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OTOBPAXKEHUE IIPOBJEM BBLIYIMCAUTEJIBHOM MATEMATHUKHA HA
APXUTEKTYPY BBI'IMCJ/INTEJBHBIX CUCTEM

B. B. Boesogun!

PaccmaTpuBatoTcs OCHOBHBIE TIOMOXKEHNA (PYHIAMEHTAIBHOTO HAayvIHOro HampaBiaerns “OTobpaxe-
Hite TPO6JeM BHIYUCANTETLHON MATEMATHKN HA APXUTEKTYPY BRIMUCAUTENBHBIX CCTeM . AHAIM3N-
pYeTCA CBA3b 3TOI'O HANPABAECHUA C Pa3JUYIHBIMU OOJAaCTAMHU, CBA3AHHBIMU C BBIMUCJACHUAMU: aHa-
an3 ommnboK OKpYyIJeHU:A, OBICTPBIe BBIMUCACHNUA, CTPYKTYPpa alropuTMOB, paciapalelnBaHlue Ipo-
rpaMM, IPOEKTHPOBaHNE CUCTOINYIECKUX MACCUBOB U [P.

BozuuknoBenmne nHaydHoro Hanpaaenns “OTobpaxkenne mpobaeM BBIMUCANTETLHON MATEMATHKE HA apXU-
TeKTYPY BBHIYUCIUTENLHBIX CHCTeM  MOXKHO OTHeCTH K KOHIY 70-X TonoB. BypHoe pazBuTne MUKpPO3JIeK TPOHUKT
MO3BOJIIIO JOCTHYE B Te T'O/IHI HEBIHJAHHOTO paHee CKAYKa B PA3BUTUHN BHIYUCANTENbHON Texuukn. CTaan PyHK-
IMHOHUPOBATH BHITHCANTENBHBIE CHCTEMBI C TPOM3BOAUTEIBHOCTHIO B HECKOABKO COTEH MUINOHOB ONEpaIuil B
CEKYHY, MOITHOCTE TMPOEKTUPYEMBIX CHCTEM ONpeIeanach MILIHAD JaMu oneparii. [1oaBuauch MHOT 09 nCIeH-
HbIe YCTPOUCTBA, TO3BOJSAIONINE OYeHb OBICTPO PEIaTh PA3IuTHBIe TPOCTHIE 3aMa4l, TaKie KakK MATPUIHBIE U
BEKTOPHBIE TpeobpasoBatnsd, GeicTpoe mpeobpaszoanne Pyphbe, 06paboTka CHMHAJOB, paclo3HABAHIE TPOCTEH-
X mzo6paxenuit u T.1. OCHOBHOW TeABIO CO3JaHUA STUX YCTPOUCTB GBIIO YCKOPEHWE U YIPOIIEHIE MPOIecca
pellieHrs KOHKPETHHIX 3ajad. Kaxaoe M3 HUX UMEJO CBOIO COOCTBEHHYIO, CBA3AHHYIO ¢ KOHKPETHOU 3ajatdeh
apXUTEKTYpPYy; W He GBLIO HEHYero obIIero Mexy PasiudHbIME ycTpohlcTBamu. TeM He MeHee yCIexu B MU-
KPOXJIEKTPOHUKE TPUBEIN K TOABICHNIO BEChbMa Mep3KOH 1Mo TeM BpeMeHAM MBICAN O BO3MOXKHOCTH B Gy 1yIIeM
MOCTPOEHUA 3AKA3HBIX CIHEMUAIN3UPOBAHHBIX BHIYUCIUTEILHBIX CHCTEM, OPHEHTHPOBAHHBIX Ha 5()heKTUBHOE
pelrenre KOHKPETHBIX KJIACCOB 3a 1ad.

Kpome BoewaTasiomnx pe3yabTaToB U pajyKHBIX HaTeXK YCIeXd MUKDPOXIEKTPOHUKYA TIPUHECAN HEMAJO
CephEe3HBIX MPOBIEM B [eJie OCBOGHUS BBIMUCAUTENBHOW TEXHWKU, B OCOGEHHOCTH GOMBIINX MapaLIeIbHBIX CH-
crem. OQ4eHBb CKOPO CTAJO SCHO, ITO MOCTPOEHNE IS TAKHX CHCTEM 3(HPEKTHUBHBIX UHCICHHBIX METONOB SABJs-
eTcA [eqoM U TPYTHBIM, U MAJTOU3ydYeHHBIM. TPy AHOCTH ONpeJesinch TIaBHBIM 06pa3oM 3HAYNTEILHBIM Pa3-
HOOGpasleM apxXUTEKTyp CaMUX CHCTEM U, KaK CAeJCTBHe, TaKUM XKe PazHoo6pasneM CIocOGOB OpraHu3allnn
BBEIMHCACHUN. Pasiudnbie cooco6bl OpraHu3allii BEIMHCACHNN BICKIN 3a cOGOW pazauvHBIE CHOCOOBI OpTaHu-
3alUN JAHHBIX, TPeGOBAIH CO3aHNA PA3ANYHBIX YUCIEHHBIX METONOB U AlATOPUTMOB, PA3JHIHOT O TUCIEHHOTO
IpOTPAMMHOT'O OGeceveHnsA, HOBLIX CPEJCTB U A3BIKOB OGIIEHUA ¢ BHIYHCAUTEIHLHON TEXHUKON.

Fry6okoe noHuMaHWe MEPCIEKTUB U MPOHJIeM UCHOIB30OBAHUA W PAZBATHA BLIUUCIUTEILHON TEXHAKHN TPH-
Beso akagemuka . M. Mapayka k ¢opmupoBannio B KoHIe 70-X TOMOB HOBOTO (DYHAAMEHTAJBLHOTO HAYTHOTO
HAIPABJCHUA, CBABAHHOI'O ¢ COBMECTHBIM UCCJACJOBAHUEM YUCJACHHBIX MeTOAOB U cTpyKTyp DBM [1]. OO 1O-
ayqmao HazBanme “OTobpaxenne MpobaeM BHIYUCAUTENLHON MAaTEMATHKH HA ApPXUTEKTYDPY BHITHCINTENLHBIX
cucteM” W CTAJO OTHUM W3 BeAYIINX HANPABJIEHNN HAYIHBIX HccaeqoBannit B OTaeme BEIYACINTEILHON MaTEMa-
Tk AH CCCP (B HacTosiiee Bpemsa MacTuTyT BHMucauTebHol MaTeMaTukn PAH), cozpannom I'. M. Map-
qykoM B 1980 r. B Te roawl 5To HampaBaeHne 6BIIO Ha OCTPHE MHOTUX MPOOIEM, CBA3AHHBIX C BBITHCJIEHUIAMM.
Takum oHO ocTaeTca w ceidac. Takum Ke oHO ocTaHeTcs W B OyAyIieM, Mo KpalHel Mepe, OIrmKaniieM.

OcHOBHBIE TPYJHOCTH Pa3BUTHS HOBOTO HAIPABACHUS GBLIN CBA3AHBI C OTCYTCTBHEM CTPOTHX MaTeMAaTH-
YeCKUX TOCTAHOBOK HYXKHBIX 3afad. [IoHATHO, 9TO Helb3A gayke OBLIO HAJEATHCA HA CYIIECTBOBAHUE WM Pai-
paboTKy B OamiKaiililee BpeMs MaTEeMAaTHYeCKON MOENN MpolteccoB pyHKInounpopanns IBM | ckoabko-auby 16
aJleKBATHO OTPAaXKAIOIMIEeN JAeHCTBUTEILHOCTD. TOMBKO YHCIO HA3BAHWH PA3NUIHBIX KJIACCOB BBIYUCANTENLHON
TeXHUKU M3MEPAJIOCH JECATKAMU: BEKTOPHBIE, KOHBEHEpPHbIe, MHOTONPOIECCOPHBIE, CHCTOANYECKHE, MTPOTPaM-
MUpYeMBIe I T.11. A B KaXJOM KJaacce OBIIO HEMAJO CYIMIECTBEHHO PA3inYHBIX TpefncTaBuTeqaein. Tem e Menee,
HECMOTPA Ha 60JbIlioe pazHooGpasie, BO BCeX MPEJCTABUTENAX M3 BCEX KAACCOB MOXKHO OBLIO YBUAETH TPUMe-
HEHIE HECKOABKUX WEH, PEMIAONINM 06pa3oM BIANSAOIINKX Ha TPOU3BOANTEIBHOCTE. :JTO, B IEPBYIO OYePeNb, —
mapaieqn3M i KOHBEHEePHOCTDh BBIMNCACHUH, HepapXudecKas CTPYKTYpa MaMATH, UCIOJb30BaAHTE KOMMYTATO-
POB U KOMMYHWKAIIMOHHBIX CeTel s CBA3N (PYHKIMOHAALHBIX YCTPOUCTB MeX 1y coboi. [losromy 6bL10 scHO,
9TO, KAK MUHUMYM, 5TH UEH AOJKHB HAXOMUThH CBOE OTPaXeHWe B CTPYKTYPe UHCAEHHBIX METOOB.

