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KOTOpas UCHOIB3YEeT [EMOYKYy PEKOHPUTYPUPYEMBIX —allapaTHBIX OJIOKOB  ONEPaToOpoB IS
MaHUNYJIUPOBAHUA JAHHBIMU 110 MEPE TOT'0, KaK JTaHHBIC NICPEMEIIAIOTCA M0 LEIOYKE. Orta KOHBCﬁCpHaH
ApXUTEKTYpa WIM LENo4Ka OJIOKOB ONEpAaTOPOB NEpPEMELIAET JaHHbIe OT OJIoKa ONEpaTtopoB K OJOKY
OMEpaTopoB. DTOT NPONECCOP C KOHBEHEPHOH apXUTEKTYpOil MOXKET OBITh OOBCAMHEH C U3BECTHHIM
BXO/IHBIM HMHTEpP(EHCHBIM MpPOLECCOpOM I 00pabOoTKH CIOXHOW HHGOPMANMM HIIM KPUTHUYECKUX
OUKJIOB B almnapaTHbIX CPEACTBax, B TO BPEMA KaK OCTaJIbHad 4aCTh NPOTrpaMMBbI O6pa6aTLIBaCTCH B
KaueCTBE MPOTPAaMMHOTO 00CCIICUCHUS.
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ITepexpecTHasn ccblJiKa HA POACTBEHHYIO 3aABKY

DOta 3adBKa 3aiBIACT MPUOPUTET M MPEUMYIIECTBO NpEABApUTEAbHOI 3asBku Ha mateHT CIIA Ne
62/896,682, nonannoii 6 ceHTa0ps 2019, kOTOpas MOCPEACTBOM CCHUTKH MOJHOCTHIO BKIIOUEHA B HACTOAILIUIL
JOKYMEHT.

00J1acTh TEXHUKH
Hacrosmiee u300peTeHUE OTHOCUTCS K KOMITBIOTEPAM U, B YACTHOCTHU, KOMIIBIOTEPHBIM MPOLIECCOPAM.
YpoBeHb TEXHHKH

[MucdpoBbIc BEIMUCTUTENBHBIC MAIIMHBI, PETHA3HAYCHHBIC A YHUBEPCATBHBIX BBIYMCICHUN, MOTYT HC-
NOJIb30BaTh CTAHAAPTHYIO apXUTEKTYPY, TaKyl0 Kak HeHMaHOBcKas apXxurekrypa. Pa3paboraHHas npuUMepHO B
1945 roay ¢uzuxom u MatematukoM JxoHoM poH HeliMaHoM MannHa ¢ HEHMAaHOBCKOH apXUTEKTYPOM MOXKET
OBITh TCOPETUUCCKUM MPOCKTOM NUMPOBOM BEIYUCIUTECIHFHON MAIIIMHEI C XPAHUMOM B TAMSATH IIPOrPaMMOI.

Kparkoe onucanue ueprexeit

Ha ¢ur. 1 npeacraBicHa GyHKIMOHATBHASA CXEMa, MOKA3BIBAIOIAS MPUMED BIYUCITUTCILHONH CUCTEMBI.

Ha ¢wur. 2 npencraBnena GpyHKIIMOHATBHAS CXEMa, TTOKA3BIBAIOIIAA BEIYUCITUTEIBHYIO CUCTEMY € KOHBEI-
€PHOHI apXUTEKTYPOH.

Ha ¢ur. 3 npeacTaBiacH UCXOTHBIN KO MPOrpaMMBI, TeyaTaromiei yuciaa OudoHayyu.

Ha ¢wur. 4 npencraBneH MalIMHHBIA KO NPOTPAMMBI, KOTOPBIA UCTIONHAETCS B CUCTEME CO CTaHIapTHOMH
ApXUTEKTYPOH, N7 neyaTaHus yucea OGUOOHaUYHU.

Ha ¢ur. 5 nmpencraBneHa 6J10k-cxeMa OJIOKOB ONEPaTOPOB, KOTOPHIC UCIIOTHIIOTCS CUCTEMOI ¢ KOHBelep-
HOI apXUTEKTYPOH, 11t neyaTanus yucen Gudonayyu.

Ha ¢ur. 6 npeacTaBIcH UCXOMHBINA KO, KOTOPBINA BBIYUCIACT U PacleYaThIBACT CYMMY HUDD.

Ha ¢wur. 7 npencraBnena neppas 4€TBEPTh MAIIMHHOIO KO/A, UCIIOJIHAEMAs CUCTEMOM CO CTaHAApTHOH ap-
XUTEKTYPOH, KOTOpas BEIYUCIIACT U PACICUaThIBAET CyMMY IUGp.

Ha ¢ur. 8 npeacraieHa BTopas 4eTBEPTh MAIIMHHOTO KOJIa, UCTIOTHAEMAsA CUCTEMOM CO CTAaHAAPTHOM ap-
XUTCKTYPOH, KOTOpas BEIYUCIIACT U PACICUaThIBAET CyMMY nUGp.

Ha ¢ur. 9 npeacrapieHa TpeThA YETBEPTH MAIIMHHOTO KOJa, UCTIONHACMAs CUCTEMOI CO CTaHIapTHOMU ap-
XUTCKTYPOH, KOTOpas BEIYUCIIACT U PACICUaThIBAET CyMMY nUGp.

Ha ¢ur. 10 npencraBneHa yeTBepTas Y4eTBEPTH MAIIMHHOTO KOJIa, UCTIONHAEMAast CUCTEMOI CO CTaHIAPTHOM
APXUTEKTYPOii, KOTOpas BBIYUCIACT U PACIICYaThIBACT CYMMY ITUDD.

Ha ¢wur. 11 npeacraBieHa 6710k-cxeMa OJIOKOB ONEPATOPOB, UCMIOTHIACMBIX CUCTEMOU ¢ KOHBEHEpHOH ap-
XUTCKTYPOH, KOTOpas BEIYUCIIACT U pACICUaTHIBAET CyMMY IUGP.

Ha ¢wur. 12 npeacraBiaena 610K-cXeMa, TOKa3bIBAIOIAA BEIUUCIUTCIBLHYIO CUCTEMY € KOHBEHEepHOMH apxu-
TEKTYPOH, UCTIONB3YEMYIO B COYETAHUU € BEIUUCTUTEIBHOM CUCTEMOM CO CTAHAPTHOM apXUTEKTYPOH.

Ha ¢ur. 13 npeacraBneHa 6/10k-cxeMa, NOKa3bIBAIOMIAs, KaK MOXKET OBITh UCMIOJHECHA MTpOrpaMMa Iocpe/-
CTBOM BBIYUCIUTEIBHON CUCTEMBI C KOHBEMEPHOH apXUTEKTYPOX U BBIYMCIUTENBHON CUCTEMON CO CTAHIAPTHOU
apXUTEKTYPOH.

Ha ¢ur. 14 npeacraBnena 6;10k-cxeMa cnoco6a NOArOTOBKHM KOHBEHEPHOM apXUTEKTYPEI.

Ha ¢ur. 15 npencraBnena 610k-cxeMa, TOKa3bIBAIOIAs BEIYUCIUTCIBHYIO CUCTEMY U KOMIOHEHTEI.

OcylrecTBieHHEe H300peTEeHUS

Huke npuBeaeHo noapoOHOE OMUCAHUE CUCTEM U CIIOCOOOB, COOTBETCTBYIONIMX BAPUAHTAM PEaNU3alUU
HACTOANIET0 U300peTEHUA. XOTA ONUCAHO HECKOJIbKO BAPUAHTOB peaM3aluy, CAEAYET MOHUMATh, YTO PACKpPbI-
TUE HE OIPAHUYUBACTCS KAKMM-TMO0 OJHUM BapUAaHTOM pEaIU3allMd, a BMECTO 3TOrO OXBATHIBAET MHOXECTBO
a7bTEPHATUB, U3MEHEHUI U 3KBUBAJICHTOB. KpoMe TOro, HeCMOTpPs Ha TO, YTO B MOCJICAYIONIEM ONUCAHUU U3-
JIOX)XEHBI MHOXECTBO KOHKPETHBIX MOAPOOHOCTEN 1715 00ecneyeHus MOJHOTO NOHUMAHUS PAaCKPHITHIX B HACTOS-
HIEM TOKYMEHTE BApUAHTOB PEATM3ALUM, HEKOTOPHIE BapUAHThl PEAM3alUU MOTYT OBITh OCYIECTBICHBI Ha
npakTUke 0€3 HEKOTOPBIX MM BCEX 3THX NOoApoOHocTeil. KpoMe Toro, B Leax SICHOCTU HEKOTOPBIC TEXHHUYE-
CKME MaTepHuasbl, U3BECTHBIE B JAHHON 00JaCTH TEXHUKH, MOAPOOHO HE OMUCAHBI, UTOOBI U30EXKATH UBIUILIHETO
3aTEMHEHUS PACKPBITHS.

Hue packpbITHI TEXHOJIOTUH, YCTPOHCTBA U CHOCOOBI, B KOTOPBIX HCIOJIL3YETCA PEKOHPUrypUpyeMas
amnapaTHas miaathopMa A8 B3aUMHOTO COSAMHCHUS ICTIOUKH PEKOHOUIYPUPYEMBIX alNapaTHBIX OJIOKOB OIe-
paTopoB AJS MAaHUNYJIUPOBAHUSA JAHHBIMU MO MEPE TOTO, KaK JaHHbIC NMEPEMENIAIOTCS BHU3 MO LENOYKE. JTa
KOHBEHEpHas apXUTEKTypa UM 1enoUKa OJI0KOB ONEPaTOPOB NMEPEMEIIAET JAHHBIE OT 0J0Ka ONEPATOPOB K 0J10-
Ky omnepaTopoB. BMecTo wacTu mporpaMMHOro 00CCIeYeHUs eNoYKa PeKOHGUTYPUPYEMBIX anmnapaTHbIX 0J10-
KOB ONEPaTOPOB MOXKET MAHUITYJIMPOBATH JAHHBIMU IO MEPE TOT0, KaK JAHHBIE MEPEMEMIAIOTCS MO LIETOUKE.

CoriacHO HEKOTOPHIM BapHaHTaM peaau3allMid BBIYUCIUTEIBHAS CUCTEMAa C KOHBCHEPHOU apXUTEKTYpOii
MOET UCTOJB30BATHC UCKIIOUUTEILHO AJIS BEINOIHEHUS BBIYUCIUTENBHBIX 33124,

MHOXK€eCTBO BHIYUCIUTEIBHBIX CUCTEM C KOHBEHEPHON apXUTEKTYpOH MOTYT MCMOJB30BaThCA MOCIEN0-
BaTeJbHO MM NMapajuie/IbHO, HanpUMeEp, MU pacnpeaeicHus pabouelt Harpy3ku MEXAY BBIYUCIUTEIHHBIMU
CUCTEMAaMHU.

BrruucaurenpHas cucteMa ¢ KOHBEMEPHON apXUTEKTYPOl MOXKET UCMOJIB30BATHCA B COUETAHUU C BBIYHUC-
JIMTENBHOM CUCTEMO CO CTaHAAPTHON apXUTEKTYPOH, HanpuMep, padbodas Harpy3ka MOXET ObITh pacnpeacacHa
MEXAY BBIYUCIUTEIHHBIMU CUCTEMAMU.
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MHOXeCTBO BBHIYUCIUTENBHBIX CUCTEM C KOHBEHEPHOH apXMTEKTYpOH MOT'YT UCIIOIH30BAThCS MOCIIEI0BA-
TEIHHO MM NapajiiebHO M HCIOIb30BATHCA B COUETAHUH C BBIUMCIUTENBHOM CHCTEMOI CO CTAHAAPTHOH apXH-
TEKTYpPOM, HAIPUMED, JUTA paclipeeIeHUs padoueii Harpy3Ku MEXy BBIYUCIUTEIBHBIMU CHCTEMAMHU.

BeryucnurenpHas cucteMa ¢ KOHBEHEPHON apXUTEKTYpPOi MOXKET UCTIOIB30BAaTHCS B COYETAHHU CO MHOXKE-
CTBOM BBIYHCIMTEIBHBIX CUCTEM CO CTaHJAAPTHOM apXUTEKTYPOM, HanpuMep, U paboyas Harpyska pacrnpenens-
€TCS MEX/Y BEIUUCIUTEILHBIMH CHCTEMAMH.

Ha ¢ur. | npencraBneHa ¢yHKIHMOHATbHAS CXEMA, MOKA3bIBAIOIIAS NPUMEP BHIYUCIUTENBHONH CUCTEMBI,
KOTOpast NO00Ha BBIYHCIUTENBHON CUCTEME, UMEIOICH HEHMAaHOBCKYIO apXUTEKTYPY, HIH COACPXKUT ce. BhI-
YHCIIUTENbHAs CUCTEMA COAEPKUT Bxoa 102, Beruucnurenpuyto cucteMy 104 u Berxon 106. Bxoa 102 npunuMma-
eTcs (HanmpuMep, MOCPEICTBOM IIHHBI U T.I1.) B BEIYUCIUTENbHYIO cucTeMy 104, B KOTOpO#i OH nepen nepeaayei
(HanpuMep, NOCPENCTBOM IIMHBI U T.II.) U3 BBIYUCIUTEILHON cucteMbl 104 B kauecTBe Bbixoaa 106. B Berumcu-
TenpHOU cucteMe 104 conmeprkarcs 3alOMUHAIOIIEE YCTPOMCTBO Mpou3BoNLHOrO aoctyma (O3VY) 108, xotopoe
CBs3aHO ¢ neHTpanbHeIM npoueccopoM (IIIT) 112 nocpencTBom obmiei muusl 110. KpoMe Toro, neHTpanbHbIi
npoueccop 112 comepxut apudmeruueckuii morudeckuit 610k (AJIY) 116, 6mox 114 ympaBiaeHUs, pEerUCTPEI
118 u crexu 120.

IIporpaMMBbl, UCHIONHSEMbIE BBIYMCIUTEIHHON CHCTEMOH CO CTaHAAPTHON apXUTEKTYPOH, MOTYT cofaep-
’aTh HAOOp KOMaH/I, KOTOPBIE UCTIOIHSIOTCS B KOHKPETHOH MOCIEA0BATENBHOCTH, UIS YIIPABICHUS JaHHBIMU.

