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CeMENCTBO CYNIEPKOMITHIOTEPOB C TUHAMUYECKOU
APXUTEKTYPOU — KOHIIETITYaJIbHbIE OCHOBBI

B cratee paccmaTpuBaeTcs apXHUTEKTypa M OCHOBHBIE XapAaKTEPUCTUKU HOBOTO THUIA CYNEPKOMIIBIOTEPOB,
OCHOBaHHBIX Ha Teopuu JnHammueckux AsromartHbix Cereit (JIAC) n maeonmorun panee paspabOTaHHBIX
MynbrunporeccopoB ¢ JJunamideckoir Apxurektypoit (MIA), Mo3BONSIOMINMX KOHCTPYHPOBATh BBICOKOA(dEK-
TUBHBIE U Ha/I&KHbIE BHIYNCIIUTENIBbHBIE CUCTEMBI B IIIMPOKOM THUAaNa3oHe MPOU3BOAUTENbHOCTH. [IpuBoasTes
XapaKTEePUCTUKU HEKOTOPBIX TEXHUYECKUX U MPOrPAMMHBIX PEIIEHU.

BBenenue

Heabio 1anHoi padoThI sBJsieTCA pa3paboTKa KOHIIETITyaTbHBIX OCHOB U HEKOTO-
PBIX TEXHUUYECKUX PELICHHH sl peann3anuu cemeiictBa CynepKoMIbloTepoB ¢ JlnHaMu-
yeckoil Apxutekrtypoil (CHA) B mMpOKOM auanazoHe MPOU3BOAUTEIBHOCTH — OT 2 —6
TepaduIorc 10 IECATKOB M COTEH NeTaduIone, ¢ aBTOMaTH3aIMeH pacnapauieIMBaHusI IIPOT-
pamM, Tipu 3ToM apxutektypa CJIA opueHTHpOBaHA HE HA KOHKPETHBIE allapaTHbIe pe-
IICHHUs1, HO Ha CTPYKTYPY BBITIOJTHAEMOH 3a/1a4H.

Ha ocnoBe Teopun auHamuyeckux aBroMmatHbix cereit (JJAC), paspaboTanHoi B na-
OopaTopuM pacrpenenéHHbIX BEIYUCIUTENbHBIX CTPpYKTYp Cankr-IlerepOyprckoro mHCTH-
TyTa aBToMatuku u apTomaruzanuu PAH B 80-x rogax [1], [2], B koHIle 80-X U B cepeuHe
90-X TOJI0B MPOILIOTO BeKa ObLI pa3paboTaH psJ 00pas3oB MYIbTHIIPOIECCOPOB C TUHA-
Mudeckoi apxutektypoit (MIA).

Cy1iecTBeHHBIN TIpOrpecc B 00JIaCTU 3JIEMEHTHOM 0a3bl, B YACTHOCTHU TMOSBICHUE U
nocrenenHoe coBeprieHcTBoBanue [IJIMC, no3BossieT Ha JaHHOM ATame MeperTH K pas-
paboTKe U peanu3aiy CynepKOMITBIOTEPOB ¢ AuHaMHueckoi apxurektypor (CIA), cox-
PaHSIONIMX OCHOBHBIE JocToMHCTBAa MJIA, HO B TO k€ BpeMsi MO3BOJSIOIIUX JIOCTUYb
YPOBHSI, COTIOCTAaBUMOTO C Hanbosee MOUTHBIMH COBPEMEHHBIMH CYNEPKOMIBIOTEpAMH U3
ciircka «Top-500», nin gaxke MPEBBIIAIONIETO WX T0 MTPOU3BOAUTEIBHOCTH.

JlnHaMHUYeCKre aBTOMATHBIC CETH
Kak KoHIenTyaibHast ocHoBa MJIA u C/IA

Jlrobast mporpamma (Wi J000M BBRIYUCIUTENBHBIN Tiporiecc) B MJIA (wm CJIA)
IIpescTaBiIsieTcs B BUJEe quHamMuueckoil aBromaTHoi cetu ([AC), anemeHnTamu (y3iaamu)
KOTOPOM SIBJISIIOTCS aBTOMAThI, PeIN3yIolue (yHKINU CEMHU OCHOBHBIX KJIACCOB IPOrpaMM-
HBIX CTPYKTYP: onepamopbul, OaHHble, OMHOULEHUS, CCOLIKU, PeCypCbl, Munsl U CIMpyKmypbl
(noocemu), B K&KJIOM KJIACCE MOXKET CYIIECTBOBATh HEKOTOPOE MHOKECTBO KOHKPETHBIX TUIIOB.
Kaxplif aBTOMaT MOKET M3MEHSTh CBOM CBSI3U C OKPYXAIOIIMMHU €r0 aBTOMAaTaMu, I0-
POXKIAaTh HOBBIE aBTOMATHI, & TAK)KE CAMOYHHUYTOXKATHCS TIOCIIE 3aBEPIICHHS BBITTOJHEHUS
cBoux (pynkumii. Kimace u Tum aBTromara onpeziesiseT He TOJIbKO ero GyHKIMH, HO U 0COOeH-
HOCTH TTOBEJICHHS B CETH U BO3/ICHCTBHS Ha CETh.
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Ha ypoBHe nporpamMmupoBaHusi aBTOMaThl MPEJICTABISIIOTCS 0ObEKTaMH, peaIu3yeMbl-
MH Ha CHEIHaIbHOM TpadHIecKoM 0ObEKTHO-OPHEHTUPOBAHHOM SI3BIKE MPOTPAMMHUPOBAHUS
APJ] [3]. [Iporpamma Ha 3TOM SI3BIKE SIBJISIETCA HE aITOPUTMOM, T.€. 3apaHee ONpeaenEH-
HOH IOCJIEI0BATEIBHOCTBIO JICUCTBUM, a BCErO JIMIIb ONKMCAHUEM HA4YaJIbHOM CTPYKTYPBI
ceTH (M BXOIAIIMX B HeE MOJIceTeil), a Takke MpaBuil e€ mpeoOpa3oBaHs, BIIPOYEM, OCHOBHAS
4acThb 3TUX IpaBWJI M3HAYaJIbHO 3aJI0KEHA B CBOMCTBaX OOBEKTOB (aBTOMATOB) pa3HbIX
KJIaCCOB M B OOJIBIIIMHCTBE CIIy4aeB HE TpeOyeT JOMOJHUTENbHBIX OMMCAHUN (€CIIH TOJIBKO
HEKOTOPBIA OOBEKT HE 00JaaeT KaKUMHU-TO OCOOCHHBIMU CBOMCTBAMHU M TOBEJECHUEM B
CETH, KOTOpbIE TPEOYIOT TOTIOJHUTENBHBIX ONHUCAHUI).

