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BBEOEHUE

Jlrobas coBpemennas [I9BM cocTouT U3 annapamusix cpedcme N nPOZPAMMHOZ0 0Oecnedenus.
[IporpamMmMHOe obecriedeHne BHIMONHAET QYHKIMIO MOCPEAHNKA MeX Ty Tonb3oBaTesimu 1 [I19BM, pac-
MrPACT BO3MOKHOCTHU arrapaTypbl BBIUMCIIMTEIILHOMN MalIrHbI, ABJIAACH JIOTUYCCKUM €€ INPOAOJIZKCHUEM.
Hcnonk3oBaHue pa3BUTOrO MPOrpaMMHOIO OOEcreueHHs! TIO3BOJISIET YBEIMYUTH MPOU3BOAUTENBLHOCTD
BBIYUCIUTCIIBHBIX KOMIIJICKCOB, aBTOMATHU3UPOBATH MHOT'OUMCIICHHBIC PYTUHHBIC I/IH(i)OpMaHI/IOHHI)IC Inpo-
LEecChl B Pa3JIMUHBIX 00JACTIX YEIOBEUECKOHN ASSITENbHOCTH, TOBBICUTH IIPOU3BOAUTENBHOCTD TPY/Ia pa3pa-
OOTYMKOB PA3MUYHBIX CUCTEM aBTOMATH3MPOBAaHHON 00pabOTKM MH(OpMAIMK, COKPATHTH OOLIHE CPOKH
pa3paboToK U T. 1.

Bce nporpammuoe o6ecrieuenrie [I9BM MoxxHO pa3ienuTs Ha TPU COCTaBHBIE YaCTH:

CucreMHbIE TPOTPaMMBI.
HHcTpyMeHTanbHbIe CHCTEMBI (Cpeaibl pa3padoTKH ISl IPOrPaMMHKCTOB).
IIpukinagHbie MPOrpaMMmBlL.

CucreMHBIe MPOrPaMMBI MIPECTABIISIOT COO0H KOMIUIEKC YIPABISAIONIMX U 00pabaThIBAIOLINX MPOT-
pamMM, ONHMCaHUN W MHCTPYKUWH, oOecrieunBalomMX (DYHKIMOHWPOBAHHE BBIYMCIUTENBHON CHUCTEMBI,
a TaKKe NMpeAoCTaBIIoMmuUX nonb3oBarento [I9BM ompenenennsie yemyru. IlporpaMMel cucTeMHOro mpor-
pamMMHOTO OOecledeHHUs] pa3IuyaroTcs M0 (YHKIUOHAIFHOMY Ha3HAUEHHIO M XapaKTepy HCIIOIHEHHS.
MOXHO BBIIENUTDH CIIENYIOIUE BUIbI CACTEMHBIX IIPOrpaMM:

— ONEpayuoHHbIE CUCHICMDL;

— Opaiigepsl, peHA3HAYCHHBIE I PACIIMPEHUS BO3MOXKHOCTEH ONEepalMoHHBIX CUCTEM TI0 YIIpaB-
JICHUIO anmnapatHeiMU cpeactBamu [I9BM (knaBuatypa, MOHUTOP, MBIIIb H T. 11.);

— RpozPAmMMbI-060104KU, KOTOpble obecrieuynBatoT Oojee yIOOHBIH M HATISAHBINA, IO CPaBHEHUIO
C peaJn3yeMbIM B OIEpallMOHHON cucteMe, nHTepdeiic. Hanbonee momynspHeIMH TporpaMMaMu-o00-
nmoukamu sBisitores Norton Commander, XTree Pro Gold u PC Shell — mis DOS; Far, Windows u Total
commander — it WINDOWS. B nienom nporpaMMbI-000JI04KE 00€CIIeUHBatOT:

® paboTy ¢ (aitylaMu 1 KaTajaoramu;

® TPOCcMOTp (aiIoB pa3nMIHBIX (HOPMATOB;

e penakTHpoBaHue (HailyioB pa3uuHbIX (popMaToB;

® CO3JIaHME TIOB30BATENbCKUX MEHIO;

® BbIJ[auy CBEJCHUN O CUCTEME U pa3MelleHUH WHPOPMAIIMK Ha JIUCKAX;

® JIOCTYII K MOJIb30BaTelibckoMy uHTepdeticy OC;

® aBTOMATHUYECKOE BOCCTAHOBJIEHHE COCTOSIHUSI OOOJIOUYKH IMOCie 3aBepUIeHUs] paOdOThl MPUKIIATHON
IIPOrPaMMBl;

— onepayuonHvle 000104KU, CPEAU KOTOpHIX Hambosee momyispHbIMU sBisiFOTCs WINDOWS
ver. 1.0-3.1, DESQview u Ensemble mis — OC DOS; Presentation Manager — st OS/2 ver. 1.0-2.0;
Motif u Ten/Plus — s UNIX. OnepaiinoHHbie 000TYKH B OTJIMYUE OT MPOrpaMM-000JI0UEeK HE TOIBKO
JIafoT MOJIb30BaTENt0 OoJiee HATJISIAHBIC CPENCTBA /sl BHIMOJHEHUST YACTO MCIIONIb3YEeMbIX NEHCTBHUM, HO
" NpeACTaBJIAIOT HOBBIC BO3MOXKXHOCTHU JIA 3aITyCKa€MbBIX IIpOrpaMMm:

o rpaduueckuii nHTEpdEiic;

® OITHOBPCMCHHOC BLINIOJHEHUC HECKOJIBKUX NIPOrpamMm JJisk OJHO3aJa4YHbIX CUCTEM

® pacuIMpeHHBIE CPECTBA Uil OOMeHa HH(pOpPMaLMel MEKAY MPOrpaMMaMHu;

— 6CnOMOZamesbHble HPOZPAMMBI-YIMUIUMbL, KOTOPBIE IPEAOCTABIISIOT MOJIB30BATENSIM Pa3uHbIe
HEOOXOIUMBIE YCITyTH:

o O6CHy)KI/IBaHI/Ie MAarauTHBIX U OIITUYCCKUX AUCKOB,

e o0cyxuBaHue (paiiyioB U KaTaJIOTOB;

® co3JlaHKe U OOHOBJICHUE apXHBOB;

® [IPeAOCTaBIICHUE MOB30BaTEN0 HHPOPMaLuK 00 anmapaTHBIX U IPOrpaMMHEBIX cpenctBax [I[9BM
" UX JUAarHOCTHKY;

o mdpoBaHre HHPOPMAIHH;
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® 3aIUTYy OT KOMITbIOTEPHBIX BUPYCOB;
® aBTOHOMHYIO TIeYaTh (POrpaMMBI-CITyJIephl);

® yrpaBJiieHHE NaMATHIO U T. 1.

Omnepannonnoii cucremoii (OC) Ha3bIBAIOT KOMIUIEKC MTPOrpaMM, 00ECICUHUBAIOIINI YIIPaBICHUE
pecypcamu [19BM u npoueccamu, UCTiONb3yIOIMIMMEI 3TH PECYpPChl NMPHU BhIYUCHEHUsIX. [Ipu 3TOM mox
«pecypcomy cieayeT MOHUMaTh 000 Jornueckuii wiu ¢usndeckuiit komnonent [I19BM u npenocras-
JIIEMBIC UM BO3MOXKHOCTH. Jlaliee MOHATHSI «IIPOIIECC» M «PeCype» OYIyT pacCMOTPEHBI OoJiee moapo0HO.
VYnpasieHue pecypcaMu CBOAUTCS K BBITOJIHEHUIO CIIEAYIOIIUX (QYHKIUNA:

— YHOPOILIEHUIO JOCTYIa K pecypcam;

— pacmpeneneHHIo PeCypCcoB MEXTy NPOLIECCAMH.

Peanmzanus nepBoli pyHKIMU MO3BOJISIET «CHPSTAThy ammapatabie ocooeHHoctd [IOBM u Tem cambiM
MIPEOCTaBUTh B PACHOpsIKEHHE MOIb30BaTeNell U MPOrpaMMUCTOB BUPTYAJIbHYIO MAILMHY C CYILIECTBEHHO
obyerdyeHHbIM yrpaBieHreM. QyHKIMS pacipenelieHus! pecypcoB MPUCYIa TOJIBKO OMEePallMOHHBIM CHC-
TeMaM, KOTOpble 00ECIeYrBarOT OJHOBPEMEHHOE BBHINOMHEHNE (MM TI0 KpaiHel Mepe OIHOBpPEMEHHOe
xpa"eHne B O3Y) HECKOIbKHUX MPOrpaMM, KOTOPbIE MPUHATO HA3bIBATH 6bIMUCUMENIbHBIMU NPOUECCAMU
(MITH TIPOCTO IIPOIIECCAMUY).

[onsiTne mpouecc SIBISIETCS OAHUM M3 OCHOBHBIX IIPH PACCMOTPEHUH OIepalvoHHbIX cucTeM. OTaemnb-
HBIM TpolecC — ATO BBINOIHEHNE KOHKPETHOM MporpaMMel ¢ ee JaHHBIMU Ha Iporeccope. KoHienrtyansHo
MPOIIECC pacCMaTPUBAETCS B JBYX aCTEKTax: BO-NIEPBBIX, OH SBJIAETCSI HOCUTENEM JJAHHBIX, U, BO-BTOPHIX,
OH (OTHOBPEMEHHO) BBHITIOHSET ONEPalny, CBA3aHHbIE C MX 00pabOTKOMA.

TepMmuH pecypc 0OBIYHO MPUMEHSETCS 10 OTHOIICHUIO K TOBTOPHO MCIOJIB3YEMBIM, OTHOCHTEILHO
CTaOWJIBHBIM M YaCTO HEOCTAIONIMM 00bEKTaM, KOTOpBIE 3alpaliiBaloTCs, HCIOIb3YIOTCS M OCBOOOK-
JaloTCsl MpoIecCaMM B TEPUOJ] WX aKTHBHOCTHU. J[pyrMMM CIIOBaMU, pecypcom HA3bl6AemcA 6CAKUIL
00beKm, KOMOpblii MOMCEm PAcnpedenimvca eHympu cucmemsl. Pecypcbl MOTyT OBITh pa3aelisieMbIMH,
KOI/1a HECKOJIBKO TPOLIECCOB MOT'YT MX HCHOJIb30BaTh OJJHOBPEMEHHO (B OAMH U TOT K€ MOMEHT BPEMEHH )
WM TapajuieNibHO (B TEUEHHE HEKOTOpPOro MHTEpBasla BPEMEHHU IMPOLECCH HCIONB3YIOT pecypc Iormepe-
MEHHO), @ MOT'YT OBITh M HepenuMbIMu (puc.1) [2].

Pecypcbl )

v . v

Jennmble

|
v / ¥

‘ Ucnonblyemble | Mcnonbsyembie
| oaHoBpemeHHO | | napannenbHo

Hepennmblie

Puc. 1. Knaccudukanus pecypcos

[Ipu pa3paboTKe MEPBBIX CUCTEM PECYypCaMu CUUTAIUCH HPOUECCOPHOE 8PeMA, NAMAMb, KAHAJIbl
6600a/evl600a v nepughepuiinvie ycmpoiicmea. OTHAKO 0UYEHb CKOPO MOHATHE pecypca CTajo ropasfio
Oornee yHHBEpCaJIbHBIM U OOLIMM. PaznnyHOro posia npozpammmusle i UHGOPMayUOHHbBLE PECYPCb TAKKE
MOTr'yT 6I)ITI) OIPEACJICHBL IJId CUCTEMbI KaK O6T)CKTI)I, KOTOPBIC MOT'YT pasACiiATbCAa U paCHpPCACIATHCA
U IOCTYT K KOTOPHIM HEOOXOANMO COOTBETCTBYIOIINM 00pa3oM KOHTPOJIUPOBaThb. B Hacmosauiee epems
ROHAmMUE Pecypca NPespamuioch 6 a0CMpaKmuylo CMpyKmypy ¢ ueiabim paoom ampuoymos, Xapax-
mepu3yIouUxX CnOcoobl 00CmMyna K Imoil cmpyKkmype u ee guzuieckoe npeocmasienue 6 cucmeme [2].
Bornee Toro, moMruMo CHCTEMHBIX PECYPCOB CTaJIM TOJIKOBATh KaK pPECypc M TaKHe 00BEKTHI, KaK coobue-
HUA W CUHXPOCUZHABL, KOTOPHIMUA OOMEHUBAIOTCS 3aJauu.

B MEPBBIX BBIYHUCIMUTEIIBHBIX CUCTEMAX J]IOGaSI nmporpaMmma MorJjia BBIIOJIHATHECA TOJIBKO IOCJIC ITOJI-
HOI'O 3aBEPIICHHUS MPEABIAYIIEN, MTOCKOIbKY BCE MOJACUCTEMBl U YCTPOMCTBA KOMIIBIOTEpPA YIPABIISUIMCH
UCKITIOYUTEIBHO HEHTPAIBHBIM MporeccopoM. LleHTpalibHBIN Mporeccop OCYIIECTBISUI U BBHITOJHEHHE
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BBIUMCIICHUH, ¥ YIpaBJICHHE ONepalus MU BBOJA/BbIBOJa NaHHBIX. COOTBETCTBEHHO, IOKa OCYIIECTB-
JIsJICA O6MeH JaHHBIMU MCKIY OHepaTHBHOﬁ IaMsATbIO 1 BHCITHUMHU YCTpOﬁCTBaMH, mpoueccop HE MOr
BBIITOJIHATH BBIYMCIICHH . BBCI[CHI/IC B COCTaB BBIYMCIIMTEILHON MaIIWHBI CIICHUAJIBHBIX KOHTPOJIJICPOB
MO3BOJIUJIO COBMECTUTh BO BPEMEHU (pacnapajuIe/IiTh) ONepallii BbIBO/IA MTOJyYEHHBIX JJAHHBIX U MTOCTIe-
JyIolIMe BBIYUCICHUSI Ha LEHTPaIbHOM Tporeccope. OnHAKoO Bce paBHO MPOLECCOP MPOAOIKAI YacTo
W JIONITO TIPOCTanBaTh, AOKUAASCH 3aBEPILCHHS OuepeJHON onepalyi BBoxa/BeiBoga. [loaTomy ObLIO mpen-
JIO)KEHO OPraHW30BaTh TaK HA3bIBAEMBIH MYIbMURPOZPAMMHDBLL (MYIbMU3A0AYHBLIL) PESKAM PabOTHI
BBIUMCIIMTEILHOM CUCTEMBI. CYTI) €ro 3aKjar4acTCcda B TOM, 4YTO IMOKa OJiHAa MIporpamma (OI[I/IH BbIYUCIIN-
TEJNBHBIN MPOILECC WM 3ajlauya) OKUJACT 3aBEPIICHUS OYCPEIHON Omepaldd BBOJA/BBIBOAA, Ipyras
nmporpaMma (a To4Hee, JApyras 3ajada) MOKeT ObITh mocTaBiieHa (puc. 2, 3) [2].

Be
CPU
3apgava A 3agaya B o
Puc. 2. [Ipumep BBINOIHEHUS ABYX NPOrpaMM B OJTHOIIPOTPAMMHOM PEKUME
Bs
CPU
3apgava A J
Be
CPU
‘ 3agaya B el

Puc. 3. IIpuMep BBINOTHEHNS ABYX IIPOrpaMM B MYJIBTUIIPOrPAMMHOM PEXUME

W3 puc. 2, 3 BugHO, uTO Onaromapsi COBMEIICHUIO BO BPEMEHH BBITIOJHEHUS JIBYX MPOrpaMM o0Iee
BpEMs BBIITOJIHEHUA JIBYX 3ada4 MOJYy4YacTCsd MEHBIIC, YEM CCJIN 61)1 MBI BBIMIOJIHAIM UX IO OUYCPCOHU. "3
3TUX K€ PUCYHKOB BHJIIHO, YMIO 8peMA GbINOJAHEHUSA KaX}cOOU 3a0auu 6 oduiem cayuae CMAHOBUMCA
Oonbute, ueM, eciiv ObI MBI BBIIOHSIIN KaXTYIO U3 HUX KaK eJHHCTBEHHYIO.

[Tpr MyABTUIIPOrpaMMHUPOBAHUY TTOBBIIIACTCS MPOIYCKHASI CIOCOOHOCTD CUCTEMBI, HO OT/AENbHBIN
mpouccC HUKOraa HE MOXET 6I)ITI) BBIITOJIHEH 6I)ICTp€€, 4yeM ceCiin 6I>I OH BBITIOJIHAJICA B OHOIIpOrpamMm-
MHOM peXHMe (BCAKOE pasJielicHHe PeCypcoB 3aMeIyisieT paboTy OIHOI0 M3 YYaCTHUKOB 3a CUET JIOMOJI-
HUTEIILHBIX 3aTPAT BPEMEHH Ha OXKUJIAHHE OCBOOOXKICHHUS pecypca).

OO0uiasi cxema BblIIeIeHUsI pecypcoB TakoBa. [Ipu HE0OXOJUMOCTH HCIIONB30BaTh KaKOH-THOO0 pe-
Cypc 3ajada o0palaercs K Cynepeu3opy OnepayuoHHol cucmempl TIoCPEICTBOM CIICIIHATIbHBIX BHI30BOB
(KoMaH[, TUPEKTHB) U cOOOLIAET O cBoeM TpeboBaHuu. [Ipu 3TOM ykaspIBaeTCsl BH] pecypca U, ecii Hallo,
ero o0beM (HampuMep, KOJIMYECTBO alpecyeMbIX sUeeK OlepaTHBHOMN MaMsTH, KOMUYECTBO JOPOXKEK HITH
CEKTOpOB Ha CHCTEMHOM JIMCKE, YCTPOMCTBO Me4aTd U 00beM BHIBOAWMBIX JAHHBIX U T.11.). JupekTuBa
oOpalieHus K ONepalioOHHON CHCTeMe TepeaeT e ynpaBiieHHe, epeBois MPoLeccop B IPUBUIIETUPO-
BaHHBII pEKUM pabOTHI, €CIIN TAKOH CYIIECTBYET.
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Pecypc Moxer ObITH BBIJENEH 3aa4ue, 0OpaTHBILEHCS K CYIEpBU30PY C COOTBETCTBYIOLIMM 3aIlpo-
com, eci [2]:

® OH CBOOOJICH U B CHCTEME HET 3aIllPOCOB OT 3a]iay OoJiee BEICOKOr0 MPHOPHUTETA K 3TOMY K€ PeCypcy;

® TEKYIIMI 3aIIpOC U paHee BBIIaHHBIC 3aPOCHI IOMYCKaIOT COBMECTHOE UCIIOJIb30BaHIE PECYPCOB;

® pecypc HCIONb3yeTcst 3aadeil HU3MIEro MPUOPUTETa U MOXKET OBITh BpeMEHHO oToOpaH (pasme-
JIIEMBIN pecypc).

[onyunB 3ampoc, onepanuoHHas cHcTeMa JMOO YAOBJIETBOPSIET €0 W BO3BpAIllAaeT yIpaBiIeHHE
3ajade, BBLIABIICH NaHHBIN 3ampoc, 00, eclu pecypc 3aHsT, CTaBHT 3a7jady B odepelb K pecypcy,
nepeBoss ee B cocrosiaue okunanus (0yokupys). [locie okoHYaHus pabOTHI C PECypCcoOM 3ajiayda OIsATh
C MMOMOUIBIO CIEMAIBHOTO BBI30Ba CYIIEpBH30pa COOOIIAET ONEepallMOHHON cucTeMe 00 OTKa3e OT pecypca
WK olepalnoHHas cucteMa 3abupaer pecypc cama. CymepBU30p ONepaioHHON CHCTEMBI OCBOOOXKAAET
pecypc U mpoBepsieT, UMeeTcs U odepellb K ocBoOboauBIIeMycs pecypcy. Eciu oyepens ecTs, TO B 3aBH-
CHMOCTH OT TIPUHSTON OUCHUNAUHBL 0OCTYHCUBAHUA Y TIPUOPUTETOB 3a5IBOK OH BBIBOJHT M3 COCTOSHHS
OXHJIAaHUSI 3a71a4y, JKIYILYIO PECYpC, ¥ IEPEBOIUT €€ B COCTOSHUE TOTOBHOCTH K BhINONMHEHHIO. [Tocre aToro
ylpaBiieHHe 00 Tiepeaaercsi JaHHOM 3ajade, JIM00 BO3BpalIaeTcs K TOM, KOTOpasi TOIBKO YTO OCBOOOAMIIA
pecypc.

[Ipu BBImaye 3ampoca Ha pecypc 3ajlaya MOXKET yKaszaThb, XO4YeT JIM OHA BJaJleTh PECYpPCOM MOHO-
MOJBHO WM JIOYCKAaeT COBMECTHOE MCIOIb30BAaHUE C IPYTUMH 3a1ayaMu. Hanpumep, ¢ GpaiiioMm MOXXHO
paboraTh MOHOIOJBHO, @ MOYXKHO M COBMECTHO C JPyrMMH 3afadamu. Ecim B cucteme mMmeeTcst HEKo-
TOpasi COBOKYITHOCTh PECYPCOB, TO YIPABIATh WX WCIOJIL30BAHHEM MOXKHO Ha OCHOBE OINpeEJlelIeHHOM
crparerun. CTpaTerus moapasyMmeBaeT YeTKy0 GOPMYIMPOBKY LIENEH, cIeays] KOTOPHIM MOXKHO JOOHTHCS
3¢ (HEeKTUBHOTO pacipeneieHus PEeCypCoB.

[Ipu opranuzanyy ynpasieHUsl pecypcaMu Bcera TpeOyercsl IPHUHATH PEIeHUe 0 TOM, YTO B JAHHOU
CHUTyallul BbII'OOHEC: 6LICTpO O6CJ'Iy)KI/IBaTL OTACIIbHBIC HanOoJIee BaKHBIE 3aIlpocChbl, MPEAOCTABJIATH
BCEM TpolleccaM paBHbIE BO3MOKHOCTH JTHOO 00CTyKMBaTh MaKCHMaJILHO BO3MOXXHOE KOJMYECTBO MPO-
1IeCCOB U HanboJIee MOJIHO UCTIONB30BATh PECYPCHI.

PaccMoTpuM KpaTKO OCHOBHBIE BH/IBI PECYPCOB BBIYMCIMTENBHONH CHCTEMBI U CIIOCOOBI X pa3-
nenenus (M. puc. 1). Ilpexe Bcero, OHUM U3 BOKHEHIIIUX PECYPCOB SBJISETCS CaM Hpoueccop, TOUHEe,
npouyeccopnoe gpems. OOBIYHO MPOLIECCOPHOE BPEMsI ACIUTCS MOMEPEMEHHO (BUAUMOCTD TTAPAJICIIBHOCTH).

BropeiM BHIOM pecypcoB BBIUMCIUTEIBHOM CHCTEMBI MOXKHO CUMTaTh NaMATb. Onepamuenas
namames MOXET ObITh pa3zielieHa 1 OIHOBPEMEHHBIM CIIOCOOOM, H MOMEPEMEHHO (B 3aBHCUMOCTH OT pas-
Mepa cBobomHoON maMsATH). Korga roBopsT o enewneli namamu (HanpuMmep, NaMsITh Ha MATHUTHBIX JIHC-
Kax), TO COOCTBEHHO NaMsAMb U OOCMYN K Hell CYUMAaromcs pasuvimu udamu pecypca. Kaxapii u3 9THx
PECYPCOB MOXKET IPEIOCTABIISATLCS HE3aBUCUMO OT Jipyroro. Ho st mosHoM paboThl ¢ BHEIIHEH MaMsThIO
HEoOX0IMMO UMETh 00a 3TuX pecypca. COOCTBEHHO BHEUIHSS AMSATh MOXKET Pa3/IeNsiThCsl OJHOBPEMEHHO,
a JIOCTYI K Hell — morepeMeHHO. Eciin TOBOpPHUTE 0 gHewHux ycmpolicmaax, ToO OHU, KaK MPaBHIIO, MOSYH
Paz0ensamvCsi NApaiiebHo, €CIA UCTIONB3YIOTCS MEXaHM3MBI MPSAMOro jaocTyma. Eciu ke ycTpoHcTBO
pabotaer ¢ mocaenoBaTebHBIM JOCTYIIOM, TO OHO HE MOXET CUUTATHCS Pa3esieMbIM PECYPCOM.

OueHb Ba)XXHBIM BHJIOM PECYPCOB SIBISIOTCS npozpammusie modynu. lIpexne Bcero ciiemayer pac-
CMaTpuBaTh CUCTEMHBIC NPOrpaMMHBIC MOOYJIU, IMOCKOJIBKY MMCHHO OHHU O6BI‘IHO U pacCMaTpuBarOTCA
KaK [IPOrpaMMHBIE PECYPCHI M MOTYT OBITh pacrpe/ieeHbl MEKIY BBITOIHSIOMIMMUCS MTPOIECCAMHU.

[porpamMmHBIe MOy MOTYT OBITH OOHOKPAMHO W MHOLOKpAmHO (I TIOBTOPHO) HCIIONB3yEMBIMH.
OnHOKpaTHO UCIONB3YEMBIMH HA3bIBAIOT TAKKE MPOrPaMMHBIE MOIYJH, KOTOPBIE MOTYT OBITh MPAaBUIBHO
BBITIOJIHEHBI TOJIBKO OJIMH pa3. ITO 03HAYAET, YTO B MPOIIECCE CBOCTO BHIMOIHEHHS OHU MOTYT HCIIOPTHTh
ce0si: TOBpeXIAI0TCs TMOO0 YacTh Koja, IM00 UCXOJHBIE TaHHBIE, OT KOTOPBIX 3aBUCUT XOJ BBIYHCICHHH.
OueBHIHO, YTO OOHOKPAMHO UCHOIb3YeMble NPOZPAMMHBIE MOOYIU SBISIOTCS HEOETUMBIM PECYPCOM.
Bonee Toro, ux oOBIMHO BOOOIE HE pacmlpefensioT Kak pecypc cUcTeMbl. CHUCTEMHBIE OJHOKPATHO
WCTIOJIb3yeMbIE TPOrPaMMHBIE MOYITH UCTIONB3YIOTCS, KaK MPaBUIIO, TONBKO Ha dTane 3arpy3ku OC. Ilpu
3TOM CJIelyeT UMETh B BUY TOT OYEBHUIHBII (akT, YTO COOCTBEHHO TBOMYHBIE (Pailiibl, KOTOPBIE OOBIYHO
XpaHATCA Ha CUCTEMHOM JUCKE U B KOTOPLIX 3allMCaHbl 9T MOAYJIU, HE IOPTATCA, @ IOTOMY MOTI'YyT 6I)ITI)
MIOBTOPHO MCIIOIB30BAHKI IpH cienyromieM 3amycke OC.
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Iloemopno ucnonvzyemvie npozpammmusie MOOyIU, B CBOIO OUY€peb, MOTYT OBITh HenpUGUIeZUPO-
GAHHBIMU, NPUGUIECUPOCAHHBIMU U PECHIMEPADETbHBIMU.

Ilpusunezuposanusvie npozpammusie Modyiu padboTaloOT B TaK HA3BIBAEMOM IPHUBHIIETHPOBAHHOM
peKUME, T. €. MPU OTKIFOUYEHHOW CUCTEME MPEPhIBAHUH, TaK, YTO HUKAKUE BHEUTHUE COOBITHUS HE MOTYT
HapyIIUTh €CTECTBEHHBIN MOPSIOK BRIUKCICHHUI. B pe3ynbrate mporpaMMHBIN MOIYb BEITIOTHSETCS 10
CBOET'0 KOHIIA, TIOCJIC YeTr0 OH MOXET ObITh BHOBb BBI3BaH Ha WUCIOJIHEHUE M3 JIPYrod 3amauu (Ipyroro
BBIYHCIUTEIBHOrO mpoiiecca). Takum o0pa3oM, Takod MOAYJIb OyJeT BBICTYNAaTh KaK IMOMEPEMEHHO pa3-
nensieMbiid pecypc. CTpyKTypa NPUBHIICTUPOBAHHBIX MTPOrPaAaMMHBIX MOJyJIei n3o0paxeHa Ha puc. 4 [2].
31ech B IEPBOI CEKITMU MPOTPaMMHOT0 MOAYJISI BRIKITIOUAETCS CUCTeMa IpephiBaHuil. B mocneaneii cex-
[IUH, HATIPOTHUB, 3Ta CUCTEMa BKJIFOYAETCS.

OIKNIoHERIS Co6CTBEHHO TeNo NPOrpaMMHOro Moayns ERIIGHEHIE
npepbiBaHUi PAIR Ay npepbiBaHU

Puc. 4. CtpykTypa NpUBUIETUPOBAHHOTO IPOrPAMMHOI0 MOJYJIS

Henpueunezuposannsle npozpammusle Mooyau — 3T0 0ObIYHBIE POrPAMMHBIE MOJYJIH, KOTOPHIE
MOT'YT OBITh TIpEpBaHbI BO BpeMsi cBoell paboThl. CiieoBaTeNbHO, B O0ILIEM Cllydae MX HENb3sl CUMTATh
pas3aenseMbIMH, TOTOMY YTO €CIIH TOCIIe MPEPHIBAHUS €ro 3alyCTUTh €lle pa3 Mo TPeOOBaHHUIO APYroro
BBIYUCIUTCIIBHOIO IpoHecCa, TO MNPOMCKYTOUYHBIC PE3YyJIbTAaTbhl MJISA IMPEPBAHHBIX BBIUHMCIICHUIN MOT'yT
OBITh TIOTEPSHBI. B MPOTHBOMONOKHOCTE 3TOMY peeHmepadenbHbvle RPoZPaAMMHbIe MOOYIU JTOTTYCKAIOT
MMOBTOPHOC MHOI'OKPAaTHOC NPEPLIBAHUEC CBOCTO UCIIOJTHECHUA 1 HOBTOpHLIﬁ HX 3allyCK I10 o6pameH1/110 u3
apyrux 3agad. ns sToro peeHTepabenbHble MPOrPaMMHBIE MOJYJIH JOJKHBI OBITH CO3/aHBI TaKHUM
o0pa3zoM, 4TOOBI OBUIO O0ECIEYEHO COXpaHEHHE MPOMEKYTOYHBIX BBIYUCICHUH IS TpPEphIBAEMBIX
BBIYMCJICHUN Y BO3BPAT K HUM, KOTJla BBIYUCIUTEIBHBINA MPOIIECC BO30OHOBIISETCS ¢ IPEPBAHHON paHee
TouKH (puc. 5) [2].

[MpuBunerMpoBaHHbIii MOAYNb,
ocBobOXAAOLWNI B CUCTEMHOMN
obnactu namaTn Onok namsTw,
MCMNONb30BaHHbIN ANA XpaHeHUs
NPOMEKY TOUYHBIX AaHHbIX

MpuBunerMpoBaHHbIi MOAYIb,
3aKa3blBaloL M B CUCTEMHOMN
obnactu namaTu 6nok aueek
ANSi XpaHEeHUS TEKy LnX
(NPOMEKY TOYHBIX) AAHHbIX

OcHOBHOE TENo
peeHTepabenbHOro NPorpaMMHOro Moayns,
KOTOPOE U MOXET ObITb NpepBaHo.
PabotaeT B HENpUBUNErMPOBAHHOM peEXUME

CuctemHas obnacTtb namaTy,
ncnonbdyemas AMHaMU4eCckuM
obpasom ansa 6ydepupoBaHHoro
BBOAa / BbiBOAA
n peeHTepabenbHol 0opaboTku

Brnok slueek namMaTu
ANA TeKy WUX NePEeMEeHHbIX

A 4

Beplumnna cteka

Crek

Puc. 5. CtpykTypa peeHTepabeIbHOro MporpaMMHOTr0 MOTYJIS

OcHoBHas ujiest IOCTPOCHUS U PaOOThI PECHTEPAOCTBHOIO MPOrPAMMHOTO MOJYJIS (CM. PHUC. 5) 3aKITHO-
4aeTcs B TOM, YTO B TIEpBOH (TOJIOBHOI) CBOEH 4acTh ¢ TIOMOIIBIO OOpalieHusl U3 CUCTEMHOW MpUBUIIE-
THPOBAaHHOM CEKIMU OCYIIECTBIIETCS 3aMpoc Ha MOTy4YEeHHE B CHCTEMHON 00NacTH MaMsATH OJ0Ka sS4eeK,
HEoOXO0IMMOTO ISl pa3MELICHHsT BCeX TEKYIIMX (MMPOMEXYTOUHBIX) JaHHBIX. [Ipr 9TOM Ha BeplHIMHY cTeka
MOMeIIaeTcsl yKa3aTenb Ha HadaJlo o0NacTH JaHHBIX M ee 00beM. Bce Tekymme mepeMeHHbIe Iporpam-
MHOTO MOIYJsl B OTOM CIlly4ae pacloliaraloTcsi B CHCTEeMHOW o0jacTu mamsiTd. [lockonbKy B KOHIIE
MPUBUJIETHPOBAHHON CEKIIMM CHUCTEMa MpPEphIBAaHWN BKIIOYAETCS, TO BO BpeMs padOThl IEHTPaJbHOM
(ocHOBHOI1) yacTH peeHTepabenbHOr0 MOAYIISE BO3MOXKHO ee MpepbiBaHue. Eciu npephiBaHue HE BO3HU-
KaeT, TO B TpeTbel (3aKIIOUNTENbHON) CEKIIMN OCYLIECTBIISIETCS 3aIIPOC Ha OCBOOOKACHUE MCIIOIb30BaH-
HOro OJoKa cucTteMHOW obOmacth mamatd. Ecim ske Bo BpeMsl paOOTHI IEHTPaIbHOM CEKIIMU BO3HHKAET

7



BeeneHue

npepbIBaHUE M IPYroil BBIYMCIUTEIBHBIA MPOIECC 00OPAIIACTCs K TOMY )K€ CaMOMY peeHTepadeIbHOMY
OpOrpaMMHOMY MOJYJIIO, TO JUIS 3TOr0 HOBOTO IPOIECCa BHOBb 3aKa3bIBACTCS HOBBIA OJIOK MaMSTH
B CUCTEMHOH OOJIACTH MaMTH M Ha BEPIIMHY CTEKa 3alMChIBaeTCS HOBBIM ykazarenb. OYEeBUIHO, YTO
BO3MOXHO MHOTOKpPaTHOE MOBTOPHOE BXOXKACHUE B peeHTEpaOenbHBIM MPOrpaMMHBIA MOAYIbL O TEX
Mop, MoKa B 00JIACTH CHCTEMHOW MaMSTH, BBIJIEISEMON CIIeHUaIbHO Il peeHTepadenbHoH 00paboTKH,
€CTh CBOOO/IHBIC TYCHKH, YHCIIO KOTOPBIX JIOCTATOYHO JJIsI BBIJICIICHHSI HOBOTO OJIOKA.

E1e oHMM BUZIOM pecypcoB SBISIFOTCS HH()OPMALMOHHBIE PECYPChI, KOTOPBIE MOTYT CYIIIECTBOBATh
KaK B BUJC IICPEMEHHLBIX, HAXOAAIIUXCA B OHCpaTPIBHOﬁ nmaMsaTH, TaK 1 B BUJIC (baﬁHOB. Ecan IMPOUECCChI
UCTIONB3YIOT JaHHBIE TOJBKO Ul YTEHHUs, TO TaKue UH()OPMALMOHHBIE PECYPChl MOXKHO Pa3leNsTh, B IpY-
THX CITy4asx He0OXOJMMO CIlelHaIbHBIM 00pa30M OpraHW30BBIBaTh PadOTY C TAKUMH JIAHHBIMU.

B Hacrosiiee Bpemsi cymiecTByeT OONbIIOe pazHooOpa3ne OrnepaioHHbIX CUCTEM. B 11elIoM UX MOXHO
Knaccuguuyuposams 10 CISNYIONUM TpU3HaKaM [4]:

— TI0 KOJIMYECTBY MOJIb30BaTENeH, OTHOBPEMEHHO 00CITYKUBAEMbIX CHCTEMOIA;

YHCITy TIPOLIECCOB, KOTOPBIE MOTYT OTHOBPEMEHHO BBITIONHATHCS 1071 yripasieHrem OC;

THUITY TOCTyTa nojk3oBaTens k [ID9BM;

TUITYy CPENICTB BBHIYUCIUTEIBHON TEXHUKH, IJIs YIpaBIEHUS pecypcaMu KOTOPBIX CHUCTeMa Ipes-
Ha3HayeHa.

B coorBercTBHM C TEPBBHIM NPHU3HAKOM pA3INYAIOT OOHONOIb308AMENbCKUE I MHOZ0NO0J163064-
mensckue OC. MHOromnonbp30BaTeNbCKUE CHCTEMBI MOJIEPKUBAIOT OJHOBPEMEHHYIO paboTy Ha DBM
HECKOJIbKHX MOJIb30BaTENeH 3a pa3nuyHbIMUA TepMUHaiaMu. Bropoit npusHak aeaut OC Ha 0dno3adaunsvie
U MHO203a0auHble. B cooTBeTcTBUM C TpeThuM IpusHakoMm OC nensrcs:

— Ha cucmempl ¢ NAKEMHOU 00padomkoil, Korna W3 Tporpamm, IMOIISKAIIMX BBIIOIHEHUIO,
dbopmupyercs Taker, KOTOpbI mpenbsisercs [IOBM (B mgaHHOM  cilydae  IOJIb30BaTENU
HerocpencTBeHHO ¢ OC He B3aUMOACHCTBYIOT);

— cucmemsl pazoenenus epemenu, 00eCIeauBaIONINE OJJHOBPEMEHHBIN ANAIOrOBBIN (MHTEPAKTUBHBIN)
noctyn Kk OBM Heckonbkux nosb3oBaTeneill yepe3 TepMuHaibl. Pecypcsl OBM mpu 3TOM BBIAEHSAIOTCS
KQXKJIOMY TIOJIb30BATEIII0 IO OYEPEAU B COOTBETCTBUU C TOW WJIM MHOM JUCIMIUIMHOW OOCITYXUBaHUS.
Hanneiii Tun OC npennasHaveH a1 Hanbosee 3 QEeKTUBHOTO UCTIONB30BaHuUs pecypcoB DBM;

— cucmembvl peanbHo20 6pemMeHU, KOTOPbIE TOKHBI 00eCTIeunBaTh rapaHTHPOBAHHOE BPEMS OTBETA
Ha BHemHUe coObITHs. Takue OC cimykaT IJisl yIpaBiieHHs] BHEITHUMH 110 OTHOIIeHH0 kK OBM mporec-
caMH ¥ OOBEKTaMHu.

[To werBepromy mpusHaky OC nensTcs Ha 0OHOnpoueccopHvle, MHOZONPOUECCOPHbBIE, Cemeable
U pacnpeodesenHble.

Cnenyer otMeTuTh, yTo OC HE MOTYT IIPENOCTAaBUThH MOJB30BATENSIM BO3MOXXHOCTU, KOTOPHIMU HE
obnamaer [I9BM. OHm B cocTOSHUM TONBKO 3((EKTUBHO HCIOIB30BaTh allapaTHbIE CPECTBa KOM-
netotepa. Haubonee monymnspusimu OC, co3naHHbIME B pasinuHoe BpeMs s [I9BM, seistorcs CP/M,
DOS, UNIX, OS/2, WINDOWS, LINUX.

[Ipennaraemslit kypc «CrucTeMHOE NPOrpaMMUPOBaHKE» MOCBAIIEH TJIaBHOM 3a/1aye COBPEMEHHOI0
MPOrpaMMHUPOBAHUS — U3YYEHHUIO IPUHIIMIIOB U MOMyYEHHsI ONbITa pa3paboTKU MPOrpaMM KaK COCTaBHBIX
3JIEMEHTOB OIEPAIMOHHBIX cucTeM. OCHOBHBIE TPUMEPHI MPOrPAMMHOTO KOZa TIOCTPOCHBI Ha (PYHKIHUAX
WIN API st onepaiiuoHHBIX cucTeM ceMelictBa Windows kak Haubojiee MOMYJSIPHBIX B HACTOSINEE
Bpems B Poccuiickoit @enepanuu.
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rnasa l
I'IPMHLI,MHbI PA3PABOTKU NPOTPAMM B COBPEMEHHbIX OC

§ 1.1. OnepauunoHHblie cuctembl gna NIBM

[epBonavansHo misi IBM-coBmectumbix [I9BM Obuti pa3paboTaHbl CIEAYIONIME KIACCHI OIepa-
IMUOHHBIX CUCTEM.:

— OC cemeiicta CP/M;

— OC cemetictBa DOS;

OC cemeiictBa OS/2;
OC cemetictBa UNIX.

B naneneitiem, ¢ pasutuem [19BM, OC CP/M nepecralia UCIOJIB30BATHCS, a OCTAJIBHBIC KJIACChI
ONCPAlIMOHHBIX CUCTEM IIOJYYUJIM CBOC pPa3BUTUC B 60.]]66 COBCPIICHHBIX COBPEMCHHBIX CHCTEMAX. TaK,
Ha cMeHy Dos nmpumnina onepanronHas cucteMa Windows pa3nuaHbix Mogudukanuii, Ha cMeny UNIX —
LINUX, QNX u np., Ha cmeny OS/2 — OS/2 WARP. Paccmorpum Oosiee mopooHo ocHoBHBIE Kiacchl OC.

1.1.1. OCCP/M

Cucmema CP/M (Control Program for Microcomputers — yrnpagJisioiias nporpamMmma s MUKpO-
KOMITbIOTEpOB) Obuta paspaborana B 1974 r. ¢upmoii Digital Research n ncropudecku siBisiercsi 0JHOI
u3 niepsbix OC mist [I9BM. OnHa npeanasHadyeHa i yIpaBiIeHHs pecypcamMu 8-pa3psiAHBIX TepCOHalb-
HBIX KOMIbIOTepoB Ha ocHoBe MII 8080. D10 onnozamaunas OC, cocrosias U3 HECKOIbKHUX KOMIIO-
HEHTOB, YTO MO3BOJISIET JOCTATOYHO JIETKO aJanTHPOBATh €€ K apXUTEKTYPHBIM 0COOEHHOCTSIM TOH WK
WHOI MalllMHBI TyTeM MepEeKOANPOBAHUS TOJIBKO OJHOTO KOMIIOHEHTa, a uMeHHo BIOS.

Passutem CP/M siBunack cucrema CP/M-86, npennasznauennas it [I9BM kiacca XT. [anbreiimee
coBepiieHcTBoBaHue OC CP/M mpuBeno k mosiBieHHI0 MHorozazauHoit cucreMbl CCP/M-86, a 3atem
1 MHoromoJs30BaTenbekoit OC MP/M-86. B pamkax manHoro cemetictea OC ObLIO cO37aHO OOMBIIOE
yrcio nporpamm i [I19BM, Bkitodast Tpancisatopsl s3bikoB beficuk, [lackans, Cu, @optpan, Kobom,
Apna, a takxe TekctoBble penakTopbl, CYB/, rpaduueckue makeTs! U ap.

JIOCTOMHCTBO CHUCTEM JITAHHOTO KJIacca COCTOSJIO B TIPEACIBHOM MPOCTOTE, MAJIOH MOTPEOHON EMKOCTH
O3Y gans paboter (20 KGaiiT), a Takke BO3MOXHOCTH OBICTpOW HACTOWKM Ha pa3Hble KOH(UTYypaluu
[I9BM. OxHako cienyer OTMETUTh, YTO npeactaButeny cemeiictea CP/M ObUTH JOBOJILHO IPUMHUTUBHBI
W UMenH craOblii KOMaHIHBIH S3BIK HApsIMY C MpocTeiiiei daiinoBoli cuctemoid. [1losTomy Ha 16-pa3psiIHBIX
[19BM onM Hanum BecbMa OrpaHHYEHHOE MPUMEHEHNE U TaJbHEUIIero pa3BUTHS HE MOTyYIIIH.

1.1.2. OC DOS

[epsoiii npeacraButens OC cemeiicmea DOS — cucrema MS-DOS (Microsoft Disk Operating
System — auckoBast onepanronHas cucrema gupmbl Microsoft) Obuia BeimymieHa B 1981 1. B CBs3U C MOSIB-
neareM [19BM IBM PC u ouens Hanomunana cuctemy CP/M. Kaxnas HoBas Bepcust DOS nosiisiiach,
KakK IMpaBuJio, B CBA3H C CO3JJaHUEM HOBBIX allllapaTHbIX CPECACTB. HOMCp BEpCUHN COCTOUT U3 ABYX YUCEII,
paszaeneHHbIX Toukod. [lepBoe umcino 0003HaYaeT OCHOBHYIO PEAaKIIMIO, BTOPOE — €€ MOJU(HKAIIHIO.
Tak, DOS 2.1 cunbno otinuvaercs or DOS 1.1, Ho ouens moxoxa Ha DOS 2.0. IlepBrie Bepcun DOS
ObUTH HepyCH(UIIMPOBAHbI, M TOJLKO B Hauaie aekadps 1989 r. pupma IBM 3apeructpupoana qis CHI
KOJIOBYIO CTpaHUILy ¢ HOMepoM 866, pa3paborannyro CII «/uamor» u ¢upmoii Microsoft mpu ydacrtuu
¢upm IBM u HP, a Takxke 3ape3epBupoBaia Homepa 867 u 868 ans apyrux s3eikoB Conpyxectsa. [Janee
nepeii/ieM K pacCMOTPEHHIO Hanboliee CylIeCTBEHHBIX 0COOCHHOCTeH pa3nnyHbIx Bepcuid DOS:

— DOS 1.00. TosiBunack B cBsizu ¢ co3nanuem IBM PC. Tlomoona CP/M, HO npeaHa3HaveHa st
MIT 8088. [TognepskuBaer ToIbKO ogHOCTOpOoHHUE 133-Mmmmmerposble 8-cektopasie (160-Koaiit) HITM/];

— DOS 1.05. Ycrpanser psa omubok, ooHapyxeHHbix B DOS 1.00;
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— DOS 1.10. bpuia cragaaprom Goiee rofa. JJONoMHUTENBHO K MPEABIAYILIEH BEPCUH MTOAACPKIUBACT
nByxcroponHue 133-muummerpoBsie 8-cektopHbie (320-K6aiit) HIM;

— DOS 2.00. [MosBunace B cBs3u ¢ co3aanuem IBM PC XT. IlognepxuBaer HXKMJ[ emkocThiO 10
10 Mo6aiit. JlononaurensHo K npeasiaymeit Bepcun OC obcmyxuBaer 133-MHIITUMETPOBBIE 9-CEKTOpHBIE
onrocroponnue (180-Ko6aiit) u ayxcroponnue (360-Ko6arit) HTM/I. [oxnepkuBaer apeBoBuHYO (haiiio-
BYIO CTPYKTYpy. Peanusyer KoHIENMKM CTaHAAPTHOTO BBOJIA / BEIBOAA, MTEpEHANpaBlieHus BBOAA / BBIBOIA
u punbTpoB. OOpabaThiBaeT cienyromme HoBbie kKomanael: FC (toneko MS-DOS), BACKUP, RESTORE,
TREE, CD, MD, RD, PATH u ap. ImeeT pacimpeHHbIi 361K KOMaHIHBIX (aifjioB 3a CUeT HOBBIX KOMaH/]
GOTO, IF, ECHO wu np. Peanuzyer BO3MOXXHOCTh TOAKIIOUECHHUS (YCTAaHOBKH) BHEUIHHUX JIpaiiBEpoB
ycrporicTB. ObecnieunBaetr GpoHoBYO reuath 1mo komanae PRINT. [Tognepxkusaer Buneocuctremy CGA;

— DOS 2.10. Coznana gt IBM PCjr. OcnoBana Ha DOS 2.00 u ycTpaHsieT oOHapy>KEeHHbIE B HEH
OIINOKY;

— DOS 3.00. IosiBunace B cBs3u ¢ cozpanueMm IBM PC AT. 3a cuer ykasaHus mMapuipyTa MOMCKa
MO3BOJISIET BBIMIOJHATH IPOrpaMMbl U3 QaiiiioB, KOTOpPBIE HAXOIATCS He B paboueM katanore. [lognepxu-
Baer HXKM/I emkocteio 10 20 M6aiiT. JoMOMTHUTENEHO K MPEAbIAYIIMM BEpPCUsIM OOCITY>KUBAET BYX-
croponnue 133-mummmumerposbie 15-cekropubie (1,2-M6aiit) HTM/I. O6pabaThiBaeT HOBBIE KOMaH/bI
ATTRIB, LABEL, SELECT, KEYBxx, SHARE, GRAFTABL, COUNTRY. Iloanep>xuBaer BUPTyaib-
HbIM guck B O3Y;

— DOS 3.10. imeer nexoTopeie ceTeBbie cpeacta. [lonaep:xubaer HoBble kKoMaH sl JOIN u SUBST;

— DOS 3.20. Coznana g IBM PC Convertible. JlononautensHo noaaepkuBaeT 89-MUILTMMETPOBBIE
(720-K6aiit) HITM. O6pabateiBaet HoBble kKoMaHasl REPLACE u XCOPY. IloxnepxxuBaer ycosep-
menctBoBanHbie koMaHapl ATTRIB, COMMAND, FORMAT, SELECT, GRAPHICS, SHELL. IIpensrcr-
BYET HelpeIHaMepeHHOMY (opMaTHpPOBaHUIO kecTkoro aucka. [lomnepxuBaer napaiisep DRIVER.SYS
JUIst CO31aHuUsT PUKTUBHBIX TUCKOBOJIOB;

— DOS 3.30. INosiBunacek B cBsI3U C co3naHueM cemeiictBa PS/2 u cnocoOHa (yHKIMOHUPOBATH Ha
Mojersix cemeiictBa PC. [onaep:kuBaeT KOHIEIIIUIO pa30MEHHs IECTKHUX JUCKOB JFOO0ro 00beMa Ha JIOTH-
YecKue AUCKU pa3MepoM 10 32 MOaiT Kaxablid, KOTOpbIe MOKHO HCITOIb30BaTh OAHOBPEMEHHO (BCE OHH
nocrynael DOS). JlononautensHo obcmyxkuBaer §9-mummumerpossie (1,44-Mo6aiit) HTM/J. Conepxut
YCOBEPILICHCTBOBAHHBIE CPENICTBA IS MOJICPKKH HAIIMOHAIBHBIX SI3BIKOB (BBEIEHO MOHSTHE KOJOBOH
crpaHuibl). iMeer HeCKONBKO BBISBICHHBIX oMMOOK (Hampumep, komanaa FORMAT mosxer 3a0pakoBaTh
xopormii auck). [lognep:xkuBaer HoBeie komanasl APPEND, CALL, CHCP, FASTOPEN u NLSFUNC,
a taxxke ycoepiieHctBoBaHHbe koMaHel DATE, TIME, ATTRIB, BACKUP, FDISK, RESTORE
n XCOPY. Peanusyer ycoBepIIeHCTBOBAHHBIN S3bIK KOMaHTHBIX (haiiioB;

— DOS 4.00. [NonaepxuBaer JIOrMYECKUE JUCKH Ha BUHYECTEPE pa3mMepoM cBbiiie 32 Moaiit. Hcmosb-
3yer otobpakaemyro namate st 6ypepoB OC u crpykryp AanHbix koMmaHabsl FASTOPEN (tpeGyercs
EMS 4.0). TlozBonsier 3ameiicTBOBaTh ISl pa3MEIICHUs] PE3WICHTHBIX Mporpamm mepBbie 64 Koaiit pac-
mmpenHoi namatH (HMA-mamsts). OOecrieunBaer paclMpeHHYIO TOIJIEPIKKY HAIMOHAJBHBIX SI3BIKOB.
Otnnyaercs 3HAYMTENBLHBIM duciioM ommOok. OOpabateiBacT HOBYHO komanay MEM, a Taxke ycoBep-
mencTtBoBanHbie komanael APPEND, ATTRIB, BACKUP, COUNTRY, MODE, FASTOPEN, FDISK,
GRAPHICS, GRAFTABL, NLSFUNC, REPLACE, SELECT, TREE, DEL u np. imeer HOBbIE KOMaH/IbI
KoH(urypupoBaHusi cucteMbl. COACPKUT YCOBEPIICHCTBOBAHHEBIE ApaiiBepsl ycTpoicTB ANSLSYS,
DISPLAY.SYS, DRIVER.SYS u PRINTER.SYS. HakoHell-To MOJTHOCTBIO MOAIEPKUBAET BCE PEKUMBI
pab6otsl BuneocucreM EGA u VGA;

— DOS 4.01. Conepxut rpaduyeckyto odoonouky MS-DOS Shell, nomiepKuBaroiy0 MaHHITYJIsI-
TOP «MBIIIbY;

— DOS 5.00. ObecnieunBaeT pa3MelieHre CBOETO sIpa, a TaKkKe ApaiBepoB U PE3UACHTHBIX MPOr-
pamM B BepxHel mamsitu. CriocoOHa paborath ¢ 89-musutumerposbiMu (2,88 Moaiit) HI'MJI. Henocpenct-
BeHHO (0e3 3arpy3kun SHARE) momnepkuBaer jormyeckne IUCKH Ha BHHYECTEPE Pa3MEPOM CBBIIIE
32 Moaiit. O6pabatsiBact HOBbIe koMaHisl DELOLDOS, DOSKEY, EXPAND, LOADHIGH, MIRROR,
SETVER, UNDELETE u UNFORMAT, a taxxe ycoBepuieHcTBoBaHHBbIe koMaHIbI DIR, FORMAT,
SYS u np. [Tognepxuaer HOBbIE KOMAH/IbI KOHPUTYPUPOBAHUS CHUCTEMBI. FIMeeT BCTPOSHHYIO Crpa-
BOUHYIO cucTeMy. CoIep:KuT yIydIIeHHYI0 CHCTeMYy mporpammupoBaHusi Basic. OTinmuaercs BBICOKOI
HaJISKHOCTBIO B paboTe;
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— DOS 6.0. Brirouaer cpenctsa cxxatus uHdopmaryu Ha quckax (DOUBLE SPACE), [Tporpammet
CO3JJaHHS PE3EPBHBIX KOMUI, aHTUBUPYCHYIO IPOrpaMMy U IPYTHE YCOBEPUICHCTBOBAHUSI.

— DOS 6.20. ConepkuT yCOBEpPIICHCTBOBAHHYIO BEPCHIO CPEICTB CKAaTUSI MH(OPMAIIMHU HA TUCKAX;

— DOS 6.21. Bepcus ¢ uzpsaroii o cynednomy pemenuto (uck gupmsl Stack Electronics) mporpam-
Mol auHamuueckoro cxatus auckos (DOUBLE SPACE);

— DOS 6.22. Conpepxut «moamnpasneHnyo» Bepcuto DOUBLE SPACE, He Hapymaronyto naTeHT.

OC cewmeiictBa DOS sBASIIOTCS OAHO3a1aYHBIMHU, HO UMEIOT U HEKOTOPBIE JIEMEHThl MHOT03a/1a4-
HOCTH. B wacTHOCTH, MO)XKHO OpraHu30BaTh (DOHOBYIO TE4aTh HA MPUHTEPE, a Takke pasMecTuTh B O3Y
HECKOJIBKO PE3UICHTHBIX POrPaMM U aKTUBH3UPOBATH UX MPU HEOOXOTUMOCTH.

Bce Bepcun DOS coBmecTrMBI CHH3Y BBEpX (T. €. Iporpamma, pa3paboTaHHas Il MIIaIlIed BepCcH,
B MOJIABJISIONIEM OOJIBINMHCTBE ClydaeB OyJieT paboTaTh U 1oj] ynpasiieHueM Oosee crapiiei Bepcun OC).
OC cemetictea DOS Mornu paborath Ha Beex kiaccax IBM-coBmectumbix [19BM. Jlns onepaiinoHHO#M
cucrembl DOS ObUTO HamMCAaHO OTPOMHOE KOJNWYECTBO NMPHUKIAJHBIX MPOTPaMM, MHOTHE M3 KOTOPBIX
MPOJIOJDKAIOT MCTIONB30BATHCS M B HACTOSIIEE BPEMS.

B nenom OC cemetictea DOS 001a1a10T CIICIYOIMMHU XapaKTEPHBIMH YEPTaMHU:

— MOJJIEPKKOW KOMaHJHBIX (DaiiioB, 4To oOecreunBaeT BO3SMOKHOCTb CO3JJaHHS MOJTb30BATELCKIX
MaKpOKOMaHI;

— MOJJICPKKOW nepapXuuecKoi (IpeBOBUIHOI) (ailIoBOH CTPYKTYPHI;

— BO3MOXXHOCTBIO HE TOJBKO TIOCIIEAOBATEIBHOT0, HO U MPSIMOTO JOCTYIA K COJEp)KUMOMY (HaiiiioB;

— TPaKTOBKOH Ha JIOTMYECKOM YPOBHE YCTPOMCTB BBOJA/BbIBOAA Kak (hailyioB, 4TO yHUHUIHPYET
cpencTBa ooMeHa uH(popmanuel ¢ ioosivu ITY u daiinamuy;

— HaJIW4YMeM KOHBeWepoB (CpEeICTB IMepefayd BBIBOAA OAHOW MPOrpaMMbl MJIM KOMaHJABI Ha BXOA
Jpyroi) U BO3SMOXKHOCTBIO TTepeHanpaBieH s BBO/a/ BBIBOJA HA YPOBHE KOMaHJHOTO SI3bIKa;

— HEKOTOPBIMU CPEACTBaMU MOJAEPKKU ceTeit IBM;

— MOJYJIBHOCTBIO CTPYKTYPBI, YIPOIIAIOIIEH MEPEHOC CUCTEMBI Ha Jipyrue Tumbl [19BM;

— HeOONBbIIUM NOTPEOHBIM 00BEMOM OINEpPaTUBHON MaMsTH i paboTsl (okono 60 K6aiiT) u BHem-
Hel MaMsITh AJIs XpaHeHUs! CHCTEMHBIX (paiiiioB;

— BO3MOXXHOCTBIO CO3JJaHHS B TIAMSATH BUPTYaJIbHBIX AUCKOB, YTO yCKOpsieT 0OMeH HHpopMalueii;

— BO3MOXXHOCTBIO 3aITyCKa ()OHOBBIX 33/1a4;

— MOJJICPKKOW HAIIMOHAJIBLHBIX aJ()aBUTOB U COTJIAILICHUH.

Hapsany ¢ nocrouncramu OC cemeiictBa DOS umeror u paa HenoctaTkoB. Hanbosnee cymiecTBeH-
HbIE U3 HUX — TOJTHOE OTCYTCTBHE CPE/ICTB 3alllUThl OT HECAHKIIMOHMPOBAHHOTO JOCTYyINa K pecypcam
[13BM u k camoit OC, ogHO3a1a4HOCTh, HEYJOOHBII HHTEP(EHC MOIb30BaTENs, A YIy4IIeHHs] KOTO-
pOro HeEOOXOIUMO MPUMEHATH porpamMmmbl 00osiouku (Norton Commander) u onepamoHHbIE 000I0YKH
(nepeoie Bepcuu Windows). B Hacrosiee Bpems ¢ repexooM Ha 32-pa3psaHyro aapecanuto namsata DOS
ucnonbsyercs Tonbko B OC Windows 9X Kak cpencTBO MOJJIEPKKH paHee BBIMYIIEHHOTO MPOrpaMMHOT0
obecnieuenus. JdanpHeimum passutuem OC cemeiictea DOS sBunochk cozmanue OC Windows nuHeek
NT u 9%, KOTOpBIE MBI PACCMOTPHUM JIaJIee.

1.1.3. 0C 0S/2

B cBsizu ¢ coznanuem B 1987 1. HoBoro cemetictBa [I9BM PS/2 dupmoii IBM coemectHo ¢ Microsoft
ObuTa paspaboraHa mMHo203a0aunas OC emopozo nokonenusn, Hazeanunas 0S/2 (Operating System/2 —
ornepanuoHHas cucrema/2). OHa co3naBanachk kak npeeMHUK DOS u mMena cXouil ¢ mocieanel moib3o-
Batenbckuil nHTEpdeiic. Cucrema OS/2 ynpasaser MII 80286 B 3amuIeHHOM peXUMeE, a OITOMY
MOXKET pUMeHAThCs Tosibko Ha [I9BM ¢ MII 80286 u Boite. [1epBbie Bepcuu 3TOI CHCTEMBI TO3BOJISIIH
MporpaMMaM HCIONb30BaTh (PU3MUECKYIO MaMsITh pasMepoM 10 16 MOaiT u BuptyansHyto o 0,5 ['6aiT
Ha Kaxayto 3aaady. C 1elbio BHIOTHEHUS IporpaMm, paspadoransbix st DOS, B pamkax OS/2 moxer
ObITh 3amymieHa 3ta OC B kauectBe noa3anaun. Cucrema OS/2 obecrieunBalia OJJHOBPEMEHHYIO paboTy
1o 12 nporpamm, HO TOJIBKO OAHY nporpamMmy DOS.

[epBoHa4YanbHO OBIIH BBHIMYILIEHBI TPH OCHOBHBIE Bepcuu OS/2:

— MS 0OS/2 Standard Edition — ctangaptaas Bepcus mist [I1I3BM tuna PC AT, AT-386, AT-486
u PS/2 ¢ takumu xe MII; kak pa3 aTa Bepcusi pazpaborana IBM coBmectHO ¢ Microsoft;

11



OnepaunoHHble cuctemol ana MNIBM

— IBM 0OS/2 Standard Edition, npenHa3zHadeHHas TONbKO aj1st Moaeneit cemeiicta PS/2 u IBM-cos-
MectuMbIX [I9BM ¢ mmnoit MCA, cHaGxennbix MIT 80286 — 486; ona Obuia pa3paboTaHa Kopriopa-
uuei IBM u opuentupoBana nmenHo Ha muHy MCA (B oTin4me OT npeaplaylieii Bepcun);

— 0S/2 Extended Edition — pacmmpeHnHast Bepcus, IpuMeHseMas Takke Toidbko Ha MCA-II9BM
u co3ganHas ¢pupmoi IBM; ona comepkuT cucteMmy ympasiieHHs 0a3oii gaHHbBIX DB2, a takxke npyrue
[IpOrpaMMHBIE IPOIYKTHI, oaaepxuBaembie IBM.

[Tpu aTOM Kaxas Bepcusi UMeNa JBE PeIaKIIin:

— 1.0 — cTaHmapTHBIN TPOAYKT;

— 1.1 — OC, Brurouaromias rpapuieckyro uHTepdeiicHyo cucremy PM, nomaep:xkupatorias Gpaitisi
W JIOTUYECKHE UCKU Ha BHHYECTepe pa3MepoM Oosee 32 MoOaiit, a TakKe coleprkaiias TeKCTOBBIN peaak-
TOp | PsIIl CHCTEM TPOTPaMMHUPOBaHUSI.

B penakumsax 1.2 (IBM) u 1.21 (Microsoft) peannzoBana KOHLENIUS 3arpyaeMoi (ycTaHaBIMBa-
emoii) daiinoBoit cuctemsl (Installable File System — IPS) 1 Heckonbko U3MEHEH «BHEIIHUH BUI» PM.
Peanuzanus koneniuu [PS obecrieunBaia BO3SMOXKHOCTh MOJKITIOYSHHS BO BpeMs 3arpy3ku OC moron-
HUTEIBbHON (DaliIoBOIl CHCTEMBI:

— (aiinoBast cucrema Beicokoi mpomsBoauTenbHocTH (High Performance File System — HPFS),
paccunTaHHas Ha OBICTPBIA JOCTYN K cBepxOomblmM (aiinam, 6a3aM JaHHBIX, a TaKke K OONBIIOMY
yuciy (haiiyioB B KaTajaorax;

— UNIX — coBmectumas (paiisoBasi cuctema;

— daiioBas cucTema JyIs JOCTYIA K JaHHBIM Ha ONTHYecKux auckax (tuna CD-ROM).

CrannmaprtHast ke QaiinoBas cucrema OS/2 coBmectuma c QaiinoBoit cucremort DOS. ITlepona-
4anpHO ToNb30oBaTenbekuii uHTEepdeiic OS/2 6b1 moxox Ha DOS, ogHako mHTepdeiicHas cuctema PM
npeBpaiiaia ero B rpapuyeckuii (kak, Brpodem, 1 Windows s DOS).

K nonomautensHbIM focTonHcTBaM OS/2 creqyeT OTHECTH:

— MOJJICPXKKY TUHAMUYECKOW KOMIIOHOBKH MPOTrPaMMHBIX MOJYJIEH B €IUHYIO UCIIONHSIEMYIO IPOT-
pammy, T.e. GpOpMHUpOBaHHE MPOrpaMMBbl BO BpeMsi €€ BBHIMONHEHHS, a HE MpenBapuTenbHo. JuHamu-
Yyeckasi KOMIIOHOBKA TO3BOJISIET BKJIIOUUTH B MPOrpaMMy TONBKO TpeOyemble Jjisl JAHHOTO KOHKPETHOTO
BBITTOJTHEHU ST MOALYJIH;

— MOJJIEPKKY BUPTYaJIbHOMN MaMsITH.

Hecmortps Ha nmpokyto peknamy OS/2 ee pazpabotunkamu — pupmamu IBM u Microsoft, mons3zosa-
TENTM OTHECIIUCH K Hel ¢ OOJIBIION OCTOPOKHOCTBIO, YTO OOBSICHACTCS CIEAYIOMIMMHU 00CTOSATENLCTBAMMU:

— KOHCEPBAaTHU3MOM TI0JIb30BaTelel, MMEIOIUM OOBEKTHBHBIE MPUYMHBI, CBS3aHHBIE C HEOOXOJIH-
MOCThI0 TproOperenus HoBor OC U ee 0CBOCHMS;

— HEBBICOKOH peakTUBHOCTBIO (ObIcTpoaeiictBuem) OS/2;

— OonbimM o0bemoM O3V, HeoOXoauMBIM s ee padboThl (cama OS/2 3anumaer okoio 500 Koaiir,
mipu 31oM [I9BM jomkHa UMeTh maMaTh 00beMOM He MeHee 2 MOaliT), a Takke HEBO3MOXKHOCThIO Xpa-
HEHHs CHCTEeMbI Ha THOKOM JIMCKE, a CIIeJOBAaTENbHO, 1 3arPy3KH C HETO;

— Henopaborkamu B camoii OC;

— HeOOJNBIIUM KOJMYECTBOM MMEIONINXCS CUCTEMHBIX M MPHKIAJHBIX TPOTPaMMHBIX CPEACTB JUIS
atoit OC (ecnu ke ucnonb3oBath [10, paspadorannoe st DOS, To ero a¢pheKTUBHOCTL 3aMETHO YIaaeT
BeiencTBUE (PyHKIMOHUPOBaHUS ofHOBpeMeHHO NBYyX OC).

AHanu3 3TUX TMPUYMH TIOKA3bIBAET, YTO TJIABHOM MPUYUHOW Mayioro pacrpoctpanenus OS/2 B TO
BpeMsl SIBIJICSI HU3KUI ypOBEHb Pa3BUTHS TexHUYeckux cpeactB camux I1K. B cBs3u ¢ Heynauamu OS/2
«8 Henpax» IBM u Microsoft copmupoBanuce onpeneneHHble MyTH uX mnpeogosieHns. OHU OKa3auch
Pa3IMYHBIMH, YTO TIPUBENIO K Pa3pbIBy OTHOLIEHWH MEXKIY ABYMsI OBIBIIMMH COIO3HUKAMH.

Komnanus IBM mpogomkana nenath ctaBky Ha OS/2 u yxe B 1991 1. BeimycTrina 32-pa3psiiHyro
0OS/2 Bepenn 2.0. [Janee IBM 3akmounia coro3 ¢ Kommanueid Apple u cozfana 00beKTHO-OPHEHTHPOBAHHYIO
OC nHoBoOro NoKoJNeHus, kotopast nony4uia Hazsanue OS/2 Warp 3.0. Dta onepanionHas cucteMa uMmena
yKe TOJIHOCTBIO TpauIecKuii MHOTOOKOHHBIH MHTep(elic U Ha HECKOJIBKO JIET olepeuia Apyrue onepa-
IIMOHHBIC CUCTEMBI B JJaHHOM Hanpasiichun. JlanpHelmmMm pasputuem OC Obiia Bepcus OS/2 Warp 4.0.
[Nonutuka xe pupmbl Microsoft Obu1a Hanpasiena B oonacts pazsutus OC DOS B COBOKYIHOCTH € HH-
tepdeticHoit cuctemoit Windows, koropas mpuneciia Microsoft HeObIBaJIbIi (prHAHCOBBIN yCIex.
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K coxanenuto, B Hactosiiee Bpems OC OS/2 Warp UCIONIb3yeTcst pEAKO M TOJBKO YIS BBICOKOIIPO-
(eccnonanpHOr0 MprMeHeHus. [ TaBHOM MPUUYMHOM 3TOro sBisiercs naBieHue Gupmel Microsoft (saBis-
IOLICHCS B HACTOALIEEe BPEMsl MOHOIIOJIMCTOM B 00JaCTH CO3[aHHUsl KOMITBIOTEPHBIX IPOrpaMM) Ha MPOM3-
BOJIUTENEH MPOrpaMMHOTO OOecTiedeHHs] Pa3TuuyHOr0 Ha3HAueHUs W, KaK CIEACTBHE 3TOr0, HEpa3BUTOE
1O OC 0S/2.

1.1.4. OC UNIX

ITo mepe pa3zButusa texHudeckux cpeacts [I9BM pacrer u nonynapHocts OC cemeiicmea UNIX.
[lepBrIii IpencTaBUTENb 3TOTO ceMeicTBa ObLT pa3zpaboTan B 1969 1. ans muan-9BM K. Tommnconom mpu
yuactuu J. M. Putun, M. JI. Makunpos u J[x. @. OcanHa — cOTpyIHUKOB aMepuKaHCKoil ¢upmbl Bell
Laboratories, spnstoreiicst punmnanom amepukanckoit kopropauuu AT&T. Matepecen ToT ¢akT, 4To pa-
6otel o OC UNIX Hayamuch BONPEKH KeTaHHAM aAMUHHUCTpauuu 3Toi ¢gupmbl. Co3naHHas cucrema
MOJTy4riIach HACTOIBKO YAAYHOM, YTO BIOCIIEACTBUH cTana ctangapToM de facto mis 9BM npomsblnuieH-
HBIX ¥ Hay4YHBIX opranmu3aiuii. OCHOBHBIE KOHIIENINH, 3aj0okeHHbIe B UNIX, BOMIONIatOTCS BO MHOTHE
HoBsle OC.

OcHoBoii padotbl UNIX siBsieTcst siApo onepaoHHON CUCTeMbL. DTO OOBIYHBIN BHIMOMHIIEMBIH (aii,
JISKAIIUN B TUPEKTOPHH, TUTIA /uniX, Wiy /stand/unix, wiu /vmunix, win /vmlinuz (B 3aBUCUMOCTH OT KOHK-
perHol peanuzanun). [Ipu cTapTe cUCTEMBI OH LIEIMKOM TPY3UTCS B MaMSTh, MOCTOSHHO TaM HaXOIUTCS
W BBINIOJNHSET BCE CHCTeMHbIE DYHKIMH. B simpe HaxomsaTcs ApaliBephl yCTPOHCTB, BO3ZMOXKHO, H HEHYXKHEIE,
MOANPOrpaMMBbl yIpaBieHHUs] CHCTEMHBIMU PECypcaMu, TaOIMIbl TEKYIIUX MPOLECCOB M OTKPBITHIX (aiiios,
CHCTEMHBIC BBI3OBBI, T. €. 00pabOTUHKH CHCTEMHO-3aBUCHMBIX (PYHKIMI. AHAJIOTOM MOCTIETHUX SBISIETCS
21 npepriBanue B MS-DOS wunu MHOTOUMCIIeHHBIE dKcTIopTUpyeMbie ¢pyHkiuu B DLL B Windows.

JlroObie omepanuu ¢ AUCKAMH KAMIMPYIOTCS B MAaMATH — 3TO TaK Ha3biBaeMblil OydepHBIH KA1
[Ipomeccel, T.e. Bce BBIMOIHIEMBIE MPOrPaMMBbl, 3alKCBIBAIOTCS B Tabnmie mpomeccoB. B memsx sko-
Homuu namsatu B UNIX Bcerga 3arpyaercst TOIbKO OJIHA KOIHSI BBIIIOIHAEMON IIPOrPaMMBbI; TAKKE UMe-
10TCsl pa3zaensiemble OubnnoTekn (ananorom sisisercss DLL), mo3Bosironie UMETh TONBKO OAHY KOIHIO
HeKOTOpbIX (GyHKIUi. Kakaplii mpoiecc uMeer cBoe BHPTyalbHOE apecHoe mpocTpancTBo. s Toro
9T00BI 00ECTIEUUTh BO3MOKHOCTh MOIACPKUBATH MIPOTPAMMBI, TPEOYIOIINE ONEePaTUBHON MaMsTH, KOTO-
pas npeBocxoauT ux ¢pusndeckuii oobem, UNIX nogaepxuBaer swapping. O61acTe naMsITH TPOTrPaMMBbI
JeTUTCS Ha TPH YacCTH: COOCTBEHHO KOJ MPOTrPaMMBbI, CTaTHUECKWE W JTUHAMHUYECKUE AaHHble. MOXHO
MoTpeOOBaTh IO BO3MOKHOCTH HE BBITPYXATh MIPOrpaMMy IMOCIIE 3aBEPLICHUS, YCTAHOBUB OUT «HABS34H-
BOCTH». B 3TOM ciiyyae npu moclienyromieii 3arpy3Kke nporpaMma OyzeT 3ammyiieHa No4TH MrTHOBEHHO.

daiinosas cucrema UNIX mpencrasisier co0oit ojHO OosibIiioe aepeBo. Kax bl pa3zien qucka uMeeT
CBOE JICPEBO, a BCE TaKHE JEPEBhs CLEILIIIOTCS B 0HO. KopHeM sBisiercst qupektopus "/". B daitnoByro
CHCTEMY BXOJIUT M TUpeKTopus /dev, B KOTOpOW HaXOAWTCS ONMHCaHHE (PU3NUECKHX W JOTUYECKHX YCT-
POMCTB, TakMX Kak >kecTkue nucku, npuHTep, TTY m HekoTopbie apyrue. I1oCKOIbKYy AJsi OBICTPOTHI
¢aiinoBas cucreMa KIUIMPYETCs, TO BHIKIIOUEHHE MUTAHUS MOXKET NMPHBECTH K pa3pylIeHUIo (ailiioBoit
CHCTEMBI.

BonbmactBo UNIX-110100HBIX CHCTEM SIBIISIFOTCS MHOTOIOJIb30BATEIIbCKUMU M 00JIaIat0T CIIETY-
FOLIMMH XapaKTepHBIMHU YepTaMu:

— MOJJIepXKKa Hepapxudeckon (aiioBoil CTPYKTYphl ¢ MOHTHPYEMBIMH JJHCKOBBIMH TOMaMHU;

— HaJM4He KOHBEHepOoB U CPeCTB MepeHanpaBieHus BBOJa / BEIBOJIA;

— HaJM4Me CPeACTB KOMMYHUKAIIMY B JIOKAJIbHBIX U APYTUX BBIUMCIUTENbHBIX CETAX;

— MOJIepKKa IIHUPOKOTo pazHooOpas3us nepuepruiiHbIX YCTPOMCTB WACHTUYHBIM, C (aiiIoBOH Tpak-
TOBKOIA, 00pa3oM;

— HaJM4ye MHOXKECTBA MOJIE3HBIX CTAHAPTHBIX U JONMOTHUTEIbHBIX YTHIINT;

HaJINM4YUC BCTPOCHHBIX MHCTPYMCHTAJIbHBIX CUCTEM;,

IIPUMEHEHHUE CPEICTB NIAPOJIbHON 3aLUTHI;

BBICOKasi MOOWJIBHOCTh BeiieAcTBUe Moy abHOCTH OC U MCIONB30BaHKUE JIIsl €€ pa3pabOTKU sI3bIKa
nporpammupoBanus C/C++;
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— OTKPBITOCTH U1l MOAM(HUKALNI U PacCIINPEHHIA;

— 3¢ ¢eKTHBHBIEC CPEACTBA JCKTPOHHOM MOUYTHI U Mepeiavyn JaHHBIX;

— MOJJIepXKKa BUPTYATbHOU MaMATH CO CTPAHHYHBIM 3aIIPOCOM.

CrycTsi TOBOIBHO HEMPOJOIKUTENbHOE BpeMs mocie cBoero BoszHukHoBeHUs: UNIX crana pasBu-
BaThCs 10 IBYM HampaBlieHusM. [lepBoe (kommepueckoe) moguaepxusanock USL (UNIX System Labo-
ratory), BTopoe (HeKkoMMepueckoe) OblI0 IpoekToM, ocyliecTBisieMbiM B Berkley. IlepBoe HampaBnenue
nopocio 10 SVR, sropoe — g0 BSD. Onmnako USL 3acymuiia BSD 3a ucnonb3oBanue pparMeHTOB Kojia
¢ xonupaiitom AT&T, BenencrBue yero Muorne kommepueckne UNIX mepemmu Ha muHuto SVR. Pac-
CMOTpUM OcHOBHBIE coBpeMenHble Ttk UNIX s PC:

1) HEKOMMepUecKHe:

— NetBSD;

— FreeBSD 2.1 — naubonee noaxoaut assi paboTel B CeTH. B HEM MOIHOCTBIO 3aHOBO TEpeenaH
KOJI si7pa, TJie MOT' Obl BO3HUKHYTH KOH(HKT ¢ USL;

— Linux — campIit nomynsipusiid cpean 6ecrmatbeix UNIX;

— Qnx;

2) KOMMepyYecKue:

— BSD/OS 2.0 BSDi/386 — nHenoporoii;

— Solaris — xomus ¢ SUN;

— SCO UNIX.

Paccmorpum nogpoOHee nByx npencraButeneii cemeiictea OC UNIX, KOTOpBIM B TIOCIETHUE TOMBI
yaensiercss Hanbombiee BHUManne — Linux u Qnx.

1.1.5. OC LINUX

Linux — cBoOoxHO pacnpoctpansiemas Bepcus UNIX, nmepBoHadanbHO paspaboranHas JIuHycom
TopBanbacom B YuuBepcutere XenbcuHku (DumnmsHmus). Linux ObUT cO3laH C MOMOIIBI MHOTHX
UNIX-nporpaMMHCTOB W 3HTY3HacTOB U3 Internet, TeX, KTO IMeET JOCTaTOYHO HABBIKOB M CIIOCOOHOCTEH
pa3BuBath cuctemy. Sapo Linux He mcnonb3yer koiabl AT&T unm kakoro-nu0o Jpyroro 4acTHOTO HC-
TOYHHMKA, W OONBIIMHCTBO mporpamm Linux paspaboransl B pamkax npoekta GNU u3 Free Software
Foundation B Cambridge, Massachusetts. Cieayer oTMeruTs, 4yTo B pa3pa0oTKy Linux BHecIu lienty
MPOrPaMMHUCTHI BCEr0 MUPA.

Boo6mie Linux co3gaBancs Jlunycom TopBanbicom kak xo00u. Ero BaoxHOBMIa omneparuoHHas
cucrema Minix — manenpkass UNIX-cucrema, cozgannas Andy Tanenbaum. Bmepsbie Linux obcyx-
nancst mo komnbiotepHol cetn B pamkax USENET newsgroup comp.os.minix. B 3Tux o0cCyXIaeHuUsAX
MpeX/ie BCero NPUHUMAIH y4acTHe Nonb30BaTen Minix U3 yueOHBIX M HAyYHBIX 3aBE/IEHHH, KOTOPHIM
XOTEJI0Ch Yero-To 0ombliero, ueM Minix.

Pannee pazsutre Linux ObII0 CBS3aHO MPEXkIE BCEro ¢ MPOOIEMOH MepeKToYeH s 3a1a4 B 3allHIIeH-
HoM pexume it 80386. Bee mucanock Ha accemOnepe. OtHocuTenbHO TosiBiieHus: Linux Bepcuu 0.01
HUKOT'/Ia HE JealloCh HUKaKuX OpHUIHANBHBIX 3asBieHui. Mcxomasie Tekctrl 0.01 He naBanu aaxe HOp-
MaJIBHOTO BBIMOIHAEMOTO KOAA: OHH (PAKTUYECKH COCTOSUIM JIMIIb U3 Ha0Opa 3aroTOBOK JJIS SIApa U MOJI-
YauBO MPEIoNiarajii, 4To Bbl HMeeTe JOCTYN K Minix-MaluHe, 4TOObI UMETh BO3MOXKHOCTD KOMIIHITH-
poBaTh MX U coBeplIeHCcTBOBaTh. [lepBas «oduimanbHas» Beperst Linux 0.02 Obiia obbsiBieHa TopBanbi-
coMm 5 okTsa0pst 1991 1. B 910 Bpemsa Linux yxe mor BoimonHATs bash (the GNU Bourne Again Shell)
u gcc (the GNU C compiler), xoTst paboran on kpaiitHe HeHaaexHO. [locie Bepcun 0.03 TopBanbac ckau-
KoM Tiepenien B Hymepanuu K Bepcuu 0.10, Tak Kak HaJ MPOEKTOM pabOTao yKe JTOBOJBLHO MHOTO
MPOTrPaMMHUCTOB-3HTY3HACTOB. [1ocIie HECKONBKUX MOCTIEAOBABIINX TEPECMOTPOB Bepcuii JIMHyC prcBoOm
odepenHoi Bepcur Homep (.95, 4TOOBI TeM caMbIM OTPa3HTh CBOE BIEYATIEHHE O TOM, YTO CKOPO BO3-
MOXHa yXe «opuuuanpHasy Bepcust (00BIMHO porpaMMamM He JaloT Homep Bepcuu 1.0 10 Tex mop, moka
OHa He OyJleT TeOpPEeTUUECKH 3aBeplieHa U OTIIaXXeHa).

Ceroanst Linux — »t10 monuorienHas OC cemetrictea UNIX, cocobnas padorate ¢ X Windows,
TCP/IP, Emacs, UUCP, mail u USENET. [Ipaktuuecku Bce BakHEWIIHME MPOrpaMMHBIE TAKEThl OBbLIH
nmocTaBJieHbl M Ha Linux, T.e. it Linux Tenepb TOCTYIHBI 1 KOMMepYecKue nakersl. Bee Gonbiee pazHo-
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o0pazue 000pynoBaHUS MOAJIEP)KUBACTCA 110 CPABHEHHIO C MEpBOHAYAIBHBIM SApoM. Linux mommepku-
BaeT OOJILITMHCTBO CBOMCTRB, pUCymuXx apyruM peanuzarusam UNIX, a Takxke psj Tex, KOTOPBIX OOJbIIe
HUTAEe HeT. Linux — 3TO monmHas MHOro3ajgadHasi MHOTOIOJIB30BATENbCKasl OIEpallMoOHHAs cHUCTeMa
(TouHo Tak ke, kak u Apyrue Bepcun UNIX). Linux gocTaToyHO XOpOIIO COBMECTHMA C PAJOM CTaHIap-
ToB 111 UNIX (Hackonbko MOXKHO roBOpUTH 0 cTaHaapTuzanuy UNIX) Ha ypoBHE MCXONHBIX TEKCTOB,
Bmrovas I[EEE POSIX.1, System V u BSD. Ona co3maBanach, uMes B BUIY TaKyld COBMECTHMOCTb.
BonbmmHCcTBO CBOOOIHO pacipocTpaHseMbix 1o cetr Internet mporpamm aiist UNIX MokeT ObITH OTKOM-
nuupoBano s LINUX npaktuuecku 6e3 ocoObix m3meHeHuil. KpoMe Toro, BCe UCXOHBIC TEKCTHI JUIsI
Linux, Britrouas siipo, apaiiBepbl yCTpOWCTB, OMOIMOTEKH, TIOIB30BATENbCKHE MTPOrPaMMbI 1 HHCTPYMEH-
TaJbHBIE CPENICTBA, PACTIPOCTPAHSIOTCS CBOOOAHO.

Hpyrue crnenuduyueckue BHYTPEHHHE 4epThbl Linux BKJIIOYAIOT: KOHTPONb pabOT MO CTaHAapTy
POSIX (ucmons3zyemblii 000104YKaMHu, TAKUMH Kak csh U bash), TiceBAOTEpMUHANBI (pty), TOIAEPKKY
HaI[MOHAJIbHBIX U CTAH/IAPTHBIX KIIABUATYpP JUHAMHYECKHU 3arpyKaeMbIMU JIpaliBepaMu KiiaBuatyp. Linux
TaKKe MOJIeP)KUBAET BUPTyallbHbIE KOHCONH (virtual consoles), KOTOpbIE TO3BOJSIOT IIEPEKITIOYATh
9KpaHbD» Ha KOHCONH B TEKCTOBOM PEKUME.

SAnpo OC moxer camo smynupoBaTh koMauabl 387-FPU, Ttak uTo cuctemsl 6e3 compolieccopa Cro-
COOHBI BBITIOJIHATH MPOrPaMMBI, Ha HETO PaCCUUTHIBAIOIIHUE (T. €. C TUIABAIOIIEH TOUKOH ).

Linux moxaep>kuBaeT pa3inuyHble THIBI (aliIoOBBIX CUCTEM JUI XpaHeHus JaHHBIX. HekoTopsie daii-
JIOBBIE CHCTEMBI, TaKue Kak (paiiyioBasi cucrema ext2fs, ObuiM co3anbl crienuaibHo s Linux. [lommep-
KHUBAIOTCS TAKXKE APYTHE THIBI (PaiiJIOBBIX cucTeM, Takue kak Minix-1 u Xenix, ISO 9660 CD-ROM nns
paboter ¢ muckamu CD-ROM MS-DOS Ha xecTkoMm nucke. PeanuzoBana daiinoBas cucrema MS-DOS,
MO3BOJISIONIAs TPSIMO oOpainathes K ¢aiiam MS-DOS Ha KecTKOM JHCKe.

Linux obecnieunBaer monHbid Habop npotokosioB TCP/IP myist cereroii paboThl. DTO BKIIIOYAET Jpaii-
BEpbI YCTPOMCTB Juia MHOTHX nonyssipHbIX KapT Ethernet, SLIP (Serial Line Internet Protocol, o6ecnieun-
Baromux jgocrtyn 1o TCP/IP npu nocnenosarensHoM coenuuenun ), PLIP (Parallel Line Internet Protocol),
PPP (Point-to-Point Protocol), NFS (Network File System) u T. 1. [lonaep>xuBaercs BeCb CIICKTP KIIUCH-
toB 1 yciayr TCP/IP, takux kak FTP, telnet, NNTP u SMTP.

SAnpo Linux cpasy co3aHo ¢ y4eTOM CIElHaIbHOTO 3alUIIEeHHOr0 peKuMa sl mpoieccopos Intel
80386 u 80486. B wactHocTH, Linux HCIonb3yer napagurMy OMUCaHUs MAMATH B 3aIMUIICHHOM PESKUME
W Jpyrue HOBbIE CBOMCTBA mporeccopoB. Sapo Linux momaep:kuBaer 3arpy3Ky TOJIBKO HYXHBIX CTPaHHIIL,
T.€. C JUCKa B TIAMSATH 3aTPYyXKarOTCsl TE€ CErMEHTBI IPOrPaMMbl, KOTOPbIE JEHCTBUTEIBHO UCTIONB3YIOTCS.
B03MO)XKHO HCTONB30BaHUE OIHOW CTPaHUIBI, (PU3UUYECKH OJMH Pa3 3arpy’KEHHOH B MaMATh, HECKOIb-
KHMH BBITIOJHSICMBIMY IPOTrPaMMaMHU.

s yBennueHus o0beMa JOCTYMHOM mamMsT Linux ocyriecTBisieT Takke pazOneHne Jucka Ha cTpa-
HUIIBI, T. €. Ha IUCKE MOXKET OBITh BBIJIEIICHO /10 256 MOalT «IipocTpaHCTBa IS CBONIUHTA» (swap space).
Kornma cucreme Hy»HO Oosbiiie (PU3MYSCKON MaMSATH, TO OHA C MOMOIIBI0 CBOIMMHIA BBHIBOJUT HEAKTHB-
HBIE CTPAHMIIBI HA AUCK. JTO TIO3BOJISIET BHITIONHATEH O0Jiee 00beMHBIE TPOTPAMMBI U 00CTYKHBATh OJJHO-
BpEMEHHO Ooublile monib3oBaTeneid. OHAKO CBOMMHT HE MCKIIIOYAaeT HapalMBaHUs (GU3MUECKON mamsITy,
MOCKOJIIBKY OH CHIJKAeT OBICTPO/IeHCTBHE, YBEIMUYMBACT BPEMS AOCTYTIA.

Anpo OC Ttakxke MoJJIepKUBACT YHUBEPCAIBHBIN MyJl MaMATH JUIS MOJIb30BATEIbCKUX MPOrpaMM
W AUCKOBOro Koma. [Ipu 3TOM Ist KoIIa MOXKET MCIOJIB30BaThCS BCs MaMsITh, U HA00OPOT, K3 YMEHb-
mraeTcs mpyu padboTe OOJBIINX MPOrpaMM. BhIMomHsIeMbIe TPOrpaMMBbl HCIONB3YIOT IWHAMHYECKH CBS3bI-
BaeMbIe OUMOJIMOTEKH, T. €. BBINOJHSIEMbIC MPOrPAMMBI MOTYT COBMECTHO HCIIOJIb30BaTh OMOIMOTEUHYIO
MporpaMMy, MPeACTaBICHHYIO OJHUM (HU3NYecKuM (aiiioM Ha JuCKe (MHAdYe, YeM 3TO pPeai30BaHO
B MEXaHHM3Me pazienseMbix onoimorek SunOS). DTO MO3BOJISIET BHIMOIHIEMBIM (haiiiaM, OCOOCHHO TEM,
KOTOpbIE€ MHOTOKPATHO HCIOJNB3YIOT OMOMMOTeuHbIe (DYHKIMH, 3aHUMAaTh MEHbIIIE MecTa Ha aucke. EcTh
TaKXKe CTATHYECKHE CBSI3bIBAEMbIe OMOIMOTEKH ISl TeX, KTO JKeNaeT MOoIb30BaThes OTIAAKOH HA ypOBHE
OOBEKTHBIX KOJIOB MJIU UMETh «IIOJIHBIC» BBIMOJHIEMbIC TPOrPaMMbI, KOTOPBIE HE HYXIAIOTCS B pasjie-
JisieMbIX Onbsmorekax. B Linux pasaensieMbie OMOJIMOTEKH TUHAMUYECKU CBS3BIBAIOTCS BO BPEMS BBITIOJ-
HEHHS, TI03BOJISIS TPOrPAMMHUCTY 3aMEHSTh OMOIMOTEYHBIE MOJYJIM CBOUMH COOCTBEHHBIMHU.

Jns obecrnieueHus omiaaky sapo Linux BeIIAET AaMIIbl MAMSITH JUIS «TIOCMEPTHOrO» aHajim3a. Mcromb-
30BaHUE JIaMIla ¥ JUHAMHYECKUX OTJIaTYMKOB ITO3BOJISACT OMPEASIUTh TPUYMHBI Kpaxa MPOrpaMMEl,
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1.1.6. OC QNX

Hpyroii nonynsproit OC, sABIsIOMIENCS «JaJbHUM poACTBEHHHMKOM» ceMeiictBa UNIX, smBisgercs
Onx — ornepalliOHHAsl CUCTEMa PealibHOTO BPEMEHHM, CyIecTByomas yxe oomnee 20 ner. Paspaborkoii
JTAHHOMW CHCTEMbI 3aHUMaeTcs kanajckas pupma QNX Software Systems, Ltd.

[epBast onepaionHas cucrema peaibHoro Bpemenn QNX2 Obuta pa3paboTana mo 3akazy MuHuC-
TepctBa 000poHbI CIIIA M odeHb AOATO W YCHEIIHO MPUMEHSUIach BO MHOTHX OTpacisix. [losxe ee
cmenmiia QNX4, npumenmas B Hadane 90-x rr. u B Poccuio yke Kak JIOCTyIHas BCEM IOJIHO(YHK-
[UOHANbHAsI KOMMepUecKas orepaliioHHas cucTeMa. JTa CUCTeMa, MOopaXkarolias CBOeH KOMIAKTHOCTHIO
Y BO3MOXKHOCTSIMU — ¢ rpaduueckoii odoonoukoi Photon, Opay3zepom Voyager, cpeacTBaMu COeIUHEHUS
¢ Internet u makeToM JTOKyMEHTAIMH, 3arpyxaemMasi BCero ¢ ofHoi (1) TuckeTbl eMKocThio 1,44 MoOaiita —
3aBoeBajla YMbI M Ceplla OYeHb MHOTHX TOJNb30BaTeNeil U pa3paboTYMKOB, OCOOEHHO €CIIM Y4ecTb, UTO
paboTath ¢ Heil MOXKHO OBLIIO Ha KOMITbiOTEpe ¢ nporeccopom 80386 u ¢ 4 Moaiitamu namsatu. K coxa-
JICHWI0, 3Ta CUCTEMa OTITyTUBaJa MOJIb30BaTeNel BBICOKOH IS «JJOMAIIHEro» KOMIBIOTEpa CTOMMOCTBIO.

U Bort, HakoHer, cepumioch — 24 anpens 2000 r. komrnanug QSSL aHOHCHpyeT MosiBIEHUE CHC-
TEMBbI HOBOTO YpPOBHSI, OecIUIaTHON I KOHEYHOTO MOJb30BaTeNsl U pa3paboTyrKa MpH COOIIOACHUH yC-
JIOBHIA €€ HEKOMMepUecKoro ucnoib3oBanus. Hazsannas QNX Realtime Platform, ata cucrema nenvkom
W TIOJTHOCTBIO OIPaBBIBAET CBOE HA3BaHHE — B HEH peajM30BaHO JIydlllee U3 TOTO OIbITa, YTO OBbLT Ha-
KorieH gupMoii 3a aBa Aecsatuierus. [1o CBOMM BO3ZMOKHOCTSIM OHa MPEBBIMIAET cBoero coopara QNX4,
y’Ke Ha3bIBaeMoro «miaamum». [1o BcTpanBaeMocTH 3ToO cucTeMa ObeT BCe BOZMOXKHBIE PEKOPABI — IS
HOPMAJBHON PabOThl MOKHO OTPaHUYUTHCS TOJBKO SIIPOM, 3aIyCKAIOIMM OIMH €IMHCTBEHHBIN Mpoliecc,
naiee padotatoruii ¢ HUTAIME (B QNX4 B 11000M ciiydae HE00X0JMMO 3aITyCKaTh MEHEKEp MPOIECCOB).
SAnpo xe cucrembl QNX RtP 3anumaer Bcero 32 kuiobaiita.

B Hacrosmuii MOMEHT 3Ta cucteMa BcTaeT B ofuH psia ¢ Linux, FreeBSD u BeOS. B neit peanuso-
BaHa KOMITaKTHas Tpaduueckas odonouka Photon microGUI 2.0, koropasi ropa3io MEHbIIE IPOMO3/IKOM
X-Windows u HamHOTO Oonee ApyxecTBeHHas. K ToMy e 3/1ech ecTh BCTPOSHHAS MOAJEPIKKA 3aIycKa
OpUTHHAIBHBIX X-nipriiokeHnit — maker XPhoton. IToxg Photon cymiectByer crnenuanbHbIA MakeT Jyist
BH3YaJIbHOM pa3paboTKu cOOCTBEHHBIX mpuiioxkeHuit — Photon Application Builder, kotopsiii mpemnoc-
TaBJsieT Ais pazpadorunka [10 3HauuTensHO Oenee yaoOHBIN U OpyXecTBeHHBIH nHTepdeiic, uem Delphi
niu Visual C++,

1.1.7. OC WINDOWS

Bcekope mocne mosienenus B cepenune 1981 r. IBM PC crano oueBUIIHO, YTO TOCHOJCTBYIOMIEH
orepanroHHon cuctemoi uis PC (Bkirouass coBMecTUMBIC) NobkHA crath MS-DOS. Pannue Bepcuu
MS-DOS o6ecrnieunBanu s moab3oBaTens HHTepdeiic KOMaHAHOW CTPOKH, OTOOpa)kasi TaKKe KOMaHIbl,
kak DIR u TYPE, koTopble MOIUIM 3arpyKaTh BBIIOJIHSAEMBIE IPOrPAMMBI B OIIEPATUBHYIO NIaMATh U IIPE/-
Jarany s 3TUX MPorpaMM ONpeselieH bl HHTepdeiic A JocTyna K ¢aiiaMm, CYUTHIBaHUST HHPOpMa-
[IUY C KJIaBUATYPbI, 0TOOpaKEHUs Ha TIPUHTEPE M HA SKpaHe AUCILIies (TOIBKO B CHMBOJIBHOM PEKHME).

HW3-3a orpaHMYeHHBIX BO3MOXKHOCTEH MPOrPaMMHOIO M alapaTHOro oOecredeHus IceBaorpadu-
yeckas cpefa mpobuBania cedbe nopory memieHHo. KommnbioTepsl Apple mokazanu BO3MOXHYIO alibTep-
HATHBY, Korja B stHBape 1983 r. mosBunack ckanaanbHo m3BectHas OC Lisa, a 3atem B siHBape 1984 1.
Apple, pa3zpaboraB Macintosh, cozmana o0pa3noByr rpaduyeckyro cpeny (HeCMOTpsS Ha MOCTCHEHHYIO
yTpaTy 3TOH MOJENBI0 KOMITBIOTEpA CBOMX MO3UIIMI Ha PBIHKE), BCE €IlIe PACCMAaTPUBACMYIO KaK ITAJIOH,
Ha KOTOPBIi PaBHSIOTCS CO3JaTeNH JIF000H ApYyro rpadyuyeckoil 000I0UYKY.

O pab6ore Hag Windows kopriopanus Microsoft 3asiBuna B HossOpe 1983 T. (103:xke, 4eM MOosSBUIIACh
Lisa, HO panbiIe, ueM Macintosh) u peanmu3zoBana ee AByMs rojaMu mosxke, B HogOpe 1985 r. B Teuenue
IByx cieayronmx jer Microsoft Windows Bepcuu 1.0 mperepriena HECKOIbKO MOJEpHU3ALNH, HEOOX0-
JMMBIX JUISl YIOBIIETBOPEHMs TpeOOBaHUN MEXKIYHAPOJHOTO phiHKa. KpoMe 3Toro, mosiBUIMCH JOMONHU-
TCIIbHBIC Z[paﬁBCpLI JJI HOBBIX JUCIIJICECB U ITPUHTCEPOB.

Windows Bepcuu 2.0 Obuta co3mpana B Hos0pe 1987 r. DTa Bepcusl cojpepikaia HECKOJIBKO M3MEHE-
HUH monbp3oBaTeNbckoro narepdeiica. Hanbonee BakHOE U3 ATHX M3MEHEHUH KacajoCh WCHONb30BaHMUS
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MEPEKPHIBAIOLIMXCS OKOH BMECTO OKOH, PACIOJIOKEHHBIX PSJ/IOM, 4TO ObUIO XapakTepHo st Windows
Bepcun 1.x. Kpome Toro, Windows Bepcuu 2.0 conmeprxaina Takxke yIydlIeHHbIH HHTepdeiic Ki1aBruaTypbl
Y MaHHITYJIATOPA «MBIIIb», 8 TAKKE OTYACTH OKOH MEHIO U JTajora.

B To Bpems mns Windows TpeGoBanmuchk Toibko mporeccopsl Intel 8086 wim 8088, paboratoriue
B PEATBHOM PEXHME, IIPH STOM JIOCTYI OCyIIecTBIsuica K 1 MbaliTy onepatuBHoii namsatu. Windows/386
(cozmannas Bckope nociie Windows 2.0) ucnonb30Bajia BUPTyalbHBIN pexuM mporeccopa Intel 80386
JUISl 3aIyCKa HECKOJNBKHX OJHOBPEMEHHO paboTarommx ¢ odopynoBanueM mnporpamMm MS-DOS B okHax.
Hns cummerpun Windows Bepeun 2.1 Ha3Bamm Windows/286.

Windows Bepcuu 3.0 nosiBuiacek 22 mMapra 1992 1. 3neck Obun 00beIMHEHBI paHHUE Bepcun Win-
dows/286 1 Windows/386. I'nmaBabiM nzmenennem B Windows 3.0 Obl1a mogepKka 3alUIIEHHOT0 PSKIMA
nponeccopoB Intel 80286, 80386 u 80486. D10 mozBommwio Windows U ee MPHUIOKEHUSAM MOITYYUThH
noctyn kK 16 M6aiitam onepatuBHOM namsti. «O0onodka» nporpaMmm Windows aisl 3amycka Iporpamm
Y TIOJUICPKKK (pailyioB ObuIa MONHOCTBIO mepenenana. Windows 3.0 — a3to mepBast Bepcust Windows,
KOTOpasi CTajia «POHO» /ISl MHOYKECTBA T0JIb30BATEIBCKUX MAIIMH B IOMax U O(ucax.

Windows Bepcuu 3.1 mosiBuiack B anpene 1992 r. B Hee ObutM BKITFOUEHBI TAKHE BaXKHBIC CBOWCTBA,
kak TexHonmorus TrueType nms mpudToB (4To Mamo BO3MOKHOCTh MacIITaOMPOBaTh MMPUPTH AJIS
Windows), multimedia (3Byk u my3bika), OLE u nuanoroesie okHa o0Iero mnojib3oBanus. Kpome 3toro,
Windows 3.1 paboTaiia TOJIbKO B 3alUIICHHOM pekume, Tpedoraia nporeccopa 80286 uimu 80386 u mo
KpaliHell Mepe ofHOro Mmerabaiita omneparuBHoi namstu. [Tocie Windows 3.1 komnanus Microsoft BbI-
MyCTUJIa B MPOJaXKy HECKOJIbKo Apyrux BapuanToB OC, Bxiarouas Windows for Workgroups 3.1 u 3.11,
n3BectHyro kak Windows 3.11. C Touku 3peHus: pa3paboTdnKa MPHUKIAAHBIX MPOTpaMM, BCe 3TH Bapu-
AHTBI MaJIO YeM OTIIMYAJIHMCh JIPYT OT JApyra.

Windows NT, nosiBuBiasics B utoie 1993 r., crana nepsoit Bepcueit Windows, momaepkuBaroriei
32-pa3psaHy0 MOAEIbh MporpaMMupoBanus Juist mporeccopor Intel 80386 u 80486, a takke Pentium.
Windows NT umena cromnoe iockoe (flat) 32-paspsiiHoe ajpecHOe MPOCTPAHCTBO U 32-pa3psiiHbIC
nenelie. B To BpeMs MHOTHE MpOrpaMMHCThI BO3JIarajid Ha HOBYIO Bepcuto Windows Oobllne HaJaekK Ibl,
OJHAaKO IIOsABJICHUE NT crano A HUX CHUJIBHBIM Pa30odapOBaHUCM. Hosas OII€paliMoOHHasd CUCTEMa OT
Microsoft oka3zanach rpoMo3koil u TsxkenoBecHoi. OHa TpeOoBaia, 4TOOBI KOMIBIOTEP ObLIT OCHAIICH
Kak MUHUMYM 16 MOaiT onepaTuBHON MaMsTH (B TO BpeMsl JIMIIb HEMHOTHE 00JIaalii KOMITBIOTEPaMH C
oobemoMm O3V Gonee 8 MbaiiT). YcranoButs NT MOIUIM JHUIIb CYACTIIMBBIC 00IaqaTelId YCTPOHUCTB UTe-
HUS KOMIAKT-IUCKOB. Toraa 3To ObUIO JOpOroe yaoBOJIbCTBUE, U npuodpecty mpuog CD-ROM mornum
stk u3Opansele. Jlaxe eciu koMIbrOTep U 001a1a1 HEOOXOAMMON KOH(PUTYpaIUeid, 3a4acTyI0, YCTaHO-
BuB NT, mporpaMMHCTBI CTaJIKHBAJIKCh C IByMsI OCHOBHBIMHU MPOOJIEMaMH 3TOH ONepalliOHHON CHCTEMBI:
OTCYTCTBUEM NOAACPKKHU MHOI'UX allllapaTHbIX YCTpOﬁCTB U HCAOCTATOUYHBIM KOJIMYCCTBOM NPHUKIAIHBIX
nporpamMm. TakuMm 00pa3zom, cpa3sy rocie nosipiieHuss NT Kpyr TOKIOHHHKOB 3TOH ONEPallMOHHON CHCTEMbI
ObUT OTHOCHTEIBHO Y3KMM. BONBIIMHCTBO MOJIb30BaTeNell MpPOMODKalio Hcmonb3oBath Windows 3.1.
HOCTaBHII/IKI/I MIporpaMMHOI'O0 U amnrapaTHoro 06ecnequ1/I;1 HE HCIIBIThIBAJIN OCO6OFO JKEJIaHus HaydaTbhb
mupokoMaciitadHyro nomuep:xkky NT. Koneuno, B paboueii cpene NT MOIIM UCIHONB30BATHCS MHOTHC
nporpaMmsl, co3nanubie 11t Windows 3.1, Ho naneko He Bce. CreryeT OTMETHTbh, YTO HOBAsI OIEpaI[UOH-
Has cuctema Microsoft cromsia 3HaunTeNbHO nopoxe, yeM Windows 3.1, kpoMme TOro, JONOTHUTEIBHBIC
()MHAHCOBBIC BJIOKCHUS MOTJIM TMOTPEOOBATHCS W IS MOJICPHU3AIMM KOoMIbioTepa. [lpu cosmaHum
Windows NT komnanus Microsoft BKkIroumiIa B COCTaB 3TON ONEPaMOHHON CUCTeMbI MOy Windows-
On-Windows (WOW), 6naronaps koropomy B NT MoxHO ObLIO 3amyckaTh npuiokenus Windows 3.1,
OZIHAKO WHKeHepbl Microsoft ObuIM HeMpUATHO yauBIeHbI. OKa3a10Ch, YTO OIPOMHOE KOJIMUYECTBO CYILECT-
BOBAaBIIMX HAa TOT MOMEHT IIpOrpamMm B IIPOLIECCE cBOEH pa6OTLI HCIIOJIb30BaJIN O]_[H/I6KI/I U HCAOKYMCHTHU-
pOBaHHBIE BO3MOKHOCTH HHTEepdetica Winl6 API. Takue mporpaMMbl 3a4acTyr0 OTKa3bIBAIUCh paboTaTh
B cpene WOW, Tak Kak 3TOT MOAYJIb B TOUHOCTHA COOTBETCTBOBAJ JJOKYMEHTAIIHH.

Tem He MeHee Microsoft mpuHsuIa pelieHHEe HE OTKa3bIBaThCs OT CBOErO JETHINA U MPOJOIKATH
paboTy Haj yIydiIeHHEeM HOBOW OIEPAalMOHHOM CHUCTeMbl (KaKk B Cllydae C IEPBBIMH BEPCHSIMHU
Windows). Uepe3 HekoTOpoe BpeMsi ObLIO BBIYIIICHO HECKOJILKO HOBBIX, yiyuliieHHbIX Bepcuii NT. Bee
K€ PYKOBOJACTBO KOMITAHHUU IMOHUMAJIO, UTO AJId JOCTHIKCHUA YCIICXa HCO6XOI[I/IMO IIPpUBJICYb B MUD NT
CTOPOHHUX HE3aBHCHMBIX Pa3pabOTYMKOB ITPOrPAMMHOI0 00eCIICueHHSI.
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Pemennem mpoGnembl crana omepaiuonHas cucrema Windows 95 (mepBoHa4YaJIbHO YCIIOBHO Ha-
3panHas Chicago), kKoTopas mosBuiachk B aBrycte 1995 r. BmecTo TOro 4ToOBI BBITYCTHUTH Ha PHIHOK
Windows 4.0, kommanust Microsoft pemmia yIuBUTh MUpP COBEPIICHHO HOBBIM MPOAYKTOM. PyKkoBoaCTBO
KOMITaHWUHU CTPACTHO JKeNano, 4ToObl mokymarenu aymanu o Windows 95 kak o Windows NT Lite, T.e.
kak 00 obnerdenHoit Bepcuu NT. Onnako Ha camom aene Windows 95 Oombie HanmomuHana Windows 3.1,
KOTOpYIO HaKayajii HelleralbHbIMU cTeponsiaMu. OcHOBHBIM Ko3bipeM Windows 95 Ob10 TO 06CTOSTEND-
CTBO, YTO 3Ta ONEpal[MoOHHas CUcTeMa o0Jiajiana mporpaMMHBIM HHTepdeiicoMm, cxomabiM ¢ Windows NT.
Takum 00pa3oM, CTOpOHHHUE Pa3pabOTYMKH MPOrpaMM MODJIH Oe3 JOMOTHUTENBHBIX YCHIIMHA CO3/1aBaTh
MPHUIIOKEHHS, C OMMHAKOBBIM ycriexoM paboTaromue kak B Windows 95, tak u B NT. Kommnanust Micro-
soft paccunThiBana, 4TO 3TO NPHUBENET K CTPEMHTEIBHOMY YBEIMYCHUIO KOJIMYECTBA MPOTrPAMMHBIX
npoayktoB juisi NT. UToObl 1momoOHBINA 3aMbIcen cpaboTai, HEoOXOIUMO ObLIO 00ECIIEUUTh MAaCCOBBIM
nepexoy] noib3oBateneit Windows 3.1 Ha ucnonb3oBanue Windows 95. B pesynbraTe npu mpoekTupo-
Banun Windows 95 ObLTM pUMEHEHBI HEKOTOPbIE BechbMa CIIOPHBIE JU3aliHEPCKUE PEeIICHHs], KOTOphIe
CIIO)XHO 00OCHOBATh, €CIHM TOJNILKO HE MPUHUMATh BO BHUMaHHWE HEOOXOAMMOCTh OOecTedeH s TTOITHON
coBmectumocTr ¢ Windows 3.1.

B mportecce pazpaborkn Windows 95 komnanus Microsoft permiia HU B KOeM Cllydae HE TIOBTOPSATh
MO/IXO0/1, UCTIOIB30BaHHbIN Mpu co3nanu WOW. [leno B TOM, 4TO MOIB30BATEIN JOMAIIHUX KOMIIbIO-
TEpOB OYEHb HEOXOTHO WAYT Ha OOHOBIIGHHE ONMEPAllMOHHONW CUCTEMBI, €CIIM Y HUX €CTh XOTS Obl MaJieii-
[IMEe COMHEHHsSI B TOM, YTO UX JIIOOMMBIE MPOrpaMMBI CMOTYT HOPMallbHO paboTaTh IMOCNIE YCTaHOBKH
HoBoit OC. Mcxons u3 3Toro ObUIO0 MPHHATO pelieHne B TOYHOCTH BocmpomsBectd Win 16 API (mpor-
pammubiii uHTepderic Windows 3.1) B coctaBe Windows 95. IIpu 3TOM, 4TOOBI JIUIIHUIN pa3 HE «HATIPSI-
ratbcsi», Microsoft pemmna He paspabaTeiBaTh HOBBIE Winl6, a MCHONB30BaTh YK€ CYIIECTBYIOMIWH.
B aToM cnyyae MOXHO OBUTIO HE omacaThbes MPoOIeM, CBS3aHHBIX C COBMECTHMOCTBIO: (PaKTHYECKH BCE
cyliecTByIoIIee nporpammuoe ooecriedeane Windows 3.1 cmoxker padorate B Windows 95, Tak kak o0e
3TH OIEpallMOHHBIE CHUCTEMBI, MO OOJBIIOMY CUETy, 00JaJaloT OIMHAKOBOW HauMHKOH. Maiyo Toro,
B Windows 95 cmoryt paboTath crapblie IpaliBephl anmnapaTHbix ycTpoicTB. Koneuno, Microsoft BHecna
B CHCTEMY HEKOTOpbIe 3MeHeHHs. Koe-kakne KOMIIOHEHTB! ObUTH MOTHOCTHIO MEpenucaHbl B 32-OMTHOM
Kone (Hampumep, oroOpa)keHne MpU(TOB M ynpaBieHHe namsTeio). Ho B memoM cucrema moytd mod-
HOCTBIO COXPaHWJIa CBOE BHYTPEHHEE CTPOCHUE.

Ho nouyemy torma Windows 9x HaswiBaroT 32-OMTHOI ornepaionHol cuctemoii? [lotomy, 4To B ee
coctaB BxoautT uHTepderic Win32 APIL. 3tor unrepdeiic npeodbpasyer Bbi30BbI Win32 B Bb30oBEI Winl6.
JlaHHBII MOX 0/ O3BOJISIET pa3padaThiBaTh MPOrPaMMEBl, KOTOpbIe padoTatoT kak B Windows 95, Tak u B NT,
HO pH 3ToM MHoOrue 3i1eMeHThl NT orcyrctByroT B Windows 95 mnu QyHKIIMOHUPYIOT TO-APYrOMY.
Kpome Toro, pacnpenenenue mamsata B Windows 95 cymectBenno otnyaercst ot NT. 3T1o caenano s
TOr0, YTOOBI 00ECIIEYNTh COBMECTUMOCTD ¢ TIporpammamu Winl6.

Crparerusi, n3bpannass Microsoft, cpaborana BenukonenHo. [locie mossnenns Windows 95 konu-
4ecTBO 32-OMTHBIX MPUKIIAIHBIX IPOrPaMM CTalo YBETHUUBATHCS C HEBEPOSITHOW CKOPOCTBIO. MoiepHu-
3anus nporpamm st Windows 3.1 Takum oOpa3om, 4ToOBI OHH CMOTIIH PabOTaTh ¢ HOBBIM HHTEp(eiicoM
Win 95/NT, Obia nerkoi paboTol, 1 MHOTHE IPOrPAMMUCTBI PEIIMIIA 3THM BOCIIOJIB30BATHCS, BIUBASCh
B OOIIMIT TTOTOK >KENMaloMX MONacTh Ha HOBBIHA PBIHOK. J[J1s1 monb3oBarenei, mpoJoKaromuX HCIOIb30-
Bath Windows 3.1, xomnanus Microsoft Beimyctrina mpoaykt Win32s, mo3Bossiionyid pa3padbaThiBaTh
MPOrpaMMBbl, KOTOpble MOXHO 3amyckaTh kak B Windows 95/NT, tak u B Windows 3.1. UuTtepdeiic
Win32s — »t10o Habop ¢yuknuit Windows NT, emie menbimii, yem Windows 95 API. Ipu obGpaiienuu
K 9TUM QyHKOMsIM MexaHu3M Win32s npeobpasyer Bbi3oBbl NT B Bb3oBel Windows 3.1. Takum obpa-
30M, Mporpamma, ucrnois3ytomas Win32s, Teopernuecku MoxeT padboraTs kak B Windows 3.1, Ttak
u B Win 95/NT.

Ha nene nponsuxenue 6nbnmuorekn Win32s oKOHYMIOCH MpoBaioM. K cokaneHuro, 3TOT IPOIyKT
OKazaJicsi BecbhMa HEHAJKHBIM 1 Majo3(QQEeKTUBHBIM, K TOMY e Ha0op QyHKIHH, Bxoasmmx B Win32s,
ObUT OTHOCHTENFHO HeOONbIIMM. TakuM 00pa3oM, BOZMOXKHOCTH Pa3pabOTYMKOB CHIIBLHO OTpaHUYMBA-
mck. C TeueHneM Bpemenn Microsoft nmpekpatuia nojuepxky onomuorexkn Win32s.

Tem BpeMeHEM HHIyCTpHs alnapaTHOTO oOecredeHns He CTosula Ha MecTe. KoMIbloTepsl pa3Bu-
BaJINCh TIOYTH CTOJNH K€ CTPEMHUTENBHO, KaK M OlepalloHHbIe CHCTeMBl. Bckope mporeccopsl Kiacca
Pentium ctanu oOmieil HOPMOIA, a IEHBI HA MHUKPOCXEMBI ONEPATHBHON MaMATH CHHKAJIUCH C KaKIBIM
nHeM. MHorHe BBICOKOPOU3BOANTENBHBIE BUCOKAPTHI U MPUHTEPBI OCHAIAIUCH coOcTBeHHBIME O3V,
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a KOMITBIOTEPHI C 00bEMOM OllepaTUBHON mamaTu 64 MOaiT u Gonee nepectanu ObITH penkocTio. Takue
KOMITBIOTEpPBI MOTJIH C JIETKOCTBIO obOecreunTh padoty NT, 1 MHOTHE MOJIb30BATENH MEPEKITIOYMINCH Ha
ucnons3zoBanre NT 3.5 nnu 3.51. CHMKeHue IIeH Ha MHOTONPOIIECCOPHbIE MaTepUHCKHE IJIAThl TAKKe
CTajJO MPUYMHON TOro, 4ro MHOrue oOpatwnu BHMManue Ha NT. Benmp sTa omepannoHHas cucrema
crmocoOHa MOAAEp)KUBATh pabOTy ¢ HECKONBKUMU Tiponieccamu, a Windows 95 Bcerjja HCnonb3yeT TOIbKO
OJIMH TIPOIIECCOP.

[Moeimenuto nonymsipaoctn Windows NT Ttakxke cnocobcrBoBan MuTepHer. Windows NT —
HEIUIOXOM CeTeBOH cepBep, a koMmaHnus Microsoft BKIrOUMIa B KOMIUIEKT MTOCTABKH 3TOM ONepaiMOHHON
CHCTEMBI BCE HEOOXOIMMOE JUISl TOTO, YTOObI OpraHM3oBaTh paboTy MOJHOIEHHOTrO y3ia BcemupHOi
ceru. EnuncrBenHoii cepbe3noil nmpobiemoid NT ObUIO TO, UTO, C TOUKU 3PEHHS MOJIB30BATENS, BEPCHS
NT 3.51 BHemHe cuiibHO HanoMuHana Windows 3.1. [IpuBsikiue k ynoocteam Windows 95 mnonb3oBa-
TENU JKeNald UMETh JIeJI0 C TAaKUM e IMPOCTHIM B UCTONIb30BaHUU MHTepdericoM, cpencrBamu Plug and
Play u npyrumu BO3MOXKHOCTSIMH, IOCTYHHBIMH TOJNBKO B cpeae Windows 95, HO OTCYTCTBYIOIIMMHU
B NT. I[IpoGiiema Obiina penreHa ¢ nosisnenueM Windows NT 4.0.

Mapamensro ¢ Windows NT 4.0 na peiHok norpedutensckux OC Obuia BeimynieHa Windows 98,
KoTopas siBHJIach nmpogoibkeHneM pasputus auHeiikn OC Windows 95. Haunbonee cyliecTBeHHBIM OTIIH-
guem jganHoit OC or Windows 95 sBUIOCH Hanuuue BCTPOSHHBIX CpeAcTB cBs3u ¢ Internet. K 2000 .
KommaHusi Microsoft BeIycTHIIa Ha PBIHOK JIBA CBOMX HOBBIX NpoAykTa. B mpopomxenue nuneiiku NT
obuta Beimymena Windows 2000, a B mpooybKeHre H 3aBeplieHue JnHelkn 9x — Windows Millenium.
K 2001 r. monmasmstomiee OOJBIIMHCTBO TOIH30BATEICH TOMAITHIX KOMITBIOTEPOB MPOOKAIN UCIIOJb-
3oBath Windows 95 unu Windows 98 (Windows Mellenium He Oblia npuHSATa OOJIBIIMHCTBOM IOJIB30-
Bareneii [1K, B mepByro odepens B CBS3M € YacThIMU OTKa3aMu cUcTeMbl). OCHOBHAs YacTh KOPIIOPATHB-
HBIX TOJIb30BaTelel, pa3paboTYMKOB U KBAIM(UIMPOBAHHBIX TONb3oBaTened nepenuia ¢ Windows NT
Ha Windows 2000.

Kommnanust Microsoft pacnipoctpansiia Windows 2000 B uerbipex BapuanTtax [1]:

Professional;
Server;

Advanced Server;
Datacenter Server.

BapuanT Professional myuiie Bcero moaxoauT i OCHAILGHHsI pabodel CTaHIIUH, ¢ KOTOPOU B Kax-
IbIii MOMEHT paboTaeT TONBKO OAMH TONB30BaTeNb. B 3TOT KOMIUIEKT BXOIUT BCE HEOOXOIUMOE LIS
ucrnonb3oBanus Windows B KadecTBe NMEPCOHAJILHOM ONepanroHHONW cucTeMbl. OCHACTUB HECKOJBKO
pabouux cranmuii cuctemorr Windows 2000 Professional, BbI Moxere 00bEAMHUTH UX B HEOOJBIIYIO
BBIYUCITUTENBHYIO CETb.

Ecnu BB HaMepeHbI OpraHu30BaTh PadOTy KpyMHOU cetu wi Web-cepBepa, BBl MOXKETe IPHOOpECTH
Windows 2000 Server. Ota pazHoBuaHocTs Windows, B CBOIO Ouepesib, PACIPOCTPaHSIETCS] B HECKOIBKUX
pa3muHbIX BapuaHTax. Hampumep, B coctaB kommuiekta Site Server BxousaT cuctema Microsoft Personali-
zation System 1 Apyrue cpecTBa OpraHu3anuy padoThl BEICOKO3()(HEKTHBHOTO MHOTOIIENEBOro y3na Web.

Omnepaunonnsie cucteMbl Windows 2000 Advanced Server m Windows 2000 Datacenter Server
MO3BOJISAIOT TIporpaMMamM 00pamaThcs K 0oNbIIeMy 0 00bEMY BUPTYAIbHOMY aJpECHOMY IPOCTPAHCTBY,
0051a/1a10T JOMONMHUTENBHBIMH, Oosee 3PEKTUBHBIMU CPEACTBAMH PabOThI C CEThIO, a TAKXKE MOJIEPIKH-
BalOT paboTy ¢ OOIBIINM KOJTHYECTBOM MPOLIECCOPOB.

Cucrema Windows 2000 o0namaer CieIyroIuMi OCHOBHBIMH OCOOCHHOCTSIMH:

— paccumMTaHa Ha paboyue CTAaHIMU U CEPBEPHI, a TAKKE HA MPUMEHEHHUE B EHTpax 00paboTKH
JaHHBIX;

— OTKa30yCTOIYMBa — IJIOXO HAITMCAHHBIC TIPOrPAMMBI HE MOTYT IIPUBECTH K KPaXy CHCTEMBL;

— 3amuineHa (HeCAaHKIMOHUPOBAaHHBIA JIOCTYINl K pecypcaM, Hampumep QaiiyiaM WM MpUHTEpaM,
YIPaBJISIEMBIM 3TOM CUCTEMOMN, HEBO3MOXKEH );

— OoraTblii Ha0Op CPEeNCTB M YTUIIUT AJIsl R AIMUHUCTPUPOBAHUS CHCTEMBI B MACILITA0aX OpraHn3allly;

— siupo Windows 2000 narucano B ocHoBHOM Ha C u C++, MO3TOMY CHCTEMa JIETKO MEPEHOCUTCS
Ha MPOLIECCOPBI C IPYTUMHU apXUTEKTYPaMH;

— moyHOCThIO noanepxkuBaeT Unicode, 4To ympolaer JOKaJu3alnuo U padoTy ¢ UCIONb30BaHHEM
Pa3INYHBIX SI3BIKOB;
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— HMeeT BBICOKOA((PEKTUBHYIO TIOACUCTEMY YIIPaBIEHHS MaMATHIO ¢ IMUPOKUMH BO3MOKHOCTSIMU;

— MOJJEPKUBACT CTPYKTYPHYIO 00pabOTKy MCKIOUeHUM (structured exception handling — SEH),
obJieryas BOCCTaHOBIIEHHE TIOCIIE OIIHNOOK;

— MO3BOJISIET PACIIMPATH (PYHKIIMOHAILHOCTD 33 CUET JIMHAMUYECKH MOJIKITFouaeMbIx oubimotek (DLL);

— MOJJEPKUBAET MHOIOIOTOYHOCTh U MYJIBTHIIPOIIECCOPHYIO 00paboTKy, 0OecreurBasi BRICOKYHO
MacCIITa0UPYEeMOCTh CUCTEMBI;

— (aiinosas cuctema Windows 2000 gaer BO3MOKHOCTh OTCIEKUBATh, KaK MOJI30BATEIN MaHHITY-
JUPYIOT ¢ JaHHBIMHU Ha cBoux [IDBM.

Kak yxe Obuto ckazano, Windows 98 sBisiach ornepariioHHON CHCTEMOM MOTPEOUTEIBCKOrO Kiacca.
Ona obnagana MEHOrUMH Bo3MoxkHOCTsIME Windows 2000, HO HEKOTOpBIE KITIOUEBbIE U3 HUX HE MOIACP-
XKHBaJa, a AIMCHHO:

— Windows 98 He sBisIach 0TKa30yCTOHUNBOW (IIPUIIOKEHUE BIIOJTHE CITOCOOHO MPUBECTH K Kpaxy
CHCTEMBI);

— Windows 98 Obuta MeHee 3aluIleHa, MOAIepKUBaja anmnapaTHbie miaaTGopMbl TOIBKO ¢ OTHUM
MPOIIECCOPOM;

— Windows 98 nomnepxkuBana Unicode JIUIIb YaCTHYHO.

Ho mouemy BooOIIe Ha MoMeHT Hauana XXI B. cymecrBoBano syupo Windows 98? Oteer oueHb
npoct — Windows 98 Obuta Oosiee ApyKeCcTBEHHA K moib3oBareito, yem Windows 2000.

Komnanus Microsoft akTHBHO mpojomkana paboTaTh HajJ CO3JAHUEM OIEPAIIMOHHOW CHCTEMBI,
OoJiee APYKECTBEHHOM K MOJB30BaTENt0, U B pe3yiabTate B 2001 1. 00bsBuia 0 Beinycke OC Windows XP
(OT aHTN. experience — ONBIT), M3BECTHOM TAKXKE IMOJ KOJIOBBIM HauMeHoBaHueM Microsoft Codename
Whistler. [lepBoHavanbHO B MJIaHbl Kopriopanuu Microsoft Bxoauia pa3paboTka AByX HE3aBHCUMBIX Olle-
PAILMOHHBIX CHCTEM HOBOTO MoKosieHus. [1epBbiif mpoekT momy4nis pabouee HazBaHue Neptune — 3ta OC
JOJDKHA ObLTa cTaTh ouepenHbiM oOHoBIeHUEeM Windows Millennium Edition, HOBOV CUCTEMOM TUHEHKH
Windows 9X. Bropoii npoekT, Ha3biBaBiuiics Odyssey, npennonarain coznanue OC Ha miardopme Win-
dows NT, koropast nomkna Obuta npuiiti Ha cMery Windows 2000. Onnako pykoBozcTBo Microsoft mocuu-
Tajo HelenecooOpa3HbIM PaccpefoTOYMBATh PeCypchl Ha MpoaBHXKeHue ABYX pa3Hbix OC, BciencTBue
4yero o0a HampaBlieHHs pa3paboToK ObUTH 00bEIMHEHBI B OAWH NMpoeKT — Microsoft Whistler. I naBHoit
3ajiayell mpu pa3paboTKe JaHHOW OINEpPaIlMOHHON CHUCTEMbI ObLIO COXPAaHEHUE BCEX OCHOBHBIX OCOOCH-
Hocreii Windows 2000 u co3manue mpu 3TOM Ooliee JIPYKECTBEHHOro0 MHTepdeiica JUlsl Moab30BaTEels.
Crnemyer OTMETUTh, 4TO KoMnanuu Microsoft 3To ynanock. C yyerom BiokeHus komnanueid Microsoft
Oosiee MuLIHapaa o/apoB B pexiamuyro kommanuio Windows XP B 2002-2003 rr. OC Windows XP
B 2003-2005 rr. Ober Bce pekopasl npoaax B obmactu OC. K 2006 r. Windows 9x octanach TOJIbKO Ha
yCTapeBIINX KOMIBIOTEPaX, KOTOpPbIE MO0 TEXHUYECKUM JaHHBIM HE TI03BOJISUIM YCTAaHOBUTHL Ooliee coBpe-
MeHHy1o cuctemy. Windows XP nns nHacronpabix [1IK 1 pabounx craHImMid BbITycKajach B TPeX MOJAU-
¢ukanusx: Home Edition — nns foMaHuX MepCOHANILHBIX KOMITBIOTEPOB, Professional Edition — nns
opucueix [1IK u, nakonen, Microsoft Windows XP 64bit Edition — nns nepcoHanbHBIX KOMIIBIOTEPOB,
coOpaHHBIX Ha 0a3e 64-OMTHBIX MPOIECCOPOR.

VY nuBnsieT 1eMOKpaTHIHOCTE IpH ycTaHoBke OC, BIUIOTH JI0 BeIOOpa THMa QaiinoBoii cuctemsl (FAT32
nnn NTFS), xors B nanHoMm ciyuae nipu Beidope FAT32 meHsiercst rinaBHas CymHOCTh JuHernku NT —
3alUIEHHOCTh Ha ypoBHE (baiiioBoit cuctemMbl. HecMoOTps Ha psii CIOPHBIX pelieHui, kommanus Micro-
soft, cosnaB Windows XP, mocTuria riaBHOro — CMOTJIa CIBUHYTH PSJOBOIO MOJB30BATEIS TOMAITHUX
cucrem ¢ Windows 98 B Windows XP.

B 2003 r. xomnanueii Microsoft Obls1a aHOHCHpPOBaHAa HOBas onepanuoHHas cucremMa Windows
Server 2003, co3gaHHas Kak onepanMoHHas cUcTeMa HOBOTO MOKOJIEHUs I CEpBEpOB U OCHOBAHHAsI Ha
koHtenuu Microsoft Windows.NET. [lannas cucrtema mnpunuia Ha cMmeHy Windows 2000 Server,
Advanced Server u Datacenter Server.

B stom xe 2003 r. Microsoft o0bsBisier o Havasne padbotel Hag OC HoBoro nokonenus — Microsoft
Windows Longhorn (mmo3aHee cucrema mojiyuuia HOBoe Ha3BaHue — Wista). ['1aBHas 0cOOEHHOCTh
cUCTeMbl — HoBas (aiiyioBasi cucrema, co3faannas Microsoft B kauectBe 3amennl st FAT32 u NTFS.
Oro Windows Future Storage, vimm, roBopst kopotko, WinFS. I'naBHasi 0cOOCHHOCTh (aliiioBOM CUCTEMBI —
abcTparupoBaHue MOJB30BATENS U MPUIOKEHUH OT (PU3MUECKOro pacrnoiokeHus: nHpopMaluu. B kakom-To
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cMbIciie oHa paboraer HamojoOWe OOBIYHOM 0a3bl JaHHBIX: TA€ Obl HU HAXOMWIICS HYXKHBIM (aiin, mjs
HAXOXKICHHUS U JIOCTYyNa K HeMy TpeOyeTcs JUIb BblIada ONEepallMOHHON CHCTEMBI 3allpoca, XapaKTepH-
3YIOIIETO UCKOMBIH 00beKT. JlyinHa Qaiisia, ero uMs, CrenuuIecKue MPU3HakKu — BCE 3TO MOXKET CIy-
XKHUTb B KA4eCTBE KOMIIOHEHTOB TaKOro 3ampoca. Pe3ynbraT — MakCHMaibHO OBICTPBIN HOCTYM K JaHHBIM
BHE 3aBHCHMOCTH OT MX THIIOB MU MECTOHAXOKICHHUS, a TaKKe 3aMedaTelIbHOE CBOMCTBO: Bce (ailibl,
JOCTYIHBIE C OJJHOTO KOMITBIOTEpa, MO’KHO YBHETH Cpasy, a He pa3bpocaHHBIMH Mo mankam. [lonpocty
roBopsi, 3amyctiuB MP3-meiiep, MOXKHO YBHIIETh Cpa3y BCE MOJJICPKUBAEMble UM (Daiiibl, TOCTYITHBIE
C TaHHOW MallIWHbI, 0€3 HEOOXOJMMOCTH HCKAaTh UX N0 AUPEKTOPUsIM. JIFOOOIBITHO, YTO HalIEHHbIE TAKUM
00pa3oM JOKYMEHTBI MOXHO O0BEIUHSATH B TICEBIIOTPYIIIIBI IS eiie Oobinero yao0cTea. HorbiMu siBiisi-
IOTCSI TaKKe MOUCKOBAsl CHCTEMa M HOBBIM TOJNB30BaTENbCKUN MHTEpQeiic, U3BECTHBIN M0J] Ha3BaHUEM
Plex. Oto B mepByro ovepens /IBe MaHENH: OJHa — MPUBBIYHAS MAHENb 3aJjad, BTOpas — OMNIMOHAJIbHAS
naHesnbKa, TOMOTHAIONIAS IEPBYIO JUTS OONBIIEro y100CTBa pabOThI ¢ CHCTEMOM, a TaK)Ke MCIOJIb30BAHUE
BEKTOPHOH rpaduKu Aj1si TPOPUCOBKH MKOHOK.

Crenyer OTMETHTD, UYTO BBITYCK HOBOH TSAXKEIIOBECHOH cucTeMbl 0T Microsoft oTkianbiBaics Oosee
TpeX JIeT, U HenapoM. MHOXKECTBO HeopaOOTOK, MHOTHE CIIOPHBIE PELICHHUs MMPUBEIH K TOMY, YTO JaH-
Has CHCTeMa CTaJia IJIaBHBIM «1oJarocTpoem» oT Microsoft. U HakoHel, Tonbko B Havyane 2007 r., mocie
MHOTOKPaTHOT'O TIepeHoca CPOKOB BhIITycka, komnaHus Microsoft Beimyctuna OC Windows Vista.

B 3axmouenue anammza OC mis HactoiabHbIX [1IK 1 pabouunx cranimii or Microsoft xouercs oTme-
TUTh, YTO B HACTOSILIEE BPEMsI OTPOMHOE KOJIMYECTBO KOMIIAHHM, 3aHUMAIOIINXCSA Pa3paboTKoil mporpam-
MHBIX TIPUJIOKEHUH U «YCTaBLIMX» OT MMOCTOSHHOW MOHKK Microsoft o myTH co3ZjaHus HOBBIX ONepaliu-
OHHBIX cUCTeM, nepekouaercst Ha Unix-nogobusie OC, B mepByro ouepens Linux, Qnx u ap.

[Momumo Windows st HactoiabHbIX [IK u paboumx cranmmii kommanus Microsoft B HacTosIiee
Bpems BoimyckaeT eme OC a1 MoOHIBHBIX ycTpoiicTB — Windows CE, paccuuTaHHbIE TJIaBHBIM 00pa3oM
Ha KapMaHHbIE 1 aBTOMOOMJIbHBIE KOMIIBIOTEPHI, AHTEIJIEKTYaJIbHBIE» TEPMUHAIIBI, TOCTEPHI, MUKPOBOJI-
HOBBIE 11€YM M TOPTOBBIE aBTOMATHL. BONBIIMHCTBO TaKHX YCTPOWCTB JOKHO MOTPEOISITH MUHUMYM
ANIEKTPOSHEPTHH, Y HUX OYEHb MAJo MaMsTH, a JUCKOB Yalle BCEro MPOCTO HET. M3-3a CTONb KEecTKUX
orpannueHnid Microsoft mpumutocs co3aTh COBEPLUIEHHO HOBOE PO OMEPallMOHHON CHUCTEMBI, MEHEe
TpeboBartenbHoe K namsaty, yeM sapo Windows 98 nin Windows 2000. Kak uu ctpanno, Windows CE —
JIOBOJIHO MOIIIHAsI OIepalioHHas CHUCTEeMa. YCTpPOMCTBA, KOTOPHIMH OHA YIpPAaBIISET, MpeaHa3HaYeHBI
TOJIBKO ISl MHMBHUIYaJIbHOTO HCIIOB30BAHHS, TIOATOMY €€ SAPO He TOAJCPKUBAET aIMUHUCTPUPOBAHHE,
MacmTabupoBanue U T.4. TeM He MeHee MPaKTUYeCKH Bce KOHIenuuu Win32 mpUMEHMMBI U K JTaHHOH
mwiargopme. Paznuurst 00b14HO mposBiisirores Tam, rie Windows CE HakaibiBaeT OrpaHUYCHUS Ha TC WK
uHble Win32-pynkuuu. [TocaeqauMn MOTUQpUKaIUAMHA 3TOH CUCTEMBI HA HACTOSIIMNA MOMEHT SIBIISTFOTCS
Bepcun Microsoft Windows Mobile 2003 Second Edition, Microsoft Windows Mobile 5 u Microsoft
Windows Mobile 6.

§ 1.2. OcHoBbl nporpammupoBaHua B OC Windows

PaccmotpeB B mpeabiayiieM naparpade MHOrooOpasue OnepalmoOHHBIX CUCTEM JUIS TePCOHATBHBIX
KOMIIBIOTEPOB, MOXKHO CJeIaTh BBIBOA O TOM, YTO IPOrPAaMMHpPOBAaHHE B KOHKPETHOH ONepaIiMOHHON
CHCTEME — 3TO IMPOLIECC HACTOIBKO CJIOKHBINA, OCHOBAaHHBIA Ha CHEMU(PUISCKHX OCOOCHHOCTSX JaHHOM
OC, 4to nepexo/1 MporpaMMKCTa Ha HOBYIO OIEPAIIMOHHYIO CUCTEMY MPAKTUYECKU COM3MEPUM C TIEpeXo-
JOM Ha HOBBIN S3BIK mporpaMMuUpOBaHUs. HOC—)TOMy B HACTOAIICC BpEMS Ka)KZ[LIﬁ IMPOrpaMMHUCT ABJIACTCA
Y3KHM CIICIIHAIMCTOM B 00J1aCTH porpaMMupoBanust B koHkperHoi OC, u naxe 6ojiee — B KOHKPETHOM
y3KOM HarmpasjieHuu pa3padorku st ganHoi OC. IIpu 3TOM 00IIMe MPUHIMIBI TOCTPOCHUSI COBPEMEH-
HbIx OC CyIIecTBEHHO HE OTJIMYAIOTCS ApYT OT Apyra. JlanHoe yueOHOe mocobre MocBsAIeHO 0COOEHHO-
CTAM IporpaMMHUpOBaHUA 6330BI)IX SJICMCHTOB OINCPAMOHHBIX CHUCTEM, U IMOCKOJBLKY B IIPEACIaX Kypca
HEBO3MO)KHO KAa4eCTBEHHO PacCMOTPETh OCOOEHHOCTU TEXHOJIOTMH Pa3pabOTKH CHCTEMHBIX JIEMEHTOB
JJI1 MHOTI'UX OC, COCPEAOTOUYMMCA B MPAKTUYCCKOM IUIAHC Ha OINCPAIlMOHHBIX CUCTEMAX, IMOJTYUMBIIUX
B HacTosIIee BpeMsi Haubombiee pacnpoctpanenue: OC, pazpaboraHHbIX Komnanueld Microsoft: Windows
mureek 9x u NT (2000, XP). Takum oOpazom, B MocoOMH IMEpBOHAYaIBHO OyIOyT paccMaTpUBATHCS
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OCOOEHHOCTH MOCTPOCHHSI 0A30BBIX 3JIEMEHTOB OCHOBHBIX COBPEMEHHBIX OIEPAIIMOHHBIX CHCTEM, a Jlajiee
B 0OoJiee MPaKTHUYECKOM ILIaHE — OCOOCHHOCTH pa3paborku dtux TexHojoruit B OC Windows. B kaue-
cTBe 0a30BOTO SI3bIKA MPOTPAMMHPOBaHUS BBIOpaH 536k C++ M MHCTpYMeHTanbHas cucrema Visual C++
10 CIEAYIOIIUM MpuuuHaM [4]:

— paHee IpU U3y4YCeHUH OCHOB MPOrpPaMMHUPOBaHHs B KauecTBe 0a30BOro ObLI BBIOPaH UMEHHO ATOT
S3bIK M MHCTPYMEHTAJIbHAsl CHCTEMa; TaKUM 00pa3oM, BpeMsi, BBIICICHHOE Ha U3y4YEeHHE Kypca, MaKCH-
MaJIbHO Oy/IeT MOTpavyeHO Ha M3y4YeHHE OCHOB MpOrpaMMmupoBanHusi 0a30BbIX dneMeHToB OC, a He Ha
U3y4YCHHE HOBOT'O S3bIKa;

— OIepalroOHHBIE CHCTeMbI cemeiicTBa Windows caMu ObUTH CO3JaHBI Ha S3BIKE MPOrPaMMHPOBa-
Hust C/C++, mo3TOMY NpOrpaMMHUpPOBaHHE MX JJIEMEHTOB Ha JIAHHOM $I3bIKE B HAMMEHbBIICH CTEICHH
BBI30BET MMPOOJIEMbI COBMECTUMOCTH 3THX 3JIEMEHTOB;

— 0OJbIIas 4acTh JOKYMEHTAIMH, MYOJIMKAIMA U JAPYTUX MATEPUANIOB O MPOrPaMMHPOBAHUM JUIS
Windows opueHTHpoBaHa Ha ucnonb3oBanue C++, u akruuecku Bcs JoKyMmeHTaius Microsoft pac-
CYMTaHa Ha MPOrPAMMHCTOB, 3HAKOMBIX MMEHHO C 3THUM SI3BIKOM IPOrPaMMHUPOBAHHUsI, KOTOPBIH B Hac-
tosiee Bpems de facto cran cucremubiM it MHOTUX OC, B ToM ymcie yis Windows;

— B HAcTOsIIee BpeMs OOJIBIIMHCTBO CHCTEMHBIX POIPAaMMHUCTOB BO BCEM MHPE PabOTalOT MMEHHO
Ha C/C++.

Bmecte ¢ Tem B paboueii cpene Windows HCHONB3YOTCS MHOTHE JIPYTHE TOMYJISIPHBIE CPEJIbl pa3pa-
OOTKHM, B YaCTHOCTH TIOJIy4YHBIIIasi B TIOCJICHEE BPEMsI IIMPOKOE PaCcIpOCTpaHEHUE cpe/ia IPOrpaMMHUpO-
BaHus Java (B mepByro ouepenb, IpH mporpamMupoBanuu i Internet). Komnanus Borland monnepsxu-
BaeT cobcTBeHHYH0 cpeny Delphi, koTopas ocHoBaHa Ha si3bike Pascal (cymectByer taxke C++ Builder,
KOTOpasi UCTIONb3YeT MOXOKHIA MOJX0/ K CO3IAaHHIO MPHIIOKEHNH, HO OPHEHTHPOBAaHA Ha UCIIOJIb30BAHUE
C++). He crout 3a0biBaTh U npo Visual Basic (VB). Haunnas ¢ nsroil Bepcuu, STOT NPOAYKT MOLACP-
JKUBAET MOJTHOLCHHYI0 KOMITWIISIIMIO, TEXHOJIOTHIO ActiveX, a Takxke npsimoe oopaienue k API.

B kypce neknuii, MOCBSAIIEHHBIX MPOrPAMMHPOBAHUIO, Mbl YK€ HAYYHJIUCh CO3[aBaTh Pa3IM4YHbIC
npuioxkeHus B cpene Windows, B 4aCTHOCTH MPUIIOKEHUS Ha 6a3e 0JJHOOKOHHOTO U MHOTOOKOHHOT'O MH-
Tepdeiica, 00padaThIBaTh COOOIIEHHS KIABUATYPHI U MBIIIW, CO3[aBaTh PA3IMUHbIE PECYPCHI, IPEIOCTaB-
nsiembie OC, MCIOJIB30BaTh I[BETOBBIC NMAJMTPBI, CO3JaBaTh MOJKIOYaeMble OMOIMOTEeKH U T. 1. Bee aTo
MIOMOXKET PACCMOTPETh MPOrpaMMHUpOBaHKEe 0a30BbIX CUCTEMHBIX 37eMeHTOB OC B Ooliee KauecTBEHHOI
¢dopme. TlepBoHaUaILHO PACCMOTPUM KpaTKO OCHOBBI mporpammupoBanus B OC cemeiictBa Windows,
obrwme yepThl ¥ paznuuns Windows Jimneek 9x u NT.

1.2.1. NMpuHumnel B3anmogenctana OC Windows ¢ npuKkaagHbiMu nporpammamm

Bnaromaps unTepdeiicy Bbi3oBa ¢yHkiuii B Windows JOCTYIl K CUCTEMHBIM PeCypcaM OCYIIECTB-
JsieTcsl yepes Ienbld psii cucTeMHbIX (QyHKumid. COBOKYIMHOCTh TaKWX (YHKIHMHA Ha3bIBaeTCs MPHUKIAI-
HBIM ITporpaMMHbIM HHTepGeiicom, i API (Application Programming Interfase). [lns B3aumoaeicTus
¢ Windows npuiiokenue 3anpammpaer ¢pyHkiuu API, ¢ mOMOIIBI0 KOTOPBIX Peaiu3yrTCs BCe HEO0XO-
JMMBbIE CHCTEMHBIE JeHCTBHSI, TAKKE KaK BbIJIETICHUE TaMsITH, BBIBOJ Ha 9KPaH, CO3/IJaHKE OKOH U T. 1.

[Mockoneky API coctouT m3 Gonpmoro yncna QyHKIHHA, MOKET CIIOKHUTHCS BIEYATIICHUE, YTO MPU
KOMITWISIIAK KaXKAO0W MporpaMMbl, HamucanHoW s Windows, K Hell MOAKIIOYaeTcsi KOA JIOBOJNBHO
3HAUUTENILHOrO 00beMa. B jaelictBuTensHOCTH 3TO He Tak. Dynkuuu API comepxarcs B Oubnuomexax
ounamuueckou 3azpysku (Dynamic Link Libraries, mmu DLL), KoTopbie 3arpy»katoTcsi B MaMsTh TOJBKO
B TOT MOMEHT, KOT/Ia K HUM MPOUCXOJHUT OOpallleHHe, T. €. PHU BHIMOIHEHUH MPOrpaMMbl. PaccMoTpuM,
KaK OCYIECTBIISIETCS] MEXaHU3M JMHAMHUYECKOH 3arpy3Ku.

JuHamuueckas 3arpy3ka o0ecredrBaeT psiJi CyIeCTBEHHBIX MPEUMYIIECTB. Bo-1epBhIX, TOCKOIBKY
MPAaKTUYECKH BCE MporpaMMbl Ucmonb3yloT API-¢pyakumu, To Omarogapss DLL-Ombmmorekam cymiect-
BEHHO DKOHOMHUTCS JTUCKOBOE MPOCTPAHCTBO, KOTOPOE B MPOTHUBHOM Cllydae 3aHMMAIOCh Obl OONBIIMM
KOJTMYECTBOM TOBTOPSIFOIIETr0CsS KO, COACPIKALIErocsl B KAXKIOM M3 MCIOTHIEMBIX (aiiioB. Bo-BTOpEIX,
W3MEHEHUs! W yayduieHuss B Windows-pHiIoKeHUSIX CBOAATCS K OOHOBJICHHUIO TOJBKO COJAEPKHMOTO
DLL-6u6a1oTek. Yixe CyIIeCTBYIOIINE TEKCThI IIPOrpaMM HE TPEOYIOT TIepESKOMITHIISAIUY.
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B Hacrosiee Bpemst HanOobiliee pacipocTpaneHue nonyqmia sepcus APL, kotopyro HazBam Win32.
Hannas Bepcust APl nmpumina vHa cmeny Bepcun Winl6, ucnonb3zyemoit B8 Windows 3.1. dakruuecku
32-paspsanas Win32, ucnoib3yeMas B ONEPAMOHHBIX CHUCTEMax 9X, SBJISCTCS HAJIMHOXECTBOM IS
Winl6 (T.e. pakTudecku BKIItOYaeT B ceOs 3TOT MHTEpQeiic), TaKk Kak OONBIIMHCTBO (DYHKIHUH UMEET TO
K€ Ha3BaHWE M TNPHMEHIETCS aHaJOTMYHBIM oOpa3zoM. OpHako OyAydd B MPHUHLHUIE MOXOXHMH, 00a
uHTepgeiica Bce ke OTIMYaloTCs Ipyr oT apyra: Win32 momnepkuBaet 32-pa3psiHyio JHHEHHYIO ajpe-
caiuio, Toraa kak Winl6 paboraer Toiabko ¢ 16-pa3psaHOl CerMEHTHPOBAHHON MOJAEIBIO MaMSITH. JTO
MPHUBENO K TOMY, YTO HEKOTOpbIe QYHKIUU ObUIN MOAU(UIIMPOBAHBI TAKUM 00pa3oM, YTOObI TPUHUMATh
32-pa3psaHble apryMeHThl U BO3Bpalath 32-pas3psaHble 3HaueHUs. YacTh M3 HUX NMPHUILIOCH U3MEHUTDH
C yueToM 32-pa3psIHON apXHTEKTypbl. bbuta peanm3oBaHa MOAAEpKKa MOTOKOBOW MHOT03aJIa4HOCTH,
HOBBIX DJIEMEHTOB MHTep(eiica u mpounx HoBoBBeaeHHH Windows.

Tak kak Win32 nojaepkMBaeT MOJHOCThIO 32-pa3psAaHyIo aapecaiuio, TO JOTUYHO, YTO IICJIbIe
TUTIBI JaHHBIX (intergers) Takxke 00ObSBIEHBI 32-pa3psaaHbIMHA. JTO O3HAYaEeT, YTO NIepeMEHHbIE TUTIA int U
unsigned Oynyt umeTh ayuHy 32 OuTta, a He 16, kak B Windows 3.1. Eciin e He00X0aMMO UCTIONB30BaTh
MepeMEHHYI0 WJIM KOHCTAaHTY JUTMHOM 16 OHUT, TO OHH JOJDKHBI OBITH OOBSIBIEHBI Kak short (nanee Oyner
MOKa3aHo, YTO Uil 3TUX THIIOB ONpe/eNieHbl He3aBUCHMEIE fypedef-uMeHa.). ClemnoBaTensHo, TIpy mepe-
HOCE MPOrpaMMHOT0 Koja u3 16-pa3psaHoil cpeabl HeoOXO0aUMO YOEIUTHCS B MPAaBUIBHOCTH HCIOIB30-
BaHUS LIEIOYMCIICHHBIX 3JIEMEHTOB, KOTOPbIE aBTOMaTHYECKH OYAyT paclIMpeHbl 10 32 OUTOB, YTO MOXKET
MPHUBECTH K TOSBICHHUIO MO000UHBIX dhdexToB. Jpyrum cieactsuem 32-paspsiiHON agpecaliuyl sSBISETCS
TO, YTO yKazaTenu OoJbllle HE HY)KHO OOBSBIATH Kak near W far. JIFoOOH ykazaTenb MOXKET MONTYYUTh
JOCTYI K JitoOoMy ydacTky mamsatd. B Windows 9X KOHCTaHTHI near M far OOBSBICHBI (C TTOMOIIBIO
JMPEKTUBEI #define) MycThIMU.

CymiecTBEeHHbIE U3MEHEHUSI KOCHYIIHCH Takke QyHKuid AP, koTopsie paboTaloT ¢ CHUMBOIBHBIMU
crpokamu. BHyTpenaune mexanuzmbsl Windows 9x (He monmHocThio), NT u Windows 2000 ucnonb3ytot
cumBoitbl B popmate UNICODE (16-6utHoe 3HaueHre ciMBOJIOB). Ho MHOTHE npHKiIa HbIe TPOrpaMMEI
MPOIOIDKAIOT uconb3oBaTh ANSI, T. e. cTaHAapT, B KOTOPOM Ka)</Iblii CHMBOJ KOAUPYETCS MTPH MTOMOIIH
8 out. YUToOBI permuTh 3Ty IpobiaemMy, Kaxaas (GyHKius, padoTaroiias co CTpOKaMH, peaJu30BaHa B JIBYX
BapuaHTax. B mepBoM BapuaHTe B KayecTBe apryMeHTa BOCIpPHHHUMAETCsl cTpoka B ¢opmate ANSI
(BHYTpH (yHKUINU 3Ta cTpoka aBToMarndecku npeodpasyercs B8 UNICODE). Bropoii BapuaHT GyHKINU
Hanpsamyto pabotaer co ctpokamu B popmare UNICODE.

Opuaum u3 moamuoxectB API sBasercs GDI (Graphics Device Interfase — unTepdeiic rpadu-
gyeckoro ycrpoicra). GDI — 3to Ta wacte Windows, koTopas obOecrieunBaeT MOJIECPKKY anmnapaTHo-
He3zaBucuMoi rpaduku. brnaromaps ¢ynkumsm GDI Windows-nipuiioskeHHE MOXKET BBITIOIHITHCS Ha
paznuuabix [ID9BM.

Eme onno#t ocobennoctero Windows siBIIsieTcsi MHOT'03aJa4HOCTh, TPHYEM TOAIEP)KUBAIOTCS JBa
THTIAa MHOT'033J]a4HOCTH: OCHOBaHHAs Ha MpoIleccaXx M OCHOBaHHAs Ha MOTOKax. /lajee uaeoi1orus MHOTO-
3aJIAYHOCTH OyJIeT paccMOTpeHa Oojiee moapoOHo.

Bo MHOrux onepanuoHHBIX CUCTEMAX B3aUMOJAECHCTBHE MEXKIY CUCTEMOM U IIPOrpaMMOM MHULUATIN-
3upyer nporpamma. Hampumep, 8 DOS nporpaMma 3ampaniuBaeT pa3peiieHnue Ha BBOJ U BBIBOJ TAHHBIX.
Hpyrumu ciioBamu, He-Windows-liporpaMMbl CaMH BBI3BIBAIOT ONEPaI[MOHHYIO cuctemy. OOpaTHOro
npoiiecca He npoucxonut. B Windows Bce coBepliiieHHO Ha000pOT: UMEHHO CUCTEMa BBI3BIBACT MPOT-
pamMmy. DTO OCYILIECTBIISIETCS CIEAYIOIIUM 00pa3oM: MporpaMma OXXHIAaeT MONyYeHHs COOOIIEHHS OT
Windows. Koraa 3To mponcxomuT, To BEIOIHAETCS HEKOTOpoe JeiicTBre. Tlocne ero 3aBepuieHus mpor-
pamMMa OXHJIaeT CISAYIOMEro COOOIeH S,

Windows MOXeT MOCBUIaTh MPOrpamMMe COOOIICHHST MHOXKECTBa Pa3IMYHBIX TUIOB. Hampumep,
Ka)X/Iblii pa3 MpH MIETYKE MBIIIBI0 B OKHE aKTUBHOW MPOrpaMMbl MOCHUIAETCS COOTBETCTBYIOIIEE CO00-
menne. J[pyrodi THN COOOIICHUH MOCHUIACTCS, KOrjla HE0OXOAMMO OOHOBHTH COJICPKUMOE aKTHBHOI'O
okHa. Coo0IIeH s TTOCBUIAIOTCS TaKKe MPH HaXKaTHW KIIABHUILH, €CIIM MPorpaMMa OXKUAAeT BBOJA C Kila-
BHUaTypbl. Heo0X0AMMO 3alIOMHHTH OJHO: MO OTHOLICHHUIO K MpOrpamMme COOOIICHHUS MOSBISIOTCS CIy-
YaifHeIM 00pa3oM. Bot moduemy Windows-nporpamMMbl TOX0KH Ha MPOrpamMMbl 00paOOTKH NIpEphIBaHU:
HEBO3MOYKHO MPE/ICKa3aTh, KAKOE COOOIICHUE MOSIBUTCS B CIIETYIONIMIA MOMEHT.

®yHknusa okHa. Bce Windows-niporpaMMbl IOJKHBI COACPIKATH CIICIUANBHYIO (DYHKIIMIO, KOTOpast
HE MCIOJIb3YeTcs B caMoi IPOrpaMMe, HO BBI3BIBAETCS ONEpaIlMOHHON cucTeMOol. ITy QYHKUIHIO OOBIYHO
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Ha3bIBAIOT hyHKYUeEl OKHa, WU npoyedypoli okna. OHa BbI3biBaeTcss Windows, Koraa cucteme Heo0Xo-
IMMO TiepenaTh cooOlIeHHe B mporpaMMy. MIMeHHO depes3 Hee OCYIIECTBISAETCS B3aUMOJEHCTBHE MEXKILY
nporpaMMoii u cucreMoil. DyHKIKS OKHA TiepeiaeT coo0IeHne B CBOMX apryMeHTax. CorinacHo TepMu-
Hojorun Windows Te QyHKIMH, KOTOpBIE BBI3BIBAIOTCS CUCTEMOH, Ha3bIBAIOTCS (DYHKYUUAMU 0OPAMHO20
ev1306a. TakuM 00pa3oM, GYHKIUS OKHA SIBIISETCS (PYHKIIUEH 00paTHOTrO BhI30Ba. [IOMUMO PUHSTHS COO0-
menns ot Windows (yHKIUS OKHA JIOJDKHA BBI3BIBATH BBINOJHEHHUE JISHCTBHSI, YKa3aHHOTO B COOOIIe-
Huu. KoHeuHo, mporpamMma He 00si3aHa 0TBEYATh Ha BCe cooOmeHusl, mockiiaeMbie Windows. [lockonbky
HX MOTYT OBITh COTHH, TO OOJIBIIIMHCTBO COOOIICHUI OOBIYHO 00padaThIBAETCSI CAaMON CHCTEMOM, a Tpor-
paMMe J0CTaTOYHO Mopy4nuTh Windows BBIMOIHUTH ACHCTBUS, IPESIYCMOTPEHHBIC IO YMOIYaHUIO.

Huxn coodmenuii. Kak o0bsicHsI1oCh BhIle, Windows B3aMOACHCTBYET ¢ MPOrpaMMOii, TToChLIas
el coobmenus. Bee npunoxkennss Windows JTOMKHBI OpraHU30BaTh TaK HAa3bIBAEMBIN IIMKJ COOOIIEHHHA.
B sToM mmkie kaxxaoe HeoOpaOOTaHHOE COOOLIEHUE JOIKHO OBITh M3BJICUEHO M3 OYepear COOOIICHHHA
JaHHOTO TPWIOKEHHWS W TepedaHo Hazag B Windows, koTopas 3aTeM BBI3BIBaeT (PYHKIHIO OKHA
MPOrpaMMbI C JAHHBIM COOOILIICHHEM B KaYeCTBE apTyMEHTA.

Knace okna. Kak Oyzner nokazaHo janee, Kaxaoe okHO B Windows-TIpHIIOKEeHHH XapaKTepu3yeTcs
ONpE/e/ICHHBIMI aTpUOyTaMH, Ha3bIBAEMBIMH KJIACCOM OKHA (3l1eCh MOHSTHE «KJIACC» HE HIACHTHYHO
ucnonbzyemomy B C++. OHO cKOpee 03Ha4yaeT CTWIIb WIH THIL.) B TpaaulIMOHHOM MporpamMMe Kiiacc OKHa
JOJDKEH OBITh ONpEeleH M 3aperucTpUpoBaH Mpexae, yeM Oyner co3maHo okHo. [lpu permcrpanuu
HeoOxoauMo coobmmTe Windows, Kakoi BUA JODKHO UMETh OKHO M KaKylo (DYHKIIHMIO OHO BBIMTOJHSIET.
B T0 3xe Bpems peructpaiys Kiacca OKHa elle He O3HavaeT COo3IaHus caMoro okHa. J{iist aToro Tpedyercs
BBITIOJIHUTD JOTOJHUTEIBHBIC ICHCTBHS.

Crpykrypa Windows-niporpaMm OTJIIHYAETCS] OT CTPYKTYPBI POTPaMM JAPYTUX THIIOB. DTO BBI3BAHO
JIBYMsI OOCTOSITEIbCTBAMU: BO-TIEPBBIX, CIIOCOOOM B3aMMOJACHCTBUS MEXIy mporpammor u Windows,
ONMCAHHBIM paHee; BO-BTOPHIX, NMPAaBUIIAMH, KOTOPBIM CIIEAYeT MOAYMHATHCS Ul CO3JaHUS CTAHIAPT-
Horo uHTepdeiica Windows-nipuinoxxeHust (T.e. 4ToObI caenaTh MporpaMmy «moxoxel» Ha Windows-
MIPHIIO’KEHHE).

Hens Windows — naTh 4eloBeKy, KOTOPBIH XOTS Obl HEMHOT'O 3HAKOM C CUCTEMOMH, BO3MOYKHOCTb
CEeCTh 32 KOMIBIOTEP M 3allyCTHTH JII000E MPUIIOKEHHE 0e3 MpenBapUTeNbHON MOArOTOBKU. sl 3TOro
Windows mpenocTaBisieT ApyKeCTBEHHBIA HHTEP(EIC MoJIb30BaTENsA, KOTOPBIA HEOOXOAMMO MOJIICPIKU-
BaTh BCEM MPOrpaMMHCTaM, CO3AAIONIMM MTPOrpaMMHOe oOecTiedeHUE B TAHHOW ONepallMOHHOMN cUCTeMeE.

1.2.2. Tunbl gaHHbix B Windows

B Windows-niporpamMmax He CIHMIIKOM IIHPOKO MPUMEHSIOTCS CTaHAApTHBIE THIBI JaHHBIX u3 C
nnn C++, Takue Kak int uin char®. BMecTo HUX MCIONB3YIOTCS THITBI IaHHBIX, OMPEACICHHBIE B Pa3Iny-
HBIX OubOnHoTeuHbIx (header) daitnax. Hanbonee yacto ncnonb3yempiMu Tuniamu siistorcsi HANDLE,
HWND, BYTE, WORD, DWORD, UNIT, LONG, BOOL, LPSTR u LPCSTR [11].

Tun HANDLE o6o3nauaer 32-pa3psiiHOe 11€10e, MCIONIb3yeMOe B KadecTBE jeckpurropa. Ecrh
HECKOJIBKO MOXO0XHUX TUIIOB JaHHBIX, HO BCE OHU HMEIOT Ty ke JuHy, uTo U HANDLE, u Haunnatotcs
¢ nmutepsl H. /leckpunmop — 3T0 IPOCTO YKCIIO, ONPENEIAIONIEE HEKOTOPBIA pecypc.

Tun HWND o0o3nauaer 32-pa3psiHoe 11ej10e — JSCKPUITOP OKHA. B mporpaMmax, UCIONIB3YIONIHX
oubnmnoreky MFC, 1ecKpUITOPBI MPUMEHSIFOTCS HE CTOJb IIIMPOKO, KAK 3TO MMEET MECTO B TPAJIUIMOH-
HBIX IIpOrpaMMax.

Tun BYTE o6o3nauaer 8-pa3psaHoe 0€33HaAKOBOE CUMBOJILHOE 3HAUCHHE.

Tun WORD — 16-pa3psiiHoe 6€33HaKOBOE KOPOTKOE IIEIIOE.

Tun DWORD — 6e33HakoBO€ JUTMHHOE I1EJ10€.

Tun UINT — Ge33HakoBOe 32-pa3psqHoe 1eNoe.

Tun LONG skBuBajieHTeH tuny long.

Tun BOOL o603HauaeT 11ejioe ¥ UCIOoJb3yeTCs, KOrjla 3HAUCHUE MOXKET ObITh JIMOO MCTUHHBIM,
JI00 JIOKHBIM.

Tun LPSTR onpenensier ykazaTenb Ha CTPOKY.