ITocne 3arpy3xu nporpamMbl B O3Y 108 neHTpansHblil nponeccop 112 MOXET BBIMOTHATH MOCICIOBA-
TENBLHOCTh LUKJIOB "BBIOOpKA-ICKOTUPOBAHUE-UCTIONHEHUE" ", B pe3yibTare yero coaepxumoe suecek O3V 108
CYMTBIBAETCA, ACIHMPYETCA U 3aTEM UCTIONIHIAECTCS B KOHKPETHOH MOCNENA0BATENILHOCTH, KaK YKa3aHO MporpaM-
Mmoi. Ilockonpky sueiiku O3Y 108 coaepkar kOMaHIbl M AaHHBIE, IEHTPAIBHBIN nMponeccop 112 cuuThiBacT u
aemudpyeT KOMaHIb! 11 ONPEAETICHUs TOTO, YTO JeNaTh ¢ MHQOpManuei, U 3aTeM UCHOIHAET UX C NOTYYEHHU-
eM pe3ynbrata. HekoTopble KOMaHAbl MPEANUCHIBAIOT IEHTPAILHOMY nponieccopy 112 3amucath pe3yiprar omne-
panuu Hazan B sueiiky O3V 108, a rpyrue koMaHIb! NpeAMUCHIBAIOT IEHTPAIbHOMY Nponeccopy 112 nepeiitu k
KOHKpeTHO#t siueiike B O3Y 108, B 3aBUCMMOCTH OT pe3ybTara NpeIblAyIeil KOMaH/bl.

[IpobneMa 3Toit apXUTEKTYPhl MOXKET COCTOSTH B TOM, YTO NPOrpaMMHas KOMaH/a U JTaHHBIE COJEpKaTcs
B ToM ke camoM O3Y 108. Hadopmanus B O3Y 108 MoxeT OBITH CUUTAHA MO OJHOU sUeHKe 3a TaKT U Aemud-
pOBaHa, YTO NPUBOAUT K HEAP(PEKTUBHOCTH apXUTEKTYPHI M OrPaHUUEHHUIO TPOM3BOAUTENbHOCTH. KpoMe Toro,
obmas muHa 110 He MoXeT obecneyuTh BO3MOXKHOCTD JUTS IIEHTPAIBHOTO Mponeccopa 112 cuuTeiBaTh U 3amnu-
CBIBATh MH(OPMAIMIO OJHOBPEMEHHO. JTO HA3BIBAETCSA Y3KUM MECTOM U MOXET elie OoJbllle OrpaHUYMBATH
HPOU3BOTUTENHEHOCTD CHCTEMBL.

Ha ¢ur. 2 noxa3ana cxeMma, WIUTIOCTPUPYIOIIAS BHIUUCIUTEIBHYIO CHCTEMY ¢ KOHBEHEPHOH apXUTEKTYpPOil,
conepkamyto Bxoa 202, BeuucautenbHyto cucteMy 204 u Beixox 206. Bxon 202 npunuMaeTcs (Hampumep,
MOCPECTBOM IIIMHBI U T.I.) BEIYUCIUTENBLHOU cucTeMoii 204, B kOTOpoi 0H 00pabaThiBaeTCs mepe nepeaaveit
(HanpuMep, NOCPEICTBOM IIMHBI H T.I1.) U3 BBIYUCIUTEILHON cucteMbl 204 B kayecTBe Bbixoaa 206. B Berumncmu-
TenpHOM cucteMe 204 conepkuTcs pekoHpUrypupyeMas annapartHas niatdopma 208 (Hanmpumep, nporpaMMH-
pyeMas nois3oBareieM BeHTHIbHas Marpuua (I1IIIBM)), koTopas coaepHUT MHOXXECTBO PEKOH(PUIYPUPYEMBIX
610ko0B 210, 212, 214, 216 u 218 oneparopoB, KOTopble coeAMHEHB! noTokamu 220, 222, 224 u 226 naHHBIX B
OJTHOM HAaINpaBJICHUH U TOTOKOM 228 NaHHBIX B IPOTHBOIOJIOKHOM HAIPaBICHHUH.

Bmecto nentpansHoro npoueccopa, cBszaHaoro ¢ O3Y nocpeacTBOM IIMHBI, KOHBEHEpHAs apXUTEKTypa
MOXKET HCIIOIB30BaTh PEKOH(GUTYPUPYEMYIO annapaTtHylo niaathopmy, takyro kak I1TIBM 208, nis B3aumuoro
COCTMHEHUS Ienu pexkoHMUrypupyeMeix 610koB 210, 212 214, 216 u 218 onepaTopoB ¢ LEIbIO YIPABICHUS
JAHHBIMU TI0 MEpE TOTO, KaK JaHHBIC NIPOXOAA MO IEMH OT OJ0Ka OnepaTopoB K OJOKY ONepaTopoB B MOTOKAX
220,222,224 1 226 naHHBIX B O/IHOM HaNpaBIEeHUU ¥ NOTOKe 228 NaHHBIX B TPOTUBONOJIOKHOM HAIPABICHHH.

CoriacHo OTHOMY BapHaHTY peanu3aluu B kaxaoM omoke 210, 212, 214, 216 u 218 onepaTopoB BBIMOJ-
HSETCS ONEpalus I rPyNna onepanuil s ynpaBiIcHUs JaHHBIMH NEPE] TeM, KaK AaHHbIE OyIyT nepeaaHs K
creayroneMy OJIOKY OMepaTOpOB YKa3aHHOM nenu B motokax 220, 222, 224 u 226 maHHBIX B OJJHOM HampabJic-
HHMHU M NOTOKE 228 NaHHBIX B TPOTHBOINOJIOXHOM HAINPaBICHHH.

[IporpaMMa TpaHCIMpYETCS M 3aTEM KONMHPYETCs B pEeKOHGUrypHpyeMmylo anmapaTHyio miatdopmy 208
(nmanpumep, I1TIBM u 1.n.). Kaxknas koMaHa uiM rpynna KoMaH1 HazHavyarores 6noky 210, 212,214,216 n 218
OTIEPaTOPOB, U X0/ BHIOJIHEHHS IPOrPaMMBbI ONPEACAETCS B3aUMOCBS3bI0 ITUX OJIOKOB ONEPAaTOPOB.

JIaHHBIMU MaHUMYIUPYIOT B KaxaoM Omoke 210, 212, 214, 216 u 218 onepaTopoB 1Mo Mepe TOro, Kak OHU
MPOXOMAT 110 LIENHU OT GJIOKA ONepaTopoB kK 60Ky orepaTopoB B notokax 220, 222, 224 u 226 naHHBIX.

B ciyuae xoMaHab! "nepexona” MOTOK TaHHBIX MOXKET OBITH U3MCHEH/TIEPEHANIPaBICH OJOKOM ONEpaToOpPOB
B NIPOTHBOIIOJIOKHOM HAnpaBICHUH WM K HEKOTOPOMY JAPYTOMY OJIOKY ONEpaTopoB B OTAEIBHOM NOTOKE 228
JaHHBIX. B 3TOM mpumepe mepexox Ha OCHOBAaHMHM YCIIOBHSA, KOTOpOe COOII0JEHO, NMOKazaH oT 61oka 4 (216)
OnepaTopoB Hazan k 61oky 2 (212) onepaTopos.

Kpome toro, 6mox 210, 212, 214, 216 u 218 onepaTopoB MOXKET OBITH ABTOHOMHBIM M MOET OBITH BBI-
MIOJIHEH ¢ BO3MOXKHOCTHIO 00pabOTKH JaHHBIX JTMOO aCHHXPOHHO, MO0 CHHXPOHHO, KOT/1a OH NNPUHUMAET UX OT
HpeIbIAYIEro 6J10Ka ONepaTopoB B IEHH.

CoryacHO OTHOMY BapMaHTY peanu3alMy aBTOHOMHOH onepanuu KOHBeiiepHas apXUTeKkTypa obecreunBa-
€T BO3MOXXHOCTh MCIIOJIHEHUS MHOXKECTBA KOMaH/ B OTMHOYHOM IIMKIIE POLIEccopa.
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KongeitepHas apxurekrypa MoxeT ObITh Oonee 3 hekTHBHOM, UeM cTaHTapTHAs apXUTEKTYpa, NOCKOIbKY
OHa He TpeOyeT, 4To0k! MporpamMma OblTa cuutaHa u3 O3V u aemudponana.

KonBeitepHas apxuTexTypa MOXET NPEAOTBPAIIaTh BOZHUKHOBEHUE Y3KHX MECT, CBA3AHHBIX C U3BECTHON
KOMITBIOTEPHOM apXUTEKTYPOH, TOCKOIbKY OHA HE OCHOBaHA Ha MOTOKE OOIIEH IIMHBI, M KaKAbIil Habop 67I0KOB
ONEpPaTOPOB UMEET CBOM COOCTBEHHBIN NOTOK AaHHBIX.

KonseitepHast apXurekrypa MOXeET 00ecleuuBaTh BO3MOXKHOCTH 00Jee BBHICOKOHW MPOM3BOAUTEIBHOCTH H
BBIYUCIIUTEIHHON MOIIHOCTH. JIOMOJIHUTENBHOE NPEUMYIIECTBO 3TOH apXUTEKTYPhl COCTOMT B TOM, YTO IIPH
paboTe B CHMHXPDOHHOM pEXHMME KOHBEHEpHas apXUTEKTypa MOXXET OBITh CIIOCOOHA YNAaKOBBIBATH JAHHBIE C
6oIIbIIIEH NMIIOTHOCTHIO B PEKOH(UIypHpYyeMOH anmnapaTHOH ruiaTgopMe MyTeM NMOCTAHOBKM JaHHBIX B O4epEb
Ha BXOJI¢ KaX/JI0ro 6J0Ka ONepaTopoB, FOTOBBIX K 3arpy3Ke B NMOCIEAYIOMHMI OJOK ONepaTopoB, MO Mepe UX No-
CTYIUICHHUS.

IIporpaMMHBIE KOMaH/IBI MOTYT COJEPKAThCs B OJIOKAX ONEPaTOpPOB B BUJIE aNllapaTHBIX JJOTHYECKUX BEH-
THJIEH, @ HE IPOrpaMMHOI0 00ECIIEYECHHUS, YTO 3HAYUTEILHO YCKOPAET BHIMOJIHEHUE HHCTPYKIMH O CPaBHEHHIO
C IPOrPaMMHBIM aHAJIOTOM.

Eme o110 npeuMyniecTBo KOHBEHEPHOM apXUTEKTYPBI COCTOUT B TOM, YTO NPOTPAMMY MOKET OBITH TPY-
Hee B3noMartb. IIporpaMma MoXKeT XpaHUTHCS B BHJE annapaTHOTO CPEACTBA, M JI0060e U3MEHEHUE NPOrpaMMEI
XaKepoM MOXKET pa3opBaTh LIENOYKY KOHBeHepa M MPUBECTH K mepesarpyske cucteMsl. Ilepesarpyska cucteMsl
MOXXET MPUBECTH K TOMY, YTO HUCXOJHAsA (HEM3MEHEHHas) MporpaMma OyAeT aBTOMAaTHHECKH Iepe3arpyxeHa
CHCTEMOH B pEKOH(UTYPUPYEMYIO alNapaTHYIO MIaTHOpMY.

Ha ¢ur. 3-11 moka3aHs! pa3nuuus MEXIy 3TUMH NBYMs apxutektypamu. Hexomusiit kox C ¥ OTKOMITUITH-
pOBaHHBIE BBIXO/BI KaKk U3 OoJice TPaUIIMOHHOMN BBIYMCIUTEIBHON CUCTEMBI, TaK U U3 BBIYMCIUTEIBHON CcUCTe-
MBI ¢ KOHBEHEPHOH apXUTEKTYpPOH UCCIAEAYIOTCS A ABYX PA3IHYHBIX IPOrPaMM.

Ha ¢wur. 3 nmoxazan ucxoauslit koa ans neyatanus yucen @ubonayuu. Mexoansiii konx C nokaszaH s mpo-
IPaMMBI, UCTIONIB3yeMOH /T pacriedaTky yucen dubonayun B quanazone ot 0 1o 255.

Ha ¢ur. 4 noxazan MamMHHBINA Ko U1 neyatanus yucen Gudonayun. Mexoansnii kox C, moxa3aHHBIN Ha
¢ur. 3, MOXET OBITH OTKOMITMJIMPOBAH AJISI HCIIOTHEHUS TPAAMIIMOHHON BBIYMCIMTENBHON cUcTeMOil. Pe3ynbTu-
PYIOMIMI MAaNIMHHBIN A3BIK MOXET BBIIILIETH OAOOHO pacrneuaTke, nokazaHHoi Ha ¢ur. 4. TpaqunuoHHas BbI-
YUCIIUTEIbHAS CUCTEMA MOXET UCIIOJIB30BATh 110 MEHBIIEH Mepe 85 TaKTOB TAKTOBOIO reHEpaTOpa LEHTPAIbHO-
ro mpoleccopa Ui 3aBEpIICHUS MEPBOH UTEpalluy IUKNA BHIYMCICHUS U nedaTy. Ilocne aToro TpaaunuoHHas
BBIYUCIIUTEIbHAS CUCTEMA MOXET MCIIONB30BATh 110 MEHBIIEH Mepe 56 TaKTOB IEHTPANBHOIO Mpoleccopa As
3aBEpIICHUS NTOCIEYIONIMX UTEPALMil [IMKIIA BBIYHCICHUS U TIEHATH.

Ha ¢ur. 5 nokazana 61ok-cxeMa OJIOKOB OnepaTopoB A1 newaranus yucen Gudonayuu. Ilo cpaBHeHUIO €
¢ur. 4, ucxonuslit kox C, NOKa3aHHBIA Ha QUr. 3, MOXKET OBITh OTKOMITMIMPOBAH A UCIONHCHUS BBIYUCITU-
TEJIbHON CHUCTEMOI C KOHBeHepHOH apxutektypoil. Pe3yapTupyiomue OJOKHM ONEPATOPOB, UCMOIB3YEMBIE IS
UCTIOJTHEHUS IPOrpaMMBbI, MOT'YT BBIIJIAIETh T0O00HO NMOKa3aHHBIM Ha ¢ur. 5.

baok 1 502 oneparopos (OB #1) na3Hauaet 3HaucHus nepeMeHHBIX "x=0" u "y=1". biok 2 504 oneparo-
poB (OB #2) Bemmomnser gyukiuro "printf”’. Brok 3 506 onepatopo (OB #3) cymMupyeT conepkaHue X 4 Y U
Ha3HAyaeT Pe3yNbTaT nepeMeHHoi z. OH TakKe Ha3HAYaeT 3HAaYCHHUE Y 3HAUCHHIO X ¥ 3HAUCHHE Z K 3HAUCHUIO V.
baok 4 508 onepatopos (OB #4) BeIMOAHAET YCIOBHBII Nepexo Ha3al k Havany 01oka 2 5S04 onepatopos, ecliu
pe3yapTaToM "Xx<255" ABNAETCS UCTHHA U Ha3zald K Havany Omokxa 1 502 omeparopos, eciu pe3yabraT "x<255"
JIOKEH.

