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MuorosaepHbie npoweccopbli
U npobnembl, UMW NOpPOXXAaeMble,
B 0C cemeiicTea NT

Kpuc Kacnepckn

MuorospaepHbie n Hyper-Threading-npoueccopbl He TONbKO YBEJIMYUBAIOT NPOM3BOAUTENBLHOCTD,
HO W NOPOXAAOT MHOrOYUCNIEHHbIE NPO6NEMbI - HEKOTOPbIE NPUNOXEHUSA (ApaiiBepbl) HAYNHAKOT
pa6oTaTb HecTabunbHo, BbibpacbiBas KpUTHYECKKUE OLWIMOKK unmn 0b6pyLuMBas cucTemy B ronyobon
3KpaH cmepTu. B 4em npuyMHa TaKoro NoBeeHUs U KaK ero u3bexarn?

nMetT CBOK CI'IeLl,VIqi)VIKy, C KO- BajucCb COBEPLUEHHO HE3HaKOMbI. Mo- Bugenu MHOronpouecCopHbIe CUCTEMDI

M HoronpoueccopHble cuctemsl towue Ha IBM PC, ponroe Bpems octa-  651eM, NOCKONbKY GOMbLUMHCTBO JIIOAEN
TOPO NMporpammMucTbl, paboTa-  Hayasny 3TO He CO3[4aBasno HUKAKUX MPO-  TOJbKO HA KapTWUHKaX, U TONbKO EAuHU-




Libl MOFTI MO3BONUTL CE6€ UMETb TaKyto
LUTY4YKY Ha paboyem cTone.

Tenepb Xe BCe M3mMeHWnock. Vcyep-
naB pe3epBbl TAKTOBOW 4aCTOTbI, NPOU3-
BOAWTENM MPOLECCOPOB CHavana npeg-
noxwunu Ham Hyper-Threading (aBa Bup-
TyanbHbIX MPOLeccopa B OAHOM), a 3aTeEM
1 MHOTOSiAEPHbBIE MPOLIECCOPbI (HECKOTb-
KO NMOMHOLIEHHbIX MPOLECCOPOB HA OLHOM
Kpuctanne). M xota go «amynauum» Ha-
CTOSALLEN MHOrOMNPOLLECCOPHOW CUCTEMBI
UM eLLe faneko (MHOrosgepHble npoLec-
COpbl UMEKOT OfHY LLUMHY, OOWNH KOHTPON-
nep npepbiBaHWi U T. 4.), aedexTbl Npo-
rpamMMHOro 06ecrneYeHns yxe HavyuHa-
0T MPOSIBNATBLCS.

MNpobnema Ha camoM fiene O4eHb ce-
pbe3Ha U OTHOCUTCH HE TONbKO K MpO-
rpamMmumcTamM-camoyykam, Kknenat-
MM MENKWEe YyTUNIUTBI, HO 3aTparusa-
€T 1 BeCbMa MMEHUTbIE Kopropauum,
B TOM 4uCre CreunanuanpyroLlmecs Ha
MOOMNBHBIX ycTponcTBax. BoT 4to nu-
wet AMD B pykoBOACTBE MO Nporpam-
MWPOBAHUIO NMOJ MHOrosAepHble Npo-
Leccopsbl: «...the primary issues that the
mobile industry typically faced involved
maximizing performance in a battery-
operated environment, handling sleep
states and non-standard display and
/0O subsystems, and low-voltage
considerations. Thus, many device
drivers were tuned to maximize reliability
and performance in those singleprocessor
mobile environments: and many haven'’t
even been tested in a multiprocessor
system, even in the manufacturer’s own
test lab» («...0oCHOBHasi npobnema B TOM,
4TO MOBUNbHASA MHOYCTPUS B OCHOBHOM
cocpefoToHdeHa Ha MakcMmm3auum npo-
N3BOAUTENbHOCTM B YCIOBUAX MUTAHMUA
oT 6aTapen, 06paboTke «CnsLero» co-
CTOSHUA, HECTaHOapTHbIX AUCMNEEB,
noAcvUCTEMbl BBOAA/BbIBOAA U YMEHb-
LUEHWMN NUTatoLLero HanpshxeHns. Moa-
TOMY 6OMbLUMHCTBO ApanBepoOB HaLle-
NEHO Ha MaKCMMasbHY HafeXHOCTb
1 NPOU3BOANTENBHOCTL B OGHOMPOLIEC-
COPHOM OKpYXeHun. MHorue m3 Hux
He ObINM NPOTECTUPOBAHbI HA MHOTO-
NPOLIECCOPHbIX MalLMHaXx, faxe B nNpo-
N3BOACTBEHHbIX TECTOBbIX NabopaTopu-
sx» (http://developer.amd.com/assets/
16_Interrupts.pdf)).

OcHOBHOI «ypnap» pasnuyvMin 0gHO-
1 MHOFOMPOLLECCOPHbIX MAaLUMH onepa-
LmoHHas cuctema un BIOS 6epyT Ha ce-
69 (NprMeYaHmne: 30echb 1 fanee no Tek-
CTy NOA TEPMUHOM «MHOrOMNpoLeccop-

nporpamMMUpoBaHme

Hble MalLUWHbI» Mbl BygemM no-
HUMaTb KaK UCTUHHO MHO-
ronpoLeccopHble CUCTEMBI,
Tak U KOMMbIOTEPBI, NOCTPO-
€HHble Ha 6a3e MHorosgep-
HbIX NPOLLECCOPOB UMW MpPO-
ueccopos ¢ Hyper-Threading).

CummeTpu4Hag o6pa6oTka

I'IpMKna,u.Hoe npunoxeHue Mpoyeccop A Mpoyeccop B
Unu gpaviBep yCTpOWCTBa,
CMPOEKTUPOBAHHBIN ANA Of- OnepauvoHHas Monb3oBarens-

HOMPOLECCOPHOM CUCTEMBI,

cucTema

CKMiA MOTOK

He TpebyeT HWKakon aganTa-
UMK onsa nepeHoca Ha MHOro-
MPOLIECCOPHYI0 CUCTEMY, ec-
N, KOHEYHO, OH CNPOEKTUPO-
BaH npaBuibHO. MHOrMe Tu-
Mbl OLWMGOK (M B 0COBEHHOC-

[Monb3oeatens-

MNons3ogarens-
CKUA NOTOK

[MonbaoBatens-
CKWIA NOTOK

CKWIA NOTOK

OnepaunoHHas
cucrema

TW OWMOKM CUHXPOHM3ALMK)
MOryT rogamm He NposBAATh-
CSl B OfHOMNPOLECCOPHBIX KOH-
durypaumsax, Ho 3aBanuea-

0T MHOrOMPOLIECCOPHY0 Ma-

LUVHY Kaxble 0ecaTb MUHYT,
a 70 U1 yalLLe.
WcnpaBneHue owmnbok

YcTpoiicTea BBOJA-BbIBOAA

TpebyeT nepeaenkm MCXoaHbIX
TEKCTOB (MHOrAa O4YeHb 3Ha-
YUTENIbHON), HO... YTO fienarb,
€Cnv BCe, 4TO Y HaC ecTb —3TO
[BOUYHbIN harn? XopoLuo, ecnv gedek-
Tbl UCNPaBIEHbl B HOBOW BEPCUM (KOTO-
pas, Mexay Npo4uM, AeHer CTouT), a ec-
NN HeT?

