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NMpeaoucnoeue KO BTOPOMY U34aHUIO

Bpems GeskuT 4pesBblYaiiHO OBICTPO, a B TAKOW AMHAMUYECKOH 06JIacTH 3HAHMIL, KaK
KOMITBIOTEPHAsT TEXHIKA, OHO CITPECCOBBIBAETC B MTHOBeHU:. [Ipotio yixe mecTs et
C MOMEHTA TIEPBOTO U3/AHI, U BOT, YBAYKAEMBbIil YUTATE b, BBI IEPXKIUTE B PYKaX BTOPOE
u3jianue yaeOHuKa.

Yuebnast gucnuiuinia «Opranusanus IBM u cucreM» urpaer ocodyio poJib B JIMHEl-
Ke JINCIUIINH, MTOCBSIIIIEHHBIX PAa3JTMYHbIM acleKTaM arapaTHbIX CPEACTB KOMIIbIO-
TEPHON TEXHWKHU, OHA SIBJISIETCS <SIIPOM», UHTETPUPYIOIIUM 3HAHUSI MHOTOYUCJIEHHBIX
JMCIATIIMH-TIPEIIECTBEHHUI] U 00ecIiednBarommuM 6asuc I IMUPOKOTO CIIEKTPa JANC-
IUTIJIUH CUCTEMHOTO U CETEBOTO HAIIPABJICHUIA.

B nieHTpe BHUMaHUS IEPBOTO M3/IaHKUs yueOHUKA HAaX0[UIach HHPOPMAIIMOHHAS, JIOTH-
YyecKast MOJIEJTh alllapaTHBIX CPECTB BhIYucauTebHON Marabl (BM) u cuctemsr (BC).
[TepBoe u, moskasyii, KJIFOUEBOE CJIOBO B HA3BAHUHM KHUTH — Opranu3aius. Mbr cTpemu-
JIUCh TOKa3aTh OPraHU3allMIo alapaTHBIX 3JIEMEHTOB U Y3JI0B [t 00eCIICYeHUsT aBTO-
MaTHYECKOTO PEKUMa BEIUNCICHIH Kak Ha MUKPOTTPOTPAMMHOM, TaK 1 HA TPOTPaMMHOM
ypoBHe. CI0BO (hUKCHPYET Ty TOUKY 3PEHUS, UTO TaKas CJOKHAst, MHOTOYPOBHEBAsI CO-
BOKYITHOCTH alliapaTHBIX CPECTB, Kak BM, Hy:K/aeTcsi B OpraHu3aiy U perjaMeHTa-
1, Habope cormatieHnii u pasuil. VIMEHHO OpTaHu3aIist CoO0IaeT CHHEPTeTHYECKII
a(dekT HAbOPY <allllapaTHBIX JeTajiell», obecreurnBast UX COTJIACOBAaHHYIO paboTy, rap-
MOHHUYHOE B3aUMOJICHCTBHE. DT cOOOPaKEHUsI CIIPABEIIMBBI U JIJIT BTOPOTO U3IaHUST
yueOHUKA.

[Tesbro puctumuabl «Opranuszanus OBM u cucteM» siBJsieTcst 00y4eHe OCHOBHBIM
MPUHIUTIAM TTOCTPOCHUS U (DYHKIIMOHUPOBAHUS COBPEMEHHBIX BBIUMCIUTEIbHBIX Ma-
MIVH U BBIYUCJIUTETHHBIX CUCTEM, TPUBUTHE HABBIKOB UX AHATN3A W TPUMEHEHUS.

B rocynapcrBeHHOM 06pa3oBaTeIbHOM CTaHAAPTE BBICHIETO PO eCCHOHAIBHOTO 06pa-
3oBanus conepxanve auciuinnbl «Opranusaius IBM u cucrem» ornpenesneHo cie-
AYIOUIIM 00pasoM:

B OCHOBHBIE XapaKTePUCTUKU, 06JacTy ipuMeHeHnst IBM pasinuHbIX KJIaCCOB;

B QyYHKIIMOHAJIBHAS U CTPYKTYPHAS OPTaHU3AIUS [TPOIECCOPA;

B opranusanusg namsaru IBM;
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OCHOBHBI€E CTA/IUU BBITIOJTHEHUST KOMAHIbI;
opranusaius npepbiBannii B IBM;

OpTraHM3aIusT BBO/IA-BbIBO/IA;

niepuepuitHbie yCTPOICTBA;

apXUTEKTYPHbIE 0coOeHHOCTH opranu3ain IBM pasinuHbIX KJIacCOB;
HmapasieIbHbIe CUCTEMBL,

MOHATHE O MHOTOMAITMHHBIX 1 MHOTOITPOIIECCOPHBIX BEIYUCIUTETHbHBIX CUCTEMAX.

Bce o111 BOIIPOCH! OCBEIEHbI B yueOHUKE, KOTOPBIIl BbI JIEP/KUTE B PYKaX, YBasKaeMbIi
yuraTesb. VIHBIME CJIOBAMM, JaHHBINA yU4eOHUK OTBEYaeT BceM TpeGOBaHUSIM 00OpasoBa-
TEJIBHOTO CTaH/IAPTA.

YT0 HOBOTO B 9TOM U3TaHUN?

Bo-nepBbIx, 1iepepaboTaH 1, IPaKTHUYECKH, IIepelrcat 3aHOBO Bech Matepualr. [Ipu asTom
MpecieI0OBAIUCH /IBE 1EJIU: OTPA3UTh HOBAIIUY KOMITBIOTEPHON TEXHUKU U HAKOTLJICHHBIHN
IeJarOTUYECKUU OIIBIT.

Bo-BTOpBIX, HU3MEHWINCH COZlEpPsKaHNe U TIOCIeI0BATENbHOCTD U3JI0KEHUS MaTepraa.
B riaBe 1 mo-tipeskHeMy jraetcst 0630p TPOIILIOTO, HACTOSIIETO U OYAYIIEro KOMIbIO-
TEPHBIX CPEJACTB, HO MBI PACHIMPHIN HaOGOp omnpenessieMbix (M 00bACHIEMBIX) 371eCh
6a30BbIX TEPMUHOB. B 4acTHOCTH, IMEHHO 3/ICh TETeph MOACHSIIOTCSA KOHIIETITYalbHbIE
HOHSTHST «OBICTPOJIEUCTBHE U «IIPOU3BOJMTENBHOCTEY, «KPUTEPUI 3P HEKTHBHOCTH.
[naBa 2 (apxuTekTypa CUCTEMbl KOMaH/1) TIpeTepriesa psji U3MEHCHWH: U3bsATa «CTaTH-
CTUYECKas» apTyMEHTAIMs, HO CYIIECTBEHHO PACIIUPEHO omnucanne o6pabaTbiBaeMbIX
nauubix. [Ipu o6CyKaeHun TPUHIUTIOB paboThl Kiaccudeckoil BM (raBa 3) ucmosn-
30BaHa yJydllleHHasT PEIAKIUsT sI3bIKa MUKPOTIPOrPaMMUPOBaHust. [JiaBbl 4 u 5 Tenepb
MOCBSATIEHBI KOMIIOHEHTAM IIPOIleccopa — YCTPONCTBY YIIPaBJICHUS U ONEPAITMOHHOMY
ycTpoiicTBY. B HUX BBeleHBI HOBBIE Pa3/IeJibl [T0 CUCTEMaM TIPEPbIBAHUS ITPOTPAMM, YCO-
BEPIIIEHCTBOBAHHBIM AJITOPUTMAM U CTPYKTypaM YMHOXKeHUS U fiesienusd. B riase 6 pac-
CKa3bIBACTCA O MaMATH (371eCh J0GABIEHO OTMMCAHUE CAMBIX COBPEMEHHBIX TEHJICHIIUI
pasutus Mukpocxem O3V, duani-namaru, HazoBoii MaMaTH, TBEPAOTEAbHBIX JMCKOB,
3aHOBO HAIlMCaH MaTepuajl 10 MAarHUTHBIM M OMTHYECKUM [IMCKAM, MATHUTHBIM JICH-
tam). B riase 7 (opranmsaiys MIKH) IOABUINCH HOBbIE IIPUMepsI muH 6obinoro (PCI
Express, HyperTransport, QPT) u masoro (USB, FireWire, Bluetooth, IrDA) unrepdeii-
COB. YCOBEPIIEHCTBOBAHA TEPMUHOJIOTHYECKASA 6a3a MOSCHEHUSI CUCTEMbI BBOJI,/BbIBOJIA
(rmaBa 8). 3HAUNTEIBHO PA3JBUHYTHI PAMKH TPUMEPOB, MOSCHAIONINX apXUTEKTYPHbIE
npreMbl 60pbOBI 32 POU3BOAUTEIBHOCTH TIpotieccopa (TaBa 9): 371eCh U MHOTOSIIEPHbIE
IIPOLIECCOPBL, U TUIEPIIOTOKOBas 00paboTKa, u apxurekTypbl VLIW, EPIC. Cepbesnomy
OOHOBJICHUIO MTOJIBEPTJINCH TJIABBI 110 BEIYUCIUTENbHBIM cucTeMaM. Cpein HOBamuii ot-
meTum: 3akon Cana—Hast u metpuky Kaprna—®msTra (rasa 10), apxXuTeKTypy MaMsiTi
DSM (rmnaBa 11), ronosioruio batuepa—banbsna (rnaBa 12), accormaTuBHble MPOTIECCO-
PBI 1 aCCOIMATHBHbBIEC MHOTOIIPOIIECCOPHBIE cucTeMbl (riaBa 13), mapaiebHble BEKTOP-
ubie cucrembl, Constellation-cucremsl, rergennnu passutiss MIMD-cucrem (riasa 14),
BBIUMCJUTENbHBIE CUCTEMBI BOJTHOBOTO (hpoHTa (Ty1aBa 15).

B-TpeTLI/lX, lIO6aB]I€HbI IIPUJIOKEHNA C OITMCaHNEM apI/I(bMeTI/I‘-IeCKI/IX, JIOTHMYECKHX U CXe-
MOTEXHHNYECKUX OCHOB BbIYUC/IUTEJIbHbIX MalllH.
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B-'-IeTBepTI)IX, HCIIpaBJIEHbl UMEBIINECA OIINOKHA U OIICYATKU. YBI)I, BpeM:A OT BpEMEHN
IIPUXOAUTCA BCIIOMUHATD ITOCTOBUILY, UYTO «KayK/7das MOCJaEHAA omunbKa ABageTcs npen-
nocneaHeﬁ...», TI03TOMY aBTOPbI 6y,71}7T IIpU3HaTE/bHbI BCEM YNUTATEJIAM, KTO 3aMETUT HE-
TOYHOCTH U OIleYaTKH 1 COO6H_[I/IT O HUX pelaKIInn.

B sakniouenne xouercst HO6JIaFOI[3.pI/ITI) BCex qHTaTe]Ieﬁ, IIprcCJIaBIINX OJ1arosKesnarTesb-
HbI€ OT3bIBbI 1 KOHCTPYKTUBHbIEC 3aM€YaHUA.



BeBepeHue

Mpr sxuBem B nadopmarmonnyio anoxy: okymenTel JOHECKO cBuserenbcTByIOT, 4TO
ceifuac B MHMOPMAIIMOHHOI cepe 3aHATO GOJIBINE TTOJOBUHBI HACETEHUST Pa3BUTHIX
crpad. OCHOBY COBPEMEHHBIX MH(MOPMAIIMOHHBIX TEXHOJOTHIA, UX Ga3uc, COCTaBJIAIOT
anmaparHble CPeCTBA KOMIBIOTEPHOM TEXHUKH.

Cospemennbie Beraucautenabubie Mamuubl (BM) u cucrembr (BC) siBisiiores ogaum u3
CaMbIX 3HAUUTEJbHBIX JIOCTHKEHUN HAYYHOU W WHKEHEPHOI MBIC/IH, BIUSHUE KOTOPO-
r0 Ha IPOrpecc BO Beex 00JIACTSAX YeJIOBEYECKOU AeITeIbHOCTH TPYAHO MEPEOIEeHHTh.
[ToaTomy MOHATHO TO IpUCTATIbHOE BHUMaHUE, KOTOpoe yensiercd ndydennio BM u BC
B HampasjeHnn «ubopMaTika M BbIYUCANUTEIbHAS TEXHUKa» BBICIIETO IIPodeccro-
HAJIBHOTO 00Pa30BaHUsL.

Hacrosmuit yaeGHIK TOCBSIIEH CHCTEMATIIECKOMY U3JI0KEHUTIO TIPHHITATIOB TIOCTPOe-
HUs 1 (QYHKIIMOHUPOBAHUS COBPEMEHHBIX U mepcrieKTUBHBIX BM u BC.

B ocnoBy maTepnasa 1moJioskeH MHOTOJIETHUI OIIBIT TOCTAHOBKHU M TIPETNojiaBaHus psijia
JIUCITATIJIVH TT0 aIlIIapaTHBIM CPEICTBAM KOMIBIOTEPHOM TeXHUKHU. BazoBbili Kypc « Apxu-
tekTypa BM u BC» nipociytiianu 60JibIie IBYX THICSY CTYAEHTOB, pabOTAIOINX TETEPh
B MH(MPACTPYKTYPE KOMIBIOTEPHON WH/YCTPUH, B CAMBIX PA3HBIX CTPAHAX M HA CAMbIX
Pa3HBIX KOHTUHEHTaX.

ABTOPBI CTPEMUJIUCD K IOCTUKEHUIO TPEX IeJIeil:

B U3JI0XKUTDb KJIACCUYeCKHe OCHOBBI, IEMOHCTPUPYIONINE HAKOILJIEHHDIH OTeyecTBeHHbIi
1 MUPOBOI OIBIT BBIYUCAUTEIbHBIX MAIITUH U CHCTEM;

H [I0Ka3aTh MOCJeHIEe HAayYHble W MPAKTUYeCKHe JOCTUKEHNS, XapaKTepU3yIoIine
JIMHAMUWKY Pa3BUTHS AllITapaTHBIX CPEACTB KOMITBIOTEPHON TEXHWKH;

B 0006muUTh U 0Tpa3uTh 30-JETHII YHUBEPCUTETCKUN OTIBIT MPEMOJABAHUS COOTBET-
CTBYTOITUX TUCITUTIIINH.

IepBas riaBa yueOHUKA TOCBsIieHa 0a30BbIM TOIOKeHUIM, OOCYKAAI0TCS MOHSITHS
«OPTaHU3AIUSA» U «aPXUTEKTYPa» BBIYUCIUTEIBHBIX MAIIIUH U CHCTEM, YDOBHHU abCTpaK-
I[UH, Ha KOTOPBIX 9TH HOHSITHSI MOTYT OBITh PacKpbIThL. [IpociexnuBaercs sBoJoins BM
u BC kak mocenoBaTeTbHOCTH Hjiell, MPENOTPENeTUBITINX COBPEMEHHOE COCTOSTHIE
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B 06JIACTU BBIYUCIUTENBHOM TEXHUKU. AHAIM3UPYIOTCS TEHIECHIINHT JaJbHeiIero pas-
BuTHA apxuTekTypbl BM 1 BC ¢ yueToM TeXHOJIOrMYECKOTO IIporpecca U MOoCJAeHUX J10-
CTH)KEHUII B IIPOEKTUPOBAHUY BbIYMCIUTEIbHBIX CPE/ICTB.

Bo BTOpOii T1aBe maeTcst MOHATIE APXUTEKTYPBI CHCTEMBI KOMAH U 0OCY/KAAIOTCS pas-
JINYHBIE ACTIEKTBI 9TON apXUTEKTYPbl. PaccMaTpuBaioTcss 0OCHOBHBIE BU/IBI MH(DOPMAIIIH,
sBsiomeiics oobexToM 00pabotku u xpanenus B BM u BC. IIpuBogsarcs 0CHOBHBIE
croco6bI TIPeJICTaBIeH s TAKOH HH(pOpMaIy: GopMaThl, CTAHAAPTHI, Pa3MeIeHIe B Ta-
MSTH, CTTOCOOBI TOCTYTA K JaHHBIM. [TpecTaBiensl KiaccuDUKAIs U XapaKTePUCTH-
Ka komaHa BM. O6cyskaaloTcst MPUHITUITEL BIGOpa 9 (HEKTUBHOM CUCTEMBI ONepariuii
U CUCTEMbL a/ipecaliu.

Tperbd raBa aBJseTCS OCHOBOM /11 TOHUMAHWS TPUHIUIIOB (DYHKIIMOHUPOBAHUS BbI-
YUCAUTETHHBIX MAaIWH C KJaccudecKol (hoH-HelMaHOBCKON apxuTtektypoil. Ha mpu-
Mepe runoreTudeckoii BM npociexxnBaeTcs: B3auMoJICHCTBHUE Y3JI0B BBIYMCIUTETHHON
MAalITHbBI B X0/I€ BBITIOJTHEHNS TUTIOBBIX KOMaH/. [IpuBoauTCS onmcanue S3bika MUKPO-
MPOrPAMMUPOBAHUA KaK CPe/cTBA (DOPMATBHOM 3aNTMCH BBIYUCIUTENBHBIX TTPOTIECCOB
Ha YpOBHe apxuTeKTypbl BM.

Cozepskanrie 4eTBEPTON TJIaBbI — 3TO ONKMCAHUE TIPUHIIUIIOB OPTaHU3AIMKM YCTPOICTB
yrpasaerns (YY) BM. O6cyskaaiorcss BOIPOCHI MOCTPOEHNUsI, (GYHKIIMOHUPOBAHMS 1
MTPOEKTUPOBaHUA Y Y ¢ anmapaTHOH JOTMKON M TPOrPaMMUPYeMOH JIOTUKOH, a TakKe
c110co0bI ycKOopeHust ux paboThl. OMUCHIBAIOTCS OCHOBHBIE U/IEW U MEXAHU3MbI CHCTEMBI
MIPEPBIBAHUS TIPOTPAMM.

[Ipeamerom BHUMaHMS TATON TJIaBbl ABJSIOTCS orepalinoHHble ycTpoiictBa BM. Pac-
CMaTPUBAIOTCS JKECTKUE W MAaTUCTPAJIbHBIE CTPYKTYPBHI OTMEPAITMOHHBIX YCTPONCTB, WX
opraHusaius U kiaccudukalus, crocoobl peanusanun B BM ocHOBHbBIX apudmernye-
CKHUX M JIOTHYECKUX OIIePaLUil ¢ ydeToM 06pabOTKM JAHHBIX B Pas/IMuHbIX (JOPMaXx IIpe/l-
craBenus u ¢popmarax. Hapsay co «ctangapTHbIMU» criocobaMu peaiusanuu apudme-
TUYECKHX Ollepaluii 00CYKAAIOTCS U TaKUe aJITOPUTMbI, HCIIOJIb30BaHNEe KOTOPBIX BELET
K CYIECTBEHHOMY YCKOPEHUIO BBIYMCJIEHUT.

B miectoii riiaBe onpeiesieHbl TIPUHITUATIBI U CPEJICTBA, UCIIOJIb3yeMble TIPU TIOCTPOEHUN
cuctempl naMaTu BM. IlosicHgeTcst KOHIeNIns nepapXxuuecKoro IMoCTPOeHUsT TTaMsITH.
B niepBoii yacTut riaBbl 06CYKAAI0TCS BOTIPOCHI OPraHU3aIUK BHYTPEHHEH ITaMsITH ¢ yJe-
TOM ee peajM3alud Ha Gase IOJIYIPOBOAHMKOBBIX 3allOMUHAIONMX ycTpoiictB (3V):
CTPYKTypa MaMsITU € TIPOU3BOJBHBIM JOCTYIIOM, MATPUUHAS OPraHU3aIUsT MUKPOCXEM
3Y, OCHOBHBIE TUIIBI OTIEPATHUBHBIX W MOCTOSTHHBIX 3aIIOMIHAIONTNX YCTPOUCTB. OTHCHI-
BAIOTCS ApXUTEKTYPHBIE aCIIeKThl BHyTPpeHHel namsatn BM — MozaysbHOe nocTpoenue,
KOHBellepu3aliusl, paccioeHue, OOHapysKeHUe W UCIPaBJeHne OMMOOK. 3HAUUTETHHOE
BHUMAaHUE y/IeJIeHO TPUHITUTIAM OPraHu3ariy u (GyHKIHOHUPOBaHUs Katn-maMsaT. O6-
CY>KIAI0TCS BOIIPOCHI BUpTYyaausaluy namsatu BM, MeTosbl 1 cpe/icTBa 3alUThl ITaMATH
OT HECAHKITMOHUPOBAHHOTO JIOCTYyTA. BTopast 4acTh rJ1aBbl COAEPIKUT KPATKYIO XapaKTe-
PUCTHUKY Pa3JINIHBIX TUTIOB BHEITHUX 3aTIOMUHAIONINX YCTPONUCTB, BKITIOUAs MAaTHUTHBIE
U onTUYecKue AUCKOBbie 3Y, uali-maMsaTh, (a3oByIO aMsTh, TBEPAOTENbHbIE TUCKH,
MarHUTOJIEHTOYHBIE 3alIOMUHAIONIME yeTpolicTBa. [IpuBoanTtces kinaccudukaius u onu-
caHVe MaCCUBOB MAarHUTHBIX JIUCKOB ¢ n30biTouHOCTHI0 (RAID).
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Cenpmasi 1y1aBa OTBe/ieHA MPUHITMIIAM OPTaHU3aIUKA CUCTEMbl KOMMYHUKAITUN MKy
aneMeHTaMu CTPyKTYypbl BM. JlaeTcst moHATHE ITUHBI <[TPOIIECCOP-TIAMATH, IUHDI BBO-
J1a/BbIBOJIA, CUCTEMHOMU MHLL. PaccMaTpuBaIoTCs METO/IbI TTOBbIIeHUS 3P HEeKTUBHOCTI
MIUH, COcoObl CHHXPOHU3AINU 1 apOUTpaska yCTPOICTB, MOAKIIOYEHHBIX K muHe. O6-
CY/KIAIOTCS TIOMYJISIPHBIE U TIEPCHEKTUBHbIE TIUHBI HOJIBIIIOTO U MAJIOTO WHTeP(hEHcoB.

BocbMmast rmaBa yuebHMKA MOCBSIIEHA BOMPOCAM OPTaHU3AIMU CHCTEM BBOJA/BBIBOJA
(CBB). PaccmarpuBaoTcest crioco0bl OpraHusaliy BBoAa,/BbIBOAA (BBOZ/BBIBOJL C OIIPO-
COM, BBOJI/BBIBO/I ITO TIPEPBIBAHIAM, IIPSIMOIT IOCTYI K TAMSITH ) ¥ UX BJIUSHIE HA 9BOJIIO-
o npuHImnos nocrpoeds CBB. OnuchiBaioress 0c0OEHHOCTH CHCTEM BBOA,/BbIBOJA
GoJbLINX YHUBEpcaIbHbIX BM ¢ X KOHIemueil mpoueccopos (KaHaJOB) BBO/A,/BbIBOJIA.

B nieBsiToI ritaBe n3srararoTcst BOIPOCHI, KACAIONUECs apXUTEKTYPBI TPOIECCOPOB BbIUKC-
JIUTEJIBHBIX MaliH. JlaeTcst ToHsITHe KOHBelepa KOMaH I, 00CYsKAAI0TCS TIPHHITUIIBI Op-
raHU3allly TAKOTO KOHBelepa v pobJieMbl, BOSHUKaIOIIHe IpH ero peanusanun. Ocoboe
BHUMaHUE yjensieTcst KOH(DIUKTaM B KOHBeiiepe KoMaHA 1 criocobam 60pbObI ¢ HUMHU.
[ToscusteTca KoHIENINS CyTIepKOHBEHEPU3any, OPTaHU3AINs CYTIePCKAISIPHBIX TTPO-
[[ECCOPOB, THUIEPIIOTOKOBast 00paboTka. PaccmarpuBaercs mpobiemMa CeMaHTHYECKOTO
paspbiBa 1 c1iocoObl ero npeoposerns B BM ¢ apxutekrypamu CISC u RISC. Tinasa
3aBepIaeTcs M3J0KeHNeM KOHTIeni mpoiteccopoB ¢ apxutextypoir VLIW n EPIC,
a TakKe MHOTOSI/IEPHBIX TTPOIECCOPOB.

JlecsiTast riaBa mpeaBapsieT BTOPYIO YacTh yIeGHIKA, MOCBSIIEHHYTO BOTTPOCAM MOCTPOE-
HUSA BBIYUCJIUTEIbHBIX CUCTEM, PEATUIYIONMNX KOHIIEHIIUIO pacliapaae/InBaHns BbI-
yrceHuil. Mamaraercst TeopeTuaeckuii 6asuc Takux BhraucaeHuil. IIpuBoanTest cxema
KJIaCCI/I(bI/IKaHI/II/I TmapaJjieJIbHbIX BbIYUCJINUTETbHBIX CUCTEM.

B opmaHAMATON TIaBe pacCMATPUBAIOTCA JiBA OCHOBHBIX MTPUHITUIIA OPraHU3aINH T1a-
matu BC: pasznesnsiemast (COBMECTHO UCIIOIb3yeMad ) TTaMATh U paciipe/ie/icHHas TaMATh.
PacckasbiBaercst 00 0COOEHHOCTSIX Pa3JIMYHBIX MOJIEJIEN KaK TOW, TaK U APYTOil AMSITH.
3HaunTEeIbHOE BHUMAHUE B IJIaBE YIeJE€HO BOIIPOCAM KOTEPEHTHOCTH KATI-TIAMSITH.

[lBeHagnaras rj1aBa COAEPKUT AOCTATOYHO HOAPOOHBIN 0030p TOMOJOTUU CETeil MekK-
COEMHEHMIA, CBA3BIBAIOIINX MeKLY COO0I KOMIIOHEHTHI BHIYMCIUTEIbHBIX CUCTEM.

B TpuHaaaToil r1aBe cocpeoToueH MaTeprual o CICTeMaM, KOTOPBIE COTIIACHO KJac-
cucdukanuu @OauHHa MOKHO oTHecTH K kKjaaccy SIMD. HecmoTpst Ha JocTaToOuHyIO
PacCTIIBIBYATOCTh TPAHUI[ TOTO WMJIM WHOTO KJAcca, IOMycKaeMyio KJaccuukarimeit
B cxeme Dumnna, B yuebunke k SIMD-crcreMaM OTHECEHBI: BEKTOPHBIE ¥ BEKTOPHO-
xouBeiiepabsle BC, matpuunbie BC, accormatusuble BC, BbluncinTeIbHBIE CUCTEMBI
C CHUCTOJIMYECKOH CTPYKTYPOH.

B dgerwipranmaroii rraBe paccMaTpuBaioTCs cucTeMbl Kiaacca MIMD: cuMmMmeTpudHbIe
MyJabrutporieccopabie cuctembr (SMP), kimactepusie BC, cucteMbl ¢ MaccoBBIM Tapasi-
senuamoM (MPP), BC Ha Gase TpaHCIBIOTEPOB, CUCTEMbI ¢ HEOJHOPOAHBIM JOCTYIIOM
K TTaMsITH.

B nsTHaAIATON TIaBe OMMCBIBAIOTCSI CHCTEMBI C HETPAJUIIMOHHBIM CIIOCOOOM YIIPaB-
JIEHUsT BBIYMCJIEHUSIMU: TIOTOKOBBIE (CTaThyeckue, IMHAMUYECKNEe) U MYJIbTUIIOTOKO-
Boie BC, cucteMbl ¢ 06pabOTKOI 10 TIPUHITUITY BOJHOBOTO (PPOHTA, & TAKIKE BBHIUMCIIH-
TEJIBHBIC CUCTEMBI C YIIPABJICHUEM 110 3aIIPOCY.



BeeneHvie 19

YueOHUK TipeiHa3HAYEeH JIJIs1 CTYICHTOB MHKEHEPHOTO, GaKalaBPCKOTO U MATHCTEPCKOTO
YPOBHEI KOMITBIOTEPHBIX CIIEIMATBHOCTEN, MOKET OBITH TIOJIE3€H ACITUPAHTAM, MTPEIO-
JaBaTesisiM U pa3paboTUNKaM BEIYUCTUTETLHBIX MAIIUH 1 CHCTEM.

Bort, moxanyii, n Bce. Hackobko yaanach sTa pabota — Cy[IUTh BaM, yBasKaeMblil 4u-
TaTeJb.

BnarogapHocTu

Hpe;mle BCEro HalllM CJIOBa I/ICKPEHHef/i M008B POAUTEIIAM.

Camble Terible ¢jioBa 6J1arofapHOCTH HAIIUM CEMbsIM, POIHBIM, JTIOOUMBIM U OJIU3KUM
monaM. Be3 ux moarorepnenns, BHUMaHUA, TIOIAEPKKH, JOOPOKETATEIbHOCTH U CEP-
JICYHO 3200TBI 9Ta KHUTra HUKOT/Ia Obl He OblIa HAllMCcaHa.

Boixoz B cBer manHoii paboThl ObLI ObI HEBO3MOKEH BHE TBOPYECKOil armMocdepsl, bec-
YUCJIEHHBIX BOMPOCOB U TIOJOKUTETBHON 00PaTHON CBSA3K, KOTOPYIO CO3/1aBaji HAIIN
MHOTOYHCJIEHHbIE CTYIEHTBL,

ABTOPBI ICKPEHHE TIPUSHATEIBHBI BCEM TANAHTIUBBIM COTPYIHUKAM U3/1aTeIbeTBa «[1u-
Tep>.

U, xoHeuHO, OTPOMHAs MPU3HATENFHOCTD HAIITIM KOJIJIETaM, OGIIEHNe ¢ KOTOPBIMU TOJI-
MEPKUBATIO OTOHB TBOPUYECTBA, W HAIIUM YUUTEJIAM, aBIIMM 6a3uc 06pasoBaHusl, TOI-
KPETISIEMOTO HAMU BCIO JKU3Hb.

OT u3parenbcTBa

Barmm 3ameuanust, peIosKeHrsl, BOPOCHI OTITPABJISIATE TIO aZIPECY AJEKTPOHHOM MTOUTHI
comp@piter.com (u3mateabcTBO «IIUTep», KOMIIBIOTEPHAS PETAKITUS ).

Mbr OymeM pajibl y3HATh Batiie MHEHE!

Ha Be6-caiite nsgarenbcrsa http://www.piter.com Bbl HalijieTe 1oApo6HY 0 HH(POPMAIIIO
O HAIINX KHUTAX.
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CtaHoBneHune n aponouus umdppoBomn
BbIYNCJIUTEJIbHOW TEXHUKU

Nsyuenue n0060r0 BONMPOCa MPUHSITO HAYMHATH C JOTOBOPEHHOCTEH O TEPMUHOJIOTUHU.
B namem ciydae ompesiesleHNIO MOJIEXKAT TTOHATHUS @viyucaumenvias mawuna (BM)
u gvruucaumenvuas cucmema (BC). Cpasy ke 0TOBOPUM, UTO MTPEAMETOM PACCMOTPEHUS
GY/IyT MCKITIOUUTENBHO IU(PPOBbIE MANTHHBI W CHCTEMBI, TO €CTh YCTPOICTBa, OepH-
pyloliiue AUCKPETHBIMU BeIMYMHAMU. B siuTepaType MOKHO HAWTH MHOKECTBO CaMbIX
Da3IMYHBIX ONPe/eJIeHITi TEPMUHOB «BBIYMCIUTENbHAS MAIITITHAY 1 <«BBIYUCIUTENbHAS
cuctemar. [IpmunHa Takoil TEPMUHOJOTUYECKON HEOTIPEAETCHHOCTH KPOETCS B HEBO3-
MOKHOCTH JIaTh yIOBJIETBOPSIOINIEE BCEX YETKOE OIpe/ieIeHre, JOCTOMHOE POJIU CTaH-
napra. Jltobas n3 u3BeCTHBIX (POPMYJIMPOBOK HeceT B cebe CTpeMIIeHIe aBTOPOB OTpa-
3uTh HarboJee CYIIECTBEHHBIE, TT0 UX MHEHUIO, MOMEHTBI, B CUJTY YEero He MOXKET OBITh
BceoObeMiTonieil. He oTaBas mpeanodTeHus Hu OJIHON 13 U3BECTHBIX (hOPMYJIMPOBOK
TEPMUHOB «BbIYUCIUTENbHAS MANIUHA> U «BBIYUCIUTETBHAS CUCTEMA», BOCIIOIb3YEMCSI
otpeziesieHnsIMU U3 MexxryHaponnoro crangapra ISO/TEC 2382/1-93 u rocynapctBeH-
uoro crangapta TOCT 15971-90, yc/0BUBIIMCH YTOYHSATD UX CMBICJOBOE HAIIOJHEHUE
0 Mepe HeoOXOANMOCTH.

Borucrumenvuas mawuna (BM) — COBOKYITHOCTh TEXHUYECKUX CPEJCTB, CO3/1Af0MTast
BO3MOKHOCTb IIPOBeIeHNs 06paboTKy MHMOpMAIUK (IaHHbIX ) U II0JIyYeHUe pe3yJibraTa
B HeoOxoaMOii hopme. TTox TeXHUYeCKUME CPeICTBAMU IOHUMAIOT Bee 000py10BaHIeE,
npegHasHaYeHHoe /I aBTOMATU3UPOBAHHON 00paboTKy gaHHbIX. Kak mpasuio, B co-
ctaB BM BXOJWT ¥ cCTEMHOE IIPOTPaMMHOE 0OecIiedeHue.

BM, ocHoBHbBIE (hyHKITMOHAJIBHBIE YCTPONHCTBA KOTOPON BBITIOJTHEHBI HA 3JIEKTPOHHBIX
KOMITOHEHTaX, HAa3bIBAIOT AJIEKTPOHHON BEIUNCIUTENbHON MamuHoi (D BM).

B cBoto ouepens, svruucaumenvuyio cucmemy (BC) cranpapt ISO/TEC 2382/1-93 onpe-
JIeJISIET KaK OJIHY WJIH HECKOJIBKO BBIYUCINTEIBHBIX MaIIH, eprudepuiinoe 06opyposa-
HUe ¥ IIPorpaMMHOe obecriedeHne, KOTOpbIe BBIIOJIHSIOT 00pabOTKY JaHHBIX.

Takum o6pasom, popmaibio orandre BC or BM Bbipaskaercss B KOJIMYECTBE BHIYUCIN-
TEJIHHBIX CPEACTB. MHOKECTBEHHOCTDh ATUX CPEJICTB TT03BOJIsIeT peamn3oBaTh B BC ma-
pajtesibHyI0 06paboTky. C Apyroil cCTOPOHBI, COBPEMEHHbIE BBIYHCIUTEIbHBIE MATITMHBI
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TaKk;Ke 00JaJa0T OIIpeie/IeHHBIME BO3SMOKHOCTSIMY Paclapaljie IMBaHIA BEIYUCIUTE -
Horo mpoiecca. MupiMu ciioBamu, rpadb Mesxay BM u BC uacto ObiBaer BecbMa pac-
IJIBIBYATOM, YTO JAET OCHOBAHME TaM, IJle 9TO 1ejiecoo0pasHo, paccMarpuBath BM kak
onny u3 peammsaiuii BC. I HarmpoTuB, BEIYUCIUTENBHBIE CUCTEMBI YACTO CTPOSTCS U3
TpasuImoHHbIX BM 1 nx yacTeii, 10aTOMy MHOTHE U3 TIOJIOKEHUH, OTHOCSAIINXCS K BM,
MOTyT ObITh pacipocTpaHensl u Ha BC.

W, nakonel, 3akaiountesbioe 3amedanue. Crernuduka rJaBbl BEIHYK/IAET UCIOJIb30-
BaTh B HEWl MHOTHE MOHSITUS, TIOJTHOE COIEPIKAHIME KOTOPBIX CTAHET SICHBIM JIUIIIb MTOCJIE
U3y4YeHUs TOCTEeYIONNX Pa3/ieJIoB KHUTU. TaM, T7ie 9TO BO3MOYKHO, TTOSICHECHUS 6y,t[yT
JIaBaThCs 110 XO/1y U3JI0sKeHuns (IIpaB/a, B yIPolieHHoM Bue). B mo6om ciyyae, 1 1mo-
JIy9€eHUA TMOJIHOU KapTUHDBI K MaT€pUuary I[aHHOIL/,I TJIaBbl UMEET CMBICJI €111€ Pa3 BEPHYTHCSA
HOCJIe 03HAKOMJICHHST CO BCEM YUCOHIUKOM.

OnpeaneneHne NOHATUN «OpraHu3auua»
M «apXuTekTypa»

JLJ1st KOHKPETHOM BBIYMCIMTEIBbHOI MAIIMHBI, KaK U JJIs 11000 CJI0KHON CUCTEMBI, Xa-
pakTepHa orpejiesieHHast Opranu3arus.

TepMUH «OpraHU3aLUs» IPOUCXOIUT OT JATUHCKOTO 07ganizo (coo0IIa CTPORHbIA BILL,
YCTpamBalo) U UMeeT JBa 3HAUYCHUS:

1) BHYTPEHHAA YIIOPAAOYCHHOCTD, COIJIACOBAHHOCTD, BSaHMOHeﬁCTBHe yacrei I1€JI0TO;

2) COBOKYITHOCTB TIPOIIECCOB WJIU JIEHCTBUIL, BEIYIIUX K 0OPA30BAHUIO U COBEPIIIEHCTBO-
BaHUIO B3aMOCBS3€eH MKy JaCTSIMU LIEJIOTO.

B BpluncanTesbHON TEXHUWKE paccMaTPUBAIOT /1Ba BHUa opranmsanun BM u cucrew,
KOTOpbIE OIIpe/lesIsAI0TCs ABYMs B3IVIAZaMU Ha UX (DYHKIIMOHUPOBAHUE U IIOCTPOCHUE:
B3TJISZIOM TIOJTE30BATEIST ¥ B3TJISIIOM Pa3paboTumKa.

Jlst osib3oBaresist BakeH Habop dyHKIui u yeayr BM, kotopbie obecrieunBaoT ag-
(bexTrBHOE pemenne ero 3agay. Ero He mHTEpPECYIOT BOMPOCH TEXHUYECKON peaTu3arum
3TUX QYHKIUI ¥ TPUHSATHIE TeEXHUUYecKue petierust. [loatomy ripu npoektupoBanuu BM
B MIEPBYIO OUYEPE/Ib CO3MAETCS €€ abCmpaKxmuas Mooeib, OMUCHIBAOIIAS (DYHKI[MOHAIb-
HbIE BO3MOKHOCTH MAaIIWHBI W TIPEIOCTABISIEMbIE €10 YCIYTH, TO eCTh ee (PyHKITMOHAIb-
HYTO OPTaHU3AIIHIO.

Dyuyuonarvias opzanudayus BM — abGcTpakTHas MOAETb COBOKYITHOCTH (hYHKITHO-
HAJBHBIX BO3MOKHOCTEI 1 YCJIYT, TPU3BAHHBIX YAOBJIETBOPUTH MOTPEOHOCTH MOTH30Ba-
Tesiell. DT BO3MOKHOCTH U YCIYTH 06ECTIEUMBAIOT BCIO MOCJIEI0BATEIBHOCTD ACHCTBIIA
M0JIb30BATEJIST: KOAMPOBAHNE UCXOJHBIX JAHHBIX, TPOTPAMMUIPOBAHUE, BBOJ JaHHbBIX
U IPOrpaMM, yIpaBJeHne X010M 00pabOTKH JAHHBIX, BBIBOJI PE3YJIBTATOB U UX JIOKYMEH-
THUPOBAHMUE.

B cBoto ouepesrb, pa3pabOTUUK JOJUKEH CO3/IaTh TEXHUYECKYIO peanusaiuto GhyHKINI,
PELYyCMOTPEHHBIX aOCTPAKTHON MOJIEJIBIO BBIYMCIUTETbHON MaIlUHBI, HA OCHOBE pe-
AJIbHBIX (PU3UYECKHUX CPEJICTB: 3JIEMEHTOB, Y3JI0B, OJIOKOB ¥ YCTPOHCTB.

Cmpyxmypnas opeanusayusi BM — 310 dhusndeckass MoJesib, KOTOPas YCTaHABIBACT
COCTaB, MOPSZOK W TIPUHITUATIBI B3AUMOJIECHCTBUA OCHOBHBIX (DYHKITMOHAJIBHBIX 4acTeil
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MamuHel. [padudeckum 0TOOpaKEHUEM CTPYKTYPHOU OPraHU3aIUU SIBJISIETCS] CTPYK-
TypHas cxemal. B WHKeHEPHON TIPaKTUKE TPUMEHsIETCsT 60siee KPATKUil TEPMUH, COOT-
BETCTBYIOIIHI CTPYKTYPHOII CXeMe — cmpyxmypa’.

Wrak, hyHKIHOHATbHAS OPTaHU3AIMST O3BOJISIET TOJMYYUTh aOCTPAKTHBIN <«TOPTPET>
BM — B nem ukcupyiorcs GyHKIIMOHATIbHbIE BO3MOXKHOCTH MAIIUHbI, HO 3T BO3MOXK-
HOCTHU He IOJIep:KUBaIOTCsa MarepuaibHo (dbusnyeckumu cpeactBamu). CTpyKTypHas
opraHu3aIusa 06ecneyrBaeT MaTepraIu3aIiio GyHKIMOHATbHOM opranusariu BM.

Tepmun «byHKITMOHATBHAS OpraHU3AIMsT> CHOPMYJINPOBAH POCCUNUCKUMU YIEHBIMH.
B mexxmyHapomHOM TTPOCTpaHCTBE OH TPAHC(HOPMHUPOBAJICS B TEPMUH «apPXUTEKTYpa BbI-
YUCINUTETbHON MAITUHBI».

BriepBbie TEPMUH «apPXUTEKTypa BBIYMCIUTENbHON MamHbl» (computer architecture)
6611 yrotpedseH ¢upmoit IBM npu paspaborke Matins cemetictsa IBM 360 st omu-
CaHUS TEX CPEICTB, KOTOPBIMU MOJKET MOJIb30BATHCS TIPOTPAMMHUCT, COCTABJISS TPOTPaM-
My Ha YPOBHE MalllMHHBIX KOMaH/. [10J0GHYIO TPAKTOBKY HA3bIBAIOT «y3KOIi», TaK Kak
OXBaTbIBACT OHa JIMIIb YaCTh BOIIPOCOB, OMMHUCBHIBAIOIIINX (l)yHKLII/IOHaJIbHI)IC BO3MOJKHO-
CTU: TIepedeHb 1 (hopMaT KoMaH I, (GOPMBI TIPE/ICTABICHIS TAHHBIX, MEXaHU3MbI BBOJA,/
BbBIBO/1A, CHOCO6I)I aZipecan MaMATH | T. I1.

B rocynapcrsentom cramgapre 15971-90 oz apXuTeKTypoil BBIYHCIUTETHHON MAIITITHbBI
MOHUMAETCST KOHIENTyalbHast CTPyKTypa BM, ompesessiioniast mpoBefienne oopaboTKu
uHGbOPMAIIH U BKIIOYAIOIIAs METO/IbI TPeobpasoBanust nH(MOPMAIUH B IAHHbBIE U IIPUH-
IUITBI B3AUMOJIEVCTBISI TEXHUIECKUX CPEJICTB M IIPOrPAMMHOTO 00€CIIEUeH S,

Mexaynapoaunsiit crangapt ISO/TEC 2382/1-93 naet takoe e orpejiesieHNe, UCTIOJb-
3ys1 cilefyolryio (hopMyIUPOBKY: 9TO JIOTUYeCKast CTPYKTYPa U (PYHKIIMOHAJIbHbBIE Xa-
pakTepuctuky BM, BKilouast B3aMOCBSI3U MEK/Y €€ allapaTHbIMKU U TPOrPAMMHBIMU
KOMITOHEHTaMH.

B Harmrem yuebHuKe Gy/eM OPUEHTHPOBATLCS Ha CTAHAAPTHBIEC OTPEAETEHUST TePMUHA
<APXUTEKTYypar.

YpoBHM geTannsauum CTPyKTypbl
BbIYMCJ/INTEJIbHOW MAaLUUHbI

Boruncamrenpnas Mamuia Kak 3aKOHYEHHBIH 00BbEeKT ABJIAeT coO0i 10/ YCI/IJII/Iﬁ CIIe-
MaJIMUCTOB B CaMbIX Pa3JIMYHbIX 00J1aCTAX YeJI0BeYECKUX 3HAHNI. Kazkprii cienpaaincT
pacCMaTprBaA€T BbIYNCINUTEIIbHYIO MallIMHY C TTO3UII CTOHLL[EP,I nepea HUM 3a/1a4u, ab-
CTparvupysAchb OT HECYIIECTBEHHDIX, 110 €ro MHEHUIO, I[eTaJIefI. B tabm. 1.1 IepedncJeHbl
CIIEUAJIICTDI, IIPpUHUMAIOIIE y4aCThue B CO3/JaHNN BM, 1 KpyT BOIIPOCOB, BXOJANINX
B UX KOMIIETEHITHIO.

Kpyr BOIIpOCOB, paccMaTpuBacMbIX B JaHHOM yueOHUKe, 10 OOJIbIIEH YacTH, OTHO-
CUTCH K KOMIIETEHIIMA CUCTEMHOIO apXMTEKTOPAa U OXBATbIBAET PA3JIMUHbIEC CTEIIEHU

! CTpyKTypHbIE CXeMbI IPUMEHSIIOT TAKKE ¥ JIJIsT ONUcaHusl (hyHKIIMOHAIBHON OpPraHn3aiinm.
2 Mesxxmnyrapoaubiii crangapt 1ISO/TEC 2382/1-93 ompezensiet, 9To CTPYKTypa 3aaeT OTHOTIIE-
HUST MEK/LY 9JIEMEHTAMU CUCTEMBI.
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neramusanyy BM u BC. B npunnume, Takux ypoBHeil MOKeT ObITh ZOCTATOYHO MHOTO,
OJTHAKO CJIOKUBINASCS TIPAKTUKA OTPAHUYNBAET UX YNCJIO YeThIPbMs ypoBHsiMu (puc. 1.1).

Ta6nuua 1.1. PacnpegeneHune GyHKUMIA Mexay pa3paboTimkamMy BbIMUCTIUTENbHON MaLLWHbI

Crnenunamicr Kpyr Bonpocos
[TponsBoanTesnb MOMTYIPOBOAHNKOBLIX | MaTepuas 11 MHTErpabHbIX MUKpPOCXeM (JIeTnpo-
MaTepuajioB BaHHBII KPEMHUH, TUOKCU/] KDEMHUS U T. 11.)
Pa3paboTyuK 3JIeKTPOHHBIX CXEM dJeKkTpoHHbIE cxeMbl Y308 BM (paspaboTtka u ana-
m3)
Paspaboruuk nHTerpasbHbix MUKPO- | CBepXO0Ibliiie UHTErPabHbIe MUKPOCXEMBI (CXEMBbI
cxeM AJIEKTPOHHBIX 3JIEMEHTOB, UX Pa3MelleHne
Ha KpUCTaJIe)
CHCTEeMHBIIT apXUTEKTOD ApXuTeKTypa 1 OpPraHn3anns BbIYUCIUTETbHON MaIIIH-
HbI (YCTPOUCTBA U Y3JTbI, CUCTEMA KOMAH/ 1 T. T1.)
CucreMHbIH IPOTPaMMUCT Omneparmonnas cucTeMa, KOMITNJIATOPBI
TeopeTtnx AJropuT™MBbl, aGCTPAKTHBIE CTPYKTYPbI JAHHBIX

Puc. 1.1. YpoBHM geTann3aunm BblHUCAUTENBHON MaLUWHbIL: @ — YPOBEHb «4E€PHOr0
AayKa»; 6 — ypoBeHb 00LLEN apXUTEKTYPbI; B — YPOBEHb aPXUTEKTYPbI LLEHTPANIbHOrO
NnpoLeccopa; r — YPOBEHb apXMTEKTYPbl YCTPOCTBA YNpaBieHns

Ha nepBoM ypoBHe BbIYMCIUTEIbHAS MAIlIMHA PACCMATPUBAETCS KaK YCTPOHCTBO, CIIO-
cobHOe XpaHUTh U 00pabaThiBaTh MH(MOPMAIUIO, a TaKkKe OOMEHUBATHCS JAHHBIMU
¢ BHenmmHUM MupoM (cMm. puc. 1.1, @). BM nipezictaBiigercsd «4epHbIM AIIUKOM», KOTOPbII
MOZKET OBITH TIOJIKJII0YEH K KOMMYHUKAIIMOHHON CETH U K KOTOPOMY, B CBOIO OUY€pE]lb,
MOTYT TIOJICOeTUHATbCA 1epudepuiiHbie yCTpoicTBa.
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Yposenb o611eit apxutektypbi (cM. puc. 1.1, 6) npeanomnaraer npejcrasaenue BM B Bujie
YEeTBhIPEX COCTABJAIONMNX: TeHTpasbHoro mnpoieccopa (IIIT), ocnosnoit mamsaru (OI1),
ycTpoticTBa BBojia/BbiBozia (Y BB) u cuctemsr muH.

Ha TpeTbhem ypoBHe neTanusnpyercs Kask[oe U3 YCTPOUCTB BTOporo yposHs. s mpu-
Mepa B34T IeHTpasibHbIN Tpoiteccop (cM. puc. 1.1, 8). B mpocrelimem BapuanTe B HeM
MOJKHO BBI/IEJTUTB!

B apudmeruko-jgorndyeckoe ycrpoicrso (AJIY), obecreunBaioniee 06paboTKy LEJIbIX
YUCEeT;

m 6ok o6paboTku ymces B hopmare ¢ masawolieii sanaroii (BI13);

H PETUCTPBI TIPOIECCOPA, UCIOIB3YIONIUECS I/ KPATKOCPOYHOTO XPAHEHUST KOMaH]I,
JIAHHBIX U aJIPECOB;

m ycrpoiicrBo yupasienus (YY), obecriednBaroliiee cOBMECTHOE (DYHKIIMOHUPOBAHME
ycrpoiicts BM;

B BHYTPEHHUE ITUHBI.

Ha ueTBepTOoM ypOoBHE JIETATU3UPYIOTCS 2JIEMEHTHI TPeThero ypoBus. Tak, na puc. 1.1, 2
PacKpbITa CTPYKTypa YCTPOMCTBA yIpaBjeHud. ¥ Y MPeCTaBIeHO B BUAE YETBIPEX CO-
CTaBJISAIONINX:

B JIOTHKW TPOTPAMMHOM MOCTIEN0BATENBHOCTH — SJIEKTPOHHBIX CXEM, 00eCTIETNBAIOTTIX
BBITIOJIHEHNE KOMaH/[ IIPOTPAMMBbI B TTOCJIE0BATEIbHOCTH, TTPEMIChIBAEMON TIPO-
rpamMMoli;

H DPETUCTPOB U JeNU(pPATOPOB YCTPONUCTBA YIIPABIECHNUS;

B yIpaBJsollell MaMsaTy;

B JIOTHKH (hOPMUPOBAHYSI YITPABIEHNUST, TEHEPUPYIOIIEH BCe HEOOXOMUMBIE YITPABJISIO-
e CUTHATBI.

Ssonounsa cpeacTs aBToMmaTu3aunm BblMNCNIEHUN

[TonbITKM 06JIETYNTD, & B W/leae aBTOMATH3UPOBATD TIPOTIECC BLIYUCICHUN UMEIOT JIaB-
HIOI0 ucTopuio, HacuuThiBaoItyo 6osee 5000 ser. C pazBuTHEM HAYKH U TEXHOJIOTHIA
Cpe/IcTBa aBTOMATHU3AIMU BBIUMCICHUH HElPEPbIBHO coBepIieHCTBOBaINCh. CoBpeMeH-
Hoe cocTosHKe BhruncanTeIbnoi texunkn (BT) apiser coboil pesyIsraT MHOTOJIeTHE
9BOJIOIIH.

B TpamuimoHHoit TPaKTOBKE 9BOJIIOIIIO BEIYNCIUTENBHON TEXHUKH TIPECTABISIOT KaK
nocenoBaTesabHyIo cMeny rmokosenuii BT. [TosgBienne TepMuna «1mokoJieHe» OTHOCHT-
csa k 1964 rony, korna ¢dupma IBM Beimyctuina ceputo kommnbiotepoB IBM 360, HazBas
3Ty CEPHIO «KOMIIBIOTEPAMH TPETHETo MoKoJeHust». B cranmapre TOCT 15971-90 pano
cJIefryIonee onpeieJieHne TepMuHa:

«ITokosieHre BBIYMCIUTETbHBIX MAIIUH — 9TO KJaccubUKaloHHas rpyina BM, o0b-
eaunsioniasg BM 1o ncnosb3yemMoii TeXHOIOTNN pean3aliiy ee YCTPOUCTB, a TaKKe 110
YPOBHIO pasBUTHsI (DYHKIIMOHAIBHBIX CBOICTB 1 MPOTPAMMHOI0 00eCIeYeHUsT U XapaK-
TePU3YIOIIast Ope/IeTIeHHBIN TePUO/T B PA3BUTUN TTPOMBITIJIEHHOCTH CPECTB BBIUNUCIIN-
TEJTbHON TEXHUKN».
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Onnoili u3 ungeii paspuTUA (GYHKIIMOHAIBHBIX CBOMCTB MPUHATO CUYUTATH KOHICIIIUIO
BBIUMCIUTEIBHON MAITMHBI ¢ XPAaHUMON B MaMATU MTPOrPaMMOii, chopMyJTUPOBAHHYIO
[lxxornom ¢don Heilimanom. B3sB ee 3a Touky orcuera, ucrtopuio pazsutust BT MoxHO
MIPE/ICTaBUTh B BUJIC TPEX HTAIIOB:

| ,Z[OHefIMaHOBCKOI‘O nepmnoaa;

B OSPBbI BBIYUCJIUTEJIbHBIX MAaIllUH U CUCTEM C (I)OH-HEIL/,IMaHOBCKOI‘/JI apXHTeKTypOﬁ;

B IIOCTHEMAHOBCKOM 3I10X1 — 3IIOXU IapaJ/iJieJIbHbIX 1 pacClipe/leJIEHHbIX BbI‘H/ICJIGHI/IfI,
T/ie HapAay ¢ TPAAUITUOHHBIM TTOAX0/I0OM BCE 60]IBH_IyIO POJIb HAYWHAIOT UTPAaTh OTJINY-
HbIE€ OT (bOH-HefIMaHOBCKHX IIPUHIUIIBI OpTraHU3alln BbIYUCJUTEJIBbHOTO IIpoIiecca.

3HaynuTeaBHO GOJIBIIEE PACTIPOCTPAHEHKE, OHAKO, MOJYYMJIA MPUBS3KA TMOKOJEHUIT
K CMeHe TeXHOJOoTHi. [[pUHSATO TOBOPUTH O «MeXaHNUeCKOi» ape (HyJIeBoe MOKOJIeHHe)
U TOCJIeI0BaBIuX 3a Heil matu nokoyenusx BC [28, 152]. IlepBbie ueTbipe MOKOIEHS
TPAUIIHOHHO CBA3BIBAIOT C 9JIEMEHTHON 6a301 BHIUMCIUTETBHBIX CHCTEM: JICKTPOHHbBIE
JIAMIIBI, TIOJIYTPOBOTHUKOBBIE TIPUOOPHI, HHTETPATIbHBIE CXEMBI MAJION CTETIEHU MHTETPa-
. (MUMC), 6ombiime (BUC), ceepx6oabumie (CBYC) u yasrpabossumie (YBUC)
HMHTErpajbHble MUKPOCXeMbI. [IsITOe TIOKOJICHHE B OOIIENPUHSATON MHTEPIIPETAIINN ac-
COLMUPYIOT HE CTOJBKO C HOBOW 9JIeMEHTHON 6a30ii, CKOJbKO ¢ MHTEJIEKTYaJIbHbIMU
BoamoskHocTssMu BC. PaGotsl 110 cozganuio BC msToro mokoJeHus BeJUCh B paMKax
YeThIPeX J0CTATOUYHO HE3aBUCHUMBIX TIPOTPAMM, OcylnecTBIABIUXCH yueHbiMu CIITA,
Anonun, crpan 3anaanoii EBporst u ctpan CoBeta dkoHOMUYeCKO# B3anmornomoru.
BBumy Toro, 4To HM O/HA W3 TIPOTPAMM He TIPUBEJA K OKUAAEMBIM pe3yJibraTaM, pas-
roBopbl 0 BC maToro 1mokosieHus: IIOHEMHOTY yTHXAloT. TPaKTOBKA MSATOTO MOKOJIEHUS
SIBHO BBITIQJIAeT U3 «TE€XHOJOTHYECKOTOy» TpuHiuna. C Apyroil CTOPOHBI, TPUYUCTIEHNE
Bcex BC Ha Gase cBepxGoubimx wHTerpaibHbix cxeM (CBUC) k yerBepTOMYy MOKOJIE-
HUIO He OTpa)kaeT MPUHIMITHATBHBIX M3MeHeHUl B apxutekType BC, mpousorreamnminx
3a nocJsieiHue Tojibl. YTOObI B KAaKOW-TO MepPe MPOCJIEUTh POJIb TAKUX M3MEHEHUH, BOC-
0JIb3YEMCS HECKOJIBKO OTJIMYHON TPaKTOBKOM, 1peiaraeMoii B [125]. B pabore Bbige-
asercs mectb Tokoseranit BC. [ombITaeMcs KpaTKO 0XapaKTePU30BaTh KaK/0€ U3 HUX,
BbIJIeJIssE HanboJiee 3HAUMMBble COOBITHS.

HyneBoe nokoneHune (1492-1945)

JLtst TOJTHOTBI KapTHUHBI YIIOMSTHEM JIBa COOBITHSI, TIPOUBOIIE/IIIE 0 Halllel apbl: Iep-
Bble cueThl — abak, n3oOpereHHble B ApesHeM Basuione 3a 3000 ser 10 H. 9., 1 11X GoJiee
«COBPEMEHHBIIT» BAPUAHT C KOCTOUKAMU Ha IIPOBOJIOKE, MOsIBUBIIHIiCsS B Kutae mpumep-
Ho 3a 500 seT Takxe 10 H. 3.

«Mexanuueckasy apa (HyJieBoe mokoJsienue) B aposonuu BT cBsizana ¢ Mexanudyecku-
MU, a TI035Ke — 3JIEKTPOMEXAHUIECKUMHU BBIYUCIUTEIBHBIMEI yCTpoiicTBaMu. OCHOBHBIM
AJIEMEHTOM MEXaHIMUYECKUX YCTPOUCTB ObLI0 3yOuaroe koseco. Hauntas ¢ XX Beka poJib
6a30BOTO 2JIEMEHTA TEPEXOUT K ITEKTPOMEXAaHNUeCKOMY peste. He ymamsis sHaueHus
MHOTHUX WIeil «MEXaHUIeCKOi» apbl, HEOOXOIMMO OTMETUTD, YTO HU OJJHO U3 CO3JaHHBIX
YCTPOMNCTB HEJIb34 C MMOJHBIM OCHOBAHUEM Ha3BaTh BBIUUCIUTEIHHON MAITMHON B COBpe-
MEHHOM ee MOHUMaHUKU. UT0ObI MOAYEPKHYTH HTO, BMECTO TEPMUHA <«BBIYUCIUTETbHAS
MaruHay GyIeM UCII0JIb30BaTh TAKUE CJI0BA, KAK «BBIYUCIUTEb, <KAIBKYIATOP» U T. II.
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XpOHO]IOI‘I/ISI OCHOBHBIX COOBITHI «MeXaHU4eCKON» 9PbI BBITVIAANUT CJACAYIONIUM 06p330M.

1492 rox. B ogHom u3 cBoux giHeBHUKOB JleoHapo j1a BuHuu npuBOANT PUCYHOK TPU-
HaJIaTUPA3PAHOIO JeCATUUHOTO CyMMUPYIOIIEro YCTPOICTBA Ha OCHOBE 3yGUaThIX KO-
Jec.

1623 rox. Busbreanm HIukkapa (Wilhelm Schickard, 1592—1635), mpodeccop yausep-
curera Tio6uHrena, paspabaThiBaeT yCTPOMCTBO Ha OCHOBE 3y0UaThIX KOsec («CunTalo-
IIIE Yachl») [T CJOKEHHA ¥ BBIUUTAHUS IECTUPA3PAIHBIX JeCATUYHEIX Yices. Bhlo
JIM YCTPOMCTBO PeaJM30BaHO MPU KU3HU M300peTaTes, J0OCTOBEPHO HEU3BECTHO, HO
B1960 romy 0HO GBITIO BOCCO3AaHO U NPOSBUIO cebst BIIOJIHE paboTOCTIOCOOHDIM.

1642 roa. Bies ITackanns (Blaise Pascal, 1623—1663) npeacrasaser «Ilackanun» — nep-
BOE PeasibHO OCYIIECTBJICHHOE W TOJYYMBIIEE M3BECTHOCTH MEXaHUUYECKOe UpPOBOE
BBIYUCTUTETbHOE YCTPOHCTBO. [IpoToTHT yeTpOoiicTBa CyMMUPOBAJ 1 BBIYUTAJ MIATHPA3-
psHbIe AecaTndHble unca. [Tackanb n3rotoBus Gosee ECATH TaKUX BBIYMCIUTENTEH,
[pUYeM MOCJIeHIE MOJIETH OTIEPUPOBAJIN YUCIaMU JJTHHOM B BOCEMb 1T (P.

1673 roa. Tordpun Busbreanm Jleitbuur (Gottfried Wilhelm Leibniz, 1646—1716) co-
3[IAeT <IIOIIATOBbINM BBIUYUCIUTENb> — JIECSATUYHOE YCTPOMCTBO [IJisI BBIIOJIHEHUST BCEX
YyeTbIpex apudMeTuIecKux onepauil naza 12-pa3psaaubiMu JecaTUIHbIME Yncaamu. Pe-
3yJIbTaT YMHOKeHUsE pecTaBisiics 16 mudpamu. IlToMumo 3y0uaThix KOJIEC, B yCTPOii-
CTBe UCIIOJIb30BAJICS HOBbII 9IEMEHT — CTYHNEHYATbII BAJHK.

1786 rox. Hemerkuii Boennsiii nuskenep Moramna Miosuiep (Johann Mueller, 1746—1830)
BBI/[BUTAET UJIEI0 «PA3HOCTHON MAIIUHBI» — CIIEIUATIN3MPOBAHHOTO KATbKYJISTOPA [T
TabyIMPOBAHUST JTOTapU(BMOB, BEIYUCISEMbBIX PASHOCTHBIM METOIOM. KanbKyisatop, 1mo-
CTPOEHHBIN Ha CTYMEHYaThIX Bajnkax JIeHGHMIA, MOMTYyIUIICs JOCTATOYHO HEOOMBITIM
(13 cm B BeIcOTY 1 30 CM B iIMaMETPE ), HO TIPU ATOM MOT BBITIOJIHSTD BCE YEThIPe apudme-
TUYECKUX JIeficTBUS HAl 14-pa3psiIHbIMU YHCTAMU.

1801 rox. JKosed Mapus Kakkapza ( Joseph-Marie Jacquard, 1752—1834) ctpout Tkar-
KUH CTAHOK C TTPOTPAMMHBIM YTIPABJIEHIEM, TTPOTpaMMa paboThl KOTOPOTO 33/Ia€TCSI C TI0-
MOIIIBIO0 KOMILTEKTA TTePOKapT.

1832 roa. Anrmmiickuii matematuk Yapibs Ba6oumsk (Charles Babbage, 1792-1871)
CO37Ia€T CEIMEHT Pa3HOCTHON MAIIWHBI, ONEPUPYIOMIUI MECTUPA3PAAHBIMU YHCIAMU
M PasHOCTSAMM BTOPOTO NMopsaka. PasnocrHas mammna ba00uaska 1mo ujaee aHajorndta
KaJIbKysaTopy Miostepa.

1834 rox. Tep Teopr IIytir (Per George Scheutz, 1785—1873) uz Ctokroyibma, HCIOJb-
3ys1 KpaTKoe oTucanme mpoekTa badbumka, co3naet u3 aepesa HeOOIBITYIO PA3HOCTHYIO
MallHYy.

1836 roa. Ba66uK paspabaThiBaeT MPOEKT «aHATMTUUECKON MAIUHbI>. [[poeKT mpesy-
CMATPUBAET TPU CYUTHIBATEJS € IePMOKAPT [IJisI BBOJA TPOTPAMM U JIAHHBIX, TAMSTD (110
Bab0UIKY — «CKJIajl» ) Ha TAThAECT 40-pas3psiiHbIX YHCET, IBA aKKYMYJISITOPA JIJIsT Xpa-
HEHUS TIPOMEKYTOUHBIX Pe3yJIbTaToB. B IporpaMMUpOBaHIY MaITUHBI TIPEyCMOTPEHA
KOHIIEIIINS YCIOBHOTO Mepexojia. B mpoexT 3aokeH Takske U mpoobpas MUKPOTIPOTPaM-
MUPOBAHMS — COZEPsKAHIe UHCTPYKIIWIT [TPE/IIOIarajoch 3a1aBaTh MyTeM MO3UIUOHNU-
POBaHUA METATUYECKUX MITBIPEl B IUAMHIPe ¢ oTBepcTusaMu. [1o omenkam aBTopa,
CYMMUPOBaHUE JIOJZKHO OBLIO 3aHUMATh 3 ¢, a YMHOMKEHUE U fiejleHne — 2—4 MUH.
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1843 rog. Teopr Iyt coBMectno ¢ chinom DasapaoM (Edvard Scheutz, 1821-1881)
CTPOSAT Pa3HOCTHYIO MAlllUHy € TPUHTEPOM JIsi paboThl ¢ Pa3HOCTSMH TPETHErO T10-
psizKa.

1871 roa. Ba60uIK CO31aET IPOTOTUIL OJHOTO U3 YCTPOUCTB CBOEH aHAIUTHYECKOI Ma-
HIMHBI — «MEJbHUILY» (TaK OH OKPECTUJI TO, UTO Ceiiyac MPUHSITO HA3bIBATh 1EHTPAJIb-
HBIM TIPOIIECCOPOM ), @ TAKIKE IPUHTEP.

1885 roa. Topp Densr (Dorr E. Felt, 1862-1930) us Yukaro cTpout cBOii «KOMIITO-
METP» — TIEPBbI KaTbKYJIATOP, I/Ie YUC/Ia BBOASITCS HaXKaTHeM KJIABUIIL,

1890 roz. Pesyusrars nepenucu Hacesenust B CIITA 06pabaThiBalOTCst ¢ MOMOIIBIO TIEp-
dhoxaprouroro TabyssTopa, cosaanuoro lepmarnom Xosaeputom (Herman Hollerith,
1860—-1929) n3 MaccadyceTccKoro TeXHOJIOTHIECKOTO HHCTUTYTA.

1892 roa. Buibsim Bappoys (William S. Burroughs, 1857—-1898) npemiaraer ycrpoii-
CTBO, cx0Kee ¢ KanbKyasaTopom Deiibra, HO OoJiee HaleKHOE, U OT 9TOTO COObITUS GEpeT
CTapT UHAYCTPUST O(UCHBIX KAJIbKYJISITOPOB.

1937 roa. [Ixxopx Crubuti (George Stibitz, 1904—1995) us Bell Telephone Laboratories
JIeMOHCTPHUPYET MEPBbIii OAHOOUTOBbIN JBOMYHbBII BHIYMCIUTENb Ha 6a3e dlIeKTpoMexa-
HUYECKUX PeJie.

1937 roa. Anan Teiopunr (Alan M. Turing, 1912—1954) usz KeMOpuusKcKoro yHuBep-
cureTa myGJIMKYeT CTaThio, B KOTOPOH M3JIaraeT KOHIEMIINIO TEOPETHYECKOI YITPOTIEH-
HOI BBIYMCTUTEIBHON MAaITUHBI, B JaTbHEHIIEM IOJYYUBINEH HasBaHUE MAaIlUHBI
TriopusTa.

1938 roxa. Kiox IlenHon (Claude E. Shannon, 1916—2001) nmy6siukyer craThbio 0 peajiu-
3allUU CUMBOJIMYECKON JIOTUKH Ha (aze peJie.

1938 rox. Hemenxuii nnxenep Konpaz Iyse (Konrad Zuse, 1910—1995) crpout mexa-
HUYECKUH IporpaMMUpyeMbiil Beraucautesb Z 1 ¢ mamsiteio Ha 1000 6utos. B nmocientee
BpeMst Z1 Bce vaiiie Ha3bIBAIOT IIEPBBIM B MUPE KOMITBIOTEPOM.

1939 roa. Ixopmx Ctubuti u Comiosns Bunbamce (Samuel Williams, 1911-1977) npexn-
crasuin Model I — xanpkysstop Ha 6ase peieiiHOM JTOTUKHM, YIIPABJISEMBIil ¢ TIOMOIIBIO
MOANDUITUPOBAHHOTO TeJIeTaiiTa, 4To MO3BOJINIO0 TOAKIIOYAThC K KaTbKYIATOPY M0
tesieponHON JuHun. Bosiee o3HTE MOANGBUKAIINH JIOMYCKATN TAKKE OMPEIETEHHYIO
CTeTleHb TPOrPAMMHUPOBAHUSI.

1940 roa. Cienyiomast pabora Ilyse — ajekTpoMexanudeckast MammHa Z2, OCHOBY KO-
TOPOH COCTaBJIsIIIA PeJieiiHast IOTUKA, XOTs MaMATh, Kak 1 B Z1, 6bl1a MEXaHUYECKOil.

1941 rox. Ilyse cosmaer ajeKTpoMeXaHUYECKUH TPOTPAMMUPYEMbBI BEIUUCIUTEND Z.3.
Boerancaurens comepxut 2600 areKTpoMexaHUIECKUX peie. Z3 — 9TO MmepBast MObITKA
peajiM3aluy MPUHIIKIIA TPOrPAMMHOIO YIIPABJIEHHS, XOTS U He B IIOJIHOM o0beMe (B 00-
IETPUHATOM MOHUMAHUU 9TOT IPUHIIKII elrfe He ObLT chopMyrpoBaH). B yacTHocTH,
He TIpelycMaTpUBaIach BO3MOKHOCTD YCJIOBHOTO Tiepexo/a. IIporpamma xpanuiach Ha
nepdoJiente. EMkocts! mamsaTu cocrasiisiia 64 22-6utosbix ciaosa. Omepanus yMHOKe-
HUsI 3aHMMaa 3—5 c.

! EMKocTh XapaKTEPU3YyET KOJIMYECTBO IJIEMEHTOB JaHHBIX, KOTOPOE OJTHOBPEMEHHO MOJKET Xpa-
HUTDHCA B ITaMATH.
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1943 ron. I'pynmna yuenbix [apBapzickoro yuuBepcutera Bo riase ¢ loBapnom AlikeHoM
(Howard Aiken, 1900—1973) paspabarbiBaer Bbruncaurenb ASCC Mark I (Automatic
Sequence-Controlled Calculator Mark I) — mepBbiii porpaMMHO YIIPaBJSIEMBII BbI-
YUCJIUTEb, TIOJYYUBITUI ITUPOKYIO U3BeCTHOCTD. [lmnHa yerpoiicTBa coctaBuia 18 m,
a BECUJIO OHO 5 T. MarmHa cocTosia 13 MHOJKECTBA BBIUMCUTEIeH, 06pabaThIBAIONINX
CBOM YacTu 001Ieil 3a/1a4u 1o/ YIIPABJIEHUEM e[HHOTO YCTPONCTBA yripasienust. Koman-
JIbI CYUTHIBAUCH € 6YMasKHOH 11epdONEHTBI U BBIMOJIHSIUCH B MOPSIIKE CYMTHIBAHS.
JlaHHble CUNTHIBAINCH ¢ Tiepdokapt. Boraucanresns obpabarsisan 23-paspsiHbie YK,
1pu 9ToM cyiokenune 3annmaso 0,3 ¢, ymuoxkenne — 4 ¢, a nienenue — 10 c.

1945 roa. Ilyse 3aBepiaer Z4 — yaydiieHHyIo Bepcrio Beraucautesst Z3. Ilo apxurek-
Type y Z4 o4eHb MHOTO OOIIUX YepT ¢ CoBpeMeHHbIMU BM: maMsTh 1 mpotteccop mpei-
CTaBJIEHBI OTAETBLHBIMU YCTPOICTBAMHE, TIPOIIECCOP MOXKET 00pabaThiBaTh YMCIA C TIJIa-
BaloIIeHl 3a1ATON U, B JIOTIOJTHEHNE K YeThIPEM OCHOBHBIM apU(METHYECKIIM OTIEPAIIHSIM,
crocobeH U3BJIeKaTh KBaJIPATHbII KOpeHb. IIporpaMma XpanuTcs Ha repoJieHTe U cum-
TBIBAETCS TIOCJIEI0BATEIBHO.

He ymanss BasKHOCTH KaKIOTO U3 MEPEYMCIEHHBIX (DaKTOB, B KaUECTBE BasKHEHIIEro
MOMEHTA «MEXaHUYECKON» STTOXM BCE-TaKM BBIIEIMM aHATUTHYECKYI0 Mammiy Yapipsa
Ba66umka 1 cBA3aHHbIE ¢ Hell UJeu.

NMepBoe nokoneHune (1937-1953)

Ha poss iepBoii B mcTOpUN 3J1eKTPOHHOH BBIUUCJIUTENbHON MANTMHBI B Pa3HbIe TIepro-
bl IIPETEH0BAJIO HECKOJIBKO Pa3padoTok. OOImuM y HUX OBbLIO UCIIOIb30BAHUE CXEM Ha
6ase HIEKTPOHHO-BAKYYMHbIX JIAMII BMECTO 9JIEKTPOMEXaHU4YecKuX peJte. Ilpemmonara-
JIOCh, UTO 9JIEKTPOHHbIE KJIIOUN OY/IyT 3HAYMTENbHO HajlexkKHee, IIOCKOIbKY B HUX OTCYT-
CTBYIOT JIBUKYIITHECS] YACTH, OJJHAKO TEXHOJIOTHSI TOTO BPEMEHU ObLia HACTOIBKO HECO-
BEpIIEHHOM, YTO M0 HA/IEKHOCTH HJIEKTPOHHbBIE JTAMITbI OKA3aJIUCh HEHAMHOTO JIydlIITe,
yeM pesie. OTHAKO Y 9JIEKTPOHHBIX KOMIIOHEHTOB MMEJIOCh OTHO BayKHOE TPENMYTIIECTBO:
BBINIOJIHEHHbIE HA HUX KJIIOYM MOTIJIM IePEeKIIoUaThcs IIPUMEPHO B ThICSUY pas ObicTpee
CBOUX 3JIEKTPOMEXAaHUYECKUX AHAJIOTOB.

[IepBoit 2/1eKTPOHHON BBIYMCAUTEILHON MAIIMHON Yallle BCETO HA3bIBAIOT CIIEINAJIU-
supoBanHblil Kaibkyssitop ABC (Atanasoff—-Berry Computer). Paspaboran oH ObLt
B iepuoz ¢ 1939 1o 1942 rox npodeccopom IxxoHom Aranacosbim ( John V. Atanasoff,
1903-1995) coBmectho ¢ actmparTom Knuddopaom Beppu (Clifford Berry, 1918—1963)
U TIpeIHA3HAYAJICS JIJIST PENIEHUS CUCTEMBI JIMHEHHBIX ypaBHeHWH (10 29 ypaBHEHWIT
¢ 29 nepemennbiMu). ABC o6aagan namsatbio Ha 50 cjioB 1umHON 50 6UTOB, a 3al10MHE-
HAONUMW 3JIEMEHTAMU CJIYKUJIN KOHJIEHCATOPHI C TeNIMU pereHepaiuu. B kauecTse
BTOPUYHOW MaMATU UCIOJIb30BAIUCh TIePGOKAPTHI, TIe OTBEPCTHUsI He TephoprpoBa-
Jiich, a mpoxkuranuch. ABC cran cunrtatbes nepBoit anekTporHoit BM, nocie Toro kak
cyZieOHbIM pelieHueM ObUIM aHHYJIMPOBAHbBI IIATEHTHI CO3/aTeJIeil APYroro sJ1eKTPOHHO-
ro kasbkysstopa — ENTAC. Heo6xoaumo Bee ke orMeTuth, uto Ht ABC, Hu ENTAC He
SIBJISTIOTCS BBIYMCIUTETbHBIMU MAalIMHAMU B COBPEMEHHOM MTOHUMAHWH 9TOTO TEPMUHA
1 WX TIPaBUJIbHEN KIaccuUIMpoBaTh KaK KaJTbKYJISTOPDI.

BropbIM IpeTeHIeHTOM Ha IIePBEHCTBO cunTaercs Bbrurcautenb Colossus, HocTpoeHHbIi
B 1943 rony B Anrunu B Mecreuke Bletchley Park 6sm3 Kem6puska. Mzobperartesnem
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MammHbl 0611 Ipodeccop Makce Hpiomen (Max Newman, 1987—1984), a usrorosu ero
Tommu Daayspe (Tommy Flowers, 1905—-1998). Colossus 6b11 cosman st pacingd-
POBKHU KO/IOB HeMellkoi mmmdpoBasbpHoii ManmmmHbl «Jlopenir [lmoccenb-ry3aT-40».
B cocTtaB KoMaHibl Pa3paboOTYNKOB BXOAMI Takxke Anan Thiopunr. Mammia Oblia Bbl-
MOJTHEHA B BUJIE BOCBMHU CTOEK BBICOTOH 2,3 M, a 00Imas [JInHa ee COCTAaBIAIA 5,5 M.
B siormueckux cxemax MalllHbI U B CUCTEME OITUYECKOTO CYUTHIBAHUS MH(MOPMAIIIH
HUCnoab30BaI0Ch 2400 91€KTPOHHBIX JIAMII, TJaBHBIM 00pa3oM TUPAaTpoHoB. MHMOP-
MaI[Usl CYUTHIBAJIACH C TISITH BPAIIAIONIMXCS JTMHHBIX OYMaKHBIX KOJIEI[ CO CKOPOCTHIO
5000 crmBOJIOB/C.

Haxomner, Tpetnii kKaHauaaT Ha poJib TEPBOU ajeKTpoHHONH BM — yike ymomuHas-
uiics MIPOrpaMMUPYEMbII SI€KTPOHHBIN KaabKyJaaTop obmero Hasnauenus ENIAC
(Electronic Numerical Integrator and Computer — a1eKTpOHHBIN T(POBOIT MHTErpa-
TOpP M BhruucauTeNb). Mnes xanpkyasatopa, BeiiunyTast B 1942 rogy /[xkonom Mouin
( John J. Mauchly, 1907-1980) u3 ynusepcurera IlencuibBanuu, Oblia peajinsoBaHa
um coBmecTHO ¢ IIpectiepom drkeprom ( J. Presper Eckert, 1919-1995) 8 1946 roxy. C
camoro Hayasa ENTAC akTHBHO MCIIOJIb30BAJICS B IIPOrpaMMe pa3paboTKU BOLAOPOIHOM
60oMObI. MatimHa aKcIyatupoBaiach 10 1955 roga v IPUMEHSIACh Uit TEHEPUPOBa-
HUA CJIy4allHbIX YHMCeJl, IPeICKa3aHns MOTO/bl U IIPOEKTUPOBAHUS adPOIMHAMUYECKUX
py6. ENTAC Becun 30 Tonn, copepsxan 18 000 paguomnamii, umes pasmepst 2,5 X 30 M
u obecreunsai BbinosHerne 5000 ciroxennit 1 360 yMHOKeHUMI B ceKyHy. Vcmonb3o-
BaJIACh JleCATUYHAS cucTeMa cuncienud. [Iporpamma 3azaBasach cXeMoil KOMMY Tl
Tpurrepos Ha 40 HabopHBIX oJsAX. Kora Bee taMITbl paboTasii, HH/KEHEPHBIN epcoHal
Mmor Hactpouth ENTAC Ha HOBYyI0 3a/1auy, BpyuHyio u3amMeHuB nojksaodenue 6000 mpo-
BOJIOB. [Ipu MPOGHON KCITyaTAUU BBISICHUJIOCH, YTO HAJE€KHOCTh MAIIMHBI YPE3BbI-
YalHO HU3Ka — [TOMCK HEUCIIPABHOCTEN 3aHUMAaJl OT HECKOJIBKUX YacOB JI0 HECKOJILKUX
cytok. ITo cBoeii ctpykrype ENIAC nHanmomunan MexaHnuecKue BbIYUCJIUTETbHbIE Ma-
muHbL 10 TPUTTEPOB COEAMHSIIUCH B KOJIBIIO, 00Pasyst AeCATUUHbBII CIETUNK, KOTOPbIN
HCIOJIHAJ POJIb CYETHOTO KoJleca MEeXaHWYeCKON MamuHbl. [lecsaTh TaKuX KOJIel] III0C
JIBa TPUTTEPA /IS TPEJICTABIEHUS 3HAKA UM CJIA TPE/ICTABIISIN 3aTIOMUHAIOIAI PETHCTP.
Bcero B ENIAC 6bw10 20 Takux peructpos. Cucrema nepeHoca AeCsTKOB B HAKOIUTEISIX
Oblila aHAJIOTMYHA [IPeBapUTEJbHOMY IIepeHocy B Malinte ba6oumxa.

ITpu Beedt BAXKHOCTH KasKAON M3 TPEX PACCMOTPEHHDBIX Pa3pabOTOK OCHOBHOE COOBITHE,
IPOU3OIIe/IIee B ATOT NEPUOJ, CBsI3aHO ¢ MMeHeM /[>kona don Heiimana. AMepukan-
ckuii matematuk J[xxou ¢on Heiiman ( John von Neumann, 1903—-1957) npussin yua-
ctue B mpoexte ENIAC B kauectBe koHcyspTanTa. Ete 10 3aBepiennst ENIAC Oxkepr,
Mousu u pon Heliman npuctynuiu k Hopomy mmpoekty — EDVAC, riaBHoit ocobeHHO-
CTBIO KOTOPOTO CTAJIA UAES XPAHUMOU 8 NAMSMU NPOZPAMMY.

TexHOIOI M IPOrPaMMUPOBAHNUS B pacCMaTpUBaeMbIil 11epuo/1 ObLjIa ellle Ha 3a4aTOYHOM
ypoBHe. IlepBble TPOrpaMMbl COCTABJISIJIUCH B MAITUHHBIX KO/IaX — YKCJIaX, HETIOCPE]I-
CTBEHHO 3aIUChbIBaeMbIX B TaMaATh BM. JIunib B 50-X rogax Ha4ajaoch UCIIOJIb30BAHUE
sI3bIKa acceMOJiepa, M03BOJISBINEr0 BMECTO YKMCJIOBOHM 3allMCl KOMaHJ MCIIOJIb30BaTh
CUMBOJIBHYIO UX HOTAITNIO, TIOCJIE YeTO CIeINaIbHON MPOrpaMMOoi, TakyKe Ha3bIBAeMON
acceMOJIePOM, 9T CUMBOJIbHBIE 0003HAUEHM TPAHCANPOBAINCH B COOTBETCTBYIONIIE
KOJIBL.
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HecmoTpst Ha cBOIO MPUMUTHUBHOCTH, MAIIUHBI TIEPBOTO MOKOJIEHUST OKA3aIUCh BEChMa
MOJIE3HBIMU 11 MHKEHEPHBIX 11eJieil U B MPUKJIAMHBIX HayKax. Tak, Atanacodd mon-
CUMTAJI, YTO PEIIeHNE CUCTEMbI U3 BOCBMU YPaBHEHWI € BOCEMbIO TEPEMEHHBIMHU C TIO-
MOTITBIO TIOMYJIIPHOTO TOT/IA HJIEKTPOMEXaHMUECKOTO KalbKyJIsgTOpa MapiaHa 3aHsIo
6bI BoceMb 4acoB. B ciryuae ke 29 ypaBHeHUI ¢ 29 1epeMeHHbIMU, ¢ KOTOPBIMU KaJlb-
kyssitop ABC cripaBiisiiicst MeHee 4eM 3a yac, yCTPOUCTBO € KaJbKyJisgTopoM Mapiana
sarpaTuiio 661 381 yac. C nepsoii 3agaueii B paMkax mpoekta Bogopoanoi 6om6sr ENTAC
crpasuicst 3a 20 ¢, B mporuBoBec 40 wacam, KOTOPbIe TIOHAZOOUINUCH ObI TIPU UCIIOIB30-
BaHWUM MEXaHUYECKUX KATbKYISITOPOB.

B 1947 rony nox pykosojctBom C. A. JlebeneBa Hauarbl pabOTHI 10 CO3MAHUI0 MAJION
aJIeKTPOHHON cuetHON Mammmabl (MOCM). Ita BM Oblia 3amyiiieHa B 9KCILIYaTAI[HIO
B 1951 roxy u crama nepsoii anextpontoit BM B CCCP u konTunenrtanbHoil Esporre.

B 1952 roxy 9xkeptr m Mousin co3pain nepByio KOMMEPYECKH YCHEHIHYIO0 MAITHHY
UNIVAC. NmenHo ¢ oMotipio atoit BM 0bL10 TIpe/ickasato, uTo Jii3eHxaysp B pes3yJib-
Tare Ipe3uIeHTCKIX BI60poB nobeauT CTUBEHCOHA ¢ Pa3pbiBOM B 438 rosrocos (hakTu-
YeCKUH pa3pbiB COCTABUI 442 ToJoca).

Takske B 1952 1oy B OIBITHYIO SKCILIyaTal[iio Obljla 3allylleHa BbIYMCAUTEIbHAS Ma-
mmaa M-1 (M. C. bpyk, H. d. Matioxun, A. b. 3ankunm). M-1 copepskana 730 amnex-
TPOHHBIX JIAMII, OIIEPATUBHYIO MAMITh EMKOCTHIO 256 25-pa3psiiHbIX CJIOB, PYJIOHHBIN
TeJsieTaiin u obJagana mpousBoANTebHOCTBI0 15—20 omeparmii/c. Briepsbie Oblia mpu-
MeHeHa IByXaJ[pecHas cucteMa KoMan/. YyTb 1osske rpymoi Boinyckunkos MOUW nog
pykxoBozctBoM U. C. Bpyka cosmana manmmHa M-2 ¢ eMKOCTBIO OTlepaTUBHON MaMsITH
512 34-paspsaaubix cioB u Opictpoaeiicteuem 2000 onepanuii/c.

B anpesie 1953 roga B aKCILIyaTaIfio moCTyIiia camast ObictposeiicTyioiiast B EBporre
BM B3CM (C. A. Jlebenes). Ee 6picTposeiictue cocrasuio 8000—10 000 omeparuii/c.
[IpumepHo B TO ke BpeMs BbimynieHa JammoBasg BM «Crpema» (10. A. basunesckui,
B. 1. Pameees) ¢ 6bicTposeiicteuem 2000 orepatimii/c.

Bropoe nokoneHue (1954-1962)

BTopoe mokosrene XapakTepu3yeTcst psiIoM IOCTIKEHNH B 9IeMEeHTHO# 6ase, CTPYKTY-
pe u mporpaMMHOM obectiedeHu . [IPUHSATO CUUTATh, YTO TOBOIOM JIJIST BBIACTCHUS HO-
BOTO MOKOJIeH st BM cTaiu TeXHOIOTHYeCKIe N3MEHEHHUS 1, TIAaBHBIM 06Pa3oM, TIEPeXo/T
OT 2JIEKTPOHHBIX JIAMIT K ITOJIYITPOBOTHITKOBBIM AMOaM M TPAH3UCTOPAM CO BPeMEHEM
nepeksioyenus ropsiaka 0,3 mc.

[TepBoit BM, BbITIOJIHEHHOH MTOJTHOCTBIO HA MOJYITPOBOAHUKOBBIX IUOJAX U TPAH3UCTO-
pax, crasa TRADIC (TRAnisitor DIgital Computer), nocrpoentas B Bell Labs 1o 3a-
Kasy BoenHo-Bo3ayHbIx cuyi CIITA kak npororun 6oprosoit BM. Maimna coctosiia 13
700 Tpansucropos u 10 000 repmManHneBbIX AMOAOB. 3a Ba Toja skciryataiun TRADIC
OTKasaJii TOJIbKO 17 TOTYIPOBOAHUKOBBIX 9JIEMEHTOB, YTO TOBOPUT O MPOPBIBE B 00-
JIACTU HAJIE)KHOCTH, TI0 CPABHEHUIO C MANIMHAMU HA 3JIEKTPOHHBIX Jamniax. /[pyroii mo-
CTOMHOI YIIOMUHAHUS TIOJHOCTBIO MOTyNpoBoHuKoBOM BM crana TX-0, cozpannas
B 1957 roxy B MaccauyceTccKOM TEXHOJIOTHUECKOM UHCTHUTYTE.

Co BTOpBIM 1OKOJIEHNEM BM acconuupyior elre oiHO MPUHITUITHAJIbHOE TEXHOJIOTHYe-
CKO€ YCOBEPIIEHCTBOBAHME — I1€PEX0/] OT YCTPOUCTB MaMsATH Ha Gase PTYTHBIX JUHUI
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3a/IeP’KKHU K YCTPOMCTBAM Ha MAarHUTHBIX Cep/leYHNKAX. B 3amoMmHaoONMX ycTpoicTBaxX
(3Y) Ha nuHUGX 3a/IepXKKU JIAaHHbIE XPAHWJINCh B BUJIE aKyCTUYECKOW BOJIHBI, HeIpe-
PBIBHO IIMPKYJINUPYIOLIEH 110 KOJIbILY U3 JIMHUHI 3a/leP/KKH, a JOCTYII K 9JIeMEHTY JaHHbIX
CTAHOBWJICST BO3MOKHBIM JIMIITb B MOMEHT TIPOXOJKJCHNSI COOTBETCTBYIOINIETO YJIacTKa
BOJIHBI BOJIM3H YCTPOICTBA CUNTHIBAHUST/3arucy. [TaBHBIM MpenMytiecTBoM 3Y Ha Mar-
HUTHBIX CEPJEYHUKAX CTAJ MPOU3BOJILHBIN HOCTYI K JAHHBIM, KOT/A B JIOOOH MOMEHT
MOCTYTIEH JII0OO0H 3JIeMEHT JIAHHBIX, TIPUYEM BPEMST JIOCTYIIA HE 3aBUCUT OT TOTO, KaKOil
3TO DJIEMEHT.

TexHOMOTHYECKNUH TIPOTPECC JIOTIOMHAIOT BakHbIe n3MeHeHns B apxutektype BM. Ilpe-
JKJle BCEro 9TO KacaeTcs LosBJIeHus B cocTaBe 1Ipolieccopa BM uniekcHnblx perucTpos,
YTO MO3BOJINJIO YIIPOCTUTD JOCTYTI K 3JleMeHTaM MacCuBOB. PaHblile, TpU IIUKINYECKON
06paboTKe 9JIEMEHTOB MacChBa, HEOOXOAMMO ObLIO MOAU(DUIINPOBATH KO KOMAH/IbI,
B YACTHOCTM XpaHANIMICA B HEM ajipec djeMeHTa MaccuBa. Kak ciejictBue, B Xo/ie Bbl-
YUCJIEHNH KO/l HEKOTOPBIX KOMaH/l IOCTOSIHHO U3MEHSIUCD, YTO 3aTPYAHAIO OTIaAKY
mporpammbl. C MCIIOTH30BAaHUEM WHIEKCHBIX PETUCTPOB aIpec 2JieMeHTa MacCUBa BbI-
yycJgeTcsd Kak cyMMa aZipectoll yacTu KOMaH/Ibl U COAePKUMOI0 MHAECKCHOIO PErUCTpa.
ITO MO3BOJIsIET OOPATUTHCS K JIIOOOMY 3JIEMEHTY MACCHBA, He 3aTPAruBast KOJI KOMaH/IbI,
a JINIIb MOJUMUITMPYS COAEPKIMOE UHIECKCHOTO PETUCTPA.

BTOpBIM MPUHIUITHATIBHBIM H3MEHEHEM B cTpykType BM cramo nobasieHue amma-
partoro 6joka 06paboTku yncesn B GopMare ¢ Iasaoiieil sansatoil. /[o sToro o6pa-
60TKa BEIIECTBEHHbIX YUCE/ IIPOMU3BOIAMIACH € IOMOIIBIO IIOAIPOrPaMM, KasKaas U3
KOTOPBIX UMUTHUPOBAJIA BBITIOJIHEHUE KAaKOW-TO OJTHON OTIepaIli C IJIaBalolell 3anaToi
(cnokeHne, yMHOMKEHHUE U T. I1.), UCIIOJIb3YS [JIs 9TOM 1ie 00bIYHOE 1IeJI0UUCAEHHOE
apudMeTHKO-JI0THIeCKOe YCTPONCTBO.

TpeTbe 3HaUMMOE HOBOBBe/leHNE B apxuTekType BM — mosiBiienne B cocTaBe BBIUNCIN-
TeJIbHOM MalIMHbI IIPOLECCOPOB BBO/A,/BbIBO/IA, TO3BOJISIONIMX OCBOOOAMUTD IIEHTPAJIb-
HBII IIPOLECCOP OT PYTUHHBIX OIIEPALil 110 YIIPABJIEHUIO BBOLOM /BBIBOIOM 1 OGecIe-
YMBAIONIMX (0JIee BBICOKYIO IIPOIYCKHYIO CIIOCOOHOCTD TPaKTa «IaMsTh — YCTPOiicTBa
BBO/1a,/BBIBO/Ia> (Y BB).

Ko BTOpOMY MOKOJIEHUIO OTHOCSTCST U /iBe TiepBbie cymepdBM, paspabotanmbie st
YCKOPEHUS YNCTEHHDBIX BBIUMCICHUH B HAYYHBIX NTPUIOKeHUSAX. Tepmun «cynepdBM»
MEePBOHAYAJIBLHO PUMEHSJICS 110 OTHOIIEHWIO K BM, Tpon3BouTeIbHOCTD KOTOPBIX Ha
ofuH wiu 6oJiee TIOPSAAKOB MPEBOCXO/IIIA TAKOBYIO /I TIPOYNX BHIYMCIUTEIBHBIX Ma-
HIMH TOTO JKe IIOKOJIeHUs. Bo BTOPOM IIOKOJIEHUM 9TOMY OIIpe/lesIeHUIO0 OTBeYasl JiBe
BM (mpaBusibhee ckaszath cucreMbr): LARC (Livermore Atomic Research Computer)
u IBM 7030. ITomumo mipoyero, B 9tux BM Hatm BorionieHue ere JiBe HOBUHKH: CO-
BMeIIIEHIEe OTepPaIuii Ipoieccopa ¢ 0OpaleHeM K MaMsITH U pocTeiiiine GopMbl ma-
paJLIebHON 06pabOTKY JAHHBIX.

3aMeTHBIM COOBITHEM TAHHOTO Tlepro/a ctamo nossienue B 1958 roxy mammunr M-20.
B sroit BM, B yacTHOCTH, ObLIN Pealn30BaHbL: YaCTUUHOE COBMEIEHME Olepalluil, am-
IapaTHble CpeCTBa HMOAAEPIKKU [IPOrPAMMHBIX LIUKJIOB, BO3MOXKHOCTD IlapaJiiesbHoi
paboThI mporieccopa U ycTpoiicTBa BhIBoAa. OnepaTHBHAS MaMATh eMKOCThio 4096 45-
Pas3ps/IHBIX CJIOB OblIa BBITIOJHEHA HA MATHUTHBIX CEPCYHIKAX.
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[ectrmecsrpie Toapl XX BeKa CTaIy MEPUOAOM OYPHOTO PasBUTHS BBIYMCIUTEIHHOIM
trexuuku B CCCP. 3a a10oT nepuos paspaboTaHbl 1 3alyLIeHbl B IPOU3BOACTBO BBHIUUC-
JIUTEJIbHBIE MAIIWHBI «Ypas-1», «¥Ypar-4d», «Ypan-11», «¥Ypan-14», BOCM-2, M-40,
«Munck-1», «Munck-2», «Munck-22», «Munck-32». B 1960 rony moj pykoBojcTBOM
B. M. I'mymkosa u B. H. Manunosckoro paspaborana mepsas MOJIYIPOBOJHUKOBAS
ynpasJstionas Mamuna «/[nernps.

Haxowerr, HeJb3s1 He OTMETHTD 3HAYUTETbHBIE COOBITHS B chepe POrpaMMHOTo obecrie-
YeHUs, a MIMEHHO CO3/[aHue SI3BIKOB MTPOrPaAMMUPOBAHsT BHICOKOTO ypoBHs: Doprpana
(1956), Asnrosa (1958) u Ko6ona (1959).

TpeTbe nokoneHue (1963-1972)

Tperbe 1mokosieHne 03HAMEHOBAJIOCH PE3KUM YBEJWYEHUEM BBIUMCAUTEIBHON MOIIHO-
cru BM, craBumm cieficTBieM GOJBIINX YCIEXOB B 0OJIACTH apXUTEKTYPbI, TEXHOJIO-
TUH ¥ TIPOTPaAMMHOTO obecriedernst. OCHOBHbBIE TEXHOJIOTHYECKIE TOCTURKECHST CBSI3aHBI
C IIEPEXO0/IOM OT JIMCKPETHBIX ITOJTYITPOBOHUKOBBIX 2JIEMEHTOB K MHTETPAJbHBIM MUKPO-
cXeMaM ¥ HayasIoM TIPUMEHEHUS MOJIYTIPOBOJHUKOBBIX 3alIOMUHAIONINX YCTPOUCTB, Ha-
YUHAIOIUX BBITECHATb 3Y Ha MArHUTHBIX cepieyHukax. CyliecTBeHHble M3MEHEHUs
[IPOM30ILINA U B apxuTekType BM. 9To, npexie Bcero, MUKpOIpOrpaMMHUpPOBaHUE KaK
addekTuBHAA TEXHUKA MTOCTPOEHUS YCTPOMCTB YIPABJIEHUS CJOXKHBIX ITIPOIIECCOPOB,
a Takyke HACTYTJICHWE aPbl KOHBEHepU3aluu U mapajiebHoil obpabotku. B obractn
MPOrPAMMHOTO OGECTICUCHUST OTIPEETSIONUMU BEXaMU CTAJIH TIEPBBIE OTIEPAIIMOHHbBIC
CUCTEMBI U Peajn3aliisd peskruMa pas3/ieJIeHIs BpeMeHU.

B nepBeix BM TpeThero mokosieHusi UCIOJIb30BATUCh UHTEPAJIbHBIE CXEMbI C MaJIOW
crenenbio uHTerpanun (small-scale integrated circuits, SST), rie Ha ogHOM KpucTailie
pasmernaercs nopsizika 10 TpansucTopos. bimke K KOHILY pacCMaTpUBaeMOro epruo/ia
Ha cMeny SSI crtasu mpuxoauTh UHTErPAJbHbIE CXEMbI CPEHENH CTETIeHN WHTErpalun
(medium-scale integrated circuits, MSI), B KOTOPBIX YHCJIO TPAH3UCTOPOB HA KPUCTAJLIIE
YBEJTMYUIIOCH Ha TTOPSIIOK. K ATOMY Ke BpeMeHM OTHOCHTCSI TOBCEMECTHOE IIPUMEHEHWE
MHOTOCJIOWHBIX TI€YaTHBIX IJ1aT. Bee mmpe BOCTPeOYIOTCS MPEUMYILEeCcTBa Mapalielib-
HOH 06paboTKH, peain3yeMble 3a CUeT MHOKECTBEHHBIX (DYHKIIMOHAIBHBIX OJOKOB, CO-
BMEIIEHHUS BO BpeMeHI PabOThl IEHTPAJIbHOIO MPOIIeCcopa U oIepalliii BBoAa,/BbIBOJIA,
KOHBelepu3aIlnu IOTOKOB KOMaH/T U TAHHBIX.

B 1964 roxy Ceiimyp Kpeii (Seymour Cray, 1925-1996) mocTpoms BIYUCIUTETHHYIO
cucremy CDC 6600, B apXuUTeKTypy KOTOPOIl BIIEpBbIe ObLI 3aI05KeH (PYHKIHOHATb-
HBII mapasieansM. Baarogapst Hamnunio 10 He3aBUCHMBIX (DYHKIIMOHATBHBIX OJIOKOB,
CIIOCOOHBIX PabOTaTh MAPaJIebHO, ¥ 32 HE3aBUCUMBIX MOJYJICH MaMsITH yAal0Ch J0-
ctuub ObictpozeiictBust B 1 MFLOPS (MuumoH omepanuii ¢ IuiaBaroiieil 3amsroii
B cexyHay). Ilsateio Tomamu mosske Kpeii cozpan CDC 7600 ¢ koHBeliepu3npoOBaHHBIMU
dynrmronampabiMu OstokamMu 1 Geictpozeiicteuem 10 MFLOPS. CDC 7600 HasbiBa-
0T TIEPBON KOHBEHEPHON BBIYMCIUTENBHON CUCTEMOU (KOHBEHEPHBIM TTPOIIECCOPOM).
PeBosforronsoit Bexoit B uctopuu BT cTanmo co3manne cemelicTBa BBIYUCIUTETLHBIX
mama IBM 360, apxutekTypa 1 iporpaMMHoOe obecriedeHrne KOTOPIX Ha JOJITHE TOIbI
CITYSKUJIA 9TAJIOHOM JIJIST TIOCJICAYIONIMX OOJIBIINX YHUBepcaabHbix BM (mainframes).
B mammHax 3TOrO cemeiicTBa HAIIM BOIJIONIEHWE MHOTHE HOBBIE JIJISI TOTO TIEpUoJia
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Ujler, B YaCTHOCTHU: TIPeIBAPUTENIbHAST BBIOOPKA KOMAH/I, OT/AEIbHBIE OJIOKH JIJIsT OTepa-
Ui ¢ PUKCUPOBAHHOI U IJIABAIOIIEN 3aIIATON, KOHBEHEPU3allis KOMaH/I, KAIII-11aMsTh.
K tpethemy nokosienuio BC oTHOCSTCS TakKe TIepBbIe MapajiebHble BBIUNCIUTEIbHbIE
cucrembl: SOLOMON xopropanuu Westinghause u ILLTAC TV — coBmectHast paspa-
6orka VmHolickoro yHuBepcuTera v Komianuu Burroughs. Tperbe mokosienne BT
03HAMEHOBAJIOCh TaKKe TOsSBJIEHUEM TepBbIX KOHBeliepHO-BeKTOpHBIX BC: TI-ASC
(Texas Instruments Advanced Scientific Computer) u STAR-100 ¢pupmbr CBC.

Cpeny BBIYMCIUTETBHBIX MallliH, pazpabotanubix B ator nepuog B CCCP, npesxie
BCEro HEOOXOIMMO OTMETUTh <«OBICTPOJECHCTBYIONIYIO 3JIEKTPOHHO-CYETHYIO Ma-
muny» — BIOCM-6 (C. A. JlebeneB) ¢ MpOM3BOAMTENLHOCThIO 1 MJIH omeparnuii/c.
[Iponomxenuem suHun M-20 cramum M-220 u M-222 ¢ npousBOAUTENBHOCTHIO /10
200 000 onepanuii/c. OpuruHaibias BM st WHKEHEPHBIX pacueToB «Mup-1» Oblia
co3fana noJi pykosojctBoM B. M. [mymkosa. B kauectBe BxosHOrO s13bika 910l BM
UCII0JTb30BAH SI3bIK IPOrPAMMUPOBAHUS BBICOKOTO YPOBHS « AHAIIMTUK», BO MHOTOM Ha-
MOMUHAIONIUI A3bIK AJITOJL.

B cdepe nporpammHoro obectiedenust HeoOX0MMO OTMETHTH cozaanue B 1970 roxy Ke-
oM Tomriconom (Kenneth Thompson) us Bell Labs si3pika B, nipsimoro mipesiiiecTBeH-
HUKa TTOMYJISPHOTO SA3bIKa MporpammupoBanus C, ¥ TOSBJIeHNE PaHHEN BEePCUU Ollepa-
nuonuoi cucreMbl UNIX.

YeTBepToe nokoneHue (1972-1984)

OTcuer 4eTBEPTOro MOKOJIEHNST OGBIYHO BEIY T C TIEPEX0/Ia HA HHTETPAIbHbBIE MUKPOCXEMbI
Goabioit (large-scale integration, LST) u csepx6oabiioii (very large-scale integration,
VLSI) crenrern naTerpanuu. K mepBeiM oTHOCAT cXeMbl, cozepskatine okoao 1000 Tpau-
3UCTOPOB HA KPUCTAJLIIE, B TO BPeMs KaK YHCJIO TPAH3UCTOPOB HA OHOM KpucTtasie VLSI
nmeet mopsiok 100 000. [Tpu Takux ypoBHSX MHTETPAITMY CTAJIO BO3MOKHBIM YMECTUTh
B O/IHY MUKPOCXEMY He TOJIbKO IEHTPAJTbHBIIN TIPOIIECCOP, HO ¥ BBIYUCIUTEIbHYIO MaTITH-
ny (LI, ocHoBHYIO TaMsATh U CUCTEMY BBOJIa,/BbIBOJIA).

Konerr 70-x u Havano 80-X roloB — 9TO BPeMst CTAHOBJICHUSI 1 TTOCJIEAYIOIIETO mode-
HOTO TIECTBHSI MUKPOITPOIIECCOPOB 1 MUKPOIBM, 4T0, 011HAKO, HE CHUKAET BaKHOCTU
I/ISMeHeHI/Iﬁ, TIPOU3OMIEAIINX B aPXUTEKTYPE APYTUX TUIIOB BbIYUCJIUTECIDbHBIX MAIlIUH
" CUCTEM.

Optum u3 HauboJiee 3HAYMMBIX COOBITHI B 00stacTi apxuTekTypsl BM crasa ujest Bbi-
YHCTUTETLHON MaIuHbI ¢ cokparntenHbiM Habopom komau (RISC, Redused Instruction
Set Computer), BoiiBunyTass B 1975 roay u Buepsbie peasmsoBatnHas B 1980 rony.
B ympormentiom usnoxenun cyth koutenun RISC 3akmouaercst B cBeennn mabopa
koMaHn BM k Haubosiee yrnoTpeGUTENbHBIM TIPOCTEHITUM KOMaHIAM. JTO MO3BOJISICT
YIPOCTUTH CXEMOTEXHUKY MPOIECCOPa U T0OUTHCS PE3KOTO COKPAIIEHUST BPEMEHH BbI-
HOJIHEHUST KAKIOI U3 «IIPOCThIX» KoMaH/. BoJiee ciioxible KOMAaH/IbI PEAIU3YIOTCS KaK
HOZAMPOrPAMMbI, COCTABJIECHHBIE U3 OBICTPBIX «IIPOCTHIX» KOMaH/I.

B BM u BC uerBepToro rnokojieHus MpakTUYECKU YXOJAT CO CIieHbl 3Y Ha MAarHUTHBIX
Cep/leYHNKaX, U OCHOBHAS TaMsITh CTPOUTCS U3 TIOJYITPOBOIHUKOBBIX 3aTIOMIHAIOIINX
yerpoiicts (3Y). lo aToro ncnoJib3oBanue moJynpoBOJHUKOBBIX 3Y OTPaHMYNBAIOCDH
JINIIb PETUCTPAMU U KIII-TIAMATBHIO.
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B cdepe BbICOKOTIPOM3BOAUTETBHBIX BLIUNCICHUH JOMUHUPYIOT BEKTOPHBIC BHIYUCIIU-
TeJIbHBIE CUCTEMBI, GoJiee n3BecTHbIE Kak cynepdBM. PazpabaTbiBaroTcst HOBbIE TIapadi-
JIeJTbHBIE apXUTEKTYPBI, OHAKO TO00HbIE PabOThl TTOKA €Ille HOCAT IKCIIEPUMEHTAIb-
HbIi xapakTep. Ha 3ameny Gosbiiinm BM, paGoTaioniuM B peskiMe pasjieieHust BpeMeHH,
NPUXOAT UHAMBUYATbHBIE MUKPODBM 1 paboure cranimu (9TUM TepMUHOM 0603Ha-
4aloT CeTeBOI KOMITBIOTEP, MCIIOJIB3YIOINI PecypChl cepBepa).

B obmacti mporpaMMHOTO 06ECTIEUeHNsT BBIICTUM TOSBICHNE SI3BIKOB TIPOTPAMMHUPO-
BaHMs CBEPXBBICOKOIO ypoBH#, Takux kak FP (functional programming — dysxkimo-
HasbHOe nporpammuposanue) u ITposor (Prolog, programming in logic). dtu s3biku
OPUEHTUPOBAHBI HA ANNAUKAMUGHDLL U OEKAAPATUBHLIL CIMUIU NPOZPAMMUPOBAHUSL CO-
OTBETCTBEHHO, B oTsnyre oT [lackasns, C, Doprpana u T. . — SI3bIKOB UMNEPAMUBHOZO0
cmust npozpammuposanus. 11pn anminKkaTUBHOM CTUJIE BBIYUCJIEHUS 33Ial0TCsI TOIBKO
Kak BbI30BbI pyHKIMI. [Ipy fekIapaTHBHOM CTHIIE TPOTPAMMUCT JJAeT MATEMATHUECKOE
OIMCAHUE TOTO, YTO JIOJIKHO OBITH BBIUMCIIEHO, a IETAJN TOT0, KAKIM 00Pa30M 3TO J0JIK-
HO GBITh C/IEJIAHO, BO3JIATAIOTCS HA KOMITAJISITOP U OTIEPAlHOHHYIO crcTeMy. Takue s3bi-
KU TIOKA UCTIOJIb3YIOTCST HEOCTATOUHO MIMPOKO, HO BBITJISIIAT MHOTOOGETIAIOIUMI JIJISt
BC ¢ MaccoBbIM napajuieiu3aMoM, coctostuMu us 6osree yem 1000 mporeccopos. B kom-
nusTopax 11 BC 4yeTBepTOro MOKOJIEHNsT HAUNHAIOT TPUMEHSITBCS CJI0KHBIE METOIBI
ONITUMU3AITIH KOJIA.

JlBa coOBITHST B 06JACTH TIPOTPAMMHOTO obectiedennst cBsizanbl ¢ Kemom ToMmcoHOM
(Kenneth Thompson) u [leaancom Putyn (Dennis Ritchie) us Bell Labs. 1o cosna-
HUe s13BIKa TporpaMMupoBaHst C 1 eTo MCII0Ib30BaHIe TPH HATTMCAHIH OTIePAIlTOHHON
cuctembl UNIX g mammmaer DEC PDP-11. Takag dopma Hanrcanust onepanmoHHON
crcTeMbl To3BoJIIIIa GbIcTpo pacipoctpannTh UNIX Ha mHOre BM.

Martoe nokoneHue (1984-1990)

[aBHBIM TIOBOJIOM JIJIST BbI/I€JIEHNS BBIYNCANUTEIBHBIX CUCTEM BTOPOU MOJTOBUHBI 80-X
TOJZIOB B CAMOCTOSITEJTbHOE MTOKOJIEHNE cTajio cTpeMuTenbHoe pazsutne BC ¢ cotHamu
[IPOLIECCOPOB, CTaBlIee MoOYANTEIbHBIM MOTHBOM JJIsI IIpOrpecca B 00J1acTh Mapasijiesib-
HBIX BbIUMCJIeHN. Panee mapasniesn3M BbIYUCIEHNN BBIPAsKAJICS JIUTIH B BUIE KOHBelie-
pH3aLNH, BEKTOPHOI 00paboTKU 1 pacipeaeseHust paboThl MesKALy HeGOMbIINM YHCIOM
[IPOLIECCOPOB. BhIurciuTebHble CUCTEMBI IISITOTO TIOKOJEHUST 00eCIeYrBAIOT TAKOE Pac-
rpejieJieHre 33/1a4 110 MHOXKECTBY MPOTIECCOPOB, TIPY KOTOPOM KasK/[bIH M3 MPOIECCOPOB
MOJKET BBITIOJTHSTD 33/1a4y OTAEJTBHOTO TI0JIb30BATESI.

B pamkax mgTOTO MOKOJEHUS B apXUTEKTYPE BBIYUCIUTEIBHBIX CUCTeM chOopMUpPOBa-
JIUCD JIBA TIPUHITATTAAILHO PA3JIMIHBIX MMOIX0/A: aPXUTEKTYPa ¢ COBMECTHO MCIIOJTh3ye-
MO TAMSITBIO M aPXUTEKTYPa C PacipeieIeHHON TTaMSITBIO.

XapakTepHbIM TTPUMEPOM TEPBOTO MOAXO0JA MOKET CJIYKUTH cucTema Sequent Ba-
lance 8000, B KoTOpOIi MMeeTcst GoJibIlast OCHOBHAS 11aMsTh, pasaessemas 20 mporec-
copamu. IToMUMO 9TOro, Kakblii IPOLECCOP OCHAIIEH COOCTBEHHOM K3II-IaMITBIO.
Kaskpii 13 mporieccopoB MOKET BBITTOTHSITD 33/[a4y CBOETO MTOJIb30BATEJIST, HO TIPU 9TOM
B COCTaBe [IPOrPpaMMHOIo obeciiederus uMeeTcst OubINoTeKa OAIPOrPaMM, 103BOJISIO-
11ast IPOrPaMMICTY IIPUBJIEKATh JJIs PellleHnst CBOoeil 3aaur GoJiee 0HOTO IIPOLECCopa.
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Cucrema IMUPOKO HCIIOJIb30BAJIaCh [IJII MCCJAENOBaHUSA ITapaJjieJIbHbIX aJITOPUTMOB
" TEXHUKU IIPOTPaMMUPOBaHUA.

Bropoe HanpaBiieHre Pa3BUTUSI CUCTEM IISITOTO TIOKOJIEHUST — CUCTEMBI C PACIIPe/leIeH-
HO¥T TAMSATBIO, T/IE KasK b TPOIleccop 06Ia1aeT CBOMM MOJIYJIEM ITAMSITH, & CBSI3b MEXKTY
poleccopamu 00ecedrBaeTcs ceThio B3auMocssaseil. IIpumepom Takoit BC mosker ciry-
skuTh cricteMa iPSC-1 dupmsl Intel, 6osiee nusBectHas Kak «ruiepky6». MakcuMaabHblii
BapuaHT cucrtembl BJovan 128 mporeccopos. [IpuMenenne pacipeieieHHON TaMAITH
MO3BOJIMJIO YCTPAHUTDH OTPAHUYEHUST B TIPOIYCKHON CMOCOGHOCTH TPAKTa <IIPOIECCOP-
HNaMsATh», HO TIOTEHIIUATbHBIM «Y3KUM MECTOM» 3/I€Ch CTAHOBUTCSI CETh B3aUMOCBSI3EIL.

Haxkowell, Tperbe HallpaBJI€HHE B apXUTEKTYPE BBIYMCIUTENbHBIX CHCTEM ISITOTO T10-
KosieHust — 970 BC, B KOTOPBIX HECKOJIBKO TBHICSY JOCTATOYHO MPOCTHIX MPOIECCOPOB
paboTaloT 1O/ yIIPaBJeHUEM €ITHOTO YCTPOMCTBA YIPABIECHUS U OJAHOBPEMEHHO TTPO-
U3BOJIAT OJIHY U TY JKe ONepalliio, HO KayKIblil HaJl CBOMMH JaHHbIMU. K aToMy Kiaccy
MmoxkHO otHecT Connection Machine ¢upmsr Thinking Machines Inc. 1 MP-1 ¢upmsr
MasPar Inc.

B HayuYHBIX BBIYUCIEHUSX MO-TIPEKHEMY BE/YIITYIO POJTb UTPAIOT BEKTOPHBIE cyniepd BM.
MHoTHE TPOU3BOUTENH MPeIaraioT 6osee ahdEKTUBHbBIE BAPUAHTHI ¢ HECKOJBKUMU
BEKTOPHBIMHU TIPOTIECCOPAMH, HO UHCIO TAKUX MPOTIECCOPOB OOBIUHO HEBETUKO (OT 2
10 8).

RISC-apxutekTypa BBIXOIUT M3 CTJUU SKCIEPUMEHTOB 1 CTAHOBHUTCS Oa30BOU apxu-
TEKTYPOU /it paboumx craniumii (workstations).

3HAKOBOI IPUMETOI pacCMATPUBAEMOTO TIEPHOJIA CTATIO CTPEMUTENbHOE PA3BUTHE TeX-
HOJIOTUH TI06ATBHBIX U JIOKAJTBHBIX KOMITBIOTEPHBIX CETEH. ITO CTUMYJIMPOBAIIO U3Me-
HEHUS B TEXHOJOTUU PabOThl HHIMBUYATbHBIX MOJIb30BaTeseil. B mpotusosec Mori-
HbIM yHUBepcaibHbiM BC, paboTaroinum B pexkuMe pas/ieieHust BDeMeHH, T0Jb30BaTe Il
Bce GoJiee OT/AIOT TPEATNOYTEHHE TTOKIIOYEHHBIM K CETH WHANBUAYATbHBIM PAbOYrM
crantusaM. Takoii MoaXo/ MO3BOJSAET /IS PellieHust HeOOIbINNX 3a/1a4 3a/1eHCTBOBATh
WHJIMBULYATbHYIO MAIIUHY, & TPU HE0OXOMMOCTH B GOJIBINON BHIUMCIUTETBHON MOIII-
HOCTH 00PAaTUTHCST K PECYPCaM MOJCOEIMHEHHBIX K TOM JKe CeTH MOIIHBIX (haili-cepBepoB
niu cyriepdBM.

LLecToe nokoneHue (1990-)

Ha pannux cragusgax sBOJIONUN BBIYUCJAUTENbHBIX CPEICTB CMEHA TTOKOJIEHUI accoIu-
MPOBAJACh C PEBOJIIOIIMOHHBIMU TEXHOJOTUUECKUMU TpopbiBaMu. Kakoe n3 mepBbix
YeThIpeX MOKOJIEHUI NMEJIO YETKO BbIPA)KEHHbIE OTJUYUTETbHbIE TPU3HAKU U BIIOJIHE
ompeziesieHHbIe XpoHOJoTHYecKue paMku. [Tocaemyiotiee nesenne Ha TOKOJIEHUS yiKe HE
CTOJIb OYEBUHO U MOKET ObITh MOHSTHO JIMIIb IIPU PETPOCIIEKTUBHOM B3TJIsijie Ha pas-
BUTHE BBIYUCJIUTENBHON TeXHUKU. [IsaToe n mecroe nokosienus B aBosonuu BT — ato
OTpaskeHre HOBOTO KaueCTBa, BO3HUKIIIETO B Pe3YJIbTaTe TOCJIe0BATENbHOTO HAKOILIE-
HIS1 YACTHBIX AOCTHZKEHU, IIABHBIM 00Pa3oM B aDXUTEKTYPE BEIYMCIUTENbHBIX CHCTEM
1, B HECKOJIbKO MEHBIIIEH Mepe, B chepe TeXHOTOTHIA.

HOBOI[OM [JIsI Hadajla OTCYe€Ta HOBOTO IOKOJIEHHWSA CTaJ 3HAYWUTEJ/IbHbIE YCIIEXW B 006-
JIACTU ITapaJiyieJIbHbIX BbI‘{I/IC]IeHHI'jl, CBA3aHHble C HIMPOKHUM PaCIIPOCTPaHEHUEM BbIYM-
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CIIUTELHBIX CHCTEM € MAaCCOBBIM Mapayienu3MoM. OCoOeHHOCTH OpraHu3aIii TaKUX
cucreM, obosHavaeMbix ab0peBuatypoit MPP (massively parallel processing), 6ymyt
PACCMOTPEHBI B MOCTEAYIONINX TJaBaX. 3/1eCh JKe YIPOIIEHHO OMpPEeAeTNM UX KaK CO-
BOKYTTHOCTh GOJIBIIIOTO KOJMYECTBA (10 HECKOJBKUX THICSY) B3AaMMOEHCTBYIOIUX, HO
JIOCTaTOYHO aBTOHOMHBIX BBIUMCIUTENbHBIX MaIMH. [10 BBIUMCIUTENBHON MOITHOCTU
TaKMe CHCTEMBI yrKe YCIENTHO KOHKYPUPYIOT ¢ cyniepdBM, KoTopbie, Kak paHee oTMeyda-
JIOCh, TIO CBOEI cyTu siBJistiorcst BekTopHbiMu BC. TlosiBiienie BBIYMCIUTENBHBIX CUCTEM
C MaCCOBBIM TTAPAJIJIENIU3MOM JIAJI0 OCHOBAHUE TOBOPUTH O TPOU3BOUTENBHOCTH, U3Me-
psiemoii B TFLOPS (1 TFLOPS coorerctByet 1012 omeparusm ¢ niaBaioliei 3anstoi
B CEKYH/LY).

Bropasi xapakrepHas 4epTa IIECTOTO MOKOJEHHsT — PE3KO BO3POCHIMH YypoBeHb pabo-
YyKX CTaHUuii. B 1poleccopax HOBBIX paboYMX CTaHIMU yciemHo copMeniaorcs RISC-
apXUTEKTYypa, KOHBelepu3aIust U mapaiienbias obpaborka. Hekoropsie paboune craH-
MU TI0 MPOM3BOAMTEIBHOCTH COIIOCTABUMBI ¢ cyrnepdBM dveTBepTOro IMOKOJIEHUS.
Brieuarsistionye XapakTepucTUKU PAOOYMX CTAHIIAIN TOPOIUIN HHTEPEC K TETEPOTEHHBIM
(HEOMHOPOHBIM) BBIYUCIEHMSIM, KOTA TIPOTPaMMa, 3amylleHHass Ha OJHON paboveil
CTaHINH, MOKET HAWTU B JIOKAJIBHOI CETH He 3aHSTbIe B JAHHBIII MOMEHT JPyTHe CTaH-
1Y, TTOCJIe YeTO BBIUNCJIEHNS PACTIapAJIEIUBAIOTCS U HA ATH TPOCTAMBAIOIINE CTAHITHIL.

Haxkownerr, TpeTbeil mpuMeTOil IIecTOTo ToKoJIeHus B aBosoiiun BT cTas B3psiBHOI pocT
TJI0OATBHBIX CeTell. ITOT MOMEHT, OTHAKO, BHIXO/IUT 32 PAMKH TAaHHOTO YYeOGHIKA, TOITO-
My JlaTee KOMMEHTHPOBATHCST He Gy IeT.

3asepriast o6¢cyxaeme sBosmory BT, oTMeTIM, 4TO BEPXHsIsSI TPAHUIIA TITECTOTO TTOKO-
JICHWS XPOHOJIOTUYECKN TTOKa He OTIpe/iesIeHa, U JalbHelTIee pa3BUTIE BEIYNCINTETbHON
TEXHUKHU MOKET BHECTHU B €TO XapaKTEePUCTUKY HOBbIE KOPPeKTUBHI. He mcKIoueHo Tax-
K€, ITO MOCTEMYIONIHE COOBITUS TAIYT MOBOJ TOBOPUTD 1 00 OUEPETHOM TTOKOTIEHI.

KoHuenuusa mawvHbl C XpaHUMOM B NaMATHU
nporpamMmmomn

Wcxong u3 1iesiei TaHHOTO pas/iesia, BBeIeM ellle OJHO OIpe/ie/icHue TePMUHA «BBIYNCIIN-
TeJIbHASI MAllIMHA» KaK COBOKYITHOCTU TEXHUYECKUX CPECTB, CAYKAIIUX /I aBTOMATH-
3MPOBAHHOI 0OPabOTKM AUCKPETHBIX JaHHBIX 110 3aJAHHOMY aJITOPUTMY.

AsropuT™M — 0ofiHO M3 (PYHAAMEHTATBHBIX MOHITHI MATEMATUKU W BBIYUCIUTENHHON
TexHUKH. Meskaynapoanas opranusaius crangaaptoB (ISO) dbopmynupyer nonstue
anZopumm Kak «KOHEUHBIH YIOPSIIOYEHHbBIT HAOOP YE€TKO OMPEIEIEHHBIX MTPABUJ JIJIsT
pemrenust mpobsembi» (ISO 2382/1-93). ITomumo 210t cTaHIapTU3NPOBAHHON (hopMy-
JIMPOBKH CYIIECTBYIOT U ipyTHe onpesenenus. [Ipusenem Hanbosee pacripocTpaHeHHbIe
u3 Hux. Mtak, airoputm — aTo:

m crocob npeobpasoBaHisg HHGOPMAIIKMHY, 3aJaBAEMBbIil ¢ TOMOIIIBIO KOHEYHOI CHCTEMbI
TIPaBULT;

B COBOKYITHOCTb TIPABUI, ONIPEAESIONUX 3 (HEKTUBHYO TPOIELYPY PEIIeHHsT JTI000I
3a/1a9¥ U3 HEKOTOPOTO 33/IaHHOTO KJIacca 3aj1ay;
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[l TOYHO OIIpe/eJIeHHOe IIPaBUJIO Z[efICTBI/Ifl, JUII KOTOPOT'O 3a/laHO YKa3aHue, KakK U B Ka-
KOt TToC/Ie10BATEJIbHOCTHU 9TO ITPAaBUJIO HeO6XOI[I/IMO IIPUMEHATDH K UCXOAHBIM TaHHbIM
3a/la4du, 4TOOBI IIOJIYYUTDb €€ PCHICHUE;

B TOYHOe IIpealtncanune, OIpe/ie/iArolee CoAepKanre 1 IopAA0K HeﬁCTBHfI, KOTOpbIE HE-
O6XOI[I/IMO BBITTO/THUTD HA/l UCXOIHBIMU Y TIPOMEKYTOUYHBIMU ITaHHBIMU [IJIS TTIOJTYYE€HUA
KOHEYHOTO pe3yJbTaTa IPU PENICHNHN BCEX 3a/a4 OIIPEICJICHHOI O TUIIA.

OCHOBHBIMU CBOMCTBaMU AJTOpUTMa ABJIAIOTCA: IUCKPETHOCTD, OIIPEAECJIEHHOCTDb, MacC-
COBOCTb 1 PE3YJIbTaTUBHOCTD.

Jluckpemuocmy BEIPAsKAaeTCs B TOM, YTO QJITOPUTM OMUCHIBAET JAEHCTBUS HAJl INCKPETHON
urdopmalueil (HarpuMmep, YNCJ0BON WM CUMBOJIBHOM ), TIPUYEM CaMU 9TH JI€HCTBUS
TaKXe TUCKPETHBI.

CBoiicTBO onpedenennocmu O3HAYAET, YTO B AJITOPUTME YKA3AHO BCE, YTO JIOJIKHO OBITH
ClIeJIaHo, IPUYeM HU OJIHO U3 IefCTBUN He JOJKHO TPAKTOBATHCS IBOSIKO.

Maccosocmy anropuTMa 1MoJipa3yMeBaeT ero NPUMEHUMOCTb K MHOKEeCTBY 3HAUCHUM HC-
XO/IHBIX /IaHHBIX, @ HE TOJIbKO K KAKUM-TO YHUKAJIbHBIM 3HAUEHHUSIM.

HaKOHeH, PeE3YNbmamueHoCnsd aJITOPUTMa COCTOUT B BOSMOKHOCTH IOJIYYEHUA PE3YJIb-
TaTa 3a KOHEYHOE YHCJIO HIaroB.

PaCCMOTpeHHbIe CBOIICTBA AJITOPUTMOB IIPEAOIIPEAEJIAIOT BOSMOKHOCTD UX peasn3alinmn
Ha BM, IIp1 3TOM IIpoliecc, HOpO)KI[aeMbeI AJITOPUTMOM, Ha3bIBAIOT B8bIUUCIUMENBHHIM
npoueccom.

B ocuoBe apxuTeKTyphl cOBpeMeHHBIX BM JIeXKUT TpeicTaBieHne ajiropuTMa pere-
HUS 3a7aui B Bujie iporpammbl. CorsmacHo crangapty [SO 2382/1-93, mporpamma st
BM cocrouT us KoMaH 1, HeOOXOAMMBIX JIJIsI BBITIOJTHEH U (DYHKIMIA, 3a1a4. [Ipuuem atu
KOMAaH/Ibl COOTBETCTBYIOT IIPABUJIAM KOHKPETHOTO SI3bIKA TIPOTPAMMUPOBAHUSL.

BM, rze ompezeseHHBIM 00pPa3oM 3aKOIUPOBAHHBIE KOMAH/IBI MPOTPAMMBI XPAHSITCSI
B MaMSTH, U3BECTHA TIOJ] HA3BAHUEM GbIUUCIUMENIVHOU MAWUNDL C XPAHUMOU 8 NAMAMU
npoepammotl. nest npunaaiexur cozparensm soraucsautesss ENIAC dkkepty, Mouwiu
u ¢don Heiimany. Eme g0 3aBepienust pabot #ag ENTAC oHu mpUCTYIUIN K HOBOMY
npoekty — EDVAC, raBHOI 0COOEHHOCTBIO KOTOPOTO CTajIa KOHIEIIUs XPAHIUMOI B T1a-
MATU IIPOTpaMMbI, Ha JOJTUE TOAbI OIIpeAe/INBIIaA 6330BI)I€ TIPUHITUIIBI ITOCTPOEHUA
TTocJIe Ay I01nx MOKOJIEHUH BBIYUCINUTEIbHBIX MAIIINH. OTHOCI/ITGJIIJHO aBTOPCTBa CyIe-
CTBYET HECKOJIBKO BEPCHIi, HO TIOCKOJIbKY B 3aKOHUEHHOM BUJI€ Wlest BIIEPBBIE ObLIa 13-
noxena B 1945 rony B cratbe don Heiimana [161], umenno ero pamuius durypupyer
B 0003HAUEHUN aPXUTEKTYPBHI TTOJOOHBIX MAIIMH, COCTABJISIIONIMX MO/IABJISIONLYIO YACTh
coBpemennoro napka BM u BC.

CyuHoctb (hoH-HEHMAaHOBCKOM KOHIIENIINY BbIYUCIUTETbHON MAITUHBI MOKHO CBECTH
K YeTbIpeM ITPUHITUIIAM:

B /IBOMYHOI'O KOJMPOBAHUS;

B IIPOTPAMMHOTO yIIpaBJIeHU;

B OIHOPOIHOCTHU MAMSTH;

B aJpeCcyeMOCTH MTaMATH.
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MpUHUUN 4BONYHOIO KOAUPOBaHUA

CorracHo 5TOMY IPUHITUILY, BCsT MH(DOPMAITHUST, KaK JaHHBIE, TAK U KOMAHJIbI, KOAUPYETCS
nBomyHbiME Tdpamu 0 u 1. Kasxapiit Tum nHGopManmm mpejicTaBiIsieTcs B IBONYHOM
BUJIE U UMeeT cBOW hopmam. TlocieioBarebHOCTD GUTOB B hopMaTe, UMEIOTIast orrpe/ie-
JICHHBII CMBICJI, Ha3bIBACTCS nojem. B dopmare yncia 0OBIYHO BBIICISAIOT NOLE 3HAKA
U noJie 3navauux pasps0o6. B gopmare KOMaHbl MOYKHO BBIAEINTH ABa 10 (puc. 1.2):
noae xoda onepavuu (KOII) u noze adpecos (anpectyio yacts — AT).

Puc. 1.2. CtpykTypa KOMaHAbl

Kon onepanun peacrasisier co60i yKaszaHue, Kakas Ollepalys 10/ KHA ObITh BBIIIOIHE-
Ha, ¥ 33/1a€TCsI C OMOIIBIO 7-Pa3PsIHON IBOMYHON KOMOMHAIIVH.

Buz ampecHoit yacTy M YMCIO COCTABJISIONINX €€ a[PECOB 3aBUCST OT THIIA KOMAH/IBI:
B KOMaH/[ax mpeodpasoBanust aHHbIX AU coepkuT aapeca 06bekToB o6paboTku (one-
pandos) n pesyssTaTa; B KOMaHAAX U3MEHEHVS TOPSIKA BEIYUCICHUN — ajipec CIey-
ToIell KOMaHbl TPOTPAMMBI; B KOMaHIax BBOJIA,/BBIBO/Ia — HOMED YCTPOiicTBa BBO/A,/
BBIBOZIA. AZIpECHAsT YacTh TaKyKe IMPEACTABISIETCS IBOMYHBIM KOJOM, [ITMHY KOTOPOTO
o6o3HaunM vepe3 p. Takum 06paszoM, KOMaH/a B BLIYUCTUTETLHOM MalIiHEe UMEET BUJL
(7 + p)-paspsanHONl JBOMYHON KOMOMHAIIMN.

