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FETEPOIEHHBIE BbIYNCNTENBHbLIE CUCTEMbI LIMGPOBO OBEPABOTKI CUTHA/IOB

C.H. MAJIVKOBL1 KpaTkoe cofiepykaHvie: B MaTepuasiax cTaTbi U3naratoTcs Ha-
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BbiuncnuTtenbHble cucteMbl M Komnaekcobl (BK), npumeHsemble B cuctemax gnga obpa-
60TKM pajgnNoOKALMOHHON N TMAPO0AaKYCTUUYECKON MHGpOPMaLN B peXUMe peasbHOro Bpeme-
HW, OO/XXHbI YAOBNEeTBOPATbL pagy TpeboBaHWii, KOTopble 06yCNOBMEeHbI OCOGEHHOCTAMMU WUC-
nonb3oBaHMsa BK n ob6ecneuymBalTcA cheumasbHbIMU TEXHUYECKMMU pPeLUIEHUAMUN C y4eTOM
cneunUKM BbIMOSHAEMbIX 3a4a4 M YyCNoBuUi akcnayaTauuun. Hanpumep, unpoBoii BblYUCAN-
TenbHbln Komnnekc (LLBK) [1] Ha 6a3e ncnonb3o0BaHUS BbICOKOMPOM3BOAUTENbHbIX OBM «3/b-
6pyc-90 MuKpo» B cocTaBe rugpoakyctmyeckoro komnnaekca (FAK) obecneunBaeT 06paboTKy
rMApoakycTUUYecKnX curHanoBs. MmapoakycTuyeckme cUCTeMbl NPeAbABAAIOT Hanbonbwue Tpe-
6oBaHUA K LUBK, KOTOpble peanu3yloT pelweHnsa cnegyowmx 3agady: opMmpoBaHme npocTpaH-
CTBEHHO-4YacTOTHbIX CNEeKTPOB CUTHAaNO0B, afanTUBHaa KoppensaunoHHasa obpaboTka, noporosas
N TpaekTopHasa o6paboTka, ngeHTUGMKauna n Knaccumkauma HabnwgaeMblx 06bLEKTOB, TNA-
poakKycTUYecKme pacyeTbl, OTO6paXKkeHUe U perncrtpaymsa pesynbtatoB 06paboTkn, ynpasseHue
nogcucrtemamu M'AK.

OcHoOBHble Tpe6oBaHMAMKU K LUBK: npon3BoanTenbHOCTb (LECATKN U faXKe COTHU MIIPA.
ornepauuii B CEKYHAY), EMKOCTb MamMsaTU W MPOMNYyCKHas CMNOCOOGHOCTb KaHal0B, HEO6X0AMMbIE
ONA pelleHUA 3ajay B pea/lbHOM BPEMEHMU; BbiCOKAs HaAeXXHOCTb (cpegHee BpeMs 6e30TKa3HOM
paboTbl He MeHee 20 TbIC. YacoOB); OrpaHMyYeHne aHepronoTpebneHne; Mmanblii 06bLeM annaparty-
pbl; 6eClUYMHOCTb paboThbl; YCTOMUYMBOCTbL K MEXaHUYECKNM BO3A4ENCTBUAM; NPOCTOTA 06CNYXMU-
BaHWA M pemMoHTa; obecneyeHne ycnoBUin Ana pa3paboTKU C/AOXKHONO0 PYHKLWOHAaNbHOrIO Npo-
rpaMmMHoOro obecneveHusa (®rO); cTpykTypa 1 coctaB annapatypbl LLBK, Bbino/iHAeMble 3a4a4n
nokasaHo Ha pucyHke 1.