OTa cTaTha agpecoBaHa kak camum
paspaboTyvkam, TaKk ¥ NPOABUHYTbIM
nonb3oBarTenam, ymewLwmm gepxarb
hiew B pykax 1 He LuapaxatLLmxcs B CTO-
pOHy OT Am3accem6bnepa. Mbl noctapa-
€MCsl PaCCMOTPEThb Kak MOXHO 607bLLe
€nocoboB peLueHns npobnem, a Bonpo-
Cbl MPaBOMEPHOCTV MogucmMKaLuum OBo-
MYHOro KoAa nyckan peLuatT HopUcTbl
W... MOPanuCThI.

MpuknapHoi ypoBeHb

MuHMManbHON eauUHULIEN NUCMONMHEHNS
B Windows sBnsieTca notok (thread), Ko-
TOPbIN B KaXAbI MOMEHT BPEMEHW MO-
XET UCMONHATLCS TOMTbKO HA OQHOM MPO-
Leccope. HecmoTpsi Ha TO 4TO B 60Jb-
LUMHCTBE Cny4aeB 3TOT NPOLECCOop He AB-
NAETCSA XECTKO 3aKPeneHHbIM U NaHu-
POBLLMK MOXET 3anyckaTb NOTOK Ha fio-
60M CBOOGOAHOM MpoLeccope, NOTOK Oc-
TaeTcs HefenMMbIM (Kak atom), u pas-
NWYHBIE YaCTW NOTOKA HUKOTAa He BbINon-
HAOTCA 6ornee Yem Ha OQHOM MPOLIECCO-
pe ofHOBpeMeHHO. To ecTb, eCrnu B CUC-
TEME 3anyLleHo TONbKO OJHO OAHOMO-

PucyHok 1. B CMMMETPUYHOM MHOT'ONPOLECCOPHOM!
cucreMe (koropont seasercs Windows NT u ee
MOTOMKM) , KaXmsli IOTOK MOXET MCIOJHSTHCS
Ha JO6OM mpoleccope

TOYHOE MPUNOXEHWE, HA MHOrOMPOLEeC-
COPHOW MaLLMHE OHO BYLET BbIMONHATLCA
C TOM e caMoW CKOPOCTbIO, YTO U Ha 0f-
HOMPOLIeCCOPHOW (Mnu Jaxe 4yTb Med-
NleHHee, 3a CYET HaKNagHbIX PacxofoB
Ha NoAfepPXKY MHOronpoLEeCcCOPHOCTH)
(cm. puc. 1).

Mpouecc — 6onee KpynHasa mucnon-
HUTenbHasa eauHuua. Npy6o rosops, 370
«KOPOOOK», B KOTOPOM HaxofasATCs NpuHa-
Anexative emy noToku, UCMONHSOLMeE-
CSl B €4MHOM afipeCcHOM MpPOCTPaHCTBE.
Kaxgbli noTok 06nagaet cBoMM cobe-
TBEHHbIM CTEKOM M HabOpPOM perucT-
POB, HO BbIHYX[EH pa3nensTb rnodasnb-
Hble NePeMEHHbIE 1 AUHAMMWYECKYH na-
MATb BMECTe C IpyrMMmn NoTokamu npo-
Lilecca, YTo MOpOXAaeT Npo6eMY CUHX-
poHu3aumu. JonycTuM, OfuH NOTOK Bbl-
BoauT ASCIIZ-cTpoKy Ha 3KkpaH, a apy-
o — B 3T0 Xe camoe BPeMsi BbIMOSIHSA-
€T Hap 3ToW CTpokon hyHKuumio streat(),
y4ansioLLyto CUMBOM Hyns 4O 3aBepLue-
HUs onepaLmu KonupoBaHus. Kak crnepc-
TBWE — NEPBbIN NOTOK «BbINETT» 3a Npe-
LEenbl CTPOKM ¥ NonpaeT YecaTb Hana-
XaHHylo o6nactb namaTv Ao Tex nop
noka He BCTPETUT MOCTOPOHHMWIA HyJb
WAW He HapBETCS Ha UCKIOYeHne Tuna
access violation.
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LleHTpansHbii
npoueccop 0

LleHTpansHsin
npoueccop 1

JlokanbHbIi
APIC

JlokanbHbIi
APIC
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PucyHOK 2. ADPXMTEKTypa KOHTpOJIepa
TpepHBaHM Ha ABYXNPOLECCOPHON MauMHe

MpepoTBpaTMTL TaKyl CUTyauuto
MOXHO ABOSAKO. JIn6o nepenucartb
strcat() Tak, 4tTo6bI OHa CHavana Ay6-
nupoBana cCUMBOM Hyns, a TONbKO No-
TOM 3amellyana ero CUMBONOM KOMU-
pyeMol CTPOKW, MBO BOCMOSb30BaTh-
CSl OfHUM W3 CPeACTB CUHXPOHM3A-
U1K, HanpuMep, KPUTUYECKOWM CeKLiMel,
thakTnyeckn npefcTasnsioLLe co6om
thnar 3aHaTocTu. MOTOK, KONUPYOLLMIA
CTPOKY, B3BOAMT 3TOT ¢hniar nepep Bbl-
30BOM strcat(), a NOTOK, BbIBOAALLMIA ee
Ha 3KpaH, NPOBEpsiET COCTOsiHME hna-
ra v npu Heo6xogMMOCTU XIeT, noka
TOT HE OCBOBOXJAETCA, U TYT Xe B3BO-
OWT €ro BHOBb, 4TO6GbI BO BPEMS BbIBO-
L2 CTPOKM HUKTO ApYroii He B3aymMan ee
MoamduLMpoBaTh.

B nepBom cnyuae, Tpebyetcsa Bcero
nuwb nepepenars strcat(), a BO BTOPOM —
CKOOPAMHMPOBATL [ENCTBME HECKOMb-
KUX NOTOKOB, MaseiLlas He6PeXHOCTb
B CUHXPOHM3aLMK KOTOPbIX 06opayvBa-
eTca 6o HemonHOM CUHXPOHW3aLMeEN
(Hanpumep, NOTOK, BbIBOASLLMIA CTPOKY
Ha 9KpaH, He B3BOAWT Nepep 3TuM dhnar
3aHATOCTU), TM60 B3aVMOBIOKUPOBKOM
(korga gBa unu 6051ee NOTOKOB XAYT
0CBOGOXAEHUS ApYr Apyra, HO HUKaK
He MOryT JOXAATbCSsl, NOCKONbKY OAWH
13 HUX B3BEN hnar 3aHATOCTH U 3a6biN
ero copocuts). K coxaneHuto, npu pabo-
TE CO CIMIOXHbIMU CTPYKTypamu HaHHbIX
6e3 MexaHM3MOB CHHXPOHU3ALMN 060N-
TUCb YXe He nonyyaetcsi. CUHXPOHNU3N-
PYIOLLMIA KOO Kak Obl «pa3ma3biBaeTcs»
no BCeW MporpaMme, U NPOBEPUTL Er0
paboTOCNOCOBHOCTL CTAHOBUTCS OYEHb
TpyaHo. OTclofa v owmnoKu.

