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B Hactosime#t paboTre MPHUBOAWTCSA OMHMCAHUE pa3pabaThIBACMON apXUTEKTYPhl MPOOICMHO-OPHEHTUPOBAHHOTO
CEMaHTHYECKOrO0 IIPOLECCOpa, paccMarpuBaeTcsi (opMar MaHHBIX M CHCTEMa KOMaHI IPOLECCOopa, OCHOBHBIC
OPUHIUIE QyHKIHOHUPOBaHUS. [IPHBOMUTCS PSA 3aKOHOMEPHOCTEH M OOBEKTHUBHBIX OrPaHUYCHHN apXHUTEKTYpBI.
Bkpariie paccMOTpeH IIpUMeEp UCIIOIb30BaHHUsI IIPOLieCccopa IIs PEIICHHS 3a1a4r IOUCKa yTH B rpade.

KoaroueBble cioBa: cemanTuueckas o0paboTka MH(GOPMALKHU; CEMaHTHYECKas CETh; NMPOOIEMHO-OPUCHTHPOBAHHBIN

HPOLIECCOP; MACCOBBIH MAPAIIICIH3M.

BBeaenune

OmanM w3 HamOojee INEepCHeKTHBHBIX CIIOCO00B
tdopmanmzaiu  (QYHKIMOHMPOBAHUS  IPOU3BOJIEHON
MHTEJUICKTYaIbHOW CHCTEMBI SIBIISETCS MCIIOJIb30BaHHE
CEMaHTHYECKHX CeTeH, C IMOMOIIBI0 KOTOPBIX MOTYT
OBITH MPECTABIICHBI KaK 3HAHUS cHcTeMBbI (0a3a 3HaHUH

CHUCTEMBI), TaK H QITOPUTMBl HHTEIUIEKTyalbHOU
00paboTkn  HWHGOPMAIINK, HKCIONb3YEMbIC JTaHHOU
cuctemoi. CemaHTHYeCKas CeThb [0 CBOEH CyTH

SIBIISICTCS. HEKOTOPOH TpadoBOil CTPYKTYpOHl, SIEMEHTHI
KOTOPOH « HAJIGJSIFOTCS  JTOTIONTHUTEIBHBIM — CMBICIIOM.
BerumcnurensHas — cucteMa, Ha  0a3e  KOTOpOW
(hyHKIMOHHPYET CeMaHTHYECKas CeTh, KaK IPaBHIIO,
SIBIIIETCSI, TaK Ha3bIBaeMoW, TpadoIuHAMHYECKOI
MammmHoM [lomeHkoB um 1np., 2012] — mporpaMMHOA
00 anmapaTHONl CHCTEeMOH, BHYTpPEHHEE COCTOSHHE
KoTOpo# mpencraBieHo rpadom. IIporecc oOpaboTkm

nHQOpPMAIMK B TaKOH CHCTEME TpakTyeTcs Kak
rpadoaHAMUYE CKUIA rpotiiecc, T.C. npo1iecc
U3MEHECHUs  BHYTPEHHEH  rpadoBOH  CTPYKTYpHI

CHCTEMBI, KOTOPBIII MOXET BKJIFOYATh B CEOsI HE TOJIBKO
M3MEHEHHE BHYTPEHHETO COCTOSHHS 3JIEMEHTOB rpada,
HO M n3MeHeHHe KoH(purypaumum rpada (mobGasieHne
100 yaneHue BEpIIMH U AyT B rpade).
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Ha npakruke 1npu  co3laHUM  INIPUKIAJHOHN
HMHTEJUICKTYaTbHOM CUCTEME, Kak MIPaBHIIO,
UCTIONB3YeTCs TMPOrpaMMHAas MOJENh CEMaHTHYSCKOU
CceTH, peanu3oBaHHAS Ha YHHBEpCaIbHON
BEIYUCITUTEITEHON cucreMe (mepcoHaEHOM
KOMIIBIOTEPE), UTO, OYEBUIHO, CYIISCTBCHHO CHIKAET
OOIIyI0 CTOMMOCTb CHCTEMBI W HEPEIKO SBISACTCS
noaxo/siuM  pemienneM.  OIHAKO — HMCIOJb30BaHUE
YHHBEPCAIBHBIX IPOLIECCOPOB UMEET PsAJ] OrPaHUuEHHUI
mo macmrabupyemoctu [Amdahl, 1967], [Gustafson,
1988], [BoeBogmn, 2010] w He mNOAXOAMUT IS
peanu3anuy CBepX CIOKHBIX CHCTeM. B ciydae Takoro
pooa CHCTeM, TMPEOBABIAIOMAX 0CO00  BBICOKHE
TpeOoBaHUS K TIPOU3BOJUTEIHHOCTH 0o
MaKCHMaJbhbHO BO3MOXXHOMY 0OBEMYy B3HaHHUI, MOTYT
OBITH HCTIOJTb30BaHBI CHETIPOIIECCOPEI
(cyneprommberotepsr) [Hillis, 1989], [Kitano et al.,
1992], [KanseB u ap., 2011], onHako 3TO 3a4acTyro
HEBO3MOXKHO M3-3a 0OJIBLION CTOMMOCTH TaKUX CHCTEM.
K 1pyrum SIBHBIM HEZOCTATKaM MOYHO OTHECTH

