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10. C. IKOBJIEB
WucturyT kubepHeTnkn nmenn B.M. I'mymkoBa HAH Vkpawnnsl, r. Kues

OCOBEHHOCTHU APXUTEKTYPHI U CTPYKTYPbI PEKOH®UTYPUPYEMBIX TPA®OUUYECKUX
YCKOPUTEJEN

AHoTaNis. pO3NITHYTO 0COOJIMBOCTI MOOYNOBH Ipad)iyHHX NPUCKOPIOBAYIB 3 PEKOH(QIrypamiclo IUITXOM BHKOPHCTAHHS: KOMYTaIliHHHX
CXeM Uil BUOOPY ONTHMAaJIbHUX PECYpCiB IPUCKOPIOBAYa; MacIITA0yBaHHS CHCTEMH 3a PaXyHOK BUKOPHCTaHHS MOJAM(IKOBAHOI KiJbIIeBOI
mmHy; 3acrocyBanus [IJIMC ms koHdirypamii mprucKoproBada M THII BUPIIIYBAHOI 3a[4adi; apXiTeKTYpH THITY “TpOLecOp-B-mam’sti” i3
3aCTOCYBaHHSIM 3alIpOIIOHOBAHOTO METOAY PO3IOALTY IpadidHoi 3aadi 10 Hporecopax cucTeMu. IIpH boMy 3amporoHOBaHI apXiTeKTypHO-
CTPYKTYpHI pillleHHs 3aXHILeH] TaTeHTaM: Y KpaiHH.

Kaiouosi cioBa: pexondirypanis, rpadiunmii npuckopioBad, “nponeccop-B-namMsaTH”, IPOrpaMoBaHa JIOTiYHA iHTerpajbHa cxema
(ILJIIC).

AHHOTALUS. PACCMOTPEHBI OCOOCHHOCTH HOCTPOCHHS rpa)uecKhX YCKOpHUTEIel ¢ peKOH(UIypauueil myTeM HCHOIb30BaHMs: KOMMYTa-
LHOHHBIX CXEM JUIsl BHIOOPA ONTUMAIBHBIX PECYPCOB YCKOPHUTEIIS; MACIITAOMPOBAHHS CHCTEMbI 3a CYET UCIIOJIb30BaHHSA MOAU(PUIPOBAH-
HOH KomnbleBoit muHbl; npuMeHenns [IIMC it KoHGUrypauy yCKOPUTEIIS IO THII pellaeMol 3a1auu; apXUTEKTYphI TUIIA “TIPOLIeCCOp-B-
naMsATH” ¢ TIPUMEHEHHEM TIPEIOKEHHOT0 METO/Ia paclpeieNeHust rpaddecKoi 3a1aun 1o IponeccopaM CUCTeMsI. [Ipu 9ToM npemioxeH-
HBIEC APXUTEKTYPHO-CTPYKTYPHBIC PELICHHS 3aIUILCHbI TATCHTAMK Y KPaHHbIL.

KuroueBbie ciioBa: pexondurypauus, rpaguyeckuii yCKoOpuTe/b, “npoueccop-p-namMsaTi”, NporpaMmMupyemMasi Joru4eckasi HHTer-
paiabHas cxema (IIJIUC)

Abstract. features of construction of accelerators with reconfiguration by usage are observed: diagrammes of connections for sampling of
optimal resources of the accelerator; scalings of system at the expense of usage of the updated ring bus; applications the PLIS for an accel-
erator pattern under type of the solved task; architectures of type "processor-in-memory" with application of the offered method of allocation
of the graphics task on system processors. Thus offered is architectural-structural solutions are protected by patents of Ukraine.

Keywords: reconfiguration, the accelerator, the "processor-in-memory", the programmed logical chip (PLC)

BBenenne

O6paboTka rpaduieckux H300paKeHUH HCIONb3YEeTCsl B Pa3INYHBIX O0JIACTSAX, B TOM UHCIIE B UTPax I
0TOOpaKEHHH pa3INYHBIX UTPOBBIX CIICH, B MEAUIIMHE, HAIPUMED, IPH 00paboTKe TUCTOrpaMM, CHUMKOB H T.JI.,
B BOGHHOM JIelie, B CHCTeMax aBToMari3upoBaHHOro npoektuposanust (CAIIP) u 1. a. Ilpu sToM Ha Kakmaom
JTane pa3BUTHSA CPEICTB BhIUMCIWTENbHOW TexHUKH (BT) TpeOGoBaHMS K KauecTBy M CKOPOCTH 00pabOTKH
M300paKeHUH TIOCTOSIHHO BOCPACTAIOT, YTO B NMPHHIIUIIC MOXKET OBITh JOCTUTHYTO 33 CUET PACIIMPEHUS TOJIOCH
nporyckaHus UWHQpoOpManuMM 1O KaHATy [pOLECCOpP-TAMsTh, COBELICHCTBOBAHUS CHUCTEMBl  I1aMsTH,
obecrieynBaroLIell Majioe BpeMsi J0CTyIa K JaHHBIM, IPUMEHEHHEM 00Jiee MOIIHBIX MPOLIECCOPOB U MHOXKECTBA
JIpyrux (akTopoB, KOTOpPBIE B COBOKYITHOCTH, KaK IPaBWIIO, MPEICTABICHBI B CYIIECTBYIOIEM MHOMKECTBE
rpaduyeckux yckopureneit ocHoBHBIX (upM — npousBoiureneir ATI (AMD) u NVIDIA [1, 2]. [Ipaktuuecku Bo
BCEX YKa3aHHBIX CIIy4asX MX IPUMEHEHUs 3aMETHBIH IMOJOXKUTEIbHBIX d(P(PEKT MOKET OBITh JTOCTHIHYT, €CIIH
QITOPUTMBI  TIOAJIEkKAT XOPOIIEMY paclapajUIeIMBaHUI0 M COAEpXaT OOJbIIOe KOJNMYECTBO MPOCTHIX
OJHOTHITHBIX BbIYHCIeHUH. C 3TOl TOUKHM 3peHnusi, 00paboTKa N300paskeHNs KaK pa3 M SBISACTCS TOH 00JIacThio,
TZie pacrmapajuieNieHHasl 9acTh allrOpPUTMa, KaK MPaBHJIO, UMEET OOJBIIONH MPOLEHT IO CPaBHEHMIO C APYTHMHU
IeTIEBBIMH TIPHUKJIAHBIMH IPOTPaMMaMH.

ITomumo rpadudecknx yCKOPHUTENCH AJIsI MOBBIIICHUS KA4eCTBAa M CKOPOCTH 0OpabOTKH M300pakeHUH
UCTIONB3YIOTCS Takke Pa3iIMYHbIC CPEICTBa, BHIMOJHEHHbIE HA MHKpocxemax ASIC (mampumep, ycTpoicTBa
mudposoii obpaborku curnano — I[OC), Ha Mukpocxemax mnamsati (“Processor-in-memory” wimm PIM-
CUCTEMBI), OOIIMPHBIN Ki1acc KOTOpbiX oTHOCAT K kareropun CIMA (Computing-in-Memory Architecture), a
TaKKe CpeicTBa, OONajalomye CBOWCTBAMU PEKOHHIYpaluM, B TOM YHCIE — HCIOJB3YIOIINE
IpoTrpaMMHUpyeMBbIe JIOTHUecKue nHTerpaigbabie cxemsl (ITJIMC)

AKTyaJIbHOCTh

AXTyaJIbHOCTB JIaHHO# paOOTHI MIPOAUKTOBAHA, C OJTHON CTOPOHBI, HEOOXJIIUMOCTBIO YIYUIICHUS Ka4ecTBa
otoOpakeHHs Tpadudeckoil WHGOpPMAIMKM 3a CYET COBEPIICHCTBOBAHHS CPEICTB M CIIOCOOOB 00padOTKH
rpaduKu M, ¢ APYroil CTOPOHBI, — OTCYTCTBHEM CHCTEMAaTH3HPOBAHHOI'O MOJXOAa K AaHAIU3Y M IIOCTPOCHHUIO
NEePCHECKTHUBHBIX apXUTEKTYPHO-CTPYKTYPHBIX PEIICHUH CpeacTB oOpabOTKH TpauKu, 0OECIeUUBAIOIINX IIO
CPaBHCHHUIO C HM3BECTHBIMH 0OJiee BBICOKOE KAuecTBO W CKOPOCTh OOpaOOTKHM H300pa)KCHHH NMPU MEHBIIHX
3aTpaTrax PeCypCoOB CHCTEMbl M YIY4YIICHHBIX I[apaMeTpax MOJIb30BATEIbCKUX XapaKTePHCTHK (HampUMep,
SHEPronoTpeOIeHHs U TEIUIOBLIICTICHUS).

Heasn

B cooTBercTBHE € 3THM, LIENBIO JaHHOH pabOTHI SBISETCS aHAIM3 M OTOOPaKEHHE CYIIECTBYIOIIMX H
MEPCIEKTHBHBIX apXUTEKTYpHO - CTPYKTYPHBIX pELIeHUi, 00JaJarolnMx CBOMCTBaMH peKOH(HTypaluy,
BBITIOJTHEHHBIX Ha COBPEMEHHOMW AJIEMEHTHOM 0a3e U OpUEHTUPOBAHHBIX HA 00paboOTKy rpaduku, BKitovas PIM-
CHCTEMBI, a TaKKe INporpaMMHpyeMmble JorHueckue uHTerpaibHele cxembl — [IJIMC u omgHOKpHUCTalbHBIE
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rpadudeckue mporeccopsl. [Ipu 3ToM He paccMaTpUBAIOTCs, TaK Ha3bIBa€MbIe, rpaduecKue yCKOPUTENU HUpM
ATI (AMD) u NVIDIA, ananu3y 1 IpUMEHEHUIO KOTOPBIX ITOCBSIIEHHI MHOTOYNCIICHHBIC ITyOIMKAIINH.