CoryacHO TaHHOMY BapHaHTY peaJu3aluy MHOXKECTBO KOMaH/ MOTYT OBITh CIPYNIUPOBAHEI B OJTUHOYHOM
6moke 502, 504, 506 u 508 onepaTopoBs, UTO 0OECMEYUBACT BOZMOXKHOCTH MPOBEACHUS MHOXKECTBA ONepaluii B
OTHOIIEHUU TaHHBIX NPEX/E, YEM ITU JAaHHBIE OyAYT NMepeaansl Kk cneaymoumeMy 610ky oneparopos. IIpu pado-
TE B CHHXPOHHOM pEXMMeE KOHBEHEpHas apXUTEKTypa MOXKET HCIOIb30BaTh YETHIPE TAaKTa Npoleccopa s 3a-
BEpIICHHS NEPBOH U NMOCIEAYIONMX UTEpAllUi IIMKNIA BEIYUCICHUS M NEYaTH. DTO MOXKET 00ECTIEYUTh BO3MOX-
HOCTb /JI51 MAIIMHBI ¢ KOHBEHEPHOH apXUTEKTYpoil B 3TOM npuMepe paborath B 14 pa3 ObicTpee, YeM M3BECTHAS
MalllMHA C MOT0OHBIM TAKTOBBIM ITUKJIOM (T.€. 56 TaKTOB NPOTUB 4 TAKTOB).

Ha ¢ur. 6 noxazan UCXOIHBIH KO JUTS HaXOkKACHUS cyMMBI udp. Uexoansiit ko C 11 nporpaMMsl UTs
HaX0X/JCHHUS CYMMBI IM(p YUCTIa ¢ UCTIOJIH30BAHUEM PEKYPCHUH TTOKa3aH Ha ¢Qur. 6.

Ha ¢ur. 7-10 moxa3aHb! MalllMHHBIE KOMBI I HAX0XAeHUS CyMMBI udp. Mexoansiit ko C, mokazaHHbBIH
Ha ¢ur. 6, MOXKET ObITh OTKOMIIMIMPOBAH AJIS UCIIOJHEHUS HEIMaHOBCKOH BBIYUCIUTEIBHON cUCTEMOM. Pe3ynb-
THPYIOMIMI MAaIIMHHBIN S3bIK MOKET BBITTIAACTH NOAOOHO pacrneyarkaM, NokazaHHeIM Ha ¢ur. 7-10. "OcHoBHOI"
IIMKJT OCYIIECTBISAET BBI30B OTAEIbHOr0 nukia 802 "cymmbl" A1 BeIYMCIIEHHS M BO3BpaTa pesynsprata 1002. B
IIUKJIC CYMMBI COIEPKUTCS YCAOBHBIN omepaTop 902 "ecau". B 3aBUCHMOCTH OT pe3ynbTaTa YCIOBHOTO ONEpa-
Topa "ecan” nMppoBas BEIUUCIUTEIbHAS MAIIMHA MOXKET HUCIIOJIH30BaTh OO0 113 TAaKTOBBIX IMKJIOB LEHTPAIb-
HOTro mpoteccopa, 1160 191 TakT TakTOBOro NUKIA 111 00paOOTKH OJHOM UTEpaIlUU.

Ha ¢ur. 9 noxazana 670k-cxemMa OJOKOB ONEpPaTopoB IS HaxoxaAcHUS cymMMbl udp. Ilo cpaBHeHuUro ¢
¢ur. 7-10 ucxonusiii koa C, mokazaHHBINA Ha GUT. 6, MOXKET OBITH OTKOMITUIUPOBAH IS UCTIOJTHEHUS BHIYUCITH-
TEJIbHON CHUCTEMOI ¢ KOHBeHepHOH apxuTekTypoil. Pe3ynbTupyiomue OJOKH ONEPATOPOB, UCMOIB3YEMBIE IS
UCTIOJTHEHUS MPOTPaMMBI, MOTYT BBITIACTH MOJOOHO MMOKAa3aHHBIM Ha ¢ur. 11.

brox 1 1102 oneparopos (OB #1) Bomonnser dynkuuio "printf"' mis newaranus Ha yCTpPOHCTBE BBHIBOAA
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"Beaure yncao". brox 2 1104 onepatopos (OB #2) BeimonHseT GpyHkuio "scanf" a1 BBoAa YUCTIa U3 YCTPOH-
ctBa BBoJa. brnok 3 1106 oneparopoB (OB #3) BbInonHsAeT yCnoBHBINH oneparop "ecau", KOTOpBIH cpaBHUBAET
BBEJCHHOE uyncao ¢ 0, M 3aTeM MepeHanpaBiaeT nporpammy au6o k 610ky 4 1108 onepatopos (OB #4), ecnu
pe3yabpTaTt nojoxkureneH, umu 61oky S 1110 onepatopos (OB #5), ecu pesynsrat otpunarencH. bnox 4 onepa-
TopoB 1108 (OB #4) Beimonnser Boruucnenue. biaok 5 1110 oneparopos (OB #5) Bo3spamaer 0. biaok 6 1112
oneparopoB (OB #6) HazHauaeT yuco, Bo3BpamieHHoe 1160 6mokoM OB #4 (1108), mu6o 6mokom OB #5 (1110)
nepeMeHHo# "cymma". brok 7 1114 onepatopos (OB #7) Bemonnser gynxnuto "printf"’ 1711 pacneyaTku CyMMEI
Ha ycTpoiicTBe BhiBoAa. Kpome Toro, Beixoa 3Toro 6moka 1114 omepatopoB coeauHeH ¢ BxoaoM Omokxa OB #1
(1102), yTo6B!I MporpaMma Morjia ObITh 3aIIUKICHA Ha HEOMPEIEICHHBIH CPOK.

CoryacHO JaHHOMY BapHaHTY peanu3aluH OJIOK ONepaTopoB MOXKET NMEPEHANpPaBIATh HENOUKY MporpaM-
MBI B 3aBUCUMOCTH OT pe3yibTaTa ycJIoBUs. PaboTas B CHHXpPOHHOM peXUME, BEIUMCIUTEIbHAS CUCTEMA C KOH-
BEHEPHON apXUTEKTYpOH MOXKET MCIONB30BAaTh IIECTh TAKTOBHIX IMKJIOB IPOIECCOpa I 3aBEpIICHUS UTEpa-
IIMM TTPOTPaMMBI, HE3aBUCUMO OT pe3yibTaTa KoMaHAab!l "ecnu”. BeiuucourensHas cucreMa ¢ KOHBeiepHOi ap-
XUTEKTYpOH B 3TOM ITpUMEpPE MOXET pabdoTatsh B 18 pa3 ObICTpee, UeM BBIYUCIUTEIbHAS CHCTEMA CO CTAHAApPT-
HOl apXUTEKTYpOi A7 NOA0OHOr0 TAKTOBOrO IMKIA (T.€. 113 TaKTOB NPOTHB 6 TAKTOB).

BeryucnurenpHas cucteMa ¢ KOHBEHEPHOH apXUTEKTYpoil MOXET OBITh 3HAUUTEIHHO OBICTpEE, YEM BHI-
YUCIIUTEIbHAS CUCTEMA CO CTAHAAPTHOH apXMTEKTypOoH B 3aBUCHMOCTH OT npunoxeHus. Hampumep, BeIYuCIH-
TEIbHAsA CUCTEMA C KOHBEHEPHOH apXUTEKTYpoil MOXKET paboTaTh OBICTpEE B MPUIOKEHUAX, B KOTOPBIX 00pada-
TBHIBACTCS OOJIBIIOE KOJIMYECTBO AaHHBIX. IIpeMMyImiecTBO MpOU3BOIUTENBFHOCTH BBHIYHCIUTENBLHON CUCTEMBI C
KOHBEHEPHON apXUTEKTYPOU MO CPAaBHEHUIO C BBIYUCIUTEIBHONM CUCTEMON CO CTAHAAPTHON apXUTEKTYpOH MoO-
KET 3aBUCETh OT UCMIOIHAEMOH NporpaMMel. B xone TectupoBaHus OBLIO 3aMEYEHO, YTO B HEKOTOPBIX NPHIIO-
KEHHUAX MPEUMYILECTBO MOXKET HAXOAUTheA B AuanasoHe ot 100 1o 2000%.

Ha ¢wur. 12 nokazana Gnok-cxeMa, WIUTIOCTPUPYIOIIAs BBIYMCIUTEIBHYIO CUCTEMY ¢ KOHBEHEpHOH apXu-
TEKTYpPOH, UCTIOIH3YEMYIO B COYETAHUHU C BBIYHCIMTENBHOM CHUCTEMOH cO cTaHmapTHOH apxurekTypoit. Cormiac-
HO JTaHHOMY BapHaHTy peaau3aluy BxoaHoit uHrepdeitc 1202 BeIYUCIUTENBHOM CHCTEMBI CO CTaHAAPTHOI ap-
XUTEKTYPOil COeTMHEH ¢ BBHIXOAHBIM UHTEepdelicoM 1204 BEIYHCIMTENBHOM CHCTEMBI ¢ KOHBEHEPHOI apXUTEKTY-
poit nocpeacTBoM oobmei muHsl 1206.

BxonHoit uHTEpdeiic BHIYMCIUTEIBHON CHCTEMBI CO CTAHAAPTHON apXUTEKTYPOH COAEPKHUT CIIEAYIONINE
KOMITOHEHTBI: IeHTpaibHbIi nponeccop (IIIT) 1208; muraMudeckoe 3anOMUHAIONIEE YCTPOHCTBO MPOU3BOIBLHO-
ro pocryna (nuHamudeckoe O3Y) 1210; aganrep 1212 nokansHoii cetu (JIBC); 6a3zoBas cucreMa BBOa-BbIBOIA
(BIOS) 1214 u xectkuii auck (HDD) 1216, xoTopsle BCe COCAUHEHBI BMECTE MOCPEACTBOM ycTpoiicTBa 1206
o6meit muusl. B cmyqae HDD 1216 310 coenunenue ocymecTiaeHo nocpeactsom unrepdeiica (I/F) 1218.

Taroke cornacHO JaHHOMY BapUaHTY peaau3anuu nokaszan onok 1220 rpaduueckoro nponeccopa (GPU) u
JOMOJIHUTENBHBII conponieccop 1222.

Beixonnoit unTepdeiic BRIYUCITUTCIBLHON CHUCTEMBI ¢ KOHBEUEPHON apXUTEKTypOd HMEET BCTPOCHHYIO
[1IIBM 1224, xoTopast coeMHEHa ¢ OCTaIbHBIMU KOMIOHEHTAMHU B OOIIEH CHCTEME NOCPEACTBOM OOIIEH MIMHEI
1206.

[Tockonpky HEKOTOpBIE MPOrpaMMBI MOTYT O€31€HCTBOBATH B TEUEHHME 3HAYUTEIBHOH 4acTH paboyero
BPEMEHH, HET 0CO00Tr0 CMBICNIA BBIMOIHATH 3TOT KO/ O€3ACHCTBUS B BEIYMCIUTEIBHON CUCTEME C KOHBEHEPHOH
apXUTEKTYypoi. BMecTo 3TOro TOIbKO KOHKPETHBIE Pa3AeiIbl IPOrpaMMbl (HaApUMEp, KPUTHUECKHE LIUKIIBI, KPHU-
THYECKUE NTOTOKH) MOTYT TPAHCIUPOBATHCA M UCTIOJNHATHCS BBIYMCIMTENBHON CUCTEMOI ¢ KOHBEilepHOH apXu-
TEKTYpOH NI BBINOJIHEHUS "Tshkeno# paborsl”. OcTampHAas YacTh NPOrpaMMBbl 6€3 KOHKPETHBIX Pa3eiIoB MO-
KET TO-TIPE)KHEMY UCTIOTHATHCS BBIYHCIMTEIBHBIMU CUCTEMAaMH CO CTaHIApTHOW apxuTekTypoil. CoBMecTHOE
UCTIONIF30BAHUE ITHX JBYX apXUTEKTYP MO3BOIAET U30EkKaTh HEOOXOAMMOCTH TPAHCIMPOBAHUS BCEH Mporpam-
MBI JUIl UCTIOTHEHUS BBIYUCIMTENBHOM CHCTEMOH ¢ KOHBEHEPHOH apXUTEKTYpOH. DTO MOXXET NMPENATCTBOBATH
UCTIONIF30BAHHIO IICHHBIX PECYPCOB BBIYHCIUTENBLHON CUCTEMBI C KOHBEHEPHON apXHUTEKTypoH (Hampumep, ai-
PECHOro MPOCTPAaHCTBA MPOTPAMMBI), KOTOPOE MOXET HE NPHHECTH KakoH-muO0 omyTumoi BhIroasl. Kpome
TOTO, UCIONIB30BAHUE ITHX JIBYX aPXUTEKTYp 00ECTIEYMBAET COBMECTUMOCTD C CYIECTBYIOIIMMH NTPOrPaMMaMH,
KOTOpBIE NpeAHa3HAYCHBI I UCTIOJHEHHUS BEIUUCIMTENBHOMN CUCTEMOM CO CTAaHIAPTHOM apXUTEKTYPOH.

CoriacHO HEKOTOPBIM BapHaHTaM pealu3allMd BBHIUMCIUTEIbHAS CUCTEMA ¢ KOHBEHEPHOH apXUTEKTYpOH
MOXXET HCIIOIB30BAaThCS B COCAMHEHUH C BBIYMCIMTEIBHBIMU CUCTEMAaMHU CO CTAHIApTHOH apxutektypoil. Ha
¢ur. 13 npencraBineHa 6I0K-cxeMa, MOKa3bIBAIONIAs, KaK MPOrpaMMa MOXKET OBITh HCIIOTHEHA BEIYUCIUTENLHOM
CHCTEMOH ¢ KOHBEHEpHOH apXUTEKTYpOH M BBIUMCIUTEIHHBIMH CHCTEMAMH CO CTaHAAPTHOW apXMUTEKTYpOH.
Bxonnoit untepdeiic 1302 BEIMMCIUTETBHON CUCTEMBI CO CTAHIAPTHON apXUTEKTYPOH COETMHEH C BBIXOTHBIM
unrepdeiicoMm 1304 BEIYMCINTEIRHONH CUCTEMBI C KOHBEHEPHOH apXUTEKTypoit mocpeacTBoM muHEI 1306. 3atem
OocHOBHOE Tejo nporpaMmsl 1308 Bri3siBaeT noanporpammy A 1312 u noanporpammy B 1314 BerunciaurensHoit
CHCTEMEBI C KOHBEMEpHOH apXUTeKkTypoit mocpeacTBoM ¢yHkiui 1316 n 1320 BpI30Ba U BO3BpAIAET PE3YILTATHI
1318 u 1322 cCOOTBETCTBEHHO.