MpuHUMN NpOorpaMMHOro ynpasneHus

Bce BbIUMCICHNS, TIPEYCMOTPEHHbBIE AJTOPUTMOM PEICHUsT 3a/a4d, JOJKHBI ObITH
[IPE/ICTABJIEHDI B BUJIE NPOZPAMMbL, COCTOSIIEH U3 110CIE0BATEILHOCTH YITPABISAIONINX
cJoB — Komand. Kaxkiast koMaH/a mpeIuchIBaeT HEKOTOPYIO oTiepariuio u3 Habopa ore-
paliuii, peaju3yeMblX BBIYMCJIUTENbHONW MalnHoM. KomaHJbl IporpaMMbl XpaHATCA
B [10CJI€ZIOBATEIBHOCTY CMEKHBIX sSYeeK aMATH BBIYUCAUTEIbHON MAIIMHBI ¥ BBITIOJTHS -
I0TCSI 6 €CMECMBEHHOM NOPAJKE, TO ECTh B MOPSIIKE UX PACTIONOKEHNUS B Tporpamme. [Tpu
HEOOXOIMMOCTH, C TIOMOIIBIO CTIEIUANBHBIX KOMAH/[, €CTECTBEHHBII MOPSIIOK BBITOJ-
HEHUST MOJKET OBITh u3MeHeH. Perietnne 06 M3MEHEHUY TIOPSAIKA BBIMOJHEHUST KOMaH/[
MPOrpaMMBbI TPUHUMAETCS JIMO0 Ha OCHOBAHWU aHAJIM3a PE3YJIBTATOB TPEIIECCTBYIONINX
BBIYUCJICHUT, TN6O HE3YCTOBHO.

MpUHUUN OJHOPOAHOCTU NAMATH

Komanapl n fanHble XpaHATCSA B OJHON M TOMH e MaMATH U BHEIIHE B MaMSATH Hepas-
JIMYUMBI. Pacrosnarh WX MOKHO TOJIBKO TI0 CMOCOOY MCIOMB30BAHUS. JTO MO3BOJISET
ITPOM3BOJIUTD HAJl KOMAaHJAMHU Te JKe OIePallii, YTO U HaJl YUCJIAMU, U, COOTBETCTBEHHO,
OTKPBIBACT PsiJl BOSMOKHOCTEH. Tak, IUKIMYECKN U3MEHSS aJlpecHyI0 YacTb KOMaH/Ib,
MOKHO obGecrednTh obpalieHre K MocJae/IoBaTeIbHOCTH CMEKHBIX 2JIEMEHTOB MacCH-
Ba MaHHbIX. Takoil preM HOCUT HazBaHUe MOOUDUKAYUU KOMAHO W € TIO3UIHIT COBpe-
MEHHOTO TTPOTPAMMUPOBAHMS He TIpUBETCTBYeTcsA. Bouee mosesnbiM sABIIseTCS pyroe
CJIEJICTBYE MPUHITATIA OJHOPOAHOCTH, KOT/Ia KOMAaHIbI OJHON MPOrPaMMBl MOTYT OBIThH
[IOJIyYeHBbl KaK Pe3yJibTaT UCIOJHEHUS APYToil MPorpaMMbl. JTa BO3MOXKHOCTD JIEKUT
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B OCHOBE MPancasyuy — 1epeBojia TEKCTa TPOTPaMMBI € I3bIKa BBICOKOTO YPOBHS Ha Ma-
ITUHHBIN 93bIK KOHKpeTHO BM.

Kontenius BerancinTeibHONM MaIluHbI, N3J105KeHHas B ctaTbe hon Helimana, mpesmiio-
JIaTaeT eIMHYIO MaMsITh JJIsi XPaHEeHUsT KOMaHI ¥ AaHHbIX. TaKol 1moaxo/ ObLI IIPUHSIT
B BBIYMCJIMTEJNbHBIX MAIMHAX, CO3/[aBaBIINXCs B [IpUHCTOHCKOM yHUBEpPCUTETE, N3-32
Yero U MOJIyYHJI HA3BaHUE NPUHCMOHCKOU apxumexmypot. [IpakTHaecKn 0HOBPEMEHHO
B [apBap/ickoM yHUBepCUTETE TPEJIOKUIN UHYIO MOJieJib, B KoTopoit BM nmesna or-
JIEJIBHYIO TTaMSATh KOMaH/ U OTAEJbHYIO TTaMSTh JaHHBIX. DTOT BUJl aPXUTEKTYPbI Ha-
3BIBAIOT 2apeapdckoil apxumexmypoil. lojarue roasl npeobaagaronieil Oblia i 0CTaeTCs
IIPUHCTOHCKAsI apXUTEKTYpa, XOTsI OHA IIOPOKAAeT IPOOJIeMbI IIPOIYCKHOI CIIOCOOHO-
CTH TPAKTa <IIPOIECCOP-TIaMsITh». B rocie/inee BpeMsi, B CBSI3U C TUPOKUM HCIIOJIb30-
BaHeM Kall-namMaTH, paspaborunku BM Bce yale o6paliaioTcest K rapBapACcKoil apxu-
TEKTYPe.

MpuHUMN agpecyemMocTy NamMaTun

CTpyKTYpPHO OCHOBHAs MAMSITh COCTOMT W3 TPOHYMEPOBAHHBIX sUCEK, TIPUYEM ITPO-
I[eCCOPY B MPOU3BOJBHBII MOMEHT JIOCTYMHA JI06ast stueiika. /IBOMYHbBIE KOIbI KOMAH/]
U JIAHHBIX Pa3/eJIAI0TCS Ha eIMHUIIBI HH(POPMAIITH, HA3bIBAEMbIE CLOBAMU, U XPAHSITCS
B sTYeiiKax MaMsITH, a JIJIst OCTYIA K HUM MCTIOJB3YIOTCS HOMEPA COOTBETCTBYIOTIHX sue-
ex — adpeca.

doH-HeliMaHOBCKas apXuTeKTypa

B crarbe on Heiimana orpejiesienbl ocHOBHBIE yeTpoiicTBa BM, ¢ MoMOIIIbi0 KOTOPBIX
JIOJKHBI OBITH PEATM30BAHbI BBIIIETIEPEYUCICHHBIE TPUHIIUTIBL. BOIBITMHCTBO COBpe-
MeHHBIX BM 110 cBoeli CTpyKType OTBEYAlOT MPUHIUILY ITPOTPAMMHOTO YIIPABJICHUSL.
Tunuunas pon-neiimanoBckass BM (puc. 1.3) cosep:kuT: namMsTh, yCTPOUCTBO YIIpaBJie-
HUST, apu(PMeTUKO-JIOTMYeCKOe YCTPOIICTBO U YCTPOICTBO BBO/IA,/ BhIBO/IA L.

B s060ii BM umerorcst cpejictBa Ui BBOJA IIPOrpaMM M IaHHbBIX K HUM. MHbopMalis
MOCTyTIAeT U3 TojiIcoeInHEeHHbIX K BM nepugepuiinvix ycmpoiicms (11Y) BBona. Pesyib-
TaTHl BBIYMCJIEHUI BBIBOSATCS Ha TepudepuiiHbie ycrpoiicTsa BeiBoga. CBS3b 1 B3au-
mozeiicteue BM u ITY obecrieunBaior nopmut 6600a n nopmut 6vi600a. TepMuHoMm nopm
0003HAYAIOT armapaTypy CONpsiKeHus nepudepuiiHoro yerpoiictea ¢ BM u ynpasie-
st M. COBOKYITHOCTH MTOPTOB BBOJIA U BBIBO/IA HA3LIBAIOT YCMPOLUCMBOM 88004,/ 616004
(YBB) wiu modyem 66oda/svisoda BbrauicauresbHoil Maniibl (MBB).

[TamaTh KOMIIBIOTEPA MMEET CJIOKHYI0 MHOTOYPOBHEBYIO CTPYKTYPY, PeaJn30BaHHYIO
B BUJIE B3aNMO/IEHICTBYIOIINX 3aITOMUHAOIINX YCTPOUCTB (3Y'), KOTOpbIe MOTYT MCTIOJIb-
30BaTh pa3andHble ((U3MIECKIUE TTPUHITUATIBI 1T XPaHEHNS TaHHBIX.

BBenennasg nngopmaliiusg cHaua a 3allOMIHACTCS B OCHOBHOM TAMSATH, a 3aTEM TIePEHO-

CUTCA BO BTOPDUYHYIO ITaMATD, JJIA JJUTEJIbHOTO XPaHEHUA. I5[TO6I)I IIporpaMMa MorJia
BBITTOJIHATHCS, KOMAH/Ibl U JIAaHHbBIE JIOJIKHBI paciioiaratbcst B ochosnotl namsmu (O11),

! Tlokasannple HA PUCYHKe KIII-TIAMSATh U BTOPUYHAS TTaMSATh B COCTAB THIUYHON (hoH-HeiiMa-
HoBcKoit BM He BXOZAT (SBIISIOTCS ee PACHIMPEHNEM ).
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OPraHU30BAHHOW TAaKUM 00PA30M, UTO KaiK10€ JBOUTHOE CJIOBO XPAHUTCS B OT/IETBHOM
g4delike, MAeHTHUMUINPYEMOIT aIPECOM, TIPUYEM COCEIHUE TIEUKHU TTAMITH UMEIOT CJie-
NYIOIIIHeE TI0 TIOPSIIKY ajipeca.

JlocTym K JMIOOBIM stYeiiKaM OCHOBHOUN TMaMSTH MOKET MPOU3BOAUTHCS B MPOU3BOJIb-
HOM TopsiKe. TAKOW BUJI TTAMSATH U3BECTEH KaK NAMSAMb € NPOUSBOTLHLIM OOCYNOM.
OII coBpemenubIXx BM B OCHOBHOM COCTOUT U3 ITOJYIIPOBOIHUKOBBIX ONEPAMUBHIX
sanomunaiowux ycmpoticme (O3Y), obecreunBaoIUX KaK CYNThIBAHIE, TaK 1 3allUCh
nadopmanmu. g takux 3Y xapakTepHa 9HEPro3aBUCUMOCTh — XpaHuMast mHMop-
MAIUsT TEPSIETCS TIPU OTKJIIOUEHUH 3JIeKTponuTanust. Eciu Heo6XoauMo, 4ToObl 4acTh
OCHOBHOII mamsiTi ObLTa sHepronesaBucumoii, B cocras OIl BKIOYaoT nocmosiHuvie
sanomunaiowue ycmpoiicmea (I13Y), Takke obecriedrBaoIie IPOU3BOJbHBIN JOCTYII.
Xpangniasics B [13Y undopmarius MoKeT TOTbKO CYUTHIBATHCS.

Puc. 1.3. CtpykTypa GOH-HEliMaHOBCKOW BbIYNCANTESNIbHON MaLLUUHbI

Pasmep stueiikit OCHOBHOU TTaMSITH OOBITHO TPUHUMAETCST PABHBIM 8 IBOUYHBIM Pa3psi-
nam — 6Gatimy. [l XpaneHus: GOJMBIINX YKCe UCTIONb3YIOTCs 2, 4 uiu 8 Gaiitos, pas-
MEIaeMbIX B TIOCJE0BATEILHOCTH STYEEK CO CMEKHBIMU ajipecaMu. B aToM cirydae 3a
aJ[pec YKcIa 4acTo MPUHUMAETCs ajpec ero Miajiiero Gajirta. Tak, npu xpanenuu 32-
paspsiiHoro urcia B sueiikax ¢ aapecamu 200, 201, 202 u 203 agpecom uncia 6yaer 200.
Taxoii mprueM Ha3BIBAIOT ajipecarreil Mo MaanemMy 6aiiTy ninu METOIOM «OCTPOKOHEY-
nukoB» (little endian addressing). BoamoskeH 1 IPOTUBOIIOIOKHBIH MOAXO — MO MEHb-
[IeMY 13 a/[PECOB PACIIOJIaTaeTcst CTapliuii 6aiit. IToT crnocod N3BECTEH KaK apecalus
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1o crapiiemy 6ailTy M METOJl «TYIOKOHeYHUKOB> (big endian addressing)'. Anpecaius
o mutajemMy GaiiTy XxapakTepHa JUist MUKPOTIpotieccopoB (upmbl Intel, a o crapie-
My GaiiTy — 1711 MuKporpoieccopos dupmbl Motorola u 6oabiux BM ¢upmbr IBM.
B npunnumne, BeIGop mopsiika 3amcu 6aiiToB CyIecTBEHEH JIUIITh TPU TEPEChIIKe JlaH-
HBIX Mexkay BM ¢ pasnmynbiMu hopMaMu UX aJipecaliii Uiu IIpYU MAaHUTYJISIHSX C OT-
nebHbIMU OGalitamu yrcsia. B 6ospimuacTee BM mpeycMoTpeHsl crienuaibHbie KOMaH-
JIBI JIJIST IEPEXOJIa OT OJTHOTO CIIOCO6A K IPYTOMY.

JUJIst TOJITOBPEMEHHOTO XPaHEeHUsT OOMBIIMIX TIPOTPAMM U MACCHBOB JIAaHHBIX B BM 06b14-
HO VIM€eeTCs JOTIOJTHUTEIbHAS TaMsITh, U3BECTHAS KaK 8mopuunas. BropuyHas namsrth
HHEPrOHE3aBUCHMA U Yallle BCETO Pean3yeTcst Ha 6a3e MATHUTHBIX AUCKOB. VHbopMma-
VST B HEH XPAHUTCS B BUJIE CIEIMATBHBIX MTPOTPAMMHO TO/IEPKUBAEMBIX 0O BEKTOB —
¢aiinoe (cornacuo crangapry ISO, daiin — aTo uMeHyeMblil Habop 3ariceii, 0OpadaTbi-
BaeMbIX KaK eAuHbIi OJI0K).

Heorbemiiemoii yactbio coBpeMennbix BM crasia kaw-namams — naMsaTh HeGONbIION
€MKOCTH, HO BBICOKOTO OBICTPOIeHCTBHsI. B Hee U3 OCHOBHOI TaMSITH KOUPYIOTCS Hau-
6oJiee YacTo MCIOJIb3yeMble KOMaH bl 1 JaHHble. [Ipu oOpalieHn i co CTOPOHBI MTPOoIiec-
copa nHpopMalsa 6epeTcs He U3 OCHOBHOIT ITAMSITH, a U3 COOTBETCTBYIOIIEH KO, Ha-
xogseiicst B 6osiee GbICTPOAEHCTBYIONIEH KTII-TaMSITH.

Haxkomnerr, ueTBepThIil BU TaMATH, TIOKA3aHHBIN HA CXeMe, — 9TO PETHCTPhI 1IeHTPasb-
HOTO mporieccopa. Kaskipiit peructp MoxHO paccMaTpuBaTh KaK OJHY SUeiKy MaMsTh?,
obpariienne K KOTOPOil 3aHNMaeT 3HAUNTETHLHO MEHBIIE BPEMEHH Jlaske TTO0 CPABHEHHIO
€ 0CTaTOYHO OBICTPOJIEHCTBYOIIEH KalI-TTaMsaThio. Yncsio peructpos B BM 06buHO He-
BEJIMKO, ¥ OHI 06Pa3yioT HeOOIBIYIO TaMITh, MHOT/IA HA3BIBAEMYIO CBEPXOTEPATHBHOMN
MAMSTBIO UK PETUCTPOBBIM (Dailsiom. B perucTpbl 0OBIYHO MOMEIIAIOT YaCTO HCIOIb3Ye-
Mble KOHCTaHTBI NJIN TTIPOMEKYTOUHBIE Pe3yJIbTaThl BBIUNCJIEHNH, YTO TT03BOJISIET COKpa-
TUTh YUCJIO 0OpaleHni K GoJiee Me/IJIEHHBIM BU/IaM MaMsITH.

OrmeTrnM, 4TO 00SI3aTEHHBIM 2JIEMEHTOM (hOH-HEHMAHOBCKON apXUTEKTYPHI MOKHO
CYUTATD JIMIITHb OCHOBHYIO ITaMATh. BKJIIO‘ICHI/IG B COCTaB BM OCTaJIbHBIX BN/IOB 3aIlIOMU-
Haomux ycrpoiictB (3Y) 00ycl0BI€HO B OCHOBHOM TEXHOJIOTUYECKUME IPOOIEMaMH,
TMPETNATCTBYIOIUMHA CO3IaHUIO JOCTATOYHO 6bICTpO[[eI>iCTByIOH.[HX, JAEMIEBbIX U 9HEPTrO-
He3aBUCUMBIX 3Y OOJIbIION eMKOCTH.

Yempoiicmeo ynpasienus (YY) — BaxkHelilass 4acTb BbIUUCJIUTENbHON MaIIUHbI, OP-
raHu3yIolas aBTOMATUYECKOe BBITIOJIHEHNE TIPorpamMM (IIyTeM peasn3aiu (PyHKITIi
yIpasiaenns) u obecrednBaiomas GyHkiuonrposanre BM kak equnoii cucremsr. s
nosicHeHUs PYHKIUI Y'Y BbIYMCIAUTEIbHYIO MAIMHY CJIelyeT pAacCCMaTpUBaTh Kak COBO-
KYITHOCTD 3JIEMEHTOB, MEXK/[y KOTOPBIMHU IIPOMCXOIUT Hiepechbliika nHbopMaIui, B Xo/e
KOTOPOH 9Ta MH(MOPMAIIUA MOKET TOABEPraThCsl ONPEeJeHHBIM BUIaM 06PabOTKHY.

! TepMUHBI «OCTPOKOHEUHUKN» M «TYIIOKOHEUHUKW» 3aUMCTBOBaHbI U3 KHUTH «IlyTemnectust [yii-
nmBepay [[>x. CBudra, T/1€ yITOMIHAETCST PeJTMTHO3HAsT BOWHA MESKIY /IBYMST TPYTITIaMU, TTpeJcTa-
BUTEJIU O[HOM U3 KOTOPBIX paszbusasu siiito ¢ ocrporo (little) KoHIa, a MX aHTAarOHUCTBI — € TYTIO-
ro (big).

2 B oTmume oT S9eiiKu OCHOBHOW MaMSATH Pa3psIHOCTh PErucTpa 0ObMHO OOJIbIIe 01HOTO HaliTa
¥ COBIAJIAET ¢ Pa3psTHOCTHI0 BM.
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[Tepechbika nHGOPMATIMU MEKLY JIOOBIME djeMeHTaM BM MHUTIIMUPYETCS CBOUM Cuz-
nanom ynpasnenus: (CY'), To eCTb yrpaBjieHUE BBIYUCIUTEIbHBIM ITPOIIECCOM CBOJIUTCS K
BbIZaue Hy:kHOro Habopa CY B HYKHOI BpeMeHHOH nocienoBareabiocti. Ilenn CY mo-
kazaubl HA puc. 1.3 mynkrupubsiMu gunusamMu. OcHoBHOU yHKIMe Y'Y saBisiercst Gpop-
MUPOBaHUE YIIPABIAIONINX CUTHAJIOB, OTBEYAIONINX 32 U3BJICUeHNE KOMAH/L U3 TaMSTH B
MOpA/IKe, OTIpeIesIIeMOM ITPOrPaMMOi, U ITocJIeIyIoliee UCTIOTHeHe aTuX KoMan 1. Kpo-
Me Toro, Y'Y dhopmupyet CV 7151 CHHXPOHU3AIUU U KOOPJMHAIIMY BHYTPEHHUX 1 BHETII-
HUX ycTpoiictB BM.

Erte onnolt HeoThemiteMolt yacTbio BM siBrsieTcst apugmemuxo-nozuueckoe ycmpoicmaeo
(AJTY). AJTY obGecnieunsaer apubMeTHUECKYIO U JIOTUYECKYI0 00pabOTKY JBYX BXOAHBIX
nepeMeHHBIX (OTIEPAH/IOB), B UTOTe KOTOPOil (hOPMUPYETCsT BBIXOHAS IlepeMeHHast (pe-
syabrar). Oyukunn AJIY 0ObIYHO CBOAATCS K IPOCTHIM apu(MeTHYECKUM 1 JIOTHYe-
CKUM OIleparusiM, a Takxe omepaiusiMm casura. [lomumo pesyssrara onepary, AJIY
opmupyet psn npusnaxos pesyivmama (haaroB), XapaKTepu3yoIUX MOJTyIeHHBINH pe-
3yJIBTAT ¥ COOBITHSI, TPOUIOIIE/IIIE B XOI€ €r0 MoJIydeHus (PaBEeHCTBO HYJIIO, 3HAK, YeT-
HOCTB, TIePEHOC, TTePeNoaHeHre U T. 11.). DJaru MOTyT aHAIM3UPOBATHC B Y'Y C 11€J1bI0
MPUHSTHS PENIeHns O JaJTbHeHIIeM TTOPsI/IKe CJIeI0OBAHNS KOMAH]I ITPOTPaMMBbI.

VYV u AJIY TecHO B3aMMOCBSI3aHbI U MX O0OBIYHO PacCMaTPUBAIOT KaK eINHOE YCTPOii-
CTBO, U3BECTHOE KaK yenmpanvuviii npoyeccop (L11) mmm mpocto npoueccop. Illomnmo Y'Y
u AJTY B potieccop BXOIUT Takske Habop pezucmpos obuezo nasnauenus (POH), corysxa-
IIUX JIJIS TPOMESKYTOYHOTO XpaHeHust mHdopMaliu B mpoiiecce ee obpadorku. B TOCT
15971-90 nHaznaueHwme mporeccopa OmpeesieHO KaK «HHTEPIIPETAIHST TPOTPAMM>.

Tunbl CTPYKTYP BbIYUCIIUTENIbHBIX MALUUH U CUCTEM

ﬂOCTOI/IHCTBa N HEAOCTATKU apPXUTEKTYPbI BbIYUCJAUTEJADHDBIX MalllUH U CUCTEM H3HA-
YaJIbHO 3aBUCAT OT CIIOCOOa coeguHeHnnd KOMIIOHEHTOB. HpI/I caMOM O6H.IeM moaxoae
MOJKHO TOBOPHUTDH O /IBYX OCHOBHBIX TUIIAX CTPYKTYP BBIYUCJ/IUTEIbHBIX MAIlIMH U ABYX
TUIaX CTPYKTYDP BbIYNC/IUTEIbHBIX CUCTEM.

CTpPYKTYpbl BbIHUCJIUTEJIbHbIX MaLLUNH

B nacrosiee BpeMA IIPUMEPHO OIMHAKOBOE PACIIPOCTPAHEHUE TTOJTYINJIN IBA criocoba no-
CTPOEHUA BBIYMCJINTE/IbHBIX MAIINH: C Henocpeacmeeuubwu CBA3AMU N HA OCHOBE UWIUHDBL.

TUMUYHBIM [TPEACTABUTENIEM MEPBOTO CHOCO0A MOKET CJIYKUTH KJaccuuecKas (HhoH-
HefimanoBckast BM (cm. puc. 1.3). B Heli MeXk/ly B3anMOJICHCTBYIOIIUMU YCTPOHCTBAMU
(Tpotieccop, MaMaTh, YCTPOHCTBO BBOJA,/BBIBO/IA) UMEIOTCS HETIOCPE/ICTBCHHbBIC CBI3M.
OcobeHHocTH cBg3el (YMC/I0 TMHMI B IIMHAX, IIPOIYCKHA CIIOCOOHOCTD 1 T. I1.) OIIpejie-
JITIOTCST BUJIOM WH(MOPMAITNH, XapaKTEPOM U MHTEHCUBHOCTHIO 0OMeHa. JJOCTOMHCTBOM
APXUTEKTYPbI C HETIOCPEJACTBEHHBIMU CBA3AMN MOKHO CYUTATb BO3SMOKHOCTDL Pa3BA3-
KU «y3KHX MECT» IIyTeM YJIYYLIEeHUd CTPYKTYPbL U XapaKTEPUCTUK TOJILKO OIIpEJEIeH-
HBIX CBS3€H, YTO 9KOHOMUYECKU MOKET ObITh HanboJiee BBIFOAHBIM perieHneM. Y (GoH-
HeltMaHOBCKUX BM TaKuM «y3KUM MECTOM» IBJISIETCS KaHAJ TTEPECHLIKN TAaHHBIX MEKITY
[T u maMsIThIO U «pasBs3aTh» ero AocTatouHo HempocTo [50]. Kpome Toro, BM ¢ Heto-
CPe/ICTBEHHBIMU CBA3AMU I1JIOXO MOAJAI0TCA peKOH(I)I/II‘ypaHI/H/I.
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B Bapuanre ¢ o0uieil mMUHOI Bee YCTPONRCTBA BHIYUCINTENBHON MAIIUHbI ITOJK/IIOYEHbI
K MarvucTpaJbHON MTUHE, CTYKAIIEH eIMHCTBEHHBIM TPAKTOM JIJIS TOTOKOB KOMaH]/I, /IaH-
HBIX 1 yupasienus (puc. 1.4). Hamuuue o01eii MUHBI CYIIECTBEHHO YIIPOLIAET peajsa-
1o BM, 1o3BoJIsieT JIETKO MEHSATH COCTAB U KOH(MUTYPAITUIO MaluHbl. Biarogaps atum
CBOMCTBAM ITUHHAS aPXUTEKTYPa MOJIYYUJIa IMUPOKOE PACIIPOCTPAHEHNE B MUHU- U MU-
kpoODBM. Bmecre ¢ Tem, IMEHHO € IITUHOM CBSI3aH 1 OCHOBHOM HEJIOCTATOK APXUTEKTYPHI:
B KQK/IBIFl MOMEHT TIepe/IaBaTh MH(MOPMAIIHIO IO TMHE MOYKET TOJBKO OJHO YCTPOCTBO.
OCHOBHYIO Harpy3Ky Ha IIUHY CO34AI0T OOMEHbI MEKIY IIPOIIECCOPOM M HAMSTBIO, CBSI-
3aHHbIE C U3BJIEUEHNEM U3 TTaMSITH KOMAH/I U JIAHHBIX U 3aTTUCHIO B IAMSTH PE3YJIbTaTOB
BerurcIennii. Ha omepaiuy BBoga,/BhIBOLA OCTAETCS JIUIIb YaCTh MPOMYCKHON CII0C00-
HocTH mrHbL [TpaKkTHKa MOKa3bIBaET, 4To JasKe IPH JOCTaTOYHO ObicTpol e 1711 90 %
IPUJIOKEHUH 9TUX OCTATOYHBIX PECYPCOB 00BIUHO He XBATaeT, 0COOEHHO B CIyYae BBOIA
WJIA BBIBOZIA OOJIBITUX MACCUBOB JIJAHHBIX.

Puc. 1.4. CTpykTypa BbIMUCNTENIBHOW MaLUNHbI HA 6a3e 06LLEel LUNHbI

B 1iesiom, ciepyer mpusHath, 4TO IpU coxpanenuu (hoH-HEHMAHOBCKOM KOHIENIUH T10-
CJIEZIOBATEIBHOTO BBITTOJIHEHUS KOMAH/| TPOrpaMMbl (0/IHa KOMaH/la B CIUHUILY BpeMe-
HI) NIMHHAA apPXUTEKTYpa B YUCTOM €€ BUJIE OKa3bIBACTCH HEAOCTATOUHO 3(h(heKTUBHOI.
Bosiee pactipoctpanena apxumexmypa ¢ uepapxueil wum, Tie TOMAMO MarrCTPaIbHOM
IIUHBI UMEETCS ellle HECKOJIbKO JIOTIOMHUTENBHBIX H. OHU MOTYT 06eCIIeunBaTh HETo-
CPEICTBEHHYIO CBSI3b MEXK/IY YCTPOUCTBAMU ¢ HarboJiee MHTEHCUBHBIM OOMEHOM, HATIPH-
Mep TIPOIECCOPOM U KAII-NTaMAThIO. J|pyToii BApHAHT MCIIOJIb30BAHUS TOTIOTHUTETHHBIX
mUH — 00beINHEHIE OTHOTUITHBIX YCTPOHCTB BBO/IA/BBIBO/IA C TIOCIELYIONUM BBIXOJOM
C JIOTIOJIHUTEIBHOM MTMHBI HA MArucTpajibHylo. Bee aTu Mephl TIO3BOJISAIOT CHU3UTH Ha-
rpy3Ky Ha 0011yio mmHy u 6o0sree ahHEKTUBHO PacXo0BATh €€ TIPOTYCKHYIO CIOCOOHOCTD.

CTpYKTYpbl BbIYNCIIUTENIbHbIX CUCTEM

[TonsaTue «BBIUUCTUTENbHAS CUCTEMay MIPEATIoIaraeT HaTuIre MHOXKECTBA IMTPOIIECCOPOB
WJIA 3aKOHYEHHBIX BBIYUCIUTEIbHBIX MALIIH, IIPU 00beINHEHNH KOTOPBIX UCIIOJIb3YeTCs
OJIH U3 JIBYX TOJXO/I0B.
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B BBIUMCIUTENTBHBIX cucmemax ¢ obuei namsmoto (puc. 1.5) uMeercst 061as OCHOBHASK
IaMsATh, COBMECTHO MCIOJIb3yeMasi BCeMHU mpolieccopaMu crcteMbl. CBA3b TIPOIECCOPOB
C TTAMATBHIO 06ECTIEYNBACTCS € TOMOIIBIO KOMMYHUKAIIMOHHON CETH, Yallle BCEro BHIPOK-
naioteiics B o61yio mmny. Takum o6pasom, crpykrypa BC ¢ ob1iieit maMsaThio aHaIoTnd-
Ha PACCMOTPEHHOM BBIIIE apXUTEKTyPe ¢ 001Iell IIMHOM, B CUJLY Yero eil CBOIICTBEHHBI Te
’Ke HeplocTaTku. [IpuMeHUTENbHO K BBIUUCAUTENBHBIM CUCTEMaM JIaHHAd CXeMa MMeeT
JIOTIOJTHUTETBHOE JIOCTOMHCTBO: 0OMeH MH(bOopMaIineil MeKIy MpoIeccopaMyl He CBSI3aH
C JIOTIOJTHUTEJIBHBIME OTIEPAIIUAME U 00ECTIeYMBAETCS 3a CYET JIOCTYIA K 0b1M 06Ja-
CTSM TTAMSITH.

Puc. 1.5. CTpykTypa BblHUCINTENBHOW CUCTEMBI C 0OLLEN NAMATLIO

AJbrepHaTUBHBIN BAPUAHT OPTAaHU3AIINN — PACApedelenias CucTeMa, rjie 001as maMsITh
BOODIIIE OTCYTCTBYET, a KayKIbIi IpoIieccop obagaeT co6CTBEHHO JIOKATLHOM MaMsATHIO
(puc. 1.6). Hacro takue cucteMbl 00beMHSIOT oTAeabHble BM. O6MeH nHbopmMalmeil
MEXKIY COCTABJISIIONIUMU CHCTEMbBI 0GECIIEUNBACTCS ¢ MOMOIIBI0 KOMMYHUKAIIHOHHON
CETH TIOCPEICTBOM 06MEHa COOOIIIEHUSIMIL.

Puc. 1.6. CTpykTypa pacnpeneneHHon BblHUCIUTENIbHOM CUCTEMBI

IMono6noe nocrpoenne BC couMaer orpanndenns, CBOMCTBEHHbIE I 001eil IUHbBI, HO
MIPUBOJINT K JOTIOJTHUTETbHBIM U3JIEP/KKAM Ha TIEPECBLIKY COOOIIEHIIT MEKLY TTPOIECCO-
pamMu WU MallliHAMH.

OCHOBHbIEe NOKa3aTeJsiv BbIYMUCIUTEJIbHbIX MALUUH

Wcnonp3oBanre KOHKPETHON BBIYMCIUTEIHHON MAIIMHBI UMEET CMBICJ, €CJIN ee TToKa-
3arejii COOTBETCTBYIOT IIOKA3aTEISAM, OIIPEAe/IAeMbIM TPEOOBAHUAMU K Pean3aliun 3a-
JIAHHBIX aJITOPUTMOB. B KauecTBe OCHOBHBIX 110KasaTesieil BM 00bIYHO paccMaTpUBaIOT:
EMKOCTbH IIaMATH, 6bICTpO[[eI>)ICTBI/I€ " IIPON3BOUTEJIBHOCTD, CTOUMOCTDb 1 HAJAEKHOCTD
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[20]. B narHOM yueGHUKE OCTAHOBUMCS TOJIBKO HA TIOKA3aTESIX OBICTPOAEHCTBYS 1 TIPO-
M3BOJIUTEIbHOCTU, OOBIYHO MPEACTABISIONIMX OCHOBHOW MHTEPEC [IJisI MOJIb30BaTeEl.

BoicTpopeucrTeue

[lesrecoobpasHo paccMaTpUBaTh JiBa BUJIA OBICTPOAEHCTBIS: HOMUHAIBHOE U CPEIHEE.

Homunanvroe 6vicmpodeiicmeue Xapakrepusyer BO3MOKHOCTH BM mpu BBITIONHEHIN
CTaHJapTHOI omepanuu. B kauecTBe cTaHAaPTHON 06GBIYHO BEIGHPAIOT KOPOTKYIO OTepa-
1io cyioxenust. Ecim 0603Ha4nTh yepes T, BpeMs CIIOKEHMUST, TO HOMHHAIbHOE OBICTPO-
JieiicTBHE OIIPe/IeIUTCA U3 BBIPASKEHUS:

VHOM = i [O_H:|
Ten C

Cpeonee 6vicmpodeiicmeue XapakTeprayeT CKOPOCTb BBIYUCICHII TPU BBITTOJTHEHIH 9Ta-
JIOHHOTO aJITOPUTMA UJIM HEKOTOPOTO KJIacca alropuTMoB. Bemunma cpegiero OucTpo-
JIEMCTBUS 3aBUCUT KakK OT apamMeTpoB BM, Tak 1 OT mapamMeTpoB aJropuTMa U OTpe/ie-
JIIETCS COOTHOITEHUEM:
N
ch = 77

El
rge T, — BpeMs BBIIOJHEHUS 9TAJTOHHOTO aJropuTMa; N — KOJIMYeCTBO olepaliyii, co-
JIEPIKAIUXCS B 9TAJIOHHOM aJITOPUTME.

O0603HaUNM Yepes3 77, YUCJIO Oepaluil i-ro THIIa; [ — KOJIMYeCTBO TUIIOB OIepaluil B al-
roputme (i = 1, 2, ..., [); T, — BpeMsi BBIIIOJIHEHUS OLIEPAIINY i-TO THIIA.

BPEMF{ BBIITOJTHEHUA 3TAJIOHHOTO aJITOPUTMa PACCYUTBIBAETCA 110 (bOpMyJIe:

i
T, =Y 1n. (1.1)
i=1
Honcrasus (1.1) B Boipaxkenne st V,, mosyunm
N
Vo =7 (1.2)

Y un

i=1

Paznenum uncsiuresb u 3namenaresib B (1.2) va N:

1
ch: Lon (1.3)
L, )
1=1N

n.
O603Ha4NB YaCTOTY IOSIBJICHNUS olepanuu i-ro tuna B (1.3) uepes ¢ = W', 3amuiemM

OKOHYATEIbHYIO (DOPMYJTY JIJIS pacueTa CPeAHEro ObICTPOAEHCTBIS:
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1 oIl
ch = [—} (1.4)
C
2%’11
i=1

B Boipaxkenuu (1.4) BekTop {T,, Ty, ..., T;} XapakTepusyer cucremy komanz BM, a Bek-
TOpP {44, 49, -, q;}, HA3BIBAEMBIIT YACTOTHBIM BEKTOPOM OIlEPAIHii, XapaKTepu3yeT aJro-
PHUTM.

OueBuHO, YTO Jist 9OEKTUBHOM peausaluy airOPUTMa HEOOXOAUMO CTPEMUTHCS
k yseandenuto V. Ecam V| rinasabiM 00pasoM OTTAJIKUBAETCsI OT OBICTPOAEIHCTBUS

HOM

AJIeMEeHTHOM 63.31)1, TO ch O4Y€Hb CHUJIbHO 3aBUCUT OT OIITUMAJbHOCTHN BbI60pa KOMaH/|
BM.

Dopmyiia (1.4) 103BoJSET OLUPEAETUTH CpeiHee ObICTPOAECHCTBIE MAIIUMHDI IIPU Pealn-
3al[iK OJIHOTO ajJiroputMa. PaceMotpum Gostee 00U ¢irydail, KOrja mOJHBIH aJrOPUTM
COCTOUT M3 HECKOJIbKHUX YaCTHBIX, MEPUOANYECKN ITOBTOPAEMbBIX aJITOPUTMOB. Cpe/:[Hee
ObICTPO/IEHCTBYE IIPU PEIIIEHIH TTIOJHON 3a/1a4i PACCUUTHIBAETCS 10 (hopMmy.ie:

1 oIt
no_
VLp m T ’ (15)
2 284,
j=ti=1
/i€ m — KOJIMYEeCTBO YaCTHBIX aJITOPUTMOB; Bj — YacCcToTa I10ABJIeHA onepauﬂﬁj-ro qacT-

HOTO QJITOPUTMA B [IOJTHOM QJITOPUTME; ¢;; — YaCcTOTA ONEPAIil i-TO TUIIA B j-M YaCTHOM

AJITOPUTME.

O6osHaunM yepes N, n T; — KOJM4eCTBO ONEpaIuii U IIEPUOJ HOBTOPEHNS j-TO YACTHOTO

AJNTOPUTMA; Thax = m]aX(Tp o Tjy ooy Ty) — Tepuo/l TTOBTOPEHUS TOJTHOTO aJITOPUTMA;
max

aj = T — IIUKJIMYHOCTDb BK]IIO'-IQHI/IHj-I‘O HaCTHOT'O aJITOPUTMaA B ITOJIHOM aJITOPUTME.
J

m
Torpa 3a Bpemst T, 8 BM Oyzer Boinosneno Ny, = Z o ;N ; onepaiuii, a yacTory 1o-
. =
SIBJIEHUST OTIEPAIIHIA j-TO YACTHOTO QJITOPUTMA B TIOJHOM JITOPUTME MOKHO OIPE/IETUTh
U3 BBIPAKCHHUS:

B, =™ (16)

max

Jlis pacuera o popmysiam (1.5, 1.6) Heo6xoaumo 3HaTh mapaMeTpbl BM, 1ipecrasiien-
HbIE BEKTOPOM {T}, Ty, ..., Ty}, TAPAMETPBI KAKIOTO0 j-TO YACTHOTO AJITOPUTMA — BEKTOP {g;q,
Gy -+ Gy} M TTAPAMETPBI MOJTHOTO anroput™a — BeKTop {By, By, ..., B,,}-
IIpoussodumenvrocms BM olieHrBaeTCs KOJIMYECTBOM 9TAJIOHHbIX aJITOPUTMOB, BBIIIOJI-
HAEMbIX B €IMHUILY BPEMEHU!
1 | 3amau
== |—|.

T ¢

El
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HpOI/ISBOJII/ITGIIbHOCTb ITPH BBIITOJIHEHWU U TIOJTHOTO aJITOPUTMa OII€EHUBAETCA 110 (bOpMy.He:

I - 1 [3&1/1&1({} 17

i
C

MN

Il
N

o ;N ;q;T;

Il
N

j=ti

[Tpou3BOANTETBHOCTD ABJSAETCS HOJIee YHUBEPCATBLHBIM MOKA3aTEIEM, YeM cpejiHee Obl-
CTPOZIENICTBYUE, TIOCKOJIBKY B SBHOM BHUJIE 3aBUCUT OT ITOPSIIKA MIPOXOXKAEHIS 33124 de-
pe3 BM.

Kputepun adpPpeKTMBHOCTU BbIYUCITIUTEJIbHbIX MALLUVH

BoruncmTesbHy 0 MaIiHy MOSKHO OTIPEIEJIUTD MHOKECTBOM MTOKa3aTeseil, XapakTepu-
3YIOIINX OT/JEThbHBIE ee cBOoMicTBA. Bo3HMKaeT 3a/1aua BBeIEHUS MEPBI JIJIsST OIEHKW CTe-
neHu npucrocobieHHocT BM K BBITIOJTHEHIUIO BO3JIOKEHHBIX Ha Hee (DYHKITUI — Mepbl
2 HEKTUBHOCTH.

I pexmusnocmsy onpenenser crermeHb coorBercTBus BM cBoemy nasnauenuio. Ona
U3MepSIeTCst IMO0 KOJIMYECTBOM 3aTPat, HeOOXOAUMBIX JIJIST IOJIYUEHUsT OTIPeIeIEHHOTO
pesyJibraTa, b0 Pe3yabraToM, TIOJyUYeHHBIM [IPU OTIpe/leJIeHHbIX 3aTpaTtax. [Iponsse-
CTU CPAaBHUTEBHBIN aHATN3 3(D(HEKTUBHOCTH HECKOJbKMX BM, IpUHATH pelrenne Ha
MCTOJIb30BaHNE KOHKPETHOM MAIIMHBI TO3BOJISIET KpUTEPHUH 3(hheKTUBHOCTH.

Kpumepuii a¢pghexmusrnocmu — 310 MpaBUIIO, CIy:Kallee /I CPABHUTEIBHON OTIEHKH Ka-
yectBa BapuanToB BM. Kputepuii achekTHBHOCTI MOKHO Ha3BaTh TIPABUJIOM ITPE/IIIO-
YTEHUS CPAaBHUBAEMBIX BADUAHTOB.

Crpositest kputepun adHeKTUBHOCTU HA OCHOBE YACTHBIX MOKa3aTeeil 9hPeKTHBHOCTH
(nokazaresieil kauectsa). Crocod CBA3M MEXK/y YACTHBIMHU MOKA3aTEJSAME OTPEIETISIET
BUJL Kputepus 3(pHeKTUBHOCTH.

Cnoco06bl nocTpoeHus kputepmes 3PPeKTUBHOCTHU

Bo3MOsKHBI cielyioliie crocoObl TIOCTPOEHSI KDUTEPUEB U3 YACTHBIX [TOKa3aTeell.

Broinenenue riaBHoro nokasatens. V13 cOBOKYITHOCTH YaCTHBIX MOKasaTeseit A, A,, ...,
A, BbIIETSICTCS OJIUH, HanpuMep A, KOTOPBIil TpUHUMaeTcs 3a riaBHbli. Ha octanbhble
MOKA3aTe TN HAKJIA/bIBAIOTCST OTPAHUYEHUST:

A <A i=2,3, ..,n),
e A,

ion — AOIYCTHUMOE 3HaYeHue i-ro nokasaresis. Harmpumep, ecim B kayectse A, BbI-
GupaeTcst MPOU3BOANUTEIBHOCTD, 4 Ha TOKA3aTeI Hae’KHOCTH P 1 cronMocTy S Haka-
JIBIBAIOTCST OTPaHUYeHMs, TO KpuTepui addextusHoctr BM nmpuanmaer Bu:

II__ —max,P<P_,S5<S§

yiup pitelied pitelind

inon (

Crnioco6 nocie10BaTeIbHBIX YCTYNOK. Bee yacTHbIe IoKasaTen HyMepyIoTCs B HOPSiJ-
Ke MX BKHOCTH: HanboJIee CyIeCTBEHHBIM CUMTAETCs TI0Ka3aTeNlb A, a HalMeHee BaK-
HbiM — A,. HaxoauTea MunnmanbHoe 3HaueHue okasatess A, — min A, (ecju HyKHO
HalTH MaKCUMYM, TO JJOCTaTOUHO U3MEHUTD 3HAK [10Ka3aTeJIsI ). 3aTeM Je/IaeTCsl «yCTyIl-
Ka» [IepBOMY IloKasatresto A A,, v rojydaeTcs orpanuuenre min A, + A A,.
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Ha Bropom mrare orpickuBaercs min A, npu orpanmdyenun A, < min A, + A A,. Ilocre
aTOro BBIOMpaeTcs «ycTynka» s A,y min A, + A A,. Ha TpeTbeM 1are OTbICKUBAETCsI
min A; npu orpanndenuax A <min A, + AA; A, <min A, + A A, u 1. 1. Ha nocieanem
Imare UILyT min A, Ipy orpannyeHunsx

A/ <minA +AA;

A, <min A, + A A,;

A, <minA,  +AA, .

ITosryuyennblil Ha 9TOM LIare BAPMAHT BHIYUCINTEIbHOI MAIIMHDL 1 3HAUEHNUS ee 10Ka3a-
Teseit A, A,, ..., A, cauraiorest okonyarenbupiMi. HegoctaTkom nannoro crnocoba (Kkpiu-
TepHsl) SABJISETCS] HEOHO3HAUYHOCTh BbIGOpa A A,

OrHomenne YacTHBIX MOKa3areneii. B atom ciayuae kputepuii addextuBHOCTH TIOITY-
4aloT B BUJIE:

K, = Ay s 4,

= — max,
B.By B, (18)

njIn B BU/e

B, By, .., B .
, = LT M ip, (1.9)
A, Ay, o A,

rne A; (i = 1, 2, .., n) — yacTHble IIOKa3aTesH, sl KOTOPbIX JKeJlaTeJbHO yBeIudeHue
YMCJIeHHbIX 3Hauenuit, a B, (i = 1, 2, ..., m) — yacTHble II0Ka3aTesu, YNCTeHHble 3HaUeHUs
KOTODBIX HY’KHO YMEHBIIUTh. B 4acTHOM ciryyae KpUTEPUI MOKET ObITh IIPEACTABIEH
B BUJIE:

B
Ky ==L — min. (1.10)

Haub6ouee nonysiproii popmoii Beipaskerust (1.10) sBisiercst kpurepuii nesbl adex-
TUBHOIO OBICTPOAECHCTBUSL:

S .
K4=V—%m1n, (1.11)

cp

rae § — croumocts, V. — cpeanee owictpozeiictsiie BM. @opmyita kpurepust K, xapak-
TEPU3YeT anmapaTHbie 3aTPAThI, IPUXO/AIINECS Ha eAUHUILY OBICTPOIECHCTBHISL.

AnnuruBnas ¢popma. Kpurepuii ahbekTuBHoCTH UMEET B

n
K5 = Y, 0;A; — max, (1.12)
i=1
r7ie Oy, Oly, ..., O, — HOJIOKUTEJIBHBIC H OTPUIIATEIbHBIEC BECOBbIE KOA((MOUIINEHTDI YaCTHBIX
nokasatreeii. [TosoxuTenbHble KO(MMUIMEHTDI CTABATCS PHU TEX II0KA3aTeNsIX, KOTO-
pbIe KeaaTeJIbHO MaKCUMU3NPOBATh, a OTPUIATEJIbHBIEC — ITPU TE€X, KOTOPbIE JKeaIaTCJIbHO
MI/IHI/IMI/ISI/IPOB&TI}.
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Becobie k03(h(UIUEHTB MOTYT OBITH OIPEAETEHBI METOIOM 3JKCIEPTHBIX OIEHOK.
OG6BIYHO OHU YIOBJIETBOPSIOT YCAOBHSIM:

n
0<o; <1, Doy =1 (1.13)

i=1
OCHOBHOIi HEIOCTATOK KPUTEPH 3aKJIIOYAETCSI B BO3MOKHOCTU B3aUMHON KOMITEHCA-
I[UY YaCTHBIX TIOKA3aTeell.
MyaprunmmkaruBaas popma. Kpurepuii aekTHBHOCTH UMeeT BUI

n
o
Kg =T A" — max, (1.14)
i=1
r/i€, B YaCTHOM CJiy4ae, KOB(i)(pI/IIII/IeHTbI Q; 10JIaTraloT paBHbIMU €/INHUILE.
Or MyJIbTI/IHJII/IKaTI/IBHOfI (bOprI MOKHO HepeﬁTI/I K a/INTUBHOM, HCIIOJIb3Ys1 BbIPpAsKEHUE!

n
1gKs =) o;1g A (1.15)
i=1
Kputepuii K;umeeT TOT ske HeloCTaToOK, 4To ¥ Kputepuii K.

Makcumunnas ¢popma. Kpurepuii a(hpeKTHBHOCTH ONUCHIBAETCS BBIPASKEHUEM:
K; :milnfg- — max. (1.16)

31ech peasin3oBaHa ujes pABHOMEPHOTO MOBBINIEHNS YPOBHS BCEX TIOKa3aTesel 3a cueT
MaKCHUMaJbHOTO «IIOATATUBAHWUA» HANXY/IIIETO U3 oKasareJsiei (I/IMCIOH.[QI‘O MUHUMAJIb-
HOe 3HaueHMUe).

Y MakCUMUHHOTO KPUTEPUSI HET TOTO HEJOCTaTKa, KOTOPBIM MPUCYIT MYyJIBTUILINKATHB-
HOMY U /UTUTUBHOMY KPUTEPUSIM.

Hopmanusauusa yacTHbIX Noka3aTtenemn

YacTHble MOKA3aTeTH KauyecTBa OOBIYHO UMEKT Pa3UYHYl (DU3UUECKYIO TPUPOLY
U pas3jinvHble MACIITA0bI U3MEPEHUH, U3-32 Yero WX IMPOCTOE CPAaBHEHUE CTAHOBUTCS
MIPaKTUYeCKN HEeBO3MOKHBIM. [loaToMy mnosiBisieTcs 3ajjaua NMpUBEEHNsT YaCTHBIX T10-
KasaTeJieil K eIHOMY MACIITady U3MepeHUid, TO €CTh X HOPMAJIU3aI[HUsI.

PaCCMOTpI/IM OTAe/IbHbIE CI0COOBI HOpMaJIM3alinu.
HUcnosp3oBaHue OTKJIOHEHHS YACTHOTO MOKa3aTeN sl OT MaKCUMAJIbHOTO.

AAi zAmaxi _Ai' (117)

B naHHOM ciiydae mepexofsT K OTKJIOHEHUSIM MTOKa3aTeieil, 0[HaKo Ciocod He yCTpaHsi-
€T pasJInyrsi MacIITabOB OTKJIOHEHUI.

Hcnosnb3oanue 6e3pa3MepHOil BeTHUMHBI A .

Am ax; Az
A b

max;

A = (1.18)
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o
A== (1.19)

max;
@opmyia (1.18) mpumensiercs ToOraa, Korja yMeHblleHue A, IPUBOAUT K YBEIUICHUIO
(yIydIeHuio) 3HaueHns aJ/IuTUBHOU (hopmyJipl Kputepus. Boipaxkenue (1.19) ucnosn-
3yeTcsl, KOTrjla K YBEJUYEHUIO 3HAUCHUS JIUTUBHON (HOPMYJIBI KPUTEPUS TTPUBOIUT
yBesmuenue A,

YyeT npuopuTeTa 4YacTHbIX Noka3aTeneu

HeobxoanMocTh B y4eTe MPUOPUTETOB BOBHUKAET B CITyYae, KOT/[A YaCTHDIE TTOKA3ATEH
UMEIOT Pa3JINIHYIO CTETIeHb BA)KHOCTH.

IIpuopuTeT YacTHBIX MMOKa3aTesel 3a7aeTcs ¢ TTOMOIIBIO psfa puopurtera I, BeKTopa
upuopurera (by, .., b, ..., b,) n BekTopa BecoBbix KOdIDOUIHEHTOB (0L, Oy, ..., L)

Pt iprioputera mpeacTaBisieT coboil yIopsiloueHHOE MHOKECTBO WHIIEKCOB YaCTHBIX
nokazareneit I = (1, 2, .., n). On oTpaxkaeT YMCTO Ka4yeCTBEHHbIE OTHOIIEHUS TOMUHU-
POBaHUS ITOKa3aTesiell, a IMEHHO OTHOIIEHUs CIeYIONero TUIla: IToKaszaTesb A, BaxKHee
nokasaresisi A,, a mokasaresb A, BaskHee okaszaTess A, U T. 1.

DJIeMEHT b, BEKTOPa IPUOPUTETA IOKA3bIBAET, BO CKOJIBKO Pa3 II0KasaTesib A, BakHee 110-
Kazarenst A . (31ecb A, — 1oKasaTesib, KOTOPOMY OTBE/IEH HOMEP ¢ B PsILy IIPHOPHTETA).
Ecin A, u A, | MIMEIOT OAMHAKOBBLIl PAHT, TO bq = 1. /s ynoberBa npuanmaior b, = 1.

KoMIIOHEHTBI BEKTOPOB MPUOPUTETA M BECOBBIX KOIMMUIIMEHTOB CBSI3aHbI MEKILY COOOI
CJIeTYIOIINM OTHOIIICHUEM:

BaBI/ICI/IMOCTb, ITO3BOJIAIOIAA 110 M3BECTHDBIM 3HAYCHUAM bi OIIpEZeINTD BEJIMINHY O(q,
nMeEEeT BU/:

g
= —l:q .
M0

q=1i=q

Oyq

(1.20)

3HaHue BECOBLIX KOI(P(OUIMEHTOB MO3BOJIIET yUeCTh TPUOPUTET YACTHBIX TTOKA3aTeeH.

NMepcnekTnBbl COBEPLUEHCTBOBAHUS
apxutektypsi BM u BC

CoBepliieHCTBOBAHNE APXUTEKTYPBI BBIYMCIAUTEIbHBIX MAIIUH U CUCTEM HAYaJIOCh € MO-
MeHTa nosiBjienud 1nepBeix BM u He npekpaiaercs 1o ceii genb. Kaxzaoe nsmenenue
B apXWTEKType HAIPaBJeHO Ha aBGCONIOTHOE MOBBINIEHIE MPOU3BOAUTENBHOCTU HIIH,
o Kpaiineit mepe, Ha Oosiee addeKkTuBHOE pelenne 3a1ad ONPENeJeHHOr0 KJIacca.
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IBOJTIOIUIO APXUTEKTYP OMPEAESAIOT CAMble PA3IUIHble (DAKTOPHI, TIABHbIE U3 KOTOPBIX
nokaszanbl Ha puc. 1.7. He ymasisist posin Hu 0JTHOTO U3 HUX, CJIelyeT TIPU3HATH, YTO HAU-
GoJiee OUEBUJIHbBIE YCTIEXH B 0OJACTH CPEICTB BBIYUCIUTENLHOM TEXHUKY BCE JKE CBA3AHBI
C TEXHOJIOTUYECKUMU OCTIKEHUSIMU. XapaKTep U CTeleHb BIUSHI TPOUYUX (DAaKTOPOB
nozpo6Ho onucansl B [93] 1 B gaHHOM yueOHMKeE He pacCMaTPUBAIOTCSL.

Puc. 1.7. ®akTopbl, onpeaensaioLlme pa3sutne apxXMTekTypbl BbIYHUCINTENbHBIX CUCTEM

C KaXIbIM HOBBIM TEXHOJOTMYECKUM YCIIEXOM MHOTHE M3 apXUTEKTYPHBIX njei nepe-
XOJIAT HA YPOBEHD MPAKTHUECKOH peasuzaru. OUeBUIHO, YTO TPOIECC ITOT OYIET MPO-
JIOJKAThCST U B JIAJIbHENIIeM, OJIHAKO BO3HUKaeT Botpoc: «Hackonbko Geictpo?»> Koc-
BEHHBIII OTBET MOKHO TOJIYUMTh, TTPOAHAIN3NPOBAB TEH/IEHIINN COBEPIIEHCTBOBAHUS
TEXHOJIOTHH, TIABHBIM 06Pa30M MOJTYTIPOBOIHUKOBBIX.

TeHpeHuun pa3BuTuda 0onbLUUX UHTerpaJsibHbiX cCxemM

Ha coBpeMEeHHOM ypPOBHE BBIYHCJIUTEIBHOU TEXHUKH MOJABJSIONIEE GOJBITHHCTBO
yerpoiicte BM u BC peanusyercst Ha 6ase MOJyNPOBOJAHUKOBBIX TEXHOJIOTHIT B BUJIE
ceepxbonvuux unmezpanvnvix muxpocxem (CBUC). Kaxkmoe HOBOBBeleHHE B 00IacTU
apxutektypsl BM u BC, kKak npaBuJjio, CBSI3aHO ¢ HEOOXOIUMOCTBIO YCJIOKHEHUSI CXe-
MBI IIPOIECCOPA UJIU €TO COCTABJISIIONUX U TpebyeT pazmernenus Ha Kpuctaunie CBUC
Bce GOJIBIIErO YNCIIa JIOTUIECKUX HJTH 3aATOMUHAIOIIX SJIEMEHTOB. 3a/lada MOXKET ObITh
peliieHa IByMs Iy TSAMU: YBEJNYEHUEM Pa3MEPOB KPUCTAJLIA U YMEHBIIIEHUEM TIITOIIAIH,
3aHUMAEMON Ha KPUCTAJLIE 9JIEMEHTAPHBIM TPAH3UCTOPOM, C OJJHOBPEMEHHBIM MOBBITIIE-
HUEM IJIOTHOCTU YIIAKOBKHU TAKUX TPAH3UCTOPOB HA KPUCTAJLIIE.

[Toxa ocroBHbIe ycniexu B mane yBeanuenusi emkoctu CBUC cBsizanbl ¢ ymeHblIIeHuEM
pasMepoB AJIEMEHTAPHBIX TPAH3UCTOPOB M IJIOTHOCTH UX Pa3MelleHus HA KPUCTAJLIE.
3nech Tengeniuu sBosmoiuu CBVIC XopoIio OMMChIBAIOTCS IMITUPUYECKUM 3aKOHOM
Mypa' [120]. B 1965 roay Myp 3aMeTi1, 4T0O 4KMCIO TPAH3UCTOPOB, KOTOPOE YAAETCS
pasMecTUTh HA KPUCTAJIIE MIKPOCXEMBI, yBanBaeTcs Kaxple 12 mecsieB. OH mpejicka-
3aJ1, 9YTO 9Ta TEHAEHIMs coXpanutcs B 70-e rompl, a HaunHas ¢ 80-X TeMIl pocTa HayHeT
crmagatb. B 1995 romy Myp yrounui cBoe mpeckasanue, ciejiaB IIPOTHO3, YTO YIBOEHUE
YICJIa TPAH3UCTOPOB Jlajiee OyeT POUCXOUTD KasKble 24 Mecsinia.

! Topnon Myp (Gordon E. Moore) oaut us ocHoBareseii pupmbr Intel.
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CoBpeMeHHbIe TEXHOJIOTUU MPOU3BOICTBA CBEPXOOBIIIX MHTEIPATHHBIX MUKPOCXEM
MTO3BOJIAIOT Pa3MECTUTh Ha OJJHOM KPHUCTAJIE JIOTUYECKHE CXEMBI BCEX KOMIIOHEHTOB
mpoiteccopa. B Hacrosiiee BpeMs POIECCOPBI BCEX BBIUUCAUTEIBHBIX MAIUH peasu-
3ytotcst B Bujie ofHol nin Heckoabknx CBUC. Bosee Toro, Bo MHOTHX MHOTOTIPOTIEC-
copubix BC ucnosnbzytorca CBUC, riae Ha omHOM KpUCTaJe pacioyaraioTes cpasy He-
CKOJIBKO TIPOTIECCOPOB (OOBIYHO HE OUEHD CJOKHBIX ).

Kaknprit ycnex cosnareneii nporieccopabix CBUMC HemenieHHO 1M0105KUTebHO OTpa-
skaetcst Ha xapaktepuctukax BM u BC. CoepmencrsoBanue mpoieccopubix CHbUC
BeZIeTC TI0 IBYM HAIIPABJIEHUSM: YBeTIYeHNEe KOJNIEeCTBA JIOTHYECKIX 9JIEMEHTOB, KO-
TOPOE MOKET OBITh PasMEIeHO Ha KPUCTAJLIE, MOBBINIEHE ObICTPOAEHCTBUS ITHX JIO-
TUYECKUX IJIEMEHTOB. YBenuenue GbICTPOCHCTRIS BeleT K HAPAIUBAHWMIO MTPOU3BO-
JIUTEJHHOCTH MPOIECCOPOB Jaxke 6e3 U3MEHEHUS] UX apXUTEKTYPhI, a B COBOKYTHOCTH
C TIOBBIIIIEHIEM IIJIOTHOCTH YTIAKOBKU JIOTUYECKUX DJIEMEHTOB OTKPBIBAET BO3MOKHOCTHU
IS peasiu3aliiyl paHee HeJJOCTYITHBIX aDXUTEKTYPHBIX PelIeHn .

B nesiom, aist mponteccopubix CBUC mozxHO cnenats caemytoniue BoiBozbl [ 133]:

B TJIOTHOCTH YIAKOBKH JIOTHYECKUX cxeM Tporieccopibix CBUC kaxpie 1Ba roma Oymet
BO3pACTaTh B/IBOC;

B Y/BOeHMe BHYTPeHHEH TaKTOBOH 4acToThl rpoiteccopubix CBUC nmpouncxoaut B cpe-
HEM KasK/Ible [[Ba TO/I.

IIo Mepe IMOBbINIECHUA BO3MOJKHOCTEN BbIYUCJIUTEIBHBIX CPEZICTB PaCTyT N «alllI€TUTbI»
[POTPAMMHBIX IIPUJIOKEHNUN OTHOCUTEIHHO EMKOCTH OCHOBHOH MAMATH. JTY CUTYAIIUIO
OTpajkaeT TaK Ha3biBaeMblil 3aKoH [TapkurcoHa: «IIporpamMmmHoe 00ecrieueH e yBeTnyu-
BaeTcs B Pa3Mepax /[0 TeX IMOp, TTOKa He 3aI0THUT BCIO TOCTYIIHYIO HA JTAHHBII MOMEHT
namMsiTh»>. B L[I/Iq)an TEHAEHIA BO3paCTaHUA Tp€6OBaHI/II>)I K €eMKOCTH IIaMATU BBITJIAAUT
TaK: yBeJMYEHHe B MOJTOPA pasa Kaskable Ba roga. OCHOBHAS MaMATh COBPEMEHHBIX
BM u BC dopmupyercs n3 CbMC mosynpoBOoJHUKOBBIX 3alIOMUHAIONINX YCTPOMCTB,
riaBHbIM o6pasom quHamudeckux O3Y. EcrecrBennbie TpeboBanus k takum CBUC:
BBICOKHE TUIOTHOCTD YITAKOBKH 3AMOMUHAIONINX 3JIEMEHTOB W OBICTPO/IENCTBIE, HIU3KAST
CTOMMOCTb.

[na CBMC namsatu Takske MOATBEP:KIACTCS CIIPaBeJIMBOCTD 3akoHa Mypa 1 npezcka-
3aHHOE UM YMEHBIIIEHUE TEMIIOB MOBBIIIEHUS MJIOTHOCTU YIIAKOBKU. B 11e710M MOXKHO
MPEJICKA3ATD, UTO YUCLO 3ANOMUHANUWUX FNEMEHMO8 HA KpUcmaiie Oydem 03pacmamy
6 dea pasa Kaxcovie noxmopa 200da.

C 6pictpogeiicterieM CBUC mamaTu ges10 006¢TouT Xyske. BbICoKast CKOpOCTb IIPOIIECCO-
POB y3Ke JaBHO HaXO/AUTCS B TIPOTUBOPEUNN C OTHOCUTENBHON MEJIUTETbHOCTHIO 3a110-
MUHAIOIIIX YCTPOUCTB OCHOBHOM mamMsATH. [Tpo6ieMa MoCTOSTHHO yCyTyOIIsSeTcst HecOOT-
BETCTBHEM TEMITOB POCTA TAKTOBON YaCTOTHI MTPOIECCOPOB 1 OBICTPOACHCTBUS MaMSTH,
U 0COOBIX MEPCIEKTHB B 9TOM TIaHe Toka He BUAHO. O6Ias TeHACHIVS: Ha 08yKpamuoe
YMeHbUleHUe OIUMEeIbHOCU YUKLa Ounamuyeckozo 3Y yxodum npumepro 15 nem.

B mnane cumkenus croumoct CBMC namsaT 1eperneKkTuBbl BecbMa 0OHaAeKIBAIO-
mpe. B Tedenue J0CTaTOMHO JIUTEIBHOTO BPEMEHU CMOUMOCTDL 6 nepecueme Ha 00U
oum cnusxcaemcs npumepno na 25—40 % 6 200.
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MepcnekTUBHbIE HaNpaB/ieHUs uccnenoBaHnin B oonactu
apXUTEKTYPbl BbIYNCIIUTESIbHbIX MALLUUH U CUCTEM

OcHOBHBIE HaIlIpaBJeHUsT UcciaegoBanuii B obiactu apxutektypbl BM u BC MoxkHO
YCJIOBHO PasIeJINTh HA JIBE TPYIIITBL: 9BOTIOIMOHHBIE 1 PEBOJIIOIIMOHHBIE. K 11epBoii TpyTI-
Te CJIelyeT OTHECTH HCCIIE0BAHNS, TI€ThI0 KOTOPBIX SIBJISIETCST COBEPIIIEHCTBOBAHUE Me-
TOJIOB PEAN3AINH YiKe JOCTATOUHO U3BECTHBIX W/eil. VI3bICKaHMs, YCIOBHO HA3BAaHHbIE
PEBOJTIOIIIOHHBIMHU, HATIPABJIEHBI HA CO3/IAHNE COBEPIIEHHO HOBBIX ADXUTEKTYD, TIPUHIIH-
MMUAJTBHO OTJIUYHBIX OT YK€ CTaBINEN TPA[UIIMOHHON (hOH-HEITMAaHOBCKOM apXUTEKTYPHI.

BompmmaCcTBO M3 MccseioBaHN, OTHOCUMBIX K 9BOJIOITMOHHBIM, CBSI3aHO C COBEPIIEH-
CTBOBAaHMWEM apXUTeKTypbl MuKkpotpoieccopoB (MII). B mpunIiumne, kapanuagibHO HO-
BBIX aPXUTEKTYPHBIX MO/IXO/I0B B MUKPOTIPOIlECCOpPaxX CPaBHNUTENbHO Masio. OCHOBHBIE
ujer, JiesKale B OCHOBe coBpeMeHHbIX MTI, ObLIH BBIABUHYTHI MHOTO JIET TOMY HasaJl,
HO M3-32 HECOBEPIIIEHCTBA TEXHOJIOTUHN W BBICOKON CTONMOCTH Pean3aIiui HAILIN TTPH-
MEHEHHMeE TOJBKO B 00JIbIINX yHUBEpcadbHbix BM (MaitHdpeiivax) u cynepdBM. Hau-
GoJiee 3HAYMMBbIE U3 U3MeHeHWH B apxutekType MII ¢Bsi3aHbI ¢ MOBBIIIEHIEM YPOBHSI
napaJijiesiiaMa Ha ypoBHE KOMaH/ (BO3MOKHOCTU OJHOBPEMEHHOT'O BBIIIOJHEHUS He-
CKOJIBKUX KOMaH[). 3/lechb B IIepBYIO odepe/b celyeT YIOMSIHYTh KOHBellepusaluio,
CYTIEPCKATIAPHYIO 06pabOTKY U apXUTEKTYPY € KOMAHIHBIMU CJOBAMHU CBEPXOOIBITON
bl (VLIW). TTocie yenenraoro nepeHoca Ha MIT rinob6aibHbIX apXUTEKTYPHBIX IO/
XOJI0B «OOJIBIIMX» CHCTEM OCHOBHBIE YCHJIMSI MCCIIEA0BaTe/IeH Tereph HallpaBJIeHbl Ha
YacTHBIE apXUTEKTyPHbBIE U3MeHeHUs. [IpruMepaMn TakUX 9BOJTOIIMOHHBIX apPXUTEKTYP-
HBIX U3MEHEHUH MOTYT CJIYKUTh: YCOBEPIIEHCTBOBAHHBIE METO/IBI TTPE/ICKA3aHMS TIepe-
XOJIOB B KOHBelepe KOMaH/I, TOBbIIIEHIE YaCTOThI YCHENIHBIX 00PAIeHUH K KIII-TTaMSITH
3a CYET YCIOKHEHHBIX CITOCOO0B Gyhepusaruu u T. 1.

Hab6JrrotaeMble HAMU JTOCTHIKEHUSE B 00JIACTH BEIYMCUTETbHBIX CPEJICTB IIHPOKOTO TPH-
MEHEHUsI TI0Ka 00YCJIOBIEHBI UMEHHO <«9BOJIOIMOHHBIMUY UccenoBanusMu. OHAKO
yiKe ceifuac OUYEeBMJIHO, YTO, OCTABASICh B PAMKaxX TPAUIIMOHHBIX apXUTEKTYP, MBI J10-
BOJIBHO CKOPO HAaTOJIKHEMCST HAa TeXHOJIOTHYeckue orpanndenus. OuH U3 myTel mpeo-
JIOJIEHVSI TEXHOJIOTHUECKOTO Gapbepa JIEKUT B 001aCTH HeTPaJAUIIHOHHBIX TOX010B. Mc-
CJIeI0OBaHMA, ITIPOBOIMMBIE B 9TOM HAIIPABJICHWH, 1O Halen K]IaCCI/I(l)I/IKaLII/II/I OTHECEHBI K
«PEBOJIIOIMTMOHHBIM» . CHpaBeIIJII/IBOCTb TaKOTO YTBEPKACHUA TIOATBEPIKIACTCS IIEPBBIMUN
ob6pastiamu BC ¢ HeTpagnIIMOHHOI apXUTEKTYPOL.

O1ieHnBas MepCIeKTUBLI 9BOJIOIMOHHOTO U PEBOMOIIMOHHOTO PA3BUTHS BBIYUCTUTEIb-
HOU TEXHWKH, MOKHO YTBEP/K/IATh, YTO Ha OJIMIKaliliiee BpeMst HAUMOOJBIIETO TPOTPEC-
ca MOKHO OKU/IATh Ha IyTH UCITOJIb30BaHUSA UJell TapaJiiesin3Ma Ha BCeX ero YPOBHSX
u coznanust aHEeKTUBHON nepapxXuy 3aITOMUHAIONINX YCTPONCTB.

KOHTpOJibHbIE BONPOCHI

1. Ilo xakmM MpU3HaAKaM MOKHO Pa3TPAaHNYUTD MOHATHUS «BBIYUCINUTEIbHAS MAlTMHA»
U «BBIUMCIUTE/IbHAS CUCTEMay ?

2. B uem 3akiiouaercs pasjinune MeK/y (DYyHKITMOHAIBHOM U CTPYKTYPHOI Opranusariu-
el BBIYMCJINTETHhHON MAaITUHBI? Kak OHU BAUSIOT APYT HA Ipyra?
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10.
11.

12.

13.

14.
15.
16.

Kaxum o6pasom TpancHOpMIPYETCs MOHATUE «CTPYKTypay IIPH €ro MPUMeHEHUH [JIsI
orobpaxkeHus (PYHKIIMOHAIBHOI opranusanun BM?

B yem cocTonT pazsimure Mex/y «y3KOH» U «IITUPOKOI» TPAKTOBKOI TIOHSTHUS «apXu-
TEKTYPa BbIYNCIUTETbHON MAITUHBI» ?

Kakoii ypoBenb jletasin3aiiuu BbIYUCAUTENIHHON MAIIUHbI TIO3BOJISIET ONPE/IEUTD,
MOXKHO JiT TaHHyT0 BM mpruncanTs k HOH-HEITMAaHOBCKIM?

[To kakmM MpU3HAKaM BBIJIEISIOT TTIOKOJIEHUST BEIYUCIUTETbHBIX MAITIH ?

[TosicnuTe ompeiesigIoNINe UIEN /IS KAXKI0TO U3 HTATIOB 9BOJIIOIUN BIYUCTUTENbHON
TEXHUKH.

Kaxkoii u3 mpuHInmnoB (hoH-HEMMaHOBCKOUM KOHIIENIINN BbIYUCIUTETHHON MalIMHbI
MOKHO pacCMaTpUBaTh B KauecTBe HarboJIee CyleCTBEHHOro?

OttennTe J0OCTOMHCTBA U HEJOCTATKY aDXUTEKTYP BbIYUCAUTETHHBIX MAIIWH C HEIO-
CPEICTBEHHBIMU CBA3SAMU U OOIIEN NIMHOIA.

YT0 OHMMAeTCs MOl HOMUHAIBHBIM 1 CpeHUM ObicTpoelicTBreM BM?

Kakum 06pasoM MOKHO OXapaKTepu30BaTh IPOU3BOAUTENBHOCTD BBIYNCINTENbHOI
MalluHbI?

[TepeuncanTe U OXapakTepU3yHTe OCHOBHBIE CIIOCOOBI MOCTPOEHUSI KPUTEPHUEB 3-
dexruBHoCcTH BM.

Kaxumu crioco6aMu MOKHO IIPOU3BECTH HOPMAJIM3AIMIO0 YaCTHBIX [T0Ka3aTe/eil ag-
dexTuBHOCTHU?

CdopmynupyiiTe OCHOBHbBIE TEHIECHIINN PA3BUTHUSI MHTETPATBLHOM CXEMOTEXHUKH.
Kakmue BBIBOIBI MOKHO ClIETaTh, NCXO/1sI U3 3aKoHa Mypa?

OxapakTepusyliTe OCHOBHBIE HAITPABJICHUS B JIAJbHEHIIEM Pa3BUTHHN apXUTEKTYPBI
BBIYMCJIUTETHHBIX MATITUH W CUCTEM.



naBA 2

ApxuTekTypa cCuUCTeMbl KOMaHA,

Cucmemotl Komano BBIYUCIUTEIBHON MallMHbI HA3bIBAIOT IOJIHBII IepedeHb KOMaHI,
KOTOpBIE CIIOCOOHA BBITOJIHSTH JarHas BM. B c¢Boto ouepesib, 01 apxumexmypoi cu-
cmemvt komand (ACK) mpPUHSTO ONPENENSITh Te CPECTBA BHIUNCIUTEILHON MAIINHbI,
KOTOpBIE BUHBI U 0CTYIHBI porpamMmucty. ACK MOXKHO paccMaTpuBaTh Kak JUHUIO
COTJIACOBAHUSI HY:K] Pa3pabOTUMKOB IPOrPAMMHOTO 00ECIIEUEHHs] ¢ BO3MOKHOCTSIMU
co3jiaTesieii anmmapaTypbl BBIYUCIUTENbHOM MatuHbl (puc. 2.1).

Puc. 2.1. ApxutekTypa CMCTEMbI KOMaHA, Kak MHTEPdENC Mexay NPorpaMMHbIM
1 annapaTtHbiM 06ecrneyeHnemM

B koHEUYHOM HUTOTE, T[eJIb T€X U JAPYTUX — Peansalis BorauciaeHnii Hanbosee ahdek-
TUBHBIM 00Pa30M, TO €CTh 32 MUHMMAJILHOE BPEMsI, U 3/IeCh BAKHEHIIYIO POJIb UIPaeT
MPABUJILHBIN BEIOOP aPXUTEKTYPbI CHCTEMBI KOMAH/I.

B ymuporenHoit TpakToBKe BpeMs BbllIoJHeHUs porpaMmbl (T, ) MOXKHO OIIpele/InTh

yepes YrcsIo KoManj B mporpamme (N, ), Cpejiee KOJIMYecTBO TaKTOB IIPOIeccopa, IpH-
xojsmuxcst Ha ogay komauny (CPI), u jiuTeIbHOCTh TAKTOBOTO TIEPUO/IA Tyt

Ty = Ny X CPIX T,

BbIY KOM
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Kaxzasg n3 cocTaBsioNNX BBIPAYKEHUS 3aBUCUT OT OJJHUX aCIEKTOB apXUTEKTYPbI CH-
CTeMBbl KOMaHJI 1, B CBOIO o4epe/ib, BaugeT Ha Apyrue (puc. 2.2), 4To CBUJCTEIbCTBYET
0 HEOOXOAUMOCTH YPE3BBIYANHO OTBETCTBEHHOTO Mo/xo/1a K Bhibopy ACK.

Puc. 2.2. B3amocBs3b Mexay CUCTEMOWN KOMaHA 1 dakTopamMm, onpenensowmmm
3bPEKTUBHOCTb BbIHUCIEHNI

OO01mast XapaKTepUCTUKA apXUTEKTYPBl CUCTEMbI KOMAHJI BBIYUCIUTETLHON MAIIUHBI
CKJIQ/IBIBACTCS 13 OTBETOB HA CJIEYIOMINE BOIPOCHL:

1. Kakoro Buja janHbie OyyT IPEACTABICHBI B BBIYUCIUTENBHON MallMHE U B KAKOH
hopme?

[ne 5T JanHbIe MOTYT XPAHUTHCS TOMUMO OCHOBHO MTaMSTH?

Kaxwim 06pazom 6yieT oCyImecTBAATHCS JOCTYIT K TAHHBIM ?

Kakwue omnepaiiuut MOTYT OBITH BBITIOJTHEHDI HAJL IAHHBIMU?

CKOJIBKO OTIEPaHIOB MOXKET TPUCYTCTBOBATH B KOMaHIE?

Kax 6y/eT ompenesiThest arpec 09epeiHoit KOMaH/IbI?

Kaxwm o6pazom OyyT 3aKOANPOBAHBI KOMAH/IBI ?

N s W

[IpeaMeToM JaHHOI TIaBbl ABJIIETCs 0030p HanboIee PACITPOCTPAHEHHBIX APXUTEKTYP
CUCTEMbI KOMaH/I, KaK B OIIMCATEIbHOM TIJIaHe, TaK U ¢ MO3uInii 9 dekTuBHOCTH.

Knaccudpmkaumna apxmTekTyp CUCTEMbI KOMaHA

B wictopun pasBUTHST BBIYNCTUTENbHON TEXHUKU KaK B 3epKajie OTPAKAIOTCS U3MeHe-
HUSL, IIPOUCXOUBIINE BO B3IJIaX PaspabOTYMKOB Ha IEPCIEKTUBHOCTD TOM MM UHOMN
apXUTEKTYPbI cucTeMbl KoMaH 1. CII0KUBINYIOCS Ha HACTOSIIIMIT MOMEHT CUTYAIHIO B 00-
mactu ACK nismoctpupyet puc. 2.3.

Cpenu MOTHBOB, Yallle BCETO TpeAoIpe/iesdiomux mepexon k Hopomy tuny ACK, ocra-
HOBUMCSI Ha JIByX HauboJiee CyriecTBeHHbIX. [IepBbIil — 3TO cOCTaB OIepaIlnii, BHIIOJ-
HSIEMBIX BRIUUCTUTEIBHON MAIIMTHOM, U UX CJIOKHOCTD. BTOPOiT — MecTo XpaHeHUs oTie-
PaH/IOB, UTO BJMSET HA KOJWYECTBO U JVINHY aIPECOB, YKA3bIBAEMBIX B a/[PECHON YacTh
KOMaH/[ 00paboTKY JaHHBIX. VIMEHHO 9TH XapaKTEePUCTUKU B3SThI B KQUeCTBE MMOKA3aTe-
Jiett KmaccupuKanuy apXUTEKTYP CUCTEMBI KOMAH]/.
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Puc. 2.3. XpoHonorusi pa3sutus apxXUTeKTyp CUCTEMbI KOMaHA,

Knaccudpukauma no coctaBy v CIOXKHOCTU KOMaHA,

CoBpeMeHHasT TEXHOJOTUS MPOTPAMMHUPOBAHWS OPUEHTHUPOBaHAa Ha SI3BIKU BBICOKO-
ro yposHst (ABY), riaBHast 11e/ib KOTOPBIX — OOJIErYUTh MPOIECC POrPAMMHUPOBAHISL.
Ho nepexon k SIBY mopoan cepbesHyio mMpobJieMy: CI0KHbIE OMepaTopbl, XapakTep-
Hble 7711 SABY, cyriecTBeHHO OTIMYAIOTCST OT TIPOCTBIX MAITMHHABIX OTIepalliii, peaansye-
MBIX B OOJIBHIMHCTBE BBIYMCJINUTENbHBIX MamuH. CelcTBUEeM TaKOTO HECOOTBETCTBH
CTaHOBUTCH HeAocTaTouHO 3(deKkTrBHOE BbINoAHeHne mporpaMm Ha BM. IIpo6iema
HOJIyYnJIa Ha3BaHWE CEMAHMUUCCKOZ0 PA3PLIGA, A IS ee PaspelieHus paspaboTunKu
BLIYMCJAUTENBHBIX MALTMH B HACTOSIIEE BPEMsI BRIOMPAIOT OJMH U3 TPEX MOJAX0I0B U, CO-
OTBETCTBEHHO, oinH 13 TpexX TumoB ACK:

B apxurekTypy ¢ noianbiM Habopom komani: CISC (Complex Instruction Set
Computer);

B apxXuTeKTypy ¢ cokpamieHHbiM HabopoMm komana: RISC (Reduced Instruction Set
Computer);

B apXUTEKTYPY ¢ KOMAaHIHBIME cJoBaMu cBepxOoJbinoi minabe: VLIW (Very Long
Instruction Word).

B CISC-apxumexmype cemanTuecKUil pas3pbIB MPEOJIOJIEBAETCS 32 CUET PACIIUPEHUS
CHCTEMbBI KOMAaH]I, [OIOJHEHUsI €€ CJOKHBIMU KOMAaHIaMU, CEMAHTHYECKH aHAJIOTHY-
HbiMu orniepatopam ABY. OcuoBonosioxkankom CISC-apXUTeKTypbl CYUTAETCST KOMIIA-
Husg IBM, koTopast Havaia npuMeHsTh JaHHBIN 10AX0/] ¢ ceMeiicTBa Mamuu [BM 360
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U TIPOJIOJIKAET €0 B CBOMX MOIIHBIX COBPEMEHHbBIX YHUBepcaibHbiXx BM (Maitudpeii-
Max). AHAJIOTMYHBIH TTOJIX0/[ XapaKTepeH u Jiist kommanuu Intel B ee Mukpormporieccopax
cepuu x86. [l CISC-apxuTeKTypbl TUITUUHBI:

B HaIWYKe B IIPOLECCOPE CPABHUTEIBHO HEOOJIBIIOrO YKC/Ia PErNCTPOB 00IIero Ha-
3HAYECHMSI;

m GOJIBIIOE KOJUYECTBO MAIIMHHBIX KOMAaH, YaCTh U3 KOTOPBIX allllapaTHO PEATU3YIOT
CJIO;KHBIE ortepaTtopsl SABY;

B pasHooOpasue crnocoOOB agpecalii OlePaHIOB;

B MHOXeCTBO (POPMATOB KOMAH/I Pa3/JINYHON Pa3psAIHOCTH,

B HajMyKe KoMaH, rjie 06paboTKa COBMEIAeTCs ¢ 00palleHeM K aMATH.

K tuny CISC moxno oTHecTn mpaktudecku Bce BM, BbITyckaBimecst 10 cepeinHbl
1980-x romoB, 1 3HAYUTETHHYIO YaCTh ITPOU3BOSAININXCS B HACTOsIIIee BpeMs. Paccmo-
TPEHHBIH cOCco6 pereHnss mpoGIeMbl CEMAHTHYECKOTO Pa3phiBa BMECTE C TE€M BEJET
K YCJOKHEHMIO armaparypbl BM, riaBHbIM 00pa3oM, yCTpPOICTBa YIIPaBJIEHMs, 4TO,
B CBOIO OUepe/ib, HEraTHMBHO CKa3bIBaeTCsl Ha IPOU3BoAuTeIbHOCTH BM B 11esioM. 910 00-
CTOATENBCTBO TIOOYNIIO GOJIee BHUMATEIHHO [TPOAHATM3UPOBATH TPOTPAMMBI, TTOJIyYae-
Mbie mocse komnusiin ¢ JIBY. Bour npeanpunsaT kommieke uccaenosanuit [99, 115,
128, 151], B pesyJibraTe KOTOPbIX OOHAPYKIJIOCH, YTO HOJIsI AONOJTHUTENbHBIX KOMAHI,
HKBUBAJIEHTHBIX orepatopam JABY, B 061ieM oObeme miporpamm He mpesbimaet 10—-20%,
a sl HEKOTOPBIX HauboJiee cI0KHBIX KoMaH gaxe 0,2%. B To ke BpeMst 00beM ari-
HAPATHBIX CPEJCTB, TPEOYEMbIX JIJIsl PEATM3AIUN TAKUX JTOTIOJHUTETbHBIX KOMAH/[, BO3-
pacTaeTt BecbMa CyMIeCTBEHHO. Tak, eMKOCTb MUKPOTIPOTPAMMHON TaMsITH, XpaHSIIen
MUKPOIIPOTPAMMBI BBITIOJIHEHMS BceX kKoMaHa BM, 13-3a BBeleHUs CIOKHBIX KOMaH]|
MOJKET yBeImIuBaThCs Ha 60%.

JleTanbHBINT aHATM3 PE3YJIBTATOB YIOMSIHYTBIX WCCIEAOBAHWI TPUBEJ K CEPHE3HOMY
[EePeCMOTPY TPAAUIMOHHBIX PEIIeHWil, CJIeCTBUEM 4Yero cTajo Iosisjaenne RISC-
apxumexmypot. Tepmur RISC Briepsoie 6611 uctionbzosan 1. Tlatrepcorom u JI. Tut-
nesiem B 1980 romy [128]. Maes 3akmovyaeTcst B orpaHnyeHny ciimcka komana BM nan-
6oJiee 4acTO UCIIOJIb3yEMBIME MTPOCTENIIIMMEI KOMAHIAMH, OIIEPUPYIONMMU JIAHHBIMU,
pasMeIeHHBIMHU TOJIBKO B perucTpax mpoieccopax. ObpaiieHne K aMsITH Oy CKaeTCst
JIUIIB C TTIOMOII[BIO CITEIIUATBHBIX KOMAH/I YTEHMS 1 3aIT1CU. Pe3Ko yMeHbIIeHo KoJmde-
cTBO (hOPMATOB KOMaH/[ U CHOCOOOB YKa3aHUS aJPECOB OMEPAHIOB. DTU MEPbI MO3BO-
JIVJTA CYIIECTBEHHO YIIPOCTHUTH allliapaTHbie cpejicTBa BM U TOBBICUTE UX GBICTPOIET-
crBre. RISC-apxurexrypa paspabaTbiBasach TakiM 00pa3oM, 4ToOb! yMeHbIINTS T 32
cuer cokpauienust CPl u T, . OKkasanoch, 4TO peainsalus CI0KHbIX KOMaH/ 32 CYET 110~
CJIeI0BATEIBHOCTH U3 IIPOCTHIX, HO ObIcTphIX RISC-komanz He Menee s deKkTUBHA, YeM
amnmapaTHbIM BapuaHT cTOXKHBIX KomaH B CISC-apxutexType.

Idnementsl RISC-apxutexkTypbl BIiepBble TOSBUJINCH B BBIYMCIAUTENBHBIX MalllMHAX
CDC 6600 u cyriepdBM kommanuu Cray Research. [lJoctarouno yermenito peanusyercst
RISC-apxurexrypa u B coBpeMmeHHBIX BM.

OT™MeTnM, 4TO B TIOC/IeHEE BPEMsI B MUKPOITpolieccopax komitanuii Intel 1 AMD upo-
KO HCIOJIB3YIOTCS ujier, cBoiicTBennble RISC-apxuTtexType, Tak 4TO MHOTHE PA3IUdnsd
mexxry CISC u RISC nocrenenno ctupatorcs.
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ITomumo CISC- u RISC-apxutextyp, B 001meii kiraccudukaiuy ObLI YIOMIHYT €Ile
oma Tt ACK — apxurexTypa ¢ KOMaHAHBIMHU cJIoBaMu cBepX60ibiiioit aymnbl (VLIW).
Konmnenmust VLIW 6asupyercs na RISC-apxurekrype, HO B Heil HECKOJIBKO MPOCTHIX
RISC-koman/ 060beIMHAIOTCS B OIHY CBEPX/UITMHHYIO KOMAH/IY U BBITIOIHSIOTCS TIapaJi-
senpho. B muane ACK apxutektypa VLIW cpaBautesnpio maso otimuaercs or RISC.
[TosiBUsICA Wb TOTIOTHUTENBHBIN YPOBEHD Tapajiiejn3Ma BbIUMCICHWH, B CUITY YeTo
apxutextypy VLIW jornunee azipecoBaTh He K BBIYMCJIUTEIBHBIM MallTMHAM, & K BbI-
YUCJUTETHbHBIM CHCTEMAM.

Ta6nuua 2.1. CpaBHuTenbHas oueHka CISC-, RISC- u VLIW-apxutekTyp

Jiell B KOMaH/le

Xapaxkrepucruka CISC RISC VLIW
JlmmHa xoMaHIB! Bapwupyercs Ennmaa Ennmaa
Pacmnomnoxenne mo- Bapwupyercs Heusmennoe Heusmennoe

KosmmuecTtso peru-
CTPOB

Hecxkosbko (wgacro cre-

IMAJIN3UPOBAHHBIX )

MHOTO perucTpos
00111ero Ha3HAYeHUS

MHOTO perucTpos
00111ero Ha3HAYeHUS

[loctyn k mamsIT

MozKeT BBITOJHATHCS

KaK 9aCTb KOMaH/l pa3-

JIMYHBIX TUIIOB

BrinosiasieTcst ToJ1b-
KO CIeIMaJbHbIMU
KOMaHJIaMU

Brinosiasiercst ToJ1b-
KO CIeIlaJbHbIMU
KOMaHJIaMU

Tabsmia 2.1 o3BoJIsIeT OIeHUTh HanboJIee CYIECTBEHHBIEC PA3INYUsI B apXUTEKTYPax
tuma CISC, RISC u VLIW.

Knaccudukaumsa no mecTty XxpaHeHUs onepaHaos

KosmraecTBO KOMaH U X CJIOKHOCTD, 6€3YCIOBHO, SIBISIOTCS BAKHEHTITIMH (hakTopa-
MU, OJHAKO HE MEHbIIYI0 poJib pu Bei6ope ACK urpaer oTBeT Ha BOIPOC O TOM, /e
MOTYT XPaHUTHCS OTIEPAHIIBI U KaKUM 00pa3oM K HUM OCYTIeCTBAsIeTcst focTyt. C aTux
MO3UTINH Pa3INIaioOT CIeyIOIIe BUbI aDXUTEKTYP CUCTEMbl KOMaHI:

BH CTEKOBYIO;

B AKKyMYJSATOPHYIO;

B PErucTpOBYIO;

B C BBIJICJIEHHBIM IOCTYTIOM K TTAMSTH.

Bo160p TOM WM MHOW apXUTEKTYPhL BAUSET Ha MPUHIUINAIbBHBIE MOMEHTHL: CKOIBKO
ajipecoB OyJIeT copepKaTh apecHas 4acTh KOMaH/, KaKoBa OyJeT JJIMHA 5TUX aJlpecoB,
HACKOJIBKO IIPOCTO GYAET IIPOMCXOAUTD JOCTYII K OlepaHiaM U KaKOi, B KOHEYHOM UTO-
re, OyzeT o0mas 1IMHa KOMamH,

CTtekoBag apxuteKTypa

CmeKom Ha3bIBAETCS IAMSTD, 110 CBOEH CTPYKTYPHOI OpraHu3aluy OTJIMYHAs OT OCHOB-
noit mamsatu BM. IIpUHLMIIBI TIOCTPOEHUS CTEKOBOI aMATH JI€TaIbHO PacCMaTpUBAIOT-
Csl 1I033Ke, 3/1eCh e BBLIEIUM TOJLKO T€ aclleKThl, KOTOpble TPeOYIOTCS A/ IIOSCHEHUS
ocobennocreii ACK na 6ase crexa.

Crek obpasyeT MHOKECTBO JIOTMYECKH B3aUMOCBSI3aHHbIX s1ueek (puc. 2.4), B3anMozeiicT-
BYIOIINX TI0 TIPUHITNITY <TOcTeHUM Botes, mepBbiM Boimes» (LIFO, Last In First Out).
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Puc. 2.4. MNMpuHumnn oencTemsa CTeEKOBOWN NaMaTH

BepxHI0t0 siueiiky HasbIBAOT gepuunoll cmexa. Jljist paboThl CO CTEKOM TIPEIYCMOTPEHBI
IBe onepaiui: push (MpoTaJKUBaHKE JaHHBIX B CTEK) U pop (BBITAJKHBAHNE JaHHBIX U3
cTeka). 3anmch BO3MOKHA TOJTBKO B BEPXHIONO STUEHKY CTEKA, TIPU ATOM BCS XPAHSIIIASICS
B cTeKe WH(MOPMAIUS MPeIBAPUTENbHO TTPOTAIKUBACTCS HA OJIHY TIO3UIUIO BHU3. YTe-
HUE JIOMYyCTUMO TaKKe TOJBKO U3 BEPITUHBI cTeKa. V3BieuenHas WHGOPMaIns yIas-
€TCsI U3 CTEKa, a OCTABIIEECs ero COAEP;KUMOE ITPOJIBUTAETCsI BBEPX. B BbIUMC/INTENbHBIX
MammHax, riae peannszoBada ACK Ha Gase creka (X 00BIYHO Ha3bIBAIOT CTEKOBBIMH),
orepanibl nepes 06paboTKON MOMEINAIOTCS B BE BEPXHUX SYEHKKM CTEKOBOM MaMSITH.
Pesynbrar oneparnun 3anocutcs B ctek. [IpuHIMT /1eficTBUS CTEKOBOW MalIMHBI TIOSIC-
HUM Ha IPUMepe BbIYnCIeHus Bhipaskenust (a + b) * (¢ +d) —e.

IIpu omucaHWK BBIYUCIEHUI C UCIIONb30BAHUEM CTE€KA OOBIYHO HCIIOJB3YETCS WHAS
(hopma 3amncy MaTEMATHYECKNX BBHIPAKEHUH, U3BECTHAS Kak 0OpaTHas MOTbCKAsT 3a-
nuch (oOpaTHast MOJIBCKAsi HOTAIUST), KOTOPYIO MPEJIOKUI MOJbCKUIT MaTeMaThHK
5. JTykameud. OcoGEHHOCTD €€ B TOM, 9TO B BBRIPAKEHUN OTCYTCTBYIOT CKOOKH, & 3HAK
OTIepalliy pacIojiaraeTcss He MeKIy OMepaHAaMH, a cjefyeT 3a HUMHU (MOCThUKCHAS
dbopma).

[IpeobpasoBanue TPAAUIIMOHHOI 3aITUCH BBIPAKEHUS B OCT(UKCHYIO YA0OHO BBIOJ-
HSTD C TIOMOIIBIO BCIIOMOTATEJNbHOT0 cTeka. HazoBeM ero cTeKoM 1oc/ieoBaTeibHOCTH
oneparuii (CITO), 4ToOBI He MyTaTh CO CTEKOM BBIYUCIUTENHHOM MattuHbL. J{ist pabo-
Tl ¢ CIIO 3aanum npuopuTeThl OTlepaIuii UCXOAHOTO (TPAAUIIMOHHOTO) BbIPAKEHU
(tabum. 2.2). B tabm. 2.2 uysiem 0603HaU€H MUHUMAJIBHDIN,  YeTBEPKOM — MaKCHMAJIb-
HBII IPUOPUTET.

Ta6nuua 2.2. MNpuopuTeTbl onepauwnii ans padotsl ¢ CMO

Omnepamus CuMBoJI onepamyun IIpuopurer
OTkpbIBaionas CKooka ( 0
3akpbiBaroras ckooka ) 1
CrokeHue | BbrauTanue +|- 2
YMHOKeHUe | fenerne |/ 3
Bossezenue B crenenb o 4

[To mepe mpocmoTpa Tpauimonnoi ctpoku B CI1O momernarores BCTpeyaronecs CuM-
BOJIBI OTIEpaIinii, KOTOPhIe B AaJabHenteM (TI0 OMpeeIeHHBIM TTPaBUiaM) MTePEeHOCSITCS
B ocT(UKCHYI0 cTpoky. DopMUpoBaHUe CTPOKH ¢ BBIPAKEHHEM B 00PATHOI MOJIBCKOM
HOTAIUN OCYIIECTBJISIETCSI B COOTBETCTBUM CO CEYIONINM aJITOPUTMOM:
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Tpazniponnast (BX0JHAST) CTPOKA C BBIPAYKEHUEM ITPOCMATPUBAETCS CJIeBA HAIIPABO.

2. Ecsm ouepemHOI CHMBOJ BXOTHOH CTPOKM — OIIEPAH]I, OH CPa3y MePeNnChIBACTCS
B IIOCT(UKCHYIO CTPOKY.

3. JleBag cko0Ka, a TakKe CUMBOJI MATEMaTUYECKON onepaiuu B ciy4dae, eciu CIIO mycr,
Bcerma 3anocutcs B CITIO.

4. Korza mpu IpOCMOTPe BCTPEUaeTCst TipaBasi CKoOKa, CAMBOJI, HAXOISIIUIICS Ha BEPIIIU-
He CIIO, serranmkuBaetcst u3 CI1O u 3anocutcst B moctdukchyio ctpoky. [Ipomenypa
HOBTOPSIETCS BILIOTH /0 TostBieHus Ha sepumie CITO sneBoii ckobku. Korzpa aro
POUCXOAUT, 00 CKOOKM B3aUMHO YHUUTOKAIOTCST, IPU 9TOM JieBasi ckoOka 13 CITO
VIATSIETCS.

5. Ecan CIIO mycT wiu cuMBOJI OIl€pal[iil BO BXOAHON CTPOKE MMeeT (oJiee BICOKUI
mpuopuTeT, yeM cuMBoJ Ha Bepimmae CIIO, cuMBoJI oTiepalinu U3 BXOJHOW CTPOKHU
3atankuBaetcst B CITO.

6. Ecam npropuTteT cMMBOJIA BO BXOAHOI CTPOKE PaBeH WX HILKE IIPHOPHUTETA CHMBO-
sa na Bepmmnae CITO, cumBoa n3 Bepimunbl CITO BeiTaskuBaeTcst B mOCTHUKCHYIO
cTpoky. lIpornenypa mosropsieTcst 10 Tex Mop, moka Ha BepimmHe CIIO He mosABHUTCA
CHMBOJT C MEHBIITM TIPHOPUTETOM, TGO JeBast ckoOka, 160 CITO cTaHeT myCcThiM.
[Tocse aToro cumBos U3 BxozHoI cTpoku 3aHocutces B CI10.

7. Tlpu mocTrskeHUU TIOCJIEHETO CUMBOJIA BXOIHOH cTpoku cojiepskumoe CITO mocite-
JIOBATETHHO BBITATKUBAETCS B TIOCT(UKCHYIO CTPOKY.

I[Tporecc mosydyeHust 06PaTHOI MOJIbCKOI 3amuc s Boipaskerust (a + b) * (c +d) —e
npeacrasyieH B Tabr. 2.3.

Ta6nuua 2.3. dopmmpoBaHne 06paTHOM NONbCKOM 3anucy s BelpaxeHust (a+b) * (c+d)—e

IIpocmarpuBaembIii CHMBOJI 112 13 |4 |5 |6 |7 (819 [10 |11 |12 [13 |14
BxonHnas crpoka (la |+ b ) [* [( |c |+ |d |) |- |e
Cocrosinue creka nocienosa- (( |( |+ |+ R O G e I R o
TEJIBHOCTH OTepaluit C ¢ L R PO

& *
IMocrdurcHas ctpoka a b |+ c d |+ |* |e |-

TakuM 006pa3oM, pacCMOTPEHHOE BBIIIE BBIPAKEHUE B TOJBCKON 3AMUCH UMEET B/
ab + cd +*e —. Jlannast popma 3amicu OHO3HAYHO OTIPEIETSIET TTOPSIIIOK 3arpy3KH Ofre-
PaHIOB ¥ orepaluii B crek (puc. 2.5).

Puc. 2.5. lNocnenoBaTelbHOCTb BbIMMCIEHNS BblpaXXeHUs ab+cd+*e— Ha BblMUCIUTENIbHON
MallnHE CO CTEKOBOM apXUTEKTYPOM
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OcHoBHbIe y3J1bI 1 HHGOPMAIIMOHHbIE TPAKTHI OJTHOTO U3 BO3MOKHBIX BapranToB BM ma
ocuoBe crekoBoit ACK mokazans! Ha puc. 2.6.

Puc. 2.6. ApxutekTypa Bbl4MCNTENIbHOM MalUWHbI Ha 6a3e cTeka

Nudopmariust MokeT ObITH 3aHeCEHA B BEPIIMHY cTeka u3 mamsiTi win u3 AJIY. [l 3a-
[IUCU B CTEK COAEPKUMOTO STUEUKH MaMSITU € aJPECOM X BBITIOJHSETCS KOMaH/a push x,
110 KOTOPOI MH(OPMAITNSA CYUTHIBAETCS U3 SUEHKU MAMATH, 3aHOCUTCS B PETUCTP JlaH-
HBIX, a 3aTeM ITPOTATKUBaeTCs B cTek. PedyspraT onepanuu n3 AJIY 3aHocuTcs B BEpIu-
HY CTeKa aBTOMaTUYECKHU.

CoxpaneHue co/IepKMMOTO BEPIIMHBI CTEKA B sSTYEHKE MTAMSITHU C aJIPECOM X TPOU3BO/IUT-
cg KoMaH1o1 pop x. [1o aToil komaHze cofiep;KkUMoe BepXHeil ssYeliku cTeka 1o/laeTcs Ha
IITUHY, C KOTOPOU ¥ TPOU3BOIUTCS 3AMKUCh B STYEHKY X, [TOCJIE UETO BCE COJIEPIKUMOE CTEKA
MIPOTAJIKUBAETCS HA OJ[HY ITO3UITUIO BBEPX.

[l BeITIOTHEHUST aprdMeTIUecKOl UJTH JIOTHYecKol oniepanny Ha BXoa AJIY monaetcs
nH(opMaIus, CYUTAaHHAS U3 JIBYX BEPXHUX siUeeK cTeka (IIPU 3TOM COJEPKUMOE CTeKa
MIPOJIBUTAETCS HA JIBE TTO3UITUN BBEPX, TO €CTh ONEPAHJIbI U3 CTEKA YIAJSIOTCS ). Pe3yJib-
TaT OTepaIluy 3aTAJIKUBAETCS B BEPIIMHY cTeka. Bo3aMOKeH BapwaHT, KOTIA Pe3yJibrat
cpasy Ke MEPENUChIBAETCS B MAMSITH € TOMOIIBIO aBTOMAaTHYECKH BBITTOJHSIEMOI orepa-
IIUU POp X.

BepxHue s4eiiku cTeKOBOM MaMSTH, T/le XPAHATCS OMEPAH/Ibl U Ky/la 3aHOCUTCS PE3YJIb-
TaT olepaliii, Kak MPaBUJIo, AeIatoT 6osree OBICTPOACHCTBYIONIMMU U PA3MENIAIOT B ITPO-
11eCCOPE, B TO BpeMsI KaK OCTaJbHasi 4aCTh CT€Ka MOKET PACIIoJaraTbCcsi B OCHOBHOM I1a-
MSATH 1 YaCTUYHO Ja’ke Ha MAaTHUTHOM JIVCKE.

K nocronncrsam ACK Ha 6ase cTeka ciielyeT OTHeCTH BO3MOKHOCTD COKPAIIEHUS ajipec-
HOUW 4aCcTU KOMAH/I, TOCKOJIbKY BCE OIMEPAI[UU TPOU3BOSATCS Yepe3 BEPIIMHY CTEKA, TO
€eCTh aJ[peca OMePaH/IOB U Pe3yJibTata B KOMaH[aX apu(pMeTHIECKO 1 JIOTUIecKoi 0Opa-
60TKM MH(MOPMALIMK YKA3bIBaTh HEe HYKHO. KoJ| IIporpaMMBbl I10JIyYaeTCss KOMITAKTHDIM.
JlocTatouHo MPOCTO peann3yercs IeKOMPOBAHNE KOMAH]L.

C napyroii ctoponbl, crekoBasg ACK 1o onpesesieHUIo He TPeIIoaaraeT mpou3BOJIbHO-
ro OCTyIA K MaMsITH, U3-32 4er0 KOMIWJIATOPY TPYAHO co3aaTh 3h(EeKTUBHbIN TIPO-
TPaMMHBIN KOJI, XOT CO3JIAHME CaMUX KOMITMJISATOPOB yTmpotiaeTrcs. Kpome Toro, cTex
CTaHOBUTCS «y3KUM MecTOM» BM B 1uiaiie NOBbIIIeHUs TPOU3BOAUTENbHOCTU. B cuty
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YHOOMAHYTBIX NPUYNH, JIAaHHBIN BU/L ACK J0JITOE BPpEMs CHUTAJICA HEIEPCIIEKTUBHDBIM
1 BCTpEYaJICA, TJTaBHBIM O6p8.30M, B BBIYMCJIUTENbHBIX MatnHax 1960-x TO/10B.

[Mocnentine cobbITHS B OOJIACTH BBHIYMCIUTETBHON TEXHUKHM CBUICTEIBCTBYIOT O BO3-
POKIEHNN MHTEPeca K CTeKOBoIT apxuTekType BM. CBs3aH0 3TO € IOMYJISIPHOCTBIO SI3bI-
Ka Java u pacumipenuem cdepsl iprMenenns si3bika Forth, cemanTuke koTopbix Han6o-
Jiee 6JIM3Ka UMEHHO cTeKoBast apxutekTypa. Cpeau coppemenbix BM co crekosoii ACK
0co60 cienyer ormeTuth crekoByto ManHy IGNITE kommanuu Patriot Scientist, koro-
PYIO ee aBTOPbI CYUTAIOT TipesicTaBuTesieM HoBoro Buga ACK — apxumexmypoii ¢ 6esone-
panonvim nabopom xkomano. s obosHavenus Takux BM onu ipesiaraior abopeBuaTypy
ROSC (Removed Operand Set Computer). ROSC-apxuTtekTypa 3aJ0KeHa U B HEKOTO-
pble poccuiickue IpoekTsl, Harpumep paspadbotk UTD «TexHodopr». CTporo rosops,
o ceoeii cytu ROSC MaJio or/imyaeTcs oT TPaAUIMOHHO apXUTEKTYphI Ha Oase cTeka,
U BbIJIE/IEHUE €€ B OT/IEJIbHBIN BUJI TPE/ICTABIISETCS HE BIIOJIHE 0O0CHOBAHHBIM.

AKKYyMyngaTOpHas apxuTekTypa

ApxurekTypa Ha 6ase aKKyMyJISITOpa HCTOPUYECKH BOZHMKJIA OJHON U3 IepBbiX. B Heil
JUIST XpaHEHUs OJTHOTO U3 OTepPaHI0B apu(MeTHYeCKOW WU JIOTHYECKON oTepanuy B
MIPOIleCCOPe UMeeTCs BBIJIEIEHHBIN PETUCTD — aKKYMYAsmop. B aTOT 3Ke PerncTp 3aHo-
CUTCS 1 pe3yJibTar onepanuu. [lockosibKy ajpec 0IHOTO U3 ONEePAH/IOB TIPeIOTIPe/IeTIeH,
B KOMaHzaX 00pabOTKHU J0CTaTOYHO SIBHO YKa3aTh MECTOIOJIOKEHHE TOJBKO BTOPOIO
ornepan/a. VizHauabHO 06a onepaH/a XpaHsATCS B OCHOBHOI TaMSITH, U JI0 BBITOJHEHUST
oTIepalvy OJIMH U3 HUX HY’KHO 3arPy3uTh B aKKyMyJstTop. [locsie BeITTOTHEHMST KOMaH/IbI
Pe3yJIbTaT 3aHOCUTCS B aKKYMYJISITOP, U €CJIM 3TOT Pe3yJIBTaT He SIBJISIeTCS OTlePaH/IOM
JUISL TIOCJIEIYIOLIEeN KOMaH/IbI, TO €0 TPeOYeTCst COXPaHUTD B TYEliKe aMSTH.

Tununast apxutekrypa BM Ha 6Gase akKymyJisitopa TloKasaHa Ha puc. 2.7.

Puc. 2.7. Apxutektypa Bbl4NCANTENIbHOM MaLUMHbI HA Ba3e akkyMynsaTopa

JlJ1s1 3aTpy3Ku B aKKyMYJISITOP COJIEPAKUMOTO STUEHKH X TTPElyCMOTPEHA KOMAH/1a 3arpy3-
ku load x. TTo s10ll KOMaHAEe MHMOPMAIUSA CYNTHIBAETCS U3 TYEUKHU MTAMATH X, BBIXO]
MaMSTH MOKJIIOYAETCS KO BXO/IaM aKKYMYJISITOPa, ¥ TPOUCXO/IUT 3aHeCEHNE CYUTAHHbIX
JTAHHBIX B aKKYMYJISTOP.
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3ammch CONEPIKHUMOI'0 aKKyMYJIATOPaA B H‘{efIKy X OCYHIECTBJIACTCA KOMaHJI01 CcoXpaHe-
HUA store X, ITpH BBITTIOJIHEHN KOTOpOﬁ BbIXO/[bl aKKYMYJIATOPA IMOAKJIIOYAIOTCS K IIINHE,
IIocJjie 4ero I/IH(l)OpMaHI/Iﬂ C IIIMHBI 3alIMChIBA€TCA B ITIaMATb.

[t BeImostHeHM oreparuyl B AJIY TIpou3BOANTCS CYMTHIBAHNE OJIHOTO U3 OTIEPAH/IOB
U3 TaMSITU B PETUCTP JAHHBIX. BTOpOIT oniepan/ HAXOAUTCS B aKKyMyJsiTope. Bbrxozst
perucTpa AaHHBIX U aKKYMYJIITOPA TOAKIIOYAI0TCS K COOTBETCTBYIONIM BX0ozaM AJIY.
[To oxoHuaHuM TpeANMCAHHON oTlepaluy pe3yJibTaT ¢ Beixoja AJIY 3aHocuTcs B akKy-
MYJISITOP.

HoctonacrBamu akkymyasitopaoit ACK MOKHO cunTath KOPOTKIE KOMAaH/IBI U TPOCTOTY
JeKOANpoBaHms KoMaHA. OMHAKO HAJIMUNe BCETO OHOTO PETHCTPa TTOPOKAAET MHOTO-
KpaTHbIe 0OpAIeHnsT K OCHOBHON TTAMSITH.

ACK Ha 6asze akkymyJsiTopa ObLTa MOIYyJsIpHA B paHHuX BM, Takux, Hampumep, Kak
IBM 7090, DEC PDP-8.

PerucrtpoBas apxurteKrtypa

B marmmHax JaHHOTO THIIA TIPOIECCOP BKJIOYAET B cebst MACCUB PETUCTPOB OOIIETO Ha-
suavyenus (POH). PaspsHocTb perucTpos 0ObIYHO COBIALAET C PA3MEPOM MAIIMHHOTO
cioBa. K ir060My perucTpy MOKHO 00paTtuThest, ykasas ero Homep. Kommuectso POH
B apxutekrypax tuna CISC o6braro HeBeauko (0T 8 10 32), 1 /I IPECTaBICHIS HO-
Mepa KOHKPETHOTO PETUCTPa HEOOXOAMMO He Oojiee TSITH PaspsiioB, OGjarogaps dyemy
B aJIPECHON YacTi KOMaHI 06pabOTKY JIOMYCTHMO OJHOBPEMEHHO yKasaTh HOMepa JBYX,
a 3aYacTyio W TPEX PErucTPoB (BYX PETUCTPOB OTEPAHIOB W PETHCTPa Pe3yJbrara).
RISC-apxuTekTypa Ipe/rnoiaraet HCoJb30BaHUe CYIIeCTBEHHO OoJtbiero ynciaa POH
(110 HECKOJIBKUX COTEH), OZHAKO TUIIMYHAs s Takux BM gummHa Komanabl (00bIYHO
32 paspsijia) O3BOJISET ONPEIETUTH B KOMaH/IE /IO TPEX PETUCTPOB.

PeructpoBas apxuTeKkTypa [OIyCKaeT PACIONOKEHNE OTIEPAH/IOB KaK B PETUCTPAX, TaK
U B OCHOBHOII IaMSITH, I09TOMY B pamKax janHoit ACK Bbiesstior Tpu (popmaTta Komam
06paboTKu:

H pErucTp-perucTp;
H pETUCTP-TIAMSTD;
B TaMATH-TIAMSITh.

B hopmarte «perucTp-perucTp» orepan/ibl MOTYT HAXOIUTHCS TOJBKO B perucTpax. B Hux
ke 3acplnaercst u pesysprart. DopMar «perucTp-1mamsiTh» IMPEIIoJNAraeT, YTo O/MH 13
OTIEPaH/IOB PA3METIAeTCs B PETUCTPE, & BTOPOH B OCHOBHOM MaMsATH. Pe3ybraT 065I9HO
3aMelnaeT OIMH U3 OTePaHIoB. B KoMaHIax GopMaTa «maMsITh-MaMsATh» 06a oTepana
XpaHSTCST B OCHOBHOI mamsATH. Pe3ysbraT 3aHocuTes B mamMsaTh. Kaxkmomy ns (hopmaToB
COOTBETCTBYIOT CBOU JIOCTOMHCTBA U HeocTaTKu (TabJr. 2.4).

B BoIpaskeHustx Bujia (m, n), IPUBEICHHBIX B IEPBOM CTOJIOIE TAOIUIIBI, 711 O3HAYAET KO-
JIMYECTBO OTIEPAH/IOB, XPAHSIIIUXCS B OCHOBHOU MaMSITH, a 77 — 00IIIee YHUCJI0 OTIEPAHIOB
B KOMaHie aprupMETUIECKOI WK JIOTUYECKOi 0OpabOTKH.

DopmMaT «perucTp-perucTp» SBJSIETCSI OCHOBHBIM B BBIYUCJIUTENbHBIX MANTUHAX TUIA
RISC. Komanzb hopmara «peructp-naMarhb> xapakrepusl g CISC-mammn. Hakonerr,
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dhopMaT «IaMATh-IIAMATh> CUUTaeTcs Hed(MHEKTUBHBIM, XOTS U OCTAaeTcs B Hanbosee
CJIOKHBIX Mojieigx Matni kiaacca CISC.

Ta6nuua 2.4. CpaBHUTENbHASA OLIEHKA BAPMAHTOB Pa3MeELLEHMS ONlepaHioB

Bapuant

JlocTonHcTBa

Henxocratkn

Perucrp-perucrp

(0,3)

[Tpocrota peanusannn, hpukcuposan-
Has JJIMHA KOMaH/I, IPOCTast MOJIEb
hopmupoBanus 0GBEKTHOTO KOJIA TIPH
KOMITHJIAIH TPOTPAMM, BO3MOJK-
HOCTD BBITIOJTHEHUS BCeX KOMaH]L 32
OJIMHAKOBOE KOJIMYECTBO TAKTOB

Boubiias jumaa 06beKTHOTO KOJia,
13-3a GUKCUPOBAHHOMN JIJTHBI KO-

MaHJI YacTh Pa3PsIIOB B KOPOTKHUX

KOMaH/[aX He UCIIOJIb3YeTCsT

Peructp-namarn

(1,2)

JlaHtbie MOTYT OBITh TOCTYIIHBI O€3
3arpy3KH B PETUCTPBI TIPOIECCOPA,
[IPOCTOTA KOAUPOBAHUST KOMAH, 00b-
€KTHBIIT KOJ[ ITOJIy4aeTCs IOCTATOUHO
KOMIAKTHBIM

ITorepst OHOTO U3 ONEPAHIOB TP
3aIMCH Pe3yJIbTaTa, JJTMHHOE TI0JIe
ajipeca MmaMsiTh B KO/ie KOMaH/[bl
COKpaI[aeT MeCTO TOJT HOMEP pe-
IUCTPa, YTO OTpaHIYKBAET O0IIIee
yucsio POH. CPI saBucur ot
MecTa pa3MeleHrst OTlepaHa

[TamMaTb-IaMATh

(3,3)

KoMmaxkTHOCTh 06 BEKTHOTO KO/Ia,
MaJiast II0TPeGHOCTD B PETHCTPAX st
XpaHeHUs TPOMEKYTOUHBIX TAHHBIX

Pasnoo6pasue (hopMaToB KOMaH]I
U BPEMEHU UX UCTIOJHEHUST, HU3KOEe
6bICTpOIEHCTBIE N3-3a 0OpaIIeHNUST
K TIAMSITU

Bo3MoskHy10 CTPYKTYPY ¥ MH(MOPMAITMOHHBIE TPAKTHI BBIYUCIUTEIHHON MAIIUHBI C pe-
THECTPOBOH apXUTEKTYPON CUCTEMBI KOMaH/ MJIJIIOCTPUPYeT puc. 2.8.

Puc. 2.8. ApxuTteKkTypa BblYUCTUTENIbHOM MalLUUHbI Ha 6a3e PerncTpoB 0bLLEro Ha3HAYeHUS

Ormepariu 3arpy3KHu PeTUCTPOB M3 HaMATH 1 COXPAHEHUS CO/IEP;KUMOTO PETUCTPOB B TTa-
MSTH UJIEHTUIHBI TAKUM JKe OIEpaIysM ¢ aKKyMyJasaTopoM. OTJndre COCTOUT B dTare
BBIOOPA HYKHOTO PETUCTPA, 00ECTIETNBAEMOTO COOTBETCTBYIOTIIMH CETEKTOPAMI.

Boinostaenue oneparuu B AJTY BKIOUaeT B ceOst:

H oIpejiesieHrue MECTOTIOIOKEHUS TIEPBOTO oTlepan/a (PErucTp Uin MaMsTh);
B BBIOOP PErUCTPA TIEPBOTO ONEPAH/IA WU CYUTHIBAHUE IEPBOTO OIIEPAH/IA U3 TTAMSITH;
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oTIpeiesiecHe MECTOTIONIOKEHIS BTOPOTO oniepania (PErucTp U MaMsATh);

BBIOOP PErrCTpa BTOPOTO OTIEPAH/IA UK CYUTHIBAHIE BTOPOTO OTIEPAH/IA U3 MTAMSITH;
nofady Ha Bxon AJIY omnepaHioB W BBITIOJHEHHUE OTIEPATIHH;

olipejieieH1e MeCTOIIOIOXKEeH S pe3yJibraTa (PerucTp WK 1aMATh);

BBIOOD perucTpa pes3yJibraTa WK STYefKy MaMITH 1 3aHeCeHNe Pe3yIbraTa Olepaim
3 AJIY.

OG6parum BHUMaHUE Ha TO, 4TO Meskay AJIY u perrcTpoBbIM (hailloM JOJIKHBI OBITH
TPU WIMHBL J/[Be M3 TpeX IIMH, PAcIoNoKeHHbIX Mexay MaccuBoM POH u AJIY, obe-
CTIEYNBAIOT TIepeiavy B apu(METHUKO-JIOTUIECKOE YCTPOHCTBO OTIEPAH/IOB, XPAHSIIINXCS
B PerucTpax 0OIIEro HasHAYCHS MJIH stueiKax maMsaTh. TpeTbst CyKUT JIsT 3aHECCHUST
pe3yJbTaTa B BIJICTEHHBIH JIJIT 9TOTO PETUCTP WU SYEHKY MaMsSTH. DTH JKe TIMHBI T0-
3BOJIAIOT 3aTrPy3UTh B PETHCTPBI COAEPKMMOE S9YeeK OCHOBHOW TAMSTH M COXPAHUTD
B OII undopmarmio, Haxozsnryiocss B POH.

K nocrouncrBam peructpoBeix ACK cienyer oTHecTH: KOMIIAKTHOCTH TOJIy4aeMOTO
KO/Ia, BBICOKYIO CKOPOCTH BBIYUCJIEHHI 33 CUET 3aMEHbI OOPAIIEH I K OCHOBHOMU MaMsITH
Ha oOpateHus K ObIcTpbIM peructpam. C Apyroil CTOPOHDI, JaHHasA apXUTEKTypa TpedyeT
6oJiee TMHHBIX KOMAH/[ 10 CPABHEHUIO C aKKYMYJISITOPHOI apXUTEKTYPOI.

B mamm gHU 3TOT BUJ apXUTEKTYPbl CHCTEMbI KOMAaHJ SIBJISIETCS MPEe0OJIA/IAt0NINM,
B yactHoctu Takyio ACK nmeroT coBpeMeHHble TIepCOHATIbHbIE KOMITBIOTEPDI.

ApqueKTypa C BbigeJieHHbIM AO0CTYyNOM K namMaTun

B apxuTekType ¢ BBIIEJIEHHBIM JOCTYIIOM K MaMsITH OOpallleHne K OCHOBHOW MaMsITH
BO3MOJKHO TOJIBKO C ITOMOIIBIO JABYX CIIEIUANbHBIX KOMaH: load n store. B anrmiickoit
TPAHCKPHIIIIUHU JTAHHYIO apXUTEKTypy HazbiBatoT Load/Store architecture. Komanna load
(3arpyska) obecreunBaeT CYUThIBAHIE 3HAYEHUS U3 OCHOBHON MAMSITU 1 3aHECEHUE €T
B peructp mpoieccopa (B KoMame 0ObIYHO YKa3bIBAETCS aIPeC TUCHKI TTaMATH U HOMED
peructpa). [lepecpuika nndopmalinm B IpOTUBOIIOJIOKHOM HATTPABJICHUN TTPOU3BOIUTCS
KoMaHI0# store (coxpanenue). Onepanibl BO Bcex KoOMaHax 06paboTku uH(OopMaImum
MOTYT HAaXOJMUTHCSA TOJBKO B PETHCTPax Tporieccopa (Yale BCero B perucrpax obiero
HazHauyeHus ). Pe3ysbrat onepanum Takke 3aHOCUTCH B PETUCTP.

Puc. 2.9. ApXUTEKTYpPA BbIYNCAUTENBHON MaLUWHbI C BbIAENEHHBIM A0OCTYNOM K NaMsaTh
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B apxurexType 0TCyTCTBYIOT KOMAH/BI 06pabOTKH, JAOMYCKAIONHIE TIPsAMoe obpalieHue
Kk ocHoBHOH namsaTu. [lonyckaercs namnune B ACK orpannueHHoOro uncia KoMaH/, riue
oTiepaH]l IBJIAETCA YaCThIO KOJIa KOMAH/IbI.

CocraB u undopmarmonHbie TpakThl BM ¢ BbIZIeIEHHBIM TOCTYIIOM K HaMSTH TTOKA3aHbI
Ha puc. 2.9.

ACK c BbIZIEJIEHHBIM JIOCTYTIOM K TIAMSATH XapaKTepHa /71T BCeX BBIYMCIUTETbHBIX Ma-
e ¢ RISC-apxurextypoii. K mroctonacTBaM apXuTeKTyphl CJIeyeT OTHECTH TPOCTOTY
JIEKO/INPOBAHUS U UCIIOJHEHMS KOMAaH/IbL.

Tunbl u opmaTbl oNnepaHaoB

MaH_[I/IHHbIe KOMaH/Ibl OHepI/IpyIOT JTaHHbIMU, KOTOpre B 9TOM C.quae HpI/IHHTO Ha3bIBATh
onepandamu. K nanbosee o6mm (6a30BbIM) TUIIAM OLIEPAHOB MOKHO OTHECTHU: YUCIIA,
CHMBOJIBI U Jiorndeckue gaHubie. [Tomumo Hux, BM obGecrieunBaer 06paboTKy u GoJiee
CJIOKHBIX MH(DOPMAIMOHHBIX €IMHUIL TpapUIecKuX HM300pakeHU, ayano-, BHUIEO-
U aHuManuoHHoi uHdopmanuu. Takas nHOPMAIUA ABJIAETCS IIPOU3BOAHON 0T 6a30-
BbIX TUIIOB /IaHHbIX U1 XpaHI/ITCH B BUj/e Cl)aﬁJIOB Ha BHEITHUX 3allOMWHAIOIUX yCTpOfI‘
ctBax. /It KakIoro TUA IaHHBIX B BM mipemycMoTpens onpe/ieseHHbie (hOPMaThI.

Yucnoeasi unbpopmauuna

Takoro PoOzia JTaHHbIE MOKHO K]IaCCI/I(l)I/IHI/IpOBaTb CJIEAyIOINM 06pa30M:

B uucia ¢ GUKCUPOBAHHOMN 3aATON (11eJible, IPOOHBIE, CMEIaHHbIE);
B UucJIa C IJIaBalollell 3amsTol;
B JIOTHYECKVE 3HAYCHMUSI.

Yucna B popme ¢ GUKCMpPOBaAHHOM 3aNATON

[TpencraBnenue unciaa A B gpopme ¢ guxcuposannoi sansmoi (D3), koTopyio nHOTIA
HA3BIBAIOT TAKIKE eCMeCcmeennoll (popmotl, BKIOUAET B cebst 3HAK YKCIa U €0 MOJYJIb B
G-PUYHOM KOJi€e. 3/1€Ch ¢ — 0CHOBANUE CUCTEMbL CHUCAeHUs, WU Oa3a. J17ist COBPEMEHHBIX
BM xapakrepna ABonuHast cuctema (g = 2), HO UHOT/IA UCIIOJIb3YIOTCS TaKKe BOCbMEPHY-
Has (g = 8) wiu mecTHAAIATepUYHAd (¢ = 16) cucTembl cuuciaenus. 3ansaTyio B 3aUCh
YucJjia Ha3bIBAIOT COOTBETCTBEHHO I[BOI/I‘IHOfI, BOCbMepH‘{HOﬁ NJIn HleCTHa,[[HaTepI/I‘{HOI;,I.
3HAK MOJIOKUTETHHOTO YU CJIA KOAUPYETCS IBOMYHOM 1rpoii 0, a 3HAK OTPUIIATETBHOTO
yncya — mudpoit 1.

Yucaam ¢ D3 coorBeTcTBYeET 3a1UCh BUIA A = ta, .. a,a,a a_, ... a_,. OTpHuiaTeabHble
wrca 0OBIYHO TPECTABIISIIOTCS B IOMOJHUTENLHOM Kojie. Pa3psi Kojia 4ucia, B KO-
TOPOM Pa3MEIIAETCsT 3HAK, HA3BIBAETCS 3HAKOBLIM Paspsdom xoda. Paspsiiel, rie pac-
MOJTATAI0TCS 3HAYAIIE [TU(BPbI YKC/Ia, HA3BIBAIOTCS UYUDPOSuIMU Pa3padamu Kood. 3Ha-
KOBBIU pa3psiji pa3MelaeTcs jieBee crapiiero iudposoro paspsaa. [lomoxenune 3amsaToit
OJIMTHAKOBO JIJIST BCEX YMCEJ U B MPOIIECCE Pelllenus 3a7a4 He MeHstieTcst. XOTsI 3arsiTast
u (pUKCUPyeTCs, B KOJle YKCIa OHA HUKAK He BBIJEJISETCs, & TOJbKO MOAPA3yMeBAETCSI.
B ob61em ciyuae paspsiaaas cerka BM g pasmerenust unces B popme ¢ D3 mmeer
BU/JI, TIpe/icTaB/eHublil Ha puc. 2.10, Te m pas3psiioB UCIOJb3YIOTCS JIJIs 3aIUCU TIeJION
YACTH YUCJIA U 7 PA3PSOB — JJist APOOHON YacTu.
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Puc. 2.10. ®opmat npencraBneHns Yncesn ¢ GUKCMpPoBaHHO 3ansTon

Ecymi unciio sipiistercst cMenranHbIM (COAEPKUT HEeJyo 1 APOOHYIO YacTi), OHO o6pada-
TBIBAIOTCS KaK TIeJI0e, XOTS U He SBJSETCS TAaKOBBIM (B 9TOM CJIydae TPUMEHSIOT Tep-
MUH Macumabupyemoe yenoe). ObpaboTka cMelaHHbIX ynce B BM Berpedaercs kpaii-
He penko. Kak mpasuiio, ucnoabsytorces BM ¢ apo6roit (m = 0) 6o 1ea0uncaeHHoi
(r=0) apudmeTUKOil.

ITpu ukcanuu 3ansToii mepes crapiuM udpoBsIM paspsiaoM (puc. 2.11) MoryT 6biTh
MPE/ICTABJIEHBI TOJBKO MTPaBUJIbHBIE APOOU. JIJIsT HEHYJIEBBIX YHCEJ BOSMOKHBI /[Ba Ba-
pHUaHTa Ipe/ICTaBIeHMS (HYIeBOMY 3HAYCHWIO COOTBETCTBYIOT HYJIH BO BCEX Pa3psiiax):
co 3HaKOM u Oe3 3Haka. DUKcAIMS 3aTSITON TIEPE CTAPITUM Pa3PsIOM HCIOTb3YeT-
cs1 pu 00paboTKe MaHTHCC Ynces B (hopMe ¢ TIaBaloleil 3angToil (paccMaTpuBaeTcst
HILKE).

Puc. 2.11. NMpepncTtasneHne 4pobHbIX Ynucen B dopmate O3
[Ipn dukcanmy 3amsaTON MOCTe MJAIIETO pa3psiia MPeACTaBUMEBI JIUITH TIeTble TUCIa.

I10 HamboJee PacIpoOCTPaHEHHbIH croco0. 3/eCh TaKkKe BO3MOKHDI YMCTA CO 3HAKOM
u 6e3 3naka (puc. 2.12).

Puc. 2.12. MNMpeacTtasneHne Lenbix Yncen B popmate O3

Ha puc. 2.13 npuBezens! 1enouncienabie ¢hopMaTsl ¢ (PUKCUPOBAHHON 3aTISITON, TTPU-
HSATBIE B 64-paspsiIHBIX MTPOIIECCOPAX.
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[TpencraBnenue uncen B hopmate D3 yrpornaeT anmnapatypHyio peanusaipio BM u co-
KpaliaeT BpeMs BBITIOJTHEHUS MAITMHHBIX OIEpallnii, OJIHAKO MPHU PeNIeHnn 3a/1ad He-
00XO/IUMO TIOCTOSTHHO CJIEINTH 32 Te€M, YTOOBI BCE MCXOJHDIE JIAHHbIE, TPOMEKYTOUHbIE
1 OKOHYATEIbHBIC PE3yJIbTaThl He BBIXOIUJIN 32 JIOITYCTUMBbIH rara3on hopMara, nHaue
BO3MOJKHO TEPENONHEHNE Pa3psIHO CETKU, U Pe3yJIbraT BhIYUCIEHUN GyneT Hesep-
HBIM.

Puc. 2.13. LlenouyncnenHsle popmatbl 64-paspsaaHbix NPOLLECCOPOB

YnakoBaHHbI€e uesible Yyucna

B ACK coBpeMeHHBIX MIKPOIIPOILIECCOPOB UMEIOTCSI KOMAH/IbI, OLIEPUPYIOIIIE 1eTBIMI
YUCJIAMU, TIPEJICTABJICHHBIMU B yIaKOBaHHOM BHjie. CBA3aHO 9TO ¢ 06pabOTKON MyJIBTH-
MeaniTHON HpopMaIu. YIIakoBKa MPe/noaaraetT oobeIMHEHNe B TIPEIesaX J0CTaTou-
HO JITHHHOTO CJIOBA HECKOJIBKUX I[€JIbIX YHCEJ MEHBIIEl Pa3psiIHOCTH,  COOTBETCTBYIO-
1ue KoMaH/bl 06pabaThIBAIOT BCE OTH YMCJIa MTapasieabHO. Takue KOMaH/Ibl TIOSIBIIUCEH
B pamkax texuosorun MMX (MultiMedia eXtension) dupmsl Intel u noxosxeii Texuo-
sorun 3DNow! dupmbr AMD. Co BpemeneM cchopMupoBasiach eiHast TEXHOJIOTUS, U3-
BectHas 1o abopesuarypoii SSE (Streaming SIMD Extensions). B Mukponpoueccopax
HOCJIeJHHX IOKOJIeHHIT — 9T0 Bepcusa SSE4, Ho yike BeneTcs paspaboTka BapranTa SSES.
B SSE4 3a ocnoBy npunsito 128-paspsijiHoe cJ10BO 1 TIPe/lyCMOTPeHbI YeTbipe hopmaTa
YIAKOBAHHBIX 11eJIbIX uncest (puc. 2.14).