3agaun

OCHOBHBIMH 33/]a4aMU SIBIISTFOTCS:

1) AHanu3 0cOGCHHOCTEH apXUTEKTYPHO-CTPYKTYPHON OpPraHU3alUK CICIHATN3UPOBAHHBIX rPpapUISCKUX
MPOLIECCOPOB, BHIMOIHEHHBIX HA COBPEMEHHOM 3JIEMEHTHO# 0a3e U OpUEHTHPOBAHHBIX HA 00pabOTKY rpaduku
(HampuMep, coBepilieHCTBOBaHHbIC TexHoJoruu VLS, Texnonoruu nudposoit 06padotku curuanos [{OC u mp.)

2) AmnHanmu3 0COOEHHOCTEH apXHUTEKTypHO-CTPYKTYpPHOW OpraHM3allid ¥ IPUMEHEHHS CPEACTB UL
00paboTKH TrpaduuecKux u300pakeHwit, B ToM umcie PIM-cucrtem, oOnamaronmx CBOHCTBaMHU
pexoHdurypauuu.

3) CpaBHeHHE OCHOBHBIX IaPAMETPOB PEKOHPHUIYPUPYEMBIX TpPa(UUECKHX CHUCTEM, BBIMOJHEHHBIX C
MPUMEHEHHUEM PA3THYHBIX APXUTEKTYPHO-CTPYKTYPHBIX PELICHHIA.

Pemenue 3agau

Bce Bo3pacraronyie TpeOoBaHUS K KadeCTBY W CKOPOCTH 0OpabOTKHM M300pa)KeHHs NPHBOAWT K BBIOOPY
BBICOKOTIPOM3BOJUTEIFHOTO MHKPOIpOLECcOpa NP TOCTPOCHUH COOTBETCTBYIOIIUX CHCTEM, IUII KOTOPBIX
OOBIYHO TPENBABISIIOTCS BEChbMa CTpPOTHE TpeOOBaHMA K TaKUM IIapaMeTpaM, KakK TadapuThl, CTOMMOCTB,
noTpediIsieMast MOIIHOCTh M BPEMSI BBIBOJIa HOBOTO HM3JEJIUS Ha PBIHOK. DTH TpeOOBaHMS YacTO HE MOTYT OBITH
YIIOBJICTBOPEHBI TOJBKO NPHUMEHEHHWEM Ooyiee MOIIHOrO MHKpornpoueccopa. [1o3ToMy B NPOMBIIUICHHBIX
u3aeusaX GyHKIUKM 00pabOTKU 300pakeHHs OCYLIECTBIISIOTCS KaK ¢ IPUMEHEHUEM Ipa(uiyecKuX yCKOpHUTeNeH
¢upm ATI (AMD) u NVIDIA, Ttak U ¢ HpUMEHEHHUEM CIICLHaIN3UPOBAHHBIX IPOLECCOPOB TaKUX, Kak
nporieccopsl nudposoit obpadotku curnanoB (L[OC) mmu— Digital Signal Processors (DSPs), a Takxke ¢
MOMOIIBIO CTICITU(PHUECKOr0 MporpaMMHoro obecreuenuss Application Specific Standard Products (ASSPs).
OnHaKo, MpH yBEIMYCHUS CI0KHOCTH 00padoTku n3obpaxenus st [IOC HeoOX0aMMO UCTIONB30BaTh OOJIBIIOE
KOJIMYECTBO TMapamienbHbIX Mopnyned. Takme cxopoctHsle [IOC  craHOBATCA  IOPOTMMH, W HX
MPOU3BOJUTENBHOCTh HMMEET TEHACHIMIO OTCTaBaTh OT COOTBETCTBYIOUIMX TpeOOBaHWH NpH 00paboTKe
n3o0paxerus. C apyroir cTopoHsl, ASSPs SABISTIOTCS HETHOKHMH, TOPOTUMH U TPYIOEMKHMH, OTHAMAIOIIAMU
MHOTO BpPEMEHHM IIpH MOAM(HUKANWH, HECMOTPS Ha TO, YTO BPOKACHHBIH NapajuleNu3M IIpH 00paboTKe
n300paKeHUS TpeUiaraeT TPHIOKEHHIO BBICOKYIO d(ddekruBHOCT, TexHOonoruu BerumciaeHuit (High
Performance Computing - HPC).

AnmnapaTtHoe yckopeHue — 3(h(EeKTHBHBIN CIOCOO YBEIUYUTH IPOU3BOJUTENILHOCTD MPH HCHOJIB30BAHUH
CTHEUUAIN3UPOBAHHON  ammapaTHOW apXHUTEKTYyphl, KOTOpas BBINOJHSET MapaieibHylo o0paboTky. C
HOsIBJICHHEM TporpamMmupyeMoid BeHTwibHON Matpunbl (Field Programmable Gate Array — FPGA),
CTeLUaIN3UPOBaHHAas alapaTHas apXUTEeKTypa MOXET OBbITh pealn3oBaHa ¢ Ooyee HM3KOH CTOMMOCTBIO, TPH
9TOM MOIIHOCTH MOTPEOJICHHSI MOKET OBITh YMEHBIIIEHA, IOCKOJIBKY CXeMa ONTUMHU3UPYETCS TI0/1 MPHUII0KEHHE.
PexoHpurypupyemMoe BBIUMCICHHE MOXKET TaKXXE YMEHBIINTh pa3Mep KaHama “‘maMsaTb-poueccop” (H,
CJICIOBATENIbHO, CTOMMOCTB) ¥ OOECIEUHTh JIOTOJHHUTEIbHYIO THOKOCTH 32 CUET JIUHAMHYECKOH
pekoHUrypauu BO BpeMs BBIIOJHEHHS TPWIOXKEHHS. B pesynpTare NpOM3BOAMTENHHOCTH 00pabOTKH
M300paKCHNSI MOXKET OBITh yJIydIIeHa 10 CPAaBHEHHUIO C MOIHBIM MUKPOIIPOLIECCOPOM Ha HECKOJIBKO TOPSAKOB,
YTO COOTBETCTBYET TPEOOBAHUAM 11 MHOTHX IIPWJIOKCHUH.

Onepatun 06paboTKH N300pakeHNS BKITIOYAIOT OO0JIBIIOE KOJMIECTBO ONEPAlii YMHOKCHUA-HAKOTIIICHHS
(MAC). IIpu 3TOM MHKPOIPOLIECCOPHI BBIMOJIHAIOT HECKOIBKO MOCIIEI0BATEIbHBIX IaroB (BEIOOpKA MAIIMHHON
KOMaH/Ibl, IEKOJJUPOBaHUE, BHINOJHEHUE U TIOJTYYeHHE pe3ybTara Ha 3ampoc) I kaxaoi onepannu MAC. Tak
KaK JTH IIAard BBIMOJHIIOTCS IIOCIEIOBATEIbHO, TO TPYIJHO YCKOPUTH BBIYHCICHHE O€3 apXHTEKTYPHBIX

mamenennd. FPGAs wMoxer oOecrieunth BbicOkOd(ppektuBHOe MAC — BBIYHCICHHE, HCIOJB3YS
CHELMANU3UPOBAHHYI0 apXHUTEKTypy, KOTOpas B COCTOSHUHM BBINOJHUTH HeCKoybko omeparuii MAC
OJTHOBPEMEHHO

AmnmapaTHble  CONPOIECCOPBI — YCKOpPHTENM 0a30BBIX omepanuii ob6pabotku rpaduxu. Hroke

paccMaTpUBAIOTCS [BE PA3HOBHIHOCTH apXUTEKTYpP, KOTOpPHIC BEIYUCIAIOT Oa30BBIC OIEPAlldM ajIrOpUTMa
00paboTKN M300pakeHUH: B3aUMHYIO KOPPEILILUIO B MPOCTPAHCTBCHHBIX U CHEKTPANbHBIX o0macTsax. [pyrue
omepanny, Takue Kak (uUibTpamus ©W CBEpTKA MOXKHO paccMaTpHUBaTh KaK CICHU(PUYECKHEC CIIydau
KoppensanuoHHEIX [3]. OOe apXWTEKTYyphl MOTYT OBITh PEKOH(QUTYPHUPOBAHBI, YTOOBI COOTBETCTBOBATH
pa3nuYHbIM NpuiIoxkeHuaM U pazmMepaMm FPGA. Ha puc.1 npeacraBieHa ynpolieHHas apxXUTeKTypa anmnapaTHoro
cpenctBa s 00paboTkM TpaduKH, KOTOpas OTHECEHAa K KaTerOPUH MPOCTPaHCTBeHHOW. OCHOBOW 3TOMU
ApPXUTEKTYphI SIBISETCS CHUCTONWYECKUU MaccuB Monyned MAC, MOAKIIOUEHHBIX K MaMATH, TAe KaKAbld
Moayib MAC BBITIONHSIET ONEpAIMU U TIOCHUIAET pe3yibTaT K CIAeAYIOIIeMY MOIYJNIO B TOH K€ caMOi CTpOKe.
ITocnemuuit MAC kaxqoi CTPOKM BBIJIAET pe3yiabTaT BBIYMCICHUS BCEH CTPOKH, KOTOPBIA MOJAeTCS Ha BXOJ
MAC cnenyromeit ctpoku U T.A. (puc.l). Pe3ynpTaT BbIUMCICHUS MATPHIBI MOJYYalOT MYTEM CYMMHPOBAHUS
PE3yJBTATOB MOCIIEI0BATENBHBIX CTPOK N IpY HAKOIUIEHUHU Pe3yJibTaTa MPEAbLAYIIEH CTPOKH K CAEAYIOLIEH.
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Pucynox 1 — ®@parMeHT IpoCcTpaHCTBEHHOM apXUTEKTYpPhI
PEeKOHMUTYpUpPYEMOTo IpaduIeckoro yCKOpUTeIs

Takass apXuTEKTypa OpPHEHTHPOBAaHA Ha BBINOJHEHHE ONEpauuil JUHEWHOW (UIbTpalMU, CBEPTKH U
METOJIOB KOPPEJISIIHU, KOTOPbIe OOBIYHO MCHONB3YIOTCSI BO MHOTHX MPUIIOKEHHIX 00pab0OTKU H300paKeHUsL.