! UacTuryT Boraucanteapron matemaTukn PAH, ya. I'y6kuna, 8, 117333, Mocksa;
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HecmoTpsa Ha AAuTeAbHBIN TEPHOJ PA3BUTUA BEIYUCIUTEIEHON MATEMATHKH BOOOIIE U 9UCICHHBIX METOJOB
U aITOPUTMOB B 9YaCTHOCTH, MATEMATHKHN B JEHCTBUTEILHOCTH OYEHDH MAJO 3HAIOT O TOM, KaK Ha CAMOM Jeje
YCTPOEHBI pazpabaThiBaeMble U HCIOJAb3YeMble HME MeTOABl U alrOPpUTMBI. ['0CIoACTBOBABINAA B TeUeHUe He-
CKOMBKUX JeCATHAETHH KOHIEIIIA o HOmpoteccopHbix IBM obpamasa BHuMaHme pazpaboTINKOB aJr OPUTMOB
B OCHOBHOM JIWIITb HA [Be XapPaKTEPUCTHKH, CBA3aHHBIE C BBIMHCANTEILHON TEXHUKON. DTO — HHCAO OTEPAIU
u o6beM Tpebyemon mamaTH. [laxe Takol BaXHBIM (paKTop, KaK BAUAHHE OMMOOK OKPYTJAEHHUA, Yallle BCETO
B KOHKPETHBIX paszpaboTKax Bbiajaa u3 cdepbl BHUMaHUA. ITO XKe KacaeTca CTPYKTYPHBIX CBOWCTB alro-
PUTMOB, HAOPHMED, TaKWX KaK MOAYJIBHOCTH, TO WX H3y4YeHHe TakK W He BHIIUIO W3 3a9aTOYHOTO COCTOAHUA.
Bce 510 B KOHEUHOM c¥eTe TPUBEJIO K TOMY, YTO K MOMEHTY IHPOKOTrO BHEAPEHUA NOCTHKEHUN MUKPODJICK-
TPOHHUKHN B CO3aHNe BEIMUCAATEALHBIX CHCTEM BBIMUCAUTENbHAS MaTeMaTHKa OKaszalach 6e3 HyKHOTO Haraxka
3HAHNHU, KacaloIUXCA CTPYKTYPHl alrOpUTMOB. Bes Hy)kHorTo 6araka 3HAHHU OKA3aduCh W CMEXKHBIE HAYKH,
B YACTHOCTH, CBA3AHHBIE C PA3pabOTKON alrOPUTMUYECKIX A3BIKOB, KOMIIIATOPOB W apXUTEKTYPHI BBIUUCIH-
TeABHBIX cucTeM. [lopToMy cpasy MOABHIOCH GOMBINOE THCIO BOMIPOCOB, OTHOCAIIUXCA K TOMY, 9TO0 JKe MTOHUMAaTh
MOJ CTPYKTYPOH AIrOPUTMOB, KaK ee KOHCTPYKTUBHO HAXOAUTH M HUCCAENOBATEH, KaK PENIaTh C ee TMOMOIIBIO
HYKHBIE 33291 0TOOPaKEeHUA BEIMUCAUTEALHON MATEMATHKI Ha apXUTEKTYPY BHIUUCAUTEALHBIX CHCTEM.

Brrancanreabnas TeXHUKA W aATOPATMBL — 5TO BE OMOPHI, HA KOTOPHIX CTPOUTCA MpobiaeMa oTobpake-
uus. Ho xax 6Bl HU BeAUKW ObLIN AOCTHKEHUA B OGIACTH PA3BUTHA BHIYHCAUTEIHLHON TEXHUKW, OHA ABIACTCA
BCEro JHIITb WHCTPYMEHTOM [UIA PElleHnsA MPUKIa THEX 3ajad. NHCTPYMeHTOM, KOTOPBIH CO3JaeTCA I COBEPITEeH-
CTBYeTCA TIO CBOMM 3aKOHAM, OMpeJeIAeMBbIM yCIeXaMil MUKDPODJIEKTPOHUKH, aBTOPCKUMHE WIeAME, IbUMU-TO
aMOUTIMAMI U MHOT'O YeM [IPYTHM, He BCEr[a MOJE3HBLIM MPH MPOBEJeHUN MpPaKTHYecKux pacdeToB. UHCTpY-
MEHTOM, KOTOPHIA MOYTH BCErja MpeTeHAyeT Ha YHUBEPCAILHOCTH CBOErO WCMOJL3OBAHUA U TMODTOMY TMOYTH
BCerla UCHOIB3YeTCA ¢ TPYAOM TIPH PENIeHnn KOHKPETHRIX 3ajdad. Kak yke oTMedaloch, co3nanme obIen Ma-
TeMaTHIECKOH MOJeNH TpolieccoB GyHKIMoHNpoBaHns DBM kaszanochk Torga (fa m KaxkeTcs Telephb) JeloM
MaJoNepCneKTUBHEBIM. [[lopToMy TpecTaBIfAIoCh eCTeCTBEHHBIM, 9TO MPOJABIHKEHNE B TpobieMe 0ToOpaKeHus
MOMKHO HAYMHATHCA ¢ paspaboTKu (QyHIAMEHTATLHONO MATEeMATHIeCKOrO alfnapaTa, MO3BOJAIONEro OMICHI-
BaTh U UCCIEIOBATEH JeTATBHYIO MHMOPMAIMOHHYO CTPYKTYPY airopuTMoB. CTPYKTYPY, MOKa3BIBAIOIIYIO, KaK
B IIPOIECCE PeaNN3aliy aJrOPUTMAa OT/IedbHBIE €r0 ONMEPAINl CBA3aAHBI MeX Ty cOoGon n ¢ maMsaThio JBM.

OTMeTHM, 9TO TakoH ammapaT yaajgoch pazpaborars. OHAKO HAIM HCCIeI0BAHUA HAYAINCH HE C 3TOCO.
[To mMepe ocMmbiciaenns TpobaeMBl Bee Houblliee 6eCIIOKOUCTBO BBI3BLIBAJIO OTCYTCTBHE KAKOTO-TO 6a30BOTO MaTe-
MaTH9ecKoTo (hOpMaI3Ma, TTOMOTAOIIEr 0 OMeHNBATEL KAa¥eCTBO paboThl MHOTHUX (PYHKIMOHATBHBIX YCTPOWCTB
U COOTBETCTBEHHO DTOMY TPEAIaraTh CXeMBl peali3aliii airopuT™MoB. /leqo B TOM, 9TO OJHOBpEMEHHOE HC-
MOJB30BaAHIE MHOTUX (PYHKIHOHATILHBIX YCTPOUCTB ABAAECTCA OMHON U3 TEHTPATLHBIX M6, TIO3BOAAIONINX TOJIY-
YUTH JOTMOJHUTEIHHOE YCKOpEHHe Tpoliecca pelienus 3anad. [ad oeHKn ux paboThl OBLIN BBEJEHBI PA3JTHIHBIE
XapaKTePUCTUKHU, TaKWe KaK MHKOBad HPOU3BOAUTEIHHOCTE, CPEIHASA TTPON3BOANTENBHOCTE, YCKOpeHue, s dek-
THBHOCTD, 3aTPYKEHHOCTh U T.1. BceM »THM XapaKTepucTHKaM Hano GBLIO TPUAATh YeTKHUT MaTeMaTHIeCKIH
cmbica. C apyron croponsl, mpuMepHo B 310 ke Bpems B CHIA| a mog ux Biamsuauem u B EBpore, mHawadmnce
AKTUBHBIE UCCJAEJOBAHNA B O6JACTH TaK HA3BIBAEMBIX CHCTOMUYECKHX MACCHBOB, KOTOPHIE TPENCTABIAIOT PO~
CTellne BEYUCINTENbHBIE CUCTEMBI ¢ MHOTUME (DYHKINOHAJBLHBIME yeTponcTBaMu. CHCTOMMYIECKTE MACCHBEI
HEe UMEIOT TaMATH U KOMMYHUKAIIMOHHON CETH, PEeAJn3yIoTCA Ha OJHOM KPHUCTAWIE U, KAK YTBEPXK JAJIOCh, NO-
CTATOYHO JEIIEBbI B N3TOTOBMCHNN. KOHEIHO, KAXK AN OTAeIbHBIN CHCTOIHIECKIN MACCHB MOT PeIliaTh TOALKO
OJIHY 3ajady, IpuIeM caMmyio npocTyio. Ho UX mcmoab3oBaHne XOPOIIO BOUCHIBAIOCH B 0TOGpaKeHne mpobiemM
BBEIMUCAUTEALHON MATEMATHKA HA apXUTEKTYPY BHIYUCAUTEALHBIX CHCTEM, TaK KaK Mbl KaK pa3 U IpeAnoaarain
HAy9IUThCA PACKIANBIBATEL GOJBINNE 3ajadi Ha MpocTele. BHpucoBbBaIach CAeAyIOMas cXeMa: pacKia bi-
BaeM 3a/jady Ha POCTERIHe, TPOCTEUINE PEATU3YEM ¢ TIOMOIIBIO CHCTOINYECKIX MACCUBOB, & BHITHCANTEALHAA
CHCTeMa B IEJOM MOJYYaeTcsAs Kak oObeqUHEeHNEe 3THX MACCHBOB € TIOMOIIBIO TIOIXOIANIET KOMMYHAKAITHOHHON
CeTH. ITO U MOCHYKMJIO OCHOBHOW MPUYMUHON /IS MOCTPOEHNUS U M3YYEHNs MAaTEMATHIECKON MOIEMN TPOIecca
paBoThH MHOTUX (DYHKIIHOHAJTBHBIX YCTPOUCTB 663 MaMATH U KOMMYHUKAIMOHHON CETH.

PaccMoTpuM pOM3BOMBHBIN OPUEHTHPOBAHHBIN Mpad, cCanTad, 9TO B BeplnHax Tpada pazMerensbl hyHK-
MOHATBHEBIE YCTPOUCTBA, IPOCTHIE WK KOHBenepHbIe. CI0KHOCTE UX He orpaHmdnBaeTcs. Kax moe us ycTponcTs
MOXKET BBITTOMHATE TOABKO OMEpanny OaqHOTo Tuia. Cpeln HuX MMEIOTCA Olepalnn, 0OeceInBaOIINe BBO WIN
BEIBO mHpopMalnu. /lyru rpada CHMBOIU3UPYIOT CBA3UM BXOJAOB U BBIXONOB OTAEALHBIX YCTPOHCTB MEX Y CO-
6o11. UBA31 OCTAOTCA HEM3BMEHHBLIMEU B Ipoliecce PaboThl yecTpoucTB. MHpopMals o HUM MepegaeTcss MIHO-
BEHHO MO Mepe HeoGxogumocTu. Hecmoxuo ykazaTh HaGOp MPOCTHIX MPABHU, IPU BBIIOJHEHAU KOTOPBIX DTa
MOeqbHAs BEIMUCANTENbHAA cucTeMa GyaeT “paboraTs’ . CaMBIM CYIIECTBEHHBIM W3 HUX ABJSETCA HEOOXO M-
MOCTh Pa3OMKHYThL HEKOTOpHIE IUKJIBI U BCE KOHTYPBI T'pada Ha KOPOTKHU MepHoj B Hadade TMpOoIecca Jisa
3arpy3Ku HAYaJbHBIX NAHHBIX. DTa MOJeJbHas CHCTEMa TOLYYiia HazBaHue “KOHBEHepHbIN BeIducaAnTenb” [2].