Ha ¢wur. 14 npeacraBiaeHa 610k-cxeMa cnocoba MOArOTOBKM KOHBEHEpHOI apxutektypbl. Criocod Moxer
OBITH OCYIIECTBIECH CUCTEMAMHU H/UIM KOMIIOHEHTAMH, ONIMCAHHBIMH B HACTOSIIEM H300PETEHUH, BKIFOYas CHUC-
temy 204 na ¢ur. 2. Ha arane 1402 cuctema ¢ KOHBEilepHOH apXUTEKTYPOH MOXET NMPUHATH NPOrpaMMy, BBI-
MIOJIHEHHYIO ¢ BO3MOXKHOCTHIO HCIIOJHEHHS B KayecTBE NporpaMMHoro obecneuenus. Ha srane 1404 cucrema c
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KOHBEHMEPHOH apXUTEKTypoH MOXKET ONpEAEIUTh, YTO MepBasg YacTh NPOrpPaMMBbl JODKHA UCTIONHATHCS amnma-
paTHBIMU CPEACTBAMHU, a BTOPAs 4acTh NPOrpaMMBbl J0DKHA UCTIONHATHCS Kak NporpaMMHoe obecnedenue. Ha
srane 1406 cucreMa ¢ KOHBEHEpHOI apXUTEKTYPOH HA OCHOBAaHMHM IEPBOIl YACTH MOXKET ONPEACIUTH MHOXKECT-
BO B3aMMOCBSI3aHHBIX NEPENpPOrpaMMUPYEMBIX OJIOKOB ONEPATOPOB, COJACPXKAIIUX OAHY MM Oonee (yHKUUit
npeoOpa3oBaHus, KOTOPhIE OEPYT BXOAHBIC AaHHBIE U3 IIMHEI C NPEANIECTBYIOMMMH AaHHBIMHU, BBINOIHIET OJHO
unu 6onee nmpeoOpazoBaHUN BXOAHBIX JaHHBIX M BBIBOAUT NPEOOpa30BaHHBIE BXOAHBIE JAHHBIE MOCPEACTBOM
IIMHBI BBIXOAHBIX AaHHBIX. Ha atame 1408 cucrema ¢ kOHBeHepHOH apXMTEKTYypOoH MOXET KOH(GHUIypHUpOBaTh
MHO>KECTBO B3aMMOCBSI3aHHBIX MEPENPOrPAMMUPYEMBIX OIOKOB ONEPATOPOB IS UCIIOIHEHUS OAHUM UNHU Oojee
nepenporpaMMHupyeMsIx nponeccopoB. Ha arane 1410 cuctema ¢ kKoHBEHEpHOI apXUTEKTYpOil MOXET UCION-
HATH BTOPYIO YacTh MOCPEACTBOM OJHOro MM Oojee BXOAHBIX MHTepdelcHBIX npoueccopoB. Ha srame 1412
cUcTEMa ¢ KOHBEHEPHOH apXUTEKTYPOIl MOXKET OTIPABUTH NEPBLIE AAHHBIE OT OJHOTO UIU 00lee BXOIHBIX UH-
TepdeHCHBIX TPOIIECCOPOB K OJJHOMY MM OoJiee nepenporpaMMHupyeMbIx nponeccopoB. Ha arane 1414 cuctema
C KOHBEHEPHOH apXUTEKTYypOil MOXET UCHOJIHUTH NEPBYIO HAaCTh NMOCPEACTBOM OAHOTO MIM Oonee mepenpo-
rpaMMHpyeMBIX nponeccopoB. Ha arane 1416 cucrema ¢ koHBelepHON apXHMTEKTYPOil MOXKET OTHPABUTH BTO-
pbIE TAaHHBIE OT OJHOTO MU 00Jee MEPENPOrpaMMUPYEMBIX MPOLECCOPOB K OAHOMY MM OOJIEE BXOMHBIX UH-
TepdeiicHbix npoueccopoB. Ha arane 1418 cucrema ¢ koHBeliepHOH apXUTEKTYpOH HA OCHOBAHMH IEPBBIX AaH-
HBIX ¥ BTOPBIX TaHHBIX MOXET ONPEENUTh PE3YIbTUPYIOIIHE AaHHEIE.

Cucrema ¢ KOHBEHEpHOH apXMTEKTYpOH HAa OCHOBAHMH BBIYHCIUTEIBHON CIOXHOCTH MOXET ONpPEIEIUTh
NEPBYIO YacTh IPOTPaMMBI, KOTOPas TO/DKHA UCTIONHATHCS alnapaTHBIMU CPEACTBAMU.

PesynpTUpylonue AaHHbIE MOTYT OBITH PE3yIbTATOM UCIOJIHEHUS YKAa3aHHON mporpaMMsl. BTopsle nan-
HBIE MOTYT OBITH BBIBEACHBI U3 MEPBBIX JaHHBIX HA OCHOBAHUM OJHOrO UM Oonee mpeoOpasoBaHuil. PesynpTu-
pyIOIME NaHHBIE MOTYT OBITH BBIBEJCHBI M3 BTOPBIX JAHHBIX, @ BTOPBIC JaHHBIE MOTYT OBITH BBIBEACHBI U3 NEp-
BBIX JaHHBIX. OUH MM 6oJee NMepenporpaMMUpPYEMBIX IPOLECCOPOB MOTYT NPEACTABIATh COO0H MporpaMMH-
PYEMYIO MOJIB30BATEIEM BEHTUNIBHYIO MaTpully. OTIpaBka NMEPBBIX AAHHBIX OT OJHOrO MM O0Jee BXOIHBIX MH-
TepdeHCHBIX NPOLIECCOPOB K OJHOMY MIIH 60iee NEpenporpaMMHUPYEMBIX IPOIECCOPOB MOXKET JIONOIHUTEIHHO
BKJIIOUATh MEPEAady NEPBBIX AAHHBIX NOCPEACTBOM LIMHBI PACHIUPEHUS OT OJHOIO UM OO0JIEE BXOAHBIX MHTED-
(heliCHBIX NPOLIECCOPOB K OJHOMY HIH 0oJee NepenporpaMMHUPYEMBIX NpoleccopoB. IIpuem nporpaMmsl, BbI-
NOJHEHHOH C BO3MOXHOCTBIO MCIIOJHEHUS B KaUECTBE NPOTPAMMHOIO 00ECHEUEHMS, MOXKET AOMOIHUTENBHO
BKJIIOYATh KOMIMIMPOBAHUE NPOrpaMMBI B UCIIOJHAEMBIH KOJ NMPOrpaMMHOro obecnedeHus, KOHGUIypUupoBa-
HME annapaTtHbIX CPEJCTB M KO CBA3U JUIA NEpEAayd AAHHBIX MEXIY HCIOJHAEMBIM KOJOM NPOrpaMMHOIO
obecneueHus U KOH(GUTrypanuei anmapaTHbiX CpPEaACTB.

KonBeiiepHblit npolieccop MOXET COJIEPXKaTh MIMHY BXOAHBIX JaHHBIX, MHOXECTBO B3aMMOCBSA3aHHBIX IIE-
penporpaMMUpPyEMBIX 0JOKOB ONEPAaTOPOB M IIMHY BBIXOAHBIX JaHHBIX. MHOXECTBO B3aMMOCBSI3aHHBIX IIEpe-
NpOrpaMMUPYEMBIX OIOKOB ONEPAaTOPOB MOXKET COJAEPAKATH. IIMHY BXOJAHBIX JAHHBIX IIEPBOrO MEPEIPOrpaMMHU-
pyeMoro 01oka ONepaTopoB, COEAMHEHHYIO C IMIMHON BBIXOAHBIX AAHHBIX BTOPOr0 MEPENPOrpaMMUPYEMOTO
670Ka ONepaTopoB MM IIMHOI BXOIHBIX JAHHBIX; IIMHY BBIXOAHBIX JAHHBIX MEPBOr0 NEPENPOrPaAMMHPYEMOTO
0JI0Ka ONMEPATOPOB, COEAUHEHHYIO C IIMHONH BXOAHBIX JaHHBIX TPETHErO NEPENPOrPAMMUPYEMOro OJI0Ka onepa-
TOPOB UM IIMHOW BBIXOAHBIX JAHHBIX; M O/IHY UM Oonee GyHKIMII mpeodpa3oBaHus, KOTOPEIE OEpyT BXOIHEIE
JAHHBIE OT IIMHBI NPEANIECTBYIOIIMUX AAHHBIX, BBIMOJHAIOT OJHO MIM Oojee NpeoOpa3oBaHUI B OTHOLIEHUU
BXO/IHBIX JIaHHBIX M BBIBOJAT Npe0Opa3oBaHHbIC BXOAHBIC AAHHBIC YE€PE3 MIMHY BHIXOAHBIX JaHHBIX.

[IlupuHa MIMH MHOXECTBA B3aUMOCBS3aHHBIX MEPENPOrPpaMMHUPYEMBIX OJIOKOB ONEPATOPOB MOXKET OBITH
pasnuuHOil. Beixox mocaenyromero 06J0ka MOXET OBbITH BXOAOM IpeaslAyIEro 010ka. Bropoil nepenporpam-
MHUpPYEMBIi OJIOK ONEpaTopoB U TPETUIH NMEPENPOrpaMMHUPYEMBIil OJI0K 0NEpaTopoB MOTYT OBITh OJUHAKOBBIMH.
Tpetuit nepenporpaMMUpyeMblii 0J0K ONEPATOPOB MOXKET NPEALIECTBOBATh IEPBOMY NEPENPOrPaAMMUPYEMOMY
670Ky OnepaTopoB B NOpsAAKE HCMOIHEeHHA. KoHBeHEepHDIH Mponeccop MOXXET AOTMOJHUTENBHO COAEPXaTh Ipo-
IpaMMHBII HHTEpdeEiic, BBIMOIHEHHBIH ¢ BOBMOXKHOCTBIO PHEMa KOMaH/I /IS CO3aHUs] MHOXECTBA B3aUMOCBS-
3aHHBIX NEPENPOTrPAMMUPYEMBIX OJIOKOB ONEPATOPOB.

Cucrema 00pabOTKM TaHHBIX MOXET COJEPXKATh MHOXECTBO MPOLECCOPOB M (DYHKIMIO YIIPABICHUS, NPH
9TOM (YHKIHUSA YNpaBICHHUS BHINOJIHEHA C BO3MOXXHOCTHIO Ha3HAUEHMS AAHHBIX KaXJ0My npoueccopy. Kaxsrit
IPOLECCOP MOXKET COAEPKATh MIMHY BXOMHBIX AAHHBIX, MHOXECTBO B3aUMOCBSA3aHHBIX NEPENPOrPAMMUPYEMBIX
0JIOKOB ONEPAaTOPOB U LUIMHY BBIXOAHBIX AAHHBIX. B3aMMOCBS3aHHBIE NEPENPOrpaMMUPYEMBIE ONOKU ONMEPATO-
POB MOIYT COJAEPAKATh. IIMHY BXOAHBIX AAHHBIX NEPBOrO NMEPEMNPOrpaMMUPYEMOro OJoka OMEPAaTOPOB, COEIU-
HEHHVYIO ¢ IIMHOM BBIXOAHBIX AAHHBIX BTOPOTO MEPENPOrpaMMUPYEMOro 0J0Ka ONEPaTOpOB UM IIUHON BXOI-
HBIX JaHHBIX; MIMHY BBIXOAHBIX JAHHBIX MEPBOrO NMEPENPOrpaMMHUPYEMOro 0J0Ka ONEPATOPOB, COEAUHEHHYIO C
IIMHOHM BXOJHBIX AAHHBIX TPETHETO NMEPENPOrpaMMHUPYEMOro OJI0Ka ONEepaTopoB MM IIMHOH BBHIXOJHBIX aH-
HBIX; U OHY HJH Oonee pyHKIMI npeodpa3oBaHus, KOTOpbIE OEPYT BXOTHBIE JaHHBIE OT IIMHBI MPETIIECTBYIO-
KX JAHHBIX, BBIMIOJHAIOT OJHO MM Oojee npeoOpa3oBaHUil B OTHOIIEHUM BXOAHBIX AaHHBIX M BBIBOJAT MNpe-
00pa30oBaHHBIC BXOIHBIE JaHHBIE YEPE3 IIMHY BBIXOIHBIX AaHHBIX.

DyHKIUS YIPaBICHUS MOXKET OBITH JAONOJHHUTEIBHO BHINOIHEHA C BO3MOXKHOCTBIO PEKOH(DUTYPHUPOBAHUS
MHO>KECTBA B3aMMOCBS3aHHBIX NEPENPOrPAMMUPYEMBIX OJI0KOB onepaTopoB. DyHKIMSA YyNpaBIEHUS MOXKET CO-
JEp>KaTh KOMAHJbl COXPAHEHUSA B 3alIOMUHAIOIIEM YCTPOICTBE AN CO3JaHUS MHOXECTBA B3aUMOCBI3aHHBIX
NepenporpaMMHUpPYEMBIX OJIOKOB OINEpaTOpOB M3 MHOXECTBa mHporeccopoB. CHCTEMa COrJacHO HAaCTOSIIEMY

-5-



044257

U300pPETEHHIO MOXKET JIOMOIHUTEIBHO CO/IEPKATh 110 MEHBIICH Mepe OMH BXOJHOI MHTepGeHCHBIH npoleccop
C apXUTEKTYPOH, OTIMYAIONIEHCA OT apXUTEKTYPBl MHOXKECTBA NpoueccopoB. Ilo MeHplIel Mepe 0MH BXOHOM
UHTEpEHCHBIH MPONECCOp MOXKET COJAEpKaTh Mporeccop oduero HazHaueHus. OYHKIUS YIPABICHUS MOXET
COJIepIKaTh: 3alHUIICHHBII HHTepdeiic, BHIMOTHEHHBIH ¢ BO3MOXXHOCTBIO NPUEMA U3MEHEHUH KOHGUTYpanuy; U
HE3alMIIEHHBIH nHTEepdeic, BEIMOIHEHHBIH ¢ BO3MOXKHOCTHIO HAa3HAUYEHHS JaHHBIX OJHOMY MM Ooee mpouec-
COpOB M3 MHOKECTBA MTPOIIECCOPOB.

Ha ¢ur. 15 npencrasieHa 61ok-cxeMa, MOKa3bIBalomas KOMIIOHEHTHI COTTIACHO HEKOTOPBIM NPUBEIEHHBIM
JUISL IPUMEpPa BapHaHTaM pEau3alliy, BBIMOJHEHHBIE ¢ BOBMOXKHOCTBIO CYMTHIBAHHUS KOMaH/ M3 MallIMHOYHUTAC-
MOT'0 MM KOMITBIOTEPOYUTAEMOTI0 HOCUTENIS (HAPUMED, MAIlIMHOYUTAEMOTO HOCUTENS AaHHBIX) U OCYIIECTRIIC-
HUS JTI000H OMHON MM Ooyiee METOMOIOTHU, OMUCAHHBIX B HACTOAIIEM AOKyMeHTe. B uactHocTH, Ha dur. 15
MOKa3aHO CXEMaTHYECKOE MPEACTaBIeHHUE annapaTHeIX pecypco 1500, Bkirouas ofauH Uiy 6ojee NpoleccopoB
(unn npoueccopHbIx aaep) 1510, oxHo nnu Golee 3aIOMUHAIOMIMX YCTPOHCTB/HAKONMUTEIBHBIX YCTPOHCTB 1520
U OMH Uiy Oojee KOMMYHHKAIMOHHBIX pecypcoB 1530, kbl U3 KOTOPBIX CBA3aH C BOZMOXXHOCTHIO 0OMEHa
JaHHBIMH uepe3 muny 1540.