HagexHocTb LUBK MOXHO MOBbLICUTb MyTEM aBTOMAaTUUYECKOro MepeKSloYeHUsA Ha pe-
3epBHOE YCTPOMCTBO NpU OTKa3le paboyero ycTpoMcTBa, a BbICOKOe ObICTpOAEeNCcCTBME NPU Orpa-
HUYEHHOM 3HepronoTpebneHNN - 3a cyeT NpUMeHeHUs B cocTaBe LIBK crneyunanmsnpoBaHHbIX
Bbluncnuteneir (CB), nmewwnx cyw,ecTBeHHO 60/iee BbICOKWNA, YeM Yy YHUBepcasbHbiXx 3BM,
nokasaTeslb «NPOU3BOAUTENbHOCTb/3HepronoTpebaeHne». BeCWIYMHOCTb U YCTOMUYUBOCTb K
MEXaHNYECKNM BO3[EeACTBUAM [JOCTUTraeTcss MPUMEHEHNEM KOHAYKTUBHO -)XWAKOCTHOrO oXxsa-
XAeHNSA annapaTtypbl, NpocToTa O06CAY)XWBaAHWA W pPeMOHTa - KOMMJIEKCOM MNpPOrpamMmMHO-
annapaTHbIX CpeAcTB onpefeneHUsS MecTa HEMCNPaBHOCTU C TOYHOCTbIO A0 MOAYMAA B cOCTaBe
3anacHoro o6opypgoBaHuna NAK.

L BK npoekTupyetca M3 KoMnaekTywwmnx nsgennin (KM) oteyecTtBeHHOI pa3paboTKu.
OCHOBHbIM YHUBepCasbHbIM BblUUCANTENbHbIM cpegcTBoM TAK 6bin Bbi6paH yYeTbipexnpoLlec-
COpHbIN BK «3nbbpyc - 90 MnkKkpo», a gnsa peanmsaunm cneysbluncnutens Ha CBC oTeuecT-
BEHHOl pa3paboTKM MCNONb30BasiUCb MporpaMmmMmupyemble IOFTUMYECKUE UHTerpasibHble CXeMbl
(MNNC), kak NoKa3zaHO Ha puc. 1.
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Puc. 1. IHTerpasibHble CXeMbl

YIM - yHuBepcaNnbHbI NPOLECCOPHbIA MOoAYNb Ha 0cHOBe BK «3nbbpyc - 90 MUKpO»;
MMY - npoueccopHblii MoAyNb ynpaBieHUs;

KM - kommyTaTtop JIBC;

BKOC - BblUMCNUTENbHbIA KOMNNEKC 06paboTKW CUTHAMOB;
MIO - mogynb npeaBapuTenibHOM 06paboTKU (CNewBbIYNCIUTEND)

BbIMOTHAEMbIE 3A0AUN

dTan 06paboTkm MapameTpbl LIBK

MpvieM 1 HakorsieHUe NHAGOop-
Mauym 0T CUCTEM

dopmmpoBaHMe NPOCTPAHCT-
BEHHO-YaCTOTHOrO CrieKTpa
curHanos (Pr4yce)

AnanTyBHas NPOCTPaHCTBEH-
HO - YaCTOTHO - BpeMeHHast
obpaboTka

MepBryHasn obpaboTka (MO)
BTopuyHas obpaboTtka (BO)
F'mapoakycTnyeckme pacyeTbl
(TAP)

OTob6pakeHWe, perncTpaumst
[JaHHbIX 1 yrnpaBfeHve
cuctemoii (COPL)

400 MB/s
30 GFLOPs

200
SPECfp9s

25
SPECfp95

AMMAPATYPA
wkap BKOC-1 wkap BKOC-2
Bnok anekTponutaHna  B/10K 3M1eKTPONUTaHmst
N VIHFXKEHEPHOTO N VHXXEHEPHOTr0
yrnpaB/ieHUs yrnpaB/ieHUs

Crneupanm3npoBaHHbli  Cneumann3npoBaHHbIN

BbluncnTes MIMO BbluucanTens MIMO
MHoromMalLMHHbIN MHoromalUMHHbIA
YHUBEPCa/IbHbIN Bbl- YHMBepCasbHbIN Bbl-
UMCNNTESNbHBIA KOM- UMCNNTENbHbIN KOM-
rnsieKc rnseKc

Bnoky NynbToBbIX MPUGOPOB

YHuBepcabHbIi BK YHuBepcanbHbIi BK
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Puc. 2. CtpykTypa u coctaB annapatypsbl LIBK, BbinosiHAeMble 3agaumn

LUBK cOCTOUT M3 BbIYMUCANTENbHOIO KOMMekca o6paboTku curHanos (BKOC) m aByx
NpoLeccopHbiX moayneit ynpasneHnsa (MMY), ycTaHOBMEHHbIX B NyNbToBble Npubopbl FAK.