MaccorabapUTHbIE XapaKTePUCTUKU
CYIICPKOMITLIOTEPOB, IIOBBIIIICHHBIC 3aTpaThl Ha
obcmy)uBaHMe (BBIIETICHHE CIIEIUATBHOTO

MOMEIIEHUs, OXJKICHNE W T.I.) U OOCITY KHBAIOIINHA
HNepCOoHal.

I[pyl"I/IM XOpOHIO H3BECTHBIM PCHICHUEM SABJISICTCS
HCIIOJIB30BAHHEC YHUBEPCAJIbHBIX napaJuIeJIbHbIX



cuctem, takux kak GPU [Brodtkorb et al.,, 2013],
KJIACTEPOB, OOJAYHBIX BBIYUCICHHM, YTO ITO3BOJISIET
JOCTHYb TOPa3fao OOJbIIEH NPOU3BOIUTEIBHOCTH 10
CPaBHCHUIO c OOBIYHBIMHU YHHUBEPCATbHBIMU
MPOIIECCOPaMU MPU COXPAHCHUH OTHOCUTEIHHO HU3KOU
CTOMMOCTH BCell cucreMbl B neiaoM. OmHuM U3
HEIOCTAaTKOB TAKOTO POJia CHCTEM SIBISICTCS TOT (DaKT,
YTO W3HAYAJIBHO OHH CO3JABAIUCH JUIS PEUICHHUS
COBEpILICHHO JPYTOro Kiacca 3aJad, COOTBETCTBEHHO B
Cllydae WHTEJUICKTYalbHbIX CHCTEM OHHU 3a4acTyio He
MOTYT OBITh  HCHOJIB30BaHBI C  MAaKCHMaJIbHOMN
3((heKTHBHOCTBIO.

AnbTepHaTHBHOE penieHue, npearaeMoe
aBTOpaMM  HACTOSIIEH  paboThl, 3aKIro4aeTcs B
pa3paboTke MPOOJIEMHO-OPUCHTUPOBAHHOTO
nporeccopa [baiipak u ap., 2012]. M3-3a uzHavansHOU
OpPHEHTALMM Ha pelmIeHHuEe 33Jad  CEMaHTHYECKOH
00paboTKH SIBIISIETCS BO3MOXHBIM JIOCTHXKEHHE JTy4dIIeiH
3G (PEKTUBHOCTH TO CPAaBHEHUIO C YHHUBEPCAIbHBIMU
peumieHUsiIMA  (YHUBEpPCAJIbHBIMU  IIPOLECCOPaMU U
YHHUBEPCAJIBHBIMHA ~ MapaUICIBHBIMA  ITPOIIECCOPAMH)
TP COXpaHEHUH HU3KOW oOmiel cromMocth. B cratbe,
B  YAacTHOCTH, NPUBOAUTCS KpPaTkoe  OIHCaHHE
pa3pabOTaHHONW apXHUTEKTYphl, CHCTEMBI KOMaHA H
¢opMara maHHBIX IPOIECCOPa, PaccMaTPHUBAIOTCS
OOBEKTHBHBIE  3aKOHOMEPHOCTH W  OTPaHHYCHUS
peanu3aluy npoueccopa.