Tun LPCSTR omnpenenser KOHCTaHTHBIN (const) yka3zaTelb Ha CTPOKY.
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1.2.3. T'padunyecKnin 1 KOHCONbHbIM MHTEPPENCDI

B Windows moanepxuBaroTcs JBa THIA PUIOKESHUN: OCHOBAHHBIC Ha TpaduueckoM HHTepderice
GUI (graphical user interface) n xoucombabie CUI (console user interface). Y npuiioxeHni iepBoOro Tuma
BHEIIHNH MHTepdeiic YncTo rpaduuecKuii: CO3Aar0TCs OKHA, MEHIO, IMAJIOroBble OKHA M T. 1. [loutu Bce
cTaHJapTHbIe porpaMmbl Windows u OONBIIMHCTBO MOJB30BaTENBCKUX Mporpamm sisitores: GUI-npu-
nokeHusMH. [IproKeHUus KOHCOJIBHOTO THIa paboTaloT B TEKCTOBOM PEXHME: OHM HE (OPMHUPYIOT
OKHa, He 00padaThIBAIOT COOOIICHHUS, HO Ha SKpaHE TOXKE Pa3MEIaloTcs B OKHE (TIpaBJia, YSPHOro I[BETA)
W MOT'YT BBI3BIBATh TUAJIOTOBBIE OKHA.

Bce Windows-nporpammel, HancaHHbIE Ha si3bike C++, HAUMHAIOT BHIMOMHEHUE C BBI30BA (PYHKIUH
Bxozaa. B cpene Win32 cymectByer yeTsipe MOAU(PHUKALINN TaKUX QYHKINNA:

int WINAPI WinMain (HINSTANCE hlInstance,

/I neckpunrtop, nmprucsanBaemblii 3anymenHomy npuioxenuto HINSTANCE hPrevinstance,
/I mis coBMectumocTy ¢ winl6, B win32 ne ucnonbzyercst LPSTR IpCmdLine,

// yka3aTenb Ha KOMaHIHYIO CTPOKY, €CII IPUWIOKEHHUE Tak 3amymieHo int nCmdShow);

// 3HaYeHHE, KOTOPOE MOXKET OBITH miepenano B GyHkmuo ShowWindow()

int WINAPI wWinMain (HINSTANCE hlInstance,
HINSTANCE hPrevInstance,

LPSTR IpCmdLine,
int nCmdShow);
int __cdecl main (int argc, // KOMTMYECTBO apryMEHTOB, MepeJaHHBIX B KOMaH/IHOH CTpOKe
char *argv[], // MaccuB pa3mepoM arge ¢ ykasatensmu Ha ANSI-cTpoku.
// Kaxkplii 27IEMEHT MacCHBa yKa3blBAeT HA ONUH M3 apryMEHTOB KOMAaHIHOI
CTPOKH
char *envpl[]); // MmaccuB yka3ateneit Ha ANSI-cTpoku. Kakpiii ameMeHT MaccuBa

// yKa3bIBaeT Ha CTPOKY-IIEPEMEHHYIO OKpYKeHHUs (00J1aCTh aMSsTH,
// BBIEIICHHAS B aJIPECHOM HPOCTPAHCTBE MPOIIECCa)

int __cdecl wmain (int arge, // KOTMYECTBO apryMEHTOB, IIEPEAaHHBIX B KOMaHJHOW CTPOKE

wchar_t *argv[], // MaccuB pa3zmepom argc ¢ ykazaterasimu Ha UNICODE-ctpoku.
// Kax/plii 3JIEeMEHT MacCHBa yKa3bIBa€T HA OJUH M3 apTyMEHTOB KOMAaHIHOMN
CTPOKH
wchar_t *envpl[]); // maccuB yka3ateneit Ha UNICODE-ctpoku. Kaxxaprii 3eMeHT MaccuBa

// yKa3bIBaeT Ha CTPOKY-TICPEMEHHYIO OKPYXKEHUS (00JIaCTh TAMSITH, BBIIICIICHHAS
// B aipeCHOM MPOCTPAHCTBE TPOIlecca)

[epBrie nBe QyHKIMH HUCTIONB3YIOTCS MPH pa3paboTKe MPUIIOKEHUs ¢ TpaduyeckuM HHTEpdericoMm
(GUI), nee npyrue — npu korcosibHOoM (CUI). [IprcraBka w niepea Ha3BaHUEM (PYHKITUH ITOKa3bIBAET, YTO
¢byHKUMs ucnonb3yercs A1 padotsl ¢ Unicode-cTpokamu, oObaHble (HyHKIUHU padorator ¢ ANSI-ctpokamu.
Ha camom nerne BxonHast pyHKIUS HE BbI3BIBACTCS ONEPAIMOHHON CHCTEMOIl, BMECTO 3TOTO MPOMCXOAUT
oOparenne k craproBoi pyHkimu u3 oudmuoreku C/C++. Ona unuimanusupyer oudimoreky C/C+t,
a TaKKe 00ECIIeUNBACT KOPPEKTHOE CO3aHKE JIFOOBIX OOBSBICHHBIX IIO0ATBHBIX U CTATHYECKUX O0BEK-
TOB JI0 TOr'0, KAK HAYHETCS BBIMOJHEHHUE MPOrpaMMHOro koja. B Tabm. 1.1 mokaszaHo, B KakMX CIydasx
peanu3yroTcs pasindnbie yHKIuu BXxonaa [7].

Tabnuya 1.1
DyHKIMSL CraproBast pyHKIHS, BCTpanBaeMast
Tun npunoxxeHust w1
BXoJa B UCIIOJIHACMbBIN (1)a1/m

GUI-npunoxenue, padoratorice ¢ ANSI-cuMBoaMu U CTpOKaMu WinMain() WinMainCRTStartup()
GUI-npunoxenue, padoraroriee ¢ Unicode-cumBonamu u ctpokamu | wWinMain() wWinMainCRTStartup()
CUI-npunoxenue, padotaromee ¢ ANSI-cuMBoIaMu U CTpOKaMU Main() mainCRTStartup()
CUI-npunoxenue, padboraromiee ¢ Unicode-cCHMBOIaMU U CTPOKaMHU Wmain() wmainCRTStartup()
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B nienom Bce ctapToBbie (DYHKIIMY BBITOTHSIOT CIEIYIOIINE OTHOTUITHBIC 33][a49H;
— CUMTHIBAIOT yKa3aTelb Ha MOJIHYI0 KOMaHAHYIO CTPOKY HOBOIO IIPOIlecca;

CUMTBHIBAIOT yKa3aTelb Ha MIEPEMEHHbIE OKPYKEHHUsI HOBOTO TPOILIecca;
— WHUIHAIM3HPYIOT rIo0anbHbIe TepeMeHHble n3 ononmorexn C/C++;
— MHHULHATU3UPYIOT Kyqy (IMHAMHYECKH PAcIpeAesieMyto 00JacTb NaMsITH), Hcnoib3yemyto C-yHk-
IUSMU BbIIeneHus namstu (malloc, calloc) u apyrumu npolierypaMu HU3KOYpOBHEBOTO BBOAA / BBIBOJIA;
— BBI3BIBAIOT KOHCTPYKTOPBI BCEX IIIO0ANBHBIX M CTATHYECKHX 00BEKTOB KiaccoB C++.
3aKOHYMB 3T OMepaluy, crapToBas QyHKIHU obpamaercs K QyHKIHK BXOJa.

1.2.4. Co3gaHue anemeHTapHoro rpapunyeckoro okHa

PaccmoTpum, kak co3aath anieMeHTapHoe rpaduueckoe okHo B Windows. Kak yxe yka3biBajiocs,
TJIAaBHOM (PyHKIIMEH Juis pa3paboTku Takoi mporpammel Oyaer WinMain(). Cpasy mocie Bxona B WinMain()
CO3/1aeTCsl M PEruCTPUPYETCs KJIAacC IIABHOTO OKHA MPWIIOXKEHHs. J[is 3Toro HeoOXOIUMO 3arojHUTh
ctpykrypy WNDCLASS. Jlnst co3nanus okHa ucronb3yrorcs Gpynkimu CreateWindow() HemocpenacTBEHHO
s ero coznanus, ShowWindow() mns Busyammszarnuu 1 UpdateWindow() mis nepepucoBku. Bee atu
(¢yHKIMKM onucaHbl B ¢aitie windows.h. Paccmorpum ctpykrypy WNDCLASS u Hauboliee 3HaUUMYHO
¢ynkiuto CreateWindow() 6osee moapoOHoO.

Crpykrypa WNDCLASS cocrout u3 10 noseit:

typedef struct tagWNDCLASS
{

UINT cbSize; // pa3Mep CTpyKTypHI B Oaiitax
UINT style; // cTrIb Kacca OKHA
WNDPROC IpfaWndProc; // yka3aTens Ha (hyHKIUIO OKHA
HINSTANCE hlnstance; // MeCKpUITOp MPUIIOKEHHUS, KOTOPOE 3aITyCKAET OKHO
HICON hlcon; // NecKpUNTOp MUKTOrPaMMBbI
HCURSOR hCursor; // meckpunTop Kypcopa
HBRUSH hbrBackground; // MeCKpUITOp KUCTH JIS 3aKPACKU PoHA
LPCTSTR IpszMenuName; // yka3aTens Ha CTPOKY C IMEHEM MCHIO
LPCTSTR IpszClassName; // yka3aTenp Ha CTPOKY C HIMEHEM KJlacca
HICON hlconSm; // NecKpUNTOp MaJoi MUKTOrPaMMBbI

} WNDCLASS;

Oynkius CreateWindow() monydaer Ha Bxone 11 mapamerpos:

HWND CreateWindow (
LPCTSTR IpClassName, // 3aperucTpupOBaHHOE UM Ki1acca
LPCTSTR IpWindowName, // M5 OkHA
DWORD dwStyle, // cTHIIb OKHA
int x, // X — KOOpIUHATA TIO3UITIH OKHA
int y, /| 'y — KOOpIUHATA TIO3UITUH OKHA
int nWidth, // mapuHa OKHA
int nHeight, // BBICOTa OKHa
HWND hWndParent , // ykazarenb pOAUTEIHCKOTO OKHA
HMENU hMenu, /I meckpunrop Menro, NULL, eciin MeHrO HeT
HINSTANCE hlinstance, // MeCKpHUNTOp TPHIOKEHUS
LPVOID [Param ), // maHHBIE, KOTOPBIE MOT'YT OBITH TIEPEIAHBI IS CO3JJaHHS OKHA

// NULL, ecnu naHHBIE HE TIEPEIarOTCs

Jls mprMepa pacCMOTPUM MCXOIHBIN TEKCT MPOrPaMMBbI, KOTOpas CO3/aeT dJIEMEHTAPHOE OKHO
B Windows:

#include «windows.h» // yHKIMS 715 yIIpaBIIeHUs! TapaMeTpaMy CO3JIaHUsI U YHHUYTOXESHUS
TJIABHOTO OKHA
#include «windowsx.h» // 3aITycK BceX JIOTOTHUTENBHBIX 3JIEMEHTOB OKHA (€CJIM OHU €CTh)

MMPONU3BOJAUTCH B Hel
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LRESULT CALLBACK WndProc (HWND, UINT, WPARAM, LPARAM); // TaBHasT (PYHKIHS
WINAPI WinMain (HINSTANCE hinstance,
HINSTANCE hPrevInstance,

LPSTR IpCmdLine,
int nCmdShow)
{
// onHCHIBAEM MapaMeTpbl, KOTOPbIE HEOOXOMUMBI ISl CO3/IaHHUSI OKHA
HWND hwnd; // yka3aTens Kiacca OKHa
MSG msg; /I Ctpyktypa MSG conepxut uH(pOpMaIHio
//0 cOOOIIEHUSIX U3 OYepeIU TTOTOKA COOOIIICHUT.
WNDCLASS w; // CTpyKTypa, ompeenstomias KIacc OKHa
memset(&w, 0, sizeof (WNDCLASS)); // BBIIETICHUE TTAMSATH JUTS Kjlacca OKHA
w.style = 0; // cTHIIb OKHA 110 YMOTYaHHIO
w.lpfnWndProc = WndProc; /I yHKIMS OKHA
w.hInstance = hinstance; // NecKpHUNTOp TMPHUIOKEHUS
w.hbrBackground = GetStockBrush (WHITE BRUSH); // BT 1Sl 3aIIOTHEHUST OKHA
w.lpszClassName = «API Windowsy, // M KJ1acca OKHa
RegisterClass(&w); // Peructpupyem Kiacc OKHa
// Co3paeM OKHO

hwnd = CreateWindow («API Windows», // umst kImacca

«API Windows», //Ha3BaHHe OKHA

WS _OVERLAPPEDWINDOW, // cTUITb OKHA

10, /] X — KoopauHaTa

10, /'y — xoopmuHata

600, // mmpuHa

480, // BBICOTA

NULL, // HET POIUTEIILCKOTO OKHA

NULL, // HET MeHI0

hlnstance, // NecKpHUNTOp MPHUIOKEHUS

NULL); // He TIepenaeM JaHHBIX
ShowWindow (hwnd, nCmdShow); // akTHBaIUA OKHA
UpdateWindow (hwnd); // mepepucoBka

// Tlukit 0O6paboTKH cOOOIICHUT
while (GetMessage (&msg, NULL, 0,0))

{

TranslateMessage (&msg); // pa3peluTh UCIIOIB30BaAHHUE KITABHATYPHI
DispatchMessage (&msg); // BepHyYTH yripaBienue Windows

H

//BO3Bpanaemoe 3HaueHue st pyaknun WndProc()
return msg.wParam;

}

LRESULT CALLBACK WndProc (HWND hwnd, UINT Message,
WPARAM wparam, LPARAM Iparam)

{

if (Message == WM_DESTROY)

{

PostQuitMessage(0);

return 0;

H

return DefWindowProc (hwnd, Message, wparam, lparam);
H

Komnunsiniust ¥ KOMIIOHOBKA MPOEKTa MPUBOIAT K CO3IaHMIO exe-(aiiia, a ero 3amyck, B CBOIO
ouepeib, K TMOSBIICHUIO OKHA, MTPEICTaBIeHHOro Ha puc. 1.1.
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Bl APl Windows Q@

Puc. 1.1. Pe3ynbraT BBIIOIHEHUS IPOrPaMMBbl

1.2.5. Cxopcta m pasnmuma Windows 9x n Windows NT (2000, XP)

Oouwgue uepmol:

1) mpocToTa NCTIOIBb30BaAHMS:

— aBTOMaTHYECKOE OMNpesencHrue 000pyI0BaHH BO BpeMsl HHCTAJULALMK U TIOCIIeAYIolel KoHpH-
rypamnum;

— uHTepdeic Mmoab30BaTelsi HOBOTO MOKOJICHHS,

— TtexHonorus Plug and Play;

2) MOIIHOCTB:

— peanbHas MHOT033Ja49HOCTb;

— ucnoas3oBanre Win32® u OLE;

3) crocoOHOCTh COBMECTHOM pabOoThI:

— BCTpOCHHas MoJIep’KKa OCHOBHBIX ceTeBbIx npotokonoB (TCP/IP, IPX/SPX, NetBeui);

— OTKpBITasl cereBas apXUTEKTypa M CIIOCOOHOCTH BBHIOOpa THIA CETEBOr0 KIHMEHTa, TPAHCIIOpTa,
JpaiiBEpOB U pacIIMPsAEMOCTb JJIsl TOJIEP’KKHU JOTOIHUTENBHBIX CETEBBIX PUIIOKEHHIA;

— BCTPOCHHBIE CPEJICTBA MPEAOCTABIICHHUS YAAJIEHHOTO JOCTYya K pabodell CTaHINH;

4) ynpaBisieMoCTb:

— OTKpBITasl apXUTEKTypa YNpaBieHHs C BO3MOXHOCTHIO MCIIONIL30BAHMUS JOMOTHUTEIBLHBIX YIIPaB-
JISIIOIIMX CUCTEM;

— MOJJIepXKKa CTAHAAPTOB CUCTEMHOT'O YIPaBJICHUS;

— He3aBUCHMas HacTpoiika paboyell o0macT 3KpaHa Ui KaXKJI0r0 MOJIb30BaTENs U CPEACTBA MOHU-
TOPHHTA;

5) momepKKa MPUIIOKEHHI:

— BO3MOXXHOCTH BBITIOJTHEHUS 16-pa3psanbix Windows npHiioxXeHui;

— BO3MOXXHOCTB BBITTOJTHEHUS 32-pa3psanbix Windows nmpunoxkenuit u nogaepxxka OLE 2.0;

6) TIEPEHOCUMOCTb:

— TMOJIHAs TIepeHOoCUMOCTh Ha Tuiatdopmel Intel® (386DX, 486, Pentium® u T. 11.).

Paznuuuna Windows 9x u Windows NT npuezieHs! B Ta0u. 1.2.
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Tabnuya 1.2
CBoticTBO Windows 9x Windows NT
ObecnieueHre NONHON n3osuu 16-6uTHEIX Windows- MpUiIoKeHNH myTemM Her Jla
TIPE/IOCTABIICHUS KQXKIOMY OTAEIbHOT0 aIpECHOT0 MPOCTPAaHCTBA
[Ipenocrasienue 3amuThl o craHaapty C-2. OTaenbHbIe KaTaxord u (haiibl Her Jla
MOT'YT OBITh ClIeJIaHbl HEBUIMMBIMU JUISI BEIOPaHHBIX MOJTb30BaTEIeH
YcraHOBKa MpaB pa3iIMYHbIX MOJIb30BaTENeH K N3MEHEHHUIO KOH(PHUTYypaLH Her Jla
CHCTEMBI
3amuTa (HaitoBoit CTpyKTypHI Her Ja
ABTOMaTHYECKOE BOCCTAHOBJIEHUE MIOCIIE KpaXa CUCTEMBI Her Ha
Tloooepoicka npunooicenuti
MS DOS Ja BonbmmHcTBO
IMoxnepxka ¢aitnoseix ctpykryp NTFS u HPFS Her Ha
N Ja, HaunHas
IMomnepxka rpaduueckoii onbnmuoreku OpenGL (TpexmepHas rpaduka) o Windows 98 Ha
Bemonaenne IBM® Presentation Manager® (through 1.3) u mommepxka Her Tla
cranaapra POSIX 1003.2
Cucmemnule 803mModCHOCHU
Hpaiisepst MS DOS JHa Her
HpaiiBepsr Winl6 Ja Her
Kommpeccus aucka Ja JHa
[Moxnep:kka MyJIBTHITPOIIECCOPHBIX TUIATHOPM Her Ha
Texnuueckas n0O0epicKa U cepsuc
KomaHnpl nHKeHepoB ISl peleHust Mpo0IeM B KPUTHYECKHUX CITydasix Her Ja
E>xemecsunble HHQOPMAIMOHHBIE BBITYCKH Her Ha
ExexBapranbHble cepBUcHbIe akeTsl Ha CD u quckerax Her Ha

§ 1.3. NpuHUMNbI pa3paboTkn AMHaMmu4eckux 6ubnmnortex

1.3.1. OcHOBHble NO/IOX¥KeHUA

Juuamuuecku nonkiodaembie oudnuoreku (DLL — dynamic link libraries) npencrapistor coOokt
BakHOE cpencTBO omeparonHoi cucteMbl OC Windows. DLL-OMONMHOTEKH MO3BOJISIOT MOAKIIIOYATH
MPEABAPUTENBHO CO3/IaHHBIE MOTYJIH K OIIEPAIIMOHHON CHCTEME, YTO 00eCcTIeunBaeT ISl MPUIOKEHHH 00-
MK KOJ, CO3/IaeT MOAYJIbHOE MPEACTaBICHUE YaCcTO UCTIONB3YEMBIX (QYHKIIMH U CIIOCOOCTBYET pacuIupsi-
emoctd. OC Windows cama cocTouT B ocHOBHOM U3 DLL-6ubnuotek. Jlro6oe npuinoxkeHue, rie npume-
Hsercs Win32API, ucnone3yer ¢yHKIMOHANBHBIE Bo3MoxkHOCTH DLL. Mcnonp3oBaHue JUHAMUYECKUX
OUOIMOTEK — 3TO COCOO OCYLIECTBIICHUSI MOAYIBHOCTH B MIEPUOJ BHIMOMHEHHs TporpaMMbl. DLL mo3Bo-
JISIeT YIIPOCTUTh U caMmy pa3paboTKy MporpaMMHOro odecriedeHus. Bmecto Toro uto0Obl Kaxaelid pa3 mepe-
KOMITAJIMPOBATh OrpoMHble EXE-nporpaMMsl, JOCTATOYHO IEPEKOMITMIINPOBATH JIMIIb OTACIbHBIN JUHA-
MHUYECKHI MOIysb. KpoMe Toro, 10ocTyn K JUHAMHUYECKOH OMOIMOTEKe BOBMOXKEH Cpa3y M3 HECKOIBKUX
WCTIOJTHSIEMBIX MOAYJEH, YTO JlellaeT MHOrO3HAaYHOCTh Oonee Tnokoi. Ctpykrypa DLL-Monysnst mpakTu-
4yecku Takas ke, kak U EXE-monyns. [Iunamudeckast OMOInoTeka — 3TO elle ¥ BO3MOXHOCTb pa3paboTKu
MPUIOKEHNH Ha pa3HBIX s3bIkax. JJMHamuydeckas OMOMMoTeKa, HanrucaHHas, ckakeM, Ha Visual C++, Moxer
BBI3BIBATHCA W3 MPOTpaMM, HalMCaHHBIX Ha JIOOBIX s3bIkax. ClienyeT Takke OTMETUTh, YTO WCIOJNb-
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30BaHME TUHAMUYECKMX OMOIMOTEK IKOHOMHUT IAMCKOBOE MPOCTPAHCTBO, TaK KakK Mpolenypa W3 TaKoi
OUOIMOTEKH MTOMENIAeTCsl B MOAYJIb JIMIIb OWH Pa3 B OTIMYUE OT MPOLENYP, ITOMENIAeMBIX B MOIYIIH U3
CTaTUYECKHX OMOIUOTEK.

JuHamuueckas OMONIMOTEKAa MPOELUPYETCs Ha aJApecHOE MPOCTPAHCTBO BBI3BIBAIOIIETO MpPOIIECcCa.
B pesynbTare oHa CTaHOBHUTCS 4acThio 3TOro mpouecca. Ecnu nuHamuyeckass OnOIMoTeKa pe3epBUpyeT
JMHAMHYECKYIO TTaMATh, TO 3TOT OJIOK MaMATH NPUHAIIIESKUT npoueccy. [Ipu ynaneHnn 6uOIMoTeKn w3
namsTH OJIOK OCTAETCs U yOalseTcsl TONLKO MPOIIECCOM.

[Tpu cozmanuu DLL HeoOx0aAMMO yKa3bIBaTh IKCIIOPTUPYEMblE QYHKIMU. DTO JAENaeTcs CAeayOnuM
obpazom [7]:

_declspec (dllexport) int Func (char * s);
B nporpamme, BrI3bIBaIOIIEH 3Ty (DYHKIIHMIO, CIEAYET BBECTH CICIYIOIIYIO CTPOKY:
_declspec (dllimport) int Func (char * s);

Jist naneHenmero usydenuss DLL BBenem noHstHe «céasvliéanue». Bo BpeMs TPaHCISALMK CBSI3bI-
BAlOTCSl MMEHA, YKa3aHHbBIE B MPOrpaMMe KaK BHEIIHHE, C COOTBETCTBYIOLIMMH UMEHAMHU M3 OHOIMOTEK.
Takoe cBsA3bIBaHME HA3bIBAECTCS PaHHUM (WM cTaTHYecKWM). HampoTuB, B ciydae ¢ AWHAMHYECKOH
OUOIMOTEKOH CBSI3BIBAHME MPOUCXOIUT BO BpeMs BBIMOTHEHHUS MOAyIs. Takoe CBS3bIBaHWE HA3bIBAaETCS
no3IHUM (MK AnHamMudeckuM). [Ipu aToM nmo3nHee CBA3BIBAaHWE MOXKET MMPOUCXOIUTH B ABTOMAaTHYECKOM
peXUMe B Hadaie 3alycka MporpamMMbl M MpU Nomoiu crenuaibHbeix API-dyHkumii (cMm. ganee) mo
XKeJTaHuIo porpaMmucta. [Ipu 3ToM roBopsIT 0 SBHOM U HESIBHOM CBsI3bIBaHHH (pucC. 1.2).

TpaHcaauma ‘ \  Bpema BbINoHEHNA
Y > McnonHaembi mogynb —x 'y »
PaHHee No3aHee No3gHee
cBA3bIBaHME HesiBHOE ABHOE
cBA3blBaHMeE cBA3bIBaHMeE
1 ) [ \
Cratuuyeckune 6ubMoTERM | [ OunHamunueckmne 6ubnnotekn

Puc. 1.2. Innroctpanusi MEXaHU3Ma CBS3bIBAHUS

B cpene Windows mpakTHKYIOTCS Ba MEXaHHM3Ma CBSI3bIBAHHS: MO CHMBOJILHBIM U TOPSAKOBBIM
HOoMepaM. B niepBoM ciyuae (yHKIMS, OnpeieieHHas B JMHAMUYECKON OUOINOTEeKe, UISHTU(DUIIUPYETCS
MO €€ UMEHHU, BO BTOPOM — TI0 TIOPSIZIKOBOMY HOMEDY.

JluHaMudeckasi OMOIMOTEKa MOXKET COIepKaTh pecypchl. Tak, (aiiibl pudTOB MPEACTABISIOT COO0H
JMHAMHUYecKre OMOIMOTEKH, eIMHCTBEHHBIM COJEPKHMBIM KOTOPBIX SIBISIOTCS pecypchl. Hano ckasarts,
4TO JUHAMUYecKass OMOMMOTeKa Kak Obl CTAHOBUTCS MPOJODKEHHEM Ballei MPOrpaMMEl, 3arpyKasich
B a/IpecHOE MPOCTPaHCTBO Tpoiiecca. COOTBETCTBEHHO JaHHBIE MPOIECCca JOCTYIHBI U3 AWHAMHYECKOH
OuOMOTEKN 1 HA00OPOT — JAHHBIC JUHAMUYECKONH OMOIIMOTEKH JIOCTYITHBI JJIs IpoIiecca.

B nroboli quHamMuuUeckoii OMOMMOTEKE ClieAyeT ONpeNeNuTh TOYKY BBojaa (Tmpolenypa BBoaa). [Ipu
3arpy3Ke W BBITPYy3KE AWHAMHUYECKOH OWMOMMOTEKH aBTOMATHUYECKH BBI3BIBAETCS MpOILEAypa BBOJA.
Crenyer OTMETHTb, YTO KaKUM ObI crtocoOOM HU Oblla 3arpy:keHa TuHaMudecKas OnOauoTeka (IBHO UIH
HESIBHO), BBITPY3Ka AMHAMHYECKOW OMOIUOTEKH U3 MaMsATH OyleT MPOUCXOANTh aBTOMATHUYECKH MPH 3a-
KPBITHH TIpoliecca MM MOToKa. B mpuHIMIIE mpomeaypa BXoa MOKET OBITh UCIONB30BaHa U HEKOTO-
PO HAaYAJIbHOM MHULMANN3ALUN JUHAMUYECKUX IIEPEMEHHBIX. JJOBOJIBHO 4acTO 3Ta IPOLEAYypa OCTAeTCs
nyctoi. Jng peanuzanuu yBegomisttonield Touku Bxoga B DLL motpeOyercss moMecTUTh Ko (QyHKIIWH,
ocHoBaHHBIN Ha poToTune DLLEntryPoint():
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BOOL DLLEntryPoint (HINSTANCE hInstDLL, DWORD dwNotification,
LPVOID IpReserved)

Nwms pyaxkuun DLLEntryPoint() cnyxut npocto 3anoiauteneM. [1o yMonyaHui0 MOAYIb MOAKIIIO-
4yeHus uier pyHkuuio ¢ umeHem DLLMain(). [Ipu onpenenennu Touku Bxoga B DLL dyHKInu MoXHO
MPHUCBOUTS Jit00oe uMsl. [Ipu BbI30Be MpoIeypsl BXO/Ia B Hee MOMEIIAIOTCS TPY Mapamerpa:

— uaentuduxarop DLL-moxyms;

— MpHUYHMHA BBHI30BA;

— pe3eps.

Paccmotpum noapoOHee BTOpOH mapaMerp MpoLeayphl BBOJA, KOTOPBIM MOXKET IPUHUMATh YEThIpe
BO3MOYKHBIX 3HAUCHHS:

e DLL PROCESS ATTACH — coo0raer, 4to [uHaMuueckas OMOIMOTeKa 3arpyeHa B aJipecHOe
MPOCTPAHCTBO BBI3BIBAIOIIETO MPOIIECCa;

e DLL THREAD ATTACH — coo0miaer, 4To TeKyIuii mporecc co3aeT HOBbII MoToK. Takoe coo0-
LICHUE MOChIIAETCS BCEM TUHAMUYECKUM OMOIMOTEKaM, 3arpy>KEHHBIM K 5TOMY BPEMEHH MTPOILIECCOM;

e DLL PROCESS DETACH — coobiaer, 4ro AuHamMu4ecKasi OMOIMOTEKa BRITPYkKACTCS U3 ajpec-
HOT'O TIPOCTPAHCTBA MPOIIECcCa;

e DLL THREAD DETACH — coo0Iaer, 4To HEKHil MOTOK, CO3/JIaHHBIH JaHHBIM IPOIECCOM,
B a/IpeCHOE MIPOCTPAHCTBO KOTOPOTO 3arpy:KeHa JIJaHHas THHaMHUYecKas OnOIMOTeKa, YHUUTOKAETCS.

1.3.2. TnasHas ¢pyHKuma DIIMain()

BonbmmacTBo 6ubOaroTek DLL — mpocTo KOJIEKIIMU MPAKTHYSCKH HE3aBUCUMBIX JPYT OT JIpyra
(GYHKIHH, SKCTIOPTUPYEMBIX B MPUIIOKEHUS U UCTIONB3YeMbIX B HUX. Kpome dyHKIMH, peqHa3HaueHHBIX
JUISl DKCIIOPTUPOBaHMs, B Kaxaoi Ombimoreke DLL momxna ObiTh QyHKmus DIIMain(). Ota QyHKOus
MpeAHa3HavyeHa Uil HHAuanu3aiuy 1 ounctkd DLL. Ona npunuia Ha cMeny QyHkuusm LibMain u WEP,
MPUMEHSBIIMMCS B peapaynux Bepeusx Windows. CtpykTypa npocreiinieii ¢pynkunu DIIMain() moxer
BBITJISZICTh CICAYIOLIMM 00pa3oM:

BOOL WINAPI DlIMain (HANDLE hinst, DWORD dwReason, LPVOID IpReserved)
{

BOOL bAllWentWell=TRUE ;

switch (dwReason)

{

case DLL. PROCESS ATTACH: // VIHuTIamm3anus mpoiiecca.
break;

case DLL. THREAD ATTACH: // VIHuTamm3anums moToka.
break;

case DLL THREAD DETACH: // O4nCTKa CTPYKTYp MOTOKA.
break ;

case DLL. PROCESS DETACH: // O4ucTKa CTPYKTYp mporecca.
break;

}

if (bAll WentWell)
return TRUE ;

else

return FALSE;

}

Oynkuus DIIMain() BeI3bIBaeTcs B HECKONBKUX ciydasix. [IpuunHa ee BbI30Ba ompenensercs napa-
MeTpoM dwReason, KOTOPbIA MOXET MPUHUMAThL OJHO M3 CIenyroIuX 3HadyeHuil. [Ipu nepBoii 3arpyske
oubnuorekn DLL mpoueccom BbizbiBaercs @yHkuust DIIMain() ¢ mapamerpom dwReason, paBHBIM
DLL PROCESS ATTACH. Kaxnplif pa3 mpd CO3AaHHU MPOLECCOM HOBOTO MOTOKAa (KpOME IepBHY-
Horo) DIIMain() Be3bIBaetcst ¢ mapamerpom dwReason, papabiv DLL. THREAD ATTACH.

ITo oxonuanuu padots! npouecca ¢ DLL ¢ynknust DIIMain() Bei3biBaeTcst ¢ mapamerpom dwReason,
pasaeiM DLL. PROCESS DETACH. [Ipn yHU4TOXEHHUU TOTOKOB (KpoMe MepBUYHOr0) dwReason Oyaer
paser DLL. THREAD DETACH.
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Bce onepanuy mo MHUIIMANU3AUM U OYMCTKE JUIS MPOIECCOB U MOTOKOB, B KOTOPBIX HYXKIAeTCs
DLL, HeoOX0IuMO BBHITIONHSITh HA OCHOBAaHUM 3HAauYCHHS dwReason, Kak ObUIO TTOKAa3aHO B MPEIbITYIIEM
npuMepe. MHUIManu3amus nporeccoB 00bIYHO OrPaHUYMBACTCS BBIJIEICHHEM PECYPCOB, COBMECTHO HC-
MOJIb3YEMBIX MOTOKaMH, B YaCTHOCTH 3arpy3Koi pasaenseMbix (aiioB U MHULIMANTU3aeld OMOIMOTEK.
WHunmanu3zanysi TOTOKOB NMPUMEHSIETCS I HACTPOWKH PEXHUMOB, CBOMCTBEHHBIX TOJIBKO JAHHOMY
MOTOKY, HAaIlpUMep [T HHUITNAIN3ALUH JIOKAJIIbHOM MaMsTH.

B cocraB DLL MoryT BXOAWUTB pecypchl, He MPpUHAAJISKAIE BRI3bIBAIONIEMY Ty OMONNOTEKY MpH-
noxenuto. Ecnu ¢dyakunun DLL paboratot ¢ pecypcamu DLL, 6bu10 ObI, O4EBHAHO, TIOIE3HO COXPAHHUTH
neckpuntop hlnst u ucnonp30BaTh €ro mnpu 3arpyske pecypcos uz DLL. Ykazatens I[pReserved 3apesep-
BHUPOBaH JJIsl BHYTPEHHEro ucnoibp3oBanus Windows. CieqoBaTelbHO, IPUIOKEHNE HE TOJDKHO MpETeH-
JI0BaTh Ha HEro, MOXKHO JIMIIb MPOBEPHUTH ero 3HadeHue. Ecnu Oubnmuoreka DLL Obuta 3arpyxeHa
nuHamuuecku, oHo Oyner paBHo NULL. TIpu cratudeckoi 3arpy3ke 3TOT yKaszateib OYyIeT HEeHYJICBBIM.
B cnyyae ycnemHoro 3aBepiienus Gyukius DlIIMain() momxua Bo3Bpaniate TRUE. B ciiyuae BO3HHKHO-
BeHus omuOku Bo3Bparnaercs FALSE u nanpHelnme qeicTBUs MPEKPaIarTCs.

1.3.3. 3kcnopTtuposaHue dbyHKumnii u3 DLL

UToObI MPUIOKEHHUE MOTJIO 00pamaThCs K QYHKIUAM TUHAMUYECKOW OMOTUOTEKH, KaXKlas U3 HUX
JOJDKHA 3aHUMATh CTPOKY B Tabnuile SKcnopTupyembix ¢pyHkiuii DLL. Ects aBa cmoco6a 3anectH GyHK-
LU0 B ATy TaOJHIy Ha dTare KOMMIIIUU. MOKHO SKCTopTHpoBath GyHKIHI0 n3 DLL, moctaBuB B Havase
ee onmcanus moauduratop declspec (dllexport). B s3pike C++ 10 yMOIYaHUIO IPOU3BOAMUTCS J00aBKa
K UMeHaM (pyHKIHHA TakuM 00pa3oM, 4TOOBI pa3anyuaTh QYHKIMH C Pa3HBIM KOJIMYECTBOM M THIIOM Iapa-
MeTpoB. [ToaToMy Asist TOro, YTOOBI MOXKHO OBIJIO BBI3BIBATH (DYHKIMIO W3 JIPYroro MOAYIIS MO ee OObIY-
HOMY UMEHH, €€ cIelyeT OOBIBUTH Kak extern «Cy.

CTpykTypa MpoCcTeHieii SKCIOPpTUPYEMOi (DYHKIIUU B 3TOM CIIydae MOXET BBITJISICTh CIICIYHOIIM
obpazom:

extern «C» __declspec (dllexport) int MyFunction (...)
{

return 0;
H
Kpome aToro, ans skcnopra (yHKIHMHA MOXKHO HCIIONB30BaTh (pailiibl ompeneneHust Momyns *.def.
CuHrakcuc (aiiyioB ¢ pacuipeHueM .def B TOCTATOYHO MPSMOJIMHEEH, TJIABHBIM 00pa3oM IOTOMY, YTO
CIIOXKHBIE TIApaMeTpPhI, UCIIONIL30BaBIIUECS B paHHUX Bepcusix Windows, B Win32 Gonee He mpuMeHs-
torcst. Kak ctaHeT MOHSTHO M3 CIEAYIONIETr0 MPOCTOr0 MpUMepa, .def-Qpaiiin coaepKUT UMs U ONKCaHHe
OMOIMOTEKH, a TAKXKE CITUCOK IKCIIOPTHPYEMBIX (DYHKIIUH:

MyDLL.def

LIBRARY «MyDLL»

DESCRIPTION 'MyDLL — npumep DLL-6ubnnorexu'
EXPORTS MyFunction @1

B crpoke skcriopta GpyHKIMH MOKHO YKa3aTh €€ MOPSIIKOBBI HOMEp, TOCTABUB MEpe]] HUM CUMBOI (@.
3TOT HOMEp OyZeT 3aTeM MCIOoNb30BaThes pu obpamiennu K ¢pyHkimu GetProcAddress(), kotopas Oyaer
ornucana jainee. Ha caMoM Jiefie KOMITWIIATOP MPHCBAUBAET MOPSAKOBBIE HOMEpa BCEM KCIOPTUPYEMBIM
obbektam. OJHAaKO Ccroco0, KOTOPBIM OH 3TO JENaeT, OTYacTH HelpeacKa3yeM, eClid He MPUCBOUTH 3TH
HOMepa sBHO. B cTpoke skcropra MokHO Mcnionb3oBath napamerp NONAME. OH 3anpemaer KOMIuIsA-
TOPY BKJIFOYATh UMs (PYHKIIMHU B TaOIHIly SKcriopTupoBanus DLL:

MyFunction @1 NONAME

Wuornaa 310 mo3BossieT CAKOHOMHUTH MHOTO MecTa B (aiiiie DLL. [punokenus, ucnons3yomnme ouo-
JIHOTEKY UMITOPTHPOBAHUS ISl HEIBHOTO MOAKIoUeHnss DLL, He «3aMeTSIT» pasHHUIBl, MOCKOIbKY TPH
HESIBHOM TIO/IKJIFOYCHUH MOPSIKOBBIC HOMEpa UCIONB3YIOTCS aBTOMAaTHYSCKH. [IpHIIOKEHHsIM, 3arpyKaro-
M oubimoreku DLL aunamuuecku, notpedyercs nepenasath B GetProcAddress() mopsiikoBbiii HoMep,
a He UM (QYHKIIHH.
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B ornnume ot craTudeckux OMOIMOTEK, KOTOPbBIE, MO CYNIECTBY, CTAHOBSATCS YaCThIO KOJA MPHIIO-
XKEHUsl, TMHaMu4eckre Onbianoreku B 16-pas3psaabix Bepeusix Windows paboranu ¢ maMsaThio HECKOIBKO
uHaue. [log ynpaeneanem Winl6API namsars DLL pa3menianach BHE aJpecHOro MPOCTPAHCTBA 3ajauu.
Pa3menienre nuHaMU4Yeckux OMOUMOTEK B TJIO0ATBHONW MaMSITH O0OECIICUMBAIO BO3MOXKHOCTH COBMECT-
HOI'0 MCIIOJIB30BaHUA UX PA3JIMUYHBIMU 3a/la4aMU.

B Win32API 6ubnuoreka DLL pacmonaraercss B 00JacTH MaMsATH 3arpyKaroliero ee mporiecca.
KaxxmoMy mpoiieccy mpeaocTaBisieTcss OTAeIbHas KOMUs «riiodanbHoW» namstu DLL, kotopas penHH-
HHUATTU3UPYETCS KaKIBIM pa3, KOrJa €€ 3arpyaeT HOBBHIN Mporecc. DTO O3HAYAET, YTO AMHAMUYECKAs
OHOIMOTEKa HE MOXKET MCIIOIh30BaThCI COBMECTHO, B 00IIEl MaMsITH, KaK 3T0 ObL10 B Winl6.

N Bce ke, BBINOJHUB PAJ 3aMbICIOBAThIX MaHMMYJISLMA HaJl CETMEHTOM JaHHbIX DLL, MOXHO
co3J1aTh OOIIYI0 00JIACTh MAaMSATH JIJISl BCEX MPOIECCOB, HCIIONB3YIONIMX JaHHY OHOIMoTeKy. JlomycTum,
HUMECTCA MaCCHUB IICJIIbIX YHCCII, KOTOpLIfI JOJZKCH HMCIIOJIB30BATHCA BCEMH IPOLECCaMU, 3arpyKarolmnuMu
nanHyto DLL. 9To MOXKHO 3aporpaMMHUPOBATh CIICAYIOLIMM 00pa3oM:

#pragma data_seg («.myseg»)

int sharedInts [11];

// npyrue nepeMeHHbIe OOIIEeT0 MOIh30BAHUS

#pragma data_seg()
#pragma comment (lib, «msverty «—SECTION:.myseg, rws»);

Bce nepeMeHHbIe, OOBSBICHHBIC MEXY TUPEKTUBAMU #pragma data_seg(), pa3MelnaloTcs B Cer-
MeHTe .myseg. JlupektuBa #pragma comment() — He oObluHBIH KoMMeHTapui. OHa HaeT ykazaHHeE
OuOIMoTeKe BHIMOMHSIONIEH CHUCTEMBI TOMETUTh HOBBIM pa3/ien Kak pa3pelieHHbIN s YTeHUs, 3aluCH
Y COBMECTHOTO JIOCTYIIA.

Jns nemoHCTpanuy npuHIMNa pa3padorkun DLL co3mamum mpocTyro JUHAMHUYECKYIo OHOIMOTEKY,
coJepKallyro Tolbko npoctyio Gynkuuto DIIMain() u onHy BHemHIO© QYHKIUIO, KOTOpas MoJIy4aeT
CTPOKY CUMBOJIOB U BBIBOJHT €€ B BHJI€ OKHA C COOOIIEHHEM

#include <windows.h>
int WINAPI DIIMain (HINSTANCE hInctance, DWORD fdReason, PVOID pvReserved)

{
return TRUE;

}

extern «C» _ declspec (dllexport) int MyFunction(char *str)

{
MessageBox (NULL, str, «Function from DLL», MB_OK);

return 1;

}

KoMmmuisus JaHHOTO TIPOEKTa MPUBEIET K CO3/IAHUIO IBYX HEOOXOMUMBIX B TaybHElIeM (aitio —
¢ pactmpenusivu . dll v . lib.

1.3.4. NogKntoveHme DLL

[IpakTHdeckn HEBO3MOXHO cO31aTh NpuiokeHne Windows, B KOTOPOM HE HCIOIB30BAIUCH OBl
oubmuorekn DLL. B DLL conepxatcst Bce ¢ynkuuun Win32 APl m HecueTHOe KOJIMYECTBO IPYTUX
¢byHkuui onepannoHHBIX cucteM Win32. Boob6me rosopsi, DLL — sT0 mpocto Habopsl QyHKIHIHA,
coOpanuble B OnOnmoreku. OfHAKO B OTIMYME OT CBOMX CTaTMYECKHX POACTBEHHUKOB ((aiinos ./iD)
JMHaMHUYecKre OMOIMOTEeKH He MPUCOEIMHEHBI HEIMOCPEACTBEHHO K BBIMIONHSEMBIM (aiiiaM ¢ TOMOIIBIO
penakropa cBs3cil. B BeIIONHSIEMBbIN (ailyl 3aHeceHa TONbKO MH(OpMalus 00 MX MECTOHAXOXKICHUHU.
B MOMeEHT BBHIMONTHEHUSI TPOTPaMMBI 3arpyKaeTcst Bca OMOIMOTeKa 1enuKoM. biaromapst 3ToMy pasHble
MPOLIECCHl MOTYT MOJIB30BATHCSI COBMECTHO OHUMU U TEMH e OMOIMOTEeKaMH, HAXOISIIMMUCS B TIAMSITH.
Tako# mOAX0A MO3BOJISIET COKPATUTh 00BbEM MaMsTH, HEOOXOAMMBIN IJIsi HECKOJIBKUX MPUIIOKEHUH, HC-
MOJB3YIOUIMX MHOTO O0IIMX OMOJIMOTEK, a TaKKe KOHTpoIupoBaTh pasMepsl EXE-daiinos.

Onnako ecny OHOMOTEKa UCTIONB3YETCS TONBKO OJHUM NMPHIOKEHUEM, TO JyUIlIe CAeNaTh e¢ OOBIYHOM,
cratudeckod. KoHeuHo, ecnu BXopsime B ee cocTaB QYHKIMH OyayT MCIOJIB30BATHCS TOJIBKO B OIHOU
MporpaMMe, MOXKHO MPOCTO BCTABUTH B HEE COOTBETCTBYIOIINH (aiiil ¢ MICXOAHBIM TEKCTOM.
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B cnyvae ncronb3oBaHusl TMHAMUYECKMX OMONMOTEK, KaK OBUIO CKa3aHO paHee, MPUIIOKEHUE MOXKET
aKTHUBH3MPOBATH pasMenieHHbie B DLL nponenypsl AByMst METOaMuU: TO3THIUMHU HESIBHBIM H SIBHBIM CBSI-
3pIBaHUAMH. PaccMoTpuM nx Golnee moapoOHo.

1. Ilo30nee nessnoe céasviganue. B nanHoM ciyvae IPUIOKEHHE PeaM3yeT TMHAMHYECKOE CBSI3bI-
BaHME BO BpeMs 3arpy3Ku 3a CYeT yKa3aHus uMeH npouenyp u3 DLL HenmocpeacTBEHHO B HCXOJHOM
koze. KoMIOHOBIIMK BCTaBISIET CCHUTKM Ha TH MPOLEAYPhI IPH UX OOHAPYKEHUH B CBSA3aHHOM C MPUIIO-
JKeHHeM OMOMoTeke uMropra Jnuoo yepes pasnaen IMPORTS daiina onpeneneHuii MOmyis Juisl JAHHOTO
npuiokeHus. Bo BpeMsi BBIMOJIHEHUS! MPHIIOKeHUs 3arpy3unk Windows nmomemaer DLL-6ubmunorexu
B MaMsITh M pa3pexaeT 9TH cchUIkH. [Ipu 3amycke npuioxeHue neitaercs HailT Bee dainel DLL, HesBHO
MOJKIIOYEHHBIE K TPUIOKEHUIO, U TTIOMECTUTh UX B 00JacTh ONEPAaTHBHON MaMATH, 3aHUMAeMyIO JaH-
HbIM miporeccoM. [louck ¢aiino DLL ornepaninoHHON CHCTEMOI OCYIIECTBISETCS B CIEAYIONICH Mmocie-
JIOBaTEIbHOCTH:

— KaTtaJor, B koropoM Haxoautcsi EXE-daiin;

— TEKYyIIUN KaTaJIOT MIPOLIECcCa;

— cucteMHbIl Kataigor Windows.

Ecnu 6ubnuoreka DLL He oOHapyskeHa, MPUIIOKEHHE BBHIBOJAUT AHAIOTOBOE OKHO C COOOIIECHHEM
0 €€ OTCYTCTBHH M ITyTSIX, 10 KOTOPBIM OCYILIECTBIISIICS ITOUCK. 3aTeM Tpolecc oTKIo4aercs. Ecim HyxHas
OubnmoTeKa HaiileHa, OHa MOMEIIAETCs B ONEPAaTHUBHYIO MaMSTh MpoIlecca, Te U OCTaeTcs 0 €ro OKOH-
yanus. Terepp NpUIIOKEHHE MOXKET oOpamatbesi K (GyHKuusM, copepxkammmes B DLL. Jlns ummopra
(GyHKIMI OMOTMOTEKH HEOOXO0IMMO UCIIONBb30BaTh CTPOKY  declspec (dllimport).

Ota hopmMa TMHAMHYECKOTO CBA3BIBAHHS HanOoliee MpocTa, OJHAKO MPU HEKOTOPBIX YCIOBHUSIX OHA
MOXKET cO03/1aBaTh mpodieMbl. Hampumep, eciu npuiokeHue cchiiaercs Ha nporenypy u3 DLL Takum
crocobom, B ciydae ero peanusanun DLL-O6ubnuoreka AoMKHA CYIIECTBOBATh JayKe TOra, KOrJa Mpu-
JIO’)KeHUEe HHUKoTAa He oOpamiaercs K mpouenype. Kpome Toro, Ha sTane KOMIHISIUN MPUIOKECHHUE
JOJDKHO 3HaTh MMEHA BCEX MPOLEAYp, KOTOpble OYAYT CBSI3BIBATHCS BO BpeMs 3arpy3ku. s sToro
HCIONB3YETCs CICIUaNbHBIN (aii ¢ pacmmpenueM ./ib. Onnako .lib-¢aiin, ucrnoib3yeMblil Tpu HEIBHOM
ces3piBanuM DLL, — 3T0 He oObluHas craTuueckasi oubnuoreka. Takue ./ib-aiinel Ha3bpIBatOTCS OHO-
JMOTeKaMU UMIIOpTHpoBaHus (import libraries). B HUX comepKUTCs HE caM Koj OMOIMOTEKH, a TOJIBKO
CCBUTKM Ha Bce (YHKLWH, dKcropTupyeMbie u3 ¢aiina DLL, B koTopoMm Bce U XpaHutcs. B pesynbrate
OMOIMOTEKN UMIIOPTUPOBAHMUS, KaK MPaBUIIO, UMEIOT MEHbIIUi pasmep, yeM DLL-daiinbl. Cozpatores
Takue (ailyibl 00BIYHO Cpeor pa3pabOTKU OmHOBpeMeHHO ¢ .dI/l. Wwms .[ib-daiina onpenensercs cpenu
MPOYMX MMapaMeTpoB pellakTopa CBs3el B KOMaHAHOW CTpoKe Wi Ha BKiajke «Link» auaaoroporo okHa
«Project Settings» cpenpst Developer Studio. B 6ubnmnorekax sizpika C iMeHa QYHKIUI He pacInpSIOTCS,
MO3TOMY €CIIi HEeOoOXOJUMO MOAKIMIOYNTh Onbinoreky Ha C K mpuioxeHuto Ha C++, Bce QyHKIMH U3
9TOl OMOIMOTEKN pUAeTCS 00BSIBUTH Kak BHeIIHHE B opmaTe C:

extern «C» __declspec (dllimport) int MyOldCFunction (int myParam);

PaccMoTpuM mpocToil nmpuMep MOAKIIOYEHHsS] OMOIMOTEKH C TMO3JAHUM HESIBHBIM CBSI3BIBAHUEM.
B kagectse DIl ucrons3yem npuBeneHHYIO BbIe. VICXOMHBIN KO MPUIIOKEHUS CIC YOI

#include <windows.h>
extern «C» __ declspec (dllimport) int MyFunction (char *str);
int WINAPI WinMain (HINSTANCE hinstance, HINSTANCE hPrevinstance, LPSTR lpCmdLine, int n\CmdShow)

{
int iCode=MyFunction («Hello!»);

return 0;

}

2. Ilo30nee agnoe ceazvieanue. XOTs JTAaHHBIA THUIT CBSI3bIBAHUS MPEOIOTIEBAET OTPAHUUEHHS BO BpEMSI
3arpy3KH, 9TO MeToJ] TpeOyeT 0ombiIol paboThl Hax NprioxeHueM. Bmecto ykazanus DLL-npoueayp Ha
CTaIMU KOMIWISIIMK NpuIoxkeHue uctonb3yer Gynkuuu LoadLibrary(), LoadLibraryEx(), GetProcAddress()
u FreeLibrary(), 4To0sl 3a1aTh BO BpeMsl BbIlToTHEeHUs1 UMeHa DLL-0u0nmotek u mporenyp, Ha KOTOpbIe
OYIyT BBIITOJIHATHCS CCBHUIKH.
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Kpome Toro, nosmHee sSBHOE CBSI3bIBAHHE MO3BOJISIET MPHIIOKEHUIO MONACPKUBATH QYHKIIMOHAIb-
HbIE BO3MOXXHOCTH, HEIOYCTUMBIE Ha dTare COo3JaHus MpUiIoKeHus. Hampumep, TEKCTOBBIN MPOIEccop
MOXKET MpeAocTaBisATh BHyTpu DLL nmognporpammel mpeoOpa3oBanus (HailyioB pa3indHoOTo Gopmarta.
[Ipu ncnonb30BaHUK JUHAMHYECKOTO CBSI3BIBAHUS BO BPEMSl BHIIIOIHEHUSI BO3MOXKHO J100aBJIEHHE HOBBIX
DLL-6ubnmnoTek, cofepkalux moanporpaMMbl IpeoOpa3oBaHusl HOBBIX (DOpMATOB, KOTOPHIX HE ObLIO Ha
MOMEHT CO3AaHMs NpHIIoKeHUs. [[0CKONbKY MPHUIIOKEHNE BO BPEMs BHITIOJTHEHHS OMPEENIeT, KaKue
DLL-6ubnmnorekn npeodpazoBanus (HOpMaTOB CYIIECTBYIOT, B pe3ylbTaTe yCTaHOBKH HOBBIX DLL mpu-
JIOKEHUE TIOTYYHT BO3MOXXHOCTh MCIOJIb30BaHMUS HOBBIX MpoLenyp mpeodpazoBaHus. s n3BiedeHUs
umeH cymectBytoumx DLL npunoxenne npumensier ¢pynkuun FindFirstFile() u FindNextFile(). 3atem
OHO MOXeET 3arpy3uTh Kaxayto DLL, momyuuTs anpeca mpoueayp npeoOpa3oBaHHs M MOMECTUTH ITH
azipeca B CTPyKTypY, KOTOpasi BIIOCJIEICTBUU OyZeT 3aJeliCTBOBaHa B IIpoliecce peodpa3oBaHus Gaiios.

[lepBoe, 4T0 HEOOXOAUMO CHENATh MPU JUHAMUYECKOW 3arpy3ke DLL, — 3T0 momMecTuTh MOIY/Ih
OuOIMoTeKH B MaMsATh mpomecca. JJaHHas onepanus BeImonHseTcs ¢ momoinsio pyHkun LoadLibrary(),
UMeIoIe eAMHCTBEHHBIN apryMeHT [pFileName — uMs 3arpyxaeMoro Moayisi. COOTBETCTBYIOUIHMA
(¢parMeHT NporpaMmsl JOJKEH BBITISAETh CIEAYIOMUM 00pazom:

HINSTANCE hMyDlI;
if ( (hMyDll=:: LoadLibrary («<MyDLL»)) ==NULL) { / * ne ynanocs 3arpy3uts DLL */ }
else { /* mpuIOXKeHHE HMEET PaBo MoNMB30BaThes (yHKImsMi DLL gepes hMyDI1 7/ }

CranmapTHbIM pacimupeHuem ¢aitna oubnuorekn Windows cuutaer .dll, ecnu He yka3aTb Opyroe
pacumpenue. Eciiv B uMeHu ¢aiina ykasaH ¥ myTh, TO TOJIBKO OH OYJIET MCIOJIB30BAThCS JUIS IMOUCKA
¢aiina. B npotuBaOM ciydae Windows OyzaeT uckath (ailyl o TOi ke cxeMe, 4TO U B CiIydae HEesSBHO
nonkatoueHHbIX DLL, HaunHas ¢ kaTanora, U3 KOTOPOro 3arpyxkaercs exe-(aiiyi, ¥ mpoaokas B COOT-
BETCTBHUH co 3HaueHuem PATH.

Koraga Windows oOHapy>kuT Qaiif, ero moaHsli myTh OyAeT cpaBHEH ¢ myTeM Oubmuorek DLL, yxe
3arpy’KeHHBIX JaHHBIM TpolieccoM. Eciau oOHapyKUTCs TOXKIIECTBO, BMECTO 3arpy3KH KOMHH MPHIIOXKe-
HUS BO3BPAILAETCS IECKPUIITOP YKe MOJKITIOYSHHOW OMOINOTEKH.

Ecnu daiin oOHapykeH n Oubnuoreka ycnenHo 3arpysuiack, Gynkius LoadLibrary() Bo3Bpamiaer
ee JIECKPHUIITOP, KOTOPBIH UCTIONIB3YETCS JUTS JOCTYNA K (PYHKIHUAM OUOITHOTEKH.

Pacumpennas ¢ynkuus LoadLibraryEx() nomyuaer tpu napamerpa:

HMODULE (LPCTSTR IpFileName, // ’MsL 3aTPy»KaeMOro MOy
HANDLE hFile, // 3ape3epBHUPOBaH, JIOJKEH ObITh HYJIEBBIM
DWORD dwFlags); // pnaru, onmpeneNsIonIue OMIUU 3arPy3KH MOITYIS

Ilepen Tem Kak MCHONB30BaTh GYHKIHUK OMOIMOTEKH, HEOOXOAMMO MOTYYHTh UX aapec. [is aToro
CHayasa ClelyeT BOCHOJIb30BAThCS AUPEKTUBON fypedef Ul onpenenaeHus TUIIa yKa3aTels Ha (yHKLUIO
W ONPEAENUTH TIEPEMEHHYIO 3TOT0 HOBOTO THIIA, HAIIPUMEDP:

// Tu PFH_MyFunction O6yner o0bsSBIATH yKa3aTenb Ha (GYHKIIHUIO,
// IPUHUMAIOIIYIO yKa3aTelb Ha CUMBOJIBHBIN Oy(dep M BBLIAIONIYIO 3HAYSHUE THIIA int

typedef int (WINAPI *PFH_MyFunction) (char *);

PFH_MyFunction pthMyFunction;

3arem cienyeT MONy4YUTh JECKPUITOP OMOTUOTEKH, MPU MOMOIIM KOTOPOTO M ONpENeNHuTh ajpeca
¢bynkuuni, Hanpumep aapec GpyHkuuu ¢ umenem MyFunction:

hMyDIl = ::LoadLibrary («MyDLL»);

pthMyFunction= (PFH_MyFunction)::GetProcAddress (hMyDIll, «MyFunction»);

int iCode = (*pthMyFunction) («Hello»);

B obpamennn k pynakuun GetProcAddress() cienyer yka3piBaTh UMl OMOITUOTEKH B UM (DYHKIIHH.
Homyckaercst ykazanue uMmeHu npouenypsl B Buae ASCII-ctpoku nmu6o mopsiikoBoro Homepa (B 3TOM
ciydae Tl CO3/IaHusl OMOMOTEKH JOJDKEH Hcnonb3oBathes def-gaiin, Bropoii mapamerp GetProcAddress()
npuoautcs kK Bury MAKEINTRESOURCE(N)). Cunrakcuc pynkimu GetProcAddress():

FARPROC GetProcAddress (HMODULE hDLLibrary, LPCSTR IpszProcName);
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[Tpu ycrienHoM 3aBepiieHnH (GyHKIMS BO3BpAIAET aJpec TOYKH BXOJIa 3alpaliiBaeMOi POLEIyPhbL.
B nporusHoM ciyuae Bo3spamaercs NULL. [Tapamerpsl dhyHKImu:

e hDLLibrary — neckpunrop DLL, Bo3Bpamaemslii pynkiueit LoadLibrary();

o IpszProcName — 370 1100 yka3aTelb Ha 3aBEPIIAEMYI0 HYJIEBBIM CHMBOJIOM CTPOKY, UIACHTU(U-
HUPYIOLLYIO TIPOLEAYPY, THO0 ee MOPSIKOBBII HOMED.

[ocne 3aBepiieHust paboOThl ¢ OMOIMOTEKOW TUHAMHUYECKOH KOMITOHOBKH €€ MOXKHO BBITPY3UTH H3
MaMsTH rporiecca ¢ nmomoineto Gynkiuu FreeLibrary():

::FreeLibrary (hMyDIl);

PaCCMOTpI/IM 4YaCTb UCXOOHOI'0 KOJia IMporpaMMbl NMOAKIIIOYCHUA DLL ¢ IIO3AHHUM SBHBIM CBs3bIBA-
HUeM. B kavecTBe TMHAMUYECKOM OMOIMOTEKH UCTIONb3yeM IIPUBEICHHYI0 paHee (cM. ¢. 33):

typedef int (WINAPI *PFH_MyFunction) (char *);
HINSTANCE hMyDII = LoadLibrary («MyDI1.dll»);
if (hMyDIl1 )

PFH_MyFunction pfhMyFunction =
(PFH_MyFunction) GetProcAddress (hMyDIl, «MyFunctiony);
if (pfhMyFunction )
int iCode = (*pthMyFunction) («Hello!»);
else
MessageBox (NULL, «Cannot find function!», NULL,
MB_OK | MB_ICONASTERISK);
FreeLibrary (hMyDIl);
H

else

MessageBox (NULL, «DLL could not be loaded», NULL,
MB_OK | MB_ICONASTERISK);
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rnasa 2
PA3PABOTKA MPOrPAMMHOIO KOAA, YYUTbLIBAIOLLEIO
MHOIO3A40A4YHYHKO APXUTEKTYPY COBPEMEHHDbIX OC

§ 2.1. O6wue NPUHLMNbI OPraHM3aLUM MHOT03aAa4HOCTH

2.1.1. OcHOBHble MOHATUA N onpeaeneHun

Kak yxe ObIIO cKa3aHO, MOHSTHE TMpOILECCa BBENCHO Ui pealu3aliy HJed MHOr03aJaqHOCTH.
HeobOxonumo pa3nmuyaTh cHCTeMHBIE YIPABJAIONINE MPOLECCh, TPEACTABISIONIE paboTy CynepBH30pa
OIlepalliOHHON CUCTEMBI U 3aHMMAIOIIMECS paclpeielIeHHeM U YIIPAaBIEHUEM PECYPCOB, OT BCEX JIPYTHX.
JAnist CUCTEMHBIX YIPABISIIONIMX MPOLECCOB B OOJBIIMHCTBE OMEPANMOHHBIX CUCTEM pECypChl pacmperne-
JISIIOTCSL U3HAYAJIbHO W OJJHO3HAYHO. DTH MPOILECCHl YIPABISAIOT PECYpCaMy CHCTEMBI, TOITOMY OOBIYHO
WX HE IPUHSTO HA3bIBaTh 3a/1a4aMu. TepMUH Ke «3a/1a4a» 0ObIYHO YyIMOTPEOISIOT TOJNBKO 0 OTHOIIECHHIO
K mporeccaMm mnonb3oBateneil. Ho 3to crnpaBennuBo He ans Bcex OC. Hampumep, B Tak Ha3bIBaeMBIX
mukposinepasix OC (B kadectBe mpumMepa MoxHO npuBectd OC peanbHOro BpemeHn QNX) OonbinH-
CTBO YIIPABJIAIOIIMX MPOrpaMMHBIX MOJYJIEH caMOM CHCTEMBI M Jjake JIpaBepbl UMEIOT CTaTyC BBICOKO-
MPHOPUTETHBIX MPOILECCOB, JUISA BBIMOJHEHUS KOTOPBIX HEOOXOAMMO BBIIEIUTH COOTBETCTBYIOIINE pe-
cypcbl. AHanornyHo U B UNIX-cucreMax BBINOIHEHUE CUCTEMHBIX MPOrPaMMHBIX MOJIyJIe TOXKe UMeeT
CTaTyC CUCTEMHBIX NPOLIECCOB, KOTOPBIE MOJIYYal0T PECYPCHI ISl CBOETO HCIIONHEHUSI.

Eciu 000011ath u paccMaTpuBaTh He TOIBKO 00buHBIe OC 00IIero Ha3HAYCHUsS, HO U, HAIIpUMED,
OC peanbHOro BpeMeHH, TO CIEAYET cKa3aTh, YTO Hpouecc MOXKET HaXOAUThCA B AKMUGHOM U RACCUG-
HOM COCTOSIHUSX. B akmuenom cocmosanuu npouecc MoOXKeT y4aCTBOBAaTh B KOHKYPEHIIMH 32 MCIIONIb30-
BaHHE PECYPCOB BBIYMCIUTEILHON CHCTEMBI, 2 B HACCUBHOM OH TOJBKO U3BECTEH CHUCTEME, HO B KOH-
KypeHIIMM HE Y4acTBYET (XOTS €ro CylIeCTBOBAaHWE B CHCTEME W COIPSDKEHO C MPENOCTaBICHHEM €My
OTepaTHUBHOM M/ WIIM BHEIIHEH maMsTH). B cBOIO ouepens, akmuenslii npoyecc MOXeET ObITb B OTHOM U3
CIIEYIONINX COCTOSHMI [2, 5]:

— 6blNONHEHUA — Bce 3aTpeOOBaHHbBIC IPOLIECCOM PECYPCHI BBIICIEHBI. B 3TOM COCTOSIHUM B Kax-
JIBIi MOMEHT BPEMEHU MOXET HaXOIUThCS TONBKO OIMH TPOILIECC, €CIIN pedb UAET 00 OJHOMPOIIECCOPHOM
BBIYHCIUTEIIFHON CHUCTEME;

— 20MOGHOCHMU K @bINOTHEHUI0 — PECYPCHI MOTYT OBITh MPEIOCTABIICHBI, TOT/IA MIPOIIECC MepereT
B COCTOSIHME BBITIOTTHEHUS;

— 0n10Kuposanus v oxcudanus — 3aTpeOOBaHHBIE PECYPCHI HE MOTYT OBITh IPEAOCTABIICHBI UITH
He 3aBepIlieHa Onepals BBOAA / BBIBOJA.

B GonpmmHCTBE OMEpaOHHBIX CHCTEM IMOCIEIHEE COCTOSHIE, B CBOIO Ouepelb, MOApasaemsercs
Ha MHOYKECTBO COCTOSIHUHM O)KHMJIaHMsI, COOTBETCTBYIOLIUX OINpENeIEHHOMY BUY pecypca, U3-3a OTCYTCT-
BHUsI KOTOPOT'O MPOIecC NEPEXOJUT B 3a0JIOKUPOBAHHOE COCTOSTHUE.

B o6brunabix OC, Kak MpaBUIIO, HPOUECC ROAGIAEMCA NPU 3ANYCKe KaKou-HUOYOb npozpammul.
Cucrema cosfaer Ui HOBOTO IPOILECCa COOTBETCTBYIOIIMHI deckpunmop (omucatelb) mpolecca, U OH
HauyMHAeT BBINONHATHCA. [1oaToMy maccuBHOro cocrosinus B 00bruHbIX OC He cymiectByer. B OC peasb-
Horo BpemeHu (OCPB) curyanust uHas. OOBIMHO MpPU MPOEKTHPOBAHWU CHUCTEMBI PEalbHOrO BpEMEHH
y’Ke 3apaHee U3BECTEH COCTaB MPOrpamMM, KOTOpBIE JOKHBI OyIyT BBIMOITHSTHCS. M3BECTHBI M MHOTHE
WX TapaMeTpbl, KOTOpble HEOOXOAWMO YYHTBIBATh MpPU pacIpeleleHHH pecypcoB (Hampumep, o0beM
MaMsTH, IPUOPUTET, CPEIHssI [UIMTEIHHOCTh BBIMOMHEHUS, OTKphIBaeMble (Daiijibl, UCIOIb3yeMbIE YCT-
poiictBa u T.11.). [loaToMy 1 HUX 3apaHee 3aBOJST JECKPUIITOPHI 3a]1a4 C TEM, YTOOBI BIIOCIICACTBUH HE
TPaTUTh JIPAarolieHHOE BpeMs Ha OpraHMU3alfio AECKPUIITOPA M MOMCK JJIsl HEro HEOOXOJMMBIX PECYPCOB.
Takxum ob6pazom, B OCPB MHOrme nporiecco (3a/1auu) MOTYT HaXOJUThCS B COCTOSHUM O€3/I€HCTBUS, YTO
MoKa3zaHo Ha puc. 2.1 myHkTHpoM [2].

3a BpeMs CBOEro CyIECTBOBAHMS MPOIECC MOYXKET HEOJHOKPATHO COBEPIIATH MEPEXOAbl U3 OJHOTO
COCTOSTHHSI B Ipyroe. DTo 00yCIOBIEHO 00palleHUsIMU K OTIEPallOHHON CHCTEME C 3alpocaMy PECypcoB
W BBITIOJIHEHHUS CHCTEMHBIX (YHKIMH, KOTOpBIE MPEIOCTaBIISIET ONMEPAalMOHHAs CHCTEMa, B3aHMMOJIEHCT-
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BUEM C JPYIMMU MPOLECCAMH, NOSBICHUEM CUTHAJIOB IPEPHIBAHUS OT TailMepa, KaHAJIOB U YCTPOMCTB
BBOJIa/ BBIBOJA, a TaKKe APYIHX YCTPOWCTB. Bo3aMokHBIE Tepexoipl mpolecca U3 OAHOTO COCTOSHUS
B Ipyroe oToOpaxkeHsI B Bue rpada cocTossHui Ha puc. 2.1. PaccMoTpuM 311 mepexoisl 6omee moapoOHo.

\

N BbinonHeHune

. 4

/ & |

| Besgelictaue —‘—»‘ [OTOBHOCTb

| (naccusHoe cocTosHue) ‘4—1—[ K BbIMO/IHEHUIO
b

A A

OxunpaHue
> { (coctoaHne 6noKMpoBaHNA)

Puc. 2.1. Tpad cocrosiHmit mpouecca

[pouecc U3 cocmoanun Hezdeiicmeus MOKET TIEPEUTH B COCMOAHUE 20MOGHOCIU B CIICAYIOIINX
ciydasx [2]:

— 10 KOMaHJie MoJb30Batels. iMeer MecTo B TeX THAIOTOBBIX ONEPAIIMOHHBIX CHCTEMAaX, TJIe POr-
pamMMa MOXET WMETh CTaTyc 3aJaud, a He MPOCTO ObITh WCIONHSAEMBIM (aijioM M TOJIBKO HA BpeMs
HCIIOJIHCHUS MTOJIy4daTh CTATyC 3ala4u,

— TIpH BBIOOpE U3 OYepeny TUTAHUPOBIIMKOM, YTO XapaKTEepHO JUIsl OEPallMOHHBIX CHCTEM, paboTa-
IOUIMX B TAKETHOM PEXHUME;

— II0 BBI30BY U3 JPYIOH 3a/1auu;

— II0 IPEPHIBAHUIO OT BHEUIHETO MHUIIUATUBHOI'O YCTPOMCTBA;

— IIPH HACTYILIEHUH 3aIJIAHUPOBAHHOI'O BPEMEHU 3aIlyCKa IIPOrPaMMBL

[Mocnenaue nBa crocoba 3amycka 3aa4d, MPU KOTOPBIX MPOLECcC U3 COCTOSHUS Oe3/1ecTBUS epe-
XOJIUT B COCTOSTHHE TOTOBHOCTH, XapakTepHs! aisa OCPB.

[pomecc, KOTOPBI MOXKET HCHOMHITHCS, KaK TOJIBKO eMy OyJlleT MpeaoCTaBlieH MpoLeccop, Haxo-
oumcs 6 cocmoanuu 2omoghocmu. CIUTaeTCsl, YTO TAKOMY MPOILIECCY YKE BBIACIEHBI BCE HEOOXOIMbIE
pecypchl, 3a HCKITIOUEHHEM MPoIeccopa.

U3 cocmoanusa evinonnenus npouecc MOXKeT BBIATH MO OJHON U3 CIEAYIONUX MpU4uH [2, 5]:

— MpOIIeCC 3aBepIlaercs, IPU TOM OH IMOCPENICTBOM OOpallleH!s K CyIepBH30pY Iepeaer yrpaiie-
HUE ONEpalMOHHON CHCTEME M COOOIaeT O CBOEM 3aBepllieHHH. B pesynpTare 3THX NEWCTBHH cymep-
BH30p JIMOO MEPEBOJUT €ro B CIUCOK 0€3JeHCTBYIONIMX MPOIIECCOB, MO0 yHUYTOXKAeT. B cocrosHue
0e3/IeHCTBUS TIPOIIECC MOXKET OBITh MEPEBEACH MPUHYIUTEIBHO: IO KOMaHJIE TOIb30BATENS HWIN ITyTeM
oOpalieHusi K CyNmepBH30pY ONEpallMOHHOW CHUCTEMBbI M3 JPYrod 3agaddl ¢ TpeOOBaHHEM OCTaHOBUTD
JTAHHBIW MPOIIECC;

— Mpolecc MEePeBOIUTCS CYNIEPBHU30POM OIEPALIMOHHON CHCTEMBI B COCTOSIHUE TOTOBHOCTH K MCIOJ-
HEHUIO B CBsA3U C INOABJIICHUEM 60.]166 HpI/IOpI/ITCTHOﬁ 3aJa4u UJIHN B CBA3H C OKOHYaHUEM BBIACIICHHOI' O
€MY KBaHTa BPEMCHU,

— mporecc Oiokupyercs (IEpeBOANUTCS B COCTOSHUE OKWAAHUS) MO0 BCIENCTBHE 3ampoca ornepa-
1K BBOJAA/BhIBOJA (KOTOpasi JIOJDKHA ObITh BBITOTHEHA TPEKIIE, YeM OH CMOXKET MPOJOJIKUTH HCITOJ-
HeHHe), MO0 B CHITy HEBO3MOXKHOCTH MPEJOCTABUTH EMY PECypC, 3alpOLICHHBI B HACTOSIINA MOMEHT,
a TakXKe 10 KOMaHJle ollepaTopa Ha MPUOCTAHOBKY 3aJaudl WM MO TpeOOBaHMIO Yepe3 CYNEepBU30p OT
JIpyroi 3ajauu.

[Ipu HacTynmIeHUN COOTBETCTBYIOUIETO COOBITHA (3aBEpIIMiIach onepalnusi BBojAa/BbIBOAA, 0CBOOO-
JWJICSI 3aTpeOOBAaHHBIN pecypc, B ONEpaTHBHYIO MaMsTh 3arpy’KeHa HeoOX0ArMasi CTpPaHUIa BUPTYaJIbHOM
MaMSTH | T. I.) IpoLiecc ACOIIOKUPYETCS U IEPEBOANUTCS B COCTOSTHUE 20MOGHOCHU K UCHOIHEHUIO.

Takxum 00pa3oM, IBUKYIIEH CHIION, MEHSIOIIEH COCTOSHUS MPOILIECCOB, SABISIOTCA codvimus. K on-
HOMY M3 OCHOBHBIX BHJIOB COOBITHI OTHOCSITCS HPEPbléAHUsA, KOTOphIe OYAyT pacCMOTPEHBI Aajiee.

Jnst Toro 4yToObI OmmepalMoHHasl CHCTeMa MOTrJia yIpaBIsATh MPOIECCaMH, OHA JOJKHA pacroiaraTh
Bcell HeoOXoauMoi Jutst 3Toro uHpopmarwend. C TOH HENbI0 Ha KaXIbli MPOIECC 3aBOJAUTCS CICIHaIbHAS
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nH(OpMaIMOHHAs CTPYKTYpa, Ha3bIBaeMasi 0ecCKpunmopom npouyecca (onvcareneM 3aaadu, OJIOKOM YIi-
paBieHus 3a1aueii). B o0mieM ciydae qEeCKpUIITOp MpoIiecca COACPKUT CICAYIONIYIO uHgopmayuio [2]:

— uaeHTudukarop npoiecca (tak Ha3piBaeMbiid PID — process identificator);

— TUN (WM KJIACC) MPOIIecca, KOTOPbIM ONpeAenseT s CylepBru3opa HEKOTOpbIe paBuiIa Mpeaoc-
TaBJICHUS PECYPCOB;

— MPHOPUTET MPOIEcca, B COOTBETCTBUU C KOTOPBIM CYIEPBU30pP MPEJOCTaBIsET pecypchl. B pam-
Kax OJIHOTO KJIacca MPOIECCOB B EPBYIO oUepe/ib 00CTYKHBAIOTCS O0Jiee MPUOPUTETHBIE MTPOLIECCHI;

— MEpEeMEHHYI0 COCTOSIHUS, KOTOpasl ONpeessieT, B KAKOM COCTOSHMM HaXOIUTCs Impolecc (TOTOB
K paboTe, B COCTOSIHUY BBIMIOJIHEHUS, OXHJIaHUE YCTPOMCTBA BBOIA / BEIBOJIA H T. I1.);

— 3alMIIEHHYI0 00JIaCTh MaMATH (MJIK aJipec TaKoi 30HbI), B KOTOPOW XpaHATCS TEKyIIHue 3HAUCHHS
PETHCTPOB MpOIeccopa, €CM MpolecC MPEPhIBASTCs, HE 3aKOHYMB PadOoThl. JTa MH(OpMalHs Ha3bIBa-
eTcsl KOHMEKCHOM 3a0ayu;

— uH(OPMAIUIO 0 pecypcax, KOTOPHIMHU MPOILecC BIaACeT M/ WM UMEET MPaBO MOIb30BaThes (yKa-
3aTeNM Ha OTKPBITHIC (haiiiibl, HH(QOPMAIIKs O HE3aBEPIICHHBIX OIEPaIlisIX BBOAA/ BBIBOJA U T. I.);

— MecTo (WU ero aJipec) Uil OpraHU3alry OOLIEHUS C JPYTUMHU MPOILIECCaMU;

— MapaMeTpbl BpeMeHH 3amycka (MOMEHT BpEeMEHH, KOTrJa MpOoIecC AOJDKEH aKTHBH3UPOBATHCS,
Y TIEPHOIMYHOCTH 3TON MPOLIEAYPHI);

— B Cllydae OTCYTCTBHS CUCTEMBI yIpaBiieHHs (aiilaMu — ajpec 3aa4d Ha JUCKE B €€ HCXOAHOM COC-
TOSIHUH | a/IpeC Ha JIMCKe, Ky/Ja OHA BHITPYXKAETCSI U3 OMEPAaTUBHOMN IMAMSTH, €CJIH €€ BRITECHSET APYTasl.

Jleckpunmopeu! 3a1ad, Kak IpaBUIO, TMOCTOSHHO PAcCIONaraloTcs B ONEPaTUBHON MaMsTH C IIETBIO
YCKOpUTH pabOTy cymepBU30pa, KOTOPHIM OpraHu3yeT UX B CHHCKH (04Yepeln) U 0ToOpa)kaeT W3MEHEHUE
COCTOSIHHSI TIpOIIecca TepeMEIIeHHEeM COOTBETCTBYIOIIETO OMUCATENs U3 OHOTO CIHCKa B ApYrou. s Kaxk-
noro coctosiausg OC BeZleT COOTBETCTBYIOIINE CIIMCOK 3a/1a4, HAXOSIIUXCS B 3TOM cocTosHUU. J{iist coc-
TOSIHUSI OXKHUJIAHUS MOXKET OBITh HE OJIMH CITMCOK, & CTONBKO, CKOJIBKO Pa3IMUHBIX BUJOB PECYPCOB MOTYT
BBI3BIBATH COCTOSTHUE OXKUIAHUSI.

B HEKOTOpPBIX OMEparOHHBIX CHCTEMaX KOJMYECTBO JECKPUIITOPOB OMpENeNsieTcs )KEeCTKO U 3apaHee
(Ha aTame reHepalMM BapUaHTa OMEPAllMOHHOW CHUCTEMbl WM B KOH(QHUTYpaMOHHOM daiine, KOTOPbIHA
ucnoab3yercs npu 3arpy3ke OC), B Jpyrux cucreMa MOKET BBIACIATH 110 Mepe HEOOXOJMMOCTH y4acTKH
MaMsTH T0J] HOBbIe Jeckpuntopbl. Hanpumep, B OS/2 MakCUMalIbHO BO3MOXKHOE KOJIMYECTBO JICCKPHUII-
TOPOB 3aj1au onpenensercs B koHdurypamuonHom daiisie CONFIG.SYS, a B Windows NT oHo B siBHOM
BUJIC HE 3aJ1aeTCH.

B OCPB uaime Bcero KoMM4ecTBO MPOLECCOB (PUKCUPYETCS U, CIEA0BATENBHO, 1IeJIeco00pa3Ho 3apaHee
onpenensaTh (Ha dTame reHepauuu wim KoHpurypupoanus OC) KOIWYeCTBO JAecKpUIITOpoB. Jms wuc-
noib3oBaHusl Takux OC B KadecTBE CHUCTEM OOLIETO Ha3HAYEHHS OOBIYHO KOJMYECTBO JIECKPUIITOPOB
Oepercsi ¢ HEKOTOPHIM 3armacoM, M MOsBJICHUE HOBOM 3a/lauM CBS3BIBACTCS C 3allOTHEHUEM 3TOi MHOp-
MaIMOHHOW CTPYKTYpHI. [10CKONBKY NeCKPUITOPHI MPOIECCOB MOCTOSIHHO PACIONIArar0TCsl B ONEpPaTHUB-
HOW MaMsTH, TO UX KOJIMYECTBO HE JIOJDKHO OBITh OueHb OONbIUM. [Ipr HEOOX0IMMOCTH UMETh OOJIBIIIOE
KOJTMYECTBO 3a/la4 OAMH M TOT K€ JIECKPUITOP MOXKET B Pa3HOE BpeMs MPEIOCTaBISTHCS Ui pa3HBIX
3a7a4, HO 9TO CHJIBHO CHM)KAeT CKOPOCTh PEarupOBaHUs CHCTEMBI.

Hus Gonee a¢dexTBHON 00pabOTKM JaHHBIX B CHUCTEMax peaibHOTO BPEMEHHU IeJIeCO00pa3HO
WMETh TIOCTOSIHHBIE 3aJ]a4H, MOTHOCTHIO MIIM YaCTUYHO BCETa CYIIECTBYIOIIUE B CUCTEME HE3aBUCHMO OT
TOro, MOCTYIMHJIO HA HUX TpeOoBanue wiu HeT [2]. Kaxnas mocrosiHHAs 3ajiadya 00JIajlaeT HEKOTOPOH
COOCTBEHHOH 007acThI0 onepaTuBHON maMaTi (O3Y-pe3usieHTHbIC 3a]a91) HE3aBUCHMO OT TOTO, BBINOJI-
HSETCS 3a/lava B IaHHBIM MOMEHT HMJIM HET. JTa 00JacTb, B YACTHOCTH, MOXKET HUCIONB30BaThCs IS Xpa-
HEHHs JaHHBIX, MOJIYYEHHBIX 3ajaueil paHee. JlaHHBIE MOTYT XpaHUThCS B HeW W TOrAa, KOrJa 3ajaya
HAXOIUTCS B COCTOSIHUU OXKHJIAHHS WM JIa)Ke B COCTOSTHUU Oe31eHCTBHA.

s anmapaTHOW MOJ/IEP KKK paboThl OMEpallMOHHBIX CHCTEM C 3TUMH WH(POPMAIIMOHHBIMH CTPYK-
TypaMmu (JECKpUIITOpaMH 3a/1a4d) B IPOLECCOPAX MOTYT OBITh Peann30BaHbl COOTBETCTBYIOIME MEXaHM3MBI.
Taxk, Hanpumep, B Mukpormnporneccopax Intel 80x86, HaunHas ¢ nokosienus: 80286, uMeeTcs crieluaIbHbIN
peructp TR (task register), yka3piBaromuii MecTroHaxoxieHue TSS (cerMeHTa cocTOSIHUS 33/1a4ur), B KOTOPOM
NP TEPEKITIOYCHHUH C 3a]1a4i Ha 3a/1a9y aBTOMATHYECKH COXPAHSIETCsl COJEPKUMOE PETUCTPOB MPOLIECCopa.

Kaxk yxe ObUI0 cKa3aHo, npoyecc — OTAENbHAS 3a7aua, AJIs1 KOTOPOH OrNepalMoHHast CHCTeMa BhIJie-
nsieT HeoOXOAMMBIE PEeCypChl, TaKue KaK BUPTyallbHasi IaMsITh, MPOLECCOPHOE BpeMs U T. A. Takas 000-
COOJIEHHOCTB HY’KHA JJISl TOTO, YTOOBI 3aIIMTHTh OIWH MPOILIECC OT APYroro, MOCKOIbKY OHH, COBMECTHO
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UCTIONIB3YsI BCE PECYpChl BBIYMCIHUTEILHONW CHCTEMBI, KOHKYPUPYIOT APYr ¢ Apyrom. B obmiem ciydae
MMpoUCCChl MPOCTO HUKAK HE CBA3aHbI MEKIY CO6OI71 U MOT'YT IMPUHAJJIC)KATh OaXKE PA3HBIM I10JIB30BATC-
JIAM, pa3acisiionuM OAHY BBEIYUCIIUTEIIbHYO CUCTEMY.

OnHako KenaTelbHO UMETh ellle U BO3MOXKHOCTH 3a/IeHCTBOBATh BHYTPEHHHUI Mapallienu3M, KOTO-
pBIi MOXET OBITh B caMHX TMpoleccax. Takoi BHYTpEHHHI Napalljieln3M BCTpedaeTcs: JOCTaTOYHO YacTo,
W €ro MCIOoNb30BaHHE MO3BOJISIET YCKOPUTh MX pelleHue. Hamprumep, HEKOTOpBIE ONEpaiu, BHITOIHS-
eMble IPUJIIOKEHUEM, MOTYT TpeOOBaTh JJIsi CBOET'0 MCIIOMHEHHUS OCTATOYHO JJIUTEIHHOTO UCIONb30Ba-
HUS HEHTPAIIBHOTO Tpolieccopa. B 3ToM ciydae mpyu MHTEPaKTHBHOM padoTe ¢ MPUIIOKEHHWEM TOJIb30Ba-
TEJIb BBIHYXICH AOJITO OXHIAATh 3aBCPUICHUA 3aKa3aHHOMU Oornepanu 1 HE MOKCT YIPAaBJIATH IMPUITIOKE-
HUEM [0 TEX IOp, IMOKa OIlcpanusd HE BBIITOJIHHUTCA OO CaMOI'0 KOHIIA. Takue CUTyallul BCTPCUAIOTCA
JOCTATOYHO YacTo, HAllpUMep, IpH 00paboTKe OONbIIMX U300paKeHUil B rpagUueckux penakTopax.
Ecam xe MMpOrpaMMHBIC MOAYJIW, UCIIOJHAIONIUEC TAKUC JJIUTCIBHBIC ONICpalnuu, O(bOpMH}ITI) B BHJI€ CaMO-
CTOSITEIBHBIX «IIONPOLIECCOB)» (MOTOKOB, TPEAOB), KOTOPBIE OYIYT BBIMOMHATHCS MAPAUICIBHO C IPYTHMH
«moAarponeccaMmu», TO 'y MOJIb30BATCIIA MOABIIACTCA BO3MOXKHOCTL IMAapaJlJICIbHO BBIIIOJIHATE HECKOJIBKO
orepanuii B paMKax OJHOro mpujokeHus (mporecca). OnepannoHHas ccTeMa He CO3/1aeT sl TOTOKOB
MOJTHOLICHHYIO 6UPHYAIbHYI0 MAWUHY. DTU 3a]1a41 He UMEIOm C80UX COOCMEEHHBIX Pecypcoé — OHU
Pa3BUBAIOTCS B TOM )K€ BUPTYaJIbHOM aIpECHOM MPOCTPAHCTBE, MOTYT MOJB30BATHCS TEMU Ke (aiiamu,
BUPTYQJIBHBIMU YCTPONMCTBAMM M HMHBIMM pPECYpPCaMU, YTO M JAHHBIM IIpouecc. ENMHCTBEHHOE, YTO UM
HEOOXOJJMMO MMETh B CAMOCTOSITEIbHOM TOJIB30BaHUHN — 3TO Hpoyeccoprblil pecypc. B ogHomporeccop-
HOU cHCTeMe MOTOKH Pa3lIeNsioT MEKAY COOOH MpoleccopHOe BpeMsl Tak ke, Kak 3TO AeNaloT OObIYHBIE
mpouccCul, a B MyanHHpOHeCCOpHOﬁ CUCTEME MOTI'YT BBIIIOJIHATHECA OJJHOBPEMCHHO, €CJIM HE BCTPEYAIOT
KOHKYPEHIIH M3-32 00OpallleHus K HHBIM PECypCaM.

I'maBHOe, 4TO OOecrmeYnBacT MHOZOROMOUYHOCHb — STO BO3MOXKHOCTH MapauIeNbHO BBHIMOIHSAT
HECKOJILKO BHJIOB OIepaluii B OMHON MpHKIaaHoN nporpamme. OcodeHHo 3 PEeKTHBHO MOKHO MCTIONb-
30BaTb MHOT'OIIOTOYHOCTL JIS1 BBITIOJHEHHA PAaCHpPCACICHHBIX HpHHO)i(CHI/Iﬁ, Harpumep MHOT'OIIOTOYHBIN
CepBep MOXKET MapajuIeNIbHO BBIMONHATH 3alpOChl Cpa3y HECKOIBKUX KIMEHTOB. B omepanuoHHON cuc-
teme OS/2, omHoi u3 mepBbix cpemu OC, ucnonb3yembix Ha [IK, Oblia BBEJIEHA MHOTOMOTOYHOCTH.
B cepenune 90-x rr. mis atoii OC ObUIO CO3AaHO OYEHH OOJBIIOE KOJIMYECTBO MPUIOKEHHA, B KOTOPBIX
WCTIOJIb30BaHME MEXaHM3MOB MHOTOIOTOYHOH OOpabOTKH MPHBOAWIO K CYIIECTBEHHOMY YBEITHYEHHIO
CKOPOCTH BBITIOJTHCHUS BBIUMCJICHU.

Kaxxap1it mpoliecc Bcerja cOCTOUT IO KpaifHel Mepe M3 OJHOTO MOTOKA, M TOJBKO €CIIU MMEETCs
BHYTPEHHHH Mapajuieln3M, MPOrpaMMUCT MOXKET Pa3lIeNIUTh OJUH TOTOK Ha HECKOJIBKO MapalielbHbIX.
[ToToKkM BBIIONHAIOTCS CTPOTO MOCIEAOBATENFHO U UMEIOT CBOM COOCTBEHHBIN MPOTPAMMHBIA CUETYHK
u ctek. [1oToKH, KaK M MPOIECChl, MOTYT MOPOXaTh IMOTOKU-TIOTOMKH. [10JJ00OHO TPaJUIIMOHHBIM MPO-
meccam, T. €. MPoIeccaM, COCTOSIIUM M3 OJHOTO TIOTOKA, KayKAbIA MOTOK MOXKET HAXOIUTHCS B 0OHOM U3
akmuenvix cocmoanuii. Iloka 00un nomok 3a6a0kuposan (unu HPOCMO HAXOOUMCA 6 oUepedu 20mo-
6bIX K UCHOJIHEHUIO 3a0ay), OPY2oll HOMOK HO020 Jce NPouecca Moxcem gvinoanamsca. I110Toku pasne-
JISIIOT MPOLIECCOPHOE BpeMsl TI0 TEM JK€ MPUHIIMIAM, KaK 3TO JeNaloT OOBIYHBIE MPOILECCHI, T.€. B COOT-
BETCTBHMU C MEXaHMU3MaMH, 3aJI0’KCHHBIMU B PA3JIMYHBIX JUCHHUIUIMHAX OAUCIICTYCPpU3AUU.

2.1.2. NnaHupoBaHUe u aucnetyepusauma

OmnepanroHHasi CHCTEMa BBIMOIHSET CIEAYIOIINE OCHOBHBIE (PYHKILIWH, CBSA3aHHBIE C YIpaBICHUEM
MPOoIeCCaMK U TTOTOKaMH (3aayamu) [2]:

— CO3/IaHME U YIAIICHUE,;

— IUIAHMPOBAHUE IIPOLECCOB U TUCIIETYEPU3ALIUS;

— CHHXPOHM3ALHs 33/1a4, 00ECTIeUeHNE UX CPEICTBAMUA KOMMYHHUKAIUH.

Cucrema ynpaBieHus 3a/lauaMi o0eclieurnBaeT MPOX0KIeHNE X Yepe3 KOMITbIoTep. B 3aBucumocTn
OT COCTOSIHHSI TIPOIiecca eMy J0JKEeH OBITh MPEOCTaBIIeH TOT WM MHOM pecypc. Hampumep, HOBBII mpo-
1ecc HeoOXOJMMO Pa3MECTHTh B OCHOBHOW MaMSTH, CICAOBATENBHO, €My HEOOXOIMMO BBIACIUTH YacTh
aJPECHOro MpocTpaHcTBa. HOBBIN MOPOXKIACHHBIN MOTOK TEKYILEro IMpolecca HEOOXOJUMO BKIIOYHUTH
B OOIIMIT CIIMCOK 3aJ1a4, KOHKYPUPYIOIINX MEKAY c000ii 32 pecypchl IEHTPaILHOTO Ipolieccopa.

40



Pa3paboTKka NporpamMmmHOro Koaa, y4uTbIBatoLWEro MHOro3a4a4qHyto apxXMTeKTypy coBpemeHHbIXx OC

Co3nanue U yaajeHue 3a/jad OCYIECTBISIETCS 110 COOTBETCTBYIOUIMM 3alpocaM OT IOJIb30BaTeNnel
WIH OT caMHX 3a/a4. 3ajada MOXKET MOPOAWTH HOBYIO 3amady. [Ipu 5ToM MexIy mporeccamu MOsBIIs-
I0TCSI «POZICTBEHHBIE» OTHOIIeHH . [lopoxaatolias 3a1a4a Ha3bIBaCTCs HPEOKOM, poOumesnem, a Iopox-
JIEHHAS. — HOMOMKOM VI OouepHell 3adayeil. Pooumens MOXeT IPUOCTAHOBUTH WUIIH YAAITUTH CBOIO
00uepHiIoN 3a0ayy, TOTAa KaK HOMOMOK HE MOXET YIPABISTh HPEOKOM.

OCHOBHBIM IMOX0JIOM K OpraHU3alluy TOr0 MJIM UHOTO METOIa YIPABIICHUS MPOIecCaMu, 00ecreun-
Baroiero 3 GeKTUBHYIO 3arpy3Ky PECYpCOB HIIM BBIIIOJTHEHUE KAKUX-JINOO UHBIX IIENeH, SBISIETCS op2za-
Hu3zayusa ouepedell MpoleccoB U pecypcoB. OUEBHIIHO, YTO HA pacmpeesieHHe PECYpCOB BIHSIIOT KOHK-
PETHBIC HOTpe6HOCTI/I TEX 3aa4, KOTOPbIC JOJI’KHBI BBIIIOJIHATHCA apaJlJICIIbHO, T. €. MOKHO CTOJIKHYTHCH
C CHUTyalHsMH, KOT/Ia HEBO3MOXKHO 3(P(QEKTUBHO PACIPEACIATh PECYPCHI C TEM, YTOOBI OHU HE MPOCTau-
Banu. Hampumep, BceM BBITIONHSIONIMMCS TporieccaM TpeOyeTcs HEeKOTOpPOe yCTPOMCTBO € MOCienoBa-
TENBHBIM JOCTYIOM. HO MOCKONIBKY OHO HE MOXKET paclpeesTbes MKy MapajuiebHO BBITOIHSIONIN-
MHUCSI POLIECCAMH, TO MPOLIECCH! BBIHYKICHBI OYAyT O4eHb JIOJIr0 IaTh CBoel ouepenu. Takum oOpazom,
HEJIOCTYITHOCTh OJIHOT'O PEecypca MOXET IMPUBECTH K TOMY, YTO JUIMTEILHOE BpeMsi He OYyAYT MCIONB30-
BaTbCA U MHOI'C IPYTUC PECYPCHI.

Ecnu ke 3amycTuTh 3agadu, KOTOpble He OyAYyT KOHKYPHUpPOBAaTh MEXKIY COOOH 3a HepasJenseMble
PECYPCHI IPpU MapaiyICIbHOM BBIITOJIHCHUU, TO HNPOHECChI CMOI'YT BBIIIOJIHATHCA 6I)ICTpee, Ipru 3TOM UME-
IOIIUECS B CHCTEME Pecypchl OyIyT MCIONIb30BaThes Oonee sdexkruBHo. Takum 00pa3oM, akTyanbHON
SIBJIICTCS 3aj1a4a Mo 100pa TAKOro MHOXKECTBA MPOIECCOB, YTOOBI IIPH BBITIOJTHEHUH OHHM KaK MOXHO PExKe
KOH(JIMKTOBAIM M3-32 MMEIOIIMXCS B CHCTEME pecypcoB. Takas 3ajaua Ha3bIBACTCS HIAHUPOGAHUEM
BBIYUCIIUTEIBHBIX TPOIIECCOB [2].

3aj1aua MJIaHUPOBAHUS MPOIIECCOB BO3HUKIIA OYCHB JaBHO — B MepBbIX nakeTHeix OC mpu riaHu-
pOBaHNK MAKECTOB 3a/ia4, KOTOPLIC NOJI?KHBI 6LIJ'II/I BBINIOJIHATHECA Ha KOMIIBIOTCPE U OIITHUMAJIBHO UCIIOJIb-
30BaTh €ro pecypchl. B HacTodilee BpeMsi akKTyalbHOCTh 3TOW 3a/laud HE Tak Benuka. Ha mepBblii miiaH
YK€ O4YCHb JABHO BBIIUIX 3aJla4YU JTUHAMUYCCKOT'O (I/IHI/I KpaTKOCpO‘IHOFO) MJIaHUPOBAaHUs, T. €. TCKYLICTO,
Haunbosee d(PEKTUBHOTO PACIPEICICHUSI PECYPCOB, BO3HUKAIONICTO TPAKTHYECKH MPHU KaXKJIOM COOBITHU.
3agauu TUHAMUYECKOT0 TIAHKPOBAHUS CTAJIA HA3BIBATh Oucnemuepuzayueil [2].

OueBHIHO, YTO TNIAHUPOBAHUE OCYHIECTBIAETCS TOpa3lo PeXke, YeM 3ajlaua TeKYILEro pacrpeaere-
HUA PpECYPCOB MEKIY YKC BBIITOTHAIOIIUMUCA IMPOHECCAaMU U ITIOTOKaMU. HepBaﬂ ornepanus BbINIOIHACTCA pa3
B HECKOJIBKO MUHYT, BTOpast MOXKET 3amyckathbest Kaxapie 30 nm 100 mc.

[Ipu paccMoOTpeHUY cmpamezuii RAAHUPOBAHUA UACT PEUb, KaK MIPABUIIO, O KPATKOCPOUHOM ILIAHU-
pOBaHUH, T. €. 0 ducnemuepuzayuu. JIoNrocpodHOe TUIAHUPOBAHUE, KaK ObIIIO OTMEYEHO paHee, 3aKiroya-
ercsl B oa00pe TaKUX BBIYMCIUTENBHBIX MIPOIECCOB, KOTOPBIE ObI MEHBINIE BCETO KOHKYPUPOBAIH MEXKIY
co00i1 3a pecypchl BBIYHCIUTENBHON CHCTEMBI.

Cmpamezus naanupoeanus onpeienseT, Kakiue MPolecchl IIaHUPYIOTCS Ha BBITIOIHEHHE IS TOTO,
9TO0Bl JOCTUYH MOCTaBIEHHOHN IienH. V3BeCTHO OOJbIIOE KOMMYECTBO Pa3iIMUHBIX CTpaTerHil BBIOOpa
nporiecca, KOTOpOMy HE00X0AMMO TPEAOCTaBUTh LIEHTpalbHBIN mporeccop. Cpeayu HUX, IpeKIe BCero,
MOXKHO Ha3BaTh CIEAYIOIINUE cTpaTeruu [2]:

— I10 BOBMOXXHOCTHU 3aKaHYMBATh BBIYUCIUTCIIBHBIC IIPOLIECCHI B TOM K€ CaMOM ITOPAJIKE, B KOTOPOM
OHHM OBLTH HAYaThI,

— OTIaBaTh NpeanoyTeHue donee KOPOTKUM MpoIeccam;

— MPEIOCTABJIATH BCEM MPOIIECCaM OJMHAKOBBIC YCIYTH, B TOM YHCJIE OJIMHAKOBOE BPEMS OXKH IaHUS.

Korz[a TOBOpST O 0ucnemuepu3auuu, TO BCCrja B IBHOM WJIM HCIBHOM BUIC UMCIOT B BUAY IMOHATHE
noroka. Ecmu OC He moaiepKuBaeT MexaHH3M IOTOKOB, TO MOXKHO HMCIOJIB30BaTh MOHITHE Mpolecca.
W3zBecTHO GO0MNBIIOE KOMMYECTBO MPaBHI (IUCHUIUIMH TUCTIETYEPU3AUHN), B COOTBETCTBUU C KOTOPBIMH
(hopMupyercs ouepe/ib TOTOBBIX K BBITIOJHEHUIO 3a]1a.

Paznuuator nBa GONBIIMX Kiacca AWCHMIUIMH OOCITY)XMBaHUS — Oecnpuopumemuple U Hpuopu-
memnuule. [lpu 6ecnpuopumemnom oOCITy>KUBAaHUU BBHIOOP 3324l MPOM3BOJUTCS B HEKOTOPOM 3apaHee
YCTaHOBJICHHOM TOPsJIKe 0€3 y4eTa UX OTHOCHUTEIILHON BaXKHOCTH U BpeMEHH oOciyxuBanus. [Ipu peanu-
3aluu MMPUOPUTETHBIX AWCHUILIINH O6CJ'Iy)KI/IBaHI/ISI OTACJIBHBIM 3aJavdaM HNPCAOCTABIIACTCA NPECUMYIICCT-
BCEHHOC ITPaBO IMOMAaCTb B COCTOAHUEC NUCITIOJTHCHU . Hepequb JUCHUITIIINH O6CHy)KI/IBaHI/I$I H X KJ'IaCCI/I(bI/I-
Kalus IpUBENICHbI Ha puC. 2.2.
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Puc. 2.2. lucuuninusel JucneTdepusauu

Hucneruepusanus ¢ OuHaAMUYecKUMU npuopumemamu TpedyeT AOMOIHUTEIBHBIX PACXOI0B Ha
BBIYMCIIEHUE 3HAYEHUH MPUOPUTETOB UCIIOMHAIOUINXCSA 3a]iad, mo3ToMy Bo MHOrux OCPB ucnonesyrorcs
METObI JUCIIETYEPU3AIMN Ha OCHOBE CTATUUYECKHX (NIOCTOSHHBIX) mpuoputeroB. [Ipu 3Tom ciemyer
OTMETUTD, UTO JIUHAMUYCCKUC ITPUOPUTCTHI MMO3BOJIAIOT PCAJIN30BaTh TapaHTUN 06CHy)KI/IBaHI/IH 3ajgayd.
PaccMoTpuM kpaTko HEKOTOPBIE HaKOOJIee YaCTO MCIONIb3yEeMbIC JUCIUILINHBI AUCIIeTYepu3anuu [2].

Camoii ipoctoit B peanuzaiuu ssisiercs oucyunauna FCFS (first come — first served), cornacHo
KOTOPOU 3a/1a4i 00CTY>KUBAIOTCS «B TIOPSJIKE OYEPEAN», T. €. B MOPSIIKE UX MOsBIICHUS. Te 3a/1auu, KOTOphIC
ObLTH 3a0JIOKMPOBAHBI B Tpoliecce padoThl (IONald B KaKOe-ITN00 M3 COCTOSHUN OXKUIaHWs, HApPHUMeED,
M3-32 OIepalluii BBO/A/ BBIBOJA), MOCIIE MEPEX0Jia B COCTOSHUE TOTOBHOCTH CTaBATCS B 3Ty O04Yepelb Io-
TOBHOCTH TIEpE TEMH 3aJla4aMM, KOTOPBIE €Ill¢ HE BBINOIHMINCE. JIpyrumMu ciioBamu, 00pa3yroTcs JBe
oueperu (puc. 2.3): omHa odyepeab 00pa3yercs U3 HOBBIX 33Jlay, a BTOpas — M3 paHEe BBITOTHIBIIMXCS
3aJla4, HO IOMAaBIIUX B COCTOSIHUE OKHMJIaHUs. Takol Moaxo;] MO3BOJISET Peaan30BaTh CTPATETHUIO 00CTy-
JKMBaHHA «IO0 BO3MOXHOCTHU 3aKaHYMBATHb BBIYUCIICHUSA B MOPAAKE HUX IMOABIICHUM. OTta JUCHHUIIIINHA
00CITy)KMBaHMsI HE TPeOyeT BHEIIHEr0 BMEIIATEIbCTBA B XOJ BBIYUCIICHUM, NPU HEW HE MPOUCXOIMT
nepepacnpeieeHus MpoIecCOpHOro BpeMeHH .

K 0ocmouncmeam 310ii TucuyIUIMHBI MOKHO OTHECTH IIPEXK/IE BCErO MPOCTOTY peaIM3alK U MaJible
pacxojibl CUCTEMHBIX PECYPCOB Ha (POPMHUPOBAHUE OUESPEIH 3a/1a4.

OnHako 5Ta TUCUUILIMHA TPUBOIUT K TOMY, UYTO HPU yEeUdeHUU 3a2PY3KU 6bINUCIUMEbHOU CUC-
membl pacmem u cpeoHee epems 0OHCUOAHUA 00CTIYIHCUBAHUSL, IPUIEM KOPOTKHE 3a/1aHus (TpeOyromme
He6OHI)H_[I/IX 3aTpaT MalIMHHOT O BpCMCHI/I) BBIHYXJICHBI OKUAATh CTOJBKO K€, CKOJIBKO U TPYAOCMKHUE
3amanus. M30exaTh 3TOro HejocTaTka Mmo3BojsaoT Auciuiuinabl SJN u SRT.
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BbinonHeHHble 3agavm
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Mpoueccop
Ovepenb 3apady, BHOBb rOTOBLIX K UCMONHEHWIO BnokuposaHne

—— 1 k ]

Oyepenb HOBLIX 3a4au4

Puc. 2.3. Mucuunnuna qucneruepusanuu FCFS

Jucuunnuna oocnysncusanusn SJIN (shortest job next, 4To 03HAYAET «CIEIYIONMM OYAET BBITIOIHATHCSI
KpaT4aiiiee 3ajaHue») TpeOyer, 4ToObl JIJIs KaxJI0ro 3ajaHus ObUIa W3BECTHA OLICHKA B MOTPEOHOCTAX
MaIuHHOr0 BpeMeHu. Heobxomumocth coobriate OC XapaKTepUCTUKH 3aJlad, B KOTOPBIX OIKCHIBAIACH
OBl TOTPEOHOCTH B peCypcax BBIUMCIMTEIBHON CHCTEMBI, IPUBEJIAa K TOMY, YTO ObLIH pPa3pabdoTaHbl COOT-
BETCTBYIOIIUE sI3bIKOBBIE cpenctBa. S3bik JCL (job control language — s3bIK ynpaBiCHUS 3aJaHUSIMH)
ObUT OJIHMM M3 HamOoyiee M3BECTHBHIX. [loJIb30BaTENIM BBIHYKJICHBI OBUIM YKa3bIBaTh IMPEIIIOIaraeMoe
BpeMsl BBITIOJIHEHUS, W JJII TOTO YTOOBI OHU HE 3JI0YMOTPEOJSUIM BO3MOXHOCTBIO YKa3aTh 3aBEIOMO
MEHbIIIEE BPEMS BBIITOJHEHUS (C IEIBIO MOYYUTh PE3YIbTAaThl PAHBIIE IPYTUX ), BBEIU MOJCUET PeaibHBIX
norpedHocTel. Jlucneruep 3aiay cpaBHUBAN 3aKa3aHHOE BPEMsl U BPEMsI BBHITIOJTHEHHUS U B CJIy4ae IIPEBbI-
IICHHS YKa3aHHOMW OIICHKH B JJAHHOM PECypce CTaBWII JIaHHOE 3aJ[aHKe HEe B HAYaJl0, a B KOHEI| O4epe/Iu.
Emte B HekoTopeix OC B Takux Cllydasx UCIONB30BAJIACh CHCTEMa IITPAQOB, IPH KOTOPOU B Cllydae mpe-
BBIIICHUS 3aKa3aHHOI'0 MAIlIMHHOT'O BPEMEHU OIUIaTa BHIYMCIUTEIBHBIX PECYPCOB OCYIIECTBISIIACH YKE
O IPYTUM PaCIICHKaM.

Hucuunnuna oocnyyncueanua SJN nipenronaraer, 4To UMEETCs TOIBKO OFHA OYepeb 3aJaHUi, TOTO-
BBIX K BBINOJIHEHUIO. 3A0aHUs, KOMopble 6 NPOyecce c60e20 UCHOTHEHUA (bl 6DEMEHHO 3ADN0KUPO-
eanbl (HapuMep, OKHUJIAIM 3aBEPIICHHMsI OIepaliii BBOIa/ BIBOJIA), BHOBb IOMAJIAIOT B KOHEI[ OYePE/IH
3aJIaHUH, TOTOBBIX K BBHIMOJIHEHUIO, HAPABHE C BHOBb MOCTYNAIOIIMMH. DTO MPUBOANIIO K TOMY, 4TO 3aja-
HUs, KOTOPBIM TPeOyeTCss OUeHbh HEMHOTO BPEMEHH JIJIsi CBOCTO 3aBEPILICHUS, BEIHYKICHBI OXKHJIATh MPO-
IIECCOp HapaBHE C JUIUTELHBIMH Pa0OTaMH, YTO HE BCErja Xopoino. i ycTpaHeHHUs 3TOro HeJocTaTKa
1 ObuIa npeioxkena oucyunauna SRT (shortest remaining time — cienyoniee 3ajanue TpeOyeT MEHbBIIIS
BCEro BPEMEHHU JIJIsl CBOETO 3aBEPILICHUS ).

Bce Tpu ykazaHHBIC TUCIMILIMHBI O0CITYKUBAaHUS MOTYT MCIIOJNB30BATHCA I MAKETHBIX PESKUMOB
00pabOoTKH, KOTJia TOJIb30BATENIb HE BBIHYKJICH OXKHUIATh PEAKIIMU CUCTEMBI, a MPOCTO CAAET CBOE 3aja-
HUE U 4Yepe3 HECKOJbKO YacCOB IOJIYYaeT Pe3YJIbTAThl BHIUMCICHUHN. [IJIT MHTEPAKTHBHBIX BHIYUCIICHUI
KENATENIbHO TPEXKJIC BCEr0 00ECIeUNTh TPUEMIIEMOE BPEMsI PEaKIIMKM CUCTEMbI M PABEHCTBO B OOCITYKHU-
BaHUU, €CJIM CHCTEMa SIBJISETCS MYJbTUTCPMHUHAIILHOM. ECIIN e 3TO OIHOMOIB30BaTEeNIbCKAs CHCTEMA, HO
C BO3MOYKHOCTBIO MYJIBTUITPOIPAMMHON 00pa0OTKH, TO JKEJIATEIbHO, YTOOBI T€ MPOrPAMMbI, C KOTOPBIMHU
MPOU3BOANTCS HEMOCPEICTBEHHAs padoTa, UMENU JIydillee BpeMs PEakKlMy, HeKelnu (OHOBBIC 3aJlaHUS.
[Ipu 3TOM *kKenaTenbHO, YTOOBI HEKOTOPHIC MPUJIOKEHHUS, BBIMOJIHSAACH 0€3 HEMOCPEICTBEHHOIO yYacTHS
MOJIL30BAaTENIs (HAIPUMEp, POrpaMMa MOJTyYeHHUs 3JICKTPOHHOM MOYTHI, UCIIONIB3YIOIIAS MOJIEM U KOMMY-
TUPYEMbIC JIMHUY JUIS TIepelayll JJAHHbIX ), TAPAaHTHUPOBAHHO MOJyYayid Obl HEOOXOIMMYIO YacTh MPOIIeC-
COpHOTO BpeMeHH. J[j1s pereHus mog00HbIX MPOOJIeM MCIIONB3YeTCs UCIUTIIMHA 00CITYKUBAHUS, Ha3bI-
BaeMmasi RR (round robin — kpyroBasi, KapycenbHas), U IPHOPUTETHBIC METOBI 00CITYKUBAHHUSL.

JAucyunnuna oocnyscueanun RR npenmnonaraet, 4To Kakaas 3a/1a4a MojyvaeT MpoieccopHOe BpeMs
MopIUsAMU (TOBOPAT, Kéanmamu epemenu, ¢). I[locie OkoHUAHMS KBaHTa BPEMEHH ¢ 3ajia4ya CHUMAETCS
C Tpoleccopa ¥ OH Tepenaercs: cieayromei 3agade. CHATas 3a7a4a CTaBUTCS B KOHEI| OYepend 3ajad,
TOTOBBIX K BBIMIOTHEHHIO. JTa TUCIUILIMHA 00CTY>KUBAHUS WLTIOCTpUpPYETCs Ha puc. 2.4. Jljis onTuMaib-
HOI PabOThl CUCTEMbI HEOOXOAMMO MPABUIIBHO BBIOPATh 3aKOH, 10 KOTOPOMY KBAaHTHI BPEMEHU BBIJICIIS-
IOTCS 3a/1a4aM.
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BuincnHexHsie 3agawn

»
»

Npoueccop

]

Ouvepeab roTosbiX kK MCNONHEHUIO 3anay Hoebie 3anaqun

Puc. 2.4. KapycenbHas (round robin) TUCIMIDIMHA JACTICTYCPU3ANUN

BenuurHa kBaHTa BPEMEHU ¢ BHIOMPAETCS KaK KOMIIPOMHUCC MEXKY MPUEMIIEMBbIM BPEMEHEM peak-
1M CUCTEMbI Ha 3alpochl MOJIb30BaTEICH (C TeM YTOOBI MX MPOCTEHINUE 3aMPOChl HE BHI3BIBAIIU JIU-
TEJIBHOI0 OXKHJIaHWS) ¥ HAKJIQJHBIMH PacXoJlaMU Ha YacTyH CMEHY KOHTEKCTa 3a1a4. OUeBUIHO, YTO IpU
npepbiBanusix OC BBIHYXKJICHA COXPAHUTH JOCTATOUHO OOJBINON 00beM WHGOpPMAIMK O TeKyIleM (mpe-
pBIBAEMOM) TPOIIECCE, TTOCTABUTh JCCKPUIITOP CHATOM 3ajjaud B OYepellb, 3arPy3UTh KOHTEKCT 3aJIauH,
KOTOpas Ternepb OyJeT BhIMOMHATHCS. Eciiu BennuuHa ¢ BENMKA, TO MPH YBEJTUYCHUU OYEPEIU TOTOBBIX
K BBITMOJIHEHHIO 3a]1a4 PEaKIUsi CHCTEMbI CTaHeT I10xok. Ecii jke BemurHa Maja, TO OTHOCHTEIIBHAS JI0JIS
HaKJIAJHBIX PACXOJIOB HA MEPEKIIFOUCHUS MEXKIY UCHOJHSIONUMUCS 3a/ladaMy CTaHET OOJILIIONW U 3TO
YXYIIIAT MPOU3BOAUTEIBLHOCTh CCTeMBI. B HekoTophix OC eCcTh BO3MOXKHOCTh YKa3bIBaTh B SBHOM BHJIC
BEIIMYUHY ¢ JIN0O JMANa30H €€ BO3MOXKHBIX 3HAUCHHIA.

JucnuruimHa aucnerdepusaimi RR — 3T0 oiHa U3 caMbIX pacnpoCTpaHEHHBIX TUCHUIUIUH. OHAKO
ObiBatoT curyaimu, korja OC He ToJIepKUBACT B SIBHOM BHJIC TUCIUILIMHY KapyCelbHOW JAMCIIETYCPH-
3anun. Hampumep, B HekoTopsix OC peanbHOro BpeMEHHU UCIIONB3YeTCs AUCIeTyep 3a1ad, padoTaromuii
IO MPUHIIUIIAM a0COJIIOTHBIX TPUOPUTETOB (IIPOIECCOP MPEAOCTABIIACTCS 3a/1aue ¢ MAKCUMAJIBHBIM IPHO-
PUTETOM, a TPU PaBEHCTBE MPUOPUTETOB OH JICHCTBYET IO MPUHIUITY OUYEPEIHOCTH). Jpyrumu ciioBamu,
CHSITB 33J1a4y C BBIITOJHEHUSI MOXKET TOJILKO TIOSIBJICHUE 3ajauul ¢ 00Jiee BBICOKMM mproputeroM. [loatomy
€CIIM HY)KHO OPTaHM30BaTh OOCITYy)KMBAaHHE 3a/1a4 TAKUM 00pa30M, YTOOBI BCE OHM MOIYYalld MPOLECCOp-
HOE BpEeMsi paBHOMEPHO M PAaBHOINPABHO, TO CUCTEMHBIN OIEPaTOP MOXKET CaM OPraHMU30BaTh TAKYIO JHIC-
nuIuMHy. I 3TOro JIOCTaTOYHO BCEM IOJIB30BATEIBCKUM 3ajiadyaM MPHCBOUTH OJMHAKOBBIC MPHOPHU-
TETHI U CO3/1aTh OJIHY BHICOKOIIPHOPUTETHYIO 3aJ][auy, KOTOpasi He JIOJDKHA HUYEro JiefiaTh, HO KOTOpasi, TeM
HE MeHee, OyJeT 1Mo TaliMepy 4epe3 YKa3aHHbIE WHTEPBAJIbl BPEMEHH TUIAHUPOBATHLCS HA BBIOJIHECHUE.
Ora 3aj]aua CHUMET C BBITIOJHCHUS TEKYIee MPUIOKEHUE — OHO OYJIeT MOCTaBJICHO B KOHEI[ OYCpPEIH,
Y TIOCKOJIBKY 3TOW BBICOKOINPHUOPUTETHOM 3a]]a4ue Ha CaMOM JIejIie HUYEro JIeNaTh HEe HaJlo, TO OHA TYT ¥kKe
OCBOOOIMT MPOIECCOP U U3 OUEPEIM TOTOBHOCTH OYJIET B34Ta CIICAYIOIIAs 3a/1a4a.

PaccMoTpeHHbBIE TUCIUTUIMHBL UCIICTYEPU3AIIMU TIPOIIECCOB MOTYT OBITh Pa30MTHI Ha J[BA Kiacca:
evimecHsatowue (preemptive) u HegvtmecHstowue (non preemptive) [5]. B OOJbIIMHCTBE COBPEMEHHBIX
OC nnst MOITHBIX BRIYUCIUTENBHBIX cucTeM, a Takxke u B OC mis [1K, opreHTHpOBaHHBIX Ha BHICOKOIIPO-
M3BOJMTENBHOE BhINOIHEeHUE npuiokeHuit (Windows NT, OS/2, Linux), peanu3oBaHa 6blmMeCcHAOUAR
MHO203A0AUHOCHTD.

Jucneruepuszarust 0e3 riepepacipe/ie/ieHust MPOIECCOPHOTO BPEMEHU HAa3bIBACTCS «HEGbLIMECHAIOWAA
MHo203a0aunocmey (non-preemptive multitasking). Dto Takol crnoco0 aucneTdepu3aluy MpoIEeCCOoB,
MPU KOTOPOM aKTUBHBIM MPOIECC BHIMOIHIETCS J0 TE€X MOp, MOKa OH caM, YTO Ha3bIBaeTCs, MO COOCT-
BEHHOW WHUIMATHBE HE OTIACT YIpPaBICHHUE AMCIICTUEPY 3a7ad JJis BBIOOpa U3 OUEpPEH JIPYroro, roro-
BOT'O K BBHITIOJIHEHHIO Tporiecca win noroka. Jucuummmael oociayxuanus FCFS, SJN, SRT otHocsTcs
K HEGbIMECHAIOWUM.

Jlucnierdaepusaius ¢ rnepepacipeieiiecHueM MpoIeCCOPHOr0 BpEMEHU MEXY 3ajJauaMy Ha3bIBACTCs
«BbIMeCcHAIOW AR MHO203a0auHocmby (preemptive multitasking). 9To Takol croco0, Mpu KOTOPOM periie-
HUE O TIEPEKIIFOUYCHUH TPOIIECCOpa C BBHIIOIHEHHUS OJTHOIO IMPOIECCca Ha BBIMOJIHEHUE JAPYroro mpoiecca
NPUHUMAETCS JUCIIETYEPOM 3ajlay, a He CaMOM aKTUBHOM 3aiaueid. [Ipu BeITECHSIOIIENH MHOI03a/1auHOCTH
MEXaHU3M JIUCIICTYSPU3AlUN 3324 IISTMKOM COCPEIOTOUYCH B ONEPAIMOHHON CUCTEME, U TPOrPaMMUCT
MOXET THCATh CBOC NPUIIOXKEHUE, HE 3a00TSICh O TOM, KaK OHO OYJIET BBIIOIHATHCS MAPAJUICIIBHO C IPYTUMU
3amauami. [Ipu 3TOM oreparioHHasi CUCTEMa BBITTOJIHSACT CICAYIONIHE (DYHKIIMU: ONPE/IEIAeT MOMEHT CHsI-
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THUS C BBIOJHEHUS TEKYIEH 3a7a4i, COXpaHsEeT e KOHTEKCT B JICCKPUIITOPE 33/1a4H, BEIOMpAET U3 ouepean
TOTOBBIX 3ajjau CIEAYIONIYI0 M 3aIlyCKaeT ee Ha BBIOJIHEHUE, MPEABAPUTENBHO 3arPy3UB €€ KOHTEKCT.
Jucnunnvna RR v MHOTHE JpyTHe, IOCTPOEHHBIC HA €€ OCHOBE, OTHOCSTCS K 6bIMECHAIOUUM.

OpnHa u3 npo0ieM, KOTopasi BO3HUKAET MIPH BBIOOPE MOAXOJAIICH JUCIUTUIMHBI 00CTy)KUBaHUSI, —
OTO rapaHThsd 06CHy)KI/IBaHI/I}I. I[CIIO B TOM, 4YTO NP1 HEKOTOPLIX AUCHUITIMHAX, HAITPUMEDP IIPU UCITIOJIHL30Ba-
HHUHN JUCLHUITIIINHBI a6COJ'IIOTHI)IX IIPHUOPUTETOB, HU3KOIIPHUOPUTCTHLIC IMPOLCCChI OKA3BIBAIOTCA O6ILCHCHHI)IMI/I
MHOTHMH PecypcaMu, U IPEKAE BCEro MpOIeCCOPHBIM BpeMeHeM. Bo3HUKaeT peanbHas TUCKPUMUHAIIS
HU3KOIIPUOPUTETHBIX 33/1a4, M Psi] TAKUX MPOLIECCOB, MMEIOIINX K TOMY K€ OOJbIIe MOTPeOHOCTH B pecyp-
cax, MOI'yT O4Y€Hb JJIUTCIIbHOC BPEMS OTKIIAABIBATHCA WJIM, B KOHII€ KOHIIOB, BOO6H1€ 6I>ITI> HE BBIITIOJIHCHBI.
[NoaTomy BOMpOC rapaHTHH OOCTY>KUBaHUS SIBISIETCSI O4€Hb aKTyaJ bHBIM. CyIIECTBYIOT Pa3IuuHbIe OUCUUN-
JIUHBL QUCHemuepu3ayuy, yINTHIBAIONINE KECTKUE BPEMEHHBIC OTPaHUYEHHs, HO HE CYIIECTBYET JIHC-
IUIUIMH, KOTOPBIC MOTJIN 6])1 npeaoCTaBUTh 6OJ1LHI€ mMpoueCCOPHOro BpEMEHHU, YEM MOXKET 6I)ITI) B IIPUH-
OUIIC BBIJACICHO.

[InanupoBaHue ¢ y4€TOM JKECTKUX BPEMEHHBIX OIPAHUYECHUN JIETKO PEANIM30BaTh, OPraHU3ysl O4EpENb
TOTOBBIX K BBIINOJHCHUIO MPOILECCOB B IMOPAAKE BO3pPACTAHUA UX BPEMCHHBIX OFpaHHHCHHﬁ. OCHOBHBIM
HEJIOCTATKOM TaKOTr0 MPOCTOTO YHOPSAIOYEHHUs SBISETCS TO, YTO Mpolece (3a CUeT APYTHX MPOIECCOB)
MOXeT ObITh 00CITyKeH OBICTpee, YeM 3TO eMy peajibHO HeoOxoaumo. J1jisi Toro 4yToObl U30exarh 3TOro,
MPOILE BCETO MPOIECCOPHOE BPEMsl BBLICIATH BCe-Taku KBaHTaMH. C y4eTOM CKa3aHHOTO 2apanmupo-
éambv 00CYIHCUBAHUE MONHCHO CLEOYIOWUMU mpema cnocobamu [2]:

— BBIIENATh MUHUMAIBHYIO JOJIO MPOLIECCOPHOTO BpEMEHH HEKOTOPOMY KJIacCy MpPOIECCOB, €CIH
Mo KpaliHelf Mepe OJIMH M3 HUX TOTOB K McnoiHeHuto. Hampumep, MoxxHO 0TBOANTE 20 % OT Ka)IbIX
10 mc nmpouieccam peanbHOro BpemenH, 40 % OT KaXIpIX 2 ¢ — HHTEpaKTUBHBIM Iporeccam u 10% ot
KaXX/IbIX 5 MHH — (POHOBBIM IpoIIECccaMm;

— BBIIENATh MUHUMAIBHYIO JOJIO MPOIIECCOPHOTO BPEMEHH HEKOTOPOMY KOHKPETHOMY MpOIEcCy,
€CJIX OH I'OTOB K BBIIIOJTHCHHUIO,

— BBIJIENSTH CTOJIBKO MPOIECCOPHOTO BPEMEHH HEKOTOPOMY IMPOILECCY, YTOOBI OH MOT BBHIOJHUTD
CBOM BBIYHCIIEHUS K CPOKY.

Jlyist cpaBHEHUS aJTOPUTMOB JIUCTIETYEPU3AIIMK OOBIYHO UCIIONB3YIOTCS CISMYIOIUe Kpumepuu [2]:

1. 3arpyska nenrpansHoro npoueccopa (CPU utilization). B GONBIIMHCTBE MEPCOHAIBHBIX CHCTEM
CpemHss 3arpy3ka mpoiieccopa He mpeBbimaer 2—3 %, T0X0[s1 B MOMEHTHI BBITIOJIHEHUS CIOXKHBIX
Bbruuciennid U 10 100 %. B peanbHBIX cHUCTEMax, Ijie KOMITBIOTEPHI BBHIMOIHIIOT OY€Hb MHOTO PadOTHI,
HaTIpuMep B cepBepax, 3arpys3ka mpoieccopa xoneonercs B mpeaenax 15—40 % ams j1erko 3arpyKeHHOTo
npoueccopa u 10 90—-100 % 11 cUIIBHO 3aTrpy>KEHHOTO MPoLIeccopa.

[ponyckuas cniocoorocts (CPU throughput) mporeccopa, KOTopas MOXET H3MEPAThCS KOJIWYSCTBOM
IMpoOUCCCOB, BBINMOJIHACMBIX B CAMHUIY BPEMCHU.

Bpemst obopota (turnaround time). JIist HEKOTOPBIX MPOLIECCOB BAKHBIM KPUTEPHEM SIBIISIETCS] MOJTHOE
BpEMs BBIINIOJIHEHUA, T. €. HUHTCPBAJI OT MOMEHTA IMOABJICHHUA MPOIecCa BO BXOZ[HOﬁ ouyepecain 10 MOMCHTA
€ro 3aBeplICHHs. DTO BpeMs Ha3BaHO BpEeMEHeM 000pOTa M BKIIOYAET BpeMs OXHUIAHHS BO BXOIHOM
o4epear, BpeMsl OXHIAHUS B OYEpPEeAM TOTOBBIX IPOIECCOB, BpeMs OXHIaHHUS B O4YepeAsx K obopy-
JOBaHHIO, BPEMsI BBITIOJHEHHS B ITPOIIECCOPE M BpeMs BBOIa / BEIBOAA.

Bpewms oxunanus (waiting time). [lon BpeMeHeM 0XKUIaHUS TIOHUMACTCS CYMMapHOE BPEeMsT HaX XK ICHUS
mpoliecca B 0uepeid TOTOBBIX MTPOIIECCOB.

Bpewmst otknuka (response time). J1ns MHTEpaKTUBHBIX IPOrPaMM BaKHBIM MTOKA3aTElIEM SIBISETCS BPEMs
OTKJIMKa WM BpeMs, Npolleiiiee OT MOMEHTa TOMaJaHus Mpolecca BO BXOAHYIO OYepenb 110
MOMEHTa MepBoro oOpameHnus K TepMuHany. O4eBUIHO, YTO MPOCTEHINas CTpaTerusi KpaTKOCPOYHOT O
IJTaHUPOBIIMKA JOJ’KHA 6LITL HalrpaBJicHa Ha MAaKCUMU3AIIUIO CPEIHUX 3HAUCHUM 3arpy>X€HHOCTHU U IIPO-
MYCKHON CIIOCOOHOCTH, BpEMEHH OXKUIAHUS M BPEMEHH OTKIIMKA.

HpaBI/IHI)HOG IJIaHUPOBAHUE TPOLCCCOB CUJIBHO BJIMACT HA MNPOU3BOAUTCIBHOCTH BCEM CHCTEMBI.
MoskHO BBLACINUTE CICAYIONIUE TTIaBHBIC IMPUYHUHBI, TPUBOAAIINEC K YMCHBIICHUIO IMTPOU3BOAUTCIIBHOCTU
cucTemsl [2]:

— HaKJaJHbIE pacxobl Ha MepekitoueHue nporeccopa. OHU OMPEAEISIIOTCS HE TONBKO TepeKITtoye-
HHUAMH KOHTCKCTOB 3aJla4, HO U MNCPEMCUICHUAMMN CTpPaHHUIL BHpTyaHbHOﬁ nmaMATH, a TaK¥XKe HCOGXOI[I/I-
MOCTEI0 00HOBIEHMs JaHHEIX B KOIlle;
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— MEepeKIIoueHNe Ha JPYroi Mmpolecc B TOT MOMEHT, KOr/la TEeKYUIHH MpOoIecc BBIMOIHAET KPUTH-
YEeCKYIO0 CEKLHIO, a APYTHe MPOIEecChl aKTUBHO OKMJAIOT BXOJa B CBOIO KPUTHMYECKYIO CEeKIHMio. B atom
cllydae 1orepu OyIayT 0COOCHHO BEJIHMKHU.

B Cllyda€ UCIIOJIb30BaHUA MYJIBTUIIPOIECCOPHBIX CUCTEM IMPUMCHAIOTCA CIICAYIOIIUE METOAbI ITIOBBI-
[IEHUS TPOU3BOIUTENBHOCTH CUCTEMBI [2]:

— COBMECTHOE TUIAaHHPOBaHHE, IPU KOTOPOM BCE MOTOKH OHOTO MPUIIOKEHUS] OJJHOBPEMEHHO BBIOH-
paroTCa AJ1sd BBIITOJIHCHUA ITpoecCopaMu U OAHOBPEMEHHO CHUMAIOTCA C HUX;

— IUIAaHUPOBAHUEC, NIPHU KOTOPOM HaXOAAIIHUECA B KpHTH‘IeCKOIZ CCKIIMK 3aJlayu HEC IPEPLIBAIOTCH,
a aKTHBHO OXXHJIAIOIIME BXOAa B KPUTHUYECKYIO CEKIIMIO 3aJaull He BEIOMPAIOTCS JI0 TE€X IMOp, MOKAa BXOJ
B CEKIIHIO HE OCBOOOIUTCS;

— IUIAHUPOBAHUE C YUYCTOM TaK HAa3bIBACMBIX COBCTOB IIpOrpaMMbl BO BPpEMS €€ BBIIIOJIHCHUS. HaHpI/I-
Mep, B u3BecTHOM cBonMu HoBaumsaMu OC Mach nmenuch 1Ba kimacca Takux coBeToB (hints): yka3aHus
O CHSITUM TEKYILEro Mmpolecca ¢ MpoIeccopa, a Takke yKa3aHus O TOM Ipoliecce, KOTOPBIi T0KeH ObITh
BBIOpaH B3aMEH TEKYILEro.

[Ipu BBIONTHEHUH IPOrPaMM, PEATU3YIOLINX KaKUe-TM00 3aa41 KOHTPOJIS B yIpaBJIeHHs (4TO Xapak-
TEPHO MPEXJIe BCETro JUIsl CUCTEM pPEalbHOTO BPEMEHH), MOXKET CIYUMThCS Takas CHUTyalus, KOorja ojHa
HJIM HECCKOJIBKO 3aJia4 HE MOT'yT 6LITL PCUICHBI B TCUCHUEC JIMTCIIBHOIO MPOMEKYTKAa BPpEMCHU M3-3a BO3-
pocmeﬁ Harpysku B BBIUMCIIMTENILHON CHCTEME. HOTCpI/I, CBA3AaHHBIC C HCBBIIIOJIHCHHUEM TaKUX 3a/ady,
MOT'YT OBITH OOJIbIIE, YeM TOTEPH OT HEBBINOIHEHHS Mporpamm c 0ojee BBICOKMM MpUOpHUTETOM. [Ipu
9TOM OKa3bIBaeTCs 1eJeco00pa3HbIM BPEMEHHO M3MEHUTH PHOPUTET «aBapUIHBIX» 3a/1a4, ISl KOTOPBIX
HUCTCKACT OTIIYHICHHOC JI1 HUX BPEMA O6pa6OTKI/I. ITocnie BBIMOTHEHHUS DTUX 3a1a4 UX NPUOPUTET BOC-
cranaBimBaercs. [loatomy moutu B Jioboii OCPB umerotcs cpedcmea 01sa usmenenus npuopumema
npozpamm. Ecth Takue cpenctsa u Bo MmHOrux OC, xotopsie He oTHOcATCS K kiaccy OCPB. Beenenue
MEXaHU3MOB OUHAMUYECKO20 UIMEHEHUs NPUOPUMEmO6 TI03BOIISET Peann3oBaTh Oonee ObICTPYIO peak-
LUIO CHCTEMbI Ha KOPOTKHKE 3aIllPOChl OJIb30BaTeleil (YTO 04eHb BayKHO MPH MHTEPAKTUBHOM paboTe), HO
MIPH ATOM T'apaHTUPOBATDH BBITOIHEHHE JIIOOBIX 3aIIPOCOB.

Krnacc 3aaa4, uMmeronmx caMble BHICOKHME 3HAUEHMs PUOPHUTETA, HA3bIBAETCS Kpumuueckum (time
critical). DTOT KNacc MpeAHa3HayaeTcs IS 3ajad, KOTOphle MPUHSATO Ha3blBaTh 3a/adyaMH peajibHOTO
BpPEMEHH, T. €. U HUX JOJDKEH OBITh 00s3aTENbHO MPEAOCTABIICH ONpeAeIeHHbI MUHUMYM MPOLECCOp-
HOro BpeMeHH. HanbGornee yacto BCTpeyaromuMucs 3a1adaMu, KOTOpbIE OTHOCAT K DTOMY KJaccy, SIBJIsi-
I0TCS 3a7]a4d KOMMYHHKAIMH (HamprMep, 3ajada yIpaBiIeHUs MOCJIEeI0BATEIbHBIM IOPTOM, TPUHUMAIO-
1M 6I/ITI)I C KOMMyTI/IpyCMOI\/'I JIMHUH, K KOTOpOﬁ MOAKJIFOYCH MOJAEM, UJIK 3ala4U YIPABJICHHA CETCBBIM
obopynoBanueMm). Eciu Takue 3a/jaud He MOJy4yaT yIpaBlieHHWE B HYXHBII MOMEHT BPEMEHH, TO CEaHC
CBSI3M MOKET NPEepPBaThCS.

Crnenyromuii Kjacc 3ajja4 UMEeT Ha3BaHUE npuopumemno2o. 110CKOIbKY K 3TOMY Kiaccy OTHOCST
3a/1a4¥, KOTOpPhI€ BBIMOIHSIIOT IO OTHOIIEHHIO K OCTAJIbHBIM 3aJlayaM poJib CepBepa, TO €ro elle HHOrJa
HA3bIBAIOT cepeepubim. [IpuopuTer Takux 3a7ay JOJKEH OBITh BhIIIE — 3TO OyJleT rapaHTHEed TOro, 4To
3arpoc Ha HEKOTOPYI0 (QPYHKIUIO CO CTOPOHBI OOBIYHBIX 3a/iad BBHIMOIHUTCS Cpa3ly, a HEe CTaHeT JO0XKH-
JaThCs, MOKA JI0 HEro IOWeT odepens Ha (JOHE IPYTUX MOJIb30BATENBCKIX MPUIIOKEHHH.

BonpmmHCTBO 33124 OTHOCSAT K OOBIYHOMY KJIacCy — €ro €lle Ha3bIBAIOT pPezyiApHbIM WA CHAH-
oapmupim. 110 yMONTYaHHIO CUCTEMA NMPOrpaMMHUPOBAHUS MOPOKIAET 3a/1auy, OTHOCSIIYIOCS NMEHHO
K 3TOMY KJIaccy.

Haxkoner, cymiecTByer eriie Kjiacc GOHOBBIX 3aj1au, Ha3biBaeMblil B OS/2 ocmamounsim. [IporpamMmer
3TOrO KJlacca Moy4aroT MPOLECCOPHOE BpeMs TOJIBKO TOrJa, KOrJa HeT 3ajay U3 JIPYTUX KIaccoB, KOTO-
pBIM ceifuac HyXeH Iporeccop. B kauecTBe mpumepa Takoi 3aJaud MOXKHO MPHUBECTH MPOTPaMMy Ipo-
BEPKHU JJICKTPOHHOM IIOYTHI.

BHyTpu kaxmoro m3 paccCMOTPEHHBIX KJIaccOB 3a/Jayi, UMEIOIINE OJMHAKOBHIN YpOBEHb MPHOPHU-
TETa, BBIMIOJIHAIOTCS B COOTBETCTBUM € AUCHUILIMHON RR. Tlepexoa oT 0AHOro MOTOKa K JPyromMy Ipouc-
XOAUT MO0 MO OKOHYAHMHM OTHYHIEHHOTO €My KBaHTa BPEMEHHM, JIMOO MO CHCTEMHOMY INpEpPBIBAHUIO,
nepenaroiieMy ynpaBlieHHue 3afade ¢ 0ojiee BBICOKMM TPHOPUTETOM (TaKUM 00pa3oM, CHCTeMa BBITEC-
HSET 3a7aul ¢ Oojiee HU3KUM MPHOPUTETOM JJISl BBIIIOJHEHHsSI 3a7ad ¢ 0oyiee BHICOKUM MPHOPUTETOM
U MOXKET 00ecTIednTh OBICTPYIO PEaKIMIO Ha BasKHBIE COOBITHS).
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§ 2.2. NpuHUMNbI pa3paboTkn MHOronoTo4yHoro npuaoxeuua B OC Windows

2.2.1. OcHOBbI MHOr03a4a4HOCTN U MHOTOMNoTO4YHOCTM B Windows

B Windows kaxzplif mpolriecc MMeeT CBO€ COOCTBEHHOE BUPTyalbHOE aJpecHOEe MPOCTPAHCTBO
(4 I'6aiiT). IIpomecc cocToUT W3 KOAA, NAHHBIX U JIPYTHX CHCTEMHBIX PECYpPCOB, TAKUX KaK OTKPBITHIC
(aiinel, kaHATBI (pipes), CAHXPOHU3UPYIOIIHE 00BeKThl. OTHAKO MPOIIeCC — CTAaTHYECKUH 00BEKT, KOTO-
phIii cam 110 cebe jelicTBus He npousBoAuTt. [loTok (thread) — 0a30BbIil 00BEKT, KOTOPOMY OIEPAIMOH-
Hasl CUCTEMa paclpeenseT BpeMs EeHTPaIbHOro mpoueccopa. [10Tok BBIMOTHIET KOMaH bl POTPaMMEI
C Y4eTOM 3aJlaHHOTO eMy MapuipyTa. Kaxxaslii mporecc mpeactaBisieT coOoi OIUH HadalbHBIA MOTOK,
KOTOPBII MHOTIa HAa3bIBAIOT NEPEUUHBIM HOMOKOM.

[lepBHUYHBINA MOTOK CIIOCOOCH CO3/1aTh BTOPUYHBIC MOTOKH. Bce MOTOKM, MpUHAIICKAIINE OTHOMY
Mpolieccy, UMEIOT COBMECTHBIN JOCTYI K ero pecypcaM. Bce oHM paboTaroT moj ynpaBieHHEM KOMaH
OIHOH W TOM K€ MPOrpamMMbl, 00paIalOTCS K OHUM U TEM XKe TI100aJbHBIM MepeMEHHbBIM, 3allUCHIBAIOT
WH(POPMAIUIO B OIHY U Ty K€ 00JIaCTh MaMsATH M UMEIOT JOCTYIl K OJJHUM M TeM ke o0bekTaM. B memom
cllelyeT OTMETHUTh, YTO MPOrpaMMa MOXKET BBIMOIHATH IOCTABJICHHBIC 3a/]aui U 0€3 OpraHu3aliy MOTOo-
KOB, O/IHAKO B JJAHHOM CITy4ae JJisl 3alyCKa «JOoYepHeroy mpoiecca HeoOX0JMMO BPEMEHHO MPHOCTaHAB-
JMBAaTh OCHOBHOM MPOIIECC, YTO MPUBOAMUT K 3aMEIUICHUIO BBHIMOIHEHUS IPOrpaMMbl B 1esioM. JlononHu-
TeNbHBIE MMOTOKH CO3/IAI0TCSl B MIEPBYIO OYepelb B TOM Cilydae, KOrJa MporpaMma JOJKHA BBIIOIHATH
ACHHXPOHHBIE Olepanuy, paboTaeT 0JJHOBPEMEHHO C HECKOJIbKUMHU OKHAMH.

Opranunzanus MEOro3agadnoct B MS Windows pasnuuaercst B auHeiikax 9x u NT. B Windows 9x
peaM30BaHa HPUOPUMEMHASA MHO203A0a4Hocmb. B TaHHOM clydae KaXIoMy aKTHBHOMY TIOTOKY Hpeoc-
TaBJISIETCS ONpeAeNeHHBIH TPOMEKYTOK BpeMeHH paboTsl mporeccopa. [lo ncredeHnn gaHHOrO Tpome-
KyTKa yIpaBJIeHHEe aBTOMATHUYECKH Tepelaercsl CIeAyIoleMy MOTOKy. JTO He AaeT MporpaMMaM BoO3-
MOXXHOCTb TIOJTHOCTBIO 3aXBaThIBATH PECYpPCHI IPOIIECCOpA.

Windows NT UCIONB3YET 6blmecHAIOUWYI0 MHO203A0AYHOCMb. BBITTOTHEHNE BCEX TPOILIECCOB CTPOro
KOHTPOJIMPYETCS. ONEPALMOHHOM cucteMoil. ITocnenHss BeIASISET KaKI0M U3 IIPOrpaMM HEKOTOPOE KOJIU-
YECTBO MPOLIECCOPHOTO BPEMEHH U MEPUOAMYECKH TPOU3BOIUT MEPEKIIOUCHIE MEXK/y 3allyIICHHBIMU Ha
KoMIibloTepe nporpamMmamu. OOpaTHBIIMCH K CHEUAILHOMY CHCTEMHOMY BBI30BY, BBl MOXKETE Kak ObI
MPHOCTAHOBUTH (S/eep) BBHIOTHEHUE MPOrPaMMBbI, OJJHAKO €CJIM BBl 3TOTO HE CHENaeTe, TO CO BpEMEHEM
olepallMOHHasl CHCTeMa cliefiaeT 3To 3a Bac. [lojBHcaHKMe OMHOW M3 MpOrpamMM He MpUBEeT K MO/ABHCA-
HHUIO BCEH CHCTEMBI.

B o0rmiem u 1enoM BBITECHSIOIIAS MHOT033/Ia9HOCTh, KOTOpas paHee paccMOTpeHa Ooliee mopoOHoO,
BBITJISANT MpHBJIeKaTenbHel. OgHaKo 3a Bce MPUXOANTCS TUIATUTh, — B TIEPBYIO OUepe/lb paciliaquBaThCs
MPHUXOAUTCS MPOrpaMMHCTaM, KOTOpbIe pa3pabaThIBAIOT MPHIIOKEHUS, MpeJHa3HauYeHHbIC sl paboThl
B Cpejie C TIPHOPUTETHON MHOT033/1auHOCThI0. [IpenicraBpTe cebe, UTo Ha KOMITbIoTEpe paboTaloT HECKOIBKO
MpoOrpaMM, HCHONB3YIOMIMX OJWH M TOT XK€ (ailn xypHana ommOok. Ecnu Bam HeoOXoauMmo caenaTh
3amuch B 9ToM (aiine, To B Windows 9x Bel Moxkere 0€3 JTUIITHUX CIOKHOCTEH OTKPBITH (aiii, 3amucaTh
B HEro JIaHHbBIE, a 3aTeM 3aKPbITh ero. Eciu mpu 3TOM BBl HU pa3y He 0OpaTUIIMCh K CIENUATbHBIM CHC-
TEeMHBIM (YHKILHUSAM, TO MOXeTe ObITh YBEPEHBI, YTO B TO BpeMs, TIOKa BBl paboTanu ¢ (aiiiom, HM ofHA
Jpyrasi mporpaMma He o0patuiachk K 3ToMy e ¢ailny (Tak Kak pakTHUeCKd B Xofe paboThI ¢ (aitioM Ha
KOMITbIOTEpEe paboTaeT TONBKO OJlHA Ballla IpOrpaMMa, a Bce OCTajJbHbBIE MPOrpaMMbl HAXOIATCS B COC-
TOSIHUM OXKUJIAHUS).

B cpene Windows NT Bce He Tak npocto. [Ipennonokium, 4to OIUH U3 IIOTOKOB OTKPBLT (haiil 1 Havas
3aIich, HO B 3TOT MOMEHT OflepalliOHHas CHcTeMa Tiepeialia yIpaBieHUue APyroMy moToky. Uto mpousoii-
JIET, €CITU JIPYTOl MMOTOK MOMBITAETCS OTKPBITH TOT jke caMblil (paiin? JInbo sToro caenats He yaacTes, 100
JpYyroi MOTOK OTKpOeT (ailyl B pexxruMe COBMECTHOI'O IocTyna (for sharing), 4TO MOXKET HE COOTBETCTBO-
BaTh BallMM OXXuJaHusM. [laxke ecnu B xofe paboTsl ¢ (aitioM onepanmoHHas cCHCTeMa He OCYILIECTBHIIA
nepenavy yrnpaBJIeHHs APYTOMY MOTOKY, MOJIYYUTh AOCTYN K (aiily MOXET MOMBITaThCs MOTOK, pado-
TaIOMIMM Ha APYroM mpolieccope. B pe3ynbTaTe BBl CTONKHETECH C TOW ke mpodnemoi. Ha cuctemaom
YPOBHE KXKIbIH TOTOK MPEICTABIIACT CO00H OOBEKT, CO3JaHHBIN CHCTEMHBIM MEHEIKEPOM OOBEKTOB.
AHaJIOTHYHO OCTaJbHBIM CHCTEMHBIM OOBEKTaM IMOTOK COJEPKHUT JaHHbIE (aATpUOYTHI) U MeTob! (QyHK-
un). CxeMaTn4eckn 00beKT-MOTOK MpecTaBieH Ha puc. 2.5 [12].

47



MpuHUMNbI pa3paboTKM MHOronoTo4Horo npuaoxeHms 8 OC Windows

CTaHAAPTHbI 06BLEKT 3aronoBKa

ATpu6YTbI NOTOKA

NpeHTMdUKaTOp KAneHTa
KoHTeker

JuHamunueckuit npnoputet
basosblIii npuoputeT
MpunBA3aHHOCTb K apXMTEKType npoLeccopa
Bpema BbinonHeHUA

CraTtyc onoselueHua

CueTumk npepbiBaHUI

Mapkep nepegauun npas AocTyna
MNopT 3aBepLueHnn

Kog 3aseplueHun

MeToabl noToKa

Co3gaHne NnoToKa

OTKpbITME NOTOKA

3anpoc nHpopmaL MM o NOTOKe
YcTaHOBKa MHPOPMaLMM O NOTOKe
TeKywmit NoToK

3aBeplueHme NoToKa
MonyyeHne KoHTEKCTa
YcTaHOBAEHWE KOHTEKCTa
MpepbiBaHne

Bo3o6bHoBNEHME
MpenynpexaexHue

MpoBepKa NocTynaeHUs npeaynpexaeHus
Pernctpaumsa noprta 3aBepLueHus

Puc. 2.5. CxeMa 00beKTa IIOTOKA

st GONBIIMHCTBA METOAOB MOTOKa MMeroTcs cooTBercTBytomme API-gynkunn Win32. Windows
3alINacT CBOM BHYTPEHHHE CTPYKTYPHI OT MPSMOTrO BMEIIATENBCTBA MONB30BATEIBCKUX IMPOTPAMM.
B ortnnume ot Gosee MpUBHIETUPOBAHHBIX MPOrpaMM, (DYHKIMOHUPYIOIIMX Ha ypPOBHE sijpa OIepaiu-
OHHOHM CHCTEMBI, MMOJIb30BATEIbCKUE MPOrpaMMBbl HE MOTYT MPSAMO aHAIM3UPOBATh WM W3MEHSThH Mapa-
METPBI CUCTEMHBIX 00BeKTOB. Bee olepalini ¢ HUMU BBIMONMHSIOTCS mocpeacTBoM GyHKuuid Win32 API.
Windows nipeiocTaBisier eCKpUITOp, UIeHTH(GUIUPYIONMi 00beKT. [Ipy BBITIOMTHEHNH Orepaluii ¢ 00bek-
TOM €ro JIeCKpHITOp IepeaaeTcss B KauecTBe aprymenTta onHod n3 API-pynkumii. CBOM AeCKpHUIITOPHI
WMEIOT TIOTOKH, Hpolecchl, cemadopsl, ¢ailibl 1 apyrue 00beKThl. BHYTpEeHHSSI CTPYKTypa OOBEKTOB
JOCTYITHA TOJILKO MeHemKepy 00bekToB. DYHKIMS, co3aaromas oTOK, BO3BpallaeT AECKPUIITOP HOBOTO
obbekra. C MOMOLIbIO 3TOTO IECKPUTITOPA MOKHO BBITIONIHUTH CIEAYIOIINE ONePaIHu:

— TOBBICHTH WJIM TOHU3UTH IJIAHOBBIM MTPHOPUTET MOTOKA;

— MPHOCTAHOBUTH MTOTOK U BO30OHOBHTH €T'0 BHITIOIHEHUE;

— MpPEKPaTUTh BBHITIOJIHEHHE TTOTOKA;

— ONpenenuTh KO/ 3aBepLICHHUs TIOTOKA.

B OC Windows moTokH, nporiecchl, ceMadopbl U UCKITIOYaromue ceMadopbl MOTyT UMETh HECKOIBKO
Pa3HBIX JIECKPHUIITOPOB. 3aBepIIMB paboOTy ¢ 00bekTOM, HeoOXoaumo Bbi3BaTh (yHKIuio CloseHandle,
KOTOpasi, 3aKpbIB MOCICIHUN JECKPUIITOP, CaMa YHUYTOXKHUT 00hekT. B 1enom B Windows Kaibiii Tpo-
1ecc He MOXKET OJHOBPEMEHHO MOIepPKUBaTh Oojiee 65 536 OTKPBITHIX IECKPUIITOPOB.

Pabota ¢ moTokamMu He CBOIMTCA TOJBKO K MX 3aIllyCcKy M ocTaHoBKe. HeoOxoauMo obecreunTs coB-
MecTHOe (DYHKIIMOHHPOBaHUE IOTOKOB. J1yist opraHu3anuu 3QQeKTUBHOrO B3aMMOICUCTBHSI MEKTy HECKOIb-
KHMH TIOTOKaMHU HEOOXO0ANMO MPOU3BOIUTH KOHTPOJb 33 X BpeMEHHBIMH mapameTpamu. KoHTponb ocy-
mectBisercs [12]:

— YCTaHOBJICHUEM IIPUOPHUTETOB;

— CHUHXPOHH3aLHEH.

[IpuopuTter moToka onpeaesseT, HACKOIBKO YacTO AaHHBIA MOTOK MOMydYaeT AOCTYI K HEHTPaIbHO-
My npotieccopy. CHHXpOHHU3AIUS PEryIUpYyeT MOPSA0K 0OpaleHus: MOTOKOB K o0muM pecypcam. Korna
CHCTEMHas MporpaMMa-IIaHUPOBIIUK OCTAHABJIMBAET OJMH TOTOK M HILIET APYIOi, KOTOPBIA JOJKEH
OBITH 3amyIIeH CIEeAYIONIMM, OHa OTAAeT MPEANOYTeHHE TOTOKaM, NMEIOIMM Hanbosee BICOKUN MpHO-
puter. O0pabOTYNKK CHCTEMHBIX MPEPHIBAHUI BCerja UMEIOT 0oJiee BHICOKUI TPUOPHUTET 110 CPABHEHUIO
C TIONIb30BATENbCKUMH TIpolieccaMu. KaxkaoMmy mpolieccy MpHCyI] COOCTBEHHBIM MpropuTeT. ba3zoBblii
TUTAHOBBIM MPHOPHUTET MOTOKA OMpENENseTCS HA OCHOBE MPHOPUTETA MPOIecca, KOTOPBIH SIBISETCS BJla-
JeNbIIeM 3TOro noroka. Beero pasnuyatot 32 yposHst npuoputera — ot 0 10 31. [Ipu 3TOM npruopuTeTh
ypoBHs ot 0 70 15 Ha3bpIBaOTCS MEpEMEHHBIMU MTPHOpUTETaMu, OoT 16 10 31 — (uKcHpoBaHHBIMHU MPHO-
puteramu. Cxema HaclieJOBaHUS IPUOPUTETOB TTOTOKA MMOKa3aHa Ha puc. 2.6 [12].
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31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16

15
14
13 Hawusbicwuii Knacc
12
11

Knacc peanbHOro spemeHm

®DUKCMPOBAHHbIE MPUOPUTETDI

=
o

Knacc nevpe,u,Hero nnaHa R
doHoBbIM Knacc

Knacc npocrosa

MepemeHHble NPUoPUTETLI

OFRLNWPAULIONO®O

OwnanasoH OwnanasoH
Ea308b1ii 6a3oBoro npmMoputeTa ONHaMUYecKoro
YpoBH#H NOTOKa, BNafeNbLem npuoputeta
npuoputer
npuopuTeTa npoLecca KOTOPOro AB/sfeTcA [ON15 TOTO e
pou npoLecc ¢ NPMOPUTETOM camoro

nepegHero naaHa NOTOKa

Puc. 2.6. Cxema HacnenoBaHUs MPUOPUTETA ITOTOKOB OT UCXOAHOI'O IPUOPHUTETA IMPOoLICCCa

Cpenu aTpuOyTOB 00BEKTa TIOTOKA pa3IMyaroT 0a30BBbIA U IUHAMUYECCKUHN MPHOpUTETHL. [Ipy BhI30BE
KOMaH/Ibl JJIi U3MCHEHUS MPUOPUTETA MTOTOKA MEHSETCSI ero 0a30BbIN MPHOPUTET, KOTOPHIA HE MOXKET
OBITh BBIIIIC WM HUXKE IPUOPUTETA MpoIlecca-Biiajenbiia Oojiee YeM Ha JiBa ypoBHs. OrnepallioHHas CUC-
TeMa CIIOCOOCTBYET «ITPOABMKEHUIO» IMOTOKA JUIS €ro BhIMOJHEHUs. [ 3TOro cucrema mojyiep:KkuBaeT
JUHAMUYECKUN MPUOPUTET MOTOKOB, KOTOPBIE BBIMOJHSIOT BaKHbIE 3a/iaud. Hampumep, eciu mpouecc
BBIBOJIUT MH(POPMALIMIO B OKHO JIMOO CUATHIBACT JAHHBIC C IUCKA, BPEMEHHO TOBBIIIACTCS TPUOPUTET BCEX
IMOTOKOB TaKOTO Ipolecca. DTU BPEMEHHBIC MPUPAIICHUS B CyMME ¢ 0a30BBbIM IIPUOPUTETOM 00pa3yIOT
JMHAMUYECKU TPUOPUTET npoluecca. [[maHupoBIIMK OMpPEAENsieT 04epeIHOCTh BBIIIOJIHEHUS IOTOKOB Ha
OCHOBaHHH WX JIMHAMUYECKOro npuoputera. Co CIEAyIONIMM TaKTOM Ipoliecca MpUpaIleHUue MpUopH-
TeTa HAYMHAET YMEHBIIIATHCSA Ha OJIMH YPOBEHb, MOCTEIICHHO JIOCTUTAsl YPOBHS 0a30BOT0 MPUOPHUTETA.

BriOupast moTOK, KOTOPBIH OyeT BBITOIHATHCS CICAYIONUM, MPOrPaMMa-TUIAHUPOBIIMK HAYMHACT
MPOCMOTP OUYEpEeM 3aJaHUK C MOTOKOB, MMEIOIIMX HAWBBICIIMA MPUOPUTET, BHINOJIHIET MX, a 3aTEM
MEePEXOAUT K OCTaIbHBIM moTokaM. OHAKO MHOT/IA B OUEpear 3aJaHUil COIEpPIKATCS HE BCE CO3JaHHBIC
B CUCTEME IMOTOKHU, IMOCKOJIbKY HEKOTOPbIE M3 HUX MOIYT OBITh MPUOCTAHOBJICHBI WM 3a0JIOKHMPOBAHBI.
B xa)x/1p1i1 MOMEHT BPEMEHU MTOTOK MOYKET HAXOJUTHCS B OJHOM M3 IIECTU COCTOSIHUM:
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¢ Ready (rotoB) — mocraBJicH B 04YEPE/ib U OKUACT BBITOIHEHHUS;

o Standby (Onmkaiiimii) — roToB OBITH BHIMOTHEHHBIM CIETYIOIINM;

¢ Running (BeImonHeHNE) — HAXOAUTCS B PEKHUME BHIIIOIHEHUS U B3aUMOJICHCTBYET C IIEHTPaIb-
HBIM IIPOIIECCOPOM;

o Waiting (oxuaHne) — He BBIOTHSIETCS, 0XKHJIasi CHTHAJIA BBIITOJTHEHUS;

e Transition (mpoMexxyTouHoe) — OyJeT BBIIIOJHATHCS MOCIE TOro, KaK CHCTEMa 3arpy3uT ero
KOHTEKCT;

e Terminated (3aBeplieH) — BBINOTHEHUE 3aBEPIIECHO, OTHAKO O0BEKT HE yIaJeH.

Koraa mporpamMMa-niaHupoBIIUK BEIOHpAET U3 OYE€PEAH TOTOBBIN K BHITOJHEHUIO IIOTOK, OHA 3arpy-
KaeT ero konmexcm. B cocTaB KOHTEKCTa BXOIUT Ha0Op 3HAYEHUI PErMCTPOB Mpoleccopa, CTeK spa, OIoK
MapaMeTpoB OKPYKEHHUsSI MOTOKA W TIOJIb30BATEINbCKAN CTEK B aJpEeCHOM MPOCTPAHCTBE Mpoliecca, KOTo-
pBIi sABIISieTCs BIaaenblieM TaHHOTroO moToka. Ecny yacTe KOHTakTa Obla 3ammcaHa Ha JAWCK, TOTOK Mpo-
XOAMT B MMPOMEKYTOYHOE COCTOSTHHUE M O’KUIAET, TIOKa CHCTEMa COOepeT BCe COCTABHBIE YaCTH KOHTEKCTA.

UToOBI MOTOKK MOTJIM HaJISKHO paboTaTh, MX HEOOXOAMMO CHHXPOHHM3UPOBaTh. [IpencraBbre ceode,
YTO OJJH TOTOK CO3/IA€T KUCTh, a 3aT€M CO3JacT HECKOJIBKO MOTOKOB, KOTOPHIE BMECTE UCIIONB3YIOT 3Ty
KHCTH JUIsl BBIMOJIHEHHS rpaduueckux onepanuid. [lepBblif MOTOK HE AOIKEH YHUYTOXATh KUCTh 10 TeX
nop, MoKa ApYrue MOTOKH HEe 3aBepIuaT onepanuy pucoBanus. Mnm mpeactaBbTe cede, 4TO OJMH MOTOK
MpPUHUMAET TaHHbIE, BBEJACHHBIE MTOJIb30BATENEM, U 3alMCHIBACT UX B (aiijl, a APyTrre MOTOKH CUNUTHIBAIOT
JaHHBIE U3 3TOro (aiiia u 00pa30BHIBalOT BBEICHHBIN TeKCT. CUNTHIBaHHE HE JOJDKHO MPOUCXOIUTH B TOT
MOMEHT, KOT/Ia WJET 3amich. B 00oux ciydasx Hajgo MPUHATH MEPBl IO KOOPJMHALIUH MOCIIeI0BATENb-
HOCTH OIllepanyii B HECKONBKHUX MOTOKaX.

OnHO M3 BO3MOXKHBIX PELICHUI 3aKiII0YaeTcss B CO3JaHMU TI00aIbpHOM nepeMeHHoi Tuna Boolean,
KOTOPYIO OJIMH M3 IMOTOKOB OyJeT MCIOIh30BaTh C 1IN0 HH(OOPMHUPOBAHUS APYTUX TOTOKOB O TOM, YTO
00BeKT 3aHsAT. Hanpumep, MOTOK, 3aMUChIBalONINI AaHHBIE B (Daiil, MOXKET IPUCBOUTH TiepeMeHHol hDone
3HayeHue TRUE, a TIOTOKHM, CUMTHIBAIONINE JaHHbIe U3 (aiina, OyayT HUKIUYECKH MPOCMATPUBATh ATY
MEepPEeMEHHYIO JI0 TeX TOop, NOKa ee 3HAaYeHHe He M3MeHHUTCs. Takas cxema BIOJHE paboTocrocobOHa,
OJIHAKO LUKIMYECKUH MPOCMOTp (priara HECKOIBKUMH MMOTOKAMH 3aHHMAaeT MHOTO BPEMEHH IMPOIeccopa.
Bot nouemy B Win32 noguepkuBaercsi HA00p CHHXPOHH3UPYIOMUX 00bekToB [9, 12]. [lepeuncianm ux.

OOBeKT TuNA UCKIoYarwii cemaghop GyHKIMOHUPYET MOAO0HO y3KOH JABEPH, «IIPOIyCcKas», T. €.
naBast JOMYCK, OTHOBPEMEHHO 110 OAHOMY IOTOKY.

OObekT THNA cemaghop GyHKIMOHUPYET MMOJOOHO MHOTOCTBOPYATON JBEPH, OrPaHUYMBAs KOJTHYC-
CTBO MOTOKOB, KOTOPBIE MOT'YT ITPOXOJIUTH Yepe3 HEro OHOBPEMEHHO.

OObekT THIIAa cobblmus TiepeaacT rio0aIbHBIN CUTHA, BOCIIPUHUMAEMbBIN JIFOOBIM TTOTOKOM, JUIS
KOTOpPOTO OH a/IpECOBaH.

OOBeKT THIAa Kpumuyeckull pa3desl aHaJOrM4YeH HCKIIoYaroemMy ceMadopy, HO paboTaer TOIBKO
B IIpe/Ieax OHOIO Mpollecca.