B npouecce Boruncnenuii JJAC nocTostHHO U3MEHSIET CBOIO KOH(UTYPALINIO, T€HEPH-
pytoTcs (IOpOXKIAIOTCS) HOBBIE aBTOMAThI, YHMUYTOXKAIOTCS aBTOMAThl, BBIIIOJHUBILINE
CBOIO (DYHKIIMIO, MOTYT U3MEHSTHCS CBSI3U MEX/Ty aBTOMAaTaMH, a TaKKe€ aBTOMAaThl MOTYT
M3MEHATh CBOW COOCTBEHHBIN THI M KJIACC, HE TOBOPS YK€ O 3HAUCHUSIX JAHHBIX, UX CTPYK-
Type U 00béMe. D10 HaszbiBaeTcs aBToTpancopmarmeii JJAC. Ho B 110060¥ MOMEHT BBIYUCITH-
TEJILHOTO Mpolecca Tekyiee coctosiHue JJIAC coOTBETCTBYET CTPYKTYype 3aJaud Ha JIaH-
HOM 3Tare e€ peueHus (T.e. HEKOTOPOMY MHOXECTBY OOBEKTOB U CBA3EM MEXIy HUMH),
TakuM obpazom apxutekrypa MJIA/CIIA nuHaMUYECKH MOJCTPAUBACTCS MOJ CTPYKTYPY
peliaeMoit 3a1a4un, TpudéM KaxaoMy 0OBEKTY (aBTOMaTy) B IIPOLIECCE BBHITIOHEHUS COMOCTAB-
JIIETCS HEKOTOPBIN BUPTYAJIbHBIN IPOLECCOP.

B uneane ans kaxaoro oobekTa mporpaMmsbl (aBToMaTa) J0JKEH TUHAMUYECKH CO3-
JaBaThCS MPOIIECCOP C SAMHCTBEHHOW (DYHKITMEH, COOTBETCTBYIOIIEH CBONUCTBAM JIaHHOTO
oObekTa (Hampumep, (YHKIHUS MPOIECCOpa, COOTBETCTBYIOIIETO aBTOMATy Kilacca «IaH-
HBIE», — BCEr0 JIMIIb XPAHEHHE HEKOTOPBhIX 3HAYEHUM U OMHCaHWN WX THUIIOB, CTPYKTYD,
CBOWCTB U COCTOSIHUS, T.€. 3TO — HEKOTOPBI 00BbEM MaMATU M HEKOTOpasi CTPYKTypa JaH-
HBIX, @ QYHKIHS 00BEKTa KJlacca «OIepaTopy, THMa «CKaISIPHOE YMHOXKEHHE BEKTOPOBY, —
3TO COBOKYIHOCTb YMHOKMTEJS,, CYMMaTopa U HEKOTOPOH JI0CTATOYHO MPOCTOH yrpaBJisi-
foreil cxemsr). [locne BeImoHEHHs cBOeH (DyHKIMU (HAarIpuMep, AaHHBIE yXKe HE HYKHBI
VTSI TIPOJIOJDKEHUSI PEILICHUS] WIIM OTIEPaTOpP CKATSAPHOTO YMHOKEHHUS BBIITOJHUI CBOIO (DyHK-
LIMI0) COOTBETCTBYIOIIMIA MPOIECCOP YHUYTOXKAETCS, a Ha €ro MecTe (B CMbICIE (prU3nueckoit
anmaparypbl) MOXeT ObITb CO3/IaH HOBBIN MPOIECCOP IS BBITIOTHEHUS OPYruX (yHKIUH,
MIPUCYTCTBYIOIIUX B IPOTPaMMe.

Ha npaxTuke B HacTosiiiee BpeMs BIIOJIHE BO3MOXKHA pealin3alysl TAKUX BUPTYallb-
HBIX MPOLIECCOPOB MOCPEACTBOM JTHHaMHUuecKkoro nepernporpammupoBanus [IJIMC, na ocHoBe
KOTOPBIX OHU M PEATU3YIOTCS, OJTHAKO MOKa TaKoMW mpolecc He 00ecreunBaeT J0CTaTou-
HOM ZdexruBHOCTH (Bpems nepenporpammuposanus [IJIMC conoctaBuMoO co BpeMeHeM
BBITTOJTHEHHST (PYHKITMM KOHKPETHOTO BHPTYAILHOTO TPOIECCOpPa), TOATOMY Ha JIAHHOM dTare
NepenporpaMMHPOBAHUE TIPOLIECCOPOB BO3MOXKHO A(P(PEKTUBHO pPearn30BaTh TOJBKO Ha
CTaJIMU 3arpy3ku ouepenHoM 3amauu B cucreMmy. B atom cimydae [IJIMC nepenporpammu-
pYyIOTCS Ha HEKOTOPBIA HAOOp OnepaTopHbIX (IPOLECCOPHBIX) (PYHKIUI, COOTBETCTBYIO-
MM KOHKPETHOW 3aaade, Ha TpeOyemyro Uid MaHHOW 3alaud Pa3psSAHOCTh U (Gopmy
MIPEJICTaBJICHMSI YUCEN WIN IPYTUX JAAHHBIX, HAIPUMEp, Ha JIOTHUECKHE, TEKCTOBBIE OTlepa-
UM U JaHHBIC WM apuPMETHIEeCKUEe ONepanuy ¢ GUKCHPOBAHHOW WM TUIABAIOIICH TOY-
KOU, U Ha YUCIIa C pa3psaaIHOCThIO 8, 16, 32, 64 Out wim GoJiee, ecii 3T0 HEOOXO MO ISt
pelieHuss KOHKPETHOM 3a/1a4H.