Crpoxka 3agepxku N - M. [UKJINYECKH MOBTOPSETCS M BCTABISIETCS MEXIY BBIBOJOM mocienHero MAC
MOJIyJIsl B KQXJOH 1 - i CTpOKe M BBOJIOM pe3yiibTaTa B nepBbiii Moayis MAC B crienyromeid (i+ 1) ctpoke. Ilpu
3TOM CXEMBI 33ZepP’KKH MOTYT OBITH pealn30BaHbl KaK COBHUTOBBIC PETHUCTPHI WM Kak mamsaTh Thna FIFOs B
3aBUCHMOCTH OT BBIOPAaHHOM TEXHOJIOTHH M THIIA yCTPOWCTBA. [lJIs 3TOr0 MTEpaIOHHOTO Mpolecca Tpedyercs
NPOMEXYTOYHAss IaMATh A XPAHCHHS pE3ysbTaTa KaKAOTO YPOBHSA, a TAaKKE MYJBTHIUIEKCOP MEXIy
maccuBoM MAC n mamsThio, 9TOOBI BEIOPaTh COOTBETCTBYIOIINE BXOAHBIC TAaHHBIC NIPH KXKIOH NTEPALIUHL.

HenmocratkoM 3TOH apXUTEKTyphl SIBISETCS HEOOXOAMMOCTH NMPUMEHEHMS JHHHUH 3aJep)KKH U Majas
eMKOCTh TaMATH, pa3MmenieHHas Ha kpucramie FPGA. Ilostromy mnpu opranmsamuun Ha FPGA namsru
MPUXOAUTCS YBEIMYMBATh €€ €MKOCTh, OJJHOBPEMEHHO yMEHbIas TaKTOBYIO 4acTOTy B 1Ba pasza. [Ipu sTom
YBEJIMYCHHUE [IIMPHUHBI [IIMHBI TIAMATH B JIBa pa3a obecreunBaoT TpedyeMyro MaccuiBoM MAC cKOpOCTbh 3a cYeT
nepeaayy JaHHBIX OJJHOBPEMEHHO AJIS IBYX IOCIIE0BAaTENIbHBIX THKCENIOB.

Ha puc. 2 mpexacraBieHa apXuTeKTypa Ui BeUUCIeHHs B3auMHOW koppensaius (CC) B cCHeKTpanbHOU
obnactu [3 ]. B aroit apxutektype 1-D FFT maccus ucnons3yercs Bmecto MmaccuBa MAC, MpuUBEACHHOTO Ha
puc.1. JIns BeIYHCICHUS B3aUMHOM KOPPEIAINS B CHEKTPAIbHON 00J1acTH H300pakeHne pa3donuBaeTcsi Ha CTPOKU
WIA CTONOIBI, YTOOBI BHINIONHUTH MapauiedbHylo 00paboTky. Moaymum FFT (Fast Fourier Transform)
BBIYUCIIIOT cTpoku/cTonO1el FFTs u Ha3eBatoTes cektopamu FFT.

MakcumanbHOE 9ucio pacnpenesneHHbx cektopoB FFT 3aBucut ot pasmepa n3o0pakeHHus W BEIOPaHHOTO
YCTPOMCTBa IS peau3aliii. B 3ToM mporiecce NCmob3yl0TCs TPU pa3IndHbIX OJI0Ka MaMATH: 070K mamsTa M1
(puc. 2), mpeaHa3sHaYCHHBIN Ul 3alIOMHHAHUS BXOJHOTO M300pakeHHs M pe3ynbrara, ook mamstu M T mns
sanomuHanus FFT(T) u Onox mamsatu M2 nans 3alOMHMHAHHUS MIPOMEKYTOUHBIX PE3yJbTaTOB. Y BCEX 3THUX
OJI0KOB MaMATH — OAMHAKOBAas €MKOCTh, 4aCTh KOTOPOH MpelHa3HaueHa Ui XpaHEHHUs pa3Mepa BXOIHOTO
U300pakeHus, a Apyras — Al XpaHeHus: pe3ysibTartoB Bbluucienuss FFT. Dtu Onokum nmaMsatéd Moryt OBITh
BBITIOJTHEHBI, MCIOJIB3Ysl BHYTpeHHHE Oyiokn Mukpocxembl FPGA. bnoku namsatu M1 u M2 sBistorcs
HE3aBUCHMBIMH, 4TOOBI O0ECIEUUTh JIOCTATOYHOE KOJIMYECTBO IOPTOB MaMmsTh uisi Kaxuoro cekropa FFT.
YroObl n30exaTh KOH(IUKTOB MPH JOCTYINE K MaMATH, OOpalleHus K OJIOKaM MaMsITH OCYIIECTBIISIIOT II0
JVaroHajdu Ipu caBure Bo BpemeHH cektopoB FFT npyr otHocmTenbHO napyra. OmmcaHHas apXHTEKTypa
MOJIe3HA TaKXe U CBEPTKH M (HUIBTPALMH CHEKTPAaIbHOW 00JIacTH, W TPeOyeTCsl TOJBKO HE3HAYMTEIbHBIC
W3MEHEHMS: B YacTHOCTH MPH pEAIN3alMd CBEPTKH YAAIMIOT CONPSDKEHHYIO OIEpaliio IIPH  BBIBOJC
nHpopmanuu u3 Ooka mamsata M_T.

AHanu3 3KCNEPUMEHTAIbHBIX PE3yJbTAaTOB, MPUBEACHHBIX B [3], mokasan, yto npu npuMmeHeHuu FPGA
MOJKHO JOCTHYb YCKOPEHMs OOJbIIe, YeM Ha ABA MOPSAKA BEIMYUHBI OTHOCUTEIHHO IPOTPAMMHBIX pea3alui.
Hanpumep, mnpocTpaHcTBeHHas ammapaTHas peanuzanus apxuTektypel Ha FPGA gns maGnonHa 16x16
obecrieunBaetr B 688 pa3 ObicTpee, 4eM SKBUBAJICHTHas MpOrpaMMHas peanu3aius U B 244 pasa ObicTpee, uem
CIEKTpaJIbHasl peaju3alys Ha COBPEMEHHOM IEPCOHAILHOM KOMIbIoTepe 0e3 morepu TouHocTH. [Ipm sTom
MOYXHO OTMETHUTb, YTO Y IIPOCTPAHCTBEHHOI apXUTEKTYpPhI — yMepeHHOe noTpebneHue pecypcoB FPGA, kotopoe
YBEJIMYHMBACTCS C YyBEIMYCHHWEM pa3MepoB ImabiaoHa. OCHOBHOE OTpaHWUuYEHHE JUIS TPOCTPAHCTBEHHOMN
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aApXUTEKTYpHl - 4ucio cektopoB DSP, moctymueix B BeIOpanHOM yctpoiictee FPGA. C mpyro#l cTopoHBI,
CIEKTpabHAsl apXUTEKTypa MoTpedsteT 6onbmuHCTBO pecypcoB FPGA, BKiTodas JOTHKY, BHEAPCHHBIC OJIOKH
namatH W DSP cexkropa, W TOIBKO HEMHOro OBICTpee, YeM MpOCTpPaHCTBEHHAs peanmzanus. OnHaxo,
CTIEKTpalbHAasl apXUTEKTypa MOXET OBITh BBITOAHONW Uil OOJBIIMX pPa3MEpoOB MIA0JOHA, ITOCKOJIBKY
MPOJIODKUTEIFHOCTE 00pabOTKN HE 3aBHCHUT OT pa3Mepa adioHa.

Pexonurypupyemsie 0MHOKpHCTAIbHEIEC rpaduecKue yCKOPUTENIH. PacCMOTpEHHBIE BBIIIE aPXUTEKTYPEI
OPHEHTHPOBAHBI Ha BHITMOJHEHUE OT/EIBbHBIX (0a30BbIX) OIepaluii anropuTMa o0padoTku n300pakeHuit. YToObl
YIPaBJSITh MOTOKOM JIaHHBIX M BBIIOJIHHUTH OCTAIBHYIO YacTh alrOPUTMa, HEOOX0AUMa UHTETrpalys C APYTUMH
sxeMeHTaMu (MuKporponeccopom unu PC).

Ora mpobneMa perraercsi B mpezenax cueHapus “Cucrema Ha IIporpammupyemom Yune”(“System on
Programmable Chip” — SoPC). Mukponpoueccop, pasmeuieHsbiii Ha FPGA, mnoakimioueH K anmapaTHOMY
COIIpOLIECCOpPY, KOTOPBI YCKOpSIET caMble CIOXHBIE oreparuu. I[lockosbKy Bce KoMIOHEHTH SoPC
pacronaraioTcst B €AMHCTBEHHOM YHIIE, TO COOTBETCTBEHHO YMEHBIIIACTCS pa3Mep, CTOMMOCTh U MoTpedisieMast
MOIITHOCTb. J{JIs MccienoBaHms peaabHOI cucTeMbl Oblta BeIOpaHa MukpocxeMa Virtex 5 FPGA, XC5VSX50T
¢upmer Xilinx. Cuctema mpegHa3HadaeTcs I BRICOKOA((EKTUBHONH 00pabOTKM M300PaKEHHUS W COIOCPIKHUT
BHEJPEHHBIH MHUKPOIIPOIECCOpP, OJOKM MaMATH W KOMMYHHKAIMOHHBIC IIMHBI MEXAY DJIEMEHTAMHM, a TaKXKe
anmapaTHBIA COMNPOLECCOpP, KOTOPBIH YCKOPSET KPUTHYECKHE ONEepalyy. YIPOLICHHas CTPYKTypHas cXxeMma
TakoW cucTeMbl npuBeneHa Ha puc.3. Ilpum stom compoueccop o0aagaeT CBOWCTBAMH PEKOHPHUIYpalUH U
CIPOEKTHPOBAH C HCIOJB30BAaHHEM IIPOCTPAHCTBEHHON apXUTEKTyphl u3-3a €€ MHOTOCTOPOHHOCTHU
(MHOTO(YHKIIMOHAIBHOCTH) W MEHBIIAM MOTPEOJICHUEM PECYpCOB. APXHTEKTypa COMPOIECCopa MOKa3aHa Ha
puc. 4.