Bce ykazaHHbIe 00BEKTHI SIBISIOTCS CHCTEMHBIMHU M CO3/IAI0TCS MEHEIKEPOM 0OBEKTOB. XOTS KaKIbIi
CHHXPOHU3HPYIOIINH OOBEKT KOOPAMHUPYET ONpPEACICHHBIH BUJ B3aHMMOJCHCTBUS, BCE OHU (PYHKIIHO-
HUPYIOT CXOIHBIM 00pa3oM. I10TOK, KOTOpBIH AOMKEH BBIMOIHUTH ONPENSNCHHYI0 CHHXPOHU3UPYEMYIO
olepanuio, OKUJaeT OTBETa OT OAHOTO M3 ATUX OOBEKTOB W OCYIIECTBIISIET CBOM (PYHKIIMHU TOJIBKO MOCIHIE
MOJy4eHHs Ha TO paspemieHus. [IporpaMMa-naaHUPOBIIMK yAANSAET OXHIAIOMINE O0BEKTHI M3 OYepeau
3aIrycka, ¢ TeM 4TOOBl OHM HE 3aHMMaJlM BPEMEHM LEHTpaJbHOro mporeccopa. [locne momydeHus: coort-
BETCTBYIOIIETO CHTHAJIA IUTAHUPOBIIUK BO30OHOBIISAET paboTy moToka. MecTo u crocod MOMyueHHs CHT-
HaJa 3aBUCAT OT KOHKPETHOT'O O0BEKTA.

Uckmoyarome cemadopsl, 00bdHbIe ceMadopbl U COOBITHS MO3BOJISIIOT KOOPAUHUPOBATH paboTy
MOTOKOB, IPUHAJISKAIINX Pa3HBIM MPOIEccaM, B TO BpeMsl KaK KPUTUYECKHE pa3Aeiibl BOCTPUHHUMAIOTCS
JIMIIB TIOTOKAMH OJHOTO Tponecca. Eciam oxuH mpoiecc co3paeT Ipyroi mporecce, To A0YepHHN MPOIecc
4acTO HaCJEAyeT JECKPUITOPHI MMEIOMINXCS CHHXPOHU3UPYIOMMX 00beKTOB. OOBEKTHl KPUTHUECKHX Pa3-
JIeTIOB HE MOTY OBITh YHACIICTOBAHBI.

C no3uimn QyHIaMEHTaTBHOCTH CHHXPOHH3UPYIOIMK 00BEKT, TOA00HO APYTUM CHUCTEMHBIM 00BEK-
Tam, MpeACTaBisieT cO00M CTPYKTYpY HaHHBIX. CHHXPOHH3HUPYIOIIME 00bEKTHl MOTYT HAaXOANUTHCS B IBYX
COCTOSTHUSIX: MPH HAJIMYMU CUTHAJA M TPU OTCYTCTBHHM TakoBOro. I10TOKM B3aMMOAEHCTBYIOT C CHHXPO-

50



Pa3paboTKka NporpamMmmHOro Koaa, y4uTbIBatoLWEro MHOro3a4a4qHyto apxXMTeKTypy coBpemeHHbIXx OC

HI/I3I/IpyIOHII/IMI/I 06’beKTaMI/I HyTeM yCTaHOBKI/I CUrHa’jia njin HyTeM €ro OXXK"uaaHwusi. HOTOK, HaXOILSIHIHfICSI
B COCTOSAHHUHN OXUJIaHH, 6J]OKI/IpyeTC$1 1 HC BBIITOJIHACTCA. HpI/I HaJIMYUU CHUTHAJIa 0)1(1/12[3}01111/1171 IIOTOK
3aBilajieBaeT 00HEKTOM, BBIKIFOUAET CHTHAI, BBITOIHSIET OMPe/IeIEHHbIC CHHXPOHU3UPYIOIIHNE OMEPaIiny,
a 3aTEM OIIITh BKIIFOYAET CUTHAJI U OCBOOOXKIAET OOBEKT.

[ToToKM MOTYT OKHJATh Pa3pEIICHUs HE TOJIBKO OT UCKITFOYAIOIINX U OOBIYHBIX ceMahOpOB, COOBITHIA
W KPUTHYECKHUX Pas3jIeNoB, HO M OT JAPYrHx 00BEeKTOB. MIHOTIa BO3HUKAET CUTYAIUs, KOTJAa HEOOXOAUMO
OXWJIaTh pa3perieHus oT mporecca, APYroro MOToKa, TaiiMepa win daiiinosoro oobexra. Bee a3t 00bek-
Thl UMCKOT CBOC HpeZ[Ha3Ha‘IeHI/Ie, HO HO):[O6HO CI/IHXpOHI/I3I/IpyIOHH/IM O6’beKTOM OHHU CHOCO6HI)I aBaTh
CHTHaJIBI pa3penieHus. [Iporeccrl U MOTOKM CUTHAIM3UPYIOT O CBOEM 3aBEpPIICHUH, 00bEKThI-TaliMephl —
00 MCTEYSHUH OMpEAETICHHOTO HHTEpBada BpeMeHH, a (aiaoBsie 0OBEKTH — O 3aBEPIICHUH OIepaInii

YTEHUsI WK 3anuceil GaiiaoB. [IoTOKM MOTYT OKHMJATh MOSBJICHUS JTI000T0 U3 STHX CUTHAJIOB.

2.2.2. API-dyHKUMM ANna peannsaumm mexaHm3ma MHOronoTOMHOCTH

B Win32 API onpenenensl ciienyromue GyHKIpH paboTh ¢ IpoiieccamMu v motokamu (tadm. 2.1) [4].

Tabnuya 2.1

HasBanune QpyHkmn

Brmmonnasemoe neiicTre

1

2

AttachThreadInput [TepexntoueHre MeXaHM3MOB BBOJIa C OJTHOM HUTH Ha JIPYTYIO
CommandLineToArgvW [IpousBomuT pazbop komaHmHOM cTpoku B Unicode
CreateProcess Co3znaet npoiiecc

CreateRemoteThread Co3/1aeT OTOK B aJJpECHOM IIPOCTPAHCTBE JIPYTOro Mporiecca
CreateThread Cozzaer oTok

ExitProcess 3aBepiIaeT npouecc U Bce ero MOTOKH

ExitThread 3aBepIIaeT NOTOK

FreeEnvironmentStrings OcBoOOK/1aeT NaMATh 00IACTH EPEMEHHBIX CPEIbI
GetCommandLine Bo3sBpamaer ykazaTtenb Ha KOMaHIHYIO CTPOKY
GetCurrentProcess BosBpamaer onucarens (handle) Texymiero mporecca
GetCurrentProcessld BosBpariaer HaeHTHPHUKATOP TEKYIIEro mporiecca
GetCurrentThread BosBpamaer onucatens (handle) Tekynero moToka
GetCurrentThreadld BosBpaiaer HICHTHPHUKATOP TEKYIIETO TOTOKA
GetEnvironmentStrings BosBpamaer cTpoky nepeMeHHBIX Cpeibl

GetEnvironmentVariable

BosBpainaer 3HaueHne yKa3aHHOM NepeMEHHON Cpebl

GetExitCodeProcess BosBpataer koJ 3aBepIieHus mpoiecca
GetExitCodeThread BosBpariaer koj 3aBepIeHus MOTOKa
GetPriorityClass BosBpamaer kiacc npuopureTa npoiecca

GetProcessAffinityMask
GetProcessShutdownParameters
GetProcessTimes
GetCurrentProcess

GetProcess WorkingSetSize

Coob1iaer, Ha KaKuX MPOIIECCOPax Pa3pelieHo HCIONHEeHHE Mpolecca
Coo01aer mapamMeTpbl TOBECHHU MPoIecca MPH 3aBePIICHHH PaOOThI CHCTEMBI
Bo3sBpaliaer BpeMeHHbIC XapaKTePUCTHKHU MpoLecca

Cooburaer Bepeuto Windows, Uit KOTOpOit mpeHa3HAYEH MTPOLECC
Bo3sBparaer XxapakTepuCTHKH JOCTYITHOTO MPOLIECCY aPECHOr0 MPOCTPAHCTBA

GetStartupInfo BosBpaimaer napameTpsl mpouecca, NOIy4eHHbIE UM IIPHU CO3/IaHUU
GetThreadPriority Coo0IaeT MpHOpUTET YKa3aHHOTO MOTOKA

GetThreadTimes BosBpariaer BpeMeHHbIE XapaKTePUCTUKH YKa3aHHOTO TIOTOKa
OpenProcess BosBpamaer onucarens (handle) ykazaHHOTO Tiporiecca
ResumeThread YMeHbIIaeT CUEeTUHK 3aIepKaHUH MOTOKA (MM 3aITyCKaeT €ro)

SetEnvironmentVariable
SetPriorityClass

VYcTaHaBIMBaeT 3HaUEHUE YKa3aHHOM MEpEeMEHHOH cpe/ibl

VYcranaBiauBaer Kiace MpUuopuTeETa IMpoIecca

51



MpuHUMNbI pa3paboTKM MHOronoTo4Horo npuaoxeHms 8 OC Windows

Oxonyuanue maon. 2.1

1

2

SetProcessShutdownParameters

SetThreadAffinityMask
SetThreadPriority

Sleep

SleepEx
SetProcessWorkingSetSize

YcraHaBnMBaeT mapamMeTphl OBEJICHUS IIPOIIEcca IIPY 3aBEPIICHUH PaOOTHI
CUCTEMBI

Y cTaHaBIMBAET, HA KAKUX MIPOIECCOPAX Pa3pelIeHO UCITOTHEHNE TIOTOKA
YcTaHaBIMBaET MPUOPUTET YKa3aHHOTO IMMOTOKA

3aiep>KUBaCT UCTIOTHEHHE TIOTOKA HA YKA3aHHOE KOJTHYECTBO MUILTHCEKYH]T
3ajiepKUBaeT UCTIOTHEHHUE JI0 HACTYIUICHHS COOBITHS BBOJIA/ BBIBOJIA T HA BPEMSI
YcraHaBIMBaeT XapaKTEPUCTHKH JOCTYITHOTO MPOIIECCY aIPECHOTO IPOCTPAHCTBA

Pacnipenensier nHeKc JIOKaJIbHON MamsiTh NoToka (thread local storage TLS)

Bo3BpaIuaeT JIAHHBIC, Pa3MCIIICHHBIC B TLS ¢ YKa3aHHbIM UHACKCOM

)KI[eT, TMOKa HC HAYHETCA BBOJ JJI1 YKAa3aHHOI'O IpoIecca

SuspendThread [IprocranaBinBaeT UCHOIHEHNE YKa3aHHOTO MIOTOKA
TerminateProcess 3aBepIIaeT yKa3aHHBII MpoLecce

TerminateThread 3aBepIIaeT yKka3aHHbII IOTOK

TlsAlloc

TlsFree Ocoboxnaer nungexc TLS

TlsGetValue

TlsSetValue ITomemaer nannsie B TLS ¢ yka3aHHBIM HHAEKCOM
WaitForInputldle

WinExec BoinonusieT ykazaHHOE MPUIIOKEHUE

[Mompobuoe onucanne Gynkiuii npueneHo B Win32 Programmer’s Reference. [anee paccmorpum
TOJILKO HEKOTOPBIC OCHOBHBIC (DYHKIUY [4].

Oynkius CreateProcess() co3maer HOBBIM MPOIECC M €r0 MEPBHYHBIA MOTOK. HOBBIM mporiecc
WCTIOJTHAET YKa3aHHbIM UcTonHsieMblid (aitn. dopmat QyHKIMH:

BOOL CreateProcess (LPCTSTR IpApplicationName,

LPSECURITY_ ATTRIBUTES IpProcessAttributes,
LPSECURITY_ ATTRIBUTES IpThreadAttributes,

BOOL blnheritHandles,
DWORD dwCreationFlags,
LPVOID IpEnvironment,

// mmst ucnionasiemoro ¢aiina LPTSTR IpCommandLine,
// xoMaHTHAS CTPOKA

// aTpuOyYTHI 3alUTHI IIpOIIecca

// aTpuOYTHI 3aIUTHI TOTOKA

// pnar HacnemoBaHUS OmHUcaTenei

// pnmaru co3nanus

// ykazarenb OIOKa MepeMeHHBIX CPEIbI

LPCTSTR IpCurrentDirectory,
LPSTARTUPINFO IpStartupInfo,
LPPROCESS INFORMATION IpProcessInformation

// TEKyIUiA KaTajaor
// GIIOK HaYaJIBHBIX MAPAMETPOB
// yka3aTenn

// CTPYKTYpBI, ONTMCHIBAIOLIEH MOPOXKISHHBIHN MPOIece

)i

Oynkuus Bo3spauiaer TRUE B ciiydae ycnexa, FALSE — B ciydae Heyiauu U UMeeT clieayromue
rapaMeTpsl:

e IpApplicationName — yka3aTtellb Ha CTPOKY, COAEPIKAIILyt0 UMsI UCTIONHSEMOI mporpaMMbl. Mms
MOXKeT ObITh TIOTHOEe. Eciin OHO HemoHoe, TO MOKMCK (aiiyia MPOU3BOIUTCS B TeKylleM Kartajore. [lapa-
MeTpy MoxeT ObITh mprcBoeHo 3HaueHne NULL. B sTom cnydyae B kauecTBe MMeHH (aiiiia BBICTyMaeT
repBasi BeIJCIICHHAS podenamMu Jiekcema u3 cTpoku IpCommandLine;

o [pCommandLine — yka3arenr komaHHOW cTpoku. Ecnu mapamerp IpApplicationName umeer
snauenrie NULL, To umst ucrionasiemoro (aiina peienserca u3 [pCommandLine, a TOMCK UCTIOIHIEMOTO
¢aiina mpou3BOIUTCS B COOTBETCTBUH C NIPaBHIIaMH, ACHCTBYIOIMMHU B CHCTEME;

o IpProcessAttributes — ykaszatenb Ha CTPYKTYpPY, ONHMCHIBAIONLYIO MapaMeTphl 3alIMTHl Ipolecca.
Ecnu mapamerpy npucsoeno 3Hauenre NULL, To ycTaHaBIMBatOTCS aTpUOYTHI «II0 YMOTYAHHION;

o IpThreadAttributes — yka3aTeib Ha CTPYKTYpY, OMHCHIBAIONIYIO [TapaMeTPhl 3alIUThI IEPBUIHOTO
noroka. Ecnu mapamerpy npucBoeno 3nadenre NULL, To ycTaHaBIMBAIOTCS aTPUOYTHI «I10 YMOTYaHHUION;

o blnheritHandles — onpenensier, Oyaer v OpOXKACHHBIHN Tporece HacenoBath onucarenu (handles)
00BEKTOB POAMUTEIBCKOrO Tporecca. Hampumep, eciu poauTenbCKuil npomece AB, TO OH TOAYYHII OIU-
caTenb npoliecca B 1 MokeT UM MaHuNyIpoBaTh. Eciu Teneps oH nopoxaaer npouecc C ¢ mapaMeTpoM
bInheritHandles, paabim TRUE, T0 1 iportecc C cMOkeT paboTaTh ¢ onucareyieM mpoiecca B;
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o dwCreationFlags — onpenenser HeKOTOpbIE JOMOIHUTEIBHBIC YCIOBUS CO3JaHMs TPOIIecca U ero
KJIacC MPUOPHTETA;

e IpEnvironment — yka3artenb Ha OJIOK MEPEMEHHBIX CPE/Ibl MOPOKACHHOro mpoiecca. Eciu 3toT
napametp pased NULL, To mopoxaeHHbIN MPOLIECC HACIEAYET cpeay poautens. MlHaue oH NOKEH yKa3bl-
BaTh Ha 3aBEPIIAOIINIACS HYJIEM OJIOK CTPOK, KayK/1asi M3 KOTOPBIX 3aBepiiaercs HyseM (ananorndno DOS);

e IpCurrentDirectory — yka3aTteib Ha CTPOKY, COACPIKAIIYIO MMOJHOE UMl TEKYIIEro Karajiora mo-
poxaenHoro npouecca. Eciu ator napamerp paBeH NULL, To nopokIeHHBIN MpoLECC HACIEAYET KaTa-
JIOT POJUTEIIS;

o IpStartupInfo — ykazatens Ha ctpykTypy STARTUPINFO, xotopas onpeznensier napameTpsl IiiaB-
HOT'O OKHa TIOPOXJICHHOT'O MPOoIIecca;

o IpProcessInformation — yka3aTelib Ha CTPYKTYpY, KOTOpast OyJeT 3anoinHeHa nHdopMaIei o mo-
POXKICHHOM MpOIEcCe MOCIe BO3BpaTa U3 (PYHKIIUH.

Ipumep. lporpamma, 3anmyckaromas Microsoft Word:

#include <windows.h>

#include <conio.h>

#include <stdio.h>

main()

{
PROCESS INFORMATION pi;
STARTUPINFO si;
ZeroMemory (&si, sizeof (si));
si.cb = sizeof (si);
printf («Press any key to start WinWord -- »);
getch();
CreateProcess (NULL, «WinWord», NULL, NULL, FALSE, 0, NULL, NULL, &si, &pi);
return O;

}

Oynknus CreateThread() co3maer HOBBIM MOTOK B aJPECHOM MPOCTpaHCTBE mpoiecca. Dopmart
¢bynkuuu [8]:

HANDLE CreateThread (LPSECURITY_ ATTRIBUTES IpThreadAttributes,
// aTpuOyTHI 3aIUTHI TOTOKA

DWORD dwStackSize, // pa3mep creka B OaiTax
LPTHREAD START ROUTINE IpStartAddress, // ykazarenb Ha QYHKIUIO ITOTOKa

LPVOID lpParameter, // apryMeHT, nepeiaBaeMblii B (DYHKITHUIO TIOTOKA
BDWORD dwCreationFlags, // gmaru ynpaByieHHs! CO31aHHEM TTOTOKA
LPDWORD IpThreadld ); // 00macTh MaMsTH 151 BO3BPAILCHUS

// naeHTUUKAaTOpa OTOKA

@yHKIMs BO3BpAILAET ONMUCATENb MOPOKACHHOr0 oToKa. [lapamerpsr:

o [pThreadAttributes — ykazarenb Ha CTPYKTYpY, OIMUCHIBAIOLIYIO TapaMeTphl 3aIUThI ToToKa. Ecin
napamerpy npucBoeno 3aadenne NULL, To ycTaHaBIMBAIOTCS aTPUOYTHI «I10 YMOITYaHHION;

o dwStackSize — ycranaBimBaer pa3mep creka, KOTOPBIA OTBOIUTCS MOTOKY. Ecnmu mapamerp paBen
HYJIIO, TO YCTaHABJIMBACTCS CTEK, PABHBIN CTEKY IMEPBUYHOIO MOTOKA;

o IpStartAddress — anpec QpyHKIHMH, KOTOPYIO OyAeT UCIONHITH MOTOK. DYyHKIUS UMEET OAMH
32-OUTHBIH apryMeHT 1 BO3BpamiaeT 32-OuTHOe 3HaYCHUE;

o [pParameter — mapamerp, nepenaBaemMblii B QyHKIHIO, KOTOPYIO OyIIeT HCIONHATH MOTOK;

o dwCreationFlags — nomonmHauTenbHbINA (har, KOTOPBIA YIpaBisieT co3AaHueM NoToka. Ecin 3Tot
napametp paBeH CREATE SUSPENDED, To moTok mocie Iopo/IeHUs He 3aITyCKaeTCsl Ha UCTIOHEHNE
1o BeizoBa pyaknun ResumeThread,;

o IpThreadld — yka3aTens Ha 32-OMTHYIO TIEPEMEHHYIO, KOTOPOH OyJeT MPUCBOCHO 3HAUCHHE YHU-
KaJbHOTO WAEHTH(HKATOpa MOTOKA.
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Ilpumep. IIporpaMma, IOPOKJAOIIAS TOTOK:

#include <stdio.h>

#include <conio.h>

#include <windows.h>

DWORD WINAPI Output ( LPVOID Param )

{
while (TRUE)

{
printf («Ay);

Sleep (100);
H

return (0);
main()

HANDLE hThread;

DWORD Threadld;

hThread = CreateThread (NULL, 0, Output, NULL, 0, &Threadld);
getch();

TerminateThread (hThread, 0);

return (0);

}

[ToToku, obmagaronye BHICOKAM MTPUOPHTETOM, 3aHHUMAIOT OOJBIIYIO YaCTh BPEMEHH IEHTPaJIbHOTO
MPOIECCOPa, PAHBIIE 3aBEPIIAIOT CBOIO Pa0dOTy M CIIOCOOHBI OBICTpPEE PearupoBaTh HA JCUCTBUS IOJb-
3oBaTens. Ecnu BceM moTOKaM OyJeT MPHUCBOCH OJMHAKOBO BBICOKHMH TPHOPHTET, HUYETO XOPOIIEro
He BhIiier. J[emo B TOM, YTO €CITM HECKOJBKHM TOTOKaM OyIeT MPHUCBOCH OJWH M TOT € MPHUOPUTET
(He nMeeT 3HA4YeHMs], BBICOKMM WJIM HHU3KHIi), TO MpOrpamMMa-IjaHUPOBIIUK BBIJIEIUT UM OJAMHAKOBOE
BpeMsi pabOThI IIEHTPATLHOTO MPOIIECCOPa M caMma Hjes MPHOPUTETOB YyTPATUT cMBICI. OJMH MOTOK CMO-
’KeT ObICTpee pearrpoBaTh HAa CHTHAJIBI TOJIBKO B TOM Cliydae, €Clau OyayT 3aMeIeHbl PYTHE MOTOKH.
OT0 Xe MPaBWJIO B PaBHOM CTeMeHr MpUMEHUMO M K mporeccaM. CtapaiiTech orpaHUYMBaTh TPUOPUTET
BCEX IIOTOKOB M IPOLIECCOB HU3KUM WJIM CPEJHUM YPOBHEM U IPHUCBAMBANTE UM BBICOKUI IIPUOPUTET
TOJILKO TI0 Mepe HeoOxoaumoctu [8, 12].

[IpuBenenHble nanee pyHKIMH TPOBEPSIOT WK U3MEHSIOT 0A30BBIN IPHOPUTET TOTOKA!

BOOL SetThreadPriority (HANDLE hThread int iPriority); // IECKPHUIITOP MOTOKA
int GetThreadPriority (HANDLE hThread); // HOBBII YpPOBEHb ITPUOPHUTETA

Oyukius SetThreadPriority Bo3Bpaiaer 3HaueHne TRUE B ciiydae yCHEITHOTO 3aBEPIICHUS TOTOKA,
a 3nayenne FALSE — npu Bo3unkHoBeHnn ommOku. Oyukuus GetThreadPriority Bo3BpaiaeT 3Ha4eHHE,
onpezenstomee npuopurer. s 0003HaueHUsT BO3MOXKHBIX 3HAUYEHHWH MPHOPUTETa B 00eMX (YHKIHUAX
UCTIONIb3yeTCsl HA0Op KOHCTaHT:

THREAD PRIORITY LOWEST Ha nBa ypoBHS Huke propuTeTa Ipolecca

THREAD PRIORITY BELOW_ NORMAL Ha onuH ypoBeHb HMXe IpUOpUTETA Ipolecca

THREAD PRIORITY NORMAL Tot ke ypOBEeHb MIPUOPUTETA, UTO U Y MpoIiecca

THREAD PRIORITY ABOVE NORMAL Ha onuH ypoBeHb BbIlllEe MPUOPUTETA MpoLiecca

THREAD PRIORITY HIGHEST Ha nBa ypoBHS BBIlIe IpHOpPUTETA IpoOLIECCA

THREAD PRIORITY TIME CRITICAL VYpoBeHb 15 (11 OOBIYHBIX ITOJIL30BATEIBCKUX MPOLIECCOB)
THREAD PRIORITY IDLE VYpoBeHb | (17151 OOBIYHBIX MTOTH30BATENBCKHUX ITPOLIECCOB)

[IpepBaHHBIi MOTOK MPUOCTAHABIMBACT CBOC BBITIOJHEHUE M HE YUUTHIBACTCS MPU PACIIPEICICHUN
BpEMEHH ILIEHTPaJILHOTO Tpolieccopa. [I0TOK ocTaeTcss B TAKOM COCTOSHUM JI0 TeX IOp, MOKa APYroi
MOTOK HE BO30OHOBUT €ro BhIMOJIHEHUE. OCTAHOBKY IOTOKA MOXXHO IPOWU3BECTH, B YACTHOCTU, B TOM
clly4ae, eciM TO0JNb30BaTellb MPephIBacT BHITIONHEHHE ONpeAeiIeH oM 3aaaun. Jlo Tex mop, moka 3aJaHue
He OyJIeT OTMEHEHO, TIOTOK MOXKHO MEPEBECTH B COCTOSHUE OXKUAaHMs. ECiau moiap30BaTeNb PEIIUT MPO-
JIOJDKUTH paboTy, TOTOK BO30OHOBUT BBHITIOJIHEHUE C TOW TOYKH, TJie OH ObUT ocTaHoBieH. [[is mpuoc-
TaHOBKHU M BO30OHOBJICHUS BBITIOJIHEHUS TIOTOKOB CITYKaT (PYHKIIUU:

DWORD SuspendThread (HANDLE hThread);
DWORD ResumeThread (HANDLE hThread);
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OnuH ¥ TOT K€ TIOTOK MOXXKHO TIOCIIEIOBATENbHO OCTAHOBUTH HECKOJBKO Pa3, He BO3OOHOBIISIS €ro
BBITIOJIHEHUS, OJHAKO KaXJO0W mociefoBaTensHOM kKomauae SuspendThread nomxHa cOOTBETCTBOBATH
oTBeTHast koMaHna ResumeThread. CricteMa OTCUNTBIBAET KOJIMYECTBO OTMEHEHHBIX KOMAH/I C ITOMOIIBIO
cderdnka npepsiBanuil. Kaxxnas komanna SuspendThread vekpeMeHTHpYeT 3HaUEHHs CUETUMKA, a KaXK-
nast komanga ResumeThread nexkpementupyet ero. O0e QpyHKIMM BO3BpAIIAIOT MpEAbAYyIEe 3HAUCHUE
cuerunka B Buje napamerpa tuna DWORD. T1oTok BO300HOBHUT CBOE BHITIOJTHEHUE TOIBKO B TOM clydae,
€CIIM CUETYHK NMpUMET 3HaueHue 0.

[ToTok cmocobeH ocTaHOBUTH celsi, HO OH HE B COCTOSIHMHM CaMOCTOSITETIbHO BO30OHOBUTH CBOE BbI-
nosHeHrne. OJJHAKO OH MOXET Ha HY)KHOE BpeMs mepeHecTH cels B pexuM oxujanus. Komanma Sleep
3a/lepKUBAET BBINIOJHEHHE IMOTOKA, YJANss €ro U3 odepeld MpOorpaMMbI-IUIAHHMPOBIIMKA, IO TeX IOop,
MoKa He NMpOoWJeT 3aJaHHBI MHTEpBaJ BpeMeHH. VIHTepaKkTUBHBIE MOTOKH, KOTOpPbIE BBIBOJSAT OIpe[e-
JIEHHYI0 UHPOPMAIUIO JUTS MOJIb30BATENs, YacTO JeJar0T KOPOTKUE May3bl, YTOOBI IaTh €My BpeMs LIS
O3HAKOMJIEHMSI C pe3yibTaTaMu. [IpuMeHeHue pexuMa OXUIAHHUS MPEANoYTUTENIbHEE 3a/1eiCTBOBaHUS
«ITyCTOr0» LUKJIA, OCKOJIBKY B 3TOM CIIydae He HCIIONb3yeTCsa BpeMsl LIEHTPaJIbHOTO IpoIieccopa.

JAst ocyliecTBIIEHHsI TTay3bl B TEUEHHE 33JaHHOT0 BPEMEHH ITOTOK BBI3BIBACT CIeMyIoIHe QYHKINU:

VOID Sleep (DWORD dwMilliseconds);
DWORD SleepEx (DWORD dwMilliseconds, // IPONIOIKUTENLHOCTD TaY3bl
BOOL bAlertable); // TRUE — B0300HOBUTH padoTy
// TIipu 3aBepILICHUHN OTIEPAITUH BBO/IA / BEIBOIA

Pactumpennas ynkunust SleepEx o0b4HO paboTaeT COBMECTHO ¢ (QyHKIHMSIMH (OHOBOrO BBOIA/
BBIBOIA ¥ MOXKET MCIONB30BaThCs TSI MHUIIMAIIMK KOMaH]] YTeHHs WM 3alliCH, He TpeOys uX 3aBepiie-
HUSl. DTU ONEpalfy BBIMOIHAIOTCA B (POHOBOM pexxume. 110 3aBeprieHnH omnepanuy CHCTeMa W3BEIaeT
00 »TOM TONB30BaTENs, 00palasch K MPeayCMOTPEHHOH B MporpamMMe Mpoleaype oOpaTHOTO BBI30BA.
®oHOBBIN BBOJI/ BBIBOJ, WU HeEpeKpbléaoumiuiics 6600/ 6b1600 (nanee Oymer paccMOTpeH Ooliee MOI-
pOOHO), yalle BCEero NMpUMEHSETCS] B MHTEPAKTHUBHBIX MPOrpamMMax, KOTOPHIE JOJKHBI PearupoBaTh Ha
KOMaH/IbI TI0JIb30BATENSI, HE MPePhIBasi pabOThl CO CPABHUTENBHO MEJICHHBIMH YCTPOMCTBAMU, HAIPUMED
C HaKOMHTENIeM Ha MarHUTHOH JIGHTE UJTK C CETEBBIM JIUCKOM.

[Mapamerp bAlertable ¢pynkuuu SleepEx umeer tun Boolean. Eciu stor mapamerp paBen TRUE,
cHCTeMa MOXKET MPEKIEBPEMEHHO BO30OHOBHTH BBHINOJHEHHUE MOTOKA MPU YCIOBHH, YTO IMEPEKPHIBAIO-
Iasicsl omepanus BBOJa/ BBIBOJIA 3aBEPIIMIIACEH 10 UCTEUEHHsS 3aJJaHHOTO BpeMEHH OXuaaHus. B ciyuae
nocpodHoro npepbiBanus ¢yHkius sleepEx BosBparniaer 3Hauenue WAIT 10 COMPLETION mno wucre-
YeHUH YKa3aHHOTO BpeMeHH — 3HaueHwue 0.

[lo cmenuansHOMY 3ampocy MOTOK BO3BpAIllaeT CBOHM JECKPHUIITOP WM HIACHTH(QHUKATOp. YKa3aHHbIC
nanee GYHKIWH MO3BOJISIOT MOTYYNUTh HH(OPMAIIHIO O TEKYIIEM MOTOKE:

DWORD GetCurrentThreadld (VOID);
HANDLE GetCurrentThread (VOID);

Pesynbrupyromee 3nauenue pynkuuu GetCurrentThreadld coBmamaer co 3HaveHueM mnapamerpa
IpIDThread nocne BemonHenus Gpynkuun CreateThread n ojHO3HAYHO WAESHTUHHUIUPYET MMOTOK B CHCTEME.
XoTsl uaeHTUPUKATOP MOTOKA HYXKEH JIMIIb [T He3HAYUTeNnbHOro konndyectBa ¢GyHkuuidi Win32 API, on
MOXET UCTIOIB30BAThCsS € LENbI0 MOHUTOPHUHTA CHCTEMHBIX MTOTOKOB 0€3 HE0OXOIUMOCTH MOJIEPKUBATD
OTKPBITHIN IECKPHUIITOP JJIsl KAKIO0T0 NOTOKA. OTKPBITHIA AECKPUIITOP 3aLUIIAET TTOTOK OT YHUUTOKEHHSI.

Heckpurrop, momy4eHHbIN B pe3yibrare BeinoianeHus ynkuun GetCurrentThread, cimyxut ams tex
ke TIeIel, YTO U JIECKPUIITOp, Bo3BpalieHHbli ¢yHkiueit CreateThread. HecmoTps Ha TO, 4TO OH MOXKET
WCTIOJIb30BAThCSl aHAJIOTHYHO APYTHUM JIECKPUIITOpaM, Ha CaMOM Jielie 3TOT HapaMeTp sIBIISIETCs TCEeBO0-
neckpunrtopoM. [lceBaoaeckpunTop — 3TO creluaibHasi KOHCTaHTa, KOTOpasl BCeraa MHTEPIPEeTHPYEeTCs
CHCTEMOM 0cOOBIM 00pa3oM, MOJ00HO TOMY, Kak oquHo4Has Touka (.) B DOS Bcerna ykaspiBaer Ha TEKyIIUii
Kartaior, a mapamerp this B C++ ompeaenser Tekymuii o0bekT. KoHcTaHTa-1ICeBIOACCKPUIITOP, MOTY-
4yeHHas B pe3ynbrare BoimonHenus Gyakuun GetCurrentThread, ykaspiBaeT Ha Tekynmid TOToK. B otnmune
OT HACTOSIIHMX JECKPUIITOPOB TICEBAOIECKPHUIITOP HE MOXKET MEPENaBaThCs IPYyriuM MoToKaM. YToObl momy-
YUTh HACTOSIINN TTEPEHOCUMBIH AECKPUIITOP NIOTOKA, HEOOXOANMO BHIMOIHUTH CIEAYIOIINE JEHCTBUS:
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HANDLE hThread;
hThread = DuplicateHandle (GetCurrentProcess(), // TIporecc-uCTOUHUK
GetCurrentThread(), // AICXOIHBIN IECKPHUIITOP
GetCurrentProcess(), // ieneBo# mporecc
&hThread, // HOBBIH JTyOIUPYIOMIMICS JECKPUTITOP
0, // mpuBMIIeruM AocTyna (ofaBiIsIeMble
// TIoCIIeTHUM TIapaMeTpoM )
FALSE, // mouepHUE OOBEKTHI HE YHACICAYIOT IECKPUTITOD
DUPLICATE _SAME_ ACCESS); // IPUBMIIETUU TOCTYTIA KOMTUPYIOTCS Y UCXOJTHOTO

/| meckpumnTopa

Xots ¢ynkius CloseHandle He BimsieT Ha TICEBAOACCKPUTITOPBI, JECKPUIITOP, CO3IAHHBIN C ITOMOIIBIO
¢ynkiun DuplicateHandle, siisiercst HACTOSAIIMM M B KOHIE KOHIIOB JIOJDKEH OBITh 3aKphIT. [IpuMeHeHme
TICEB/IOICCKPUTITOPOB 3HAYUTENILHO yckopseT pabory ¢ynkuuu GetCurrentThread, mockoiabky B 3TOM
clly4ae MmoJpa3yMeBaeTcsl, YTO IOTOK UMEET MOIHBIM TOCTYN caM K cede u QyHKIMS BO3BpaIlaeT pe3yib-
TaT, He 3a00TACH 0 Mepax 0e30MacCHOCTH.

[To ananorum c tem, kak Windows-mporpaMMa 3aBepiiaerTcsi Mo JOCTHKEHUU KOHLA (QYHKIHH
WinMain, moTok 00BIYHO TPEKpaIaeT CBOES CYIIECTBOBAHKUE PU JIOCTUKCHUU KOHIIA ()YHKIIMH, B KOTO-
poti ObuT HauaT. Kornma oH JOCTHraer KOHIIa CTapTOBOM (DYHKIIMU, CUCTEMa aBTOMATUYECKU BBI3BIBACT
komanay ExitThread, nmeromnyro Takoi CHHTaKCHUC!

VOID ExitThread (DWORD dwExitCode);

Xorts omepanoHHas cucteMa Bbi3biBaeT ¢yHkiuio ExitThread aBromatidecku, npu HEoOXOAUMOCTH
JOCPOYHOTO 3aBEpIICHH TOTOKA BBl MOXKETE BBI3BATH 3Ty (DYHKIIMIO SIBHBIM 00pa3oM:

DWORD ThreadFunction (LPDWORD IpdwParam)

HANDLE hThread = CreateThread (<mapamerpbr>); // najnee CieayroT CTaHAAPTHBIC ONIepAIH WHUTAATH3AIIL,
// mpoBepKa HATMYHS OMUOOYHBIX YCIOBHI
if (<ycioBre BOZHMKHOBEHUSI OIIMOKI>)

ExitThread (ERROR_CODE); // IpekpaTUTh paboTy MOTOKA

// omOKM HeT, paboTa MPOIoKAETCS
return (SUCCESS_CODE); // 3Ta CTpOKa MPOrpaMMbl
// 3actaBisier cucreMy BbI3BaTh (yHkimio ExitThread

}

[Tapamerpet ERROR_CODE u SUCCESS_CODE onpenensitores 1o BaieMy ycMOTpeHHo. B Hamem
MPOCTOM MTPHUMEPE MOTOK HETPYIHO MPEPBATh C MOMOIIBIO0 KOMAH/IbI r'eturn:

if (<ycioBre BOZHUKHOBEHUSI OIIMOKI>)

{
H

B nmanHOM ciywae koMaHza refurn MPUBOJUT K TOMY K€ pe3ynbrary, uto u (ynkius ExitThread,
TaK KakK MPY €¢ BBITIOJIHEHUU OCYIIECTBIISCTCS] HEIBHBIM BBI30B MOCEMHEH. DTa (yHKIMS 0COOEHHO T0-
Jie3Ha TIPU HEOOXOIUMOCTH TIPEepBaTh IMOTOK U3 JIIOOOW MOAIPOrpaMMbl, BBI3BIBAEMON BHYTPH (PYHKIIUU
tuna ThreadFunction.

Korma motok 3aBepiaercsi ¢ MOMOIIBIO orepaTopa return, 32-pa3psaHblii Ko 3aBepIlIeHUs] aBTOMa-
tryecku nepenaercs Gynkuuu ExitThread. [Tocne npekpaieHus paboThl OTOKA KOJ €ro 3aBepIICHUS
MOJKET OBITh MOJTyYEH C MOMOIIIBIO CIIEAyIoNIeh QyHKIuu:

BOOL GetExitCodeThread (HANDLE hThread, LPDWORD IpdwExitCode);
// OIVH TOTOK BBI3BIBAET ATY (DYHKIHIO JJISI TOTYYEHHs KOJIa 3aBEepLICHHS APYroro MoToka

return (ERROR_CODE); // IpekpaTUTh PaboTy MOTOKA

Oynkums GetExitCodeThread BosBpamaer 3nauenne FALSE B Tom ciydae, ecinu onmpenenuTb Ko
3aBepllIeHHUs TIOMeIlaa OInoKa.

HeszaBucumo ot Toro, kak BwizbiBaeTcs pynkuust ExitThread (sBHO Wim HESBHO B pe3ysbTaTe BBI-
MOJTHEHU oreparopa return), oHa yAajsieT IOTOK U3 OYepein MPOrpaMMBbI-INIAHUPOBIIMKA U YHHUTOXKAET
ero crek. OiHaKoO caM OOBEKT MPH 3TOM coxpansercs. [loaTomy naxe mocie NpeKpameHus BhIIOIHEHUS
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MOTOKAa BBl MOXKETE 3alpOCHTh €ro Koj 3aBepuieHUs. 110 BO3MOKHOCTH JIECKPUNITOp IMOTOKa CIleayeT
3aKkpbIBaTh ABHO (c momotibto ¢pyHkuuit CloseHandle), ¢ TeM 4T0OBI OTOK HE 3aHMMAaJ JHMIIHUNA 00BeM
namsTu. [Ipy 3aKpBITHH TIOCIIEAHEr0 IECKPUIITOPa CHCTEMA aBTOMATUYECKH YHHUTOXKaeT MoToK. Cucrema
HE MOXET YHHUYTOXXHTh BBIMOJTHSIONIMICS TMOTOK, Ja)K€ €CIU 3aKpPbIThl BCE €ro JECKpPHUNTOPHL. B 3TOM
cllydae TIOTOK OyJleT YHHYTOXKEH cpasy ke Mocje 3aBeplieHns BBIIONMHEHMs. Ecin mo 3aBepuieHnu mpo-
1ecca OCTar0TCSl HE3aKPBIThIE IECKPUIITOPHI, CUCTEMa 3aKPhIBAET MX aBTOMATUYECKH U yJASET BCE «IO/I-
BEIIICHHBIE» 00BEKTHI, KOTOPbIE HE MPUHAUISKAT HA OJJHOMY TIPOIIecCy.

C nomomsio komanasl ExitThread moTok MoXeT OCTaHOBHUTH cesi caMOCTOSTENIFHO B TOM MeECTe
MpOrpaMMel, T1ie 3TO Heobxoanmo. Kpome Toro, ouH MoToK crocoOeH Mo CBOeMY YCMOTPEHHIO MTHO-
BEHHO OCTaHOBHTH APYTOH MMOTOK:

BOOL TerminateThread (HANDLE hThread, DWORD dwExitCode);
// ¢ TOMOIIBIO BBI30BA 3TOM (DYHKIMH OAMH ITOTOK MOXKET OCTAaHOBUTH JAPYTOH

[ToToK HE B COCTOSIHUM 3aIIUMTUTEL Ce0sl OT IpepbiBaHus. FIMesi COOTBETCTBYIOIIHUIA JIECKPHUIITOP, JTFO0O0IM
00BEKT MOXKET MCHOBEHHO OCTAHOBHUTH MOTOK BHE 3aBHCUMOCTH OT €r0 TEKYILETr0 COCTOSHUS (KOHEYHO,
B TOM CIly4ae, €CM JECKPHITOp paspellaeT MOJHBIA JOCTYN K MOTOKY). Ecnu mpu BbI3oBe QyHKIUH
CreateThread ncnonp3oBaTh Ha0Op aTpPUOYTOB OE30MACHOCTH, 3aJaHHBII 10 YMOIYaHHUIO, TO PE3YIbTUDPY-
IOUIMN AECKPUTITOP 00ECIIeUUT MOJIHBIC TPUBUIIETUH JIOCTYIIA K CO3IaHHOMY TTOTOKY.

Oynkuus TerminateThread He yHHYTOXKaeT CTEK MOTOKA, & TOJIBKO BO3BpAIAeT KO €ro 3aBeplie-
Husi. ®ynkuun ExitThread u TerminateThread nepeBoasT 00bEKT B CUTHAJILHOE COCTOSTHHE, YTO CITYKHT
MPHU3HAKOM BO3MOXKHOCTH 3aIlyCcKa JPYTrHX MOTOKOB, OKMAABLIMX €ro 3aBepiieHus. [locie BBITONHEHMs
mo00l M3 ABYX YKa3aHHBIX (YHKIHMHA MOTOK MPOAOKAET CYILIECTBOBATH B CUTHAIBHOM COCTOSHUH 0
TeX TOp, IOKa He OYAYT 3aKPBITHI BCE €r0 JECKPUIITOPHI.

2.2.3. CMHXPOHM3ALMA NOTOKOB

[Ipu pabote ¢ moTOKaMH HEOOXOAMMO MMETh BO3MOXXHOCTh KOOPJIMHHPOBATH MX JAeiicTBUs. YacTo
KOOpJIMHANNS JISUCTBUI TOApa3yMeBaeT ONpeieieHHbIH MOPsIIOK BEIMONHEHUs onepauuii. Kpome QyHK-
Ui, MpeqHa3HaYeHHBIX ISl CO3JaHUsl TIOTOKOB M M3MEHEHHs UX IUIaHoBoro nmpuoputera, Win32 API
COJEPKUT (PYHKIMH, KOTOPHIE MEPEBOJISAT MOTOKH B PEKHUM OXKUJAHUS CUTHAJIOB OT ONpeAeseHHbIX
00BeKTOB, HarlpuMep OT (paiioB wim npoieccoB. Kpome Toro, 3Tu GyHKIUH 00ECTIEUMBAIOT TOAJEPKKY
HEKOTOPBIX CHELHANbHBIX 00BEKTOB, B YACTHOCTH ceMa(OpOB U HCKITIOYAIOLINX ceMa(OpoB.

[IpoumocTpupoBaTh MPUMEHEHNE CHHXPOHU3UPYIONIMX 00BEKTOB Jydllle BCEro Ha mpumepe QyHK-
Ui, OKUAAIONIMX CUTHANA 0T 00bekTa. C mMOMOIIBI0 OHOTO Habopa 0000IEHHBIX KOMaHI MOKHO Opra-
HHU30BaTh 0XKUJAHUE CUTHAJIOB OT IPOLIECCOB, ceMadOpOB, HCKIIOUYAIOMINX ceMadOpoB, COOBITUI U HEKO-
TOPBIX ApYrux 00bekToB. Cieayromas GyHKIUS OKUIAET MOCTYMJICHNsI CUTHAJIA OT YKa3aHHOTO O0BbEKTa:

DWORD WaitForSingleObject (HANDLE hObject, // 00OBEKT, CUTHAJI OT KOTOPOT'O OXKHUJAETCSI
DWORD dwMilliseconds); // MaKcuMaIlbHOE BpeMs O>KUIaHHS

Oynkuus WaitForSingleObject mo3Bosisier mprOCTaHOBUTH BBITIOIHEHHE TIOTOKA JI0 TE€X IMOp, MOKa
HE MOCTYMUT CUTHAII OT 3aJlaHHOro o0bekTa. Kpome Toro, B 3TOi KOMaHJEe YKa3bIBACTCSl MAKCUMAIbHOE
Bpemst okuanus. YToObl odecreunTh OECKOHEUHOE OXKHUIaHUE, B KAaUeCTBE BPEMEHHOr0 MHTEpBaja Cie-
nyer 3anath 3HadueHue INFINITE. Eciau 00bekT yke JOCTyIeH WM €CIM OH ITOJaeT CHUTHAJ B TCUCHHE
3ajaHHOr0 BpemeHu, ¢pynkuus WaitForSingleObject Bo3Bpamaer 3HadueHue 0 ¥ BBHITOJIHCHUE ITOTOKA
BO300HOBIIsIETCSI. HO ecnu 3a1aHHbBI HHTEpBaJI BpEMEHH NpOIIel, a O0BEKT He MOJlall CUTHANA, (QYHKIUS
Bo3Bpamaer 3HaueHue WAIT TIMEOUT.

st Toro 9To0bl 3aCTaBUTh IOTOK OKUJATh CUTHAJIBI Cpa3y OT HECKONBKUX 00BEKTOB, BOCIIONb3Yii-
tech pynkuuerr WaitForMultipleObjects. Ota QyHKIMsS BO3BpaTUT YNMpaBIeHUE MOTOKY MPH MOCTYILIe-
HUUW CHTHaJa JIMOO OT OJTHOr0 M3 YKa3aHHBIX O0BEKTOB, JIMOO OT BCeX 00BEKTOB BMecTe. B mporpamme,
YIIPaBJIIeMOI COOBITHSIMH, TOJKEH OBITh 33/1aH MacCHB O0OBEKTOB!

DWORD WaitForMultipleObjects (DWORD dwNumObjects, // KOTMYECTBO OXKUIAEMBIX 00BEKTOB

LPHANDLE IpHandles, // MaccHuB ECKPUIITOPOB

BOOL bWaitAll, // TRUE — oxuJaHue CUTHAJIOB cpa3y OT BCEX OOBEKTOB;
// FALSE — oxxuanue curaana ot Jro00ro u3 00beKTOB

DWORD dwMilliseconds); // MaKCUMaIbHBIA NEPHOJT OKUIAHUS
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Pesynprupyromee 3nauenne WAIT TIMEOUT onsaTh-Taku TOBOPUT O TOM, YTO 3aJaHHBIN MHTEpPBAI
BpEMEHH MPOIIEN, & CUTHall OT 00beKTOB He moctynui. Eciu ¢nar bWaitAll umeer 3nauenne FALSE,
COOTBETCTBYIOIIIEE OXKUJAHHUIO CUTHAJIA OT JIF000Tr0 U3 YKa3aHHBIX OOBEKTOB, B ClIydae YCIEHIHOTO 3aBep-
menus pynkuus WaitForMultipleObjects Bo3BpaiaeT Kojj, KOTOPBI YKa3bIBaeT, OT KAKOTO U3 JIEMEHTOB
MaccuBa IpHandles moctynun curaai (epBblid 3JIEMEHT MAaCCHBa COOTBETCTBYET 3HaueHu0 0, BTOpOit —
sHauenuto 1 u T.1.). Eciiu ¢uar bWaitAll umeer 3nauenue TRUE, ¢yHKIMS HEe BO3BpaIaeT pe3yybrara
70 TeX TMop, MoKa He OyIyT YCTaHOBJICHBI (iard BceX OOBEKTOB, T. €. MOKAa HE 3aBEPIIUTE BBHITOTHEHUS
BCEX TIOTOKOB.

JBe pacumpeHHbIe Bepcun QYHKIMH 0XKHIaHUS COJEPKaT IOTOJIHUTENBHBIN (Iar craTyca oroBele-
HUSI, KOTOPBIH MO3BOJISIET BO3OOHOBHUTH BBHIMOJIHEHHE TIOTOKA, €CIIM B TEUEHHE MEepHoia OKUIaHUS ObLIH
3aBepIIeHbl ACHHXPOHHBIE OMEpalMy YTEHUS WM 3anucu. PaboTy 3TuX QyHKIMI MOXKHO MPEACTaBUTDH
TaK, Kak OyQTO OHU MPOCAT «pa30yIuTh» WX B OAHOM M3 TpEX CIIy4aeB: €CIIM CTAHOBUTCS JOCTYIMHBIM
yKa3aHHbBIH OOBEKT, €ClIM 3aKaHYMBACTCS 3aJIlaHHBIA MEPHOJ] BPEMEHHU, €CIM 3aBEPUIMIIOCH BBITOTHEHUE
(hOHORBOIT omepalliy BBOjIa / BBIBOJIA!

DWORD WaitForSingleObjectEx (HANDLE hObject,

// 00BEKT, CUTHAJ OT KOTOPOT'0 OXKHIAETCS
DWORD dwMilliseconds, // MaKcuMaIlbHOE BpeMs O>KUIaHHS
BOOL bAlertable); // TRUE — npexpalieHne o>KuIaHus

// Ipn 3aBEpILIEHUH OTlepaliy BBO/A / BBIBOJA
DWORD WaitForMultipleObjectsEx (DWORD dwNumObjects,

// KOTMYECTBO OXKHUIAEMBIX OOBEKTOB

LPHANDLE IpHandles, // MaccHuB ECKPUIITOPOB

BOOL bWaitAll, // TRUE — oxuJaHue CUTHAJIOB cpa3y OT BCEX OOBEKTOB;
// FALSE — oxxuanue curaana ot Jro00ro n3 00beKTOB

DWORD dwMilliseconds, // MaKCUMaIbHBIA NIEPHOJT OKUAAHUS

BOOL bAlertable); // TRUE — npexpalieHne o>KuIaHus

// IpH 3aBEpILIEHUH OTlepaliy BBOJA / BBIBOJA

[Ipu ycnenmrHoM BBHIMOTHEHWH QYHKIUH OXKHUJAHUSI 00BEKT, CUTHAIl OT KOTOPOT'O OXKHAAJICS, OOBIYHO
OIpeJeNIeHHBIM 00pa30M n3MeHseTcs. Hanpumep, eciii MOTOK OKUAA M HONYYHII CUTHAT OT UCKITI0Yat0-
mero cemadopa, (PyHKIMS BOCCTAHABIMBACT HECUTHAIIBHOE COCTOSHHE MCKITIOYAOIIEro ceMadopa, 4ToObI
OCTaJIbHBIC TIOTOKH 3HAJHM O TOM, YTO OH 3aHAT. Kpome Toro, pyHKIIMU 0KUAaHUS IEKPEMEHTHUPYIOT 3HA-
YeHue cueTdrka ceMadopa u cOpachIBaroT HHPOPMAIHIO 0 HEKOTOPBIX COOBITHSIX.

OyHKIMKY 0KUJAHHUS HE U3MEHSIOT COCTOSHHS YKa3aHHOTO 00BEKTa JI0 TeX IMOp, MOKA HE MOCTYIUT
CHUT'HaJI OT OJHOI'0 MJIM HECKOJIBKUX APYTrUX O6’b€KTOB. B YaCTHOCTH, IIOTOK HE 3aXBaTbhIBACT MCKIIIOYAIO-
mmit cemadop cpa3sy ke 1mocie MOCTYIUICHHS CUTHAIA OT HEero, a 0)KU/IAET CUTHAJIOB OT JAPYTUX 00BEKTOB.
Kpome Toro, B TeueHrne BpeMEHH OKUAaHHs UCKIIIOYAIONINi cemadop CHOBa MOXKET OBbITh 3aXBayueH JIpy-
T'MM TTOTOKOM, KOTOPBIH e1ie OO0JIbIIIe TPOIUT COCTOSHUE OXKUTAHUSL.

KoHeuHo, 0’KM/1aTh MOCTYIUICHUS CUTHAJIA OT 00BEKTa MOXKHO JIMIIIb B TOM CITy4ae, €CJIM ATOT OOBEKT
yxe co3naH. HauHem c co3fanHusi uckaouawouwux cemagopos n cemaghopos, mocKoibKy Uit paboThI
C HUMH CYHICCTBYIOT MapaJlICIbHBIC AP I-KOMaH[[I)I, MMO3BOJIAIOIIME CO3JaBaTh U YHUYTOXATh 3TU O6’I)€KTI)I,
3aXBaTbIBATh 1 OCBO60)K,H3TI) HX, a TAaKXKC MIOJTYy4YaTh UX JCCKPUIITOPHI.

DOyHKIMIM, CO3AIONIIM UCKIIOUalouue cemapopul i cemagopul, HYKHO yKa3aTb TPeOyeMbIe PH-
BUJICTUHN O0CTYyIla U HAYaJIbHBIC MMapaMETPhl CO31aBac€MOro 06’beKTa (MO)KHO TAaKXXEC yKa3aTb €ro ums, HO
3TO HeoOs13aTeNbHO) [12]:

HANDLE CreateMutex (LPSECURITY ATTRIBUTES lIpsa, // HeoOs3aTenpHbIe aTprOyTHI 0€30MacCHOCTH

BOOL blnitialOwner // TRUE — co3pnarenb Xxo4eT

// 3aBa7eTh MOITY4EHHBIM 00BEKTOM
LPTSTR IpszMutexName ) /I umst 0ObeKTa
HANDLE CreateSemaphore(
LPSECURITY_ ATTRIBUTES Ipsa, // Heobs3aTeNbHBIE aTPUOYTHI OE30IaCHOCTH
LONG lInitialCount, // ucxomHOE 3HaYeHUE cueTyrKa (00braHO 0)
LONG IMaxCount, // MakcUManbHOE 3HAUCHHE

// cueTunka (OrpaHHYHUBAET YHCIIO MTOTOKOB)
LPTSTR IpszSemName); // mmst cemadopa (MoxkeT umeTh 3HadeHre NULL)
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Ecnu B xkauecTBe aTpnbyta Oe3onacHoctr 3a7aHo 3Hauenne NULL, To pe3ynbTupyromuii AeCKpUITop
MOJTYYUT BCE TPUBUIIETUU JOCTYMA U He Oy/AeT HacieqoBaThcs AOUYEPHUMHU Iporeccamu. MmeHna oObek-
TOB ABJIAIOTCA HeO6§I3aTeHI)HI)IMI/I, OJHAKO OHM CTAHOBATCA IIOJIC3HBIMU B CHUTYyallMH, KOI'la HECKOJIBLKO
MPOLIECCOB YIPABISIOT OHUM U TEM K€ OOBEKTOM.

Ecmu ¢unary blnitialOwner npucBouts 3Hauenne TRUE, To motok cpasy mocnie cozmaHusi oObekTa
3apnajgeeT uM. CO3aHHBIA HCKIIOUYAIOMNK ceMadop He CTaHeT MoJaBaTh CUTHAJIOB /IO Te€X TOp, MOKa
MOTOK HE OCBOOOIHT €TO.

B otnmume ot uckmoyaromero cemagopa, KOTOPbI MOXKET MpUHAUIeKATh TOJIBKO OTHOMY TTOTOKY,
HEHMCKITIoUalomuni ceMadop ocTaeTcs B CUTHAJIBHOM COCTOSIHUH IO T€X TI0p, [TOKa €ro CYETYHK 3aXBATOB
He monyuyuT 3HaueHus: iMaxCount. Ecnu apyrue moToku B 3TOT MOMEHT MONBITAIOTCS 3aBJIaJIeTh ceMa-
(hopoM, TO OHU OYAYT MPUOCTAHOBJICHBI JIO TEX MOpP, IMOKA CUCTUYMK 3aXBATOB HE OYJIET JICKPEMEHTHPOBAH
J0 3HAa4YCHHS HHUXKXEC MaKCUMaJIbHOTI'O.

IToka cemadop (WM MCKIIOUAIONIMIA ceMa(op) CYHIECTBYET, MOTOK B3aMMOJCHCTBYET C HUM IIO-
CpE/ICTBOM oOllepaluii 3axBaTa U OCcBOOOXKIeHUs. [t 3axBata M000ro 0OBEKTa MOTOK BBI3HIBAET (YHK-
nuto WaitForSingleObject (unu onHy U3 ee pa3HOBUAHOCTEH). 3aBepIlMB BBITIOIHEHUE 3a/1a4l, KOTOpas
CHHXPOHH3HUPOBAIACH 3aXBAYCHHBIM OOBEKTOM, TIOTOK OCBOOOXKAAET 3TOT OOBEKT C TIOMOIIBIO OJJHOH U3
CIeAYONMX (QyHKITHI:

BOOL ReleaseMutex (HANDLE hMutex);

BOOL ReleaseSemaphore (HANDLE hSemaphore, LONG IRelease,
// Benn4nHa, Ha KOTOPYIO
// ’HKPEMEHTUPYETCsI 3HAUCHUE CUCTUUKA
// ipn ocBoOOXIeHnH 00BbekTa (00brYHO 1)
LPLONG IplPrevious); // mepeMeHHast, KOTOpOU PUCBANBACTCS
// IpenpITyIiee 3HAYCHUE CUCTINKA

[Tpu ocBoOOXIEHNN cemMadopa WU HCKIIOUAIoNIero ceMadopa 3HaUYCHUE CYSTYMKA 3aXBATOB WHK-
peMeHTHpYyeTCs. 3HaYeHUE CueT4yrKa, npepbimaromiee 0, BOCIPUHUMAETCS CUCTEMOM KaK CUTHA 00bEeKTa
O)KUIAIOIINM €ro MOTOKaM.

OcB00ONTH MCKITFOYAOLIMN ceMaop MOXKET TOJIBKO TOT MOTOK, KOTOpbIH 3aBnanen uM. OmHaKo
1r000#t TOTOK MOXKET BbI3BaTh yHKIMIO ReleaseSemaphore, koTopast MFHKpEMEHTHPYET 3HAaUCHUE CUCTUMKA
3aXBaTOB OOBIYHOTO cemaopa BILIOTH JI0 €0 MaKCHMAIbHOIO 3Ha4YeHHs. V3MeHeHne 3HaYeHHs CUeTYnKa
Aa€T BO3MOXHOCTH B IMPOLCCCE BBIMMOJIHCHUA NPOrpaMMbl 3a1aThb IMPOU3BOJIbHBIM 06pa30M KOJIMYECTBO
MOTOKOB, KOTOPbIE MOTYT 3aBiajeTs cemMadopom. ObpaTtute BHUManue, uyto Gynkuus CreateSemaphore
MO3BOJISICT MPU CO3/IaHUM HOBOT'O ceMadopa MPUCBOUTH €r0 CUSTUYMKY 3HAYCHHE MEHBILE MAKCUMAIBHOTO.
Hanpumep, npu paspaboTke HOBOro cemadopa ero C4eTdMKy MOXKHO 3a/aTh HadajgbHOe 3HaueHue 0.
Takoii npueM MO3BOJIUT 3a0JOKUPOBATh BCE TIOTOKHU JI0 TEX IOp, MOKA IMPOrpaMma He MPOU3BEIeT UHU-
[MAJIM3aIHI0, a 3aTEM HE YBEIMYUT 3HAaYCHHE CUETUMKA C ITOMOLIbI0 KoMaH bl ReleaseSemaphore.

He 3a0biBaiiTe BoBpeMsi 0OCBOOOXKIaTh CUHXPOHU3UpYIOMUE 00bekThl. He 3aaB MakCHMMabLHOTO
BPEMEHH OXKHJIaHHsI U 3a0bIB OCBOOOANTH MCKITFOUAIOIINT ceMadop, Bl 3a0J0KUPYETE BCE OXKUIAIOIIHNE
ero MOTOKH.

[ToTok MOXET 0’KMIaTh HECKOJIILKO CUTHAJIOB OT OJTHOT'O U TOT'O K€ 00bhekTa, He Oyyun 3a01I0Kupo-
BaHHBIM, OJJHAKO ITOCJIC 3aBEPUICHHUA KAXKIO0Ir0 U3 MPOLCCCOB OXUAaHUSA HCOGXOI{I/IMO BBITIOJIHATE OIl€pa-
LUI0 0CBOOOXKACHUS. DTO TpeOOBAaHHUE CIIPABEIMBO s ceMadopoB, HCKIIOUAIOMINX ceMadOpoB U Kpu-
THUYECKUX PA3/IEIIOB.

Coobbimue nipencraBisieT cOO0H 00bEKT, KOTOPBIH CO3/1aeTCsl MPOrpaMMOi IIPU HEOOXOAUMOCTH MH-
(hopMHpOBATH IOTOKK O BBIMOJHEHUH OINpPEe]eHHBIX AecTBHid. B mpocTeliniem ciydae (py4Hoit cOpoc)
COOBITHE TEPEKITIoYaeT CBOE COCTOSHUE ¢ MOMOIIbI0 KoMaHa SetEvent (curnan BriroueH) u ResetEvent
(curnan BeIKTIOUeH). Kora curHas BKIIFOUAETCs], €ro MOJNYYaroT BCE TTOTOKU, KOTOPbIE OXKHUIAIOT MOSIBICHUS
COOTBETCTBYIOILIETO COObITHs. ECM CHTHAN BBIKIIIOYACTCSI, BCE TaKHE MOTOKH OJOKHPYIOTCs. B oTinune
oT ceMa(OpoOB ¥ HUCKITIOYAIOIINX CeMa(pOPOB COOBITHS TAHHOIO THITA U3MEHSIFOT CBOE COCTOSIHHE TOJBKO
MPH 110/1a4€ COOTBETCTBYIONICH KOMaH/Ibl KAKUM-HUOY/Ib TOTOKOM.
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ColbITHA 11€NIec000pa3Ho UCIOMB30BATH TIPH YCIOBHH, YTO IMOTOK JIOJDKEH BBITIONHSTHCS TOJIBKO MOCIE
TOr0, Kak ImporpaMma OOHOBUT CBOE OKHO WJIW TI0JIb30BATEIb BBEACT ONpECICHHYI0 uHpopMaruio [12].
Jasiee npejicTaBiIeHbI OCHOBHBIE (DYHKITUH, MPEIHA3HAYCHHBIC [T PA0OTHI C COOBITHUSIMMU:

HANDLE CreateEvent (LPSECURITY ATTRIBUTES Ipsa,
// mpuBunerun gocryna (o ymomganuro = NULL)

BOOL bManualReset, // TRUE — coObITHE HOKHO OBITH COPOLIEHO BPYYHYIO
BOOL blnitialState, // TRUE — co3aaHue COOBITHS B CUTHATILHOM COCTOSIHUM
LPTSTR IpszEventName); // mmst coObITHs (omyckaercs 3naueHre NULL)

BOOL SetEvent (HANDLE hEvent);
BOOL ResetEvent (HANDLE hEvent);

[Ipu ycranoske mapamerpa blnitialState pynkius CreateEvent cozgaer coObITHE, KOTOPOE Cpa3y ke
Oyzmer HaxomuThca B curHajdbHOM coctrosiunu. Oynkunm SetEvent m ResetEvent B cimywae ycmemnoro
3aBepiieHus Bo3Bpainator 3HaueHue TRUE, npu Bo3HukHOBeHUM ommOku — 3HaueHue FALSE.

[Mapamerp bManualReset ¢pynkimu CreateEvent mo3Bossier co3arh coObITHE, COPachiBaGMOe HE BpYY-
HYIO, & QBTOMAaTHIECKH. ABTOMATHUYECKH COpachIBaeMOe COOBITHE MEPEXOANUT B HECUTHATIBHOE COCTOSTHUE
cpasy e nocie BeinmoyiHeHUs: GyHkiuu SetEvent. [{ns takux coOwituii ¢ynkius ResetEvent sensercs
n30bITOUHOM. Kpome Toro, mepes aBTOMaTUYECKUM COPOCOM MO Ka)JIOMY CHUTHAIy COOBITHE OCBOOOXK-
JIaeT TOJIBKO OJIMH MOTOK. ABTOMAaTHYECKH COPachIBAEMbIC COOBITHUS II€71€CO00Pa3HO MPUMEHSITh B TAKHX
mporpaMMax, TJieé OJWH OCHOBHOW TOTOK TOATOTABIMBACT JAHHBIC IS JPYTHX, BCIOMOTATEIbHBIX
MOTOKOB. [Ipy TOTOBHOCTH HOBOTO HabOpa JaHHBIX OCHOBHOW MOTOK YCTAHABIMBAET COOBITHE, O KOTO-
pOMY OCBOOOXIAETCS OJWH BCIIOMOTATEIbHBIH MOTOK. OcTalbHBIE BCIIOMOTAaTEbHBIE TOTOKH POIOI-
JKArOT OYKUIATH MOJTOTOBKH HOBBIX JAHHBIX.

Hapsiay ¢ BeITOSTHEHHEM OTepalvii YCTAHOBKY U cOpoca COOBITHS MOYKHO CT€HEPHPOBATH MMITYIIBC-
HOE COOBITHE:!

BOOL PulseEvent (hEvent);

NmnynscHOE cOObITHE BKJIFOYAET CUTHAJI HA KOPOTKUH NMPOMEKYTOK BpeMeHHU. [IpuMmeHeHue 3Toi
(GyHKUMU A7 COOBITHS, cOPAChIBAEMOT0 BPYYHYIO, O3BOJISIET OMOBECTUTH O HEM BCE OXHJIAIOIIWE T0-
TOKH, a 3aTeM cOpOCUTH coObITHE. BBI30B (hyHKIMHU Uit COOBITHS, COPachIBAEMOro aBTOMAaTUYECKH, JaeT
BO3MOXHOCTH OIOBECTUTH TOJBKO OJWH OXUAAIOUIMHA MOTOK. Eciu He ObUI0O HM OAHOTO OXKUIAFOIIETO
MOTOKA, TO HUKAKOH Jpyroil morok He Oyner omoseuieH. C Apyroil CTOpOHBI, YCTAHOBKA aBTOMAaTHYe-
CKOT'O COOBITHSI TMO3BOJIMT OCTABUTH CHUTHAJ BKIIIOYEHHBIM JO TEX IO, MOKa HE MOSBUTCS OXKHIAFOIIIHA
ero notok. [Tociie onoBemnieHnst MOTOKa COObITHE cOpachIBAETCsl aBTOMATHYECKH.

Cemadopsl, HCKITIOUatoIMe ceMadopbl U COOBITHSI MOTYT COBMECTHO HCITOJIb30BATHCS HECKOIBKUMU
mpoleccamMu, KOTopble HeoOs3aTebHO TOKHBI OBITH CBSI3aHBI APYT ¢ ApyroM. Ilyrem coBmecTHOro 3a-
JeiCTBOBAHUS] CHHXPOHHU3UPYIOMINX 00BEKTOB MPOIECCHl MOTYT KOOPAMHUPOBATH CBOU JCHCTBUS TI0 aHA-
JIOTHHA C TeM, KakK 3TO JelaroT MOTOKW. CyIIecTBYIOT TpHU MeXaHH3Ma COBMECTHOTO HCIIOJIb30BAHHA.
[epBBIii U3 HUX — 3TO HACJIEAOBaHHE, IIPU KOTOPOM OJMH IMPOILECC CO3JaeT HOBBIM Mpolecc, monyya-
IOLIMN KOTIUU BCEX JECKPUIITOPOB POAMUTEILCKOTO mpoiiecca. [Ipr 3ToM KOMUPYIOTCS TOIBKO T€ IECKPUTI-
TOPBI, KOTOPBIE MIPH CO3aHUK OBLTH TOMEUEHBI KaK JOCTYITHBIC U HACIIEIOBAHNUSI.

JBa pyrux Merojia CBOISTCS K CO3JIaHUIO BTOPOr'O IECKPHUIITOPA CYILIECTBYIOMIETO 00BEKTa C ITOMOIIIBIO
BbI30Ba (hyHKumMi. Kakast u3 dyHkumii Oymer BbI3BaHa, 3aBUCHT OT uMetoieiicss uadopmanuu. [Ipn Hamunn
JIECKPHUINITOPOB KaK MCXOJHOTO MpOIlecca, TaK M Mpolecca Ha3HAYeHHS CIeAyeT BBI3BIBATh (PYHKIHIO
DuplicateHandle npu Hanuuum TOIbKO KMEHH 00bekTa — OMHY W3 QyHKIH Openxxx. J[Be mporpaMMsl
MOT'YT 3apaHee ONpeAeNUTh UMl COBMECTHO HCIONb3yeMoro obbekTa. Kpome Toro, omna u3 mporpamm
CrocoOHa TMepeAaTh APYroil ATO UMsI TTOCPECTBOM COBMECTHO MCIOIb3yeMol 00IacTi naMaTd QyHKIUH
DDEML (DDE Management Library — 0ubnuoreka ynpaBiieHUs TMHAMUYECKUM 0OMEHOM JaHHBIX)
WJIM KaHajia:

BOOL DuplicateHandle (HANDLE hSourceProcess, // mporiecc, KOTOpOMY NPUHAIIEKUT UCXOJHBIH 00BEKT

HANDLE hSource, // MeCKpUITOp UCXOTHOTO 00OBEKTA

HANDLE hTargetProcess, // Tiporrece, KOTOPBIA XOYET CO3/IaTh KOIHIO IECKPUIITOPA
LPHANDLE IphTarget, // IlepeMeHHast 15l 3aIMCH KOIUH IECKPHUIITOPA
DWORD fdwAccess, // 3armpammBaeMble IPUBUIIETUH JJOCTYTIA
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BOOL blnherit,
DWORD fdwOptions);

HANDLE OpenMutex (DWORD fdwAccess,
BOOL binherit,

LPTSTR IpszName);

HANDLE OpenSemaphore (DWORD fdwAccess,
BOOL blnherit,

LPTSTR IpszName);

HANDLE OpenEvent (DWORD fdwAccess,
BOOL blnherit,

LPTSTR IpszName);

// MOXET JTU HACNIEZOBAThCS KOHS JCCKpUITopa’?
// MONOTHUTENBHBIE Ollepalyii, HalpUMep

// 3aKpBITHE UCXOJHOTO AECKPUITOpa

// 3arpamMBaeMble IPUBUIIETUH JJOCTYTIA

// TRUE — nouepHHi porecc MOXeT

// HacIEenOBaTh 3TOT JIECKPHUIITOP

// ML UCKITIOYAFOIIIETO ceMadopa

// 3arpamMBaeMble IPUBUIIETUH JIOCTYTIA
// TRUE — nouepHHui Mporecc MoOxeT
// HacIenoBaTh 3TOT JIECKPHUIITOP

// mms cemadopa

// 3arpamMBaeMble IPUBUIIETUH JIOCTYTIA
// TRUE — nouepHuii mpouecc MoOXeT
// HacIenoBaTh 3TOT JIECKPHUIITOP

// umst coOBITHS

Hcnonesyemsrii B 3ToM npumepe Tu AaHHBIX LPTSTR — 3710 0600111eHHBIN TEKCTOBBIN THII, KOTO-
PBI KOMITMIIMPYETCS TO-pa3HOMY B 3aBHCHMOCTH OT TOTO, Kakoi cranmapt — Unicode mmm ASCII —
MOJ|JICPKUBACTCSI TPHIIOKEHUEM.

Cemadopsl, HcKITIOdaronpe ceMaopsl U 00BEKTHI COOBITHI OYIyT COXPaHATHCS B MaMsITH JIO TEX 0P,
MOKa HE 3aBepIiaTcs BCE MUCIHOJIBb3YIOIIME MX MPOIECChl WM mnoka ¢ nomolnbio ¢yakiuu CloseHandle
He OyIyT 3aKpbITHI BCE IECKPUIITOPHI COOTBETCTBYIOMIETO OOBEKTA:

BOOLCloseHandle (hObject);

Kpumuueckuit pazoden npencrasisier co00i 00bEKT, BHITOMHSIONIN Te ke (YHKINH, YTO U UCKITI0Yaro-
i cemagop, HO B OTJIMYKE OT TOCIIETHET0 KPUTHUYECKUH pa3/iell He MoXeT HacienoBaThea. O0a oObekTa
JOCTYIHBI TOJNBKO JJIsl OJHOrO mpoiecca. [IpenMyInecTBO KpUTHUECKUX pa3AenoB Mepes HCKIIYaro-
MH ceMadopaMu COCTOUT B TOM, YTO OHU TIPOILE B YIIPABJICHUH U TOpa3io ObicTpee padorator [12].

TepmuHomorust, mpuHATas A1 (QYHKIHA, KOTOpBIE HCIOIB3YIOTCSA MpPH padboTe C KPUTHUECKHUMH
paszenaMu, OTJIIMYAETCSl OT TEPMUHOJIOTHH, pa3paboTaHHOW ans (QYHKUMH ympaBiieHHS ceMadopamu,
HUCKIIIOYaromuuMu ceMa(bopaMH u CO6I)ITI/I$IMI/I, OJHAKO caMu q)YHKHI/II/I BBITIOJIHAOT OAHHU U TE K€ OIIC-
panmu. B wacTHOCTH, MPUHATO TOBOPUTH HE O CO3JIaHMH KPUTHYECKOTO pa3/iena, a O ero MHUIUAIU3aI|H.
[Ipouecc He OXXUAAET KPUTHIECKOT'O pa3jiesia, a BXOAUT B HETO, M HE OCBOOOKIAET KPUTUUCCKUH pas/ied,
a mokuaaer ero. K Tomy ske BbI He 3aKphIBaeTe AECKPUIITOD, a yAaJseTe O0BbeKT:

VOID InitializeCriticalSection (LPCRITICAL SECTION Ipcs);
VOID EnterCriticalSection (LPCRITICAL SECTION Ipcs);
VOID LeaveCriticalSection (LPCRITICAL SECTION Ipcs);
VOID DeleteCriticalSection (LPCRITICAL SECTION Ipcs);

IMepemennas tunma LPCRITICAL SECTION coaepxkut ykasarelb (a HE JECKPUIITOP) KPUTHYEC-
koro pasaena. @ynknus InitializeCriticalSection momkHa Moay4YuTh yKa3aTellb Ha MyCTOH 00BbeKT (&cs),
KOTOPBII MOXKHO CO3/1aTh CIEIYIOLUIHMM 00pa3oM:

CRITICAL SECTION cs;

2.2.4. Ucnonb3oBaHme Knaccos MFC gns co3gaHma NOTOKOB

Crioco0 co3anust TIOTOKOB ¢ TIOMOIIIBI0 QyHKIui ondnuoreku MFC 3akimrouaercs B CO3/1aHUM Kilacca,
nopoxaeHHoro ot kinacca CWinThread. Cxema 3TOro mpoiiecca BhIMJISIUT CISTYIOIAM 00pa3oM:

IMPLEMENT DYNCREATE (CThreadExample, CWinThread)  // Knacc CThreadExample

CThreadExample:: CThreadExample()
{

// MHUTMATU3aIHs IEPEMCHHBIX-WICHOB Kacca
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CThreadExample:: ~CThreadExample()

{
H

BOOL CThreadExample:: InitInstance()
{

// TODO: 31€ech caemyeT BBITOTHATH HHAITHATU3AIUIO IIOTOKA

// 31eCh TOMKHBI BBITIOMHSTLCS OMEPAIli HHUIMATU3AIHIH,
// He CBA3aHHBIE C IEPEMEHHBIMU, HATIPUMED CO3TaHHE
// 3K3eMILISIPOB IPYTHX 00BEKTOB Ki1acca

return TRUE;

}
int CThreadExample:: ExitInstance()

{

// TODO: 311ech BBIMOIHSIOTCS BCE ONEPALIUH
// OUMCTKH IS TTIOTOKA

return CWinThread:: ExitInstance();

BEGIN MESSAGE MAP (CThreadExample, CWinThread)

/I {{AFX_MSG_ MAP (CThreadExample)
/l TIPUMEYAHUME — Macrep ClassWizard Oyner no0aBnsrs /
// ymansiTe B 3TOM MECTE€ MaKPOCHl 00paOOTKH COOOIICHHIA
/I }}AFX MSG_MAP
END MESSAGE MAP ()

O6nekt knacca CWinThread npencraBiser MOTOK BBHITIONHEHUS B paMKax NPHIIOKEHHsI. XOTS OCHOB-
HOI MOTOK BBITIOJTHEHUS PUIOKEHUST 00BIYHO 3a7a€TCsl 00BEKTOM Kiiacca, mopoxkaeHHoro or CWinApp,
cam kimacc CWinApp siBiisiercst mpou3BoHbIM 0T kitacca CWinThread.

Jlnst obecniedenust 6e30macHOCTH MOTOKOB B MFC-ITpHIIOKEHHSIX JTOJDKHBI MTPUMEHSITHCS KIIacChl,
SIBJISTFOIIMECS TTPou3BOoAHbIME OT kilacca CWinThread. buGimoreka MFC ucnonb3yer nepeMeHHbie —
YJIeHBI ATOr0 KJiacca. [loToku, co3gannbie ¢ momolpio QyHKIMu beqinthreadex, He MOryT UCIIOIB30BATh
HU opHol u3 API-pynkumii 6nbmmorexn MFC.

[MoxaepkuBarOTCs IBa OCHOBHBIX THIIA TIOTOKOB, @ HMCHHO padouue v unmepgheiicusie. Jlns pado-
YHMX MMOTOKOB HE HY)KHO CO3/1aBaTh MK 00pa0oTKK coodiieHui. Takue MoTOKM MOT'YT BBINOJIHSATH ()OHOBBIC
BBIYHMCIICHHS B SHCKTpOHHOﬁ Ta6ﬂI/I]_[e 663 B3aPIMO,HCI7[CTBPIﬂ C MMOJIb30BATCJIEM U HE NOJIXKHBI p€arupoBaTh
Ha cOOOLIEeHNSI.

B orinune ot pabounx uHTEpQelCcHbIC MOTOKH 00padaTHIBAIOT COOOIEHHS, MTOTYYEHHBIE OT CUCTEMBI
(wnm ot monb3oBarens). s HUX HeoOXoaMMa ClieIUalIbHAS MpoLeaypa 00padoTku coodmieHuii. MuTep-
(eiicHbIC TOTOKH cO3/1at0TCs Ha 0a3e kiacca CWinApp uinu HenocpencTBeHHo kiiacca CWinThread.

Oo6mbekt kimacca CWinThread o0bIYHO CylIeCTBYeT B TEUEHHE BCETO BPEMEHHU CYIIECTBOBAHUS
MOTOKAa, OJJHAKO TAKOH croco0 (YHKIHMOHUPOBAHHS MOKHO M3MEHUTH, IPHUCBOMB TIEPEMEHHON-UJICHY
m_bAutoDelete 3nauenue FALSE.

[Toroku co3aarorcs ¢ nomoinsto GpyHknuu AfxBeqinThread. s co3manus nHTEpQECHOr0 MOTOKA
¢ynkunu AfxBeqinThread cnenyer nepenath ykaszarens Ha kimacc CRuntimeClass o6bekra, mpon3Boa-
Horo ot kinacca CWinThread. B cmydae pabounx morokoB gynkius AfxBeqinThread Bri3biBaercs ¢ yka-
3aHHMEM YIpaBJisirolieil QyHKIUK U mapameTpa, nepeaaBaeMoro mocaeHeH.

Kak mnst paboumx, Tak ¥ ans MHTEpEHCHBIX MOTOKOB MOXXHO YyKa3aTh JOMOJIHHUTENBHBIE Mapa-
METpbI, M3MEHSIOIINE MPUOPUTET, pa3Mep cTeka, (iaru co3maHus U aTpuOyThl OE30MACHOCTH MOTOKA.
Oynkums AfxBeqinThread Bo3Bpaiaer yka3zatenb Ha HOBBI 00bekT kitacca CWinThread.

B kadecTBe albTepHATHBHOIO BapHaHTa MOXKHO OIPEICINTh, & 3aTEM CO3/1aTh OOBEKT, MPOM3BOJ-
Heiit ot kimacca CWinThread, Bei3BaB dynkiuio CreateThread manHoro kiacca. B atom cityuae mpous-
BO[[HI)IIZ O6LGKT MOXET MHOI'OKPATHO HUCIIOJIb30BAaTHCA IMPU MOCICAOBATCIIBHBIX CO3JaHUAX U YHUYTOXKEC-
HHUAX IIOTOKA.
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rnasa 3
I'IPMHLI,MHbI PA3PABOTKU MPOrPAMMHOIO KOAA
ANnAa O6PABOTKU NMPEPbIBAHUW U UCKNMKOYEHUN

§ 3.1. Cuctema 06paboTKM NpepbiBaHUMA

O6nanast crmocoOHOCTBIO MEPEKITIOYaThC OT OJHOTO MOTOKA BHINOJIHEHHS K APYrOMY, SIpO omepa-
LIMOHHON CHUCTEMBI JOJKHO K TOMY JK€ PearnpoBaTh Ha npepwvleanus (interrupts) u uckiiouenus (excep-
tions). Pedb uzer o curnanax, KOTOpble BO3HUKAIOT B CUCTEME U 3aCTaBIISIOT MPOLIECCOP MPEPHIBATH CBOO
paboTy M MepeKITroYaThcs Ha 00paObOTKy BOZHUKINEH cUTyaluu. PaccMoTpuM 3TH JBa MexaHu3Ma Ooliee
noapoOHO.

Ilpepvieanus npencTapisioT coOOW Mmexanu3m, TO3BONSIOMINN KOOPAMHUPOBATH MapajuielibHOE
(YHKIMOHUPOBAHNE OTAENBHBIX YCTPOWCTB BBIYMCIUTENLHOW CUCTEMBI U PearnpoBaTh HA 0COOBIE COC-
TOSIHUSI, BOSHUKAIOIIE NIPpU pabote nporeccopa. Takum o0pa3om, npepsleanue — Imo npuHyOumenvHas
nepeoaua ynpaeieHus on 6bINOHAEMOI NPOZPAMMYL K cucmeme (a Uepe3 Hee — K COOTBETCTBYIOILEH
nporpamMMe oOpabOTKH MpephIBaHus), IPOUCXOAIIAsl TP BOSHUKHOBEHUH ONPEIETICHHOTO COOBITHSL.

Wnes npepriBanuii Obia npeaioxkena B cepeaune 50-x rr. MoxxHo 0e3 mpeyBelnYeHns CKa3aTh, YTO
OHa BHecja HauOonee BECOMBIN BKIIAJ B PA3BUTHE BHIYMCIUTEIBHOM TeXHUKUA. OCHOBHASI 1IENb BBEJCHUS
MpepbIBaHUN — peann3alysi aCHHXPOHHOTO peKUMa paboThl M pacnapajuieiiBaHie padoThl OTIEIbHBIX
YCTPONCTB BBIUNCIUTEIBHOTO KOMILIEKCA.

MexaHu3M MPEPBIBAHUN peaan3yercs alapaTHO-IPOrpaMMHBIMU cpeacTBamu. IlepBoHadanbHO pac-
CMOTPHM B OOIIMX uYepTax amnmnapaTHyl0 4acTh CHCTEMbI MpepbiBaHWi. CUTHANBI amnmapaTHBIX MPEpHI-
BaHUM{, BO3HUKAIOIIME B YCTPOMCTBAX, BXOJAIIMX B COCTaB KOMIBIOTEpa WM NMOJAKIIOYEHHBIX K HEMY,
MOCTYTAIOT B MPOLIECCOP HE HEMOCPEICTBEHHO, a Yepe3 IBa KOHTPOJIepa MPephIBAHUN, OJJUH U3 KOTOPBIX
Ha3bIBaeTcs BEAYIMM, a BTOPOi BenoMbIM (puc. 3.1). B mpexxHuX Moaensx MallnH KOHTPOJUIEPHI Mpes-
CTaBIISUIM COOOW OT/ENbHBIE MUKPOCXEMBI; B COBPEMEHHBIX KOMITBIOTEPaX OHU BXOIAT B COCTaB MHOTO-
(YHKUIMOHATBHOW MUKPOCXEMBI TIEpUPEPHITHOTO KOHTPOILIEPA.

IRQ8 ﬁMOH-HaCbI IRQO :’(aumep
ectaHzapTHanA . nasuaTypa .
IRQ3 annapartypa Bepomblit IRQL O sepomoro Beaywuii CurHan INT
IRQ10 KOHTpOAnep IRQ2 KOHTpOANEP ||
IRQ11 npepbiBaHwuii IRQ3 com2 npepbIBaHMit Npoueccop
IRQ12 IRQ4 Muiws Homep BekTopa
LPT2
s HecTkuin guck ey e MbkniA anck TOpTH!
IRQ14 A OXAO..0xA1 | IRQS —mdAC 0x20...0x21
n
IRQ1S RQy -RUHTED

Puc. 3.1. AnnapaTHas 4acTh CUCTEMBI IIPEPBIBAHUIM

JIBa KOHTpoJIIepa UCIIONB3YIOTCS Ui YBEIMUEHUS JIOMMYCTUMOIO YHCIlia BHEIIHUX YCTpoicTB. Jleno
B TOM, YTO KaKJbIi KOHTPOJUICP NIPEPHIBAHUN MOXKET 00CIYKHBATh CUTHAJIBI JIUIIb OT BOCBMHU YCTPOMCTB.
Jnst obcimyxuBaHus OONBLIEr0 KOJIMYECTBA YCTPOMCTB KOHTPOJJIEPHl MOKHO OOBEIMHATH, 00pasys u3
HUX BeepooOpasHyl0 CTPYKTYpy. B COBpeMEHHBIX MallMHAX yCTaHABIMBAIOT JBa KOHTPOJIEpa, YBEIH-
YuBasi TEM CaMbIM BO3MO)KHOE YMCIO BXOIHBIX yCcTpoucTB 10 15 (7 — y Bemyiiero, 8 — y BEIOMOI0
KOHTpOJLIEpa).

K Bxomubm BeiBogam IRQ1...IRQ7 u IRQS...IRQ15 (IRQ — »sTo0 cokparenue ot Interrupt Request,
T. €. 3aIPOC TIPEPHIBAHMS) MOIKIIOYAOTCS BBIBOIBI YCTPONUCTB, HA KOTOPBIX BO3HUKAIOT CUTHAJIBI MPEPHI-
BaHuU. Brixoa Beayiiero koHTpoiiepa noakitouaercs k Bxoxy INT mukpomnpoieccopa, a BbIXOA BEHO-
Moro — k Bxoay IRQ2 Benymiero. OcHoBHas (hyHKITHsSI KOHTPOJUIEPOB — TIepejiada CUTHAJIOB 3alpOCOB
[IPEPBIBAHUNA OT BHEIIHHMX YCTPOWCTB Ha E€IMHCTBEHHBIM BXOJ IpEpbIBaHUN Ipoueccopa. IIpu sTom
kpoMme curHana INT KoHTpoIuiepsl epenaroT B MPOLECCOP MO JIMHUSAM JIAHHBIX HOMEP BEKTOpPA, KOTOPBIN
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o0pa3zyercsi B KOHTpOJUIEpE MyTeM CIOKeHHs 6a30BOro HoMepa, 3alMCaHHOTO B OHOM M3 €T0 PErucTpoB,
C HOMEPOM BXOJHOW JIMHWH, MO KOTOPOH MOCTYNWJ 3ampoc npepbiBaHus. Homepa 0a30BBIX BEKTOPOB
3aHOCATCSI B KOHTPOJUIEPHI aBTOMAaTHYECKH B MpOILECcCe HadalbHOW 3arpy3kd KommbioTepa. O4eBUIHO,
YTO HOMEpa BEKTOPOB alllapaTHBIX MPEPHIBAHMI OJHO3HAYHO CBSI3aHBI C HOMEpPaMH JIMHHUN, WU YPOB-
Hsamu [RQ, a yepe3 HUX — ¢ KOHKPETHBIMH yCTpolicTBaMH KoMmIbioTepa. Ha puc. 3.1 0603HaueHbI OCHOB-
HBIE YCTPOMCTBA KOMIIBIOTEPA, paboTaloIKe B PEKUME MTPEPhIBAHUH.

ITponeccop, nomyunB no JuHur INT curHan mpepbiBaHus, BBINOJIHAET MOCIEA0BATEIbHOCTh CTaH-
JapTHBIX JEHCTBHIA, KOTOPYIO MOXHO Ha3BaTh MPOLENYpoil mpepbiBaHus. CMBICT MpOLEAyphl IpephiBa-
HUSI 3aKJIFOYAeTCsl B TOM, YTOOBI COXPAaHHUTh COCTOSIHME TEKYIIeH (IpephIBaeMoii) IporpaMMbl M TiepenaTh
yIIpaBjIeHHE 00PabOTUNKY, COOTBETCTBYIOIIEMY BO3HHUKILIEMY ITPEPHIBAHUIO.

CTpyKTypBl CHCTEM MpEPBIBaHMUS (B 3aBUCUMOCTH OT allliapaTHON apXUTEKTYpPbl) MOTYT OBITh CAMBIMH
Pa3HBIMH, HO BCE OHM UMEIOT OJIHY OOIIYI0 OCOOCHHOCTh: IPEPhIBAHUE HEIIPEMEHHO BJICUET 32 COOOM n3-
MEHEHHUE TOPSIJIKA BBHITIOTHEHHSI KOMaH IpolieccopoM. MexaHu3M oOpabOTKH MpephIBaHUN HE3aBUCHMO
OT apXUTEKTYPhI BBIYUCIUTEIFHON CHCTEMBI BKIIIOUAET CIECTYIONIHNE dJIEMEHTHI [2]:

1. YcraHoBnenue ¢akrta npepbiBaHus (IpUeM CHTHaja Ha TpephIBaHUE) U UACHTU(UKAIUS PEpPhI-
BaHUS (B ONEPAIIMOHHBIX CHCTEMaX WHOTa OCYIIECTBIISIETCSl IOBTOPHO, Ha miare 4).

2. 3amoMHHaHHE COCTOSHHS MpepBaHHOro mpoiecca. CocTosHUE Mpolecca ONnpeensercs Mpexie
BCEro 3HaUCHUEM CUETUYMKa KOMaH]I (aJJpeCoM CIISIYIOIIeH KOMaH Ibl, KOTOPBIH, Hanpumep, B 180 X 86 orpe-
nemnsiercst peructpamu CS u [P — ykaszarenem KoMaHbI), COAEPKUMBIM PETHCTPOB MPOIIECCOPa M MOJKET
BKJTIOYATH TaKKe CHEHUPUKAIMIO pSKUMa (HAIpUMep, PEKUM TI0Nb30BaTEeNbCKUN UM TPUBHUIIETHPOBAH-
HBIN) U APYTYIO HH(pOpMAIIHIO.

3. VmpasrieHue anmapaTHO IepenaeTcs MonporpaMme oopadoTKu mpepbiBanust. B mpocrelinem ciaydae
B CUETUYMK KOMaH]| 3aHOCHTCSI HAYAIIbHBIN aJpec MOAPOrpaMMbl 00pabOTKH MPephIBaHUH, a B COOTBETCTBY-
IOLIHE PErUCTPhl — MH(OpMaIUs U3 CI0Ba COCTOSHUSL. B Oosee pa3BUTHIX Mpolieccopax, HampuMep B TOM
xe 180286 u mocnenyronmx 32-0MUTOBBIX MUKpOMpoIieccopax HaunHas ¢ 180386, ocyrecTBisercs 10cTa-
TOYHO CIIOKHAS MPOLEAypa ONpEAciIeH!s] HauYalbHOTO aJpeca COOTBETCTBYIOMIEH MOANPOrpaMMbI 00pa-
OOTKH MpephIBaHKS U HE MEHEe CIIOKHAS MPOoIlelypa HHUIMAIH3aIUN paboYrX perucTpoB mpoleccopa.

4. CoxpaHenrne WH(pOPMALUK O TIPEepBaHHON MpOrpaMMe, KOTOPYIO HE yJaloch CIACTH Ha miare 2
C MMOMOUIBIO ICHCTBHUI anmapaTypbl. B HEKOTOPBIX BBIYHCIUTENBHBIX CUCTEMAax MpelyCMaTprUBaeTcs 3amo-
MUHaHHE JJOBOJILHO O0MBIIOro 00beMa HH(POpMAIMK O COCTOSIHUU IPEPBAHHOTO MPOIIecca.

5. O06paboTka npepbiBaHus. JTa padoTa MOKET ObITH BBITIOJIHEHA TOW e MOJIPOrpaMMOi, KOTOPOi
OBUIO TIepeNaHo ynparieHue Ha mare 3, Ho B OC uyaille BCEro oHa pealiu3yercs MyTeM MOCIEAYIONIero
BBI30Ba COOTBETCTBYIOIIEH MOAIPOrPaMMBI.

6. Boccranopinenre nHGOpPMAITUK, OTHOCSIIEHCS K TPEpPBaHHOMY TIpolieccy (3Tar, o0paTHbIi mary 4).

7. Bo3Bpart B IpepBaHHYIO IPOrPAMMY.

[Tarm 1-3 peanusyroTcsd ammapartHo, mark 4—7 — mporpammuo. Ha puc. 3.2 mokaszaHo, 4To npu
BO3ZHHKHOBEHUH 3ampoca Ha MpephIBaHHE €CTECTBEHHBIM XOJ BBIYMCICHUI HapyllaeTcs W YIpaBicHHE
nepenaercs mporpamMmme 0OpaOOTKH BO3HHKILIETO TpepbiBaHus. [Ipu 3TOM cpencTBaMu ammapaTypel
coxpansieTcst (Kak MpaBwiio, C MOMOIIBI0 MEXaHU3MOB CTEKOBOM MaMATH) aJpec TOH KOMaHABI, ¢ KOTOpOH
clielyeT MPOJOJKUTE BHITOJHEHHE MIPEepBaHHOM mporpaMMel. [locie BHIIOIHEHUS POrpaMMbl 00paOOTKH
MpepbIBaHMs YIpaBiIeHHe BO3BpAIaeTCsl MPepBaHHOM paHee MporpaMMe MOCPEACTBOM 3aHECEHHS B yKa-
3aTeNlb KOMaH] COXpaHEHHOro ajpeca KoMaHAbl. OJHAKO Takas CXeMa HCIOJb3YeTCs TONBKO B CAMBIX
MPOCTHIX MPOrPAaMMHBIX cpellaX. B MyIbTHIIPOrpaMMHBIX OMEPallMOHHBIX CHCTEMaxX 00paboTKa mpephiBa-
HUH MIPOUCXOAUT 1O OoJiee CIIOKHBIM CXeMaM, O YeM MoJApOoOHO OyeT paccka3aHo Jalee.

Urtak, K enasnvim gynkyusm mexanuzma npepvléanuii OTHOCSTCS:

— paclio3HaBaHUE, WM KIacCH(UKaIus, TpepbIBaHUH;

— Tepenava yrnpaBJIeHHS COOTBETCTBEHHO 00pabOoTUYHKY NpephIBaHUM;

— KOpPPEKTHOE BO3BpalleHNE K IPepBaHHON MporpaMme.

[lepexon oT mpepbIBAEMOi POrpaMMbl K 00pa0OTUUKY M 00paTHO JOJKEH BBITIOJIHATHCS KaK MOXKHO
obicTpeii. OMHUM K3 OBICTPBIX METOJIOB SIBIISIETCS MCIIOJIb30BaHNE TaONHUIIBI, COIEpKAIEH TTepeueHb BCeX
JOMYCTHMBIX JUTSI KOMITBIOTEpa MPEPBIBAHUIA U aJpeca COOTBETCTBYIOIMX 00paboTYMKOB. J{ns KOppekT-
HOT'O BO3BpALIEHUs K IPEPBAHHON MporpamMme Imepes nepenadeil yrnpasieHns o0padoTInKy IpepbIBaHuR
COZIEP’)KUMOE PErUCTPOB TMpoIeccopa 3aIOMUHAETCS TMO0 B MaMSATH C MPSIMBIM JOCTYIIOM, JTHOO B CHC-
TEMHOM CTeKe (system stack).
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Moagnporpamma
/\/ 06paboTkM npepbiBaHUA
OTK/toYeHne npepbiBaHUN,
COXpaHeHWe KOHTEeKCTa
npepBaHHON NPOrpammbl,
yCTaHOBKa pexunma pabotbl
— CUCTEMbI MPepbIBAHUM

McnonHaeman
nporpamma

MpepbiBaHue

CobcTBEHHOE TEN0 NPOrPaMMbl
06paboTKM NpepbiBaHUA

BoccTaHOBNEHUE KOHTEKCTa
npepBaHHOM paHee Nporpammol,
YCTaHOBKa MPeXHEero pexknma

/\/ paboTbl cUCTEMbI NPEPbIBAHMIA

Puc. 3.2. O6paboTKa mpepbIBaHus

[IpepbiBanus, BO3HUKAIOIIUE MPH paOdOTE BHIYUCIUTEIBHON CHCTEMBI, MOKHO pa3ZeluTh Ha J[Ba OC-
HOBHBIX KJIacca: BHEIIHHE (MX MHOT/Ia Ha3bIBAIOT ACHHXPOHHBIMHU) U BHYTPEHHUE (CHHXPOHHBIE).

Bhewnue npepviéanus BbI3bIBAIOTCS ACHHXPOHHBIMU COOBITHUSIMH, KOTOpPBIE IPOUCXOMAT BHE Ipe-
pBIBaEMOro mpoiiecca, Harpumep:

— IpepbIBaHUs OT TalMepa;

— MpepbIBaHMsI OT BHEUIHUX YCTPOKMCTB (MpepPBIBAHMS 110 BBOLY / BBIBOIY);

— TpepbIBaHMs 0 HAPYIIEHUIO MUTAHNUS;

— MpepbIBaHMsI C MyJIbTa ONEPaTOpa BEIYUCIUTEILHON CHCTEMBI,

— MpepbIBaHusI OT APYTOro MPOIECCOPa WIIH APYTOi BEIYMCINTEIBHON CUCTEMBI.

Buympennue npepwieanus BbI3BIBAIOTCS COOBITHSIMH, KOTOpPBIE CBS3aHBI C paboToi mporeccopa
W CHHXPOHHBI C ero onepauusmu. [Ipumepamu sSBISIOTCS cIEAYyIONINE 3aIPOCHl HA TPEPHIBAHUS:

— MpH HapyLIEHWU ajpecaluyl (B aJpecHOW 4YacTH BBHIMONHSIEMOM KOMaH/ABI YKa3aH 3alpelleHHbIH
WM HECYLIECTBYIOIINH ajpec, oOpallleHre K OTCYTCTBYIOIIEMY CErMEHTY WM CTpPaHHUIle IPU OpraHu3a-
MY MEXaHU3MOB BUPTYaJIbHOU MaMATH);

— IPU HAJIMYWU B TI0JI€ KOJIa OIEpalliK He3aIeiiCTBOBAHHON JBOMYHON KOMOWHAIIUH;

— MIpH ACNECHUH Ha HYIIb;

— MIpH NEepEnoTHEeHNN M KCYE3HOBEHUH TOPSIIKA;

— Tpu OOHApYXEHUHU OIIMOOK YETHOCTH, OIIMOOK B paboTe pa3iMuHbIX YCTPOMCTB anmnaparypbl CpecT-
BaMHU KOHTPOJIAL.

Kpome Toro, MoryT cymiecTBOoBaTh MpepbIBaHMs MPH oOpalieHnu K cynepuzopy OC: B HEKOTOPBIX
KOMIIBIOTEpaxX 4YacTh KOMaHJl MOXET MCIoyib30BaTh Toibko OC, a He momb3oBaTenud. COOTBETCTBEHHO
B ammaparype MpeayCMOTPEHbl Pa3INuHbIe PEKUMBI Pa0OTHI, M MOJIb30BATENLCKIE TPOrPaMMBbI BBITIONHS-
I0TCSI B P&KUME, B KOTOPOM 3TH IIPUBHIETHPOBAHHBIE KOMaH bl HE HCIIONHAIOTCS. [IpH MOMBITKE UCTIONB-
30BaTh KOMaH[y, 3alpelieHHYI0 B JAHHOM PEXUME, IPOUCXOIUT BHYTPEHHEE NMPEPHIBAHUE U YIIPaBIICHUE
nepenaerca cynepsuzopy OC. K mpuBunerupoBaHHbIM KOMaHAaM OTHOCSATCS M KOMaHIbI TICPEKITIOUEHUS
pexnMa padoTa HEHTPAILHOTO MPOoIeccopa.

Haxkoner, cymecTByroT COOCTBEHHO HpoZpammHble npepvléanus. ITU NPEPHIBAHUS TPOUCXOIAT 1O
COOTBETCTBYIOILIEH KOMaH e MPEPBIBAHUS, T. €. TIO ATOH KOMaHJIe MPOLECCOP OCYLIECTBIISIET MPAKTHUECKH
T€ K€ JEHCTBUS, YTO U MPH OOBIYHBIX BHYTPEHHUX MpPEphIBaHUAX. JJaHHBI MEXaHU3M OBUI CIICIIHAIBLHO
BBEJICH JUISl TOrO, YTOOBI TIEPEKIIIOYEHNE Ha CUCTEMHBIE TIPOrPaMMHBIE MOJYJIM OCYIIECTBIISUIOCH HE MPOCTO
KaK TIepexo/i B OANPOrpamMMmy, a TOUHO TaKUM K€ 00pa3oM, Kak U 0ObIYHOE TpephIBaHue. DTHM obecrie-
YHBAETCS aBTOMATHYECKOE MEepEeKIFoUeHHe Mpolieccopa B MPUBUIIETHPOBAHHBIA PEXUM C BO3MOKHOCTBIO
WCTIOIHEHHS JTFOOBIX KOMaH]I.

CurHaJbl, BBI3BIBAIOIINE IPEPhIBaHMS, (POPMHUPYIOTCS BHE TIPOIIECCOpa WIT B CAMOM IIPOLIECCOpE, i OHH
MOT'YT BO3HUKATh OJHOBPEMEHHO. BhIOOp OIHOro M3 HUX JiIsi 00paOOTKH OCYIECTBIISIETCS Ha OCHOBE
MPHOPUTETOB, MPUITUCAHHBIX KAXKIOMY THITYy mpepbiBaHus. O4YeBUIHO, YTO MPEPHIBAHUS OT CXEM KOHT-
PO mporeccopa J0KHBI 00J1aJaTh HAMBBICIIMM MPHOPUTETOM (eCiH anmapaTtypa paboTaeT HempaBUIIBHO,
TO HE UMEET CMBICTIa MPOA0IDKaTh 00padoTky nHpopmanun). Ha puc. 3.3 nzo0pakeH 0ObIUHBIN TOPSIIOK
(mpuopuTeTsr) 00pabOTKK MPEPHIBAHUN B 3aBUCUMOCTH OT THIIA MPEPHIBAHUM [2].
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CpeactBa KOHTPOAA NpoLeccopa BbICOKMI

npuopurteT

CuCTeMHbIN Tarimep

MarHuTHble ANCKKU

BHelwHKe ycTpoiicTBa CeTeBoe obopyaoBaHue

TepmuHansl

Husknm
npuopuTeT

MporpammHbie npepbiBaHUA

Puc. 3.3. Pacnipenenenue npepslBaHuil 10 ypOBHIM NPUOPUTETA

VYder npuopuTera MOXKET ObITh BCTPOEH B TEXHUYECKHE CPEACTBA, a TAKKE OMpPENessThCsl omepa-
LMOHHON CHCTEMOM, T.€. KpOME ammapaTHO-PEeaIn30BaHHBIX MPUOPHUTETOB MPEPBIBAHUS OOIBIIMHCTBO
BBIYMCIUTENBHBIX MAIIMH W KOMILIEKCOB JIOMYCKAIOT MPOrpaMMHO-aIlapaTHOE YIpaBiIeHHUE TOPIIKOM
00pabOTKKH CUTHAJIOB TpephIBaHUsA. BTOpOil crioco0, JOMONHSS MEPBBIA, MO3BOISET MPUMEHSTH Pa3iiny-
HBIC OUCHUNAUHBL OOCTYHCUBAHUS NPEPLIGAHUIL

Hannune curnana npepsiBaHusI He 0053aTEIbHO JOHKHO BBI3BIBATH MPEPHIBAHUE WCIIONHSIOMICHCS
nporpaMMsl. [Iporieccop MoxkeT 06aamaTh CpeAcTBaMH 3aIIUThl OT MPEPHIBAHUH, K KOTOPBIM OTHOCSTCS
OTKJIFOUEHHE CHCTEMBI TIPEePhIBAaHUN W MacKHpOBaHUE (3alper) OTAeIbHBIX CUTHAJIOB mpepbiBanus. [Ipor-
paMMHOE yIpaBlieHHE 3TUMHU CPEeICTBaMH (CYIIECTBYIOT CIeMaIbHbIe KOMaH bl ISl YIIpaBlieHUs] paboToi
CHCTEMBI TIPEPBIBAHMUI) MO3BOJIAET OMEPAMOHHON CHCTEME PEryJInpoBaTh 00pabOTKy CHTHAJIOB MpepbIBa-
HUS, 3aCTaBIISAA ITporeccop oOpadaThiBaTh X cpa3y Mo MPUXOIY, OTKIAIbIBaTh UX 00pa0OTKy Ha HEKOTO-
poe BpeMs WM TOIHOCTHIO UTHOPHPOBaTh. OOBIYHO Omepalus MpepbIBaHUS BBITOIHSAETCS TOJIBKO MMOCTe
3aBEpIICHUS] BBHITIOJHEHHSI TeKyIled KoMaHAbl. [I0CKONbKY CHTHallbl MpephIBaHMsI BOSHUKAIOT B MPOU3-
BOJIbHBIE MOMEHTBI BPEMEHH, TO Ha MOMEHT NpPEpPBHIBAHMS MOXKET CYIIECTBOBATH HECKOJHKO CHTHAJIOB
MpepbIBaHMs, KOTOpbIe 00pabaThIBAIOTCS TOJNBKO MOCEA0BaTeNnbHO. YTOOB! 00paboTaTh CUTHANBI IPEPHI-
BaHUS B pa3yMHOM TIOpSJKE, UM MPUCBaNBArOTCs nmpuopuTeThl. CurHai ¢ 0osiee BHICOKAM MPHOPUTETOM
00pabaThIBaETCs B IIEPBYIO OUEpe]lb, 00padOTKa OCTAIBHBIX CUTHAJIOB ITPEPHIBAHUS OTKJIABIBACTCS.

[IporpaMMHOe yrpaBlieHHE CIEUAILHBIMI PETUCTPAMU MACKH (MaCKUPOBaHKE CUTHAJIOB MpephIBa-
HUS1) TIO3BOJISIET PeaM30BaTh pa3inyHbIe AUCIHUILIMHBI 00CTyXKUBaHUs [2]:

— C OMHOCUMENbHBIMU RPUOPUMEmMAMU, T. €. 00CTY)XKHBaHNE HE MPEPHIBACTCS JaKe TPU HAJTMUUH
3arpocoB ¢ OoJiee BEICOKUMHE MpropuTeTaMu. [locie okoHYaHus1 00CTYKMBaHHUS JaHHOTO 3ampoca 00cITy-
YKHMBAETCS 3aIIPOC C HAMBBICIIUM MPUOPUTETOM. I OpraHu3alyy TaKOH TUCHHUIUIMHBI HeOOXOIMMO B TIPOT-
pamme oOCITy>KUBaHHsI JaHHOTO 3allpoca HaJlOXKHUTh MAacKd Ha BCE OCTalIbHBbIE CUTHANBI PEPBIBAHUS WIIN
MPOCTO OTKIIIOUUTH CUCTEMY MTPEPhIBAHHIA;

— C abCoNOMHBIMU RPUOPUmMemamu, T. €. BCeraa 00CTy)KUBAETCs IIpepbIBaHNE ¢ HAUBBICILIMM MPHO-
puterom. JliIsl peanu3any 3TOro peXrMa HEOOXOAMMO Ha BpeMsi 00paOOTKH MpEephIBaHUS 3aMacKHPO-
BaTh BCE 3alPOCHI ¢ Ooliee HU3KUM IpuopHuTeToM. [Ipyr 3TOM BO3MOXKHO MHOTOYPOBHEBOE IpEpHIBaHHE,
T.€. MpepbIBaHHE MporpamMm o0pabOTKM mpepbiBaHUi. UHMCIO ypOBHEH NpephIBaHHS B ITOM PEKHME
W3MEHSIETCSI ¥ 3aBUCHT OT IPHUOPUTETA 3a1poca;

— 110 HPUHYUNY CMeKa, WY, KaK UHOTTIa TOBOPAT, no oucuunaune LCES (last come first served —
MOCIEAHUM MPUIIEI, IEPBBIM 00CITYXKEH), T. €. 3alPOCkl ¢ OoJiee HU3KUM ITPUOPUTETOM MOTYT MPEPHIBAThH
00paboTKy MpephIBaHus ¢ 00Jiee BBICOKUM MPHOPUTETOM. J[iist 3TOro HE0OXOAMMO HE HAKIIAIbIBATh MACKU
HU Ha OJIMH CHTHAJI MPEPHIBAHMSI U HE BBIKIIIOYATh CUCTEMY IPEphIBAHUH.

Craenyer oco00 OTMETUTH, YTO AJISl MPABUIILHON peai3aliy MMOCICHUX ABYX AUCHUILIMH HYXHO
o0ecreunTh TONHOE MAacCKHpPOBAaHWE CHUCTEMBI NMPEPHIBAHHMI MpPU BBHIMOTHEHWH ImaroB 1—4 m 6-7. Dto
HEOO0XOAMMO JUIS TOTO, YTOOBI HE MOTEPSATH 3aMPOC U MPABHILHO €ro 00CIY)UTh. MHOTOYpPOBHEBOE TIpe-
pBIBaHHE JOKHO MPOUCXOAUTH HA dTare cOOCTBEHHO 0OpabOTKM MpephiBaHus, a HE Ha dTare nepexoaa
C OJIHOT'O TIpoliecca Ha JAPYTOM.
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VYnpasieHue X0I0M BBIMOTHEHUs 3a1a4 co cTtopoHbl OC 3akmioyaercsi B OpraHu3ally pPeakuid Ha
MpepbIBaHMs, OpraHn3aun oOMeHa MH(opManrei (JTaHHBIMH U IPOrpaMMaMHu ), IPEJOCTaBICHUN HE00-
XOIMMBIX PECYPCOB, TMHAMHUKE BBIMTOJTHEHHS 3a]a4ul, OpraHu3aluy cepBrca. [IpHurHbI pephIBaHU OIl-
penenser OC (MoIylb, KOTOPBIN HA3BIBAIOT CYMIEPBU30POM IIpephiBaHuil). OHA ke BHITOIHSAET ACHCTBUS,
HEOOXOJMMbIe NP TAHHOM IIPEephIBaHUM U B AaHHOHM cuTyanuu. [loaTomy B cocraB moboit OC peanb-
HOT'O BpEMEHH MPEXK/IE BCEro BXOAT MTPOrpaMMBbl YIIPABICHHUS CUCTEMOM NpEephIBaHU, KOHTPOJISI COCTOS-
HUH 327124 U COOBITHI, CHHXPOHHU3ALIMH 3a]1a4, CPEJICTBA PACTIPEACICHHS TAMSTH M YIPABJICHUS €l0, a Y)Ke
MOTOM CPEJCTBa OpraHU3aluy JaHHBIX (C MOMOLIBIO (haHIOBBIX cUCTEM U T. 1.). Ciexyer, onHaKo, 3aMe-
TUTB, 4TO coBpemeHHasi OC peanbHOro BpeMeHH J0JKHA BHOCUTH B allllapaTHO-IPOrpaMMHBIN KOMILIEKC
HeuTo OoJbIIee, HeKEeNr MIPOCTo o0ecreueHue ObICTPON PeakuK Ha IPEPHIBAHHSL.

Kak MbI yxe 3HaeM, IpH MOSBICHUH 3alpoca Ha MpepbhIBaHUE CHCTEMa MpephIBAHUI UICHTH(HIIN -
PYET CUTHAJ, U €CITU MPEephIBAHUS Pa3pellieHbl, yIIpaBJIieHuE TIepelaeTcsi Ha COOTBETCTBYIOIYIO MOIIPOr-
pammy oOpabotku. Hao puc. 3.2 BuIHO, 4TO B mommporpaMmme oOpaOOTKH MpEpPHIBAHUS MUMEIOTCS 06e
ciyscebnble ceKyuu: TiepBas CEKIys, TIe OCYIIECTBISETCS] COXpaHEeHWE KOHTEKCTa IPEePBaHHON 3a/1a4H,
KOTOpBI HE cMOr' OBITH COXpaHEH Ha 2-M WIare, W MOCIEHSS, 3aKIIOUNTENbHAsT CEeKIHs, B KOTOPOH,
HA000pOT, OCYLIECTBIISIETCS] BOCCTAHOBJIEHHE KOHTEKCTA. [|J1st TOro uToOBI crcTeMa MpepbIBaHUi He cpearu-
poBajia MOBTOPHO Ha CHUTHAJ 3alpoca Ha MpephIBaHUe, OHA OOBIYHO aBTOMATHYECKH «3aKpPbIBACT» (OTKIIFO-
YaeT) NpepbIBaHHs, TI03TOMY HE00XOIMMO ITOTOM B MOANpPOrpaMMe 00pabOTKH NpephIBaHNH BHOBB BKITIO-
4aTh CHUCTEMY MpepbIBaHUN. Y CTAHOBKA PACCMOTPEHHBIX PEKUMOB 00OpabOTKM MpepbIBaHUi (C OTHOCH-
TENBHBIMHU ¥ 20COTIOTHBIMU TIpropuTeTaMu U 1o npaBiity LCFS) ocymiecTBiisiercst B KOHIE TIEPBOM CEKIIMU
noanporpaMmel 06pabotku. Takum oOpa3oMm, Ha BpeMsl BBINOJHEHHS IEHTPaJbHOW CeKIMU (B ciydae
paboThl B pexxuMax ¢ abCOMIOTHRIMU MpHropuTeTaMu U 1o nucuuiuinHe LCFS) npepriBanus pa3pelieHs.
Ha Bpems paGoThl 3aKITIOUMTENBHON CEKIMH MOANPOrpaMMbl 00pa0OTKH CUCTeMa MpephIBaHUI TOKHA
OBITH OTKJIIOUYEHA M TIOCJIE BOCCTAHOBJICHWS KOHTEKCTa BHOBb BKIOUeHa. [1OCKONBKY 3TH AEHCTBUSA
HEOOXOJJMMO BBITIONHATh MPAKTUYECKH B KXKIOH MOIANporpamMmme oOpabOTKH MpepbIBaHHN, BO MHOTHX
OTEPAIIMOHHBIX CUCTEMAaxX IMEepPBbIC CEKIMH MOANPOrpaMM oOpaOOTKH NMpPEphIBAHUN BBIJEISIOTCS B CIICIHU-
aJIbHBIMA CUCTEMHBIN MPOrPAMMHBINA MO/YJIb, Ha3bIBAEMBIN CYREPEUIOPOM NPEPLIGAHUIL.

Cynepeusop npepvieanuii IPSKIE BCEro COXpaHsET B JECKPUIITOPE TEKylIeH 3afauu paboune pe-
THCTpPBI TpoLleccopa, OMPEIeNsIoIIue KOHTEKCT MPEphIBAEMOr0 BBEIUMCIUTEIBHOrO mpoiiecca. Jlanee oH
ompezeNsieT Ty MOANpPOorpamMmy, KOoTopasi AOJKHA BBITIONHUTH JCHCTBUS, CBSI3aHHBIE C OOCITY)KMBaHUEM
HACTOsIIIEro (TEKYyIero) 3amnpoca Ha npepbiBanne. HakoHel, mepen TeM Kak mepenaTh yrnpaBlieHue 3TOH
MOJIIPOrpaMMe, CYIEpBU30p MPEPhIBAHUI YCTaHABJIMBACT HEOOXOAMMBIA PEXUM 00pPaOOTKU MPEPHIBAHMS.
[ocne BbIMONHEHHUS MOANPOrpaMMbl 0OPaOOTKU MpPEPHIBaHHS YIpaBJICHHE BHOBb IEPEIacTCsl CyNepBU-
30py, Ha 3TOT pa3 y>KE€ Ha TOT MOJYJIb, KOTOPBIM 3aHUMAETCs quclieTyepusanuen 3agad. M yxe nucmner-
4ep 3al1ad, B CBOIO OYepelb, B COOTBETCTBUU C NMPHHATBHIM PEKXUMOM paclpenesieHHus MPOIecCOPHOro
BpeMeHH (MEXIY BBIMOIHIIOIIMMHECS MPOIIECCAMH) BOCCTAHOBUT KOHTEKCT TOW 3aJiauu, KOTOpOi Oyner
pelIeHo BhIIENUTH Nporeccop. PaccMoTpenHas cxema npencTtaBieHa Ha puc. 3.4 [2], U3 KoToporo cienyer:
HET HEMOCPEeICTBEHHOTO BO3BpaTa B MPEPBaHHYIO paHee MPOrpaMMy U3 caMol MOAIporpaMMbl 00pabOTKH
npepbiBanus. s mpsiMOTO BO3BpaTa JOCTATOYHO COXPAaHUTh B CTEKE ajJpec BO3Bpara, 4To W JeNaeT
anmapatypa npoueccopa. [Ipu 3ToM cTek jerko odecrneynBaeT BO3SMOKHOCTh BO3BpaTa B Cllydae BIOKEH-
HBIX TIPEPBIBAHUM, MOCKOIBKY OH Beerna peanusyer gucuuimnay LCFS (last come — first served).

OnHako ecni ObI KOHTEKCT MPOLIECCOB COXPAHSJICA MPOCTO B CTEKE, KaK 3TO OOBIYHO pean3yercs
anmapatypoi, a He B JECKPUITOpax 3aj4ad, TO He OblJI0 Obl BOBMOXKHOCTH THOKO MOIXOAUTH K BHIOOPY
TOW 3a/lauu, KOTOPYIO HYXHO IepenaTh Mpoleccopy Mocie 3aBeplleHns paboThl MOANpOrpaMMbl oOpa-
OOTKH MpEepHIBaHHUS.

Paccmotpum, kak npousBoautcst 006padotka npepreiBanuii B OC Windows [4]. B aToii onepanuoH-
HOW CHCTEME KaXIOMY MpPEphIBAHMIO HA3HAYAECTCS ONpPEICICHHBIH MPHOPUTET, HA3BIBACMBIA ypo6HeM
3anpoca npepuvieanusn (interrupt request level, IRQL). IRQL Ha3HayaeTCs MCTOYHUKY MPEPHIBAHUS.
Hampumep, mbis umeer IRQL, koTopslit mpucBauBaercs MOCTyNaOUMM OT Hee curHanaM. CHCTEeMHBIN
TaliMep TakKe reHepupyeT COOCTBEHHBIE MTPephIBaHMs, KOTOPBIM Ha3Havaercs apyroi IRQL.
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N

WcnonHaemas
nporpamma

CynepBu3op npepbiBaHui

MpepbiBaHue

OTKAlOYeHWe NpepbiBaHuii,
coxpaHeHWe KOHTeKCTa
npepBaHHOM Mporpammbl,
YCTaHOBKa pe’kKMma cucTembl
npepbiBaHuil (MackuposaHue)

Bbino/nHeHMe Koda noAnporpammbl
06paboTKkM npepbiBaHUA

dTa noagnporpamma
yXe He 3a60TUTCA O cOXpaHeHUn
KOHTEKCTa NpepBaHHOro npouecca

l Ouncnetyep 3agay

Onpegenexue agpeca
NporpammHoOro Moayns,
obcnyKuBatoLLEero sanpoc
Ha npepbiBaHuWe, U Nepegaya
ynpaB/eHus Ha Hero

Bbibop roToBoO K BbIMO/AHEHUIO
3a4a4u (Ha OCHOBe MPUHATOM
ONCUMUMAUHBI 0BCNYKUBAHUA)

BoccraHoBeHUe KOHTeKCTa
npepBaHHO paHee Nporpammbl,
YCTaHOBKA MPEXHEro pexxuma

paboTbl cucTembl NpepbiBaHMi

/\/

Puc. 3.4. O6paboTka npepbIBaHUS P ydacTuu cynepeuzopos OC

LenTpanbHblil mporeccop Takke uMeeT cBoil IRQL, KoTopbIid n3MeHseTcs: o Mepe paboThl CHCTEMBI.
Nsmenenune IRQL meHTpanpHOro mpoieccopa MO3BOJSET CUCTEME OJIOKUPOBATH MPEphIBaHUS C Ooliee
HU3KUM TpuopuTteroM. [Ipropurer mporeccopa MOTYyT U3MEHUTh TOIBKO CHCTEMHBIE CEPBHUCHI, paboTa-
IOLIMe Ha YpPOBHE spa, Hampumep nepexBaTdyuk. [10TOkH, QyHKIMOHHMpYIOIIME HA TOJIB30BATEIECKOM
YpOBHE, HE MMEIOT TAaKUX NMpUBWIIETH. 3a0J0KHPOBAaHHBIM NPEPHIBAHUSM BHUMAaHUE HE yIeNsercs 10
TeX MOop, MOKa KaKOW-HUOYJb MOTOK SIBHBIM 00pa3oM HE MOHWU3UT YPOBEHb MPEPBHIBAHMS IIEHTPAILHOTO
nporeccopa. Ecim nporeccop padortaer mpu caMoMm HU3KoM 3HadeHuH IRQL, mpoucxomuT HOpMalibHOE
BBITIOJIHEHNE TIOTOKA M paspenraercs 00padoTka Bcex mpepbiBanuid. Korna nepexBaTdnk BBI3BIBACT HPO-
uedypy oocayrcusanus npepwvieanusn (interrupt service routine, ISR), on cHayana Ha3Ha4YaeT EHTPAJIb-
HOMYy miporieccopy ToT ke IRQL, xoTopsiif nmeer nepexBadeHHbIN curHain. Ha Bpemst BeimonHenus: ISR
npepbIBaHus 0ojiee HU3KOTO YPOBHSI, HAI[PUMEpP CHUTHANIBI OT YCTPOWCTB BBOJA JAAHHBIX, OJIOKHPYIOTCS,
9TOOBI HE OTBJIEKATH CHCTEMY OT BBINIOJIHEHHS KPUTUYECKUX OINEpalrii, TaKUX Kak Mpoleayphl BoccTa-
HOBJICHUS NP OTKIrOUeHUM nutanus. [Ipu nonmwkenun IRQL npoieccopa 3a010kupoOBaHHbBIE TPEPHIBA-
HUS pa30JIOKHPYIOTCA Y HAUMHAIOT T00YepeIHO 00pabdaThiBaThesl OOBIYHBIM 00pa3oM. BpeMs oT BpeMeHH
HEHTPaJBHBIM Mpoleccop mMepekiovaeTcss Ha camblii HU3kuit IRQL, 4TOOBI BO30OHOBHUTH BBHITOTHEHUE
MpEPBAaHHBIX MMOTOKOB.

[Ipexae yem npUCTYNUTH K 00pabOTKe MpephIBaHuUSs, TIEPEXBATUMK JIOJDKEH HAMTH B CHCTEME COOT-
BETCTBYIOIIYIO ToAnporpammy. OH HILET Takue MOANPOTpaMMBI B mabauue pacnpedeneHus npepbl-
eanuii (interrupt dispatch table, IDT). Yka3annas ta0iuia COIEPKUT 32 3alIUCH, 110 OAHOM JJIs KaXI0T0
YPOBHsI 3ampoca npepbiBanus. Kaxmas n3 Takux 3amnvcell yKa3plBaeT Ha MOANPOrpamMMmy oOpabOTKH Mpe-
PBIBaHMSI WJIM Ha TOCIIEA0BATENbHYIO LIEOYKY TAKUX MOJNPOrpaMM B TOM ciydae, €ClIM HECKOJIbKO yCT-
POMCTB UCTIONB3YIOT OKH U TOT ke IRQL.

[Tpum 3arpy3ke B cucTeMy HOBBIH JpaiiBep ycTpolictBa 3anuceiBaer B IDT cobcTBeHHBIH 00paboTUHK.
JlpaiiBepsl J1earoT 3TO MyTEM CO3JaHus U MOJKIIOUEHUS 00beKma-npepuléanus, T.e. CTPYKTYpbI, cosiepKa-
el BCro uHpopMaiuio, Heooxoaumyro sapy s gonoiHeHus IDT. C nmomoripio 00bekTa-npepbiBaHUs
JpaiiBephl MOMYYar0T BO3MOXXHOCTD 3aperucTpHUpOBaTh CBOM 00pabOTUYHMKY MPEPHIBAHMM, HUUEro He 3Has
HU 00 anmapaTHOM YCTPOMCTBE, HM O CTPYKTYpe TaOIUIIbl pacrpeeseHus MpepbIBaHnH.

§ 3.2. O6wue npuHUMNbI 06PaAbOTKM UCKAIOUYEHUIT

[To mMepe BBITOTHEHUS IPOrPaMMBbI €e HOpMallbHasi padoTa Mo pa3IHYHBIM NIPUYMHAM MOXET Hapy-
maThbcs. B 4aCTHOCTH, 3TO MOXET OBITh CBS3aHO C TE€M, YTO IICHTPAJIBHBIN MPOIECCOP HATAKUBACTCS Ha
HEJIOMYCTUMBIH aJIpec MaMsATH, OJIb30BaTelb PEPHIBACT BBHITIOIHEHHE TPOrpaMMbl KOMOMHAIINEH «Topsi-
yux» kiasuin [Ctrl + C], omiaquuk mpou3BOJILHBIM 00pa30M OCTaHABJIMBAET MPOrPaMMYy U 3aIlyCKaeT ee
BHOBbB. OHH/I6K3 MOKET 6I)ITI) CBs3aHa U C BBOJIOM HCIPABUJIbHOI'O 3HAYCHUA MPH BLIITIOJIHCHHUUN OICpalluu
C TUIABAIOIICH 3amsATON. DTH M JPyrue UCKIIOUNTEILHBIC CUTYAI[UU CIIOCOOHBI BO3HUKATh KaK Ha TOJIb-
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30BaTEIbCKOM YPOBHE, TaK U HAa YPOBHE Sipa OMEpaloHHOM cucteMbl, kak B RISC-mpomeccopax, tak
u B npoueccopax Intel. O BO3HUKHOBEHHH MOJOOHBIX CUTYAIIUl MOXKET CHTHAJIM3UPOBATh U allapaTHoe,
Y IporpaMMHOe oOecrieueHue. JIro0oH A3bIK POrpaMMUPOBAHUS JTOJDKEH COJCPIKATh CPEACTBA 00PadOTKU
UCKITIOYEHUH [T YHH(DUKAMH Tporecca 00padOTKH, BHIOIHIEMON B pa3IMyHbIX cuTyanusx. Windows
BKITIOYAET BCTPOCHHBIE HU3KOYPOBHEBBIE MEXaHU3MbI CTPYKTYPHUPOBAHHOW 00pa0OTKH UcKiroueHni [12].

HckitoueHns: B 3HAUMTENBHOW CTEICHH aHAJIOTHYHBI MPEPHIBAHUSM, U B IIEPBYIO OUepe/ib TEM, UTO
00a cWrHaja 3acTaBiIsIOT LIEHTPaJIbHBIN MpoLleccop MepeaaTh ynpaBieHHe CliennalbHON YacTh Onepaiu-
OHHOH cucTeMbl. OIHAKO UCKITIOUEHHS U IPEPBIBAHUS — 3TO HE OJHO U TO Ke. [IpephIBaHUs IPOUCXOIST
ACHMHXPOHHO, YacTO B pe3yJbTaTe ONpPEeNICHHbIX amlapaTHBIX COOBITH, HANPUMEp HaKaThs KIIaBHLI
WM TTOCTYIUIEHHSI TAaHHBIX Yepe3 MocieIoBaTeNbHbIN MopT. [IporpaMma He MMeeT BO3MOXXHOCTH KOHTPO-
JUPOBATh TAKUE MPEPHIBAHUS U OHU MOTYT MPOUCXOAMUTDH B 000K MoMeHT. C pyroll CTOPOHBI, UCKITIO-
YeHUS! BO3HUKAIOT CHHXPOHHO KaK PE3YJIbTaT BBHIMONHEHUs ONPEACICHHBIX OMEpPaToOpoB MPOTPaMMBL.
HckmoyeHns 4acTo Ciry>KaT CUTHAJIOM, CBUETELCTBYIONIMM O HaJTMUMH OIIMOOYHBIX yciIoBUH. OOBIYHO
OHU BOCTIPOU3BOJISITCS MyTEM IMMOBTOPHOTO 3aMyCKa IMPOTPaMMBI C TEM K€ KOHTEKCTOM.

HckmoyeHnst 4acTo reHepupyloTesl B TOM cliydae, eclii Kakasi-To 4acTh MPOrpaMMbl 0OHApYKHBaeT
olmKOKy, HO He MOXKET 00pabdoTaTh € CaMOCTOATENbHO. Tak, CUCTeMa TeHepUpPYyeT UCKITIOUYCHUE B OTBET
Ha OIIMOKM JOCTYyNa K MaMATH M OMIMOKM TUIa AeneHus Ha Homb. OJHAKO HEe BCE UCKIIIOYECHUS ITOPOXK-
JIAIOTCsI OIMOOYHBIME CUTyarusIMu. Windows reHepupyer CrelnralibHOe UCKITIOUSHHE IS BhI30Ba OIPe-
JIeTICHHOTO0 CHCTEMHOro cepBuca. [Ipu o0paboTke 3TOro MCKIIOUEHHs SAPO MepedaeT yrnpaBieHHE TOH
YacTH ONEPaMOHHON CHCTEMBI, KOTOpasi MPEeOCTaBIISIET 3allpallliBaeMblil CEpBHC.

Jlro6oe mopokIeHHOE UCKITIOUEHHE JOJKHO OBITh 00pa0d0TaHO eclii He caMOi IIPOrpaMMOoii, TO orie-
PalMOHHOW CHCTEMOH1, a TOUHee, JOJKHA OTKIMKHYThCS ONpeelieHHas MOANporpaMma, Kotopas o0pabo-
TaeT U CHUMET HcKiroueHue. CrenoBarenbHO, 00padoTKa MCKITIOUEHHH 3aKII0YaeTCsl B CO3IaHUH CIICIH-
QIBbHBIX OJIOKOB MPOTPaMMHOTO KOJla, KOTOpBIE 3allyCKaloTCsl MPH BO3HUKHOBEHHH HMCKIIOYHATENBHBIX
cutyanuii. Kaxmoe npuiokeHrne TOMKHO COAepKaTh HECKOIBKO MalleHBKUX 0Opa0OTYHKOB, 3allUIIAl0-
HIUX pa3ldYHbIe YaCTH MPOTPAMMBI OT BCEBO3MOKHBIX HCKITIOUEHHH.

B mporecce morcka cOOTBETCTBYIOMIErO OJI0Ka MPOrPaMMHOr0 KoJ1a, MPeAHA3HAYEHHOTO /sl KOHK-
pPETHOW MCKITIOYMTENBHON CUTYallMy, CHCTEMa CHavdasla IPOoCMaTpUBaeT TEKYILYIO MPOLEenypy, 3aTeM BO3-
BpalllaeTcsl Ha3ajl M0 CTEKY BBI30BOB, IPOCMATPUBAET APYrHe aKTUBHBIE OTIOKEHHBIC MPOLEAYPHl TOTO
e Tpollecca M, HaKOHEIl, MepeXOIUT K CUCTEMHBIM 00paboTunkaM HckioueHnid. Eciu mpomecc, mopo-
JWMBILIUI UCKITIOYEHUE, HAXOJUTCS TOJ1 3aIIUTON OTIaaunKa, MOCIEeHHN TakKe Molydaer maHe o0pado-
TaTh UCKIIOUCHHUE.

CpenctBa 00pabOTKH OMIMOOK B Pa3IUUHBIX MMOJICHCTEMAX H S3bIKaX MPOrPaMMHUPOBAHUS HECKOIBKO
OTJIMYAIOTCs ApYT oT npyra. Hanpumep, WOW-noncucrema (Windows on Win32 — 3amuiieHsas moJcuc-
TeMa, BBITIONHAIOUIASACS BHYTPHU Mpoliecca BUpTyaibHoi DOS-MammHbl) qomkHa 00padaThiBaTh BCe UCK-
JIIOYEHHS HETTOCPEICTBEHHO, MOCKONBKY KIMeHTH Winl6 He MMEIOT BO3MOKHOCTH JiefaTh 3TO CaMOCTOs-
TensHO. Kpome Toro, B pa3iMyHbBIX S3bIKaX MPOrPaMMHUPOBAHUS MOXKET CHIIBHO Pa3iiMyuaThCsi CHHTAKCHC
orepaTopoB 0OpPaOOTKH MCKIIOUEHUH. TEepMUH «CHIPYKIYPUPOGAHHAA 00padomKa ucKio4eHuily noapa-
3yMEBAET, YTO S3BIK COACPKUT ONPENeNEHHYIO YIPABIISIONIYI0 CTPYKTYPY, CBSI3aHHYIO C HCKITIOUEHUSIMH.

[IporpaMMUCTBI, BliepBbI€ CTOJIKHYBIIHECS C TIPOOJIEMON CTPYKTYPHUPOBaHHON 00pabOTKH HCKITIOUe-
HUH, 4acTO OIMOOYHO MOJIaraloT, 4To OONbIIe HET HEOOXOANMOCTH TPOBEPATH KO/ 3aBEPIICHHS KaKI0H
KoMmaHJpl. Ha camoM pene ommbOka — 3TO JaJleKo He TO K€ caMmoe, 4To UCKItodeHne. OyHKIUSI MOXKET
3aBEepIIMTHCS Oe3 TeHepaliy UCKITIoUeH . PaccMoTpuM B KauecTBe MpuMepa cleyIoe CTPOKH Ipor-
paMMHOro Koja, peanu3oBanHoro Ha API-dpyrakiusax mis OC Windows:

hBrush = CreateSolidBrush (RGB (255, 0, 0));
hOIdBrush = SelectObject (hDC, hBrush);
Rectangle (hDC, 0, 0, 100, 100);

Ecnu nepBasi KoMaH/1a BBITOJHSIETCS HEKOPPEKTHO M BO3BpAIACT [UIsl CO3/1aBAeMO KUCTH 3HAYCHHE
NULL, to ¢dynkuus SelectObject() Tak:ke He MOXeT OBITH BBIITOJHEHA. TPeThs KOMaHIa BCE KE PUCYET
HPSMOYTOJIbHHK, OTHAKO 3aKPAaIIMBAET €ro He TEeM IIBETOM, KOTOpbIA HyxeH. VICKIroueHus] Ipu 3TOM He
reHepupyroTcs. EMMHCTBEHHBIH CIIOCO0 3alUThI OT MOJ0OHBIX OIIMOOK 3aKIIFOYAeTCsi B MPOBEPKE BO3-
BpalaeMoro 3HayeHus. BoT erie oauH npumep:
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HANDLE hMemory;

char *pData;

hMemory =GlobalAlloc (GHND, 1000);
pData = (char *) GlobalLock (hMemory);

B ciydae BO3HUKHOBEHHUs OIIMOKHY, CBS3aHHOM C BBIJEJICHUEM TaMATH, mepeMenHas hMemory npu-
numaet 3Hauenne NULL, ¢ynkuus GlobalLock() He BeimonHsIeTcs 1 nepeMeHHas pData Takke moiaydaeT
snauerrie NULL. OngHako HU OJlHA U3 ATHX OIIMOOK HE MOPOXKIaeT uckKitoueHus. Ho cieayromas ctpoka
IPOrpaMMHOr0 KOJa IIPU IMOIBITKE IPOU3BECTU 3aIIUCh 10 HENPABWIBHOMY aJpeCy I'€HEpUPYET HUCK-
JIIOUEHHE:

pData[0] = «a»; // mopokaaer uckioueHue, ecu pData = NULL

Hckmoyenne npencrapisier co0ol pa3sHOBUAHOCTH OIIMOKH, KOTOpas He MOXeET ObITh oOpaboTaHa
camoii komanaoi. Ecim gynkust GlobalAlloc He oOHapyKuBaeT TOCTATOUHO MECTa JJIsl CBOETO BHIMOJI-
HEHMs, OHa TpocTo Bo3Bpaiaer 3HaueHne NULL. Ho ecnu onepatopy npucBanBaHus HEKyAa NEPENaBaTh
3HAUEHME, TO OH HE BBINOJHICT HUKAaKUX JCHCTBUI M Jlake HEe Bo3Bpamiaer koja omuOku. [Ipu stom
MOPOYK/IAETCSl MCKIIFOUCHHUE, W €CITH TPOILIECC HE MOXKET ero o0padoraTh, OnepalMoHHas CUCTeMa JJOJDKHA
3aKpBITh JAHHBIN ITPOLIECC.

Yacto ObIBaeT TPYJHO MPOBECTH YEPTY MEXK]y OLIMOKAMU M MCKIIIOUCHUSIMH. Pasimiure Mex 1y HUMA
MOpO 3aBUCHUT OT KOHKPETHOH peanu3aimu. J{ist Toro 4ro0bl pacno3HaBaTh KOMaH/Ibl, KOTOPbIE MOT'YT
MOPOX/IaTh UCKIIOUEHUS, HEOOXOAMMO MMETh HEKOTOPBIH OMBIT. BBl JOMIKHBI 3HATh BCEBO3MOKHBIC
THUIBI UCKIIIOYCHUH M ONPENEeNUTh, KaKhe ONepalii MOTyT MX mopoauTh. Hampumep, ommbka B omnepa-
TOpE MPUCBaMBaHMS MPUBOAUT K MCKIIOUCHUIO THIIA Hapyuwienue npag docmyna. CIMCOK BO3MOXHBIX
MCKITIOUCHHUH OOBIYHO MU3MEHSETCS B 3aBHCHMOCTH OT KOHKPETHOTO KOMIIbIOTEpA, OJHAKO UMEETCS P
WCKJTIOUYCHUM, KOTOPBIC OMPEACISIIOTCS Ha ypoBHe sitpa Windows [12]:

— HECOOTBETCTBHE TUIOB JNaHHbIX (data-type misalignment);
npepbiBaHue oTinagunka (debugger breakpoint);
nomaroBas orianaka (debugger single-step);

JIeJICHUE Ha HOJIb B Ollepallnu ¢ rasatolei 3anstou (floating-point divide by zero);

HeperojHeHHe U TIOTepsi Pa3psiioB B onepalMu ¢ IUiaBatoleid 3anstoit (floating-point overflow
and underflow);,

— 3ape3epBUPOBAHHBII ONEpaH/ B ONepallvy ¢ IUIaBatolei 3ansroi (floating-point reserved operand);

— HapyIICHUE 3allUThl CTpaHuIlbl (guard-page violation);

— HegonyctuMelil onepatop (illegal instruction);,

— JIeJICHUE Ha HOJIb B OIIEPAIIMY C LIEIBIMU unciamu (integer divide by zero);

— TepenoIHeHUE B ONepallny C EeNbIMU urciamu (integer overflow),

— HapyllIeHHUe MpaB JI0CTYNA K MaMsTu (memory-access violation);

— ommOKa YTeHUs CTpaHuIlbl (page-read error);

— MPEBBIIICHUE KBOTHI CTPAHUYHOTO (aitna (paging file quota exceeded);

— MPUBWICTUPOBAHHBIN oniepaTop (privileged instruction).

Ucnonbzys pynkumnro DWORD GetExceptionCode(void) MOXHO onpeaennuTh THIT BOSHHKIIETO UCKITIO-
yeHusi. OyHKIMS BO3BpaIaeT Ko HCKItoueHus. B tabi. 3.1 mpuBeeHb HAMMEHOBAHUSI OCHOBHBIX KOJIOB.

Tabnuya 3.1
EXCEPTION_ACCESS_VIOLATION [MomeiTKa 0OpaIeHus K SUEHKe TaMsITH, JTOCTYI K KOTOP O
3arpelieH (Harpumep, NaMsTh He BBIIENICHA)
EXCEPTION FLT DIVIDE BY ZERO Jlenenue Ha HOJMb C MJIaBaroOIIEH TOUKOM
EXCEPTION _INT DIVIDE BY ZERO Jlenenue Ha HOMB C (PUKCHPOBAHHON TOUKOM
EXCEPTION_INT OVERFLOW IenouncnenHoe nepenonHeHue
EXCEPTION PRIV _INSTRUCTION IompITKa UCTIOIHEHUS IPUBUIIETUPOBAHHON KOMaH b
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§ 3.3. Cpegcrea 06paboTku ncknrouenui B Visual C++

briok mporpammHuoro xoaa Ha sizbike C++ BcerJa JAOKEH HAUYMHATHCS KIIFOUEBBIMU CIIOBAMH {7y U
catch. bnok try momedaer ¢)parMeHT MpOrpamMMbl, KOTOPBIM MOXET TTOPOUTh UCKITFOUEHHE, a OJIOK catch
COJICPXKUT MPOTrpaMMy, 3aIyCKaIOIIYIOCS MPHU HAMMUMK UCKIodeHus. C TOYKU 3peHUs MPOrpaMMUCTa,
HO[[O6HI)IC CUHTAKCUYCCKUEC CTPYKTYPbI yI[O6HLI JJId OTACIICHUS NPOTrpaMMHOI0 KoJa, NpEAHAa3HAYCHHOI O
JUTsE 00pa0OTKK UCKITFOUUTENILHBIX CHUTYAIlMi, OT KOJa, BBIIOJHSONIEr0 00bIuHbIC 3a1aun. B Visual C++
peain30BaH MEXaHM3M O00pa0OTKH HMCKIIOUEHHH, KOTOPBI OCHOBaH Ha cxeme, npemiokeHHod ANSI-
KOMHTETOM M0 CTaHJapTu3anuu si3bika C++. B COOTBETCTBUM € 3TOH cXxeMoOl mepe] BEI30BOM (YHKIIWH,
KOTOpasd MOXET CTaTb HpH‘IHHOﬁ BO3HMKHOBEHUS UCKIIOUUTEIbHOM CUTyallu, NOJIKECH 6LITL HWHUIIUHPO-
BaH 00paboTuymk wckimtoueHni. Eciu GyHKIMS NPUBOAUT K BO3HUKHOBEHHIO HEHOPMAIBHOW CUTYallWH,
TeHEepHUPYETCs UCKIIIOUYCHHE U YIIPaBJICHHE MepeaeTcsi 00padoTYHKY.

B cpene Visual C++ 00paboTka MCKITIOUEHUI TOJICPKUBACTCS C MIOMOIIBI0 HECKOJIBKUX MEXaHM3-
MOB, 3 UMEHHO:

— (yHKIMH, 0OeCTeYNBAIOIINX CTPYKTYPUPOBAHHYIO 00pabOTKY MCKITIOUEHHIA;

— KJIaCCOB, OTBEUAIOIIMX 33 00Pa0OTKY OIMPEICIICHHBIX THIIOB UCKITFOUCHHIA;

— MaKpOKOMaH]I, MO3BOJISIOIIMX OCYIIECTBUTh CTPYKTYPHU3ALUI0 00paOOTYNKOB MCKIIOYCHHN TPH-
JIOKEHHS;

— (yHKUMH, IpeJHA3HAYSHHBIX JUIS TeHEPaIMK UCKIIIOYEHUH Pa3InYHbIX TUIIOB.

Bce 3T MexaHu3MbI O3BOJISIIOT TCHEPUPOBATHh UCKITIOUCHHUA HYKHBIX TUIIOB U ITPpU HCO6XO,HI/IMOCTI/I
IMpeKpamaTh BbIMOJHEHUEC IPOrpaMMBbI.

Kak yxe ObuI0 cKazaHO, OCHOBY JIFOOOTO MeXaHnu3Ma oOpaboTKu HCKioueHuid B cpene Visual C++
COCTABJISIIOT OMEpaTopshl try u catch. CTpykTypa try / catch oTaenser noanporpaMMmy o0pabOTKH HUCKITIO-
YCHUSA OT MPOrpaMMHOI0O KoJia, KOTOpLIﬁ BBIITOJIHACTCA B HOPMAJIbHBIX CUTYallUsiIX:

try // Hauao 61oKa try

{

<ormepaTopbl OCHOBHOM MTPOrpaMMbl> // KOlI, B KOTOPOM MOTYT
// TeHepUPOBATHCS UCKITFOUCHUS

catch( <¢wmipTp> ) // Hagao 6s10ka 00PaOOTKU MCKITFOUCHUH

<KOJI TOJIIPOTPaMMbI 00PaOOTKY UCKITFOUCHUI> // K01, KOTOPBIH BEITIOIHACTCS
// TIpY HATMYMA UCKITIOYCHUS

}

B mro0oii cBoell peannzalii MEXaHW3M CTPYKTYPHPOBaHHOH OOpaOOTKM HMCKIIIOUEHHH CBS3BIBACT
0JIOK 3aIUIIAeMOro MPOrPaMMHOT0 KoJia C MOANPOrpaMMoii 00padoTku uckiitoueHuit. Eciin uckiroueHme
MPOUCXOAUT TPHU BBHINIOJIHEHUH 3alMIIAEMOro 0JIoKa, yrpaBieHHe nepeaaetcs QuibTpyoiieMy BbIpake-
Huto. [locienHee 0OBIYHO OMpEeNsieT THIT UCKITIOYEHHS M TPUHUMAET PEIICHHE O TOM, KaK MPOJO0JIKATh
ero o0pabotky. Mckmodenusi, mpomeamme yepe3 GuiabTp, MOCTYNaroT B MOAIPOrpaMMy-00pabOTIHK.
Eciu ¢unbtp OJ0KHpYeT HUCKIFOYECHHE, MOIIPOrpaMmMa-o0padOTUMK HE BBI3BIBACTCS M CHCTEMa MpPOJI0Ji-
JKaeT MOMCK MPOLEAYPhI, KOTOpas BO3bMET Ha ce0si 00pabOTKy 3TOr0 UCKIIFOUCHUSI.

dunbTpyroiiee BhIpaKEHNE MOKET ObITh JJOCTATOYHO CIIOXKHBIM. [Ipy HEOOXOIMMOCTH OHO MOKET JIaXKe
BBI3BIBAThH OTAENBbHYIO (hyHKIMIO. MHOTIA QUIBTP caM BBINONHACT 00pa0OTKy MCKIIOUEHUS, BCIENCTBUE
4ero 010k catch ocraercst mycTbiM. Bo MHOrux ciydasx st 0OpaOOTKH MCKITFOUMTENBHBIX CHTYAIMH
npumensitorcss MFC-kiacc CException u pon3BogHbBIE OT HETO Kilacchl. KaxIp1ii M3 Ki1accoB 3TOM TpyIIIbI
npeAHa3HavyeH Jjsl 00pabOTKH ONpeneIeHHbIX TUIIOB HCKITIoUeHHi (Tadu. 3.2).

OTU UCKITIOUEHUS TIPeHAa3HAYCHBI JIs UCIIOIb30BaHus B O0Kax try/catch. OOBIYHO KaXKIbIi TPOU3-
BOJIHBII KJIACC CIIYXKHT JUIS TIepexBaTa MCKIIOYEHUH OMPE/IeIICHHOr0 TUIa, HO MOXKHO CHaJaja MCIONb-
3oBath Kiacc CException, mpeqHasHaueHHBIN IS NepexBaTa MCKIIOYCHHI BCEX THIIOB, a 3aTEM METO]
CObject::IsKindOf(), ompenensitoruii THN HCKIOYSHHs] (M COOTBETCTBYIOIIUHN MPOM3BOIHBIN KJiace).
OpnHako He ciienyeT 3a0biBaTh, uro Meroa CObject:: IsKindOf() mpuMeHUM TOJIBKO K TEM KJIaccaM, KOTOPbIE
ObUI 00BSIBIICHBI ¢ TTOMOIIILI0 MakpokoMaH bl IMPLEMENT DYNAMIC, pa3periaroineii TMHAMUYECKYHO
npoBepky TumoB. [Ipu o0bsBICHMH BCeX KiaccoB, Mpou3BoaHbIX oT kiacca CException, Taxke HeoO-
XOIMMO HCIIOJIb30BaTh ATy MAKPOKOMaHI.
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Tabnuya 3.2

Kiace

Omnmcanne

CMemoryException
CNotSupportedException
CArchiveException
CFileException
CResourceException
COleException
CDBException

COleDispatchException
CUserException
CDaoException

ClnternetException

HckimoueHne, BI3BaHHOE HEXBATKON ITaMSITH

3anpoc HeJOMyCTUMON onepauu

Hckimouenne npu paboTe ¢ apXxuBamu

HckimodeHre py BHIITOIHEHUH ONepanuii ¢ Gpainamu
Pecypc He 0OHapyXeH Uil He MOXKET OBITh CO3JIaH
OLE-uckmoueHue

HckimoueHre, BO3ZHUKAIOIIEE PY BHITOJTHEHUH OTEPAIlnii ¢ 0a3aMu JaHHBIX;
rerepupyetcs ODBC-knaccamu oubmmorexkn MFC

Ommobka aucnieryepuzanuu (OLE-aBTomMaTu3amnmm)
HckimoueHne, cBI3aHHOE C HEBO3MOXKHOCTBIO HAWTH 3a/IaHHBINA pecypc

HckimoueHne, BO3HUKAIOIIEE IPH padoTe ¢ 00beKTaMu AocTyna K JaHHbM (Data
Access Object, DAO); rerepupyercst DAO-knaccamu 6ubimorexku MFC

HUcknrouenue, cBsizanHoe ¢ paboroii B Internet; renepupyercs Internet-kiraccamu
oudmmoreku MFC

s monydeHust moapoOHoi nH(opMaIuy 00 MCKITIOUYEHUH JFO00T0 M3 KIIACCOB, MPOU3BOJIHBIX OT
CException, MoxxHO BOcTionb30BaThes GpyHkuusmu GetErrorMessage() u ReportError().

B oTBer Ha MCKITIOYEHHE CHCTEMa OOBIUHO MBITACTCS CHAYANA 3aIyCTUTh (QHIBTP UCKITFOYCHHH, a 3aTeM
momporpamMmy-oopadorurk. OHAKO BBl MOXKETE pean30BaTh 00pabOTKy HECKOIBKHX Pa3IMYHBIX HCK-
JIFOYCHU, OPraHN30BaB MOCIIEI0BATEILHOCTh 0JIOKOB catch, Kak Moka3aHo B CIACAYIONIEM (parMeHTe:

try

{

}

catch (CMemoryException

{

catch (CFileException *e)
{

// 60K TIPOrpaMMBI, TIOPOXKIAFOIIUHA UCKITFOUCHHE

*e) // MCKITFOYEHHE THIA HEXBATKHU ITAMSTH

// ACKITIOYEHHE TIPH BBITIOIHEHUH ONepanuy ¢ Gaiiom

catch (CArchiveException *e) // MCKITFOYEHHE TIPU BBIMTOTHCHUAN

{

// apxXuBaIyn/cepuanu3aniu

catch (CNotSupportedException *e)

// OTKJIMK Ha 3ampoc

{ // cepBuca, KOTOPBIM HE TOAIEPKUBACTCS
catch (CResourceException *e) // ACKITIOYEHHE TIPH BBIJIEJIEHHH pecypca
{

catch (CDaoException *e )

{

} catch (CDBException *e)
{
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}.
catch (COleException *¢) // OLE-uckiroueHus

{

H

catch (COleDispatchException *¢)  // uckiroueHue TIPH BBITOTHCHUHN TUCTICTYCPH3AIMA
// (OLE-aBToMaTH3anum)

catch (CUserException *¢) // IONTB30BATEIHCKOE UCKITFOUCHUEC

catch (CException *e) // MaHHBIA OJIOK TOJDKEH CIENOBATh MOCIE MPEABIAYIINX OJIOKOB,
{ // iHaYe KOMITWJISITOP BBLAACT KOJ| OIIMOKH

catch (...) // mepexBaT BceX UCKITFoUeHuiA! ! !

H

B stom mpumepe Bce kiacchl, mpou3BogHble oT kiacca CException, BkIO4YeHBI B OoKH catch.
[Mockonsky CException mpencraBiser co0oii aOCTpakTHBIA 0a30BBIA KJ1acC, BBl HE MOXKETE HAMPSIMYIO
CO3/1aBaTh MMPOU3BOIHBIC OT HEro KJIacChl — MOJIb30BATEILCKUE KIIACChI MOT'YT OBITh MOPOXKACHBI TOJIBKO
oT KkiaccoB, npou3BoaHbIXx oT CException. Eciu BBl XOTHTE cO31aTh COOCTBEHHOE MCKIIIOYCHHE THIA
CException, Bocnoib3yiiTech B KauecTBE MOJACIM OJHMM M3 MPOU3BOAHBIX KiaccoB. Kpome Toro, mpu
CO3JJaHMH MTPOM3BOAHOTO Kiacca HeoOxoaumo ykazaTh Makpokomanny IMPLEMENT DYNAMIC, opra-
HU3YIOIYIO MOAJAEPKKY JUHAMUUYECKON IPOBEPKHU THUIIOB.

Hapsimy ¢ Tem, 4T0 BBl MOXKETE SIBHO yKa3aTh npou3BonHbie o1 CException kiaccel B ornepaTopax
catch, B KaueCTBE apryMeHTa 3TOro OIepaTopa MOXKHO 3aJaTh U MHOroTouue: catch (...). Ilpu aTom Giiok
catch OGyner niepexBaThiBaTh UCKIFOYCHHS BCEX TUIIOB, B TOM YHCIIEC UCKITIOUSHUS si3bika C M MCKITIOUCHUS,
MMOPOXKJACHHLIC CHUCTEMOHU U MMPUITOKCHUSAMU. K HHM oTHOCSTCS Takke HCKJIFOYCHH, CBA3AHHBIC C HApPy-
INCHUEM 3allUThI MaMATH, ACJIICHUEM Ha HOJIb, HCAOIMYCTUMBIMU ONCpalUsIMU C HJ'IaBaIOHlCI‘/'I 3aIIsITOM.
Craenyer oOpaTuTh BHUMaHHE Ha TO, 4TO mog00HO oOpaboTunky CException, KOTOpBIH JOIKEH CIeA0-
BaTh TOCJIC BCEX IMOANpOorpaMM oOpabOTKH, ocHOBaHHBIX Ha kiaccax CException, omeparop catch (...)
BCerjia JIOJKEeH OBbITh MOCIeIHUM 00paboTunkoM B cBoeM Oiioke TRY.

3ajaya moucka Mpoleaypbl 00pabOTKM MCKIIOYEHHS CTAHOBUTCS Oosiee CIOKHOM, KOraa IMpOIece
HAXOJMTCS B COCTOSIHUM OTJIAJIKHU, TIOCKOJIbKY ONEpaIlMOHHAs CHCTEMa TepeiaeT YIpaBJIeHue 0TI uuKy
ele 10 Havasla MoMcKa 00pabOTYMKOB, HAXOSIIMXCS B caMoil iporpamme. OOBIYHO OTIAI4YUK MCIIONb-
3y€T OTOT PCKUM IJIA O6pa6OTKI/I MomaroBeIX M KOHTPOJIBbHBIX I/ICKJ]IO‘lCHI/Iﬁ, 4YTO Aac€T BO3MOXKHOCTH
MOJIB30BATENIO TPOAHATM3UPOBATh KOHTEKCT MTPOTrPAMMBI IIepe]] BO3OOHOBJICHHEM €€ BBIOTHECHHUSL.

Ecmn OTJIAYUK IMMPUHUMACT PCUHICHHUEC HE 06pa6aTI)IBaTI) HCKJIIOYCHUSA Ha CTaAWU PAHHEIO0 OIIOBC-
IICHHSI, CHCTEMa BO3BpAIIACTCs K MPOLIECCY U UILET 00pabOTUMK UCKIFOUCHUI BHYTpU Hero camoro. [1pu
YCIIOBHH, YTO TPOIIECC TAK)KE OTBEPraeT MCKIIOYCHUE, CUCTEMa JAeT OTJIAAYMKY MOBTOPHYIO BO3MOX-
HOCTh 00paboTaTh 3Ty, TeHeph yke Ooliee cepbe3Hyro, cutyanroo. Ho ecim oTnaauuk oTBepraer UCKIIo-
YEHUE MOBTOPHO, CUCTeMa OepeT yrpaBJiicHHE Ha ce0s U BhIPa0aThIBAET COOCTBEHHBIM OTBET, KOTOPBIM
OOBIYHO 3aKITIOYACTCS B IPUKA3€e YHHUYTOKHUTh TPOIIECC.

BwMmecto Toro utobs HenocpeactseHHo npuMeHsaTh 010k TRY / CATCH, MOXXHO CTpYKTYpUpPOBaTh
CBOIO MTPOrpaMMy C MOMOIIbI0 MaKpOKOMaH]] 00pabOTKM UCKIIOUeHH. B 3TOM ciiyuae HeoOXomaumMo Ha-
4yaTh ¢ MakpokoMmanibl TRY, koTopast ycranasiupaer 0yiok TRY, oTMeuarommii NOTEHIIMATLHO ONACHBIN
(parMeHT nmporpamMmel.
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Uckmouenusi, mopoxaenHsie B 0oke TRY, obpabateBatorcst B 6mokax CATCH u AND CATCH.
Homyckaercsi 1 peKypcuBHasi 0OpabOTKa: UCKITIOYEHUsI MOTYT OBITh IepeaaHbl BHemHeMy Onoky TRY
MyTeM UX UTHOPUPOBAHUA WM B pe3ysibTaTe BeI3oBa Makpokomanasl THROW LAST.

Bce 6ok CATCH pomxknbl 3aBepmiathest Makpokomannoii END CATCH wnn END CATCH_ALL.
Ecmn B mporpamme Her 6mokoB CATCH, 6ok TRY cam momkeH 3aBepmiaThCsi YKa3aHHBIMH MaKpoO-
KOMaHJJaMH.

Maxkpokomanasl THROW u THROW_LAST renepupyroT 3ajlaHHOE HCKIIIOUEHHE, MTPEPBIBAIOT BbI-
MOJTHEHUE MporpamMmbl U niepenatoT ynpasieHue 0ioky CATCH. Eciam TakoBoi oTcyTCTBYET, yrpasiie-
HuUe nepeaaercs Moaynro oubnmuoreku MFC, koTopsiii 0ToOpaskaeT cooOIeHre 00 OMMOKE U 3aBepIlaeT
cBoro paboty. Makpokomanga THROW_ LAST nepenaer uckitouenue Hasaj paenHemy Onoky CATCH.

Ecnu uckimodenune repexsaveHo olHOM U3 MakpokoMaH, 00bekT CException ynansiercs aBToMaTHye-
cku. Ecnm ke oHo mepexBadeHo ¢ ucnonb3oBanueM omoka CATCH, oobext CException HEBOZMOXKHO y/a-
JIUTH ABTOMATHYECKH, IOITOMY B IPOrpamMMe ISl 3TOr0 JOIDKHBI OBITh MPELyCMOTPEHBI CIEUAIBHEIE MEPHI.



anlHLLl/lI'IbI pa3pa60TKM nporpaMmmMHOro Koga, y4mtbliBatoWEro opraHnM3aumto namaTu...

rnasa 4
I'IPMHLI,MHbI PA3PABOTKU NPOrPAMMHOIO KOAA,
YYUTBIBAKOLLEIO OPTAHU3ALUUIO NAMATU B COBPEMEHHDbIX OoC

§ 4.1. OcHOBbI OpraHM3aLUM NAMATU

Onepamuenasn namame (OIl) — oaun u3 BaxHehmux pecypco OC, 63 KOTOPOro HEBO3MOXKHA
pabora Ha mepcoHaILHOM KommbioTepe. [loaToMy M3ydeHHe MEeXaHU3MOB HMCIOJIB30BAHUS MAMATH Pa3-
JUYHBIMU 33/1a4aMH U CaMOM ONepaliMOHHON CUCTEMON MO 3HAYMMOCTH aHAJOIMYHO M3YYEHUIO0 MEXaHU3-
MOB MHOT'OINOTOYHOCTH, COOBITHH, MpepbiBaHui U T. 1. C MosBIEHUEM MEpBhIX NoKoneHnii DOBM B HuX
OBLTO BBEACHO IMOHATHE OHEPAMUGHOU RAMAMU, KOTOPYIO YacTO Ha3bIBAIOT (U3UUECKOU RAMAMBIO.
OmnepaTtuBHas MaMATh MPEACTABISET COOOH YMOPSIOUYEHHOE MHOXECTBO SUEeK, KOTOpHIE MPOHYMEpPO-
BaHBI, T.€. K KOKJIOH M3 HUX MOXKHO OOpaTUThCS, yKa3aB e¢ MOPSAKOBbI HoMep (ampec). KomudecTtBo
syeek (PU3NUECKON MaMsITH OrpaHUYeHHO U QUKcHpoBaHHO. LleHTpansHbIi mponeccop u3BnekaeT 3 OI1
KOMaH/bl, TJaHHBIE U TIOMEIIAeT B Hee pe3yNbTaThl BeIYUCIEHHH. OJHOBPEMEHHO C 3THM, 110 MHEHUIO
nporpaMMucToB, OI1 — 3T0 00macTh, ¢ KOTOPOH MOXKHO PadOTaTh MPH MOMOIIXA HEKOTOPOTro HabOpa JIOTH-
YEeCKUX UMEH (TIepeMEHHBIX), 1 OHH MOTYT OBITh CHMBOJIHBIMU WJIM YMCIOBBIMH. CIelyeT OTMETHUTbh, UYTO
MHOYXECTBO IEPEMEHHBIX HE YIOPSAI0UEHO, XOTS OTJEIbHbIE 3JIEMEHTHI MOTYT paciojiaraTbcs B HEKOTOPOM
Mopsi/IKe, HapuMep 3JIeMEHThl MaccuBa. VIMeHa epeMeHHbIX U BXOJIHBIX TOYEK MPOrpaMMHBIX MOJYJeH
COCTaBJISIIOT MPOCTPAHCTBO MMEH.

OrnepannoHHas cucreMa J0/KHA CBSI3aTh KayKI0€ yKa3aHHOE MONb30BaTEeM UMsI ¢ (DM3UIECKOM sTaei-
KOM MaMsTH, T. €. OCYIIECTBUTh 0TOOpayKeHHE MPOCTPAHCTBA UMEH Ha (PU3UUECKYIO MaMTh KOMITbIOTEpa.
B o0miem crirydae 310 0ToOpakeHHe OCYIIECTBIISICTCS B JIBa dTaIla, MPE/CTAaBICHHBIX Ha puc. 4.1 [2]: cHayana
CHUCTEMOM IMpOrpaMMHUPOBaHUA, a 3aTEM ONEPALMOHHON CUCTEMOM, YNPaBISIOLIEH COOTBETCTBYIOIIMMU
anmapaTHeIMU cpefcTtBamu. B coBpemennsix OC mepexoj ¢ mepBoro 3Tama Ha BTOPOU OCYIIECTBIISETCS
yepe3 MPOMEKYTOUHBIN upmyanbHblii WU Jorudeckuil agpec. [Ipy 3ToM MOXXHO CKa3aTh, YTO MHOKECTBO
BCEX JIOMYCTUMBIX 3HaUYEHHM BUPTYaJIbHOTO ajJipeca AJisi HEKOTOPOM MporpamMMbl ONPENENsieT ee gupny-
anvHoe adpecrHoe nPoCMpancmeo, W eUpmyansvrylo namams. BUupTyanbHoe ajpecHoe MPOCTPAHCTBO
3aBUCHT MPEXKJE BCETO0 OT apXUTEKTYpHI MpoLeccopa, CUCTEMBI NMPOrPaMMUPOBAHUS U MPAKTHUECKH He
3aBHCHT OT 00beMa peajbHOi (PU3NYEeCKOl MaMsITH, YCTAHOBICHHOW B TIEPCOHAIEHOM KOMIIBIOTEpE.

