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Buknaoeni  cgpepu  3acmocyeamna  ma  npiopumemHi — HANPAMKU  YOOCKOHANEHHSA
BUCOKONPOOYKMUBHUX — 0A2amOpO3PAOHUX  MaAMpuyHux nepemnodcysayie (BMII) y axocmi
Komnouwenmie cnignpoyecopie AJIII bacamosioepuux cynepxomn ’romepis. Cucmemamu3o8ani
Xapaxmepucmuku weuoKooii ma anapammuoi CKIaOHOCmi 8i00MUX MAMPUYHUX NEPEMHONCYBAYLS.
Obepynmosana  nepcnekmuga  YOOCKOHAACHHSI CMPYKMYP — NEPEeMHONCY8a4i6 HA  OCHOSI
CUHXPOHI308AHUX ~ OOHOPO3PAOHUX  Hakonuyyrouux  ogitikosux  cymamopie  (CH/C).
3anpononosanuii aneopumm ma cmpykmypa BMII na 0cHO8I MYynbMUNIEKCHO-KOMYMOBAHUX
CHJIC. [ocniooceni cucmemui Xapakmepucmuxu maxkoz2o Kidcy NepemMHONCY8auie 3a1enHCHO 6i0
PO3pAOHOCI 8XIOHUX 08IIIKOBUX KOOI8.

KarouoBi ciaoBa: AJIIl cymepkomir’toTepiB, CIiBIIPOIECOPH, CHHXPOHI30BaHI
CyMaTopH, IepeMHOXKyBadi, OiHapHO-/BiliKOBa apru(hMeTHKA.

Beryn. OCHOBHMMHM — IIBHIKOIFOYMMH KOMIIOHEHTaMH  CYIEPKOMII IOTEpIB €
MPOLIECOPU OCHAIIEHI 0araTopo3psAHUMH BHCOKONPOXYKTUBHUMH MoIyisiMu AJIIL
Ho «xmacy Takux mnpouecopiB BigHocsaTh AJIII BeKkTOpHMX Ta CKaIIPHUX
cynepkomi totepiB dipm: Cray, Fujitsu, Hitachi, IBM, HP [1].

BucokonponykTuBHi cmiBmporecopu y skocti kommoHeHTiB AJIIl mmpoko
3aCTOCOBYIOTBCS TIPU peajti3allii alropuTMIdHO-CKIAAHUX OOYHMCICHb CTATUCTHYHOTO,
KOPEJSIIHHOTO, CIIEKTPaIbHOTO, KIACTEPHOTO Ta EHTPOMIHHOTO aHali3y, a TaKoX B
o0JyiaiHaHHI BIfiCEKOBOTO MPU3HAYCHHSI.

1. IlpiopuTeTHi HANPAMH YIOCKOHAJEHHS JOCTiIXKYBAaHOI0 KJIacy cliBNpouecopis

[IpiopuTeTHUM HAMNPSIMKOM YIOCKOHAJICHHS TaKHUX CIIBIPOLIECOPIB € JIOCATHEHHS
MaKCHMaJIbHO-MOXKJIMBOT MIBUAKO/IT 004YHCiIeHb [2].

BuxirouHo-MacoBe 3aCTOCYBaHHS y CyYaCHUX KOMIT IOTEPHHUX CHCTEMaX Ta
CyIIeprpoIecopax KIacHM4YHOi JBIMKOBOT apu(METHUKH, sKa MICTUTh HACKpI3HI
MEPEeHOCH MDK pO3psiaMH, € OCOOJMBO HEraTMBHUM (DaKTOPOM MOXKIUBOCTEH
IiIBUIIICHHS MIBUIIKOAI 0aratopo3psiiHuX 00YuCToBaIbHUX 3ac00iB. Hanpuknan, npu
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3MIMCHEHH] OIEepamiil JoJaBaHHSI Ta MHOXKEGHHS IBOX N-PO3PSIHUX MOHOIBIHKOBHX
komiB (MZK) BimOyBaeTbcsi 3aTpuMKa CHTHAJdiB B OOYHMCIIOBAILHOMY MPHUCTPOI,
BIAMOBITHO Ha n Ta 2N+(2n-1) mikporakTiB. ToOTO, MPU PO3PSIHOCTI pEricTpiB mam’sTi
AJIIT anep cynmepkomm totepiB y miamazoni (128 - 2048) 6it, 3aTpuMKa CUTHAJIB TpH
BHKOHAHHI orieparii 1o1aBaHHs y KIIACHYHUX 0aratopo3psaaHuX MBIHKOBHX CyMaTopax
(BAC) [3] 3 npsmumu iHGOpMALIITHUME BXOI0-BUXOAaMH, BiIOBIIHO ckianae — (256
- 4096) MiKpOTaKTiB, IO CYTTEBO 3HIKYE mBUAKOAF0 AJII] cymepkomit 1oTepis.

VY BIZIOMHX CTPYKTypax OJHOPO3PSAHUX CymartopiB [3], 3aTpumka HaCKpi3HHUX
nepeHociB (Coy) CTaHOBUTH - 2 MIKpoTakTH, a (¢opMmyBaHHs Oita cymu (S) - 6
MiKpPOTaKTiB.