— ﬁ COHpO- o BxozaHas BXo/IHHIE JaHHBIE .
— 0 1eccop R — namsrs
L FIFO [ ~
M Ipo- Pr= B
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Pucynok 3 — CTpyKTypHas cxema —) e L
SoPC T BrixoaHbIe 1aHHBIE
o Conpoueccop

PucyHnok 4 — YipouieHHast apXUTEKTypa COnpo-
neccopa (puc.3)

[TapameTpsl KOHOGUrypamuy YIAKOBBIBAIOTCA B 4-X 32-pa3psAAHBIX PErHCTpax TakK, YTOOBI IIOJIHAS
KOH(HUTypanus comporeccopa Moriia ObITh ocymecTieHa i 4-x Tparzakiuii OPB. Kak Tompko compomeccop
3amporpaMMHpoBaH, 00pabOTKa JaHHBIX HAUYWHAETCS HEMEIUICHHO, MOKa JaHHBIE JOCTYNHBI NPU BBOJE B
nopsake nocrymienus. Cormporeccop padoTaeT napajuieNbHO ¢ HOPSAKOM MOCTYIUICHHS, U BBIXOJHBIE JaHHbIC
MaMsTH BBIBOJSITCS TaKXKe B IOPSIKE NOCTyIUIeHHUs. JlaHHBIE BBOJA-BBIBOJA INEPEAAIOTCS U3/B ONEPATUBHYIO
HaMsTh [0 KaHaJy MPSIMOTO JI0CTyMa B aMsATh 0e3 BMEIIaTeIbCTBO MUKPOIIPOLIECCOpa.

Kak ToibkO pe3ynpTaTbl TOTOBBI, OHU COXPAaHSIOTCA B MOPSAAKE IOCTYIUICHHS M IOCBUIAIOTCS B
MuKporpoueccop yepes OPB. Pekondurypupyemas npousBoIMTENLHOCTH COIIpolieccopa Oblla U3MEpeHa s
NPEUIOKEHHOTO  alNropuT™Ma. Pe3ynbraThl ObIM TONy4YeHBI ¢ M 0e3 comporeccopa UId CpaBHEHHS.
IIporpammusie pe3ynpTaTsl ObuH TOXy4eHBI ¢ Pentium IV PC, 3.2 ITTu u 2 I'Gaiita onepaTHBHOHN MaMsTH.
[Motpebnenne pecypca comporneccopa INIaBHBIM 00pa3oM ompezaernseTcs pasMepoMm MmaccuBa MAC u ummHOHN
cTpok 3amepxku. Ilotpebmenne pecypca FPGA ymepenno. [lomoBmra FPGA ocraercs myctoif, mosTomy
0oJpIIe KOMIIOHEHTOB MOXKET OBITh MoOaBieHO B cuctemy SoPC. Pesymbratel SOPC ObuTH mpoaHamu3upoBaHbI
0e3 oOHapyXeHHUs MOTeps TOUHOCTH B anroputMmax. Omnepamnuonnas yactora SoPC cocrapmsuia 100 MI'w, ona
sprsgercss U 4yactoroil OPB. Ilpou3BoautenbHOCTh OblIa HM3MEpeHa IS MPEJIOKEHHBIX alrOPUTMOB. DTH
u3MepeHus Takxke B3AThl it SOPC 6e3 comporeccopa u PC. SoPC paboraer HamHoro oeictpee(mo 49 pas
obicTpee) deM mporpammupyemsiii mpomeccop Ha IIJIMC (Microblaze) u Hemuoro Owictpee, uem PC. [lns
6onpmux pasmepoB uzobpaxenuit SOPC B 157 pa3 paboraer ObicTpee, ueM Microblaze u nmpuOIU3UTENBHO B 3
paza 6sicTpee yem PC.

TakuM 00pa3oM, 3KCIEPUMEHTAIBHBIC PE3yIbTaThl IEMOHCTPUPYIOT, YTO BCE MPEICTaBICHHBIC PEIICHHS
00€ecIeynBaOT yCKOPEHHE A0 3 MOPSIKOB BEIMYMHBI 110 OTHOLICHHIO K JKBHBAJICHTHOM INPOTPAMMHOM
peanu3anyy. JTa apXUTEKTypa MOXKET OBITh pEKOH(PUTIYpHUpyeMa Ul MHOTHX MPUIOKEHUH U K MOTPEOHOCTIM
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MHOTHX CHUCTEM 00pabOTKM M300pakeHHH. APXUTEKTYypa SBISIETCS] MacIITaOMpyeMOH st JIIoOOro ceMelcTna
FPGA wu npucnocabnuaemoit k modomy FPGA. UToObl mojy4uTh ammapaTHOS YCKOPEHHE MpPH 00paboTke
M300pakeHNs, PEKOH(UTypUpyeMble amnmapaTHbIE CpelncTBa M comporeccop HHTerpupyercss B SoPC. Ota
cHCTeMa MOXET 00eCHeYHTh TMOKOCTh, MHKpOIpoLeccop, KOTopbli pasmemieH Ha FPGA, oGecnieunBas Tem
CaMbIM BBICOKYIO POHU3BOIUTEIBHOCTD MPH BBITIOIHEHNH CIIOKHBIX (KPUTHUECKHX) OTICpaIii.

Pexondurypupyemsie rpadudeckne yCKOPHUTENIN ¢ apXUTEKTypoil “Processor-in-memory” (mporeccop-B-
namsath). bompmuacTBO PIM — apxuTekTyp nydie Bcero (GyHKIMOHUPYET KaK COIPOIECCOPHI KOMITBIOTEPHBIX
CHCTEM, BBINONHSSA (DYHKIWH, IS KOTOPHIX OHM ONTHMHU3MPOBAHBI, B TO BpeMs Kak APYrue INpHKIaIHbIC
IpOTpaMMbI, B KOTOPBIX OCHOBHOM SBIISETCS IOC/IEOBaTeNbHAsl YacTh, PEaTU3yIOTCS TJaBHBIM (XOCT)
npoueccopoM. Crienyer orMeTuts, 4yto PIM-cuctema xopomio mnpucnocobieHa mnoj o0padoTKy n300pa)keHus
[4], mockonbKy oOecreurBaeT BO3MOXKHOCTD IapalieibHOW 00pabOTKU ¢ TIOMOIIBI0 MHOXKECTBA IPOLECCOPOB
(mponeccopubix simep — I[151) Gonpuioro kosmuectBa (GparMeHTOB ainroputrMa (HECKOJIBKO COTEH M Ooiee),
BBINOJIHSAS OJIHOBPEMEHHBIE COOTBETCTBYIOIINE BBIYMCICHUS TSI COTEH U THICAY IMHUKCENOB u3o0paxenus . Ilpu
3TOM, Omarozmapsi OCOOCHHOCTSIM apXHUTEKTYpPHO-CTPYKTYpHOW opranmsanun PIM-cucrem, obecreunBaeTcs
MIMPOKast T0JIOCA MPOITYCKAHUs MO KaHAJTy IPOLECCOp-TIaMsITh, YTO CYIIECTBEHHO CKa3bIBACTCS! Ha MOBBIIICHUH
MPOU3BOIUTENBHOCTH TpadUUecKod CHCTEMBI B IeloM. M3-3a ManbIX pa3MepoB IaHHBIX, CBSI3aHHBIX C
OONBIIIMHCTBOM omepanuii 00padoTku rpadukn (8 — 16 OUT), BEIMACIATENBHAS MOIIIHOCTE COBPEMEHHBIX 32-HITH
64-pa3psaHBIX TPOIIECCOPOB C BO3MOKHOCTAMH 00pabOTKH C IUIaBAIOIIEH 3aIsITON, HE SIBISIETCS HEOOXOANMOH.
Bmecto 3Toro, MaTrpuua WM BEKTOp M3 Ooyiee MPOCTHIX 8-paspsAAHBIX 3JeMeHTapHbIX mporeccopoB (PEs),
CIELUAIM3UPOBAHHBIX K ONPEAEICHHBIM NOTPEOHOCTSIM IPUMEHEHUH, MOXKET OBITh BecbMa 3()(eKTUBHOM