Ananmus mporecca QYHKIIHOHTPOBAHUA KOHBEHEPHBIX BLIMHCAWTENCH MO3BOJAWI TMPUAATH 9eTKHH MaTeMa-
THYECKUU CMBICA BCEM XapaKTEPUCTUKAM, CBA3AHHBIM C 5MPEKTHBHOCTHIO WCHOIB30BAHNA MHOTHX (DYHKITHO-
HaJBbHBIX YCTPOUCTB. BBLIN yCTAHOBAEHB! PA3INYHBIE COOTHOMIEHUA MeX 1y HuMu. O IHAKO CaMBIM WHTEPECHBIM
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oKazajcd aHaAIN3 CTPYKTYPBI allOPUTMA, PeATH3yeMOTr O KOHBEHEPHBIM BEIMUCANTENEM. BEIACHIIOCH, 9TO 3TOT
AT OPUTM MpPeACTaBAAT OObheqUHEHNE He CBABAHHBIX MeX1y cOGON OJNHAKOBBIX aJrOPUTMOB, OTIANIAIOIIHXCA
IPYT OT Jpyra TOJbKO 3HAYEHUAME BXOTHBIX NAHHBIX. /[Ipyrumu cioBamiu, WHOOPMATMOHHBIN MOTOK, TPOXO-
IAMAN 9epe3 KOHBEHEPHBIN BBIYUCINTEND, 06A3aTEILHO PACIIEILIAETCA Ha HE3aBUCHMBIE ONHOTHIHBIE BETBIH.
Yucao 5TUX BeTBeH oNpeeseTcs, MIaBHBIM 06pa3oM, rpad oM KOHBEHEPHOTO BEIYUCAUTENA U MOKET MEHATHCA
npu u3MeHeHUu rpada OT eAWHUIBI 10 GECKOHETHOCTH.

Takum o6pazoM, GBI MOJYYEH BaXHBIH A TOTO BpeMEHU PE3yJabTaT: JId TOT0 YTOOH 3aada shdek-
THBHO PeIaiach Ha BBIMHCAUTEALHOW CHCTEMe ¢ MHOTUMHU (YyHKIHOHAILHBIMUA YCTPOUCTBAMH KOHBEHEPHOT O
THUMA, HeOGXOAUMO, 9TOGH €€ MOKHO OBIIO TPEJCTABATL KAK MHOKECTBO O34 at, COCTOAIMX U3 HOCTATOTHO
NIVHHBIX, HE 3aBUCHMBIX ADYT OT APYyra OMHOTHUITHBIX BETBeN BHIMHUCIeHNN. QTMeTHM, 9TO »>TOro ke Tpebo-
BaJUl pa3JUdHbIEe BEKTOPHBIE I MATPHYHbIE YCKOPUTEIHN, BEKTOPHO-KOHBeNepHBle Mamnibl Tuna Kpei-1 u T.11.
Cucroamdyeckne MacCHBBI 3aHUMAKT B 3TOM PAAY 0cOO0€ MeCTO, M MBI €llle BEPHEMCH K UX 00CY K JEHUIO.

[MpoBogsa Hau wccaeoBaHUsA MPOIeccoB MYyHKIMOHUPOBAHNA MHOTHX YCTPOUCTB, MBI HE JelaJil HIKAKIX
MpENOMOKEHUH O cHocob6ax OpraHm3alii BHIYUCACHUNH. ABTOMATHYECKH OKA3AMNCEH B MOJe 3PEHUA MapaJien-
3aliA BHITUCICHIH, KOHBEHEPHOCTL (PYyHKINOHAIBHBIX YCTPOUCTB, BO3MOKHOCTEH 06pa30BbIBATE CAOKHBIE KOH-
Belephl, BEKTOPHBIE W MATPUIHBIE BHIYUCICHUA U T.1. Kak NoKazaln pe3yJbTaThl HCcaefoBaHml, 5(hheK THBHOE
HCTIOMB30BaHNe MHOTUX (PYHKIHOHAJIBHBIX YCTPOUCTB, BOOOINE TOBOPS, SKBHBAJEHTHO BO3ZMOXHOCTH OPTaHU-
30BBIBATH KOHBEHEpHbIe BLIYHCIACHUA. [Ipw 5TOM KOHBelephbl Haj0 NOHNMATH HE B TPAJUIHOHHOM, a B HoJee
IIUPOKOM CMBIC/JE, B TOM YHCJAE C U3MEHAEMBIMU CBA3AMI.

Ha ogHOM moJioce KOHBEHEPHBIX BEIMUCASHUN HAXOAATCA MAaKPOKOHBeHEpHBIe BhIducAeHus. /I npoieccos
HTOTO THHA XapaKTEepHO HAAUYHE MIHHHBIX, He 06A3aTeIbHO OJHOTHITHBIX HE3aBUCUMBIX BETBEU BBIMHCACHUN
1 BO3MOXHOCTDH MpeHeGpekeHna CBA3AMA W BpeMeHaMu Tepefadn WHGOPMAIIUU MPH PeaJu3aliuil STHX BETBEH.
Ha gpyrom mogtoce HaxoaaTcs KOHBEHEePHbIe BHITUCICHNSA, PEATN3YEeMBIE ¢ TIOMOIBIO CHCTOMNIECKAX MaCCHBOB.
[l mpotieccoB TOrO THIIA XapaKTEPHO OCYIECTBICHIE BCEX HEOOXOANMBIX, B TOM HHCHAe JJIMHHBIX, Tepeaad
nHdopManyy Ha QoHe BHITOJIHEHUA CAMUX OTIePAIIHI.

Brraucaenns, peadmayeMbie Ha BEKTOPHBIX CHCTEMAX, 3aHUMAIOT MPOMEKYTOTHOE TTOMOKEHNE U JAOTOIHE-
TeMBHO XapaKTEPU3yIOTCA BCETO AUINb BEKTOPHON opraHu3amnyel JaHHbIX. IHTepecHO OTMeTHTE, ITO BOZMOXK-
HOCTH BEKTOPHOHW OPTaHU3AINN JAHHBIX ABJIACTCA OTAXIUTESHEHOU YePTON MOOBIX BHIYHCACHUN, PEATN3yeMbBIX
Ha CHCTeMe YCTPOHCTB C PeJKO M3MEHAEMBIMH CBA3AMU. B 9acTHOCTH, Ha JIOOBIX KOHBEHEPHBIX BLIUHCIUTE-
JAX JIWHBI BEKTOPOB MOJHOCTHIO ONPEeJAIOTcs TpadoM CBA3eH pealusyeMoro aaropurMa. ToT dgakT, 4To
Ha KOHKPETHBIX BBIMUCAATENBHBIX CHCTEMAX JJINHB BEKTOPOB YaCcTO BBIOUPAIOTCA MOCTOAHHBIME, OTpPakaeT
0COGEHHOCTH TEXHUYECKUX PEIleHI W He WMeeT HUKAKOTO OTHOIIEHUA K CTPYKTYPe alrOpUTMOB.

Tenepb HeHTpaIBHON 3agadell TPOGIEMBI OTOGPAKEHHUA CTAHOBUTCA OOHApPYKEHNe HEe3aBUCHMBIX BETBEH
BBIMHCACHUN B adropuTMax. Ho BHadale HYXKHO GBLIO TOYHO ONPENEIUTh, O KAKUX ajJlOPUTMAaxX MOHJET Pedb.
[Mpu BBIGOpE Kaacca aIropUTMOB OBLIO TIPUHATO BO BHEMAHHE HECKOIBKO OGCTOATENBCTB.

K MomeHTY BHeApeHUA B NMPAKTHKY BBIYHCAUTEILHBIX CHCTEM ¢ MHOTUMH (DYHKIHOHAJBLHBIME YCTPOU-
CTBaAMW HavYaJdl pa3zpabaThIBATHCA CIEMUATLHO MPUCTOCOGICHHBIE A HUX THCICHHBIe MeToAbl. Takne cucTeMbl
1 MeTOABI 0GOBIIEHHO CTAIN HA3BIBATHCA HapasiebHBIMEA. OCHOBHOW MEAbIO CO3JaHUS MapadlelbHBIX METOOB
OBIIO pellleHne 3aMadi 33 KaK MOXHO MeHBIIee TUCAO MapalIelbHBIX MaroB. Uucao maroB xapakTepu3oBaio
BpeMs pellleHus 3a0a9i Ha HapadieqbHOn cucTeMe. Ha KaX oM IIare pazpelnanoch BBIMOJIHATE CKOJb YTOTHO
MHOT'O HE3ABUCUMBIX APYT OT Apyra onepanuii. Bl HoJgyYeHbl ¥ INBATEIbHBIE MATEMATHIECKIE PE3YIbTATH.
Taxk, HATpUMED, 0KA3ATOCH, ITO CUCTEMY JUHEHHBIX alrebpandecKuX YpaBHEHNH ¢ MATPUIIEH TIOPA KA N MOXKHO
pemmh Beero 3a 0(log2n) MapalIe bHBIX MWArOB, BHITOJHITE N IIATOB MOCIEJOBATEIBHOTO JHHEHHOTO PEKy -
peHTHOTO Tipotiecca MoxkHO 3a 0(log,n) mapamreabHbx waros u T.0. OAHAKO BHIMOJHEHHBIH HAME aHAJIH3 MO-
Kazaj, 9To y HTHX METOJOB HET PealbHOU MepCIeKTUBLL. Kak MpaBuio, OHU KpaliHe HEYCTONYIUBLI K BAUAHUIO
olmnGOK OKPYTJIEHHA, BeCbMa CJAOKHBI B DeaqU3alnuu U O9eHb Hed(hPEeKTUBHO HCIOAB3YIOT (hyHKIMOHATLHEIE
ycTporicTBa. BpeMsa mokazaqo, 9To Halll TPOTHO3 OMPaBaJC.

Bodee mepcmeK THBHBIME BHAEINCH TPaAAIIHOHHBIE 9UCICHHBIE MeTOAb. WX TpuBlekaTelbHad CTOPOHA 3a-
KJIIOYAJTacCh B MPENCKA3yeMOCTH YHCJIEHHOT O TMOBENEHNSA. 3a MINTEAbHBIN CPOK MPAKTHYIECKOTO UCIOIB30BAHNA
OHU yiKe OBLIN THIATEIHHO M3YYeHBl U TecTupoBaHbl. OCTaBAIOCH TOABKO HAYYUTHCA BBIJEIATH B DTHX METO-
nax He3aBUCHUMBIE BeTBHU BhiduciaeHuit. OnbIT paGoThl HA MEPBBIX BHIYUCANTETBHBIX CHCTEMAX C MapajIeJbHON
apXUTEKTYPOU MOKA3BIBAM, ITO BO MHOTHX CAyYadX TAKHe BETBH yIaeTCA OOHAPYKUBATE, UCIOIB3Y A PEOPraHu-
3AIUIO MOPATKA BEINOJHEHUA omepaliuil. [Ipu 5ToM JOBOJBHO 9aCTO COXPAHAECTCA WKW MEHASTCA HEZHATUTEIHLHO
YUCAeHHAA YCTONIUBOCTD. [oWCK HYXKHOTMO TOPAAKA BHITHCICHUH, CTECTBEHHO, He GBLT alrOpUTMU3UPOBAH, U
[UIA €ro TPOBEIeHNA BCerja MPUBIEKAINCH CHENUAIUCTHI, XOPOIIIO 3HAOIINE TUCAeHHBIE METOIHI.