1. ApxuTeKkTypa npoueccopa

B pabote [Bepenux u ap., 2012] OpI0 mOKa3aHO,
KaKk 3a7audl CEMAaHTHYECKOTO AaHajiu3a MOTYT OBITH
CBEJICHBI K 3aJadaM W3 TCOpUH rpadoB, B YACTHOCTH
KakK IMPOM3BOJIbHAS CEMAHTHYECKAs CETh MOXKET OBITH

NpEe/ICTaBlIeHa  HEKOTOphIM  rpadoM  perymsipHOM
CTPYKTypel. B cCBOIO odepens, 3amaud/ U3 TCOPHHU
rpagoB B  OONBIIMHCTBE CBOEM OTHOCHTCA K

KOMOMHATOPHBIM 33]]a4aM, KOTOPbIE Ha MPAKTUKE MOTYT
OBITH pemIeHbl TOJNBKO 3a CYET BBEACHHUS psza
OTpaHHUYEHUH B YCIIOBHSI MCXOMHOH 3amaun. [lomoOHBIE
OTrpPaHUYEHUS BBOAATCS 10 TeX IIOp, IOKa BpeMs
pemieHust 3aJadd  He - JOCTHTHET HeoOXOIMMOTro
JIOITyCTUMOIO 3HadeHus. B pesynbrare HOIy4eHHOE
pelleHre HUMEET CMBICH  TOIbKO B KOHTEKCTE
NPUKJIAAHONW | 3afa4d, JJII KOTOpPOM OHO  OBLIO
pa3paboTaHo.

C Japyroil CTOPOHBI, CTOMT 3ajada OOeCIeYeHHS
peHTabenbHOCTH pa3zpaboTku npo0IIeMHO-
OpPHEHTHPOBAHHOTO npoteccopa, KOTOpast
MPEANoNaraeT Onpe/esieHHbIe BPEMEHHbIE, a 3HAUYUT U
MarepuajbHbIe 3aTparbl. Takoro poja MpOeKT HUKOTIA
HE  JOCTUTHET peHTabenbHOCTH, eciau  Oymer
OpPHEHTHPOBAH TOJBKO HA OJIHY 4YacTHYIO 3a/ady.

CJ'ICZ[OBEITGJ'H)HO, C cCaMoro Hadajla B pa3pa60TKy
APXUTCKTYPbl  IIpoHeccopa HCO6X0,HI/IMO 3aJIOKHUTHh
OIPCACIICHHYTO yHI/I(l)I/IKaIII/IIO, T.C. OPUCHTUPOBATH

MpOIIeCCOp Ha PEIICHHUE ONPEISIICHHOTO KIIAcca CXOMKHIX
3ama4 [baiipak u np., 2012].

ABTOpaMH TpeIUIaraeTcsl peajan30BaTh alMapaTHYIo
MOJIEPKKY 0a30BBIX OIEparuii, HCIONB3YEeMBIX B
NTOpUTMax M3 TeOpUH TpadoB, B JACTHOCTHU ONEpanuii
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MOWCKa 3JIeMEeHTOB rpada W omepamuu  HaJ
MHOXECTBAMH  dJJIeMeHTOB  rpada.  dakTtudeckw,
mpoIieccop  MpelularaéMol  apXUTEKTYypPHl  MOXKET

paccMaTpUBaThCs KAK CIIOKHASI aCCOLMATUBHAS TTAMSTh,
rJe OIepaldd YTCHUS COOTBETCTBYET BBIMOJIHEHHUE
HEKOTOPOTO TIOMCKOBOTO 3ampoca 1o rpady.

