDEZ — eme oaHa nepemeHHasi, M OHa, BEpOATHO, OyZeT HMETb
HempencKasyeMoe 3HaueHHe, Ojarojaps uyeMy owWHOKY 6yneT TPYAHO
JokanusoBath. Ecin ofgna u3 nporpamm Ha QPoprpane nepepaer apy-
Tofi B KauecTBe apryMeHTa MacCHB H COOTBETCTBYIOLIMA mnapameTp B
BbI3bIBaeMoli mporpamme He oGbSiBJieH SIBHO, KOMOHWJIATOP paccMaTpH-
BaeT CCBUIKY Ha 3JIeMEHT MacCuBa BO BTOpOH MNOAmporpamme Kak Bhbl-
30B MOLNPOrpaMMbl-GYHKUMH, UTO BefleT K MONLITKe BEHINOJHUTb MaccHBl

MHTepecHoe paciuypeHHe mpaBujia SIBHRIX OOBsBJEHHH BBEAECHO
8 cucreMHoM si3blke 1st npoekta SUE [1]. B sTom si3eike 3anpelneno uc-
noJib30BaTb 0e3 OObABNEHHH JoOble KOHCTAHTH, 3HauyeHHe KOTOPBIX
Gosblile 2. Besikasi KoncTaHTa, mpeBocXojsiiasi 2, JOMKHA GbITh SIBHO
.06bsABJIEHA, U €l JOMKHO COOTBETCTBOBATH CHMBOJIMUecKoe uMs. Takum
.06pasoM B nporpamMme MHHHMHM3HPYETCSi HCIOJb30BaHHE KMUCTHYECKHX
yHces» — IPHMEP TOro, KaK SI3blK MOOLIPSET XOPOUIHI CTHIb NpOrpam-
MMPOBaHHUA.

Bropasi pekoMeHzalus 10 oObsABJIEHHIO JaHHBIX — HCKJ/IIOYeHHe npa-
BHJI YMOJTYaHUsi (4TOGbI MPOrpaMMHUCT GbT 06513aH SIBHO YKa3blBaTh BCE
.aTpubyTHl NepeMeHHOH), JIH6O B NMPOTUBHOM CJyuae NpaBHJa JOJ/IMKHBLI
.6bITb KpaiiHe NpOCTEIMM. 1 YK€ NPHBOXUJ NMpUMEP CJOXKHBIX NpPaBUJI
ymouuanust B PL/1. OTH yAMBHTE/IbHbIE TPABHJIA YMOJTYAKHs GBI OYEHb
pacnpocTpaHeHHO# NpHYMHOH omnGoK B skcrepumente Py6u [2]. PL/I
YCJIOXKHSIET CHTYALHIO ellle H APYrumu cpencrBamu. Hmeercs onepatop
DEFAULT, nosBoJsomuii nporpaMMHCTy W3MEHSIThb NpaBuJja yMmoJya-
-Husi. Hekotopbie kommuasTopsl PL/1 ugyT paxe janblie, NO3BOJSASA
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' He BBIBOJIMTD JIHCTHHTH, NTOKA3bIBAIONIHE, KaK NPUMEHEHB! IPaBHAa YMOJI-

yanus! CnpaBeliMBoCTH pajH CJefyeT CKas3aTh, YTO IPaBuja yMOJ-
yauuss PL/1 Gbutn npefiHasHaueHbl JUISl TOTO, UTOGHl OO/METYUTh XKH3Hb
JOGHTeNISIM M HenpogecCHOHANBbHBIM mporpaMmucraM. [lociexsee eme
pa3 MOATBEPKAaeT TO NOJNOXKEHHe, YTO XOPOIUHi YHHBePCa/lbHblf A3LIK,
BEPOSITHO, HEBO3MOXKEH.

Cesi3aHHasi ¢ 3THM Npo6/ieMa NPOEKTHPOBAHUSA A3bIKa ONHCHIBAETCS
Kak pasdeoenue [4]; cuTyaums, Korza nmporpamMma fesaet He TO, 4TO OHa,
KaK Kaxercsi, AoJKHa nenath. CaMmblii pacipoCTpaHeHHHIH ciaydal —
KOTJa CChlIKa Ha OIHY NePeMeHHYI0 B JeHCTBUTEJILHOCTH OTHOCHTCS
K Apyro#l nepemeHHoii. Hanpumep, Her rapantus, uro oneparop Pop-
TpaHa

Au) =10

H3MeHsieT 3HaueHHe 3jeMeHTa MaccuBa A. OH MOXeT H3MEHATh 3Ha-
yeHHe 3JIEMEHTa JPYroro MaccuBa, ecd 3HaueHHe J BHEIXOAHT 3a
rpanuusl MaccuBa A. Koncrpykuua ON B PL/l1 — Bropoit mpumep
Pa3fBOEHHs], TIOCKONBKY BO BpeMs BBLIMOJHEHHsI KOHKPETHOTO orepaTo-
pa MOXKeT BO3HHKHYTb COOTBETCTBYIOLIAsl CHTYAIlUsl IPEPLIBAHKA, BCIEH-
cTBHe Yero KOHCTPYKUMA ON MoNy4yuT ynpaBiieHHe H MOXKET H3MEHHTh
3HayeHHsi HEKOTODPBbIX JOMOJNHUTENbHBIX MEepPeMEHHBIX (HE YKa3aHHBIX
ABHO B 3ToM omeparope). Tperuit npuMep pasjBOEHHS — HCHOJAB3OBa-
HHe OfHO# OOIEH maMATH AJIsi HECKOJIbKHX TIEPEMEHHBIX 3a CYET TaKHX
koucrpykunit, kKak EQUIVALENCE B ®optpane, REDEFINES B Ko-
6osie unu arpu6yr DEFINED B PL/1. Besikuit pas, koraa oneparop us-
MEeHsieT 3HaueHHe OJHOH M3 NepeMeHHbIX, aBTOMATHYECKH H3MEHSIOTCS
apyrue. Her HeoOXOAMMOCTH TOBOPHTB, YTO KOHCTPYKIHH, BeAyLIUe K.
pasiBOeHHIO, 3amyTHIBAIOT NPOrpaMMy, H B XOPOLIHX $I3bIKax HX cie-
ayer usberarb.

[MpuHuMn enuHOOOpa3Hs OTHOCHTCA TaKke M K OOBSIBJEHHIO JaH-
Hpix. B PL/1 ecTb nosiesnasi BO3MOXHOCTb NPUMEHSATH OTNEpallHH K Ile-
JILIM MACCHBaM M CTPYKTYPaM TaK e, KaK K OTHZEJbHbIM MepeMEeHHBIM.
Hanpumep, crenyioumuii onepatop NpHCBaHBaHHUS MOJIaraer BCE AECHATD-
3JIEMEHTOB MaccHBa A PaBHBIMH HYJIO:

DECLARE A(I'O) FIXED DEClMAT(S,O);
A= 0

B onepatope DECLARE nepemMeHHEIM MOXKHO TaK:ke IPUCBOMTH Hayallb-

Hble 3HaYeHMs], TaK YTO MOXXHO ObiJIo GBI 0XKHAATh, UTO CJAEAYIOULNH one~
patop umeeT TOT Xe 3¢ddeKT:

_DECL_ARE A(10) FIXED DEEIMAL(5,0) INITIAL(O);
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K coxanenno, sro He Tak; OyAeT HHHUUUAIH3UPOBAH TOJMLKO MEpPBbIi
sfeMenT. [N HHMNMANM3AUMH BCeX 3JEMEHTOB HYXeH aTpubyT
INITIAL(10(0)). 3amerbTe, oT Hac TpeGyilOT ABaxkAbl YKa3aTb «10»,
YTO MOXKET TNPHUBECTH K C/y4aHOW owIMOKe NPH M3MEHEHHH Pa3MepoB
mMaccuBa.

‘TUNbl U NPEOBPA30BAHUS JAHHbBIX

B asbikax nmporpamMMHpOBaHHsi, MO-BUAMMOMY, HAMeTH/ach TEHJEH-
il JlaBaTh MNPOTPAMMHCTY IUMPOKHi BLIOOP BapHaHTOB IpeiCTaBie-
Husi AaHHeIX. Hanpumep, B PL/1 umeercs Gosee 30 THNOB JaHHBIX, a
€C/IM Y4yecTb, YTO MHOTHE H3 3THX THIOB AOMYCKAIOT Pa3UUHYIO TOY-
HOCTb (YHMCJIO GMTOB MM LH(P B 3JeMEHTE NaHHbIX), TO IPOrPAMMHCT
OKasblBaeTcsl nepej BHIGOPOM U3 HECKOJbKHX THICSAY aJibTepHATHB. Ta
TEHAEHUHUS JOJIKHA ObITh H3MEHEHA, NMOCKOJBbKY OHA BEIeT K HEHYXKHOH
CJIOXHOCTH, YMEHBbLICHHIO HE3aBHCHMOCTH OT MAIUHHBI, MPHHSTHIO MpO-
rPaMMHCTOM NPOU3BOJIbHBIX PelleHNH U NaTo/MIOrMYeCKHM MpaBuiaM mpe-
-06pa30BaHUsl JAHHBIX.

B apudmeruke neficTBHTENbHEIX (He KOMIIEKCHBIX) umces PL/1
npefpnaraer 240 pasjiM4HbIX BapMAHTOB TOUHOCTH JECATHUYHBIX YHCEJ C
¢ukcupoBaHHOH TOuKO#H, 992 BapuaHTa TOYHOCTH ABOMYHBLIX YMCEJ C
(UKCUPOBAHHO!N TOYKOH, 33 pa3MHYHBIX BapHaHTa TOYHOCTH AECATHY-
HBIX 4MceJ ¢ nJaBatomed Toukod u 109 BapuaHTOB TOYHOCTH ABOHYHEIX
quces ¢ miasatomeii Toukod. IToutH Bce 3TM BO3MOMKHOCTH MOXKHO Bbi-
Opocutb 6e30 BCAKHX ToTepb. Hampumep, nBoHuHBle yHC/Ia ¢ miaBato-
ieit Touxkoit (Bupa 11010.11011E2B) MOXKHO HCK/IOYHTH, PaBHO KaK H
IBOMYHBIE YHC/Ia ¢ (PUKCUPOBAHHOH TOYKOM.

Her Heo6xoauMocTH AaBaTh NPOrpaMMHCTY TaK MHOTO BO3MOXKHOCTeH
yOpaBJsiTh BHYTpeHHUM INpeJCTaB/ieHHeM NAaHHLIX (IBOMYHbIE HJIH Je-
CATHYHBIE) W TOYHOCTBIO YHCE], HET Ja)ie HYXKIbl YKasbiBaTb, Npef-
CTaBJIsieTCsA JIH 4MC/Io ¢ (PUKCUPOBAHHOH WM MaBamouleil Toukoil. do-
Ka3aTeJIbCTBOM 3TOro CJHYXKHT ssblk AITJT; B To Bpems Kak B PL/1 —
ThiCAYM 4UCAOBBIX ¢opMm, B AITJI— poBHo oana. [danHble 3TOTO €quH-
CTBeHHOro apudmeruueckoro tuna sswika AIlJI xpansarcs B omHo#l u3
TpeXx BHYTpeHHHX (opM (6UTOBO#, IBOHUHON WJIH C IJIaBAIOMIEH TOUKOH),
B 3aBHCUMOCTH OT TOTO, KaK OHHM HCHOJB3YIOTCS B mporpamme. Ecim
fiepeMeHHasi MPUHUMAET 3HAYEHHs, PaBHLHIE TOJNBKO HYJIIO HJIM eIHHHIE,
OHa XpaHuTCA B 6uToBo# opMe. Eciiv oHa uMeeT TOTbKO LEeJOYHCTeHHbIE
3HaueHHs], XPaHUTCS B BHUJE ABOMYHOro mesoro uucia. Eciu nepemeH-
Hasl HMeeT JpOGHLIe 3HAUEHHs, OHA XPaHHUTCS B BHJE UMCJA C IIaBaio-
weii Toukodi. Bosee Toro, sta BHyTpeHHasi opma JUHAMHYECKH H3Me-
HSleTCA B 3aBHCHMOCTH OT TOTO, KaK NepeMeHHasi HCNOJIb3yercsi B mpo-
rpamme.

I'naBHast npuunHa npoctotel AITJT — orpanuyeHHocTs HaGopa ero
THINOB JaHHBIX. ECTh TOJIbKO ZBa THRA (YHC/]a U JIMTEDPHI) H Ba cniocoba
OpraHu3aUMH JaHHBIX (CKaJasapsl H MaccuBel). B AIJI, oanako, npocrora
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'3aXOJUT CJHMIUKOM Jajieko. [lonesnas KoHuenuus cmpyxmyps: — Uc-
nosb3yemuiit B PL/1 u KoGosie npuHmun opraHusaudu JaHHbBIX, MO3-
BOJIAIONIMH TPEACTaBUTb 3aMUCh C HEOJHOPOJHBIMU MOJAMH,— OTCYT-
creyer B A[1JI. B kauyecTBe npumMepa, BO3MOKHO upe3MepHOH OOLIHOCTH,
MOXKHO ynoMsiHyTb, uto B AILJ/I Takne 06beKTH, KaK METKHU, NpeacTaB-
JISIOTCA CKaJIIPHbIMU TIEPEMEHHbIMH, O3TOMY NPOTPAMMHUCT MOXKET BbI-
NOJIHATb TPIOKH BpOJe HCNOJNb30BaHHA METKH B KauecTBE IepeMeHHOMH
B onepartope NpHCBauBaHHA !).

Baxnasi CTOpOHa sI3bIKa BBICOKOTO YPOBHSI — YCTpPaHEHHe KOHIIEN-
uMY JIMHedHOIl TmocJjeJoBaTe/bHOH NMAaMATH M 3aMeHa ee KOHLUenuuei
HEMepeceKaomuxcs TNepeMEeHHbIX. JTOMY NPOTHBOPEUYHUT, Hampumep,
nepeMenHas muna ykasameab, 3HAUYEHHe KOTOPOH ecTb ajpec Apyro#
nepemeHHod. KoHuenuus ykasatelss B TOM BHIE, KaK OHa BOILIOILEHA
B PL/1, upeBaTa oluuGKaMH, NMOCKOJIbKY OHA JaeT NPOrPaMMHCTY npsi-
MO# JIOCTYN K maMsiTd MalUMHBL. Ecin ykasaTenp cchulaeTcsi Ha 06J1acTb
JIaHHbIX B NaMATH U 3Ta 00J1aCTh OCBOGOXK/IAeTCS, TO YKa3aTesb He mpe-
KpallaeT «yKas3blBaTb», OH CCbLJIaeTCs HA TO e MecTo B NamaTd. 310
NPHBOAWIO K TOHKHM OLIHGKaM M MOOWIPSJIO TPIOKAYecTBO B MPOrpam-
max. Xoap [6] cuuraer, uto BBezeHHe mepeMeHHBIX THIA YKa3aTedb —
«TAaKOH LIar Ha3aj, OT KOTOPOTO Mbl MOXKEM HHKOT/Ja He ONPaBUTHLCSH».

Ecnu B si3blKe UMEETCsl TaKasl KOHCTPYKILMS, OHa JOJIXKHa OBITH Or-
paHHueHa no KpaiiHe#t Mepe B JBYX OTHOLIEHMfX: KOTja 06JacTb JaH-
HBIX OCBOGOXKAAETCS, BCE CCHUIAIOMIMECS] HA Hee yKa3aTeJH JO/KHbI ObITh
«CBEPHYTb» (MM NpPHCBAaHBAIOTCH HYyJeBble 3HaueHHMs]), a NPH OODbAB-
JieHHU YyKasaTesefi Heo6XoAMMO OOBSABJAATH TaKke, Ha Kakue KOH-
KPeTHHIE TePeMEeHHble WM TUILI JAaHHBIX OHH MOTYT CChIIAaThCSs, UTO
MO3BOJIUT KOMOHJIATOPY OGHAPYXHMBaThb HEKOTOPbIE OLIMOKH NpH NpH-
cBaupanusx. B Anrone 68 u cucremuom sisvike Jisi npoekra SUE pea-
JIU30BAHO TIOCJeJHee OrpaHMueHHe.

Eme J/yuiie — BooOie OTKa3aTbCsl OT KOHUenuuH ykasaredasi. [le-
peMeHHasi THNA yKa3aTessi OOBIYHO HCIOJIB3YeTCsi A/ peaju3aliuy JH-
HeHHbIX CIHUCKOB (TaG/iMIBl, CTEKH H O4Yepe/lH), MHOTOCBA3HBIX CITHCKOB
H JepeBbeB. BmecTo TOro utoGhbl AaBaTh NMPOrpaMMHUCTY B PYKH ONMAacHYIO
THOKOCTb yKa3aTelsis, MOXKHO OblJIO GBI IIPSIMO BKJIIOYHTB 9TH CTPYKTYPHI
B A3bik. Hanpumep, B cucreMHoM s3bike Juist npoekra SUE umeercs ueH-
Hasi CTPYKTypa JaHHBIX, Has3bIBaeMasi MHONCecmeom, W CBA3AHHBIE C
Heil omepaiuu, Takue, Kak oGbeJUHEHHe, NepeceueHue, JOIOJHEHHE,
BKJIIOueHHe W paBeHcTBo [7].

OfiHO M3 MpPeMMYIIeCTB HAaMUYMS B A3bIKE Pa3HYHBIX THUIOB JaHHBIX
COCTOMT B TOM, YTO KOMIHJIATOD MOXKeT OGHApYXUTb TaKHe OILuG-
KH, KaK, HampuMep, CJIOXeHHWe UHC/Ia M CHMBOJbHOH cTpoku. PL/1
B 5TOM OTHOLUEHHM CTPafaeT TpeMsi cepbe3HBIMH HeNoCTaTKaMH. SI3bIK
HE TOJIbKO COAEPKHUT THICSYHM TUTIOB JaHHBIX, HO M He TpeGyeT NPOBEPKH

1) Merka B AIL/T — oKajbHBE CKAASIpHBIE KOHCTAHTH, HX 3HAYeHHSl HCNOMb3Y-
{0TCA B BhIpaXKeHHH, HO He MOTYT OHITb H3MeHeHbl NpHcBauBaHHeM,— [Ipum, nepes.
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HX COTJIacoBaHHOCTH, a NpaBW/a Npeo6pasoBaHUs B HeM HEBEPOATHO
choxHbl. B PL/1 MoxHO mepemeliMBaTh JefCTBUTEbHBEIE U KOMIJIEKC-
Hble YHCJia, CTPOKH OGMTOB M CHMBOJIOB B OJHOM ONepaTope NpHCBauBa-
HUSA, XOTS pe3yJ/bTaT 3TOT0 3aYacTyl0 TPYAHO NpeJCKasaTb.

ABToMaTHueckoe npeoGpasoBaHHe AaHHBIX BosHukaer B PL/l Bcs-
Kuil pa3, KOTa B BHIPaXXE€HHH HCNOJIb3YIOTCA NEpeMeHHbe, pas/nyaio-
m{ecss THNOM WU ToyHocThio. IlpaBuia mpeoGpasoBaHus 3aHHAMAIOT
MHOTHe CTpaHMLbl B PYKOBoACTBe mo s3blKy [8)] M Tak cinoxHbl, 4ro
Zaxe OMbITHbe nporpaMmuctsl Ha PL/1, BeposiTHO, He yrapjaiT oTBe-
TOB Ha NpuBeJeHHble HHxkKe npuMepsl. 3anucaHHoe Ha PL/1 BbipaxeHue
25-+1/3 BhipabaTbiBaer 3Hauenue 5.333... , a Bolpaxkenue 25--01/3
Aaer mpaBwibHHA oTBeT 25.333... , HAMIOCTPUPYA, TaKuM o6pasoMm,
4TO yOeKIeHHOCTh B GECCMBICIEHHOCTH BeAYIIUX HyJIel He Bcerja onpas-
Aana. B caexylomedt mporpamme: .

DECLARE (1,J) FIXED BINARY (31,5);
=1

J =+ .1000;

oKoHuaTe/ibHoe 3Hauenue / pasHo 1.0625, a snauenue / pasuo 1.09375,
OTKYZa BWJHO, YTO 3AKAIOHUMEAbHble HYJIH TaKXKe BaX<HEL
Kyza nepenaercss ynpasienne B clefyiouieli nporpamme?

DECLARE B BIT(1);

B=1;

IF B=1 THEN GO TO Y;
ELSE GO TO X;

K 5TOMY MOMEHTY 4HTaTe/lb MOXET PELIMTb AeJaTh CTaBKH Ha TO, YTO
NPOTHBOPEUMT WHTYMIWH, H, €C/IH TaK, OH NMpAaB; ynpap/eHHe nepeia-
erca no merke X. IlpuunHa B TOM, 4YTO KOHCTaHTa | (mecaAThyHas, ¢
uKcHpoBanHoi Toukok u Tounoctbio (1,0)) npeoGpasyetcs K GuToBOMY
THIY B NpPHCBaHBaHMH H K JBOHYHOMY ¢ DMKCHPOBAHHOH TOUKOH npu
cpaBHeHuH. B MOIO 3ajiauy He BXOJWMT OGbsACHEHHe NPaBHJI NpeoGpa3opa-
HHS, 51 TOJBKO HJTIOCTPHPYIO MX odekT. B KauecTse eine oAHoro npu-
Mepa nonpo6yiite yraiath, 4eMy paBHO 3HayeHHe B mocJie BINOAHEHHA

DECLARE B BIT (5);
B=1"~

3uauenne B — crpoka 6mtos ‘00010’B.
[NpeoGpa3oBanus JaHHBIX NPH BbI30BE MNPOLERYPHl B PL/1 moryr
6bITb KpaiiHe -ONacHB BOSMOXHBIMH omwuOkamu. IlpexnoAoxum, wro
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npoueaypa A Boi3biBaer mpouenypy B, nepenaBas eit apryment X.
OOBbMHBIH MeXaHH3M Nepefladd NapameTpoB — BbI30B MO CCHUIKE (af-
pec X nepenaerca B). Ecau, oiHaKo, THI WK TOYHOCTb apryMeHTa oT-
JIMYAIOTCSl OT COOTBETCTBYIOLIMX aTpuUGYTOB mapaMeTpa mpoueAyps B,
BEHITIOTHSETCS aBTOMaTHuecKoe npeoGpasosanue X, npeoGpasoBaHHOE
3HayeHHe TNPHUCBAUBaeTCsi MPOMEKYTOUHOH nepeMeHHOl M ajpec 5TOH
IpOMEXKYTOUHO! nepemeHHOH mepenaercs B. BosmoxHo, mpegnonara-
ercsi, 4To B usmeHuT 3HaueHHe X, ofHako X HHUKOTAa HE H3MEHHTCH,
HM3MEHHTCA TOJMIbKO 3HaueHHE MPOMEXKYTOUHOH mnepemeHHOH. D10 Npo-
UCXOAMT Ge3 BCAKOrO TPeYNPEXAEHHS CO CTOPOHBI KOMIMJSITOPA
BeJleT K 4pe3BbiMaiHO TOHKMM OILHOKaM.

Bce aTH npHMepHl CBHAETENBCTBYIOT O TOM, YTO B SI3bIKE He JOJKHO
ObITh HHKAKHX aBTOMAaTHYECKHX mpeolpasoBaHuil AaHHbiX. Beskas no-
NbITKA CMEIUMBATh JaHHBE Pa3HbIX THMOB B BHIPAXKEHHH JOJIKHA OT-
Me4aTbCsl KOMNUJAATopoM. KoHEeuHO, MOXKeT CAY4HThCS, YTO BO3HHKHET
HeoOXOMMOCTb Mpeo6pa3oBaTh NepeMeHHYIO K APYTOMY THMY, HO JJist
3TOTO B SI3blKE JAOJIKHBI ObITb (DYHKIHH, MO3BOJIAIOUIHE ABHO MoTpeGo-
Batb npeoGpasoBanusi. Ajros He cjaeiyeT 3Tofi pPeKOMEHJZAUHH B ToY-
HOCTH, HO mpejjiaraeT pasymHblfi Komnpomucc. B Asrose 68 paspeueno
ToNbKO «paciuupenue» [9]. Lesoe 3Hauenue integer Moxker GbiTh aBTOMa-
THyecKH npeo6GpasoBaHo K THHy real (c niapatouefi Touko#t) uau com-
plex, u 3HaueHne Tuna real Moxker GbiTh NpeoGpasoBaHO K THNY COM-
plex, Ho HesiBHble Mpeo6pa3oBaHH$l B NPOTHBONOJIOXKHOM Harnpasje-
HHUM 3amnpeleHsl.

NPOLEAYPbI H OBJIACTH IOCTYTHOCTH JAHHDIX

Eme ogHa Ba)KkHas XapaKTepPUCTHKA f3blKa NMPOrpaMMHPOBAHHSA ~—
B KAaKOH CTeNneHH OH MOMOTraeT BOIVIOLICHHIO KeJaTeslbHbIX CBOHCTB
CTPYKTYPbl CHCTEMbl MJIH TNpOrpammel, o6CyXAaBIIHXCsi B M. 5 u 6.
Taxne KoHUeNUUH, KaK YPoBHH abcTpakiMH, BbICOKAs MPOYHOCTb MO-
Ayas U ciaboe cUernyieHHe, He MOTYT ObITb IOJHOCTBIO peaiM30BaHbI
Ge3 Haj/exaiiero oGOpMJIeHUs fA3BIKOBBHIMH CPEACTBAMH.

OfHa M3 OCHOBHBIX KOHCTPYKIHH, KOTOpble AOJIKHBI CyLIECTBOBATH
B sI3bIKe,— MOJyJib, WJIH BHeWIHsisi mpoueaypa. Moay/b npeicras/ser
€o60if 3aMKHYTYIO HPOMEAYPY, KOTOPYIO MOXKHO OTAENbHO KOMITHJIH-
POBaTh ¥ BHI3bIBATH H3 JIOOOro Mecra BHYTPH nporpammel. Bosbuins-
CTBO #3BIKOB oO6ecreyHBaeT 3Ty BO3MOXKHOCTb; OAHHM M3 MpHMeua-
TeIbHLIX MCKJ/IIOUEHHH siBAsieTcss Asrod.

BaxHasi KOHLENUHs, KOTOpas [OJKHA eCTeCTBEHHO BIIHCLIBATHLCS
B 513LIK — WH(OPMAILHOHHO TNPOUYHHII MOAYJ]b, PaccMaTpPUBaBIUMEHCA B
1. 6. Takoll MORYJb HMEET HECKONIbKO TOYeK BXOJa, IpHYEM Kax-
Ibifi U3 3THX BXOJOB COOTBETCTBYET 3aMKHYTO TNOAMporpamme. 3TH
BXOJIbl AOJIXKHBI GbITb HE 3aBHCHMBIMH APYT OT ApYyra (Hampumep, uMeHa
NepeMeHHBIX ¥ NMAapaMeTPOB JOJKHbI ObITh JIOKAJbHBIMH JUISI TEKCTA CO-
OTBeTCTBYIOUIeH MOAMPOrpaMMBbI), HO STO HE Kacaercs TOW CTPYKTYpHI
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JaHHBIX, KOTOPYIO 3TOT MOJYJb ¢CKPbIBa€T»; OHa JOJIXKHa GBITb H3Be-
cTHa BceM BxojaM. PL/1 Haunyuuinm o6pasoMm BONJIOLIAET 3Ty KOHIeN-
M0, Ho, M3yuas pHuc. 8.2 M 8.7, MOXHO OGHapy>KHTb HEKOTOPLIE He-
poctaTki. OfMH M3 BXOJOB JOJDKEH GBITH NMPOM3BOJILHO HA3BaH «IJIaB-
HbIM» (MMs TIPOIERYPHI), YTO NPOTHBOPEUMT HJee PaBHOMPABHUS Bcex
Toyek Bxofa. ENMHCTBEHHBIA C€roco6 H30MMPOBaTh TEKCT MNOANPOTPaM-
Mbl, COOTBETCTBYIOIIHHA TOUKE BX0Ja,— 3TO 3aKMOYHTH €ro B O0J0K
BEGIN, 4To HeCKOJbKO yMeHbllaeT 3(peKTHBHOCTb HPH BBITOJHEHHH.
Kpome Toro, si3pik He nospoJsier 3ak/ouaTs B 610k BEGIN onepartopmn
ENTRY, nostomy umeHa napaMeTpoB He OyAyT JOKaJbHbIMH /Il BXOJA.
EcTb THN JaHHBIX, KOTOPhIA CBSi3aH C HCIOJb30BaHHEM HH(opMa-
IIHOHHO NPOYHBIX MOAYJeH H NO3TOMY 06f3aTeNbHO JOJIKEH INPHCYT-
CTBOBaTb B fI3blKe,— 3TO uUMs. 3aMeTbTe, YTO B 3arpy3uukKe, CNPOEK-
THpPOBaHHOM B ri. 6, uma TBHM nepenaercsi MHOrHM MOZRYJSIM, HO
TOJIKO OJMH M3 HHX 3HaeT uTo-To 0 cTpyKType TBWM. EnuuCTBeHHBI}
cnoco6 peann3oBatb 310 B PL/1 — o6bsiButs TBUM nepemenHoit Tvna
yKa3aTeslb, HO TNOCJeJHeE€ MOXET MDHBECTH K HEeKOTOPhIM MpobJeMam
BCJIEAICTBHE H3JIHILHEeH OGLIHOCTH KOHUENIIMH yKasatesas. UtoObl Hajje-
)KauM o6pasoM cnoccOCTBOBaTh NMPHMEHEHHIO METOJOB KOMIO3HIIMOH-
HOTO NPOEKTUPOBAHHS, S3bIKH JOJIKHBL COAEPXKATh UMEHQ KAK THII
JaHHBIX, T. €. HEOGXOXHM METOJ nepefauy MexKAY MOAYJSMU nepeMeHHOH
WIH CTPYKTYPHL AaHHbIX 6e3 KakoH Obl To HH OblIO HHQOpMaumMu O ee
aTpubyTax uau ¢opmare. MonyJo, B KOTOpOM NepeMeHHast OOBbSIBISETCS
Kak UMsA, He JO/KHO ObITh paspelleHo HU3MEHSTh 3Ty INepeMeHHYIo
HJIM HCTIOJIb30BaTh ee HHaye, ueM B KayecTBe apryMeHTa WJIH napaMerpa.
Oneparop CALL B si3bike MOXKeT GbiTh 3HaUHTEJNLHO YCOBEPLIEHCTBO-
BaH. B npouecce nmpoekTHpoBaHMs CONpSiKEHUsT MOAYJS NapaMeTphi
JEJIATCSl Ha BXOAHbIE M/WJIM BHIXOAHbIE, HO B GOJILIMHCTBE SI3BIKOB Ta-
Koe pas/HuHe MeXAy NapameTrpaMy HHKAaK He OTpaxkeHO. MoxHO GbuIO
661 ycopepiueHcTBOBaTh oneparop CALL, usmeHssi ero ¢opMy Takum
o6GpasoM:
&3 - L.
?' CALL FINDTOK IN(XSTRING) " OUT(SIZE,TOKENY)

3TO He TOJIbKO 0GJeryaeT uTeHue NPorpaMMbi, HO H 103BOJIsieT OOHa-
PYKHTb Hekotopsle olHOKH. Hanpumep, Bce aprymeHThl, 0GbsABIEHHbE
BXOJHBIMH, HO HE BHIXOJHBIMH, MOXKHO GbUIO GBI 3alIUTHThL OT H3MEHEHHUS
B BHI3bIBa€MOM MOAY.JIe 1).

B s3blKe ColeflyeT TaKXe OrpaHMYUTb JPYTYI0 ONACHYIO NPAKTHKY
ucnoJsib3oBanus oneparopa CALL. CrenpyiouiHe apa oneparopa ZAaloT
elile OAHH OpHUMep Pa3/BOEHHs, IOCKOJLKY M 1 M, u nasa N B BbI3BaH-
Hom onepatopom CALL Mopy/e HasHaueHa ofHa U Ta ke obJacTb na-
MSATH.

1) 3o peanusoBaHo, Hanpumep, B ssuke UH®; cu. Kaewés A. C., Témos B. JI.
$spik nporpammuposanns UH® u ero peannsanus,— J1.: Hayxa, 1973.— Hpum. ped-
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CALL X (L))

X: PROCEDURE (M,N);

KoMIH/IATOp J0MKEeH CHTHAa/NM3HPOBATH O BCEX C/yYasix HEOJAHOKPAT-
HOT'O BXOX/IEHHSI OJIHOTO M TOTO XKe UMeHu aprymenTa B oneparop CALL.

[locnennss Baxknas chepa, B KOTOPOH NpOSBJISETCS CBS3b MEXKAY
SI3BIKOM H CTPYKTYPOH CHCTeMBl,— 5TO NpaBMJIa onpejeseHus 06.iacmu
docmynxocmy JaHHBIX: NPaBHJIa, B COOTBETCTBHH C KOTOPLIMH JlaHHbIE,
He MepefiaBaeMble KaK apryMeHTHl, MOTYT OZHOBPEMEHHO HCIOJIb30BATh-
csl pasHbIMM MOAYJSIMH M mpoueaypamu. B ra. 5 u 6 ob6bscHsdocs,
YTO HCMNOJIb30BAHHE IVIOGAaJNbHBIX AAaHHEIX B MPOrpaMMe HeKenaTe/bHO,
HO 3TO He 00si3aTeJbHO O3HAYaeT, YTO M3 fA3bIKA CJEAYeT HCKIIOUHTD
COOTBETCTBYIOLIHE NOHATHSA. Hcrnosb3oBaHue r/106aMbHBIX JaHHLIX MHOT-
Ja OnpaBJaHO, HO JOJ/IXKHO JONYCKAaThCA MPH TILATeJbHO KOHTPOJUpYe-
MBIX YCJOBHUSX.

OcHOBHOe NPaBMJIO COCTOMT B TOM, YTO NepeMeHHasi AOJ/KHA ObiTh
JIOKaJIbHOH [J1si MOAYJ/ISI WM TIPOUENYPEH, ec/Ii NPOTPAMMHUCT HE OTpH-
uaer sroro siBHOo. AIT/I HeyjnaueH B 3TOM OTHOIUEHHH, NOCKOJbKY B
HEM NPHHAT NPOTHBONOJIOXKHBIA NMPUHIMI; €CH IPOrPaMMHCT SIBHO He
yKasbIBaeT, YyTo nepeMeHHasi JIOKaJbHa JJis JaHHOTO MoAy/s (QYHKUHM
ATlJT), oHa cTaHOBHTCS TJ106a/bHOM. DTO pacHpoCTpaHEHHAsi NPHYIHHA
KOBApHBIX OIUMGOK, KOTZa MPOTPaMMHCT MOC/AENOBATeIbHO HCIOJb3Y-
er Bo MHorux ¢yHkuusx AILJI ums nepemenHo#, Hanpumep I, B Kaue-
CTBE ympaBJsiollefi MmepeMeHHOH [HKJ/Ia, HO B OJNHON WJIH HECKOJbKHX
GYHKIMAX OH MO HeOpPexKHOCTH 3abbiBaeT OOBABUTL 3Ty NEPEMEHHYIO
I nokanbHOM. :

B GosbLIMHCTBE APYTHX fA3LIKOB BCe [€PeMEHHBIE N0 YMOJIYaHMIO
MOKaJIbHbI, HO TaM, e MMeeTcsl KOHUENMUHA SHympexHel npoyedypot,
T. €. 3aMKHYTOH MOANporpaMMbl BHYTpH MoAy.si (Hampumep, B PL/1,
KoGone, Anrose), sTo npaBuio ofbluHO He cobuongaercsi. Ecau mepe-
MeHHasi BCTpeuaeTcsi BO BHYTPeHHell mpouenype, HO He 0GbsBJIEHa TaM
IBHO, €l0 COBMECTHO MOJIb3YIOTCSl BHYTPEHHSS1 U OXBATHIBAIOILAS €€ Mpo-
uenypel. Bysag u oy [10} npuBenu cepresHsie aprymeHTsl NpoTHB Ta-
KOH npakTUKK onpejejeHus obnacreii JocrynHoctd. Koneuno, ecnu
NPHUHATL TpPENJIOKEeHHe, YTO BCe MepeMeHHLIe IOKHBI ObiThb OGbsBIIe-
HBl SIBHO, 3Ta MpoGseMa Hcyesaer.

HyxHo npuHSATH c/enylomue NpUHIKUIEL onpefeaeHns obaactell go-
CTYNHOCTH JAHHBIX U TJIOGaJIbHBIX NepeMeHHbIX. Bce NaHHbIE AOMXKHBL
ObITb JIOKQJBHBIMH JJISI MPOLEAYPHl, B KOTOPOH OHH OCBSBJIEHH!, €C/IH
TOJIbKO MPOTrPaMMHUCT SIBHO He moTpeGyer npotuHoro. Hu oxgna nepe-
MeHHasi He A0/DKHa ObITh JOCTYNHA J[BYM MpOLENYpPaM, €C/]H TOJbKO
o6e oHH He YKa3blBalOT 3TOro siBHO. Kaxkaas rsoGaibHasi mepeMeHHas
AOJIKHA «TPHHALIEKAThY OXHOMY MOJYJIO, KOTOPBIH MOXET YKa3hIBaTh,

17 . o
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KaKHe elle MOAY/H HMEIOT JOCTYI K 3TOH MEpeMeHHOH W KakKoro tuna
JocTyn (HanmpHMep, TOJIBKO YTeHHe) paspellleH KaXKloMy M3 STHX Mo-
LyJses.

YNPABJIAIOIMUE CTPYKTYPbI

C BO3HMKHOBEHHEM HJeH CTPYKTYPHOTO NpOTpaMMHpOBaHUS GOJb-
IIKHCTBO HCC/eoBaTe/iell B 06/1aCTH SI3BIKOB COCPEJIOTOUMJIM CBOE BHH-
MaHMe Ha ynpasJsiiomieM rpade mporpaMMel, B MepBYIO ouepeib — Ha
nckmouerun onepatopa GO TO. Moja Ha Takoro poja HCCIeJOBaHHs
3auia Tak AAjJeKo, 4TO MOSBHJIOCH Ja)Ke CaTHpUYecKoe npejJsioKeHHe
seectd onepatop COME FROM (npuusite ynpasnenue u3) [11].Xora
onepatop GO TO uacto siBAsieTCS NPUYUHON YPE3MEPHOTO YCIOXKHEHHS
nporpaMMbl, He BCe CJIy4aH ero ynoTpeG/eHHs cjelyeT NOPHIAThb, a
MHOTJIa €ro HCIOJb30BaHHE MOXKET OKasaTbCs H KeJartenbHbiM [12].