C Linux/BSD B aTom nnaHe gena o6-
CTOAT HaMHoro nydie. OCHoBHOW efu-
HULEN BbIMOMHEHMA TaM IBASieTCA Npo-
Liecc (nopmepXka NoTOKOB yXe NosiBu-

nack, HO Tak M He cbickana 60bLLOoW No-
nynspHocTy). MNpoLecchbl UCMONHATCS B
pasfenbHbIX agpecHbiX NPOCTPaHCTBaX
N MOTyT 06MEHMBATLCA JaHHBIMM TOMNBKO
yepes iBHble CPefCcTBa MeXnpoLeccop-
HOrO B3aMMOAENCTBUS, YTO 3HAYUTENBHO
ynpoLLaeT 3agavy CUHXPOHM3aLMM.

Tenepb NOroBopMM O TOM, No4yemy
Ha 0[JHOMPOLLECCOPHbIX MaLLIMHAX OLLNG-
KW CUHXPOHM3aUMM NPOABNAOTCS 3Ha-
YUTENILHO pexe, YeM Ha MHOronpoLec-
COpPHbIX. [1eN0 B TOM, 4TO NPV HANNYMK
TONbKO OAHOrO NpoLeccopa NOTOKM Bbl-
MOJSHSATCA NOCNEenoBaTeNbHO, a He na-
pannensHo. inno3unsa ogHOBPEMEHHOMO
BbIMOJTHEHWNA CO3[aeTCs NWLb 3a cYeT
TOrO, Y4TO KaXAblil NOTOK paboTaeT B Te-
YyeHMe 04eHb KOPOTKOro (C 4enoBevec-
KOV TOYKM 3peHus) npoMexyTka Bpe-
MEHU, Ha3bIBAEMOr0 KBAHTOM, a MOTOM
CUCTEMHbIV NNaHNPOBLLVK Nepegaert yn-
paBneHve Apyromy notoky. Onutens-
HOCTb KBaHTa BapbUpyeTcs B 3aBUCU-
MOCTM OT MHOXeCTBa 06CTOSITENbCTB
(nopgpo6Hee 3TOT BOMPOC paccMmoT-
peH B cTaTbe «Pa3roH n TOpMOXeHue
Windows NT»), HO kaK 6bl TaM HU 6bIJ10,
KBaHT — 3TO Lienas Be4HOCTb Afs npo-
Lieccopa, 3a KOTOPYH OH O4eHb MHOroe
ycneBaeT caenatb.

PaccmoTtpum cnegytowyto (keTtatw,
BMOJTHE TUMWYHYIO) CUTYaumto. [MOTOK Bbl-
3bIBAET KaKYH-HNOYAb (DYHKLMIO U3 CTaH-
LapTHon 6ubnuotekn C, a 3aTEM CHUTbI-
BaeT rno6anbHyl0 NePemMeHHY0 errno,
B KOTOPYI (PYHKLMA noMecTuna Kopg
OLUMOKKN. B MHOrONOTOYHOM NporpaMme,
BbINOSTHALLENCS HA OLHOMPOLLECCOPHON
MallLWHe, Takas cTpaTervs paboTaeT fo-
BOJNIbHO YBEPEHHO, XOTA U ABMSETCA MNO-
poyHom. CyLecTByeT yrposa, 4To NoToK
6yneT npepsaH MiaHMpPOBLUMKOM nocre
3aBepeHnsa C-gyHKLMK, HO [0 obpa-
LLeHNa K MepeEMEHHO errmo

BoM C-goyHKLMM 1 06paLLEHMEM K rrno,
3TO HAJ0 O4EHb CUMBHO «MOCTapaTbCs».
A BOT Ha MHOrOMNpPOLECCOPHON cucTe-
Me, Tle HECKOJIbKO MOTOKOB BbIMOMHS-
t0TCS NapannenbHo, BEPOSTHOCTb OfHO-
BPEMEeHHOro Bbi3oBa C-(yHKLMWIA 3HA4M-
TeNlbHO MOBBILLAETCA U TLIATEeNbHO Npo-
TecTMpoBaHHas (Ha 0QHOMPOLECCOPHOA
MallMHE), MPOBEPEHHAs U OTnaXxeHHas
nporpamMma Ha41HaeT perynsapHo nagatb
6€3 BCAKMX BUOUMbIX MPUHKH!

VYposenb Apaiizepos
[paviBepbl 06bIYHO HE CO3[AKT CBO-
MX COBCTBEHHbIX MOTOKOB, AOBOMbLCTBY-
ICb YK€ CYLLEeCTBYOLLMMU, HO NPO6IEM
C CUHXPOHM3aLMen y HMX paxe 60nb-
LUE, YEM Y NPUSIOXEHMIA. XyXe BCEro TO,
4TO Ha MHOrOMPOLECCOPHOW CUCTEME Of-
HW 1 Te Xe 4acTu apansepa MOryT OfjHO-
BPEMEHHO BbIMOMHATLCS HA Pa3MMYHbIX
npoueccopax! YTo6bl NOHATE NPUYKHBI
Takoro 6ecnpegena, HaMm HeO6XOAUMO
pa3obpatbCsi ¢ 6a30BbIMU MOHATUAMM
sppa: IRQL n ISR.

MnaHmpoBka gpanBepoB OCyLLEeCT-
BNISIETCA COBCEM He TaK, Kak MNOTOKOB
npvknagHoro pexuma. Ecnu npuknag-
HOWM NOTOK MOXET ObITb NMPEpPBaH B Nio-
60e Bpemsi 6€30 BCAKOro BpeAa, npe-
pBaTb paboTy AparBepa MOXHO TOSNbKO
C ero IBHOr0 paspeLUeHuns, MHave Hop-
ManbHoe (YHKLMOHMPOBaHNE CUCTEMBI
CTaHEeT HEeBO3MOXHbIM. [lpaviBepbl, 06-
pabaTbiBaloLLe aCUHXPOHHbIE COObI-
TWS, BOSXKHbI 6bITb NIMG0 MONHOCTLIO pe-
eHTepabesnibHbIMK (T.e. KOPPEKTHO «MOA-
XBaTblBaTb» HOBOE COObITUE BO BPEMSA
06paboTKM NpeabIayLLEero), NMbo Kakum-
TO 06pa3om 3afepxmBaTb NocTynne-
HWE HOBbIX COObITUIA, MOKa OHW He pas-
6epyTcs € TekyLmMm. NepBblil MeEXaHN3M
ropasno 6onee CnoxeH B peanusauuu.

v ynpasnenue nonysut apy- |

ro NOTOK, BbI3blBAOLWNIA 0

«CBOW» C-hyHKUMIO, 3aTupa-

IOLLLYIO NPEXHEee CoaepXnmMoe

o 28
errno. /1, korga nepBbIi NOTOK

21
BHOBb MOJTYYWUT ynpaBrieHue,

OH yBMOWUT TaM COBCEM He TO, %

4yTto oxmpan! OgHako BeposiT-
HOCTb 3TOr0 CO6bLITUSA HA OfHO-

[x3

NPOLECCOPHOV MaLLUHE Kpaw-

>

He mana. Teno noToka CocTouT

M3 ThbiCAY MaLLUUHHbBIX KOMaHA,

1 nepekntoyeHne Kontekcta | °

High 7]
Power fail
29 Inter-processor interrupt
Clock
Profile
[— AnnapatHble npepblBaHus
Device n
Device 1
DPC/dispatch
[— MporpamMmHble npepbiBaiua
APC
Passive <= HopManbHoe BbINOAHEHHE NOTOKOB