Hauano 00paboTku u300pakeHWH C MOMOIIBIO CpeAcTB Tuma PIM-cHCTeM MOJIOKWIO TMpocTeifiee
ycTpoicTBO ¢ apxutekTypoit SIMD — Single-Instruction stream and Multiple-Data stream (oauH MOTOK KOMaH/
— IOTOK MHOXXECTBa JaHHBIX), COIEp)Kallee Ha OJHOM KpHCTalje MHOMKECTBO OJHOPAa3psSIHBIX CPEJCTB
00paboTKU CO CXeMaMHM CIBHTa BJIEBO M BIIPABO, KAXK/BIH N3 KOTOPHIX MOAKIIOUEH K OJHOMY CTOJIONY JaHHBIX,
pa3MereHHbIX B mamstu [S5]. OT1o omamH u3 mepBeix HoBoro mnokonenuss CIMA (Computing-in-Memory
Architecture) IpoeKTOB, KOTOPHIH TpeioxkeH 1 mocTpoeH kak CRAM mpoekT, pa3paOoTaHHBIH Y HUBEPCUTETOM
ToponTo B 1992. Brnaromaps pacnapaieTUBaHHIO alITOpUTMa 0O0pabOTKH M300paKCHHH W B MTOTE IIMPOKOH
SKBUBAJICHTHOH I0JIOCE MPOIYCKaHUS MO KaHAIy MHOXKECTBO IPOLECCOPOB — MHOXECTBO CTOJIOIIOB IAaHHBIX,
pa3sMEIIEHHBIX B MaMsTH, 3TO YCTPOMCTBO, HCIOJIBb3yeMOE KaK IPHUCTaBKa-yCKOPHTENh K OCHOBHOMY
npoueccopy, 0OecIednBacT MPOU3BOIUTENBHOCTh Topsaka Tera (Tepa) xomaHng B CeKyHIy. YCTpPOHCTBO
MoJ00HOT0 THIIA TaKKe IMPEASIOKEHO B [6], I/ie 4acTh BHIYMCIICHUIT BRIONHAETCS B y371e PIM, ogHako OCHOBHEBIE
BBIYHCJICHHS] BBIIOJIHAOTCSA Ha cynepckaisspHoM npoueccope MP. Tem cambiM PIM-cucrema ucnonssyercs B
kagectBe yckoputens MIL Ilpu sToM, A7 yBEJIMYEHHUS NPOU3BOAUTEIBHOCTH CHCTEMBI, YBEINYHMBAIOT
KOJIM4YecTBO y3110B namstu tuna PIM. [Tono6uslii npocroii npoekt PIM - ycrpoiictBa Terasys, Obu1 00BsIBIICH B
1995. DTOT MPOEKT COAEP)KUT OOJIBIIYI0 MATPHUIy NPOCTHIX 3JIEMEHTOB BBIUMCIEHHUS (THIHYHO Oojee deM
1.000) xotopsie chopmupoBansl B MmaTpuiie DRAM. DieMeHTapHbIE MPOIECCOPHBIC AIEMEHTHI 00bETUHEHBI 10
BBIXO/IHOMY CHUTHAIy YCHJIMTENEH CUMTBIBAHMA W YIPABISIOTCS €AMHCTBEHHBIM YCTPOWCTBOM YIpPaBIICHUS.
[TosTomy 3Ta apxurektypa padoraer xkak SIMD apxurekTypa - B JI000M IMKIE OOpalleHHs K MaMsATH THIA
DRAM, Kakaplif Iporieccop B MaTPHIIE BHIMONHSACT OJHY M Ty e KOMaHIy HaJ €€ COOCTBEHHBIMH JIOKAJTbHBIMHU
JaHHBIMH. HecMOTpst Ha TO, YTO ¢ apXUTEKTYpHOI TOUYKH 3pEHHMS, 3TOT MPOCKT — CAMBIH IIPOCTOH, TEM HE MEHEE,
OH MOXET TEOPETUYECKH 00ECIIEUNTh BHICOKYIO ITPOM3BOANTEIBHOCTD TP PEATH3AIMH AITOPUTMOB C XOPOIIUM
pacnapayurenuBaaneM. OIHAKO, 3TH TUIBI MacCOBO — IApaIeIbHBIX, OJHOMPOLECCOPHBIX 3meMeHToB SIMD-
npubopoB B coctaBe PIM-cucteMbl MOryT ObITh 3((QEKTUBHBI TOJBKO Ha HAOOpe NPHUKIAAHBIX IPOrPaMM,
KOTOpBbIE MOTYT OBITh JIETKO pachapajuiesieHsl. [ NPUKIagHBIX MPOTpaMM C CYIIECTBEHHBIM KOJHYECTBOM
MOCJIEIOBATEIBHBIX BBIYUCICHUN, YBEIMUYEHHE CKOPOCTH 3a CUeT IPHUMEHEHHS OTOH apXUTEKTyphl —
OTPAHUYEHO.

B menoM MOXXHO OTMETHUTh, YTO B HACTOSIIEEe BpeMs IHANa30H MPOEKTUPYEMBIX YCTPOMCTB, KOTOpBIE
MOANAAAIOT MOJI apXUTEKTYpHBIH cTHib “Processor-in-memory”, Oorat u pasnuueH [3, 4], ¥ OOJBLUIMHCTBO U3
HHUX MOTYT YCIICIITHO TIPUMEHSTHCS U1l 00pabOTKH rpauIecKuX N300paskeHNH.

Janbreiimee passutue PIM-cucrtem, OpueHTHPOBAaHHBIX Ha 00pabOTKy Irpad)uky, IUIO OJHOBPEMEHHO C
pasBUTHEM HHTETPAJbHOM TEXHOJOTMM IO IIyTH COBEPIICHCTBOBAHUS IPOLIECCOPHBIX  3JIEMEHTOB,
KOMMYTaIlMOHHON Cpenbl U 00ecHeueHnsI BO3MOKHOCTEH PEeKOH(HUTYPAINH C LEIbI0 HACTPOHKH ApXUTEKTYPEI
Ha OCOOCHHOCTH TIPIJIOKCHHUS M BO3MOXKHOCTEH pexoHpurypupyemoii cpensr (mukpocxemsl [TJIMC). C stoit
TOYKHM 3peHHs OCOObIi MHTepec mpeicTaBisiioT apxutekrypa PIM-cucrem tnna VIRAM (vector-intelligent-
random access memory) u DIVA (Data IntensiVe Architecture — unteHcuBHasi apxurektypa naHusix) [7]. Ilpu
stoM VIRAM, ucnons3ys HOBYIO TexHoJoruto PIM, conaep>KUT BCTPOCGHHYIO B KPUCTAII JUHAMHYECKYIO
onepatuBHyl0 mnamath (DRAM) c BeKTOpHBIM coOIpoleccOpoM, obecreunBas TeM caMbiM 3(QEKTUBHOE
UCIIOJIb30BaHKUE TIOJIOCHI TIPOIYCKaHMs ITI0 KaHally HaMsTh-nipoueccop. OCOOEHHOCTBIO apXWUTEKTypa 4uIa
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VIRAM sBnsercst To, 4TO 3TO — 3aKOHYEHHAs CHCTEMA Ha YHUIIE, COAEpIKaIlas dIEeMEHTapHbIE MPOLECCOPHI U
CTaH/apTHYIO TUHAMHYECKYIO onepaTuBHYIO maMats (DRAM).

PIM-cucrema Tuna DIVA cogepxur MHOXecTBO uunoB PIM B KkauecTBE HMHTEIUIEKTYaJbHBIX
COIPOLIECCOPOB M MCHONB3YET NIMPOKHE MH(OPMAMOHHBIE KaHAJIBI TAMITH OONBIION €MKOCTH, IPUMEHSS TIPH
3TOM MEJIKOMOIYJIbHYI0 HapasienabHocTh. Kaxnpiil uun DIVA PIM-cuctremsl Bkitowaer 3Y ¢ anmapaTHbIMU
CPEACTBAMH BBIYMCICHUS 1 KOMMYHHKAIMH W COACPKHUT BAa HHPOPMAIIMOHHBIX KaHala, MEXaHH3MbI KOTOPBIX
KOOPJMHUPYIOTCS €IMHCTBEHHBIM OJIOKOM YIpaBJieHUs: 32-pa3psiHblil CKaIspHbII HH)OPMALMOHHBIA KaHal |
256-pa3psiaHblid mMpokuid MH(popManuoHHbIH KaHan. CKaJsIpHBI WHPOPMAUMOHHBIN KaHal - CTaHIapTHas
apxurektypa RISC-mporieccopa ¢ pacmmmpenHsiMu  GyHknusamMua  DIVA-specific  gms  Toro, 4TtoObI
KOODJMHUPOBAaTbCS C IIMPOKAM HWH(OpMAaLMOHHBIM KaHainoM. Illupokudi MHPOPMAIMOHHBIN KaHAJ
BO3JICUCTBYET HA COCTaBHBIC OOBEKTHI (cymepciioBa) 256 OWT, BBINOJNHSA MapayuieiabHbie pabotel SIMD Ha
YCTaHOBJICHHBIX IO pa3Mepy Moiisix oObekra (8, 16, n 32-pa3psmHbIX MONAX). B momonHeHWe K yCIOBHBIM
apu(pMETHIECKUM JEHCTBHUAM M JJOTHIECKUM OICpalMsiM, MIHPOKOe apH(PMETHKO-TTOTHUECKOE YCTPOHCTBO TAKXKe
HoAJep)KuBaeT OoNbImION HAbOp omepauui A TOro, 4YTOOBl MAHWITYJIMPOBAaTh JAaHHBIMH, BKIIOUAs
HNEPErpynmupoBKy JOaHHBIX B Hpefenax MIIMPOKOro ClIOBa-ONepaHia, Mepeladd MekAy IMIHPOKHMU U
CKaJIIPHBIMH pETHCTpaMH, coOHMpas B CTPYKTypy W paclakoBbIBas omepamun. Kpome Toro, mupoxoe
apu(METHKO-JIOTHIECKOE yCTPOWCTBO TONJCPKMBACT BHIOOPOYHOE BBINIOJHEHHE KOMaHI Ha Oasmuce
MH(OPMALMOHHOTO KaHajla B 3aBUCUMOCTH OT COCTOSTHHSI KOJIOB YCJIOBHSI.

I'paduueckuii yckopuTenb, MOCTPOCHHBI Ha MPHUHIMIIAX MOTOKOBOM oOpaborku. Jlpyroi momxon K
MOBBILICHUIO TPOM3BOAMTENIBHOCTH CHCTEMBI 3a c4eT 3()()EeKTHBHOTO WCIOJb30BaHMS IIMPUHBI IOJIOCHI
NpONYyCKaHHWs IaMATH OCHOBaH Ha IPUHLMUIAX IOTOKOBOW 00paboTku. Hampumep, mnporpamMMupyemblii
MOTOKOBBIH MHKporpoueccop Imagine [7], opueHTHpoBaH Ha 00paOOTKY HMHTEHCUBHBIX IPHUIOKEHHH,
OTJIMYAIOMINXCS BBICOKMM MapajuleIn3MOM JaHHBIX C HEOOJBLIIMM TIJIOOAJbHBIM MHOTOKPAaTHBIM —HX
UCTIONB30BaHUEeM. Imagine — 310 32-pa3psaHas apXUTEKTypa C IMOAICPKKON BHITOHEHHS omniepanuid ans 16-u 8-
pa3psAAHBIX JaHHBIX, oOecreunBasi B pe3ynbTaTe B JABa M B UYETHIPE pa3a MOBBIIICHHE ITHKOBOMH
MPOU3BOIUTEILHOCTH COOTBETCTBEHHO.