K TmaressHOMY aHAIU3Y TPaJAWIUOHHBIX YUCAEHHBIX METOOB HAC MOATAIKUBAAA W ADYTad BaxHasd MPO-
6aema. B Tedenne MHOTUX JeT TpodecCHOHATBHBIE HHTEPECH aBTOPA JeXKAJN B OGJACTH BEIMUCIATEALHON MaTe-
MaTWKU W THCAEHHOT O TIPOTpaMMHOro obecnederus. Tak Caydnaoch, 9To 3a 3T0 BpeMs NPUILIOCH OCBOUTE (oJee
necsiTka pasandabix DBM. U xoTs Bce oHU ObLIN OHON U TOH XKe (POH-HEMMAHOBCKOW apXUTEKTYPHI, KaXK THIH
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pa3 npu nepexoie K HoBon :IBM moBTOpsagack onHa U Ta XKe CHUTYalns: TPUXOIIOCH U3MEHATD YKe CO3TaHHbIE
IpOTrpaMMBbl, XOTA HANMCAHBI OHU OBLIN IO BCEM NpaBUIaM aJr OPUTMHUYECKUX MalIMHHO-HE3ABUCUMBIX A3BIKOB.

C ToYKm 3peHns MaTeMaTHKa, A KoToporo DBM sBasercsa Bcero amirk pabodnM HHCTPYMEHTOM, 5Ta
CUTyalnsA B BHICIIEH cTeleHn HeHOopMaJbHa. OHA TPOTHBOPEYUT TOMY, DA Y€r0 W CO3AABANNCH AJTOPUTMI-
qecKue SI3LIKN. Beb MepBOHAYAIBLHON WX IeJbl0 OBLIO OCBOGOXKIeHNE pazpaboTIMKOB aJrOPUTMOB OT HEO6-
XONUMOCTH 3HaTh ocoGeHHOCTH KOHKpeTHBIX DBM. Bee dyHkmmm mo agamramum mporpaMM K KOHKDETHBIM
OBM pomxubl 6bLIH B3STH Ha cebs KOMIMIATOPHL U ONEPAIMOHHBIE CHCTeMEI. [lepBoHaYadbHAA 1IeTh TOKA HE
JOCTUTHYTA. TpyaHO 0OXKMAATE, 9TO OHa GyIeT AJOCTUTHYTA B banxaiimem OyaymeM. ITo6vl IpuaATH K TaAaKOMY
BBIBOJIY, HE HYXKHO OBITH COMBIINM B OOJacTH adr OPUTMHYeCKUX A3BIKOB. [lonmpo6yiiTe HaiTH X0TsA OB OMUH
A3BIK, MIA KOTOPOro ObLIM OBl MaHBl rapaHTHM, YTO 3alHUcaHHbIE HA HEM aropuTMBlI 6yayT 6e3 M3MeHeHUA
3 peKTHBHO peaqn30BHIBATHCA Ha pasHbix DBM. U ovens ckopo Bel yOeqnTech, 9TO TaKUX S3BIKOB HET.

[MosiBreHMe BHITHCANTENBHBIX CHCTEM MTAPALIEIBHON apXUTEKTYPHI 03HAYAJN0 HACTYILIEHHE HOBOT'O MMEPUOIA
TepecMOTpa W Tiepeflefia IUCAEHHOTO MPOTPaMMHOTO obecTiedeHnd. Y IUTHBAA OTPOMHYIO CIOKHOCTH TaHHOT O
TIpoliecca, eCTeCTBEHHO, BO3ZHUKANO KeJaHne XOTA 6Bl KaK-TO €ro aBTOMATH3upoBaTh. [ad »Toro 6uina Heobxo-
auMa feTaqbHas WHGOPMAIIS O CTPYKTYPe IPOrpaMM, BIWIOTH [0 CBA3eH MeXK Y OTAeabHbiME oneparmsimu. Ho,
¢ IPYTOW CTOPOHBI, PO PAMMBI HHTEPECHBI U ¢ TOYKH 3PEHUs MPOOIeMbI 0TOOpaXeHNs, TAK KaK MPEJCTABIAIOT
OoOIIMpPHBIN Gara Xopomo oTpabOTAHHBIX U MCIOAB3YEMBIX HA MPAKTHKe aJlrOPUTMOB.

Nrak, Buibop O6bIT clesan. B KadecTBe Kiacca aAT OPUTMOB ITPU W3y YIeHUT MTPOOIeMEBl OTOOpaKeHNA PENIeHO
B3ATH KJIACC MPOTrPaMM. DTOT BEHIGOD TMOAKPEIVIAICS €Ille N TeM, ITO NCHOJb30BaHNE AT OPUTMHUIECKOTO A3BIKA
MTO3BOJANIO YCTPAHATH MHOI'ME HEOT'OBOPEHHOCTH, XapaKTePHBIE 1A KHMKHOTO ONUCAHUA aJr OPUTMOB, U TeM
CaMBIM CllefaTh aHaan3 6ojee TOYHHIM. B KadecTBe sf3bIKa OMHCAHUA MporpaMm ObLT B3aT PopTpaH. AKIeHT
Ha 3TOM si3bIKe HeNmpuHIuInameH. HeKoTOPEIT apryMeHT B €ro TOAb3Y CBSA3aH TOMIBKO C Te€M, 9TO IO CBOEN
CTPYKTYpe OH Hanbodee 6AN30K K OMUCAHUIO AJATOPUTMOB C MOMOIIBIO MaTEMAaTHIeCKNX COOTHOIeHn. B cury
TIPOCTOTH A3BIKAa POPTPaAH €r0o NCIOAb30BaHMe He NaBaj0 BO3MOXKHOCTL MPOTPAMMUCTY CUALHO 3allyTHIBATH
ommMcaHue airopuTMOB. KOHEYHO, OCHOBHAS I€b M3YYEHUsA AeTAJBHON CTPYKTYPHI MPOTpaMM ObLIa CBA3aHA C
oTob6paKkeHmeM MpoGIeM BHIYUCANTETFHON MATEMATHKE HA apXUTEKTYPY BBIMUCANTEIBHBIX cucTeM. MEBr Ha me-
AMUCH, ITO TOIMYTHO yAacTcA JyHIle MOHATH NpobieMy IepeHoca YHUCAeHHOTO IporpaMMHOro obecredeHnsa Ha
BBIMHUCAUTENBHBIE CHCTEMBI PA3IMYHON aPXUTEKTYPHI I BHECTH KaKOU-TO TIOJE3HBIN BKIA B €€ DEIIeHne.

IlepBBIM meq0M MBI OOPATUINCEH K M3YIE€HNIO METOJIOB aHAIN3a TTPOTPAMM, HCTOIb3YEMBIX B KOMIUIATOPAX
BBIMHUCAUTENBHBIX CHCTEM C TapaielbHON apxuTekKTypoi. [lo cBoeln cyTm »Tu MeTONbI HEM3OEKHO [MOJKHBI
BBIIEJIATH HE3ABUCHMBIE BETBU BBIYHUCIEHUN, M MO3TOMY HWHTEPECHO OBIIO MOHATH, KaK OHHM 3TO fAeaatoT. Mbr
y&Ke UMeINn MOCTATOYHO OOJBIION CBOU COOCTBEHHBIN ONBIT aHAJM3a MPOrpaMM, 3HAJIN MHOTHME y3KHe MeCcTa
7 XOPOIINO TOHUMAJN, ITO HAJO WCKATh B M3ydaeMbIX MeTogax. HecMoTpa Ha TO 9TO MO MeTOJaM aHAJAN3a
nporpaMm 6BLIO OMYyGANKOBAHO JOCTATOYHO GOJBINOe MHCAO paboT, JOATOe BPEMs OCTABAJIOCH TAWHOU, UTO
Ke pealbHO jedaeTca B KomnuasTope. HacTodAluM MOKOM SBHJIOCH 3HAKOMCTBO ¢ paboroil [3]. B meil Gbuin
MPOAHAIN3NPOBAHBI KOMIIAATOPH GOJBITIHCTBA MAPALIETBHBIX BEIYUCANTETBHBIX cucTeM. OKa3agoch, 9TO Ha
caMBIX COBPEMEHHBIX CUCTEeMaX KOMIUIATOPHl Pealu3yoT caMble TpUBHAABHBIE METOMUKHI U, YTO A HAC OBLIO
0co6eHHO MHTEPECHO, He Nal0T HUKAKWX FapaHTHH KAavecTBY Pe3yJbTATOB BHIIOJIHEHHOTO aHAJN3A.

SHAKOMCTBO ¢ paboTaMl Mo KOMITHIAINN TPOTPaMM He TPOILIo GeccaeHo. Bo-TiepBhIX, cTamo ACHO, ITO CO
CTOPOHBI 3TON AeATEABHOCTH, TIO CMBICAY Hanmbogee 6An3Kon K mpobiaeMe 0TOOpaKeHNs, HeT HIKAKIX OCHOBAHUHT
OXUAATH CKOMLKO-HAOY Ab CYIIECTBEHHYIO TTOMOIITH. BO-BTOPHIX, BHIACHUIOCH, ITO CaMa dTa AeATeIbHOCTEH OCTPO
HYXJaeTCA B IPUTOKE CBEXUX WAel. B-TpeThbuX, MBI MOMYYUIN MHOTO TOJE3HBIX CBeJeHNN 06 OOMIENPUHATHIX
B MPOTrPaMMUPOBAHIAN MOAX0OMaX K aHaan3y nporpamm. M, HaKoHel, MBI TOYHO TIOHAIN, 9TO HANO AeJaTh.