3 MeTOr0 YAOCKOHAJIEHHS Ta MiABHINEHHS mBHUAKOAI Takoro kimacy bJIC namu
3alpoNOHOBAaHA CTPYKTypa Ha OCHOBI IHBEPCHUX BXOJO-BHUXOJMIB OJHOPO3PSIHUX
cymaropiB 3 mnapadasuumu (KyOiTHUMHK) iHopmauiiinumu Bxojamu [4], ska
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Puc. 1. 3anpononoBana cTpykTypa N-po3psaaoro 5/1C Ha OCHOBI iHBEpCHHX BXOH0-BHXOJIIB.

Hana n-po3psana crpykrypa BJIC mo3Bosisie 341MCHUTH ONepallito J101aBaHHs
IBOX N-pO3pATHUX JBIMKOBHX 4YHCENl 3a N MIKPOTaKTiB, TOOTO i3 3aTPUMKOIO
HACKpI3HUX TEPEeHOCiB — 1 MIKpOTaKT, IO MiJBUIIYE IIBUAKOJII0 CyMaropa y
MOPIBHSIHHI 3 BIIOMHM Y 2 pa3u.

Ha puc. 2 a,0,B mpeacraBieHi OJHOPO3PSIHI KOMIIOHEHTH IEPEMHOKYBadiB
bpayna [5], dagna 3 omHOdasHuME BXomo/Buxoiamu [6] Ta 3ampormoHoBaHa Hamu
CTPYKTypa 3 napada3sHuMH BX0JI0-Buxomamu [7].
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Puc. 2. OxHOpPO3psITHI KOMIIOHEHTH MaTPUIHUX IIepeMHOXXyBadiB: bpayna (a); Jlanna (0);
3alpOIOHOBaHMIT 3 mapada3HUMH BXOI0-BHX0IaMu (B).

MakcuManbHa IIBUIKOMIS TakOro Kjacy TMEePEeMHOXYBayiB Ha  OCHOBI
3alPONIOHOBAaHUX OJIHOPO3SAPJIHUX CyMaTopiB 3 mnapadasHumu (KyOiTHUMH) BXOJO-
Buxoxamu (puc. 3B) [8], ski MarOTh 3aTpUMKH CHTHaJiB (OPMYBaHHA CyMH Ta
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HacKpi3HUX TEPeHOCiB |1 MIKPOTaKT BIOIOBIAAE KPUTEPII0 MiHIMaITHHO-MOYKIUBOI
4acoBOT CKJIAJTHOCTI TAKOTO KJIaCy IEPEMHOKYBaUiB.

[IpUHIUITOBUM HEAOTIKOM TaKUX TMEPEMHOXKYBauiB € HAsSBHICTh HACKPIZHHUX
MIEPEHOCIB MK KOMIIOHEHTAMH iX CTPYKTYP.

2. MaTeMaTH4Hi OCHOBM OiHapHO-IBiliKOBOI apudMeTUKH

B ocHoBy moOynoBH BHCOKONPOAYKTUBHHX OaraTopo3psiIHUX CHHXPOHI30BAaHHX
MaTpUYHUX TEPEMHOKYBadiB IMOKJIAJCHI MaTeMaTH4HI IOJOXXEHHS Teopii OiHapHOI
apupMETHKH.

3rigHO  TOJIOKEHb  OiHApPHO-ABIMKOBOI  apu(PMETHKH,  3ampOIOHOBAHOI
npodecopom .M. Huxonaituykom [8], koKHE N-po3psiiHE ABIMKOBE YHCIO, SKE
mpenctaBieHe nBiikoBuM MoHOKomoMm (MJIK), mpexncraBiserbes 2N-po3psaHUM
OinapauMm nBifikoBuM komoMm (BJIK), saxwii MicTUTh y KOXXHOMY po3psiai OiT

Hackpisuoro nepenocy (C; ) Ta 6it cymu (S; ).

[puxman Takoro 6irapHOTO ABiiikoBoro koay (bJK) mae Burimsn:

d, =C, 4 S40+C; S Co Sp (1)

ne d, — 2n-pospsane 6iHapHO-IBIHKOBE YUCIIO.

3anponoHOBaHUI MPUHIMIT KOAYBaHHS JBIMKOBHUX YHCEN 3 peecTpauieto OiTiB

nackpisuux nepenoci (C;) ta Girie cymu (S;) y koxnomy pospsaai BIK mossonse

BUKJIFOUMTH OMEpallii HACKPI3HOrO IEPEHOCY B alroOpuTMax OOYHCICHh CyM Ta
JTOOYTKIB HE3JIEKHO Bif PO3PSTHOCTI BXiTHUX JIBIHKOBUX KOIB.
Onepailiss J10JaBaHHSA JBOX JBIMKOBHX 4YHCEN 3TiTHO OiHAPHOI apu(METHKH

3IiMCHIOETECA HACTYyNHMM 4uHOM. Hexaii, maemo: x+y =0,, ne X,y — N-pospsmami
JBIHKOBI YHCIa, K1 MICIs JOJaBaHHS YTBOPIOOTE 2N-po3psinauii BJIK, 3riqHo Bupasy:
X=(@, 4, 0 &, . Ay, a, )
+y=0b,y - b, o by b, ). (2)

d= (Cn < Sn_]_,...,Ci+1 < Si,...,C2 < S]_,...,C]_ < So)

e X, y — iBiiikoBi ko minux uucen: & €0,1; b €0,1; C; €0,1; §€01; d;,, €0,2.