BKOC copgep>XunT ABa oAMHaKOBbIX cheuBblyncintens (CB) u yHuBepcanbHy npouec-
COpHYt 4acTb (YMU), mnmetrowyrw 14 yHuBepcasbHbIX NpoueccopHbiXx moaynsa (YMMO-2wrT.
nYMNM1-12 wTt.) n gBa kommyTtaTtopa (KM) nokanbHo# BbluncnutenbHol cetu (JIBC) c oy6nu-
poBaHHbIMU cBA3AMU Mexay KM wn yctponcteamn YIMMO, YIMM1, NMMY. NMonHasa paboyass KOH-
urypayma LUBK nmeet 11 ycTpoiicte YMM1 u no ogHomy ycTpoincTBy YIMMO, CB, KM, NMMY.
OcTanbHble ycTpoiicTBa (No ogHomy YIMMO, YMM1, KM, NMMY) cocTaBnawT «ropsa4vunii» peseps
AN aBTOMAaTU4YeCcKOM 3aMeHbl OTKa3saBLUero ycTpoicrea paboyei koHpurypaumm LIBK Ha pe3epBs-
HOe C Noc/eAylLW MM BOCCTAaHOBIEHNEM MOJTHOMO COCTaBa Pe3epBHbIX YCTPOCTB NYTEM UX 3aMeEHbI.

CneuBbluncnnTenb obecneymBaeT nNpeaBapuTenbHy0 06paboTKy - hopMmupoBaHue Npo-
CTPAHCTBEHHO-4YaCTOTHbIX CNeKTPOB curHanos (PMYCC). CB nocTpoeH Ha npuHUMNax napan-
NnenbHOW W KOHBeliepHOW 06paboTKU MHpOpMaunumM nHpopmayuum ¢ BCTPOEHHOW annapaTHON
peanu3auunelr anropuTMos.

JlokanbHoe ynpaBneHue moaynem MIO-1 ocyuwecTBnsietca sA4velikoh MJ1Y, KoTopas
TakXe obecneuymBaeT obmMeH MHpopmaymnein mexgy YMIMO n auenkamum moayna MMO-1.

Mpn paboTe LLBK npon3BoauTCca HenpepbiBHbIM KOHTPO/Ab MUCAPaBHOCTU annapaTypsbl,
a Tak)XXe aBToMaTuuyeckas pekoHpUrypauusa Kommnaekca, NpyM KOTOpPOMA OTKasaBWMWA MOAyNb B
coctaBe LIBK 3amMeHseTcs Ha pe3epBHbI/i NepeKNOUYeHMEM COOTBETCTBYOLWMX KaHa/l0B CBA3ENA.
HenpepbiBHbIA KOHTPO/b Pabo0TOCNOCOOHOCTM C YKa3aHWeM MecTa HeMcrnpaBHOCTU OCYLLECTB-
naetca cnepgywuwmm obpazom. Ha Bxoge cneuBblYUCIUTENs UHpOpMauusa oOT ycTpoicTBa co-
nps>xeHns FTAK gononHAeTcA KOHTPO/IbHbIM CUrHa/iOM-TeCTOM, KOTOpPbIi o6pabaTbiBaeTca CB
aHasormyHo paboymm curHanam. Ha Bbixoge KaXkAoW Aderiku CB BblUMCNAETCHA CUTHaTypa pe-
3yNbTaToB 06paboTKM cCUrHana Tecta U NPOU3BOAUTCA CAMYEHME BbIYUC/IEHHOW CUTHaTypbl C
3Ta/IOHHbLIM 3Ha4YeHMeM, KOTOpOe XpaHUTCA B faHHOW s4velike. Ecnu BblYMCNeHHasA curHatypa
He coBMagaeT C 3Ta/IOHHOW, To B A4elike MJ1Y dopmMmupyeTcss Kof HemcrnpaBHOCTU sAveek CB, B
KOTOpPOM HOMep pa3psija COOTBETCTBYeT HOMepy A4veikn CB, rae nosBUACS NPM3HaK HeMcNpas-
HocTn. N3 MJ1Y Koa HemcnpaBHocTU CB nepepgaetcs B ycTponcTtBo YINMO. AHanms Koga B YHU-
BepcanbHO npoueccopHoi yactnm LLBK no3sonseTr onpefennTb agpec HencnpaBHOW A4veliku
CB. Npwn aTom nponsBoguTca nepekntyveHme kaHanos Bo BKOC, B pe3ynbTaTte KOTOPOro Heuc-
npaBHbIi CB 3aMeHseTCA pe3epBHbI B paboueit KoOHGuUrypayum LLBK n nepegaetca Ha peMOHT.