Jlrobast cucrema MporpaMMHUPOBaHUS OCYLIECTBIISIET TPAHCISIMIO U KOMIIOHOBKY MPOTPaMMEI, HC-
MoJb3ysl OMONMOTEUHbIE MPOrpaMMHBIE MOAYNU. B pesymbraTe paboThl CHCTEMBI MPOrPaMMHPOBAHHUS
MOJy4YeHHbIE BUPTYaJIbHBIE aJpeca MOTYT UMETh KaK ABOMYHYIO, TAK U CHMBOJBHHO-JBOMYHYIO (OpMY,
T.€. HEKOTOpbI€ MPOrpaMMHBIE MOAYJIH M HX TEpPEMEHHBIE IMOJy4aloT KAKHUE-TO YMCIIOBbIE 3HAYEHUS,
a Jpyrue, ajgpeca JUIsi KOTOPBIX B JaHHBIH MOMEHT HE MOTYT OBITh ONpenelieHbl, UMEIOT MO-PEeKHEMY
CHUMBOJIbHYIO (hOpMY, M MX OKOHUATeIbHAs MPUBSA3KA K (PU3NUECKHM suelikaM OyAeT OCylIecTBICHA Ha
JTarne 3arpy3ky MporpaMMBbl B aMsTh MI€pe]] €€ HEMOCPEICTBEHHBIM BbITOIIHEHHEM.

OnHUM M3 YacTHBIX ClydaeB OTOOpa)KeHUsl MPOCTPAHCTBA UMEH Ha (DU3MYECKYIO MaMsTh [2] aBmus-
eTCs MOXHCOEeCMEEHHOCMb BUPMYATbHO20 A0PECHO20 npocmpancmea uzuueckon namamu. [1pu 3ToM
HeT HeoOXOAMMOCTH OCYIIECTBIISITH BTOpPOE OTOoOpakeHHe. B maHHOM cilydae TOBOpST, YTO CHCTEMa
MIPOrpaMMHUPOBAHUS TEHEPUPYET AOCOTIOMHYIO OGOUUHYIO RPOZPAMMY, B KOTOPOU BCE TBOMYHBIE ajjpeca
TaKOBBI, YTO MPOrpaMMa MOXKET HCIIONHATHCS TOJIBKO B TOM CIIydae, eCiIM €€ BUPTYyalbHbIE afpeca OyayT
TOYHO COOTBETCTBOBaTh (pu3myeckuM. YacTh MPOrpaMMHBIX MOIyJed 000N ONepalMoOHHOW CHCTEMBI
00s13aTeNbHO JIOJDKHA OBITH aOCONIOTHOW JBOMYHOW MPOrpaMMOW. DTH MPOrpaMMbl pa3MelaroTcs I0
(UKCHpPOBaHHBIM ajJpecaM W C HUX TOMOIIBI0O MOXKHO Jajiee peajn30BhIBATH pa3MElICHHUE OCTalbHBIX
MPOrpaMMHBIX MOJYJIel, OATOTOBICHHBIX CHCTEMOW MPOrpaMMHUPOBAHMS, HAa PAa3IUYHBIX CBOOOTHBIX
(u3HUeCcKHX ajpecax.
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Jlornyeckoe (CMMBONbLHOE) UMA \

MpocTpaHcTBO MMEH NPOrpammbl 7

——— -
o ——— - eSS

BupTyanbHoe aapecHOe NPOCTPAHCTBO

fluelika onepaTMBHOMN NaMmATH
(dun3nueckuit) agpec

Puc. 4.1. CBsi3b nepeMeHHOM ¢ (PU3NUECKOH MaMSThIO

Ecnu paccmaTpuBath 00IIIyt0 CXeMy JABYXITAITHOI'O OTOOpasKEHHS aJIpecoB, TO C TIO3UIIUKA COOTHOLICHHUS
00BEMOB YHOMSIHYTBIX a/IpECHBIX MMPOCTPAHCTB MOKHO OTMETHTh HAJTMUKE CIIEMYIONINX TPEX CUTYalui [2]:

— 00beM BHPTYaJILHOTO aJpPECHOTO MPOCTPAHCTBA MPOTrpaMMbl V) MeHblle o0beMa (pu3muecKon
namstu Vp;

- Vy="p

- Vy>Vp.

ITepBas curyauus, npu Kotopou V' < Vp, B HacTOSAUIEE BPEMS TPAKTUUECKH HE BCTPEUAETCS, HO TEM
HE MEHee 3TO peajbHOoe cooTHouleHne. CkaxeM, He Tak JaBHO 16-paspsaHble MUHH-OBM nmenu cuc-
TeMy KOMaHJI, B KOTOPBIX MOIb30BaTEIH-IPOrPAMMICTBI MO afpecoBaTh o 2'° = 64 K6aiit agpecos
(oOBIYHO B KauecTBE aJpecyeMoil eMHMIIbI BBICTYIANA sSueiika maMaTu pazmepoM 1 Oaiit). Crapmme mMo-
JenH 3THX MHUHU-DBM Morim uMeTh 00beM OnepaTHBHON MaMsATH B HECKOIBKO Merabaiit. OOpamieHne
K MaMSITH CTOJIb OOJIBIIOTO 00BEMa OCYIIECTBISUIOCH C TOMOIIBIO CIIEHAIBHBIX PETHCTPOB, COAEPKIMOE
KOTOPBIX CKJIaJBIBAJIOCH C aAPECOM oflepaHaa (MM KOMaH[bl), U3BIEKAEMBIM U /MU ONpEesieMbIM H3
MoJIst orepaHaa (WM U3 yKaszaTenst KomaHabl). COOTBETCTBYIOUIME 3HAUCHHS B 3TH CIICLHAIbHBIE PETHCTPHI,
BBICTYIAIOIME Kak 0a30BOe CMEIeHHE B IAMATH, 3aHOCKIIA ollepallioHHas cuctema. Jls ofHoi 3a1aun
B PErMCTP 3aHOCUJIOCH OJTHO 3HAYEHHE, a JUIsl BTOPOH (TpeThel, YeTBEPTOH U T. JI.) 3ajauH, pa3MeIiaeMoit
OJJHOBPEMEHHO C TIEpBOH, HO B APYTroOil 00JACTH MaMSsTH, 3aHOCUIIOCH COOTBETCTBEHHO APYroe 3Ha4YeHHeE.
Best gpuzuueckana namame, maxkum obpazom, pazousanace na pazoenvt odovemom no 64 Koaiim, u na
Ka)K/IbIi TAKOHM pa3zen OCyIIECTBIIOCh OTOOpaKEHHE CBOET0 BUPTYAIBHOTO aIpeCHOTO IIPOCTPAHCTBA.

Curyanus, korma Vy= Vp, eme coBcem HenaBHO (80—90-¢ rr. XX B.) BCTpedasiach JIOCTATOYHO
gacto. OHa OblTa OCOOCHHO XapakTepHa A HENOPOTMX BBIYHMCIUTEIBHBIX KOMIUIEKCOB. JliIst 3TOro
clly4asi UMeNioch OO0JbIIOE KOIIMYECTBO CIIOCOO0B paclpe/efieHHs OlepaTUBHOMN MaMSITH.

Haxkoner, B HacTosiIee BpeMsl HanOoee BEpOATHOU sIBIsieTcsl cutyauust Vy > Vp. Jlns atoro ciaydas
peaIr30BaHO HECKOJIBKO CIIOCO0OO0B paclpeaeieHus] NaMsITH, OTIIMYAIOIINXCS KaK CII0KHOCTBIO, TaK U 3¢-
(ekTrBHOCTBIO. Bee 3T cmocoObl MOYKHO pa3fenuTh Ha JIBe OONbLINE TPYIIB — HEenpepblénble N pa3-
puignubte [2, 5]. B nepBoM cityuae kaxaas 3ajada pa3MeIaeTcsi B OHON HENPEphIBHOM 00JIACTH MaMSITH,
BO BTOPOM pa30OHMBaeTCsi Ha HECKOJIBKO HE CBA3aHHBIX MEXAy co0oil obmactell. PaccMorpum HambGonee
W3BECTHBIE CIIOCOOBI pacnpeesieHus MaMsITH.
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§ 4.2. Cnocobbl pacnpegeneHna namaTu

4.2.1. lpocToe HenpepbiBHOE pacnpegeneHne namaTm

3TO camoe IPOCToe pelIeHre, COrJacHO KOTOPOMY BCS MaMATh YCIOBHO MOXKET OBITh pa3JieficHa Ha
TPH y4yacTKa:

— 001acTh, 3aHUMaeMasl ONePaIMOHHON CUCTEMOI;

— o0yacTb, B KOTOpOW pa3Melnaercs UCTIoNHsIeMas 3a1a4a;

— cBOOOJHAS 00JIACTH MAMSITH.

M3HavasibHO SBJISASICH CaMOM TICPBOM CXEMOIA, OHA MPOJIOJDKACT U CEroJHs OBbITh JOCTATOYHO PACIpPOCT-
paHEHHOH B 3JEMEHTapHBIX cucTeMax. [Ipu MpOCTOM HEMpephIBHOM pacrpelelieHHH Mpearoaaraercs,
yro OC He mojjiepKUBaeT MyJIbTUIIPOrPaMMHUPOBAaHKE, TO3TOMY HE BO3ZHHMKAeT mpoliema pachpenerne-
HUS TaMSATH MEKIY HECKOJIbKUMH 3aauamu. [IporpaMMHBIe MOIYIH, HEOOXOANMBIE ISl BCEX IPOTPaMM,
pacnonaratorcst B oonactu camoit OC, a Bcs OcTaBLIAsICS MaMAITh MOXET OBITh MperocTaBicHa 3aaaye.
Ota 001acTh MaMsTH SBJSIETCS HEMPEPBIBHOM, YTO 00JIer4aeT paboTy CUCTEMBI TPOrPaMMHUPOBAHHS.

Jyist Toro 4to0bl BBIACIUTE HAUOONIBIINI 00beM maMsaTu s 3anad, OC cTpouTcs: TakuM 00pa3oM,
YTO MOCTOSTHHO B OTNIEPATHBHOW MaMsITH PacloiaraeTcst TOIbKO camasi Hy)KHasi €€ 4acTh. DTy 4acTh CTalld
Ha3bIBaTh A0pom onepauuonnou cucmemvl. Octanbuble Moaynun OC SBISAIOTCA AUCK-PE3UIEHTHBIMH,
T.€. 3arpy’karoTcsi B OINEPATHBHYIO MAaMATh TOIBKO MO HEOOXOIUMOCTH U TOCIE CBOErO BBITIOITHEHUS
BHOBb BBITPYKAIOTCA.

Taxkas cxema pacnpeenceHus TaMsTH BiIeUeT 3a CO00i d06a euda nomeps 6bI4UCAUMENbHBIX PeCyp-
€06 [2]: moTepro MpoLECCOPHOTO BPEMEHH, IOTOMY YTO LIEHTPaJIbHBIN MPOIIECCOp MPOCTauBaET, MOKa 3a1aua
OXHJIACT 3aBEpILEHUsI orepanuii BBOAA/BHIBO/AA, M MOTEPIO CAMOW OMEpAaTHBHOW MaMSTH, MOTOMY 4YTO
JalieKo He Ka)/1asi MporpaMMa UCIONIb3yeT BCIO MaMsTh, @ pEKUM paboThl B 3TOM Cllydae OJHOIPOrpaMM-
HbIid. OIHAKO 3TO OYEHBb HEJOpOras pealn3alusi, KOTopasi MO3BOJISIET 0TKa3aThCsl OT MHOTHX JIOMIOJHUTENb-
HBIX (DYHKIHH ONEepalMOHHON CHCTEMBI, B YACTHOCTH OT TaKOH CIIOKHOM MPOOJIeMbl, KaK 3aluTa HaMsITH.

Knaccuueckum npumepom onsa oannozo ciyuas aensemcsa pacnpeoenenue navamu ¢ OC DOS.
Kax usBectHo, MS-DOS — st10 ogHomnporpammuas OC. B Hell, KOHEYHO, MO>)KHO OpTraHU30BaTh 3aIlyCK
pesunenTHeIX WM TSR-3ama4, HO B LIeoM OHa MpeaHa3HaueHa ISl BBIMOTHEHUS TOJIBKO OJHOTO BBIYHUC-
JUTEIBHOTO TIpoLecca.

B IBM PC u3HauanbpHO HCIIONB30BaICs 16-pa3psaHbiii Mukporpoieccop i8086/88, koTopbli 3a cuer
BBEJICHUSI CErMEHTHOro crmocoba aJpecalnuy MO3BOJSUT aJpecoBaTh MaMsaTh o0beMoM g0 1 MOaiiT.
B nocnenyromux 1K (IBM PC AT, AT386 u nip.) moaiepKuBanach COBMECTUMOCTD C ITEPBBIMH, TOITOMY
npu padore ¢ MS-DOS mpexe Bcero paccMaTpuBalOT MepBbiid MerabaiiT. Takum oOpa3om, Besl MaMsTh
B cOoOTBETCTBUU C apxutekTypoit IBM PC ycrnoBHO Moker ObITh pa3zduta Ha TpH 4actu [OC].

B camuix maaowux aopecax namamu (nepsoie 1024 sueiiku) pazmeniaercs Ta0IMa BEKTOPOB Mpe-
phIBaHMI. DTO CBS3aHO C anmapaTHON peanusanuer npoieccopa i8086/88, Ha kKoTOpOoM ObLT peann3o-
BaH [1K. B nmocnenyrommux nporeccopax, Haunnas ¢ 180286, aapec TaOIUIIBI IPEPhIBAHUN OMPEIEIACTCS
4epe3 ColepKMUMOE COOTBETCTBYIOIIETO PErucTpa, HO sl 00ecrieuyeHns MOMHOW COBMECTHMOCTH C Tiep-
BBIM IPOILIECCOPOM MPH BKJIFOUSHUH HMIIM alllapaTHOM cOpoce B 3TOT PErucTp 3aHocaTcs Hynu. Cienyer
OTMETHTb, UYTO B CIIy4ae MCIOJIb30BAHUS COBPEMEHHBIX MHUKpPOMNpoieccopoB i80x86 BEKTOPHI MpephIBa-
HUI MOYKHO Pa3MECTUTh M B APYTOil 00IacTH.

Bmopasa uacmbs namsamu OTBOIUTCS JUIsl pa3MeENICHUs] MPOrpaMMHBIX Moayne camoi MS-DOS
Y IPOTPaMM T0JIb30BaTeNs. JTa 001acTh mamMsiTi Ha3biBaeTcst Conventional Memory (OCHOBHas, CTaHIapT-
Has mamsATh). B Milaammx agpecax OCHOBHOM MaMSTH pa3Melaercs TO, YTO MOXKHO HasBaTh sapom OC:
CHCTEMHBIC MTepeMEeHHbIE, OCHOBHBIE IPOrPaMMHBIE MOIYJH, OJIOKU JaHHBIX Uil OydepHu3anun onepamuii
BBOJIa/ BBIBOJA. [IIsl yIipaBIiieHUsl yCTPOUCTBAMH, JpaiiBepbl KOTOPBIX HE BXOAAT B 0a30BYIO MOJCUCTEMY
BBOJIa / BBIBOJIA, 3arpyXKalOTCsl TaK Ha3bIBAEMEBIE 3azpyicaemple, VN UHCHALIUPyemble, TPABEpHI,
MEePEYCHb KOTOPBIX OIPENeNseTcs B crelraibHoM KoHurypammonnoM ¢aiiiie CONFIG.SYS. B ciyuae
ucnons3oBanus [1IK ¢ oosemom OII Gosnee 1 Mo6aiita n Hanuuust B namsaru japaiisepa HIMEM.SYS
BO3MOXXKHO pa3MelleHHe JaHHbIX 3a MpeleiaMy IMepBoro Mmerabaiita. Jrta o0jacTh MaMsATH MOMYyYHIIa
HazBauue HMA (high memory area — 001aCcTh BBICOKOM ITaMSITH ).
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Haxkonen, mpemss uacmo adpecnozo npocmpancmea OTBEACHA JUIS TIOCTOSHHBIX 3alIOMHHAIONINX
YCTPOKMCTB U (PYHKIIMOHUPOBAHHUSI HEKOTOPBIX YCTPOHCTB BBOJA / BRIBO/A. JTa 00IAaCTh MaMATH MONyYHIa
HazBauue UMA (upper memory areas — 001acTh BEpXHEH MMaMsTH ).

Jsist TOoro 4To0BI MPEOCTABIATH OONbIIIE TAMATH TIporpamMMaM mojb3oBarensi, B MS-DOS npumeneno
TO K€ pelIeHHe, YTO U BO MHOTUX Jpyrux npocreimux OC — komanubli mporeccop COMMAND.COM
COCTOMT M3 JBYX uacteil. [lepBas yacTh sIBIAETCS PE3UACHTHON M pa3Melnaercs B obnactu sapa. Bropas
4acTh — TPaH3UTHBHAS — pa3Mellaercsl B 00JaCTH CTApIIMX aJ[pecoB pa3jiena MaMsaTH, BhIISIsIeMOM st
mporpaMM nonb3oBaTens. Eciu nporpamma monbs3oBatedisl mepekpbeiBaeT coboii 001acTh, B KOTOPOH Oblia
pacrmonoxeHa TpaH3UTHBHAA 4acTh KOMaHIHOTO Ipolieccopa, TO MOCIEAHNUH MpU HEOOXOAMMOCTH BOC-
CTaHaBJIMBAET €€ B MaMATH I10CIIe BBHIIOJIHEHHs MPOrpaMMEBl, TaK KaK Jajiee yrpaBieHHE BO3BpaIIaeTCs
pesunentHoit vactu COMMAND.COM.

4.2.2. PacnpeaeneHve NamsaTu € NepekpbiTMem (oBepaeliHble CTPYKTypbl)

Ecnu ects HEOOXOIMMOCTH CO3AaTh MPOrpaMMy, JIOTHIECKOe (M BUPTYaJbHOE) aJpeCHOE MPOCTpaH-
CTBO KOTOPOH JIOJDKHO OBITH OOJIbIlle, YeM CBOOOHAsl 00JacTh MaMsTH, WIM jJake OOJbIlle, YeM BECh
BO3MOXKHBII 00BEM OMEpaTHBHON MaMSITH, TO UCIIONB3YETCS pacipeielieHne ¢ MepPeKphITHEM. JTOT Crloco0
pacnpeneneHus MpearoaaraeT, YTo BCs MporpaMma MOKeT OBITh pa3duTa Ha yacTH-cerMeHThl. Kaxmas
oBepJIeiiHas IporpaMMa UMeeT OJHY 21déHYI0 wacmy (main) U HECKOIbKO Ce2Menmog (segment), IpUYeM
B MaMsITH MallMHBI OHOBPEMEHHO MOT'YT HaXOJHUTHCS TOJBKO €€ TIaBHasi YacTh U OJUH MJIM HECKOJBKO
HeMepeKpPBIBAIOLINXCSI CETMEHTOB.

[loka B onepaTWBHOW MaMSITH PACHONATalOTCs BBIMTOIHSIIOIINECS CETMEHTHI, OCTAIbHBIE HAXOIITCS
Bo BHemHell mamsaTu. [lociie TOro kak TeKymuid (BHITOTHSIONIMICSA) CETMEHT 3aBEPIIUT CBOE BBHIMOJ-
HEHHe, BO3MOXHBI /IBa BapUaHTa: MO0 OH caM (eCJIM JaHHBIA CErMEHT HE HY)KHO COXPaHHUTH BO BHEIIHEH
MaMsATH B €ro TEKyIIeM coCTosHuM) oOpamiaercs k OC ¢ yka3zaHUEM, KaKOW CETMEHT JIOJNIKEH OBITh
3arpykeH B MaMATh CICAYIOUIMM, JIMOO OH BO3BpAIlaeT yIpaBJICHHE TJIaBHOMY CETMEHTY 3aJadu (B MO-
Iynb main), a Tot obpamaercs k OC ¢ yka3aHneM, KaKoi CerMeHT COXpPaHHTh (€CJIi 3TO HY)KHO), a KaKoii
CETMEHT 3arpy3uTh B ONEPAaTUBHYIO MaMsTh, 1 BHOBb OTJAET YIPaBICHUE OMHOMY M3 CETMEHTOB, PaCIo-
nararommxcs B namsTh. [Ipocreiimue cxeMbl cerMEHTHPOBAaHUS TPEAINONaraloT, YTO B TaMSTH B KaXIbIi
KOHKPETHBI MOMEHT BPEMEHH MOXET PacCIoIaraThCsl TONBKO OJMH CErMEHT (BMECTe ¢ MOAYJIEM mdain).
Bornee crnoxHbIe CXeMBbI, HCIOIb3yeMble B OONBIINX BBIYUCIUTENBHBIX CHCTEMaXx, MO3BOJISIIOT pacIoia-
raTb cpa3y HECKOJBbKO CErMEHTOB. B HEKOTOPBIX BBIYHCIUTENBHBIX KOMIUIEKCAX MOTJIM CYIIECTBOBAThH
OT/IENBHO CErMEHTHI KOJIa 1 CErMEHTHI JaHHBIX. B OTIIMUMeE OT cerMEeHTOB AaHHBIX, KOTOpbIe HEOOXOAUMO
COXpaHATh B JIIOOOM Clly4ae, CETMEHTBI KOJa, KaK MpaBWiIO, HE MPETepIeBAlOT U3MEHEHH B Ipolecce
CBOEr0 MCIOJHEHUS, TO3TOMY TPH 3arpy3Kke HOBOTO CErMEeHTa KoJa Ha MECTO OTPa0OoTaBIIEro MOCIeTHIH
MOYXHO HE COXPaHsTh BO BHEIIHEW MaMSITH.

[lepBOHaYaNTBFHO MPOTPAMMHUCTBI CAaMH JIOJDKHBI OBUTH BKITIOYATh B TEKCTHI CBOMX MPOTPaMM COOT-
BeTCTBYyMOIIME oOpaieHus (8v13066r) k OC M THIATENBHO IJIAHUPOBATh, KAKUE CETMEHTHI MOTYT HaXo-
JIUTHCS B OTIEPATUBHOM MaMsITH OJHOBPEMEHHO, YTOOBI HX aJpecHbIe MPOCTPAHCTBA HE MEPEeCeKalnCh.
B Gonee coBpeMeHHBIX cHcTeMax MPOrpaMMUPOBAHUS BBI3OBBI CTalH BCTABJIATHCS KOMIWISTOPaMH
B KOJl TPOTpaMMBbI aBTOMAaTUYECKH, €CIIH B ’TOM BO3HHUKAET HEOOXOIUMOCTb.

4.2.3. PacnpegeneHne namaATn pasgesiamu

JI1st opraHu3anii MyJIbTHITPOrPAMMHOTO PEXUMa HE0OXOIUMO 00ECIIEUHTh OTHOBPEMEHHOE PACIIO-
JIO’)KCHHUEC B OHepaTHBHOﬁ IHaMATH HECKOJIbKUX 3aJ1a4 (HGHI/IKOM HIIN UX tIaCTSIMI/I). CaMaH mpocCTasd CXeMa
pacnpenciicHud nmaMAaTu MEKAY HECKOJIBKUMU 3aJavdaMu IMPEANoJIaract, 4To naMAaTb, HES 3aHATaA AAPOM
OC, MOXeT ObITh pa3ouma Ha HECKOIbKO HENpepbleHbIX Yacmeil (30H, pa3nesnoB). Pasznensl xapakrepu-
3YIOTCS UMEHEM, THITOM, TpaHuIlaMu (Kak TPaBUIIO, YKa3sIBAIOTCS HAYAI0 pasjesia u ero JinHa). Pa3oue-
HHUE TIAMSATH Ha HECKOJBKO HEMPEPLIGHBIX PA30e/108 MOXKET ObITh (puKcuposannvim (cmamuveckum)
00 ounamuueckum. PaccMoTpuM 3TH yTBEpIKIeHHS OoJiee MoApoOHO.
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Pa3buenne Bcero o0bemMa OMepaTUBHOM MaMSITH HAa HECKOJBKO Pa3eNioB MOXKET OCYIIECTBISTHCS
eounogpemento, T.e. B mporecce reiepannu Bapuanta OC, KOTOpBIN MOTOM SKCIUTYaTHPYETCsl, MU TI0
Mepe HeoOxoaumocT. [Ipumep pa3OueHust maMsaTH Ha pasaeibl ¢ PUKCHPOBAHHBIMU TPaHUIIAMH MIPHUBE-
JieH Ha puc. 4.2.

Anpo onepaunoHHOM CUCTEMDI Paszgen Ne O

3apgava A

Paszpgen Ne 1
Heucnonb3yemas obnactb

3apava B
Pasgen Ne 2
Heucnonb3yemas obnactb
3apgava C
Paspgen Ne 3

Heuncnon b3yemasn obnactb

Puc. 4.2. Pacnipenenenue naMsaTH pa3jenamu
¢ (MKCUPOBAaHHBIMH TPAHUIIAMHU

B kxaxkmom pasjernie Ha JaHHBI MOMEHT BPEMEHH MOXKET pacrioflarathCsi 10 OHOM IporpaMmme (3ajaaue).
B 3TOM ciydae MO OTHOMIIEHHIO K KaXKIOMY pa3lielly MOKHO NPHUMEHHUTh BCE T€ METOABI pa3paboTKH
MpOrpamMM, KOTOPbIE HCIONB3YIOTCS ISl OAHOMPOTPAMMHBIX CHCTEM. BO3MOXHO HCIOIb30BaHUE OBEPIICH-
HBIX CTPYKTYp, YTO MO3BOJISIET CO3J]aBaTh OoJiee CIIOKHBIE MMPOrPaMMBI U B TO e BpPeMsl MOJACPKUBAThH
UJCOJIOTHIO MYJIbTUIIpOorpaMmupoBanusi. [lepBeie MHOTO3anaunble OC, a B Ooiee MO3MHUIA TEPHOA —
HEJIOPOTHe BHIYMCIUTENbHBIE CUCTEMBI CTPOUIIMCH IO TIO00OHON CXeMe, TaK KaK OHa SIBJISIETCS HECIOX-
HOW M oOeclieunBaeT BO3MOXKHOCTH MMapauIebHOIO BBHIMONHEHUs MporpamMM. MHOrIa B OHOM paszjene
pa3Menianoch HeCKOJIbKO HEOONIBIINX IPOrpaMM, KOTOpPBIE TIOCTOSIHHO B HEM M HaXOAWIHCH. Takue mpor-
paMMBbl Ha3bIBasIuCh O3Y-pe3udenmuvimu.

[Tpu HebonpIOM 00bEMe MaMSTH H, CIEAOBATEIbHO, HEOOIBIIOM KOJIMYECTBE Pa3/IeNiOB YBEIUYUTh
KOJTMYECTBO MAapajIeNIbHO BBHITIOIHAEMBIX TPUIIOKEHUH (0COOCHHO KOTa 3TH MPHIOKECHHSI MHTEPAKTUBHBI
W BO BpeMsl cBOel pabOoThl (paKTHUECKH HE HCIONB3YIOT MPOLECCOPHOE BpEMs, 2 B OCHOBHOM OXKHIAIOT
orepanyii BBoJia/ BEIBO/Ia) MOXHO 32 CUET UACONOTHH céonunza (swapping). [lpu ceéonunze 3agada moxer
OBITH LIENMKOM BBITPYXKEHa Ha MarHUTHBIN JAUCK (TiepeMelieHa BO BHELIHIO MaMATh), a Ha €€ MecTo 3a-
rpyxaercst 1100 Ooree MPUBUIIETHPOBAHHASL, JIMOO MPOCTO TOTOBAsI K BBHITIOIHEHUIO JIpyTas 3a/1a4a, HaXxo-
JMBILASICSI HA TUCKE B IPUOCTAHOBICHHOM COCTOSIHUH.

OcCHOBHBIM HEOOCMAMKOM TAKOTO CIIOC00a pacrpeesieHus MaMsATH SBISIETCSI HAJTMYUE JJOCTATOYHO
OonpIIoro 00beMa HEUCIONIb3YeMOH MaMsITH, KOTOpas MOXKET OBbITh B Ka)KIOM U3 pa3nenoB. [1ocKonbKy
pa3aenoB HECKONBKO, TO U HEHUCIONB3YEMBIX 00JIACTEH MOJIydaeTcss HECKOIBKO, TIO3TOMY TaKHhe TOTepH
CTaJii Ha3bIBaTh ghpazmenmayueil namamu. B oTAENBHBIX pa3aenax NOTEPH MaMATH MOTJIH OBITh J0CTa-
TOYHO 3HAYUTEIBHBIMH, HO UCIIOB30BaTh ()parMEHTHl CBOOOJHON MaMATH MPH TAaKOM CIIoco0e pacmperne-
JIEHUS TPAKTHYECKHA HEBO3MOXKHO.

UrtoObl M30aBUTHCS OT (parMeHTAlH, MOXKHO pa3MellaTh 3aJayd B ONEPaTUBHON MaMsTH MJIOTHO
(Ounamuuecku), onny 3a APYroi, BBIIENSS POBHO CTOIBKO MaMsITH, CKOIIBKO 3ajaua TpeOyerT.

Onnoii u3 nepBbix OC, peanu3oBaBlIell Takod crmoco® pacmpeneneHus namsitd, oemia OC MVT
(multiprogramming with a variable number of tasks) — MyJIbTUTIPOrPAMMUPOBAHKE C TIEPEMEHHBIM YHCIIOM
3amad. Ota OC ObLIa OJHON M3 CaMBIX PACIPOCTPAHECHHBIX MPH 3KCILTyaTanuu Oonbiux OBM kiacca
IBM 360/370. B aroli cucreMe cneyuaibHblit RAGHUPosuuK (JMCTICTUEp MaMsITH) BEJIET CIIMCOK aJpecoB
cBOOOIHOH onepaTuBHOM namsTH. [Ipy mosiBIeHHH HOBOM 33/1a4W JMCIIETYEp MaMsATH MPOCMaTPUBAET STOT
CIMCOK W BBIJISIISCT JUTsl 3aJ1a4M pa3jiel, 00beM KOTOPOro JIM00 PaBeH He0OXOIUMOMY, 100 4yTh OOJIBIIE,
€CIIM TaMSTh BBIJEISETCS HE sUeiiKaMy, a HEKUMH JUCKPETHBIMU eAMHUUAaMH. [Ipu 3ToM Moauduuupy-
eTCs CIIUCOK CBOOOIHOM namsiTu. [Ipu 0CBOOOXICHNH pa3jielia JUCIIETIYEP MaMSITH MbITAeTCS 00bEAUHUTD
0CBOOOXIAIOMIUICS pa3/iei ¢ OAHUM M3 CBOOOTHBIX YUACTKOB, €CIIM TAKOBOW SIBIISIETCS CMEKHBIM.
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[Tpu 3TOM CITUCOK CBOOOJHBIX YUACTKOB MOKET OBITh YHOPSIOUCH JIMOO 110 ajpecam, JIM0O0 1Mo 00beMy.
Brinenenue maMsTH Moj HOBBIN pa3ien MOXKET OCYIIECTBIISTHCS OJJHUM U3 TPEX METOMOB [2]:

— TIEPBbIN NOAXOASUINN YYaACTOK;

— CaMbli MOAXOAAIIMNA YYaCTOK;

— CaMbli HEMOAXOAINNA YYaCTOK.

B nepeom ciyuae criicok cBOOOHBIX 00JIACTEH YIOPSIOYMBACTCS T10 ajpecaM (Hampumep, Mo uxX BO3-
pactanuio). [lucneryep naMaTH MpOCMaTPUBAET 3TOT CIIUCOK W BBIICNSET 3a/1a4e pasjen B To obJacTw,
KOTOpas MepBoy Mo0HeT 1o 00beMy. B 3ToM citydae eciii moJJoOHBINA (hparMEeHT UMEETCS, TO B CPEIAHEM
HEoOX0IMMO MIPOCMOTPETH MOJIOBUHY ciHcKa. [Ipu ocBoOoXIeHNM pasjienia Takke HeOOXOAUMO MMPOCMOT-
PETh MOJIOBUHY CHCKa. TakuM 00pa3oM, «1epeblili ROOX00AWNIL MEnO0 NPUBOOUNT K HOMY, YN0 NAMANb
0151 HePOTLUUX 3A0ay RPEUMYULECHIGEHHO DY0en GblOENIAMbCA 8 001ACHIU MAAOUIUX A0PECo8, C1e)06a-
menbHOo, IMO YeeNUUUBAEH EPOAMHOCHb MO20, YO 6 001ACHU CIApUIUX aopecog 6yoym 0opazosnl-
eamuvca hpazmenmol 0ocmamouHo 601bUL020 00vema.

Meron «camblii nOOX00sWUIL) TIPEATIONAraeT, YTO CIIHUCOK CBOOOAHBIX 00JacTedl ymopsijaodeH Mo
BO3pacTaHHIo 00beMa 3THX (parMeHTOB. B TakoMm ciydae mpu MpocMOTpe CIHCKa I HOBOTO pasjerna
OyJleT MCIIONIb30BaH (hparMeHT CBOOOHOMN MaMsATH, 00bEM KOTOPOH HanboJiee TOYHO COOTBETCTBYET Tpe-
oyemomy. TpeOyemblii pazmen OyaeT ONpeAensThCs MO-NPEKHEMY B Pe3ylibTaTe MPocMOTpa B CpeaHEM
MOJIOBUHEI cIIMCcKa. B pe3yibTaTe OCTaBIIMMCS (I)paFMCHT OKa3bIBACTCAd HACTOJILKO MaJIbIM, YTO B HEM YK€
BpSL M YAACTCS pa3MECTHTh KaKOH-TMOO elie pasjien, Mpu 3TOM JAHHBIA (parMeHT MOomajieT B camoe
Havaso crucka. [1oaToMy B oM Takyro JUCHUIUIMHY Helb3s HA36amb I dhexmusnoil.

Kak Hu cTpanHO, cambim Ihhexmuenbvim memooom sBiISETCA MOCIEIHUM, IO KOTOPOMY JAJIs1 HOBOT'O
pasjerna BhIICISICTCS «Camblil Heno0xooauwuity GpparMeHT cBOOOHOM maMsiTh. J{Jis 3TOM TUCIUIUIUHEI CITU-
COK CBOOOJIHBIX 00JIACTEH YIOpsAI0YMBACTCS M0 YObIBAaHUIO 00beMa CBOOOHOTO (hparmerTa. OUeBUIHO,
YTO €CIIM €CTh TaKOW ()parMeHT MaMsTH, TO OH cpa3y ke U OyleT HaiJieH, M MOCKOJIbKY ATOT ()parMeHT
SBIISIETCSL CaMbIM OOJIBILIAM, TO, CKOpee BCEro, MOCie BBIICICHHSI U3 HEero pasjiena maMsTH Ui 3aJaud
OCTaBILAsICS 00JIACTH MAMSITH €Ille CMOXET ObITh UCIIOJIb30BaHA B IAIbHEHIIIEM.

O‘ICBI/IZ[HO, 4To Ipun J'HO6OM M3 YKa3aHHBIX METOJ0B BCJICACTBUC TOI'O, UTO 3aa4U IMMOABJIAIOTCA U 3a-
BEpHIAIOTCA B MPOU3BOJIBHBIC MOMCHTBI BPEMCHU U MTPU 3TOM UMCIOT PA3HBIC O6’I)CMLI, B IIaMsTH BCEraa
Oyner HaOromaThCs cuibHas parMenTanys. [Ipu 5ToM BO3MOKHBI CHTYaIMH, KOTJIa M3-3a CUIILHOH (par-
MEHTAIH MaMITH AUCIIETYEp 3aa9 He CMOXKET 00pa30oBaTh HOBBIN pa3Jiell, XOTs CyMMapHBIi 00beM CBO-
OomHBIX obnacteil Oyzner Oonblie, 4eM HEOOXOAMMO sl 3a7a4n. B 9Toll cuTyannu HeoOX0AMMO OpraHu-
30BaTh TaK Ha3LIBAEMOE ynjlomHeHue namamu (0egppazmenmayuro). JIns yraioTHEHUS! BCE BEIYUCICHUS
MPHOCTAaHABIMBAIOTCS, U AUCIETYEP MaMITH KOPPEKTUPYET CBOM CIHCKH, TiepeMelnas pa3zielibl B Ha4aio
naMsaTé (Wi, Hao0OpOT, B 00JacTh crapmux ajupecoB). Hedocmamkom maxozo pewenus sensemcs
nomeps épemenu Ha Oeppazmenmayulo v, 9T0 caMoe TIIaBHOE, HEBO3MOKHOCTh MPH 3TOM BBITIONHATH
CaMU BBIYUCIIUTCIIbHBIC ITPOLIECCHI.

Cnez[yer OTMETUTB, UTO Z[aHHbeI CHOCO6 pacrnpeaciacHua NaMiaTu NPUMCHAJICA JOCTATOUYHO JJIUTECIIb-
HOE BpeMsi, TaK Kak B HEM BBLICISETCS UIs 3a7jad HENPEPhIBHOE apecHOe MPOCTPAHCTBO, YTO CyLIECT-
BEHHO YIPOIIAaeT CO3JJaHue CUCTEM IPOrpaMMHUPOBaHUS U UX padoTy.

B coBpemennsix OC Ha CMEHY pa3IUuHBIM HEHPEPbIGHbIM CROCOOAM PACTIPENCICHUS TaMITH TIPH-
LUUTH paspuvlénsle cnocodwl. Vnes 3akimiodaercs B MPEAJIOKEHUU pa3MelaTh 3a/lauy He B OJHOHM Hempe-
PBIBHOW 00JIACTH MaMSTH, & B HECKOJIBKHX 00JacTax. OTo TpeOyeT Ajsl peaqu3allii COOTBETCTBYIOIICH
anmapaTHOW TOAJEP)KKH — HYXKHO UMETh OTHOCHUTENbHYIO ajpecanuio. Ecnu ykas3piBaTh ajpec Havaja
TeKymero (parmMeHTa NporpamMMbl U BETUYMHY CMEIICHUS! OTHOCHTEILHO 3TOr0 Ha4aJlbHOTO ajpeca, TO
MOKHO BBIOpaTh HEOOXOIUMYIO HaM MEPEMEHHYIO WM KOMaHy. TakuMm o0pa3oM, eUpmyaibHblil adpec
MOIHCHO RPEOCMaAsumy COCMoAwUM U3 06yx nonei. IlepBoe none OyneT yKa3plBaTh YacTh MPOTPaMMEI
(c xoTopo#i ceituac ocymiecTBisiercs: pabora) AJsl ONpeIeIeHIs] MECTOMONIOKEHUSI 3TOW YaCTH B MaMSITH,
a BTOPOE T10JI€ BUPTYAJIIbHOTO a/Ipeca MO3BOJIMT HAUTH HYKHYIO HaM SYEHKY OTHOCUTENBHO HAWUJEHHOT O
aapeca. [IporpaMMuct MoxkeT MO0 CaMOCTOSATENEHO Pa30UBaTh MporpaMMy Ha (parMeHThl, MO0 aBTO-
MaTH3UPOBATh 3Ty 3a/1a4y M BO3JIOXKUTH €€ Ha CHCTEeMY MporpaMMupoBaHus. PaccMoTpum Hanbonee pac-
MPOCTPaHEHHBIC Pa3pPhIBHBIC CITOCOOBI PACIIPE/IEIICHUS TTAMSITH.
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4.2.4. CermeHTHOe pacnpegeneHne NnamaTtu

Jnst peanuzaiiy 3TOro crnocobda mporpaMMy HEOOXOIMMO pa30MBaTh HAa YaCTH M YK€ KaXKJIOH 4acTH
B OTACIIBHOCTHU BbLIACIIATH (bHSH‘ICCKYIO namsTh. EcTecTBEHHBIM MEXaHU3MOM pa36I/I€HI/ISI mporpaMmhbl Ha
YacTH sIBJISIETCS pa3OreHre ee Ha JozudecKue nemMenmpl — cezuenmsl. B IprHIMIIE KaKABI TpOorpaMM-
HBIM MOJIYJIb MOXKET OBITh BOCIIPUHST KaK OTJICJIbHBIN CETMEHT, U TOTJIa BCSI MpOrpaMmMa Oyzer MpeIcTaB-
JISATH COOOI MHOXKECTBO CErMEeHTOB. Kax/1bIii CErMEHT pa3Melaercs B MaMsTh Kak JI0 ONPENeICHHOMN cTe-
MIEHH CaMOCTOsITeNbHas equanIa. Jlornuecku obpaleHue K 3JIeMEeHTaM POrpaMMBbl B 3TOM citydae Oyer
MPEACTABIATHCS KaK yKa3aHHe MMEHH CETMEHTa M CMELIeHUs OTHOCHTENILHO Hadasla JaHHOTO CEeTMEHTa.
Ousnueckn UMs (MK TOPSIIKOBBIM HOMEP) cerMeHTa OylIeT COOTBETCTBOBATH HEKOTOPOMY aJIpecy, ¢ KO-
TOPOIro 3TOT CErMEHT HAYMHACTCA IPU €ro pa3sMCIICHUU B MaMATU, U CMCIICHUC TOJIKHO HpI/I6aBJ'I$ITI)C$I
K 3TOMY 0a30BOMY ajipecy.

[IpeoOpa3zoBaHre UMEHN CETMEHTA B €ro MOPSAKOBBI HOMEP OCYIIECTBIISIET CHCHIEMA RPOZPaAMMU-
Po6anus, a OnepayuoHHas cucmema pa3MeliaeT CerMEHTbl B (U3MUECKOH MaMsATH M A KaXIOro
CerMeHTa IMOoy4aeT MHPOpPMAaIHMIoO O ero Hayane. TakuM o0pa3oM, eupmyanvHulil aopec 07 OAHHO20
cnocobda cocmoum u3 08yx noseii: Homepa ce2uenma U CMew|eHUusA OMHOCUMENIbHO HaYana ce2uenmad.
Kaxxnplii cermeHT, pazMmeniaeMblii B MaMsaTH, HMEET COOTBETCTBYIOUIYI0 MH(OPMALMOHHYIO CTPYKTYDY,
4acTO Ha3bIBAEMYIO 0eCKpURMOpoOMm cezvenma. VIMEHHO olepanioHHasi CUCTeMa CTPOUT sl KaKIoro
WCTIOJIHSAEMOTO MPOIIeCCa COOTBETCTBYIONIYIO TaOIUIly JECKPUIITOPOB CErMEHTOB W MpU pa3MElIeHUH
KaXXJa01ro u3 CErMEHTOB B OHepaTHBHOﬁ WY BHEIIHEH IaMsITH B JACCKPUIITOPE OTMECUACT €TI0 TCKYILCC
MECTOIOJIOKEHUE. Ecu cerMeHT 3ajauu B JaHHBI MOMEHT HAaXOJIUTCS B ONECPATHBHON MaMATH, TO 00
3TOM JIeflaeTcsl MOMeTKa B JIecKpunTope. Kak mpaBuio, it 3TOrO HCHOIb3YeTCS «Oum RPUCYHICHEU)
(present bit). B amom cayuae ¢ none «aopecy ouchemuep namsamu 3anucsvléaem aopec usuueckoit
namsamu, ¢ KOTOPOro CETMEHT HAUYMHACTCS, a 6 noJie «OauHa ceemenmay (limit) ykazvieaemcs Konuue-
CH8O AOpeCcyeMblX AYeeK namamu. ITo T0JIe UCTIONb3YETCs HE TONBKO JUIS TOTrO, YTOOBI pa3MelaTh Cer-
MeHTHI 0€3 HaJIOKEHHs OJMH Ha JPYTroW, HO U JJISl TOrO, YTOOBI MIPOKOHTPOJIMPOBATh, HE OOpaIaercs jJu
KOJI MCTIOTHSIOLIEHCS 3a/1a4u 3a TpeeNibl TEKYIIEro cerMmenTa. B ciryyae mpeBbIlIeHHs! AJTUHBI CETMEHTa
BCJICACTBHEC OH_II/I6OK nporpaMMHpOBaHUs Mbl MOXKXEM TI'OBOPUTH O HAPYHICHUM aJipeCallii U C IOMOIIbIO
BBCICHUA CIICHHAJIBHBIX alllapaTHbIX CPCACTB I'CHCPHUPOBATH CUTHAJIBI IIPEPhIBAHUA, KOTOPLIC IMO3BOJIAT
00HapyXHTh MOJ00HBIE OIMOKK. Ecnu 6um npucymcmeusn B 1ecKpunTope yKa3blBaeT, U4TO ceifuac 3ToT
CErMEHT HaXOAUTCS HE B ONEPaTHBHOM, a BO BHEIIHEN MaMsITH (HalpuMep, Ha JKECTKOM JIMCKE), TO Ha3BaHHBIE
MOJIst a/ipeca U JUTHHBI UCTIONB3YIOTCS TS yKa3aH!s apeca CErMeHTa B KOOpAWHATaX BHEIIHEW TaMsITH.

[Nomumo mHGOpPMALIH O MECTOTIONIOKEHNH CETMEHTa B JIECKPUIITOPE CErMEHTa, KaK MpaBHIIO, CO/Iep-
JKaTCsl TAHHBIE O €ro TUIle (CerMEHT KOJa WM CETMEHT JaHHBIX), TIPaBaxX JOCTYMA K 3TOMY CerMEHTY (MOXKHO
WM HEJIb3S €r0 MOJU(HUINPOBATH, IPEAOCTABIATh APYrol 3a/aue), OTMETKa 00 0OpalleHHsIX K TaHHOMY
CerMeHTy (MHpOpMaIUsI 0 TOM, KaK 4acTO STOT CErMEHT HCIOIb3yeTCs), HA OCHOBAaHMH KOTOPBIX MOXKHO
MPUHATH PEHICHUEC O MPEAOCTAaBJICHUH MECTA, 3aHUMACMOI'O TEKYIIIUM CETMCHTOM, APYIrOMY CEIrMEHTY.

[Ipu nepenaue ynpasnenus cnenyrouiei 3agaue OC 10IKHA 3aHECTH B COOTBETCTBYIOUIMM pErHCTp
ajipec TaOJIMIIBI ICCKPUIITOPOB CETMEHTOB JUIs 3ToW 3anaun. CaMa maodaiuna 0ecCKpunmopoe cezmenmos,
B CBOIO OUe€pe/ib, TAKXKeE MPeNICTaBIsieT cO00M CErMEHT JAaHHBIX, KOTOPBI 00padaThiBaeTcsl JUCIETYEPOM
ImaMAaTHu OHepaHHOHHOﬁ CUCTEMBI. HpI/I TaKOM ITOAXO/IC IMOABJIACTCA BO3MOXHOCTE pasMCliaTh B OIICPATHUB-
HOMW NaMsTH He BCE CETMEHTHI 33/1a4H, a TOJIBKO T€, C KOTOPHIMH B HACTOSIIIIMHA MOMEHT MPOMCXOAUT padoTa.
Eciu TpebyeMoro cermMeHTa B ONepaTUBHOMN MaMsATH HET, TO BO3HUKACT MPEPhIBAHHUE, IPU 3TOM YIIpPaBJic-
HHUE TiepenaeTcs Yepe3 AUCIeTYep MaMiITH MporpaMMme 3arpy3ku cermeHTa. [loka mporcXomuT MOUCK cer-
MEHTa BO BHEIIHEW MaMsITH M 3arpy3Ka ero B ONepaTHBHYIO, JUCIIETYep MaMsTH ONpeAensieT MOAX0Asee
JUIsl cerMeHTa MecTo. Bo3MOXKHO, 4TO CBOOOJHOTO MecTa HET — TOria MPUHUMAETCS PEellIeHNe O BBITPY3Ke
KaKoro-HUOY/Ib CETMEHTa U €ro ImepeMelleHie BO BHEITHIO MaMsITh. Eciii pr 3ToM eltie octaercst Bpems,
TO TIpolleccop TepeaaeTcsi APYrod TOTOBOW K BEHINONHEHHIO 3amade. [locie 3arpy3ku HeoOXOIUMOro
CerMeHTa IMPOIeCCOp BHOBb IepeacTcs 3ajade, BhI3BABIIECH NMpephIBaHUE M3-3a OTCYTCTBHS CETMEHTA.
Bcesakuit pas3 1nmpu CUUTBIBAHHWNU CETMEHTAa B OINCPATHBHYIO IMaMATH B T36HI/IHG JACCKPUIITOPOB CEIrMEHTOB
HEOOXOJJMMO YCTAaHOBUTH aJipec Hadyasla CerMeHTa U MPU3HAK MPUCYTCTBUS CETMEHTA.

Ilpu noucke c60600H020 Mecma OOBIYHO UCTIONB3YIOTCS TPABHJIIA «IIEPBOTO TOAXOISIIETO» U «Ca-
MOI'O HEIIOAXOAAIICT O». Ecan CBO6OZ[HOI‘O (I)paI‘MCHTa B NNaMsTH AOCTAaTOYHOI'O 06’beMa HET, HO TEM HE
MEHee CyMMa CBOOOJHBIX (DparMEHTOB NPEBBIIIACT TPeOOBaHUS MO MAMSITH JIJII HOBOTO CErMEHTa, TO
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MOXeET OBITh MPUMEHEHa Tpolenypa AepparMeHTaluy NaMsiTH. B uaeansHOM ciyyae pa3mep cerMeHTa
JOJDKEH OBITh JJOCTATOYHO MallbIM, YTOOBI €r0 MOXKHO OBIJIO Pa3MECTHUTh B CIy4aiHO OCBOOOKAAIOLIHXCS
(parMeHTax ONepaTUBHOMN MaMSITH, HO U JJOCTATOYHO OOJIBIIIMM, YTOOBI COJIEPKATh JIOTHYECKH 3aKOHYCH-
HYIO YaCTh MPOTPAMMBI C IEJIbI0 MUHUMHU3UPOBATh MEKCETMEHTHBIE OOpaIICHUSI.

/lna pewenus npoonemol 3amenjenus (ONPEICICHUS TOTO CErMEHTA, KOTOPBII J0JDKEH OBbITh JIMOO mepe-
MEIIICH BO BHEUITHIOK MaMsTh, TM0O0 MPOCTO 3aMEIIeH HOBBIM) HCITOJIB3YIOTCS CIIENyIoNue npasmia [2]:

— FIFO (first in — first out — TIepBBIN NPHUIICIINIA TEPBHIM U BHIOBIBAET);

— LRU (least recently used — nocneaHuii U3 HEJABHO MCIIOJIB30BAHHBIX, JOJIBIIE BCErO HEUCIIONb-
3yeMBbIi );

— LFU (least frequently used — WCIIOJIb3yeMbIH PEXKE BCEX OCTAILHBIX);

— random — (cy4aiiHbIi1) BBIOOp CErMEHTA.

[TepBas u mocaemaHsIsl TUCITUTIINHBI SBJISIIOTCS CAMBIMHU MIPOCTHIMH B peau3allii, HO OHU HE YUUTHI-
BaIOT, HACKOJBKO YacTO HCIOJB3yeTCs TOT WJIM MHOM CErMEHT, W, CJIEAOBaTEeNbHO, IUCIETYEp MaMsTH
MOXKET BBITPY3UTh WJIM pacpOpMHpPOBATh TOT CErMEHT, K KOTOPOMY B caMOM OJrpkadiieM Oyayniem
MPOH30iAET oOpalleHue.

AnroputMm FIFO acconuupyer ¢ kakJIpIM CErMEHTOM BpeMsl, KOT/ia OH ObLJI MOMeIlleH B aMsATh. [
3aMellleHHs BhIOMpaeTcsi Hanbosee cTapblii CErMEHT. YUeT BpeMeHU HeoOs3aTelNeH, KOrjla BCe CerMeHTHI
B namstu cBsizaHbl B FIFO-ouepens u Kaxplii MOMENIAEMbIi B MaMSTh CETMEHT JOOaBJISETCS B XBOCT
ATOM ouepenu. AJTOPUTM YUUTHIBAET TOJIBKO BPEMsI HAXOXKJIEHUSI CETMEHTA B MAMSTH, HO HE YUUTHIBACT
(haKTUYECKOrO MCIIOIb30BaHUs cerMeHTOB. Hampumep, nepBbie 3arpyKeHHbIE CETMEHTHI TPOrPaMMbl MO-
T'YT COJCPKATh MEPEMEHHbBIC, UCIIOIB3YEMbIC Ha MPOTSHKEHUH PA0OTHI BCEH MPOrpaMMBbl. DTO MPUBOIUT
K HEMEIJICHHOMY BO3BPAIIEHHUIO K TOJBKO YTO 3aMEIIEHHOMY CETMEHTY.

Jus peanmmzarmu qucnmiuind LRU u LFU HeoOxomuMo, 4To0bI MPOI[eccCop UMEN JAONOTHUTEIbHBIC
anmapaTHbIE CPEeJICTBA. B mpuHIMIIE 10CTaTOYHO, YTOOBI MPH OOpAIEHUH K JECKPUIITOPY CErMEHTa JUIsl
MOTy4eHHs (PU3NIECKOTo ajpeca, ¢ KOTOPOro CErMEHT HaYMHAET PacIoiaraThCs B MaMsTH, COOTBETCTBY-
IO OMT OOpalieHus MEHSJI CBOE 3HaueHHE (CKa)keM, C HyJeBoro, koropoe ycraHoswia OC, B enu-
HuyHoe). Tornma aucrerdep maMsaTd MOXKET BPEMsS OT BPEMEHU IPOCMATPUBAThH TAOJHMIIBI JIECKPUIITOPOB
WCTIOJHAIOMIMXCA 3a/1a4 U cOOMpaTh Uil COOTBETCTBYIOIIEH 00pabOTKM CTATHCTHUYECKYIO WH(POPMAIUIO
00 oOpaleHusX K cerMeHTaM. B pe3ynbTate MOKHO COCTaBHUThH CIIMCOK, YHOPSJOYEHHBIN JIMOO MO U~
TEIBHOCTH Heucnonb3oBanus (s auciuiuimabl LRU), 1100 mo yacToTe MCIoib30BaHus (JUIsl TUCIIMII-
suuel LFU).

Bascueriwent npobnemoii, KOTOpasi BO3HUKAeT MPH OPraHM3ALUU MYJBTUIIPOTPAMMHOIO peXUMa,
SIBIISICTCS 3auiuma namamu. Jjis Toro 4ToObl BBITONHSIONIMECS TPUIOKEHUS HE CMOTJIM UCIIOPTHThL CaMy
OC u mpyrue BBIYHCIUTENBHBIE MPOECCHI, HEOOXOIUMO, YTOOBI IOCTYIT K TA0JUIAM CETMEHTOB C LENBIO
ux Moauukaryu ObLT oOecnedeH Toabko st koga camoit OC. Jlns atoro kox OC [0IKEH BBITTOTHATHCS
B HEKOTOPOM MPUBUIETUPOBAHHOM PEXHUME, U3 KOTOPOIO0 MOXKHO OCYIIECTBIISTH MAHUITYJISIIMU C JECKPHUII-
TOpaMH CETMEHTOB, TOTJA KaK BBIXOJ 3a MPEIeibl CerMeHTa B OOBIYHON MPUKIIATHON MporpaMMe JOKEeH
BBI3BIBATH IPEpHIBAHUE M0 3amuTe namsaTu. Kaxkmas npukiagHas 3ajada JI0JKHA UMETh BO3MOXKHOCTh
o0palaThcs TOIBKO K CBOMM COOCTBEHHBIM CErMEHTaM.

OcTtaHoBHMCS HA OCHOBHBIX HEAOCTAaTKaX CErMEHTHOrO Croco0a pacipeeneHus namMati. Bo-nepBoIx,
MO0 CPaBHEHHUIO C HEMPEPBHIBHBIMU CIIOCO0aMH MPOU3OLIIIO yeeluteHue 6PeMenu Ha 3azpy3Ky npozpamvmsl
u ee cezmenmos. JIis NOMydeHUs JOCTYIa K UCKOMOW sideiike TaMsITH HEeoOXOJMMO cHavajla HalTH W mpo-
YUTATh JECKPUIITOP CErMEHTA, a YK€ TIOTOM, UCIOJIb3Yys JaHHBIC M3 HEro, BHIYUCIUTh KOHCUHBIH (hU3H-
4Jeckuil anapec cermeHTa. J{s TOro 4roObl YMEHBIIHMTH 3TH MOTEPH, UCIONB3YETCS KIULUPOBaAHUE, T.E.
PaCIIONIOKEHHE JIECKPUIITOPOB BBIMOIHIEMBIX 33/1ad B KAII-MIAMSITH MHKpoIpolieccopa. BropeiM Hemoc-
TaTKOM SIBJIAETCS Hanuuue ¢pazvenmayuu namamu, XoTs U CyIIeCTBEHHO MEHbIIEl, YeM NpHU Hempe-
PBIBHOM pacIpeieiIeHIH.

Kpowme 3toro, umerorcs nomepu namamu u npoyeccoprozo 6pemenu Ha pazmeuieHue u 00padomxy
0eCKpURmMOpHbIX MAdIUY, TaK KaK HA KOKIYIO 3a1a4y He00X0IMMO UMETh CBOIO TaOIHUIly IECKPUIITOPOB
CeTMEHTOB, a TPH ONpeleleHnH (U3NYECKHX aApPEecOB HEOOXOIUMO BBHIMOIHATH OMEPALlUH CIOKEHHS.
YMeHbIIIeHHE STHX HEJOCTaTKOB PEaIn30BaHO B CTPAHUYHOM CIIoco0e pachpeeneHus TaMsiTH, KOTOPBIHA
OyJeT pacCMOTpeH Janee.
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HpHMCpOM HUCIIOJIBb30BaHUA CCIrMEHTHOI'O cnoco6a OopraHuv3anuu BHpTyaHbHOﬁ HaMATHU SABJISACTCA
onepanuonHas cucrema juis [IK OS/2 ver. 1, cozpannas juist mporeccopa i80286. B atoit OC B monHOiA
Mepe MCIOJIb30BaHbl anmnapaTHble CPeACTBa MUKPOMpOIEccopa, KOTOPBIH CIenHaIbHO MPOSKTHPOBAJICS
JUTSL TIOAJIEP>KKH CErMEHTHOTO CIIoco0a pacipeeneHus MaMsTH.

OS/2 v. 1 nognepxuBana pacrnpeaeyneHne NaMaTH, TP KOTOPOM BBIIENSUIUCE CETMEHTBI MTPOrPaMMBI
1 CErMEHTbI JaHHBIX. Cucrema mo3Boisia pa6OTaTb Kak ¢ UMMCHOBAHHBIMH, TaK U C HCHMMCHOBAaHHBIMU
cerMeHTaMH. VMIMeHa paslensieMbIX CETMEHTOB JaHHBIX UMENH Ty ke (opMy, 4TO U UMeHa (ailios.
Hpoueccm MmoJiydajnd JOCTYIlI K MMEHOBAHHBIM pa3aciias€MbIM CErMCHTAaM, UCIIOJIb3Yysd UX UMEHA B CIICIIU-
aNBHBIX CHCTEeMHBIX BbI3oBax. OS/2 v. 1 gomyckana pasjeneHue IporpaMMHBIX CETMEHTOB MPUIIOKEHHH
U IMMOACHUCTEM, a TAKKE I‘J]O63J'IBHI)IX CEIrMCHTOB AAaHHBIX IIOACUCTEM. CCFMCHTLI, KOTOPBI€C aKTUBHO HE UC-
MMOJIb30BaJIMCh, MOI'JIM BBIT'PYKATHCA HA JKECTKUM JUCK. CucreMa BoccTaHaBIIMBala HX, Korjga B 3TOM BO3-
HUKa1a HeoOXoquMocTh. Boobme Best koHnenuus cucremsl OS/2 Oblla MOCTpOEHa Ha TIOHATHUU pa3jelne-
HUS TaMSTH: TPOLIECCHI MOYTH BCErJa pa3AeisiioT CErMEHTHI C APYTUMH IpoleccaMu. B aTom coctosiio
ee cymiecTBeHHOe ominune oT cucteM tuna UNIX, KoTopbie 00BIYHO pa3aensioT TOJIbKO peeHTepadenb-
HbBIE IPOrPaMMHBIE MOIYIN MEXIAY IIPOLECCAMU.

4.2.5. CTpaHWYHOe pacnpeaesieHme namaTu

B 3tom crniocobe Bce (hparMeHThl (4acTH) 3ajaud MMEIOT OJMHAKOBBIA pa3Mep U JJIUHY, KPaTHYIO
CTeNeHn IBOWKH. BcnencTBue 3Toro onepanuu CIOKEeHHS MOYKHO 3aMEHUTH OINEpallUsIMU CIMSHUSA, YTO
CYLIECTBEHHO YMEHbIIAeT BHIYMCIUTEIbHYIO Harpy3Ky. OJIMHAKOBBIE YAaCTH 3aJIa4M HA3bIBAIOT CHPAHU-
yamu v TOBOPSIT, YTO NaMsITh pa3duBaercst Ha (GU3NUECKHE CTPAHUIIBI, @ MporpaMMa — Ha BUPTyaJbHbIE
cTpaHuIbl. YacTh BUPTYaJIbHBIX CTPAHUIL 33]]a49d MOXKET pa3MeIlaThCsl B OMEepaTUBHOMN MaMsATH, 4acTh —
BO BHemHed. OOBIYHO MECTO BO BHEIIHEH MaMsTH, B KA4eCTBE KOTOPOH B aOCOJIFOTHOM OOJBIIUHCTBE
CIIy4acB BBICTYIAIOT JKECTKUE JUCKU, HA3bIBAIOT DailIoM NOOKAUKU U CHPAHUYHBIM paitiom (paging
file). lnorna 3ToT (aiin Ha3bIBAIOT SWap-ghaiiiom, TEM CaMbIM MTOTYCPKUBAs, YTO 3aMKCH 3TOTO (aiijia —
CTpaHUIIBl, KOTOpBIE 3aMeLaloT Apyr Apyra B onepaTUBHOW mamstu. B HekoTopeix OC BBITpyKeHHbIE
CTpaHUIIBI pacroyiaratoTcst He B (paiiie, a B CrenualibHOM pasjieie AMCKOBOro mnpocrpancrea. B UNIX-
CHCTeMax JJIsl THX LeJiel BBIIENsAeTCs CIeNUaNbHbINA pa3ies, HO KpOMe HEro MOTYT OBITh HCIIOJIb30BaHEI
1 (aiiibl, BBEITONHSIOMINE TE ke QYHKIHMHU, eclii 00beMa BBIACISIEMOro pasjiesa HeIoCTaTOYHO.

Pa3Ouenne Bceil onepaTUBHONM MaMSITH HA CTPAHUIBI OIMHAKOBON BEJIMUYMHBI, TIPHYCM GEIUYUHA KAHC-
001l cmpanuyl 8LIOUPAEMCA KPAMHOIL cmeneHu 060IKU, IPUBOJUT K TOMY, UTO 6MeECHO 00OHOMEPHOZ0
aopecHo20 NPOCMPAHCMEA NAMAMU MONHCHO 2080pUms 0 0gymepHom. IlepBasi KOOpAMHATA AJAPECHOTO
MPOCTPAHCTBA — 3TO HOMEP CTPAHUIIBI, a BTOpas KOOpIMHATa — HOMEp SYEHKH BHYTPH BBIOPAHHOM
CTpaHUIIBI (€ro Ha3bIBAIOT MHJEKCOM). TakuM 00paszoM, pusudeckuii aapec onpezensercs napou (Pp, i),
a BUPTYyaJIbHBIN aapec — mapo# (Py, i), rae Py — HOMep BUPTyalbHOM cTpaHUllbl, Pp — HOMep Gu3u-
YeCcKON CTpaHMIIbL, | — WHAEKC siueliKu BHYTPU CTpaHULbL. Konuuecmeo oum, omeooumoe noo unoexc,
onpeodenaem pazmep CMPAHUUbL, A KOJUYECHEO Oum, 0mMeooumoe nod HOMep GUPMYAIbHOU cmpa-
HUUbL, — 00BEM 603MONCHOU GUPMYAILHOU NAMAMU, KOMOPOI MOMCEm Noab306AMbCA NPOZPAMMA
[2]. OToOpaxkeHue, OCYIISCTBISIEMOE CHCTEMOM BO BpEMsl MCIIOJIHCHUS, CBOJAUTCA K OTOOpakeHuto Py
B Pp ¥ NPUITUCHIBAHMIO K TIONYYEHHOMY 3HaUYEHHIO OMTOB ajpeca, 3aJaBaeMbIX BeNWYnHOM i. [Ipu sTOM
HEeT HEeOOXOJMMOCTH OIpaHMYMBATh YHCIO BUPTYAIBHBIX CTPaHMIl YACIOM (DU3UYECKHX, T.€. HE IMOoMec-
THBILIUECS CTPAHMIIBI MOXHO pa3MellaTh BO BHEIIHEW MaMATH, KOTOpas B JaHHOM CIIydae CIYKUT pac-
HIUPEHUEM orepaTuBHOW. J{i1s1 oToOpakeHns: BUPTYalbHOTO aJpECHOT0 MPOCTPAHCTBA 3aJa4yu Ha (pusu-
YEeCKYI0 MaMsTh, KAK U B CIIy4ae ¢ CErMEHTHBIM CIIOCOOOM OpTaHW3aliH, KaXIoW 3a1ade HeoOXOoAuMOo
UMETh madauyy cmpanuy JUisl TPAaHCISALUHN apeCHBIX MPOCTPAHCTB. [l onucaHus KaKJOH CTpaHHIIbI
mucrierdep namatu OC 3aBOUT COOTBETCTBYIOIINN decKpunmop, KOTOPBIA OTJIMYAEeTCs OT AECKpUIITOpa
CerMeHTa MpPeXJie BCEro TeM, YTO B HEM HET HEOOXOAMMOCTH MUMETh IMOoJIe JUIMHBL, TaK KaK BCE CTPAHMIIBI
UMEIOT OJJMHAKOBBIH pasmep. [lo HOMepy BHPTyalbHOH CTpPaHHUIBI B TAONHIE IECKPUIITOPOB CTPAHUIL
TeKyIel 3aJa4d HAXOIUTCS COOTBETCTBYIOLIMH 3JIeMEHT (Jeckpuntop). Ecim OUT mpucyTCcTBUS UMeeT
€MHUYHOE 3HAYCHUE, 3HAYWUT, JIaHHAsd CTpaHMUIA Cedyac pa3MellcHa B OMNEPAaTUBHOM, a HE BO BHELIHEH
NaMsTH, U B JISCKPUIITOPE 3alrcaH HoMep (PU3MUECKON CTpaHHIIBI, OTBEACHHOH MOJ NaHHYIO BHPTYallb-
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Hyto. Ecim e OMT pUCYTCTBUS paBeH HYIIIO, TO B IECKPUIITOPE 3allMCaH aJpec BUPTYyaIbHOH CTPaHUIIbI,
PACIIOJIOKEHHOM B JAaHHBIM MOMEHT BO BHEHIHEH NamATU. TakuM JOCTATOYHO CIOKHBIM MEXaHU3MOM
U 0CYu{ecmenaemea mpanciayus GUPMyanbHo20 a0pecHo20 nPpoCmpancmea Ha U3UYecKylo RAMAmMD.

3awuma cTpaHUYHON NAMSITH, KaK M B CITy4ae C CETMEHTHBIM MEXaHU3MOM, OCHOBaHA Ha KOHTPOJIE
YPOBHS JIOCTyIa K KaxaoW cTpanuie. Kak mpaBuio, BOSMOXKHBI CIEYIONIME YPOBHH JIOCTYMA: MOIbKO
YmeHue; YmeHue U 3anuUch; MobKo evlnojinenue. B 3ToM ciydae Kakaas CTpaHUIa CHa0XKaeTcsl COOT-
BETCTBYIOIIMM KOJIOM ypOBHs Joctyna. [Ipu Tpancdopmaium Jorudeckoro aapeca B GU3NUECKHA CpaB-
HUBAETCs 3HaYCHHE KOJa Pa3pelIeHHOro0 YpOBHS JocTyna ¢ gakTuiyecku TpedyembiM. [Ipu ux HecoBma-
JIeHUHU paboTa mporpaMMBbl IPEPHIBASTCS.

[Ipu obpamiennu K BUPTYyaJbHOM CTpaHUIlE, HE OKa3aBIICHCs B JaHHBIA MOMEHT B ONEPaTUBHOM Ma-
MSITH, BO3HUKAET MIPEPHIBAaHKUE M YIIPABJICHUE MEpeAaeTcs JUCIeTyepy NaMsITH, KOTOPBIA JOIKeH HalTH
cBoOoaHOE MecTo. OOBIYHO TpenocTaBiseTcs MmepBas ke cBodonHas crpanuna. Eciam cBoboaHol Gusm-
YECKOM CTpaHUIIbI HET, TO IUCIIETYEp MaMATH MO OJHOM U3 YHOMSHYTHIX aucuuiuivH 3amernenus (LRU,
LFU, FIFO, random) onpenenut cTpaHuIly, MOAJISKAIIYI0 Pac)OPMUPOBAHUIO UIIH COXPAHCHUIO BO BHEIII-
Heil maMsaTH. Ha ee MecTo OH 1 pa3MecTHT HOBYIO BUPTYaJbHYIO CTPAHHUILY, K KOTOPOH ObLIO oOpaieHue
u3 3afgaun. Jns ucnonb3oBanus auciumind LRU u LFU B mportieccope MOMMKHBI OBITH peann30BaHbl
COOTBETCTBYIOIIIME allapaTHbIE CPEICTBA.

Ecnn oObem Qusmueckoil mamsTé HEOONBLION M Jake 4acTo TpeOyeMble CTpPaHUIBI HE yaaercs
pa3MecTHTh B ONlEpaTHBHON MaMsTH, BO3HUKACT TaK Ha3blBaeMas HpoOyKcoeka. [Ipyrumu cioBaMu, npo-
0yKcoéKa — 1TO CHTyallsl, IPYU KOTOPOU 3arpy3ka HY)>KHOW HaM CTPAaHHUIIBI BBI3bIBACT NiEpEMeEIICHIE BO
BHEIIHIOIO MaMsTh TOH CTPaHMIIBL, C KOTOPOM MBI TO)XKE aKTUBHO paboraeM. UToOBI He IOMTycKaTh 3TOTO,
MOXKHO ygenuuums 00vem OnepamueHoli NAMAmMU, YMEeHbWUmy KOJau4ecmeo napanienbHo eblnoaHA-
emblIx 3a0ay 1100 TIONPOOOBATH UCIIOIBL30BATh f0/1ee I heKkmugHbvle OUCUUNTUHDBL 3AMEULCHUSL.

B abcomotHOM OonbinHCTBE coBpeMeHHbIX OC MCTONb3yercsl AUCHUILINHA 3aMEIIeHHsI CTPaHUIL
LRU xak camas s¢dextuBHas. Tak, IMEHHO 3Ta TUCHMILIMHA Ucnonb3yercs B OS/2 u Linux. Ho B OC ot
komranuu Microsoft, Hanpumep Windows NT, paspaborumkw, skenas clienaThb CUCTEMY MaKCHMaJbHO
HE3aBUCHMOM OT amlmapaTHBIX BO3MOKHOCTEH Tpolieccopa, MOIUIA Ha 0TKa3 OT 3TOW AMCHUIIIMHEI U TIPH-
MeHwm npapuwiio FIFO. Jns Toro 4ro0bl XOTh Kak-HUOYIb CIIIaNTh ¢ Hed((EKTUBHOCTD, ObLIa BBEJICHA
«Oythepuzayusay Tex cTpaHMIl, KOTOPbIE JOJDKHBI OBITH 3aMKCaHbl B (ailyl MOJAKAYKM Ha AWCK WM MIPOCTO
pachopmupoBanbl. [puniun Oydepusaruu npoct. [Ipexae yem 3aMeriaeMast CTpaHUIA JICHCTBUTEIBHO
OyzeT mepemMelieHa BO BHEIIHIOK MaMATh WM MPOCTO pacOpMHUPOBAHA, OHA MTOMEYaeTcs KaK KaHIuIaT
Ha BRITpY3Ky. Ecnu B cienyrommii pa3 mpou3oiiier oOpalieHne K CTpaHulle, HaXOAAIeHcsl B TAKOM «0y-
(depe», TO CTpaHMIIA HUKYJA HE BBITpYyXkaercs u yxoiauT B koHer crucka FIFO. B mporuBHOM ciydae
CTpaHHMIA JEHCTBUTEILHO BBITPYXKAETCS, a HA €€ MeCTO B «Oydepe» monaaaer Clenryromui «KaHIuaaT.
Benuunba takoro «Oydepa» He MOXKET ObITh OOJIBIION, MO3TOMY 3()PEKTUBHOCTh CTPAHUYHOW peaiv-
3anuu namsatd B Windows NT HamMHOro HuXe, ueM y Ipyrux coBpeMeHHbIX OC, U siBlieHHE MPOOYKCOBKH
MPOSIBJISIETCS TIPH JOCTaTOYHO OOoNbIIoM o0ObeMe ornepaTuBHOM mamsatH. B cucreme Windows NT ¢aiin
C BBITPY)KEHHBIMH BHUPTYaJlbHBIMH CTpaHMIaMH HocHT Ha3BaHue PageFile.sys. Ciemyer oTMETUTH, YTO
B coBpeMeHHbIX Bepcusix Windows NT Microsoft Bce ke peanuzoBana aucuuminHay 3amenienust LRU.
Bonee moapobHo pacnpenenenue namsati B OC cemeiictBa Windows OyeT pacCMOTpPEHO Jlaiee.

Kak u B ciy4ae ¢ cerMeHTHBIM CIIOCOOOM OpraHU3alliy BUPTYaJIbHOM MaMsTH, CTpaHUYHBIN CII0cCO0
MPUBOJUT K TOMY, YTO 0€3 CHelUaIbHBIX alllapaTHbIX CPEACTB OH OyAeT CYIIECTBEHHO 3aMEAISITh PaboTy
BBIUMCIUTENBHON CHCTEMBI. [103TOMY OOBIYHO MCIONIB3YETCSl KIUIMPOBAHUE CTPAHUYHBIX JECKPUIITOPOB.
Haunbonee >dekTuBHBIM cOCOOOM KIIIMPOBAHUS SBISETCS MCIONB30BAHUE ACCOUUAMUGHO20 KIULd.
HMMeHHO Takoil acCOlMATHUBHBIA KA M CO3JaH B 32-pa3psiaHbIXx MHUKpomnporeccopax i80x86 HauuHas
¢ 180386, KOTOPBIH cTal MOJACPKUBATH CTPAHUYHBIA CIOCO0 paclpeaeseHns naMsITi. B 3THxX MUKpompo-
meccopax MMeercs K3l Ha 32 cTpaHWU4YHBIX JecKpurTopa. [10CKoiIbKy pa3Mep CTpaHMIBI B HUX PaBEH
4 Ko6aiit, BO3MOXKHO ObIcTpoe oOparienue k 128 Koaiit namsTy.

PaccmotpeB cTpaHMYHBIN CIOCOO OpraHn3alyy MaMsITH, MOKHO CHIeIaTh CISAYIOUIUE BHIBOABL. OcHO6-
HbIM 0OCIOUHCHEOM CTPAHUYHOTO CII0c00a, 10 CPABHEHHIO C PACCMOTPEHHBIMH PaHee, SBISIETCS MUHU-
MAbHO 803MOMICHasA hpacmenmayusn. Tak KaK HA KaOXKIYIO 3a7a4y MOXKET MPUXOAUTHCS 10 OJJHOW He3aro-
HEHHOW CTpaHMIIE, CTAHOBUTCSI OYECBUIHBIM, YTO MaMTh MOYKHO HCIIONB30BaTh JOCTaATOYHO 3(PPEKTHBHO.
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Heoocmamxkamu Takoro cnocoda siBISIETCS, BO-TIEPBBIX, HAAUYUE CYU4ECBEHHBIX 0ONROTHUMEb-
HbIX HAKIAOHBIX PACX0006 JIIsl CTPAHUYHOW TPAHCIIALMS BUPTYalbHOW NamsaTH. B naHHOM ciydae Tao-
JIUIBI CTPAHMII HY’)KHO TOXE pa3MellaTh B MaMsaTH. KpoMe Toro, 3Tu TaGIuIbl HY>KHO 00pabaThiBaTh —
HUMCHHO C HUMH pa60Taer JUCTICTUCP TaMATH.

Bropoii cylecTBeHHbIN HENOCTATOK CTPAHUYHOW aJpeCalluy 3aKIKYAETC B TOM, YTO HPOZPAMMbL
pazéuearomca na cmpanuypl Cryyaiinoe, 6e3 yaera JJOTHYeCKIX B3aUMOCBSI3€H, UMEIOIIMXCS B Kofe. ITO
MNPUBOAUT K YCIOKHCHUIO OpraHu3aliu pa3aciiCHus IMMporpaMMHBIX MOI[y.]'ICI‘/'I MCXKAY BBIMOJHAONIUMHUCA
nporeccamu. JIs HCHpaBJIeHNs! STOr0 HEIOCTAaTKa MPEATIOKEH CerMEHTHO-CTPaHUYHBIN CIOCO0, KOTOPHIN
OyJleT pacCMOTPEH MO3XKeE.

Hecmotpst Ha mepedncienHble HegocTaTku, Bce coBpeMeHHble OC mis [IK ucmonb3yroT MMeHHO
3TOT CIIOCO0 pacnpe/esieHUs MaMsITH.

4.2.6. CermeHTHO-CTpaHMYHOE pacnpegenieHne namatm

B nanHOM criocobe pacrnpeneneHus maMsaTH, Kak 1 B CETMEHTHOM, porpaMma pa3ouBaeTcsi Ha JIOTU-
YeCKH 3aKOHUYEHHBIE YaCTH — CerMEHTHl M BUPTYaJbHBIA ajpec COJAEpKHUT yKazaHHE Ha HOMEp COOT-
BETCTBYIOLIETO CerMeHTa. BTopas cocraBisiomas BUPTYallbHOIO ajpeca — CMEIIEHUE OTHOCUTENIBHO
Hayaja CETMEHTAa COCTOMT U3 JIBYX IIOJIEH: BUPTYAJIbHOM CTPaHMIBI U UHJEKCA. JIpyruMu ClIoBaMu, IOJIY-
YaeTcsl, 4YTO BUPTYaJIbHBIN aJipec Terneph COCTOUT U3 TPeX KOMIIOHEHTOB: CErMEHTa, CTPaHMIIbI, HHEKCa.

OueBHIHO, YTO ATOT CIOCOO OpraHM3alUM BUPTYaJIbHOW MaMSTH BHOCHUT €llle OOJBIIYIO 3aJIepKKY
noctyna K namsatd. HeoOXoanmMo cHadana BBIYMCIUTH alipec JAECKPHUIITOpPAa CErMEHTa M MPOYHTATh €ro,
3aTeM BBIYUCIUTH aJIpec 3JeMeHTa TaOJMIbl CTPaHUI] STOrO CErMEHTa W H3BJeYb M3 MaMITH HEo0Xo-
JMMBII 3JIEMEHT M YK€ TOJBKO MOCIIe 3TOr0 MOKHO MPUIKCATh K HOMEpY (PU3NUECKON CTpaHHUIIBI HOMED
SYeHKU B cTpaHHIE (MHICKC). 3a/epKKa I0CTyIa K UCKOMOH sUeiiKe moydaercst o KpaiHei Mepe B TpU
pasza Oomble, yeM MpU MPOCTOW MPSIMON ajpecanui. YToObI M30€XKaTh 3TOr0, BBOAUTCS KIUIMPOBAHMHE,
MIPUYEM K3III, KaK TPaBUJII0, CTPOUTCS IO ACCOL[MATUBHOMY IPUHLIUITY.

I'nagnvim 0ocmouncmeom cezmeHmMHO-CIMPAHUYHOZO CROCOOA ABIAEMCA 603MONCHOCHD pA3IMe-
uwiamo cezwenmol 6 namamu yeaukom. CErMeHThbl pa30UTHI HA CTPAHUIIBI, BCE CTPAHUIIBI KOHKPETHOTO
cerMeHTa 00s13aTeNIbHO 3arpyKaloTcs B MAMSITh. JTO MO3BOJISIET YMEHBIIUTh OOpAIIEHHUs K OTCYTCTBYIOLIUM
cTpanuiaM. CTpaHHUIIBl UCTIONHSIEMOr0 CETMEHTa MPHU 3TOM HAXOIATCS B MaMATH B CIydyalHBIX MecTax,
TaKk Kak JMcIieTdep MaMsATH MaHUIYJIHpYeT CTpaHHIAMH, a He cerMeHTaMu. Takum oOpa3oM, Hamudue
CErMEHTOB OOJIETHaeT pea3aliio pa3/ieleHHs IPOrPaMMHBIX MOMyJIell Mexy mapauielbHbIMU IpoLec-
camu. B aToMm ciiyuae Bo3MOXKHA M JUHaMH4ecKasi KOMIIOHOBKA 3a7a4yl. Beinenenue xe naMsaTé CTpaHu-
LaMH TI03BOJISIET MUHUMH3HPOBATH (PparMeHTaIuro.

I'nasnwvnit neoocmamox 3moz20 cnocoba — euie O0TLULAL NOMPEOHOCHY 6 GLIUUCTUMETDHBIX
pecypcax. CerMeHTHO-CTpaHUYHOE paclpeeleHre IaMATU J0CTATOUHO CI0KHO PEaIn30BaTh, UCIIONIb3Y-
eTcsl OHO PEIKO, OOBIYHO B IOPOTUX M MOIIHBIX BBIUYMCIHMTEIBHBIX CHCTEMaX. BOBMOKHOCTh pean3aluu
CErMEHTHO-CTPaHUYHOTO CcItoco0a OpraHU3ally MaMsITH 3aJ0KeHa U B CeMecTBe 32-pa3psaaHbIX MUKPO-
nporueccopoB i80x86, HO BciencTBue cnaboi anmnapaTHON MOJEPKKU, TPYJHOCTEH MPU CO3IaHUU CHCTEM
nporpamMmmupoBanus 1 OC oH NpakTHYECKU He ucnonvzyemcea 6 I1K.

§ 4.3. OpraHusauma namartm 8 OC Windows

B Win32 API ucnons3yercst miiockas 32-pa3psiiHas MOJENb maMatu. KaxxaoMy mporeccy BbIIeNs-
ercsl «IM4HOe» (private) N30JMPOBAHHOE aJpECHOE MPOCTPAHCTBO, pa3Mep KoToporo coctasisier 4 0.
3TO MpOCTpPaHCTBO pa30HMBaeTcs HAa PETHOHBI, HEMHOro OTIuYHble it Windows 9x m Windows NT.
B obmiem asist Tol M Ipyroi CHCTEMBI MOKHO CKa3aTh, YTO HIOKHHUE 2 ['0 3TOro mpocTpaHCTBA OTBEACHBI
Mpoleccy Ui CBOOOAHOTO UCIONB30BaHMUs, a BepxHHUe 2 ['0 3ape3epBHpOBaHBI Isl HCIIOIB30BaHUS OIle-
paonHoi cucremoi. Ha puc. 4.3 npencraBnena apxurtekrypa namsatd Windows 9x, a Ha puc. 4.4 —
Windows NT.
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OpraHuzauua namaty 8 OC Windows

OxFFFFFFFF PernoH pasmepom 1 6 ans gpaisepos, aucnetyepa
namati u 7. 4. JoctyneH Bcem Win32 npoueccam
0xC0000000 (HO Nyywe HUYero He nucatb!)
\ )
OxBFFFFFFF PernoH pasmepom 1 6 ans daiinos, npoeuupyembix
B NamATb, 06wmx moayneii DLL, 16-6UTHbIX NPUAOKEHNI
0x80000000 nT. 4. LoctyneH Bcem Win32 npoueccam
\
OxX7FFFFFFF PernoH pasmepom 2 [6 — 4 M6. Bbiaensetcsa npoueccam
B «JIMYHOE NO0/Ib30BaHME» Be3 orpaHUYeHui
0x00400000
N\
Ox003FFFFF PervoH pasmepom 4 M6 — 4 K6 ana noaaepxkm
npunoxkennii MS DOS n 16-6utHoi Windows (goctynen,
0x00001000 HO /ly4Lle He TPoraTh)
\
0x00000FFF PernoH pasmepom 4 K6 ona noaaepsKku npuioKeHni
MS DOS u 16-6utHoit Windows. HepgocTyneH, urpaet
0x00000000 PONb NOBYLLKM ANA HYNEBbIX YKasaTenen
Puc. 4.3. Apxutekrypa mamsatu Windows 9x
\
OxFFFFFFFF PernoH pasmepom 2 6. 3apesepsnpoBaH OC
W HeJoCTYMeH npoueccam
0x80000000
\
OxX7FFFFFFF PernoH pasmepom 64 K6 ans BbiABNEHWA yKasaTenen
C HenpaBW/IbHbIMW 3HAYEHUAMMU
Ox7FFF0000
N\
A PervoH pasmepom 2 6 — 64 K6*2. Bbigensetca
npoLeccam B «JIM4YHOE NOJIb30BaHME» 6e3 OrpaHNYeHni
0x00010000
\
OxO0000FFFF o
PernoH pasmepom 64 K6 ans BbiABAEHMA yKasaTenen
C HenpasMAbHbIMU 3HAYEHUAMMU
0x00000000

Puc. 4.4. Apxutekrypa mamsatu Windows NT

Kak BuaHO M3 JaHHBIX PUCYHKOB, Koj cucTeMbl Windows NT myudlie 3amuiieH oT mpouecca moib-
3oBatens, yeM koa Windows 9x. Dto obycnoBnuBaer Oonblryio ycroiunBocth OC K ommOKaM B MpH-
KJIQJIHOW MporpamMmMe.

Hcnonw3yemble mpukiaabiMu mporpammaMu Windows 32-pa3psiaHbeie ajpeca JUis J0CTyla K KOay
W IaHHBIM HeE SBIISIOTCS 32-pa3psAHbIMUA (PU3MYECKUMH aJpecaMH, KOTOpble MHKPOIPOIECCOP HCIONb-
3yer A aapecanuu puzndeckod namsaTu. [loaTroMy agpec, KOTOPBIN HCHONB3YETCSl TPUIOKEHUEM, SIBIISI-
eTCs BUPTyadbHBIM ajipecoM (virtual address).

API-pyakunn Windows, paboratomme B JJOTHYECKOM aJpecHOM MpocTpaHcTBe oobeMoM 1o 2 0,
MOJJICPKUBAIOTCS MEHEPKEPOM BUpTyanbHOU mamsath — VMM (Virtual Memory Manager), KOTOpBIH,
B CBOIO 0Yepe/lb, ONTUMHU3UPOBAH sl pabOTHl HA COBPEMEHHBIX 32-pa3psAHbIX mporeccopax. s Toro
9TOOBI anmnapaTHoe obecredyeHne CUCTEMBI MOTJIO MCIONb30BaTh 32-pa3psAHyIo aJpecanuio namsTH,
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Windows obecrieunBaer otoOpakeHHe (PU3MUECKUX alpecoB B BUPTYaJbHOM aJPECHOM MPOCTPaHCTBE
W TIOAJIEP’)KUBAET CTPAaHMYHYIO OpraHu3anuio mamsata. Ha a1oit ocnoBe VMM ¢opmupyer coOCTBEHHBIE
MEXaHU3MBbI U AJITOPUTMBI YIIPABJICHUS BUPTYaIbHON MAMATHIO.

Kax BupTyanpHON peasbHOCTH, TaK U BUPTYaJIbHOM ONepaTHBHOW MaMSTH HE CYIIECTBYET, OJHAKO
y CUCTEMBI BO3HHKAET MOJHAs MILTIO3MsI ee Hannuus: 2 ['0 agpecHoro mpocTpaHCTBa, K KOTOPOMY MOKET
oOpararhcs Jir00ast mporpamMma, MpeACTaBIsIIOT CO00 BUPTyalbHYIO MamsTh. Ha camom jienie B cucteme HeT
2 I'6 pusmueckoil maMsaTH, OAHAKO KAKMM-TO 00pa3oM MporpaMMbl MOTYT HCIOJIb30BaTh BECh THANa30H
aapecoB. OueBHIHO, IPUCYTCTBYET HEKUH (POHOBBIN «IIEPEBOIUHKY», MOTYAIMBO MTPeoOpa3yonnii Kaxaoe
oOpaleHre K maMsITH B pealibHbIN Qu3nueckuii aapec. bnaromapst TakoMy npeoOpa3oBaHHIO peaan3yercs
OONBIIMHCTBO BO3MOXHOCTEH MeHemkepa BUPTyalnbHOH mamsatu (VMM). VMM — 310 yacTh onepanu-
oHHOH cucrembl Windows, KoTopasi OTBedyaeT 3a mpeoOpa3oBaHHEe CCHUIOK Ha BHUpPTyajbHBIE ajpeca ma-
MSTH B CCBUIKH Ha peajibHyI0 (PU3MYECKYyI0 MaMATh. MeHekep BUPTyaldbHOM MaMATH MPUHIMAET pelie-
HUS O TOM, TJI€ pa3MelaTh KaX bl OOBEKT MaMSATH U KaKHe CTPAHUIIbI MaMATH 3amucath Ha JAuck. OH
TaKXKe BBIJIETSIET KAXKIOMY BBIMOIHSIEMOMY MPOIECCY OTIAENBHOE alpecHOe MPOCTPaHCTBO, OTKA3hIBASIChH
peoOpa3oBBIBATh BUPTYaIbHBIE aJjpeca OIHOro Mpolecca B aapeca PU3MYECKOH MaMATH, HCIONb3YeMOM
OpyruM mporeccoM. VMM mopfepkuBaer WUTIO3HI0 «UCATH3HPOBAHHOTO» aJIPECHOTO MPOCTPAHCTBA
oobemoMm 2 I'6 (mogobno GDI, koTOpBIN CO3Ma€T BUIAMMOCTh TOTO, YTO KaXKJas MporpamMma BBIBOIUT
rpaduueckue JaHHbIE B KOOPJMHATHOM MPOCTPAHCTBE «UACATH3UPOBAHHOI0» JIOTHYECKOT0 YCTPOICTBA).
Cucrema npeoOpasyeT JOrHYecKre ajpeca MaMaTH WM JOTHYeCKHe KOOPJAMHATH B (PU3HUECKUE U MPe-
OTBpalIaeT KOHQIUKTHI MEXAY MPOrpaMMaMH K3-3a TOMBITOK OAHOBPEMEHHOTO MCIOIb30BaHHUS OJHOTO
U TOTO Xe pecypca. PaccMorpuM Gomnee moapoOHO MexaHH3M 00pa30BaHMsI BUPTYaJbHOH MaMsITH.

dusnueckas nmaMsaTh JSTUTCS Ha CTpaHMIbl (pages) pazmepoM 4096 Gaiit (4 KO6). CinenoBarenbHo,
KaXK/1asi CTpaHMIa HAYMHAETCS C aJipeca, B KOTOpOM Milajmue 12 OuT HyneBble. MaiuHa, OCHaIIeHHAs
8 MO namstu, conepxut 2048 crpanuil. OnepannonHas cucteMa Windows xpaHut HaOOp TaOJIUI] CTPAHMUII
(kakmast Tabnuia cama mo cebe MpeACTaBIsseT CTPAHUILY) Ui NPeoOpa3oBaHUs BUPTYAIBHOTO ajpeca
B (DU3HYECKHi.

Kax b1t nmporiece, BeinoyHseMblii B Windows, ©UMeeT CBOIO COOCTBEHHYIO CTpaHUILy Karanora (direc-
tory page) TabIHII CTPaHUILI, KOTOpas coaepkuT 10 1024 32-pa3psaHbIX IeCKPUITOPOB TaOJIUI] CTPAHHII.
dusnueckuii ajpec CTpaHUIlbl KaTajiora Tadiinil cTpaHull XpaHutcs B peructpe CR3 Mukpormpoiieccopa.
ConepxuMoe 3TOro PEerucTpa U3MeHsieTcs Npu nepekiatoueHun Windows yrpaBiieHHs MEXIY HpoIec-
camu. Crapmme 10 OuT BHPTYyaabHOTO ajpeca onpenenstor oauH u3 1024 BO3MOXHBIX JECKPUITOPOB
B KaTajore tabuui ctpaHull. B cBorw ouepenb, crapmme 20 OUT AECKPUNTOpa TaOJIUIBI CTPAHMIL OIpe-
JensoT (U3nUecKuil ajpec TabmuIpl cTpaHul] (Miammme 12 OuT (U3MYECKOro ajpeca paBHbI HYIIIO).
Kaxxmas Tabiuia cTpaHMIl COJEPXKUT, B CBOKO ouepelib, 10 1024 32-pa3psaHbixX ECKPUIITOPOB CTPAHHMIL.
Bbi0op omHOTO M3 3THUX JACCKPUIITOPOB OMPENENSETCS COASP)KUMBIM cpenHuX 10 OMTOB MCXOIHOTO BHp-
TyanabHOro aapeca. Crapmme 20 OUT JECKpUITOpPa CTPAHUIIBI OMPENENSIOT (U3MUECKHd ajpec Hadana
CTpaHHMIIBl, a Miaamue 12 OUT BUPTYAIBHOIO ajpeca ONpEeAensroT (U3UYecKoe CMEIeHne B mpefenax
9TOi ctpanuibl. Ha puc. 4.5 npencraBieHa cxema opraHu3alii BUPTYaIbHOTO aIpeCHOT0 POCTPAHCTBA.

31 22 21 12 1 0
Directory Table I Offset I
4Kb Pages
12 Y
Page Directory Page Table
10 % 10 It 77777
» Physical Adr.
L Directory Entry Table Entry > %/ /_//_2
20 Y [

__CR3 (PDBR) I

Puc. 4.5. Cxema oprannzanuy BUPTYaJIbHOTO a{peCHOr0 IPOCTPAHCTBA
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OueBuIHO, 3TO CIIOKHO TIOHSITH C TIEPBOT0 pa3a, MO3TOMY NPOMLTIOCTPUPYEM IIPOLIECC eIle pa3 B CUM-
BOJIbHOM (hopme [6]. Bbl MoxeTe npeAcTaBuTh 32-pa3psiHblid BUPTYaATbHBIN apec (C KOTOPBIM ONEPUPYET
nporpamma) B Buje 10-pa3psaHoro wHaekca B Tabmuie karajora tadmuin crpanul (d), 10-paspsgHoro
MHJICKCa B Tabymiie cTpanuil (p), 12-pa3psiHoro cMenieHus (0):

dddd-dddd-ddpp-pppp-pppp-0000-0000-0000

Jlis Kak70ro mpoiiecca MUKporpolieccop xpanut B peructpe CR3 () crapime 20 OuT dhusndeckoro
ajipeca TaOJIMIbI KaTajaora TaOJIUI] CTPAHMII;

FFYP-FPFP-FPVP-FVPP-TFFT
HavanbHbiil ¢pu3udeckuii afpec kaTanora TabanIl CTPaHUI ONpeenseTcs Kak
rrrr-rrrvr-rrer-rrrr-rrrr-0000-0000-0000

Heobxoammo 3armoMHUTE, YTO KaXK/Ias CTpaHuiia uMeeT pa3mep 4 KO u HaurHaeTcs ¢ ajpeca, y KOTOporo
12 mimammx out HyneBbie. CHaYa a MUKPOIPOIIECCOP MoTydaeT (PU3nUecKuil aapec:

rrrv-rrer-rrve-rrvv-rrrr-dddd-dddd-dd00
[To aToMy anpecy comepxkutcs apyroe 20-paspsaHoe 3Hadyenue (t-table):
te-tte-teit-tete-eie,
COOTBETCTBYIOIICE HAYAILHOMY (DU3MUECKOMY aJipecy TaOIMIIbI CTPAHMIL:
teet-tete-tett-teet-tett-0000-0000-0000

3aTeM, MUKPOITPOLIECCOP OCYILECTRIISET JOCTYI 10 (PU3UUECKOMY aIPECy:

tte-tite-titt-titt-tttt-pppp-pppp-pp00

3nech xpanutcs 20-OMTHAS BEJIMYMHA, SBIISIOIASACS OCHOBOH JUTs (PU3MUYECKOro ajpeca Havyaaa cTpa-
HUIIBI IaMATH (f-page frame):

Pesynbrupyronuit 32-pa3psaHbiii pusndeckuil agpec mojyyaercs B pe3ysibTaTe KOMOWHUPOBaHUS
OCHOBBI (PH3UYECKOTO aZpeca CTpaHUIIbI U 12-pa3psIHOro cMelleH sl BUPTYaJIbHOTO ajjpeca:

T---1-111-0000-0000-0000

3TO ¥ eCTb Pe3yNbTUPYIONINH pu3nyeckuil ampec.

[IpenmyiecTBa pa3aeneHrs NaMsATH Ha CTPAHHIBI OTPOMHBI. Bo-niepBBIX, TPHITOKEHHUS 30JIHUPOBAHbI
apyr ot apyra. Hukakoil mporecc He MOXKET CIy4ailHO WIIM MpeJHAMEPEHHO HCIOJIb30BaTh aJpEcHOE
MPOCTPAHCTBO APYIroOro mporecca, Tak Kak OH HE MMeeT BO3SMOXKHOCTH €ro ajJpecoBaTh 0e3 yKa3aHus
COOTBETCTBYIOIEro 3HaueHus perucrpa CR3 sroro mporiecca, KOTOpoe yCTaHABIMBACTCS TOJIBKO BHYTPH
sapa Windows.

Bo-BTOpBIX, TaKOl MEXaHU3M PA3/CIeHUs Ha CTPAHMIIBI PEIIaeT OJHY 3 OCHOBHBIX MPOOIEM B MHOTO-
3aa4Hol cpesie — oObenuHeHne cBoOOAHON maMsaTh. [Ipu Oojee MPOCTHIX cXeMax aapecalliy B TO BpeMsi
KaK MHOXKECTBO MPOrpaMM BBIIOJHSIOTCS W 3aBEPLIAIOTCS, MaMsITh MOXET CTaTh (pparMeHTHPOBAHHOM.
B Tom cityuae, ecnu maMsTh CHIIBHO (PparMeHTHpOBaHa, IPOrPaMMBbl HE MOT'YT BBIIONHSTHCS W3-32 HETOC-
TaTKa HEMpepbIBHON MaMsTH, Ja)Xe eClid OOIEro KOJu4ecTBa cBOOOTHON MaMsTH BIIOJHE JOCTATOYHO.
[Ipu ucnonp3oBaHUK pa3JefeHHs Ha CTPAHUIBI HET HEOOXOAMMOCTH OOBEIUHATh CBOOOMHYIO (hr3mue-
CKYIO0 TaMsTh, MOCKOJBKY CTPAaHHUIBI HEOOS3aTENbHO JIOJKHBI OBITH PACIIONIOKEHBI MOCTIEOBATEIBHO.
Bce ynpaBieHue mamsThIO MPOM3BOAMTCS C MOMOLIBI0 MaHUMYJSIIUE ¢ TaOmuuamu crpanull. [lorepu
CBSI3aHBI TOJILKO COOCTBEHHO ¢ CAMUMH TaOJIMLIaMHU CTPAHHUIL U ¢ UX pa3mepom 4 KO.

B-Tperbux, B 32-OMTHBIX JECKPHUIITOPAaX CTPAHMIl CYHIECTBYET eme 12 OUT, KpoMe TeX, KOTOpbIe UC-
MOJB3YIOTCS T afapeca cTpaHuibl. ONUH U3 3TUX OMTOB MOKAa3bIBAECT BOZMOYKHOCTH JIOCTYIa K KOHKpPET-
HOI cTpaHUIle (OH Ha3bIBaCTCsA OMTOM JOCTyNa — accessed bit); qpyroii MoKa3pIBaeT, ObLIA JIM IPOU3BE-
JIeHa 3aMKCch B 3Ty CTpaHUIly (OH Ha3bIBaeTcst OMTOM Mycopa — dirty bif). Windows MOXXeT HCIIONb30BaTh
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3TH OWTHI I TOTO, YTOOBI ONPEAETUTh, MOKHO JIM COXPAaHHUTh ATy CTpaHHIy B (paiiie Mmomkauykw ajs
0CBOOOXKIeHUs naMsATH. Eile ouH OuT — OUT npucyTcTBUs (present bit) moka3wiBaeT, ObUIA JIU CTpa-
HUIa cOpOoIlIeHa Ha AUCK M HYXKHO JIU €€ Mo/IKayaTh 00paTHO B aMSITh.

Hpyroit Out (4TeHusi/ 3anmcK) MOKa3bIBaeT, pa3pellieHa JIM 3alych B JAHHYIO CTPaHUIY TaMsATH. JTOT
ouT obecreunBaeT 3alIMTy KOAa OT «ONyXKIaromux» ykaszarteneil. Hampumep, eciin BKIIOYHTH B HPOT-
pammy s Windows onepartop:

*(int*) WinMain = 0;

TO Ha 3KpaH OyJIeT BBIBEIEHO CIIeMytolee OKHO-coobienue: «This program has performed an illegal opera-
tion and will be shutdown» («31a porpaMmma BBIIOIHUIIA HEJOMYCTUMYIO OIMEPALNI0 U OyZIeT 3aBepIleHa»).
DTOT OUT HE MPENATCTBYET KOMIMIUPOBAHHON U 3arpy>KEHHOHW B MaMATh IPOrpaMMe ObITH 3amyleHHOH
Ha BhInoJiHeHHe. [IprBeeM HECKOIBKO 3aMEUYaHMI 110 TTOBOJTY yIIpaBiieHus naMsaThio B Windows 9x.

BuptyanbHble agpeca uMeloT pa3psaHocTs 32 6uta. [Iporpamma u 1aHHBIE HMEIOT ajpeca B quara-
3oHe o1 0x00000000 no 0X7FFFFFFF. Cama Windows ucnosnb3yer aapeca or 080000000 no OxFFFFFFFF.
B a7T0i1 00macTu pacnonararoTcst TOYKH BX0Ja B JMHAMHYECKH MOJKIII0OYaeMble ONOITMOTEKH.

OO1miee KOMUYECTBO CBOOOAHOW MaMsTH, JOCTYIHOH Mporpamme, ONpeAessieTcsl Kak KONU4eCTBO
CBOOOAHOM (HU3UYECKON MaMSATH TUTIOC KOIWYECTBO CBOOOAHOTO MECTa Ha JKECTKOM JHCKE, TOCTYITHOTO
IUisl cBONMHTA cTpaHui. Kak mpaBwiio, pu ynpaBlieHHH BUPTYalbHOH NaMaThio Windows HMCHONb3yeT
anroput™ LRU (least recently used) nns onpenenenus Toro, Kakue CTpaHUIlbl OyayT cOpOIIeHbl Ha JTUCK.
but noctyna u OuT Mycopa IOMOTaroT OCYHIECTBUTH 3Ty omepanuio. CTpaHHUIIBI KOJla HE JODKHBI cOpa-
CbhIBATHCA Ha JUCK: MOCKOJIBKY 3aIlMCh B €ro CTpaHHUIbI 3allp€uiceHa, OHU MOI'yT 6I)ITI) IIPOCTO 3arpy’KCHbI
u3 (aiina ¢ pacimpenvieM .EXE niu u3 TMHAMUYECKH MTOIKITIOYaEMON OUOIMOTEKH.

Opranusanueii ceonunra 3anumaercss VMM, [Ipu reHepanuu cUCTEMBI Ha JIUCKE 00pa3yeTcs clie-
HHaHBHLIﬁ (1)3171.]1 CBOIIMHI'A, KyJAa 3allMCBIBAIOTCA TC CTpaHHUIIbl, KOTOPBIM HE€ HAaXOJUTCAd MCCTa B (1)I/I3I/I-
yeckor mamsaTH. [Iporecchl MOTyT 3aXBaThIBaTh MaMSATh B CBOEM 32-OMTHOM aJpEeCHOM IMPOCTPAHCTBE
W 3aTE€M HCIOJIb30BaTh ee. [Ipu obpallieHnn MoToka K sueiike maMsTH MOTYT BOSHUKHYThH TPU Pa3IndHbIC
cutyanuu [12]:

— CTpaHUILA CYLIECTBYET U HAXOAUTCS B MAMSATH;

— CTpaHMIIA CYIIECTBYET U BBITPYKEHA Ha JUCK;

— CTpaHMIIA HE CYIIECTBYeT.

IIpu sToM VMM ucnons3yer aaropuTM OpraHu3aluu JOCTyIa K JAHHBIM, NIPEICTABICHHBIA HA
puc. 4.6 [8].

3amyck Ha ucnonHenne EXE-moayns npoucxoaut cieayrommnm oopaszom: EXE-daiin npoenupyercs
Ha namsTh. [Ipr 3TOM OH He mepenuceBaeTcs B ¢ain moxkadyku. [IpocTo smeMeHTHI Katanora u Tadmuiy
CTpaHHMI HACTPaMBAIOTCS TakK, 4YToObl OHU yka3biBaiu Ha EXE-¢aiin, nexammii Ha qucke. 3atem mepena-
ercsl yrpaBlieHHE Ha TOYKY BXOJa mporpammbl. [Ipy 5TOM BO3HUKAaeT MCKIIOYeHHe, oOpabaThiBasi KOTO-
poe craHgapTHBEIM oOpazoM VMM 3arpyxkaer B mamsth TpeOyeMylO CTpaHHIy W NMPOrpaMMa HaunHaeT
UCTIONHATHCA. Takol MeXaHU3M CYHIECTBEHHO YCKOpSIET MPOLENypy 3almycKka MporpaMM, Tak Kak 3arpys-
ka crpanun;, EXE-moayns nmpoucxomut no mepe Heodxoaumoctu. OOpa3Ho TOBOps, BHaYaJIe TPOrpaMMa
HAYWHAET UCTIOJIHATHCA, & TOTOM 3arpyskaercsl B mamstb. Eciu mporpamma 3amvcana Ha AMCKETE, TO OHA
nepe HauyaioM MCTIONHEHHS NEperrchIBaeTCsl B (aiiil MoJKauKH.

Jnst moaaepskaHusl WILTIO3UKA OTPOMHOTO aJPECHOTO MPOCTPAHCTBA MEHEKEPY BUPTYaJIbHOW MaMsITH
HeO6XO[[I/IMO 3HaTb, KaK MPaBHUJIbHO OPraHMU30BaTh JaHHBIC. Bce onepanuu pacupeaciCHus maMsaTu, Ko-
TOPBIC ITPOLUECCC BBIMMOJIHACT B BHIACIICHHOM €MY JUAIIA30HC BUPTYAJIbHBIX aAPpCCOB, 3alIMChIBAIOTCA B BUC
JiepeBa JIECKPUIITOPOB BUPTyaNbHbIX aapecoB — VAD (Virtual Address Descriptor). Kaxnpiii pa3 npu
BBbIJIENIEHUH TIporpaMme namsitht VMM co3paer aeckpuntop BupTyanbsHoro agpeca (VAD) u noGasinsier
ero k aepeBy (puc. 4.7) [12]. VAD coxepxxut mHbOpMAIMIO O 3alpaiidiBaeMOM JHAaNa3oHe aJpecosB,
CTaTyC€ 3alIMUThLI BCECX CTPAHUIl B YKa3aHHOM JHAIla30HE, a TAKXKE O TOM, MOI'YT JIM JOUCPHUC MTPOILECChI
HACIIeIoBaTh OOBEKTHI, KOTOPhIE HAXOAATCS B JAHHOM JWana3oHe aJpecoB. Eciau mMoTOK HCIonb3yeT al-
pec, KOTOPBII HE ONPEIEIIEH HU B OHOM JECKPUIITOPE, MEHEKEP BUPTYaIbHON IaMSTH BOCIPUHUMAET
ero Kak ajJjpec, KOTOPBIH HUKOTa He Pe3epBUPOBAJICS, BCIEACTBUE Yer0 BO3HUKAET OIMOKA JOCTYIIA.
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AnnapaTHas
noaaepixka

MoTtok
obpaluaeTca
K CTpaHuue

v

CrpaHuua
B NamATn?

[a

Het

(ncknouerme)

VMM

Het

CrpaHuua B daine
NOAKAYKM?

[
>

[a

y

Het

EcTb 1 B namATn
cBoboAHas cTpaHULa?

o

‘ 3arpysuTb CTpaHuLy

A

[aHHble
[OCTYMHbI

Puc. 4.6. Anroputm opraHuzanum 10CcTyna K JaHHbIM

‘ Ha cBoboaHOE MecTo

Het

\ 4

OwnbKa

Bbibpatb
CTpaHuLy
ANA ocBobOXAEeHUA

!

Bbirpy>kaeman
CTpaHuua
U3MeHANacb?

Lo

‘ CoxpaHuTb

\ 4

ee B daine
! noAKavku

Hamnoro mpomie ¢popmupoBats VAD, yem co3aBaTh TaONUIYy CTPAHMI] U 3alOIHATH €€ aJpecaMu
JeWCTBUTEIBHBIX CTPAHUYHBIX 0JI0KOB. KpoMe Toro, o0beM BBIICTEHHON NaMsITH He BIUSET HA CKOPOCTh
npoBenenus onepanun. PezepsupoBanue 2 K6 npoucxoaut He ObicTpee, 4eM Bblaenenne 2 MO: o Kax-
JIOMY 3aIIpoCy CO3/aeTCs OIUH JeCKpUNTop. Ecim moTok ucnons3yeTr 3ape3epBUpOBaHHYIO MaMsaTh, VMM
3aKperIsieT 32 HUM CTpaHU4YHbIE OJOKH, KOMUPYS MH(POPMAIMIO U3 AECKPUITOpa B HOBYIO 3alKCh Tad-

JIULIBI CTPAHHULI.

0x40100000-0x40110000

YreHue / 3anuch
He HacneayeTcA

v

0x200C0000-0x200D1000

v

TonbKo yTeHUe
He HacneayeTca

0x60FD000-0x60FE1000

Het poctyna
He HacnegyeTcA

v

0x100F7000-0x111D9000

YreHune/3anuch
He HacneayeTcA

v

0x372D5000-0x372EF000

KonuposaHue npwm 3anucu
He HacnegyeTca

Puc. 4.7. [lepeBo AeCKpHUIITOPOB BUPTYaIBHBIX anpecoB (VAD)

Hucnerdep ynpasienus namatbio (VMM) sBiisieTcss COCTaBHON YacThIO sjipa ONEPallMOHHON CHC-
TeMbl. [IpuiioxkeHuss He MOT'YT MOJYYUTh K HEMY MPAMOM JOCTYII.
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MpUHLMMbI pa3paboTKM NPOrpamMmMHOro Koaa, y4nTbIBatOLLLEro OpraHM3aLmio NamsaTy. ..

§ 4.4. UnTepdeiicbl API-pyHKUMI ana pa3paboTku nporpamm
¢ BbigeneHnem namatu B8 OC Windows

Jnst ynpaBieHUsl TaMATHIO TMPUKIaJHBIM IPOrpaMMaM MPeIOCTABISIOTCS pa3iInyHble HHTepQenchl
(API), cxema koTophix npuBeneHa Ha puc. 4.8 [4], rre:

o Virtual Memory API — nabop GyHKIWH, MO3BOJISIIOIUX MPUIOKEHHIO pab0oTaTh C BUPTYaIbHBIM
aIpecHBIM MPOCTPAHCTBOM: Ha3Ha4YaTh (pU3MYECKUE CTPAHHIBI OJIOKY aJpecoB U OCBOOOXKIATH MX, yCTa-
HABJIMBATh aTPUOYTHI 3aIUTHI;

o Memory Mapped File API — nabop ¢yHKumii, mo3Bossitoux padboraTth ¢ QainaMu, oTodpaxa-
EMBIMHU B TIaMSITh, HOBBI MexaHU3M, npenocrasiisieMblii Win32 API mis paGoTsl ¢ daitiamu u B3auMo-
JIEICTBUS MIPOLIECCOB;

o Heap Memory API — wnabop (yHKIIMIA, TO3BOJISIONIUX PabOTaTh C JUHAMHYCCKU pacHpenes-
EMBIMU 00JIACTSMH MaMITh (KydamHu ),

o Local, Global Memory API — nabop ¢yHKuuii paboThl ¢ MaMATHIO, COBMECTHMBIX ¢ 16-OMTHOMH
Windows (creayer u3deratb UX HCIIOJIb30BaAHMA);

o CRT Memory API — Qyuxuuu cranmapTHOH Oubmmorekn si3bika «C» TMepuoja UCIOTHEHUs
(runtime).

Layered Memory Management in Win32

| Win32 Application

. .

Local, Global | CRT Memory
v Memory API Functions Win32
v Heap Memory API Memory Subsystem
. Mapped File
Yirtual Memory API AP|
NT Virtual Memory Manager NT Kemel
Physical PC Hard
Memory Disk(s)

Puc. 4.8. nrepdeiicer API-dyHKIMI U1 yIpaBieHHs TaMsITHIO

Paccmotpum Gonee moapoOHO mepBbIxX TpH MHTepdetica APL, mockonbKy OHM IPUMEHSIFOTCS B HACTO-
siiee BpeMs Hanboliee 4acTo.

4.4.1. API-byHKLMM AN NpOrpamm C BblaeieHUEM BUPTYabHOM NaMATH

Brok agpecoB B apecHOM IMPOCTPAHCTBE MPOLIECCa MOKET HAXOUTHCS B OTHOM U3 TPEX COCTOSHUH [4]:

1) evtoenen (committed) — OIIOKY aJpecoB Ha3HaueHa (M3MUecKasl MaMsATh MO0 YacTh (aiisia
MOJTKAYKH;

2) 3apesepsuposan (reserved) — OJIOK aJpecoB TIOMEYEH KaK 3aHSTHIM, HO (pU3MYECKas aMsATh HE
pacmpeneneHa;

3) c60000¢H (free) — ONOK aPECOB HE BHIJICIICH U HE 3ape3ePBUPOBaH.

PesepBupoBaHue U BblACIEHHE NaMITH MPOU3BOAUTCS Oiokamu. HauanpHbIH ajpec O610Ka AOIKEH
OBbITH BEIPOBHEH Ha rpanuily 64 KoaiiT (okpyrisiercss BHU3), a pa3Mep KpaTeH pa3Mepy CTpaHHUIIBI (OKpYT-
nsiercst BBepX). [Ipu BbIeNeHnH NaMsTh OOHYJIseTcsl.

Jist pe3epBHPOBaHUS PErMOHA MaMSTH B aAPECHOM MPOCTPAHCTBE MPOIEcCa UM JUTS €€ BhIIeTICHUS
ucnonn3yercs ¢pyukius VirtualAlloc, a nns ocBoOoxnenus — pyukuus VirtualFree.

Oynkumsa VirtualAlloc siBisiercst 6a30BOM MPH BBINOTHEHWN ONEPAllil YIpaBiIeHUs] BUPTYalTbHBIM
aJPECHBIM MPOCTPAHCTBOM. [lapamerpbl 3TOW (PYHKIIMK OMPEACISIIOT, KaKOH 00hEeM MaMsATH HEOOXOIUMO
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BBLJICIINTB, B KAKOM MECTC aJIpCCHOI0 MPOCTPAHCTBA JOJIKCH pacrojiararbCsa BLIZ[@HGHHblﬁ q)paFMCHT,
HAJO0 JIM 3aKPeIUIATh 32 HUM (U3HYECKYIO TaMATh M KaKOW BHJI 3aIUTHI CIIEAYET YCTaHOBUTh. DYHKIUS
BO3BpallaeT ajpec BoiaeneHHoro peruona uinv NULL B ciyyae Heyaauu:

LPVOID VirtualAlloc (LPVOID IpvAddress, // appec s pa3MeIeHust HoBOro 0J0Ka

DWORD dwSize, // pa3mMep HOBOrO OJIOKa

DWORD fdwAllocationType, // 3ape3epBHpOBATH aipeca WM 3aKPEIUTh
// pu3nueckyro mamsTh

DWORD fdwProtect); // HeT mocTyna, TONBKO YTEHHE

// WiIA YTeHne/3aImch

Oynakumsa VirtualAlloc cHawana mpoOyer HaiiTh 00nacTh cBOOOJHBIX afpecoB pazmepoM dwSize
0aiiToB, KOoTOpas HauMHaercs ¢ aapeca IpvAddress. Jlns atoro oHa mpocMarpuBaer aepeso VAD. Eciu
HeoOxoauMasi 00JIacTh MaMsTH CBOOOIHA, (pyHKIHMs Bo3Bpamiaer 3HadeHue lpvAddress. B mpoTtuBHOM
cllydae OHa IPOCMaTpPUBAET BCE aJpECHOE MPOCTPAHCTBO U HMILET CBOOOIHBIN OJIOK MaMSITH JOCTATOYHOTO
pa3mepa. [lpu oOHapyxeHUH Takoro OJioka (hYHKIIMsI BO3BpAIAET €ro HayaJbHBIA ajjpec, HHa4Ye — 3Ha-
yenne NULL.

Apryment fdwAllocationType moxer npuaumats 3Haueane MEM RESERVE, mi6o MEM_COMMIT,
6o 00a 3HaUYEHHS OAHOBpeMEHHO. [ pe3epBUpOBaHUS ONpEEEHHOrO HHTEpBalia aipecoB (QyHKIIUS
VirtualAlloc co3naer HOBBIIT VAD, KOTOpBIN 0OTMEUaeT UCTIONB3yeMyto obnacTs. OHaKO 3Ta QYHKIMS HE
BbIIENseT (PU3NYECKYIO TaMsTh, M3-3a Yer0 HEBO3MOXKHO MCIIONB30BaTh 3ape3epBUpOBaHHbIE afpeca. [1pu
MOMBITKE YTEHHs WJIM 3alMCH B 3ape3epBHUPOBAHHBIC CTPAHUIIBI BOSHUKAET OIIMOKA JIOCTYNa K MaMSTH.
C mpyroli cTOpOHBI, HUKaKasi Jpyras KOMaH/1a BbIACTCHHS TaMATH HE MOXKET UCIIONIb30BaTh paHee 3ape3ep-
BHUpOBaHHbIe aapeca. Hanpumep, ¢pyrkumnn GlobalAlloc n malloc He MOTyT pa3MecTUTh HOBBIE OOBEKTHI
B 00JacTH, KOTOpas IMepeceKkaeTcs C 3ape3epBHPOBAaHHBIM aJpECHBIM MpOCTpaHCTBOM. [lombITKa 3acTa-
BuTh QyHkim0 VirtualAlloc 3ape3epBupoBaTh Bce TOCTYIHOE ajapecHoe mpoctpanctso (1 ['0) mpusener
K KOHQIIMKTY: TIOCTIEIyIOIIe ONepaliy BbIACIEHHS aMATH He OyIyT BBIMOMHATHCS, JaKe €CIM yKa3aH-
Hast QYHKIMS HE 3aJIelCTBOBAIa HUKAKOW (PU3NYECKOM MaMsTH.

[Mamate He MoxeT OBITH 3aKpeIUIeHa, eciM OHa He 3ape3epBupoBaHa. KomOunanus ¢iaros
MEM_RESERVE u MEM_ COMMIT no3BoJiseT 0JJHOBPEMEHHO 3ape3epBUPOBATh U 3aKPEMUTh YKa-
3aHHYI0 001acTh mamMsATH. YacTo mporpaMMUCTHI BEI3bIBaOT pyHkuuoo VirtualAlloc cHauama c ¢marom
MEM_RESERVE g5 pe3epBupoBanus O0NBIION 00IACTH MAMSTH, a 3aTeM HECKOJIBKO pa3 MoAapsi ¢ ¢iarom
MEM_COMMIT my1s mo3TanHoro 3aKperuieHns OTACTBHBIX (JparMeHTOoB.

Onar fdwProtect onpezaensier, kKakuM 00pa30M HCIIOIB30BATh ONpPEIENISHHYIO CTPAHMILY WU JAnama-
30H ctpanull. s pesepBuUpyeMol mamsatu 3ToT ¢uiar gomkeH umers 3HaueHne PAGE NOACCESS.
IMpu 3akpernenun mamsatu ycraHasmuBaercst ¢uar PAGE READONLY wnu PAGE READWRITE.
Jpyrue mporpamMMbl He MOTYT YMTaTh MH(OPMALMIO U3 aAPECHOrO MPOCTPAHCTBA Balllero IMmporiecca,
MOATOMY PEKHM JOCTYyNa TOJNBKO JUIS YTEHHsI 00€cleurMBaerT 3alluTy Balled MporpaMMbl OT OIIMOOK,
KOTOpPBIE MOT'YT TMIPUBECTH K CIIy4ailHOMY TOBPEKICHHIO BaXXHON MH(OpMAIMK. Y POBHHU 3aIUTHI TPUME-
HUMBI K OTJCJIbHBIM CTpaHHLIAM. Pa3iiyHbIe CTPAHHIBI B OJHOW 00JACTH MaMATH MOTYT MMETh pa3HbIe
3HaueHus (iara 3ammTel. Hanprmep, Bel Moxkere npuMeHnTh Gruar PAGE READONLY ko Bcemy 0110Ky,
a 3aTeM BPEMEHHO M3MEHATh YPOBEHb 3alIUTHl OTACIBHBIX CTPaHUII, pasperas JOCTYl K HUM IS 3aIiCH.
3alyTUTh OT 3alMCH TOJBKO YacTh CTPAHUIBI HEBO3MOXKHO, IMMOCKONBKY (briarm ycTaHaBIMBAIOTCS AJIS
HenblX crpanui. B Tabn. 4.1 mpuBeneHbl BO3MOXKHBIE 3HAUECHHsI, KOTOPbIE MOXET MPUHUMATh (iar
fdwProtect.

Oynkius VirtualAlloc He Moxer 3ape3epBupoBath Oosee 1 ['0 mamsaTH, TOCKOJIBKY MPOIIECC KOHT-
POTUPYET TOJIBKO HUKHIOIO MOJIOBUHY CBOETO aJpecHOro mpocTpaHcTBa 00bemoM 2 ['6. B nelicTBuTelb-
HOCTH 00bEM KOHTPOJIMPYEMOH MaMsTH ellle MEHbIe W3-3a CBOOOJHBIX obnactei (mo 64 K6 xaxxaas) Ha
rpaHUIaX aJIPpecHOro MpocTpaHcTBa mnpoiecca. Kpome toro, ¢pynkius VirtualAlloc pesepBupyer naMsrhb
¢parmentamu o 64 KO, a 3akperuisier ee pparmentamu o0beMoM B OofHYy crpaHuily. [Ipu pesepsupo-
Banum nmamsata Qynkuus VirtualAlloc okpyrnsier apryment lpvAddress go Omikaiiiero 3HaueHus, Kpat-
Horo 64 Ko6. Ipu 3akperuienun namsaty ¢yakims VirtualAlloc ocyiiecTrisier o1HO U3 ABYX JCHCTBUM.
Ecmu apryment lpvAddress umeer 3nadenue NULL, ¢ynkuust VirtualAlloc okpyrisier 3HaueHue apry-
MeHTa dwsize 10 Onwkaiiinei rpaHUIBI MEXAY cTpaHulamMu. Ecin 3Hauenue aprymenta IpvAddress He
paBro NULL, oHa 3akpemisier Bce CTpaHHIIbI, COAepKalue XoTs Obl ofuH 0alT nHpOopMaluK B Auana-
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30He azapecoB oT IpvAddress mo IpvAddress + dwSize. Hanpumep, eciiv npu BbIIEICHUU JBYX OaiiTOB
namMsaTu 332[3HHI)H71 ajipeC IMEepPeCCKacT I'paHUIly [ABYX CTpaHHIL, 3aKPCIUIAIOTCA JABC LECJIbIC CTPaHUIIBL.
B GonbmmacTBEe crictemM Windows 98 pasmep crpanuiibl coctarisiet 4 KO, HO eclii BBl XOTUTE TIPOBEPUTH
3TO 3HauYeHue, Bbi3oBUTE PyHKIUIO GetSystemInfo.

Tabnuya 4.1
3nauenune (iara Bemonasiemoe neiicTere
PAGE READONLY JlommyckaeTcst TOIbKO YTeHHE
PAGE READWRITE Jlommyckaercst uTeHHe U 3aI1Ch
PAGE EXECUTE JlommyckaeTcst TOJIbKO UCIIOTHEHUE
PAGE EXECUTE READ Jlommyckaercst UCTIOTHEHUE U YTEHUE
PAGE EXECUTE READWRITE | lonmyckaeTcs UCTIONIHEHHE, YTEHHUE U 3aIHCh
PAGE _GUARD JlonomHUTENbHBIN (Iar 3ammThl, KOTOPBIH KOMOMHUPYETCS C APYTUMH

¢maramu. [Ipu nepBoM oOpaIeHUH K CTpaHuIle ATOT (rar cOpackiBaeTcs
u Bo3HuKaeT uckimouenne STATUS GUARD_ PAGE. Oror ¢uiar
HCTIONB3YETCs [Tl KOHTPOJIS Pa3MEPOB CTEKa ¢ BO3MOXKHOCTBIO €r0
JIUHAMHYECKOTO PACIIUPEHUS

PAGE NOCACHE 3ampermiaer K3IMPOBaHUE CTpaHUL. MOXeT OBITh M0JIe3€H MpH
pa3paboTke JpaifBepoB yCTPOICTB (HampuMep, TaHHbBIC B BUIeo0ydep
JIOJDKHBI TIEPETINCHIBATLCS Cpasy, 0e3 KIIIMPOBAaHUS)

[To 3aBepuieHUM Mpolecca CHCTEMa aBTOMATHYECKH OCBOOOXKIACT HMCIOIB30BAHHYIO MM TaMSTh.
OcCBOOOIUTH TTAMSITh, HE JIOXKHUIAICh OKOHYAHHMS MTpoIiecca, mo3possier pynkius VirtualFree:

BOOL VirtualFree (LPVOID lpvAddress, /] anpec ocBoOOkKIaEMOTO OJIOKa
DWORD dwSize, // pa3mep 0cBOOOXK1aeMOT0 OJI0Ka
DWORD fdwFreeType); // IlepeBecTH B pe3epB WIH OCBOOOIUTH

Oynkuus VirtualFree orMensieT 3akpenienne Habopa CTpaHHMI, OCTaBJISS MX ajpeca 3ape3epBUPOBaH-
HBIMH, WJIM TIOJTHOCTBIO OCBOOOXKJAET MaMsTh, 3aHUMAEMYI0 3THMH CTpaHHIAMH. 3aKperieHHEe MOXKHO
OTMEHSITh MaJICHbKUMHU OJIOKaMH, COAEPIKAaIMMH KaK 3ape3epBUPOBAHHBIC, TAK U 3aKpENJICHHBIE CTPAHHIIBL.

[Ipu ocBOOOXKIEHHH 3ape3epPBUPOBAHHBIX aJPECOB HEOOXOIUMO OYMIIATH BECh BBIICIECHHBIN ONOK,
MpHYeM BCE CTPAHMIIBI ATOTO OJOKa JOKHBI HAXOJUTHCS B OJMHAKOBOM COCTOSHMHM — JIHOO B 3aKper-
JICHHOM, JTU0O B 3ape3epBUpPOBaHHOM. ApryMeHT IpvAddress noimken copepxath 0a30BbIi ajipec, BO3Bpa-
meHHblil pynknuedt VirtualAlloc. 3Hadenue aprymenta dwSize UrHOpUpyeTcs, TOCKOJIbKY Cpa3y OCBO-
OokaaeTcst BeCh BBIACICHHBIN Auana3oH. ApryMeHT dwSize yuduThIBaeTcsl JUIIb TP OTMEHE 3aKperie-
HUS OTHENbHBIX (hparMeHToB. AprymeHT fdwFreeType Moxer mprHUMATh CIeAyIONIe 3HAaUCHHS:

— MEM_RELEASE — ocBo6oauTh 3ape3epBHUpoBaHHbIN peruoH. [Ipu ncnonap3oBanun 3Toro ¢iara
napamerp dwSize 1oKeH ObITh paBeH HYJIIO;

— MEM_DECOMMIT — 0cBo60ANTH BBIACIEHHYIO TAMSATh.

B nporpaMmax, rie UCIoab3ylOTCsl KOMaH/Ibl AJIsl pabOThl ¢ BUPTYaJIbHON MAaMATBIO, JJOJKEH OBITh
MPEAYCMOTPEH MEXaHH3M «cOopa Mycopay, 00ecreunBalomnil 0CBOOOXKIEHHE CTPaHUI], KOTOPbIE CTAaHO-
BSTCS MyCTBIMU. B KauecTBe TaKOro MeXaHM3Ma MOXKET PHUMEHSTHCS HU3KOIPUOPUTETHBIH MOTOK, KOTO-
PBIi BpeMst OT BpeMEHH MPOCMAaTPUBAET BBIJICTICHHYIO 00JIaCTh U UIIET MyCThIE CTPAaHUIIBL.

Jlist u3MeHeHust aTpuOyTOB 3alMThl PETHMOHOB UCIIONB3YrOTCs (hyHKImH VirtualProtect u VirtualProtectEXx,
MpUYeM IepBasi MO3BOISAET U3MEHATh aTPUOYTHI 3aIIUTHI B aIpECHOM MPOCTPAaHCTBE TEKYIIETO Mpolecca,
a BTOpasi — Mpou3BOJIbHOr0. PaccMorpum moapobuee pynkiuio VirtualProtect:

BOOL VirtualProtect (LPVOID IpvAddress, // anpec 3amuimaemMoro 0yoka
DWORD dwSize, // pa3mep 3ammIraeMoro 0J0ka
DWORD fdwNewProtect, // HOBBIE (hI1ary 3aIUTHI
PDWORD pfdwOldProtect); // mepeMeHHas, B KOTOPYIO

// 3armChIBalOTCS cTapble uaru
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Aprymentsl IpvAddress u dwSize cinykat Ui ykazaHds TUaria3oHa apecoB 3allIMIIaeMOi MaMsTH.
[Mapamerper fdwNewProtect u pfdwOldProtect conepxar o omHomy u3 ¢uaro 3anmtel: PAGE NOACCESS,
PAGE READONLY wunu PAGE READWRITE. Ot ¢naru npuMeHsroTcss K 1enbiM cTpanunaM. [pu
YCTaHOBKE€ TaKOro q)nara HU3MCHACTCA YPOBCHL 3alllUTHI BCEX CTPAaHUI], BKIIFOYCHHBIX B 3aI[aHHI)II71 Juaria-
30H, JJaXKe TEX, YTO BXOIAT B Hero uactuuHo. [lapamerp pfdwOIdProtect Bo3Bpaiaer npenbiayiiee coc-
TOSTHHE TTEPBOW CTPAHUIIBI 33JaHHOTO THANAa30Ha.

Oynkius VirtualProtect paboraer TONBKO C 3aKpEIUICHHBIME CTpaHullaMu. Ecnu kakasi-nmubo crpa-
HUIIA B 33J]laHHOM JMala30He HE 3aKperieHa, 3Ta (yHKIUsS Bo3Bpamiaer ommoOky. OjHako HeoOs3a-
TCIIbHO, tITO6I:»I BCC CTpaHHUILIbI JUana30Ha UMEIN OJUHAKOBBIC (bHaFI/I 3alIUThI.

OCHOBHOE JIOCTOMHCTBO 3allUThl CTPAHHMI] 3aKII0YACTCS B MX MPEJOXPAHECHUH OT OLMIMOOK Balleit
COOCTBEHHO# mporpammel. B psizie ciyuaeB HeoOxomuma nHGopMaius 00 OnpeaeIcHHOM OJIOKE MaMsTH.
Hampumep, nepe/ 3anuchio JaHHBIX B CTPAHUILY LEJIecO00pa3HO MPOBEPHUTh, 3aKperuieHa i oHa. DyHKIms
VirtualQuery 3anonnser noist ctpykrypsl MEMORY_ BASIC INFORMATION undopmanueii o 3agan-
HOM OJIOKE ITaMsITH:

DWORD VirtualQuery (LPVOID IpvAddress, // agpec onucHIBaeMOi 00s1acTh
PMEMORY_ BASIC INFORMATION pmbiBuffer, // aagpec Oydepa onncanuns
DWORD dwLength); // pazmep Oydepa onmcanus

typedef struct MEMORY BASIC INFORMATION
{

PVOID BaseAddress; // 6a30BBIH aPec TPYIILI CTPAHUI]

PVOID AllocationBase; // anpec HanOOIBIIETO BHIICIICHHOTO OJI0Ka

DWORD AllocationProtect; // IlepBOHaYaTBHBIN YPOBEHB 3aIIUTHI BBIICICHHOTO OJI0Ka
DWORD Regionsize; // pa3Mep TPYIIIBI CTpaHuIl B OaiiTax

DWORD State; // 3aKperuieHa, 3ape3epBUpPOBaHa, CBOOOTHA

DWORD Protect; // ypOBEHB 3alUTHI TPYITITHI

DWORD Type; // Tum ctpanur (Bcerma MEM_PRIVATE)

} MEMORY_ BASIC INFORMATION;

typedef MEMORY BASIC INFORMATION *PMEMORY_ BASIC INFORMATION;

[Mapamerp IpvAddress pynkimu VirtualQuery cimy>kuT Jiis yKazaHus POU3BOJILHOTO ajapeca. JIroooii
33[[3HHI)II71 apeC MOXET NPUHAMJICKATE JIBYM BBIACIICHHBIM 6J]OK3M. OH MOJXKET SIBISATHCS YaCThIO 60.]]1)-
moro AguariasoHa 3ap€3€pBUPOBAHHBIX CTpaHUI WKW K€ BXOIAUTH B MEHBIIIN I 6HOK CTpaHHIl, KOTOPbIC
ObLIM 3aKPEIUICHbl ¥ BHOBb 3apPE3E€PBUPOBAHBI MJIM 3AIHUIICHBI. BJIOK COCTOMT M3 IMOCIIENOBATEIHHOIO
Habopa CTPaHUIL C OJIMHAKOBLIMH aTpUOyTaMHu.

B none BaseAddress dynkims VirtualQuery Bo3Bpaiaer ajapec rnepBoi CTpaHUIbI MEHBIIIEro OJIOKa,
KOTOPBIN COMEPXKHUT SIUEHKY C aJpecoM, 3alaHHBIM aprymeHToM IpvAddress. B mone AllocationBase Bo3-
Bpalaercs agpec OOJBILETO 3apE3ePBUPOBAHHOIO OJIOKA CTPAHHUI], COACPKAIIETO JaHHYIO sYelKy. 3Hade-
Hue napamerpa AllocationBase coBnamaer co 3HaueHueM, Bo3BpamiaeMbiM (yHkiuer VirtualAlloc. Eciu
¢ynkuus VirtualAlloc mpuMmeHmIa K yka3aHHOMY JHalla3oHy ONpEAETIeHHBIH (piar 3aluThl, OH MOXKET
ObITh BO3BpalleH B Buae 3HaueHus nonsa AllocationProtect (PAGE NOACCESS, PAGE READONLY
NJIM PAGE READWRITE).

B ocTanbHBIX MOJISX OMUCHIBACTCS MEHbIIAs MOATPYIINA CTPAHHUII: YKa3bIBAIOTCS €€ pa3Mep, TEKyIlee
cocTossHMe W (iark 3anmThl. B mociemHem mose Bcerna Bo3Bpainaercs 3Hauenne MEM PRIVATE,
KOTOPOE CBHUJICTEIBCTBYET O TOM, YTO JPYTHE MPOIECChl HE MOTYT COBMECTHO HCIIOJIb30BATh 3aJIaHHBIN
00k mamsTu. Hamuuwe AaHHOTO TOJNS yKa3blBaeT, YTO BIOCIENCTBHU Microsoft MOker paccMoTpeTh
BOIIPpOC O MPUMCHCHUU APYTUX MEXAHU3MOB IJis1 COBMECTHOI'O UCIIOJIL30BaHUA NaMATHU pa3JIMYHbBIMU
MPOLIECCAMH.

Xors pynkum GlobalMemoryStatus u GetSystemInfo He BxonsaT B HaOOp KOMaH]I, TpeAHa3HAYEH-
HBIX JJ1s1 pabOTHI ¢ BUPTYaJbHOM MaMsAThIO, OHM BO3BPAIIAIOT MOJIE3HYI0 WH(POPMALIUIO 0 naMsaTH. DyHK-
uust GlobalMemoryStatus onpenenser pazmep U CBOOOTHBIN 00beM (U3MUECKON MaMsATH, CTPAHHYHOTO
¢aiina u Texymiero agpecuoro npocrpanctea. @ynknus GetSystemInfo Hapsiny ¢ npyroii uHbopManmeit
BO3BpALIaeT pa3Mep CUCTEMHON (PU3MUECKOI CTPaHUIBI, a TAKXKE MIIAIINA U CTApIIMI BUPTyaJbHbIE aJl-
peca, nocrymHblie s nporeccoB U DLL-¢aiinos. O0b4HO 311 3HaueHus coctaBisor 4 K6, 000010000
u 0x7FFEFFFF coorBeTcTBEHHO.
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BbijienieHHbIE CTPaHUIBI MOXKHO 3a0JIOKUPOBATh B MAMSTH, T.€. 3allPETUTh UX BBITECHEHHE B (haiin
noakadkd. ns atux meneit cimyxut mapa ¢ynkuui VirtualLock m VirtualUnlock. 3abmokupoBanHas
CTpaHUIIa HE MOXKET OBbITh TIEpeKavyaHa Ha JUCK IPH BBIOJIHEHUHU TporpamMMbl. OJJHAKO €CTM Ballia Mpor-
paMMa B JIaHHBIA MOMEHT HE BBITIOJHSIETCS, Ha JIUCK MOTYT OBbITh MepeKayaHbl BCe CTPAHMUIIBI, BKITHOYAs
3a0JI0KHpOBaHHbIE. B cymHOCTH, OJOKMPOBKA BBHICTYIAET FapaHTHEH TOTO, YTO CTpaHMIA Oy1eT MOCTOSH-
HOW M HEOThEMJIEMOH YacThi0 pabodero Habopa mporpammsl. [Ipu meperpyske ornepanroHHONW CHCTEMBI
MeHeKep padounx HaOOPOB MOXKET OrPAaHHYHUTH KOJMYECTBO CTPAHUI, OJIOKHPYEMBIX OIHUM IMPOLIECCOM.
MakcuManbHOE KOJIMYECTBO OJOKMPYEMBIX CTPaHHUIl i JIroO0oro mporecca kojiebnercs or 30 mo 40
W 3aBUCHT OT 00beMa CHCTEMHOW NaMsTH 1 pabodero Habopa MpUIoKeHHs.

BrokupoBka cTpaHUI] SABISIETCS HEXENaTeNbHOM, MOCKOJIbKY OHA MPEMSITCTBYET paboTe MeHemKepa
BUPTYaJIBbHOH MAMSTH M 3aTPY/HSACT OpraHu3aluio Gpuinueckor mamsti. Kak npaBuiio, Bce CTpaHHIbl 0J10-
KUPYIOTCS TOJBKO JipaiiBepaMu YCTPOMCTB M IPYrMMH KOMITOHEHTaMHU CUCTEMHOTr0 ypoBHs. [Iporpammerl,
KOTOpBIE JIOJDKHBI OYeHb OBICTPO PEarnpoBaTh HA CHCTEMHBIC CUTHAJIBI, OJIOKUPYIOT TOJBKO YacTh CTpa-
HHUII, 4TOOBI PEaKIUsl Ha HEOKUAaHHbBII CHCTEMHBIH CUTHAJ HE 3aJIep)KUBajlach N3-3a MEUICHHOT'O BBITIOJ-
HEHUS Ofepaluii YTeHHs C IUCKA.

BOOL VirtualLock (LPVOID lpvAddress, // Hauano GIOKUpyeMOoit obacTr

DWORD dwSize; // pazmep O10KHpyeMoii obnacTu

BOOL VirtualUnlock (LPVOID IpvAddress, // Hauayo 00JIACTH, C KOTOPOH CHUMAETCs
// GIOKNpOBKa

DWORD dwSize); // pa3mep 0bIacTH, ¢ KOTOPOW CHUMAETCs

// GIoKNpOBKa

B cucreme oTCcyTCTBYET CUETUMK, ONPEICISIONU, CKOJIbKO pa3 OJIOKMpOBaIach BUPTyajbHAsI Ma-
MsTh. HeobsizaTensHO, uyToOBI Kaknoi gynkumu VirtualLock coorBerctBoBana ¢ynkumsa VirtualUnlock.
Hanpumep, MOkHO 3a07I0KUPOBATH TP TOCIICAOBATEIBHBIC CTPAHUIIBI C IIOMOIIBIO TPEX Pa3InYHbBIX (DYHK-
MK, a 3aTeM OTMEHHMTh UX OJIOKUPOBKY C IOMOIIbIO OAHON (pyHKIMU. Bece Tpu crpaHMIlbI peaBapu-
TEJIBHO JIOJKHBI OBIThH 3a0yi0kupoBanbl. OJIHAKO auana3oH, 3ajaHHblii GyHkimenr VirtualUnlock, moxer
HE COBIIaJaTh C JMANA30HOM, 3a7aHHbIM QyHKIuer VirtualLock.

[epen O10kMPOBKOM MaMATh JIOJDKHA OBITH 3aKperieHa. [1o 3aBepieHuM mpoiiecca ornepauoHHas
CHUCTEMa aBTOMATUYECKH OTMEHSET OJIOKUPOBKY BCEX CTPAHUI], KOTOPBIE OCTAIUCH 3a0JIOKMPOBAHHBIMHU.
Oynkius VirtualFree ocBoOoXKaaeT Bce CTpaHUIIbI, 1axe 3a0JI0KHPOBAHHEIE.

4.4.2. API-dyHKUMM ona nporpamm c npoeumpoBaHnem pannos

Kak u BupTyanpHast naMsTh, IpoeupyemMble (pailibl MO3BONSAIOT PE3EPBUPOBATH PETMOH aIPECHOTO
MPOCTPAHCTBA U MepeAaBaTh eMy (QU3NYECKyl0 naMsTh. Pasnuune Mexay dSTUMH MEXaHU3MaMHU COCTOHUT
B TOM, YTO B IOCJIEeHEM cllydae (pu3ndeckas namsTh He BBIACISIETCS U3 CHCTEMHOTO CTPaHUYHOrO (haiina,
a Oepercs u3 Qaiina, yxe Haxomsmerocs Ha aucke. Kak Tonpko ¢aiin cpoenupoBaH B MaMsTh, K HEMY
MOXHO 00palaThcs Tak, Kak OyATO OH B Hee IIEJTMKOM 3arpyKeH.

JlaHHBII MEXaHU3M MOXET UCIIONIBH30BATHCS B CASAYIOMUX ciydasx [9, 12]:

— JUISl 3aIyCKa MCIOITHAEMBIX (hailiioB (exe) M AMHAMUYECKH CBs3bIBaeMbIx Onbmuotek (dll);

— Juis paboTHI ¢ (aitnamu;

— JUIsl OAHOBPEMEHHOTO UCTIONB30BaHMS OHOM 00JIACTH JaHHBIX IBYMS IIPOLIECCAMHU.

Paccmotpum moapoOHee Kaxk bl U3 MepeunCIIEHHBIX MEXaHH3MOB.

3anyck ucnonnsemvix aiinos u oudauomex. Panee paccmarpupanach ¢pynkius CreateProcess ms
3arycka mpoteccoB. [Ipu ucrnons3oBanuu gaHHOW GyHKIHM VMM npuMeHsieTcst Uil BBITOTHEHUS ciie-
JIYIOLIUX JEHCTBUI:

— CO3JaHKe aJPECHOr0 MPOCTpaHCTBa mnpoiiecca (pazmepom 4 10);

— pE3epBUPOBAHKE B aJPECHOM IIPOCTPAHCTBE MPOIIEcca perioHa pa3MepoM, TOCTATOUHBIM ISl pas-
MeleHus ucroiiHsemoro (aiina. HavansHbeiil agpec peruona ompenensercs B 3aroioBke EXE-momyis.
O6bruHO oH paBeH 0x00400000, HO MOKeT OBITH M3MEHEH MpH MocTpoeHnu (aiina mapamerpom /BASE
KOMITOHOBIINKA;
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— oToOpakeHHEe UCIONHSAEMOro (aiia Ha 3ape3epBUPOBaHHOE aJPECHOE MPOCTPAHCTBO. TeM caMbiM
VMM pacnpenensier GpuU3NUeCcKUe CTPaHUIIbI He U3 (aiiia moakadyku, a HerocpeactseHHo 3 EXE-momyns;

— oTo0OpakeHHe Ha aJpecHOe MPOCTPAHCTBO Mpollecca HEOOXOIUMBIX eMy TUHAMUYECKH CBSI3bIBa-
embix OuOnmmorek. MHopManus o HEoOXomuMBIX OMOIMOTEKaX HaxoauTcs B 3aroyioBke EXE-momyss.
XKenarenbHOE pacrooKEHUE PErHoHa aJpecoB OMUCAHO BHYTpU OuOmmoreku. Visual C++, Hampumep,
ycra"aBiauBaer mo ymondanuio aapec 0x10000000. ItoT agpec MOXKET TakKe U3MEHSTHCS apaMeTpoM
/BASE kommonoBmmka. Ecnu mpu 3arpyske BBISICHSETCS, YTO JAHHBIA PETHOH 3aHST, TO CUCTEMa Mo-
MBITAETCS IEPEMECTHTh OMOIMOTEKY B JPYroil PErMOH aJpecoB Ha OCHOBE HACTPOEUHOW HH(opmanuwy,
cogepxkameiics B DLL-moxyne. OnHako 3Ta omepanusi CHUXaeT 3(PQPEKTUBHOCTb CHCTEMBI, U KpPOMeE
TOr0, €CJIM HACTpOeUYHasi MH(OpMAIHs ylalieHa Ipu KOMIIOHOBKe Oubimoreku mapamerpom /FIXED, To
3arpy3Ka CTaHOBUTCS BOOOIIE HEBO3ZMOKHOH.

[Ipu omHOBpEMEHHOM 3alyCcKe HECKOIBKHX NMpuiokeHnid Win32 otoOpa)kaeT OJJMH U TOT K€ MCIIOI-
HsieMbIid (aiin 1 OMONMMOTEeKH Ha aJpecHble MPOCTPAHCTBA Pa3IMYHBIX MporeccoB. [Ipyu 3ToM BO3HHKaeT
npobieMa HE3aBUCHMOTO HCIONB30BaHMsI MPOIECCaMH CTaTHUECKUX TIEPEMEHHBIX M 00JacTell TaHHBIX.
Kpome Toro, naMeHeHune NaHHBIX MCHOJHSIOMIEHCS MPOrpaMMON HE JOJKHO NMPUBOIUTH K U3MEHEHUIO
EXE-daiina. Win32 oTkiagpBaeT penieHrne 3TOM MpoOJieMbl Ha MaKCHMAIBHO BO3MOXHBIN cpok (Lazy
Evaluation). Tlpu 5TOM HCHONB3yeTCsl KIACCHYECKUH MEXaHM3M OTIOKEHHOTO KOMHpOBaHUs (copy-on-
Write — KOIIMPOBaHME MPH MOMBITKE 3aMucK). Bee cTpaHUIBI aipecHOro MpocTpaHcTBa Mpoliecca Moiy-
qarot atpuOyT 3ammuTel PAGE WRITECOPY. [Ipu nonbsITKe 3anucy B TaKyl0 CTPaHUILy BO3HUKAET HUCK-
JIOYEHHe HapyUIeHUs 3amuThl 1 VMM KkonupyeT cTpaHuIy Iuisi oOpaTuBIIerocs npouecca. B nanpHei-
[IeM dTa CTpaHMLa OyAeT BHIrpykaThcs B (ain monkadku. [locie KomupoBaHUS MPOUCXOTUT PecTapT
KOMaH/Ibl, BEI3BABIIICH MCKIIOUCHHUE.

Paboma c paiiramu dannvix, npoeyupyemoix ¢ namams. [poernpopanue daiina TaHHBIX B apec-
HO€ TPOCTPAHCTBO Tpollecca MPeloCTaBIsIeT MOIIHBIA MEXaHu3M padoThl ¢ ¢aitnamu. CrnpoenupoBas
¢aiin Ha ajgpecHOE MPOCTPAHCTBO Tpollecca, MPorpamMMa Mojy4aeT BO3MOKHOCTh paboTaTh ¢ HUM Kak
C MAacCHUBOM.

PaccmoTrpum ocHOBHBIE pyHKIMH A1st TpoelnpoBanust (aitnos. st co3nanus oObekTa sapa «paiim
ucnons3yercs pynkius CreateFile(). Ota Gynkuus ananornyna ynkiuu open() uz CRT-Oubnuoreku.
Bonee nmoapo6HO oHa Oyzmer paccmotpena B cienytoniei rinase. Oynkiueii CreateFileMapping() coszna-
ercst OOBEKT S/Ipa «IPOSHUPYEMbIi (aiin»:

HANDLE CreateFileMapping (HANDLE hFile, /I neckpunrop ¢aiina,
// otkporToro ¢pyHkimeit CreateFile()
LPSECURITY_ ATTRIBUTES IpAttributes, // ctpykrypa SECURITY ATTRIBUTES
DWORD fdwProtect, // HeT mocTyna, TONBKO YTEHHE
// inu yTeHue / 3amch
DWORD dwMaximumSizeHigh, // MaKCUMAaJTBHBIA pa3Mep MPOCIUPYEMOro
// aiina B BepxueMm pazpsine DWORD
DWORD dwMaximumSizeLow, // MaKCUMAaJTBHBINA pa3Mep MPOCIUPYEMOro

// aiina B HmwxHeM paspsae DWORD

// ecin 0ba mapamerpa pasHsl 0,

// MaKCUMaJTBHBIA pa3Mep paBeH pasMepy daiina
LPCTSTR IpName); // mms ipoerpyemMoro (aiina,

/I eciiu NULL — 1o 6€3 umeHu

Ecnu ¢aiin ObL1 co31aH paHee, TO OH MOXKeT ObITh OTKPBIT (hyHKIMEH OpenFileMapping().

HANDLE OpenFileMapping (DWORD dwDesiredAccess,  // pexxuM qocTymna K oToOpakaeMoMy 00BEKTY
BOOL blInheritHandle, // pnar HacienoBaHUS IECKPUIITOPOB
LPCTSTR IpName); // IMsT OTKPBIBAEMOTO TPOCIpyeMoro (haiina

Jlnst oroOpaskenust «mpoenupyemoro daiiia» Wik ero 4yacTH Ha apecHoe MPOCTPAHCTBO IIpolecca
npumensiercst pyakuus Map ViewOfFile(), ans orkpemnenns — Unmap ViewOfFile():

LPVOID MapViewOfFile (HANDLE hFileMappingObject, // neckpumrop

// mpoermpyemoro ¢aiina
DWORD dwDesiredAccess, // pexuM 0cTyna K 0ToOpaskaeMoMy 0OBEKTY
DWORD dwFileOffsetHigh, // cMeleHue T Hadata oToOpaxkeHus daitna
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// B BepxueMm paszpsime DWORD

// cmeneHue Ayt Hadana oroOpaxxenus ¢aiina

// B HIKHEM paspsiie DWORD

// KomOuHaIMs BEICOKUX U HU3KUX CMEILEHUI

// MOMKHA ONPECITUTEL CMEIICHHE B TIpeJieNax (aiina,
// KOTOPOE COOTBETCTBYET CTEIICHU JICTATH3AIHA

// pactipenieNieHusI TAMSTH B CHCTEME

// xomuuecTBO OaiiToB (aiina Uit 0TOOpaXKEeHUs

// yka3aTens Ha 0a30BBIH ajapec,

// Bo3Bpammaercst pynknueir MapViewOfFile()

DWORD dwFileOffsetLow,

SIZE T dwNumberOfBytesToMap);
BOOL UnmapViewOfFile (LPCVOID IpBaseAddress);

[IpoeunpoBanwue Qaiina B namsTh BHIOIHIETCS B TPH JTarna:
1) ¢ momorbio Gpynknuu CreateFile() cozmaercs o0bekT siapa «daiiny;
2) ¢ nomompio pynknuu CreateFileMapping() coznaercst 00BEKT sizipa «IIpoenupyeMblii Gaitin», mpu

3TOM HCIOJIb3yeTCs onucarend ¢aiina (handle), Bo3ppamennniii Gynkiuenn CreateFile(). Temeps daiin
TOTOB K TIPOEI[HPOBAHUIO;

3) ¢ nomomsto Gpyuakiuu MapViewOfFile() npon3BoauTcs oToOpaxeHne 00bEKTa IPOSIIUPYESMBbIit

(aii» WM ero 4acTH Ha aJAPECHOE MPOCTPAHCTBO MPOIIEeCcCa.

Jlns oTkpernsieHus ¢aiga OT aJpecHOro MPOCTPaHCTBA IMPOIECCAa UCHONB3YeTCs (GyHKIHUS

UnmapViewOfFile(), a ang yHuuTOKEeHUsI 00BEKTOB «(haiiay» U «Ipoerupyembiii Gaim» — QyHKIHSI
CloseHandle(). [TocnenoBaTenbHOCTh KOJIa pabOTHI ¢ MPOCIIMPOBAHHBIMY (halijlaMu CIAEAYIOIIA:

HANDLE hFile, hFileMapping;

PVOID pMassive;

hFile = CreateFile («File Namey, ...);
hFileMapping = CreateFileMapping (hFile, ...);
CloseHandle (hFile) ;

pMassive = MapViewOfFile (hFileMapping, ...);
/* Pabora ¢ maccuBoM pMassive */
UnmapViewOfFile (pMassive);

B3aumooeiicmeue npoyeccos uepes oouiyro obnacme oannvix. Kozepenmnocmes. JIBa mporecca

MOT'YT COBMECTHO HCIIOJIb30BaTh OOBEKT «Ipoelupyemblii ¢aim». [Ipu sToM mpu moMomm (QyHKIUH
MapViewOfFile() xaxaplii mpolrecce Mpoerupyer 3TOT 00bEKT Ha CBOE aJ[PECHOE MPOCTPAHCTBO U HC-
MOJIB3YET ATy YacTh aJPECHOrO MPOCTPAHCTBA KaK pa3zeiseMyro 00JacTh JaHHbIX. CXema, OMUCHIBAO-
mast JaHHBIA MEeXaHU3M, TIpeIcTaBIeHa Ha puc. 4.9.

Obnacts gammsx Korepemocn ObmacTs marHbX OBnacts garmex
Her KDI‘GPBHTHOCTH
mporecca A nportecca A npouecca A
MaleeWO\fN AewOfFlleo MapViewOfFile()
[Mpoemupyembit [Mpoemupyemsoi
o tarm
CreateFileMapping() CreateFileMapping()
Obzexr pair
(handle) Her xorepenTHOCTH
CreateM /CreateFileO

I baim |

Puc. 4.9. Cxema MexaHH3Ma B3aNMOJIEWCTBHS TIPOLIECCOB Yepe3 OOIIYyI0 00acTh JTaHHBIX
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OOmmii MexaHU3M TaKOB: OJMH MPOLECC CO3AaeT 00BEKT «IpOeHupyeMblii (aili» ¢ MOMOIIbIO
¢ynkiun CreateFileMapping() u mopoxmaer Ipyroi mpoiiecc, nepeiaBas eMy B HAaCJCSICTBO OIMMCATEIb
3TOro oObekTa. JlodepHUi Mpomecc MOXKET MONb30BaThCsl STHM OMHCATENEM HApaBHE C POJAUTEIHCKUM.
[Ipobnema COCTOMT TOJBKO B TOM, Kak COOOIIUTH OYEPHEMY MpOoIeccy, Kakod M3 MepeJaHHBIX eMy
B HACJIE[ICTBO OMHCATENEeH SABJISIETCA OMUCATEIEM «IIpoeupyeMoro ¢aiinay. 3To MOXKHO CAENaTh JIFOOBIM
criocoboM. Harpumep, nepenadeii mapaMeTpoB MpH 3aIycKe Mpoliecca, 4epes epeMeHHbIe CpeIbl, epeaadei
COOOIIEHHS B TIIaBHOE OKHO TPOIIecca U TakK Jiajiee.

O6mmas obmacTe JaHHBIX MOXET OBITh CO3/laHa HE TOJBKO MyTeM MpOoepoBaHus (aiisia, HO U IMyTeM
MPOCIUPOBAHUS YacTH (aiina moakauku. [jis atoro B ¢pyukinuio CreateFileMapping() HeoOxoaumo mepe-
JaTh B KayecTBE MapaMeTpa He omucartellb paHee OTKpbIToro (aiina, a—1. B aTom ciyuae HeoOxoanmo
3a1aTh pa3Mepsl BeIesieMoi obnactu. Kpome Toro, B mapamerpe lpName MOKHO 3a/1aTh UMsi OOBEKTa,
KOTOpOe sBIIsieTcsl TIO0AIbHBIM B cucTeMe. Ecim 3To MMs 3a/aeTcsi B CUCTEME BIIEpBBIE, TO MPOIECCY
BBIJICIISICTCS. HOBasi 00JIACTh JAHHBIX, @ €CJIM UMs OBUIO YK€ 3aJIaHO, TO MMEHOBaHHasi 00JIACTh JIAHHBIX
MPEAOCTABIISAETCS IS COBMECTHOT'O UCTIOJIb30BaHMSL.

Ecnu omuH mponecc MeHsSET pa3iensieMyto o0JacTh JaHHBIX, TO OHAa MEHSETCSl U JJIsl APYroro mpo-
necca. OnepanmoHHas cucTeMa o0ecreuyruBaeT KOrepeHTHOCTh pa3/ieNisieMOl 00MacT JaHHBIX AJIsl BCEX
nponeccoB. Ho s obecniedeHns: KOrepeHTHOCTH MPOILECChl JODKHBI paboTaTh ¢ OJHHM OOBEKTOM —
«TpoennpyemMsblil aiiin», a He ¢ omHIM (haiioM.

4.4.3. API-byHKLMMN oNA Nporpamm C BblAeIeHUEM gUHaMUYeCcKnx obnacrei

Junamuueckas o01acTs namsTh, uin Kyua (heap), npencrasisier co0oi OJIOK MaMsTH, U3 KOTOPOTO
nporpaMma IpHu HEOOXOJMMOCTH BhIJeNsAeT cebe Oonee Menkue pparmentsl. 16-paspsanbie Windows-
MPOrpaMMbl BBIICNSAIOT MaMATh KaK W3 TJI00albHOW, TaK M W3 JIOKAIBHOW JHMHAMHYECKOH 00JacTu.
[Mocnenuss paboraer ObicTpee, HO ee 00beM orpanuueH 64 KO.

Cospemennsie OC cemeiictBa Windows co CBOMM IUIOCKHM aJpPECHBIM MPOCTPAHCTBOM aHHYJIH-
PYIOT pa3HHUILy MEXKIY MOHATHAMU «2200a1bHbLIE» Y «IOKATbHBLIL), a TAKKE «OAIbHUI) U KOTUNCHUILY,
nmpeBpaiias BCIO NaMATh B OIHY Hepa3AeinbHYI0 JUHAMUYECKYIO 00IacTh.

Jaxxe mpu Haau4yuK OOJIBIIOTO HENPEPHIBHOTO aJpecHOro MPOCTPaHCTBa MHOT/A Ieecoo0pasHo
paboraTh ¢ AMHAMHYECKOM 0ONacThIO MaMATH MEHbBIIEro pa3mepa. PesepBupoBaHHMe M 3aKperieHHe
BUPTYaJIbHOM NMaMsATH UMEET OUYEBHAHBIC MPEUMYIECTBA MPH PadoTe C OONBIIMMU TUHAMUYECKHUMHU WU
pa3peKeHHBIMU CTPYKTYpaMH. A Kak OBITh C alTOpUTMaMH, KOTOpPbIE MPENONararoT BblIeNIeHne O0IIb-
IIOr0 KOJMYECTBA MEIKUX OJIokoB mamsatu? Komauzabl juis paOoThl ¢ JUHAMHYECKOW OOJIACTHIO MaMSITH
MO3BOJSIIOT CO3/aBaTh B apPECHOM NPOCTPAHCTBE MPOTPAMMBI OAHY MJIM HECKOJIBKO JIOKATBHBIX KY4 U BBI-
JIeNAATh M3 HUX OoJiee MeJIKre OJTIOKH MaMsITH.

Komanap! aj1st paboThl ¢ JUHAMHYECKOH 00IacThio MaMsATH yAOOHBI TE€M, YTO MO3BOJISIOT COCPENO0-
TOYHTD BbI/ICICHHBIE OJIOKH B HEOOJBIIOM JMAaIa30He aJApeCcHOro MpocTpaHCcTBa. [ pynmupoBKa BhIIEICH-
HBIX OJIOKOB BBITIOHSIETCS 110 CJIAYIONUMM npudrHam [12]:

— OHa MO3BOJISIET OTJCNIUTH U 3alUTUTH TPYIINY CBS3aHHBIX OJIOKOB. [Iporpamma, cozaaromast 00i1b-
1I0€ KOJMYECTBO MaJeHbKUX OJIOKOB OAMHAKOBOTO pa3Mepa, ropasnio dp¢GeKTUBHEE YIAKOBBIBACT MaMSTh,
eciy OJIOKH CIEAYIOT MOCIeI0BaTEIbHO;

— €CIIM BCE Y37Ibl CBS3aHHOTO CIIMCKAa HAXOMATCS B OJHOM Kydye, a Y3Jbl ABOMYHOTO JepeBa —
B JIPYyroii, TO oMOKa OHOTO AITOPUTMa B MEHbIIEH CTENEeHH CKa)KeTcs Ha paboTe APYroro ajJropuTMa;

— 00BEKTHI MaMsTH, paboTaloe COBMECTHO, MOTYT OBITh CTPYNIHPOBAHBI, YTO CBOJUT K MHHH-
MyMY MOJKAa4Ky CTpaHUIl. Heckonbko aapecoB, OKa3aBIIMXCS HA OJHOW CTpPaHHUIE MaMATH, MOXHO IPO-
YUTATh C TIOMOIIBIO OJJHOH TUCKOBOW OIepalu.

J171st moNy4YeHunst AECKPUTITOPa KydH «TI0 YMOTYAHUIO» PUMEHSIETCsl (PYHKIUS

HANDLE GetProcessHeap (VOID);

Hcnone3ys Bo3BpalaeMblii 5Tol (QyHKIMEH AECKPUNITOP, MOKHO OCYLIECTBIISATH PabOTy C Kydew.
[NamMsTh, BBIZENAEMAs M3 Kydud, HUYEM HE OTJIMYAETCS OT JIF0OoW npyroil mamsatu. Bel Moxkere camo-
CTOSITEIIPHO OpraHU30BaTh paboTy ¢ Kyuel, MpuOerHyB K KOMaH/IaM YIpaBJiIeHUs] BUPTYaIbHON MaMATHIO,
Be/Ib MMEHHO Tak noctynaer Windows. Jing co3nanust Kyuu HY)KHO 33/1aTh €€ HadaJlbHBIH M MaKCHMallb-
HBII pa3MepBl:
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HANDLE HeapCreate (DWORD dwOptions, // nar BeIIENCHUS KydU
DWORD dwlInitialSize, // HavaNBHBIN pa3Mep Ky4n
DWORD dwMaximumsSize); // MaKcUMaIbHBIA pa3Mep Kydu

«3a xynucammu» noacucrema Win32 pearupyer Ha 3Ty QYHKIHUIO, pe3epBUPYs OJIOK MaMsITH MaKCH-
MaJIBHOTO Pa3Mepa U 3aKpeIlisisi CTPAaHULbL, KOTOPhIE ONPEAECISIIOT HadalbHbld pasmep Kyuu. Ilocneny-
OMKEe BBIACIICHUSA MMaMATHU MPUBOIAT K YBCINYCHUIO UJINW YMCHBIICHUIO O6’beMa Ky4Hu. Ecan JJIg o4Yepea-
HOI'O BbIACIICHUA ITaMATH HOTpe6yIOTC§I HOBBIC CTpAaHUIIbI, KOMaHJbI JIJIA pa6OTI)I C quef/i ABTOMATU4YCCKHU
3akpenat ux. CTpaHMIBI OCTAIOTCS 3aKPEINICHHBIME JI0 TE€X IOp, MMOKa Kyda He OyAeT YHHUTOKEeHa WU
MoKa cama IporpaMma He 3aBEpIIUTCA.