Baiitel B popmare ynakoBaHHbIX GaiitoB HymepyoTes or 0 1o 15, npuyem Gaiit 0 pac-
MoJlaraeTcsl B MJTaJIux paspsinax 128-paspsigHoro cioBa. AHAJIOrMYHAS CUCTEMA HyMe-
paluu 1 pa3MereHust YIIaKOBaHHbBIX YnCces IpuMensieTcst /st 16-pas3psiiabix (HoMepa
0-7), 32-pazpsaubix (Homepa 0—3) u 64-pazpsaubix (Homepa 0—1) 1esbix gncest.
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Puc. 2.14. ®opmatkl ynakoBaHHbIX LIENbIX YNCEN B TexHoNorum SSE4

AdecaTu4yHble yucna

B psime 3amad, TIaBHBIM 0OPa3OM, YUETHO-CTATUCTUYECKOTO XapaKTepa, MPUXOAUTCS
UMETbD JIeJI0 ¢ XpaHeHreM, 00pabOTKON U HepechuIKoi gecatuunoil nndopmarmm. Oco-
GEHHOCTD TAKKX 3a/a4 COCTOUT B TOM, 4TO 0OpabaThiBaéMble YHCJA MOTYT COCTOSITD U3
Pa3JIMYHOrO U BeChbMa OOJIBIIOTO KOJMYECTBA AeCATHUHBIX 1P, TpaauiinoHHbIE METO/IbI
00pabOTKH ¢ MEPEBOIOM UCXOIHBIX JAHHBIX B IBOUUHYIO CUCTEMY CUMUCTEHUS 1 00paT-
HBIM IPe0OPa3OBaHUEM PE3yJIbTaTa 3a4acTyi0 CONPSIKEHBI C CYIIECTBEHHBIMU HAKJIA/l-
HbIMU pacxozami. [lo sToit mpuunnae B BM npuMensioTcst nHble criennaabHbie (hOPMbI
MPEICTABIEHUS JECATUIHBIX JaHHBIX. B MX OCHOBY IOJIOJKEH MPUHIIAI KOIUPOBAHII
KauK/J[0H IeCATUIHOMN 1Pl 9KBUBATEHTHBIM [IBONYHBIM YHCJIOM 13 YeThIPeX OUTOB (Te-
TPaJIoN), TO €CTh TaK Ha3bIBAEMBIM JBONYHO-AecATHYHBIM K01oM (BCD — Binary Coded
Decimal). O6bIuHO HCIOIB3yeTCS CTaHAapTHAS KOAMPOoBKa 8421, e 1mudpbl B 0003Ha-
YeHWHN KOAMPOBKMU O3HAUatoT Beca paspsiaos. [ecatmunsie nudps 0, 1, 2, 3, 4, 5, 6, 7,
8, 9 koxupytoTcst gBonuHbiMU KoMOuHatmssmu 0000, 0001, 0010, 0011, 0100, 0101, 0110,
0111, 1000, 1001 coorBercrBenno. Ocrasummecs mectb komObunanuii (1010, 1011, 1100,
1101, 1110, 1111) ucmoab3yIOTCS I TIPEACTABICHIS 3HAKOB «+» U «—», a TaK)Ke BO3-
MOJKHBIX CJIy’KeOHBIX CHMBOJIOB. 3HaK «+» HPHHATO 0603Hadats Kak 1100 (C,4), a 3HaK
«—» — kak 1101 (D). Takoe coryauieHne IPUHATO UCXOAS U3 TOTO, YTO 0O03HAUECHIE
COOTBETCTBYOIINX MIECTHAIATEPUYHBIX TGP MOKHO PaCCMAaTPUBATh Kak ab6peBuary-
py Gyxranrepckux repmMuHOB «kpeaut»> (Credit) u «aebers (Debit), a umerHO B Oyxraj-
TEPCKUX pacyerax yallle BCEro MCIOJAb3yeTCsT paccMaTpuBaeMast (hopMa TIPEeICTaBIEHIIST
undopmaryu. [[pyrue pomnycrumbie 0603HadeHust 3HakoB — 310 1010 (A () mam 1110
(E) mna «+» n 1011 (B,4) ansa «—». MHorzna gomyckaeTcs mpeacTaBIeHIe JeCATHIHBIX
yiicest 6e3 3HaKa, ¥ TOTJIa B MO3UIIUH, OTBOMMOI TI0/] 3HAK, 3aITUCHIBAETCS KOMOMHAIIHST
1111 (Fp).

B BBIUMCANTETHHBIX MAIlTMHAX HAILJIN ITPUMEHeHUe Ba (hopMarta Mpe/cTaBieHus Je-
CATUYHBIX ymcesl (BCe YMCJa PACCMATPUBAIOTCS KaK TIeJIbIe): YIIAKOBAHHDBIN W 30HHbILL.
B obounx hopMaTax Kaxkaas gecsiTUIHas udpa MpeACTaBISeTCs JBOUTHON TETPAION,
TO €CTb 3aMEHSIeTCs IBOUYHO-/IECSTUYHBIM KOJIOM.
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Puc. 2.15. ®opmaTbl 4ECATMYHbIX YNCEN: & — YNAaKOBaHHbIN; 6 — 30HHbIN

HauboJiee pacipoctpaHeH yrakoBaHHbI popmart (puc. 2.15, a), MO3BOJISIONINN HE TOJIb-
KO XPaHWUTh JIeCATUIHBIE YUCIA, HO ¥ TPOU3BOAUTH HAJl HUMU apudMeTndyecKkne omnepa-
. B garHoM (popMmare sammch uyncaa MMeeT BUJL LEeIOYKU OANTOB, Tie KaxIablil Gaiit
COIEPAKUT KOIBI ABYX Aecatudnbix 1udp. [IpaBasg Terpaza muagmero GaiiTa mpeaHa-
3HAYAeTCs JIJId 3alUcK 3HaKa ducia. /lecatuunoe ynciio JOJDKHO 3aHUMATh 11eJI0€ KO-
JqndecTBO GailToB. Eciin 9T0 yc/l0BHEe He BBIIOJHSETCS, TO YEThIPE CTapIINX J[BOMYHBIX
paspsiaa JeBoro Oaiita 3amoJHaoTea HyassMu. Tak, pecrasiesie uncaa —7396 B yma-
KOBAaHHOM (popmaTe MMeeT BUJI, TPUBEIEHHBIH Ha puc 2.16.

Puc. 2.16. MNpeacTtasneHne ynucna —7396 B ynakoBaHHOM popmaTte

3ounbiit popmar (puc. 2.15, 6) pacupocTpaHeH, IIaBHBIM 00pa3oM, B OOIbIINX YHIBEP-
campabix BM cemeiictBa IBM 360,/370/390. B Hem 1oz kaskayio mudpy Bbieasgercs
ofuH GAlT, T/Ie MITA/IIITIE YeThIPe Pas3psiia OTBOMATCS MO KO TN(PhI, a B CTAPIIYIO Te-
Tpamy (T0JIe 30HBI) 3aMNCHIBACTCS CIIEIIUATBHBIN KO/ «30Ha», He COBMAIAIONII ¢ Koa-
mu 1udp u snakos. B IBM 360/370/390 ato kox 1111, = F, ;. Mckmouenue cocrasisiet
Gaiit, cogepsKaluii MIAAIIYIO THMPY AECATUYHOTO YKUCIIA, TJIe B TOJIE 30HBI XPAHUTCS
3Hak yncia. Ha puc. 2.17 nokasana 3anuck uncia —7396 B 3onnom opmate. B nekoro-
pbix BM nipussT BapranT 30HHOTO hopMaTa, riie MoJjie 30HbI 3aM0JTHAETCs HYJISIMU.

Puc. 2.17. lNpeacrasneHve yucna —7396 B 30HHOM popmaTe

Pasmelienne 3Haka B MyajiieM Gaiite, Kak B 30HHOM, TaK U B YITaKOBAHHOM ITPEICTaB-
JIEHUSX, TIO3BOJISIET 33/1aBaTh JIECSTUYHbBIE YMCJIA TPOU3BOJIBHON JIIMHBI U TIePe/laBaTh
UX B BUJE LEIOYKU 6aiiToB. B aToM ciydae 3HAK yKasbIBaeT, uTo OaiiT, B KOTOPOM OH
COIEPIKUTCS, ABJSETCS MOCTEAHNM OaliTOM JAHHOTO YKC/IA, a CIeAYIOIUi OaiiT mocie-
JIOBATEJbHOCTH — 9TO CTAPLIMIL GaliT 04epeHOro YucJia.

PaccmoTrpenHbIit BApUaHT JIBOUYHO-KOJAUPOBAHHOTO TIPEACTABIEHUS JIECATUIHBIX 1TU(P
¢ Becamu 8421 nanbosiee pacipocTpaHeHt, HO He ABJISeTCs eAUHCTBEHHBIM. BO3MOKHbIE
UHbBIE CXEMbIl KOAUPOBAHUS IIPUBEAEHbI B Ta0JL. 2.5.
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Tabnuua 2.5. BapraHTbl ABOMYHO-KOONPOBAHHOIO NPEACTaBIEHUSA AeCATUYHbIX LUMdP

IMudpa |[BCD8421 |Excess-3 BCD2421 BCD84-2-1 |[BCD8421
(xox Ctu6una) | (kox Aiikena) (IBM 702, 705)
0 0000 0011 0000 0000 1010
1 0001 0100 0001 0111 0001
2 0010 0101 0010 0110 0010
3 0011 0110 0011 0101 0011
4 0100 0111 0100 0100 0100
5 0101 1000 1011 1011 1011
6 0110 1001 1100 1010 0110
7 0111 1010 1101 1001 0111
8 1000 1011 1110 1000 1000
9 1001 1100 111 1111 1001

UctnionmpzoBanme 4-X TBOMYHBIX UMD IS TPEACTABICHUS OJTHON J€CATUIHON TUMPHI
1O CBOeiT cyTn M30BITOUHO. B TO 5Ke BpeMst U WHOI CHCTeMe KOAUPOBAHIIS JIJIST TIPETI-
CTaBJICHUS IECATUYHOTO Yncaa u3 Tpex nudp aocratouno 10 gBonmyHbIX pa3psios. /IBa
HanboJiee M3BECTHBIX BAPHAHTA TAKOTO <«IKOHOMHYHOTO» KOIMPOBAHUS — KOx UeH-
Xo (Tien Chi Chen, Irving T. Ho) u miotHO ynakoBaHHbIH fecstuanbiii Kogx (DPD —
Densely Packed Decimal).

B 060ux BapuaHTax Kaxk/Iast 1ecaTuaHast g pa KIacCUpUIPYETCST 10 3HAYEHUIO CTap-
mero 6uta B ee mpencrasienun B koge BCD na «vmamenskyio» 0—7 (0000,—-0111,) nin
«6ompiryo» 8-9 (1000,—-1001,). /lns unenrudukanmm masernbkoi mudpst (M) mocra-
Touno 3 6uta, a 6ospimoi (B) — oxHoro 6ura.

ITpu TaKoM MpeACTaBIECHUN BO3MOKHBI CJIEAYIONINE KOMOUHAIIMK U3 TPEX AECITUUHBIX

ungp:

m M+ M+ M (rpebyercst 9 6uros mist udp u ocraercst 1 OUT st uaeHTHGUKAITUT
9TON KOMOUHAIN);

B M+M+BwmuM+B+M,umb+M+ M (tpebyercs 7 6utos A mudp u ocra-
ercst 3 6uta s UACHTU(GUKAINT 3TUX KOMOUHAIINI );

B M+Bb+b,umb+M+B,umu b+ B+ M (tpebyercs 5 6utoB st iudp 1 ocTaercst
5 6UTOB A1 MAEHTU(PUKALIAN 9THX KOMOMHAIINIA);

m b+ DB+ B (36ura mms nqubp u 7 6UTOB I HHAUKAIUN 9TOH KOMOWHAIIUH, XOTsI
HY’KHO TOJIBKO 5).

Jlnst upeHTUGUKAIMY KOHKPETHO KOMOUHAILMY UCIIOJIb3YI0TCs Te u3 10 GUToB, KOTO-
pble OCTAINCH CBOGOMHBIMU TIOCTIE TTPECTABICHUS 3aKOIUPOBAHHBIX 3HAUEHUH 1IHPP.
Pasnuune B MeTogax kopuposanust Yen-Xo 1 DPD cocrout B criocobe popMupoBaHust
upenTrdukatopa kom6uHaiuu. Bosee eTaabHO ¢ JaHHBIME BUAAMU KOJAUPOBKU JIECS-
TUYHBIX YHCEJ MOKHO O3HAKOMUThC B [64, 72]. B Tabu. 2.6 npuBeneHsl IpUMepbl KOIH-
POBKU TPOEK JlecATHUHbIX urces B kKogax BCD, Yen-Xo u DPD.
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Ta6bnuua 2.6. Mpumepbl NpeacTaBNeHna AeCATUYHbIX Yucen B koamposkax BCD, YeH-Xo n DPD

JlecsaTuyHoe YHUCIO BCD 8421 Yen-Xo DPD

005 0000 0000 0101 000 000 0101 000 000 0101
009 0000 0000 1001 110 000 0001 000 000 1001
055 00000101 0101 000010 1101 000 101 0101
079 00000111 1001 110 011 1001 000 111 1001
080 0000 1000 0000 101 000 0000 000 000 1010
099 0000 1001 1001 111 000 1001 000101 1111
555 0101 0101 0101 010 110 1101 101 101 0101
999 1001 1001 1001 111 111 1001 001 111 1111

Yucna B popme ¢ nyiaBaloLen 3anaTomn

Ot negocratkos M3 B 3HauMTENbHON CcTenmenn cBOGOAHA (OpPMa MIPEACTABIEHUS YHACE]
¢ naasaroueti 3anamotii (113), n3BecTHAs TakKe 110/ HA3BAHUAME HOPMAILHOU WA NOTY -
nozapugmuueckoil hopMbl. B taHHOM BapraHTe Kaxk/10e Ynca0 Pa3OUBAETCs HA JIBE TPYTI-
el 1rdp. [epBas rpymma iudp Ha3bIBAETCS MAHMUCCOU, BTOpast — nopsioxom. ducio
MPeICTaBIsIETCS B BUle TpousBeneHust X = tmq™, raie m — MaHTucca unciaa X, p — 1o-
PSIIOK YUCJIA, ¢ — OCHOBAHUE CUCTEMbI CUUCJICHUS.

Jlnst npesicraBienust yucaa B hopme ¢ I13 tpebyercst 3aaTh 3HAKM MAHTUCCHI U TIOPSI]I-
Ka, UX MOJIyJIU B ¢-PUYHOM KOJI€, & TAKKE OCHOBaHUE cUCTeMbI cuucyienus (puc. 2.18).
Hopmanbhast ¢hopma HeonHO3HAYHA, TaK KaK B3aMMHOE M3MEHEHWe M U P IIPUBOIUT
K «IIJIABAHUIO» 3ATISITOMN, 4eM U 00y CIIOBJIEHO Ha3BaHUE ATOi (POPMBbL.

Puc. 2.18. dopma npeacraBneHns YMcen ¢ nnaeatoLLlein 3ansaTomn

/lnamason u ToYHOCTb TpencTaBienHus yuces ¢ [13 3aBucar oT uncia paspsizios, OTBO-
JIMMBIX TIO/] TIOPsi/IoK ¥ MaHTuccy. Ha puc. 2.19 nmokasansl [uana3onsl pa3psi/IHOCTEN T10-
PSIZIKA 1 MAHTHCCHI, XapaKTePHbIE /1JIsT U3BECTHBIX BM.

[ToMuMO pa3psIHOCTH TTOPSIIKA M MAHTHCCHI, TUATIA30H TTPE/ICTABICHNS YHCesT 3aBUCHT
U OT OCHOBAHUS UCTIOTB3YEMOT CHCTEMBI CIUCIEHNUST, KOTOPOE MOJKET OBITH OTIHIHBIM
ot 2. Hanmpumep, B yauBepcambHbix BM (matindpeiimax) dupmsr IBM ucnosnssyercs
6aza 16. ITo MO3BOISIET TIPY OMHAKOBOM KOJINYECTBE OGUTOB, OTBEAEHHBIX TIO/] TIOPSITIOK,
TIPEICTABISATH YKCia B OOMbIeM Ananasore. Tak, ecin mose MopsiKa paBHO 7 GUTaMm,
MaKCHMaJIbHOE 3HAYEHME ¢¥, Ha KOTOPOE YMHOKAETCsT MaHTHUCCca, paBHO 228 (tipu g = 2)
w 16'% (npu g = 16), a AUana3oHbl MPeACTaBAEHUS YUCET COOTBETCTBEHHO COCTABSIT
109 <] X[<10""u 1070 <| X| < 10*75, VI3BeCTHBI TaKKe CIydan HCIOMb30BaHMst Gasbl 8,
Harpumep, 8 BM B-5500 ¢pupmbr Burroughs.
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Puc. 2.19. TunoBble pa3psaHOCTM Moner nopsaka M MaHTUCChI

B 6oJIbIINHCTBE BBIYUCAUTENBHBIX MALIUH JIJIsT YIIPOIIEHVST OTIEPAIUI HaJl HOPSIKAME
[OCJIeTHIE TIPUBOIAT K II€JIBIM [TOJIOKUTEIbHBIM UUCIaM, IIPUMEHsIST TAK Ha3bIBAEMBII
cmewenblil nopsadok. JIist aToro K MCTUHHOMY MOPSIIKY J06ABISETCS 1eJI0e MOTOMKI-
TenbHOe yncsao — cMmentenue (puc. 2.20). Haipumep, B cucreme co cmetienneM 128, no-
panok —3 npeacrasisgercs kak 125 (=3 + 128). O6br4HO cMelIeHe BbIOMPaeTcs paBHbIM
[IOJIOBUHE IPEJCTABUMOrO JMANa3oHa NopsiaKoB. OTMETHM, YTO CMELIeHHBIN TTOPSII0K
3aHMMAET Bce OUTHI MOJIst OPSI/IKA, B TOM YHCJIE ¥ TOT, KOTOPBIi paHee TpeaHazHauaICcsa
7 3aMUCHU 3HAKA TIOPSIZIKA.

Puc. 2.20. dopmart umcna ¢ N3 co cMeLleHHbIM MOPSAKOM

Manrucca B unciax ¢ 113 0ObIYHO NMPEACTABIACTCS B HOPMAIUIOGAHHOU (opme. DTO
O3HAYaeT, YTO HAa MAHTKCCY HAJIaraloTCsl TaKhe YCJIOBHS, YTOOBI OHA 10 MOJLYJIF0 Oblia
MenbIne earauIb (|g] < 1), a mepBas 1mudpa moce 3ansaToi oTiandansach oT HyJs. [lo-
JIy4eHHast TAaKUM 00pa3oM MaHTHCCA HA3bIBACTCS HOPMAIU306AHHOL. JLJTst IPUMEHSIEeMbIX
B BM cucrtem cunicsieHusS MOKHO 3aITHCATh;

m souunas: X =mx 27, (1> |m| > 14);
m BochMmepuunas: X =m x 8, (1 >|m| > 14);
m mectHaaarepuanas: X = m x 162 (1> |m| > ).
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Ecau niepBbie ¢ nudp MaHTHUCCBI pAaBHBI HYJIIO, 71T HOPMAJIU3AIMU ee HY>KHO CIBUHYTD
OTHOCHUTEJIbHO 3aIIATON Ha i Pa3psI0B BIEBO C OHOBPEMEHHBIM YMEHBIICHUEM TTOPSIKA
Ha i euHUIL. B pe3ysabraTe Tako# omepary 4ucyio He U3MeHseTCs:

baza 1o HopManu3anuu IHocne nHopmanuzamuu
[Topsimox Mantucca [Hopsimox Mautucca
100 0,000110 001 0,110000

16 8 0,001010 6 0,101000

B npumepe 111 IIeCTHAAIIATEPUYHOI CHCTEMBI TIOCJIe HOPMAJIU3ALNU cTapIiast -
pa B JIBOMYHOM TIpe/icTaBieHnuu conepxut Brepean tpu uyJd (0001). ITo Heckosbko
YMEHBIIAET TOYHOCTD MPEICTABIEHNUS YICEN 10 CPABHEHUIO C IBOMYHOU CUCTEMON TIPU
OITHAKOBOM YHCJIE IBOUYHBIX PA3PsIIOB, OTBEJIEHHBIX 0] MAHTHUCCY.

Eci nist sanmcy yucsa ¢ 13 ucnonbsyercs 6asa 2 (¢ = 2), To 4acTO MIPUMEHSIIOT €ellie
OUH €TI0c006 TMOBBITIEHUST TOYHOCTH TIPEACTABICHISI MAHTHCCHI, HA3BIBAEMBIH pUEMOM
ckpoimotl edunuypt. CyTh €To B TOM, YTO B HOPMATU30BaHHON MaHTHCCE CTapiias nudpa
BCer/la paBHA eMHUTIe (1S TPeCTaBIEHUST HYJIST UCTIOIb3YeTCs CIelnaTbHast KOI0Bast
KOMOUHAINS), CJEOBATETBHO, 3T THdPa MOKET He 3aMMCHIBATHCS, a TOAPA3yMeEBaTh-
cs1. 3alMCh MAHTHCChI HAUMHAIOT C ee BTOPOI IUGPHI, U 3TO MO3BOJISIET 33/Ie1ICTBOBATh
MOTIOTHUTETbHBIN 3HAYAIUE GUT J7Ist GoJiee TOUHOTO MpecTaBaeHus yncia. Cremyer
OTMETUTh, YTO 3HAYCHUE TIOPS/IKA B JAHHOM ciydae He MeHseTcs. CKpbITas eImHUIA
nepes BBITTOJTHEHEM apu(MeTHIeCKUX OnepaIiuii BOCCTAHABIMBAETCS, & TPU 3aITUCH Pe-
3yJpraTa — yaajisercs. Takum o6pasoM, HopMasuzosantasa MaHTrcca 0,101000(1) mpu
UCIIOJIB30BaHUK CIIOC00a «CKPBITON exuuuibl> Gyner umers Buz 0,010001 (B ckobkax
yKazaHa Iudpa, He TOMECTHUBIIASICS B TI0JIe MAHTUCCHI TIPY CTAHIAPTHOI 3aTIHCH ).

ZIJIH 6oaee CyHI€ECTBEHHOI'O YBEJIMYEHWA TOYHOCTH BBIYMCJIEHITI 1101 YN CJIO OTBOJAT HE-
CKOJIBKO MAIIMHHBIX CJIOB, HAIIpMED /IBa. IIOHO]IHI/ITGJIBHBIE 6I/ITI)I, KaK IIpaBuJjIo, CJIy-
JKaT [UIA YBEJIMYEHUA PA3PAAHOCTU MAaHTUCCHI, OITHAKO B pAA€ CJIy4aeB YaCTb M3 HUX
MOJKET OTBOAUTHCA U JIA PACIINPEHUA TIOJIA TTIOPA/IKA. B Iporecce BBIYMCJIEHUI MOKET
TMOJIy4aTbCAa HEHOPMAJIN30BaHHOE YN CJIO. B takom cJydae BM, €CJIN 9TO ITPpEAITNCAHO KO-
MaHlIOﬁ, ABTOMATHUYE€CKU HOPMAJIU3YET €ro.

PaccmoTpenHble TpUHIUTIBL TIpe/icTaBaeHns yncen ¢ [13 mogcanm Ha mpumepe [143].
Ha puc. 2.21 npexcrasien tumadanblii 32-6utosiii hopmart urcsa ¢ 113, Crapuuit (Jie-
BBII) OUT COMEP/KUT 3HAK YNCIIa. SHAUEHIE CMENMIEHHOTO MOPSIIKA XPAHUTCS B Pa3psiiax
¢ 30-ro 1o 23-it 1 MO3KeT HAXOAUThCs B ranasoHe ot 0 10 255.

Puc. 2.21. TunnyHelin 32-61TOBbLIV hopMaT YMcna C niaBaoLLein 3anaTom

s nonydenust pakTUYECKOro 3HAYEHUST TTOPS/IKA U3 COJEPKUMOTO TOTO I0JIST HYK-
HO BbIUeCTh (hpUKCUpoBaHHOe 3HaYeHue, paBHoe 128. C TakuM cMernienueM GakTudeckme
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3HAUYEHUS TIOPS/IKA MOTYT JieskaTh B auamnaszone ot —128 no +127. B npumepe mpero-
JIATaeTcst, YTO OCHOBAHUE CUCTEMBI CUMCIeHus paBHO 2. TpeTbe moJie cI0Ba CONEPKUT
HOPMAJIM30BAHHYIO MAHTUCCY CO CKPBITBIM paspsinoM (emunuiieit). biaarogaps rakomy
npuemy 23-paspsiiHoe MoJie MO3BOJISIET XPAHUTD 24-Pas3psiTHYIO MAHTHICCY B AUANA30He
ot 0,5 10 1,0.

Ha puc. 2.22 npuBeieHbl MAa30Hbl YUCENT, KOTOPbIE MOTYT OBITh 3aTUCAHbI ¢ TOMOTIIBIO
32-pa3psiHOTO CJI0BA.

Puc. 2.22. Yucna, npeacraBmmbie B 32-0UTOBbIX popmMaTax: a — Lesble Ynucna
C GUKCUPOBaAHHOW 3ansaToin; 6 — Yucna ¢ niasatoLLelt 3anaTomn

B BapuanTe ¢ D3 1151 HEJIBIX YKCEIL B JOMOJHUTEILHOM KOJIE MOTYT ObITh IIPE/ICTaBJIEHbI

Bee 1esbie uncsa ot —23!1 1o 23 — 1, To ecTh Beero 2°? pasnuuHbx uncen (puc. 2.22, a).

Il cayuast 113 BO3MOSKHBI cJieylonue aranasonbl yrces (puc. 2.22, 6):

B oTpuIaTenbHble yrcaa Meskay —(1 — 2724) x 2127 1 —(0,5 x 27128,

B [0JIOXKUTETbHbIe uncya Mexmy 0,5 X 27128 i (1 — 2721) x 2127,

B 5Ty 00/1aCTh HE BKJIIOYEHBI YUACTKU:

BH OTpHIIaTesbHbIe YNCa, Menbline yeM —(1 — 2724) X 2127 — ompuyamenvroe nepeno-
Henue,

B oTpularenbHbie yncaa, bobinue yem —0,5 X 2°28 — ompuyamenvras nomeps 3navu-
mocmu;

B [OJIOKUTENbHbIE Yrcia, MeHbinue yeM 0,5 X 27128 — nogomcumenvras nomeps snavu-
mocmu;

B TOJIOKUTEIbHBIE unca, Gobine yeM (1 — 272) X 2127 — nopowcumenvroe nepeno-
Henue.

[Tokazannag 3amuch ynciaa ¢ 113 He yuurtbiBaeT HyseBoro 3HadeHus. g aToll mesm
UCTIOJIb3YeTCs CleluaNbHasg KojoBasg KoMOuHaims. [lepernosHennst BOSHUKAIOT, KOT/a
B pesyJibraTe apuMeTHUecKoi orepariy mojydaercsa sHadeHue 6oJpliee, 4eM MOKHO
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MPECTaBUTh TOPSIAKOM 127 (2120 x 2190 = 2230) T[oTepst 3HAUNMOCTH — 5TO KOT/IA PE3YJIb-
TaT HpeACTaB/IseT cOOOM CAUIIKOM MaJeHbKOe ApobHoe 3HaueHme (27120 x 27100 = 2-230)
[ToTepst 3HAYNMOCTH ABJISIETCS MEHEE CePhe3HON MPOBIEMOil, TOCKOIBKY TaKOH Pe3yJib-
TaT OOBIYHO PACCMATPUBAIOT KaK HYJIEBOU.

CiietyeT Takxke OTMETHTb, 4TO unciia B popmate [13, B orimune ot uncen B popme ¢ O3,
pasMelleHbl Ha YMCJI0BOI ocu HepaBHOMepHO. Bo3Mo:kHbIe 3HAUEHUS B HAYaJe YUCJIO0-
BOI OCH PacIoJIOJKeHbl IJIOTHEE, a 110 Mepe JIBUKEHUs BIIPpaBo — Bce pexe (puc. 2.23).
ITO 03HAYAET, YTO MHOTHE BBIYNCIEHUS IPUBO/IAT K PE3YJIBTATY, KOTOPBII HE SBJISETCS
TOYHBIM, TO €CTh MPEJACTABIISET cOOOIT OKPYTIIEHHUE /10 GJIVEKANIIETO 3HAUEHS, TPE/ICTa-
BUMOTO B JIaHHON (hopMe 3amucu.

Puc. 2.23. N10THOCTb Yncen ¢ nnasaloLLel 3anaTor Ha YNCNOBOW OCKn

s hopmara, n3o6paskeHHOro Ha puc 2.21, UMeeT MeCTo IIPOTHBOPeUNe MKy Auara-
30HOM U TOYHOCTHIO. EC/IM yBEIMUUTD YnCI0 OUTOB, OTBEAECHHBIX MO HOPSAO0K, PACIIU-
PSIeTCS AUAIA30H MPEACTaBUMBIX yncest. OIHAKO, IOCKOIbKY MOKeET ObITh IIPEACTABIEHO
TOJIBKO (DMKCUPOBAHHOE YNCJIO PA3JIMYHBIX 3HAUYECHUH, YMEHBINAETCS TIOTHOCTh U TEM
CaMbIM TOYHOCTH. EJMHCTBEHHBIH TTyTh YBEJMYEHNST KaK JAMana3oHa, Tak 1 TOUHOCTH —
yBeJIMYeHne KOJIMIeCTBA Pa3psIoB, H09TOMY B GoibinnHcTBe BM mpeaaraercs: ucioib-
30BaTh YKCJIA B OJIMHAPHOM | JBOIHOM (hopmaTax. Hampumep, unciio oguHapHOro ¢hop-
MaTa MOKeT 3aHUMaTh 32 6uTa, a 1BoiHoro — 64 6uTa.

Yucna ¢ naBaomiel 3amsiToll B pasHbix BM nMeoT HecKoJIbKO pa3iuiHbIX (hOPMATOB.
B rabs. 2.7 mpuBoASITCS OCHOBHBIE TIAPAMETPHI 7SI HECKOJIBKUX CHCTEM TMPeICTaBIe-
Hus yncen B hopme ¢ [13. B nacrosiee Bpems i Bcex BM pekoMeH1oBaH cTaHAapT,
paspaboTaHHbIN O0UIENPU3HAHHBIM MEKIYHAPOAHBIM IIeHTpoM crargapTusanuu [IEEE
(Institute of Electrical and Electronics Engineers).

Ta6nuua 2.7. BapuaHTbl OpMaTOB YMCEN C MiaBatoLLelt 3ansaToin’

ITapamerp IBM 390 VAX IEEE 754

JlomHa coBa, OuT 0:32; 1: 64 0:32; 1: 64 0:32; 1: 64

Topanok, 6ur 7 8 0:8; 11: 11

ManTucca, m O: 6 nucp O: (1) + 23 6ura O: (1) + 23 6ura
I: 14 undp I: (1) + 55 6uros J: (1) + 52 Gura

CwMerienne mopsiika 64 128 K: 127, 1: 1023

OcHoBanne cuctemsr | 16 2 2

CUMCTIEHUsI

Cxpsrtas 1 Her Jla Jla

1O — opunapusiii hopmat; /I — aBoiinoii hopmar.

npodonicenue
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Tabnuua 2.7 (rnpogosxeHve)

IMapamerp

IBM 390

VAX

IEEE 754

3amsiras

CreBa OT MAaHTUCCHI

Cresa ot ckpbITOi 1

Cupasa crapiiero
OUTa MAHTUCChL

[[I/IHHHBOH MaHTHCCbI

(1/16)<m<1

(1/2)<m<1

1<m<2

HpeﬂCTaBJIeHI/Ie MaH-
THCCbI

Besnmunna co 3HakoM

Besmunna co 3HakoM

Besmunna co 3HakoM

MakcumanbHoe moso- | 16% = 107 2126 = 1()% 21024 = 1(%8 (1)

JKUTEJIbHOE YUCTIO

TouroCTh 0:16°=10"7 0:2%=107 0:2%8=107
1611 =10"" . 27964 = 10717 II: 27524 = 10716

Cranpaprt IEEE 754

Pexomenpyemsrii 17151 Bcex BM cdopmat nipejictaBiennst dncesi ¢ maBaoiiei 3ansaToi
onpezenen crangaprom IEEE 754. 9ror cranaapt 61 paspaboTaH ¢ LeJIbio 00JeryuTh
[EPEHOC MPOrpPaMM € OJIHOTO IPOIEeCcOpa Ha JPYTHe W HAIles IHUPOKOoe MPUMeHeHne
[IPaKTUYECKH BO BCEX TIPOIECCOPaX U apUDMETHIECKUX COIIPOIeccopax.

Crangapt onpesessier 32-01ToBblii (oxuHAPHBII) U 64-OUTOBBIN (ABOIHOIT) (hopMaThl
(puc. 2.24) ¢ 8- m 11-pa3psaHBIM MOPSIIKOM COOTBETCTBEHHO. OCHOBAHWEM CHCTEMBI
cuucyienus asisercd 2. B njononnenue, ctaniapT npelycMaTpuBaeT /[Ba pacliMpeHHbIX
(opmara, ogrHApPHBINI 1 IBOITHON, (GaKTUIECKUI BUJT KOTOPHIX 3aBUCUT OT KOHKPETHOI
peanmmzanun. Pacumipenubie GopMaThl TPELyCMaTPUBAIOT TOTOTHUTENbHBIE OUTHI IS
nopsiaKa (YBEAMYEHHDIH INATTa30H) U MAHTHCCHI (TIOBBITIIEHHAS TOUHOCTD). Tabmia 2.8
COJIEPIKUT OIIMCAHKE OCHOBHBIX XapaKTEPUCTUK BCeX YyeTblpeX hopMaToB.

Puc. 2.24. OcHoBHble popmartsl IEEE 754: a — oauHapHbIin; 6 — ABONHOW

He Bce xomosbie kombuHaiuu B opmarax IEEE wHTeprperupyrorcess 0ObIYHBIM 11y-
TeM — HEKOTOPbIe KOMOWHAIINH NCTIOTb3YIOTCS JIST TTPEICTABIEHNUST CIIENATBHBIX 3HA-
vyennii. [IpenesnpHble 3HAUEHNUS TOpsIKa, cosepskamtie Bce Hyan (0) 1 Bce eAMHUITBI
(255 — B omunapuom dopmare u 2047 — B 1BOITHOM (hOpMAaTe), OTPEESIOT CIIEIUADb-
Hble 3HAUeHMSI.

OnucbIBalOTCS cjeyIonie KjaacCbl YMCeJI.

m llopsinku B quanasore ot 1 10 254 mist ommHapHoro ¢opmata 1 ot 1 10 2036 — s
IBOIHOTO hopMaTa, UCIOJAb3YIOTCS JJisl IPEACTABIEHUs HEHYJIEBBIX HOPMATH30-
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BaHHBIX urces. [lopsnku cMelenbl Tak, YTO X AMAIA30H cocTaBsieT oT —126 no
+127 nnsa opunaproro dopmata u ot —1022 1o +1023 — nas aBoiiHOrO hopmara.
Hopmanuzosantoe 4uicsio TpeGyeT, 4ToObl cIeBa OT JBOMYHON 3aATOM OBLT eIUHIY-
HBIIT 6uT. DTOT GUT MIoZIpasymMeBaetcs, Grarogapst uemy obecrieunBaercst ahhexTuBHasA
MIUPUHA MAHTUCCHI, PaBHast 24 GuTaM JIJist OIMHAPHOTO U 53 GUTaM — JJIst IBOWHOTO
dopmaTos.

m HyeBoii mopsiiok COBMECTHO ¢ HYJIEBOI MAHTICCOI MIPEICTABIISIOT TI0JI0KUTEbHbIIT
WJIA OTPUIIATENbHBII (), B 3aBUCMOCTH OT COCTOSTHUST OUTa 3HaKa MAHTUCCHL

m Ilopsmox, comepskamuii e IMHUIIBI BO BCEX pa3psiiax, MITI0C HyIeBast MaHTHCCA COOT-
BETCTBYIOT 6ECKOHEYHOCTH (MOJOKUTENLHON MM OTPUIATETBHON, B 3aBUCUMOCTH
OT COCTOSIHUA GUTA 3HAKA), YTO MO3BOJISIET MOJB30BATENIO CAMOMY PEIIUTh, CYMTATh
JI 9TO OMIMOKON MJTH MPOAOJIKATH BBIYUCICHIUS CO 3HAUCHUEM, PaBHBIM GECKOHEY-
HOCTH.

m HyneBoii IOpsAZOK B cOY€TAHUY ¢ HEHYJIEBOI MAHTUCCON 0003HAYAI0T HEHOPMAJII30-
BaHHOE YKcJI0. B 3TOM citydae OUT cjieBa OT IBOMYHON Touky paBeH 0 1 (hakTuueckuii
nopsiok pased —126 wimm —1022. Yncso saBiisteTcst IOM0KUTETBHBIM WA OTPUTIATE -
HBIM B 3aBUCUMOCTH OT 3HAUEHUsI 3HAKOBOTO OUTA.

m KomoBas xoMOUHAIMS, B KOTOPOH TIOPSIIOK COMEPIKUT BCE ETMHUIIBI, & MAHTHCCA HE
paBsHa 0, ucriosibayercs Kak npusHak «He uncia» (NAN — Not a Number) u caysxur
IUTS TIPEYTIPEKAEHUST O PABJINYHBIX UCKITIOYUTETBHBIX CUTYAIIMSIX, HAIPUMED O Jie-
sennu 0/0.

Ta6nuua 2.8. MNapameTpbl popmaTtos cTaHpapTa IEEE 754

IMapamerp @dopmar

OJIMHAPHBINI OJITUHAPHBIN JIBOMHOI JIBOMHOI

pacmupeHHbIH pacipeHHbIH

PaspsinnocTs c10Ba, 32 >43 64 >79
o6ur
[Tosie nopsiika, 6ur 8 >11 11 >15
CwMerenne opsiika 127 He oroBopeno 1023 He oroBopeno
Tlosre MaHTHCCEL, OUT 23 >31 52 >63
MakcumasbHoe 3Haue- 127 >1023 1023 > 16383
HUe Mopsi/IKa
Murnmanbhoe 3Hadenne | —126 <-1022 —-1022 <-16382
Mopsijika
JInamason unces 1038, 1038 He oroBopen 107308 10308 He oroopen

YnakoBaHHble Yucna Cc naaBatloLlen 3anaTon

B pamxkax y:ke ynoMmunasiieiics texnosorun SSE4 umeioTcsa KOMaH[bl, CysKaiue 1Js
YBEJIMYEHUST TPOUSBOUTETBHOCTH CUCTEM TTPU 00paboTKe MyIETUMEMHHOM HHpOpMa-
1, onuckiBaemoii uncaamu ¢ 113, Kaskzas takas komanga paboTaer ¢ 4eThIpbMsI olle-
paHIaMH ¢ TJIaBaloleil 3amaToi OAMHAPHON TOYHOCTHU UJIHU ABYMS OTlepaHaMU IBOMHOM
TouHocTh. OTniepanibl YIakoBbIBalOTCS B 128-pa3psaanbie IPyTIIbL, Kak 9TO OKa3aHO Ha
puc. 2.25.
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Puc. 2.25. ®dopmat ynakoBaHHbIX YMCEN C NfaBaloLLeit 3ansaTor B TexHonorum SSE4

Pa3psaHOCTb OCHOBHbIX POPMATOB YUCIOBbIX AaHHbIX

[lannsle, npezgcrasrsoniue B BM uncioByto mHbOpMAIno, MOTYT UMETh QUKCUPOBAH-
HYy10 UIn nepemennyro aauny. OnepalinoHHbIEe YCTPOMCTBA BBIYUCIUTENbHBIX MAITuH
(1iestounciieHHble apUMMETHKO-JIOrnYecKre YCTPOoiicTBa, OI0KH 00pabOTKHU YMCe)I ¢ T11a-
BAIOIIEil 3aIIATOM, YCTPOMCTBA ECATUYHON apuMETHUKH U T. 11.), KaK IIPABUJIO, PACCUU-
TaHbI HAa 06PabOTKY KOJOB (PUKCUPOBAHHON AarHbL OOIIeNpUHATHIE BEJIMYUHbI PA3PsI/-
HOCTH KOJOB 4ucesr: OUT, mosy0aiit, 6aiit, cioBo, ABOWHOE CJIOBO, CYETBEPEHHOE CIIOBO,
JIBOITHOE CYeTBEPEHHOE CJIOBO.

Haunmenbmieii equnuieil ganabsix 8 BM caysxut 6ur (BIT, Blnary digiT — asonunas
mudpa). B GonbumncTse caydaes s1a eqununa nadopMay caumkoM Maia. Oauobu-
TOBBIE OIEpPAIlMOHHBIE YCTPOMCTBA MCITOJb30Bach B BM ¢ mocienoBarebHO 06pa-
6OTKOIT MH(pOPMAIH, a B COBPEMEHHBIX MaIllMHAX C MapalieJbHOI 06paboTKON paspsi-
JIOB OHU ITPAKTHYECKH He IPUMEHSOTCs. [T001TOBYI0 paboTy ¢ JaHHBIMU CKOPEE MOKHO
BCTPETUTH B MHOTOIIPOTIECCOPHBIX BBIUUCAUTENbHBIX CUCTEMAX, MOCTPOEHHBIX U3 OHO-
PaspsIHBIX MTPOIIECCOPOB.

CJieyrolas 110 BeJInYnHe eMHUIA COCTOUT U3 YeThIpeX OUTOB 1 HasbIBaeTCs 1101y Oaii-
TOM WJIM TeTPajoii, uiau peske «HubG0M» (nibble). OHa Takike penko MMeeT caMoCTOsI-
TeJTHhHOE 3HAYCHUE U 3aCHYKMBACT YIIOMWHAHWUS KaK e/[MHUIA TPEICTABICHUS OT/IE/b-
HBIX JIECATUIHBIX TP TIPU UX JBOUIHO-JAECITUIHOIM 3aITUCH.

Peasnbno HauMenblneii o6pabarbiBaemoil equnuiieil cuntaerca Gaiit (BYTE, BinarY
TErm — gBOMYHBIN 5JI€MEHT), COCTOAIIMI 13 BochMu OuToB. Ha npakTuke ara equHuIa
nH(pOpMAIUN TaKKe OKa3bIBAETCS HEJJOCTATOYHOM, U 3HAYUTEIBHO Yalle MPUMEHSIOT-
Cs1 YMCJTa, PeICTaBIeHHble ABYMs (cI0BO — 16 GUTOB), yeThIpbMsI (ABOITHOE CIIOBO —
32 6uta), BoceMblo (CueTBEpEHHOE CJIOBO — 64 OWTA) WIH IMECTHAANATHIO (IBOMHOE
cuerBepernoe coBo — 128 6uros) Gaiitamu.

Buioku ornepaiuii ¢ maBaoleil 3anstoil 00braHO coryacoBatbl co crangaproM IEEE 754
U paccurMTaHbl Ha 00paboOTKy urces B opMmare ABOWHON ynHbl (64 6ura). B GoJb-
muHeTBe BM peasibHast paspsiiHOCTh Takux O0KOB faske Gosibiiie (80 6uton). Takmm
00pa3oM, HAWJTYUYIIUM BapUAHTOM TIPH MTPOBEJAECHUN BBIYUCIIEHWIT C TTaBAIOIIEN 3aris-
TOI MOKHO cuuTaTh opMaT ABOIHOTO caosa. Ilpu BeiGOpe (popMmara MeHbLIEN IJIK-
HbI (32 paspsijia) BBIYUCJICHUSA BCE PABHO BEAYTCSA € GOJIBIIEH TOUHOCTBIO, TIOCTIE Y€ro
pesynsrar oKpyTisiercst. Takum 06pa3oM, UCTIOIB30BAHNE KOPOTKOTO (hopMaTa dncet
¢ MJIABAIOIIEN 3aISITON, KaK U B cJIydae MeJTbIX Ynuces ¢ GUKCUPOBAHHON 3aIsTOH, TTOMU-
MO 9KOHOMUU TTAMATH HUKAKUX WHBIX TIPEUMYIIECTB TaKKe He J[aeT.
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B nipusioxkenusax, onepupyionux AeCATHYHBIMA YUCAAMHU, TIe KOJUYeCTBO TGP B 4ncie
MO’KET BaDbHPOBATHCS B IMPOKOM JMATIA30HE, YTO XapaKTEPHO JUIs 3a1a4 U3 00JIaCTH 9KO-
HOMUKH, O0Jiee yI0OHBIMU OKa3bIBAIOTCsT (DOPMATBI MEPEMEHHO# TMHBL. B 3TOM Ccityuae
YHUCJIa HE TIEPEBOJATCA B IBONYHYIO CUCTEMY, a 3alIMCBIBAIOTCS B BUJIE MTOCIEI0BATEIBHO-
CTH JIBOUYHO-KOJUPOBAHHBIX J€CATUYHBIX 1P, [[nHa M0100HOH [EMOYKN MOKET OBITh
MPOU3BOJIBHOM, a JIJIsl YKA3aHUST €€ TPAHUIIBI OOBIYHO UCIIOJIB3YIOT CUMBOJI-OTPAHUYUTEb,
KO/l KOTOPOTO He coBMmasiaeT ¢ Kogamu 1udp. mmaa mndpoBoii mocsieoBaTeTbHOCTH MO-
KeT ObITh 33/[aHa SIBHO B BU/IE KOJIMYECTBA IIU(P YKMCIa U XPAHUTBCS B TIEPBOM GaiiTe 3amm-
CH YMCJIa, OJIHAKO HTOT NpUeM GoJiee XapaKkTepeH Jisl YKa3aHUsl JJIMHBI CTPOKU CUMBOJIOB.

PasmeLlieHne YncnoBbiX AaHHbIX B NaMATHU

B coBpementibix BM paspsiiHOCTD sUeliKK [aMsITH, KaK IIPaBUJIO, PaBHA OfHOMY Oaiiry
(8 6uToB), a peanbHas JJIMHA KOJOB yKce coctassier 2, 4, 8 wau 16 Gaiitos. [Tpu xpane-
HUM TAKKX YUCEJ B TAMATH UX GAlTHI PA3MEIAIoT B HECKOABKUX SUEHKAX CO CMEKHBIMU
ajipecaMy, [1p1 3TOM IS IOCTYIIA K UUCJILY YKa3bIBaeTcs TOJIbKO HaMMEHBIINN U3 a/IpecoB.
ITpu paspaboTke apXUTEKTYPBI CUCTEMBI KOMAH/[ HEOOXOUMO OTIPEAETUTD TOPSIIOK pas-
MeteHust GaifiToB B TAMSITH, TO €CTh KAKOMY U3 6aiiToB (cTapiueMy Wiiu Miaaiiemy) 6yaer
COOTBETCTBOBATh 9TOT HanMeHbInuii agpec'. Ha puc. 2.26 mokasarbr o6a BapuaHTa pasmMe-
MeHUsT 32-Pa3psIHOTO YUCJIA B YETHIPEX CMEKHDBIX STUCHKAX MaMITH, HAUMHAs ¢ ajipeca A.

Puc. 2.26. PaamelleHne B naMaTn 32-pa3psgHoro Ymcna: a — Ha4ymMHas co ctaplLuero
Galita; 6 — HauyMHasa ¢ Mnagwero barTta

B Bblunc/mTebHOM TIaHe 00a criocoba sanucu pasHoueHtsl. Tak, pupmbl DEC u Intel
OT/ZIAIOT TIPE/IIOYTEHNsE Pa3MEILEHUIO B IIEPBOIi siueiike muazuero baiita, a IBM u Motorola
OPUEHTUPYIOTCS Ha IIPOTUBOIIOIOKHBII BapuanT. Bei60p 00BIYHO CBI3aH ¢ HEKUMU MHBIMU
coobpaxeHusamu paspadorurikos BM. B Hacrosiiee Bpemst B OOJIbIIMHCTBE MAIIUH [TPE/I-
YCMaTPUBAETCsl UCIIO/Ib30BaHKE 0OOMX BAPUAHTOB, IIPHMYEM BBIOOP MOKET ObITh IIPOM3BE-
JIEH TTPOTPaMMHBIM TTyTEM 32 CYET COOTBETCTBYIOTIEH YCTAHOBKH PETUCTPA KOH(MDUTYPAITHH.

[TomMumo TTOpsi/IKa pazMenieHust 6aiiToB, CyIEeCTBEHHBIM ObIBACT M BHIOOD ajpeca, ¢ Ko-
TOPOTO MOJKET HAYMHATHCS 3amich ynca. CBsa3aHo aTo ¢ husnueckoil peanrnusarnueii mo-
JIYTIPOBOIHUKOBBIX 3aMTOMUHAIONIX YCTPOICTB, I/le OOBIYHO MPEyCMATPUBACTCS BO3-
MOKHOCTD CUUTHIBAHUSI (3aIMCH) YeThIpex 6ailToB mojapsi. [IpuueM ganHast onepaiust
BBIIIOJIHsIETCS ObICTpPEe, eciu agpec mepsoro Oaiita A orseuaer yciaosuio A mod S = 0

! B aHTJIOSI3BIYHON JIUTEPATYPE CHCTEMY 3alTUCH YHCJIa HaulHast CO cTapiiero 6aiita 0603Haqaior
TepMuHOM «big endian», a ¢ mutaziero 6aiita — repmunom «little endian». O6a Hazsanus npouc-
XO/ISIT OT HA3BaHUSI TJIeMeH (<«TYIOKOHEYHUKUY» U «OCTPOKOHEYHUKHU» ), YITOMUHAEMbIX B KHUTE
Jxxonarana Ceudra «[lyremectsus [yanmmBepay. Tam onuceiBaeTcst pesinrno3nast BOWHA MEKILY
ITUMHU TIJIEMEHAMH, 110 TIPUYMHE PA3HOTJIACHI B BOIIPOCE, C KAKOTO KOHIIA CJELyeT pasouBaTh
SIUI0 — TYIIOTO WJIN OCTPOTO.
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(§=2,4,8,16). Hucna, pa3aMelieHHblie B TaMSITH B COOTBETCTBUU C 3TUM MIPABUJIOM, Ha-
3bIBAIOTCS @bipasHennvimu (puc. 2.27).

Puc. 2.27. Pa3melleHne Yucen B namMsaTy C BbIpaBHUBAHUEM

Ha puc. 2.28 nmokaszanbl BapuaHThl pasMelieHus 32-pa3psiHOro ABOMHOIO c10Ba 6e3 Bbl-
paBHUBaHUs. Takoe pazmenieHre TPUBOIUT K YBEJIUMUEHUIO BDEMEHHU I0CTYTIA K MAMSITH.

Puc. 2.28. Pa3melleHne 32-pa3psigHoro cnoa 6e3 cobniofeHns npasuia BelpaBHUBaHWS

BoapmmHcTBO KOMIUJIATOPOB IeHEPUPYIOT KO/[, B KOTOPOM MPEAYCMOTPEHO BbIPABHU-
BaHMeE 4YHrceJl B ITaMATH.

CumBonbHasg nHdpopmauus

B o61i1eM 06beMe BBIYMCIUTENbHBIX JeHCTBIIT Bee GOIIbIIast 0JIs IPUXOAUTCST Ha 00pa-
6OTKy CUMBOJIBHON MHMOPMAINK, cojepskanieil OyKBbl, IQPbI, SHAKY MPEITMHAHUS, Ma-
TeMaTUYECKHE 1 JAPyTUe CUMBOJIBL. KakI0My CHMBOJTY CTaBUTCSI B COOTBETCTBHE OTIPE/Ie-
JlenHas aponunas kombunanns. COBOKYITHOCTD BO3MOKHBIX CUMBOJIOB U HA3HAYEHHBIX
UM JIBOMYHBIX KOZOB 00pasyeT mabauyy koouposku. B HacTosiiee BpeMst TIPUMEHSIOTCS
MHOKECTBO Pa3JUYHBIX Tabiuil KoaupoBku, OObeUHsAeT X BECOBON NPUHIMII, TTPU
KOTOPOM Beca KO0B (P BO3PACTAIOT [0 Mepe yBeInYeHs 1idpPhI, a Beca CUMBOJIOB
yBesmuuBaTcs B andasutHOM nopsizike. Tak Bec OykBbl «B» Ha eauHuIy Gobie Beca
OYKBBI «A». ITO crIocOOCTBYET yIpolieHno 06paboTk 8 BM.

Jlo HepaBHero BpeMenn HanboJiee PacipoCTPaHeHHBIMU ObLINA KOAOBbIE TabJIUIIbI, B KO-
TOPBIX CMBOJIBI KOAUPYIOTCS € TIOMOII[BIO BOCBMUPA3PSIIHBIX IBOMUHBIX KOMOWHATIHIT
(6aiiToB), IIO3BOJILIONINX [IPEACTABUTDH 256 Pa3JIUYHbBIX CUMBOJIOB:

B pacmupennsiii gonuno-koaupoBanubiii kog EBCDIC (Extended Binary Coded
Decimal Interchange Code);

B aMepUKaHCKUU cTaHAapTHBINA Ko 1y oOMena uHdopmanueir ASCIT (American
Standard Code for Information Interchange).

Koz EBCDIC ucniosb3yercs B kauecTBe BHYTPEHHETO Ko/la B YHUBEpcaabHbIX BM ¢up-
mbl IBM. On ke ussecren noz nassanuem JKOU (aBowdnbiii Kog a1 06pabOTKY UH-
opmarm).
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Cranpaprubiit kog ASCIT — 7-paspsinnbiii, BocbMast MMO3UINS OTBOAUTCS JIJISI 3aITUCH
6uTa yeTHOCTH. DTO obecIednBaer mIpeacTapienne 128 cUMBOJIOB, BKIIOYasl BCE JIaTHH-
cKue OYKBBI, I(PBI, 3HAKM OCHOBHBIX MATEMATHYECKUX OIePAIlHii U 3HAKU MIYHKTYaIlUH.
[Tosske nosisuiack esporieiickasg moaudurkaius ASCII, nazpiBaemas Latin 1 (cranpapr
ISO 8859-1). B Heit «110J1€3H0» UCTTOIB3YIOTCS Bee 8 paspsiioB. JlomoTHUTEIbHbIE KOM-
Ounanuu (komsl 128—255) B HOBOM BapuaHTe OTBOIATCS IJIsl [IPEACTABIEHUS CIIELH-
dbuuecknx OyKB aa(aBUTOB 3alafHOEBPONEIICKUX I3bIKOB, CUMBOJIOB IICEBAOIPAPUKY,
HEKOTOPBIX OYKB TPEYECKOT0 anaBuTa, a TAKKe Psijla MATEMATHYECKUX U (DUHAHCOBBIX
cUMBOJIOB. VIMEHHO aTa KOJI0Bast TabJIMIa CYUTAETCS MUPOBBIM CTAHIAPTOM Jie-(haKTo,
KOTODbBII [IPUMEHSIETCS ¢ PA3IUYHBIMU MOAMMUKAIUSIMU BO BCeX cTpaHax. B 3aBucu-
MOCTH OT UCTIOJIb30BAaHUsI KOJI0B 128—255 pa3mnyaioT HECKOJIbKO BADHAHTOB CTaHapTa

ISO 8859 (tabu1. 2.9).

Ta6nuua 2.9. BapuanTtbl cTaHgapTa ISO 8859

Crangapr Xapakrepucruka

ISO 8859-1 3amaHoeBpoTIeliCKIe SI3bIKH

ISO 8859-2 SA3BIKY cTpaH 1eHTpaIbHO 1 BocTouHOU EBpOTTBI

1SO 8859-3 S3bIkK cTpaH 10KHON EBPOIIbI, MATIBTUIICKMIT 1 ACTIEPAHTO

1SO 8859-4 SAsbikn ctpan ceBepHoil EBporibt

ISO 8859-5 SI3BIKY CJIABSTHCKUX CTPAH C CHMBOJIAME KUPUJLTUATIBI

ISO 8859-6 Apabckuii I3bIK

ISO 8859-7 CoBpeMeHHbII TPeYeCcKnil I3bIK

ISO 8859-8 SA3bIKM UBPUT W WU

ISO 8859-9 Typenkuit 3b1K

ISO 8859-10 Asbikn crpan ceseproii EBpornbl (Jrarianjickuil, McaaHcKuii)

ISO 8859-11 Tafickuil sI3bIK

ISO 8859-13 SI3bIKu GANITUIICKUX CTPaH

ISO 8859-14 Kesbrekuii s13p1k

ISO 8859-15 Kom6unupoBantas Tabania AJjist eBPONeiicKuX A3bIKOB

ISO 8859-16 ConepuT crierduyeckue CUMBOJIBI PsA/Ia I3bIKOB: aJi6aHCKOTO, XOPBaT-
CKOT0, aHIJINHCKOTO0, (DUHCKOTO, (DPAHILY3CKOTO, HEMEIIKOTO, BEHTePCKOTO,
MPJIAH/ICKOTO, UTAJIbSTHCKOTO, ITOJIBCKOTO, PYMBIHCKOTO M CJIOBEHCKOTO

B pacnpocrpanennoit B cBoe Bpewmsi orepanuonHoil cucreme MS-DOS crangapr
ISO 8859 peanusosan B Gopme xkodosvix cmpanuy, OEM (Original Equipment Manu-
facturer). Kaxxgas OEM-crpanuia umeer cBoii uaentudukarop (tadi. 2.10).

Ta6nuua 2.10. Hanbonee pacnpocTpaHeHHble KogoBble cTpaHuLbl OEM

Nnenruduxarop Koga0Boi Crpanbl

CTPaHHIbI

CP437 CHIA, crpansi 3anagnoit Esporiet u Jlatnnckoit Amepuxn
CP708 Apabckue cTpaHbl

CP737 Iperusa

npoooncenue
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Ta6nuua 2.10 (npogoskeHue)

Nnenruduxatop Ko10BOH Crpanbl

CTPaHMIBI

CP775 JlatBusg, JIutsa, dcTOoHNA
CP852 Crpanbl BocTouHOI EBpOTIIBI
CP853 Typrust

CP855 CTpaHnbl ¢ KHPUJIMYECKOH TNChMEHHOCTBIO
CP860 [Topryramusa

CP862 Wspanib

CP865 [Nanus, Hopserus

CP866 Poccus

CP932 Anonns

CP936 Kurait

Xotsa kox ASCII goctaTouHo yaoOeH, OH BCe sKe CAUIIKOM TeCeH U He BMEIaeT MHO-
JKeCTBa HEOOXOAUMBIX CUMBOJIOB. [10 aToil npuuwnne B8 1993 rogy KOHCOPIIMYMOM KOM-
nauuii Apple Computer, Microsoft, Hewlett—Packard, DEC u IBM 6b11 paspaboran

16-

6uroserii crangapt ISO 10646, onpeessionuii yHUBEPCATbHbII HAOOP CHMBOJIOB

(UCS, Universal Character Set). Hosblit Koz, ussectubiii oz Haszsarrem Unicode, no-

3BO
cTa
3D

JIsIeT 3a71aTh 710 65 536 CUMBOJIOB, TO €CTh JJaeT BO3MOKHOCTh OJHOBPEMEHHO MTPej-
BUTh CUMBOJIbI BCEX OCHOBHBIX «KUBBIX> I «MEPTBBIX» SA3bIKOB. {151 GYKB PyCCKOTo
1Ka Bblresaensl Koabl 1040—-1093.

Bce cumposib 8 Unicode ornuecku paszessior Ha 17 mwiockocteii o 65536 (2'%) konos
B KaXKIoi!.

ILnockocts 0 (0000—FFFF): BMP, Basic Multilingual Plane — ocHoBHast MHOTOSI3bIU-
Hasl IJIOCKOCTh. DTa IJIOCKOCTh OXBATHIBAET KOJIbI OOJIBIIMHCTBA OCHOBHBIX CUMBOJIOB
HCITOJIb3YEMbIX B HACTOSIIIIEE BPeMs SI3bIKOB. Kaskblit cMBOJT TipezicTaBisieTcst 16-
Pa3PSIIHBIM KOOM.

ITnockocts 1 (10000—1FFFF): SMP, Supplementary Multilingual Plane — pomosau-
TEeJIbHAS MHOTOSI3BIYHAST TLIIOCKOCT.

ITnockocts 2 (20000—2FFFF): SIP, Supplementary Ideographic Plane — pomossu-
TeJbHas ueorpapuecKkast mIoCKOCTb.

[Trockoctn ¢ 3 mo 13 (30000-DFFF) noka He ncmosmb3yoTes.

ITnockocts 14 (E0000—EFFFF): SSP, Supplementary Special-purpose Plane — crre-
IUAJTU3UPOBAHHAS IOTIOJTHUTENbHAS TIJIOCKOCTb.

ITnockocts 15 (FOO00—-FFFFF): PUA, Private Use Area — 06s1acTh /11 4aCTHOTO
HCIIOJIb30BaHMUSI.

ILnockocts 16 (100000—10FFFF): PUA, Private Use Area — 00J1acTh JIs1 4aCTHOTO
UCTIOJTb30BAHUSL.

! TIperyecMOTpEHO yBeTndyeHne JUTHHbI Kojia 10 21 6ura.
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B nacrosmiee HCITOJIb3YETCA MOPSAAKa 10% MOTEHIIUAJIBHOTO ITPOCTPaHCTBA KO/IOB.

B «ecrecrBennom» Bapuante koxuposku Unicode, mssectom kak UCS-2, kasubiii
CYIMBOJI OITUCHIBAETCS IBYMST [TOCJIEIOBATEIbHBIMI OATaAMU 7 ¥ 71, TAK UTO HOMEPY CHUM-
BOJIa COOTBETCTBYET YUCIeHHOe 3HaueHue 256 X m + n. Takum 06pa3oM, KOJOBbII HOMep
npesictaByien 16-pa3psHbIM IBOUYHBIM YUCTIOM.

Hapsiay ¢ UCS-2 B pamkax Unicode cyiecTByIoT elie HeCKOJIbKO BaPUAHTOB KOAUPOB-
kit Unicode (UTF, Unicode Transformation Formats), octoBHbie u3 kotopbix UTF-32,
UTF-16, UTF-8 u UTF-7.

B konuposke UTF-32 kaxmast kogoBas 1mo3uiius rpejicraBjiena 32-pa3psajiHbiM IBOUY-
HBIM YHCJIOM. JTO OU€HB ITPOCTAsT U OUEBU/IHAST CHCTEMA KOIMPOBaHUsI, XOTsI 1 Hea(dek-
TUBHAS B TITaHe pa3psanocTu koja. Koguposka UTF-32 ucnionbsayercst pesiko, TiiaBHbIM
o6paszoMm, B orepaliusax 06paboTKY CTPOK JJisk BHYTPEHHETO MIPEACTAaBIeHUS JaHHBIX.

UTF-16 xax/ayio KoJIOBYIO ITO3UIUIO JIJis CKMBOJIOB U3 1iockoctu BMP nipencrasiisier
nByMs Gaiitamu. KogoBble IIO3UIMK U3 IPYTHX IIOCKOCTEN IpecTaBIeHbl TAK Ha3bIBae-
MO cypporaTHoit apoil. [IpesictaBienrie OCHOBHBIX CUMBOJIOB OJIMHAKOBBIM YHMCJIOM
6aliTOB 0U€Hb yA0OHO B TOM ILJIaHe, YTO MOKHO IIPSIMO alPecoBaThCs K II0OOMY CUMBOJLY
CTPOKT.

B xomauposke UTF-8 koabl cMMBOJIOB MeHbInue, ueM 128, mpeacraBisgiorcst oHuM Oaii-
ToM. Bee ocTanbHbie Kombl (hOPMUPYIOTCS 110 OoJiee CI0KHBIM IIpaBUIaM. B 3aBHCUMO-
CTH OT CUMBOJIA, €0 KO/l MOKET 3aHUMATh OT ABYX J0 IIECTH OaliTOB, IPUYEM CTapLIMii
6T Kaxkaoro GaliTa BCeraa MMeeT eIMHWYHOE 3HaueHue. VIHbBIMM coBamMu, 3HaUYeHue
Gaiita jiexut B quanasone ot 128 10 255. Houb B crapinem 6ute 6aiiTa 03HadaeT, 4To KoJ|
3aHMMaeT oiuH Oaiit u cosnagaer 1o koauposke ¢ ASCII. Cxema (popMupoBaHus KOJIOB
UTF-8 nokazaua B tabu. 2.11.

Ta6nuua 2.11. CtpykTtypa kogos UTF-8

Yucao JIBouyHOeE npecraBieHue Yuciao cBoo6oa-
GaiitoB HBIX OMTOB

1 OXXXXXXX 7

2 110xxxxx 10XXXXXX 11 (5+6)

3 1110xxxx 10xxxXXX 10XXXXXX 16 (4+6x%x2)

4 11110xxx 10xxxxxx 10xx3%xXXX 10XXXXXX 21 (3+6x%3)

5 111110xx 10xxxxxx 10xxxxxX 10x%%XXXX 10XXXXXX 26 (2+6x4)

6 1111110x 10xxxxxx 10xxxxxx 10xx3%xxXX 10xxXXXXX 10XXXXXX 31 (1+6x5)

B UTF-7 koj cuMBoJIa TaK:Ke MOKET 3aHUMAaTh OJMH WK GoJiee 6aliTOB, OIHAKO B KaXK-
noM u3 GaiiToB 3HaueHue He npesbimaer 127 (crapimuii 6uT Gaiita COLEPKUT HOJB).
MHoOr#e CUMBOJIBI KOAUPYIOTCS OXHUM GaiiToM, n ux Kopuposka cosiaznaet ¢ ASCII, ox-
HAKO HEKOTOPBIE KOBI 3aPEe3€PBUPOBAHBI 151 MCIOIb30BAHMs B KAUeCTBE IIpeaMOyJIbl,
XapaKkTepusyIoleil mocaeayone 6aiiThl MHOro6alTOBOIrO Koja.

Crangaprt Unicode o6paTHo coBmecTuM ¢ Koauposkoit ASCII, oguaxo, ecim B ASCIT g
IIPE/ICTABJIEHUs] CXOKUX TI0 BUY CUMBOJIOB (MUHYC, TUPE, 3HAK TIEPEHOCA) TPUMEHSII-
ca obmmii kox, B Unicode KaskAblil U3 9THX CUMBOJIOB UMEET YHUKAJIbHYIO KOJUPOBKY.
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Buepssie Unicode 6bu1 ucnoabsosa B onepanuonnoii cucreme Windows NT. Pacrpe-
nenenue konos B Unicode mumoctpupyer Tadu. 2.12.

Ta6nuua 2.12. bnoku cuMBonoB B cTaHaapTe Unicode

Konpr CHMBOJIbI

0-8191 AndaBuTel — aHTINIICKUH, eBpornelickre, (OHeTHIeCKIH, KUPUJLTHIIA, ap-
MSIHCKUI, UBPUT, apaOCKuil, ahuornckuii, 6eHrasiu, geBanarapu, ryp, TyaKapa-
TH, OPUS, TEJIYTY, TAMUJIbCKUI, KaHHA/a, MaJIAalCKU, CHHTQJIbCKUH, TPY3UH-
CKUH, THOETCKUI, TAHCKUIA, TAOCCKUH, KXMEPCKHUI, MOHTOJILCKUI

8192-12287 3HAKU MyHKTYaIlUU, MAaTeMAaTUYECKUE ONePATOPbI, TEXHIUECKIE CMBOJIBI,
OPHAMEHTBI U T. TI.

12288-16383 DoHeTnyeckre CUMBOJIBI KUTANCKOT0, KOPEHCKOTO U SITTOHCKOTO SI3bIKOB

16384-59391 Kuraiickue, kopelickue, simoHckue uaeorpadbt. Equnbiii HaGop cuMBOJIOB
kasurpadun XaHb

59392-65024 bBJ1ok 1151 9acTHOTO MCIOIb30BaAHUS

65025-65536 | Biiok obecrieueHnst COBMECTUMOCTH € IPOrPaMMHbBIM 00ecTiedeHreM

Jlornyeckune gaHHble

DJIeMEHTOM JIOTMYECKIX JIaHHbIX sIBJIsIeTcs Jorndeckas (OyJsesa) nepeMeHHast, KoTopast
MOJKET TIPUHUMATD JIMIIb /[BA 3HAYEHUS: <UCTUHA» WU «JIOXKb». KogaupoBanue joru-
YeCKOro 3HAYEHUs IIPUHSTO OCYIIECTBISTh OUTOM UH(MOPMAIMU: eMHULIENH KOAUPYIOT
UCTUHHOE 3HaueHue, HyjieM — JoxHoe. Kak npasusio, 8 BM onepupyior Habopamu Jio-
IMYECKUX IE€PEMEHHBIX JUIMHON B MalluHHOe ¢JoBo. OOpabaThiBalOTCS TaKKe CJIOBa C
HOMOIIbI0 KoMaH 1 jorndyeckux onepauuii (M, IJIV, HE u 1. 1.), ipu 5T10M Bee 6uThI 00-
pabaThIBAIOTC OAUHAKOBO, HO HE3aBUCKMO APYI OT APYTa, TO €CTh HUKAKUX [IEPEHOCOB
MEK/LY Pa3psi/laMy He BOSHUKAET.

Ctpoku

CTpoKn — 3TO HEMpepbIBHASA MOCJAEI0BATEIBHOCT GUTOB, GANTOB, CJIOB WU JBOWHBIX
cnoB. bumoeas cmpoxa MOKET HAYMHATLCS B JII000# To3unmu Gaiita U comepxaTh 10
2%2 6utoB. Baiimosas cmpoka MOKET COCTOATH 13 GAITOB, CJI0B W IBOWHBIX CJI0B. Jlm-
Ha TaKoii CTPOKM BapbUPYeTCs OT HyJIst 10 2°2 — 1 Gaiiros (4 T'6aiir). [Tpuseaentbie mud-
PBI XapakTepHsl /1711 32-pa3psaaabix BM.

Ecan Gaiitel 6aiiTOBOI CTPOKM IIPEACTABASIOT COOOM KOJBI CUMBOJIOB, TO TOBOPSIT
0 mexcmogoi cmpoxe. II0CKObKY JIJIMHA TEKCTOBON CTPOKM MOKET MEHSITHCSI B OU€HD
[MIUPOKUX TIpelesiaX, TO AJIs YKasaHUs KOHIIA CTPOKU B IOCJTEAHUIT GallT 3aHOCUTCS
KOJ-OTpaHIYKMTEe] b — OOBIYHO 3TO HYJIM BO BCeX paspsiaax Oaiita. VIHorma BMECTO orpa-
HUYHUTEJIS JUINHY CTPOKHU YKA3bIBAIOT YMCJIOM, PACIIOJNIOKEHHBIM B IEPBOM WJIH JIBYX TIep-
BBIX GaiiTax CTPOKIL.

Mpouune Bnabl UHGOpMauUun

[Tpeacrasiasiemas B BM undopMaiusa MoKeT ObITh CTATHUECKON MU JUHAMUYECKON
[25]. Tak, rcsioBast, CAMBOJIbHASI M JIOTHYECKast THPOPMAITUS SIBJISIETCS CTATHYECKON — ee
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3HaYeHue He CBI3aHO co BpemeHeM. Hamportus, ayamontndopmaiys uMeer uHaMude-
CKUIii XapaKkTep — CYIIECTBYET TOJBKO B PEKUME PEATbHOTO BPEMEHH U HE MOKET ObITh
ocTaHOBJIeHa Jis GoJiee TOAPOOHOTO M3ydyeHus. Ecian usMeHuTh Macuitab BpeMeHH,
ayuonH(OpMaIis UCKAKAETCs, YTO MCIIOIb3YeTCsI, HAIIPUMED, JIJIsI CO3[aHUsI 3BYKO-
BbIX 3(D(HEKTOB.

BugeonHndpopmauuna
Bugeonndopmarius OblBaeT Kak CTaTUYECKOH, Tak U AuHaMudeckoil. CTaTudyeckass By-

neonH(OpPMAIHsT BRIIOYAET B cebst TEKCT, PUCYHKH, TPAhUKH, YePTEKH, TaGIHUIIBI 1 JIp.
Pucynku fesisitest TakyKe Ha TUIOCKUE — JIByMepHbIe U 00bEMHbIE — TPEXMEPHBIE.

[unamuueckast BueonHdopMaIus — aTo BUI€0-, MyJIbT- U cJali/1-huiabMbl. B nx ocHo-
BE JIEKUT TI0CJEA0BATEIbHOE SKCIIOHUPOBAHNE Ha dKPaHe B peajbHOM Maciitabe Bpe-
MEHHU OT/EJIbHBIX KaJ[POB B COOTBETCTBUU €O clieHapueM. /{unamudeckast nagopmarims
UCIIOJB3YeTCst INOO ISt lIepeayr ABSKYIINXCS N300pakeHuii (aHUMaIus ), JTUO0 1JIst
MIOCJIe/IOBATETHHON JIEMOHCTPAIIUN OTAETBHBIX KAAPOB (CIali/-hUIbMbI).

Jl1st ;eMoHCTpaIy aHUMAIIMOHHBIX U CIAH/1-(DUIIBMOB ONMUPAIOTCS HAa PA3JINIHBIE TIPUH-
[UITbI. AHUMAIMOHHbBIC (DUIBMBI JEMOHCTPUPYIOTCS Tak, YTOObI 3PUTEIBHBIN armapar
YesloBeKa He MOT 3a(hUKCUPOBATh OTAETHHBIX KaJPOB (/IS TIOJyUeHUST KaueCTBEHHON
aHUMAaIlMKU KaJIPbl JOJIKHBI cMeHsThes topsiaka 70 pas3/c). Ilpu nemoncrpaiuu ciaiij-
(UIBMOB KaKJbII KaAp SKCIIOHUPYETCS Ha 9KpaHe CTOJBKO BPEMEHH, CKOJIBKO HEe00-
XOJIUMO JIJIsI BOCTIPUATHS ero d4eioBekoM (06brao ot 30 ¢ 1o 1 mun). Caaiia-huibmbr
MOKHO OTHECTH K CTaTUYECKON BUIcOMH(MOPMAINH.

B BBIUMCIUTENHHON TEXHUKE CYIIECTBYET JBa CHOCO0A TPEICTaBIeHUs TPaUIeCKuX
usobpaskennii: mampuunvii ( pacmposoiii) u sexmopnwiti. Marpuunbie (bitmap) ¢op-
MATBI XOPOIIIO TIOIXOMST JIJIst U300PasKeHUN CO CIOKHBIMEI TAMMaMU I[BETOB, OTTEHKOB
n dopm, Takux Kak ¢ororpacdun, pUCYHKH, OTCKAHUPOBAHHbIC TaHHBIC. BeKTOpHBIE
(dhopmatbl 6osiee MPUCTIOCOOIEHBI LISt YePTEKEH 1 M300PaKEHUN ¢ IPOCTHIMU (HOPMAMH,
TEHSIMU W OKPACKOI.

B maTprunbix (popmarax n3oOpaskeHnue IpeCcTaBIseTcs IPIMOYTOAbHOM MaTpUIeil To-
ek — nuxcenos (picture element), mososKeHUe KOTOPHIX B MATPUIIE COOTBETCTBYET KO-
opAMHATaM ToYeK Ha akpaHe. [loMHUMO KOOPAMHAT, KAXKIbIM IMUKCE XapaKTepU3yeTcs
CBOMM I[BETOM, IiBeTOM (hoHA Wim rpajiaiueil siprkoctu. KonmdectBo GUTOB, BbijeJsie-
MBIX [IJIS1 YKa3aHUs I[BeTa MUKCeJla, U3MeH[eTcd B 3aBUCUMOCTH OoT (popmara. B Bbico-
KOKa4eCTBEHHbBIX H300PaKEHMIX [[BET TUKCENIA ONUCHIBAIOT 32 GUTaMU, 4TO ]AeT OKOJIO
4096 muts 11BeToB. OCHOBHO# HEIOCTATOK MAaTPUYHON (PAacTPOBOIT) rpad MKy 3aKJII0YAET-
cs1 B GOJIBIION eMKOCTH IAMSTH, TPeOyeMOii /I XpaHeH st U300PasKeHUs, U3-3a Y€T0 JJIs
OIKCaHUs U300PaKEHMIT TTPUOETAIOT K PAsJMYHBIM METOaM CKaThs faHHbiX. Cxartre
n3o6paxeHust 0OBIYHO BKIIOUaeT Ba atana. Ha nepsom arane n3obpakenue JeJmuTest Ha
GJIOKY MUKCeielt, B KasK/I0M U3 KOTOPBIX ycTpansiercs u3bbprounocts. Ha Bropom srare
MTPOM3BO/JINTCS KOAUPOBAHME JJIMHHBIX TOCAeI0BATENbHOCTEN HyJIeH 1 eJIMHUIL U TTpel-
CTaBJIeHUE UX KOJIAMHU [TePeMeHHO JUIUHBL. B cryvae aunamMudeckoii Bugeonngopmainn
BO3MOKEH U TPETHIT HTAIl CXKATHS 38 CUET CPABHEHUS KAKIOTO U300PAsKEHU C [IPE/IBILY -
HIMM U COXpaHEHHWeM JIMIIb U3MEHUBIIelcs ero yacT. B Hacrosiiee BpeMd CyIiecTByeT
MHOKeCTBO (hopMatoB rpacdudecknx (GaiijioB, pa3anvaioniuxcst aJIrTOPUTMAMU CIKATUS
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U crrocobaMu MpeCTaBAeHI MaTPUYHBIX N300pakeHn, a Takxke chepoil IPUMEHEHHS.
HexoTopble U3 pacnpocTpaHeHHbIX (POPMATOB MaTpUUHbIX rpaduueckux ¢aiiios nepe-
yucJieHsl B Tabu. 2.13.

Ta6nuua 2.13. MatpuuHble rpadpuyeckue popmathbl

OGo3nauenue IlomHoe Ha3Banue

BMP Windows u OS\2 Bitmap

GIF Graphics Interchange Format
PCX PC Paintbrush File Format

JPEG Joint Photographic Experts Group
TIFF Tagged Image File Format

PNG Portable Network Graphics

BexTopHOe 1IpeicTaBIeHne, B OTIMYIe OT MATPUYHOI rpad UKy, 3a1aeT M300paskeHue He
HUKCeaaMu, a rpaduYecKMU IPUMUTABAMIU, KOTOPbIE MOI'YT ObITh OIICAHBI MATEMATH-
yecku. B KauecTBe IPUMHUTUBOB MOTYT BBICTYIIATD:

JINHUY U JIOMAHbIE JTUHUMN;

MHOTOYTOJIbHUKHY;

OKPY’KHOCTH U DJLIUIICEL

CILJIAlHBI,

0E3UTOHDL.

Hpe>1<,7_‘[e BCETO CJIEYET TMOACHUTH HEKOTOPBIC IMYHKTBHI B BBIMIEIIPUBEACHHOM CIIMCKE,
B YaCTHOCTU [TOHATUA CILIaiiHa 1 Ge3uroHa.

CrurailH — 9T0 TJIajiKas KpUBasi, KOTopast IPOXOAUT Yepes ABe Win GoJiee OIIOPHBIX TOY-
Ku, yipasJistioriye ¢hopmoii crutaiina. B BekTopHOI rpaduke HarboJiee pacpocTpaHeHb
craiiHbl Ha ocHoBe KpUBBIX besbe (Bezie). KpuBast Besbe onmcwiBaercs mapoit kaca-
TeJIbHBIX B TOUKAX ee KOHIIOB. KacaTebHble 32/1a10TCS KaK OTPE3KU TIPSIMOI TIyTEM YKa-
3aHMS KOOP/IMHAT KOHIIOB 3TUX OTPE3KOB, TO €CTh YeTBIPhbM: KoopauHatamu P, P, P,
u P,. DTN 0TPe3KN MOKHO PACCMATPUBATh KaK «PBIYari», C TTOMOIIBIO KOTOPBIX KPUBYIO
u3rubaoT HyKHbIM 06pasoM. DopMa KPUBOI 3aBUCUT He TOJBKO OT HAKJIOHA KacaTesIb-
HOIi, HO 1 OT JIIWHBI OTPE3Ka, PeICTABJSIONero kKacareabnyio (puc. 2.29).

Puc. 2.29. lNpumep kpuBol beabe

Tepmut 6e3uron 06pazoBaHHBII coueTaHWEM CJIOB Besbe 1 omron (MHOTOYTOJIbHHUK ),
obo3HaYaeT GUrypy, HAIOMIHAIOILY0 MHOTOYTOJBHIK, HO B KOTOPOM BEPITHHbI COE/IH-
HEHbI He IPSIMOI JImHMel, a KpuBbIMu besbe.
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Tak Kak Bce MPUMUTHUBBI B BEKTOPHOI TpaduKe orpeneseHbl COOTBETCTBYIONIMMH Ma-
TEMATHYECKUMU BBIPAKEHUSAMM, I UX OMUCAHUS B PAMKAX M300PasKeHUsS JOCTATOYHO
yKa3aTb JIMIIb HECKOJIBKO MapaMeTpoB, a COOTBETCTBYIOINIee TpaduyecKoe MPeiCcTaB-
JIEHUE TIOJIYYUTDh MyTeM <«BblUMCJAeHUI». Tak, /g onucanuss OKpyKHOCTH TOCTATOYHO
yKa3aTb ee paJyC U KOOPAMWHATBI IEHTPA, a TaKkKe IBET U TOJIIMHY KOHTypa U 11BET
3amoaHeHs (ecIM He TPeoyaraeTcs ciejaTb KOHTYP WU OKPYKHOCTD TPO3PAYHbI-
Mu). CpaBHUTENBHO HEOGOJBIIOE YKCIIO TTAPAMETPOB, XapaKTepu3yIoux rpahudeckre
MPUMUTHBBI, TO3BOJISET CYIIECTBEHHO COKPATUTh 00beM (aiiia ¢ nsobpaskennem. Eie
OJIHO JIOCTOMHCTBO BEKTOPHOUN TpahuKy — MPU MaclITabupoBaHU 00HEKTOB KauecTBO
U306paKeHNsT HE YXY/IITAeTCA.

HenmocratkoM BeKTOPHBIX M300PasKEHUl SBISETCS WX HEKOTOPast MCKYCCTBEHHOCTD,
3aKJIIOYAIONIAACS B TOM, 4TO J1060e n3obpaxkeHre HeoHX0ANMO pasdUTh Ha KOHEYHOEe
MHOKECTBO COCTABJIAIONINX €r0 IPUMHUTHBOB. KpoMme Toro, ¢ yBesnyeHneM 4ncia rpa-
(bruecknx MPUMHUTHBOB BO3pacTaeT U 06beM cooTBeTCTRYyIoMIero (aitna. Kak u st ma-
TPUYHOU TpaduKH, CYIECTBYET HECKOJIBKO (hopMaToB rpadruecKux BEKTOPHBIX (aii-
jioB. Hexoropbie u3 HUX npuBeaeHbl B Tadi. 2.14.

Ta6nuua 2.14. BekTopHble rpadunyeckme dopmaTbl

OGoznauenue Ioanoe Ha3BaHue

DXF Drawing Interchange Format
CDR Corel Drawing

Al Adobe Illustrator

PS PostScript

SVG Scalable Vector Graphics
VSD Microsoft Visio format

Matpuunas v BekTOpHas TpaduKa CyIEeCTBYIOT He 000c0bJeHHO APYT OT Apyra. Tak,
BEKTOPHBIE PUCYHKH MOTYT BKJIIOYATh B ceOst 1 MaTpUUHbIe n3obpaxkenust. Kpome Toro,
BEKTOPHBIC U MATPUYHBIC M300PasKEHUST MOTYT OBITH TPeoOPasoBaHbl JAPYT B APYTa.
Ipacduyeckne dopmatel, MO3BOJIAIONINE COYETATh MATPIUYHOE U BEKTOPHOE OIIMCAHUE
n306pakeHNs, Ha3BIBAIOTCS Memagpaiiiamy. Metadailibl 06ecrnednBaioT J0CTATOUHYIO
KOMIaKTHOCTh (hallJIoB ¢ COXPAHEHWEM BBICOKOTO KadyecTBa M306pakenus. [IpumMeps
Hanboee pacpocTpaHeHHbIX GopMaToB MeTadaiiioB ganel B Tad1. 2.15.

Ta6nuua 2.15. ®opmatbl meTadaiinos

O6o3nauenne ITosmoe nazBanue

EPS Encapsulated PostScript
WMF Windows Metafile

CGM Computer Graphics Metafile

PaccmoTpennbie (hopMbI TIPEACTABICHUS CTATUYECKONW BUACOMHMOPMAIIUHA UCTIOIb3Y-
IOTCS1, B YaCTHOCTH, JIJIST OT/IEJIbHBIX KaJ[POB, 00PasyolnX aHuManoHHbie GribMbL. J{Jist
XpaHEHUS AHUMAIIMOHHBIX (DUJIBMOB TPUMEHSIOTCS PA3JTUYHbBIE METO/IBI CoKATUS MH(DOP-
Maruu, GOJIBIINHCTBO U3 KOTOPBIX CTAHIAPTU30BAHO.
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AyaunovHdpopmauus

TMoHsTHE Aayduo CBSA3aHO €O 3ByKaMU, KOTOPbBIE CIIOCOOHO BOCIIPUHUMATH YEJI0BEUECKOE
yx0. HacToThI ayIMOCUTHATIOB Jieskat B Anarasone ot 15 I 1o 20 k111, a curHaJIbI 110 CBO-
eil TIpUpoJie SIBJISIFOTCST HEMPEPBIBHBIMU (aHATOTOBBIMI). TIpesk/ie ueM OBbITh TIpe/ICTaB-
serHoit B BM, ayanonndopmalius qokHa ObITh 1IpeobdpasoBata B udpoByio hopmy
(otmposana). JIJist 9TOr0 3HAYEHUST 3BYKOBBIX CUTHATIOB (BBIOOPKH, samples), B3stTbie
yepe3 MaJible TIPOMEKYTKU BPEMEHHU, ¢ TIOMOIIbI0 aHAJIOTO-I(POBBIX MTpeobpasoBare-
sieit (AITIT) iepeBojsitest B BOMYHBIN KoI. OGpaTHOE JeficTBYE BBITIOTHSETCS UMPO-
anasoroBeiMu 1ipeoOpaszoBatessimu (ITAIT). Yem uale mpousBOAATCS BHIOOPKH, TEM
BBIIIIE MOKET OBITh TOYHOCTD TOCJIEYIONIEr0 BOCIIPOU3BEAEHIS UCXOJHOTO CUTHAJIA, HO
TeM OOJIbIIast EMKOCTh MaMsITH TpeOyeTcs IUist XpaHeHus1 onudpoBaHHOTO 3BYKa. JlJist
BBICOKOKQUECTBEHHOTO TPE/CTaBICHUS ayauonHdopmam pekomenmayercs 16-pas-
PSITHOE TIPEJICTaBJIeHNe aMIINTY bl curHama (2% rpaganuit ypoBHsS 3ByKa) M 4acToTa
BoIOOpKY mopsizika 40 kT (TPOMEKYTOK BPEMEHU MEK/LY TOCJEI0BATETbHBIMU BHIOOP-
KaMmu He OoJiee 25 MKC).

[T poBoil SKBUBATIEHT ayANOCUTHATIOB OOBIYHO XPAHUTCS B BU/IE (DAiIOB, TIPUYEM TITH-
POKO HCIIOJIb3YIOTCSI PA3JIMuHble METObI CKaTusl Takoil mHdopmanuu. Kak npasuio,
K METOJIaM CXKaTHsI ayAMOMH(DOPMAITUH TTPEIbSIBISIETCST TPeOOBAHNE BO3MOKHOCTU BOC-
CTAHOBJICHUSI HEMIPEPBIBHOTO CUTHATA 6e3 3aMETHOTO YXYIIEHUsT ero KayecTa. B Ha-
CTOsIIIIee BPEMST PACIIPOCTPAHEH 1eJbIil psifi (POPMATOB XpaHeHUsT ayauonHMOOPMAIIHH.
Hexkoropsle 13 Hux nepeuynciaens: B Tadu. 2.16.

Ta6nuua 2.16. Dopmatsl ayanodainos

O6o03Hauenne ITonHoe Ha3BaHuE

AVI Audio Video Interleave

WAV WAVeform Extension

MIDI Musical Instrument Digital Interface
AIF Audio Interchange Format

MPEG Motion Picture Expert Group Audio
RA Real Audio

Tunbl KOMaHA

Hecmotpst Ha pasnuume B cucteMax KOMaH/| pa3HbiXx BM, HEKOTOpble OCHOBHBIE THITBI
orieparuii MOryT ObITh HAlIEHbI B 000N U3 HUX. J[JIsT OMUCAHUST STUX TUIIOB MPUMEM
CJIEIYIONIYIO KJIacCU(UKAIHUIO:

KOMAaH/Ibl [I€PEChIJIKU JJAHHBIX;

KOMaH/bl ap(PMETHIECKOI 1 JTOTMYeCKOM 06pabOTKY,

KOMaH/[bl pabOTBHI CO CTPOKAMHU;

komauael SIMD;

KOMaHJIbI TPeo6pasoBaHusT;

KOMaH/Ibl BBOJIA,/BBIBO/IA;

KOMaH/IbI yIIPaBJIEHUST TOTOKOM KOMaH]/I.
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KomaHabl nepecbilJiKu AaHHbIX

I10 HanboJiee pacIpPOCTPAHEHHBIN TUIT MATITMHHBIX KOMAH/I. B Taknx KoMaHIaxX M0JKHA
cojiepKaTbes cienytonas nHhoOpMaIu:

B aJpeca UCTOYHUKA U TOJydaTeist ONePaHoB — ajpeca siaeek MmaMsITH, HOMepa Peru-
CTPOB TIPOTIECCOPA WM UHMOPMAITUS O TOM, YTO OTIEPAH/Ibl PACTIOJNOKEHBI B CTEKE;

B JUIMHA TIOJIEKAIUX [IePechlIKe JaHHbIX (0ObIYHO B OaiiTaX WM CJI0BAX ), 3aJaHHast
SIBHO WJIM KOCBEHHO;

B crocob agpecaruy Kaxk/0ro U3 ollePaH/IoB, ¢ TIOMOIIIBI0 KOTOPOTO COAEPKIUMOE apec-
HOI 4acTi KOMaH/Ibl MOKET OBbITh IIEPECUNTAaHO B (PUBUUECKUIT afpec olepanza.

PaccmarpuBaemast TpyIiia KOMaH [ obecrieunBaet rnepegady nHopMaIu Mesky mpo-
meccopom u OII, BHyTpu 1ipotieccopa u Mexky gueiikamu namstu. [lepecbliounbie orre-
panuu BHyTPH IIPOIeccopa 3a/1al0TCsI KOMaHaMu (DopMaTa «PEerucTp-perucTp». Koman-
bl IIePeauil MKy IIPOLECCOPOM U ITaMATBIO OTHOCATCS K (DOPMATy «PerucTp-laMsThy,
a KOMaH/Ibl TIEPECHIITKA B TAMATH — K (hOPMATY «ITaMsSITh-TTaMITh».

KomaHnabl apudmMmeTnyeckom n ormyeckoit oopadoTku

B maHHYy0 TPYIITY BXOAAT KOMaHIbl, 0OeceunBaoliie apuGMeTHIecKy o U JOTHIECKY0
06paboTKy nHbOPMAIUK B PasJUUHbIX (hopMax ee mpeicraBierus. s Kaxmoii popMbl
npezcrapienust yrcesa B ACK 06bIYHO TIpelyCMaTpUBAETCS HEKUIT CTaHapTHBII HAGOP
omiepaIuii.

[ToMuMO BbIUMCICHUS PE3YJIBTATa, BLITOJTHEHNE apU(DMeTHYeCKUX 1 JIOTHYeCKUX olepa-
1uii conpoBoskaaercd popmupoBanueM B AJIY npusaakos ((hiaros), XapakTepusyIommx
aTOT peayJbrat. Hanbosee qacto GUKCUPYIOTCS TaKue TpusHaky, Kak: Z (Zero) — HyJie-
Boii pesyabrar; N (Negative) — orpumaresnbhbiii pesyssrar; V (oVerflow) — nepemnos-
Henue pazpsiaHoi cetku; C (Carry) — Hasmmune nepesoca.

Onepauuu ¢ uenbIMu Yucnamm

K crangaprHoMy HabOpY Orepaliuii Ha/l eJTbIMU YHCIAMU, TPEACTABJCHHBIME B (hopMe
¢ pUKCUPOBAHHOI 3aATOMH, CJielyeT OTHECTH:

B ByXMecTHbIe apudMeTruecKre orepaiuy (oIepayy ¢ AByMs OllepaHaMu): CJI0XKe-
HUe, BblYMTaHue, YMHOXKEHUe U [leIeHIe;

H oxHOMecTHbIe apudmernyeckue ornepauu (Onepalnuy ¢ OJHIM OIIEPAH/IOM ): BbIYHUC-
JieHne abCOTIOTHOTO 3HaUeHUsT (MOJLYJIST) OlepaH/ia, M3MEHEHUE 3HAKA OIIEPAH/IA;

B omnepanuy CpaBHEeHNsI, 06ECTIEeUNBAIOTIIE CPABHEHNE JBYX TIEJIBIX YNCET U BHIPAOOTKY

IIPU3HAKOB, XaPAKTEPUIYIOIIIX COOTHOIICHHIE MEK/IY COIOCTABIISIEMbIMU BeJIMYNHAMI
(=, <> > <, <=>=).

Yacto aTOT 1epedeHb AOTOJIHSIOT TAKUMU ONEePAIlisIMK, KaK BbIUMCIEHNE OCTaTKa OT
IEJIOYNCJEHHOTO JieJIeHnsd, CJI0KEeHEe C YUETOM IlepeHoca, BbIYUTaHUE C YyHEeTOM 3a1‘/’1Ma,
yBe/qn4dYeHrne 3HadeHusdA OollepaHa Ha €ANHUILY (I/IHerMeHT), yYMEHbIIEeHNE 3HAYE€HUA
oTiepaH/ia Ha eIMHUITY (JIEKPEMEHT).

OTMmeTnM, 4TO BBIOJTHEHNE apU(pMETHIECKUX KOMaH/I MOKET JOTIOTHUTEIBHO COTIPO-
BOJK/IATBhCSI TIepeMelieHreM JaHHbIX U3 ycrpoiicTBa BBojga B AJIY wam uz AJIY Ha
YCTPOIICTBO BBIBO/A.
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Onepauum c yncnamm B GopmMe C nJjiaBaloLL,emn 3anaTomn

Jliist paboThl ¢ 4nCIaMH, TIPeACTaBIeHHBIMU B (hopMe ¢ TraBatorieii 3armsroit, B ACK
GOJIBITMHCTBA MAIIUH [TPELyCMOTPEHBI:

B ocHOBHBIe apudMeTHYecKue ollepalui: cJ0KeHue, BblYUTanue, yMHOKEHHE U Jie-
JIeHNE;

B Olepaly CpaBHEHs, 00eCTIeMBAIOIIIE CPABHEHNE IBYX BEIIECTBEHHBIX YHCEI C BbI-
pa60TI<oﬁ IIPU3HAKOB: =, <>, >, < <= >=;

B omnepaiuu npeobpasoBatust: OPMbI MpecTaBieHus (Mex 1y (UKCHPOBAHHOI 1 T11a-
BaOIIeil 324 Tol ), hopMaTa mpecTaBieHns (¢ OAMHAPHOU 1 IBOITHOI TOYHOCTBHIO).

Jlornyeckue onepauum

Cranpaprias cucrema Komanjg BM cozepKuT KOMaHIbl /IJisl BBITIOJHEHUS PAa3TUIHBIX
JIOTMYECKUX OIepalnuil HaJl OTAeIbHBIMU OUTaMU CJIOB WU APYTUX afPECyEeMbIX €INHIHLL.
Takue KOMaHAbI TIpeHA3HAYEHBI Il 00PaOOTKU CUMBOJBHBIX M JIOTMYECKHUX JaHHBIX.
MunuManbHblii Ha0Op IMOAAEPKMBAEMbIX JOTMYECKUX onepanuii — 210 <HE», «I»,
«NJIN» u «caoxenue o MOLYJIO 2.

Onepauuu coBUroB

B fomostHeHnE K TOOUTOBBIM JIOTHIECKIM Olepaliisam, pakrudeckn Bo Bcex ACK mpey-
CMOTPEHBI KOMAH/IBI JIJISI PEATTU3AIUN OTIePaIiil JIOTHIECKOT0, apu(METHUECKOTO U 11~
KJmaeckoro ciBUroB (puc. 2.30).

Puc. 2.30. BapunaHTtbl onepauuii cogura

[Ipu nozuueckom casure BiaeBo uau BiipaBo (puc. 2.30, a), cABUTAIOTCS BCe PA3PSIABI CII0-
Ba. BuThl, BbILIeMINE 32 IPEAEIbI PA3PALHON CETKH, TEPSIIOTCS, a OCBOOOIUBIIIECS T10-
3UIUN 3ATIOJIHSIOTCS HYJISIMU.

ITpu apupmemuuecxom casure (puc. 2.30, 6) 1aHHBIE TPAKTYIOTCS KaK IEJIbIE YHCTA CO
3HAKOM, TIPIYeM OWT 3HAKa He M3MEHsIeT ToJoKeHust. [Ipu ciBUTe BITPABO OCBOOOIIB-
HIMeCs TO3UIINH 3ATTOJIHSIOTCS 3HAYEeHNEM 3HAKOBOTO PA3psijia, a IPU C/IBUTE BJICBO — HY-
JsgMu. Apudmernyeckre cIBUTH TO3BOJSIOT YCKOPUTD BBITTOJIHEHNE HEKOTOPBIX apud-
METHUYECKUX onepauI/Iﬁ. TaK, €CJIN YHCJa MIpe/ICTaBJACHbI IBOMYHBIM /IOMTOJTHUTEIbHBIM
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KOJIOM, TO C/IBUTH BJIEBO U BITPABO 9KBUBATEHTHBI COOTBETCTBEHHO YMHOKEHUIO 1 JieJie-
HUIO Ha 2.

[Ipu yuxnuuecxom cnpure (puc. 2.30, 8) cMenatoTcs Bce pa3psijibl CI0Ba, TPUYEM 3HaUe-
HU€e Pa3psi/ia, BBIXO/SIIIETO 32 MIPEJIEJIbl CJIOBA, 3AHOCUTCS B TIO3UIIIIO, OCBOOOAUBIIYIOCS
C TIPOTUBOIIOJIO}KHOI CTOPOHBI, TO €CTh OTepu MHbopManuu He poucxoqut. OxHo U3
BO3MOXKHBIX IIPUMEHEHU IIMKIMYECKIX CBUTOB — 3TO NepeMellleHre HHTePEeCyIoIero
6uTa B KpaifHIOW JIEBYIO (3HAKOBYIO) MO3UIIMIO, T/IE OH MOJKET GBITH MPOAHATU3UPOBAH
KaK 3HaK YHCJIA.

Onepauvm C AeCATU4YHbIMUN HNUcnamMmum

[lecsatrunble yncsia mpeacTaBisioTess B BM B nBomyHo-KogmpoBanHoi hopme. B Bbrumic-
JIUTEJIBHBIX MAllITHAX [IEPBBIX MOKOJIEHMI /17151 06pabOTKK TAKUX YHCEJI IPeLyCMaTprBa-
JIICh CHelralbHble KOMaH/Ibl, 00eCIeYrBaBIINe BbIIOJHEHHE OCHOBHBIX apudMeTnye-
CKUX ofiepaiuii (ciokeHue, Berantanue, ymHoxenue u genenne). B ACK coBpemeHHbIX
MaIIMH TOJOGHBIX KOMaH I 00BIYHO HET, a COOTBETCTBYIONINE BHIYMCIEHUS UMUTUDYIOT-
€SI € TIOMOIIBIO KOMAaH/I [I€JIOYUCIEHHOM apU(METHKH € TTOCIeIyIONeil KOppPeKIneit 1mo-
JIy4EHHOTO Pe3yJIbTaTa.

SIMD-komaHabl

HasBaHue maHHOTO THIIa KOMAaH IpeacTaBiseT coboii abOopesuatypy or Single In-
struction Multiple Data — GykBaJbHO «OJHA KOMaHIa — MHOTO JaHHBIX». B oTimuue
OT OOBIYHBIX KOMAH/I, OTIEPUPYIONTHIX ABYMsT uncaami, SIMD-komamasr 06pabaTbiBaioT
Cpasy Be TPYIIIBI ynces (B MPUHIINTIE, X MOKHO Ha3bIBATh IPYITIIOBBIMI KOMAHIAMN ).
OrepaH/Ibl TAKUX KOMaH]T OGBIYHO TPEICTABICHBI B OJ[HOM U3 YITAKOBAHHBIX (HOPMATOB.

Nnes SIMD-06paboTky 6bia BEIABUHYTA B VIHCTUTYTE TOYHON MEXaHUKH U BBHIYUC-
sureibHoN Texauku um. C. A. Jlebemesa B 1978 romy B pamKkax mpoekta «IiaboOpyc-1».
C 1992 roma komansl Turia SIMD cranoBsiTcst HeoTbeMieMbiM aieMmenToM ACK Mukpo-
mpoteccopos ¢upMm Intel 1 AMD. TToBOZOM MOCTYKUIIO MIMPOKOE PACTPOCTPAHEHUE
MYJIBTUMEIUHHBIX TPUJIOKeHN. Buieo, TpexmepHast rpacduka u 38yk B BM mpezcras-
JISTIOTCST OOJIBIIIMMU MacCHBAaMU JIAHHBIX, 3IEMEHThI KOTOPBIX Yallle Bcero obpabarbiBa-
H0TCst UAEeHTUYHO. Tak, IPY cKaTUK BHIeo U ipeobpasoBanuu ero B popmatr MPEG oxun
1 TOT K€ aJITOPUTM TIPUMEHSIETCS K ThICsTYaM OUTOB JAHHBIX. B TpexmepHOll rpaduke
JacTO BCTPEYAIOTCS OTIEPAITN, KOTOPhIE MOKHO BBITIOJHUTD 32 OJIUH TaKT: MHTEPITIOJIU-
pPOBaHME U HOPMHUPOBKA BEKTOPOB, BBEIUYNCTIEHNUE CKATSIPHOTO MMPOU3BEICHUS BEKTOPOB,
WHTEPIIOJSATINS KOMITOHEHTOB 11BeTa U T. 1. Brmouenne SIM D-komann 8 ACK nozBoss-
€T CYIIECTBEHHO YCKOPHUTD TMO0OHBIE BIYUCIICHISL.

IepBoit Ha mysnsTuMenuiiHbIi Gym orpearupoBaia ¢upma Intel, 1o6aBuB B cucremy
KOMaH I cBoero Mukporpoieccopa Pentium MMX 57 SIMD-komana. Hassanne MM X
(MultiMedia eXtention — MyJbTUMEIUITHOE paclpeHne) pazpaboTInK 0OOCHOBbI-
BaJId TEM, YTO MPU BBIOGOPE COCTABA HOBBIX KOMAH I ObLIH TPOAHATU3UPOBAHBI AJITOPUT-
MBI, TIPUMEHSIEMbIE B PA3JIMYHBIX MYJIBTUMEIUNHBIX Mpuiaoxennsx. Komanapr MMX
obecriednBaiy apaieabHyio 06padOTKY yIIAKOBAaHHbIX 1eJIbIX YKces. IIpu BblIoJHe-
HUW apUOMETUIECKUX OTMEPAIIil KaK[0€ U3 YKCEl, BXOJAIINX B TPYIIITY, pACCMaTPUBa-
eTCsT KaK CaMOCTOSITEJIbHOE, (€3 CBSI3U ¢ COCEAHUMU YUCJAMU. YUUTBIBAs CEu(pUKy
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o6pabaTbiBaeMoil HbopMaruu, Komauasl MMX peanusyior Tak HazbiBaeMyio apud-
METHKY C HACBINCHUEM: €CJIM B PE3YJIBTaTe CIOKEHUS 00pasyeTcst YNUCJI0, BHIXOAAIIEE
3a TIPe/IesIbl OTBEJICHHBIX MO/l HErO MO3UIIUH, OHO 3aMEHSIETCs HAaMGOMBITUM IBONYHBIM
YHUCJIOM, KOTOpoe B 9TH no3uiiun BMmentaercsa. Ha puc. 2.31 nokaszano cioskenue 1ByX
IPYTIIT YeThIPEXPa3psAHBIX MEJbIX YUCe, YIAKOBAaHHBIX B 32-pa3psHble CI0BA.

Puc. 2.31. CrnoxeHune ¢ HacbILLLEeHNEM yrnakoBaHHbIX LieJibIX Yncen

CuleyIouM MIaroM CTajJo coslaHue HOBBIX HabopoB SIMD-komamz, paboTaiolux
TaKKe C ONepaHIaMM, MPEJCTaBIEHHBIMU B BUJIE YITAKOBAHHBIX YUCEJ C IIIABAIOIIEN
3angToil. Takie KOMaH/IbI B COOTBETCTBYIONIUX TTPUIOKEHUSX TIOBBINIAIOT TPOU3BOIN-
TEJBHOCTH MPOIECCOpa TIPUMEPHO BABoE. [lepBoil MOA06GHYI0 TEXHOMOTHIO B CEPEANHE
1998 roga npemmoxuiaa dupma AMD B Mukpotporieccope K6-2. 1o myasrumennitnoe
pacipenue BKaovano B cebs 21 SIMD-komanmy u mosryunio Hassanne 3DNow!. Pac-
mupenre 3DNow! B gononnenne k SIMD-o6paboTke 1eI0uncaAeHHON HHGOPMAIK
trria MM X 1103B0JI51J10 OnIepupoBaTh Mapoi yrakoBaHHBIX Yynces B (hopMmaTe ¢ T1aBao-
el 3aIaTomn.

B panbreitimem waboper SIMD-komatz cranu o6osHauyaTh abOpesuaTypoii SSE —
Streaming SIMD Extension (rmorokosas o6paboTKa 0 IPUHIUILY «OJHA KOMaHIa —
MHOI'O JIaHHBIX» ). B nociennux paspaborkax ¢upm Intel 1 AMD rtexnosnorus 06o-
sHaueHa kak SSE4, npu aToM y Kakao0il u3 ¢hpupM oHa uMeeT cBou ocobeHHocTH. Tak,
B MuKporpoleccopax Penryn ¢dupmsr Intel peanusosan naGop us 47 SIMD-komanz
(SSE4.1), B muxponporeccopax Nehalem (Core 17) Toii ske GUpMBbI — JOMOJHATENTBHO
emne 7 komanz (SSE4.2). Muxkpomnporeccopsl Phenom ¢upmbl AMD B HacTosiIee BpeMst
TTO/I/IEP>KUBAIOT JIUTITh 4 KoMaH/bl 13 SSE4, HO 0TIOJIHUTEIBHO peanu3yioT /IBe HOBbIE
KoMaHIbl, 0003Hauaemble kak SSE4a. B 2007 roxy dupma AMD aHoHCHpOBaa HOBbII
craugapt — SSES5, npenogrocumbiii kKak 128-paspsiaroe pacimmpenue SSE. Ilpema-
raercst HaGop u3 170 KOMaH/I, KOTODPBIN MIPEAIIOJIaraeTcsl peajn3oBaTh Ha [IPOLECCOPax
Bulldozer, npoussoacrso KoTopbix samianuposano Ha 2011 rog,.

Exte omma BapuaHuT apxuteKTypshi crcteMbl komMan ¢ SIM D-komanzamu BortoreH (hup-
Mmoii IBM B miporteccopax cepun PowerPC. Ira peanusarus Hocut HasBaHue AltiVec.

KomaHapbl anga paboTbl CO cTpokaMm

JLiist pabotsl co crpokamu B ACK 00bIMHO TIperycMaTpUBAIOTCS KOMAH IbI, 06eciednBao-
HiMe nepemMenienne, CpaBHEHUE U MOUCK CTPOK. B GOJIbIINHCTBE MAIINH [I€PEYNUCIEHHbIE
oTiepaly MpoCTo UMUTUPYIOTCS 32 CUET IPYTUX KOMAH/I.
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KomaHabl npeobpasoBaHus

Komanpl nmpeo0dpasoBaHusl OCYIIECTBIISIOT U3MeHeHne (hopMaTa [IPeACTaBIeHUs JaH-
HbIX. [TpMepPOM MOKET CIIYKUTh IIpeodpasoBaHue U3 JeCATUUHON CUCTEeMbI CUMCIIEHUS
B JIBOMYHYIO WJIM TTepeBo/l S8-pa3pspHoro xkojaa cumBosia u3 koauposku ASCII B koau-
posky EBCDIC, u Hao60por.

KomaHabl BBOAa/BbIBOAA

Komamer 970l TPyIIB MOTYT OBITH OAPA3/IeTeHbl HA KOMAH/IBI YIIPABJICHUs eprde-
puiiabiM yerpoiictBoM (ITY), mpoBepku ero cocTosinus, BBOJIA 1 BBIBOJIA.

Komannbr ynpasienus nepugepuiinvim ycmpoticmgom cyxat ajis 3anycka [1Y u yka-
3aHust eMy Tpebyemoro peiicteusi. Hanpumep, HAKOIMTEN0 Ha MarHUTHOI JIEHTe MO-
JKeT OBITh TIPE/IIIICaHa ePeMOTKa JIEHThI WU ee IIPOABIIKEHNE BIIepe]] Ha OHY 3aIliCh.
TpakToBKa MOAOGHBIX MHCTPYKIUI 3aBucut oT Tumna ITY.

Komanubl nposepxu cocmosiius 6600a,/661600a NPUMEHSIIOTCS JIJISE TECTUPOBAHUS pas-
JIMYHBIX TPU3HAKOB, XapaKTepu3yonmx coctosane moayist B/BbIB u noakmroueHHbIX
k Hemy [IY. Bmarogapst aTumM KOoMaHIaM TEHTPAJIbHBIN TIPOTIECCOP MOKET BBISICHUTD,
BKJIFOUYeHO i tutanue [1Y, 3aBepiiena sm mpepigyinas onepaius BBOa,/BbIBO/IA, BO3-
HUKJIU JIU B IIPOLIECCE BBOZA/BbIBO/IA KaKKe-JI100 OIUOKK U T. II.

Cobcerento ooMen nndopmarueii ¢ ITY obecrieunBaioT KOMaHIbl BBoza 1 BbiBoja. Ko-
MaH/Ibl 8600a TpeANUCHIBalOT MOy B/BBIB monyuuts sieMeHT JaHHbIX (OaiiT nim
coB0) ot ITY ¥ moMecTuTh €ro Ha MIMHY JAHHBIX, 2 KOMAHIbI 6b/6004 — 3aCTABJSIOT
MozyJib B/BbIB npuHsATh 3j1eMeHT JaHHBIX ¢ NIMHBI IAHHBIX U Tlepecsath ero Ha [TY.

KomaHpabl ynpaBneHns cuctemomn

Komanibl, BXOZSATIIE B 9Ty TPYIITY, SBISIOTCS MPUBUJIETUPOBAHHBIMU U MOTYT BBITIOJ-
HATBCS TOJBKO KOT/Ia IeHTPaIbHBIH TTpoiteccop BM HaxoamnTest B TPUBNJIETMPOBAHHOM
COCTOSTHUU WJIW BBITIOJTHSIET TPOTPAMMY, HAXOJSIIYIOCS B TPUBUJIETTPOBAHHON 001acTI
naMsaTu (OOBIYHO TIPUBUIIETUPOBAHHBII PEKUM UCTIONB3YETCsI JIUIITh OMEPAIIHOHHON CHi-
cremoit). Tak, JUIh 9TH KOMAH/bI CIIOCOOHBI CYUTHIBATH U U3MEHSITh COCTOSTHHE Psijia
PETUCTPOB YCTPOWCTBA yIIPABIEHUSI.

KomaHpabl ynpaBneHUs NOTOKOM KOMaHp,

Konnernus poH-HeliMaHOBCKOM BbIYMCINTEILHOM MAIIUHbI IIPEII0JIaraet, YTo0 KOMaH-
JIbI TIPOTrPAMMBbI, KaK 1IPABUJIO, BBIIIOJIHIAIOTCS B ITOPSIKE UX PACIIOJNOKEHUST B MTAMSITH.
[lnst momyyenus azipeca ouepeHoi KOMaH/IbI JOCTATOYHO YBEJTUYUTD COJIEPKUMOE CUET-
YUKa KOMaH/[ Ha JUIMHY TeKYyIlel KOMaH/bl. B TO ke BpeMsi OCHOBHBIE MPEUMYIIIECTBA
BM 3zakiouaiorcss UMEHHO B BO3MOJKHOCTU M3MEHEHUS XoJz1a BBIUMCJIEHUI B 3aBUCH-
MOCTH OT BO3HUKAIONIUX B TIpotiecce cueTa pe3ysratoB. C aToit 1esbio B ACK Bbrumc-
JIATEJbHOU MAIINMHBI BKJIIOYAIOTCS KOMaH/bI, TTO3BOJIAIONINE HAPYIIIUTH €CTECTBEHHDIN
MOPSIIOK CJIEIOBAHMS U TIepe/laTh yIpaBieHue B UHYIO TOUKY TIPOTpaMMBbl. B agpecHoi
YACTU TaKUX KOMAH/I COJEPIKUTCS aJlpec TOUKH Tepexo/ia (aJpec TO KOMaH/Ibl, KOTOpast
IoJKHA OBITH BBITIOJIHEHA ceyolieil). Tlepexo/ peau3yeTcst myTeM 3arpys3Ku ajpeca
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TOUYKH MEPEX0Ia B CUETUNK KOMaH/ (BMECTO YBETHUUEHUST COAEPKUMOTO 3TOTO CUETUMKA
Ha JUIUHY KOMaHJIbI ).

B cucreme KOMaH/| BM mosxHO BbIZICJIUTH TPU PAa3HOBU/HOCTU KOMaH/I, CIIOCOOHBIX U3-
MEHUTD I10CJIe10BaTE/IbHOCTD BBIUMCJICHUIA:

B 0e3yCIOBHBIE TIEPEXO/BI;
B YCJOBHBIE TIePeX0/ibl (BETBJICHNUN);
B BDBI30BbI POLELYDP M BO3BPATHI U3 ITPOIIE/LYP.

CrarucTuka TIPOTPaMMUPOBAHMS MTOKA3BIBAET, UTO CPEIM KOMAaHJ PacCMaTpUBAEMOi
TPYTIIBI JOMUHUPYIOT YCIOBHBIEC TIEPEXO/IbI.

HecMoTps Ha TO 4TO IPUCYTCTBHE B IIPOrpaMme GOJIBIIONO YNCIa KOMAHO 0e3yci08H020
nepexoda CYMTAETCS MPU3HAKOM ILJIOXOTO CTHJISI TPOrPAMMUPOBAHMS, TAKHE KOMaH/IbI
obazarenpio Bxoar B ACK mo6oit BM. s ux obo3HaueHus B a3biKe acceMmbJiepa
00BIYHO HCIOJIb3YETCsI aHTIMIHCKOE CII0BO jump (IpblkoK ). Komanga 6e3ycIoBHOrO mepe-
xoza obeclieunBaeT nepexo 110 3alaHHoMy agpecy 0e3 IPOBEPKH KaKUX-JInO0 yCIOBHIA.

Yenosnoiii nepexod MPOUCXOAUT TOJNBKO TIPU COOMIOAECHUM ONPEIETEHHOTO YCJIOBUSI,
B IIPOTUBHOM CJIyYae BBITNOJIHSETCS CJEAYolas M0 MOPSIKY KOMaHAa MPOrpaMMBbL.
BosbmtceTBo npoussoauresieii BM B cBonx accemObiiepax 0003HaYa0T MOA0OHBIE KO-
MaH/[bl CJIOBOM branch (BeTBiieHue).

YcioBueM, Ha OCHOBAHMHM KOTOPOTO OCYIIECTBIISETCS MEPEXO/l, Yallle BCErO BBICTYHAIOT
[IPU3HAKU pe3yJbTaTa IpeIecTByIoiel apuMeTuyecKoi niu JOrn4ecKon orepaini.
Kaskaplit u3 npusHakos (pukcupyercs B CBOEM paspsijie perucTpa Ipu3HaKkoB [IPOLecco-
pa. Bo3aMokeH 1 MHOI TTOIX0/1, KOT/Ia PellieHre O TePexojie TPUHUMAETCS B 3aBUCUMOCTU
OT COCTOSTHUSI OJTHOTO U3 PETUCTPOB O0OIIEro HasHAUECHUs, Ky/la IPeIBAPUTETBHO MTOMe-
AETCST PE3YJIbTaT OIepaIliil CpaBHEHMsL. TpeTuil BApHaHT — 3TO OObeMHEHNE Ollepa-
I cCpaBHEHUS U TIepexo/ia B OJTHON KOMaH/Ie.

B cucreme xomang BM i kaskzoro npusHaka pesdyJibraTa [IpeyCcMaTpuBaeTCs CBOsI
KOMaH/Ia BeTBJIeHNS (MHOT/Ia — JIBE: TIePeXO/1 ITPU HAJTMINH ITPU3HAKA 1 TTePeX0/T TPU €T
orcyTcTBUM). Bolbiasg yacTb yCcIOBHBIX [1€PEX0/0B CBd3ala ¢ IIPOBEPKON B3aMMHOIO
COOTHOIIEHUS JIBYX BEJIMYNH WJIU C PABEHCTBOM (HEPABEHCTBOM) HEKOTOPOI BEJTMUUHbI
Hysmo. [Tocaentuii BU IPOBEPOK MCIOIB3YETCs B TIPOrpaMMax HanboJiee MHTEHCHBHO.

OpHoil U3 GopM KOMaHJ YCJIOBHOTO MEpexojia sSABISAITCS KoMandvl nponycka. B Hux
ajzipec mepexo/ia OTCYTCTBYET, a TIPU BBITTOJTHEHUN YCJIOBUS ITPOUCXOINUT TPOILYCK CJIe-
IyIoIielt KOMaH/Ibl, TO €CTh MPEAToIaraeTcs, YTO OTCYTCTBYIONINY B KOMAaH/IE aJipec cJie-
JIyTOTIlell KOMaH/Ibl 9KBUBAJIEHTEH aJ[Pecy TEKYIIell KOMaH/Ibl, yBEJTMUEHHOMY Ha JIJIMHY
MpoITycKaeMoii KoMaH/Ibl. TaKkoii pueM M03BOJIsIET COKPATUTD JIMHY KOMaH]I [Tepejiadn
yIpaBJieHns.

[l Beex s13bIKOB IIPOrpaMMUPOBaHUS XapaKTePHO UHTEHCUBHOE UCII0JIb30Balue MeXa-
Hu3Ma poreayp. [Ipoieaypa MoKeT ObITh BbI3BaHA B JI0O0I TOUKe mporpamMMbr. J{iist
BM Taxoii BbI30B 03HAYAET, YTO B ITON TOUYKE HEOOXOAMMO BBIIIOJHKUTD IIPOIELYPY, HO-
CJIe Yero BEPHYTHCA B TOUKY, HEIIOCPEJCTBEHHO CJIEAYIONLYIO 32 MECTOM BbI30BA.

[TporeypHbIii MexaHU3M (Ga3UPyeTCst Ha KOMAHOAX 6bi306a npoyedypuvl, obecredn-
BAIOIIMX IIEPEXO/l U3 TEKYIIeH TOUKHU IIPOTpaMMbl K HAuaJbHOM KOMaH/Ie [IPOLIEYPH,
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U KOMAHOax 6036pama u3 npouedypol, 1Jis BO3BpaTa B TOYKY, HEIIOCPEACTBEHHO PaCIOI0-
JKeHHYIO 32 KOMaH/ION BBI30BA. Takoil pexxuM mpesroaraeT HaaTudue CpecTB I CO-
XPaHeHUsT TEKYIIETO COCTOSIHUS COJIEPKUMOr0 CUeTYNKa KOMaH/ B MOMEHT BbI30Ba (3a-
MMOMUHAHUE a/[peca TOYKU BO3BPATA) U €ro BOCCTAHOBJIEHUS IIPU BbIXO/I€ U3 TIPOIIE/YPHI.

dopmaTtbl KOMaHA,

Tumnosas KOMaH/ia, B O6H_[€M cJjy4dae, JI0OJI’KHA YKa3blBaTb:

B TIOAJIEKAIYTO BBITIOJTHEHUIO OTIEPAIINIO;
B a/peca NCXOAHDBIX JaHHBIX (OHep.’:lHlIOB)y Ha/l KOTOPbIMU BBIITOJTHAETCA Ollepalivd;
B azpec, 110 KOTOPOMY [OJIKEH OBITh ITOMEIIEH pe3yJbTaT ollepaliuu.

B cooTrBeTcTBUM € 9TUM KOMaH/Ia COCTOUT U3 JIBYX YacCTe: ONEePAIlMOHHON U aipeCHON
(puc. 2.32).

Puc. 2.32. CtpykTypa KOMaHpbl

Dopmam komandot OTIPENIEISTET €€ CTPYKTYPY, TO €CTh KOTNIECTBO TBOUYHBIX PA3PSI/IOB,
OTBOJIMMBIX TTO/T BCIO KOMaH/Y, a TaK:Ke KOJWYECTBO U PACHOJIOKEHNE OTAETbHBIX T10-
seit Komauabl. [lonem HAa3bIBAETCSI COBOKYITHOCTD /IBOMYHBIX Pa3psiZioB, KOAUPYIOMINX
COCTaBHYIO YacTh KoMaHbl [Ipu cozpanun BM BbIOOp (hopMaTa KOMaH/IbI BJIUSET Ha
MHOTHE XapakTepucTuku Oyayiieil MamuHbl. OneHnBast BO3MOKHBIE (hOPMATBI, HYKHO
VUUTBIBATH CJIeAyIONTe (haKTOPHI:

001IIee YUCII0 PA3TMIHBIX KOMAH]L;

0010 ITTUHY KOMAHIbI;

THUII TT0JIei KoMaH bl ((PUKCUPOBAHHOW UJTH TTePEMEHHOM JIVTNHBI) W UX JIJINHA;
IPOCTOTY JIeKOJAMPOBAHUS;

a/[PecyeMOoCTh 1 CIIOCOObBI aipecalum;

CTOUMOCTH 0OOPYIOBAHUS JIJIST IEKOAMPOBAHIS U UCTIOTTHEHUST KOMAH]I.

AnivHa KoMmaHAabl

ITO BaKHEWIAs XapaKTePUCTUKA, BIMSAIONIAS HA OPraHU3AIMI0O M eMKOCTb MaMSTH,
CTPYKTYPY 1LUH, CI0KHOCTH 1 ObicTpoeiictsue IIIT. C oxHOi CTOPOHDI, yA100HO UMETh
B PACHOPSIKEHUN MOIITHBIN HAOOP KOMAHJI, TO €CTh KaK MOKHO GOJIbIIE KOIOB OllepaIlnii,
OIIEPaH/IOB, CIIOCOOOB apecalii, 1 MaKCUMAJIbHOE aJ[PeCHOe TpocTpaHcTBO. OpHAKO
BCe 9TO TpebyeT BbijleJieHUsT GOJIBIIEr0 KOJIMIECTBA PA3PSIIOB MO KaK/I0€ M0Jie KOMaH-
JIBI, YTO TIPUBOJUT K YBEJMUYEHUIO €€ JINHBL. BMecTe ¢ TeM, Uit yCKOPEHUs BBIOOPKH U3
HAMSTH JKeJIaTeJIbHO, YTOObI KOMaH/[a OblTa KaKk MOKHO KOPOYe, a ee [JInHa OblIa paB-
Ha WJIM KpaTHA NIMPUHE IMUHBI JaHHBIX. J{JIsg yIIpoIeHnus ammapaTypbl U HOBBIIEHUS
obicTpozeiicTBrss BM ainHy KoMam/bl OObIYHO BHIOMPAIOT KPATHOH GallTy, HOCKOJbKY
B GourbiiracTBe BM OCHOBHAS [TAMSITh OPraHM30BaHa B BUjie 8-OMTOBBIX stueek. B paMkax
cucTeMbl KoManji oAHoii BM MoryT nciiosib3oBaThes pastbie popmarbl komary. OObaHO
3TO CBSI3aHO C MPUMEHEHMEM PA3JIMUHbBIX CIIOCOO0B aipecarii. B TakoM cirydae B COCTaB
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KOJIa KOMaH/Ibl BBOAUTCS TOJie JIist 3ajanust criocoba aapecaruu (CA), u 06001eHHbIIT
(opmar KoMaHAbI IPHOGPETAeT BU, IIOKa3aHHbINA Ha puc 2.33.

Puc. 2.33. 06006LLeHHbI dopmaT KOMaHObI
Oobrast muHa KOMaHIbl Ry MOJKeT OBITh OIICaHa CJAELYIONUM COOTHOTIEHIEM:
i
Ry = ZlRA, + Rion + Reas (2.1)
i

r/ie [ — KOm4ecTBo anpecoB B KomMamze; Ry, — KOTMYecTBO Pa3psoB //Is 3amicH i-TO
anpeca; Ry — PaspsiiHOCTD MOJIST KOfia oliepauy; R, — PaspsiiHOCTD HOJIST crocoba
ajipecarum.

B GosbnmmtcTBe BM 0HOBpEMEHHO Y3KUBAIOTCS HECKOJIbKO Pas3/JuYHbIX (JOPMATOB KO-
MaH/I.

Pa3psaaHoCTb noneit KomaHAabl

Kax yske ToBOpPUIOCE, B OGO KOMAH/IE MOKHO BBIIETUTE OMEPATTHOHHYIO U a[PECHYIO
vyacTu. /IJTHHBI COOTBETCTBYIONNX MOJIEH ONPe/IesITIOTCST PAa3TNYHBIMU (haKTOpaMN.

PaspsaHoOCTb Nonsg koaa onepauuu

KosinuecTBO IBOMUHBIX PA3PSIIOB, OTBOAUMbIX O/l KOJ[ OLIEPAIINH, BBIOMPAETCSI TAK, YTO-
ObI MOKHO OBLIO TIPECTABUTD JH00YI0 U3 oneparuii. Ecjiu cucteMa KOMaH][ TIPeInoJia-
raeT Ny Pa3/IMUYHBIX OIlepaliii, TO MUHUMAJIbHAS Pa3PsiAHOCTD HOJIS KOZA Ollepariun
Ry OIIPEEsIeTcs: CeiyomuM 00pasom:

Rxon =[10g2 NKOH—|: (2.2)

rae |— -I O3Ha4Ya€T OKPYTJICHUE B 60]1lele CTOPOHY /10 IIEJ0TO YHrcJaa.

IIpu 3amamHON AMMHE KOJA KOMAHABI MTPUXOAUTCS MCKATh KOMIIPOMUCC MEKIY pas-
PSITHOCTBIO TIOJIST KOZIA OTIepaliiy M a/ipecHoro ToJid. bosbimee kogmaecTBO BO3MOK-
HBIX OTIepaIuil pe/IoaraeT JJIMHHOE TI0Jie KOJa Ollepaliui, YTo Be/leT K COKPAIEeHNTO
aJIPeCHOTO TIOJIsI, TO €CTh K CY’KEHUIO a/[peCHOT0 MpocTpancTBa. /[ yerpaneHus aToro
MPOTUBOPEYNS MHOT/A JJIMHY TO0JIs KOJla olepallii BapbupyioT. V3HayanbHO O KO
onepaiuu OTBOIUTCS HeKoe (PUKCUPOBAHHOE YKUCJIO PA3Ps/IOB, OJIHAKO /IS OT/I€JIbHbIX
KOMaH/[ 3TO TI0JI€ PACIIUPSETCS 33 CUET HECKOJBKIX OUTOB, OTHUMAEMbIX Y aJ[PECHOTO
noJist. Tak, HapuMep, MOKET ObITh YBEJUUEHO YHCJIO PA3TUYHBIX KOMAHJL TEPECHLTKH
naHHbIX. Heo6X0MMMO OTMETHTB, UTO «yPe3aHie» YacTH aPEeCHOIO IOJIst BEJeT K COKpa-
IIIEHUIO BO3MOKHOCTEH ajipecalinu, U TaKOH MPrUeM PEKOMEH/IYETCsI TOJIbKO B T€X KOMaH-
Jax, Ijie MoJ0OHOe COKpalleHK e ONIPaBIaHo.

Pa3psaHoOCTb agpecHOM 4acTu

B aﬂpeCHOfI HaCTH KOMaH/Ibl COAEPKHTCA I/IH(I)OpMaL[I/IH O MECTOHAaXOK/JIEHNN HCXO/L-
HBIX /IaHHBIX U MECTE COXPaHCHUS PE3yJibTaTa Ollepallnu. O6bI4HO MECTOHaXOX/eHHUE
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KQKZIOTO M3 OTIePaH/IOB U pe3yJbTaTa 3aJlaeTcsl B KOMaHje IyTeM yKasaHus ajipeca co-
OTBETCTBYIOIIEH g4eliki OCHOBHOI TaMATH WJIM HOMepa peructpa mpoieccopa. [Ipun-
MBI UCTIOJIb30BAHNA NH(POPMAIIMH U3 aJIPECHON YACTH KOMaH/Ibl OTIPEIeIISIeT cucmema
adpecayuu. CucremMa aJipecarny 3a/1aeT Yuci0 aopecos 8 KOMaHoe KOMAHIbI U TPUHSITHIE
cnocoboL adpecayuu.

Paspsannocrtu nonei RAi u R, paccuuTbiBaloTcs 110 (hopMyam:

R, =[log, N, ], (2.3)

Rep =[logy Nea |, (2.4)

rae ]Vl — KOJIMYECTBO A4Y€€K IMaMATH, K KOTOPOMY MOJKHO O6paTI/ITbCH C TIOMOIIBIO i-TO
a/Ipeca; NCA — KOJIMYECTBO CII0COO0B aJ/ipecalnu.

KonunyectBo agpecoB B KOMaHAae

JlJist onpe/iesIeH st KOMMYECTBA aIPECOB, BKITOYAEMBIX B aIPECHYIO YaCTh, GY/IEM UCTIOIb-
30BaTh TEPMUH adpecrocmv. B «MakcHMalTbHOM» BapuaHTe HEOOXOAMMO YKa3aTh TPU
KOMITOHEHTA: a/[pec TIePBOTO OIePaH/Ia, ajipec BTOPOTO OlepaH/ia U afpec sSTYeiky, Kyaa
3aHOCUTCST PE3YJIBTAT OTiepanui. B mpunime, MoskeT GbITh 0OaBJIEH €Ie OMH aapec,
YKa3bIBAIOIINIT MECTO XPAHEHWsI CJIeyIONIell KOMaH/bL. B nTore nMeer MecTo uemoipex-
adpecnviii popmam xomanodwt (puc. 2.34). Takoii popmar noguepsxkusaicsa 8 BM EDVAC,
paspaborantoil B 1940-x rogax [91].

Puc. 2.34. YeTtbipexagpecHoli @opmMaT KOMaHabl

B ¢don-HeiimaroBckx BM HaoOHOCTD B Y€TBEPTOM ajIPece OTIAAET, TTOCKOIBKY KO-
MaH/Ibl PacloJlaraloTcs B IIaMATHU B IIOPs/IKEe UX BBIIOJHEHMS, U afpec o4epesHoi ko-
MAaHIBI MOKeT OBITh MOJYYeH 3a CUET MPOCTOTO YBETUIEHUsT afpeca TEKYIIed KOMaH-
IIBI B CIETYNKE KOMAH/T. ITO MO3BOJISIET TIEPENTH K mpexaopecnomy popmamy komanovt
(puc. 2.35). Tpebyercst TONBKO JOGABUTH B crcTeMy KomaH BM KoMaH/IbI, ClIOCOOHBIE
U3MEHATD IMMOPAIOK BBIYKCJIEHU.

Puc. 2.35. TpexaapecHblit dopmat koMaHapl

K coxanenuio, u B TpexaapecHoM opmare JTIHA KOMAHIbI MOKET OKa3aThCsI BeChMa
Gosbioi. Tak, eciu agpec sueiikyi OCHOBHON MaMaTH MMeeT JIuHy 32 6uTa, a AJuHa
KoJa onepanuu — 8 GUTOB, TO AJAMHA KOMaHAbl cocTaBut 104 6ura (13 GaiiTos).
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Ecau 1o yMosrdanuio B3sTh B KaueCcTBe a[ipeca pe3yJibTaTa ajipec OJHOTO U3 ONEePAH/IOB
(06BIYHO BTOPOTO), TO MOKHO 060UTHCH G€3 TPETHEro apeca, U B UTOTE MOJTydaeM J6yx-
aopecnwiil popmam xomanovt (puc. 2.36). EcrecTBeHHO, 4TO B 9TOM CJIydae COOTBETCTBY-
IOIUIT OTIEPAH]T TIOCJIE BBITIOTHEHUST OMIEPAITIH TEPSIETCS.