VYnpaiieHue npoueccoM pacrnapajieIMBaHusl U apajIeIbHOTO BBIIOJHEHUS 3a/1a41
ONPEJEINAETCS TUIIOM U COCTOSIHHEM OOBEKTOB IIPOrpaMMBbI (aBTOMATOB), a PACIIpPEIEICHHE
BBIYMCIICHUI MEX/1y anmnapaTHbIMH pecypcaMu (BbIYUCIUTENbHBIMU MOTYISIMU) — CBOMCT-
BaMH KOMMYTALIMOHHOMW IOJICUCTEMBI, KOTOpasi 00ECIIEUNBAET «MHTEIIEKTYaIbHYIO MapLIpy-
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TH3auoo». JI1000i 00BEKT MporpaMMbl (aBTOMaT) U COOTBETCTBYIOLIUI €My BUPTYaJIbHBIH
MIPOIIECCOP MOKET OBITh HAIIPABIICH /ISl BBITIOJHEHUS CBOMX (DYHKIHI B 10001 BRIYMCITH-
TEIbHBIA MOJYJIb CUCTEMBI, IPU 3TOM OyIyT YUUTHIBAThCS KaK MapaMmeTpsl 3arpy3Ku Mpo-
U3BOJIBHOTO MOJyJsl (Ipoleccopa), Tak U HaJIM4ue, MPOIYCKHAs CIOCOOHOCTh U TEKyIas
3arpyska Jir00bIX BO3MOKHBIX IIYTE€H CBSI3U MEXJ1y BBIYUCINUTEIbHBIMU MOJIYIsIMHU. B iro-
O00oM cirydae BBHIOMpAETCsl ONTUMANBHBIN MYTh MEpeadyn JaHHBIX U MPOrpaMM (BUPTYallb-
HBIX IIPOLIECCOPOB) MEXKAY MOTYIISIMHU.

OTanuyuTeNbHbIE 0COOEHHOCTH BBIYMCIUTEIBHBIX
CHUCTEM C JTUHAMUYECKOU APXUTEKTYPOM

OcnoBabIME 0coOeHHOCTIMU MJIA/CIIA (manee Be3je HCIob3yeTcs: abOpeBuatypa
CHA, moapazymeBaromiasi B TO K€ BpeMsi COONIOJCHHE OCHOBHBIX NPUHIUIOB MJIA),
OTJIMYAIOIIMMU UX OT JIPYTUX MYJIbTHUIPOLECCOPHBIX CUCTEM, SIBIISIFOTCSI:

— CYIIECTBEHHOE (B JIECATKU pa3) YMEHbIIEHHE 00bEMA anmapaTypsl, S3HEPronoTpedIcHUS
U CTOMMOCTH TIPH CONOCTAaBUMBIX XapaKTEPUCTUKAX TPOU3BOIUTEIBHOCTH;

— NPEJCTABIIEHUE IPOrPaMM HE B BUJI€ aITOPUTMA, a B BUJIE CETHU U3 0OBEKTOB;

— aBTOMAaTHYECKOE TUHAMHYECKOE pacrapajjiesIMBaHue 3aad, He TpeOyroliee BMeaTeb-
CTBa MPOrPaMMMCTA, IIPH 3TOM IPOTPAMMHUCT OCBOOOXKIAETCS U OT HEOOXOAUMOCTH YUUTBI-
BaTh B [IPOrpaMMe KOJIMYECTBO U XapaKTEPUCTUKU MMEIOIIUXCS B CUCTEME BBIUMCIMTENILHBIX
pecypcoB;

— TIOJIHOCTBIO JIELIEHTPAIM30BaHHOE U ACUHXPOHHOE YIPaBJICHUE MapalyIeIbHBIMU BBIUMCIIN-
TEJIbHBIMU MPOLIECCAMU;

— amnmapaTHoe pasjeneHue QYHKIUI BIYUCICHUs (MCIIOHEHHS), YIPABICHUS U KOMMYTa-
LUK MEXKTYy cOOTBETCTBYIOMNMU nporieccopamu (U1 — ucnonuurensHsiit nponeccop, YII —
yopasisitonuid npoueccop u KII — koMMyTaliMOHHBIA TPOIECCOP), KOTOPhIE UMEIOTCS B
Ka)/IOM BBIYHCIUTEIHHOM Mofyne (BM), 4To cymecTBeHHO yBennunBaeT 3(Q(GEKTHBHOCTh
BbIYMCIIEHUH, TOcKoIbKY MIT 0cBOOOXK1a€TCsl OT BBIMOIHEHUSI YIPABIIAIOIIUX U1 KOMMYTa-
LUOHHBIX (PYHKIIHIA;