Ha puc. 1 wu3o0paxkeHa CTpyKTypHas cxema
npoueccopa. B kauectBe 0a30BOil  apXUTEKTYpEHI
npenjaraeTcsi ucnonbzoBarb SIMD-apxurektypy (1o
kinaccupukanyu DIMHHA) MarucTpajdbHOro THma. M3
OYEBHIHBIX ITPEUMYIIECTB JaHHOH  apXHUTEKTYypbl
MOYKHO Has3BaTh MPOCTOTY CBS3€H MEXIy MOIYISMH,
HaVIMEHBIIINE allapaTHbIE 3aTPaThl, BBICOKYIO CTEIECHb
MOIYIBHOCTH M, 4YTO  BaXXHO,  BO3MOYKHOCTb
HapamuBaHus. V3BecTHble HENOCTaTKH, Takue Kak
0O0JIBIIOE KOJMYECTBO CBsI3€H B CXEME€ M CBsA3aHHAs C
9TUM HEBBICOKAs HAJEKHOCTH (B CIydae MOBPEKICHUS
OJTHOM 3 IIUH JIaHHBIX), HE SBJISIOTCS CyIECTBEHHBIMU
npu peanuzanuu cxembl Ha IIJIMC. Hauboneiyro
mpobneMy COCTaBJIi€T OrpaHHYCHHas IPOMYCKHas
CIOCOOHOCTh IIMH JaHHBIX, B YaCTHOCTH ITIPH YTCHUH
JTAaHHBIX U3 MaMATH.

XocT-
KOMMbloTEP

[
LA (sanucb >
yy WA (4renue)
gl gl o
— N3 4 M k-4 N3 —

Pucynok 1 — CtpykTypHas cxema nporeccopa

Ha cxeme mporneccop npeacTaBieH OZHHUM OOIINM
ycrpoiictBoM ympasienus (YY), KOTopoe CUNTHIBAET U
JIEKOAUPYET MOCIEI0BATEIbHOCTh KOMaHI HCXOAHOU
nporpamMMmbl  (OJMHOYHBI ~ TIOTOK  KOMaHJ), H
MHOKECTBOM IIpOLecCOpHBIX 3iementoB (I19), Ha
KOTOPBIX B IOCIEICTBHE MapaijebHO HCHOTHAIOTCS
9TH KOMaHAbl. Y'Y B3aUMOJACUCTBYET ¢ JuHEWKoil I12
gyepe3 mobanbHble mMUHB AaHHBIX (I11]]) Tpex BumoB:

1]l 3anucu IIMHA, 10  KOTOpOM
WCTIONTHSIEMasi KOMaHJa MapajulelIbHO TPAHCIHPYETCs
Ha Bce [19;

e IIJI wureHuss — 1MHA, 1O  KOTOPOM
BBITIONHSACTCS TI0CIIE/IOBATEIbHOE YTEHHE JaHHBIX C
npoueccopHbix  anmementoB (LI ¢ BpemeHHBIM
pazlienieHueM);

e mmHa ynpasiaenus (IIY) — mHOXecTBO
YIOPaBJISIOMUX CUTHAJIOB.

Kaxnerii  IID  comepXuT CBOIO COOCTBEHHYIO

JIOKaJbHYI0 TaMsiTh, 3a B3aUMOJEIHCTBHE C KOTOPOU
OTBEUYaeT TOJBKO OH oauH. [ID coenMHEHBI MEXITy
o000l OJHOHANPABICHHBIMU JIOKAJHHBIMU ~CBSI3SIMH,
MIOCPEACTBOM KOTOPBIX OCYIIECTBISETCS BO3MOXKHOCTH
IIPUOPUTETHOTO CUMTHIBAHMS [IaHHBIX M3 NaMATH.



COBOKYIMHOCTh ~ JIOKalbHOW  maMaTth  Bcex 110

cocTaBisIeT OOLIYIO MaMsITh IPoLeccopa.

PaccmoTpuM 00muii MeXaHW3M B3aUMOJICHCTBHS C
namsTei0 Ipoueccopa. Ha paHHBIE MOMEHT cucteMa
KOMaHJl [poleccopa MpeACTaBlIeHa BCEro OJHOU
KOMaHJI0H (CM. pHcC. 2), UCHONBb3YeMOH Kak I YTEeHus,
TaK U JUIS 3alIUCH JAHHBIX B IPOLIECCOP.