Puc. 2.36. IByxagpecHbiin dopmaTt kKoMaHgpl

Komany MOKHO erite 60Jiee COKPaTUTh, TIepeiiist K o0noadpectomy popmamy (puc. 2.37),
YTO BO3MOKHO TIPH BBIJIEJIEHUU OTIPEIEJEHHOTO CTAHIAPTHOTO MeCTa JIJisi XPaHEHUsI
nepBoro onepanaa u pesysbrata. OOBIYHO JJIST HTO 1EJIN UCHIOIb3YETCS CIIEIHATbHDIN
peructp nenTpasbHoro mpoieccopa (ILIT), usBecTHslil 01 HA3BAHUEM AKKYMYAAMOPA,
MOCKOJIBKY 3/1€Ch aKKYMYJIUPYETCST PE3YJIbTaT.

Puc. 2.37. OgHoaapecHbIi dopmMaT KOMaHabl

[IpumenHenre eIMHCTBEHHOTO PETUCTPA TSl XPaHEHUST OJIHOTO U3 OTIEPAH/IOB U PE3YJIb-
TaTa SABJSAETCS OTPAHUUYUBAIOIINM (haKTOPOM, MOITOMY IMOMUMO aKKyMYJSATOPA 4acTO
ncnonb3ytoT u apyrue peructpsl LI Tak kak uncao peructpos B III HeBemnko, ams
YKa3aHUs OJTHOTO M3 HUX B KOMAH/IE IOCTATOYHO UMETh CPABHUTETHHO KOPOTKOE a/ipec-
Hoe 1osie. COOTBETCTBYOIMIUN (HOPMAT HOCUT HA3BaHUE NOLYMOPAAOPECH020 NI Pezil-
cmp0osozo popmama (puc. 2.38).

Puc. 2.38. lNMonytopaagpecHsbii popmaT KOMaHAbI
Haxkonert, ecymu 171t 0001X ONEPAHIOB YKa3aTh Y€TKO 3aJIaHHOE MECTOIOJIOKEHIE, a TaK-

Ke JIUTS KOMaH I, He TpeOYIONINX onepan/ia, MOKHO MOJTYYUTh HyAbA0pecHbiil (hopmam xo-
manovt (puc. 2.39).

Puc. 2.39. HynbagpecHslii dopmat kKoMaHabl

B takom BapHaHTE a/ipeCHasl 4aCTb KOMaH/Ibl BOO6HI€ OTCYTCTBYET WUJIN HE BaﬂeﬁCTBYETCH.
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BbiOOp agpecHOCTU KOMaHp,

[Tpu BBIGOPE KOJTMYECTBA AJIPECOB B AIPECHON YaCTH KOMAH/IbI 0GBIYHO PYKOBOJICTBYIOT-
€Sl CIIEAYIONIUMU KPUTEPUSAMU:

B EMKOCTBIO 3alIOMUHAIONIET0 YCTPOHCTBA, TPEOYEMOTT JITIst XPAHEHMST TIPOTPAMMBI;

B BpeMeHeM BBITOJTHEHUS TPOTPaMMb;

B 5} deKTUBHOCTDIO UCIIOJIL30BAHUA SYeeK aMATH IIPU XPaHeHUU IIPOIPaMMBbI.

[ oTleHKY BIMSTHUS a[PeCHOCTH HA KaK/Iblil U3 TIePEYNCJIEHHBIX 3JIEMEHTOB BOCIIOJIb-
3yeMcsl METOJIMKON 1 BbIBOJIAMU, N3J103KeHHbIMU B [20].

ALpecHOCTb U eMKOCTb 3anOMMHaloOLLLEero yCTpomcTBea
EMKOCTD 3aITOMMHAIONIET0 YCTPOMCTBA JJs XPAHEHUS IPorpaMMbl £, MOXKHO OLCHUTb
13 COOTHOIIIEHUA

EA:NAXRKA’

rie N, — KOJIM4ecTBO KOMaH/I B IIPOTPAMME; R . — Pa3psIHOCTh KOMaH/Ibl, OIIpe/ieisge-
Mag B cooTBeTCTBUU ¢ hopmyioit (2.1); A — uHmeKc, yKa3bIBAIONINI a/[peCHOCTh KOMaH]T
nporpammbl. ONITUMaIbHAST aJI[PECHOCTb KOMAH/IBI OTIPE/IEJISIETCST ITyTEM PEIIeHUs YPaB-

HEeHUA _Afl =0 IIpnu yCcJjioBUH, 4TO HaliJleHHOe 3HaueHue obeciieyuBaeT MUHUMYM EA'

B [24] nokasano, uto B cpeaneM E, MoHOTOHHO Bo3pacTaeT ¢ yBeandenueMm A. Takum
06pa3oM, Tpu BEIOOPE KOJTMIECTBA aJIPECOB MO KPUTEPHIO «EMKOCTh 3Y» TIPEATOUTEHIE
CJIelyeT OTAaBaTh OHOAPECHBIM KOMaH/IaM.

AApecHOCTb U BpeMs BbINOJIHEHNSA NPOrpamMMbl

BpeMs BbINOJHEHUST OAHOM KOMAH/IbI CKJIAbIBAETCS U3 BPEMEHU BbITIOJHEHUS Ollepa-
MU U BPEMEHU 0OpalieHns K TaMATH.

Jl1st TpexazpecHoil KOMaH Ibl OCJIeHee CYMMUPYETCS 13 YeThIPEX COCTABJISIONIMX Bpe-
MEHU:

B BbIOOPKU KOMaH/Ibl;

B BBHIOOPKU [IEPBOTO OIlEPaH/Ia;

B BLIOOPKHU BTOPOTO OIIEPaH/Ia;

B 3AIKCH B IAMATh PE3yJ/IbTaTa.

OpnHoazipectast KoMaH/a TpedyeT ABYX 0OPAIEHNN K TTAMSITH:

B BbIOOPKU KOMaH/Ibl;
B BBIGOPKH ONepaH/a.

Kak BusiHO, Ha BBITIOJIHEHNE OJ{HOAJIPECHON KOMAH/Ibl 3aTPAYNBAETCSI MEHbIIIE Bpe-
MeHH, 4eM Ha 00paboTKy TpexaApecHOi KOMaHAbl, OAHAKO A/ Peajus3aiu OLHOI
TpexaApecHoil KOMaH/[bl, KaK IIPaBUJI0, HY;KHO TPU OJHOAAPECHBIX. ITUX COOOpasKe-
HUIT TeM He MeHee HeA0CTaTOYHO, YTOObI OJAHO3HAYHO OTAATh HPEAIIOYTEHHE TOMY
WM UHOMY BapuauTy aapecHoctu. OIpemensiomuM IPHU BbIOOpe SIBJIAETCSA THUIL
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AJITOPUTMOB, Ha TPEUMYIIECCTBEHHYIO PEaIn3allio KOTOPbIX OPUEHTHPOBAaHA KOH-
kpeTHasg BM.

B camoit O6I.[IeI>'I ITOCTaHOBKE BPEMS BBITIOJTHEHUWA aJITOPUTMaA TA MOJKHO OIIPE/ICJINTDb BbI-
paKeHuem:

TA = NaTaA + NHTHAY (25)

B KOTOPOM N, — KOJIMYECTBO apH(pMETHYECKUX U JOTHUECKUX KOMAHJ B IIPOTPAMME;
T,, — BPEMs BBIIOJHEHUS OHON apu(MeTHIecKoil uin Jorudeckoil komanapr; Ny —
KOJIMYECTBO Heapu(pMEeTHIeCKNX KOMaH[T; T, ~— BPEMs BBINOJHEHHsT OJHON Heapud-
MeTndyeckoit komauel; A = {1, 2, 3} — WHAEKC, ONMpenessoNuii KOTNIeCTBO aJipecoB
B KomaHze. B cBoio ouepens, Ny moskio onpenesnts kak N, = Ny + N, riie Ny — Ko-
JIMYECTBO KOMaH/I ITepeladn yrpaBJieHus (UX YUCJI0 B POrpaMMe He 3aBUCHT OT ajipec-
HocTH), a Ny = — KOJIMYECTBO BCIOMOTaTe IbHBIX KOMAH/L [IEPECHLIOK JIaHHbIX B PETUCTP
CyMMaTopa U U3 HeTo.

Bpewmst Bbinonnenus Kak apudmernyeckoi (T, ), Tak u Heapudmerndeckoii (T, ) Ko-
MaH/Ibl CKJIA/IBIBACTCSI U3 BPEMEHH BbIOOPKU KOMAHJIbI U3 HaMATH T, (T, — BpeMs, 3a-
TpayMBaeMoe Ha OHO OOpalleHre K TTaMsITH) U BPEMEHU CYUTHIBAHWS /3aIUCH JAHHBIX
A, B ciayuae apudmeTnyecKkoil KOMambl cleLyeT ydecTb TaksKe BpeMs Ha UCIIOIHeHue
apudmeTnueckoii orepanuu T,. Takium 06pasom, HMeeM:

Ty, =T, + T+ Aty =1, + (A+ D1y, (2.6)

a

T, =T + Aty = (A+ D1y, 2.7

H

u Beipaxkenue (2.5) npuHIMaeT BUL
Ty=N,[t, +(A+ D]+ (N + N, ) (A+Dg . (2.8)

[Moncrasnsis B (2.8) 3nauenus1 A = 1 u A = 3, MOKHO onIpeieinTh Pa3HoCcTh BpemeH AT
peasi3aliy aJrOPUTMa C TIOMOIIBIO OHOAIPECHBIX U TPEXAIPECHBIX KOMAaH/I, TPUHU-
Masl BO BHUMaHUe, YTO /I TPeXa[peCcHbIX KOMaH/| N23 =0

AT =T, - Ty = 21,(N, — N, - N). (2.9)

Terrepp mpoaHaTM3MPyeEM «BBITOTHOCTH» TOU WJTH MHOW a/IPeCHOCTH KOMAH/IbI B 3aBUCH-
MOCTH OT THUTIA TIeJIEBOTO aJITOPUTMa. BO3MOKHBIE THUITBI aJITOPUTMOB YCJIOBHO Pa3/iesnM
Ha TPU TPYTITIBL:

B IIocJjeaoBaTe/IbHbIC,
B IIapaJiiejibHbIE;
| KOM6I/IHI/Ip0BaHHbIe.

Jlug mocsie1oBaTesIbHOTO aITOPUTMA PE3YJIBTAT MPEANIECTBYIONIEN KOMAaH bl UCTIOJIb3Y-
eTcsl B TocJieyomieil. 3/1ech NBI =2, Tak Kak Tpedyercs BCEro oJHa KOMaH/Ia IpeBa-
PUTEITBHON 3aChIITKN YMCJIA B AKKYMYJISITOP B HaUaJle BBIYMCIEHUS U 0/lHA KOMaH/Ia T1e-
PECHLIKM Pe3yJIbraTa B aMsTh B KOHIe BblurcaeHuii. Ecin 0603HaunTh KOJIMYECTBO
apru(MeTUYECKUX U JIOTHYECKUX KOMaH/I B IIOCIe0BaTeJIbHOM anropurme kak N,

nocs
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(No =N, ), T0 BRI BO BpeMeHH /7isi Togo6Horo anropurma ( AT, ), COrIacHo
BhIpaskeHmio (2.9), coctaBuT

AT,.. =27,(2—- N,

TocJt

mocat

-N,) (2.10)

o

rae Ny — KOJIMYecTBO KOMaH/ Iepefaun ynpasienus. Takum obpa3om, B 1OCJIe10Ba-
TeJBHBIX alTOpUTMax deM Goxbie N, , TeM BBITOJHEe OKa3bIBAIOTCA OIHOAAPECHbIE

KOMaH/IbI.

B IapaJ/iJIeJIbHOM aJITOPUTME PE3YJIbTaT Hpez[bmyl_ueﬁ KOMaH/IbI HE UCIIOJIb3YETCS B 110~
C]IeI[yIOH_[ef/,I n JTOJIKEH OBITH OTOCJIAH B IIaMATh. B aTOM cJydae

N,=N, , N, =2N, ,

ap

1 BBIUTPBIII TT0 BDEMEHU OIIPEAE/IACTCA KaK

ATy = 279(N,, =Ny, (2.11)
rae Ny, ~— KOJMYECTBO ONEpaunuii mepegaun ympasiaenus. Taknm obpaszom, mpu

ey Ny, 11es1ecoobpasHo OpUEHTUPOBATHCS HA TPEXaPECHbIe KOMAH/IbI.

B KOM6I/IHI/IpOBaHHOM AJITOPUTME BBIYUCIUTEIBHBIIT Ipoiliecc O6p3.3yIOT KaK I1ocJjie10Ba-
TEJbHbIC, TaK 1 ITapaJljICJIbHbI€ YaCTH, ITPHU 9TOM
N,=N, +N, ,

nocJ1 ap

u BeiurpsInt Bo Bpemenu AT o ¢ yaetom (2.10) u (2.11) MOKHO OIEHUTD KaK

KOM!

ATKOM6 = ATnap + ATnoc.rl = 210(2 + Namp - Namm - Ny)7 (212)
rae Ny =N, + N, — KoInuecTBO KOMaH/ Ilepeladn YIPaBICHUS B 00€HNX YacTIX al-
rOpUTMa.

13 (2.12) cnenyer, uronpu N, +Ny >2+N 4y, TIPE/ITIOUTEHHUE CJIE/LYET OTATH OJIHO-
AJ[PECHBIM KOMAHJIaM.

JIByxajipecHble KOMaH/IbI B IIJIaHE BPEMEHU Pean3allii aIrOPUTMOB 3aHUMAIOT TIPOMe-
JKYTOUHOE MOJIOKEHUE MEXK/y OIHOQIPECHBIMU U TpexazipecHbiMU. Heckosbko syyiine
MoKazaTesn JAI0T TOJYTOPaJpecHble KOMaH/bl, B KOTOPBIX, C OJHONH CTOPOHBI, COXpa-
HAIOTCS TMPEUMYIIecTBa OHOAAPECHBIX KOMAaH/ ISl T10CJIeI0BATEIbHBIX aJITOPUTMOB,
a ¢ pyroii — nosbImaeTcss ahHEKTUBHOCTD Pean3aIiii MapaIeIbHbIX 1 KOMOMHUPO-
BaHHBIX AJITOPUTMOB.

CnocoObl agpecauuu onepaHaoB

Bormpoc o Tom, kakuM 06pazoM B a[[PECHOM MOJIe KOMaH/(bl MOKET ObITh YKa3aHO Me-
CTOTIOJIOJKEHHUE OTIEPAHIOB, CUUTAETCS] OJTHUM U3 IEHTPaJIbHbIX Ipu pa3paborke ACK.
C TOUKHM 3peHus COKpallleHud allapaTypHBIX 3aTpaT OYEBH/IHO CTpeMJIeHUEe pas-
pabOTYNKOB YMEHBIIUTD JJIMHY aAPECHOTO TIOJisI MPU COXPAHEHUHM BO3MOKHOCTEH
JOCTyTa KO BceMmy ajipecHoMy mpoctpancTBy. C Apyroil cTOpoHbI, crocob 3aanHust
aJ[PECOB JIOJKEH CIOCOOCTBOBATL MAKCUMATbHOMY COIMMKEHUIO OMEPATOPOB SI3bIKOB
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IIPOrPaMMUPOBAHMS BBICOKOTO YPOBHS U MAITMHHBIX KOMaH/I. Bece aTo IpuBesio K Tomy,
YTO B aPXUTEKTYPE CUCTEMbI KOMaH [ 1106011 BM mpeycMOTpeHbl pasindHbie crocoObl
aJipecaliuu OTepaH/ioB.

HpI/ICTYHaH K paCCMOTPEHUIO c110co00B aJ[pecaliny, BHa4YaJjie OIIpeAe/IUM ITIOHATUA «UC-
IMOJTHUTETbHBII ajipec» n «aﬂpeCHbeI KO/Z[».

Hcnonnumenvroim adpecom onepanda (Ayycp) Ha3bIBAETCS IBONYHBIN KO HOMepa siuefi-
KU TTaMATH, CJIy’Kallell HCTOYHNKOM MJIN IPUEMHIKOM ollepania. TOT KO TTo/[aeTcs Ha
ajipecHble BXOJIbI 3aITOMUHAIONIETo ycTpoiicTBa (3Y) 1 o HeMy MPOUCXOIUT (haKkTHIe-
ckoe obpalieHre K yKa3aHHoiT stueiike. Ecain onepan XpaHUTCS He B OCHOBHOM ITaMsITH,
a B PETUCTPE TIPOIECCOPA, €T0 HCIOJHNUTEIBHBIM aipecoM OyieT HoMep PerncTpa.

HOLLL M bl — 9TO /IB VYHbBIN KO/ B a1 HOM I10J1€ KOMaH/Ibl, 13 KOTO-
Aodpecnuiit k00 Komanovt (Ay) — 2 0 anpec oJIe KOMa 3 KO
poro HeoOX0ANMO c(HOPMIPOBATD HCIIOTHUTEIBHBLI AIPeC OIepaH/a.

B coBpemennbx BM ncnosHUTEIbHBIN aipec 1 aPEeCHBIN KO, KaK MPaBUJIO, He COBIIA-
JIAIOT, ¥ JI JOCTYIIA K JaHHBIM TpedyeTcs cooTBEeTCTBYIoIIee peobpasoBanue. Cnocod
adpecayuu — 310 c11ocod (OPMUPOBAHUS UCIOTHUTETHLHOTO a/Ipeca OTePaH/Ia o aipec-
HOMY Koxy KoMat b, Crioco6 ajipecanuu CyIecTBEHHO BJIUSET Ha TApaMETPBI TIPOIECca
obpaboTtku naGopmarmu. OMHE CIIOCOOBI O3BOJSIOT YBEJIUINUTH EMKOCTD a/I[PECYEMOi
IIaMATN 663 YAJMNMHEHNA KOMaH/[bl, HO CHMKAaIOT CKOPOCTD BBITIOJTHEHUWA Ollepalinuu, Apy-
rue — YCKOPSIIOT OTIEPAI[Y HaJl MACCUBAMU JIAHHBIX, TPETHU — YIIPOIIAIOT PaboTy € MOI-
mporpaMMamu u T. 1. B ceropusitianx BM 06bIYHO MMeeTCsT BO3MOKHOCTD TIPHIOKEHUST
HECKOJIBKUX Pa3JUYHBIX CITOCOOOB aJpecarui OIepPaHI0B K OJHOM U TOil JKe oleparuu.

Y100BI YCTPOICTBO YIIPABAEHUS BEIYICIUTENbHON MAIIUHBI MOLJIO ONPEAEINTD, KaKOM
UMEHHO CIocob afpecanyuy IPUHAT B JAHHON KOMaHze, B pasHbiX BM HCIOIb3YIOTCS
pasiuyHble TpreMbl. JacTo pasHbIM CIocob6aM ajpecaliii COOTBETCTBYIOT W Pa3HbIe
KOJIbI orieparuu. JIpyroii moaxos — ato 106aBIeHe B COCTaB KOMAH/IbI CHENUATLHOTO
noas cnocoba adpecayuit, CONEPKUMOe KOTOPOTO OIIPe/IeJIsieT, KaKoii 13 CIiocoOoB ajpe-
canuu J0JuKeH ObITh IpuMeHeH. VIHOTIa B KOMaH/Ie UMEETCsT HECKOJIbKUX MOJIEH — 110
OTHOMY Ha KaKIbIN agpec. OTMETUM, 4TO BO3MOJKEH TaKKe BapUaHT, KOT/IA B KOMaH/Ie
BOOOIIE OTCYTCTBYET ajipecHast MH(MOPMAIIUST, TO €CTb UMEET MECTO HEABHASL AOPECaus.
[Tpu HestBHOM ajipecariuu afipecHoro 1o b0 MPOCTO HET, TUO0 OHO COAEPKUT He BCe
HEeoOXOMMbBIE ajjpeca — OTCYTCTBYIOIIHMIA ajpec MOAPa3yMeBaeTCst KOJOM OTlepPallum.
Tak, Ipu UCKIIOYEHUH U3 KOMAH/IbI 3/[peca pe3yJibTata 10/[pa3yMeBaeTcs, 4YToO Pe3yJibraT
IIOMeIaeTcsl Ha MeCTO BTOPOro onepania. HesBuag agpecanusi mpuMeHseTcs 10CTaTou-
HO HIMPOKO, TOCKOJIbKY TT03BOJIIET COKPATUTH JIJIMHY KOMAH/IBI.

Boi6op crioco6oB ajipecariui sBJISICTCsT OTHUM M3 BOKHEHIIINX BOITPOCOB Pa3paboTKH Cu-
cTeMbl KOMaH[ 1 Bceil BM B 11e710M, Tpy 9TOM CYIIIECTBEHHOE 3HAYEHNE UMEET He TOJIbKO
ya06CTBO IIPOrpaMMUPOBaHNUs, HO U a(dekTuBHOCTD criocoba. s oueHkr ahdeKTus-
HOCTH Pa3INYHbIX COCOO0B ajipecarii 06PaTUMCS K METOJMKE U BBIBOJIAM, U3JI0KEH-
HbM B [20]. CoriacHo IpeioKeHHol MeTorKe, 9(PeKTUBHOCTD criocoba aapecauu
MOJKHO XapaKTepPU30BaTh JIBYMsI TIOKa3aTeIsIMI: 3atpatamu obopynosanust C v 3aTpara-
M BpeMeHu T Ha JIOCTYTI K a/IPpeCcyeMbIM JaHHbIM. 3aTpaThl 060PYI0BAHMSI OTIPEAESIOT-
cs1 CyMMOI:

C=Cyp+ Cyy, (2.13)
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rzie Cy, — 3aTPaThl AlAPATHBIX CPEJICTB, 00ECIICUNBAIONINX BBIYNCICHNE UCTIOTHITE b-
HBIX a/[pecoB; C,y, — 3aTPAThl HAMATU HA XPAHEHHE aJPECHBIX KOZ0B KoMaHa. OObIYHO
Cyy >> Cp,, I03TOMY IIPU OIICHKE 3aTPAT 000PYLOBAHIS OTPAHIYNBAIOTCS YIETOM BEJIU-
ynnpl Cyy. 3aTpaThbl BpeMeHU I  ONpefesaioTesl CyMMOH BpeMeHH L, hopMupoBanus
HCIIOJIHUTEJIBHOTO a/ipeca 1 BpEeMEHH ¢, BBIOOPKU WM 3AIIUCU OLIePAH/IA:

T=toun+ Loy (2.14)

B macrosmniee BpeMs UCITOJIb3YIOTCS Pa3JIMIHbIE C1ocoOBbI aJipecalinu, nauboJee PpacIipo-
CTpaHEHHbIC M3 KOTOPbIX paCCMAaTPUBAIOTCA HUKE.

HenocpeacTeeHHasn agpecauus

[Tpu nenocpedcmeennoii adpecavuu (HA) B afpecHOM 1moJie KOMaH bl BMECTO aJIpeca co-
JEPIKUTCS HEIIOCPEACTBEHHO caM ornepanz (puc. 2.40). IToT criocod MOKET IIPUMEHSTh-
CcsI TIPU BBINIOJIHEHUH apu(MeTHYeCKUX Ollepaluii, orepamuil CpaBHEHUSs, a TaKKe JIJIst
3arpy3KU KOHCTAHT B PETUCTPHI.

Puc. 2.40. HenocpeacTteeHHasa agpecaums

[Ipn 3amucu B peructp, UMeEOINUI Pa3psITHOCTD, MTPEBBIMIAONIYIO0 JJIMHY HENOCpPe/l-
CTBEHHOTO OIEPaH/1a, ONepaH/l Pa3MelaeTcs B MJIa/IIIel 4acTh PETUCTPa, a OCTABIINECS
CBOOOIHBIMU MO3KUILUH 3AI0JIHAIOTCS 3HAYCHIEeM 3HAKOBOTO O1Ta ollepaH/a.

IToMIMO TOTO, YTO B IPECHOM I10JIE MOT'YT OBbITh YKa3aHbI TOJIbKO KOHCTAHTBL, €I1[E OHUM
HEJ0CTaTKOM JAHHOTO CIIoco0a ajipecaliui ABJISIETCS TO, YTO pa3dMep HeIl0CPEeCTBEHHOIO
orepaHzia OrpaHrdeH JJIMHOM aZpPECHOro I0JIs KOMaH/Ibl, KOTOPOe B GOJIbIIMHCTBE CIIy-
YaeB MEHbIIE [UIMHBI MAITMHHOTO CJIOBA.

B 50-60% xomamz ¢ HEOCPeNCTBEHHON aapecamnuell [IMHa OlepaH/ia He TIPEBBIIIAeT
8 6utoB, a B 75-80% — 16 6uros u Jmiib B 20—25% ciydaeB HEMOCPEACTBEHHBIN OI1e-
pang nmeet aauny 6osee 16 6utos. Tlo omnenke J. Tanenbayma [152], B 98% ciyuaes
HEMOCPEICTBEHHBIN omepan ykaaasiBaercss B 13 6utos. Takum o6pas3om, B 10aBIISIO-
IIeM YUCJIe CIyYaeB MIECTHAIATH PA3PSIIOB BIIOJHE JOCTATOYHO, XOTSI /1T BBIYUCJIEHUS
aJIPecoB MOT'YT TOTpeboBaThes 1 GoJIee AMUHHBIE KOHCTAHTHI.

WccnenoBanus MOKa3bIBAIOT, YTO CPEIHUN MPOIEHT MCHOJb30BAHUS HETTOCPE/ICTBEH-
HOH ajipecariny 1o BCeM KOMaH/aM COCTaBJSeT 35% JIIst 11eJI0YNCIEHHBIX BBIYNCTCHUN
u 10% — B mporpamMmax, OpHEHTHPOBAHHBIX Ha 0OPabOTKY YKCesl ¢ MJIaBakolieil 3ams-
toit. HanGoJsiee HHTEHCHBHO JAHHBII BU/] aJPECATINN WCTIOIB3YETCS B apH(PMETHIECKUX
omepaIysix ¥ KOMaHAax cpaBHEHUsI. B TO jke BpeMst 3arpyska KOHCTAHT B GOJIBITHHCTBE
[IPOrpaMM He TaKas yacTas orepariusi.

HerocpezctBenHast aapecariisi COKpaIaeT BpeMs BBITIOJTHEHWST KOMAH/IbI, TaK Kak He
Tpebyercs obpalenne K maMsTh 3a ollepanzoM. KpoMe Toro, 5KOHOMUTCS IaMSATh, 110-
CKOJIBKY OTTIaIacT HeOOXOAUMOCTD B stueiike JIJIst XpaHeHUst orepania. B miane ahdek-
TUBHOCTH 9TOT CIIOCOO MOJKHO CUUTaTh «njeanbHpiM» (Cyy = 0, T3y, = 0) 1 ero MoxHO
PEKOMEH/IOBATh K MCIIOJIb30BAHUIO BO BCEX CHUTYAIIUSIX, KOTJA TOMY He MPETSATCTBYIOT
BBIIIEYTIOMSTHY ThIE€ OTPAHIYEHUSI.
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Mpamas agpecauns

Ipu upstmoii mim abcomorHoi azpecanuu (ITA) agpecHblil Ko IPSIMO yKa3biBaeT HO-
Mep STYEKU TTaMsITH, K KOTOPOU mpousBoauTcst obpainenue (puc. 2.41), To ectb ajgpec-
HBIH KOJI COBIIQJIAET C UCTIOJTHUTEIBHBIM aJIPECOM.

Puc. 2.41. MNpsamas agpecauus

[Tpu Beell MPOCTOTE UCTIOTBL30BAHYSI CIIOCOH MMEET CYIIECTBEHHBI HEOCTATOK — Orpa-
HUYEHHBIH pasMep ajipecHOro MPOCTPAHCTBA, TAK KaK /st OOpAIEeHUsT K TTaMSITH GOJTh-
MIOH eMKOCTH HYKHO «/JTMHHOE» aapecHoe mosie. OnHako 6osee CyIecTBEHHBIM HECO-
BEPIIEHCTBOM MOKHO CYUTATh TO, YTO aJ[PEC, YKa3aHHLIH B KOMaH/E, He MOKET ObITh
M3MEHEH B ITPOIlecCce BBIYHMCIEHUN (BO BCIKOM CJIydyae, TAKOE N3MEHEHHE He PEKOMEH/TY -
eTcs1). ITO OTPAHIMYUBAET BO3MOKHOCTH 110 TIPOU3BOJIBHOMY Pa3MeleHnIo TTPOTPaMMBI
(¥ TAaHHBIX) B TAMSITH.

[Ipsmyto agpecaliiio XapakTepusyIoT cieaylomue mokasarenn adexrnsnoctn: Cp, =
= |—log2 Nl—| Ty = tsy, TAE N; — KOJIMUECTBO aIPeCyeMbIX OIIePaH/IOB.

KocBeHHas agpecauus

OpHuM U3 TyTell TPeooIeHUsT TPoOIeM, CBOMCTBEHHBIX MPSMOI ajpecarnui, MOKeT
CITy’KUTD TIPHEM, KOT/Ia C TOMOIIBI0 OTPAHUIEHHOTO AJ[PECHOTO MOJIST KOMAH/IbI YKa3bl-
BaeTCs aJIpec STYEHKH, B CBOIO OYEPE/lb, COAEPIKAIIEN TOTHOPA3PSIAHDIIN ajpec orepaHia
(puc. 2.42). rot crocobd usBecten Kax koceennas aopecayus (KA). 3amucs (Ay) osHa-
YaeT COAEPIKUMOE STICHKH, aJipec KOTOPOU yKaszaH B CKOOKaX.

[Tpu KocBeHHOIT aipecaliiyl COAEPKUMOE aIPECHOTO TOJIsT KOMAH/IbI OCTAETCST HEU3MeH-
HbIM, B TO BpeM KaK KOCBEHHbBIN aJipec B IPOIleCcCe BLIITOJHEHUA TITPOTPpaMMbl MOKHO
U3MEHATh. JTO MO3BOJISIET MIPOBOIUTD BBIYUCJIEHIS, KOT/IA ajpeca OlepaHioB 3apamee
HEM3BECTHDI U TOSIBJISIIOTCS JIUIITh B MIPOIlecce PelreHus 3aadn. JJomogHnTeabHo Takoi
pueM yIpoiaer 06paboTKy MacCUBOB U CITUCKOB, a TAKKE Tepelauy mapaMeTpoB Mmojl-
MIpOrpaMMaM.

Puc. 2.42. KocBeHHast agpecaums
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HenocratkoM KOCBEHHON ajipecaliuu siBJASIETCA HEOOXOAUMOCTD B JIBYXKpAaTHOM 06pa-
IEHUY K MaMSTH: CHavYasa JIJIs M3BJIEYEHUs ajipeca orepan/ia, a 3aTeM Jiuist o6paleHus
k onepanny (T, = 2¢;y). CBepx Toro, 3ajieiicTByeTcs JUIIHAA A4elika maMATH 714 Xpa-
HEHUS UCTIOJMHUTEIBHOTO ajipeca orepana. Crocody cBOWCTBEHHBI CJEYIONIE 3aTpa-
TBI 000PY/IOBAHSI:

Cia = Ry +[1og,N, 1= [log, (N, + N 1, (2.15)

rie Rgy — paspAnHOCTD AYeiKy MaMATH, XpPaHsIlell UCIIOMHUTeNbHbIN aapec; N, — Ko-
JITYECTBO SA4YeeK I XPaHeH!s UCTIOJHUTENLHBIX afipecos; N, — KOJMYeCTBO afipecye-
MBIX OIEPAH/IOB. 37IeCh BhIPAKCHIE |—10g2N A—| OTIpeieNIIeT Pa3pPs/IHOCTD COKPAIIEHHOTO
a/[pecHoro 1oJist KoMaue! (00br4HO Ny << N,).

B kavecTBe BapmanTa KOCBEHHON aapecalfiy, IpaB/a, [0CTATOYHO PEIKO HCIOJIb3ye-
MOTO, MOXKHO YIIOMSIHYTD MHOZOYPOBHEEYH WU KACKAOHYH) KOCBEHHYIO AOPeCauuro:
Apyen = (.(Ag)...), KOrIa K UCTIOJMHUTEeNILHOMY aipecy BejieT Iellouka KOCBEHHbIX ajipe-
coB. B aTOM ciiydae oiH U3 OUTOB B KaKIOM aJ[pece CIYKUT MPU3HAKOM KOCBEHHOU
azpecaruu. CocTosiHre GUTA YKA3bIBAET, SIBJSETCS JIU COIEPKUMOE STIEHKU OUePeTHBIM
aJ[PecoM B IEMOYKE AIPECOB WU HTO YiKe MCIOJTHUTEIbHDIN agpec omeparaa. OcoObix
MpENMYIIECTB y TaKOT'O IMOAXO0/Jia HET, HO B HEKOTOPbBIX CHCHI/ICI)I/I‘{QCKI/IX CUTYyalluAX OH
OKa3bIBAETCSI BECbMA YIOOHBIM, HAPUMED, TPH 00pabOTKE MHOTOMEPHBIX MACCHBOB.
B T0 K€ BpeMst OUeBUIEH U €TO HEJOCTATOK — JIJIST IOCTYTIA K ONepaH/y Tpedyercs: Tpu
u 6oJiee 0OpalleHUN K TaMATH.

PeructpoBas agpecauus

Pezucmposas adpecayus (PA) HaroMuHaeT mpsIMyio ajpecaruio. Pasinyre cOCTOUT
B TOM, YTO a[[PeCHOE TI0Jie KOMAH/Ibl YKA3bIBAET He Ha SYelKy MaMsITH, a Ha PETUCTP
nporieccopa (puc. 2.43). Aapec peructpa B faibHeiimem Gyaem obo3HayaTh OYKBOH R.
OG6bIYHO pasMep aJPecHOro TI0JsA B IAHHOM CJIydae COCTABJISIET TPU WK YeThipe OuTa,
YTO TI03BOJISIET YKA3aTh COOTBETCTBEHHO Ha O/inH U3 8 uin 16 peructpos o611ero HasHa-
yenus (POH).

Puc. 2.43. PernctpoBas agpecaums

JIByMsT OCHOBHBIMU TIPEUMYIIECTBAMY PETUCTPOBOM aJPecariiyl sIBJSIIOTCST: KOPOTKOE
aJ[PecHoe MoJIe B KOMaHe 1 UCKIoUeHne obpatieHuil k namsari. Manoe yuciao POH mo-
3BOJIAET COKPATUTD JUIMHY aJIPECHOTO MO KOMAH/BL, TO ecThb Cpy << C,. Kpome ToTO,
Top = tpom TAE tpoy — BPeMsT BBIGOPKHM OIlepaH/Ia U3 PErucTpa 06Iero Ha3HayeHust, Ipu-
9eM Loy <<ty . K coxasennio, BO3MOXHOCTH 10 NCITOJIb30BAHUIO PETUCTPOBOI ajipe-
caruu orpannuerbl MasibiM urcsiom POH B coctaBe mportieccopa.
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KocBeHHas peructpoBas agpecauvs

Kocsennas pezucmposas adpecayus (KPA) npencrasister cob60il KOCBEHHYIO ajpeca-
1IUIO, T/le UCTIOJTHUTEJbHBIN ajipec oTliepaHjia XpaHUTCS He B gueiike OCHOBHON TaMSTH,
a B peructpe mpoiteccopa. CoOOTBETCTBEHHO, a/IpeCHOE TI0JIe KOMAH/Ibl YKAa3bIBAeT HE HA
SYElKy TTaMsTH, a Ha peructp (puc. 2.44).

Puc. 2.44. KocBeHHas permctposas agpecaums

JlOCTOMHCTBA M OrpaHUYEHNsI KOCBEHHON PETHCTPOBOII afpecaliiil Te jKe, 4TO Uy 00bId-
HOH KOCBEHHOII agpecaiuy, HO 6JIarogaps TOMY YTO KOCBEHHBII aapec XpaHUTCS HE B
HaMATH, a B PETUCTPE, JIJIs IOCTYIIA K OTlepaHy TpebyeTcst Ha 0[HO oOpallleHue K aMsi-
T MeHble. IGPEKTUBHOCTh KOCBEHHOM PETUCTPOBOI ajipecariii MOXKHO OIIEHUTD 110

bopmymnam:
Tpa = toon t tays Cxpa = Rpon T |—IngNA—| > “082(Ni + NA)—| ) (2.16)

r7ie Rpo; — PaspsiIHOCTD PETHCTPOB OOIIET0 Ha3HAYCHNUSI.

Appecauuns co cMmeLlleHuem

[Ipu agpecarmy co cMelieHneM KCIOJHUTETBHBIN afpec (hopMupyeTcs B pe3yJibraTe
CYMMUPOBAHUS COJICPKUMOTO AJIPECHOTO TIOJISI KOMAHIBI € COAEPKUMBIM OJTHOTO WJIN
HECKOJIBKUX PETMCTPOB Tpoieccopa (puc. 2.45).

Puc. 2.45. Anpecauus co cMelleHneM

Adpecayus co cmeueniem TPENoIaraet, 4to a[pecHast 4acTh KOMaH/[bI BKITIOYaeT B cebs,
KaKk MUHMMYM, 0Z1HO 1oJie (A ). B HeM cozep:knutcsa KoHCTaHTa, CMBICTI KOTOPOIi B Pa3HBIX
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BapUaHTax aJipecariuy co CMeNIeHueM MOXKET MeHSAThcda. KoHcTaHTa MOXKET TIpe/ICTaB-
JIATh coO0 HeKnil 6asoBBIN azpec, K KOTOPOMY A00aBJISeTCsT XPAHAIIEeCs: B PETUCTPE
cMerterue. JIonycTuM 1 IpsIMO MTPOTUBOIIOMOKHBIN 1TOAX0/1: 6a30BbIN apec HaXOAUTCS
B perucTpe Ipoleccopa, a B 11oJie A, yKazbIBaeTcs cMellleHie OTHOCUTEIbHO 9TOT0 ajipe-
ca. B HexoTOpBIX Mporieccopax s peain3aluy OmpeieIeHHbIX BADUAHTOB a/[pecariun
CO CMEIIEHNEM TIPELYCMOTPEHbI CIIEIMAIbHbIE PETUCTPHI, HAIIPUMED OA30BbIA MM WH-
nekcubiil. Vicriosib30BaHMe TAKUX PETUCTPOB TIPE/IITOJIATAETCS 110 YMOJTYAHUIO, TIOITOMY
azpecHast 4acTb KOMaH/IbI COIEPKUT TOJIbKO Hose Ay. Ecnn ke coctasisionias agpeca
MOZKET PACIO/IaraThCsl B IPOU3BOIBHOM PETUCTPE 0OLIEro HasHAYEHNUS, TO JJIs YKa3aHusl
KOHKPETHOTO PETMCTPAa B KOMAH/Iy BKJIOYAETCS JOMOJTHUTENbHOE TToJie R (1pu cocTas-
JleHuu azpeca Gosiee YeM U3 IBYX COCTABJISAIONINX B KOMaHze OyZeT HECKOJbKO TaKHMX
nosieit). Ete o/1Ho 1mosie R MOXKET TIOSIBUTHCST B KOMaH/IaX, TIe CMellleHue Tiepel] BhIUUC-
JIEHHEM UCIIOJIHUTEILHOTO ajipeca YMHOKaeTcs Ha MacinTabHbiil koaddunment. Takoi
koaddurment 3anocurcs B o n3 POH, Ha KOTOPBII 1 yKa3bIBAa€T 9TO IOTIOJHUTE b-
Hoe noJjie. B nan6oJee o01eM cirydae agpecaiisa co CMelleHeM I10Apa3yMeBaeT Hajll-
yue IBYX aZipecHbIX mojeit: Ay u R.

B paMKax aJpecalilii CO CMEHIEHNEM NMEECTCA ellle OJIMH BapUaHT, ITPU KOTOPOM UCIIOJI-
HUTEJIbHBIIN a/JlpeC BbIYUCJIAETCA HE CYMMUPOBAHUEM, a KOHKaTeHaInen (HpI/ICOQZII/IHe-
HI/IeM) COCTaBJIAIONIUX a/ipeca. BLIGCI) OZlHa COCTaBJIAIOIIAasl MMPEeACTaBJIACT coboii CcTap-
HIyI0 4aCTb UCIIOJTHUTEJIbHOTO a/[peca, a BTOPpasd — MJIAQJIIYIO.

Hmxe pacCMaTprBaAOTCA OCHOBHbIE CIOCOOBI aZipecalrin Co CMEIEeHNUEM, Ka)KlIbIﬁ n3 KO-
TOPBIX, BIIPOYEM, UMECT coOCTBEHHOE Ha3BaHMUe.

OTHOCUTeNnbHaa agpecauus

ITpu omuocumenvroli adpecayuu st TOJTYYEHUST UCTIOJHUTETBHOTO ajipeca OrepaH-
Ia coziepsKUMOe 1ot Ay KOMaHZDI CKJIAIbIBAETCS C COAEPKUMBIM CUETYMKA KOMaH]l
(puc. 2.46). Takum 06pasoM, aipecHbIil KOl B KOMaH/Ie TIPe/IcTaBsieT coOoi cMeleHne
OTHOCHUTEJIbHO ajipeca Tekylieil komauabl. CIe/lyeT OTMETUTD, YTO B MOMEHT BbIYHCJIe-
HUST UCHIOJTHUTEJBHOTO aJlpeca OTePaH/a B CUETUNKE KOMAH] MOXKeT y:ke ObITh chop-
MUPOBAH aJIpec CJAeYoIeld KOMaH/Ibl, YTO HYKHO YUUTHIBATH TIPU BHIOOPE BEJUUMHBI
cmerenyst. OObIYHO HoJie Ay TPAKTYETCs KaK IBOUYHOE YUCIIO B JIOINOJTHUTEILHOM KOZIE.

Puc. 2.46. OTHOCUTEeNbHas agpecauus

A]_IPECaIlI/IH OTHOCHUTEJIbHO CHETUYNKA KOMaH/{ 6a3preTc;1 Ha CBOHCTBE JIOKAJIbHOCTH, BbI-
pakaromieMcd B TOM, 4YTO 6oJbIas 4acThb o6pameHHﬁ IIPOUCXOJIUT K H‘{eﬁKaM, PpacItos10-
JKEHHbBIM B HeHOCPEHCTBeHHOﬁ OJIM30CTU OT BBLIITOJIHAEMON KOMaH/IbI. DTO IMTO3BOJISIET
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COKOHOMUTD Ha JAJMHE afpPecHOH 4acTi KOMAaHbI, OCKOJbKY Pa3psAHOCTD Toasd Ay
MOKeT ObITh HEOOJIbINOM. [JIaBHOE TOCTOMHCTBO JIAHHOTO CII0C00a aPeCaIiii COCTOUT
B TOM, YTO OH JIeJIA€T [IPOTPAMMY IIEPEMENIAEMOIl B TIAMSITH: HE3aBUCUMO OT TEKYIIEro
PaCIOJIOKEHMS TTPOTPAMMBI B a/[PECHOM ITPOCTPAHCTBE B3AMMHOE TTOJIOKEHIE KOMAH/IbI
1 OTIePaH/Ia OCTAETCS HEM3MEHHBIM, TOITOMY aIPECAITisi OllePAH/Ia OCTAETCS KOPPEKTHOI.

ApdexTuBHOCTh HaHHOTO criocoba agpecaruu (0603HauuM ero CA — «OTHOCUTENBHO
Cuerunka Anpecalsi» ) MOKHO OMTUCATH BbIPAKECHUSMU:

Tea= toon + ten + tays Ce = T0gyN; = Regl (217)

rae RCK — Pa3pAAHOCTDb CUETUMKA KOMaH/I; tCJI — BpeMA CIOKEHUA COCTABJIAIOINX UC-
TIOTHUTEJIBHOTO aZpeca.

Basoeas pernctpoeas agpecauus

B cayuae 6asos0ii pezucmposoii aopecayuu (BPA) peructp, HazbiBaeMblil Ga30BBIM, CO-
JEePKUT TI0JHOPa3PAAHBIN ajpec, a 1moje A, — cMellleHrue OTHOCUTEIbHO 9TOTO ajpeca.
Ccplika Ha 6a30BbIi PETUCTDP MOKET ObITh SIBHON MU HesaBHOI. B HekoTopeix BM nme-
eTCs CIEIUATbHBII 6A30BBII PETHCTP U €0 UCTIOIb30BAHUE SIBJISCTCS HESIBHBIM, TO €CTh
nosie R B komanjie orcyTcTByer (puc. 2.47, a).

Puc. 2.47. bazoBas pernctposas agpecaums: a — ¢ 6a30BbIM PEMMCTPOM;
6 — c ucnonb3oBaHMem ogHoro n3 POH

Boustee Turiyen crydaii, Koria B poJiv 6a30BOTO PETHCTPA BHICTYTIACT OJIUH U3 PETUCTPOB
obutero nasnavenus (POH), Torma ero Homep SIBHO yKa3blBAa€TCs B 10JIe R KOMaHbI

(puc. 2.47, 6).

BazoBy10 PErucTpOBYIO aIpecainio OObIYHO UCIOIB3YIOT AJIST IOCTYIIA K SJIEMEHTAM Mac-
CHBA, TIOJIOKEHNE KOTOPOTO B TIAMSITH B TIPOTIECCE BRIYMCIEHUN MOKET MEHSIThCST. B 6azo-
BbII PerucTp 3aHOCUTCS HayalbHBIH a/fpec MacCUBa, a ajlpec dJieMeHTa MacCUBa YKa3blBa-
eTcs B 1oJie Ay KOMaH/Ibl B BUJIe CMeIleHUsI OTHOCUTEIbHO HaualbHOTO a/Ipeca MacCuBa.
JIOCTOMHCTBO JAHHOTO CTIOcO6a apecaliii B TOM, 4TO CMEIIEHHE NMEET MEHBIITYIO JIJTH-
HY, YeM IOJIHBIN ajipec, U 3TO I03BOJISIET COKPATUTD JJIMHY a/IPECHOTO I10JIsI KOMaH/IbI.
KopoTkoe cMmeriieHme pacimpsieTcs A0 TOJHON JIMHBI UCTIOJTHUTEIBHOTO aipeca myTeM
nobaBIeHysT creBa GUTOB, COBIMAAIONINX CO 3HAYEHNEM 3HAKOBOTO Pa3psiia CMEIEHNSI.

PaspsiHocts cMelenust Ry, U, COOTBETCTBEHHO, 3aTPAThl 000PYAOBAHIST OTIPE/IEIISIOT-
ca us yeaosust Royp = Cppa = ’Vlogg(maX(NOHl_))—’, rae Nop, — KOJIMYeCTBO OllepaH/ioB
LT 1

i-i1 IIPOrpaMMBbL.

3aTpaTbl BpeMeHH COCTaBIAIOT: Tispx = tpoy o + Lay -
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UHpekcHasa appecauumsa

[Ipu undexcnoii adpecayuu (M1A) mose Ay COREPKUT Apec STUEHKN TTaMSITH, & PETHCTP
(yKa3aHHbBIN SBHO WJIM HESIBHO) — CMeIeHIe OTHOCUTEIBHO 3TOTo ajipeca. Kak BuIHO,
ATOT CHOCO0 ajpecaliil MOX0K Ha 0A30BYI0 PETUCTPOBYIO afpecanuio. ITocKoNbKy mpu
WHJICKCHOI ajipecaninil B mosue A, HaXOJUTCS MOJHOPA3PSAHBIN ajipec STYeHKN MaMATH,
UTPAIOTIIIT POJIb GA3bI, IJIHA STOTO 10JIs OOJIbIIIE, YeM pU 0a30BOM PErncTPOBOI ape-
caru. Tem He MeHee BBIYMCJIEHUE MCIIOJTHUTEIBLHOTO a/[peca oTliepaHia TPOU3BOIUTCS
naeHTudHo (puc. 2.48).

Puc. 2.48. MHaekcHasa agpecaums: @ — C UHAEKCHbLIM PerucTpoMm;
6 — ¢ ncnonb3oBaHnemM ogHoro ns POH

MHpekcHast ajpecaliust MPeaoCTaBisieT yA00HbI MEXaHU3M JIJIsT OPraHU3al[iy UTepa-
TUBHBIX BbIYUCIEHUN. [1ycTh, HAPUMEpP, UMEeTCs MACCUB YHCE, PACTIONIOKEHHBIX B T1a-
MSTH TIOCTIEIOBATEbHO, HAUWHAS ¢ ajipeca N, U MbI XOTUM YBEJTUYUTH HA €IMHUILY BCE
AJIEMEHTBI TAHHOTO MaccuBa. [[Jist aToro TpeGyeTcst M3BJIeUb Kak/I0€e YMCI0 U3 MaMsITH,
npubaBUTh K HeMy 1 U BepHYTh 00paTHO, a IMOCIEI0BATEIBHOCTD HCIOJTHUTEIBHBIX aJIpe-
cos Oyner caenytomieit: N, N+ 1, N+ 2 u T. /1., BILIOTb JI0 TIOCJICTHEN STUCiTKH, 3aHIIMAeMOM
paccMarpuBaeMbIM MaccuBoM. 3HaueHue N Gepetcs U3 1mouist Ay KOMaH/BI, a B BBIOPAH-
HBII PErucrp, HasbiBaeMbIil undexcHbim pezucmpom, cHadania sanocurcs 0. TTocie kax-
JIOMi OTIEePAIiK COEPKIMOE UH/IEKCHOTO PETUCTPA yBeJInauBaeTcs Ha 1.

Tax Kak 9TO I0BOJILHO TUIIMYHBIN cJTydail, B OosbiHcTBe BM yBeanueHne nim yMeHb-
IMeHne COAEPKUMOTO WHAEKCHOTO PETMCTPa 0 WM MOcjae OOpaIeHus K HeMy OCy-
HIECTBJISIETCST aBTOMATUYEeCKN KaK 4acTh MAlIMHHOTO 1MKJA. Takoil IpreM Ha3blBaeTcst
asmoundexcuposanuem. Ecam nst MHAEKCHON ampecarnni MCIOMb3YIOTCS CIENHAThHO
BbIJIeJIEHHbBIE PETUCTPBI, aBTOMH/IEKCHPOBAHNE MOKET ITPOMU3BOIUTHCS HESIBHO U aBTOMA-
tuuecku. [Ipu 3a1eficTBOBAHNHN /1T XDAHEHVSI HJIEKCOB PETHCTPOB 00TIEr0 Ha3HAUECHUST
HEOOXOUMOCTD ABTOMH/IEKCUPOBAHUST [IOJKHA YKA3bIBATHCSI B KOMAHJIE CIIEI[HATbHBIM
O6uTOM.

ABTOMHJIEKCUPOBAHUE C YBEJUYEHUEM COJEPKIMOTO MHIEKCHOTO PErrucTpa HOCUT Ha-
3BaHUE ABMOUHKPEMEHMHOU A0Pecayuu N MOKeT ObITh OIMCAHO CJIEAYIONIUM 06PasoM:

Apen =Ax TR, R~ (R)+1mm R« (R) +1,Aycp = Ax T (R), (2.18)
rzie (R) — comep:KxuMoe WHIEKCHOTO PETUCTPA € afipecoM R.

B mepBoM BapmaHTe yBeIWUEHME COAEPKMMOTO MHAEKCHOTO PETHCTPa MPOUCXOANT TIO-
csie (hOPMUPOBAHKS UCIIOJHUTEIBHOTO aPeca, U 3TOT CIOCOO HA3BIBAETCS NOCTNUH-
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Kpemenmuvim asmoundexcuposanuem. Bo BTOpoM cirydae cHauama MPOU3BOAUTCS YBEJIH-
YeHUe COAEPKUMOTO WHJIEKCHOTO PETrHCTPa, M yKe HOBOE 3HAUCHUE WCTIOIB3YETCS JIIst
(hOpMUPOBaHUST UCTIOMHUTETLHOTO ajipeca. Tora TOBOPSIT O NPEUHKPEMEHMHOM ABMOUH-
dexcuposanui.

ABTOI/IHLIGKCI/IPOBQ.HI/IG C YM€HbIIECHUEM COAEPKUMOIO NH/IEKCHOTI'O PETUCTPAa HOCUT Ha-
3BaHHue aemoaexpemeumﬁoﬁ aapecauuu U MOKeT ObIThb OIIMCAHO TaK:

Apyen=Ax T (R, R—(R)—1um R« (R) - 1, Ay = A + (R). (2.19)

3[[6Cb TaKyKe€ BO3SMOJKHBI /IBa BapvaHTa, OTJIMYAIOIECA ITOC/IeJ0BaTEIbHOCTHIO BBITIOJI-
HEeHuA onepaum‘/’l YMEHBbIIEHUA COAEPKUMOTO NHAEKCHOT'O PETUCTPA U BbIYMCJIEHUA UC-
TIOTHUTEJIbHOTO aJpeca: nocmi)expemeumnoe a@mouHaeKcupoeaHue u npeaexpeMeHmuoe
aemouuaexcupoeaﬂue.

WNurepecHbiM U BecbMa IIOJIE3HBIM SIBJISIETCS ellle OJMH BapUaHT MHIEKCHON ajapeca-
U — UHOEKCHAS AOPECAUis C MACULMAOUPOBANUEM U CMEUEHUCM: CONIEPIKIMOE MHEKC-
HOTO PETHCTPA YMHOKAETCs Ha MaciiTabHblil koadduiment u cymmupyercest ¢ A, Mac-
mtabHbI K03 MUIIMEHT MOKET IIPUHUMATD 3HaYeHus 1, 2, 4 win 8, 1J1st 4ero B afpecHoi
YaCTH KOMAH/IbI BBIJEJISIETCS] JOTOJHUTEIbHOE Tosie. OTMCcaHHbIN CcIoco0 ajgpecaruu
peasin3oBaH, HalIpuMep, B MUKpoIpoiieccopax ¢hupmbr Intel.

CJIelIyeT 0c060 OTMETHUTDb, YTO CUCTEMa KOMaH/ MHOTHX BM MIPEAOCTABJIAET BO3MOK-
HOCTbH pa3JIMuYHbIM O6p8.30M coyeTaTb 63.30ByIO 1 MHACKCHYIO a/I[peCallu B Ka4e€CTBE /10~
IIOJIHUTEJIBHBIX CII0COO0B aJipecalnm.

CTpaHM‘-IHaﬂ agpecauyusa

Cmpanuunas adpecayus (CTA) npennonaraer pasdreHre apecHOro IpoCTPaHCTBA Ha
crpanuibl. CTpaHUIA OTIPE/IENISIETCSI CBOMM HAvyaJbHBIM aJIPECOM, BBICTYIIAIONIUM B Ka-
yecTBe 6asbl. CTapiias 4acTh 9TOrO agpeca XPaHUTCS B CIIEIHATbHOM PETUCTPe — pe-
eucmpe aopeca cmpanuypi (PAC). B agpecHOM Kojie KOMaH/Ibl YKa3hbIBA€TCsl CMEIIeHIe
BHYTPU CTPAHUIIbI, PACCMAaTPUBAEMOE KaK MJIAJIIIAS YaCTh HMCHOJHUTETHHOTO ajipeca.
UcnonuuTenbHbli agpec o6pasyercst KOHKaTeHannel (pucoenHennem) A, K coaep-
sxuMoMmy PAC, kak nokasato Ha puc. 2.49. Ha pucyHKe CUMBOJI TOUKK * 0003HAYAET olle-
paruio KOHKaTeHaI1H.

Puc. 2.49. CtpaHunyHasa agpecaums
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[Toxkazarenu apdbekTMBHOCTH CTPAaHUYHOM ajipecaliu UMEIOT BUJL:
Cora = [10g,N; = 10g,M 1, Tery = Too + Tay, (2.20)

rae M — xonmmuecTBO CTPAHMUIL B ITaMATH.

BnouyHaa agpecauus

Birounas agpecalys UCIIOAL3YeTCs B KOMaHAAX, I KOTOPBIX efuHuIel 00paboTKu
CIyKUT OIOK JAHHBIX, PACHOJIOKEHHBIX B CMEKHBIX S9€fKaX MAMATH. DTOT CIOCO0
oueHb y100€eH pu paboTe ¢ BHEITHIUMHU 3a[IOMUHAIONMMHI YCTPOUCTBAMHY U B OTIEPAIHSIX
¢ BekTopamu. [luig onucanus 610Kka 0ObIYHO GepeTcs agpec STYeiKu, Tie XPaHUTCS 1ep-
BBII MJIN TTOCJIeHUN 3JIeMeHT OJI0Ka, 1 00lIee KOJIMYeCTBO 9JIeMEHTOB OJIOKA, 3a[aHHOe
41CI0M 0aliTOB MK sYeeK. BMecTo 1mmmbl 610Ka MOKET MCIOIb30BAThCS CIIEI[NAIbHbIIT
IPU3HAK «KOHEI] OJI0Ka», ITIOMENAEeMbIil 32 TOCTEIHIM 2JIEMEHTOM OJI0KA.

CrtexkoBasi agpecauus

Jlanubrii Uz agpecaliuu ObLI pacCMOTPEH IIPU OTMCAHUK CTEKOBON apXUTEKTYPbI CUCTe-
MBI KOMaH/I.

PacnpocTpaHeHHOCTb pa3/iIu4yHbIX BUA OB aapecauumn

Yacrora MCIOJb30BAHUST PA3IUYHBIX CIOCOOOB ajpecaliui CyIeCTBEHHO 3aBUCHT OT
tura ACK. J[Jist Matiis co CTEKOBOI apXUTEKTYPON OYE€BUIHO, YTO OCHOBHBIM CIIOCOOOM
azipecanui siBygercd crekopad azgpecaiud. s BM ¢ akkymysngaropaoit ACK riaBabie
Croco6BI a/[pecaliii — TO MPsAMast 1 HEMOCPEACTBEHHAST.

[locrarouno sicna u curtyarusg ¢ RISC-apxurexrypoii. 113 camoii uzen atoro momxonaa
BBITEKAET, YTO MPEUMYIIECTBEHHBIN CIIOCOO apecaIiiy 37IeCh — PETMCTPOBAST aIPECATIHS.

Boutee cioxxubIM BIIS€TCS BOLIPOC O YACTOTE UCIIOIb30BaHUS Pa3/IMYHbIX BUJIOB a/[peca-
1uu B perucTpoBbix BM. B pamMkax aToil apXuTeKTypbl CyIIecTByeT MHOKECTBO MAIlTiH
C CAaMBIMU Pa3HOOOPAa3HBIMU CIIUCKAMU KOMAH/I U PasInYHbIMU COYETAHUSIMU CIIOCOOOB
aZpecarnm, B CUJIY Yero aTh OHO3HAYHBIN OTBET OTHOCUTENBHO HanbOoJIee PACTTPOCTPa-
HEHHBIX BADUAHTOB IIPAKTUYECKU HEBO3MOIKHO.

EnuncrBerHOe 00116 3aMeuaHie — HHTEHCUBHOCTD TIPUMEHEHUST KOHKPETHBIX CIIOCO-
GOB ajpecaliui Oy TUMO 3aBUCHT OT XapaKTepa perraeMoii 3aauu. ITo 06CTOSTETBCTBO
00s13aTEJIBHO JIOJIKHO YUUTBIBATHCS MOJB30BaTESIME IIPU BbIOOpe BM 11011 KOHKpETHOE
MpUMEHEHNe.

Cnoco6bl agpecauuu B KOMaHAaax yrnpaBreHus
NOTOKOM KOMaHp,

OcHOBHBIMH CITOCOOAMNI aZipecaliun B KOMaH/[aX YIIPaBJACHUA TTIOTOKOM KOMaH/T ABJIAIOT-
Cda IpAMad 1 OTHOCUTEJIbHA.

Jlist kKomaH [ 6€3yCIOBHOTO U YCJIOBHOTO Tiepexo/ia (BeTBJIEH M) HanboJiee TUITHYHA OT-
HOCUTEJTbHAS ajipecaltsi, Korja B aJpeCHOI YacTh KOMaH/bl YKA3bIBACTCS CMeEIeHUe
ajipeca TOUKH MePeXojia OTHOCUTETHHO TEKYIIEH KOMAHJIbI, TO €CTh CMEIeHe OTHOCH-
TEJILHO TEKYIIETO COAEPKUMOrO CUETYMKA KOMaH/l. VICIob3oBaHue JaHHOTO crocoba
ajipecaliy o3BOJISeT IPOrPAMME BBIIIOJHATHCS B IIOOOM MeCTe HaMATH — IIPOrPAaMMbL
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cTaHOBATCS mepemeraeMbiMu. Cpeny KoMaHa 6e3yCJIOBHOTO Tepexoja JI0Js OTHOCH-
TeJTHHON aJipecaIiui coctapisieT 0koJio 90%.

[[]IH KOMaH/I Iiepexoa ‘{I)EBBBI‘IafIHO BasKHO, HACKOJIbKO /IAJIEKO a/IpeC Iepexo/ia OTCTOUT
OT aJIpeCa KOMaH/Ibl II€EPEXO/a, MTHBIMU CJI0BaMU, KaKOBa TUIIMYHAasA BEJIMYNHa CMEIIECHUA.
I/ICC]IEI[OBB.HI/IH ITOKa3bIBaIOT, VIMHA CMEIIEHNS B OCHOBHOM HE IIPEBBIIITAET 8 6I/ITOB, qTo
COOTBETCTBYET CMEIIECHUIO B IIpeJeax 1128 oTHOCHUTEIHHO KOMaH/Ibl BETBJICHUI. B 110-
JLaBJIAIOIIEM OOJIbIINHCTBE CJIy4aeB I1epexo/| UI€T B IIpe/iesiax 3-7 KOMaH/1f OTHOCHTEJIb-
HO KOMaH/IbI IT€EpEXO/ia.

Cucrtema onepauui

Cucmemoti onepayuii Ha3bIBAeTCSI CIIUCOK OTepPaIlnil, HEMOCPEICTBEHHO BBITOJIHIEMbBIX
TEXHUYECKUMU CPEJICTBAMU BBIYMCIUTENbHON Mammnubl. Cucrema onepartuit BM ompe-
nessgercs: 06J1acThio ee IPUMEHEeHNUsI, TPeOOBAHMAMK K CTOUMOCTH, TIPOM3BOIUTENbHO-
CTH 1 TOYHOCTH BBIYNCJIEHUH.

CBsI13b CUCTEMBI onepaunﬁ C aJITOpUTMaMM peliaeMbIX 3a/a4 IPOABJIAETCA B CTEIICHU €e
HpI/ICHOCO6JIEHHOCTI/I JUIA 3allMCH IIPOTPaMM pean3ali 3THUX aJTrOPUTMOB. Crenenpb
HpI/ICHOCO6JIEHHOCTI/I XapaKTEPpU3yeTcAa GJIN30CTHIO CIIUCKA onepauI/Iﬁ CHCTEMbI KOMaH/]
n onepaqu/’I, HCIIOJIb3YyEMbIX Ha KaK/[OM IIare BbIIIOJHEHHWS aJTrOpUTMOB. HpOCTOTy
IIPpOrpaMMUPOBaHUsA aJrOPpUTMa 4aCTO OIIPEeAeAI0T TEPMUHOM <«IIPOTPAaMMUDPYEMOCTDH
BBIYMCJIUTEIBHON MaITUHBI». YeM MeHbIlle KOMaH/I Tpe6yeTc51 JJIA COCTaBJIEHUA TIPO-
I'pPaMMbI peajn3aliin Kakoro-ambo AJITOPUTMaQ, TEM IIPOTrPAMMUPYEMOCTD BBIIIIE. B apxu-
TEKTYypax THIIa CISC yiayduieHudg nNporpaMMupyemMocTu I[O6I/IB3.IOTC§I BBEJEHUEM B CH-
cTemy onepaunﬁ 6OJIBIIOTO KOJINYECTBA onepauI/Iﬁ, B TOM 4YH1CJI€ 1 JIOCTAaTOYHO CJIOJKHDBIX.
ITO MOKET IIPUBOAWUTD N K ITOBbIHIEHWIO ITPOU3BOAUTEIIBHOCTH BM, XOTS B J11060M CJIy-
Yae YBEJIMYUBACT allllapaTypHbl€ 3aTpaThbl.

O6ocHoBauHblil BBIGOP cucteMbr omneparuii (CO) BO3MOKEH JIUITh UCXO/sT U3 aHAJIN-
3a MOJIJIEKAIUX Peau3alliu aJrOpuT™MOB. [lJIst 3TOTO orpe/iesisieTcst 4aCTOTHBIN BEKTOD
HCTIOJIb3YEMBIX B &JITOPUTME ONIepaToposB (¢, ..., q,). VI3ydnB BeKTOp, COCTABIAIOT CIIH-
COK OCHOBHBIX, HanboJiee 4acTo BCTPEUYAIomuXcsa onepatopos. Omnepatopbl OCHOBHOIO
CITHCKA Peayn3yroTcst CUCTEeMON MAITMHHBIX onepaiinii BM (kaxmoMy ormepaTopy cotmo-
CTaBJISIETCST CBOSI MaITMHHAS omepariust ). OcTaibHbIe ONepaTOPbl AJITOPUTMA MTOJTYIaioT
MyTeM WX PasJIOKeHUs Ha OTIePaTOPhl OCHOBHOTO CITUCKA.

MokasaTtenu aPpPeKTUBHOCTU CUCTEMbDI Onepaumii

KauectBo cucrempr oepartuii (CO) MOKHO XapaKTepU30BaTh IBYMsI CBOMCTBaMU: (hyHK-
IIMOHAJILHOH MTOJTHOTON U 3 (PEeKTUBHOCTDHIO.

Qynryuonanrvuas noiHOma — 9TO NOCTATOYHOCTb CUCTEMbI OMEPAIMil /I OIMCAHUS
06X anroputMos. Cuctemsl ornepainii BM Briiouaior B8 cebst G0JIbII0e KOJMIECTBO
MaIIMHHBIX OMEPAINii U TPAKTUYECKHU BCET/a ABIAIOTCA (DYHKITMOHATBHO TIOJTHBIMU.

IPpexmusnocms cucmemvl Onepayull MOKA3bIBAET CTEIIEHb ee COOTBETCTBUA 3a/laHHOMY
KJIACCY aJITOPUTMOB 1 TpeboBanusiM K npousBoputesnsioctu BM. Konuuecrenno ag-
(heKTUBHOCTD XapaKTepusyeTcst 3aTpataMu 000pPyA0BaHUs, 3aTpaTaMi BPEMEHH Ha pea-
JIN3AIMIO AJITOPUTMOB U BEPOSITHOCTBIO ITPABUJIbHOTO BBIITOJIHEHUS ITPOIPAMM.
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3atparsl o6opynoBanus C MOKHO ONUCATH BbIPAsKEHUEM
C=Cppt Cyy,

rae Cjp — 3aTpaThl B IIPOIIECCOPE Ha PEaM3aINIo CUCTeMbl ortepanuii, Cy,, — 3aTpaThl
TMaMATU Ha pa3MEIIeHNEe JJAaHHBIX U ITPOTPaMM, IIPEACTABIAIONINX aJITOPUTM B TEPMHUHaX
3a/IaHHON CUCTEMBI OTIePaITHi.

Besmunna Cj, nponopuuonanbHa KOJINYECTBY U CAOKHOCTH MaIlMHHBIX ONepanuii,
a Cyy — eMKOCTH IaMsITU, HeOOXOANMOI JIUIsI XPAaHEHUsT 3aKOJANPOBAHHOTO AITOPUTMA.
YenoxHeHne MalTMHHBIX Ollepaluii MPUBOINT K COKPAIEHUIO KOJMYeCTBa Oneparnii
(koMaH[), TpeOYEMBIX JIJIs OMUCAHST AITOPUTMA, U, CJIEJIOBATEIbHO, K YMEHBIITEHHIO He-
006XOIUMOTT EMKOCTH TTaMSITH.

3arpaTbl BpeMeHM Ha peasu3aiuio aaroputma (717) mponopiimoHasbHbl KOJNYECTBY KO-
mang (omepanuii) B mporpamme. Beenenne 8 CO GoJiee CI0MKHBIX ONEPaIMii IO3BOJISIET
IIPOTPAMMUPOBATD CJIOKHbBIE IeCTBUS OJTHON KOMaH/IO!, B pe3yJIbTaTe 4ero yMeHbIaeT-
€51 KOJIMYECTBO KOMaH/I TPOTPAMMBbIL.

Bbi6Gop cucTeMbl onepauui

Bo160op onTuMaibHON cUCTEMBI OTIepallHii ABJAAETCS CJA0KHON 3a1aueii. OCHOBHbBIE TPY/I-
HOCTH B €€ PEIIEHUH CBSI3aHbI C YCTAHOBJIEHUEM TOYHON (DhYHKI[MOHAIbHOI 3aBICUMOCTHI
nokazatreseit apdexrusroctu C, T ot coctaBa CO. [Toaromy HaliTi uncto (popMasbHbIN
MeTojt Bbibopa ontumasbuoir CO 1okKa He yiaercsi, a CyIeCTBYIOIINE MOAXO0/bI K €€ pe-
MIEHUIO OCHOBBIBAIOTCSI HA KOMOUHATINY (POPMABHBIX U IBPUCTHYECKUX TIPHEMOB.

B kauecTBe mpuMepa pacCMOTPUM OJMH M3 CIIOCOOOB PelleHus 3TOil 3a7auu — BHIGOP
CUCTEMBI OTIepaIliii Ha OCHOBE CTPYKTYPUPOBAHUS aJITOPUTMOB.

MeTtos CTPYKTYPHUPOBAHUST AJITOPUTMOB TIPE/IIIOJIaraeT CaeAyoNnyo (GopMyInpoBKY 3a-
Jladr BBIOOPA CHCTEMBI OIlepaliii: HeoOXoANMO BBIOPATh Takyio cucteMy F,, KoTOpas
obecriednBaer peausaluio aaropurMa A sa sagantoe spems T = Ty IPY MUHUMAIb-
HO# ctouMocT BM.

Uepapxust onepauuii F, ..., F,, pyHKINOHAIBHO MOJIHBIX /IS a71r0puT™Ma A, MOKET ObITDH
ofipeie/ieHa MPOIelypoil cTpyKkTypupoBanus [17], cBoxsietics k caemyromemy. AJi-
roput™M A paccMarpuBaeTcst Kak OJMH OILIepaTop, Peaausyomuil onepamnuio [, Haj uc-
XOJIHBIMU JIAHHBIMH C 1[eJIBIO TI0JIydeHHst TPeOYeMbIX Pe3yJIsTaTos, To ectsb F; = { f,}. 3a-
TEM OTIEPATOP PABAEIISETCS Ha YaCTU — TIPOTPAMMEPYETCS MTOCIEA0BATEIBHOCTDIO DoJee
MPOCTHIX orrepaTtopoB. [locremoBaTebHOE TPUMEHEHNE TIPOTIEAYPHI CTPYKTYPHUPOBAHUS
(pasnesienust oreparopa Ha 6oJiee MPOCTBIE OTIEPATOPHI) MO3BOJISIET BBISIBUTH CHCTEMbBI

onepauuit Fy ={ 1}, Fy ={ fo J3}, B =S5 J0o 5} E, =S4 [5s Jo» J7}s -, 1 TEM CAMBIM T10-

CTPOUTH HepapXuio oneparuii [, ..., F,.

g Kaxpoii onepannn B F; MOKHO OIPEAETUTh KOJTHMYECTBO n, ee BBITIOJIHEHUN TIPU
OIHOM peanu3anuu anroputMa. Toraa cymma

G
N, =Y n, (2.21)
f.€F



116 naea 2. ApxvTekTypa cUCTeMbI KOMaH[,

GyJIET TIPEICTABJIATE KOJIMUECTBO OTEPAIUH, BBITIOJIHAEMbIX TIPH OHO Peausaliuy aji-
FOPUTMA, 3aIIPOrPAMMHPOBAHHOTO B TepMuHaX F,. XapakTepHCTHKH 3JIeMEHTHOIT 6a3bl
MO3BOJISAIOT 33/1aTh IPUOJIIKEHHOE 3HAYEHNE CPEIHEN ITUTETbHOCTH T, oieparuu B BM.
C y4eToM aToro BpeMs BBIIOJIHEHUs aJroputMa Ha ocHose F, coctasut T, = T,N,, 4To aeT
BO3MOKHOCTD TIOCTABUTH B COOTBETCTBUE HEPAPXUU CUCTEM oriepanuii F, ..., F, aTparbl
BpeMeHt Ha peayusaiuio anroputma I, ..., T, mpudem T} < ... < T . MoxHO npeAroJo-
JKHTB, YTO MUHUMYM allllapaTHbIX 3aTpar gocruraercs upu F, € {F, .., F), obecrnieunBaio-
1ieit BpeMs peanusaiuy arroputma I, MakCUMalbHO OJIM3KOe K 3a/[aHHOMY 3HAUYCHUIO
T o B cnmy ckasamnoro, BBIGOP CHCTEMBI OTepaIiii CBOAUTCS K HAXOKACHUIO TaKOi
cucrembl Fy, st KoTopoit pasnocts (1o — T,) uMeeT MUHUMAIbHOE TIOJI0KUTETbHOE
3HaYCHHE.

KoHTpOsibHbIE BONPOCHI

1. Kakwue xapakTepuCTUKN BBIYUCIUTEIBHON MAIIMHBI OXBATBIBACT TIOHATHE «APXUTEK-
Typa CUCTEeMbI KOMaH/[» ?
2. OxapakTepusyiTe 9BOJIOINIO aDXUTEKTYP CUCTEMbI KOMAH/I BBIYUCTUTEIbHBIX Ma-
U H.
3. Buem cocrout npobieMa ceMaHTUYECKOTO pa3pbiBa’?
4. TlosicHuTe pa3auuus B TOAXO/AX MO TIPEOIOJEHUIO CEMAHTHYECKOTO Pa3phbiBa, MpH-
Mensgembix B BM ¢ CISC- u RISC-apxurekrypamu.
5. Kakast (hopma 3anucy MaTeMaTu4eCKuX BhIPaKeHU I Hanboiee COOTBETCTBYET CTEKO-
BOIl apXUTEKTYPE CHCTEMbI KOMAH][ ¥ TIOYeMY ?
6. Kakue cpejcTBa UCIOMB3YIOTCS JIJIsl YCKOPEHUsI I0CTyIa K Bepinute cteka B BM co
CTEKOBOI apXUTEKTYPOii?
7. Yem 00yCITOBIEHO BO3POKICHUE HHTEPECA K CTEKOBOI apXUTEKTYpe?
8. Kakwue 0cOOEHHOCTH aKKYMYJISITOPHOI apXUTEKTYPBl MOKHO CUMTATH €€ JJOCTOMHCTBA-
MU ¥ HEJIOCTaTKaMM?
9. Kakwue 0BOJIbI MOKHO TIPUBECTH 32 U TIPOTHB YBEJIUIEHS YHCIIA PETUCTPOB OOIIETO
HazHavyeHWsT B BM ¢ perncTpoBoii apXuTeKTypoil CuCTeMbl KOMaH?
10. ITouemy g BM ¢ RISC-apxurekTypoil Haubosiee IMOAXOAIIEl IPeACTaBIsAeTCs
ACK c BbIjieJIEHHBIM IOCTYIIOM K TAMSTH?
11. Kakyto mo3unuio 3angToii B (popmate ¢ (PUKCUPOBAHHON 3aMATON MOXKHO CUUTATDH
OOIIEIPUHSATOI?
12. Yem B opmate ¢ GUKCUPOBAHHON 3aIIATOM 3AIIOIHSIOTCS U30BITOUHBIE CTAPIIIKE Pa3-
psinb?
13. Kakoe MUHUMaJIbHOE KOJIMYECTBO TOJIEH TOKEH co/epkaTh (hopMaT ¢ TIaBaoliei
3anATON ?
14. Kak B popmare ¢ mrasaionieil 3ansaToii permaercs npobiaeMa paboThl ¢ TIOPSAAKAMHE,
UMEIOIUMHU Pa3Hble 3HAKW?
15. B ueMm cocTouT 0COOEHHOCTh TPAKTOBKM HOPMAJM30BAHHONU MAHTUCCHI B CTaHAapTe
IEEE 7547
16. Ot 4ero 3aBUCAT TOYHOCTH U JMATIA30H IIPe/ICTaBIEHUs Ynces B popMaTe ¢ IjiaBaio-
e 3araTon?
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17.

18.
19.

20.

21.

22.
23.
24.
25.

26.
27.

28.

29.

30.
31.
32.

33.
34.
35.

36.
37.
38.
39.
40.
41.

42.
43.

44.

Yem 00yc10BIeHO MosABAeHNE (HOPMATOB € YIIAKOBAHHBIMU YHCIAMEI B COBPEMEHHBIX
MUKPOIIPOIieccopax?
Kakue (hakTopbl BJIHSIOT Ha BEIOOD PaspsIHOCTH IEJIBIX YHCET?

CkasbIBaeTCst JI Ha MPON3BOAUTENBHOCTH BM TOPSIIOK CTeI0OBaHS B TAMATH GAiiTOB
«JTMHHOTO» YHCJIA 1 BBIOOP afipeca, ¢ KOTOPOTO HAYMHAETCST 3aMUCh YHCTa?

[To kakoOMy TIpU3HAKY TIPU TIepeade MOTOKA AECSITHIHBIX YUCET MOKHO OTIPEIETUTH
OKOHYAHUE OJTHOTO YNCJTIA U HAYAJIO CJIETYIONEro?

Kakoil o01muil IpUHIIKII JIEKUT B OCHOBE PA3JUYHbIX TaOJIMIl KOQUPOBKHI CUMBO-
JIOB?

Yewm o6ycosien nepexoz oT kKoauposku ASCII k koguposke Unicode?

B 4eMm coctout 0co6eHHOCTh 0OPabOTKM JIOTUYECKUX JAHHDBIX ?

Kakue TpakTOBKY BKJIIOUAET B ceOsI IOHSITHE «CTPOKa» ?

IMepeunciure criocoObl TpecTaBieHus rpahuueckoit nHOOPMAIUN U OXapaKTepH-
3yiiTe 0COOEHHOCTH KaiK/IOTO U3 HUX.

Kaxum 06pazoM B BBIYUCIUTENBHON MALIUHE MIPECTABISAETCS ayAnOonH(BOPMAIis?
Kakoit Bus komaH/ mepechlik 1aHHbIX XapakTepen fiad BM ¢ RISC-apxurex-
Typoi?

YeM BbI3BaHA HEOOXOAUMOCTD 3aMOJHEHHUST OCBOOOANBIINXCST PA3PsIIOB 3HAUCHITEM
3HAKOBOTO pa3ps/ia Mpu apupmMeTHIecKOM C/IBUTE BIIPABO?

B yem cocront ocoberrocts SIMD-koman 1 B kakoM (popMaTe JOJKHbL ObITh IIPe/l-
CTaBJIEHbI OTIEPAH/IbI?

Yo Takoe «apudmMeTnKa ¢ HACHIIIIEHUEM» U I/le OHA IPIMEHSIeTCS ?

Kakwe BIIbI KOMaH/I OTHOCSIT K KOMaHJIaM BBOJIa/BbIBOIA?

Kaxkue Buibl KOMaH/ YCIOBHOTO Mepexoa 0OBIYHO JOMUHUPYIOT B PEATbHBIX TPO-
rpaMMax?

Kakue daxropsl onpeaessior Bbi60p hopmMara KoMam?

[lepeuncante BO3MOKHBIE TTyTH COKPATIEHUS VIMHBI KO KOMAH/IBI.

Kaxast ocobeHHocTb (hoH-HEHMAaHOBCKO apXUTEKTYPBI TI03BOJISIET OTKA3aThCs OT yKa-
3aHMs B KOMAH/IE aJipeca OuepeiHoil KOMaH/IbI ?

Kakwue pakropsl HeOOXOAMMO YUUTHIBATH MPH BHIGOPE OMTUMATBHON a[PeCcHOCTH
KOMaHx?

C KakMMU OrpaHUYEHUSIMU CBSI3aHO UCIOJIb30BaHUE HETIOCPECTBEHHOM azipeca-
m?

B kakux ciydasix MOKeT ObITh yI06HA MHOTOYPOBHEBasI KOCBEHHASI a/[PECcaIus ?
Kakue mpenmyiiiectBa faeT ajpecarusi OTHOCUTETbHO CUETYNKA KOMAH?

B ueM NposIBIIOTCS CXOJICTBO U PA3Inybst MEsK/y 6a30BON U MHIEKCHON ajipecariei?

B uem cocTouT CynHOCTh aBTOMHIEKCUPOBAHUS U B KAKUX CUTYAIUSIX OHO TPUMEHSI-
ercs?

C KaKoif 1mesIbio MPUMEHSIETCST aIPECATINST ¢ MACTITAGUPOBAHTEM ?

Kaxwe crmoco0sI ajipecariiy mepexoioB NCTOMb3YIOTCS B KOMAHAAX YIIPABIEHS TT0-
TOKOM KOMAaH/T?

Kak MOKHO o1teHUTh 3(h(HEKTUBHOCTH CUCTEMBI OIEPAIIU 1TPpU pa3pabOTKe apXUTEK-
TYPBI CUCTEMBI KOMaH]T ?
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dyHKUMOHaNbHaA OpraHusauuns
doH-HenmaHoBCcKO BM

[[aHHaH TJlaBa IMOCBAINEHA PACCMOTPEHNIO 6a30BbIX TIPUHITUIIOB IMTOCTPOEHUA 1 (pyHK-
IIUOHMPOBaHUA Cl)OH-HefIMaHOBCKI/IX BbIYMCJANUTE/JIbHbIX MalllMH.

dyHKUMoHanbHaga cxema GOH-HEeMMaHOBCKOMN
BbIYUCJINTEJIbHON MaLLUUNHbI

Yro6bt MOTydrTh H0JIeE eTATHHOE TIPEACTABIEHUE O CTPYKTYPE U (DYHKIUSAX YCTPOHCTB
BM, npencrasum on-nelimanoBckyio BM B Bujie runoreTnueckoil MalimHbl ¢ aKKyMY-
JTOpHON apxuTektypoii (puc. 3.1).

[Tpumem, uto TunioTeTyeckass BM uMeer cienytorine 0COGeHHOCTH:

m Odnoadpecnvie komanovl. Anpectast yactb komMaubl (AU) COXEPKUT TOTBKO OJUH
azipec. [Ipu BeITTOTHEHNH OTIepaInii ¢ IByMsI OTIepaHIAMHU TIPE/IIIOIATaeTCsT, 9TO OTle-
paH[, apec KOTOPOTO B KOMAaH/Ie He YKa3aH, HAXOAUTCS B CHEIMAJIbHOM PErHCTpe
AJTY — aKKyMyJIsATOPE, a TAKIKE, UTO PE3YJIBTAT OCTAETCS B aKKYMYJISITOPE.

m Eduncmeo popmamos. JlnnHa KOMAH/ 1 TAHHBIX COBAAET C Pa3PSAHOCTDHIO STUEEK
MaMSATH, TO €CTh JII006ast KOMaH/[a UJIH OTIEPAH/l 3aHMMAIOT TOJBKO OJ[HY UKy TTaMsi-
Ti. B 3TOM CiIydae ajipec 04epesHON KOMAH/IBI B TAMSITA MOKET ObITh OJIyYeH Iy TeM
MPUOABJIEHHUS eUHUIB K aPECy TEKYIIEH KOMAHIBI, a JJIST M3BICUEH ST 13 TaMsITH
J060# KOMaHIbl WK JII06OTO OlepaH/ia J0CTATOYHO OJIHOTO OOPAIIECHUST K TTAMSITH.

Crrcok KOMaH/I, BBITOJIHSIEMbIX runoreTrnyeckoil BM, npusesen B tabir. 3.1.

Ha ¢ynkmuonanproii cxeme (puc. 3.1) mokazaHbl TUTIOBBIE Y3JIbI TUTIOTETHYECKO BM,
a Takyke CUTHAJBI, MHUIIMUPYIOIINE BBITIOJTHEHNE OTAENbHBIX OMepaIiil 0 MepechlTKe
uHbopMaIu 1 ee 00paboTKe.

YCcTpOMCTBO ynpagBfeHus

Hasnauenue ycrpoiictBa ynpasietust (YY) OblIo OIpezesieHO paHee MPU PaccMo-
TPEHUU CTPYKTYpHOU cxembl BM, rme oTmeuasoch, 4yTo aTa yactb BM opranusyer



®dyHkumoHanbHasi cxema GOH-HEeNMaHOBCKOWN BbIYUCNTENbHOM MaLUMHbI 119

aBTOMATUY€CKOE BbIITOJIHEHNE TPOTPaMM 1 (byHKL[I/IOHI/IpOBaHI/Ie BM xak exquHoI1 cucre-
MBI. Ter[epb OCTaHOBUMCAA Ha OITMCaHNU y3JI0B, BXOJANIUX B COCTaB YV.

Puc. 3.1. dyHKuMoHanbHas cxema rmnoTeTnyeckon GoH-HelimaHoBcKo BM

Ta6nuua 3.1. KomaHgsl rmnoTeTM4eckom BblHUCINTENBHOM MaLLUHbI

Mmuemonnueckoe | KOIT! | A4 Onucanue

0003HauYeHne

LDA 1 ADR | 3arpyska B akKyMyJISTOP CO/IEPKUMOTO SUEHKN OCHOBHOI
mamatu (OIl) c anpecom ADR

STA 2 ADR | 3ammmces comepxumoro akkymyssitopa B sueiiky OlI ¢ agpe-
com ADR

ADD 3 ADR | Ciioskenue cosepskuMoro akkymyJsitopa u gueiiku OI1,
nmeroteit anpec ADR. Pesymsrat octaercs B akkyMyJisi-
Tope

npodoncenue




120 MMaga 3. dyHkumoHanbHas opraHmsaums hoH-HeliMaHoBCKOM BM

Ta6nuua 3.1 (npogoskeHne)

Muemonnyeckoe | KOII! | AU Onucanue
0003HayeHNe
SUB 4 ADR | Bolunrtanue u3 coJiep;KMMOTO aKKyMYJISITOPA YNCJIa, Xpa-

nsmerocs B srueiike O, umetomeit anpec ADR. Pesynbsrat
OCTaeTCs B aKKyMYJIATOpE

INP 5 IPRT | BBoj B akkymyJisitop nHdopMaiuu ¢ rnepudepuitHoro ycr-
PpoIICTBa, MOAKITIOUYEHHOTO K MTOPTY BBOja ¢ HOMepoM [PRT

ouT 6 OPRT | BeiBoz coziepXuMoro akkKyMyJIsiTopa Ha Tieprudepuitnoe
YCTPONCTBO, MOJKIIOUEHHOE K TIOPTY BBIBOZIA C HOMEPOM
OPRT

JMP 7 ADR | BesycioBHBI# iepexo/i K KOMaHjie, XpaHsIieics 1mo ajpecy
ADR

BRZ 8 ADR | I[lepexon k komanjie, xpansiieticst o anpecy ADR, mpu

YCJIOBHH, YTO PE3YJIbTAT IPe/IbIAyIiel apudMeTndecKoit
ornepainy paset 0, HHaYE eCTECTBEHHDBIN MTOPS/IOK BbIUUCIIE-
HII He HapyIIaeTcs

9-E IIpoune Bo3MOKHbBIE KOMAH/[BI

HLT F OcTaHOB BBIYHUCICHUN

! TIlecTHAAIIATEPUYHBII KO OTIEPAIUH.

CuyeTumkK KOMaHp,

Cuemuux xomand (CK) — HeoTheMIIEMbIil 51€MEHT yCTPOMCTBA yIpaBIeHMs 000l
(on-neitmanosckoit BM. B cooTBeTcTBUM ¢ TPUHITUIIOM TTPOTPAMMHOTO YIIPABJIEHUS
KOMaH/IbI TPOTPAMMBI XPAHSTCS B CMEKHBIX stuelikax nmamst BM, To ecTb B siueiikax co
CMEKHBIMU aJ[pecaMy. BBITIOMHATOTCS KOMAH/IbI B €CTECTBEHHON MMOCJIeI0BATEIbHOCTH,
B TIOPsIZIKE UX CJIeIOBAHUS B IporpaMMe (ecsiv M3MeHeHue TOU T10C/Ie[0BaTeIbHOCTI
He TIPelyCMOTPEHO TTPOrpaMMoit). V3 aToro BeIBOA: ajpec ouepeaHOl KOMaHIbI MOKET
ObITH BBIYMCJICH MyTeM J00ABJICHUS CAMHUIBI K aJpecy TeKyleil KoMaH/ bl (B HalleMm
npuMepe Jobasg KoMaHga 3aHUMaeT OAHY sdeiiky). Takoe BbrumciaeHune obecreynBaer
cuetunk koMauz. [lepen nauanom Beramciaennii B CK 3anocurcst ajpec siaelikii OCHOB-
HOIl TIAMSTH, T7le XPAaHWUTCS NepBas KoMaHaa. K MOMeHTy 3aBepIlieHusT o4epeHoil Ko-
MaH/Ibl, He W3MEHSIONIEH eCTECTBEHHYIO MOCIEI0BATEIBHOCTh BBIYMCIECHUH, CONEPKU-
moe CK yBesmmumnBaercst Ha eaunuily (110 currainy ynpasienus +1CK). Takum oOpasom,
aJ[pec CIIENYIONeil KOMaH/Ibl IPOrPAMMBI BeeTia OepeTcst U3 cueTdnka KoManj. [list us-
MEHEHUST eCTECTBEHHOTO TTOPSIIKA BBIYUCJIEHHH (Mepexo/ia B MHYIO TOUKY ITPOTPaMMBI)
BMeCTO TpubaBJIeHUST eAMHUIIBI HyKHO 3aHecTr B CK azpec Toukn nepexoza.

XoTs TEPMUH «CYETYUK KOMaH/[» CHUTAETCS O6H_[€l'[pI/IH${TbIM, €TI0 HeJIb3 IMTPU3HAaTh y1a4-
HBIM HM3-3a TOTO, YTO OH MOKET CO3/[aTh HEBEPHOE BIleYaTIeHNe O 33/1a4aX JJAHHOTO y3Ja.
ITo aToit npuamHe paSpa6OT‘-II/IKI/I BM HCITOJIB3YIOT U MHbIE Ha3BaHN, B YAaCTHOCTU 71PO-
epammnoiti cuemuux (PC, Program Counter) muiau yxasamenv xomanow: (1P, Instruction
Pointer). ITocrennee onpegenenne IpeacTaBisercs HauboJaee yIa4HbIM, HOCKOJIbKY
TOUHEee OTpa’kaeT Ha3HauYeHUe PACCMaTPUBAEMOro y3ia YY.

B zaxsouyenue gobasum, uto B psge BM posb CK BbinosiHsIeT He JBOMYHBIN CUETUUK,
a OOBIYHBIN PETUCTP, YBEJUUEHUE COAEPKUMOrO KOTOPOTO 0OECTIEUNBAETCSI CIIEIHAIb-
HOIl BHETIHEH cXeMOH (CXeMOll MHKPEMEHTa,/IEKPEMEHTA).
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Perncrtp komaHabl

CueTunk KOMaH/I OIpe/IesiseT JUIb MECTOMOMOKeHe KOMAH/Ibl B TaMATH, HO He Xpa-
HUT UHOOPMAIUE O ee coiepKanuu. IToObI MIPUCTYIIUTD K BBITIOJHEHUIO KOMAH/IbI, €€
HEOOXOIUMO U3BJIEYDb U3 MAMSITA U PasMeCTUuTh B peeucmpe komandv. (PK). dtor aran
HOCHUT Ha3BaHUE 8bl00pKU KoManOvl. TOIbKO ¢ MOMeHTa 3arpy3ku komanasl B PK oHa
CTAHOBUTCS «BUAMMOIT» 17151 1ipotieccopa. B PK komania Xxpanurcsi B TeueHne BCero Bpe-
MEHU ee BhITToJIHeHUsT. Kak yske 0TMeuanoch paHee, Jir0bast KOMaHa COAEPKUT B MOJIS:
OJIe KOJIa ONEPAIMU U TI0JIe aJIPECHON YaCTH. YUUTHIBASI 3TO 00CTOSATENBCTBO, PETHCTP
KOMaH/[bl MHOT/[A PACCMATPUBAIOT KaK COBOKYITHOCTD JIBYX PETUCTPOB — Pezucmpa kooa
onepayuu (PKOII) u peeucmpa adpeca (PA), B KOTOPBIX XPAHSITCS COOTBETCTBYIOIIIE
COCTABJISAIONIE KOMAH/IBI.

Ecan xomanja 3anHmMaeT HECKOJIbKO CMEKHBIX SgYeeK, TO KO/ olepaliiun BcCerjia Haxo-
AUTCA B TOM CJIOBE KOMaH/Ibl, KOTOPO€ U3BJIEKACTCS U3 ITaMATU ITIEPBBIM. ITO TIO3BOJISIET
110 KOAy oliepalin OIpe/leJInTh, Tp€6y€TCH JIN CYUTBIBAHWE U3 ITaMATH 1 3arpy3Ka B PK
OCTaJIbHBIX CJIOB KOMaH/IbI. CoOCTBEHHO BBIITOJTHEHNE KOMaH/IblI HAaYNMHaETCA TOJIbKO I10-
csie 3anecenust B PK ee mosrroro Koza.

YkasaTenb cTeka

Ykazamenv cmexa (YC) — 310 peructp, e XpaHUTCS aJipec BepIINHbI cTeka. B peasb-
HBIX BBIYNCJIMTETBHBIX MAITITHAX CTEK PEaTH3yeTcs B BUJIE yYACTKA OCHOBHON TaMSTH,
MIPU 9TOM BEPIIMHA CTEKa — JTO sT4eiika, Ky/1a mpu pabore co CTeKOM Oblia TPoun3BeIeHa
TIOCJIE/THSIST TT0 BPEMeHU 3aruch. [I71s1 XpaHeHust ajpeca TaKoi sSTYeiiki 1 TpeiHa3HauYeH
VC. Ilpu sanecennn uHMGoOpManuu B cTek (orepaius push) cogepxumoe YC ¢ IIOMOLIbIO
curHasa —1YC cHavajIa YMEHbITAeTCs Ha eJMHUILY, [TOCTIe YETo MCIT0JIb3YeTCsI B KAUueCcTBe
azipeca, 110 KOTOPOMY TNPOU3BOAUTCS 3amuch. COOTBETCTBYIOMIAS SUeiiKa CTAHOBUTCS
HOBOWU BepinHO# cteka. CunThiBaHUE U3 cTeka (oreparus pop) MPOUCXOANUT U3 STUeli-
KI, HA KOTOPYIO YKa3bIBaeT TeKylImii aapec B YC, Tocye 4ero cofiepKUMoe yKazarteJst
CTeKa CUTHaJIOM +1YC yBeJIMYMBAETCs HA €ITHUILY, TO €CTh BEPIINHA CTEKA OITYCKAETCs,
a CYNTAHHOE CJIOBO CUUTAETCS YAAJEHHBIM U3 CTeKa. XO0TsI (DU3NUECKU CUNTAHHOE CJIOBO
1 OCTAJIOCH B sTUeiiKe TaMsATH, TP CIELYIONIEH 3aMCH B CTEK OHO OY/IET 3aMEHEHO HOBOI
nHopmarmen.

Peructp agpeca namartu

Pezucmp adpeca namsmu (PAIT) npeaHasHavyeH I XpaHEHUs HCIIOJHUTEIBHOIO ajipeca
SIYEHKU OCHOBHOW MaMSITH, BIJIOTD JI0 3aBEPIIEHUS OTlepaliui (CYMThIBAHUS WJIU 3aIh-
cn) ¢ 910l gueiikoil. Hamnune PATI nosBosisier KOMIIEHCUPOBATH pasiuuus B ObICTPO-
neticteun Ol u mpounx ycTpoiicTB MaNNHBIL.

Perncrp gaHHbIX namMaTn

Pezucmp dannvix namsmu (PIATD) mpusBaH KOMIIEHCHPOBATH PA3HUILY B GBICTPOACHCTBUN
3aMMOMUHAIOIIIX YCTPOICTB 1 YCTPOWCTB, BBICTYMAIONINX B POJIM HCTOYHUKOB ¥ TOTPEOH-
tesiet madopmarun. [Ipn urennn n3 mamsitu B P/{I1 3anocuTest cuntanaoe copepsRumMoe
saeitkn OIl. B coryuae 3anmcn mHbopmarys, mozeskanias coxpanennio B siuerike Ol
JOJKHA OBITH TIPEBAPUTEIBHO TIOMeTeHa B aTOT perucTp. CoOCTBEHHO MOMEHT CUUTHI-
BAaHWS W 3aMWCH B STYEHKY onpeessieTcs: curHagzaMu Yt3Y u 3n3Y cOOTBETCTBEHHO.
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Aewmdparop Kkoga onepauuu

Hewugpamop xoda onepayuu (JIKOII) npeobpasyer xoj onepaiuu B popmy, Tpedye-
MyI0 jiuist paboTel MukporporpaMmmuoro asromara (MITA). C arux nosuruii TKOTI
npaBujibHee ObLTO OBl HA3BaTh He JendpaTopoM, a mpeobpasoBaTesieM KoJI0B. B pac-
cMarpuBaeMoil Tunorernyeckoii BM koj onepanuu mpeobpasyercss B YHUTAPHBIH KO
YuutK, B koTopoMm Kaxaoi komasje (kaskgaomy KOTI) cooTBETCTBYET OT/e/IbHDIN OUT.

MukponporpamMmmMHbiii aBTOMaT

Muxponpozpammnviii asmomam (MITA) npaBoMOUHO CUMTATH IEHTPAJIBHBIM Y3JIOM
ycrpoiictBa ynpasienusi. imenno MITA dopmupyer nociie/oBaTeibHOCTh CUTHAJIOB
YIIPaBJIEHUST, B COOTBETCTBUM ¢ KOTOPBIMHU [TPOU3BOSITCS. BCE JIENUCTBUsI, HEOOXO[UMbIE
[UIst BBIOOPKU KOMaHJI M3 MaMsITU W WX BbiojHeHus. VexonHoit undopmaiimein st
MITA cayskat: npeobpasosannbiii 8 JJTKOII Koz onepaiuu, cocrosiiie npusHakos (iia-
rOB), XapaKTePU3YIONUX Pe3yJIbTaT MIPe/IIeCTBYIONMX BIUUCACHU, a TaKKe BHEITHNE
3aIIpOChl Ha IIPpePbIBAHNE TEKYIIEH TIPOTPAMMBI.

ApundmeTuko-nornyeckoe yCtpomcTeo

ITO yCTPOUCTBO, KaK CJELyeT U3 ero Ha3BaHWs, IPeHA3HAUEHO /11 apupMeTHIeCKOi
U JI0TUYecKoii 06paboTKM JaHHbIX. B Marune, uzobpakennoi Ha puc. 3.1, 0HO coiepsKuT
CJIe/LyIOIIHe Y3JIbl.

OnepauuoHHbI 610K

Onepayuonnvii 6a0x (OIIB) npencrasister coboii Ty yacts AJIY, KoTopasi, COOCTBEHHO,
U BBITIOJIHSIET apudMeTUYecKIe 1 JIOTHYECKUe OIePaIluy HaJl TOJAaHHBIMU HA BXOJI OTIe-
pargamu. Beibop KoHKpeTHOIT onepaiuu (13 BOSMOKHOTO CIIUCKA ONePaIluii [JIs IaHHO-
ro OIIDB) onpenesnsiercst kKogoMm oneparu koman/bl. B nameit BM ko onepattiu rocty-
[aeT HEMOCPEACTBEHHO U3 peructpa KoManabl. B peanpubix Mamunax KOII 3agacryio
npeobpasyercs B MITA B unyio hopMy 1 yike 13 MUKPOTIPOTPAMMHOTO aBTOMATa MOCTY-
naer B AJIY. Ouepaionbie 610ku coBpeMeHHbIX AJIY cTposTCes Kak KOMOMHAILMOH-
HbIE CXEMBI, TO €CTh OHU He 06JIa/Ia0T BHYTPEHHEH TTAMSITBIO, ¥ 0 MOMEHTa COXPaHEHUs
pesyJIbTaTa onepaH bl JOJKHBI IPUCYTCTBOBATH Ha BXOIE GJIOKA.

PerucTtpbl onepaHaoB

Peructpsl PX u PY obecrieunBaioT coXxpaHeHHe OIePaHA0B Ha BXOJE OIEePalHOHHOTO
6JI0Ka BIJIOTH JI0 TIOJIYYEHUsT Pe3yIbTaTa OTlepaliii 1 ero 3amuc (B HAIIIEM CJIydae B ak-
KyMYJISITOP).

Perunctp npusHakoB

Pezucmp npusnaxos (Pup3) nmpeanasnader A UKCAIUW U XpaHEHUs MPU3HAKOB, Xa-
pPaKTepU3yIOINX Pe3yJabTaT MOcye/HeN BBITOTHEHHOW aprdMeTniecKol WM JoTHIe-
CKolt orreparny. Takue MpU3HAKKU MOTYT HH(POPMUPOBATH O PABEHCTBE Pe3yJIbTaTa HYJIIo,
0 3HaKe pPe3yJbTaTa, 0 BO3HUKHOBEHUHU MEPEHOCA U3 CTAPIIEro Pa3psijia, epenoJHeHuN
paspsiiHoii cetku u T. 1. Comeprknmoe Prips 0GbIYHO MCHOIB3YETCS YCTPOUCTBOM YIIPaB-
JIEHUST TIPU BBITIOJTHEHUHM KOMaHJI YCJIOBHBIX Tepexo/ioB. [1o1 KaxkapIit 13 BOZMOKHBIX
MIPU3HAKOB OTBOJIUTCST OJIUH paspsia Prip3.
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DopmMupoBanue NPU3HAKOB OCYIIECTBJISIETCS CIeIUaIbHbIM y370M AJLY, KoTopHIil MO-
et ObITh 60 yacteio OIIB, mmbo BHem el cXeMoil, pacroaraeMoii MeKIy oIepaii-
OHHBIM OJI0KOM U Prip3.

AxkkymynaTop

Axxymyasmop (AKK) — 9TO PETUCTP, Ha KOTOPBIN BO3JIATAIOTCS CaMble Pa3HOOOPa3HbIE
ynkimn. Tak, B Hero mpe/iBapuTeIbHO 3arPy>KaeTCs OJIMH U3 ONIEPAH/IOB, YYaCTBYIOMINX
B apupMETHUECKOM NN JIOTHUECKO oTiepaliui. B akkyMyIsaTope MOKeT XpaHUTBCS pe-
3YJIBTAT MIPE/BIYIIEe KOMAH/IBI M B HETO JK€ 3aHOCUTCS PE3YJIbTaT OYePEeIHON ONeparini.
UYepes akKyMyJIsTOP 3a4aCTyT0 TTPOU3BOISATCS ONEPAIMK BBO/IA M BBIBOJIA.

CTtporo ToBOps1, aKKyMYJIATOP B PAaBHOU Mepe MOXKHO oTHecTH Kak K AJIY, tak u x YV,
aB BM c peructpoBoil apXUTEKTYpOIi €ro MOKHO pacCMaTPUBATh KaK OJIMH U3 PETUCTPOB
0011IeT0 Ha3HAUEHMSI.

OcHoBHasl NnamMsTb

Bue 3aBucuMOCTH OT THIIA UCIIOJIB3YEeMbIX MUKpocXeM, ocHoBHas namath (OII) mpen-
cTaBJisieT COGON MACCUB 3aTOMUHATOIIUX 2J1eMeHTOB (33), OpraHu30BaHHBIX B BUJIE siue-
€K, CMOCOOHBIX XPAHUTh HEKYIO eJIMHUILY JaHHbIX, 06bIYHO oxuH Oaiit. Kaxnas sueiika
uMeeT YHUKaJIbHbIN afpec. Sueiiku OII 00pasyioT MaTpHiLy, a BBIOOP SAYEHKU OCyLIeCT-
BJIAETCA TIyTEM T10/Ia4¥ PAa3PENIaioNnX CUTHAIOB Ha COOTBETCTBYIOINIME CTPOKY U CTOJI-
Gert aToil MaTpuibl. Beibop obecrieunsaercst genmdpatopoM aapeca maMsATH, mpeobpa-
gytorM noctynuiuiit u3 PAIL azpec sdeliku B pagpeniaioniue CUTHAIBI, T0/laBaeMble
B TOPU30HTAJIBHYIO U BEPTUKAJILHYIO JUHNUU, HA MI€PECeYeHNN KOTOPBIX PaCIoJiosKeHa
azipecyemas syeiika. [lockospky 17151 coBpemennbix BM xapakrepHa 3HaumTesbHAd
emkoctb OII, mpuxoauTCcs HCIONB30BATH HECKOJIBKO MHUKPOCXEM 3allOMUHAIONINX
yerpoiicts (3Y). B atux yenoBusx mpoiiece obpalieHus K sideiike COCTOUT 13 BhIGOpa
HY’KHOU MHUKPOCXeMbI (Ha OCHOBAaHUH CTapIINX Pa3psiZioB ajapeca) U BbIOOpa sTYeiKu
BHYTPU MUKPOCXeMbI (OTIpeziesisieTcss MaaAIMMK padpsanamu anpeca). Ilepsas vactb
MIPOIELY PbI TPOM3BOIUTCS BHEITHUMHU CXEMaMU, a BTOpask — BHYTPU MUKpocxeM 3.

Moaynb BBOAa/BbIBOAA

CrpykTypa npuBeneHHoro Ha puc. 3.1 modyrs eésoda/svisoda (MBB) obGecrneunBaer
TOJIBKO IIOSICHEHME JIOTMKK PabOThl CCTEMBI BBOJIa,/BbiBoga BM. B peanbubix BM pea-
JIN3aIMs MOJLYJIS BBOJIA,/BBIBO/IA MOKET CYIIECTBEHHO OTJINYATBCA OT PACCMATPUBAEMOH.
3azaueit MBB sBaisieTcst obecniederrie BO3MOKHOCTH TIOKITIOUEHUS K BBIYUCTUTETbHOI
MalIiHe pasamyHbIX Hepudepuitnbix yerpoiicts (I1Y) 1 o6Mena nurdopMaimeil ¢ HUMH.
B paccmarpuBaemom Bapuante MBB cocrout u3 pemmudgparopa Homepa nopra BBoja,/
BBIBO/Ia, MHOKECTBA TIOPTOB BBOJIA 1 MHOXKECTBA MTOPTOB BBIBO/IA.

MopTbl BBOOA M NOPTbI BbIBOAA

[TopToMm Ha3bIBAIOT CXEMY, OTBETCTBEHHYIO 32 Iepeziady nHhOopMaIuu u3 nepudepuitnoro
yCTPOKCTBA BBO/IA B aKKyMYyJiATop AJLY (1OpT BBOZIA) WJIM M3 aKKyMYyJIsiTopa Ha iepude-
puiiHOe yCcTPORCTBO BIBO/IA (TIOPT BbiBoAA). Cxema 00eciieunBaeT 3IeKTPUIECKOe 1 JIO-
rudeckoe corpskenne BM ¢ OAKIIOUEHHBIM K HeMy 11eprhepUiTHBIM yCTPOHCTBOM.
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Aewmdpartop Homepa nopTa BBOAA/BbIBOAA

B moayne BBoma-BbiBofIa pacecmaTpuBaemoii BM nipeanosiaraetcd, ato kaxmaoe 1Y moz-
KJIfo4aeTcd K cBoeMy HopTy. Kaskplit MopT mMeeT YHUKJIbHBII HOMEP, KOTOPbIN yKa3bl-
BAeTCs B JIPECHOI YacTH KOMaHJI BBO/a,/BbIBOjIA. Jewudpamop nomepa nopma 6600a,/
evieoda (JIBB) obecrieunBaeT mpeobpasoBaHme HOMeEPA MOPTa B CUTHAJ, PAa3PeIIAONHil
oTIepalfio BBOJIA WM BBIBO/IA B COOTBETCTBYIOIIEM TIopTy. HerocpectBenHO BBOJL (BBHI-
BOJL) TIPOUCXOUT TIpU TTocTyIieHnr nu3 MIIA curnana Be uim Bois.

Mukpoonepauum 1 MUKpPOMNpPOrpamMmbl

Jlns nosichenust jorukn GyHKIMOHUpoBaHus BM ee menecoobpasHo mpeacTaBuTh
B BH/IE COBOKYITHOCTU Y3JIOB, CBSI3AHHBIX MEXKIY COOON KOMMYHUKAIIMOHHOM CETHIO
(puc. 3.2).

Puc. 3.2. BoluncnntenbHasa malunHa ¢ no3vumnii MMKpoonepawmin u CUrHaa0B ynpaBieHns

OyHKIIMOHUPOBAHIE BBIYUCIUTEIBHON MAITUHBI MOKHO OITMCATh KAK MOCJIeI0BATE N b-
HOCTD TIE€PECHIIOK WHQPOPMAITIT MEKIY €€ Y3TaMU U 2JIEMEHTAPHBIX JIeHCTBUI, BBITIOJI-
HAeMbIX B y37ax. [lonaTue y3ia 3zech TpakTyeTcsd BechbMa IMUPOKO: OT peructpa 10 AJLY
WJIW OCHOBHOM maMsATH. Takike MUPOKO cJjefyeT MOHUMATh U TEPMUH «3JIeMEHTapHOe
JeficTBre». ITO MOKET OBITH YCTAHOBKA PETUCTPA B HEKOTOPOE COCTOSTHUE MJIH BBHITIOJI-
Henue onepaituu B AJIY. JTio6oe sieMeHTapHOE JefiCTBUE TIPOU3BOUTCS IIPU MTOCTYTLIE-
HUW U3 MUKPOIIPOTPAMMHOTO aBTOMara Y Y COOTBETCTBYIOIIETO CUTHAJA YIPABICHUS
(CY). Boamoskras yactoTa (hOpMUPOBAHMS CUTHAJIOB HAa BBIXO/IC AaBTOMATA OTIpe/ieisieT-
¢ cuHXpoHU3upyonmmu umiyJabcamu (TH), mocTymaonmmm oT reHepaTopa TaKTOBLIX
umirysibeoB (ITU). DiemeHTapHbIe MEPECHIIKN WK TIpeodpazoBaHust WHMGOPMAIINH,
BBITIOJIHSIEMBIC B T€UCHUE OJTHOTO TAaKTA CUTHAIIOB CUHXPOHU3AIINY, HA3BIBAIOTCS MUKPO -
onepauuamu. B TeueHne oHOTO TaKTa MOTYT OJIHOBPEMEHHO BBITTOJHATLCS HECKOJIBKO
MuKkpooriepaiuii. COBOKYITHOCTb CUTHAJIOB YTIPABJICHUS, MTOPOKIAIONUX MUKPOOIIEpa-
I[UH, BBITOJHSIEMBIE B OJ[HOM TAKTE, HA3BIBAIOT MUKPOKOMAHOOU. OTHOCUTETHHO CJIOK-
HBIE JIEUCTBUSI, OCYIIECTBISIEMbIE BBIUMCIUTEIHHON MAIIMHON B TIpoIiecce ee paboTh,
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peaiu3yIoTCsl Kak MOCIeM0BaTEIbHOCTE MUKPOOTIEPAIHiT U MOTYT OBITh 3a/IaHbl [OCJIe-
JI0BATeJIbHOCTHI0 MUKPOKOMAaH]I, Ha3blBaeMOU Muxponpozpammou. PeanusyeT MUKPO-
nporpamMmy (BbIpabaThIBAET YIIPABJIAIONINE CUTHAJIDI, 33/[aBAEMbIE €€ MUKPOKOMAH/IAMH )
muxponpoepammuwviil agmomam (MITA).

Cnoco06bl 3anMcn MUKponporpamMmm

[l1s1 3anucy MUKPOIIPOTPaMM B KOMIIAKTHOM (hopMe MCIOJB3YIOTCS rpad-cxeMbl aro-
PUTMOB U SI3bIKH MUKPOIIPOIPAaMMUPOBAHMSI.

MNpad-cxembl anroputmoB

Ipad-cxema anropurma (I'CA) nmeer Buj opuentupoBannoro rpada. Ilpu nocrpoennn
rpada onepupyoT IAThIO TUTIAMU BepIiinH (puc. 3.3).

Puc. 3.3. PazHOBMAHOCTN BEPLUNH rpad-CXeMbl anroputma: a — HavanbHas;
6 — KOHe4Has; B — oneparopHas; r — yCnoBHas; 4 — XayLias

Havanwnasg Bepmuaa (cM. puc. 3.3, @) onpeneseT HadaJao MIKPOIIPOTPAaMMBI I He NMe-

et Bxoz0B. KoneuHas BepiinHa (cM. puc. 3.3, 6) yKasbiBaeT KOHEI MUKPOIIPOIPAMMBbI,

M09TOMY MMeeT TOJbKO BXoJ. B omepatopryio BepnmHy (cM. puc. 3.3, 8) BIUCHIBAIOT

MUKPOOIIEPAIINH, BBITOJHIEMbIE B TeYEHHME OJHOTO MalluHHOTO TakTa. C BepHIMHON

CBSI3aHBI OJIH BXO/ U OJIMH BBIXOJI. YCJIOBHAs BepIInHA (CM. puc. 3.3, 2) UCTOIb3yeTCs

LTSI BETBJIEHUST BBIYMCTUTENBLHOTO Mporiecca. OHa MMeeT OJIMH BXOJI U [IBA BBIXO/IA, COOT-

BeTCTBYIOIIHE ToJoxkuTesbHoMy («/la») u orpuniarenvaomy («Het») nexomam mposep-

KU YCJIOBUSI, 3alicanHoro B BepinnHe. C MOMOIIBIO K AyIeil BepimHbl (cM. puc. 3.3, d)

MOZKHO OIIMCBIBATh OKUIaHKe B paboTe ycTpoiicTB. B aToM ciryuae Bbixox «/la» cooTBer-

CTBYET CHSTHIO IPUYUHBI, BbI3BABIIEH OKUTAHTE.

Ipac-cxembl aITOPUTMOB COCTABISAIOTCS B COOTBETCTBUU CO CIELYIONTUMH TTPABUIAMU.

1. TCA nmomxna cosepKaTh OJHY HAUAJIbHYIO, O/IHY KOHEUHYIO U KOHEYHOE MHOKECTBO
OTIEPATOPHBIX U YCIOBHBIX BEPIIHH.

2. Kaxaprit Beixos Bepmabl [CA coemHsSIETCS TOTBKO C OTHIM BXOIOM.

3. BXobr 1 BBIXO/IBI PA3JIMYHBIX BEPITUH COEUHSIIOTCS [yraMu, HAPABJIEHHBIMU OT
BBIXOJIA K BXOJLY.

4. Jlist moboit Bepuruabl TCA cyInecTByeT, 1Mo KpaiiHeil Mepe, OUH MyTh 13 9TOU Bep-
ITMHBI K KOHEYHOH BepIIHE, TPOXOSIINI depe3 onepaTopHble M YCIOBHBIE BEPITITHBI
B HAIIPABJIEHUU COEUHSIONIUX WX JIYT.

5. B kax1oii oriepaTopHOil BepInHe 3aIMCHIBAIOTCSI MUKPOOTIEPAIINH I/, COOTBETCTBYIO-
nme ofiHoN MukpokoMasn/ie Y. CaMu MUKPOKOMaH/IbI yKAa3bIBAIOTCST BO3JIE OTIEPATOP-
HBIX BEPIIUH.
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6. B kaxjoli ycJIOBHOI BepITuHe 3aIMChIBAETCS OJIUH U3 3JIEMEHTOB MHOXKECTBA JIOTHU-
YeCKUX YCJIOBUH X.

7. HavaspHoil Bepuinne cTaBUTCA B COOTBeTCTBUE (DUKTUBHBII OIepaTop y,, a KoHed-
HOHI — (DUKTUBHBIH o1IepaTop ;.

Ha puc. 3.4 mokasan mpumMep MUKPOIIPOrpaMMbl, 3ariucanHoi Ha si3bike [CA.

Puc. 3.4. lNMpumep rpad-cxembl MUKPONPOrpaMmmebl

B npumepe muxpoxomanza Y, MHUIMUPYET MUKPOOIepaluu ¥, U Y, MUKPOKOMAH/A
Y, — MUKpoomnepanuio y,, a Y5 — MUKPOOLICPAIIUHN Ys, Y, Ys U Y.

A3bIKM MUKpPONPOrpaMMupoBaHUs

Asviku muxponpozpammuposanus (AMII) obecniednsaior onucanue (yHKINOHUPOBA-
Hust BM B TepMuHax MUKpoOOTIEpATTH.

Ecim cpescrBa si3blka OPMEHTHUPOBAHbI Ha 3alliCh MUKPOIPOTPAMMbI (€3 IIPUBI3KU
K KOHKPETHBIM CPEJCTBAM Ui MX peanusanuu, To Takoil JAMII HaspBaloT s361K0M
PYHKUUOHATDHOZ0 MUKDPONPOZDAMMUPOBANUSL, & COOTBETCTBYIOINTIE MUKPOTIPOTPAMMBI —
pyrxuuonanvrvimu muxponpozpammamu [ 15]. IlogoOHbIE MUKPOIIPOrPAMMBI CJIYKAT UC-
X0HOM (hopMoit 17151 otrcanus pyHKIMOHUpoBanus BM.

B cydae, xorma cpefcTBa s3bIKa HaIleJIeHBI HA OMMCAHNe MIKPOIPOTPaMM, TPUBSI3aH-
HBIX K KOHKPETHOH peanuayomiei ux crpykrype, A MII HazpiBatoT s3vikom cmpykmypro-
PYHKYUOHATDLIHO20 MUKPONPOZPAMMUPOBAHUSL.

B mocsenyiomux pasmenax aas onncanus Gynxnnomnuposanust BM Oyzer mcmonb3o-
BaThCA S3BIK MUKPOITPOTPaMMUPOBaHus, pe/toxkennbiii B [20]. Huske paccmaTpuBaior-
€SI OCHOBHBIE CPE/ICTBA S3BIKA.
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OnucaHue cnoe, LUMH, PEerucTpos
OCHOBHBIM 3JIEMEHTOM JIAHHBIX, C KOTOPBIM OIIEPUPYET MUKPOIIPOTPAMMAa, ABJISIETCS CI0BO.

Ornucanne cjioBa, MUHBI (COBOKYITHOCTH IIETIE, UCTIONIb3YyEeMbIX JIJId Tiepe/iladyl CJIOB),
pErucTpa COCTOUT U3 Ha3BaHus (MaeHTH(UKATOpa) 1 Pa3psaAHOTO yKazaTensd. Vaentu-
(DUKATOPOM MOKET CITYSKUTh MPOU3BOJIBHAS TTOCTIEA0BATEILHOCT OYKB U 1idp, HAYM-
HAIOAsICsA ¢ OYKBBI. Pa3psi/[HbIN yKazaTeab COCTOUT M3 HOMEPOB CTAPIIETO U MJIAJIIIEro
PaspsIIOB OIMUCHIBAEMOTO 00BEKTA, Pa3/IeIEHHBIX TOPU30HTAIBHON uepToii (neduc) u 3a-
KJIIOUYEHHBIX B KPYTJIble CKOOKU. PaspsiiHblil yKazaTeab MOKET OTYCKAThCS, €CJIU 3TO HE
BBI3BIBACT HEZOpasyMeHUi (HanmpumMep, eci 00beKT yske OblI omucan paubiie). Huxke
MPUBOJIATCA TPUMEPBI OITUCAHUS CIOBA, MIUHbBI U PETUCTPA.

B Aucn(23-0) — omucanue CJI0Ba, IPeJICTABIAIONIEr0 24-Pa3psiHblil UCIIOTHUTEIbHBIH
anpec A, ., = ys, Aoy, ..y Gy,

m LWA(31-0) — ontucanuie 32-pa3psAaHoil HNIMHBI apeca;

m PK(31-0) — onmcanue 32-pa3ps/IHOTO PETUCTPA KOMAH/IBL.

Ecitt 00beKT COMEPKUT HECKOJIBKO MOJIEH, TO KayKI0€ U3 HUX MOKET OBITh OMUCAHO OT-
JIEJIBHO C cOXpaHeHueM 001ero uiaeHTudukaTopa o0bekTa. Tak, mycTh KOMaHIa UMEET
JunHy 32 6ura 1 coctouT us 8-paspsanoro nojs koga ounepauun (KOII), 4-paspsiaHoro
noJss crnocoba agpecanuu (CA) u 20-paspsaHoro nosst agpeca (A). Toraa onucanue ot-
JIeJIbHBIX T10JI€ll perucTpa KOMaH/(bl BbILJISAUT cepyiomnuM obpasom: PK(31-24), PK(23-
20), PK(19-0). BmecTo HOMEPOB pa3psiioB B Pa3psaHOM yKasaTesie MOKHO 3alliChIBATh
Ha¥MEHOBaHKe I10JIs1 CJIOBA, W JIBA IIEPBBIX 110JiE PErUCTPa KOMaH/bl MOTYT OBITh IIPEJ-
crajenbl Tak: PK(KOM), PK(CA). C npyroii cTOpoHbI, olucanue 00BbeKTa MOXKET OBIThb
MpeICTaBJIEHO Yepe3 onrcanue ero noJieil. Hampumep, onucanme 32-pa3psmHoro peru-
ctpa PI13 nuis xpaneHms urces ¢ raBarolieil 3amsiToid, T/ie YMCJI0 COCTOUT U3 TPeX MOJIeii:
S (11oJie 3Haka MaHTCChl, 6uT 31), P (1101e mopsaka, 6urbl 30—23) 1 M (110J1€ MaHTUCCHI,
6uTbl 22—0), MoskeT ObITh 3a4aH0 B BUe PM3(31 + 30-23 « 22-0) wiu PN3(S « P + M). 31ech
ToYKa 0603HAYAET OllePaIi0 KOHKaTeHAIMK (COCTABJIEHUS LIEJIOTO CJI0BA U3 €r0 YacTeii).

OnucaHune namMmsaTu, cjoea NnamaTm

Onucanne MOLYJS TTAMATH WK OTAEJIbHON ero gYeiku HAIIOMUHAET ONMHMCAaHUE Pac-
CMOTPEHHBIX paHee 0OBEKTOB ¥ OTJIMYAETCS TEM, UTO MEKAY WACHTH(DUKATOPOM U pas-
PSAIHBIM yKa3aTeseM pa3MelIaeTcs: a/[peCHbI yKa3aTesb, 3aKJII09aeMblil B KBaJ[paTHbIE
ckobOKu. B ciydae onvcanuss MOy ist TIaMATH OH COJEPIKUT JIBA ajipeca, PasjieIeHHbIX
JBoeTOouneM (CJeBa OT JABOETOUMS apec TIePBOTO, a CIpaBa — aJipec MOCJIEIHEr0 CI0Ba
namsatn). [Tpu onmcanun sueliku ajgipec aTol AYeiiku 3aKouaeTcst B KBajpaTHbie CKOO-
ku. Huske JaHbl TPUMEPBI ONMCAHUST MOLYJIeH MaMsITh U sTYeeK:

m O3Y[0000:1023](7-0) — onucanue MOyJisl OIlepaTUBHOIO 3aIlIOMUHAIOIIET0 YCTPOii-
crBa (O3Y) emroctbio 1 Kbaiir;

m M3Y[0000,,:0FFF,(]1(0-31) — ommcaHue MOAYJS IOCTOSHHOTO 3allOMUHAIOMIErO
yerpoiictBa (I13Y) emkocthio 8192 32-paspsiiubix cjioBa (ajpeca CJOB yKa3aHbl
B NIECTHAAIATEPUYHOM KOJle, B KAK/IOM CJIOBE cTapiinii pa3psaa umeet Homep 0,
a myaamuii — 31);
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m 03Y[211] — ontucanue gueiikn Mmoaysst O3Y, numerotneit agpec 211.

[Ipu onrcanuny siyeex MaMsITH J0ITyCKAeTCsl CHMBOJIMYECKOe ITpejicTaBIeHne ajpeca, Ha-
npumep O3Y1[Aucn]. Eciu ajipec stueliku JOMOTHUTEHHO 3aKII0U€H B KPYTJIble CKOOKH,
3TO O3HAUAET 3a/laHue KOCBEHHOTO ajipeca. Tak, B 3armucu O3Y[(PAM)] yka3aH KOCBEHHBIH
ajipec, 3HaUeHNe KOTOPOTO coziepskuTcs B peructpe PAIL

OnucaHune Mukpoonepaumii

31ech 1o/l MUKpooTIepatrell MOHNMaeTcsT sJieMeHTapHas (PYHKIIMOHAIbHAS OTIepaIlis,
BBIIIOJIHSAEMas HaJl CJI0BaMU 110/, BO3/lelicTBHEM OAHOIO CUrHaJIa yIIpaBieHus, KOTOPbLI
BBIPA0ATBIBAETCS yCTPOUCTBOM yiipasJieHust BM. B 3aBUCHMOCTH OT KOJIMUECTBA TPe00-
pasyeMbIX ¢JI0B (OTIepaH/ioB), PA3IMYalOT OJJHOMECTHBIE, IBYXMECTHbIE 1 TPEXMECTHBIE
MUKPOOIIEPALINH.

Omnucanme MUKPOOTIEPAIINN CRJIAJIBIBACTCA U3 IBYX '—IaCTeﬁ, pa3aesAeMbIX IBOCTOUYMEM

METKA: MMKPOOTEPATOP.

Mukpootniepatop orpeziesisieT co/iepsKUMoe TTPOU3BOJMMOTO 3JEMEHTAPHOTO JIeWCTBUS
(Mukpoorepaliii). MeTkoil ciykuT 0003HaUeHNEe CUTHAJA YIIPABJICHNSI, BbI3bIBAOIIE-
IO BBITIOJIHEHUE TAHHOW MUKPOOTEPaIlny. 3aBepiiaeTcsd MeTKa ABoeToureM. [l moBbI-
[IEHMs HATJSIHOCTU 3aIUCel JKeJaTeIbHO, YTOOBI METKA CUTHAJIA YIIPABJIECHUST HECIA
CMBICJIOBYIO Harpy3ky. Hanpumep, fiig Mukpooriepaniii Bbiiaqyu nHGOpMaIuy UieHTH-
(bUKaTOp METKM CUTHAJIA MOKHO HAYMHATD ¢ GYKBBI «B», a [I7IsT IPHEeMa — ¢ GYKBBI <M.
MeTka A1 MUKpOOTIEpalliy TIEPECBLIKN B perucTp PB m3 permctpa PA 3amuchiBaeTcs
B Bujie NPBBPA (1ipuem B peructp PB, Bbiiaya 13 peructpa PA), miam cokparnieHHo PB_PA.
Kak BujiiM, MeTKa CUTHAJIA YIIPABJIEHUST OTOOPAKAET TO Ke HAPABJICHUE TIEPEIAUun IaH-
HBIX, 4YTO ¥ MUKPOOIIEPATOP, TO €CThb CIIPaBa HAJIEBO.

MukpootepaTop o (hopme 3aIicH MPECTaBIsIeT o6l omepartop MprcBanBanust. Boi-
paskeHue CcrpaBa OT 3HaKa MpUcBanBaHus (:=) Ha3bIBaeTCs (DOPMYJION MUKPOOTIEPATOPA.
Dopmyta onpezessierT BUL Mpeodpa3oBaHs, MPOU3BOANMOr0 MUKpOOIepalueii, u me-
cTomoJIoKeHHe TIpeobpasyeMbix onepanioB. CieBa OT 3HaKA MPUCBAUBAHUS B MUKPO-
oTiepaTope yKasbIBacTCd MPUEMHIK Pe3yJibraTa peaanus3annn (hopMyJIbl.

B coorercTBUM ¢ GOPMYJIONH MUKpooIiepaTopa OyieM pasjiudarh Ceayioliie KIacchl
MWKPOOTIEPAITHTA.

Muxpoonepayus ycmanoskyu — NpUCBaUBaHUE CJIOBY 3HAUEHNS KOHCTAHTHI.

Harnpumep, nPX: PX(S - M) := 0; nPC:PC(7-0) := 31,,,

3/1eCh 3a1nch 31,, 03HAYAET, YTO PeUb UJIET O eCATUIHON KOHCTaHTe 31.

Muxpoonepauyuu nepedauu — npucBauBaHie CJIOBY 3HAUEHUSI IPYTOTO CJIOBA, B TOM YHC-
Jie ¢ MTHBEpCHUeEl 1epeiaBaeMoro CJaoBa.

[Tpumepom TipocToTo TPUCBANBAHUS MOKET CJIYKUTh MUKpooriepaiiusg bnyn: CK := PA.
37ech MUKPOOTIEPATOP OMHCHIBAET 3aHECEHNE B CYETINK KOMAH/I COAEPSKUMOTO PETH-
cTpa azpeca (aZpectoro MoJisd perucTpa KoMaH/bl), TO eCTh pealusalulio lepexoja B Ko-
MaH1ax 6e3yCJI0BHOTO U YCJIOBHOTO TIEPEXO0/IA, YTO U OTPAKAET UIEHTU(DUKATOP CUTHAJIA
yIIpaBJIEHUSL.
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[pyrue mpuMepbl MUKPOOTIEpAITUii TTepejaun:

nPYBPX: PY(15-0) := PX(15-0); PeBYX: PY(15-0) := PX(0-15).

[TepBbIit MUKPOOIIEPATOP OMUCHIBAET TIepechIKy 16-paspsaHoro cioBa u3 perucrpa PX
B peructp PY ¢ cOXpaHEeHUEM PACTIONIOKEHIS Pa3PsIOB, a BTOPOI — € «pa3BOPOTOM» HC-
XOJTHOTO CJIOBA.

Mukpooriepaliuu epeiadsl 9rcia ¢ IaBalolieil 3araTol, MMeIoIero moJs 3Haka S, 1mo-
psaka P v ManTucChl M, a Tak:Ke TIepeadnl 3HaKa ¢ MHBEPTUPOBAHUEM, UMEIOT BUI:

nN328M31: Pr32(S + P + M) :=PrN31(S + P - M); n3U: PrX(S) := PrY(S).

ECJH/I PErncTphbl CBA3aHbI MEK/Y CO6OI>,I HE€ HEIIOCPEACTBEHHO, a Y€pEe3 IINHY, KOTOpaA Uc-
TTOJIb3YETCA MHOTMMU NUCTOYHHUKaMU U TIDUEMHUKaMU JIaHHBIX, TO II€pe/lavda CJIOBa MEKY
HUMM BO3MOJKHa ITPU OTHOBPEMEHHOM BbIIIOJIHEHUUN /IBYX MI/IKpOOHGPaHI/Iﬁ, 1 OII1cCaHue
IIPpUHUMAET BUJIL:

BPrB: LLA := PrB, nPrA: PrA := LLIA

NJIn

nPrA, BPrB: PrA := LLIA := PrB.

SZIECB METKH O/THOBPEMEHHO (bOpMI/IpyeMBIX CUTHAJIOB YIIPDABJICHUS HHEPEUNCIAIOTCS Ye-
pe3 3alATyIo 1 O6paSyIOT MUKPDOKOMaH/TY.

Muicpoonepauuu cocmasaenus ci06a — 0OeCIednBaIoT TIOJIy4€eHure 11eJIoro CJI0Ba 60J1b-
ot Pa3pAAHOCTH U3 HECKOJIbKUX MaJIOPa3pAAHBbIX CJIOB.

[Tyctp B 16-paspsianblii peructp A HyKHO [IepeiaTh CJIOBO, CTapIiue Pa3psifibl KOTOPOTO
cofiepkaTcsd B 8-pa3psi/iHOM peructpe B, a muazime — B 8-paspsaHom peructpe C. Co-
OTBETCTBYIOIILYIO MUKPOOIIEPAIIUIO MOXKHO OIIHCATH TAK:

nPrA: PrA(15-0) := PrB(7-0) - PrC(7-0),
rjie Touka (*) — 3HaK oIepaliiy COCTaBICHUS.