— KpaifHe Maiblii 00bEM (ecATKH KHII00ANT) ONMeparMoHHOW CHCTEMBI, 4acTh (yHKIUH
KOTOPO peam3yeTcst anmapaTHo, a 4acTh MPeICTaBIeHa METOAaMHU OOBEKTOB ITPOTPAMMBI;
— HaJINYME BBICOKOCKOPOCTHBIX MHOTOPa3psAHBIX KAHAJIOB CBSI3M MEXAY BBIUMCIMTEINb-
HBIMU MOJYJISIMH, 00€CIIEUMBAIOIINX Oylarojaps WHTEIeKTyarbHbpM GyHKmsM KIT aBroma-
TUYECKYI0O MHOTOBapUAaHTHYIO MapIIPyTHU3alMIO TOTOKOB IaHHBIX U Mporpamm [4];

— OTCYTCTBHE OTpaHMUYEHUI Ha KOJMYECTBO AIapaTHbIX PECYpCOB, BKIOYasl U BBIYMCIIU-
TEJNbHBIE MOMAYIIH, YTO TMO3BOJSET HEOTPAHWYCHHO MacIITaOUpoBaTh CHCTEMY Oe3 BHece-
HUS KaKuX-TM00 U3MEHEHUH KaK B CHCTEMHOE ITPOrpaMMHOE 00eCrieueHue, Tak U B MPUK-
JIa/IHbIE IPOTPaMMBI;

— BBICOKast HAJEKHOCTh BBIUYUCIICHUH U WH(POpPMAIIMOHHAs 0€30TTaCHOCTh — peIIeHHe 3a/1a-
YK 3aBeplIaeTcs Jaxe P MHOKECTBEHHBIX OTKa3zax BM, ciencTBreM KOTOPBIX SBISETCS
TOJIBKO HEKOTOPOE YMEHBIIEHHUE MPOU3BOJUTENBHOCTH, a CIEIHalbHas CHUCTEMa aJipeca-
LMY [IPOTrPAMMHBIX OOBEKTOB HE JIOMYCKAET HECAHKLIMOHUPOBAHHOTO JI0CTYNa K 00bEKTaM
IIPOrpPaMMBbl, YTO MPAKTUUYECKH MCKIIFOYAaET BO3MOXHOCTh CYIIECTBOBAHMS BUPYCOB U JpY-
TUX BPEIOHOCHBIX Iporpamm [5], [6].

OcTaHOBUMCSI Ha HEKOTOPBIX U3 BBIIIETIEPEUNCICHHBIX OCOOEHHOCTEH, UTPAOLIUX
BEYIIYIO POJIb B JOCTHKEHUU CTOJIb BhICOKUX XapakTepucTuk CIIA. Te Bompockl, KOTOpbIE
HUKE HE PaCCMATPUBAIOTCS, PACCMOTPEHBI B MyOIMKAIUAX, HA KOTOPbIE UMEOTCS CCHUIKH.
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B niepByto ouepeib, BO3HHKAET eCTeCTBEHHBIN Borpoc: «Kakum obpa3zom jocturaercs
CTOJIb CYIIECTBEHHOE YMEHbIIIEHHE radapuTOB, SHEPrONoTpedaeHus U crouMocTu?». [Ipex e
BCET0 3TO JOCTUTaeTcs 3a CYET 00Jiee OJHOTO NCIOJIb30BAHMS allllapaTyphl B KaXKIbII MO-
MEHT BPEMEHH BBINOJIHEHUS BBIYMCIUTEIBHOTO IpoIecca.

Bo-nepBrIx, B cucTeMe HE UCIOJIb3YOTCSI TUIIOBBIE MTPOLECCOPBI, APXUTEKTYpa KOTO-
PBIX BECBMA CJIOYKHA, HO 3HAUMTENIbHAS YacTh almapaTrypbl KOTOPBIX MO0 BBIIOIHSAET BCIIOMO-
ratenbHble (YHKIMH (Iemm(panys CIOKHBIX 10 CTPYKTYpe KOMaH[, OpraHu3alys KOHBEH-
€poB, K3UI-MaMsTH, MpeAcKa3aHUue NEPEeX0I0B U MHOTOE JpPYyroe), Jub0 HE HCIOIb3yeTcs
IIPY BBITIOJIHEHUN HEKOTOPOW KOHKPETHON ONepalyu, OCKOJIbKY CI0XHasi YHUBEp calbHast
cHCcTeMa KOMaH]I TaKUX IMPOIIECCOPOB IMPEATIONAraeT U HaJM4Iue apruMETHIECKOTO YCTPO-
crBa (AY) 00NbIION CIOXKHOCTH, 3HAYUTENbHAS 4acThb KOTOPOIO B KaXKJbIH KOHKPETHBIN
MOMEHT BPEMEHU IPOCTAUBAET.

B CIA nnst kaxmoi KOHKPETHOM 3a1a4n (Hu Jaxe (hparMeHTa 3a1a4uu) co31aércs BUp-
TyaJIbHBIA MCIIOJIHUTENBHBIN MpoLeccop, coepkamuii B AY TOJIBKO Te (h)parMeHTHI CXEM,
KOTOPBIE CIIOCOOHBI BHITIOJHATH OTPAaHUYEHHBINH HA0Op orepanyii, He0OOXOMMBIX B TAHHOH 3a-
Jiade, ¥ TOJIBKO ISl UCIIOJIb3YEMBIX B JIAaHHOW 3a/1a4€ TUIIOB U pa3psIHOCTEN AaHHBIX. Takum
00pa3oM, B KaXK/IbIii MOMEHT BPEMEHH BBITIOJTHEHHSI BEIYUCIUTEIBHOTO MPOLIECCA, OKa3bIBACTCS
3arpy>KeHHOU OOJIbIIIas YacTh armaparypbl, B TO K€ BpeMs BCIOMOTaTeIbHbIe (PYHKIIMU Kpai-
HE TIPOCTHI U HE UCTIOJNB3YIOT CKOJIBKO-HHOY/Ib CYIIIECTBEHHOM YacTH anmapaTyphl.