B 6onbWIMHCTBE cnyyYaeB peMOHT CB cBoAMTCS K 3aMeHe HeUCNpaBHOW siuelikn no agpe-
cy, onpefeneHHOMYy B pe3ynbTaTe aHanm3a Kofa HeucnpaBHocTu CB, Ha A4elikKy 13 cocTtaBa 3a-
nacHoro o6opygosaHusa FAK. B HEKOTOpPbIX Cy4yasaX OKa3blBaeTcsd He0O6X0AMMbIM NMPOBECTU A0-
NONHWUTENbHbIA aHannM3 ¢ UCMOIb30BaHUEM CMeLnanbHbIX TECTOBbIX CUTHANOB Ha Bxoae CB, Ko-
Topble o6pabaTbiBalOTCA aHaN0rM4HoO paboymm curHanam.

LUBK ob6nagaeT KOMM/AeKCOM Mnporpamm TexHu4yeckoro o6cnyxxmsaHma (KMTO), koTo-
pbii o6becneynBaeT 60nee rAy6oKnin KOHTponb annapatypbl LIBK, yem 3To mpoucxogmTt B pe-
XNMe HernpepbiBHOrO KOHTPO/A OLHOBPEMEHHO C BbIMOMIHEHWEM LWITATHOW 06paboTKM CUTHA-
nos. KMNTO umeeT HarnagHoe, yao6Hoe A8 onepaTtopoB OTO6paXkeHUe pe3ynibTaTOB KOHTPONA
Ha aKpaHax nNynbToBbiX Npnbéopos MNAK. Mporpammbl KIMTO NpuMeHATCA NPpU peMOHTE, OT-
fenbHble nporpaMmmbl KM TO BKAKOYalTCA B cOCTaB PYHKLMOHaAbLHOIO NporpamMHoro obecne-
yeHnsa TAK gna HenpepbiBHONo KOHTpons pa6oTtocnoco6HocTn LUIBK m FTAK, yHuBepcanbHOM
npoueccopHon yactu LUBK, nynbToBbIX Npn6GOpPOB.

LUBK nocTpoeH Cc y4eTOM TOro, YTO 3a BpPeMs ero akcnsayatauum MoxxeT notpeboBaTtbCs
MOJepHU3auna ANA yAyydlWeHUs TaKTUKO-TeEXHNYUYEeCKNX NoKasaTenelh U akcnayatalMoOHHbIX Xa-
pakTepuctnk r‘AK.