Orneparusi coctapyieHust (KOHKATEHAIIMN) TTO3BOJIIET MPUCOEAMHUTH 3HAYEHUE CJIOBA,
YKa3aHHOTO CIIpaBa OT 3HAKa OTepaIlii, K 3HAYEHWTO CJIOBA, PACIIONOKEHHOTO CJieBa OT
3HaKa OIepPaInu.

Muxpoonepayuu cosuza ciryskat jjisi U3SMEHEHUs [I0JIOKEHUS pa3psaioB ciaosa. [Tonoxke-
HUE Pa3pAaJ0B U3MEHIETCS IIyTeM IepeMelleHns KaxK/10ro pa3psjia Ha HECKOJIbKO MMO3U-
IIUH BJIEBO WJIU BIIPABO.

MuKpooIepalyy CABUra CJI0Ba B aKKYMYJIATOPE, HAIIPUMEP, MOTYT OBITh OIIUCAHBI B CJIe-

Jytorux popmax:

m R2AK: AK(15-0) := PC(1-0) + AK(15-2) — caBur Ha JBa pa3ps/a BIIPaBO C BBEJEeHUEM
B JIBa CTAPILIMX OCBOOOKIAIOIINXCS Pa3psiia COAEPKMMOTO ABYX MJIAAIINX Pa3pPsiIoB
peructpa PC;

m L1AK: AK(15-0) := AK(14-0) « O — caABUT Ha OJINH Pa3psJL BJIEBO C 3aHECEHUEM B OCBO-
GOKAAIOMIMIACS paspsi HyJIs;

B R2AK(15-0): PC(15-0) := AK(15) + AK(15) « AK(15-2) — apuMeTUudecKuii CIBUT CJIOBA
BIIPABO Ha JIBa Paspsijia C 3arPy3KOi B cTapiiie 0CBOOOKAAIONIMECS Pas3Psiibl 3HAKA.
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Jl1s coxpalieHus 3amc MUKpOOTIepalluy CIBUTA UCTIOIb3YIOTCA JIBE MTPOIIEAYPhI:

B Rn(A) — ymasenue n MIaIINX IIPABbIX Pa3PsALOB U3 CJIOBA A, TO €CTh CABUT 3HAYCHII
Ha n pa3psA10B BIIPABO;

B Ln(A) — yzajienne n CTapIInX JEBBIX Pa3psAmLOB U3 CJI0Ba A, TO €CTb CABUT 3HAYECHUSI
Ha N pa3psa0B BJIEBO.

I/ICHOJI]'::SOBaHI/Ie I9TUX Ipoueayp HNpUBOAUT K IHPEACTABJICHUIO paHEC PAaCCMOTPEHHBIX
MHUKPOOTIEPATOPOB B hopMe:

B AK(15-0) := R2(PC(1-0) - AK);

m AK(15-0):=L1(AK - O);

m PC (15-0) := R2(AK(s) * AK(s) * AK).

Muicpoonepauuﬂ cuema — O6GCHG‘{I/IB38T N3MeEHEeHNE 3HAaYCHUA CJI0OBa Ha €/IMHUILY:

+1CK: CK:=CK+ 1.
Muxpoonepayus cioscenuss — CIry>KUT JJ1sT TPUCBANBAHUS CJIOBY CYyMMBbI CJTaTaeMBbIX:

CnAL: PAIM := NP + PA.

Jlozuueckue muxpoonepayuy — MPUCBANBAIOT CJIOBY 3HAYeHUe, MOJyYEeHHOE TT0Pa3psill-
HbIM nipuMenenueM dhyukiuii 1 (A), MJIU (v), uckovatoree JIN (@) k mapam coot-
BETCTBYIOIINX Pa3psIIOB OTIEPAHIOB!

M: AK := PX A PY; M2: AK := PX @ PY.
Muxpoonepayust 060uum020 0ex00UpoBaus — COCTOUT B IPE0OPA3OBAHUU N-PA3PALHOTO
JIBOMYHOTO MO3UIMOHHOTO Kozila A B 2"-pa3psi/iHblii YHUTApHbIH Ko B. B yaurapHom
KOJIE TOJIBKO OJIMH Pa3psii IPUHUMAET e[MHUYHOE 3HAYEHHUE, a BCE OCTAJIbHBIE PABHBI
nyso. Homep paspsima K, KoTopblii ipuHUMaeT 3HaueHue 1, ompeiessieTcst 3SHaueHueM
komaA=a, , a, .. a;

n—1 .

K=Y a;x2.
i=0

IIpunsTO CIemytoliee yeaoBaoe obo3Hauenue: B := DECOD (A).

KomMmmeHTapumu K Mukpoonepaumsam

MUKpOOTIEpAIK MOTYT CHAOKATHCSI TPOU3BOJIBHBIMU KOMMeHTapusiMu. KomMeHTapun
3alMCBIBAIOTCS CIIPaBa OT MUKPOOIIEPAIIMU U 3aKJIIOYAIOTCS B yIIoBble ckoOKu. Harpu-
Mep:

+1CK := CK := CK + 1 <YBenuueHne cogepxumoro CK Ha eanHuLy>.

CoBMeCcTMMOCTb MUKpoOOMnepauui

Cosmecmumocmvro Ha3bIBAETCST CBOMCTBO COBOKYITHOCTH MUKPOOTIEPAIIHii, TApDAHTUPYIO-
1ee BO3MOKHOCTD WX TTapaljie/IbHOTO BbimosiHerwst [ 15]. Pazauyaior GhyHKIIMOHATBHYIO
U CTPYKTYpHYIO coBMecTUMOCTH. IlycTb Sy, S5, S5, S, — MOAMHOXKECTBA CTIOB U3 MHOXKE-
crBa S. Torna mukpoonepanuu S, := @,(S,) 1 S5 := @,(S,) Ha3bIBAIOTCSA PYHKUUOHALLHO
cosmecmumvlmu, ecn S, N 52 = &, To eCTh eI MUKPOOTIEPAIIH IPUCBANBAIOT 3HAYCHUS
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pasHbIM cJ0BaM. B yHKIIMOHAIBHBIX MUKPOIIPOTPAMMaX, OIMCBIBAIONINX aJTOPUTMBI
BBITIOJTHEH WS OTlepaIuii 6e3 yuera CTpyKTYPhl BBIYMCIUTETHHON MAIIUHbL, OJHOBPEMEH-
HO MOTYT BBITIOJIHATHCS TOJIBKO (DYHKIIMOHATBHO COBMECTUMbIC MUKPOOTIEPAIINH.
Crpykrypa BM MoskeT BHeCTH /IOIIOJIHUTEIbHbIE OTPAaHIMYEHUS HA BO3MOYKHOCTD I1apaJi-
JIEJIBHOTO BBIIIOJIHEHUSI MUKpooliepaluil. Mukpoonepaiuy Ha3blBalOTCA CMPYKMypHO
HECOBMECMUMbIMIL, €CJTV U3-32 OTPAHUYEHUH, 00YCIOBIEHHBIX CTPYKTYpoil BM, oHu He
MOTYT BBITIOJTHATHCS TTapaieibHo. OOBIYHO CTPYKTYPHAST HECOBMECTUMOCTH CBsI3aHa
C MCIOJIb30BAHUEM MUKPOOTIEPAIIUSAMU OJTHOTO U TOTO JKe 060PYI0BAHUSL.

Llukn komaHabl

[Tporpamma B hon-HeiimanoBcKoi I BM peanusyercs nnentpanbHbiM ripotteccopom (111T)
TIOCPE/ICTBOM TTOCJIEIOBATEIBHOTO UCTIOTHEHUS 00PA3yIoONIUX 9Ty MPOTPAMMY KOMAH]I.
JleiicTBust, TpeGyemble st BBIOOPKK (U3BJEYEHUS M3 OCHOBHOI MAaMsATH) ¥ BBIIOJIHE-
HYST KOMaH/IbI, HA3BIBAIOT YUKIOM KOMaHObL. B 061eM cirydae MK KOMAH/IbI BKIIOYAET
B cebsT HECKOTBKO COCTABJISTIONIHX (ITATIOB):

m BoIGOpKY KoMaubl (BK);

nexkomupoBanne koMauas! (/IK);

BBIYHCJIEHUE UCTTOTHUTETbHBIX a/ipecoB (BA);
BoIOOPKY onepanios (BO);

ucnosnenne oneparuu (M10);

3anuch pesyasraTta (3P);

dopmuposanue aapeca caenyioiieit komanasl (DPACK).

Hepe‘{I/IC]IeHHble ATAIIbl BHIIIOJHEHUSI KOMaH/IbI B JlaJIbHENIeM 6YI[€M Ha3bIBaTb CmaH-
8apmnbm UUKIIOM KOMaHOwbL. OTMGTI/IM, 4TO HE BCE U3 3TAITOB IPUCYTCTBYIOT ITPU BbIIIOJI-
HeHuu 000 KOMaH/bI (SaBI/ICI/IT OT THUIIA KOM&HI[bI), TEeM HE MeHee 9Tallbl BbI60pKI/I,
JEKOJIMPOBaHuA, UCITOJTHEHUS 1 (bOpMI/IpOBaHI/IH ajipeca C]Ie[[yIOH_[eI;’I KOMaH/Ibl UM€EIOT
MECTO Bcerja.

B OIIpeCJIEHHBIX CUTYAaIUAX BO3MOJKHBI €II1€ /IBa 9Talla:

B KkocBeHHas azgpecaius (KA);
m peakiusg Ha npepbiBanue (PII).

CTaHaapTHbINA LUK KOMaHAbI

KpaTKO OXapaKTepnu3yem Ka)K,Z[bIﬁ N3 BbIIIEIIEPEYNCIICHHBIX 9TAIIOB CTAaHAAPTHOI'O UK~
Jla KOMaH/bI. HpI/I N3y4Y€HNU JaHHOI'O MaTepuaJjia CJeyeT YyIUTbIBATh, YTO IIPUBOANMOE
OllMCaHue JINIIb Aa€eT IPpeJACTaBJI€eHNE O CYITHOCTU KasKJA0Io 13 9TallOB. B To ke Bpem:Aa
paciipeeyjeHnmne (bYHKL[I/Iﬁ 110 Pa3HbIM 9TallaM IUKJIa KOMaH/Abl 1 IMOCJIE€A0BATEJIbHOCTDb
BBIIIOJIHEHW 9TAIIOB B p€aJIbHbIX BM MOTYT OT/INYATbCA OT U3Jlara€MblIX.

9T1an BbIOOPKU KOMaHAbI

[Tkt 060 KOMAH/IBI HAUMHAETCST C TOTO, UTO TEHTPATBHBIN MTPOIECCOP U3BIEKAET KO-
MaH[y U3 TaMsTH, UCTI0JIb3Y s ajipec, Xpausnmuiics B cueTunke koman (CK). JIBonunsrii
KO/l KOMaH/bl I1oMmelaeTcs B peructp koManabl (PK) u ¢ atoro momenTa cranosurcs
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<«BUJIUMBIM» J17151 TIpoIeccopa. bes yuera mpomMesKyTOUHBIX ITePeChbIIOK U CUTHAJIOB yITPaB-
JIEHUS 9TO MOKHO OIIUCATh CJeAyIOnM obpasom: PK := OM[(CK)].

[IpuBeneHHas 3allUCh OXBAThIBAET BECh ATAIl BBIOOPKHU, €CJIM JJIMHA KOMAH/Ibl COBIIaJaeT
C PaspsIIHOCTBIO STYeiiKu TmaMsTH. B To ske BpeMst cuctema komana muorux BM mpen-
[oJIaraeT HeCKOJIbKO (hOPMATOB KOMaHI, IPUYEM B Pa3HbIX (hopMarax KOMaH/a MOKET
3aHuMaTh 1, 2 nam GoJsiee sueek, a ararn BHIOOPKKM KOMaHIbl MOYKHO CYUMTATh 3aBEPIIEH-
HBIM JIAILIb II0C/IEe TOro, Kak B PK Gyer momeleH moJHblii Koj koMaHabl. HopManus
0 (hakTHUYECKON JJIMHE KOMAH/IBI COAEPKUTCS B TIOJISIX KOJIA Oepaliy 1 criocoba ajape-
cauun. OGBIYHO 9TH T110JIsI PACIIOJATAIOT B IIEPBOM CJIOBE KOJA KOMAH/bI, U [JIsl BbISICHE-
HUS HeOOXOAMMOCTH TIPOAOJIKEHH IIPOIlecca BHIGOPKU HEOOXOAUMO [IPEABaPUTENbHOE
JIEKOJIMPOBAHUE MX CONEPKUMOTO.

Takoe JeKOIUPOBaHIE MOKET OBITh IIPOU3BEAEHO MOCTIE TOr0, Kak MepBoe CJIOBO KO/
koMaH bl okaskercs B PK. B cirydae MHOTOCIOBHOTO (hopMaTa KOMaH/Ibl TIPOIECC BHIGOP-
KW TIPOJIOJIKAETCS BIIOTH /10 3aHeceHust B PK Bcex cioB komanel. Hapumep, nist 16-
Pa3psIIHOI KOMAH/IbI, 3aHUMAIOTIEH [IBe 8-paspsIIHbIX sSUEHKH TTaMSATH, BBIOOPKY MOKHO
OTIMCaTh TaK:

MCTPK: PK(15-8) := OM[(CK)J; <3aHeceHune B PK cTapuiero 6aiTa komaHabl>
+1CK: CK:=CK + 1;
MMnPK: PK(7-0) := OM[(CK)]. <3aHeceHune B PK mnaaluero 6arita komaHabl>

STan AeKkoanpoepaHUa KoMmaHAabl

ITocite BBIGOPKU KOMaHAbI OHA JOJKHA OBITH AeKoaupoBaHa, Ayt yero LT pacumdpo-
BbiBaeT Haxonsdmuiicss B PK ko komanbl. B pesysibrare eKoAMPOBAHUS BISICHSIIOTCS
CJIeIyTOIe MOMEHTDI:

m Haxozxutest i B PK mOMHBII KO KOMAH/IBI WK TPEOYETCs 103arpy3Ka OCTATBHBIX
CJIOB KOMAH/IbI;

B Kakue TMOoCJeyIonie IeiCTBIS Hy KHbI JIJIs1 BBITOJHEHUS TaHHON KOMaH/Ibl;

B €eCJTH KOMAaH/Ia MCTIOMB3YET OTePAHIbI, TO OTKY/Ia OHU JIOJKHBI OBITH B3SITHI (HOMED
perucTpa uiu ajipec s4eiiku OCHOBHOM ITaMTH );

B ecu KoMana GOPMUPYET Pe3yJIbTaT, TO Ky/[a 9TOT Pe3yJIbTaT J0JUKeH ObITh HAIIPaB-
JIeH.

OTBeTHI Ha /IBa IEPBBIX BOIMTPOCA JIAeT PAcIIn@poBKa KO/Ia OTIePaIiH, Pe3yJIbTaTOM KOTO-
POIi MOKET OBITh YHUTAPHBIN KOJI, T/Ie KasKAbIi Paspsii COOTBETCTBYET OJHON U3 KOMaH/I,
YTO MOKHO omnmcaTh B Buzie YHuTK := DECOD (KOIM). Ha mpakTnke BMeCTo YHUTApHOTO
KOJa MOTYT BCTPETUTHCS caMble PasHOOGPasHbie (hOPMbI MIPEACTABICHUS PE3YJIETaTOB
JIEKOJIMTPOBAHMS, HAIPUMED aJ[pec SYeKN CIennaJibHON YIPaBJSIONEeN MaMsITH, Te
XPaHUTCS TTepBas MUKPOKOMaH/[a MUKPOITPOTPAMMBI JIJIsT Peau3alini yKa3aHHOH B KO-
MaH/ie oleparum.

[TostHOE BBISICHEHNE BCeX aCMeKTOB KOMAH/IbI, TOMIMO Paci(pPOBKU KOIA OMeparii,
TpebyeT Takyke aHATIM3a APECHOH YaCTH KOMAHIBI, BKIIOUYAS TTOJE CIoco0a ampecarim.

IIo pesysbrataMm /eKOAMPOBAHUSI ITPOU3BOAMUTCS TIOJTOTOBKA 2JIEKTPOHHBIX cxeM BM
K BBITIOJTHEHUIO TTPETTUCAHHBIX KOMAHIOU JCHCTBUN.
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STan BbIYMCJIEHUS UCMOJIHUTEJIbHbIX agpecos

Kak y:xe ormevanoch paHee, 1ist (pU3MYECKOro A0CTYIIa K OCHOBHOM TaMsATH HEOOXOIMMO
MoIaTh Ha ee aipeCHbIe BXO/Ibl UCIIOJTHUTEIbHBIN aZipec sueiiku. B To ke BpeMd B azpec-
HOI Y4acTh KOMaH/bl 0OBIYHO YKa3bIBA€TCS JIMILIb aJPECHBI KOJ, KOTOPbIH, B 00IIeM
ciydae, OTJIMYAeTCs OT UCIOTHUTENbHOTO afpeca. [ToaToMy [171d mocaenyioniero ucmno-
HEHUsI KOMaH/Ibl aJIPECHBIN KOJL IIPeBAPUTEIBHO J0JKEH ObITh IPeodpasoBaH B COOTBET-
CTBYIOIIUIT UCIIOJTHUTEILHBIN apec. Takoe mpeodpa3oBaHKe U COCTABIISIET COEPKAHIE
paccMaTpUBaeMOro Jrama HuKAa KoMmaHzabl IIpu 1peoOpasoBaHuy PYyKOBOJACTBYIOTCS
c110co00M azipecalivy, yKasaHHbIM B OJJHOMMEHHOM II0JIe Kozla KoMaH/bl. Tak, B ciaydae
WH/IEKCHOU aJIpecariuu JIJist oJIy4eHus] UCIIOJTHUTEIBHOTO aJipeca IPOU3BOUTCS CyMMU-
pOBaHUE COMEPKUMOTO aJ[PECHON YaCTH KOMAH/IBI ¥ COAEPKUMOTO MHAEKCHOTO PETUCTPA.

OT1an BbIOOPKU ONepaHaoB

Jlanublil aTaIn XxapakTepeH JIMLIb /1 KoMamg 00paboTKy onepanaoB. Borauciennbie na
MPE/IbIYIIEeM dTalle NCIOJHUTETbHbBIE a/[peca UCTIOIb3YIOTCA I CYUTBIBAHUS OllepaH-
JIOB U3 MaMSATH U 3aHECEHUS B OIpe/iesieHHbIe PerucTphbl ITpoiieccopa. Harpumep, B ciy-
yae apuMeTUIeCKON KOMaH/[bl OTIEPAH/] TOCJIE U3BJICUEHUST U3 MAMSITH MOKET OBITH 3a-
rpy:ket Bo BxoiHo# peructp AJIY. OpHako yaiie orepan/ibl IPeIBAPUTENbHO 3aHOCSTCS
B CIIeI[MATbHbIE BCIIOMOTATE/IbHbBIE PETUCTPBI TPOIECCOPa, a X Mepechbliika Ha BXo1 AJIY
IIPOMCXO/IUT HA 3TAIle UCIIOJIHEHUS OTIepaIiu.

9T1an ucnoJiHeHns onepaumnmn

Ha sTom aTarne peanusyeTcst ykazaHHas B KOMaHje ornepaius. B cuy pasmuuns cymr-
HOCTH KayKI0M 13 KoMana BM, cogep:kaHue aTOro aTamna Takke cyry0o MHAMBUIYaIbHO.
ITankl UCHOJIHEHNs THIIOBBIX KOMaH/ OyAyT PacCMOTPEHbBI HIZKE Ha IIPUMepe KOMaH[
TUTIOTETUYECKON BBIYNCIUTEIbHON MAITUHBI, TPUBEEHHON Ha puc. 3.1.

9T1an 3anucu pe3ynbtaTta

ITar 3amnmucu pe3yJsbrTaTa HPUCYTCTBYET B IIMKJIE TEX KOMaH/l, KOTOPbIE IIpEAIIogaraioT
3aHECE€HUE pe3yJjibTaTa B pETUCTP NJIN quﬁKy ocHOBHOI nmaMsTi. DakTryecKn ero Mox-
HO CHUTATb YaCTbIO 9Talla NCITOJTHEHMA, 0COOEHHO [JIA TEX KOMaH/I, KOTOpPbIE ITOMENAlOT
PeE3YJabTAT Cpa3dy B HECKOJIbBKO MECT.

Otan popMupoBaHUa agpeca crieayioweii KoMmaHabl

[l poH-HEMIMaHOBCKUX MAITMH XapaKTePHO Pa3MeleHIe COCeTHNX KOMaH/[ TPOTPaMMbI
B CMEXHBIX sTUelikax maMaTH. Ecim n3BiedeHHas KOMaH/[a He HapyIIaeT ecTeCTBEHHOTO
TTOPSIIKA BBITIOJTHEHUS TPOTPAMMBI, JIJI5T BBIYUCJIEHNS ajipeca CJeyomiell BhITOTHIeMON
KOMaH/IbI JIOCTATOYHO YBEJIWYUTH COJEPKMMOE CUeTYMKAa KOMaH/[ Ha [IJINHY TeKyIen
KOMaH/IbI, IIPEICTABICHHYIO KOTMYECTBOM 3aHNMAEMBIX KOOM KOMAH/Ibl TY€EK TaMATH.
J11s1 oTHOCTIOBHOIT KOMAH/IBI 9TO OMUCHIBaeTCsT MUKpootepariueii: +1CK: CK := CK + 1.

JIiMHAa KOMaHJIbl, a TaKkKe TO, CIOCOOHA JIN OHA M3MEHUTH €CTECTBEHHBIN MOPSIIOK BbI-
MOJIHEHUST KOMaH][ TPOrPaMMBbl, BBISCHSIOTCS Ha aTane JAeKkoaupoBanus. Eciu n3Bie-
YeHHasE KOMaH/[a CIOCOOHA M3MEHWTD MOCJE[0BATEbHOCTD BBITIOJHEHUST TPOTPAMMBI
(KoMaH/1a yCIIOBHOTO WK Oe3yCJIOBHOTO TIEPEX0/Ia, BBI30BA MPOIIEAYPHI U T. I1.), IPOIECC
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(opmupoBanus azgpeca cienyionieil Komanbl cBoguTcs K 3anecenunio B CK ajpecnoit
YaCTHU KO/Ia KOMaH/Ibl U (haKTUIECKU TTPOUCXO/IUT YIKe Ha HTaTle UCTTOTHEHUSI.

OnucaHune CTaHAAPTHbIX LUKJTOB KOMaHAbI

ansa rMNOTeTUYEeCKOM MaLLUuHbI

JUtst WILTIOCTPAIIMY COJIEPIKAHMSI CTAHIAPTHOTO TIUKJIA KOMAH/I 00PATHMCS K THIIOTETHU-
yeckoit BM (cm. puc. 3.1). MukporporpaMmbl OTIETbHBIX TAIIOB UCIIOJTHEHUS €€ KO-

MaHJ npuBegensl B Ta0u. 3.2. B tabimie Takke yKasaHbl HOMePa TAKTOBBIX [IEPUOIOB,
B Te4eHUe KOTOPDIX BBITTOJHACTCI KaskK/1asi MUKPOKOMAaH/IA.

Ta6nuua 3.2. MykponporpamMmMbl OTAESbHbIX 3TAMNOB LMKI0B KOMaHA, (rmnoteTndeckas BM)

Idran Komanna Homep | Muxpomnporpamma
TaKTa
KOn |AY
BK TO PAM_CK: PAMN := CK, 4YTt3Y: POM := OM[(PAM)]
BK+/IK T PK_PAOM: PK :=PAM, MMNA := YHnTtK := DECOD (PK
(Kory)
BO LDA |ADR T2 PAM_PA: PAIN := PK(PA); 4t3Y: POM := OM[(PAM)]
no T3 Axk_POM: Ak := PAOM
no STA |ADR |T2 PAM_PA: PAIN := PK(PA); POM_Axk: PANM := Akk
no T3 3n3Y: OM[(PAM)] :=POMN
BO ADD |ADR |[T2 PAM_PA: PAI := PK(PA), 4T3Y: POM := OM[(PAM)]
1o T3 PX_POM: PX:=PAM, PY_Akk: PY := Akk, Onb := PY + PX,
Pnp3 := MNpunaHakn
no T4 Akk_Onb: Akk := Onb
BO SUB |ADR [T2 PAM_PA: PAI := PK(PA), 4T3Y: PAOM := OM[(PAM)]
no T3 PX_POM: PX:=PAOM, PY_Akk: PY := Akk, Onb := PY - PX,
Pnp3: = MNpn3Hakun
no T4 Akk_Onb: Akk := Onb
1o INP [IPRT [T2 OBB_PA: BB := PK(PA)
1o T3 Bg: Akk := lNopT BBoga IPRT
no OUT |OPRT |T2 OBB_PA: 1BB := PK(PA)
no T3 Buig: MopT BbiBOAa OPRT := Akk
no JMP |ADR |T2 BIMyn: CK := PA
no BRZ |ADR |[T2 If Z=1 then BMYM: CK := PA
else +1CK: CK := CK+1
no HLT T2 OCT:
DACK T4 +1CK: CK := CK+1; <Ons komang LDA, STA, INP, OUT>
T5 +1CK: CK := CK+1; <nsa komaHg ADD, SUB >

B cuny BasKHOCTH paccMaTpUBaeMOTO BOIIPOCa HIKE TAETCS CJIOBECHOE OTMCAHUE MTPOo-
[[ECCOB, MIPEJICTABJIEHHBIX MUKpOIIporpaMMamu Tadu. 3.2. HamoMHUM, 4TO BCE CUTHAJIBI
VIpaBJeHUs U YIPaBJSIONAe KOAbI (DOPMUPYIOTCS MUKPOITPOTPAMMHBIM aBTOMATOM.
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Idran BbIGOPKHU M0G0I KomMaHasl BM. Ha atom sTare poucXognT U3BiedyeHne 1Bond-
HOTO KOJIa KOMaH/Ibl U3 A4eiK11 OCHOBHON NaMsITH U €T0 3aHeceHNe B PETUCTP KOMaH/IbI.
ITall peajn3yeTcs B IByX HaUuaJbHBIX TAaKTaX IUKJIa KOMaH/b! (TOu T1):

m Taxr TO — BeIpaGaThiBaeTCst CUTHAT yipaBieHust PAMN_CK, MHUIIMHUPYIOLIHIT Iepe-
chlIKy cozepskumoro cuetunka komans (CK) B peructp agpeca namaru (PAIT), mo-
cJie 4ero mo curHaay Yr3Y cojiepRuMoe stueiiku, BBIOPaHHON JermundpatopoM aapeca
naMsaTH (KOJl KOMaH/Ibl ), TepenuchiBaeTcst B peructp Aanabix mamsatn (PIIT).

m Takr T1 — dopmupyercst curnan PK_PAM, o kotopomy cozepskumoe P/II1 nepenaer-
cs B PK, ipu arom nosie PKOTI 3arnosasiercst kojiom onepaiiuu, a noJie PA — ajpectoit
JacThi0 KOMAH/IBL.

Jran gexoaupoBanus a060ii komanasl BM. Cpasy ke 1ocjie pasMelleHnst Kojia ore-
paruu B PK Ipou3BoAMTCS €ro IEKOIMPOBAHNE, B PE3yIbTaTe KOTOPOTO aKTHBHBIM CTa-
HOBUTCA BBIXOJ femmmdparopa kona onepannn (/IKOII), coorBercTBytonuii komy orre-
paruu:

m Taxr T1 — JIKOII HemmocpecTBEHHO TMOAKIIOUEH K COOTBETCTBYIONIEMY MOJIIO PETH-
CTPa KOMaH/Ibl, II09TOMY CIIeLIMJIbHBIM CUrHaJl yIIPaBJIeHus He HyXKeH, a 1eKOJAUPO-
BaHMe MMPOMCXOJUT Cpasdy ke rocJe 3anoynenud PK, To ectp nmapasnienbHo BTOpoit
(baze arana BK.

ITan BbIYKCIEHUS UCTIOJHUTEIbHBIX aJipecoB. B runorernyeckoit BM rnipegycmorpena
TOJIBKO TIpsMast ajipecarinsi, T03TOMY 3Tall BBIYUCIEHUS UCIIOTHUTEIbHBIX a/[PECOB OT-
CYTCTBYET.

Jran Bb160p1<n onepaHzioB. B paccmatpuBaeMoli cucteMe KOMaH/I 3Tall BbI60pKI/I o1le-
panzaoB uMeeTcsd TOAbLKO B KoManzax LDA, ADD u SUB.

Iranbl komanapl LDA ADR. Komanza obecrieunBaer 3aHeceHe B aKKyMYJISITOD COLEp-
skumoro sueitkn OIT ¢ angpecom ADR:

m Taxr T2 (sram BO) — 1o curnamy PAMN_PA conepsknmoe PA (agpecHast 4acTb KO-
Man b)) riepecbinaercd B PAIL, mocse yero o curnany Yt3Y cojep:kumMoe syeiiku
c agpecom ADR zanocurcs B P/IT1.

m Taxr T3 (atar MO) — no curnany Akk_PAN onepanzx u3 P/IIT nepecwliaercs B akky-
MYJISITOP.

ITan ucnoJHeHus onepanuu st komanabl STA ADR. Komana obecrieynBaeT coxpaHe-
HUe coiep:KuMoro akkymyJisgtopa B sueiike OII ¢ anpecom ADR:

m Takr T2 — curnasom PAM_PA aapecnast yactb koman/ il (ADR) u3 PA nepecbiiaetcst
B PAII, 0/IHOBpPEMEHHO C ATUM COIEPKUMOE aKKYMYJISITOPA 10 curuasy POM_Akk 3a-
nocutcsa B P/I1.

m Taxr T3 — 1o curnamry 3n3Y mpoucxoant dhusndeckas 3anuch cogepkumoro P/TI
B stueliky OII, Ha koTopyto ykasbeiBaet anpec, Haxongimuiicst B PAIL.

Atanbl komanasl ADD ADR. Komanna obecrieunBaet CYMMUPOBaHNE TEKYIIETO COLEP-
JKUMOTO aKKyMyJisiTopa ¢ cosepskuMbiM stueiiku OI1, mmetoteit ajpec ADR. Pesysbrar
cJI0’KeHus octaercs B akkymyJsigrope. OnnoBpemento ¢ atuM B AJIY dhopmupyiores
IPU3HAKK Pe3yJIbTaTa, KOTOPbIE 3alIOMUHAIOTCS B PETUCTPE IPU3HAKOB:
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m Taxr T2 (sran BO) — BeipabarsiBaercs curtan PAM_PA, u cogepsxkumoe PA mocTymaer
B PAIL B ToMm ke TakTe 110 curnany Yr3Y BTopoe ciaraemoe u3 stueliku ¢ agpecom ADR
(nepBoe ciaraemoe Gepercst U3 akkymyJisitopa) saHocurcst 8 PIITI

m Takr T3 (sran MO) — curnan ynpasienns PX_PAM BbI3bIBAET MEPECHLIKY BTOPOTO OTie-
panyia u3 P/II1 B peructp PX apudmeruko-ngorudeckoro ycrpoiictsa. OlHOBpeMEHHO
C 9TUM, CUTHAJIOM PY_AKK TI€PBBI OlepaH/] U3 aKKyMYJIsiTopa nepenucbiBaetcs B PY.
OneparmoHHbIN 6JI0K BBIIOJIHAET Hajl JaHHBIME, pacioaoxkeHHbiMu B PX u PY, one-
paluio, 3aJaHHyI0 B KOJIe OIlepallii KOMaH/Ibl (B HAILleM CJIy4ae — CJIOJKEHHE), a TakxKe
(hopmupyeT npusHaku, XapakTepusyIolue aTOT pe3yJbrart. [Ipusnaku aBToMaTnyecku
3aHOCSTCS B PETUCTP MPU3HAKOB Prip3.

m Taxr T4 (aran 1O) — no curnany Akk_Onb nngopmaiing ¢ Boixozia Onb coxpansercs
B aKKyMYJISITOPE.

Aranbl komauabl SUB ADR. Komana obecriednBaeT BbIYMTaHWE M3 TEKYIIETO COIEP-
JKUMOTO akKymyJisstopa cogepskumoro gueiikn OTII, umetonieit anpec ADR. Pesysabsrar
BBIYUTAHUS OCTAETCS B akKKymyJisitope. Kak u nipu cioxennu, GOpMUPYIOTCS W 3aT10-
MUHAIOTCsI TpU3Haku pesyJbrata. Cojeprkatie Mogo0Ho OMUCcaHo 11t KoMaHabsl ADD
ADR, 3a uckmouenuem neiictBus, BoimoaHsgemMoro B OIIb B TakTe T3 (BbiunTanme BMe-
CTO CJIOKEHWMS).

IT1an ucnoaHeHud A1 koMmaHabl INP IPRT. Komanna obecrieunBaeT 3aHeceHUE B aKKYy-
MyJIaTOp nHpopMaru u3 nepudepuitnoro yerpoiictsa (11Y), MOAKIIOUEHHOTO K TIOPTY
BBOza ¢ HOMepoM [PRT:

m Takr T2 (aran 1O) — BeipabarbiBaeTcst yipaBsioniuii curaai 4BB_PA, 1o KOTopoMy
aJlpecHas 4acTh KOMaHIbl — HOMeP TIopTa BBojia — u3 PA moctymaet Ha BxoJ1 emmg-
paropa HoMepa ITopTa BBOJIa,/BBIBO/IA.

m Taxr T3 (sran 1O) — mo curnany Be nadopmaiiug us [1Y, moaKIIOU€HHOTO K BbI-
GpaHHOMY JeMHbPATOPOM TTOPTY BBOJIA, 3aHOCUTCS B aKKYMYJISATOP.

ATan ucnoaHeHud Aad komaHabl OUT OPRT. Komamia obecriedynBaeT BbIBOT COJZIEPIKU-
Moro akkymyJsitopa Ha [TY, nogkimouentoe k mopty BeiBosa ¢ Homepom OPRT:

m Takt T2 (aranrt NO) — no curnamry ABB_PA agpecHast 4acTh KOMaH/[bI — HOMep TTOpTa
BbIBOjIa — u3 PA momaercst Ha BXo[1 fienudpaTopa HoMepa MopTa BBOA,/ BBIBOIA.

m Takr T3 (aran 1O) — curraiom BbiB COAEPKUMOE AKKYMYJISATOPA Yepe3 BEIOPAHHBIN
¢ momotnpio /[ BB mopT BeIBosia 1tepeiaercs Ha nojikiouentoe 11Y.

Jdran ucnosHeHus1 onepamuu s komaHabl JMP ADR. Komanza obecrieunBaeT 6e3-
YCJIOBHBII TIEPEXO/T K KOMaHjIe, pactoyioxkeHnoi B sueiike OII ¢ axpecom ADR:

m Taxr T2 — 1o curnasy BMNYM aapecuas yactb komanasl (ADR) 3anocurcs B cyeTynk
KOMaH/I, TeM CaMbIM (DPaKTUYECKU PEATU3yeTcs aTal (HOPMUPOBAHIS ajpeca CIaeyio-
el KoMaH/blL.

Jran ucnoJHEeHUus onepanuy Uig KoMaHabl BRZ ADR. Komana aHaTM3upyeT XpaHsi-
muiicss B Prps mpusHak (Jiar) HyJIeBOTO pesysibraTa, BbipabotanHbiii B AJIY Ha mipe-
JIBIYIIIEM 9Tarie BEIYUCTICHUH, U (JOPMUPYET ajipec cJaeAyIoniell KOMaH/Ibl B 3aBUCUMO-
CTH OT COCTOSTHUA 9TOTO ITPU3HAKA:

m Takr T2 — npu HyJIeBOM 3HAUEHWW TTPU3HaKa (yCJIOBHE TIepexo/ia He BBITOJTHEHO)
€CTeCTBEHHDIH II0PS/I0K BbIIIOJHEHUs IIPOIPAMMBI He HapyllaeTcs, U ajipec cieyiomeit
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KOMaHZbI GOpPMUpPYeTCcs: 00BIYHBIM 00pasoM, myTeM yBeandenus copepxumoro CK
Ha eIUHUILY; IPU eIMHUIHOM 3HAYCHWHW NTPU3HaKa (YCJI0BUE MMePEXo/ia BBIMOJTHEHO)
B CK 3anocurcs comep:xumoe PA. Hamomuum, uyto B PA HaxoanTcst ajpecHast 4acTh
nzBaeuernoit 3 Ol koMaHabI Tepexoia, To ecTh axpec Touku rnepexoaa (ADR).

Jran ucnoIHeHU 11 KoMaHpl HLT. Komania npuBoAUT K 3aBEPIICHUIO BEIYUCTEHU.
[Tpu atom BBIpabareiBaetcst curaai OCT, Hy KHBIE JIJist TOTO, 4UTOOBI H3BECTUTD OTIEPATH-
OHHYIO CUCTEMY O 3aBeplLIeHUU TeKyIlell IPOrPaMMBbL.

Iran popmMupoBaHus afpeca ciaeayoieit komauapl. /[1s1 hopMupoBanHmst agpeca cie-
JLytotiell Komau bl (ecyii TeKyiast KoManjia He MeHsIET eCTeCTBEHHOM ITOCIe[0BAaTETbHO-
CTH BBIYHUCJIEHUIT) IOCTATOUYHO YBEJNIUTH COAEPKUMOE CUETINKA KOMAH/[ HA eTMHUILY.

MaLunHHbIN LUK C KOCBEHHOW aapecauuen

MHuorue KOMaH/Ibl ITPEIOJIATaloT YTEHNE ONIEePAH/I0B U3 MaMATH WM 3alIUCh B MAMSTD.
B npocreiimem ciydyae B aJJpecHOM I10Jie TAaKUX KOMaH/l SIBHO YKa3bIBA€TCS UCIIOJIHU-
TeJIbHBIN azipec cooTBeTcTBYIONIEH stueiikn OIl. OmHako yacTo uCmoirb3yeTcs: U Ipyron
cmocob yKa3aHus aapeca, KOT/Ia afipec OMepaH/a XPAHUTCS B KAKOH-TO sTIeiike TTaMsITH,
a B KOMaH/Ie YKa3bIBAETCS a/lpec Takol stueiiku. Kak yike otMedanoch paHee, TO{00HbIN
IIPUEM HAa3bIBACTCS KOCBeHHOU adpecayueri. UToObl IPOYNTATh WIN 3AINCATh ONEPAH,
cHayaja Hy:KHO M3BJIEYDb U3 [MaMATH €ro a/[pec U TOJIBKO MOCJIe 9TOTO IIPOU3BECTH HYXK-
HOe JieficTBre (YTeHNe WM 3aTiCh OMepPaH/Ia), UHBIMU CJIOBaMHU, TPEOYETCsT BBITIOTHUTE
nBa 0OPAIEHNs K MAMSATH. JTO, ECTECTBEHHO, OTPAKAETCS U Ha I[IKJI€ KOMAH/IBI, B KO-
TOPOM TIOSIBJISIETCS] KOCBEHHAS a/Ipecariiisl. ITal KOCBEeHHOH a[pecaliii MOKHO OTHECTH
K 9TaIly BBIYMCIICHUS aJIPECOB OMIEPAH/IOB, TOCKOJBKY €0 CYITHOCTH CBOJIUTCS K OTIpeie-
JIEHUIO UCIIOJIHUTEIBHOTO ajipeca olepaH/a.

[IppMeHUTENBHO K BEIYUCAUTETLHON MaITuHe, TPUBeIeHHON Ha puc. 3.1, Mpu KocBeH-
HOU ajipecarii I0JKHBI 00ECTIeUnBATHCS CIIEAYONINE MUKPOOTIEPAIIHN:

PAT_PA: PAI := PK(PA), 4T3Y: PA4MN := OM[(PAM)];
PA_PAMM: PK(PA) := PO <3ameTum, 4To B Hawer BM Takoro curHana HeT>.

KOHTpOJibHbIE BONPOCHI

1. Kakyto (QyHKIIIO BBITIOJHSIET CYECTYMK KOMAH/[ U KaKOil OJKHA OBITh €0 paspsi/-
HOCTH?

2. Kakoe u3 1oJieil perrcTpa KOMaH/[ JI0JKHO ObITh 3aM0JTHEHO B IEPBYIO OUepelh?

Kaxkoii azipec oJKeH ObITh 3aHECEH B YKa3aTeJb CTEKA [IPU €r0 MHUIHATH3AIIN ?

4. KakuMu cpeacTBaMU KOMIIEHCUPYETCsI Pa3jindrie B ObICTPOACHCTBUE TIPOIIECCOPa
1 OCHOBHOU TTaMsITh?

5. Ha ocuoBanuu kaxoii nudopMaIi MUKPOIIPOrPAMMHBIN aBTOMAT (DOPMUPYET CUT-
HAJIBl YIIPABJICHUS ?

6. MOKHO JI CYUTATh HAJTMYKE PETUCTPOB ONEPAHIOB 00513aTE/IbHBIM YCIOBUEM PabOThI
JII000T0 OIIEPALIIOHHOrO GJI0KA?

7. Kakum 06pazom ucrosb3yercst nHMOPMAIUs, XPAHSIIASICS B PETUCTPE IPU3HAKOB?

8. C KakuM MOHATHEM MOKHO aCCOIUMUPOBATH CUTHAJ YIIPABJIECHUS ?

©w
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10.
11.
12.

13.
14.
15.

16.
17.

B uem cocrout pazimune Mexly MUKPOKOMAHIONW U MUKPOOIIepaIiueii?
Kaxkne cymmecTByIOT cmocoOBI 3aMICH MUKPOTIPOTPAMM?
IIepeuncaute ocHoBHbIE IIpaBUJIa COCTaB/IeHHS Ipad-cXeMbl aITOPUTMA.

Kak B 1peiyioskeHHOM SI3bIKe MUKPOITPOrPAMMUPOBAHUST OITUCHIBAETCS] PA3PSIHOCTD
MINHBI?

Kaxune BapraHTbI ONTUCAHWS CIOBA TTAMSITH JIOTTYCKAET SI3BIK MIKPOITPOTPaMMHUPOBa-
HUS?

Omnucanue Kakix BUZOB MUKPOOIEpAIUil A0IIyCKaeT PaCCMOTPEHHBIN B yueOHUKE
SI3bIK MUKPOTIPOIPAMMUPOBAH U ?

Yro mojipazyMeBaeT MOHITHE «COBMECTUMOCTD MUKPOOTIEPAInii» ?

Kaxue 13 sTamos 1uKIa KOMaHIbl ABJISIOTCA 0013aTeIbHBIMU 7151 BCEX KOMaH/L?
Kakwue y3ip1 BM yuacTBYIOT B peajinsaliiu sTarna BbIOOPKK KOMaHIbl?



aBa 4

YcTpoucTBa ynpaeJsieHus

[lanmas ryaBa eTan3upyeT aclieKThl CTPYKTYPHOI OpraHu3aIini U (OyHKIIMOHUPOBAHS
YCTPOWCTB yIpaBJIeHUS BBIYUCIUTETHHON MAlTUHBI, HE PACCMOTPeHHbIe B riiasax 1, 3.

DyHKLUUMU N CTPYKTYpPa YCTPOMCTBA yripaB/iieHus

YerpotictBo yrpasieHus (YY) BBIUUCAUTETBHON MATMHBI peain3yeT (hyHKIIUU YIIpaB-
JIEHUST XOJIOM BBIYHUCJIUTEIHLHOTO TIPOIecca, 00eCIeunBasi aBTOMATUIECKOE BBITIOJHEHUE
KOMaH/I IIPOTPaMMBbI.

Hpouecc BBIITOJIHEHW S ITIPOTPaMMbI B BM NpeaCTaBJIAECT coboit IIocjae10BaTeJIbHOCTb Ma-
IIMHHBIX IIUKJIOB OTAEIbHBIX KOMaH 1. HarmoMHUM OCHOBHBIE 1€JIEBBIE (bYHKHI/II/I YCTpOﬁ-
CTBa YIIpaBJICHUA B XO/1€ TUITOBOTO MAIlTMHHOTO ITUKJIA!

B BBIGOPKA U JIEKOAUPOBAaHIE KOMAH/IbI,

B BBIUNCJIEHNE UCIIOJHUTEIbHBIX aPecOB 1 BHIOOPKA OLIEPAH/IOB,
B MHCIOJIHEHHuE Ollepaluu,

B (dopMupoBaHue agpeca caeayoneil KOMaH/IbL.

B cBoio ouepenb, Kaxaast GyHKIMS (3TAIT IUKJIA) PEATU3YETCS OCTE0BATETHHOCTHIO
2JIeMEHTAPHBIX IEHCTBUN B y3iax. Takue ajieMeHTapHbIe JIEHCTBYS, BBITIOJIHSIEMbIE B Te-
YeHre OHOTO TaKTa CUTHAJIOB CHHXPOHU3AINN, Ha3bIBatoTCsT Mukpoonepavusimu (MO).
COBOKYITHOCTb CUTHAJIOB YTIPABJIEHMUS, BbI3BIBAIOIINX OJJHOBPEMEHHO BBITIOTHSIEMbIE MU-
kpoorepaiuu, obpasyer muxpoxomandy (MK). TlociaenoBaTebHOCTh MUKPOKOMaH/I,
OTIPEIENISIONIYIO COjlepKaHue W TOPSIOK Pean3alluy IIMKJIa KOMAHJIbI, IIPUHSTO Ha-
3bIBATH MUKPONPoZpammotri. CUTHAJIBI YIIPABJIEHWS TeHEPUPYIOTCS TIEHTPATBHBIM Y3JI0M
YCTPONCTBOM yIIpaBjieHus: — mukponpozpammuvim asmomamom (MITA). Hazsanme ot-
pakaet To, uto MITA onpenesnsieT MUKPOTIPOTPAMMY KaK MOCJEI0BATEIbHOCTD BBITIOJ-
HEHUsT MUKPOOTIePaIniA.

MuKpoTporpaMMbl peain3aliui ePeYnCACHHBIX 1eeBbIX (QYHKIUN WHUIUAPYIOTCS
sadarowum 060pydosanuem, T0 ectb cobcTBeHHO Y.
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BBITIOHAIOTCS MUKPOTIPOTPAMMbI UCROJIHUMENbHBIM 060pydosaniuem BHIYUCTUTETIBHOT
marHbl. OCHOBHON YacThIO UCTIOJHUTENTLHOTO 000PYIOBAHUSI SIBJISIETCS] OTIEPAI[HOH-
HOE YCTPOHCTBO TIpoIieccopa.

B 0606mienHoi crpykType YV (puc. 4.1) MOXKHO BBIAEIUTD [BE YACTU: YIIPABJISIOILYIO
U ajipecHyio. YIpaBJsionias yacth Y'Y NpeaHasHaveHa Jist yrpasjienus paboToil mc-
HOJIHUTEILHOTO 000pynoBanus BM. Anpectast uacts Y'Y obecniedrBaeT GopMUPOBaHUE
a/IpecoB KOMAaHJI M UCTIOJTHUTEIBHBIX a/[PECOB OIIEPAH/IOB (B OCHOBHOI TAMSITH), TO €CTh
OTHOCHUTCS K UCIIOJTHUTETLHOMY 000pyoBamio BM.

B cocras ympasagiornieir yactu Y'Y Bxozar: peructp komasasl (PK), remmmdparop xoma
oneparnnu (/IKOIT), muxpornporpammusiii aBromar (MIIA) u ysen nmpepbIiBaHusT po-
rpamm (YIIII).

Pezucmp xomanovl nipeiHasHadeH I IpUeMa O4ePeIHO KOMaHAbl 13 3allOMUHAIONIe-
TO YCTPOWCTBA U ee XPaHEHUS B TEUEHUE BCETO IMKJA KOMaHIbl. B cOOTBETCTBUN CO
CTPYKTYPOI TUTTOBOI KOMaH/IbI OH COJICPKUT OTIEPAIMOHHYIO YACTD JIJIT XPAaHEHUS KO/a
onepanuu (PKOII) u agpecnyio gacts (PA), mpencraBiennyio agpecHbIM KogoM (A,)
u kozioM criocoba aapecaruu (CA).

Hewugpamop xoda onepavuu obecniedrBaeT mpeobpasoBaHue Kojia Orepaiui B (hopmy,
obecrieunBarony o a(hHEKTUBHBIN 3ayCK MUKPOITPOTPAMMHOTO aBTOMATA.

Muxponpozpammmnwviii agmomam Ha OCHOBAHUY Pe3yJIBTATOB JIEKO/IMPOBAHUS KOJIA Ollepa-
iy (1 Koma crocoba agpecalyin) BeipabaThiBAeT OIPELeJeHHYIO II0CAe0BaTeIbHOCTD
MUKPOKOMAaH/I, BBI3bIBAIOIINX BBITIOJHEHNE BCEX 1eIEBbIX (DYHKITUN YY.

Yzen npepbzeauuﬁ npozpamm 1Oo3BOJIAET pearnpoBaTb Ha pa3NMYHbIe CUTYyallH, CBA3aH-
Hbl€ KaK C BbIITIOJITHEHUEM pa60‘-II/IX IIporpamMm, Tak 1 € COCTOAHUEM BM.

AnpecHas yacth YV BriouaeT B ceOst: ONEPalnoOHHbII y3eJ yCTPoiicTBa yIpaBIeHUsT
(OI1YY), cuetunk xomanza (CK), ykazarenn creka (YC) m peructp ampeca maMsTh
(PAII).

Onepavuonnviil y3en ycmpoicmsa ynpasienus, Ha3bIBaeMblil HAYE y3JIOM WHIEKCHON
apudMETUKY WM Y3JI0M aJpecHOil apudMeTrku, 06pabaThiBacT ajpecHble 4acTH KO-
MaHjI, (GOPMUPYS UCTIOJHUTETHHBIE a/[peca OTIePaH/IOB, a TAKKe MOATOTABINBAET aJIPec
cJIeytoIIeit KOMaH/Ibl TP BbiTIoTHeHIH KoMaHr T tepexojia. Coctas OIIYY mosker ObITh
AQHAJIOTUYEH COCTaBY OCHOBHOTO OTIEPAIlMOHHOTO ycTpoiictBa BM (mHOTA B mpocTeii-
mux BM ¢ nenbio akoHoMuN 3atpat Ha obopyznosatnue OIIYY coBMelnaercst ¢ OCHOB-
HBIM OIEPAITMOHHBIM YCTPOMCTBOM).

Ykasamenv cmexka XpaHWUT ajipec BEPIIMHBI CTEKA, & €T0 COMEP:KUMOE UCIOJIb3YETCs TIPH
BBITIOJIHEHUH OTIEPAITUI CO CTEKOM.

Pezucmp adpeca namsmu MCTIONB3YETCST 1T XPAHEHHS UCIIOJTHUTENBHBIX a[PECOB OTIe-
PaH/IOB, a cuemuuk Komand — st BLIPabOTKU 1 XpaHeHus ajapecos komana. Comaepixu-
moe PAII u CK nocsutaercst B peructp agpeca ocnosuoi mamaru (OIT) pig BeOopku
OTIEPAHJIOB U KOMAH/l COOTBETCTBEHHO.

B cocraB YV MOTYT TaKyKe€ BXOJAUTH AOIOJIHUTEJbHBIC Y3JIbl, B YaCTHOCTH Yy3€JI Op-
FaHu3alluy IIpAMOro AO0CTyIla K ITaMATH. ITOT yaea 0OBIUHO peajin3yeTrcsas B BUJIE
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CaMOCTOATEJNLHOTO YCTPOHCTBA — KOHTpoJIIepa npsMoro poctyna kK mamatu (KILIT).
KIT/IIT obecrieunBaet coBMeIeHHE BO BpeMEHU paboThI OMEPAIMOHHOTO YCTPOICTBA ¢
nporeccoMm obmena urdopmanmeil mexay OIl u gpyrumu yerpoiictBamu BM, TeMm ca-
MBIM MOBBIIAs 06ILYI0 MPOU3BOAUTETHHOCTH MAITHHBL,

Puc. 4.1. O6006u1eHHasa CTPYKTypa yCTPOWCTBA yrnpaB/ieHUs

JTOBOJIBHO YaCTO PETUCTPBI PA3JUUHBIX Y3J0B YY OOBEAUHSIOT B OTAENbHBIN y3€
YIPaBJSIOMUX (CHEeINaIbHbBIX ) PETUCTPOB YCTPONCTBA yIIPABIEHUS.

MukponporpaMmmMHbi aBTOMAaT

Kak ysxe ormeuasnoch B riaBe 3, dbyHKinoHupoBaHue BM obecreunBaioT CUTHAJIBI
yrpasisienug (CY), hopMupyembie yCTPORCTBOM YIIPaBJIEHUS, KOHKPETHO — MUKPOIIPO-

rpammubiM aBromatom (MITA). Ha puc. 4.2 npencraBiena nHhoOpMalnoHHas MOIeb
MIIA [143].

Puc. 4.2. lndopmaumoHHasa Mogenb MMKPONPOrpaMMHOro asBTomara
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Ha Bxop, MUKPOIIPOTrPaMMHOT'O aBTOMaTa IMOCTYIaloT:

K00 onepayuu, 10 kotopomy MIITA ompesesisier, Kakre MUKPOTPOTPAMMBI HY3KHO BbI-
MTOJIHUTD JIJISL Peau3aliuy IaHHOH KOMaH/IbI;

MAaxkmogvle UMNYIbCol, 33AI0MNE Pa3pelIeHHble MOMEHTBI (POPMUPOBAHNUS CUTHAJIOB
yIpaBJieHNns;

npu3Haxu pesyJibTata npeecTByoneil apudMeTn4ecKol nin JOrnyeckoi onepa-
1uu (AHATM3UPYIOTCS B MUKPOIIPOTPAMMAX KOMAaH/I, pean3alus KOTOPBIX 3aBUCUT
OT BBITIOJTHEHNS NI HEBBITIOMHEHNST KAKOTO-TNO0 YCIOBUS, TPECTABIEHHOTO OHIM
13 MIPU3HAKOB);

CUZHATLL U3 CUCMEMHOU WUHDL, TIOCTYTIAIONNE OT 3aIIOMUHAIONNX YCTPOUCTB WJIN
YCTPOCTB BBOJIA/BBIBO/IA U M3BEIIAOIIHE O COOBITUSX B 3TUX YCTPOUCTBAX (3ampo-
cax MpepbIBaHYsl, TOCTYTIJIEHUH TIOATBEP;KACHU T BHIMOIHEHUS KAKUX-TTHO0 JIeHCTBII
W T.IL).

Ha Boixone MITA dopmupyiorcest:

BHYMPEHHUE CUZHANLL YNPABTeHUS, TTAPKYIUPYIONTHEe BHYTPH EHTPATBLHOTO TIPOIieC-
copa ¥ MpeiHa3HaYeHHbIE JIJIs1 eT0 BHYTPEHHUX Y3JI0B;

CUZHATIBL 8 CUCTEMHYI0 WUHY, TIDETHA3HAYEHHBIE JIJIST YIIPABICHUS TAMSTBIO I CUCTEMON
BBO/Ia/BBIBO/IA.

060061eHHO cTpYKTYpY MITA MOKHO IIPeACTaBUTh B BUE, IIOKA3aHHOM Ha pHC. 4.3.

Puc. 4.3. O606L1eHHas CTPYKTypa MUKPOMNPOrpaMMHOro aBTomaTa

CurHasbl yrpaBjieHusi BbipabaThiBaroTcs (OPMUPOBATENEM CUTHAJIOB YIIPABJIEHM
(DOCY). Kaxnapiit CY «I1puBsizan» K ONPEAeJeHHOMY TI€PUO/Y TAKTOBBIX UMIIYJIbCOB
(TN). Otcuer neproioB BejieTcs OT HaYaja IUKIa KOMAH/Ibl C TOMOIIbIO CHHXPOHU3a-
TOpA, COCTOSIIIETO U3 CUETUMKA TAKTOB U Jeinudparopa TakToB. OuepeHoi TaKTOBbII
HMITYJIbC YBEJIMYUBAET CO/IEPKUMOE CUETUMKA TAaKTOB Ha equHuily. C BbIxoa fenmdpa-
TOpA TAaKTOB CHUMAIOTCSI CUTHAJIBI HOMEPOB TaKTOBBIX 1epnoyios: Ty, ..., T, . [Ipn takoii
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opranuzaiun B MITA npeyemoTpena o6paTHast CBSI3b JIJist OGHYJIECHUST CYUETYNKA TAKTOB
110 OKOHYAHWW 1IUKJIa KoMaHbl. HyseBoe cocTosinne cyeT4nKa COOTBETCTBYET TaKTOBO-
My niepuony Ty, TO ecTb Hauasy IUKJIA OUepe/THON KOMaH/IbL.

[[yK/I KOMaH/bl HAUMHAETCS ¢ MUKPOIIPOrPaMMbI BEIOOPKH, 00ecIieunBalolleil n3Bieye-
HUe KOJIa KOMaH/[bl U3 TIaMsTH 1 ero 3aneceHue B peructp komaubl (PK). Iror aran
OJIMHAKOB JIJIsI JII060M KOMaH/bl U BBIIOJHIETCA ¢ IIOMOIIbIO CTAHAAPTHOIL 110C/Ie10Ba-
tesbHocTH CVY. [Ipomomkenne miukia koManiel, Haxosinelica B PK, 3aBucur ot ee koza
oreparuu. ITOT KOJL € TOMOIIBIO feridparopa npeobpasyercs B hopmy 1, ,...1,, Tpedye-
MyI0 1715t paboThl (hopMupoBareis curHanos ynpasiaenus. B @CY npoucxoaut BbIOOp
HY’KHOII MUKDOIIPOIrPAaMMbl ¥ BbIPaOOTKA CUIHAJIOB YIIPABJEHMUs, ONPEAesIIeMbIX 9TOM
MUKpoIporpaMmoit. Ha BbI60p MUKPOTIPOrpaMMBI M XO/I €€ BBITTOJHEHMSI MOTYT BJIUSATH
KaK COCTOSTHME OCBEJJOMUTETbHBIX CUTHAJIOB (ITPU3HAKOB), OTPAYKAIOIINX X0 BhIYHCIIE-
HUIi, TAK M CUTHAJIBI O BHELTHUX COOBITUSX B IAMATH U CUCTEME BBOIa/BbIBOJIA, IIOCTYIIA-
IOIIIE U3 CUCTEMHOM IIMHBL. BhIpaboTKa CUIHAJIOB YIIPABJIEHIS BbIPAXKAETCsI B IIEPEBO/IE
COOTBETCTBYIOIINX JIUHUI YIIPABJIEHUs B aKTUBHOE COCTOSTHUE.

HauboJbiiee pacnpocTpaHeHe TONyYIIN Ba BapuaHTa MUKPOIIPOIPAMMHBIX aBTOMa-
TOB!

B CanmnapaTHON MK «KEeCTKOW» JOTUKOM;

B C IIPOTrpaMMHUPYeMOH JIOTUKOH (XpPaHUMOHN B TTAMSITH JIOTUKOM ).

Pazmyre MeXIy MaHHBIMU BapHaHTAMMU, MO CYTH, CBOAUTCS K CIOCOOY PeaT3aIini
(bopMupoBaTesist CUTHAIOB yTpasienus. B oboux caydasx mpu nmpoektuposanun OCY

CUTHAaJIbI YIIPABJICHUA ITPEACTABIAIOTCA ABOMYHBIMN L[I/Iq)paMI/I 1 (aKTI/IBHOe COCTOSIHUEC
CY) u 0 (orcyrcrBue CY).

MukponporpamMmMHbIi aBTOMAT
C annapaTtHOMn NIOrnMKomn

[Ipu npoexktuposannun MITA ¢ annapaTHOil JIOTUKOM Kask/bli MCToJNb3yeMblii B BM
CUTHAJI YIIPABJIEHUS OMUCHIBAETCS JIOTMYECKUM BBIPAKEHUEM, eIMTHIYHOE 3HAYCHHE KO-
TOPOTO 03HaYaeT HeobxoauMOocTh (hopmuposanust gantnoro CY. ITocsre coBMeCTHOI Mu-
HUMU3AIUK BhipaxkeHuii j1uist Becex CY cuHTe3upyeTcst KOMOMHAIMOHHAST cXeMa (hOpMI-
poBareJsisi CUTHATIOB YTIPABJICHUS.

B xauectBe mpumepa cnpoektupyeMm Bo3MoxkHyio cxemy DCY 17151 TUIIOTETHYECKOI
BM, BOCIIO/Ib30BABIIKCH JIist HTOTO Tabul. 4.1, T/ie epeyncienbl Bce CUTHAIBI yIIpaBJie-
HUA € YKa3aHUeM KOMaH/ 1 TaKTOB, Kor/a atu CY 10kHbl POPMUPOBATHCS.

Ha ocHoBe 11puBe/IecHHBIX JAHHBIX MOXKHO COCTABUTD CJIEAYIONLYIO CUCTEMY JIOTMYECKUX
BBIpAKEHUI:

PAM_CK = BK-T,

473y = BK-T, v LDA-T, v (ADD v SUB)-T,

3n3y =STAT,

Bs = INP-T,

Beis = OUT-T,
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+1CK=BRZ-Z -T, v HLT-T, v (LDA v STA v INP v OUT) -T, v (ADD v SUB) -T,
BMYMN = (JMP v BRZ-Z) -T,

PAM_PA = (LDA v STAV ADD v SUB) -T,
[IBB_PA = (INP v OUT) -T,

PAMN_Akk = STA'T,

PK_PAM = BK-T,

Akk_PM = LDA-T,

PX_PAM = (ADD v SUB) -T,

PY_Akk = (ADD v SUB) -T,

Akk_OnbB = (ADD v SUB) -T,

OCT = HLT-T,

Ta6nuua 4.1. Onucanne CY 1 MOMEHTOB 1X (DOPMUPOBAHNS
BK LDA |STA |ADD |[SUB |INP |OUT |JMP |BRZ HLT

PAIL CK [T,
13y Ty Ty T T
33y T,
BB T,
Boi T,

+1CK T, T, T (T |Te Ty Tyz [Ty
BIIVII T, T,Z
PAII_PA T, T, T, T,
JIBB_PA T, T,
PIOII_Axk T,
PK_PINl [T,
Axk_PIIII T,
PX_PIII T, T,
PY_Akk T, T,
Axk_Onb T, T,
OCT T,

CootercTBytomnias aToii cucteme cxema MCY nokaszana Ha puc. 4.4.

Byayun xombunanuonnoi cxemoit, @CY mo3BossieT 06ecmednTs 09eHb BHICOKYIO Ya-
cTOTY (DOPMHUPOBAHUST CUTHAJIOB YIIPABJIEHUS, UTO SIBJISIETCSI OCHOBHBIM JIOCTOMHCTBOM
MIIA ¢ anmaparnoii 10rukoii. B 1o ke Bpems ¢ BozpactanueM o0beMa U CJI0AKHOCTU CU-
CTEeMbI KOMaH]| YBEJTMUUBAETCS KOJTUYECTBO CUTHAJIOB YIIPABJIEHUS U YCJIOKHSIETCS CXe-
ma DCY, cencTBreM 4ero CTaHOBUTCS CHUKeHHe ee OpicTpopeiictsust. [To aToii mpuyn-
ne MITA ¢ annapaTHO# JIOTMKOI XapaKTe€PHBbI, IIaBHBIM 00Pa30M, /11 BBIYUCIUTEIbHBIX
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Mmari ¢ RISC-apxuTexTypoii, co cpaBHUTEIBHO TPOCTOM CUCTEMOI KOMaH/ U OTPaHU-
YeHUAMH Ha POPMATHI KOMAH/I 1 CIOCOOBI aipecallui.

Puc. 4.4. AnnapatHas peanusaumsa GopmMmumpoBaTens CUrHanoB yrnpasieHns
ona runoretmyeckon BM

MukponporpamMmMHbIi aBTOMaT
C nporpaMmmMmupyemMom JIormkomn
[Tpobaemy caoxkuroctu MITA ¢ anmapaTHOI JIOTHKOIT TIO3BOJISIET PA3PEIIUTh TIPHHITUATIH-

aJIbHO UHOI TT0X0/1, BRIpaKaromuiicst B crocobe dpopmuposanust CY, To ecTh B CTPYK-
Type GopMUpOBaTEIs CUTHAIOB yiipaBaeHnst. OH ObLI MPEAIOKEH OPUTAHCKAM YIEHBIM
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M. Yunkcom B Hagase 50-x rogos [163]'. B ocHoBe uzen jie;Kut TOT (haKT, 4TO JJIs MHU-
[UUPOBaHUS JIIOGOH MUKPOOIEPAIMH JOCTATOYHO ¢(HOPMUPOBATH COOTBETCTBYIONIMI
CY Ha coOoTBeTCTBYIOIIEH INHUY YIIPABJIEHUS, TO €CTh IEPEBECTU TAKYIO JTIIMHUIO B AKTHB-
HOE COCTOsTHUE, DTO MOJKET OBITH MPEACTABIEHO € TTOMOIIBIO IBOMYHBIX 1P 1 (akTHB-
noe cocrosnue — ectb CY) u 0 (maccuBnoe cocrosune — Hetr CY). Curnassl ynpasie-
uust B MITA ¢ mporpaMMupyemMoii IOrUKOI MPeACTABISIOTCS C TIOMOIIBIO YIPABJISIONINX
cnoB — muxpoxomand (MK). MukpokomaHia COOTBETCTBYET OJJHOMY TakTy paborsi BM
u onpesiedisiet, kakue CY M0JBKHBI ObITH ¢(hOPMUPOBAHBI B ITAHHOM TakTe. B mipocTeiiimem
cirydae Kbl 13 Bo3MOKHBIX CY MOKeT ObITh MTPEICTaBIeH B MUKPOKOMAH/IE OTHIM
paspsiloM, a yCcTaHOBKa i-ro paspsiia B 1 o3HavaeT HeoOXOAMMOCTh (POPMUPOBAHUS i-TO
CY. [locnenosatenproctb MK, 110 TakTaMm onuchIBaoIias BHIIOJIHEHNE OTPeIeIEHHOTO
JTama MUKJIa KoMaH b1, 06pasyer muxponpoepammy (MII).

MuKponporpaMMbl COCTABJISIOTCS [T KAJKAOTO 9TAla MAIIMHHOTO MUKJIA KasKI0H KO-
MaHIbl BM 1 pasmeniaioTcs B CIIEIaJbHOM 3aIIOMITHAIOIIEM YCTPOICTBE, HA3bIBAEMOM
yrpasJisgiontei mamsatoio (YIIM) niu mamsiteio Mukponporpamm. I[Iporiece opmuposa-
HUSI CUTHAJIOB YIIPABJIEHUS CBOIUTCS K TIOCTIEA0BATETBHOMY (C KasKIBIM TAKTOBBIM MM-
IyJIbCOM) U3BJIEUEHUIO M3 YIPaBJSIONIEN maMaTu odepennoii MK MukpomporpaMmsl.
Conepsxamiascs 8 MK undopmanus untepiperupyercs kak Habop CY. B tepmunoio-
U HA aHTJIMHCKOM SI3bIKE MUKPOIIPOTPAMMY YacTO Ha3bIBAIOT firmware, mogyepkuBast
TOT (haKT, 4TO ATO HEUTO cpefiHee MeKLy ammaparypoii (hardware) u mporpamMmmHubIM 06e-
cirederueM (software).

BoamokHOE pasMelieHVe MUKPOTIPOTPaMM B YTPABJSIONIEH TaMsATH TIOKa3aHO Ha
puc. 4.5. OcunoBHoe cozepskumoe Y IIM cocTaBistioT MUKPOITPOrpaMMBI 9Talla UCIIOJTHE-
HUS I KasKZOH M3 KOMaHI, BXOJAIMNX B cucTeMy kKoMana BM. HekoTopsle 13 xpaHsi-
muxest B YIIM MUKPOTIPOrpaMM SIBJISIFOTCS OOIIMMU JIJIST BCEX KOMaH/I, HATPUMeEp M-
KPOTIPOTpaMMa HTara BEIGOPKH KOMAH/IBI MK 9Tana (OPMUPOBAHUS aipeca CIeayioreit
KOMAaH/IBI.

O6obiieHHast cTpykTypa (hopMupoBaTessi cUTHaIOB yipasienuss MITA ¢ mporpam-
MUPYEMOil JIOTHKOW TIoKazaHa Ha puc. 4.6. Paboty ysia 3azaer cxema (hOpMUPOBAHUS
azpeca mukpokomanibl (CDAM). Ona obecrieunBaeT onpejeaeHre ajpeca o4epeHon
MUKPOKOMAH/IBI, 3aHECEHUE €T0 B PETUCTP apPeca yIPaBJIIONiell MaMsaTh, CINTHIBAHLE
MUKPOKOMAaH/IbI 3 YIIPABJISAIONIEH MaMsITH U 3aHeCeHNe B PETUCTP MUKPOKOMAH/IBI.

B cocras CDDAM BXOAUT CUHXPOHU3ATOP, AHAJOTUIHBIN 110 CTPYKTYPE PACCMOTPEHHO-
My panee (cM. puc. 4.3), 1 BCIOMOTaTeJbHbIE JIOTHYECKUE CXEMBI.

[uks 060 KOMaH/bI HAYMHAETCS C UCXOIHOTO COCTOSHMS CUHXPOHM3aTtopa (TakT
T, — cuerunk TakToB 06HYyIeH). CDAM 3aHOCHT B pErUCTp ajipeca yIIpaBIIsIoLieil nams-
T azpec neppoit MK MuUKporporpaMmbl BBIOOPKK KOMaH/Ibl. B TOM ke TakTe 10 curHa-
Jry yTeHus YT IpOMCXOUT CYUTBIBAHKE a/[PecyeMOil MUKPOKOMAH/IbI U3 YITPaBJIAIONIEH
MaMSATH U ee 3aIUCh B peructp Mukpokomannsl (PMK).

! AHAJIOTMYHYIO WJIEI0, He3aBUCHMO OT Yuikca, B 1957 rogy BBIABHHYJ POCCHIICKUIT yUeHDIH
H. 5. Marioxun. IIpemioxkenHoe um Y'Y ¢ nporpaMMUPyeMOii JIOTUKON ObLIO PeajM30BaHO
B 1962 rony B cnermmammsuposannoit BM «Tetnsas, npepnasnaueHHON /7151 CHCTEMBI TPOTHBO-
BO3/LYIIHOI OGOPOHBI.



MUKPONPOrpaMMHbIi aBTOMAT C NPOrPaMMUPYEMOit JTOrUKON 147

Puc. 4.5. Pa3smeLlleHre MmkponporpaMmm B yrnpasasoLen naMmsaT

Puc. 4.6. ®opmumpoBaTtenb CUrHanoB ynpasieHnsi B MMKPOMNPOrpaMMHOM aBTomMaTe
C NpPOrpamMmMmpyemMom siormkom
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3anecennie MuKpokomanibl B PMK akBuBasieHTHO GOPMUPOBAHUIO YKa3aHHDIX B HEil
curHasoB yrpasjienus. C ouepeiHbIM TaKTOBBIM UMITYJIBCOM a/[pec TEKYyIleil MUKPO-
komanbl B COAM yBennuusaercs Ha 1, a B PMK cuutbiBaetcs ciiemyiomast MIKPOKO-
Manja. [Ipotece MOBTOPsIETCS 10 3aBEPIICHUS MUKPOITPOTPAMMBI BBIGOPKU KOMAH/IbL.

B nociieaHeii MEKPOKOMaH/IE 9TOI MUKPOIIPOIPAMMBbI B CIIEIIMAIbHOM OUTE YKa3bIBaeT-
Cs1, UTO JlajibHeIne AeCTBUS 3aBUCT OT THUIIA KOMAH/Ibl, TOMEIIEHHO# B PErucTp KO-
Manzbl. Exnnmanoe coctosHue atoro 6ura aas COAM osHavaer, yTo B KauecTBe agpeca
crenyiomeit MK gosskeH ObITh BbIIaH HauaJIbHBIN aZpec MUKPOIIPOIPAMMBbI, Peajii3yio-
1ieil 9Tall UCIIOJHEHU KOMAH/IbI JaHHOTO TuIia. Takoil agpec popMupyercs mpeodpaso-
BaresieM Koza oreparuu, 1 CADAM BbiZIaeT ero B PerucTp ajpeca yrpasJsionieid maMsTu
BMecTo yBenndenHoro Ha 1 agpeca rexyteit MK. /lasee mpoucxoauT rocsieoBaTebHOE
BBITIOJIHEHWE MUKPOIIPOrpaMMbI 3Tara ucrnosHenus. Ha 3aBepinaiomeit dpaze COAM
repeiaeT yrpasJieHre MUKPOTIporpaMMe (hOPMUPOBAHMS a/ipeca CJIeAyIoIieil KOMaH/Ibl,
KOTOpasi YBEJIMYMBAET COJEPKUMOE CUETUMKA KOMaH/I B KOMaH/aX, He HaPYIIAIONIINX
€CTEeCTBEHHBII TTOPSIZIOK BBITIOJTHEHUSI ITPporpaMmbl. B koMamniax nepexosa popmMuposa-
HUe ajipeca CJIeyIonieil KOMaH/Ibl — 9TO 4aCTh MUKPOIIPOTPAMMBbI UCIIOJIHEeHUs. B Mu-
KPOKOMaH/Ie, 3aBepIiaionieil (popMupoBaHue aipeca CaeayIomieil KoMaH/Ibl, YKa3blBAETCS
curraj yupasierus COpoc, ycTaHaBIMBAOIIUI CUHXPOHU3ATOP B HYJIEBOE COCTOSHHUE,
YTO COOTBETCTBYET HYJIEBOMY TakTy 1, TO €CTb HA4asy IMKJA CIeAYIOMeil KOMaH/IbL.

Kaskast MUKpOKOMaH/Ia, CANTAHHAST M3 YITPABJISIONIEH TaMsITH, B 00IEM CIydae Cofiep-
KUT MuKpootnieparmorHyio (MO) u agpecnyio (A) wactn. MukpooriepaiinoHHast 4acThb
MUKPOKOMAH/IBI TIOCTYTIAET Ha AETTH(GPATOP MUKPOKOMAH/IBT!, Fa BBIXO/IE KOTOPOTO 06pa-
3YIOTCSI CUTHAJIBI YIIPaBJIeHUS. ApecHast 9acTh MUKpoKoMaHabl ogaetcss B CDAM, rre
opmupyeTcs agpec caenyioneil MUKPOKOMAaH/IBI, KOTOPBIN MOKET 3aBHCETh OT ajipeca
Ha BBIXOJIe TTPe0OPA30BaTesst Ko/ia OTIEPAITiH, aIPECHOH YacTH TEKYTIeH MUKPOKOMAH/IBI
Y 3HAUEHU T OCBEJIOMUTETHHBIX CUTHAJIOB (ITPU3HAKOB ), TOCTYHAIONUX OT UCTIOJTHUTEIb-
HBIX ycTpoiicTB. ChHopMUPOBAHHBIN aJipec MUKPOKOMAH/IbI CHOBA 3alMChIBAETCS B Pe-
THUCTP ajpeca YIIPaBJISTIoNIel MaMsTH, 1 MPOTIeCC TTOBTOPSIETCS BIJIOTH 10 3aBEPIIEHM
MUKPOTIPOTPAMMBI.

KoanpoBaHne MUKpoOKOMaHA,

VHbopMalus 0 TOM, KaKie CUTHAJIbI YIIPABJIeHUsI JOJKHBI ObITh C(hOPMUPOBAHBI B IIPO-
1lecce BBITIOJIHEHWS TEKYyIel MUKPOKOMAHJIbI, B 3aKOJIMPOBAHHOM BUJIE COIEPIKUTCS
B MuKpoorepaiuorHoii vactu (MO) MukpokomaHabl. Criocod KoAMPOBaHKs MUKPOOIIE-
parii BO MHOTOM OIIPE/IeISIET CJIOKHOCTD anmaparHbix cpezictB DCY 1 ero CKOpocTHbIE
XapaKTepUCTUKU. V3BeCcTHbIE BApUAHTBI KOJIWPOBAHUS CUTHAJIOB YIPABJICHUS MOYKHO
CBECTH K TPEM TPYIIaM: TOPU30HTATLHOMY, BEPTUKATIBHOMY U CMENTAHHOMY KOJIMPOBa-
Huto. CTPYKTYPBI MUKPOIIPOrPaMMHBIX aBTOMATOB IIPU PA3JIMYHBIX CIIOCO0AX KOAUPOBa-
HUST MUKPOOTIepalinii mokasansl Ha puc. 4.7 [11, 23].

[Ipu ropuzorTaATEHOM KOANPOBAHNUT (CM. PUC. 4.7, @) KaKABIH pa3psii MUKPOOIIePaIINOH-
HOM YacTW MUKPOKOMAH/IBI MTPEJICTABJISET OJMH U3 BO3MOKHBIX CUTHAJIOB yTIPABJICHUS,

' B ciyuae ropr3oHTAJIBHOTO KOAMPOBAHMS MHUKpooriepaiuil (rosicusiercs: jajnee) genmdparop
MUKPOKOMAaH/Ibl HE HYKEH.
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TO eCTh OTpe/ieJieHHy 0 MUKpooreparmio. [Tpu obimem koandectse CY paBHOM m, JIHHA
mukpoortieparornoil vactu MK cocrasisier m 6utos. Exuniia B onpeieleHHOM pas-
psite MO osnaugaer HeoOXoauMOCTh (hopMupoBanust coorercTByioniero CY, nesasu-
CHMO OT cOCTOsTHUsT ocTabHbIX 6uToB MO. Hezasucumocts paspsanos MO nossosisier
B PaMKaX OJIHOTO TAKTOBOTO TIEPUOJIA OJHOBPEMEHHO BBITIOHATH BILIOTDH JI0 1 MUKPO-
oreparyii, mpuyeM B JIIOOOM UX COUETAHNH, UTO SBJIAETCS HECOMHEHHBIM IOCTOMHCTBOM
TOPUBOHTAJIBHOTO KOAMPOBaHus. KpoMe TOro, BBIXO/IbI PETUCTPA MUKPOKOMAH/IBI, Ky
nomeraercst cantantas u3 Y [IM MUKpPOKOMaH/[a, MOTYT OBITH TIO/IKJIIOYEHBI HETIOCPE]I-
CTBEHHO K COOTBETCTBYIOIIUM YIIPaBJsieMbiM ToukaM BM 6e3 mpenBapuTesbHOro Jie-
kogupoBanus MO (1okazanubiii Ha puc. 4.6 nemudpaTop MUKPOKOMAHJIBI HE HYKEH ).
OcCHOBHOIT HEIOCTATOK TOPU3OHTAIBHOTO KOAUPOBaHUs — Gosbinas amuHa MO, ns-3a
4ero BO3pacTaioT TpeboBaHMs K eMKOCTH yIpaBJsioniell mamsatu. 110 aToii npuunte nam-
HBIIT ¢lI0cO6 KOAMPOBAHKS UCTIOJIb3yeTCst, ecan m < 150.

Puc. 4.7. Cnocobbl KOANPOBaHNSA MUKPOOMNEpPaLUiA: @ — roOPU30OHTasbHbIN;
6 — BEPTUKaNbHbIV; B — rOPU30HTaNIbHO-BEPTUKASIBbHbIN;
I — BEPTUKASIbHO-TOPU3OHTASIbHbIN

ITpu BepTHKAJIBHOM KOAMPOBAHUU (cM. puc. 4.7, 6) KaKmoii MUKPOOIEPALUU IIPH-
CBAaMBAETCS YHUKATBHBIN KO/, KOTOPBI M YKAa3bIBAETCSI B MUKPOOIEPAIIMOHHON YacTh
MK. PaspsigHocTth s10T0 Kofta (mimmHa MQO) paBHa HauMEHbIIEMY IIeJIOMY, OOJIbLIEMY
WM paBHOMY 10g, M, 4TO MOKHO 3aITMCaTh KaK [Iog2 m—|. Takum 06pasoM, TpeboBaHKd
K eMKOCTH YIIPABJISIONIEH TAMSITH 110 CPABHEHUIO C TOPU30HTATBHBIM KOJAMPOBAHUEM CY-
IECTBEHHO CHUKAIOTCS, HO BO3HUKAET IOTPEOHOCTD B el paTope s IpeobpasoBa-
HUSI KOJIa MUKPOOIIEPAIIUY B COOTBETCTBYIONIUI CUTHAT yIipaBienusi. Kpome Toro, npu
BePTHKaAJIbHOM KozpupoBanuu B MK MOKHO yKazaTh JIMIIb OJWMH CUTHAJ YIIPABJIECHUSI.
Mukpoornepaiuu, KOTopble MOKHO ObLIO Obl BBIIIOJHUTb OJAHOBPEMEHHO, IIPUXOIAUTCS
BBITIOJIHSITD [TOCJIEZI0BATENBHO B PA3HBIX TAKTOBBIX MEPHOIAX, UTO BEIET K YBEJTUUEHUIO
JUTMHBI MUKPOITPOTPAMMbI 1 BDEMEHHU €€ Peaiu3allii.

KOMHPOMI/ICCHOC coUueTaHne JOCTOMHCTB M HEJOCTATKOB TOPHU3OHTAJBbHOIO W BEPTH-
KaJIbHOTO KOAUPOBAaHUA JOCTUTACTCA IIyTEM CMEITIaHHOTO KOANPOBaHUA. Wa3BecTHbI He-
CKOJIBKO BapMaHTOB TaKOTO0 KOAMPOBaHUA, Cpe/I1 KOTOPBIX nanbosee PacIpoCTpaHeHbI
20PUSOHMATIOHO -BEPMUKAIDHOE N 6EPMUKANBHO-20PU30OHIMAIbHOE KOANPOBaHUE. B o6o-
"X BapuaHTaX MHOKECTBO BCEX 7 BO3MOJKHBIX CUTHAJIOB YIIPABJICHUA p8.36I/IBaeTCH Ha
k IIOAMHOKECTB. HpI/I paS6I/IeHI/II/I Ha TIOJIMHOJKECTBa KaK/Iasd MHKPOOIIepamnusa MOKET
TIPUCYTCTBOBATD JIMIITH B OAHOM N3 IMTOAMHOKECTB.
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B BapuanTe ropu3oHTaIbHO-BEPTUKAIBLHOTO KOAUPOBaHUA (CM. puc. 4.7, ) B MUKpOOIIe-
partnonHoit yactu MK ofiHOBpeMeHHO MpeICTaBJIEHBI BCE k MOJIMHOXKECTB, YTO COOTBET-
CTBYeT ujiee TOPU30HTAIBHOTO Kopuposanust. MO cocrout us k noneit (MO, ... MO,),
KaXK/[0€ U3 KOTOPBIX TPEICTABJSIET M/k CUTHATIOB yIIPABJIEHUSI, BXOJSIINX B COOTBET-
cTBYyIoIee TOAMHOKeCTBO. CUTHAIIBI YIIPABICHUS BHYTPU KAKIOTO TIOJIS ONUCHIBAIOTCS
BEPTUKATIbHBIM CIIOCOOOM, TO €CTh TPECTABICHBI KOJaMHU, KayK/Iblil 13 KOTOPHIX YHIKA-
JIEeH LIS IAHHOTO TI0/IMHOKecTBa. B Takux ycnosusx nose MO, coctout us [Iogz (m/ k)—|
6uToB, a obmas aanna MO B Mmukpokomanse pasna kx| logy(m/k)| 6uros. Pacnpese-
JIEHUE TI0 TIOIMHOKECTBAM TIPOU3BOJIMTCS TAK, YTOOBI MUKPOOTIEPAIIH, KOTOPbIE MOKHO
BBITIOJIHUTD OJIHOBPEMEHHO, OKA3aJIMCh B PA3HBIX TIOIMHOKECTBAX. DTUM 0OECIIEUMBAET-
Cs1 BO3BMOJKHOCTD OJIHOBPEMEHHOTO BBITIOJHEHUSI BILIOTH /[0 B MUKpoomepanuii. Bumy
TOTO, YTO MUKPOOIIEPAIIUU B KAXKIOM TIOJI€ 33/IaHbl BEPTUKAJIBHBIM CIIOCOO0M (3aKO/IH-
poBasbr), st (hopmupoBanust CY Kak/oe oJie B PETUCTPEe MUKPOKOMAH]] HEOOXOMMO
cHabuTh AenmdparopoM. Tak Kak KOJUUECTBO MUKPOOIIEPAIUI B TIOAMHOKECTBE m/k
MeHbIIE MX OOIIEro YKCa m, TO Takue AemndpaTopbl MPOIIE 10 CPABHEHUIO C MIPUMe-
HSIEMBIMU B BEPTUKAJIBHBIM KOAUPOBAHUH, UTO TIOJOKHUTEIHHO CKAa3bIBAETCST Ha OBICTPO-
neiicrsuu OCY.

B BepTHKa/IbHO-TOPH30HTAIBHOM c1iocobe (eM. puc. 4.7, 2) npu paséuerun CY Ha 1071-
MHOKECTBA CTABUTCS 3ajadya coOpPaTh B MOJAMHOXKECTBE T€ MUKDPOOIEPALNH, KOTOPbIE
MO’KHO BBIIIOJHATL OJJHOBPEMEHHO, B paMKaX OJHON Mukpokomanjabl. MO nenmurcsa na
aBa nosst: MO.y 1 MOy, ITone MOy, aymHa KOTOPOro paBHa MaKCUMaJIbHOMY KOJIU-
4eCTBY MMKPOOIIepalinii B IoAMHOKecTBe (m/k), KOAUpyeTcs ropu3oHTaIbHO, TO €CTh
aust kaxaoro CY BbliesieH ofuH paspsjl, U eKoAupoBanue cofepxkumoro moast MO,
He Tpebyercs. B 0Te/IbHOI T MEKPOKOMAH/IE MOKET OBITh IIPE/ICTABIECHO TOJIbKO O[HO U3
noamuoxects. B mone MOy, ykasbiBaeTcs HOMEP 9TOr0 HOAMHOKECTBA, MHLIMH CJIOBA-
MU, IMEET MECTO BePTHKa/IbHOE Kognposanue. [limia aToro noJist pasha [ log, k |, cieso-
BarespHo, obmas amna MO coctasut m/K + [Iogz k] 6uToB. [Ipn cMeHe TTOIMHOKECTBA
MEHSIIOTCS U YIIPaBJsieMble TOUKH, Ky/a JJOJDKHBI ObITb HAIIPABJIEHBI CUIHAJIBI YIIPABJIe-
HuA n3 Kakaon mosuimu MOy, ITO TOCTHraeTcsl ¢ MOMOIIBIO JAEeMYJILTUILIEKCOPOB,
YIIPaBJIAEMBIX KOJOM HOMepa MoJAMHOKecTBa n3 nosusg MOy, perucrpa MUKPOKOMAaHI.

W3 1ByX paCCMOTPEHHBIX BAPUAHTOB CMENTAHHOTO KOANPOBAHUSI MUKPOOTIepaiuii GoJiee
UOKUM W TIOTTYJISIPHBIM CYMTAETCS] TOPU30HTAIbHO-BEPTUKAJIBHBIIA.

[Tpu rOPU30HTATIEHOM, BEPTUKAIBHOM U TOPU3OHTATBHO-BEPTUKAILHOM CIIOCOOAX KOJIH-
POBaHMA MUKPOOTIEPAITNI KasK/[0€e TI0Jie MUKPOKOMAaH/IbI HeceT (DUKCHpOoBaHHbIe (hyHK-
U, TO €CTh UMEET MECTO npsimoe Koouposanue. TIpu KoceeHHOM KOOUPOBAHUU OJHO U3
roJieil OTBOAMTCS 71l MHTepIIpeTaluu Ipyrux rnosjeil. [IIppumMepoM KOCBEHHOTO KOJUPO-
BaHUsI MUKPOOIEpAIuil MOKeT CIYKUTh BEPTUKAJIbHO-TOPU3OHTATbHOE KOJIMPOBAHUE.

Wuorna ncnosb3yeTces AByXyPOBHEBOE KOAMPOBaHNe MUKpoorepaiuii. Ha nepsom ypos-
HE ¢ BEPTUKAJIBHBIM KOAUPOBAHUEM BBIGHPaETCss MUKPOKOMaH a, mose MO copepkut
ajlpec TOPU3OHTAIBHON MUKPOKOMAH/IBI BTOPOTO YPOBHSI — HAHOKOMAHOWbL. JlaHHbII
croco6 CcoueTaHusi BEPTUKAIBHOIO U TOPU3OHTAIBLHOTO KOAUPOBAHKS YaCTO HA3BIBAIOT
Hanokoouposanuem. MeToji IpeINoaaraeT [ByXyPOBHEBYIO CUCTEMY KOIUPOBAHUS MU-
KpOOTIepaluii U, COOTBETCTBEHHO, IBYXYPOBHEBYIO OPTAHU3AIIMIO YIIPABJIAIONIEI amsi-
tu (puc 4.8).
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Puc. 4.8. HaHonporpaMmMHoe yCTpOICTBO yrnpaBieHus

Bepxuuii ypoBenb ynpasieHUss 06pa3yioT MUKPOMPOTPAMMBI, XPAHSIINECS B MaMSTH
MUKpoOTporpaMM. Kaxkzoif MUKpOKOMaH/ie COOTBETCTBYET KaKas-TO M3 HAHOKOMAaH,
XPaHAIINUXCA B YIIPABJILIONIEH TaMATH HUKHETO YPOBHSA — MaMATH HAHOKOMaH/I. B Ha-
HOKOMaH/IaX IMPUMEHEHO TOPU30HTAJIbHOE KOAMPOBaHNe MUKpootepainii. VIMeHHO Ha-
HOKOMAaH/IBI MCITOJIB3YIOTCS /TSI HETIOCPEICTBEHHOTO (POPMHUPOBAHNS CUTHAJIOB YIIPAB-
Jgenus. MukpokoMman/ bl BMecTo 3akoauposaHHoro nomepa CVY cozep:kar ajpecHyio
CCBIJIKY Ha COOTBETCTBYIOILYI0 HAHOKOMAHIY.

Takoil moaxoz, cOXpaHsis Bce TOCTOMHCTBA TOPU3OHTATBHOTO KOIUPOBAHIS, TIO3BOJIS-
€T 3HAYUTEIBHO COKPATUTh CYMMAapPHYIO eMKOCTh yIpaBJsionieil mamMaTu. /leso B ToM,
YTO YUCJIO PA3TUYHBIX COYETAHUI CUTHAJIOB YIIPABJIEHII, & CJIEIOBATENBHO, KOJTUIECTBO
«JUTUHHBIX» HAHOKOMAH, 0OBIYHO HEBENKO. B TO e BpeMst TPAKTUIECKH BCe MUKPOKO-
MaHJIbl MHOTOKPATHO MOBTOPSIIOTCS B PA3JIMIHBIX MUKPOTIPOTPAMMAX, U 3aMeHa B MUKPO-
KOMAaH/IaX «/TMHHOTO» TOPU30HTATBHOTO YIPABJISIONIETO MO HA KOPOTKYIO a/[PeCHYI0
CCBUIKY faeT onryTuMbIi apdext. [Iponsnmoctpupyem aTo mpuMepoM.

[Tycts B cucreme BoipabatbiBaeTcss 200 ympaBIsIIONINX CUTHAIOB, & 06IIast JJIMHa MU-
kporporpamm cocrasisier 2048 mukpokomanz. Ilpexarnonoxkum Takske, 4TO peasbHO
UCIIOJIb3YETCs TOJIBKO 256 Pa3iuyHbIX COYETAHUN CUTHAJIOB yIpaBienus. B ciaydae
00bIYHOTO Y'Y ¢ TOPU30HTAIBHBIM MUKPOITPOTPAMMUPOBAHUEM EMKOCTH YITPABJISIONIEN
namsatu coctaBuia 6ur 2048 x 200 = 409 600 6uros. [Ipu HaHOKOAMPOBAHUK TPEOYETCST
aMsiTh MUKPOTIPorpaMM eMKocTbio 2048 X 8 = 16 384 OGura (1151 yKasaHUsT OJHOTO U3
256 couerannit CY pocrarouto 8 6utoB — 256 = 2%) u naMsaTh HAHOKOMaH/ eMKOCThIO
256 x 200 = 51 200 6uToB. Takum 06pa3oM, cyMMapHas eMKOCTb 000X BUIOB yIIPaB-
JsIomeil mamaTy pasHa 67 584 6uram.

OCHOBHBIM HEJOCTAaTKOM HAHOKOAMPOBAHUSI SABJISAETCS HEBBICOKOE OBICTPOJENCTBUE,
OCKOJIbKY ziist BbipaboTku CY Tpebyiorcs aABa oOpalleHs K HaMsITH, 4TO, OJHAKO, Ya-
CTUYHO KOMIIEHCUPYETCS UCKIIOUEHNEM U3 CXeMbI Jeln(paTtopa, CBOWCTBEHHOTO Bep-
TUKAJIBHOMY KOJHPOBAHUIO.

JIByXypOBHEBOE KOJMPOBAHKE PACCMATPUBAETCS KaK CIIOCO0 JIJIsT YMEHbBIIEHUsST HE0OXO0-
MO €eMKOCTH yTpaBJisttoniei mamsatu. Ee ucmosb3oBaHue 1e1ec000pasHO TOJBKO MPH
MHOTOKPATHOM TIOBTOPEHUN MUKPOKOMAH/] B MIKPOTIPOTPAMME.
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ITpu pazbureHrr MUKPOKOMAH/IbI HA MOJIST MOTYT J€HCTBOBATH JIBA IIPUHIIUIA: 110 (DYHK-
ruoHanbHoMy HazHadenuio CY u 1o pecypcam. Qyukuyuonaivhoe Koouposanue Tpe-
[0JIaTaET, YTO KaXK/[0€ I0JIe COOTBETCTBYeT ool (GyHkimu BuyTpu BM. Hanpuwmep,
nHpopMaIms B aKKyMYJIITOP MOXKET 3aHOCUTBHCS U3 PA3JIMYHbBIX HCTOYHUKOB, U 7151 yKa-
3aHUST HCTOYHUKA B MUKPOKOMAH/IE MOKET ObITh OTBEJIEHO OJIHO TIOJI€, T/Ie KaXkK/ash KO-
JI0Basi KOMOUHAIMS TPUKPEIJIEHA K ONIpeieJieHHOMY UCTOUHUKY. [pu pecypcrom kodu-
posanuu BM paccmaTpuBaeTcst Kak Habop He3aBUCUMBIX pecypcos (namsTh, ¥ BB, AJTY
U T. I1.), ¥ K&KJIOMY U3 PECyPCOB B MUKPOKOMAH/IE OTBOJMTCS CBOE TI0JIE.

ObGecneyeHune nopsaaKa criefoBaHUa MUKPOKOMAaHL,

Topsiiok cJIe0BaHusT MUKPOKOMAHJL B MUKPOIIPOTPAMMeE B O0IIEM CJIy4ae MOXKET 3a-
BUCETH OT COCTOSTHUS KAaKOTO-TU60 TIPU3HAKA, OOBIYHO U3 TEX, YTO XPAHSATCS B PETUCTPE
npusnakos AJIY. T1o a1oit npuuune B YY HE0OXOAUMO TPEAyCMOTPeTh aPPEeKTUBHY O
CUCTEMY peajiu3aliuu 1epexo/ioB. [Ipyu BbIIOSHEHNN MUKPOIIPOTPAMMBI a/[pec odepet-
HOIl MMKPOKOMaH/Ibl OTHOCUTCS K OJTHOH U3 TPeX KaTeropuii:

Bl OIIpeaesidAeTCA KOJOM OIlepalin KOMaHIbl;
B ABJIAETCA CJIEAYIOUIHM II0 IIOPAAKY aJI[PpECOM;
W ABJIAETCA a/IpeCoOM IIepexo/ia.

[IepBbIii cayyail UMeeT MECTO TOJBKO OJINH pa3 B KaKJOM IIUKJIEe KOMaH/bI, CPa3y Ke
BeJTe]t 3a ee BBIOOPKOiL. Kak yke oTMeuaioch panee, Kaxaoit komatnae BM B mamstu M-
KPOTIPOTPAMM COOTBETCTBYET «CBOSI» MUKPOIPOTPAMMa, II03TOMY TIepBOe JIeiiCTBHE, KO-
TOPOE HYKHO MPOU3BECTH MOCJE BEIOOPKH KOMaH/IbI, — MPeoOPa3oBaTh KO OMEePaIlii B
ajipec MepBOi MUKPOKOMAH/IBI COOTBETCTBYIOIIEN MIKPOITPOTPAMMbIL. DTa 33jjaua pelia-
eTcs upeobpasoBaresieM Koza onepaiuu (cM. puc. 4.6). Takoii ipeoOGpasoBartesib 0ObLIYHO
peanm3yeTcs B BUJE 3aIOMUHATIONIETO YCTPONCTBA, XPAHSIIET0 Hadya bHBIE aJipeca MU-
KPOIPOrpaMM B yIpasJstiotieil mamsti. OObIUHO B MUKPOKOMAH/IAX BBIJIEJISIETCS CITEITH-
aJIbHOE OJIHOOUTOBOE TOJIE, EANHUIIA B KOTOPOM YKa3bIBAET HA TO, UTO ajIPec CJIeLYyOIIeil
MK noskeH BEIUNCTSATBCS HA OCHOBE KOJIA OTIEPAIlii. JTa ¢IMHUTIA YCTAHABIMBACTCS B
KOHIIE MUKPOITPOTPAMMBI 3Tara BEIOOPKY MM B MUKPOIIPOrPaMMe aHAIN3a KoJla orepa-
I[[UH, TO €CTh TIePel BBIOOPOM MUKPOIPOrPAMMBbI peajin3aliuil TeKyleir komanabl, [Tpu
HYJIEBOM 3HAUCHUU OUTa apec CJeAYIONIel MUKPOKOMAH/IBI BEIYMC/ISIETCS UCXOAS U3
azpeca Tekyieir MK uiu onpesiesisieTcst ajpecoM repexo/ia.

JlanbHeiimas ouepesHoCTh BBIOOPKU MUKPOKOMAH]] MOJKET ObITh 3a/IaHa Ty TeM YKa3aHUsT
B kask0it MK azipeca cieyiotieil MUKPOKOMaHIBI (npunydumenvias adpecavust) inbo
IyTeM aBTOMAaTHYECKOTO YBEJUUEHUsT Ha efiuHuILy ajapeca tekyieit MK (ecmecmeennast
adpecavyus) [15].

B o6oux ciaydasx HEOOXOAUMO MPELYCMOTPETh CUTYAIMIO, KOT/A apec CIepyomeil
MHUKPOKOMAaH/IbI 3aBUCHT OT COCTOSTHUSI OCBE/IOMUTEBHBIX CUTHAJIOB. B KauecTBe Taknx
OCBEJIOMUTENIbHBIX CUTHAJIOB BBICTYTIAIOT MTPU3HAKY, XPAHSIIMECS B PErUCTpe MPU3HA-
k0B AJIY. /Iyt ykazaHust TOTo, Kakoe yCJIOBHE JOJIKHO ObITh poBepero, B MK BBoauT-
ca nosie yesosust nepexozia (Y1), rie kaxaoMy BO3MOKHOMY MTPU3HAKY COOTBETCTBYET
cBoii paspsi. Cozmepsknmoe Y11 onpesiesisier, COCTOsSIHIE KAKOTO TIPU3HAKA OJIKHO aHa-
JIM3UPOBAThCS U hopMuUpoBaHNH ajipeca oyepearoit MK mukponporpammsl. Eciv Bee
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nosutnu B Y11 conepskar 0, ToO HUKaKMe NMPU3HAKKU HE IPOBEPSIIOTCS U aJIPec CJIe/yolen
MK 6epercs U3 agpecHoii yacTu TeKyIeil MuKpokoManabl. Ecim i-ii paspsan YII comep-
SKUT eIUHUILY, TO TTPOBEPsIeTCs i-1 pa3p4 peructpa rnpusnakos. [Ipu exmHudnoM cocTo-
SHUY TIocyIeHero aapec caeayionieit MK Bbruncisiercs mytem yBermueHUs Ha eIMHUILY
agpecnoit vactu tekynieit MK. Omuiiiem cxemy hopMupoBaHus ajipeca JIJist cJrydast pu-
Hy/UTeJbHON azipecariuu, koraa B MK ykazan nqunib onun ajgpec (puc. 4.9, a).

Puc. 4.9. ®opMrpoBaHue aapeca o4epeaHoli MUKPOKOMaHOb! MNPy MPUHYANTENbHO
agpecaum MUKPOKOMAaH/,: 8 — MUKPOKOMaHAa C OAHUM afipEeCHLIM MOJIEM;
6 — MUKpPOKOMaHaa C ABYMS afpeCHbIMY NOASAMUN

Ha cxeme cocrosnne kaxgoro paspsja noss yciaosust nepexona (YII) B perucrpe mu-
kpokoMansl (PMK) cpaBHuBaeTcs ¢ cCOCTOSIHUEM COOTBETCTBYIONIErO OUTa B PETUCTPe
npusnakoB (Prp3). Hosb Ha Beixojie cxembr U-MJIU o3navaet, 4To rmepexoj He HYKeH.
ITOT HOJIb KOMMYTHUDPYET MYJIBTUILIEKCOP HA 3aHECEHUE B PETUCTP aIPeca YIIPABJIAIONIEi
namatu (PAYIT) agpecnoit yactu mukporomanibl A uz PMK. I1pu nannuun ycioBus
U ero BhINOJIHEHNH Ha Bbixojie cxeMbl V-WJIV nosiBuTest equuuiia, KoTopasi UCIIOIb3Y-
eTcs IJIsT yBeJImdeHuss A B CyMMAarTope Ha eUHUILY, 1 Tlepe/ladyil CYMMbI 4yepe3 MyJIbTU-
miekcop B PAVIIL

PaccMoTpeHHBIi ¢riocob MO3BOJISIET yYECTh COCTOSIHUE TOJBKO OAHOIO 3 OCBEJOMI-
TEJIbHBIX CUTHAIOB. Bosiee ruOKuil MOAX0/ PeaJn30oBaH B Psijie BBIYUCIUTENbHBIX Ma-
mmH Gupmer IBM. B HeM azpeca MUKPOKOMAaH]| CYUTAIOTCS pa3OUTHIMU HA JIBE YACTH.
Crapinuve 7 pa3psiioB IIPOCTO KOMUPYIOTCS U3 ajipecHoit yacTi MK B crapiiue nmosunun
PAVTII, onpezaensisa 610K U3 2" MUKPOKOMaH/| B IaMATH MUKporporpamm. OcraibHble
(mmazmue) k paspsgos PAYII yeranasiuBatores B 1 vin 0 B 3aBUCHMOCTH OT TOTO, IIPO-
BepKa KaKHX OCBEJOMUTEIbHBIX CUTHAJIOB ObljIa 3a4aHa B 110Jie Y I1 1 B KaKOM COCTOSTHUN
3TU CUTHAJIBI HAXOJATCST. TAaKOI METOJI TT03BOJISIET B OJIHON MUKPOKOMaH e c(hOPMUPO-
BaTh 2* BADHAHTOB IIE€PEXO/IA.

Bosmosken Takke BapraHT NPUHYAUTENBHON ajsipecariuu, koria B MK ykazan He ofuH
ajpec, a 1Ba (puc. 4.9, 6). 31ech B 3aBUCUMOCTH OT CUTyarnu (eCTh TOTOBHOCTD K TIepe-
XO/Ty WJTV HET) B PETUCTP ajipeca YIPaBJISIONIei TaMsTH 3aHOCUTCS OJTUH U3 JIBYX ajipe-
COB.

OCHOBHOI1 HEZIOCTATOK TIPUHYIUTEIHHON ajipecariii — MOBbIIEHHbIE TPEOOBAHUS K €M-
KOCTH YTIPABJISIONIEeH MaMsITH, TaK KaK Bceé MUKPOKOMAH/IbI CO/IEPKAT aJpPecHoe IMoJIe.
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[Ipu ecTecTBEHHOI ajipecanu OTIazaeT HeOOXOAUMOCTD BO BBEIEHUN a[PECHON YacTh
B kaxayio MK. Mcnoabsyioress MK aByx THTIOB: omiepaiinonibie U yupasJsiornue. Turm
MK omnpenensier ee crapmuii paspsj, nanpumep: 0 — oneparmonnas MK, 1 — ymnpas-
agmonadga MK.

OmneparioHHas MUKPOKOMAaH/IA COJNEPKUT TOJBKO MUKPOOTIEPAIIMOHHYIO YacTh U He
nmeet azpecHoii yactu. [logpazymeBaercs, YTo MUKPOKOMAH/IBI CIEAYIOT B €CTECTBEH-
HOM TOPSIIKE ¥ TIPOIECC a/IPeCcaIy CAeAYIoIell MIKPOKOMAaH/IbI PEAIN3yeTCsT CIeTI -
koM mukpokomany (CMK). 3nauenne CMK yBesimunBaercst Ha eAMHUILY 1TOCJI€ YTEHUS
u3 yrpasJigionieil naMatu Mukpokomanz (Y 1IM) ouepennoit MUKpOKOMaH/IbI.

Jls peanusaiiil yCJIOBHBIX U 0€3yCJOBHBIX TEPEXO0[0B UCIIOJIb3YIOTCS ClIIeInallb-
HbIE YIIPABJISIONINE MUKPOKOMAH/IBI, COCTOSINNIE TOJTbKO U3 JIBYX TIOJIEH: aJ[pPECHOTO
n oyt Y1I.

Crpykrypa MIIA c ecrecTBeHHOI agpecanneii mokasana Ha puc. 4.10.

Puc. 4.10. MukponporpamMmmHbiii aBTOMaT C eCTECTBEHHOM aapecauyei npuv BbiMOJHEHWN:
a — onepauuoHHON MUKPOKOMaHabl; 6 — ynpaBAsioLL,ein MUKPOKOMaHObI

JloCTOMHCTBO eCTeCTBEHHOM aJIpecaliuy — 9KOHOMUS TTAMSTH MUKPOIIPOTPAMM, & OCHOB-
HOU HEJI0CTATOK COCTOUT B TOM, UTO JIjist JIIDOOTO mepexojia TpedyeTcst OTAETbHBIN TaK-
TOBBII [IEPUO/I, B TO BPEMsI KaK IIPY IPUHYIUTENbHON aJ[pecaiiiy epexo/l BhITIOJHIETCS
OJTHOBPEMEHHO ¢ (POPMUPOBAHUEM YIIPABJISIIONIUX CUTHAIOB 0€3 JIOMOJTHUTENBHBIX 00-
paIeHni K yIpaBagionieil TaMsITH.

OpraHusauusa naMmaTM MUKponporpamMmm

DOyHKIUOHATBHBIE BO3MOXHOCTH U CTPYKTypPa MUKPOIIPOTPAMMHBIX aBTOMATOB B 3Ha-
YUTEJIBbHON CTETIeHN 3aBUCST OT Opranusanuu ynpasssionieid mamsatu (YI1IM) nis xpa-
HEHUsST MUKPOTIPOTPAMM.

OcHoBHbIE CIIOCOOBI OPTAHU3AINY TAMSITA MUKPOIIPOIPAMM MOKHO CBECTHU K CJIELYIO-
1M BapuaHTam [3].

1. Kaxmoe cioBo YIIM comepsKUT 0HY MUKPOKOMaH/IY. IT0 HanboJee mpocrast opra-
Hu3amus yrpassstonleil namsitu. OCHOBHON HEOCTATOK — B KaK/OM TakTe PabOTh
MIIA tpebyercst obOpariieHre K TaMsITH MUKPOITPOTPAMM, UTO TPUBONT K CHUKEHIIO
obicTpomeiicTBust MITA.
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2. Opno cioo YIIM cozpepskuT HeCKOJIbKO MUKPOKOMaHI. B pesysibraTe ocyiiecTBisger-
cs1 OTHOBPeMeHHOoe cunThiBaHue u3 Y [IM HecKoJbKNX MUKPOKOMaH/I, YTO TTO3BOJISIET
TIOBBICUTD OBICTPOZIEICTBIE YCTPOTCTBA YITPABIEHNSI.

3. Cermenrarus [IMII, mpu KOTOPO# TAMSITh pas/iesisieTcsl Ha CETMEHTDI, COCTOSIIITIE U3
29 coceIHUX CJIOB, TIPU 9TOM ajipec pasjesigercs Ha iBa nosst: S u A. [lose S onpesne-
JIZET aJIpec CeTMEeHTa, a 1mojie A — azipec cioBa B cerMenTe. Afipec S ycTaHaBInBaeTCs
CIenraabHONH MUKPOKOMaH/ION. B mocieayrommux MUKPOKOMaH/IaX YKa3bIBAETCS
TOJIBKO ajipec cioBa A B cermenTe. Takum 06pa3oM, paspsiIHOCTDb aPECHOI YacTh
MK y™menbiiaercsi.

4. JIByxypoBHEBasi naMsiTh. JITaHHDII BapUaHT OBLI PACCMOTPEH MPH U3JI0KEHUN UAEU
HAaHOKOMpOBaHUs. JIByXypOBHEBAsI MaMsITh PACCMATPUBAETCs KaK CIIOCO0 st
yMeHblIeHrs HeoOoxoaumoil emkoctu Y ITM. Vcronp3oBanue AByXyPOBHEBOM ITaMATH
1es1ec000Pa3HO TOJBKO MPU MHOTOKPATHOM MTOBTOPEHUH MUKPOKOMAH/I B MHKPO-
IIporpamme.

Cuctema npepbiBaHUS NporpaMmm

CrocoOHOCTD PearnpoBatTh Ha PasJUIHbIe COOBITHSI, BOSHUKAIOIIE BHYTPY 1 BHE BHIUUC-
JINTEJTbHOW MAaITUHBI, CYNEeCTBEHHO paciiupsieT Bo3MoxkHocT BM. B pamkax ycrpoii-
CTBa YTPABIEHUST TAKOW PEKMM PabOTHI 0OECTIEUNBAETCST CUCTNEMOL NPEPLIGANUS NPO-
epamm (CIIIT). Cucrema mpepbiBaHUS MPOTPAMM — 3TO COBOKYITHOCTH aliiapaTHbBIX
U [IPOrPaMMHBIX CPE/ICTB, 1103BOJIsA0NIasd BM (11pu 1osrydeHnn cOOTBETCTBYIONIETO 3a-
poca) Ha BpeMs MpepBaTh BBIMOJHEHUE TEKYIeH MPorpaMMbl, MepeiaTh yIpaBjieHue
porpamMMe 00CTYKIUBAHS MTOCTYITUBIITETO 3aITPOCA, & TIO 3aBEPITEHNH MOCTETHEHN TPo-
MOJKUTD TIPEPBAHHYIO TPOTPAMMY € TOTO MeCTa, T/ie oHa Oblia mpepsanal. Kaxmoe co-
6oiTHE, TPEGYIOTIee TPEPHIBAHNSI, COTTPOBOKIAETCS OTIOBEMAIONIM CUTHATIOM — 3anpo-
com npepvisanus (31IT). IIporpamMmy, 3aTpeGOBAHHYIO 3alIPOCOM IIPEPbIBAHMKS, IPUHSTO
Ha3bIBATH NPEPbIBAIOUELl NPOZPAMMOLL WA NPOZpammoti obpabomxu npepuvisanus (obpa-
Gorunkom nipepbiBanus ). Baxneiinmm yenosuem pabotsl CIIII sBasiercs ee «mpospad-
HOCTh» — MPEPHIBAEMAST ITPOTPAMMA MTOCIIe BO30OHOBIEHNUST OJIKHA PaOOTATh TaK, CTOB-
HO HUKaKUX TIPepbIBaHNi He ObLIO.

Buepsoie CIIII nosiBiiach B BBIYNCAUTENBHBIX MAITUHAX B KOHIE 50-X TOI0B MPOIILIO-
ro crosnetnsi. BBemenne B coctaB BM cuctembl ipepbIBaHUsT CYIIECTBEHHO PACHTPHUIIO
chepot mpuMenenuss BM 1 OTKpbLIO IYTh K IIHPOKOMY COBMEIICHUIO OIIEPaIlUil.

B 3aBrcuMocCTH OT XapakTepa coObITHS, TPEOYIOIEro peakiuu ¢o cTopoHbl BM, curna-
JIBI TIPEPBIBAHUS Pa3/lesisI0T Ha BHEITHIE, BHYTPeHHUE U MporpaMMmHbie. McTounnka-
MU BHEIIHUX IPEPhIBAHMII MOTYT OBITh YCTPOWCTBA BBOJA,/BbIBOJA U UHbIE, BHEIIHUE
00beKThl. BHYyTpeHHUE 3apOCHI TPepbhIBaHUsT (DOPMUPYIOTCS BHYTPHU MPOIECCOPA CXe-
MaMu KOHTpoJsisi BM 1 MoTyT BO3HUKATh, Hanpumep, 1pu jgejienun Ha (), apudmern-
YeCKOM HCpGHOJIHeHI/II/I, HeBepHOM KoJZe KOMaH/AbI 1 T. II., HpI/I‘{I/IHaMI/I HpOI‘paMMHbIX
PEPBIBAHUI OOBIYHO SIBJISTIOTCS 0OPAIIEHYST TPOTPAMMBI TT0JIb30BATEJIST K OTIePAIIOH-
HOII cucTeMe.

' TOCT 15971-90 ompezenisieT pepbIBaHMe Kak «OMePAITHIo TTPOTIECCOPa, COCTOSITIYIO B PETHCTpa-
1MW TIPEIIECTBYIONIETO TPEPHIBAHUIO COCTOSIHUS MIPOIIECCOPA U YCTAHOBJIEHUN HOBOTO COCTOSI-
HUST>.
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Uunkn koMmaHAabl C y4eTOM npepbiBaHNMA
ITpotemypy 06paboTKHU JIFOOOTO MPEPHIBAHUS MOKHO PA3IeUTh HA HECKOJIBKO 3TAIIOB:

1. ¥YcranoBKka 3ampera Ha IIPUEM 3aIIPOCOB IIPEPbIBAHMS.

2. CoxpaHeHue Bceill nHGOPMAIIK IIPePBAHHON IIPOrPaMMbl, KOTOPast He0OX0AUMa [1JIsI

BO300HOBJIEHHS BbIIIOJIHEHUST 9TON MPOrpaMMbl (KOHTEKCTa IIPOTPAMMbL) IIOCJIE 3a-

BepIeHnst 00pabOTKHU MPEPbIBAHMS.

CHsTne 3ampeTa Ha IPHEeM 3aIIPOCOB TPEPhIBAHMUS.

4. Upentndukarms ncrournka 311, ompepenerre HyKHOTO 00paboTUYNKa MTPEPHIBAHUST
1 ero 3allyCK.

5. 3aBepiiieHue TPOrPaMMbl 0OPAOOTKH TIPEPhIBAHMSL.

6. YcraHOBKa 3arrpeTta Ha IIPUEM 3aIIPOCOB TIPEPLIBAHNUS.

7. BoccraHoBjieHHE KOHTEKCTa ITPepBaHHON ITPOrpaMMbl (BO3BpaT K COCTOSIHUIO HA MO-
MEHT MTPEPBIBAHMST ).

8. CusTue 3ampeTa Ha IIPHUEM 3aTTPOCOB TIPEPHIBAHNUS.

9. BosBpar K BBITIOJIHEHUIO TPEPBAHHON MTPOTPAMMBI.

S

B ympotiieHHOM B TIPOIELYPY MTPEPLIBAHUSI MOKHO OTIUCATD CAEAYIONNUM 06pa3oM.
O6mbexT, Tpebytoluil BHEOYEPEIHOTO 0OCTYKUBAHUS, BBICTABJISIET HA COOTBETCTBYO-
nieM BxoJie 1ieHTpasbaoro nporeccopa (LLIT) curnan 3anpoca npepoiBanus. [lepen nepe-
XO/IOM K 04YepeHOMY IUKJIYy KOMaH/Ibl IIPOIECCOP IIPOBEPSIET COCTOSIHUE 9TOTO BXOJA.
O6napysxus 3ampoc, [T 3amomMmuHaeT HHGOPMAITHIIO, HEOGXOANMYTO IS TTPOIOJIKEHTST
HOPMAaJIbHOH PabOThI MOCJIe BO3BPATA M3 MPEPBIBAHIS, 1 TIEPEXOIUT K BBITOJHEHIO
nporpaMMbl 06paboTku npepbiBanus. 1o 3aBepiennn o6paborku sampoca L[IT Bocera-
HABJIMBAET COCTOSIHUE IIPEPBAHHOIO [1POIIECCa, UCII0JIb3Ys COXPaHEeHHYI0 HH(opMaInio,
Y TIPOJIoJIKAET Bbruncaenus. OnucanHblil mporece uimoctTpupyer puc. 4.11.

Puc. 4.11. lNepegaya ynpasneHns npun NpepbiBaHUSAX

Jliist obecriedeH st TIepedrcIeHHBIX BO3MOKHOCTEH B IIMKJ KOMaH/IbI 100ABJISETCS dTall
npepsiBanusa. Ha atom atarme mpoiieccop mpoBepsieT, He TOCTYINJI JIX 3alPOC TIPEPhI-
Banus. Ecim sanpoca Her, ITIT nepexoauT K atairy BEIOOPKI CJIeLyONeil KOMaH bl [IPO-
rpammbl. [Ipu Hasmymy 3arpoca mpoieccop:
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1) mpuocTaHaBJAMBAET BBHITTOJHEHNE TEKYIIEH TTPOTPAMMbBI U 3alTOMWHAET B CTEKE KOH-
TEKCT TIPOTPaMMBbI (COIEPKUMOE BCEX Y3JI0B, COCTOSTHUE KOTOPBIX MOKET OBITh H3MEHE-
HO TIporpamMMoii 06paboTKH IpepbiBaHiis ). B iepsyto ouepeab HeOGX0ANMO COXPAHUTh
COZIEPKUMOE CUETUYNKA KOMAH/[, aKKYMYJISITOPA U PETUCTPA TPU3HAKOB;

2) 3aHOCHUT B CUETYNK KOMAH/I HAYAJILHBII ajipec PorpaMMbl 00pabOTKU TIPEPhIBAHMSL.

CootBetcTBeHHO, B TunoreTndeckoil BM (cm. TraBy 3) soskHa ObITH PasBEpPHYTA CJie-
NYIONIask MUKPOITPOTPaMMa:

POMN_CK: PAOMN := CK; <3anuck B CTEK COAEPXKMMOIO CHETHMKA KOMaH,>

-1YC:YC:=YC - 1;

PAT_YC: PAIN :=YC;

3n3Y: OM[(PAM)] := PAM;

PAMN_Akx: PAMN := Akk; <3anuncbk B CTEK COOEPXMMOro akkymynstopa>

-1YC:YC:=YC - 1;

PAT_YC: PAIN :=YC;

3n3Y: OM[(PAM)] := PAOIM;

PAMN_Pnp3: PO := Pnp3; <3anucb B CTEK COAEPXNUMOro perncrpa npu3Hakos>
-1YC:YC:=YC - 1;

PAT_YC: PAIN :=YC;

3n3Y: Or[(PAM)] := PAM;

CK := Aobp. <BaHeceHue B CK HavyanbHOro agpeca o6paboTynka npepbiBaHms >

Tenepp mpoleccop MpoAoJIKaeT ¢ aTana BbIOOPKU MepBOi KOMaHbl 00paboTunKa IIpe-
poiBanus. Korga mporpaMma o6paboTKY IpepblBaHMs 3aBEPIIAETCH, [IPOIIECCOP MOKET
BO30OHOBUTH BBIIIOJIHEHUE IIPOrPaAMMBbI II0JIb30BATEJIs ¢ TOYKH, T/le OHa Obljia IpepBa-
Ha. /[y aTOTO OH BOCCTAHABIMBAET U3 CTEKA KOHTEKCT ITPOTPAMMBbI 1 HAUMHAET C IMKJIA
BBIOODKU OYePEeIHON KOMaH/Ibl IIpePBaHHON IIporpaMmbl. Tpebyemass MUKPOIIpOrpaMma
[pejicTaBjIeHa HUKE.

PAM_YC: PAN := YC; <BoccTaHOBNEHNE COCTOSAHUSA perncTpa npm3Hakos>
YT3Y: PAOM := OM[(PAM)] ;

+1YC: YC :=YC + 1;

Pnpa_PAMN: Pnp3s := POIM;

PATM_YC: PAN := YC; <BoccTaHOBNEHNE COAEPXKMMOro akkymynaTopa>
YT3Y: PAOM := OMN[(PAM)];

+1YC: YC :=YC + 1;

Axk_POM: Akk := POIT;

PAM_YC: PAMN := YC; <BoccTaHOBNEHME COAEPXNUMOro CHeTYMKA KOMaHA>
YT3Y: PAOM := OMN[(PAM)];

+1YC: YC :=YC + 1;

CK_POM: CK :=pPAOM.

XapaKkTepucTUK1u cuUcTeM npepbiBaHUS

Cucrembl IIpepbIBaHUA IIPUHATO XaPaKTEPMU30BaTh CIACAYIONIUMMU ITapaMeTpaMu:

B epems peaxyuu T, — BpeMsI MKy MOABICHIEM 3aIIPOCa MPEPHIBAHUSI U HaYaI0M
BBIIIOJIHEHN S T1ePBOii KOMaH bl 06paboTYNKA PEPbIBAHMUS;

B 3ampamovl 6peMeny Ha nepexiiouenie npozpamm — CyMMapHbI pacxo/| BpeMeHU Ha
sanmomuHanue I; 1 BoccTanoBIeHe T COCTOSHUS IIPOrPAMMBL;
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B s pexmusnocmy npepviéanis 1| — OTHOIIEHNE BPEMEHH BBITTOJHEHUS PEPhIBAIONIEH
MPOTPaMMBbI K 00IIIEMY BPeMeHU, HeOOXOIUMOMY JIJIsT 00CTYKUBAHUST [IPEPHIBAHUS;

B 2ybuna npepvleaniti — MaKCUMAIBHOE YHCIIO TPOTPAMM, KOTOPBIE MOTYT MOCJIEI0BA-
TEJIbHO MPEPBIBATH JAPYT APYyTa.

Bpewmst peakimu, B 00IeM cirydae, CyIieCTBEHHO 3aBUCUT OT MPUOPUTETA 3aIIPOCa TIpe-
poiBanust. [Ipu cpaBHEHMM CUCTEM ITPEPBIBAHUSA OOBIYHO UCIIOIB3YIOT BEJMYMHY BpeMe-
nu peakuuy T, Ha 3aIIpoC C HAUBLICIIUM IIPUOPUTETOM.

3aTpatsl BpeMEH! Ha MEePEKITI0UeHIE TIPOTPAMM HHOT/[A HA3bIBAIOT BPEMEHEM 0OCTY K-
BanuA npepbiBanus (Tozc= T + 1) 1 onpeesdioT Kak pasHOCTb MesKLy TOJTHBIM Bpe-
MeHeM BBITIOJTHEHNS TIpepbiBatonieil mporpaMmbl (17p) W BpeMEHEM BBITTOJHEHUS <IT10-
Je3Hblx» komang (17).

C Y4Y€TOM BBEICHHDBIX 06o3HavYeHni Q(I)Q)EKTI/IBHOCTB IIpepbIBaHNs, Ha3bIBAEMYIO NHOI' I

T
YAeJIbHBIM BECOM ITPEPhIBAIOMINX ITPOTPAMM, MOKHO OIIPEAECTNUTD KaK 1 = I

1P
C nmosunuii rryGUHBI TPEPHIBAHUST MOKHO paccMaTpuBarh Tpu BapuanTa CITIT:
m CIIII crioco6Ha BOCIIPUHIMATH TOJBKO OJIUH 3aIPOC;
B rryOuHa IpepbIBaHNN OrpaHUYeHA HEKOTOPBIM 3HAUEHUEM 71;
B 1IPOrpaMMBbI MOTYT HEOIPAaHUYEHHO IIPEPBIBATH APYT APYTa.

Ecau nocite nepexozia k mpepaiBaloliiell iporpaMme 1 BIJIOTD /10 ee 3aBeplieHus IIpueM
JPYTUX 3AMPOCOB 3ATPEIIAETCST, TO TOBOPSIT, YTO CHCTEMA MMeeT TIIyOUHY MPepbIBAHIS,
pasuyio 1. [my6uma npepbiBaHuis paBHA 7, €CJH JOTYCKAETCSI MOCTEA0BATEIBHOE TIPe-
poiBanue 10 7 nporpamMM. O6BIYHO TIyOGHUHA TPEPBIBAHNS COBIAIAET C KOJIUIECTBOM
YPOBHEIT TPUOPUTETA, PACTIO3HABAEMBIX CHCTEMON MTPEPhIBAHUS MporpamMM. Yem 60Jrb-
e rayOGuHa TIPePhIBAHS, TeM JIydliiee MPUOPUTETHOE 06CaYKUBaHNE 0OECTIEUNBACT
CIIII.

PaccMoTpeHHbIe XapaKTEePUCTUKKM CUCTEM MPEPBIBAHUS TTPOTPAMM MTPOUJIITIOCTPUPOBA-
Hbl puc. 4.12m 4.13

Puc. 4.12. YnpouieHHas BpeMeHHas anarpaMmma npoLecca npepbiBaHms

3arnpoc npepeiBaHusT 0053aTEILHO A0JIKEH ObITh 06Ty KeH 10 MoMeHTa Tiprxoaa 31T ot
TOTO ’Ke ICTOYHHKA, B IPOTUBHOM CJIyYae BOSHUKAET HACLIUEHUE CUCTNEMbL NPEPLIBatUsl,
U TIPEBIAYIUN 3aTPOC MOXKET OCTAThCS He0OCTyKeHHBIM. Takas CUTYaIVst IBJISICTCS
HeJ0IyCTUMOI, moaTomy Obictpogeiicterie BM u xapakrepuctiku CITIT qossKHbI ObITH
COTJIACOBAHBI TAK, YTOOBI HACHITIEHIE OBIIO HEBO3MOKHBIM.
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Puc. 4.13. NpepbiBarHuga B CIIN ¢ pa3nuyHon rmyOunHON NpepbiBaHN
(6e3 yyeTa BpeMeHu peakuymm n 06Ccny>xmBaHns)

JonycTumMbie MOMEHTbI NpepbiBaHUS NPorpaMmm

Idddexrusnocts CIIIT Bo MHOTOM 3aBUCHUT OT TOTO, B KAKOH MOMEHT JIOMTYCKAETCs TIpe-
pBIBaHUE BBITIOJHIEMOU porpaMMbl. B n3BecTHBIXx BM aTOT MOMEHT OTIpe/iesnsieTcs oji-
HUM U3 TPEX METOJIOB.

Memod nomeuennozo onepamopa, NU3BECTHBII TaKKe KaK MemMo0d 0NOPHbIX MOUeK,
MpenoaraeT Halnure B Kojie KOMaH/I CIIeIMaJbHOrO OUTa, eIMHUYHOE 3HAUCHUE
KOTOPOTro O3HAa4yaeT pa3pellieHre IIPepbIBaHMS 110 3aBEPIIEHUU JAaHHONH KOMaH/IbI,
a HyJieBOe — 3arpeT. JTO MO3BOJIIET PACCTABUTD B IPOTPAMME <OITOPHBIE TOUKU»
TaK, 9TOOBI COMEPKIMOE PETHCTPOB TIPOTIECCOPA, UCTIOTH3YEMBIX B 06paboTUIKe TTpe-
PBIBaHVsI, TTOCJIE BO3BPATa K MPEPBAHHOI MTporpamMMe yike He TpeGOBAIOCh, TO €CTh
HCKJIIOUUTD 3aIIOMUHAHIE COIEPKIMOTO TAKUX PETCTPOB. B pesysibrare cokparaercst
BpeMst OOCTYRUBAHMST, OTHAKO BPEMST PEAKITIH YBETMIMBAETCS.

B noxomanonom memode npepruiBaHiie OMYCKACTCS TIOCTE 3aBEPIIEHNUS 000 TEKy-
1ieit komambl. MeTos obecriednBaeT yMeHbleHne BpeMeHn peakinu Ty, HO TIPU 9TOM
BO3PACTAET BPEMsT 00CITYKIBAHUST IPEPbIBAHUS T o

Memod 6vicmpozo peazuposanus JOMyCKaeT TpepbIBaHNE TTOCTE JTI0O60T0 TaKTa Bbl-
HoJHeHUsT KoMaubl. [[J1s1 MeTo/ia XapakTepHO MUHUMaJIbHOe BpeMs peakiuu 1, —
min, HO, ¢ JIPYTO CTOPOHBI, BO3pACTAET 00bEM 3aAIOMUHAEMOTO KOHTEKCTA TIPOTPAMMBI
(kosmyecTBa MHGMOPMAITIH, TTOJJIEKAIIEH 3ATOMUHAHUIO U BOCCTAHOBJIEHHIO ITPH TI€pe-
KJTIOYEHUHN [IPOTPAMM) U, COOTBETCTBEHHO, BPeMsI 00CIy KUBaHUsT TPpepbIBaHust Ty .

Hawubosmbiriee pacmpoctpanerye cpeii paCCMOTPEHHBIX METOOB TOMYINIT TOKOMaH]I-
HBIIT METOJT, XOTsI B cOBpeMeHHBIX BM Bce 6GoJiee TOMYISAPHBIM CTAHOBUTCS METOJT ObI-
CTPOTO pearrpoBanus, ocobeHHo B BM, paboTaonux B peskuMe pealbHOTO BPEMEH.

p,VICU,I/InHVIHbI OGCHY)KVIBaHVISI MHOX>XeCTBEHHbIX npepblsaHm‘/'l

B mi060it BM nipejinonaraetcst Haandue MHOKECTBA HCTOUHUKOB 3aITPOCOB TIPEPhIBAHMSL.
B CIIII ¢ MHOKeCTBEHHBIMU 3aIIPOCAMHU OLIEPUPYIOT TIOHATUEM <KOJL IIPEPBIBAHUST, TIO]L
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KOTOPBIM IIOHUMAIOT IBOUYHOE CJIOBO P=p, ;... p, P, T/le KaXKblil Pa3psAJl COOTBETCTBYET
OIIpe/ICJICHHOI IPUYKMHE NPepbIBaHKA. YCTaHOBKA B ¢IMHUILY Pasps/a p; O3HAYAET, YTO
MIOCTYITIJI 3aIIPOC OT i-T'0 UCTOUHMKA.

B psine cayuaes mpotieccop T0JUKeH B 06s13aTeIbHOM Mopsiake pearrnposats Ha 311, ox-
HAKO MHOTLJA IIPOLeccop He JOJIKEH OT3hIBaTbCs Ha 3allpoc, HAllpuMep, ecjld B JaHHOoe
BpeMs1 00CIyKIBAETCsE 3a1poc ¢ GoJiee BBICOKUM YPOBHEM Tpuoputera. 110 aToil mpu-
yiHe B 60sbinHCcTBE BM pasiyaior Ba BU/ia 3a1IPOCOB MIPEPHIBAHUS: HEMACKUPYEMbIE
1 MaCKMpyeMbIe.

Hewmackupyewmbie 3armpochl TpepbIBaHUS HE MOTYT YIPaBISATHCS mporpammuctom. Cur-
HaJIBI HEMACKHUPYEMBIX 3aITPOCOB MTOCTYIAIOT 110 OT/IEJIbHOH ITUHE M UMEIOT HaWBBICITUN
npuopurer. OOBIYHO HEMACKUPYEMBIMU JIEJIAIOT 3AMPOCHI OT TAKUX BAKHEUIITNX KOMITO-
HeHTOB BM, Kak cucTeMbl MUTaHUs, CXeMbl KOHTPOJISI TPaBUJIBHOCTH Tlepejiay JJaHHbIX
T IL

Mackupyemble 3arpochl TPEPBIBAHMS YIIPABJISIOTCS KOMAaHAMU TPOTPAMMBI U JIAIOT
MPOrPAMMHUCTY BO3MOKHOCTH THOKOTO YIIPABJIEHUST BBIYUCIUTETBHBIM MTPOIECCOM. 3a-
IpelieHne MpepbiBAHUS TPOU3BOAUTCS KOOM 3AIUTEL OT IIPEPHIBAHIS — MACKOU ITpe-
pbiBanuii. Macka npepbiBaHuil — 9TO ABOMYHOE CI0BO M = m,_, ... m m C YNCJIOM pa3-
DSIJIOB, PAaBHBIM KOJIMYECTBY MACKUPYEMbIX NMPUYUH MTPePBIBAHUS. Ecau paspsin Macku
m; = 0, o 3anpoc 3II, urnopupyercs, a npu m; = 1 — npepbiBaHue gonycTuMo. B ciy-
yae MaCKMPYyeMbIX 3alPOCOB B3aMe€H KOJla TIPePbIBaHus P MpUHUMaeTCs BO BHUMAHWE
PE3yJIbTaT MOPA3PSIHOTO JIOTHIECKOTO YMHOKEHUS ATOTO KO/Ia U MACKU MPEepPhIBaHUI
M (M A P).