Cucrema He MOXKET YIPaBIISATh COAEPKUMBIM JIOKAJIbHOM Ky4H, YIJIOTHATH Kydy WM HepeMelaTh
06’beKTI)I BHYTpPHU HEC. HOC—)TOMy HE MCKIIIOYCHO, YTO MOCJIC MHOI'OKPATHOI'O BBIACIICHUSA U OCBO60)KI[€HI/I51
OOJBIIOT0 KOJIMYECTBA MEJIKUX OOBEKTOB Ky4a CTaHET QparMeHTHpoBaHHOH. Ecnu mpu odepeqHOM BEI-
JIeTICHUW TaMSATH Kyda JIOCTHTaeT MaKCHMAJIbHOT'O pa3Mepa, Bce MOCIEAYIOUINE BBIJCICHUSI HE COBEp-
matorcsi. OpHako ecnu aprymeHT dwMaximumSize paBeH 0, pasMep Kydd OrpaHHYMBAETCsI 00BEMOM
JIOCTYITHOW NTaMATH.

[Mapamerp dwOptions mo3BossieT yCTaHOBUTh OuH-¢AuHCTBeHHBIH (biiar — HEAP NO SERIALIZE.
[To ymomyanuto 6e3 3toro ¢uiara (3HaueHWe apryMmeHTa paBHo () Kydya HE JIOMyCKaeT B3aMMOJACHCTBUS
MOCPEACTBOM ITOTOKOB, KOTOPBIE COBMECTHO HCIIONB3YIOT JECKPUNITOPHI MamsaTH. CepruannzoBaHHas Kydya
NpEenATCTBYECT OAHOBPCMCHHOMY BBITTOJIHECHHUIO HECKOJIBKUX onepam/lﬁ C OAHUM JCCKPUIITOPOM. O,Z[I/IH u3
MOTOKOB OJIOKHpYETCsl A0 TeX MOp, MOKa JAPYroi MOTOK HE 3aBEePIIMT BBHIMONHEHHWE CBOEH Orepanuu.
Cepuanuzaiusi HECKOJIBKO CHIDKaeT ObicTpoaeiicTBue. Eciiu B mporpaMMe peann3oBaH TONBKO OIWH I10-
TOK, a TaKKe eCIid TOJIbKO OJMH M3 HECKOJIBKHUX IMMOTOKOB MPOrpaMMbl OOpalaercs K Kyde WIH eciu
MporpaMMa CaMOCTOSITENIbHO 00ECIeunBaeT 3alIuTy KyuHd (HampuMmep, MyTeM CO3JaHHs MCKITIOYAIOIero
cemadopa MM KPUTUYIECKOTO pasjieia), TO Cepruain3anus Kyql He TpeOyercs.

Oynkuun HeapAlloc, HeapReAlloc n HeapFree ocylecTBIAIOT BbIEIEHNE, TOBTOPHOE BBIJENE-
HUE M OCBOOOXIEeHHE OJOKOB MamsTH M3 Kydu. Bce 3TM QyHKIMM B KayecTBE OJHOTO M3 apryMEHTOB
MPUHUMAIOT JIECKPUIITOp, Bo3BpalleHHbIi pynkuueir HeapCreate:

LPSTR HeapAlloc (HANDLE hHeap, // neckpunTOp JIOKaJIHHON Ky4H
DWORD dwFlags, // ynipaBistronue Qiaru
DWORD dwBytes); // KOMMYECTBO BBIICISIEMBIX OaWTOB

Oynkums HeapAlloc Bo3Bpamiaer ykazatens 06j0ka HeoOxoaumoro pasmepa. Eit MoryT ObITh nepe-
JIaHbI JIBA YIPABJISIONIMX ¢uiara:

— HEAP_GENERATE EXCEPTIONS — onpenensier, kak komanaa Oyner o6padaTeiBaTh OLIMOKH.
Ecmu ¢nar ve ycranosieH, ¢pynkuus HeapAlloc coobmaer o6 ommbke, Bo3Bpamas 3nadyenue NULL.
Ecnu ¢nar ycraHoBIIeH, B OTBET Ha JIFO0YIO OIMUOKY (DYHKIUS TTOPOXKAACT UCKITIOUCHHE,

— HEAP_ ZERO MEMORY — naer ¢ynkuunn HeapAlloc ykazaHue MHHIIMATU3MPOBATH HOBBIN
BBIJICNICHHBIN OJIOK, 3amoiHss ero HyJsiMu. [Ipu ycreniHoM BBIMOTHEHWH (YHKIUS BBIIEISET CTOJIBKO
MaMsTH, CKOJIbKO TPEOYeTCs, MK HEMHOT'0 0OJIbIe, YTOOBI JJOCTUYb OJIMKAMIIIEH IrPaHUIbI CTPAHUIIBL.

UtoObl y3HATh TOYHBIH pa3mep Jiroboro Osioka, BeizoBuTe PyHKIU0 HeapSize. Hapsny ¢ Gaiitamu
0JI0Ka TIpU KakKIOM BBIICNICHHH Oy/eT 3a/leiiCTBOBAHO HECKOJBKO JOMOIHUTEIBHBIX 0alTOB, HEOOX O~
MBIX JJISl TIOAJEPKKA BHYTPEHHEH CTPYKTYpBI JMHAMHYECKOH 00siacTh maMsTH. TOYHBIA pa3mep 3TOTO
JOTIOJTHUTENTBHOTO KYCOYKa MaMsTH BapbUPYETCSl K COCTABIISIET B CPEHEM OKOJIO 16 0GaiiToB. BbI AOMKHBI
3HaTh 3TO, TOTOMY 4TO 0€3 ydeTa MOJOOHBIX «HAKJIAJHBIX PAacXO/IOB» HE CMOXKETE BBIACIUTH M3 Ky4H
CTOJIBKO OJIOKOB, CKOJIbKO Tpearnonarand. Eciiu co3maTh JMHAMUYECKYHO 00J1acTh aMsaTu oobemom 2 MO
U TIOTBITAThCA BBIACNUTH U3 Hee 1Ba Oioka pasmMepoM no 1 MO kaxkaplid, TO BTOpoii OJIOK, CKOpee Bcero,
He OyJeT BBIJENeH.

N3menuTs pasmep Oiioka mocsie ero BeiieneHus no3poiser Gynkuus HeapReAlloc:

LPSTR HeapReAlloc (HANDLE, hHeap, // neckpunTOp JIOKAJIHHON Ky4H

DWORD dwFlags, /I pmarwu, Bnusirone Ha TIepepacHpe/iesieHne MamsITH
LPSTR IpMem, // ampec O10Ka MaMsITH, pa3Mep KOTOPOT0o U3MEHSIETCS
DWORD dwBytes); // HOBBIH pa3Mep BBIICIIEHHOTO OJIOKa MaMsITH
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Kpome 1Byx ¢uiaros, koropsie ¢yHkims HeapAlloc ncrosns3oBaiia Juist OOHYJICHUSI TAMSITH W TeHEPaIUH
uckmoueHuid, mapamerp dwFlags ¢ynkiuu HeapReAlloc npunumaer eme omun ¢uiar — HEAP
REALLOC _IN PLACE _ONLY. (Microsoft 3a60TuTCsl 0 TOM, YTOOBI MBI BCE IOHUMAJIH, OOBEANHHB LIEITBIX
MSTH CIIOB B UMEHU OJHON-EJMHCTBEHHOW KOHCTAHTHI.) DTOT (iar MpenoTBpallaer nepemMelieHrue Boiie-
JICHHOTO OJioka B OoJiee cBOOOHYIO 00acTh mamsTu, BeimoiaHseMmoe ynkiueir HeapReAlloc. Ecnu co-
ceqHue OJOKM MEIIAIOT PaCIIMPEHUIO TAHHOTO OJ0Ka 10 TpeOyeMoro pasMepa, TO B pe3yibTaTe BBIIOJ-
Henns ¢pynkuuu HeapReAlloc Bo3nukaer ommbka. @nar HEAP REALLOC IN PLACE ONLY o006braHO
MPUMEHSIETCSI B COYETaHUH C IPYTUMH (praramu.

Ecnu BeImeneHHBIH ONOK maMsATH Ooliblle HE HYXEH, OCBOOOJMTE €ro ¢ MmoMouiblo (QyHKIun
HeapFree. Ecnu ke oTcyTcTBYeT HEOOXOAMMOCTh UM B CaMOi Kyde, OCBOOOJHUTE €€ MOCPEACTBOM (PYHK-
uuu HeapDestroy:

BOOL HeapFree (HANDLE hHeap, // necKpHUNTOp JIOKAJIHHON Ky4H
DWORD dwFlags, // He ucToNb3yeTcst (NOIKEH ObITh paBEeH HYJIIO)
LPSTR IpMem); // ampec 0cBOOOXKTaeMOT0 OJT0Ka MaAMSTH

BOOL HeapDestroy(HANDLE hHeap);

OcBo0OXIeHUE 0JIOKA TTaMATH HE MIPUBOAMUT K OTMEHE 3aKPEIUICHUS CTPAHMII, KOTOPhIE OH 3aHUMAJI,
OJTHAKO ATO MPOCTPAHCTBO CTAHOBUTCS JOCTYIHBIM JUIS TOCIEAYIONIMX BBIICIICHUH U3 TOW Ke JUHAMUYC-
ckoit obnactu namsatu. Oynkuus HeapDestroy ocBoOOXIaeT Bce CTPaHMIIBI KYYH HE3aBHCUMO OT HAJIH-
4K B HEW BbIIENCHHBIX 0710Kk0B. [locne Boimonuenus ¢yukiuun HeapDestroy neckpunrop hHeap crano-
BHUTCS HEJICHCTBUTEIBHBIM (HEOPEICTICHHBIM ).

Ete oqun Ha®op GyHKIMIA MpeqHa3HAYCH I IPOBEPKH NMPABHIILHOCTH yKa3aTesei (Tadm. 4.2).

Tabnuya 4.2

DyHKIMSL AprymeHT Bun nposepku

IsBadCodePtr | Ykazatens ¢pyHKIMN [TpoBepsieT BO3MOXXHOCTb YTEHHS Havyasa (GpyHKIHH
IsBadReadPtr | Ykazarens Onoka namatu | IIpoBepseT BO3MOXHOCTb UTE€HHUS 3aJaHHOTO JUaIa30Ha apecoB

IsBadStringPtr | Ykazatens crpoku [TpoBepsieT BO3MOXXHOCTh YTEHHS BCeX 0AMTOB 70 KOHIIA 3a/laHHON
CTPOKH

IsBadWritePtr | Ykazatens 61o0ka mamstu | [IpoBepsieT BO3MOXKHOCTB 3aITUCH 33/IaHHOTO
JIMaIa3oHa aJpecoB

Kaxnas yHkims u3 sToro Habopa mojiyuaer BUPTYalbHbBIN anpec u Bo3Bpainaer 3HaueHue TRUE,
€CJIM TIPOIlecC HE UMEET ONpeeNIEHHbIX MPUBUIIETHI TOCTYTIA.
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FNABA 5
I'IPMHLI,MHbI PA3PABOTKU MPOrPAMMHOIO KOAA
ana OPrAHU3ALUU BBO,CI,A/ BbIBOAA B COBPEMEHHbIX OC

§ 5.1. OcHoBbI OopraHu3auum Beoga / sbisoga 8 MNIBM

OOecnieueHre orepalyii BBojia/ BEIBOJIA, HAPABHE C 00CCIICUYCHUEM HEMOCPEICTBEHHO BBIUMCIUTECIIb-
HBIX OIepalnii sIBJISETCS] OJIHOM W3 OCHOBHBIX 3a/1a4 JFOOOM OrepalruoHHOoM cucteMsbl. [lon oneparusamu
BBOJIa / BBIBOJIA B 1I€JIOM ITOHMMAETCS OOMEH JJAHHBIMHU MEXY MaMSAThIO U YCTPOMCTBAMH, BHEIIIHUMH 110
OTHONICHUIO K MaMITH U MPOIIECCOPY, TAKUMH KaK JKECTKHE JAMCKH, MOHHTOP, KIaBHATypa, MBIIIb, Taii-
Mep u T. 1. [y obecniedeHus 3Tol BO3MOXKHOCTH MUCIIOIB3YIOTCS allllapaTHbIC U MPOrPaMMHBIC CPEJICTBA.
B ocHoBe peannzanuu onepaiiuii BBOja / BEIBOJIA JISKUT PACCMOTPEHHBIN paHee MEXaHHU3M MPEPhIBAHMIA,
KOTOpBIH 00eCIIeunBacT MapauIeIbHOCTh paOOThI IEHTPAILHOTO TPOIECCoPa C YCTPOWCTBAMU BBOJIA/ BEIBOIA
U JIPYrUMH 3alyIIEHHBIMH TpolieccaMu. BooOrie ayis mpoiieccopa BBOA/ BEIBOJ MH(POPMAIIUK TaKKe sIB-
JISIETCS TIPOIIECCOM.

Crnenyer OTMETUTB, YTO 3alUCh WIM YTCHUE OOJIBIIOTO KOJIMYECTBa WMHGOpPMAIMU M3 aJPECHOTO
MPOCTPAHCTBA BBOJIa/ BBIBOJIA (HAIPUMED, C )KECTKOI'O IMCKA) IPUBOJUT K YBEIMUCHHIO KOJIMYECTBA Orepa-
1M BBOJIA/ BBIBOJIA, YTO, B CBOKO OUYEpE/lb, MOBHINIACT HATPY3KY HA IICHTPaJIbHBIN mporeccop. Jias ocBo-
OOXKJIEHHS TIpoIleccopa OT OIEpallyii OCIE0BATEIBHOIO BBIBO/IA JAHHBIX M3 OMEPATHBHON MaMSITH U
MOCJIEIOBATEIPHOTO BBO/IA B HEE PEAIM30BAH MEXAHU3M IPSIMOTO JOCTYIA BHEITHUX YCTPOUCTB K Mamsi-
™ — [IJI1 (Direct Memory Access — DMA). lJis TEXHUYECKOH peali3alluy 3TOr0 METOoJa IpUMe-
HSETCS CIEHUATM3UPOBAHHBIN KOHTPOIJIEP MPSIMOro OCTYIAa K MaMsITH, UMEIOINNA HECKOJIBKO CIapeH-
HBIX JUHUN — KaHasioB DMA, KoTOpble MOT'YT MOAKIIOUATHCS K Pa3IMYHbIM ycTpoicTBaM. B otiuuue ot
MIpEpLIBAHMN, T/I€ OJJUH HOMEp IPEPHIBAaHUS MOI COOTBETCTBOBATH HECKOJBKUM YCTPOMCTBAM, KaHAJBI
DMA Bcerna HaxoIATCs B MOHOIOJIBHOM BJIAJICHUU YCTPOKMCTB. B 00IemM Buje cucrema BBOJA / BBIBOJA
MEePCOHAIILHOTO KOMIThIOTEpa MpeAcTaBieHa Ha puc. 5.1 [3].

AAPO ONEPALMOHHOHW CUCTEMbI

bA30BAA CUCTEMA BBOJA-BbIBOJA

Opaiteep Opaieep Opaieep IDE SCsi
KnaeuaTypbl MbILLK MOHUTOP A Apaneep Apaneep

} i i : i
Kowtponnep| |Kowtponnep] |Kowtponnep| |IDE scsl
knaeuatypel| |mbiwm MOHUTOpa kowtpoanep| 77 koHtponnep
Knaeunarypa Mbiwb MonuTop IDE-aucku SCSl .

YCTPOHCTEA
ANMNAPATHAA YACTb

Puc. 5.1. Cucrema BBoza/ Beisona [1K

JIBa HIKHUX YPOBHS 3TOM CHCTEMBI COCTaBJIAIOT allapaTHYIO YacTh, T.€. CaMH YCTPOMCTBA, HEMO-
CPEIICTBEHHO BBIIOJHSIOIINE ONEPANHU, U UX KOHTPOJUIEPHI, CIIyXKalllMe I OpraHu3alud COBMECTHOMU
paboOThl YyCTPOHCTB U OCTAJIbHON BBIMUCIUTENBEHON cucTeMbl. Cllenylonnii ypOBEeHb COCTABIISIOT ApaiBeph
YCTPOWCTB BBOIA / BEIBOJIA, CKPBIBAIOIIKME OT Pa3pab0TUYMKOB OMEPAI[MOHHBIX CUCTEM 0COOCHHOCTU (PyHK-
LUOHUPOBAHUSL KOHKPETHBIX YCTPOWCTB M 00ECHEuMBAIONINE YETKO OMpelelieHHbI HHTepdelc MexTy
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anmapaTHBIMU CPEACTBAMH U CIEAYIOUIMM YpOoBHEM — 0a30BOM MOJCHCTEMOH BBOJA/BBIBOJA, KOTOPAs,
B CBOIO O4€pEb, MPEAOCTABISIET MEXaHU3M B3aMMOJCHCTBUS MEXAY ApalBEpaMU YCTPOWCTB M SIIPOM
OMEPAMOHHON CUCTEMBI.

VYnpasieHue BBOAOM / BBIBOJIOM OCYILIECTBIISIETCS CIIEAYIOIIUM 00pa3oM. LleHTpanbHBIHA mpomeccop
MOCBUIAET YCTPOUCTBY YIPABJICHHS KOMAH/y BBIMOIHUTh HEKOTOPOE JISHCTBHE AJISl YCTPOMCTBA BBO/IA / BBI-
BOJa. Y CTPOMCTBO YIPABJICHMS UCIOJHSIET KOMaHAy, TPAHCIUPYS. CUTHAJBI LIEHTPAJIbHOIO IIPOLIECCopa
B CUTHAJIBI, TIOHSTHBIE YCTPOHCTBY BBOJA/BhIBoAA. K coxarneHunto, ObICTpoelicTBUE YCTPOHCTBA BBOAA/ BBI-
BOJIa HAMHOTO MEHbIIIe OBICTPOACHCTBHS EHTPAJIBHOIO MPOIIECCOopa, MOATOMY CHTHAJI TOTOBHOCTH IPHXO-
JAIIOCH OKUJIATh JOCTaTOYHO JIOJITO, TOCTOSHHO ONpAaIlnBas COOTBETCTBYIOLIYIO JIMHUIO HHTepdeiica Ha
HaJM4Yue WM OTCYTCTBUE HY)XHOro curHana. B mepssix OC B 3T0 Bpemsl LIeHTpaIbHBIN MpoLeccop mpo-
crauBai. B coBpemenHbix OC BO BpeMs OXHJIaHHS CUTHaJIa TOTOBHOCTH OT YCTPOICTBa BBOJA/ BEIBOAA
LEHTPaIbHBIN MpOoLIecCOop MEPEKITI0YaeTCs Ha BRIMOIHEHUE JIpyroi mporpammsl. 1lpu nosenenun curaana
TOTOBHOCTH T€HEPUPYETCS MPEPHIBAHUE OT COOTBETCTBYIOIIETO YCTPOHCTRA BBO/IA/ BhiBOA (puc. 5.2) [2].

i OakHbie
OneparusHas NamaTs E
E
. Komanpa
€t BBOAa/BLIBOAA
1
<4 :
LieHTpanbHbiii __:_> YerpoicTso »
npoueccop unu |, . ynpasneHus e YerpovicTso
npoyeccop N y yCTPOWCTBOM E il 8BoAa/BbiBOAA

BBOAA/BbLIBOAA DI BBOAA/BbiBOAA Pa—

CurHan
rOTOBHOCTU

Puc. 5.2. MexaHu3M yrpaBiieHUs] BBOJIOM / BEIBOJOM

Bce cucremHBIe BBI30BBI, CBS3aHHBIE C OCYLIECTBIEHHWEM OIEpalfii BBOJa/BBIBOJA, IO Croco0am
peanu3anyy B3aUMOICHCTBYS IIpoliecca U YCTPOICTBa BBOIA / BBIBOAA MOXKHO pa30HUTh HA TPH TPYIIIIHL

K nepBoii, Haubomnee NpUBBIYHON 151 OONBIIMHCTBA MPOrPAMMHUCTOB TPYIIIE OTHOCATCS O10KUPYIO-
wueca cucmemnole 8b1306bl. Kak crenyer u3 caMmoro Ha3BaHHs, IPUMEHEHHE TAKOTO BBI30BA TPUBOJHT
K OJIOKMPOBKE MHUIIMMPOBABILIETO €ro Mpollecca, T. €. IPoIecC MEePEeBOIUTCS ONEePallMOHHON CHCTEMOM U3
COCTOSTHUSI HICTIOJTHEHUS B COCTOSIHUE OKHJaHHs. 3aBEPIINB BHITIOIHEHHE BCEX OIepaliii BBOAa/ BHIBO/A,
MPEANMCAaHHBIX CHCTEMHBIM BBI30BOM, OTNIEPAIIMOHHAS CHCTEMA ITIEPEBOAUT MPOIECC U3 COCTOSHUS OXKHUIA-
HUSl B cOCTOsiHME ToToBHOCTH. [locie Toro kak mporecc OyaeT CHOBa BHIOpaH AJISl MCIIOJIHEHHS, B HEM
IIPOU30UIET OKOHYATENNBHBIA BO3BPAT U3 CHCTEMHOI'O BBI30BA.

Ko BTOpOI IpyIiiie OTHOCATCS HeO0KUpylouwuecs cucmemmnsle 6v1306bl. B 1TaHHOM ciiydae cHCTeM-
HBI BBI30B BO3BpAIIAeTCsi HEMEAJICHHO, BHINIOJIHUB TPEANUCAHHBIC €My OMepaliyi BBO/A/ BHIBOAA TOJI-
HOCTbBIO, YACTUYHO WJIK HE BBIITOJIHHUB COBCEM (B 3aBUCHMOCTH OT TEKYIIEH CUTYallul: COCTOSHUS YCTPOM-
CTBa, HAJIMYMS JaHHBIX U T.]I.). B KauecTBe mprMepa TaKoro BbI30BA MOKHO NPUBECTH MEPUOTUUECKYIO
MPOBEPKY Ha MOCTYIJICHHE HH()OPMAIIMH C KJIaBHATYPHI P BHITIOJIHEHUU TPYJAOEMKHX PAaCUETOB.

K Tperbeli rpynme oTHOCSATCS acuHXponnsie cucnmemusle 6b1306bl. [1porecc, UCOIb30BABIINNA aCHHX-
POHHBIN CUCTEMHBIN BBI30B, HUKOT/IA B HeM He Onokupyercs. CUCTEMHBIN BHI30B HHUIIMMPYET BHIMOTHEHHE
HEoOXOIMMBIX OMepaliii BBOJa/BBIBOAA U HEMEUICHHO BO3BpAILAETCs, MOCTIE Yero MpoLecc MpoaoKaeT
CBOIO pEryJisipHyIo AesTenbHocTh. OO OKOHYAaHWM 3aBEpLICHUS Olepalliy BBO/A/ BBIBOJA OIEpaIlOHHAS
cHCTeMa BIIOCIECTBUN MH(OPMHUPYET Mmpolecc U3MEHEHNEM 3HAYeHHH HEKOTOPBIX MEepEeMEHHBIX, Iepe-
Javeil eMy CHTHaJsIa UM COOOIICHHMSI MITH KAKUM-JIMOO MHBIM CIIOCOOOM.

Heo0xoaumo 4eTko MOHUMATh pa3HUIY MEXKIY HEOJOKHPYIOMIMMUCS U aCHHXPOHHBIMU BBI30BAMH.
Hebnokupyrommuiicss CHCTEMHBIH BBI30B JUTS BHITOJIHEHHS OMEpAllii YTCHHsI BEPHETCS HEMEIUIEHHO, MPH
3TOM MOXET OBITh MPOYNUTAHO KaK 3aMpOIICHHOE KOIWYECTBO OAiTOB, TaK M MEHBIIEE UX KOJIHYECTBO
WK BOOOIIE HUYEro. ACHHXPOHHBIH CHCTEMHBIH BBI30B JUISL OTOM OIEpaliy TakKe BEPHETCS HeMel-
JICHHO, HO TpeOyeMoe KOJIMYeCTBO 0ATOB BCE PABHO OY/IET IIPOYUTAHO B MTOJHOM 00beMe.
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Jis obecrnieueHust onepaiyii BBojia/ BBIBOJA IOCTATOYHO YaCTO UCIIOIB3YIOTCSI MEXaHU3MbI Oyghepu-
3ayuu v Kymuposanus. PaccMorpum ux 6olee moapoOHo.

[Ton Oydepom OOBIYHO MOHMMAETCS HEKOTOpas O0JACTh MAMATH JUIS 3allOMHHAHUS MH(QOPMAIIMU
npu oOMeHe MTaHHBIX MEXKIY IBYMSI YCTPOHCTBaMH, ABYMsI IIPOLIECCAMHU HJIM MPOLECCOM U YCTPOHCTBOM.
CymiecTBYIOT TpH OCHOBHBIE IPUYMHBI, TPUBOIINE K UCIONb30BaHNIO Oy(hepoB MpH BHIMOTHEHUH Ofle-
paiuu BBojJa / BeIBOMIA [2].

[epBas npuunHa Oydepu3auu — pas3Hble CKOPOCTH MpHEMa U nepenadynd HHPOPMAaLUH, KOTOPBIMH
o0nafaloT ydacTHUKH oOMeHa. Bropast mpuunHa — 3TO pa3Hble 00bEMBI JaHHBIX, KOTOPhIE MOTYT OBITH
MPHUHATHI WU TOMyYeHbl YYaCTHUKaMH OOMeHa eJMHOBpeMeHHO. TpeThs mpuunHa Oydepu3anin cBs3aHa
C HEOOXOANMOCTBIO KOMPOBAaHUsI MH(OPMALIUK U3 TPHIIOKEHHUH, OCYIIECTBISIFOLIMX BBOJI/ BEIBOJ, B Oydep
Spa oNepaioHHON CHCTEMBI U 0OpaTHO.

[Mox cnoBoM «K31D» (aHII. cash — Hann4HbIe) OOBIYHO TOHUMAIOT 00JIaCcTh OBICTPON MaMsITH, Coziep-
KaIyI0 KOMHUIO JaHHBIX, PaclOOKEHHBIX TIe-TH00 B Oojiee MEAJICHHOW MaMsTH, U NpelHa3HAuYCHHYIO
IUIsl yCKOpeHHs paboThl BEIYMCIUTEIBHOM CUCTEMBL. B COBpeMEHHBIX cUCTeMax AJisl 3TOW 3a/1a4i OOBIYHO
UCTIONIB3YETCsl KAII-MaMsATh IIEHTpaIbHOrO Tpoleccopa. He ciexyer cmemmBaTh moHsATHS Oydepusannn
U K3IIUpoBaHus. bydep 0ObIMHO COAEPKUT €MMHCTBEHHBIH HA0Op AaHHBIX, CYIIECTBYIOIIMN B CHCTEME,
B TO BpeMs Kak KdII, MO OMNpENCIEHHIO, COACPKUT KOMHIO JAHHBIX, CYIIECTBYIOIIMX TAe-HHOYAb ellle.
Oyakuun Oydepu3aniy 1 KIUPOBAHUS HEOOSI3aTENbHO JIOJDKHBI OBIThH JIOKAIM30BaHbI B 0a30BOM MOJI-
cucreme BBojia/ BeiBoga. OHM MOTYT OBITH YaCTHYHO Pean30BaHbl B JpaiiBepax U jJaxxe B KOHTpoJUiepax
YCTPOMCTB, CKPBITHO TI0 OTHOILICHHIO K 0a30BOW MOACHCTEME.

C ToYKH 3peHus MPOrpaMMHCTa, HanboJiee YacTo UCIOIb3YeMOl orepaleii BBOA / BBIBOJIA SIBIISIETCSI
BBOJI/ BEIBOJ] Ha JKECTKHUE AUCKHU. B 3TOM ciiyyae 00bIUHO peub ueT o paboTe ¢ (aiinamu, T.e. o daitio-
BOM BBOjI¢/ BBIBOZIE. PaccMOTpHM MPUHIIMITEL Pa3MEIIEHHS TAHHBIX Ha )KECTKOM JICKe Ooliee MoIpoOHo.

§ 5.2. O6wue NpUHLMNbI PasMeLLEHMA AaHHbIX HA MarHUTHbIX AUCKAX

[on ¢haitnom nonmmaroT HaOOp JaHHBIX, OPTaHU30BaHHBIX B BUJIE COBOKYITHOCTH 3amuceil ofuHa-
KoBOM cTpykTyphl [2]. B mo6oii OC paboty ¢ daiiiamu obecrieunBact gpaiiiosas cucmema — HaOOp
cnequduKalMid U COOTBETCTBYIOIIEE UM MPOrpaMMHOE OOecreueHrne, KOTOphle OTBEYAroT 3a CO3JaHue,
YHUYTOXKEHHE, OpTaHUu3alHIo, YTCHHUE, 3aK1Ch, MOAU(UKAIINIO U TiepeMelnieHre QaiinoBoil nHdopmamy,
a TaKKe 3a yIpaBlieHWE JOCTYNOM K (aillaM ¥ 3a ymnpaBieHHE pecypcamM, KOTOpPbIE HCIONIB3YIOTCS
¢arimamu. Mmenno (aiinoBas cucreMa ONpeAeiseT CIoco0 OpraHM3alMM JaHHBIX Ha JHUCKE WIA Ha
KakoM-HHOY/b MHOM HOCHTeNIe TaHHBIX. B KauecTBe mpumepa MOKHO TipuBecTH (aiinoByro cucremy FAT,
peanm3anys Al KOTOpoi uMeercst B abcomoTHOM OoibinmuHcTBe OC, padoTaromux B coBpeMeHHBIX [1K.

Kaxk mpaBuio, Bce coBpemenHbie OC UMEIOT COOTBETCTBYIOIINE CUCHIEMbl YRPAGIeHUs hailramu,
KOTOpPbIC BBITIOJHIIOT HECKOJIBKO 3a7a4 1o padore ¢ ¢arnamu [2]. Bo-mepBhix, yepe3 CUCTEMy yIpaB-
neHus ¢ainamMu CBSA3BIBAIOTCS IO JaHHBIM BCE CHCTEMHBIE 00padaThIBarolIie MporpaMMel. Bo-BTOpEIX,
C TIOMOIIBIO 3TOW CHCTEMBI peraroTcst IpoOIeMbl HEHTPATM30BaHHOTO pacipeieNeHnsl AUCKOBOTO MPOCT-
paHcTBa W YIpaBJieHUs AaHHBIMH. B-TperTbux, Onaropapsi HCIOIB30BAHUIO TOM MJIM MHOW CHUCTEMBI YII-
paBieHus (aitiaMu MoJIb30BaTENSAM MPEAOCTABISIOTCS CIEAYIOIINE BO3MOXKHOCTH:

— co3AaHue, ylajeHne, nepeuMeHoBaHue (1 Apyrue onepanuy) UMEHOBaHHBIX HAOOPOB TaHHBIX
(uMeHoBaHHBIX (pailyIoB) M3 CBOMX MPOrpamMM MM MOCPEACTBOM CIEHAaIbHBIX YITPABISIOIIUX MIPOTPaMM,
peanu3yrommx GyHKIUN HHTepdelica MoNbp30BaTeNs C ero JAHHBIMUA U aKTHBHO HCITONB3YIOUINX CHCTEMY
yrpaBiieHus aiinamu;

— paboTa ¢ HeTMCKOBBIMHU TIepU(EepUUHBIMU YCTPOICTBaMH Kak ¢ (haiinamu;

— 00MEH JaHHBIMU MEXIy (ainamu, ycTporcTBamMu, (ailjioM U yCTPOUCTBOM;

— pabora ¢ ¢aitnamu ¢ MOMOIIBIO OOpaIIeHWH K MPOrpaMMHBIM MOAYJISIM CHUCTEMBI YIIPaBIICHUS
¢aiinamu;

— 3ammrTa (aiyoB OT HECAHKIIMOHUPOBAHHOTO JIOCTYTIA.
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B nexoropbix OC MOKeT OBITh HECKOJIKO CHCTEM yIpaBiieHHs (aiimamu, 4To o0eCrieuuBacT UM
BO3MOXKHOCTBH Pa00OTaTh ¢ HECKONILKUMH (aitiioBbIMU cucTeMamMu. C OHOW CTOPOHBI, OYEBUAHO, YTO CHC-
TeMbl ynpaiieHus (aiinamu, Oyayun xkomroneHToM OC, He 3aBucar oT 310l OC, MOCKOJIBKY aKTHBHO
UCTIONIB3YIOT COOTBETCTBYOIME BbI30BEI APIL. C mpyroii cTOpoHBI, CHCTEMBI yIpaBieHus paiiaMu caMu
nononaaoT APl HOBbIMEH BeI3OBaMH. MOXHO CKa3aTh, YTO OCHOBHOE HazHaueHHE (aisIoBOW CHCTEMBI
W COOTBETCTBYIOIIEH €l CHCTeMbI yrpaBieHusl dailiaMu — opraHuzanys yaoOHOT0 I0CTyIa K JaHHBIM,
OpraHn30BaHHBIM Kak Qaiinbl. Ciienyer pa3nuyath NOHATHS «¢hailioeas cucmema» U «cucmema ynpag-
nenusa gaiinamuy.

[lox TepmuHOM «paiinosas cucmemay MOHUMAIOTCS MIPEXK/E BCEr0 MPUHIUIIBI JOCTYIA K JaHHBIM,
OpPraHN30BaHHBIM B (ailibl. ITOT K€ TEPMHUH YacTO MCIOJIB3YIOT W MO OTHOUIEHUIO K KOHKPETHBIM
¢aiinam, pacrnoJoKeHHBIM Ha TOM HJIM MHOM HOCUTeENE JAaHHBIX. TepMUH «cucmema ynpasienus gaii-
Jamuy yroTpeOIsIeTcs 10 OTHOIICHUIO K KOHKPETHOM peayin3ariui (haijioBOM CHCTEMBI, T. €. 3TO KOMIUIEKC
MPOrpaMMHBIX MOJYJIEH, obecriednBaronrx padoTy ¢ (aiiiamMu B KOHKPETHOH OIEpallioOHHON CHCTEME.

Cremyer 3aMeTUTh, 4TO Jito0asi CUCTeMa yrpaBJieHUs (aiijlaMu He CyIIEeCTBYET cama 1o cede — oHa
paspabotana i pabotel B KoHKpeTHOH OC. B kadecTBe mpumepa MOXKHO CKa3aTh, YTO BCEM HW3BECTHas
¢atinosas cucrema FAT (file allocation table) iMeer MHOXECTBO peayiM3alliii KaK CUCTEMa YIPaBIICHUS
¢aiinamu [2]. Tak, cucrema, mony4YHMBIIas 3TO Ha3BaHWE M pa3pabOTaHHAs Ui MEPBBIX MEPCOHATBHBIX
KOMIIBIOTEpOB, Ha3biBasiach mpocto FAT (cefiuac ee HaswiBator FAT-12). Ee co3maBamu s paboThbl
C IUCKETaMH, U HEKOTOPOE BpeMs OHAa MCIOJIb30Balach MPH paboOTe C KECTKUMH Juckamu. [lotoMm ee
YCOBEPILIEHCTBOBAIIN ISl Pa0OTHI € KECTKUMH JAUCKaMH OOJIbIIEro o0beMa, 1 3Ta HOBasl peanu3anus mo-
nyunia Ha3zBanue FAT-16. Dto Ha3Banue (aiIoBOM CHCTEMBI MBI HCIIOIB3yeM U 10 OTHOLICHHIO K CHC-
Teme ynpasieHus Qaiinamu camoir MS-DOS. Peanuzanuto ke cucremsl ynpasneHnus daitnamu s OS/2,
KOTOpasi UCIOIBb3yeT OCHOBHBIE MpUHIUIBI cucteMbl FAT, HazbBatoT super-FAT. OcHoBHOeE ee oTinuue
OT JPYTUX CHCTEM — BO3MOXKHOCTH MOJIEPKUBATH IJIsl KaXKA0TOo (aiiyia pacmmpeHHbie aTpuOyTel. EcTh
BepcHsl cucTeMbl yrpasieHus (aiinamu ¢ npunnmnamu FAT u ans Windows 95/98, s Windows NT
u T. 4. dpyrumu crnoBamu, Ui paboTel ¢ (aiimaMu, OpraHU30BaHHBIMH B COOTBETCTBHHM C HEKOTOPOM
¢aiinoBoii cucremoit, ans kaxaod OC gomkHa OBITH pa3zpaboTaHa COOTBETCTBYIOIIAS CUCTEMa YIpaB-
nenust ¢aiimamu. Drta cucTeMa ynpaelieHus ¢aitiamu Oyzaer pabortate Tonbko B Tor OC, miisi KOTOpoi
OHA W CO3/1aHa, HO TIPH 3TOM OHA MO3BOJIUT paboTaTh ¢ (aiiaaMu, CO3TaHHBIMHU C TOMOIIBIO CHUCTEMBI YII-
paBnenus ¢aiinamu apyroii OC, paboTaroleii 1Mo TeM K¢ OCHOBHBIM IPUHITUIAM (DaliIOBOi CUCTEMBI.

Hnst Toro utoOsl 3arpyxath OC ¢ JKecTKOro JIucKa, a jJajee ¢ ee MOMOIIBI0 OpraHh30BaTh paboTy
TOW WJIM MHOW CUCTEMBbI yrpaBiieHHs (aiinamu, ObIIM MPHUHATH CHEUANbHBIE CHCTEMHBIE COTJIAIICHHS
0 CTPYKType JMCKa, KOTOphIC Jlajee OyayT pacCMOTPEHBI Oosee moapoOHo. B ymoboM ciaydae B Havase
MarHUTHOTO JIMCKa BCET/a pacronaraercs WHGOpMalus O ero JOTHYECKOH OpraHu3alyd M MpocTerias
MporpaMma, ¢ IIOMOIIbI0 KOTOPOM MOYKHO HAXOIUTh U 3arpy’kaTh MPOrpaMMel 3arpy3ku Toi uiu nHoi OC.

Wudopmanus Ha MarHUTHBIX AWMCKaxX pa3Melniaercs M mnepenaercs Omokamu. Kaxkaplid Takoit 010K
Ha3bIBaeTcsa ceKmopom (sector). CEKTOpPHI PacloIoKeHbl Ha KOHIEHTPHUYECKHX JTOPOKKAX MOBEPXHOCTH
miucka. Kaxnaast dopoarcka (track) obpasyercs npu BpallleHUM MarHUTHOTO JMCKA TOJ] 3a)MKCUPOBAHHOMN
B HEKOTOPOM MpPEAONPEACTICHHOM IOJIO0KEHUU TOJIOBKOW UTeHHs / 3anucH. JKecTkuil auck (paHblIe OH
HazpiBasicss HXKMJI — HakomuTenh Ha KECTKUX MATrHUTHBIX TUCKAX) COACPKHUT KaK OJUH JIHCK, TaK
u Oornee, HO OOBIYHO MO TEPMUHOM (GKECTKHH JHCK» MOHUMAIOT BECh ITAKET MATHUTHBIX JIUCKOB.

['pynmbl 1opoXkeK OAHOTO paauyca, pacioIOKEHHBIX Ha MOBEPXHOCTIX MarHUTHBIX JTUCKOB, 00pa-
3YIOT TaK HasbIBaeMble yuaunopwl (cylinder). CoBpeMeHHBIE )KECTKHE TUCKH MOTYT UMETh M0 HECKOJIBbKO
JIECSATKOB THICSIY LMJIMHAPOB, B TO BpPeMs KaK Ha MOBEPXHOCTH AMCKETHI YHCIO JOPOKEK (IMIMHAPOB)
cocTaBJIsieT, Kak npasmio, Bcero 80 (puc. 5.3) [3].

Kaxapiit CeKTOp COCTOUT U3 HOAA OAHHBIX VU NOAA CAYHCEOHOU UHGoOpMayuu, OrpaHUIUBAIOIICH
u uaeHTuuImpyomei ero. Pasmep cekropa, TouHee, eMKOCTb MOJISI JAHHBIX YCTAHABIMBAETCSI KOHTPOJI-
JiepoM win apaiisepom. [lonb3oBarensckuit uaTepdeiic DOS nomuepkuBaeT eMHCTBEHHBIN pa3Mep CeK-
Topa — 512 6aiit. BIOS >xe npenocraBiser BO3MOKHOCTE paOOTHI ¢ ceKTopamu pazmepom 128, 256, 512
i 1024 Gaiit. Takum 00pa3oM, ecliv YIPaBIISATh KOHTPOJIJIEPOM JKECTKOT'O JICKa HEIMOCPECTBEHHO, a He
4yepe3 MporpaMMHBINA HHTepdeic Ooee BRICOKOT0 YPOBHS, MOXKHO 00padaThiBaTh CEKTOPHI U C IPYTUMH
pasmepamu. OnHako B GonbimHCTBE coBpeMeHHBIX OC pa3mep cekTopa BeIOMpaeTcsl paBHbBIM 512 Gaift
aHasiornyao DOS.
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Puc. 5.3. CtpykTypa XpaHeHHsS HHPOPMAIIUN HA HKECTKOM JIFCKE

[Tpu paboTe qucka HaOOp MIACTHH BPAIIASTCS BOKPYT CBOEH OCH C BBICOKOH CKOPOCTBIO, TOJCTaBIISS
10 o4Yepenu oA Mazhummuwle 201068Ku (head) COOTBETCTBYIOMIMX TOPOXKEK BCE HX CEKTOpBI. Dusnyeckuii
aJipec CEeKTOpa Ha JMCKE ONMPEACISIETCs C TIOMOIIBIO TPeX KOOPAMHAT [c—/—s], Tlie ¢ — HOMep LWJIMHIpA,
h — HOMep paboueil TOBEPXHOCTU JHcKa (MAarHUTHOW TONOBKH), S — HOMEp CEKTOpa Ha JOPOXKKE.
Homep mmmunapa ¢ nexut B quanasone 0...C — 1, rne C — konndecTBo umHApoB. Homep pabdoueit no-
BEPXHOCTHU JMCKA A npuHaanexuT quamna3ony 0..N — 1, rie N — 4YUCII0 MarHUTHBIX TOJIOBOK B HAKOIIH-
tene. Homep cektropa Ha JopoXKe s yKa3blBaeTcsl B auamaszoHe 1...S, rie S — KOJIM4YecTBO CEKTOPOB Ha
nopoxke. Harpumep, tpuana [1-0-2] aapecyer cextop 2 Ha nopoxke 0 (00BIMHO BEpXHsis padouasi moBEpX-
HOCTb) UIUHIpA 1.

O6mMmeH nHbopMalel MeXy ONEpaTUBHON MaMSTBIO U JUCKaMH (DPU3MUECKH OCYIIECTBIISIETCS TOJIBKO
cekTopamu. Bcsi cOBOKYMHOCTh (PU3HYECKHUX CEKTOPOB HAa BHHYECTEpE MPECTaBISET ero HedopMaTupo-
BaHHYIO €MKOCTb.

HpI/I IJIAHUPOBAHUHN HCITOJIB30BaHHUA KECTKOTO JUCKAa €CTCCTBCHHLIM IMAPaAMETPOM ABJIACTCA BPEMA,
KOTOpoe MoTpedyeTcss AJisi BBIMOTHEHHUS OYepeAHOro 3ampoca. Bpems, HeoOXomuMmoe Ui YTCHUS I
3allMCH CEKTOpa, MOXKHO pa3/eliuTh Ha JIBE COCTABIIAIONINE: BpeMs oOMeHa MHQopMarmeil Mexay mar-
HUTHOM T'OJI0BKOI U KOMIIBIOTCPOM, KOTOPOEC O6LI‘IHO HEC 3aBHUCUT OT IMOJIOKCHUA JAaHHBIX U ONPEACIACTCA
CKOPOCTBIO UX mepenaun (transfer speed), n Bpems, HEOOXOAMMOE ISl TO3UIIMOHUPOBAHMSI TOJIOBKH HaJ|
3aJJaHHBIM CEKTOPOM — BpeMsl MO3ULIMOHUPOBAHUS (positioning time). BpeMsi IO3UIMOHUPOBAHHS, B CBOIO
odepellb, COCTOUT U3 BPEMEHHU, HEOOXOIUMOro AJIs TIepeMelIeH s TOJIOBOK Ha HY)KHBIH LMJIMHAP — Bpe-
MEHH TIOHCKa (seek time), U BpeMEeHH, KOTOpOe TpeOyeTcs JUIS TOTr0, YTOObI HY)KHBI CEKTOP JAOBEPHYIICS
MOJ] TOJIOBKY, T. €. JUIS 3aJIep’KKU Ha BpatieHue (rotational latency). Bpemena novcka npornopirHoHaTbHbI
pasHune MEXKXAy HOMEpaAaMH HMWIMHAPOB MNPCALIAYIICTO U INIAHUPYEMOI'O 3allpOCOB U HX JIETKO CpaBHU-
BaTh. 3a/iepXKKa Ha BpallleHUE ONpeAessieTcsl JOBOJIBHO CIIOXKHBIMH COOTHOIICHUSAMH MEXKIY HOMEpaMH
MUJIMHAPOB U CEKTOPOB MPEABIAYHICTO U INIAHUPYEMOT'O 3aIIPOCOB, CKOPOCTAMH BpallCHUA AUCKA U IIepe-
MEIIEHHs TOJIOBOK. be3 3HaHMSI COOTHOIIEHHUSI 3TUX CKOPOCTEH CpaBHEHUE CTAHOBHUTCS HEBO3MOXKHBIM.
[TosTOMY ecTecTBeHHO, 4TO HaOOp MapaMeTPOB TUIAHUPOBAHUS COKpAIIAETCs 10 BPEMEHHU IMOHMCKa pa3-
JIMYHBIX 3allpOCOB, OMNPEACIAEMOro TCKYUIHUM IT0JIOKCHUCM T'OJIOBKU M HOMEpaMu Tpe6yeMI)IX OHUJINHI-
POB, a pa3HHIIEH B 3aJiep’KKax Ha BpallleHHe MpeHeOperaror.

CyllecTByeT HECKOJBKO aJITOPUTMOB MOMCKa HeoOxomumoro cekropa [3]. TIpocreimuii u3 HUX —
First Come First Served (FCFS) — nepBbIM npuiien, epBbIM 00CTyXeH. Bce 3ampockl opranusyrorest B
odyepens FIFO n o0ciyxuBaroTcsi B MOPSAAKE MOCTYIUIEHHUS. AJTOPUTM HPOCT B peanu3alyuy, HO MOXKET
MNPUBOAUTH K JOCTATOYHO MJIIUTCILHOMY 061ueMy BpEMCHU O6Cﬂy)KI/IBaHI/ISI 3aIrpocCoB. bonee IMpaBUJIbHBIM
OBLIO OBI TIEPBOOYEPETHOE OOCTYKUBAHUE 3aIIPOCOB, JIAHHBIC 1 KOTOPBIX JIGKAT PSJIOM C TEKYIIEH IMo-
3UIUEHN TOJNIOBOK, a YK 3aTeM Jalieko oTcTosmXx. Anroput™ Short Seek Time First (SSTF) — xopoTkoe
BpeMsl MTOMCKA TIEPBBIM — KaK pa3 ¥ UCXOIUT U3 3TOU mo3uimu. J[jisi ouepeHoro o0CayKuBaHus BHIOU-
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paercsl 3ampoc, JaHHBIE JJIsi KOTOPOro JIeKaT HauOonee OMM3KO K TEKyHIEMY MOJIOKEHHIO MarHUTHBIX
ToJIOBOK. EcTecTBEHHO, UTO MpH HANMYMK PaBHOYJAJIIEHHBIX 3alPOCOB PEUIEHHE O BBIOOPE MEXAY HUMH
MOXET MPUHUMATBCS MCXOAA U3 Pa3UYHbIX cooOpakeHuit, Hanpumep no anroputmy FCFS. Crnenyer ort-
METUTh, YTO 3TOT aJTOPUTM IMOXOX Ha anroputM SJN as miaHHUpOBaHUS MPOLECCOB, €CIHM 32 aHAJIOT
OLCHKN BPEMCHU BBIIIOJIHCHUS IIPOILECCa BLI6I/IpaTL pacCToOAHNEC MEXKAY TCKYUIUM ITOJIOKCHUEM T'OJIOBKH
Y TIOJIO’KEHHEM, HEOOXOIMMBIM JUIsl YIOBJIETBOPEHHUS 3a1poca.

Eme ogun Buj anroputmoB — anroputmbl ckanupoBanus (SCAN, C-SCAN, LOOK, C-LOOK).
B mpocrteiimem u3 anroputMoB ckaHupoBaHus — SCAN TOIOBKM ITOCTOSIHHO MEPEMEIIAIOTCA OT OHOTO
Kpasi IMCKa JI0 Ipyroro, Mo XoAy JAena o0CIyKrBas BCce BCTpevaromuecs 3anpockl. [1o jocTmkeHun apy-
roro Kpas HalpaBJICHUC IBUIKCHUA MCHACTCA, U BCC IMOBTOPSACTCA CHOBA. Ecmu ectb I/IH(bOpMa]_[I/Iﬂ, qTo
00CIIy>KEH TMOCIIEHUN MOMYTHBIN 3aIIPOC B HAMIPABJICHUH JBHKEHUS TOJIOBOK, TO MOXHO HE JOXOUTH JI0
Kpas JMCKa, a cpa3y U3MEHHUTDH HAMpaBJcHUE ABMKeHUS Ha oOpatHoe. [lomydeHHast Mmoaudukaius anro-
putma SCAN nomyunna HazBanne LOOK.

JlonmycTtuM, 4TO K MOMEHTY MU3MEHEHUs HampaBjieHus JBHKeHUs rojoBku B anroputMe SCAN, T.e.
KOT/Ia TOJIOBKA JAOCTHUTIIA OJHOTO U3 KpPaeB JHCKa, Y 3TOT0 Kpasi HAKOMHUIIOCH OOJIBIIOE KOTHYECTBO HOBBIX
3alpocoB, Ha 00CITYKHBaHWE KOTOPBIX OyJeT MOTpa4eHO JOCTaTOYHO MHOT'O BpeMEHH (He 3a0bIBaiiTe, 4yTo
HaJ0 HE TOJBKO IMepeMelaTh rojoBKy, HO €lle U IMepeAaBaTh NpOoYUTaHHbIe JAaHHble). Torga 3ampocsl,
OTHOCSIIMECS K IpyroMy Kparo ICKa U TIOCTYIHBILIHNE PaHblle, OyIyT *KIaTh 0OCITYyKUBaHUS HECTIpaBe/l-
TUBO goaro. s cokpaiieHus BpeMEeH! OXKHJIaHHS 3apoCcoB MPUMEHsIETCs Apyras MoAu(UKaius anro-
putmMa SCAN — mukImveckoe ckanupoBaHue. Koraa roioBka JOCTHraeT OAHOTO U3 KpaeB JUCKa, oHa 0e3
YTEHMS NOMYTHBIX 3aIIPOCOB IIEPEMENIAETCS Ha APYTOM Kpal, OTKyZja BHOBb HAUMHACT JIBUXKCHUE B IIPEXK-
HEM HampasjieHud. JToT anropuTt™ nonyuni HazBanue C-SCAN. Ilo ananorun ¢ C-SCAN peannszoBax
u anroput™m C-LOOK.

XKectkuii TUCK MOXKET OBITH Pa30HT Ha HECKONBKO pazdenos (partition), KOTOPbIE B PUHLIUIIE MOTYT
MCIONB30BaThes 3aTeM b0 oxHor OC, mubo pasmuuabiMu OC. [IpuyeM cambIM IJIaBHBIM SIBJISIETCS TO,
4TO Ha KaXKJOM pasjiesie MOXeT OBbITh OpraHnu3oBaHa cBos (hainoBas cuctema. OHAKO sl OpraHU3aluH
JI’Ke OJIHOM €MHCTBEHHOM (haiiJIoBO CHCTEMBI HEOOXOUMO ONPEIISITUTh, TI0 KpalHel Mepe, OJIH pa3Jiel.

Paznensl qucka MOTyT OBITh ABYX THUTIOB — primary (OOBIYHO 3TOT TEPMUH MEPEBOIST KaK nepauy-
Holtl) U extended (pacuupennwviil). MakCUMalIbHOE YMCIIO primary-pas3ieiioB paBHO 4yerbipeM. [Ipu 3Tom
Ha JUCKe 00s3aTeNBbHO JO/DKEH OBITh MO KpaiHel Mepe ojuH primary-pasaen. Eciu primary-pa3zenos
HECKOJIbKO, TO TOJIbKO OJMH M3 HHMX MOXET ObITh aKTHBHBIM. MIMEHHO 3arpy34yuKy, pPaclioiOKEHHOMY
B aKTHBHOM pasjielie, epefaeTcs yrnpaBlieHne MPH BKIIOUYEHUH KOMITBIOTEpPA U 3arpy3Ke OleparimoHHO’
cucrembl. OcTalbHBIE primary-paseibl B 9TOM Clydae CUUTAIOTCs HEBUIUMBIMH, CKPHITHIMU (hidden).

CornacHo crienuuKanusM Ha OJHOM KECTKOM JUCKE MOXKET OBITh TOIBKO ONWH extended-pazpen,
KOTOpBI, B CBOIO 04Yepelb, MOXKET OBITh pa3/ielieH Ha OOJbII0Oe KOITMYECTBO MOAPA3ACIOB — JI0ZUUECKUX
ouckoe (logical). B 3ToM cMBICie TEPMUH «IIEPBHYHBIN» CIIeNyeT MPU3HATh HE COBCEM YAayHBIM Iepe-
BOJIOM CJIOBA primary: 3TO CIOBO MOYKHO IIEPEBECTH M KaK «IPOCTEUIINH, IPUMHUTUBHBIN». B naHHOM
Cllyda€ CTAaHOBUTCA INOHATHBIM U JIOTUYHBIM TEPMUH «extended».

OnuH U3 primary-pa3iefnoB JOIKEH ObITh AKMUGHBIM, I UIMEHHO C HETO JI0JDKHA 3arpyKaThCsl MPOor-
pamMma 3arpy3Kd olepalliOHHON CHCTEMBI, WIIM TaK HAa3bIBAEMBIN MeHedcep 3azpy3Ku, Ha3HaueHNEe KOTO-
poro — 3arpy3uTh nporpamMmy 3arpy3kn OC u3 Kakoro-HUOYAb APYTOro pas3jiena M ykKe ¢ ee TOMOLIbIO
3arpykaTh ornepanuoHHyto cucremy. [lockonbky 1o 3arpy3ku OC cucrema ynpasieHus ¢aitnamu pabo-
TaTb HE MOXKET, TO CJICAYCT UCIIOJIb30BaATh MJIS YKa3aHUA YIIOMAHYTBIX 3arpy3uUMKOB HCKIIHOUYUTCIBHO 36-
COJIFOTHBIE ajipeca B hopMmarte [c—h—s].

[Mo ¢usmueckomy anpecy [0-0—1] Ha BUHYECTEpE paclojaraercs 1d6HdAs 3aAZPY30UHAA 3ARUCDH
(master boot record — MBR), conepxaias enecucmemuntit 3azpyzuuk (non-system bootstrap — NSB),
a TaKke maonuuy pazoenos (partition table — PT). Dta 3anuch 3aHUMAeT POBHO OJIMH CEKTOP U pa3Meria-
ercs B mamsTu, HaunHas ¢ aapeca 0:7C00h, mocie vero ymnpasieHue rnepeaacrcs Komy, CoaepKaiieMycs
B OTOM MEPBOM CEKTOpE MAarHUTHOTO JcKa. Takum o0pa3oM, B caMOM IIEPBOM (CTapTOBOM) CEKTOpe
(PU3NYECKOTr0 KECTKOTO AWCKAa HAXOMUTCA He OObIuHas 3amuch boot record, Kax Ha IHCKeTe, a master
boot record.

MBR sBsieTcst OCHOBHBIM CPEACTBOM 3arpy3KH C KECTKOTro ucKa, mojaaepxkuBaeMbiMm BIOS. B MBR
HaxXOoOATCA TpU BaXXHBIX 3JICMCHTA:
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— mporpaMMa HaudajbHOU 3arpy3ku (non-system bootstrap). imenno ona 3amyckaercs BIOS mocie
yCIEIHON 3arpy3Ku B mamsTh nepBoro cekropa ¢ MBR. Ona, oueBnaHO, He nipeBbiaeT 512 Oaiit, u ee
XBaTaeT TOJNILKO Ha TO, YTOOBI 3arpy3UTh CIEAYIOILYIO, UyTh OOjiee CIOKHYIO MPOrpaMMy, OObIYHO cTap-
TOBBII CEKTOP ONEPALIMOHHON CUCTEMBI, U NIEPENATh €l YIPABIICHUE;

— Ta0yuIa ONMUCAHUS Pa3JeNioB AucKa (partition table), koTopas pacmnonaraercs B MBR 1o cMmerie-
uuio 0x1BE u 3anumaer 64 Oaiita;

— curnatypa MBR. Tlocnennue nea 6arita MBR nmomxsbl comepxats uncino AASSh. [To Hamumuumio
aToil curHatypsl BIOS mposepsier, 4to mepBbIii OJIOK ObLT 3arpyKeH ycremHo. Vcnoiabp3oBaHue TaKoi
CUTHATYpHI BEIOpaHO He ciyvaiiHo. Ee ycnenrHast mpoBepka 1mo3BoisSeT YCTaHOBHUTD, YTO BCE JIMHHUU Tepe-
Jlauyl TaHHBIX MOTYT NepeaBaTh U HyJH, U JHHULIBL.

Tabnuna partition table onuchiBaeT pa3MENICHUE M XaPAKTEPUCTUKUA MMEIONIMXCS HAa BUHYECTEPE
pa3zaenoB. MOXXHO CKazaTh, YTO dTa TaOJWIa pa3aeioB — OJHA W3 HanOosiee BaXKHBIX CTPYKTYp JNaHHBIX
Ha JKeCTKOM jucke. Ecnu oHa moBpekaeHa, TO He TOJIBKO He OyJIeT 3arpyKaThCsl ONepaloHHas CUcCTeMa
(WM oflHA W3 OTIEPAlMOHHBIX CHCTEM, YCTaHOBJICHHBIX Ha BUHUECTEPE), HO MEPECTaHyT OBbITh JOCTYITHBIMH
W JJaHHBIE, PACTIONIOKEHHBIE Ha BUHYECTEPE, OCOOCHHO €CIIU KECTKUH ANUCK ObUT pa30MT Ha HECKOJBKO
pasnenoB. YmporieHHo ctpykrypa MBR npencrasiena B Tadim. 5.1 [2].

Tabnuya 5.1
Cwmemenme (Offset) Pa3Mg§ﬁ(TSiSe), Conepxumoe (Contents)
0 446 [Mporpamma ananmza Partition Table u 3arpy3ku System Bootstrap

C aKTUBHOT'O pa3/ielia KECTKOTO JIFCKa
+1BEh 16 Partition 1 entry (Onucatens pasena)
+1CEh 16 Partition 2 entry
+1DEh 16 Partition 3 entry
+1EEh 16 Partition 3 entry
+1FEh 16 Curnarypa (AAS5h)

U3 tabn. 5.1 cnemyer, 4To B Hayaje 3TOrO CEKTOpa pacrojiaraercsi MporpaMma aHain3a TaOJIHIbI
pa3zesioB M YTEHHS TIEPBOTO CEKTOpa M3 aKTUBHOIrO paszena jaucka. Cama tabmuiia partition table pac-
nojaraercsi B koHiie MBR, u 1151 onmcanust kaxIoro paszaena B 3TOM TaOIuIle OTBOAUTCS Mo 16 6alToB.
[lepBBIM OaiiToM B 3JIeMEHTE pa3jeia WiaeT ¢uiar akTUBHOCTH paszena boot indicator (0 — HeakTHBEH,
128 (80H) — akruBeH). OH CIyXHUT JUIS ONPEICIICHUS, SBISCTCSA JIU Pa3/ie] CUCTEMHBIM 3arpy30YHbIM
U €CTh J1 HE0OXOANMOCTh MPOU3BOAUTE 3arpy3Ky ONEpalMOHHON CHCTEMBI C HEro MpH CTapTe KOMIIbIO-
Tepa. AKTUBHBIM MOXKET OBITh TOJIBKO OJUH paszen. 3a ¢iaroM akTUBHOCTH pasjelna cleqyeT OaT Ho-
Mepa TOJIOBKH, ¢ KOTOpOW HauWHaeTcst paszien. 3a HAM cleqyeT ABa 0aiiTa, 03HaYarolue COOTBETCTBEHHO
HOMEp CEKTOpa W HOMep IMJIMH/APA 3arpy304HOr0 CEKTOpa, I/Ie pacloyiaraeTcs MEepBhli CEKTOp 3arpys-
YHKa OMEpalMOHHON CHUCTEMBI. 3aTeM ciedyeT KoIoBbIH maeHTHukaTtop System ID (mmHON B omuH
0aiiT), yKa3blBalONIMK Ha TPUHAJISKHOCTh JAHHOTO pasjiefia K TOW WM WHOW OMepalMOHHON CHCTeMe
W YCTAaHOBKE HA HEM COOTBETCTBYIOIIEH (aiiiioBoi cucteMbl. B Tabi. 5.2 npuBeneHb! HeKOTOpBIe Hanbosee
M3BECTHBIC UICHTU(UKATOPHI [2].

3a 6aliTOM Kola ONEpalMOHHOW CHCTEMBI PACIONOKEH OaiiT HoMepa TOJMOBKM KOHIIA pas3zena, 3a
KOTOpBIM HIYT JiBa 0aliTa — HOMEp CEKTOpa M HOMEp LMJIMHJIPA MOCIESTHET0 CEKTopa JaHHOTO pasjena.
B ta6u. 5.3 npencrapiieH ¢popmat 3jaeMeHTa TaOHUIlbl pa3sienos [2].

Homep cexTopa u HOMep HIJIMHpPA CEKTOPOB B pa3jenax 3aHUMAaOT COOTBETCTBEHHO 110 6 1 10 OuT.
Ha puc. 5.4 npencrapiieH popmar 3amucu, CoaepKaiieil Homepa CeKTopa U IWIMHIPA.

3arpy3uuk non-system bootstrap CIly’)KUT JUIS TIOMCKa C MOMOIIBIO partition table akTMBHOTO pas-
Jienia, KOMMMPOBAHMSI B ONEPATHBHYIO MAMATh KOMIIBIOTEpa 3arpy3uuka system bootstrap u3 BEIOpaHHOTO
paszena W mepegadd eMy YIpaBIIeHHWs, YTO MO3BOJISIET OCyliecTBUTH 3arpy3ky OC. Bcenex 3a cextopom
MBR pa3merarorcs COOCTBEHHO pa3zeisl (puc. 5.5).
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Tabnuya 5.2
System ID Tun pasnena System ID Tun pasnena

00 Empty («mycToti» pa3men) 41 PPC PreP Boot

01 FATI12 42 SFS

02 XENIX root 4D QNX4.x

03 XENIX usr 4E QNX 4.x 2nd part

04 FATI16 (< 32 Moaiir) 4F QNX 4.x 3nd part

05 Extended 50 OnTrack DM

06 FATI16 51 OnTrack DM6 Aux

07 HPFS/NTFS 52 CP/M

08 AIX 53 OnTrack DM6

09 AIX bootable 54 OnTrack DM6

0A 0S/2 Boot Manager 55 EZ Drive

0B Win95 FAT32 56 Golden Bou

0C Win95 FAT32 LBA 5C Priam Edisk

OE Win95 FAT16 LBA 61 Speed Stor

OF Win95 Extended 64 Novell Netware

10 OPUS 65 Novell Netware

11 Hidden FAT12 75 PC/IX

12 Compaq diagnost 80 Old Minix

14 Hidden FAT16 (< 32 Moaiir) 82 Linux swap

16 Hidden FAT16 83 Linux native

17 Hidden HPFS/NTFS 84 0S/2 hidden C:

18 AST Windows swap 85 Linux Extended

1B Hidden Win95 Fat 86 NTEFS volume set

1C Hidden Win95 Fat A5 BSD/386

1E Hidden Win95 Fat A6 Open BSD

24 NEC DOS A7 Next Step

3C Partition Magic EB Be OS

40 Venix 80286

Tabauya 5.3
Hassanwue 3anucu smementa Partition Table JlnuHa, Gaiit

djrar akTUBHOCTH pasjiena 1
Homep ronoBku Havaia paszeina 1
Homep cexTopa 1 HOMep IMIMHpa 3arpy30YHOTO CEKTOpa pasjerna 2
KonoBblii nneHTHPHUKATOpP ONEpallMOHHON CUCTEMBI 1
Howmep roioBku KoHIa pasena 1
Homep cexTopa ¥ IMIHHIpA MOCIEAHETO CEKTOpa paszeia 2
Muaamiee u crapiiee IByx0aiTOBOE CIIOBO OTHOCHTEIBHOI'O HOMEpa HayaJlbHOTO CEKTOpa 4
Muajmiee u crapiiee JByx0aiTOBOE CIIOBO pa3Mepa paszierna B CEKTopax 4
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butet HOMEpa nujinHaApa butet HOMEpa CEKTopa

s a2l s ] 765 ]a]3]2]1]o0

Puc. 5.4. ®opmar 3anucu ¢ HOMEPOM CEKTOpa U LWIUHIpA

NepBrYHbIA pasaen Master Boot Record
. N
: s 3arpysoyHsii CeKYO
PaclumpenHoii pasnen o ad P
He ucnone3osax L S ——
- 7 pasnen DOS
He ucnonbaosaH o (auck C:)
Cnaexas Tabnuua J
paznence e i Pacluupenras Tabnuua
. sl asnencs
Norudeckui auck D: ) pasn
4 3arpy3ouHbIi CEXTO
Anpec Tatnuus: o7 Py3 P
ans aueka E: ,,r'
He ucnonb3osaH P
He ucnonb3oeaw /,'
PacwupeHHssii
paagen DOS
MNepsan pacwwupaHHan PRt P C NOrUNBCKUMA
o mpeKHan Tabnuuya A i

rabnuua pazpenos = > A g a3nence u Avckamu D: u E:
Norweckwit guck E: x’.{, 3arpy3o4Hbi cektop

0-KOHEL UenouKu '

L
He “cnonbaosaH P
He ncnone3osax ,o"

Bropas pacwupeHHan
Trabnuua pasagencs

Puc. 5.5. PazOnenne nucka Ha pasJiessl

B mporiecce HauanbHOM 3arpy3ku cekropa MBR, comepikaiero Tabnuily partition table, paborarot
nporpaMMHubie Moy BIOS. HawanpHas 3arpyska cuMtaercss KOppEKTHO BBIIIOJIHEHHOW TONBKO B TOM
cllydae, Korja Tabiuia pa3ielioB COACPKHUT JOMYCTUMYIO HH(POPMAILIHUIO.

B MS-DOS B nepBuuHOM pa3zene MOKET ObITh COPMHPOBAH TOJIBKO OAWH JIOTHYECKUU JUCK, a B
pacimupeHHOM — JI000€ UX KOMU4ecTBO. KaXk/Iblii JIOTHUECKHH TUCK «yIPABISETCS) CBOUM JOTHYECKUM
npuBoioM. KaxmoMy JIOTHUECKOMY IUCKY Ha BHHYECTEPE COOTBETCTBYET CBOS (OTHOCUTENbHAS) J102U-
yeckasn vymepanus. Ousndeckas ke agpecairs )KEeCTKOro qucka — ckBo3Has. [lepuunsnii pazgen DOS
BKITIOYAET TONBKO CUCHEMHbLI J102U4eCKUll OUcK 0e3 KaKuX-JIM0O JOMONMHUTENBHBIX HH(POPMAIIMOHHBIX
cTpykTyp. Pacmmpennsiii pasnen DOS conepxut Bropuunyto 3amuck MBR (secondary MBR, SMBR),
B COCTaB KOTOPOU BMecCTO partition table Bxoaut Tabmuna norudeckoro nucka (LDT, logical disk table),
aHanoruuHas eif. Tabmuiia LDT onuichiBaeT pa3MellieHre U XapaKTePUCTUKY pa3Jielia, COJCPIKAIIero SAMHCT-
BEHHBII JIOTMYECKHI JTUCK, a TAKXKE MOXeT cnenuduimpoBats cieayromniyto 3amuck SMBR. Crnenosa-
TEIBHO, €clK B pacmuperHoM pazaene DOS cozmano K JTOrMuecKkux JUCKOB, TO OH COAEPKUT K dK3eMI-
nsapoB SMBR, cBsizaHHBIX B cnucOK. KakIbIil 3J€MEHT 3TOrO CIHCKAa OMHCHIBAET COOTBETCTBYIOIIMIA
JIOTHYECKUH JAUCK U cChlIaeTcs (KpoMe MOCIIEHEr0) Ha CISAYIOIHMA AIEMEHT CITUCKa.

Ha ocnoBanum ckazannoro mporiecc 3arpy3ku OC coctout u3 ciuenyromux dtamnoB [2]. [lepBona-
yayibHO BhI3bIBaeTcs npepbiBanue BIOS INT 19h, yto mHMNMam3upyer npoueaypy HadaibHOU 3arpy3Ku
(bootstrap loader). Dta nporienypa onpenensier NepBoe TOTOBOE YCTPOUCTBO M3 CIIMCKA pa3pelieHHBIX
Y JOCTYnHBIX (ruOkmii wim xectkuit auck, CD-ROM, ZIP-drive, cereBoii ajantep W Ap.) U IMBITACTCS
3arpy3uth ¢ Hero B OIl mporpammy nepBoHayallbHOW 3arpy3ku — non-system bootstrap. Jlanee 3ToT
3arpy3udK onpezessieT Ha IMCKe aKTUBHBIN pasjien, 3arpyxaeT ¢ Hero 3arpy3uuk OC — system bootstrap
U mepeaaer eMy ynpasienue. M, HakoHel, 3arpy3unk OC 3arpyxxaer HeoOXoanMbie (aiiibl omepamnnoH-
HOI cucTembl U niepeaaer eit ynpasienue. JJanee OC BBIMONHSIET HHUITUAIU3AIIIO CBOUX MPOTPAMMHBIX
W anmapatHbIX cpeacTB. [Ipu 9TOM, Kak IpaBuiIo, TOOABISIOTCSI HOBBIE CEPBHCHI, BEI3BIBAEMBIE Uepe3 MeXa-
HU3M MPOTPaMMHBIX MPEPBIBAHUM, a TAKXKE PACIIUPAIOTCS WIH OOHOBIISIIOTCSI HEKOTOphIe cepBrckl BIOS.
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§ 5.3. NMpuHUMNbI pa3paboTKu NnporpammHoOro Koga ana ¢panosoro BBoga / BbiBoga

5.3.1. APIl-byHKUMM gns opraHM3aumm BBoga / BbiBoAa

OOBIYHO eclIi MPOTPAMMHUCT XOYET OTKPHITH (ailyl, TO OH MCMONb3yeT OJWH U3 CTAaHAAPTHBIX BBI3O-
BOB OMOJIMOTEKH S3bIKa MPOrpaMMUpoBaHus (Hanmpumep, B si3bike C 3To QyHKIMS fopen). B GonbmHCTBE
SI3BIKOB MPOTPAaMMHPOBAHHUSI TPEAYCMOTPEHBI I0CTATOYHO YA0OHBIE BEICOKOYPOBHEBBIE CPEACTBA PAOOTHI
¢ ¢aitnamu. OZHAKO B HEKOTOPHIX CHUTYalUsX TpeOyeTcs OTKpBITh (aiiin m paboTaTh ¢ HUM Ha YPOBHE
OTIEPAIlMOHHON CHUCTEMBI, HE UCIIONB3Ysl BHICOKOYpOBHEBbIC QyHKIMHU. Hampumep, mpsiMoe oOpaieHue
K OIEpallMOHHON CHCTeMe MOXKET TIOTpeOoBaThCs B Cllydae, €cIi Bbl HAMEPEHBI HCIIOIb30BaTh AaCHHXPOH-
HBII BBOJI / BBIBO/I.

CuctemHast pyHKIHS, ¢ TIOMOIIBIO KOTOPOH OCYIIECTBIISIETCS OTKphITHE (paiina, Ha3biBaercs: Create-
File. B 3aBucuMocTH OT ()1aroB, KOTOpble IPOTPaMMUCT Tepe/laeT B KauecTBE MapaMeTpOB, OHA MOXKET
MO0 IEUCTBUTEIBHO CO3/1aTh HOBBIH (hailil, INOO OTKPHITH YK CYIISCTBYIOMIMIA. B 11000M ciiyyae BHI30B
CreateFile() co3maer neckpunrop (aiijia ¥ BO3BpalllaeT €ro BBI3BABIICH MPOrpaMMe, KOTOpas MOXKET
WCTIOJIB30BaTh ATOT JECKPUNTOp s AajibHeieid padbotsl ¢ dainom. OnrcaHue apryMeHTOB QYHKIHH
npuBeneHo B Tabi. 5.4 [10]:

HANDLE CreateFile(LPCTSTR IpFileName,
DWORD dwDesiredAccess,

DWORD dwShareMode,
LPSECURITY_ATTRIBUTES IpSecurityAttributes,
DWORD dwCreationDispostion,

DWORD dwFlagsAndAttributes,

HANDLE hTemplateFile);
Tabnuya 5.4
AprymeHT Ornncanne
IpFileName VYkazarens Ha uMs (aiisia WiIn yeTpoicTBa
DesiredAccess YcranaBnuBaeT Bua goctymna k o0bekty. Mcnoneayrorest piaarn GENERIC READ

(urenne), GENERIC WRITE (3anuce) uinu 00a Ipy IOMOIIH OllepaTopa JIOTHIeCKOro
cinoxenus. 3HaueHre (0 yka3pIBaeT Ha HEOOXOIMMOCTH IPOBEPKH BO3MOXKHOCTH JIOCTYIIA

dwShareMode HaGop 6uToBbIX (piaroB, yKa3bpIBaIOMIMKA Ha PEXKUM COBMECTHOT'O JIOCTYNA K OOBEKTY.
Ecnn 3nauenne dwShareMode paBao 0, COBMECTHBIH JTOCTYN K OOBEKTY 3alpelieH.
@naru: FILE SHARE DELETE — coBmectHoe ynanenue FILE SHARE READ —
coBMmecTtHoe uteHne FILE SHARE WRITE — coBmecTHas 3anuch

IpSecurityAttributes VYxazarens Ha ctpykTypy SECURITY ATTRIBUTES, koropast onpenensiert, Oyner iu
CO3/1aBaeMblil IECKPHUIITOP HACIEA0BAThCA JOUepHUMH Tponieccamu. Eciu aprymeHt
IpSecurityAttributes nmeer 3Hauenne NULL, neckpurtop He OyaeT HacienoBaThCs

dwCreationDisposition | Yka3bIBaeT, KakuM 00pa3oM ClieyeT co3aaTh (MM OTKPBITh) (aiin. Jlomyckaercs
ucnonp3oBath ciaenyromue 3HaueHus: CREATE NEW (co3nmaTh HOBEIH (aiii; eciu daiin
cymecTByer, pyHkuus He cpabareiBaer), CREATE ALWAYS (co3naTth HOBBIN (aii;
eciu ¢aiin cymectByer, oH nepesanucoiBaercs), OPEN EXISTING (oTkpbITh daii;
eci ¢aiin He cymecTByer, pyHkuus He cpadaTeiBaeT), OPEN_ ALWAY'S (oTKpHITH
(atir; ecru daiin He cymectByer, oH co3naercs) win TRUNCATE EXISTING
(OTKpBITH (haiisl U cAenaTh €ro paBHBIM HYJIIO; eciu (aiin He cymiecTByer, QyHKIMS

He cpabaThIBaeT)

dwFlagsAndAttributes | Habop atpuOyToB 1 iraroB, koTopeIMu TOMKeH o0nanath daiin. Hanprmep, ecimm tpedyeres,
4T0OBI HOBBIH (haii ObII CKpBITEIM, Hcrionb3yiTe 3Hadenne FILE ATTRIBUTE HIDDEN.
Jpyrue Bo3MOXHbIE 3HaUeHUs (IaroB nepedrciieHsl B Tadi. 5.5

hTemplateFile Conepxut geckpuntop ¢ noctynom GENERIC READ. 3to neckpunTop mabIoHHOTo
(atia, aTpuOyTHI KOTOPOTO (BKITIOYAS PACHIMPEHHBIC) OYyT MPUCBOCHBI CO3/ITABAEMOMY
¢atury
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Haubonee natepecHsiii apryment Gpynkuuu CreateFile() — mpearnocineanui, mecToi apryMeHT, KOTo-
pHIii ABiIseTCS HA0OPOM (aroB AocTymna K Gaiiny u aTpuOyToB GaiaoBoi cucteMbl. Mcnonb3yst pa3inyHbie
KoMOMHanuu (aaroB (Tabdmn. 5.5), MOXKHO HACTPOUTH AOCTYMN K (ailly caMblM MPUYYIITUBBIM 00pa3oMm.
Hanpumep, MOXKHO TIpHKa3aTh cucTeMe YIOaluTh (aiii cpady ke Mociie TOro, Kak OH OyaeT 3aKpbIT, HIIN
00BSIBUTH, UTO (aid OyAeT UCIONB30BaThCS ISl nepekpulearouecoca (overlapped) nocryna (mepekpbiBa-
IOLIMKCS TOCTYN — 0a30BbI METOJI OCYIIECTBIICHHSI aCHHXPOHHOTO BBOJA/BbIBoAA). [loMrMo mpouero
(ary MO3BOJISIOT YHPABISITh MEXaHU3MOM K3IIHPOBAHHS.

Tabnuya 5.5

®jrar

3Hauenue

FILE FLAG WRITE THROUGH

FILE FLAG_NO BUFFERING

FILE FLAG RANDOM_ACCESS

FILE FLAG SEQUENTIAL SCAN

FILE FLAG OVERLAPPED

FILE FLAG_DELETE_ON_CLOSE

FILE FLAG_BACKUP_SEMANTICS

FILE FLAG_POSIX_SEMANTICS

FILE FLAG OPEN REPARSE POINT

FILE FLAG_OPEN_NO RECALL

[MpukassiBaer Windows OCYIIECTBIISITh HEMEICHHYIO 3aMUCh TaHHBIX
Ha Juck. [Ipyu TOM BO3MOXKHO HCITOJI30BAHKE KA

HpI/IKa3I>IBaeT CUCTEME OTKPBITh (baf/'m 0€e3 HCITOJIL30BaHHUS K311 poBa-
HUA UIN 6yq)ep1/13au1/11/1, YTO Ja€T MAaKCUMAJIbHYIO IPOU3BOJUTCIBHOCTL

OmnoBelnaer CUCTEMY O TOM, YTO JOCTYII K (hailny ocyriecTBisercs ciy-
yaiiHbIM 00pa3zoM. CHcTeMa MOKET UCIOIb30BaTh 3TO 00CTOATENHCTBO
JUTSL ONTUMU3AIUY KIIIUPOBaHus (aiina

Onosemiaer CUCTEMY O TOM, YTO OOCTYII K (bap“my OCYHICCTBJIACTCA
MOCJICA0OBATCIIBHO OT Ha4YaJjia K KOHIY qoap“ma. Cucrema MOXXET HCITOJIb-
30BaTh 3TO OOCTOATEILCTBO JUTA ONITUMU3AIN KOIIHUPOBAHU A (baﬁna

[Ipuka3piBaeT CUCTEME HHUIHAIN3UPOBATH OOBEKT JIJIsI IEPEKPBIBAIOIIIC-
rocsi BBOJia / BEIBOZA

[Tpuka3piBaeT cucTeMe YHUUTOXHUTE (aidil cpa3y jke IMocje TOro, Kak Bce
€ro JIECKPUITOPBI OYIYT 3aKPHITHI

Yka3bIBaeT Ha T0, uTO (aiin npeHazHaueH s Onepalyil pe3epBHOro
KOITUPOBAHUS WM BOCCTAHOBJICHHUS U3 Pe3epBHOM Komuu. Orepalion-
Has CHCTeMa pa3peliacT BhI3bIBAOIIEMY MPOIIECCY 000 T0CTyI

K (haiiiry IpH YCIOBHH, YTO BBI3BIBAIOIIMI Mpolecc 001a1aeT MpUBH-
nerusmu SE BACKUP_NAME u SE RESTORE NAME

JocTym k (aiiiry oCyIIecTBIsCTCS B COOTBETCTBIH ¢ npaBmwiamu POSIX.
[Ipu 3TOM paspemaeTcst UCMOIB30BATh HECKOIBKO PA3IMIHBIX (PaiiioB,
MMEHa KOTOPBIX OTIIMYAIOTCS TOIBKO peructpoM OykB. Takue Qaiiis
pasperiaercsi co3/laBaTh TOJIIBKO B CHCTEMaXx, IOJIeP>KUBAIOIINX T0100-
HYIO CXeMY UMEHOBaHUs (paiiiioB

[NomaBnsier moBeeHNUE, CBOUCTBEHHOE ISl TOUEK rPaMMAaTHYECKOTrO
pasbopa (reparse points) daiinosoii cucremsl NTFS. Korna datin
OTKPBIBACTCS, BHI3BIBAIOIIEMY TIPOIIECCY BO3BPAIIACTCS €r0 IECKPUIITOP
HE3aBHCHUMO OT TOT0, pPadOTOCIIOCO0EH JIH (DUIBTP, KOHTPOIHP YOI
TOYKY TPAMMaTH4ECKOr0 pa3dopa, Win HeT. DTOT ¢uiar He MOXET
ucronb3oBaThest coBMecTHO ¢ piarom CREATE ALWAYS

HHbopMUpyeT cucTeMy 0 TOM, YTO BBI3BIBAIOIIECE MPUIOKEHHE 3aITpa-
LIMBAET JIAHHBIC, XpaHsiuecs B daiiie, oqHaKo (Gailsl MOXKET MpoIoI-
’KAaTh OCTABATHCS HA YNATICHHOM HOCHTENE JaHHBIX. DTOT (iar HComib-
3yeTcsl yIalleHHBIMU CHCTEMaMHU XPaHEHHS TAHHBIX HIIH COBMECTHO

¢ cucremoit Hierarchical Storage Management

Eme omuoli ocobennocthio ynkiuu CreateFile() siisiercs o0CiTy>)kKMBaHHE CMEHHBIX HOCUTEICH
uHdopmaiuu. Eciin HOCUTENb TaHHBIX B HACTOSIIMIT MOMEHT HEIOCTYIeH (TMOKUil ITMCK BBITALIMIA U3
JIMCKOBOJIA), TO OIlepalliOHHAasi CHCTeMa BBIBEAET Ha 9KpaH IMalorOBOE OKHO C COOOIIeHneM 00 OmoKe.
Ecnu BBl X0THTE M30€XkaTh 3TOro (0OBIYHO, YOEOUBIIUCH B OTCYTCTBHM THOKOTO JWCKA, MPHIIOKEHUE
MPUHUMAET MEPBI CAMOCTOSATEIBHO), He00X0aMMO 00paTuThes K GyHkimu SetErrorMode() u nepenats eit
B kauectBe napamerpa ¢paar SEM FAILCRITICALERRORS. B stom ciiyyae npu oTCyTCTBHHM THOKOTO
JICKa B JIMCKOBOJIE CHCTEMa He OyJIeT 0TOOpakaTh Ha KPaHE KaKUX-JTMO0 COOOIIeHUH 00 ommoKax.
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O6nanas neckpuntopoM ¢aiiia, MO>KHO BHITOTHUTH YTEHUE MITH 3aMUCh JAaHHBIX MPH TOMOIIN COOT-
BercTBeHHO QyHKuuii ReadFile() m WriteFile(). Otu ¢yHKkunm paboTaroT cTaHIapTHBIM 00pa3oM: B Kaue-
CTBE MapaMeTpOB OHH MPUHUMAIOT JIecKpUNTop (aiina, ykasarens Ha Oydep, anuHy Oydepa u ykazaTemb
Ha MepEeMEeHHYI0, B KOTOpOi OyAeT COXpaHEHO KOJMYECTBO MPOYMTAHHBIX WM 3almicaHHbIX O0aiT. Eciu
WCTIONIB3YETCSl MePEKPHIBAIOIIMICS BBOJ/BHIBOJ, TO B KadecTBE OAHOI'O0 M3 apryMEHTOB HEOOXOANMO
nepenath ykazarens Ha cTpykTypy OVERLAPPED. [J{nst 0Ob1uHBIX (aiifioB ykazaTedb Ha 3Ty CTPYKTYpY
Bcerna paseH NULL:

BOOL ReadFile (HANDLE hFile; // meckpunrop ¢aiina

LPVOID IpBuffer; // Gydep 11t BpeMEHHOT0 XpaHEHHs! IPOYUTAHHBIX JaHHBIX
DWORD dwBytesToRead; // xomuuecTBO OANTOB, KOTOPHIE JOIKHBI OBITH TPOYNTAHEI
LPDWORD IpdwBytesRead; // BO3BpalIaeT KOIMMYECTBO MPOYUTAHHBIX OalTOB
LPOVERLAPPED IpOverlapped); // moaiep>KKa aCHHXPOHHOT'O BBO/IA / BBIBOJIA

BOOL WriteFile (HANDLE hFile, /I neckpunrop daiina

CONST VOID *IpBuffer, //yKka3bIBaeT JaHHbIE, KOTOPBIE IOJKHBI OBITh 3aIMCcaHbl B (aiin
DWORD dwBytesToWrite, // KOTMYECTBO 3aIUCHIBAEMBIX 0AHTOB

LPDWORD IpdwBytesWritten, // BO3BpaIIaeT KOJIMYECTBO 3alMCAHHBIX OAaHTOB
LPOVERLAPPED IpOverlapped); // 3aaeT MoANepPIKKY aCHHXPOHHOTO BBOJIA / BRIBO/IA

UYtoOsl 3akpeITh (aiin, ncmonesyercst pynkuus CloseHandle(). 3Ty GyHKINIO MOXHO HCIIONB30BaTh HE
TOJILKO JUISL 3aKPBITHS ASCKPUNITOPOB (aiiyioB. C ee MOMOIIIBIO MOKHO 3aKPBITh JFO00M JAPYrod JECKPUIITOP:

BOOL CloseHandle (HANDLE hObject);

Jiis mpuMepa Jlajiee PUBEIICH UCXOIHBIN KOJI MMPOCTOM MPOrpaMMbl, UCIIONB3YIOIIeH (haiiyioBbIe Orie-
paruu ajisi 0TOOpakeHUsl Ha DKpaHe COACPKUMOr0 OJTHOTO MJIM HeckoiabkuX (aiinos. Bezos CreateFile()
oTkpbiBaer daiin ma ureHus. [locne storo BezoB GetStdHandle() Bo3Bpamaer meckpunTop craHaapt-
HOro BbIBOJa. 3aTeM mpu nomomn Qynkiuid ReadFile() m WriteFile() 61okamu o 4 K6aiiT npoucxomut
nepenava copepKUMoro (aina ¢ )KecTKOro AMCKa B CTaHAApPTHBINA MOTOK BbIBoAa. [lepemaya mpomomxka-
ercs 10 TeX Top, oKa IporpaMma He oOHapyKUT KoHell (aina:

#include <windows.h>
void MB(char *s) /I Ans ynoberBa ucrons3oBanus MessageBox

{
MessageBox (NULL, s, NULL, MB_OK | MB_ICONSTOP);

void docat (char *fname) // OCHOBHasI TOIIPOTrpaMMa
{
HANDLE f=CreateFile (fname, GENERIC READ, 0, NULL, OPEN_EXISTING, 0, NULL);
HANDLE out=GetStdHandle (STD_OUTPUT HANDLE);
if ((==INVALID HANDLE VALUE)
{
MB («He Mory OTKpBITE (haitin»);
exit(1);
}
char buf[4096];
unsigned long n;
do
{
unsigned long wect;
if ('ReadFile (f, buf, sizeof(buf), &n, NULL))
break;
if (n)
WriteFile (out, buf, n, &wct, NULL);

while (n==sizeof(buf)); // Ecin EOF, 310 ycioBue He BBITOTHSACTCS
CloseHandle(f);
H

void main(int argc, char *argv[])

if (arge==1)
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// yrunura cat — OumOKky (pakTHIECKH He 00padaThIBAOTCS

// JIroGast ommOKa BEI3BIBAET aBapUHHOE 3aBEPIICHHE TPOTrPaMMBI
MB ("Usage: cat FILENAME [FILENAME ...]");
Exit (9);

// ObpaboTaTh Bce yKa3aHHbIE (aiibl
while (--argc) docat (*++argv);
exit (0);

Bot Tak npoucxonut pabora c ¢aitnamu Ha yposae Win32 API. O6sruHo npu obpamennu k Read-
File() mmu WriteFile() pabota mporpaMMHOro MOTOKa MPHOCTAHABIMBAETCS JI0 TOI'O MOMEHTA, KOT/1a orie-
parys YTeHwus / 3armcu OyIeT 3aBepIlcHa.

Bnarogaps MexaHu3MaM acHHXPOHHOTO BBOJA/BBIBOJIA ITPOrpaMMa MOXKET OCYILIECTBIISITH BBOJI/ BBI-
BOJl JAHHBIX U OJJHOBPEMEHHO C 3TUM BBINOJHATH KaKue-THOO ApYrue mojie3Hble ASHCTBHS, HAIpUMEp
CIIOKHBIE MaTeMaTudeckue BeraucieHus. Cleayer HallOMHUTE, YTO ACUHXPOHHBLIL 6600 |/ 661600 — 3TO Me-
XaHHU3M, TO3BOJISIONINI TPOrpaMMe OCYILECTBIIATH OOMEH JJAHHBIMHU C KAKUM-JIMOO YCTPOWCTBOM BBOJIA/ BbI-
BOJIa ¥ OJJHOBPEMEHHO C ATHM BBITIOJIHATHh KaKyrO-THOO0 JAPYTryr0 moje3Hyto padoty [1]. Hanpumep, npor-
pamMMa oTJaeT KOMaHIy Ha YTeHHe NaHHBIX U3 (paiina, a 3aTeM, He OXKHU/asl 3aBEPUICHUS] YTCHHUS JTaHHBIX,
MPHUCTYNaeT K BBIMOJHEHUIO MaTeMaTHYecKHX BberuucieHuit. Korma nanueie u3 (daiina mepeMemaroTcs
B OMEPATHBHYIO MaMsATh, IPOTrpaMMa 3aBeplIaeT BHIYUCICHHS U MPHUCTYMaeT K 00paboTKe MPOUYUTaAHHBIX
JaHHBIX, IPUYEM 3TO JIMIIb OJUH U3 MHOXKECTBA BO3MOXHBIX CIICHAPUEB MCIOJIL30BAHHUS aCHHXPOHHOTO
BBOJ1a / BBIBOJIA.

Ecnu BBI pa3pabateiBacTe mporpamMmy, MPUHAMAIOILYIO JaHHBIE U3 HECKOJIBKUX Pa3HBIX HCTOYHUKOB,
BaM TaKXke MOXET MOTpeb0BaThCsl aCHHXPOHHBIM BBOJ/ BEIBOA. [Ipeanonoxum, 4To Bl pa3padaThiBacTe
TEpMHUHAIBHYIO TIPOTpaMMy, KOTOpasl YUTaeT JAaHHbIE KaK C KIaBHATYpHl, TAK M U3 MOCIEAOBATEIBHOTO
nopta. [To Mepe mocTymieHns: AaHHBIX MPOrpaMMa J0JHKHA HEMEIJIEHHO OCYIIECTBISTh UX 00paboTKy.
B 3710l cuTyanuu takke 4ype3BbIYaiiHO yI00HO UCTIONB30BaTh MEXaHU3MbI ACHHXPOHHOT'O BBOJIA / BBIBOJIA.

5.3.2. MexaHu13Mbl aCUHXPOHHOrO BBOAa / BbiBOAA

ACHHXPOHHBIH BBOJT/ BBIBOJ MOJKHO PeaTn30BaTh HECKOIBKUMH pasHBIMU criocobamu. TIporie Bcero
CO3JaThb HOGbIH NPOZPAMMHBLL ROMOK W OCYLIECTBIISITH BECh BBOJ/BBIBOJA CPEICTBAMH 3TOTO MOTOKA.
BwmecTo 3TOro MO>XHO MCTIOIB30BATh HEPEKPbIAIOUUIICA 6800 | 661600 VIV NOPMbL 3A6EPUICHUA 66004/
év1600a. Emie oHOI TeXHONOTHEH, ¢ TIOMOIIBIO KOTOPOH MOXXHO peaii30BaTh aCHHXPOHHBIH BBOJI/ BBI-
BO/I, SIBIISICTCS| IMEXHOI102UA RPOEUUPOBAH U (haliios, PACCMOTPEHHAS paHee.

Hcnonvzoeanue nomoxos. Ecny Bbl He XOTUTE, YTOOBI pab0oTa MPOrpPaMMHOTO MOTOKA MPHOCTAHO-
BUJIACH JUTA BBITIOJHEHHSI MIPOLIEAYP BBOJA/BBIBO/A, CO3JATEe BTOPOW MPOrpaMMHBIM MOTOK M TIOPYYUTE
BBITIOJIHEHNE BBOA / BBIBOJIA eMy. Tor/ia epBblid MPOrpaMMHBIA MTOTOK CMOXET MPOJOKUTH paboTy B TO
BpEMsi, KOrJla BTOPOH MOTOK OYyJIET BBITOJIHATH MEIUIUTEIBHBIC TIPOLICAYPHI, CBSI3aHHBIC C BBOJIOM/ BBIBOJIOM.
Hanpumep, g peanusanuu TEPMUHAIBHOW IIPOIPaMMBI Bbl MOXKETE MCIOJIb30BaTh JBA IOTOKA: OJUH
YHUTACT KOMaH/Ibl, BBOJMMbBIC C KIIABUATYpPbI, a BTOPOM CICAHUT 3a MOCTYIUICHMEM KOMAaHJ Yepe3 Mmocie-
JoBaTeNbHBIN MOpT. O0a MOTOKA 3aMMCHIBAIOT JIFOOBIC MPUHATHIC MU JAHHBIC B IUKIUYECKUU Oydep.
TpeTuii MOTOK MPOBEPSAET COAEPIKUMOE KaXKJIO0T0 U3 Oy(pepoB M BBHIMOIHSCT IEHCTBUS B COOTBETCTBHU
C IOCTYIAaronMMU KOMaHJaMH. HpI/I 9TOM CKOPOCTH MOCTYIUICHUA JaHHBIX 4YE€PE3 HOCHC}IOBaTCHI)HI)II\/'I mopT
HE TOBJIMSIET Ha CKOPOCTh 00pa0OTKM KOMaH]I, BBOJAUMBIX C KJIIABUATYPBHI.

[Ipu peanuzanmu MogO0OHOTO MPOCTOTO MOAX0/a OOBIYHO BO3HHKAET MpobieMa: TPETHH TMOTOK J0-
JKEH IMOCTOSHHO CJICIUTh 32 U3MEHEHHEM COJICPIKUMOTrO ITUKINUECKUX OydepoB, uToObI BOBpeMs: 0OHApY-
JKUTh TIOSBJICHUE B JIFOOOM M3 HUX HOBOTO CUMBOJa. TakuMm o0pa3om, st ero paboTkl TpeOyeTcs A0mod-
HUTENBHOE MpoIeccopHoe BpeMsi. bornee croxHast peanu3aiysi MOXKET TpelycMaTpUBaTh UCIIOIb30BaHUE
coovtmuit (paCCMOTPEHBI PaHee MPYU U3YUYEHUH MHOTONMOTOYHOCTH). Korya ofivH U3 MOTOKOB BBOJA MPHU-
HUMAaeT CUMBOJI, OH MEPEBOJUT CIEUATBHO MPEAHA3HAYEHHOE [l 3TOr0 COOBITHE B CUTHAIBHOE COCTOSI-
HHE. HpI/I 3TOM Tpemﬁ IIOTOK MOKECT HUCIIOJBb30BaTh IJIA CICKCEHUA 3a COCTOAHUEM CO6I)ITI/I$I q)yHKHI/IIO
WaitForMultipleObjects(), T.e. oH He OyJeT pacxoI0BaTh CIHUIIKOM MHOTO IPOIIECCOPHOTO BPEMEHHU.
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st cnexeHnus 3a COCTOSIHEM KOHCOJIM MOYKHO HMCIOJIb30BaTh HEMOCPEACTBEHHO JIECKPUIITOP KOHCOIH.
OTOT AECKPHUINITOP MEPEXOJUT B CUTHAIBHOE COCTOSIHHE B MOMEHT, KOTJla B MIOTOKE BBOJA KOHCOJIH TOSIB-
JSIIOTCSL IaHHBIC, OKUAAoUIMe yTeHusl. Eciin BMecTo coOBITHS MporpamMma CISIUT 32 COCTOSHHEM JIEeCK-
pHUITOpa KOHCOJIM, MOKHO OTPaHHUYUTHCS TONBKO JIByMS MOTOKAMHU.

Ecnu tepmuHansHas nporpamMmMa o61agaer coOCTBEHHBIM IIMKIIOM 0OpaOOTKH CHCTEMHBIX COOOIIEHNI
(K KOHCOJNBHBIM MPUIIOKEHHUSIM 3TO OOBIYHO HE OTHOCHUTCS), BBl MOXKETE MCIONIB30BaTh APYrOM MOIXOI.
[ToTokwu, ocymiecTBIISIONIME BBOJ/ BEIBO/, MOTYT TepeaaBaTh OCHOBHOMY OKHY IPOTpaMMBbl COOOIIEHUS,
omnpezereHHbIe moabp3oBareneM. OCHOBHas MporpamMMa Oy/eT pearnupoBaTh Ha TH COOOLICHHUS TaK Ke,
KaK OHa pearupyer Ha Jo0ble CHCTEMHBIE COOOIIEHMS.

Bce nepeuuncnennble cTpaTeruy OYeHb MPOCTHI B pealii3allii, OJHAKO OHU HEJOCTaTOYHO d(dek-
TuBHBL Co31aHuE TIOTOKOB — OTHOCHTENBHO pecypcoeMkasi omepanus. Kpome Toro, MakcuManbHOE
KOJTMYECTBO MOTOKOB, OJIHOBPEMEHHO pa0oTaloUIMX B CHCTeMe, orpaHuMueHHo. KoHeuHo, 3T0 He Oyaer
mpoOIeMoid TS MPOCTOH KOHCONBHOW MPOrpaMMBI, OHAKO €CIIM Ballle MPUIOKEHHE JOIKHO MOICPKHU-
BaTh MHTCHCUBHBIA aCHHXPOHHBIM BBOJ/ BHIBOJ, TO MPUMEHEHHUE Ul TOM LETH OONBIIOro KOJUYecTBa
MOTOKOB MOYKET OKa3aThCsl HEMPUEMIIEMBIM.

Iepexpuiearowuiics 6600/ 6b1600. 3HaUNTENHLHO O0JIee AIPPEKTUBHBIM CIIOCOOOM PeajM3aluy aCHHX-
poHHOrO BBOza/BBIBOJAa B Windows siBisieTcs TepeKpbIBatoluiics BBoj/ BeiBoa. B Windows 3ta pa3Ho-
BHUJJHOCTh BBOJIa / BEIBOAA MOJJICPKUBACTCS B OTHOLIEHUHU (haKTHUECKH BCex TUMOB (haitnos. B wacTHOCTH,
BbI MOYKETE MPUMEHUTH MEPEKPBIBAIOIINIICS BBOJ]/ BBIBOJ] B OTHOILICHUH JUCKOBBIX (DailioB, KOMMyHHKa-
IIMOHHBIX MTOPTOB, UMCHOBAHHBIX KaHAJIOB (named pipes) M CETEBBIX COKETOB. B 00IeM M 1eroM eciu
B OTHOIICHUH 4ero-mubo MoxxHo mpumMenuts omnepanuu ReadFile() u WriteFile(), To 3HauuT, nmpu 3ToM
JIOYCKaeTcsl MCIIOIb30BaTh NIEPEKPBIBAIOLIHNICS BBOJI / BEIBOI.

[Ipexxae yem BBl CMOXKETE OCYIIECTBJISTh B OTHOUICHHWH (aiina onepanuy NepeKphIBAIOLIIETrocs
BBOJIa / BBIBOJIa, HEOOXOAMMO OTKPHITH (aiin npu nomomu ¢ynkuuu CreateFile() ¢ ncnonp3zoBannem
¢nara FILE FLAG_OVERLAPPED. Ecnu 3ToT Quar He yka3aTbh, epeKpbIBatomIniics BBOJ/ BBIBOJ
Oyzaer HeBo3MoxeH. Eciu ¢ar ycTaHOBIIGH, BBl HE CMOXKETE MCIOJIB30BaTh (DAl OOBIYHBIM CITIOCOOOM.
[Tpu oOmeHe naHHBIMHE ¢ QaiiiIoM OyIeT UCIOIb30BaThHCS MEPEKPHIBAIOIINIACS BBOA / BBIBOI.

Brimonusis nepekpeiBaronuiicss BBoa/ BeiBoa pu nomoin Qynkiuii ReadFile() m WriteFile(), B ka-
4YeCcTBE OJHOTO M3 apryMEHTOB BBI Mepenaere dTUM QYHKIMIM yka3aTenb Ha cTpykrypy OVERLAPPED.
[epBbie 1Ba 32-OMTHBIX CIOBA ATOW CTPYKTYPHI 3ape3epBUPOBAHBI CUCTEMON /ISl BHYTPEHHETO MCIIONb-
30BaHMs. BTOphIe ABa ciioBa MOTYT cofiepkaTh 64-OMTHOE cMelleHNe, YKa3bIBalollee Ha O3UIHIo (aiina,
B KOTOpOH Oy/IeT OCYIIECTBIATHCS YTEHUE UM 3aMKCh ITAHHBIX. BBOJ/ BHIBO/ BHIMOMHSETCS aCHHXPOHHO,
MOITOMY HE CYIIECTBYET rapaHTHH, 4YTO AaHHBbIe U3 (paiina OynyT W3BIEKaThCs (WM 3alUCHIBATHCS)
MocieaoBaTeNbHO O0alT 3a OaiitoM. TakuM 00pa3oM, TpH BBINOJIHEHUH MEPEKPHIBAIONIErocsi BBO/A / BBI-
BOJIa HE CYIIECTBYET MOHATHUS TEKYyIIeH Mo3unuu. [Ipy BEIMOTHEHNY 1000 omepanuy Bbl IPOCTO yKa3bl-
BaeTe cMmenleHue B (paiine. Eciu BeI paboTaere ¢ MOTOKaMu TaHHBIX (HAIpUMEp, MOCIEA0BATEIbHBIN TOPT
WM COKET), TIOHSITHE CMEIIEHHS TePsieT CMBICI, TO3TOMY CHCTEMa UTHOPUPYET COOTBETCTBYIOIIEE TIONE
crpykrypsl OVERLAPPED. Ilocnennee none ctpykrypst OVERLAPPED — 3T0 seckpuntop coOBITHS.
Brpouem, ero MoxxHO He yka3biBaTh (mpucBanBath NULL).

Koraa mpoucxoaut obpaiienne K GyHKIUN aCHHXPOHHOTO BBOJA/BBIBO/A, CHCTEMA MOXKET 3aBep-
LIMTH TPOLIEAYPY BBOAA/BBIBOJA HeMemeHHO. Hampumep, BBl MOXKETe MPHKa3aTh CUCTEME BBIMOIHUTD
YTEHUE OJJHOr0 OaiiTa M3 MOCIIEA0BATEILHOTO YCTPOMCTBA M 3amucath 3TOT OadT B 30-OaiiTHbI Oydep,
OXHJAIOMKI BBOAA. B 3TOM cityuae QpyHKIMS BBOJA/BBIBOJA 3aBEpIIAET CBOIO PabOTy Tak, CJIOBHO BBI
W HE WCMONb30BAJIM TPU 3TOM MEXaHM3MOB TepeKphIBaroIIerocs BBoja/ BeiBoga. Eciu ¢yHKuus BepHyna
HEeHYJIeBOE 3HaYCHHE, 3HAYMT, OTepallus BBOJAA/BBIBOAA YCIICHIHO 3aBEpIIICHa, a Mepeaadya JaHHBIX POU30-
nuia GakTUYeCKH TOYHO TaK Ke, Kak ecii Obl BBl HE UCTIONB30BaIN MEPEKPHIBAIOIIErocs BBO/IA / BBIBOJIA.

OcobeHHOCTH ACHHXPOHHOTO BBOJIA/ BEIBOJIA MPOSIBIISIIOTCS B CiTydae, ecii (GYHKIHS BO3BpallaeT 3Ha-
yenue FALSE. HyneBoe 3HaucHue, Bo3BpalieHHoe (hyHKIMEH BBOJA / BRIBO/IA, O3HAYACT, YTO JIMOO TIPOIIe-
Jlypa BBOJIa/BBIBO/Ia HAXOJWTCS B CTAJUH BBIMOJIHEHUS, JTUOO MPOM30IIa Kakas-In0o omuodka. UToObt
YTOYHHUTB, YeM, COOCTBEHHO, 3aBEPIIMIICS BBI30B (pyHKIHMH, HeoOXomuMo Bbi3BaTh (yHKuuio GetLastError().
Ecnu atot Be130B BepHyn 3Hauenne ERROR 10 _PENDING, 3HaunT, 3anpoc Ha BBOA/ BBIBOJ KOO OXU-
JlaeT cBoei ouepenu, 100 HAXOMUTCSA B CTaaWM BhIonHeHUs. Jlroboe Apyroe 3HaueHHe O3HAYaeT, 4TO
MPOH30IILIa OINOKA.
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Ecnu BB 0Opatuinck k pyHKIMH BBOJIA/ BBIBOJA M TIONYYHIIN MTOATBEPXKIACHUE TOTO, YTO 3apoC Ha
BBOJI/ BBIBOJ] HAXOJUTCS B TIPOIIECCE MCIOMHEHMS, TO PAHO WITH TTO3IHO 3aXOTUTE Y3HATh, KOT/Ia JK€ BCE-TaKH
OCYIIIECTRIICHHE BBO/A/ BEIBOA 3aBEPINUTCS. ECM BbI OCYHIECTBIISIETE YTCHHE JAHHBIX, TO HE CMOYETE
HUCIIOJIBb30BaTh JaHHBIC H3 6y(bepa YTCHHUA OO0 TOIr0O MOMCHTA, IIOKa HE 3aBCPIIMTCA OICpalusad YTCHUA.
Eciu BBI OCYIIIECTBITAIETE 3aMTKCh, TO PAHO KM MO3IHO JAOJKHBI YOSAUTHCS B TOM, UTO MPOIEIypa 3aMiCH
YCIICUIHO 3aBepIIICHA.

Hawubonee mpocToii crocod MpoBEepUTh TEKYIIee COCTOSHHE 3ampoca Ha BBOJ/BBIBOI — 3TO BOC-
nosib3oBaThes Gpynknued GetOverlappedResult():

BOOL GetOverlappedResult( HANDLE hFile, // neckpunrop (aiina WM ycTpoicTBa
LPOVERLAPPED IpOverlapped, // mopIep>KKa aCHHXPOHHOT'O BBO/IA / BBIBO/IA
LPDWORD IpNumberOfBytesTransferred, // KOMMYECTBO MEPEIaHHBIX OalT

BOOL bWait ); // pnar oxunanus

B kauecTBe apryMeHTOB 3TOH (YHKIMH HEOOXOIUMO IepenaTh AeCKpHUNTop daiina, ykazaTeab Ha
crpykrypy OVERLAPPED, ucnons3oBanHyto mpu oOpalieHnH K pyHKIMK BBOJa / BRIBO/A, YKa3aTelb Ha
MEepeMEeHHYI0, B KOTOpYIO OyAET 3aHEeCeHO KOJIMYECTBO NEpeJaHHbIX OaiT, u Quar, ompenensiomu,
JOJDKEH JIM BBI30B KJIATh 3aBEpIICHHS MPOIEAYpbl BBOAA/BBIBOJA WIH €My CIEAyeT HEMENJIEHHO
BEPHYTH yNpaBJICHHE BBI3BIBAIONICH MTPOrpaMMe, 4ToO0Bl COOOMINTE € O TEKYIIeM COCTOSIHUM 3ampoca Ha
BBO/1/BBIBOM. Eciu ator hnar umeer 3nauenne TRUE u onepanivs BBojia/ BEIBOIA BCE €IIIC HE 3aBEpIIICHA,
BBI30B OyZIET OJKUIATH 0 TEX MOp, MOKa olepanysl BBOAa / BBIBOJA 3aBEPIINTCS MIIM MPOU30UIET OHOKA.
Eciu dnar oxunanus umeer 3nauenue FALSE, BbI30B Bo3BpaliaeT ommoKy (HyJIeBOE 3HAUCHHE).

Ecnu BbI30B BepHyI HyJIeBoe 3HaueHue, a ¢uiar oxxuganus pased FALSE, To Heo6xoanmo oO6paTuThes
k GetLastError(). Ecian ator Bb130B BepHyn 3HaueHne ERROR 10 INCOMPLETE, 3naunt, nponenypa
BBOJIa/ BEIBOJIA BCE ellle He 3aBepieHa. JIrodoe Ipyroe 3HaueHNE CBUETENLCTBYET O TOM, YTO B XOJI€ BbI-
MOJTHEHMsI BBOJIA/ BBIBO/IA MPou3oIinia onmbka. UToObl mpepBaTh BBITIOIHEHUE ONEpalliy BBO/Ia / BRIBOJIA,
cleayeT ucnoiib3oBath GyHkiwio Cansello:

BOOL Cancello( HANDLE hFile); // neckpunrop daiina

OTta q)yHKHI/ISI OTMCHSET BBIIIOJIHCHHEC HIO6LIX 3arpoCcoB Ha BBO[[/BI)IBOZ[, WHULMHUPOBAHHBIX JJIA
HEKOTOpPOro JeckpunTopa (aiina tekymmum notokoMm. BrizoB Cansello() pabotaer TOIBKO B OTHOLICHUH
MPOIEAYP MEePEKPHIBAIOIICTOCS BBOAA/ BbhiBoJa. OYEBHIHO, YTO €CJIM MOTOK WHUIIUHPOBAJ TPAJIULIUOH-
HYIO MIPOLEAYPY BBOJA/BHIBO/A, TO OH HE CMOXKET OOpPATHTHCH K KAKHMM-JIMOO JAPYTUM BBI30BaM J0 TEX
nop, TIoKa MpoIeaypa BBoAa/ BbIBOa He OyneT 3aBepuieHa. Eciu BeI mpepBai BBIITOJHEHUE 3ampoca Ha
BBOJI/ BBIBOJ, IpH momomIu Bbi3oBa Cansello(), To cOOTBETCTBYIOIIAs orepanus BBOJA/BbIBOAA 3aBep-
maercst ¢ cooduiennem 06 ommbke RROR_OPERATION_ABORTED (3T0 3HaueHHE MOXHO TONTYyYHUTh
nipu iomoriu BeizoBa GetLastError()).

B ciydae ecnu ObUTO MHUIMHPOBAHO CIMIIKOM OONBIIOE KOJIMYECTBO 3aIPOCOB Ha aCHHXPOHHBIH
BBOA/BBIBO, (pynkums ReadFile() moxer 3aBepmmthes Bo3BpaTtoM 3HaueHnss ERROR INVALID
USER_BUFFER unmu ERROR_NOTENOUGH _MEMORY.

B HEKOTOpBIX CUTYyalHsIX VISl OCYIIECTBIICHHS OMepaluii MepeKphIBAIONIErocs BBOJa/ BEIBOIA yaoOHee
WCTIONIb30BaTh CIIENHaIbHO NpenHazHadeHnble st otoro gynkuun ReadFileEx() m WriteFileEx(). Otu
(YHKLINHU HE MOTYT MCIIONB30BAaThCS ISl OOBIYHOTO BBO/IA/ BBIBOJA. B KauecTBe donoinumensnozo apzy-
Menma KaXIblii U3 dTUX BBI30BOB MPUHUMAET yKaszaTelb Ha (YHKIHUIO, KOTOpas OyAeT BbI3BaHa B MO-
MEHT 3aBEpIICHUS OTepaiyy BBoa / BRIBOJA!

BOOL ReadFileEx (HANDLE hFile,

LPVOID IpBuffer,

DWORD nNumberOfBytesToRead,

LPOVERLAPPED IpOverlapped,

LPOVERLAPPED COMPLETION ROUTINE IpCompletionRoutine);
BOOL WriteFileEx (HANDLE hFile,

LPCVOID lpBuffer,

DWORD nNumberOfBytesToWrite,

LPOVERLAPPED IpOverlapped,

LPOVERLAPPED COMPLETION ROUTINE IpCompletionRoutine);
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OnHako Ui TOro 4TOOBI MPOW30NUIO OOpamieHne K (YHKINU 3aBEpIICHHs], TOTOK, OOpaTHBILUICS
k ReadFileEx() wmu WriteFileEx(), momkeH HaXoUThCsl B «HACTOPOKEHHOMY COCTOSIHUHU. UTOOBI TiepeiTn
B «HACTOPOXKEHHOE» COCTOSIHME, HEOOXOIMMO HCIOL30BaTh BbI3oBbl WaitForSingleObject() wmu SleepEx().
Haxonsick B «<HaCTOpOXXEHHOM» COCTOSIHHH, TIOTOK HE BBITIONHSIET HUKAKUX JCHCTBUH, a POCTO KIIET, KOraa
B pe3yJibTaTe 3aBepIICHHsI Ollepalyy BBOAA / BBIBOJIA TIPOU30MET oOpalieHne K GyHKINN 3aBePILICHHS.

Bce 3T 0c00eHHOCTH TIEpEKPBIBAIONIETOCS BBOJIA / BEIBOAA HECKOIBKO 00eCKypaKuBatoT. [lepekpsbi-
BalOLIMIiCs BBOJ/BBIBOJ YI0OEH BO MHOTHX CHTYallMsiX, OHAKO OH HE HACTOJIBKO ACMHXPOHHBIN, KaK
3TOT0 XOTeNoch Obl mporpammucTaM. UToObl peann30BaTh ACHCTBUTENHLHO ACHHXPOHHBIA BBOJ/BBIBOJ,
CIIelyeT CcO3/1aTh OTIENbHBIA MPOrpaMMHBIA MOTOK M B €ro paMKax HCIOJIb30BaTh OOBIYHBIE (PYHKIUH
BBOJ/Ia/ BBIBOJIA. B KauecTBe allbTepHATUBEI IPH pa3pad0TKe HEKOTOPBIX MPOrpaMM MOKHO HMCHONb30BaTh
MOPTHI 3aBEPILICHHUS BBOJIA / BEIBOAA (O HUX pedb MOWIET YyTh MO3KE).

Ecnu Tpagnimonnas GyHKIMS YTeHHS JaHHBIX B MPOLIECCE OCYLIECTBICHUS Ollepalliy BBO/IA BCTpe-
gaer cumBoil EOF, To oHa TeM mim WHBIM 00pa3oM omoBemaeT o0 ATOM BBI3BIBAIOIIYIO MPOrpaMmy.
B wactHocTH, TpaauumoHHbli BeI30B ReadFile() ycranaBnuBaer KOIMYECTBO MPOYUTAHHBIX OalT paBHBIM
nynro. Eciin cumBon EOF Betpeuaercst B mporiecce BBIONHEHHUsT TepeKphiBaromierocs: BeizoBa ReadFile(),
TO BBI30B BO3Bpammaer ommuOky. B sroMm ciyuae 3HaueHue, Bo3Bpamaemoe QyHnkiueir GetLastError(),
oyner pasHo ERROR_HANDLE EOF. CumBon EOF Moxer BCTpETHThCS HEMOCPEACTBEHHO MpH 00pa-
mennn K Qynkiun ReadFile() nim mo3sxe, B mpoliecce BHIMOJIHEHUS ONepaliiy BBOa / BBIBOJIA.

Hopmut 3aeepuwenusn 6600a/ 8vi6oda. IlepexpriBaromuiics BBO/ BBIBOA 00JIalaeT Maccol OrpaHu-
yeHuil. DaKkTUYECKH TPU HCIONB30BaHUU IEPEKPHIBAIOIIErocs BBOJA/BhIBOAA Ui OOMEHa JaHHBIMH
C HEKOTOPBIM 00BEKTOM ((aiioM WM YCTPOMCTBOM) HCIIONB3yeTCs OTACIBHBIM MPOrpaMMHBIN MOTOK.
Hanpumep, ecnu BbI TIIaHUpYETE UCIIONB30BATh MEPEKPHIBAIOIIMIICS BBOJ/ BRIBOA IPU pa3paboOTKe cere-
BOT'O cepBepa, OOCTYKUBAHUEM KasKIOro M3 KIMEHTOB OyIeT 3aHUMAThCsl OTAENBHBINA MPOrpaMMHBIN TIOTOK.
Takas cxema Oyner OTJIMYHO paboTaTh B Cllydae, €CJIM YUCIIO KIUSHTOB HeOonbiioe. OqHaKo BPsT JIU
yJIacTCsl MCIOIb30BaTh MOJOOHBIM MOAXOJ Ui 00ecredeHrs padoThl BHICOKOIIPOM3BOIUTEIBHOTO Cep-
Bepa, 00CTYKMBAIOIIETO OJHOBPEMEHHO JAOCTaTOYHO OOJIBIIOE KOJIMYECTBO KIMEHTOB. He BCsKHiA KOM-
MBIOTEP CMOXKET 00ECIeUnTh CO3IaHNe U TIOAJIEPKKY PabOTHl HECKOJIILKUX THICSY MPOrPAMMHBIX TIOTOKOB
OJTHOBpEeMEHHO. MOXeT JIM OJMH MOTOK OOCIYXHUBaTh OJHOBPEMEHHO HECKOJIBKUX KIMEHTOB? DTOro
MOJKHO JIOCTUYb, €CJIH UCTIOIb30BATh HOpMbL 3aseputenus 6600a/ évteoda (1/0 completion ports) [1].

[opt 3aBepuieHus BBOJA/BbIBOAA HAlIOMHUHAET ouepeab. B 3Ty odepensb 3aHOCATCS YBETOMIICHHS
0 TOM, YTO Ta WJIM MHAas MpoLenypa BBOAA/BbIBOJA 3aBepiieHa. JIF000i MOTOK MOXKET MIPOBEPHUTH OYepeb
W OTpearupoBath Ha JII000e M3 ITHX yBemomileHHi. [Ipexae yeM MpUCTYNMUTh K MCIOIB30BAHUIO MOpPTa
3aBEpIICHUS BBO/A / BEIBOJIA, HEOOXOAMMO cO31aTh ero mpu rmomoinu Bei3oBa CreateloCompletionPort():

HANDLE CreateloCompletionPort (HANDLE FileHandle, // meckpunrop ¢aiina

HANDLE ExistingCompletionPort, // NeCKpHUNTOp CO3/1aBAEMOTr0

// (MM OTKPBIBAEMOT'0) TIOpTa 3aBEPILCHUS
ULONG_PTR CompletionKey, // KJTFOU 3aBEpIICHUS,

// BCTABJISIEMBIN B KQ)K]IbII TTAKET
DWORD NumberOfConcurrentThreads); //KOTMYECTBO MOAKITIOYaEMbIX TIOTOKOB

B kadectBe 0IHOro U3 apryMeHTOB 3Ta (QDYHKIHS IPUHUMAET JIECKPUIITOp (paiiia, OTKPBITOro Iist epe-
KpPBIBAIOIIErOCsl BBO/Ia/BbIBOJA. Kak TONMBKO JeCKpUnTopy (aiiyia CTaBUTCS B COOTBETCTBHE MOPT 3aBepIIIe-
HYsI BBOZIA / BBIBOJIA, TIPH YCIICIITHOM 3aBEpIICHUH JIF000i Orlepaliiy BBOJIa/ BBIBOJIA B 04YEpe/lb TOpTa 3aBep-
IeHnus Oy/IeT BHECEHO YBEIOMJICHHME O 3aBeplieHuM 3Toi onepanuu. BeizoB CreateloCompletionPort()
MOXKHO HCIIOJIb30BaTh HE TOJILKO VISl CO3J]AHUSI HOBOTO TOPTA 3aBEPIICHHS, HO TAKXKe U JJIsl Ha3HAUCHUS
yXe CYIIECTBYIOLIEMY TOPTY IPYyroro aeckpuntopa aiina.

Ipu obpamennu k pynkuun CreateloCompletionPort() BbI MoXkeTe yka3aTh KItod — 32-OMTHOE 3HAUe-
HHE, KOTOpOe CHCcTeMa JI00ABISIeT B KaXK/J0€ M3 YBEIOMIICHUI 00 YCIEIIHOM OCYIIECTBICHUH OIepanuit
BBOJIa / BBIBOJIA, CBSI3aHHBIX C yKa3aHHBIM (haiinom. [locnennunii apryment ¢ynkiuu CreateloCompletion-
Port() cmyxut aist nepenauu 3Toi QyHKIIMHA MAaKCUMAJIBHO JOMYCTUMOrO KOJIMYECTBa MOTOKOB, KOTOPbIE
OyIyT pearnpoBaTh Ha MOSBIICHUE YBEIOMIICHHH O 3aBEpIICHUHU BBOAA/BbIBOAA. OOBIYHO 3HAYEHHE ITOrO
apryMeHTa paBHO HYIIIO.
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JIro6oli MOTOK MOKET MOTYYUTHh HH(POPMAILKIO O 3aBEPIICHUH BBO/A / BBIBOJA TIPH MOMOIIH (YHKIUU
GetQueuedCompletionStatus(). Dta pyHKIMsS BO3BpaIaeT KOJIMYECTBO 0aiT, MEpelaHHbIX B MPOLECCE
BBOJIa/ BBIBOJIA, KITIOY 3aBepiieHus (32-0MTHOe Yncio, ycTaHoBIeHHoe pu obpamenun k CreateloComp-
letion) u ctpykrypy OVERLAPPED, ucnons3oBanHy0 Mpy HHAIMATH3AMNN POLEAYPhI BBOA / BRIBOJA!

BOOL GetQueuedCompletionStatus (HANDLE CompletionPort, // neckpunTop mopTa

LPDWORD IpNumberOfBytes, // KOMMUECTBO MEePEJaHHbIX OaUT
PULONG_PTR IpCompletionKey, // yka3aTens Ha KITIOY 3aBEpIICHUS,
// (ecr OH OOBSBIICH paHee)
LPOVERLAPPED *IpOverlapped, // ykazarens Ha Overlapped
DWORD dwMilliseconds); // BpeMst O>KuIaHHs TTaKeTa

HpI/I CO3J1aHUM TMOpTa 3aBCPIICHUA BBOI[a/BI)IBOI[a Bbl MOJKETEC HC CTaBUTh €MY B COOTBCTCTBUEC
KaKuX-JIM0O JECKPUNTOPOB (aiijioB. B 3TOM cilydae mOpT 3aBEepLICHHS] MOXKET UCIIOIb30BAThCS B Kade-
CTBC€ ME€XaHU3Ma CBA3U MCKAY HCECKOJBKHMHU IMOTOKaAMH OAHOI'0 Iporecca. HpI/I oMo (byHK]_[I/II/I
PostQueuedCompletionStatus() mo60ii TOTOK MOKET MOMECTUTh B OYepeh MOPTa 3aBEpPIICHUS YBEAOM-
JICHHE O 3aBEpILCHWHU BBOJA/BbIBOAA. [Ipy 3TOM HEOOXOJMMO yKa3aTh KOJMYECTBO IEPElaHHBIX OaWlT,
KJTIOY 3aBEpIIeHUs U yka3atenb Ha cTpyktypy OVERLAPPED, xoropast Oyer Bo3BpailieHa 0KUAI0IIEMy
notoky Be3oBoM pyHKIMN GetQueuedCompletionStatus():

PostQueuedCompletionStatus (HANDLE CompletionPort,
DWORD dwNumberOfBytesTransferred,

ULONG_PTR dwCompletionKey,

LPOVERLAPPED IpOverlapped);

Be3zycnoBHO, BO MHOTHX CHUTyallMSX Bbl MOXKETe€ 00OHTHCH W 03 MOPTOB 3aBeplIeHUs] BBOJA/ BbI-
BOJIa, OIHAKO OYEHb YaCTO 3TOT MEXaHU3M OKa3bIBAETCS BECbMa YAOOHBIM.

Kak yxe ObLJI0 CKa3aHo, el OHOM «IK30THUECKOM TexHooruey», nomnepxusaemori OC Windows
JUISl aCMHHXPOHHOTO BBOJa/ BBIBOJIA, SIBISIIOTCS ¢hailibl, omodpasricaemole 6 namsams. MeHeKep BUPTY-
anpHOM mamsaTH Windows 1mo3BoJisieT mporpaMme padoTaTh ¢ GaiyioM TakuM 00pa3om, OyaTo 3TOT (haiin
MOJTHOCTHIO 3arpy’KeH B OMEPaTUBHYIO MaMTh KOMITbIoTepa. Ha camom nene 3To He Tak. MeHemkep BUp-
TyaJbHOM MaMSTH 3arpykaeT B OMEPaTUBHYIO MaMsTh KOMIBIOTEpa TOJBKO (parMeHThl ¢aiina (cTpa-
HULpB!). YToOBI 0TOOpa3uTh (aill Ha ONepaTHBHYIO MaMATh, HEOOXOJUMO €0 OTKPHITh MPH TOMOIIH
¢ynkunu CreateFile() u mepenats neckpuntop ¢aiina CreateFileMapping(). [TonpobHo 3TOT MexaHH3M
OBLT PacCCMOTPEH paHee.

B pesynbraTe aHanmza Bcex BO3MOKHOCTeH (haiioBOro BBoJa / BEIBOAA BO3HUKAET BOIIPOC: 00S3aHbI
JIM TIpOrpaMMHUCTBI Beeraa ucnonb3oBaTh CreateFile() n octanbHble cB3aHHBIE ¢ 3TUM (YHKIHHU IS TOTO,
4yT0o0BI paborath ¢ Qaitmamu B Windows? Koneuno, Her. Ecnu BBl opreHTHpyeTech Ha TpaJHLIMOHHBIE
METOJIMKH Pa0OThI ¢ (hailiaMu, TO MOKETE MPOJIOKATh UcTonb3oBanue Gpynkuuu fopen(), MFC-knacca
CFile, norokoB C++ unu Jpyroro TPagullMOHHOTO METOJ/a, K KOTOPOMY NPUBBIKIMA. OJHAKO €CIIA BBI
JKeJlaeTe BOCIOIB30BATHCS CIICIUABHBIMUA BO3MOXKHOCTIME Windows (TakuMHU, KakK, HallpuMep, MepeKpbI-
BalOLIMIACS BBO// BBIBOM), TO MPUICTCS MPUMEHHUTh cUCTeMHBIN BbI30B CreateFile() n cBsi3aHHBIE ¢ 3TUM
JanbHEeHIe qelCTBUS, TaK KaK OOJIBIIMHCTBO OMOJIIMOTEK KOMIMJIATOPOB HE MOIEPKUBAIOT TEXHOIOTHIA,
sBisitommxcst ocooennoctsio OC Windows.
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FNABA 6
MPUHLUMUNBI PASPABOTKU MPOrPAMMHOIO KOOA
ANnAa PABOTbI C PEECTPOM OC WINDOWS

§ 6.1. CTpyKtypa u ocobeHHOocTM peectpa Windows

Peecmp (registry) — TIOHSITUE cpaBHHUTENBHO HOBoe. [Ipunoxkenusi, padoraBume B cpeae Windows 3.x
u DOS, 00b14HO co3aBany (aiiibl HHUIMAIN3aWH, B KOTOPbIE 3alMChIBAIACh HH(OpMaIHs 0 mapaMeTpax
KOH(HTYpalnuy, MOJIb30BATEIbCKUX HACTPOHKAX, (iarax COCTOSHHS U JIPYTUX XapaKTEPUCTHKAX MPHIIO-
xenus. Tak, daiin Win.INI conepxut nanasie o kKoHpurypauuu cucremsl, gaiin Reg. DAT — o cBszsax
MEKAY MPUIOKEHUSAMH U PACIIUPEHUSIMU JOKYMEHTOB, a Takke o OLE-o0bekTax, datin System.INI —
00 anmapaTtHO#l koH(purypammuu. B npyrux INI-daiiax xpaHsSTCsl CBEACHUS O MapaMeTpax OTACIbHBIX
HPUIOKEHUH.

Bce ¢aiinsl nHnnmanm3anuu 3anuceiBatorcest B ASCII-dpopmate, u 10cTynn K HIM MOYXHO OCYIIECT-
BHUTbH C IMOMOLIBIO JIFOOOT0 TEKCTOBOTO pefakrTopa. KoHeuHo, pa3paboTYMKN OMEpalliOHHON CHCTEMBI
Y IPHJIOKEHUH BOBCE HE CTPEMSITCS K TOMY, YTOOBI TIOJIb30BATEIH CAMOCTOSITEIILHO «KOBBIPSUTUCE» B (haii-
Jax MHAIUaTU3aluy. B uaeane oTi Qaiinbl TOIKHBI U3MEHSTHCS TOIBKO MpuiiokeHusiMU. CeayeT oTMe-
TUTh, YTO (pailfibl MHULIMATM3ALMN YaCTO MOPTATCS, MOTYT OBITh CiIy4aiiHo yaaneHwl. [lopoi cambie
HEBUHHBIC M3MEHEHHS OHOTO U3 HHUX MPUBOIAT K HEOOPaTUMBIM MOCIEACTBUSIM, Hapylias paboTy Bceit
cucrembl. Kopoue roBopsi, Gpaiisl HHUIIMAIH3aluHd — 3TO Be4Has TOJIOBHAs 00JIb MPOrpPaMMHUCTOB.

C nmosenennem Windows NT (Bepcust 3.1) Ha cMeHy MHOXKECTBY pa3pO3HEHHBIX (hailJIoB MHUIHAIIH-
3ammu, B ToM uncie System.INI, Win.INI, Protocol.INI, Config.SYS u Autoexec.BAT, npumien eauHbiit
CHCTEMHBII peecTp, XOTs Jake CErofHI HEKOTOphIe MPUIIOKEHHSI BCE €IIe 3aMUCBIBAIOT CBOM MTapaMeTphl
B INI-daiinst [12]. [Ipu 3amycke npuaoKeHUs] MHOTHE U3 3THX NTapaMETPOB 3alMCHIBAIOTCS B peecTp, T. €.
XpaHsTcs B ABYX popmatax. CrienoBaTelnbHO, IPH Mepe3arpy3Ke CUCTeMbl KOH(UTYpaluio, KOTopast Oblia
HapyllleHa B PE3yJIbTATEe MOBPSKACHUS WK OIMO0YHOTO yaaneHus INI-¢aiina, MOXHO BOCCTAHOBHTb.

Ecnu ToBOpUTE 4eCTHO, CUCTEMHBIH peecTp — ATO TOXKE ToIOBHas 00Jb MPOrPaMMHCTOB, XOTS U HE
Takas CWiIbHas, Kak (ailnel mHUIManu3anuu. Pa3paboTunky MpHUIIOKEHUH MPOCTO HEOOXOJMMO 3HATH,
KaK MCHoNb3yercs peectp. B maHHOM maparpade paccMOTpUM METOJbI CO3AaHUs pa3ZenoB peecTpa, 3a-
MUCH W YTCHUS IaHHBIX O KOH(QUTYpAIIUHA CHCTEMBI.

Peectp Windows npencraBisier co00it nepapXU4ecKyro CTPYKTYPHUPOBAHHYIO 0a3y JaHHBIX, B KOTO-
pOH conepKUTCss MHPOPMAIHSI O BCEX CUCTEMHBIX HACTPOMKaX, MyTAX, IEPEMEHHBIX, a TAKKe MapaMer-
pax IpUIIOKEHUH, paHee pacojaraBliascs B pa3po3HEHHBIX (aiinax nHunnanmzany [12].

B Windows 9x ¢usmnuecku peectp pacronaraercss B aByX (Qaitnax B karanore \SystemRoot\:
System.dat u User.dat. I1lepBsiit ¢aiin — System.dat comepxut nHpOpMaInio, OO0 JUIsl BCEX TOIB30-
BaTelell TaHHOIO KOMIIBIOTEPA: IMapaMeTpbl YCTPOUCTB, HACTPOMKHU HEKOTOPBIX ITporpamm u ap. Bropoi
¢aitn — User.dat siBisiercst ciequUIHBIM JJIs1 K&KI0TO MOJIb30BaTENs, COXpaHssi ero HacTpoiku. Oba
¢aiina umetor atpudyT «CKpBITHI». Ecin Ha KOMIBbIOTEpE 3aperucTpUpPOBaHO HECKOJIBKO MOJIb30BaTE-
neid, To B nanke \SystemRoot\Profiles\ xpansTcs B 0TAeIbHBIX KaTalorax «JIHYHBIE» (Qaiibl KaxI0ro:
cozaepxumoe Pabouero crona, riaBHOE MEHIO U JIp., a Takke yacTh User.dat cucremHoro peectpa. B manke
\SystemRoot\ Toxxe xpanutcs daitn User.dat, comepsxariuii HACTPOMKH CHCTEMBI TI0 YMOITYaHUIO (T. €. T,
KOTOpbIE OyIyT 3arpy’KeHbl, €CJIM B OTBET Ha 3allpOC MMEHH TOTB30BaTENs U Mapoiisl HaxaTh KiaBuiny Esc).
[pu 3arpy3ke KOMIBbIOTEpa MOCTe BBOAA UMEHH Mojb3oBaTens ¢aitn User.dat u3 katamora 3Toro noib30-
Batens BMecTe ¢ System.dat u User.dat u3 katanmora Windows 3arpykaercsi B MaMsTh U «CKJIEUBACTCS»
¢ Humu B equHoe 1enoe. B Windows NT (8B Bepcusx 1o Windows NT 4) peectp pacmonaraercs B marmkax
\SystemRoot\System32\config\ 1 B \UserProfile\Ntuser.dat. Peectp Windows NT mocnenaux mokoiaeHUR
(crapie Bepcuu 4.0) umeer Oosee CIOKHYIO KOHPUTYPAIUIO, KOTopas OyIeT pacCMOTPEHA MO3XKe.

dopmaT 6a3bl JAHHBIX UMEET PSAZ MPEUMYILECTB MO CPABHEHUIO ¢ (POPMATOM IIPOCTOTrO crucKa. JlaHHbIe
peecTpa 3alUIleHbl KaK OT HelpeIHaMepEeHHOH MOpYH, TaK W OT ciaydaiiHoro ynanenus. Kpome Toro,
MOCKOJIBKY BCSl CHCTEMHasi HH(POPMaIUsl HAXOAUTCA B OHOM MECTE, BBl MOXETE JIETKO U ObICTPO MOMy-
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YHUTh JOCTYI K WHTEPECYIONIMM Bac JTAaHHBIM, HE 3aHHUMAsCh YTOMUTEIBHBIM MIOMCKOM B HECKOJIBKUX Pa3-
po3HeHHBIX ucTouHuKax [12]. B Windows kaxibiii pa3 mocie yCHelnHoi 3arpy3kd KOMIIbIOTepa aBToMa-
THYeCKH co3jatoTcs pesepBHble komuu ¢aitnoB System.DAT u User.DAT mon umenamu System.DAO
u User.DAOQ. Dt (aiisibl MOTYT UCIIONIB30BAThCS IS BOCCTAHOBJICHHS TTOBPEX/ICHHBIX (DalijIoB peecTpa.
K coxanennto, Windows 98 He momaepKuBaer 3Ty Olepaluio, OAHAKO CPEACTBA BOCCTAHOBIICHUS peecTpa
B HEH Bce-TaKW peajii30BaHbl. B gaHHOM cityuae HEOOXOAMMO BBHIMOMHUTH CIEAYIONIYIO MTOCIEeI0BATENb-
HOCTb JiehicTBui [4]:

1) 3amyctuts [I9BM B pexxume Safe Mode Command Prompt Only;

2) mocne 3amycka [I3BM B pexxume MS-DOS mnepeiitn B manky command Windows, cd\Win-
dows\command;

3) HaOpaTh KOMaHIy: scanreg/restore;

4) BBIOpaTh MPEABILYIIYIO BEPCUIO peecTpa, KOTOPYIO BBl XOTUTE BOCCTAHOBUTD;

5) nepezanyctuth [I9BM.

Hanpsimyto gaHHBIE CHCTEMHOT'O peecTpa HeOCTYMHBL. VX Helb3sl MPOCMaTpUBaTh U PEAAKTHPOBATD
Tak e nmpocro, kak 3anucu B INI-gaitnax. J{ist paboThl ¢ peecTpoM mpeaHa3HAUEH PEIAKTOP peecTpa —
Registry Editor (yrunuta RegEdit. EXE nnu RegEd32.EXE).

Windows He nactamupyer yruauty RegEdit wim RegEd32 B mporpamMMHuyto Tpynmy u He co3aer
JUIS Hee sipJIbIKa B CTAPTOBOM MEHIO Juist ObIcTporo aoctyna. Ho 3To He ymyiieHue paspaboTaukoB Mic-
rosoft, a crienMagbHasE Mepa 3alMThl peecTpa OT HeKBATH(DUIIMPOBaHHBIX MOJb30BaTenel. HekoppekTHbie
OTepaIiy C PEeCTPOM MOT'YT HEOOPaTUMBIM 00Pa30M MOBPEANUTH BCIO CUCTEMY.

[pexxne yeM M3MEHSATH CHCTEMHYIO WH(OPMAIHIO, HEOOXOIUMO ClIENaTh PE3EPBHYIO KOMUIO peecTpa.
s aToli ienu B MeHio Registry nmeercs komanaa Export Registry File, oCcylecTBIISIONIAs] PE3EPBHOE KOIH-
poBaHHe Bcero peectpa. Beibepute ynoOHOE MECTO M JIETKO PACIIO3HABAEMOE MUMs ISl 3alMCH PE3EPBHOU
KOIIMM peecTpa, HanpuMmep KOopHeBoi kartanor u uMsi Registry. REG. He cienmyer u3MeHsATH pacmmpeHue
REG, nHaue BbI CTOIKHETECH C TPYJHOCTSMHU TPH BOCCTAHOBJIECHHH JaHHBIX. MMmeliTe B BuIy, uTO (aiin
sarmuckiBaercs B ASCII-popmare u Oyner 3anumath okono 4—5 MO.

Tenepsb, ecin U3MEHEHUE CHCTEMHOW MH(OpMaIMK NPUBENET K BOSHUKHOBEHHIO KaKUX-THO0 Tpo0-
JieM, BbI BCErjia CMOJKETE BOCCTAHOBHUTH TIEPBOHAYAIBHBIN peecTp, MO0 MMIIOPTHPOBAB PE3EPBHYIO KOMHUIO
C TIOMOILBIO PElaKkTopa peecTpa, MO0 MPOCTO BBHITIONHUB ABOWHOM IIETYOK HA UIMEHH SKCTIOPTUPOBAHHOTO
¢atina. B cimydae cepbe3Hoii ommOKu MoBpexaeHHbIe (aiiibl ciuctemHoro peectpa (System.DAT u User.DAT)
MOYXHO 3aMEHUTh WX PE3EPBHBIMH KOMMHUAMH, BOCCTAHOBUB TEM CaMBIM UCXOAHYIO KOH(PHUTYPAIIHIO.

HecMotps Ha HEOOXOAMMOCTH COOIIONATH BCe MEPBI MPENOCTOPOKHOCTH, MHOTa BCE-TaKH BO3HU-
KaeT TOTpeOHOCTh B MPSMOM AOCTYIE K CUCTEMHOMY peecTpy. [IpocToit mpocMOTp CI0KHON U MHOTOKOM-
MOHEHTHOW HepapXHYecCKOH CTPYKTYPbI MOKET OKa3aThCsl HEMPOCTOW U JOBOJILHO YTOMUTEILHOH 3a/1auei.
EnnHCTBEHHBIM abTepHATHBHBIM METOIOM MTOKUCKA OMPEIeNICHHON 3alMCcH (TOYHOE PACIONIOKEHHE KOTO-
POH HEM3BECTHO) SIBIAETCS MPUMEHeHHe Haxonsmuxcs B MeHto Edit xomana Find w Find Next c yka3a-
HUEM UCKOMOW CTPOKH HJIM KaKOTO-TH0O0 JPYroro M3BECTHOI'O 3HAYEHHS.

C Touku 3peHHs pa3paboTuuKa, Oojiee BAXKHO HE YMETh pelaKTHPOBATh PEECTp, a 3HATh, KAKUM 00-
Pa3oM OH HCIOJIBb3YeTCsS MPUIIOKEHHUIMH, T. €. KaK OHU 3alKChIBAIOT JaHHBIC B PEECTP M YUTAIOT U3 HETO
CUCTeMHYI0 nH(popManuio. J1jis 3Toro HeoOXOAUMO pa3odpaThC CO CTPYKTYPOIl peecTpa.

Peectp mpeactasiisier cob0il nepapXHUuecKylo CUCTEMY pasaeioB M moapaszaenoB. HarmsimHaee Oyner
MPEACTaBUTh CTPYKTYPY pPeecTpa B BHJE JiepeBa, pas3aelibl U MOpa3/ielbl KOTOPOro aHaJIOrHYHbI KaTallo-
ram ¥ mojKaTtaioraM (aiiyioBoii CUCTEMbI (MMEHHO TaKMM 00pa30M peecTp NpeACTaBiicH B OKHE Registry
Editor). Pazoen (key) nt000ro ypoBHS MOXKET COJIEPKATh OJUH HJIM HECKOJIBKO (PparMeHTOB MH(pOpMa-
UM (MapaMeTpoB), MOJ0OHO TOMY, Kak JF000H KaTalor MOXKET COAEePKaTh OAMH WIIM HECKOIBKO (aiiioB.
B paznene MoryT Taxke conepiKaTbes HOAPa3Aebl.

OcHoBy ctpykTypsl peectpa Windows 9x n NT mepBbIX MOKOJIEHHH COCTAaBIISIOT IIECTh PA3/IENOB BEPX-
Hero ypoBHs (Tabi1. 6.1), mpeaoCcTaBIsIFOIIMX TOCTYI KO BCEM OCTaJIbHBIM MOIPA3/IeaM.

Windows XP B oTiMuve OT CBOMX MPEAIICCTBEHHUI] HE UMEET OTPaHHUCHHS 10 pa3Mepy peecTpa.
Peectp Windows XP comepKuT msiTh OCHOBHBIX Pa3/IeiioB:

e HKEY_CLASSES_ROOT — xpanutcs uapopManus o 3aperuCTpUPOBAHHBIX KJaccaX, pacilu-
PEHUSAX JOKYMEHTOB;
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e HKEY_CURRENT_USER — xpanutcst H”HQOpMaIHs O TEKyIeH MoiIp30BaTebCKONH KOHPUTY-
palmu, BHEIIHEM BUJie pabovero cToia, CeTeBbIX HACTPOMKAX;

e HKEY_LOCAL_MACHINE — xpanutcs nHpOpMAaLusi O CHCTEMHOW W amnmapaTHOH KOHQU-
rypamnum;

e HKEY_USERS — xpanutcs nuadopmanus 000 BceX 3aperiCTPHPOBAHHBIX TIOIB30BATENSX;

e HKEY_CURRENT_CONFIG — Ttekymias anmnapaTHas KOH(UTYpaIHsL.

Tabnuya 6.1

Pazmen Conepxumoe

HKEY CLASSES ROOT Wudopmanus o 3aperucTpupoBaHHbIX KJIaccaX, PACIIMPEHUSIX JOKYMEHTOB H T. [I.
Ha camom nene qaHHBIN pa3fen sBISETCS CCBUIKON Ha MOAPAa3ael
HKEY LOCAL MACHINE\SOFTWARE\Classes

HKEY CURRENT USER Wudopmanns, o TeKylei moiap30BaTenbCKod KOHPUTypaliy, BHELTHEM BHIE
pabodero croia, CeTeBbIX HACTPOHKAX M T. 1. PeabHO 3TOT pasjien mpecTaBiser
co0oii cceutky Ha oapasner HKEY USERS s Tekyrero moias3oBarens

HKEY LOCAL MACHINE | NUudopmanust o cucTeMHOH (anmapaTHoii) KOH(GHUTypaliy, B TOM YUCIIe
0 TJ100aJIbHBIX HACTPOWKAX MPUIIOKEHUH, MOAJEPKUBAEMBIX YCTPOUCTBAX,
cXeMax IOJKITIOYEHHS YCTPOUCTB U T. 1.

HKEY USERS Wudopmanus 000 Beex 1Moab30BaATENSX,
3aperucTpUPOBAHHBIX B JOKAJIBHOM cUCTeMe (CM. pa3zael
HKEY CURRENT USER)

HKEY CURRENT CONFIG | Ccpuixa va nonpaznen HKEY LOCAL MACHINE \ Config \ XxXXXXX, TJIe xxxxxx —
YHCIIOBOM MapameTp, COOTBETCTBYIONIMN TEKYIIeH anmapaTHOH KOH(PHUTYpalin

HKEY DYN DATA Junammaeckue nanubie it yerpoicts tuna Plug-and-Play u VdX-npaiiBepos
BHPTYaJILHBIX YCTPOHCTB

Onementsl peectpa Windows XP xpaHsrtcs B Bujie aToMapHOW CTPYKTYphl. Peectp pasznensiercs Ha
coctaBHble YacTu (yiabu — hives), WM KyCThl. YJIbH XpaHATCS Ha JTUCKe B BUje QaitnoB. Hekxoropsie
yibu, Takue kak HKLM\HARDWARE, He coxpanstoTcs B aiiyiaX, a CO3ar0TCs MPU KaxJI0i 3arpysKe,
T. €. ABISIOTCSA M3MeHsieMbIMH (vola-tile). [1pu 3ammycke cuCTeMBI peecTp COOUpAeTCs U3 YIIbEB B SAUHYIO
JPEBOBUIHYIO CTPYKTYPY € KOPHEBBIMHU pa3zzenamu. B Tabmn. 6.2 nmepedncieHsl yabl peecTpa U X MecTo-
MOJIOXKEHHE Ha Jucke (1aHHble crpaeyubl A1 NT crapiie Bepcuu 4.0).

Tabnuya 6.2
VYnen Pacnonoxenue
HKLM\SYSTEM SystemRoot\system32\config\system
HKLM\SAM SystemRoot\system3 2\config\SAM
HKLM\SECURITY SystemRoot\system32\config\SECURITY
HKLM\SOFTWARE SystemRoot\system32\config\software
HKLM\HARDWARE W3mensiembiii yiei
HKLM\SYSTEM\Clone W3mensiembiii yieit
HKU\<SID mnonp3oBaTens> USERPROFILE\ntuser.dat
HKU\<SID noms3oBatens> Classes | USERPROFILE\Local Settings\Application Data\Microsoft\Windows\UsrClass.dat
HKU\.DEFAULT SystemRoot\system32\config\default
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Kpome nanHbIX (aiiiioB MMeeTcs psj] BCIIOMOraTeIbHBIX CO CISMYIOUIMMHU PAaCIINPEHUSIMHU:

¢ LOG — xypHan TpaH3aKIHH, B KOTOPOM PErUCTPUPYIOTCS BCE U3MEHEHUSI PEecTpa;

e SAV — Konuu yibeB B TOM BUJE, B KOTOPOM OHM HAaXOJWJIMChH ITIOCJIE€ 3aBEPLICHHS] TEKCTOBOM
(ha3bl yCTaHOBKHU.

Peectp siBnsieTcst HacTosIel 6a30i JaHHBIX, TOATOMY B HEM HCIIOIB3YETCsl TEXHOIOTHSI BOCCTAHOB-
nieHwus, moxoxkass Ha texHoioruto B NTFS. Ve ynomsuyteie LOG-daiinbl comepkaT KypHalI TpaH3aK-
LM, KOTOPBIMA XpaHUT BCE U3MEHEHUS. biarogaps aToMy peanusyercsa aToMapHOCTh PEECTpa, T. €. B AaH-
HBIA MOMEHT BPEMEHH B peecTpe MOTYyT OBbITh JIMOO CTapble 3HaUYEHHS, 100 HOBBIC, axke mocie cOosl.
Kaxk Bugum, B omiimuue ot NTFS 31ech o0ecrieunBaeTcsi COXpaHHOCTb HE TOJILKO CTPYKTYPHI peectpa, HO
u ganHbIX. K ToMy ke peecTp moaaepkuBaer takue mapamerpsl NTFS, kak ynpaieHue n30upaTenbHbIM
JOCTYIIOM H ayJUT COOBITHI — crucTeMa 0e30MacHOCTH POHU3BIBAET BCIO coBpeMeHHYI0 NT .

BuyTpu KOpHEBOro paszena HaxOATCS pa3leNnbl U IOAPA3JAENbl, KOTOPbIE aHAJIOTUYHbI KATAJIOraM
W TIOAKATaJI0raM XKECTKOro AucKa. Pasznen MoxkeT conmepkaTh HH(popMaluio WM JaHHele. Paznen u non-
pazzen moryt conepkath 0, 1 WM HECKOIBKO napamempos, NapaMeTp Mo yMOJIYaHHUIo, a Takxe 0 win
HECKOJIBKO Moipa3ienoB. Kaxaplil mapamMerp nMeeT UMsl, TUM U 3HaueHHe. Tpu 4acTu nmapamerpa peectpa
BCEr/Ia PacIoIaraoTcs B OINPEAEIICHHOM NOPsJIKE:

[RegistrySizeLimit] [REG_DWORD] [0x8000000]. ims, THI TaHHBIX, 3HAUSHUE.
3arrcH peecTpa, Ha3bIBAEMbIC HAPAMEMPAMU, MOTYT COIEPYKATh TAHHBIC PA3TMYHBIX THITOB (TA0. 6.3).

Tabauya 6.3

Tun gaHHBIX Omnmcanne

REG_BINARY HeoOpaboTaHHbIC JBOUYHBIC JJAHHBIC. BOIBIIMHCTBO CBEICHUI
00 amnmapaTHBIX KOMITOHEHTAX XPAHUTCS B BUJIC JBOUYHBIX JTaHHBIX
Y BBIBOJIUTCS B PEIAKTOPE PEECTpa B MISCTHAIIATEPUIHOM (opMaTe

REG DWORD JlaHHbIe, IpecTaBIeHHBIE IETIBIM YUCIOM. MHOrue napamerpsl
ciry0 M paiiBEpOB YCTPOMCTB UMEIOT 3TOT THUI M OTOOPaXKAIOTCS
B JIBOMYHOM, IIECTHA/IIATEPHYHOM MM JIECATUYHOM (opMaTax

REG_SZ TekcroBas cTpoka B (hopmaTe, YIIOOHOM JUTS BOCIIPHUSATHS YSTIOBEKOM.
3HAaYCHUSM, TIPEJICTABJISIONIIM COOON OMUCAHUS KOMIIOHCHTOB,
00OBIYHO TPUCBAMBACTCS KIMEHHO 3TOT TUIT JAHHBIX

REG _EXPAND SZ Pacmmpsiemas ctpoka gaHHBIX. JTa CTPOKa MpeCTaBIIseT co00it
TEKCT, COJIep Kallrii IepeMEeHHYI0, KOTOpasi MOXKET ObITh 3aMEHEeHa
IIPU BBI30BE CO CTOPOHBI NPUIIOKEHUS

REG MULTI SZ MHorocTpouyHoe nose. 3HaueHusl, KOTopble (PaKTHYECKHU IPeJICTaB-
JISIFOT COOOM CITMCKY TEKCTOBBIX CTPOK B (hopmare, yaoOHOM JIIst
BOCHPUSTHS YETOBEKOM, OOBIYHO NMEFOT MIMEHHO JTOT THII JIaHHBIX;
CTpoKH pazjienensl cuMmBoiiom NULL

REG FULL RESOURCE DESCRIPTOR | ITocnenoBaTenbHOCTD BIOKEHHBIX MacCHBOB, pa3padOTaHHast ISt
XpaHEHHUs CIIHCKa PECYpPCOB allapaTHOr0 KOMIIOHEHTA WU JipaiiBepa

REG_LINK CumBobHas ccbuika B konupoBke Unicode
REG_RESOURCE_LIST Cnucok pecypcoB JpailBepoB yCTPOHCTB
REG NONE Tun 3HaueHUs He onpeeseH

Cpenu HUX 4Yalle BCEro MCIOJIb3YIOTCS TaHHbIE, 3aICAHHBIC B JBOMYHOM, JCCATUYHOM, HIECTHA-
HATEPUYHOM M TEKCTOBOM (opmartax. OJHAKO HCIIOIB3YEMbIH THI AaHHBIX OKa3bIBaeT HE3HAUYUTEIBHOE
BIIMSIHME HA OINepallly YTeHUs U 3amucu Onaronapst npumenennio API-¢pynknuit RegQueryValueEx()
u RegSetValueEx(), 0 KOTOpBIX MBI TOTOBOPUM J1aJiee.
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§ 6.2. API-pyHKUMM gna paboTbl ¢ peectpom Windows

Windows API conepxxut 26 GpyHKUMH, MpeaHa3HaYeHHBIX AJ1s1 paboThl ¢ peecTpoM (BKITOYas 5 GpyHK-
Ui, KoTopble ciykaT it copmecTHMOocTH ¢ Windows 3.x). M3 Bcex 3THX (YHKUWH B MPHIIOKEHUAX
00BIYHO HCIIONB3yeTcst He Oojee Tpex-deThipex. Bce API-QyHKUWuM, mpuMeHsieMble JUIS BBITIONHEHHS
orepanuii ¢ peecTpom, nepeyrciensl B Tadm. 6.4.

Tabnuya 6.4
DyHKIUS Brmmonnsemoe neiicTere
1 2
RegCloseKey 3akpbIBaeT (OCBOOOKIACT) JECKPHUIITOP YKA3aHHOTO pa3zeia 0e3 OOHOBICHUS
peectpa; cM. Takxke pyrkmuo RegFlushKey (s Bcex Bepcuin)
RegConnectRegistry YcraHaBIMBaeT CBS3b C 3apaHee ONpe/esICHHBIM JIECKPHIITOPOM PEECTpa Ha JIPYroM
(YnaseHHOM WITM CeTeBOM) KoMIbloTepe. J{Jisl BBITOTHEHHST OTlepanuii ¢ JIOKaIbHBIM
peecTpoM He Hy)KHa (U1 BCEX BEPCHii)
RegCreateKey Co3zfaer 3aJaHHBIN pa3/ien Wid, €cId TAKOBOH y)Ke CYIIEeCTBYET, OTKPHIBAET €ro
RegCreateKeyEx Co3zfaer 3aJaHHBIN pa3/en Wid, eclId TAKOBOH y)Ke CYIIEeCTBYET, OTKPHIBAET €ro
(s Windows 98/95/NT)
RegDeleteKey VY nansier 3aqaHHbIN pa3nen u Bce ero noapasaens! (s Windows 98/95).
VY nanser 3aaHHbIA pa3/ien, HO He yaanseT ero noapasaeinst (uist Windows NT)
RegDeleteValue VY nansier 3HaueHre MIMEHOBAHHOT'O ITapaMeTpa U3 3alaHHOTO pa3jena peecTpa
(11 BCex Bepcuii)
RegEnumKey* CocTaBJsieT CIIMCOK MO/Ipa3/IeNioB 3aJAHHOTO OTKPBITOTO pasjiena
RegEnumKeyEx CocTaBJsieT CIUCOK MOpa3eNioB 3aJJaHHOIO OTKPBITOrO pa3zena
(s Windows 98/95/NT)
RegEnumValue CocTaBisieT CIUCOK MapaMeTpPoB, KOTOPBIE COAEPIKATCS B 3aJaHHOM OTKPBITOM
pazzaene (st Windows 98/95/NT)
RegFlushKey 3anuceIBaeT Bce aTpuOyThI 3aJaHHOTO pasjiesia B peecTp (Ui BCceX BEpCHid)
RegGetKeySecurity BosBpamiaer geckpunrop 0€30MacHOCTH 3aJJaHHOTO OTKPBITOTO pasena
(s Windows NT)
RegloadKey Coznaer noapazaen pazaena HKEY USER wnun HKEY LOCAL MACHINE,

RegNotifyChangeKeyValue

Hpexkie YeM KOMMPOBATh B ITOT HOApa3/eN HHOpMAaIHIo U3 yKa3aHHOTo (aiina
(11 BCex Bepcuii)

W3Belaer BoI3bIBAONIYI0 (YHKIHMIO 00 M3MEHEHHU aTPUOYTOB HJIH COAEPIKUMOTO
OTKpBITOrO pasjena. He usBemaer o6 ynanenun paszaena (s Bcex BepCHid)

RegOpenKey* OTKpBIBaeT yKa3aHHBIHN pa3zen, HO He CO3/1aeT €ro
RegOpenKeyEx OTKpBIBaeT yKa3aHHBIA pasjen, Ho He co3aaet ero (s Windows 98/95/NT)
RegQuerylnfoKey** UYunraer nHPOpMAIHIO 00 OTKPHITOM ITOfpa3zene, B TOM YUCIIE O ero pasMepe,

RegQueryMultipleValues

HOMeEpe, Ki1acce, aTpudyre 6e3omacHocTd U T. 1. (111 Windows 98/95/NT)

Bo3Bpaliaer TUI U JaHHBIC [UTS CIIUCKA UMEH MAPaMETPOB, CBSI3AHHBIX C OTKPHITHIM
pazaenoM (Juist Bcex Bepcuii)

RegQueryValue* Unraer 3HaYEeHHE, CBI3aHHOE ¢ OE3BIMSHHBIM ITAPAMETPOM YKa3aHHOTO OTKPBITOIO
pasnena

RegQueryValueEx** UYuraer 3HaYEeHHE, CBA3aHHOE ¢ OE3BIMSHHBIM ITAPAMETPOM YKa3aHHOTO OTKPBITOIO
pazznena (st Windows 98/95/NT)

RegReplaceKey 3ameHseT (aiin, B KOTOPOM XPaHATCS KOIMUU Pa3/ICNiOB U MOJPa3 ICIIOB, HOBBIM

daiinom. Ilpu nepe3amnycke CHCTEMBI pa3ieiibl U MOAPA3Iebl MONYIaT 3HAUCHUS
mapaMeTpoB, 3aaHHbIe B HOBOM (aiine (st Windows 98/95/NT)
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Oxonuanue maon. 6.4

1 2
RegRestoreKey UuTaer naHHbIE peecTpa U3 ykazaHHOro (aiina, KOmUpys UX B MOAPa3/AENbl 3aJaHHOTO
paszena ([u1st Bcex BEpCHiA)
RegSaveKey CoxpaHsieT yKa3aHHBIN pa3Jiel, IoApa3eibl U MapaMeTpsrl B (aiiie
(11 BCex Bepcuii)
RegSetKeySecurity YcranaBnuBaeT aTpuOyT 6€30MacHOCTH OTKpBITOro pasnaena (it Windows NT)
RegSetValue* Casi3bIBaeT OE3BIMSHHBIN MapamMeTp (TEKCTOBBIH) C ONPEIEIEHHBIM Pa3iesioM
RegSetValueEx** CoxpaHsieT JaHHbIE B 33JaHHOM ITapaMeTpe OTKPBITOTO pa3jiesia ¥ MOXKET IPUCBOUTh

paszeny JOMOTHUTENFHOE 3HaYeHue U nHpopmanuto o Ture (st Windows 98/95/NT)

RegUnLoadKey Brirpyxaer (ynansier) U3 peecTpa yKa3aHHBIH pa3Jie, BCE €ro Mmoapa3eibl U mapaMeTph
(s Windows 98/95/NT)

* dynxums obecrieunBaeT coBMecTuMocTh ¢ Windows 3.x.
** OYHKIMH, KOTOPHIC Yallle BCEro UCIIOIb3YIOTCS MPUIOKECHHSIMH.

API-pyukimu RegSetKeySecurity(), RegGetKeySecurity(), a Tarke mnapaMerpsl 0e30MacCHOCTH
HEKOTOPBIX IPYruX (PYHKIHHA MOXKHO MPUMEHSATH ToibKo B cpene Windows NT. Windows 9x He moazep-
’KHMBAeT 3alIUThl PEeCcTpa, MOATOMY aTpuOyThl OE30MACHOCTH MPOCTO UTHOPHPYIOTCS MIIM BO3BPAILAOTCS
B BHUJIC HYJICBbIX 3HAYEHUH.

PaccmotpumM ompenenenne HEKOTOPBIX OCHOBHBIX (yHKIMH paboTel ¢ peectpom. DyHknus Reg-
QueryInfoKey() onpenenena cienyromumM o0pa3oMm:

LONG RegQuerylnfoKey (HKEY hKey, // IeCKpHNTOp 3ampamruBaeMoro pasjena
LPTSTR IpClass, // cTpoka onmcaHus Kjacca

LPDWORD IpcbClass, // pazmep Oydepa cTpoku

LPDWORD IpReserved, // 3ape3epBUpOBaH

LPDWORD IpcSubKeys, // KOMTMYECTBO TO/IPA3/IEIIOB

LPDWORD IpcbMaxSubKeyLen, // pa3Mep caMoro JUIMHHOT'O MMEHH IOJ[pa3/iena
LPDWORD IpcbMaxClassLen, // pa3mep caMoii JUIMHHOM CTPOKHU OIMMCAHUS Kjiacca
LPDWORD IpcValues, // KOMMYECTBO MapaMeTPOB pa3zeia

LPDWORD IpcbMaxValueNameLen, // pa3mMep caMoro JUIMHHOTO MMEHH MapaMeTpa
LPDWORD IpcbMaxValueLen, // pa3Mep caMoro JUIMHHOTO 3HAYCHHUS [TapaMeTpa
LPDWORD IpcbSecurityDescriptor, // IIMHA TeCKpHUIITOpa 0€30MacHOCTH
PFILETIME IpftLastWriteTime); // IocrieiHee BpeMs 3a1ncu

B Ttabmn. 6.5 onucansl aprymentsl pyHkiun RegQuerylnfoKey. EqpHcTBEHHBIM apryMeHTOM, HEOOXO-
JIMMBIM 715 JTr00oro 3ampoca, sBisierca hKey, 3apatomuii pa3aen peectpa, HHPOpMAIMIO 0 KOTOPOM BBI
XOTHTE TTOJTyYHTb.