JI. KHYT cuHTaer, 4TO «C/JAHUIKOM MHOTO BHHMaHHSI GbIO YJeJieHO
dckimouennio GO TO BmecTo JeHCTBHTENIBHO BaXXHBIX BONPOCOBS.
Okcnepument Py6u [2], Bumumo, moxreepxnaer sto. Kpome ommu6ox
B NMyHKTyauuH, 6o oOHapyxeHO 266 omu6oK, H caMbIMH pacmpocTpa-
HeHHbIMH 43 Hux (119) GbuM OWIMGKM B OMHCAHMH JaHHBIX, $alJioB U
¢opmatoB. HesicHo Takxke, Hackodbko otcyrctBHe GO TO morso G6bi
npeaynpenuTb ocraibHbele 147 ownbok; BeAb TOMbKO 32 OIIMOGKH ObLTH
HEeNoCPeJCTBEHHO CBfI3aHHE! C HEMPaBHJAbHBIM YNpPaBJeHHeM WM NMPUHA-
THEM peILeHHH.

TNonynsipHBIM pacuiHpeHHeM TPaAMIMOHHOTO HaGopa ynpaBJsIOMIHX
cTpykTyp siBnsercs onepatop CASE. 3ro, B cymHOCTH, YCJAOBHBIH ome-
paTop C HECKOJbKHMH BeTBSMH, MO3BOJISIIOIIHA BBINOJIHHTbL OAHY H3
TPYNI ONEpPaToOpoB B 3aBHCUMOCTH OT 3HayeHHs] MHJAEKCHOH INepeMmeH-
Hoii. Hampumep, B ALGOL-W mumeerca omneparop CASE, B KoTopoM
BBHIGHpAETCsi OAUH M3 1 GJIOKOB B COOTBETCTBHH CO 3HaYeHHeM HHJEKCHOH
nepemennoii. OnpenesieHHe sA3blka Tpe6GyeT, OJHAKO, uTOOLI 3HayeHHe
HHIEKCHOfl mepeMeHHO! ObLIO MeHbile WJIH paBHO n. KoHeuHo, HeT ra-
paHTHH, uTO 3TO TpeboBaHMe GyAeT COOJIOAATbCS, M NOBEJEHHE MPo-
rpaMMHl B TaKOM calydae He onpezeseHo. Onepatop CASE Bcerga momxen
cozepxkarb yciaosue ELSE, ykasbiBaioliiee, Kakoil GJOK J0JIkeH OBITh
BBINOJIHEH B TOM CJyuae, KOI'Jla He BHIOpaH HHKakoH ApPyro# GJOK.

Xors oneparop CASE u Becbma momyJsipeH, OH, BHAMMO, HMeeT
HEMHOTO INpEeHMYLIECTB Mepel IOC/AeNOBaTeJbHOCTbIO OIEPaTopoB
IF-THEN. Kpome Toro, ucnoJib30BaHHe YUCJAOBHIX MHAEKCOB OT 1 10 n
He oueHb YA0GHO BO MHOTHX peasibHbIX CHTYalHsX (HampHMep, MOXKeT
0Ka3aTbCsl KeJIaTe/IbHEIM BBINOJHUTH JIEHCTBHSA YeThIPEX THIIOB B 3aBH-
cHMocTH ot Toro, umeer JH TRANCODE cuMBO/MbHOE 3HauyeHHe
«ADD», «UPD», «<DEL» uau «DIS») ).

1) Onepatop CASE B IlackaJe  HeKOTOPHIX APYTHX A3blKaxX NpeflocTaBJsieT TaKHe
BO3MOXKHOCTH (cM. Hampumep, Bupt H. CHcremaTHuecKoe nporpammupoBanue. Bsepe-
une.— M.: Mup, 1977).— Ilpum. ped.
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_ IlpoGneMel, cBsizamHBlE C YNpaBJAsIOUMH CTPYKTYPaMH, MOTYT
6BITb MIPOCTHIMU MM BechbMa TOHKMMH. B PL/1 umeercs oneparop END,
KOTOPHLIH HCTOJIb3yeTcst, YTOOH 0603HAYUTEL KOHell, TPYINbl ONepaTopoB,.
Hanpumep hmKkaa, rpynnoel DO, 6moka BEGIN. Komnunsitop Moxer
o6HapyXHUTb «HefocTauy» omepatopoB END, cpaBHHBasi KOJHYECTBO
DO u BEGIN c¢ kosnuyectrsom END, u 310 uacro mosesso. OnHako
PL/1 ocnabnsier 5Ty BO3MOXKHOCTb € NOMOIIBIO «kpamubix» END. Ecau
sa cnoBoM «END» cienyer merka (Hanpumep, uMsi NMpOLEAYpHI), TO
KOMNW/ISAITOP TeHepupYyeT Bce Hexocramouine «END» M nmomeraer ux
HENOCPeJCTBEHHO Tepell OTMEYeHHbIM (OTCIOfa Ha3BaHHE «KDAaTHEHIe»
END). TlocaenctBusi Takofi akuud 4acrto TyGuUTe/IbHBI; 3TO OblIO, B
YaCTHOCTH, PacnpoCTpaHEHHOH NpPHUMHON OLIMGOK B SKCIEPUMEHTE
Py6u. Kpatheim END He o/mKHO OBITh MecTa B si3blKaX NMPOrpaMMH-
POBaHHUS; OHH TOJBKO NMOOLIPAIOT HEPAILLIMBOCTL B IPOrPaMMHPOBAHHH.
OGo6was onuCaHHbIl TPHMEpP, MOXKHO CKasaTb, YTO KOMIUJASITOPBI J0J-
KHBI U306€raTh JOTajJOK WJH MPEANOJIOKEHHA OTHOCHTEIbHO HamepeHHM
NporpamMMHCTa.

SI3bIK JIO/KEH 3anpeliaTh NporpaMme H3MeHsTb caMy cefsi, HO 6osb-
IIHHCTBO A3HLIKOB B TOM HJIH WHOM (opme MO3BOJSET AesnaTh 3TO (Hampu-
Mep, KaK YNOMHHAJOCh pDaHee, NepeMeHHasi THIa METKHM ecTb Crocol
moaudukanuu oneparopa GO TO). KoGos Takke copepKHUT HENPHATHOE
HapylleHue sToro mnpHuHnuna — KoHctpykuuw ALTER. TIlpeanoxe-
nue KoGona ‘

ALTER ROUTINE-1 TO PROCEED TO END-RdUTlNE

TpeGyer, utoOsl mpemioxenne GO TO B naparpage ROUTINE-!
nonumanoch kak GO TO END-ROUTINE.

Her Hy»/pl TOBOPHTB, UTO S3bIK JIO/KEH COAEPKaTh KOHCTPYKUHH,.
Heo6XoAUMBIE /Il CTPYKTYPHOrO NporpamMmupoBaHusi (Hanpumep, DO-
WHILE u IF-THEN-ELSE)  uTo 5TH YNpaBsilOUIHe CTPYKTYPbI IOJIK-
HBI GbiTb CIIPOEKTHPOBAHBI NPOCTO M euHO0OpasHo. B sToM oTHOWEHHK
yaspum AIlJI; B si3bIKe He TOJbKO OTCYTCTBYIOT YNpaBJsiomue CTPyK-
TYpbl TaKOTO PoAia, HO H Te, 4TO B HeM €CTb, JOBOJIbHO HEMOHSATHLIL.
Hanpumep, nepsoe u3 npeanoxennuii Ha AIL/T osnauaer «ecin X paHo
Y, nepejiTu K npexoxeHuio 6», a Bropoe — «eciy X paBHo Y, nepeii-
TH K npeAJioxeHHuo 6, HHaue — BO3BPAT U3 (QYHKIHU.

—6 Xt (X=Y)
—6 X (X=Y)

B KauecTBe 5KcrepuMeHTa Gblia NPEANPHHSATA NONBITKA HCTIPABUTL 3TH
I[ienocraﬂm, nono/iHue AT1JT oGBIYHEIME YIIPABJSIOLLHMMH CTPYKTYpaMi
13].

1/,10%
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JAERCTBHS ¢ AAHHDBIMH

KoneuHoll LEJbIO $3bIKA NMPOrPaMMHPOBAHMUSI, €CTECTBEHHO, SIBJIf-
eTca BHIMOJNHEHHE oliepaluii HaJ HEKOTOPHIM HabopoM jAaHHBIX. Moi-
HOCTb ONEpalMi A3bIKA NOJIOXKUTENbHO BJHSIET Ha HaJleXXHOCTb Hpor-
paMMHPOBaHHsl, CoKpalasi o6beM MPorpamMMbl, KOTOPYIO NOJDKEH HallH-
caTb nporpammucT. PL/1 no3BoJisieT BHINOJHATL ONEpallH Haj LEbIMH
MaccHBaMM WM CTPYKTYPaMH WJIH HajJ NojAMaccuBaMH (Hampumep, OT-
IeNbHOH CTPOKOH HJIH CTOJGUOM), 9TO JaeT NPOrpaMMHCTY BO3MOXK-
HOCTb OJHHM OIEpPaTOpoM CAeNaTb TO, YTO MOIJIO Gbl moTpeGoBaTh
LeJsioro WKKJa B nporpamme Ha Poprpane. Momp AT/ Bo MHOTOM 06Bsic-
HsIeTCS TeM, YTO ero omnepalHy eIMHOOGPa3HO NMPHUMEHSIOTCS K BEeKTO-
paM H MacCHBaM TaK Xe, KaK H K CKajlspaMm.

PacnpocTpaneHHbIM HCTOYHHKOM OWIMGOK sBJsieTcsl ymoTpeGjeHHe
JIOTHYECKHX omepaunii, Takux, kak ¥ u WJIH. Hanpumep, ecin HyxHo
ONpeJe/NuTb, He PaBHO JU 3HaueHHe [ 1 WiH 2, BOSHUKAET CHJIbHOE Mo-
OyKJeHHe HaIMUCaTh

IF 1= (1 OR 2)

410 UMeeT 5P(HEKT, B TOUHOCTH NPOTHBONOJNOKHLIHA TOMY, KOTOPHIA MOX-
HO GblIO Obl OXHpaaTh. [IpuBeseHHOEe BbIllE BHIpa)KeHHE O3HAYaeT cle-
Jytouiee: KOHCTaHTH 1 u 2 Gyayt npeoGpa3oBaHbl B CTPOKH OHTOB, K
KoTopbiM GyZerT mpumeHeHa omepanusi OR (oHa BbipaGoTaeT GHTOBYIO
CTPOKY, NPeACTaBJSIOULYIO YMCJIOBOE 3HaueHHe 3), pe3yabTaT GyjeT mpe-
-06pa30BaH K THIY nepeMeHHOH [ 1 TOJIbKO 3aTeM BLINOJIHUTCS CpaBHEHHUE.
‘OHO BhIpaGoTaeT 3HaueHMe «UCTHHA», ecqu 3HaueHue [ ObLIO paBHO 3,
H «I0Xb», eciu | paBHssoch epunuie! PasymHo mpemioxenue [3] —
uckMounTs onepauuu M u UJIW 1 3aMeHUTDb HX BCTPOEHHBEIMH (DYHKUUA-
mu ALL u ANY %). Toraa nposepky [ MOXHO Gbi1o bl NepenucaThb Tak:

IF | = ANY (1,2)

Ho sasbixa AIlJI cymecTsoBalo O6UIENPHHATOE COrVIalleHHE O Bhl-
TIONHEHUH BhipaxeHH# cneBa HampaBo. B AIlJI BbipaxeHue BHINOJHSA-
€TCs ClpaBa HaJieBO, Tak 4To 3HaueHne 3—I1+2 pasHo 0, a He 4. [Ipu-
BepxkeHub! AITJ] ckaxyT, uto mpaBuso «crpaBa HaseBo» GoJiee ecrecT-
BEeHHO, HO OLHO M3 OCHOBaHHH JIJISI 5TOrO COIVIALI€HHs — pa3peliyTh
BJIOXKEHHe NPUCBauBaHM APYT B IPYra, 4To caMo No cebe BJIAETCSA COM-
HUTENBHBIM npueMoM. [lockolbKy BO MHOTUX APYrHX o6JjacTax (Ha-
npuMep, mHCbMO, MaTeMaTHKa H T. J.) UCHOJIb3yeTcs NPaBUJIO «CJIeBa
HanpaBo», IOCJeNHee KaxeTcs MeHee JNPOBOLHUPYIOUMM OIIHOGKH, 4TO
JIOATBEPIKAAeTCs HEKOTOPLIMH sKcnepuMeHTamu (3.

1) ALL — Bce, ANY — nekoropsie,— llpum, nepes,
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OBHAPY)XEHHUE OIHMBOK NPH KOMNUJSALHH

B ra. 8 yreepxpanoch, uto npodeccuoHanbHEI nporpaMmmHucT
AOJDKEH MHCaTb CBOIO NPOrpamMmy TaK, 4YTOOBI OH MOT PacCYMTHIBATh
Ha €€ YCHeIUHYI0 KOMNWISAUMIO C mepBoii nonbITKH. OfHA M3 NPHYMH
STOTO KPOETCsi B TOM, UTO HEMHOTHE KOMIHJATOPHI CIOCOGHBI 0OHApY-
KUTb BCe CHHTAKCHYECKHE OIUMOKH. Bcsikas He3aMeueHHast CHHTaKCH-
yecKas OWIHOKAa CTAaHOBUTCA JIOTHYeCKoi ommu6koil. Iloxoxe, uTo
Co3JaTe/u A3LIKOB H Pa3paGoTYMKH KOMITHIATOPOB MCXOAAT U3 MpeAro-
JIOXEHHSl, YTO NPOTPAMMHUCTBI COBepIUEHHBL. Besikuil pas, korja B omu-
CaHHH fISHIKA HCMOJIB3YeTcs (Pasa «IO/KHO GbiTh», HEOOXOAMMO yKa-
3aTb NEACTBMS B CJydYae, €C/IH 3TO «[OJIKHO ObITb» HE MMEeT MECTa.
OznHako Takue yKasaHHsi BCTPeMAlOTCsi peako. Paspa6oTumku Kommu-
JIITOPOB CJIMIIKOM 4aCTo CBATO COO/IOAAIOT GYKBY TAKOTO POJA ONuca-
HUi, BCJIEJCTBHE YEro KOMIHJSTOP MPeANpHHHMAET HeomnpefeseHnble
HenpeJCcKa3yeMble JIEHCTBHSI BCAKWA pas, KOrZa KOMIWJIUpyemas Ipo-
rpaMma HapyluaeT TpeGOBaHHE THUMNA «HOJIKHO GhITby.

B xavyectBe mpuMepa OTMETHM, YTO B ONHCaHHM fi3biKa PopTpaH
Tpefyercsi, 4ToOnl Haua/qbHOE 3HaYeHHe napamerpa bukiaa DO Gbuto
Go/bie HyJf. DT0 O3HAYaer, 4TO CJAEAYyIOWas NporpamMma JOJIKHA
paccMaTpUBaTBCA KaK HenpaBUJIbHASA:

L=10
DO 201=0L
20 CONTINUE

Komnunsarop @oprpana ypoeus H ¢upmel IBM He oGHapyxuBaer Ta-
Kyl0 OWIMOKY, H B FeHepHPYyeMOil MM IporpamMme TeJO LMKJA BhINOJ-
HuTcs oauH pas. C apyroit cropousl, komnunsatop WATFOR curunanu-
aupyet 06 3TOM Kak 06 owmbke [14].

Haunyumee, 4ro KoMnussiTop MOXeT cAeaTh MJIS HAJEXKHOCTH
AporpaMMHOro obecrneyeHusi,— OOHAapyXKUBaTb BC€ CHHTAKCHYECKHE
own6KH. IIpoeKTHl CO3faHHSI KOMNUJISTOPOB BBIMIpamu Gbl, ecan Gbl
B HUX Obla NPUHATA CleAyomas ueab pa3paGoTku Komnuistopa Dit-
ran [15]: «Bcakoe ycioBue, sanpelieHHOe OMNHCAaHMEM fI3bIKA HJIH
peanusaiueii, 10/KHO OGHAPYKHUBAThCS U He OVIKHO NPHBOLUTH K HeoI-
penesieHHbIM pe3yJbratamM». He menee 56% owuGok mepuoia BhINOJ-
HeHHs B sKcnepuMeHTe Py6u MOr/u ObITh 0GHApYyIKeHbl KOMIUJAATOPOM,
ecu Gbl TOT CTPOro NPOBepfJ COGMIONeHHe BCEX clenu(puKaluuil A3blKa
¥ eciu Obl A3bIKM MMeJH Jy4lle 3alMHLIAIOMHA OT OWHOOK CHHTAKCHC
M TpeGoBaJH MOJHOTO H IBHOTO OGBSIBJIEHHS, a TaKxkKe UWHUIHANU3ALUH
Beex mepemeHHbix [16].

KoMmnunsitop GyneT uMeTb Bce BO3MOXHOCTH OGHapy»>HTb CHHTaK-
CHyeckue OIUMOKH, €C/TM CIOPOEKTHPOBATh $A3bIK TaKMM 06pasoM, uTo
PacnpocTpaHEeHHbIE CHHTAKCHuecKue OIIMOKH NpeBpaTAT IPorpammy
B CHHTaKCHYeCKH HenpaBwiabHylo. YacTo cosepinaeMble CHHTaKcuye-

1I0%+~ xp o
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CKHe OIIMOKH He AOJ/IKHH NPUBOJHUTL K TOMY, YTO ONEPaTop ONO3HaeTcs
KaK CHHTAKCHYECKH NPaBHJIbHLIA, HO HMEIOLUIHHA APYTro# CMbICJ, OT/IHY-
HbIii OT TOro, KOTOPBIH HMeJ B BHJAY NMpPOTpaMMUCT (HampHMep, TOYKa
BMeCTO 3aNsTof B IPHMEpE C ONepaTtopoM B HauaJse 3TOH IJaBbl peBpa-
THJIA €ro B JONYCTHMBIHl omepaTop NpHCBauBaHHS).

KoMnuaaTopsl 418 npodecCHOHANbHEIX NPOTPaMMUCTOB (B OTJIMYHE
OT NPOrPaMMHCTOB-/TIOGUTENEH) HUKOTA He NOJ/DKHBI MbITAThCS aBTOMA-
THYECKH MCNpPaBJATh CHHTAKCHYECKHE OWHGKH WJIM MPOCTO OCTaBJSTH
6e3s BHUMaHHA OWMGOYHBLIA onepaTop, € TeM u4TOObI CreHepHPOBAThb
OOBEKTHYIO NPOrpaMMy, - KOTOPYI0 IPOrPAMMMCT MOXKET BHINOJHHTD,
ecaH moxesnaeT. Takue INONBITKM HCIPaBJECHHS HacTO HeNpaBHJbHBI,
K TOMY 2Ke OHHM CNOCOGCTBYIOT HEpSIIMBOCTH NPU NPOrPaMMUPOBAHHH.
Cnenyer TaKxe HCK/IIOUHTb MHOTHE BO3MOXKHOCTH, KOTOphle B HBIHELI-
HUX KOMIOWJISITOpax MpejnararTcs mporpaMMmucrty Ha BwiGop. Hampu-
Mep, NPOrpaMMHCTy He HYXKHO NO3BOJIATH He IeyaraTh 4acTH JIHCTHHIaA
uIH coobuleHus 00 omHMOKax, BHAAaBaeMblX KOMIHJSTOPOM.

OnTuMH3HpYioOLIYe KOMIHIATOPbI XOPOIUH, HO TOJMLKO He B CIydasiX,
KOTJZla OHH BHOCAT B KOMIHJHUpYeMyt0 nporpammy owmbku. Hanpumep,
komnuaarop oprpana yposus H ¢upmet IBM ontuMusupyer cireayio-
1lyto nporpammy, BuiHocsi Bh30oB ¢pyHkuMu SQRT 1 noMemas ero nepeg
oneparopom IF

DO 11 1=15

DO 12 J =15

IF (B().LT.0) GO TO 11
12 C(J) = SQRT(B(})
11 CONTINUE

Kpome Toro, MHorue cHTyauuH, NOTEHUHANbHO MOAJIENKALLHE ONTHMH-
3ailui,— CJy4yaH, KOTJa MPOrpaMMHCT B JAeHCTBHTENBHOCTH COBEPIIHJ
owubky. Hampumep, ontumusupylomuit xomnuastop Mor Gbl mpoBe-
pATb, He COBMAAAIOT JK MexAy coboii anbrepHatuBbl THEN u ELSE
oneparopa IF, cobupasice B 5T0oM ciry4ae BBIGPOCHTb YCJIOBUE H OJHY U3
ajlbTepHATHB, KaK, HanmpuMep, B CJIejyioumeM (parMeHre:

IF A=B THEN A = A/2;
ELSE A = A/2;

OnHako 310 cKopee omH6GKa B NPOrpaMme, a He KaHAMAAT A5 ONTHMH-
saunu. XopouwHii ONTUMH3HPYIOIMMA KOMIHJIATOP MOT 6B BhIABaThb
coofluenne: «51 ONTHMH3HPYIO STOT Y4acTOK NPOTPamMbl, HO OH Ka-
KeTcsl MHe mnojo3putenbHbM. [loxkanayficra, npoBepbTe, TO JH 3To,
Gero Bbl XOTeJIH».

Xopoumii KOMOUIATOP MOXKET TaKke APYTHMH CTocoGaMH aHaju-
8MpOBAaTh BO3MOXKHOCTb OLIMGKU B MCXOAHOH mporpamme. Hampumep,
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KOMIUJISITOP MOKeT OCHapy»KHBaTb HCNOJb30BaHHE MepPeMeHHOH [0
VHHLHKAIH3aUnH. MOXHO pacrosHaBaThb CJydad, KOTAa MEepPEeMEHHOH
NpUCBAaWBAIOT OIHO 3HAuYeHHe, a 3aTeM, He HCNOJb30BaB IepPBOE,
NPHCBAUBAIOT Apyroe (XoTs 3To He o6s3aTenbHO owHOKa). Hanpumep,
NOC/IEI0BATE/ILHOCTh ONEPaTOPOB, HAUMHAIOWASCSH C mpucBauBaHua X
HEKOTOPOro 3HayeHWsi, 3aKaHuUMBawoIascs JPyrUM M[pHCBaHBaHHEM
5TOH XKe nmepeMeHHOH H He COZlepXKamiasi HUKAKHX CChUIOK Ha X U mepe-
XOJIOB HM M3 3TOH MOC/ENOBAaTe]bHOCTH, HH BHYTPb €e,— TaKasi mocJe-
JOBATe/IbHOCTb ONEPaTOPOB, BEPOSITHO, COAEPHKUT OLIUOKY.
KoMnuisiTopel MOTYT 0GHapyKHBaThb M IPYTHe OLIMOKY, €CH Ole-
partopel 00GbsIBNEHUA JAHHBIX PaCIIMPeHbl TaK, yTOOb B HMX yKa3blBa-
JUCh TIDHEMJIEMBIE 3HaueHHMs TiepeMeHHuXx. HanpuMep, cucreMHBR
A3bIK A/1a mpoekta SUE nomyckaer cienyiomue oGbsBIHAS TaHHBIX: 1)

TYPE angle=(0 TO 359);

TYPE direction=(north,east,south,west);
DECLARE angle a;

DECLARE angle b;

DECLARE direction movement;

370 1no3BONAET KOMIHIATOPY OGHAPYKHBATh HEONYCTHMBIE TNpPHCBAH-
BaHHsl NEPEMEHHbIM a, b U movement. KoHeYHO, KOMITHISITOP HE MOMKET
OGHApy>XHTb BCe HeNpPaBUJbHBIE MDHCBaUBaHHs (HampuMep, Takue,
B KOTOPHIX HCIOJIB3YIOTCS MapameTphl, BXOJHBIE/BHIXOAHbLIE AAHHbIE
WIH CJIOXKHBIE BHIYMC/EHHS), TaK 4YTO TaKasi TPOBEpPKa NOJ/IKHA ObITh
pacrnpocTpaHeHa Ha NepHOA BBLIMOJHEHMS.

OnMH 13 HeJOCTaTKOB pPa3fie/lbHO KOMIWJIUPYeMbiX MoOAyJeH 3a-
KJIIo4aeTcst B TOM, YTO KOMIMJISITOpP He MOXeT OOHAapy»KHTb HeCcOorsaco-
BaHHOCTb conpsikeHHH. OAHAKO GOJNBIUMHCTBO BBIYHCJIHTENbHBIX CH-
CTeM COJEPXKHUT CPe[CTBO (Ha3blBaeMoe peJaKTOpOM CBsi3eil), KOTOpoe
CTPOHMT NPOTrpaMMy H3 OOBEKTHHIX Moxy./ell. Penakrtop cBsisefl mosmked
NpoBepATh TaKHe OIIMOKH MEXMOIYNBbHBIX CBsi3ell, Kak HecoBMajeHHe
Yhc/ia apryMeHTOB M COOTBETCTBYIOUIMX MapaMeTPOB WJIH pasjMyue TH-
OB apryMeHTa H COOTBETCTBYIOIIEIO NapaMerpa.

OBHAPY)XEHHE OIIUBOK TNPH BbINOJHEHWHU NPOTPAMM

Cka3aHHOe paHee O «AO/KHO GbiTby NIPUMEHHMO TaKXKe H K NEepUONy
BBINOJIHEHHSA nporpaMmel. Eciiu onucaHue si3bIKa YTBEPAKIAET «IO/IKHO
ObITb» OTHOCHTENIbHO HEKOTOPOTO CEMaHTHYECKOTO YCJIOBHSI, MOXHO
Obl10 Gbl OXKHJATb, YTO BCSIKOE €r0 HapyileHue GyneT oGHapYKEHO NpH
BLINOJIHEHUH HNPOrpaMMBl, HO TaK OblBaeT pefko. B GosbUMHCTBE fA3bl-

1) ApaJioruuHbie BO3MOXHOCTH HMelOTc B fsnke [lackanb, CM. NpHM. Ha
crp. 290, — lpum, ped,

P
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KOB YTBEpXKJAeTcsl, YTO MHIEKC B CChUIKE HA 3JIEMEHT MaccuBa He MO-
JeT BbIXOAUTb 32 [PAaHHIbI MacCHBa, HO CJyyad, KOTAAQ 3TO BCe-TaKH
NPOHCXOXUT, PEIKO OOHApYXKHBAIOTCA H O6GbIYHO NPHBOAAT K Hemnpen-
CKasyembiM pesyJbTatraM. B QopTpaHe yTBepXKAaeTcs, YTO 3HaueHHe
uHJeKcHoOl nepemeHHoil B BhiuncasiemoM GO TO He moxer mpeBocxo-
IUTb YHMcaa MeTOK B 3ToM omepartope. OnHako NATH KOMIMJIATOPOB
doprpana pasnuuHbIX ¢upM — usroroputesedl IBM nopoxparor narb
pasnuuHbiX 3QdeKToB M ClAeayloued MpOrpaMMbl:

=35
GO TO (11,12,13,14),1

OnMH KOMIMJATOD TreHepupyeT OeCCMBICJEHHBIH mnepexon, Apyroi—
nepexoj Ha onepatop’ 14, eme oAUH — nepexoi Ha omnepatop, CJAeRylo-
it 38 GO TO, uerBeptblit — nepexon Ha omeparop 11, ¥ TombKo
NATHIA 0GHAPYKHBAET OLUIHOKY M NMpeKpallaeT BbIIOJHEHHE NPOTrPaMMBbl.

Hekotopble KOMIHJATOPH! F€HEPHPYIOT JOMOJHUTE/bHBIE NPOBEPKH
omHGOYHBIX CHTYalHHA, KOTAa NmporpaMma KOMIIHJIHDYETCS B «OTJIaZoy-
HOM pexkHuMe», HO YyGHpAlOT MPOBEPKH NPH KOMIMJSILMH B «pabouem
pexume» (M3 cooGpaxkeHHil «adxpekTHBHOCTH»). Kak cuurator . Kuyr
u Y. Xoap, 3T0 HamoMHHaeT MOPsKa, KOTOPBIH HOCHT CracaTeNbHbIA
XKHUJeT TNpH TPEeHHPOBKaxX Ha Cylle, HO CHHMaeT €ro, OTIPaB/sAfACh
B mope [12].

OueHb MOME3HO A/ OGHAPYXKeHHsl OLIMGOK BO BPEMSl BHINOJIHEHHSI
ymeepOumeabroe -npedaoxcente, KOTOpoe MOXKET IPHHUMAThb, HampHuMep,
CTeRYIOWMA BUA:

ASSERT (O<INDEX<100,0RDER< ONHAND+INTRANS)

1o NpeiIoKeHHe MOXKeT MCIHOJb30BaThCA JVIA TOro, 4To0bl 3aCTaBHTh
KOMITWJIAITOP TeHEPHPOBaTh 3allUTHEIE (PparMeHTHl B Haudajie KaxJoro
MOAyJasl U B APYTHX KPHTMYECKHX TOYKaX MPOrpaMMBbl. Hns tex cuy-
yaeB, KOIJia YTBep:KAeHHE HeCIIpaBelIMBO, MOXET OhIThb Ompeje/eHa
cTanjapTHasi peakuus Ha owHOKY. Takue yTBepKACHHS MOJIE3HBI TAKKE
B KauecTBe JOKYMEHTAlMH NPH U3MEHEHHAX HJIH OTJafike Mporpammei *).
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Apxurekrypa IBM
H HaJeXHOCTb

Apxurekrypa OBM (Ha ypoBHe MallHHHBIX KOMaHJ) BJIHSET Ha Ha-
7Ie:KHOCTh KOCBEHHO, HO BeCbMa CyIIecTBeHHO. B 3Tofi KHHre uuraTesb
HEOJHOKDPATHO CTAJKHBAJCH C CHTYyalMsMH, KOTAa HajexHOCTb H 3¢-
(eKTMBHOCTb BCTynaioT B KOHQMKT. Ilpoektupys DBM nauiexamum
06pa3oM, MOXKHO OC/aGHTb 3TOT KOHQWIMKT; fiISHIKH POrPaMMHPOBaHHS
¥ POrpaMMHEIE CHCTEMBI MOTYT pa3palaThiBaThCsl C OPHEHTallHel npex-
Jie BCEro Ha HaJeXHOCTb, a 6a30Byio DBM M0HO Tor[a NpoeKTHPOBAThH
TakMM 06pa3oM, 4TOGHl HporpaMMHOe obecrneyeHHe BHINOJHAJIOCH Ha
Hell ONTHUMAJBHO.

Ipexkzie ueM pasBHBaTb 3TY MBIC/b, 3aMETHM, . YTO €CTb CBA3b MEXIY
anmapatypofi M nporpaMMHeIM ofecmeueHueM, Kotopas Tak IpocTa i
OyeBHJHA, UTO YacTo OCTaeTcsi Ge3 BHUMaHMA:

Aydiuil cnocob noebicumb HAOEHCHOCMb NPOZPAMMHO20 00ecnederus
30 cuem paseumus annapamypsl — NpPoGOANCAMb YEeAUUUBAML ee CKO-
pocib U CHUNCAMb CHIOUMOCHIb.

Jleno B TOM, 4TO B YCJIOBHSIX HPOTHBOPEUHSI MEXIY HaIeXKHOCTHIO:
M CKOPOCTBbIO PafiH CKOPOCTH YacTo NMpeHeOGperatoT MepaMH MO NOBbIlLe-
HHMI0O HaJeXXHOCTH, HalNpHMep OIYCKas 3alUTHble (parMeHThl, MO-
CKOJIbKY 3TO 3aMeJJIsieT porpaMMy, H36erasi BHICOKOH CTeneHU MOAY/b-
HOCTH M3-32 HAKJaJHBIX PacXoJoB Ha BHMoJHeHHe onepatopa CALL,
OTKa3bIBasich Ha BPeMsl BLINOJIHEHHSI OT OPTaHH3YeMbIX KOMIHJ/ISITOPOM
NPOBEPOK 13-32 HAWJIAJHBIX PACXONOB HAa HHUX M MCNOJB3Ys 3amyTaH-
Hble TPOrPaMMHCTCKHE TPIOKH pajH TOro, yTOOBI C3KOHOMHTb B HPO-
rpaMme OJHY-IBe MuJIUceKyHAbl. Ecau Gbl annmapartHelff mpoueccop
6bl1 GeCKOHEYHO OBICTPbIM M CTOMJ BCEro JIMIIb HECKOJBbKO HOJJIApOB,
3TO MPOTHBOpeune ObLIO OBl YCTpPAaHEHO, IOCKOJBKY IJsi GecHoKoHCTBa
06 3(peKTHBHOCTH NMOYTH He OCTaIoCh Gbl OCHOBAaHHUH. .

TexHosoruyeckoe NPOrHO3HPOBaHHe — BCErAa Jeso PHCKOBaHHOE,
HO HMeIoIHecsl NPOrHO3bl PHUCYIOT OOHAJeXHBAIOILYIO KapTHHY 6yny-
mero [1]. Bugumo, BriosiHe yBepeHHO MOXHO YTBEpXKAaTh, YTO Yepes
15 ;er oTHolleHMe CTOWMOCTH/IPOHU3BOAHMTENBHOCTb AJISl IPOLECCOPOB
ymenbiinTcs B 100 pa3. B kauecTBe mpH3HAKOB 3TOTO MOXHO OTMETHTb,
uto 1975 r.— rox, Korma MOSIBUIHCDH IIEHTPa/bWbIE TMPOIECCOPH ¢ cebe-
crouMocThio HHke 100 mosmapeB. B Henanekom GyayiieM RpoLEecCOPbE
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"JIOJKHBI CTATh HACTOJIBKO AELUEBBIMH, YTO KOHUEMNHsI MYJ/bTHIPOrpaM-
MHpOBaHHMsl (BHINOJHEHHS] HECKOJNbKHX NPOrPaMM OJHHM HPOLECCOPOM),
BEPOSITHO, HCUE3HET; BMECTO 3TOr0 KaXkJoH BHINOJHsSIEMOHl Nporpamme
OYJIeT OTAaBaTbCsl OJMH WJIHM HECKOJBKO CHelHa/JTH3NPOBAaHHBIX npoiec-
COPOB. JTa TeHACHUHS W3MEHEHHs] OTHOLIEHHUS CTOHUMOCTb/TPOH3BOAHU-
TeJbHOCTb OJIaTOTBOPHO CKaXKeTCsfi Ha HAJEXKHOCTH I[1POrPaMMHOTO
-obecrnedeHusi, cienas 3PQPeKTHBHOCTb NPOrpPaMMEl MeHee CYLIECTBEH-
HbIM (aKTOPOM.

B npouutoM KoHCTpykTopsl DBM paspabarbiBaiiu mpoueccopsl, Kak
©OyATo Obl cnabo MJIM COBCeM He MpejcTaBiss cebe, 4TO Takoe Mpo-
rpaMMa, Kakue fi3bIKH GYAYT HCIOJb30BaTbCs HJIH KaK GYAYT KOHCT-
‘PyHpOBaTbCsl KOMIOHAATOPHL. HccnenoBaHus mokasaiH, uYTO MHOTHE
KOMNHUJIATOPHl HCHOJB3YIOT JHIUL HeGOJBIIOE MOAMHOXKECTBO ITIOJIHOTO
Habopa koMaHA MawuHbl. Kopoue roBopsi, GOJNBIIMHCTBO BbIYHC/IH-
“TeJIbHBIX CHCTEM pa3paGoTaHO BOCXOASIIMM METOAOM. ITO TPHBENO
K Tomy, uto [anbsipam HaswiBaeT cemarnmuseckum paspeigom [2]; nau-
Hble M omnepauuy, obecreyyBaeMble MaUIMHOHM, pefKo OBbIBAIOT TECHO
CBfI3aHBI C JAHHBIMH M oNlepanyusAMH $3LIKOB NporpaMMHpoBaHHA. Ap-
xuteKTopsl OBM HauMHAIOT Tenepb MNOHHMATh, YTO Pa3pHB MeXIy
$13bIKaMH BBICOKOT'O YPOBHSI M HaGopaMy MaIUMHHBIX KOMaHJ JOJDKEH
GRITb JIMKBHIHPOBAH; apXHTEKTypa MAIUMHLI AOJIKHA OPMEHTHPOBATHCS
#Ha SA3bIKM NPOTPAMMHPOBAHHA. DTO IMOJOXKHTENBHO CKa3bIBAaeTCsl He
TOJIbLKO Ha 3((eKTHBHOCTH, HO H Ha HAJIeXKHOCTH NpPOrpPaMMHOro obec-
medeHHs, Kak OyleT nokasaHo HHxe. B kauecrse BbiBoZa MOXHO cop-
MYJIHPOBaTh ABa CJAEAYIOIIMX OCHOBHBIX APXMTEKTYPHBIX NpPHHIHMA.

1. Apxurektypy 3BM Henp3s paccMaTpuBaTh H30JHPOBAHHO.
flepBblii War B NPOEKTHPOBAHUU BBIYUCIUTEIbHOH CHCTEMbI — BHIGOD
M1 TPOEKTUPOBaHHE S3BIKOB NPOrPaMMHPOBAHUS, NOAXOAAMUX IJIf
HaMeyeHHBIX npuioxeHuil. Bropo#t Iar — npoexTupoBaHHe apXu-
‘TEKTYPHl MallMHBI COBMECTHO C KOMIWJISITOPAMH M HHTEPIPETaTtopami,
€ ydyeToM HeH36eXHbIX KOMIPOMHCCHBIX pelleHHH B pacipeiesieHHH
yHKuHMA MeXAy annapaTypoéi M NpPOrpaMMHBIM ofecneyeHueM. [Ipu
3TOM JIeHCTBHTENBHO BaXKHbIM BOIPOCOM sIBJseTCA He GOraTcrso Ha-
60pa KOMaHJ MalIMHBI HJIH CKOPOCTb BBINOJHEHHS KaKOH-TO OTIE/JbHOH
KOMaHIbI, a CBfI3b apXUTEKTYPH MaLIHHBl C A3BIKAMH H KOMIHJSATO-
pamu.