Bo-BTopbIX, paszaenenue ¢yHKuuil mexay cnenuanusupoBanabivu UIT, YII u KII
ocBobOoxk1aet Oostee cioxxkubiid UIT oT BeIMoMHEHNsT (PYHKIMI OpraHU3aIlMH BEIYACITUTEb-
HOTO Tpoliecca, odecrnieunBas MaKCUMalbHYIO 3arpy3Kky ammapatypsl WII, B To Bpems kak
¢ynkuuu YII n KII goctato4Ho mpocThl M OHM HE 3aHMUMAIOT OOJIBIIOTO 00bEMa amma-
paTypsl, IpU 3TOM OHM paboTatoT napamiensHo ¢ UL

B-tperpux, ucnonszoBanue orHocutenbHo AeméBsix [IJIMC, k Tomy ke pabortaro-
IIMX HA CPAaBHUTEIHLHO HEBBICOKMX TaKTOBBIX yacTtoTax (B mpeaenax 200 — 400 MTI'n), cy-
IIECTBEHHO MOHIKAET U CTOMMOCTb CUCTEMBI B LIEJIOM, U SHEProNnoTpeOIeHHE, U, YTO BaKHO,
CYIIECTBEHHO CHI)XKAeT TpeOOBaHMSI K CUCTEME OXJIAXKACHHUS.

Torpaa, ecTecTBEHHO, BO3HUKAET BOMPOC, KAKUM 00pa30M MHOTOIIPOLIECCOpPHAsl CHC-
TeMa, padoTaomias Ha CTOJb HU3KHX IO COBPEMEHHBIM IMOHSTHUSIM 4YacTOTaX, CIOCOOHA
JIOCTHYb CTOJIb BEICOKUX PE3YJIbTATOB B MIPOU3BOAUTENHLHOCTU? 3/1€Ch CIIEyeT OOpaTUThCS
K CaMOM IpUpOJIE, KOTOpask co3/ajia CTOJIb KOMIIAKTHBIN (Bcero okoio 1,5 nurpoB 00béMa),
YHUBEPCAIbHBIN U COBEPIICHHBIA «CYIIEPKOMIIBIOTEP», KAK YEIIOBEYECKUM MO3T, KOTOPBIH,
paboTas Ha yacTOTax Ha HECKOJBKO TOPSIKOB MEHBIIHNX, YeM HCIOJb3yeMbIe B COBpE-
MEHHOM BBIYHUCIUTEIBHOM TEXHUKE, TEM HE MEHEE CIOCOOEH NMPAKTUYECKH MIHOBEHHO
BBIIIOJIHATH CTOJIb CJIOKHBIE M MHTEJUIEKTYalbHbIE 3a/1auM, KaK pacro3HaBaHUE 00pa3oB,
aHaJIN3 CLEH, IPUHITHE PELIECHUM, OpUEHTAlMs B IPOCTPAHCTBE, YIIPABICHUE JBUKEHUEM
CIIOHOIO 1O CTPYKType Tejla U MHOTME JpYyrue 3ajadyu, KOTOpbIE SIBHO HE IO CHJIaM
caMbIM COBpPEMEHHBIM cynepkomnbiorepaM (1 podboram). Koneuno, CJIA He mpeTeHmyer
[I0Ka Ha COPEBHOBAHNE C BO3MOYKHOCTSIMU MO3ra, OJIHAKO OCHOBHOM CTPYKTYpPHBII NpPUH-
LU — HaJIu4ue OO0JIBIIOrO KOJMYECTBA MapajlieIbHO PabOTAIOMIMX MPOCTHIX M0 CTPYKTYpE
MPOIIECCOPOB (KaK B MO3re — HEHPOHOB) — 3/IECh B KaKOM-TO Mepe coOIoaaeTcsl.