IMocpencreom ¢ynkumu RegEnumKey MOXHO OCYIIECTBUTH HUKIMUECKUN 3apoC UMEH MOpasjie-
JI0B. YKa3aHHas (YHKIIUS ONPEACSETCS CIASIYOIIUM 00pa3oM:

LONG RegEnumKey (HKEX hKey, // MECKpHUNTOp 3ampamrnBaeMoro pasjena
DWORD dwlIndex, // HOMep 3ampanmBaeMoro moapasena
LPTSTR IpName, // anpec Oydepa 1 UMEHHU TofIpa3esa
DWORD cbName); // pazmep Oydepa Just UMeHH TIOfpa3iea

Kaxnpiii pa3 mpu BeizoBe ¢ynkunn RegEnumKey co crnemyrommm 3HauenneM Homepa dwlndex
B nepeMeHHo# IpName Bo3Bpaimaercss uMs Ipyroil moacTpoku. Korma cnucok mojcTpoK 3aKaH4YWBaeTCs,
¢ynkums RegEnumKey Brigaer kox ommbkn ERROR_NO _MORE_ITEMS, cBunerenscTBytomieii o Tom,
4TO TozApa3AenoB Oonpiie HeT. [lopaaok, B KOTOPOM 3TH DJIEMEHTHI BO3BPAIIAIOTCS, HE UMEET 3HAYCHUSI.
o Tex mop, moka Mbl HE 3aJaJM HHJEKC, ISl KOTOPOro HET Moapasjena ¢ TAaKUM HOMEPOM, (YHKIUS
Oyner BozBpamiath 3HaueHne ERROR_SUCCESS, a B maccuBe IpName Oyner XpaHUTBCS HMsI COOTBETCT-
BytoIIero nojapaszena. [pu nmomyuenuu iarodoro pesyiabrupytoriero snadenus, kpome ERROR SUCCESS
u ERROR_NO MORE _ITEMS, nomkHO BEIBOAUTHCS cOOOIIeHKE 00 ommoKe.
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Tabnuya 6.5
Tun nanHbIX AprymeHT Ornncanne
HKEY hKey Jeckpunrop 3amnpammuBaeMoro paszeia (00s13aTeIbHBIN apryMEHT)
LPTSTR IpClass CTpoka omnucaHus Kjacca, CBSI3aHHOI'O € JIaHHBIM pa3/iejIoM
LPDWORD | IpcbClass Pasmep crpokoBoro Oydepa kiacca (IOIKEH 3a1aBaThCsl BMECTE
¢ aprymenToM IpClass)
LPDWORD | IpReserved 3ape3epBUpoBaH; Bceraa noxkeH nMerh 3Hauenue NULL
LPDWORD | IpcSubKeys KonunuectBo noapasnenoB, KOTOpbIe HAXOASATCS B 3alpallliBaeMOM
paszene
LPDWORD | IpcbMaxSubKeyLen Pasmep caMoro IJIMHHOTO UMEHHM IO/pa3iena
LPDWORD | IpcbMaxClassLen Pa3mep caMoli ATMHHON CTPOKM OMMCAHUS JUI KJIACCOB, CBA3aHHBIX
¢ ToapazaeaamMu
LPDWORD | IpcValues KonunuectBo mapaMeTpoB, cojepx aniuxcs B JaHHOM pazjene
LPDWORD | IpcbMaxValueNameLen | Pasmep camoro JJIMHHOTO U3 UMCH MapaMeTPOB, COACPIKAIIMXCS
B JIAHHOM pa3z/iele
LPDWORD | IpcbMaxValueLen HawubOompras qmuHa mapaMeTpa cpey mapaMeTpoB, COIepKaIIUXCs
B JIAHHOM pa3z/iele
LPDWORD | IpcbSecurityDescriptor JmHa neckpuntopa 6e3omacHocta (Tonbko st Windows NT)
PFILETIME | IpftLastWriteTime [Mocnemuee Bpemst 3amucu (Tonbko aast Windows NT)

Oynkius RegQueryValueEx(), npoussosiias urenre nHGOPMAIUU U3 pasjielia peecTpa, onpeje-

JIAETCS CISIYFOIUM 00pa3oM:

LONG RegQueryValueEx (HKEY hKey,
LPCTSTR IpValueName,

DWORD IpReserved,

DWORD IpType,

BYTE IpData,

DWORD IpcbData);

//meckpunTop pasjena Uit YTCHUS
// anpec IMEHH TIapaMeTpa

// 3ape3epBUpOBaH

//THTT TaHHBIX

// 3HaYeHHe TmapameTpa

// pa3Mep 3HaUEHUS MapaMeTpa

Oynkius RegSetValueEx, 3anuckiBaromias WHGOPMAIMIO B PEECTp, ONPEICISETCS CIEIYIOIIM

o0pazom:

LONG RegSetValueEx (HKEY hKey,
LPCTSTR IpValueName,

DWORD IpReserved,

DWORD dwType,

CONST BYTE * IpData,

DWORD cbData);

//MecCKpUNTOp paszena sl 3alHuCH
// anpec IMeHH TIapaMeTpa

// 3ape3epBUpPOBaH

// pnar Tuma mapamerpa

// anpec 3HaYeHUs ITapameTpa

// pa3Mep 3HauEHUS TapameTpa

Paccmotpum aprymentst pynkuuii RegQueryValueEx() u RegSetValueEx():
— hKey — uneHTHHIMpYET TEKyIIMil OTKPBITBIN pa3/ies WK OJUH U3 CIACAYIOUIMX MPEeIONpe/ieeH-
npix geckpunropos: HKEY CLASSES ROOT, HKEY CURRENT USER, HKEY LOCAL MACHINE

nmn HKEY USERS;

— IpValueName — ykasbIBaeT CTPOKY, COJEpKallylo UMs 3aluchiBaeMoro napamerpa. Ecinu panee
JaHHBIA TTapaMeTp OTCYTCTBOBAJI, TO TEHEPh OH J00aBISETCS B TEKYLIMI Pa3/er; eciii OH NMeeT 3HaUeHHe
NULL wnnm ykasslBaeT Ha IyCTYIO CTpOKy, a nepeMmenHast dwType umeer tun REG_SZ, To mapamerpy
IpValueName npucsauBaercs ums (default) (B Windows 3.x ¢ momomsto pynkimu RegSetValue);

— IpReserved — 3ape3epBupoBaH, nomkeH umers 3HaueHre NULL;
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— IpType — yka3bIBaeT Ha EpPEeMEHHYI0, KOTOPasi MOYKET MMETh OJIMH M3 THIIOB JJAHHBIX, TPE/ICTAB-
JIEHHBIX B Ta0m1. 6.3;

— dwType — uIeHTH(UIMPYET TUI 3aNKUCHIBAEMbBIX JIAaHHBIX. Bce BO3MOXHBIC HICHTH()UKATOPBI
TUTIOB TIEpeYHCIIeHbI B Tabm. 6.3.

— IpData — ykasbiBaer Ha Oydep, comepaliuii JaHHbIE, KOTOPbIE JOJKHBI OBITH 3alKCaHbl (3TOT
napamerp MoxkeT uMmerh 3HaueHue NULL, eciu nanHbIe He TPeOyHOTCS);

— cbData — conepuT pa3mep (B Oaiitax) Oydepa, 3amannbiii napamerpom IpData. [Ipu ncnons3o-
Banun TunoB aaHHbiXx REG_SZ, REG_EXPAND SZ u REG_MULTI _SZ B mapamerpe cbData HyxHO
YYHUTBIBATh HAJMYKE 3aBEPIIAIOIIETO HYJIEBOIO CHMBOJIA.

Pasmep Oydepa orpaHuurBaercs 10CTYIHOM mamsThio. C 1ebl0 MOBBIIICHHS OBICTPOJICHCTBUS 3HA-
YeHUs], pa3Mep KOTOpHIX TpeBbiiaeT 2 KO, MOmKHBI 3aUCHIBATHECS B BUE BHEITHUX (DailioB (MuMms daiina
coxpansiercs B peectpe). Kpome Toro, Takue 3j1eMeHThI, KaK 3HAUKH, PaCTPOBbIC W300pakKEHUsI U UCIIONI-
HSIEMbIE TPOrPaMMBbI, TAKXKE JOJDKHBI 3alUCHIBATHCS B BUJC UMEH (aiiioB, a HE BKIIIOYATHCS B PEECTP
LEITHKOM.
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FnAaBa 7
MPUHLUMUNBI PASPABOTKU MPOrPAMMHOIO KOOA
IANA OPTAHU3ALMU BE3ONACHOCTM B OC WINDOWS

§ 7.1. TexHonorum 6e3onacHocTn, peaansoBaHHble B Windows

Panee yxasbiBanoch, uto OC Windows nuneiiku 9x B omnune ot Windows nuneiiku NT siBisiercs
HEe3alMIIEeHHON cucteMoil. [loaToMy paccMOTpeHHBIN Jlanee MaTephasl OyJeT B OCHOBHOM ITOCBSIICH
CpeACTBaM 3amuThl, peasn3oBanHbiM B NT. Ho cienyer oTMETUTh, YTO HEKOTOPBIE JIeMEHTHI Oe3o1ac-
Hoct B Windows 98 Bce ke ObLIH 100aBiIeHEI [4], @ HIMEHHO:

— TMOAJEpKKa 3alUIIEHHBIX KaHAJIOB;

— MOJJIEPKA UHTESIUICKTYAJIbHBIX KapToueK (smart cards);

— BcrpoeHHas noauepkka API-QyHKiwmid, npeHa3sHaueHHBIX TS BBITOTHEHHS Olepaniii Mu(pOBaHUSL

— BCTpOEHHas mojzepkka anroputMa Authenticode;

— BCTpOEHHas mojzepkka mporpamMmbl Microsoft Wallet (Oymaskauk Microsoft).

[Tomnepkka 3alUIEHHBIX KAaHAJIOB OCYIIECTBISETCS C MOMOIbI0 npoTokona PPTP (Point to Point
Tunneling Protocol), KOTOpPBIil TI03BOJISIET BBITIOIHATH 0€30MaCHOE COSAMHEHUE C YIAAJICHHOW CEThIO JIake
MOCPEACTBOM HE3AIUIEHHOH ceTh. Takas CBsI3b yCTaHABJIMBAETCS C TOMOIIBIO 3alIM(PPOBAHHBIX HHKAIICY-
JUPOBAHHBIX TIAKETOB U OOECIIeunBaET BO3MOXKHOCTD BJIOKEHHsI OJHOTO MPOTOKOA B Apyrod. Hampuwmep,
TaKUM 00pa3oM IMOJIb30BaTENh MOXKET MOAKIIOYHTECS K Internet ¢ momomipio npotokonoB TCP/IP u ycra-
HOBUTH 3atuiieHHoe [PX-coennnenue co cBoeit oducHoii ceThro. [Ipu 3TOM 0OeceunBaeTcs ojIepIKKa
SSL 3.0, HoBo#i Bepcun nipotokonia SSL (Secured Sockets Layer), uTo nOBBIIIAET CTEIEHb 0€30MACHOCTH
npu oOMeHe TaHHBIMHK TI0 ceTsiM Internet u Intranet.

ITonnep:kka omepanuii ¢ MHTEIUIEKTYaJbHBIMU KapTOYKAMU PEAIM30BaHA B BUJIE ABYXYPOBHEBOHI
MOJIENH, BKITIOUAOIIEH IpaiiBepbl yCTPONUCTB CUNTHIBAHUS KapToUeK, a Taroke Habop API-dynkumii, nmpex-
HA3HAYEHHBIX Ul ayTeHTU(UKAIMH, 3aMMCH W YTEHHS JNaHHBIX. MHTenIeKkTyanpHble KapTOYKH BBIMOJI-
HSIIOT, 110 KpaifHel Mepe, TpU BakHbIe (YHKIUH: ayTEHTU()UKAMIO ITOJIb30BaTENeH MPH BXOJE B CUCTEMY
(BMecTO maposneil Wi B COYETaHUH C HAMH); TIpoBeJieHne (PMHAHCOBBIX onepanuii mo Internet u apyrum
ceTsiM; XpaHeHHe HH(POPMAIIMU O YelloBeKe (HarpuMmep, HHAWBUAYaJIbHbIC MPOTHBOMNOKA3aHUS K JIEKapCT-
BaM WJIM UCTOPHUS OOJIE3HHU).

[onnepxka API xpuntorpaduu, Texnonorun Authenticode n nporpammsl Microsoft Wallet peanu-
30BaHa B BUJIC MOJYJIeH, KOTOpbIe MHCTAIIMPYIOTCA Mpu ycTanoBke Internet Explorer.

B 1a6n. 7.1 nepeurcieHbl BO3SMOKHOCTH TIOICUCTEM 0e30MacHOCTH, peann3oBanHble B Windows 95,
Windows 98 1 Windows NT.

Tabnuya 7.1

Texuomorust Windows 95 Windows 98 Windows 2000
Authenticode Hancrpoiika (IE4) Ectp Ectp
PPTP-xnuent Hancrpoiika (IE4) Ectp Ectp
PPTP-cepep Her Ectp Ectp
WHTennexTyanbHble KAPTOUKH Hancrpoiika (IE4) Ectp Ectp
API kpurrrorpadun Hancrpoiika (IE4) Ectp Ectp
Microsoft Wallet Hancrpoiika (IE4) Ectp Ectp
bezonacHocTh Ha ypoBHE rpymi YactuuHo YactuuHo Ectp
BezonacHocTh Ha ypoBHE (haiiioB Her Her Ectp
[IpaBa 1 npUBHIErUN TOCTYNA AJISl OTAETBHBIX 00HEKTOB Her Her Ectp
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Kak mokasano B Taba. 7.1, Windows NT u Windows 98 mmeror MHOro 0oOIIUX TEXHOIOrui Oe3omac-
HOCTH, B YaCTHOCTH TEXHOJOTrHH, cBsizaHHBIX ¢ Internet. Ognako B Windows NT oHu peanu3oBaHbl Ha
Oornee BEICOKOM YpPOBHE.

XopotmuM IpuMepoM pasziaudus Mex 1y ypoBHsmu Oe3onacHoctd Windows NT u Windows 98 siBiisi-
ercs noctyn K (daiimam. B Windows 98 (u Windows 95) 3ammmra obecrieunBaercs TOJILKO Ha YPOBHE JIOC-
Tyla K JAUCKY W K Manke. B ykazaHHBIX cHcTeMax HeNb3S yCTAHOBUTH WHAMBHUAyaJbHBIE MpaBa JOCTyIa
K OTIIENIbHBIM (aitiaM. OTyacTu 3TO 00yCIOBIEHO TeM, YTo B cpeae Windows 98 cyiecTByeT MHOTO pas-
JUYHBIX CIOCO00B JocTyna K Qaitmy: nmocpeacrsoM DOS-npepeiBanmii, pynknuii BIOS, ¢pynknuit Win-
dows API, a takxe cpeCcTB pa3UUHBIX S3bIKOB MporpammupoBanus (Pascal, C++ u T. 1.). M3-3a Takoro
M300MIIHST BO3MOXKHOCTEH I0CcTyma K (aiiyiaM BO3HUKAET MHOXKECTBO «JIA3€eK» B CUCTEME 3alUThI, KOTO-
pBI€ OUEHb CIIOKHO MPEAYCMOTPETh U YCTPAaHUTh, HE IPEPhIBasi padOTy TEKYIIUX NpuiIoKeHui [1, 7].

TexHomorun 0€30MaCHOCTH Peau3yloTcsl ¢ MOMOIIBIO clienuaibHoro Habopa API-dynkumid, KoTo-
poiii HasbiBaeTcst APl Ge3zomacHocTi. XOTsI 3TOT HA0OP BXOIUT B cocTaB mozcuctembsl Win32 API, on
MOJTHOCTHIO peann3oBad Toinbko B Windows NT. C To4ku 3peHHS MPOTPaMMHUCTOB STO O3HAYaeT, 4To
nojHast 0€30MacHOCTh MOXKET OBITh OOecIieueHa JINIIb B 3TOH cucteMe. Takoi BBIBOJ HUKOTO HE YAWBUT,
B€Jb BCEM M3BECTHO, 4TO OCHOBHOE npeumyniectBo Windows NT nepen Windows 98 — 310 BcTpoeHHas
pa3BeTBICHHAs cHCcTeMa 0e30MacHOCTH.

B nacrostiee Bpems B oreparpionHoit cucreme Windows NT umeercs okono 80 API-yukiwmii, npea-
Ha3HAYEHHBIX IJis1 obecrieueHns OezomacHocTH (uckmrouass API-pyHkumm mis mmdpoBaHus JaHHBIX).
Tem ne menee API-pyHKIMHM, XOTS OBl YACTHYHO CIIOCOOHBIE paboTath B cpene Windows 98, MOHO mepe-
cuuTarh no nambiaMm. Kak mpasuno, co Bcemu API-gpynknusmu 6ezomacHoctr cucteMbl Windows NT
CBsI3aHBI (PYHKIIMH-3aTTTYIIKH, KOTOPBIE PACIIOIIOKEHBI B cooTBeTcTBYOMMX DLL-(daiinax. [Tostomy npu-
noxeHnue, paspadorannoe st Windows NT, 3arpyxaercs B cpene Windows 98 6e3 ormmO0ok KOMITOHOBKH.
CrenoBatenbHO, pa3padateBas npuiokeHue g Windows NT, Bbl caMOCTOSTENBHO JOIDKHBI ONperie-
JIUTh, KAKKE U3 €ro BO3MOXKHOCTEH JIOJDKHBI UCHOJIBb30BaThes npu padore B cpene Windows 98 (eciu
MPUIOKEHUE BOOOIIIE CMOXKET paboTaTh B 3TOU CPEIe).

Jlis KaKuX MPUIOKEHUH JEHCTBUTENBHO HEOOXOMMO 00ECIIeUunuTh 0€30MacCHOCTh YPOBHS CUCTEMBI
Windows NT? IlepBoodepeaHbIMH KaHAWAATAMH SIBJISIFOTCS. IPOrPaMMEI, BBITIOJHsIEMBIE Ha cepéepe. Kpome
Toro, OezonacHocts Ha ypoHe Windows NT HeoOxoauMa MpUIIOKEHHSM, UMEIOIIMM JOCTYN K cOOCT-
BEHHBIM 3allMIICHHBIM 00BbEKTaM (COBMECTHO HCMONb3yeMasi MaMATh, (ailiibl, ceMadopbl, CUCTEMHBIH
peecTp M T. 11.), a TaKKe OONBIIMHCTBY MPHIOKECHUH, IPUMEHSEMBIX B KAUECTBE CEPEUCOS.

J7ist ipeoTBpalieHus onepaii HECAaHKIMOHUPOBAHHOTO J0CTYMA K ONpeeIeHHBIM BO3MOXHOCTSIM
MPHUIIOKEHUS] WM K OINpPEAETICHHBIM pasjeiaM 0a3bl JaHHBIX MPOrpPaMMHCTY HEOOXOJUMO CaMOCTOS-
TEFHO OPTraHM30BHIBAThH CIICIHAIILHYIO MPOBEPKY 0€30MACHOCTH MPOrpaMMEI B CIEAYIOLIEH MOCIe0Ba-
TenpHOCTH [1]:

— MOATOTOBKAa CIHCKa BceX HWH(OPMAIMOHHBIX OOBEKTOB M /WU OIEpalyid, JOCTYN K KOTOPBIM
HeIb35 PEOCTaBIISITh 0e3 IPOBEPKH MOJTHOMOYHI MOIb30BaTENEH;

— pa3paboTKa JIOTHYECKOW CXEeMbl CHElHalbHBIX NMpaB M MPUBHIETHHA IOCTyMa, KOTOPbIE MOXKHO
MPEAOCTABIIATh PA3IMYHBIM MOJIB30BATESIM M/ HITU TPYMIaM NONb30BaTeNel, SKCILTyaTHPYIOUIMM Balry
nporpamMmmy;

— 3aJaHue B CBOEH Mporpamme MpoBepKH O€30MacHOCTH Be3jie, TAE OCYIIECTBISIETCS] JOCTYI K 3a-
HIMIIEHHBIM O0BEKTaM WM ONepaiusiM;

— OrpaHWYeHHe JOCTyNa K 3allMIIEHHBIM 00BEKTaM HM3BHE (HampuMep, ¢ MOMOLIbIO CTAHAAaPTHBIX
¢ynkuuit nocryna K daitnam). OOBIYHO 3TO TOCTHTAETCS MyTEM YCTAHOBKH aTpuOyTa OCTyHa K OOBEKTY
«TonbpKo IS aIMUHUCTPATOPa» M 3alycKa MPHUIIOKEHUS ¢ MPUBHIIETHAMH aIMHHHACTPATOPa, YTOOBI OHO
HMEJIO JIOCTYI K COOCTBEHHOMY OOBEKTY.

Cucrema 6ezonacHoctu B Windows NT ocHoBaHa Ha MojienT O€30MIaCHOCTH 07151 Kaic0020 NONb308a-
mens. [1pu BBIIONIHEHWN BCEX OTEpalfii, KOTOpbIe aKTUBU3UPYIOTCS TIOJIB30BATENIEM TOCTIE BXOJIA B CHC-
Temy (3aIlyCcK MPHIIOKEHHUH, JOCTYNl K MPUHTEPaM M JICKaM, OTKPBITHE U 3aKpbITHE (aiyioB), MPOU3BO-
JUTCS ITPOBEpKa TOr0, 00J1a/1aeT JIM MOJb30BaTEIh COOTBETCTBYIOIIUMHU IPaBaMH U NpUBMICerusiMu [ 1, 7].

API-pynkunn 6e3onacnoctd B Windows NT mpemnocTaBisiioT BO3MOXXHOCTb PErHCTPUPOBATH COObI-
THSI HA CUCTEMHOM YPOBHE M Ha ypOBHE NMPHIOKEHUH. DTO MO3BOJISET ONPEAENUTh, KTO M KOIrJa UMe
JOCTYI K Pa3MYHBIM KOMIIOHEHTaM cHcTeMbl. [locie Toro Kak moib30BaTelb BOMIEN Ha 3aIlWIICHHBIH
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cepBep, eMy aBTOMaTHYECKH MPUCBAUBACTCA MAPKep 00Cmyna. DTOT MapKep 3aKpeIuieH 3a Mojib30BaTe-
JeM Bce BpeMms, Moka oH Haxoautcs B ceth Windows NT. C npyroél cTOpOHBI, KaXXIOMy CHCTEMHOMY
00BEKTY COOTBETCTBYET OecKpunmop oOezonacnocmu (security descriptor — SD), KOTOpBIA COIEPKUT
pasnuyHyro HHGHOPMAIUIO, CBSI3aHHYIO ¢ 0€30MacCHOCThIO JaHHOTO 00bekTa. C MOMOIIBI0 MapKepa JI0CTY-
na ¥ Jeckpuntopa 6ezonacHocty cucteMa 3amuthl Windows NT nposepsier npu obpaiieHnu K 00beKTy,
WMEET JIU T10JIb30BaTeNlb IPaBo paboTaTh ¢ JaHHBIM O0BHEKTOM.

B Windows NT BctpoeHHBIE CpeicTBa OS30MaCHOCTH PEa30BaHbl TOIBKO sl OOBEKTOB sijpa orepa-
uuoHHOU cuctemsl (monacucrema Kernel). [loaTomy, co3naBast Takue 0ObEKTHI, KaK PacTpOBBIE PUCYHKH,
yKa3aTelny MBIIIH, TIepbsl, KUCTH, 3HAYKH, MeTadailyibl WM JeCKPUNITOPbI OKOH, BBl HE JOJDKHBI MPHHU-
MaTh MepbI 10 o0ecneueHno ux 3amuThl (¢ momomsio API-pynkumii 6e3onacroctn). Ho mpu cozpanuu
WM oOpamieHnu K oObexTam siipa ((aiiiibl, Manku, yCTporcTBa XpaHeHHsT HHPOPMAIMHU, KaHAJIbI, IIOYTOBBIC
CIIOTBI, TIOCIIEIOBATEIbHBIE MTOPTHI, Pa3/ielibl pEecTpa, KOHCOIBHBIE YCTPOMCTBA M IPHHTEPHI) HEOOXOJUMO
MPEAOCTaBIATh, M0 KpaiiHel Mepe, JIecKpUITop 0e30MacHOCTH (MM yKa3blBaTh BMECTO COOTBETCTBYIO-
mero napamerpa 3Hauenre NULL).

B cpene Win32 mocTossHHO MPUXOAMTCS CTaIKUBaThes ¢ API-QpyHKIusIMH, MpeaHa3HaYeHHBIME JUTS
MaHHITYJUPOBAaHUS 00BEKTaMU siipa. DTH (PYHKIMK B Ka4ecTBE apryMeHTa BCerja MPUHUMAIOT yKa3aTelb
Ha cTpykTypy SECURITY_ ATTRIBUTES. I[TonoOHble (GyHKINN MBI YK€ pacCMaTpUBAIN paHee, Hallpu-
Mep npu co3aanun motokoB u mporeccor (CreateThread()):

HANDLE CreateThread (

LPSECURITY ATTRIBUTES IpThreadAttributes, // mpuBunerun goctyna

DWORD dwsStackSize, // Mo ymomyanuto paseH 0
LPTHREAD START ROUTINE IpStartAddress, // yka3aTens Ha CTApTOBYIO (DYHKITHIO

LPVOID lpParameter, // 3HaueHHe, epeaaBacMoe pyHKIMH

DWORD dwCreationFlags, // aKTUBHOE COCTOSHHUE WJIH COCTOSIHUE OXKUIAHUS
LPDWORD IpThreadId ); // 31mech cucTeMa BO3BpAIaeT HICHTU(PUKATOP TOTOKA

Yaire BCero mporpaMMHUCT MPUMEHSET TaHHYI0 (DYHKIMIO, TpocTo 3aaB 3HadeHue NULL B kauecTBe
aprymenTa IpSecurityAttributes. Takoli moaxo sIBJISETCS yIaYHBIM P Pean3allii OOJNBITMHCTBA CTaH-
JapTHBIX OMepalyii JOCTyna. JTO CBsI3aHO ¢ TeM, 4To npu 3a1anun 3HadeHust NULL ncnons3yercs Habop
napameTpoB cTpykTypsl SECURITY ATTRIBUTES, xoTopslii 3a/1aH 110 yMOITYaHUIO.

Ecnu HeoOxoauMo HeuTo Oosbliee, yeM aTprOyThI, 3aJaHHBIEC 10 YMOTYAHUIO MTOCPEACTBOM 3HaUe-
uust NULL st crpykrypet SECURITY ATTRIBUTES, HyskHO Bpy4HYI0 CPOPMHPOBATH 3Ty CTPYKTYPY.

§ 7.2. CospaHue cTpykTypbl SECURITY_ATTRIBUTES

Ha nepgsiit B3rmsaz, B ctpykrype SECURITY ATTRIBUTES Her Hudero cio)xHoro:

typedef struct SECURITY ATTRIBUTES
{

DWORD nLength; // pasamep crpykrypsl SECURITY ATTRIBUTES;
LPVOID IpSecurityDescriptor; // meckpunTop 6€30MacHOCTH
BOOL blnheritHandle; // OyIeT i AeCKPUITOP HACIECOBATHCS IOUYSPHUM MPOIECCOM.

i
SECURITY_ ATTRIBUTES; *LPSECURITY_ ATTRIBUTES;

3anonautk noyie nlength odens npocto (M odeHb BaxkHo!) [1]. YcranoButh duar blnheritHandle
TaKkXKe HEeCJIOKHO: OH MMeeT 3HadeHue Tuma Boolean. A BOT BTOpoe Toe, KOTOpoe MpencTaBiisieT coooit
ykazarenb cTpykrypbl SECURITY DESCRIPTOR, Mbl paccmotpum Gosee moapoOHo. Ecnu BeI He xoTHTe
UCIIONTB30BaTh MeXaHU3MbI Oe3onacHocTH, IpSecurltyDescriptor moxxHO npucBouTsh 3HadeHre NULL. Ecnu
BBl HAMEPEHBI 3alUTUTh OOBEKT OT HECAHKIIMOHUPOBAHHOIO JIOCTYIA, HEOOXOAUMO CO3JaTh CTPYKTYpY
SECURITY_DESCRIPTOR, cooTBEeTCTBYIOIIYIO 3TOMY OOBEKTY, U BHECTH yKa3aTellb Ha Hee B CTPYK-
Typy SECURITY_ ATTRIBUTES.
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Crpykrypa SECURITY_DESCRIPTOR (SD) xpanut B cebe HHPOpPMAIUIO, CBI3aHHYIO C 3aIUTOH
HEKOTOPOro 00beKTa OT HECAHKIIMOHUPOBAHHOTO JIOCTyNa. B 3To# cTpyKType coaepkutcsi nHpopMaIus
0 TOM, KaKHe MOJIb30BaTeNN 00JIaal0T MPaBOM JIOCTYMa K OOBEKTY U KaKue ACHCTBHSI 3TH TIONb30BaTENN
MOT'YT BBIIIOJIHUTH B OTHOIIEHUH 3TOro o0bekTa. ClemyeT OTMETHTh, YTO BHYTPEHHEE CTPOSHHE CTPYKTYPHI
SECURITY_ DESCRIPTOR ne noxkymentupoBano. Ykazatenb Ha cTpykrypy SECURITY DESCRIPTOR
B coctaBe cTpykTypsl SECURITY ATTRIBUTES sBnsiercss ykazatenem Ha Tin void. [Ipennonaraercs,
yTo ecnu Bbl 3Haere o crpoeHuu cTtpykrypel SECURITY DESCRIPTOR, TO Teopermueckun MoxkeTe
000WTH cUCTEMY 0€30IMaCHOCTH.

Heckpuntop 0e30macHOCTH 00bEKTa XPaHUT B ce0e CIEAYIONTYI0 HH(POpMAIIUIO:

SID (Security ID) Bnagenbiia 00bexTa;

— SID ocHOBHOI IpyIIITBI BiIaJieblla 00bEKTa;

— JMCKPENHOHHBIN CIUCOK yrpasieHus noctymnoMm (Discretionary Access Control List, DACL);

— CHCTEMHBIH CIHCOK yrpasiieHus jgoctynom (System Access Control List, SACL);

— ympasisitonias nHpopManus (HanpuMmep, cBeeHus o ToM, kak cnuckun ACL nepenatot nadopma-
LU0 IOYSPHUM JIECKPHUIITOPaM 0E30IIaCHOCTH ).

Wnentudukarop 6ezomacHoctr (SID) npezcrariser co0ol CTPYKTYpPY MEPEMEHHOMN JUIMHBI, KOTOPAst
OJIHO3HAYHO HWICHTH(HIIMPYET IMONB30BaTENlsl WM TPYIMIy Mojb3oBateneil. BHyTpu maeHTHdukaTopa
OezomacHocTH (cpean mpoueil nHpopManmn) conepkutcst 48-pa3psaHbIil YHUKAIbHBIA KO/ ayTeHTU(U-
LUPOBAHHOTO JIHIA (TIOJIb30BATENS WIIM TPYIIIBI), COCTOSIINN U3 3HAYEHUS YPOBHSI IOCTYIIA, KOJja OCHOB-
HOT'O ¥ BTOPUYHOTI'O JIUTIA.

Criucok DACL onpenensier, kto o0sianaer (4 KTo He 00J1a7aeT) MPaBoM JIOCTyNa K 00bekTy. CIUCcOK
SACL ompenensier, nHpopMalys 0 KaKux IeHCTBHIX BHOCHTCS B (aiii xKypHaia.

Ho xak MOXHO co3/1aTh JECKPHUNTOP O€30MaCHOCTH, €CIIM Bbl HE 3HAETE €ro CTpyKTyphl? s stoi
LU ClIeyeT MCIONb30BaTh CHCTEMHBINH BBI30B InitializeSecurityDescriptor. Dtoli pyHKIHMM ciexyeT
nepenarh ykazatenb Ha jgeckpuntop OesonacHoct SECURITY DESCRIPTOR wu 3nauenne DWORD,
KoTopoe cozepxut Homep peBusnu cTpykrypsl SECURITY DESCRIPTOR. B xauectBe BTOpOro apry-
MeHTa cienyeT ucnoib3oBarh 3HaueHne SECURITY DESCRIPTOR_REVISION.

Oynkuwms InitializeSecurityDescriptor HHUIIMAIM3UPYET YKa3aHHBIA BaMU JIECKPHIITOP TaKMM 00pa3oMm,
yto B HeMm orcyTcTByer DACL, SACL, Bnagenen 1 OCHOBHAs TPYIINa BiAJENblla, a BCE YIPABISIONINE
¢arn ycranosiens! B 3HaueHne FALSE. Ipu sToM aeckpunTop mmeer abcomoTHBIN GopmaT. YTo 310
3naunt? Jeckpunrtop B abcomtotHOM (absolute) popmare CoaepKUT JHIb yKa3aTeau Ha WH(OPMAIIHIO,
CBSI3aHHYIO C 3allUTONH O00BEKTa. B OTIIMYME OT 3TOr0 JECKPUIITOP B OTHOCUTEIBLHOM (self-relative)
(dhopmaTe BKIIIOYAET B ceOs1 BCEO HEOOXOAMMYIO MH(POPMAIIHIO, KOTOpasi PacIioyiaraeTcsl B MaMsTH MOCIIe-
JOBaTeNbHO, MOJie 3a ToIeM. TakuM 00pa3oM, aOCOTIOTHBIN AECKPUIITOP HENb3s 3alucaTh Ha JTUCK (Tak
KakK [P MOCeqyIoIeM YTeHHH ero C AMCKA BCE YKa3aTeld MOTEPSIOT CMBICHT), @ OTHOCHTENbHBIN JIECK-
PHUITOP — MOKHO.

Windows mo3Bojisier mpeoOpa3oBhIBaTh a0COMIOTHBIN JECKPUIITOP B OTHOCUTEILHYIO (OpMY U 00-
paTtHO. OOBIYHO 3TO TpebyeTcs UL B ClIydae, ClIM Bbl 3alTUCHIBAETE IECKPUIITOP Ha JIMCK U CUUTHIBACTE
Jeckpuntop ¢ aucka. CUCTeMHBIE BBI30BBI, TPeOYIOIIHe epeaaul yKa3aTels Ha AeCKpUITop 0e30macHo-
CTH, pabOTaOT TOJIBKO C JACCKPUTIITOPAMH B a0COJIFOTHOM (popmarte.

[IpeobpazoBanue ocymectBisiercs npu nomomn pynkuuii MakeSelfRelativeSD u MakeAbsoluteSD.
[IpeoOpazoBaTh abCOMOTHYIO (OPMY B OTHOCHUTENBHYIO HecinokHo. OnHako oOpaTHOe mpeobpa3oBaHue
(M3 OTHOCHTENBHON B aOCOTIOTHYIO) OOBIYHO BBIMIOJHSETCS B HECKOJBKO 3TamoB. Jleno B TOM, YTO MpH
3TOM HE0OXOIMMO MOATrOTOBHTH HECKOJIbKO Oy(epoB B mamsTH U MepenaTh yKazaTeld Ha HUX B (QYyHK-
o MakeAbsoluteSD.

Hns pabotel ¢ uaentuduraropamu SID ucnone3yrorest aBe ocHoBHBIE (yHKIMU: LookupAccount-
Name u LookupAccountSid. Otu ¢yHKINM MO3BONAIOT Tpeodpa3oBaTh uiaeHTHHKaTop SID B mMMs
YUYETHOMH 3aIlUCH U HA00O0POT — MMsI YUETHOM 3ammicH B uaeHtugukatop SID.

Ecnu mporpamma pabortaer B ceTeBOil cpeie, OHa MOXKET OOpaTHTHCS K ATUM (QYHKIMIM C yJalleH-
HOT'0 KOMIBIOTEPa. JTa BO3MOKHOCTh MOXKET MPUTOIUTHCS, HAIIPUMeEp, TP pa3paboTke cepBepa, KOTo-
pBIi 00CITYy:)KMBaeT yaleHHbIX KIHeHTOB. [Ipyu oOpamieHnu K m060ii u3 3TuX QyHKIHN B KauecTBe HMEHH
KoMIbroTEpa MOXHO yka3zarb NULL, U TOorja Bbl CMOXETE€ MOJYYUTh HMHTEPECYIOLIUE Bac CBEACHUS
OTHOCHUTEJIBHO JIOKAIBHBIX TOJIb30BaTENeH.
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[Momumo umenn unu uaeHtudukaropa SID kaxgas U3 3THX QYHKIUH Takke cOOONIaeT 3HAUYCHHE
MEPEUYMCIIIEMOr0 THUIIA, yKa3bIBaIOIIEe, KAKOMY KIIACCY O0BEKTOB cooTBercTBYeT 3TOT SID (Tabm. 7.2).
[epemennas Tuna SID_ NAME USE conepsxut kinacc uneatuduraropa SID, ¢ KOTOpBIM BBl UMEETE JIENO.

Tabnuya 7.2
Nwms Ornmcanne
SidTypeUser OOBIYHBIN TIOTB30BATEIb
SidTypeGroup OO0bIyHas Tpynmna
SidTypeDomain JlomeHHO€e uMst
SidTypeAlias [ceBmonum
SidTypeWellKnownGroup Xopolo n3BecTHas rpyImma
SidTypeDeleted Account Crapas ydeTHast 3aIHiCh
SidTypeUnknown HewusBecTHBI# 00BbEKT

Urto0b! MOYYUTh UMS TEKYIIIErO MOJIb30BaTENs, ClIeNyeT Ucroiib3oBaTh GyHkimio GetUserName. [Toimy-
YHMB UM, BBl MOXKETE ONpeAenTh cooTBeTcTBYOmUi SID npu momonwm ¢ynkumnn Lookup AccountSid.

He Bcem unentudukatopam SID cooTBercTBYIOT MMeHa. Hampumep, B mporecce MOIKIIOYEHHS
K CHCTEME TOJIb30BaTENI0 MPUCBAaUBAETCsl MPOU3BONBHEIN SID, uaeHTuGHIMpYOmuil TeKymuii pabounii
ceanc. 7ot SID He ob6aamaer cooTBETCTBYIOMMM eMy uMeHeM. K QyHKuuaIM, KoTopble MOTYT OKa3aThCst
noJyie3HbIMH TIpu pabote ¢ SID, moxuo otHecTn AnocateAndlInitializeSid, InitializeSid, FreeSid, CopySid,
IsValidSid, GetLengthSid u EqualSid.

OnemMeHT ynpasienus aoctynom (Access Control Element — ACE) — 3T0 3anuch, KOTOpas yKa3bi-
BaeT Ha TO, YTO HEKOTOPHIN MOJIB30BATENb (WM TPyIa) 00jaaaeT onpeieicHHbM paBoM. 3anucu ACE
ObiBatoT Tpex ocHoBHBIX pasHoBuaHocTeil; ACCESS ALLOWED ACE TYPE, ACCESS DENIED
ACE _TYPE u SYSTEM_AUDIT ACE TYPE. 3anmuce ACE nepBoro Tuma HajaemiseT nojip3oBarens (Win
TpyIIy) HEKOTOPHIM MPaBOM. 3alHCh BTOPOrO THUMA OTMEHSET 3TO MPaBO B OTHOLIEHWH MOJIb30BATEN
(unu Tpynmbl). 3amuck TPEThEro THIAa 0003HaYaeT HEOOXOAUMOCTh OCYIIECTBICHHUS ayIuTa TPH MOIb30-
BaHUM MIPABOM.

Crucok ynpasiienus: nocrynoM (Access Control List — ACL) — ato nabop 3anwmceri ACE. [{uckperu-
onHbIl criucok DACL conepxut 3anucu tuna ACCESS ALLOWED_ ACE TYPE u ACCESS _DENIED
ACE_TYPE, a cucremnsiii ciicok SACL coaepxxut 3anucu tuna SYSTEM AUDIT _ACE TYPE.

Kaxnas 3anuce ACE, ompenensiomnasi ypoBeHb JIOCTyla K 00beKTy, oOnamaer 32-OMTHOW MacKok
ACCESS MASK. Drta macka siBisiercss HA0OpOM OHT, KOTOPBIC OMPE/CISAIOT, KaKUE TpaBa MpeIocTaB-
Jisier WM oTMeHsieT nannas 3anuch ACE. 3HaueHue kaxjioro Ourta onpeaeisercs 00beKTOM, MO OTHO-
HICHUIO K KoTopomy mpumMensiercss nanHas ACE. Hanpumep, HaGop mpaB, KOTOpbIE MOXXHO HA3HAYUTh
B OTHOULICHUH ceMadopa, OTIMYAETCs OT Habopa MpaB, KOTOpble MOYKHO HAa3HAYWTH B OTHOLICHHH (aiiia.
Bce ke cymiecTBYIOT 4eThIpe MpaBa, KOTOpblE MOXXHO Ha3HA4UTh B OTHOLIEHHH aOCONIOTHO JH000T0
samuiaemoro oobekta — 310  GENERIC READ (0606mmennoe urenue), GENERIC WRITE (0606-
mennas 3amuck), GENERIC EXECUTE (o606mennoe ucnonuenne) 1 GENERIC ALL (Bce mnpaga).
OTUM 4eThIpeM TpaBaM BCErlla COOTBETCTBYIOT oAHU U Te ke Outhl B Macke ACCESS MASK mo6oii
3amucu ACE.

Kaxpiii cucteMHbIN 00BeKT WK (aii odiaaet uHMBUAyaIbHbIM crinckoM ACL. Uto0Obl obecrie-
YUTH 3aIUTy JAAaHHBIX, O CYIIECTBOBAHMHM KOTOPHIX CHCTEMa HE HMMEET IMpECTaBICHUS, HEOOXOAUMO
CaMOCTOATEIFHO CPOpMHUPOBAaTh COOCTBEHHBIH cricok ACL M coxpaHHUTh €ro crenuanibHbIM 00pa3oMm.
Cucrema 6€30MaCHOCTH MOKET MCIONB30BATHCA JUIS 3aIIUTHl O0BEKTOB HECKOIBKUX Pa3HBIX THITOB. J{J1st
JOCTyNa K JIECKPUNTOPY O€30MacHOCTH KaXKJIOro M3 3TUX OOBEKTOB CIEAYyeT HWCIONb30BaTh pa3HbIE
¢ynkuuu (tabmn. 7.3).

130



MpuHLMMbI pa3paboTKu NporpammHOro Koaa asa opraHusauum 6esonacHoct 8 OC Windows

Tabauya 7.3
Twum o6bekTa IIpumepsr DyHKIMUU
@aiiner (Files) @aiinsl NTFS, nMeHOBaHHbBIE KaHATIBI GetSecurity, SetSecurity
IMone3oBatens (User) OxHa, MEHIO GetUserObjectSecurity,
SetUserObjectSecurity
SAnpo OC (Kernel) JleckpunTops!l MPOIECCOB U TIOTOKOB, GetKernelObjectSecurity,
00BEKTHI OTOOpa)KEHHUS B TAMSTD U T. I1. SetKernelObjectSecurity
Peectp (Registry) Kitroun RegGetKeySecurity,
RegSetKeySecurity
Cmyx05I (Services) JTrob6as cyxba QueryServiceObjectSecurity,

SetServiceObjectSecurity

UYacrnsrii (Private) OmnpenersieMbIe MOIb30BaTeIeM 00bEKTHI CreatePrivateObjectSecurity,
GetPrivateObjectSecurity,
SetPrivateObjectSecurity,
DestroyPrivateObjectSecurity

Korma roBopsT 0 3amuTe TaHHBIX, TO Yallle BCET0 UMEIOT B BUy (aiiyiel. Ha camom Jniene B HEKOTO-
PBIX CHTyalUsX MOXKET MOTPeOOBaThCs OrpaHHUYCHUE JOCTyIa K 00bEKTaM JAPYTUX THIOB. B HEKOTOpBIX
CUTyallusaX MOXET BO3HUKHYTH HeO6XOI[I/IMOCTI) B CO3JaHUH BallluX CO6CTBCHHI)IX OGBCKTOB, J0CTyl
K KOTOPBIM HEOOXOIMMO KOHTPOIHPOBaTh. Windows MOXeT He 3HaTh O CYIIECTBOBAHUU 3TUX OOBEKTOB,
O/THAKO 3TO HE 3HAYHUT, YTO XpaHAIIAACA B HUX I/IH(bOpMaHI/ISI HE HYXJACTCA B 3allIUTE.

[IpencraBeTe, HamIpUMep, YTO BbI pa3pabaThiBaeTe 0a3y AaHHBIX, COIEPKAILYI0 HHPOPMAIHIO O 3a-
paboTkax COTpPyIOHHMKOB. i 3amuThl 3TOM WH(pOPMAIMM MOXXHO HCIOJb30BaTh Ballld COOCTBEHHBIC
cnucku ACL, coxmeprkalime CBEIEHUS O TOM, KTO MMEET JIOCTYN K JaHHBIM O 3apmuiate. Eciau 0asza
JAHHBIX MOJyYaeT 3alpoc OT HeaBTOPU3UPOBAHHOTO MCTOYHHMKA, CUCTEMa MOXKET BHECTH COOOILEHHE 00
3TOM B XYPHAJ ayIuTa, MOJTHOCTBIO 3allPETUTh JOCTYI K 0a3e JAaHHBIX MIIH MepeiaTh OOpaTHBIIEMYCS
KIIMEHTY BCE 3alpalliBacMble UM JaHHBIC 33 UCKIIIOYEHHEM CEKPEeTHOH MH(OpMaIiH, BMECTO KOTOPOii
OyzeT nepesan CUMBOJ 3BE3JJOUKH.

Paccmotpum npuHnmn noctpoenust criuckoB ACL [1]. Cnimcok ACL — 310 00:1acTh IaMsITH, COfIepiKa-
mas 3arooBok ACL 1 HekoTopoe konudecTBo (viu HE ofHoit) 3anuceid ACE. B cBoro ouepens, 3anuch
ACE Bxirouaer B ce0st ACE_HEADER u onny u3 crpykryp: ACCESS ALLOWED_ACE (cootBerct-
Byer paspemaromeii 3anucu) wim ACCESS DENIED ACE (cooTBeTcTByeT 3ampeliaroiieii 3amnuci).
[pu 3anomuennn cnrickoB ACE B Windows NT 4.0 (1 B OGosiee paHHMX BEPCHSIX) CIICIOBAJIO CICAUTD 3a
tem, utoObl 3anmucu tunma ACCESS DENIED ACE pacnonaraiuch B CIHCKE paHbIIe, YeM BCE OCTalb-
HBIC 3amucH. J{erno B TOM, YTO 3allpelialoniyue 3anruci UMEIOT OONBIIHIA Bec, YeM pa3pellarolie 3amicy.
Ecmu B ciucke ACL ofHa 3amuch paspemiaeT HEeKOTOPOMY IMOJIb30BaTEN0 JOCTYI K OOBEKTY, a Apyras
3aIUCh 3allpeiaeT dTOMY JKe MOJIb30BATeNI0 JOCTYI K 3TOMY K€ OOBEKTY, TO B CHJIy BCTYMaeT UMEHHO
3ampeniaronas 3anucb. B aToM citydae paspelnaromiasi 3alluch UTHOPUPYETCS M TOJIb30BATENb TEpsieT
mpaBo Ha aocTyn K 00bekTy. B Windows NT 4.0 5T0 ycinoBue BBIOTHSIIOCH TONBKO B TOM CIydae, eciiu
3arpeliaonye 3anicy pacnonaraimuck B Havyasne crucka ACL.

OpnHoit u3 npobiieM, Bo3HUKatoIuX npu padote ¢ ACL, siBiiseTcst clieayromiee 00CTOATENLCTBO: JIIs
TOro utoObl copmupoBaTh cnrcok ACL, BB TOJDKHBI BBIYMCINTB €r0 TOUHBIA paszmep. Crucok ACL
JIOJDKEH 00J1aJIaTh Pa3MepoM, JOCTATOYHBIM JIjIsl TOTO, 4ToOBI BMecTUTh B ce0si Bce ACE. OnHako pa3Hbie
3amucu ACE MoryT BkirouaTh B cebsi pazHoe KomudecTBo 0aiT. Takum oOpa3om, 3aiada BHIYUCICHUS
pasmepa ACL MOoeT oKa3aThCsl HEMPOCTOH.

Pasmep 3anucu ACE 3aBucut ot ee Tuna u juimHbl SID, xoTopelii B Hell conepkutes. s 3anuceit
ACE, pa3permaronux 10CTyI, JJIUHA 3allUCHA COCTABIISECT:

L= sizeof(ACCESS ALLOWED_ACE) — sizeofl ACCESS  ALLOWED_ACE.SidStart) +
+ GetLengthSid((PSID)ace.SidStart);

Kak BuiHO, K JUIHHE 3ar0JIOBKA (3@ BBIUETOM JUIMHBI IepBoii yacTu SID) mobasmnsercs anuHa SID.
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Takum obpa3om, pasmep ACL paBasiercss pasmepy cTpyktypbl ACL mroc cymma pasmepos Beex ACE,
BXOAALINX B CITUCOK. 3a4acTyIO0 BO3HUKAET COOJIa3H HE TPAaTHTh BpeMsl Ha PacyeThl, a MPOCTO 3ape3epBU-
pPOBaTh JOCTaTOYHO OOMBLION Oydep B MaMAITH U MPEAIONOKUTh, YTO BBIJCIEHHOTO MECTa JOJKHO XBa-
TUTH JJIs1 pa3MEIICHUs BCEro crucka. B obmiem ciydae takoit moaxoj He 3ampemaercs — ACL moxker
005aaTh pa3MepoM OONBIINM, YeM pa3Mep, AOCTATOUHBIH I XpaHEHHS BCEX €ro 3amucei.

Koraa BBl mony4unu JocTaTOYHO 0OBbEMHBIN Oydep, BBl T0MKHBI HHUIManu3npoBate ACL npu
romori Bei3oBa InitializeAcl. [Tocie 3Toro MoxkHO J100aBisATh B criucok 3amuck ACE. [lyis aToro cinyxat
¢ynkiuu AddAccessDeniedAce u AddAccessAllowedAce. Kaxknast u3 3TUX (YHKIUNA MPUHUMAET
B KauecTBe apryMeHToB ykasarenb Ha Oydep ACL, xoncranty ACL REVISION, mpaBa, KOTOpbi€ BbI
HaMepeHbl MPEJOCTaBUTh WM OTMEHUTh, a Takke ykazatenb Ha SID. Dtor SID umapeHtndunmpyer
TOJIB30BaTENs Wi rpymiy, KoTopeiM cooTrBercTByeT ACE. Iomyunts SID MOXXHO mpy MOMOIIM BBI30BA
LookupAccountName.

[Momuwute, uto 3amucu ACE, 3ampermatomye A0CTyIl, cienyeT A00aBiIsITh B CIIHCOK B MEPBYIO Oye-
penb, B ipotuBHOM cityuae Windows NT 4.0 u 6onee panaue Bepcun NT OynyT HEKOppEeKTHO 00padaThi-
Bath B3auMouckitouaroime ACE. UToObI MOSCHUTD CUTYAIUIO, PACCMOTPUM CJICIYIOIIMI POCTOM TIpUMep.
Honyctum, s sBisitock wieHoM rpynnsl TECH, a taxke unenom rpynnel USERS. Jlonyctum, B crincke
ACL conepxuTtcs 3anuch, 3anpematorias juis rpynmnsl USERS noctyn k daitny. [pyras 3anuck paspe-
maer goctyn K ¢aitny misa rpynnel TECH. B aToii cuTyanuu s He A0MKEH MMETh BO3MOXHOCTHU IPO-
YuTaTh (aiill, TaK KaK MPUHAUISKY K TPYIIIe, JjIsi KOTOpOW JOCTYI K (aiiny siBHO 3amnpemieH. Ecnu Be HE
pasmectute Bce ACE, 3anpemaromue goctym, B camoMm Hadaje criucka ACL, B HekoTopbix Bepcusix NT
Takas komOuHanus B3auMonckouaronux ACE Oyner oopaboTaHa HEKOPPEKTHO.

Korga ACL cdopmupoBaH, ero HeoOXOIMMO YCTaHOBHTh B pamkax cTpykTypsl SECURITY
DESCRIPTOR. [Iyis atoro ciuyxut Bbi3oB SetSecurityDescriptorDacl. 3atem ykazaTenu Ha JECKpUIITOP
6ezomacHocTH, conepxkaumii ACL, HeoOxomumo pasmectuth B cTpykrype SECURITY ATTRIBUTES.
[ocnennroro, B CBOIO 04epenb, MOXKHO TiepenaTh o0oii API- ¢pyHKINH, SIEMEHTOM KOTOPOU SIBISETCS
JaHHas CTPYKTypa.

§ 7.3. APIl-pyHKUMM gna obecneueHunsa 6esonacHoctn Windows

Onwucanne API-gpyHkiuii 6e3onacHoOCTH, pa3felneHHbIX Ha KaTeropu [4], mpuBeaeHo B Tadn. 7.4.

Tabnuya 7.4
DyHKIUA
Ornncanne
Kareropust Bun
1 2 3
Just onepanmii | AdjustTokenGroups W3Mensier rpymnmy, KOTOpoi NpUHAATIEKUT MapKep A0CTyTa
¢ MapKepamu . .
IlOCTI})/r[ap AdjustTokenPrivileges | V3mensier npuBuiernu ajst Mapkepa JI0CTyIa
DuplicateToken Co3naer HOBBI MapKep JAOCTyIa, UISHTUYHBIN 3aJaHHOMY
DuplicateTokenEx AHasioruuHa npeplIyuiei, Ho MOXXeT CO3/1aBaTh IEPBUYHBIN MapKep
JIOCTYTIA, UCTIONB3yeMbIi B pyHKImu GreateProcessAsUser
GetTokenInformation BosBpariaer qaHHbIE 0 OMB30BATEINE, TPYIIE, IIPUBMIETUX, a TAKXKE
JIPYryIo HHPOPMAIHIO, COAEPIKAIYIOCS B MapKepe JOCTyIIa
SetThreadToken [TpucBauBaer 3a1laHHOMY TIOTOKY MapKep HepeIaqy TOTHOM OUHi
SetTokenInformation W3meHsieT aHHbIEe O TONB30BaTeINe, TPYIIe, IPUBUIETHAX, a TAKXKe
JIPYTryIo HHPOPMAIHIO, COAEPIKAIYIOCS B MapKepe JOCTyIIa
OpenProcessToken Uuraer Mapkep J0CTyMa JUIsl 3aJJAHHOTO Mpoliecca
OpenThreadToken Uuraer Mapkep J0CTyMa JUisl 3aJJaHHOTO [TOTOKa
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Ilpooonxcenue maon. 7.4

1 2 3
Ucnonszyemsbie | CreateProcessAsUser Wnentnuna ¢pyakimu CreateProcess, HO co3maer mporece
B Tporiecce C 33/IaHHBIM MapKepoM JIOCTyIa
nepeadn .
HOJI')IHOMO‘II/II\/'I DdelmpersonateClient ITo3Bonser DDE-cepBepy npunsats nonHomouns DDE-
- KJIMEHTa ISl TOCTYIIa K pecypcam ¢ MCIOIb30BaHHEM

ImpersonateLoggedOnUser

ImpersonateNamedPipeClient

KJIMEHTCKUX aTpuOyToB Oe30MacHOCTH

ITo3Bomnsier BbI3bIBAEMOMY ITOTOKY IMMPUHATH ITOJTHOMOYHS
3aJaHHOTI'O I1OJIB30BaTECJIA (B3HTI> €ro0 MapKep I[OCTyHa)

ITo3Bomnsier cepBepHoﬁ YaCTU UMCHOBAHHOI'O KaHaJla IPUHATH
MIOJTHOMOYHMS KIIMEHTCKOM YacTH

ImpersonateSelf BosBpaimaer Mapkep 10CTyIa, COOTBETCTBYIOIINI BbI3bIBA-
IOlIEMY TIporeccy (YacTo UCITONb3YeTCs ISl H3MEHEHUSI
JIOCTYIa HAa YPOBHE MTOTOKA)
LogonUser [To3BonseTr cepBepHOMY NPUIIOKEHUIO 3alIPOCUTH MapKep
JIOCTYTIa 33JJaHHOTO TOJIb30BATElIs, YTOOBI 3aPETHCTPUPO-
BaThCs B CUCTEME OT €ro UMEHH
RevertToSelf 3aBepIIaeT nporecc nepeaadn NoITHOMOYNH KITMeHTa
st omepanmit | MakeAbsoluteSD Cosmaer neckpuntop 0e30MacHOCTH B a0CONIOTHOM (hopmare
C JIECKPHII- 110 00pasIyy JECKPUITOPAa B OTHOCUTEIBHOM (hopMmare
TOpaMH .
MakeSelfRelativeSD Cosnaer geckpunTop 0e30MacHOCTH B OTHOCHTETLHOM
6€30ITaCHOCTH

InitializeSecurityDescriptor

IsValidSecurityDescriptor
GetSecurityDescriptorControl

GetSecurityDescriptorLength

GetSecurityDescriptorDacl

GetSecurityDescriptorGroup

GetSecurityDescriptorOwner

GetSecurityDescriptorSacl

SetSecurityDescriptorDacl

SetSecurityDescriptorGroup

SetSecurityDescriptorOwner

SetSecurityDescriptorSad

(opmare 1Mo 00pasiLy AeCKpUITopa B aOCONOTHOM (hopMaTe

WHnnranu3upyer HOBBIH JEeCKPHUITTOp O€30MacCHOCTH, MPH
9TOM €My He IIPUCBauBaroTCA NpaBa

[TpoBepsieT MpaBUIIEHOCTH JECKPHUITTOpa OE30MTaCHOCTH

Bo3sBparaer uHpopMAaIHo 00 YpOBHE T0OCTYIa s
JIECKpHUITOpa OE30MacCHOCTH

BosBparaer pa3mep 3a1aHHOTO JICCKPUTITOPA OE30MaCHOCTH
B Oalitax

Bosppamaer ykaszarens Ha DACL 15t 3ajaHHOTO 1eCKpUITOpa
0e30MmacHOCTH

Bo3spariaer ykaszatens Ha HaeHTU(UKaTOp Oe30IaCHOCTH OC-
HOBHOH T'pYIIIBI JUIs 331aHHOTO JIECKPUIITOpa 0€30IT1acCHOCTH

Bo3BpaIuaeT YKa3aTejib Ha I/II[CHTI/I(l)I/IKaTOp 0e30MacHOCTH
Bjlagebla JJid 3aJaHHOI'O JJCCKPUIITOpa 0€e30IMacHOCTH

Bospamaer yka3zarens Ha SACL 17151 3a1aHHOTO A€CKPUITOpA
0e30MmacHOCTH

Oo6uoriseT uapopmaruo 0 DACL ayst 3aaHHOTO JIECKPHII-
TOpa 6e30MacHOCTH

OOHOBsIEeT NAECHTU(PUKATOP OE30MACHOCTH TPYIIITBI
JULS 3aJaHHOTO JAECKpUNTOpa 0e30MacHOCTH

O6HoBIsIeT NIEHTU(UKATOP OE30ITACHOCTH BIIAIETbIA
JULSL 33ITaHHOTO JIECKPUIITOPa Oe30MacHOCTH

Oo6HnorisieT napopMarmto 0 SACL 1 3a1aHHOTO JIeCKPHIT-
TOpa 6e30MacHOCTH
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Ilpooonxcenue maon. 7.4

1 2 3
st omepanmit | AllocateAndlInitializeSid Beinenser u vHUIIMATU3UPYET HICHTU(UKATOP OC30MaCHOCTH
¢ uneHTuu- Ji71s1 1—-8 BTOPUUHBIX JIUIL
KaTopaMu . N N
6830§aCHOCTI/I AllocateLocallyUniqueld Beinensier nokanbHbINA YHUKAIBHBIN HAEHTH(UKATOD
InitializeSid Hunnmanu3upyer CTpyKTypy HIeHTU(UKaTOpa O30MacHOCTH
JUTS 38JAHHOTO KOJTMYECTBA BTOPUYHBIX JIHIT
CopySid 3amnceiBaer B Oydep kxomuro uaeHTupuKaropa 6e30MacHOCTH
EqualPrefixSid Bemonuaser noruueckyro (True/False) nmpoBepky paBeHCTBa
peUKCOB IBYX UACHTU(PUKATOPOB OC30MACHOCTH
EqualSid Bemonnsier nornueckyto (True/False) npoBepky paBeHcTBa
JIBYX UICHTH()UKATOPOB OE30MaCHOCTH
FreeSid OcBoboxaer naeHTU(rUKaTop 0€30MaCHOCTH, BIJICIEHHbIH
¢ynkuueit AllocateAndInitializeSid
GetSidldentifierAuthority | Bo3Bpamiaer ykazaTenb Ha naeHTU(GHUKATOp OE30MaCHOCTH ayTeH-
TU()UIMPOBAHHOTO MOIH30BATENS HJIH TPYIIEI (B BUJIE CTPYKTYPBI
SID _IDENTIFIER AUTHORITY)
GetSidLengthRequired BosBpamiaer pasmep uaenTugukaropa B 6aiirax, KOTopslii He00-
XOUM JIJIS XpaHEHHsT MHPOPMALIMH O 33J]aHHOM KOJTMYECTBE
BTOPHYHBIX JIUII
GetSidSubAuthority BosBpaiaer ykaszarenb Ha #-¢ BTOPUIHOE JIUIIO 3aJaHHOTO HIICH-
TU(UKaTOpa 0e30MacHOCTH
GetSidSubAuthorityCount | Bo3Bparaer KolIu4ecTBo BTOPUYHBIX JIHII, ONPEAEICHHBIX B HICH-
TU(UKaTOpe OE30TacCHOCTH
GetLengthSid BosBpaiaer pa3mep 3a1aHHOTO WICHTH(PHUKATOpPa OE30MaCHOCTH
B Oaiitax
IsValidSid [TpoBepsieT MpaBMIIEHOCTH 3aJaHHOTO UIEHTH(HKAaTOpa
0e30MmacHOCTH
LookupAccountSid BosBpaiiaer yueTHOE UMl U IMSI TIEPBOTO JIOMEHA, HAHIeHHOTO
JUTS 38JJTAHHOTO UIeHTH(UKATOPa OE30MaCHOCTH
LookupAccountName Bosepamaer SID, cooTBEeTCTBYIOIUI 3aJAHHOMY YYETHOMY
HUMEHH, U IOMEH, B KOTOPOM Hal/IeHO UMs
s onepanmii | AddAce Jlo6aBnser onHy i Heckonbko 3anucedt (ACE) B ykazaHHYO
C 3aIMCAMHU TIO3UIIMIO 33JAaHHOTO CIMCKa yrpasieHus goctyrnoM (ACL)
B CITUCKAaX
——— AddAccessAllowedAce Jlo6asnser B ACL 3anmch ¢ pazpenieHreM 10CTyma, o0ecreunBas
TaKUM 00pa30oM JIOCTYI K yKa3aHHOMY UICHTH(HKATOPY Ge3omac-
JIOCTYTIOM
HOCTH
AddAccessDeniedAce Jo6asnser B ACL 3anmch, B KOTOPO#i 3anpelieH J0CTYIT; TaK|UM
00pa3oM MpenoTBpanaeTcs T0CTYI K YKa3aHHOMY WAeHTH(UKa-
TOpy Oe30macHOCTH
AddAuditAccessAce Jlob6asnser 3amcs B SACL
DeleteAce Vnanser n-1o 3anuce u3 3aganHoro ACL
FindFirstFreeAce BosBpaiaer ykaszarenb nepBoil CBOOOIHOM ITO3UIMU B 33 JAHHOM
ACL
GetAce Bo3sBparaer ykaszatenb Ha n-10 3armuch B 3agaHHoM ACL
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1 2 3
[ onepanmii | InitializeAcl Coznaer HOBYyIO cTpykTypy ACL
€O CIMCKaMH GetAclInformation Bosspamiaer nadopmarnmro o 3ananaom ACL (pa3mep, 3Haue-
YHPABJICHHA HHE CYEeTYHKA 3aruce 1 Ip.)
JOCTYIIOM .
IsValidAcl [TpoBepsier mpaBunsHOCTH ACL
SetAclInformation 3anaer unpopmarnumio 06 ACL
Jus mposepku | AccessCheck Hcnonb3yercst cepBepHBIM NPUIIOKEHNUEM ISl IIPOBEPKH ITPaB

IpaB AOCTyma

AccessCheckAndAuditAlarm
AreAllAccessesGranted
AreAnyAccessesGranted
PrivilegeCheck

PrivilegedServiceAuditAlarm

JIOCTYTIa KIIMEHTa K 00BEKTY

Bemonuaser gynakmmto AccessCheck u remepupyeT cooTBerct-
BYIOIIIME ayIUTOPCKUE COOOIIEHHS

ITpoBepsiet, ObUIN JM NPEIOCTABICHB! 33 JAHHOMY IIOIb30Ba-
TEJI0 BCe HEOOXOUMBIE ITPaBa JOCTYIIA

IMposepsiet, ObLIO 1M NPEAOCTABICHO 33laHHOMY 10JIb30Ba-
TEJTI0 XOTs1 ObI OTHO M3 HEOOXOJUMBIX IpaB JOCTYIIa

[TpoBepsiet, nMeeT 11 3aJaHHBII MapKep J0CTyIa HeoOX0oIu-
MBbI€ TIPUBUIIETUH

Bemonnsier ¢pynknuto PrivilegeCheck n renepupyer coor-
BETCTBYIOIIUE ayTUTOPCKHE COOOICHUS

MapGenericMask HaxnazipiBaer Macky oOIIHX IpaB JOCTYIIA Ha CHEHaIbHbIE
WIN CTaHJIapTHBIE IpaBa
s onepanmii | MapGenericMask HaxnanpiBaer 3a7janHyr0 MacKy oOIIMX TpaB OCTYyIIa Ha
C TIpUBHIIE- CrielMaIbHbIE WM CTaHAApPTHHIE MpaBa
THAMH s o
PrivilegeCheck [TpoBepsiet, nMeeT 1 3aJaHHBIA MapKep JIOCTyIa yKa3aHHbIE

AllocateSocallyUniqueld
LookupPrivilegeDisplayName
LookupPrivilegeName

LookupPrivilegeValue

ObjectPrivilegeAuditAlarm

PrivilegedServiceAuditAlarm

MpUBUJICTUN
BI)IZ[eJ'IHeT JIOKaJIbLHBIN yHI/IKaJ'II)HHﬁ I/II[CHTI/I(l)I/IKaTOp
Yuraer CTPOKY C Ha3BaAHHUEM yKa3aHHOI>i MpUBUIICTUN

Uwnraer UMs NPUBUICTHH, CBSI3aHHOE C 33JJAHHBIM JIOKAJILHBIM
YHHUKATBHBIM HieHTH(uKaropoM (LUID)

Bospamaer LUID, ca3aHHBIN ¢ yKa3aHHOH NpUBUIIETHEH
B JJAHHOH cHCTEME

TeHepupyeT aymUTOPCKUE COOOIEHHS, KOTIa YKa3aHHBIH
MTOJIH30BaTENh (MapKep IOCTYIA) MBITACTCS BBHITIOIHUTD
MIPUBHUJICTHPOBAHHBIC OMEPAITUH C 3a]JaHHBIM 00bEKTOM

TeHepupyeT aymUTOPCKUE COOOIIEHHUS, KOTTa YKa3aHHBIH
MTOJIH30BaTENh (MapKep IOCTYIIA) MBITACTCS BBHITIONHUTH
MIPUBHUJICTUPOBAHHBIC OIIEPAITUU

Jnst onepanuit
C OKHaMHU-
CTaHIHSAMH

GetProcessWindowStation

SetProcessWindowStation

Bo3BpaIuaeT JCCKPUIITOP OKHA-CTaHIIUH, CBA3aHHOI'O C BBI3bI-
Ba€MbIM IIPOLECCOM

Hasnauaer 3ajaHHOE€ OKHO-CTaHIIUIO BbI3bIBAEMOMY IIPOLECCY

Jnst onepanuit
¢ local service
authority

InitLsaString
LsaOpenPolicy
LsaL.ookupNames

LsaRemoveAccountRights

Cosznaet ctpyktypy LSA_ UNICODE_STRING asnst umenu
3a/laHHOM IPUBUIIETUU

3ajaeT ONpeIeNeHHYIO MTOJTUTHKY OE30MaCHOCTH Ha YKA3aHHOM
KOMITBIOTEPE

BosBpamiaer yuerHoe umst (M nAeHTUPHUKATOP OE30MACHOCTH)
JULS 3aJaHHOTO MapKepa JI0CTyma

OtOupaer yka3aHHbIC IPUBWICTHH Y 3aJJAHHOTO TIOJIE30BATEIS
(WM Y HECKOJBKUX TIOJTb30BaTeNei)
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2

3

LsaAddAccountRights

LsaClose

LsaEnumerateAccountRights

LsaEnumerateAccounts WithUserRight

HpeZ[OCTaBJ'IHeT YKa3aHHbIC TPUBWICTUH 3aJIAHHOMY
IIOJIB30BaTECIIIO (I/IJ'H/I HCCKOJIbKUM HOJ'H)3OBaTeJ'IHM)

OrmMmensieT OIPCACICHHYIO MTOJIUTUKY 0e30MacHOCTH

Co3aaer CUCOK MpaB I0CTyIa U IPUBUIIETHHA,
KOTOpBIE NMPE0CTABIIEHb] 3alaHHOIN YUeTHOH 3alHucu

Co3/1aeT CrMCOK BCEX YUETHBIX 3alucei JaHHOM
CHUCTEMBI, KOTOPBIM MPEIOCTaBICHA YKa3aHHAS
MIPUBUIIETHUS

Jos GetFileSecurity [Monyuaer neckpuntop 0e30MaCHOCTH YKa3aHHOTO
MOy YeHHS Gaiina unm Karajora
uHbOpMAIUH . .
CBgagHoﬁ > | GetKernelObjectSecurity [Monyuaer neckpuntop 0e30MaCHOCTH YKa3aHHOTO
oObeKTa siapa
¢ Oe3omnac- P
HOCTBIO GetPrivateObjectSecurity [Monyuaer neckpuntop 0e30MaCHOCTH YKa3aHHOTO
TIPUBATHOTO OOBEKTa
GetUserObjectSecurity [Monmyuaer neckpuntop 0e30MaCHOCTH YKa3aHHOTO
MOJTb30BATEIBCKOTO 0OBEKTa
SetFileSecurity [TpucBauBaer Qaiiy WM KaTanory yKka3aHHBIH
JIECKPUITOpP Oe30MacHOCTH
SetKernelObjectSecurity [TpucBanBaer 0ObEKTY sipa yKa3aHHBINA IECKPUIITOP
0e30MmacHOCTH
SetPrivateObjectSecurity [TpucBanBaer npuBaTHOMY O0OBEKTY yKa3aHHBIN
JIECKPUITOpP Oe30MacHOCTH
SetUserObjectSecurity [IpucBauBaeT MoIbp30BaATENLCKOMY OOBEKTY
YKa3aHHBIH JeCKPUNTOpP Oe30MaCHOCTH
CreatePrivateObjectSecurity Beienser 1 vHUIMATU3UPYET TECKPUIITOP Oe30mac-
HOCTH B OTHOCHTENIBHOM (hOpMaTe; 3TOT JECKPUIITOP
Oy/ieT Ha3HAauYeH HOBOMY MTPUBATHOMY OOBEKTY
DestroyPrivateObjectSecurity VYnanser neckpuntop 6e30MacHOCTH 3aaHHOTO
TIPUBATHOTO OOBEKTa
Aynurta ObjectOpenAuditAlarm TeHepupyeT aymuTOpCKUE COOOIIEHYS, KOT/Ia MOTb30-
BaTelb MPEANPUHUMAET MOMBITKY MOTYYUTh JOCTYI
K CYIIECTBYIOIIEMY OOBEKTY HIIU CO3J1aTh HOBBIH
00BEeKT
ObjectCloseAuditAlarm I'enepupyet aynuTopcKie COOOIEHHUS TIPH 3aKPBITHU

ObjectDelateAuditAlarm

ObjectPrivilegeAuditAlarm

PrivilegedServiceAuditAlarm

AccessCheckAndAuditAlarm

JIECKpHUITOpa 00bEKTa

IeHepupyeT aymuTOpCKUE COOOIICHUS IPH YAAJICHUN
JIECKPHUITTOPA O0BEKTA

TeHepHupyeT ayIuTOPCKUE COOOIIEHMS, KOTIa YKa3aH-
HBIU MOJIB30BATENh (MapKep JOCTYIA) MBITAETCS BbI-
MOJIHUTH TIPUBHUIIETMPOBAHHBIE OTMIEPAIIUH C 38 JaHHBIM
00BEKTOM

I'enepupyet aynuTopckie cooOIIEHHMs, KOTAa yKa3aH-
HBIH MOJIH30BATENh (MapKep JIOCTYIA) MBITAETCS
BBINOIHUTH NPUBHUJIETHPOBAHHBIE ONlEpPalH

Bemonaser gynkmuto AccessCheck u renepupyet
COOTBETCTBYIOLINE ayIUTOPCKUE COOOIICHHS
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rnasa 8
I'IPMHLI,MHbI PA3PABOTKU MPOrPAMMHOIO KOAA
ana OeMEHA JAHHbIMU MEXAY NPOLECCAMU B OC WINDOWS

§ 8.1. O6meH paHHbIMU NnocpeacTBom 6ydpepa obmeHa Windows

8.1.1. CTpyKTypa 1 ocHOBHble popmaTbl bydpepa obmeHa

Bydep obmena Windows cocTouT u3 OBYX pas3HbIX yacted: yruiautsl npocMoTpa Clipbrd. EXE
1 HerocpeAcTBeHHO Oydepa. Cam Oydep peanu3oBaH ¢ MOMOIIBI0 cucTeMHOro moayisi User u obecrie-
yrBaeT HaOop (GYHKIUI AJ1s1 BPEMEHHOIO XpaHEeHWs HHPOPMalK B Takoi ¢Gopme, KoTopasi MO3BOJSET
OCYILECTBJIATH OOMEH JTAaHHBIMH MEXKIY Pa3IMYHbIMHU MPHIOKEHUAMH. KOHEUHO, PUII0KEHHE-UCTOUHHK
TOXE MOXKET MPOYUTATh COOCTBEHHYIO MH(OPMALINIO, 3alIHCAaHHYIO B Oydep oOMeHa, HO JIeNIo B TOM, YTO
3Ta MH(OpMAaIUs ABISETCA TJI00ABHOM M JOCTYITHA JJIs JIFOOBIX Tporpamm [6, 12].

Bydep obmena mpenocraBiser Habop BO3MOXKHOCTEH Ui BpeMEHHOTO (He JAMCKOBOTO) XpaHEHHS
nHpopmanun. /lanHble, 3anucaHHble B Oydep oOMeHa, MOTYT IepelaBaThCs MKy Pa3iMYHBIMU MIPHIIO-
’KEHHSIMHU MJIM BO3BPAIIAThCs B UCXOAHOE MPHUIIOKEHHE, U3 KOTOPOro OHH momnaiu B 0ydep.

[TpuiioxeHne-uCTOYHUK MOXKET KOIMPOBATh JaHHbIC B Oydep oOMeHa B OHOM M3 MPeIONpe/ieieH-
HBIX WJIH MOJIb30BATEIBCKUX (OpMATOB (OHM OyIyT paccMOTpeHbI mo3xe). bydep camocrosTenbHO yrpas-
JSIET BBIJICIICHHEM MaMSTH U Pa3MElICHHEM NepeIaHHbIX eMy JaHHbIX. [locie Toro Kak JaHHbIe MOMaayT
B Oydep oOMeHa, J1t000€ MPUIIOKEHNE CMOXKET MOITYYUTh K HUM JIOCTYII, ONPENEIUTh THIT JAaHHBIX U TPU
’KEJIaHUH CKOIUPOBATh HX.

Korma nporpamma npocmotpa Clipbrd EXE siBisiercst ak THBHOI, OHa peryJisipHO 3arpainuBaet o0ydep
OoOMeHa O TOM, COZIEPKATCsI JIM B HEM JJAHHBIC M KaKOB UX THIL 3aTeM, €CIIH 3TO BO3MOXKHO, IPOrpaMma
KOIUpYET JaHHble u3 Oydepa U 0ToOpaxkaeT uX B CBOEM OKHE.

Xotst 6ydep oOMeHa BBIMOIHIET CBOH 0053aHHOCTH OYEeHb XOPOIIO, MY CBOWCTBEHHBI U HEKOTOPBIE
HEJIOCTATKH, @ UMEHHO:

— HMMeEETCs TOJIKO OJIUH Oydep;

— Bce JJaHHbIe, 3alicaHHbIe B Oydep, SIBISIOTCA 00IIEI0CTYITHBIMU;

— 3amucaHHbIe B Oy(dep AaHHBIE MOTYT OBITH Pa3pyIICHBI.

Tak kak Oydep oOMEHa TOJBKO OJIUH, BCE MPUIIOKEHUS JOJKHBI HCIOJIB30BATh €0 COBMECTHO.
Ho coBmecTHOE HCIOb30BaHNE HEM30SKHO CBS3aHO C BO3MOXKHOCTBIO KOH(IMKTOB. [Ipenonoxum, uto
npujokeHne A 3amucano B Oydep oOMeHa pacTpoBoe W300pa)keHue, a 3aTeM mpuioxeHue b 3ammcaino
B HEro OJIOK TEKCTOBBIX JaHHBIX. [I0CKONIBKY MpuiIokeHue b BrioiHe 3aKOHOMEPHO HaYWHAET C TOTrO, YTO
ouninaer Oydep oOMeHa, KapTUHKA, 3aMcaHHas NpUiIoKeHueM A, yaansercs. Eciau npunoxenue B, mis
KOTOpOro ObUIa MpeIHa3Ha4YeHa 3Ta KapTHHKA, Y)KE YCIIeNo ee MPOYMTaTh, TO BCe B mopsjake. Ecmu ke
npuwiokeHre B He ckomupoBaio M300pakeHue 0 TOro, Kak npuiiokeHue b 3amucano B Oydep oOMeHa
TEKCT, KAPTUHKA MPOIaIacT.

OO0menocTynmHOCTh Oyhepa 0OMeHa TakKe MOXKET CTaTh MPUYMHON BO3MOKHBIX OIMHOOK. [T0CKOIBKY
3JIEMEHT JaHHBIX, 3alMCAaHHBIN B Oydep, He MOKET ObITh aIpecOBaH KAKOMY-JIMOO KOHKPETHOMY MPHIIO-
’KEHHIO, TOCTYI K 3TOW MH(POPMALUK MOXKET OBbITh OIIMOOYHO TOMYUYCH IPYTHM MPUIIOKEHHEM, KOTOPOE
paboTaer ¢ JaHHBIMU TOTO e Tuna [12].

Bydep oOMeHa MOKeT coiepkaTh JaHHbIC HECKOJIBKHX THIIOB, 3alIMCAHHBIX OJHUM WJIM HECKOJb-
KUMH TIPUIOKEHUsIMU. B 3TOM ciyuae mpoGiiema 3akiiroyaeTcs B TOM, KaK pa3inuyuTh 3TH OJOKH (HArpH-
Mep, HECKOJIbKO OJIOKOB TEKCTa, 3alMCAHHBIX U3 Pa3HbIX MCTOYHUKOB). [10 3TOM mpHuHMHE MPUIOKEHUE
00bIYHO ounInaer Oydep oOMeHa Tmepe]] TeM, Kak 3alruchiBaTh B HEr0 HOBBIM MaTepuall.

OTH $aKkTOpbl HEOOXOIMMO YUHTHIBATh, HO OHU HE MPEJCTAaBISIOT cepbe3HOi npobneMbl. Ecnm mepe-
YHCJICHHBIC HEAOCTATKH HAKJIAJbIBAIOT JOMOJHUTEIbHBIC OPAHUYCHHS HA pabOTy MPOrpaMMbl, MOXKHO
BOCIIOJIB30BAThCS TEXHOJOTHSIMU KaHANIOB (pipe), COKETOB (sockets) wiv JUHAMUYECKOrOo OOMEHA JaH-
HeiMu (DDE), koTopble OyayT paccMOTpEHBI Jajiee. ITH TEXHOJIOTHHU TO3BOJISIOT Peain3oBaTh Oe3omac-
HBIM KaHaJ Juisi oOMeHa uH(popManuei.
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Windows nonnepxkuBaer 14 cranmapTHBIX (opMaTOB JaHHBIX Oydepa oOMeHa, ompeaeaeHHbIX
B ¢aiine WinUser.H. K Hum otHOCSATCS:

CF_BITMAP CF_OEMTEXT CF_TEXT

CF_DIB CF _PALETTE CF_TIFF

CF_DIF CF_PENDATA CF_UNICODETEXT
CF_ENHMETAFILE CF_RIFF CF_WAVE
CF_METAFILEPICT CF _SYLK

B ¢aitie WinUser.H onpezenen takxke psiji cienualibHbIX opMaToB, win ¢uaros gopmara. Kpome
TOTO, KaXJI0€ TPUIIOKECHUE MOXET TIPEIOKUTh COOCTBEHHBIN TOJIL30BATEIBCKUI (opMaT JaHHBIX Oydepa
oOMeHa, KoTopble OyIayT paccMoTpenbl aanee. Ho st GONbIIMHCTBA 1ieNield BIIOJHE JOCTATOYHO CTaH-
JapTHBIX popmatoB. PaccMoTpum 3ti opmaTthl Ooliee moapoOHO.

Texcmosoie popmamet. Tpocteiimmii popMaT qaHHBIX Oydepa oOMeHa — 3TO TEKCTOBBIA GopMaT
CF_TEXT, xoropslii cocrout u3 Habopa ctpok ANSI-CHMBOIIOB, 3aKaHYMBAIOIIETOCS] HYJIEBBIM CHMBO-
soM. Kaknmasi ctpoka 3aBepriaercs cumBojiamMu Bo3Bpata kaperku (0x0D) u mepeBoma ctpoku (0x0A).
®opmar CF_OEMTEXT mnpencrasisier coboii Habop OEM-cumBonoB. @opmat CF_UNICODETEXT
ucnonb3yer 32-pa3psaHbie cuMBobl Habopa Unicode.

[epenar Teker B Oydep 0OMeHa, UCXOAHOE MPUIIOKECHUE HE UMECT BO3MOXKHOCTH O0paTUTHCS K 3TOMY
TEKCTY, HE 3aIIPOCHB JIOCTyMa K Oydepy.

Dopmam pacmposvix uzooparcenuii. Gopmar CF_BITMAP cimyxut amns XpaHeHus: pacTpOBBIX U300-
pakeHHii yTeM mepenadn Oydepy oOMeHa HecKpunTopa u3o0pakeHus. 3amicas n3odpaxenue B Oydep,
MCXO/IHOE MPHIOKEHHE HE MMEET BO3MOXKHOCTH OOpPATUThCS K 3TOMY M300pa)KCHHIO, HE 3alPOCHB JI0C-
Tymna K Oydepy oOmeHa.

Dopmamot memagpaiiios. opmar CF. METAFILEPICT ciyxut ajis oOMeHa MeradaitiaMmu, Haxo-
JSIIIMHCS B TIAMATH (2 HE HA JUCKE), MEXIY Pa3IMYHBIMHU MPUIOKEHUSIMHA. JTOT POpPMAT HCIIOIb3yeT
crpykrypy METAFILEPICT, koropas onpexnenena B daiine WinGDI.H cnenyromm obpazom:

typedef struct tagMETAFILEPICT

{
LONG mm;

LONG xExt;
LONG yExt;
HMETAFILE hMF,
} METAFILEPICT, FAR *LPMETAFILEPICT;

[epBBIe TpH MO ATOM CTPYKTYPHI OTOOpaKalOT pa3iuuus, HaONltoJaeMble TIpu niepenade meradaii-
JIOB TIOCPEACTBOM Oydhepa oOMeHa U yepe3 AucKoBbie (aitnbl. [lepBoe mone (mm) yka3bsiBaeT MPEAIOUTH-
TENBHBIA peKUM oToOpaxkeHusi. Bropoe u tperbe nons (XExt u yExt) 3amaror mupuHy u BBICOTY conep-
xarerocsi B Metadaiiie uzoopaxenus. [lone hMF comepxut neckpunrop meradaiina.

®opmar CF_ ENHMETAFILE ananornuen ¢opmaty CF_ METAFILEPICT, Ho B oTM4He OT mocien-
HETo OH HACHTUPHUIPYET MeTadaiil, B KOTOPOM HCIONB3YIOTCS paciMpeHHbIe KOMaH bl (HOPMaTUPOBAHUSL.

DIB-ghopmam. Dopmat CF_DIB npumensiercst ast iepenaun B 0ydep oomena DIB-gaiios (ammapaTHO-
HE3aBUCHMBIX pacTpoBBIX H300paxkeHuit). DIB-n3zo0paxenue 3anuceiBaercsi B BUAE TI00aIbHOTO OJIoKa
naMsTH, HaurHaIerocs ¢ 3arojoska BITMAPINFO, mocie koToporo ciaenytoT TaHHbIe U300paKeHUsI.

[lepenap pactpoBoe n3o0paxeHue B Oydep oOMeHa, UCXOHOE MPUIOKEHUE HE UMEET BO3MOKHOCTH
00paTHTHCS K COOTBETCTBYIOLIEMY INTOOAIEHOMY OJIOKY ITaMATH, HE 3alIPOCHB JIOCTYINa K Oydepy oOMeHa.

Dopmamur nanumput u nepa. dopmarsl CF_ PALETTE u CF_PENDATA ciyxart 1151 iepeadu B Oy-
(ep oOMeHa AecKpUITOpa UBETOBOM MAMTPHI U Aeckpunropa mnepa coorBerctBeHHO. @opmatr CF_PALETTE
YJacTo mpuMeHsiercs B coueranuu ¢ ¢popmarom CF_DIB s 3anmucu nBeToBOM MaJUTPBI, HCIONIB3YEMOM
PacTPOBBIM U300PaKEHUEM.

Wave-¢popmam. ©opmar CF_ WAVE npennazHauen s nepegayn ayaAuonH(popManuym Mexay pas-
JIMYHBIMH ITPUITTOKCHUAMHU.

Dopmamul cneyuanvnozo Haznavenus. Tpu cienyromux GopMara U3HAYAIBHO MPEAHA3HAYATIC
U1 IPUMEHCHU A B CIICHUAJIM3UPOBAHHBIX TMTPUIIOKCHUAX !
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— dopmar CF_TIFF ucnions3yercs st nepenaun nanHbix B popmare TIFF (Tagged Image File Format);

— dopmar CF_DIF cnyxwut mist nepenauu nanusix B popmare DIF (Data Interchange Format), xoto-
puiit ObLT TipemnokeH GupMoit Software Arts ¥ epBOHAaYaIbHO MPUMEHSIICS B PEAAKTOPE DIIEKTPOHHBIX
tabmun VisiCalc. Teneps nauneH3ust Ha nanublid Gopmar npunaanexut upme Lotus. DIF-popmat ocHo-
BaH Ha ASCII-cTpokax, 3aBepmatomuxcs napoi cumosioB CR/LF (Bo3Bpat kapeTku / epeBoji CTPOKH);

— ¢opmar CF_SYLK mnpeanasnaveH ais nepeaun AaHHbIX B (opmare Microsoft Symbolic Link,
KOTOpBIN MEePBOHAYAILHO MPUMEHSIICS JJIsl 0OMeHa JaHHBIX Mexay Microsoft-npunoxkenusimu Multiplan
(anextponnbie Tabymikl), Chart u Excel. Otor dopmar ocHoBan Ha ASCII-cTpokax, 3aBepIIArOIIUXCS
napoii cumBosioB CR/LF (Bo3BpaT kapeTku / mepeBoji CTPOKH ).

8.1.2. Onepauun c bydbepom obmeHa

VYnpasienue riodaqbHBIMU OJOKaMH MAMSITH, KOTOPBIE COAEPKaT JaHHbBIE, TOMEIeHHbIe B Oydep
00MEHa, OCYIIECTBIISCTCS C IMOMOIIBIO ()JIaroB BhIJEICHUS maMsaTd. [Ipu 3amucu mHopManuu B Oydep
nporpaMma BbLIeNseT OJ10K nmamsTi ¢ nomonlpio GyHkiuu GlobalAlloc() u ¢gmara GHND (onpenenen-
noro kak GMEM_MOVABLE | GMEM_ZEROINIT).

O6I)I‘IHO IIpU 3aKPBITUU UCXOJHOTO MPUIIOKCHUA BBIACICHHAA EMY FHO63HBH3H O6J'IaCTI) IHaMsATu
ynansiercsi (0CBOOOXKIaeTcs) omepanuoHHoi cuctemoii. Ho eciu mpuiiokeHHe BBI3OBET ()YHKIIHIO
SetClipboardData() ¢ ykazanuem JieCKpUITOpa riiodaabHOro 0j1oka nmamsata, Windows BO3bMeT 3TOT OJIOK
B CBOIO COOCTBEHHOCTb, TOUHEE, B COOCTBEHHOCTH Oydepa oOMeHa, N3MEHUB (JIaru BbIJIeTICHUSI.

[MpuHaIeKHOCTH T100aILHOTO 0JIoKa MaMsTH HazHavaeTcs Gpynkuued GlobalRealloc():

GlobalRealloc( hMem, NULL, GMEM_MODIFY | GMEM_DDESHARE );

[Tocne 3TOro BeI30Ba BBIJCICHHBIH OJIOK MaMITH HE PHHAICKUAT UCXOIHOMY TPUIIOKESHHIO H JI0C-
TYIICH TOJBKO uepe3 Oydep oomena ¢ momoisto pyrkiuu GetClipboardData(). Dta ¢hyHKIHMS penocTaB-
JISIET BBI3BABILEMY €€ MPUIIOKEHHIO BPEMEHHBIN JIOCTYII K JIAHHBIM, 3allMcaHHbIM B Oydepe oOMeHa, mepe-
JaBasi IporpamMMe JeCKpUNTOp riodanbHoro 0ioka namstu. OJHAKO MPUHAIICKHOCTh OJIOKA JaHHBIX
HO-TIPSKHEMY coxpaHnsieTcsi 32 OypepoM oOMeHa, a He repeaercs npuiiokeHuto. ClienoBaTellbHO, JaHHBIE,
3anucanHbie B Oy(epe oOMeHa, MOTYT OBITh yAalleHbI TOJIbKO IMyTeM Bbi3oBa ¢yHkiun EmptyClipboard.

Xotst MHOTHE pecypcbl Windows mpeaHa3HaueHbl JJIsi COBMECTHOI'O MCIIOJIb30BaHUS HECKOJIbKHMMHU
MPUIOKEHUSMH, JOCTYN K Oydepy oOMeHa B KaIblli MOMEHT BO3MOYKEH TOJIBKO OJHOH MpPOrpaMMOH.
DTO MO3BOJISIET MPEIOTBPATHTH KOHMIMKTBI MKy MPHIIOKEHUSIMH.

[pexe yeM NpUIOKEHUE HAYHET YMTATh, 3aMMCHIBATh WK YAAIATH CoJepxuMoe Oydepa oOMeHa,
HEOO0XOMMO 3aMPOCUTh JIOCTYIT K HeMy ¢ noMolnbio Gyrkinuu OpenClipboard(). Ota yHkius Bo3Bpa-
maer 3HayeHne TRUE, ecnu Oydep oTKphIT M 1ocTyn K Hemy paspemieH, u 3Hauenne FALSE, ecim nmoc-
Tyn K Oydepy 3ampeleH no Toi NpuuruHe, YTO B JAHHBI MOMEHT MPABO JIOCTYIA PHHAIICKUT IPYyroMYy
TPUIIOKECHUIO.

3akoHuMB padboty ¢ Oydepom oOMeHa, MpuiIoKeHne AoIKHO BbI3BaTh PyHkuuio CloseClipboard, xo-
Topas aenaer Oydep IOCTYmHBIM i Apyrux nporpamm. Ciienyer OTMETUTb, YTO KaXKIbIid BHI30B (DYHKIIMU
OpenClipboard() Bcerna nomkeH comnpoBoxaaThcsi BeizoBoM QyHKuM CloseClipboard(). Ipunoskenne
JIOJDKHO HE TIBITAaThCs JUTMTEIBHOE BpeMs yAepKHUBaTh Oydep oOMeHa OTKPBITBIM, a CTPEMHUTBCS OTAATh
KOHTPOJNb HaJ HUM Kak MOHO Obictpee. [ns 3anucu oannvix B Clipboard MOXXHO HCIONB30BaTh
yHuBepcanbhyto ¢pynkuuto TransferToClipboard(), konupytomiyro 6110k maMsatu B Oydep oomena [12]:

BOOL TransferToClipboard (HWND hwnd, HANDLE hMemBlock, WORD FormatCB)
{
if (OpenClipboard (hwnd))
{
EmptyClipboard();
SetClipbpardData (FormatCB, hMemBlock);
CloseClipboard();
return (TRUE);

h
return (FALSE);

}

139



O6meH gaHHbIMK nocpeacTsom bydepa obmeHa Windows

Oynkius TransferToClipboard() HaunHaercs ¢ 3ampoca Ha IPaBo J0ocTyna kK 0ydepy oOMeHa. 3atem
B Oydep xomupyercss omuHOYHBIN Onok mamatu. Hakonen, ¢yHkums 3akpeiBaer Oydep oOMeHa, OCBO-
O0KIast ero Uist AOCTyNa APYTHM MPUIOKEHHSIM.

Oynkius TransferToClipboard() uMeeT T0BOJIBHO YHUBEPCAIBHYIO CTPYKTYPY U JOIYCKAEeT 00
tun aeckpuntopa hMemBlock. Onnako mis ee paboThl HeoOxoauM mapamerp FormatCB, yka3biBaroruii
THUII JJAHHBIX, KOIUPYEMbIX B Oydep oOMeHa.

TepMuH 610Kk namsamu He MoIpa3yMeBaeT OJIOK KaKOro-TO OMpEICICHHOro pa3mepa. Pa3mep Oioka
Ob11 onpeneneH panee pyHkuuei GlobalAlloc. Kaxapiii 010K maMsTH MOXKET colepKaTh ad3all TeKcTa,
HECKOJIBKO 3aMKceil MiIu Apyrue JaHHbIe, HO 00s3aTelbHO oHoro Tuma [12].

Kak ObITh, €clii TIPUIIOKEHHE JIOJDKHO TepeaaTh B Oydep oOMeHa CMEIIaHHbIC JJaHHBIC, CKaXeM, PacT-
poBoe n300pakenue, Meradaili, naauTpy u ¢pparMeHT Tekcra? Perenue 31oii mpolieMbl JOBOJIBHO ITPOCTOE.
CHauana kKaxIplii pparMeHT JaHHBIX KOMHPYETCS OTJCIBHO B TII00AIBHYIO BBIICICHHYIO AMSTH C COXpa-
HEHHEM JecKpuritopa Onoka mamstd, Hanpumep hBitmap, hMetafile, hPalette u hText. [Tocie atoro
OTKpBIBAaeTCS U 0CBOOOXKIaeTcs Oy(dhep 0OMEHa U B HEro NepeacTCs KaX bl 13 JIECKPUIITOPOB:

if (OpenClipboard (hwnd ) )

{
EmptyClipboard();
SetClipboardData (CF_BITMAP, hBitmap);
SetClipboardData (CF_PALETTE, hPalette);
SetClipboardData (CF_ METAFILEPICT, hMetaFile);
SetClipboardData (CF_TEXT, hText);
CloseClipboard();

}

[ocne sToro 6ydep oOMeHa 3aKpbeIBaeTcss U 0CBOOOXKAAETCS IS TOCTYNa K HEMY APYTHX MPUIIOKe-
Huil. [IpaBaa, peanu3oBaTh NPUBEICHHBIN paHee MOAX0/ Ha MPAKTUKE JTIOCTATOYHO CJI0KHO. HO mockonbky
uaeHTudukatopsl popmatoB AaHHBIX uMmeroT THT WORD, a Bce JecKpUNITOPBI TaKkKe MOTYT OBITH MpHU-
BezieHsl k equaomy Ty HANDLE, ropasno ynoOHee coOpaTh HIEHTU(UKATOPHI M IECKPUIITOPBI B Mac-
cuBbl, a pyHkun TransferToClipboard() mepenaTh AOMONHUTENBHBIN MTapaMeTp, yKa3bIBAIOMINH KOIHYe-
CTBO 3aITHCAaHHBIX 3JIEMEHTOB JAHHBIX:

if ( OpenClipboard (hwnd))
{
EmptyClipboard();
for (1= 0; i <nCount; i++)
SetClipboardData (cfType[i], hData[i]);
CloseClipboard();

}

[Ipexxne uem HauuvHATH ymenue ungopmayuu 3 6ydpepa oOMeHa, HEOOXOAUMO ONPEACIUTD,
KaKoro THIa JiaHHbIe cojiepxarcs B HeM [12]. [TockoabKy JUisi pa3iiMYHbBIX THIIOB JaHHBIX HEOOXOJUMO
NPUMEHSTh pa3HbIe ONepalu, MPUIOKEHNE JOJDKHO 3apaHee 3HaTh, YTO MMEHHO €My HPHUISTCS YHUTATh,
U TOATOTOBUTHCS K ONPENCICHHOMY BUAY 00paboTKu. B yacTHOCTH, BBl MOXETE 3alIPOCHTh JaHHBIC
OMPEIETICHHOTO THUIa M MOCMOTPETh Ha pe3ynbTaT. OAHAKO TaKoi MOAXOJ HE CIMIIKOM JJIETaHTeH, Ja
1 3(pPeKTUBHOCTD €ro He O4YeHb BBICOKA.

Bosee addekTrBHBIN CIIOCOO aHANM3a CONEPKUMOro Oydepa 0OMeHa 3aKITFOYaeTCsl B UCIIOIb30BAHUH
API-pyuakuuu IsClipboardFormatAvailable() min EnumClipboardFormats().

Oynknus [sClipboardFormatAvailable() Bo3Bpaiaer OyyneBo 3Ha4Y€HUE, KOTOPOE COOOINALT, COep-
XUT J1 Oydep oOMeHa JaHHbIe HY>)KHOTO (popmaTta. CHHTaKCHC BbI30Ba (DYHKIIMU TaKOB:

if (IsClipboardFormatAvailable (CF_xxxx))

Oynxms EnumClipboardFormats nmpoBepsier Haltnure JaHHBIX BceX BO3MOXKHBIX (hopmartos. [Ipu mep-
BOM BbI30Be (pyHkimu ¢ mapamerpom NULL oHa Bo3BparaeT HH(OPMAIIUIO 0 IEPBOM JIOCTYITHOM (hopMaTe.
[Tpu KaxI0M MOCIEAYIOIIEM BBI30BE BO3BPAIIAIOTCS CBECHUS O Npyrux ¢popmarax. Takum oOpazom, Amst
MOTy4EHHs CITUCKa (OPMATOB MOKHO BOCITOJIB30BATHCS CACAYIOUIMM aJITOPUTMOM:

140



npl/lHLJ,l/lI'IbI pa3pa60TKM nporpaMmmMmHOro Koga anAa obmeHa AaHHbIMU MeX Ay npouecccamu...

wFormat = NULL,;
OpenClipboard (hwnd);
while (WFormat = EnumClipboardFormats (wFormat))

{

...KOJT 00pabOTKHU pa3IUYHBIX (OPMATOB. ..

}
CloseClipboard();

B sTom cnincke ucnons3zyemeie opMathl OyIyT IEpeUUCIIeHBl B TOM MOPSIKE, B KOTOPOM HCXOAHOE
MPWIOKEHUE 3aIUChiBajo B Oydep oOMEHa COOTBETCTBYIOIIME JaHHBIC. JTO TMO3BOJIUT 3alpallidBar0-
IeMy TPUIOKECHUIO HAWTH TMEPBBIA MOIXOASIUi Juist cedst popmar. McxoqHoe MPUIIOKEHUE MOXKET
3alMChIBATh JaHHBIE B JIIOOOM JIPYrOM 3aJaHHOM IOpsJKE, HalpuMep B MOpsIKe YOBIBAaHUS CTElEeHH
HAJEKHOCTH JTaHHBIX.

Ecnu cnimcok opmatoB ncuepnan, Oydep oOMeHa MycT MM HE OBUT OTKPHIT, PE3YNbTaT BHIMONHE-
Hust pynknuu EnumClipboardFormats() Oyaer paBen Hymo. [lapamerpy wFormat MoXHO TpHUCBOUTB
HEKOTOpOE 3HaueHHE, C TeM YTOOBI MOBTOPHO MPOYUTATH CIMCOK, HAYMHAS C UCIOIB3yEMOro B JaHHBIN
MoMeHT (popmaTta. Kpome Toro, nHpopMaIuio o koauuecTBe (OpMaTOB TaHHBIX, HAXOAAIMXCs B Oydepe
oOMeHa, MO>KHO TIONYYHUTh € TIOMOIIBIO OIlepaTopa:

nFormats = CountClipboardFormats();

Korga mpunoxeHue ycTaHOBUT, uTo Oydep oOMeHa COACPKUT AaHHBIE HYKHOTO THIIA, MPOIECC
YTEHHSI STHX JAHHBIX OyJeT COCTOSTh U3 JBYX JTAIOB:

— MOJy4eHHe JAeCKpUIITOpa OJ0Ka MaMsTH, COOTBETCTBYIOIIErO JaHHBIM, KOTOPBIE HaXosTCs B Oy-
(depe oOMeHa;

— BBITNOJIHEHNE ONPEICICHHBIX OMEepaluii ¢ JAaHHBIMH MIPH MTOMOLIH UMEIOLIET0Cs IECKPUTITOPA.

[lepBeIii 3TAN BHIOIHUATL OYEHb MPOCTO ¢ oMolIbio pyHKIuU RetrieveCB:

HANDLE RetrieveCB (HWND hwnd, WORD FormatCB)

HANDLE hCB;

if (! IsClipboardFormatAvailable (FormatCB))
return (NULL ) ;

OpenClipboard (hwnd);

hCB = GetClipboardData (FormatCB);

CloseClipboard();

return (hCB);

}

Conepkarascst B 3ToM (pparMeHTe koga o00O0IIeHHas MPOLeAypa BO3BpAIACT HETHITM3UPOBAHHBIN
JECKpHUNTOp OJI0OKa MaMATH, KOTOPBI COOTBETCTBYET JaHHBIM, HaxoasmmMmcs B Oydepe oomena. Ecnu
3arpammBaeMblil JOpMaT JaHHBIX OTCYTCTBYET, (PyHKIMA Bo3Bpamiaer 3HadyeHue NULL.

Craenyer OTMETUTbh, YTO Ha OMEpaluy, KOTOphIE MOTYT BBHIMONHATHCS ¢ Oydepom oOMeHa, Hajara-
€TCs1 HECKOJIbKO OTPAHUYEHUI:

1. Ipexx e yem komupoBaTh JlaHHbIEC B Oydep oOMeHa, HeoOxoumMo Bbi3Bath (hyHKimo EmptyClipboard(),
MpeHa3HAYCHHYIO JIJIS yIAJIeHUs TeKylero coaepxkumoro. Cam ¢akr nocryna k 0ydepy oOMeHa eie He
O3HaYaeT, 4To OyJAeT MoJay4deH KOHTPOIb Haj ero coaepkuMbiM. @yHkims EmptyClipboard() mo3sossier
cTaTh BiajenbieM Oydepa 1 OJHOBPEMEHHO yJIalUTh €r0 TEKYIIee COIePKUMOE.

2. JIroboe npuitoyKeHrue MOXKET MONYYUTh JIOCTYI K COZIepKUMoMy Oydepa oOMEHa, HO JIMIIb BJIaJIENel
Oydepa, T.e. mpunoxenue, Bei3BaBmee pynkuuo EmptyClipboard(), uMeer mpaBo 3amuchiBaTh B HETO
nansbie. [Tockonbky BiajenbiieM Oydepa oOMeHa MOXKET ObITh TOJBLKO OJTHO MPHJIOKCHUE, JaHHbBIC, 3aIlH-
CaHHBIC MPEIBIAYIIIM BIIAJICIbIEM, YIAISIOTCS, JaXKe €CIH TAKOBBIM OBLIO 3TO ke caMoe MPUIIOKEHHE.

3. Xots B Oydep oOMeHa MOXKeT ObITh 3aITMCaHO HECKOJILKO OJI0KOB JJAHHBIX, IEPEIaBaTh UX HYKHO
B TeYeHHE OJIHOM orepanuu. bydep oOMeHa Henb3s1 OTKPBITH, 3aIMCaTh B HErO JaHHbBIC, 3aKPhITh, & 3aTEM
CHOBA OTKPBITh U JI00ABUTH IPYTHe TaHHBIC, HE YAAINUB IPEIbAYIIHN (PparMeHT.

4. B Oydepe oOMeHa OTHOBPEMEHHO MOXKET HAXOAUTHCS TOIBKO IO OJJHOMY 3JISMEHTY JIAHHBIX KaX-
JIOrO TUTA. DTO 00BACHSAETCS MPOCTOM MPUYMHOMN: HE CYIIECTBYET CIIOCO0a pa3JielIieHUs] HECKOJBbKUX dJIe-

141



O6meH gaHHbIMK nocpeacTsom bydepa obmeHa Windows

MCHTOB JAaHHBIX OAHOI'O U TOTI'O K€ THUIIA. O[[HaKO IIpU HAJIMYMUU JaHHBIX HCCKOJIBKUX THUIIOB NPHUJIOXKCHUEC,
MOJyYHBIIIEe AOCTYI K Oydepy oOMeHa, MOXKET 3alPOCHTh TOJIBKO OMH 3JIEMEHT, HECKOJIBKO JJIEMEHTOB
WU BCe dJIEMEHTHI. B 3TOM CJIyda€ JaHHBIC KaXXJ0I0 TUIla JOJIKHBI 3aIIpalnMBaThLCA OTACIIBHO.

Bydep oOMeHa MokeT MHOTOKPAaTHO OTKPBIBAThCA Ui 3alpoca APYTHX DJIEMEHTOB NaHHBIX HIIH
MMOBTOPHOT'O 3ampoca TOoro ke 3jeMenta. Ho B 1ienoMm, 3anpanimBas (parMeHT JaHHBIX u3 Oydepa oOMme-
Ha, JIy4Ille BCEro CO3/IaTh €ro JIOKAJIbHYIO KOIHUIO, a HE MOBTOPSATH OJIMH M TOT )K€ 3alpoCc CHOBA U CHOBA.
Kpome Toro, He 3a0bIBaiiTe: HET HUKAKOW TapaHTHH TOTO, YTO MPH CIETYIOMIEM 3alpPOCce TOT e CaMblif
3JIEMEHT JIAHHBIX OCTaHETCS HEM3MEHHBIM, IIOCKONIBKY Oydep oOMeHa sSBIsieTCs 00IIeJOCTYTHBIM.

8.1.3. YactHble popmaTbl bypepa obmeHa

B Windows onpeneneno Heckonbko «4dacTHbiX» ¢opmatroB: CF_DSPTEXT, CF_DSPBITMAP,
CF_DSPMETAFILEPICT u CF_DSPENHMETAFILE. Ounu coorBercrBytor ¢popmaram CF_TEXT,
CF_BITMAP, CF_METAFILEPICT u CF_ENHMETAFILE, HO UM€IOT 0JJHO IPUHIIUITHATIBHOE OTpaHu-
YCHUE: TTPUITOKCHUS, 3allpalllMBaArONIUEe CTAHAAPTHBIC (I)OpMaTLI, HE CMOT'YT MOJYYUTH JOCTYIIA K CIICIU-
anbHBIM (opMaTtam Oydepa oOMeHa. B 3Toif cBs3M crienyeT caenaTtbh HECKOIBKO 3aMEeUaHui:

— JIaHHBIC, HAXOMASIIUECS B OJJHOM M3 CHEIHAILHBIX (HOPMATOB, MPEIHA3HAYAIOTCS JJI1 OOMEHA HH-
(dhopmarueil MeX Iy IByMs 3K3eMILIIPaMH OJTHOIO M TOT'0 YK€ MPUJIOKCHUS WM MEXIY JBYMS TTPHIIOKE-
HUSIMH, CTICIHAIIBHO pa3paOOTaHHBIMU JIJIsl COBMECTHOM paboOThI;

— B MpoOIIeCcCe MOJA00HOro 0OMEHa MOXKET TepeiaBaThCs CIyKeOHass HHpopMaIlus, Harnpumep o Gop-
MaTUPOBAHUM U/ WK TIPUPTAX.

TepMuH uacmmuslit ghopmam MOXeT BBECTH B 3a0myxjacHue. [leno B TOM, YTO MOIYYHUTH JOCTYII
K TAKOBOMY MOXKET JI000€e TpuiiokeHrne. Beap paspadareiBanichk nofoOHbIe GopMaThl He B LeEnsIx Oe3-
OTACHOCTH, a JIMIIb JJIsl 00ECIIeYeHHUs 3aKPBITOro oOMeHa JaHHbIMU uepe3 Oydep odmena [12].

Xots ABa 3K3EMILIApa OAHOTO U TOI'0 K€ MPUJIOKEHUA UM OBa CBA3AHHBIX IMPUIIOKCHUA HOJIKHBI
IIOHUMAaTh CBOU YaCTHBIC (I)OpMaTLI, IMPUMCHCHUEC 3THUX (pOpMaTOB BOBCC HC TI'apaHTUPYET, YTO HAHHBIC
MOCTYIIUIIN OT APYTOro 3K3€MILIApa TOI'O K€ NPUJIOKCHUA NI POACTBECHHOI'O ITPUIIOKCHUA. NupiMu cio-
BaMH, HUYTO HE€ MCHIACT HCIIOJIb30BAaHUIO OAMHAKOBBIX YaCTHBLIX (bOpMaTOB Ppa3HbIMH, COBCPHICHHO HE
CBA3aHHBIMU JPYT C APYrOM IIpOrpaMMaMU.

OnHaKo Ha ATOT ClTy4ail IPeIyCMOTPEHBI CIeHaIbHbIC MEephl. Bbl MOXeTe y3HAaTh «aBTOpa» Cofep-
xumoro oydepa oomMena ¢ momorbio Gynkimu GetClipboardOwner():

hwndCBOwner = GetClipboardOwner();

[Tpunoxenue, Bo3BaBuee Gpynkunto EmptyClipboard() amst moAroTOBKY K KOMMPOBAHUIO JAHHBIX,
CTaHOBUTCS HOBBIM BIIajienbiieM Oydepa oOmena. [Ipyrue npunoxenus, oOpamatonmecs K o0ydepy s
YTeHUs MH(OpMAIK, ero BaJeibllaMH HE SBJISIOTCS — OHU MPOCTO MOJYy4aroT JAocTyr. Takum oOpa-
30M, 3a couepkumoe Oydepa oOMeHa OTBETCTBEHHOCTh HECET TOJBKO ero Biajenerl. I[IpunokeHue He
MOXKET 3amucath JJaHHbIe B Oydep oOMeHa, He CTaB CHayaja ero BIAJICNbIeM U HE YAAJIUB ero Mpe/bl-
ayiuee copepxumoe. [loaTomy nroboe mMpuioKeHHe, MOMyYUBIIee AOCTYNl K MH(POPMAIMM B YACTHOM
(dhopmaTe, MOKET TaKKe OIPEICIUTh TPUHAUIOKHOCTh Oy(depa oOMeHa.

Xots pynkuus GetClipboardOwner() Bo3Bpalnaer 1eCKpHUIITOp, YKa3bIBAIOIINI Ha Biajeibiia Oyde-
pa oOMeHa, caM 1o cebe ITOT JCCKPUNTOP HH O 4eM He roBopuT. Ho mmes aeckpumnTop, UMs Kiiacca
MPHUIIOKEHHS] MOYKHO 3aIIPOCUTH C TIOMOIIBIO APYTOd (PYHKIIHH:

GetClassName (hwndCBOwner, SszClassName, 16);

Tenepb 3Hauenne nepemennoi szClassName MOKHO CpaBHHUTH C HIMEHEM KJIacca TEKYILEro Mmpuio-
KEHUSI WM CIIMCKOM HMEH KJIacCOB CBS3aHHBIX NMPHIOKEHUH M TakMM 0Opa3oM BBISICHHUTH HCTOYHHK
nHdopMaIum, 3arnucaHHon B Oydepe oOMeHa.

[Nepenaua xormum ucxoaHol MHpopManuu B Oydep oOMeHa monpasymeBaeT TONOJHHUTEIBHBIN pacxol
MaMsITH M3-3a HEOOXOIMMOCTH JTyOIMpPOBaTh OJIOKM JaHHKIX. [Ipr HEKOTOPHIX 00CTOATEIBCTBAX 3TOT (haKTOp
MOXKET ChI'paTh BeCbMa CYILIECTBEHHYIO POilb, 0COOCHHO €CIU KOMUpPYyeMble OIOKH T0CTaTOuHO Benmuku. OmHO
13 BO3MOXKHBIX PEIICHUH 3aKIIF0YaeTCs B TOM, YTOOBI IIepe/iaBaTh JIaHHbBIC B Oydep oOMeHa, He COXpaHss UX
KOITUH, YTO TIOJTHOCTBIO CHUMAET MPooJIeMy.
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Ho ecTp 1 npyroe pemienue, KOTOpoe MPUMEHSIETCs, B YaCTHOCTH, NP Tiepenade O0NbIIMX 00beMOB
nH(poOpMaIuK: OTIOKEHHOE KonupoBanue. B atoM ciiyuae B Oydep oOMeHa HEIOCPEICTBEHHO 3aMUChIBa-
eTcs TONBKO crienudukanms ¢popmMaTa, a BMECTO JSCKPUIITOPa II00AIBHOTO OJI0Ka MaMsATH COOTBETCTBY-
OLIEMY apaMeTpy npucBauBaercs 3Hauenne NULL:

SetClipboardData (wFormat, NULL);

Kornma mputoskeHue 3amnpanivBaeTt JaHHbIE, KOTOpbie uiaeHTUGuupyrorcs 3Hadyenuem NULL, a He
neckpuntopoM Oyoka, Windows paciieHHMBaeT 3TO KakK 3alpoc OTJIOKEHHOTO KOMUPOBAHUS U BI3bIBACT
BiIasienbiia Oydepa oOMeHa (MPUIIOKEHUE, IIOMECTUBIIICE B HErO JIAHHBIC) C IMOMOIIBIO COOOIIECHUS
WM_RENDERFORMAT, B koTopoM 3ampamuBaeMbiii popMmaT 3aaH IOCPEACTBOM Napamerpa wParam.

B orser Ha coobmenne WM_RENDERFORMAT npunoxenue BoizbiBaer pynkiwo SetClipboardData(),
KOTOpO# Tepenaercs AeCKpUIITOp riiodanbHoro 0yioka namsTi ¥ uaeHTudukarop gopmara (BMECTO BHI-
3oBa ¢ynkiuit OpenClipboard() u EmptyClipboard()). Takum o0pa3zom, peasibHbIC JaHHBIE MEPEIAIOTCS
TOJIBKO TOr'la, Korja mojiydaTejib roTOB NPpHUHATH UX.

B 6ydep oOMeHa MOKHO TTOMECTHTH HECKOJIBKO 3JIEMEHTOB B BHJC KOMOMHAIIMHM OOBIYHBIX U OTJIO-
JKEHHBIX JTJaHHBIX. Korma npunoxenue nepecraer ObITh BiajeibiieM Oydepa oomena, Windows moceuiaer
emy coodmeane WM DESTROYCLIPBOARD, koHcTaTupyroiiiee JaHHbii (akt. B oTBeT Ha 310 coOOIIeHNE
MpHUIIOKEHNE MOXKET BEpHYTh ce0e mpaBo Ha BiajeHue Oydepom oOMeHa M CHOBa MepenaTh B HErO Te JKe
caMbI€ JaHHBIC, OJJHAKO TaKoM CHOCO6 PEKOMCHAYETCA NPUMEHATD JIMIIb B UCKIIIOYUTCIIBHBIX CUTYyalluAX.

Kpome Toro, eciii mpuiio)KeHHe TOTOBO 3aBEPILMTH CBOKO paboTy, HO SBJSIETCs BiajenbleM Oydepa
oOMeHa, KOTODPBIM COAEpPKUT AECKpUNTOPHI JaHHBIX co 3HadeHneM NULL, Windows mockuiaer coo0-
meane WM_RENDERALLFORMATS 6e3 yka3anus kakux-nu6o crnenudukanuii opmata. B oTBer Ha
3TO COOOIIEHUE TPUIIOKESHUES-BIIA SNl JOKHO JIM0O MOJHOCTRI0 OYUCTUTHL Oydep oOMeHa, b0 3aBep-
HINTH OTJIOXKCHHBIC BHI3OBBI.

Ho B sTOM citydae, B otnmuue ot peakiuu Ha coobmenne WM_RENDERFORMAT, npunoxenue,
MpeKpaliarlnee CBOK padory, He Oyaer Bbi3biBaTh (PyHKIUI0 SetClipboardData(), a mpocTo O4MCTUT
Oydep oOMeHa W LENMKOM 3aIlUIleT B HErO HOBBIE JTAHHBIE, KaK €CIIU Obl OTJIOKEHHBIE BHI30BBI BOOOIIE
HE CYIIIECTBOBAJIH.

E1me onuH wacTHbI hopmat gaHHBIX Oydepa oOMeHa OOBSIBISETCS CAEAYIOIMM 00pa3oM:

SetClipboardData (CF_ OWNERDISPLAY, NULL);

Hanneie Tuma CF_OWNERDISPLAY Bcerna mepeaarotcsi ¢ Ti100alibHBIM JAECKPUNITOPOM TaMATH,
umerommmM 3Hadenne NULL (o anamorum ¢ GopMaToM OTIOKEHHOTO KomupoBaHHs). Ho mockombky
B 9TOM Cily4ae Biajesen Oydepa oOMeHa HECET HEMOCPEACTBEHHYIO OTBETCTBEHHOCTH 3a OTOOpaKeHUE
JaHHBIX, IpH UX 3anpoce Windows He moceuiaer coobmenne WM _RENDERFORMAT. IIpocto coo6-
LICHHE U3 MPOTrpaMMBbl IPOCMOTPA JAOJKHO OBITH NEpEeJaHO HEMOCPEACTBEHHO MPOrpaMMe-BiIaeibIly
Oydepa oOMeHa.

Kak Ob110 ckazaHo paHee, WISHTU(UIUPOBATH Blagenba Oydepa MOKHO C MOMOIIbIO PYHKIUU
GetClipboardOwner(). 1 Hao6opoT, mporpamma-piajienel] MOKeT ONpeaeluTh MPorpaMMy IpoCcMOoTpa
¢ nomonipto Gpyakiuu GetClipboardViewer().

[Ipu ncnonb3oBaHuK JaHHOTO (hopMaTa mporpaMMa MPOCMOTPa MOCHUIAET MPHUIIOKEHUIO-BIAACIBILY
3arpoc Ha (opMHUpOBaHUE PeaIbHOTO U300paKEHHS U TPEOCTaBIIET eMy JIOCTYI K cBoeMy OkHY. [Ipor-
pamMma IpocMOTpa MOXKET IMOCIATh MATh Pa3INYHbIX COOOICHU:

e WM_ASKCBFORMATNAME — nockuiaercs Jyis 3a1ipoca KoMUY UMEHU (popMata y BlIajeiblia
Oydepa oomena. [Ipu sToM He ciemyeT 3a0bIBaTh, uTO caM Oydep oOMeHa COACPKUT JIUIIb HACHTU(DUKATOP
CF_OWNERDISPLAY, nosTomy nporpamma MpocMOTpa UMEET BOZMOXKHOCTh CAMOCTOSITEIIbHO PUHUMATH
pEIIeHUE O TOM, HY)KHO JIU €if 3HaTh peanbHbiid TUM JaHHbIX. Coodmenue WM _ASKCBFORMATNAME
CONPOBOXKIAETCS YKa3aHUEM B apryMeHTe wParam konmuecTBa KOomupyembIx 0aiToB. Apryment |Param
COZEPKUT yKa3aTelb Ha Oydep, B KOTOpBIH TOKEH OBITH OTIPABJIEH Pe3yibTaT;

e WM_HSCROLLCLIPBOARD / WM_VSCROLLCLIPBOARD — nocsuiatoTcst B TOM cilydae,
KOTJIa IPOorpamMMa MpocMoTpa COAEPIKUT BEPTHUKAIBHYIO WIH TOPU30HTAIBHYIO MTOJIOCY MPOKPYTKH U CBSI-
3aHHBIC C HUMH COOBITHSI JOJDKHBI IEPEIaBaThCs BIaeNbly Oydepa ooMena. B aprymente wParam xpa-
HUTCS JAECKPUIITOP OKHA MPOrpaMMbl IPOCMOTpa, a B aprymenTe |[Param — crangapTHble naeHTH(UKA-
TOPBI, KOTOPBIE cOnpoBOXkAat0T coodiienus WM _HSCROLL u WM_VSCROLL;
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e WM_PAINTCLIPBOARD — nochkuiarorcsi B Ka4ecTBe 3anpoca Ha OOHOBJICHHE OKHA TIPOTPaMMBI
MPOCMOTpa, BO3MOXKHO, B O0TBeT Ha coobieHne WM_PAINT. AprymeHT wParam comep>KuT AeCKpUIITOP
OKHa IIporpaMMmbl ipocMoTpa. AprymeHT [Param npencrasiser co0oii T100ambHBIN IECKPUIITOP 00BEKTa,
conepxariero ctpykrypy PAINTSTRUCT, kotopas 3aiaer 0OHOBJIsieMy 0 001acTh 3kpaHa. UToOk! ompe-
JICNTUTh, BCS M pabodasi 00JIacTh OKHa TpeOyeT oOHOBIICHUS, Biajelel] Oydepa oOMEHa JOMKEH CpaB-
HUTHb pa3Mepbl 00JIaCTH PHCOBAHUs, KOTOPbIE coaepxaTcs B mone repaint ctpykTypsl PAINTSTRUCT,
C pa3Mepamu, ykazaHHbIMU B TiocieaneM coobmennn WM_SIZECLIPBOARD;

e WM_SIZECLIPBOARD — nocbuTatoTCs ISl YKA3aHUS TOTO, YTO OKHO MPOrPaMMBbI IIPOCMOTPa
W3MEHHJIO CBOM pa3Mepbl. ApryMeHT wParam colepKUT JeCKpUITOp OKHa MpocMoTpa. Apryment [Param
MPEICTaBISIET COO0M TI00aNTBbHBIN JIECKPUIITOp 00beKTa, cojepxkaiiero crpykrypy RECT, koropas 3agaer
OOHOBIIIEMYIO 00JIACTh.

B otBer Ha m000e M3 3TUX COOOIICHUH Biajaenel] Oydepa oOMeHa JOJKEH BBI3BATH (hYHKIIMIO
InvalidateRect() niu 0OHOBHTH OKHO MPOCMOTPA M COOTBETCTBYIOIIUM OOpPa30M YCTAHOBUTH IMO3UIUIO
OErYHKOB IMOJIOC MPOKPYTKH.

[putoskeHus: MOTYT Takke OOBSABISTh COOCHGEHHbIEe YaCmHble (hopmambl dygdhepa odmena, 3ape-
THECTPHUPOBAB HOBBIN GopmMaT ¢ momotibto ¢pyHkunu RegisterClipboardFormat():

wFormat = RegisterClipboardFormat (IpszFormatTitle);

Hoseiii uaentudukarop wFormat nomyuaer 3nauenue u3 muanasona or 0xC000 mo 0xFFFF u moxer
MCnonb30BaThes Kak nmapamerp Gyuakiuii SetClipboardData() u GetClipboardData(). UtoOsl apyrue npu-
JIOKEHUS WK IPYrOd SK3EMIUISIP TOTO K€ MPUIIOKEHHS CMOTJIM MPOYMTaTh AaHHbIe 13 Oydepa oOMeHa
B 3TOM (opMaTe, UM HE0OXO0ANMO MPEJOCTABUTh aHAJIOTHYHBIN HieHTUGUKaTOp WFormat. Ero 3Hauenue
MOJKET mepeaBatbes yepe3 oydep oomena B popmare CF_TEXT.

B kavecTBe aJibTepHATUBBI MOXKHO HCITIONB30BaTh (yHKIMIO EnumClipboardFormats(), koropas pac-
cMaTpuBajach paHee. DTa QyHKIUS BO3BpaIlaeT HAeHTU(UKATOPBI BceX (opmMaToB, MOCIIE Yero ciaeayer
Bb3BaTh QyHKIHIO0 GetClipboardFormatName(), ¢ Tem 4To0bI momyunTts uMst popmara B Buae ASCII-ctpoku:

GetClipboardFormatName (wFormat, IpszBuffer, nCharCount);

Craenyer moguepkHyTh, 4To Windows He TpeOyeT HUKaKod WH(OPMAIUK O CTPYKTYpE JaHHBIX, KO-
TOpBIE NIEPEIAIOTCS TIPU UCTIONB30BaHUN YacTHBIX (popmaToB. MHTEpnpeTanus TakuxX JaHHBIX HAXOIUTCS
UCKITIOYUTEIFHO B KOMITETEHIIMM CaMmoro mpuiioxeHusi. OmnepannoHHas cUCcTeMa JIOJKHA 3HATh TOJBKO
uMs popMaTa U IECKpUNTOp OJI0Ka aMSTH.

§ 8.2. ObmeH gaHHbIMM NOCPEACTBOM KaHa/0B

8.2.1. O6wme nonoKeHUa n knaccupmKkauma KaHanos

[Ipoueccsl, 3amylieHHbIe NMOJIb30BaTENEM, HE BCErJa MMEIOT OTHOUIEHUE APYT K JIPYyry, OJHAKO
CHOCOOHOCTH MPOIIECCOB 0OMEHUBATHLCS MH(OPMAIMEH WHOTIa 3HAYUTENILHO TIOBBIIIAeT 3(h()EKTHBHOCTD
MPHUIIOKEHHS U JIeNIaeT BO3MOXHBIM pellIeHue 3a/ia4, KOTopble ObUIH OBl HE IO/ CHITy COBOKYITHOCTH He3a-
BHUCUMBIX TporeccoB. Hampumep, nmporpamma Habopa TeneOHHOro HOMepa M TpauyecKuil perakTop
HUMEIOT OYEHb Majio OOLIEero, OJHAKO eclH TpapUuecKHil PeIaKTOp NODKEH MepenaBaTh WHPOPMAIUI0
B yJAJICHHYIO CUCTEMY, LIEeeCOO0pa3HOCTh €ro CBSA3M C MPOrpaMMoil Habopa HOMepa YK€ He BBI3bIBAET
comHeHusi. Windows obecrieurBaeT MHOIO BO3MOXKHOCTEH JIJIsl CBSI3U MEXK]Ty IIPHIOKECHUSAMU (HAIIPUMED,
yepe3 Oydep oomena, DDE, OLE u 1. 1.).

Kananb! npencTaBisiroT co00 ya00HBIN MeXaHu3M i oOMeHa HH(OopMalue MeXIy mpoieccaMu
B pa3fIM4YHbIX Mporpammax [12]. B oTinune oT HEKOTOPBIX aJIbTEPHATUBHBIX MEXaHU3MOB C KaHaJIaMU He
cBsi3aHBl (hOpMaIbHBIE CTAHAAPTHI WM MPOTOKONBI Niepenaud WHPopMauu. ITa 0COOCHHOCTh KaHAJIOB
JenaeT ux Oosiee yoOHBIMU B UCIIONB30BAHUH U O0Ojiee THOKUMH 0 CPaBHEHHIO, CKaXKEM, C MEXaHH3MOM
DDE. OpHako oHa k€ OrpaHMYMBAET BO3MOXHOCTh MPHUMEHEHUS KaHAJIOB TOJNBKO NMPOrpaMMaMu, CHO-
COOHBIMH TIPaBUIIBHO PACMO3HABATh HH(POPMAINIO, KOTOPOH OHU OOMEHHBAIOTCS.
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[Monnepsxka kananos Oblna BiepBbic BBeAeHa B Windows NT, a Bnocneactsuu B Windows 95
n Windows 98 (B Buie aHOHUMHBIX KaHaioB). OnaHako Tonbko Windows NT momiepxuBaeT BO3MOXHOCTh
WCIIONB30BaHUSI UMEHOBaHHBIX KaHAJIOB, KOTOphIE HermpuMeHuMBbI B Windows 98.

Kanan npencrasisier co00il y4acTOK COBMECTHO MCIIOIb3YEMOM MaMSITH, TJI€ TPOIECCHl OCTABIISIOT
cBOM cooOIIeHus Apyr i apyra. Kanan momoOeH datiny, TaHHBIE B KOTOPBIH 3aMMCHIBAIOTCS OJTHOM MTPOT-
pPaMMOM, a cuuThIBatOTCSA Apyroi. IIockonbky KaHambl MPENHA3HAYEHBI JUISL CBSI3U MEXAY IPOLIECCAMM,
Win32 API npenocrapiser Habop KomaHj, oOecrieduBarommx odMeH wH(popmanueii. KoHuenryanbHo
KaHaJl ABJSIETCA THOPUIOM (haiiyia U 3JISKTPOHHOIO MOYTOBOIO siuKka. OMH MPOIECC 3aMUChIBACT B 3TOT
(haiin onpenencHHy0 HHGOPMAIHIO, a APYrol MPOCMAaTPUBAET €e.

Kanan nosiBiisieTcst mociie Toro, Kak ofHa U3 MporpaMm IMPpUHAMAET pelieHre co3iath ero. [Iporpamma,
KOTOpasi CO3aeT KaHall, Ha3bIBACTCS cepeepom KaHaina. J[pyrie nporecchl, KOTOpble Ha3bIBAIOTCS KIUEH-
mamu, MOTYT CBSI3bIBATHCS C KAHAJIIOM Ha JPYroM ero koxie. CepBep MoyiepKuBaeT KU3HECOCOOHOCTh
kaHana. JIro0oil mporecc MOXKET CIYKHUTh KaK CEpBEPOM, TaK M KIMEHTOM, WM OJHOBPEMEHHO U CepBe-
POM, U KIIMCHTOM JJId Pa3HbIX KaHAJIOB.

[Tocne Toro kak kaHaji OyJeT CO3[aH U K HEMY MOJIKIFOYUTCS IPyrod Mpolecc, KIMEHT WK CepBep
WM OJHOBPEMEHHO M KIIMEHT, M CepBEp HAUHYT 3alUChIBATh JaHHBIE HA CBOEM KOHIle KaHana. MHdopma-
oy, 3alMcCaHHad Ha OJHOM KOHIIC KaHaja, YATACTCA Ha APYIroOM €ro KOHIIE. OHCpaHI/II/I YTCHUA U 3aIl1UCU
BBIITOJIHAIOTCA C IMOMOIIBIO TCX K€ KOMaH]/, KOTOPbIC NPHUMCEHANOTCA JJIA pa6OTBI C JIIO6LIMI/I Apyrumun
¢aiinamu: ReadFile() m WriteFile(). OObr4HO mpomecc, 0KUAAIONINN COOOIIEHUS, CO3/IaeT AJIsl UX TOMy-
YEeHUS HOBBIM TMOTOK. DTOT MOTOK mepuojuuecku Bbi3biBaeT GyHkinuio ReadFile() u Onokupyercs, ocra-
BasiCh B MACCHBHOM COCTOSIHUH JI0 TIOCTYIICHUSI HOBOTO COOOIICHUSI.

Hakower, cepBep NpUHUMAET PEIICHUE O TOM, YTO JAUAJIOT 3aKOHYEH, U pa3pbiBaeT coenuHeHue. s
YHHUTOXEHMs KaHana cepBep Bbi3biBaer ¢yHkinuio CloseHandle(). Ho kanan Ha camom nene He Oyner
YHUUTOXKEH JI0 TeX 1Op, MoKa He OYAyT 3aKpBITH BCE JIECKPHUIITOPHI, YKa3bIBAIOIIME HA HErO KaK CO CTO-
POHBI KJIMEHTA, TaK U CO CTOPOHBI cepBepa. Kpome Toro, cepBep MOXKET MOIKIIOYUTh K CTAPOMY KaHaIy
HOBOT'O KITUEHTA.

Kananber uMeroT HECKOIBKO pa3sHoBUIHOCTEH [12]:

— BXOJIHBIC, BBIXOIHBIC U IyTUIEKCHBIE (IBYHATPaBICHHbIC);

— OaiTOBBIC M KaHAJBI COOOIEHNI;

OJIOKMpYEMbIC U HEOJIOKHPYEMBIE;
HMMCHOBAaHHbIC U aHOHHUMHBIC.

BoibuMHCTBO aTpuOyTOB KaHasa OMPEessieTcs MPH ero co3IaHuu. PaccMOTpUM OCHOBHBIC BHUJIBI
KaHaJIoB 0oJiee mopOoOHO.

Bxoonuvie, gvixoonsle u oynnexcnule kananpl. Hazpanus kaHajaoB, OTHOCSIINXCS K MEPBOM Tpymie,
YKa3bIBalOT Ha HAlpaBieHHE nepenaud MHpopMaluu. BxooHble U bIX00Hble KaHAJbI SBISIFOTCS OJIHO-
HaIlpaBJICHHBIMHU: C OJJHOH MX CTOPOHBI OCYIIECTBIISIETCS 3alUCh HHPOPMAINH, C APYTroil — YTEHHE.
BxoaHoii kaHal MO3BONSAET KIMEHTY IMepeaaBaTh, a cepBepy — INPUHUMATh MH(OpPMAIIHIO; BBIXOIHOH,
Hao0O0pOT, CepBepy — IepeiaBaTh, a KIUEHTY — MPUHUMAT. /JyniieKcHblil KaHaT TI03BOJISIET NIepeiaBaTh
" IPpUHUMATDL TaHHBIC O6GI/IM CTOpOHAaM.

baiimoevie xananvt u Kananvl coodujenuil. Xapakrep 3anucbiBaeMoi MH(MOPMALIMU OIMPEACIsET,
B KAKOM PeXHME, Oailmoso20 KaHaAaa W KaHana coooujenuil, OyleT NPOUCXOAUTh YTeHHe. Pexum
KaHajla MMOMOraeT CHUCTEME NPHUHSATh PEIICHHE O TOM, KOIJa CIEAyeT OCTAHOBUTH OMNEPAIHI0 YTCHHS.
B pexxume 6aliTOBOro kaHajaa uyTeHHe HHPOPMALUK MPEKPALIASTCs TIPU TOCTYIUICHHH TOCIIENHero OanTa
W3 KaHaJla WK TPH 3all0OJTHEHUM ero Oydepa uteHus. B pexxume coobuieHuit uteHue nHGOpMaLuH mpe-
KpaIIaercs MpH JOCTHKEHUH KOHIA COOOIICHUSI.

BHyTpu kanana, paboTaolIero B pexXuMe COOOIICHH, CHCTeMa pa3MellaeT B Hayale KaKIoro
3alKMChIBaeMOro (hparMeHrta 3arojioBOK, XpaHSIIMi CBEIACHHS O JUTMHE 3TOro (parMeHta MH(OpMAIUH.
[Tporpammbl, KOTOpbIE HAXOMASATCS HAa KOHIAX KaHalla, HE BHIAT JTOrO 3arojioBKa, OJHAKO KOMaHa
ReadFile() npekparaer ureHue, JOCTUrasi KOHIIA OUEPETHOrO (hparMeHTa JaHHbIX.

bnokupyemvie u neonoxupyemoie kananwt. Kananbl ObIBalOT O10KuUpyemvimu NI HEONOKUPYeMbIMUL.
JanHblid aTpuOyT BIMSET HAa Pe3y/IbTaThl BHINOJHEHHSI OTIepalluii YTEHHUs, 3alIMCH U COeMHeHMs. B ciryyae
OIIMOKY BBITIOJTHEHUS JIF0OOM M3 3THX (DYHKIUIA B HEOJOKUPYEMOM KaHajIe BO3BPAIIACTCS KOJI 3aBEPILICHNUS,
MpPECTaBIISIONINIT cO00i KoI omnOKu. B kaHase, KOTOpBIi JA0MycKaeT OJIOKHMPOBKY, (GYHKIIMU HE BO3Bpa-
MIAIOT pe3yJIbTaTa JI0 TeX MOp, MOKa OHM HE 3aBEPIIATCS, WIH J0 TeX MOop, IOKa CYIIECTBYET OIIHOKa.
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HUmenosannvie u anonumuvle Kananvl. Kanan MOXeT ObITh UMEHOBAHHBIM, SCITU TIPOrpaMMa-
co3JiaTellb CHaO/MIIa ero CTPOKOBBIM 3HAYEHUEM, OJJHO3HAYHO WICHTH(MUIMPYIOIIUM €ro UM, UIH aHO-
HUMHBIM, €CJTH C HUIM HE CBS3aHO HHMKAKOE UACHTU(UIIUpYIOIIee CTPOKOBOE 3HaueHue. [10j00HO CHHXPO-
HU3HPYIOIUM 00beKTaM (IPOCTHIM U MCKITIOYAIONIMM cemMadopam), UMs KaHajla IIOMOraeT JPYruM Ipo-
1eccaM IpaBUIIBLHO €ro pacrno3HaBath. Windows 98 He mojanepkuBaeT MMEHOBAaHHBIX KaHAJIOB — B ATOMH
OIEePAIIMOHHON CUCTEME BCE KaHAJIbI SBJISIOTCS aHOHUMHBIMHU.,

AHOHMMHBIC KaHaJbl 3aHMMAIOT MEHBIIE CUCTEMHBIX PECYPCOB, OJHAKO IO CPAaBHEHWIO C MMEHO-
BaHHBIMH OHH BBITIOJHSIOT JIMIIh OrpaHUYCHHBIM HAOOp 3amay. B yacTHOCTH, OHM MOTYT IEpeaaBaTh
COOOIIEHHMSI TOJILKO B OJTHOM HAIPABJICHUH: UM OT KIIMEHTA K CEPBEPY, UM OT CepBepa K KIUEHTY (HO HE
B 000MX HaNpaBJICHUSX OJHOBPeMEHHO). KpoMe Toro, aHoHMMHbBIC KaHAJIBI HE pa0oTaloT B ceTsax. KimeHt
Y CepBep JIOKHBI HAXOIUTHCS Ha OJTHOM KOMITBIOTEPE.

HmenoBaHHBIE KaHAJIBI, KOTOpbIe ToyiepkuBatoTcss B Windows NT, BBIOJIHSFOT HEKOTOPBIC 3ajauM,
HEJIOCTYITHBIC JUIsi aHOHUMHBIX KaHajoB. Tak, OHM mepenaroT WH(OpManUio B 000OMX HAIPaBIICHHSIX,
COCIIMHSIOT MOCPEICTBOM CETH TPOIIECChI, MPOMCXOMSIINE Ha Pa3IMUHBIX YJIAJICHHBIX KOMITBIOTEpPAX.
Kpome Toro, uMeHOBaHHBIC KaHAJIbI MOTYT CYIIECTBOBATh B HECKOJBKUX JK3EMIUISIPAX U UMEKOT JOMOJI-
HUTENbHBIC PEXUMBI Pa00Thl. CIIOCOOHOCTH CYIIECTBOBATH B HECKOJIBKHX JK3EMIUIIpaxX MO3BOJISET UMe-
HOBaHHBIM KaHaJlaM COCIAMHSTH OJMH CEPBEP C HECKOJBKMMH KIMeHTaMu. Kaaplii dK3eMIUIsIp KaHalia
MPEJCTABJIIET COOOH OTICNBbHYIO HE3aBUCHUMYIO JUHHIO CBI3U. COOOIICHUS OJHOTO 3K3eMILIApa KaHalia
HE CMEIIMBAIOTCS C COOOIIECHHSIMH JIPYTOro 3k3emiuigpa. Heckoilbko 3K3eMIUSIPOB KaHajla CO3JAl0TCS
B TOM CJIyuae, KOTJia OJIMH WM HECKOJIbKO CEPBEPOB MEPEAIOT OJHO U TO K€ UJACHTU(DUIUPYIONICEe UM
B kauectBe aprymenta ¢ynkiuu CreateNamedPipe().

8.2.2. API-dyHKUMM ana paboTbl C KaHanamm

Kak yxe ObU10 cKa3aHo, OCHOBHOE MpeJHa3HAuUCHNE KaHAIOB — IOJIEPIKKA CBS3H MEXIy MpOIlec-
camu. Kanan npezacrasisier co0oit Oydep B mamsiTh, TlIe CUCTEMa COXPAHSET JIAHHBIC B MEPUOI MEKIY
3aMKChI0 UX OJHHMM MPOIIECCOM M uTeHUEM JpyruM. API-koMaHBI TIO3BOJISIFOT TpakToBaTh Oydep kak
KaHaJI, WM TpyOy, 0 KOTOPOi MH(OpMaIHsl «IIepeTeKaeT» U3 OAHOTo MecTa B Apyroe. Kanan uMeer nsa
KOHIIa. O[[HOCTOpOHHI/Iﬁ KaHaJ IMO3BOJIACT 3allMChIBATh JAHHBIC TOJIBKO Ha OAHOM KOHIIC M YUTATh UX Ha
IpYyroM, T. €. BCsl MHPOPMAIUs «IIepeTeKaer OT OAHOro mpolecca K IpyroMmy. JByXCTOpOHHHE KaHAJIbI
Jal0T BO3MOKHOCTb 06OI/IM mpoucccaM BBITTOJIHATE KaK 3aIllMCb, TaK U YTCHHUE I/IH(I)OpMaHI/II/I, IMO3TOMY
WH(pOPMAIUS MOXKET «IepeTeKaTb» OJHOBPEMEHHO B JBYX HampaBleHUsX. Kpome Toro, mpu co3gaHuu
KaHajia He0OXOIMMO TPUHSATH PEIICHUE O TOM, OyIeT OH aHOHUMHBIM WJIM UMCHOBaHHBIM [ 12].

Co30anue aHOHUMHBIX KAHAI06. AHOHUMHBINA KaHaJl TepegaeT HH(GOpMAIHIO TOJILKO B OHOM Ha-
MpaBJICHUH, IPUYICM 063 KOHIIa KaHaJla JOJI?KHbI HaXOAUTHCA Ha OJHOM U TOM K€ JIOKAaJIbHOM KOMIIbIO-
tepe. [Ipouecc, co3naronmii aHOHMMHBIA KaHall, MOJIy4YaeT IBa AECKPUNTOpa: JUISl 3alllCH U JUJISl YTCHHUS.
UtoOBl CBSI3aThCS C KAKMM-JTN0O0 MPOIECCOM, CEPBEpP JIOJIKEH MepeaaTh eMy OAWH U3 JIECKPUIITOPOB:

BOOL CreatePipe (PHANDLE phRead, // mlepeMeHHas1 Il IECKpUITOpa YTeHHs (BXOIHOW KaHaw)

PHANDLE phWrite, // mepeMeHHast T JeCKPUIITOpa 3aIKCH (BBIXOTHON KaHAa)
LPSECURITY_ ATTRIBUTES lIpsa, // IpUBUIIETUH AOCTYyNa
DWORD dwPipeSize); // pa3zmep Oydepa kanana (0 Mo yMOIIaHHUIO)

Ot pa3mepa Oydepa KaHaia 3aBUCHT, KaKOW MaKCHMajbHBIH 00beM HH(OPMAIMH MOXKET HaXo-
ouThesl B Kanaie. [lepenada cooOuieHnit Mo 3amoiHEHHOMY KaHally HEBO3MOXKHA A0 TeX MOop, MoKa Ha
JPYroM KOHIIE KaHaa He OyJIeT MpoYnTaHa crapas uH(GopMaIus.

[Ipu ycnemuom 3aBepiienuu ¢Gynknus CreatePipe() BosBparaer 3nauenue TRUE u 3ammceiBaer
JIBa HOBBIX JIECKPUIITOpA B TepeMeHHble, 3aianHble nmapamerpamu tuna PHANDLE. [Tocne sToro mpo-
1ecc, co3IaBIIMK KaHail, OOBIYHO MepeaeT OWH U3 AECKPHIITOPOB JIpyromy mpoieccy. Kakoi u3 meck-
pHUITOPOB BBI OyJeTe nepenaBaTh, 3aBUCHT OT TOTO, YTO JOJDKEH AENaTh MPOIECC MOCPEACTBOM JAaHHOTO
KaHaJsa: MochlIaTh (3alMChIBaTh) WK MOMy4aTh (YMTaTh) HHGOpMaLuio. Bel Moxxere mepenatb AeCKpHUII-
TOp J0YEpHEMY TPOIECCY C MOMOLIBIO €r0 KOMaHAHOW CTPOKH WJIM BOCHOJNB30BABIIMCH CTaHAAPTHHIMU
JIECKPHUIITOPaMH BBOia / BBIBOJa. HecBs3aHHbIE MpoLiecchl JOIKHBI TIepeaBaTh APYyT IPYry JEeCKPUITOPHI
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VMHBIMU CPEACTBaMU, HAIIPUMED € MOMOIBI0 MexaHusma DDE uiny nmocpencTtBoM COBMECTHO HCIHOJNIB3Ye-
Moro ¢aina. CBs3p 10 aHOHUMHOMY KaHAIy MPOIE PEaIM30BaTh B TOM CIIydae, €ClIM MPOLECCHl CBS3aHbI
JApyr ¢ apyrom [12].

Co30anue umenogannvlx Kananoe. Maorum cucteMHbiM oobexTam Windows NT mpucBauBarotcs
HZ[GHTHq)HHI/Ipy}OH_[I/Ie X CTPOKOBLIC 3HAYCHUS. Xots KOMaH/bl CO3JJaHUA UMCHOBAHHBIX KaHAJIOB MOT'YT
KOMITMJIMPOBAThCS TOJbKO B cpene Windows NT, nmpunoxeHus, UCIIOIb3YIONINEe UMEHOBaHHBIE KaHAIBI,
paborator U B cpene Windows 98, rie nMeHOBaHHbIE KaHaibl (PYHKIMOHHUPYIOT TOYHO TaK e, Kak
1 aHOHUMHBIC. HpeHMymeCTBO NMPUMCHCHUA HMMCHOBAHHBIX KAaHAJIOB 3aKJIOYacTCd B TOM, YTO MMCHA
KaHAJIOB IMO3BOJIAIOT MPOIECCaM JIOKAIM30BaTh 3TH OOBEKTHI 0oJiee MPOCTHIM CIOCOOOM. AHOHUMHBIE
00BEKTHI PACIIO3HAIOTCS TOJNBKO MO CBOUM JIECKPUIITOPAM, a JAECKPUIITOPHI JeHCTBUTENBHBI JIUIIb B TOM
mporiecce, rlie oHu Obuth co3ianbl. C IPYyroi CTOpoHbI, JIFOOOW MPOIECC, KOTOPBIHA 3HAET MMs O0BEKTa,
MOXET C TIOMOUIBIO ONEPAIIIOHHON CHCTEMBI OMPEICIHUTE €ro MECTO B uepapxun. Cucrema MOXKeT HaAWTH
10 UMEHHU JIF000M 00BEKT Ha JIPYTOM CETEBOM KOMIIBIOTEPE.

Ecnu kaHan umeer ums, nporpamMMa-KIMeHT He AOJDKHA 0XKHIaTh, KOTJla CepBep MepenacT el JecKpHII-
TOp 3TOro KaHasia. BMecTo 3TOro KIMEHT MOXET 3alpOCUTh ACCKPHUNTOp, Bbi3BaB (pynkuuio CreateFile()
nmu CallNamedPipe(). B nro0om cityyae KiIMeHTY TOCTATOYHO 3HATh MMs KaHaia. PojuTtens mocpeacTBoM
KOMaHJHOW CTPOKH MOXET MepeiaTh CBOEMY JI0YepHEMY MPOILIECCY CTPOKOBOE 3HAUCHHUE, COACpKAIIEe HMS
kaHana. Kpome Toro, 3To 3HaUeHHE MOXKET MepeAaBaThCs OT OJHOIO MPOU3BOJILHOTO MpoIlecca IPyroMy
HE CBSI3aHHOMY C HHMM IIPOIIECCY C TOMOIIBIO COBMECTHO HCIONIb3yeMoro (aiina unu mexanusma DDE.
OpnHako yarie BCero Mmporecchl, COBMECTHO HCIONB3YIONINE MMEHOBAHHBIN KaHall, CO3/IAI0TCSl OAHUM U TEM
&Ke pa3paboTYNKOM, TIOFTOMY OHU 3apaHee 3HAIOT UMS KaHaJa.

[lepeuncnennsle nanee GyHKIHH pabOTaIOT TOJHKO C MMEHOBAaHHBIMU KaHanaMu (He co3JaBaiiTe
AHOHUMHBIX KaHaJIOB, €CJIM XOTHUTE BOCIIOJIB30BATHCA OIICpalMAMU, KOTOPHIC BBIIIOJIHAIOTCA C ITOMOIIBLIO
ITHX QYHKIHH):

CallNamedPipe() DisconnectNamedPipe() RevertToSelf()
ConnectNamedPipe() GetNamedPipeHandleState() SetNamedPipeHandleState()
CreateFile() GetNamedPipelnfo() TransactNamedPipe()
CreateNamedPipe() ImpersonateNamedPipeClient() WaitNamedPipe()

Paccmotpum ocHoBHBIE pyHKIIMH OoJiee moxpoOHo. st co3aaHnss MMEHOBAHHBIX KaHAJIOB MpeaHa3-
HaueHa ¢ynkius CreateNamedPipe():

HANDLE CreateNamedPipe (LPTSTR IpszPipeName, // cTpoKa C NMEHEM HOBOTO KaHaJa

DWORD fdwOpenMode, // moctym, MepeKphITHE U CKBO3HAS 3aITHCh
DWORD fdwPipeMode, // THI, pSKUMBI UTCHUS U OXKUIAHUS
DWORD dwMaxInstances, // MaKCUMAaJTEHOE YUCIIO FK3EMILISPOB
DWORD dwOutBuf, // pazMep BBIXOIHOTO Oydepa, 6anThI
DWORD dwInBuf, // pazmep BxoaHOro Oydepa/OaiTs
DWORD dwTimeout, // BpeMsi ay3bl, MHUJUIUCEKYH/IbI
LPSECURITY_ ATTRIBUTES Ipsa); // IpUBUIIETUM AOCTYyNa

HOCKOIII)Ky HMMCHOBAHHBIC KaHAJIbl UMCIOT 6OJ'II)HIC BO3MOXKHOCTEH 110 CpaBHCHUIO C aHOHUMHBIMU Ka-
nanamu, ¢pyskius CreateNamedPipe() nmeer 6onbiie napamerpos, yem (yHkuus CreatePipe(). Paccmorpum
3HA4YCHUS MapaMeTpoB ATOH (PYHKIHU.

Hapamemp lpszPipeName yka3bsIBaeT Ha CTPOKOBOE 3HaUYEHHUE, KOTOPOE OyJeT urpath pojib UMEHU
HOBOr0o 00bekTa. OnepalnuoHHas CUCTeMa 3alHChIBACT 3TO UMS B MEPAPXUUYECKYIO CTPYKTYPY UMEH CHC-
TEeMHBIX 00beKTOB. CTPOKH, COZIepIKaIlie UM KaHaja, TOJKHBI UMETh CIICITYIONINN CHHTAKCHC:

\\\pipe\<umst kanama>

[lepBrIii cuMBON 00OpaTHON KOCOH 4epThI yKa3bIBaeT Ha KOPHEBOW Yy3el MepapXUYeCKOi CTPYKTYPHI
MMEH CHCTEMHBIX 00BheKTOB. Ellle Tpu 0OpaTHBIC KOChIE Pa3JelaOT UMEHA MOCIEAYIONMX y3JI0B. Touka (.)
0003HaYaeT JIOKAJIbHBIH KOMIBIOTEp. XOTS KaHAIBI MOTYT COSIUHSTHCS C KIMEHTaMH JAPYTHUX CETEBBIX
CEepBEpPOB, HOBBI 00BEKT-KaHall BCEr/ia MOsBIISIETCS Ha TOM JIOKAJIbHOM CepBepe, TJie OH ObUT CO3/JaH.

[locne mmeHn cepBepa yKasbIBaeTCsl y3ell, KOTOPBIA Ha3bIBaeTCsl pipe. 37ech COAepiKaTcsi MMeHa
BCEX KaHAJIOB, PAcCIlOIOKEHHBIX Ha JIOKaJbHOM KOMITbIOTEpe. B cTpoke mMeHH mporpaMMHO 3aiaeTcs
TOJILKO OJIH (pparMeHT, a UMEHHO <uMsi KaHaia™>. ITa OJCTPOKa JIOJDKHA COZepKaTh He Oomee 256 cum-
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BOJIOB. Peructp npu Habope CUMBOJIOB HE MMEET 3HAUCHHUs, IIOCKOJIbKY UMEHA 00bEKTOB HEUYBCTBUTENb-
HBI K HeMy. W cepBepbl, U KIMEHTBI ISl PEICTABICHHS JIOKAJILHOTO KOMIIbIOTEpa MCIONB3YIOT TOUKY (.),
OJIHAKO KJIMCHT, KOTOPBI XO4YeT OTKPHITh KaHAJ Ha YJaJeHHOM CEepBEpe, MOJDKEH 3HATh UM 3TOTO Cep-
Bepa. OIMH M3 COCOOOB ONpEAEIeHUs] MIMEHH YAAJICHHOTO cepBepa 3aKiIioYaeTcs B MOTYYEHUH CITUCKA
uMeHd ¢ nomonipio ¢yHkmmii WNetOpenEnum(), WNetEnumResource() 1 WNetCloseEnum(), oxHako
JieTiaeTcs 3TO 0YeHb MEJJIEHHO.

Oynkiuu CreateNamedPipe(), CreateFile(), WaitNamedPipe() u CallNamedPipe() TpeOytot, 4T0ObBI
B KayecTBe NapaMerpa ObUIO 3aJIlaHO UMS KaHala.

Hapamemp fdwOpenMode conepuT KOMOWHAIMIO (hJIaroB, KOTOPBIC 3a/1al0T HEKOTOPhIE aTpH-
OyThl kaHana. Hanbonee BaKHBIM aTpUOYTOM SIBIISICTCSI PEKHUM JIOCTYIIA, ONMPEACISIONINI HapaBlIeHUE
nepenaun uHGopmanuu B kanaiue. [lapamerp fdwOpenMode nomkeH conepkaTh OUH U3 TPEX BO3MOXK-
HBIX (praroB gocryma:

e PIPE_ACCESS_OUTBOUND — cepBep TOJBKO 3aMHCHIBAET, @ KIIMEHT TOJIBKO YUTaeT WHPOP-
Malluio;

e PIPE_ACCESS_INBOUND — cepBep TOJIBKO YHTAET, a KIUEHT TOJBKO 3alHUCHIBACT HH(POPMAIIUIO;

e PIPE_ACCESS_DUPLEX — cepBep 1 KIHEHT MOTYT KaK 3aM1ChIBaTh, TAK U YATATh HHPOPMALIHIO.

Emre nBa ¢ara 3Toro napamerpa siBJIstOTCsS He00s3aTeIIbHBIMHU

e FILE_ FLAG_WRITE_THROUGH — 3amnpemaer 0yhepusanuio B ceTH;

e FILE_ FLAG_OVERLAPPED — pasperiaer acCHHXpOHHbIE ONlepalliy YTEHUS U 3aIHCH.

C uenbto noBbiIeHUs 3PPEKTUBHOCTH pabOThI KaHaja MPH COSIMHEHUH C YIAJICHHBIM KOMITBIOTE-
POM cHcTeMa cTapaercsl He Cpasy JKe OTChUIaTh Kaxoe cooduienne. OHa, Ha000pOT, MBITAETCS HAKOUTh
HECKOJIbKO KOPOTKUX COOOIIeHMH B Oydepe U nepenaTh X 10 KaHay 3a OJHY ornepaiuio. Eciu nmpoxo-
JIMT ONpEeeIeHHOe BpeMs, a Oydep ocraercs 3amoHEHHBIM JIMIIb YaCTHYHO, CUCTEMa BCE JKe MepeaaeT
ero conepxxumoe. @nar FILE FLAG_WRITE_THROUGH 3amnpemiaer cucreme npou3BoAUTE Oydepu3a-
0. Kaxxoe cooOuieHne Oyner oTnpaBisThCs HEMEUICHHO, 2 KOMaH/Ibl 3allCH HE 3aBEPIIATCS 10 TeX
1op, MoKa He Oy/yT nepeaaHbl UX BBIXOIHbBIC 3HAUCHUs. Bydepusaiuio 1nenecoodpa3Ho OTKIIIOYATh B TOM
clly4ae, M BBl cCOOMpaeTech MOChUIATh COOOLICHUS JINIIb U3PEAKa.

Ormepaluy 3alyCH M YTEHUSI OOBIYHO BBITIOIHIOTCSI ME/IICHHO, MTOCKOJIBKY paboTa OCYIIEeCTBIISIETCS
¢ ¢usnyeckumu yctpoiictBamu. Bropoii neobszaTenbHbli nar, FILE FLAG_OVERLAPPED, no3Bo-
JSIET KOMaHJIaM YTCHHsI M 3allMCH 3aBEPIIAThCS, B TO BPeMsi KaK MHUIMHPOBAHHBIC UMU JCHCTBUS OyIyT
MPOIOJDKATHCS B (DOHOBOM pekuMe (aCHHXPOHHBIN BBOA/ BBIBOJI, PACCMOTPEHHBIN paHee).

Hapamemp fdwPipeMode conepxurt erie oHy KOMOMHAIMIO (hJIaroB, MO3BOJISIONIYIO 33J1aTh JPYroi
Ha0Op XapaKTepPUCTUK KaHaia: (jar pekuMa uteHus, (uar pexuma BBoaa W ¢uar oxujanus. Onaru
PeKMMa YTCHUS M PSKUMa BBOJIA TECHO CBS3aHBI JAPYT C JPYroM, Mo3ToMy Ooliee ynoOHO ObLIO Obl Ha-
3BaTh MX COOTBETCTBEHHO (1arom yTeHus W ¢uarom 3amuch. OHU COBMECTHO OMPENEISIOT MPUHIIUIIBI
OpraHM3alliy ¥ HHTEPIPETAuH JAHHBIX, TiepeaBaeMbIX Mo KaHaimy. O0a drara TOomycKaroT BEIOOD MEXKIY
0aliTOBBIM PEKMMOM U PEKUMOM COOOIICHUH.

K ¢naram BBona (pexxum 3anmcu) otHocsitcst PIPE TYPE BYTE u PIPE TYPE MESSAGE, a k ¢na-
ram pexxuma ureHuss — PIPE READMODE BYTE u PIPE READMODE MESSAGE.

B kananax, paboraromux B 6aHTOBOM pexume, HHPOPMALUS 3aNIMChIBACTCS H YUTACTCS B OOBIYHOM
JIBOMYHOM BHJIC U BOCIIPHHUMAETCS TIPOCTO KaK IMOCIIE0BATEIbHOCTh OaiTOB.

OnHako nHOTIa ObIBAaET yI00HBIM Pa30UTh MEpeIaBaeMyto Mo KaHaay HH(GOPMAIIMIO Ha JUCKPETHBIS
COOOLICHUSI, B KOTOPBIX PE3yJbTAT Ka)JIOM Olepaliy 3alici COOTBETCTBYET OTACIBHOMY COOOIICHUIO.
Kanaubl, paboTaronme B peXumMe COOOIICH I, aBTOMAaTHUSCKH U HE3aMETHO TSl TTOJIb30BATENIs MPEIBAPSIOT
Ka)XJ10€ HOBOE COOOIIeHEe HEBUUMBIM 3arojOBKOM, 334al0LIUM JUTMHY COOOIIeHus. 3aroI0BOK 0becredn-
BaeT aBTOMAaTHYECKYI0 OCTAHOBKY OIEpallMd YTEHHUS MPH JOCTHKEHWH KOHIA cooOuieHus. [lomydaTensb
YHUTACT COOOIICHHUS O/IHO 32 IPYTMM TOYHO B TOM BHJIC, B KOTOPOM OHH 3alMCHIBAJIMCH B KaHAJ.

Tak, ecnu ofHa MporpaMMa MOCkUIAET APYTol JIIMHHYIO TTOCIeI0BATENBHOCTD ENbIX YHCEN, i 1ene-
c000pa3HO BHIOpATh OAMTOBBIN PEKUM KaHAJA, TOCKOIBKY JUTSI TIOTYYaTess HE MMEET 3HAYCHHUS, CKOJIBKO
LEJbIX yuceNl OyJeT mepefaHo B KaHal B TEUEHHE OJHOM omepaimu 3amucd. OH MPOCTO MOOYEPEIHO
YUTACT ILeNble Yucia U3 KaHajga. OHAaKO eclii MporpaMma MOChUIAeT KOMaH[Ibl, HAlIMCAHHBIC Ha SI3bIKE
CLICHAPHEB, aJIpecaT AODKEH MONyYaTh 3TH KOMaH/IbI LIETUKOM, B TOM BH/IE, B KOTOPOM OHM OBLIH 3aIMCaHBbI,
4TOOBI MPAaBUIILHO MTPOU3BECTH MX CHHTAKCHYeCKHi aHanu3. [I0CKONbKY pa3Hble KOMaHJIbl MOTYT UMETh
Pa3IUYHYIO JUTHHY, 00€ TPOrpaMMbI JIOJDKHBI UCIIOB30BaTh KaHaJ, pabOTAIOIIUN B PEXKUME COOOIICHHIA,
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Pe)XMMBI 3alicH M YTEHUS] Ha3HAYAIOTCSI HE3aBUCHMO JIPYT OT JIpyra, OJJHAKO HE BCE KOMOMHAIMH
SIBJISIFOTCSL IOMMYCTUMBIMU. B "acTHOCTH, Henmb3si onHOBpeMeHHO ucnons3oBath ¢uiarn PIPE TYPE BYTE
u PIPE READMODE MESSAGE. Kanan 6aliToBOro THIa OCyIIecTBIsSET 3auch HH()OPMAIIUH, HE pa3-
JeNisisi COOOIICHUS 3aroJIOBKaMu, TI03TOMY Ha MPUEMHOM KOHIIE KaHajia 3Ta HH(QOpMaIis He MOXKET ObITh
pa3buta Ha oTnensHbIe cooduienusi. C apyroit croponsl, komOuHays ¢iaaros PIPE TYPE MESSAGE
u PIPE READMODE BYTE sBnsiercst BronaHe gomycTuMoil. B aToM ciydae mporpamma-oTHopaBUTENb
3alMCBIBACT B KaHAJI COOOIICHHsI, COMTPOBOXK/IASI MX 3aroJIOBKAMHM, OJJHAKO TONydYaTeldb HTHOPUPYET ITH
3aroJIOBKHM, MPUHUMAs JIAHHBIC B BHJIC TIOCIICOBATEIILHOCTH HEPa3eieHHbIX 0alTOB (MHBIMU CIOBaMH,
MoJIydaTesb He BOCIPUHUMAET HEBUIUMEBIE 3aTOJIOBKH COOOIIIEHU).