™n
onepauuu

M,, Macka-
aapec

Da, A@HHbIE-
aapec

Mp, Macka-
[laHHble

Dp, AaHHble-

[laHHble

oaHa
Adeitka

Pucynok 2 — ®opmar koMaH/BI IpoLeccopa

Jus agpecarmu (BBIOOpa OFHOTO WIIM HECKOJBKHAX
JIIEMEHTOB IAMSTH IMpoIleccopa, C KOTOPBHIMH Oymer
MPOM3BEIEHO ICHCTBHE) B COCTaB KOMAH/ABI BXOAHT
ouroBas macka M, u OutoBOe moine D,, pasMepHOCTb
KOTOPBIX COBIAAAET C Pa3psAHOCTBIO Ipoleccopa.
Ecnmn B sgelike nHaxomurTcs 3HaueHHWEe [, TO OHa
CUUTAeTCs aJpPecOBAaHHOW (BBIOpPAaHHOW, AKTUBHOW) B
ciydae, korjga Bce Outhl Dy u Dy, OTMCYCHHBIC MaCKOM
My, COOTBETCTBEHHO paBHBI MEXAy CO00#l, T.e.

D, =D, Vi, i=0b-1

paspsiIHOCTB mpoweccopa), taxoro uro M, =1.

A b

(tme

Yacto TpeOyeTcst (Hampumep, B Cllydae OIEpaldu
YTEHHs) TapaHTUPOBAHO MPUMEHUTH JCHCTBHE K HE
Oonee yem OJHOMY 3JIeMeHTy mHamsatu. J[ims BeIOOpa
3TOT0 pEeKMMa HCIONB3yeTCsl OUT “‘omHa sueilika”. B
ATOM Cily4ae, eclii Oblia ajapecoBaHa Oosee 4eM OfHa
syelika, BBIOOP TOH, KOTOpas BBIIOJHUT OIEpaIuio,
OyZeT OCYIIeCTBICH IO CXeMe IPHOPHUTETOB.
CoOCTBEHHO TPHOPUTET  OIPEHEIACTCS  HOPSIKOM
cienoBaHus B cxeMe. Il mpOCTOTHI MOXKHO CUUTATh,
4yTO cpaboTaeT Ta sUeiiKa, KOTopas 3aHHIMaeT Hanbojee
JIeBOE TOJIOKeHHe B TuHelike 110 (cM. puc. 1).

Onepanys 3alKCH JaHHBIX B SYEHKY MaMATH TaKxkKe
UCIIONIB3YEeT JIOCTYNl 4Y€pe3 MacKy, B YaCTHOCTH
3HaueHue M) ompenemnsieT Te OWUTHI SYEHKH, KOTOpHIE
OyayT W3MEHEHBl B 3aBHCHMOCTH OT TEKYIIEro
3HaYeHUs OHWTa COINIAaCHO HEKOTOPOW  (PyHKIHH

f(DOl.,DDl.):> Dy, ms Vi, i=0,b—1, raxoro
aro M, =1. Bri6op ¢yHKIUK oOCyIIECTBIAETCS

MOCPEJCTBOM ToJisi- “TUn omeparuu’. Ha Texymmid
MOMEHT  MpPEHNoNiaraeTCs  peaan3oBaTh  MPOCTOE
NPUCBaMBAHUE M, KaK MHHUMYM, OCHOBHBbIE (DYHKIIUH
6unapnoii noruxu (W, NJIU, HE).

JlokanbHas
namsTh

[ AaHHble
K M3
>

KoMaHaa

Pucynok 3 — CtpykrypHas cxema [1D

oy

o1 N34
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Ha pucynke 3 mpexmcraBieHa CTPYKTYpHas cxema
I15. B cocras IID BXoauT JOKaJbHAsA MaMATh M
KOMOMHAI[MOHHAs CXEMa, OTBEYAIOIIas 3a:

®  TOCJEIOBATEILHOC CPABHCHUE SUYCCK MAMSTH C
BXOJHBIM  3HaucHHEeM  (pealu3yercs  MeEXaHU3M
ajipecany ONMUCAHHBIN BHIIIIE);

e TOOWTOBYIO 3alUCh JaHHBIX B SYCHKY (B
COOTBETCTBHUE CO 3HAYCHUEM Macku M));

®  peaJH3anuio JIOTHYECKOM ¢GbyHKIIHA,
BBIYHCIISIOLIEH 3HAUCHUE AJIS 3allUCH B STUEHKY;

e B3auMmojelicTBHe ¢ cocemHuMH 11D (cxema
MIPHOPUTETOR);

®  YTCHHUC JaHHBIX.