Jlasi wecaeoBaHmA CTPYKTYPHI CBA3el Ha MHOXKeCTBe ONepaliil B MpOorpaMMax TPaUIMOHHO UCIOIb3Y-
IOTCSA OpUEHTHPOBaHHBIe Tpadbl. [IBe omepalunm Ha3BIBAIOTCSA 3aBUCHMBIMHI, €CJAU TIPU CBOEU PeATM3AINN OHU
HCTIOJAB3YIOT OHY U TY JKe TIePEMEHHYI0. BymeM cauTaTh OT/IeJbHBIE OTIEPAIIH BepITUHAME T'pada. 3aBUCHMBIE
oTepaluu coemHNM ayramu. /lyra Bcerjga miaeT m3 TOH BEPIINHBI, KOTOPasi COOTBETCTBYET OMEPALNH, BBHITIOJ-
HseMOU paHbliie. Pa3amaoT deThpe BUa 3aBUCAMOCTH, CMOTPSA 110 TOMY, TEPEBBIYNCAAETCA I HCIOIb3yeTCH
B KavecTBe apryMeHTa 3HaYeHNe TIePEMEHHON B HAYAJTBLHON WAN KOHeYHON omeparni. COOTBETCTBEHHO 3TOMY C
KaxXK IO TTPOTrPaMMON CBA3BIBAIOTCA deThipe Tuna rpadoB. Kax meii rpad mMeeT Iyri TOIBKO OJHOTO BHIA 3a-
BUCHMOCTelN. Pazubrie rpadbl OHOTO THIIA MOT'YT HMETH Pa3HOE MNCI0 aHAAN3NPYeMbix ayT. [lpn nccaegoBanun
TporpaMM OTpefleleHHOe 3HaUeHne NMeoT Tpadbl Becex TumoB. Hanbogee BaXKHBIM ABAAETCA TUT 3aBUCUMOCTH,
Ha3piBaeMbill ncTuHHON. OH COOTBETCTBYET TOMY CIydaio, KOr/a B HAYaJbHOU ONepallii 3HAYeHNEe TePEMEHHON
MEPEBBIYMNCAAETCH, 4 B KOHETHON MCIOAB3YETCSA B Ka9eCTBe aplyMEHTA.

Ecan nBa MHOXKecTBa omepaluii He CBA3aHBI My TAMHI TI'padOB 3aBUCHMOCTEN, TO OHU MPENCTABISIOT He-
3aBUCUMBIE BETBH BBIYHCJICHUNA W WX MOXHO BHIOJHATH HE3ABUCHMO APYT OT APYyra WIH, IPYTUMH CJIOBAMH,
napaaeabuo. OmpeeanTs, 3aBUCHMa WIH HE 3aBUCAMA MTapa OIePAIil, OTHOCHTEIBHO npocTo. HyxHO auiib
YCTAHOBUTD, UCTIOAB3YIOT WM He UCMOAB3YIOT OHU OJHU W Te XKe NepeMennble. [IpocToTa mpuraruBaeT. Bos-
MOXKHO, IMEHHO TO3TOMY OCHOBHBIC YCUINA CHEIMAJNCTOB B 06JacTU M3yHeHUA CTPYKTYPHI NPOTpaMM OBLIN
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HapaBAEHBI Ha pazpaboTKy AOCTATOYHLIX KPUTEPUEB HE3aBHCHMOCTH MHOXKECTB ONEPAIii. 3a UCKIIOTIeHIeM
TPUBHAIBHBIX CIydaeB, Tpadbl 3aBHCUMOCTEN HIUKOTa HE CTPOWINCH ABHO. OHU CIyXKWIN, TIABHBIM 06pa3oM,
WLIIOCTPATUBHBIMI OGBeKTaMU A 0OBACHEHUA TOT'O, ITO fedaeTcs B KOHKPETHON MeToanKe. B ToM Buie, Kak
OHH OTPENEIATUCEH, TPadbl 3ABUCHAMOCTEH 1 HEAb3sA OBLIO TOCTPOUTDH ABHO. [IpH MHOT OKPATHOM HUCMIOAb30BAHNT
namaTn DBM B kaxayio Bepimuiy rpado 6yaeT BXOIUTH CTOJIBKO MHOT'O IYT, ITO Takue rpadbl HEBO3IMOXKHO
OTHCATH KOHETHBIM HAGOPOM KaKWX-TO MPOCTHIX (PyHKIIHI.

[las Hac ¢ caMoro HadaJa MCCIIOBAHUN OBIIO OYEBHIHO, 9TO HYKHO CTPEMUTHLCA K paszpaboTke HeoOGXo-
IUMBIX U TOCTATOYHBIX KPUTEPHEB HE3aBUCHMOCTH MHOXKeCTB oliepatinii. Ucoab3zoBanne fOCTATOYHBIX KPUTe-
pHEB UMeeT CepbesHbill HeocTaToK. Kcian ¢ uxX moMoIIbIo He y1aeTcAa HAWTH HYKHBIE MHOXKECTBa OMepaliil, TO
HETIOHATHO, YTO B 5TOU CATYAIUH AeJaTh MOAb30BATENO: WK HAYHHATH PazpabaThiBATh HOBBIA METO] PEIleHus
3aj1a9M, Wil KAaKIM-TO 06pa3zoM TpeoGpazoBaTh NpOrpaMMy, WM NPUMEHUTH KaKOH-1u60 Gojee U3oIpeHHbIH
MeTO/ aHAMN3a B HaeXK e HANTH HYXKHBIE MHOXKECTBa ollepalinii. Peaqmsanys mepBLIX ABYX MyTel BecbMa 06-
peMeHuTeNbHA I Todb3oBaTelsa. [looToMy oH GoJee 0XOTHO UET 1O TpeTheMy MyTH. B ¢BOIO ouepenb, 5To
06CTOATENLCTBO CTUMYAUPYET pazpaboTKy BCE HOBHIX W HOBBIX AOCTATOYHBIX KPUTEPHEB HE3ABUCHMOCTH.

[MockoabKy TpaaunuoHHbEe rpadbl 3aBUCHMOCTEH KOHCTPYKTHBHO MOCTPOUTEH HEAB3dA, HAMHU OBLIN Tpe-
NPUHATH MOMBITKH HAUTH APYTHE IO NXOAIINe OOBEKTHI, B IEPBYIO 09epelb Cpefn moArpadoB rpadoB 3aBUCH-
MocTell. PaccMoTpumM rpad 3aBHCHMOCTEN, ¥ KOTOPOTO BCe TMaphl 3aBUCUMBIX BEPIINH OTHOT'O THIIA COETHHEHB
nyramu. MenHo »>Tu Tpadbl paccMaTpUBAIOTCA TpaTUIHOHHO. BygeM HazbBaTh €ero MakKCHMaJdbHBIM. [Ipo-
rpamMMa OJHOZHAYHO OHpeeaseT MOPANOK BHITOJIHEHHUA ONepalii. JTo 03HAYaeT, ITO Ha MHOKECTBE BEPIINH
rpada BBOAUTCA YACTUYHBIN TOPAAOK. OBGBIMHO €ro HA3BIBAIOT JEKCUKOTpahUIecKnM. 3apuKCUpyeM KaKyio-
Huby AL Bepiuiy. Pazo6beM Bce MHOXKECTBO YD MaKCHMAJdLHOTO Ipada, BXOAANNX B JAHHYIO BEPIIHHY, Ha
rpynnel. OTHeceM K OHOW T'PYIINE AYTH 3aBUCHMOCTH OT OJHOU W TOH XKe mepeMeHHON. B Kax qo# rpyime Bbi-
6epeM AyTy, Y KOTOPOU HaYaJbHASA BepIINHA JeKCUKOrpahudeckn GJmKe BCero K 3aUKCHPOBAHHOW BepIIUHE.
[MocTpoum ocTOBHBIN HoATpad MaKCHMATLHOrO Tpada, OCTABUB W3 KaX IO T'PYNILI TOJALKO OAHY BBIGPAHHYIO
ayry. ByaeMm HazbiBaTh TaKoU rpad 3aBUCHMOCTEH MUHUMAJIBLHBIM.

Takum o6pazoM, ¢ KaxKJ0U NPOTPAMMON OTHO3HATHO CBA3LIBAINCH YeTHIpe MUHUMAILHBIX Mpada 3aBUCH-
mMocTell. Bece sTu rpadbl uMean ofHO W TO K€ MHOXKECTBO BEDIINNH, HO Pa3iNYaluch AyraMu U uX (QpyHKIHO-
HAJBHBIM cofepKanueM. ['padbl 6bLUIH OTHOCHTEIBLHO MPOCTH, TaK Kak Tenepbh B KaX Y0 BEPITHHY BXOAWIO
JIUITH HeGOAbIoe Tuciao AyT. B KOHKpeTHBIX caydaax rpadbl BCera CTPOUINCH U OMUCHIBAINCEH HEGOMBITAM YH-
cioM mpocThix gyuknui. Ho mpex e deM 3aHATHCA pazpaboTKON OBIIEro MeTo1a MOCTPOCHIA MAHIMATBHBIX
rpadoB MO TEKCTY MPOTPAMMBI, HEOOXOAUMO GBI YOEAUTHCA, ITO ¢ UX HOMOIILI0 MOXKHO PElIaTh coaepKa-
Teabhbie 3agaqn. Ocoboe BHUMAHNE YASAAIOCH MEHIMAILHOMY T'pady UCTHHHBIX 3aBHCHMOCTEN, WIH, KaK MBI
ero HasbiBaeM, rpady aaropurma [2].

Pesyabrarel mockmanuck Kak w3 pora maobmaus. [lepBoe, Kk deMy MBI 06paTHINCH, CAeAys obIIel cTpa-
Terun pelieHns MposaeMbl 0TOOpaKeHUsA, — HTO K MOCTPOEHUI0 MaTeMATHIeCKUX MOJEIeH CHCTOJMIeCKIX
MaccnBoB. Kak yxe oTMmedanoch paHee, HHTepec K JaHHOUW Tpobieme 6bun SoabiuM. OOGIUH MOAX0 1 K KOH-
CTPYHUPOBAHHUIO CHCTOANYECKIX MACCHBOB OCHOBAH Ha cleayiomiel uiee. IlycTh B HaIlleM pacHoOpsKeHUN HMe-
eTcd JOCTATOYHOE YNCA0 (PYHKITHOHAIBLHBIX YCTPOUCTB, PEATU3YIONNX OTEpAIlNi OJHOTO WA HECKOJIBLKUX TH-
moB. BygeM HazbBaTH yCTPONCTBA CHCTONNIECKIUMI A9€HKAMN (TPOIECCOPHBIME SJeMEeHTAMHE, 3IeMEHTAPHBIMI
IPOLECCOPAMHE, YUMaMi 1 T.10.). JlomycTnM, 9To KOHCTPYKTHBHO OHH BEITIOJHEHH! B BHJE T'€OMETPHYECKH O M-
HAKOBBIX MHOT'OYTOJABLHUKOB, Ha TPAHUIIBI KOTOPBIX BBIBEJEHBI BXOMBI U BHIXOMHL. Temeph HadHeM cKJIAJBIBATH
13 MHOTOYTOMBHUKOB PasJudHbie (GUTYPHI, TPUCOSTHHAA (63 HAJOKEHUA MOCAe0BATEALHO MHOTOYTOJNBHUK 32
MHOTOYTOJILHIKOM. EC/in B MecTax CONMPUKOCHOBEHUA CTOPOH COEIMHUTD BXOIBI W BBIXO Bl COCEHUX YCTPOUCTB,
TO TNOJAYIUTCA HEKOTOPAA BHIMHCIUTENbHASA cucTeMa. [Ipi HEKOTOPHIX JAOTOJIHATENBHBIX YCIOBUAX OHA U HA3bI-
BAaeTCA CHCTOIMIECKIM MACCHBOM.