3. CTpyKTypa BHCOKONPOAYKTHBHOIO CHHXPOHI30BaHOT0 MATPHYHOIO MPoOLecOpa
MHOKeHHS, AKHI peaJizye 004HCII0OBAJIbHI omepanii 3rifHo OiHapHO-IBIKOBON
apudmeruxn

Ha puc. 3 mpexacraBieHa MIKpOEISKTpPOHHA CTpykTypa (a) Ta T OJHOPO3PSAHUI
koMmnoHeHT (0) dopmyBanHs 2n-pospsinHoro BJIK nuisixom momaBaHHs ABOX N-
po3psaaux MJIK. Ha ocHOBiI 3amponoHOBaHMX OAHOPO3PSAHHUX CHUHXPOHI30BAaHHX
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cymaropiB  [9] po3pobnena  apxiTeKTypa  CHHXPOHI30BaHOTO  MATPHIHOTO
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Puc. 3. Crpykrypu Mikpoenekrponroro komrnonenra HC (a); 2n-pospsigaoro BJIK (6);
apXiTeKTypa CHHXPOHI30BaHOTO 16-po3psiTHOr0 MaTPHYHOTO IIEpEeMHOKYBa4a (B).

Po3pobnieHnii  aJrOpUT™M  MEPEMHOXKEHHS Ha OCHOBI  OiHApPHO-IBIMKOBOI
apuMeTHKN BKJIIOYA€E Omepanii: CKUJaHHSA BCix TpurepiB mpuctpoto y ‘0’-cran’
¢dopmyBanHs koaiB byra y HemapHuX cyMaTopax Ta mociifjioBHe fqogasanHs kodiB BJIK
mik (1-2, 2-4,..., log, (n-1)) cymaropamu 3 4YacoBOKW 3aTpuMKor 3*5=15 -
MIKpPOTaKTIB.

Hanpuxmnan, npu po3psaHocTi nepeMHOKyBaHUX uucen 1024 6it ¢popmyBaHHS
BUXIJTHOT'O KOJY pe3yJbTaTy MHOKEHHS 3alPONOHOBAHOI0 CTPYKTYPOIO 3IIHCHIOETHCS
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3a 2+2+(15*9)=139 wmikpoTakTiB, mo y 30 pa3iB TEpeBHINye IIBHIKOMIIO
MEPEMHOKYBAYiB Ha OCHOBI BiJJOMUX KIIACUYHUX MAaTPUYHHUX CTPYKTYpax.

BucHoBku. BuxianeHuit aHamiz CHCTEMHUX XapaKTEPHCTUK BIJJOMUX CTPYKTYP
HECHHXPOHI30BAaHUX MAaTPHYHUX ITEPEMHOXKYBAUIB, AKi MICTATh y SIKOCTI KOMITOHEHTIB
HECHHXPOHI30BaHI OJHOPO3PAIHI KOMOIHAIIIHI CyMaTOpH, MPUHIIUIIOBO OOMEXYe iX
MIBUJIKOJIIIO B 3AJIGKHOCTI BiJ PO3PSIMHOCTI BXiHUX JBIMKOBUX KOJIB i3 3aTPUMKOIO
curtamiB N+(N-1) MiKpoTakTiB. 3amporoHOBaHa CTPYKTypa BHCOKOIPOIYKTHBHOTO
CHHXPOHI30BaHOTO MAaTPUYHOTO MpOoIlecopa MHOXCHHS, SKUH peatizye alropuTM
oOuncieHHs 3rifHo OiHapHOi JBifiKOBOI apu(MeTHUKH, A03BOJSE 30UTBIINTH
MIBUJIKOJIII0 Takoro kiacy cmisrporecopiB AJIIT cymepkomm’toTepiB 3 pO3psIHICTIO
(1024-4096 6it) y 30-90 pas3is.
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High-performance synchronized matrix ALU multiplication
processor for supercomputers

Yaroslav Nykolaychuk, Volodymyr Hryha, Oleh Zastavnyi

The scope of application and priority directions of improvement of high-performance multibit
matrix multipliers (MMM) as components of ALU coprocessors of multicore supercomputers are
outlined. The characteristics of performance and hardware complexity of known matrix multipliers
are systematized. The prospect of improving the structures of multipliers based on synchronized
single-bit accumulative binary adders (SABA) is substantiated. The algorithm and structure of the
MMM based on multiplex-switched SABAs are proposed. The system characteristics of this class
of multipliers are investigated depending on the bit depth of the input binary codes.
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