MOXeT NPON30ATH rae YrogHo.
Y1066l MONAcTb MeXAY BbI30-

PucyHOk 3. YPOBHM BampocoB NpepHBaHMit
M MX HaBHaYeHMe



MporpaMMuCThI, MMCaBLUME PE3NLEH-
ToB nog MS-DOS, 0onXHO 6bITb, MOMHST,
Kak 4acTo MM NPUXOAMIOCH NOJb30BaTh-
cs komaHpow CLI, 3anpeLyatoLLen npepbl-
BaHWs Ha BPEMSA NepeCTPONKM KpUTUYEC-
KUX CTPYKTYP AaHHbIX. [onycTum, Haww
pycuukaTop ycTaHaBnMBaeT HOBbIN 06-
paboTyMK KnaBWaTypHOro npepbiBaHus.
OH 3anucan B Tabnuuy BEKTOPOB CBOE
CMeLLeHne 1 TONbKo cobupancs 3anu-
caTb CErMEHT, Kak nonb30BaTenb BOPYr
HaxXxan Ha KnaswuLly, v npoLeccop nepe-
[an ynpasrneHue no afgpecy co ctapbiM
CErMEHTOM Y HOBbIM CMELLEHNEM.

MporpammupyemMblil KOHTPOANEP
npepbiBaHuii (Programmable Interrupt
Controller, unu cokpalieHHo PIC) opuru-
HanbHoro IBM PC 6bin nocTpoeH Ha MUK-
pocxeme i8259A, cenyac xe KOHTponep
npepbiBaHUiA BCTPOEH HENOCPELCTBEH-
HO B KOXHbI MOCT YuMnceTa v amynvpyet
i8259A nuwwb B Lensx o6paTHOM COBMEC-
TumocTu. PIC nmeeT 15 nuHuii npepoiBa-
HUR, a KaX[as NMHWSA — CBOW NPUOPUTET.
Bo Bpems 06paboTKu npepbiBaHni npe-
pbIBaHWS C PaBHbIM MK BONEEe HU3KUM
NPUOPUTETOM MaCKMPYHOTCS, Tak CKasarb,
OTKNagplBasicb Ha NoToM. MiHorga aTo no-
MoraeT, uHorga Het. Hanpumep, ecnu 3a-
MacKMpoBaTb MpepbiBaHua OT Taimepa
6onee YeM Ha OfIH «TUK», CUCTEMHbIE
4acbl HAYHYT OTCTaBaTb. A €CIIM MPOUTHO-
pupoBaTh NPEPbIBaHNS OT 3BYKOBOW Kap-
Thl M BOBPEMS HE «CKOPMUTb» il 04epe-
HYI0 MOPLIMIO f@HHbIX, OHA HAYHET «6Yrb-
KaTb», 3aCTaBNAA NOb30BATENS PblAaTh
OT CYacTbs M BUTHCA FONOBON O MOHUTOP.
MNpepbiBaHua ¢ 60nee BbICOKUM NpUopu-
TETOM NpepbIBAIOT MEHEE MPUOPUTETHBIE
npepbiBaHNs, BO3Bpallas UM ynpasne-
HWe nocne Toro, Kak oHu 6ynyT 06pabo-
TaHbl. YCOBEPLUEHCTBOBAHHbIE KMOHbI
PIC (Advanced Programmable Interrupt
Controller, unu cokpatieHHo APIC) o6ec-
neynBaloT 256 NMHUIA NpepbiBaHNA 1,
B OT/IM4ME OT 06bI4HOro PIC, cnoco6HbI
pabotatb B MHOrOMNPOLECCOPHBIX CUC-
TeMax (Cm. puc. 2).

OnepauwnoHHas cuctema Windows
nonaepxvsaet PIC n APIC koHTponne-
pbl, HO UCMOMNb3YET CBOK COOCTBEHHYIO
cuCTeMy NPMOPUTETOB NPEPbLIBAHWNA, 13-
BECTHyI0 nof ab6pesuatypon IRQL, ko-
Topas paclwngpoBbiBaeTCs Kak Interrupt
Request Levels (ypoBHM 3anpoca npe-
pbiBaHuit). Becero cywectsyeT 32 ypoB-
HSl, NPOHYMEPOBaHHbIX LEMbIMU Yucna-
Mun ot 0 go 31. YposeHb 0 MeeT MUHK-
MasibHbIN npuopuTeT, 31 — MakcumMarnb-
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D1 Interrupts
IRQL /
A y .
D11SR
DIRQL —
‘D1 DpcForlSR:
DISPATCH_LEVEL — LR
APC LEVEL —
PASSIVE_LEVEL Thread A : . Thread A "
- Lt
§) @ 3 @
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Pucysox 4. OBpaGoTka anmapaTHHX NPEPHBaHMIA Ha MauMHE C ONHMM IPOLECCOPOM

3Hayenme IROL

High
Power fail
Mpoyeccop A -
Inter-processor interrupt
IROL = Clock | ==Jp-r—
Clock
Profile
Device n
MpepbiBaHms, 3aMackvpoBaHHble — :
Ha npoueccope A Mpoueccop B
Device 1
<€—| IRoL=DPC/dispateh |
DPC/dispatch
APC [MpepbiBaHms, 3aMackupoBaHHbIe
- Ha npoueccope B
| Passive

PucyHoK 5. MackupoBKa NpepHBaHMII SpaiiBepOM Ha IBYXIPOLECCODHON MaumHze

HbIi. HopmarnbHoe BbINOfHeHne NoToKa
MPOVCXOAUT HA HYNEeBOM YpPOBHe, Ha3bl-
BaemoM naccueHbiM (PASSIVE), u ero
MOXeT npepbiBaTh Nt060e acUHXPOH-
HOe CobbITWe, BO3HUKAIOLLIEE B CUCTEME.
MNpu 3TOM ONepaLmoHHas cucTema noBbI-
waet TekyLwmni IRQL 10 ypOBHA BO3HWK-
LLIero npepbiBaHWA 1 Nepepaet ynpasne-
Hue ero ISR (Interrupt Service Routine —
npouenypa o6paboTKu npepbiBaHus),
npenBapuTenibHO COXpaHWB COCTOSIHME
TekyLLlero o6padoTymka.

MpuopuTeTbl C Homepamu 1 1 2 oTaa-
Hbl MOA NPOrpaMMHble NpepbiBaHNs (Ha-
np1Mmep, BO3HUKAKOLLME Npu OLLNGKE 06-
paLLeHWs K CTPaHWLE NaMATH, BbITECHEH-
HOW Ha AWCK), a BCe ocTallbHble 06Cny-
XMBAIOT annapartHble NpepbIBaHNs OT ne-
PUEPUIAHBIX YCTPONCTB, MPUYEM Npepbl-
BaHWe OT Talimepa uMeeT npuopuTeT 28
(cm. puc. 3).