YBenunyeHue BblUHNCANTeNbHbIX pecypcoB LIBK (Mpon3BogNTENbHOCTU, EMKOCTU NaMATH,
NPONYyCKHOW CroCO6HOCTM KaHa/ll0B CBSA3U) AOCTUraeTcs 3aMeHOM NpUMeHeHHbIX B LIBK mogu-
thukaunii 3BM Ha HoBble, 60/n1ee coBepleHHble Mogudukaunm 3BM «3nbb6pyc-90 Mukpo» (¢
coxpaHeHuem (MyHKunoHanbHoro MO). MogepHM3ayuuMa cneuBbIYUCIUTENSA MOXET MPOUCXO-
OUTb B HECKOJ/IbKMX HanpaBneHuax: nepesong CEVNC Ha ocHoBe MJTNC B 3aka3Hble CBUC; 3ame-
Ha yctapeswux MJNC Ha nepcnekTuBHbIe; noctpoeHne CB Ha ocHoBe CBWC WKMpPOKOro npu-
MEHEHUSA - CUrHanbHble Mukponpoueccopbl (MI1), yHuBepcanbHble MIT (MHOrosigepHble U Ap.).
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PaspaboTka mofepHu3nposaHHoro CB ¢ ncnosnb3oBaHMeM apxmpBa AOKYMeHTauum n obpasLoB
Adeek U norndecknx CbMC Ha MNMJZINC no3BONUT CyW,eCTBEHHO COKpPaTUTb 3aTpaTbl BpEMEHU U
CpefcTB N0 OTHOWEHMUIO K pa3paboTke Hosoro CB 6e3 npotoTtuna. Mpu 3TOM MOXHO cO3AaThb
cuctemy aBTomatu3nposaHHoro rnepesoga CbMC n s4yeek cyu ecTBylOLLero npotoTmna B 3akas-
Hble CBVC 1 MMKpocxeMbl Ha HOBbIX TUunax MNJMC.

B HacTosiwee BpeMSA yKa3aHHbIA BbIYUCANTENbHbIA KOMMJIEKC MPOXOAUT MCAbITAHUA.
Begytca paboTbl MO ero COBepLIEHCTBOBAHMWIO, HanpaB/leHHble Ha MNOBblWEeHNe HaAéXHOCTWU,
pacwmpeHnto PYHKLNUOHaNbHbIX BO3MOXHOCTe, yNpoweHne CTPYKTYpbl CBA3eN, peanunsayunm
afanTUBHOIO NoaxoAa K opraHmMsaLum BblUMCNUTENBHOIO NMpotLiecca.

JanbHelilwee pa3BuTME TeTEPOTreHHbIX CUCTEM CBSI3aHO C MPeoAO0/IeHUEM MPOTUBOPEYUUNS
MEXAY CUHXPOHHbIM MOCTYN/EHUEM BXOAHbIX AAHHbIX, CAHXPOHHOW MHOFONOTOYHOW 06paboT-
KOW AaHHbIX CMEeLnarn3mpoBaHHbIMM YCTPONCTBaAMM LN POBOI 06paboTKM CUTHAIOB Ha OCHO-
Be MJZINC n CBNC n NpnHUMNNanbHO aCUMHXPOHHOW 06pPaboTKOM AaHHbIX BbIUNC/INTENBbHbIMM
KoMMeKcamum obuiero HasHayeHnsa. O4YeBUAHbI pa3pelleHUe JaHHOTO NPOTUBOPEYUS HA OCHO-
Be 6yhepmsaumm AaHHbIX B CUHXPOHHbIX YCTPOMNCTBAX, HO BO3MOXXHOCTW MNOAOGHbIX NOAXOA0B
He 6e3rpaHM4Hbl. PaboTbl MO COBEPLUIEHCTBOBAHUIO CUCTEMbI annapaTHbIX MpepbiBaHUA ocTa-
nocb B nNpownom: pa3paboTka YHUKaNbHbIX BbIUNCANTENbHBLIX CUCTEM A1 YHUKANbHbIX NPU-
MEHEHU 3KOHOMMUYECKM He onpaBfaHo. MNMpeacTaBnseTcs, YTO YMEHbLWEHUe CTOMMOCTU U NO-
BbllleHNe O6bICTPOAENCTBNUA aCUHXPOHHbIX BbIYUCAUTENbHbBIX YCTPOWCTB MOMOXET HalTU KOM-
NAeKCHble NoAXoAbl K pPeleHU0 yKasaHHOW npob6neMaTUKM Ha OCHOBe pacnapasiefnnBaHus
npméma: co3gaHnsA AUHAMWUYECKOro «ropsa4vyero pesepsa» CBOOGOAHbLIX YCTPOWCTB aCUHXPOHHOM
06paboTKN.
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