2. [lporpaMmupoBaHue B KOJaX MaIUMHBI MU Ha si3biKe accembJepa
JIOJI:KHO OBITH 3ampellieHO. B TakoM ciyuae MHOrHe HBIHEIIHHE BONPOCH!
apxurekTypsl OBM, Taxue, Kak BUpPTya/bHble MAalIHHBI U MEXaHH3Mb
B3alIUThl NaMsITH, OKa3blBAIOTCS NOYTH (WM BOBCE) HECYLIECTBEHHBLIMH,
TIOTOMY 4TO GOJIIIMHCTBO NPOOGJEM, KOTOpble MBITAIOTCA pelliaThb C HX
fIOMOLIBIO, HHKOTAA He BO3HHUKHET, €CJIM BCe NpOrpamMMbl MULIYTCA Ha
si3biKe BBICOKOTO YpoBHSl. Eciu paspellieHo nporpaMMHpoOBaHHE Ha
MalUMHHOM SI3bIK€, KOMIPOMHCCH MeXJy MPOrpaMMHBIM U annapaTHbiM
©obecrnieyeHHeM, BbIOpaHHbIE B COOTBETCTBHH C IepBbLIM MPHHUHKIOM,
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CBOJATCS HA HET, MOTOMY YTO NMPOrPaAMMHMCT MOXKET UX HapywuTb. Yu-
TaTelb, BEPOSITHO, CKaXeT, YTO HEBO3MOMKHO MOJHOCTBIO 3aLIHTHTbCH
OT NPOrpaMMHPOBAHHS Ha MAIIMHHOM S3bIKe; HeT — BO3MOXHO, €C/H
Takoe IPOTPaMMHDOBAHHE OYEHb 3aTPYIHEHO M €CJAH YCTPaHEeHbl MO-
THBHI, NOGYXHalouiye ero MpUMeHATb. [IPOH3BOAUTENIH BBIYMCIHTE/b-
HbIX MaUIHH BNOJHE MOTYT HPeNOTBpPAaTHTb NpOrpaMMHPOBaHHE B KO-
Iax, OTHOCACb K HEMY TaK e, KaK MHOTMe M3 HHX ceHyac OTHOCATCS
K MHKpONpPOrpPaMMHPOBAHHIO:! HHKaKOH MNOAJEPXKH, HHKaKHX acceMG-
JIepOB, 3aHMMAaTbCSl STHM MOXHO TOJNBKO ¢Ha CBOH CTpPaX M DHCK».

B cooTBeTCTBHM C NEPBbLIM NPHHLHKIOM 06 apXHTEKType BBIYMCIIM-
TeIbHOH MallMHBI HHYEro KOHKDETHOro Hesb3si CKasaThb Npexje, u4eM
GyzeT paccMOTpeH oOWMi MPOEKT CHCTEMbl, H B YaCTHOCTH — SI3BIKH
nporpamMmypoBaHua. OJHAKO CHAELYIOUWMHA Te3HC NPH3HAeTCs . MOYTH
BCEMH: MQUIUHbL (OHHEliMaro8cko2o muna 6oaee HexceramensbHol.

Mogeny ¢on Hefimana nmeer nBe OCHOBHEIE XapaKTepHhie 0COGEH-
HOCTH: BO-TIEPBHIX, NaMATh €€ IpeAcTaB/seT coboH ejpuHoe JMHeliHoe
ocJe0BaTeIbHOE 3allOMHHalollee YCTPOHCTBO H, BO-BTOPhIX, MAalIMHa
He pasjuyaeT KoMaHiabl M fAaHHble. [locnenHee osHayaer, uTO mHpo-
rpaMma MoXeT MOAU(HUMpPOBAaTH ce6si H YTO HHTepHpeTalusl CJIOBa
naMATH Kak 5/eMeHTa NaHHBIX HIH KaK KOMaHJbl NMOJHOCTbIO 3aBHCHT
OT BbinoJiHsieMo# .nporpaMmhl. ITogasasiolee GOMBIIMHCTBO CErOAHSALI-
Hux OBM Gasupyercs Ha mopeau ¢oH Heiimana.

Jnst cynn6bl QoHHelMaHOBCKOH - MOZIe/TH BaXKHO IIpEXJe BCETo TO,
410 GOJILIIMHCTBO SI3LIKOB BBICOKOIO YPOBHS He HYXJaeTcs B Heii.
KoHuenuys AWCKpPETHbIX HMEHOBAHHBIX NepPeMeHHbIX YCTPaHH/Ia Heo6-
XOAMMOCTb B NOCJIEAOBaTebHON namarH. He npeanonaraercs; 4To npo-
rpaMMbl Ha fI3bIKEe BBICOKOTO YPOBHS CIOCOOHBEI MOAH(UIMPOBATL cels.
EcTh ueTKoe pa3/iHuye MeX]y JaHHBIMH NPOTpaMMbl (KOTOpHIE He MOTYT
GLITh BBLIUIOJMHEHBI) U onepanusiMH (Ha KOTOPbIe HEJb3sl CChUIAThCS, Kak
Ha faHHble). CeMaHTHYeCKHH pa3phiB MeKAY HabopaMH KOMaHA M si3bl-
KaMH NpOrpaMMHDOBaHHSl BO MHOTOM OOBACHSIETCS OPHEHTauuel ap-
XHTEKTYPbl MallMH Ha Mmogzenb ¢on Hefimana M oTKasom OT 3TOH KOH-
LeNHH B s3blKaX NporpaMMHpoBaHHs. B caenyiomux paspenax pac-
CMaTPHBAIOTCSI METOJABbl JIMKBHJALHH 3TOrO pasphiBa.

CTPYKTYPA NAMSATH -

B mawnne ¢on Heilmana co C/IOBOM NaMSITH He CBfI3BIBAETCS HM-
KakxOH SIBHBIA CMBIC/I; CMBIC/I HESIBHO MpPHBHOCHTCS mporpammoii. Eciu
B MPOTpPaMMe FOBOPHUTCS «IePeiiTH Mo TOMY afpecy», TO MallHHA HH-
TepNpeTHPYET CJIOBO 1O 3TOMY afipecy Kak komaHLy. Ecam B nporpamme
FOBOPHTCS «BHIIOJIHMTb CJIOXKEHHe C IMJIaBalolllefl TOYKOH Haj 3THMH
IBYMs C/IOBaMH», TO Mall¥HA MHTEPIPETHPYET 5TH C/I0Ba B COOTBETCTBHH
¢ dopMaroM ¢ nJaBaioulel TOYKOH M BHIOJNHSET Hajl HHMH YKa3aHHYIO
onepanuio. OfHAKO BO MHOIMX SI3LIKOBBIX CHCTEMaX KOMITMJISITOP AOJ-
eH XpaHuTb M o6paGarhlBaTh SIBHBIE ONHMCAHHS JAHHBIX NPOrpPaMMbi
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Puc. 16.1. CamoupentuduuupyemMele RaHHbIE.

JUIsl BHINIOJIHEHHSI mpeo6Gpa3oBaHuii, KOHTPOJS OLIMGOK BO BPeMs BhHI-
NOJIHEHHs,, CHMBOJIMYECKONA OT/MaZKH H CHMBOJHYeCKHX jamnos. [lo-
XOXe, YTO pasyMHbIM KOMIPOMHCCOM ObLIO GObl CKOHCTPYHpOBATh
‘TaKyl0 MaUIHHY, B KOTOPO#H Obl10 Gbl y106HO o6pabarbiBaTh STH ONHCa-
HU$, YTO MPHOAU3UIO Obl CTPYKTYPY NaMsATH MAlUMHBL K A3bIKY HPO-
TPaMMHPOBAHHSA.

IlepBbifi wWar B 3TOM HampaB/ieHHM — CJe1aTh TaK, UTOObI KaXioe
CJI0BO MaMATH CoJepKano coGeTeeHHylo cnenudbukauuio [3], xak sro
u3o6paxeHo Ha puc. 16.1.Tepmun c1060 ucnosnp30BaH 3xech A5 0603Ha-
YeHHUs] ajpecyeMoro sjemeHta NnamsaTH. Kak cmenyer u3 puc. 16.1,
.c7I0Ba He 00f3aTeJbHO AO/KHBI HMeTb (PHKCHPOBAHHYIO HJIH €IHHYIO
Il BceX IJTHHY. :

Kak nokasaHo Ha puc. 16.1, c10Bo naMsTH MMeeT 4eThipe OCHOBHbLIE
KOMIOHEHThl. (YuTHTe, moXKaayficra, 4To 3TOT (OpMAT HCMOJb3Yercsi
Jnst o6cyxaeHHsi OOUMX NPHHIMIOB; 3TO He KaKOH-TO KOHKPETHBI
TpoekT MamuHbl). OfHa M3 KOMIOHEHT C/0Ba, OaHHble, HMEET MepeMeH-
HYI0 JJIMHY W gBJseTcs 3HayeHMeM 3rtoro cnosa. Korja mporpamma
CChLIaeTCsl Ha C/I0BO B NaMSITH (HampuMep, NPH BHIUHCICHHH WIH IS
BBOJa-BBIBOZIA), OHAa BHAHMT TOJBKO 3Ty KoMmoHeHTy. KommoHeHTa mun
YKas3blBaeT HWHTePNpeTauuio (THO JaHHBIX) KOMIIOHEHTBI «IaHHBIEY,
OTH THOBH JOKHH COOTBETCTBOBATh THNAM JAHHLIX B sI3bIKaX NPOrpam-
MHPOBaHHS; MPUMEPAMH MOT'YT OBITh LieJIOe YUC/IO, YUCJIO C IVIAaBAIOLelH
TOUKOH, CHMBOJIbHASl CTPOKa, YKas3aTelb, KOMaHja ¥ Moay/b. Pbio-
cren [4] mpennaraer 32 BO3MOXHBIX THMNA JAHHBIX.

KomnoHenTta onucameab 3anaeT AJIHHY KOMIMOHEHTHI «IaHHBIE» H
yKa3blBaeT, HMEET JIM OHa OCMBICJIEHHOE 3HaueHHe (T. €. 3Ta KOMIO-
HeHTa sABJsAEeTCS HHANKATOPOM «IyCTO-HenycTos). Ec/iM MamuHa Jo/KHa
pacrio3HaBaTb GoJiee CJIOXHBIE CTPYKTYpbl JAHHBIX (MAaCCHBEI, CTPYK-
TYPhI WIH CIIHCKH), TO IO/KHA GHITh MpeiCTaB/IeHa TaKKe MHPOpMalLHs
‘0 COOTBETCTBYIOUIEH OpPraHN3alii KOMIIOHEHTHI «JaHHbIE»,

KoMroHeHTa £06yuixa BBOZHT HIECI0 NPOTPaMMHO-OPHEHTHPOBAHHOTO
(B OTVIHYHE OT CHCTEMHO-OPHEHTHPOBAHHOIO) MpephIBaHHA. 3Ta KOMIO-
HeHTa Morsia OBl yKashiBaTh, YTO MPH BHIGOPKE /M M3MEHEHHH 3TOTO
CJIOBA TPOrpaMMOH HJIH TPH €ro BHINOJHEHHH (ECAH 3TO CJIOBO —
KOMaH/la) YnpaB/leHHe JOJ/DKHO ObiTb INEepefaHo CrelHabHOH mpor-
pamMme. OHa McHOJIb3YeTcsl CPEACTBAMH OTJIAJKH, a TaKKe JJIs TPacCH-
POBKH H OTOGpaXKeHHS axpecos.

Brinonnsiemast mporpamMma pa6oTaer ¢ KOMIOHEHTaMH «IaHHbIE,
s 3anoMHHaHMA M NPOBEPKH TPeX APYrHX KOMIMOHEHT MMEIOTCS Crie-
LHa/pbHble KOMAH[BI MAlMHbLI, HO OHYU HCNOJB3YIOTCSI TOMBKO KOMIHJS-
TOpOM HJH 3arpy3yHKOM, HHCTPYMEHTaMH OTVIaJKH M MpPOrpaMMaMH
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Bbijaud jamnoB. Jljasi Toro uTo6bl ofecneunTh Takhe CTPYKTYpHI, Kak:
CTPOKH KOMaHJ B CJIOBE-MOAYJE HJIH HEOAHOPOAHBIE CTPYKTYPHI, XKeja-
TeJIbHO MMETb BO3MOXKHOCTb 6K.4a0bi6ams CNOBa MaMATH APYT B Apyra.

[pexxne 4eM NpoAO/KATh aHAJIM3 3TOTO NPOEKTA, PAaCCMOTPUM He-
KOTOpbI€ €ro JOCTOMHCTBA.

1. Bce B mamsiT camo ce6si onuchiBaeT. Takne owHGKH B niporpam-
Max, KaK NOMNbiTKa NepejaTh YNpaBjieHHe MaCCUBY HJH TOCJAATh JaH-
Hble N0 ajpecy WOMaHJbl, BLIABIHBAalOTCA MailuHOH. Jlerko oGHapy-
JKHBAIOTCSA TaKXe MONbITKH BHINOJHHTH apH(PMETHUECKHE Omepalliu Haj,
JaHHBIMH HECOIVIACYIOUIMXCS THIOB MJIM HECOOTBETCTBHE MEMAY apry-
MEHTaM{ H mapaMeTpaMu. '

2. BMmecto Toro uroObl HMETb OTHE/bHble MAIIMHHBEIE KOMaHIBI A/
KaXKJIOrO THNa JaHHBIX (HampHMep, JIOTHYECKOE C/IOKEHHE, CJIONKEHHe:
C njaBalolied TOYKOH, JAECATHYHOE CJOXKeHMe), B MallHHE HMelTCs
0606ueHHble KOMaHIbl (HampuMmep, TOJMbKO OJHAa KOMaHMAA CJACKEeHHs).
KoHKpeTHBbIl THN BHUHC/IEHMH ONpefe/nsieTCs] KOMIIOHEHTOM «THI» one-
paHJoB. DT0 YNpoIlaeT Npouecchl FeHepauMH Koja B KOMIIHJSTOpAX
Y NP COOTBETCTBYIOIEM PA3BUTHH 3blKAa MPOrPaMMHPOBAHHS MOTJIO Obl:
03HayaTb, YTO MOXXHO HM3MEHATb MNpEACTaBJeHHe AAHHBIX MNPOrpaMMbl
6e3 ee NMEPEKOMMNWJISIIMH (3TO aHAJOTHYHO KOHUENUHMH HE3Q6LUCUMOCIILE
OaHHbIX B CHCTEMax yIpaB/ieHHsi §a3aMH JAaHHBIX).

3. CraHoBsTCS BO3MOXHBIMH OCMBIC/IEHHbIE JAMIIBI [aMATH, MO~
CKOJIbKY NporpaMMa BblZauM JaMIOB MOXET MNpPEJACTaBAsATh 3HAYEHUE
KaXJIoTO CJIOBa B COOTBETCTBHH C €ro THIIOM.

4. KoHuenuus JoBYWKH nosBogsieT 3heKTHBHO peasM30BaTh MHO-
rHe M3 pacCMaTpUBABIUMXCA B 4acTH 3 CpeACTB (Hampumep, TPacCH-
POBKY H TOYKH BKJHHHBAHUS IJISI OTJAJKH).

Xors GoJBLIMHCTBO cyuiecTByouX DBM cooTBeTCTBYET MOAE/IH
¢on HefiMaHna, B HEKOTOPHIX MallHHAX pea/ii30BaHa HJesl CAMOMAEHTH-
¢GuuupyeMbIX JaHHBIX, XOTS H He B TaKOH CTeNneHH, KaK paccMaTpu-
Bajock Bhile. Hanpumep, cnoso mawmmuel B6500 ¢upmer «Bappoys»
uMeer 48-OMTOBYIO KOMIOHEHTY JHAHHBIX H 3-GHTOBYIO KOMIIOHEHTY
tuna [5]. Kaxnoe cioso 9BM R-2 Rice Research umeer 54 6uta aan-
HbIX, 4 OuTa TUNA ¥ 2 HHTepNpeTHPyeMbIX NporpaMMoll GHTa JIOBYIL-
xu [6]. Kaxnoe cnoBo cucrembl ISPL umeer Tpu Gura THna M GuT J1o-
sywkHu [7].

Crnepyiollel MPHHUHMIIHANTLHO BaXKHOH 4YaCTbIO CTPYKTYPbl NMaMATH
ABJISIETCA METOJ, ajpecauMu cJoB. TepMHH «yKa3ameAaby WCHOJb3yeTCH
sfiech A/ 0003HaueHHUsl CChLIKM Ha CJOBO NMaMATH, HO OH HE Npeano-
JaraeT NOC/AeJOBaTebHOH MJIM JHMHEHHOH YNOPSJOUEHHOCTH CJIOB ma-
maTn. Popmar ykasartens mokasaH Ha puc. 16.2.

Adpecras KOMIIOHEHTa YyKasaTesls — UMS WJIH 3HaueHHe, KOTopoe
TOBOPHUT MalllMHe, Ha KaKoe CJIOBO MaMATH MPOHCXOAHMT CChUIKa. Ajpes
sficCb MOXeT ObiTb HMEHeM CerMeHTa maMsiTH, YHCJIOM WJIM JIoGoH apy=-
yoii yHHKa/JbHOH KoMOHHanHell OHTOB. BuThl aspecHod KOMNOHEHTHS
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Puc. 16.2. CogepixaHue yKasatens.

‘He MMEIOT aGCOJTIOTHO HUKAKOrO CMbIC/Ia BHE B3aUMOJEHCTBHS C KOHKpPET-
Ho#l MawuHO#. IIporpamMmbl He MOTYT HM CO3JaBaTh ajpeca, HH H3Me-
HATb MX KakuUM-1u6o o6pasom. Korza nporpamma TpeGyer, 4ToGbl Ma-
IIMHA PasMecTH/ia B NaMsTH CJIOBO, MallMHa BO3BpAllaeT Mporpamme
HeKoTophiil azpec. M 5To eaMHCTBeHHBbIH CNOCO6 TMOPONHUTH ajpec.

YKasartenb COJEPKHT TaKkKe KOMIOHEHTY noAHoMouus. IlosHomo-
YHsl MOTYT BKJ/IOYaTh MPAaBO YHTAThb M NMHCATh WJIH NPaBO TOJNLKO 4H-
TaTb NPH CCbUIKE Ha JaHHOE C/IoBo. MallMHa 103BoJIsieT Nporpamme
KONHMPOBAThb YKasaTe/lb M NPH XKeJaHHH YCTAHABJIUBATh NIl KONHH
Bonee caabble mnpapa.

Tperbst uacTh ykasarensi — KOMIOHeHTa cmeujenue. OHa onuchHI-
BaeT crnoco6 CCHUIKH Ha KOHKPETHYIO MO3HUHIO BHYTPH KOMIIOHEHTHI
«IaHHbIE» YKa3blBAEMOro CJI0Ba, KaK, HalpHMep, Ha CHMBOJ B CTPOKE
CUMBOJIOB WJIH Ha 3JIeMEHT MacCHBa.

YKasaTe/lb MOXKHO XPaHHTb B C/IOBE NAMSITH MJIH Ha peructpe;
B 3TOM C/lyYae OH MMEET THIN XaHHBIX «yKasarteab» M ¢dopmar, u3obpa-
JKeHHbI Ha puc. 16.3.

YKasarellb — e{HHCTBEHHbIi MeXaHHU3M, HeOGXONMMBIA JIsi 3a-
uyTH namath. Tlporpamma He MoxeT cChlIaThCA Ha CJIOBO, €C/IH Y Hee
HET Ha Hero yKasarteJsi, a CaMOCTOsITeJIbHasl TeHepalus yKasareJaed uin
MaHUNYJIAUNH C HUMH 3anpelleHbl MalliHOM. 3TO 03HauaeT, YTO Mpo-
rpamMMa (UM MOAYJIb) MOXKET CCBIIaTbCS Ha TaKOe CJI0OBO, KOTOpPoe
OHa MOopojWJa WIH Ha KOTOpOe MOJIyuHsa yKasaTeslb OT APYTUX Ipo-
rpamm. OTHeceHde NPaB K yKa3aTeasM, a He K CaMUM [IaHHbBIM, I03BOJISIET
HaJlesiATh pasHble NpOrpaMMbl MJIH MOJYJH PasHbIMH TNOJHOMOYHSIMH.
C noMOIIBIO 3TOTO MEeXaHH3Ma JIETKO peasH30BaTh yCOBEpIIeHCTBOBaH-
Huifi oneparop CALL wu3 ra. 15. ApryMeHTH NepejaloTCsi MOAYJIO
B BHJe CHUCKa yKasatenmeili. Kaxiaomy ykasartemio Ha apryMeHT, siB-
JITIOIMUACSH TONBKO BXOXHBIM, NPHUCBAWBAIOTCS NpaBa, MO3BOJISIOUIHE
TOJIbKO YHUTATh.

OnucaHHblii MeXaHH3M yKa3sarejefl UMeeT OAUH Cephe3HBIH HeloCTa-
ToK. Huuto He MelllaeT mporpamme 3alOMHHTb YKasaTe/lb Ha CJIOBO,
KoTOpoe GbIO OCBOGOXKAEHO, H 3aTeM, HaMepeHHO MJIM C/ydaHHo, Hc-
110/1b30BaTh 3TOT YKasaTe/Jb AJIA CCBUIKM Ha NMaMATb. Takasi cHTyauus
JIeMOHCTPHUPYET HENOCTaTKH apXHMTEKTYphl OJAHOBPEMEHHO H B OOGHapy-
XKeHuM own6ok, U B ofecrieyeHHH Ge30MacHOCTH JaHHbIX. OfHO u3 pe-
LeHHii 3TO¥ mnpoG/ieMbl — MPOEKTHPOBATh MalIMHY TakHM oO0pasoM,
YTOGHl KaxKAblit co3/jaBaeMbliil €0 yKasaTe/b Obll YHHKaJbHbIM. MallinHa
(3a Bce Bpems ee XH3HH) HHKOTa He CO3JaeT ABAXIBl OJHO M TO Ke
3HayeHHe yKasaTensl (KOHEUHO, OyJeT MOBTOPHO MCMOJIB30OBAaHO TO XKe
{¢m3nyeckoe mnpocTpaHcTBO, HO MAIUHHA caMa JO/KHA obecneyuBath
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Pnc. 16.3. Tlpeacrasiesne ykasaTeis B naMaTH.

oTo6pax<eHue ykasaTeneil B pu3nuecKHe sUeHKH). YHHKaJbHOCTb YKa-
sate/siefi MOXKeT ObiTb JNOCTHTHYTa BKJ/IOYEHHEM B aJpecHoe IoJe INpu
Ha3HaueHUH yKasaTesss OTMETKH O BpeMeHH B KakKoH-11u6o ¢opme. Ona
yCTpaHsieT YOMSAHYTHI paHee HEJOCTAaTOK, NMO3BOJSS MaliuHe oGHapy-
KHBaTh BCE CJYYaH NPHMEHEHMS BHILENUHX M3 ynoTpelbJeHHs ykasa-
TesIei.

Wnes cBaA3sbIBaTh ¢ azpecamu npaBa Gbl1a peaju30BaHa B HEKOTOPBIX
npoektax DBM. B cucreme ISPL xaxkabiit ykasarenb cONEpKHT paspe-
wenne unrars/mucats [7]. B cucreme SYSTEM 250 Ineccu [8] umeercs
KOHUENIusl, Ha3BaHHas cnocobrocmero (capability),— ona ompenensier
IJisi MOAYJsi YKa3aHHBIfi THN JOCTYNa K yKa3aHHOH 0GJIaCTH NaMsiTH.

CTPYKTYPA NPOTPAMMDbI

BTopoe BeposTHOoe HampapJieHHe YCHJHH 1O JIMKBHAALHH CEMAaHTH-
YeCKOTO pa3phiBa MEXAY MaliMHAMH M SI3bIKAMH — 9TO YY€T MallMHOH
CTPYKTYpHI mporpammel. B GoabmmHcTBe cymectByiomux 9BM we or-
Pa’keHO HHKAKOTO NPEACTaBJEHHA O NMporpamMMax; OHH COOTBETCTBYIOT
JIMIIb HJee MPOCTOrO «HUCHOJNHHTeNs KomaHm». Hampumep, epuncrsen-
HbIll acnekT apxuteKTyphl Cuctemul 370 pupmel IBM, Kak-To cBA3aHHBIN
C KOHLemniue#l nporpamMMbl,— NMPUMMTHBHAS KOMaHJa Mepexofia ¢ 3a-
NOMHHAaHMEM ajpeca Bo3BpaTa, NpHMeHsieMasi 1/ BBI30Ba IMOANPO-
TPaMMBI. :

INockoMbKY BO MHOTHX COBPeMEHHBIX CHCTEMaX MOAYJBLHOCTb Tpe-
- Oyer . IOMOJIHHTENILHBIX 3aTpaT, CKa3biBAaIOMMKXCA Ha 3(deKTHUBHOCTH,

O6nacTb COXpaHEHUsn PErucTpoB NPOrpPammbl

Appec npeabigyulero 6noka s crexe

Appec cneayrouwiero 6noka B crexke

Appec Bo3spara B 3TOT MOAYyNb

O6nacts namsTv, B KOTOPOM Pa3MeLLAlOTCA NOKanNbHbIe
fiepeMeHHbIE U TPOMEIKYTOUHblE PEe3ynbTaTh

Puc, 16,4, Baok axTuBaunun,
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a B NpelblIyUIMX IVaBaX Ha MOAYJbLHOCTb 06palaocsk 0co6oe BHHMa-
HHE, OJJHO M3 BO3MOXKHEIX YCOBEPLIEHCTBOBAaHHUiHl COCTOHT B TOM, YTOGHI
MallMHAa YYMTHIBaJa KOHLEMUHIO MORYJS M B3sila Ha ce6si CJIOXHBI
npolecc CBsi3bIBaHHA MoAyJei. [l 3TOro Hy>KHbI TPH HOBHIE KOMaH/Ibi
mawmHel: CALL, ACTIVATE u RETURN. Komanaet CALL u RE-
TURN cooteercrByior onepatopam CALL u RETURN/END G6ouib-
IIMHCTBA A3blkoB mnporpammupoBanus. Komanaa ACTIVATE coor-
serctByer oneparopam PROCEDURE, SUBROUTINE umu ENTRY;
OHa TeHepUpyeTcs KOMIOHW/IATOPOM y Ka){OTO BXoJa KaXKIOTo MOAYJs
H B Hayvaje KaxJoro 6Joka B si3blKax C OJO4HOH CTPpyKTypoi. Bce
JeHCTBHS 10 COXPAHEHHIO COCTOSIHHS, Mepejiaue apr'yMeHTOB H pacrpe-
JeJIeHHI0 NaMATH GYAYT BBLINOJHATLCA MALIWHOH, a HE TeHepHPYEMLIMH
KOMITWIAITOPOM CBSI3KaMH.

JI1s MAMOCTpalMHK 3TOTO TMOAXOJA NMPEAMNOJIOXKHM, YTO MalllHHA MPH
KaXKIIOM BbI30Be MOZYJIsi COXpaHsieT HHGOPMALIMIO, KaK 3TO H306paxKeHo
Ha puc. 16.4. Dro Tak HasbiBaeMblil 640K axkmueayuu; OH aHAJOTHYEH
nporpaMmHo oGpaGatbiBaeMbiM cBsidsim B cucreme MULTICS, naswi-
BaeMbIM cmeKogoti cmpyxmypotl [9], ¢ Tolt pasHHieH, YTO GJOKH aKTH-
BallMd 06pabaThIBAIOTCA anmaparypoil U HMKOTAa He BUAHBI Hporpam-
MHOMY ofecneueHHI0. DBJIOK aKTHBAalMH COIEPXKUT 3aroJioBOK (UKCH-
POBaHHBIX PasMEpPOB H TeJO NepeMeHHOH AIUHbL. B 3arosoBke Haxo-
IUTCS 06GNacTh COXpaHEHHs DPErHCTpOB, aapeca NpPeAbIAYIIEro H cile-
Aylouero GMOKOB aKTHBAallMM H ajpec KOMaHIbl, Ha KOTOPYIO BHI3BaH-
HBIl MORYJb JOJKEH BepHYTb ynpasjieHHe. Teslo COINEpXKHT BCIO ma-
MSTb, HEOGXOAMMYIO VISl JIOKAJIbHBIX NEPeMEHHBIX W AJ1Si 3aNOMUHAHHS
MPOMEXKYTOUHBIX JAaHHBIX MOZAYJIS.

Korpa Buinonnsiercas komanga CALL, MammnHa 3anoMHHaeT pe-
THCTPH H ajpec Bo3BpaTa (0OblYHO afpec KOMaHIbl, CAeAylledl 3a
Komangiofi CALL) B TekyiieM 6/10Ke aKTHBallMH MOAYJSA (PeKYpPCHBHBI
MOZYJIb WJH MOAYJb, BHIIOJIHSIeMblI GoJiee 4eM OAHOM NpoOrpammoii,
MOTYT HMETb HECKOJbKO G/MOKOB aKTuBauuu). [lepBoii KoMaHIOH BHI-
3BaHHOTO MoayJisi fosxkHa Gbith Komaza ACTIVATE. Ilo sroit komauae
pasMelaeTcsi HOBbIfi GJIOK aKTHBALMH HajJleXalllHX PasMepoB U CBSi-
3biBaeTcsl ¢ mpexapiaymuM. - Korza sromodaHsiercs Komanza RETURN,
TO BOCCTAHABJ/IHBAIOTCS 3HAYEHUs PErHCTPOB U3 MNpeAwAymero GjoKa
AKTUBAIlUH, TeKyWUH O/JOK aKTUBAlMM YHHYTOXKAaeTCss M MallUHAa Bo-
30GHOBJ/IAIET BBLINOJIHEHHE ¢ aJpeca BO3BpaTa B NpPeIBIAYIIHH MOAYJb.

D1oT MeXaHH3M YJA00eH Takxke M Jsisi o6paGOTKM MaIUMHHBIX mpe-
peiBanuii. Korza BosHHKaeT npepbiBaHHe, MallMHA UMHTHPYET KOMaHIy
CALL, coxpaHsisi TaKMM 00pa3oM COCTOSIHHE NPEpPBaHHOMN IPOTPaMMbI.
I BO30GHOB/IEHHS BHINOJNHEHHsT NPEPBaHHOH HPOrpaMMEl ornepa-
IHOHHasa cHcTema BbitaeT kKomaHgy RETURN.

JInsi HEKOTOPBIX 0CO60 BaXKHBIX CHCTEM peasbHOrO BpeMeHH Heo6-
XOAUMO HMETb BO3MOXKHOCTb OCYIIECTBJASATH HX CONPOBOXIEHHE, HE
npepeiBasi WX (yHkuuoHHpoBaHus. HyxkeH MeTof, NO3BOJAIOLIMI
BCTaB/IfATh «OTPEMOHTHPOBaHHLIE» MOAYJH B NporpaMmy, He sarpyxas
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H HE HHMIMAJTH3UPYS cHcTeMY 3aHOBo. [last aToro He06X0AHMO, IOMHMO
NPOYero, MCKMOYHTh TPAaAUUMOHHBIH mpoUecc «pefaKTUPOBAHHS CBA-
seil» (cBA3biBaHKMsS MoAyJell nepex BhiNONHeHHeM). MoORyJaH JNOJ/IKHBI
CBf3BIBATLCS JHHAMHUECKH; npeoGpa3oBaHHe HMMeHH MOAYJsi B YKasa-
TeJb JOJKHO OCYIIECTBJSATHCS MNpPH BuiMoJHeHHH KomaHmsl CALL.
JuHamuueckoe cBsi3bIBaHHE MOXHO ObLIO Obl JieNaTh NPOrpaMMHBIMH
cpeacrBamMu (Hampumep, ¢ momompbio LINK B OS/360), Ho, BHammo,
sdeKTHBHOCTL HOTpeGyeT annapaTHOro HJH MHUKPONPOrpaMMHOIQO
pewenust. Jast storo mamnHHasi komania CALL morsa Ol HMeThb 1Ba
omepaHfia: CHMBOJIMYECKOE MMsi BbI3bIBAEMOTO MOZRYJA M CIHCOK YKa-
3aTejiedl AJIsi aprymeHToB. MaiuMHa cama ofecreunBaeT COOTBETCTBHE
Mex<lly UMEHaMH M ajpecaMH, TaK YTO OHAa MOXKET AMHAMHYeCKHU npeol-
pasoBbIBATb HMS B ajpec.

STOT MexaHu3M JIMKBHAUPYET HeoOGXOHMMOCTb B PelaKTope CBsi3eil,
HO Mo-NMpeXHeMy He pellaeT MOJHOCTBIO NpobseMy onepaTuBHOH 3a-
MeHbl moxyneidi. Hampumep, HeBO3MOXKHO 3aMeHHTb MOAYJb, KOTAa OH
BBINOJIHSIETCS, MM B TPOLIECCE BbI30Ba €ro APYrHMH Mopy.samu. Jas
3aMeHBl MOIYJsl MallliHe Heo0XoAMMa KOMAaHAA «IPHOCTaHOBUTbY» MO-
nayab. Korza Moiy/ib mpHOCTaHOBJIEH, BCE BBI30BbI €r0 BPEMEHHO Hepe-
XBaTBHIBAIOTCS, a BCE €T0 aKTHBALMH paspellieHO 3aKOHYUTh. [lociie 3Toro
HOBasi BepCHSI MOJYJsI 3arpyxaercsi B [aMsiTh, MallHHa OGHOBJsET
CBOIO TabauLy OTOOpaXkeHUsi WMeH B ajipeca M paspellaercsi NPOROJ-
JKUTh BHINOJHEHHE OCTaHOBJIeHHbX mnporpamM. (KoneuHo, Moryr cy-
LeCTBOBATh MOJYJ/IH, TMOCTOSIHHO aKTHMBHbie NMPH paboTe HpOrpaMMbl
WM CHCTeMbl; B STHX CJy4asiXx €IMHCTBEHHBIH BHIXOJZ — OCTAHOBHUTH
BCIO CHCTeMY).

CPEJCTBA OTJIAKH

Crpykrypa namsTH, OMHCaHHasi BHIIe, NpeicTaBiseT 3(deKTHB-
HBIE MeXaHM3M I/ peajusaudH GOJILLIIMHCTBA PaCHpPOCTPaHEHHBIX
cpeacts omiagkM. CchlIKa Ha CJ0BO, JIOBYIIKA KOTOPOTO 3ampelnaer
cBo0OJiHOE uTeHHE, BLI3OBET BLINOJIHEHHE 3apaHee ONpenesNeHHOH mpo-
rpaMMbl, Tepefauy eft agpeca JaHHBIX, HMEHH MOAYJs H HOMepa (H/iH
CMellleHHs) KOMaH[bl, B KOTOPOH BBINOJIHEHA 3Ta CCHUIKA, H OTMETKH
BpeMeHH. Mozudukauus clioBa ¢ JIOBYIUKOH, 3anpeujarmoiell 3amuch,
BBI30OBET TaKue ke JeficTBUA, M, KpoMme TOTo, 3Tol Nporpamme OYyRyT
nepejlaHbl CTapoe M HOBOe 3HaueHHsl KOMIOHEHTH! «laHHbley. Ecin ycra-
HOBJIEH 3anpeT HCHOJHATh KOHKPETHYIO KOMAaHAY, TO INIPH IOMEITKE
BBINOJIHUTL ee MporpaMMe nepeflaloTCsi UMS MOIYJs, HOMEP KOMaH[pI ¥
BpeMsl. JDTOT NpPOCTOHl MeXaHH3M MpeNOCTaBJsieT BO3MOXKHOCTb YCTa-
HaBIMBAaTb TOYKH BKJUHUBAHHUS TNPH BBIIOJHEHUH OINpeJeeHHbIX
KOMaHJ H BBHIGOpKE WJIH H3MEHEHHU OIpefe/IeHHOIo CJIoBa NaMsATH,
TPACCHPOBaTh WM PErUCTPUPOBATH NMOTOK BHINOJIHEHHS NMPOTPaMMbl H
obpallleHHsl MporpaMMbl K JaHHbIM. KpoMe Toro, KOHUENUHUsl JaHHbIX,
cofiepxKalux coOGCTBEHHblE OIMHCAHHUs, JAaeT annapaTrype BO3MOXHOCTb
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'00HAPYXKHBaTh CCHIIKH Ha NMepeMeHHble, HayajibHble 3HaUYeHHs] KOTOPbIX
He onpejiesieHbl, a TaKXKe BbIYHUCJIEHHSA C HECOIVIACYIOUIHMHCS THIAMH
AaHHBIX, HECOOTBETCTBHsI MEXJY aTPHOYTaMH apryMeHTOB H Napamer-
pOB U BBIXOABI 32 TpaHHIlbl MaccHBOB. [IporpaMmHas cHcTeMa noJygaer
TaK¥e BO3MOXHOCTb BbIAAaBaTh OCMELICJEHHbIE JaMIbl MAMATH.

Jlpyroe BO3MOMXHOE anmapaTHoe CPEACTBO OTJAaJKH — aBTOMaTHue-
CKasl npoBepKa o6JacTH H3MeHeHus nepemeHHbIX. IIpu pasmemennu
C710Ba MaillMHE MOXeT GhiTh COOGLIEHO €ro HHXKHee M BepXHee rpaHuy-
Hble 3HAYeHHs!, 4TO N03BOJISET i OGHAPYKHBAaTh BCe BLIXOJBI 3HAYEHUH
8a obaactb H3MeHeHHsA. [JockoJbKy, OIHaKO, 3TO CYLIECTBEHHO YBe-
Ao O6bl HeoOXomuMBIH Oo6beM naMsitTH (B XYAIIeM cJaydyae B TPH
pasa) u ckasajoch Obl Ha MPOM3BOLMTENLHOCTH MAIUMHBI (HJIH MOTpPe6o-
BaJo Gbl NOMOJHHUTE/NbHOM NapajiieJibHO paGoTalowedi anmaparypsi),
9TO [MpejJioxeHHe B H3BECTHOH CTemeHH NpoGJeMaTHUHO U Tpebyer
BaJbHEHIINX HCCAeA0BaHUH.