Crnenyromuii BOIpoc, KOTOPBIM MOKET BO3HUKHYThH Y UMTATelsl, — KakuM oOpa3oMm
JOCTUTAeTCs CTOJIbh Majblii 00bEM onepanroHHo# cuctemsl (OC)? Ha camom nene GyHK-
1y 060 coBpemeHHoi OC pa3fensoTcss Ha HECKOJIBKO YacTel: YIpaBJIEHUE BHIYMCIIN -
TEIbHBIMU IIpolleccaMH (B JaHHOM ClIy4ae — IMapajljiesIbHbIMU), YIIPaBICHUE BHEIIHUMU
ycTpoiicTBamMH (BKJIIOUasi M HAKOMMTEIN HA Pa3HOro poja AMCKax), YeJIOBEKO-MAIIMHHBINA
uHTepdeiic (B ToM uncie rpadguyeckoe WM TEKCTOBOE OToOpakeHHe MH(OopMaIuu Ha
9KpaHe MOHUTOPA, PEaKLUs Ha HHTEP(EHCHBIE YCTPONUCTBA — KIIABUATYPY U MBIIIb) U T.1I.
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B CHA peanusyercs TOJIBKO IepBasi U3 NEPEUUCICHHBIX (PYHKIUH, a OCTaJIbHbIE
BO3JIAralOTCsl Ha «XOCT-MalIMHY», T.€. Ha 00blyHyt0 IIDBM, BhINOMHSIONIYIO IO CYTH
(GYHKIUIO «MHTEIJIEKTYAIBHOTO TEPMHUHAJA», KOTOpask MOXKET paboTaTh MO yIIpaBIeHUEM
mo60it u3 cymectyromux OC — Windows, Linux u T.11. BHemHue yctpoiicTBa He mojcoe-
JUHSIOTCS HEMOCPEACTBEHHO K BbIYUCIUTENBHBIM MOAYNIsM CJIA, COOTBETCTBEHHO HE
HY)KHO YIPaBJIEHUE 3TUMHU YCTPOMCTBAMH (T.€. HE HY)KHBI KaKUe-TO CHEeLM(PHUUHBIE Jpaii-
BEphl), HE HYXHa U 00paboTka npepbiBaHui (B camux monyisx CIIA mpepbiBaHUs He
UCTIOJIB3YIOTCSl — KaK amiaparHble, TaK U IporpaMMHbIe). B To ke Bpemsi caMu GyHKIIUU
YIpaBIEHUS pacnapajuleTMBaHUEM BbIUHUCIUTEIBHOIO MPOLIECCA U BBIIIOJHEHUEM OTAEIb-
HBIX BETBEH 3TOr0 Mpoliecca, BBHIMOIHIEMbIE B cOOTBETCTBUM ¢ Mojenbio JIAC, kpaiiHe
IIPOCTHI U B 3HAUUTEIBHONW MEpPE MOTYT OBbITh BBIIIOJIHEHBI alllIapaTHBIM CIOCOOOM B BUJIE
cootBercTBytomux ¢yHkuui YII m KII. Kpome Toro, Ha XocT-mammHe MOTYT OBIThH
BBITIOJTHEHBI YacTH MPOTPaMMbl, HEKPUTHYHBIE K MPOU3BOAUTEILHOCTH U HE TpeOyromue
MapajuIeIbHOTO BBITIOJHEHUS.

W, nakoHer, emeé oJMH BOIPOC, KOTOPBIN ClIEIyeT pacCMOTPETh, — KAKUM 00pa3oM
MOKET OBbITb OPraHU30BAHO HEOTPAHHMUYEHHOE KOJIMYECTBO allapaTHBIX pPecypcoB (Moay-
Jeil) 1 COOTBETCTBEHHO HEOIPAaHWYEHHOE MaclTabupoBaHHe cucTeMbl. Kaxaplil pecypc
CHOA (BBIUMCIHTETHHBIA MOIY/b, OJOK MAMSTH W T.JI.) UMEET OJHO3HAYHYIO aJpecaIiuio
(Hymepalnio), BEIpaXXE€HHYIO OJHUM 32-pa3psAHBIM MAIIMHHBIM CJIOBOM, JIMOO MOCIEI0Ba-
TEJNBHOCTBIO TaKUX CIIOB. J{J1s1 COOCTBEHHO anapecanuy ucnoiab3yercs 31 mmaamuit pa3psn,
a crapmuil pazpsii 32-pa3psiIHOTO CJIOBA COJICPKUT MPU3HAK TOTO, SIBJISIETCS JU OHO
(cmoBo) mocienqHUM B «aapece» (0) mbo 3a HuM cneayet npogoinkerue (1). Ho u ogHOTO
TAKOT'O CJIOBA JOCTATOYHO U HyMepaiiy 2°' ammapaTHbIX PecypcoB, UTO COCTABIAET 60-
Jee 2 MWIIMAP/AOB, SIBHO B 0003pHMOM OyaymieM Kakas-Tu0O0 BBIYHCIUTENbHAS CUCTEMA
BpsAI Jin OyzneT o0JaaaaTh TaKUM KOJIMYECTBOM PECypcoB (MOJIyJieH, MPOIECcCOPOB), Taxke C
ya€ToM Masioro oobéma nporeccopoB CJA.

HexkoToprie Bonpock! peanuzanuu C/A

OcHoBoit peanu3zanuu Jod6oro Bapuanta CJ{A siBisieTcst Tak Ha3bIBa€MbIA «TEXHO-
noruueckuit moaynb» (TM), B paccmMaTpuBaeMOM BapHaHTE COCTOSIIUNA U3 IIECTH ILJIaT,
KOHCTPYKTHUBHO OOBbEIMHEHHBIX B BUJIE «ATAXKEPOUHON KOHCTPYKIIUM.

Tpu mnaTel — OAMHAKOBBI U cojAepKaT Mo 32 HCHOJHUTENbHbIX Moayns (MIM),
BbInotHeHHBIX Ha ocHOBe [IJIMC «Altera Cyclony». Kaxneiii UM Bkitouaer B ceds Ul u
KII, peanuzoBanHnsie B pamkax ognoi [IJINC.

OpHa nara gBigercs ynpasisitoliuM MoayneM (YM) u BkirouaeT B ceOs yrpasJsiio-
it npoueccop (YII) u 4 UM. Kaxasiit UM, a taxke YII u UM cHaOxeHbl MaMsTbIO
0o0béMoM He MeHee 128 MO Ha mpoueccop (Bce OJOKM MaMsITH HE3aBUCHMBI M TIPeIHa3-
HA4eHbl JJIs UCIOJIb30BAaHUS TOJBKO OJHUM IpoueccopoMm). Kpome Toro, umerorcst nse
HeOOoJIbIIHE BCIIOMOTATENbHBIE TIATHI (MCTOYHUKH MTUTAHUS U TIP. ).

Kaxnerii UM n VII umeror 1o 4 BBICOKOCKOPOCTHBIX KaHaja Uil CBSI3H C COCEIHUMH
moxayisimMu. [IporyckHast crmocoOHOCTh kKaHana — 3,6 ['Gaiita B CeKyHAy MpU Pa3psIHOCTH
32 Owra.