Hapsiny ¢ dmaramu pesxumoB 3anucu 1 uteHus napamerp fdwPipeMode moxer coiepkath ere oauH
¢utar, ycTaHaBIMBAIOIIMI IS KaHATIA PEKUM OKUJIAHUS, KOTOPBI OMpeeNser, YTo IPOU30M/IET C KaHaIoM,
€CJIM KaKMe-TO yCJIIOBHs BPEMEHHO BOCHPEIMSTCTBYIOT 3aBEPLICHHIO KOMaH/bl. Hampumep, mpu momsitke
POYUTATh MHPOPMALIUIO U3 MYCTOr0 KaHajla HEeKOTOPhIE KOMAaH/IbI JIOJKHBI 3a0bITh O HE3aBEPIICHHOI Orle-
panuy YTeHHUs U MEPEHTH K BBITOIHEHHUIO CICAYIOIIMX OMEPaTopoB, B TO BPEeMs KaK JPyrHe MporpamMMel,
NPEeKIe YeM IPOJOIIKUTH paboTy, JOJKHBI J0KAATHCS MOCTYILICHUS] CYUTHIBAEMOT'0 COOOIIICHHSI.

[To ymMOMYaHMIO KaHAJbI 3aCTABJISIOT YMTAIOIINE MOTOKU OJIOKHPOBATHCS W OXKMIATH MTOCTYILICHUS
COOOIIEHMsI, OJJHAKO BBl MOXKETE€ MPEAOTBPATHTh MX OJOKHPOBKY, noOaBuB B mapamerp fdwPipeMode
¢ar PIPE_ NOWAIT. Ilo ymonuanuto ykazanHblii mapametp coaepxut ¢uiar PIPE. WAIT. Pexxum oxu-
JaHUs BIUSICT KaK HA KOMaHJIbl 3alMCH, TaK ¥ HA KOMaHJIbl YTeHus1. [IporpaMma, MmeITaloMIAsCs 3anucaTh
WH(OPMAIUIO MTPH 3all0THEHHOM Oydepe kaHasia, 00BIYHO OJIOKMpYETCS /10 TeX IMOop, IOKa Apyras Hpor-
paMma He 0CBOOOIUT MecTo B Oydepe, MpounTaB COOOIIEHHE HA PYrOM KOHIIE KaHaja. PexxuM oxuma-
HUSI TAK)KE BIMSET M Ha paboTy cepBepa, KOTOPbIil MBbITACTCS COCTUHUTHCS ¢ KIMEHTOM. Ecin QyHKuuns
ConnectNamedPipe() He oOHapyXHMBaeT KJIIMEHTA, TOTOBOTO K COCIUHCHHIO, PEXXUM OXKUJAHUS KaHaja
onpenensier, OyJeT JIM KOMaH/1a 0KUAaTh TOTOBHOCTH KIMEHTa, YTOObl YCTAHOBUTH C HUM COCJMHEHUE,
WM K€ OHA HEMEUIEHHO 3aBEPIIUTCS.

Hapamemp dwMaxInstances. [Iporpamma-cepBep MOXKET OTKPBIBATh KaHAJIBI JIJIsl HECKOJIBKUX KIICH-
TOB, OJJHAKO OHA JOJDKHA 3apaHee 3HaTh, CO CKOJbKMMH KITMEHTaMH € MPUIETCS MO/IePKUBAThH CBS3b.
BBoauTh HOBOE MMs KaHaJa JUIs KaXI0r0 KiIMeHTa Hey1o0Ho. KakuM jxe 00pa3oM KIIMEHTHI OYy/IyT 3apaHee
y3HaBaTh, KAKOS MM KaHaJla OHU JIOJDKHBI UCIIOJIb30BaTh, OTKPHIBAsl COSMHEHUE HA CBOeM KOHIle? UTOoObI
paspemuTh 3Ty podiiemy, Win32 mo3BossieT cepBepy MHOTOKPATHO CO3JaBaTh OJMH U TOT e KaHal.

Kaxxnpiii pas npu BezoBe Qpynkiun CreateNamedPipe() ¢ ogHUM U TeM ke UMEHEM BbI MOJIydaeTe
HOBBIM 3K3eMIUIAp JaHHOTO KaHama. KaIplii Takod SK3eMILIsp 0OecrnedrBacT HE3aBUCHMYIO JIMHHIO
CBSI3U C JIpyruM KiueHToM. Kpome Toro, cepBep MOXKeT 3apaHee HECKOIBKO pa3 CO3JaTh OAWH M TOT XKe
kaHaj. OH MOJYYUT HECKOJIBKO Pa3lIMUHBIX JACCKPUIITOPOB M OyJIeT OXKMIAThH MOJKIIOUYCHHS MPOrpaMM-
KJIMEHTOB Ha JPYTMX KOHI[AX KaHAJOB. Bce mporpaMMBbI-KIMEHTHI VIS TOMYYEHHS CBOMX JIECKPHIITOPOB
UCIIOJIB3YIOT OJJHO M TO YK€ UMsI KaHalla, OJJHAKO KaXk/asi U3 HUX TOJIy4aeT JeCKPUIITOp, YKa3bIBAIOUINI Ha
Ipyro# sK3eMInIsip kaHana. Eciu mocie Toro, kak Bce KaHabl OyAyT 3aHSTHI, CIeAylolasl mporpamma-
KJIMEHT TIONBITAETCSl YCTAHOBUTH COEMHEHUE, OHa OyneT 3abJoKMpoBaHa 0 TeX IMop, MOKa cepBep He
Pa3opBeT CBsI3b C OJHUM U3 TPEIBIIYIINX SK3EMILIIPOB KaHaa.

[Mapamerp dwMaxInstances dynkiuu CreateNamedPipe() ycraHaBIuBaeT BEpXHHUIA PSS KOTHYE-
CTBa SK3EMIUIPOB OHOTO KaHalla, KOTOpble OyayT MOAJCPKUBATHCS CUCTEMOW 10 TeX MOp, MoKa (QYHKIUS
CreateNamedPipe() ve Bozsparut koj ommmbku. @iar PIPE UNLIMITED INSTANCES cBunerenbcTByer
00 OTCYTCTBHM BEpXHEro mpefena. B 3ToM ciydae MakCMMallbHOE YHCIIO SK3EMIUIIPOB OrpaHHYMBAETCS
TOJILKO CHCTEMHBIMH pecypcaMu. 3HaueHne mapamerpa dwMaxInstances He MOXKET MPEBHIILIATH 3HAYCHUS
PIPE_UNLIMITED INSTANCES. B ¢aiine Winbase.H 3nauenue nmapamerpa dwMaxInstances 3agaHo
paBHBIM 255.

Ilapamemper dwOutBuf u dwinBuf 3amator HavanbHble pazmepbl 0y(hepoB, B KOTOpBIE TPOU3BO-
mutcs 3anuch nHpopmaruu. Jlns BeixogHoro kanana (PIPE. ACCESS OUTBOUND) 3HaueHue umeet
TOJILKO pa3Mep BBIXOJHOro Oydepa, Al BXOAHOTO KaHana — TOJIBKO pa3Mep BXomHoro oydepa.

[penensl, 3aganHbie mapamerpamu Oydepa, goctatouHo ruOku. Kaknas omepaius yYTeHHS WIH
3allMCH 3aCTaBJIsIET OMEPallMOHHYI0 CHCTEMY BBIAETUTH MecTo i Oydepa M3 TUHAMHUYECKOH oOnacTu
CHCTEMHOH MaMsTH sifpa. 3HaYeHHe, onpeaestonee pazmep Oydepa, HHTEpHpeTupyeTcs Kak KBOTa, orpa-
HUYMBAIONIAs BhIJIETICHHBIH 00beM namstu. Koraa cucrema npenocTtaBiisier MecTo A Oydepa oneparuii
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3aIMCH, OHA aHAM3UPYET 3aiaHHbIe npeelbl Oydepa. Ecinu pazmep HoBoro Oydepa He MpeBbIIaeT 3a/aH-
HBIH, onepanus BHIMONHAETCS KoppekTHo. Ho naske eciu pasMep co3maHHOro Oydepa He yKIIaIblBaeTcst
B 3aJIaHHBIC PAMKH, CHCTEMa BCE PABHO BBIJICIISICT TSI HETO MECTO 3a CUET PECYpCoB Mporiecca. Bo n3bexanue
Meperpy3Ku pecypcoB mporiecca kaxaas onepanus WriteFile(), BbI3bIBatomas npeBbIlICHNE BBIIETEHHOTO
pa3mepa Oydepa, Omokupyercsi. 3auChIBAIONIMN TOTOK MPUOCTAHABIUBACTCS JIO TE€X MOP, IMOKA MOTOK-
MoJy4JaTelb He yMEHbIIUT 00beM Oydepa, MpounTaB U3 HETO JOCTATOYHBIN 00beM MHPOPMAIHH.

ITpu ouenke pazmepoB Oydepa HEOOXOAMMO MPUHUMATH BO BHHMAaHHE TOT (DAKT, 4TO peabHBIN
pa3mep Bceria JO/DKEH ObITh HEMHOTO OOJIBIIIE PacyeTHOro, MOCKOJIbKY KaKI0€ COOOIIECHHE COMPOBOXK-
JlaeTcsl TOTONHUTENBHOM BHYTPEHHEH CTPYKTYpOW AaHHBIX pa3MepoM MpHOIM3HTENbHO B 28 OalTOB.
TouHBIi pa3Mep 3TOi CTPYKTYPBI HE JOKYMEHTHPYETCSI U MOXKET U3MEHSTHCS OT BEPCHH K BEPCHUH.

HWrax, onepaimoHHas cucteMa 1py HeOOXOANMOCTH TMHAMUYECKHU BBIISISICT CUCTEMHYIO TTaMsITh JUIs
Oydepa, oHAKO TOTOKH, JJisi paOdOThl KOTOPBIX TPEOYeTCs: 00bEM MaMsTH, TTPEBHIIIAIONINI BBIICICHHBIH
pasmep Oydepa, MoryT ObITh 3a0s0KHpoBaHbl. OT yBennueHHs pazMmepa Oydepa BHIMIPHIBAIOT T€ MPOT-
pPaMMBbI, KOTOPBIC YaCTO OTIPABJISIOT COOOIICHUS WM TPEOYIOT MEPUOAMYECKOro qyonupoBanus Oydepa.

Iapamemp dwTimeout uMeeT 3HAYEHHUE TOJIBKO B TOM CIIydae, €CIIH JUIS YCTAHOBKH COCIMHCHHS
KIHEHT BbI3biBaeT pynkuuo WaitNamedPipe(), koTopast H3MeHsIET Mepro/] nay3sbl, 3aJaHHbIH 0 yMOJ4a-
Huto. [To yMonyaHuio mpuHUMaeTcs 3HaueHKE, YCTAaHOBIICHHOE CEpBEPOM B KadecTBe mapamerpa dwTimeout
¢ynkunu CreateNamedPipe(), omnako ¢ nomomipio ¢pynkunn WaitNamedPipe() KiHeHT MOXeT 3a1aTh
JPYroe 3HaueHue.

Ilapamemp lpsa npencrasisier coboit ykazatens Ha cTpykTypy SECURITY ATTRIBUTES, kotopas
BaM YK€ 3HaKOMa. 3HAa4YCHHs NMEPEMEHHBIX ITOH CTPYKTYpbI ONMPEACISIOT, KaKUe ONepallii MOXKHO BbI-
HOJHATH ¢ 00BEKTOM, JOCTYI K KOTOPOMY OCYIIECTBIISICTCS IIOCPECTBOM HOBOT'O JIECKPUIITOPA, H MOXKET
JIM HOBBII JIECKPHUIITOP HACIIENOBAThCS JOYEPHUM mpoiieccoM. Kak oOBIYHO, €Cli B 3TOM Iojie Oyaer
ocrasiieHO 3HaueHue NULL, pe3ynbTUPYIOIUI JECKPUIITOP NPEAOCTABUT IIPUBUIIETUH IIOIHOIO JOCTYIA
Y HE CTaHEeT HACJIEI0BAThCA.

Crenyer OTMETUTh, YTO @HOHUMHbBIE KAHAIbI IMEIOT XapaKTEPHCTHKH, KOTOPhIC OMHCHIBAIOT COC-
TOSIHME UMEHOBAHHBIX KaHAJIOB, 3aJJaHHOE 110 yMon4aHuio, a uMeHHo: PIPE_ TYPE BYTE, PIPE READ-
MODE BYTE, PIPE WAIT, 3anper acHHXpOHHOr0O BBOJa/BbIBOJA U paspelicHue Oydepusaluu JgaH-
HBIX B CETH.

[Mpu ycnemnom BeimonHenuu (ynkius CreateNamedPipe() Bo3Bpalaer cOOTBETCTBYIOUIHMM JECK-
punrop, npu Hagmunu ommbku — geckpuntop OXxFFFFFFFF, 1.e. INVALID HANDLE VALUE).
B npunoxenusix, ckommmimpoBaHHbix B cpeae Windows 8, dyukmus CreateNamedPipe() Bcerna Bo3Bpa-
maet cooduienue 06 ommbke (INVALID HANDLE VALUE).

CepBep, OTKPBIBILINI HMMCHOBaHHBIN KaHaJ, JIOJDKEH 0XKH/ATh, TOKa 3TOT KaHall He Oy/eT OTKPHIT Ha
JPYrOM KOHIIE TPOrpaMMOii-KineHToM. KITHEHT MOXKET OTKpBITh CBOM KOHEI[ KaHajla HEeCKOJIBKUMH Pas3-
JIMYHBIMM CIIOCO0aMU, OJIHAKO Yallle BCEro Juist 3To 1einu ucnonbdyercs Gynkius CreateFile(). Ora xe
(GyHKUMS TpUMEHsIeTCs U IJ1s1 OTKpBITHA (aitnoB Ha aucke. OHa Taxke paboTaeT C MMEHOBAaHHBIMH KaHa-
JIaMH, YCTPOHCTBaMH CBs3U M Oy(epaMu BBOJA/ BBIBO/Ia CHMBOJIBHOIO KOHCOIBHOTO OKHA. C yKa3aHHBIM
HabopoM 00bekToB pabotaror komaHabl ReadFile() m WriteFile(). IlpumeHnenne yHuGUIMPOBAHHOTO
HaOopa API-dyHKIuMiT 3HAUMTENBHO YIPOIIACT 3aauy nporpaMmupoBanus. Onucanue JaHHbIX QYHKIHH
y’Ke MPUBOAMIIOCH, HO MOCKOJBKY Ul pabOThl B KaHajdaX HCIIONb3yeTcsl ONpeesieHHbli Habop (iaros,
paccmotpuM ¢yukiuto CreateFile() eme pa3s:

HANDLE CreateFile (LPCTSTR IpszName, // mmst kaHana (wm (aitna)

DWORD fdwAccess, // mocTyn Uil YTeHUs/3amucH (IO KEeH
// COOTBETCTBOBATH aTPUOyTaM KaHAJIA)
DWORD fdwShareMode, // m1st KaHAJI0B OOBIYHO 3HAYEHUE DTOM

// mepemenHo# paBHO 0 (COBMECTHOE
// ACTIONB30BAHKE HE JIOITYCKAETCs)

LPSECURITY_ ATTRIBUTES lIpsa, // IpUBUIIETUM AOCTYyNa
DWORD fdwCreate, // U1 KaHAIIOB 3Ta IepeMEHHast OJDKHA UMETh
// 3nauenne OPEN_EXISTING
DWORD fdwAttrsAndFlags, // peXUMBI CKBO3HOH 3aITUCH M TIEPEKPBITHS
HANDLE hTemplateFile); // urnopupyercst npu Hannanu paara OPEN_EXISTING
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Wms kaHama OJDKHO COOTBETCTBOBATH CTPOKOBOMY 3HAUCHHIO, MEPEIaHHOMY CEpBEpOM (YHKIHH
CreateNamedPipe(). Eciu coenuHeHne MeKIy MPOrpaMMOi-CEpBEPOM M TIPOTrPaMMON-KIIMEHTOM YCTaHAB-
JIMBAETCS MO CETH, B 3TOH CTPOKE BMECTO TOUKH (.) YKa3bIBACTCS CETEBOE MMS CEPBEPHOTO KOMITBIOTEPA.

[Mapamerp fdwAccess onpenenser, ¢ Kakod Lenblo (A7 YTSHUS WK JJIsl 3amKch) OylIeT UCTIONb30-
BaThcsl KaHasl. Ecnu xanan O0but co3pan ¢ ¢uiarom PIPE. ACCESS OUTBOUND, npu BbI30BE (PYHKIIUH
CreateFile() momxuo ObiTh 3amano 3HaueHre GENERIC READ. Jlnst paGoThbl ¢ BXOAHBIM KaHAJIOM KIHEHT
noimkeH umerhb npuBmierun kiaacca GENERIC WRITE, ans paboTsl ¢ AByXCTOPOHHHM KaHAJIOM — TIPH-
Bwiernu knacca GENERIC READ | GENERIC WRITE.

[Mapamerp fdwShareMode(), kak nmpaBuio, umeer 3HadeHue 0, MpenoTBpaliasi, TAKUM 00pa3oM, COB-
MECTHOE HCIOJIb30BaHNE KaHana JAPYrMMH mporeccamu. OmHAKO MHOTJA KIMEHT MpU HEOOXOAWMOCTH
IpoayOIMPOBATh JECKPUIITOP KaHala JUls JPYroro KJIMEHTa BBIHYXK/ICH MPUMEHSATh PEKUM COBMECTHOTO
ucnonb3oBanus. B aToM cirydae o0a kineHTa OyayT MMETh AECKPHIITOPBI OJHOTO U TOTO K€ dK3eMIUIIpa
TOrO K€ CaMOro KaHaja, M03TOMY HEOOXOIMMO MPHHATH MEphI /Uil CHHXPOHM3AIMU ONEpaluil 3armucu
Y YTCHHSL.

ATpuOyTHI 6€301aCHOCTH, XpaHsIHecs B apaMerpe Ipsa, Bam yxe 3HakoMbl. Dnar fdwCreate nomken
umers 3HaueHne OPEN_EXISTING, nockonbky ¢yHkims CreateFile() He co3paer HOBBIN KaHaJ, a MPOCTO
OTKPBIBACT YK€ cyliecTByromuid. Octaibhbie (uaru no3soisor Gpynkinun CreateFile() co3naBaTh HOBBIC
¢aiinoBbie 00BEKTHI, OTHAKO ecii TapameTp lpszName cOOTBETCTBYeT 00bEKTYy-KaHaly, UCIIOIb30BaHNE
3THX (prIaroB MpuBEAET K omoOKe.

[ocnenuue nBa mapamerpa ¢ynkuuu CreateFile() oObrdHO ympaBisitoT aTpuOyramu Qaiina, Hanpu-
Mep aTpuOyTOM CKPBITOCTH, apXHUBHOCTH HITH JIOCTYIA TOJBKO JuIsl uTeHus, oqHako ¢pyHkuus CreateFile()
UCIIOJIb3YeT 3TH aTPUOYTHI TOJNBKO NPU CO3JAHWU HOBBIX (aityioB. [Ipy OTKPHITHH CYIECTBYIOIIETO
¢atina (pmar OPEN_EXISTING) 00bekT coxpanser cBou atpuOyThl. Ho ecTh JjBa UCKIIFOUEHUS U3 3TOTO
npaBuia. [Ipu OTKpBITHH CyHIECTBYIOLIETO HMEHOBAHHOTO KaHasla cpabaThIBalOT /ABa (hiiara mapaMerpa
fdwAttrsAndFlags: FILE FLAG WRITE THROUGH u FILE FLAG OVERLAPPED. Knuent moxer
YCTaHOBUTH (hark, KOTOpbIE OTIMYAIOTCS OT ()JIaroB, YCTAaHOBJICHHBIX CEPBEPOM, pa3periasi M 3ampe-
1mas Oydepusaiuio B CETH U aCHHXPOHHBIN BBOJI/ BBIBOJI B COOTBETCTBUU CO CBOMMH MOTPEOHOCTSMU.

Ha 1ByX KOHIIaX OHOTO M TOTO K€ KaHajia MOTYT ObITh YCTAHOBJICHBI Pa3HbIC PSKUMBI YTCHUS HJIHA
3aIlMCH, OJHAKO MpPU OTKPBITHH JecKkpunrtopa Ui knueHta ¢pyHkuus CreateFile() Bcerma xommpyer uc-
XO/IHBIE aTpUOYTHL. B TO e BpeMsi Kaxcowlil npouecc mMoicem UzMeHUms C60U 0eCKpURMOp Kanaia
¢ nomoipio ¢pyaknun SetNamedPipeHandleState():

BOOL SetNamedPipeHandleState (HANDLE hNamedPipe, // neckpunrop nMeHOBaHHOTO KaHaja

LPDWORD IpdwModes, // pnaru pexxuMa YTeHUS U OXKUaHUS
LPDWORD IpdwMaxCollect, // pa3mep niepenarorniero oydepa
LPDWORD IpdwCollectDataTimeout); // MakcuMalbHOE BPEMsI, OCTaBILIEECs

// Mo Havana mepenavyn

IHapamemp hNamedPipe npencrapiser co0od JIeCKpUIITOP, Bo3BpamaeMblii ¢yHkiueii CreateNa-
medPipe() nnu CreateFile().

Hapamemp IpdwModes, nonoono napamerpy fdwPipeMode ¢ynkiuu CreateNamedPipe(), co-
JCPKUT KOMOMHAIMIO (hIaroB, KOTOPHIE MO3BOJISIOT OJHOBPEMEHHO 3aJaTh HECKOJIBKO aTpuOyTOB.
Hapamemp IpdwModes onpenensier, Kakod peXUM — OaWTOBBIN WM PEKUM COOOIICHUI — OyneT
HUCIOJIB30BATLCA MpPU ON€palruAX UYTCHHUA U 6yILyT JIN 6HOKI/Ip0BaTLCH HCKOTOPbIC KOMAaHABLI B OXKU-
JaHUM J0CTyna K KaHaiy. Pexxum urenus 3amaercs guarom PIPE READMODE BYTE wunu PIPE
READMODE MESSAGE. (Ecnu 3agath pexxuMm cooOleHnid AJisl KaHana, KOTOpbId ObLT co3aaH ¢ (ia-
rom PIPE READMODE BYTE, ¢yHkuust Bo3BpaTUT KoJ OMIHMOKHU.) PexkuM 4TeHUS MOXKET HCIHONb30-
BaThcs B couerannu ¢ pimarom PIPE. WAIT unu PIPE NOWAIT.

/Jlea nocnednux napamempa VCIONB3YIOTCS TONBKO AJIS KAHAJIOB, yCTAHABIMBAIOLINX CBS3b C yAa-
JICHHBIM KOMITbIOTepoM. OHH ONpENeNsoT, KakuM 00pa3oM cucTeMa OyaeT yhpamisaTh Oydepuzaiuein
B CETH MNpH NepeAade MHPOpMau. DTH MapaMeTpbl HE BIMSIOT Ha KaHANBI, CO3JaHHBIE C aTpUOyTOM
PIPE FLAG WRITE THROUGH, kotopsiii 3anperniaer Oydepusanuo B cetu. bydepusaius naer Bo3-
MOXKHOCTb CHCTEME KOMOMHHMPOBATh HECKOJBKO COOOINEHMH W TiepeaaBaTh MX OIHOBPEMEHHO 3a OAWH
ceanc. [Ipuuem ucxopspe cooONIEHUs] HAaKaIUIMBalOTCS B Oydepe M0 Tex Mop, MOoKa HE MPOU30UJeT
3aronHeHue Oydepa WM He 3aKOHYHUTCS 3a/IaHHBIN BpEMEHHOM MHTepBasl. Pasmep HakomuTelabHOro OY-
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(epa 3agaercst mapamerpom IpdwMaxCollect, a 3HaYCHHE BPEMEHHOI'O WHTEPBAJIa, BHIPAXKCHHOE B MHJUIU-
cekyHnax, — napamerpom IpdwCollectDataTimeout. Ecth Tpu (yHKITMH, TTO3BONSIIOIINE HOAYHUMD UH-
dopmayuro o kanane, ue uzmeHsist ero atpudyTos [12].

[epBas ¢ynkums sBisiercst «aoiHukom» pynkuuu SetNamedPipeHandleState(), ognako oHa kpome
Toil mH(popManuu, KoTopas ycranapiuBaercs (ynkiuein SetNamedPipeHandleState(), mo3Bosnsier momy-
YUTHh MHOI'O AOITOJIHUTECIIbHBIX CBCHCHHﬁ:

BOOL GetNamedPipeHandleState (HANDLE hNamedPipe,
// MeCKpUNTOp UMCHOBAaHHOTO KaHaja

LPDWORD IpdwModes, // peXMMBI YTEHUS U OXKUIAHUS
LPDWORD IpdwlInstances, // KOMMYECTBO FK3EMILISIPOB TEKYIIETO KaHAIa
LPDWORD IpcbMaxConnect, // MaKCHMMaIbHOE KOJUYECTBO 0ATOB,

// HaKaIIMBaeMBbIX /10 Hayaja yJajleHHOH repeadn
LPDWORD IpdwConnectTimeout, // MakcUMaJIbHOE BpeMs JI0 Havalla yIaJICHHO! TiepeIadun
LPTSTR IpszUserName, // TI0IP30BaTENBCKOE UMS TIPOIIecCa-KINeHTa
DWORD dwMaxUserNameBuff); // pa3zmep Oydepa s XpaHSHHUS TOJIE30BATEIILCKOT0 UMCHU,

// BBIpa)KeHHI:IfI B KOJIMYCCTBEC CUMBOJIOB

Ilapamemp lpdwModes moxer coaepxats ¢piaaru PIPE READMODE MESSAGE u PIPE NOWAIT.
Ecnu HM oauH M3 9THX ()IaroB HE YCTaHOBIIGH, MPUMEHSIIOTCS OAMTOBBIA PEKUM U PEKHUM OXUIAHUS,
3ajJ1aBaeMbIe 110 YMOTYAHHUIO.

ITapamemp lpdwinstances mo3BOJISIET MOJCYUTATh TEKYIIIEe KOTMYECTBO IK3EMIULIPOB KaHasa. MHbIMU
CIIOBaMM, 3TOT TapaMerp COOOIIaeT, CKOIBKO pa3 cepeep Bbi3biBaN (yHKIMIO CreateNamedPipe() ¢ ogaum
Y TEM K€ MMEHEM KaHalia.

Hapamempur IpcbMaxConnect u lpdwConnectTimeout Bo3BpamaroT Ty K€ HHPOPMAIIHIO O CETEBOU
Oydepuzanuu, kotopas 3anaercsa Gynkiueit SetNamedPipeHandleState().

Ilocneonue 0sa napamempa yxazaHHOW (QyHKIHMH AAIOT cepBEpPY BO3ZMOXKHOCTH MONYYHTh MHQOP-
Manuio o kineHTe. OHM BO3BPAIIAIOT 3aBEPUIAIOIINECS HYJIEBBIM CHMBOJIIOM CTPOKH, KOTOPbIC MICHTH-
q)HHprIOT IMOJIb30BAaTECIIA, 3allyCTUBIICTO IPUIJIOKECHUEC-KIIMCHTA, T. €. UM IMOJIb30BaTECIIA, BBCACHHOC IIPU
perucTpannu. ITo UM CBA3aHO C OIpe/elIeHHBIMA KOH(PHUTypalrei cucTeMbl U MPUBUIIETHAMH Oe3omac-
HoCcTH. MIMs 110J1b30BaTeNsl MOXKET MOHA00MTHCS CEpBEPY Uil PETHCTPAIIMU MM OTYETHOCTH, HO CKOpee
BCEro ATOT NapameTp BBeleH it coBMmectumoctu ¢ OS/2, rae oH Takxke ucnonwiyercs. Ilapamemp
IpszUserName nomxen umers 3Hauenne NULL, ecnu neckpuntop hNamedPipe npuHaAne:KUT KIMEHTY
WJIM, UHBIMU CJIOBaMH, eciii oH ObuT co3an (yHkiuel CreateFile (a He ¢pyHkuumeli CreateNamedPipe).

JIroboMy M3 mapamerpoB-ykazaTenaei MoKeT ObITh nmpucBoeHo 3HaueHre NULL, 4yTo mact BO3MOX-
HOCTb TIPOUTHOPUPOBATH 3HAYECHHE, KOTOPOE YCTAHABIMBACTCS [0 YMOIYAHUIO.

Jlononnumensvnan ungopmayus 0 Kanane MOXeT ObITh BO3BpAIlleHA M MOCPEICTBOM (YHKIHH
GetNamedPipelnfo(). Jlannas ¢yHkius Bo3Bpainaer arpuOyThl, KOTOPBIE HEJb3S U3MEHUTH, YeM U OTJIHU-
yaercs ot ¢pynkimu GetNamedPipeHandleState(), koTopas Bo3Bpaiaer aTpuOyThl, U3MEHIEMbIC BO BPEMs
CYILIECTBOBAHHS KaHaJa:

BOOL GetNamedPipelnfo (HANDLE hNamedPipe, // neckpuntop MMEeHOBaHHOTO KaHaja

LPDWORD IpdwType, // Tam u ¢aru cepepa

LPDWORD IlpdwOutBuf, // pa3mep BeIXOAHOTO Oy epa kaHaa, OalThl
LPDWORD IpdwInBuf, // pa3mep BXomHOTro Oy(epa kaHana, OaluTHI
LPDWORD IpdwMaxInstances); // MakcuMallbHOE KOJTMYECTBO IK3EMIUISIPOB KaHaja

Hapamemp lpdwType moxer comepxath 6o oqun u3 ¢uaros PIPE TYPE MESSAGE u PIPE
SERVER _END, 160 o6a ¢nara ogHoBpemeHHo. Ecnii HE 0fMH U3 (IiaroB He YCTaHOBJIEH, JIECKPUIITOP
MOJKJIFOYAETCsI K KIIMEHTCKOMY KOHILy KaHaja, KOTOpbIi 3amuchiBacT HH(GOpMaIiio B 0aliTOBOM pexUMe.
Pa3mepnl BxoiHOTO M BRIXOJHOTO Oydepon 3anatorcs Gynkiueit CreateNamedPipe().

Hapamemp lpdwMaxInstances Bo3Bpariaer 3agannoe ¢pynkiueii CreateNamedPipe() 3nauenue,
KOTOpOE OMpeessieT MaKCHMallbHOE KOJIMYECTBO IK3EMIUISIPOB KaHalla, CIIOCOOHBIX CYIECTBOBAThH OJTHO-
BPEMEHHO.

OOBIYHO TIPH BBHITIOJIHEHUH OIEPALMK YTCHUS U3 KaHajla MPOYUTAHHOE COOOILICHUE yAaseTcs W3
Oydepa. Ognako ¢ nomonipio GpyHkiuu PeekNamedPipe() coobrienrne MOKHO MPOYUTATh, HE YAl €ro
u3 Oydepa. [lannas QyHkius padoTaeT Kak ¢ aHOHUMHBIMU, TaK M C UMCHOBAaHHBIMU KaHAJIAMHU:
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BOOL PeekNamedPipe (HANDLE hPipe, // MeCKpUNTOp UMECHOBAHHOT'O MJIM aHOHUMHOT'O KaHaJia
LPVOID IpvBuffer, // anpec Oytepa 1 NOITY4SHUS TAHHBIX

DWORD dwBufferSize, // pazmep Oytepa, OalThI

LPDWORD IpdwBytesRead, // BO3BpaIaeT KOJINIECTBO MPOYUTAHHBIX 0AHTOB
LPDWORD IpdwAvailable, // BO3BpAIlIaeT IMOJTHOE KOJIMYECTBO OAUTOB
LPDWORD IpdwMessage); // BO3BpaIaeT KOJIMYECTBO HEMIPOUUTAHHBIX OANTOB

//ma”HHOro COOOIIEHUS

Hapamemp lpvBuffer ykaseiBaer mMecto, kyna ¢ynkius PeekNamedPipe() Moxer 3anuchBaTh MH-
¢dopmanuio, mpounTaHHylo U3 KaHana. Cienyer orMeTHuTh, uto pynkumus PeeckNamedPipe() He cmoxer
npouuTath Oombie 6aiToB, yeM 3agano napamerpom dwBufferSize, naxxe ecnm B kaHane emie ocranach
uHpOpMAaIusL.

Hapamemp lpdwBytesRead Bo3Bparaer gaHHbIC 0 KOJIMYECTBE 0alTOB, KOTOpbIe (PYHKIIUS JCHCT-
BUTENBHO MPOYUTala, a mapamerp lpdwMessage — AaHHbBIC O KOJIMYECTBE 0AaliTOB, OCTABIIMXCS B 3TOM
coobmenun. HHapamemp lpdwMessage urHOpUpyeTCs, €CiIM KaHall HaXoauTcs B pexume utenust PIPE
READMODE BYTE. B stom ciyuae pa3ouBka nHpopMauu Ha cooOmieHus He npousBoautcs. (baiito-
BBIN PEXKUM UTCHUA ITPUMCHACTCA BCEMU aHOHUMHBIMUA KaHaﬂaMH.)

Hapamemp lpdwAvailable Bo3Bpaiaer HHGpOPMAIIMIO O CYMMapHOM KOJIMYECTBE OAlTOB, CONlepkKa-
IIIUXCS BO BCEX COOOIeHHsX. Eciu B JaHHBI MOMEHT B Oydepe HaXOIUTCsI HECKOJIBKO COOOIICHHIA, 3HAYC-
Hue *IpdwAvailable moxer npeBsbiath cymMmmy 3HaueHui napameTpos *IpdwBytesRead u *lpdwMessage.

JlomyckaeTcs BO3BpallleHHE TOJIBKO Y4acTH MHGpOpMAIMK ¢ coxpaHeHuem 3HaueHus NULL mus
OCTAJIbHBIX IAapaMETPOB. HaHpHMep, €CJIN BaM JOCTAaTOYHO HUMCETb I/IH(I)OpMa]_[I/IIO JIMb O TOM, CKOJIBKO
0aliTOB MaHHBIX HaxoauTCs B Oydepe, BceM mapamerpam, kpome IpdwAvailabie, MoxkHO 3a71aTh 3HaUYEHHE
0 o NULL.

Eciu kaHan HaxoquTCs B pekuMe YTeHus cooduiennii, pynknus PeekNamedPipe() Bcerna ocranas-
JIUBAETCS, IPOYMTAB IEPBOE COOOIIEHHE, TaXxe eciid B Oydepe ocTanoch MeCTo Jijisi HECKOJIBKUX COOOIIIe-
Huil. Kpome toro, gynkmus PeekNamedPipe() Hukorna He OJ0KHpYyeT MycTOW KaHall, KaKk 3TO Jenaer
¢ynkuus ReadFile() mpu ycranosnennom ¢uare PIPE. WAIT. Pexxum oxuaHus He BIUsIET HA QYHKIHIO
PeekNamedPipe(), koTopast Bcerjia BO3BpaIlaeT pe3yibTaT HEMEUICHHO.

Bce onepanun, KOTOPLIC BBIMOIHAINCE IIPU CO3aHUU KaHalla: MMCHOBAHHOT'O WMJIM aHOHUMHOIO,
OJIOKHPYEMOTro WM HeOJIOKHPYEeMOro, 0aliTOBOro KaHalla WIM KaHaja COOOIICHHI, — SIBIISUIUCH TOATr0TO-
BUTCIbHBIMH, O6eCHe‘II/IBaIOHH/IMI/I BO3MOXHOCTb II€pCAadr AAaHHBIX IO 3TOMY KaHally. I[J’Dl OHepa]_[I/Iﬁ
HEMOCPEICTBEHHO YTeHHs] — 3anucu ucnoib3ytotes pynkuun WriteFile() u ReadFile(). Jannbie GpyHk-
uuy, kak u CreateFile(), paccmoTpensl paHee npu u3ydeHun ¢aitnoBoro BBoaa/BbiBoaa. OqHaKko pac-
CMOTpPHUM HX €Il Pa3 C YUETOM CIeln(PUKU KaHAJIOB!

BOOL WriteFile (HANDLE hFile, // xyna 3amuchiBaTh (KaHAT Wid (daiin)

CONST VOID *IpBuffer, // yka3bIBaeT NaHHBIE, KOTOPBIE JOIKHBI OBITH 3aNMCaHbl B (haiin
DWORD dwBytesToWrite, // KOMYECTBO 3aIUCHIBAEMBIX 0AHTOB

LPDWORD IpdwBytesWritten, // BO3BpalaeT KoIM4ecTBO 3anucanHbix 6aiitoB LPOVER
LAPPED IpOverlapped); // 3amaeT MoANepIKKY aCHHXPOHHOTO BBOJIA / BRIBO/IA

BOOL ReadFile (HANDLE hFile; // ICTOYHUK TS YTCHUSI TAHHBIX (KaHaJ WK (aiir)

LPVOID IpBuffer; // Gydep st BpeMEHHOT0 XpaHeHHs IPOYUTAHHBIX JaHHBIX
DWORD dwBytesToRead; // xomuuecTBO OANTOB, KOTOPHIE OJKHBI OBITH TPOYNTAHBI
LPDWORD IpdwBytesRead; // BO3BpalIaeT KOIUYECTBO MPOYUTAHHBIX OaiTOB
LPOVERLAPPED IpOverlapped); // moaiep>KkKa aCHHXPOHHOT'O BBO/IA / BBIBO/IA

Konuuecmeo 6aitmog, KoTopbie JOJHKHBI OBITh MPOYUTAHBI WK 3alMCAHBI, HEO0A3aTEILHO JODKHO
COBMNaJaTh C pa3MepoM Oydepa, OAHAKO MPEBHIIATH 3TOT pa3Mep OHO He MoxkerT. Eciu mpu BbI3OBe
¢ynkunu ReadFile() mms xanama, KOTOpslii paboTaer B peXKUMeE COOOIIEHHI, BBl 3aJalUTe MapaMerpy
dwBytesToRead 3HaueHue MeHblIe, ueM pa3mep cieaytomero coobmenus, pynkums ReadFile() mpoun-
TaeT TOJIBKO YacTh cooOIIeHUs U Bo3BpaTHT 3HaueHne FALSE. Ecnu mocne 3Toro npoaHaan3upoBath mpH-
ynHy omuOKku, Be3BaB QyHkiuio GetLastError(), ona Bo3spatut kon ommbku ERROR_MORE DATA.
Urto0bI MPOYMTATH OCTATOK COOOIIICHUS, ClIeAyeT cHoBa BbI3BaTh QyHkiuio ReadFile() mmu PeekNamedPipe().
Ecmn pynxnust WriteFile() 3anmuceiBaer naHHbIe B HEOIOKMPYEeMbId KaHall, KOTOphIH paboTaer B OGaiTO-
BOM PE&XHUME, M BUJUT, 4TO €ro Oydep MouTH 3aroiHeH, OHA Bce paBHO Bo3Bparaer 3HadeHue TRUE,
onHako 3HaueHue IpdwBytesWritten okaxkercs MeHbInM, YeM 3HaucHne dwBytesToWrite.
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B 3aBucumoctu ot pexuma oxujpanus kaHana Gyakuun WriteFile() u ReadFile() moryt é10xupo-
eamucs. Oynxius WriteFile() MmoxeT oxuiaTh, TOKa 3alOJIHEHHBIA KaHAI HE OCBOOOIUTCS HA JIPYrOM
konue. @ynkuus ReadFile() moxer ObITh 320J0KMpOBaHa IMyCTHIM KaHAJIOM BILIOTH JI0 MOMEHTA MOCTYII-
JIEHUs1 HOBOT'O COOOIIEHHS.

[Nocnenuuii mapamerp o0enx QyHKIMIA MpeAcTaBisier coOoi ykazatenb Ha cTpykTypy OVERLAP-
PED. ITocnenusist conepHUT TONOTHUTENBHYIO HHPOPMALIUIO, TPeJHa3HAYSHHYIO JUIsl IOJIEPKKH acCHHX-
POHHOT'O MJIH MEPEKPHIBAIOIIErOcsl BBOJIA / BEIBOJA, KOTOPBIN yXe ObUT pacCMOTPEH paHee.

Hpyroii MeToa peaju3anuy aCHHXPOHHOTO BBOJIA/BBIBOAA 3aKIIOYAETCS B MCIOIb30BAHUM KOMaH]
ReadFileEx() u WriteFileEx(). BMecTo Toro 4ro0sl CHrHaIM3MPOBaTH O CBOEM 3aBEpIICHHH C IOMOIIBIO
COOBITHSA, 3TH KOMaH/Ibl 3aITyCKalOT CIICIHAIBbHYIO QYHKIUIO, KOTOpas JIOJDKHA BHI3BIBATHCS B KOHIIE KaXK-
JIOM oIepaluu.

[IpumMeHeHue aCHHXPOHHOTO BBO/IA/ BBIBOJIA MPECTABIISIET COO0M CTpaTernuecKHii mpueM, Mmo3BoIs-
IOUIMN OCYIIECTBIATH paboTy C HECKOJIBKUMH KIMEHTaMH, MOAKIIOUEHHBIMH K Pa3IMYHBIM dK3eMILIsIpaM
ofHoro kanana. Onepanyuu CHHXPOHHOTO BBOJA / BBIBOJIA MPOILE TPOTPaMMHUPOBaTh, OTHAKO MEAJICHHBIC
KOMaH/Ibl 3alIUCH M YTEHHUsS YacTO 3a/IeP>KMBAIOT BBINOJIHEHHE APYrux onepaunid. CepBep MOXKeT co3ja-
BaTh OT/ACIBHBIN MOTOK JUIS KaXKIOTO KIMEHTa, OHAKO TAKOW MOAXO] MOApa3yMeBaeT ropas3no OOJbIIyro
CTENeHb N30BITOYHOCTH, YEM TOTO TpeOyeT peaibHasi CUTyallusl.

[Ipu acHHXpOHHOM BBOJIE/ BHIBOJIE OJJMH M TOT K€ TIOTOK MOKET OJHOBPEMEHHO 3alHMChIBATh M Yd-
TaTh JaHHBIE B Pa3iMYHBIX SK3EMIUIIpax KaHanua, MOCKOJBbKY KakKJas U3 KOMaH] HEMEIJEHHO BO3Bpa-
miaeT ynpasJeHHe MporpaMMme U OCBOOOXKIAeT MOTOK, a ONepanus BBOJA/BBIBOJA BBITIOIHACTCS CHCTE-
Moii B poHoBOM pexxume. C nomornipio komanael WaitForMultipleObjects() moTok MoxHO OJIOKUPOBATh
BILJIOTHh JI0 3aBEPIIEHHS BCEX OTJIOKEHHBIX onepanuii. ¢P¢PeKTHBHOCTE aCHHXPOHHOTO BBOAA/BBIBOJA
0COOEHHO SIPKO MPOSBISIETCS] TPU MEUIEHHBIX CETEBBIX COeAMHEHHAX. KpoMme Toro, mpu HaJIMulMH MEHb-
LIEr0 YUCIIa CHHXPOHU3UPYEMBIX ITOTOKOB TOpa3/io Mpolie 00eCevnTh 3aIUTy POrPaMMHBIX PECYPCOB.

B n1060it momenm knuenm moxer Bbi3BaTh QyHKIMi0 CreateFile() 1t OTKpBITHS CBOEro KOHIA
WMEHOBaHHOTO kKaHasa. OJJHAKO MTPH 3TOM MOT'YT BO3HUKHYTh JIB€ Tpo0IeMsl [12]:

— cepBepy MHOTJa HeoOXOIUMO 3HATh, MOAKIIOUMIICS JHM KIMEHT K KaHamy. OT oepanuu 3amucH
B HEIOJIKJTFOUCHHBINM KaHaJl MOJIb3bl HEMHOT0, TodToMy (yHKIus CreateFile() He cooOriaer cepeepy o Ha-
JIUYUH COCIMHCHHS,

— eCIli Bce K3eMIUIIphl KaHana 3aHsaThl, QyHKius CreateFile() mocTossHHO BO3Bpalaer 3HaUeHHE
INVALID HANDLE VALUE, He ycraHaBiauBas coenuHeHMs. KIMEeHT MOXeT MojoXkaaTh, MOKa He
OCBOOOJMTCSI OIMH M3 DK3EMIUISIPOB KaHaua, Tlie OyleT 3aBeplieHa onepanus, MHUIUUPOBAHHAS JPYTHM
KIIEHTOM.

Kopoue roBopsi, u cepBep, 1 KIHEHT JOHKHBI UMETh BO3SMOXKHOCTh 0J10KUPOBAMBCA, OXKHUIIAS YCIIO-
BUH, IPY KOTOPBIX BBIMOIHEHNE MOJKIIOYEHUSI CTAaHET BO3MOXKHBIM. J[JIs 3TOro cepBep J0KEH BBI3BAThH
¢ynkiuio ConnectNamedPipe(), a kmuent — ¢dynkiuo WaitNamedPipe():

BOOL ConnectNamedPipe (HANDLE hNamedPipe, // neckpunrtop J0CTYyITHOI0 IMEHOBaHHOT'O KaHaja

LPOVERLAPPED IpOverlapped); // mopIep>KKa aCHHXPOHHOT'O BBO/IA / BBIBOAIA
BOOL WaitNamedPipe (LPTSTR IpszPipeName, // yka3pIBaeT Ha CTPOKY, KOTOpasl 3aJIaeT UMs KaHaa
DWORD dwTimeout); // MaKcUMaIlbHOE BpeMs OXKU/IaHHs, MAJLTHCEKYHIbI

OTH KoOpaAuHUpYoHe GYHKIHHA PadoTaloT TOIBKO ¢ IMEHOBAaHHBIMH KaHasaMu. [10CKONIBKY KITMEHT
HE MOXET CO31aBaThb CO6CTB€HHI)IX JACCKPUIITOPOB aHOHUMHBIX KaHAJIOB, OH JOJIKCH IMOIYUYUTh ACCKPUII-
TOpP HEMOCPEACTBEHHO OT CepBepa, a B TOM ClIydae MOJKIII0UYECHHE Y)KE BBITOIHEHO.

[Momoono pynkuusm ReadFile() u WriteFile() pynkuus ConnectNamedPipe() obecrieurBaeT acuHx-
pounyo peakiuio. [lapamerp lpOverlapped comep uT IeCKpUNTOP COOBITHS, KOTOpOE OYJEeT CIIYKHUTh
CHT'HAJIOM 00 YCTaHOBKE CBSI3U C KJIMEHTOM.

OynkimonupoBanre komauapl ConnectNamedPipe() 3aBucuT oT TOro, ObLI JIM KaHAJ CO3/IaH C yKa-
3anueM ¢umara FILE FLAG_OVERLAPPED u naxomutcs i oH B pexxume PIPE. WAIT. IIpome Bcero
3Ty KOMaHJly CIOJIb30BaTh C KaHaJaMH, KOTOPbIe 00ECIICYNBAIOT BO3MOYKHOCTh OJKUIAHHS.

3nauenust TRUE u FALSE, Bo3Bpamaembie gpynkiueli ConnectNamedPipe(), sBISOTCS HECKOIBKO
HeectecTBeHHbIMU. B yactHocTH, 3Hauenue TRUE Bo3Bpamiaercss TOAbKO B TOM Ciy4yae, €Clid KaHail
HAYMHACT CBOE CYIIECTBOBAHUE B COCTOSHHM OXKHJAHMS, @ KIMCHT MOAKIIOYACTCS TOCIE BBITOTHECHUS
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KOMaHJIbl COEIMHEHMsI, HO JI0 ee 3aBepiueHus. Eciin kaHan yKe MOJIKII0YEH K KIMEHTY ¥ KOMaH/a pado-
TaeT aCMHXPOHHO (3aBepiuaercs 0e3 0XKUIAHUS) WK €CIIM OHA BBI3BIBACTCS ISl KaHala, KOTOPBIA HE JI0-
nyckaer oxxuganus, Gynkips ConnectNamedPipe() Bcerna Bo3spainaer 3HaueHue FALSE.

Oyukiys oxncudanusn kiuenma WaitNamedPipe() peanbHO He YCTaHABIMBAST HUKAKOTO COCAMHCHHSI.
Ona Bo3Bpamaer 3HaueHne TRUE, ecnu kaHanm AOCTYNEH MM CTaHOBUTCA JOCTYIHBIM BIIOCIIEICTBUH,
OJIHAKO JISCKPHIITOPA CYILECTBYIOIIETO KaHaa 3Ta (PyHKIIUS HE BO3BpAILAET.

KineHT OOBIYHO ITUKIMYECKH BBITOJIHSET MOCIIC0BATECILHOCTD ONEpalliii 0KUJAHUS U CO3JIaHUS JIO
TeX Mop, Noka He OyJeT NMOoTydueH JeHCTBUTENbHbIN AeckpunTop kaHana. Oynknus WaitNamedPipe() cuu-
TaeT KaHaJl JOCTYIHBIM TOJILKO B TOM Cllydae, eclii cepBep Bbi3biBaeT QyHkuui ConnectNamedPipe()
B OXKHJaHUU CBsi3U. [IBe 3T QyHKIMH pabOTalOT BMECTE, CHHXPOHU3UPYs ISUCTBUS KIMEHTa U CepBepa.
OnHaKo ecii cepBep Co3/aeT HOBBIM KaHaJ, KOTOPBI HUKOI/IAa HE MOJKITIOYANICS HU K OJHOMY U3 KJIMCH-
toB, (pyakuus WaitNamedPipe() Bo3Bpamaer 3nauenne TRUE, nake eciu 370 MpOTHBOPEUUT PE3YIIbTATY
¢ynkiu ConnectNamedPipe(). ['apantupoBats coenunenue ¢ nomoinsio Gyakiuun WaitNamedPipe()
MOXKHO TOJIbKO B TOM CiIydyae, €Clid CepBEpYy M3BECTHO O JOCTYIMHOCTH KaHaia. Eciu KIMEeHT pa3pbiBaeT
COCIMHEHHE, CEPBEP MOXKET OIIMOOYHO OTpEarupoBaTh Ha 3TO coObiTHE. Kpome Toro, nmpu HeMeUIeHHOM
MOJIKJIFOYSHUH HOBOTO KJIMEHTA CEpBEp HE MOXKET 3HaTh O HAJM4YMW HOBOrO maprHepa. Pacrmo3naBaHue
TOJILKO HOBBIX KaHAJIOB M KaHaloB, chopmupoBaHHBIX ¢ moMmotibio ¢yHkimii ConnectNamedPipe()
n WaitNamedPipe(), nmpepoTBpaiaer OTKIIOUEHUE KIMSHTOB BO BpeMs Ipoliecca 0OMeHa HH(pOopMaIuei.
Crnenyer ormeruth, uto yHkius WaitForSingleObject() He paboTaer ¢ kaHaJaMu, TTOCKOJILKY OHHM HE
HUMCHOT CUTHAJIBbHOI'O COCTOSHHUA.

JIJis OCYIIECTBIICHUH CBSI3U O OYNAEKCHbIM KAHAaam UCtoiib3yercs nBe Gpynkuuu — TransactNa-
medPipe() u CallNamedPipe(). Otn pyHKIIMN KOMOWHHUPYIOT ONEpaIMH 3aliCH U YTCHUS B €AMHON TpaH-
3aKIHHu. TpaH3aKHI/H/I OCO6CHHO MOJIE3HBI B CCTAX, IMOCKOJBKY OHH CBOJAT K MUHUMYMY KOJUYCCTBO
CeaHCOB Tepenadn HHPOpMaIHH.

[Momnepkka B3aMMHBIX TPAaH3AKIMHi BO3MOXKHA MPH YCJIOBUH, YTO KaHAJ COOTBETCTBYET CIICIYHOIHM
ycnoBusaM [12]:

— SABJIACTCA UMCHOBAHHBIM,
ucnonesyer ¢uar PIPE_ ACCESS DUPLEX;

OTHOCHTCS K THUITy KaHajla COOOIICHHIA;

HACTPOCH HAa PEXKHM YTCHHUS COOOIICHUIA.

Cepsep ycraHaBimBaer Bce 9T aTpuOyThl ¢ momomipio pynknuu CreateNamedPipe(). [Ipu HeoOxo0-
JMMOCTH KJIMEHT MOJKET MOJKOPPEKTUPOBAaTh HEKOTOpBIC aTpHOYThI ¢ Momombio GyHKimuu SetNamed-
PipeHandleState(). Pexxum OJ0KMpPOBKY HE BIUSET HA BHITOJHEHUE KOMaH I TPAH3aKIH.

Omnpasnenue 3anpoca. Pynxuus TransactNamedPipe() oTnpasiisier 3anpoc Mo KaHaty U OKHIAET OT-
Bera. Mcronp30BaThCst OHa MOXKET KaK KIIMEHTaMH, TaK U CEpBEpaMH, XOTsI IS IEPBbIX OHA OoJiee MoJie3Ha:

BOOL TransactNamedPipe (HANDLE hNamedPipe, // MeCKpUNTOp UMCHOBAaHHOTO KaHaja

LPVOID lpvWriteBuf, // 6ydep st XxpaHeHus riepeiaBaeMoi HH(pOpMaIu
DWORD dwWriteBufSize, // paamep Oydepa 3anmcH, 6aliThI
LPVOID IpvReadBuf, // 6ydep st monydeHHo# nHpOopMau
DWORD dwReadBufSize, // pazmep Oydepa uTeHust, GaliTHI
LPDWORD IpdwBytesRead, // peanbHO IPOYUTAHHOE KOJIMUECTBO OaiiTOB
// (Bo3BpamaeMoe 3HaYCHHUE)
LPOVERLAPPED IpOverlapped); // mojIep>KKa aCHHXPOHHOT'O BBO/IA / BBIBO/IA

Hecmotps na obunme napamerpos, Gpynkuust TransactNamedPipe() neiicTByeT 70CTaTOYHO «IIPSIMO-
nuHeiHoy». OHa 3amuchiBaeT B KaHai cojepxkumoe Oydepa lpvWriteBuf, oxxunaer orsera u komupyer
nojrydeHHoe coooiienue B 0ydep IpvReadBuf.

Oynkuus TransactNamedPipe() Beigaer coobmienne 00 ommoOKe B TOM ciIydae, eciii KaHaj HUMeeT
HenpaBWIbHBIE aTpUOYThl WM eciu Oydep UYTeHUs CIMIIKOM Majl JUisl pa3MeIeHHs BCEro MPHHSITOrO
coobmenust. [Ipu stom ¢ynknus GetLastError() Bo3Bpamiaer 3nauenue ERROR MORE DATA wu B
JIOJDKHBI 3aKOHYUTH uTeHHE coolIeHus ¢ moMoiwio ¢yHkiuil ReadFile() niu PeekNamedPipe().

Oynkius TransactNamedPipe() ocymecTBisier ofHy orepanuio oOMeHa nHpOpMAIUEH M0 KaHay.
YcraHoBUB COCIMHEHHUEC, ITpOorpaMMa MOXKET BbI3BIBATH JAHHYIO KOMaHAY MHOI'O pa3, HC pa3pbiBas CBA3H.
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Oynkums CallNamedPipe() npenHaszHauena 1iisi TeX KIMEHTOB, KOTOPBIE JOJKHBI BBITOJHUTH OHO-
KpaTHYIO TpaH3akuuto. OHa yCTaHABIMBAEeT COEAMHEHUE, YUTAeT HH(OPMALIMIO U3 KaHAJIA U 3aIHUCHIBAET
ee B KaHaJl, [10CJIe YeT0 pPa3phIBAaeT CBS3b:

BOOL CallNamedPipe (LPTSTR IpszPipeName, // yka3aTennb CTPOKU C IMEHEM 00bEKTa-KaHala
LPVOID lpvWriteBuf, // 6ydep st XpaHeHus riepeaBaeMoi HH(pOpMaIin
DWORD dwWriteBuf, // paamep Oydepa 3anmcH, 6alThI
LPVOID IpvReadBuf, // 6ydep st XpaHeHuUs! TpUHUMaeMOl MH(OpMaLK
DWORD dwReadBuf, // paamep Oydepa uTeHust, GaliThI
LPDWORD IpdwRead, // pealbHO MPOYUTAHHOE KOJMYECTBO OAUTOB

// (Bo3BpamaeMoe 3HaYCHHUE)
DWORD dwTimeout); // MaKcuMaIbHOE BpeMs OXKU/IaHHs, MAJLTHCEKYHIbI

B kauectBe nepeozo napamempa pyunkunu CallNamedPipe() momkHO 3a1aBaThCst UMS yKe CYILIECTBY-
fouiero kanana. JlanHast QyHKIHsI MOKET BBI3BIBATHCS TOJNBKO KieHTaMu. OcTalbHbIE TapaMeTphl, TOUHEE,
OOJIbIIas MX YacTh OMUCHIBAIOT Oy(hepbl, HEOOXOIUMBIC IS IBYXCTOPOHHEH MOJICPIKKHU TPaH3aKIIUH.

Oynkuus CallNamedPipe() koMOMHHpYET B OJHOI omepaluy HECKOJIBKO KOMaH/, a UMeHHO Wait-
NamedPipe(), CreateFile(), WriteFile(), ReadFile() u CloseHandle(). ITocnenuuii napamerp — dwTimeout
3aJlaeT MaKCUMaJIbHOE BpeMs oxuaanus it komanael WaitNamedPipe().

Ecnu Oydep ureHus CIMIIKOM Majl IJisl 3alIMCH BCETO MPHHATOTO COOOUIEHUS, (DYHKIUSI CUUTHIBAET
MaKCHUMaJIbHO BO3MOXKHBIH 00beM MHQpopManuu U Bo3BpauiaeT 3HaueHne FALSE. B atom cnywae gyHk-
uust GetLastError() Bosspamaer 3Haueane ERROR_MORE DATA, v OCKOJBKY KaHaJI y)KE 3aKpBIT,
OCTaBILIECS B HEM JIaHHBIE MCYE3AI0T.

KimeHThl 4acTo MOChIIAOT CepBepy MO KaHaldy KOMaH[bl MM 3alpOChl Ha BBHITOJHEHHUE OIpere-
JICHHBIX Oelicmeuil om ceoezo umenu. Tak, KINSHT MOXET MOMPOCUTH CEpBEP MPOUNUTATh HH(OPMALIUIO
u3 Qaiina. [TockoNbKy KIMEHT U CepBep — 3TO Pa3HbIe MPOLECChI, YaCTO OHU MMEIOT pa3Hble aTpUOYTHI
OezomacHocTH. CepBep MOXKET OTKa3aTbCAd OT BBITIONHEHHSI KOMaH, TMpaB Ha BBIIOJIHEHHE KOTOPBIX
y KIIMeHTa HepocTaToyHo. CepBep MOXET BpeMEHHO (Ha BpeMs BBITIONHEHHS 3ampoca) MPUCBOUTH cede
aTpuOyThl 0E30MaCHOCTU KJIMEHTA, @ 3aTEM BOCCTAHOBUTH COOCTBEHHBIC aTPUOYTHI C IOMOIIBIO CIICITY-
OMKX QYHKIHHA:

BOOL ImpersonateNamedPipeClient (HANDLE hNamedPipe);
BOOL RevertToSelf (void);

Oynakumsa ImpersonateNamedPipeClient() He paboraer ¢ aHOHUMHBIMH KaHajlaMH U HE MO3BOJISET
cepBepy MPHUHUMATH TIOTHOMOUHSI KIIMEHTA C YIAJICHHOrO KoMmIbloTepa. K ToMy ke OHa BpEMEHHO M3Me-
HSIET KOHTEKCT 0E30MaCHOCTH BhI3BIBAIOIIETO MTOTOKA.

Oynkuus RevertToSelf() 3aBepimaer npoliecc nepenavn MOJHOMOUHH ¥ BOCCTAHABIMBAET MCXOTHBIN
KOHTEKCT 0€30MacHOCTH.

KnueHnt paspsieaem ceésas3v ¢ kananom nocpenctsom BeizoBa Gynkiuu CloseHandle(). Cepsep
MOXET MMOCTYIIUTH TAKUM KC 06pa30M, OJHAKO MHOrAa MmpeaArnoYTUTCIbHEC OTKIIIOYUTLCA OT KJIMCHTA, HE
YHHYTOXAsl KaHaJ (3TO MO3BOJIMT COXPAHUTH €ro JJIs UCIIONb30BaHus B OyayiieM). C moMOMIb0 (QyHKIMA
DisconnectNamedPipe() cepBep B NpHHYANTEIBHOM TOPAIKE MPEKPAIIAET THANIOT ¢ KIIMEHTOM H JIeNaeT
€ro JIECKpUNTOP HEJEHCTBUTEIbHBIM:

BOOL DisconnectNamedPipe (HANDLE hNamedPipe);

Eciu KJIMEHT MONbITaeTCs BBIOJIHUTD YTCHUE MJIHM 3aIUCh C TIOMOIIBIO CBOETO JECKPHUIITOpPA MOCIIe
OTKJTIOYEHUS CepBEPa, TO BOZHUKHET OIMOKa M eMy BCe paBHO npujercs Bei3BaTh QyHkimo CloseHandle().

B pesynbrate paspbiBa COSTMHEHHS BCE JaHHBIC, OCTaBIIMECs B KaHaiue, OyayT yrepsiHbl. CepBep
MOXET COXpaHHUTh OCTaBIIyIOCs HH(popManuio, BeizBaB GpyHkiuio FlushFileBuffers():

BOOL FlushFileBuffers (HANDLE hFile);

[MonyuuB neckpunrop nmeHoBaHHOro KaHana, pyHkuus FlushFileBuffers() 6mokupyercs mo tex mop,
MoKa He 0CBO0OSITCS Oy(depsl ATOro KaHasia.

[Ipu oTKIIOYEHUH KaHasla OT KIIMEeHTa caM 00beKT-KaHajl He YHHUTOXKaeTca. Pa3opBaB coeqHEHUE,
cepBep momkeH BbI3BaTh PyHKIHMIO ConnectNamedPipe() B okuIaHMKM HOBOTO MOJAKIIOUEHHS] OCBOOO-
JIMBIIIErOCsT KaHalla uin ke Bbi3BaTh PyHkiuio CloseHandle() mis yHUYTOXKEHHS JTaHHOTO 3K3EMILIApa
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o0bekTa. KitnenTsl, 3a0nokupoBannbie pynkiuein WaitNamedPipe(), npu 3akpbITUH CBOETO JIECKPUIITOPA
KaHasa pa30iokupoBaHbl He OyayT. Ouaas MOAKIIOUEHUS] K HOBOMY KITMEHTY, CEpBep JOKEH OTKIIIO-
YUTh CBOI KOHEI| kKaHayia U BbI3BaTh (pyHKIM0 ConnectNamedPipe().

Takxum 00pa3om, Kak U OOJBIIMHCTBO U3 PACCMOTPEHHBIX JI0 CUX MOP 00BEKTOB, KAHAJIBI OCTAIOTCS B
HnaMsTH 70 TeX MOp, MOoKa He OyIyT 3aKphIThl BCE UX JIECKPHUIITOPBI. JIF0OO# mpoliecc A0KEeH Ha CBOEM
KOHIle KaHasia 3aBepiiatbes Bbi3oBoM ¢yHkimu CloseHandle(). Eciau Bbl 3a0ymere 00 3ToM, KOMaHJa
ExitProcess() aBToMaTH4yecku 3aKpoeT BCE OCTABLIMECS JIECKPUIITOPHI.

§ 8.3. ObmeH AaHHbIMMU C UCMOIb30BaHUEM COKETOB

8.3.1. O6wme nonoKeHus. Buapl ceTeBbix NPOTOKONI0B

Jnst pa3paOOTKH MPOrpaMMHOTO OOECTIEYeHHs ISl CETEBBIX TEXHONOTMHA HEOOXOIMMO 3HATh OC-
HOBHBIE KOHIICTIIIUM U TEPMUHOJIOTHIO, UCIIOJIB3YyEMYIO IpHu pabore B 3Toi cpeae. [loaTomy BHauaie
paccMoTprUM HEKOTOpbIe 00IIMEe BOMPOCHL. BONBIIMHCTBO HAUMHAIOIIMX TOJIb30Batenei Internet ObicTpO
MPHUBBIKAIOT K TOMY (pakTy, 4TO y HHX €CTb CBOM aJpec 3JIeKTpoHHOoW mouthl u [P-ampec. Hactpoiika
KoMIbtoTepa Juist pabotel B cersx TCP/IP o0bryHO monpa3syMeBaeT ykazanue [P-aipecoB 1yis TOMEHHOTO
MMEHU CepBepa U CETEBOro IUII03a, a Takxke BBOA cepBepHbIX nMeH POP u SMTP. IP-aapeca 3amatorcs
B BUJI€ YEThIpEXpa3psAAHON CHCTEeMbl 0003HaYeHUH, T/l KAk bl OaiiT 4-6aiiToBOrO ajgpeca mpeacTaBieH
JECATHYHBIM YHCIIOM M OTJIENIeH TOYKOH OT cocenHero Oaiita. Takast cuctema 0003HAUYECHHM NPHHSTA IS
ynpoienus Bocrpusitusi [P-anpecos yenosekom. KommnbeloTepsl u Apyroe amnmapaTHOe OOecreueHHe
Internet Bcerna BocnpuHUMAIOT 4-0aiiToBbIe (32-pa3psaHble) 3HAYSHUST HEMTOCPEICTBEHHO.

[MockonbKy Kaxablii KoMmbioTep B Internet umeer codocTBenHbiii [P-anpec (1o kpaitHei mepe, moka
OH TIOJIKJIIOYEH K CETH), a YMCIIO TAKMX KOMITBIOTEPOB YBEITHUUBAECTCS HEYIEPKUMO OBICTPHIMU TEMITAMH,
BeyTcs paboThl IO BHEIPEHUIO HOBOW cxeMmbl afapecanmu. OmHAKO pelieHue BOSHUKAIOUIMX MPU STOM
mpoOiieM CBS3aHO C ONpeNeieHHBIME TPYAHOCTSMH, TIO3TOMY B OJvpKaiilee BpeMsl Mbl OyJeM IOJIb30-
BaThCs B CBOMX Mporpammax 32-paspsaaeiMu [P-agpecamu. PaccMotprumM ocHoBHEIE Internet-npomoxonsl:

o TCP/IP — 510 Habop CBsI3aHHBIX POTOKOJIOB, COOTBETCTBYIOLIMX Pa3HbIM YpoBHAM Mogenu OS]
(HanpuMep, Ha HIHKHUX YPOBHSIX PacIlojOKeHbl OCHOBHBIE TakeTHbIe poTokonsl TCP u UDP, obecnieun-
BalOIIME TPAHCIIOPTHUPOBKY AAHHBIX METO/IOM I10CIEI0BAaTEIbHON JBYHAIIPABICHHON epeiadyd WM METo-
JIOM OJTHOHAIIPaBJIEHHOW Tiepeaun 6e3 YCTaHOBJIEHHS COeIMHEHHNS);

o npotokoa IP (Internet Protocol) Beimonusier B Internet ponb «ciy»Obl JOCTaBKH», oOecreynBa-
tfouiell QyHKIMOHUPOBAHHE JPYrUX MPOTOKoJ0B. IP mcmonb3yer neltarpaMmel, repenaBaeMeie 0e3 ycra-
HOBJICHMSI COEJUHEHUS, 103TOMY IP-niakeTsl yacto HasbiBaroT IP-nefitarpaMmamy;

o npotokoa TCP (Transmission Control Protocol) npeacrasisieT coO0# MoceI0BaTelIbHbIN IBYHAIT-
PaBJICHHBIM MPOTOKOJ, TMpelycMaTPUBAIONINK YCTAHOBJICHUE COCAMHEHHS W MCHOJNB3YIOMMH OalTOBBIE
MOTOKM JaHHBIX. OH cUMTaeTcs BIIOJHE HAJEKHBIM, ITOCKOJBKY MPHU IpHUEME KaXKIOro MakKeTa JaHHBIX
BBITIOHSIETCS TIPOBEPKAa KOHTPOJIBHOW CyMMBbI M TIPOM3BOJIMTCS 3aIIpOC Ha IMOBTOPHYIO Tepenady Makera
B CJIy4ae OIIUOKH;

e npotokoJ UDP (User Datagram Protocol) B ornuuue ot TCP cuntaercs «<HeHaAGKHBIM», TaK KakK
OCYIIECTBIISIET Mepeiauy MaKeTOB JaHHBIX 0€3 YCTAHOBIIEHUS COSNMHEHUs U, CIEA0BATENIbHO, HECIIOCOOEH
peann3oBaTh MPOBEPKY KOHTPOIBHBIX CyMM. J[aHHBIN MPOTOKOI CPaBHUM C PaJIUOCBA3bI0 — BBl MOXKETE
OBITH yBEPEHBI B TOM, YTO CUTHAI NIepeliaH, HO HE MOXKETe POBEPUTH, IIPUHSAT JI OH.

JlBa omMcaHHBIX TOAXOAA B3aMMHO JOMONHSIOT ApYT Apyra. [lepemava naHHbIX Oe3 yCTaHOBICHUS
COEMHEHMSI OCYIIECTBIISIETCS ObICTpee, MOCKOIBbKY MPaBHIILHOCTh OMEpalii mepefadn U npuemMa He mpo-
Bepsiercst. [Ipotokon TCP TpeOyer JOoNONHUTENBHBIX PACX0I0B, HO 00ECTIeYnBaET KOPPEKTHYIO Mepeaaqy
JaHHBIX TI0 MECTy Ha3HA4YeHUS W YCTpaHSeT OMIMOKH, MPOUCXOIIIINE B KaKHX-THOO 3BEHBAX ammapart-
HOro obecrieueHns cetu (B Kabemnsx, KOMMYTHUPYIOIINX YCTPOUCTBAX U T. II.).

Beicmuii ypoenb creka TCP/IP comepkKuT MpoTOKOIBI, MPeIHa3HAYCHHBIC JUIsl 00JIee CIeIUan31-
POBaHHBIX 11eNIeil. DTH MPOTOKOIBI BHIMOIHSIOT POJIb PA3TUYHBIX CETEBBIX CEPBUCOB M MCIONB3YIOTCS A
nepenavyn dIEeKTPOHHOW MOYTHI, (ailyioB, JOKyMeHTOB, Web-cTpaHui u T.A. IlepeunciuM mpoOTOKOIEI,
KOTOpBbIE BXO/AAT B JAHHYIO TPYTIY:
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e SMTP (Simple Mail Transfer Protocol) — ncrnons3yercs /i OTIpaBKY 3JIEKTPOHHON MOYTHI Ha
cepBep;

e POP3 (Post Office Protocol 3) — npeana3HaueH Ajis 4T€HUS SISKTPOHHOMN TOYTHI C CEPBEPA;

o FTP (File Transfer Protocol) — mmpoko npuMensercs Ui nepenadn Gainos;

o HTTP (Hypertext Transfer Protocol) — ucrnonb3yercs B kauecTBe cranmapTHoro Web-nporokoria;

o Telnet — npenHa3HaueH IS YAaJCHHON PErMCTPalliid U UHTEPAKTUBHOI'O JOCTYIA K yIaleHHBIM
cepBepam.

B To BpeMsi kak HU3KOYpOBHEBbIC TPAaHCIIOPTHBIE MPOTOKOJBI OCYIIECTBISIOT Mepeaady HHpopMa-
LIUU C TIOMOIIBIO JOBOJILHO CIIOXHBIX CTPYKTYP M MAKETOB, IIPOTOKOJIBI BEICIIET0 YPOBHS OOBIYHO MTPHUMe-
HSIOT METOJMKY, KOTOpas Oojiee MPUBBIYHA C TOYKW 3PEHHUsS UYeNlOBEKa M YAOOHA Ui MPOrpaMMHUCTOB.
OTH MPOTOKOJIBI UMEIOT P O0MIMX XapaKTepucTuk [12]:

— YCTaHaBJIMBAIOT JUAJIOT MEXAY KIIMEHTOM U CEPBEPOM ITOCPEICTBOM JIBYHANPABICHHOTO THE3/1a;

— MPHUMEHSIIOT YHCIIOBBIE KOBI OTBETOB;

— WX MaKeThl HAUMHAIOTCS C PACIIO3HABAEMOH KOMaHIHOM CTPOKH, COCTOSIIECH U3 YEThIPEX CHMBOJIOB.

BonpimmacTBO MIpOrpaMm, npeHazHaveHHbIX AJ18 paOboThl ¢ Internet, HCMOIB3YIOT MapagurMy «THE3/I»
(sockets). B crapbie nobpsie BpemeHa, korga TCP/IP Obl1 mHTErprpOBaH B OllepaliioHHyI0 cuctemy Unix,
nosiBuiIca Habop (QyHKUMIA, MOMyuyuBIIMK Ha3BaHue bepkimueBckoro cranaapTa rHesq (Berkeley sockets
standard). Otn QyHKIIUM TO3BOJSIFOT CO37aTh THE3/I0, MPOCIYIIATh COCUHEHNHE (HAa CTOPOHE cepBepa),
CBSI3aTh T'HE3/I0 C 3aJaHHBIMH CEPBEPOM M HOMEPOM MopTa (Ha CTOpOHE KIIMEHTA), a TaKkXkKe Iepeaatb
Y TIPUHATH HHPOPMAIMIO Yepe3 THe310. Takum oOpa3oM, IpH B3aUMOJACHCTBUU KIMEHT — CEPBEpP B CETH
MOXHO paccMaTpUBaTh KaXJIOTO YUaCTHHKA B3aUMOACHCTBHS KaK KOHEUHYIO TOUKY, KOTOpasl U Ha3bIBa-
ercst socket (MK «THE3TIOR).

I'He310 urpaer poinb, aHAIOTHYHYIO BBITOIHIEMON JAECKpUNTOpOM (haiina, U B HEKOTOPBIX BEPCHIX
Unix MOXXeT HCIOJIb30BaThCS HENOCPEACTBEHHO (QYHKIMSIMHU BBOJa/BhiBOAA. VIMeercss ABa Thma rHe3n,
COOTBETCTBYIOIIMX MPOTOKOJIaM, KOTOPBIE MOJPa3yMEBalOT MIIM OTPUIAIOT MOTPEOHOCTh B YCTAaHOBJICHUH
coenuuenus [1, 12]:

o TCP-rHe3na — coerHeHne MeXAY THE3/IOM U CEpBEPOM yCTaHABIMBAETCS;

e UDP-rHe3na — 11 epeaadr TaHHBIX HEOOXOAMMO TOJBKO YKa3aTh KOHEUHBIH MyHKT HAa3HAYECHHUSI
(Homep mopTa 1o 3aganHomy IP-anpecy).

[MpuHtMn B3auMOEHCTBHSI cepBepa M KIMEHTOB 3aKiltodaeTcs B cienyomeM. Ha cepsepe mporpam-
Ma B3aUMOJICHCTBUS C KJIIMEHTAMH MOJKIIoYaercs K agpecy IP, co3maer rHe310 W HAXOAMUTCS B peKUME
OXHJIaHMs oJKIItoYeHus. [IporpaMma KIIMEHT TOXKe CO3JaeT THE30 U MBITASTCS MOAKIIOUUTHCS K THE3Y
cepepa. CepBep mpHu OOHAPY)KEHHH TIOMBITKH TMOAKIIOUEHHS CO3/1aeT HOBOE THE3/I0 M HCIOIB3YeT €ro
JUTsl B3aMMOJISUCTBHS ¢ KiIMEeHTOM. [lepBoe co3jaHHOe Ha cepBepe THE3/I0 OCTACTCA B PEKHUME OXKHIaHHS
MOJJKITIOYEHUS CIIEAYIOIIEro KIMeHTa. TakuM crioco00oM POU3BOANTCS B3aMMOJICHCTBUE CepBEpa CO MHO-
MU KIAEHTaMH.

B nauvane 90-x IT. KOHCOPLIMYMOM YaCTHBIX JIMIl ¥ KOMIIaHUH ObUIa MpeIIo’KeHa Bepcust PYHKIUHA
pabotsl ¢ rHe3mamu it Windows, kotopas crajia Ha3biBathess WinSock. Takum obpaszom, WinSock, mim
Windows socket — 3710 unTepdetic API-pyHkumiA, co3maHHbIi I peaau3alii TPUI0KEHUN B CETH Ha
ocHoBe nporokojyia TCP/IP. O0bruHO 311 (yHKIMK onuckiBatoTcs B Ondimoreke WSOCK32.DLL.

HuTepdetic WinSock HeckolibKO OTJIMYaeTcs 0T bepkieeBckoro crangapra THe3l, Tak Kak 16-pas-
psanbie Bepcun Windows, Al KOTOPBIX OH MEpBOHAYAIBHO co3faBaiics, B omnyre oT Unix He ObLIH
MOJTHOIIEHHO MHOT0331a4HBIMH OIlEpallHOHHBIME cucTeMaMu. Heo6xommumo Ob11o IpeaycMOTpeTh aCHHX-
POHHBIN pexxuM paboTe! GyHKIMH WinSock s CKiIFOueHHS BO3MOKHOCTH OJTIOKUPOBKU CHCTEMBI B MO-
MeHT okuaaHusi otBera. B UNIX M0xHO OBUTO MPOCTO CO31aTh OTACIBbHBIE MOTOKU ISl TIPUIIOKEHUH,
paboTaronmx ¢ rHE3AaMH, YTOOBI 00eCIeYnTh UX He3aBUcUMOCTb. CoBpeMeHHbIe Bepcun Windows MoIHO-
LEHHO MHOT'03aJJauHbl, I03TOMY B HUX MOXKHO MCIIOJIb30BaTh OOBIYHBINA BepkieeBckuil cTaHAapT THE3I.

B pesynbrare cnenuduranus WinSock pasnensier pynkiuu uarepderica Ha tTpu tumna [1]:

1) pacumpenus Windows s Gynkuuii bepknm (acuHXpoHHBIE QYHKINHU, KOTOPBIE HE OJIOKHPYIOT
CHCTEMBI NPH HAXOXKICHHH B PEKUME OKHUIAHHSA, MOTYT H3Bemarb Windows-TpUIIOKEHUST O CBOEM
3aBEpIICHUH, OTIPABIISS CIIEIHATBHOE COOOIICHUE YKa3aHHOMY OKHY, IPH 3TOM NPUIIOKEHUE MOXKET BBI-
3BaTh (PYHKIHUIO, MPOJOKUTH PYTUe Ollepalliy, a 3aTeM MPOBEPUTH KOJI 3aBeplieHus] QyHKINU B Ove-
penu cooOIIeHMIA );
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2) ¢ynkuun bepknn (CHHXpOHHBIE (YHKIUH, TPOM3BOISIINE OJOKUPOBKY MHTEp(deiica B MOMEHT
CBOEH paboThl, T. €. IpU paboTe TakoH QYHKIMH HENb3s BBIMOIHATE Apyrue gpynkuun WinSock);

3) undopmannonnsie GyHKuMM (TonydeHre WHGOPMAMK O HAWUMEHOBAHHMU JIOMEHOB, CITyK0ax,
nporokoiax Internet).

CymectByer aBe Bepcun WinSock:

e WinSock 1.1 — nognepsxka tonsko TCP/IP;

e WinSock 2.0 — moaepxka JOMOTHUTEIBHOIO IPOrPaMMHOT0 00ECIICUCHHMS.

Hurepdetic Winsock 2 umeer ciienyromnme npeumyiiectsa [12]:

— MOJJICPKUBAET Pa3IMUHBIE TPOTOKOIIBL;

— MO3BOJISIET CO3/1aTh OBICTPBIN MPOTPAMMHBIN KOJI, aAaNTHPOBAHHBIN K KOHKPETHOH KOH(UTYpauuu
anmnapaTHOro 00CCIICUCHHUS,

— SIBJISIETCSI €TUHCTBEHHBIM PEIICHUEM MPH CO3aHUHU CEPBEPHBIX MPOrpaMM, JJIsl KOTOPBIX CYIIECT-
BEHHBIMH XapaKTepUCTHKaMU (0oyiee Ba)KHBIMH, YeM, CKa)KeM, BpeMs pa3paboTKH) SBIISIOTCS OBICTPO-
JeWiCTBHIE U POU3BOINTEIBHOCTE;

— o0ecreynBaeT HAWITYUIIYIO Cpey sl pa3paboTKH Kpocc-1aTHOPMEHHBIX TPOTPaMM.

Texymas Bepcust Winsock 2 mognepxuBaer OOIbIIMHCTBO (PYHKIMIA, 3aMMCTBOBAHHBIX U3 MPEAbI-
IOyHIUX BEPCHH, a TaKKe COAEPIKUT HECKONBKO (PYHKIIMHA, ONTUMHU3UPYIOIMX MHOTOIPOTOKOIBHYIO MO/
nepxky. Xors unrepdetic Winsock uame Bcero ucnomnb3yercs ¢ nporokoinamu TCP/IP, on Takxke mou-
JEPIKUBAET CBsA3b IIOCPEICTBOM THE3J 10 HEKOTOPBIM JApPYTUM IporokonaM, B ToMm uucie IPX, SPX,
Banyan VINES u AppleTalk. [lanee 6ymer paccmorpeno Tonbko ¢yHkunonupoBanue TCP/IP, ognako
WMEWTE B BUILY, YTO PUIIOKEHHS, PaOOTAOIIHE C THE3AaMH, HECTIOKHO MOAN(DUIIMPOBATE ISl HCIONb30-
BaHUsSl Jpyrux nporokosoB. Mutepdeiic Winsock comepkUT Kak CHHXpOHHBIE, TaK M ACHHXPOHHBIE
(GYHKUMU Ui BBITIOIHEHHS ollepaluii ¢ rHe3gaMu. KpoMe Toro, B HEM HMMeeTcsl HECKOIBKO (QYHKIHU
npeoOpa3oBaHus JIaHHBIX M MPOCMOTpa 0a3 aaHHbIX. DyHkiuu uHTepderica Winsock2 onucaHbl B OHO-
moreke ws2_32.dll.

8.3.2. API-byHKUMM ans paboTbl C COKeTamm

Criucok u onmcanue GyHKIUH, TpenHa3HaueHHBIX AJs1 paboThl ¢ THe3aMH, puBeneH B Taom. 8.1.
BwMecTe B3sThIC OHU TIPEJICTABIISIFOT COOOM TPaUIIMOHHBIN HAO0P CUHXPOHHBIX hyrkuuil (ynkuuit bepru).

PaccmoTrpum napamerpsl OCHOBHBIX (pyHKIMH. J[J1si co3laHus THE3/1a UCTIONIb3YETCsl CUCTEMHBIH BbI-
30B socket() [1, 12].

s = socket (domain, type, protocol);

rae domain — tun npotokona (s nporokona IP ucnonssyercs mapamerp AF INET (Internet mpoto-
KOJTBI)), fype — TUIl MOJKIIOYECHUSI.

Hcnons3yroTcs Tpu BO3MOXKHBIX THIIA, fype:

o stream socket (SOCK_STREAM) — obecnieunBaeT mnocienoBaTenbHbli, HaJCKHBIH, OPHEHTHPO-
BaHHBII Ha YCTaHOBJICHUE JIBYCTOPOHHEW CBSI3M TIOTOK OAHTOB;

o datagram socket (SOCK_DGRAM) — nonzep>xuBaer AByCTOPOHHUI TOTOK JaHHBbIX. He rapanTu-
pYercs, 4To ATOT MOTOK OyJeT MocieloBaTebHbIM, Ha/ISKHBIM U YTO JaHHBIC HE OyIyT TyOIupoBaThCs.
BaxxHolt XapakTepuCTHKOM JaHHOTO THE3/a ABJIAETCS TO, YTO T'PaHHUIIbI 3alMCH ITAHHBIX MPEAONpPENeIIEHbI;

e raw socket (SOCK RAW) — oGecrieunBaer BO3MOKHOCTH TOJIb30BATEIBCKOTO JOCTYIA K HIXKE-
JIeKaMM KOMMYHHKAIIMOHHBIM MPOTOKOJIAM, TIOIIEP>KUBAIOIINM COKeT-a0cTpakuuy. Takue rHe3na 00bIaHO
SIBJIAIOTCS AaTarpaM-OpHUeHTHPOBAHHBIMU;

o protocol — HeoOs3aTeNnbHBIN napamerp, mpu ucrnonb3oBadnd AF_INET npunumMaronmii 3HaueHue 0.

OyHkIMs socket cO3/aeT KOHEYHYIO TOYKY JUISi KOMMYHUKAIMH M BO3Bpaiaer (haiyioBbIi JECK-
PHIITOp, CChUIAIONIMICS Ha THE3A0 WU —1 B ciiy4yae omuOKu. JJaHHBIH JECKPUTITOP UCTIONB3YETCs B 1AJb-
HeiIeM 17151 YCTaHOBJIEHUSI CBSI3U.

Hns co3manus THe3a Tuna stream ¢ npotokonoM TCP, obecrieunBaromnM KOMMYHHKAIIHOHHYIO
MOJJICPXKKY, BBI30B QYHKIUH socket OMKEH OBITh CIEIYIOIIIM:

s = socket (AF_INET, SOCK_STREAM, 0);

159



ObmeH AaHHbIMKU C NICNOJ1Ib30BaHNEM COKETOB

Tabnuya 8.1
DyHKIHIS Ornncanne
accept Perucrpupyer nonkitoueHue K 3aJaHHOMY THE3y
AcceptEx Peructpupyer HOBOe NOAKIIIOUEHHE, BO3BPALIAET JOKAJIBHBIN U yaJICHHBIN ajipec,
a TaKKe MEePBBIA OJIOK TAaHHBIX, OTIIPABJICHHBIN KIIHCHTOM
bind Ha3nauaer rue3y nokalbHbIN ajipec
closesocket 3akpbeIBacT THE3/0
connect CoenuHseT rHe3/10 € 3aJJaHHBIM OJJHOPAHTOBBIM y3JIOM
GetAcceptExSockaddrs Amnanusupyer naHHele, nepeaanHbie GyHkuueld AcceptEX, BhIIEIsI€T TOKaIbHBINR
W y/IAJEHHBIN aJipeca, a TaKKe IePBbIH OJI0K TaHHBIX, MONTYyYEHHBIX IPH COSANHEHUH
ioctlsocket UnTaer WM ycTaHaBIUBAET MAapaMeTphl pexxrMa paboThl THe3/1a
listen IlepeBoauT 3a1aHHOE THE3A0 B PEXKUM MPOCTYIINBAHUSL
recv Uuraer qaHHbIE U3 3aJAHHOTO THE3a
recvirom Uuraer neitarpaMMy M UCXOJHBIN ajipec
select Omnpenensier cTaTyc OAHOTO WM HECKOJIBKUX THE3]
send [Nocbutaer nanHbIe B 3aaHHOE (TIOJKIIIOYEHHOE) THE310
sendto IToceinaer qaHHbIE MO aApecy Ha3HAUCHUS
setsockopt VYcranaBnuBaeT napameTphl rHe3ia
shutdown 3ampermiaer nepeaaydy v/ Wi IpUeM JaHHBIX Yepe3 yKa3aHHOE THE3/10
socket Co3zfaer rHe3/10, CBSI3aHHOE € 3aJJaHHBIM ITPOBAaIepOM TPAHCIIOPTHBIX YCIYT

I'uesno cozmaercst 6e3 umenn. [loka ¢ THe310M He OYIET CBSA3aHO UM, yIaJICHHBIC MPOIECCH HE
HMMEIOT BO3MOXKHOCTHU CChUIATHCS HA HErO, CJICOBATCIBHO, HA JJAHHOM THE3/Ie HE MOXKET OBITh MOJIYYEHO
HUKaKHX CO00IeHni. KOMMYHHKAIIMOHHBIC MPOLECChl MCIONB3YIOT Ul JaHHBIX LEIeH acCOIMAllHy.
B Internet-moMene accommaliys CKIaIbIBACTCS U3 JOKATHLHOIO M YIAJICHHOTO aJIpecoB, a TAKXKe U3 JIOKAJb-
HOT'O Y yJIAJICHHOT'0 MOPTOB. B OOJIBIIMHCTBE JIOMEHOB acCOIUAIMS JIOJDKHA OBITh YHUKATBHOM.

B Internet-gomeHe cBS3LIBAHHE THE3[Aa U UMEHHM MOXKET OBITh BECEMA CIIOXKHEBIM, HO, K CYACTEIO,
OOBIYHO HET HEOOXOJAMMOCTH CIIEIIHAIBHO MPHUBA3bIBATH aJIPEC U HOMEP MOpTa K THE31y, Tak Kak (QyHK-
IIUU connect N send aBTOMATUYECKU CBSDKYT JNaHHBIN socket ¢ TIOAXOSIIUM aJpecoM, €CIIU 3TO HE ObLIO
CJI€JIaHO JIO UX BBI30OBA.

Jliis cBSI3BIBaHUS THE3/A C aJpPeCOM U HOMEPOM IOpPTa UCTONB3YIOT CUCTEMHBIN BBI3OB bind:

bind (s, sockaddr, sockaddrlen);

rJie § — JECKPHIITOp y3Ia, Bo3BpalaeMblii hyHkuuei socket; sockaddr — ctpykrypa, KoTopasi HHTEp-
MpeTupyeTcsl MoiepKuBaeMbIM npoTokosioMm (IP-ampec, Homep mopra u T. 1.); sockaddrlen — pa3mep
napamerpa sockaddr B Gaiitax.

Paccmorpum crpykrypy sockaddr Gonee nonpoOHO:

struct sockaddr

{

u_short sa_family;
char sa_data [14];
¥
ITepBBIit ByIeMEHT CTPYKTYPBI 0003HAYaeT MPOTOKOJI, BTOPO — crieruduaeckoe s MPOTOKOa 3HA-
yeHue. Hanpumep, Bepcus JaHHOM cTPYKTyphI i Internet (sockaddr _in) Oyner uMeTh ClIeayONMi BUI:

struct sockaddr in

{

short sin_family; //AF_INET
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u_short sin_port;
struct sin_addr; //4-x GavitoBbIit [P-anpec
char sin_zero[8];
¥
OnemeHT sin_addr npencrasisier coboil derpipexOaittoBeiii [P-anpec (mampumep, 127.0.0.1). dns
npeoOpa3oBaHUsl JaHHON CTPOKU B TpeOyemyro ¢dopmy ucnoibdyercs (GyHkius inet addr(), kortopas
OyzeT paccMOTpeHa Jiajiee.
JIs1st yCTaHOBJICHUSI CBSI3U CO CTOPOHBI KITMEHTa MCIIONB3yeTcs GYHKIMS connect:

error = connect (s, serveraddr, serveraddrlen);

Jlannasi pyHKIMS MHUIUUPYET YCTAHOBJICHUE CBS3M Ha Y3Jie, MCIIOJIb3YS €ro JECKPUIITOP § U WH-
(dbopMannio U3 CTPYKTYpHI Serveraddr, conepkaiiasi aapec cepBepa U HOMEp IOpTa, Ha KOTOPBIM Hajao
YCTaHOBUTH CBs3b. ECiM THE3710 He OBUIO CBSA3aHO C apecoM, connect aBTOMaTHYECKH BBI3OBET CHUCTEM-
Hyto QyHKUUIO bind.

OyHKIHs connect Bo3Bpariaer 0, ecu BBI30B MPOIIIEN ycrenHo. Bo3BpamienHas BennurnHa —1 yka-
3bIBaeT Ha TO, YTO B MpOIECCE YCTAHOBJIEHHS CBS3U MPOM30LLIA HeKas ommOKa. B cimydae ycmemHoro
BbI30Ba (PYHKIMH MPOLIECC MOXKET padoTaTh C ECKPUIITOPOM Y3i1a, HCNoib3ysl GYHKUUHU read W write,
Y MOXKET 3aKpbIBATh KaHaJl, MCIIONb3Ys (PYHKIHIO close.

Co cTOpOHBI cepBepa Mpolecc YCTaHOBIEHMs CBSA3M ciokHee. Korja cepBep keiaeT NMpeasokuTh
OJIMH U3 CBOMX CEPBUCOB, OH CBSI3BIBAET y3€l C OOLIEN3BECTHBIM aJpeCcOM, aCCOLMHUPYIOMINMCS C JaHHBIM
CEpPBUCOM, U MTACCUBHO CIYIIAET TOT y3em. J{jist 9TUX 1emneii nCronb3yercsi CHCTEMHBIN BBI3OB /listen:

error = listen (s, glength);

rae s — JECKpUNTop y3ia; qlength — MakcuMalabHOE KOJIMYECTBO 3alIPOCOB HA YCTAHOBJICHUE CBS3H,
KOTOpBIE MOTYT CTOSITh B OUEPEIH, OKUAass 00pabOTKU cepBEpOM (3TO KOIMYECTBO MOXKET OBITh OrpaHuU-
4eHO 0COOEHHOCTSMHU CHCTEMBI).

Korga cepsep momydwaer 3ampoc OT KIMEHTa U MPUHUMAET pelleHue 00 YCTAaHOBJIEHWHU CBS3H, OH
CO3JA€T HOBBII y3€l U CBA3BIBAET €T0 C ACCOLUUALUEN, SKBUBAJICHTHON «y3Jly B PeXUME OKUJIAHUD). s
Internet-goMeHa 3TO 03Ha4YaeT TOT K€ CaMblid HOMEp IOpTa. s 3TOHW LENU MCIOIb3YyEeTCsl CUCTEMHBIN
BBI3OB accept:

newsock = accept (s, clientaddr, clientaddrlen);

VY3en, accOMUPOBaHHBINA KIMEHTOM, M y3€l, KOTOPBIA ObLT BO3BpallleH (QYHKIUEH accept, NCTIONb-
3YIOTCS JUI YCTaHOBJIEHMSI CBSI3U MEXAy cepBepoM M KineHToM. Koryia cBsi3b yCTaHOBJEHA, C IIOMOUIbIO
pa3nuyHbIX (QYHKIUI MOXKET HadaTbesl Mpollece Mepeaayn NaHHBIX. [Ipy HaauuuM CBS3W MOJIBH30BATENb
MOJKET MOChIIATh U MOJyYaTh COOOIIECHHS C ITOMOIIBIO PYHKIUN read W write:

write (s, buf, sizeof (buf));

read (s, buf, sizeof (buf));

Bb130BHI send 1 recv MpaKTUUECKH MICHTHYHBI read W write, 3a UCKIIIOYEHHUEM TOTO, YTO J00aBIIs-
eTcs apryMeHT (hJ1aros:

send (s, buf, sizeof (buf), flags);

recv (s, buf, sizeof (buf), flags);

MoryT OBITh YKa3aHbI OJMH WK Oojiee (DJIaroB ¢ MOMOIIBIO CISAYIONIUX HEHYJICBbIX 3HAYCHUMN

— MSG_OOB — nochuiaTh / ojtyyaTh JIaHHBIC, XapaKTePHBIC JIJIsl THE3]| TUIIA Streant;

— MSG_PEEK — npocmaTpuBaTh AaHHbIE 03 uTeHUs. B aTOM ciydyae gaHHBIE MOCHUTAIOTCS MOb-
30BaTEII0, HO CAMU TIOMEYAKOTCS KaK «HEMPOYUTaHHbIC». Clenyromuil read WM recv, BhI3BAaHHBIN Ha
JTAHHOM Y3Ji€, BEpHET MPOYUTAHHBIE B MPOILIBIN pa3 TaHHEIC,

— MSG_DONTROUTE — nockuiath AaHHbIe 0€3 MapIIpyTH3aIUU MTAKETOB (UCIIONB3YETCS TOIBKO
MPOIECCAMH, YIPABJISIOIIMMHU Ta0IHIIAMU MapIIPyTHU3AIINN ).

3aKphITHE Y3712 TPOU3BOIUTCS CICIYIOINIMM 00pa30M: €CIU y3ell OOJbIIe He UCIIOJIb3YETCsI, MPOIEeCC
MOJKET 3aKPBITh €ro C TIOMOIIBLI0 (DYHKITUH close, BBI3BaB €€ C COOTBETCTBYIOIIUM JCCKPUIITOPOM y3Jia:

close (s);
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Eciu nanHble ObUTH aCCOIIMUPOBAHEI C Y3JIOM, O0OCHIAIONIMM JOCTABKY (THUI Stream), cucTeMa Oyjaer
NBITATHECA OCYHICCTBUTL NIEPCaavy 3TUX HaHHBIX. Tem He MeHee ecl M0 UCTCUEHHUHU JOBOJIBHO JJINUTECIb-
HOT'0 TIPOMEKYTKa BPEMEHH JaHHBIE BCE €IIe HE JIOCTABJICHBI, TO OHU OyayT oTOporieHsl. Eciu monb3o-
BaTENLCKH MPOIIECC JKENIaeT HEMEUIEHHO PEKPaTUTh JI00YI0 Mepeaady JaHHBIX, OH MOXET C/AENaTh 3TO
C TIOMOIIIO BbI30Ba shutdown Ha TaHHOM y3Jie JUTsl ero 3akpbiTs. PopMat BbI30Ba cieayrommii [12]:

shutdown (s, how);

rie how UMEeT OJTHO U3 CIIEAYIOUIMX 3HAYCHHN:

— 0, eciiu monb30BaTelb OONBIIIE HE JKENIACT YUTATh JAHHBIC,

— 1, ecniu maHHBIE OOINbIIE HE OYAYT MOCHLUIATHCS;

— 2, ecliv TaHHBIC HEe OY/IyT HU TIOCBUIATHCS, HH TOJTy4aThCS.

Dyuxyuu npeodpazosanus oannvix. [Ipyrovi Habop dyHkimii uatepdeiica Winsock cBsizan ¢ mpe-
oOpa3zoBaHueM JaHHbIX U3 CereBoro ¢opmarta B hopMat 0a30BOro KOMITBIOTEPA M B OOPaTHOM Harpan-
sienu (Tadu. 8.2). OTu QyHKIMH PEKOMEHIYEeTCs MPUMEHSTH JIaKe B TOM Ciiydae, eciu (opMaT JaHHBIX
O/IMHAKOB Ha O0OHMX KOMITBIOTEPAX, MOCKOJIBKY OHH JIEJal0T MPOrpaMMHBIA KOJ XOPOIIO COBMECTUMBIM
U JIETKO TIePEHOCHMBIM.

Tabnuya 8.2
DyHKIUS Bo uTo ipeobpa3zyet
htonl 32-pa3psHoe 3HaUeHue U3 6a3oBoro opmata B cereBoit hopmat TCP/IP
htons 16-pa3psigHOe 3HaYeHHe U3 O0azoBoro popmata B cereBoit popmar TCP/IP

inet_addr | Crpoky IP-angpeca ¢ Toukamu B JuIMHHOE 1Ieoe Oe3 3HaKa
inet ntoa | CeTeBoii ajipec, IIPEACTAaBICHHBIN B BU/IE JUIMHHOTO IIeJI0ro 0e3 3Haka, B CTpoKy IP-anpeca ¢ Toukamu
ntohl 32-paspsHoe 3HaueHue u3 cereBoro popmarta TCP/IP B 6a30BbIit opmar

ntohs 16-pa3psiaHoe 3HaYeHue u3 cereBoro popmara TCP/IP B 6a3oBeIii popmat

Dynukyuu npocmompa 6a3 dannvix. Jlpyroii, menpmmii Habop QyHkumit untepdeiica Winsock
COCTOUT M3 PYHKIUH MpocMOTpa 06a3 JaHHBIX. DTH QyHKUMU (Tabm. 8.3) mpeaHazHaveHBI JJIs TIOMCKa
[P-anpecoB, JOMEHHBIX MMEH, UICHTU(UKATOPOB CEPBUCOB U HOMEPOB MOPTOB MPOTOKOJIOB. DYHKINH
npocMoTrpa 0a3 JaHHBIX BO MHOTOM paborarT momoOHo cBouM Unix-aHajoram. Ha kaxiaom 0a3oBom
KOMIBIOTEPE COAEPIKUTCA MHPOPMAUS O CepBUCAX M, KaK MPABUIIO, HEOONBIION CIMCOK TOMEHHBIX
uMeH u [P-aapecoB. DT JaHHBIE OOBIYHO 3alKCHIBAIOTCS B JIBa TEKCTOBBIX (haiina, a umenHo HOSTS
u SERVICES, n ¢ynkuuu paboTsl ¢ THE34aMU UCIONIB3YIOT UX B KauyecTBE MCXOJHOW MH(opManuu o0
ajipecax WM HOMEPax CEPBHCOB.

Tabauya 8.3

DyHKIUS Uro Bo3Bpamaer
gethostbyaddr HNudopmaruio 0 6a30BOM KOMIBIOTEPE IO 3aIaHHOMY apecy
gethostbyname Wudopmanuio o 6a30BOM KOMITBIOTEPE T10 3aJaHHOMY UMEHH y3JIa
gethostname CranaaptHoe 6a30BOE UMsI JIOKATBHOIO KOMITBIOTEpA
getpeername AJipec 0JIHOPAHTOBOTO y3J1a, TIOJKITIOUSHHOr O K 33IAHHOMY THE31y
getprotobyname HNudopmarurio o 3aJaHHOM MPOTOKOJIE (IO €ro HMEHH )
getprotobynumber Wudopmanuio o nporokose
getservbyname Hubopmanuio o cepBUce 1Mo 33JJaHHOMY HMEHH CEPBHCA U IPOTOKOIY
getservbyport Hubopmanuio o cepBuce Mo 33JaHHOMY HMEHH, TIOPTa U TPOTOKOITY
getsockname JlokapHOE UMS 33IaHHOTO THE3/a
getsockopt Tekyliee 3HAUCHHE YKA3aHHOTO MTapamMeTpa rHe3zia
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HeszaBucuMo 0T omnepanioHHON CHCTEMBI, IO/ YIIpaBIeHHEM KOTOpoi paboTtaer kommbioTep (Win-
dows 98, Windows NT wmm Unix), ¢aiin HOSTS conepsxut 6a3oBble aapeca 1 MMEHa KOMITBIOTEPOB, MPH-
BezieHHbIe TonapHo, a ¢aiin SERVICES xpanuT nHopManuio o «momyaspHbIX» cepBHUCaX, B TOM YUCIE
COOTBETCTBYIOILIME HOMEpA MOPTOB, MEPEYCHb HCIOIb3yEMbIX HU3KOYPOBHEBBIX NMPOTOKOJIOB U HE0Os3a-
TenpHbIE TIceBAOHMMEL. B Windows 98 st daiinsl Haxoastes B nanke \WINDOWS, a B Windows NT —
B nmanke \WINNT\SYSTEM32\DRIVERS\ETC.

Hwxe npuBenen ¢parment crangaptaoro Qaiinia SERVICES, 3anMcTBOBaHHOTO ¢ paboueil craH-
nuun Windows. OOpatuTe BHUMaHHE, YTO B KaXKJOH 3alMCH YKa3aHO UMl cepBHCa, HOMEp MOpTa U TUI
MPOTOKOJIA, & TAKXKE OJIUH WJIM HECKOJIBKO JIOMOJTHUTEIBHBIX (HE00sS3aTeNbHbIX) TICEBIIOHUMOB [12].

# Copyright (c) 1993-1995 Microsoft Corp. #
# DTOT (paiiy CoepKUT HOMEpa TIOPTOB JIISI MOMYJSPHBIX CEPBUCOB, 33 JAHHBIX
# B cootrBeTcTBUHU cO ctaHAapToM RFC 1060

#

# dopmar:

#

# <ums cepBuCca> <HOMEp MOpTa> / <IPOTOKOJ> [[ICEBJOHUMBEL...| [#<KOMMeHTapHii>] #
echo 7/tcp

echo 7/udp

discard 9/tep sink null

discard 9/udp sink null

systat 11/tcp

systat 11/tep users

daytime 13/ftcp

daytime 13/udp

netstat 15/tep

qotd 17/top quote

qotd 17/udp quote

chargen 19/tep ttytst source

chargen 19/udp ttytst source

ftp-data 20/tep

ftp 21/tcp

telnet 23/tep

amtp 25/tcp mail

time 37/tcp timserver

time 37/dp timserver

rip 39/udp resource

name 42/tcp nameserver

name 42/udp nameserver

whois 43/tep nicname

domain 53/tcp nameserver # cepBep JIOMEHHBIX UMEH
domain 53/udp nameserver

nameserver 53/tcp domain # cepBep JIOMEHHBIX UMEH
nameserver 53/udp domain

mtp 57/tcp # MCIONB30BaTh HE PEKOMEHTyETCs
bootp 67/udp # cepBep NMPOrpaMMBbI 3arpy3KH
tftp 69/udp

rje 77/tcp netrjs

finger 79/tcp

link 87/tep ttylink

supdup 95/tcp

hostnames 101/tcp hostname

iso-tsap 102/tcp

dictionary 103/tcp webster

x400 103/tcp # ISO-moura

x400-snd 104/tcp

csnet-ns 105/tcp

pop 109/tcp postoffice

pop2 109/tcp # mouToBas CITy)K0a
pop3 110/tcp postoffice
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Janiee mpescraBiieH nmpuMep THIHYHOTO cojepxkumoro daitia HOSTS. Dtot daitn o0bI4HO uMeeT
CPaBHHUTENBHO MaJiblii pa3Mep, MOCKOIBKY OOMbIIas yacTh UMEH InepeHocutcsi Ha cepsep DNS (cepsep
JIOMEHHBIX UMEH ):

# ®aiin HOSTS, ncnons3yemsriii B TCP/IP

102.54.94.97 rhino.acme.com # MCXOMHBIN CepBep
38.25.63.10x.acme.corn # cepBep KJIMEHTa X
127.0.0.1 localhost

B stom ¢aiine kaxapiii [P-aapec coorBercTBYeT HMeHH 0a30BOro Komiibiorepa. OOpaTuTe BHUMaHUE
Ha cranaapTHbii ajgpec 127.0.0.1, cOOTBETCTBYIONIMI JIOKaIbHOMY 0a30BOMY KOMITBIOTEPY (COrJIacHO
oOmienpuHATON goroBopeHHocTr aapec 127.0.0.1 Bcerna ykasbIBaeT Ha JIOKQJIBHBIM 0a30BbIA KOMITbIO-
tep.) B coBpemennbix Windows o0brunO emte umeercst aiiin LMHOSTS. On citysxuT i TeX ke LeneH,
yto u (aiin HOSTS, onnako 3amanHbie 31ech 0a30Bbie nMeHa sBsitorcs NetBIOS-umenamu. Kpome toro,
B 3TOM (paiisie MOTYT MCIIONb30BaThCS KIIOUEBbIE clI0Ba, HEe npuMeHsieMbie B (aiine HOSTS (Hampumep,
Kito4ueBoe ciioBo #DOM no3Bosisier 3a1aTh KOHTposep jgomeHa cetn Windows NT).

Wuoraa nouck ajgpeca CBOJUTCS K IPOCTOMY IMPOCMOTPY COOTBETCTBYOIIEH 3amucy B (aiine HOSTS,
HO Yalle BCEro MOUCKOBBIN 3ampoc nepenaercs Ha DNS-cepBep, KOTOpBIN JTHO0 YAOBIETBOPSIET STOT 3aIl-
poc, 160 nepenaer ero aanwiie, DNS-cepBepy mepBoro ypoBHs. Eciau nckomast 3anmuch He oOHapyXeHa
Ha cepBepe MEpBOro YPOBHsI, 3allpoc IMepeaaeTcs cieayiomemMy mno uepapxun DNS-cepepy. DTOT mpo-
1ecc MPOJOIDKAETCS 10 TeX MOop, NOKa MCKoMas 3amuch He Oyner oOHapyKeHa MM MOKa He 3aKOHYUTCS
MPOIIECC MOKCKA (B MOCIIEIHEM CITydae MOSABUTCS COOOIIeHHE 00 OImoKe).

Acunxponnsie eepcuu ynxuyuii unmepgeiica Winsock. JIns nporpaMMupoBaHusl aCHHXPOHHBIX
rae3q] B Windows pekoMeHayeTcsi uCcronb3oBaTh WSA-Bepcun QyHKIHMKA paboThl ¢ THE3[]aMU, KOTOPHIE
B Ka4C€CTBEC ImapaMeTpa O6I)I‘IHO MMPUHUMAIOT 3HAUCHUEC ACCKPUIITOPA OKHA M IO OKOHYAHWHN BBINTOJTHCHUSA
(wn mpu HEOOXOAMMOCTU Tiepenayr WHGOPMAIUKM NPUIIOKECHUIO) 3alMCHIBAIOT B OYepeb COOOIICHHI
3TOT0 OKHA JIaHHBIE O CTAaTyce OMepalud Wi cooOlIeHHe O 3aBeplieHHH ee BhImonHeHus. [lockombky
Windows mojyiep>kuBaeT OJHOBPEMEHHYIO Pa0OTy HECKOJBKUX IMOTOKOB, MOXKHO TaKKE HMCIIOJIb30BATh
CHHXPOHHBIE (PYHKIIMH, CO3/IaBasi Jisl HUX OTJACNbHBIN MOTOK M OCBOOOX/Iasi OCHOBHOE MPUIIOKEHHE JUIS
00paboTKH Opyrux 3ajad Ha BpeMsl BBHIMOJHEHUS 3THX QyHKOMHA. CIMCOK aCHHXPOHHBIX (PYHKIMH MpH-
BeneH B Tabi. 8.4 [12].

Tabnuya 8.4
DyHKIUS Brmmonnasemoe neiicTre
1 2

WSAAccept B 3aBHCHMOCTH OT ONpENENEHHBIX YCIOBUI PETUCTPUPYET COEIUHEHNE

W CO3/1aeT TPYIIITY THE3/] WX TOJKITI0YaeTCsl K CYIIECTBYIOLIEH TpyIIne
WSAAddressToString [Ipeobpasyer Bce aapeca, coaepxkamnuecs B ctpykrype SOCKADDR,

B MpE/ICTaBJIECHNE, YIOOHOE JUIsl BOCIIPHATHS YETIOBEKOM
WSAAsyncGetHostByAddr [Mony4yaet uadopmanuio o 6a30BOM KOMIBIOTEPE MO 3aJaHHOMY aJIpecy
WSAAsyncGetHostByName [Monywaer uadopmanuio o 6a30BOM KOMIBIOTEPE MO 33]JAHHOMY HMCHH

WSAAsyncGetProtoByName [Mony4yaet uHGOPMANHUIO O 3aJTAHHOM MPOTOKOJIE IO €0 UMECHU

WSAAsyncGetProtoByNumber | [TonmygaeT nrH(bOpMAaIHIO 0 3aJaHHOM IIPOTOKOJIE TIO €T0 HOMEPY

WSAAsyncGetServByName [Monyuaer uaopmanuio o cepBuce 10 3aJaHHOMY UMEHH CEpBUCA U ITPOTOKOITY
WSAAsyncGetServByPort [Monyuaer uahopmManuio o cepBuce 110 3aJlaHHOMY HOMEPY IOpPTa U IPOTOKOITY
WSAAsyncSelect ITpocut Windows npuchuIaTh COOOIIEHHS O COOBITHSIX, IIPOMCXOSIINX

B yKa3aHHOM T'HE3Ie
WSACancelAsyncRequest OTMeHseT He3aBepIIEHHYIO0 aCHHXPOHHYIO ONEPAlMIO C THE30M
WSACleanup 3aBeprmraet padory ¢ oudmuorekoit Winsock. DLL
WSAC]loseEvent 3aKpbIBaeT AECKPUNTOP 00BEKTa-COOBITHS
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Ilpooonxcenue maon. 8.4

2

WSAConnect

WSACreateEvent
WSADuplicateSocket

WSAEnumNameSpaceProviders
WSAEnumNetworkEvents

WSAEnumProtocols
WSAEventSelect

WSAGetLastError

WSAGetOverlappedResult
WSAGetQOSByName

WSAGetServiceClassInfo

WSAGetServiceClassNameByClassld
WSAHTtonl

WSAHtons

WSAlnstallServiceClass

WSAloctl

WSAJoinLeaf

WSALookupServiceBegin

WSALookupServiceEnd
WSALookupServiceNext

WSANTtohl

WSANTtohs
WSAProviderConfigChange
WSARecv
WSARecvDisconnect

WSARecvEx
WSARecvFrom

WSARemoveServiceClass

[MomxrouaeTcs K OTHOPAHTOBOMY Y31y, OCYIIECTBIISICT OOMEH TaHHBIMU
0 COEIMHEHUH U YCTAHABIIMBAET HEOOXOIMMOE Ka4yeCTBO CepBHCa
HA OCHOBaHUHM 33aJJAHHOM crienu()UKAIUH MOTOKA

Co3aeT HOBBII 00BEKT-COOBITHE

Bosspamaer ctpykrypy WSAPROTOCOL INFO, xoTopast MOXKET UCHOMb-
30BaThCA VIS CO3JaHUS IECKPUIITOPA HOBOIO KOJIEKTUBHOI'O THE3a

Yuraer I/IH(l)OpMaHI/IIO O JOCTYIIHBIX HpOBaﬁ[{ean MMpOCTpaHCTBa UMCH

Yuraer I/IH(l)OpMaHI/IIO (8] CO6I>ITI/IHX, KOTOpPbIC NPOU30LLIN B 3aIaHHOM
THE3C

CuuteiBaeT I/IH(l)OpMaHI/IIO O JOCTYHNHBIX TPAHCIIOPTHBIX MPOTOKOIAX

VYka3biBaeT 00bEKT-COOBITHE, KOTOPBIH JOIKEH OBITh CBS3aH C 3a/1aH-
HBIMH ceTeBbIMH coObITusIME (FD_XXX)

Bo3sBpariaer ko OMMOKH MOCTEHEH HEKOPPEKTHOH ONepaIiu, BBIIOMN-
HEHHOH B paMmKax nHTepdeiica Winsock

Bo3Bpaiaer pe3yinbTaT aCHHXPOHHO! OIepaluy B 3aJaHHOM THE3/Ie

Nunmmanusupyet crpykrypy QoS (Quality of Service — xadecTBO
CepBHCa) HA OCHOBAHUH NMEHOBAHHOT'O MIA0JI0HA

3anpanBaeT HH(POPMALHIO O KJIAacCe CepBHUCa Y 3aJJaHHOr0 IIpoBaiigepa
IIPOCTPaHCTBA UMEH

Bo3sBparmiaer 06001IeHHOE UM CepBHca sl 33J]AHHOTO THITA CEPBUCOB
[Ipeobpaszyer mmHHOE 1Ieoe Oe3 3HaKa U3 6a30BOro hopmMara B CETEBOM
[Mpeobpa3syer kopoTkoe 1enoe 6e3 3HaKa u3 6a30Boro Gpopmata B ceTEBOil
Peructpupyer cxeMy Kiacca CEpBUCOB B IIPOCTPAHCTBE UMEH

3amaeT pexxuM pabOTHl YKa3aHHOTO THE3/1a, a TAKIKE KOHDUTYPUPYET
THE3J1a JIJIs OCYIIECTBIICHUS O€30IMaCHOM CBSI3U C MTOMOIIBIO TIPOTOKOA
SSL mimm PCT

IToaxmrouaercs k KOHIICBOMY Y3JIy B CCAHCE prHHOBOfI CBsI3U, OCYLICCTB-
JIIeT 00OMeH JJAHHBIMU O COCAVMHCHUHN U YCTAHABJIMBACT HeO6XOI[I/IMO€
Ka4eCTBO CCPBHCA HA OCHOBC 3aJJaHHOU CHeHI/I(l)I/IKaHI/II/I IIOTOKa

Bo3sBpariaer AecKpunTop, KOTOPbIii MOXKET UCHIONIB30BATHCS B TIOCIIENYIO-
HIMX KITHEHTCKHUX 3aMpocax JJisl OMCKa HY)KHOH HH(POPMAIIUK O CepBHUCE

OcBOOOXK/IaeT AECKPUTITOP, CO3IaHHBIN (QYHKIMEH

BosBpamaer crenyrommii Habop HH(MOPMAIMU O CEpPBUCE, UCTIONB3YS
3aJIAHHBIN IECKPUNTOP

[Tpeobpasyer aymMHHOE 1ENOe Oe3 3HaKa U3 ceTeBoro hopmara B 6a30BbIH
[Tpeobpasyer kopoTKoe 1ienoe Oe3 3Haka U3 ceTeBoro opmara B 6a30BBIi
Wudopmupyer npunokenne 00 MI3MEHEHUH KOH(UTypalyy IpoBaiiaepa
CunThIBaeT AaHHBIE U3 33/IAHHOTO THE3/a

HperamaeT MpUEM JJaHHBIX U3 3aJIAaHHOT'O THE3/1a, BO3Bpallas JaHHbIC
O Pa3pbIBEC COCAUHCHMS, €CJIN TAKOBBIC MTOCTYIIAIOT

Amnanornyna yakunn WSARecv

CuuTbIBaeT AedTarpaMMy U UCXOJHBIHN aapec

OrmMmensier PErucTpanuro CXEMhbl Kjiacca CEPpBUCOB
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1 2
WSAResetEvent COpachiBaeT 3aJaHHBIN 00BEKT-COOBITHE B HECUTHAIEHOE COCTOSIHUE
WSASend IToceinaer qaHHbIE B MOAKIIOUEHHOE THE3/10, paspellias BBINOJTHEHUE aCUHXPOH-

HOHU ornepanuu BBOZ[a/BBIBO)la

WSASendDisconnect HNHunuupyer npekpanieHue CBs3U ¢ 3a1aHHbIM THE3/IOM U NEpeIaeT JaHHbIe
0 pa3pbIBE COEAMHEHNUS

WSASendTo OTnpaBisieT TaHHBIE 110 YKa3aHHOMY aJIpecy, B Clly4ae HE0OXOUMOCTH UCTIONb3Ys
aCHHXPOHHBIE Ollepanuy BBoJa / BEIBOJA

WSASetEvent YcraHaBIMBaeT 3aJaHHBIH 00BEKT-COOBITHE B CUTHAJIBHOE COCTOSHUE

WSASetLastError YcraHaBnMBaeT KOJl OIMOKH, KOTOPBIH BO3BPAIAETCS TIPH ITOCIIEAYIOIIIX
Bb13oBax ¢pyHkuuu WSAGetLastError

WSASetService Peructpupyet unu oTMeHsIET periCTpalIIo K3EMIUISIpa CEpBHCaA B MpeieiaxX OJIHOTO
WJIN HECKOJIBKUX IPOCTPAHCTB UMEH

WSASocket Co3zfaer THe3/10, CBSI3aHHOE C YKa3aHHBIM IIPOBaiiiepOM TPAHCIOPTHBIX YCIIYT,
co3JaBast NPy HEOOXOAMMOCTH TPYIITY THE3 WU TTOJKIIIOYAsICh K Y)Ke
CyIIECTBYIOIIEH Irpymme

WSAStartup WNunmmupyer npuMeHeHue nporeccoM oudmuorekn Winsock. DLL

WSAStringToAddress [IpeoOpaszyeT cTpOKy ajpeca B CTPYKTYPY ajpeca THe3a

WSAWaitForMultipleEvents | 3aBepuiaercs, ecim oMH WK BCE YKa3aHHBIE 00BEKTHI-COOBITHS IIEPEXOISIT
B CHT'HAJBHOE COCTOSIHME WITH €CITH 3aBEPIIAeTCs EPHOJT OKHUIAAHUS

§ 8.4. ObmeH AaHHbIMM NO TEXHONIONMU AUHAMUYECKOro obmeHa AaHHbIMU

8.4.1. Obwme NoNoKeHusn

TexHomorusi ounamuueckozo oomena oannvimu (Dynamic Data Exchange — DDE) obecneunBaer
npsiMoii 0OMeH MH(pOpManued MeXIy NPUIOKEHUSIMH, YCTAHOBUBILIUMHU JHAJIOT, HE Jieiasi 9TH JaHHbIE
JOCTYIHBIMH JUTS KaKuX-TKO0 Apyrux mporpamMM. KpoMe Toro, B OTIHYKE OT Mepefayd JaHHBIX depes
Oydep oOMeHa, TJIe COBMECTHO UCIONB3YETCs OIMH CIYKEOHBIN pecypc, Mexay naByms wiu oosee DDE-
MIPHJIOKEHUSIMH MOKET OJJHOBPEMEHHO YCTaHABJIMBAThHCS HECKOJIBKO HE3aBUCUMBIX JpyT oT Apyra DDE-
auanoros [6, 12].

Texunonoruss DDE Henpurogna isi pacnpeneneHHoi o0padoTku MHPOPMAIMK WM UWHTEHCUBHOTO
COBMECTHOI'O MICIIOJIb30BAHHUS IaHHBIX B TEX CHUTYaIHsIX, KOT/Ia TIEpBOOYEPEAHBIM, ONPEACISIONINM (aK-
TOpOM siBJsiercst ObicTpoaericTBue. OcHoBHas yepTa DDE 3akitouaercss B TOM, YTO C €€ TOMOIIBI0 MOTYT
0OMEHUBATHCS TaHHBIMH HE3aBUCHMEBIE MPUIIOKEHUS, HE peTHa3HAUYCHHBIE CIIeHUaIbHO AJIS ATOH IIENH.
[IpunoxxeHus AOIKHBI TOIBKO pacro3HaBaTh MpeanaraeMble (OpMaThl JaHHBIX M JOTOBOPUTHCS APYT
C IpyroM O Croco0e mepeiayn, COBMECTUMBIX TeMax, SJIEeMEHTax H T. 1.

DDE npeocmaensiem codoii OCHOBaHHYIO Ha COOOIICHHUSX CUCTeMY OOMEHa JaHHBIMU MEX]y MpH-
JIOKEHUSIMH, KOTOpasi aHaJIOTHYHA cucTeMe BHyTpeHHHX coobmennit Windows. DDE-coo0menust Taxke
YIPABJISIOTCS ONIEPALMOHHON CUCTEMOM.

C nomorusto DDE He3aBrcuMble mporpaMMbl MOTYT OOMEHUBATBCSI COOOIeHUsIMH U TaHHbIME. DDE-
COOOIIEHHsI MOTYT TepeaaBaThcsl NIMPOKOBENIATENBHO, T. €. MOCHUIATHCS BCEM NPHIIOKEHHSIM, KOTOpHIC
HaxoJTcs B peKUME NMPOCITYIIMBaHUS, WM HAIIPABIATHCS HEMOCPEICTBEHHO 3aJaHHBIM IIPUII0KEHUSIM.

Tpapuk DDE-coo0Orienuii peacTapiisier co00i AUaior MeX Ty 1ByMs (MIJIH HECKOJILKUMHU ) TIPHUIIOMKE-
HUSIMH, TIPELyCMaTPUBAIONINN HaJH4YKe MPOTOKOIOB OOIIEHHS M OMpPEACIeHHOW M30BITOYHOCTH MH(OP-
ManuH, 61arogaps KOTopoi o0ecrieunBaeTcs BEICOKas CTENEeHb HAJIGKHOCTH Tepelad JaHHbBIX.

DDE-npuioxeHust MOryT OJHOBPEMEHHO MOAJEP)KUBATh JUAJIOT ¢ HECKOJBKUMH MTPOrpaMMaMH WU
HECKOJIBKO JMaJIoroB ¢ OJHOW nporpammoil. B atom cmbicie DDE-auanor MOXKHO COIOCTaBUTh C CEaH-
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COM OJIHOBPEMEHHOW MTPHI B IIAXMATHI MO MEPENHUCKE C OAHUM MM HECKOJIBKUMHU MPOTUBHUKAMH, KOT/AA
Jla’ke MOCPECTBEHHBIN UIPOK MOKET TOJJIEPKHUBATh Cpa3y HECKOJIBKO «IuajoroBy. [IpoBenenue auanora
HEBO3MOXHO 0e3 Hanmnuusa y DDE-npuioxeHust Tpex OCHOBHBIX UACHTH(PHUKATOPOB [12]:

1. Uma npuioxenus: uam cepsuca. lims DDE-npunoxenus noapazymeBaer MUPOKUNA AUana3oH
uH(pOpMaINK, KOTOpas MOXKET MPEIOCTABIATLCS cepBepoM. HexoTopble cepBepbl MOTYT BBIAABATh TOJIBKO
OJIMH THUI MH(OpPMAIWH, B TO BPeMs KaK JPyrde MOTYT MPEIOCTaBIISATH JJAHHbIE HECKOJIBKUX THIIOB, HC-
MOJIB3YSl, TAKUM 00pa30M, HECKOJIbKO MMEH MpHIokeHuH. Bo n3bexanue Heopa3yMeHUid B OTHOIICHUU
ornepanuii ¢ oudnuorexkoit DDEML (DDE Management Library) BMECTO TepMUHA UMA RPUIONCCHUS
MIPUMEHSETCS] TEPMUH UMA Cepaucd.

2. Tema. Kaxpiii DDE-quaior 1o/mkeH UMETh, 110 KpaiHel Mepe, oaHy memy (fopic), XOTs OIuH
U TOT K€ INAJIOT MOXKET «IIEePEKITI0YaThCs» MEKIY HECKOJIBKUMH TEMaMH JINO0 HECKOJIBKO AUATIOTOB MOTYT
WCIOIb30BaTh HECKOJIBKO TeM. Ecy mpoBecTH aHaJOTHIO C PasrOBOPOM MEXKIY JIIOJbMH, TO TEMa SKBH-
BaJieHTHA npenMery Oecenbl. [lpu DDE-nuanore TeMa MOXET yKa3bIBaThCS W PACIIO3HABATHCS OOCHMHU
cropoHamu. Mimst Tembl 0OBIYHO COBIAAAET ¢ UMeHeM (aiiia.

3. DaemenTt. NMs 21emenma nipeacraBiser coboi MACHTU(PHUKATOP BHYTPU TEMBI, YKa3bIBAIOIIUI
KOHKPETHBIM 3JIEMEHT JaHHBIX, KOTOPBIH TepelaeTcsl B pe3yibTaTe TeKylleld omepanuu oomeHa. Ecmu
YYaCTHUK JMAJIOTa HE Paclo3HaeT TeMy, TO OOMEeH JaHHBIMHU MPEPHIBACTCSA M JUAIIOT HAPYIIAeTCs, XOTS
U He TpeKpalaercs MolHocThio. VIMs 3meMeHTa MOXKET yKa3blBaTh HAa CTPAHHUILy JOKYMEHTa, CTPOKY,
n300paxkeHue, TYeUKy TaOIMIBl WU JIF000H Ipyroi parMeHT AaHHBIX, KOTOPBIH OOBIYHO Mepenaercs OT
OJIHOHM IIPOrpaMMBbl K JPYToOil.

[TycTs, HanpUMeEp, JIEKTPOHHAS Ta0JIHMIIA MOJICPKUBALT JIBA TUIIA CEPBUCOB: spreadsheet (Tabnuia)
u chart (mnarpamma). Kaxkiplii 13 9THX CEPBHCOB B KaU€CTBE TEMbI MOKET MCIONb30BaTh MMEHA Ompeie-
JIEHHBIX (ailJIOB TaHHBIX AJIEKTPOHHON TaOIHUIBL. DIIeMEHTaMu cepBuca spreadsheet MOTYT OBITh STYCHKH
AJIEKTPOHHOW TaOJHIIBL, a dJIEMEHTaMH cepBuca chart — (opMathbl MPeACTaBICHUS JaHHBIX, TAKHE KaK
pie (kpyroBasi iuarpamMma) uim bar (THCTOrpamMma).

KonnuectBo TeM M 371€MEHTOB OrpaHUYHMBAETCS JIUIIb CJIOBapeM, KOTOPBIH COBMECTHO HCIIONbB3Y-
eTcsl BCEMH YYaCTHHKaMH CeaHca. DJIEMEHTBHl MOTYT MPEACTAaBIISATh COO0M Kak MpOCTEHIINe THIBI JaH-
HBIX, HATIPUMEP IIeNbIe YMCNa, TaK U PacTpOBbIE U300paXKeHNs, MeTa(alibl, MaCCUBBI WIIM CTPYKTYPUPO-
BaHHBIE 3aNMCH. B ponu MHPOPMAIIOHHOTO 3JIeMEHTa MOKET TaKXKe BBICTYIATh JII00OH MOJIb30BaTENBCKHIA
TUI JAHHBIX, PaCIIO3HaBaeMblif BCEMH YYaCTHUKAaMHM JAMAJIOra.

Bo3MoxHO orpanuueHue 4ucia CEpBHCOB Ha cepBepe /10 OJHOro. B maHHOM ciyyae ecnu MMeHa
CepBHCa U CepBepa OJANHAKOBBI, TO KIIMEHT, KOTOPBIM 3HAET OJJHO MM, aBTOMAaTHYECKH Y3HAET U BTOPOE.
CrenoBaTenbHO, OH MOYKET MHUIIMUPOBATD AUAIIOT, UCHIONB3Ys 3anaHHoe nMsi EXE-daiina.

Ecnu cepBep u cepBUC MMEIOT pa3Hble MMEHA WM y CepBepa B HAJIMYMU UMEETCS HECKOJBKO Cep-
BHCOB, TPUJIOKEHUAM-KIHEHTAM (a TarkKe MX pa3paboTunmkamM) Ui MHUIMAPOBAHUS AWANOra HYXHa
JONOTHUTENbHAsT HHQOpMaus. AbTepHATHBHBIM BapUAHTOM SIBIISIETCS CO3/IaHUE CIIEHUANBHOrO cep-
BHCa C KAKUM-JIMOO JIETKO paclo3HaBaeMbIM UMEHEM (Hampumep, system), KOTOPBIH MPOCTO coodmaeTt
MIPUJIOKEHUSAM-KIIMEHTaM UMEHa CEPBHUCOB, IOCTYITHBIX Ha 3TOM CEpBEpE.

Kpome Toro, ecim mpuiiokeHUe-KIMEHT 3HAeT W UMs cepBepa (MporpamMmel), U UMsI CEpBHCA, OHO
MOXET 3alyCTHTh CepBep, Hampumep ¢ nomombio ¢yHkuun CreateProcess, 1 BOCCTaHOBUTBH CBSI3U U3
MPEbITYIIErO ceaHca.

DDE-auanoru cocTosIT U3 mpaH3aKkyuii TpeX TUTIOB: HOOKIIOUEHUS, NPUHYOUMETbHBIX, KOMAHO-
HbIx [6, 12].

B TpaH3aKkuusx MoaKIIOUEHHs, SIBISIOMMXCS Hanbosee paclpoCTpaHeHHBIMH, KIIMEHT 3allpalinBacT
3JIEMEHT JJaHHBIX, KOTOPBIN HaXOAUTCs Ha cepBepe. PasnnyatoT Tpu Buaa noaxitoueHus [12]:

— ¢ HeobazamenvHblm omeemom. Takoil BUA Tuaiora MHULMHPYETCS NPUI0KEHUEM-KIINEHTOM,
nocbutaronM mupokosematenbHelii 3arpoc WM_DDE INITIATE, B xoTopoM yka3bIBaeTcsi BbI3bIBA-
eMOoe TPUJIOKEHHE W THII 3alpalliBaeMbIX JaHHBIX (KakK MEpBbIi, TaKk H BTOPOW MapaMeTpbl MOTYT OBITh
MyCTBIMH, €CIIM IPUEMIIEMBIMHA CYMTAIOTCSI JIIOObIE cepBep U TeMa). B 3aBUCMMOCTH OT 00CTOSITENBCTB Ha
3TOT 3alpPOC MOXKET OTKIMKHYTHCS OJMH WJIM HECKOJIBKO CEPBEPOB, UACHTUOUIHUPYS ceOsl Uil yCTaHOB-
neHust nuanora. Eciu cepBep HE COOTBETCTBYET 3allpallliBaéMOMy MMEHHU WJIM HE PAcIO3HAET TeMY, OH
MPOCTO HE OTKJIMKAETCS, MOCKOJIbKY MPUIIOKEHHE-KINEHT OKUIAeT MOCTYIIEHHS TONBKO MOATBEPIK]Ia-
folmx oTBeToB. [loce mony4yeHrs JaHHBIX JUAIOT HEMEJIEHHO 3aBepIlaeTCs;
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— ¢ nonyooazamenvuvim omeemom. Taxod BUI Auaiora mojapasyMeBaeT, YTO KIIMEHT M CepBep
«GHAIOT» JpYT Jpyra U cepBep MMeeT HOBYIO WH(OPMAIHMIO, KOTOpas, KaK OH IoJlaraer, 3anHTepecyeT
kiueHTa. OOBIMHO KITMEHT MockutaeT ceppepy coobnieane WM _DDE ADVISE, nenas 3anpoc o Heo0Xxo-
JMMOCTH OOHOBHUTH TeMy (1 diemMeHT). CepBep MOATBEPKAACT MOMydeHHE 3a1poca, HO TIOChUIAET JJaHHbIE
TOJILKO MPU HAJIMYWH HOBOHM MH(OPMAIINY;

— ¢ 06a3amenvhblm omeemom. Takoil BU qUajora OTIIMYAETCs OT MPEIBbIAYIIEro TeM, YTO KIMEHT
OXUJIaeT OT CepBepa IMOITBEPKICHHUS W HEMEIJICHHOTO OTBeTa. Ecinu mHbopMmaiys B JaHHBIH MOMEHT
OTCYTCTBYET, CCPBCP IMPOCTO OTBETUT KIIMCHTY, YTO NaHHBIC HEJOCTYIIHbI, U 6YILCT O0XUAaTh CICAYIOIICT O
3arpoca. CepBep He OyzeT nepenaBaTh HHPOPMAIHMIO JIO TEX MOP, TOKa HE MOCTYMUT 3alpoc OT KIHEHTA.

B mporiecce o1HOTO ¥ TOTO e Ianora MOryT YepeoBaThCs MOAKIIOUSHHUS BCeX TpeX TUloB. Kpome
TOro, UX TpaHUIIbl 6LIBaIOT HACTOJIbKO pacCIlJIbIBYUaTbIMHU, YTO HOpOﬁ TPYAHO OMNpCACINTh, I'IC 3aKaHYU-
BacTCsa OAUH THUII MOAKIIOYECHUA U HAYUMHACTCA ﬂperﬁ.

Ilpunyoumensnsle TpaH3aKIHUU MCIIONB3YIOTCS IUTA MEpeAayl OT KIMEHTa K CepBepy dJIEMEHTa JaH-
HBIX, KOTOPBIH CIIEHalbHO HE 3alpaliiBacs.

Komanouwie TpaH3aKIuy MO3BOJSIIOT KIMEHTY TOCBUIATH CEPBEPY KOMaH/bI MM TOCIE0BATEIBHO-
CTHU KOMaHI, 3aCTaBJIAIOUINX €0 BBIIIOJIHATL OIIPEACIICHHBIC ILCI‘/'ICTBI/IH.

Oo0men OaHHbIMU HAYMHAETCS B TOT MOMEHT, KOI'Jla IPUJIOKEHHE-KIHNEeHT NHULIMUPYET TUaJIoT U MO-
Jy4aeT OTBET OT cepBepa. Y CTAHOBHB COCAMHEHNE, KIIMEHT U cepBep OOMEHHMBAIOTCS JaHHBIMH BIUIOTH 710
TOr0 MOMEHTA, IOKa JWajor He OyAeT NpepBaH MO MHUIMATUBE OAHON M3 cTopoH. OOMEH JaHHBIMU
OCYILIECTBIISICTCS OJTHUM HJIN CPa3y HECKOJILKMMH U3 MEPEUUCICHHBIX Jlaiee crioco0oB [6]:

— KIIMEHT 3ampalliBacT JaHHbBIE, a cepBep OTBEYAET Ha 3ampoc;

— KJIMCHT NPOCUT HpOI/IH(bOpMI/IpOBaTI) €ro, NpoOrU30LUIA JIU UBMEHCHUA OMPEACIICHHBIX TaHHBIX;

— KJIHMCHT IMPOCUT aBTOMATUYCCKU TEPEAATH ONPECACICHHBIC 3JIEMCHTBI JAHHBIX B CIIy4ac UX O6HOB-
JICHUS,

— KIIMEHT MOChIUTAaeT KOMaH/y, a CEpBEp €€ BBIMOIHSIET;

— KIIMEHT MOCHUTAET CEpBEPY He3anpaliiBaeMblii SJIEMEHT JaHHBIX.

BaxH0 ITOMHUTE 0 TOM, YTO IMMPUITOKCHUC-KIIMEHT MOXET TAKXXE BBICTYIIATh B POJIM CEPBEpPAa U HAO-
6oport. Jtoboe npuiIokeHHEe MOXKET OIHOBPEMEHHO OBITh M CEPBEPOM, M KIMEHTOM. Paznuumst Mexmy
KIIMEHTOM M CEPBEPOM ABJIAIOTCA BECbMa HMCKYCCTBCHHBIMH W HE€ BIIOJIHE ONPCACICHHLIMU, IMOCKOJILKY
000 M3 HUX MOXKET KaK 3ampamiBarh JaHHbIe, TaK U TepeaBaTh ux.

8.4.2. API-¢pyHKUMM 6bAnoTekn DDEML

B cBoeli ocHoBe DDE-guanor — 3T0 JOBOJIBHO CJHOKHBIM M 3aIlyTaHHBIN MpoliecC, BKIIIOYAIOLIUN
MHOTOYHCIICHHBIE OTBETHI M IOATBEPKJICHHUS C IPUMEHEHNEM Pa3HbIX MPOTOKONOB. [loaToMy mms oberde-
HUS )KU3HU MPOrPaMMHKCTOB Co3JlaHa crieiuaiibHas ononmmoreka — DDEML (DDE Management Library).

DDEML BxoauT B coctaB Windows u copepHUT BbicokoypoBHeBble API-pynkumu, no3somnsronme
ynpocTtuts npotiecc DDE-nuanora. bubnnoreka nojjep>xuBaeT 3amuch 0 KaXJI0M AUAJIOre ¢ OMOIIBIO
crpykrypel CONVINFO, kotopas coiepkut uH(popMmaimio 00 y4acTHHKAaX, YCTaHOBHMBIIMX JHAJIOT,
3arpammBaeMbIX TeMax M DJIEMEHTax, UCIONb3yeMbIX (hopMaTax M THMAX JAHHBIX, & TAKXKE O CTaTyce
auanora, ommOkax u T.11. ClienyeT OTMETUTb, YTO OOJBIIMHCTBO AJIEMEHTOB 3TOH CTPYKTYPHI MOXKHO
MPOCTO TTPOUTHOPUPOBATH, BO3JIOKHUB BCE 00S3aHHOCTH 1O BeneHuio 3amnuceii Ha DDEML. Paccmorpum
OCHOBHBIE (PYHKIIUH JTAHHOW OMOIIMOTEKH.

Oynkius Ddelnitialize npeqHazHayeHa Juis 3agaHus QYHKIIMA OOPATHOTO BBI30BA, YIPABJISFOIICH
rpadukom DDE-coobmennii. Korna npunoxkenue BeizbiBaer Gynkipro Ddelnitialize, DDEML yBegomisier
00 3ToM apyrue nporpammel, otnpaniisis coodiienne XTYP REGISTER ux ¢yHkiusmM o0paTHOrO BBI30Ba.
OTH co0OIIEHUS HCTIOTB3YIOTCSI MHOTMMH KIMEHTaMH JUTSL TOJICPKKHU CIIMCKA JOCTYITHBIX CEPBUCOB.

HeobOxonuMocTh yka3biBaTh MIACHTHPHUKATOP SK3EMIUISpa MPUWIOKECHHS NPU BBI30BE (PyHKIHMH
Ddelnitialize npencrasisier coO00H JTOMOTHUTEILHOE OTPaHUYCHHUE JJIS MPOrPAMMKCTOB, PaOOTAIOIIMX
B cpene Windows, MOCKOJIBKY 3TOT HIICHTU(PHUKATOP SBISETCS JIOKAIBHBIM JUIS TOTOKA M HE HACIIEqyeTCs
JOYEepPHHUMHU TporieccaMu. Tak Kak UAeHTH(UKATOP IK3EMIUIIpa HEOOXOANMO 3aaBaTh B KauecTBE Mapa-
Merpa OonbimHcTBa DDEML-omepanuii, COOTBETCTBYIOIINE OMEPaIi JIOJKHBI HAXOJAUTHCSA B TOM JKE
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caMoM IIOTOKE, B KOTOpOM ObuT ocymiecTBieH Bbi3oB (yHkumn Ddelnitialize. Tlotok, mHUIMamM3upo-
BaBumid DDE-ceaHc, He T0JKEH peKpalaThes BILUIOTh JO €0 3aBEpIIEHUsl. B MIPOTUBHOM cilydyae Bbl HE
cMmoxere Bbi3Bath (yHKIMIO DdeUninitialize, ocyIiecTBISIONIYI0 KOPPEKTHOE 3aBEPILICHIE CeaHca.

[Tocne nHMIMANIU3aUMKU CEPBEP JOJIKEH 3apErUCTPUPOBATh UIMEHA Mpe/jIaraeéMbiX cepBUCOB. g 3Toi
nenu ciyxut QyHkuus DdeNameService, koTopasi BBI3bIBaeTCsS C yKa3aHHEM JIECKPUIITOpPA CTPOKH,
coJeprKalleil uMs cepBrca, U HIACHTU(PUKATOPA SK3EMIULIpa JaHHOTO cepBuca. [lo uaeHTudukaropy
sx3emmisipa DDEML y3HaeT o ToMm, Kakasi polieypa oOpaTHOTO BBI30Ba U KAKOH MOTOK MOIAEPKUBAIOT
JTAHHBIA CEPBHUC:

HDDEDATA DdeNameService (DWORD dwlInstID, // uIeHTU(DUKATOP IK3EMILIIpa
HSZ hszl, // cTpoKa ¢ IMEHEM cepBHUCca
HSZ hszRes, // 3ape3epBUpOBaH

UINT uFlags); // pnaru

3nauenue napamerpa dwinstID Bosspamaercs ¢ynkuueit Ddelnitialize. [Tapamerp uFlags moxer
coJiepkKaTh CISIyIOIIUe (Iiaru:

e DNS_REGISTER — peructpanus IMEHU CEpBHUCa;

e DNS_UNREGISTER — oTMeHa peructpanuy UMEHH CepBHCa; €CIIM apryMeHT /Aszl nmeeT 3Ha-
yeHue NULL, mpoucxouT OTMEHA pErucTpaliy BCEX CEPBUCOB JIAHHOTO CEPBEPA;

e DNS_FILTERON — npenorepamaer nonydenue cepsepom coodiennii XTYP CONNECT mns
HE3aperuCTPUPOBAHHBIX CEPBHCOB;

e DNS_FILTEROFF — no3Bossier cepepy nony4dats coodmenns XTYP CONNECT npu BbizoBe
mo6oii DDE-nporpammoit ¢pynkium DdeConnect.

Bosepamaemsbiii ¢pynknueir DdeNameService pe3yibTaT B JEHCTBUTEILHOCTH MPEACTaBIsIET coO0M
JIOTHYEeCKOe 3HaueHHe, IPUYEM OH COOTBETCTBYET OUIMOKE, a HEHYJIeBOE 3HaYCHUE — YCIICHIHOMY BBI-
nonHennio ¢pyHknuu. Ho B Hacrosimee Bpems oH umeer tun HDDEDATA, uro mo3Boiiser B OyayiiemM
PaCHIMPUTH JUAla30H 3HAUYEHUHN 3TOr0 UHIUKATOPA.

Ecnu mpunoxenune moanepkuBaer 0ojiee OJHOTO CEPBHCA, KaXKIBIH U3 HUX JOIDKEH PETUCTPHPO-
BaThCs OT/AENBHO. Vcronb30BaHme Uil KaKAOTO CEpBHCa OTENBHOIO MOTOKA TAKKE UMEET PAJ] PEeHMYy-
1IeCTB (B YaCTHOCTH, B 9TOM cly4ae 00ecreunBaeTCsi HEBM3MEHHOCTh JECKPUIITOPa SK3EMILIsIpa OTOKa Ha
MPOTSHKEHUU BCET'O BPEMEHH CYIIECTBOBAHUS JAHHOTO CEPBHCA).

«Cepauemy» modooro DDEML-npunoxenus siBisercs ¢ynkius DdeCallback. Windows nepenaer
el BoceMb napamerpoB BbizoBa. dynkius DdeCallback ananornuna ¢gynkumun WndProc B ToMm, 4T0 BO3-
BpalllaeMblil €10 OTBET ompenensiercs npuiokenneM. Crnucok nocrynatomux B pynkuuo DdeCallback
COOOIIEHHI ¢ YKa3aHHUEM THIIOB OJKMIAaeMBIX OTBETOB IIPUBE/IEH B Ta0. 8.5.

Tabnuya 8.5
CoobueHune Ortser
XTYP ADVSTART, XTYP CONNECT Jlornueckoe 3Hauenue (TRUE, FALSE)
XTYP_ADVREQ, XTYP REQUEST, XTYP WILDCONNECT Heckpunrop 6moka manabix (v NULL)
XTYP_ADVDATA, XTYP_EXECUTE, XTYP_POKE ®nar: DDE_FACK, DDE _FBUSY

nnu DDE_ FNOTPROCESSED

XTYP _ADVSTOP, XTYP DISCONNECT, Her otBera, TONBKO yBEnOMIIEHHE
XTYP CONNECT _CONFIRM, XTYP ERROR, XTYP REGISTER,
XTYP UNREGISTER, XTYP XACT COMPLETE

Oynkius DdeClientTransaction naer komany DDEML ornipaBuTh coobienue ceprepy. Tur coob-
LICHUS 3aBUCHUT OT XapakTepa IeHCTBHA, 3ampalliBaeMbIX KIHEHTOM. B Tab:. 8.6 mepedyrcieHbl HEKOTo-
pBl€ TUIIBI COOOIIEHUH M COOTBETCTBYIOIINE UM TPAH3aKIIMH, BHITIOTHIEMBIE CEPBEPOM.
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Tabruya 8.6

Coobmenne Tpan3zakiust

XTYP_REQUEST [MomxroueHue ¢ HEOOA3aTENBHBIM OTBETOM, TIepeiada OTHOTO JJIEMEHTA TaHHBIX

XTYP_ADVSTART | TloakmoueHue ¢ moayo0s3aTebHBIM WIH 0053aTEIILHBIM OTBETOM, IIepeaada TaHHBIX
1 OOHOBJIEHH I

XTYP POKE 3anuck (pueM) AaHHBIX OT KJIMEHTa

XTYP_EXECUTE BrinonHeHne KoMaHabl WK ASHCTBHS

8.4.3. MexaHn3mbl 06paboTKM TpaH3aKLUMi

Oobpabomka mpan3zakuuii ¢ Heodszamenvnvim omeemom. Korma cepep moiiydaer coOOIEeHHE
XTYP REQUEST, on yuTtaer mMeHa TEMBI U DJIEMEHTA JaHHBIX U3 JIBYX CTPOKOBBIX MapaMeTpoB U MPO-
BepsieT 3amnpammBaeMblii Gopmat qaHHBIX. Ecniu cepBep pacrio3HaeT 3JeMEHT W MOJJICPKUBACT JAaHHbBIH
¢dopmart, oH cozgaer 0OBEKT JaHHBIX, B KOTOPBIH 3alliChIBAeT TeKyllee 3HAa4YeHHE dJIeMEeHTa, U BO3Bpa-
mIaeT JeCKpUNTop 3Toro o0bekTa. Ecnm cepBep He MoepKUBaeT AaHHBIH GopMaT WM HE pPaclo3HaeT
aJeMeHT, Bo3Bpammaercs 3naueHrne NULL.CepBep, KOTOpHIN HE MOICPKUBACT TPAH3AKIIMU JAHHOTO THUIIA,
BO n30ekaHue nomydeHust HexenarenbHbix coobmennit XTYP REQUEST nomkeH ycTaHOBHTH B (DyHK-
nuu Ddelnitialize ¢uiar CBF_FAIL REQUESTS. 3naueHue, nepeqaHHoe cepBepOM, BO3BpAIACTCs KIU-
eHTy B Buje pesynbrata ¢yHkimu DdeClientTransaction. Tunudnasi cxema Takoro B3aUMOJICHCTBHS TIPEI-
craByieHa Ha puc. 8.1 [12]. YcnoBHO ero MOXHO pa3OuTh Ha TPH dTara;

1) ximeHT mockIIaeT cepsepy 3amnpoc yepes DDEML;

2) cepBep pacin(poBBIBaET 3apoc U (POpMHUPYET MAKET 3aNpalluBaeMbIX TaHHBIX;

3) KJIMEHT TOJy4aeT OTBET U paciiu(poBhIBaeT ero.

Knuext DDEML Cepsep
1. KMTUEHT SANPALWMBAET MHOOPMALILIO.
DdeClientTransaction KaunHaeTcs
XTYP_REQUEST J \J
e
2. CEPBEP ®OPMWPYET MAKET OAHHbIX, XTYP_REQUEST
AHanM3 UMBHH INeMeHTs
DdeCreateDataHandle
Boaspawserca gecpunrop HDDEDATA
L~
3. KMUEHT NONMYMAET OAHHBIE.
- /
DdeCllentTransaction sasepiwasrca
AHaNUs AaHHbIX
DdeFreeDataHandle

Puc. 8.1. TlocnenoBatenbHOCTh COOBITHIA, TIPOMCX OASAIINX
HOCIIe 3aIpoca KIMEHTOM 3JIEMEHTa JaHHBIX

Korpa kiameHT genaer 3ampoc 0 BO3MOXKHOCTH MOJTYYUTH M3BelIeHWE 00 OOHOBICHHWH JAHHBIX,
¢yHkuus obpatHoro BbeI3oBa cepBepa npuHuMaeT coodmenne XTYP _ADVSTART. Eciu cepsep pac-
MO3HAeT MMEHa TeMbl M 3JIeMEHTa JaHHBIX, a TaKKe MOJIep)KUBAeT 3ampaliuBaeMblii popmat, OH BO3-
Bpamiaer 3HaueHue TRUE, nmonreepkaast pakT yCTaHOBICHUS MOIKIIOUCHUs. ECIM 0HO M3 yKa3aHHBIX
YCIOBUI HE BBINOJHsIETCA, cepBep Bo3Bpamaer 3HaueHue FALSE, mpemorBpamaioiiee ycTaHOBICHUE
MOJKITIOYEHUSI.

Coobmenne XTYP_ADVSTART He ykazbiBaeT cepBepy, ¢ KaKUM OTBETOM — 00S3aTEIbHBIM HIIH
MOTy00s13aTebHBIM — OYIIET 3TO MOAKIIOUCHHE.

Tpanzakuyuu c ooaszamenvuvim omeemom. [Ipu ycTaHOBIEHNH TOAKIIOUYEHHS C 00s3aTENbHBIM OT-
BETOM CepBep He BO3BpallaeT AaHHbIe HeMeieHHO. OH MOChUIaeT X TOJIBKO MPH MOCIEAYIONINX U3Me-
HEHUSIX 3armpalirBaemMoro 3j1eMenTa. B oreer Ha coobmienue XTYP _ADVSTART cepBep dacTo ycraHaB-
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TUBaeT ¢uiar, «HaMOMUHAOIIHIT» eMy O TOM, YTO MOCTYIWJI 3apoc Ha OOHOBJICHUE NaHHBIX. [IpH M00bIX
W3MEHEHUSIX CepBep MPOBEPSET COCTOSHHUE ATOro (hjara W, eCiM OH YCTAHOBIICH, BBHI3BIBACT (DYHKIIUIO
DdePostAdvise, kotopast yBegomisier DDEML o mocTyriieHiH HOBBIX IaHHBIX, HHTEPECYIOMINX KIMEHTA.

CepBep He I0JDKEH MOMHUTH O TOM, KaKoi U3 KIIMEHTOB Mociall JaHHbIHA 3anpoc — DDEML pemraer
3Ty 3aJjauy cOOCTBEHHBIMH cpencTBaMu. [10 3aJaHHBIM HMEHAM TEMBI M DJIEMEHTA, KOTOPbIE TIepeatoTcs
cepBepoM i uieHTU(UKAIMKU JOCTYNMHBIX naHHbIX, DDEML onpenenser, kakoi W3 KIUEHTOB «HAXO-
JIATCS Ha CBSI3W» U KAKMM — 00513aTENIbHBIM HJITH MTOTY00sI3aTebHBIM — SIBIISETCS MOAKIIOYCHUE.

B ciyuae oGs3atenbHoro noakmoueHuss DDEML HememieHHO OTHpaBisieT cepBepy COOOIIEHHE
XTYP_ADVREQ, noiy4aer oT HEro JaHHbIC U MepeacT uX KIMeHTY B Buje coodmenus XTYP ADV-
DATA. Dramsl 3TOr0 npoiiecca MOKHO MPEACTaBUTh CIIEAYIONMM 00pa3oM (puc. 8.2):

— MHHLMATOPOM CeaHCa BBICTYMAET KJIMEHT, a CepBEp OTKIMKAETCS Ha €ro 3arpoc, MOochlaasi OTBET
TRUE;

— cepeep unpopmupyer DDEML o nanuuuu HOBBIX naHHbX, a DDEML onpenenser, 4to naHHOoe
MOJKIIIOYEHUE SBIISIETCS. 00s3aTeNbHBIM, W 3allpallliBaeT JaHHBIC, a 3aTeM TepeacT MX MPHIOKECHUIO-
KJIMEHTY. DTOT 3Tall OBTOPAETCS KaXKIbI pa3 MpH MOTy4YE€HHH CEPBEPOM HOBBIX JIAHHBIX;

— KIIMEHT paspbIBaeT MojKItoueHue, moceuias cooduenue XTYP_ADVSTOP, B oTBer Ha KoTopoe
cepsep Bo3Bpamaer NULL.

Knuenr DDEML Cepsep

1. KTMEHT SANPALUUBAET UHOOPMALMIO.

DdeClientTransaction XTYP_ADVSTART
XTYP_ADVSTART » Boaspalaerca sHadenve TRUE
2. CEPBEP OBBABNAET OB UBMEHEHUM - DdePostAdvise
OAHHbBIX. 3TOT 3TAN MOXET ~
MOBTOPATLCA MHOMOKPATHO.

™ XTYP_ADVREQ
DdeCreateDataHandle
Bosspawaerca geckpuntop HDDEDATA

XTYP_ADVDATA
Aranua AaHHbIX
DdeFreeDataHandle
Bosapawaerca inar DDE_FACK

3. KTMEHT PASPLIBAET LIVKN.

DdeCllentTransaction XTYP_ADVSTOP
XTYP_ADVSTOP —f— ™ Bosspawaerca sxaverve NULL

Puc. 8.2. 1lukn TpaH3aKIMu ¢ 003aTEIBHBIM OTBETOM

Tpanzaxyuu ¢ nonyodazamenvusim omeemom. B ciiyuae NoAKIIOYeHHs ¢ IOTy00sA3aTeIbHBIM OTBE-
toM DDEML Ttakxke mosiy4yaer ot cepBepa yBeJoMIIEHHE 00 W3MEHEHUH JaHHBIX, HO HE OTIPABISIET eMy
coo0IIeHus ¢ 3anpocoM aaHHBIX. Bmecto atoro DDEML nocsutaer knuenty coobmenne XTYP _ADV-
DATA ¢ mycThIM A€CKPUIITOPOM OJIOKa TaHHBIX.

CepBep, KOTOPBIM HE TOJICPKUBAET TPAH3AKIUN C 00SI3aTEIBHBIM U MOJIyOOsI3aTEIbHBIM OTBETOM,
nommxeH ycranoButh guar CBF_FAIL ADVISES B ¢ynkuun Ddelnitialize. Takum oOpa3om oH mpenoT-
BpaTUT nonyueHue HexenarenbHeix coodmennit XTYP_ADVSTART u XTYP_ADVSTOP.

J1st mosy4eHuss HOBOTO 3HAUEHHUs AJIEMEHTa JAaHHBIX KIMEHT JOJIKEH BBIIIOJTHUTH TPaH3aKIHUIO
¢ HeoOs13aTeNbHBIM 0TBeTOM. Ha puc. 8.3 n300pakeHbl 3Tarbl 3TOro mpoiiecca:

— cepBep 00BSABISET O MOCTYIUIEHNH HOBBIX JIaHHBIX;

— DDEML uHboOpMupYeET KIHEHTa, a KIUEHT UTHOPUPYET 3TO yBeqomiieHue (YBeIOMIIeHHS OyayT
MOChUIATHCS KIIMEHTY BCAKHUI pa3 Mpu U3MEHEHUH JIAHHBIX Ha CepBepe, OJHAKO KIMEHT MOXKET MPOUTHO-
pHUpOBATH HX);

— cepBep BHOBb OOBSIBIISIET 00 M3MEHEHHSX B 3allPAIlIMBAEMOM 3JIEMEHTE JaHHBIX;

— KIIMEHT OTKIIMKaeTcs, 3anpammnBas nanneie (coodmenne XTYP_REQUEST);

— DDEML nepenaer 3amnpoc cepBepy;
cepBep MOChUIAET 3allpallliBaeMble TaHHbIE KITUEHTY.
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KnueHT DDEML Cepeep
1. CEPBEP OBLABNSAET OB M3MEHEHWM | DdoPostaciise
DAHHBIX.
2. KNVEHT UIHOPVPYET 3TO YBEJOMNEHVE. /
XTYP_ADVDATA 4

Bosspawaerca chnar DDE_FACK

3. CEPBEP OELABNAET OB USMEHEHWM | DdePostAdvise

XTYP_ADVDATA
DdeClientTransaction HauuHaeTca
XTYP_REQUEST _|

5. CEPBEP NEPEQAET SANPALWMBAEMBIE
BAHHBIE

™ XTYP_REQUEST
DdeCreateDataHandle
Boaspawaercs peckpurmop HDDEDATA

6. KNMENRT NONMYYAET JAHHLIE =

DdeClientTransaction 3asepwaerca

AAHHBIX.
4. KNUEHT SANPALUMBAET HOBbIE JAHHBIE. ) /

Puc. 8.3. Ilukn TpaH3aKIUHK C MOITY00S3aTENBHBIM OTBETOM

Obpabomka RPUHYOUMETLHBIX U KOMAHOHBIX mpan3axkyuil. HekoTopsie cepBepbl MPeArnounuTaoT
MoJIy4aTh JAaHHBIC OT KIIMEHTAa WHBIM criocoOoM [12]. KimueHT, KOTOphIi XO4YeT mepeiaTh JJaHHbBIC CepBe-
Py, JOJDKEH BBITIOJHUTH MPUHYIUTEILHYIO TpaH3akiuio — mociath coodmenne XTYP POKE. B orser
Ha 3TO COOOILIEHHE CepBEP MPOBEPSIET TEMY, HIEMEHT JTAHHBIX U IIPU KETAHUU YUTAET 00BEKT JaHHBIX.

Hexotopsle cepBepbl Takke MOITy4aoT KOMaHJbl OT CBOMX KJIMEHTOB, MIPUHUMAs UX B BUJE JIECK-
puntopoB naHHbIX. CepBep OJOKUpPYET 00BEKT, aHATMZUPYET COACPKALIYIOCS B HEM KOMaH/IHYIO CTPOKY,
a 3aTeM BBIIIOJIHSET onpeneneHHble aercTus. Ilociie ananu3a KOMaHIHOM CTPOKH CEPBEP IOJDKEH OCBO-
00INTH NECKPUNTOP JIAHHBIX, HO TPU HEOOXOJMMOCTH OH MOXET CKOIMPOBATh 3Ty CTPOKY IS Jallb-
HEHWIero UCronb30BaHus. [10CKONBbKY KITMEHThl OOBIYHO OKUIAIOT HEMEIJIEHHOTO BBHITOJHEHUS KOMaH/I
U TpeOYIOT TIOATBEPKACHHS, CepBep MO BO3MOKHOCTHU JIOJDKEH BBIITOJHUTH KOMaHy M3 QYHKIMK 0Opat-
HOT'O BBI30Ba JI0 TOTO, KaK OyAeT BO3BpAIlleH pe3ynbTarT.

B orBer Ha MpUHYIUTENBHYIO WM KOMaHAHYIO TPAaH3aKIMIO CEpBEpP BO3BpALIAET OJHO U3 TPEX
3HAUCHUN:

e DDE_PACK — naHHble MOTy4YeHB! ¥ TOATBEPKEHBI;

e DDE_FBUSY — cepBep 3aHiT U He MOXeT 00paboTaTh JaHHBIE WM WHCTPYKLWHU; OBTOPUTE
TIOTIBITKY MO3XKE;

e DDE FNOTPROCESSED — nanuble Ui HHCTPYKIIUUA OTKIOHEHBI.

@raru, ycraHoeneHHsle B pyHkimuu Ddelnitialize, mo3BossitoT oTOUIBTPOBHIBATE HEXENATENBHBIE CO00-
menus o npunyautenbHbx (Gaar CBF_FAIL POKES) unu komanaubix (guar CBF_FAIL EXECUTES)
TPaH3AKIMAX IS CEPBEPOB, HE MOIEPKUBAIOIINX 3TU TpaH3akImu [12].

8.4.4. 3agepweHune DDE-gnanora

[Ipu HeoOxomumocTu npexkpamums DDE-Ouanoz KIMEHT WM CEPBEP BBI3BIBAIOT JIMOO (DYHKIUIO
DdeDisconnect (3aBepmnTh yKkazaHHbIN auainor), muoo ¢pyakuuro DdeDisconnectList (3aBepmmTh rpymmy
IranoroB). B obonx ciyyasx KOHKPETHOMY MPUJIOKEHHUIO MIIM BCEM MPHIIOKEHUSIM TepeaaeTcsi coooe-
Hue XTYP_DISCONNECT. Cunrakcuc Bei3oBa ¢ynkiuu DdeDisconpect umeer ciieayronuii BUI:

DdeDisconnect (hConv);

rje mapamerp hConv npencrasiser co00i JeCKpUITOp Tuaiiora, Bo3Bpaiiaembii Gynkiuerr DdeConnect.
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Oynkums DdeDisconnectList BbI3bIBaeTCs Tak:
DdeDisconnectList (hConvList);

riae napamerp hConvList npencrapiser co0oi geckpunTop, Bo3Bparaembiii ¢pyrkiueir DdeConnectList.

Korma DDEML mnony4daer coobmenne XTYP DISCONNECT, Bce akTHUBHBIC B JaHHBI MOMEHT
TpaH3aKIWU TEKyLIero Auajiora (Mid IUajioroB) mpekpamarorcs. CoriacHO JTOTOBOPEHHOCTH AWAJIOTH
MOT'YT 3aBEpIIAThCS TOJIBKO MPUIOKEHUSIMU-KITHeHTaMi. OIHAKO MPU 0COOBIX 00CTOSATENHCTBAX MOKITIO-
YEHUS MOT'YT Pa3pbIBAThCS M MPHIIOKEHUIMU-CEpBEpaMu (HAIIPUMeEp, B CIIydae UX 3aKpPhITHS).

Kak ximeHTsl, Tak U cepBephl JOJKHBI OBITh TOTOBBI B JII000H MOMEHT TOIYYUTh COOOIIEHHE O pa3-
pbiBe oAKItoYeHUs. [Ipr 5TOM OHU JOIKHBI 3aKPHITH COOTBETCTBYIOIIME CTPYKTYPHI JaHHBIX. B ciydae
3aKpPBITHS IPUIIOKEHUS] WK €CJIM OHO OOJIbIIe He COOMpPAETCs YCTAHABIMBATH MOAKITIOYEHHS K IPYTUM TIPH-
JIOXKEHUSM TPOrpaMMa JIOJDKHA OTMEHHUTh MHUIMamu3aiuio Bcex DDEML-dyHkiuii 00paTHOro BBI30BA.

[Tpu Be130Be pyHkunn DdeUninitialize madopmanus o cepBuce yaaisercss u3 DDEML-tabmnui, Bce
AKTUBHBIC B JJAHHBIM MOMEHT JIMAJIOTH TIPEKPAIaloTCs U MPOUCXOaUT pacchbuika coobmienus XTYP UN-
REGISTER Bcem DDEML-¢}yHKIHSIM 00paTHOTO BBI30BA. DTallbl MPOIECcCa 3aBEPIICHHS IUaIora U OT-
kmouenus o DDEML noka3zansr Ha puc. 8.4.