MANINHDBI C A3bIKOM BbICOKOFO YPOBHS

BeposiTHO, KpafiHsia Mepa B pasBHTHH apxutekTypsl 9BM — nos-
Hasi IMKBUJAIMSA CeMaHTHYECKOro Pa3phriBa 3a CYeT NpeBpalleHns A3blKa
BBICOKOTO ‘YPOBHS B f13bIK MaIUMHH. BMecTo TpafHIHOHHBIX MalIMHHBIX
KOMaHJ, TaKHX, KaK 3arpy3ka W 3allOMHHAaHHe pPeTHCTpa, CJOXKeHHE
PerucTpoB, KOMaHJaMH MallMHbl MOTJIH Obl OHITH oneparopm PL/1
DECLARE, npucauBauune, DO u T.1.

B stoM noxxoie HeT HUYEro HEBO3MOXHOTO, OH GbLI peaJmsoBaH
B HECKOJIbKMX SKCNepHMeHTaJbHbIX MamuHax. Ilpu srom Hcxoanas
nporpaMMa He KOMOMJIHpYeTCs B NMPHUMHTUBHBIE MAalUHHHblE KOMaHIHI,
a UHTepNpeTHpYeTCs M HHTEPIpPETaTop peajn30BaH MHKPONPOIPAaMMHO,
a He OObIYHbIMH mporpaMMHbIMH cpefcTBaMH. Ha camom nene MamuHa
C SI3bIKOM BBICOKOFO YPOBHSI He BBIMOJIHSIET NpOrpaMMy Henocpenct-
BEHHO B «CHIPOM» HCXOZHOM BHJE; CUMTaercs, 4To MalllHHAa HMEeT B Ka-
yecTBe A3BIKA ASBIK BBICOKOTO YPOBHS, €C/IH €CTh B3aNUMHO OIHO3HaY-
HOe COOTBETCTBHE MeX1y KOMaHIaMH MallMHbl M onepaTopaMH si3biKa
BLICOKOrO YpPOBHSI (aHaJOTHYHO TOMY, KaK OObluHasi MallluHa MOXeT
paccMaTpuBaTbcsl KaK MallMHA C S3BIKOM accemGrepa). Kak npasusio,
HMeeTCs1 TpPOCTOH peasn30BaHHbI NMPOrpaMMHO TPAHCIATOP MJIM <ac-
cemGrep» A5 OGHAPYXEHUsl CHHTaKCHYeCKHX OIIMOOK, YAaJeHHs mpo-
GesioB, npeoGpa3oBaHUsA MMeEH B ajpeca W NepeBoja onepaTtopoB B 6o-
Jlee ynoGHyl0, HampuMmep NOCTHKCHYIO, (opMmy.

HanGousee 11poKoU3BeCTHON MaUIMHOH C SI3bIKOM BBICOKOTO YPOBH$
aBasercs, BepostHo, SYMBOL 2R [10, 11]. Ona 6bu1a cnenuanbHO
CpoeKTHPOBaHa IJisi 0COGOro si3blKa BHICOKOro ypoBHA SPL, KoTOpEi#
npejcrapJseT co6oll cMech XapaKTepHBIX uepr PL/1, Anrona u AILI,
Maumna SYMBOL He uMeeT onepaumyoHHOH CHCTeMBl; BCe TPaAHIHOH-
Hble (GYHKUWHM ONepanMOHHOA CHCTEMBI BBINOJIHSIOTCS MalUMHOH (T. €.
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onepamuonHas cucTeMa MPeICTaBJisieT co6oit anmapaTHyIo JIOTHYECKYIO
cxemy).

MoxHo OvwIO OBl crpoekTHpoBaTh MamiuHy PL/1, u Bce 6bu1o 6bI
xopotuo, €clH Obl M OnepanuoOHHAsA CHCTeMa Oblla HanucaHa Ha PL/1,
W Bce NPHKJaJHble mporpamMMel ObliM Obl mporpamMamu Ha PL/1, Ho
Kak ObiThb C BeinosHeHHeM nporpamMMm Ha KoGose unu PIII na Takoit
mamuHe? JTa mpoGiema Obla pellleHa B HOBaTOPCKOi paspaGoTke —
mawnae B1700 dwpmet «Bappoys» [12]. Mammunubiéi ssbik B Heit He
sadukcupoBaH. Korja omepaiioHHasi cucreMa Ha3Ha4aeT K BHIIOJIHE-
Huo mporpammy Ha KoGose, sta mammnHa npeobpasyercsi B MalluHY
¢ KoGosom B KauecTBe MalMHHOTO s3blka. Korga HasHauaeTcsi mpo-
rpamma Ha QDoprpane, B1700 craHOBUTCA (OPTPAHHOH MaLIHHOM.
Korzaa BHITOJNIHAETCS onepallHOHHAs CHCTeMa, HaGopOM KOMaHJ MaIlHHBL
CTAHOBHTCSA AI3BIK, HAa KOTOPOM HAalMCaHa OMepalHOHHAs CHCTeMa. DTH
npeo6pa3oBaHusi HaGOpPOB KOMAaHJ BLINOJHSIOTCS NOAK/IOYEHHEM Off-
HOTO U3 MHOTHX MUKPONPOTpaMMHbLIX HHTepIperaTopoB. F3mepeHus
NoKa3aJjl, YTO BHINOJIHEHHe MporpaMmbl B TakoH (opMe Tpebyer MeHbllle
MecTa B NaMsTH U GoJee 3(PpeKTHBHO, UeM BBHITIOJIHEHHE CKOMIHJHPO-
BaHHOH NpPOrpamMMbl Ha BBIXOZHOM $I3bIKE HH3KOTO YPOBHSl Ha CpPaBHH-
MbiX MatnHax [13].

Umnrarenio, KOTOpHIfi 3auHTepecoBaH B GoJiee IETAJILHOM H3YUeHHH
KOHIIETI[HH MAIMHKEI C SI3BIKOM BLICOKOTO YPOBHS, JIyyllle BCero Hayarh
¢ pabotur [14]Y).
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raAsa 17

Jloka3aTeJbCTBO
APaBHJIbHOCTH NPOrpamm

BeposTHO, TI/IaBHLIM HENOCTaTKOM BCeX METONOB TEeCTHPOBAaHUS
NPOrpaMMHOro obecneyeHHs SIBJISAETCS HEBO3MOXHOCTb I'apaHTHPOBAThb
oTcyTcTBHe OWIMGOK B nporpammax. Kak rosopusoch B ri. 10, ucuep-
NLIBAIOLIEE TECTHPOBaHME JaKe CaMbIX TPHBHAJNBHBIX MpOrpamMm —
3ajlaya HEBHINOJHNMAs, H Jyuilee, Ha 9TO MOXKHO HaJeATbCSl B Peasiuc~
THYECKHX THONBITKAX TECTHPOBAaHHS,— HAATH BLICOKHH NPOLEHT oC-
Talomuxcs owu6ok. Takum o6pasoM, BO3HHKaeT BOMPOC, €CThb JH
KaKo#i-T0 MeTOJ, OTJIMYHBIA OT TeCTHPOBaHMs, CNOCOGHBIA rapaHTHpPO-
BaTb, YTO NpOrpaMma He COAEpPXKHT OIUHOOK.

OTBeT, OCHOBaHHLIA Ha JJAHHOM paHee oINpeje/ieHUH OWMOKH B npo-
rpaMmMHOM OOecrneueHHH,— TBEpJoe «HeT», U He MNpPeACTaBJseTcs Be-
poOATHBIM, YTOOHI OH H3MeHuacs B OyaymeM. EcTtb, ojHako, WiKoJa,
yTBepKAAIoOWlasi, YTO «IPaBWIbHOCTb® MPOTPaMMbl MOXKeT ObiThb JO-
KasaHa, eC/H BHIPa3HTb HaMepeHHsi MNporpaMMHCTa B HEKOTOPOH
¢dopmasbHON JIOTHYeCKOH cHcreme, cHOpMYJHpPOBAaTH MaTeMaTHYeCKHe
TEOpeMbl O Mporpamme, HCMOMB3YSl 3TO ONMHCAHHE W UCXOIHBIA TEKCT
nporpaMMbl, H 3areM JOKas3aTb TeopeMHl. EcjaH JOMYyCTHTb, YTO 3TO
BO3MOXHO (a TaK OHO H €CTb), TOTJa, OYEBMIHO, IlIEHTPa/JbHON 3aech
CTaHOBUTCS mNpo6JeMa oIpele/ieHHs] CMBICJAA CJOBA «TPaBUJIbLHOCTD®.
Ecnn oHO 03HayaeT NPaBHJILHOCTL MO OTHOLIEHHIO K HYXKAaM MOJIb30-
BaTeJsiell, TOrAa TaKoH MoaXxoj Obll Gbl HCK/IOUUTENLHO IeHHBIM. Ecan
OHO ©O3HauaeT NPAaBHJIbHOCTb MO OTHOIIEHHIO K BHEIIHHUM crhelH¢uka-
MM, TIOAXOJ Takxe Obl1 Obl KpaiiHe MoJIe3HbIM, XOTS M He TapaHTH-
poBan Gbl OTCYTCTBHE BcexX OWHOG0OK. Ecan «npaBHIbHOCTbY O3Hauaer
NPaBUJIBHOCTb O OTHOIHEHHMIO K cCrenH(HKalusM HH3KOTO YPOBHS,
TaKHM, KakK BHelllHHe crenudukanmyuy MORYJs, NOAXOJ HO-TpexKHeMy
3ac/Jy>XKHBaeT BHUMAaHUs, XOTS M B MeHbLIEH CTeleHH.

Hnes maTemarnueckoro noKas3aTesbCTBa NPaBHJIBHOCTH NPOrpaMMbl
B HaCToOsilliee BPEMs KOHUEHTPUPYeTCS BOKPYTr JOKas3aTe/bCTBa TOTO,
4TO MOANPOrpaMMa IMPaBHJIbHA MO OTHOLIEHHIO K creUHpHKalHaM ee
conpsixeHus. Temepb uHMTaTenn JOJ/KEH yXe NOHMMaTb, YTO 3TO HE
rapaHTHPyeT OTCYTCTBHS BceX ominGok. BoJiee Toro, kak moKasaHO
B NOCJEAYIOUX pasjesiaX, MOXeT ObiTb M TaK, 4TO Mporpamma, npa-
BUJIBHOCTb KOTOPOH IO OTHOILEHHIO K ee cneumjmxauuam JIOKa3aHa,
BBITIOJIHSIETC HE B COOTBETCTBHH C HHMH.
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Tenepr BO3HHKaeT BOMPOC: KAaKOBa e TOJb3a TaKoro JAOKa3a-
Te/NIbCTBA, €CIM OHO He 3aMeHsieT TecTHpoBaHHsi? OTBeT mpocT: mo-
nbITKA MAaTEMaTHYECKOTO J0Ka3aTe/bCTBA NPAaBUJIBLHOCTH NPOrpaMMbl —
3aMeyaTelIbHbli cnoco6 oGHapyKeHHs OLINOOK B NporpamMe, a BCSKHI
MeTOJl, KOTOpPbIfi MOKeT pacKphITb OLIHGKH, 00513aTeNIbHO HMEET HeKo-
TOpYyl0 HeHHOcTb. Bosee Toro, sra KoHueNmuust yxe ceduac cymecr-
BEHHO BO3IEHCTBYET Ha MHOTHE acCreKThl pa3pabOTKH INpPOrpamMMHOro
obecnieyeHus, TaKHe, Kak NPOEKTHPOBaHHE s3blKa, METOJOJOrHs Ipo-
eKTUPOBaHMs, a TO H MPOCTO 3aCTaB/]fieT INPOTPAMMHCTA MBICIHTD
B Gosee ¢GopMaNbHBIX U TOYHBIX TePMHHaX.

HMHTepecHo, 4To NO faHHOMY BONpOCY MMeeTcsl GOJblUe JIMTepaTyphi,
yeM 1o Jo0oMy APYTOMY acmeKkTy HaaexHOCTH NporpamMMHoro obecrne-
yenus. Hacrosimasi rsiaBa npepcraB/isier COGOH TOMBKO YaCTHUHBIH
0630p 3TOH ob6JacTH; GoJree TOJHYIO KaPTHHY MOXKHO HadTH B JiUTepa-
Type, NepeuucJeHHOH B KOHIE IJIaBbl, a TaKXe B KHMrax M CTaTbfX,
Ha KOTOpHIE TaM eCTb CCHUIKH. B aTHx paGoTax HMMeeTcsi MHOTO JloKa3a-
TEJILCTB NPAaBUJIBHOCTH NpPOrpamM, BKJo4as aJrOPHTMbl COPTHPOBKH
W IOWCKa, TMpOCTefilllHe KOMIHJATOPH, MOANPOrpaMMbl UHC/ICHHOTO
aHa/iu3a, si/ipa ONMEePalOHHBIX CHCTEM M NpPOrpaMMbl pelaKTHpPOBaHHS.

METOA WHAYKTUBHBIX YTBEP)KIEHUH

CaMblil  pacnpoCTpPaHEHHBI MeTOJ JOKa3aTeNbCTBA INPaBUJILHOCTH
nporpaMM — HeOpMaJIbHBIH MeTOJ, HMHAYKTUBHBIX YTBEPXKNIEHHH, He-
saBucumo BBefeHHbEt Duoiigom [1]1 u Haypowm [2]. On mpegmonaraer
BLISIBJICHHE pfija TOTEHIMANbHBIX TeopeM (YacTO Ha3bIBaeMbIX YCA0-
auamu Gepugpukayul), N0Ka3aTeJbCTBO KOTOPbIx MOATBEPXKAAaeT Mpa-
BHJIBHOCTb TPOrPaMMBbl.

INepBulil 1Wwar — HamucaThb ymeep#OeHus O BXOAHBIX YCJIOBHUSIX H
BLIXOJIHBIX Pe3yJ/bTaTax MPOrpaMMbl. DTH YTBEPXKIEHUS O6blYHO (op-
MYJIUPYIOTCSI B HEKOTOPOH ¢opMa/IbHOM JIOTHUECKOH CHCTEME; OJHa H3
HanboJslee IUMPOKO MPHMEHSIEMbIX — HCUHMC/JEHHE NpPEeIHUKAaTOB NepBOro
nopsiika. B MCUMC/EHHH NPEAUKATOB YTBEPXAECHHS (WIH Mpeioxe-
HU$1) SIBJASAIOTCS JIOTHYECKHMH TepeMeHHbIMH WJIH BhIPaXKeHUSIMH, HMEIO-
UMK 3HaYeHHE «UCTHHA» WIH «10XKb». [lofpo6HOe o6Cy:KaeHne HCUHC-
JIEHHUsI TIPEJUKATOB BBIXOIMT 3a PAMKH HAaCTOSIEH KHHTH, HO Hedop-
MaJIbHble Onepanyi, HeoGXoUMble B 3TOM pasjieJie, MPeACTaB/IeHbl B Ta6-
aune Ha puc. 17.1. Jl1s uurarens, KOTODBIA JKeJaeT M3Y4UTb 3TOT
Bonpoc rayGke, HMEOTCS YYeGHHKH MO MaTeMaTHYECKOH JIOTHKE HJIH
HCKYCCTBEHHOMY WHTEJJIEKTY, OOJNbUIMHCTBO H3 KOTOPbIX COAEPHKHUT
nosHoe M (popMmasibHOE ONHCAHHE HCUMC/IEHHsi MPEAHKAaTOB NepBOro
nopsaka. B

Tpexne ueM NpoAo/KaTh, PACCMOTPHUM NpHUMeEp, HJIIOCTPHPYIOMUHA
npouecc AokasatenabctBa. Ha puc. 17.2 npuBefeHa mnoAnporpamma,
BbiuyHcastomas 3HaueHue Z=AB, rpe B — HeoTpHuartesbHOe LeJI0Oe
Yucyo (31oT TMpHMep B3AT u3 pabotbl Kuura [3]). Bmecto Toro utoGhl
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Ces3ka MNpumep 3Haqer|ne
Anzvionkyus PAg png
KoHbloHKuMuA pVa p nwan q
-Orpnqaune —p He p
Nmnnukaumns poOg p Bnever g. To ke, urtO
(Tp)vy
DxsMBaneHTHOCTL p=gq p sxBusanentHo 4. To me, uto
‘ (r>9)Al9Dp)
Keantop v x(p(x)) Ans ecex 3nauenun x p(x)
BCEOBLLHOCTH WUCTUHHO
Keantop 3x(p(x)) CywecTtayer 3Hauenue X, Ans
CyWecTeOBaHUA KOTOPOro p(X) MCTMHHO

Puc. 17.1. CBA3KHM HCYHCJEHHS NPERHKATOB.

npocTo nepeMHOXHTb A Ha ce6s B pas, noamporpamMma BHINOJHSET
BO3BeJleHHe B CTeNeHb, BHIUUC/AS MOCTeNoBaTeNIbHO A%** W HCHo/b3ys
JBOMYHOE TpejcTaBjeHne B mias or6opa HyXHbIX cTeneHefl. Kaxpwiit
pas, Koria B IIMKJe BBUHCAsieTcs ouepenHasi creneHp A (4, A2, A4,
A% u 1. 1) H coorBercTBYIOWHMA GuT B paBeH 1, creneHr A BXOZHT
B pe3yJIbTaT KaK MHOXwuTeNb. Hanpumep, eciy 3naueHne B paBHo 13
(8 mBouuHOM Koze 1101), Z BruucAsieTcss Kak nmpousBefieHHe A®X A% X
X A, TlporpaMMa BHIMOJIHSIET JJISI STOTO CeMb YMHOXeHHii BMecTo 13
(ecTb M Ipyrue yMHOXEHHS H JeJIeHHs, HO BTOPHIM ONepaHAOM 3lech
CJYXKHT JBOHKa, TaK YTO OHH KOMIIMJIUPYIOTCS B IPOCThie KOMaHJpI
cABMra BnpaBo MM BJeBo). Omeparop Y=Y/2 caBuraer nokasarejb
BNpaBO Ha onuH Out, a oneparop IF mposepsier, He paBeH JM camblii
npaBblfi 6uT efunuue. [loCKONBKY aJropuTM JAOBOJIBHO XHTPHIH (MO-
yemMy M TpeOyeTcsi JOKa3aThb €ro NpPaBHJIbHOCTb), UHTAaTeNMO, Mpexe
yeM JBUIaTbCsl JaJiblie, MOJIe3HO MPOCHEIHTb 3a ero paGoToil Ha mpoc-
TOM TpUMepe.

Yto6bl HaIVIsiiHEe TOKa3aTh HYTH BHINOJHEHHS 3TOM INPOTpPaMMBI,
Ha puc. 17.3 npuBefieHa ee G/oK-cxeMa. BxojpHoe W BHIXOJHOE yTBepK-
IieHHS OTHOCATCSI COOTBETCTBEHHO K ToukaMm Al u A2. BxoxHoe yTBepx-
JleHHe OIHCHIBaeT Bce HeOGXOAMMbIE BXOAHBIE YCJIOBHSA AJIsi MPOrpaMMbl,
& BHIXOJIHOE YTBEepXK/EHHE ONHCHIBAaeT OXHMJAAeMblii pe3yJ/bTar. JTH yT-
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POWER: PROCEDURE (A,B,2)

z =1
X=2A
Y =B

DO WHILE (Y#0)
_IF (Y#(2*(Y/2))) THEN 2 = Z*X IS Y AN ODD NUMBER?
Y Y/2

X X*X
END
ENP
Puc, 17.2. Ilporpamma,
Z2=1
12
X=A
Y=8
Z=2¢X

|8

Puc, 17,3, Buaok-cxeMa nporpammm,
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BEDXKACHHA MOKHO NpeACTABUTH C/IEeAYIOMUMH TIPEAJIOKEHUAMHU:

Al: (BZ20)A (B uenoe)
A2: (Z=ABA(A, B He u3aMeHeHH)

Ha BTOpOM llIare 3TOro MeToAa AOKAa3aTe/lbCTBAa HYXHO cdopMyJu-
poBaTh TEOPEMBI, WM YCIOBUsS BepHPHKAUHMH, NOJIEKaliue AOKasa-
teabcTBY. [lepBbiil cnoco6 caenaTh 3TO — NpeANoJIOXKHUThb, 4To Al Hc-
THHHO B TO4YKe 1, BOCNO/Ib30BaTbCS CEMAaHTHKOH omeparopa, pacnoJo-
3KEeHHOTO B TMporpamme Mexay Toukamu 1 u 2 ajsa npeobpasoBanust Al
B NPOMEXYTOYHOE YTBEepKJeHHE B TOUKe 2, W MPOXOJIKATh TaK J0 Tex
1op, TNOKa NPOMEXYTOYHOe YTBepXKIeHHe (BBIBEJIeHHOE U3 HCXOLHOTO
Al) ne Gyzmer moctpoeHo Assi ToukHu 9. JIs sTOH TOUKH NMOCTPOEHO ABa
YTBEPXKAEHHS: NMepBoe — BbIBEJCHHOE YTBePXKJAEHHE (BXOLHOE YTBEpXK-
JeHue, npeoGpa3soBaHHOE B COOTBETCTBHUM C CEMaHTHKOH NPOTPaMMhI),
a Bropoe — A2, T. e. BhiXogHOe yTBepxkjeHHe. Temepb MoxHO cdop-
MYJIHPOBaTh TeOpPeMY O TOM, UTO U3 BBHIBEJIeHHOro B TOuKe 9 yTBepxje-
Hug JOoTHUecku ciexyer A2. '

Bropoit cnoco6 — HauaTh C BLIXOAHOTO YTBEPKIEHHA U JABUraTbCs
10 porpaMme B 06pamHoM HANPagAeHUuy JO TeX Nop, NoKa He NOJy4HTCs
BhIBEIEHHOe yTBepxkAeHue nias Touku 1. Teopema (ycnoBue Bepudm-
KalluH) Tenepb GopMmynupyercsi Tak: 3 Al cienyer yTBepxKjaeHHe, Bbl-
BefieHHoe 1S TOoykH 1.

Yto6ul copMy/IUPOBATH YCIOBHS BepH(UKauuH, HEOOXOXHMO aK-
CHOMATHYECKOE ONMHMCAHME CEMaHTHKH sA3BlKa nporpammuposaHusi. ['u-
NOTETHYECKH# A3bIK, HA KOTOPOM HamnHcaHa M300paxkeHHasi Ha puc. 17.2
nporpamma, CBOJHTCA K OllepaTopaM [ABYX THUNOB (NpHCBauBaHue H
NPUHATHE peILeHUs), TaK YTO HYKHO ONHCaTh, KaK JOJKHBEI HU3Me-
HATBbCSL YTBEPIKAEGHUS NMPU paccMOTpeHHH 3THX omeparopos. [lpeamoy-
THTe/bHee obpamueii MeTOX (GOPMYJMPOBKH YCJAOBHH BepHOUKallHH,
IIOCKOJIbKY OH JlaeT HOBYIO TOUKY 3PEHHSI Ha BbINOJHEHHE MPOTPaMMbI
(MOXHO CYHTATh, YTO OH MOJEJNHPYeT BbINOJHEHHE NMpPOrpamMMbl B 06-
patHoM HanpasjeHuu). Puc. 17.4 uIMOCTPUPYET COOTBETCTBYIOMIHE
AKCHOMBI. DTH aKCHOMBI JIOJIKHBI OTBeYaThb Ha TaKoH BOMNPOC: ec/H He-
KOTOpOE YTBepXKJIeHHe HCTUHHO MOC/e omeparopa HPOTrpaMMbl, KakKoe
yTBEPKAECHUE JO/KHO GbiTh HCTHHHBIM nepej omepatopoM? Ecau yr-
BepxKJeHUe B Touke 2 Ha puc. 17.4 takoBo: (S=X-+4) A (X=0), a one-
partop npucBauBanus umeet B X=X—2, To B Touke | Oyner BoiBe-
JeHo yrtBepxaeHue (S=X-+2)A(X>2). Jlpyrumu c1oBaMH, Bbl ¢OT-
MeHsieTe» NpPHCBAUBAHUE, 3aMEHAsT B YTBEPXKJEHHHM BCE BXOXKIEHUS
nepeMeHHOMN, yYKa3aHHOH CJleBa OT 3HaKa NMPHMCBAUBaHHs, BbIpaXkeHUeM
cnpaBa. Uro6bl «OTMEHUTb» NPHHATHE pelleHus, NPHUMEHSIETCs BTOpast
akcuoma, u3o6paxenHas Ha puc. 17.4. Eciu B Touke 5 uMeeM yTBepxK-
Jenne X=0.5 MV?, a yciaosue g: V>1000, To yTBepKJeHHe B Touke 3
6yner Buirasgers Tak: (V>1000)>(X=0.5 MV?).

31ech MOXKeT MOKa3aThCsl, YTO Y Hac JOCTAaTOYHO MH(opMauuu s
TOCTPOEHHSI YC/MOBHSI BepUHKAUMHM, HO OCTaeTcs OJHA InpoGrema:
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————p(fz,¥),4) Boisedennoe

T =fzy)

N

- ———p(z, ) Hexoduoe

——=[g29@) A ["g>p(z)) Bersedennoe

——4(z) Hexodwvoe

Puc. 17.4. AxcHOMEl npeoGpasoBaHHsl yTBepXJAeHHH npH o6paTHOM NPOCMOTPe,

Kak ObITb ¢ UMKIOM? UHco noBTOpeHH# LUKIAa MOXKeET ObiTh Pas/iHyHbIM
B 3aBMCHMOCTH OT 3HaueHUsi B. TlosToMy Ham HeOGXOZHMO TpeTbe yT-
BepxKJIeHNe A TOUKH BHYTPH LHKJIA (Ha3blBaeMoe UHOYKMUBHbIM
YTBEPKACHHEM HJIM UHBAPUAHIMOM YUKAQ), YTOOB MBI MOTVIH NPHMEHHTE
IUisl IOKa3aTe/bCTBa NPaBHJIBHOCTH METOJ MATeMaTHYECKOH HMHAYKIHH.
WNunyxkTuBHOE yTBep)KIeHHe JO/IKHO ONHCHIBaTH BCE CBOHCTBA MPO-
rpaMMbl, KOTOpble HHBApHaHTHHI [/l BHIODaHHOH TOYKH B WHKJE,
[Mocnie TaTeNLHOTO H3YYeHHs NPOrPaMMbl YHTATe/b JOJ/IKEH CYMEThb
JI0Ka3aThb, UTO CJefyiolnee yTBepKaeHHe HCTHHHO B TouKe 3 Ha puc. 17.3.

A3: Z«XY=ABN(YZ=0)A(Y — uenoe) A\(A, B He wu3meHeHb)

CnoxHocTb ¢ (GopMyJIHPOBKONH MHAYKTHBHBIX YTBEPXKAEHHH B TOM,.
YTO HYKHO ONMHCaTh BCE OCMBIC/IeHHble HHBapHAHTHEIE yc/oBus. OGle-
NpH3HaHHO, YTO 3TO CaMblii TPYIHBHIH LIar B Hpollecce JOKa3aTeJbCTBa,
OGBIYHO MMeeTCs TeHJAEHLHs ONYCKAaThb HEKOTOPHle HHBapHAHTHLIE CBOH-
CTBa, HO 5TO JIEFKO OOHapyXXMBaeTcs MPH NONLITKE JOKa3aTb YC/IOBHE
Bepupukauuu. OnpejeseHve MHAYKTHBHBIX YTBePXKAEHHH OKasbiBaeTcs
I0JIE3HBIM JlaXKe TOTJla, KOTJa Bbl He COOHpaeTech JOKAa3blBaTh [PABH/Ib-
HOCTb NpPOTPaMMEI, MOTOMY 4YTO OHO 3acCTaB/sieT (opManu30oBaTh HH-
TYUTHBHBIE TIPEICTABJEHHS O JIOTHKE LHKJA.

Tenepb y Hac MMeeTCa TPH yTBepxkaeHusi (unH Gosblue, ecan ObLIO
HECKOJIbKO IIMKJIOB). BMecTo TOro uroGbl cTpouTh ORHO MHOIJeXallee
Jl0Ka3aTeJabCcTBY YCJOBHE BePHU(HKAIMH, Mbl NOCTPOUM HECKOJBKO Ta-
KHX YycJOoBHH ciaenyomum ob6pasom. PaccmotpuMm rpad ynpabieHHS
nporpaMMbl H COBOKYITHOCTb YTBEPXKAEHHWH H BHIJIEIHM B NporpaMme
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BCe NMYTH, KOTOpHlE HAUMHAIOTCS M 3aKaHYUBAIOTCA YTBEDXKICHUAMH H
He cozepxar yTsepxaenuil BHYTpH. Taxue nyTH HaswBaloTCA Go/dener-

HoLMU nymsamy, Ha pHC. 17.3 uX yeTnipe

1. Or Al k A3

2. Or A3 K A2.

3. Ot A3 k A3 nis Y HeuerHoro.
4. Or A3 k A3 ansa Y uerHoro.

Jas xaxnoro BblAEIEHHOTO NMYTU AOJIKHBEL GbITb MOCTPOEHBI YCJIO-
BHSI BepU(HKAUMH; MX NOKA3aTeIbCTBO NOATBEPXKAAET NPaBUJILHOCTH
nporpammel. Iy nocTpoeHHst yc/I0BHS BepH(HKALUH CJERYET B3SAThb
yTBep:KJeHNe B KOHIE BBIJIENEHHOro NMYTH U TPaHCHOPMHPOBATH €ro,
BO3Bpallasnchk K Hayanay. Utolbl feTalbHee NO3HAKOMHTBLCS C 3THM TPO-
LIeCCOM, TOCTPOMM' YCJOBHSI BepHU(HMKALUH JJIsI TPETHEro BbIAENEHHOrO
TyTH. YTBepKICHHE B TOYKe 8 COBMAJaeT C YTBEpPKAEHUEM B TOUKe 3
{kotopbiM siBisiercss A3), MOCKOJMILKY MeXAY TOUKOH 8 M TouKo#t 3 Her
HUKAaKuX onepatopoB. B Touke 7, 3ameHssi X Ha X+X, nonyuaem

(Z£X2Y = ABYA (Y = 0) A(Y —uenoe) A (A, B He H3MeHeHbI)

B Ttouke 6, 3amensia Y Ha Y/2, umeem
(ZeX2 Y10 = ABYA (Y /2= 0) A (Y/2—uenoe) A (A, B He u3MeHeHbi)

JlBoiikn B noKasaresie CTeneHH He COKpAUIAlOTCs, NMOTOMY 4YTO LeJoe
Je/leHHe B MallHHEe — HE TO JKE CaMmoe, 4YTO JeJeHHe B MaTeMaTuke
(2%(Y/2) He Bcerna paBHO Y). B Touke 5 BhlBelleHHOE YTBepKIEHHE
nosydaer BHJL

(ZeX1+2 0/ = AB) \(Y/2 2= 0) A(Y /2 —nenoe) A (A, B He uaMeHeHbl)

B Ttouke 4 umeem .
(Y weuerHo)>lyTBepxkpuenue aiasi ToukH 5]

a B Toyke 3 —
(Y520)> {(YHeuerno)>[yTBepxuenue mas touku 5]}

Hrak, MBl mosyuuaH yc/ioBHe BepH(MKALHH, COTVIACHO KOTOPOMY
yrBepxkfenue A3 Bieuer 3a co6oifi BHIIHCAHHOE BBILIE YTBEPXKAECHHE.
Tpu Apyrux ycnoBus BepHUKaLHH MOr'yT OBITH NOCTPOEHBl aHaJO-
THYHO; BCe YeThIpe YCJOBHS NpHBeNeHHl Ha puc. 17.5.

Crenytowuil mar — J0KasaTb 3TH YeThbipe yTBepxkaeHus. s storo
MBL JOJIXKHBl BOCIIOJIb30BAaThCS NPaBHUNAMH BHIBOJA B HCUHC/IEHHH mpe-
AMKaToB, HO OOBIYHO HOCTaTOYHO HeopMasbHBHIX paccyxkieHuii. Bce
geThipe TeopeMbl HMEIOT BHA p¢, a OObIUHBEIA MeTOJ J0Ka3aTelbCTBa
TaKUX TeopeM CBOAUTCS K TOMY, 4TOOBI NOKa3aTb, YTO ¢ MCTHHHO BCH-
KH{ pa3, KOrJa HCTHHHO p (MOXKHO TaKXe NbITaTbCH JOKa3aTb, YTO §
BCEr/ia UCTMHHO WJ/IH YTO p BCerAa JoxHo). HUuraTesb He JO/UKeH BCTpe-
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1. [(B=0)A(B uenoce)]D
[(1#AB=AB)A (B=0) A (B uenoe)A(A, B He usmeHenn))

2. [(ZsXY=ABY)A(Y =O0)A(Y uence)A(A, B He usMmeneHu)]D
{(Y =0)D[(Z=AB)A (A, B He nsmeneHn)}}

3. [(ZsXY =AB)A(Y = O)A(Y uenoe) A(A, B ne uamenenw)}>
(Y # 0)D{(Y uerno)S[(ZsX1+2¥ /D= AB)A(Y /2= 0)A
(Y/2 uenoe) A(A, B ne usmenenn)]}}

4. [(Z=XY =ABYA(Y = 0)A(Y uence)A(A, B ve usmenens)]>
{(Y # 0)>{(Y serno)D[(Z+X2 /2 = AB)A(Y /2= 0)A
(Y/2 uenoe) (A, B ne namenenn)]}}

{Puc. 17.5. YeTnipe yc/oBHA BepHOHKaLKH, NOAIEXKaulMe AOKa3aTeAbCTBY.

THTb 3aTPYJAHEHMH, paccMaTpuBasi JBa NEPBbIX YCJIOBHs BepuHKamMH,
JlBa nocnefHHX HOKa3aTeJbCTBa XHTpee, IO3TOMY IOSICHHM JOKasa-
Te/JIbCTBO TPETbEro YCJIOBHS. YTBepxKIeHus: s Y/2, A u B n0/mxHbl
ObITb OYEBMAHBI, TNO3TOMY HaM OCTaeTGsl MOKas3aTb, 4To ZxXY=AB
BleueT 3a coGoit ZxX'*+2(Y/W=AB korna Y HeuerHo. IlpumeM, yro
B f3blKe (KaK B GOJIBIIHHCTBE APYTHUX SI3bIKOB) OKPYIVIEHHE JI0 LEJOro
TIPOM3BOJUTCS C HEJOCTATKOM, €CJIH PesyJbTaT JAe/eHUs — NPOGHbIi
(nanpumep, 5/2 paBHo 2). ITosromy 2(Y/2) paBHo Y—I, nockosbky
Y — HeyeTHo, M JoKasaTesqbCTBO 3akoHueHo (Y'=1+4Y—I). Uersep-
TOEe JIO0Ka3aTeJbCTBO MOXHO IPOBECTH aHAJIOT'MYHO.

~ Mbl nokasasi, 4To NporpamMma NpaBHJbHA 1O OTHOWIEHHIO K BXOX-
HOMY H BBIXOZHOMY YTBEpXKIEHHSIM, HO TOJbKO €CJIH ee BHINOJHEeHHe
3akanuuBaercs. [lociiegHee (T. e. uTo mporpamma He GyJIeT LMKJIHTLCA
GeckoHeuHo) eme He JokasaHo. Her obuiero Meroza JHokasarelbCTBa
3aBeplLIaeMOCTH NPOrpamMM, HO OGbIMHO GBIBaeT NOCTATOUHO Hedopmasb-
HBIX coobpaxeHuii. B Haumlem npuMepe mporpaMma 3aKaHYMBaeTCs
TOJIbKO TOrJa, Korja Y paBHo Hy/mo. CorsiacHO BXOZHOMY YTBepKpe-
HHIO, 3HaueHHe Y TepBOHaYa/bHO HEOTPHIATENIbHO, H H3MEHSeTCs
TOJMIKO B OJHOM MecTe: B IMKJe, Irfie YMeHbluaeTcs N0 KpaiHeil mepe
Ha eIMHHIY NpPH. KaXJAOM ero noBTopeHHH. Takum o6Gpasom, Hedop-
Ma/IbHO YCTaHAaBJIMBAeTCs, YTO BLUTOJHEHHE 3TOH NpPOrpaMmbl 3aKOH-
YUTCH.

IlopBoAst HTOrH, MOXHO COPMYJNHPOBATL Clelyioliue 1ary Hedop-
MaJIbHOTO JI0Ka3aTeJbCTBa METOJOM HHAYKTHBHBIX YTBEPXKIEHHI:

1. Tlocrpoiite Gnok-cxeMy nporpammbl (He 06si3aTeNlbHO, HO 3TO
OMOXKET BBIJENSATH HYTH).

2. BrimumnTe BXOJHOE H BBEIXOJHOE YTBEPXKICHHS.

3. Ha#ignre Bce mMKaABH M chOpMyJHPYHTE HHAYKTHBHLIC YTBEpHK-
JeHHs JJIA KaXkJAOro M3 HHX.
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4. CocTaBbTe CHHMCOK BbIAENEHHBIX MYTeH.

5. Hcronpaysi cemaHTHKY ONEPaTOpOB MNpOrpaMMebl, MOCTPOMHTE
YyCnoBHsA BepHMUKALHU.

9. TokaxuTe Kaxzioe ycjoBHe BepupuKauuu. Ecau 310 He ynaercs,
TIpUYMHON MOXKET OBITh OJHO M3 TPeX OGCTOSATENbCTB: JIMGO Bbl HEAOCTa-
TOyHO H3006peTaTesbHbl, JHOG0 ORHO M3 BallUX YTBEPKAEHHH HENOJHO,
JM60 BBl OGHAapYXHU/IH OIIHOKY Ha 3TOM BhHIJE/NIEHHOM HMYTH.

7. JokaxuTte, uTO BBINOJIHEHHE MPOTPAMMbI 3aKOHUMTCS.

CxenTUKM BHAAT B ITOM MeToJle NOKa3aTe/bCTBA JIHIIb NPHYY/IJIH-
BYIO MAaCKHPOBKY OOLIYHBEIX TPOLECCOB YTeHHS TeKCTa NMPOrpPaMMbl HJIH
CKBO3HOTO KOHTpOJisi. B 3HauHTe/NLHON Mepe TaK OHO U €CTh, €JHHCT-
BEeHHOE pas3/inuHe — creneHp ¢opmanusauud. Ho yposeHb ¢opmasiu-
3allMH{ 4acTO OCTaeTcsi BOIPOCOM JIMYHOTO BKYca; Hanpumep, B paGote [4]
JIoHIOH JOKasbIBaeT NPABHIALHOCTL NATH InporpaMm OGosee Hedop-
MaJibHO M Geryio, 4eM B NPHUBEAEHHOM NpHMEpe.