B [8] mpemmaraercs apxurektypa PIM-cumcrembl, OpueHTHpOBaHHAas Ha OOpaOOTKYy KOMITBIOTEPHOM
rpadKi ¢ MaccoBBIM oOOpameHneM K maMaTH. UToObl JOCTHTHYTh MaKCHMAalbHOM IPON3BOJUTEIBHOCTH,
paboyasi Harpy3ka JOJDKHa OBITh PaBHOMEPHO paclpeesieHa CPeJH HPOLECCOpPOB, a pa3MeElleHHUe NaHHBIX U
pacrpeielieHIe 3aaui TI0Ib30BaTeNs JOJKHBI YMEHBIITUTh KOMMYHHUKAIIUIO MEX Ty IPOIleccopami,

[MpennoxkeHus MO MOBBILIEHUIO S((GEKTUBHOCTH TpadUUecKuX YCKOpHTeseH, BbINOJHEHHbIX Ha PIM-
cucremax.

Pexongurypupyemas PIM-cucrema ¢ BHIOOPOM ONTHMANBHBIX PECYPCOB CPEACTBAMU KOMMYTAIMH

CosepuenctBoBanre PIM-cucTeMbl, OpHeHTUPOBaHHON Ha 00pabOTKy rpaduKH, MpeJiaracTcsi MmyTeM
pacmmpenus e€ QyHKIHOHAIBHBIX BO3MOXKXHOCTEH 3a CUET AMHAMUYECKON HACTPONHKH apXUTEKTYPhI CHCTEMBI Ha
KJIacC peIIaeMBbIX 3a7jad, a TAKXKe 3a CUET ONTHUMAJIBHOM 3arpy3KH BCEX MPOLECCOPHBIX JNIEMEHTOB IMOJIE3HOU
(BprumcnuTensHOM) pabdoroi. Ilpm 3TOM 3a OCHOBY NPHHHMAIOTCSA: MaKCHMAJIBHBIH y4eT 0cOOCHHOCTEH
MOCTPOCHUS M NpUMEHEHUus cymecTByrommx PIM-cucteM M METOOOB MX OpraHu3auud U opueHrauus PIM-
cHCTeM Ha 00pabOTKy XOpOIIO pacHapauIeMBaeMbIX JITOPUTMOB IPH MAacCOBOM OOpAIIEHHHM K MaMATH 3a
JaHHBIMH, a TaKKe BO3MOXHOCTb peannzanuu PIM-umma Ha coBpemeHHBIX n mnepcrnektuBHbIX [TJIMC.
[TokazaHo, uto ocHoBHBIe cBoicTBa [1JIMC Kkak ayeMeHTHOM 6a3bl COOTBETCTBYIOT OCOOCHHOCTSIM CTPYKTYPHOM
opranmzanuu PIM-cucteM, Ha OCHOBaHMM 4ero ompejeieHbl (PaKTOPbI, ONPENeNsIone MPUrogHocTh PIM-
cuctemsl 1 peanuzanun Ha IIJINC [9].

Jist pacupenust yHKIMOHAJIBHBIX BO3MOXKHOCTEH Ha kpuctamie PIM-cucremsl pazmenieHs! (Ha puc. 5
3aKpalieHs! cepeIM I1BeToM) [10]:

— Habop (BMECTO OJHOT0) MPOOIEMHO-OPHEHTUPOBAHHBIX (MJIM CHELHAIN3UPOBAHHBIX) BEAYIIHX
npoteccopos (BII) BMecTe ¢ cooTBeTCTBYIOIMMH OJ0KaMu maMsté Tuna KO,

— Omok amamm3a BXomHOro ympaBistomero maketa (BOVYIIl) mms BEIpaGOTKH BCEH COBOKYITHOCTH
YIPABILIIONINX CUTHAJIOB, HEOOXOAUMBIX 1Uis pyHKImonuposanus bUC;

— cenextop Cl ams BEIOOpA M aKTHUBALMH BEAYIIMX MTPOIIECCOPOB;

— Habop cemekropoB C2 m C3 mia BeIOOpa mporeccopHbx simep (I11) m cooTBeTcTByROmMX OaHKOB
HaMsITH;

— YCTPOMCTBO IS 3aTPYy3KH IPOrpaMM U IaHHBIX B MacCHUBHI namsaTH (Y3r);

— ycTpoiicTBO HHTEepdeiica quarHocTiky U otaanku (Uu.J1/0)

Cenekropbl (kommytaTopsl) Cl — C3 ympaBisioTcss OJ0KOM 0OpabOTKH YIPaBISAIONICTO MakeTa |
(dbopmupoBanus ynpasistomux curaanoB (BOYII1), HeoOXoaUMBIX 7151 pabOTHI BCEl CHCTEMBI.

VYrpapisAoOmuil NakeT COASPKUT MOJS U MPU3HAKU, OTPa)KaIoIIHME IMOCIEN0BaTEeIbHOCTh AeiicTBuil PIM-
CHCTEMBI, 00ECTIeYNBAIOIINX: HACTPOHKY apXUTEKTYPHO-CTPYKTYPHOTO 00pa3a CHCTEMBI Iepe 3aIlyCKoM e Ha
pelIeHne KOHKPETHOH 3a1auH, IEPECTPOHKY CHCTEMBI B IIPOIIEcce PAOOTHI, a TAK)KE Pa3InIHbIC PEKUMBI PabOTHI
CHCTEeMBl TaMATH, B TOM 4YHCIE: B KauyecTBE OOBIYHOM MNaMATH C HCIOJIB30BAHHEM EMKOCTH TaMsTH,
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pa3MeIleHHO TONbKO Ha KpHcTauie (Yume), a Takke Ha KpUCTaule W JONOJTHUTENbHOM BHEUIHEH MaMsTH,
NOAKIIIOUEHHOW K uumy dYepe3 uHTepdeiic BHEUIHEH mamsTH; B KauecTBe ‘“TIpolleccopa-B-mamMsTH’ C
UCIIONIb30BAaHUEM pecypcoB 00paboTKM HHGOpPMAIMM TOJBKO COOCTBEHHOTO KpHCTala, a TaKke C
HCIIONIb30BaHUEM COOCTBEHHBIX pecypcoB 00paboTknm HH(OpMAaLMKM M IOMONHHUTEIBHBIX PECYpCOB 3a CUET
JIpYTHX YHIIOB, TIOAKIIOUCHHBIX Yepe3 nHTepgeiic BBoga/BbIBOAA M MHTEp(deiic BHEIIHEH MaMsITH.
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PucyHok 5 — YkpynHeHHas CTpyKTypHas cxeMa pekoHpurypupyemoir PIM-
CHCTEMBI

Kpome Toro, ynpasinstomuii naker obGecriedunBaeT (GpopMHpOBaHKHE YNPABISIONIMX CUTHAJIOB M CHUTHAJIOB
CHUHXPOHM3AallUU U1 pabOThl BCEX Y3JIOB CHCTEMBI MaMATH: ymnpamieHue pabortoit KOIll-mamstu c yuetom
peanu3aly MEXaHW3MOB KOTEPEHTHOCTH; peayin3anus pexumoB “UreHue/3amuch” npu 0OpalieHUH K MaMsTH
BHYTPH YHIIa H 32 €r0 MpeesiaMu uyepe3 uHTepdeiic BHEITHEeW MaMsITH 1 Ip.

IIpeumymectBa npeanaraeMoii PIM-cuctemsl o cpaBHeHMIO ¢ u3BecTHbIMM PIM-cuctemamu mnpexne
BCETO COCTOHT B TOM, YTO B HEW pealn30BaHa BO3MOXKHOCTH MOBBIIICHUS TPOM3BOANTEIHLHOCTH CUCTEMBI (OT 2,5
no 10 pa3) 3a cueT UCXOXHOW HACTPOMKH ¢ moMomIpio ceekTopoB Cl — C3 apXHTEKTypHl Ha KJIACC PEIIAeMbIX
3aja4, a Takke e€ MepecTpoKkH B Iporecce paboTHl (B TUHAMEKE). DTO JOCTUTACTCS ITyTEM HCIOIB30BAHUS
OPUTMHAIBHBIX CXCMOTEXHHYECKHX pPEIICHWH M COOTBETCTBYIOIIMX peXuMOB padorel BHUC mamsry,
00ecCIeuYNBaONINX: BEIOOP ONTUMAIBHOTO BEIYLIETO IPolieccopa, BEIOOP HEOOXOAMMOTO MaccHBa MaMSTH IS
pelleHrss KOHKPETHOM 3aJa4d C BO3MOYKHOCTBIO IMOJKIIOYEHHUS IOMOJHUTEIBHON MaMATH, HAXOISILEHCS 3a
npesienaMy YuIia; BHIOOp ONTHMANIbHOM pa3psAHOCTH JaHHBIX U KOJMYEeCTBa 00pabdaThiBaeMbIX CIIOB B MpeAeiIax
BCEH CTPOKM MaccuBa MaMsTH, OPUEHTHPYSCh Ha COOTBETCTBYIOIINE METO/IbI 00pa00TKU M UMEIOLINECS PECYPCHI
JUISL pacniapaiieIMBaHus alf'OpUTMa pelllaeMoi 3a1aui.