YTob6bl 3amackmpoBaTb npepbiBa-
HWS Ha Bpems BbINofIHEHNS ISR, MHO-

rme NMporpamMMmUCTbl NPOCTO MOBbILIA-
toT ypoeeHb IRQL spepHoint API-dyH-
kumin KeRaiselrgl(), a npu Bbixoge
13 ISR BoccTaHaBnMBAaIOT €ro BbI30OBOM
KelLowerlrgl(). Jaxe ecnu oHn He pena-
fOT 3TOr0 ABHO, 3a HUX 3TO [ienaeT cuc-
Tema. PaccmMoTpum npomcxofsLime co-
6bITVS 60N1€€ NOAPOGHO.

Jonyctum, notok A pab6oTaet
Ha ypoeHe IRQL paBHom PASSIVE_LEVEL
(cm. puc. 4). YetpoiictBo Device 1 Boa-
6yxpaeT annapatHoe npepbiBaHue
¢ yposHem DIRQL (.e. ¢ Homepom 3 o 31
BKM0YMTENLHO). OnepaunoHHas cucre-
Ma npepbiBaeT BbINOHEHNE NOTOKa A,
nosbiwaeT IRQL go DIRQL n nepepaet
ynpaenexue Ha ISR ycTpoiictea Device 1.
O6paboTymK npepbiBaHMsa obpalliaeT-
csi K yctpowicTay Device 1, genaet ¢ Hum
BCe, 4TO OHO TPebyeT, CTaBUT B 04epedb
oTnoxeHnyto npoueaypy DpcForISR()
ANA fanbHewLen 06paboTKu 1 MOHMXaeT
IRQL o npexHero ypoBHs. OTNOXeHHbIe
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PucyHok 6. OBpaBoTka anmapaTHHX NPepHBaHMI [paiBepoM Ha ABYXIPOLIECCOPHOM MalMHe

npouenypsl (Deferred Procedure Calls,
unu cokpatieHHo DPCs) BbinonHaoTeA
Ha IRQL, pasHom 2 (DISPATCH_LEVEL),
1 NOTOMY HE MOTYT Ha4yaTb CBOIO paboTy
BMMOTb 00 Bbixoaa u3 ISR.

Ecnu Bo Bpems BbinonHeHna ISR
BO3HWUKHET MpepbiBaHne, To OHO 6Y-
[eT 3amackuposaHo. Ecnv npepbia-
HUe BO3HUKHET BO BPEMS BbINOMHEHNS
DpcForISR(), onepaunoHHas cuctema
npepseT ee paboTy, NnepepacT ynpas-
neHve ISR, koTopbI NOCTaBUT B OYe-
pefb eLe OAHY OTNOXEHHYI0 npoueay-
py v BHOBb Bo3BpaTtutcs B DpcForlSR().
Takum 06pa3om, CKofbko 6bl NpepbiBa-
HUW HW BO3HUKASIO, OT/IOXEHHbIE MpoLie-
[ypbl 06pabaTbiBaOTCA NOCEA0BATENb-
HO, B MOpsifKe o4Yepeau.

Ha ofHonpoLieccopHbIX cucTemax ta-
Kasi cxema paboTaet BMosiHe HopMarbHo,
HO BOT Ha MHOMOMPOLIECCOPHbIX... KaX-
ObIvi npoueccop umeet cson IRQL, He-
3aBMUCUMBIA OT OocTanbHbIX. lNoBbILLE-
Hue IRQL Ha ogHOM npoueccope Hukak
He 3aTparuBaeT BCe OCTalbHble, U re-
Hepauus npepbiBaHWiA NpofosxaeTcs
(cm. puc. 5).

[HonycTum, NoToK A BbINOHAETCS Ha
npoueccope 1c¢lRQL=PASSIVE_LEVEL,

B TO BpeMsl kKak MoTOK B BbinonHseTcs
Ha npoueccope 1 ¢ Tem xe cambiM IRQL
(cm. puc. 6). YctporicTeo Device 1 nocbl-
nan npoueccopy 0 curHan npepbiBaHms.
OnepauuoHHas cuctema «/I0BUT» €ro,
noBbliwaeT IRQL npoueccopa 0 fo 3Ha-
yenus DIRQL n nepepaet ynpasneHue
ISR ycTponcTtsa Device 1, koTopoe gena-
€T C YCTPOWCTBOM YTO MOJIOXEHO U CTa-
BWUT B 04EPEb OTNOXEHHYIO npoLenypy
DpcForlsr() pna panbHenwen 06pabot-
Ku. Mo ymonyaHuio yHKums nobasns-
€TCs B 04EPEb TOr0 NpoLeccopa, Ha Ko-
Topom 3anyleHa ISR (B gaHHOM cnyyae
npoueccopa 0).

YctpoiicTtBo Device 1 BHOBb reHe-
pUPYeT CUrHan npepbiBaHNUs, KOTOPbI
Ha 3TOT pa3 nocbliaeTcs npoueccopy 1,
nockornbKy npoueccop 0 eLle He ycnen
3aBepLnTb 06paboTKy ISR 1 He noHwu-
3un IRQL. Cuctema nosbiwaet IRQL
npoueccopa 1 go DIRQL u nepepaet
ynpasnenue IRQ yctpovictea Device 1,
KOTOPbIA fenaeT ¢ yCTPOMNCTBOM BCe
YTO HYXHO U CTaBUT OTNIOXEHHY NPO-
uenypy DpcForlsr() B o4epenb Ha npo-
Leccope 1.

3atem ISR Ha o6oux npoueccopax
3aBepLuarotca, cuctema noHmxaet IRQL,

1 HAYMHAETCH BbIMOMHEHNE OTIOXKEHHOW
npouenypsbl DpcForlsr(), cTosiLen kak
B o4epenm npoueccopa 0, Tak U B o4e-
peov npoueccopa 1. [a! Bbl He owwn6-
nuce! Mpouepnypa DpcForlsr() 6ynet
MCNONHATLCA cpasy Ha o6oux npouec-
copax OfHOBPEMEHHO, 0TBeYas 3a 06-
paboTKy [BYX MPepbIBAHUA OT OJHOro
yctpovictea! Kak Bam 310 Hpasutca?!
B TakoW cuTyaumm o4eHb Nerko npespa-
TUTb COBMECTHO MCNOMb3yeMble fAaH-
Hble B MELUAHVHY, BO3BPATUB HEOXMW-
LaHHbI pe3ynbraT unv 3aBecuB cucTe-
My (cMm. puc 7).

YT106bl YNOPAL0UYNTH BbINONHEHME
OTNIOXEHHbIX Mpouenyp, Heob6xoau-
MO MCMOJIb30BaTb CMMHIOKK (Spin-lock)
Wnu Lpyrue CpencTsa CUHXPOHM3aLuK,
paboTatoLiue no npuHuMny gnaros 3a-
HATOCTM (CM. puc. 8).