MoxeT nokasaTbcsl, YTO STOT METOJ AOKa3aTelbCTBA PAaCCYUTAH Ha
yucJ/IeHHbIe porpamMMul. B HeKoTopo#l creneHM 3To BepHO, HO IIPH ompe-
JieIleHHOH H306peTaTe/IbHOCTH €ro MOXKHO NPHMEHATb M K IUHPOKOMY
KJacCy HeuHcJeHHbIX nporpamM. Hampumep, BeIXojHOE YTBep:KaeHHe
JUISl IPOTPAMMEI COPTHPOBKH 3JIEMEHTOB BeKTOpa M MOIJIo 6Bl COCTOATH
B ToM, uTo A4 Beex I: M(I)<M(I+1) u uT0 OKOHUATE/IbHOE 3HAYEHHE
M — nepecraHoBKa HcxogHoro 3HaueHHs M. Jlns JokasarenbcTBa
TIpaBUJIBHOCTH a/ITOPHTMA ToMcKa B Tabauue T uHAekca [ Toro ame-
MeHTa, 3HauUeHHE KOTOPOro paBHO X, BEIXOZHOE YTBEPIKIEHHE MOTIVIO Gbi
ObITh TaKHM:

(X €T) 2 X=T(DIAI((X € T))> I=01AIT He u3meneHol

Yuratesb, BepOSTHO, IOHHMaeT, 4YTO JHOKa3aTesNbCTBO IPAaBHJIb-
HOCTH — JVINHHBIA mpouecc. JlokasaTe/qbCTBO Bcerja ropasio AJIUH-
Hee CaMOH NpOrpamMMbl, H cambie GOJIbLIHE MPOTPaMMbl, 3a KOTOpHIE
ToKa Opasiuch, cojiepar He Gojiee HECKOJbKMX COTEH ONepaTopoB.
B onHOM H3 CIEAYIOIHX pas3fieJloB PacCMaTPHBAIOTCA HEKOTOpble Me-
Tofibl aBTOMATH3allMH IIAFOB J0Ka3aTesqbCTBa, paspabaThiBaeMble /s
“TOro, YTOGbl COKPAaTUTb BpeMs, HE06XOAMMOe JJISi BLIMOJIHEHHS 3TOTO
npouecca. :

OnucaHHbli B JaHHOM pasfie/le MeTOJ, J0Ka3aTe/bCTBa MOXKeET ObiTh
‘pacrpocTpaHeH Ha BCIO MPOrpamMmy, eci¥ JOKa3blBaTb ee MOAyJb 3a
moznysiem. IIpn 3TOM NepBhIf LIar — onpeje/ieHHe BXOAHBIX H BHIXOJ-
‘HHIX YTBEpKIEHHH JAns Kaxuoro moayas. Korza nmpu mocTpoeHuu yc-
JIOBHH BepuHMKauMH BHYTPH MoAyas Bcrpedaercsi oneparop CALL
BLI30BA JAPYTOTO MOZAYJS, YTBEpXKACHUS, KacalollHecs BbI3HIBAEMOTO
MOAYJISl, HCHOJMb3YIOTCS JJs ONpefe/ieHHs CEeMaHTHKH omepartopa
‘CALL. '
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YTO MO)KHO U YEro HEJIb34 NOKA3ATDH
€ NMOMOUIbI0 NOKA3ATEJIbCTB

Kak yxe roeopusoch Bbillle, AOKAa3aTeJbCTBO NPaBWIBHOCTH HE
MOXKeT TapaHTHPOBaTh OTCYTCTBUS OLIMOOK B IporpaMMHOM obecreye-
HuH. BeBanu ciyuau, kKorja B mporpammax, NpaBHIBHOCTb KOTOPHIX
Gblia JoKasaHa, oGHapyxuBajduch omubku. [locnennee, oxHako, He
nomeniazo ucciejoBaresM, paboTaiouiuM B AaHHOH 006J1acTH, NMPOBO3-
IJIaCHTb STOT METOJ, «3aMEeHOH TecTHPOBaHMS» W YTBEPXK/JaTb, UTO C €rO
MIOMOLLbIO MOXKHO «OKOHYaTe/JbHO J0Ka3aTb OTCYTCTBHE OWHGOK B Mpo-
rpamme». UTOObl OLEHHTb NEPCNEKTUBHI TAKOTO METOAa, PacCMOTPHM
npo6JsieMbl, HEJOCTaTKH M JOCTOHHCTBA MaTeMaTHYeCKOTO JI0Ka3aTe/b-
cTBa npaBWiabHOCTU mporpamM. Iloka 4MC/IO HEZOCTaTKOB IpeBHILAET
YUCJIO JOCTOMHCTB, HO 3TO He O3HAYaeT, YTO METOJn! A0Ka3aTe/NbCTBa
GecriosiesHbl. MHorue (HO He Bce) HeJoCTaTKU OyILyT ycTpaHeHsl Giaro-
Japsi BeAYIIMMCSl B HacCTosilllee BpeMsi UCCJIeIOBAHHSAM.

OcHOBHEIE HEJIOCTATKHU METOoJa — B TOM, YTO NPOTpaMMbl, NpaBHJIb-
HOCTb KOTOPHIX JOKa3aHa, MOTYT BCE Xe COAep:KarTb OIIHOKH; Kpome
TOTO, JIOKa3aTe/NbCTBa CJ/IOXKHBI, YTOMUTEJbHBl M TpeGYiOT MHOTO Bpe-
MeHHM, a MHOTHE KOHCTPYKIHMHM ILIHPOKO pPAacHpOCTPaHeHHBIX $I3LIKOB.
HNporpaMMHMpOBaHHsl He mNOAJaloTcs JoKasaresnbcTBYy. Hiuxke npuso-
nurcsi Gojiee JeTalbHBI CHHCOK MMEIOIIUXCS TPYIHOCTeH.

1. TlpaBuIbHOCTE MpOrpaMMbl JOKa3bIBA€TCSl TOJMBKO MO OTHOLIEHHIO
K BXOAHOMY U BBIXOZHOMY yTBepxKAeHMsM. Ec/iu BbIXOZHOe yTBepxie-
HHe HeNpaBHJIbHO WJIM HENOJIHO, MOXeT ObiTh JOKa3aHa IPaBHJIbHOCTD
nporpammel, a oWIMGKH B Heli ocTaHyTCsi HeoOHapyxXeHHbIMH. Kpome
TOro, OUIMGKH, CheNaHHble Ha 0o/iee paHHHUX 3Tanax NPOEKTHPOBAHHS
(uesH, BHEWIHHI MPOEKT), He GYyAYT OOHapYKeHbl MPH JOKa3aTe/bCTBeE.

2. BxopmHoe yTBepakleHHe OIHCHIBAET HCXOJHBIE NPEATNOJOXKEHHST
U cpely, B Kotopo#l paGoraer mporpamma. Her rapanTuu, uto oHH
6yayT cnpaBeJJIHBEI B MOMEHT, KOTZa IporpaMma AeHCTBHTeJNbHO 6y-
JeT BBHINIOJHATbCA (HampuMep, JOKa3aTeJNbCTBO HHYEr0 He TOBOPHT
O MOBelleHHH NpPOTpaMMHl B CJAy4ae, €CJH peasbHble BXOJHBIE AaHHBIE
HEe YIOBJIETBOPSIIOT BXOJHOMY YTBEPXKIEHHIO).

3. OwubKkH B conpsiKeHUU (HampuMmep, NOPAAOK NapaMeTpoB He
COOTBETCTBYET MOPSNKY apryMEHTOB WJIM apI'yMeHT B pajMaHax nepe-
JlaeTcsi mapaMeTpy B rpanycax) o6blYHO He OGHApYXMBAIOTCS NPH JO-
Ka3aTeJIbCTBe.

4. Camo MOKa3aTeslbCTBO MOXKeT ObITh HenpaBMJIbHEIM. YesoBek,
JIOKa3blBaIOIIMH YCTOBHE BepH(HKAlUUH, JErko MOXeT JAONyCTHTh
omuGKy M MOKa3aTb €ro MCTHHHOCTb, B TO BpeMsl Kak Ha caMoM jefe
3TO He TaK. MoxeT ObITb, 3TO HCK/IIOUMTENbHBIA CJayyai, HO B mpodec-
cuoHa/MbHOM XYypHaJie [5] 6bi1a ony6ikoBana nporpamMma U3 25 CTpOK,
NpPaBUILHOCTh KOTOpOH OblIa [OKasaHa H B KOTOpOH mocje 3TOro
6610 OGHapyxeHo 7 ownGok. Bce cemb omnGok Obuiy Gbl, BEpOSTHO,
HafiieHel, ecqid Obl 3Ta mporpamma Gbljla TeCTHPOBaHa.
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5. BeposiTHO, caMmblM GOJIbIIMM HEJOCTaTKOM SIBJASETCH TO OGCTOSM-
‘TE/IbCTBO, YTO JIETKO MOXKHO HEeMNPaBHJbHO HMHTEPIPETHPOBaTh CEMaH-
THKY f3bika. KOHKPETHbIA OMepaTop mporpamMMbl MOXKeT HMEThb COBCEM
He TOT CMBICJI, KOTOPBLIH noipa3ymeBaeTcsl B JokasateqabcTse. Eciin ge-
JIOBEK JNONMYCKaeT OWHOKY, HEeMPaBHJIbHO NMOHHMas ONepaTop MPH KOAM-
pOBaHHH MPOrpaMMmbl, Ta Xe omMOKa, BeposiTHO, GyNEeT CleJlaHa U NpH
-€e JI0Ka3aTeJ/bCTBE.

6. CucremHble W MalIHHHbBIE OTpaHHYeHHS (OIIHOGKH OKpYrJeHHS,
YC/IOBHSI MepenoJHeHHsl H JpyrHe CJIeJCTBHS OTPAHHUYEHHOCTH MallMH-
HOll apu¢meTHKH) OGBIMHO ONMYyCKAlOTCA B JOKasaTeJbCTBaX. Ecrb croo-
«coObl YYeCTb 3TH OrPaHHYEHHs, HO 5TO B OIPOMHOM CTEMEHH YCJOXHSET
JI0Ka3aTeJIbCTBO.

7. CoBpemeHHble METOAH JAOKAa3aTeIbCTBA HEaJ€KBATHLI B MPHMe-
HEHHH K TNporpammam, BBINOJIHSIOUIMM ONEpalMH BBOAa-BHIBOAA (Ha-
fipuMep, MporpamMMbl MeYyaTH OTYETOB MM OGHOBJEHHsI 6a3bl AaHHBIX).
Kak ormevanoch B ra. 15, sHauyuTe/NbHbIA NPOUEHT OWHGOK B Mpo-
rpamMHOM ofecnedyeHuH (45%, corsacHo HccnefoBaHuio Py6u) cBsizan
€ omnepaunusiMH BBOAA-BHIBOAA U ONpelesieHHeM JNaHHbIX.

8. JlokasaTe/qbcTBa MPaBUJIBHOCTH HEUHCJEHHBIX 3ajad ropasio
C/IOXKHee, 4YeM JO0Ka3aTesIbCTBA MNPaBUJIBHOCTH MPOrpPaMM UHCJ/IOBBIX
pacuetoB. Hanpumep, foKa3aTe/bCTBO NMPaBHJABHOCTH HEGOJBILOH NOj-
nporpammel MATCHES u3 ra. 8 6blio Gl upe3BHIYAHHO CJIOKHBIM.

9. lokasarenbCTBa NMPaBHJILHOCTH He OGHAPYXKHMBAIOT Hexelare/ib-
HBIX NOGOYHBIX 5(p(eKTOB HJIH NMOCTOPOHHHX pe3ynabTaToB. «[IpaBuib-
Hasi» NIPOrpaMMa MOXKET BCE XK€ HMeTb OWHMGOYHbIF NOGOUYHBIN 3deKT,
HanpuMmep paspyileHue TIa06albHOH 0067acTH JAaHHEHIX.

10. Ewe He paspaGoTaHbl METOABI JOKa3aTe/NbCTBa, MO3BOJISIOLLIHE
paboTaTh C TAKUMH SI3BIKOBBIMH CPEJCTBaMH, KaK Mapas/eiusM, CJOXK-
Hble CTPYKTYDBI JaHHBIX, [VI06a/IbHbIE [IEpeMeHHBIe, TIPABUIA ONpesee-
HHA 06JIacTH JeHCTBHS HMEH.

11. CnoxHocTh AOKa3aTenbCTBa MPONOPUHOHA/NBHA GOTaTCTBY H
CJIOXHOCTH s3blKa MNPoOrpaMMHpoBaHHs. JlokasaTesqbcTBO MpaBH/Ib-
HOCTHM THIHYHOH nporpammel Ha PL/1 6blo 6Bl MOUTH HEOCYIIECTBHMO
M3-3a2 THICAY THIOB JAHHBIX H COOTBETCTBYIOUIMX TOHKHX MHpeo6paso-
Banuii B PL/1.

HecmoTpsi Ha Bce 3TH Npo6seMsl, MaTeMaTHYECKHE [0Ka3aTebCTBA
HUMEIOT HEeKOTOphIe CYIecTBeHHble JocTOMHcTBA. [Ipu mokasartesbcrBe
MOTYT ObITb OGHAPY:KEHBI HOBble OLIMGKH, H MPUTOM TaKHE, KOTOPHIE,
BO3MOXHO, He yjanoch Obl HAHTH METOJAaMH TeCTHPOBaHMA. PaccmoTpuM
nporpamMmy, B KOTOPOH paBEHCTBO TpPeX INEPEeMEHHBLIX MpoBepyercs
¢ nomounio BeipaxeHusi IF (A=(A+B+4C)/3). as HekoTopbix 3Ha-
yeHuii B u C 310 BHIpakeHHe He BbIpAabGaThiBAaeT HYMKHBIH pesyJbrar.
Takas oummbKa, BeposiTHO, He Gbijla Obl OGHAapyKeHa OOBIYHBIMH METO-
JaMH TECTHPOBAHHSA, NMOCKOJbKY OHA MPOABJSETCS TOJbKO A/l HeGOJb"
o J0JH BCeX BO3MOXKHBIX 3HAyeHHMH NepeMeHHbIX. BosmoxHO, 4TO
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.oHa He Obl1a Obl OGHAapY2keHa H Npu HehopMaJbHOM UTEHHH TEKCTa HJIH
CTPYKTYpHOM KoHTposie. OfHAaKO OueHb BepOATHO, 4YTO MPU NONBITKE
JI0Ka3aTb MPaBHJILHOCTb NpOrpaMMbl 5Ta OWHGKa Obiia Obl HaiineHa.

[TonrITKH 0Ka3aTh MPaBHALHOCThL 3aCTaBJSAIOT IPOrPaAMMHCTa OYEHb
JeTajIbHO HCCJIeOBaTh H NpOrpammy, H crneuMdHKalHM, a Takxke dop-
MaJIi30BaTh CBOe NMOHHMAHuWe nporpaMMel. [Ipouecc nmoAroToBKH BXof-
HBIX M BBIXOIHLIX YTBepXKJeHMH (faxke eClM NPOrpaMMHCT He HMeer
B BHJY MX JOKa3bIBaTb) NoJie3eH H caM 1o cebe Kak MeTol (opMaibHOro
BbIpaXeHHus1 cneuudukanuii M cnocol onpefiefieHHs1 HEOGXOJAHMEIX 3a-
IMUTHBIX (parMeHToB B MOAyJae (T. €. ()parMeHTOB, BBINOJHSIOUWHUX
CpaBHEHHE YCJIOBHH Ha BXOJie ¢ BXOJAHBIM YTBEPKIEHHEM).

JloxasaTenncTBa NMPaBHJABHOCTH NPOrPaMM NPHHOCAT H KOCBEHHYIO
nonb3y. IlocKoabky mosHoTa cneuudHKamuil CTaHOBHTCS HEOGXOAUMbIM
HCXOAHBIM TpeGoBaHHeM, NMpPOTPaMMMCT, €CJH OH CcoOHMpaeTcsi B JaJb-
HeHlleM JOKa3blBaTb NPAaBHJIbHOCTh NPOTPaMMbl, BBIHYXJEH Gyner
[HMcaTh CBOM crneuuduKauuu GoJsiee TOuHO. Bsarogapsi HCHoJsib30BaHHUIO
<hopMasu3Ma ofliee CTpemyieHde K TOUYHOCTH IPOrPaMMHMPOBAaHHS 4acTo
YCHJIMBA€TCsl, a 3T0 61arOTBOPHO BJIHSET TAKXKe Ha CTHJIb H CTPYKTYpPY
nporpaMMel. MaremaTHuecKHe IOKa3aTeJbCTBA YXKe OKa3hIBAIOT BJIHSA-
HHE Ha pa3paGoTKy SI3BIKOB NPOrpaMMHpPOBaHHS, NOMOrasi MOHSITb ce-
MaHTHKY sI3BIKa U pa3pabaTeiBaTh 0oJiee sICHbIE A3BIKOBBHIE KOHCTPYKIHH.

IMockosbKy MeToAbl HOKa3aTeJbCTB BCe €lle AaJeKH OT COoBep-
iIEHCTBA, a TAKXKE H3-3a MEPEYHC/ICHHBIX BHIIE NpobJeM, 3TOT METOXR
HeNMb3s1 PeKOMEHAOBaThb IVl ynoTtpe6jeHuss B GOJNBHIMHCTBE COBPEMEH-
HBIX NPoekToB. B Tex ciyuasx, Korza oH NpUMEHSETCs, €ro MOXKHO HC-
110JIb30BATh BMECTO TPOIECCOB CTPYKTYPHOrO KOHTPOJISt H aBTOHOMHOIO
TECTHPOBAHMs, HO OH He MOXET 3aMEeHHTb OCTaJibHble NpOLecchl Tec-
THPOBaHHUS, TakHe, KaK TeCTHpoBaHHe COODKH, BHEIIHHX (YHKIHH H
KOMILIEKCHOEe TeCTHPOBaHHMe, a TaKXe TeCTHPOBaHHEe NPHEMJIEMOCTH.
JlokasatenbcTBa, OXHAKO, MOTYT M CETOAHS NPEACTaBJSATh LEHHOCTb
B onpefeJieHHbIX KPHTHUECKMX CHTyalMsX, KOorla B pa3paloTKy mnpo-
€KTa BO3MOXHO BJIOXKHTb HOMNOJHHTE/NIbLHbIE 3aTPaThl Pajy MNOBLILIEHHS
JoctoBepHOCTH pesyJswTata. Eciu 6b s paspabaThiBaj OnEepaLHOHHYIO
CHCTEMY, COJepXaliyi0 HeCKOJbKO MOAYJeH, *KH3HEHHO BaXKHBIX IJIsi
paboThl cHCTeMBl, 1 Obl paccMOTpes] BO3MOXHOCTb J0Ka3aTelbCTBa
NIpaBHJLHOCTH YTHX MoAyJeH B JONOJHeHHe K OObIYHBIM METOAaM Tec-
THpoBaHHA. TO e caMoe MOXHO CKasaThb O NPHKJAJHOH CHCTeMe,
Tako#, KaK CHCTeMa 3HEProcHaG:KeHHs, C KPHTHUECKHMH MOAYJISIMH,
BBHIUUC/AAIOIUMH CcYeTa MJH peaNH3YIOIUMH aarOpUTM YIpaBJeHUd
pacnpene/ieHHeM 3HEPTHH MeXAY KOMIaHHSAMH.

Jlnst uuraTens, HaMepeBaloLIerocs NPUMEHATL METOA J0KAa3aTeNbCTBa
TPaBUJILHOCTH NMPOrPaMM, MOXKHO cJenywoouiuM o6pa3oM pasBHTb OJHY
H3 aKCHOM TeCTHPOBaHHMA M3 IM. 10: He cliellyeT MbITaTbCs A0Ka3hiBaTb
NPaBHJbHOCTb NPOrpaMMbl, KOTOPYIO HANHCAJH Bhl CaMH. DTO CBA3aHO
¢ nATod M3 o6cyxiaBliMxca Npo6Jem; NpPOrpaMMHCT, ClesaBILHK
owHOKy NpH COCTaBJEeHHH NPOTpaMMbl, BEPOATHO, CHEJNAeT 3Ty Ke
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owHOKy mnpu AokasaTesancTBe. KTo-TO HHOH, a He caM NPOrpaMMHCT,
JOJDKEH YKa3aTb BXOJHOE M BHIXOJIHOE YTBepiKJeHHs, (GOpMYyJHPOBaTh
H JoKa3biBaTh ycaoBHS BepHuKauuu. OnHaKo, Tak KaK MHAYKTUBHbIE
yTBepXkaeHHA TpeOyloT ray60KOro NOHMMaHHUSl JIOTHKH MPOrpPaMMbl,
NPeNCTaB/seTcsl Pa3syMHBIM, YTOObl HPOrpaMMHCT caM ¢opMyJHpoBa
WHAYKTUBHBIE YTBEPXKIEHHA W nepeflaBajl HX TOMY, KTO BBHINOJIHSET
JIOKa3aTeJIbCTBO.

POPMAJIbBHBIE U ABTOMATHYECKHE JNOKA3ATEJIbCTBA

Onupasicb Ha (OpManbHBI MeTOJ HHAYKTHBHBIX YTBePKAEHHH,
NPeJICTaBJeHHbll B NpeALIAYIIEM pasjiesie, MOXKHO Oblto Obl CIeIaTh
c/elylouiui JlorMuecknii war: ¢opmMasu3oBaTh €ro HacTOJbKO, 4TOOBI
MOXKHO OBbUIO NPHUMEHSATb €ro ¢ MOMOINbIO NPOrPaMMBl, a He BPYUHYIO.
Jpyrumu cioBaMH, MOXHO JM HanucaTb Nporpammy, Koropasi mony-
yaja Gbl Ha BXOJie APYTYi0 NporpaMmy, a Takxke ee BXOJHbIE H BHIXOJHELIE
YTBepKJeHHsT U BblaBaJjia Obl Ha BHIXOJie HEOOXOAMMEIE [I0Ka3aTeJbCTBA
(wtu koutpnpumep)? OTBeT: U Aa, H HeT. B 3TOM HampaBJieHUH NPOBO-
JWIHCh TVIOZOTBOPHblE HCCAENOBAaHHUS, HO pe3yJbTaThl He HaXoAAT
NPaKTHYECKOTO NPUMEHEHHsI CerofHA U BPAJ JIH Ha#HIyT ero B GIU3KOM
6ynyieM.

BosbnHeTBO NoaxofoB K 3TOH npobJieme HayHHaeT ¢ TpeGoBaHHS,
4yToGHl NMPOrpaMMHCT 3aJal BXOIHOE, BBIXOAHOE M HMHIYKTHUBHbBIE YT-
BepK/eHUsI B si3biKe HCUHC/EHUS NPEAMKATOB MepBOTo HOpAAKa (MOXeT
0Ka3aThCSl BO3MOXKHOH reHepaunsi HHAYKTHBHBIX YTBEPXKIeHU#l U caMoi
cucreMoit). CHHTAKCHC M CEMaHTHKa SI3bIKa NPOrpaMMHpOBaHHs Xpa-
HATCA B TaKoHM cucreme B BHJE aKCHOM Ha fA3BIKE HCUHCJEHHS NpenHd-
KatoB. CHCTeMa IIOCTPOEHHS J[OKa3aTeJbCTB OINpeje/sieT BbleeHHbIe
OyTH B HCCJEAyeMOH MmporpaMMe U 3aTeM HCIOJIb3YeT caMy Nporpammy,
YTBEpKIEHHS M aKCHOMBI JJIs reHepauuu ycaoBu#i Bepudukauuy. 3a-
TeM OHA HCMOJBb3YeT NpaBH/a BHBOJA MCYHC/AEHHS NMPEIUKATOB B COye-
TaHHUHU C JAEAYKTHBHBIMH H 3BPUCTHUECKUMH MPHHLUNAMH PacCyxKIAeHud,
ObITasich JI0KAa3aTh KamJoe YCI0BHE BepHbHKAUMH. 3aMeTbTe, uTO
CYLIECTBOBaHHE TAKOH CHCTEMbl CHsJIO Obl MHOTME H3 paccMaTpHBaB-
pigxcs paHee npoGnem, Hampumep OLIMOKH uYesoBeKa MPH UHTepIpe-
TallMd CEMaHTHKH $13blKa H J0Ka3aTesbCTBe YCAOBHH BepHHKaLHH.

Camasi OoCHOBHasi KOMIIOHEHTa J[OKa3biBalolLlell CHCTeMbl — reHepa-
Top ycaoBuii BepuduKauud. OH ROMKeH yMeTb MaHUNYJHPOBaTb JO-
IMYECKHMH MpelKaTaMH, YIpoulaTh WX, HHTEPIPETHPOBATb ONepaToph
HporpaMMsl, HO caMmasi CJOXHas 3ajaya — CHalguTb CHCcTeMy Heo6xo-
IMMBbIMH akcHOMaMHd. He TosIbKo Bce HeTanM CHHTaKCHCA M CEMaHTHKH,
HO M MHOXeCTBO GaHa/bHBIX NMPHUHIHUIOB, TaKHX, KAK KOMMYTATHBHBIHA
U JUCTPUGYTHBHBIN 3aKOHBI JJISI CJIOKEHMS, HOMKHLI ObITb ONMHCAHBI
B BHIe akeHoM. Heckonbko reHepatopoB yc/obHil BepudHKaLUH ObLIO
HanucaHo AJisi s3bIKOB O/oK-cXemM W noaMHoxkectB AITJI, Aarosna #
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®doptpana. OfHaKo onmHcaHHe HaGOPOM aKCHOM CJIOKHOTO SI3BIKa Bpoae
KoGona wiau PL/1 — HeoGbATHas 3ajauya, KOTOpasi, BEpOsATHO, He 6y-
JIET peleHa B 3TOM CTOJIETHH.

Bropasi KommoHeHTa — CHCTeMa «MEXaHHYECKOro» HOKa3aTesbCTBa
TeopeM. Takasi cHcTeMa OTHOCHTCA K OG/MAacCTH MCKYCCTBEHHOTO HHTEJ-
JIeKTa, MOCKOJAbKY YeJIoBeK NpH JOKa3aTeJbCTBE TEOPEM HCMOJb3yeT
JIeNYKTUBHbIE TIPHEMbI PaCCYKIEHHs] U METOAbl OIlpejejeHus Lesei.
JlokasniBatolllass cucreMa Morvia G6bl A€HCTBOBaTh METOJAOM NpoG M OLIU-
6oK, eciu Gbl pacroJiaraja HeOrpaHUYEHHHIMH BPEMEHEM W MaMsTbio,
HO 3TO, KOHEYHO, NpPaKTHYeCKH HempHemisiemo. IIpHHUuMD pesosoiuit
PoGuncona [6] TeopeTuyecku MOMKET CYLIECTBEHHO YJIYYILHTH NPOLECC
JloKa3aTeNIbCTBA TEOPEM, HO JaKe 3TO CJHHLIKOM MeAJIEHHO, KOTAa YHCJIO
aKCHOM BeJIHKO (4TO 00s13aTeJIbHO HMeJo Gbl MECTO B pealibHbIX A3bIKaX
NpOrpaMMHpPOBAHH).

Knaccuueckasi pabora B 3T0iH 06:1acTH — BEPH(PHKATOD MpOrpaMm
Jox. Kunra [7], Kotopuifi, Kaxercs, siB/s€TCS NMepBOii peanu3aumeit
MOJIHOCTBIO aBTOMATH3MPOBAHHOTO I'eHepaTopa YCJOBHH BepHOMKALUU
H CHCTeMBl JOKasaTesbcTBa TeopeM. CucTeMa JOKa3biBa€T NPaBHJIb-
HOCTb INPOrpamm, HAmMHCAHHBIX Ha OYeHb MAaJIeHbKOM IOAMHOXKeCTBe
A3blKa AJrosi, oHa Gblla MCNOJIB30BaHa /ISl AOKAa3aTeJbCTBA NPAaBHIIb-
HOCTH HeCKOJbKHX HeGonbminx (venee 100 omepatopoB) mporpam.
Xots 3ra paboTta 03HaMeHOBaJsa co0OH oNpe/eseHHbi 3Tamn, OHa JajleKa
OT TOro, 4ToOB HMETh KaKoe-JHGO NpaKTHYeCKOe NpHMeHeHHe.

Begercsi paGora HaJi MHOTHMH HCC/EOBAaTENLCKUMH HPOEKTaMH cO
CXORHBIMH HEJISIMH; OfHA W3 CHCTEM, 3aC/JYyKHBAIOIIHX YHNOMHHAHHSA,—
cucrema [1. I'yna, P. Jlounona u Y. Baeacoy [8]. dra cucrema nbitaercs
CTPOHTDb H JIOKa3blBaTh YCJOBHUSl BepuUKaLHUU JJIsl NPOrpaMM Ha si3blKe
Tlackanb. Cneayer OTMETHTb TaKYI0 €e OCOGEHHOCTb: 4YeJIOBEK MOXKeET
B3aHUMOJEfiCTBOBAaTL C CHUCTEMOH B Ipoliecce J0Ka3aTeJbCTBa TeopeM.
YcranaBnuBaeTcs JIUMHT BpPeMeHH JOKas3aTesbCTBa YCJOBHH BepHudH-
Kauuu. Ecau cucremMa He. MOXKET 3aBEpLUMTb J0KAa3aTeJbCTBO 33 3TO
BpeMsl, OHAa OCTAHABJHMBAEeTCS U CNpaliUBaeT COBETa y MOJb30BaTessl.
Ilosb3oBaTesib MOXKET MPOCMOTPETh HE3aKOHUEHHOE JHOKa3aTebCTBO
Y TIPEJOCTaBHTH JONOJHHTENbHYI0 WHPOPMAUHMIO WIH HanpaBHTb pac-
CYXIeHHs CHCTeMBl N0 JPYyroMy pycay.

Dra unes Auajora B mpolecce A0Ka3aTeJbCTBA TEOPEM MPeJCTaB-
JifieTcsl HeoO6XOZMMOM /11 TOro, 4ToObl O0ECHeuMTb JOKa3bIBAIOIINM
CHCTEMaM KaKYyI0-TO BO3MOXXHOCTb TPAKTHYECKOTO MPHUMEHEHHS B 3TOM
crostetud. [loJIHOCTBIO aBTOMaTHuecKHe JOKasaTeJbCTBAa peasbHbIX
NporpaMM, HamHCaHHBIX Ha PacnpoCcTPaHeHHBIX fA3bIKaX MNPOrpaMMH-
poBaHusl,— LieJIb, BCE elle HEeAOCTHXKHMas B o6o3pumoM Oyayuiem.

B nepBoM paspesie oTMewasnoch, 4yTO (OPMYJHPOBKAa HMHAYKTHBHBIX
YTBepXKAEHHH BHYTPU KaXKJOTO 1IMKJA — 3TO, BEPOATHO, CaMoe TsKeJsoe
OpeMsi B J0Ka3aTeJbCTBE NPaBWIBHOCTH mporpammul. Heckonsko He-
ClleIoBaTebCKUX PaGoT GbIJIO MOCBSIINEHO MONMbITKE aBTOMAaTH3HPOBAThb
TeHepalui0 MHAYKTUBHBIX yTBepxjeHHH. IIpumMepoM MoXeT CAYXKHTh
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cucrema VISTA [9]. Vimes ucxomuyio mporpammy (Ha sismike GJI0K-
CXeM), a TaKKe BXOJHOE M BBIXOJHOE yTBepxaeHusi, VISTA reHepH-
PYeT HJIM YTOYHSIET HEKOTOpble HHBaPHAHTH LHKJIOB. lesaercs 3To
PasnuuHBIMH npueMamd. CuCTeMa UCCIElyeT CeMaHTHKY Kamuoro
LMK/a, YTOOHl BHISIBMTb ONPEJE/NeHHLe WHBAPHAHTHEIE YCJOBHS. OHa
TaKxe NMePeHOCHT APYrue YTBePKJEHHS BHYTPb LUKJIA U A0GaBJseT HX
K MHBapHaHTaM LMKJA. 3aK/IOYHTe/bHHI INar — reHepamus YCIOBHE
BepUQUKALMHM M TONBITKA JoKasaTh uxX. Ecanm pokasaTb me ypaercs,
VISTA uccaienyer npruuHbl HeyjiauM, Haj/examum oGpasom nojmpaB-
JISieT HYXKHOe MHBAPHMAHTHOE YTBEPXKIEHHe M CHOBA MBITAETCS JOKA3bi-
Barb. ['ViaBHasi- TPYAHOCTL 3TOTO NOAXOAA COCTOUT, OHAKO, B TOM, UTO
ANsi NPaBUIILHOH PaGOThL reHepaTopa YTBEPKAEHUH HEOGXOAUMO, YTOGH!
nporpamMma ¢ €amoro Hayasia OblJla NPaBMJBHOR.

BrosiHe ocylecTBUMBIM M YXKe CerofiHs NPaKTHYHbIM aBTOMATH3M-
POBaHHbIM CpPe[CTBOM SIBJISIETCSI CHCTeMa npoepku AoKasamesscms.
Ecin et cooOmuTh wark IOKa3aTelbCTBa, BHINONHEHHOTO UeJOBEKOM,
OHAa MOXKET MPOBEPHTh COOTBETCTBHE KaXKAOro Ilara H3BECTHHIM e
npasu/iaM BbiBOJA. TakHM 06pa3oM OHa MOXET HCKaTh OLIHGKH B MOJ-
FOTOBJIEHHBIX Y€JIOBEKOM JoKasaTesbcTBaX. OJIHAKO ocTafbHbE JOKa-
3bIBAIOIHE CHCTEMBI (3@ HCKJIOYEHHEM CHCTeM NPOBEPKH JI0Ka3aTe bCTB)
elle Josiroe Bpemsi BpsiA ¥ GYAyT NPUMEHMMBI K PeajbHBIM NpOrpam-
MaMm.

APYTUE NPUMEHEHHUS1 METO0B
AOKA3ATEJIbCTBA NMPABHJIbHOCTH

Or oOcHOBHO#M WJeH MaTeMaTHYeCKOro JOKasaTe/beTBa MPaBHJIb-
HOCTH OTIOYKOBAJIOCh MHOXECTBO HOBaTOPCKHX paGoT B CaMBbIX pas-
JIMYHBEIX Hanpas/ieHUsiX. ONHHM M3 HUX SBJSETCS HalpaBJieHUe, CBS-
3aHHOE C KOHUenuuel cumsoaudeckoeo evinoarenus [10]1 — metonom,
IPOMEKYTOUHBIM MeXAY TPaAHLHOHHBIM TECTHPOBAHHEM H JOKAa3aTelb-
CTBOM TMpPaBH/ILHOCTH. [IpH CHMBOJIMYECKOM BBLINOJIHEHHH NpOrpamma
JIeAICTBHTEJbHO B HEKOTOPOM CMBIC/IE BLINOJIHAETCSA», HO MPU 3TOM Kax-
Iblfi onepaTop MHTepOpeTHpYeTCcs Kak npeo6pasoBaHHE CHMBOJIOB, 060-
3HaYalOUMX peajbHLEe BXOAHbE AaHHbie. Hanpumep, mpu cumBo/mue-
CKOM BHIIOJIHEHHH Mporpammbl, H3o6paxkeHHOH Ha puc. 17.6, nocie
BBITNOJIHEHU 1 1€PBOTO OMnepaTopa nepeMeHHOi S GyJeT NPHCBOEHO aJnare6-
panueckoe Bhipaxenne B--CxA, nocie onepatopa 2 nepemensas T
Gyser uMeTh 3HaueHne CxA—B, a npu Bo3BpaTe H3 mpouenypsi mepe-
meHHOH D npucBoeno Bbipaxkenue 2xB. Takum o6pasoM, nmporpammuct
Tenepb MMEET CHMBOJIHYECKOe TIpeJicTaBjaeHHe PaboThl MOANPOrPaMMBL.

Onna u3 mnpoGnaeM, HEeMELJIEHHO BO3HMKAIOUIMX NPH CHMBOJIHYE-
CKOM BBINOJIHEHHH,— Kak 00pabaTbiBaTb YCJOBHBIE ONEPATOPHl, Ha-
npumep onepatop IF, nocpencTBoM KOTOPOro B 3aBHCHMOCTH OT KOH-
Kpemuo20 3HaueHus OJNHOH HWJIM HeCKOJIbKHX IepeMeHHbIX BhHIGHpaeTcs
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CALL CALC(A,B,C,D);

1 CALC: PROCEDURE(W,X,Y,Z);
2 S =X + Y,

3 T = § - 2%X;

4 2 =85 -T;

5 END; :

Puc, 17.6. Hcxonnas nporpamMa AJsi CHUMBOJHMYECKOTO BHIIOJHEHHS.

OfMH M3 JBYX nyTeH. PewieHue cocToMT B TOM, 4TOGbl BhLIOHpaTh 06a
nytd. Hanpumep, ecau BcTpeuaercs onepartop

IF.P>N THEN DO...
ELSE DO...

TO BBINOJIHEHHE MNPOJOJIAKAETCS 0 060MM NYTAM, NMOCKOJNbLKY HET CrO-
coba y3HaTb, MCTHHHO HJIH JIOXHO oTHoileHue P>N. Ilpu o6paGorke
anprepHaTHBel THEN coxpaHsieTcsi CHMBOJIMYECKOE COCTOSIHHE BCEX
nepeMeHHbIX, a K COCTOSIHMIO NPOrpammbl foGaBisercsi ycaosue P>N.
Ipu o6pabortke anbtepHaTiBel ELSE Tekymee cocrosiHue Bcex mnepe-
MEHHBIX TaKXe COXPAHSETCH H K COCTOSIHHIO NpOrpaMMbl A0GaBIsieTcs
ycaoBue —(P>N). Kak HeTpyaHO BMAETb, NpOIECC CHMBOJHYECKOTO
BLINOJIHEHHSA TOYTH WICHTHYEH NPOLECCY reHepamuy yCTOBUH BepudH-
Kaluu.