KpomMe TOro, CymecTBEHHO CHMXKEHAa MOIIHOCTb, HOTpeOsisgseMas OJHUM YMIIOM 3a CYET HCKIIOYCHHS
“XO0JIOCTBIX THPOOEroB” MPOLECCOPHBIX fAEp MaccuBa MaMsTH, TaK KaK OHU 3arpy>KeHbl TOJBKO IOJIE3HOU
BBIYHCITUTENBHON paboToil. IIpu 3TOM cokpamaeTcs KOJHUECTBO OJHOBPEMEHHO INepeaBacMbIX OHUT, Tak Kak
nepenayd MO JIMHUSAM CBSI3M HE BCETJa pealn3yloTcs IONHON N-pa3psmHON CTPOKOH (Kak B H3BECTHBIX
CTPYKTYpax MOAOOHOTO THMA), a MPH HEOOXOJMMOCTH IPOMU3BOJIBHBIMU KPATHBIMH R-paspsaHbIMHU TpyHIIaMH
(HammpuMep, JacTsAMHU CTPOKH paspsamgHocThio R, 2R,..., aR; aR < N). Dto obecmeurnBaeT BO3MOKHOCTH Ooiee
rIryOOKOTO pachapauleNnBaHus Iporecca o0paboTKH MH(GOPMALMH MPH TEX XK€ MCXOAHBIX pecypcax 3a CUeT
MOBBIIIEHHUS 3(P()EKTHBHOCTH HCIIOIB30BAHKS MPOIECCOPOB. YBEMHMUMBACTCS Takxke U cepuitHocTs PIM-unna u
COOTBETCTBEHHO YMEHBILIACTCSI CTOMMOCTb, MOCKOJIBKY OH M3 CIEHHATU3UPOBAHHOTO IpeoOpa3oBaH B UMII
IIMPOKOTO Ha3HAYCHMA 3a CUET HACTPOIKHU ero apXUTEKTYphl U HEOOXOIUMBIX PECypCcOB Ha Pa3IMUHBIC THUIIBI
pelaeMbIX 33/1a4, B TOM YHUCJIE — B 4aCTH 00pabOTKH rpaduKy.

Pexongurypupyemass PIM-cucrema ¢ KonblieBoil MoauuUMpoBaHHON muHOW. [l nanpHewIiero
NOBBIIIEHHS d(QdekTuBHOCTH npuMeHeHuss PIM-cuctem B kadecTBe rpauyeckux yCKOpUTENed He0OXOIUMO
OBUIO pEIINTh CICAYIOIIME 3afayd: YHPOCTUTh KOMMYTALIMOHHYIO Cpely MeXIy KOMIIOHEHTaMH CHCTEMBI,
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COXpaHMB TPH STOM BO3MOXKHOCTH pacHapajUIeTUBaHUA alropuTMa OOpabOTKH TpapuKd U HUCKIIOYNB
OTpaHMYCHHUS 1O e MacITaOHpoBaHUIO. Pa3MecTHTh Ha TOM e KpUCTaJUIe OJIOK CITY)KeOHBIX (QYHKIUH 110
VIpaBJICHUIO AMSTHIO, COKPATHB TIPH TOM BpeMsI pealli3alliii Hanboiee BaXKHBIX ero (QYHKIINH, B 9aCTHOCTH —
BpEMSI pacpeneIeH sl pealu3yeMOoro alrOpuTMa 1o NpoleccopaM CUCTEMBI.

Ha ocHoBe anammza cymectBytouinx PIM-cucteM u  BBISBIEHHS UX HEAOCTaTKOB MpPEAJIOKEHA
OpUTHHANIFHAS APXUTEKTYPHO-CTPYKTYpHASI OpPTaHM3alds CHUCTEMBl TaKOro Kiacca ¢ MOIU(PHUIMPOBaHHON
KOJIBIICBOH IIMHOHN, KOTOpas COAEPKUT Ha OJHOM KpHCTajle BMECTE CO CpeicTBaMU 00pabOTKH M XpaHEHUsS
JIAHHBIX, HA0OP OJIOKOB, KOTOPBIE PEATM3YIOT CIIy)KeOHbIe (DYHKIUH MO YIPABICHHIO MAMSTBIO U paclpeelIeHUs
nporpaMM 00pabOTKK TpaUKH MO MPOLECCOpaM CUCTeMbI. biok-cxema Takoit PIM-cucTeMbl mpuBencHa Ha
pHc.6, KOTOpas 3allMIIeHa TaTeHTOM Y KpauHbl Ha u3o0petenue [11].
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Pucynox 6 — PIM-cuctema co cpecTBaMu MOAJCPKKHU BBIYUCIUTEIBHOTO MpoIiecca: a) obmas crpykrypa PIM -
CHCTEMBI 3 KOJIBLICBOIO IITHHOIO; 0) COCTaB CEKTOPHOTO Habopa

OCOOEHHOCTBIO TaKOW CTPYKTYpHI SIBISETCS TO, YTO B KOJBIEBYIO INWHY BBEICHBI CEKTOPHBIC
pa3zeNuTeNnt, KOTOphle YIPaBIIOTCS CIIEHATBHBIM OIOKOM. [IBa COCETHUX CEKTOPHBIX PA3AECIHUTEINS BBLACIAIOT
CEKTOp KOJBLIEBOH IIMHEI, JJTMHA KOTOPOTO MEHBINE JUIMHBI BCEH KOIBLIEBON IMUHEI B N pa3, II€ N — KOJINIECTBO
CEKTOPOB, IIPU 3TOM €MKOCTHas Harpy3ka Ha CEKTOPHYIO 9acTb KOJIBIIEBOI IIMHBI TAK)KE YMEHBIIAECTCS B N pas,
u xaxaeiit 6ank mamsta (BIT) cekropHOTOo Habopa (puc. 6,0) MOXeT 00IIATHCS ¢ CEKTOPHBIME ITHHAME OBICTpEe.
[Ipyn mmpoxoBemaTeIbHONW IepeAadye CHUTHAJIOB IO KOJNBLEBOM INMHE €MKOCTHAs Harpy3ka BCEH KOJBLEBOH
HIMHBI TaKXKE CYIIECTBEHHO YMEHbBIICHA, IIOCKOJIbKY KaKAbI CEKTOPHBIN pa3/ieiuTenab IMPH CKBO3HOM
NPOXOXKJICHUH CUTHAJOB 4Yepe3 HEro yCHIMBAeT CHTHAJ, BO30OHOBIAA (hopMy ero mmmynsca. Kpome Toro,
BO3MOXXHOCTb OJIOKUPOBKH C IOMOIIbIO CEKTOPHBIX pa3AeiIUTENCH KaKAOTO0 CEKTOpa KOJBIEBOH MIMHBI OT
BIIMSIHUSL JIPYTMX CEKTOPOB, I03BOJISIET PEANM30BaTh MapajUieibHbIE BBIYMCICHUS B CEKTOPHBIX Habopax
3a0JIOKMPOBAHHBIX CEKTOPOB, YTO TAKXKE CYLIECTBCHHO YBEJIMYMBAET NPOU3BOIUTEILHOCTh CUCTEMBI B 1I€JIOM H
CHHMMAET OIPaHUYEHHUS 110 HApaAIlUBAHUIO NApaeIbHO PAa0OTAIOMINX CEKTOPHBIX HAOOPOB.

bnok ciyxeOHBIX (QYHKIMH peann3yeT IPeAoKEHHBIH MOANGHUINPOBAHHBIM alrOpUTM 0O0pabOTKH
M300paKCHNH, OCHOBAHHBIM Ha PaBHOMEPHOM (C TOYKHM 3pEHHS 3arpy3KH MpOLECCOPOB) paclpeleiIcHUH
pacmapajuleieHHBIX  (parMeHTOB anroputMa 1o Tnpomeccopam PIM-cucrembr [12] ¢ ammapaTHO# ero
MOJUICPKKOM, CTPYKTYypHasi cXeMa KOTOPOTO 3allIHIIcHA IMaTeHTOM YKpawHBI [13] u comepskut: OJOK maMsATH
MHKPOIIPOTpaMM, OJIOK pacripeeneHuss (pparMeHTOB MPWIOKEHUS, ONOK yIIpaBieHHs, OJOK MamsTH TaOJuI
pacripenieNieHus], a TaKkKe JIOTHYSCKUH OJIOK U 070K Oy(epHoi maMsaTi BMecTe ¢ mHTepdeiicom ¢ padoueit PIM-
cucteMoil. IlpennoxkeHHass cucTeMa yMeHbIIaeT oOllee BpeMsl paclpelelieHus 0o MpoleccopaM alropuTMa
00paboTKN M300paXKEHUs], a TaKKe paclIupseT cdepy ee MPUIOKEeHHUs Uil paboulX CUCTEM, BBIIIOIHEHHBIX Ha
Pa3HBIX anmnapaTHO-NPOrPaAMMHBIX IUIaTGOpMax.
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Onenka  9((GEKTHBHOCTH  NPUMEHEHUS  PEKOHQHUTYPUPYEMBIX  rpadMYecKUX  yCKOpHUTEIEH.
PexoHdurypupyembie TMpOLECCOPHl MOI'YT aJaNTHPOBATHCS K H3MEHCHHIO MOTPEOHOCTEH 00paboTKH
rpadudeckux n300pakeHu (HarmpuMmep, 3a1ad oopadotkn media-GUIBTPOB) LTS JETKO paclapalieInBaeMBbIX.
aITOpuTMOB. VHTErpupoBaHue NmaMsATH OOJIBIION €MKOCTH Ha TOM JK€ CaMOM KpHCTajule, YTO M JIOTHYECKHUE
CXEMBI, 00eCIeYnBaeT BO3MOXKHOCTH IOydeHHs! 0ojee BBICOKOW IIMPHHBI IIOJIOCHI IAMATH, 4eM Oblia OBl
MPaKTUYEeCKH AOCTHTHYTa Ha TPaJWIIMOHHOW apxuTekType. Hampumep, padotas ¢ 256-pa3psamHoi IUHOW OT
DRAM-0anka (cermMeHTa), MOKHO JOCTHYb HPOIYCKHYIO CIIOCOOHOCTH I Ka)KIOTO CETMEHTa HaMATH M0
4.8GB/s., pasmenienHoro Ha uymne. C apXUTEKTYpHOW TOYKM 3pEHHs, ITO YCTPOMCTBO SIBISETCS BechbMa
MPOCTHIM, OJTHAKO TCOPETUUCCKU MOXKET 00CCIICYNTh BBICOKYIO MIPOU3BOIUTEIHHOCT (Tabum. 1) [14].