IMpoueccopsr 1510 (nanmpumep, neHTpanbHbiil mponeccop (LIIT), mpoueccop BBIYUCIEHUI ¢ COKpPAIICHHBIM
HabopoM xoMaHn (RISC), mponeccop BeUUCICHUH €O cnoxHBIM HabopoM komana (CISC), rpaduueckuit mponec-
cop (GPU), mponeccop nmudpossix curtaioB (DSP), Takoil kak mporeccop OCHOBHOM MONOCH! YACTOT, CICIIUATHU-
3upoBaHHas uHTerpanbHas cxema (ASIC), paauoyacrorHas unrerpanbHas cxema (RFIC), apyroit npoueccop unu
m000€ MOAXOAAIIEE COYETAHHE BBIIIETIEPEYHCICHHOI0) MOT'YT BKIIIOYATh B ce0s, HampuMep, mpoueccop 1512 u
npoueccop 1514, 3anoMunaromiee/HakOMUTETFHOE YCTPOicTBa 1520 MOryT BKITIOUUTH B €0 OCHOBHOE 3aMOMHU-
HaIOIIEE YCTPOICTBO, TUCKOBBIH HAKOMHUTEID UITH JIF000E MOIXOAIIEE COYETAHHUE BBIIIIENIEPEUHUCICHHOTO.

KommyHukamumonnsle pecypes! 1530 MoryT Bkmodars B ce0s MEXCOCIMHUTEIBHBIE W/UITM CETEBBIE WH-
TepdelicHbIe KOMITOHEHTHI MM IPYTUE MOIXO/IAIIME YCTPOICTBA I CBA3M C OJHUM MM Oosee nepuepuitHbIX
yerpoiicte 1504 u/umu ognoit umu 6onee 6a3 1506 nanueix mo cetu 1508. Hanpumep, pecypebr 1530 cBsa3u Mo-
I'YT BKJIIOYATh B cc0S MPOBOAHBIC KOMIOHEHTHI CBSA3M (HANpHUMED, NI COCMHEHHS MO YHMBEPCAIBHOH Mmocie-
noBarenbHoOM muHe (USB)), KOMIOHEHTBI COTOBOM CBA3M, KOMIOHEHTHI ¢BA3U OamxHero noas (NFC), kommo-
HeHTH! Bluetooth® (nanpumep, Bluetooth® ¢ Hu3kuMm 3HepronorpebneHueM), koMrnoHeHTsl Wi-Fi® u apyrue
KOMIOHEHTHI CBS3H.

Komannsr 1550 mMoryr coaepxarh MporpaMMHOE OOecredeHue, NporpaMmy, NPHIOKEHHUE, anmjeT, NpH-
KIAAHOH KOA MM JPYrod MCIOJHAEMBIH KO AN NPUHYKICHUS 10 MEHBIIEH Mepe OAHOrO U3 MPOILECCOPOB
1510 BBIMONHATH NIOOYIO OAHY MM GOnee U3 METOJOJOTH, OMMCAHHBIX B HACTOAIIEM jJokyMeHTe. KoMaHb!
1550 MOryT NONHOCTHIO MIIM HACTMYHO HAXOAUTHCS IO MEHBIIEH Mepe B 0JHOM M3 npoueccopoB 1510 (Hampu-
Mep, B K3MI-MAaMATH NpoIeccopa), 3alIOMUHAIONIEr0/HAKOMUTEIFHOT0 yeTpoiicTB 1520 nmiu moboM moaxoasuem
COYETAHUU BhIIICTIEpeunCcIcHHOr0. KpoMe Toro, 1r06as yacth koMaHa 1550 MoxkeT OBITh Nepeana annapaTHbIM
pecypcam 1500 u3 moboro coueranus nepudepuitHeix yerpoiicts 1504 u/unu 6a3 nanusix 1506.

CoOTBETCTBEHHO, 3alIOMUHAIOIIEE YCTPOHCcTBO mponeccopos 1510, 3anomuHaroniee/HakOMUTEIBHOE YCT-
poiictBa 1520, nepudepuiinsie yerpoiictsa 1504 u 6a3p1 1506 naHHBIX SBIACTCS MPUMEpPaMHU KOMIBIOTCPOYH-
TAEMBIX U MAIIMHOYUTAEMBIX HOCHTEIIEH.

Hcnomip3yeMblii B HACTOSAIIEM M300pPETEHUU TEPMHH "cXeMa' MOXKET OTHOCHTHCH K CIENUATH3UPOBAaHHON
unTerpansHoil cxeMe (ASIC), anexkTpoHHO# cxeme, mporeccopy (00IeMy, BBIACICHHOMY WM TPYIMOBOMY)
W/MIM 3aIOMUHAIONIEMY YCTPOHCTBY (00IEMY, BBICICHHOMY MIIM IPYIIIIOBOMY), OBITH YacTHIO BHIIIENEPEUHC-
JICHHBIX YCTPOMCTB MIIM BKIIOYATH B ceOf BBIIENEPEUUCICHHBIE YCTPOICTBA, KOTOPHIE HUCIIOJNHAIOT OJHO HIIH
6onee U3 NporpaMM MM MHKPONPOrpaMM, KOMOMHAIIMOHHOM JIOTHYECKOI CXEMBI W/UIU APYTUX MOAXOASAIIMX
annapaTHbIX KOMIIOHEHTOB, KOTOpbIE 00ECTIEYUBAIOT ONUCAHHBIE (YHKIMOHATbHBIE cpefcTBa. COrmacHo HEKo-
TOPBIM BapHaHTaM peagu3aluy 3JICKTPOHHAS CXEMa MOXKET ObITh PEanu30BaHa B BUJIE JJICKTPOHHON CXEMBI HIIH
MOXET ()YHKIIMOHUPOBATh B COCAMHEHUH C DJIEKTPOHHOH CXEMOH, KOTOpas MOXET OBITh peagu30BaHa B OHOM
UM GoJiee U3 MPOrpaMMHBIX MIIM MUKPONPOrpaMMHBIX Moyied. COrjacHO HEKOTOPBIM BapUaHTaM peau3aluu
JNEKTPOHHAS CXEMa MOXKET BKJIIOUATH B CEOS TOTHYECKHUE CPECTBA, IO MEHBIIEH Mepe YaCTUYHO NEHCTBYIOIIHUE
B annapaTHbIX CPEICTBAX.

BapuaHThl peanu3anuu U OCYIIECTBICHUS CUCTEM M COCOOOB, ONMCAHHBIX B HACTOAIIEM JOKYMEHTE, MO-
I'YT BKJIIOYAaTh B ceOs pa3iMyuHBIC ONEpalUH, KOTOPBIE MOTYT ObITH OCYIIECTBICHB! B MAIMHHO-UCTIOIHAEMBIX
KOMaH/aX, KOTOpble OYAYT UCMOIHEHBI BBIYHCIUTENBHOM cHcTEMO. BhIuncauTEIbHAS CHCTEMA MOXET BKIIIO-
4aTh B ce0s OJIMH UM OoJiee KOMIBIOTEPOB OOIIETr0 MM CIENUAIbHOrO Ha3HAYEHUS (MM APYTHX 3JIEKTPOHHBIX
YCTPOHCTB). BruucouTensHas cucTeMa MOXKET BKIIOYATh B ce0sl annapaTHbIE KOMIOHEHTHI, KOTOPBIE BKJIIOYAIOT
B cc0s1 KOHKPETHBIE JJOTHYECKUE CPEACTBA /IS BBIOJIHEHHS ONEPALMid, UM MOXET BKIIIOYATh B ce0S COUCTaHHUE
annapaTHBIX CPEACTB, IPOrPAMMHOI0 00ECNEUEHUS /UM BCTPOCHHBIX IPOrPaMM.

BeryucnurenpHbple CUCTEMBI X KOMITBIOTEPHI B BEIUUCIUTENBHONH CUCTEME MOTYT ObITH COEAMHEHBI NTOCPE-
ctBoM cety. Iloaxoasime ceTu 11 KOHGUIYPUPOBAHUS U/UITH UCTIONH30BAHUS, KaK OMUCAHO B HACTOSIIEM J0-
KyMEHTE, BKIIOYAIOT B ceOs oHY MM Ooyiee JNOKAIBHBIX CeTel, ro0ambHBIX CETEH, FOPOACKUX CETeH W/HIH
cetu HUurepHer, unu IP cerel, takux kak Becemupnas nayruna (World Wide Web), yactnas cers MHTepHer,
3aIIMIIEHHas ceTh MHTEpHET, CETh ¢ JONOIHUTEILHBIMH TUTATHBIMU YCIIYTaMHU, BUPTYalbHAs 4acTHAS CETh, JKC-
TpaHeT (extranet), MHTPAHET UIIM A2KE aBTOHOMHBIE MAIIMHBI, KOTOPBIE CBA3AHBI C APYTMMH MalllMHAMH NYTEM
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(bu3nyueckoil TPaHCIOPTUPOBKY HOocUTENEeH. B yacTHOCTH, MOAXOAAIIAsA CETh MOXKET OBITH 00pa3oBaHa U3 yacTei
WIM HEJBIX ABYX WM O0Jiee APYTUX CETEH, BKIIOUAS CETU, UCMOB3YIOIUE PA3IMYHbIe annapaTHbIe CPEACTBA U
TEXHOJOTMH CETEBOH CBA3U.

OnHa NOAXOAIIAs CETh BKIIFOUACT B CeOS cepBEp U OMUH WM 0O0JICe KIUEHTOB; PYTUE MOIXOMANIUE CETH
MOTYT COAEPKATh APYTUE COUETAHUS CEPBEPOB, KIMEHTOB U/UIU OJJHOPAHTOBBIX Y3JIOB, @ TaHHAS BBIYUCIUTEb-
Has CUCTeMa MOXET () YHKIIMOHUPOBATh KaK B KAYECTBE KIIMEHTA, Tak U cepBepa. Kaxkmas ceTh BKIIOYAET B ce0s
MO MCHBIICH Mepe Ba KOMIIBIOTEPA MU JABE BBIYMCIUTEIBHBIC CUCTEMBI, TAKUC KaK CEPBEP W/UIU KIHUCHTHI
BrruucnurenpHas cucteMa MOXET BKIIOUATh B ce0 pabouyio CTaHIUIO, MOPTATUBHBINA KOMIBIOTEP, OTKIIOHAC-
MBIif MOOMIIBHBII KOMIIBIOTED, cepBep, MeltHdpeliM (mainframe), knacTep, Tak Ha3bIBAEMBIH "CETEBOH KOMIIBIO-
Tep" UM "TOHKUI KINHEHT", IUTAHIIET, cMapT(OH, IEPCOHANBHBIN M(POBOI MOMOIHUK MM APYTO€ NOPTaTUB-
HOC BBIYUCITUTEIBHOE YCTPOICTBO, "yMHOE" YCTPOUCTBO UIH YCTPOHCTBO OBITOBOMH 3JIEKTPOHUKH, MEAUIIUHCKOE
YCTPOMCTBO MIIM COYETAHUE BBIILIENEPEUUCIEHHOTO.

IMoaxoasimive CETH MOTYT BKJIIOUATH B CE0S1 KOMMYHUKAIIMOHHOE UJIM CETEBOE MPOTrpaMMHOE 00ecreyeHUE,
Takoe Kak IporpaMMHoe obecrieueHue, 1ocTynHoe B koMnanusax Novell®, Microsoft® u y apyrux nocrasiu-
KOB, ¥ MOTYT paboraTh ¢ ucnonas3oBanueM nporokonos TCP/IP, SPX, IPX u 1pyrux npoTokooB ¢ HCHOIb30-
BaHMEM BUTOH Mapbl, KOAKCHAIHLHOTO UM BOJIOKOHHO-ONMTUYECKOTO Kabeneil, TeneOHHbIX TUHUH, PaTUOBOIH,
CITyTHUKOB, PaJMOPENEHHBIX CTAaHIIMH, MOIYTUPOBAHHBIX JIMHUI 3JICKTpONEpeIaud NMEPEMEHHOT0 TOKa, repe/a-
4y PUIMYECKUX HOCUTEICH M/MIM APYTUX "MPOBOAHBIX" CHOCOOOB NEpenaiyu JAaHHBIX, U3BECTHBIX CHCIHUATH-
CTaM B JaHHOH oOnacTu TexHUkH. CeTh MOXKET OXBATHIBATh CETU MECHBIIIETO pa3Mepa U/UITH MOXKET OBITh COCIH-
HEHA ¢ APYTUMHU CETAMHU NOCPEACTBOM IILII03a UM MOAOOHOT0 MEXAaHU3MA.

PazauuHbIC TEXHOIOTUM UM OTIPEICICHHBIC ACTIEKTHI UM UX YaCTU MOTYT MPUHUMATh BUJ MPOrPAMMHOTO
kona (T.€. KOMaHM), BCTPOCHHBIX B MaTEpUANbHBIC HOCUTENHY, TaKue Kak rudkue auckersl, qucku CD-ROM, xe-
CTKUE TUCKU, MATHUTHBIC MM ONTHYCCKUE KApPThI, TBEPAOTEILHBIC 3aTOMUHAIONIUE YCTPOHCTBA, JHEPrOHE3aBH -
CUMBIHl KOMIBIOTEPOYUTACMBIM HOCUTEIh A XPAHCHUS WU JIH000# Ipyroit MalMHOYUTAEMBIH HOCUTEND )11
XPaHEHUS, MIPU 3TOM, KOTJIa MPOTPAMMHBINM KOJ 3arpyKaeTcs B MAIIMHY M UCTOTHACTCS MAIIMHOMN, TaKO#i Kak
KOMIIBIOTEP, YKa3aHHAs MalllMHA CTAHOBUTCH YCTPOHCTBOM JUIA MPAKTUYECKOTO OCYIICCTBICHUS Pa3TUUHBIX
cnoco0oB. B cayuae ucnonHeHUs NporpaMMHOrO KoJa MporpaMMUPYEMBIMU KOMIBIOTEPAMHU BBIYUCIUTEIBHOE
YCTPOMCTBO MOXKET BKJIIOYATH B €€0s MPOLECCOp, HOCUTEND ISl XPAHEHHUS, UUTAEMBIH POLECCOPOM (BKITIOUAS
JHEPro3aBUCUMOE U SHEPTOHE3ABUCUMOE 3alIOMUHAIONIEE YCTPOHUCTBO U/UIM 3JIEMEHTHI XPAHEHUS ), O MEHbILEH
MEpPE OJJHO YCTPOHCTBO BBOJA U MO MEHBILIEH MEPE OJHO YCTPOHCTBO BBIBOJA. JHEPrO3aBUCUMOE U JHEPrOHERA-
BUCHMOC 3aMIOMUHAIOIIEE YCTPOUCTBO M/UITH 3JICMEHTHI XpaHEeHUs MOTyT ObITh O3V, nporpamMmmupyeMbiM 113V
GIAUI-AMCKOM, ONTUYECKUM NMPHUBOAOM, MATHUTHBIM JKECTKUM JUCKOM WU JPYTUM HOCUTEIIEM IS XPaHCHUS
3NEKTPOHHBIX MaHHBIX. OHA UK OONee MPOrpaMM, KOTOPBIE MOTYT PEaTU30BBIBATh MITH MCIIOIL30BATh PA3IUY-
HBIC OMUCAHHBIC B HACTOSIIEM JOKYMEHTE CIOCOOBI, MOTYT UCIOIB30BaTh UHTEP(HEHC MPUKIATHOTO NPOrpaM-
MupoBaHus (API), TOBTOPHO UCMOAB3yEMBIC 3IEMEHTHI yIIpaBJieHUsS U T.1. Takue mporpaMMbl MOTYT OBITh pea-
JIU30BAHBI Ha BBHICOKOYPOBHEBOM NPOLECAYPHOM UM OOBEKTHO-OPUCHTUPOBAHHOM S3BIKE NMPOrPAMMUpPOBAHUS
JUTA CBA3U C BBIYUCIUTEIBHON cucTeMoi. OQHAKO MpU HEOOXOTUMOCTH MporpaMma(ImporpaMMbl) MOXKET OBITh
peanu3oBaHa Ha acceMOJyiepe UM Ha MAIIMHHOM s3bike. B 11000M ciyyae sI3bIK MOXET ObITh KOMIUIUPYEMbBIM
UJTH UHTEPIPETUPYEMBIM S3BIKOM U MOXKET COUCTATLCSH C ANNapaTHBIMU PEaTU3alUAMU.