Apyrum NCTOYHMKOM OLLMOOK ABNS-
oTCA MoamduKauma koga sppa cucte-
Mbl UIN 3arpyXaemMbix gparisepos. MHo-
rme mporpamMmmebl, Takve Kak 6paHgma-
Y3pbl, aHTUBUPYCbI, 3aLUNTbI MU BUPY-
Cbl, NEPexXBaTbIBAIOT HEKOTOPbIE (PYHK-
UMy Ons ynpasneHus Tpadukom, aBTo-
MaTW4eCKON MPOBEPKM OTKPbIBAEMbIX
thaiinos 1 1. A. Mogudukaums notTeHum-
anbHO OnacHa faxe Ha OJHOMPOLIECCOop-
HbIX MaLLMHAX, & 0 MHOTOMpPOLIECCOPHbIX
1 roBOpUTb He cTouT! 3TO OTBpaTUTEND-
HbI IPMeM NPOrpamMMm1poOBaHus, KOTOPO-
roO HaCTOATENbHO pekomeHayeTcs n3be-
ratb, HO... OH ecTb! U 310 hakT!

BonbLUMHCTBO NpOrpamMMmncToB Npoc-
TO BHEOPSAT B HA4Yano (yHKLuM jump
Ha CBOW nepexBaTyvK (NpegBapuTenb-
HO CKOMMpPOBAaB OpUrMHasibHble H6anThl
B CBOW e CO6CTBEHHbIN 6ydhep). Mpu 3a-
BEpLLUEeHUN paboTbl 06pabOTHMK BbINOS-
HSET COXPaHEHHbIE MHCTPYKLMK, nocne
4ero nepefaeT ynpaBneHue Ha NepByo
MAaLLNHHYI0 MHCTPYKLMIO NEepexBaveH-
HOM (PyHKLWW, CledyoLwyo 3a KOMaH-
Zov jump. Mockonbky Ha x86-npouecco-
pax AnMHa KOMaHg HemoCTOsiHHA, nepe-
XBaTHYMKY NPUXOOMTCA TaLLMTb 3a CO60M
LenbIii gusaccemonep (HasblBaeMmbliii ou-
3accembnepom anuH). OgHaKo 370 He ca-
MOe CTpaLLHOe.

Bo-nepBbIX, MTOCTOPOHHWI OTNAg4MK
MOT BHEOPWTb B Ha4ano (Mnu cepeamHy
(pyHKLMM) NPOrpaMMHYI0 TOYKY OCTaHO-
Ba, NpeacTaBnsioLLyo cobon ogHobain-
TOBYIO koMaHay ¢ onkogom CCh, coxpa-
HWB OpUrMHanbHbIA 6anT rge-To B na-
MATU. B 9TOM cnyvae BCTaBnaTb jump
nosepx CCh Hu B koem cny4ae Henbas,



MOCKOJIbKY OTNafyMK MOXeT 3aMeTUTb,
4YTO TOYKa OCTaHOBA Mc4yesna, U nocra-
BuTb CCh ewe pas, 3a6biB 06HOBUTb
OpUrMHanbHOE COOEPXMMOE, OCTaBLLE-
ecsl 0T CTapoi KoMaHfabl. KOppeKTHbIN
nepexesaT B 3TOM cly4yae npaktmyec-
KW HEBO3MOXEH. TeopeTnyecKn Mox-
HO BHEAPWTb jump BO BTOPYH MHCTPYK-
LU0, HO NSt 9TOrO HamM HeOBX0AMMO On-
penenuTb, roe 3akaH4yMBaeTCcsi nepeas,
a MOCKONbKY ee Havaso UCKaXKeHo npo-
rpaMMHOW TOYKOM OCTaHOBa, A1 ee fe-
KOOQMPOBaHUS MpuaeTcs nNpuberHyTb
K 9BPUCTMYECKMM MEeTofaMm, a OHU He-
HaaeXHbl. K cyacTbto, 60NbLINHCTBO
PYHKUMIA HaYMHAKTCS CO CTaHO4apTHO-
ro nponora PUSH EBP/MOV EBP,ESP
(55h/8Bh ECh), noaTtomy, BCTpeTMB Noc-
nepgosatenbHocTb CCh/8Bh ECh, Mmbli
BMOJIHE YBEPEHHO MOXEM BHepsTb CBOW
jump, HaumHas ¢ MOV EBP,ESP.

BOT TONBKO TYT €CTb OANH HI0aHC. Ko-
MaHgza 6nvxHero nepexoga B 32-6UTHOM
pexume 3aHMMaeT Lenbix 5 6aiT, No3To-
My L4151 ee 3annMcu Heo6Xo4MMO BOCMOSb-
3oBaTbca KomaHpot MOVQ, nHavye mo-
andurkauna 6ynet NnpeacTaBnsaTe Hea-
TOMapHyto onepauuto. 3agymarTech, 4To
NPOV30MAET, ecnn Mbl 3anucanu 4 nep-
BbIX 6aiTa komaHabl JMP NEAR TARGET
komaHgon MOV v Tonbko cobpanucs ao-
nucatb NocnegHuin 6anT, Kak BHe3an-
HO NPOGYAMBLUMICA MNOTOK 3aX0Ten Bbl-
3BaTh 3Ty PyHKLMO? [TpaBunbHO — Npo-
naonget kpax!

Ho paxe atomapHOCTb He cnaca-
eT OT Bcex npobnem. Jonyctum, Mbl
3anucoiBaeM 5-6anMTOBYO KOMaHOy
JMP NEAR TARGET noBepx 2-6ainToBo
komaHabl MOV EBP,ESP, ectecTBeHHO,
3aTparvBas cregytoLlyto 3a Hel KoMaH-
py. daxe Ha 0gHONPOLECCOPHBIX MaLUy-
HaX CyLLeCTBYeT BEPOSATHOCTb, H4TO KaKOiA-
TO M3 NOTOKOB ObIN paHee NpepBaH cpa-
3y xe nocne BbinonHexns MOV EBP,ESP,
N Korga oH BO306HOBWUT CBOE BbIMOMHE-
HUWe, TO... OKaXeTCs nocepeamHe KOMaH-
abl JMP NEAR TARGET, 4to nosnevet
3a coboi Henpeackasyemoe noeefe-
HME CUCTEMBI.

Anroputm 6e3onacHon mogudu-
Kauuu BbIMMSAUT Tak: NepexeaTbiBaem
INT 03h, 3anomuHasn agpec npexHero
06paboTymnKa, BHEAPSEM B Ha4ano nepe-
xBaTbiBaemown qoyHkummn CCh (ecnu Tonb-
KO NporpaMmMHas To4Ka yXe He yCTaHOB-
nexa). MNpy BO3HWKHOBEHUW NpepbiBa-
Hus INT 03h Mbl cpaBHMBaEM MOSYYeEH-
HbI afpec Co CNMCKOM afpecoB nepe-
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PucyHok 7. OTCyTCTBME CMHXPOHMBauUMy Npyu o6paboTke NpepHBaHMI Ha ABYXNPOLECCOPHOM
MalMHe NPMBOAUT K IIOpUE PaBfeNsieMBX AaHHHX

XBAYEHHbIX (OYHKLMWA W, ecnn 3To fenc-
TBUTESbHO «HaLLl» aipec, BbINOSIHAEM pa-
HEE COXpaHEeHHYI MALUMHHYIO MHCTPYK-
LMo B CBOEM byhepe 1 nepefaem ynpas-
NeHve Ha BTOPYIO MHCTPYKLMIO NepexBa-
4eHHoW pyHKLun. CHumaTb CCh HU B KO-
eM cnyyae Henb3s! MoCKonbKy B 9TOT MO-
MEHT (DYHKLIMIO MOXET BbI3blBaTb KTO-TO
elLle, HO HaLLl MepexBaTyuK «Npo3eBaeT»
3T0T haKT!