Knwent DDEML Cepsep

1. KMMEHT OTKNKOMAETCA OT CEPBEPA.

DdeDisconnect XTYP_DISCONNECT
Bosspalyaercs aHauenne NULL
2. CEPBEP OTMEHAET PEMMCTPALIMIO . DdeNameService
CBOEIO CEPBUCA. | ONS_UNREGISTER
p / \ !
XTYP_UNREGISTER XTYP_UNREGISTER
BoaapaluaeTcs aHaqeHue NULL Boaspauyaerca sxaverne NULL

3. OBE NPOIPAMMbI OTMEHSIOT
UHWLIMATA3ALIAIO.

DdeUninitialize DdeUninitialize

Puc. 8.4. TIpouecc 3akpbITHs KIMEHTa U cepBeEpa

[Tpu Bo3HMKHOBeHUM owmindku DDE-pynkims Bo3spainaer 3HaueHne NULL nnmn FALSE. Bonee non-
pobOHast uHpopMams 00 omuOKe MOXKeET OBITH MojydeHa ¢ nomombto pynkuun DdeGetLastError:

UINT DdeGetLastError (DWORD dwlInstID);

Iockonbky dynkiust DdeGetLastError TpeOyer 3amanus uaeHTU(PHUKATOPA 3K3EMILISIpA TPUIIOKECHHUS,
OHA HE MOXKET IPUMEHSATHCA JJIs TTOJTyYeHHsT HHPOPMaK 00 OIMOKE B CIlydae HEBBITOTHEHUS QPYHKINH
Ddelnitialize. I[ToaTomy oHa Bo3Bpaiaer COOCTBEHHBIE, paCIIMPEHHBIE KOJIBI OIIHOOK:

e DMLERR_NO_ERROR — ycriemnsas HHUIIHAIN3aLUs;

e DMLERR _DLL_USAGE — nporpamMa 3apeructpuposasa s DDE-MoHUTOpHHTa U HE MOXKET
ucnoab3oBaTh DDEML 11 BbIOMHEHNS TpaH3aKUWT;

e DMLERR_INVALID_PARAMETER — napamerp coliep>XKUT HEJOMYCTUMYIO HH(OpMAIHIO;

e DMLERR_SYS_ERROR — npou3sonuta BHyTpeHHsist omrbka DDEML.

8.4.5. CUHXPOHHbIE U ACUHXPOHHbIE TPaH3aKLUK

DDEML-kI1eHTBl MOTYT BBIOMpPATh MEXAY BBIIOJTHEHUEM CUHXPOHHBIX U ACUHXPOHHBIX TPaH-
3akiuil [12]. OTmyne MexIy CHMHXPOHHBIMU M aCHHXPOHHBIMM OINEPALMSIMU MPOSBISETCS TOJNBKO Ha
ypOBHE TporpaMMbl-KiineHTa. OTHOCUTENBHO MPOrpaMMbI-CEpBepa TPaH3aKIMU OOOUX THUIIOB BBITIISASAT
oanHaKoBO. [IperMyIIecTBO aCHHXPOHHBIX TPaH3aKIHMK 3aKI0YaeTcs B TOM, YTO OHU OBICTpee BHINOJI-
HAIOTCS U MPOILIE IPOrpaMMHUPYIOTCA. ACHHXPOHHBIE TPaH3aKINK MPUMEHSIOTCS CHIJIBHO 3arpyKEHHBIMHU
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MporpaMMamu, KOTOpbIE IOJKHBI 00pa0aThiBaTh 3HAYMTENBHBIA 00BbEM JIAHHBIX TPH B3aMMOJICHCTBUH
¢ DDEML-cepBepoM, UM IIPOrpaMMaMH, KOTOPBIE BBIHYXKIECHBI PETYJISIPHO B3aUMOAECUCTBOBATH C MEJI-
JICHHBIM CEPBEPOM M XOTAT M30€KaTh HEKENATENbHBIX IEPHOJ0B OKUIAHUS OTBETA.

B cnydae cunxponnwix onepanuii npuiiokeHHe-KIMEHT 0’KUAeT OTBETa OT cepBepa, MHUIUAIN3H-
pOBaB TpaH3aKIMIO JHOO MyTeM 3ampoca WHPOPMAIHH, JIMOO MyTeM Mepedadd KOMaHAbl Ui BBIION-
HEHMs OTpeleNIeHHbIX onepaluil. Ecau cepBep 3acTaBisier KIMEHTa OXKUJATh JIOJbIIE YCTaHOBIEHHOIO
Bpemenu, ¢pyHkius DdeClientTransaction oTMeHsIET TpaH3aKIMIO U 3aBEPIIACT CBOKO padoTy.

[Ipn CHHXPOHHBIX TpaH3aKIUAX HEOOXOAUMO MPUHUMATH MeEpHI IJIsl OCBOOOKIEHUS O0BEKTOB
nanHeix. DDEML nepenaer AecKpUNTOp IaHHBIX B BHJE PE3yJIbTUPYIONIEro 3HAYEHUS (QYHKIHH
DdeClientTransaction 1 He UMeeT BO3MOXXHOCTH Y3HAaTh O TOM, KOTJa JaHHBIC OyayT OCBOOOXKJICHBI.
KnmeHT cTaHOBUTCS BiafenbleM OOBEKTOB AAaHHBIX, MONYYCHHBIX TNPU CHHXPOHHOW TpaH3aKIHU OT
¢ynakiuu DdeClientTransaction, 1 B KOHIIe KOHIIOB JIOJDKEH BbI3BaTh (yHkiuioo DdeFreeDataHandle,
4yTOOBI OCBOOOIUTH HX.

B cnyuae acunxponnsix onepaiuii npu BeizoBe ¢pynkimu DdeClientTransaction BMECTO JTUTENb-
HOCTH may3sl ciienyer 3anath 3Hauenne TIMEOUT ASYNC. B pesynbrare dynkius DdeClientTransac-
tion HememieHHO Bo3BpaTuT 3HaueHUue TRUE, a taxke unentudukaTop tpan3akiuu B moye dwResult.

IToka npunoxeHue-KINEeHT MPONOJKAET BBINONHATH Apyrue onepaunu, DDEML ocymecTBiser
TpaH3aknuio B (JOHOBOM pexuMe. 3aTteM 1o 3aBepuieHnu Tpan3akuud DDEML noceitaer cooOuieHune
XTYP_XACT COMPLETE ¢ynkiun o6paTHOro BBI30Ba MPUIIOKEHUS-KIHEHTa. B 3ToM cooOmeHnu
B mapamerpe dwDatal conepikutcst HIeHTU(UKATOP TPAH3aKIMHU, YTO MO3BOJISIET KIMEHTY ONPEACIHTS,
KaKoM U3 3allpOCOB BHITIOJIHEH.

DDEML o6ecnieurBaer Tarxke aabTepHATUBHBIA MEXaHU3M HICHTA(UKAINY TPaH3aKIMH 10 UX c000-
LIEHUSM O 3aBeplieHuu. KiMeHT MOXKeT 3aperucTpupoBaTh cBoe 3HaueHue tuna DWORD, cBsizanHOe
C KXol acuHXpoHHOU TpaH3akuued. @ynkuus DdeSetUserHandle mpuHumaer peckpunrtop auanora,
UAEHTH(PHUKATOP AaCHHXPOHHOHM TpaH3aKIMH W MOojIb30BaTelbckoe 3HaueHne Tuma DWORD, coxpansis atu
napameTpsl BHYTpU COOCTBEHHOH CTPYKTYphI AaHHBIX. [Ipu nomyuennn coobmenust XTYP_XACT COM-
PLETE kiueHT unTaer JoKaIbHBINA HIeHTHUKaTOp ¢ moMombio pyHKiu DdeQueryConvinfo.

Osxupast 3aBeplICHUs] aCHHXPOHHOM TpaH3akiuu, QyHKOus DdeClientTransaction BXOIUT B IMKI
W TIPOM3BOJUT OMPOC COOOIICHHH Ka)KIAOTO W3 OKOH, YTO MO3BOJISIET KIMEHTY MPOJOIKATh pearupoBaTh
Ha KOMaH/Ipl TIOJIb30BaTENs, O’KUasi OTBETa Ha TpaH3akuuioo. OAHAKO B TEYEHHE 3TOTO Meproja KIMEHT
HEe MOXKET BBINOIHUTE Apyryio DDEML-¢dyakumro. Kpome toro, momsitka Bbi3BaTh Gynknuto DdeClient-
Transaction 3aBepIiaercs HEyJauHO, €CIH Yy TOTO YK€ CaMOro KJIIMEHTa B JAHHBIH MOMEHT BBIMOJHSIETCS
npyras, CAHXpOHHAas TpaH3aKIusl.

UtoOBl OTMEHHUTH ACHHXPOHHYIO OIEPaIUIo, HE JOKUAASACH €€ 3aBEePIICHUs, CIIeyeT BbI3BaTh (QyHK-
nuto DdeAbandonTransaction. [Tpu 3tom DDEML ocBoGokaaeT Bce pecypcehl, CBSI3aHHBIC C TPaH3aKIUEH,
U OTMEHSET pe3yJIbTaThl, BO3BPAIEHHbIE CEPBEPOM (AHAJIOTMYHBII MpOIEcC MPOUCXOTUT M0 NCTEYEHHUU
BPEMEHH, OTBEJCHHOI'0 Ha BBHIIOJHEHHE CHHXPOHHON TPaH3aKIINH).

[Tpu acuaxponHoit Tpanzakuun DDEML npenocraBisieT KITUEHTCKOW (YHKIMH 00paTHOTO BBI30BA
neckpuntop o0bekTa AaHHbIX. Korma QyHKust oOpaTHOTO BhI30Ba Bo3Bpamaer pesynbraT, DDEML pe-
30HHO MPEAMNoaraeT, 4To JaHHbIE OONbIIe HE HY)KHBI, 1 aBTOMaTHYECKH OCBOOOXKIaeT 00BEKT JaHHBIX.
Ecnu ximeHT XoueT coXpaHHUTh AaHHbIE, OH JOJKEH MX CKOMMPOoBaTh ¢ moMomipio Gpynkuun DdeGetData.

Kak o0bscHsuIOCH paHee, 0ObIYHASI TIOCIIEAOBATENBHOCTh WHUIMALIMK AWANOra MPEANnoiaraeT, 4ro
KJIMEHT 3HAeT 3apaHee, KaKue eMy HYXXHBI CEPBHCHI M/ WIH TeMbl. UYTOOBI MperocTaBUTh BOZMOXKHOCTD
KJIIMEHTaM MPOCMOTPETH BCE JOCTYINHbIE TeMbl, DDE-cepBepbl HHOTJA COAEpKAT AJI KaKIOro CEpBHUCa
TeMy, KoTopasi Ha3bIBaeTcst system. C MOMOIIBIO 3TOW TeMbI oOecreunBaeTcsl MoaepkKa Habopa cTaH-
JapTHBIX dJIeMeHToB. KpoMe Toro, TeMa system mo3BoisieT KIMEHTY MOTYYHTh HH(OPMALIUIO 0 KOHKPET-
HoM cepBuce [12]. CTpoku, WASHTHQHUIUPYIONIKE CTaHAAPTHBIE CUCTEMHBIE 3JIEMEHTBI, OMPeesIOTCs
B BuJie KoHCTaHT B ¢aitiie DDEML.H. Tpu U3 HUX JOIKHBI 0053aTENIbHO TOJJICPKUBATHCA BCEMH CEp-
BEPHBIMU MPUITIOKEHUAMU:

o SZDDESYS_ITEM_FORMATS — crnmcok CTpoK, pa3/iefieHHbIX CHUMBOJIAMHU TaOYJSINN U yKa-
3pIBatoIIuX (opmatel Oydepa oOMeHa, KOTOpbIE MOAAEP)KUBAIOTCS TAHHBIM CepBEpOM (MMs dJIEMEHTa
3agaercst cTpokoi «Formatsy);
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e SZDDESYS_ITEM_SYSITEMS — cnmucok »J1eMeHTOB, MOIIEpPKUBAEMbIX CEPBEPOM B TeMeE
system (MMs1 DTIEMEHTa 3aJaeTCst CTPOKOH «Sysltems»);

e SZDDESYS_ITEM_TOPICS — cniicok TeM, moiaep >KUBaeMbIX cepBepoM (MMsI 3JIeMEHTa 3a/a-
ercst cTpokoit «Topicsy).

Kpome atux tpex anementoB teMbl system, DDEML-cepBep mojmepkuBaeT B KaKJI0H TeMe elle
OJIMH CTaHJAPTHBIA SJIEMEHT:

e SZDDE_ITEM_ITEMLIST — crucok 3J1eMeHTOB TE€MBbI, OTIUYHON OT system (MMs dJIeMeHTa
3agaercs ctpokoit «TopicltemListy).

B oTBer Ha 3ampoc ATHX AIEMEHTOB CEpBEp JOIKEH COSIMHHUTH BCE MMEHA TEMbI, DJIEMEHTA WIH
(dopmaTa B OJIHY JUTMHHYIO CTPOKY, MCIIOJIb3YSl B KaUECTBE pa3JICUTENe CUMBOJIBI TaOyssiiuu. W3 31oit
CTPOKH CepBep co3aaeT 00bEKT JaHHBIX W Bo3Bpamaer oudbnnoreke DDEML peckpuntop 3Toro o0bhexTa
B KayecTBe Pe3yNbTUPYIOIEro 3HaueHus B otBeT Ha coodmenne XTYP REQUEST. 3atem kineHT Bblje-
JISieT IaHHBIE U3 9TOro 00beKTa, pa30MBAET CIIMCOK Ha COCTABHBIE YACTH M OTOOpaXKaET HX.

§ 8.5. O6meH faHHbIMM MO TEXHO/IOTUU CBA3bIBAaHUA U BHEAPEeHUA 06beKToB

8.5.1. Obwme NnonoKeHusn

Texuonorust OLE (Object Linking and Embedding — cBs3bpIBaHUE M BHEIPEHUE 00BEKTOB) MPE-
cTaBisieT co0OM COBEpPIIEHHO MHOM CITOCOO COBMECTHOTO HCIOJIb30BAHMSI IAHHBIX Pa3IMYHBIME MPHIIOKE-
HUSIMH TI0 cpaBHEHHIO ¢ Oydepom oomena u Texnonorueid DDE. B mmpokom cmbicie TexHomorust OLE
sBisiercs: OpMOI Mex3aaavyHoOro B3aumopeicTBus [12]. B gacTHOCTH, OHa MO3BOJISIET OIHOMY MPHIIO-
KEHUIO TIOAKIIOYATh WJIM BCTpaMBaTh B ceOs MHGPOpPMALMIO, CO3JAaHHYIO APYTMM HpuiokeHuem. [Ipu
ATOM CO3/IA€TCsl TAaK HAa3bIBAEMBIN COCHABHOU 0OKYMeHm, KOTOPHIN ele Ha3bBatoT OLE-0oKymenmom.

Hamucannoe Bamu OLE-npunoxkenue Oyner paboraTh NpaBUIBHO JIaXe B TOM ClIydae, €CIIH OHO
B3aMMOJIEHCTBYET C CEPBEPOM, IPENOCTABIAIONINM JaHHBIE B JOpMaTe, KOTOPBIN HE TPENLyCMOTPEH CTaH-
napramu Microsoft. Texnonoruss OLE ocB0oOOXKIaeT onepaluoHHY0 CHCTEMY OT HEO0OXOJIUMOCTHU OTCJIe-
KHUBaTh BCe ()OpPMATHl JAHHBIX — €CIU CepBep CHOCOO0EH 00padaThiBaTh 3TH JaHHBIC, JIOO0W KIMEHT
CMOJXKET MONyYHTh UX.

OLE mnpencrasisier co0oii HaOOp MPOTOKOIOB M (PYHKIIMH, NMPEAIOKEHHBIX Kopriopaiueit Aldus
B 1988 1. /1 ympoIieHus: co3JaHus U MOJIEPKKH COCTaBHBIX JOKYMEHTOB. CoCmagHbiM 0OKYMEeHmoMm
Has3bIBaeTCsl (a1, KOTOPBIH MPUHAIICKUT OJHOMY MPHUIOKEHHIO (HAlIpUMep, TEKCTOBOMY PEAaKTOpy), HO
COZCPKUT JaHHbBIE, CO3aHHbBIE IPYTUMH MPUIOKEHUSIMH (HallpuMep, TpaguyeckuM peaakTopoM). biokn
«9YXHX» JAaHHBIX B COCTAaBHOM JIOKYMEHTE Ha3bIBAIOTCS o6bexmamu. [IpuioxeHne, KOTOpoe moaydyaer
00BEKTHI JaHHBIX ¥ (OPMUPYET M3 HUX COCTABHBIC JOKYMEHTHI, Ha3biBaercss OLE-kauenmom, a npuio-
KEHUE, SKCIIOPTUPYIOIee 00BEKTHI sl HCIIOIb30BaHUS HX APYTUMU npuiioxeHusmu — OLE-cepeepom.
SBnsiercs MpUiIOKEHHE KITMEHTOM HIIH CEPBEPOM, 3aBUCUT OT €r0 POJIM B KOHKPETHOH cXeMe B3aUMOJIEHCT-
BHsL. OHO PUIIOKEHUE MOXKET OJTHOBPEMEHHO BBICTYTIaTh B POJIM KaK KJIMEHTa, Tak U cepsepa [12].

Wnrerpuposas texnonoruto OLE B onepanmonnyto cucremy Windows, Microsoft caenana 6ombiioit
miar B CTOpOHY OpHMEHTalliu PaboThI MOJB30BATENsl HA IOKYMEHTHI, a He Ha MpUJIoKeHus. TpaauliioHHO
TMOJIB30BATENb BBI3BIBAN OT/IENBHOE MIPUIIOKEHHE TS KasKA0ro HOBOI'O IOKyMeHTa. Pabora ¢ JaHHBIMH UHOTO
¢dopmarta 0OBIYHO TpEATIOIaraia BEIX0J U3 OHOrO NPUIIOKEHHS | 3aIycK Apyroro. B cpexe, rie padora
BE/IETCSI C IPUIIOKEHUSAMH, IOKYMEHT MMeEIl CMBICI TOJIBKO B TOW TporpaMMe, B KOTOPOH OH OBbLT CO3JaH.

C apyroii cTOpoHBI, B cpezie pa3paboTKi JOKYMEHTOB HECKOJIBKO MPHIIOKEHUH MOTYT «CKOOMIEPHPO-
BaThCs» M CO3/IATh €AMHBINA JTOKYMEHT. Hu OZIHO M3 NPUIIOKEHUI HE Paciio3HaeT (opMaThl BCEX OOBEKTOB,
COZIepKaIIMXCs B JOKYMEHTE, HO MPH MEePEX0Jie OT OJHOTO 00BbEeKTa K APYroMy CUCTeMa aBTOMATHUECKH
BBI3BIBAET COOTBETCTBYIOUIME IMPHIOKECHUS. PemakTHpoBaHWE pa3iIMYHBIX OOBEKTOB OCYIIECTBISETCS
OT/IENBHO B MX «POAHBIX» MPUIOKEHHAX, a 0a30BBIA TOKYMEHT aBTOMaTHYECKH MOTydaeT 0OHOBIICHHBIC
JaHHBIE OT BCEX «IPOrpaMM-TIaiIIiKoBy. [lonp30BaTens momydaeT BO3MOXHOCTb CBOOOTHO KOMOMHHPOBATH
3BYK, BUJICO, U300paKeHHs1, YMCIIa U TEKCThI B €IMHOM WHTETPUPOBAHHOM JIOKyMEHTe. MOXHO JeMOHCT-
pUpOBaTh KAPTUHKH B TEKCTOBOM PEIAKTOPE WM MPUIIaraTh BUJACOKIUIIBI K 3aNUCAM B 0a3e JaHHBIX.
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CocrtaBHbIE IOKYMEHTHI CYIIECTBOBAJIU B ONEPAIMOHHOM cucTeMe Windows elre /10 MOSIBJICHUS TeX -
Hosoruu OLE, HO BO3MOXHOCTH pa0OThI C HUMHU OBUIM OYEHb OrpaHu4eHHBI. [loab30BaTens MOr co3ja-
BaTh COCTABHOM JOKYMEHT, KONUPYs AaHHBbIE U3 Oydepa oOMeHa M BCTaBISASA UX B JIPYroM MPHIIOKEHUH.
[Tpu 5TOM 00BEKT JaHHBIX TIEpEMeEIacs U3 MPOrpaMMbI-CEpBEpa B MporpamMmy-kireHT. Ho eciam cepeep
BIIOCJIEJICTBUN PENAKTUPOBaNl OOBEKT, TO ONEpalii KOMUPOBAHHUS M BCTaBKH HEOOXOIMMO OBLIO MOBTO-
PATH ISl 6cex 0OKyMeHm o6, B KOTOpbIe Obllla BHEAPEHA KOMHUS 3TOro o0bekTa [12].

st popmupoBanust cpenpl pa3paboTKu JOKYMEHTOB ONEpallMOHHAs CHCTeMa JIOJDKHA UMETh BO3MOXK-
HOCTbh KOOPJAMHUPOBAaTh paboTy MpuiioxkeHuil. B 4acTHOCTH, crcTeMa JOKHA 3HATh, Kakas U3 MporpaMm
MOXeET paboTaTh ¢ onpeneneHHbIM GopmaToM AaHHBIX. [1o Mepe Toro Kak mojab3oBaTeNb OyIeT mepeme-
maThCs OT 00bEKTa K OOBEKTY B COCTABHOM JOKYMEHTE, CUCTeMa JOJKHA pacllO3HaBaTh 3TH OOBEKTHI
W TIOAJIEPKUBATH CBSI3M C COOTBETCTBYIOUIMMH NpHIIokeHUsIMU. B Windows 3TH ciioskHBIE onepaiuu pea-
JIM30BaHbI ¢ nomonipio oubarorek OLE-dyHkinii. OHU MOMOTalT CO37aBaTh IPOrPaMMBbl, OCYIIIECTBIIS-
fome 00paboTKy 00bEKTOB MPAKTUYECKH JIFOOOT0 THIIA MYTeM HEBHIMMOTO B3aMMOJICHCTBUS C MPHIIO-
KECHUAMH, CO3AaBIIINMHU 3TU O6T)CKTLI.

OO6bekT mpezacTaBiger co0oi HaOOp NaHHBIX M3 OJHOTO MPHIIOKEHHUS, KOTOPBIE TPAKTYIOTCS Kak
enuHoe nenoe. OLE-npuiioykeHns: co31al0T COCTaBHBIE TOKYMEHTBI, KOMOMHHUPYs HECKOJIBKO OOBEKTOB
B oqHOM (aiine. [lonp3oBaTens BUAWT OJHOBPEMEHHO BCE OOBEKTHI COCTABHOIO JOKYMEHTa B OIJHOM
okHe. J[si mporpaMMbI-KIMEHTa KaXKAbIH 00BEKT MPEICTaBIAET COOON «UEPHBIN SIIUK», 3aNOTHCHHBIH
HEIMMOHATHBIMH JaHHBIMU. Ho ona u He JOJDKHA IMOHUMATh 3TU HAaHHBIC, IMOCKOJIbKY MJIs MaHI/IHyHHHI/Iﬁ
¢ o0beKTaMu TporpamMma-kineHT Boi3biBaer OLE-QyHKINN.

[Ipn umMmopTHpOoBaHMU OOBEKTA MPOrpaMMa-KIMEHT AOKHA BBIOpPAaTh OAWH W3 JBYX BapUaHTOB:
ceészvieanue v eneopenue [12]. Ecnu HOKyMEHT COACPKHUT BCE JAHHBIE O0BEKTa, TO TAKOM OOBEKT
HazbIBaeTcs 6HedpeHHbIM. ECn TOKYMEHT COIEPKHT TOJBKO CCBUIKY, YKa3bIBAIOUIYIO Ha JaHHBIEC B JIPY-
TOM JOKyMEHTE, TO TaKOH 00BEKT Ha3biBaeTcs ceazannbim. O0a METOAa NAIOT Ha DKpaHe OWH U TOT kKe
pE3YyNbTaT, HO TONBKO B CBA3aHHBIX 00BEKTAX aBTOMATHYECKH 0TOOpaXkaroTcsi Bce OOHOBIICHHUS.

Cas3pIBaHHE OOBEKTOB MMEET eIlle OAHO MPEUMYIIECTBO: (Hhalil pe3yabTHPYIOUIEro JOKYMEHTa IO0-
Jy4aeTcst Topa3i0 MEHbIIUM Mo 00beMy. [IpenMyiiecTBo e BHEAPEHHBIX OOBEKTOB 3aKIFOYAETCS B UX
HE3aBUCHMOCTH: JIOKyMEHT, COJIEp KAl TOJILKO BHEAPEHHBIE 00BEKThI, MOXKET JIETKO MEPEHOCUTHCS U3
OJTHOW CHCTEMBI B JAPYTryr0. [10CKOIIbKY BHEIPEHHBIC 00BEKTHI COJIEPIKAT BHYTPHU ceOsi BCe HEOOXOIUMBIE
JlaHHBbIC, HOBasi cucteMa He obsi3aHa conxepxatb OLE-cepsep. [pu >xenaHuu monb30BaTeNnb MOXKET Mpe-
00pa3oBath CBsI3aHHBIE OOBEKTHI BO BHEAPCHHBIE.

Kak yxxe rosopusnocs, OLE-nipuiioskeHns MOr'yT OTHOCUTBCS K OTHOMY M3 JBYX THIIOB: KJIMEHTHI U Cep-
Bepbl. Ecnu BBI BHeapsieTe n300pakeHne, co3laHHOe porpaMMoi Paint, B TIOKyMEHT TEKCTOBOTO pellak-
topa WordPad, To Paint BeicTynaer B poiu cepBepa, a WordPad B ponu kimenra. Penakrop WordPad He
00s13aH MOHMMATh JaHHBIE, KOTOpBIE colepkaTcst B rpaduyeckom ¢aitne. s orobpaskeHus 3THX AaH-
HbIX OH Bb3bIBaeT OLE-pynknuu. Ecnu cuctemMa HE MOXXET CaMOCTOATENFHO OTOOPa3UTh STH JaHHEIE,
OHa BBI3BIBACT cepBep, T. €. Paint, KoTopsiii 0ToOpakaeT naHHbIe B okHe mporpammbl WordPad.

Takue npunoxenus, kak Word, WordPad, Excel u T.1m., SBISIFOTCS OAHOBPEMEHHO W KIIMCHTAMH,
W cepBepaMH. OTU MPUIOKEHUS MOT'YT Kak mpuHUMaTh OLE-00BeKThI, MpeaocTaBIeHHbIE IPYTUMH Cep-
BEepaMHM, TaK U BHICTyHaTh B poin OLE-cepBepoB 1O OTHOIIEHUIO K JPYTHM MPUIOKEHUSIM-KIHEHTaM.
Penakrop Write 8 Windows 3.x dyHkuunonupyet Tonbko kak OLE-kIHeHT U He pacmonaraer BO3MOXKHO-
cTaMu cepBepa. A BoT mporpamma Paint cimyxut Tonsko OLE-cepBepoM 1 HecmocoOHa HCIOTHSTH POJIb
kiareHTa. OHa MOXET TOJNBKO PeIaKTUPOBATh N300paKeHHs U TiepeaaBaTh UX APYTHM MPUIOKESHHSIM.

[Mockonbky Paint siBisieTcsi aBTOHOMHBIM TPUJIOKEHHEM M B TO K€ BpeMs MpelcTaBiisieT coOoi
OLE-cepBep, 3Ta mporpaMma CUMTACTCS HOJIHbIM cepeepom. B oTIvYre OT TONHBIX CEPBEPOB MUHU-
cepeepul HE MOTYT pabOTaTh KaK aBTOHOMHBIE IPUJIOKEHHS U HE CO/IePIKAT BO3MOXKHOCTEH IS OTKPHI-
THSL U coxpaHeHus (aitnoB. OHE MOTYT TONBKO mpenocTaBisaTh cBou yciuyru OLE-knuentam. CepBepbl
J000T0 THIAa MOTYT MPEJOCTABIATH HECKOIBKO THITOB yciyr. Hanpumep, Quattro Pro mpemnaraer ycnyru
Quattro Pro Graph u Quattro Pro Notebook, a Microsoft Word — Microsoft Word Document u Microsoft
Word Picture. Tun gaHHBIX, SKCIIOPTUPYEMBIX CEpPBEPOM, O0OOLIEHHO HA3bIBACTCS KIACCOM 00BeKma.
Hanpumep, nporpamma Paintbrush skcoptupyer o0bextsl knacca PBrush. Excel momnep:xuBaer kinaccol
ExcelWorksheet u ExcelChart. CepBepbl perucTpupyrT CBOM KIIACCHI B CUCTEMHOM peectpe. Kaxapim
KJIACCOM MOXKET YIPAaBISATH TOJIBKO OJHH CEPBEP.
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Jlyis kaxa0ro kjiacca OObEKTOB perucTpupyercs takxke Habop xomanj. OLE-komanpoi, wimm, 1o
TEPMHUHOJIOTUH Pa3pabOTUNKOB, 21a2010m (verb), Ha3bIBaeTCs ONpPEEICHHOE JISCTBIE, KOTOPOE CepBep
MOXET BBIMONHATH HaJ 00beKTOM. Hampumep, 4acTo MCIONB3yIOTCs Takue KoMaHnbl, kak Edit u Play.
Koraa nonb3oBaTens BeIOMpaeT 0OBEKT B COCTABHOM JOKYMEHTE, MPHIIOKEHUE-KIMEHT YUTAET CIIHCOK
KOMaH] JUI JaHHOTO Kilacca OOBEKTOB M MOMEIIAET COOTBETCTBYIOIIME OMIMK B MeHI0. [lonb3oBaTensb
MaHHUTYJIHPYET 00BEKTOM, BBIIIOIHSIS €0 KOMaHAbL. PaznnuHble 00bEKThI OTKIMKAIOTCS HA Pa3HbIE KOMaH IBI.

HobaBienne o0beKTa B JIOKYMEHT-KOHTEHHEp — 3TO OUeHb MPOCTOW Tpouecc. M3 mpuiokeHus -
KJIMEHTA T0JIb30BaTENb BBIOMPAET THII BCTaBIIsIEMOro o0bekTa. Hampumep, B mojie crucka MoJIb30BaTeNto
MOKET TpeIaraTbCs BHIOOP W300pa’keHUsI, DJICKTPOHHOW TAOJIMIIbI, BUJCOKIUNA U T.J. DTOT CIIMCOK
W3MEHSIETCSI B 3aBUCUMOCTH OT JIOCTYITHBIX CEPBEPOB.

[pennonoxum, Be paboraere B Microsoft Word u perminu BHEAPUTH B CBOM JIOKYMEHT rpauuecKoe
nzobpaxenue. s aToro 3amyckaercd mporpamma Paint — 3aperucTpupoBaHHBIN CepBep pPacTPOBBIX
n3zo0paxkeHui. 3ateM oTkpeiBaercss BMP-gaiin, BeiOupaeTcst HeoOX0AUMast 4acTh PUCYHKA, KOTOpast KOMH-
pyercs B Oydep oomena. B Microsoft Word otkpeiBaercs aiin qokymMeHTa W BbI3biBaeTcsi MeHio Edit.
B »TOM MEHI0 MOKHO BBIOpaTh OJIHY U3 Tpex komau: Paste, Paste Link v Paste Special. Bce Tpu koMaH b1
MpeAHa3HaYeHbl JJIsl BCTaBKH rpaMuecKoro n3o0paskeHus B TEKCTOBBIN ¢aiin. [Ipocreiimas komanga
Paste ocymiecTBisieT BHeApeHue o0bekTa (eciu Obl mporpamma Paint He moanepkuBana Mmexanusm OLE,
komaHga Paste npocto ckonupoaiia Obl 00BEKT, a HE BHEPUIIA €ro).

B cocraBHOW IOKYMEHT MOXHO Takxke BHeIpaATh AVI- mnun WAV-gainel (BUIEO- B 3BYKOBBIE
BcTaBkH). Ho kakum 0Opa3oM BHEAPEHHBIH BUICOKIUI HITH 3BYKOBasi BCTaBKa OTOOpaXKaloTcsa Ha SKpaHe?
B takux cimydasx npuiiokeHrne co3aaer crenranbHoe rpauecKoe NpecTaBiIeHNe, Ha3bIBAGMOE HAKEMOM.

[Naker npencrapiiser coOol 3HAUOK, KOTOPBINA ykasbiBaer noyiokeHne OLE-00bekTa B JOKYMEHTE.
IIpu n1BOMHOM HIETYKE HA 3TOM 3HAYKE CUCTEMA OMPENEINAET, KAKOM THUIl JAHHBIX COJEPIKUTCS B MAKETE,
Y BBITOJIHAET COOTBETCTBYIOIIYIO KOMaHy. [IJi1 HEKOTOPBIX TUIIOB JaHHBIX, TakuX Kak AVI- nmn WAV-
(aiinel, pencTaBleHNEe JaHHBIX Ha SKpaHe UMEET CMBICT TOJIBKO B BHJIE MakeTa. [lo ymonmuaHuio 3Ha40K
MaKera nepenaercsi U3 MporpaMMbl, B KOTOPOH OBLTH CO3/1aHBI COOTBETCTBYIOIIHE JaHHBIE.

Kornma oObekT momajmaer B JOKYMEHT, KIIMEHT 00eCIeUMBaEeT Croco0bl ero akTupu3aiuu. OOBIYHO
AKTHBH3AIIMS OCYIIECTBIISICTCS ABOMHBIM IIETYKOM HA OOBEKTE WIIH €ro 3HadKe.

Tak, HanpuMep, TP peraKkTUpPOBaHus u300paxenus B fokymeHnTe Microsoft Word OLE-6ubanorexu
o0ecreunBaloT HEMOCPEICTBEHHOE, T.€. HEMOCPEICTBEHHO B COCTAaBHOM JOKYMEHTE, PEIaKTHPOBAaHHE
n300paxkeHusi ¢ momoliblo nporpammbl Paint. [{ns storo B mMenro Edit nosiisercst nogMmeHto Bitmap
Image Object c tpems xomannamu — Edit, Open n Convert, KoTopbie TiepearoTcsi mporpammoii Paint.
Jnst penakTUpoBaHUs U300pakKeHUs C MOMOIIBIO mporpaMmbl Paint Bei3biBaercs komanna Edit, sBisio-
mascsi OCHOBHOM koMaHAo#. Ilpu 3ToM B okHe Word MOSBIAIOTCS MEHIO, MajJUTpa W MaHeld WHCTPY-
MEHTOB IporpaMmbl Paint, 4To MO3BOJSIET pegakTHPOBATh U300pakeHUe, HE TIOKKUAas JokymeHTa. [lpu
BbIOOpE KOMaH 1kl Open IPOUCXOJNT OTKPBITHE MTPOrpamMmMbl Paint, B KOTOpYIO 3arpy»aeTcst BHEJPECHHBIH
JIOKyMeHT. BHeceHHbIe n3MeHeHus1 0ToOpassTes B qokymeHTe Word npu BeIxoae u3 mporpaMmsl Paint,
YTO MOCTYKUT CHTHAJIOM JIjIsi OOHOBJIEHHUSI COCTABHOT'O JIOKYMEHTA.

CocraBHbIE JOKYMEHTBHI MOKHO TIEpeaBaTh OT OJHOTO MONB30BaTENs K APYTOMY W YATATh Ha Pa3HBIX
KOMIIBIOTEPAX C MOMOILBIO OJHOW M TOH ke mporpammbl. Eciiu B HOBOM cHCTEME OTCYTCTBYIOT HEKOTO-
pBIe cepBepbl, 0OBEKTHI BCe PaBHO OTOOpa)KaroTcsl MPaBUIBHO, Mockonbky OLE-0nbmuorexu camocTos-
TeNbHO 00pabaThIBAIOT CTaHAAPTHBIE PopMaThl Oydepa oOMeHa, HapuMep PacTPOBBIE N300PaXKEHUST WU
Mertadaiinpl. OTHAKO aKTHBU3UPOBATh OOBEKTHI O3 BHI30Ba CepBepa HEBO3MOXHO. Hampumep, BbI HUUETO
HE CMOXeTe cienath ¢ WAV-nakeramu 0€3 mporpaMMbI-IIPOUTPHIBATEISL.

MoskeT MmoKa3aTbCs, YTO JIBa pa3HbIX MEXaHW3Ma BCTpaMBaHMS HAKIIABIBAIOT MPOTUBOPEUHBLIE TpeOo-
BaHUS Ha OOBEKTHI JJAaHHBIX. UTOOBI 00BEKT 0TOOPaXKaICs B THOOOM MPUIOKESHUN HE3aBUCUMO OT ITPUCYTCT-
BUS B CHCTEME MCXOJHOH MporpaMMbI-cepBepa, 0OBEKT JOJDKEH COJepiKaTh JaHHBIE B HEKOEM OOIIEM,
JIETKO pacrio3HaBaeMoM ¢opmare, HanpuMep B hopmate MeTadaiiia uim pacTpoBOro U300paKeHUsI.

C npyroit croponsl, Mmexanu3M OLE mo3Boiiser monb30BaTeNi0 MPOJOIKUTH pEeAaKTHUPOBAaHUE
o0beKTa Aaxke Mmocje TOro, Kak 00bEKT BCTABIICH B HOBBIH JOKYMEHT. UTOOBI cepBep MOT pellakTHPOBATh,
O00BEKTHI JOKHBI COAEpKaTh JaHHbIE B TOM (opMaTre, KOTOPBIH HCHONb3yercs Ajisi BHYTPEHHETO
npeacTaBieHus 00beKTOB Ha cepBepe. Hanpumep, Excel He cMOXeT IPOIOIKUTE pelaKTHPOBAHUE STUSEK
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9JIEKTPOHHOW TaONHIBI, KOTOpbIe ObUIM MpeoOpa3oBaHbl B GopMmaT Meradaiina, HO Majo Kakas U3
MPOrpaMM-KIMEHTOB OyJeT OHMMAaTh BHYTpEHHUH QopmaT JanHbix Excel Tak xopomio, 4To 0TOOpasuT
AJNIEKTPOHHYIO TaOyuIly B cucreme, riae Excel He ycraHOBIIEH.

Pemenuie »Toii pobiemMbl 3aKirOYaeTcsl B NMPEJOCTaBICHUN ABYX SK3EMIUISIPOB JAAaHHBIX IS KaKAOrO
OLE-o0bekTa. UyTh mo3:ke BBl YBUAMTE, KaK dTa 3ajada peanusyercsl CpeJICTBaMU cepBepa, HO BKPATIE
MOXHO CKa3aTh, 4To Mo4tu Kaxnpli OLE-00beKkT comepXUT AaHHBIE B codcmeennom (matdopmHO-
3aBHCUMOM) (hopmate B TOM BHJIE, B KOTOPOM STH JaHHbIE OBUIM CO3JaHbI CEPBEPOM, a TAKKE B OJJHOM H3
HECKOJIBKUX CTaHJAPTHBIX ¢hopmamoe npedocmasienus (00BIYHO B BHJE MeTadaiina), KOTOPbIE MOTYT
0TOOpaXaThCsl TIOOBIMH MPOTrPaMMaMH-KIHEHTaAMH.

Texnomorust OLE oprann3oBaHa ¢ MOMOIIBI0 (PYHKIHHA BBICOKOTO YPOBHS, PEAIM3YIONIMX HU3KO-
YPOBHEBBIE TIPOLIECCHI COBMECTHOT'O Mcmoyib3oBaHusl MaHHbIX. OLE-¢yHkunn pasmeniensl B Tpex DLL-
monymsax. bubmmoreka OleCli32.DLL conepxuT Bce QPyHKIMHU, KOTOpble Henonb3yrotes OLE-kanentamy,
a 6ubmoreka OleSvr32.DLL copepxut Bce pyHKIMHU, KOTOpbIe Henonb3ytotes OLE-cepepamu. B TexHo-
snoruu OLE 1.0 3tn 0uOmoreku 0OMEHMBAIOTCA JaHHBIMU M KOMaHAaMu ¢ momonsio DDE-coo0nieHuii.
Tperbst 6ubnmoreka, Shell32.DLL, noanepxuBaer 6a3y IaHHBIX CEpPBEPOB W THIIOB JAAHHBIX M oOecrie-
YUBaET MPaBWIbHYI0 00padboTky OLE-3ampocos.

OLE-npunoxeHus B3aMMOJEHCTBYIOT APYT ¢ ApyroM ¢ momounsio ¢pyHkuuii OLE-6ubmuorek. Hampu-
Mep, €CIM KJIMEHT XOueT OTPENIaKTHPOBaTh U300paXkeHue, oH nepenaer 3anpoc oudmmoreke OleCli32.DLL,
KoTopas Hampasiser ero oudimoreke OleSvr32.DLL. Tlocienansisi HAXOOUT CEpBEpP U MEPeaacT eMy Ko-
MaH/ly Ha4yaTh ceaHc pegaktupoBanus. Koraa mojp3oBarens akTHBU3UpPYET 00beKT, Onbmmoreka OleSvr32
JIOJDKHA OTIPEIeINTh, KaKoe MPUIIOKEHHE-CEPBEp COOTBETCTBYET yKazaHHOMY (opMaTy maHHbIX. J{jist moucka
cootBercTByHOIIero ceppepa OleSvr32 koHcynbTupyercs ¢ oubnuorekor Shell32. dynkiuu oubnHoTeKH
Shell32 ympaBisitoOT CHCTEMHBIM PEECTPOM, B KOTOPOM JIJIsl Ka)JIOTO MPHIIOKEHUS 3alMCaHbl COOTBETCT-
Bytomme Gopmatsl JaHHBIX. [Ipy HHUIIMATM3AIMH CEPBEPBI BHOCAT B CUCTEMHBIN PEECTp CBOE UMS U JIPY-
ryto uH(pOpMaIHIO.

[ocne BeimonHeHus onepanuu 6ubimoreka OleSvr32 nepenaer pesynsrarsl oubnmorexe OleCli32,
a Ta Bo3Bpamaer ux KimeHTy. Cxema B3auMOJeCTBHS KiIMeHTa u cepBepa ¢ momoiibio OLE-onbnuorek
npencraBieHa Ha puc. 8.5 [12].

OLE-cepBep

SHELL32.DLL

| IS
OLECLI32.DLL Peectp OLESVR32.DLL

£ )

Bl $yHKUuMK NpAMOro Bbi3oBa
1 ¢yHKuum obpaTHOro Bbi3oBa
[ DDE-tyHKuuM

Puc. 8.5. BzaumoneiicTBue KIHeHTa U cepBepa ¢ momoinbio Tpex OLE-oubnmorek

Tax xe, kak 1 DDEML, OLE-O6ubnuotekn Mcnonib3yloT B cBoedl pabore mporokon DDE. OLE-
koMmaH 16l 1ockutatoT DDE-coobmienus. basoseie DDE-mporiecchl BoinonHst0oTcsS He3ameTHo st OLE-
npunoxenus. [lockonasky Microsoft pazpabateBana Texnonornu DDEML n OLE napaniensHo, OHU He
OIMparoTCs IpYT Ha Apyra.

Kax yxe ynmoMuHanoce, npu MHCTAISIMK WK TpHU niepBoM 3anycke OLE-cepBep peructpupyercs
B cUCTEeMHOM peectpe. Cpey Mpoyero perucTpupyroTCsi UMl 1 MECTOIIONIOKEHHUE CEpPBEpa, a TAKKE THIIBI
MpeIoCcTaBIsieMbIX UM yCiIyr. B cBoro ouepens, OLE-KiueHT MOXET HAalWTH B peecTpe HEOOXOUMBIH eMy
cepBep M ycryry. HemocpencTBeHHBIH IOCTYI K peecTpy 00ecrednBaeTcsi ¢ IOMOMIBIO PEaKTopa peecTpa
(daitn RegEdit. EXE nnm RegEdit32.EXE 8 nanke \WINDOWS uimn \WINDOWS\SYSTEM).

B kauectBe mpumepa Ha puc. 8.6 TTOKa3aHO OKHO PEaKTOpa PEeecTpa IOCIE BBINOIHEHUS (YHKIIMU
Find w3 menro Edit nns naxoxaenus uHopmanuu o npuioxkennn Excel. B peectpe nmeercs HeCKOIbKO
3amucedt s Excel, HO oHa W3 HUX TPENCTABISET JJIsl HAC OCOOBI MHTEpec — 3TO MAEHTH(UKATOP
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kiacca. OH Haxoautes B pasgene HKEY CLASSES ROOT\CLSID u BBINISIIUT CHEAYIOIUM 00pa3oM:
00020810-0000-0000-C0000-000000000046. Kak u a7st OONBIIMHCTBA OCTANBHBIX 3aMKCel, 3Ty HHpOpMA-
uio MoxHO Takke Haith B paszaene HKEY LOCAL MACHINE\SOFTWARE\Classes\CLSID u B Heko-
TOPBIX ApYrux pasznenax. Kak BumHo Ha puc. 8.6, B peecTp moMenieHa nHPopMaus o popMaTe TaHHBIX,
ONIMAX NpeoOpa30BaHus, CTAHAAPTHOM PACIIMPEHUH M 3HAYKe, MPOrPaMMHOM HACHTU(PHUKATOPE, a TAKKe
00 OLE-koMaHaax, KOTOpble OAJIepKuBaroTcsi cooTBeTcTByommmM OLE-cepBepom.

&' PepakTop peectpa Q@

®aiin [paeka Bua WsbpaHHoe Cripaeka
e (i | {00020801-0000-0000-CO00-000000000046} A || ma Tun 3HayeHme
+[_1 {00020803-0000-0000-CO00-000000000046 } EP](I'IO YMONYaHMIO)  REG_SZ  JMcT Microsoft Excel

BB 020015 0500 0000-Co00 00000300004 |
(1 AutoConvertTo
= (O AuxUserType
G2
Eas
(C1 Defaulticon
(£ Insertable
(C1 Notinsertable
(Z1 PersistentHandler
(3 ProgiD
(O Treatas
:_I {00020811-0000-0000-CO00-000000000046 }
:‘_[ {00020812-0000-0000-CO00-000000000046 }
;l {00020820-0000-0000-CO00-000000000046 }
:l {00020821-0000-0000-C000-000000000046 }

(71 £00020900-0000-0000-CO00-000000000046 Y
< > < >

Moi1 KoMMbroTEpYHKEY _CLASSES_ROOTYCLSIDY{00020810-0000-0000-C000-000000000046 }

LI SR SR S

Puc. 8.6. Oxno penakropa peectpa ¢ uapopmarmeii o mporpamme Excel

B GonpmmHCTBE ciy4aeB HET HEOOXOAMMOCTH B MPSMOM JOCTyre K peecTpy. CyllecTByeT MHOT'O
MEXaHHU3MOB, 00ECTICUMBAIOIINX O€30MaCHBIH (XOTS U OTpaHWYEHHBIN) KOCBEHHBIN JOCTYN K MH(OpMAaIUH,
3anucaHHol B peectpe. OmuH u3 HuX, a uMeHHo kiace COlelnsertDialog, Oyner paccMoTpeH mo3xe.

Cpena pazpaborku Visual C++ comepxut yrunuty OLE View, koropas mpeaocTaBisieT ajlbTepHa-
TUBHBIA crioco® mpocmorpa nHpopmanun o6 OLE-npunoxenusx. Ilpexae yem OLE-knueHT cMmoxer
BOCITOJIb30BATHCS YCIyTaMH CepBepa, OH JIOJDKEH BBIOpaTh cam cepBep. Crocob BeIOOpa cepBepa 3aBUCUT
OT KOHKPETHOH mporpaMMHO# peanuzauuu. Hanpumep, B mpoaykrax MS Offise B kauectBe OLE-cepBe-
POB aBTOMATHYECKH HCIONB3YIOTCS MPOAYKTHI, 3aperUCTpUPOBaHHbIC sl JAHHOTO MpUIIokeHus B Win-
dows. B apyrux nporpamMmmax HCHONB3YIOTCS CIeNUANbHbBIE HACTPOUKH MEHIO.

[NonHOpyHKIIMOHANBHBIE CEPBEPHBIE MPUIIOKEHUST PETHCTPUPYIOT ce0si aBTOMAaTHUECKH TPH MTEPBOM
3ammycke. Ecnu nmpunoxenue ObU10 co3naHo ¢ momomisio oubnuorekn MFC u mactepa AppWizard, cep-
BEp aBTOMAaTHYECKH perucrpupyercs B mpouenype Initlnstance npu Bemonnenun meroaa COleTemp-
lateServer::RegisterAll.

Jn1st MHHU-CEPBEPOB, KOTOPBIE HE MOT'YT 3alTyCKaThCs B BHJIE HE3aBUCUMBIX IMPOrPamMM, HEOOXOAUMO
MPUMEHATh UHOM 1oaxoj. Mactep AppWizard o0ecrieunBaeT perucTpalio MUHI-CEpBEpa IMyTeM COo3/1a-
Hust REG-cuenapus uist cepBepHOro MpUIOKEHHS.

OOBIYHO TIPH WHCTAJUTSMK MpHUIIOKEeHUs yTimTa Setup BemonHsier REG-cuenapuii. B npornecce
Pa3paboTKH MOXHO BBITIONHUTH TOT CIICHApUH HEMOCPEACTBEHHO C MOMOIIBIO penakTopa peectpa. s
3TOrO B MEHIO Registry penakropa peectpa Bbibepute komany Import Registry File, koTopas OTKpbIBaeT
JIMaJIOroBOEe OKHO BbIOOpa (atina. Beioepure REG-cuenapuii Ui perucTpaniy NpuIoKeHHs.

8.5.2. MpuHumnobl paspaboTtkm OLE-npunoxeHus

Panbiie coznanne OLE-npunokeHnid ObUIO CIOXKHBIM M 3allyTaHHBIM MPOLECCOM, TpeOOBaBIIMM
HAIlMUCAaHMSI COTEH CTPOK IIPOrPaMMHOIO KOAA JUIsl peanu3aldd TOJIBKO CaMbIX AJIEMEHTAPHBIX KIUEHT-
ckux onepanuid. C momompro 6ubmuorexkn MFC u macrepa AppWizard (uimm ero SKBHBaJIeHTa B IPyTruX
KoMmmmisTopax) mpoiecc coznanus OLE-KIMEHTOB CTaHOBUTCS TOYTH TPUBHAIBHOM 3amaueii. Kpome
TOT'0, 3TH K€ MHCTPYMEHTHI II03BOJIAIOT CO3/1aBaTh HecokHblie OLE-cepBephl.
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Pazpabomrxa OLE-knuenma. Ha tperbeM 3Tamne (GOpMHpPOBaHUS 3arOTOBKU MPOrPaMMbI-KINEHTA
¢ momortpo Mactepa AppWizard Bam OyneT mpegoCTaBiICHAa BO3MOXKHOCTh BKJIFOUWTH B TPHIIOKEHHE
MOJJIEPKKY COCTaBHBIX JOKYMeHTOB (puc. 8.7). Ha mepBoM sTame mpomecca paOOTBl C MacTepoM BHI
JIOJDKHBI BBIOPATh MOJIEPKKY MHOTOJIOKYMEHTHOro MHTepdeiica. [lo ymMonmyaHuio ycTaHOBIIEHa OMNIIHS
None. JIns peanmzanun OLE-knuenTa Hy»)HO BbIOpaTh onuuto Container.

MFC AppWizard - Step 3 of 6 d>d

—— ‘What compound document support would you like to
[~ Application .
File Edit Yiew Window Help include?

(" Mini-server

(" Full-server

(" Both container and server
[~
|7 Active document container
‘Would you like support for compound files?

(@ Yes, please
(" No, thank you

‘What other support would you like to include?

[~ Automation
[v' ActiveX Controls

< Back | Next > | FEinish Cancel

Puc. 8.7. Peamuzanmst OLE-kanenTa

[Ipu cozpanuu OLE-kimuenTa cieayer yuuThIBaTh OJHO orpaHuyeHre. He 3amaBaiite i mporpaMmel
naszBanuiit «OLE Client» umn «OLEClient» (momyckaercst umsi «OLE Client» ¢ cuMBomoM nomdepKuBa-
Hus). [Ipumenenne moOoro U3 yka3aHHBIX UMEH MpuBoIHT K cozganmio kinacca COleClientDoc B kaue-
CTBE KJIacca TPHJIOKEHHUS, YTO BBI3BIBAET KOH(IJIMKT C OJHOMMEHHBIM CTaHAApPTHBIM KilaccoM OMOIHO-
TEKU, HeoOXO0IUMBIM JyTs Ttosiep kK OLE-knueHToB.

ITo 3aBepmiennu paborsr Mactepa AppWizard 6ubnnoreka MFC co3gaer mpuiioxeHHe ¢ MHOTO-
JOKYMEHTHBIM HHTEp(ercoM, B KOTOPOM COACPIKUTCS JTOMOTHUTENBHBIN Kilacc, peaau3yIomni moBee-
Hue OLE-konTeiinepa — COle_ClientCntrltem.

Tenepr OLE-KIHMEHT MOMHOCTHIO TOTOB K KOMITUIISIIMY, KOMITOHOBKE M 3aImycKy. Eiie Gonee BaxHO To,
YTO TpOrpamMma roToBa K padore 6e3 TOMONMHUTENBHBIX Mep 1o obecriedeHuto noaaepkku texuonorud OLE.
3TO0 COBCEM HEMAJO, YUUThIBas CI0KHOCTh Iporiecca co3nanus OLE-knuenTta «c vyns». Ecnu mpukaszatsb
Mactepy App Wizard obecieunts nognepxky OLE-knuenta, on cosnact kinace COle ClientView.

Pazpaoomxa OLE-cepgepa. bubimoreka MFC u mactep AppWizard no3BoJisitoT co3/1aBaTh HE TOJIBKO
KIIMEeHTCKHe, HO 1 cepBepHble OLE-npunoxenus: (MUHH-CEpBEPHI U TTOTHBIE CEPBEPEI).

OLE-cepBepsl coznarorcsi Ha ocHOBE Tpex 0a3oBbix kiaccoB. Kimaccer COleServerDoc u COleSer-
verltem npumeHstoTcst Bcemu cepBepHbIMU npritokeHusiMu. Kimace COleTemplateServer ucmonb3yercs
MOTHOPYHKIMOHAILHBIMU CEPBEPHBIMU PUIIOKEHUSIMHU.

Haubonee pacnpocTpaHeHHBIM M BMeCTe C TeM MpocTedmuM B peanuzanuu tanom OLE-cepBepos
apisitoTes SDI-cepBepbl (cepBepbl OHOMOKYMEHTHOro nHTepdeiica). B xaxxgom SDI-cepBepe nmeercs
OZIMH OOBEKT cepBepa M OAMH OOBEKT JIOKYMEHTa. B O0TBeT Ha Kak[plil 3ampoc KIMEHTa 3amycKaeTcs
HOBBIN 3K3eMILIAp cepBepa. [lockoiabKy MUHU-CEpBEPHI HE MOAEPKUBAIOT MHOTOKPATHBIX COEAMHEHUH,
MuHH-cepBep SDI cofepXuT ToNbKO OAWH pabounii 00BeKT. B oTinmuue or MUHH-cepBepa TOIHOE Ccep-
BEpHOE MPHIIOKEHUE CO3JaeT HECKOIBKO OOBEKTOB, KOTJa HECKOIBKO KIMEHTOB YCTAaHABIMBAIOT CBSI3b
C OZIHMM U T€M K€ JIOKYMEHTOM.

MDI-cepBepsl (cepBepbl MHOTOIOKYMEHTHOT'O MHTepQelica) UCIONB3YIOTCS B TOM cliydyae, KOraa
3arpy’aTh HECKOJIBKO IK3EMIUISIPOB CEpBEpa HEPALIMOHAIBHO UITH KOT/AA MOJIHOE CEPBEPHOE MPHIIOKEHNE
UMeeT MHOTOAOKyMeHTHbI uHTepdeiic. K MDI-cepBepaM ¢ HECKOIBKMMH SK3EMILISIPAMH OTHOCSTCS
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Takue npuinoxeHusi, kak Excel u Quattro Pro, KoTopble mO3BOMIAIOT paboTaTh Kak ¢ AMarpaMmamu (Tpa-
¢uvecKkMMH OOBEKTaMH), TaK M C DJIEKTPOHHBIMH TaOmunamu. KakIplii cepBEpHBIA KJIACC CONEPKHUT
TOJILKO OJJMH KJIacC JIOKYMEHTa, a KaKIblii 00BEKT cepBepa COJAECPKUT TOJIBKO OJMH OOBEKT JOKYMEHTA.
Kaxaplid JOKyMEHT MOKET MPeJOCTaBUTh HECKOIBKO OOBEKTOB, a KK bl KJIACC IOKYMEHTa MOXKET MO~
JIep>KUBATh HECKOIBKO KI1acCOB 00OHEKTOB.

Hns coznanus OLE-cepBepa Ha Tperbem 3Tarie mpoiecca padoTsl ¢ mactepoM AppWizard MOXXHO
BBIOPATh MEXY CO3/IaHMEM MUHHU-CEPBEPa, TIOJTHOI'0 CepBEpa WM MPHIIOKEHUS KIMeHT / ceprep (puc. 8.8).

Co3nanne MUHH-CEpBEpa M MOJIHOTO CEpBEpa, €CIM PacCMaTPHUBATh MPOIECC OTHOCHTENBHO TOA-
nepxkku TexHonorun OLE, BRITSINT coBepiieHHO oauHakoBo. Ho B mpomecce pa3paboTku ropasio npolie
TECTUPOBaTh TONHBIA CepBep, MOCKONBKY OH MOXET paboTaTh B aBTOHOMHOM pexume. [Ipu cozganuu
KOMOMHHPOBAHHOTO KIIMEHT-CEPBEPHOTO MPUIIOKEHUS MTPOUCXOAUT aBTOMAaTHYECKOE CO3[JaHHe TIOIHOTO
cepBepa, a He MUHH-CepBepa, TIOCKOJIBbKY KIIMEHTCKas YacTh «HacTanBaeT» Ha paboTe MPUIOKEHHS B aB-
TOHOMHOM pe&KuUMe (MHUHH-CEPBEpP HE MOXKET BBICTYNATh B POJIM KIMEHTA, HE MMesl MOJIb30BATEIbCKOTO

unTepgeiica).
MFC AppWizard - Step 3 of 6 g]

‘What compound document support would you like to
include?

" None

(~ Container

" Mini-server

(" Both container and server
[7 Active document server
—
Would you like support for compound files?
® Yes, please
(" No, thank you
‘What other supportwould you like to include?

[~ Automation
[v ActiveX Controls

< Back | Next > | Finish | Cancel

Puc. 8.8. Peanuzanus nogHoro cepaepa

CdopmupoBap 3arotopky mporpammsl, Mmactep AppWizard B JONONHEHHE K KJIacCaM MPUIIOKEHUS,
TJIABHOTO OKHA, OKHA JOKYMEHTa M OKHa MPOCMOTpa BKIIIOYAET B MPUIIOKEHHE KIIACC OKHA PEAAKTHPOBAHHS
ClInPlaceFrame u xnacc cepepa CxxxSrvrltem, kotopsiii siBisiercs: mpou3BoaHbiM oT ColeServerltem.
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rnasa 9
I'IPMHLI,MHbI PA3PABOTKU MPOrPAMMHOIO KOAA
ANAa O6PABOTKU MyanMME,DMﬁHOﬁ MHPOPMALUU

§ 9.1. 0630p mynbTUMeAUnHDbIX ycTpoircTB Windows

B oneparuonnoii cucreme Windows mojjiepka TEXHOJIOTHH MYyJIbTUMEIHA 00ECIICUMBACT BO3MOXK-
HOCTHb PabOTHI ¢ pa3HOOOPa3HBIMU TIepHUPEpPUUHBIMU ayAHO- U BUAeoycTpoicTBaMu. [Ipu 3ToM peanusy-
eTcsl MHTErpalysl MHOXKECTBAa pPas3IM4YHBIX (OpMATOB JaHHBIX B €IWHOW CUCTeMHOH cpexme. Cpenctaa
MYJIbTHMEINA MOYKHO YCJIOBHO pa3JelIMTh Ha TPU COCTABHBIC YACTH: allapaTHbIE ayJuo- U BUAEOYCT-
pOMCTBa, ApaiiBephl 3THX YCTpOMCTB, 0000meHHbie API-pyHKINMM, KOTOpBIE MEepeBOIIT MPOrpaMMHBIC
WHCTPYKIIMU B KOMaHIbI JJIS IpaiiBEpoOB COOTBETCTBYIONINX YCTPOHCTR [12].

MynbTUMeIUITHBIE ONepaluy CBSI3aHbl ¢ WHTEHCHBHBIMU MOTOKaMH JaHHBIX. OHHM HaKIaJbIBalOT
BBICOKHE TPeOOBAaHUS Ha MPOM3BOAMUTENHLHOCTD LIEHTPAIBHOIO MPOLIECCOPa U €ro BO3MOXKHOCTh OBICTPO
obpabateiBaTh Oonbime 00beMbl nHpopManuu. s obecrieuenust 3¢ GeKTUBHON paboThl MyJIbTHMEANH-
HBIE YCTPOMCTBA JOIKHBI TIOAJCPKUBATH ONpe/elIeHHbIE CTaHIapTHBIE (PYHKIIMU ¥ TPOTOKOJIBIL.

UroObl 0becrieunTh ObICTpOE BHEAPEHHE MYJIbTUMEIUHHBIX cucTeM, Microsoft B coTpyaHuyecTBe
C IpYrMMH Pa3padoTYMKaMK anmnapaTHOrO M MPOrpaMMHOT0 obecrieueHus co3naim crenudukanuu Mul-
timedia PC, xoTopble ycTaHaBIMBAIOT MHHUMalbHBbIE TPEOOBaHHMS K TaKUM CHUCTEMaM. AMNMapaTHbIM
Y TIPOTPaMMHBIM TPOJYKTaM, COBMECTHMBIM C 3TUM CTaHJIApTOM, IpUcBanBaeTcs Toprosas mapka MPC.
Hanpumep, mpourpeiBatens KOMITAKT-IUCKOB JOJDKEH IepelaBaTh JIaHHBIE CO CKOPOCTBIO HE MeHee
150 K6/c, ucnonb3zys npu 3toM He Oonee 40 % pecypcoB meHTpaimbHOro mpoieccopa. CpeaHee BpeMs
norcka MH(opMaluu ajist TAKOro YCTPONCTBA HE IOJKHO MPEBBINIATH | C.

Tursl MyTbTUMEUHHBIX YCTPOUCTB, KoTopble mouepskuBaer OC Windows, npezacrasiiens: B Tad. 9.1.

Tabnuya 9.1
Twum yerpoiictBa Ornncanne
animation VY cTpoiicTBO BOCIPOU3BEICHHSI aHUMAIIUH
cdaudio [TpourpsiBaTenb My3bIKaJIbHBIX KOMITAKT-HCKOB
dat udposoii MmarauTohoH
digitalvideo YcrpoiicTBo BocipousBeneHus (ppoBoro Buaeo B okHe (He cpexcreamu GDI)
mmovie AHMManoHHble (hailbl
other Heomnpenenennoe MCI-yctpoiictBo
overlay OBeplieitHOE YCTPONCTBO (BOCIPOU3BOANUT aHAJIOTOBOE BHJICO B OKHE)
scanner Ckanep M300pakeHui
sequencer MIDI-cunTesaTtop
videodisc [IpourpeIBaTens Ia3ePHBIX IUCKOB
waveaudio YcrpoiicTBO BOCIpou3BeieHHs OLM(POBAHHEIX 3BYKOB (3BYKOBas KapTa)

Windows conepxut Habop IpaliBepoB, 00eCIIeUnBAIONINX MOIACPKKY Pa3IMYHbIX anmnapaTHBIX yCT-
pOMCTB M (hOpMaTOB JaHHBIX. B HemaaeKkoM MPOIUIOM ATH YCTPOHCTBa ObLIM HEAOCTYITHBI OONBIIMHCTBY
MoJIb30BaTeNell MepcoHaIbHBIX KOMIBIOTEPOB. Kpome JipaiiBepoB ycTpoHCTB MoJACHCTEMa MYJIbTUMEIUA
BKJIIOUYAET JpaiiBepbl BUI0AJaNITEPOB BBICOKOro paspenieHus, yruiautsl Sound Recorder (3Byko3anucs)
u Media Player (YHuUBepcaibHBIH MPOUTPHIBATEIB), & TAKKE HECKOJIBKO YTUIIMT B MAHENU YIPaBIICHUS,
[pENHA3HAYEHHBIX JJI1 MUHCTAJUISLUN YCTPOUCTB U HACTPOUKU MYJIbTUMEAUIMHON CPENBI.
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[Nomumo ammapatHOro obecrieueHust U ApaliBepoB MOJCUCTEMA MYJIbTUMEANA BKIIOYaeT HA0op ByHK-
Ui, 00pa3yloMX anmnapaTHo-He3aBUCUMBIA HHTepQENC I MyJIbTUMEANHHBIX MporpaMm. Tak, Cymiect-
BYET eIMHbII HaOOp KOMaHJ /il BOCIIPOU3BEACHHsSI ayqroQaiiyioB ¢ MOMOIIBIO JIF00OH 3BYKOBOM KapThl.
B OC Windows ¢yHKIMY, IpeTHA3HAYCHHBIC JIUISl BHIMOJHCHUS MYJIbTHMEIUINHBIX ONepalnuii, HaXOIATCs
B oubmoreke WinMM.DLL. CootBercTBenHO noacuctemMa Win32, npenHasHadyeHHas Uil HHTEPIpeTauu
Y BBIMOJIHCHUSI MYJIBTUMEIUWHBIX KOMaH], Ha3biBaercs WinMM. Crienyer OTMETHTb, YTO MPUIIOKEHUE,
ucnone3ytomiee komanapl WinMM, nomkHO copepxath Qaiin Mmsystem.H u umeTh cBs3b ¢ OMOIMOTEKOH
Winmm.LIB (B cpene Windows 3.1 mynberumenuitaple GyHKIMU Haxoasarcs B (aitne Mmsystem.DLL).
Takum oOpaszom, mpu mepeHoce npuinokenns uz Windows 3.1 B Gonee coBpemenHsie OC cemelicTBa
Windows HeoOxogumo yoeauthess B ToMm, uro B MAK-daiine BMecto Mmsystem.LIB Bkimtouen daiin
Winmm.LIB.

OmnepanponHasi cucTeMa oOeclieunBaeT YeThIpe Pa3IMuHbIX croco0a ypaBieH!s] MyJIbTUMETNHHBIMHA
orepanusIMH: JBa Ha0Opa KOMaHJ BBICOKOTO YPOBHS, OAWH HaOOp KOMaHJI HU3KOTO YpPOBHS M HaOOp
KOMaHJ JUisl BBOJa / BbIBOAA (haityioB. KoMaHIpI BBICOKOIO M HU3KOTO YPOBHEH YIPaBISIOT OAHUMU U TEMHU
XKe MyJbTHMEAUHHBIMU ycTpolicTBamHu. [lepBbie ynoOHee B MCIIONb30BaHWH, HO BTOPHIE SBISIOTCA Oojee
MoILIHBIMH. KpoMe TOro, mocKoJIbKy Bce BBICOKOYPOBHEBBIE KOMaH/bI peajH30BaHbl C MOMOIIbIO (PYHK-
U HU3KOTO YPOBHS, JIyUIIIEro ObICTPOAEHCTBHS MOXKHO AOCTHYb MPH HEMOCPEACTBEHHOM BBITOJIHEHUH
HU3KOYpOBHEBBIX KOMaH. KoMaHpI HU3KOTO YPOBHS B3aUMOJICHCTBYIOT HEIOCPEICTBEHHO C ApaiiBepaMu
¢usnvecknx yctpoiictB. KoMaHabl BBICOKOTO YPOBHS B3aUMOJICHCTBYIOT € JpaiiBepaMu JIOTHUECKUX YCT-
poiictB. B Windows ecTs TpH JIOrH4eCKHUX MYJIbTHMEAHHHBIX ycTpoiicTBa: MIDI-cuHTe3aTop, mpourpsi-
BaTellb KOMITAKT-ANCKOB, IPOUTPHIBATEND ayIuo(paiioB. ITH yCTPOWCTBa MPeoOpa3yroT BHICOKOYPOBHE-
Bble KOMaH/bl B oOpamieHuss K (YHKUIUSM HU3KOTO YPOBHS, aJpECOBAHHBIE KOHKPETHBIM (PU3NUYECCKHM
ycrpoiictBam. API Bbicokoro ypoBHsi, cOpMUpPOBaHHBIN JpaiiBepaMu JIOTHYECKUX YCTPOMCTB, Ha3bIBa-
ercs MCI (Media Control Interface — wntepdetic ynpasiieHus: cpenoi). MCI-komauabl n30aBIsOT
MPOrpaMMHUCTa OT HEOOXOAUMOCTH yuera MHOXKECTBa MOJIPOOHOCTEH, CBI3aHHBIX C YIIPaBIEHHEM IOTO-
KaMH JIaHHBIX, OIHAKO 33 CUYET HEKOTOPOTO YMEHBIIEHHS THOKOCTH.

MynbTuMeInitHbIE KOMaHIbl HU3KOTO YPOBHSA HEOOXOAMMBI TOJBKO B CIEIHMAIM3UPOBAHHBIX TPOT-
pammax. DYHKIMM BBICOKOTO YPOBHS IMO3BOJIIOT BOCIPOou3BOAuTh MIDI-(haiiibl, BUACOKIUIIBI, 3aITUCH
C JTa3epHBIX U KOMIAKT-JUCKOB, a TAK)KE 3alHChIBATH U BOCIIPOU3BOAUTE 3BYKOBBIC (DaiiiIbl.

MCI nomnepxuBaer JBa napauieiIbHbIX Ha00Opa QyHKIMIA: HHTep(erc KOMaH ] U UHTepderic co00-
meHuii. KomanHble CTPOKK U yIpaBIsiolue cooOMIeHUs CITyKaT AJIsl BHIIOJIHEHHS OJHUX U TeX XK€ oIle-
paumii, HO MepBbIe UCIIONB3YIOTCS B CHCTEMAaX aBTOPCKOM pa3paOOoTKH MPH HATMCAHUHU TT0JIb30BATENbCKUX
KOMaH/IHBIX CIIeHapueB ymnpasieHus ycrpoiictBamu. Oynknus meiSendCommand() moceuiaer ymnpasis-
toue coobmenus, Hanpumep MCI_OPEN umm MCI_PLAY. Ananormunas ¢ynkums mciSendString()
MOCHUIAET COOTBETCTBYIOIIME CTPOKH, HarpuMep open c:\sounds\harp.wav wm play waveaudio to 500.

Yerseptsoiii Habop MCI-koMan obecrieunBaeT YTeHHE U 3aUCh MYJIBTUMEANHHBIX (aiiinoB. MynbTu-
MeMitHbIe KOMaH bl BBOja / BeiBoJa (Multimedia I/O — MMIO) BocipuHUMarOT CTaHAAPTHBIA (opMaT
opranm3zanuu (aiinoB — RIFF (oH Oymer paccMOTpeH naliee), a TakKe OCYIIECTBISIFOT Oydepu3aliuio,
KOTOpasi 00ecreunBaeT OoNTHMAIILHOE PacipeielicHue HHTEHCUBHBIX TOTOKOB TAHHBIX.

INockonbKy CHHXPOHHU3ALIMS UTPAeT OYeHb OONBIIYIO POJIb NP BBHIMOJIHEHUH MYJIETUMEIUHHBIX Oepa-
Ui, B YaCTHOCTH Npu BocnpousBeneHnn MIDI-daiinoB u koopanHanmu paboThl pa3IMYHBIX YCTPOKCTB,
OCYLIECTBIISIONINX OJHOBPEMEHHYIO 00pa0OTKy NaHHBIX, moacucreMa WinMM mojjiepkuBaeT ycoBep-
LICHCTBOBaHHbBIC PYHKIMH TaiimMepa. MylIbTUMEIUIHBIN TaliMep He Tocbutaer coodmenuss WM_TIMER.
Ero pabora ocHOBaHa Ha npepbiBaHusIX. L{eHTpanbHBII MPOIeccop peryisipHO MOIydaeT CUTHANBI IPEPhI-
BaHUH OT MUKPOCXEMBI TaliMepa, a MyJIbTUMEIUINHBIN TaliMep BO BPEMsI 3TUX IIPEPbIBAHUN AaKTUBU3UPYET
¢$yHKIMH 00paTHOTO BBI30BA, COJEPIKAIIMECs B Balled mporpamMmme.

Curnanbl TaiiMepa TIpepbIBaHU SBISIOTCS 3HAUUTENBHO OOjiee PEryaspHBIMU 10 CPaBHEHHUIO € C000-
LICHUSIMH, TIOCKOJIBKY TPH WX UCIIOJIB30BAHWHU HE TPATHTCS BPEMs HA OXXKUAAHUE B OYepeH COOOIICHUI
npuioxerus. Kpome Toro, TOUHOCTh MyJBTUMEIUHHOTO TaiiMepa cocTaBisier 10 Mc (i mpoleccopoB
MIPS) mwmm 16 mc (ans mporeccopoB Intel), a HauMeHBIINI BO3MOXKHBIH WHTEPBall MEXKIY BHI30BAMH
¢ynkunu SetTimer() cocraBnsier mpuUOAM3UTENBRHO 55 MC, MpUYEM Jake TaKOl WHTEpBajl HE BCeraa
rapaHTUPOBaH M3-3a 3aJIepKeK B ouepenu cooduieHnid. BpemeHnHoe paspelenne TaiiMepa BappUpyeTcs OT
cucrteMbl k cucreme. OnpenenuTh KOHKPETHOE 3HAYEHHE pa3pelieHus] MOXKHO C TMOMOMIBI0 (YHKIUH
timeGetDevCaps(). PaccmoTpum Goree moapoOHO MoIIep:KKy CHCTeM aHuMaIuy U 3Byka B WinAPI [12].

183



0630p MynbTUMeANHbIX ycTpoincTe Windows

Anumayusn. Tloncucrema WinMM nonaepkuBaer BocnpousBeeHne aHuMaui. OTKPBIB yCTPOii-
CTBO mmoVie, MOXXHO 3aIlyCKaTh 4epe3 Hero aHnManuoHHble (ainbl. DyHKINUN pabOThl ¢ aHUManueld He
ceszanbl ¢ GDI. YcrpolicTBO mmovie BO MHOTOM aHAaJIOTMYHO ayJIuOYCTPOKMCTBY, MpeoOpasyrolieMy
(hbaiin TaHHBIX B BHIXOHOM MOTOK. [IpourpsiBaTenb BUICOKIMIIOB unTaeT naHHble u3 RIFF-daiina, coaep-
xarero 6J0ku JaHHBIX B hopmate RMMP.

[onnepxuBatoTcs Takue aHUMAIMOHHbBIE YPQEKTHI, KaK MEPCOHAXKH, CIEHbI, KUCTH, CMEHa KaJpOB
Y MAJUTPHI, 3BYKOBOE COMPOBOXKAECHUE, a TaKkKe MHoroe Jpyroe. OTKpbITHE YCTPOMCTBAa mmovie ocy-
mecTBisiercs ¢ nomoiipio coodenus MCI OPEN, Bocripon3BeieHHEe JTaHHBIX — C MOMOIIBIO CO00IIIe-
Hust MCI_PLAY, 3akpeitue ycrpoiictBa — ¢ nomouipto coodmenuss MCI_CLOSE. CymecTByer Takxke
HECKOJIBKO JIOTIOJIHUTEIbHBIX COOOIeHNH, criennMUYHBIX AJIs JaHHOTo ycTpoiictBa. Hanpumep, cooOie-
Hue MCI_STEP u3mensier Tekyllyro no3unuio B (aiiyic Ha HECKONBKO KaJIpoB B MPSMOM HJIH 00paTHOM
HanpasieHun. Coobmieane MCI WINDOW ycraHapnuBaer u HacTpauBaeT MapaMeTphl OKHA, B KOTOPOM
MPOUCXOAUT BocIpou3BeneHue kiuna. Ho B ocHoBHOM anuManmonHbsie MCI-koMaHabl paboTaloT aHalo-
THYHO KOMaHJaM BOCIPOW3BEACHUS 3BYKOBBIX (hailioB, U BbI, 3Has OAWH HAOOp KOMaH], JIErKo pazoepe-
TECh CO BTOPBIM.

Annapammusle cpeocmea oopadomxu 38yka. IlepBoHayanbHO UHTEPPEIC CO 3BYKOBBIMHU YCTPONCT-
Bamu ObuT BBeneH B Windows 3.x mox HaszBanueM MME (MultiMedia Extension — MynbTUMeIUitHOE
pacumpenue). [lpu neperoce Ha mwiathopmy Win32 oH NpakTUYECKH HE MPETEpIiesl H3MEHEHUU. 3BYKO-
BbIe ycrpoiictBa B Windows oTHOcaTcst kK kiaccy Multimedia/Audio. B gaHHBIN Kiacc mepBOHAYaIbHO
Bxo M Tpu tna ycrporicts: CD-DA (Compact-Disk Digital Audio), MIDI (Musical Instrument Digital
Interface) n Wave (waveform audio).

[lepBBIii — 3TO popMaT HUPPOBHIX 3BYKO3aNUCceld HA KOMITAKT-TUCKaX, KOTOPBIA MHOTIa Ha3bIBAIOT
Red Book — xpacHast kaura (110 BHEIIIHEMY BUJy OIyOJMKOBAaHHOTO JJOKYMEHTA, COJICPIKAIIErO OIUCAHUE
crangapTa). OToT QopMaT HPUMEHSETCs MPU MPOU3BOJACTBE MY3BIKAIBHBIX KOMIAKT-IUCKOB. Kaxkmas
CeKyH/JIa Takoy 3anucu 3aHuMaeT 176 KO 1uckoBoro mpocTpaHcTBa.

Hpyroii, 6omee KOMIaKTHBIN (HopMaT XpaHeHUs! JaHHBIX TPEICTABISAET COO0N CTaHAAPTHBINA MPOTO-
KOJI B3aMMOJICHCTBHSI MY3BbIKaJbHBIX HHCTPYMEHTOB M KOoMIbloTepoB. MIDI-(alinbl cocToaT U3 koMaHA
BOCITPOM3BEICHHSI PA3IUYHBIX MY3bIKAJIBHBIX AP PEeKTOB HU(POBBIMU CHHTE3aTOPAMH, 3aHIUMAIOT TOpa3/io
MEHbIIIE MECTa Ha JIMCKE U MO3BOJIAIOT CO3/IaTh BHICOKOKAYECTBEHHYIO MY3BIKY, HO JJISl UX 3alMCH HE0O-
xonuma crienranbHas MIDI-anmapatypa.

Tpernii popmat — ¢opmaT (ailnoB 3ByKO3allMCH — IMO3BOJSET 3alHMCHIBATH 3BYK HMPUEMIIEMOTO
KadyecTBa 0e3 cHHTe3aTopa, MpUYeM JaHHbIe 3aHMMAIOT MEHBIIE MecTa Ha JUCKE 1O CpaBHEHUIO ¢ (op-
matoM Red Book. DtoT opmaT obecnieurBaeT 3amuch 3ByKa IMyTeM AMCKPETHU3AIlMU BXOJHOTO CUTHAJIA
C OmpeieNIeHHOH YacTOTO| 1 3anucy HH(POBOTO 3HAUSHHSI KaX 101 BBIOOPKH.

B Win32 nononHuTeNbHO BBEACH THIT AUX — BCIIOMOTATENbHBIE 3BYKOBBIE YCTPOUCTBA (HApUMep,
MUKIIIEpPHI), TIPU TIOMOIINA KOTOPBIX PEaNHU3yeTcsl yIpaBlieHuEe mapaMeTpaMHu 3ByKa, PerylupoBKH, HACT-
poiiku u T. 1. Wave-ycTpoiicTBa NMpeJoCTaBIsSIOT BeCh HEOOXOAUMBINA CEpBHC JJIsl 3aIIMCH M BOCIPOU3BE-
JeHus1 TU(QPOBBIX 3BYKOBBIX MOTOKOB B PeaNbHOM BPEMEHH C MPOMEKYTOUHON Oydepuszanueil TaHHBIX.
Kaxpiii 13 THITOB BKITIOYAeT ycTpoiictBa BBoja (/n) u BeiBoaa (Ouf). TlepBbie citykat JiIs 3alucH 3ByKa
OT BHEIIHEro MCTOYHMKA B MPWIOKEHHE, BTOPbIe — JJIs BOCIIPOU3BE/IEHUS 3BYKa, MMOPOXKIEHHOTO MpHU-
JIOKEHUEM, WJIM U3BJIICYEHHOTO U3 3BYKOBOTO (paiiia, Uil MOTYy4eHHOTO HHBIM CIIOCOOOM.

Tunoeoii 38yxoeoii adoanmep conepxut crepeopounyeckue Al u ATl (ananoro-nudpoBoii
1 U(PO-aHAJIOTOBBIM TPeo0pa3oBaTeNn), MUKIIEP U YIPABISIONIMN ITUPPOBON MPOILIECCOp, KOOPIUHH-
pyrommii paboTy Bcex y3JIOB ajanrtepa. MUKIIEpP paclojoKeH B aHAJIOrOBOM 4acTu ajamnrtepa. B ero
3aaqy BXOJST: PErYJIMPOBKA BXOAHBIX YPOBHEW Pa3MUHBIX HCTOYHHUKOB 3ByKa (MUKpOQOHA, THHEHHOTO
BXO/1a, KOMITaKT-IMCKa, MOJIEMa H T.II.), CBE/ICHHE BCEX UCTOYHHUKOB B €IUHBIN 3BYKOBOW CHUTHAI, MOCTY-
natonii Ha ALLIL, a Taxke perynupoBka BBIXOJHOI'O CUTHaJIA ajfanTtepa, cHumaemoro c LIAIL.

B pexume 3anucu cxema ALl yepe3 paBHbBIE HHTEpPBaJIbl BPEMEHH ONPAIIMBAET BXOJHOW CHUTHAI
U opMmEpyeT MociIea0BaTeIbHOCTh MTHOBEHHBIX 3HAYSHUH aMILTUTYIbl, Ha3bIBa€MbIX OTcueTaMu. B 3aBu-
CHUMOCTH OT 3aJIaHHOI'0 PeKUMa Pa3psHOCTh OTcueTa (sample width) MoxeT ObITh pa3Hoi: 8 wiu 16 out —
JUIS TIPOCTBIX aJanTepoB, OT 18 10 24 OUT — Ui CJIOKHBIX M KaueCTBEHHBIX ajganTepoB. Yem Oosbiie
Pa3psaaHOCTh OTCYETa, TEM BBILIE TOYHOCTH HU(PPOBOTO MPEACTABICHUS CUTHANIA K HUKE YPOBEHD IIIYMOB
u iomex, BHocuMbIx ALIIT mpu oumndposke.
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UYactora, ¢ xoropoit ALl omparmmBaer BXOMHOW CHUTHAN, HA3BIBACTCS YAaCTOTOM HUCKPETU3AINH
(sample rate). [l TouHOrO NU(POBOrO MPEACTABICHUS CUTHAIA YacTOTa JUCKPETH3AIUK JIOJDKHA OBITh
KaK MHHHMYM BJIBOE BBIIIIC MAKCUMaJIbHOM Y4aCTOThI CUrHaja. Ha npakTiuke 0ObIYHO BRIOUpPAETCS HEOOIb-
IO 3amac AJi1 KOMIIEHcallMu norpemnoctel. Hanpumep, ajid npeacTaBieHus] CUTHAJIOB C MOJIOCOM Yac-
tot 10 10 kI['11 BRIOMpaercs yactora okono 22 kI,

[MocnenoBatenbHOCTH OTCUETOB, chopmupoBanHas AL, mepenaercss ynpaBisiFOIIMM HPOLIECCOPOM
B OCHOBHYIO NMaMsTh KOMIIBIOTEpa MpPHU MOMOIIM BHEMpoIeccopHoro aocryna k mamsatd (DMA — Ha
muHe ISA, Bus Mastering — na mune PCI). [locne 3anonHenus 4actu 001acTv MaMsTH, BBIJACICHHOM
st oOMeHa (OOBIYHO TIOJOBHHBI), ajganTep MOJAeT CUTHAN allapaTHOTO MPEPBIBaHUS, IO KOTOPOMY
NpaiiBep ajanTepa W3BJEKaeT HAKOIUICHHBIE B MaMSTH JaHHBIE M MEPEHOCUT WX B Oydep mporpammel,
3arpocuBIIel 3anuck 3Byka. [locie 3amonnenus Oydepa nporpammel JpaiiBep moAaeT eil mporpaMMHbIi
CUTHaJI, 110 KOTOPOMY INPOrpaMMa MEPEHOCUT JIAaHHBIC B HY)KHOE € MECTO: B JPYTyI0 O0JIACTh MaMSTH
Uit 00pabOTKY, HA JUCK, OTOOpakaeT Ha SKPaHe U T. II.

[Ipu Bocnipon3BeneHNH 3ByKa IPOUCXOIUT OOPaTHBIN MPOIIECC: MporpaMma 3alichIBaeT MOCIIeI0Ba-
TENFHOCTh 3BYKOBBIX OTCUETOB B Oydep U mepenaer ero ApaiiBepy, KOTOPBIHA 110 YacTsM NEPEHOCUT JaH-
HbIe B 001acTh mamsitu it DMA. Vnpasistomuid mporeccop ajanrtepa mocjie/0BaTeIbHO U3BJICKACT U3
naMmsTH OTCUeThl U HampasisieT ux Ha LIAIL rne oHu npeoOpa3yroTcs B OOBIYHBIN NEKTPUUYECKUH 3BYKO-
BOM CUTHAJI, KOTOPBIN, PO YEPE3 PETYIATOPBl MUKIIEPA, IIOMANAET HA BBIXOJAHON PA3beM aiarrepa.

s ynoodcTra Oydep oOMeHa Mex Ty TPOIECCOPOM U 3BYKOBBIM aJIallTePOM JISIACTCS [IUKITHUECKUM
(KOJIBIIEBBIM). DTO O3HAYAELT, YTO MMOKa ojHa cTopoHa (amantep wim L) Beger 3anuch nepBoi MOJIOBUHBI
Oydepa, npyras cTopoHa AOJKHA YCIIETh MPOYMTATh JaHHbIE U3 BTOPOH MOJIOBUHEI, 1 Hao0opoT. Eciu
obictpoaeiictBusa LT wim apaiiBepa He XBaTaeT WM HapylIaeTcs MpaBuibHast paboTa CHCTEMBI anmapart-
HBIX TpephIBaHUM, TO 3alMCHIBAEMBbIH 3BYK TEpSETCS, a BOCIIPOM3BOAMMBIN — 3alMKIMBAETCA. 3allUK-
JMBaHUWE KOPOTKOro (hparmMeHTa BOCHPOM3BOAMMOIO 3ByKa — THIUYHBIA MPH3HAK HEBEPHOTO BHIOOpA
JIMHUYW NPEPhIBaHUA JJId alanTepa UM HEUCIIPABHOCTU B CUCTEME HpepI)IBaHI/II\/'I.

B3anmMopeiicTBre MPHUIOKEHUS C IpaiiBepOM OpraHU3yeTcs B BHJE B3aUMHOTO OOMEHa HOMOKAMU
36YKO6bIX OanHbIX B pealbHOM BpemeHH. OT yCTpoWCTBa BBOAA K MPUIIOKEHHIO HMJIET HEMPEepPBIBHBIN
IIOTOK 3aIIMCAHHOIO 3BYKA, OT IPUJIOKEHUS K YCTPONCTBY BBIBOJA — HENPEPBIBHBIN IIOTOK BOCIIPOU3BO-
aumMoro. IlpunokeHne AOMKHO yCleBaTh MPUHUMATH 3aMMCHIBAEMBI IOTOK U (JOPMUPOBATH BOCIIPOM3-
BOﬂHMLIﬁ, HMHA4€ B 3BYKOBLIX ITOTOKAaX BO3HUKAIOT BBIMAJICHUA U ITIOMEXU.

36yKo060it Oyghep CAyXUT IS TIEPEHOCA TMOTOKOB MEXIY MPUIOKEHUEM U 3BYKOBBIM JIPABEPOM.
On npencrasisier co0oil 001acTh MaMATH, B KOTOPOH XpaHUTCS HEOOIBIIONW (parMeHT MOTOKa JUTUTENb-
HOCTBIO B JIECATKM WJIM COTHU MHJUIMCEKYHJ. 3BYKOBBIE Oy(epbl CO3MAIOTCS MPUIOKEHHEM U 3aTeM
MepeaaroTcs IpauBepy: MyCThle — JJIA YCTPOMCTB BBOJA, 3allOJTHEHHBIE 3BYKOBBIMU JAaHHBIMU — JUIS
YCTpOKCTB BhIBOAA. JlpaliBep cTaBUT MonydeHHbIe Oydepsl B ouepens B MOPsIIKE MOCTYIUIEHUS; BOCIIPO-
W3BEICHUE WUJIH 3alTUCh JAHHBIX BEIETCS C Hadana O4epe/y.

[Tocne 3aBepiieHuss 00pabOTKKM KaXJIOTO OYEpPeHOro Oydepa apaiiBep BO3BPAIIACT €0 MPHIIOKE-
Huto. C sToro momenrta Oydep IocTyreH IJisi MOBTOPHOTO MCIOIB30BAHUS: OH MOXKET OBITH 3aIlONHEH
HOBBIMH JIJaHHBIMM U CHOBA IIEPENAH ITOMY XK€ HJIU JPYrOMY 3BYKOBOMY YCTPOWMCTBY ISl IIOCTAHOBKU
B ouepens. TakuM 00pa3om, MEeXIY ApaiBepoM M MPUIOKEHUEM MPOUCXOIUT HUKIMUECKOE «BPAILICHHUE
Oy epoB, B KOTOPHIX NIEPEHOCATCS 3BYKOBBIC TIOTOKH.

Jlis kaxx70ro 3ByKOBOTO Oydepa MPUIIOKEHHUE TAKXKE CO3/IaeT 3arojioBoK (header) — NHeCKpUNITOD,
KyJ/ia 3aHOCSTCSI TIapaMeTphl Oydepa u pexxuMbl ero 00padoTku. OOMeH OydepamMu MeX Iy MPHIOKECHUEM
U IpaiiBepoM MPOMCXOAUT B BHJE OOMEHa MX Jeckpunropamu. Eciii kK MOMEHTY 3aBeplIeHUs] 00paboTKH
Oydepa ycTpoiicTBa BeIBOJA B OUepenr He UMeeTcs cienyroniero Oydepa, TO B BBIXOIHOM 3BYKOBOM
CUTHaJle BO3HHMKAET I1ay3a, HO BHIBOJ MOTOKa He mpepbiBaercs. Eciu mporpamma He ycrneBaeT mepeaathb
NpaliBepy o4YepeaHol Oydep i yeTpOHCTBa 3aITUCH, TO ()parMEHT CUTHAJIA TEPSICTCS.

3BYKOBBIE YCTPOWCTBA ACIATCS Ha CUHXPOHHbBlE W acuhxponnble. CHHXPOHHOMY YCTPOWCTBY VIS
BBITIOJIHEHHUSI OTIepalliid 3amrcH / BOCIPOU3BEICH s TPEOYIOTCS BCE pecypehl IIEHTPAIBHOIO Mpolieccopa.
JpaiiBep Takoro yCTpoucTBa, MOJYYHB OUepeaHON Oydep, He BO3BpaAIlaeT YIpaBJICHUs JI0 TEX MOp, MOKa
Oydep He OyJer 3amojiHeH WK NpourpaH. B ouepenu npaliBepa CHHXPOHHOTO YCTPOMCTBA MOXKET HaXO-
JMTHCS. TONBKO OAMH 3BYKOBOH Oydep. ACHHXpOHHOE yCTpOWCTBO paboTaeT HE3aBUCHMO OT IEHTpPajb-
HOT'O mpoleccopa, o0pabarbiBast JaHHBIE B BBIJCICHHOW OOJACTW MaMATH W JIMINbL HU3pefaKa (OJUH pas
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B HECKOJILKO JIECATKOB MIJUIMCEKYHJI) COOOIIasi IpaiiBepy O 3aBepIICeHUH 00paboTKU ouepeaHoro ¢par-
MeHTa ToToKa. [[paiiBep acHHXpOHHOTO YCTPOICTBa BO3BpAllaeT yIpaBieHHE Cpasy ke MOCIIe TOTydeHHS
odepenHoro Oydepa, 1 B €ro ouepea MOXKeT HaXOIUThCsl CKOJIb YTOHO O0JbIoe Komu4ecTBo Oydepos.

3BYKOBBIE alaliTePhl, CIIOCOOHBIE OJHOBPEMEHHO 3alMChIBATH M BOCIPOU3BOAUTH Pa3IUYHBIC 3BY-
KOBBIC TIOTOKH, Ha3bIBAIOTCS noanoodynaekchoimu (full duplex). CooTBETCTBYIOIIME YCTPOWCTBA BBOJA
1 BbiBoIa B Windows MOTYT ObITh OTKPBITBI M HCIIOJIB30BAaHbI OJHOBPEMEHHO, IPU 3TOM BCTPEYHbBIC
MOTOKY HUKaK HE BIMSIOT IPYT HA JPyTa.

Apnantepsl, ciocoOHbIE B KaXKIblii MOMEHT BpeMeHH paboTaTh TOIBKO B OJHOM pexuMe (MO0 Ha
3aIuch, JIMOO Ha BOCIIPOM3BENCHHUE), HA3BIBAIOTCS Hoydynaekchoimu (half duplex). I3 cooTBercTBYIO-
IIel mapel ycTpoicTB B Windows OJTHOBPEMEHHO MOXKET OBbITh OTKPBITO TOJIKO OJJHO — JIHOO0 yCTpOM-
CTBO BBOJIa, JINOO YCTPOMCTBO BbIBOAA. [Ipu MOMBITKE OTKPBHITHS BTOPOrO YCTPOMCTBA BO3BpaIIacTCS
OIINOKa «yCTPOWCTBO 3aHATO.

HexoTopsie amantepsl 00:1aat0T BO3MOKHOCTBIO OTPaHUYEHHON TONMHOAYTIEKCHON paboThl, HAMpH-
Mep: TOJIBKO B MOHO(OHHYECKOM pexxuMe (psia azanTepoB Ha Mukpocxemax ESS), Tonbko B BockMupas-
psaHoM pexume (OombmmHCcTBO Mogenei Sound Blaster 16, AWE32, SB 32, AWE64) u T. 1. B ocranb-
HBIX PSKUMax TaKue agantepbl padoTaroT TONBKO B MOTYIYIUIEKCE.

[Ipu 3aBepmiennn 00paboTKu Kaxkgoro Oydepa ApaliBep ycTaHaBIMBaeT B €ro 3arojioBke Quar
TOTOBHOCTH, TI0 KOTOPOMY MPUJIOKEHHE MOXKET OINpPENeNUTh, YTO ApaiiBep OcBOOOIMI JaHHBIA Oydep.
OpHaKo I aCHHXPOHHBIX YCTPOKMCTB ropaszo Oosiee 3peKTHBHBIM CIIOCOOOM BO3BpaTa Oydepa sBisi-
ercs ygedomaenue (notification), Ipu KOTOPOM JipaiiBep MO0 BHI3bIBACT 3aIaHHYIO (DYHKITHIO MTPHIIOMKE-
HUsA, 100 aKTUBU3UPYET COObITHE (event), nuOO mepenaer COOOIICHUE 3aJaHHOMY OKHY WJIM 3ajaye
(thread) npunoxenus. [Ipu 5ToM B mapaMerpax (QpyHKIMH UM COOOLIEHUS MEpeaaeTcs TakKe yKa3aTenb
3arojioBka Oydepa.

Ilepen Tem kak OBITH TEpEeJaHHBIM ApaiiBepy YCTPONCTBA, KaK/bIi 3BYKOBOH Oydep JoikeH ObITh
noozomoenen (prepared). Kax npaBuiio, HoAroToBKa 3akitodyaercst B pukcanuu Oydepa B maMsTH, Tax
Kak OOJIBIIMHCTBO 3BYKOBBIX aJIallTEPOB MOJB3YETCsl BHEMPOIIECCOPHBIMU METOIAMU TepeAayn JaHHBIX,
a 9TH MeTo/bl TpeOYIOT pa3MenieHus Oydepa Ha OMHUX M TeX e aapecax nmamstu. [lepemava npaiiBepy
HEMoArOTOBJIEHHOr0 Oydepa MPUBOAMUT K OLINOKE.

[Tpu pabote co 3BYKOBBIMH aJaliTepaMy Hallle BCETO UCMOIb3yeTcs TPaIuMOHHbBIN crmocod nudpo-
Boro koaupoBanusi PCM (Pulse Code Modulation — wumnynbcHo-komoBass mMonymsauus (MKM)). Psan
MTHOBEHHBIX 3HAYEHHH 3BYKOBOHM aMILTUTY/BI, CICAYIOMIMX APYT 32 APYTOM C YAaCTOTOM JAWCKPETH3AIIHH,
MPEACTABISACTCS PAIOM YHCEN BBIOPAHHOM Pa3psAHOCTH, 3HAUYEHHS KOTOPHIX MPOMOPIHMOHAILHBI BEIH-
YHHE aMIUIMTYbl. VIMEHHO B TakoM BHJE 3BYKOBOW MOTOK cHuUMaercs ¢ Bbixoaa ALl nnm monmaercs Ha
Bxoxa LIAIL. Omnako Hapsay ¢ mpenensHO npocTotoii PCM obnagaeT cyniecTBEHHOM W30BITOYHOCTBIO,
nepenaBasi 3ByK HaCTOJIBKO TOYHO, HACKOJIBKO 3TO BO3MOXKHO TPH BHIOPAHHBIX MapaMerpax onu(poBKH.
3a4acTyio mpu MPOrpaMMHUPOBAHHM 3BYKOBBIX YCTPOWCTB Ha IEPBBIN IUIAH BBIXOAUT 3a/1a4a MUHHUMH-
3allii CKOPOCTH M 00beMa 3BYKOBOI'O MOTOKA, B TO BpeMsl KaK OTIEIbHBIMH MapaMeTpaMH TOYHOCTH
W Ka4ecTBa MOKHO TMpeHeOpedb. B Takux ciydasx UCIOIB3YIOTCS APYrHe CIOCOObl KOAWPOBAHHMS, KOTaa
3ByKOBasi MH(OpMAIHs MPEACTABISICTCS B BUJC OTHOCUTEIBHBIX M3MEHEeHWil ammutyasl — ADPCM
(adaptive differential PCM — anantuBHas pazHoctHas UKM), MTHOBEHHBIX «CHUMKOBY» criekTpa (Audio
MPEG) u T.11. O6pabateiBath 38yk B PCM cnocoben mro6oii 3ByKoBo# afgantep. MHbIe criocoObl KO-
POBaHUS anmapaTHO PEaATH3YIOTCS JIMIIb B CIIENUAM3UPOBAHHBIX afanTepax.

COBOKYITHOCTh OCHOBHBIX IMapaMeTpoB IMOTOKA: CIOCO0a KOIUPOBAHMSA, YACTOTHI JTUCKPETHU3alluH,
KOJTMYECTBa KaHaJoB (cTepeo/MOHO) H Pa3psAHOCTH OTCUeTa — Ha3biBaeTcs ghopmamom nomoka (Wave
Format). Kenaembiit popmaT yka3biBaeTcsi MpH OTKPBITHH yCTpoHcTBa. st cMeHBI popmaTa Tpedyercs
3aKpBITHE U TIOBTOPHOE OTKPHITHE YCTPONCTBA.

['maBHBIM mapaMeTpoM gopMaTa SIBISETCS CIIOcO0 KOIUPOBaHMS, KOTOPHI Ha3bIBAETCA €lle PU3Ha-
koM (opmara (format tag). Kaxxaplii cmocod KOIUpOBaHUS TOPOXKAAET TPYIITy OJHOTHIIHBIX ()OPMATOB,
Pa3IMYAOIUXCsl UMb TOYHOCTHIO TIPEICTABICHHS, @ CIeJ0BaTEeIbHO, U KAUeCTBOM IMepeauu 3BYyKa.

OcHoBuble yacToThl Auckperusanun (11025, 22 050 u 44 100 ') B coueTaHusIX ¢ pa3TuIHBIM KOJH-
4ecTBOM KaHasioB (1 uiu 2) v pa3IuuHOM pa3psaHOCThi0 oTcuera (8 uiu 16) mpu crnocode KoIupoBaHuUs
PCM o6pazytor 12 tumosix ¢opmartos. Yacrora 11025 'y (Tonoca 3BYKOBBIX YacTOT MPUMEPHO A0 S5 K1)
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MpUOIM3UTENEHO COOTBETCTBYET KauecTBY TenedonHoro curaana, yacrora 22 050 ' (momoca mo 10 k') —
cpenHero paauonpueMuuka, yactora 44 100 I'p (monoca o 20 kI'11) — kayecTBEHHO!N 3BYKOBOW ari-
napatype.

HawnMenbineit enuHuIeil 38yKOBOTO TIOTOKA sBJSETCS 010K, COOTBETCTBEHHO pa3Mep KaxJjoro Oy-
¢epa, mepenaBaeMoro 3ByKOBOW IMOJACHCTEME, JOIDKEH OBITH KpaTeH pa3Mmepy OJioka, a o0beM JaHHBIX,
BO3BpalllaeMblii YCTPOWCTBOM BBOJIA, BCerja Oyzer kpareH pasmepy Oiioka. B PCM Onokom cumrtaercs
Ha0Op OTCUETOB, TepeJaBaeMbIX 3a OAMH MEPHOJA YacTOThI JUCKPETU3AllUKM, & UMEHHO: OAWH OTCUET —
JUTE MOHO(OHUYECKUX MTOTOKOB, JIBa — JIJISl CTepeo(MOHNYECKUX U T. 1. Takum oOpa3om, OJIOKH CIENyIOT
Jpyr 3a JIPYyroM C YacTOTOM AMCKPETHU3AllMH, a OTCUETHl B OJIOKaxX pa3MelIaloTcsl HauuHas C JIEBOTO
(myneBoro) kaHana. Ecnu orcuer 3aHuMaer 6onee oJHOro Oaifta, TO OaThl pa3MemaroTcs B MOPSIKE MO
CTapIIMHCTBY, B TOPSIKE BO3pacTaHMs, KaK 3TO MPUHATO B Tpoueccopax Intel. BocbMupaspsianeie oT-
cuersl B PCM mpeacraBnstorcs B Buje 0€33HAKOBBIX LIENBIX YHCEN. 3a HyJb CHTHajla MPUHSITO «ICHT-
panbHOe» 3HadyeHue 128 (mecrHagumarepuunoe — 80). Mrtak, npenenbHON OTPHUIIATEILHOW aMIUTHTY]IC
CUTHaJla COOTBETCTBYET HYJIEBOE 3HAUEHHUE OTCYETA, a MPENEIbHOW MNOJOXKUTEIbHOU — 3HaueHue FF.
Jns nepecyera 3HaUSHUH OTCUETOB B 3HAKOBYIO ABYHOJSIpHYIO (hopMy B auamnazone ot —128 o +127 u3
HUX HYXHO BeIYHTaTh 128 (0%80) mim mpubaBsATh TO K€ caMoe CMEIIEHHE, BBIYUCIISIA IO MOIYIo 256,
YTO JIa€T TaKOW K€ pe3yJibTar.

OrtcueTsl ¢ pa3psigHOCTBIO OoJiee BOCEMH IIPEICTABIISIOTCS B BUJIE LIENBIX YMCEN CO 3HAKOM B CTAHAAPT-
HoM (opmare Intel. 3a Hynb cHTHaNa MPUHATO HYJIEBOE 3HAYEHHE OTCUeTa. 37eCh MOXKET 0e3 KaKHX-TH00
OrpaHMYEHHI MPUMEHATHCS OObIYHAs Lenas apudMerTrka, HanpuMmep Haa Tunamu short (16-pa3psiaHbIi)
u long (32-pa3psanbiii). Ecnu pa3psiiHOCTh OTCUETa MpeBbIIaeT 16, oHa MOXKET ObITh HE KpaTHa OaliTy —
COBpPEMEHHbIE 3BYKOBbIE aJlalTephl MOTYT UCHONb30BaTh 18-, 20- u 22-pa3psaHble oTcueTsl. B Takom
cllydae OTCUET BBIpaBHHBAETCA MO CTapilell TPaHWIE TPeX- MM YeThIpex0aiToBOro cjoma, a JMIIHHUE
MITaJIIINE Pa3psabl 3amONHAITCS HyIsiMU. [lomoOHOe mpeacTaBieHre Mo3BoJsieT padoTaTh C OTCUETAMU
o000l pa3psAAHOCTH Tak ke, Kak ¢ 24- unu 32-paspsaHbiMA. OT QakTHdecKol pa3psaHOCTH OTCUeTa
3aBHCHUT JIMIIb TOYHOCTh TIOTYYEHHOTO YHCIa.

C MoMeHTa 3amycKa NOTOKa apaiiBep OTCIEKHBACT TEKYIIYIO MO3UIUIO 3aIUCH MU BOCIPOH3-
BE/IEHUS, KOTOpasi B JII000H MOMEHT MOXKET OBITh 3ampolleHa MPHIOKEHUEM. TOYHOCTh ONpeneeHHs
peajbHOM TO3WIUKM 3aBHCHUT OT HCIIOJIB3YEMOTO YCTPOMCTBA: OHa MOXKET YKa3blBaTh Ha KOHKPETHBIN
3BYKOBOH OTcUeT 1100 Ha HEOOBIIYIO TPYIITY OTCYETOB, HAXOAAILIYIOCS B JAHHBII MOMEHT B 0OpaboTKe.
Kak mpaBuio, Bce agantepbl UMEIOT CKPHITYIO HEOONIBIIYIO O4epellb MEXIY BCTPOSHHBIM IPOLIECCOPOM
u LATT/ ALIII, Tak 9TO MOJMy4YEeHHAs OT JIpaiiBepa MO3MIIMSI IOYTH BCerja OyIeT OTINYAThCSA OT PEaIbHOM
Ha HECKOJBbKO oTcueToB. JlpaifBep OTCIeXHBaeT MO3UIUIO IyTeM IOjcYeTa KOJMYECTBa 3BYKOBBIX OJI0-
KOB TIOTOKA, MEPEAaHHBIX OT MPUIIOKEHHs K YCTPOHCTBY MM HaoOopot. Eciiu mpuinokeHue He ycreBaer
CBOEBPEMEHHO TepeaBaTh JApaiiBepy 3ByKoBbIe Oy(depsl, TO BBIYMCICHHAS MTO3UIMsI OyIeT OTCTaBaTh OT
JeWCTBUTEILHOT'O BPEMEHH 3allMCH WIIM BOCIIPOU3BEICHHUS.

Huknnyeckoe nBuxeHue OydepoB MokeT OBITH MPUOCTAHOBIEHO M 3aT€M BO300HOBJIEHO C MECTa
MPEPBIBAHUSI C COXPAHECHUEM MO3UIIMYU B TIOTOKE. [10TOK MOXET ObITh YHUUTOXEH (COPOIIIEH) — B 3TOM CIIy-
yae JqpaliBep HEMEJICHHO BO3BpalllaeT MPUIIOKESHUIO BCE K Iymue Oydepsl 1 00HYJISET MO3UIUIO TTOTOKA.
J7ist yCTpOICTB BOCIIPOM3BENICHUS OJIMH MM HECKOJIBKO UAYIINX ToApsi OydepoB MOTYT ObITh 3alMKICHBI
(looped): B aTOM cityuae npaliBep TOCIEAOBATENBHO MIPOUTPHIBAECT MX 33JaHHOE KOJIWYECTBO pas3, Mocie
4ero BO3BpallaeT NPUIOKEHHUIO U IEPEXOAUT K BOCIPOU3BECHUIO CIEAYIOIUX OyQepoB U3 ouepenu.

3BykoBas nojacuctemMa Windows Jiormyckaer paboTy ¢ yCTPOHCTBOM HECKOJILKHX MPOIECCOB (KIMEH-
TOB) OTHOBPEMEHHO. MHOTHE COBPEMEHHBIC U JIaXKe HEKOTOpbIE yCTapeBIIME 3ByKOBBIE YCTPOHCTBA MO~
Jiep’KUBatoT OoJiee OJJHOTO KITMEHTa; YCTPOHCTBO BBIBOJIA (MJIM €T0 ApaiiBep) CMENIMBAET IPOUTPHIBAEMBIE
KJIMEHTaMH 3BYKOBBIE TIOTOKH, & YCTPOMCTBO BBOJA Pa3MHOXAeT 3allMCHIBAEMBIH MMOTOK AJISI BCEX MOJ-
KITIOUEHHBIX KJIHMEHTOB.

YCTpoiicTBO, IpaiiBep KOTOPOro TMOJJICPKMBAaEeT He Ooliee OJHOrO KIMEHTa, HE MOXET OBITh
MOBTOPHO OTKPBITO 0 TEX IOp, MOKa KIMEHT He 3aKpoeT ero. IIpu MOmbITKE MOBTOPHO OTKPBITH TaKOe
YCTPOMCTBO 3BYKOBasl MOJICHCTEMa BO3BpAIacT COOOIIEHHE 00 OMMOKE, CUTHAIM3UPYIOIIEE O TOM, YTO
YCTPOMCTBO 3aHSATO.

JUis ynpolieHus: peaau3aluyu OCHOBHBIX ollepanuii co 3BykoM Windows COJEpkKHUT CITy:KOy mepe-
HazHauennss — Wave Mapper. Tlockonbky B OC Windows MoXeT OBITH yCTaHOBJIEHO Ooiiee OJHOTO
3BYKOBOT'O YCTPOMCTBA, CYyHIECTBYIOT IOHSTHS CTAHIAPTHOTO CUCTEMHOTO YCTPOHCTBA BBO/AA U CTAHAAPT-
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HOTI'0 CHCTEMHOTO ycTpoiicTBa BbiBoja. Oba oHM 3ajmarorcs B 3akianke Audio-popmbl CBOHCTB MyJIbTH-
Menua. [IpunoxeHne MOXKeT 3allpOCUTh Pa0dOTy ¢ KOHKPETHBIM 3BYKOBBIM YCTPOWCTBOM JHOO CO CTaH-
JapTHBIM CUCTEMHBIM. B mociiennem ciydae ciyx0a nepeHa3HadeHus onpeeseT Hy>KHOe YCTPOUCTBO.

Kpome Tpancnsiuy 3ampocoB K HYKHOMY YCTpOiCTBY, Wave Mapper MOXET BHITIONHATh U TTOUCK
HanboJee MOAXO/ISIIEro yCTpoicTBa, MOAAePKUBAIOLIEro TpedyeMblii popMaT 3ByKa.

B Win32 umeercs noncucrema cxarus 38yka (Audio Compression Manager — ACM), ipy IoMOIIIH
KOTOpOi BO3MOXHO B3aMMHOE MpeoOpa3oBaHHE 3BYKOBBIX (DOpMATOB Kak BHYTPH TPYIHI, TaK U MEXIY
HuUMH. Hapsiny ¢ mpocTeiME mpeoOpa3oBaHMAMH (M3MEHEHHEM YacTOThl JWUCKPETHU3AIMH, KOIUYECTBa
KaHAJIOB WU paspsnHocT orcuera) ACM mpenocrasisieT mMpokuiit Habop GopmaToB cxatusi: ADPCM,
a-Law, mu-Law, MSN Audio, GSM, MPEG wu . 1. [Toncucrema cxxatusi peain3oBaHa B BUJe Habopa Tak
HasbiBaeMbIX KojekoB (ACM Codec) — cnenmanbHbix japaiiBepoB ACM, KOoTOpble HEMOoCpenCTBEHHO
3aHUMAIOTCS TIEPEBOIOM 3BYKa M3 oHOro dopmata B apyroi. Cam ke ACM — 310 aucnierdep, KOTOPBIi
B3aUMOJICHCTBYET C MPWIOKEHHEM M MO 3alpolIeHHBIM (popMaTaM aKTHBU3UPYET HYXKHBbIE KOJEKH,
cHaOxas ux HeoOxomumbiMu napamerpamu. Cirysk6a ACM MOXKET UCHONB30BaThCsS KaK aBTOHOMHO —
4yepe3 cOOCTBEHHBIN OT/AENbHBIN HHTEp(deiic, Tak 1 aBTOMaTH4ecKu — ciy:x00ii Wave Mapper.

Koraa mpunoxeHue OTKphIBaeT KOHKPETHOE 3BYKOBOE YCTPOMCTBO, yKa3biBas TpeOyeMbiil (hopmar
MOTOKA, 3BYKOBas MOJICHCTEMA IBITAETCS CBI3aThCsl HETIOCPEACTBEHHO C JipaiiBepoM ycTpoicTBa. OgHaKo
€CIIM YCTPOMCTBO HE MOJICPKUBAET TpeOyeMblii (popMaT, a oOpaTUBIICHCS TPOrpaMMoN paspelieHa pa-
0ota uepes Wave Mapper, To oJIcCCTEMa MOXXET TIONBITATHCSA HAWTH MOAXO AN Kojek ACM, KoTOpbIit
croco0eH B pealbkHOM BpeMEHH MpeoOpa3oBhIBATH OJMH M3 «POAHBIX» (popMaToOB ycTpoiicTBa B hopmar,
3aMpOIICHHBIN NpuiIokeHueM. Eciu Takod kojek OOHapyKeH, MOACHUCTeMa MPO3PAaYHO BKIIOYAET €ro
B paboTy MEXIy JpaiiBepoOM U NMPUIIOKECHUEM, a IPUIIOKEHUE MOXKET CUMTATh, YTO BhIOPaHHBIN (popMaT
MOTOKA MOJIEP’KUBAETCS] HETTOCPEACTBEHHO YCTPOMCTBOM.

3ByKOBas TOJCHCTEMa HyMepYyeT YCTaHOBJIEHHBbIE YCTpOIiCTBa HauMHas ¢ Hymns. Ilpu ycraHoBke
HOBOT'0 YCTPOWCTBA MJIM yJaJIEHUH CYIIECTBYIOIIEr0 HyMepalus M3MEHSAEeTCs, MO3TOMY JaXKe BO BpeMs
paboThl MPOrpamMMbl B CHCTEME MOTYT MOSIBUTHCS MIIM MCUYE3HYTh 3BYKOBBIE YCTpOHCTBa. BMecTo HOMepa
3BYKOBOT'O YCTPOMCTBa MOXET MCIIOJIb30BaThC Kiko4 (handle) paHee oTKpwITOro ycrpoiictBa. Cucrema
aBTOMAaTHYECKH OMpelesieT, Kakoe IMEHHO 3HaueHue nepeaHo natepdeiicHol ynknun. Kak u B ciy-
qyae ¢ Qaiigamu, Ipu OTKPBHITHH KaXKJOr0 3BYKOBOTO YCTPOMCTBA CHCTeMa BO3BpallaeT ero MaeHTU(u-
karop, win kiou (handle), o KOTOPOMY 3aTeM MPOUCXOIUT BCS OCTalbHAas paboTa C YCTPOMCTBOM.
dopmabHO HIEHTU(PHUKATOPHl YCTPOHCTB BBOJA W BhIBOAA MMEIOT pasnuuHble Tunbl — HWAVEIN
u HWAVEOUT, oanako ob6a onu »kBuBaNicHTHEI TUITY HWAVE, KOTOPBI MOXET HCIIOJIB30BATLCS IS
CO3JJaHHS YHUBEPCAIBHBIX (PYHKIMH, HE 3aBUCSIMX OT THIA YCTpoicTBa. Kitoun 3ByKOBBIX YCTpPOKCTB
HE MMEIOT HHYero oOuiero ¢ KirouamMu QaiioB, COOBITHH, OKOH, 3a/1ad U T.m. CHUCTeMHBbIE (YHKIUH
DuplicateHandle(), CloseHandle() v mpounie K HUM HENPUMEHUMBI.

Hecmotps Ha To, uTo Gombmiast yacTh (yHKUMI uHTEp(deiica oguHakoBa IMO0 CHMMETpPUYHA IS
YCTPOWCTB BBOAA M BBIBOJA, pa3paboruumku Microsoft Mo HEMOHATHOM NMPUYMHE Pa3ICIUIN Ha3BaHUS
(GyHKUME Ui YCTPOMCTB BBOJAa M BBIBOJA: KakAas (QYHKIUS WMeeT NMpedUKC, COCTOSALIMNA W3 TUIa
U «OpHeHTalum» yctporictBa: midiln, waveOut v T.11. C OIHOW CTOPOHBI, 3TO CIIOCOOCTBYET 3aIlUTe OT
OIMOOK, HO C APYrOil — YCIOXKHSAET CO3[]aHre YHUBEPCATBHBIX (DYHKIMH M KJIACCOB, B KOTOPBIX HalpaB-
JIEHWE TIepeaayun 3aJJaeTcsl IapaMeTpOM.

['maBHBIM HemocTaTKOM 3BYKOBOU mojacucteMbl MME, peanu3oBannoi B Windows 9x, siBisiercst To,
4TO MOJCHCTEMA U ee IpaiiBephl Tak M ocTalich 16-pa3psanHbivy, kak U B Windows 3.x. U3-3a aToro kax-
noe oOpallieHre K 3ByKOBOMY JipaiBepy u3 Win32-nmpuioKeHus COIMPOBOXKIASTCS JIBOMHON CMEHOM pe-
KUMa UCTIONHEHUS (thunking), 4T0O IPUBOIUT K JOTIOJHUTENLHBIM BPEMEHHBIM PacxojaM, KOTOpbIe MOTYT
JOXOJIMTh JI0 SIMHUI] MHJUTUCEKYH]I. KpoMe TOro, MHOTHe JpaiiBepbl OrpaHUYMBAIOT YACTOTY OOHOBJIC-
HUS KOJIbLIEBOTO Oydepa, uepe3 KOTOPbIi naeT oOMeH MeXAy KOMIBIOTEPOM U aJanTepoM, JI0 HECKOIb-
KHX JIECSTKOB pa3 B CEKyHJAy, OTUEro B MpoIlecce Mepeladd 3ByKa BO3HHMKaeT oTcraBaHue (latency).
V npaiiBepoB 11 agantepoB ISA 3T0 oTcTaBaHME MOXET JOCTUraTh JIECITKOB MUJUTMCEKYHJI, y ApaiiBe-
poB s agantepoB PCI 0HO OOBIYHO OrpaHUYMBACTCS SIUHUIIAMH MUJUIUCEKYH],

s Oornee omepaTHMBHOTO BHIBOJA 3BYKa, OCOOGHHO ¢ MoAu(HKamueid ero B pealbHOM BpEMEHH,
Microsoft paspaboran Gonee HOBbIN uHTepheiic — DirectSound. Dtotr uHTEepdeiic NpU3BaH «ITPUOIIH-
3UThY» ammaparypy ajgantepa K NPUKIaJHOW MporpaMMe U MO3BOJSET el MPaKTUYECKH HAIMPSIMYIO 3aIlv-
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CBIBAaTh 3BYK B CHUCTEMHBIN KOJNBLEBOW Oydep, CBOAS MaKCHMallbHBbIE 3a/IepKKH K eIUHHIIAM MHJLIU-
cekyHa Iyt moboro agantepa. [Ipu pabore ¢ DirectSound nporpamma oOpainaercsi HEMOCPEICTBEHHO
K 32-pa3psiTHOMY CHCTEMHOMY OpaiiBepy agantepa (VxD), MuHys mepexiroueHust Mexay 32- u 16-pas-
PSAHBIM PEKUMAaMH UCTIOTHEHHS.

B nensix adpdextuBHo# pabote unTepdetic DirectSound nomxeH noIep>KUBaThHCSl CHCTEMHBIM Ipai-
BepoM ajamntepa. [Jis yeTpoicTB, IpaiiBephl KOTOPBIX HE nojepxkuBatoT DirectSound, Windows sMyiu-
pyer HOBBI HHTepdelic «moBepx» oObraHOro MME-npaiiBepa, HO B 3TOM ciydae BCe 3aJEPKKU JaxKe
BO3PACTAIOT U3-32 HAKJIAJHBIX PACXOJI0B Ha SMYJISIIHIO.

K coxanenuto, Microsoft paspaborana crnenupukanuio pacuvpenus DirectSound 1uisi 3BYKOBBIX
VxD ToJIbKO B 4acTU BOCIPOU3BEIECHMS 3BYKA, JIEHCTBYS MPEXKAE BCErO B MHTEpECAX MPOU3BOJAUTENEH
urp. 3anuck 3ByKa uepe3 DirectSound o cux mop BeneTcs myTeM dMysiuu nosepx MME.

Crenyer oTMeTHTS, 4TO 3ByKoBas noacucrema Windows 3.X u 9X, paBHO Kak M MOJICHCTEMa yIalleH-
Horo nocrymna k cetu (RAS), obnamaer HU3KOW yCTOWYMBOCTBIO K OIIMOKAM. DTO Yalle BCEro MpOsBIIsi-
ercsi B TOM, YTO NPU aBapUHHOM 3aBEpIICHHH MPOrPaMMBbl, OTKPBIBIIEH 3BYKOBBIE YCTPOICTBa U pado-
TaloIeil ¢ HUMH, CUCTEMa HE BBIMOJHIET KOPPEKTHOTO 3aKPBITH (cleanup) MCIONB3YEMBIX YCTPOICTB.
B pesynbraTe 3TOrO B psifie ClydaeB MOCIE TAKOro aBapUHOTO 3aBEpLICHHUs] MOXKET MOTpedoBaThCs mepe-
3arpyska, a 7o TeX IOp He3aKphIThIe YCTPOHCTBA OYAyT HEAOCTYITHBI PYruM MpuiioxkeHusM. Kpome Toro,
16-pa3psaHble MOACKCTEMBI 3alUILEHBI OT OIIMOOK TOpa3 o MeHbIIe 32-pa3psAHbIX, TaK YTO CEPbE3HbIC
OIIMOKH B 3BYKOBBIX MTPOrpaMMax MOTYT MIPUBOANTH K COOSIM U «3aBHCaAHHAM» Beel cucteMbl Windows.

B Windows NT Bce nmoacucremsl caenaHbl U3HAYaIbHO 32-pa3psaHbIMH, IIO3TOMY ONMUCAHHBIX MPOO-
JIeM TaM He BO3HHKAET, OJTHAKO 3aJeP’KKH BBO/IA U BHIBOJIA 3BYKa MO-IIPEKHEMY OMPENENAIOTCS YaCTOTOM
OOHOBJICHUS KONBLIEBOTO Oydepa, KoTopas 3aaercs ApailBepoM KOHKPETHOTO aianTepa.

§ 9.2. dnemeHTapHble API-pyHKUMM ANa 06paboTKM 3BYKa

Ilpozpammnusie cpeocmea oopadomku 3¢yka. 110 oOMENIPUHATON JTOrOBOPEHHOCTH (haiiyiamM 3BYKO-
3amucH npucBauBaercs pacmmpenrne WAV. Jinst Bocipou3BeAeHUS 3ByKa OOJBIIMHCTBO MPOTPaMM HC-
MOJB3YIOT OJHY U3 TPEX MPOCTEHINUX (YHKIUH, KOTOPBIE JIydlle BCEro MOAXOAST Al paboThl ¢ KOPOT-
kumu WAV-daitnamu:

o MessageBeep() — BOCIIPOM3BOJUT CUCTEMHBIE 3BYKH, 3aHECEHHBIC B PEECTP B KaUECTBE CUTHAJIOB
MPEeAYNPEKICHUN 1 CUTHAIOB 00 OMIMOKax;

e SndPlaySound() — Bocmpou3BoauT 3BYK HemocpencTBeHHO n3 WAV-daitna unu u3 6ydepa
B aMSITH;

e PlaySound() — noBast ¢pynakuust Win32, kotopas Bo MHOroM ayonupyeT koManay sndPlaySound, Ho
HUMECT IBa OTJIMYUA: OHAa HE BOCIPOU3BOIUT (I)par MCHTDBI, HAXOIAIINECAd B MaMATHU, HO IO3BOJICT MPOCITY-
IIMBaTh 3BYKO3aIMCH, KOTOpBIE XpaHsTCs B pecypcax tuna WAVE.

Oynkums MessageBeep() nprHIMaeT eIMHCTBEHHBIN MapaMeTp, YKa3bIBAIOIIMA OAWH U3 TISITH CHUC-
TEMHBIX 3BYKOB, CKOH(HTYPHPOBAaHHBIX C MOMOIIBIO TAHENW yIpaBlieHUs. JOMONHsIs KakKIblid BBI3OB
¢ynkunu MessageBox() dynkuueit MessageBeep(), MOXXHO CONpPOBOXKIIATh 3BYKOBBIMH CHUTHAjaMH BCE
COOOIIEHMSI Pa3IUYHOr0 ypOBHS BakHOCTH. Hampumep, ecinu @ynkuus MessageBox() oroOpaxkaer 3Ha-
yok MB ICONHAND, B kauectBe aprymenta MessageBeep() Takke ITOMKEH 3aJ1aBaThCsl Iapamerp
MB_ICONHAND. Bocnipon3BoauMelii 3ByK onpeaensercs 3anuckio SystemHand B cucremHom peectpe.

B Tab:. 9.2 npuBeneH CMCOK JOMYCTUMBIX 3Ha4YeHWH napamerpa (ynkimu MessageBeep(), a Taxke
COOTBETCTBYIOIIMX UM 3aIlUCell B peecTpe.

C moMomIpio maHenu yHpaBieHHUsI WM PEAaKTopa peecTpa IMONb30BaTelNb MOXKET CBS3aTh C STUMHU
curHaiamu 000t WAV-gaiin. [TonoOHO BceM ocTaabHbIM (DYHKIIHSIM, CBS3aHHBIM C BOCITPOU3BEICHUEM
3BYKOB, (hyHKIMs MessageBeep() TpeOyer Haymuus JpaiiBepa COOTBETCTBYIOIIETO YCTPOCcTBA. OOBIYHBIN
AVUHAMUK IEPCOHATIBHOI'O KOMIIBIOTEPA HE ABJIACTCA aICKBATHBIM MyJ]I)TPIMCI[I/II;'IHI)IM YCTpOﬁCTBOM.
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Tabnuya 9.2
3HaueHue rmapamerpa 3ammce B peectpe
OxFFFFFFFF CTaHnapTHBIN CUTHAJ, BOCIIPOU3BOAMMBIN Uepe3 JUHAMUK KOMIIbIOTEpa
MB ICONASTERISK SystemAsterisk
MB ICONEXCLAMATION SystemExclamation
MB_ICONHAND SystemHand
MB_ICONQUESTION SystemQuestion
MB_OK SystemDefault

C nomomkto ynkiuu sndPlaySound() MoskHO BOCIIpOM3BECTH JIFOOON CHCTEMHBIN 3BYK, 3a(hUKCH-
POBaHHBIN B peecTpe U CKOHPUTYPUPOBAHHBIM C TIOMOIIBIO TTAHENN YIpaBiIeHus (KpoMe MATH CTaHIapT-
HBIX CHCTEMHBIX 3BYKOB MOTYT HCIIOJB30BATHCS JOMOJHHUTENbHBIE), WM BOCIPOM3BECTH HEMOCPEICT-
BeHHO WAV-daiin:

BOOL sndPlaySound (LPCTSTR IpszSoundName, // (paiin wam 3amuck peecTpa
UINT uFlags); // gmaru cemeiictBa SND

[epBeIii MapaMerp ykas3pIBaeT Ha 3allUCh B peecTpe, Hampumep SystemStart wmm SystemQuestion.
Kpome Toro, oH MOXKET cojiepKaTh MOJIHbIHN myTh 1 UMt WAV-daiina. @ynkius sndPlaySound() Tpedyer
cBOOOAHOTO O0ObeMa MaMsTH, JOCTaTOYHOTO JUIs TOJHOHM 3arpy3kd Bcero Qaiina 3Byko3amucu. OHa
Jydiie Bcero paboraer co 3ByKOBbIMHE (paiinamu, pasMep KoTopsix He npesbimaer 100 K6.

B kadecTtBe BTOpOro nmapamerpa oxupaercs (iar, 3aJarolii mapaMeTpbl BOCIPOU3BEICHHS 3BYKa.
[IpuBenemM HECKOTBKO BO3MOXHBIX 3HAUEHH ATOTO Mapamerpa:

o SND MEMORY — onpezenser nepBblii mapamMerp Kak ykaszarellb 00beKTa, HAXOISAIIEerocs B ra-
MSITH, a He KaK UM (aiiyia uin CHCTEMHBIN 3BYK;

e SND _SYNC — 3aBepiraer BOCIPOM3BEACHHE 3BYKa M IIOCJIE 3TOTO BO3BpAIIAET YIpaBiICHUE
MpOrpaMMme;

o SND_ASYNC — Bo3Bpamaer yrnpasjieHue nporpaMme HEMeIJICHHO U BOCITPOU3BOMT 3BYK B (po-
HOBOM PEKUME;

o SND_ASYNC | SND_LOOP — Bo3Bpaiiaer yrnpasjiceHue MporpaMmMe HEMEJICHHO U B (DOHOBOM
PEKMME BOCIIPOM3BOIUT 3BYK JO TE€X IOp, MOoKa mporpamma He Bbi3oBeT ¢GyHkimio sndPlaySound() co
3HaueHueM NULL B kauecTBe epBoro napamerpa;

o SND NODEFAULT — 3ampemniaer BOCIPOM3BEIACHUE KAKUX-THOO 3BYKOB, €CJIM HEBO3MOXKHO
HaiiTu 3amaHHbl daiin. O6sryHO QyHkuma sndPlaySound() B Takux ciydasix BOCIPOW3BOIUT CTaHIAPT-
HBIN cucTeMHBIN 3BYK SystemDefault.

HHH BOCIIPOU3BEACHUA 3BYKOB, CKOMIIMJIMPOBAHHBLIX B BHJC PECYpPCOB, JIYUIIC BCEro MnOAXOAUT
¢ynkius PlaySound():

BOOL PlaySound (LPCTSTR IpszSoundName, // amst (haiina mim pecypea
HANDLE hModule, // ICTOYHUK 3BYKOBOT'O pecypca
DWORD dwFlags); // omIK BOCTIPOU3BEIEHHS

OyHKIMS HHTEPIPETUPYET MEPBBIA MapaMeTp B COOTBETCTBUH C YCTAHOBIICHHBIMHU (hJIaraMu:

e SND ALIAS — BOCIpOM3BOAUT 3BYK, 3aJJaHHBIA B CUCTEMHOM peectpe. [lepBrlit mapamerp mpen-
CTaBJISIET COOOH TICEBIOHKMM, 3alMCaHHbBIN B peecTpe, HanpumMep SystemAsterisk nim SystemHand;

e SND_FILENAME — Bocnipou3BoIuT 3BYK, 3anucaHHblii B WAV-gaiine, mo aHamoruu ¢ QpyHk-
nueit sndPlaySound(). [TepBriii napamerp ykassiBaeT umsl aiisa;

e SND_RESOURCE — BoCIpon3BOIUT 3BYK, COepKaIIniics B MporpaMMHOM pecypce. IlepBbrit
napamerp MpeAcTaBiseT co0oi MASHTHPHUKATOP pecypca, KOTOPHIH BO3BpallaeTcss MaKpOKOMaHJIOH
MAKEINTRESOURCE.

Otu Tpu (ara ABISIOTCS B3auMoucKimouatonmmu. Kpome Hux ¢ynkius PlaySound() pacmosnaer
HekoTopeie (ary, onpenenenubie A sndPlaySound(), vanpumep SND NODEFAULT u SND ASYNC.
®nar SND_MEMORY oHa He pacmo3Haer.
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Eciu B cocraBe mapamerpa dwFlags orcyrcrByer ¢uiar SND RESOURCE, Bropoii mapamerp —
hModule — urnopupyercs. B nporusHoM ciiyyae napamerp hModule uaentudunupyer nporpammy, pe-
CYPCBhI KOTOPO BKJIIOYAIOT 3BYKO3AIKCh, YKa3aHHYIO aprymeHToM IpszSoundName. JlaHHBII 1eCKpHUIITOD
MOKET ObITH moyueH ¢ nmomortpio yaknun GetModuleHandle(), LoadLibrary() unu GetWindowLong().

B Windows He onpeneneno kitoueBoe ciioBo WAVE, koTopoe Morio Obl UCIIONB30BaThCs B (paiiyiax
pecypcoB 1o aHajoruu ¢ kiaroueBbiMu cioBamu ICON n BITMAP, Ho BB Becerja Moxere camMoCTOs-
TEJIBHO OMPEENINTh COOCTBEHHBIH TUI pecypca [12]:

<ums pecypca> WAVE <umsa ¢aitna> // 100AaBHUTH 3BYKO3AIHCh K pECypcaM IPOrpaMMbl

[Mapamerp <ums pecypca> npencTaBisier co00 UM, UCTIONB3yeMOe JUIT HOBOT'O pecypca, a mapa-
MeTp <ums paiina> ykaspiBaer Ha WAV-¢aiin. @ynkius PlaySound() Bcerna uimer pecypebl, THI KO-
TOpHBIX ompeneneH kak WAVE.

Oynkunu PlaySound(), MessageBeep() u sndPlaySound() mpocTsl B HCIIOIB30BaHUM, HO UM MPHCYI]
psin orpannueHuid. UToOBI 3a1aBaTh TOUKY Hayalla BOCIIPOM3BEICHMS, 3alIUCHIBATh M MUKIINPOBATH 3BY-
KM, U3MEHSTh YPOBEHb I'POMKOCTH, HY>KHbI JJOOJHUTENbHbIE KOMaHbl. OCHOBHBIM CPEICTBOM MYJIbTH-
MeauitHoro nporpammupoBanus seisiercs MCI-untepdetic. [IpuBenem ero onucanue.

MClI-onepanun OpraHu30BaHbl B BHJIE KOMAHHBIX COOOIICHUN, KOTOpPhIE MEPEIAIOTC YCTPOUCT-
BaM. B ofmiem ciy4ae omepamnus HauWHAETCsl C OTKPBITHS YCTPOWCTBA, 3aTeM MOCBUIAETCS KOMaHJa,
Hanpumep MCI PLAY unu MCI_STOP, kotopast 3acTaBisieT yCTpOMCTBO HayaThb BOCIIPOW3BENEHUE,
OCTaHOBMTHCS, HAUaTh 3aIHCh, IIEPEMOTKY» U T. 1. HakoHell, MpOMCXOIUT 3aKphITHE YCTPONUCTBA.

Camoii BaxxHoit u MHoroueneBor cpeau MCI-dyukiuit seisiercs ¢ynkius mciSendCommand().
OHa cimyXuT JUIs Tiepeadn yCTPOHCTBY OJTHOTO U3 MHOTOUMCIIEHHBIX CUTHAJIOB!

MCIERROR mciSendCommand (MCIDEVICEID mciDevicelD, // uIeHTU(UKATOpP YCTPOICTBA

HINT uMessage, // HOMep cooOrIeHust
DWORD dwFlags, /I pmaru DWORD
dwParamBlock); // vHpOpMalMOHHAs CTPYKTYpa

Ilepevtii napamemp mciDevicelD npexacraBnsier coboii ampec KOHKpeTHOro ycrpoiictsa. [Ipu ot-
KpbITUU ycTpoiicTBa koMaHaa mciSendCommand Bo3Bpaiiaer ero uaeHTu(GuKaTop, KOTOpbIi coo0IaeT
Windows, Kyz1a J0JKHBI OBITh aIpeCOBaHbI COOOIICHHMSI, TOCHLIAEMbIC TIOCJICTYOIUMHU KOMaH IaMH.

Bmopou napamemp uMessage nipeictaBiser co00l KOHCTAHTY, HAITPUMED:

e MCI_OPEN — oTKpbIBaeT yCTPOWCTBO (HAYaJIO ceaHca);

o MCI_CLOSE — 3akpbIBaer ycTpoicTBO (KOHEII ceaHca);

e MCI_SET — u3MeHsieT yCTaHOBKH yCTPOICTBa;

e MCI_PLAY — HauMHaeT BOCHPOU3BEACHUE;

e MCI_STOP — npepriBaeT BHITIOIHEHNE TEKYIIEH OEpaIINH;

e MCI_RECORD — nauunaer 3anuch 3ByKa;

o MCI_SAVE — coxpanser 3anucaHHbIi ()parMeHT B Buje (aiiia.

Tpemuii napamemp dwFlags o0bIYHO TpeCcTaBIIsAeT COO0M KOMOMHAITUIO HECKOJIBKUX (DJIaroB, KOTO-
pule momoratoT Windows nHTeprnpeTupoBath kKoMaHay. HaGop BO3MOXKHBIX (DJaroB M3MEHSIETCS B 3aBH-
CHUMOCTH OT KOHKPETHOTO COOOIICHUS, HO HEKOTOPhIC U3 HUX SIBJISIFOTCS OOLIMMH Uil BCEX COOOIIEHHH.
Hampumep, dyukius mciSendCommand() o0sraHO paboTaer acuHXpoHHO. Korma 3ta komMaH1a WHUIIM-
UpYyeT Olepalyio ¢ yCTPOHCTBOM, OHA HE OXKHJACT 3aBEpPIICHUS BBHITIONHEHHS TOH omepanuu, a HeMeI-
JICHHO 3aBepIIaeTcs, B TO BpPeMsl KaK YCTPOWCTBO MPOIOJDKAET BBITIONHEHHE OIepalud B (DOHOBOM
pexume. Ecni HeoOX0IMMO 3HATh, KOT/Ia BHIMIOIHEHUE OTEpalliy 3aKOHUUTCA, CIIeyeT YCTAaHOBUTH (iar
MCI_NOTIFY, u nogcuctema WinMM mnepenact cooOlieHre O 3aBepIICHHH, YTO MOXKET ObITh HE00XO-
JUMBIM TIPU 3aKPBITHH YCTPOMCTBA IO 3aBeplleHrnr BocripousBeneHus 3Byka. @nar MCI. WAIT unnnum-
UpyeT CHHXPOHHYIO paboTy (o komanae mciSendCommand() BBITIONHEHHE MPOrpaMMbl OCTaHABJIMBA-
ercsl 10 TeX TOop, OKa YCTPOWCTBO HE 3aBEPUINT BHIMOTHEHUE TEKYIIeH 3a1a4H).

IHocneonuii napamemp dwParamBlock Taxke n3meHsiercss OT cooOIeHus K cooomienno. OH Beeraa
MpEACTaBIsAeT COOOH CTPYKTYPHUPOBaHHYIO MEPEMEHHYIO, COAEpXkallylo JIMO0 MHPOPMAIUIO, KOTOopas
HEOOXO0JMa YCTPOWCTBY JUISl BBITIOJHEHUS! KOMaH/pBI, MO0 IyCThIE MO, KOTOpble OYIyT 3amolHEHBI
YCTPOMCTBOM B PE3yJIbTaTe BHITOTHEHUS KOMaHIBI.

191



MpuHUMNbI pa3paboTKM NPOrpamMmMHOro Koaa ana obpabotkn dopmara RIFF

§ 9.3. MpuHuKunbl pa3paboTkm NnporpammHoro Koaa ana obpabotku ¢popmara RIFF

9.3.1. CtpykTypa dopmarta RIFF

B nenom crnemyer 0TMETUTB, YTO MYJIbTUMEAUHHBIE (ailiibl COOTBETCTBYIOT CTaHIApPTHOMY (opMaTy
RIFF. [IporpamMucTam, pa3pabaTeiBalOIIM MYJIbTUMEAUHHBIC PHIIOKEHUS, HEOOXOMMO pa30upaThCs
B crpykrype RIFF-(aiinos u 3Hath ocooenHOCTH MMIO-(QyHKIWM, NpeIHa3HAUCHHBIX IS 3aIUCH U UTe-
HUS 3THX (DaiiJIoB.

[porokon RIFF (Resource Interchange File Format — dopmar ooMeHa (aitiamu pecypcoB) OIMUCHI-
BaeT (ailJIoBYIO CTPYKTYPY C TETOBOM OpraHM3aliieil. JTo o3Haydaer, 4To (aia MOXKET ObITh Pa3oUT Ha PsijI
HEperyaspHbIX OJIOKOB, TIOMEUEHHBIX OCOOBIMH KOPOTKMMH cTpokamu — mezamu. Tern RIFF-¢aiinos
MPEACTABISIOT o000 YerbipexcuMBoNbHbIe Kobl, HanpuMmep RIFF, INFO nmm PAL (4eTBepThIM CHMBO-
nom tera PAL sBusiercs mpoben). Kaxknplii Ter HaunHaer 010k dannvix (chunk). Hanbonee BaxHbIe
6nokn HaumHarotcsi ¢ tera RIFF m moryr comepkaTh npyrue OJIOKH, KOTOpbIE Ha3bIBAIOTCS 610MCEH-
Hotmu. RIFF-gaitiel Bcerna naunHatotest ¢ 0yioka RIFF, a Bce ocTanbHbIE TaHHBIC OpraHU30BaHbI B BUJIC
BJIOYKCHHBIX OJIOKOB TIEPBOrO OJIOKA.

Kaxaplii 6510k COCTOMT M3 TpeX yacTeil: Tera, 3HaAUYEHHs pa3Mepa W JBOMYHBIX JIAHHBIX. Ter cool-
I[aeT O THUIE MOCISMYIONIUX JaHHBIX. 3HaueHHe pa3mepa, umeroniee Tun DWORD, ykaseiBaeTr 00bem
JAHHBIX, cOJlepKaIuXcs B OJ0Ke. B KOHIle TaHHBIX HAXOJMTCS Ter CIEMyIOUIero OJIoKa, eclii TaKOBOH
nmeercs. Daiinpl 3ByKo3amucell Bcerja cojiepkaT HE MEHEe JIBYX BIIOKCHHBIX OJIOKOB: OJIMH U3 HHUX
npeAHa3HadyeH Jis yKa3zaHus (¢opmarta, Ipyrod — Ui caMHUX JaHHBIX. B HEKOTOpHIX OJOKax MOXKET
ObITH 3amucaHa UHPOpPMaIKs 00 aBTOPCKHX MpaBax W HOMEPE BEPCHU WIIM COIEPIKATBHCS CITUCOK MpPU3-
Hakog (cues), T.e. TIO3ULHIHA B (aiiie, CBI3aHHBIX C ONPEACICHHBIMU COOBITHSIMUA BHYTPH APYTHX OJIOKOB
WK APYTHUX (PaiiiioB.

Bnoku RIFF otnuuatorcst oT G0NbIIMHCTBA OJOKOB TEM, YTO MX MOJS JaHHBIX (T.€. pas3lien IBOWY-
HBIX JIAaHHBIX) BCErJa HAYMHAIOTCS C YETHIPEXCHMBOJIBHOIO KOJia, 0003HAYAIOIIETO THI COJEPKHUMOTO
¢aiina: 3sykoszanuce (WAVE), MIDI-gaitn (RMID), DIB-¢aiin (RDIB), Buaeoxknun (RMMP) wim na-
mutpa (PAL).

[ockonbky B RIFF-daiinax comepkuTcsi Tak MHOTO YETHIPEXCUMBOJIBHBIX KOJIOB, CYILECTBYET CIIe-
nuaibHast MakpokoManga mmioFOURCC, npenHasHaueHHast 471 CO3IaHuUs 9TUX KooB. [IpuBenenHas nanee
koMan/a 3anuckiBaeT Ter RIFF B omHO 13 moneii nHGOpMaIMOHHON CTPYKTYPHI:

MMCKINFO mmckinfo.ckid = mmioFOURCC ('R, 'T, 'F', 'F');

Crpykrypa MMCKINFO copepxut MH(POPMAIIHIO, OMUCHIBAIOIYIO OTJCIbHBIN OJIOK JaHHBIX. [Ipu
YTEHUU JIAaHHBIX CUCTEMa 3allOJHSET TOJIs OMMCAHUEM TeKyiero Oioka. [lpu 3amucu JaHHBIX BBI 3aI10JI-
HseTe HH(pOpMAIHIO, KOTOpast HE00XOMMa CUCTEME AJIsl COXPaHEHHI-0JI0Ka:

typedef struct  MMCKINFO /* ctpykTypa Onoka nanubrx RIFF-daiina */
{

FOURCC ckid; // uneHTUhUKATOpP OJTOKA

DWORD cksize; // pa3mep O0Ka

FOURCC fccType; // THII UITA CIICOK THIIOB

DWORD dwDataOffset; // cMelieHre OJI0Ka TAaHHBIX B (aiiie

DWORD dwFlags; /I pnarn, ncnonszyemsie MMIO-¢pyHKIIISIMEU
} MMCKINFO;

FOURCC npencrainsier co00¥ HOBBIH TUII TaHHBIX, OCHOBaHHKINH Ha Tuiie DWORD (kaxblii CHMBOI
KOJIa 3alKMChIBACTCSA B OJIMH U3 YeThipex 0aiToB). Tperbe mone — fccType — mpeacrasisier coboit Ter
THTIA COIEPKMMOT0, KOTOpbIi ciexyer nocie kaxaoro tera RIFF. ITone fccType orcyrctByer B Giokax,
He umeronmx uaeHtudukatopa RIFF. Ha puc. 9.1 noka3aHa cBsi3b M@Ky POJAUTEIBCKHM U BIIOKEHHBIM
omokamu RIFF-datina [12].
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Poaurennckum 6nok
v <V
[ "RIFF* | Paamep| "WAVE" | |

I "fmt* |Pn3uep I "data" |Paauep| |
o P - A

NBa BnoxeHHbIX 6noka

4 Touxa Hayana 6noka AaHHbLIX
A Toyka xoHUa 6n0Ka AaHHBLIX

Puc. 9.1. Crpykrypa RIFF-¢aiina

Kak panee yka3bIBaJIoCh, ClieIUaIM3UPOBaHHBINA Ha00p API-QpyHKUMi A MyTbTUMEHA CONEPIKUTCS
B nogcucteMe WinMM. DTu pyHKIIMH OpHEHTHPOBaHBI Ha paboTy ¢ 6iounoi cTpykrypoii RIFF-daiinos.
Kpowme Toro, onu obecrieunBaroT Oydepusaiiuio goctyna K ¢aiiam. Jlanee paccMorpuM OCHOBHBIC (hyHK-
U HHTEpdeiica.

9.3.2. API-¢yHKUMK ana obpaboTtkm RIFF-daiina

Oynkims mmioOpen() OTKpbIBaeT (ailyl u ynpaeiser napamerpamu ero Oydepa:

HMMIO mmioOpen (LPTSTR lpszFilename, // umst oTKpBIBaeMoro (aiina

LPMMIOINFO Ipmmioinfo, // MecTO ISt pa3MeleHus HHpopMarumu o daiiie
DWORD fdwOpen); // pnmaru

[lepBeIii Mapamerp coaepXUT UMs (aiina, BTOpoli — HMH(POPMAIMIO O €ro TEeKYIIEM COCTOSHUH.

Eciu BBI HE XOTUTE U3MEHATh HACTPOMKY, 3aJIaHHBIC 110 YMOJIYAHUIO, HAIIpuMep pa3mep Oydepa BBoma/
BeIBOMA (8 KO), TO mapamerp [pmmioinfo nomxen coaepxkath 3Hauenue NULL. Tperuii mapamerp cojep-
xuT Habop Quaros. [IpencraBuM HEKOTOpBIE U3 HUX:

e MMIO_READ — nonyckaer ToibKo uTeHHe (aiina;

e MMIO_WRITE — nonyckaer TOJIbKO 3anuch Qaiina;

e MMIO_READWRITE — nonyckaer uyreHue u 3anuch ¢aiina;

o MMIO_CREATE — co3naer HOBbIH (haii;

e MMIO_DELETE — ynanser cymectByromuii Qaiin;

o MMIO_ EXCLUSIVE — npenorspaliiaeT HCIojib30BaHue (aityia IpyruMu mporpaMmMamu;

e MMIO_DENYWRITE — npenotBpaiiaer usmMeHenne Qaiisia JpyruMu IporpaMMaMu;

e MMIO_ ALLOCBUF — o0ecnieunBaer Oydepusainuto BBoja / BEIBOJIA.

B oubnuorekax si3pika C QyHKuus fopen HaunHaeT OyQepu3oBaHHBIA BBOJ / BBHIBOJ, a (QYHKIHUS
_open — HeOy(epru30BaHHBIN BBOJ/ BHIBOJA. AHAJIOTHYHBIC JEUCTBUS MOXHO 3aJlaTh C MMOMOIIbIO (hara
MMIO ALLOCBUF. Cucrema OTKIMKA€TCS Ha COOTBETCTBYIOIIYIO KOMaHIy BblJeiieHueM Oydepa, pasmep
KOTOpOTro 3a/iaH 1o ymon4anuto (8§ K6). UToOb! yBEIMYUTh WM YMEHBIIUTE pa3Mep Oydepa, Hy)KHO yKa-
3aTh COOTBeTCTBYomIee 3HaueHue B cTpykrype MMIOINFO umm BrizBath pynknuro mmioSetBuffer().

Oynakumus mmioOpen() Bo3BpalaerT ASCKPUITOP MYJIbTUMeNUHHOrO (aiina. Takue NecKpUITOPHI
HECOBMECTHMEI C JECKPHUIITOPaMHU JIPYruX (aiiioB W UX HENb3S MCIOJIb30BATh C APYTUMHU (HalIOBBIMU
¢ynkumsmu C-6u6nnorek nin GyHKIuAIMHE noacucteMsl Win32.

Oynkuun mmioRead(), mmioWrite() 1 mmioClose() BBITONHSIOT ¢ MyJIbTHMEAUHHBIMU (aiiamMmu
oTepaluy YTEHUsI, 3aIIMCH 1 3aKPBITHSL.

Psn ¢pynxumii BBoAa/BeIBO/IA ClIENMANTFHO OPHEHTUPOBAH Ha BHIMOIHEHHE ONEpalyii ¢ OJoKaMu JaH-
HbIX. UT0OBI N00aBUTH B (haiyl HOBBINA OJIOK, ciieayeT Bbi3BaTh (yHKIm0 mmioCreateChunk(). Ota ko-
MaH/1a 3alKiChIBAET 3ar0JIOBOK OJIOKa, BKITFOUYAIONIHH Ter, pa3mMep, a Taroke (st 6;1okoB RIFF u LI ST) kon
COZEP’)KUMOT'0 M YCTaHABJIMBAET TMO3UIMIO yKa3zartens (aiina Ha ToM OaiiTe, ¢ KOTOPOr0 HAYHETCSI 3aITUCh
JBOUYHBIX JTAHHBIX C MTOMOUIBIO PpyHKIMH mmio Write():

MMRESULT mmioCreateChunk (HMMIO hmmio,  // neckpunrop RIFF-(aiina
LPMMCKINFO Ipmmcki, // onncanue HOBOrO OOKa
UINT uOptions); // mapamMeTpbl CO3AaHUs
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Hns 3amucu 610koB RIFF u LIST ycranoBute ¢uarn coorBerctBeHHo MMIO CREATERIFF
u MMIO_CREATELIST. [ns nmepemenienusi ykazatens ¢aina or 010ka K OJOKY ciryaT (yHKIUU
mmioDescend()  mmioAscend(). [lepBas nmepememniaer ykazaTeiab Ha Hadano OJIOKa JAHHBIX, BTOpas —
Ha ero KOHeIl:

MMRESULT mmioDescend (HMMIO hmmio, /I meckpunrop RIFF-daiina

LPMMCKINFO Ipmmcki, // MecTo st 3anucu uHpOpMAIU O OJIOKE
LPMMCKINFO IpnunckiParent, // HeoOs3aTeNMbHAS CTPYKTYPA POAUTEIBCKOTO OJIOKa
UINT uSearch); // pmaru nomcka

MMRESULT mmioAscend (HMMIO hmmio, /I meckpunrop RIFF-daiina

LPMMCKINFO Ipmmcki, // MecTo st 3anucu uHpOpMAIMU O OJIOKE

UINT uReserved); // 3ape3epBHpOBaH JOJDKEH copepkarh

Oynkius mmioDescend() Bo3Bpariaer nndopmanuio o 6oke B mapamerpe Ipmmcki. Kpome toro,
MOXKHO 3aCTaBUTh €€ BBINOJIHATH MOUCK OJOKOB ONPEACICHHOro THma. [IJii MHUIMALMY TaKOTrO MOUCKA
nocneqHui mapamerp aommkeH coxepxkarh 3HaueHne MMIO FINDCHUNK, MMIO_FINDLIST wm
MMIO_FINDRIFF. Ilouck HaunHaeTCs ¢ TEKYyIIEH MO3MIMK B (ailyic u 3aBepliaeTcs B KOHIE (aiiia.
Oynakuus mmioAscend(), TOMUMO MepeMelIeHns K KOHIy 0Ji0Ka, ToMoraeT (opMUpOBaTh HOBBIE OJIOKH.
OHa BBI3BIBACTCS M1OCIIE 3AMMCH HOBBIX JITAHHBIX, BRIPABHUBASI OJIOK 110 YETHOMY OalTy M 3aluchiBasi 00beM
JIAHHBIX B 3aT'0JIOBOK OJIOKA.

Kaxnas 3Bykozamuce B RIFF-daiine nomxna cogepxats 010K, TOMEUEHHBIN TErOM fint (TETH, COCTO-
SIIUE W3 CUMBOJIOB HIDKHETO PErucTpa, 0003HavyaroT BiokeHHbIe Ookn.) Ctpykrypa PCMWAVEFORMAT
OIpeIeNsieT COAEePKUMOE 3TOr0 OJI0Ka:

/* yHuBepcanbHbIH opMaT (aiina 3Byko3anucyu (nHdopmanus, odmas it Becex GopmaTtoB) */
typedef struct waveformat tag

{
WORD wFormatTag; // Tum popmaTa

WORD nChannels; // xomm4aecTBO KaHAOB (1 = MOHO; 2 = cTepeo)
DWORD nSamplesPerSec; // wactora oudpOBKU

DWORD nAvgBytesPerSec;  // HeoOxoauMo JuTst OIIEHKH pa3mepa Oydepa
WORD nBlockAlign; // pa3mep OJI0Ka TaHHBIX

}

WAVEFORMAT;

/* cTpykTypa dopmara 3ByKo3amucu, crerudrunas it PCM-gaHabIx */
typedef struct pcmwaveformat_tag

WAVEFORMAT wf;
WORD wBitsPerSample;

;
PCMWAVEFORMAT;

B nactosimee Bpems it WAV-¢aiinoB onpeneneH TOIbKO 0AWH (HOpPMAT — HMITYJIbCHO-KOIOBasI
monysanus PCM, noaromy none wFormatTag crpykrypst WAVEFORMAT nomxHO conepkaTh 3Hade-
nue WAVE_FORMAT_ PCM. B crpykrype PCMWAVEFORMAT k o6memy dhopmaty WAV-naHHbIX
nobarieHo none wBitsPerSample, yka3piBaroiee pa3psgHOCTh BBIOOPKU. DTO MOJIE ONMpPEeNsieT 00beM
MaMsTH, HEOOXOUMBIN IS 3alUCH KaXK10W BBIOOpKH. OOBIYHO HMCIIONB3YIOTCS 3HaUYeHUS 8 1 16 OUTOB.
MoHo¢oHnYecKast 3BYKO3aIUCh JUTUTENBHOCTBIO | ¢, onudpoBanHas ¢ yacToToil 11 k['11 1 pa3psaaHOCTBIO
8 outos, conepxut 11000 BBIOOPOK, T.e. 3aHuMaeT 00beM mpumepHo 11 KO6. Ilpu crepeodonmueckoit
3BYKO3allMCH MPOUCXOJUT OJHOBPEMEHHas OUM(POBKA CHTHAJIOB B ABYX KaHanax. Ecnu paspsaHOCTb
BBIOOPOK B Ka)JIOM M3 HHUX paBHa § OMTaM, TO Pa3psaHOCTh CyMMapHOW BBIOOPKH cocTaBiisieT 16 OMTOB.
O6bem crepeoh OHMYECKOH 3BYKO3aMCH JUIMTENBHOCTEIO 1 ¢, yacToToi onudposku 11 k[ 1 paspsaHo-
cTbto 8 6utoB cocraBmser 22 Ko6.

§ 9.4. API-pyHKumMm nutepdenca DirectSound

[Iporpammuo-anmnapatHbiii komIuieke DirectSound mnpencrapiser co0ol KOMIIOHEHT TEXHOJOTHU
DirectX, obecrieunBaronuii paboTy NPUIOKEHUH ¢ ayanonHpopManneid. ITOT KOMILJIEKC o0ecrieunBaeT
MUKIIMPOBAHUE JAHHBIX C MHHHUMAJIBHOW 3aJIEPIKKOM, ammapaTHOE YCKOPEHHE BBIMOJHEHUS (YHKIIMH
W TIPSIMOH IOCTYI K yCTpoiicTBaM BhiBoJa ayanonHpopmanuu. TexHonorusi DirectSound moctpoeHa Ha
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MpuHUMNbI pa3paboTKM NPOrpamMMHOro Koga Ana o6paboTku MynbTUMeANMHOW MHbOoPMaL MK

HecKobKUX uHTepdeiicax APl GpyHKIuMi, KakIplii M3 KOTOPBIX MpeaHa3HaueH sl BBITOTHEHUS Pas3iiny-
HBIX HalpaBJIeHUH paboThI co 3ByKOM. PaccMoTpumM ocHOBHEIE HHTEp(delich komIuiekca DirectSound [4].

s BocipousBenenus ayanonapopmanyu DirectSound ucnonssyer unrepdetic IDirectSound. [ns
3amucu 3ByKa cpenctBamu DirectSound ucnonn3yercs untepdeiic IDirectSoundCapture. Ou 11o3BossieT
MOMYYUTh HHPOPMALIUIO O BO3MOXKHOCTSIX, TPEIOCTABISIEMBbIX YCTAaHOBJICHHBIM 00OPYIOBAaHHUEM IS 3AIIHCH
3ByKa, M co31aTh Oydephl, B KOTOpbIe OyeT moMemaThcs 3anuceiBaeMas ayauonadopmanms. s co3na-
nus unTepdeiica IDirectSoundCapture npennasnadena ¢ynkims [DirectSoundCaptureCreate(), Bo3Bpaiia-
rolas ajpec ykasarens Ha o0bekT uHtepdeiica IDirectSoundCapture. [[ist onpenenenus BO3MOXKHOCTEH
YCTPOWCTBA 3alicH ayAuouH(popMaIiuu cieayeT Bbi3Bath GyHkiuio GetCaps(), apryMEHTOM KOTOPOTo
spiisiercst 00bekT crpykrypel DSCCAPS. Tlocne BwrizoBa GetCaps() B 00bekTe crpykrypsi DSCCAPS
COZIepKUTCS HHPOPMAIIHS O BO3MOXKHOCTSIX YCTPOWCTBA 3alMCH ayTHOMH(OpPMAIIH, BKITIOYAsT KOJTHUECTBO
WCTIOJIb3YEMBIX KaHaJOB W HaOOp MOJJIepKUBAEMBIX CTaHIapToOB (opmata 3amucu. CtangapTHbie (op-
MaThl 3anucu npuBeneHsl B ctpykrype WAVEINCAPS:

e WAVE_FORMAT_1M08 — moHO(pOHNYECKHH 3BYK ¢ yacToToi auckperusanun 11,025 Kl
U 8-OMTOBBIM KOJUPOBAHUEM OTCUETA;

e WAVE_FORMAT_1M16 — moHO(pOHNYECKHH 3BYK ¢ yacToToi auckpernsanuu 11,025 Kl
u 16-OMTOBBIM KOAMPOBAaHUEM OTCUETA,

e WAVE_FORMAT 1S08 — crepeodonunueckuii 3Byk ¢ yactoroit muckperusanuu 11,025 Ky
U 8-OMTOBBIM KOJUPOBAHHUEM OTCUETA;

e WAVE_FORMAT _1S16 — crepeodonndecknii 3Byk ¢ yactoroi aumckperuzanuu 11,025 KI'n
u 16-OMTOBBIM KOAMPOBAaHUEM OTCUETA;

e WAVE_FORMAT_2M08 — moHodoHHYECKHH 3BYK € "acTOTOH auckperusanuu 22,05 KI'ng
1 8-OMTOBBIM KOJUPOBAHUEM OTCUETA;

e WAVE_FORMAT_2M16 — MoHOpOHHUYECKHH 3BYK C 4acToTOi auckperusanuu 22,05 KI'n
u 16-0MTOBBIM KOAMPOBAaHUEM OTCUETA;

e WAVE_FORMAT_2S08 — crepeoonndeckuii 3Byk ¢ yactotoil auckperusanuu 22,05 KI'n
U 8-OMTOBBIM KOJUPOBAHHUEM OTCUETA;

e WAVE_FORMAT_2S16 — crepeodoHnyecKuil 3ByK ¢ 4acToTol auckperusannu 22,05 Kl
u 16-0MTOBBIM KOAMPOBAaHUEM OTCUETA;

e WAVE_FORMAT_4M08 — moHodoHUYeckHil 3ByK ¢ yacToToil muckperusanuu 44,1 KI'n
U 8-OMTOBBIM KOJUPOBAHUEM OTCUETA;

e WAVE_FORMAT_4M16 — moHodoHHYecKHil 3ByK ¢ yacToToi muckperusauuu 44,1 KI'n
u 16-0MTOBBIM KOAMPOBAaHUEM OTCUETA;

e WAVE FORMAT 4S08 — crepeodonunueckuii 3Byk ¢ yactoToi auckperusaruu 44,1 K[
U 8-OMTOBBIM KOJUPOBAHUEM OTCUETA;

e WAVE FORMAT 4S16 — crepeodonmnueckuii 3Byk ¢ yactoToi auckperusaiuu 44,1 Kl
1 16-0MTOBBIM KOAMPOBAaHUEM OTCUETA.

st pabotel ¢ Oydepamu BOCTIpOU3BEeHHS UCTIONB3ytoTCs nHTepdeiice! IDirectSoundBuffer v IDirect-
Sound3DBuffer. JIns pabotel ¢ Oydepamu 3ammcu ucnonssyercs untepdeiic IDirectSoundCapture-
Buffer. [1nsa coznanus Oydepa 3anucu aynuouHpopmaru npennasHadeH meron CreateCaptureBuffer().
OnHuM H3 apryMeHTOM JAaHHOro MeTofa siBisiercst 00bekT cTpykTypsl DSCBUFFERDESC, conepxaruii
napaMerpsl cozgaBaeMoro Oygepa 3amucu. [Tociie coznanus odnekra Oydepa DirectSoundCapture BrI30B
Mmerona GetCaps() mo3BossieT MOAYYHTh OMUCaHKE ero napaMmerpoB. Mudopmanus o ¢popmarte NaHHBIX,
UCTIONB3YyeMBIX 3TUM Oydepom 3amuc, MoxeT ObITh moirydeHa Bb13oBoM Merona GetFormat(). Onpene-
JICHHE TEKYILEro COCTosHUs Oydepa 3anucu onpenensercs ¢pynkiuen GetStatus().

st paboTHI ¢ pacIIMPEHHBIMUA BO3MOXKHOCTSIMHU 3BYKOBBIX KapT Ucmonb3yercs uarepdeiic IKsPro-
pertySet. Unrepdeiic IDirectSoundNotify cnyxut ajis OTMETKU COOBITHS O TOM, YTO IPH BOCIIPOU3BE-
JICHWH WJIH TIPY 3amucy Oblla JOCTUTHYTA ONpezielIeHHas o3UIus B Oydepe.
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