Kaxknast BIYMCAMTENBHAS CUCTEMA BKITIOYAET B ce0A OJMH UM O0Jiee MPOLECCOPOB U/UITH 3aTIOMUHAIOIIUX
VCTPOHCTB; BBIUUCIUTCIBHBIE CUCTEMBI TaKXKE MOTYT BKJIIOHATh B CeOs pa3TUuYHBIC YCTPOWCTBA BBOJA W/UIH
ycTpoilcTBa BeiBoAA. IIpoueccop MOXKET BKIIIOYATh B ce0 yCTPOMCTBO OOILIEr0 HA3HAUEHUS, TAKOE KaK Mpolec-
cop Intel®, AMD® unu apyroi "rotoBsiii" Mukpomnporneccop. Ilponeccop MoxeT BKITIOYATh B ce08 YCTPOHCTBO
00paboTKK CeUaTbLHOrO HA3HAYCHUS, TAKOE KaK crenuanu3upoBaHHas unrerpanbHas cxema ASIC, SoC, SiP,
FPGA, PAL, PLA, FPLA, PLD umu apyroe UHIMBUAYAIU3UPOBAHHOEC MU NPOrPAMMHPYEMOE YCTPOHCTBO.
3anmoMHUHAOIIEE YCTPOHCTBO MOXKET BKITIOUATh B ce0s cratuueckoe O3V, aunamuyeckoe O3V, dmsm-naMars,
onuH unmu 6onee tpurrepos, I113Y, CD-ROM, DVD, sxecTkuil TUCK, JTEHTY WJIM MarHUTHBIN, ONTUYCCKUN UITH
JIpYTO# KOMMBIOTEPHBIM HOCUTEIH NI XpaHEHHUS. YCTPOHCTBO (YCTpoiicTBa) BBOAA MOXET BKIIOUATH B CeOA
KJIaBHATYpPY, "MBIIIE", CCHCOPHBINA 3KPaH, CBETOBOE NEPO, MUIAHIIET, MUKPODOH, AaTYUK MM APYTUE amnmnapar-
HBIE€ CPENCTBA C COOTBETCTBYIOIIEH MPOMIMBKOM M/UIM NPOrpaMMHBIM 00ecnedeHUEM. Y CTPOHCTBO (YCTpOiicT-
Ba) BBIBOJA MOXET BKJIIOUUTH B €0 MOHUTOP UM JPYroe OTOOpaXKalollee yCTPOiCTBO, MPUHTED, PEUEBON UIH
TEKCTOBBIM CHHTE3ATOpP, MEPEKIIOUATEND, CUTHANIBHYIO JIMHUIO UM IPYTUE aNnapaTHBIE CPEACTBA C COOTBETCT-
BYIOIIEH MPOIIMBKOI M/UIH MPOrPAMMHEIM 00ECTICYCHHUEM.

Crnenyet NOHUMATB, YTO MHOXKECTBO (DYHKIIMOHANLHBIX 0JJOKOB, OMMUCAHHBIX B 3TOH CrielU(UKAIUU, MOTYT
OBITH PCATU30BAHBI B BUAC OJHOTO UM 0OJiee KOMIIOHEHTOB, YTO SIBJIACTCS BBIPAXKCHUEM, UCTIONB3YEMBIM IS
0oyice KOHKPETHOTO MOMYCPKUBAHUSA MX HE3aBUCUMOCTH OT peaau3anuu. Hampumep, KOMIOHEHT MOXET OBITh
peaTu30BaH B BUJC aNMIapaTHOM CXEMBI, COMAEpKalleil 3aka3Hble CXeMbI cBepxOonbmioil unterpanuu (CBUC)
UJIH MATPUIBI BEHTUIEH, UITH FOTOBBIC MOYIPOBOAHUKY, TAKUE KAK JIOTHYECKUE YUIBI, TPAH3UCTOPBI UITH APY-
THE TUCKPETHBIC KOMIOHEHTH. KOMIOHEHT Takke MOXET OBITh PEaM30BaH B MPOrPaMMUPYEMBIX alNapaTHBIX
YCTPOHCTBAX, TAKUX KaK MPOrpaMMHUPYEMBIE TOJIB30BATECIIEM BEHTUIILHBIE MATPUIIBI, TPOTPAMMHUPYEMEIC JIOTH-
YeCKHE MaTPHUUBI, TPOrPaMMHUPYEMBIE JTOTMUECKUE YCTPOICTBA UM TOMY MOTOOHOE.
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KoMnoHeHTHI Takke MOTYT OBITH PEATH30BAHbI B IPOrPAMMHOM OOECIIEYEHUH /NI UCTIOIHEHUS IPOLIECCO-
paMu pa’aMYHBIX THNOB. MaeHTH(UIMPOBAaHHBIH KOMIIOHEHT HCHOJHAEMOIO KOJa MOXKET, HalpUMeEp, cojep-
KAaTh OJMH UM HECKOIBbKO (DU3MYECKUX MM JOTHUECKHX OJIOKOB KOMIIBIOTEPHBIX HHCTPYKIMH, KOTOPBIE MOTYT
OBbITh, HANPUMEp, OPraHU30BaHbl Kak O0BEKT, mpoueaypa unu ¢Gynkuusa. Tem He MeHee, UCTIOMHAEMBIC NPO-
IPaMMBbl HICHTH(GHUIIMPOBAHHOTO KOMIIOHEHTA HE 00A3aTEIHHO AOKHBI OBITH (GU3UUECKU PACTIONOKEHHBIM BMeE-
CTe, HO MOTYT COAEP’KaTh PAa3pO3HEHHBIC MHCTPYKIUHU, XPAHSAIIUECS B PAa3HBIX MECTaX, KOTOPBIE MPU JOrUYe-
CKOM COETMHEHUU BMECTE 00pa3yloT KOMIOHEHT U JOCTUTAIOT 3asABICHHOMN LEIU 1711 KOMIIOHEHTA.

JleHCTBUTENBHO, KOMIOHEHT UCIOIHAEMOrO KOAAa MOKET ObITh OJMHOYHOM KOMAHAOH, WM MHOXECTBOM
KOMaH/, U AaXX€ MOXKET ObITh PACIPEAEICH N0 HECKONBKUM PAa3IMYHBIM CETMEHTAM KOJAA, MEXKAY Pa3HBIMU NPO-
rpaMMaMU M MEXAY HECKOIBKMMHU 3allOMHUHAIOIMMU YCTpoHCcTBaMU. TOUHO Tak *ke pabouue AaHHBIE MOTYT
OBbITh UACHTU(UIUPOBAHBI U MTPOUITIOCTPUPOBAHBI B HACTOSIIEM JTOKYMEHTE B COCTaBE KOMIIOHEHTOB M MOT'YT
OBITH peaM30BaHbl B N1000# nmoaxoasme#l GopmMe 1 OpraHU30BaHbl B CTPYKTYPE JAAHHBIX JIIOOOTO MOAXO/SAIIETO
tuna. Pabouue naHHBIE MOTYT OBITH COOpaHbI Kak €AMHBIA HAOOp JAHHBIX UIM MOTYT OBITH PAaCIpeIENeHb! MO
pa3HbIM MecTaM, B TOM 4HCJIE MO Pa3HbIM YCTPOHCTBAM XPaHEHUS, U MOTYT CYLIECTBOBATh, O KpailHelt mepe
YACTUYHO, IPOCTO KaK 3NEKTPOHHBIE CUTHATIBI B CUCTEME WU CETH.

KoMnoHeHTBl MOTyT OBITH MACCHMBHBIMU MIIM aKTHBHBIMH, MOTYT BKIIOYATh B ce€0s areHTHI, CIIOCOOHBIE
BBITIOJIHATH HEOOXOTUMBIE (DYHKIIUH.

Heckodbpko acnekToB OMMCAHHBIX BAPUAHTOB peaau3aluyu OyAyT MOKa3aHbl KaK NMPOrpaMMHBIE MOAYIU
UM KOMIIOHEHTHI. Mcronp3yeMblil B HacTOAIMEM M300pETEHUM TEPMHH "MPOrpaMMHBIA MOAYIL" MM "KOMNO-
HEHT" MOXET BKJIIOYATh B ce0S MAIIMHHYIO KOMaHAy MM MCIONHIAEMbIH KOMIIBIOTEPOM KOJI JIIOOOro TUNa, pac-
NOJI0KEHHBIE B 3alIOMUHAIONEM yCTpoiicTBe. IIporpaMMHBIH MOAYIb, HAPUMED, MOXKET BKIIOYATh B ce0 OUH
unu 6onee GU3MUECKUX MM JOTHUECKHX OJOKOB MAIIMHHBIX KOMaH[, KOTOPBIE MOTYT OBITH OPraHM30BaHbI B
BHU/JIE MOJNPOrpaMMBbI, MPOrPaMMBbl, 0OBEKTA, KOMIIOHEHTA, CTPYKTYPBl AAHHBIX M T.II., KOTOPBIC BBIMOIHSIOT
oMHY MM Oonee 3a1a4 MM PEATH3YIOT JaHHbIE KOHKPETHBHIX THIOB. CJIEAyeT NMOHMMATh, YTO NPOrpaMMHBIH
MOJyJdb MOXET OBITh pEaNM30BaH B BUJAC almNapaTHBIX CPEACTB M/UIM BCTPOEHHBIX IMPOrpaMM BMECTO NpO-
IPaMMHOro 00ecreyeHUs UM B AONOJHEHUE K HeMy. OauH min 6onee U3 yHKIMOHANIBHBIX, OTUCAHHBIX B Ha-
CTOsAIIEM U300PETEHUU, MOAYNEH MOXKET ObITh PA3AE/IEH Ha CYOMOAYNHU, U/UIIM OHU MOTYT ObITh OOBETUHEHBI B
OJVH WJIH HECKOJIBKO MOAYJEH.

B onpeneneHHBIX BapHaHTax peaau3allMM KOHKPETHBIM MPOrpaMMHBII MOAYJIb MOXET BKJIIOYATh B CE04
pa3nuuHble KOMAHABI, XpAHAIMIMECS B Pa3NUYHBIX A4€ikaX 3alOMUHAIOIIETO YCTPOHCTBA, Pa3IUUYHBIX 3alIOMU-
HAIOIIMX YCTPONCTBAX MIIM PAa3IMYHBIX KOMIIBIOTEPAX, KOTOPHIE BMECTE PEATM3YIOT ONMHMCAHHBIE ()YHKIMOHANB-
HBIE CPEACTBA JAHHOrO MOAyJs. /lefcTBUTENBHO, MOAYIb MOXET BKIIOYATh B C€0S OAMHOYHYIO KOMAHAY HIH
MHO>KECTBO KOMaHI U MOXET OBITh PACIpeeNeH CPEAU HECKOIbKUX pa3IMYHBIX CETMEHTOB KOJAA, CPEAU pas-
JMYHBIX POTPaMM U HECKONBKUX 3aMIOMUHAIONIMX YCTPOHCTB. HekoTophle BapHaHThl peaqu3allid MOTYT OBITh
OCYILECTBIIEHB! B PACIPEAECIEHHON BBIUUCIUTEIBHON Cpele, B KOTOPOH 3aJauy BBIMOIHSAIOTCA TUCTAHLIUOHHBIM
00pabaThIBAIOIIUM YCTPOUCTBOM, CBSI3aHHBIM YEPE3 CETh CBA3U. B pacnpeneneHHOH BBIUUCIUTENBHOH cpeae
NpPOrpaMMHBIE MOAYIU MOTYT OBITh PACIONIOXKEHB! B JIOKAJIBHOM H/MIM yAAJIEHHOM 3alOMUHAIOIUX YCTPOICT-
Bax xpaHeHMs. KpoMe Toro, naHHbIE, CBS3BIBAEMBIE MM NPEIOCTABIIEMBIE BMECTE B 3alIUCH 0a3bl JAHHBIX, MO-
T'YT OBITh PE3UACHTHBIMU B TOM JXXE CaMOM 3allOMUHAIOIIEM YCTPOHCTBE UM B HECKONBKMX 3alIOMHUHAIONIUX
YCTPOMCTBAxX, U MOTYT OBITh CBSA3aHBI B MOJIAX 3alUCU B 0a3e JaHHBIX MO CETH.

Ccpuika mo Beelt 3T0i cnenndukanuy Ha "nmpuMmep”, 03HaYaeT, YTO KOHKPETHBIH NPU3HAK, CTPYKTYpa HIH
XapaKTepUCTUKA, OTMUCAHHBIE B COEAMHEHUU C YKa3aHHBIM NPUMEPOM, BKIIIOYEHBI MO MEHBILIEH MEpe B OAUH
BapHaHT peanu3aluy HacTosmero n3oopereHus. TakuM o6pa3om, nosBneHue ¢passpl "B npuMepe” B pa3IMuHBIX
MECTax Io Bceil 3ol cnenuukanuu He 0053aTEIBbHO BCE OTHOCATCS K TOMY XK€ CAMOMY BapHaHTy pPeanu3aluy.