EFFIGY [11] — 310 auanoroBasi cHcTeMa CHMBOJIMYECKOTO BHIIOJ-
HeHHMs Oporpamm, HanuCaHHBIX Ha y3kom noamuoxkectse PL/1. Korza
Bctpeuaercss passuaka, EFFIGY 3anomuHaer Tekymee cocrosiHue
nporpaMMbel M 3anpalluBaeT NOJb30BaTelNsl, KaKyl0 BEeTBb HCCJENO-
Bath. [loc/ie BBIMOJIHEHHSI BETBH [0JIb30BaTelb MOXET BOCCTAHOBHTD
COCTOsIHWE CHUCTEeMBl M HCCJIefoBaTh Apyroe Hampasjenue. EFFIGY
NpefoCTaB/sieT TaKke PN BO3MOXHOCTEH JJIsi CHMBOJIHYECKOH OT-
JaJK¥, TaKUX, KaK TPaCCHPOBKA M TOYKH BK/JIHHUBAHUSA.

JIOCTOUHCTBOM MeTOZa SIBJASIETCS TO, YTO eAMHCTBEHHOE BHIIOJHEHHE
NporpaMMbl 9KBHBAJIEHTHO LIEJIOMY KJacCy TECTOB C HECHMBOJIHYECKUMH
JaHHBIMH. KOHeYHO, MeTOA CHMBOJIHYECKOTO BHINOJHEHHS CTOHT Nepej
TeMH Xe mnpoGieMaMH, 4TO W TreHepauusi YCJIoBuil BepudHKauMH, H
OCHOBHAasi CpPeIH HUX — ONMCAHHE CHUHTAKCHCA M CEMAaHTHKH si3blKa
NpOrpaMMUpOBaHHsi B BHAEe Habopa aKCHOM.

Bropoe npuioxeHHe MaTeMaTHYeCKHX METONOB JOKa3aTeJbCTB —
HCIIOJIb30BaHNE JI0KA3aTeJbCTB 8 npoyecce TPOEKTUPOBAaHHS M KOJLHMPO-
BaHHs, a He Nocste HUX. McxoqHast KOHIENMs CTPYKTYPHOTO Nporpam-
MHpoBaHusl no [efikcTpe BK/ouaeT B cebs HAEH CTPYKTYPHPOBaHHS
TEKCTa MPOrpaMMbl (BO3MOXKHOCTb HUTEHUsI NPOTPaMMBl CBEPXY BHH3
U HCIOJIb30BAaHHE OTPaHMYEHHOro HabGopa YNPAaB/SIOMHX KOHCTPYK-
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UHi), nowaropoit AeTaqM3amMH (OJYYeHHE OKOHYATENLHOTO TEKCTa
MporpamMmbl B pe3yJbTare psiila HeGO/IbLIMX IUAaroB JeTasM3aillMd) H
HeopMa/IbHOro NOATBEPIAEHHsT NPAaBUJIBHOCTH KaXIOTO IUara geTa-
ausauuu [12, 13]. Kak uuratenp mor 3aMeTuth, K JByM MOC/TEAHHM
acrnekTaM CTPYKTYPHOTO NPOrpaMMHPOBAHHS paHblie He NMPHUBJIEKANOCH
0co60r0 BHMMAaHHS.

Onun M3 cnocoGOB HCNO/IB30BaTh METOAb AOKa3aTe/IbCTBA Ha sTame
KOINMPOBaHMsl — CHaya/la INHCaTh YTBEPXKAEHHS, a 3aTeM BCTaBJAThH
MeXJy HMMH COOTBETCTBYIOLIHH TEKCT MPOTPaMMBl. DT0 OCHOBHAs HJes
METOJOJIOTHH, Ha3biBaeMOR gropmaasrol paspabomioi [14, 15]. Ilpen-
Jaraercsi (opmaJiu3M, B paMKax KOTOPOTO NPaBH/ILHOCTb aJrOpPHTMa
NporpaMMbl MOXKHO YCTaHaBJMBaTh 110 MePE €€ HamMCaHHS.

Wpes uHTerpanmy mpoueccoB AOKAa3aTeJbCTBA H NporpaMMHPOBa-
HHST mpejcTaBisieT OCOOBIH HMHTEpec, IMOCKOMBKY OHa CIOCOGCTBYET
TOYHOH (uKcanMH nporpaMMmucToM cBoux uieH. K coxasnenuio, merox
ob/najaeT mokKa elle HeZOCTAaTOYHOH OGLIHOCTBIO, YTOGbI MOMHO GhLTO
JIETKO NPHMEHATb €ro K PaCHpPOCTPAHEHHBIM SI3bIKaM NPOrPaMMHpO-
BaHHs. Yuraremo, 3aMHTepecoBaBLIEMYCSl 3TOH Hjeell, peKOMEHAyeTcs
O3HAaKOMHTbCsl C IPHMEpaMH NpPHMEHEHHsS 3TOro mopxoxa (Hampumep,
B paGorax [16—I18]). ‘ :

KoHeyHofi mesibio paspaGoTKH METOAOB JOKA3aTe/bCTBA SABJAETCS
CKOpee BCEro aBToMaTHYeCKU# cHHTe3 nporpamMMm. Moxer 6T, YAacTcs
CO3JiaTh CHCTEMY, KOTOpasi reHepupoBaja Obl TEKCT mporpaMMbl H Jo-
KashiBasia ee MPaBHJILHOCTL MPOCTO MO 3aJaHHBIM POrPaMMHCTOM BXOJ-
HOMY H BBIXOJHOMY YTBEPXKIEHHUSIM; 3TO YCTPaHHJIO Obl HEOGXOAMMOCTh
B 3Tane KORZMPOBaHHS nporpammel yejoBekoM. IloGyautenbHol mpuun-
HOil pa3paGoOTKH TaKOH CHCTEMbl SIBJSIETCS NPEAINOJIOKEHHE, YTO Mpo-
TPaMMHCTY Jierue OIHCaThb, %mo NOJ/DKHA Jes1aTh nporpamma (ee BXOAHOE
1 BEIXOJHOE YTBEPXKJAEHHS), 4eM KaK ed cielyer 1o jesaTh (ee ajaro-
pHTM).

Cunresarop mporpamm — 370 ele 6osee fajlekasi nepcreKTHBa, YeM
CHCTeMa aBTOMaTH3HPOBAHHOTO J0Ka3aTeJbCTBa, MNOTOMY 4YTO CHHTe3a-
TOp TpeGyeT NOCTaTOYHO MOLIHOrO HCKYCCTBEHHOTO HHTe/lIeKTa. MaHHa
v Yoanunurep [19] paccmaTpuBaior HEOGXOAMMbIE TaKOMY CHHTE3aTopy
3HaHHS M COCOGHOCTb K paccyxkzenmio. CHHTe3aTop, Hanpumep, AoJ-
¥€H BBIGHPATh aJrOPHTMbl, CTPOHTb UMKJLI H NPOBEPKH YCJIOBHil, OT-
JIaXXMBaTh KOHCTPYHpYyeMmble MM nporpamMmbl. Bmecto Toro 4to6hl mo-
pOXJaTh KaxKAYyl0 HOBYIO NPOrpamMMy C CaMOro Hayaja, C HYJs, OH
JOJKEH TaKXKe YMeTb NOJIb30BaThCsl Pe3yJbTaTaMH NMPeXXHHX CHHTE30B.
Yke paspaGoTaHO HECKOMBKO NMPHMHTHUBHBIX CHHTE3aTOPOB MPOTpamm.
Hanpuwmep, cucrema PROW ywmeer nucarb nporpammel Ha Jlucrme o
cneuHdUKanusaM, 3aJaHHBIM Ha sI3blKe HCYMCJEHMsi mpefukaToB [20].

Jaxe eciy cHHTe3 mpPorpamMM OKaXKeTcsl OCYLIECTBHMBIM, OH MOXeT
‘OBITL He BCerja »KeJsaTe/bHbIM, IOCKOJIBKY €ro HCHOJb30BaHHE JMHKBH-
AVMpYeT IeHHYI0 M3GBITOYHOCThL A0Ka3aTeabCTB post factum. B Hbimeru-
Heil CHTyauHd NPOrpaMMHCT MO crnenMPUKAUHUSM NHIIET TEKCT Npo-
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rpaMMbl, a HamucaTh MO 3THM XKe creuu(HKAUHsIM yTBEPKAEHHS M MO-
NbITaThCA JOKa3aThb MNPABHJILHOCTb INPOTPAMMBL MOXET KTO-HHOYAb
apyroéi. Ecau ycnoBusi BepH(MKalMu He MOr'yT ObiTb AOKa3aHbl,—
3HAYHT, BO3MOXHO, OGHapyxeHa owiMOKa (B TEKCTe NPOTPaMMbl HJIH
B 10Ka3aTeJLeTBe). 1a M3OLITOUHOCTb (Ba PasHLIX MepeBoja crenudu-
Kalui) — OCHOBHAs 1I€HHOCTb JNO0Ka3aTeNbCTB, HO UMEHHO OHA YyCTpa-
HfleTCsl NPH aBTOMATHUYECKOM CHHTE3e.

Eciu He cuurtaTh upgen HedopMaJbHBIX «PY4HBIX» JOKA3aTeNbCTB,
KOHUENUHS J0KA3aTeJbCTBA NPaBUJIBHOCTH NPOrpaMM B LEJNOM MOKa
HE HCTOoJIb3yercs Ha NMPaKTHKE, HO BaXHO OHITh B Kypce COGLITHI B 3TOH
obnacTu, eciid BbI JKejlaeTe HIATH B HOTY CO BpeMeHeM, IIOCKOJIbKY OHa
CBsi3aHa C H3MEHeHHeM YCJOBUA mNporpaMMHpoBaHHsA B Gyayuiem.
Bostee nosueii 0630p u GuGauorpaduio MOXKHO HaiitH B pabore [21].
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raasa 18
MoaeaH HaaeXHOCTH

B o6macTH HalleXXHOCTH amnnapatypsl NOCTHTHYT YPOBEHb, KOTZa
yX&e CO3JaH PsJi MaTeMaTHYECKHX METONOB, MO3BOJISIOLIMX HHXKEHepY
npeAcKa3blBaTh HAJEXKHOCTb €r0 MPOAYKTa. DTH MareMaTHYeCKHE Me-
ToAbl (r1aBHBIM 0Opa3oM B (opMe BEpPOSITHOCTHBIX MOJEJEi) LIMPOKO
NPHMEHSIOTCA BO MHOTMX HH)KEHEPHEBIX 006/IaCTAX C TAKHMM DPa3/IHUHBIMH
HeasMH, Kak OIpejie/ieHHe BEPOSITHOCTH YCHELIHOTO 3amycka KOCMH-
yecKOro KOpaG/isi MJH OlLEHKa CPOKa CJYXKObI 3JIEKTPHUECKOH JaM-
noukH. Tak Kak TeopHA HafleXXHOCTH annapaTypbl pa3BMTa JOBOJBLHO
XOpOILIO, eCTEeCTBEHHO MONLITaThCsl NPHUMEHHTb €€ M K HAJEXHOCTH npo-
rpaMMHOTO obecrneyeHus. '

M3 Bcex HeHM3BeCTHBIX MapaMeTPOB HANEXKHOCTH NPOrPaMMHOTO
obecrneueHusl, BEPOATHO, CAMBIM BaXKHbIM SIBJISIETCST YMCIO OLIHGOK,
ocraBliuXxcsi B nperpamme. Ecayu Gul pasyMHasi ero olieHKa Obljla H3-
BECTHAa NPH TECTHPOBAHHH, 3TO NOMOIVIO Ohl PEIINTb, KOTJA MOXKHO
3aKOHYHMTb mpouecc. Ec/im 3HaTh 4HC/IO OCTaBIIMXCA OMMHGOK B ycTa-
HaBJUBaeMOH cucreMe, MOXKHO ObLTO Obl OLEHHTb CTOHMOCTb PaGoT no
CONMPOBOM/EHHIO H ONpeNleJIUTh YPOBeHb JloBepUsi K mporpamme. Jpy-
THe napaMeTpel, [/l KOTOPHIX XKeJIaTeJbHO HMETb OLEHKH,-— 3TO Ha-
JEXXHOCTb MNPOTpaMMbl (BepOSITHOCTb, YTO Mporpamma OyJeT BHINOJ-
HATbCA B TEUEHHE JAHHOFO WHTepBaja BpEMEHH, mpexie ueM oGHapy-
KHTCHI OlIHGKA 3aJaHHON CTENMEeHH CEepbe3HOCTH) H CpefHee Bpemst
MEXIY oOoTKasaMH mnporpammbl. IlokasaTe/nu C/IOXKHOCTY NPOrpamMMbl
Takxe OblTH Gbl MOJIE3HBI IISI TOTO, YTOObI OLEHHUTh KauecTBO NPOEKTH-
poBaHHsl H «3(peKT pabu» (Kakoe BJIMSHHE BHI3OBET H3MEHEHHe JaH-
HOTO MOAYJs Ha APYLHe 4acTH HPOTPaMMbi).

B Hacrosimeli riaBe paccMaTpHBaeTcsi HECKOJBKO Mofelnell Hanex-
HoctH. Heckonbko nmepBbIX Mozesiell TeCHO CBSI3aHO C TeOpHeil Halex-
HOCTH amnapaTtypel M CYIIeCTBEHHO ONHpaeTcsi Ha omnpeje/eHHbie
Npeno/oKeHHs O pacnpe/e/eHHH BepOsATHOCTH OTKA30B NPOrPaMMHOTO
oGecnevenns. Crenytomuii psif Mojesnell JaeT CXOXHbIE pPe3yJIbTaThl,
HO He CBfi3aH C TeopMeH HajexHocTH anmaparypwl. [locnenuune He-
CKOJILKO MoOjeJiell nmpeHasHayeHbl /s NpelickKa3aHHs CJAOMXKHOCTH Npo-
rpaMMHBIX cHcTeM. [TocKo/bKY BCe 3TH MoJe/IH BepOATHOCTHbIE, Mpel-
nojiaraercs, 4TO0 YMTaTeJb 3HAKOM € OCHOBHBIMH NOHATHAMHM TEOPHH
BEepPOATHOCTEH H CTaTHUCTHKH.

11 r, Maiiepo
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MOJIEJIb POCTA HALE)KHOCTH

BeposiTHo, camofi H3BECTHOH MOJE/bIO HAJEXKHOCTH SIBJISIETCS MO-
Zenb, paspaboranHas Jixenuncku u Mopannoi [1] u Ilymanom [2].
INockosbKy OHa ONMMpPaeTci Ha TEOPHIO HAJEXKHOCTH Aannapatyphi, He-
06X0MMO HEHAaJ0JITO OTBJIEYbCH, UTOOBI BBECTH HEKOTOPBIE IOHATHS
STOH TEOPHH.

ITycts R (f) — GyHKUMSA HAlEKHOCTH, T. €. BEPOSITHOCTb TOTO, 4TO
HH OfiHa owM6Ka He MpOsABHTCS Ha uHTtepBaJe otf 0 10 £; F (f) — ¢dyHk-
M5l OTKa30B: BEPOATHOCTb TOTO, YTO OLIMGKA MPOSIBUTCS Ha HHTEpBaJjie
or 0 no ¢. OueBunHo, F (f)=1—R (f). IlnoTHOCTbIO BEPOSITHOCTH AJIst
F (f) siBnsercs ¢yukuus f (f), Takas, 4ro

_dF () _ dR()
fO=——Z=——3"

* Tlone3Ho BBecTH gyrkyuro pucka z (f): yCIOBHYIO BEPOSITHOCTb TOTO,
4ro omMOKa MPOSBUTCSl Ha HHTepBase OT ¢ 1o {-+Af, npH yClIOBHH UTO
Jo MoMeHTa ! oulH6ok He Obwto. Ecnu T — Bpemsi nosiBIeHHS! OLIHGKH,
TO

2 (YAt=P{i< T<t+Al| T>1),
YTO, COrJIaCHO TE€OpHH BQPOS{THOC’I‘eﬁ, 3KBHBAJIEHTHO

_ P{<T<t+Af} _ F(t+At)—F ()
t M =—prey = R y

IosienuB o6e yactu Ha Af u ycrpeMuB Af K HyJ1IO, IepeXxouM K Tpeleny
u noayyaem, uto z()=f()/R({) wmu 2()=[—dR(t)/dt)/R(). Te-
nepp 310 AHGQdepeHUHaNbHOE ypaBHEHUE MOXXHO pa3pelldTb OTHOCH-
TeJbHO R(f). Bri6upast B KadecTBe HauajbHoro ycmoBus R(0)=1,
MBI TOJIyYaeM .

.
R (f) =exp (— S z2(x)dx >,
0
-a cpenuee BpeMsi Mexay orTkasamd (CBMO) naercs dopmysoit
CBMO={ R (t)at.

0

Onun u3 cnoco6oB ouieHkn CBMO — Ha6mofieHHe 3a NOBEACHHEM
nporpaMMsl B TeYeHHE HEKOTOPOro nepHojia BPEMEHH U HaHeceHHe
Ha rpaduK 3HayeHHI BPEMEHH MeX]y MOCJe/0BAaTEbHBIMU OLHGKaMH.
MoxXHO HajeATbCsi, UTO MpPH 5TOM OyneT oGHapYKeHO sIBJIEHUe pocma
HadescHocmy; IO Mepe Toro KaK omuOKH OGHAapYKHBAlOTCS M HCHpaB-
JISIOTCA, BpeMsi MEXLY TMOC/TeNOBaTe/IbHBIMH OWHMOKAMH CTaHOBUTCH
GoJsbile. DKCTPANoaUPys 3Ty KpHBYIO B GyAyuiee, MOXKHO MpeACKa3arh
CBMO B mo6ofi MOMEHT BPEMEHH H npeAcKa3aTh MOJIHOE YHC/IO OWHGOK
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Puc. 18.1, PocT HajeKHOCTH NpOrpaMMHOro oGecneyeHws,

(ouennBast umciao OmMGOK, KOTophie NposiBATCA paHbile, yeM CBMO
CTaHeT GeckoHeyHbM). Takasi 3KCTpanoNsiuusi, OJHAKO, B CJAHILIKOM
GOJ/IbIIOA CTENeHH OCHOBaHA HA Jorafikax M OGBIYHO YBOAMT B CTOPOHY.
Bouio 6bi Jyuule omHpaTbcsl HAa KaKoe-TO anpHOPHOE MPeACTaBJIeHHe
o6 umeloleMcA pacnpefieJIeHHH BEepOsITHOCTEH OIHGOK, 3aTeM HCIOJbe
30BaTh CBeJICHUS O HAJEHHbIX OLIMOKAaxX i OLEHKH MapaMeTPoB STOTO
pacmperesieHuss H TOJNBKO [OTOM HCIOJb30BaTh 3Ty MOJAENDb LIS Npex-
CKa3aHHs COOBITHI B GyAylleM.

PaspaGoTka Takoi#i MojJe/M HAauMHAaeTcst C YTOUHEHHS MOBEJCHHS
dyukuuu 2 (f). B GosbluuHCTBe Mojesell ammaparHoro obecrnedeHust
2 (f) cHauana yMeHbllaeTc CO BpeMeHeM (3Tam, KoOria OGHapYXH-
BAIOTCSI M HCNIPaBJSIOTCH OIUMOKH IPOEKTHPOBAaHWS H IPOU3BOACTBA),
3aTeM OCTaeTcsl MOCTOSIHHOH B TedeHHe GOJIbLIEH YaCTH CPOKa CJYKGbI
CHCTEMBI (COOTBETCTBYeT CJy4aiHBIM OTKa3aM) U B KOHIE IOJIE3HOro
CPOKa ClyK0bl CHCTEMBI YBeJHuuBaercsi (cM. Bbime puc. 1.1). B Teopun
HAJIeXKHOCTH amnmnapaTypbl B OCHOBHOM PacCcMaTpPHBaeTCSi CPeNHUui rie-
pHOJ, Tie GYHKUHMSA PHCKA MOCTOSHHA H NOTOMY HMEET MeCTO 3HaKOMoe
ypaBHeHHe «Ge3 mamstH» R (f)=exp (—cf), rae ¢ — HeKOTOpasi KOH-
cranta. OfiHaKo NpPEANONoXKEeHHe O NOCTOsIHCTBe GYHKLUHH pUCKa Ipef-
CTaBJIsSIeTCSl He COOTBETCTBYIOULHM peaNbHOCTH B CJlydae NPOrpPaMMHOro
obecrieuenusi, A1 Hero sta (pyHKUHA AO/NKHA YMEHbIIATLCA MO Mepe
obHapyeHHsI M ucnpabieHus omubok. IlostoMy, Kak mnokasaHo
Ha puc. 18.1, nporpammHoe ofecrneyeHue xapaKTepH3yeTcsl He eIHHCT-
BeHHOl KpuBo#l R (f), a ux cemeficTBoM; mpu OOHapyKeHHH OIMGOK
¢yHkumn R (f) MeHseTcst (yJaydiuaercs).

TlepBoe cCylIeCTBEHHOE NpeANOJOXKEHHE COCTOHT B TOM, uTo 2 (f)
NOCTOSIHHO (BpeMsi MexAy cOOsIMH — 3KCIIOHEHTa C OTPHIATe/bHBIM
Kos(hulueHTOM B MOKa3saTese) 1o OGHApYKEeHHs U UCIpaB/eHHs olHG-
KH, nocJsie 4ero 2 (f) onsTb CTAHOBUTCSI KOHCTaHTOM, HO Y¥Ke C JAPYTHM,
MeHRIINM, 3HaYeHHeM. DT0 03HauaeT, 4To 2 (f) NPONOPUHOKANBHO YHCHY.

a2 a
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Puc. 18.2. IlpeanosaraemMass GyHKUHS PHCKa.

OCTaBIIMXCSl OWIKMGOK. Bropoe mpeanosioxeHnne cOCTOHT B TOM, 4TO 2 (f)
npAmMO TPONOPIHOHANLHO YHMCHY OCTaBHIHXCA OWMOOK, T. €. 4To 2 (f)=
=K (N—i), rne N — HeusBeCcTHO€ MNEPBOHAHAJbHOE YHCAO OIIHGOK,
i — 4qucyao oGHapyKeHHbIX OWHO0K, a K — HekoTopasi HeH3BecTHasg
KoHcraHTa. [loBenenue z (f) uso6paxeHo Ha puc. 18.2. Kaxpwlii pas,
KOrZa oln6Ka oGHapyxHBaeTcsi (MOAe/b NpeAnoJaraer, 4rto 3ajepxKa
Mex1y oOHapyKeHHeM OWHOKH M ee HCIIpaBJIeHHEM OTCYTCTBYET, 2 ({)
yMeHblilaeTcs Ha Hekotopyio Beanuuny K. Ha ocu BpemeHH moxet GriTh
NpeACTaB/eHO KaJleHIapHOe BpeMsl WJ/IH Bpems PaGoTHl MPOrpammbl
(nocsieqiHee, BO3MOXKHO, HOPMHPOBAaHO C Y4YeTOM HHTEHCHBHOCTH Hc-
NOJIb30BaHUSI NPOTPaMMBbi).

[Mapamerpet N u K MOXHO OLEHHTb, €CJIH HEKOTOPOE KOJNHYECTBO
omuboK yxke oOHapy:eHo (Hampumep, €clH (a3a TeCTHPOBaHHS YKe
yacTHYyHO npoigeHa). Ilpexnosoxum, 4to o6HapyXeHO n owUGOK,
a x[1], x12], ..., xln] — unTepBasbl BpeMeHy MeXNy 3THUMH OLIHGKaMH.
B npeanonoxeHun uto 2z (f) MOCTOSIHHO MeXJAYy OIUMGKAaMH, IJIOTHOCTD
BeposiTHocTH 1 x[i] paBHa

p(xlily= K(N—i)exp(—K(N—i)x[il).
[lonaras T paBHbIM cymMme ¥-OB M HCHOJAB3YSl QOYHKIHIO MaKCHMAaJb-
HOTO MNpaBAONOAOCHSl AJS 3TOTO YpPaBHEHHS, IOJYy4YaeM CJeAYIONLyio
napy ypaBHeHHii:

n n
= =/ (N—(1/T) (2 x[i] i>>=KT;
=1 i=1

K u N B 3TMX ypaBHEHMsX — NPHUGIHKEHUs] A (GUrypHpOBABIUHX
soiie K u N. Tlonyyusnoch ABa ypaBHEHHsi C JABYMSI HEU3BECTHBIMH
N u K. 3Has, uto n omn6ok o6HapyxeHo ¢ uHTepBadamu x[i] mexny
HHUMH, STH YPaBHEHHS MOXXHO pewuTb oTHocuTeabHO N u K ¢ nomonbio
NPOCTOH NPOrpaMMBl YHCJEHHOTO aHanu3a. 3HaueHHe N naeT oCHOBHOM
pe3yJ/IbTaT: OLEHKY IOJHOro uyucsaa olHOOK. 3HaHHe mnapaMerpa
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Puc. 18.3. TpuGnmxenue TpeyroibHHKOM.

1103BOJISIET MCNOJb30BaTh ypaBHeHHsl JJIi NpeAcKasaHHsl BPEMEHH IO
nosaenus (n-4-1)-i, (n4-2)-# u T. 1. oWUOKH.

DTa OCHOBHAst MOJE/b MOXET ObiThb Pa3BUTa B Pas/IMUHBIX HANpaB-
nennsix. Hanpumep, uyactoTa OTKa3s0B HEPEAKO YBEJMUMBAETCH MOCHE
3aBepILeHHs] HEKOTOPOTO HauajbHOTO meproja (10 Mepe TOro KakK pas-
pabaTbiBalOTCsl TECThl WM NPOrPaMMa HA4MHAET HCIOJb30BAThCA HH-
TEeHCHBHee) — 3To NoKa3aHo Ha puc. 18.3 [3]. Pynxuus z (f) Torza
(PUHMMAET BHJ

t
z(t)=K<N-§p(x)dx),

rae p (x) — vacrota o6HapyxeHus own6oK. C moMOIIbI0 MeToxa Hau-
MEHbIIHX KBaApaTOB MOXHO aNnpoOKCHMHPOBATb p (x) TPeyroJbHHKOM,
Kaxk 370 u3o6GpaxkeHo Ha puc. 18.3. OpHako mporHosupoBaHue ¢ mo-
MOIIbIO TAKOTO pAaCIHIUpeHHs MOJeJNH, MO-BHAHMOMY, MeHee MJIOJO-
TBOPHO, TaK KaK TPYAHO NOCTY/JHpOBaTh p (x) A0 Toro, Kak Oyner oG-
HapyxeHO GOJIBIIUHCTBO OMIHGOK.

Kputnka mogean

J1s NOHMMaHHSl M [PUMEHEHHs MOJeNH B IePBYIO ouepelb Tpe-
6yercs NMOHUMATh JIeXKallHe B ee OCHOBe NpeAnoJioxeHHs. Beab oHa
CTPOMTCS Ha MHOTHX NPEIMNOJIOKEHHAX, H Bce OHU — crnopHul. Hekoro-
poie (HO He Bce) NMPOG/IEMBI MOXHO YCTPaHHTb Pa3BMTHEM MOJEJIH.

OpHo 43 mepBLIX NPEANONIOKEHHH COCTOMT B TOM, 4TO BCE OLIHOKH
OIMHAKOBO Cepbe3Hbl (HampHMep, OTKa3 cucTeMul U opdorpaduyeckas
omn6Kka B COOOUIEHMH ONMHAKOBO BaXKHbl). Takoe MPeANoJOKEeHHe
JIETKO CHATb, €c/IM PasGuTb BCe OWMGKH Ha KJAacChl B COOTBETCTBHH
¢ HX cepbe3HOCTbIO H JaTh PasHbie oueHRH N u K A1d BceX KJ/acCcoB.
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Puc. 18.4. Jlpyrue dyuxnuu prcka.

Bropoe mnpexnosoxenue — 4yro omwHOKa MHCHpaBAsSeTcss HeMeNJIeHHO
(1AM mporpaMma He MCHoJIb3YeTcs IO TeX Iop, NoKa HafjieHHas olH6Ka
He Gygmer ucnpasieHa). [lpegmonaraercs Ttakxke, uto nporpamma He
n3MeHsieTcsl (3a HCK/IIOUEHHeM HcmpaejeHns olnbok). Yerseptoe
NpeanoJoKeHHe — NpH BceX HCIPaB/IeHUs X HafiieHHble OIHGKH ycTpa-
HSIOTCS, M HOBHIX OIMGOK He BHOCHTCSl. Musimoro [4], nmes B Buay 31O
NpEArnoJiokKeH e, yuea U ¢akTop BHeceHus omMOKH. OH TakXe Mnokasaj
SMIHPHUYECKH, UYTO 2 (f) NMPHMEPHO NPONMOPUHOHANBLHO YHCAY OCTaB-
IIMXCsSi OMMOOK, HO H3MepfJ ero YHCJAOM OLIHGOK, OGHApYXKEeHHbIX
K KOHIly NepHoja TeCTHPOBaHHSA (Ienasi, TakKMM o6pa3oM, HepeasIuCTH-
yecKoe IpeANoJIOXKEHHe, YTO INpH TECTHPOBaHMH OGHapyXKeHbl BCE
omu6KH).

KoHeuHo, OCHOBHOE MNPeAToNoXKeHHe — 3T0 TO, 4TO JJs BCeX Mpo-
rpamm ¢yHKuuS 2 (f) nofo6Ha nsobpakenHoit Ha puc. 18.2. Tem cambim
npejnonaraercs, YTo Kax/jas omn6ka yMeHbllaer 2 (f) Ha MOCTOSIHHYIO
BeqnuuHy K — ¢eHoMeH, BepOATHO, HepeasbHBIH, HO, NO-BHAHMOMY,
C TaKOTo NpeinoJoXKeHHS BINOJHe PasyMHO HauarTb. Bosee HHTepecHO
NpeinooKeHHe o ToM, 4To 2 (f) mocTosiHHO MexAy omubGkamu. XoTs
JKeJlaHHe BHIPA3HTb HAJEXKHOCTb NPOrpaMMHOro obecreyeHHs HeKOTO-
poit (yHKIHEH BpeMEHH BNOJIHE pasyMHO, CJEAYeT WOHHMAaTb, YTO
B IEACTBUTEJLHOCTH OHA OT BpeMeHH He 3aBucHT. HajexHocTs nporpamm-
Horo oGecneueHusi sBjsiercss QyHKuuedl uucaa omnbOK, HX Cepbe3-
HOCTH M MX PAacIOJIOXKEeHHSs!, a TaKXe TOro, KaK CHCTeMa MCHOJb3yercd.
CTOPOHHHKH MOCTOSIHCTBAa 2 (f) COrJalaloTcsl, YTO BXOAHBIE HaHHBIE
CHCTEMBI He SIBJISIIOTCS CJYYafHBIMH M PaBHOBEPOATHHIMH, HO YTBEpXK-
JAIOT, Y4TO OHM BHITVIAAAT Kak C/ly4aiHble, MOCKOJbKY HX o6/acTbh K3+
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MeHeHHsl BeJiuka. Jlpyrue, ofiHako, yTBepXAaiot, uyto z (f) BO3pacraer
3a Bpems Mexay owmu6kamu (puc. 18.4a), aprymeHTHPYS 3TO Tem, uto
BXOJHbIE JaHHBIE CHUCTEMbl TIOCTENEHHO CTaHOBSTCS ¢«OJIHIKE» K TeM,
KOTOpble OGHapyXKaT ocTaBluxecsi olin6KH. Ectb M Takue, Kto Beput [5],
yT0 2-(f) ymenbiuaercsi co BpemeHeM (puc. 18.4G), u yTBep:kaaer, yro,
yeM JoJibLle NporpaMMa BHINOJHSETCS Ge3 OWHOOK, TeM MeHblie Be-
POATHOCTL TOrO, 4TO OfHA U3 HUX GyheT ob6HapyxkeHa. OCHOBHIBasich
Ha AaKCHOMe, B COOTBETCTBUE C KOTOPOH NpH OOHapyxKeHHH OLUHGKH
BO3PACTaeT BePOSITHOCTh MOSBJIEHUSA elle ORHOH, MOXHO OblIO GEI MHO-
CTYJHpPOBaTh, 4TO 2 (f) yMEHbIIAETCs MEXAY OLIMGKaMH ¥ BO3pacTaer
BCAKUH pa3, Koria ouwmbGka oOHapyxuBaercsi (puc. 18.4B). ,

Bce a1y runoressl o nosenenuu 2 (f) Ha puc. 18.2 u 18.4 pemoHcTpH-
PYIOT HEKOTOPHIl POCT HANEXKHOCTH, HO 3TO HE BCErJa HMEET MECTO
B pea/IbHBIX Nporpammax Raxke B CJAy4asiX, KOTJa HCIPaB/IEHUS He YBe-
JIMYMBAOT 4ucJo owmubGok. Yacrora oTkasoB B GOJBIIOH CHCTeME TPH
U3MepeHHH B TEUEHHE HeCKOJIbKHX JIeT MOXET HUMeTh TEeHJEHIHIO K Mo-
HH)KEHHIO, HO BHYTPH 3TOTO NMepHOAA BO3MOXHBI 0oJIbLHe KoseGaHHS.
AHann3 4acTOTH OOHapYKeHHsS OWHGOK NpH TecTupoBaHuu 14 pasnuu-
HBIX cHcTeM B paGore [6] mokasan, g4to yacToTa 3Ta B MSATH NPOEKTax
JIOCTHrasla MHKa B Hauajie paGoTel, B MATH — B CePELHHE H B YeTHIPEX —
B KOHIIE.

Urobbl emte GoJiee YC/OXKHHWTB 3TOT BONPOC, MOXKHO YTBEPKIATh,
YTO Kaxjasi HporpamMma HMeeT CBoe COOCTBeHHOe, YHHKaJbHOE pacrpe-
JejieHue z (f) U Jaxe 4TO IS KaKAOM YCTAHOBKHM KaXKJAOH MPOTpaMMBI
z (f) — ceoe. Puuapac [7] ormewaer Takxke, uto QyHKuus 2z (f) Aas
OIHOH NMPOTpaMMBI MOXKET MEHSATbCSl CO BPEeMEHeM HJIM Nmpu oGHapyike-
HUY KaxJod OMUOKH.

OrMeruM, HakoHel (COBCeM He Kesasi CO3AaTh M3JMIUHe HeGjaro-
NpUsITHOE BIedYaTJeHue, NOCKOJbKY PaboThl B 3TOH 06nacTH JeHCTBH-
TEJIbHO 3aC/yXKUBAIOT BHUMAaHUS), YTO ONMCAHHAS BbIllE MOAeb Ka-
Kkercst yepecuyp onrumucruuHoii. Hanpumep, npu n=10 (zecatsb o6Ha-
PY*eHHBIX OIMGOK) ¢ MHTEepBaJlaMH MeXAY OTKa3aMu (B MHHYTax)

9, 17, 21, 54, 32, 78, 82, 33, 57, 82
Mofiesb NpeJCKashiBaeT, 4To ocrajnoch 3.3 ownbku (N=13.3). HHTep-
Basisl BpemeHn Mexny 10, 11, 12 u 13 omnbkamu ouenuBatorca B 135,
245 u 1265 munyr.

JAPYTHE BEPOATHOCTHbIE MOJAEJIH

Kpome o6cy:xnaBiueiicsi B NpeAblAyLIeM pasjeJlie OCHOBHOH MOJENIH,
6bLJIO NOCTPOEHO HECKOJIbKO Apyrux. Ilpemjaranack 6GafiecoBa MOAeJb,
YUUTHIBAIOIAsA BO3MOXKHOCTb TOTO, 4TO 2 (f) MOXKET He yMeHbLIaThCs
NPy KaxIOM HCOpaBJeHUH OIIHOKH U3-32 BO3MOXKHOTO BHECEHHSA
npu 31oM HoBhIX omnGok [5]. IueiineBunn [8] oTkaseiBaetcs ot npep-
TNOJIOXKEHHS, YTO UCNPABJEHHs BHIMOJHSAIOTCA Cpa3y mocse OGHapyxe-
HMd, W TpeAaraeT Moje/lb, B KOTOPOH paclpeie/IeHHe HCIpaBJIeHHi
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[PONOPUHOHANILHO pacipeAe/eHHI0 obHapyxKeHHH OMHGOK, HO OTCTaeT
BO BpeMeHH. BBUIO mpeAJoXKeHO HECKOJbKO MoJefiefi Ha OCHOBe Map-
KOBCKOTO MpOILIECCA, COCTOSIHMS KOTOPOTO H3MEHSIIOTCS NPH BCSKOM
OGHApYXEHWH HJIH WCIpPaBJeHHH OWUGKH, a BEPOATHOCTH MNEPeXoJoB.
npeicTaB/eHbl 4aCTOTaMH OGHAapYXeHHst M ucnpabienHs owuGok [9).
Bosee obmuit noxxox Gwin mpeanoxed Ilueinesungom [10, 111
OH BBINOJIHKJ CTAaTHCTHYECKHH aHa/IHM3 JaHHbIX 06 owxbkax B 19 mpo-
TpaMMaX M OGHapy»KuJ/, 4TO 3TH AaHHBIE HE COOTBETCTBOBAJIH KaKOMY-
J60 EXMHCTBEHHOMY pacmpejiejieHHIo BeposiTHocTefi. AHanu3 npo-
Bepku aucrniepcun CBMO ojHoii mporpaMmbl B CeMH pasjiMUHBIX YCJIO-
BHSIX 1I0Ka3a/i, YTO CPeJHHe 3HaueHHs ObIH HE OAWHAKOBHI, W3 Yero
cjepyer, 4To cpeia (T. e. YC/JIOBHS, B KOTOPHIX NpOrpaMMa HCIIOJb-
3yercsi) — Goslee cymiecTBeHHBIH (aKTop, HYeM YHCAO OCTaBIUHXCA
owHGOK. DTO MpPUBEJO K BHIBOAY, 4YTO MOJENb HAJEXKHOCTH JOJIKHA
OLITh CBOEHl I/l KaxJAOH NporpaMMel M KOHKPETHHIX YCJOBHI ee Mc-
noJib3oBaHus. JlJsi 3T0T0 HYXKHO cOOpPaTh HEKOTOPHIE AaHHbIE 06 OIUHG-
KaX, BbIpaboTaTh Ha OCHOBE NAaHHBIX O YacToTe OmHOOK THIOTe3h
0 (QYHKUHH HaJEKHOCTH, OLEHHTb NapaMeTphl MOJAEAU H BHINOJIHHTBL
TeCThl, MOKA3HIBAIOIME, HACKOJABbKO 3Ta MOJEb NMOAXOIAUT. 3aTeM ompe-
JeNsAoTCsl JIOBEpPHTENbHbIE MHTEpPBaJH JJf [apaMeTpoB M MOJEJH, '
noc/ie 4ero MofieNb MCIOJb3yeTcsi A npeAckasaHusa R(f) v Hosepu-
TeJIbHBIX MHTEpBaJoB 11s Hee. HakoHen, HyXKHO CpaBHHTb BhIYHMCJIEH-
Hble sHaueHus R(f) ¥ JaHHbe 0 HOBHIX omuOKax.