Ta6muua 1. [Tapamerpsl npousBoautensHocTH CIMA- apXUTEKTYp [UIsl pa3IndHbIX 33134

Tun apxuTeKkTypsl Bpewmst 06paboTku, Mc
I'ucrorpamm OuibTpa Hoporosoii
BEJINYMHBI
Tpanuumonnas RISC-apxurexrypa 19 67 17
IIpoueccop-B-namstu 71 0,6 0,1
Bexropras DRAM-niamsars (333MI1m) 28 50 0,9
OnMHOYHBIA MYJIBTUIPOLECCOPHBINA YU € 4-Ms 8 25 -
nporeccopamu (333MI ')
Merged CFD 6e3 6picTporo neperoca (16K LE’s ) 37 6 6,5
Merged CFD c 6sicTpeiM iepeHocoM (16K LE’s ) 12 1,2 1,0

Jit CIMA-cucTeMsl ¢ 4eThIpbMs OaHKaMM TTaMsATH, 00IIas MHUpHHA MOJIOCH 00ECTIeYnBaET MPOIYCKHYIO
cnocob6HOCTH 110 19.2GB/s.. D10 — OomnbIIIe, YeM Ha MOPSAIOK MO CPABHEHUIO C TPATUIIMOHHBIME cucTeMaM. s
cpaBHEHHs, cucTeMa orepatuBHOW mamsatu AlphaServer 8200 obecmeumBaeT MaKCHMANBHYIO IIPOITYCKHYIO
cocoOHOCTh ToNmbKO 1.2GB/s. Takum oOpazom, Hambomnee odeBuaHOE HpeumyriectBo CIMA-apxutekTyp mo
CPaBHEHHUIO C IPYIMMH THUIAMHU apXUTEKTyp NpH 00paboTKe M300paXEHHS - YBEJIMUCHHAS IIHPHHA IOJIOCHI
NPOIyCKaHHs NMaMsATH U OoJiee HU3Kas 3aJiepKKa CHTHaja Mpu OOpalleHUH K MaMsTH, Pa3MEIICHHOW Ha YHIIe.
Hanpumep, ecnmn Ha DRAM- unne MOXHO mepenaBaThb OJHOBpeMEHHO 128 OMT kakable 6 HAaHOCEKYH[, TO
JlaHHBIE TOJHOTO Oydepa m3obpaxeHus eMkocThio 1MB MoXHO mepenaBaTh uepe3 MaMsATh MEHBIIE, YeM 32
1/2000 c. KoneuHo, 3T0 TpeOyeT JOCTATOYHOW CKOPOCTH MPOIECCOPa, YTOOBI HE OTCTaBaTh OT ITOM OTPOMHOMU
MIMpUHBI noJiockl. OnTuManbHas apxutekrypa CIMA nomkHa o0ecneynTh BHICOKHIT YPOBEHb BHIYUCIHTEILHOTO
Hapajuiesin3Ma, 4YTo0bl SKCITyaTHPOBATh TIOJIHYIO IIHPHHY MOJIOCH! IPOIYCKAHUS MaMATH [7].

Texnonorus peanmuszauuu PIM — cucreM, kak u apyrux cuctem kiacca CIMA, mo3BoJsieT OCHOBHYIO
ONEPaTHBHYIO MAMATh BBIIOJHUTE B HETOCPEACTBEHHOM OJIM30CTH K 3JEMEHTapHBIM IIPOIECCOpaM,
obecrieunBast TeM caMbIM OoJiee HM3KYIO JIATEHTHOCTH IAMSTH W 3HAYMTENIFHO OoJiee MUpPOKHUH e€ MHTepdeiic,
4eM B 0OBIYHBIX MHKpOTIpoIieccopax. Tak pa3paboTanHas 3a pydeskom PIM-cuctema VIRAM-1 uMeeT MUKOBYIO
npom3BoauTedbHOCTh 1.6 GFlop/s mis maHHBIX pa3psmHOCTRIO 32 OWTa M SBIACTCS YHAIIOM MaJlOW MOITHOCTH,
NOTpeOIIsist BCEro 2 BaTTa YHEPTHH.

B Ttabnuue 2 mnoxasaHel pa3nuuusi B mapamerpax mexnay PIM-cucremamu TtMna VIRAM, DIVA,
MOTOKOBBIM TIpolieccopoM Image, a Taxke Kiaccudeckoit cucrtemoi Tuma Power3, koTopas mHpeacTaBiseT
co00r0 64-0uTOBYIO peanu3aluio nporeccopa PowerPC ¢ moaaep:xkoil BEIIOIHEHUS BOCBMH KOMaHT B IIUKJIC.

Tabmnuua 2 — Pasnmuuus B napamerpax VIRAM, Image, DIVA u apxutektypsl Power3 [7].

ITapameTtpsl Imagine DIVA Power 3
VIRAM memory (1 PIM)
[IponyckHasi CHOCOOHOCTH 1O KaHATy 6,4 2,7 1,77 1,6
nporieccop-mamsTh, [ B/c
IIukoBast MpOU3BOIUTENBHOCTD, 1,6 20 1,3 1,5
I'doric/c
IIukoBast MpOU3BOAUTENBHOCTD, 1 30 1 3,75
®domnc/cnoBo
TakroBas yactora, MI'11 200 600 166 375
Ob6mnacTb (pa3Mepsl) ynma 15x18 mm 12x12MMm 9,8x9,8 MM 270Mm’
(270 M) (144mm?) (96MM?)
IlluprHa moanepKUBAEMBIX TAaHHBIX, OUT 64/32/16 42/16/8 64/32/16/8 64
KonnuectBo TpaH3UCTOPOB, MIIH. IIT. 130 21 55 16
[ToTpebisiemMast MOIIHOCTH, BT 2 4 1,6 33
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Kak 0onpmImHCTBO OOBIYHBIX CYMEPCKATAPHBIX apXUTEKTyp, Power3 MHOrokpaTHO wmcmois3yer KOOI,
YTOOBI YMEHBIINTD 33€P’KKY OCHOBHOM MaMSITH.

CornacHo Ta61.2, Imagine nmeer Ha OPAOK OoJiee BBICOKYIO TMKOBYIO MIPOU3BOANTEIBHOCTD, B TO BPEMS
kak VIRAM — B 1Ba pa3a Gosibliie mMoJIocy MpOITyCKaHUs TaMsTH B MOTPEOISIET MOJI0BUHY MOIIHOCTH. [Ipu 3TOM
y VIRAM u DIVA wumeercs moctaTodHas IMOJOCA MPOIYCKAHUS, YTOOBI peaan30BaTh OTHY OICPALHIO IIPH
JOCTYTIE K TAMSATH, B TO BpeMs kak Image, TpeOyet 30 oneparmii

BoiBoabI

TakuM oOpa3oM, HECMOTpS Ha COBEpIICHCTBOBaHHMS B TexHosormn VLSI, xotopas obecreumna Ooisee
BBICOKHE BBIUMCIIMTENbHbIE BO3MOXHOCTH W OOJbIIME OJOKM MaMsTH, KllacCHYecKas apXHTeKTypa, HEe B
COCTOSIHUM J0CTAaTOYHO 3()(EKTHBHO HCHONB30BaTh 3TH JOCTIDKCHUS Il 3(QQEKTUBHBIX IapauleibHBIX
BBIUUCIICHHIA W3-3a Y3KAX MECT KaHajia “TaMmsaTh — Mpoleccop’”, Tak Kak rpaduyeckas oOpaboTka TpeOyer
MHTCHCUBHON KOMMYHHKAIIMH MAaMSTH Ipoleccopa Ul Iepeaad JaHHBIX, TeKCTYpHpOBaHHMs, U Oydepusanuu.
Apxutektypa PIM ¢ MansIM BpeMeHeM JOCTyNa K MaMATH MOKET YBEIUYUTh IPOU3BOAUTENBHOCTh CHCTEMBI.

[TpumeneHne peKOHOUIYPUPYEMBIX apXWUTEKTYp CYIIECTBEHHO YBEIWUYHMBACT IIPOM3BOJUTEIHLHOCTH B
JECATKM W COTHH pPa3 MO CPaBHEHHWIO C MPOTpaMMHON peanm3anued o0paboTku rpadukm U
BBICOKONIPOU3BOJAUTENBHBIM ITPOLECCOPOM 3a CUET HACTPOMKH apXUTEKTYPBI U CTPYKTYPBI CUCTEMBI HA Pa3Mephl
rpaduIecKnX N300paKEHUH 1 UX CJIOKHOCTB, a TAKXKE 33 CUET MIMPOKON IITUHBI (II0JIOCHI MIPOITYCKAHUS) TTaMSTH.
C 3TOii TOUKH 3PEHHS APXUTEKTYPHO-CTPYKTypHas opranusais KC ¢ MoauduIiupoBaHHON KOJIBIIEBOM MIMHOM,
a Takke pekoHpurypupyemoir PIM-cucTeMbl HMEIOT OOOCHOBAaHHYIO MEPCICKTHBY HCIIOJB30BaHUS U
JlaNbHEHIIero pa3BUTHs BCIEICTBHE OCOOEHHOCTEH UX apXUTEKTYpHO-CTPYKTYpHOH opranu3anuu. [Ipu sTom B
HaCTOSAILEE BPEMs BCE HOBBIC PEIICHUS 10 CO3JaHUI0 CUCTEM TaKOI'O TUIIA 3aLUIICHBI IATEHTaMU Y KPaUHBI.
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