[Mpu pasamvHBIX OMepaNuAX, BLITOJHAEMBIX CHCTOINYECKAMA AYeUKAMN, W Pa3dWgHBIX (PUTypax, cocTa-
BJAEHHBIX U3 MHOTOYTOJBHUKOB, MBI MOJAYYaeM CUCTONNYECKNE MACCHBDI, PEATU3YIOIINe PA3JIHIHBIE AJdT OPUTMEIL.
Anamms paboThl TaKWX CHCTEM BBIMOJHAICA JAOBOJALHO JderKo. OQHAKO GOMBINNE TPYJIHOCTH BBIZBIBAI CHHTE3
CHCTEM, T.e. BHIGOp MATEMATHIECKOTO COAEPKAHNA CUCTOINIECKUX AUEEK U COCTABIACHHBIX U3 HUX (DUTYD, TPH
KOTOPOM CHCTOJMIECKIH MACCUB Oy 16T PEaln30BLIBATE 38 JaHHBIN aaropuT™. Mcnoas3ya MuHnMaabHbie Tpadbi
3aBUCHMOCTEN, HaM Y IAJd0Ch TOJHOCTHIO PEIINTh 3ajady cCuHTe3a. B TepMuHax cBOUCTB 3TuX rpadoB GBLI yKa-
3aH KJIACC aJTOPUTMOB, A KOTOPBIX BOOOINE BO3IMOXKHO TOCTPOEHHE CHCTOJMIECKIX MaccuBoB. [Iporece mo-
CTPOEHUS MOJEMN MaCCHBa CBOMUIACA BCErO JHIIb K TPOEKTUPOBAHNIO MUHUMAJTLHBIX TpadOB 3aBUCUMOCTEN Ha
HOAXOAAIHM 06pa3oM BeIGpaHHble noBepxHocTH. COOTBETCTBYIOUIME IPUMEPEl IPUBEIeHBI B [2].

Kak MbI Takke yxke oTMedaan paHee, BbIJeleHIe HE3ABUCUMBIX BETBEH BBIYUCJIEHUN B MPOrpaMMax dacTo
COMPOBOK AAIOCEH TIEPEYMOPATOTHBAHIEM MHOXECTBa omepaiiuil. [Ipyu mepeynopsaqouauBaHii OTepAlnil MOy 9a-
eTcs, CTPOro TOBOPSA, APYTOU alrOpUTM, 9eM TOT, KOTOPHIH OBII ONUCaH WCXOMHOU mporpammol. Bompoc 06
HSKBUBAJEHTHOCTH HTUX AJITOPUTMOB OCTABAICA OTKPHITHIM. MuHNMAaAbLHBIE Thadbl 3aBUCUMOCTEN U 3/16Ch OKa-
3AJHCH TOME3HBIME. ByleM HazBIBATh aJrOPUTMBI SKBUBAJEHTHBIMY 110 BLIMHCICHUAM, €CJIH TP OJHUX W TeX
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JKe BXOJHBIX JaHHBIX U OJHOM U TOM XKe Coco6e OKPYTJIEHNs PE3YIbTATOB MPOMEXKYTOIHBIX BHIYUCACHUH OHI
Jal0T OJHW W Te JKe KOHEYHBIE Pe3yAbTaThl, BKIIOYasd BCIO COBOKYIHOCTH OMMOOK OKPYTJIEHNsA. BBIACHMIOCH,
9TO ¢ TOYHOCTBIO M0 HEKOTOPHIX OT'OBOPOK AJTOPUTMBI, BHITOJIHSIONINE ONHO M TO XK€ MHOXECTBO OIepaIui,
SKBUBAJEHTHBI TI0 BBIMHCAECHISAM TOTa U TOJBKO TOT /A, KOTJa MX Ipadbl alrOpUTMOB M30MOPMHEI.

B npsmom mim KOCBeHHOM BHIe MUHUMAJbHBIE MDadbl 3aBUCHMOCTEN CBSI3aHBI C MHOTHME TpOGIeMaM,
OTHOCAIMINMUCA K H3Y9IeHUIO adTropuTMOB. [|elCTBUTEABHO, PEATHIAINS 3AMNCAHHOIO MPOTPAMMON aJrOPUTMA
O3HAYAaeT PEKYyPPEHTHOE BHIYHNCIAEHTE HEKOTOPOH MocienoBaTeabHOCTH Beandnd. CocTaBuM i HUX (PyHKIIHO-
HaJabHYIO MaTpully Axobu m3 TacTHBIX TPOM3BONHBIX MEPBOrO MOPsAAKa. HazoBeM ee BapHallMOHHON MaTPHIEN
aaroputMa. CTPYKTYpa HEHYJIEBBIX 3JeMEHTOB 3TOW MATPHUILI TaKasd Ke, KaK y MaTpPHUIEI CMEXKHOCTeNl rpada
aaropuTMma. [TosToMy ee MOKHO BEIMHCAATE MapaIeqbHO C Peaqn3alinenl caMoro aaroputma. CIokHOCTE 060X
MPOIECCOB MPUMEPHO OJMHAKOBA. BBLTO yCTaHOBIEHO, 9TO MMEHHO BapHAIHOHHAS MATPHUIA AJT OPUTMA SBAAETCH
o6IINM 3BEHOM B TAKNX Pa3HBIX 3ajJavaX, KAK BOCCTAHOBIEHNE MMHENHOT O (DYHKIIHOHAIA, GBICTPOE BBITHCJIEHITE
rpajuenTa, HCCIeOBaHIe BAUAHUS OUIUOOK OKpYTieHus u T.0. [4].

YeTblpe MUHUMAJBHBIX T'pada 3aBHCHMOCTEHN, CONPOBOXK TAMOIINX 3AMNCAHHBIN MPOTPAMMON aJTOPHTM,
MPeJOCTABISAIOT CAMYI0 TeTAIbHYIO HH(POPMALNIO O CBA3AX MEXKY ONePAlUAMHA. JTO faeT OCHOBAHNE CINTATH
UX HOCHTEIAME HH(OOPMAIMOHHON CTPYKTYPHL adroputMa. Ho mis 3¢ @ eKTHBHOTO MCIOMBb30BAHNA CBEJIEHTN O
CTPYKTYp€e He XBaTaeT OMUCAHNUSA IpadoB B YAOOHONU [IJisd MCIOAB30OBaHmsA (hopMe.

Bozbmem kakoh-HUOYAH OPHEHTHPOBAHHBIN aluKiam+decKuil rpad. Bcerga MoXHO HammcaTh MPOrpPaMMY
Ha a3bike PopTpaH TaKyio, 9TO COMPOBOXK JAIOIINN €€, HAIPUMED, Ipad aaropuTMma Oy aeT m30MOPQeH HCXO/I-
momy rpady. Bpome 681 3TO TOBOPUT O MPOM3BOJABHOU CTPYKType IpadoB 3aBHCHMOCTel. Temephb 3amaimm
cefe BOMPOC O COOTBETCTBUN MOJOOHBIX MPUMEPOB MpakThHke. Kax mpaBmio, mTporpaMMbl 3aBUCAT OT BHEITHUX
MepeMEHHBIX, 3HAYEHNA KOTOPHIX HE M3BeCTHRI. TaknMu epeMeHHBIMI SABASIOTCH, B YaCTHOCTH, PAa3MePHI Ma-
TPHUIBI, BEANYMNHA IIara CeTKHW, TOYHOCTH u T.11. HammcaTs mogo6Hyo TporpaMmMy ¢ MPOU3BOJBHBIMEA IpadaMu
HEJNB3s, TaK KaK OT BHEITHUX MMePEMEHHBIX Oy /IeT 3aBUCETh ee qianHa. WHIeKCHBIE BEIpAXKEHUS HCIOJAb3yEeMBIX HA
MpakTHKe TPpOrpamMM o6BIMHO BeCbMa IMPOCTHL. Jaillie Bcero oHn aunteiabl. QCHOBHAS Macca BEIYUCIEHUN TPU Ha-
JUYNN BHEIIHUX TePEMEHHBIX HUKOT [a He ObIBaeT Mpoum3BoabHON. OHA BCeT [a OPTaHM3yeTCs KaK MHOT OKPATHOE
MUKJIMIECKOE MOBTOPEHNE KAKHX-TO MPOCTHIX MOCAEI0BATENLHOCTEN OMEPATIH.

Bce ckazannoe cBHETETBCTBYET O TOM, YTO KJAaCC MPOrPaMM, IMEIOIINX OTHOIIEHNE K PEATBLHON [eATeNb-
HOCTH, 3HAYUTEABHO YIKe, 9€M KJIACC BCEX MMPOTPAMM. I TO 06CTOATEILCTBO HEN36EKHO AOMKHO OBLIO CKA3aATHCA
Ha pobaeMe oTo6paKeHNs, MO KpalHen Mepe, Ha >(dekTuBHOCTH ee pemterns. Ho Beb HEM3BECTHO, T € TPO-
XOMUT U 9TO cOOON TpeJAcTaBIsIeT TPAHNIIA MEXK Y TTPOrPAMMAME.