CTATUCTHYECKAS MOJEJIb MWJIJICA

Mozenib coBeplIeHHO Apyroro tuma paspaGoran Music [12]. B neit
He HCHoJb3yeTcs HMKAKHUX NPENnoJIOXKeHHA O MNoBeleHHH (YHKIUM
pucka z (f), aTa MoJesb CTPOHTCS Ha TBEPJAOM CTaTHCTHYeCKOM ¢yHpa-
mente. CHawajla nporpamMMa «3acopsieTCsi» HEKOTOPbIM KOJIHYeCTBOM
H3BECTHBIX OIIHGOK. DTH OWHOKH BHOCATCA B NpOrpamMMmy CJAy4aidHbIM
o6pasoM, a 3aTeM JesaeTcsi NPEANooNeHHe, YTO AN ee COOCTBEHHBIX
M BHECEHHBIX OMHOOK BEPOSTHOCTb OCHApYKEHHs NPH MOCJeYIOLIeM
TECTHPOBAHHH OJMHAKOBA M 3aBHCHT TOJIbKO OT MX KoOJIHYecTBa. TecTH-
pys nporpaMMmy B TeYeHHe HEKOTOPOro BpPeMeHH M OTCOPTHPOBHIBast
cOOCTBEHHbIE W BHECEHHble OLIMOKH, MOXHO OlUeHUTb N — nepBoHa-
YaJIbHOe YHC/IO OLIHGOK B NporpaMmme.

[peanonoxum, yto B nporpammy ObJIO BHeCeHO S OIIMGOK, nocne
yero paspellieHo HauaTb TecTHpoBaHue. IlycTb mpu TecTHpoBaHHH 00-
Hapy»eHo n-v ou6oK, NpHueM 7 — YUCIO HalfleHHBX CcoGCTBEeH-
HBIX OWIMGOK, a U — YHCJO HalijleHHHIX BHeceHHHIX owmGok. Toraa
oueHKa i N no MeToly MakcuMmalbHOro npapaonofoGus Oyner
Takoh:
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Hanpuwmep, ecnn B mporpamMmy BHeceHo 20 ownGOK H K HEKOTOpoMy
MOMEHTY TECTHPOBaHHSI OOHapyxeHo 15 cOOCTBEHHBIX H 5 BHeCEeHHhIX
OWHUOOK, 3HaueHHe N MOXHO oueHutb B 60. B gefictButennnocry N
MOXHO OleHHMBaTh Nocle OGHapy:KeHHs Kaxno# owmbku; Muaic [12]
NpejJlaraer Bo BpeMsi BCEro NMEPHOAA TeCTHPOBAaHMs OTMeYaTb Ha rpa-
duKe yucI0 HafileHHBIX OIIMOOK M TeKylIHe oueHKH Aast N.

Bropasi wacTh MmojeNM CBsi3aHa C BBIBHXKEHMEM M TIPOBEpPKO# I'H-
nores o6 N. [IpuMem, uto B nporpamme Hmeercst He GoJsiee k& coGCTBeH-
HBIX OIMGOK, H BHeCeM B Hee ee S omHuGoK. Tenepb nporpaMma TecTH-
pyercs, moka He 6YAyT OOHapyKeHbl BCe BHECEHHblE OLUMOKH, NMpUYeM
B 3TOT MOMEHT MOJACYHTLIBAETCH YHCJO OGHAPYXKEHHBIX COGCTBEHHBIX
OLNGOK (0G03HAaYMM ero 7). YpoBeHb 3HAWHMOCTH C BBIYHC/ISETCH
no crexymwomei gopmye:

1 npu n >k,
C= s <k
-S——I—_k—ﬁ IIpH N < R.

Bennunna C siBnsiercss MepoHl JoBepHst K MOJeNH; 3TO BepPOSITHOCTD
TOro, YT0 MOAENb GYAEeT NPaBUIbHO OTKJAOHATH JIOXKHOE IPEATOJIoNKe-
Hue. Hanpumep, eciu Mbl yTBepKZaeM, uTo B MporpaMMe HeT OLIHGOK
{k=0), u, BHecs1 B mporpamMmy 4 ouu6KH, Bce X OOHAapYKHBaeM, He
BCTPEeTHB HH OfHOH HcxofaHoH omu6kH, To C=0.80. Urto6bl KOCTHUYBL
ypoBHsi 95%, Ham Hamo Gbuio Gbl BHecTH B nporpammy 19 ouwnGoK.
Ecnu Mbl yTBepxJaeM, uro B mporpamme He GoJjiee TpPeX HCXOJHBIX
omuboK, H, BHECS LIeCThb OUIHGOK, OOHapyxKHBaeM UX Bce U He GoJee
TpeX HCXOAHBIX, YPOBeHb 3HauyuMmocTH paBeH 60%. Popmyna pia C
uMeeT NOX COoGOH HpoUYHbIE CTATHCTHYECKHE OCHOBAHUS; BbIBEJEHa OHa
Musncom [12].

Sru xse ¢opmydsl A N u C o6pasyioT noJesHy0 MOJE/b OIIHOOK;
flepBasi TPeACKa3biBaeT 4HCJIO OMWHGOK, a BTOpPasi MOXKET HCIOJb30-
BaTbCsi AJSl YCTAaHOBJIEHHSI NOBEPHTENBLHOTO YpOBHA mporHosa. Cia-
Goctb 31Ol opmysbl B ToM, uTo C Henb3si NpeAcKasaTbh 10 TeX NOp,
noKa He GYAyT oGHapy»eHbl BCe BHECEHHble OLUMGKH (a 3TO, KOHEUHO,
MOXKeT He TNpPOHU30HTH N0 CaMOTO KOHI@ 3Tana TecTHPoBaHHs). UToGh
CHpaBUTBCA C 3TOH TPYJNHOCTBIO, MOXHO MOAuDHINPOBATH (PopMyTy
ans C Ttak, uto6bl C MOXKHO GbLIO OUEHHTDH MOCJ]e TOTo, KakK HaHJeHO |
BHeCeHHHIX owubok (j<s) [71:

1 npu n >k,
— S s+k41
¢ <]-__1>/< B+ j > npu n< k.

B npeasiayuiem npumepe, rae k=3, a s=6, eciin Hafinesnl 5 u3 6 BHe-
ceHHBIX ownbok, C onyckaercs ¢ 60 no 33%. Eume oxun rpaduk, Ko-
TOpBLIH NMOJIE3HO CTPOUTH BO BPEMsl TeCTHPOBaHHfA,— TeKyilliee 3HaUEHHe
BepxHeil rpaHHLBI B 11 HEKOTOPOro (PMKCHPOBAHHOTO AOBEPHTEJILHOIO
ypoBHsi, Hampumep 90%.
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Mogenr Munnca OfHOBPEMEHHO MaTeMaTHYECKM NPOCTa H HHTYH-
THBHO NpHBJEKaTeNbHa. JIerko NpeAcTaBuTL cebe NMpOrpaMMy BHece-
HHUs OIIKOOK, KOTOpasi caydyaifiHeIM 00pasoM BHIGHPAET MOLYJb, BHOCHT
JIOTHYECKYIO OWIHOKY, H3MEeHsIsl WK yOUpas onepaTophl, M 3aTeM 3aHOBO
ero komnumupyer. IIpupona BHeceHHOH OLIMGKH AO/IKHA COXPaHATHCS
B TaliHe, HO BCce HX CJIefyeT pPerHCTpPHpOBaTb, YTOOHI BIOC/IEACTBHH
MOXXHO OBLIO pasfesisiTbh OMIUGKH Ha COOCTBEHHblE H BHECEHHBIe.

Iporecc BHeceHMsl OIIHGOK B HAcTOsILICE BPeMs SBJASETCH CaMbIM
cnabblM MECTOM MOJENH, MOCKOJIbKY HpeanoJaraercsi, 4ro AIs cober-
BEHHBIX M BHECEHHBIX OLIMGOK BEpPOATHOCTb OGHApYKeHHs OJNMHAKOBa
(Ho HemsBecTHa). M3 sToro crepyer, 4To BHeCEHHble OMIMOKHM JOJ/IXKHBE
GBITb «TUNWYHBIMHY OOGpaslaMi OMHGOK, HO MBI elle HeJOCTATOYHO XO-
POILO NMOHMMaeM MpOrpaMMHpOBaHue, YTOOH CKas3aTb, KAKHMH HMEHHO
HOJKHEIL ObIThb THNUYHBIE OIIMOGKH. ONHAKO 1O CPaBHEHHIO ¢ Npolie-
MaMH, CTOSIIMMH TIepes APYTruMH MOZeJNsIMH HaJeXKHOCTH, 3Ta npobieMa
KaXKeTcsi OTHOCHMTEJIbHO HEC/JO0XHOH H BNOJIHE Da3pelluMOH.

HaxoHen, orMeTuM ele OfHO NOCTOMHCTBO BHECEHHs OIIMOOK: OHO
MOXeT OKasblBaThb MOJIOXKUTeJbHOE ICHXOJOTHYECKOe BJHAHHE Ha
rpynny TecrupoBanusi [13]. ¥ mporpammucToB BO3SHHKAIOT 3aTpyiHe-
HHS [IPH OTJIaJiKe CBOHX NpOrpaMM, Hanpumep, NOTOMY, UTO OHH CKJICH-
Hbl CUHTATb KaXAyl0 OGHapyxkeHHYI0 owMOKy nocaenHeii. BHeceHue
owH6OK MOXKET MOMOYb B 3TOM JeJie, NMOCKOJbKY Telepb INPOrpaMMHCT
3HaeT, 4YTO B ero HporpamMMe ecTb ellie He OGHApy’KeHHbie OLIMGKH.

NPOCTBIE HHTYUTHUBHbIE MOJEJIH

B noMckax CpeAcTB NMPOTHO3MPOBAHHSI HaleXKHOCTH MPOTPaMMHOro
obecnieueHusi GBIO pa3pabOTaHO H HECKOJBKO YPe3BbYaHHO HPOCTBIX
MojeJielt NI OUEHKH 4uciaa OWHGOK. M3-3a uX NpoCTOTHL UM yacto
ylesnsieTcsi HeJloOCTATOYHO BHHMaHHs, HO OHH OCHOBaHbl Ha GoJiee c/a-
ObIX NPENNOJIOXKEHUSIX, YeM CJOXKHBIE MOJAEJIH, M MOTYT OKasaTbCs
OueHb [0JIe3HbIMH.

OxuH npoctoit MeToj MpejjaraeT HauMHaTb TECTHPOBAaHHE NBYMsI
COBEpLIEHHO HE3aBHCHMBIMH I'PyNIaMH, UCHOJb3VIOUIMMU HE3aBUCHMLIE
Habopbl TecTOB. DTHM JABYM rpymnnam (WIH JABYM COTPYIHHKaM —
B 3aBHCHMOCTH OT pa3MepoB NMPOEKTa) B TeueHHe HEKOTOPOT'O BpPEeMeHH
TNI03BOJISIETC TECTHPOBATh CHCTEMY MapasilesibHO, a 3aTeM HX pe3yJb-
TaTel cobupaoT u cpaBHuBalT. O6o3HauuM yepes N; U N, yuc/IO OlH-
60K, OGHAPYKEeHHBbIX KaXk[A0# M3 IPYIN COOTBETCTBEHHO, a uepe3 N,, —
YHCIO OIIMGOK, OGHApYXKEHHBIX ABaXKAbl (T. €. OGeHMMH Tpynmam).
310 OTHOLIeHHe H306paxeHo Ha pHc. 18.5.

IMycte N oGosHauaeT HeM3BECTHOE INOJIHOE YHCJO OMWMGOK B Npo-
rpamMme. MoXXHO YCTaHOBHTH 3())EeKTHBHOCTb TECTHPOBAHHA KaXXAOH H3
rpynm: E;=N,/N, E,=N,/N. Ilpeanonarasi, 470 BO3MOXHOCTb OGHa-
pyXeHMs AJsi BceX OMHOGOK OjfMHAKOBa (CepbesHoe NpennoJoXKeHHe,
HO He JIMIUEHHOE CMBIC/Ia), Mbl MOXEM paccmaTpPHBaThb KaxJoe MNoj-
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Puc. 18.5. MuoxecTBa olIHGOK, OGHAPYXEHHBIX HA He3aBHCHUMBIX TecTax.

MHOXeCTBO npocTpaHcTBa N KaK annpoKCHMAIHMIO BCETO NPOCTPAHCTBA.
Ecan nepsas rpynna obHapyxuia 10% Bcex owmu6oOK, OHa JOJXKHA
Obl1a HaliTH npumepHo 10% Bcsikoro cayuaiiHbiM 06pa3oM BeIGpaHHOrO
NIOZIMHOXKECTBa, Hanpumep noAMHoxectBa N,. B uactHocTH, MBI MorJiH
6bl ckasath, 4T0 E;=(N,/N)=(N,/N,). Buino/sHsia NOACTAHOBKY A/si
N,, nonysaem E,=N/(E;XN), unu
N
E{XEy’

Ny, usBectHo, a E; u E, MOXHO oueHuTb Kak N,,/N, u N;,/N; coor-
BeTCTBEHHO, OTKYJa Mbl IoJiyuaeM NpuGauxKeHue s N.

Hanpumep, npeanosioxum, uro ape rpymnnbl Hauwiy mno 20 u 30
OUIMGOK COOTBETCTBEHHO, H, CPaBHHBAas HX, Mbl 3aMEYaeM, 4TO BOCEMb
owH6oK u3 HUX — obmue. HMmeem E;=0.27, E,=0.4, uT0 JaeT OLEHKY
N=T74 u npumepHo 32 HeoOHapyxeHHble omIu6KU (74—20—30--8).

BeposiTHO, caMblii IPOCTOM METOJ OLEHKH YHCJ/a OMHOOK — CTPOUTD
OLIEHKH, OCHOBLIBAasICb Ha HCTOPHYECKHX JAHHBIX, B YaCTHOCTH Ha Cpe-
HeM 4Hciie OLUMGOK, MPUXOASIIEMCS Ha OXUH ONEpPaTop B NMpPEeNbIAYIIHX
npoekrax. B snureparype cBeneHus o yactote omMGOK MPOrpaMMHCTOB
JIOBOJILHO HEMHOTOYMCJ/IEHHBI, HO Ha OCHOBAHMH HMEIOUIMXCS JaHHBIX
NPEACTaBJIAETCS, YTO B CPEAHEM IO «OTPac/Hu» Ha KaXAYio THICAYY Ore-
paTopoB IPOTrPaMMBl MOC/IE€ ABTOHOMHOTO TECTHPOBAHMS OCTAaeTCs NMPH-
mepHo 10 ommbok. Takum o6pasom, eclu HeT GoJsiee TOUHBIX NAHHEIX,
MOXKHO NpPEeZAMNoJIOXUTb, uTo B mporpamme u3 32 000 omepatopoB mocje
ABTOHOMHOTO TEeCTHPOBaHHA ele octaercsi 320 ownGoK.

OTUMH JAHHBIMM CJelyeT TI0JIb30BAaThCSi C OCTOPOXKHOCTBIO, IIO-
CKOJIbKY 3TO BCETO JIMIUb CPelHHE OUEHKH, OCHOBAHHbBIE HA CBEJECHHUSX,
COOpaHHbIX B OCHOBHOM JI0 PaclpoCTpaHeHHsl HOBbIX METOOB IpOTrpaM-
MHPOBaHHS, HamnpHMep CTPYKTYpHOro mporpammupoBanusi. CTopoH-
HHKH 3TOTO MeTOJia 3asIBJISIIOT O 3HAUHTEJIbHO GoJslee HM3KHX OLEHKaX,
HO BCJIEACTBHME XOPOLIO H3BECTHOH TeHIeHIUH coolluecTBa Nporpam-
MHCTOB K UPe3MEPDHOMY ONTHMH3MY MOXeT OKa3aThcsl OesonacHee
ONMUpPaThCHA Ha MECCHMHCTHYECKHE OLEHKH.
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HnTepecHasi untyuruBHas Mozesb Ghina HafineHa B IBM wis oueHku:
4ncsa omM6ok B Beimyckax OS/360 u ee npeemuukoB OS/VS1 u OS/VS2.
Hcenenopanne maHHbix 06 ommbGkax Ajsi Bcex komnoneHT OS/360 mo-
KasbiBaeT HCKJ/IOYHTEJbHO XOpollee COOTBETCTBHE YpaBHEHHIO

HU3M=23 (MUM)+2 (UM);

U3M — nonHoe 4ucno H3MeHeHMiT MoAyJs H3-3a owMGok, MHM
(MHOTOKpAaTHO HCmpaBJ/isieMBle MOJAYJIH) — YMCJIO MOAYJeH, KOTophie
norpe6oBanu 10 u Gosee ucnpasneHufi, UM — uucio monyseit, no-
TpeGOBaBUINX OXHOTO HJIH HeCKOJIbKHX HcHpaBJeHuil. dra ¢opMyaa,
KaK OKa3aJIoChb, JaeT 3aMeuaTe/IbHO TOYHOe NMpefCKasaHHe YMCJa OLUH-
60K, ecan MOXHO oueHuTh nmapamerpbl MMM u WM. Ilpn npumenenun
dopmyaer x OS/VS1 UM onenuBanoch B 90% HoBEIX Monyned u 15%
YHC/IAa MOAMGHIMPOBaHHBIX «cTaphix» mopynel. MMM wacro ouenuBa-
Jock B 15% umncsia HoBbIX MonyJseli numoc 6% u3ameHeHHbIX. (Bce sti
9uC/ia OCHOBaHbl Ha peasibHBIX NaHHBIX O npexbicropun.) KoHeuno, He
yTBEepXKJAaercs, YTO 3Ta MoJeNb NPHMEHMMa K IPYrMM IIporpammam
HJIH K JPYTMM YCJIOBHSIM.

HMs-3a HeompegesieHHOCTell BO BceX O6GCYKIABIIHXCS MOAENAX MOKa
CaMblff pasyMHBIH MOAXOJ — BOCNOJIb30BAThCSl HECKOJLKUMHU MOJESIMH
cpa3y H OOBbeAMHHTb MX pe3yJbTaThl. JlaHHbie MO NPEXHHM NpOeKTaM
MOKHO HCIOJB30BaTh JyIs TPyOoH OLUEHKH uHc/Ia OIHMGOK B CerogHALI-
HUX mnpoekrax. IlpuMennma npuBeflenHass Boiie Qopmyna aaa N,
€c/IM MPeANpPHHATH ABe MapaJliieJIbHble NMONBITKH TeCTHPOBaHUA. MoxXHo
BPYYHYIO BHECTH B NMpOrpaMMy OLIHGKH U 3aTeM OLEHHTb obliee YHC/IO
OIIHGOK ¥ yPOBeHb NOCTOBEPHOCTH IO MofeaH Muaica. Jlas nonyyenus
YETBEPTOTO INPOTHO3a MOXKHO BOCIOJb30BaTbCH Takxke Mogzennio Jlxe-
JUHCKH, Mopanapl u lllymana.

MOJEJIH CJIO)KHOCTH

Taxk kak Mexay CJIOXHOCTBIO H HaJeXKHOCTBIO CYIIECTBYET TecHas
CBfI3b, NMpoG/ieM HaJeXKHOCTH KOCBEHHBIM 06pa3oM KacaeTrcs elle OJHa
rpynna Mojeneil — 3T0 MOJeNH, NpeJHa3HaueHHbIe /ISl OLEHKH CJOX-
HoctH. [lapamerprl 3TMX Mojeneii He SIBJASIOTCS UYHCTO CTaTHCTHYe-
CKHMHM — OHH YYHTHIBAIOT ONpeleseHHBle arpuOyTH KOHKPETHOH mnpo-
IPaMMBL.

OnHa u3 mozenefi ANsi OLEHKH CJOXHOCTH HPOrpaMMBI -OCHOBaHa
Ha mnapameTrpax KOMIO3HLHOHHOIO NpPOEKTHpoBaHUs u3 1. 6 [14].
Jns npuMeHeHusi 3TOf MoJeMH ClefyeT CHauaja ONpPeeNMTb Npod-
HOCTh KaXAOro MoOAyJ]sl NMPOrpaMMbl M CHENIeHHe KaXIoH naphl Mo-
aynefi. Umeercs Tabauua, KoTopas KaXuO# KaTerOpHH HPOUYHOCTH H
CIIETVIEHHUS] CTABMT B COOTBETCTBHE OIpeNeNIEHHOE YHCIO MeXAY HyJsem
H eQuMHHUeH (BbICOKas NMPOYHOCTb H cJaboe CLenJeHHe XapaKTepH-
3YIOTCH 3HAYeHHsIMHM, GIU3KMMH K HYyJI0). 3aTeM MpEAroJiaraercs, 4to
BaBUCUMOCMb Nep8ozo nNopaAdKa MeXAY KaxJo# mapol Moxynell 3anaercs
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no dgopmyJe

. 0.15(S‘+S/)+0,7 Cij’ €CJIH CII#O’
D, = 0, ecmn Cyy=0,
1, eCaH i=j.

Beanuuna D,; onuceiBaeT BepOSITHOCTb TOTO, YTO MOAYJb j NpHAeTCs
M3MEHHUTb, KOIla M3MEHHTCS MOAYJb i, €C/IH paccMaTpHBaTh MOAYJIH
I ¥ | BHE KOHTeKCTa Bcefl mporpaMMnl (OTHOLIGHHE CYHTAeTCH CHMMET-
pHYHbIM). Bemuunnbl S; u S; 0603Ha4alOT MPOYHOCTb STHX MOAYJeEH,
a Cy;— cuennenne (D;;=0, ecnu cuennenns uer). Marpuna D moxer
ObITb TPENCTaBieHa HEOPHEHTHPOBAHHBIM T'PadoM, BEpUIMHAMH KOTO-
poro ciyxar MoayJu, a pe6pamMu — HeHYJIeBble 3HaY€HH s 3aBHCUMOCTH
NepBOro Mopsiika. dTa MaTPHIA He H306paxKkaeT MOJHYIO MOAE/Ib MPo-
TpaMMBl, TaK KaK B HeH He OTpaxeHbl SIBHO BJIMSHHUS 3aBHCHMOCTEH
Gosiee BLICOKHX MOPSAKOB (T. €. 3aBUCUMOCTH BTOPOTO, TPETHETO H T. .
nopsaaxos). Ecnu u3mensiercsi moayas A, To MoAy/a» B Moxer norpe-
GoBaTh H3MEHeHHsl, KOTJa Ha rpade 3aBUCHMOCTH Mexay A u B nmeercs
pe6po M/IM HX CBSI3bIBaeT HeKoTopas KoMGuHauusi pe6ep. s nonHoro
H300pakeHnsi B3aHMO3aBHCHMOCTEl Mex1y JoGoll mnapoii monyJsefl
BBMHC/ISIETCS NPYras MaTpHUA — NOAHAA MAmpuya 3asucumocmeil.
OTo nesaeTcsi ¢ TOMOLIbIO CJAEAYIOUIMX LIaroB.

1. Haiitn Bce nyTH B rpade (HCK/IIOuasi IUKJIB) MEXKLY Mapoil Mo-
pyJed. ‘

2. BblUMCIUTB BEPOSTHOCTD AJIsl 3THX MyTel (MpousBejeHHe BEpPOsT-
HocTeHl A1 COOTBETCTBYIOUIHX AYT).

3. Bblauc/uTbh 3aBHCHMOCTb MEXKAY MOAYJSIMH, UCIOJNB3ys BEpOST-
HOCTH /ISl NyTeH, HO He CUMTAs NMYTH B3aHMHO HCKJIOdamomuMu. B pe-
3yJbTaTe T0Jyd4aeM BEepOSITHOCTb TOTO, YTO HEOOXOAHMMO OyJAeT H3Me-
HUTb OJMH H3 MOAYJell B cJydae H3MEHEHUs APYroro (CHoBa npejroJa-
raercs, YT0 OTHOLIEHHE CHMMETPHYHO).

OTH BBHYHC/IEHHS faxe VI HeGOJIbLIMX NPOrpaMM AOBOJBLHO IJIMHHBI,
NO3TOMY JJIfl MX BBINOJHEHHS OBUIH HAamMCaHbl CHerHajbHbie Mpo-
TpaMMBl.

IMpumep nosHO# MaTpuubl 3aBHCHMOCTeH npuBeseH Ha pHc. 18.6.
Ee sjieMeHTH — OTHOIIEHHA MexXAy MoAyasMH. Hanpumep, eciu u3-
MeHsieTcs MOAYJb A, BepPOATHOCTH TOro, 4TO0 MoayJab F norpe6yer
usMenenu#t, pasHa 0.11. CymMupyst sneMeHTH JI0GOH CTPOKH, MOXKHO
BBIYUC/AHTD YHCJIO MOJyJeH, KOTOpHe JAO/KHBI OBbITb HM3MEHEHbl NpPH
H3MeHEHHH COOTBETCTBYIOLIEro MoAyns nporpammel. Hanpumep, ecau
u3MeHsiercst MoAysabp C, oOXHJaemoe YMCJIO JAPYTHX H3MEHEHHH
paBHo 1.22. Hck/iouuB aMaroHanb, BbIYHTAs KaXKAblli MIEMEHT CTPOKH
u3 1.0 ¥ nepeMHOKasi pe3yJ/IbTaThl, MOJYYaeM BEPOSTHOCTb TOrO, 4TO
H3MeHeHHe MOJYJA He TMOBJeYeT H3MEHeHHs] NPYTHX MOAyJed mpo-
rpammbl. Hanpumep, ans monyns A sta BepositHocTh paBHa 0.32.
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Modynu
A B C D E F

A 100 021 032 030 004 0.1
B| 021 1.00 011 008 020 021
Rc| 032 o011 100 053 002 024
D | 030 008 "053 1.00 002 0.3
NE| 004 020 002 002 100 004
F| o011 021 024 013 004 100

Puc. 18.6. [MosHas Matpuuma saBHCHMOCTel.

CyMmupysl Bce 3JIeMEHTbl MAaTPHLLI H AeJf CYMMY Ha YHCJO MOAyJeil,
MOXKHO TNOJYYHTh IPy6YI0 OLUEHKY CJIOXKHOCTH MPOTPaMMBL.

B 3r10ii MOze/sM mNpHBJEKaeT BO3MOXKHOCTb [OJYYaTh OTBETHl Ha
BOTIPOCH! MOJ0GHOTrO Pojia, a TaKXe TOT (GaKT, YTO OHA OCHOBAHA Ha KJlio-
YeBBIX CBOMACTBaX CTPYKTYPBI NPOrpaMMbi, HO BCE X MOJENb OCHOBbI-
BAaeTC HA MHOTHX HEJNOCTATOYHO BbIBEPEHHBIX NPEANOJOXKEHHAX. Mo-
Ieib He GblIa TPoBepeHa, MOCKOJbKY He YAAJIoCh NMPHAYMAaThb, KaK 3TO
pasyMHO cze/1aTh (3MIHMpHYecKasi NpoBepKa MOJETH HAMHOIO CJIOXKHee,
YeM MOXKET MoKa3aThcs). BJauskas Mojesb, OCHOBaHHAasi HAa METOAax
JuHefiHOM asreGpel, Gbiia mpemnoxkena Xeinu [15], Ho ona TpeGyer,
yT06B! NOJIB30BATENb CaM BBEJ ONpejie/leHHe B3aHMOOTHOIIEHUH MeXny
MOZYJISIMH.

B Hacrosiiee BpeMsi [e/1aloTCsi MONBITKH MOJAEJIHPOBATb CJIOXKHOCTh
nporpamMmbl, Onupasch Ha cpoiictBa ee tekcra. CasnuseH [16] npegna-
raeT HECKOJIbKO MoJiefiel, OCHOBAHHHIX Ha NPEANOJIOXKEHHH, UTO C/IOXK-
HOCTb MOHHMaHHSA KaXXIOTO KOHKPETHOTO YdYacTKa IpOrpamMMbl Mpomnop-
IHOHAJIbHA YUCHY TOHATHH, aKTHBHEIX HAa 3ToM yuactke. Ilpenjoxeno
HECKOJIbKO CIOCOGOB H3MEpATb 3TY CJOXKHOCTb, OINHMpasicb Ha mpex-
CcTaB/leHHe CTPYKTYPhl yNpaB/JeHHUsI H CTPYKTYPHI HaHHBIX NPOTPaMMbI
B BuJe OPHEHTHpOBaHHOro rpada.

JIUTEPATYPA

1. Jelinski Z., Moranda P. B. Software Reliability Research, in W. Freiberger,
Ed., Statistical Computer Performance Evaluation. New York: Academic Press,
1972, pp. 465—484,

2. Shooman M. L. Operational Testing and Software Reliability Estimation dur-
ing Program Development, Record of the 1973 IEEE Symposium on Computer
Software Reliability, New York: IEEE, 1973, pp. 51—57.

3. Shooman M. L. Probabilistic Models for Software Reliability Prediction, in
W. Freiberger, Ed., Statistical Computer Performance Evaluation. New York:
Academic Press, 1972, pp. 485—502.

4. Miyamoto I. Software Reliability in Online Real Time Environment, Proceed-
ings of the 1975 International Conference on Reliable Software, New York:
1IEEE, 1975, pp, 194—203,



JUTEPATYPA 343

5. Littlewood B., Verrall J. L. A Bayesian Reliability Growth Model for Computer

Software, Record of the 1973 IEEE Symposium on Computer Software Relia-
bility, New York: IEEE, 1973, pp. 70—77.

Craig G. R. et al. Software Reliability Study, RADC-TR-74-250, TRW Corp.;
Redondo Beach, Ca., 1974. '

. Richards F. R. Computer Software: Testing, Reliability, Models, and Quality

Assurance, NPS-55RH74071A, Naval Postgraduate School, Monterey, Ca., 1974.

. Schneidewind N. F. Analysis of Error Processes in Computer Software, Proceed-

B

10.

11,

12.

13.

14.

15.

16

ings of the 1975 International Conference on Reliable Software. New York:
IEEE, 1975, pp. 337—346.

Trivedi A. K., Shooman M. L. A Many-State Markov Model for the Estimation
and Prediction of Computer Software Performance Parameters, Proceedings
of the 1975 International Conference on Reliable Software, New York: IEEE,
1975, pp. 208—215. '

Schneidewind N, F. A Methodology for Software Reliability Prediction and
Quality Control, NPS-558572111A, Naval Postgraduate School, Monterey,
Ca., 1972.

Schneidewind N. F. An Approach to Software Reliability Prediction and Qua-
lity Control, Proceedings of the 1972 Fall Joint Computer Conference. Mont-
vale, N. J.: AFIPS Press, 1972, pp. 837—847.

Mills H. D. On the Statistical Validation of Computer Programs, FSC-72-6015,
IBM Federal Systems Div., Gaithersburg, Md., 1972,

Weinberg G. M. The Psychology of Computer Programming. New York: Van
Nostrand Reinhold, 1971.

Myers G. J. Reliable Software Through Composite Design. New York: Petro-
celli/Charter, 1975,

Haney F. M. Module Connection Analysis — A Tool for Scheduling Software
Debugging Activities, Proceedings of the 1972 Fall Joint Computer Conference,
Montvale, N. J.: AFIPS Press, 1972, pp. 173—179.

Sullivan J. E. Measuring the Complexity of Computer Software, MTR-2648-V,
Mitre Corp., Bedford, Mass., 1973,



raAsA 19

HncrpymeHTalbHbIE CHCTEMBI

B npeapinymux raaBax roBopuJIOCh O MHOTHX MHCTPYMEHTax, pass
paGoTaHHBIX CreLHalbHO JJIs TOro, 4YTOGBl NOMOYb IPOrPAMMHCTY
B pa3/IMYHBIX cdepax ero mestenbHocTH. Ciofla OTHOCATCS MHOTOOGpas3-
HBIE CPEJCTBA: OT KOMMEPYECKH NOCTYMHBIX NPOTPaMMHBIX NPOAYKTOB
IO HMHCTPYMEHTOB, pa3palOTaHHBIX OTAENbHBIMH OPraHM3alUHUsIMH LS
BHYTDPEHHHX HCCJIEJIOBAaTe/bCKHX LieJieH, B TOM YHCJe CPeiCTBAa TECTH-
poBaHHA (Hanpumep, CPeACTBA CTATHYECKOTO aHA/IH3a NPOTPaMM, MO-
HHTOPHI, HMHTAaTOPH TEPMHHAJIOB), OTJIaJKH, J0OKa3aTeJbCTBa NMPAaBHIb-
HocTH nporpamM. IIpH BHJe Takoro MHOrooGpasust HHCTPYMEHTOB B ro-
JIOBY MPHXOAAT JBa BONPOCA: OCTAIHCh JIH €llle acleKThl pa3paboTKH
NporpaMMHOro oGecreyeHHsi, HYXKJAiOUHecss B aBTOMAaTH3allMH, H He
CYIIECTBYET JIH KaKOTo-1HG0 MeTofa OGbeIUHEHHS] STHX CPEACTB B elH-
HYIO HHCTPYMEHTA/bHYIO CHCTeMY?

BUBJINOTEKH OBECNEYEHHUSA PA3PABOTKH

B rsazax MHOrMX M3 Hac MHpejCTaBjieHue O paGoueM NOMELIEHUH
NPOrPaMMHCTOB acCOLMHpYercsi ¢ OGLIMM BreyatJeHHeM Oecropsiaxa:
mKadel A0 NOTOJKA, XpaHsAUlMe ThHCSYM nmepdoKapT, rpyaAsl cnenyndu-
Kauui M JIMCTHHTOB Ha CTOJIaX, 3aKamnaHHble Kode KopoOKH ¢ mepdo-
KapTamH, G/JOK-CXeMBI H BbIMYCKH JOKYMEHTAUHH IO NIPOEKTy, CBaJeH-
Hble B Ky4y Ha moJay. Taxas o6CTaHOBKa, XOTSl OHa MO Pa3HBIM NPHYH-
HaM NOCTeNeHHO HcYye3aeT (OAHA H3 TPHYHH — IPOTHBONOKAPHAS
6¢30NMacHOCTD), BEIET K JOMOJHHTEJIbHBIM M OTHIOAb He 06s3aTesibHbIM
omn6kaM. B Takux yclOBHAX HHKTO He 3HaeT TOYHO, KaKOBa NOCJEX-
HAA BepcHs mporpaMmel. PykoBoacTBo cnabo mpexcraBiasier cebe co-
croaHue npoekTa. Ecan nporpammuct 3a6oseer, ero 4acTb IpoeKTa
HEpeKo Iicye3aer #3 BHAY. KpoMme Toro, Bo3HHKaeT MHOXKECTBO OIIHGOK
npH cambiX OOBMHBHIX MAHMNYJALHUAX ¢ nporpammoil. Hukoraa ne 3a-
Oyay, Kak, npoBepsii NMpPoOrpaMMmy B HOYbL TepeX ee JAeMOHCTpauueii,
A B HerepreHun kuHyJcs k ALITY, noguan Kpeiliky, 4ro6bl IOCMOT-
peTb pe3yJbTaTel TeCTHPOBAHHS, W 3aCThll B yKace, HabJojas, Kak
€IMHCTBEHHasa Kosofa u3 3000 mepdoxapr mporpammel Ha Poprpae
pas/ietaercsi No BCeMY BBIYMC/HTEJBHOMY HEHTPY,— A MNOJOXKHJI ee
Ha ALTIY!
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KoHuenuus nporpaMMHCTa-6HONHOTEKAPA — ONpPEAEACHHEIH  mar
K pelleHHio sTHX npoG/aeM. OfHaKo mpocto AoGaBieHue GUOIHOTEKaps
JJisl BBHIMOJHEHHs1 PYuHO#l pabGoTHl — He ToJHOe pellleHue. [Ipu stom
BCe ellle BO3MOXKHO NOTEPSATh WIH NepenyTarb KOJOAY KapT, He TyAa
HOJIOXKHTh JIMCTHHTH, BCE €Il OCTAaeTCs PHCK IOXKapa HJIH BHE3aNHOro
HcuesHoseHusi Gubnauorekaps. OAHO W3 pelleHHH 3Tofi mMpoGieMbl —
aBTOMaTH3HpPOBaHHasi GMOMIMOTEKa, WJH CHCTeMa ofecrieueHusi paspa-
Gorku. Ilpn xpaHeHHM Bcex pabGOuYMX MaTepHA/OB MO NPOEKTY (Ha-
NpuMep, HCXOZHBIX TEKCTOB, OOBEKTHHIX MPOTPaMM, TECTOBHIX JAAHHBIX,
JDOKyMeHTauuH) B 0ase JAHHBIX BO3MOXKHOCTb OIUMOGOK, CBSI3aHHBIX
C PYYHBIMH MaHHNYJSUHUAMH, NepeMelleHHeM H T. I., YMEHbIUAeTCs.
KoHTpo/b 3a COCTOSIHHEM NPOEKTa MOXET ObiTb 0GECIEYeH ¢ MOMOLIBIO
reHepaTopoB OTYETOB, AHAJH3HUPYIOIHUX COCTOsIHHE 6a3bl JaHHBIX.
Ecnu Bce MHCTpYMEHTH NporpaMMHpOBaHHsl, HMeEIOLIMECS B OPraHH-
3allH, MOXHO BKJIOUHTb B 3Ty €IMHYIO CHCTEMY, NPGEKT MOJyYaer
B CBO€ pacropsiKeHHe Bce NOCTOMHCTBA eIWHOH HWHTErPHPOBaHHOH Gasbl
JAHHBIX M CTaHAAPTU3AIMH YCJOBHEH (TEXHOJIOTHH) NPOrPAMMHPOBAHHS.