Kpome cOOCTBEHHO BBIYMCIUTENBHBIX MOAYJIEH C AMHAMHUYECKON apXUTEKTYpOH,
kaxspiii TM umeer B cBoéM coctaBe SOM (System On Module) u xéctkuit nuck (BUH-
gyectep) ¢ EMKocThi0 He MeHee 500 rurabaifT, KOTOpble KOHCTPYKTUBHO MPUCOCIMHSIOTCS
K TUIaTe ynpasistomero mMoayiss. SOM MOXKeT BBINONHATH (YHKIIMH XOCT-MAIlHHBI, a
TaK)K€ OTYACTU BBINOJIHATH HEpaclnapajjieMBaeMble 4acTH MHporpammbl. K OCHOBHBIM
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¢ynkuusm SOM Takke OTHOCUTCS YIpaBJIeHUE BHEITHUMH YCTPOHCTBaMH, KOTOpPbIE MO-
I'yT OBITh K HEMY IPUCOEANHEHBI KaK K XOCT-MAalllMHE, HO TJIaBHBIM 00pa3oM 3TO — yIpaB-
JICHHUE KECTKUM JUCKOM.

Takum ob6pazom, kaxasii TM coxepxut onauH SOM, 100 MCIOTHUTENBHBIX MO-
nynert (mporieccopoB) u oauH Y11 ¢ 00mel EMKOCTBIO OniepaTUBHOM mamsTu OoJiee 13 ru-
rabaiit u 500 rurabaiT mamsATH Ha kE€cTkOM aucke. Kpome aroro, B cocraB YM BXOIUT
¢nem-nakonurens EMKocThio 16 I'0, mpucoeauuénnsiii k YII n npeaHazHaYeHHBIA 7S
nepsuuHoit HacTpoiiku [IJIMC, n nBa nopra USB nns cBssu mexay TM u ¢ BHelHel cpe-
nou. Oxnaxnenne TM obecrieunBaeTcsi OOBIMHBIMU BEHTWIIATOPAMH, IIPU BKIIFOUEHUH B CHC-
Temy 00JbIIOro KomdyecTBa TM JONOTHUTENBHO MOKET UCIIOIB30BATHCS KOHIUIIHOHED.

Takoit TM umeet pazmepsl 240 x 220 x 80 MM, 9TO 110 0OBEMY MPUMEPHO COOTBET-
CTBYET /IBYM IOJIO’KEHHBIM PSAJIOM CTPOUTEIBHBIM KHPIHUYaM, IIPH 3TOM OH UMEET IIPOU3BO-
JTUTENLHOCTH — 2 — 6 TepaduIonc Ha COOTBETCTBEHHO 64/32-pa3psaHoil apru(METHKe C TIIa-
BAaIOIICH TOUKOH (M OH yXKe SIBJISIETCS BIIOJHE CAMOCTOSITEIIHLHBIM, TTOJTHO(YHKIIHOHATBHBIM
1 3aKOHYEHHBIM MHOTOIIPOLIECCOPHBIM KOMITbIOTEpOM). OauH uiu Heckosbko TM moryt
COCTaBHTh HAaCTONBHBIN BapraHT CJIA ¢ MPOU3BOUTENBHOCTHIO OT 2 TepaduIorc 10 HECKOIb-
KHX JIECATKOB Tepadiorc.

JIro60e xommuecTBO TM MOXeT ObITh OOBETMHEHO B CUCTEMY CKOJIb YTOJHO 00JIb-
II0W IPOU3BOAUTEIBLHOCTH, BILUIOTH A0 COTEH NeTaduionc (M3MEHSIIOTCS TOJIBKO KOHCTPYK-
TUBHBIE PEIICHUS] U CUCTEMAa OXJIAXKJEHHUS — B 3TOM cliydae Tpebyemoe mMHoOxkecTBO TM
pacrionaraercsi B COOTBETCTBYIOLIUX CTOMKaX, a K CUCTEME OXJIaKJICHHS OObIYHBIMU BEHTH-
JIATOpaMu J100aBiseTCsl KOHAULIMOHED), IPU 3TOM HE HY)KHO BHOCUTh HUKAKUX U3MEHEHUHN
B IIPOrpaMMBbl, ONIEPALIMOHHYIO CUCTEMY M JIpYTHE COCTABJISIOIINE CUCTEMBI. TO ecThb Jrobast
koHpuryparus CJIA crpoutcs u3 TM kak mr000€ CTpoeHHe U3 KUPIMUIUKOB. TakuM oOpa-
30M, BOIIPOC peaTU3alK CYIEPKOMIIBIOTEpPa C JUHAMUYECKON apXUTEKTYpOH JIF000H Mpou3-
BOJILHOM MOIIHOCTH SIBJISIETCS JIMIIIH BOTIPOCOM (pMHAHCOBBIX BiIOXKeHU. Ho B mobom ciryyae,
IIPY paBHOM MPOM3BOAUTEIBHOCTU IO CPABHEHUIO C HauOOJee MOIIHBIMU CYNEPKOMIIbIO-
tepamu 13 cnucka Top-500, CJIA Oyaer kak MUHUMYM Ha HOPSJIOK JIEIIEBIIE.

B ornnune ot panee peanu3zoBaHHbIX BapuaHToB M/IA, B CJIA mMeercss TOJIBKO
oJIMH yrpasisitonuii mporeccop Ha 100 UM, B To Bpems kak B mpexxHUX Bapuantax YII
UMEJICS B KOXKJOM BBIUYMCIUTEIFHOM MOJYJE. DTO CBS3aHO C TeM, 4To ¢yHkmmu YII moc-
TaTOYHO MPOCTHI U IIPU COBPEMEHHBIX XapakTepucTukax npoussoautensHoctu IIJIMC ero
MOIIIHOCTH BIIOJIHE JJOCTATOYHO JUIs BBINIOJHEHMSI CBOMX (DYHKIIMI 110 OTHOILIEHUIO K yKa-
3aHHOMY MHOXkecTBY IM.