Mur Havaan pazpaboTKy METOJI0B MOCTPOEHNSA MIHIMAJIBHBEIX TPA(OB 3aBUCHMOCTEN ¢ OTHOCHTETBHO TTPO-
CTOTO, HO O¥EeHBb MPENCTABUTENBHOIO KJIACCa JUHENHBIX TporpamMM. BeIMucieHns B HEM ONMHUCHIBAIOTCS TPOW3-
BOJBHOW CTPYKTypon 1ukiaoB DO u BeTBIEHUI, NCIOJHAEMBIME SBASIOTCA TOABKO OMEPATOPHI IMPUCBANBAHIA
1 BCe BXOXKJEHUA TEPEMEHHBIX, YCIOBUS BETBJEHNA W I'DAHUIBI M3MEHEHNS MapaMeTPOB [INKJOB 3aMal0TCA Iie-
JOYMMCIEHHBIMI BBHIPAXKEHUAMN, JHHENHBIMI KaK MO TlapaMeTpaM IWKJIOB, TaK W 110 BHEITHUM MepeMeHHbIM. B
TeOpUHU W MPAKTUKE HNCIOJB30OBAHUSA MPOTPAMM JHHENHBIN KIacC 3aHNMAaeT TPUMEPHO TaKOe XKe MEeCTO, KakK
MaTpPHUIBI B KOHEYHOMEDHOM aHAM3€e, YNCIeHHBIE METOBI JMHEHHON aJrebphl B BEIYHCINTEILHON MATEMATHKE,
3a0a4n JHHEHHOTO MPOrpaMMUPOBaHnud B onTuMu3anuu u T.1. O4eHh MHOIME TPOTPAMMBI WM WX OCHOBHBIE
dparMeHTH M3HAYATBHO ABAAIOTCA AuHeHHBIMEU. Eille 60iblliee MMCa0 pa3an<HBIX TPOTPAMM, B TOM HHCJIE CO-
MepKAIINX BBIZOBHI HOANPOrpaMM u (DYHKINNA, MOXKeT ObITH CBeleHO K amHelHBIM. [loaToMy BcecToponHee
U3ydeHNe TPOTPAMM M3 JUHENHOT O KJIACCAa TPEJICTABIAIO HECOMHEHHBIN HHTEPEC.

Hamu 6v1a1 goxazan pyHIaMeHTAJBHBIN (PaKT, TOBOPAIINI O TOM, YTO [ MOO0N JUHEHHON MPOTPAMMEI
J10601 MUHUMAJLHBIN T'pad 3aBUCHMOCTEN OMUCHLIBACTCA KOHETHON CHCTEMON (PYHKINN, JUHENHBIX KaK IO Ia-
paMeTpaM OHWKJOB, TaK W IO BHEITHUM HepeMeHHBIM. ducao 3Tux (GpyHKIUH ONpeleaseTcs TPOTpaMMoOl, HO
HE 3ABHCHT OT 3HAYEHWH BHENIHWX MePEeMeHHBIX. BO3MOXHOCTEH ABHOTO MPEACTABIEHUA MHHUMAJIBHBIX T'Da-
¢ oB 3aBHCHMOCTEN KOHEYHBIM YHCJAOM JUHENHBIX (PYHKIUN OTKPHIBAIO MHOTOOOEIIAOIINE TEPCIEKTHBR KaK
B U3YYEHUN CaMBbIX TOHKHX BJIEMEHTOB CTPYKTYDHI IIPOTPaMM, Tak U B jeje TpeobpazoBaHus TPOTPAMM IO
TpeGOBaHUS METEBOTO KOMIbIOTepa. M, KOHEYHO, ¢ TOMOIMIBIO >THX (PYHKINN OKA3aJ0Ch BO3MOXKHBIM CTPOUTH
caMble COBepIIEHHBIE, B TOM YHCJE HEYIYUIIaeMble, KPDUTEPUH HE3ABUCHMOCTH MHOXKeCTB omepamnui. Bce 310
CTUMYJUPOBAIO pazpaboTKy 3(hEdEeKTUBHLIX METOJI0B UX HAXOMXKJAEHUS, UCXOAS TOABKO U3 TEKCTa MPOTPAMMEL.
Takue MeTo bl ObLIN pazpaboTanbl [4].

HamomuauM, 970 OJHUM U3 BaXKHEWIINX HTAMOB DeIeHNs TpoOIeMbl 0TOOpaXKEHUA ABISETCA Pa3IOKeHe
GOJIBINION 3aa9l HA MPOCTEHIINe ¢ M3BECTHON CTPYKTypou. [IpoBeeHHbIe MCCAeMOBAHNA TOKA3AMMN, 9TO STOT
3Tall HACTOMIBKO CJAOKEH, 9TO HI O KAKOM €ro “py<vHOM” BHINOJHEHUH HE MOXKeT OBITH 1 petn. Temeph B KadecTBe
MEPBOOYEPETHOT O BCTAM BOIPOC O Pa3zpaboTKe aBTOHOMHOM ITPOT PAMMHON CHCTEMBI /I BCECTOPOHHET'O aHAJIIM3a,
GOJBINIX MPUKJIATHBIX MPOrPAMMHBIX KOMILIEKCOB. B MOBOJBHO CiKaThle CPOKHM TaKas CHCTeMa Oblia cO3aaHa
B HAYYHO-HNCCIEOBATENBCKOM BbIMncanTeabioM meaTpe MIY Bua. B. BoeBoaumubim. Ona moayymia HazBaHme
V-Ray system. Cucrema mozBoassa m3ydaTh CTPYKTYPY MPOTpaMM Kak Ha MakKpo-, Tak U Ha MUKDPOYPOBHE.
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AHamns Ha MEKPOYPOBHE OBII OCHOBAH HA MOCTPOEHUN U UCCAeOBAHUN MUHUMAJALHBIX IPadoOB 3aBUCHMOCTEN.
Cucrema okazanach HCKIOYATEAbHO >(hdeKTuBHON. B KadecTBe MOATBEPKACHUA HTOMO OTMETHM, HAIPUMED,
9TO BBIMOJHEHHAA HAMU C €€ TOMOIIBIO ONTUMU3ANNA NPOTPAMM U3 MIHPOKO W3BECTHOI'O TECTOBOT'O MaKeTa
Perfect Club Benchmarks gas kommbiorepos CRAY Y-MP M90 u CRAY Y-MP C90 okaszamack camon ayd-
el cpefin Tex, KOTopble ObUIN AOCTYIHBI Ais cpaBherud. C HekoTOpbiME cBefenuamu o V-Ray system u ee
HCHOAB30BAHIE MOXKHO MO3HAKOMUTELCA B padore [5].

V-Ray system cozgaBaiack kKak B HHTepecax TpobIeMbl 0TOOpaKeHUA A aHAIN3a CTPYKTYPhI TPOrPaMM,
Tak W B HHTepecax MpobaeMbl 5pHeK TUBHOT O HCTOMAb30OBAHNA BEIMUCAATEABHBIX CHCTEM MaPALIeTLHON apXUTeK-
TYPHI U aJalTallii TPOTpaMM K TpeGoBaHUAM TaKuX cucTeM. [1o 3aMbIcay rIaBHBIM GBLT epBEIT wHTepec. [1o
daxTy TIaBHLIM Ha TEKYIIMH MOMEHT cTajl BTopol uuTepec. O6BACHASTCA HTO CACAYIOMAM O0GCTOATETHECTBOM.
3a mocaefHue TOABl 3HAYUTEIHHO PACHIHPWINCH BO3MOXKHOCTH NOCTYTA, B TOM HYHCIE YAAJEHHOTO, K BHIYH-
CINTENBHBIM CHCTEMAaM MapaielbHON apXuTeKTyphl. [loabzoBaTe 5TUX CUCTeM, KaK TIPABUIO, TMEIOT OYeHb
CIOXKHBIE 3a0a9d, HO HE UMEIOT JOCTATOYHLIX 3HAHUN U WHCTPYMEHTAJBLHBIX CPEJCTB Add aJfalTalii CBOWX
nporpamm. C apyroi cropoubl, BOKpyr V-Ray system o6pazoBaics BHICOKOKBAJTU(MUITHPOBAHHBIN KOMIEKTHB,
KOTOPBIH NMeeT HYXHBIe 3HAHUA U HYXKHBIH WHCTpyMeHTapui. [losToMy BHOJHE €CTECTBEHHO, 9TO KAKOE-TO
BpeMs Goablliee BHUMAHWE Y ASAAIOCH TPOCBETUTENBCKON W KOHCYIbTAIMOHHON JeATENLHOCTH, a TaKkKe aJanTa-
U GOMBITNX KOHKPETHBIX MPOrPAMMHBIX KOMILIEKCOB K TPeGOBAHUAM GOJBINTIX KOHKPETHBIX TapaIeTbHBIX
cuctem. Keratu, sTa paboTa okazaaach TMOJME3HON W B WHTepecax MpobaeMbl oToGpaxeHusa. Mbl yBugean, 9To
st >PpHEKTHBHOTO OCBOEHNA HEKOTOPHIX CUCTEM HE XBAaTaeT TeOPETHISCKIX 3HAHUH O CTPYKTYpe MPOTDaMM.

B mepsyto Bepcuio V-Ray system 6buin BKAIOYMEHBI TJIABHBIM 06PA3oM Te Pe3yabTaThl UCCASOBAHUA TPO-
rpamMM, KOTOpbIe ObLIN CBA3AHLI C BBIYUCAUTESHHBLIME CHCTEMAMN KOHBEHEPHOTO W BEKTOPHO-KOHBEHEPHOTO
TunoB. Ho cTamn mosBAATHCA MHOTOOPOIECCOPHBIE CHCTEMBI U CeTH KOMMIBIOTEPOB. [lid HUX Y3KUM MeCTOM
ABIAAETCA TEPECHLIKA JaHHBIX OT Mpolieccopa K mpoteccopy. [loTpe6oBaanchk f0TOIHITEIbHBIE TEOPETHICCKITE
HCCAeIOBAHNA U COOTBETCTBYIOMIee paciimpenne V-Ray system.