B Hacrosiem paspene faH 0630p HEKOTOPHIX aBTOMaTH3HPOBaHHBIX
6ubnnoreyHbix cucteM. OH HH B Kakofi CTeNeHH He NpeTeHAYeT Ha NoJ-
HOTY; Hallla UeJb 3Jech — NPOWIIIOCTPHPOBATL JOCTOMHCTBA TaKHX
CPEeICTB U PacCMOTPeTh HEKOTopble 0CO00 HHTEpecHble pelleHHsi, Mo-
3BOJISIIOLIME YCTPAHUTb OTAEJIbHEIE MCTOYHUKH OIUMGOK B MpOTpammax.

Cucrema PANVALET

Cucrema PANVALET, cospannas ¢upmoit Pansophic Systems, —
IIHPOKO pacnpocTpaHeHHas Gubauoreunass cucrema. OHa paGortaer
B JIHaJOTOBOM HJIM IaKETHOM pexHMax Ha Jio0oHl omepamuvoHHOH Cus
creme IBM 360 wam 370.

Basa manneix PANVALET conepxut ¢aitjibl, XxpaHsiye HCXOAHbIE
nporpamMmel, oGbeKTHble NPOrPaMMbl, TEKCTHl Ha f3bIKE YIpaBJleHHS
3aJlaHusIMH ¥ JaHHbele asa nporpamm: s paGoThl ¢ 3TUMH ¢afiamu
HMEIOTCS pa3sHoOGpa3Hble KOMaHAbl pelaKTUPOBaHHA, HanpHMep Jo-
GaB/ieHHe, CTHPAHHE WJIH H3MeHeHHe 3amHcell, KONMUPOBaHHE OXHOTO
¢aiizia B Apyro#, neuats ¢aiina. [nst noucka H/WIH U3MEHEHHS CTPOKH
CHMBOJIOB B ofHoM (afiste, Bo Bcex (adlax AaHHOro THNA (Hampw-
Mep, Bo Bcex (aiilax ¢ MCXOAHBIMM nporpammamu Ha KoGose) wiu Bo
BCeil GUOGMHOTEKE MOXET HCHOJb30BaThbCS (PYHKIHS TJI06aJbHOTO CKa-
HHPOBaHN5/NMOACTaHOBKH. .

OcoGento mosesHoit yeptoii cucreMbt PANVALET saBnserca Kow-
uenuus eepcuii atira. Beskui dafa (HampuMep, HCXOAHBIH TEKCT
npouenypsl Ha PL/l) moxeT umerb HecKosbKo Bepcuit. Takum o6pa-
30M, OfiHa BepcHsi Gyner mpeicTaBIATb coGof TeKyityio pabouyio (ro-
TOBYIO) KONHIO MOAYJIsi, @ BTOpasi BepCHA MOXKeT HCMOJIb30BaThCA MNpO-
TPaAMMHCTOM I/Isl TECTHPOBAaHHs MoAudUKauwd storo Moayasa. Onwxa
U3 BepcHH Kaxpaoro ¢aiia B GHGIHOTEKE MOXET ObiThb OTMEYEHAa KakK
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eomosas Bepcus. Her a6comoOTHO HUKAKOH BO3MOXKHOCTH H3MEHUThb
roToByio Bepcuio Qafiia. EAuHCTBeHHBIH cnoco6 Moxudukanum — co-
37aTh HOBYIO BEPCHIO U CKOIMPOBATh F'OTOBYIO BEPCHIO B Hee. DTO OUEHL
NOJIE3HO VISl KOHTPOJsl 32 MOAMGHKAUHMSMH [POTPaMMBL.

®aiisibl MOTYT ObiTh HePapXHYECKH CTPYKTYPHPOBAHBI C MOMOILBIO
6KAH04eHus. IT0 O3HauaeT, yto (aiim A MOXKeT coaepXaTh YyKasaHMe,
YTO OH BKJIIOYaeT cofepxumoe ¢aiinos B, C u D. Beskuit pas, Korna
¢aitn A wncnonb3yercs (Hanpumep, KOMIWIHPYETCsi), OH PacliMpSIeTCst
TNOCPEACTBOM JIOTHYECKOTO KOMUPOBaHMS B Hero ¢ainos B, C u D.

Eme oama cymecrBeHHast yacTb 6as3bl JaHHBIX — KaTajor cBeje-
HHA 060 BCeX BepcHMAXx Kaxporo daiivia. Kaxipiii siemeHT kataJjora
COIePXHT CTAaTyC BepCHH (HanpHMEp, «roToBasi»), AaThl MOCJEAHEro
o6pauieHHsi M IOC/JeNHero OOHOBJIEHHSI BepCHH, YHCJIO ONEepaTopos,
THIl TOCJEAHEr0 NEHCTBMs, BbINOJHeHHoro Haj Bepcueii. Ilpexycmor-
PEHO HECKOJIbKO BapUaHTOB OTYETOB, TAKHX, KaK pacrneuyaTKH KaraJjora
H TIePEKPECTHbIX CChIIOK, YKashiBalOUIHX, KaKHe (aisibl BKIIIOYAIOT
apyrue ¢aiJel, a KakHe — BKJIOYEHB! B ApYrue.

Ilpu conpoBoxAeHHH NMPOrpaMMbl YacTO BO3HHKAeT HEOGXOAMMOCTb
U3Y4YHTb OOBEKTHBIA KOJ M3 JaMNa HJIH JIMCTHHT KOMIWISILHH, W TpH
5TOM HeT BO3MOXKHOCTH CONOCTaBHTb MX C COOTBETCTBYIOIIEH BepcHei
ucxonnolt mporpammbi. PANVALET pemaer sty npoGnieMmy, BKJouas
HOMEP BEPCHH H JaTy NOCJeJHero M3MeHeHHs B JIMCTHHI KOMIHJIATOPA
U B OOBEKTHBHIE MORYJIH.

PANVALET copmepXHuT Takxke psj onepaunuil ¥ BApHaHTOB BbLAAYH
OTYeTOB J/Isl CONPOBOXAEHHS OMGMHOTeKH. IlepHoAMYECKH MOXKHO je-
JaTh 3amacHble KOMHH OUOGJHOTEKM /ISl 3allUTH ee OT paspylueHwus.
CrupaeMble ¢afiisl aBTOMAaTHYeCKH KONMHUPYIOTCA Ha 3amacHYio JIEHTY,
Hpex/e ueM 3aTHPaeTcsl OCBOOOXKAAEMOE MeCTO, UTOOBI MOXKHO ObLIO HX
BOCCTAHOBHTb, €CJH OKaXercs, UTo 3TOT (aly MHCKJoueH CjaydaiHo
WA TIpexzaeBpeMeHHO. Peflko ucnosib3yeMbie (afJibl NepenyuchbiBalOTCS
Ha apXHBHYIO JIEHTY, OTKyJla HX HpH HeoOXOXHUMOCTH BblGupaior. [ns
NpenynpexaeHnsl HeCaHKIMOHHPOBAHHOIO HCHOJIb3OBAHUS (Qaila emy
MOXeT ObITb TPHCBOEH OAMHH M3 YPOBHEH CeKPEeTHOCTH.

Cuctema noctpoenus cucrem SBS

SBS — 6ubnuoreunas cucrema, paspaboTaHHasi sl NPHUMEHEHUS
suytpu IBM [1]. Ona BkJiouaer ¢aisibl ¢ UCXOAHBIM TEKCTOM, OGBEKT-
HBIM KOXOM, HHbopMamued JjIs1 peJaKTHPOBaHHS CBsi3ell, JaHHbIE,
JOKYMEHTHl M OOBEKTHl, HasbiBaeMble epynnamu.

Kak u PANVALET, cucreMa SBS mpefocraBisier NOJb30BaTeNIO
KOHILeNIMIo Bepcuit ¢aiisia, HO oHa pemlaeT mpoG/aeMy CHHXPOHH3aLUH
HCXOZHONH M OOBEKTHOH mporpaMmbl WHaye. YTOOBI NMOHATH, KaK 3TO
IenaeTcsl, CHaya/a cJeflyeT pacCMOTPeTh MOHATHE Qaiinia THNa epynna.
Tako#i ¢aiin — 3T0, MmO cyliecTBy, ONUCh BCEro, 4TO CBA3aHO C Npo-
rpamMmoii. Kak nokasano Ha puc. 19.1, B He#l npocro nepeuyHcasiorcs
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Puc. 19.1. Ipymna B cucreme SBS.

OGLEKTHl, HYXKHBIE Nporpamme (B JaHHOM Clyyae — JBa MOAYJf, OXHH
MaKpoc, HYXKHbIAl JJIsi KOMIW/ISIHH ONHOTO M3 HUX MJIM, MOXeET ObITb,
o6oHx, U AMPEKTHBH peaaktopa cBsselt). Koraa noss3oBarenb TpeGyer
oT SBS noctpouts Bepcuio 3 nporpamMmel XYZ, cucrema SBS aBromaTh-
YeCKH KOMIIMJIUPYET COOTBETCTBYIOLIHE BePCUH MOZYyJe# (ecnu ¢afiibl
OOBEKTHOTO KOja AJS HUX MYCTh) M BHINOJHSAET pellaKTHPOBaHHE CBA-
3efl. CHHXPOHH3aLHsi HCXOZHOTO U OOBEKTHOTO KOJa BHINOJHSETCS
crenyomuM o6pasoM: BCIKHH pa3, Koria oGHOBJsETCA (aii UCXOLHOH
nporpammel, SBS aBToMaTHyeckH cTupaeT (a1 0OBEKTHOTO Koja 3To#
BEPCHH, a TakKe OOBEKTHBIH KOA JJIs oGO IPYINNBL, 5J€MEHTOM KOTO-
po¥i sBasiercst 3Ta Bepcusi (paityia. Tem cambiM Beerza obecneduBaeTcst
COOTBETCTBHE OGBEKTHOTO KOJA BEPCHM MOAYJS HJIH Tpynmbl (mpo-
IpaMMbl) [OC/TEAHEMY BapHAHTY UCXOJAHOHM NPOrpaMMbl.

PaGpuKka nporpaMMHOro obecrieyeHust

JBe npespinyline CUCTEMbI 0GECNEUHBAIOT Psif YAOOCTB NPH COPTH-
pOBKe, OOHOBJIEHHH, KOMIHJSIMH NpOrpaMM, HO IJIaBHbIM 0GpasoM
OHM OPHMEHTHPOBaHbl Ha 3Tambl COGCTBEHHO NPOTPAMMHUPOBaHHSI H CO-
NpPOBOXKIEHHs. B yacTHOCTH, OHH He coJepxkaT CPEeACTB, CIelHalbHO
npelHasHauyeHHBIX JJis Apyrux ¢as, Takux, Kak onpefefeHue tpebo-
BaHH{l, NpPOEKTHPOBaHWEe M TecTHpoBaHHe. Pabpuka MporpaMMHOro
ofecrieyeHusl,— BEPOSITHO, CaMblil 4eCTOJNIOGMBLIH MPOEKT H3 paspa-
GoTaHHBIX I10Ka CUCTEM — NpeiCTaBasier COOOH MOMBITKY HHTErpauu
HHCTPYMEHTOB JJIsl BCEro mpoliecca paspaboTKM B eNHHYIO CHCTEMY.

dabpuka nporpaMMHOro obecrmeueHus Obila paspaboTaHa JJsi Hc-
nonb3oBanus B Koprnopamuu System Development [2]. Jlyswe scero
HayaTh ONMHCAaHHe CHCTeMBI C e Ga3bl JaHHHIX, H300pa*KeHHOH B LEHTpe
puc. 19.2. B cucreme ‘umelorcs age Ga3bl JaHHBIX: BMeCTHTeJNbHass GHG-
Jqnoteka (6a3a naHHBIX pa3paGoTku) M 6a3a oTHouleHu# (6asa AaHHBIX
ynpas/eHusi npoektoM). Bu6iuoreka paspabGOTKH COCTOMT U3 (aiJoB,
COJlepIKaIUX HCXOAHBIA TEKCT, OOBEKTHHIH KOJ, 3arpy3ouHLie MOAYJIH,
onepaTophl yNpaBJeHHsl peJaKTHPOBaHHEM CBs3el U TECTOBHIE JaHHbIE;
9TH (dailJibl MOTYT MMeThb IO HECKOJbKY BepcHi. Dasa pamHbiX ympas-
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Puc. 19.2, Pa3pes ¢abpuku nporpaMmHoro oGecneuyeHHs.

JIEHHs] [IPOEKTOM COAePKHUT HHPOPMALHIO, CBSI3aHHYIO G PYKOBOJCTBOM
HPOEKTOM U oOlell CTPYKTYpo#il mporpammel. B sToft Gase JaHHEIX Xpa-
HATCS KaJIeHJapHbIe TJIaHBl U OLlEHKH HeoOXONHMBIX PEeCyPCOB JJIsi BCeX
3TanoB MPOEKTa, onHMcaHus TpeGoBaHUH MoJb30BaTeNsl H Hepapxuye-
CKasi CTPYKTypa M3roTaBJIMBaeMOH NpOrpaMMbl, periCTPHPYIOTCS NMpo-
€KTHble H3MEHEeHHMs M MCIpaB/JeHHs OIHGOK, 3aBUCHMOCTb OT JPYTHX
npoekToB H T. A. Camoe BaxHoe — ofecrneueHa o6paboTKa OTHOLue-
Hufl MEXKIY BCEMH 3TUMU 3JIEMEHTaMH, 4TO MO3BOJIseT A€/1aThb COOTBETCT-
ByIoLIMe 3ampochl. PyKOBOLHMTENb NMPOEKTa MOXKET ONPejeJHTb, KaKHe
Tpe6OBaHHS MOJb30BaTeNs] K KaKOMY KOHKPETHOMY NpPOrpaMMHOMY
MOZYJII0 OTHOCATCS, KaKue M3MeHeHHS! B NPOEKTHPOBAHHH BJHSIOT Ha
JaHHBIH MOAYJ/b, KAKHEe MOAYJIH NPOrpaMMbl pa3pabGaTHIBalOTCS HA KOH-
KpPeTHOM 3Tane pPaGoTH Haj NPOEKTOM, YHCJIO OLIHOOK, CAEJNAHHBIX KOH-
KPETHBIM NPOrpaMMHCTOM, H T. A.

Ba3y ZRaHHBIX OKpyXXaer psi HHCTpyMeHTOB paspaborkH. Ciopa
BXOAAT KOMIIHJISITOPH, peNaKTOpbl CBfi3el, OOCHYXKHBAIOMHE IPO-
rpamMMbl, CpeiCTBa JOKYMEHTHPOBAHHSI M TECTHPOBAHHf, a TaKxe
crienHanbHEH nponeccop, HasuiBaeMulit IMPACT. Hap atvmu mpouecco-
pamu HMmeeTcst HaZcTpoiika B Buze KommoHeHTh FACE. OHa o6ecneun-
BaeT B3aHMOJeNiCTBHE MeXJy MoJib30BaTeseM H BCEMH MPOIECcCOpaMHu.
Kpome Toro ona cobupaer ynpasJasiouyio HHGopMauHio H AaHHbE O CO-
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CTOSIHHH OT NPOILECCOPOB H BKJIOYAET €& B (asy NaHHBIX YNpaBJeHHs
TIPOEKTOM.

OcHoBHoe Hasnauenne npoueccopa IMPACT (Integrated Manage-
ment, Project Analysis and Control Technique — O6vennnennsie
MeTOJBl PYKOBOACTBA, aHaju3a MNPOEKTa M YNPaByeHHs) — NOMOraTh
PYKOBOAMTE/IO NPOEKTa MJaHHPOBAaTb MNPOHM3BOACTBO H HaGJIONATh
32 BHINOJIHEHHEM IIJIAHOB. DTOT MPOLECC MOXKHO MCHOJb30BaTh AJs pas-
paGoTKy Ka/leHZapHOro IJIaHa NMPOeKTa M MCCJeJOBaHUA ajlbTepPHAaTHB
MO MeToly KpUTH4eCKHX MyTed. Bo BpeMms ocyllecTB/eHHs MNpoeKTa
OH TPOC/IEXHBAET MPOJABHKEHHE MO IVIaHYy H PacXOX pecypcoB, AaBas
pYyKoBoauTe IO Gosiee HATVIAHOE NMPEACTAB/JEHHE O COCTOSIHHHM TIPOEKTA.
IMPACT ucnoJsib3yetcsi Takxe A4 3anpocoB K 6ase IaHHBIX ynpasJe-
HuUs IPOEKTOM B TEPMHHAX OMUCAHHBIX BHIIE OTHOMIEHUH ¥ L/l OTBETOB
Ha GoJiee mpocTbie BOMpPOCH, Kacarwolnynecss pa3MepoB MOAYJsA, 4HC/Ia
€r0 KOMITHJALHH, UMC/Ia BHISBJEHHBIX B HeM OLIHGOK HJIM COCTOSIHHS
TECTHPOBAHHS MOJYJIf.

MounTop Simon

Simon — 310 cpencrBo pa3paGoOTKH, CO3JjaHHOE KopHopaiued
Mitre [3]. B otsinuue ot gpyrux cucrem Simon He siBisieTcs GuGIHOTey-
HOH CHCTeMOH; 3TO MOHUmMOP peaiusayuu, 1eNb KOTOPOro — cOop JaH-
HHIX O NporpaMMHBIX MNPOEKTaX, /Mg TOro 4ToGbl 3arJISHYTb BHYTPb
npouecca nMporpaMMHpOBaHusl U UTOOH H3y4aTh 3ddeKTh IKcneprMeH-
TOB. Simon pacnosioxeH MeXAy NPorpaMMHCTOM H €ro HHCTPYMEHTaMH
(Hanpumep, KOMNUJIATOPaMH, PENAKTOpPaMH TEKCTOB, CPeACTBAMH Tec-
TupoBaHus). OH aHajH3upYyeT Kaxjnoe coollieHHe U OGHOBJIAET COOT-
BeTCTBYIOWMHA (ally, oaun us Tpex. Paiir ssremenmos conepxuT undop-
MalHio O IPOeKTax, NMPOrpaMMHCTaxX, MOAYJAX NPOrpaMMbl, AOKYMEH-
Tax, TeCTOBHIX JAaHHBIX, Makpocax M owubKax B mporpammMax. Paiia
omHowieHutl BRKIIOYaeT JaHHble 06 OTHOINEHUSIX MeXKIY KOMIIOHEHTaMH
(afina snemeHTOB, NOKa3biBasi, HalpuUMep, Kakue OMIHOKH HaHJAeHBI
B KaKHX MOJAYJSiX, KaKHe MOAYJIH BLI3bIBAIOTCS APYTHMH MOAYJSAMH, H
KakHMH MMEeHHO, M KTOo uX Hanucaa. Daia coboinuil perucTpHpyer
BCsiKoe COOBITHE, KOTOpOe MPOHCXOAUT B cHCTeMe (Hanmpumep, oGHOBJe-
HHe MORYJS, KOMIHJIALMS, BHIOJHeHue Tecra). Haxonnenne Bcex
STHX JaHHBIX HHWYEro He JaeT AJIsl HafleXKHOCTH BHINOJHSIEMOTO B JaH-
HEIf MOMEHT NPOEKTa, HO OHH UCINOJIBL3YIOTCS JAJIsl COBEPILICHCTBOBAHHS
npoeKToB B OylyueMm, nomMoras ¢GopMyJupoBaTh H NPOBEPSTh THIOTESHL
0 MyTAX YJyylleHHs NPOLECCOB NPOrpaMMHpPOBaHHS.

Jlpyrue xenatenbHbie CBOHCTBA HHCTPYMEHTAJNBHBIX CHCTEM

OnucaHHble BbIlLIE CHCTEMBI IPEJOCTABJSIOT MHOTO LEHHBIX BO3MOXK-~
HOCTe#, HO MOXHO OXMJaTb, YTO OHH MOIVIH Obl yMeTb eule GoJiblue.
Huxe nepeuncisiercs psig une#l, KoTopbie GbIO Obl XKeJaTe/bHO pea-
Ju30BaTh B OYAYIIMX WHCTPYMEHTAJbHBIX CHCTEMaXx.
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KioueBo#t KoMIOHEHTOH BCKOH CHCTEMbl oGecrneueHHsi pa3paGoTKu
AIBJISieTCA MHTeTPHPOBaHHasA Ga3a AAaHHBIX. D/eMEHTH 3Toit 6as3bl AaH-
HBIX COfiepKaT HCXOAHBIH TeKCT, OOBEKTHBIAl KOA, MaKpOCH, cneindu-
KalHH, TEeCTOBbE JaHHblE H mporpammsl (cp. ajiemeHT-zpynna B SBS).
OTHOWEHHA MEXY 3JeMEHTaMH AOJ/IKHBI XPaHUTbCS M 06paGaThIBaThCS
TaK, 4ToOHl, MMes OJMH 3JeMeHT (HampuMep, OTHENbHBIH MOAYJb),
JIETKO MOXHO ObNIO NOJIYYHTb COOTBETCTBYIOIIHE €My 3JIEMEHTHl (Ha-
npuMep, cnenMpHKalUH U TeCTOBhle AaHHble). OTHOWIEHHs B Gase JaH-
HBIX JOJIXKHBI TaKXkKe OTPaxkaTb CTPYKTYPY NIPOrpamMmbl TAKHM 006pasoM,
uTOOBl MOXKHO OBLLJIO 3aJaBaTh BONPOCHI THNA: KTO BhI3bIBaeT MOAYJb X,
KOro MofyJb X BbI3HIBaeT, THE HCNOJBb3yeTcsi Makpoc Y, KakHe Mak-
pochl Hucnosb3yer MoAyab X. Kakpas CKOHCTpYHpPOBaHHAsi BepCusi
[porpamMmbl JOJI2KHa HMETb OMHCh, TaK YTOORI MOXKHO ObLIO OHpENE/HTh,
KaKHe BepCHMH KaKHMX MOAYJIeH M MakpocoB ee cocrapjsior. CpencrBa
cOOpKH mporpamm (HampuMmep, pefakTop CBsi3eif) RO/IKHBI obecredu-
BaTh YBEPEHHOCTb B TOM, UTO BEPCHH BCeX yacTefl Nporpammel COrJaco-
BaHel. Hanpumep, eclm mporpaMmHCT CTPOMT NPOrpammy, B KOTOPO#
IBa MOAYJf HCHOJB3YIOT OAYH H TOT K€ MaKpoc, CHCTeMa JHOJIXKHA
y6eauThest, 9T0 06a MOAYJs CKOMIHJIHPOBAHBI C ORHOH H TOH ke Bep-
cuedl MakKpoca.

[Mpu Hanuuuu Takofi WHTErpHpoBaHHOH# 6a3bl NAaHHBIX BO3HHKAIOT
UIeH JPYTHX MNOJNEe3HBIX HHCTPYMeHTOB. MOXHO NpOCMaTpuBaTh HC-
XOMHBIH TeKCT MporpaMMbl B IOMCKaX HapyuleHHH CTaHAapToB Ipo-
rpaMMHDPOBaHHS WJIH YNOTPeO/eHHsI 4peBaThIX OWIHGKaMH KOHCTPYK-
nuii. MoKHO HamucaTh nmporpaMmy, Kotopas Obl pHCOBasla CTPYKTYpPY
BbI30OBOB [/1s1 JIIOOOH NporpaMmel WIH Tpoc/eXuBasna Obl U aHAJIH3UPO-
Bala NOTOK AaHHBIX MexAy MonyasmH. (Takas mporpamma JIo/KHa
IOTYCKAaTh WU3MEHeHHsl WMeH INpH nepejade NAaHHbIX MeXIYy apryMmeH-
TaMH U mapaMeTpamMH W nepekpeiThe obnacrefl namatu. Ausen [4] omu-
CHIBaeT 3KCIIEpPUMEHTAJIbHYI0 NpOrpaMMy TaKOro Tuma, pa6oTarolryio
¢ nporpammamyu Ha PL/1.) MoXHO mpefycMOTpeThb NMPOTPaMMy KOHT-
poJisl CONMpsiKeHHUs MOAYJeH, KoTopasi Obl aHaJH3UMPOBa/Ja HCXOLHBIH
TEKCT BBI3HIBAIOLIETO U BHI3LIBAEMOTO MOAYJeH M onpexenasna Owl, co-
IJ1acyIoTCsl JIN apryMeHTHl H NapaMeTphbl 0 YHCAY M THIy.

Ecau cucrema conepkut MHGOpManHio 060 BCceX NPoeKTax H O COT-
PYAHUKaX, paboTalomMX Haj HHMMH, OHa Morja Obl u30HpaTe]bHO
pacmpocTpaHaTs HHQOpMAUHIO A5 YYaCTHUKOB INPOEKTOB, Ha KOTO-
PBIX MOXKET MOBJHATH TO MJIH uHOe cobbitie. Hanpumep, nporpammuct
MoXeT ObIThb YBEIOMJIEH O TOM, 4TO B MOLYJE, CBA3aHHOM C €ro MOAy-
JieM (BBISBIBAEMOM MM WJIH BhHI3LIBAIOIIEM €ro), HaifiieHa omm6Gka. Py-
KOBOAUTE/Ib NMPOEKTa MOXKeT ObiTh OINOBElleH, €c/lM HeKoTopas 3amJa-
HHpoBaHHasi pa6ota He Gblia 3aBepllieHa B CPOK. B cBowo ouepenb cHe-
TeMe MOXKeT ObITb NPHKa3aHO Pa3oc/aTh ONOBEIIEHHS MOC/E 3aBeplie-
HHs HeKoTopo#l paGothl. Hampumep, mporpammuct A Mor 6bl CKasaTb
cucreMe: «Jlafi MHe 3HaTb, KOI'Ja IPOrPaMMHCT B 3aKOHYNT aBTOHOMHOE
TecTHPOBaHHe Moay/asi X».
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C a0l Mjleell CBA3aHa HHTEPECHAS KOHUENUMS KPUMEPUs nosbluerus
cmamyca. B Hauasne paGoThl HaX MPOEKTOM PYKOBOLHMTEIbL MOMKET yKa-
3aTb CHCTeME KPWTEPHUH TaKOTro poja: «Wjis TOro 4toObl MOAYJb MOI
MONYYHTb CTAaTyC AaBTOHOMHO OTJ/IaXK€HHOI'O, BCE aBTOHOMHBIE TECTHI
HOJIKHBI TIPOHTH YCIHEWHO, NMPH TECTHPOBAHHH JIOJKHBI GbIThb MpOBe-
petnl 100% pasBMJIOK, YCHEUIHBIM JOJ/IKEH OBITb KOHTPOJb COOTBET-
CTBHSI CTaHJAapTaM U KOHTPOJIb CONPSIKEHHH W MOAYJb JO/KEH ObITh
ckomnuauposan B pexumax A, B m C». Kak Toibko Moayis
H0Jy4aeT 5TOT CTaTyC, OH CTAHOBHUTCS JOCTYNHBIM JJIsi MCIOJNb30BaHUS
B MNOC/ENYIOIHX MpOUeccax, TaKUX, KaK TeCTHpoBaHue QyHKuui. s
PasHbIX THIOB 3JIEMEHTOB, Hanpumep, MoayJei M cnemydbHKaumi, Mo-
IyT ObITh pa3spaGoTaHbl pasHble NMPaBHJa MPUCBOEHHS CTATYCOB (MOAYJIb
MoOxeT OBITb Jlaxke «IOHHKEH», eC/IM HafiJieHa olu6Kka).

CPEJICTBA NPOEKTUPOBAHH A

IlpumeuatesbHO OTCYTCTBHE B MNpeABLIAYINEM pasjese KaKux Obl
TO HM OBLUIO YNOMUHAHHHA O CPEACTBAX aBTOMAaTH3AlMH MPOIECCOB Npo-
€KTHPOBaHHS nporpamMMmHoro obecneyenus. [IpuuuHa sToro cosepiuenHo
npocTa: JOBOJIbHO TPYAHO aBTOMaTH3MPOBATb ONepalHH, KOTOpbIE elie
HEJOCTATOYHO XOPOLIO MOHHUMAIOTCHA YeJOBEKOM.

OzHako MOXHO Ha4aThb aBTOMAaTH3alMI0 NPOLECCOB MPOEKTHPO--
BaHHs C Pa3pabOTKH HHCTPYMEHTOB AJIsi NPOBEPKH 3aBePLICHHOTO Hpo-
€KTa Ha HeNOoJIHOTY W NpPOTHBOPEUHBOCTb. TPYLHO NpeicTaBuUTb cele
CPeACTBO, KOTOpoe MOIJIO Obl JieflaTh 3TO Ha YPOBHe LieJiel poeKTa HJIH
BHEeUIHMX creuuduKanuii (cnenudukauuu HOMB30BaTeNs), HO I/IA IO-
CJeAYIOMUX TMPOLECCOB, TaKUX, KaK I[POEKTHPOBaHHE CTPYKTYpPhI
nporpamMmbl (1. 6) M BHeWIHMX cheunukauuii Moxyas (rai. 8), sto
KaXKeTCsl yXKe BIOJIHE OCYIeCTBHMLIM.

Onno u3 takux cpeactB — cucrema DACC (Design Assertion Con-
sistency Checker — IlpoBepka coryiacyeMoCTH NPOEKTHBIX YTBEpiKje-
HMi1), paspaboranHas kopnopauuefi TRW 114 NpoBepKH MeKMOAY/Ib-
ubix conpsixenuit [5]. Jlns kaxpmoro compsikeruss DACC cpaBHuBaer
aprymMeHThl H MapameTpbl, MPOBePsisi YHCAO U NMOPALOK 3/MEMEHTOB JaH-
HBIX W HX THOB, GopMaT, eIUHHUb! H3MepeHHs (Hanpumep, (YHTHI,
METpbI B CEKYHAY, A0J/Iaphl) H 06/1acTH IONYyCTHMBIX 3HaueHHH. Cicrema
DACC 6ni1a HCTIOJIB30BaHA AJIs NMPOBEPKH NPOEKTHHIX clienudukanui
Gosbioit GOPTOBOH KOCMHYECKOH CHCTEMBl; OHAa Hallla CeMb SIBHBIX
oiiMGoK (Hampumep, apryMeHT 3ajaBajcsi B Ipajycax, a COOTBETCT-
BYIOIME TapaMeTp H3MepsiIcsi B pajuaHax) mpH 3arpatax B 30 poJa-
pOB 3a MalIMHHOE BpPeMs H HeCKOJNbKO COTeH JOJJapoB 3a BBOJ 3THX
cneundukauuii B 6a3y NaHHBIX.

AKcnepHMeHTaNbHOE CPEACTBO AJ/SI TNPOBEPKH HEKOTOPHIX CBOHCTB
CTPYKTYpH nporpammbl Obwio paspabotaHo B MHcTuTyTe CHCTEMHBIX
uccrenoBanuit IBM. TlpoekTupoBIIMK BBOANT CBOH NPOEKT CTPYKTYPbi
B 6a3y JHaHHbIX, ONHMCHIBAasi KaxJIoe CompsukeHue. B atom onucaHHH
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yKa3bIBaIOTCSI MMEHA BBISHIBAIOIIETO M BBI3HIBAEMOTO MOZYyJeil, a Takxke
BXOJHbIE M BBHIXOJHBIE APryMeHThl. APryMeHTbl ONHCHIBAIOTCA B abCT-
PaKTHBIX TepPMHHAX; HanpuMep, MPOEKTHPOBIIMK MOXET yKa3aTb, UTO
BXO/JHBIMH J@HHBIMH JJIffi KOHKDETHOTO CONPSIKEHHS CJIYXKaT <KOJ
paiioHa M CIHCOK HMeH nokynaresefi». OH BBOJHMT TaKkKe XapaKTepHuc-
THKY MPOYHOCTH KaXKJIOrO MOAYJS H CIEIJIEHHS MoZAyJeil.

[lporpaMma BHINOMHfAET HECKOJABKO THINOB npoBepoK. OHa Hccle-
JyeT Bce CONPSKeHHS KaxKAOro MoAyJs, 4TOObl ONpeNeNUuTh, COBIAAaeT
JIH Besle YHCJIO BXOJHbIX U BBIXOJAHBIX apryMEHTOB IJISl KaxIOTro Co-
npsixkeHuss. OHa Hcc/eayeT, NPaBHJBHO JIH OMUCAHO CUENJIEHHe MOay-
Jell 1as Kaxuo#l nporpammbl. Hanmpumep, korpa mopynu A u B Bbisbl-
BatoT MoayJab C, cHcTeMa BbIJaeT NpefocTepexkeHue, eCIH THI CUerJie-
uusag A u C oramyaercs oT Tdna cuenyienus B u C.

[Mocaenuuit THO NpPOBEPKH — MONMBITKA OOGHAPYXKHTb HEMNOJIHBIE CO-
npskenus. ChcreMa HcC/lefyeT KaxkKAblH MOAY/b H OKPYXKalolllHe ero
conpsixkeHusi. PopMHpPYeTCs ONMHUCAHHE NOAHO20 8X00HO20 NPOCIPAHCME
MOZRYJIS, COepallee BXOJHbIE apI'yMeHTHl BCeX BHI30BOB 3TOTO MOAYJIS
IJIIOC BHIXOAHHIE ApPTYMEHTHl BCeX MOAYJeH, BbI3bIBaeMEBIX U3 Hero.
OnucaHde noaHoz2o 6v.x00H020 npocmparcmea GOPMHUPYETCS U3 BBHIXOA-
HbIX apryMeHTOB BCeX MOJAYyJ/eH, BHI3HIBAIOMIUX JaHHBIA, H BXOZHBIX
apryMeHTOB MoJyJeil, Bhi3biBaeMblX UM. Kaxnpifi s/eMeHT BHIXOZHOTO
NIPOCTPAHCTBA COMOCTABJIAETCH C BXOJAHBIM NPOCTPAHCTBOM, YTOGHI O~
penennTb, MOXeT JH OH ObiTh NOJyyeH MO BXOAHBIM JAaHHbIM. Ilpu
5TOM HCIOJIB3YeTCsl aJITOPHTM BHIAENEHHS MOAMHOXKECTB, NO3BOJSIOLIU
CHCTEME MOHSTh, YTO BHIXOJ «HMS MOKYNAaTe/s» NoJy4aeTcs U3 BXOAHOTO
3JIEMEHTa «CHHCOK HMMeH MOKynaresek». ,

OueBuIHO, B pe3yJ/ibTaTe. MOXeT ObiTb BBLIJIAHO MHOrO COOGIIEeHHH
O TNOTEHIUHAJbHbIX NpoG/aeMax, KOTOPble B JeCTBUTENBHOCTH npobie-
MaMH He siBJsifoTcsi. Hamnpumep, mporpamMMa He 3HAeT, YTO BBIXOJHOH
3JIEMEHT «HOMEp ueJIoBeKa» MoJlyyaeTcsl IO BXOJHOMY 3JIEMEHTY «3a-
nHMch O COTpyAHUKe». OpHaKo IEJb NpefocTepexXeHHs — JaTb NMPOEK-
THPOBLIUKY CIHCOK MOTEHLHAJbHBIX YNYUIEHHA IS TIIATENbHOH Npo-
BepkH. EC/IH NPOEKTHPOBINHK KeJlaeT, OH MOXET 3apaHee BBECTH B CH-
CTEMY COOTBETCTBYIOUIHE OTHOIUEHUS, HanpuMep «HOMep YeJjoBeKa MO-
XeT GLITb MOJIyYeH 10 3aNlHCH O COTPYIHHKE».

Ipn Hanmuyuu Takoi Gasbl NAHHBIX, OINMCHIBAIOIE# CTPYKTYpY
nporpamm, MOryT GbiTh pa3paGoTaHbl M Apyrue UHCTPYMEHTHI MPOEKTH-
poBaHusi. Hampumep, Moxer ObiTh Ao6GaBjeHa BO3MOXKHOCTb 3aJaBaTb
takne Bonpochl: «Kakue MoAyJHM BhisbiBaloT MORyab X?», «KakoBo
CONpSIKEHUE MOAYJsi Y?» :

YnoMuHaBLIHeCs Bhillle WHCTPYMEHTbI NPOEKTHPOBaHUSA MPUMEHHMBbI
JAULIb K OYeHb HeGOJILINOH YacTH BCero mpouecca NPOEKTHPOBAHHS;
MOXHO TpEACTaBUTb ceGe cpencTBa, Gosee HENOCPEACTBEHHO YdacT-
Byrouue B 3toM npouecce. Kayrep [6] u Teitupoes [7] anamusupyior
OOTBITKH AaBTOMATH3MPOBATh MPOLECCHl Pa3paGoTKH TpeGoBaHuil H
aHanu3a cHcteM. OKOHYaTeNbHOR [eJIbIO Pa3pabOTKH CPEACTB NPOEKTH-
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POBalHs ABIAETCH TaKas CuCTeMa, KOTOpas MO (YHKUHOHAJbHEM
creurpuKanuaM BBICOKOTO YPOBHS aBTOMATHYECKH CTPOMT TEKCT Npo-
TpaMmbl ¥ JOoKyMmeHTauuo. s GoabuHCTBA M3 Hac 310 3BYUUT Kak
OTPBIBOK M3 Hay4HO-(baHTaCTHYECKOro pomaHa, Ho dpumen [8] cepbe3Ho
paccMaTpHBAET OCHOBHbIE MPENATCTBHS Ha 5TOM NYTH M ONMHCHIBAeT MC-
CeNIoBaHus B 9TOM o6nactu. s uuTatens, 3aHHTEPeCOBAHHOTO B 6o-
Jiee IIyGOKOM M3YYeHHM 5THX Bonpocos, Bumorpap [9) npeanaraer
€IlE KOe-KaKHe HJIeH O TOM, KaKoro pojia YCJAyru MOTJH 6bl PefocTaB-
JISITb TOJIb30BaTe/MI0 CPEACTBA NMPOrpaMMMpOBaHUsi B GyayuieMm. Tewm,
KTO paspalaTbiBaeT B3aMMOAE/CTBHE MOJIb30BaTeNsi CO CPEACTBAMH
nporpammupoBanusi, OpeptoH [10] naer HeKoTOpHe mMoJie3HBIE COBETHL
N0 YacTH NCUXOJIOrMYeCKHX (PaKTOpPOB.
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