Ecnu ke nonyyeHHbIR afpec He «Hall»,
Mbl Nepefaem ynpasneHue npegbiayLle-
My o6pa6oTumnky INT 03h. To xe camoe
Mbl Jenaem, eciiy nporpaMmHas To4ka
0CTaHoBa 6blna ycTaHOBIEHa eLLe [0 ne-
pexsarta. Torga Mbl NO3BONSEM Npefbl-
oywemy obpabotymky INT 03h BoccTa-
HOBUTb €e COLEPXMMOE, a CamMi CTaBUM
CCh Ha cnepytowyto nHcTpykuumio. Ko-
HEYHO, TakoW crnocob nepexasara HaMHo-
ro CNoXHee «0BLLENPUHSATOr0», 3aTO OH
Ha 100% HagexeH 1 paboTaeT B NoObIX
KOH(hUrypaumsax — Kak OfHO- Tak ¥ MHO-
rOMpOLECCOPHbIX.

Myt pewenuns npobnem
Camoe npocToe (1 camoe pagnkansHoe)
pelexue —ykasatb ko4 /NUMPROC=1
(unn /ONECPU) B chaine boot.ini, og-
HUM POCHEPKOM nepa NpeBpaTMB MHOTO-
MPOLIECCOPHYI0 CUCTEMY B OLHOMPOLIEC-
copHyto. MpaBpaa, 0 Npon3BogUTENbHOC-
TV NOCNE 3TOr0 MOXHO 3abbiTb, NO3TO-
My npuberatb K TakOMy «BapBapCKOMY»
MeTOfy CTOMT TOJIbKO B CamblX KpamHmX
cnyyasx, Korga cuctema perynsipHo c6o-
WT, @ BPDEMEHW Ha NMOWCKM HEUCNPaBHOCTK
W KanuTasbHbIA PEMOHT Y Hac HET.
KcTatu, nomck HencnpaBHOCTEN — ca-
MOe CNOXHOE [eno. HekoppekTHas CuH-
XPOHM3aLWs NOTOKOB NPUBOAUT K Nopye
[aHHbIX, U KPUTUHECKME OLUMOKN BO3HM-

KatoT (ecnv OHV BOOGLLie BO3HMKAIOT, XY-
Xe Korfa nporpamMma fienaet u3 obpabda-
ThIBaeMbIX JaHHbIX «BUHErPeT») AOBOJIb-
HO faneko OoT MecTa «aBapuu». To xe
camMoe OTHOCUTCA U K roJly6biM 3KpaHam
cMepTu. M3yyeHre namnos namati gaet
LOBOMBHO CKYAHYK MHopMaLmio, 0COo-
6eHHO ecni pa3pyLLEHbI CTPYKTYpPbI faH-
HbIX, XpaHsiLLMecs B AMHAMUYECKON na-
MSATK, KOTOpas KaxXabli pa3 BbigenseT-
Csl N0 pa3HbIM agpecam, YTo 3aTpyaHs-
€T BOCNPOU3BEEHNE OLLMOKM.

Mpy HanNU4YnM UCXOAHbLIX TEKCTOB
B MEPBYI0 OYEPEAb MPOBEPLTE: HE UC-
MoMb3YITCS I BO MHOTOMOTOYHOM NPO-
rpaMMe OHOMOTOYHbIE BEpcUM 616-
nmoTek? B 4acTHOCTM, KOMNUAATOP
Microsoft Visual C++ noctaBnsetcs
C IByMsl BEPCUSIMU CTATUHECKUX OUOG-
nunotek C: LIBC.LIB — pna ogHOnoTou-
Hbix 1 LIBCMT.LIB — gpnsi MHOronoTou-
HbIX NporpamMm. [JMHaMn4ecKn KOMMOHY-
emas 6nonmoreka MSVCRT.LIB ncnosnb-
3yeTcs Kak B OfiHO- TaK 1 BO MHOFOMOTOY-
HbIX MPOeKTax. Takxe NoMLLuTe Npsimble
BbI30Bbl CreateThread(). Co ctaHaapT-
HOW 6mbnuoTekon C OHU HECOBMECTUMbI
1 NOTOMY AOJSIXHbI GbITh B 06513aTENTbHOM
nopsiike 3ameHeHbl Ha _beginthread()
unu _beginthreadex().

Bce rno6asnbHble nepeMeHHble (Kpo-
Me TeX, YTO UCMOMb3YITCS ANs o6MeHa
LaHHbIX MeX[y noTokamu) noMecTute
B TLS (Thread Local Storage — nokanb-
Haa namsaTb NoToka). Ha ypoBHe mcxog-
HbIX TEKCTOB 3TO JieNaeTcs Tak:

__declspec (thread) int my var

npW 3TOM KOMNUAsTop co3gaet B PE-hait-
ne cneumanbryto cekumio .ts, Kyaa u no-
MeLLaeT my_var, aBToMaTn4yecku cosga-
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PucyHok 8. Bampra paspensieMHX JaHHHX CIMH-GIOKMPOBKaMM

Bas OTAENbHbIA 3K3eMNAsap AN Kaxao-
ro 13 NOTOKOB.

B oTcyTCTBME NCXOLHBIX TEKCTOB 3TY
3aTelo OCYLLUeCTBUTb TPyLAHee, HO BCe-
Takum BO3MOXHO. CHavyana Heo6xoam-
MO HalTU NEPEMEHHbIE, K KOTOPbIM UAET
obpalleHne M3 HeCKOSbKUX MOTOKOB.
370 penaeTcs Tak: ULLYTCA BCE BbI30BbI
CreateThread()/_beginthread(), onpege-
NAIeTCA CTapTOBbIN afpec PyHKLMM NOTO-
Ka 1 co3faeTcs aepeBo MyHKLWA, Bbi3bl-
BaeMbIX 3TUM NOTOKOM (41 3TOro yno6-
HO mcnonb3oBathb ckpunT func_tree.idc
0T mammon, KOTOPbIA MOXHO cKavatb
¢ www.idapro.com). Mepeuuncnsem rno-
6anbHble NepPeMeHHble, YNOMAHYTbIE
B 3TUX (DYHKLMSX, U €C/IM 0fHa W Ta
X€e nepeMeHHasi BCTpe4yaeTcs B fepe-
BbAIX [BYX Pa3HblX NMOTOKOB — CMOTPUM
Ha Hee MpucTanbHbIM B3rNSAOM, MbiTa-
ICb OTBETUTb Ha BOMPOC: MOXET N OHa
6bITb UCTOYHUKOM NPOBNEM UK HET?
Ecnu nepemeHHast He ncnonb3yeTcs
Ons o6MeHa [aHHbIMU MexXay MoToKa-
MW, 3amellaeM BCe 06palleHns K Heil
Ha nepexofHVK K Haluemy obpaboTyu-
Ky, pa3meLleHHoOMy B cBOOOJHOM MeC-
Te ¢haiina, KOTOpbIN, UCNOMb3YS BbI30BbI
TslSetValue()/TslGetValue(), 3anucbiBa-
eT/cuuThIBaET ee copgepxumoe. Ecnu xe
nepeMeHHas 1cnonb3yercs ans obMeHa
LaHHbIMM MEX Y NOTOKaMMU, — OKPYXKaeM
€€ KPUTUHECKUMU CEKLIMSIMM U ApYTi-
MW MeXaHU3Mamm CUHXPOHU3aLMN.