YHuBepcalbHBIM HHCTPYMEHTOM [UIA U3YUEHUA PA3JHIHBIX Peaqu3alui Jio60oro KOHKPETHOTO aJrOpUTMa
KaK Ha BCeX CYIEeCTBYIONINX, TaK U Ha MPOEKTUPYEMBIX, B TOM YHCJIE HajKe TUMOTETHIECKTX BHITHCANTETBHBIX
cucremax spasercs rpad-mammna [4]. Pacemorpum rpad aaropurMa. BygeMm cquTaTh, 9TO B €r0 BepIIMHAX
noMerteHbl GyHKIHOHATLHBIE YCTPOUCTBA, BBIMOJHAIONIAE COOTBETCTBYIOMINE OMEPAIIHA. YCTAHOBUM JIUTEdb-
HOCTBH cpabaTBIBAHUA YCTPOUCTB. [IycTh 1yTH cCOOTBETCTBYIOT KaHAIAM Mepefatin HHMHOPMAIINN MKy YCTPOU-
CcTBaMW. YCTAaHOBUM Ha Jyrax IIHTEILHOCTH mepefgad. [Ipn Heo6XoAUMOCTH MPUCOEAMHUM YCTPOUCTBA BBO/AA
1 BBIBOJIA WHPOPMAINE W YCTAHOBAM MOMEHTHI BBOJA BXOJHBIX JaHHBIX. JTO W ecTh rpad-Maimmaa. Kak u B
ciydae KOHBEHEPHOTO BHIMHCAWTENA, HECAOKHO YKa3aTh HAGOp MPOCTHIX MPABWI, IPU BHITOJHEHIH KOTOPBIX
5Ta MofedbHasd BHIYHCIUTEIbHAA cucTeMa OyjgeT “paborars’. [Ipu JM06BIX yCTAHOBICHHBIX AJIUTEILHOCTAX U
MOMEHTAaX MOJadi BXOMHBIX AAHHBIX MBI OyAeM TOAYYaTh OJAWH W TOT JKe Pe3yabTaT, BKAYad BCIO COBOKYII-
HOCTB OIMMGOK okpyTienua. OH 6ygeT coBOagaTh ¢ Pe3YJIbLTATOM, MOAYIeHHBIM Ha KOHKPETHOW CHCTEMe, eCJH
TOMBKO Y ee (PYHKIUOHATLHBIX YCTPOUCTB W YCTPOUCTB Tpad-MAIIUHBL 6yAYyT peaju3oBaHbl ONHE W Te XKe
npaBuiaa OKpynJiaeHus qncen. Kak u KOHBeHepHBIN BEIMUCAUTEND, Tpad-MalliHa He TMeeT TaMATH U MOXKET CO-
XPaHATH PE3YIbTATH MPOMEKYTOYHBIX BHITUCICHUT TOJIBKO B caMiX yeTponcTBax. Ho B rpad-mMarinie Kax goe
3 QPYHKINOHAIBLHBIX YCTPONCTB, BKAKYasA YCTPOUCTBA BBOA~-BBIBOA, CpaBaThIBACT TOILKO OJUH Pa3.

BeenieM Ha BepimHax rpada ajropuTMa BelleCTBEHHBIN (GyHKINOHAT ¢ = f(u), re t — MOMEHT BpeMeHT,
B KOTOPBIT 3aKaHIHBaeTCA paboTa yCTPOUCTBA, TTIOMEIEHHOT O B BepIiuHy «. [IpeqmofokumM, 9T0 JIHTeIbHOCTH
cpabaTBIBaHUA BeeX (PYHKIMOHATBHBIX YCTPOUCTB Ipad-MalllUHbl OTAUYHEL OT Hyad. Ecau B 5ToM ciaydae ayra
rpada alropuTMa HJeT W3 BEPIINHEL ¢ B BepIIHHY v, To OyaeM uMeThk f(u) < f(v). Teneph zadukcupyem
MOMEHT t U pa3o6heM MHOXKeCTBO {2, Bcex BeplinH rpada aJropuTMa Ha TPU HellepeceKatolnnecs TPYIIbL:

{2} — MHOKeCTBO BEpILIH, COOTBETCTBYIOIUX ONePAIIAM, BHIIOJTHEHIE KOTOPHIX 3aKOHYHIOCEH K MOMEHTY ¢;

2}, — MHOXECTBO BEpIIUH, COOTBETCTBYONINX ONEPAIMAM, BEIIOJHEHHE KOTOPBIX 3aXBATHIBAET MOMEHT {;

QL — MHOKECTBO BEpIINH, COOTBETCTBYIONIMX ONEPAIMAM, BHITOJHEHHE KOTOPHIX He HAYAJMOCH K MOMEHTY {.

OueBugHo, 9To AyrH rpada alropuT™a MOryT HATH Toabko u3 QY B Q4 n us Qf B Qf, Ho He HaoGopoT.
Kpome sroro, B {4 HeT HEM OJHON Taphl BEpLIMH, KOTOPble OLLIM 6bl CBA3AHLI JyraMH. JTO 03HAYAET, YTO
dbyHKUHOHAT f(u) MO3BOMAET BBHIACAATH He CBA3AHHBIE APYT C APYTOM MHOXKECTBa OMEPaliil W ONPEJeTATE
HApPaBAECHHOCTHL AYT Tpada. Bece 570 MoXHO fedaTh u 6e3 BBefenusa rpad-mamuibl. Ho rpad-marmmna gaet
OYeHb TIOJMe3Hble WLIIOCTPAIIN.

B camom gese, BBefleM Ha BepIIHHAX 4 OPHEHTHPOBAHHOT O Al[HKANIECKOTO Ipada BeleCTBeHHbIH (PYHKITH-
oHax f(u). ByjeM Ha3pBATH ero cTporoi (06o6GIIEHHOM) pasBepTKON Ipada, eclan A JIo60N Taphl BEPIIHH v
TaKHX, 9TO AyTa WAeT W3 BEPIINHLL ¢ B BEPIINHY v, BHIToAHAeTCA HepaseHeTBO f(u) < f(v)(f(uw) < f(v)). MHO-
KeCTBO OGOBIIEHHBIX PAa3BEPTOK 3aMKHYTO B OTHOIIEHNH OMEPANUH CYMMBI, MAKCHMYMa, MUHUMYMa I YMHOXKe-
HUA Ha HeOTpHIlaTelbHOe ducio. Bee oHI yIOBIETBOPAIOT HEKOTOPOMY TUCKPETHOMY HepaBeHCTBY Bemamana,
a omTHMaJdbHBIE pa3BepTKU — paBeHCTBY bemamana. CTporume pasBepTKH, KaK W B cAydae UX TPUBAZKEA K
rpadg-Malliie, TO3BOJIAIOT BHIAEJIATH He CBA3AHHBIE APYT € IPYTOM MHOXKECTBa OMepalliil Ha OCHOBE aHalm3a
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MOBEPXHOCTEN YPOBHA pazBepTOoK. O600IIeHHbIE pa3BePTKN TaKiKe MOJE3HBI B 5TOM mpoiecce. Hampumep, ¢
X TIOMOIIBIO MOXKHO pa3buBaTh aJrOpUTM Ha (DpArMeHTHI, JOCTATOYHO GOJBIINIE 0 00BEMY BBIMHCIEHNN, HO
crabo CBs3aHHBIE MEX Y COOOM. ITO ABAAETCA MPAMBIM OTKINKOM TeOopuH Ha TpeboBaHus 3(pHeKTHBHOTO HC-
MOMB30BAHUA MHOTOMPOIECCOPHBIX CHCTEM U CETH KOMNBIOTEPOB. (CO MHOTMME HETPUBUAJBLHBIME CBONCTBAMUI
pa3zBepTOK W WX NpUMeHEHHeM MOXKHO MO3HAKOMHUTHCA B padorax [4, 6].

Cefivac anmapaT pazBepTOK BKJIIO9aeTcs BO BTopyio Bepcuio V-Ray system. C ero moMormpio MBI Ha TeeMcs
clleJaTh MPOIecC aHaau3a CTPYKTYPBI MporpaMM M X afganTauni K Tpe6GoBaHUAM BBIMUCAUTEIBHBIX CHCTEM
¢ mapaJeJbHON apXuTeKTypoun ele 6odee spdexkTuBHBIM. Hallla yBepeHHOCTH B yClleXxe OCHOBAaHa Ha TOM,
9TO BO MHOI'MX CAyYadX HaM YAaJoch pa3paboTaThk OBICTPBIE aArOPUTMBI 1A HAXOXJACHUA Pa3BEPTOK U UX
WCTIOJAb30BAHNA.

Mmuoro meT mHazaa I'. . Mapdyk mpeanokui HaAM 3aHATHCA PACCMOTPEHHBIM BLIIIe HAYIHLIM HampaB/e-
oreM. /loBOTBHO CKOPO MBI YBHUJEAN, YTO K HEMY MPUMBIKAIOT TakWe pasHble 06JacTH, KaK BEIYUCAUTENbLHBIE
U ONEPANUOHHBIC CUCTEMBI, KOMIUJAATOPH U aBTOHOMHBIE IPOI'PaMMHBIE CUCTEMBI, A3BIKHA MTPOTPAMMUPOBAHNA,
YHCJEHHBIE METO/IBI, JUCKPEeTHAS MaTeMaTHKa, TeOpHUd ONTHUMAJIBLHBIX TponeccoB u Ap. COeNuaincThl B STHX
obaacTAX TOBOPAT Ha Pa3HBIX A3bIKaX W JajeKo He Beerja MOHUMAIOT WAN faKe XOTAT MOHUMAaTh APYT Apyra.
TeMm He MeHee, MPENCTOANO CBECTHU BCe 3TO B HeUTO 00Iee B mHTepecax 3>hdeKTUBHOTO pelleHnd TPUKJIa -
HBIX 3a/7a9 KaK Ha CYHIeCTBYIOUINX BBIMUCAUTEIBHBIX CHCTeMax, TakK M Ha CHCTeMax, KOTOpble TOJBKO ellle
TIPOEKTUPOBAINCEH UM POXKAAINCHL MOKA BCETO JWITL B MBICAAX. Haunnad Hamm WccaelOBaHWA, MBI JaKe He
MPeNoJaraln, BO 9TO OHH MOTYT BBLINThCA. Celdac cosfaH (pyHIaMeHT HOBOTO HANPABIEHUS W HTPOMIEHO
HECKOIBKO TaroB. OTKPBUINCH COBEPIIIEHHO HeOGO3pUMBIE MePCIeKTHBL. HoBoe HalpaBieHHe OKaz3ajoch Ha
OCTpHUe MHOTHUX Mpo6JeM, CBA3AHHBIX C BHIYUCIeHTAME. HamOMHIM HEKOTOpHIe U3 HUX:

— aHaau3 omnbOK OKPYIJIECHNS;

— GBICTPOE BHIYHCIAEHNE TPANUEHTA I MTPON3BO THOM;

— GBICTPOE BOCCTAHOBIEHNE JUHENHOT O (PYyHKITMOHAIA;

— JIeKOMIIO3UINA aJrOPUTMOB;

— BOCCTAHOBJIEHNE MaTeMaTH4IecKuX (Ghopmy.JI;

— NCTOMB30BaHNE PACTPEIeJeHHON W HEPAPXUIECKON TaAMATH;

— TOCTPOEHHNE CUCTOJNYECKNX MAacCCHBOB;

— ajanTalnud TporpaMM K KOHKPETHBIM KOMIIBIOTEpaM;

— BBIOOD ONMTHMAJIBLHON apXUTEKTYPH KOMIBIOTEPA;

— obHapyKeHHe Y3KUX MeCT aJr OpUTMOB;

— KOHCTPYHUPOBaHUE MapaieJbHBIX YUCACHHBIX METOIOB;

— coaaHue TopTabebHOT O YUCIEHHOTO IPOIPAMMHOTO 06eciev e N,

— CpaBHEeHUE A3BIKOB PO PAaMMUPOBAHNA.
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