Emeé onno otnmune CIIA oT paHee peann3oBaHHbIX BapuaHToB MJIA 3akitouaercs B
BO3MOYHOCTH HCIIOJIb30BAHUS AJIsi MPOTrPaMMHMPOBAHMS TUIIOBBIX S3BIKOB IPOTrpaMMUpPO-
BaHus, HanipuMep «C» nian FORTRAN, npu 3ToM A71 KpUTHUECKUX JJIs pacriapaiesiuBa-
HUSl yYacTKOB INPOTPaMMBI CO3IAaETCsl CHelnuanbHas OMOIMOTEKa MpOIEayp, KOTOPhIE H
BemonHstoTes Ha CIA. IMeHHO TakuM 00pa3oM MOXKET OBITh pean30BaHa BIIOJHE CTaH-
napTHas mporpamma Tecta Linpack, B KOTOpOM BCe HEKPHUTHYHBIE K YPOBHIO MPOHU3BO-
JUTEIBHOCTH ()parMeHThl MPOrpaMMBbl BBINOJHAIOTCSA JIMOO Ha XOCT-MallMHE, T.€. Ha
00braHO# [T9BM, K KOTOpOI MOTYT OBITH TTOAKIIOUEHBI ¥ TM, 60 Ha SOM, BXOASIINX B
coctaB TM. Te ke (parMeHTH IPOTPaMMBbI, KOTOpbIE TPEOYIOT pacmapayjieuBaHUs U
BBICOKOW MPOM3BOJUTEIBHOCTH, OyAyT O(OPMIIEHBI B BUAE COOTBETCTBYIOIIUX OMONIMOTEY-
HBIX (GyHKIUH, BeIMOMHsAeMbIX Ha Moayasx CJIA. OHu Moryr ObITH HamMCaHbl Kak Ha
a3pike AP/l (1 B cooTBeTCTBYIOIIEM BHJE 3arpyxkartbcsi B Moayau CIIA), Tak u J100bIM
JPYTUM CHOCOO0M, TTO3BOJIAIOIIUM OMUCATh TPOrpaMMy (TMPOIEAYPY), PEaTH3yIONIIYI0 COOT-
BETCTBYIOIINE NapajuleIbHble BRIUMCIEHUS NTOCpencTBOM nepenporpammupoBanus [IJINMC
Y BBITIOJTHEHHUS HA HUX COOTBETCTBYIOLINX (PParMEHTOB MPOTPAMMBI.
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3aKJIFOYEHHUE

PaccmoTpeHHbIe B JaHHOM cTaThe KOHIEnuus u apxutekrypa CIA mo3BossoT co3na-
BaTh CYNEPKOMITBIOTEPHI JIFOOOH BBIYHUCIUTEIBHON MOITHOCTH OT 2 — 6 TepadJiorc 0 JecsT-
KOB M COTEH IeTa]IIoNc, CYIEeCTBEHHO MPEBBIMIAIOIINAE IO CBOUM IapaMeTpaM (TeOMeTpH-
4eCcKOMY 00BEMY, dHEPronoTpedIeHUI0, CTOUMOCTH) CYLIECTBYIOIINE CYNEPKOMITbIOTEPHI
IIPU CONOCTaBUMOW TPOU3BOJUTEIIBHOCTH.

[Tpu 3TOM 0OecrieunBaeTCs BICOKAsK HAIEKHOCTh PA0OTHI CUCTEMBI B IIEJIOM, HE3aBH-
CHMO OT BO3MOXKHBIX OTKa30B O60py,Z[OBaHI/I$I, HE3aBUCUMOCTDH IMPOrpaMMHOTO O6CCHC‘-I€HI/I$I
OT KOHKPETHON KOH(UTYpalMi CHUCTEMBI, 3alUIIEHHOCTh CUCTEMBI OT HECAHKIIMOHHPO-
BaHHOTO JIOCTYIIA, aBTOMATUYECKOE paclapauleIMBaHNe MPOrPaMM U JIpyrue CyIeCTBEH-
HBIC IPCUMYIICCTBA.
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B.A. Topzawos, I.B. Ilapvos

CiM’s cynepkoMIr’10TepiB 3 JUHAMIYHOI0 APXiTEKTYPOI0 — KOHIENTYaJbHi 0CHOBH

VY cTaTTi pO3IIIsIAETHCS apXITEKTypa H OCHOBHI XapaKTEPUCTUKH HOBOTO THITY CYNEPKOMII IOTEpPiB, 3aCHOBA-
HUX Ha Teopii J{uHamiuanx ABromaTHHX Mepex (JIAM) i1 ineornorii paHimre po3pobneHnx MynbTHIIPOIIecOpiB
3 Jluramiynoro Apxitektyporo (MIA), 10 J03BOJNSIOTH KOHCTPYIOBATH BUCOKOS()EKTHBHI Ta HaMiiHI 00YHCITIO-
BaJIbHI CUCTEMH Y IIMPOKOMY Jiana3oHi IpOAYKTHBHOCTI. HaBOMATHCS XapaKTEpUCTUKH JIESKUX TEXHIYHHX 1
MPOrpaMHHUX PillIeHb.

V.A. Torgashev, LV. Tsaryov

Conceptual Basis for a Family of Supercomputers with Dynamic Architecture

Architecture and principal characteristics of the new type of supercomputers based on Dynamic Automata
Networks (DAN) theory and on ideology of earlier developed Multiprocessors with Dynamic Architecture
(MDA) that permit to construct high-efficient and reliable computational systems in a wide range of
performance are considered in the article. Some characteristics of hardware and software decisions are given.
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