EcTecTBeHHO, BCe 3TO TpebyeT npas-
K1 UcnonHsemoro danna (M npuTom Ao-
BOSIbHO 3Ha4uTenbHoM). bea cooteTc-
TBYIOLLMX 3HAHUIA M HABbIKOB 3a Takyto
3agaqy He ctouT n 6patbes! MNpasaa, ecTb
LIaHc, 4To nNpobnemy ypactcs paspe-

WNTb 1 6€3 NpaBKu — NOMEHSB NPUOpPK-
TeTbl NOTOKOB. Ecnu oguH 13 aByx (Mnw
60nee) NOTOKOB, UCMOMb3YIOLLIMIA pas-
[ensiemMble AaHHble 6e3 CUHXPOHK3aLMK,
MonyymT GONbLUMIA NPUOPUTET, YEM OC-
TallbHble, «paccTaHoBKa CuNl» Hemef-
NEHHO U3MEHUTCS, 1, BO3MOXHO, OHa W3-
MEHMTCA TakK, 4TO Nopya faHHbIX CTaHEeT
MPOMCXOAUTb He TaK 4acTo, Kak Npexge.
Hy>XHble 3Ha4eHUs NpUMoOpMTETOB Nog-
6uparoTcs 3KCnepuMeHTansHo, a 3afa-
totca API-coyHkumen SetThreadPriority(),
MPUHMMALOLLIEN AecKpUNTOp NoToka. Bot
TYT-TO M Ha4YMHatoTcs Npobnembl. Mbl Mo-
XEM Nerko y3HaTb uaeHTudukaTop no-
ToKa 4epes yHkunm TOOLHELP32:
CreateToolhelp32Snapshot(),
Thread32First()/Thread32Next(), ocTa-
€TCA «BCEro N1Llb» npeobpas3osarb ero
B geckpunTop. [onroe Bpems 310 Mnpu-
X0AMNochb Aenatb BeCbMa M3BpaLLeH-
HbIM MyTeM 4Yepe3 HEeAOKYMEHTUPO-
BaHHble yHKUMKM Tna NtOpenThread
(cm. http://hi-tech.nsys.by/11), Ho B
Windows 2000 HakoHeL-TO nosiBMnach
neransHas API-dyHkuua OpenThread(),
npvHMMaiLwas naeHTMdrKaTop noTo-
Ka 1 BO3BpaLlaroLLlas ero AecKkpunTop
(pasymeeTcs, Npu ycroBun, 4To BCE He-
06xof1Mble npasa Yy Hac ecTb). Busar,
Microsoft!

PasobpasLumnch C NPUKIagHbIMU Npu-
NOXeHWsMK, nepenpem K gpaiieepam.
lMpW HanM4YMM NCXOJHBIX TEKCTOB JoCTa-
TOYHO MCMOb30BATh CMUH-BIIOKMPOBKY
BO BCEX OT/IOXEHHbIX npoueaypax, of-
HakKo B OGOMbLUNHCTBE Cly4aes UCXOA-
HbIX TEKCTOB Y Hac HeT, a NpaBuTb Apau-
Bep B hiew ygoBONbCTBUE HE M3 NMPUAT-
HbIX. K cyacTblo, CyLLecTByeT 1 Apyrom

nyTb — JOCTATO4HO UCMPaBUTb TabnuLy
aucnetyepusaummn npepsiaHunii (IDT -
Interrupt Dispatch Table), pa3peLums kax-
oMy npoueccopy obpabatbiBath npe-
pbIBaHWSA TOMbKO OT «CBOWX» YCTPOWCTB.
OT0 NpaKTMHeCKM He CHUXAET NPOU3BO-
LOMTENBHOCTM (0COBEHHO ecnin BbICTpble
W MefneHHble YyCTPOMNCTBA MEXAY Npo-
Lleccopamu pacnpenenstoTcs no-4eCTHO-
MY, TO €CTb PABHOMEPHO) U NIMKBUAMPYET
OLLUMOKW CUHXPOHM3aLMK BMECTE C rofny-
ObIMV 3KpaHamu CMepTH.

3akn4yeHue
MHoronpoLeccopHble CUCTEMbI CO3aa-
0T ropasgo 60nbLue Npo6rem, YeM Mbl
30eCb onuncanu, U aneko He BCe U3 HUX
paspeLUVMbl B pamMKax NnpocTon nepegen-
Kv nporpamm. MNony4ne BOSMOXHOCTb CO-
3aaBatb NOTOKM, NPOrpamMMuUCTbl Aane-
KO He cpasy 0CO3Hanw, YTO OTNaxmBaTb
MHOrOMOTOYHbIE NMPOrpaMmbl Ha Mops-
LOK CITOXHee, 4eM oiHoMoTouHbIe. C apy-
rOM CTOPOHBI, YXXe cevac Mbl MPUXOLNM
K pacnpefeneHHbIM CucTemam 1 pacrnpe-
LENeHHOMY nporpammupoBaHuto. Pas-
61B LUMKN ¢ 6ONbLLUMM KONNMYECTBOM UTE-
pauui Ha ABa UMKna, UCMONMHSAOLLMXCS
B pasHbix NMoToKax/mpoueccax, Ha ABYX-
NPOLIECCOPHON MaLLWHe Mbl yABOVM MpPO-
N3BOAUTENBHOCTbL! 3TO CANLLKOM 3Ha4u-
TEJIbHbIN BbIUMPbIL, YTOObI NO3BOSIUTH
cebe npeHebperatb MM, NO3TOMY OCBa-
MBaTb asbl pacnpefeneHHoro nporpam-
MMPOBaHWS HYXHO YXe cenyac. @

1. Scheduling, Thread Context, and IRQL —
CTaTbs, CXKaTo, HO AOXOAYMBO OMUCHI-
BaloWas MexaHW3Mbl fgucneTtyepusa-
umu notokoB, IRQL-ypoBHM 1 o6paboT-
Ky MpepbiBaHWiA Ha OBHOMPOLECCOPHbIX
¥ MHOrOMPOLECCOPHBIX MalUMHAaX nof
Windows NT (Ha aHrUiACKOM a3blKe):
http://www.microsoft.com/whdc/driver/
kernel/IRQL.mspx.

2. Locks, Deadlocks, and Synchronization —
CTaTbsl, ONMCHIBAOLLAN MEXAHU3MbI CUH-
xpoHnzaummn Windows NT n npo6nemsl,
BO3HMKAKOLLME NPY UX HEKOPPEKTHOM UC-
noSib30BaHNMN (Ha aHrMINCKOM A3bIKe):
http://www.microsoft.com/whdc/driver/
kernel/locks.mspx.

3. Principles of Concurrent and Distributed
Programming — KkHura, nocssiieHHas
OCHOBAaM pacnpefeneHHoro nporpam-
MUPOBAHUS (Ha AHTNIMIICKOM S3bIKE):
http://www.amazon.com/gp/product/
013711821X/002-0912814-06896627v=
glance&n=283155.