C yueroM aByX BU/0B 3anpocoB npepbiBatust CITIT o6braHO MeeT Ba (hU3HYECKUX BXO-
na st curaanoB 311 — oTaesrbHO 71T HeMacKUpyeMbIX 1 MAaCKUPYEMbIX 3aIpoCcoB. Bau-
Jly OTPaHUYEHUS Ha YUCJIO BXOIOB BCE JIMHWH, 1TO KOTOPBIM TPUXOAAT 311 T pasananbIx
HCTOYHUKOB, [PeABAPUTENLHO KaKUM-I100 00pa3oM 00beArMHIIOTCs, 00pasys o0t
CHUTHAJI IPEPHIBAHUS, U UMEHHO 3TOT CUTHAJ TTofaetcst B npotteccop. O6beaunenne 311
MOPOXK/IAET 33/[a4y UACHTU(DUKAINY HCTOYHIKA TIPEPhIBAHKS U BBIGOPA 3arpoca ¢ Hau-
6oJ1ee BBICOKMM MTPUOPUTETOM.

UpeHTudumkauma ncToyHmnka sanpoca npepbiBaHns

[TpoGsiemy uaeHTHGUKAIIMYT HCTOYHUKA 3aIIpOca IPEPhIBAHUS CHAYAIa PACCMOTPHM IIPU
YCJIOBUH, 4TO OOIIMiI CUTHAJ [IPEPhIBAHUS BbI3BaH 3allPOCOM TOJBKO OT OJHOTO U3 HC-
TOYHUKOB M YTO IIPHOPUTET ITOTO 3AMIPOCA BBITIIE, YeM Y TTPEPHIBAEMOI TIPOTPAMMBI.

ITo criocoby BBISBJIEHUS 9TOTO UCTOYHUKA pasindaior o63opusie CIIIT (¢ ompocom mc-
touHukoB ipepbiBanus ) 1 CCII ¢ sexkmopnvimu npepvisanusmu.

B 0630pubix CIIIT nocrymienue B nporeccop curiajia 31T unuimupyer obuyio mpo-
rpaMmy 00paboTKHY TIpepbiBaHuil. B ee 3a1aun BXOAUT OMPOC MOTEHITUATBHBIX HCTOUHH-
k0B 311 U BBISICHEHUE TOTO U3 HUX, KOTOPbIE TIOPOIII 00MHiA curHas ipepbiBaust B [[T1.
[Ipocreiimum BapranTOM Takoro moaxoaa MoxeT cay:kuTh CIIII ¢ perrcTpom 3ampocos
npepbiBarus (puc. 4.14).

B rakoii CIIII kasxxpomy norenimaabiomy uctounnky 311 Bbljiesien oT/ie/1bHbIN pa3psij
B napaJuiesibHoM peructpe 3arpocos npepbiBanus (P3I1). IIpu nmocrymniennu 3amnpoca
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oT i-To ucrounuka 30, coorsercTByfomuii (i-it) paspsan P3II ycranasausaercsa B 1. Boi-
x07161 Beex paspsanoB P31 moakmroueHsl k gormdeckomy asnementy «WJIM s, rae dhop-
Mupyetcs obumii curnan npepbiBanus (3Mgg;), €M XoTa Obl B OHOM 13 PaspsioB
P3II comepskurcs epununa. IIocTyluB B MPOLECCOP, STOT CUTHAJ BBI3bIBAET OOIILYIO
MIPEPBIBAIONIYIO TTPOrpaMMy, KOTopas cuuThiBaeT coctosinue P3I1 u onpenenser, kakoi
paspsi copepkuT eanHUILy. [locie onpeneseHus TaKOro pa3psizia BhI3BIBACTCS COOTBET-
CTBYIOIIAsT 3alpocy mporpamma o6paboTku mpepbiBanus. 1o 3aBepiieHuu 00paboTKU
IIPEPBIBAHMS IIPOIECCOP IIyTEM IIOChIIKM CUTHAJIA TToATBep:KAeHus MAT, 00HYJIIeT TOT
paspsz P3II, mis koroporo BoinosHsanachk oopaborka. CIIII mosyyaercst mpocToi, HO
OTHOBPEMEHHO U caMOH MeJIeHHOACHCTBYIONIEN, TOCKOJIBKY aHATN3 3aITPOCOB BHITION-
HAETCS TPOrPAMMHO.

Puc. 4.14. Cuctema npepbiBaHUSA C PEMMCTPOM 3anpOoCOB NPepPbIBaAHNSA

O630pHbIe CUCTEMBI TTPEPHIBAHUS TPEOIATAIOT TPOIEAYPY OMPOCAa UCTOUHIKOB TIpe-
DBIBaHs, KOTOPasi, aske €CIU W BBLIMOJHSETCS AMMapaTHLIMU CPEICTBAMHE, Tpebyer
CpaBHHUTEJBHO GOJIBIIIX 3aTPAT BpeMeHU. Bosiee THOKUMU U AMHAMUYHBIMU SIBJISTIOTCST
CIIII ¢ BeKTOPHBIMU TTPEPLIBAHUSIMH, T/l€ UCKJIIOYAETCS ONPOC UCTOYHUKOB TPEPbhIBa-
uus. [lo aroit mpuunHe B coBpeMenHbix BM nomunupytor Bektopubie CIIII, m mmenHo
OHU OYZIYT TTPEIMETOM MATbHENTIETO PACCMOTPEHNIST.

[IpepbiBaHue Ha3bIBaeTCSl BEKTOPHBIM, €CJIM UCTOUHUK ITPEPhIBAHNS, BBICTABIISIS 3AI1POC,
MOCBIJIAET B TIPOIIECCOP MHMOPMAIIMIO O MECTe PACIIONOXKeHs B TaMsATi BM cBoero Bek-
TOpa NpepbiBaHusl. BeKTop 1pepbiBaHus COAEPKUT a/lpec COOTBETCTBYIONIEN eMy Ipe-
phIBaIoONIe TporpamMMbl, YTO U TTI03BOJISIET Cpa3y JKe IepeaTh eil yrpasJieHue.

Wzeio BeKTOPHOTO MpepbIBanHust wiumocTpupyer puc. 4.15. Kak u B cxeme ¢ peructpom
3aIpoCcoB NpepbIBanms, 06mmii curnan sanpoca 3M g hopmupyercs myrem obbeanHe-
Hus curnasoB 311 oT Bcex moTeHInasbHbIX UCTOYHUKOB. Tak KaK BEKTOPbI TPEPbIBAHUN
MOCTYIAIOT B TIPOTIECCOP 110 00IIEl IMHe JAHHBIX, TO BO3HUKAET TPObJIeMa TTOKII0Ye-
HUSI K 9TOH MIMHE UMEHHO TOTO MCTOYHMKA, KOTOPBIN BbIcTaBmJ 3ampoc. Ha puc. 4.15
MOKa3aH MPOCTEeUINI BapuaHT ee pelleHUsi — Ienodeunbiit. Ecau mnporeccop rotos
K 00CIIy’KMBaHUIO IIPEPbIBAHMS, OH BbIJA€T CUIHAJ HOATBEPsKAeHus: AT, KOTOPBIH 10~
CJIe/IOBATEBHO TIPOXOJIUT Ye€Pe3 UCTOUHUKHU 3alIPOCOB, 00PA3YIOIIHE IENOUYKY, TIOKa He
JIOCTUTHET UCTOYHMKA, BBICTABUBIIETo 3a1poc. FIMEHHO 3TOT HCTOUHUK I10JIyYaeT IIPaBo
BbIJIATh Ha IINHY JIaHHBIX CBOI BEKTOP IpEPbIBAHUSI.
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Puc. 4.15. LienoyeyHas cxema BEKTOPHbIX NPepPbIBaAHMI

BekTopbI IpepbiBaHus XpaHATCs B (QUKCUPOBAHHBIX sSUeiiKax OCHOBHOII ITAMSITH, [109TO-
My 00BIYHO (hOPMUPYETCs He COOCTBEHHO BEKTOP TIPEPHIBAHUS, a KO HOMepa 3armpoca
(KH3), koropbiii 1160 coBIasaet, 1nbo JIerko npeodbpasyercs B ajpec Toi (pUKCHUpOBaH-
HOH s14eiikH, T/ie XPaHUTCSI COOTBETCTBYIONINI BEKTOP IIPePbIBAHMUSI.

@uKcHPOBaHHBIE TYEHKH, Ille XPAHIATCSI BEKTOPbI, PACCMATPUBAIOTCS KAK 3JIEMEHTHI Ta-
GJIUIIBI BEKTOPOB TIpepbiBaHus. TabuuIa aTa 0GIYHO Pa3MENaeTCsl B OCHOBHON MaMsi-
TH, HaunHast ¢ aapeca 0. DieMeHT TabJIUIIbl 3aHUMAET HECKOJIBKO CMEKHBIX STUEEK, C TeM
4TOOBI B HEM MOKHO OBLJIO Pa3MECTUTD IIOJIHbII ajpec 00paboTYrKa IIpepbiBaHuil (BeK-
TOp tipepbiBanus ). [TpuMep TabIuIlbl BEKTOPOB TIOKasaH Ha puc. 4.16. IIpeamoaraercs,
4TO OHA pacrioyiaraercst, HaunHas ¢ aapeca 0000H!, a aymHa BekTopa npepbIBaHMs paBHA
yerbipeM Oaiitam (32 6ura). Tak Kak npu 8-OUTOBOI AJIMHE sYeliKK [aMsTH BEKTOD 3a-
HUMAaEeT YeThIPe CMEKHBIX STUEKH, TO a/[pec BX0/a B TaOJINILy BBIYMUCISETCST YMHOKEH-
em KH3 Ha verbipe (3TO OoCTUTAETCS CIBUTOM KOJIa HOMEpPaA 3a1rpoca Ha JiBa paspsijia
BJIEBO).

Puc. 4.16. CtpykTypa Tabnunupl BEKTOPOB NpepbiBaHUS

BekropHas opranusaius o3BoJIsIeT 0TKa3aThest 0T 001Iel nporpaMMbl 00paboTKK mpe-
pbIBanmst, 61arogaps 4yeMy 06eCIIeunBaeTCss MAIOE BPEMST PEaKIUH.

! CumBos H o3nauaer, 4To ajipec ykazan B 16-if cucreme cuucjieHus.
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BbiGop 1 06cnyXXnMBaHue 3anpoca ¢ Hanbéonee BbICOKUM NPUOPUTETOM

ITpu HATUYUU HECKOJIBKUX MCTOUYHIKOB [TPEPBIBAHUS JIOJIKEH OBITh YCTAHOBJIEH OIIpe-
JeJIEHHBIH TOPSIOK (AUCIUTIINHA) OOCHYKMUBAHUS MTOCTYIHMBIINX 3alPOCOB. VIHBIMU
CJIOBAMHU, MEK/IY 3alIPOCAMHU JIOJKHBI ObITh YCTAHOBJIEHBI IPUOPUTETHBIE COOTHOIIECHS,
OTpe/IeTISTIoNNe, KAaKOH U3 HECKOJBKUX MOCTYMUBIINX 3aMPOCOB MOJIEKUT 00paboTKe
B IIEPBYIO 04Yepe/ib, a TAaKyKe UMeeT JIM MIPaBO JAHHBIN 3aIIPOC IIPEpBaTh BBITOJHAEMYIO
B /IaHHbBII MOMEHT IIPOTPAMMY.

Kaxmomy nmorennuanpaomy crounnky 311 nprcBanBaeTcs cBoil ypoBeHb IPHOPUTETA.
OrnpenesieHHbIN YPOBEHD IPUOPUTETA UMEET U BBIMOJIHSAEMAs B JIAaHHBIII MOMEHT IPO-
rpamma. [Ipu nocrymiennn Heckosbkux 3ampocoB CIIII, pexze Bcero, 0KHA Bbljie-
JIUTD 13 HUX TOT, KOTOPbIil nMeeT Hanboree BBICOKUN YpOBeHb mpuopureTa. Jlajiee aToT
YPOBEHD CPABHUBAETCS C YPOBHEM MPUOPUTETA TIPEPLIBAEMOTT TiporpamMMbl. OOTIHii cur-
Has 3anpoca 3Myg;y; J0JKEH MOlaBaThCsl Ha BXOJl MPOIECCOpa TOJbKO B CJIydYae, Korja
YPOBeHb IPUOPUTETA TIPEPHIBAEMOIT TIPOTPAMMBI HIUIKE.

B cityuae Bextopnoii CITII Bce aTu 3a1aum Bo3araioTest Ha KOHTPOJLJIEP BEKTOPHBIX Tpe-
poisanuit (KBIT), 06001eHHas CTpYyKTypa KOTOPOro IoKasaHa Ha puc. 4.17.

Puc. 4.17. CTpyKTypa KOHTPOEpPa BEKTOPHbIX MPepbIBaHN

KBII uMeeT otzesbHble BXOABI 7151 KaXKA0T0 U3 7 ucTounukoB 311. O6br9HO 370 8 min
16 BxozoB. [loctynusime 3anpochbl (PUKCUPYIOTCSA B PETHCTPE 3aIIPOCOB TPEPHIBAHNUS.

[lanbHelinee MpoXosKieHNe 3aIIPOCOB 3aBUCUT OT COCTOSIHUS Pa3psi/loB PErucTpa Ma-
cku 1ipepbiBanust. Ko, OCTYAOMUi Ha cXeMy BbIIeJIeHUsT HAanOoJIee TIPHOPUTETHOTO
3arpoca, GopMHUPYeTCs MOPA3PSIAHBIM JIOTMYECKUM YMHOKEHUEM KOJla TpepbiBanust P
n mMacku nipepbiBanuniit M (M A P). Macka nipepbIBanuii 3a/1aeTcsl IPOTPAMMUCTOM U 3a-
Hocutcest B peructp Macku KBIT us nmporeccopa B Hayasie BBIYUCACHUIT, HO MOKET OBITh
3aMeHeHa B XO/I€ BbIYNCJIEHIL.
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Ha Bxoz cxeMmbl BblgeaeHus: Hanbojee IPUOPUTETHOTO 3alIpoca MOCTYIAeT KOJ, COLep-
KU eJIMHUIbI B TIO3UITUSX, COOTBETCTBYIONIMX HedamackupoBanubiM 311, Eciu takux
€IMHUI] HECKOJIBKO (TTOCTYINJIO HECKOJIbKO 3aIIPOCOB), CXeMa OCTaBJISIET M3 HUX OJIHY,
a IMEHHO TY, YTO MPEJCTABJISIET 3aTPOC, UMEOIIHiT 6oJiee BBICOKHUIT yPOBEHD TIPHOPHUTETA.

[lanee KoJI ¢ eTMHCTBEHHON eIMHUTIEN TTOCTyTIaeT Ha BXOJ (hOPMUPOBATENST HOMEpa 3a-
npoca. O6braHO K01 HoMepa 3anpoca (KH3) coBnagaer ¢ HoMepom GuTa B KOZIE MPEPhI-
Banust. Takum 06paszoM, hopMEpoOBaTeb TPeodpasyeT YHUTAPHbIH KO/l HA CBOEM BXOJIE
B JIBOMYHBII KO HOMepa 3arpoca. [lo cioxkuBiielicst mpakTHKe YPOBEHb MPUOPUTETA
npunumaercst paiubiM KH3, ipudem cunrtaercst, 4To HAUMEHBITIM YPOBHEM TIPUOPUTE-
ta obsiagaer 3anpoc ¢ KH3 = 0.

Kax y:xe orMevasnoch BbIliie, TIPEepPBaTh BBITIOIHAEMYTO TPOrPaMMy MOXKeET JHUTIb TOT 311,
y KOTOPOTO ypOBEHb IPUOPHUTETA OOJIbIIE, YEM Y MPEPBIBAEMOII TIPOTPaAMMBbl. YPOBEHD
IIpuopuTeTa BBIHOHHHCMOﬁ B lIaHHbH‘;I MOMEHT IIPOTPaMMbI XPAaHUTCA B PETUCTPE IMTOPO-
ra npepbiBannii. CopepkuMoe perncTpa 0GHOBIAETCS TIPU KakKIO0M M3MEHEHUN YPOBHS
[PUOPUTETA IIPOrPAMMBbI, TEKYIIEE 3HaYeH1e PErMCTPa Ha3bIBAIOT HOPOIOM IIpEPhIBAHHSL.
Cxema cpaBHEHUS TIPUOPUTETOB COTIOCTABJISIECT IPUOPHUTET IMMOCTYITUBIIIETO 3aIIPOCa C T10-
POTOM TIPEPBIBAHMS, ¥ TOJIBKO €CJIU TIOPOT MPEBBINIEH (TPUOPUTET 3aIIPOCa BbIIIE ), BbI-
pabaTbiBaeT o6mmil curHa 3anpoca pepbiBanus Mo,

[Mosy4us curnan 3Mgg,, MTPOIECCOP BBILAET B KOHTPOJUIEP BEKTOPHBIX TPePbIBaHM
curHan noaTBepskaenns MNAT. Ilo atomy curaamy KBII BeicTaBisier Ha mmHE JaHHBIX
KO/l HOMepa 3a1poca, KOTOPbIN TIOCTYTIAeT B MPOIECCOP U UCIIOJIb3YeTC KaK HOMEP BXO-
Ia B TabJIUIly BEKTOPOB IIpepbiBaiuil. OgHoBpeMeHHO curHa MNAT 00HyJIsgeT B periucTpe
3aIIPOCOB IIPEPhIBAHUS paspsi, npeacTapsaonii 311, k 00CIyKIBaHIIO KOTOPOTO IIPH-
CTYIIIJ TIPOTIECCOP.

B cBoto ouepesn, mpoiieccop, uctosbays npunsateiiit KH3 B kauecTBe HoMepa BXo/1a B Ta-
GJIMITY BEKTOPOB, U3BJIEKAET 13 TOCJAEHEN BEKTOP IpepbiBanus (anpec 06paboTInKa)
U MIPUCTYIAeT K 00CIyKUBaHIIO TIpepbiBaHus. B MOMeHT 3amycka 00paboTuiKa Mpepbl-
BaHu B perucTp nopora npepbianus KBII sanocuTcest ypoBeHb IpuoprTeTa 00padoTy-
Ka IpepbiBais, yncaenHo pasubiii KH3. O6HOBIeHIE COAEPKUMOr0 PErucTpa nopora
MOKET OBITh IIPOM3BENEHO IIPOLIECCOPOM, HO BO3MOKHO U CPEACTBAMU KOHTPOJLIepa (Ha
cxeMe TaKOH BapvaHT He oTpakeH). B o6oM ciydae, Ipu Bo3BpaTe K IpepBaHHOM 1IPo-
rpamme TpoIeccop MOJIKEH BEPHYTh B PETUCTP MOPOTA MPEPhIBAaHUS 3HAUEHUE YPOBHS
TIPUOPUTETA HTOU TTPOTPAMMBI.

Cucrtema npnoputeToB

Cucrema MpUOPUTETOB MO3BOJISIET OMPEEUTD: MMEET JIM MPABO TIOCTYTIMBIINIA 3a1POC
NpephIBAHUSA MPEPBATH BBHITIOJHAEMYIO B JAHHBI MOMEHT nporpamMmy. B cayuae ommo-
BPEMEHHOTO0 MOCTYTIIEHNsT HecKoambkux 311 aTa crucreMa 1aet BO3MOKHOCTD BBIGPATH TOT
U3 HUX, KOTOPBIH J0JIKEH ObITh 00CIYKEH B TIEPBYIO OUEPE/Ib.

Paziudaior abCOMIOTHBIN U OTHOCUTEIBHBIN TPUOPUTETHI. 3ATPOC, UMEIOIITUI abCOTIOT-
HBII TIPUOPHUTET, IPEPhIBAET BBITIOJHIEMYIO ITPOTPAMMY U 3aIlyCKaeT BBITIOJHEHUE CO-
OTBETCTBYIOTIEH TIPEPHIBAIOIIEN TTPOTPAMMBI. 3aIIPOC € OTHOCUTEIbHBIM TPUOPUTETOM
SIBJISTETCST TIEPBBIM KAHAUIATOM Ha 00CTY/KUBAHIE TIOCTE 3aBEPITEHNST BBITOJTHEHHS Te-
KyIIel IporpaMMbI.
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[Ipocreiimuii cmoco6 ycTaHOBJIEHUS MPUOPUTETHBIX COOTHONIEHWH MKy WCTOUHMU-
kamu 311 3akimroyaercd B TOM, YTO yPOBEHD IIPUOPUTETA OMPE/IENIIeTC TIOPSAIKOM TIPU-
COeNIMHEH ST TUHUN CUTHAJIOB 3ampoca K Juunn obmiero curnana 3I1. Ipu nossrennn
HeckombKkuX 31T MepBbIM BOCTIPUHUMAETCS 3aIIPOC, MOCTYTUBIINN HAa BXOZ ¢ GOJIBIITNM
HoMmepoM. B arom ciiyyae mpuoputer fBiigercs KecTKo ¢puxkcupoBaHHbIM. V3MeHUTb
IPUOPUTETHBIC COOTHOIIEHUS MOXKHO JIMIIb U3MEHEHHUEM IIOPS/IKA MOJKJII0YeHNUS HC-
TOYHUKOB 3aITPOCOB Ha BXOJIaX CHCTEMbBI TIPEPBIBAHUA.

Ha mpakTuke cTereHb Ba)KHOCTH IIPEPBIBAIONIMX [TPOrPAMM B TIpollecce BBIYUCICHUI
MOJKET MEHSIThCsI, TOATOMY COOTHOIIEHUE TIPHOPUTETOB Meskay 31T 015KHO OBITD MHA-
MMYHBIM, TO €CTb IIPOrPpaMMHO-yITIpaBJiseMbiM. B BM mupoxo npumeHsioTest 1Ba croco-
6a peasy3anuy TPOTPAMMHO-YITPABISIEMOTO TTPHOPUTETA: CIIOCOO TIOPOTA TPEPHIBAHS
U CTTOCO6 MACKH TIPEPHIBAHIIS.

CymHocTh crocoba Topora MPePsIBAHUST U €T0 PEATH3AINST OB PACCMOTPEHDI B PaM-
KaX OIMCAHUS KOHTPOJIJIepa BEeKTOPHBIX ITPepbIBAHUIA.

B meTone Mmacku, U3MEHAS COEPIKUMOE PErucTpa MacKM, MOSKHO YCTaHABJIMBATD [1IPOU3-
BOJIbHBIE TPUOPUTETHBIE COOTHOIIECHUST MEKTY MTPOrpaMMamMu 6e3 KOMMYTaIluu JMHU,
110 KOTOPBIM TIOCTYIAIOT 3apochkl. Kaxkaas mpepbiBaioniag mporpaMmMa MOKeT yCTaHO-
BUTDH CBOIO MacKy. C 3aMacKMPOBAHHBIM 3aIIPOCOM MOKHO MOCTYIUTH JIBOSIKO: WU OH
UTHOPUPYETCSI, WU 3aTIOMUHAETCS, ¢ TeM 4TOOBI OCYIIECTBUTH 3aTpebOBaHHbIE Jeii-
CTBUSI, KOT/IA 3aTpeT Gy/IeT CHAT.

Meton mopora GoJiee 4acTO MCTIOAB3YETCS B MUKPO- U MUHU-IBM, a MeTon Macku —
B BM 00111er0 HazHaveHwMsI.

3anomunHaHue COCTOSIHUS NpoL.eccopa Npu npepbiBaHNNAX

[MockombKy 06CTyKITBAHIE 3ATIPOCOB MTPEPHIBAHUS CBSI3aHO C HEOOXOANMOCTHIO BPEMEH-
HOTO TIEPEKJIIOYCHUST Ha HOBYIO TIPOTPAMMY, TO JIJIst 06€CTIeYeHUsT TIOCTIEAYIONIEro Kop-
PEKTHOTO BO3BpaTa K IPepBaHHON TIPOTpaMMe TPeOyeTCsl 3alOMHUTH COCTOSTHUE OCHOB-
HBIX y3/10B BM Ha MOMEHT pepbIBaHNs — KOHTEKCT IIPOIPAMMBbI.

HeorbemiieMbIM 9j1eMEeHTOM KOHTEKCTa IIPpOTpaMMbI ABJAETCA COCTOAHNE CHETUNKA KO-
MaH/[ — TaM XPaHUTCSI APEC KOMAH/IbI, ¢ KOTOPOil HAUMHAETCS BO30OHOBJIEHUE BBITIOJI-
HEHUsT TIpepBaHHON TporpaMmbl. Kak npaBuiio, pabora o6paboTurKa MpEepbIBAHUS CO-
IIPOBOK/AETCS MIBMEHEHUEM COIEPKUMOTO aKKyMyJisiTopa (AKK) ¥ perucTpa MpU3HAKOB
(Pp3), u nocJesHmre TakKe CIeAyeT CuuTaTh 00sI3aTeIbHBIMK 3JIeMEHTAMU KOHTEKCTa.
anomunanue cogepxumoro CK, Akk u Prnps u ux BoccTaHOBJEHHE 110 3aBepUICHUN
IIpepbIBaHUA ITPON3BOAUTCA aBTOMATHYECKU.

ITomumMo 3TOrO 00PABOTYUK TPEPHIBAHKST MOXKET MEHSITh U COAEPKUMOE HEKOTOPHIX
peructpoB obiero HazHadenust (POH). Xorst B HekoTOpbix BM 1X COCTOSTHUE TaKIKe
COXPAHSIETCST U BOCCTAHABIMBAETCST ABTOMATHYECKH, B 00I1eM ciaydae 3abota o POH,
HCII0JIb3YEMbBIX B IIPEPLIBAIOLIEH IIpOrpaMMe, Bo3jlaraeTcsl Ha 3Ty IIPepbIBAIOILYIO IIPO-
rpammy. Koman/ipl, oTBeyaoliye 3a Takoe cCoxpaHeHue 1 BOCCTaHOBJICHME, Pa3MelaloTCs
B CAMOM HayaJie U CaMOM KOHIle 06paboTurKa MpepbIBaHUsA cooTBeTcTBeHHO. Ha Bpems
BBITIOJIHEHUS 9TUX KOMAH/| CUCTEMA TIPEPhIBAHUS OTKJIIOYAETCs, YTOOBI MCKIIOUNTD UC-
KaKeHNe COXPAHSIeMO 1 BOCCTAaHABJINBAaeMOH MH(OPMAIINH B CIydae, eCIH B 3TOT MO-
MeHT nocTyuT HoBbi 31T 1 HauHeTCsT €ro 06CTyKUBAHIE.,
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[Toxnexamnas COXpaHEHUIO I/IH(l)OpMaHI/IH, KaK ITpaBUJIo, 3aHOCUTCA B aHHapaTHbeI CTEK.
B O6H.[eM CJIydae COXpaHeHre CO/IEPKNMOTO PETUCTPOB ITPOIEeCCOPpa MOKHO OCYIIECTBUTDH
cjeyonmnmMn crocobaMu:

B TPEPHIBAIOIIAS TIPOTPAMMA PEIIAET, COAEPKUMOE KAKMX PETHCTPOB HEOOXOIUMO CO-
XPaHUTD. DTOT CIOCOD TPeOyeT HAMMEHBIINX 3aTPAT, ECJIU CUCTEMa KOMaH/[ TIOCTPOEHA
TaK, 4TO B OOJIBIIUHCTBE OMEPAIUI IPUHUMAET YUIACTHE MAJIOE YUCJIO PETHCTPOB;

B [IpY TIPEPBIBAHUU C TIOMOIIBIO AITTaPaTHBIX CPEACTB MPOUCXOIUT aBTOMATHUECKAS
nepezaya copepxkumoro Bcex POH B crek, a ocsie okoHYanust 06paboTKU MpepbiBa-
HUST — 0OpaTHast mepeiada. JTa CUCTEMA COXPAHSIET COMIEPIKIMOE BCEX PETHUCTPOB, BHe
3aBHCHUMOCTH OT TOTO, €CTh JI B 9TOM HEOOXOUMOCTb.

B posizt perucTpoB B IPEPLIBAOIINX MPOrPAMMAX UCIIOIB3YIOTCS STIEHKI OCHOBHOI T1a-
MSATH. ITa YacTh MaMITH Pa3JeJieHa Ha CEKINN, U KaKI0U mporpaMmme 00pabOTKHU TIpe-
PBIBaHWIT BBIJIC/IEHA CBOST CEKITHst. TakuM 06pasoM, Kaxk/as TPEPhIBAIOIIast TIPorpaMMa
KakK Obl IMEET CBOI HE3aBUCUMBII HaOOP PErUCTPOB, TIO3TOMY B MX 3alIOMUHAHWN 1 BOC-
CTaHOBJICHUH HET HEOOXOMMOCTH.

BbluMcnnTenbHblie MaLlUHbI C ONPOCOM BHELUHUX 3arnpocoB

B psizie carydaeB mporieccopbl MOTYT He MMETh CHCTEMbI IIpepbiBanuii. Pearnposanue Ha
BHEIHKE COOBITHS B HUX OCYIIECTBISIETCS 33 CYET MEPHOIMIECKOTO OMPOCca UCTOUHM-
KOB TaKUX COOBITHIT («CKAaHUPOBAHUST BXOA0B» ). EcJiu BHelHee COOBITHE MPE/IToIaraet
o0c/yKUBaHe, TO 3a1ycKaeTcs: 00paboTUYUK COOBITHUSI, aHAJIOTMYHbII 06PabOTYNKY TIpe-
poiBatust. OTPOC OCYIIECTBISETCS TIEPUOANYECKHU, TPUYEM YaCTOTA OTIPOCA MOKET BbI-
OGUPATHCS B 3aBUCUMOCTH OT BaKHOCTH COOBITUST 1 BO3MOKHOI MHTEHCUBHOCTH BO3HUK-
HOBEHUS TAHHOTO COOBITHSL. UTOGBI y4ecTh cIydail BOSHUKHOBEHUS COOBITUST C BBICOKIM
NPUOPUTETOM B MOMEHT OOCITYKUBAHUS COOBITHS HU3KOTO TPUOPHUTETa, 00pabOTINKN
HU3KOMPUOPUTETHBIX COOBITHI CaMU JOJIKHBI COEPKATH IIMKJI OITPOCA BHICOKOTIPUOPH-
TETHBIX COOBITHIL.

Cucrembl ¢ OIPOCOM MOKHO BCTPETUTHh B MUKPOKOHTPOJLIEPAX, HAIPUMEP B TEX, YTO
YIPaBJIAIOT KJaBHATyPOH TIEePCOHATBLHOTO KomIblotepa. C APYroil CTOPOHBI, CHCTEMBI
C OIPOCOM BCTPEYAIOTCS B CYIEPKOMIIBIOTEPAX, I IJIsl YMEHbIICHMsT HATPY3KU Ha I1CH-
TPAJIbHBIIA TIPOIECCOP, CBA3AHHON € OMPOCOM YCTPONCTB, UCHONB3YIOTCS CHEIUATU3H-
POBaHHbIE MPOIECCOPHI, OCHOBHON 3a/1a4eil KOTOPHIX SIBJISETCST OTNPOC UCTOYHUKOB CO-
OBITHIA.

KoHTpOsbHbIE BONPOCHI

1. Oxapakrepusyiite OCHOBHbIe (DYHKIIUU YCTPOHCTBA YIIPABJIEHUS.
JlaiiTe XapaKTepuCTUKY BXOIIHOU M BBIXO/IHOM nHbopMarum Mojaen Y.

3. TosicnuTe 3a/1aun IEKOMMPOBAHUSA KOMAaH/l M OCHOBHBIE 9TAITBI TAKOTO JIEKONPOBA-
HUSL.

4. Tlepeuucnure nocronncrsa u Hepoctatku MITA c anmmapatHoit 1orukoii.

5. Obocnyiite HazBanue MITA ¢ mporpammupyemoii orukoii. ChopMmyaupyiite 10CTo-
WHCTBA U HefocTaTky Taknx MITA.
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10.
11.

12.
13.

14.
15.

OO6bsacHKTe TIPUHLIUI YIIpaBIeHnsa Ha ocHoBe MIIA ¢ mporpaMMupyeMoil JIOTHKOI.
Kaxue crioco6br KognpoBaHnst MUKPOKOMaH/I Bbl 3HaeTe? [lepeurcinTe ux 10CTOMH-
CTBa M HEJOCTATKMY.

[TosicHUTE TOAXOABI K aJpecalui MUKPOKOMAH, OXapaKTepusyiTe UX CUJIbHbIE
u cjrabble CTOPOHBL.

KakuMu napamerpaMu xapakTepU3yIOTCS CUCTEMBI IIPEPHIBAHKIA IPOTPAMM?

Ha kaxoii craguu BbIOJHEHUS KOMaH/Ibl aHAJU3UPYIOTCS 3aIIPOCHI IIPEPhIBAHII?
OnuiuTe NOCIA0BATEIBHOCTD ACCTBIIA, BHIIIOJHIAEMBbIX [IPU MOCTYILIEHIN 3alIPoca
IPEPBIBAHILL.

Pemenue kakux npoOseM Mo3BOJSAET PEIUTh MACKUPOBAHKE TIPEPhIBAHMI ?

Kakue MeTozbl MCIIOJIb3YIOTCS 1JIst MAeHTH(hUKAIM KCTOYHIKA 3aIIpoca TIpepbiBa-
HUST?

Kak o6GeciieunBaercs BO30OHOBJIEHUE BBIYUCIEHNI 110CIe 00pabOTKU IIPEPhIBAHKA ?
Jliist gero B 06paboTUMKe PEPbIBAHIIT IPELYCMOTPEH BPEMEHHBII 3allPeT Ha IPUEM
3arpocos 1pepbiBanua? Korza oH BBOAUTCS U CHUMAETCs?



maBa 5

OnepauuoHHbIe YCTPOMUCTBA

B kiaccuueckoii on-ueiitmanoBckoii BM apugmerndeckas u jorndyeckast o6paboTka
JIAHHBIX BO3JaraeTcs Ha apudmeTnko-rornyeckoe yerpoiicto (AJIY). B peasbHbIX BbI-
yrCaATEbHBIX MaliHax AJIY 0ObIYHO peannusyercs He Kak eJMHOe YCTPOICTBO, a B BUe
KOMIIJTeKca omneparmoHHbix yerpoiicts (OILY), kaxmoe 3 KOTOPBIX OPUEHTUPOBAHO Ha
oTipeieJieHHbIe onepannn U onpe/ieJIeHHbIEe TUTIbI JTaHHbIX. B O6H_[eM CJIydae MOJKHO BbI-
JICJTATD!

m OIIY ans apudmerndeckoii 06paboTku unces B popme ¢ GUKCUPOBAHHOIL 3aIIATOI;
m OITY must apudmerrueckoit 06paboTKy unces B (hopMe ¢ TIaBaIoIeil 3atsIToll;

m OIIY pug norudeckoii 06paboOTKY JaHHbBIX;

m OIIY necaruunoii apuMeTHKH.

Cnennasusuposarnbie OITY 1is tornyeckoii 06paboTKY JaHHBIX ¥ AeCATUYHON apud-
METHKH B COBpeMeHHBIX BM BCTpewaioTcst [0CTATOYHO PEAKO, MOCKOJIBKY TTOA0OHYIO
00paboTKy MOMKHO A0CTaTOuHO 3(dEKTUBHO opranusoBath Ha Oase OIIY s wucen
¢ dukcupoBaHHON 3ansToil. TakuM obpasom, GyaeM cuuTath, 4yto AJIY o6pasyior aBa
BHU/Ia OTIEPAIMOHHBIX YCTPOUCTB: JIst 06paboTKY unces B hopMme ¢ hUKCHpOBaHHOI 3a-
nsaroil (D 3) u obpaborku unce B popme ¢ mwiasatonieii samsroi (I13). B coto ouepes,
atu OITY Takske MOTYT IIPEACTABIATH COOO0I COBOKYIIHOCTD OllEPALlMOHHBIX YCTPOIICTB,
CIIEINATM3UPOBAHHBIX TI0][ ONPEAETeHHYI0 apudMEeTHYECKyI0 OIepalnio, HalpuMep
OITY cnoxennsa u sprunrtanus, OIY ymuoxenus, OITY gesenus u T. 1.

B MuanmanbHoM BapuanTe AJIY 0/5KHO coiepskaTh anmapaTypy /71 peaanu3aliui JUITb
OCHOBHbBIX JIOTUYECKHUX OIlepaliii, C[BUTOB, a TAK/Ke CJIOKEHUsI ¥ BbIYUTAHUS YKCEJ B
dbopme ¢ pukcuposannoii samnaToil. Ouupasgch Ha 3TOT HaOOP, MOKHO ITPOrPAMMHBIM
C1I10c060M 00ECIIEYNTD BBIIOJHEHNE OCTAIbHBIX aPU(PMETHYECKUX U JIOTMYECKUX Ollepa-
1IIH Kax /71 9rcest ¢ (GUKCUPOBAHHON 3aIISITOH, Tak U /Il IPYTUX (hOPM MTPE/ICTABIEHUS
uropmarn. [TogoOHbII BADHAHT, OJIHAKO, HE TI03BOJISIET JOOUTHCS BBICOKOU CKOPOCTH
BBIYMCJICHWH, TOITOMY TIO MEPE PACITUPEHUS TEXHOJOTHIECKIX BO3MOKHOCTEH 0TS all-
mapaTHbIX cpeaicTB B AJIY mocTosHHO Bo3pacTaer.

Ha puc. 5.1 nokasana AnHaMUKa U3MEHEHWS] COOTHOIIIEHUS] MEXK/LY alllapaTHON U 1po-
rpaMMHOU peaysarusamu GyHKIui AJTY 1o Mepe pasBUTHS 9JIeMEHTHOI Gasbl BBIYUCIIH-
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TeJIbHOU TEXHUKH. 3[[6Cb Io/Ipa3yMeBaeTcCsAa, 4TO 110 BepTI/IKa]IbHOfI OCH OTKJIaJAbIBa€TCA
KajieH/IapHO€ BPpEM:I.

Puc. 5.1. JyHamunka nameHeHns COOTHOLLEHUS MeXay annapaTHon
1 NporpaMmMHon peanusaumamm oyHkumm ANY

CTpyKTYypbl ONnepaumoHHbIX YCTPOMNCTB

Hab6op aemMeHTOB, Ha OCHOBE KOTOPBIX cTposites pasanansie OTTY, ma3biBaetcst cmpyk-
mypnvim 6asucom. CtpykrypHbiii 6asuc OITY Bkiouyaer B cebs:

B peructpol, 00eCcIeunBaIe KPATKOBPEMEHHOE XPAaHEHHE CJIOB JIaHHBIX;
B yUpaBJsemble NTTHBI, TPeHA3HAYEHHbIE JIJIS TIepelady CJIOB JIAHHBIX;

B KOMOWHAIIMOHHBIE CXEMBI, PEATTN3YIONINE BEIYUCICHIE JJOTHYECKUX YCIOBUHN 1 BbI-
MOJIHEHNe MUKPOOoIIepaliii 110 CUTHaJIaM OT YCTPOIcTBa yIipaBJjeHns.

Ucnonbayst MeTopuky, usioxennyio B [15], moxkio cunresuposats OILY ¢ Tak Hasbi-
BaeMOIl KaHOHUYECKOU CTPYKTYPOI, SABJFIONIYIOCS OCHOBOIIOJIATAIONIEH 719 CUHTe3a
IpyTux cTpykTyp. KaHoHudyeckas cTpyKTypa IpeAnoaraeT MaKCUMaJIbHYTO IIPOU3BO/IN-
TEJLHOCTD 110 CPABHEHUIO € JAPYTUME BapHAHTAMU CTPYKTYP, OJHAKO 110 3arpatam 000-
pyznoBaHus siBJsieTcst u30bITOUHON. C IPaKTHYECKUX TTO3UIHIA GOJIBIIIIT HHTEPEC TIPE-
CTaBIAIOT Apyrue Buzibl cTpykryp OILY: kecTkas u MarucTpagbHas.

OnepaunoHHbIe YCTPOMCTBA C XX€CTKOM CTPYKTYpPOn

B OTIY c¢ secTKoii CTPYKTYpPOi KOMOUHAIIMOHHBIE CXEMBI JKECTKO PACIIPEAETEHBI MEK/TY
BceMU peructpamut. KakxoMy peructpy mpuaaeTcst cBoit Habop KOMOMHAIIHOHHBIX CXEM,
MO3BOJIAIONIUX PeaTnu30BaTh ornpezesaeHubie Mukpoonepamnuu. [Ipumep OITY ¢ xect-
KOl CTPYKTYPOIi, 06€CIIEUMBAOIIETO BBIIIOJTHEHUE OMEPAIIHIT TUTIA «CIIOKEHUE, TTPH-
BeJIeH Ha puc. 5.2.

B coctas OIIY BXoadT Tpu perucrpa co CBOMMHU JIOTHYECKUMU CXEMaMMU:

B peructp nepsoro caaraemoro PCni u cxema JIPCnf;
B perucTp Broporo ciaaraeMoro PCn2 u cxema JIPCn2;
B peructp cyMMbl PCM 1 cxeMa KOMOMHAIIHOHHOTO CyMMaTopa Cwm.

Jlornueckas cxema JIPCn1 obecrieunBaet nepejiady pesyJsrata us perucrpa PCm B pe-
rucrp PCn1:
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B 1IpsAMBIM KogoM PCn1 := PCwm (1o curHaty ynpasienud 1,PCn1);

B CO CIBUTOM Ha OJWH pa3psn BjaeBo PCnl:= L1(PCwm « 0) (110 curHaIy yIpaBJeHus
L,PCwm);

H CO C/IBUIOM Ha J[Ba pa3psja BripaBo PCnl:=R2(s + s - PCm) (110 cUTHAY yIIpaBJeHuUs
R,PCwm).

Puc. 5.2. OnepaumoHHOE YCTPOWCTBO C XXECTKOM CTPYKTYPOM

Jlornueckas cxema JIPCn2 peajusyeT MUKpOOIlepaluy liepeiadi BTOpOoro caaraeMoro 13
PCn2 Ha JIeBBIi BXOJ] CyMMaTOPa:

B UpAMbBIM KoztoM JICM := PCn2 (110 curHasty ynpasieHust B,PCn2);
B wuHBepcHbIM Koj1oM JIC™m := PCn2 (no curnany ynpasienus B,PCn2);

B CO CIBUTOM Ha OJIMH paspsia BaeBo JICm = L1(PCn2 - 0) (110 cuTHaJMy yIpaBJeHus
L,PCn2).

KoMOuHaImoHHBIN cyMMaTOp CM ITpeIHa3HAYEH JIJIst CYMMUPOBaHUsT (OGBIYHOTO WIIH IO
MOJYJTIO 2) OTIePAH/I0B, TOCTYNUBIIUX Ha €ro JieBbiil (JICM) 1 mipaBeiil (MCM) BXOJIBL.
Pesynbrar cymmnpoBanust 3aHocuTcst B peructp PCm: PCwm = JICm + MCwMm (110 curHasry
yrpasjienns M,PCm) nnu PCm :=JICm @ MNCwm (110 curnamy ynpasuenus M,M2PCwm).

Moguennio OITY ¢ JKecTKOI CTPYKTYPOU SIBJISIETCSI TAK HA3BIBAEMBII [-aBTOMAT, ¢ 0COOEH-
HOCTSIMH CHHTE3a KOTOPOTO MOKHO O3HAKOMHUTHCS B [ 15, 20].

Anmnaparnble 3aTpatbl Ha OIIY ¢ skecTkoil cTpykTypoil Cy MOKHO OLIEHUTD IO BbIpaske-
HUIO:

Cik

n; Jri

1

o

Il
N

VB

I
—_

N K
Cx = nCTN+32niZkij +

=1 j=1 J

riae N —kosnnuectBo BHyTpeHHUX c10B OILY; ny, ..., ny— naunbi cnos;n = (n, + ...+ ny) /N —
CpemHsIs IJINHA CJIOBA; kij — KoJIm4ecTBO MUKpooneparnuii tuna j = 1, 2, ..., K (cioxenune,
CJIBWT, TIepe/lava U T. I1.), UCIOJIb3YEMBIX JIJISI BBIYMCJIEHUS CJIOB ¢ HoMepamu i = 1, 2, ...,
N; Cy — nena tpurrepa; C; — 1eHa 0{HOPa3PS/IHON CXEMbI /115l PeaIn3allii MUKPOOIIe-
paryu j-ro THIA.

B npuBeneHHOM BbIpa)KEHUN IIEPBOE CJlaraeMoe OIIpPejlesisieT 3aTpaThl Ha XpaHeHUe
n-paspsHbIX CJIOB, BTOPOE — Ha CBS3U PErUCTPOB ¢ KOMOMHAIMOHHBIMU CXEMaMH,
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a TpeThbe — CYMMapPHYIO CTOUMOCTh KOMOMHAIMOHHBIX CXEM, PEATU3YIONINX MUKPOOIIe-
paumu K turnos Haza N cioBaMu.

3arpaThl BpeMeHU Ha BBITIOJIHEHNE ornepanuii tuta «cyioxerunes B OITY ckectroii cTpyk-
TYpPOI PaBHBI

Ty =ty T+
rje {y — JJINTEIbHOCTh MUKPOOIIEPAIMK BBIJAYM ONEPAaH/IOB U3 PETUCTPOB; - — HPO-

TOJDKUTENBLHOCTD MIKPOOIIEPAIIH «CJIOMKEHHE»; ¢, — AJUTEIbHOCTb MHUKPOOIIEPAIIHI
preMa pe3yJbraTa B PETHCTP.

HocrourctBom OIIY ¢ jKeCTKOI CTPYKTYPOIl SIBJISIETCST BBICOKOE OBICTPO/IENiCTBIE, He-
JIOCTATKOM — MaJiasg PEryJgIpHOCTb CTPYKTYPBbI, YTO 3aTPY/AHSAET Peaju3aluio TaKnux
OIIY B Bujie GOJIBIINX UHTEIPAIbHBIX CXEM.

OnepaunoHHble YCTPOMCTBA C MarucTpasibHON CTPYKTYpPOW

B OIIY ¢ MarucTpajibHOii CTPYKTYPOI BCe BHYTPEHHIE PETUCTPHI 00bEITUNHEHBI B OT/IE]b-
HBII y3es peructpo obmiero Hazuauenuss (POH)!, a Bce KOMOMHAIIMOHHBIE CXEMbI —
B omneparuonubiii 010k (OTIB). OnepaiinoHHbIil 610K 1 y3€J PETUCTPOB COOOIIAIOTCS
MesKLy coOOI ¢ TIOMOIIBIO MarucTpajieil — oTcioja U HazBaHue «Marucrpaibioe OITY ».

Puc. 5.3. MarucTtpanbHoe onepaumoHHOe YCTPOCTBO

[Tpumep marucrpansuoro OIIY mpexcrasien wa puc. 5.3. B cocras y3ma POH 3mech
BXOZIIT N PETHCTPOB OOTIET0 HA3HAUEHNS, TIOIKTIOYAEMBIX K MATHCTPAIISM A 11 B uepe3
MYJIBTATIEKCOPBI MUX A 1 MUX B. Kask/ipili 13 MyJIBTUIIJICKCOPOB SIBJISIETCS YIIpaBJIsie-
MBIM KOMMYTATOPOM, COETMHSTONTUM BbIX0/1 ofiHoro 13 POH ¢ cooTBeTCcTBYIOIIEH Maru-
cTpasblo. Homep nozax/ioyaeMoro perucrpa olpefesisgercs ajipecoM a uiu b, rnojpasae-
MBIM Ha a/IpeCHbIe BXO/[bI MYJIBTUIIJIEKCOPA U3 YCTPOMCTBA YIIPABIEHUS.

ITo marucTpasisiM A v B oriepaH/Ibl IOCTYIAIOT Ha BXObI OLIEPAIIMOHHOTO OJI0KA, K KOTOPBIM

MOIKITIOYAETCst KOMOMHAIIMOHHAS CXEMA, PeATU3yIonias TpedyeMyio MUKpooriepaiuio (1o
curnasy yrpasienus us YY), Takum o6pazom, odast mukpooriepaiiust OIIB mosxeT ObITh

! B onepainoHHbIX ycTpolicTBax /st 00paboTKu umcel ¢ iasatoniei sansroil BMecto POH uacto
HCITOJIb3YETCSI OT/IeIbHBII y3eJ PETUCTPOB C IITaBaloNIei 311 TON.
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BBITIOJIHEHA HAJl COAEPKUMBIM JTI0OBIX perrcTpoB OITY. PesysibraT MUKPOOTEpAIUu Mo
Maructpaiu C uepes JemMyJsruiiekcop DMX C 3aHOCUTCST B KOHKPETHBIN PErncTp y3Ja
POH. [leMyJbrumiekcop MmpeacTaBisieT coboi yIpaBisieMblii KOMMYTaTOP, NMEIOIHii
o/H nHOOPMAIMOHHBIN BX0J U N MHMOPMAIIMOHHBIX BBIXOI0B. BX0/ MOAKIIOYaeTCS K
BBIXO/Iy C 3a/JaHHBIM a/[pecoOM C. AZlpec ¢ TIOCTyTIaeT Ha ajipecHble BXojbl DMX C u3 Y.

Mogenbio OITY ¢ marucTpasbHON CTPYKTYpOii siBisteTcst M-aBromat. M-aBToMaTOM Ha-
spiBaercst Moziesib OTTY, mocTpoeHHast Ha OCHOBE MTPUHITUTIA 0ObeINHEHNST KOMOUHATTH-
OHHBIX CXEM U peajusyiolias B KaXK/[OM TaKTe TOJBKO OJHYy Mukpoornepanuio. Cunres
M-asromaToB paccmaTpuBaetcsi B [17].

Wcmonb3yst 0603HaY€EH s, BBEJIEHHbIE B TTPEBIYIIEM Pa3/iesie, BRIPAKEHNUE JITTsT OTIEHKH
arnmapaTHbIX 3aTpaT Ha MmaructpaabHoe OIIY MoxkHO 3ammcaTsh B ciaenytomnieM Bue:

K
Cy =nCrN +3n(N + K) +ny C;,
j=t

r/ie TIEPBOE CJIaraeMoe oTIpeieisieT 3aTpaThl Ha N PerucTpoB, BTOPOe — 3aTPAThI HA CBSI3U
yasia POH u OIIB, a tpetbe — cymmapuyio 1ieny OITB.

N3 comnocTaBieHmns Bpra)KEHI/Ifl UL 3aTpat CJAEAYET, 4YTO MarucCTpajibHasda CTPYKTYypa
AKOHOMUYHEE JKECTKOM CTPYKTYDPBbI, €CJIin
N K K

3AIN+K-M)<> > CK,-)C,

i=1 j=1 i=1

N K
rne M = 2 Z Kjj — xomuectBo Mukpoonepaiuii, peamsyembix OIY ¢ skecTkoil cTpyK-
o=l j=t
TYPOIi.
C ydeToM TOCJeTHETO HEPABEHCTBA MOKHO C(HOPMYJINPOBATH cJjefyiollee CHUIbHOE
YCJIOBUE 9KOHOMHUYHOCTU MarUCTPATBHBIX CTPYKTYP:
M>N+K.

3aTpaThl BpeMeHH! Ha ciokere B MarucTpanbibix OIIY Goubine, yem B OITY ¢ skecTroi
CTPYKTYPOIL:

Ty =ty +ic T tg + hyux T loux = bx + buux T Iomxe
e ¢y yx — 3aZiepikKa Ha noaxiodenue onepanzos n3 POH k OIIb; ¢, — 3anepskka Ha
nojikJouenue pesysbsrata kK POH.
OcHoBHBIM IocTouHCTBOM MarucTpasibibix OITY sBisieTcs: BbicoKas yHUBEPCAIbHOCTD
U PeryJisipHOCTb CTPYKTYPHI, 4To obJierdaer ux peaausaiuio ua kpucramiax VC. Bo-

o61te roBopst, MarucTpaabhas ctpykrypa OIIY B copementbix BM sBiisiercs npesa-
JIpYIOIIei.

Knaccudpukauma onepauoHHbIX YCTPOMCTB C MarucTpasbHOMN
CTPYKTYpOW

Marucrtpanbabie OITY kraccuduImpyIoT o BULY U KOJUYECTBY MarucTpasieil, opraHu-
3aIMH Y3714 PETHCTPOB 00TIETO HA3HAYEHNST, TUITY OTIEPAITTOHHOTO OJIOKA.
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MaFI/ICTpa.TII/I MOTYT OBITD OTHOHAITPaBJIEHHBIMHW 1 ABYHAIIPpaBJIEHHBIMH, COOTBETCTBEHHO
O6eCHe‘{I/IBaIOI_HI/IMI/I rnepeaavy AaHHbIX B OJHOM WJIN ABYX PAa3JUYHbIX HaIllpaBJICHUAX.
Tunmynbim PEKNMOM pa6OTbI MarvucTpaJjin ABJIAECTCA pa3gejieHrue BpeMEHU, ITpU KOTO-
POM B pa3jindyHble MOMEHTbBI BpEMEHN MarucCTpaib UCIIOJb3YETCA AJIA Tepegavin (byHK-
IMMOHAJbHO PA3HOTHUIIHBIX JaHHBIX.

ITo (bYHKIII/IOHa]IbHOMy Ha3Ha4Y€HMIO BbIAEJIAIOT!

B Mazucmpanu enewnux cesaset, coeinusronmx OIlY ¢ mamMAThIO 1 KaHATaMU BBOJA/
BbiBosta BM;

m suympennue mazucmparu OI1Y, orBevaiomiue 3a cBsi3b Mexay y3iom POH u orepa-
IIMOHHBIM OJIOKOM.

KosmdecTBo MarucTpasieil BHEITHUX CBSI3€i 3aBUCUT OT apXUTEKTYPhI KOHKpeTHOH BM
1 0OBIYHO HE MPEBBIIIACT ABYX /s BHEIITHUX CBSI3CH M TPEX — /Uit BHYTPCHHUX.

Crpykrypa tpexmaructpaiabroro OITY (3M) npencrasiena Ha puc. 5.4, a, a COOTBETCTBY-
0II[ast eMy MUKPOIIPOTPAMMa BBITTOJTHEHUSI OMEPAIIIE TUTIA «CJIOKEHHe» — Ha Puc. 5.4, 0.

Puc. 5.4. TpexmaructpanbHoe OlY: a — cTpykTypa;
6 — MUKpoMporpaMmmMa CJioXeHns

JlaHHBIN BapUaHT XapaKTepU3yeTcsl HauGOJBIIUM ObICTPOEiicTBUEM: BEIOOPKA Olle-
panzoB u3 POH, BbimoTHEHE MUKPOOTIEPAITUY CYMMUPOBAHWS U 3aMUCh PE3yJibTaTa
B POH npousBossTes 3a oguH TakT. OCHOBHOI HEIOCTATOK TPEXMAaTrUCTPATbHOI opra-
HU3AIIMH — OTHOCUTEIHHO OOTBINAs TIOMA/h, 3aHUMAEMasT MariCTPAISIMU Ha KPUCTAJ-
Jie uHTeTpasibHOl MUKpocxembl (MIMC).

Puc. 5.5. IsyxmaructpansHoe OIY: a — cTpyKkTypa;
6 — MUKpornporpaMmma CrioXeHus
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JIByxmarucrpanbnag opranusaius (2M) npu MeHbIIel M0 /1, TOKPBIBAEMOI Maru-
cTpassamu, TpebyeT BBeJIeHUs Kak MUHUMYM oHoTo 6ydeproro perucrpa (BP), npesn-
HA3HAYEHHOTO JJIsT BDEMEHHOTO XPaHEHUsT OJTHOTO U3 OlepaHioB (puc. 5.5, @), TIPU 3TOM
orepaIyist CJI0KeHUst OyIeT BBIMOJIHSTHCS YiKe 3a 1Ba TakTa (puc. 5.5, 6):

m Takr 1: 3arpyska BP ognum u3 onepannos.

m Takr 2: Beinosinenue mukpooriepanuu B OIIB nan cogepsxkumbiMm BP u ognoro us
POH; 3anucsh pesynsrata B POH.

Haxonern, opranusarmust OIIY Ha ocHOBe TOJBKO OHON MarucTpaad MUHUMU3UDPYET
pacxozsr nommaan UMC (puc. 5.6, a).

Puc. 5.6. OgHomaructpansHoe OIY: a — cTpykTypa; 6 — MUKPOMPOrpaMmMa CloxXeHus

B ognomarucrpansiom OITY (1M), BMecTe ¢ TeM, BO3HUKAeT He0OOXOMMOCTD BBE/ICHUSI
He MeHee JBYX Oy(epHbIX perucTpoB BP1, BP2, 1 IUINTEIBHOCTD OTEPAIII BO3PACTAET
JI0 Tpex TakToB (puc. 5.6, 6):

m Taxr 1: 3arpyska BP1 oHUM U3 OIIEPaH/IOB.
m Taxr 2: 3arpyska BP2 BTOPbIM OTIEPaHIOM.

m Takt 3: BemosHenne Mmukpooneparnu B OIIB wax cogepxxnmbivm BP1 1 BP2; 3ammch
pesyabrara B ogun n3 POH.

Opranusauusa yana POH marnctpanbHOro onepauuoHHOro ycTpomcTsea

KosmuectBo perucrpos B ysiae POH marucrpaibaoro OITY 00bIYHO TIPEBBINIAET TOT
MUHUMYM, KOTOPBII HEOOXOAUM JIJISI Pean3alliil YHHBEPCAILHON CUCTEMBI OIEpPAIIUii.
M30bITOK PETUCTPOB UCIIOJIB3YETCSI:

B /Ui XPaHEHUsT COCTABHBIX YacTell aapeca (MHIEKCa, 6asbl);

B B KauecTBe Oy(hepHOil, CBEPXOTIEPATUBHON MTAMSITHU JIJIST TTOBBIIIIEHUST TPOU3BOIUTE b=
HocTu BM 3a cuer yMeHbIeHust TPeOyeMbIX TIEPECHLIOK MEKITY OCHOBHOU TAMSITBHIO
u OIIV.

KosmuecTBo peructpos kojebiaercsa B cpefHeM oT 8 10 16, MHOIZA MOKET AOCTUraTh
32—64. B nporeccopax ¢ coKpalieHHbIM HabopoM Komanz kosimdectso POH moxoaut xo
HECKOJIbKUX COTEH.
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Opranuszarust yzaa POH mosker obecriedrBaTh OJHOKAHAIBHbBIA WK IBYXKAHATbHBIIT
JOCTYII KaK 110 BXOAY (3aIMcH), TaK ¥ 110 BBIXOMY (CUMTHIBaHUIO). B miepBoM cirydae ko
BXOJIy y3Jia MOJIKTI0YaeTCd OJMH JIEMYJIBTUIIIICKCOP, & K BBIXOAY — OIWH MYJBTUILICK-
cop. Bo BTopom ciryyae 0CTyII OCYIIECTBIISAETCS € TIOMOIIBIO JIBYX IEMYJIBTUTIIICKCOPOB
U (WJIM) IBYX MYJIETUILIEKCOPOB. J[ByXKaHAIBHBIN JOCTYIT TTOBBIIAECT OBICTPOAEHCTRIE
OI1Y, tak Kak MO3BOJISIET OOPATUTHCA MAPAJIIETBHO K IBYM PETUCTPAM.

OpraHusauus onepauuoHHOro 6;10Kka MarucTpasbHOro

ornepauuoHHOro yCTpomcTBea

Tun onepannonnoro 6soka (OIIB) onpezensercs cnocobom 006pabOTKN gaHHbIX. Pas-
suvator OIIB mocseoBaTeIbHOTO U TTAPAJIIETbHOTO THTIA.

B nocredosamenviom onepayuoniom 6aoxe (puc. 5.7) onepaiyy BbIIOJTHAIOTCS Pa3Psil
3a pa3psIoM.

Puc. 5.7. NocnenoBaTesnbHbI onepauyoHHbI 610K

bur neperoca, Bo3HUKAOIMiT mpu 06paboOTKe i-r0 pa3psjia OMepaH/oB, MOJAETCS Ha
Bxoj OIIB u yuursiBaercs npu obpadotke (i + 1)-ro paspsiaa onepannos. Pesyibrat mo-
Pa3psIHO 3aHOCUTCS B BBIXOIHON PETUCTP, TPEIBIIYIIEe COMEPKUMOe KOTOPOTO Tepest
ATUM CJBUTAETCS Ha OJHY MO3UIIIO. TakiM 06pa3oM, MOcJIe 72 IIUKJIOB B BBIXOJHOM PErH-
cTpe hOpMUPYETCsT CJI0BO PE3YJIIBTATA, I/le KK/l Pas3psiji 3aHUMAEeT IPeHA3HAYEHHYIO
IS HETO TIO3UITHIO.

[Tpu napannenvnoi opeanusavuu onepavuoniozo 6aoxa (puc. 5.8) Bce paspsijibl orepaH-
0B 00pabaThIBAIOTCST OJJHOBPEMEHHO. BHYTpPEeHHME MePeHOChI 00eCTIeUNBAOTC CXEMOiT
OIIb.

Puc. 5.8. MNMapannenbHblil onepaumoHHbIi 610K

Pea]II/IBaHI/IH Sq)@eKTI/IBHOI‘/JI CHUCTEMDI TIEPEHOCOB B paMKaX <«/[JTMHHOTI'O» CJIOBa COIIPA-
JK€Ha C OIIPpEACJIECHHBIMU allllapaTyPHbBIMU M3/JICPKKaMU, TTO3TOMY Ha HPAaKTUKE 4aCTO
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HCTIOJNIB3YIOT TapasieibHO-TiocaeoBarenbayio cxemy OIIB. B Heit cioBo pazbuBaercst
HA TPYTIIBI 110 2, 4 uin 8 pas3psiioB, 00paboTKa BCEX PA3PsiIOB BHYTPH TPYIIIIBI OCYIIECT-
BJISIETCSI TIAPAJIJIETIHHO, 2 CAMU TPYTITBI 06pabaThIBAIOTCS TOCIEI0BATEIBHO.

Puc. 5.9. O606u1ieHHas cxema onepaumoHHoro 6ioka

O606mmennas cxema OITB npusesena na puc. 5.9. B nee sxoaar: gemmudparop MUKPOKO-
man/bl MK, ¢popmuposatesnn kogoB PK; 1 PK,, MHOropyHKIINOHAIBHbIIA CyMMaTOD
Cwm, casuratesib Cas 1 popMuposaTe/ib npusHakos pesyJisrata (DIIP). Habop Mukpo-
onepanuii, peasusyembix OIIB, BbiOpan TakuMm 06pasoM, 4TOOBI 00ECIIEUNTh BBIIIOTHE-
HIe OCHOBHBIX apU(PMETHUECKUX 1 JIOTHYECKUX ONePAITUii, IIPeyCMOTPEHHBIX CHCTEMON
xoman BM.

JlemmdpaTop MUKPOKOMaH/IbI BBIPA0AThIBACT BHYTPEHHUE CUTHAJIBI YITPABICHUS JIJIsI
anemenToB OIIB. OH BBeneH B cXeMy C I1eJIbI0 MTHIMHU3AIUN KOJTMYeCTBa CBsI3ei, Tpe-
GyeMBbIX JIJIsI Tiepe/iadll CUTHAJIOB yIIpaBJIeHus U3 Y.

®opmuposatenu koo OK, u OK, ciyxaT 1 GOPMUPOBAHUS IPSMBIX I HHBEPCHBIX
KOJIOB ONEPaH/IOB, NOCTYNAIONMX MO MarucTpaasam A u B. OHM peanusyior cIeayionmi
HaGOp MUKPOOIIEpALIMi:

Bo@PK,: CmJ1:= 0; By®K,: CmI := 0;
B;A: CmJ1:=A; B,B: CmIM :=B;
B;A: CmJ1:= A; BB:CmI:= B.

MHuorodyHKIIMOHAIBHBIM CYMMATOp BBITIOJHAET MHUKPOOIepalnu apudMeTHiecKoro
coskeHus (¢ yueToM nepetroca C,y ), CI0KEHUs 110 MOJYJIIO [1Ba, TOTHYECKOTO CI0KEeHHUs
1 JIOTHYECKOTO YMHOKEHUS KOJIOB HA JIEBOM U TIPABOM BXO/[aX:

Cn: Cm :=CmJT1+ CmMmIT+ Cyy;
M2: Cm := CmJ1 @ CwmIT;

M: Cm := CmJ1 A CwmIT;

NN Cwm := CmJ1 v CMIT;

DopMupoBaTens TPU3HAKOB PE3YIIbTaTa HA OCHOBE AHATN3A KO/IA Ha BBIX0e CM BbIpaba-
TBIBACT 3HAUCHUS OCBEIOMUTEJIBbHBIX CUTHATIOB (ITPU3HAKOB PE3yJIbTaTa), IepeiaBacMbIX
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B YV MalluHBI. OCBGI[OMI/ITGJII)HI)IMI/I CUTHaJIaMMU MOTYT OBITD: NpU3HaK 3HaKa S, npun-
3HaK IepernoTHeHuA vV, IIprU3HaK HYJIEBOTO 3HAY€HU pe3yJbTraTa ZWT.II

CZIBI/IraTe]Ib CJIYIKUT JJIs1 BBIITIOJIHEHU S MI/IKpOOHepaHI/Iﬁ C/IBUTa Ko/la Ha BbIXojie Cm:

M: C:=Cwm;
R,: C:=R1(SL - Cm), SR :=Cm(n);
L;: C:=L1(Cm * SR), SL :=Cm(0).

Mukpoornepanusi M, obecrieunBaet mepeiady pesyibraTa Ha MariucTpaib C 6e3 ciBura.
ITo xony Mukpoonepanu R, pesyJbraT CABUTAeTCsI HA OJMH paspsiji BIPABO, IIPU 3TOM
B OCBOOOJKIAIOIIMIICS CTAPIIHiT Pa3psi/i 3aHOCUTCSI 3HAUYEHUE C BHEITHETO KOHTAKTa SL,
a BbIIBUTAEMBbIH (MJIQZIINNIT) pa3ps/l CyMMaTopa MOChLIAeTCsl Ha BHENTHUI KOHTAKT SR.

B mukpoorepaiiu L, pe3yJibrar ¢IBUTAETCS] HA OJUH Pa3psi BAEBO. 3/1€Ch B OCBOOOK-
JAIONUICS MJIQJIINN pa3ps]l 3aHOCUTCS 3HaYeHHUe ¢ BHEITHETo KOHTakTa SR, a BBIJIBU-
raeMblii (crapiuit) pasps Cm nepejaercss Ha BHENIHUH KOHTaKT SL.

BcnomorartesibHble CUCTEMbI CHUCTIEHUS,
MCNoJib3yeMbie B OnepaLMoHHbIX YCTpoOMCTBaX

XoTs craHzapTHas JBOMYHAs cucTeMa B (oH-HeliMaHOBCKUX BM, 6esyciioBHO, sIBJIs-
€TCsl OCHOBHOW, TIPU MOCTPOEHUHN OIEPAIIMOHHBIX YCTPONCTB ONpPeNeIeHHYIO TT0JIb3y
MOJKET IPUHECTH BPEMEHHBIN [Iepexo/l K MHbIM cHcTeMaM cuucjeHus. IIpexae Bcero,
ato kacaetrcs OITY st yMHOKEHUS W JIeJIEHUS, T/le UCIIOJIb30BAHUE TTPOMEKYTOUHBIX
CUCTEM CUUCJIEHUS TTO3BOJISIET CYIIECTBEHHO COKPATUTH BPEMSI BBITIOJTHEHUS JAHHBIX
oreparyii. EcTecTBEHHO, UTO 110 3aBEPIIEHUN ONEPAIUH €€ PE3YJIbTaT TPEACTABISIETCS
B CTaHAAPTHOI JBOMYHON crcTeMe. B poJii BeroMoraTeibHbIX OOBIYHO BBICTYIAIOT U3-
ObimouHbIe CUCTREMbL CUUCLCHUS. Y CUCTIEMbL CUUCLEHUS. C OCHOBANUCM, KDAMHBIM UeLOU
cmenenu yucaa 2, 1mbo NX coueTaHue.

N30bITOYHbIE CUCTEMbI CYUCTIEHUSA

B orymmurie oT 06GBIYHON MO3UIIMOHHON CUCTEMBI, T IU(pa YKcIa MOKET IPUHUMATh
3HaueHus B auanasone ot 0 10 ¢ — 1 (¢ — oCHOBaHUE CHCTEMbI CUMCIIEHNS ), B U30bI-
TOYHBIX cHCTeMaxX Idpa MOKeT UMeTh GoJiee ueM ¢ 3HaYeHUil, HalpuMep MMETh 3HaK.
Ecau B cTanapTHO BOMYHON cricTeMe CYMCIeHUsT 3HaUYeHne I pbl OTPAaHUYEHO MHO-
skectBoM {0, 1}, To B 3HAaKOIM(DPOBOII CHCTEME C TEM K€ OCHOBAHUEM ¢ = 2 BO3MOXKHOE
3Havenue udpsl onpesensiercs MmHoskectBoM {—1, 0, 1}. McospzoBanue B BM 3naxo-
G POBHIX crcteM ObLIO TpeIokeHo B 1961 roxy A. ABusuenucom [49].

Yuco B U30BITOYHOM cHcTEMe MOXKET OBbITh 3alMCaHO HECKOJbKUMHU criocobamu (1o
ATO IPUUMHE TaKIe CUCTEMBI U HA3bIBAIOT U30BITOUHBIMI ). HampuMep, I TUpaspsiiHOE
JBOMYHOE IpejcTasienne yncia oquiaaaaiars 01011 (8 + 2 + 1) B usbbiTouHON crcTeme
C OCHOBaHIEM 2 MOKET IMETh TPH rpecTasaenmst: 01011 (8+2+ 1), 10101 (16 -4 — 1)
n 01101 (8+4-1)"

! OrpunaresnbHoe sHaueHue U pbl IPUHATO 0003HAYATH TOPUZOHTAIBHOI YepTOii Ha 1UpPOil.
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[TpoMEKYTOUHBIN TIEPEX0/T K M3OBITOYHON CHCTEME CUUCIEHUS ¢ OCJELYIONIM BO3Bpa-
TOM K CTAHIAPTHON TBOMYHOI CHCTEMe MO3BOJIsIET co3naBaTh addextusnbie OI1Y, oco-
GeHHO /7 TeX apuMEeTHUECKUX ONepalnii, peasusarus KOTOPbIX HOCUT UTEPaTUBHBIN
xapakrep. Tak, crangapTHoe ymMHoxkeHue Ha aonunoe unciao 11111111 npeamnonaraer
1o 8 caoxenuii (10 YUCTY Pa3psiioB MHOXKUTENST), B TO BPEMsT KaK IIPU 3aITUCH 9TOTO

yucsa B u3bbITouHOi cucreme ¢ ¢ = 2 (10000000 1) M0KHO 0O0UTUCH JIMIIH OJHUM BbI-
YUTaHUEM U O/THUM CJIOKCHUEM.

CucremMbl CHUCIIEHUS C OCHOBaAHUEM,
KPaTHbIM LLeJ1Ion cTeneHn 2

B ocHOBe oreparmoHHbIX YCTPOUCTB YMHOXKEHUS U JIEJIEHUS JIEKUT UTEPATUBHOE BHI-
[OJIHEHME ollepauil cyioxkeHus u casura. Kosmuectso urepaiiuii B o61eM cirydae paBHO
paspsigHocTH onepangoB. CokpaleHue yucia ntepaiuii — Hanboee 04eBUAHBIN ITyTh
yckopenus paboter coorserctByiomux OITY. Takoe cokpalieHye BO3MOMKHO 3a CUET I1e-
pexozia K cucTeMaM CUMCJIeHus: ¢ GOJIBIIMM OCHOBaHMEM, IpuYeM HauboJiee YIOOHbI B
ATOM CMBICJIE CUCTEMbBI C OCHOBAHUEM ¢, KPDATHBIM 1[€JIO CTEIIeHHN YUCJa 2, B YaCTHOCTH:
q = 4 (Radix-4), g = 8 (Radix-8), ¢ = 16 (Radix-16). Oxna mudpa B TaKuxX cuCTEMAx
SKBUBAJIEHTHA 2, 3 I 4 IBOUYHBIM IT(paM COOTBETCTBEHHO. ITO ITO3BOJISIET, HATIPUMED,
[IPU BBITIOJIHEHWH OTIEPAITMU YMHOKEHUS 32 OJIMH Pa3 aHAJM3UPOBATH HE OJIUH Pa3PsII
MHOKUTENIS, a CPpasy 2, 3 Win 4 11, COOTBETCTBEHHO, COKPATUTD 00IIIee YKCIO UTePALIUi,
TpeGyeMbIX /IS aHaIN32a BCEX Pa3PSIA0B MHOKUTEIS.

MN30bITOYHbIE CUCTEMbI CYHUCJIEHUS C OCHOBaHUEM,
KpPaTHbIM LLesioil cTeneHm 2

B OIIY ymHoKeHUd 1 ieJieHUs IMUPOKOE PACITPOCTPAHEHUE TOMYYUIN 3HAKOIU(PPOBbIE
CHUCTEMbI CUMCJIEHUS] Y KOTOPBIX OCHOBaHUE KPATHO CTEleHU Yucia 2, a UMeHHO 2, 4, 8
u 16. B cOOTBETCTBUH CO 3HAUECHUEM ¢ MX 00BIUYHO TIPUHATO 0603HauaTh Kak Radix-2 (g =
=2), Radix-4 (¢ = 4), Radix-8 (¢ = 8) n Radix-16 (¢ = 16). B rakux cucreMax CYrCIEHMU
uciosbaytores uudpsl B auanasone ot —(g—1) no +(g—1). Tak, Radix-8 npexnnosnara-
€T MCIoJIb30BaHus 1udp us Muoxkectsa {—7, —6, =5, -4, -3, -2, -1,0,1, 2, 3, 4, 5, 6, 7}.
Coueranue u3ObITOUHOCTU U OOJIBIIOTO OCHOBAHUSI CHCTEMbI CUMCIEHUST IAET JOTOIHI-
TeIbHBIN A(D(hEKT B COKPAIIEHUN YMCITIa UTEPAIU TPU BBITIOJTHEHWH OTIepaIliil YMHOKe-
HUS U JIeJICHNs], @ 3HAUUT, ¥ B COKPAIEHNN BPEMEHU BBITTOJTHEHUS ATUX OMEPaIlNii.

EcrtecTBeHHO, UTO Iepexo/] K BCIIOMOTATEIbHBIM CHCTEMaM CUNCIEHUS TIOPOKIAET OIpe-
JleJIeHHOe YCIOKHeHne anmapaTHbix cpeacts OI1Y, Ho yatie Bcero aTo oKymaeTcs BbI-
UTPBITIEM B OBICTPOAEHCTBIN.

OnepauuoHHble ycTponcTea ana ymcen B popme
¢ PUKCMpPOBaAHHOM 3anNAaATOM

B dopme ¢ dukcuposatHoii sansaToil (D3) MoryT ObITh HpeACTaBIeHbl Kak yncaa 6e3
3HaKa, KOT/[a BCe 77 MO3UIINIA YHCIIa OTBOASTCS 10]] 3HAUAIue IU(PhI, TaK U CO 3HAKOM.
B nocnennem caryuae crapmmmii (n — 1)-i1 paspsin uncia 3anumaeTt 3Hak uyncsia (0 — miroc,
1 — mMuHycC), a Toz 3Hauane nudpbl OTBEAEHBI pa3psi/bl ¢ (1 — 2)-ro 1o 0-1i.
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B GoabmimaeTBe coBpemernbix BM dopma ¢ D3 uctionbayeres 17 MpeicTaBaeHus 1ie-
JIBIX YMCeJT, KOT/IA 3a1sTast GUKCUpyeTcst crpaBa ot muiazirero 0-ro paspszia Koja uncia
(puc. 5.10). CoorBeTcTBYIOINIHME OTIEPAIMOHHbIE YCTPOICTBA HA3bIBAIOT 11EJIOYNCICHHBI-
mu OITY.

[Ipu BeIMONHEHUK apudMeTHUYeCKUX oTlepalliii Hajl YucaamMu B JopMe ¢ TIaBaoliei 3a-
msrtoit (I13) MaHTHCCh OTIEpaH/IOB TaKKe pacCMaTpPUBAIOTCS Kak uncia B hopme ¢ D 3.
B atom cirydae MaHTHCCHI — 9TO HE T[eJIble YHCIIa, a TIPABUIIBHbBIE APOOH, U B HUX 3aIIATast
pacnoJiaraercsa nepez (n — 1)-M paspsanom mis yuces 6e3 3Haka, 1u6o Mexay (n — 1)-m
u (n — 2)-M paspsiiaMu B cJiydae drces co 3Hakom (puc. 5.11).

Puc. 5.10. MNpeacTtaBneHue Lenbix Yncen B Gopme ¢ GUKCUPOBaAHHOM 3ansaTomn

Puc. 5.11. NpeacTtasneHne npaBuibHbIX Apobert B dopme ¢ GUKCUPOBaHHOM 3ansaTomn

[Ipu BBITIOTHEHUH OTIEPAIIUI CJIOKEHUS U BBIUMTAHUS PA3IMYIE MEKLY 1IeJBIMU U IPO0-
HBIMU YUCJIAMU ITPAKTUYECKU HIUKAK He CKa3bIBAeTCs ',

Yucia B hopMe ¢ GUKCUPOBAHHOI 3aMATON 0OBIYHO IIPEACTABISIOTCS B JOIOJIHUTE -
HOM Kojie. B 5ToM ke KoJie ToJKeH GbITh TTPEACTABICH W PE3YJIBTAT OMePAIlIH.

Ecm MCKIOYnTD JTOrMYecKkre onepaiyn, KOTOpble paccMaTpuBaioTcst otaenbio, OIY
1t obpabotku yncen B opme ¢ M3 goaKHO obeceynBaTh CI0KEHUE, BEIYUTAHUE,
YMHOKEHUE U JIeJIeHIE Yncest 6e3 3HaKa 1 €O 3HAKOM.

CnoXxeHue u Bbl4ynTaHue

OGe omepanuu pacCMaTPUBAIOTCS TIPUMEHUTENBHO K YicaaM co 3HaKoM. IT0CKOIbKyY
(n — 1)-ii pasps, XpaHsmuil 3HaK, o6padaTbiBaeTCs HapaBHE CO 3HAYAIMME HUbpaMu,
BCe HIKECKa3aHHOe CIIPaBeJInBO U J1JIs urces1 6e3 3Haka, rie (7 — 1)-ii paspsia 3aHuMaer
crapiras nudpa arcsa.

Ha puc. 5.12 npuBoAsiTCst IPUMEPDI CJOKEHUS 1EJBIX YUCET.

! OmpeziesleHHbIe HIOAHCHI MOTYT BO3HUKATD JIUIIb IPU PACHOIOKEHNN Pe3yJbTaTa YMHOKEHNS,
MMEIOIIETO ABONHYTO TNy, B Pa3psALHOI ceTKe IBOHHOTO CJIOBa.
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Puc. 5.12. Npumepbl BbINOJIHEHMS Onepauyvmn CIoXeHUs B A0MNOJHUTEIbHOM Koae: a, 0, B,
r — cnoxeHune 6e3 BO3HUKHOBEHWS NEePENONIHEHWUS; [, € — CNOXEHWE C NepernosiIHeHnemM

Bbrurtanue CBOAUTCS K CJIOKEHUIO U BBITIOJIHSETCS B COOTBETCTBUY C TIPABUIIOM: 0J1s GbL-
yumanus. 001020 uucia (8brUmMaemoz0) us 0pyz020 (YMeHvULAEMO20) HEOOX00UMO B35Mb
00NONHEHUE BLIUUMALMO20 U NPUBABUMb €20 K Yymenviuaemomy. 110 TOTIOTHEHUEM 3/1eCh
MOHUMAETCS BBIUUTAEMOE C TIPOTUBOIMOIOKHBIM 3HAKOM. BblUnTAHYE MILTIOCTPUPYETCS
npumMepamu (puc. 5.13).

Puc. 5.13. Mpumepsbl BbINONHEHUS Onepauun BblYMTaHUSA B AONONHUTENIbHOM KOfe: a, 6, B,
r — BbluMTaHNe 6e3 BO3HMKHOBEHMWS NePEenoiHeHNs; [, € — Bbl4MTaHWE C NepernosHeHneMm

KaK TIpU CJIOJKEHUU, TaK U TP BbIYUTAHUUN JIBOUYHBIX YHCEJI CO 3HAKOM BO3MOJKEH pe-
3yJIBTAT, cTapiias 3Hadalias nudpa KOTOporo 3aHMMaeT MO3UIUIO 3HaKa (eM. puc. 5.12, 0,
e n 5.13, 8, 2). Curyarust U3BeCTHA KaK nepenoinenie, a yCIOBUe er0 BOSHUKHOBEHMS
MOKHO C(hOPMYJIUPOBATE CJAEAYIONIM 00PA30M: €CU CYMMUPYHOMCSL 068G YUCIA U OHU 00a
NOLONCUMENBIbLE UTU 00A OMPUUAMETDHBLE, NePENOTHEHUE UMEEM MECTNO MO020d U MOJBKO
mozoa, K020a 3HAK Pesyibmama npomueononoicer suaxy ciazaemvix. OTIY TOTKHO BbI-
ABJIATD CbaKT TepenoJiHeHrA U CUTHAJIM3UPOBATD O HEM. O6paTI/IM BHUMaHME, YTO Tiepe-
[OJIHEHUE He BCET/Ia COTIPOBOKIAETCS IEPEHOCOM U3 3HAKOBOTO Pa3psijia.

Yrob6bl yIIPOCTUTh OOHAPYIKEHNE CUTYAIIUY TIEPETIOTHEHUS, YaCTO IPUMEHSETCS TaK Ha-
3bIBAEMBII MOOUDPUUUPOBaAHHBLT DONOIHUMENbHYII KOO, KOT/IA JIISl XPAHEHUsT 3HAKA OT-
BOJISITCS JIBa pa3psjia, MpudeM 0ba yuacTBYIOT B apu(MEeTUYECKON orepalni HapaBHe
¢ uudpoBbIMU pazpszaMu. B HopMaibHON cuTyaiuy 06a 3HAKOBBIX Paspsiia CoAepsKar
OJIMHAKOBbIe 3HaueHus1. Pasiune B COMEPKUMOM 3HAKOBBIX Pa3PsiIOB CIYKUT IIPU3HA-
KOM BO3HUKIIETO TIepenoHerust (puc. 5.14).

Puc. 5.14. lNpumepbl BbINOSHEHMS OnepaLmn CIoXeHNS B MOgUOULIMPOBAHHOM
[OMOJIHUTENBbHOM KOZEe: &, 6 — NepPenosIHEHUS HET; B, I — BO3HMKJIIO NEPENOJIHEHME
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Ha puc 5.15 nokazaHa BO3MOXKHas CTPYKTypa OMEPAIMOHHOTO OJIOKA JIJIsT CJIOKEHIST
U BBIYUTAHUS YUCEJ CO 3HAKOM B dopMme ¢ pukcupoBanHoil 3ansaToil. [lenTpanbHbiM
3BEHOM YCTPOIICTBA SBJISIETCS 7-Pa3psiiblil ABOMYHBIN cymmaTop. Omepang A mo-
cTymaeT Ha BXoJ cymMMaropa 6e3 wamenenuil. Onepanji B npefBapuTeIbHO MPOIyCcKa-
eTCsI yepe3 CXeMbl CJIOXKEHUs TI0 MOJYJIO 2, TI09TOMY BHJ Kofa B, TocTyTaionero Ha
IPYTOil BXOJ CyMMAaropa, 3aBUCHT OT BBINIOJIHsIeMoii omnepaiui. Ecim 3amana ormepa-
st caoskenus (ynpastioniuii ko 0), To pesyasrar Ha Bhixone OIIB ompenensiercs
Boipakernem S = A + B. [Ipu onepanun Berantanus (ynpasJisgiomuii kKox 1) na Bxon
cyMMaropa IMoJaioTCcsl MHBEPCHBbIE 3HAYEHUs BCEX Pa3psiioB B, U, KpOMe TOro, Ha BXO]|
nepeHoca B MaIaIui pa3psi cymmaropa C,y riocryraet 1. B urtore na Boixoze OIIB Gyzer
S=A+B+1= A+(—B)=A—B, u4To COOTBETCTBYeT MpubaBJIeHuIo K A uncia B ¢ mpotu-
BOTIOJTO’KHBIM 3HAKOM, TO €CTh BBIYUTAHHIO.

Puc. 5.15. CtpykTypa onepaLmoHHOro 6,10ka ais CAOXKEHUS U BbIYUTAHUS YNCEN
B dopmMe ¢ PUKCMPOBAHHOM 3anaToM

Ha puc. 5.15 ne nokaszana cxema (hOpMUPOBAHS IIPU3HAKA [IEPEIOTHEHUsT V, KOTOPBbIit
COTJIACHO OIIMCAHHBIM PaHee IIPaBUJIaM OIpe/Ie/IIeTCs JOrMUYeCKUM BbIPasKeHNeM:

V= g N bnfi NSy Vap g A bn71 A Sy .

YMHOXeHue

[To cpaBHEHUIO CO CIOKEHMEM U BbIYUTAHUEM, YMHOKEHUE — OoJjiee CJAOKHAsE orepa-
11, KaK IIPU IPOTPAaMMHOIM, Tak U 1IpU amnmapatHoil peanusaiuu. B BM npumensiorcsa
pasJInyHbIe aJTOPUTMBI YMHOKEHUS U, COOTBETCTBEHHO, PA3JIMYHbIE CXEMbI TIOCTPOCHUS
OMePaIMOHHBIX GJIOKOB YMHOKEHUS.

TpamnironHass cxeMa YMHOXKEHUsI TI0XO0Ka HA M3BECTHYIO U3 ITKOJBHOTO Kypca Ipo-
LeJlypy 3alliCH «B CTOIONK». Boruncaenne npousseneruss P (py, | Py, o - P1Po) ABYX
n-pas3psiIHBIX ABOMYHBIX umcen 6e3 sHaka A (a, ,a, , ... a,a,) u B (b, b, , ... bby) cBo-
IUTcs K GopMHUPOBAaHUIO YyacTHUHBIX npoussefennit (UII) P, no ognoMy Ha Kaxayio
1Py MHOKUTEJS, ¢ MOCTAeAYIOmuM cymMMupoBanueM noiydenusix YII. Ilepex cym-
MUPOBAHUEM KaK/0€ YACTHYHOE TIPOU3BE/IEHNE JOJIKHO ObITh CIIBUHYTO HA OJIUH Pa3-
PSIT OTHOCUTEJIBHO TTPEBIAYIIETO COTJIACHO Becy MUbPBl MHOKUTE, KOTOpoii ato U1
cootBetcTByeT. [lockonbky B BM omnepanmamu sIBISIOTCST IBOMYHBIE YHCJIA, BHIYUCITE-
uue YII ynpouaercss — ecau nndpa muoxunrens b, pasua 0, To P, toxxe pasho 0, a mpu
b, = 1 yactnuHoe mpoussenenne paBHo MHOXUMOMY (P: = A). IlepeMHOXeHME NBYX
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n-pa3psIAHBIX IBOMYHBIX ynces P = A X B IPUBOUT K MOJYIEHUIO PE3YJIbTaTa, CoepsKa-
1mero 27 GUTOB. AJITOPUTM YMHOKEHUS TIPETOIAraeT OCIeI0BATEIbHOE BBITIOJHEHIE
JBYX orepanuii — cjoxkenus 1 casura (puc. 5.16). CyMMupoBaHie YaCTUYHBIX TPOU3-
BeJICHUIT 0OBIYHO TIPOU3BONTCS He Ha 3aBEPIIAIONIEM HTalle, a M0 Mepe UX MOJTyYCHVS.
I10 1M03BOIIAET M36EKATH HEOOXOAUMOCTH XpaHeHnus Beex YIl, To ecTh cokpaiaer ar-
napatypHble uszep:kku. CoriacHo TaHHOI cXeMe, YCTPOICTBO YMHOMKEHUs MPeIIoia-
raeT HaJIN4Ke PETUCTPOB MHOKUMOTO, MHOKUTEJISI M CYMMBbI YaCTUUHBIX TTPOU3BEIEH U,
a takxe cymmaropa YII u, BO3MOXKHO, CXeM CI[BUTA, €CJIM OIepallysl CABUra He pean-
30BaHa WHBIM CIIOCOOOM, HATIPUMED 3a CUET «KOCOIT» Tepeaun JaHHBIX MEKILY y3IaMu
YMHOKHUTEJISI.

Puc. 5.16. O6wasa cxema yMHOXeHUS

B 3aBucuMoCTH OT TOTO, C KAKOTO paspsifia HAYMHAETCS aHAIN3 TGP MHOKUTENS (CTap-
IIIETO VI MJIA/IINIETO) U UTO CABUTAETCS B TIPOIIECCe YMHOKEHM (MHOKUMOE UJTH CyMMa
YACTUYHBIX ITPOM3BE/IEHUIT ), BO3MOKHBI YeThIPe BAPHAHTA PEATU3AIIH «TPALUIITOHHOI»
cxeMbl ymMHOKeHus [10]. V3 HuX HauboJibliee pacipocTpaHeHne MOJTYYnIl METO YMHO-
JKeHUs, HAYMHAs ¢ MJIIIINX Pa3PsI0B MHOXKHUTES U CO CABUTOM CYMMBI YaCTUIHBIX
[IPOM3BEIEHNUIT BIIPABO IIPU HEMTOIBMKHOM MHOKUMOM. /laHHBII BApHAHT MO3BOJISIET O~
ctpouth OIIY, B KoTOpOM BCe a71€eMeHTHI (PETICTPBl MHOSKUMOTO, MHOSKUTEJIS U CYMMBI
YaCTUYHBIX MPOU3BEEHNI, a TAKIKE CYMMATOP) UMEIOT Pa3pPsAAHOCTD 7 1 He TPeOyIoTCsT
AJIEMEHTBI C Pa3PSIHOCTHIO 271.

YMHOXeHue yncen 6e3 3Haka

OO6111yT0 TTPOTIEAYPY TPAAUIIOHHOTO YMHOKEHHSI CHAauala PACCMOTPUM TIPUMEHHUTETBHO

K yricaM Ge3 3HaKa, TO €CTh TAaKUM YKCIaM, B KOTOPBIX BCE 7 PA3PSIIOB MPEACTABJISIOT

3Havalme udpol.

AJITOPUTM CBOJUTCS K CJEAYIONIAM TIaraM.

1. Hcxonnoe 3nauenue cyMMbl YacTudIHbIX TpousBeiernii (CHII) npunmMaercs: paBHbIM
HYJIIO.

2. Anammsupyetcst ouepenHas 1udpa MHOKUTENS (AHATN3 HAUMHACTCS ¢ MJTAJIIei -
pbi). Ecin ona paena egunuiie, 1o k CUIT npubasigercs MHOKUMOE, B IIPOTUBHOM
ciydae (udpa MHOKHUTEISI paBHA HYJII0) TIPUOABJIECHNE HE TIPOU3BOIUTCSI.

3. DBbImosHseTCS CIBUT CyMMBI YACTUYHBIX TTPOU3BE/ICHUH BIIPABO HA OJIMH PA3PSII.

4. IlyHKTHI 2 11 3 TIOC/IeIOBATETHHO TIOBTOPSIIOTCS ST BCEX Pa3psiIoB MHOKHITEJS.
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[Tpotierypy yMHOKEHUST WILTIOCTPUPYET TIPUMeP Bhluncyenust npoussenennst 10 x 11
(puc. 5.17).

Puc. 5.17. Nprymep yMHOXEHMSA CO COBUIOM CYMMbl YHaCTUYHbIX MPOV3BEAEHNI BMPABO
NPV HENOABUXHOM MHOXWUMOM

AJITOpUTM MOsKeT ObITh PEANN30BaH € MOMOIIBIO CXeMBbI, IOKa3aHHOMU Ha puc. 5.18.

Puc. 5.18. Cxema ycTponcTea yMHOXEHUS Yncen 6e3 3Haka

[TepBonavanbHo MHOKUMOE (A) 1 MHOKUTEH (B) 3aHOCATCS B -Pa3psi/iHble PETUCTPBI
MHOKkUMOTO (PTA) m muOokuTess (PrB) coorBeTcTBEHHO, a Bee Pa3psjibl 71-Pa3psiTHOTO
peTuCTpa CyMMbI YacTHUHBIX TTpousBeieanii (PrP) ycranasiausaiores B 0. B cuerunk
IIUKJIOB 3aITUCHIBACTCS YUCJIO, PABHOE PA3PSAMHOCTA MHOXUTENS (7). YMHOMXKEHUE TTPO-
ncxonuT 3a 1 maroB. Ha kaskmom mare n cxemamu <« » (110 o1HOM cXeMe Ha KaKIbIH pas-
PSIL MHOJKMOTO) Ha TIPABBIN BXO/I 71-Pa3PsIITHOTO CYMMATOPa MOAAETCST TMO0 MHOKHUMOE,
6o 0. Ha sieBbiii Bx0/1 moctymaet cogepskumoe PrP. TIpu cyMMUPOBaHUY TIEPEHOC U3
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cTaplero paspsja cymMMaTopa 3anomunaetcs B tpurrepe T. HoBasg cymMMa yacTHUHBIX
npousBeneHuii u3 cymmaropa nepecouiaercd B PrP. Peructpot PrP u PrB cBsasanbt mexxny
cO0OIi Tak, 4TO B ONEPAIUAX CIBUTA MX MOKHO PACCMATPUBATH KaK OUH 271-Pa3ps/IHbIIT
CIIBUTOBBIN peructp. B mpoposkenue mpoieypbl yMHOKeHUA cofep:knumoe PrP u PrB
COBMECTHO C/[BUTAETCS Ha OJIUH Pas3psi/i BIPaBo. [Ipu aToM B 0CBOOOAUBIITMIACS TIPU C/IBH-
re crapiinii pa3psza PrP us tpurrepa T sanocutcs snauenne nepetoca C ;U3 CTapiiero
paspsizia cymmaropa. B ¢Boio odepeib, OCBOOOAMBIIMICS TIPH CABUTE CTAPIIUI Pa3psi
PrB samosmsercss GUTOM, «BBITOJKHYThIM» 13 PrP. B mpomecce casura tepsercs yxe
MTPOAHATM3UPOBAHHBIN MW pa3pa/l MHOKUTENS, a Ha ero MecTo B PrB nmocrymaer
ouepenHoit paspsan. [lanee copepsknmoe cueTyrka yMeHblinaetcs Ha 1. Onucannas mo-
CJIe/IOBATELHOCTD TOBTOPSiETCs 71 Pa3. [LoMoHUTENIbHO OTMETUM, YTO €CIIU oYepeiHasd
mdpa MHOKUTENS pasHa 1, T0 1uist Beruncaenuss CUIL TpeGyioTes onepaiiny CIoKeHust
U C/IBWTA, & TPU HYJIEBOIT 1inpe MHOKIUTEIS, B TIPUHITHIIE, MOKHO 060HTHCH 6€3 cIIosKe-
HUS, OTPAHUYUBIINCD TOJIBKO CIBUTOM.

[Tpotierypa yMHOKEHUST CHHXPOHUBUPYETCsT TakToBbIMU nmitysibcamu (TU) u 3aBep-
IIAeTCs MPY AOCTUKEHUN HYJIEBOTO 3HAYEHUS B CUETYHKE IUKJIOB. B 9TOT MOMEHT KOH-
TpoJLIep yeTpoiictBa hopMupyer curdan Cmon. PesyibraT ymHoxkeHus P Oyaer paciio-
naratbest B peructpax PrP u PrB (crapmue paspsiasr Pem — B PrP, a muajime pa3psiibt
Pun — B PrB).

YMHOXEHUEe Yyncesn co 3Hakom

HeckosibKo c10KHee 00CTOUT [AeJI0 ¢ YMHOKEHIEM YHCE CO 3HAKOM, KOT/IA 72-PaspsiIHbIE
COMHOKHTEJIN COJiepKaT 3HaK (B crapiieM paspsizie cjoBa) u n—1 3Havaniyio mudpy.
B npuHImie, 3ajadyy MOKHO PELIMTh MyTeM IIEPEMHOKEHUs aOCOMOTHBIX 3HAUEHUI
COMHOKUTEJIEN Kak uncest 6e3 3HaKa ¢ MOCJAeLYIOIUM YUeTOM 3HaAKOB COMHOKHUTEJIEI.
C npyroii cTopossl, ynciaa ¢ (GUKCUPOBAHHON 3aISATON B BBIYUCIUTEIbHBIX MAITUHAX
00BIUHO IIPEACTABJIEHbI B JIOMOJTHUTENBHOM Kojie! M JIOTMYHee BBIIOJIHATh YMHOKEHHE
HEMOCPEACTBEHHO B 9TOM Kojie. TAKY10 BO3MOKHOCTD IIPEJOCTABJIET aneopumm Pobepm-
cona [114]. B cymHocTH, OH aHAJIOTHYEH PACCMOTPEHHOMY PaHee aJTOPUTMY JIJIsl Yicest
6e3 3HaKa, HO YYUTHIBAET OCOGEHHOCTH, 00YCJIOBJIEHHbIE JOOTHUTEIbHBIM KOIOM.

ITepBast 0cOGEHHOCTH CBSI3aHA € TEM, UTO B IIPOIECCE YMHOKEHUST MOTYT MTOJIYIaThCsT KakK
TTOJIOKUTENbHBIE, TAaK U OTpUTIATeIbHBIE YacTuuHble mpousBenerus (UII). [[as koppekT-
Horo caBura YT Takoit ¢BUT OJKeH ObITh apU(METHUECKUM, DTO 03HAYAET, YTO MPH
casure YT BIpaBo 3HAKOBBIN Paspsiji HE CABUTAETCS, a OCBOOOKIAMOIIASICS TTO3UITUST
cJieBa JIOJIKHA 3aTMOTHSATHCS 3HAaUeHNeM 3HAKOBOTO Pa3psiia, TO €CTh MTPHU MOJOKUTEb-
HoMm YII — HysieMm, a Tpyu OTpUTIATETBHOM — eIMHUTIEH.

Bropast mpobieMa BOSHUKAET [TPU YMHOKEHUHU HA OTPHUIIATEbHbII MHOKITEND, Tak Kak
MHOKUTeJTb OTPUIaTeJIeH, OH 3aIIIChiBaeTcs B mpeodpasoBanHoM Buje [ B] , 1 B pesyibra-
Te aHAJIN3a Pa3pPsI0B TAKOTO MHOKHUTEISI BMECTO MICTUHHOTO ITpon3Be/ieHus P osryuyaem

! TlomosknTETbHBIE YKCJIA B 9TOM TIpeACTaBJIEHNH HE OTJIMYAIOTCA OT 3aIllMCHU B IIPAMOM KO/Ie, a OT-
puUuliaTe/IbHbIC 3aITMChIBAIOTCA B BU/E 2m — X, rae X — CbaKTI/Il[eCKOQ 3HaueHune yncua. B IIBOHqHOﬁ
CHCTEeMe 3alTMCh OTPUILATEJIBHOTO YMCJia B JOTIOJTHUTEJIBHOM KO/I€ CBO/IMTCA K MHBEPTHUPOBAHUIO
BCeX IH/Id)pOBHX pa3pA/0B YrcJia, IMPeACTaBJIE€HHOTO B IIPAMOM KO/JE, U l'[pI/I6aB]I€HI/IIO C/IMHUIIbI
K MJIaJINIEMY pPa3psaay 06]38.THOTO KO/a, ITOJIyYUBIICTOCA ITOCJIE MHBEPTUPOBAHUSI.
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ncesonpoussesenue P’ ormranoe ot P. B cryuae nensix uncen [B], = 1b, ,... b, c 6utom
snaka b, ;= 1. Torna

|B|=2"~[B], =1(00...0)— (1b, ,..by) =1(00...0) — (10...0) — (by,_y..by) =

n-2
=(10...0)— (b,_5..bp) =2"" = Y by,
0

n-2
orkyna [B], =—|B|= 2" z by.

0
B anroputme PoGeprcona aTo yunuThiBaeTcs caeayonmm obpasom. Ilpeskie Beero, 3Ha-

KOBBIH Pa3psi/i yIacTBYET B OTlePaIliil HapsAy ¢ TG POBBIMU paspsiiamMu. AHanmm3 nndp
MHOKUTEJIST OT MJIaiIeil 3Havaneit b 1o crapiieit 3Havanieii b, ,, a Takxe 00yCJI0BIIEH-
HBIE 9TUM aHATH30M CJIOKEHUS W CABUTH BEAYTCS CTAHAAPTHBIM 0OPa3oM. ITH ormepa-
MU TIPEZICTaBIeHBI BTOPBIM YJieHOM Bhipaskenus s [ B] . [losuimsa b, | comepxknT 3Hak
7 /IS OTPHUIIATeTbHOTO MHOKHUTeNS paBHA 1. B crammapTHOI mpotiesype aTo MpeAIo-
garaet npubasiaerne Kk CUIT MEHOKIMOTO ¢ BecoM 2", BMecTo 9TOT0 Ha 11are aHaIu3a
3HAKOBOTO Pa3psiia MHOKIMOE, KOTOPOE K 9TOMY MOMEHTY NMeeT Bec 2", e mpubaBis-
eTCsT K CyMMe YaCTHYHBIX TPOU3BE/IEHN T, a BorauTaeTcs u3 Hee. O6GpaTnM BHUMAHE, 4TO
TakKas KOPPEKIH Hy>KHa JIUIIb B cJIydae OTPUIATeTbHOTO MHOKUTES.

[ToaBOAS MTOT, AJITOPUTM YMHOKEHHUS YUCE CO 3HAKOM MOKHO OIHCATH CJIEAYIONUM
00pasom:

1. OTpunaTesbHble COMHOKHUTENH PEACTABISIIOTCS IOTIOJTHUTENbHBIM KOZOM'.

2. WcxonHoe 3HaueHWEe CYyMMBbI YAaCTUYHBIX [TPOU3BEICEHUN TPUHUMAECTCS PABHBIM
HYJTIO.

3. Amanmsupyercs odepejHas 3Havaias Mudpa MHOKUTENS (aHATN3 HAUYUHAETCS
¢ muazeii wudper). Ecin ona pasHa exunuie, To k CUIT npubasiisieTcst MHOKIMOE
B TOM KOJIe, B KOTOPOM OHO IipeicTaBieno. Eciu ananusupyemas nudpa MHOKNATESA
paBHa HYJIt0, TPUGABJIECHIE HE TPOU3BOIUTCS.

4. BeimomHsieTcs apudMeTHuecKuil CABUT CYyMMBI YaCTUIHBIX TTPOU3BEICHUN BIIPABO
Ha OJIH pa3psa/ (0CBOOOIMBIIASICS TIPY CABUTE TIO3UIHS 3ATIOTHSIETCS 3HAYEHIEM
3HakoBoro paspsazna CHII).

5. Ilyuktet 3 1 4 110C/IEIOBATENBHO TOBTOPSIOTCS JIJIsT BCeX IU(MPOBLIX Pa3psiIoB MHO-
SKUTEJIS.

6. AHanmusuWpyeTcs 3HAKOBBIN pa3psg MHOKHUTeNS. Ecan on paBen 1 (oTpUIaTebHbIi
MHOKUTENb), To u3 CUII BhrunTaercss MHOKIMOE (IpUOABIISETCS MHOKUMOE € 00-
pPATHBIM 3HAKOM, TIPE/ICTABJICHHOE B JIOTIOJHUTEIBHOM KOJIE).

7. Ecam comHOXUTETN — TieJible Yuca, mpoudBoautes apudmernyeckuii casur CHII
BIIPaBO Ha OWH paspsizi (0CBOOOAMBIIASICS TIPU CABUTE MO3UIINS 3AMIOJHSAETCS 3HA-
yeHueM 3HakoBoro paspana CUII). B ciyuae nepeMHOKeHMs TIPaBUIbHBIX Apodeit
JIOTIOJTHUTEJIBHBIN C/IBUT HE TPEOYETCSL.

ITpu pasHBIX 3HAKAX COMHOKUTEJIEN TIPOU3BEIEHIE TIOTyUaeTCsl OTPUIIATEIbHBIM U OY-
ZIET MIPEICTABIICHO B IOTIOJHUTEIBHOM KOJIE.

! Hpe]ICTaBJTeHI/IH TIOJIOKUTEJ/IbHBIX UNCEJI OJJMHAKOBBI BO BCEX KOJaX — IIPAMOM, O6paTHOM n 1o-
ITOJTHUTEJIbHOM.
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[TpuMepbl YMHOKEHUST YUCe CO 3HAKOM Ha OCHOBE aliroputMa Pobeprcona mpuBeeHbl
Ha puc. 5.19.

Puc. 5.19. MNpumepbl yMHOXEHUS Lenblx Yucen no anropnutmy PobepTtcoHa: a, 6 — npu
NONOXUTESIbHOM MHOXUTENE; B, I — NPU OTPULLATENIbLHOM MHOXUTENE

Ha puc. 5.19, 6 1 2 BBIYUTaHNE MHOKUMOTO (KOPPEKIIHS MICEBAOTIPON3BEeHNsT) 0003HA-
YEHO 3HAKOM <«—», HO B II(POBOIT YacTH TTOKa3aHO Kak MpUOaBJIeHIe MHOKIMOTO ¢ 00-
PaTHBIM 3HAKOM, KOTOPOE B CJIydae 8 OTPUIATENBLHO W TIPECTABIEHO B JIOMOJHUTETHHOM
KOJI€.

Puc. 5.20. Cxema yCTpOoIiCTBa YMHOXEHMS YNCEN CO 3HAKOM

YMHOKEHUE YHCET CO 3HAKOM, B TIPHHITHTIE, MOKET OBITH PEATN30BaHO C TIOMOIILIO paHee
paccMoTpeHHOro ycerpoiicta (cM. puc. 5.18) mpu BHeceHUH B HETO HEKOTOPBIX N3MEHE-
HUM, TokasanHbix Ha puc. 5.20. CyTh 9TUX U3MEHEHUN CBOAUTCS K BBEAECHUIO B CXEMY
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n snemenToB «Mckmouaiomee MJIM», 6imarogapst 4eMy CTAaHOBUTCS BO3MOXKHOI orepa-
VST BBIYUTAHVST MHOKIMOTO, TpebGyemast Ha aTarie Koppekiinu pesyibrarta. Kpome Toro,
Ha BXOJI€ 3HAKOBOTO Pa3psijia PErMCTpa CYMMBI YACTUYHBIX TIPOU3BEACHUN J0baBIeHa
cxema «JIM», ¢ HOMOIIBIO KOTOPOI 00eCeTBAETCsT TPABUIILHOE BBITIOJIHEHNE apu-
metudeckoro casura CUIL, eco mocseHss oTpuiaresabia (B 9TOM Ciydae 0CBOOOK-
Jlatoluecs TpU C/IBUTE PAa3PsIbl I0JIKHBI 3aM0JHATHCA He HYJISMU, A eIIMHUIIAMMT ).

YckopeHue onepauum YMHOXEeHUs

MeTo/bl yCKOPeHUsT YMHOXKEHNS MOKHO YCJIOBHO pa3/le/IuTh Ha JIOTHYecKre U arapar-
Hble. Jlornueckue MEeTO/bI O3BOJISAIOT COKPATUTH BPEMs BRIYUCJICHUS 3a cueT bosiee agh-
(hEeKTUBHBIX AJITOPUTMOB YMHOKEHUs, B YACTHOCTU 3a CYET TIPUMEHEHUsSI N3OBITOYHBIX
CHCTEM CUKCJIEHUS] U CUCTEM C OCHOBAHUEM, KOTOPoe OoJibliie BYX. B anmapaTHbix Me-
TO/Iax yIIop JieslaeTcs Ha CXeMHOe COKpallleHle BpeMeH! BbIUMCJIeHUS] 1 CYMMUPOBAHUS
YaCTUYHBIX TIpousBeaeHnil. Ha npaktuke o6a 9TUX MOAX0/a COBMEIIAIOT.

YMHOX€EeHMe C UCrnoJjib30BaHUEM U30bITOYHbIX
CuUcTtemMm cUmcliieHmnsd

HauboJsiee n3BECTHBIM U PACTIPOCTPAHEHHBIM MPEACTABUTENEM ITON TPYIIILI JTOTHYe-
CKHUX METO/IOB YCKOPEHUS Ollepaliuy YMHOXKEeHUs SBJsgeTcs: aaroput™ byra.

Anropuntm byTta

B ocnoBe anropurma ByTa [56] J1exuT ciienyioiiee COOTHOIIIEHME, XaPAKTEPHOE JIJIST TI0-
CJIe/I0BATEJIbHOCTH JIBOMYHBIX 1IUPP:

24 2mt 4 2k =2 Dk

rjie m v k — HoMepa KpalHuX paspsi/IoB B IPYIIIE U3 TOCIeA0BaTeIbHOCTH equHuil. Ha-
npumep, 011110 = 25 — 2!, Ito o3HaYaeT, YTO PN HAINYNU B MHOKUTEIE TPYIII U3 He-
crosbkux eaunul (komO6unanuii Buga 011110), nocanenosarenbioe gobasiaenne k CHII
MHOKMMOTO ¢ HapacTaomum BecoM (ot 2F 10 2™) MoKHO 3aMeHuTh Bbruntanuem us CHII
MHOKUMOTO ¢ BecoM 2F u ipubasiierrem Kk CHIT MHOKHMOTO ¢ BecoM 271,

AJIropuTM TIPEAIIoATAeT TPU OIEPAIUU: CIBUL, CJIOXKeHUe U Boiuntanue. [lomumo co-
KpaleHus 4ucja CJA0KeHUU (BBIUUTAHUM), Y HETO eCThb ele OTHO JOCTOUHCTBO — OH
B PaBHOII CTENIEHN TIPUMEHIM K YuCjiaM (€3 3HaKa 1 CO 3HAKOM.

Asroputm ByTta cBOAUTCS K IEPEKOANPOBAHUIO MHOKUTEST U3 0OBIYHON JBOMYHOI CH-
cremsr {0, 1} B u36prToumyio cuctemy {1, 0, 1}, n3-3a gero Takoe mepekoMPOBAHITE YACTO
HazbIBAIOT nepekoanpoBanueM Byra (Booth recoding). B samucu MHOKUTENS B HOBOI
cucteme 1 o3Havaer qobaBIeHNE MHOKIMOTO K CYMMe YaCTHYHBIX TIPOU3BeIeHni, 1 —
BBIUNTaHNE MHOKUMOTO, 11 () He TIpefiToiaraeT HUKaknuX AefcTBIi. Bo Beex ciaydasx mo-
cJie OUepeTHOH NTepaIiy MPOU3BOANTCS CIBUT MHOKMMOTO BJI€BO MJIN CYMMBI JacTHU-
HBIX ITPOM3BEIEHNUIT BIpaBo. Peasmaalins aqropuTMa mperoaraeT moce/[0BaTeTbHBIN
B HAIIPABJICHUU CIIPABa HAJICBO aHAJIN3 11ap Pa3psiiOB MHOXKUTENS — TEKYIeTro b, 1 Ipef-
mectByomero b, , (b,b; ;). lnsa mnammero paspsia Muoskutedst (i = 0) cuuraercs, uTo
IpeuIecTBYONMI pas3psi paseH 0, To ectb MMeeT Mecto napa b,0. Ha kaxxzom mare i
(i=0,1, .., n—1) anammsupyercs Texyuas Kombunauus b, b, .
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Kom6unaims 10 o3Hayaer Hayasro MEMOYKH TOCTIeA0BATEIbHBIX CIUHIII, 1 B 9TOM CJIy-
yae MPOU3BONTCS BbruynuTanue Maoxkumoro nz CHII.

Kom6unarust 01 cooTBETCTBYET 3aBEPIIEHHIO IETIOYKH €AMHUIL, U 3/[eCh MHOKUMOE TIPH-
Oasagerca k CUIIL.

Kom6uHanust 00 cBugeresbeTByeT 00 OTCYTCTBUH HEMOYKH eAnHuIL, a 11 — o Haxox1e-
HUW BHYTPHU TaKOM 1eloukn. B 000uX cirydasx HUKakue apudMeTHIecKue orepariy He
IIPOU3BOISITCS.

[To 3aBepiieHNY aHAIN3a U y4eTa o4ePeHON Tapbl Pa3psi/ioB MHOKUATENST OCYTIECTBIIS -
€TCsT C/IBUT MHOKMMOTO BJIEBO JINGO CYMMBbI YACTUYHBIX [TPOU3BEECHUIT BITPABO, U TIHKJT
TTOBTOPSIETCS JIJIS CHIEYIONIEH TTaphl Pa3psiZioB MHOKUTEIIS.

Omnucannyio poleaypy pacCMOTPUM Ha TpuMepax. B HUX orepaiius BbIUUTAHUS, KAK
ATO MPUHITO B PeAJbHbIX YMHOKUTEJISIX, BBIIIOJHSIETCS MyTeM CJOKEHUST C MHOXKUTE-
JIeM, B3SITBIM C MPOTUBOIIOJIOKHBIM 3HAKOM U IIPEACTABJIEHHBIM B JIONOJHUTETHHOM
koze. Harmomuum, uto npu casure CUII BipaBo B 0cBoOOANBIIMECS IIO3UIUN 3aHOCUTCS
3HaUeHNe 3HAKOBOTO pa3psijia.

Hpumep 1. 0110 x 0011 = 00010010 (B necaruurom Buse 6 X 3 = 18). [Tocsie nepexoau-
posanus Byra muosxkuress {0, 0, 1, 1} npuobperaer suz {0, 1,0, 1}.

Bravane cymMMa 4acTMYHBIX MPOM3BEJEHWI TpUHUMaeTcs paBHoil HyJo. [Tomaraercs,
YTO MJIAJIIIIEMY pa3psily MHOKUTesT nipeaniectBoBan 0. /lampHelmmii mpoiiecc mosicHsI-
et puc. 5.21.

Puc. 5.21. MNMpumep 1 ymHOXeEHMS (6 X 3) B COOTBETCTBUM C anropntMmom byta

Hpumep 2. 1100 x 0011 = 11110100 (B mecaruanoit 3ammcu —4 X 3 = —12).

[Tporiecc BbUMCIEHUS MILTIOCTPUPYET PHC. 5.22.

Puc. 5.22. Mpumep 2 ymHOXEHUS (—4 X 3) B COOTBETCTBUM C anroputmom byta
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[Tpu nHauGosee 6IATOTPUATHOM COYETAHUY (PP MHOKUTEIIST KOJMIECTBO CyMMHUPOBa-
HUI PaBHO 711/2, T1ie 1 — YUCJIO Pa3psA/I0B MHOKUTEJIS.

Puc. 5.23. Cxema yCTpOCTBa YMHOXEHMWS YNCEN CO 3HAKOM No anroputmy byta

CrpyKTypa yCcTpOICTBa YMHOKEHUST YUCEJ CO 3HAKOM 10 anroputmy byra (puc. 5.23)
HAIOMUHAET TY, YTO UCIOJb3YETCs JIJIs CTAaHIAPTHOTO asiropuT™Ma. [1ockosbKy Ha Kaxk-
JIOM 111are aHATU3UPYIOTCS IBA Pa3psi/ia MHOKUTE s, perrctp PrB yayimnen Ha onun pas-
Psizi, B KOTOPOM TIPH C/IBUTE BIIPABO COXPAHSIETCS MPEABIAYIINI OUT MHOKUTEIsI. BHaua-
Jie TIPOIEeLyPbl YMHOKEHUS B 3TOT JIONOJHUTENbHBIN pa3psi 3anocutcs 0.

MoauduumpoBaHHbi anroputm ByTta

Ha npakruke Gosbiiiee pactpoctpanenue mojyunsia Moaudukanms anropurma Byra,
rjie KOJMYEeCTBO OIEPAIUil CIOKEHUsI TIPU JII0OOM COYETAHUN €IMHUIl U HYJeil B MHO-
JKUTEJIe BCeT/ia PaBHO 71/2. B MogmbuiinpoBaHHOM aJITOPUTME TIPOU3BOAUTCS MTEPEKO-
IUPOBKa 1P MHOKUTENSI U3 CTAHAAPTHOU ABOMYHON cucteMbl {0, 1} B u36bITOUHYIO

cucremy {2, 1, 0, 1, 2}, re Kax0€e YnCII0 MpeacTaBsieT cob0i Koa(hGUIMEHT, Ha KOTO-
pblil yMHOKaeTcss MHOKUMOe Tiepes nobasierreM k CHIT. OHOBPEMEHHO aHAIU3UPY-
10TCs TPU paspsizia MHOkUTedst b, bb; | (1Ba TEKYIUX 1 CTAPUIMI Paspsijt U3 [IPebLLy-
1meil Tpoiiku) u, B 3aBucUMOCTH 0T KoMOuHanuu 0 u 1 B 9THX paspsiax, BbIIOJHIAETCS
npubaBjieHe WK BbIYMTAHKE MHOKUMOTO, IPUOABJIEHIE UM BbIYMTAHKE YIABOEHHOTO
MHOKHUMOTO IGO0 HUKaKKe AeHCTBUs He MpousBoasTcest (Tadu. 5.1).

Ta6bnuua 5.1. Jlorvka mogndurumpoBaHHoro anroputma byta

X;q X; X, Koxn {Q 101 2 BroinoJsiHsieMble IeHCTBUS

0 0 0 0 He BbIIOJIHATD HUKAKUX JIEHCTBUI

0 0 1 1 ITpubasuts k CUII MHOKMMOE

0 1 0 1 ITpubasutsh kK CUII MHOKHUMOE

0 1 1 2 ITpubasuTh kK CUII yABOEHHOE MHOKUMOE

npoooncenue
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Tabnuua 5.1 (npogoskeHve)

X;y X; X, Kon {i 101, 2, BroinosHsiemble JieiicTBUS

1 0 0 5 Boraects n3 CUII yaBoenHOE MHOKHIMOE
1 0 1 i Boruects n3 CHII MmHOKIIMOE

1 1 0 1 Boruects uz CHII muoxxkumoe

1 1 1 0 He BBITTOJIHATD HUKAKUX JIEHCTBUAN

[Tpumep Borancaenus npousseneHns 011001 x 101110 = 011000111110 (B gecsaTnaHOM
Bujie 25 X (—18) = —450) nokasan Ha puc. 5.24. Vcroabp3oBaH aJTOPUTM € HETTOABUIKHOMN
CYII 1 caiBUrOM MHOKHUMOTO BJIEBO.

Puc. 5.24. MNMpumep ymHoXeHUs (18 x (-25)) B COOTBETCTBUM
C MOANDULUMPOBAHHBLIM aNropuTtMom byTta

Anroputm JlemaHa

Erte GoJrbitiee coKparienne KoJTMIecTBa CJAOKEHNH MOKET aTh MOAUMDUKAIINS, TIPEJJIO-
sxkennas Jlemanowm [108]. 3uech, naske npu HauMmeHee GJIarOIPUATHOM coueTaHuu HudP
MHOKHTEJIST, KOJTIMYECTBO ONEPAIUl CJIOKEHUs He TIPEBBIIIAET BEJIMYUHBI 1/2, a B Cpejl-
HeM ke 0HO cocTasisget 71/3. CyTh MOAMMUKAIINN 3aKITI0YAETCS B CIEAYIONIEM:

B cCJIv JIBe TPYIIIBI HyJiell pasjiesieHbl eIMHUIICH, CTOsIIE B k-If TIO3UIIMN, TO BMECTO
BbIYMTAHUS B k-ii mo3uiuu 1 caoskerns B (k + 1)-ii O3UIMK JOCTATOYHO BBIIOJIHUTD
TOJIBKO CJIOKEHUE B R-1i TO3UINH;

B €CJIU JIBE TPYIIIBI €INHUI] PA3/IEIEHBI HYJIEM, CTOSIIIIAM B k-ii TIO3UIIHHU, TO BMECTO
CJI0KeHus B k-1 osuImy ¥ Bbrautanus B (B + 1)-ii HO3UIMK JOCTATOYHO BBIIOJIHUTD
TOJIbKO BbIYUTAHUE B k-1 TO3UIUN.

[elicTBuUs, BRITTOTHAEMbIE HA i-M IIare YMHOXKXEHU, MOKHO OMUCATh C IIOMOIIBIO CJIe-
JIYIOIIUX JIOTUYEeCKUX BhIPAKEHUM:

di = (b ®biy) dig; s =diby vdisiy,
rzie b, — mmdpa pa3psna MHOKUTENS; d; — IBONYHAS TlepeMeHHasd, eANHNYHOe 3HAYeHIe
KOTOPOI1 /ST COOTBETCTBYIONIETO Pa3psiia MHOKUTE/ISI YKa3bIBACT HA HEOOXOAMMOCTB
BBINOJTHEHUS apU(METHIECKOTO IeHCTBIS; S; — 3HAK apU(MEeTHIECKOTO IeHCTBHSL.
Hpud,=1,s,=b;,,. Eciu s, = 0, muoxumoe npubasisiercss k CUII, a npu s; = 1 — BbI-
yuraercs uz CUIL
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YMHOXEHMe B CUCTEeEMaX CYMNCIIEHNS C OCHOBaHuewm,
KpPpaTHbIM uesion cteneHun 2

W3 BTOPOIi IPYIIIIbI JIOTHYECKUX METOAOB OCTAHOBUMCS HA YMHOKEHHU ¢ 0OPabOTKOI
3a I1ar HECKOJIbKUX Pa3ps/IoB MHOKUTEJIS, TO €CTh C TIPE/ICTaBJIeHNeM MHOKUTEJIS B CH-
creme Radix-X. PaccMOTpUM 9TO Ha IIpUMepe ABYX PaspsAoB, YTO COOTBETCTBYET TIPe/l-
CTaBJIEHNIO MHOKUTEJISI B CCTEME CUNCJIEHUS C OCHOBAHUEM 4.

AHaTN3 MHOKUTEJST HAUMHAETCST ¢ MITAJINITIX PaspsiioB. B 3aBHCHMOCTI OT BXOATIEH
MBYXPa3PsAHON KOMOMHAIIMN MTPEYCMATPUBAIOTCS CIEAYIONIIE TeHCTBIS:

m 00 — mpocToii caBUTr HA ABA pa3psijia BIPABO CYMMbl YaCTHYHbBIX IIPOU3BENEeHUI
(CUII);

m 01 — x CUII npubasisieTcst oguHapHOE MHOKUMOE, Tioce yero CUII casuraercs Ha
2 paspsjia BIIPaBo;

m 10 — k CYUII npubasisiercs yaBoeHHoe MHOKkuMoe, 1 CUII cBuraercs Ha jiBa pas-
psiZia BIIPaBO;

m 11 —wu3 CUII Berunraercs oqunapuoe muoxkumoe, u CUII ciBuraercst Ha /1Ba pazpsjia
BITpaBo. [ToJIydeHHBIH Pe3yIbTaT I0JLKEH ObITh CKOPPEKTUPOBAH Ha CJIEIYIOIIEM IIare,
9TO (PUKCUPYETCS B CIIENUATBLHOM TPUTTEPE TIPU3HAKA KOPPEKITUH.

Tax kak B ciryyae mapbi 11 us CHII BelunTAaETCS OMHAPHOE MHOKIMOE BMECTO IIPprOaB-
JIEHUST yTPOEHHOTO, JIJIsl KOPPEKTUPOBKH pedysbrata K CUII nepes BbITIOJHEHUEM C/IBH-
ra Haz0 ObLIO ObI IPUGABUTH yueTBepeHHOe MHOKMMoe. Ho mocJie caBura Ha JiBa paspsi-
na BripaBo CYII ymenbinaeTcst B 4eTbIpe pas3a, Tak 4TO HA CJIEAYIONIEM Tare [0CTaTOYHO
106ABUTH OJMHAPHOE MHOKUMOE, DTO YUUThIBAETCs TP 00paboTKe ceyoleii mapbl
PaspsIIoB MHOKUTEIS, IyTeM o0paboTku mapbl 00 kak 01, mapsr 01 kak 10, 10 — kak 11,
a 11 — xax 00. B mocnepanx AByx ciaydasax UKCUpyeTcst TPU3HAK KOPPEKIUH.

Tabnuua 5.2. dopmmpoBaHue npuaHaka KoppekLmmn

ITapa paspsanos | Ilpusnak Koppekmun IIpusnak koppekuuu | 3HAK Kparnoctb
MHOSKHTEJIS U3 MpebIAyIieii mapbl | B CJAEAYIOULYIO Tapy | AeHCTBUS | MHOKHMOMY
00 0 0 0

01 0 0 + 1

10 0 0 + 2

1 0 1 - 1

00 1 0 + 1

01 1 0 + 2

10 1 1 - 1

11 1 1 0

[TpaBusa 06paboTKH Map pa3psiioB MHOKUTEIISI C YYETOM TIPU3HAKA KOPPEKITUHU TPUBE/Ie-
Hbl B Tab1. 5.2. Tlocsie 06paboTKu Kask0H KOMOUHAIIIH COJIEPKIMOE PETHCTPA MHOXKM-
TeJISl M PETUCTPa CyMMbBl YaCTUYHBIX ITPOU3BE/ICHUI CJIBUTAETCS Ha JiBa pa3psijia BIIPABO.
JlaHHBI METOJl YMHOXKEHUsT TPpeOYyeT KOPPEKTUPOBKU Pe3yJibrata, €CJii cTapiiast mapa
paspsoB MHOXkUTe s paBHa 11 nin 10 1 cocTosiHMe TPU3HAKA KOPPEKIUU e/JMHUYHOE.
B aTOM ciydyae K mMoJydeHHOMY MPOU3BEICHUIO OJKHO OBITH 06ABICHO MHOKIMOE.
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Kak ciemyer us onucanus ajiropuT™a, B caydae ¢ = 4 HeOOXOAMMO MUMETh YaCTUYHbIE
npoussenenns 0 X A, 1 x A, 2 x Au 3 x A. Ilpu g = 8 1o10IHUTETBHO HEOOXOAUMBI Ya-
CcTUYHBIE IpousBenenns 4 X A, 5 X A, 6 x A u 7 x A. UII, npeacrasJsgioniye co60i Ipous-
BeJIeHe MHOKIIMOTO Ha YK CJI0, KpaTHOE CTETIEHN IBOMKY, HAITpUMep, 2 X A, 4 X A, JieTKo
MOTYT OBITh IIOJIyYEHBI Ty TEM CABUTA MHOKUTEJ. {15 yueTa ocTaIbHbiX BapuanTos Y11
B COCTaB yCTPOMCTBA YMHOKEHUST BKJIIOYAETCS CIIeMaNbHasT TIAMSITh, XPaHsIIast pe-
BBIUMCJIEHHBIE 3HaYeHns Takux Y11

AnnapaTHble MeToAbl YCKOPEHUS YMHOXXEeHUs

[Homumo addexTa, 10CTUTAEMOTO 32 CYET JIOTMYECKUX METO/I0B YCKOPEHUS YMHOMKe-
HUS, JIOTIOJIHUTEJIbHbIE BO3MOXKHOCTH OTKPBIBAIOTCS TIpU arnapaTHoil peasusaiun OITY
YMHOsKeHUs. B 06111eM carydae anmaparHbie METO/IbI YCKOPEHUsT YMHOKEHMsT CBOJSATCS K:

B TapaJsjieJibHOMY BbIYHUCJIECHUIO YaCTUYHBIX HpOHSBeHeHHﬁ;
B COKpalll€eHUIO KOJINYEeCTBa onepaunﬁ CJIOKEeHUA;

B YMEHBIIeHWIO BPeMEeH! PacpOCTPaHeHUs IEPEHOCOB IPY CYMMUPOBAHUN YaCTUYHBIX
TTPON3BE/IEHU.

OcTaHOBUMCS Ha TI€PBOIT U3 ePeYrCIEHHBIX BO3MOKHOCTE. Ecii paceMoTpers 0611y 10
cxeMy yMHOKeHUs (puc. 5.25), TO HETPYAHO 3aMETUTh, YTO OTAeJbHbIe paspsabl Y11
[PE/ICTABJSIIOT OO0 MTPOU3BEIECHNUS BU/IA d; ), TO €CTb [IPOM3BE/IEHUE ONPE/IEIEHHOTO
6rTa MHOKHUMOTO Ha OIpeeJeHHBII OUT MHOKHUTESL. DTO IO3BOJISIET BBIYUCIUTh BCE
OUTBI YaCTUYHBIX TIPOM3BEACHUI OJJHOBPEMEHHO, ¢ MOMOIIbIO 77° cxeM «U». TIpu nepe-
MHOKEHUU YHUCeJ B JOTIOJHUTEIBHOM KOJie OT/ebHbIe pa3psi/ibl Y11 MoryT uMeTnh BUJL

a;b; , ajbj mwmu a; bj . Torza anemenTsr «M» 3aMEHSIOTCS d/IEMEHTAMI, PEATH3YOMIMMI

COOTBETCTBYIONIYIO JIOTHYECKYTO (DYHKITHIO.

Puc. 5.25. Cxema nepemMHoxeHust n-paspaaHbix ymucen 6e3 sHaka

[Tapamnenproe Bpruncienne YII mmeer MecTo MpakTHYeCKH BO BCEX paccMaTpuBae-
MBIX HUZKE CXeMaX YMHOKEHUs. Pasiuunst POSBISIOTCS B OCHOBHOM B CIIOCO6E CyM-
MUPOBAHUS TTOJYYEHHBIX YaCTUYHBIX TTpousBeieHuil. C aTUX MO3UINN MUCTIOJIb3yeMble
CXEMBI YMHOKEHUSI MOXKHO MOJPA3AETUTD HA MAMPUYHbIE T ¢ OPeBOSUOHOT CIMPYKMY-
poti [154]. B oboux BapuaHTax CyMMHPOBAHUE OCYHIECTBIISIETCS C TIOMOIIBI0 MACCHBA
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B3aMMOCBA3aHHbIX O/THOPA3PA/IHBIX CYMMaTOPOB. B MaTPpUYHBIX YMHOXUTEJIAX CyMMa-
TOPbI OPraHM30BaHbl B BU/I€ MaTPHIIbI, a B /IPEBOBU/IHBIX OHU PEAJIM3YIOTCA B BU/IE /I€pe-
Ba TOr0 UJIX MHOTO Tuna. Pasinnuus B paMKax KasKJI0M U3 9TUX TPYIIIT BbIPAKAIOTCA B KO-
JINYECTBE UCITOJIb3YEMbIX CYMMATOPOB, UX BU/I€ 1 crocobe paciipoCcTpaHeHuA IIEPEHOCOB,
BO3HUKAIOIINX B ITpOIiecce CYMMWPOBaHUAI.