Kax ucronp3yeTrcs B HACTOSANIEM JOKYMEHTE, MHOXXECTBO Y3JI0B, 3JIEMEHTOB CTPYKTYPHI, KOMIIO3UIIMOH-
HBIX JJIEMEHTOB M/UIIM MaTepHaIoB MOTYT OBITH NPEICTABICHBI B 00IIEM cnMcke A1 ynodctBa. OpHAKO 3TH
CIHCKHU JTOJDKHBI pACCMaTPUBATHCS TAKMM 00pa3oM, Kak €CIM KaX/bIi WICH CIMCKa WHIUBUAYAIBHO HACHTHDHU-
LIUPOBaH B KaYECTBE OTACIBHOIO U YHUKANBHOTO 4jeHa. Takum oOpa3oM, HUKAKOIl HHAUBUAYAIBHBIN YJIEH Ta-
KOTO CIIMCKa HE J0/DKEH PacCMaTpUBATHCH Kak (PaKTHYECKUH SKBUBAJICHT KAKOr0-THOO JPYroro 4ieHa TOTro XKe
€aMoro CIHCKa UCKIIOUUTEIRHO HA OCHOBAHUY €r0 NIPUCYTCTBHA B 001Iei rpyme, eciiu He yka3aHo uHoe. Kpo-
ME TOTO, pa3NUYHbIE BAPUAHTHI PeauM3allMyd M MPUMEPBl HACTOSAIIETO U300PETEHUS MOTYT OBITH YIIOMSHYTHI B
HACTOALIEM JOKYMEHTE HApAAY C aTbTEPHATUBAMMU €0 Pa3IUIHBIX KOMIOHEHTOB.

ITogpa3zymeBaeTcs, UTO TaKUE BapUAHTHI Peaau3aluy, MIPUMEPB! U aJIbTEPHATUBEI HE JOKHBI pacCMaTpU-
BaThCs Kak (akTHUECKUE IKBUBAJICHTHI APYT APYTa, HO JODKHBI PACCMATPUBATHCS KAaK OT/AENBHBIE U aBTOHOM-
HBIE NTPEICTABIEHUS HACTOAIIETO U300PETEHHUS.

KpoMe Toro, onucanHble NpU3HAKU, CTPYKTYPHl UM XapaKTEPUCTUKH MOTYT OBITH OOBEIMHEHBI JTIOOBIM
NOAXOMAAIIUM CNOCOOOM B OJUH MM OOJEE BapUaHT peanusanuu. B mocieayromeM onucaHUM NpPEeACTaBICHBI
MHO>KECTBO KOHKPETHBIX NMOAPOOHOCTEH, TAKUX KaK NMPUMEphl MAaTEPUAIOB, YACTOT, pa3MEPOB, AJIUH, IIUPHUH,
¢dopM H T.I1., U1 oOecneyeH s OJTHOro TIOHMMAaHHU BApHAHTOB pealu3alliy HacTosmero n3obperenus. OnHako
CHENMATUCT B JAHHOM 00JACTU TEXHUKHM NPU3HAET, YTO HACTOAIIEE U300OPETEHUE MOXKET OBITH OCYLIECTBICHO
0e3 0aHOro uau 001ee KOHKPETHBIX NMOAPOOHOCTEN UIM € MCMOIB30BAHUEM APYrUX CHOCOOOB, KOMIOHEHTOB,
MaTepuasoB U T.I. B Ipyrux ciyuasx U3BECTHbIE CTPYKTYPHI, MATEPUATBI MU ONEPALIUU HE MOKA3aHbl UIH ONHU-
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CaHbI MOAPOOHO, YTOOB! HE 3aTEMHATH ACTIEKTHI HACTOALIETO U30OPETEHHUS.

CrhenyeT mpu3HaTh, YTO ONMUCAHHBIC B HACTOAIIEM JOKYMEHTEC CUCTEMBI BKITIOYAKOT B CcOS OMUCAHUS KOH-
KPETHBIX BAPUAHTOB pEATH3aIUU. ITU BapUAHTHl PEAIU3AUU MOTYT OBITH OOBEAMHEHBI B AaBTOHOMHBIE CUCTEMBI,
YACTUUHO OOBENUHEHBI B IPYTUE CUCTEMBI, Pa30UTHI HA MHOXKECTBO CUCTEM MJIM Pa3/I€ieHbl UM 00BEAUHEHBI IPY-
rumu criocobamu. KpoMe Toro, cieayer moHMMarh, YTO NMapaMeTphl/TPU3HAKW/ACIIEKThI/H T.II. OJHOTO BapHaHTA
peanu3anuy MOTyT UCIOJB30BATECS B APYTOM BapHaHTe peanusanuu. IlapaMeTpsl/Npu3Haku/acnekTsl/U T.1. Opo-
CTO ONUCaHbl B OAHOM WIM Oojee BapUaHTaX peadM3alUM i SACHOCTH, M TOHATHO, 4YTO MapaMeT-
PBI/TIPU3HAKK/ACTIEKTBI/M T.M. MOTYT OBITh OOBECAMHCHBI C MapaMeTpaMu/MpH3HAKAaMM/AaCTIEKTAMUW/U T.II. JPYTOro
BAPMAHTA peanu3alMi UM 3aMEHEHB], €CJIM KOHKPETHO HE YKA3aHO MHOE B HACTOSILEM JOKYMEHTE.

X0TH BBILIEUITOKEHHOE OBLIO OMUCAHO AOCTATOYHO NOAPOOHO AT LENEH ACHOCTU, OUEBUAHO, UTO MOTYT
OBITH ClICTaHbl HEKOTOPBIC U3MCHEHUS U MOTUPUKAMU 0€3 OTKIOHCHUS OT €ro NPUHIUNOB. CIeayeT OTMETUTS,
4YTO CYIIECTBYET MHOXKECTBO AJbTEPHATUBHBIX CNOCOOOB peanu3allMd OMUCAHHBIX 31€Ch NMPOLECCOB U YCT-
poiicTB. COOTBETCTBEHHO, HACTOAIIME BAPUAHTHI PeaTU3alMU CICAYET CUUTATh WITIOCTPATUBHBIMYU, a HE Orpa-
HUYUBAIOIIMMHU, U HACTOALIEE U300PETCHUE HE JOHKHO OTPaHUYMBATHCA MOAPOOHOCTAMM, MPUBEACHHBIMU B
HACTOAIIEM JOKYMEHTE, HO MOXKET ObITh U3BMEHEHO B npejenax o0beMa OXpPaHbl U SKBUBAJICHTOB NMPUIIOKEHHON
hopMyIIBL.

CrnenuanucraM B AaHHOH OONACTU TEXHUKU MOHATHO, YTO B NMOAPOOHOCTH OMHCAHHBIX BBIIIC BAPHAHTOB
pearu3anuy MOXKET ObITh BHECEHO MHOXKECTBO U3MEHEHUH 0€3 OTKIIOHEHHS OT OCHOBOMOJATaI0IIUX TPUHIIUIIOB
Hacrosiero u3obperenus. CrenroBaTeIbHO, 0OBEM OXpaHbl HACTOSIETO M300pPETEHHS JODKEH ONPEACIATHCS
TOJILKO MPUJIOKECHHOM (HhOpMYIIO.

®OPMYVYIJIA U3OEPETEHHA

1. Ctoco6 xoHGUTYypHPOBaHHUS NPOLIECCOPA, BKIFOYATOIIHA:

MPHUEM IPOrPAMMBI, BEITIOTHCHHON ¢ BO3MOXHOCTBIO UCIIOJHECHUS B KAYECTBE MPOrPAMMHOTO 00CCIICUCHUS,

OMpeIeICHUE TIEPBOI YacTH MPOTPaMMEI A/ 3allycka B almapaTHBIX CPEACTBAX M BTOPOI YacTU NMporpam-
MBI 711 3alyCcKa B KaYECTBE MPOrPAMMHOTO 00ECTICYCHUS

OMpEe/IeICHUE, BBIMONHACMOE Ha OCHOBAHUM NEPBOIl YaCTH, MHOXECTBA B3aUMOCBS3aHHBIX MEpErporpam-
MHpPYEMBIX OJIOKOB ONEpPAaTopoB, COAEPXKAIMX OAHY MIM Oojee GyHKUMH npeoOpa3zoBaHMs, KOTOpbIE OepyT
BXOJIHBIC TAaHHBIC OT IIMHBI NPEAMICCTBYIONIMX AAHHBIX, BRIMOTHIIOT OJHO WU 0ojee MpeoOpa3oBaHUii B OTHO-
NICHUM BXOJHBIX JAHHBIX U BBEIBOAAT NPecoOPa30BaHHBIC BXOMHBIC TAHHBIC Yepe3 MIMHY BHIXOTHBIX TaHHBIX;

KOH(UIypUPOBAaHHE MHOXKECTBA B3aUMOCBSA3aHHBIX MEPENPOrPAMMUPYEMBIX OIOKOB ONEPATOPOB I UC-
TIOJTHEHHUS OJTHUM WU O0Jiee MepenporpaMMUpPYEMBIX MTPOIIECCOPOB;

UCMIOJTHEHUE BTOPOH YaCTU MOCPEICTBOM OJHOTO MM 00JI¢e BXOAHBIX HHTEP(HEHCHBIX MPOIECCOPOB;

nepenavyy MEepBBIX AAHHBIX OT OJHOTO WM 0ojice BXOMHBIX UHTEP(EHCHBIX MPOIECCOPOB K OJHOMY UITH
6onee NepenporpaMMHUPYEMBIX IPOLIECCOPOB;

UCTIOJTHEHHE TIEPBOH YAaCTH IOCPEICTBOM O/IHOTO MM D0JIee NepEnporpaMMUPYEMBIX POIIECCOPOB;

nepenavyy BTOPBIX JaHHBIX OT OJHOTO WM 00jee MepernporpaMMUpPYEMBIX MTPOIECCOPOB K OTHOMY HITH 60-
Jiee BXOJHBIX HHTEP(EHCHBIX MPOLECCOPOB U

OMpeIeICHUE Pe3yIbTUPYIONIUX TaHHBIX HA OCHOBAHUM MEPBHIX JAHHBIX U BTOPBIX JaHHBIX.

2. Cnoco6 no 1.1, corisacHo KOTOpOMY ONpe/Ie/IeHHe NEPBO YAaCTH JOMOIHUTEILHO BKIIIOYAET ONpeaese-
HHE, BBIMOJHACMOC Ha OCHOBAHUHU BBHIYUCIUTECILHON CIIOXKHOCTH, IEPBOM YaCTU MPOrpaMMBI JI1 3amycka B am-
NapaTHBIX CPEACTBAX.

3. Cnoco6 mo 1.1, cormacHo KOTOpOMY pe3yibTHPYIOIIME AaHHBIE ABIAIOTCA PE3YIbTATOM HCHOIHEHMS
MPOrPaMMBEI.

4. Cnoco6 1o 1.1, cormacHO KOTOPOMY BTOPBIE MaHHBIC MOJYHAIOT U3 MEPBLIX TaHHBIX HA OCHOBAHUM OJI-
HOro Uiy 0osiee NpeoOpa3oBaHU.

S. Cnoco6 1o 1.1, coriacHo KOTOPOMY PE3yIbTUPVIOIIUE JAaHHBIC MTOJYYAOT U3 BTOPBIX TaHHBIX, 2 BTOPBIC
JAHHBIC IOYYAIOT U3 IECPBBIX JTaHHBIX.

6. Crioco6 mo 1.1, corlacHO KOTOPOMY OJIMH MIIM GOJee NepenporpaMMUpPYEMBIX MPOLECCOPOB SBIACTCS
MpOrpaMMHUPYEMOH MONTL30BATEICM BEHTUIILHON MaTpHIICH.

7. Cnoco6 no 1.1, corigacHo KOTOpOMY Iepeaata MEpBhIX AaHHBIX OT OJHOIO MM Ooyiee BXOIHBIX MHTEp-
(elCHBIX ITPONECCOPOB K OAHOMY MJIM 00Jee MepenporpaMMUpPYEMBIX NMPOLECCOPOB JOMOIHUTENBFHO BKIIIOUAET
OTIIPABKY MEPBBIX JAHHBIX Yepe3 MIMHY PACIIMPEHUS OT OJJHOTO UM 00Jee BXOTHBIX UHTEP(hEHCHBIX MPOLIEcCco-
POB K OZIHOMY HITH OoJiee NepenporpaMMUpPYEMBIX IIPOLIECCOPOB.

8. Cnoco0 mo 1.1, coracHo KOTOPOMY NMPUEM MPOTPAMMEI, BHITOJTHEHHOM ¢ BO3MOXXHOCTBIO UCTIOJTHECHUSA B
Ka4eCTBE NMPOrPaMMHOI0 00ECTICUCHUS, TOMOJHUTEIBHO BKIIOYAET KOMIMIUPOBAHUE MPOTPaMMBbI B UCTIOTHSC-
MBIHl KOJI MPOrPaMMHOTO O0CCIeYeHUs, KOHPUIYPHUPOBAHUE aNMapaTHBIX CPEACTB M KOJ CBS3U AJIA MEepeaayu
JAHHBIX MEXAY UCTIOTHIACMBIM KOJOM MPOrPaMMHOI0 00CCIIeYeHUS U KOHPUrypanuei annapaTHbiX CPEACTB.

9. KonBeiiepHbIil npolieccop, UCIOIB3YeMBIH B criocobe 1o mroboMy u3 ni.1-8 u coxepxanmii:

NIMHY BXOJHBIX TaHHBIX;

MHOKECTBO B3aUMOCBSI3aHHBIX NEPEIIPOrPaMMHUPYEMBIX OJOKOB ONEPATOPOB, COACPIKAIIUX:
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IIMHY BXOJHBIX JaHHBIX MEPBOTO MEPENnporpaMMHpPYEMOro 0J0Ka ONepaTopoB, COCAWHEHHYIO C ILHHOM
BBIXO/IHBIX JaHHBIX BTOPOTO MEPErnporpaMMHPyeMoro 6J0Ka ONepaTopoB MM IIHHOM BXOAHBIX JaHHBIX;

IIMHY BBIXOJHBIX JAHHBIX IEPBOTO MEPETPOTPAMMHPYEMOTO OJIOKA ONEpaTopoB, COCTUHEHHYIO C IIMHOH
BXOJHBIX JaHHBIX TPETHETO MEPENPOrPAMMHPYEMOTO OJI0KA ONIEPATOPOB MM IINHOM BBIXOIHBIX JAHHBIX; U

onHy wim 6ojee QYyHKIMHA peobpa3oBaHus, KOTOPEIE OEPYT BXOAHBIC JaHHBIC OT LIMHBI MPEALIECTBYIO-
IIMX JAHHBIX, BBIMOJIHAIOT OJHO WK OoJsiee mpeoOpa3oBaHMii B OTHOILICHUH BXOIHBIX JAHHBIX M BBIBOJAT Ipe-
00pa30BaHHbIC BXOIHBIC JAHHBIC YePE3 IIMHY BBIXOIHBIX AAHHBIX;H

IIMHY BBIXOJHBIX JaHHBIX.

10. KonseliepHslif npoueccop no 1.9, B KOTOpoOM IIKMPHHA LUIMHBI MHOXKECTBA B3aUMOCBSI3aHHBIX MEpernpo-
rpaMMHUpYEMBIX OJIOKOB ONEPATOPOB HE SIBIISETCS OJMHAKOBOM.