ManVI'-lele CXeMbl YMHOXeHUsd

B mampuunvix ymnoscumensx CcyMMUPOBAHNE OCYIIECTBIISIETCST MATPHUIIEN CyMMAaTOPOB,
COCTOSINIEN U3 MOCTEAOBATENbHBIX JNHEEK (CTPOK) OHOPA3PSIAHBIX CYMMAaTOPOB C CO-
xpanenunem nepenoca (CCII). [To mepe nBu:keHUST aHHBIX BHU3 MO MAaCCUBY CyMMa-
topos kaxkzaas crpoka CCII mobasaser k CHII ouyepentoe yacTHUHOE IPOU3BELEHIE.
[Tockoabky npomeskytounbie CUII nmpexcTaBieHbl B U30BITOUHOI (DOPMe ¢ COXpaHEHM-
eM TIepeHoca, BO BCEX CXeMaX, BILIOTH JI0 MOCJIEIHEN CTPOKH, T/ie (GOPMUPYETCS OKOH-
YaTeJbHBII PE3yJbTaT, PACIIPOCTPAHEHMS TIePEHOCA He TPOMCXONUT. DTO 03HAYAET, UTO
3ajlepKKa B YMHOKHUTEIISAX 3aBUCUT TOJBLKO OT «TTyOMHBI» MaccuBa (YKMCIa CTPOK CYyM-
MaTOPOB) M HE 3aBUCUT OT Pa3PSITHOCTH OTIEPAH/IOB, €CJIM TOJIBKO B MMOCJIEIHENH CTPOKE
MaTpuirbl, rae popmupyercst okonvaresnbruas CHII, He ncmomp3yeTcs cxema ¢ mocsesno-
BaTeJIbHBIM ITEPEHOCOM.

Hapsiay ¢ BbICOKMM ObICTPOIEHCTBHEM BaKHBIM JOCTOMHCTBOM MATPUYHBIX YMHOMKH-
TeJiell SIBJISIETCSI UX PEryJISIPHOCTD, YTO OCOOGEHHO CYIIECTBEHHO IIPU PeaJH3allui TaKUX
YMHOKHTEEil B BUjie MHTerpajbHOi MUKpocxeMbl. C Apyroil CTOPOHBI, ITOJ0OHBIE CXe-
MbI 3aHUMAIOT GOJIBIIYIO IIJIONIA/b HA KPUCTa/LJIe MUKPOCXEMBI, IPUYEM C YBeJIMYeHUEM
PaspsITHOCTH COMHOKUTEJIEH 9Ta MJIONA/b YBEJIMINBAETCS MTPOIOPIIUOHAIBHO KBaJ[pa-
Ty Yncia paspsaaoB. Bropas mpobieMa ¢ MAaTpPUYHBIMU YMHOKUTEIAMI — HUSKUH YPO-
BeHb yrusmsanun anmnapatypsl. [lo mepe nemkennst CUII BHu3 kaskmas cTpoka 3aei-
CTBYETCSI JIUITh OJTHOKPATHO, KOT/IA €€ MepeceKaeT akTUBHBIN (PPOHT BBIYUCITIEHUIT. ITO
00CTOSATENBCTBO, OJHAKO, MOKET ObITh 3aTPeOOBAHO IS MOBbIIEHUS d(DPEKTUBHOCTH
BBIUMCJICHWH TyTeM KOHBelepu3aluy IMpoiecca YMHOKEHUS, TIPU KOTOPOI 10 Mepe
0CBOOOKIEHHSI CTPOKK CYMMATOPOB TOCJIEIHISA MOKET OBITh MCIIOJIb30BaHA [JIsl YMHO-
JKEHUST 04ePEeTHON Maphl YHCET.

Hwxe paccmaTpuBaroTCsl pa3jinyHble aITOPUTMBI YMHOKEHUS U COOTBETCTBYIOTIE UM
CXeMbI MATPUYHBIX YMHOKUTEIEH. KasKIpIit 13 aITOPUTMOB UMEET CBOM ILJIIOCHI I MUHY -
Chl, BAXKHOCTH KOTOPBIX JIJIsI TIOJIb30BATEIST OIIPEIEIISIET BBIOOP TOU WUJIM WHOM CXEMBI.

MaTtpuyHoe ymMHOXeHue Yucen 6e3 3Haka

PesyubraT P iepeMHOKEHUS [IBYX 7-Pa3PsIHBIX IBOMUYHBIX 1[eJbIX unces A u B 6e3 3Ha-
Ka MOJKHO OIIKCAThb BbIPAKECHUEM

n—1 . n—1 ) n—=1n-1 L
P=AxB=(Q,a;x2)x (Y b;jx2)=" 3 a;b; x2'*.
i=0 j=0

i=0 j=0

YMHOKEHUE CBOAUTCS K AapalieIbHOMy (hOPMUPOBAHUIO GUTOB U3 7 N-Pa3psIIHBIX Ya-
CTUYHDBIX HpOI/ISBeIIeHI/Iﬁ C mocJjIieAyionmnuM nX CyMMUPOBAHUEM C ITOMOIIBIO MaTPHUIIbI
CyMMATOPOB. MaTpUYHBIN YMHOKHUTEb [JIs Ynces (Ge3 3HaKa ObLI TPEITIOKEH DBap-
nom BpayHom (Edward Louis Braun) B 1963 roay [58].
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YMHOXuUTenb BpayHa

B ymnoocumene bpayna peanuzyercs cTanapTHasE MaTPUIA YMHOKEHUS, TIPUBe/IEHHAS
Ha puc. 5.25. Cxema yMHOKUTeST DpayHa Jist 4eThIpexpa3psiiHbIX IBOMYHBIX YHCEJI MO-
KaszaHa Ha puc. 5.26. B cxeme KaskgoMy cTOJOILY B MATPUIE YMHOKEHIS COOTBETCTBYET
JIMaroHaJb YMHOXUTENSA. buter vactnunbix mpousseaennii (U11) sumga aibj opmupytoT-
cs ¢ moMotbio anemeHToB «W». [lng cymmuposannsg Y11 mpumensifoTces /1Ba BUia OHO-
Pa3psIIHBIX CYyMMATOPOB € coxpaHeHueM nepeHoca: mosycymmaropsl (ITC)! u mosmbre
cymmaropst (CM)%

Puc. 5.26. MatpuyHbiin ymHOXMUTENb BpayHa ons yeTbipexpa3psaHbix Yucen 6e3 3Haka

MatpudHbiii YMHOXKHUTEb 72 X 72 COIEP:KUT n® cxeM «U», n moycymmaropos u (n? — 2n)
CyMMaTopoB. Eciiu IpUHATH, 4TO I peansaliii MoJIycyMMaTopa TpebyroTest Ba Jio-
IUYECKUX 9JIEMEHTA, a JIJIST IOJTHOTO CyMMATopa — IISITh, TO 00Iee KOJNYECTBO JIOTHYE-
CKUX 9JIEMEHTOB B YMHOKUTEJIE cocTaBisier n* + 2n + 5(n? — 2n) = 6n®> — 8n.

BricTposeiicTBre YMHOKUTEST ONPEeisieTcsl Hanbosiee JIMHHBIM MapIpyToOM pac-
mpocTpaneHus: curHasia (MyHKTUPHAs JTMHUS Ha prc. 5.26), KOTOPBIN B Xy/IIIIEM CIyYae
BKJIIOUAET B cebst MPOXosKaeHue ool cxeMbl «M», nByx I1C u (2n — 4) CM. Tlonaras
3a7ep:kKku B cxeme «M» 1 moycymmarope paBHBIMH A, a B TIOJTHOM cyMMarope — 2A,
00110 3a/ICPKKY B YMHOKUTEIE MOXKHO OIEHUTD BhipakerneM (4n — 5)A. UtobsI co-
KPaTHUTh €€ [TUTETBHOCTD, 7-Pa3PSIAHBII CYMMATOpP C TI0CJIeIOBATETbHBIM MTEPEHOCOM
B HIDKHEH CTPOKE YMHOKUTENST MOJKHO 3aMEHUTH HoJiee GBICTPBIM BAPHAHTOM CYyMMATO-
pa. [locennee, ogHaKo, He BCer/a JKelIaTebHO, TOCKOIBKY 9TO YBEJUUNBAET YICIIO MC-
MOJIb3YEMBIX B YMHOKUTEJIE JIOTHUECKUX 9JIEMEHTOB U YXY/IIAET PEryJISIPHOCTD CXEMBI.

! HOJIy(IyMMaTOpOM Ha3bIBACTCA O/THOPA3PALHOE CYMMUPYIOIIEe ychOﬁCTBO, nMeroIee JBa BX0-
Jla JIJIg CJlaraeMbIX 1 /IBa BbIXO/la — BBIXO/] 6I/IT8. CYMMBI 1 BbIXO/T 6I/ITa IIepeHoca.

2 B orammuune ot TI0JIyCyMMaToOpa CKJIAJbIBACT TPU YN CJIA, TO €CTb UMEET TPU BXO/1a /IJIA CJIara€MbIX
1 JIBa BbIXO/la — BbIXO/] 6I/ITa CYMMBI 1 BbIXO/] oura Trepenoca.



OnepaunoHHble YCTPONCTBa s yncen B dopme ¢ GUKCMPOBAHHOM 3ansiTomn 195

B o6miem caryuae 3ajiepskka B MATPUYHBIX YMHOKHUTEAX TTPOTIOPIUOHATBHA UX Pa3Ps/l-
noctu: O(n).

Manw-moe YMHOXeHue 4yucesn B AonoJiHutesibHOM Koae

K coxanenuto, ymHOKHTENb BpayHa TOANTCS TONBKO IS TIEPEMHOKEHUS Yrces 6e3
3HaKa. B ciyvae onepaHIoB co 3HAKOM OTPHUIIATEIbHBIE YNCJIA TIPECTABIISIOTCST 0TI -
HUTEJIBHBIM KOJIOM, & MATPUYHBIE YMHOKUTEIN CTPOSITCS TI0 CXEMaM, OTJIMYHBIM OT CXe-
MbI bpayna.

CHayasa paccMOTPUM MaTeMaTHYeCKUe IPUHIMIIBL, Ha KOTOPLIX OCHOBAHO yMHOKeHUe
HeIocpe/CTBEHHO B JIOIOMHUTeIbHOM Koze. Yucno A = (a,_,a, , ... a;), TA€ a, | — 3HaK
4ucsia, B JOTIOJHUTEIbHOM KOZIEe MOKHO OIIMCAaTh KaK

n-2
n-1 i
A=—-a, X2+ E X2 .
i=0

[Mosoxurenbroe +A u oTpuIaTesbiHoe —A 3HAYEHUST YUCTA B TOTOJHUTENLHOM KOJIE CO-
OTHOCATCS cepyiomum obpasom [114]:

n-2

+A  —a,x2"t +2‘ai><2i +0
i-0

0 I 0 7

n-2
—-A —(l-a,)x2"" + 2(1— a)x2 +1.

i=0
V13 prBeIeHHBIX BHIPASKEHIIT BUHO, UTO M3MEHEHVE 3HAKA YHCJIa MOJKET OBITh Peasu-
30BaHO MHBEPTUPOBAHIEM OUTOB, TO €CTh 3aMeHoi ¢; Ha (1—a;) 1 3amenoii 0 Ha 1, a Takske
o6parHoii 3amerioit. OmpeesieHHble KOMOUHAIIY TAKUX 3aMEH TTO3BOJISIIOT TIOCTPOUTE
MaTpUYHble YMHOKUTETN, 00CTIEUMBAIONINE BBHITTOTHEHNE OTIEPATINH YMHOKEH S YHCE
€O 3HAKOM HETOCPEJCTBEHHO B JIOTIOJHUTE/IbHBIX KO/IAX.

YMHOXutenb bo—Bynu

OjHa 13 BO3MOKHBIX CXEM TTIOCTPOEHUST TAKOTO MATPUYHOTO YMHOKHUTEJsT Obla TIPeji-
crasjeHa B 1973 rogy Yapibsom Bo (Charles Baugh) u Bpiocom By (Bruce Wooley)
[53]. B anroputme Bo—Bysu nipousBeierie 4nces B OMOJHUTEILHOM KO/l TIPEACTaB-
JISIETCS CIIEYIOTUM COOTHOIIEHUEM:
. n—2n-2 o
P=AxB=-2"""4(a, +b,_ +a, b,_)x2""+ Y Y ab; x2" +
i=0 j=0

n-2 ) n=2__ )
+a, 1 3,0, X2 b, N @ x 2™ 4 (a,_ + b, )x 2"
j=0 i=0

Marpuia yMHOKEHUST, Pealn3yIolas aJroOpuT™, TIpUBejieHa Ha puc. 5.27, a cOOTBeT-

CTBYIOIIAS €l cXeMa YMHOKUTEJIsST — Ha puc. 5.28.

B metome bo—Bymm wacTmunble MpoW3BeneHNsT MPUBOATCS K TaKOMY BUIY, KOTO-
phIii obecreynBaeT MaKCUMaJIbHYIO PETYJSIPHOCTH MacCHBa, U4TO OYEHb YA00HO MPH
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MUKpOcXeMHOIT peanuzaiun. [1o Xxomy yMHOKEHMS YaCTUYHbIE TTPOU3BEIEH ST, UMEIOIIIe
3HAK «MUHYC», CMEIAIOTCS K TOCaelHel cTymeH cyMMupoBanus. Oneparys BeIIuTa-
st YT samensiercss npubGaBieHneM WX WHBEPTUPOBAHHBIX 3HadeHwil. Hemocratkom
CXeMbI MOJKHO CUUTATH TO, YTO B MOCJEHEH CTPOKE MATPUILBI TPEOYETCS TOTIOMHUTEIb-
HBII CyMMATOP, 13-32 Y€T0 PEryJsIPHOCTb CXEMbI HapyIaeTcs. B 1iesoM, B cxeme UCIOb-
3ytores n(n — 2) + 4 noabix cymmaTopa u (n — 1) mosycymmarop.

Puc. 5.27. Matpuua nepeMHOXEHNS N-pa3psaHblX YACEN cornacHo anroputmy bo—Bynm

Puc. 5.28. MaTpuyHbIii yMHOXUTENb A1 YETbIPEXPA3PSAAHbLIX YNCEN
B JOMNOIHUTENBHOM KOAe no cxeme 5o—Bynu
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Ecau B BhIpaskenuu, onuceiBaionem aaroputm bo—Byuu, nuamenuts dhopmy mpeacras-
JIEHUS Pa3psANoB MHOKHUTEN: by = (1— |bi |) +1-2=b, +1-2, To noxyunm MoauduIupo-
BaHHBII BAPHAHT aJTOPUTMA:

n-2n-2 . n=2 )
P=AxB=a,4b,;+ 2 Z aibj w2+l 4 2 ab_ x on+i-1 |
i=0 j=0 i=0

n-2
n+j-1 n 2n-1
+ ) A gby x 24 20 4 220
j=0

Matpuiia yMHOXKEHHST Yuces co 3HaKoM (puc. 5.29), peacTaBieHHbIX B IOTOJTHUTEb-
HOM KOJI€, TIOXOKa Ha MATPHUILy MepeMHOKeHus yrces 6e3 3HakoB. OTinYre cOCTOUT
B TOM, 4TO (27 — 2) YaCTHYHBIX IPOM3BEAEHIIT MHBEPTUPOBAHBI, a B CTONOLbI 72 1 (217 — 1)
10OABJIEHbI e/IMHUIIBI.

Puc. 5.29. Matpuua nepeMHOXeHNs N-pa3psaaHbIX YACEN B AOMOSHUTEIbHOM KOAE
cornacHo MoaneuumnmpoBaHHoMy anroputmy bo—Bynn

CooTBeTcTBYyIOIIas cXeMa MAaTPUIHOTO YMHOKUTEJIST JIJIs1 YeTBIPEXPA3PSI/ITHBIX YHCET 110-
kaszana Ha puc. 5.30.

3nech (2n — 2) 9acTUYHBIX TPOU3BE/IEHNIT MHBEPTUPOBAHBI 32 CUET 3aMEHbBI 3JIEMEHTOB
«» na anementor «M-HE». CymmaTop B Mutajiiiem paspsizie HUKHETO Psijfia CKJIaJ[bIBa-
er 1 B cTosI011E 72 ¢ BEKTOPOM CYMM U TIEPEHOCOB U3 MPEAIIECTBYOIIEI CTPOKH, Peansyst
TIPU 9TOM CJIEIYIOTNE BBIPAXKEHNS:

Si =ai @bl’ Ci+1 =Cll‘ Xbi.
MuBeprop B HUIKHEN cTpoKe cjeBa obecnednBaer HodaBjieHe eAMHUIbI B CTOJI0EI]
(2n—1).

MOJII/I(bI/IKaHI/ISI AJITOPUTMa ITpUBEJIa K COKpalll€eHNIO KOJNMYECTBA CYMMaTOPOB B ITOCJIE/1-
HHUX CTPOKAX MaTPUYIHOT'O MaCCHBa.
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Puc. 5.30. MatpuyHbIil yMHOXUTENb OJ151 HETbIPEXPA3PAAHbIX YACEN B AOMOHUTENTbHOM
Koae no moamduumpoBaHHoi cxeme bo—Bynun

YmHoxuTtens Neszapuca

Ente onu aaropuT™ Uit BBIYACAEHNS TPOU3BEACHNS YMCEN B JOTOJTHUTETBHOM KOZIE
6ot mpenmoxen Crumnanocom [esaprcom (Stylianos Pezaris) 8 1971 roxy [130]. TTpu
NpeCTaBIeHUH YUCIa B AOTOTHUTETLHOM KOZIE CTAPIIUE Pa3psi/i YMCa HMEET OTPUIA-
TEJLHBIN BeC. ITO YUUThIBAeTCs B MaTpuile ymuoxerus (puc. 5.31). [lepex mornuecku-
MU ITPOU3BEACHUAMMA, UMEIOIINMHN OTpI/IHaTeJIbeII;,I BeC, CTOUT 3HAK «—», TpaKTyeMbIﬁ
cremytonum obpazom: —1 =-2 x 1+ 1;-0=-2x0 +0.

Puc. 5.31. Matpuua nepeMHOXeHUs N-pa3psaHbIX YACEN COMMTacHO anroputMmy MNesapuca

[l peamuzariiy IpUBEEHHON CXeMbl MATPUYHOTO YMHOKeHUs [le3apuc npeiaraer
HCII0JThb30BaTh B YMHOKHUTEJIE YETHIPE BH/IA MTOJHBIX CyMMAaTopoB (puc. 5.32).
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Puc. 5.32. Buabl cyMMaToOpOB, NPYMEHSAEMbIX B MaTPUYHOM yMHOXUTENE [Ne3apurca

B cymmarope tuna SM I, koTopblil pakTHYecKn SABJASETCS OObIYHBIM MOJHBIM CyMMa-
TOPOM, BCE BXOZIHBIE TaHHbBIE (&, b, €\) IMEIOT TOJOKUTETBHBIN BEC, & PE3YIIBTAT JTEKUT
B inanazone 0—3. ITOT pe3yJibTaT MPeICTaBJeH BYXPa3PsI/IHBIM IBOUYHBIM YUCJIOM CS,
IJIe C ¥ S TAKJKE IIPUCBOEHBI TIOJIOKUTETbHBIE Beca. B ocTalbHBIX TPEX TUITAX CyMMATOPOB
HEKOTOPbIE U3 CUTHAJIOB UMEIOT OTPUIATEHHbBII BEC.

Cxema ymMHOKUTES, peasusyioiiiero aaroputsm [lesapuca, npusenena ua puc. 5.33. s
nocTpoeHust ymuosxkuresns Ilesapuca n X n rpedyercs (n — 2)* cymmaropos Tuna CM 1,
(n—2) — tuma CM 11, (2n — 3) — tuna CM II' u omun cymmatop tuna CM I'. Beero —
n(n — 1) cymmarop.

Puc. 5.33. MaTtpuyHbIii yMHOXUTENb 1S YETbIPEXPA3PSAAHbIX YACEN
B AOMNOJIHNTENBHOM KOAe no cxeme [Nesapuca

ITo cpaBuenmio ¢ ymHoxureneM bo—Byum, cxema Ilesapuca umeer 6ojiee peryssapHbIil
BHU/I, HO, C IPYTOIl CTOPOHBI, OHA TIPeAIoaraeT IPUCYTCTBUE HECKOJIBKUX TUIIOB CyMMa-
TOPOB.

p,peBOBVI,quIe CXeMbl YMHOXeHUsd

CokpaTuThb 3a/Iep’KKy, CBOHCTBEHHYIO MATPUYHBIM YMHOMKHUTEJSAM, yIAeTcd B CXeMax
C IPEBOBUHON CTPYKTYPOH. B MaTpUYHBIX YMHOKUTEJISAX KasK/[0€ OUepe/HOe YacThy-
Hoe nipounssesienve npubasisercss K CUIIL ¢ moMoIbio OTAEIbHOM CTPOKH CyMMaTOPOB,
U JUIST TIEPEMHOMKEHUST N-Pa3pAAHbIX dnces Tpebyercs n takux ctpok (puc. 5.34, a).
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B npeBoBumnbix ymHOKUTENAX TIpotiecc nosyuenus CHII takske peanmsyercs 3a cyet
CTPOK CyMMAaTOPOB, HO OPTAaHM30BAHHBIX [0 CXEMe JIepeBa, 6aroapst 4eMy KOJIU4ecTBO
CTPOK CyMMAaTOpOB cokpaiiaercsi 1o log,n (puc. 5.34, 6). Tak Kak B yMHOKHUTEJSIX 060UX
TUTIOB KaXKJIasi CTPOKA BHOCUT 33JICPKKY, CBOHCTBECHHYIO OTHOMY MOJHOMY CyMMaTopy,
KOJIMYECTBO CTPOK BO MHOTOM OITpe/iesisieT o6iiee ObICTPOAEiCTBIE YMHOKITEIS.

Puc. 5.34. CymmnpoBaHme 4aCTUYHbIX MPON3BEAEHUI B YMHOXUTENSX: @ — C MaTPUYHOMN
CTPYKTYpPOI; 6 — CO CTPYKTYPOIi BOMYHOIO iepeBa

JIpeBOBUIHBIE YMHOKUTEH BKIIOUYAIOT B ceOst Tpu crynenu (puc. 5.35):

B cryneHb GOPMUPOBAHUS BCEX BOSMOMKHBIX KOMOMHAIIMI TIOTMYECKUX TPOU3BEAEHNI
BUJIA 4, bj;
B CTYIEeHb CKATUA YaCTUIHbIX [IPOU3BEIEHIMIT,

B CTYIEHDb 3aK/JIIOYUTEIbHOTO CYMMUPOBAHUSI.

Puc. 5.35. CTpykTypa 4peBOBUAHOIO YMHOXUTENS
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Hasmauenue crynenn (hopMUPOBAHUS JIOTHYECCKUX MTPOU3BEACHUIT OYEBUIHO 13 001IIeit
CXEeMbI TIEPEMHOKEHUST IBOMYHBIX yrces (cM. puc. 5.25). V13 Hee sIBCTBYET, 4TO 3JieMeH-
TaMH YaCTUYHBIX MPOU3BENEHUN CJIY)KAT JIOTHYECKIe MPOM3BENEHUs OIPeIeIEHHOTO
paspsizia MHOKIIMOTO Ha OIpPeIeJIeH bl pa3psii MHOKUTeS. [lJ1s1 ipejicTaBIenust Bcex
MOJIYYAIOMIUXCS [IPU YMHOKEHUW YACTUYHBIX TIPOU3BENEHUN HYXKHO BBIYHCIUTH BCE
BO3MOKHbIE JIOTMYecKye npousseienus Buia aby, (i=0..n-1;j=0..n—1). B paccma-
TPUBAEMOIT CTYTIEHU YMHOKUTEISE 9TO 0OecTiednBaeTcs n? ajieMeHTaMu «».

CrymeHb C:KaTUs YaCTUYHBIX TIPOU3BENEHNIT — 3TO SIPO [IPEBOBUAHBIX YMHOKHUTEJIEIH.
[Tporecc cymmuposanus Y11 peannsyercs cTpokaMu CyMMaTOPOB, HO, B OTJIMYKE OT Ma-
TPUYHOI CXEMBI, CBA3aHHBIX MEKAY COOOM 0 cxeme jiepeBa. Kak usBectHo, ujest ape-
BOBH/THOTO CYMMUPOBAHUS 3aKTI0YAETCS B TIOTAITHOM YMEHBIIEHIH ( «CXKATHH» ) YUCJIA
caaraeMbix. VI3BecTHbIE IPEBOBUIHBIE YMHOKUTEU PA3IUYAIOTCS MO CIIOCOOY 1 TOPSiI-
Ky cymmuposanust YII. PoJib yeTpoiicTs cikaTrs B OOJIbUIMHCTBE YMHOMKUTEIEi NrPaloT
nosiabeie cymmaropbl (CM) u mosycymmaropst (ITC), KoTopble 0ObIYHO HA3BIBAIOT CUET-
yukamu (3, 2) u (2, 2) coorBetcTBeHHO. CBSI3aHO ATO € Te€M, YTO KO/ Ha Beixogax CM
u I1C cs!, kak 1 B IBONYHOM CUETUYUKE, PABEH KOJTMYECTBY EIUHUIL, TOJAHHBIX HA BXO/IBL.
Ha BrIxone nepeBa hopMUPYIOTCS BA BEKTOPA: BEKTOP CYMM U BEKTOP ITEPEHOCOB.

Ha cTymnenn 3akIounTeIbHOTO CYMMHUPOBAHNUS BEKTOP CYMM M BEKTOP TIEPEHOCOB, ChOop-
MUpOBaHHbIe B poriecce ckaTrst UIT, 06pabaThIBaloTCst MHOTOPA3PSITHBIM CYMMATOPOM,
B Pe3yJIBTaTe 4ero 06pasyeTcss OKOHYATeTbHBIH pe3yabraT. OOBIYHO 371eCh TPUMEHSIETCST
OBICTPBIIT CyMMaTOp ¢ BpeMeHeM 3a/1epkku, nponoprmonaisasiM O(log,(n)).

Pazmime MesKTy cXeMaMU CKATHST KacaeTcsl, TIaBHBIM 06pa3oM, crocoba dopmuposa-
HUSA BEKTOPA CYMMbI 1 BEKTOPA IEPEHOCOB. B usBecTHBIX Ha CETOMHA YMHOKUTEJIAX Hal-
GoJiblliece PACIPOCTPAHEHNE TONYIUIN TPY APEBOBUAHBIX cXeMbl cymMmmupoBanust UIT:
nepeBo Yosseca, 1epeBo Jlanaa u ;epeBo co CTPYKTYPOH «TIepeBepHYTON JTeCTHUIIHI».

YMHOoXuTeno Yonneca

B nan6otee obieit popmymmpoBKe epeBo Yosuieca — 9To onepaTtop ¢ 7 Bxogamu u log,n
BBIXOJIAMHU, B KOTOPOM KOJI Ha BBIXOJIC PABEH YHCJIY €JIMHUIL BO BXOIHOM Kojie. Bec 6uTton
Ha BXO/I€ COBITaJIaeT ¢ BECOM MJIAJIIIIETO pa3ps/ia BLIX0HOTO Kozia. IIpoctelinm nepesom
Yonneca sBngerca ofHopaspsaubiii cymmarop. Vcrnosnb3ys Takie CyMMaTOpBl, a TakxKe
MOJTyCYMMATOPbI, MOSKHO TIOCTPOUTD JICPEBO YoJleca Jjist TIePEeMHOKEHUsT rcet 060
PaspsHOCTH, IIPU 9TOM KOJIMYECTBO CYMMATOPOB BO3PaCTaeT IIPOIMOPIIMOHAIBLHO BEJIN-
unte log,n. B Takoii e Mponopium pacTeT BpeMsi BBITIOJHEHUS OMEPAIINT YMHOKEHUSI.

CormacHo AJITOPUTMY YOJIJIGCB, CTPOKHM MaTpHuIbl HaCTUYHBIX HpOI/ISBeI[eHI/Iﬁ rpyammpy-
I0TCAA 110 TPH. ITommbie CYMMaTOPbI UCITIOJIb3YIOTCA JIS1 CoRAaTUA CTO]I6L[OB C TpemMA outa-
MU, a IT0JIyCyMMaTOpbl — CTO]I6L[OB C AIBYyM:1 OUTaMI. CTpOKI/I, He II0ITaBIINE B Ha60p n3
TPEX CTPOK, YYUTBIBAIOTCA B CJACAYIOIIEM KaCKa/le CiRaTUA. AJIFOpI/ITM Yonneca OpueHTn-
POBaH Ha CKaTHe KOAOB KaK MOKHO paHbIIle, Ha CaMbIX paHHUX 9TallaX.

Jlormka mocTpoeHus fmepeBa Yosuteca ST CYMMHUPOBAHUS YaCTHYHBIX TTPOM3BEICHNI
B YMHOKUTEJE 4 X 4 110Kazana Ha puc. 5.36, a. JlJisi mosicHeHusi CTPYKTYPBI JlepeBa CyM-
MaTOPOB YaCTO MIPUMEHSTIOT TaK Ha3bIBAEMYI0 TOUEUHYTO rarpammy (puc. 5.36, 6). B Heil

te— BBIXO/I TIEPEHOCA, S — BbIXOJ[ CYMMBI.
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TOYKM 0003HAYAIOT OUTHI YACTUYHBIX MPOU3BEIEHUII, IPIMbIe JUArOHAIbHbIE JUHIK
MPpEeACTAaBJIAIOT BbIXOAbI ITOJIHBIX CYMMATOPOB, a IEPEYEPKHYTbIE AMaroHa/ii — BbIXO-
16l TI0JTycyMMaTopoB. XoTs Ha puc. 5.36, a B TpeTbeM KacKajie MOKa3aHbl TPU CTPOKH,
(haxTIUECKM TTOCTIE CKATUST OCTAIOTCS /IBE TIEPBBIX, & TPEThSI JIUIIb OTPAYKAET TIEPEHOCH,
KOTOPBIE YUUTHIBAOTCS IIPU OKOHYATETbHOM CYMMUPOBAHUI. DTUM OOBICHSIETCS KakKy-
Ieecs OTJINYME OT TOUYEYHON THATPAMMOBI.

Puc. 5.36. CymmunpoaHume Yl ¢ nomolubio aepesa Yonneca (BapuaHT 1): a — noruka
CYMMUPOBaHUS; 6 — ToyeyHas gmarpaMmma

Ymuoxkutenb (puc. 5.37) coctout u3 Tpex cryieHeir u cogepskut 16 cxem «M», 3 no-
JIYCYMMATOPa, 5 TOJHBIX cyMMaTopoB. CiiojkeHne BEKTOPOB CYMM U TIEPEHOCOB B TO-
CJIeZTHEM KacKa/le Pealn3yeTcs YeThIPeXpa3psIHbIM CYMMATOPOM C TTOCJIe/IOBATETbHBIM
pacmpocTpaHeHneM TepeHoca, OJIHAKO Yatlle I YCKOPEHWsI TIpuBJekaiorest 6omee ag-
(bexTHBHBIE CXEMBI PACIIPOCTPAHEHIIS TEPEHOCA, HATTPUMED TTapaJlieIbHasl.

OTMeTnM, 4TO U36BITOYHOCTH KOAUPOBAHUS, 3aTI0KEHHAsT B &JITOPUTM YOJLIeca, TPUBO-
IIUT K TOMY, YTO BO3MOKHO [TOCTPOEHIE PA3TUYHBIX BADUAHTOB cXeMbl iepeBa. Ha puc. 5.38
MOKAa3aHa WHAS peaan3alus epeBa Youieca /I YeThIPeXpa3pAIHbIX OEPAH/IOB.

Kak BuiHO, HOBBI BADHAHT CXeMbI HIKAKOTO BBIUTPHINIA B alllIAPATYPHOM TIJIAHE HE J1aeT.

Cxema Yousieca cunrtaercss Haubosiee GbICTPOIL, HO B TO JKe BPEMsI €e CTPYKTypa Haume-
Hee peryJiApHa, M3-3a Yero MpeartouTeHne OTIAeTCa NHBIM JIPEBOBUIHBIM CTPYKTYPaM.
OcHoBHas cdhepa UCIONTb30BAHNS YMHOKHTENEH cO cXeMOoll YoJuieca — TepeMHOKEeHIe
grcest GOJBINON paspsaHOCTH. B aTOM cirydae GbICTPO/IEliCTBIE UMEET MTPEBATMPYIOIee
3HAYEHHe.
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Puc. 5.37. YMHOXUTENb 4 X 4 CO CTPYKTYpPOW aAepesa Yonneca

Puc. 5.38. CymmunpoBanue Yl ¢ nomoLpto aepesa Yonneca (BapmaHT 2): a — noruka
CYMMMPOBaHUS; 6 — To4eyHas anarpaMmma

YmMHoXxuTeno Japaa

[Tpu yMHOXKeHUH Ynces1 HeOOJIbIION paspsAHOCTH GoJlee paciipocTpaHeHa ApyTras cXema
cxatusg UII — cxema nepesa JI. /lanna. B ee ocHoBe Takike JeXXuT jiepeBo YoJuieca, HO
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peammzyeMoe MUHUMaJbHBIM YMCJIOM CyMMaTOPOB. Paznnuus metooB Yosieca u [[8.,71-
Jla ABJIAIOTCA CJIEACTBUEM PA3HBIX IMOJIXO/I0B K PEHICHUIO 3a/ladn CyRaTHA. A.TII‘OpI/ITM
Yoneca OPUEHTUPOBAH Ha CKaTHe€ KOJOB KaK MOKHO paHbllie, Ha CaMbIX paHHUX dTallaX,
a AJITOpUTM [[8.,7_'[,713 CTPEMUTCA ITO CAETIATH 11O BOSMOKHOCTHU T103K€, TO €CTh HanboJIb-
I YPOBEHD CRATHA OTHOCUT K 3aBEPHIAIONUM CTa/IUAM.

Ha puc. 5.39 onmican ymHoskutesb 4 X 4, peayuayiomnii aaroputm aepesa Jamma. st
ero peanuzanuu tpebyercst 16 cxem «U», iBa MOTyCyMMATOPa, Y€THIPE TTOJHBIX CyMMa-
TOpPA ¥ IeCTUPa3PsAHbII cyMMaTop. CxeMa coiepsKuT Tpu Kackana. Ha atane cymmupo-
BaHUST BEKTOPA CYMM U BEKTOPa MEPEHOCOB HeoOXouM (27 — 2)-paspsiiHblii CyMMaTOop
(B Hamem npumepe — 6-pas3psIHbIN).

Puc. 5.39. CymmunpoBsanue Yl ¢ nomowpto aepesa danna ons cnyyas ymcen 6e3 3Haka:
a — norvika CyMM1poBaHus; 6 — To4yeyHas guarpaMmma

Cxema yMHOKEHUS YUCEN B JIOTIOJTHUTEIBHOM KOJIE, PACCMOTPEHHAsT TIPUMEHUTEIHLHO
K MAaTPUYHOMY YMHOKUTEII0, MOKET ObITh aJaliTUPOBAHA U JIJIsT YMHOMKHUTEISA CO CXEMOI
Jaana. B rakom ciryuae cxema cxkatust npruobperaer Bi/, II0Ka3aHHbIN Ha puc. 5.40.

CpaBnuBas cxembl Yosneca u Jlajnna, MOXKHO OTMETHTH, YTO YUCJIO KACKA/IOB CHKATUSA
B HUX OJIMHAKOBO, OJIHAKO KOJIMYECTBO MCIIOJb3YEMBIX MOJIYCYMMATOPOB U TIOJHBIX CyM-
MatopoB B cxeme Jlaja Merbine (TIPH TIOJICUETe YUCTIa HIEMEHTOB 0OBIYHO HE YUUThI-
BAIOT MHOTOPA3Psi/IHble CYMMATOPBI, TIPeIHA3HAUEHHbIE I/ OKOHYATETHHOTO CJIOKEHST
BEKTOPOB CyMM U 1iepeHocoB). C IpyTroii CTOPOHBI, Ha 3TaIle CJA0KEHNS BEKTOPOB CYMM
U [IEPEHOCOB B BapuaHTe YoJsuieca TpeOyeTcst CyMMATop ¢ MEHBIIMM YHCIOM Pa3psiioB
(B HarieM npuMepe — 4 potus 6).
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Puc. 5.40. CymmunpoBaHme Yl B [ONOAHUTENBHOM KOAE C MOMOLLbLIO Aepesa danaa:
a — Nnorvka CyMmMupoBaHus; 6 — To4eyHas guarpamma

Y obenx cxem mumeercst 00NN HEOCTATOK — HEPETYJIAPHOCTH CTPYKTYPBI, 0COOEHHO
y nepeBa YoJureca.

YMHOXUTESIb CO CXEMOI NepeBepHYTOM JIECTHULLbI

Cxema nepeseprymoil recmuuypt (overturned stairs), mpemtoskernas B [121], siisier co-
6oit OJIHY 13 MOMBITOK CIEJIaTh APEBO0OPasHYIO CTPYKTYPY GoJiee perysipHoii. Kak u B
HPEAbILYLIIMX APEBOBUAHBIX YMHOKUTENAX, PeUb UIET O cXeMe 00belMHEHU CyMMaTO-
POB LIS TIOJIYY€HUsT CYMMbI YaCTUYHBIX Hpou3BeseHnil. OTIMYnTeIbHbIMI 0COOEHHO-
CTSIMU PACCMATPUBAEMOIT CXEMBI SIBJISIETCS €€ PEKYPCUBHAsI CTPYKTYpa (CxeMa Ha 7 BXO-
JIOB CTPOUTCSI HA OCHOBE cXeMbl Ha 72 — 1 BXO/1) U MaJiast BbIcOTa JiepeBa (1101 BLICOTOM
nepeBa 311ech Oy/IeT MOHUMAThCsT KOJMUECTBO CTYIIEHEH CyMMAaTOPOB OT KOPHSI JI0 CaMOii
yIQJICHHON OT HETO TOYKH, BKJTIOUAst U CaM KOPEHD ).

«JlectHuI@a» cTpOUTCs M3 GA30BBIX OJOKOB YETBIPEX BUOB, KOTOPBIE aBTOPbI HA3ZBAJIM
Tenom (body), Koprem (root), Coedurnumenem (connector) u Bemenenuem (branch). Ha
puc. 5.41 TOKa3aHbI CTPYKTYPbI IEPEBbEB TUIIA TTEPEBEPHYTOM JIECTHHIIB HA PA3HOE YNC-
JI0 BXO/IOB C YKA3aHMWEM HCITOJIb30BAHHBIX B HUX 6a30BbIX 6;0K0B. OOTIIyI0 MPOIEenypy
MOCTPOEHUST «JIECTHUIIbI» WJLTIOCTpUpyer puc. 5.41, d. TIpeanonoxnum, ato Tpebdyercst
cosmath jiepeBo Boicotol j + 1. Kak BupHO u3 pucyHka, Teio ¢ BBICOTOI j MOKET OBITH
nocrpoero u3 Tena Boicoroii j — 1, Coedunumens u Bemeienus. CoeluHUTENb COCTOUT U3
IByX cymmaropos (puc. 5.41, 6—0). Tpu Beixona Coedunumens ciysxat Bxogamu Kopms,
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IIPEJICTABICHHOTO CyMMaTOpoM. BeTBiieHue BBICOTON j — 2 peayusyercs IEeNOYKON U3
OMpeIeIeHHBIM 00Pa30M COeIMHEHHBIX j — 2 cyMMaTopoB. Criemyst aToii JIOTHKe, MOXK-
HO UTEPATUBHO CO3/IaBaTh /ICPEBbs TUIIA «IIePEBEPHYTAs JIECTHUIIA» HA ITPOU3BOJIHHOE
YHUCJIO BXO/JIOB.

Puc. 5.41. lNepeBepHyTOE AEPEBO: a, 6, B — 6a30Bble O10KW; I, 1 — CTPYKTYPbl AEPEBLEB

BasoBbie a1eMeHThl 00bEMHSIOTCS, 00pasys JAepeBo, UMelolee 7 BXoA0B. Kak BHIHO,
JIEPEBO UMEET JIOCTATOYHO PETYJISIPHYIO CTPYKTYPY, OHAKO HY>KHO YUUTBIBATH, YTO BECa
OTJIEIBHBIX BXOJIOB pazjndaiorcst. KpoMe Toro, KOHCTPYKIIUS YMHOKUTES TIOJYYAETCs
CJIOZKHOIA.

CpaBHUTesIbHas OLLeHKa CXeM YMHOXXEHUSI C MaTPUYHO
" ApeBoOOpa3HON CTPYKTYpOM

Ananu3 cxeM yMHOXHUTEJEH B COBOKYITHOCTU C JIAHHBIMH, TIPUBOJIUMBIMH B JIUTEPATY-
pe, MO3BOJISIET C/IeJIaTh CIIeyiole BbiBojibl. Hanbosee GbICTPo paboTaloT MaTpUUHbIE
YMHOKHUTEJH, TOCTPOEHHBIE 110 cXxeMe ByTa (3TOT BUJl yMHOXKUTENEH peaTnsyeTr ajro-
put™ Byta, HO B MATpUYHOM BapuaHTe, B y4eOHUKE HEe PACCMATPUBAJICSA ),  TAKIKE YMHO-
JKUTEJN € IPEBOBU/IHON CTPYKTYPOH, B YacTHOCTH yMHOXKuUTesb Janma. [lns onepannos
JinHON B 16 paspsiioB u GoJiee TPUBJIEKATETBHON TIPECTABISIETCST MOANDUITTPOBAH-
Hast cxema ByTa, kKak 1Mo cKOpocTH, Tak M 1o 3aTpataM 000pynoBaHus. MakcumaabHO
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GBICTPOE BBITIOJIHEHHE OTIepaIlii YMHOKEHUs obecriednBaeT coueTanue aaropurMa byra
u fiepeBa Yosuieca. C Ipyroii CTOPOHBI, I0CTATOYHO XOPOIITNE MTOKA3aTeI CKOPOCTH TTPU
YMHOKEHUY Yrces HeGObION PaspsiIHOCTH IeMOHCTpUpyeT cxema bo— By, B mrane
noTpebIIsIeMOil MOTITHOCTH HANO0JIee IKOHOMUYHBIMY SIBJISIIOTCS YMHOKUTEIH, TOCTPO-
ennble 110 cxemaM Bpayna u [Tezapuca. HecMoTpst Ha cpaBHUTENBHO HEGOJBIIIOE YUCIO
HCIIOJIB3YEMbIX TPAH3UCTOPOB, CXeMbI Ha 6aze anroputma ByTa, a Takske ApeBOBUIIHbIE
peayuzaiuu 6oJsiee IHEPTOEMKU M3-32 U3OBITOUHBIX BHYTPEHHUX CBA3EH, CBSI3AHHBIX
C HEPETYJISIPHOM CTPYKTYPOH ATUX CXCM.

KoHBenepusauma napannenbHbiX YMHOXUTENEn

B mMarpuuHOil U IPeBOBUAHOI CTPYKTYPaX MapasljieIbHbIX YMHOKUTENIEH 3a7I0KeH elle
OJIVTH TIOTEHIINAT TTOBBITIEHNS TPOU3BOAUTETBHOCTH — BO3MOKHOCTD KOHBEePHU3AIIHH.
[Tpu KoHBeHepU3aINK BECh MPOIECC BHIYMCICHUN pasbuBaeTCst HA TIOCIEA0BATEILHOCTD
3aKOHYEHHBIX MaroB. Kak/plii 13 9TanoB Mpoleypbl yMHOKEHHS BBITIOTHIETCST HA CBO-
eif cTyneHu KOHBeliepa, TpuveM Bee cTyrneHn paboTaioT mapajieabo. PesysraTsl, mo-
JIy4eHHbIe Ha i-if CTYIeHH, TlepefaloTcs Ha JaibHelyo o6paboTky B (i + 1)-10 cTyIeHb
konBeiiepa. IlepeHoc uHGOPMAIIUK CO CTYTIEHHW HA CTYTIEHb TIPOUCXOAUT Yepes Oydep-
HYIO TaMsITh, pa3MelaeMyto Mexkay HumMu (puc. 5.42).

Puc. 5.42. CtpykTypa KOHBENEPHOr0o YMHOXUTENS

BBIMIOTHUBINAST CBOKO OTIEPAIMIO CTYIEHD MOMEIAeT Pe3yasrar B Oy(hepHyI MaMsTh
U MOJKET MIPUCTYTIAaTh K 06paboTKe ClIeAyonell MOPIUHU JaHHBIX ONepaIyii, B TO BPeMsi
KaKk ouepesiHasi CTyIeHb KOHBeliepa B KauecTBe UCXOHBIX UCTIOb3YeT TaHHbIE, XPAHSI-
recst B 6yhepHoit maMaTH, pacrooKeHHoi Ha ee Bxoje. CHHXPOHHOCTD paboThI KOH-
Beiiepa 06ecreynBaeTCsT TAKTOBBIMU MMITYJIbCAME, TIEPUOJL KOTOPBIX T ONPEAEIAETCS
caMOil MeJIJICHHOII CTYIIeHbIO KOHBeliepa T; U 3a/lepPKKoil B aemenTe OydepHoil nams-
TH T): T = max (T, Ty ..., T,) + T, HecMoTps Ha TO 4TO BpeMs BLINOJHEHUS OIEPAIIH
YMHOXKEHWS JIJIT KaKJIOH KOHKPETHOH Mapbl COMHOXKUTENEN B KOHBEEPHOM YMHOKHU-
TeJjie He TOJTbKO He YMEHBITIAaeTcs], HO JIa’ke HECKOTBKO YBETIMUNBACTCS 32 CUET 3a/IePKeK
B GydepHOil maMsITH, TIPU MEePEMHOKEHUH MTOCIEA0BATEIBHOCTEH TTap COMHOKUTEIEH,
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JIOCTUTAEMBbII BBIMTDBIII BECbMa OIYyTHUM. ﬂeﬁCTBHTeﬂbHO, B KOHBeerpHOM YMHOKUTE-
se us k CTyneHefI IepeMHOKaeMbI€ TaHHbIE MOTYT ITO/[aBaTbCA Ha BXO/[ C MHTEPBAJIOM
Bk pa3 MEHbIINM, Y€M B CJIy4ae 0OBIYHOTO YMHOKUTEIA. B tom xe Temrre nosiBistIoTCst
1 pe3yJibTaThbl Ha BBIXO/€E.

Cxema KoHBeliepa JIerko MosKeT ObITh MTpUMeHeHa K MATPUYHBIM U JIPEBOBUIHBIM YMHO-
KUTEIAM. B MaTpUYHBIX YMHOMKUTEJISIX B KayecTBe CTYIleHM KOHBeliepa BBICTYIIaeT
Kavk/[asl CTPOKA MaTPUIIbl CyMMaTOPOB. B kauecTBe 1ipuMepa KoHBelepusalny MaTpuy-
HBIX YMHOKHUTENEH Ha puc. 5.43 MpHUBeieHa CXeMa YEThIPEXPA3PSIAHOTO YMHOKUTEST
Bpayna. YepHbMU MPAMOYTOJIBHIUKAMU 0003HAYEHBI TPUTTEPDI, 0Opasyiomire 6ydep-
HYIO [1aMATh.

Puc. 5.43. KoHBenepn3npoBaHHbI MaTPUYHbIA YMHOXUTENb BpayHa

KowBeliepusatiust MATPUYHBIX YMHOKUTEJIEH HA YPOBHE CTPOK CYMMATOPOB MOKET ObIThH
3aTPYIHUTEIBHOI U3-32 GOJBIIOrO YUCIA CTYTIEHEH U HeOOXOAUMOCTU BBEIEHUS B CO-
CTaB YMHOKUTEJSI 3HAYMTENBLHOTO KOJTMUecTBa TPUTTepoB. COKPATUTH UX YUCIO MOKHO
3a CUeT CAeAYIOIUX IIPUEMOB!

H O0TKa3a OT HUCIIOJIb30BaHMS M/IeM KOHBEHepU3aln MeKIY BXOJHBIMU cxeMaMu «I»
1 TIEPBOM CTPOKOH MTOJTHBIX CyMMaTOPOB;

B yBeJUYEHHEM BpeMeHU 00pabOTKI Ha KaskIoil CTYIEeH!, HATPUMED, MOKHO MTPUHSTh
€r0 PaBHBIM YIBOEHHOMY BPEMeHH cpabaThIBAHK MOJTHOTO CYMMATOPA,;

B OTKa30M OT (hOPMUPOBAHUS BCEX 7> GUTOB YaCTUUHBIX IPOM3BEACHUIT B CAMOM HAvaJie,
nepe/I epBoil CTYMEHbIO KOHBElePa, M BBIYUCIECHIEM UX [0 Mepe HeOOXOIUMOCTH Ha
PasHBIX CTYIIeHAX KOHBelepa.

B APEBOBU/IHBIX YMHOKUTEJSAX B KadeCTBE CTyHeHeI;'I KOHBeerpa BBICTYIIAIOT KaCKa-
JIbI CKaTusdA, TO €CTb 6oJtee KpylHble O6paBOBaHI/IH, 4YE€M B MAaTPHUYHBIX YMHOXUTEJISAX.
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HOCKOﬂbe KOJIMYECTBO KaCKa/[0B 3HAYUTEJIbHO MEHbIIE YHCJa CTPOK B MATPUYHBIX
YMHOKUTEJIAX, KOHBeﬁepHSaHHH APEBOBU/IHBIX YMHOXHTeHeﬁ 6oJiee IIprUBJIEKaTE/IbHA.
KOHBeﬁepHSI/IpOBaHHbIﬁ BapuWaHT /Ip€EBOBUHBIX YMHOHQI/ITGJIeﬁ IOoJIydaeTcAda n3 0OBIYHO-
TO IIyTEM pa3MEIieHUA 6y(1)epH0f/’I IMaMATU MEKAY COCEAHUMU KaCKaJlaMU CXEMbI.

PeKprI/IBHa'iI AekomMmno3uuusa onepaumum yMHOXeHUsd

Kax nipaBuJio, anmapaTHbie yMHOKUTEH, TIOCTPOEHHbIE HA PACCMOTPEHHBIX IIPUHITUTIAX,
MMEIOT OTPaHUYeHMe HA YNUCJIO Pa3PsI0B BBOJAMMbBIX YMCEJ. YMHOKUTEJb TOBbIIIIEHHON
Pa3psHOCTA MOXKHO TIOJYYUTh M3 MOJIyJIeld MEeHbINeNH pa3psiHOCTU, BBICTPAWBas TakK
Ha3BIBAEMYIO PEKYPCUBHYIO 0eKOMNOSULUIO onepauuu ymHoxcenus. Tak, 1is HOCTPOEHUsT
YMHOXKHUTES 8 X 8§ MOJKHO MCTIOJIb30BaTh YeThipe MOyJIst Thtia 4 X 4. Muosxknmoe A pas-
OuBaetcs Ha deThIpe crapiinx (A,) n yersipe Miaaamux (A,) paspsaa. Muoxuresns B ta-
KUM ke 00pa3oM pasbusaercs Ha yactu B, u B, Yerbipe Moyt TUIA 4 X 4 BBIYUCIISAIOT
COOTBETCTBEHHO I1poussesienusd A, x B, A, x B, A;x B,, A;x B, Ha Bbixogax mMoxyJieii
MOJTYYatoTCsT BOChbMUPA3PSIHbIE PE3YJIBTaThl, KOTOPbIE COOTBETCTBYIOT YACTUIHBIM TTPO-
usBezeHusiM B paspsiaax: 15-8, 11-4, cuosa 11-4 u 7—0. OkoHYATEJbHBIN PE3yTbraT
bopmupyeTcs yTeM CyMMUPOBAHUS 9TUX YEThIPEX YACTUUHBIX TTPOU3BEIEHUIT C y4EeTOM
UX TIOJIOJKEHUS B Pa3PSIAHON ceTke (puc. 5.44).

Puc. 5.44. [lekomno3unums onepaumm yMHOXEHUS

AdeneHue

Jlenenue HECKOIBKO GoJIee CI0KHAS OIlepallisl, YeM YMHOKeHNe, HO GasupyeTcs Ha Tex
JKe IpUHIMIAX. ECIu yMHOKEHUE BBIIIOJHSAETCS IIyTeM MHOTOKPATHBIX CABUIOB U CJIO-
JKeHUIL, To fesierue, Oyayun omepaiyeil 00paTHON YMHOKEHIIO, — I1yTeM MHOTOKPATHBIX
cABUTOB ¥ BblYnTaHUil. OCHOBY COCTaBJISIET OOIIENPUHSATBINA CIIOCOG JEJEHUST ¢ TIOMO-
B0 OTIEPaINii BErunTaHust (CI0KEHNsT) U caBura (puc. 5.45).
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Puc. 5.45. O6uiaa cxema onepauun geneHns
3ayava fesienus yncia A Ha 9ncsio B ¢BOANUTCS K BBIYUCAEHUIO YacTHOrO Q u octaTtka R:

A R
—=Q+—= A=QB+R;, R<DB).
S=Q+,  (4=Q )

Hemumoe A (a,, ,ay, , ... 4,a,) OOBIYHO IPEICTABISAETCS IBONHBIM CJIOBOM (271 Pa3psijioB),
nenurens B (b, b, , ... bb,), wactHoe Q (q, (4, o - G,q,) ¥ OCTATOK R (7, (7, 5 ... T\T})
MMEIOT Pa3psaHoCTb 7. IIpn esieHny APOOHBIX YMCes eJIMMOe MOXKET UMeTh (opMat
O/IMHAPHOTO cyioBa (7 paspsAoB). B ocTtanibHOM mporeaypbl Je/ieHus 1eJIbIX YUCeT 1
APOGHBIX YMCEJI MPAKTHYCCKH MICHTUYHBI, T09TOMY WJITIOCTPAIUS aJTOPUTMOB JeJIe-
HMSA HPUBOJUTCS Ha IIPUMeEPE 1eJIbIX YNCEL.

YacTHOE OT JIeJICHUST 21-Pa3PsITHOTO YHCJIa HA 7-PA3PsITHOE MOKET COJIepsKaTh GoJiee ueM
7 pa3psnoB. B aTOM cirydae BO3HUKAET TIEPENIOJNHEHNE, TIOATOMY Tepe]] BBITOJTHEHUEM
JieJieHusT HeoOXo/imMa TIpoBepKa. IleperonHenust He OYeT, eCJIU YUCII0, COAEPIKAIIEECsT
B CTapIIUX 71 Pa3psijax JAeTUMOT0, MEHBIIIE JeguTesss (71 MEIbIX YUCENT) WU IeTTAMOE
MeHble geantens (aas gpoOHbix yncesn). [ToMumo aToro TpebGoBanus, nepes HayaaoM
orieparui HeoGX0MMO UCKIIUUTD BOSMOKHOCTD CUTYAIK JesieHust Ha 0.

PeanmzoBaTtb AejieHrne MOKHO ABYMSA OCHOBHBIMHA crocobamu:

B C HENOABUIKHBIM /I€JTVMbIM W C/IBUTAEMbIM BIIPABO /ICJIUTEJIEM;
B C HEIIOABMIXHBIM JCJINTE/JIEM U CIBUTaCMbIM BJI€BO ACJINMbIM.

HepocTatkoM 1iepBoro crnocoba siBJIseTcs: TOTPEOHOCTh UMETh B YCTPOICTBE JEIEHST
CYyMMATOpP U PETHCTP ABOMHOW JyinHBL BTOpoil crnocob 1mo3BoJsier 000UTHCD Y3IaMu
OIMHAPHON JIJINHBI: HETIOJIBUKHBIN leinTeTh D XpaHUTCA B PETUCTPE OAUHAPHOU JIJIH-
HBI, a leTuMoe A, cZIBUTaeMOoe OTHOCUTEIBHO D, HAXOMUTCA B IBYX TAKUX XK€ PETUCTPaX.
Ob6pasyrotuecst U pbl YaCTHOTO Q 3aHOCATCS B OCBOOOKIAIOIIIECS [TPU ciBUTE A pas-
PSAIBI OJTHOTO U3 PETUCTPOB JIETTUMOTO.

Huxe na IIpuMepe yurcest 0e3 3HaKa paccMaTprBAIOTCA /iBa OCHOBHbBIX aJITOPUTMa 11€J10-
YHMCJIEHHOTO JAeJIeHuAd.

AeneHue ¢ BOCCTaHOBJ/IEHUEM OcTaTKa

Haubouee OYEeBUJIHBII AJITOPUTM HOCHUT Ha3BaHUE aJITOPHUTMa Oenenus ¢ HenooBuUNCHbIM
denumenem u soccmanosienuem ocmamxa. On IIPpUBOJIUTCS B CUJIY TOI'O, YTO O4Y€Hb I10-
XOK Ha O6IHerHHﬂTbeI c1ocob JleJIeHuA CTOJIOUKOM. ﬂaHHblfI AJITOPUTM MOJKET OBITD
OIIMCaH CJIeAYyIoInM 06pa30M.

1. Ucxomnoe 3HaveHne yactuaHOro octaTka (HO) momaraeTcst paBHBIM CTapIINM pas-
psiIaM JIeJIUMOTO.
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2. M3 YO BbranTaeTcs AeaUTENb U aHATU3UPYETCST 3HAK OCTaTKA.

3. Ecsu ocTaToK MOJIOKUTENBHBIN, TO JleieHue HEBO3MOXKHO, (hOPMUPYETCST TTPU3HAK
TIEePETIOTHEHUST ¥ TIPOTIECC 3aBEPIIAeTCs, B TPOTUBHOM cirydae YO BoccTaHABINBAETCS
yTeM IpubaB/IeHus JeJIUTeIs U IeJIeHIe IIPOAOJIKAETCH.

4. YacTUuHBI OCTATOK CABUIAETCs Ha OJMH Pa3psi/] BJIEBO, a B 0OCBOOOKIAIONIMICS IIPU
casure Maaami paspsa YO 3anocutces odepennast 1mudpa IeTuMOoTo.

5. U3 caunyroro YO BuUUTAETCS JEIUTETH U aHATU3UPYETCST 3HAK Pe3yJIbrara Bbl-
YUTAHUS.

6. Ouepennas mudpa MOLYJIS YACTHOTO PaBHA e/IMHUIIE, KOT/IA PE3YJIBTAaT BEIYUTAHUS TI0-
JIOKUTEJIEH, U HYJIIO, ecJii oTpuiiaresieH. B ocrennem ciydae YO BoccTanaBamBaeTcst
10 TOTO 3HAYEHUSI, KOTOPOE OBLIO 0 BHIYUTAHNL.

7. TlyukTtsl 4—6 1TOC/I€0BATELHO BBITIOJTHSIOTCS /IS TOJydeHUsT BCEX UMD MO s
YaCTHOTO.

Ha puc. 5.46 niokasaH mpoliecc JeIeHIsI ¢ BOCCTaHOBJIEHEM OCTaTKa, 3/1ech uncio 41 re-
JIUTCS Ha 7.

Puc. 5.46. Npumep geneHns ¢ BOCCTaHOBIEHNEM OCTaTka

HOeneHue 6e3 BOCCTaHOBJIEHUs OcTaTKa

HelIOCTaTOK OIMMCAHHOI'O aJITOPUTMA — HeO6XOlII/IMOCTb BBIIIOJIHEHWA Ha OT/IC€JIbHBIX IITa-
raX JOIIOJIHUTEJIbHbIX OHepaHI/IfI CJIOKeHUsA AJId BOCCTAHOBJIEHMA YaCTHUYHOI'O OCTaTKa.



212 MnaBa 5. OnepauyoHHbIe YCTPONCTBA

ITO0 yBeIMYMBAET BPEMSI BBITIOJTHEHUS [CJIEHISI, KOTOPOE, K TOMY K€, MOKET MEHSIThCSI
B 3aBMCHMOCTH OT KOHKPETHOIO COYeTaHusI KOZOB OIepaH/0B. B ¢ty ykazaHHbBIX TIPU-
YUH peasbHbIe AEeJUTENN CTPOSITCS Ha OCHOBE aJlFOPUTMa OelleHust ¢ Heno0euNcHviMm de-
aumenem 6e3 occmanosnenus ocmamxd. B nem myHKTbl 1—4 1 7 HOJIHOCTHIO COBIIAZAIOT
C COOTBETCTBYIOIIMMU ITYHKTAMK MPEABIAYIIETrO aJfOPUTMA JeJeHHs, a MyHKTBl 5 U 6
HUMEIOT CJIEAYIONLYI0 (hOPMYITHPOBKY:
1. U3 caBunyroro YO BBIYUTAETCS IETUTED, €CJIU OCTATOK MMOJIOKUTENEH, U K CIABUHY-
TOMY YaCTUYHOMY OCTATKY IIPUOABJISIETCS AEJIUTENb, €CIM OCTATOK OTPUIATEIbHBII.
2. Ouepennas 1udpa MOLyJIst YACTHOTO PaBHA €MHUIIE, €CJIM PE3YJIbTaT onepaiuu (CJao-
JKEHUsI WJTM BLIYUTAHUS ) TTOJIOKUTEJIEH, U HYJTIO, €CJIU OH OTPUIIATEJICH.

I[Tporecc meeHnss 6e3 BOCCTAHOBJIEHUST OCTATKA JJISI PaHee PacCMOTPEHHOTO MpHUMepa
JIEMOHCTPUPYETCs Ha pHC. 5.47.

Puc. 5.47. MNpumep neneHnst 6e3 BOCCTaHOBMIEHUS ocTaTka

AdeneHue uncen co 3HaKom

Kak u B ciiydae yMHOKEHUS, JleIeHUE YHCesI CO 3HAKOM MOYKET OBbITh BBIIIOJHEHO Iy TeM
nepexo/ia K abCOMIOTHBIM 3HAYEHUAM JIEJIMMOrO U JICJIUTEJIS, ¢ TIOCIEAYIONIMM IIPUCBOE-
HHIEM YaCTHOMY 3HaKa «ILIIOC» IPU COBIIANAIONINX 3HAKAX AEJUMOTO U AEJIUTENs Ju60
«MUHYC» — B IPOTUBHOM CJIydae.

Z[eJIeHI/IG quceJi, InpeAacTaBJA€HHbIX B IOIIOJTHUTEJIbHOM KO/J€, MOKHO OCYIIECTBJISAATH HE
Iepexosa K MOy JIAM. PaCCMOTpI/IM H€O6XOHI/IMI)IG UL 9TOTO U3MEHEHUA B aJITOPUTME
6e3 BocCTaHOBJIEHUA OcTaTKa. Tak Kak JleJIMMOoe U JeJINTeJIb He 0053aTeIbHO UMEIOT Oo/in-
HaKOBbI€ 3HaKH, TO JIENICTBUS C YACTUYHBIM OCTATKOM (HpI/I6aBJIeHI/Ie NJIN BbIYUTaHHE B)
3aBucaT oT 3HakoB YO u JleJINTEeJIA. Ecam atu 3nakn COBIIa/1aloT, TO B O‘IGPEI[HOP'I nure-
pannn AejieHuA IMporu3BOJUTCA BbIUUTAaHUE [AEJIUTEJIA, a oqepeaHOﬁ L[I/I(prI';I YaCTHOI'O
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Gyner 1. Ilpu pasupix 3uakax YO0 u gesaurens nocaeanuii npudasmasercs kK 40, u oue-
peanas mudpa vacraoro — 0.

ITo 3aBEPHICHUN AEJIEHUA MOJKET HOHalIO6I/ITbCH KOPPEKRIMA pe3yJibTaTa, 3aK/arovaionias-
Cs B YBEJIMYEHNUW YaCTHOI'O Ha €/IUHUILY. Takas KOppeRINA IIPON3BOAUTCA B CJAEAYIONNX
CJIydasix:

m A>0uB<0;
m A<0,B>0uR#0;
m A<0,B<0uR=0.

[Tpu cTaHAApPTHOM ONpEIeIEHUHN OTIEPAITH IeJIeHsT YacTHOoe (Q M 0CTaTOK R OTBevaioT
otHotenuio A = Q x B + R, tie ocratok ot penennst 0 < |R| < |B| . [Ipm Takom ompene-
JIEHWW BO3MOJKHBI IBa BU/Ia ocTtaTka. Harmpumep, pesybrar geienust —42 Ha —5 MOXKeT
ObITh MpecTaBaeH Kak —42 = 9 X (=5) + 3 wim —42 = 8 x (=5) + (—2), To ecTh OCTATOK
MozkeT ObITh 3 win —2. JIs onpegenentnoct B BM IpUHSATO, 4TO OCTATOK BCETIA IPUBO-
JIUTCS K TIOJIOKUTEIBHOMY YHUCJTY, TO €CTh €CJIU 110 3aBEPIIEHUN JIeJIEHUST OH OTpUIlaTe-
JIEH, K HEMY CJie[lyeT IIPUOaBUTh MOLYJIb JI€JIATEIs.

YCTpONCTBO AeneHns

PaccMOTPEHHBII aJITOPUTM JIeJIeHHUsT 63 BOCCTAHOBJICHHUST OCTaTKa MOKET OBITh peaiv-
30BaH C MOMOII[HIO YCTPOMCTBA, CXeMa KOTOPOTO TIPUBeIeHa Ha puc. 5.48.

Puc. 5.48. Cxema genenus no anropnutMmy 6e3 BOCCTaHOBIEHUS OCcTaTKa

[Tporieypa HaunHAETCsT C 3aHECEHWS NEJUMOTO A B 2n-Pas3psiIHbI PETUCTP IEJTUMOTO
(PrA), posb KOTOPOTO UCTIOJIHSIOT 1-pa3psiAHbiil peructp octatka (PrR) n n-paspsimubrii
peructp yactaoro (PrQ). B PrR sanocsrcs crapime paspsbt geaumoro (4,,), a8 PrQ —
miaqne (A,). demurens B 3anucbiBaeTcsd B n-pa3psanbiil peructp genurtens (PrB).
B cyeTuynk nuKIIOB, CAYIKAIIMIL IJIsT TTOZICYETAa KOJTIYECTBA MOJYIeHHBIX 1P YaCTHOTO,
TIOMeIIaeTcss UCXOHOE 3HAYeHUEe, PABHOE YHCJIY UTEPAIHii B IIPOIIELy e AeTeHUSI.

Ha kasknom mare cogepskumoe PTR 1 PrQ coBMecTHO caiBUTaeTCst Ha OJIMH Pa3psiji BJie-
BO. B 3aBucuMOCTH OT COYETAHMST 3HAKOB YACTHYHOTO octatka (7, ;) u geauress (b, )
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OIpe/IesIsieTCst 3HaUeHNe OYepeiHoil UG Pl YacTHOTO 1 TpebyeMoe JieiicTBIe: BhIYUTA-
HIe WK TTPUOABJICHIE JITUTENsS. SHAKN aHATM3UPYIOTCSI KOHTPOJJIEPOM B COOTBETCTBUN
¢ BbIpaskeHreM Iy ®by_y . Omepariiist BBIYNTaHUS 3aMEHSIeTCsT TPUOABIEHUEM JIEJTUTEIS,
B3SITOTO ¢ OOPATHBIM 3HAKOM ¥ MIPEICTABJIEHHOTO B JIOTIOJIHUTEIBHOM Kojie. V3MeHeHne
3HaKa U peodpasoBaHue B JOTOJHUTEIBHBIN KO/ PEATU3YETCS My TeM Mepeadn JeJIi-
TEJId Ha BXO/[ CyMMAaTOpa MHBEPCHBIM KOJAOM (I/IHBepTI/IpOBaHI/Ie O6€CH€‘{I/IBaIOT CXEeMbI
uckouaroiiero VMIJIV Ha oiHOM U3 BXOJ0OB CyMMATOpa) ¢ MOCJEAYIONUM 100aBIeHuEM
eIMHUTIBI K MJIaIIIeMy pa3psiy cymmaropa. Ouepeanas nudpa 4acTHOTO 3aIIChIBACTCS
B ocBoOOAMBIIMIiCA 1IpK caBure Muazamuii pasps PrQ. Cogepskumoe cueTdnka IMUKI0B
YMEHDbIMAETCA Ha €/ITUHUITY.

[Iponiemypa moBTOpsgeTcs 0 UCYEpIaHus BeexX MUdpP AeJUMOTO, O YeM CBUIETEIbCTBY-
€T HyJIeBOe COjIepKIMoe cueTunKa IukI0B. [fo okoHyanuu onepannu ejeHust 4yacTHoe
PACIIOIaraeTcst B PETUCTPE YACTHOTO, & B PETUCTPE OCTATKA OYET HAXOIUTHCSI OCTATOK
OT JIeJIeHUsI.

Ha 3akiounTessbHOM aTare, eciii 3T0 HeoOXOMMO, TPOU3BOJUTCS KOPPEKTUPOBKA MO~
JIy4EHHOTO Pe3yJIbTaTa, Kak 9TO IPelyCMaTPUBACT AJITOPUTM JIeJICHUS YUCeJl CO 3HAKOM
(11enm KOppeKIMyU pe3yJsbraTa Ha cXeMe He TOKa3aHbl ).

YcKkopeHue Lesio4YNCNIEHHOro AeNlIeHUs

CiiezryeT OTMETHUTD, YTO OIlEPAIlUs JIeJIeHUS [TPEIOCTABJISAET He CJAUIIKOM MHOTO IIyTei
JUUISL CBOCH ONTUMM3AIINN 110 BpeMeHU. TeM He MeHee onpe/iesieHHbIe BO3MOKHOCTH JIJIs1
yOBICTPEH NS JIeJICHUS CYIIECTBYIOT. B psijie carydaes adhhexT 1ocThraetes IpruMeHeHneM
AJITOPUTMOB, COKPAIIAIONIUX YUCJIO UTEPALlMii B TIPOIle/ype AeJcHs. YCKOpeHue Jelie-
HUST MOKET OBITh JOCTUTHYTO U 3a cYeT HoJiee COBEPIICHHON arapaTHoil peajinsanun
oneparu. Hawrydrme pesysisratbl 0OBIUHO JaeT codeTaHue 0OOMX ITUX MOAXOJIOB.
Huke paccmarpuBaiorcest HanboJiee pacipoCTPaHEHHbIE B HACTOSIIIEE BPEMSI METOJIBI
YCKOPEHUS OTlepalivy JIeJIeHUS.

Anroputm SRT

Csoe nazpanne aaroputm SRT [68, 132, 157 nosryum o hamusimsiv aBTopoB (Sweeney,
Robertson, Tocher), paspaGoraBiinx ero He3aBUCUMO APYT OT APyTa TMPUOIUIUTETHHO
B OJTHO ¥ TO JK€ BPeMsi. AJITOPUTM TIpeCTaBIsieT OO0 MopuduKaiuio nejenus 6e3 Boc-
CTAHOBJIEHUS OCTATKA, I/le Ha KayK/IOM IIare MOMUMO CABUTA YaCTUYHOTO OCTATKA MIPOM3-
BoJMTCS pubasieHne b0 Beruntanue gemress. B SRT-anropurve casur YO takke
MMeeTcsT B KaK/[01 NTePaIliH, OTHAKO CJIOKEHVEe WU BEIYUTAHUE, B 3aBUCUMOCTH OT TO-
syqatonierocss 4O, Ha OT/IETBHBIX ITIAraX MOKET HE BBITTOJHSTHCS, YTO, ECTECTBEHHO, 110-
3UTHBHO BJIMSIET HA OBICTPOICHCTRIE YCTPOICTBA JIETICHS.

AsropuT™ GBLT OPUEHTUPOBAH HA OTIEPAIMU HaJl MAHTUCCAMU YUCEJT C TIIaBaloleil 3a-
MATON 1 OIIMPAETCA Ha TO O6CTOHT€JH)CTBO, YTO MaHTHCCHI B TaKUX YHCJIaX HOPMaJIN30Ba-
Hbl. Briepeoie SRT-anroputm ObLI peain3oBad B Mol 91 BEIYUCIUTENbHON MATITHHBI
IBM 360. B nacrosiinee BpeMs OH IIMPOKO HPUMEHSETCS B O0KaX 0OpabOTKK YrCet
C IUTaBaoIIEH 3alsTOM, B YaCTHOCTH B MUKpoIIpotieccopax ¢pupmsi Intel.

CHaanIa PACCMOTPUM AJITOPUTM TIPUMEHUTEJIbHO K IOJOKUTEJTbHBIM I€JIbIM YUCJIaM.
[lenumoe tipesictaBisiercst (2n + 1)-paspsiiHBIM UKUCJIOM, a JIEJTUTENb — N-Pa3PSIHBIM.
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[Iporiemypa nesennst HAYMHAETCS € YAAJIEHUST B JIeJTUTETIE BCeX HYJIEH, MMPEIIECTBYIO-
IIUX CTapileil eJIMHUIE, TO €CTh C OfepaIuy, aHAJOTUYHON HOPMaJIU3aIU MAaHTHCCHI
B YMcJIax ¢ IuaBaioniei sansToil. ITo Toil ke aHasornu OyzeM B JajbHEHIeM yCIoB-
HO Ha3bIBaTh 9Ty OIlepalnio HopMasu3aiyei. Mckioyenne & mpeanecTByommux Hyaei
peajiM3yercst 3a cueT CABHra JeJUTeJst BJeBO Ha k paspsaoB. Ha anajornynoe 4uciio
PaspsIIoB BJIEBO C/IBUTAETCS U JieiMoe. Jlajiee BBITIONHSIOTCS 72 UTEPAIUi, B KOTOPbIX
BBIYHUCIIAIOTCS IU(PBI YACTHOTO ¥ YACTUYHbBIE OCTATKU. /[elicTBUS, BBITIOIHIEMbIE Ha i-i
UTepaLH, MOKHO OIMCATh CJIEAYIONINM 00pa3oM:

1, ecoiu 2ROV > B
g, =1 0,ecrm —B<2R"D <B
-1, ecan 2RUD <« _B

RY =2R™ —¢.B.

O6paTuM BHUMaHKE HA TO, YTO YACTHOE MPEJCTABISETCA B U3OBITOYHON CHUCTEME CUmC-
JieHus, rae nudpbl YacTHOTO MOTYT UMETD Tpu 3Hauenud: —1, 0, 1.

ITo 3aBepHICHUN BCEX 7 I/ITepaL[I/Ifl, €CJIU TIOCJIETHUI OCTATOK OTpulaTeJI€H, BbIITOJIHAETCS
KOPPEKRIHUA 9TOTO OCTaTKa U IMOJIYy4E€HHOTO 4aCTHOTO, JId Yero K OCTaTKy HpI/I68.B]IHeTCH
A€JINTEJIb, a U3 YaCTHOI'O BbIYNTAETCS €/IUHUIa C BECOM MJIQ/IIIIETO pa3pAa/a.

IMocienHuit MOMEHT B ajroputMe — mpeobpasoBanue 4acTHOTO u3 cuctembl {1, 0, 1}
B cucremy {0, 1}, TO ecTh B OOBIYHYIO IBOMUHYIO CUCTEMY.

Ha nipaxkTuke 510 BBIMBAETCS B CJAEAYIONLYIO TIPoIeaypy (ipu oObscHernn 6y1eM CCbi-
JIATBCS HA CXeMy AejieHus 0e3 BOCCTaHOBJIEHHUS OCTaTKa, IPUBEIEHHYIO Ha puc. 5.48).
[lesiumoe u fesinTeb, peICcTaBJIeHHbIe B IOTIOJHUTEIbHOM KOJI€, PA3MEIIAIOTCS B PErt-
ctpe sesumoro (PrA) u nemresst (PrB) coorBercrBento. JlanbHeiilve 1elicTBUS MOXK-
HO OIIKCATD CJIEAYIONUM 00Pa3OM.

1. Eciau B genurenie B umerorcst k npeuiecTByommx Hyei (npu B > 0) uiu npeziie-
ctBytonux eaunuil (pu B < 0), To MPOU3BOUTCS TIPEIBAPUTENbHBIN CABUT COIEP-
skumoro PrA u PrB BiieBo Ha k paspsios.

2. Hnaior0mgon—1:

L ecsin Tpu crapmue 1udpbl YacTuuHOro octatka B PrA cosmaznaior, To ¢; = 0 1 mpo-
U3BOJIUTCS CABUT COAEPKUMOTO PrA Ha OTUH Pas3psi/l BIEBO;

O ecom Tpu crapinue nudpbl yactuyHoro octatka B PrA ne cosnazmaiort, a cam 4O
oTpHUIaTeseH, To ¢; = —1, AesaeTcs cABUT COepsKUMOT0 PrA Ha ofinH paspsij Bie-
Bo 1 K YO npubapisieTcs AeanuTe)Ib;

[0 ecsiz Tpu crapuine nudpbl 4acTUYHOTO octatka B PrA He coBmajaior, a cam 4O
HOJIO’KUTEJIEH, TO ¢; = 1, BBITIOIHACTCS CABUT cojlepskuMoro PrA Ha paspsj BieBo
1 13 YO BblyuTaETCS ACMUTEND.

3. Eciam mocne 3aBeprienus myHKTa 2 0CTaTOK OTPUIIATENICH, TO TPOU3BOIUTC KOPPEK-
st (K 0CTaTKy IPUOGABJISIETCS ETUTENb, @ M3 YaCTHOTO BBIYUTAETCS CIIMHNTIA).

4. OcCTaTOK C/IBUTaeTCs BIPABO Ha k Paspsios.

Ornucannyio poleaypy UILIIOCTPUPYET IIPUMED, IPUBeeHHbII HA puc. 5.49.
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Puc. 5.49. Npumep geneHuvs uenbix yncen no anroputmy SRT

Ha nepBowm miare jijist yajieHust pe/iecTBYONUX HYJIEN IeJIUTeNb CIBUTAETCS HA JIBa
paspsijia BjaeBo. AHajiorndato rnoctymaior 1 ¢ YO, KoTopblii BHAYAJIE COBIA/IAET C JIeJIN-
MbIM. Jlasiee BBINIOJIHSAETCST TIPOLIEAYPA, OlMCcaHHas Bbilie B nyHkTe 2. Otepaius Bbi-
yuTanus B obecriednBaercss NPUOABICHUEM AETUTEISA C IIPOTUBONOJOKHBIM 3HAKOM.
[TockoJbKy 110 3aBepIIeHNH OllepaIii OCTaTOK OTPUIlaTesieH, IIPOU3BOIUTCS €ro Kop-
pekius myrem pubasaerrs B. Q1HOBpeMEHHO YaCTHOE YMEHbIIAETCs Ha eAMHUILY (9Ta
onepanus nokasana B cucteme {1, 0, 1}, B koTopoii npexacrasaeno vactnoe). Hakoner,
Ha TocJieiHeM Iare hopMa MpejiCTaBJIeHs] YaCTHOTO MEHSIETCSI — MEPEXO/IUT K Tpejl-
CTaBJICHUIO B CTAHIAPTHOU JBONYHON CHUCTEME.

B crangaprHoM asroputMe jiesieHusi 6e3 BOCCTAHOBJIEHHS OCTaTKa MOMUMO C/BUTA
B KQJK/JION MTepaIuy BBITOJHAETCA Olepalius CIOXKEeHWs UM BblunTanusd. B Bapuanre
SRT, B 3aBUCUMOCTH OT KOJIOB ONEPAH/IOB B OT/IEJIbHBIX UTEPAITHUSX, TOCTATOYHO TOTHKO
c/iBuUTA, 9TO, 6E3yCJIOBHO, YCKOPsiET mpotiecc jeserust. COrllacHO CTaTUCTHYECKUM JIaH-
HBIM, B CPEIHEM YHUCJIO CIOKEHUN U BBIYUTAHII IPU MCIIOJb30BAHUY ITOTO AJITOPUTMA
cokpamiaercd B 2,67 pasa.

npep,CTaBnel-me YaCTHOro B N30bITOYHOI CUCTEME CUYMCTIEeHUS

Haubouee PpacIipoCTpaHeHHbIE METO/bl YCKOPEHUHA OIlepallnn JAeJIEHUSA OCHOBaHbl Ha
IIPpUMEHEHNUN aJITOPUTMOB, I'/I€ YaCTHOE IIPEACTABJAECTCS B M30LITOYHOI cuUcTeMe cuuc-
JICHU . OqepeaHa;{ HI/I(bpa YaCTHOIO B M3OBITOYHOU CUCTEME CUYMCJIEHH, B 3aBUCUMOCTU



OnepaunoHHble YCTPONCTBA AJ1 Yucen B Gopme ¢ PUKCUPOBAHHOM 3anaTon 217

oT 6Ga3bl ATOI CUCTEMBI, COOTBETCTBYET JIBYM WJIH GoJiee 1iudpaM B IBOMYHOM MPE/ICTAB-
JIEHUW YACTHOTO, U JIJI BBIYMCJICHUS HY’KHOTO KOJTMYECTBA IBOMYHBIX 1IU(P 4aCTHOTO
U ocTtaTka TpebyeTcs MeHbliie uTepaiii. B To ke BpeMst peasusaiius Takoro Mojxoja
BeJIET K YCJOKHEHUIO almnapaTypbl AeIuTesid, B YACTHOCTH HA/ICTPauBaeTCd JIOTHKA
oTIpe/ieJIeHNs OTePallii, BBITIOJHAEMON B ouepeHol nutepaiuu. g aToii e B co-
CTaB YCTPOWCTBA JEICHUS BKIIOUACTCS CHEIMATbHAs TTAMATh, XPaHsIas TabIuIly s
onpeseseHrst HeoOXOAUMBIX JeiicTBUN (B 3aBUCMOCTH OT TEKYIeil KoMOuHAIMH 1P
B YACTHYHOM OCTATKe U jiejinTesie). TeM He MeHee BBIUTPBIIT B OBICTPOIEHCTBUN OKA3bI-
BaeTCs pelaoiuM MoMeHTOM. Tak, B MuKkpompoieccopax Pentium npu geseHun MaH-
THCC YhCeI ¢ IJIaBalonell 3amsaToil ucrnoabsyercs aaroputm SRT ¢ 6asoii 4 (Radix-4),
TO €CTh YaCTHOE CHAYAJIa BBIYHUCJISIETCS ¢ UcToJib3oBanueM 1udp —2, —1, 0, 1, 2 ¢ noce-
YoM TIPpeoGpasoBaHueM pe3yJsbrata K CTaHAapPTHOMY JABOMYHOMY MPEICTABICHHIO.
B atom BapuanTe BHIGOP OUepesHOT UGB PHI YACTHOTO TIPOUIBOAUTCS € TTOMOIIBIO TabJT1-
IbI, COCTOSTIEH U3 OTAETBHBIX CeKINi. KOHKPETHYIO CEKIIMIO ONIPENEIIIOT YeThIpe cTap-
mue 1udpsl genutens (Mocjie ero HopMaIu3aun). BXog1oM B CEKIUIO CaIy:KaT MIeCTb
cTapmux udp yacTuyHoro octarka. YO B KaxkI0M UTEpaIlMy CABUTAETCS HE HA OJIMH,
a Ha JiBa Pa3psia, TO eCTh YHUCJI0 UTEPAIMi cOoKpaliaeTcs: BABoe. B MuKkporipolieccopax
Nehalem u Penryn cupwmsr Intel geserne kax 1esibIx yncest, Tak 1 MAHTHCC YUCET C TIIa-
BalolIel 3aIAToll peanusyerca 6JI0KOM, HoIyuuBInuM Hassanue Fast Radix-16 Divider.
[TocKOMIbKY MCHOB3YETCsT CUCTEeMA CUUCAeHUs ¢ ocHoBaHueM 16, 6710k criocoben o6pa-
GaThIBaTh cpasy 4 6GuTa 3a TaKT, 6Iarogapst YeMy HOBbIE MUKPOIPOIECCOPHI BBITIONHIIOT
OrepaIiu JIeJICHUs TIEIbIX U BEIECTBEHHBIX YHCE MPUMEPHO B JiBa pasa ObicTpee, ueM
B PACCMOTPEHHOM BbIIIe BAPUAHTE, B KOTOPHIX UCIOJIb30Basoch ocHoBanue 4 (Radix-4)
1 32 OJIVH TaKT 06pabaThIBaINCh iBa GUTA.

AeneHune c UCNoJsib30BaHMEM Oonepauuv yMHOXeHUs

C nosiBieHreM OBICTPHIX MapaslIeJbHbIX YCTPOUCTB YMHOKEHMsT MATPUYHOTO U JIPEBO-
BU/IHOTO TUTIA TIPAKTUYECKYIO 3HAYMMOCTD B TIJIAHE YCKOPEHMUST OTePaIliy JeJIeHsI 0Ty -
YUJIU QJITOPUTMBI, T/l 9Ta OTEPAIUsl CBOAUTCS K YMHOKEHUSIM, CJIOKEHUSIM 1 CIBUTAM.
Cpeau Takux aJrOPUTMOB, TIPEKAE BCETO, CIeAyeT YIOMSHYTh aJroput™ lojaumMura
(Robert Elliott Goldshmidt) u anroputm Hsiotona—Padcona. Oba atux ajropurma
0COOEHHO YI00HBI TIPY [EJIeHUH TPaBUIbHBIX APOOEii, B YaCTHOCTHU TIPU JIeJIeHIN MaH-
THCC B ONEPaIMsX ¢ MIaBAIOIIe 3alsToi.

Anroputm lNnagwMmuta

ITOT AIrOPUTM CBOAUT OIIEPALIMIO JeJIeHUs IPABUILHBIX APOOEi K HOCIe10BATEIbHbIM
omeparuaM yMHOKeHUs. [IpefcTaBum omepanuio 1ejeHns B CIeAYIOMeM BUIE:

A AxFyxF xF,X..

Q:E_ BxFyxFyxFyx...

Ha xaxom 1are 4yucjanTesb 1 3HaMeHaTesIb YMHOXKAIOTCS Ha 04epeIHOI MOCTOSHHBIN
MHOXUTEIb F, Mpy 5TOM BeJUYMHA OTHOIIeHWsT He MeHsercs. IlocsenoBarenbHOCTD
MHOXKHUTesel F, BIOMpaeTcsi TakuM 00pa3oM, 4ToOBI Pe3yJIBTHPYIONNI 3HAMEHATEN b
CXONIUJICS K e/IUHUIIE:

BxFyxFxF,x..=1.
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Kax ciencrsue,

AxFyxF xF,x..=Q,

[TockobKy peub UAET O MPaBUIbHBIX APobsix, To 0 < B < 1, u B KauecTBe MEPBOrO MHO-
sxurend Fy npexnaraercsa npunath F, = 2 — B. Jlanee npolecc feleH1a CBOIUTCS K pe-
KyPPEHTHOMY BBIYMCJICHUIO OYepeiHOl orleHku yucanresns A, + 1, snamenatesns B; + 1
u ouepesiHOro MuoxkuTess F,+ 1:

A+1=AxF;B,+1=B,xF;F+1=2-B,,
rnei=0,.., kA=A B,=B.
BbrunciieHus IpeKpaniaoTcst Ha k-M I1are, KOra BbIIIOJTHUTCS YCJIOBUE |1— Bk| <SA(A —
00NYCMUMAas NOZPEUHOCTD GbIMUCTEHUIL).
ITpowToCTpUPyEM aJTOPUTM Ha TPUMEPE JICJICHUST IECATUYHBIX POOEH ¢ I0MyCTUMON
morperrHocThio Berancaennit A = 0,001, {ns A = 0,127 u B = 0,445 nipu 3agaHHO TI0-
0,127

0,445
Ta MOJKHO OIIHCATD CJEAYIOMNM 00pasoM:

TPEITHOCTH UMeeM Q = =0,285. /leseHrie B COOTBETCTBHH C aJITOPUTMOM [osmmmu-

A,=0127;  B,=0445  F,=1555 [1-0445=0585>4;
A, =0197,  B,=0692  F =1308
A,-0258,  B,=0905  F,=1095
A,=0283  B,=0991;  F,= 1,009

A, =0,285; B, =1,000;
TMocue 4-it urepanun (k = 4) ycioBre 3aBepIeHUsT BEIYUCIEHUI BBIIIOJHEHO, TIOITOMY
Q=A,=0,285.
Mertopn TosamvuTa MCIONb3yeTCs B yCTPOICTBe jeseHus MuKporpoieccopa Athlon
1 TIOCTIEIYIONIX MUKpoITpolteccopax (pupmbr AMD.

1-0,692|=0,308 > A,
f1-0,905/=0,095 > A,
11-0,991 = 0,009 > A;

f1-1~0,000<A.

Anroputm HeloToHa—PadcoHa

Nnes AJITOPUTMaA 3aKJIIOYA€TCA B 3aME€HE Oll€epallun AeJIEHUA Ha B YMHOKE€HNEM JI€JIN-

A 1
MOT0 Ha BEJIMYUHY, 0OPATHYIO IEJTUTENIO ( % ):Q= B = AXE . B arom carygae npobiiema

1
CBOJIUTCA K 3(1)(1)€KTI/IBHOMY BbIYMCJICHUIO E 38.[[8.‘{3_ penraeTca MeToJIOM Hpiorona—

Padcona myrem HaxoXk/1eHUS KOPHS YPaBHEHUS

1
f(X)=—-B=0,
(X) ™

1
TO ecTh X =— . PeneHue MOKeT GbITh MOJTyYEHO C TPUBJICUYEHUEM PEKYPPEHTHOTO COOT-

nomenus: X, = X;(2 — X, B). Hauanbnoe snauenue orenku X, 711 HOPMaJIM30BaHHOTO
nenuress (0,5 < B < 1) Beruncisiercs 1o dopmyite X, = 2,9142 — 2B. Beruucaenne X 3a-
BEpIIAETCsI, KOrAa GyeT BBIIOIHEHO yeI0BHe |Xiy — Xi| S A . Jlst 32-paspsiatbIx yncen
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00BIYHO JI0CTATOYHO YEThIPEX UTePaIliii, a 111 64-pa3psaubix — naTu. [109ToMy MOKHO
CUUTaTh, UTO PEATU3AIMS METOIA JIJIsl 71-Pa3PsIAHBIX Yhces TpedyeT 2LI092 nJ —1 omnepa-
1A YMHOKEHNS.

[t mamocTpanu MeTo/1a BOCIOJIb3YeMCsT TPUMEPOM W3 TIPEIBIIYINETO pa3iesia.

o= 0127, B, = 0,445; X, =2,024;
X, = 2,225; [2,225-2,024/=0,201> A,

1 ) y
X, = 2,247 |2,247 - 2,225/ = 0,022 2 A;

2 ) y
X, = 2,247; 2,247 - 2,247 = 0,000 < A;

374 ’

[Tocsie TpeTbeiil utepaiuu numeem %= X,=2247uQ=0,127 x 2,247 = 0,285.

YckopeHue BbIMUCIIeHUS YaCTUYHbIX OCTaTKOB

BoaMmoxHOCTH TaHHOTO TTOIX0/1a BeCbMa OTPaHWYEHbBI U CBSI3aHBI B OCHOBHOM C YCKOpe-
HUEM olepanuil cioskenust (Boruntanust). CrocoObl JOCTHKEHUST 9TOH e HUIeM He
OTJIMYAIOTCS OT TeX, YTO TPUMEHSTIOTCS, HATIPUMeP, TIPU BBITIOJTHEHUN YMHOKEHUST. ITO
pasIuYHble TIPUEMBI 17t YOBICTPEHUST PACIIPOCTPAHEHUS TePEHOCa, MAaTPUUYHbBIE CXEMBbI
CJIOKEHUS U T. 11

MaTtpuyHaa cxema geneHuvsi

JIJIst yCKOpPEHWs BBIYUCJICHUS YaCTHYHBIX OCTATKOB MOKET OBITh TIPUMEHEHA MaTPUYHAS
cxeMma [ 7], mokasanuas Ha puc. 5.50.

Puc. 5.50. MaTtpu4HOe yCTPOMCTBO AENEHMS 1 anroputmMa
0e3 BOCCTaHOBNEHNS ocTaTka
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B posu cTpok MaTpuilbl BLICTYHAIOT 7-Pa3psiHbIe MapajiesabHble CyMMaTOpbl. B kax-
JI01i CJIeIyIoIIel CTPOKE BBIUMCIISETCS 04ePeIHON yacTUYHbI ocTaToK. [lockobKy cxe-
Ma peayr3yer aJropUuT™ JieJieHrst 63 BOCCTAHOBJIEHUsT OCTATKa, CyMMATOphbl obecrieyn-
BalOT NpubAaBJIEHNE WU BEIYUTAHNE JEJTUTENS B 3AaBUCUMOCTH OT 3HAKA MTPEIBIIYIIETO
YO. Kak BUAHO U3 PUCYHKA, BBIUUTAHUE PEATUIYETCS TaK JKe, KaK 3TO OBLIO OMUCAHO
[PU PACCMOTPEHUH OTIEPAIMOHHOTO OJI0KA JIJISA CIOKEHMS U BhrauTanust (cM. puc. 5.15),
TO €CTh MyTeM MPUGABIEHUS JICJTUTEST, B3ATOTO ¢ 0OPATHBIM 3HAKOM U ITPEICTABICHHO-
O B JIOTIONIHUTEIHOM KOjie. Pe3yJIbTUPYIONie YacTHOE U OCTaTOK GY/yT MpecTaBie-
HBI B IOTIOJTHUTEIBHOM Kojie. OKOHYATENbHBIM OCTATOK He BCET/Ia BEPEH U MOKET HYXK-
JIaTHCS B KOPPEKITUH.

Herpynno 3amMeTUTh, 4TO cXeMe IIPUCYIIL JJIMHHBINA TPaKT paclipocTpaHeHus I1epeHoca,
YTO SIBHO HE CIIOCOOCTBYET COKPAIEHNIO BpeMeH U JiesieHst. TakiM 06pasoM, MaTpuaHoe
UCIIOJIHEHUE JIEIEHUST HEJIb3s CIUTATh 0UeHb a(hPEKTUBHBIM B IIJIaHe OBICTPOAEHCTRYS,
XOT$ JAHHBIN METOJl U BBIMTPBIBAET B CPABHEHUU C TPAJAUIIMOHHBIM YCTPOHCTBOM JleJie-
nug. OCHOBHOE IOCTOMHCTBO MAaTPUYHOM CXEMbl 3aKJIIOUAETCS B ee PeryJIsapHOCTH, YTO
YIOGHO TIPH Peau3aliy yCTPONHCTBA B BU/IE MHTETPATbHON MUKPOCXEMBI.

OnepauuoHHble YCTPOMNCTBA ANa Yymcen
B dopmMe C nnasaroLlen 3anaTom

Omneparuu Haj uncsaamu B opme ¢ mmaBaonieit 3ansaroit (I13) mmeroT cyniecTBeHHBIE
OTJIMYMS OT AaHAJIOTUYHBIX ornepartnii B hopMe ¢ PUKCUPOBAHHON 3aTISITOM, TO3TOMY MX
00BIYHO PeaT3yoT ¢ MOMOIIBIO CAMOCTOSTETBHOTO ONEepal[MOHHOTO yeTpoiicTBa. Kak
u nienouncaennoe OIIY, onepammonnoe yctpoiictBo At unces B hopme 113 kak munN-
MYM JI0JGKHO 00eCieYrBaTh BHIMOJHEHHE YeThIPEX apu(MMeTHIecKUX AeiCTBII: CI0Ke-
HUS, BBIYUTAHWS, YMHOKeHUS 1 iesiennsi. Kpome Toro, B Takux OIlY B kavecTBe cTaH-
JIAPTHOM Mpe/lyCMOTpEeHa TaKsKe OTiepaIist U3BJIEYCHIS KBaJIPATHOTO KOPHS.

TMocse mpunsitust crangapra IEEE 754 HermacHbiM TpebGoBatueM Ko Bcem BM siBiistet-
cs1 obectieueHre orepaluil ¢ YUCIaMu, TIPECTaBIeHHBIMU B (hOpMaTax CTaHaapTa. JTo
TpebOoBaHIe HE MCKIIOYAET UCIOIb30BAHUS B KOHKPeTHO BM Tak:ke uHbIX (hopMaToB
yrcest ¢ [13, 4To 0OBIYHO CBSI3aHO € COXPAHEHUEM COBMECTUMOCTH € TIPEBILYIIIUMEI MO-
JIeJISIMYA TAHHOH BBIYMCITUTETbHON MAITUHBI.

Hamomuum ocuoBuble moJioxkenust 3anucu yuces B crangapre IEEE 754 (puc. 5.51).
MaHTHCCBI YUCET M PEACTABISIOTCS B HOPMAJIU30BAHHOM BUJIE, IPU HTOM JEHCTBYeT
[IPUEM CKPBITOTO Paspsijia, KOrja crapimasi udpa MAaHTUCCHI, BCET/[a PABHAS €[MHMUIIE,
B 3aIIUCH YUCJIA OTCYTCTBYET, TO €CTh B TI0JI€ MAHTHUCCHI CTAPIIEN SIBJISIETCS] BTOPast 1ud-
pa HOPMATM30BAHHON MAHTUCCHL

B or/une ot 061enprHATOro yeaosus Hopmanusaun Y2 < |m| < 1, 8 crangapre IEEE 754
ucnonbsyercs ycaosue 1 < |m| < 2.

3arnmnck yncsia CofeP;KUT CMETEeHHbIH MOPSIOK, TO eCTh TIOPS/IOK, YBeJNYEeHHBIN Ha Be-
JUIUHYy cMmerenusi, koropoe B crangapre IEEE 754 nist omuraproro gopmara paBHo
127, a st nBoiinoro — 1023.
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Puc. 5.51. lNpeacTtasneHne ynucen B popme C nnasatoLLen 3andaTor No CTaHaapTy
|IEEE 754 (oanHapHbIn popmar)

C y4eToM mepevrcieHHbIX 0COOEHHOCTEH, apu(hMETHUECKYI0 OMEPAIIUI0 HAJl YHCTAMU
B (hopMe ¢ 11aBalolei 3amsToi MOKHO 3a11icaTh B BUJIE

+m, 2Pz = (+my 2Px) O (zm, 27),

Tie My, My, M, — HOPMATM30BAaHHbIE MAHTUCCH! OIIEPAH/IOB U PE3YJIBTATa; Py, Py, Py —
CMEII[EHHBIE TIOPSIJIKU OIIEPAHIOB M Pe3yJbTaTa; ¢ — 3HaK apudMETUYeCKON onepainm.

[Ipu BBIMOMHEHUN aprPMETHYECKUX OTIEPAIIMH CJEYET YUUTHIBATH Psii 0COOEHHOCTEH
crangapra. Tak, TOCKOJBKY HYJEBOE 3HAYCHUE HE MOJKET OBITh TIPEACTABICHO B HOpPMa-
JIM30BAHHOM BHUJE, OHO 0003HAYAETCS KOJOM, COACPIKANIUM HYJIU BO BCEX MO3UITHSIX,
3a UCKJIOUYeHreM To3uinn 3Haka (npeaycmorpensl 3Hadenus +0 u —0). Crertnanabibie
KOJIbI MICTIOJIb3YIOTCSI U JIJIsSI TIPEJICTABIEHUST 3HAUEHUH £ oo, a TaK)Ke HEONPEeAeTIeHHOTO
pesyibraTa, 00bruHo HasbiBaeMoro NAN (not a number). NAN npumensior aust 0060-
3Hauenus, nanpumep, 0/0. B ciydae mosBieHns 0JHOTO U3 3TUX 3HAYECHUN B KayecTBe
orepanzia apuGMeTHUECKOIT OTIEPAIINH, PE3YJIBTAT €€ OIIPEIEISETCS TI0 TIPABUIIAM, TAKIKE
SIBJISTIOTIIUMCS 9acThio cTanaapra. Hampumep,

B o0brunoe yncao / (+e0) ==+ 0;
B (+ =) X 06BIYHOE YHCIIO = + oo;
m NAN + o6pranoe yncao = NAN.

CHGHI/IaJIbeIe KO/ZIbI ITIO3BOJIAIOT BMECTO OCTaHOBKU BBIYKCJIEHUIL OTTAHYTDH IIPpUHATHE
penieHnsda 10 KOHIlA BbITIOJTHEHMW A Ollepalnm.

HpI/I BCEX pa3jiniuAX B BbIITOJIHEHUN Pa3HbIX apI/I(bMeTI/I‘{eCKI/IX onepaunﬁ IIOATrOTOBU -
TeJIbHBIN U 3aKJIIOUUTE/IbHBIN 3TAIlbl BO BCEX CJIydasx NpaKTU4YeCKH COBIIa/lIalOT, B CUJIY
4YEero paCCMOTPUM HX OTAEJIbHO.

MoaroroBuTeNbHbIN 3TanN

IIepBoil 0COGEHHOCTHIO ONEPALMOHHBIX YCTPOMCTB AJIS YKCe ¢ IJIaBaloulell 3amaToi
ABJISETCS TO, YTO B HUX ONEPAIlMU HAJl TpeMs cocTaBisommmu uncen ¢ 113 (3nakamu,
MaHTHUCCAMU U TOPSITKAMU OTIEPAH/IOB) BBITIOMHSIOTCS Pa3ebHO: GJI0KOM 06paboTKN
suakoB (BO3), 6iaokom o6paborku nopsaakos (BOII) u 610koM 00pabOTKU MaHTHCC
(BOM). /lna xpanenus orepangioB u pesyasrata B OITY npemycMoTpensl cooTBeT-
CTBYIOIIUE PETUCTPHI. XOTSI 3T PETUCTPBI MOTYT OBITH (DU3MUECKU PeATTM30BAHbI B BU/IE
eIMHBIX YCTPONCTB, KAKIBINH M3 HUX JIOTMYHO PAaCCMATPUBATh KaK COBOKYITHOCTH TPeX
PErUCTPOB: 3HAKA, MOPSIIKA M MAHTUCCHI. TakuM 06pa3oM, Ha HTalle 3arpy3Ku OTepaH-
1oB B peructpsl OITY ocyIecTBisieTcs: «pacnakoBka» umncen ¢ 113 — pasbuenue Ha Tpu
cocrapisone. B xoze TakoW pacliakoBKU B CTapIieM pas3psiie Perucrpa MaHTUCCHI
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BOCCTAHABJIMBAETCS €IMHUIIA, KOTOPAs B 3aIMCH YUCJIA OTCYTCTBOBaA (ObLIA CKPBITA).
Ecam onepanpl mpezictaBieHbl B OJJHOM M3 JIOTIOJHUTEIbHBIX (DOPMATOB, TIPELYyCMO-
tpeHnbix B crangapre IEEE 754, onn npeo6pa3syiorcst BO BHyTpeHHUI (opmaT orepa-
IIMOHHOTO YCTPOHCTBA.

Ha nmpezBapuTesibHOM aTare BHIIIOTHSIETCS TAKKE TPOBEPKA HA COBIIA/[EHIIE KOIOB OTHO-
0 MK 0O0UX OTIEPAHIOB CO CIEIUATBLHBIMHU KOJAMU, 0003HAYAIONINMU TAKKE SHAYCHIS,
kak * 0, £ oo i NAN. DT0 1103B0JISIET UCKIIOUNTH HEHYKHbIE oTiepanuu. Tak, B oriepa-
IUSIX YMHOKEHUS U [IeJIEHVs, €CJIU HYJII0 PAaBHBl MHOKUTEb, MHOKIMOE UJIH JeJTUMOE,
B KaueCTBe Pe3yJIbTaTa Cpa3y e MOKHO TPUHATH HyJeBOe 3HAYEHMe, 0O0UIsT TPe/IIi-
CaHHbIE TAHHBIMY OIIEPAIISIMU IeVCTBUSL.

3akJ/ounTesnibHbIA 3Tan

JleiicTBMs Ha 3aBepLIAIONIEM Talle BHIIOJHEHUs JI000I aprudMeTHuecKoil omepaium
UJIEHTUYHBI U CBOJSTCS K BBISBJIEHUIO U YUYETY UCKIIOUeHUL, HOPMATU3AIIMY MaHTHC-
CBI, OKPYTJIEHUIO MAHTHUCCHI U «YTIAKOBKE» COCTABJIAIONINX Pe3yJbTata (3HaKa, MopsIIKa
1 MAHTHUCCHI).

Crauasa OCTAaHOBMMCST Ha y4eTe MCKJIUYeHWH. Tak MPUHSATO HA3bIBATh «HEIITaTHbIE»
CUTYaIM’, BOSHUKAIOIIME B IPOTIECcCe BHITTOTHEHMS OTlepaIliy UJIN B TTPOIIeCCe TTPe/ICTaB-
JIeHUs1 pe3yJibTaTa B CTaHAapTHON hopMme.

HepBaH TaKasd CUTyallus CBsdA3aHa C HYJEBbIM 3HAYCHUEM MAaHTHCCBI, KOTOPOE MOJKET
TIOJIYYUTBCA B PE3YJIbTaTe OIEpaIinu. B stom CJIyda€ MMEET MECTO CUTyalus nomepu
SHAYUMOCTMU MAHMUCCHL NN adHmMunepenoineiiue, 1 pe3yabraT onepain MpuHUMacTCA
PaBHBIM HYJIIO. 10 O3Ha4Ya€T, YTO HOPMAJINU3AITUI0O MAHTUCCHI IIPOU3BOJUTD HE HY/KHO,
a Pe3yJibTaT MOKHO Cpady IIPEJICTaBUTH CIICIUAJbHBIM KOJIOM 0c COOTBETCTBYIOIINM
3HaKOM.

Pesyasrarom apudmernyeckoii omepaum MOXeT CTaTh YUCIIO0, TOPSAI0K KOTOPOTO TIpe-
BBITIIAET HANOOJIbINEe BOSMOKHOE 3HAYEHUE, KOTOPOE MOKHO 3aIlHCATh B MOJIE TIOPSIIKA,
TO €CTb UMEET MECTO nepenonnenue. Takasg cUTyalus MOXKET, HAlIpUMep, BOSHUKHYTH
IIPU CJIOKEHUU MAHTUCC C OJJMHAKOBBIM 3HAKOM WJTM BBIYMTAHUM MAHTUCC C PAa3HBIMU
3HAKaMU, KOT/Ia Pe3yJIbTUPYTONas MAHTHCCA He YKJIAIBIBACTCS B ITOJIEe MAHTUCCHI. B aTOM
cJIydyae MaHTHCCA Pe3yabTaTa CIBUTACTCS BIIPABO Ha OJIMH Pa3psijl, & MOPSIOK Pe3yabTaTa
YBEJTMYUBACTCS HA €IUHUILY, YTO, B CBOIO OYEPE/ib, YPEBATO MEPEIOTHEHUEM TIOJIS T0-
psizika. TIpu BOSHUKHOBEHUH TIEPETIONHEHNST B KAUECTBE Pe3yJbraTa GepyTest Crernaib-
HBIE KOJIBbI, 0003HAYAIOIIHE +oo UJTH —oo (B 3aBUCUMOCTHU OT 3HAKA MAHTHUCCHI), U (DOPMHU-
pyeTcst TpU3HAK 1epenoiHenus..

[Ipu nonyuennu pesysbrara tuia NAN popmupyercs npusHak «Henpasuivias onepa-
yus». Takoe BO3MOXKHO, HAIIPUMEP, B CJIEIYIONUX CIydasdx:

m Croxenue: (+ ) + (= );
B YMHOXeHUE: 0 X oo

m /[leneuue: 0/0 i oo /o0;

m KBajparHblii KOpeHb: Omnepang < 0.
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[Ipu oIy YeH N «HOPMATIBHOTO» PEe3yJIbTaTa OUePEIHBIM MIATOM 3aKII0YNTETHHOTO ITa-
Ma ABJIsIeTCs HOpMau3ais ManTrccbl. OHa CBOAUTCS K MOCJAEIOBATEIBHOMY C/ABUTY
MaHTHCCBI BJIEBO JIO TeX MOP, TOKa CTApPIIyIO MO3UIMIO He 3aiiMeT eaunuia. Kaskabiit
CIIBUT COTIPOBOKIAETCS YMEHbIIEHUEM Ha eJIMHUILY TIOpsiika pesyJibrata. MHoraa ¢ re-
JIbIO YCKOPEHUS TIPOTIecCa HOPMATHMBAIUH OTIePAI[HOHHOE YCTPOHCTBO COAEPKUT CXEMY
onpe/IeIeHNst KOJIMUEeCTBa HyJIei, TPe/IecTBYIONMX CTapIieil eMHuIe MaHTHCCHL. Ecan
KOJIMYECTBO TAKUX HYJIEH PaBHO &, TO MAHTHCCA C/IBUTAETCS BJIEBO CPa3y Ha Rk paspsiios,
a TIOPAZIOK Pe3yJIbTaTa yMeHbInaeTcs: Ha k. 113-3a TOTo, 4TO MpU HOPMAJU3AIIUHU TIOPSI-
JIOK Pe3yJIbTaTa YMEHBIAETCsA, OH MOXKET CTaTh OTPUIATEIbHBIM, UTO JIJIsi CMEIEHHBIX
MOPSZIKOB CBUAETEILCTBYET O MOJIYYEHUN YKCJIA, HEMPEACTAaBUMOTO B IaAHHOM (hopMmare.
B rakoii cutyanuu pesyasraT IPUHUMAETCS PABHBIM HYJIIO, 3aMEHSETCS COOTBETCTBYIO-
UM CIIENUATBHBIM KOJIOM, U OJIHOBPEMEHHO (POPMUPYETCst TPUSHAK ROMEPU SHAUUMO-
cmu nopsoka.

Cuaenylomuil mar 3akJ04YUTeIbHOTO dTalla — ycedeHue WU OKpYyIJieHue pe3dyJibTra-
Ta, CBA3aHHOE C MPeoOpa3oBaHueM 3HAYEHUH, TIPEACTABIEHHBIX C TIOBBIIIEHHON TOY-
HOCTbBIO, B (hOpMaT MeHbllIell TOYHOCTH, UCII0JIb3yeMblil IIPU XpaHEHUN 1,/ 11 BbIBO-
ne pesyabrara. OKpyrienue MOKeET MOBJIeYb HEOOXOMMMOCTD €llle OJIHOTO CIBUTA JIJIsI
yCTpaHeHud IIeperoHeH sl MaHTUCChl U KOPPEKIUHU IIOPS/IKa CO BCEMU OIHCAHHBIMU
paHee I1OCJIe/ICTBUSAMU.

Jlasee 13 HOpMATM30BAHHON MAHTUCCHI YAAJISETCST CTAPIINNA Pa3psil, KOTOPBIN JIJIsT BCEX
yuces (KpoMe MTPeICTaBIeHHBIX CTIeITNaTbHBIMU KOZIaM1 ) paBeH efquauIie. OTMETUM, YTO
B crauzapre IEEE 754 111 moBbIlIeHsT TOYHOCTHU MPEACTABIEHUST MATEHbKIX THCET
MOKET MCII0JIb30BAThCS HEHOPMAN30BaHHAS 3aIIICh MAHTHCCHI, T/Ie CTapIIas emHUIA
He ynassieTcst (He CKpPbIBAeTCs ).

B nocenneii dhase, ecaiwt pe3yabTaT He OTHOCUTCS K CIIETIMATbHBIM, OCYTIECTBISETCS

«yTIaKOBKa» BCEX €TO COCTABJISTIONNX (3HAKA, MOPSIKA M MAHTHICCE), TIOCJIe 1eTo chop-
MUPOBAHHBIN PE3yJIBTAT 3aHOCUTCS B BBIXOIHOM peructp OITY.

CnoXxeHue u Bbl4ynTaHue

B apudmernke ¢ maBaiolei 3amaToi cioKeHre U BluuTanne — 0ojiee CA0KHbIE OlIe-

parim, ueM yMHOKeHe 1 gesierre. OOycIoBICHO 3TO HEOOXOAMMOCTBIO BBIPABHUBAHUST

MOPSIIKOB OTIEPAH/IOB. AJITOPUTM CJIOKEHUST M BBIUUTAHUS BKIIIOUAET B ceOS CIIEAYIONINE

OCHOBHbIE (ha3bl.

1. TloxroroBurebHbBII STAILL

2. Omnpenesenue onepanja, UMEIONEr0 MEHbIIUI TTOPSI/IOK, U C/BUT €70 MAHTHUCChI
BIIPABO HA YMCJIO Pa3PsI/IOB, PABHOE PA3HOCTHU TIOPSIKOB OTIEPAH/IOB.

3. IlpupaBHuBaHMe MOPAAKA Pe3yJabTaTa OOJIbIIEMY 13 MOPSIAKOB ONEPaH/IOB.

4. CuojkeHue Ui BIYMTAHUE MAHTHCC U OIIPeJieJieHne 3HaKa Pe3yJibrara.

5. 3axIIounTeTHHBIN 9Tal.

CTpyKTypy YCTPOUCTBA /7SI CTOKEHUS/BBIUUTAHUS YHCE C TIJIaBaloNIel 3amsaTon ui-
gioctpupyert puc. 5.52 [126].
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Puc. 5.52. CTpyKkTypa yCTPONCTBA CNOXEHWS/BbIYNTAHUS YACEN C NAABAIOLLEN 3anaTon

YCTpOMCTBO CIOXKEHUSA/BBIYUTAHUA COCTOUT U3 CyMMATOpa JIJIsI CJIOKEHUS BHIDOBHEH-
HBIX MAHTHUCC U CXeM, 00eCedrBaIoNuX OMepalii CO 3HAKAMU U TOPSIKAME OTIepaH-
JIOB, TIPE/IBAPUTEIIBHBIN CABUT MAHTHUCC (1pecdsuz) TIPU BHIPABHUBAHUY MAHTHUCC, C/IBUT
MaHTHCCHI pe3yJibrara pu HopMaiusanuu (nocmedeuz), GOpMUPOBAHKE CHEIUATbHBIX
ko710B (0, oo 1 T. 11.).

[TocJie 3aBepIeHUs MTOATOTOBUTEILHOTO ATATA OCYIECTBISAETCS TaKOE MpeobpazoBaHme
OJTHOTO M3 MCXOHBIX YKCEJ, YTOOBI TIOPSAAKA 060X OMEPAHIOB CTAIN PaBHbL JIjist 1mo-
SCHEHUS PACCMOTPUM IIPUMeEP CIIOXKEHUS IecATUYHBIX unced ¢ [13:

123 x 10° + 456 x 102

OueBnIHO, YTO HENOCPEACTBEHHOE CJAOKEHNE MAHTHCC HEAOMYCTUMO, TIOCKOJIBKY 1u-
PbI MAHTHUCC, UMEIOIINE OIIHHaKOBbIﬁ BeEC, IOJIKHBI PAaCIIOIaraTbCA B 9KBUBAJIEHTHDIX 110~
aunusx. Tak, nudpa 4 Bo BTOpOM YHUCJIe A0JKHA CYMMUPOBATLCS € 1IU(POIi 3 B IEPBOM.
ITOro MOKHO 0OUTHC, €CIIN 3AIUCATh BTOPOE YMCJIO TaK, 4YTOOBI HOPSAAKU 000UX YHCe
ObLIN PaBHBI:

123 x10°+ 456 x 1072 =123 x 10° + 4,56 x 10° = 127,56 x 10°.

BI)IpaBHI/IBaHI/IH TOPAAKOB MOHO JOCTUYDL C/ABUIOM MAHTHCCblI MEHBIIETO W3 YHNCEJI
BIIpaBO, C O/ITHOBPEMEHHBIM YBEJIMYEHUEM TTOPAJIKA 9TOIO YHrCJIa, 6o CABHUTOM MaHTU-
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cChbI GOJIBIIIETO U3 YUCEJT BJIEBO U YMEHbIIIEHUEM ero Topsiika. O6a BapraHTa COMPsKEHbI
¢ ToTepeii iudp MAHTHUCCHI, HO BHITO/IHEE CABUTATh MEHbIIIEE U3 YUCEJ, TAK KAK IIPU ATOM
TEPSIOTCST MJTAJIIIINAE PA3PsIIbl MAHTUCCHL. TakuM 06pa3oM, BbIpAaBHUBAHUE MOPSIIKOB
OTIEPAHJIOB PEAIU3YETCST ITyTeM CABUTa MAHTHCCHI MEHBIIIETO U3 YHCET HA YUCJIO Pa3psi-
JIOB, PAaBHOE PA3HOCTHU MOPSIIKOB (TaKOW CABWT YACTO HA3BIBAIOT TpecaBUTroM). B kave-
CTBe TIOpsijika pesyJibrata Gepercst GOJbIINN U3 MOPSIIKOB onepaHuoB. s sxoHOMUN
0060pyIOBaHUST BO3MOKHOCTD MTPEC/IBUTA YACTO 00ECTIEUNBAETCS TOJIBKO JIJIST OJIHOTO U3
oriepan/ioB (MEPBOTO UM BTOPOTO), IIPU 3TOM BO3MOKEH B3aMMHBII 0OMEH MECTAMU CO-
JEPAKUMOTO PETUCTPOB MAHTHCC. DTO 06ECTeUNBACTCS GIOKOM CEJIEKTUBHOTO JOTOJHE-
nus u nepecranosku (C/IIT).

Cuenyromras aza — cyiosKeHIe MAaHTHUCC, OCYIIECTBIISIEMOE C ITOMOTI[BIO TTAPAJLIETHHOTO
CYMMAaTOPa,/BBIUUTATEIS, AHATIOTUYHOTO CYMMATOPY IJIsT Ynces ¢ (GUKCUPOBAHHOI 3a-
msaroit (em. puc. 5.15). ITockosbKy B IIpoliecce MpecaBura MIaiiie pa3psabl cBUTae-
MOl BIIPaBO MaHTHCCHI MOTYT OBITH TTOTEPSHBI, Pa3PSAHOCTH CYMMaTOPa OOBIYHO 60JTb-
1€ Pa3psITHOCTH MAHTHCCHL. JTO TTO3BOJISIET BOCCTAHOBUTD «BBITOJIKHYThIE» PAa3PsIIbl
B XO/le HOPMAJIN3ANNY pe3yJibraTa (IIPU HOPMATHU3AIMI MAHTUCCA Pe3yJIbTaTa CABUTA-
€TCSI BJIEBO).

CroxeHne MaHTHCC TTPOU3BOJNTCS C y4eTOM WX 3HakoB. [Ipm ciokenun omepaHmos
C OJIMHAKOBBIMU 3HAKaAMU MUX 3HAK B TPOIlecce CyMMUPOBAHUS UTHOPUPYETCS W TIPO-
CTO 100ABJSAETCS Ha 3aKII0YUTENLHOM dTare. Eciu ofuH U3 onepaHioB OTpUIATEICH,
TO €ro MaHTHCCA J0JIKHA ObITh IIPEACTaBIeHa B JJONOJHUTENLHOM Koje. Takoe 1mpeos-
pasoBanue ocyniectsisercs 6okom CJITI. Kak u B cirydae pecaBura, IJisi 9KOHOMUK
060pyI0BaHKUST BO3MOKHOCTh TIPEOOPasOBaHUs B JOMOJHUTEIbHbIN KOI MOKET ObITh
MpelyCMOTPeHa TOJIBKO JIJIST OJTHOTO M3 OTepaH/ioB, HarpuMep it BToporo (V). Ecan
oTputiaTeseH nepsbiii onepans (—X), TO ero 3HaK UTHOPUPYETCS, U BBITIOTHSIETCS BbI-
YUTaHWe, YTO MPUBOANT K pe3ynsraTy X — Y Bmecto —X + Y. Pagauiia B 3HaKax yYuThI-
Baercst B GJIOKe yrpaBjieHus U joruku 3Haka (YJI3) mpu onpeaeseHnn MpaBuaIbHOTO
3HaKa pe3yJbraTa.

Tak kak cyMMUPOBaHUE MAHTUCC MPOU3BOIUTCS B JOTIOTHUTEIBHOM KOJIe, & B 3aITUCH
YKCTa ¢ TTABAoIIell 3aMaTol MaHTHCCa IOJKHA OBITh TIPEJICTaBICHA B IIPSIMOM KOJIE,
TO B CJIydae OTPUIATEbHON MaHTUCCHI Pe3yJibraTta OHa JOJUKHA ObITh TpeodpasoBaHa
B psaMoii ko1, Takoe nnpeoGpasoBanue Takxe obecneunsaer YJI3. Kpome Toro, ¥JI3 or-
BeyaeT 3a BIOOPOUHOE (CeJIeKTUBHOE ) IIPeobpa3oBaHue B JOMOJHUTEIbHbBII KO OJHOIO
13 OTEPAH/IOB U OTIPeIeJieHUE 3HAKA PE3yJIbTaTa B 3aBUCUMOCTHU OT BBITIOJIHSAEMOI O11e-
paruu (cyioKeHne NI BBIYUTaHue).

IIpouexypy BbIpaBHUBAHMA HOPSAIKOB U CAOKEHUA MAHTHCC I/ CIydast py > py Gop-
MaJIbHO MOJKHO OIHCATh CJEAYIOIINM 00Pa3oM:

+m, qP7 = (Emy g™ )+ (Emy g™ ) = (=my g™ )+ (Emy /gPx P )gPx =
= (Emy £my /g™ )gPe =1m,q®,

rae g — OCHOBaHUE CUCTEMbBI CHUCIEHUA; My, My, 1M, — MAHTUCCDL, A Py, Py, P, — CMELIEH-
HbI€ ITOPAJAKHN OIIE€PaH/I0B 1 pe3yJibTaTa COOTBETCTBEHHO.

IIaJIee BBITIOJTHSIETCST ONTMCAHHBIN BBIIIIE 3aKIIOUNTETHHBIN HTAIT.
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B otymmune ot nieounciaeHHON apI/I(bMeTI/IKI/I, B oliepanuiax ¢ 113 cnoxenne u BeIYUTAHTE
ITPpON3BOATCA HpI/I6JII/I>KeHHO, TaK KaK ITPU BbIpaBHUBAHWUW ITOPAKOB MOJKET ITPOUCXO-
JAUTDb ITOTEPS MJIAIIITNX Pa3pAL0B OJHOTO U3 CJaraeMbIX.

YMHOXeHue

OIlY yMHOKeHUs YHCces ¢ TaBaronieil 3ansaToi (puc. 5.53, a) COCTOUT U3 yCTPOIiCcTBa
YMHOKEHUS yrces1 ¢ (hUKCUPOBAHHON 3aTISATOM /715 IEPEMHOKEHNS MAHTUCC U JIOTIOJIHU -
TEJLHBIX CXeM, 0OECTIEUBAOIIUX OMEPAIUHU C TOPSIIKAME U yUeT CIEIUATbHBIX 3HAYE-
uuit (0, co 1 T. /1.). [TOCKOJIBKY TOATOTOBUTEBHBIN 1 3aKJTIOUUTETbHBIN 9TATIBI JIJIST BCEX
apudMETHIECKIX OMePAINil IPAKTHYECKU OJJMHAKOBbI, PACCMOTPUM, IJIABHBIM 00Pa3oM,
ToJbKO Ty Yactb OITY, koTopas cBsizaHa ¢ COOCTBEHHO YMHOKEHUEM.

Puc. 5.53. CTpyKTypa yCTPONCTB YMHOXEHUSA U AENEHNS YNCEN C NiaBaloLLEN 3anaTon:
a — YCTPOMCTBO YMHOXEHUST; 6 — YCTPOMCTBO AeNeHns

3Hak TIPOU3BE/ICHYA ITOJIYIa€TCA C TOMOIIBIO OTIEPAIINU NCKJIIOYAIOIIETO WJIN nap 3na-
KaMU COMHOKHUTEJIEN.

[IpenBapuTenbHBIN MOPSIIOK Pe3yabTaTa BBIYUCISETCS CYMMUPOBAHUEM TIOPSIKOB CO-
muoskutesneit. Tak kak B crangapre IEEE 754 mcmob3yeTcst CMEIeHHbIH TOPSIIOK, TO
B TIOJIyYeHHOU cymMe GyJIeT COMEPKATHCS YABOCHHOE cMetieHue N, 09TOMY U3 Hee He-
00X0IUMO BbIuecTh BeJnunny cMmelerns N. PesyibraTom AefcTBrii ¢ opsiiKaMu Mo-
JKeT CTaTh KaK MeperoHeH e MOPSI/IKA, TaK W MOTEPsl 3HAUMMOCTH. B 060uX cirydasx
BBITIOJTHEHHE OTIEPAIIH TIPEKPAIIAETCS U BBIAETCSI COOTBETCTBYOIIEE coo0IIeHHe (BO3-
HUKaET NpepbIBaHue).

Ecam mopsiiok pesyJibrata JeKUT B IOTTYCTUMBIX TPAHUIIAX, HA CIELYIONIEM Tare mpo-
M3BOJIUTCS MTEPEMHOKEHNE MAHTHCC C YIETOM UX 3HAKA, KOTOPOE BBITTOJHICTCS TaK Ke,
KaK 7151 ynces ¢ GUKCUPOBaHHON 3anAToi. [Ipu pasmernieHn ponusBeneHns MAHTHCC
B Pa3psIHOIL ceTKe HEOOXOAUMO YUUTBIBATH, YTO MAHTHCCHI TIPEJCTABICHBI HE TIEJTBIMU
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YucJjiaMu, a IpaBUJIbHbIMN I[pO6HMI/I. XoTrst pe3yJibTaT YMHOKEHNA MaHTUCC UMEET Y/IBO-
€HHYIO T10 CpaBHEHMIO C OllepaH/iaMu IJINHY, OH OKPYTJIACTCA 10 AJIUHBI TTOJISI MAaHTHUCCHI.

OHI/IcaHHbIe lIefICTBI/IH B cnyqae CMeElIlEeHHbIX HOpHI[KOB MOJKHO OIT1ucaThb C]Ie,Z[YIOHII/IM 06-
pasom:
Pz _ p _ px +py =N
+m, "7 = (Emy g )x (Emy g ) = (Emy xmy )gPx T

Ha ITOCJI€/THEM IIare BbIIIOJIHAECTCA TUIIOBasd IPOoLeAypa 3aK/JII0YUTEJIbHOIO 9Talla.

AdeneHve

YeTpolicTBo [esieHus ¢ IiaBaolieii samndaToii (puc. 5.53, 6) uMeeT NPaKTUYECKH TaKyIo
JKe CTPYKTYPY, 4TO U YCTPOICTBO yMHOKeHUsI. OTIepaHibl TAKKE TIPOXO/ST MOATOTOBH-
TEJIbHBII 9Tall, 0COOEHHOCTHIO KOTOPOTO SIBJISIETCSI TPOBEPKA Ha cJrydaii geserust Ha 0.

3HaK 4YaCTHOTO ONpPeJENISIeETCs TaK JKe, KaK U MPU YMHOKEHUHW — C ITOMOIIbIO OTIEPaIliy
uckrovaroniero MJIM nax 3HakamMu oniepaHios.

l[aﬂee BBIITOJIHAETCA BbIUYHMTaHUE ITOPAAKA AEJTUTEIIA U3 TIOPAAKa AeJTNMOTO0, 4YTO IIPUBO-
JIUT K YIAJEHUIO CMeIeHns 13 TTOPsAIKa pe3yJibrata (HamoMHuM, 9to B ctangapte [EEE
754 nctosp3yioTest cMeltennbie mopsiakn ). CienoBaTesbHO, U TOJTYIeHUsT CMEIeH-
HOTO TOPSIIKa pe3yJibraTa K pasHOCTH J0JKHO ObITh 100aBieHo cMerieHue. TTocie Bbi-
HOJIHEHMSI 9TUX AeHCTBUI HeoOX0AMMa IIPOBEPKA Ha MePEIIoJHEHUE TIOPSIAKOB U IOTEPIO
3HAYMMOCTH.

ITpu ucnob30BaHUN CMEIIEHHBIX MOPSIIKOB MPOIe/ypa AeieHrst MOKeT ObITh (hop-
MaJIbHO OIIMCaHa Kak

m,q® = (xmy g™ ) /(xm, ™) = (=my /my )gP PN

Creytonmii mar — JeieHre MaHTHCC KaK Ykcest ¢ (PUKCUPOBaHHOi 3amsaToil. [Tockoib-
Ky 3T0 HanGoJiee MeJIJIeHHast OTiepaius, BBIG0PY METO/Ia JIeJIeHUs YeaseTcs 0co00e BHU-
manue. Tak, B Mukporpoieccopax Nehalem u Penryn ¢upmer Intel nenenue manTmce
peasusyercst GJIOKOM, MOJyYUBIINM HasBaHue Fast Radix-16 Divider. B Hem ucmoJib-
3yeTcst CUCTeMa CYMCTIEHNst ¢ ocHoBanueM 16, moatomy 60K crocober 06pabaThiBaTh
cpasy 4 6uta 3a TakT, 61aroiaps Y€My HOBbIE MUKPOIIPOIIECCOPDI BBHITTOTHSIOT OTIEPATTNT
JleJIeHUsT TIPUMEPHO B J[Ba pa3a OwicTpee, yeM ux npemmiectsenuk (Pentium), re mc-
0JIb30BAJIOCH OCHOBAHMUE 4 U 32 OJIH TaKT 0OpabaTbiBagnCh JBa GuTa.

Kax n apyrue apI/I(l)MeTI/I‘{eCKI/Ie orepalinu, eJieHNe 3aBEPIIaeTCA 3aKII0YUTEIbHBIM 9Ta-
IIOM.

Peannsauus nornyeckmx onepauyum

ITomumo apudmerndeckux geicrsuii, OIIY m060i BHIUNCAUTEIBHON MAIIUHBI IIPE-
10JIaTaeT BBITOJHEHNE OCHOBHBIX JIOTHYECKIX Oepalyii u ciBuroB. Yare Bcero takue

oTepanyy peayn3yoTcst JOTOJHUTENbHBIMI CXEMAMU, BXOJSIIUMU B COCTaB 1€JI0UNC-
aennbix OITY.

K 6a30BbIM JIOTHYECKHAM OTIEpaIisiM OTHOCATCSE: Jiorndeckoe orputianue (HE), mormue-
ckoe caoxenue (MJIN) u gormueckoe ymuoskerue (). dror HabOpP, Kak MPaBUIo, 10-
MOJTHSTIOT OTlepalieli cIoxeHus 1mo MoyJio 2 (nckmodatoniee VJIIT).
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Bysiesa nepemennas B BM nipeicrasisieTcst oHUM GUTOM, OJIHAKO HA TIPAKTHKE JIOTHYE-
ckue orepaiyu B OI1Y BbINOMHSAIOTCS cpasy Hall COBOKYIHOCTDIO JIOTMYECKUX TIePeMeH-
HBIX, 0OBEIMHEHHBIX B PAMKAX OJIHOTO GaiiTa MM MAIMHHOTO CJIOBA, TIPUYEM HaJl BCEMU
GUTAMU ATOTO CJI0BA BBITIOIHIETCS OJ[HA 1 Ta JKe onepariust. [[oCKoIbKy Kask /bt GUT COBO-
KYITHOCTH JIOTUYECKUX TIePEMEHHBIX PACCMATPUBAETCS KaK He3aBUCUMAsT TepeMeHHasT, HU-
KaK¥e IepeHochl MesKy paspsiamu He hopmupyiorest. Onepaimonnbiii 610k (OI1B) mist
BBITIOJIHEHUSA JIOTHYECKUX OTepariuii 06eCieunBaeT peaan3aluio BCeX TMePedncIeHHbIX
JlorudecKux oneparuii. Boamoskuast crpykrypa nogoouoro OIID nokasana Ha puc. 5.54.

Puc. 5.54. CtpykTypa onepaumoHHOro 6,1oka afs BbINOJHEHUS TOrMYEeCKUX onepauuii

Bb160p Hy KHOI Onepaiuy OCyIIECTBIISIETCS € TIOMOIIBIO ABYXPa3PSAHOIO YIIPABJISIOIIE-
ro xoza L (1,1,), ¢ yaerom kotoporo BbixogHast hyHKIMst Z MOKET ObITh OIMCAHA BbIPA-
KEHUEM:

Z=LAlgAXVEAIgAXAY VX AY)VE Al AXVY)VE ALy A (X AY).

KoHTpOsbHbIE BONPOCHI

1. OxapakrepusyiiTe cOCTaB ONepalMOHHbIX YCTPOUCTB, Bxoadmux B AJIY. 13 kakux
co00paXkeHNI 1 KaKiM 00pa3oM OH MOKET H3MEHAThCS?

2. TlosicHnTe TOHATHE «OTIepaIlOHHbIE YCTPOHCTBA C JKECTKOH CTPYKTYpoii». B uem 3a-
KJIIOYAETCSI JKECTKOCTh UX CTPYKTYPbI? KakoBbI X TOCTOMHCTBA 1 HEIOCTATKI?

3. Yem 006ycJIOBIEHO Ha3BaHME OTEPAIIMOHHBIX YCTPOUCTB ¢ MArUCTPAIBHON CTPYK-
Typoit? CpaBHUTE MarrCTpaJIbHbIE CTPYKTYPHI C JKECTKUMU CTPYKTYPAMHU, BBIIEJISIS
JIOCTOMHCTBA, HEJIOCTATKU U 00JACTh TPUMEHEHUS.

4. JlaiiTe pa3BepHYTYIO XapaKTEePUCTUKY KIacCu(UKAIUN OMEPAITMOHHBIX YCTPONCTB
¢ MaruCTPaJIbHON CTPYKTYpoil. [losicHUTE TOCTOMHCTBA W HETOCTATKU «MIUHWMAJIb-
HOTO» M «<MAaKCUMAaJIbHOTO» BAPUAHTOB.

5. Tosicaure (hyHKIIMOHATBHBIN COCTAB MAPAJLIEIBHOTO OMEPAIIMOHHOTO OJI0KA Maru-
crpasbroro OITY. Kakum 06pasoM MOKHO MUHUMHU3UPOBATH KOJIMYECTBO BHEIIHUX
cBs3eit aToro 610Ka? OTBET COMPOBOUTE KOHKPETHBIM TIPUMEPOM.



KOHTpONbHbLIE BOMPOCHI 229

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Yem obycrosyiena crieruduka mMeJIOUYNCACHHOT0 CI0KeHst 1 BhruuTanus? Kakyio
POJIb UTPAET B HUX JIOMIOJTHUTETbHBIH Kojt? K ueMy Obl IPUBEJT OTKA3 OT JOTIOJTHUTE -
noro koja? OTBeT 1OsICHUTE Ha IIpuMepax. Kak BbIABIAETCS [epelloHeHe B 9TUX
orepanusx?

Kakue BcriomorarebHble CUCTEMBI CUMCITICHUS UCTIOTB3YIOTCA MTPU CO3/IAHIH OTiepa-
IIMOHHBIX YCTPOICTB YMHOKEHUS 1 flesieHust? Yem 00yCcIOBIEHO TPMEHEHNE TAKUX
cucTem?

Kakum 06pasom B cxeMe OeparnuoHHOro OI0Ka CJ0KEHIS /BhIYuTaHust 0OeciieynBa-
eTcsT 3aMeHa OTIepaliyl BBIMUTAHNS Ha OTIePaIliio CIOKEHNS ?

B yem cocrout pazsmune MeXX/y JJOTHYCCKUMU U alllIaPaTHBIMU METOaMHU YCKOPEHUS
YMHOKEHUS.

[TomapHo cpaBHUTE asroput™ byTa, MOmMMDUITMPOBaHHDII aNTOPUTM byTa, anroputm
Jlemana.

Paspaboraiite anroput™ yMHOKEHUs ¢ 06pabOTKOII 3a Iar Tpex PaspsiioB MHOXKU-
TeJIs.

[TosicanTe cyTh anmapaTHBIX METO/IOB YCKOPEHWST YMHOKEHUSI, BBIJIETTUB TPU BO3MOXK-
HBIX [TO/IXO/IA.

CpaBuure ymHoxkutesau bpayna, bo—Byum, [le3apuca. Yem onu cXoku 1 B 4eM OT-
JINYAIOTCS APYT OT ApyTa?

B uem 3aksiouaercst OCHOBHAST Hjiest IPEBOBUAHBIX YMHOKUTENEH? KakoBbl ocoben-
HOCTH WX OPTaHU3aINN?

Cdopmynupyiite, B UeM COCTOUT CXOJICTBO U Pa3jindre lepeBa YoJuieca, nepesa /lanna
1 TIEPEBEPHYTOTO CTYTIEHYATOTO JIepeBa.

C KaKoi IeJIbIo 1 KaKuM 06Pa30M BBITIOMHSIETCST KOHBEePU3ausa MAaTPUYHbIX U JIpe-
BOBU/IHBIX yMHOKUTeJel? [IpuBepuTe (1 mosicHuTe ) KOHKPETHBIE TPUMEPDIL.

Ha koHKpeTHOM TIpuMepe 00BSICHITE, KaK MOKHO HAPACTUTD Pa3psiIHOCTD aIllapar-
HOTO YMHOKUTEJIS.

CpaBHUTE OPraHU3AIHUIO TETIOYNCAEHHOTO JIEJIEHUS C BOCCTAHOBJIEHUEM ocTaTKa U 6e3
BOCCTAHOBJIEHUS ocTaTKa. Kak yYuThIBAIOTCS TIPU JIeJICHIT 3HAKU OMEPAH/IOB?
O6ocHyiiTe BO3MOKHOCTb COBMEIIEHHSI CTPYKTYD YMHOKUTES U esnTelist. OnuinmTe
00BETUHEHHYTO CTPYKTYPY.

Chopmymupyiite myTH yCKOPEHUS 1EI0YUCTEHHOTO fesienns. CpaBHUTE MEKIY CO-
6011 X BO3MOKHYIO Peanu3alluio.

Kaxwe u3 omepartuii ¢ TiaBaroreii 3amstoit caurarorest Hanbosree caokHbMu? OTBeT
000CHYHTe Ha KOHKPETHBIX TPUMEpPaX.

B uem cocTouT cnenudukra yMHOXKEHN ¢ TJaBatomieil 3anaToit? llosgcHure aTy
cuenuduKy Ha IpuMepe.

Paspa6oraiite cepuio IPUMEPOB JIJIsI WILTIOCTPAIIMK BCEX 0COOEHHOCTEN JleJIeHUst
C ILJIaBaIOLIEH 3aIATOM.

Coszpmaiite CTPyKTYPY OIEPAIHOHHOTO GJIOKA JJIST BBIMOJHEHUS KaK CJIOKEHIIS /BBIUM-
TaHus, Tak 1 6azoBoro Habopa Jorudeckux onepaiuit. O60CHYyITE KaKIblil 2JIEMEHT
3TOH CTPYKTYPHI.
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Mamartb

B m060ii BM, BHE 3aBUCUMOCTH OT €€ apXUTEKTYPbI, JaHHbIEe! XPAHSITCS B 3aIOMUHAIO-
X ycrpoiictBax (3Y), KOTOpble, YIUTHIBAs MX XapaKTEPUCTUKH, MECTO PACTIOTOKCHU
U CIOCO0 B3aMMOJIEICTBYS ¢ TIPOIIECCOPOM, OTHOCSIT K BHYTPEHHEN WJIN BHEITHEN MaMsi-
T, BHYTPEHHSISI TAMSITH PACIIONIATAETCS] YACTUIHO HA OOIIEM KPUCTAJLIE € TIPOIIECCOPOM
(perucTpel 1 KAMI-TIAMSTD ), & YACTUYHO — Ha CUCTEMHOI 11ate (OCHOBHAS TTAaMATh 1, BO3-
MOZKHO, K3II-TIaMATh 3-T0 1 GoJjiee BICOKKMX ypoBHEl ). Meuientbie 3Y G0JIbIIOi eMKO-
CTHn (TBepI[OTeJII)HbIe, MarHuTHbIE 1 OIITHUYECKNE JUCKM, MaTr'HUTHbIE JIGHTI)I) Ha3bIBaIOT
BHEITHEW MaMATbhio, TOCKOIbKY K BM 0oHU MOAKITIOYAIOTCA aHATIOTUYHO YCTPOUCTBAM
BBO/Ia,/BbIBO/IA. OCHOBHBIMU (DYHKITUAMU 3Y ABISIOTCS IPUEM, XPaHEeHUE 1 BbI/[ada IaH-
HBIX B ripottecce pabotel BM. TTporecc ipremMa IaHHBIX, B X0/I€ KOTOPOTO OCYIIECTBIISIET-
¢S MX 3aHeceHue B 3Y, HAa3bIBACTCA 3ANUCHIO, TIPOIIECC BBIIAYN JAAHHBIX — YMeHUeM Wi
CUUMBLBAHUEM, & COBMECTHO WX OIPEEIISIIOT KaK npoueccul obpawenust x 3Y.

XapakTepucTUKu 3anoOMUHaloLWNX YCTPOMUCTB
BHYTPEHHEen NnamMsaTun

ITepeueHb OCHOBHBIX XapaKTEPUCTUK, KOTOPbIe HEOOXOIMMO YUUTHIBATh, PACCMATPUBast
KOHKPeTHBIN B 3Y, BKIIOYaeT B cebst:

€MKOCTb;

€JIMHUILY [TePECHLIKY;

METO/I IOCTYII;

ObIcTpOIEHCTBIE,;

dusnyecKuii TH;

(busmyeckne 0CoGEHHOCTH;

CTOUMOCTb.

'TOCT 15971-90 ompenesnsieT qantbie Kak WHMOPMAIUIO, TIPEACTABIECHHYIO B BUJIE, TPUTOIHOM
JUIs1 00pabOTKK aBTOMATHYECKUMHK CPEICTBAMU [IPH BO3SMOKHOM YUACTHHU Y€JIOBEKA.
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Emxocmv 3Y xapakTepusyoT 4ucioM OUTOB, uGO 6aiiTOB, KOTOPOE OJHOBPEMEHHO
MOJKET XPaHWThCsS B 3allOMHUHAoNeM ycTpoiictse. Ha mpaktuke mnpumensiiorcess 6o-
Jiee KPyTHbIe e[UHUIIBL, a [T UX 0003HAUEHUsT K CJI0BaM «OUT» W «6ailTs 106aBIist-
10T IPUCTaBKY: KUJIO, M€Ta, TUTa, Tepa, meTa, skca, 3erta, iorra (kilo, mega, giga, tera,
peta, exa, zetta, yotta). CranmapTHO 3TU NMPUCTABKU O3HAYAIOT YMHOMKEHUE OCHOBHOM
exuauisl mamepernwii na 103 108, 10°, 102, 10%°, 108, 10*' 1 10** cooTBeTcTBEHHO. B BBHI-
YICIUTENBHON TEXHNKe, OPUEHTUPOBAHHON HA ABOMYHYIO CUCTEMY CUMCIIEHUs, OHU CO-
OTBETCTBYIOT 3HAUEHUSIM, JIOCTATOYHO OJU3KUM K CTAHIAPTHBIM, HO MTPEACTABIISIONIM
co6oi 1eJIyI0 cTeneHb uncaa 2, To ecth 210, 220, 230, 240 250, 2600270 280 Bo nzdeskaHue
paznoutenuii B 2000 ronry MOK — MexaynapoHast 2/IeKTPOTEXHIUYECKAsT KOMUCCHST
(IEC — International Electrotechnical Comission) yrsepauna crangapr IEC 60027-2,
MpelyCMaTPUBAIONTII HOBbIE 0603HAYEHUS, B KOTOPHIX K OCHOBHOW MpHUCTaBKe 100aB-
Jsiercst cyior bi (ot anrsmiickoro binary — gBonunsiii). Tak, ecin earHuIlA U3MEPEHIS
eMKOCTH KpaTHa GaiiTy, mpearaiorcst cieyionue Hazganus u obosnadenus: kibibyte
(KiB), mebibyte (MiB), gibibyte (GiB), tebibyte (TiB), pebibyte (PiB), exbibyte (EiB),
zettabyte (ZiB), yottabyte (YiB) [100]. B pycckoii Tpanckpurmimu — kububaiit (Kub),
mebubaiit (Mub), rububaiir (I'ub), rebubaiir (Tub) u . 1.

BaskHoil xapakrepuctukoit 3Y sapisercs edunuya nepecvliku. Jis OCHOBHOM IaMsTH
(OII) egmHuIa 1TEPECHIJIKN OTIPEIeNSIeTCsT IMUPUHON IITUHBI JIAHHBIX, TO €CTh KoJnde-
CTBOM OWTOB, MEPEAABAEMbIX 0 JIMHUSM IMUHBI Hapaieabio. OObIUHO euHUIA Tie-
PECBUIKH paBHa JJIMHE CJIOBA, HO He 00si3aTesibHO. Tak, Tpu mepechlike HHGOPMAI
MESKIy OCHOBHOI MaMTHIO M KIII-MIAMITHIO JaHHbIE TIePeatoTCsl eMHIIIAMY, TIPEBHI-
MAIONIMHI PasMep CJI0Ba, U TAKUE eJMHUIBI HA3BIBAIOTCS GJIOKAMU.

ITpu orieHKe OBICTPOAEHCTBIST HEOOXOANMO YUUTHIBATH IIPUMEHSIEMbI B JAaHHOM THIIe 3Y
Memood docmyna K JaHHBIM. Pasinyaior yeThipe OCHOBHBIX METOA JOCTYIA: MOCTIEN0-
BaTeJIbHBIN, MTPSMOM, TIPONU3BOJIBHBIN U aCCONMATUBHBIN, U3 KOTOPBIX [T BHYTPEHHEN
HaMSATH XapaKTepHbI ABa TociaeaHnx. B 3Y ¢ npoussonvnvim docmynom siueiika' nme-
eT YHUKaJIbHBIN (pusndeckuii agpec. ObpartieHue K J0O0H Sueiike 3aHUMAET OJHO 1 TO
JKe BpPeMsl U MOJKET MPOM3BOAMTHCS B JIIOOOH TOCAe0BATEIbHOCTH (TIPOU3BOJIBHOI
ouepesHOCTH). [IpuMepoM MOTYT CITy:KUTh 3aTIOMUHAIONINE YCTPOICTBA OCHOBHOM Ta-
MATH. Accoyuamuenviii docmyn Mo3BOJIsieT 00paaThes K gueiikam 3Y B COOTBETCTBUU
C TIPU3HAKAMHU XPAHUMbIX B HUX JAHHBIX, OH 0O€CIeunBaeT TOMCK SU€eeK, COAePIKaIInX
TaKyto WH(GOPMAIINIO, B KOTOPOI 3HAYeHHE OTAETbHBIX OMTOB COBIAAAET ¢ COCTOSTHUEM
OJIHOMMEHHBIX OMTOB B 3aflaHHOM 0Gpasiie. CpaBHEHHE OCYIIECTBISETCS TapPaIeIbHO
JUISE BCEX stueek maMaTH. 110 accolMaTuBHOMY MPHUHITUITY TOCTPOEHBI HEKOTOPbIE OJIOKH
KOII-TIAMSITH.

Buicmpodeticmeue 3Y ABsieTCs OMHUM M3 BaKHEHIIMX ero mokasareseid. /st komye-
CTBEHHOIT OLIeHKU OBICTPOAEIICTBIA 00BIYHO UCIIOJIb3YIOT YEThIPE MapaMeTpa:

B Bpewms svi6opku dannvix. OHO COOTBETCTBYET WHTEPBAIY BPEMEHN MEKIY HAYATOM
ollepalyy CYUTBIBAHNA U Bbllayell CYNTAHHBIX JAHHBIX U3 3aIlI0OMUHAIOINIETO yCTPOHi-
CTBA.

! 3V BHyTpeHHeil TaMsITH [IPeCTaBIIsieT cO00 MACCUB sTUeeK, Kajk/iash U3 KOTOPBIX ClIOCOOHA Xpa-
HUTh eguHuIly uHdopmaiuu (00braHo 1 Gaiir).
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B Bpems xpanenus annpix — UHTePBAJI BPEMEHH, B TedeHIe KOTOPOro 3aIllOMUHAIOIIEe
YCTPOIMCTBO B 3a[aHHOM PEKMME COXPAHSIET IAHHBIE O€3 PereHepaIiu.

m Huxn obpawenus k 3Y wmn nepuod obpawenus (T;). VIM Ha3bIBAIOT MUHIMaTLHBLI
MHTEpBaJ BpEeMEHN MEKAY ABYM 1TOCJIE0BATE/IbHBIMU JIOCTYIIaMU K JTaHHBIM 3allO-
MUHAIOIEro ycTpoicTsa. Ileproa oOpaiienust BKIOYaeT B ceds COOCTBEHHO BpeMs
JIOCTYTIA TUIEOC HEKOTOPOE JOMOJHUTENbHOE BpeMst. JJOMOMHUTETbHOE BPEMS MOKET
TpebGOBAThCS /ISl 3aTyXaHWs CUTHAJIOB Ha JIMHUAX, a B HEKOTOPBIX THIaX 3V, Tie
CuMThIBaHKME MHPOPMALMK IIPUBOAUT K €€ PaspyLIeHNIO, — /s BOCCTAHOBJIEHUS
CUMTAHHOU nH(pOpMAITIH.

m Cropocmv nepedauu danivix — KOJTUIECTBO TaHHBIX, CAUTHIBAEMBIX (3aITHCHIBAEMBIX )
3aIIOMUHAIONIMM YCTPOICTBOM B €IMHKILY BPEMEHH.

FOBOPH O ¢u3u74607€0M mune 3allOMMHAIOIIETro yCTpOfICTBa, H606XOHI/IMO OTMETHTD, YTO
3y BHyTpeHHefI MMaMATNU COBPEMEHHBIX BbIYMCJIUTEbHBIX MalllMH 6a3I/Ipy10TC${ Ha I10-
JIprOBOZ[HI/IKOBOI';I TEXHOJIOTHNH.

B 3aBucuMOCTH OT NPUMEHEHHON TEXHOJOIMM CJIelyeT YYUTBIBATb U P (usuueckux
ocobennocmeii 3Y. Tak, 17151 OJTYTPOBOIHUKOBOW TEXHOTIOTUN TIPUXOUTCS YUUTHIBATE
(akTop aHEpProzaBUCUMOCTH. B aHeprozaBucHMOil MaMsITH WHGOPMAIIUSI MOKET OBIThH
HCKasKeHa WJIN [TOTepsIHa IIPU OTKJIIOYeHUH UCTOYHUKA ITUTAHUS, B TO BpeMs Kak B 9Hep-
roHe3aBUCHMBIX 3¥ 3anucantas nHMOPMaIKs COXPAHSIeTCs ¥ IIPU OTKJIIOYEHN N T TAIO-
mero HanpsokeHvst. [1oaypoBOIHUKOBAsT TTAMSITE MOJKET OBITh KaK 9HEPro3aBUCHMOT,
TaK 1 HeT, B 3aBUCUMOCTH OT ee Tuia. [loMrMo aHeprosaBucuMoCTi HY>KHO YUUTBHIBATD,
[IPUBOJIUT JIN CYUTBIBaHUE MH(MOPMAIINHU K ee Pa3pylIeHUIO.

Cmoumocms 3Y HPUHATO OLIEHUBATH OTHOILEHKEM 0011l crouMocTu 3Y K ero eMKOCTU
B OUTAX, TO €CTh CTOUMOCTBIO XPAHEHKA OJHOr0 OuTa UH(pOPMALUN.

Uepapxua 3anomMuUHalOLWLUX YCTPOUCTB

[TamsATD YacTO HA3BIBAIOT «Y3KNM MeCTOM» (DOH-HefiMaHOBCKIX BM n3-3a ee ceppesHOTO
OTCTaBaHMsI IO GBICTPOIEHCTBHUIO OT MPOIECCOPOB, IPIUYEM PA3PBIB ITOT HEYKIOHHO YBe-
smuuBaercs. Tak, ecim Mpou3BOANTENLHOCTD IIPOIECCOPOB BO3PACTAET B/IBOE IPUMEPHO
Kakzpie 1,5 Tofa, TO TSI MUKPOCXEM MaMSITH TIPUPOCT OBICTPOJENCTBIS He TMPEBDITIAET
9% B oz (yasoenue 3a 10 JieT), 4TO BBIPAKAETCS B YBEJUUEHUN Pa3pbiBa B OBICTPOEH-
CTBUM MEK/LY IIPOIIECCOPOM U MaMATBIO NpubausuTeabio Ha 50% B ro.

Ecom mpoanasmnsupoBath MCIOIb3yeMble B HACTOsIIEEe BpeMs TUIBI 3Y, BBIABILETCH
cJie/lyIoniast 3aKOHOMEPHOCTD:

B ueM MeHblIe BpeMsl BBIOOPKH, TeM BbIIlE CTOUMOCTb XpaHeHs OuTa;
B 4ueMm 60.}1]3]_[_[6 €MKOCTb, TEM HUIKE CTOUMOCTb XpaHEHUA 6I/ITa, HO 6OJH)I_He BpeM:A BbI-
GOPKHU.

ITpu co3MaHUM CUCTEMBI TTAMSITH TOCTOSTHHO TIPUXOANUTCS PEIIaTh 3aa4y 00ecedeH st
TpebyeMoii eMKOCTH U BBICOKOTO GBICTPOMENCTBUS 3a mpueMiemyio teny. Hambosee
PacpoCTPAHEHHBIM TIOAXOJIOM 3/IECh SBJSETCS TOCTPOEHUE CUCTeMbl TTamMsaTu BM 1o
nepapxmuecKoMy IpuHIUNY. Mepapxuueckas namsms cOCTOUT 13 3Y Pa3INIHBIX TH-
noB (puc. 6.1), KOTopble, B 3aBUCHMOCTH OT XapaKTEePHUCTHK, OTHOCAT K OTIpe/IeIEHHOMY
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YPOBHIO mepapxuu. bosiee BBICOKHIT YPOBEHb MEHbIIIE IO €MKOCTH, ObICTPEe U UMeeT
GOJIBIYI0 CTOUMOCTD B TiepecyeTe Ha GUT, ueM HGoJiee HU3KWI YPOBEHb., YPOBHU Hepap-
XUU B3aUMOCBSI3aHbI: BCE JIAHHBIE HA OIHOM YPOBHE MOTYT ObITh TaKsKe HalileHbl Ha 6O-
Jiee HU3KOM YPOBHE, U BCE JIAHHbBIE HA HTOM (60Jiee HU3KOM YPOBHE MOTYT ObITh Hal/IEHbI
Ha cJieytolleM HuKeIeKalieM ypoBHE U T. JI.

Puc. 6.1. Vlepapxunsa 3anomMmHaoLmx yCTPONCTB

Tpu BepXHUX YPOBHSI MepapXuu o0pasyior suympenniolo namsms BM, a Bce HUKHUE
YPOBHU — 3TO 6HeWts1s Wi gmopuynas namsate!. [lo Mepe nBUKeHUsT BHU3 110 HepapXxu-
YecKOl CTpyKType:

1) yMeHbIIaeTCss COOTHOLIEHHE «CTOUMOCTDb/OUT>.

2) BO3pacTaeT eMKOCTb.

3) pacrer BpeMst BLIOOPKHU.

4) yMEeHbBIIAETCs YaCcTOTa OOpaIleHNs K TaMsITH CO CTOPOHBI IEHTPAJbHOTO MPOIeC-
copa.

Ecau namsars OpraHn3oBaHa B COOTBETCTBUU C ITYHKTaM1 1*3, a XapaKTep padMenieHusd
B HEU JJAaHHBIX YAOBJIETBOPAET IMYHKTY 4, nepapxmu4deckas opranmn3als BEAET K YMEHb-
IIeHMnIo0 061116171 CTOMMOCTH TIPpU 3a/laHHOM YPOBHE ITPONU3BOJIUTEJIBHOCTN.

CrpaBeisInBOCTD 9TOTO YTBEPIKACHUST BHITEKAET M3 IPUHITUIIA JOKAIbHOCIU N0 00paue-
nuto [76]. Eciin pacecMOTPETh IIPOILIECC BBIIOJIHEHMsI GOJIBIIMHCTBA IIPOIPAMM, TO MOKHO
3aMETHTb, UYTO C OUEHH BBICOKOI BEPOSITHOCTBIO a/IPEC OYePeTHON KOMAH/IbI ITPOTPAMMBI

! CaMblil HUSKHUI YPOBEHD MEPAPXUHM, TIPEACTABIEHHbBI 3Y O CMEHHBIMU HOCUTEISIMHU, OJ1arojia-
pst yeMy 0GecIieunBaeTCsl NPAKTUYECKH HeOrPaHMYEeHHAs! eMKOCTb, YaCTO HAa3bIBAIOT TPETHUYHON
MaMsThHIO.
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JnbOo CcyreflyeT HETIOCPECTBEHHO 3a a/[PECOM, TI0 KOTOPOMY ObLTa CUNTAHA TEKYIast KO-
MaH/a, TU60 pacrosiokeH BOMM3K Hero. Takoe pacroJioKeHUe a[pecoB Ha3bIBACTCS
nPOCMPANCMEenHot TOKaIHOCmbi0 npozpammvl. ObpabaThiBaeMble aHHbIE, KAK MTPaBH-
JIO, CTPYKTYPUPOBAHBI, ¥ TaKue CTPYKTYPBI OOBIUHO XPAHATCS B TTOCIEA0BATEILHOCTH
CMEKHBIX Tueek maMsTh. /[aHHast 0coOGeHHOCTh IPOTPAMM HA3BIBACTCS NPOCIPAHCIBEH -
HOUL IOKAIbHOCMBI0 OanHbix. KpoMe TOTo, TIPOrpaMMBbl COZIEP;KAT MHOKECTBO HEOOIBIINX
[IMKJIOB ¥ MOAMPOrpaMM. ITO 0O3HAYAET, YTO HeGObIINE HAOOPbl KOMAH/[ MOTYT MHOTO-
KPaTHO TIOBTOPSITHCS B TeUeHKE HEKOTOPOTO MHTEPBAJIA BPEMEHMU, TO €CTh UMEET MECTO
8PeMeHHAsL TOKAILHOCMY. Bee Tpu BUia JIOKATbHOCTH OO beIMHSIET TIOHSITUE IOKATILHOCITIY
no obpauenuro. TIPUHIMIT TOKATBHOCTH YacTO OOJIEKAIOT B YUCJACHHYIO (hOPMY U TIpeii-
CTaBJISIOT B BUJIE Tak HaszbiBaeMoro rpasuia «<90/10»: 90% Bpemenu paboThI IIPOTPaMMbI
CBsI3aHO ¢ 0cTyoM K 10% azipecHoro npocTpaHcTBa 3TON MPOrPaMMBL.

W3 cBolicTBa JIOKaJbHOCTH BBITEKAET, YTO IIPOrPaAMMYy Pa3yMHO IPEJCTaBUTb B BUJIE
MOCJIeI0BATEIbHO 06pabaThiBaeMbIX (DParMeHTOB — KOMITAKTHBIX TPYIIT KOMAH/A U 00-
pabarbiBaeMbIX MU JaHHBIX. [Tomerast Takue hparMeHTsl B Gosiee GBICTPYIO MaMSTh,
MOKHO CYIIECTBEHHO CHU3UTDH OOIIIE 3aePKKU Ha 0OpalleHne, TOCKOJbKY KOMaH/IbI
U UCXOJIHbIE JaHHble, GyIydr OJNH pa3 Mepelanbl 13 MeIeHHOTo 3Y B OBICTPOE, 3aTeM
MOTYT MCIIOJIb30BaTbCA MHOTOKPATHO, U Cpe/iHee BpeMsl IOCTYyIla K HUM B 9TOM CJlydae
ompenessiercst yxe 6osee 6pICTPBIM 3Y. DTO TO3BOISAET XPAHUTD GOJIBINHE TIPOTPAMMBI
U MACCUBBI JIAHHBIX HA MEJJIEHHBIX, EMKUX, HO JieeBbix 3Y, a B mporecce 06paboTKu
AKTUBHO UCIIOJBb30BATh CPABHUTEIHHO HEOOJBIIYIO OBICTPYIO MAMSATh, YBEIUYECHUE M-
KOCTHU KOTOPO# COIPSI?KEHO C BLICOKUMHU 3aTpaTaMu.

Ha kaskzoM ypoBHe mepapxuu nHbopmMaius (JaHHbie) pasbuBaeTcst Ha 010KU, BBICTY-
Malolye B Ka4ecTBe HaUMEHbIEH HH(MOPMAITMOHHON €IMHUIIBI, T€PEChLIAEMON MEKITY
JBYMSI COCETHUMU YPOBHSIMU Hepapxui. Pasmep 0I0K0B MOKET ObITh (DUKCHPOBAHHBIM
6o 1mepeMeHHbIM. TIpn GUKCHMPOBaHHOM pasMepe GJOKa eMKOCTh MaMsiTh OObIYHO
KparHa ero pasmepy. Pazmep 6J10KOB Ha KaskI0M YPOBHE HePapXUH Yalle BCETO PasJnueH
U YBEJMUMBAETCS OT BEPXHUX YPOBHEN K HUKHIIM.

HpI/I AOCTYyTIE K KOMaH/laM 1 MCXO/ITHBIM JITaHHDbIM, HAITpPUMEDP [JId UX CYUTbIBAaHNsA, CHA-
Yyajia MPOU3BOAUTCS MOUCK B MAMSITU BepxXHero ypoBHst. DakT 0OHAPY/KEHUS HYKHOI
uHpopMarn HasbiBaioT nonadanuem (hit), B MPOTHBHOM ciiydae TOBOPSIT O NpoMaXe
(miss). TIpu mpomaxe mpousBoguTcst mouck B 3Y cieaytonero 6ojiee HU3KOTO YPOB-
Hs, T/Ie TaK/Ke BO3MOJKHBI MOMAaHue Wi mpomax. Ilociie oOHapyskeHust HeoOX0 MO
UHGOPMAIH BBITIOTHSIETCS TIEPECHLTKA OIOKA, COMEPIKAIIET0 NCKOMYI0 HH(MOPMAIIHIO,
C HUJKHUX ypOBHefI Ha BEpXHUeE.

ITpu onerike ahHeKTUBHOCTH TOAOOHO OPraHU3aIIK TTAMSITA OOBIYHO UCIIOIB3YIOT CJie-
JIytollrie XapaKTepUCTUKHU:

m xoappuuuenm nonadanuii (hit rate) — oTHOLIEHNE YKC/Ia OOPAILEHNI K TTAMATH, IIPU
KOTOPBIX IIPOU3OIILIO TOTaIaHue, K 0011eMy dncy obparienuii Kk 3Y 1aHHOTO YPOBHST
Uepapxum;

B x0apunuenm npomaxos (miss rate) — OTHOIIEHIE YNCTa OOPATIEHUH K MAMSITH, TIPH
KOTOPBIX UMeJI MECTO TIPoMax, K 0011emMy drciy obpaiieHuii K 3Y 1aHHOTO yPOBHS
HUepapXum;
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B epems obpawenus npu nonadanuy (hit time) — BpeMs, HeoOXOAUMOE IS TIOMCKA
HY’KHOI HH(MOPMAIMK B TAMSITH BEPXHETO YPOBHs (BKJIIOUAsT BBISICHEHUE, SIBJISIETCST
Jin obpalleHue monajaHueM ), IIoc BpeMst Ha (pakTHYeCKoe CUNThIBaHKe JaHHbIX;

m nomepu na npomax (miss penalty) — Bpems, TpebyeMoe A1 3aMeHbl 0JI0Ka B ITaMsl-
TH 6GoJiee BLICOKOTO YPOBHS Ha OJIOK ¢ HY;KHBIMU JaHHBIMM, PACIOJIOKEHHbI B 3Y
caemytorero (6ojiee HU3KOT0) ypoBHs. [ToTepu Ha MpoOMax BKJIIOYAIOT B ce0s: gpems
docmyna (access time) — BpeMst 00pallleHns K IIePBOMY CJI0BY OJIOKa IIPHU IIpOMaxe
u epems nepecoliku (transfer time) — JoMoMHUTEIBHOE BPEMs JIJISI IIEPECBLIKN OCTaB-
HUXCst ¢JI0B 0J10Ka. BpeMst octyia o6y cIoBIeHO 3aePKKON HaMsaTh 6oJiee HU3KOTO
YPOBHSI, B TO BPeMsI KaK BPeMsI IIEPECHIIKK CBSI3aHO € IT0JIOCOI IIPOITYCKAHMs KaHaa
MexRITy 3Y IBYX CMEKHBIX YPOBHEI.

Camblit OBICTPBIIT, HO T MUHIMAJIbHBIN 10 eMKOCTH THII TIAMSITH — 9TO BHYTPEHHUE PETH-
crpsl III1, KoTopbie WHOTA OOBEANHSIOT TOHATHEM CEEPXONEPAMUBCHOE 3ANOMUHATOULEE
yempoticmeo — CO3Y wu peeucmposwiil (aiin. Kak mpaBuio, KOJTMYECTBO PETUCTPOB
HEBEJIMKO, XOTSI B aPXUTEKTYPaxX ¢ COKPAIEHHBIM HAOOPOM KOMaH/[ UX YHCJIO MOKET J10-
XOAUTD 110 Heckobkux coreH. OcuoHag namath (OIT), sHaunTebHO GOJbIIEH eMKO-
ctu, pacniosiaraercs Huke. Mexay perncrpamu {11 1 ocHOBHOI TaMsATHIO YacTO pa3Me-
MIAIOT KANI-TIAMSATh, KOTOPAas 110 eMKOCTH onryTuMo mipourpbiBaet OII, HO cytecTBeHHO
MPEBOCXOAUT TIOCIEIHIOK 1Mo ObICTpoAeiicTBIO, yerynas B To ke Bpemss CO3Y. Bee
BU/bI BHyTpeHHeﬁ TaMATN PEeaIn3yIoTCA Ha OCHOBE TTOJTYTIPOBOJHUKOBDIX TEeXHOJIOTUI
1 B OCHOBHOM SIBJISTIOTCST 9HEPTO3aBUCUMBIM.

JlosarospeMentoe xpaHerue OOJBIINX 0ObEMOB JAaHHBIX 00ECIIeYUBAETCS BHEIIHUMU
3V, cpeau KOTOpBIX HanbOJIEe PACTIPOCTPAHEHDI 3AIOMUHATOIINE YCTPOUCTBA HA OCHO-
Bé MarHUTHBIX U ONITUYECKUX JIUCKOB, a Takke MarHutojeHrounsie 3Y. B nociennee
BpeMsi Bce GOJIBIINYIO MOIMYJIAPHOCTD MOJIYYAIOT TBEPAOTEIbHbIE AUCKK Ha Oaze (uomi-
MAMSITH.

Emie oqun YPOBEHDb E€PAPXUU MOKET OBITD ZIO6aBJIeH MEKIY OCHOBHOMH ITaMSIThIO 1 Mar-
HUTHBIMU JTUCKaMU. JToT YPOBEHDb HOCUT Ha3BaHWE JIMCKOBOM KAII-ITAMSITU 1 peasinm3yeT-
Csd B BHJI€e CaMOCTOATEJIbHOT'O 337, BKJ/II0Ya€eMOI'O B COCTaB MaroHMTHOI'O JIMCKa. III/ICKOB&H
KOUI-TIaMATH CYIIECTBEHHO YJydlIaeT IPOU3BOAUTEIbHOCTD ITPU obmeHne I/IH(l)OpMaHI/IGfl
MEKAY JUCKaMU 1 OCHOBHOM aMSITbIO.

OcHOBHasl NnaMaTb

Ocnoenas namsmo (OII) npencrasiser co6oi eIMHCTBEHHBIN BUZ AMIATH, K KOTOPOI
ITIT mMoskeT 06paIaThCst HEMOCPEACTBEHHO (MCKIIOUEHHE COCTABJSIOT JIUITh PETUCTPhI
IEHTPaJIbHOTO TIpolteccopa). Mudopmarius, Xpausiascs Ha BHEITHUX 3Y, CTAHOBUTCS
JOCTYITHON TIPOIECCOPY TOJBKO TOCTE TOTO, Kak Oy/eT IMepernucana B OCHOBHYIO IMa-
MSITb.

OcHOBHYI0 TTaMsITh 00Pa3yIoT 3aAMTOMIHAIOTIIE YCTPONUCTBA € TIPOU3BOTBLHBIM TOCTYIOM.
Takue 3Y 06pazoBaHbl KAk MACCUB sTUEEK, & <IIPOU3BOJIBHBIN OCTYIT» 03HAYAET, YTO 00-
parienme K 1060 Tueiike 3aHIMAET OJTHO 1 TO JKE BPEMSI M MOKET MTPOU3BOAUTHCS B ITPO-
M3BOJIBHOI MocenoBaTebHOCTH. Kaskaas sdeiika comep:KuT GUKCHPOBAHHOE YHCIIO
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3aIIOMUHAIOTINX 3JIEMEHTOB M UMEET YHUKATIBHBIN aJIpec, TIO3BOJISIONIUI OTINYaTh ee OT
JIPYTHX SYeeK.

OcHOBHast TTaMSITh MOJKET BKJIIOYATH B ceOsT [[BA TUTIA YCTPONCTB: OnepamueHle 3anomi-
narowue ycmpoucmea (O3Y) u nocmosinnvie 3anomunaroujue ycmpoticmsa (I113Y).

[TperMyIeCTBEHHYO JI0JI10 OCHOBHOI mamsTu o6pasyer O3V, momyckaroliee Kak 3a-
[UCh, TaK W CYMTBHIBaHKME WH(MOPMAIMK, IpUYeM 06e ONeparui BHITOJHIIOTCS OIHO-
TUTTHO, TTIPAKTUYECKU C OJTHOW U TOH ke CKopocThio. B anrsosserunoit muteparype O3Y
cootsercTByer ab0bpesrarypa RAM — Random Access Memory, T0 €CTh <ITaMsITh C ITPO-
U3BOJIBHBIM JIOCTYTIOM», UTO HE COBCEM KOPPEKTHO, TOCKOJBKY MaMSITBIO € TPOU3BOJIb-
HBIM JIOCTYIIOM siBJIstioTcsl Takke 113Y w perucrpbl mporeccopa. st GOJBITMHCTBA
TUTIOB TIOJyTPOBOAHNKOBBIX O3Y XapakTepHa aHEPTO3aBUCUMOCTh — Jaske TP Kpat-
KOBPEMEHHOM TPEPHIBAHUN TTUTAHWS XpaHUMas WHdopManus tepsietcst. MuKkpocxeMa
O3Y nomkHa OBITH MOCTOSITHHO TIOAKJIOYEHA K UCTOYHUKY TUTAHUS U TI09TOMY MOKET
HCIIOJIb30BATHCS TOJBKO KaK BpEMEHHAsI TaMsITh.

Bropyto TpyTiiy moJIyIpoBOAHUKOBBIX 3Y OCHOBHOI MAMSATH 06Pa3yrOT 9HEPTOHE3aBH-
cumbie Mukpocxembt [13Y (ROM — Read-Only Memory). TI3Y obecnieunBaeT CUUTHIBA-
Hue nHGOPMAIUU, HO THGO BOOOIIE He JTOMYCKAET ee M3MEHEHNS, JIHOO TIPOIECC TAKOTO
U3MeHEHVs (3aIUCh) CUJIBHO OTJIHYAETCS OT CAUTHIBAHUS 1 TPEOYET 3HAUUTETHHO GOJIh-
1IeT0 BPEMeHMN.

BnoyHasa opraHn3auus OCHOBHOM NaMsTU

EMKOCTb OCHOBHOM IaMATH COBPeMeHHbIX BM cmnikom Besinka, 4ToObl ee MOKHO ObLIO
peann3oBarh Ha Gase eIMHCTBEHHON MHTErpanbHOil Mukpocxembl (MIMC). Heo6xomau-
MOCTh 00beuHeHns HecKonbknx UMC 3Y BosHMKaeT TaksKe, KOTAa PaspsHOCTD S4eeK
B MUKpocxeme 3Y MeHblle Pa3psiiHOCTH ¢JioB BM.

Veeauuenne paspsigHoct 3Y peasusyercs: 3a cueT 0ObeIUHEHUs aJ[PECHBIX BXO0B
obbenunsiembix UMC 3Y. MHbopMaiinoHHble BXOJbI U BBIXOIBI MUKPOCXEM SIBJISTIOT-
¢S BXOJIJaMU ¥ BBIXOJaMu MOy st 3Y yBesndenHolt paspsanoctu (puc. 6.2). [lomxyuen-
HYIO COBOKYITHOCTh MHUKPOCXEM Ha3bIBAIOT MOOYiem namsmu. MoIyieM MOKHO CUMTATh
U eIMHCTBEHHYIO MUKPOCXEMY, €CJIU OHA YiKe MMeeT HY:KHYIO pa3psaaHocTb. OauH nim
HECKOJIbKO MOZyJIell 00pasyIoT 6ank namsmiu.

Puc. 6.2. YBennyeHve pa3pagHOCTV NamMsaTu



OcHOBHas NamsiThb 237

Jlnst nonydenust tpebyemoit eMkocTu 3Y Hy/KHO OTNPEIETEHHBIM 06pa3oM 00beIUHUTD
HECKOJIbKO GAHKOB MaMsATH MEHbIIeH eMKocT. B o61em ciydae ocHOBHast maMsth BM
MPAKTUYECKN BCET/Ia UMEET OJIOUHYIO CTPYKTYPY, TO €CTh COAEPIKUT HECKOIBKO GAHKOB.

ITpu ucnosb3oBaHuK OJIOYHOI MAMITH, COCTOAIIEH 13 B 6GaHKOB, aapec ssueiku A 1pe-
obpasyercs B mapy (b, w), rne b — Homep OaHKa, @ — azpec gueiiku BHyTpu OGaHka. 13-
BECTHBI TPU CXEMbI PACTIPEIETEHIsT Pa3PsiIoB ajipeca A mexy b u w:

m Guounast (Homep GaHKa b ompesiesisieT cTapiine paspsiibl aiipeca);
m uksmaeckast (b = A mod B; w = A div B);
B GJI0YHO-IMKINYecKast (KOMOMHAIINS ABYX MPEbILYIIHX CXEM).

PaccMorpenre 0CHOBHBIX CTPYKTYp Osiounoit OTI Gy/ieM mpoBOANUTH HA IPUMEPE HaMsi-
TH eMKOCTBI0 512 cyioB (2°), mocTpoeHHOIT 13 deThipex GaHKOB 1o 128 ¢JI0B B KasKIOM.
Tumnosas cTpyKTypa IaMsaTi, Opraiu30BaHHas B COOTBETCTBUM ¢ OJOYHON CTPYKTYPOI,
nokasaHa Ha puc. 6.3.

Puc. 6.3. CTpykTypa OCHOBHOM NamMsaTy Ha OCHOBE GJI04HOM CXEMBbI

Azipectoe TIpoCTPaHCTBO MaMATH Pa36UTO Ha TPYIITTB MOCTE0BATETLHBIX a[PECOB, 1 KaK-
ast Takag rPyIma 00eceynBaeTcs OTAeAbHbIM OatnkoM mamMsati. st o6parmenust k OTI
UCTIOJIb3yeTCs 9-pas3psiHblil ajpec, ceMb MJIaIINX PaspsioB KoToporo (Ag—A,) nocry-
MAIOT MapaJIeJbHO Ha BCe GAHKM MAMATH U BHIOMPAIOT B KAKIOM M3 HUX OJIHY SUEHKY.
JlBa crapmmx paspsiza aapeca (Ag, A;) comepskar Homep Oanka. Boibop Garnka obecrie-
quBaeTcst TGO ¢ TOMOIIIEIO ietudpaTopa HoMepa HaHKa MaMsATH, THO0 MyTeM MYJIBTH-
iekcupoBanug uHdopmanuu (Ha puc. 6.3 nmokasansl o6a BapranTa). B GyHKIMOHAIb-
HOM oTHOmeHnn Takasg Ol MoskeT paccMaTpuBaThCs Kak equHoe 3Y, eMKOCTh KOTOPOTO
paBHa CyMMapPHOI eMKOCTH COCTABJISIONINX, & OBICTPOEHCTBIEE — OBICTPOAEHCTBUIO OT-
JIeJIbHOTO OaHKa.

Paccnoenue namatm

ITomumo IIOZIATJIMBOCTU K HapallluBaHWIO EMKOCTH, 6s104HOE TIOCTPOEHUE IMTaMATH oba-
MaeT enie OAHUM JJOCTOMHCTBOM — ITO3BOJIACT COKPATUTDH BPEMA NOCTYyIIa K I/IH(bOpMa-
U, ITO BO3MOKHO 6ﬂaroaapﬂ TIOTEHIINAJIbHOMY HapaJlJICJIN3MY, IIPDUCYIIEMY 6JI09HOI
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opranusaiuu. bosbiieii ckopocTu 0CTyIa MOXKHO JOCTUYD 32 CYET OJHOBPEMEHHOTO
JI0CTyTa KO MHOTUM GatkaM maMsati. OjiHa 13 UCHOIb3YEMbIX /TS 3TOTO METO/INK HA3bI-
BAETCS paccioenuem namsmu. B ee OCHOBe JIEXKUT TaK HA3bIBAEMOE uepedosanue aopecos
(address interleaving), 3aksriouaionieecss B M~BMEHEHUH CUCTEMBI PACTIPE/ICTICHIS aJ[PECOB
MesK/Ly OaHKaMU MaMsITH.

[Tprem yepeoBanust apecoB GA3UPYETCS Ha PAHEE PACCMOTPEHHOM CBOWCTBE JIOKATb-
HOCTH TI0 06PAIEeHnI0, COTJIACHO KOTOPOMY TTOCIIE0BATEIBHBIN JIOCTYTI B MaMSTh 0ObIY-
HO IPOW3BOJAUTCS K sueiikaM, UMEIONINM CMeKHble anapeca. VIHbIME cJIOBaMU, eciu
B JIAHHBIH MOMEHT BBITIOJTHSETCS OOpAIeHIe K SUeiike ¢ apecoM 3, To ciefyioee 06-
palienue, BeposiTHee Bcero, Oy/eT K stueiike ¢ aapecom 6, 3atem 7 u T. 1. YepemoBaHue
a/[pecoB OOECTIEUNBACTCS 3a CUET IUKINYECKOT0 pasbueHus aapeca. B Harem mpume-
pe (puc. 6.4) mst BbIGopa GaHKa UCIOJIB3YIOTCS /1B MIA/IINX paspsiia aapeca (A, Ap),
a Juist BBIGOpA stueiiku B Oarke — 7 cTapinux paspsinos (Ag—A,).

Puc. 6.4. bnoyHas namaTb C YyepeaoBaHNEM aapPECOB MO LMKINYECKON CXeME

[TockosibKy B Kak/IOM TaKTe Ha HIMHE afjpeca MOXKET IPUCYTCTBOBATDH aJ[pec TOJIBKO
OJIHOM sTuellKu, TTapajiiesibHoe oOpaleHne K HeCKOIbKUM GaHKaM HEeBO3MOJKHO, OJTHAKO
OHO MOJKET OBITh OPraHM30BAHO CO CJIBUTOM Ha OJMH TaKT. AJ[Pec siYeHKU 3aIIOMUHAETCS
B MHJMBUIYaJTbHOM PETUCTPE ajipeca, W JAajbHEHIIe ollepalu 1Mo JOCTYIY K s4eiike
B KaX/JI0M OaHKe TPOTEKA0T He3aBUCUMO. [Ipu GoJIbIIoM KoJmdecTBe GAHKOB CpejiHee
Bpemst goctyna k OII cokpamntaercs moutu B B pa3 (B — KoamdecTBo HaHKOB), HO MTPU
YCJIOBHH, YTO STYEHKU, K KOTOPBIM [TPOU3BOAUTCSI MOCJIEI0BATEIBHOE 0OpaIieH1e, OTHO-
CATCS K pasHbIM OaHkaM. EcJin ske 3ampochl K OIHOMY U TOMY Ke GAHKY CIIELYIOT APYT
3a JIPYTOM, KasK/bIi CIIEYIONMH 3apOC JOJKEH OKU/IATh 3aBEPIIeHIs 00CTyKUBAHUS
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npeabiytero. Takast CuTyarust Ha3bIBaeTCst KOHGAuUKmom no docmyny. IIpu yactoM Bo3-
HUKHOBEHNU KOH(MINUKTOB 110 JIOCTYITY METO/] CTAHOBUTCH HEa(PEKTUBHBIM.

B 6104HO-IIUKINYECKON CXeMe PACCTOEHUsT TAMSITH KayK/Iblii GaHK COCTOUT 13 HECKOJIb-
KUX MOJLYJIEH, afipecyeMbIX MO KPYTroBoi cxeMe. Ajipeca Mex/Iy GaHKaMu paciipeieJieHbl
o 6rounoi cxeme. Takum 06pasom, ajipec stueiiku pasbuBaercst Ha Tpu yactu. Crapiive
GUTBI OTpeeITIoT HoMep OGaHKa, CIIeAYIONast TPyIna paspsi/loB ajpeca YKa3biBaeT Ha
SYEHKY B MOJYJIe, a MJIaJIIIe GUTHI ajipeca BBIGUpaioT Moy ib B banke. CXemy HMILTIO-
crpupyer puc. 6.5.

Puc. 6.5. bnoyHo-umknnyeckas cxema paccrnoeHust namsaTu

TpaauinoHHbE CTOCOOBI PACCIOEHST TAMSTH XOPOIIIO PAOOTAIOT B PaMKaX OHOM 3a/1a-
91, 71711 KOTOPO# XapaKTePHO CBONCTBO JIOKATBHOCTH. B MHOTOTIPOIIECCOPHBIX CHCTEMax
¢ 001Ielt TaMsThHIO, T/Ie 3AMPOCH Ha TOCTYT K MAMSTH JOCTATOYHO HE3aBUCUMBI, He UC-
KJIIOU€H MHOH TTO/IX0, KOTOPBIH MOKHO pacCMaTpPUBaTh KaK PA3BUTHE UAEU PACCTIOCHUS
naMaTH. 711 5TOTo B crcTeMy BKJIIOUAIOT HECKOJIBKO KOHTPOJITIEPOB MaMsITH, YTO O3BO-
JISIET OTAENLHBIM GaHkaM paboTaTh COBEPIIEHHO aBTOHOMHO. J(hHOEKTUBHOCTD TAHHO-
ro MpHeMa 3aBUCUT OT YaCTOTHI HE3aBUCUMBIX 0OpallleHuil K pasHbIM GaHkaM. JIydiirero
pe3yJITaTa MOYKHO OJKUATE TTPU GOJBIITOM YHcyie GAHKOB, YTO YMEHDITAET BEPOSTHOCTD
TOCTIEI0BATENLHBIX 00PAIIEHNH K OMHOMY U TOMY Ke GAHKY MaMsITH.

CUHXPOHHBbIE U aCUHXPOHHbIE 3aNnoOMMHaloLMe YCTPOUCTBA

B xauecTBe 11€pBOro 1okasareJis, 1o KOTOPOMY MOKHO KJIacCU(PUIMPOBATDL 3aIl0MUHAIO-
IHe yCTPOHCTBAa OCHOBHOI TaMSTH, PacCMOTPUM cItocod cuHxporusanuu. C aTux mo-
3UIINH U3BECTHBIE TUTIBI 3Y TTO/IPa3/IeITIOTCs] HA CHHXPOHHbBIE M ACHHXPOHHBIE.

B mMukpocxemax, Te peaTu3oBaH CUHXPOHHLLL NPUHUUN, TIPOTIECCHI YTEHUS U 3aINCH
(ecsm 310 O3Y) BBITIOTHSIOTCS OJIHOBPEMEHHO C TAKTOBBIMU CUTHAJIAMU KOHTPOJLIEPA
IIaMATH.

Acunxponnwlii npunyun IpenoaraeT, YTo MOMEHT Havajla 04epe/lHOrO JIeHCTBUSA Olpe-
JleJigeTCss MOMEHTOM 3aBepIIeHUs TpeiecTByonieil oneparuu. [lepenocd atotT npuH-
IUIT Ha CUCTEMY TTAMSITH, HEOOXOAUMO ITPUHUMATH BO BHUMAHIE, YTO KOHTPOJLIED TIaMsi-
TH Bcerga paboraer CUHXPOHHO. B acumxponnvix 3Y 1K YTeHUST HAUMHAETCS TOJIBKO
[IPY MTOCTYTJIEHUH 3aIIPOCa OT KOHTPOJLJIEPA MAMSATH, U €CJIU MTaMATh He YCIIeBAeT BBIIATD
JIAHHbBIE B TEKYIIEM TaKTe, KOHTPOJIJIED MOXKET CYUTATh UX TOJBKO B CIEAYIONIEM TaKTe,
MTOCKOJIbKY OUYepe/THON MIar KOHTPOJIIepa HAYMHAETCS € TIPUXO0I0OM OU4€PEHOTO TAKTOBOTO
uMITyJibca. B nocsenee BpeMs aCHHXPOHHAS CXeMa aKTUBHO BBITECHSIETCS CUHXPOHHOM.
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Oprauwsau,ml MUKPOCXeM nNamsaTm

WuTerpanbibie MukpocxeMbl (MMC) mamMaTit IpeacTaBIsiorT co00i MacCuB 3aloMUHa-
IOLIUX 2J1eMeHTOB (39). 3anoMUHAIOIIIT 5IeMeHT criocobeH XpaHuTh 1 6ut uHdopMma-
. [l 39 060ii moJIyIpOBOAHIUKOBON IAMSITU XapaKTePHbI CIeAYIOIIe CBONCTBA:

B JBa CTaOUJIBHBIX COCTOSIHUS, TIPECTaBIIsTroNINe ABowdHbIe 0 1 1;

B B 39 (X0Tst ObI OHAXK/IBI) MOKET OBITH TIPOM3BEEHA 3aMNCh WHHDOPMATIIUH, TIOCPE/I-
CTBOM II€PEBO/IA €T0 B OJIHO U3 JIBYX BO3MOKHBIX COCTOSTHUI;

B /ST OTIPEeNIeSIEHHST TEKYIIETO COCTOSTHUST 33 €r0 COMEPKUMOe MOKET OBITH CUMTAHO.

Kaxkmpiit 39 B MUKpOcXeMe TTaMSITH UMeeT OIMpe/IeIEHHBIH aipec, Ha OCHOBAHUH KOTO-
POTO OCYIIECTBIISIETCS IOCTYI K anHoMy 39. Ha (usnueckyro opraHusanno MaccuBa
OTHOOMTOBBIX 33 HAKJIAIBIBACTCS JIOTUUECKAsT OPTaHM3aINsT TTAMSITH, TO €CTh Pa3psi/l-
HOCTb MUKPOCXEMBI 7. Pa3psHOCTD MUKPOCXEMBI OMPEIesisieT KOJIMIeCcTBO 39, NMelo-
VX OJTUH U TOT JKe aJipec (TaKasi COBOKYITHOCTD 3AIIOMUHATIOTINX 2JIEMEHTOB HAa3bIBACTCS
SUEUKOLL).

Maccus 39 opraiu3oBaH B BUIe COBOKYITHOCTH M3 72 MaTpuil. Takum o6pasom, i-it pas-
PSM BCeX gUeeK XPAaHUTCS B i-1i MAaTPUTIE MacCUBA.

[Ipu marpuunoii opranuzanun UMC namsaru (puc. 6.6) peanusyercs KOOpAUHATHBII
MIPUHITUTL aJIpecaliuy sYeek: aipec S4eiiku, mocTynalonui o mmuHe agpeca BM, npomy-
CKAETCs1 Yepe3 JIOTUKY BhIO0Pa, T/ie OH Pa3/ieIIeTCs Ha JIBE COCTABJSAIONIHMX: aiPeC CTPOKU
u ajpec cToabia. Agpeca CTpOKH 1 cTOJIOIA 3aTIOMUHAIOTCS COOTBETCTBEHHO B PETUCTPE
aj[peca CTPOKU U PETUCTPE ajipeca cTob1a MUKPOCXEMBbIL. PerucTpbr coe/inHeHbl KayKIblil
co cBouM JermudpaTopom. Beixozsl genmdpatopos 06pasyioT cucteMy TOpUsOHTaIb-
HBIX U BEPTUKAJIBHBIX JIMHUI, K KOTOPBIM [T0/ICOEIMHEHBI 3aIIOMUHATOTIME HIEMEHTHI Ma-
TPHUIIBL, IPK 9TOM Habop 39, 00pasyIoNuii ssueiiKy, pacioIoKeH Ha IepecedeHrui OHOM
TOPU30HTAJIIBHON U OIHON BePTUKAIbHON JTUHUU.

3amoMHUHAIOIINE SJIEMEHTBI, OOBEINHEHHBIC OOIIMM «TOPU30HTATBLHBIMY TTPOBOIOM, TPH-
HATO Ha3bIBaTh cmpokoil (row). 33, TMOAKIIOUEHHBIE K OOIEMY <«BEPTUKATBHOMY>
npoBoxy, HasbiBaoT cmoabuom (column). Kpome Toro, k kaxaomy 33 HEOOXOAMMO
MOJIKTIOYUTD JIHHUIO, TT0 KOTOPOH Oy/IeT MepeaBaThCst CYMTAHHAST U 3aChIBacMast HH-
opmarnms.

COBOKYITHOCTD 3aTIOMUHAOIINX 9JIEMEHTOB U JIOTHIECKUX CXEM, CBSIBAHHBIX C BBIOOPOM
CTPOK U CTOJOI0B, HA3BIBAIOT £0POoM MUKPOcXeMbl namat. ITomumo aiapa, 8 UMC ume-
eTcst enle wHTepdeiicHas Joruka, odecrednBaolias B3auMOIeHCTBIE sIpa ¢ BHEITHIM
MUpOM. B ee 3a1aun, B YaCTHOCTH, BXOJSAT KOMMYTAI[US HYKHOTO CTOJIOIA Ha BBIXOJ ITPU
CYMTHIBAHUU W HA BXOJ] — IIPH 3aTTHCH.

Jlnst ymenplierust yrcia Kontaktos IMC aapeca cTpoku U cTosiO1a B GOIBIINHCTBE
MHUKPOCXEM IO/IAI0TCS B MUKPOCXEMY Yepe3 OJ[HU U Te Ke KOHTAKTBI MOCIeI0BaTe N b-
HO BO BpeMeHU (MYJIBTUILIEKCUPYIOTCS) W 3aIOMUHAIOTCS COOTBETCTBEHHO B PETUCTPE
ajipeca CTPOKU U PETUCTPE ajipeca CTOI0a MUKPOCXeMbl. MyJIBTHILIEKCHPOBaHUE OObIU-
HO peasusyeTcs BHenTHeH 1o otHoteHuio k MM C cxemoii.

Jlist cunxporusanuu o6padoTku ajgpectoit nudopmanuu suytpu UMC aznpec crpo-
K1 cornpoBoskpaercs curiajiom RAS (Row Address Strobe — ctpob crpoku), a agpec
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cronbia — curaanom CAS (Column Address Strobe — ctpo6 crosbua). Bropyio 6yksy
B abOpesuarypax RAS u CAS unorna pacim@poBsBaioT Kak Access — «IO0CTYII», TO
€CTh UMeeTCsI CTPOO JOCTYIIA K CTPOKE U ¢TPob HocTyma K ¢Toaoiy. Ytodsl ctpobuposa-
HYe GBIIIO HAJIEKHBIM, 9TH CUTHAJIBI TOJAIOTCS C 3aJIEPAKKOI, J0OCTATOUHOM JIJIsA 3aBepliie-
HUSI TIEPEXO/IHBIX MPOIECCOB Ha TITHE a/[Peca ¥ B a[PECHBIX IEMAX MUKPOCXEMBI.

Puc. 6.6. CTpykTypa MUKPOCXEMbI NAMATN

Curnain Beibopa mukpocxembr CS (Chip Select) paspemraer pabory UMC u ucmosibsy-
€TCs1 JIJIST BBIOOPA OIPEIEIEHHO MUKPOCXEMBI B CHCTEMAX, COCTOSIIIUX U3 HECKOJbKUX
NMC. Bxog WE (Write Enable — paspetienue 3anucu) onpeesisieT BU/| BBITOTHIEMON
orepary (CYNTHIBAHKE WJIH 3AIHCH).

3arnucbiBaeMas MHMOPMaIlKs, MOCTYIAIONIA 110 IKWHE JIaHHBIX, IePBOHAYAJIBHO 3aHO-
CHTCSI BO BXOJIHOW PETUCTP JIAHHBIX, & 3aTeM — B BBIOpaHHYI0 stueiiky. [Ipu BbImosHeHnn
orneparyu yTeHust HHGOPMAIst U3 AYEHKY 10 ee BbIaYn Ha MIUHY JaHHbIX Oydepu-
3UPYeTCst B BBIXOJHOM peructpe AaHHbIX. OOBIYHO POJIb BXOAHOTO ¥ BBIXOJHOTO BbI-
MOJIHAET OJIUH U TOT K€ PErucTp. Yeuuurean cuntoiBanus/3anucu (YC3) caysar g
3JIEKTPUYECKOTO COTJIACOBAHUS CUTHAJIOB HA JIMHUAX JAHHBIX ¥ BHYTPEHHUX CUTHAJIOB
NMC. O6bruno uncio YC3 paBHO YuCIy 3alOMUHAIONIMX 3JIEMEHTOB B CTPOKE MATPH-
I[bI, ¥ BCE OHU TIPK OOPAIIEHUN K TAMSATH MOKJIIOYAIOTCS K BBIOGPAHHON TOPU3OHTAIBHOMN
munnn. Kaxknas rpynma YC3, obpasyionias sueiiky, NOAKII0UeHa K OJHOMY U3 CTOJIO-
I[OB MATPHIIBI, TO €CTh BHIOOP HY/KHOI sTUeiiKi B CTPOKE OOECIICUNBACTCS AaKTHBU3AIIN-
el O/IHON U3 BepTUKaIbHBIX JuHuil. Ha Bce Bpemsi, moka UMC mamMsTn He UCIIONb3YeT
HIMHY JIaHHBIX, HH(POPMAIIMOHHBIE BBIXO/[bI MUKPOCXEMbI IEPEBOATCS B TPEThe (BbICO-
KOMMIIE/IAHCHOE) COCTOSTHUE, YTO 9KBUBAJIECHTHO OTKJIIOYEHUIO MUKPOCXEMbBI OT HIMHbI



242 Maea 6. NamaTb

JIAHHBIX. YIIPaBJIeHUE MEPEKTIOYEHIEM B TPEThE COCTOSTHUE 06ECTIEYMBACTCS CUTHAJIOM
OE (Output Enable — pasperenne Bbiaun BBIXOIHBIX CUTHAIOB). ITOT CUTHA aKTH-
BU3UPYETCS TP BBITIOJTHEHUY OTIEPAIIUN YTEHUSI.

[[]IH 0OJIbIINHCTBA TIE€PEYNCICHHDBIX BbIIIE YITPABJIAIONINX CUTHAJIOB aKTUBHbBIM 00OBIUHO
CYNTAETCS UX HU3KUIA YPOB€HDb, 4YTO U IIOKa3aHO Ha pUC. 6.6.

Ympassienne onepanusaMu ¢ OCHOBHOUW TTaMSTBIO OCYIIECTBISIETCST KOHTPOJIEPOM Tia-
MSITH, KOTOPbIIT MOJKET BXOJMTh B COCTAB IIEHTPAJIBHOTO IIPOIieccopa JInho peanrnusyercst
B BH/Ie BHEIITHETO 110 OTHONIEHUIO K TaMsATH ycTpoiicTBa. B nmocaenanx tunax UM C na-
MSTH 9acTh QYHKIIMN KOHTPOJIIEPa BO3JIaraeTcst Ha MUKPOCXeMy maMsTi. XoTs paboTa
MMC naMaTi MOXKeT ObITh OpraHM30BaHa KaK 110 CUHXPOHHOM, TaK M 110 aCUHXPOH-
HOH cXeMe, KOHTPOJIIEP MaMATH — YCTPOUCTBO CMHXPOHHOE, TO €CTh cpabaThiBaoIee
WCKJIOYUTEbHO MO TaKTOBBIM UMITyJbcaM. [lo aToil nmpuunHe ornepanuu ¢ maMsThiO
[IPUHSTO ONMUCHIBATh ¢ IPUBSI3KOI K TakTaM. B 0011eM cirydae Ha KaskIyro TaKyo ore-
pario Tpebyercs, Kak MUHUMYM, TISITh TAKTOB, KOTOPbIE UCITONb3YIOTCS CJICYOTIM
06pasom:

1. ¥Ykazanue tTuma omeparuu (UTeHUE WU 3aMUCh) W YCTAHOBKA a/[peca CTPOKH.
2. ®opmuposanue curaaga RAS.

3. VYcranoska aapeca cToJOma.

4. Mopmuposanne curaana CAS.

5. Bosspar curnaioB RAS u CAS B HeakTUBHOE COCTOSTHIIE.

JlaHHBII TIepeUeHb YUUTBHIBACT JIAJIEKO HEe BCe HEOOXOMMBIE [IEHCTBUSI, HATIPUMEp pere-
HEPAIUIO COAEPKUMOTO AaMATH B TuHaMudecknx O3Y.

«Knaccnyeckyio» mporemypy AocTylia K MaMATH PACCMOTPUM Ha TIPUMeEpe YTEHUS U3
NMC ¢ MyJIBTUILIIEKCUPOBAHUEM aIPECOB CTPOK 1 cTOIO10B (puc. 6.7). CHauasa Ha BXO-
ne WE ycranaBiuBaeTcs ypoBeHb, COOTBETCTBYIOIINI Ollepaliiy YTeHus, a Ha aJipecHble
koutakTel UM C nofaetcst ajipec CTpokH, corpoBoskaaembiii curnasom RAS. Tlo 3ajme-
My (DPOHTY 3TOTO CUTHAJIA IPeC 3ATIOMUHAETCS B PETUCTPE ajipeca CTPOKKU MUKPOCXe-
MBI, TIocJie dero jentudpupyercs. [Tocse ctabuinsanuu mpoIeccoB, BBI3BAHHBIX CUTHA-
soM RAS, BoiGpannas crpoka nogakaiodaercs k YC3. [lanee na sxoq MMC nogaercs
ajipec cToJI0I1a, KOTOPBIi 110 3a1HeMy (ponTy curiana CAS 3aHOCUTCS B PETHCT ajipeca
cronbia. OMHOBPEMEHHO TMOATOTABIMBAETCS BHIXOAHON PETUCTP MAHHBIX, Ky/a IOCJIe
crabusmzanuu curaga CAS sarpyskaercst nuHbopmarus ¢ Boiopantbix YC3.

Puc. 6.7. BpeMeHHas gnarpamma «knacCuyeckom» npoLenypbl HTeHus
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Pa3paboTunku MUKPOCXEM TIaMATH TPATAT 3HAYMTENbHbIE YCUIUSA Ha TIOBBIIEHUE Obl-
crpozetictBug IMC, KoTOpoe MpUHATO XapaKTepU30BaTh YeTLIPbMS MTapaMeTpaMHu:

B (s — MHHIMaJIbHOE BPeM: OT Iepemaaa curaana RAS (¢ BbIcOkoro ypoBHS K HU3KO-
My) JI0 MOMEHTA [OSIBJICHHSI U CTAaOMIN3al[K CYMTAHHbIX JaHHbIX Ha Bbixoge TMC.
Cpenu IpUBOAUBIINXCS B Hadasle IJIaBbl XapaKTEPUCTUK ObICTPOAEICTBIS 9TO COOT-
BETCTBYET 8PeMeHU 8blOOPKU OUHHDIX;

B (g — MUHUMAJIbHOE BPeMs OT HauaJla JOCTYIIA K OHOH CTPOKE MUKPOCXEMBI aMSATH
JI0 HavyaJa IOCTyTa K CJIeAYIONneil CTpoKe. DTOT MapaMeTp TakyKe YIIOMUHAJICS B Ha-
vaJjie TJIaBbl Kak yukia oopawenus x 3y Ty,

B {.,q — MUHUMaIbHOE BpeMs OT neperaa curaana CAS ¢ BBICOKOTO YPOBHS K HU3KOMY
JI0 MOMEHTA TIOSIBJIEHI U CTa0MIN3AIMK CYUTAHHBIX JaHHBIX Ha Bhixoge IMC;

B T, — MUHHMAJTIbHOE BPEMsI OT Hadasa I0CTyIa K OJJHOMY CTOJIOIY MUKPOCXEMBbI T1a-
MSITH JI0 Hadajia J0CTYIIa K CJIeAYIOIEeMY CTOJIOIY.

Bo3MoKHOCTH «yCKOpEHUST» SA/Ipa MUKPOCXeMbI 3Y BeCchbMa OTPAaHUYEHBI U CBI3aHBI B OC-
HOBHOM C MUHHATIOPU3AIUEN 3AIIOMUHAIONINX 2JeMeHTOB. Haubo blie yCexu 1o-
cTurnyThl B uHTepdeiicHoit yactu UMC, kacaiorcst OHH, TJIaBHBIM 00pa3oM, Oneparuu
YTEHWUsI, TO €CTh CIIOCOOOB IOCTABKH COAEPKUMOrO STUEHKU Ha MUHY JaHHbIX. Han6osib-
1ee pacpocTpaHeHune MoJydniIn cienyioniue (pyHIaMeHTaaIbHble TIOAXOIbI:

1ocJIeI0BaTebHBIH;
PErucTpOBBIN;

OBICTPBIN MOCTPAHUYHBI;
TaKeTHBII;
KOHBEHEPHBI;
V/IBOEHHON CKOPOCTH.

MocnepoBatenbHbIN PEXUM

Iocnedosamenvioui pexcum (Flow through Mode) npeacrasiger co6oii BapuanT peasu-
3al[U¥ KJIACCUYECKOTO IOCTYTIA K MAMSATH B CHHXPOHHBIX MUKPOCXeMax. AJipec 1 yIpas-
JISTIOIIUE CUTHAJIBI MOJAI0TCS HA MHUKPOCXEMY [I0 TOCTYILIEHHS CUHXPOUMILYJIbCA.
B MOMEHT Ipuxo/1a CHHXPOMMITYJIbCA BCS BXOHASA HH(POPMAIIUA 3aIIOMUHAETCS BO BHY -
TPEHHUX PErUCTPaxX — IO €ro repegHeMy (hpOHTY, U HaUMHAETCS UK uyTeHust. Yepes He-
KOTOPOE BPeMsl, HO B IIPe/IeJIaX TOTO JKe I[UKJIA TaHHbIe MOABJISAIOTCS Ha BHEITHEH 1THe,
[PUYEM MOMEHT HTOT OIPEENISIETCs TOJILKO MOMEHTOM MPUX0/Ia CUHXPOHUZUPYIOIIETO
UMITYJIbCA M CKOPOCTBIO BHYTPEHHUX TIETIEeH MUKPOCXEMBI.

PerucTpoBbiii pexum

Pezucmposuvui peacum (Register to Latch) ucnospsyercss oTHOCHTEIBHO PEAKO U OTJINYA-
€TCsI OT TI0CJIEeI0OBATEIBHOTO PEXKUMA HATTIMYUEM PETUCTPA HA BbIX0OJie MUKpocxembl. Cun-
TaHHbIE JJAHHBIE 3AHOCSATCST B IPOMEXKYTOUHBIN BBIXOJHOM PETUCTD M XPAHATCS TaM [0
HOSIBJIEHUST OTPUIIATEIBHOTO (DPOHTA (CIIaIa) CUHXPOUMITYJIbCA U B 9TOT MOMEHT I€pe-
JaloTcs Ha muHY. VI3MeHsIs IMUPUHY UMITYJIbCA CUHXPOHU3AIIH, MOKHO MEHSThH BPEMSI
MOSIBJIEHUST IAHHBIX HA IITITHE, YTO OKA3bIBAETCSI BECbMA TT0JIE3HBIM TP IIPOEKTUPOBAHUYT
crenmanuanpoBanibix BM. TTo GbICTPOAEHCTBUIO MUKPOCXEMBI C PETHCTPOBBIM PEXKI-
MoM ugenTuaHbl UMC ¢ mocsie1oBaTesIbHbIM PEKUMOM.
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BbICTPbLIV NOCTPAHUYHBIA PEXUM

[Mox crpanureit nonumaercst ctpoka marpuiibl 39. IlocsenoBaTeslbHOCTh 9JIEMEHTOB
CTPAHUIIBI COOTBETCTBYET gUelKaM MaMATH C MTOCJIE0BATEIBHO BO3PACTAIOIIUMU aJpe-
caMu. ITO TO3BOJISET TIPU JIOCTYIE K gYelKaM CO CMEKHBIMU ajpecamMu (COTIacHO
MPUHIIKAITY JIOKAJTbHOCTH TaKasi CUTYallust HauboJiee BEPOSITHA) CYIIECTBEHHO YCKOPUTD
JIOCTYT KO BTOPOU U MOCJeAYIONUM sueiikam. /[y gocTyma K ouepeIHON g4elike 10-
cTaTouHO ToaBath Ha IMC Jiuiib ajipec HOBOTO CTOJIOMA, COTIPOBOK/IAS €70 CUTHATIOM
CAS. Ormerum, 4To obpallieHue K epBoil sueiike B 10CAe[0BaTEJIbHOCTH IPOU3BOINT-
Cs1 CTAHIAPTHBIM 00PA30M — MOOYEPEIHBIM 3ajlaHIeM ajipeca CTPOKHU U aJipeca CToJIONa,
TO €CTb 3/IeCh BPEMS [IOCTYTIA YMEHBIITUTD MPAKTUUYECKA HEBO3MOKHO. PaccMOTpPEeHHbIN
PEKUM Ha3bIBAETCS PEHCUMOM NOCMPAHUYHO20 OOCMYNA WA TPOCTO NOCIPAHUYHBIM
peacumom (Page Mode). B unrerpampubix Mukpocxemax DRAM paciipocTpaseHa Mo-
mipUKaLNs PeKUMa, U3BECTHAS Kak Ovicmpoiti nocmpanuunvii pesxcum (FPM — Fast
Page Mode). OcobertocTs Mo uKanum — B criocode 3aHeceHus1 HOBO# mH(opManun
B peructp aapeca crosoia. [TosHblit axpec (CTPOKU 1 CTOJIOIA) EPENAETCS TOJBKO MPU
epBOM 00pallleHuu K CTPOKe. AKTUBU3AIIUS PETHCTPA ajpeca cToJIIA TIPOU3BOIUTCS
He 1o curHany CAS, a o 3agaemy hponty curnana RAS. Curaan RAS ocraercs akTus-
HBIM Ha MPOTSKEHUU BCETO CTPAHUYHOTO IIUKJIA U TTO3BOJISIET 3aHOCUTD B PETUCTP aJipeca
crosbiia HOBY0 mH(MOpPMAIHIO He 110 ciiafaoiiemy Gpouty CAS, a Kak TOJIBKO agpec Ha
Bxozie UMC cTabuisupyercs, TO eCTh IPAKTHIECKU 10 TepeiHeMy (DPOHTY CUTHAJIA
CAS. Bpemennas auarpaMma orepaiuy YTeHUS JIJI PACCMAaTPUBAEMOTO PesKUMa TTOKa-
3aHa Ha puc. 6.8.

Puc. 6.8. BpemeHHaﬂ AanarpamMmma onepaunmm 4HTeHna B 6bICTpOM NOCTPaAHNYHOM pexnme

B 11es10M TIOTEpH BPEMEHH COKPAIIAIOTCS Ha IBA TAKTA, HO PEATbHBIN BBIUTPHIIT HabJIIO-
JIaeTCs JIUII TIPH Tiepeiade GJI0KOB TAHHBIX, XPAHSIIMXCS B OHOI U TOM K€ CTPOKE MU-
KpocxeMbl. Eciiu ke porpaMma 4acto obpariaercs K pa3HbiM 00I1aCTAM MaMsITH, epe-
xo151 ¢ otHol ctpokn UM C Ha ipyryio, mpenMyIiiecTBa MeTo/1a TEPSIOTCSL.

MuKpocxeMbl, I/ie peain3yeTcst MOCTPAHUIHBIN PEKUM W eT0 MOAU(DUKAIINH, TPUHSTO
XapaKTepu30BaTh opMyIoi X-y-y-y. [lepBoe Yncio x mpeicTaBiseT KOJTUIECTBO TAKTOB
CHCTEMHON MIUHbBI, HEOOXOAMMOE JIJIST OCTYIIA K MEPBOH siueiike 1moc/Ie0BaTeIbHOCTH,
a gucyia iy — KOJMUYECTBO TAKTOB [IJIST IOCTYTIA K KayK/IOH U3 TTOCTENYIONNX ssueek. Tak,
BbIpaskeHue 7-3-3-3 osHauaert, 4yTo I 00pabOTKU IEPBOrO CJI0Ba HEOOXOAMMO 7 TaK-
TOBBIX TIEPUOJIOB CUCTEMHOM TMUHBI (B TEYEHHE MECTH M3 KOTOPBIX NIMHA TTPOCTAnBaeT
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B O>KI/II[3.HI/II/I), a JJId O6pa6OTKI/I TOCJEAYIONMX CJIOB — 110 TPU IEPUO/ia, N3 KOTOPDLIX /IBa
CHUCTEMHAas IMHA TaKKe ITPOCTanBa€T.

MakeTHbIN pexum

IHaxemnoui pescum (Burst Mode) — pexuM, Ipu KOTOPOM Ha 3aIIpoC 110 KOHKPETHOMY
aJipecy IaMsITh BO3BPAIIAET MAKET AAHHBIX, XPAHSIIIUXCS He TOIbKO 110 9TOMY aJ[PeCy, HO
1 110 HECKOJIBKUM TIOCTIE/IYIOITIM aJIPECaM.

PaspsiiHOCTD sTueliky maMsaTi coBpeMeHHbIXx BM 00b1uHO paBHa ogHOMY Oaiity. Eciin
MIUPUHA [IUHBI IAHHBIX PaBHA YeThIPeM OaiiTaM, TO 0JIHO 0OpallleHue K maMsiTi Tpedyer
MTOCJIEIOBATENLHOTO IOCTYIIA K Y€THIPEM CMEKHBIM sueiikam — makery'. C yaeTom aTo-
ro o6ctosaTenbeTBa, B UM C maMsTH 9acTo NCTIOMB3YeTCsT MOAUMDUKATINS CTPAHUYHOTO
PEKMMA, HOCAIIAS Ha3BaHUE 2pYNnnogozo NN naxemuoezo pejcuma. 1lpu ero peanusanuun
anpec croabia sanocurest B UMC ToIbKO U151 IePBOI STYeiiky TTakeTa, a mepexo;l K ode-
PEAHOMY CTOJIOIY IPOU3BOAUTCS YKe BHYTPU MUKPOCXEMBI. JTO HO3BOJISIET JIJIST KasK-
JIOTO TIAKeTa UCKJIIOUUTH TPU U3 YeThIpeX onepaiiuii 3anecerust B UMC azipeca crosbia
U TeM caMbIM elle HoJiee COKpaTuTh cpejiee Bpems goctyna (puc. 6.9).

Puc. 6.9. BpemeHHas avarpaMmma onepaumm YTEHUS B NakKeTHOM pexmnme

KoHBenepHbIn pexum

B xoneeiieprom pexcume (pipeline mode) mponece pasbusaercs Ha asa srama. Iloka
JIAHHbIE U3 TIPE/IbIIYIIEr0 UKJIA YTEeHUS [TePeJaloTCs HAa BHEIIHIO MINUHY, IPOUCXO/IUT
3aIpOoC Ha CJEAYIOUIYIO Ollepaluio yreHus. Takum oOpa3oM, [Ba IUKJIA YTEHUS Iepe-
KPBIBAIOTCS BO BpeMeHU. V3-3a yCIOKHEHWST CXeMbI TIepe/ladll IAHHBIX Ha BHEMTHIO
IIMHY BPEMsI CUUTBIBAHNS YBEJMUNBAETCS HA OJIUH TAKT, U JJAHHBIE TOCTYMAIOT HA BBIXO/T
TOJIBKO B CJIELYIOIIEM TaKTe, HO TaKoe 3alasjblBaHue HaOJI0AaeTCsl JIUIb IIPU IIEPBOM
YTEHUU B MTOCJEI0BATEbHOCTH OIepaIliii CYUTHIBAHUS U3 TaMaTH. Bee mociemyionime
JIAHHbIE TIOCTYTIAIOT Ha BBIXO/L JIPYT 32 IPYTOM, XOTSI ¥ C 3a11a3/IbIBAHUEM HA OJ[UH TaKT OT-
HOCUTEJIBHO 3allpoca Ha uTeHue. Tak Kak IUKJIBl YTCHUS MEePEKPBIBAIOTCS, MUKPOCXEMBbI
€ KOHBEHEPHBIM PEKMMOM MOTYT HCIIOJIb30BATHCS MPW YaCTOTaX IMUHBI, BIBOE TIPEBbI-
marormux gorryctumyto st IMC ¢ mocseoBaTesibabiM peskumoM utenns. Ha puc. 6.10
MOKa3aHa BpeMEHHas iuarpamMma Olepariuyu YTeHus, B KOTOPOl KOHBEHEPHBIN PeRUM
COYETAETCS C TTAaKETHBIM.

! CTporo roBopst, KOJMYECTBO STYEEK, CUUTHIBAEMOE 32 OJ[H Pa3 (e3 JOMOJTHUTETBHOTO YKa3aHUs
ajipeca u HasbiBaeMoe JinHoil makera (burst length), B GosblunHCcTBE CTyyaes MOKeT Iporpam-
MUPOBaThest. [IOMUMO YHOMSIHYTBIX Y€ThIPEX, 9TO MOTYT ObITh 1, 2 nin 8 stueek moApsl.
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Puc. 6.10. BpemeHHas guarpamma onepaumm YTeHNs B MaKETHOM pexnme
C KOHBENepu3aumen

PeXvm yaBOE€HHOW CKOPOCTU

BasxnbiMm sTamom B [[aﬂbHefIHleM Pa3BUTUN TEXHOJIOTUN MUKPOCXEM CI/IHXPOHHOI?I ImaMsa-
T cras pekum DDR (Double Data Rate) — yaBoeHHast CKOPOCTH TI€peiauil TaHHbIX.
CyImHOCTh METOA 3aKTI0YaeTCsT B Tepefade MaHHLIX TT0 060uM (HpPOHTAM HMITYJIbCA
CHHXPOHHU3AIINH, TO €CTh ABAKIDI 32 Meprol. TakiM 06pa3oM, MPOIYCKHast CTOCOOHOCTD
YBEJIMIMBAETCS B Te JKe JBa pasa. BBUIY TOTO, YTO IAHHBIIN PESKUM B MUKPOCXEMaX TUHA-
MHUYECKOIT IAMATH B HACTOsIIIEE BPEMs ABJIAETCS HarnboJIee pacipoCTpAaHEeHHbIM, Jajee
OH OyzieT pacCMOTPeH mopoOHee.

IToMUMO YIIOMSIHYTBIX, UCIIOJIb3YIOTCS U JPYTUE IPUEMbI IIOBBIIIEHUs ObICTPOAEIICTBIS
NMC namsTtun, Takie Kak BKJIIOUEHUE B COCTAaB MUKPOCXEMbI BCIIOMOTATEIbHOUN KIIII-
TMaMATH 1 HE3aBUCHUMbIEC TPAKTBI JaHHBIX, ITO3BOJIAIONNE OJTHOBPEMEHHO ITPOM3BOJANTDH
00MEH ¢ TMUHOI IAHHBIX U oOpaliieHue K MaTpuiie 39 U T. [1.

OnepaTtuBHbIe 3aNOMUHaIOLWME YCTPOMCTBA

BoJsiblMHCTBO M3 MPUMEHSIEMBIX B HACTOSIIIEE BPEMsI TUTIOB MUKPOCXEM OTIEPATUBHOM
MaMATH' He B COCTOSTHUY COXPAHSTH TaHHbIe 63 BHEITHETO NCTOYHUKA SHEPTHH, TO €CTh
SBJIAIOTCS HHEpro3asucumbiMu (volatile memory). Ilupokoe pacrpocTpanenue Takux
YCTPOIICTB CBSI3AHO C PSIZIOM UX IOCTOUHCTB [0 CPABHEHUIO C 9HEPrOHE3ABUCUMBIMU THU-
namu O3Y (non-volatile memory): Gosibiiieil eMKOCTHIO, HUBKUM 3HEPTOMOTPEOIEHIEM,
6oJiee BBICOKUM OBICTPOAEHCTBUEM U HEBBICOKOI c€0eCTOMMOCTHIO XPAHEHUST €IUHUIIbI
nHbOpMAITIH.

OneprozaBucumble O3Y MOKHO TIO/[PA3/ETUTh HA /[Be OCHOBHBIE MOTPYIIIBL: AMHAMU-
yeckyto namsaTb (DRAM — Dynamic Random Access Memory) 1 cTaTHUECKYTO TTaMATh
(SRAM — Static Random Access Memory).

CtaTnuyeckme onepaTMBHbIE 3aNOMUHaIOLLUE YCTPOMCTBA

B cmamuueckux O3Y 3anlOMUHAONIMI 2JIEMEHT MOKET XPaHUTh 3allMCaHHY0 WHMOP-
MAIUIO HEOTPAHUYEHHO I0JITO (TTPY HAJTUYUU MTUTAIONIETO HATIPsKeHus ). Posb 3amomMu-
HaIoIero ajeMenTa B ctatuueckom O3Y ucnosnsier Tpurrep. Takoit Tpurrep mnpejicras-
JII€T COOOM CXEMY € ABYMS YCTOMYUBBIMU COCTOSHIAMU, OOBIYHO COCTOSILYIO U3 IIECTH
Tpanauctopos (puc. 6.11).

! OHepaTI/IBHOfI Ha3bIBAIOT 11aMATb, B KOTOpOI‘/JI pasMenaloTCA JaHHbIe, Ha/l KOTOPbIMU HEITOCPE/-
CTBEHHO IIPOU3BOATCA OI€paliuu 1poreccopa.
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Puc. 6.11. 3anomuHatowmin anemeHT ctatndeckoro O3Y

Cratnueckne O3Y na Hacrosgnmii MoMmeHT — HanboJsiee ObICTPbIA, IpaBaa, U Hauboaee
JIOPOTOCTOSTININ BUJ] ONEPATUBHON TaMsATH. VI3BECTHO I0CTATOYHO MHOTO PAa3TUYIHBIX
BapuaHToB peanusai SRAM, OTIMIAIONIXCS 1T0 TEXHOJOTUH U CTOc0OaM OpraHu3a-
nuu. OcHoBHasg cdepa npumenenus crarndeckux O3Y — kam-namsate. HeemoTpsa na
10 uto craTdeckue O3Y MOTYT OBITh OCTPOEHDI KAK 110 aCUHXPOHHOI, TaK U II0 CHUH-
XPOHHOU cXeMe, B HACTOsIIIee BPEMST ITPEIIIOYTEHNE OT/IaeTCsi CHHXPOHHBIM 3Y. B pam-
Kax TpyIbl cunxponnvix cmamuyeckux O3Y soigensiior UMC tuna SSRAM u Gosee
cosepuiennbie PB SRAM.

Kaxk u B 71106011 CHHXPOHHOI TamMsiTi, Bee coObITHst B SSRAM MPOUCXO/ISIT € TIOCTYILIEH]-
eM BHEIITHUX TAKTOBBIX UMITYJIbcOB. OTnunresnbHast ocobenHocth SSRAM — peructpsi,
e hukcupyercest Bxoauas nudopmaiust. PaccmatpuBaeMbiii BUJ TaMsIT 06eCTiednBaeT
paboTy B MakeTHOM pekume ¢ popmyJioit 3-1-1-1, Ho JIUIIb 10 ONPee/ICHHBIX 3HAYCHIIT
TaKTOBOU 4acTOTHI MIMHBL [Ipu GoJsiee BBICOKUX yacToTax (opMyJia u3MeHsieTcs Ha 3-2-
2-2. B Bapuanre ¢ makeTHbIM KoHBelepHbIM gocTyniom (PB SRAM — Pipelined Burst
SRAM) pean3oBana BHYTPEHHsIsI KOHBEHEPHU3aIHs, 32 CYET KOTOPOIt CKOPOCTh 0OMeHa
MaKeTaMu JIAHHBIX BO3PACTAET IIPUMEPHO BiiBOe. [1aMsITh JaHHOTO THIIAa XOPOIIo paboTa-
€T MPU MOBBIIIIEHHBIX YacTOTaX cucTeMHo muHbl. Bpems goctyna k PB SRAM cocras-
JseT ot 4,5 10 8 He, pu aToM hopmyia 3-1-1-1 coxpansiercs gaske npu 60Jee BBICOKUX
YacTOTaX CUCTEMHO TITHBI.

Baxxubim MomenToM, xapaktepusyiomum SRAM, asiigercss Texnosorust 3anucu. 13-
BECTHBI JIBa BAPMAHTA 3AIUCH: CIMAHOApMHAs U 3anazoviéarwas. B crangaprinom pexu-
Me aJipec U JJaHHbIe BBICTABJISIIOTCS HA COOTBETCTBYIOIINE HITMHBI B OZIHOM M TOM K€ TaKTe.
B pesxume 3anaszbiBaiolieil 3alucu JaHHble I Hee I1epe/laloTcs B cJelyloleM TaKkTe
mocJie BEIOOpa azpeca HyKHON sTYefKH, YTO HATTOMUHAET PEKIM KOHBEHEPHOTO UTEHs,
KOT/Ia IAHHBIE TIOSIBIISTIOTCS HA TIWHe B creyionieM TakTe. O6a paccMaTpuBaeMbIX Bapu-
aHTa TIO3BOJIAIOT TPOU3BOJUTDH 3aITUCh JAHHBIX C YACTOTOM CUCTEMHOM MUHbI. Pasmnuns
CKa3bIBAIOTCS TOJIBKO [IPU IIEPEKIIOUEHNN MEXK/LY OllepallUsMU YTeHUS 1 3aIIUCH.

B passurue uzen sanvicu ¢ 3anasapiadneM kommnanus IDT (Integrated Device Tech-
nology) mpemnoxkuma TexHog0THIO, ToMyunBinyio HasBamnne ZBT SRAM (Zero Bus
Turnaround) — HyJieBoe BpeMsi MIePEKIIOUEHUST IMHBL Vjiest ee COCTOUT B TOM, 4TOOBI
3aIUCh € 3aMa3/bIBAHUEM TIPOU3BOUTD C TAKUM K€ HHTEPBAIIOM, KaKOil TpebyeTcst st
yrenus. Tak, ecim SRAM ¢ KoHBellepHBIM uTeHHeM TpeOyeT TPU TaKTOBBIX IepHoa
IS YTeHUsT TAHHBIX U3 STYEHKH, TO JaHHbIe JJIsI 3aIMCH HY KHO TIepeaBaTh C TAKUM JKe
IPOMeEJIJIEHIEM OTHOCHUTENIBHO ajipeca. B pesysibraTe epeKphIBAIOINECS IINKJIbI UTCHUS
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U 3aITUCH UIYT OJIVH 32 JIPYTUM, TTO3BOJISIST BBITIOJHATD ONIEPAITY YTEHUST /3aITUCH B KaXK-
JIOM TakTe 6e3 KaKnx-Jn60 3aeprkeK’.

OnHamMmuyeckue onepaTuBHbie 3aNoMMHaloLWme yCTPoMNCcTBa

Junamuyeckre 3Y, Kak U CTaTHYECKUE, 9HEPTO3ABUCUMBL. 3aITOMUHATOIIIIT 3JIEMEHT Ou-
namuuecxozo O3Y criocobeH XpaHuTh HHOOPMAIIUIO TOJBKO B TeUEHUE JOCTaTOUHO KO-
POTKOTO TIPOMEKYTKA BpEMEHH, TIOCJIE KOTOPOTO HH(MOPMAITUIO HY;KHO BOCCTAHABINBATH
3aHOBO, MHAUe OHa Oyzer norepsHa. Takoit 39 COCTOUT U3 OHOIO KOHAEHCATOPA 1 3a-
npaiorero Tpansucropa (puc. 6.12).

Puc. 6.12. 3anomMmunHaowmi anemMmeHT guHammdeckoro O3Y

Hanuuane nnm otrcyTeTBUE 3apsifia B KOHIEHCATOPe uHTeppeTupyercs kak 1 wiu 0 coot-
BeTCTBEeHHO. [IpocToTa CXeMBI MO3BOJISIET I0CTUYb BBICOKOI MIJIOTHOCTH pasMelieHus 3
U B UTOTe CHUBUTD CTOUMOCTb. [1710THOCTD yIakoBku 33 B MUKPOCXeMaX AUHAMHYECKUX
O3Y 110 cpaBHEHWIO CO CTATUYECKUMU BhIIe B 4—8 pas, a OTHOIIEHNE CTOMMOCTD/GUT —
nuske B 8—16 paz. C 1pyroii cTOpOHbBI, CYMTATh 3HAUEHNE, XpaHsdIieecs B sueiike DRAM,
HEBO3MOJKHO, He U3MEHUB 3Ty MHMOOPMAIIMIO, TI09TOMY TI0CJe OMEePAIMH CUNThIBAHMS
3apsii Hy’KHO BOCCTaHOBUTbH. Takoe BOCCTAHOBJIEHIE TTPOU3BOJIUTCS MyTEM 3aHECEHMsI
CUMTAHHON MH(bOPMAIUK B CHeIMaIbHbIH Oydep, ¢ mocieayomei nepesanuchio us Gy-
hepa Ha TO ke MecTo, Grarozapst YeMy MPOUCXOUT Tiepe3apsil KoHaencaropos. Kpome
TOTO, HAKATIMBAEMBII Ha KOHIEHCATOPE 3aPsI/l U3-3a MAPA3UTHBIX YTeYeK CO BpeMeHeM
tepsiercst. Cpe/iHee BpeMsl YTEUKH 3apsifia 3D AMHAMUYECKON MaMSITU COCTABISIET COT-
HU WJTH JIAKE JECATKU MUJUTUCEKYHJL, TOATOMY 3apsi/l HEOOXOIUMO YCIETh BOCCTAHOBUTh
B T€UEHWeE JJAHHOTO OTPE3Ka BPEMEHH, HHaYe XpaHsasics nahopmaiust OyIeT yrepsiHa.
[Tepuonuueckoe BoccTaHOBJIEHIE 3apsiia TyTeM MePe3arnucy MHPOPMAIIUN Ha3bIBAETCSI
pezenepayuell N OCyIIeCTBIsIeTCsT Kaxapie 2—8 Mc. Onepanuu paspsiKu-Tepe3apsiiKu
MOTYT 3aHUMATh /10 5% OT 0OIEro BpeMeHU paboThI € TTAMATbIO, CHUZKAs CKOPOCTh pabo-
o DRAM. B cpennem 6bictpozeiictBie DRAM B 8—16 pas Huke, yeM y cTaTHYECKOMN
MaMSITH.

B pazsmunbix turax UMC auHamMuyeckoi aMsITh HAllJIA TIPUMeHeHNe TPU OCHOBHBIX
METOJIa PereHeparm:

m oxuum curaaioMm RAS (ROR — RAS Only Refresh);

m curaanom CAS, npeasapstionim curian RAS (CBR — CAS Before RAS);

m asroMaTuyeckas pereHepanust (SR — Self Refresh).

! Cxonnyio ¢ ZBT SRAM Ttextosoruto npeaioxuia Takxke ¢pupma Cypress Semiconductor. dra
texHoJsiorns noxyunsia HazBanne NoBL SRAM (No Bus Latency — nocioBHO «HeT 3a7epskex
HIMHBI» ).
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Perenepanusa ongnum RAS wncrionb3oBasach eme B mepBbix Mukpocxemax DRAM. Ha
ITUHY a/ipeca BbIJIAeTCs aJIpec PEreHepupyeMoil CTPOKHU, COMPOBOK/IAEMBIN CUTHATIOM
RAS. IIpu aT0M BBIOUpPAETCS CTPOKA SUYEEK, M XPAHIIIUeCcs TaM JaHHble TOCTYIIAIOT Ha
BHYTPEHHHUE eI MUKPOCXEMBI, TI0CJIe Yero 3alUChIBAIOTCI 00paTHO. Tak Kak CUTrHaI
CAS ne nogBiisieTcst, IIUKJI YTEHUs/3alUCH He HaunHaeTcs. B ciepyionuit pa3 Ha muny
ajipeca TIOJIAeTCs AJIPec CJeYIoNnel CTPOKH U T. JI., TOKA HE BOCCTAHOBSATCSI BCE STUEl-
KU, TIOCJIEe YeTO UK MToBTOpsieTcst. K HemocTarkaM MeTojia MOSKHO OTHECTH 3aHSTOCTh
IIMHBI aJipeca B MOMEHT pereHepariny, n3-3a Yero JOCTyIl K APYruM ycTpoiictBam BM
GJIOKMPOBAH.

Oco6ennoctbh Metoga CBR B TOM, 4TO ecjii B OGBIYHOM IMKJIE YTEHUS/3allUCH CUTHAJ
RAS Bcerna npeamectsyer curnany CAS, To npu nosiBnenun nepsbiM curHasa CAS
HAUMHAETCsI CIeIMaJIbHbIN [IUKJ pereHepannu. B aTom ciydae ajipec cTpoKu He Tepe-
JlaeTcsl, a MUKPOCXEMa HCIOJIb3YeT CBOI BHYTPEHHUI CUETUUK, COJEPKUMOE KOTOPOTO
YBEJIMYUBAETCST HA e/IMHUILY TIPU KaxkaoM ouepennom CBR-1ukie. Pexxum mossossier
pereHeprpoBaTh aMATh, He 3aHUMAas HIMHY aJpeca, TO ecTb OoJiee a(h(hEeKTHBEH.

ABTOMaTHUYECKAsI pEreHepalus MaMsTh CBI3aHa ¢ dHeprocOepesKeHreM, Korjaa CucTeMa
[EPEXOIUT B PESKUM «CHAa» M TAKTOBBIN reHepaTop nepecraet paborars. IIpu oTcyTecTBUN
BHemHuX curianoB RAS u CAS o6HOBeHUE copepKUMOro namat merogamu ROR
min CBR HEBO3MOIKHO, 1 MUKPOCXeMa ITPOU3BO/IUT PEreHePaIiio CaMOCTOSITETbHO, 3a-
IycKas COOCTBEHHBII reHepaTtop, KOTOPBIH TaKTUPYeT BHYTPEHHHUE [IelH pereHeparnm.

O6s1acTh IPUMEHEHKS CTATUYECKON U JMHAMUYECKOI ITAMSTHU OIIPE/EISeTCs CKOPOCTHIO
u crouMocThio. Kak yske orMedasioch, rraBHbIM npenmytinectsoM SRAM ssisiercst 6osiee
BBICOKOE OBICTPOEICTBIE, OJHAKO U3-32 MAJIOH €eMKOCTU MUKPOCXEM U BBICOKOI CTOM-
MOCTY TIPUMEHEHNe CTaTUYeCKON aMsITH, KaK TPaBUJIO, OTPAHUYEHO OTHOCUTENLHO He-
GOJIBIION 1O EMKOCTH KINI-ITAMATHIO.

JlMHAMUYeCKOU TTAMSITH B BBIYMCIUTEIbHON MAIllUHe 3HAYUTEIHHO GOJIbIIE, YEM CTATH-
4yecKoif, mockosibky nMenno DRAM ucnosib3yercs B kKauecTBe OCHOBHOI maMaTu BM.
Kak 1 SRAM, nunamudeckast maMsaTh COCTOUT U3 sjpa (MaccuBa 39) 1 nHTEepdelicHOM
soruku (Oy(hepHbIX PETUCTPOB, YCUIUTEEH YTEHNST TAHHBIX, CXEMbI DETeHEPAINHY U JIP. ).
Xors kosanvectBo BuoB DRAM yske IpeBBICUIIO /1BA IECATKA, S/1PO Y HUX OPTaHU30Ba-
HO TIPAKTUYECKU OJMHAKOBO. [JIaBHbIE PAa3/nyus CBA3aHbl ¢ MHTEP(DENCHON JOTUKOH,
[IPUYEM PA3JIUUUS 3T 00YCIOBIEHBI TAKKE U 0OJACTHIO TPUMEHEHUSI MUKPOCXEM — TI0-
MuMo ocHoBHOM amsit BM, UM C nunaMmuueckoii maMsaTi BXOJIST, HAIPUMED, B COCTAB
BuJeoaganTepoB. YToObl OLIEHUTD pa3inyus Mexkay BugamMu DRAM, npeaBapuTeabHO
OCTAHOBHMMCSI HA «KJIACCHYECKOM» AJITOPUTME PAdOTHI ¢ AUHAMUIECKOW HaMsThIO. J{Jist
3TOTO BOCIOJIb3yeMcst puc. 6.6.

Anpec siueiik DRAM niepeaetest B MUKpPOCXeMy 3a JiBa [Iara — BHayaJe aJ{pec CTob-
11a, a 3aTeM cTpoku. [[JIs ykasaHus, Kakasi UMEHHO YacTb ajipeca MepelaeTcst B Onpejie-
JIEHHBII MOMEHT, CJIysKaT JBa BeroMorarenbubix curdana RAS u CAS. Ilpu o6pamenun
K siyeiike MaMsTH Ha IIUHY ajpeca BhicTaBsieTcss ajapec crpoku. [Tocie crabunnsanmu
IIPOIIECCOB Ha ITMHe NojiaeTcs curuan RAS, u agpec 3amnuceiBaeTcst BO BHYTPEHHU pe-
TUCTP MUKPOCXEMbI TIAMSITH. 3aTeM Ha IIUHY ajipeca BLICTABJISIETCS alpec CTONOIA U BbI-
naercs curnasn CAS. B 3aBucumoctu ot cocrosuust auann W E npousBoauTces urenre
JIaHHBIX U3 SYEKU WM UX 3alUCh B sueiKy (Mepeil 3alnchio aHHbIE JI0JKHBI OBITh
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MMOMEIIeHbl Ha TIWHY JaHHBIX). IHTepBas MeX/y YyCTAaHOBKOW ajipeca M BbIIavell Cur-
nasa RAS (unmm CAS) oroBapuBaeTcst TEXHUUECKMMU XaPaKTEPUCTUKAMU MUKPOCXEMBI,
HO 00BIYHO aPeC BHICTABIISIETCS B OIHOM TAKTEe CHCTEMHOM IIHBL, a YIPABJISIONINI CHT-
HaJl — B caepyiomieM. Takum 06pa3oM, Ui YTEHUs WJIN 3alCH OJHOM SYeiiKy JUHAMMU-
yeckoro O3Y Tpebyercs naTh TAKTOB, B KOTOPBIX IPOMCXOIUT COOTBETCTBEHHO: BhIAaua
azpeca CTPOKH, BblZaua curHasa RAS, sizaua agpeca crosOua, Beigava curnaia CAS,
BBITIOJIHEHHUE OTEPAINK YTeHUsI/3amich (B CTATUYECKON TaMSTH TIPOTIeypa 3aHMMaeT
JIATITH OT JIBYX /IO TPEX TAKTOB).

Cilefryer TaksKe IOMHHUTb O HEOOXOAMMOCTH pereHepanuu gaHHbix. Ho Hapsay ¢ ecre-
CTBEHHBIM Pa3psiioM KoHjieHcaTopa 39 €O BPeMeHeM K MoTepe 3apsijia IPUBOJNUT TaK-
’Ke cunTbiBanue JaHHbIX 13 DRAM, nmoaToMy 1ocsie Kask/10i1 oneparum 4TeHns JaHHble
JOJIKHBI ObITh BOCCTAHOBJIEHBL. ITO AOCTUIAETCS 32 CUET IIOBTOPHOI 3aIIMCH TeX e IaH-
HBIX cpasy nocje urenust. [Ipu cuntbiBanun napopManum u3 oJHON suelikn GaKkTude-
CKHU BBIJAIOTCS JAHHBIE CPasy Bceil BBIOPAHHOU CTPOKH, HO MCIIOJNB3YIOTCS TOJBKO Te,
KOTOpbBIE HaXO[ATCs B MHTEPECYIoleM CToJIOIIE, a Bce OCTalbHble MTHOPUPYIOTCS. Takum
00pasoM, olepalyis YTeHNs U3 OJHOI AYelKU IPUBOANUT K PaspyIICHHIO JaHHBIX BCeil
CTPOKHU U UX HYKHO BOCCTaHABJIMBATh. Perenepaliysi JaHHbIX [10CJI€ YTEHUs] BBITIOJIHSIET-
CsI aBTOMATUYECKU MHTEP(hENCHO JTOTHKONW MUKPOCXEMbI, ¥ TIPOUCXOIUT 3TO CPA3y JKe
[I0CJIe CYMTHIBAHUST CTPOKU.

Acunxponnvie ounamuueckue O3Y. Pabora TaKuXx MUKPOCXEM He IIPUBS3aHA KECTKO
K TAaKTOBBIM UMITyJIbcaM. B TeueHue 10cTaToOuHO JJIUTETBHOTO TIEPUO0/Ia BPEMEHU OCHOB-
Hast namsaTh BM crponach Ha 6asze mukpocxem O3Y acunxponnoro tuia. Ha stom aTa-
e MUKPOCXEMbI MOCTOSTHHO COBEPIIEHCTBOBAINCH, TJIABHBIM 00pa3oM, 3a CUET Iepexo/ia
K GoJiee ahpekTuBHBIM peskuMam uteHus (puc. 6.13). Ha cmeny «kmaccuueckunm» DRAM
C TTOCJIEI0BATE/IbHBIM PEKIIMOM UTEHUST IPUIILIH MUKPOCXEMbI ¢ GBICTPBIM TOCTPAHIY-
HbiM peskumoM (FPM DRAM). loctaTrouHo OBICTPO MX CMEHUJIM MUKPOCXEMbI THIIA
EDO DRAM c ycoBepiieHCTBOBAaHHBIM CTPAHUYHBIM (THTIEPCTPAHUYHBIM) PEKIMOM.
JImaug acuaxpoHHbIX quHaMrdecknx O3Y daktryeckn 3aBepuimnaach MUKPOCXeMaMA
tnma BEDO DRAM, B KOTOPBIX cOYETaNNCh MTAKETHBIN M KOHBEWEPHBIN PEKUM UTe-
uust. HecMoTpst Ha JocTaTOYHO BhICOKHE CKOpOcTHBIE XapakTepuctuk BEDO (5-1-1-1)
U 9THM MUKDPOCXeMaM CBOMCTBEHEH 00N HEeIOCTATOK aCHHXPOHHON CXeMbI — JIOTOJI-
HUTEJbHBIE 3aTPAThl BPEMEHU Ha B3aUMOJIEHCTBE MIKPOCXEM TTAaMSITA U KOHTPOJLJIEPA.
IT0 06CTOATENBCTBO, a TAKKE YCIEXM B TEXHOJOIMH CHHXPOHHBIX DRAM (TJiaBHBIM
obpazoM — DDR) 06ycIoBIIN TIPAKTHYECKH TTOBCEMECTHBIN MEPexo/] K MOCTPOEHHUTO
OCHOBHOI1 aMAT Ha 6aze CUHXPOHHBIX AuHamudecknx O3V,

Puc. 6.13. 3Bonouma MMKPOCXeEM OMHAMNYECKOM OnepaTUBHOM NaMATH

Curxponnvie ounamuueckue O3Y. B cunxpornbix DRAM o6Mmen nHbopMaleil CHHXPO-
HUBHUPYETCs BHENIHUMU TAKTOBBIMU CUTHAJIAMHU U TIPOUCXOUT B CTPOTO ONPE/IeIEHHbIE
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MOMEHTBI BPEMEHMU, YTO MO3BOJSAET B3SATh BCE OT TPOIYCKHON CMOCOOGHOCTH TITHHBI
<TIPOTIECCOP-TIAMATh> 1 M36EKATh IUKJIOB OKUIAHUA. AJIPeCcHast U YIIPABJISIONIAst WH-
bopmanua dukcupyercs B MUKpocXeMe IaMSATH, 1I0cJe Yero OTBeTHas peakius Mu-
KPOCXeMbl [IPOU30MJIET Yepe3 4eTKO OIIPee/IeHHOe YUCJI0 TAKTOBBIX UMILYJIbCOB, U 9TO
BPEMsI TPOTIECCOP MOJKET UCTIOTB30BATD [IJIST IPYTUX AEHCTBUH, He CBSI3AHHBIX € OOpartie-
HHeM K IaMsITh. B ciyyae CHHXPOHHOHN IMHAMUYECKOH MaMsITH BMECTO ITPOJIOJIKUTE I b-
HOCTH IIUKJIA TOCTYTIA TOBOPST O MUHUMAJIBHO IOTTYCTUMOM MTEPUO/Ie TAKTOBOH YaCTOTHI,
U peub yiKe WJeT O BPeMEHU TOPS/IKA eIMHUI] HAHOCEKYH/I.

Jliist 0603HAUEHUST MUKPOCXEM «OOBIYHBIX» CUHXPOHHBIX ArHamudeckux O3Y ucmosib-
syercs abopesuarypa SDRAM (Synchronous DRAM — cunxponnas DRAM). B nacro-
stiee BpeMst HanboJsiee pacipocTpaHEHHBIM TUIIOM IMHAMUYECKON TTAMATH MePCOHATb-
HbIX BM sBIsI0TCS MUKpOCXeMbl, peanusyiomiue texHostornio DDR SDRAM (Double
Data Rate SDRAM — SDRAM c yiBoeHHOIT CKOPOCTBIO Tlepeiauul JaHHbIX ). OcHOBHAS
0COOGEHHOCTh TEXHOJIOTHH B TOM, UTO Tepeiada JaHHBIX CHHXPOHU3UPYETCI KaK Mepeil-
HUM, TaK U 33JJHUM (DPOHTOM TaKTOBOTO UMITysbca. Takum 0O6pasoM, U COXPAHECHUN
TAKTOBOU YaCTOTHI IIMHBI MAMSTH 3alPOIIECHHBIE JAHHBIE MEPEIAOTCS BIBOE ObICTpEE
(puc. 6.14) — 1o jBa TTaKeTa 3a OJMH TAKTOBBIN T1epuo (TTaMsTh pabOTaeT B MAKETHOM
pexknme). Kak cienctue, mosrydaercst AByKpaTHoOe yBEJIUYEHNE TIPOTTYCKHOM CITOCOOHO-
CTH IIMHBI ITAMATH.

Puc. 6.14. VnnocTpauuys noen CUHXpPoHM3aumm no 06omm ppoHTam TakTOBOro UMMy/bca

C MOMeHTa TIOSABJIEHUS TEXHOJOTUU CMEHWJIOCh HeckoJsibko nokosiennii DDR (DDR,
DDR2, DDRS3). C kaKabIM CJIeAYIOMINIM IOKOJIEHIEM YBEeIMINBACTC pabodas 4acToTa
MUKPOCXEM ¥ CHIZKAETCS TOTpebIIsieMas MOTITHOCTD 3a CUeT CHUKEHYST pabouero Harpsi-
SKEHUSL.

O6osnauenne mukpocxem tuma DDR umeer Bun DDRx-yyyy, rie x — MOKoJeHUE
DDR, a yyyy — apdexrunas uacrora DDR, kotopast BiBoe 6oJibliie peabHON MaKCH-
MaJIbHO# TakTOBOI yacToThl. Hanpumep, mukpocxembl DDR2-800 moryT pabGoTarh Ha
yacrore muHb! mamsaTn 400 M It Crexyer nMers B BUJLY, YTO YKa3aHHOE YUCJIO OTPasKa-
€T JINIITh MaKCUMAaTbHOE 3HAYEHUE YaCTOTHI, Ha KOTOPOIl MOJKET paboTaTh MUKPOCXEMa,
HO «aBTOMATHYECKON» [TOACTPOUKN 4ACTOTBI He IPOUCXOAUT. TaKTOBas 4acTOTa HIMHbBI
aMATH 3aa€TCsL KOHTPOJLIEPOM IIaMATH, BHEIIHUM 110 OTHOILIECHUIO K MUKpOCXeMe Ia-
MATH.
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B ciryuae nepconanbibix BM, T71e MUKPOCXEMBI TAMSITH OOBEHHSIIOTCST B MOJLYJIH, UC-
MOJIB3YEeTCs HECKOJIbKO WHas cucteMa obosnavennit: PCx-zzzz. 3jiech mo-mnpeskHemMy X —
nokosiearie DDR, a zzzz — makcumanbHasg TeopeTudeckad CKOpocTb Tepenadn (moJoca
nporyckanust). [Tosoca mporycKkanust OTpeesisieT KOJMYecTBO GAfTOB IaHHBIX, KOTOPOE
MOJKET OBITh TEpPeflaHo B CEKYH/Y MEKAY KOHTPOJJIEPOM TAaMSITH ¥ MOJYJIEM TIaMsITH,
B TIPEATOJIOKEHIHN, YTO JAHHbBIE OY/IyT TEPeaBaThest ¢ KAKABIM TAKTOBBIM MMITYJILCOM.
[lns pacdera MaKCUMaTTbHON CKOPOCTH TEPeayl UCIOJIb3yeTcs cienyiomias GhopmyJia:
Maxmosas uacmoma wunsvl namamu X 2 (nepeiaya JaHHbBIX IBAXK/bI 32 TaKT) X 8 (YNCIO
6aiiToB, TIEPEeIAIONINXC S 32 TAKT TIPY IIUPIHE MIUHBI TTaMsiTh 64 6uTa). Hanpumep, MoyIb
naMaTu Ha Mukpocxemax DDR2-800 o6iazaeT MaKCUMaIbHOI TEOPETUYECKOI CKOPO-
cThio tepegaun 6400 Moaiit/c (MerabaiiT B ceKyHIy ), U TAKOI MOIYJIb 0003HAYAETCS KaK
PC2-6400. B psizte caryuaes unciio okpyrisiercst. Harpumep, Moy Ha 6aze DDR3-1333,
UMeIOITNEe MAKCUMAaJIBHYIO TEOPETUYECKYIO ckopocTh mepepaun 10666 Mb/c, B 3aBucu-
MOCTH OT IIPOM3BOAUTENs, MOIyT obo3Hauarbes kak PC3-10666 mibo xax PC3-10600.

Mukpocxemsl mamsitu DDR, DDR2 u DDR3 knaccuduiiupyor He TOJTbKO 110 CKOPO-
CTH, € KOTOPOH oHK MOTyT pabortarsk. [IoMiUMO cKOPOCTH HCTIOJIb3YeTCsT MHAsT HH(BOPMa-
IUsT, TOBOPSIIIAst O BDEMEHHBIX COOTHOIIEHUSIX, TIPUCYIINX MUKpOcXeMe. BHelHe — 310
BBIpaskeHus Buja 2-2-2-6-T1 (He HYKHO UX TIyTaTh ¢ pPaHee MPUBOAUBIIEICS U BHEIIIHE
oxXoskel HopMyJIoi /71T MUKPOCXEM, PeaTu3yoNuX OCTPAHUYHBIN pexxum). ImeHHO
9T MOKA3aTeJ N OOBSICHAIOT, TOUEMY JIBa MOJLYJISI TAMSTH € OJMHAKOBOI TEOPETHYECKOMN
MaKCHMAJTbHOM CKOPOCTHIO TIEPECHIIKY TAHHBIX 00ECTIEUNBAIOT PasHble YPOBHU MTPOU3-
BOJIUTENBbHOCTH.

Yucra, BXOASIIIE B TOA0OHBIE BBIPAKEHIIS, 03HAYAIOT KOJIMYECTBO TAKTOBbIX TIEPUOJIOB,
TpeOyeMbIX IS BBIOJHEHMST MUKPOCXEMOI OIpeieIeHHOoi onepanuu. YeM MeHbIIe
YKCJI0, TeM ObICTPEE IaMTh.

ITpuBoaMMbIE B 0003HAYEHUH YHCIIA OTPEEIISIOT JIUIIb TEOPETHUECKUN MAaKCUMYM, KO-
TOPBIN HUKOT/IA e MOJKET OBITH TOCTUTHYT, TIOCKOJIBKY MPETIONATAETCS, YTO MIKPOCXe-
Ma B Ka)k/JOM TaKTOBOM IIepHOJie IlepechlllaeT B KOHTPOJLIEP NaMATU UCKJIIOUUTEIbHO
nannbie. OTHAKO HEKOTOPbIE TIEPUOBI HE MOTYT OBITh UCIIOJIb30BAHBI JIJIST TIEPeaadn
MaHHBIX, TTOCKOJIBKY B 9TH MEPHOBI KOHTPOJIIED U TTAMIThH 0OMEHIBAIOTCST CIIYKeOHOT
uHbopMaIreil, 06ece nBaoIIeil NX B3auMo/ieiicTBIE.

B ympomennom Bapuante ctpyktypy DDR SDRAM Mo:kHO TipeiicTaBuTh B BUE, TI0-
Kazannom Ha puc. 6.15.

Puc. 6.15. Ctpyktypa DDR SDRAM c nnntocTtpaumein noen n-6utooi npeabi6opkm

Yro6bt obecriednTs Tepeady AaHHbIX IBAK/IBI 32 TAKT, HCIIOTB3YETCST CIIeIHaTbHAS ap-
XHUTEKTypa ¢ IMPeABBIOOPKOIi, B KOTOPOil mpucyrcrByer Gydep BBoga/BoiBoga (Oydep
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npeaBbIOOpKN). B KajkmoM TaKTOBOM II€puoJie MIMHBI M3 MacCuBa sSYeeK B 9TOT Oydep
nepeaaioTcs aBa OMTa JaHHBIX. JTO HasblBaeTcsa 2n-01ToBoil npensbibopkoil. B DDR2
BHYTPEHHsISI IIMHA MeKIYy MacCUBOM sueek u OydepoM yseanuena 10 4 OUTOB, a B
DDR3 — 5o 8 6uTOB.

g mydnrero moHuMaHus 3Toi waen cpaBHuUM Mukpocxembl DDR-400, DDR2-400
n ycaosuyio DDR3-400 (peanbho Takas MuKpocxema He cyiiecTByer). (DopmaibHO
9TH MUKPOCXeMbI paboraior Ha yactore muibl naMsitu 200 MTT, nepesaBasi B Kax/oM
TAKTOBOM TIEPHO/IE /IBA MAKETa JAHHBIX, YTO BHEITHE H9KBUBAJIEHTHO PaboTe HAa TAKTOBOI
yactore 400 MIT1. B To sxe Bpemst BHyTpu Mmukpocxembl DDR 3a TakToBbIi Tepuo Mesk-
Iy MaccuBOM stueek 1 GydepoM BBOA,/BBIBO/IA 32 OJIUH TAKTOBBIN TIEPHOT TIEPETAIOTCST 2
6uUTa, I09TOMY COOTBETCTBYIONIMI TPAKT A0/ KeH paborarh Ha yactore 200 M It (200 MTi
x 2 == 400 MTI). Tak kak B DDR2 mupuna TpakTa yBeandeHa a0 4 GUTOB, TO /sl 110~
JIYYEHUS TOW JKe MPOUBBOUTETBHOCTH ITOT TPAKT MOJKET PabOTaTh Ha BIABOE MEHbINEH
yactore (100 MI' x 4 = 400MTI1r), a8 DDR3 — yacrora TpakTa MOKeT ObITh yMEHbIIIEHA
emte Basoe (50 MTx x 8 = 400 MTI).

VYnBoenue mMUpUHBI BHYTPEHHETO TPAKTa O3HAUAET, UTO KaKJ0€e HOBOE TOKOJIEHNE TIPe/I-
TTOJIO’KATEJIBHO MOYKET BKJIOYATh MUKPOCXEMBI C Y/IBOEHHOW MaKCUMaJTbHOHN TaKTOBOU
JacTOTOH, M0 CPAaBHEHUIO C JIOCTUTHYTON B TIPEABIAYINEM TTOKoJIeHnn. Hanmpumep, Mu-
kpocxeMmbl DDR-400, DDR2-800 1 DDR3-1600 BHyTpeHHe paboTaioT Ha TOH e TaKTO-
Boit yactore 200 MIt1.

B tabu. 6.1 npuBeIeHbl OCHOBHBIE XapaKTepucTUKY mokoseHnit DDR.

Ta6nuua 6.1. Xapaktepuctuku mukpocxem DDR

DDR DDR2 DDR3
Bydep npeasbibopku, 6ut 2 4 8
Yposenb curnajuos, B 2,5 1,8 1,5
YacTora IHHBI 200, 266, 333, 400 | 400, 533, 677, 800 | 800, 1066, 1330, 1600

Ha mMomeHT HanucaHnust yaueOHUKa TIPOUCXOANUT aKTUBHBIN mportece mepexoga or DDR2
k DDR3. 91oMy criocoOCTBYET HOAEPKKA CO CTOPOHbI BeAYLIMX [IpousBoguTeneii BM.
Taxk, nognep:xka DDR3 3aoskena B psijie HOBbIX IIpolieccopos kKomianuu Intel. Hapu-
Mmep, mporieccopbl Nehalem comepskar unTerpupoBanubiii KouTpoJutep mamstu DDR3.
Ouepennbim atanom B aBoJtonuu texuoyoruu DDR noskna crate DDR4, nosisnenue
koTtopoii oxupaercs B 2012 rony. «/loposkHas kaptay pa3BUTHSA TEXHOJIOTHH TTOKa3aHa
Ha puc. 6.16.

Puc. 6.16. «[lopoxHas kapTa» pa3smtusa TexHonormum DDR

Muxpocxemor RDRAM, DRDRAM. HauboJiee oueBujinbie criocoObl moBbiteHust 3¢hex-
TUBHOCTH PABOTHI IPOTIECCOPA € TTAMATHIO — YBEJIUYECHUE TAKTOBOI YaCTOTHI IITMHBI JTHGO
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MIUPUHBI BEIOOPKY (KOJUYECTBA OJHOBPEMEHHO TIepechlaeMbIx paspsizioB). K cosxkaie-
HUIO, TIOTIBITKY COBMEIEHUs 000X BAPUAHTOB HATATIKMBAIOTCST HA CYIIIECTBEHHbBIE TEXHH-
YeCKUe TPYAHOCTH (C MOBBIIEHUEM YaCTOThI YCYTYOJISIOTCS TPOOIEMBI JIEKTPOMATHUT-
HOU COBMECTHMOCTH, TPY/HEE CTAHOBUTCST 0OECIIEUUTD OJHOBPEMEHHOCTD MOCTYTIJICHUST
MOTPEGUTENIO BCEX MAPAJLIENHHO TTEPEChITaeMbIX 6uToB HHopMarmn). B 6opimnacTse
cuaxporHbix DRAM (SDRAM, DDR) npumensercsa mmpokas Bbibopka (64 6ura) npu
OTPaHUYEHHON YaCcTOTE IUHBI.

[Tomumo mukpocxem ¢ uzpeosorueii DDR ciefyer ynoMgaHyTh elie OfiHy BETBb B 9BO-
JIOIUU CUHXPOHHBIX AuHaMudeckux O3Y. Peub uaer o MPUHIUNHAAILHO OTIUYHOM
noaxoze K nocrpoennio SDRAM, npemnoxkennom Kommanueii Rambus B 1997 ropny.
B HeM yTiop cniestan Ha MOBBITIIEHUE TAKTOBOM 9acToThI 10 400 M I ip oiTHOBpEeMEeHHOM
YMEHbIIEHUH MUPUHBI BBIGOPKHU 10 16 6uros. HoBas mamarh ussectHa kak RDRAM
(Rambus Direct RAM). [maBHbIM oTiimuneM oT Apyrux tunos SDRAM sasisiercs opu-
IUHAJbHAS CUCcTeMa 0OMeHa JAHHBIMU MEKY SPOM U KOHTPOJLIEPOM MaMsITH, B OCHO-
B€ KOTOPOU JIEKUT TaK HA3bIBAeMbIN «KaHaJg Rambusy», mpuMeHSIONNIT aCMHXPOHHDI
6JIOYHO-OPUEHTUPOBAHHBIN TIPOTOKOJ. Ha sormueckoM ypoBHE HWHMDOPMAILIUS MEKLY
KOHTPOJITIEPOM W TIAMSITBIO TIepe/iaeTcs MakeTaMy. Pa3inyaoT TP BHUJA MAaKeTOB: Tia-
KeThI JaHHBIX, TTAKETBI CTPOK M TTAaKeThl CTONONOB. ITakeThl CTPOK U CTOJIOIOB CIIysKaT
JUIS 1lepe/iadyl OT KOHTPOoJIIepa IaMATH KOMaH/| YIIPaBJIeHUs COOTBETCTBEHHO JIMHUAMN
CTPOK M CTOJIOIOB MACCUBA 3ATIOMUHAIOIINX 3JIEMEHTOB. DTH KOMAH/[bI 3aMEHSIOT 0ObIY-
HYTO CHCTEMY YIIPaBJeHnsd MUKpocxeMoil ¢ iomotipio curHaioB RAS, CAS, WE u CS.
HecMOTpst Ha MEPCIIEKTUBHOCTD OMUCAHHOTO MOXO0/A, B CHIIY psifia 00CTOSITENBCTB, HE
HUMEIOIIIX OTHOIIECHHS K TeXHIMYECKOW CTOPOHE BOIPOCa, OOJIBIIMHCTBO HauboJjee u3-
BECTHBIX (PMPM OTKA3aJIMCh OT Ucioyb3oBanuss RDRAM B cBoux paspaboTKax.

MHorokaHanbHasa guHamMmuyeckas namaTb

B ycioBusX HeNpepbIBHO BO3PACTAIONIEH CKOPOCTH ¥ TTPOU3BOAUTEIBbHOCTH TIPOIIECCO-
POB TTAMSITh BCe B OOJIBINEH CTEMEHN CTAHOBUTCS «Y3KUM MecToM» BM. D10 mpoucxoaut
M3-3a TOTO, 4TO MPoIeccop paboraer ObICTPee OCHOBHON MaMATH U BBIHYK/IEH 0KUIAThH
noctytiienns fanupix n3 OI1. MHorokanasbHas apXUTEKTYPa — HTO TEXHOJIOTHS, TEOPe-
TUYECKU MO3BOJISIIONIAS YBEJMUUTD IIPOITYCKHYIO CIIOCOGHOCTD TPAKTA MePelaut JaHHBIX
MEKIY TAMSATBIO U KOHMPOIIepoMm namsimu. KOHTPoIIepoM aMsITH HAa3bIBAETCS Y3ell,
praBJIHIOH_[I/Iﬁ O6M6HOM JTAQHHBIMU MEXKIY OCHOBHOU aMATBIO 1 IIEHTPAJIbHBIM ITPOIIEC-
copoM. KorTposiep (pusmueckn MOKET ObITh YaCThIO MPOIECCOpa JUbO YaCThi0 MUKPO-
CXeM YMIICeTa — KOMILIEKCa MUKPOCXEM Ha MaTepUHCKOI 1ate BM, obecriednBaionmx
B3amMojielicTBHe Beex yacter BM kak exmnoil cuctembl. B coBpemennsix BM manubie
MEXKJ/Iy OCHOBHOI MaMsIThI0 M KOHTPOJIJIEPOM TAMSITH IepefaioTcst 10 64-paspsijiHoin
muHe. MHOTOKaHATIbHOCTD — 3TO CIIOCOGHOCTH HEKOTOPBIX KOHTPOJLIEPOB MAMSITH yBe-
JIMYWTD MIUPUHY NIMHBI JAHHBIX TIPONOPIMOHAIBHO YUCIY KaHATIOB (JlaJibHelIIee U3Jio-
JKeHue OyJIeT BECTUCH MPUMEHNUTENBHO K IByXKAHAJIBHOMY BapHaHTY). YUUThIBast, UTO
TAKTOBAas 4aCcTOTA IMIWHBI OCTAETCS HEU3MEHHOI, MaKCUMaslbHAs TeOopeTHYecKast CKO-
POCTD ITepeiaun JaHHbIX YIBANBACTCH.

JIByXKaHaIbHas apXUTeKTypa TpeOyeT UCIOIb30BaHMs ABYXKAHAIBHOTO KOHTPOJIJIEpa
(MM IBYX HE3aBUCHMBIX OHOKAHAIBHBIX) U HAJIMYUSA JIBYX WK GoJiee MOy IeH mamsi-
TH, TIOCTPOEHHBIX Ha MUKpocxemax tuna DDR, DDR2, mi60 DDR3. Moy namsiti
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YCTaHaBJIMBaIOTCA B pPa3beMbl MaTepHHCKOﬁ I1J1aThI, KasK/[bli1 13 KOTOPbBIX obo3Hauen
CBOUM IIBETOM (I_[BGT YKa3bIBaeT: KaKoil 13 0aHKOB NaMATU cuuTaeTcsa OankoM 0 miam
OaHKOM 1) OT[[GJIbeIe KaHaJibl ITO3BOJIAIOT KaK/I0OMY MO/1YJIIO HE3aBUCHUMO O6pa].l_[aTbCH
K KOHTPOJIEPY, TEM CaMbIM YBCJIMYNBAETCS ITOJIOCA ITPOITYyCKaHMA. MOI[yJII/I He obs3a-
TEJbHO AO0JIZKHbI OBITDH NACHTUYHbIMU. HpI/I Pa3/IMIHbIX MOZYJIAX 061113.5[ CKOPOCTD ITaMsI-
THn 6}7II€T OTIpeaeIATHCSA CKOPOCTbIO 6oJee MEIJIEHHOTO MO JIA.

Borpoc acddexruBrOCTY IBYXKAHATHHON apXUTEKTYPhI MAMSTH OBLIT TPEMETOM Psijia
uccsenoBannii. CorsiacHO OJIHUX Pe3yJIbTaTOB PA3JIMune MeXK /Y O/IHOKAHAIBHOI U IBYX-
KaHaJIbHOU opranusainueil ne mpeBbicuiio 5%. [1o ApyruM gaHHbIM IIPUMEHEHUE J[BYX-
KaHAJIbHOI TEXHOJIOTUY IIPUBOJUT K BBIUTPBIILY B CKOpocTH mopsiika 15,3%. Takoii pas-
6poc 0OBIICHAIOT PA3HUIEH B CIIOCOOE PEATTM3AINY JIBYXKAHAIBHON U/IEU B PA3TNYHBIX
MaTEePUHCKUX ITaTax.

B nocrrennux paspaborkax komnanuu Intel (mporeccopsr Core i7) 1 AMD (Sao Paulo)
3aJI0;KEHO MCTI0Ih30BaHNE TPEXKaHATBHON aMITH Ha MuUKpocxeMax Tuna DDR3. Unes
TAKOW MaMsATH aHAJIOTHYHA JIBYXKaHAJIbHON, HO umcyo kaHainoB Mexkay OIl u konTpos-
JIEPOM TIAMSITH YBEJIMUEHO /IO TPEX, C COOTBETCTBYIOMNM YBEJTMUYEHUEM TeOPeTHYeCKON
pOIyCKHOI crocobHocTH. TTepenekTusHbie paspaborkn AMD opHeHTHPOBAHBI Ha ye-
ThIpeXKaHaJIbHYIO IaMATb Ha Mukpocxemax DDR3.

B 3aBucumoctu or TIPOU3BOAUTEJIA U TUIIA MOJYJIN TpeXKaHaJIbHOﬁ IIaMATN NUMCIOT BbI-
pakenus 9-9-9-27 win 9-9-9-24 (Kingston), 8-8-8-24 (A-Data).

OnepaTuBHbIE 3aNOMUHaloOLLMe YCTPOWCTBA AJ1F BuaeoapanTtepos

Wcnop3oBanme naMsTH B BU€0AIAlITEPaX UMEET CBOIO cliel(UKY, U JIJIS PeaTu3aiu
JOIIOJTHUTEJIbHBIX Tpe6OBaHHﬁ HpI/I6eFaIOT K HECKOJbKO MHBIM TUIIAM MUKpocxXeM. Tax,
IPU CO3JaHUM AMHAMUYHBIX M300paKeHUIl 4acTo AOCTATOYHO MIPOCTO M3MEHUTDH pac-
HOJIOKEHNE YiKe XpaHsiiieics B BugeonaMaT mHopmaiuu. BMecTo Toro 4to6b1 MHOTO-
KpaTHO IIepecblIaTh 110 MWHE OAHN U T€ K€ /ITaHHbIE, JINIITHb HECKOJbKO U3MEHNB UX pac-
MOJIO’KEHNE, BBITOIHEE 3ACTABUTh MUKPOCXEMY TTAMATH MEPEMECTUTD YiKe XPaHSIIecs
B Hell JaHHble U3 oJHON obsactu sapa B Apyryio. Ha UMC naMaTi MOKHO TakkKe BO3-
JIOKUTH OTIEPAIIUH 110 M3MEHEHUIO TIBETA TOUEK U300PAKEHIISL.

Kpartkoe onucanue HeKOTOPBIX 13 TUIIOB O3Y, OpueHTUPOBAHHBIX HA TPUMEHEHUE B Ka-
YecTBe BUIEONaMSITH, MOKHO HaiiTu B [35]. K HacTosiieMy MOMEHTY OHU y:Ke yTPaTHIn
AKTYaJIbHOCTD. VI3 TIpUMeHsAeMbIX B COBPEMEHHBIX IpahruecKuxX KapTaX BEAyIHIUX MPo-
MU3BOJIUTEJIENl CBOU TO3UIMU COXpaHWIM MUKpocxeMbl Tuiia VRAM. OaHoBpeMeHHO
C 9TUM IIIMPOKOE PACHPOCTPAHEHUE MOJIYYAIOT MUKPOCXEMBI JMHAMUYCCKON MaMSATH,
B ocHOBe KOTOPBIX JeskuT uaeosorust DDR: GDDR2, GDDR3, GDDR4, GD