11. KouBeitepHslii mporieccop mo .9, B KOTOPOM BBIXO[] MOCJCAYIOIIETO OJIOKa SIBJSCTCS BXOAOM MpEIbl-
Jyuiero 6Joka.

12. KouBeiiepHblii mporeccop mo m.9, B KOTOpOM BTOPOH MEpenporpaMMHUpPyEeMBblid OJIOK ONEpaToOpoB U
TPETHH MepenporpaMMHUpPYEMbIi OJIOK ONEepaTopOB SIBISIOTCS OAMHAKOBBIMH.

13. KongeiiepHslii mpoueccop mo 1m.9, B KOTOPOM TPETHH NEepenporpaMMHUPYEMBIH OJIOK OIMepaTopoB
NPEAIIECTBYET IIEPBOMY IEPENPOrpaMMHUPYyEMOMY OJIOKY OTEPaTOPOB B MOPSIKE UCTIOTHEHHUS.

14. KonBeliepHBIH Mporieccop Mo 1.9, TOTONHUTENBFHO COACPXKAIWN MPOTpaMMHBIA HHTep(deic, BBIION-
HEHHBII ¢ BO3MOXXKHOCTBIO NMpHEMa KOMaHJ U CO3JaHHs MHOXKECTBA B3aMMOCBS3aHHBIX MEpENpOrpaMMHpye-
MBIX OJIOKOB OTIEPATOPOB.

15. Cucrema mist 00OpabOTKH TAHHBIX, COACPIKAIIAs:

MHOECTBO KOHBEHEPHBIX MPOLIECCOPOB 110 JT06oMy U3 n.9-14 u

(DYyHKLHMIO YIPaBJIeHHs, BBINOJHEHHYIO C BO3MOXHOCTHIO Ha3HA4EHHs JAAHHBIX KaXIOMY M3 yKa3aHHOTO
MHO)XECTBA KOHBEHEPHBIX MPOLIECCOPOB.

16. Cuctema 1o 1.15, B KOTOpO#l pyHKUMS yIpaBiIeHHs JOMOIHUTEIBHO BBIIIOJIHEHA C BOBMOKHOCTBIO pe-
KOH(UTypHPOBaHHSI MHOKECTBA B3aMMOCBSI3aHHBIX [IEPENPOrPaMMHUPYEMBIX OJOKOB ONEPaTOPOB.

17. Cucrema mo .15, B KOTOpoil QpyHKIHS YHpaBICHUS COACPXKHUT KOMAHIBI O COXPAHEHHUIO B 3aIIOMH-
HAIOIIEM YCTPOHCTBE JUT CO3JaHMUsI MHOXECTBA B3aUMOCBSI3aHHBIX NIEPENPOrPaAMMHPYEMbIX OJIOKOB ONEpaToOpOB
YKa3aHHOTO MHOXECTBAa KOHBEHEPHBIX MPOLIECCOPOB.

18. Cuctema 1o .15, TOMOTHUTENIBHO COAEpIKalIast 0 MEHBIIICH Mepe OIWH BXOIHOW HHTEP(EHCHBIH mpo-
LIECCOP C APXUTEKTYPOH, OTIIMYAIONMIECHCS OT apXUTEKTYPhl YKa3aHHOTO MHOXKECTBA KOHBEHEPHBIX MPOLIECCOPOB.

19. Cuctema mo .18, B KOTOpOif MO MEHBIIEH Mepe OMH BXOTHOW HMHTep(EHCHBII NpoIeccop CONEPKHUT
nporieccop o0Iero Ha3HaYeHUs!.

20. Cucrema 1o 11.15, B KoTOpO# QyHKLUS yIPABICHUS CONEPKHUT:

3alIMIIEHHBIH HHTep(Ec, BBITOIHEHHbIH C BO3MOXKHOCTBIO IPUEMa H3MEHEHU I KOH(DUTYpalnu; U

HE3aIMIIEHHbIH HHTep(EHC, BHIMOIHEHHBIH C BO3MOXXHOCTBIO Ha3HAuY€HMs JAHHBIX OJHOMY WJIM Oojee
MPOLIECCOPOB U3 YKa3aHHOT'O MHOYKECTBA KOHBEHEPHBIX MPOLIECCOPOB.
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Our.

% catfib.c
#include <stdio.h>

int main {void) {

intx,y,z
While (1} {
x=0;
y=1
do {
print{"%din"
z=x+y;
X=Y,
Y=z
}while (x < 255);
}
}
®ur. 3
Uwknel LN
UcxogHbivi kog C FAuerka O3Y Komanaa OnepaHabl MepBas utepaunsa [Mocneayowme utepaummn
000000010000020 pusbq %rbp 1
Initialize 000000010000021 movq %rsp, %rbp 3
0000000100000124 subq $0x20, %rsp 4
000000010000028 movi $0x8, -Qx4(%rbp) 7
x=0; 0000000100000121 mov! S0X0, -Qx8(%rbp) efuumonany 7
y=is 0000000100000136 movi $0x1, -0xc(%rbp) 7
000000010000013d ieaq 0x56((%rip), %rd! <@ 7 7
printirdbd\n”, x); 0000000100000144 movi -0x8(%rbp), %esi 7 7
"7 0000000100000147 movb $0x8, %al 3 3
0000000100000149 cailg 0x1000000178 2 2
000000010000014e movi -Ox8(%rbp), %esi 7 7
Z=x+ty; 0000000100000151 addi -0xc(%rbp), %esi 2 2
0000000100000154 movi %esi, -0x1Q(%rbp) 3 3
x=y: 0000000100000157 movi -0xc(%rbp), %esi 3 3
' 000000010000015a movi %esl, -0x8(%rbp) 3 3
y=z 0000000100000fSd movi -0x10(%rbp), %esi 3 3
0000000100000160 movi %esi, -0xc{%rbp) 3 3
0000000100000163 movi %eax, -Qx14(%rbp) 3 3
}while (x < 255);  000000010000026 cmpi $0x11, -0x8(%rbp) 3 3
0000000100000fSd i 0x100000013 mm—t 7 7
) 0000000100000173 jmp 0x100000021
85 66
Our. 4
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502
% Lwukner LN
\ OB #1
St x=0 1
y=i
504 .
\\w 0B #2
printf x 1
508 l
\ 0B #3
el fZ= Xty
p 1
y=1z
508
\ OB #4
Y2 " while 1
x <255
N
4
®ur. 5

include <stdio.h>
intsum (int a);

int main()
{
int num, result;
printffEnter the number: ");
scanf("%d", &num);
result = sum(num);
printff'Sum of digits in %d is %d\n", num, result);
return 0;

intsum (int num)

{
if (num = 0)
{
return (num % 10 + sum (num/ 10));
}
else
{
return 0;
}
}
Dur. 6
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Livknel
Uexoanbii kog C Auerika O3Y KomaHaa OnepaHabl  Oneparop "ecniu” = Uctuna Oneparop "ecrn” = floxb
LCO:
.string "Enter the number: "
Initialize Ot
string "%d"
LC2
.string "Sum of digits in %d is %din”
main:
4005d2 push rbp bp 1 1
{ 4005d3 mov tbp, rsp 3 3
4005d6 sub rsp, 18 4 4
4005da mov edi, OFFSET FLAT:. 5 5
printffEnter the number: "); 4005df mov eax, 0 5 5
4005e4 call printf 5 5
40059 lea rax, [rbp-8] 4 4
4005ed mov 1si, rax 2 2
scanf{"%d", &num); 400510 mov edi, OFFSET FLAT:. 5 5
400515 mov eax, 0 5 5
4005% cail scant 5 5
®ur. 7
4005ff mov eax, DWORD PTR [r! 2 2
result = sum(numy; 400602 mov edi eax 2 2
400604 caii sum(int) ey e 5 g o5
400609 mov DWORD PTR [rbp-4] 3 3
40060c mov eax, DWORD PTR [r! 3 3
4Q066f mov edx, DWORD PTR [r 3 3
e 4 o At 400612 mov esi, eax 2 2
printff'Sum of digits in %d is %din", nur400614 mov edi, OFFSET FLAT. 5 5
400619 mov eax, 0 5 5
40061e caii printf 4 4
return 0; 400623 mov eax, 0 5 5
400628 leave 1 1
i 400629 ret 1 1
sum(inf):
40062a push tbp = R - 1
40062b mov rbp, rsp 3 3
{ 40062e push rbx 1 1
40662f sub rsp, 24 3 3
802 400633 mov DWORD PTR [rbp-2( 2 2
®ur. 8
902
) 400635 cm DWORD PTR [rbp-2¢ 5 5
fum £ \'NDBSa je ’ 14 e P 2 2
return (num % 10 + sum (num/ 10)); ~ 40063c mov edx, DWORD PTR [rbp-20] 3
40063f movsx rax, edx 2
400642 imui rax, rax, 1717986919 7
400649 shr rax, 32 4
40064d mov €ecx, eax 2
40064f sar ecx, 2 2
400652 mov eax, edx 2
400654 sar eax, 31 3
400657 sub ecx, eax 2
400659 mov ebx, ecx 2
40065b mov eax, ebx 2
4Q065d sai eax, 2 3
return (num % 10 + sum (num/ 10)); 400660 add eax, ebx 2
400662 add eax, eax 2
400664 mov ebx, edx 3
400665 sub ebx, eax 3
400668 mov eax, DWORD PTR [rbp-20] 3
40066b movsx rdx, eax 3
40066e imui rdx, rdx, 1717986919 6
®ur. 9
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044257

400875 shr rdx, 32 4
400879 sar edx, 2 3
40067¢ sar eax, 31 3
40067f sub edx, eax 2
4008681 mov eax, edx 2
400683 mov edi, eax 2
400685 call sum(in) 8
40068a add eax, ebx 2
40058¢ imp 15 2
L4
40068e moy eax, 0 B 4
L5
400893 add 15p, 24 4 4
400697 pop rhx 1 1
400698 pep bp 1 1
400699 ret 1 1
113 191
®ur. 10
1 Lumknbl LN
OB #1
— printffBsegurte ynucno:"); 1
OB #2
it scanf("%d", &num); 1
OB #3
S if (num = 0) 1
Yl
A 4
OB #4 OB #5
3> return (num % 10 + sum (num / 10)); return 0; 1

i4

OB #6
m—— result = sum(num);
OB #7

printff'Sum of digits In %d is %d\n", num, result);

Gur. 11
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1202 1204
HEMMAHOBCKWM KOHBEMEPHbIV
BXOOHOW MHTEP®ENC BbIXOAHOW MHTEP®ENC
\ 1216\‘>KEQT_
Kii
AMCK
‘,210\ 12‘;2\ 1214\ 1218\8
¥ ¥ ¥ i
"VHTEP-
nosy nec ECBB ENC
I/F
un E/\l nnem
ry >
WVHA JAHHBIX
11
TPAGUY. 1 NOMONHWT.
MPOLIEC MPOLIEC-
Ccopr CoP ?
]

4
/ T /
1208/ 1220/ 1222-/

N

’5224'/

1206
®dur. 12
1302 HEMMAHOBCKUM KOHBEMEPHbIN 1304
\BXOAHOM WHTEPOENC BbIXOAHOU VIHTEP!DEVI(/
e <
1316
Bbi3oB noa- 1312
1308 nporpammbl A Moanpo-
\ 1318 Boaspart noa rpanA/uvla
R <
End Mporpamma S~ nporpaumsi A e
(OcHoBHoe Teno) —p Bbi30B noa-
1320 nporpammel B I:poéqM"“a’g'
B
Boaspar noa- s
1322/‘—’ nporpammb! B \\
1314
] \
AP OnepayuoHHas cuctema \
1310 1306

®ur. 13
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MpYHMMaIOT NporpaMmy, BbINOMHEHHYH C BO3MOXHOCTBLHO
MCMOMNHEHUSA B KA4ECTBE NPOrPaMMHOro obecneyeHms

| 1402

I

OnpeaensioT, 4To NepBas YacTb NPOrpaMmbl AOIPKHA UCNon-
HATLCA annaparH. CPpeaCcTBaMu, a BTOpasi YacTb Mporpammbl
10/DKHA MCNOMHATLCA Kak NoorpaMmHoe obecneyeHme

| 1404

Ha ocHoBaHWu NepBoli YacTu onpeaensitoT MHOXECTBO B3auMo-
CBS3aHHbIX NepenporpaMMmpyembix 61oKoB onepaTopos, Co-
Aepxalymx ogHy unv 6onee yHKUMIA Npeobpa3oBaHusi, KOTo-
pble 6epyT BXOAHbIE faHHbIE OT LKHbI C NPEALLECTBYOLLMMM
[AaHHbIMK, BbINOMHSAOT 04HO unu 6onee npeobpazoBaHwin B
OTHOLLEHUN BXOAHBIX A@HHBIX U BbIBOAAT NpeobpasoBaHHbIe
BXO[HblE JaHHbIe Yepe3 LUMHY BbIXOAHbIX AaHHbIX

1

KOHUryprpytoT MHOXECTBO B3aMMOCBA3aHHbIX
nepenporpaMMmpyemMbix 6y10KOB OMepaTopoB AN UCNOMHEHUS
oaHUM unn Bonee nepenporpaMmMmpyemMbIx NPOLIECCOPOB

McnonHstoT BTOpyto YacTb NOCPEACTBOM OAHOTO uUnv Gonee
BXOAHbIX MHTEPMENCHBIX NPOLECCOPOB

I

OTnpaBnsAoT Nepsble AaHHbIe OT OAHOMO N Gonee BXOAHbIX
MHTEPdENCHBIX NPOLECCOPOB K 0AHOMY unn Gonee
nepenporpaMMupyeMbIx NpoLECCOpoB

McnonHsaoT nepByto YacTb NOCPEACTBOM O4HOr0O unu 6onee
nepenporpaMmMmnpyembIx NpoLLeccopoB

| 1414

|

OTNpaBnstoT BTOpble AaHHbIE OT 04HOMO 1N Gonee
nepenporpaMM1pyembIx NpOLECCOPOB K 0OgHOMY 1nu Gonee
BXOAHbIX MHTEPMENCHBIX NPOLECCOPOB

| _—1416

Ha ocHoBaHWM NepBbIX AaHHBIX U BTOPbIX AaHHBIX
ONpEeAenstoT pesynbTUPYHoLLMe AaHHbIE

Our. 14
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- AnnapatHble pecypesl 1500 \\\
\
Mpoyeccop 1512 Mpoyeccop 1512 \|
[ 2 I J |
71
KomaHab! KomaHgp! |
1550 1550
1
3 7 / I
anoMuHatoLLe yCTPoMCTBa uvnm
yCTpOWCTBa ANS XpaHeHWs 1820 :
e |
KomaHael 1550 |
|
|
I
Pecypcbl cBsan 1530 |
/
/
\\___I ___________ I———-/,
Cetb MNepudepuiiHbie
ycTpouncTea
1508
1504
A
Komangbl
) 1550
Basbl faHHbIX
1506
KomaHgb!
1550
®ur. 15

@ EBpasuiickasi naTeHTHas opraHusauusi, EAMNB

Poccus, 109012, MockBa, Manbin Yepkacckuii nep., 2
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