2. HeKOTOPLIe 3aKOHOMEPHOCTH
00bEKTHBHDbIE OrpaHu4YCHUA

Hu

OcHOBHast wujes MNpH MOCTPOCHUU IpoLeccopa
3aKIIIouaeTcs B TOM, YTOOBI COXpaHUTh
(YHKIMOHAIBHYIO < CIOXHOCTH  [ID  MakcumanbHO
OPOCTOM, 4TO B pe3yabrare MO3BOJUT PEAIN30BATh
OTPOMHOE HX ‘KOJTMYECTBO Ha OAHOM dure. B To xe
BpeMs MPOLECCOp NOIMKEH OBITh B HEKOTOPOM poJie
YHHUBEpCAJIBHBIM (AIs1 0OecredeHns peHTaOeIbHOCTH
MPOEKTA, KaK OOBSICHAIOCH paHee), YTO HE MOXKET He
MOBIHATE Ha cTpykTypy I113. B nomonxenue ko Bcemy,
TpeOOBaHUA MPEIbABIsIEMble KOHKPETHON MPUKIIaAHON
CHCTEMOM, i1 KOTOPOH H3rOTaBIMBAETCS MpOIeccop,
MOTYT CYUIECTBEHHO OTIMYAThCsA OT OJHOW CHUCTEMBI K
npyroil. HekoTopsie cuctemMbl TpeOYIOT MaKCHUMAalbHOM
MIPOU3BOAUTENBHOCTH (CKOPOCTH BBINOJHEHHUS), IS
JIpyrux, B MEpBYK0 OYepenb, BakK€H MAKCHMAaJIbHBINA
00beM XpaHMMOH IaMATH, A TPETbHX IJIaBHBIM
OTpaHWYMBAIOIUM  (akTopoM  OymeT  SBISATHCS
CTOUMOCTS.

Jlns pemieHust AaHHOM MpoOIEeMBI MPEIoaracTcs
HOJJEPKKA MPOLECCOPOM ONPEAEICHHON HACTPONKU
0/ KOHKPETHYIO NPHUKIATHYI0 CUCTEMY (TIPHKIATHYIO
3amady), JUIS  KOTOpPOH OTOT Tpolreccop Oyaer
n3roraenuBarbea. Ui mpepslaraeModl  apXUTEKTYpPbl
TaKoro pojia HACTPOKa MOXET OBITh BBINOJHEHA Ha
HECKOJIBKUX KOHLENTYaJBHBIX YPOBHSIX. B wacTtHOCTH,
MOYKHO BBIACIIHTH alMapaTHyl0 HaCTPOHKY IpoIeccopa
(BBIOOp Pa3pSAMHOCTH JTAaHHBIX IPOLIECCOpa, KOTHMIECTBA
13, o0veM mOKaNbHON MaMATH) U IMPOTPAMMHYIO
HACTPOWKy mporeccopa (pasiaudHas HHTEPHpPETALU
dopmara npaHHBIX Tporeccopa). OcTaHOBHUMCS Ha
anmapaTHOW HACTpOiKe Ipoleccopa, pPacCMOTPHM
HEKOTOpbIE€  3aKOHOMEPHOCTH W OTpPaHHMYCHHS,
MPUCYIIHE MpeaaracMoil apXuTeKType.

1. PazpsimHocTh mporeccopa b — B TMOJHOW Mepe
3aBUCHUT OT pelIaeMoil Ha cucreme 3anadu. Hampumep,

I XpaHEHUsl CEMaHTHYECKOM CeTH B MaMsTH
mpoieccopa  sfyeiika  mamsATH  JIOJDKHA  UMETh
BO3MO)KHOCTb ~ BMECTHTH  IIPEICTAaBICHHE JIF0OOOTO
IIPOU3BOJIBHOTO JJIEMEHTA CETH. Tax, JUIsL

NIPE/ICTAaBICHUs BEPIIMHBI Tpada HEOOXOIUMO XPaHHTh
HEKOTOPBIH YHUKAJIBHBIA MASHTH(UKATOP BEPIIMHBI U
psn  3HayeHWH ee cBoMcTB  (arpuOyrtoB). Jlis
NPEe/ICTaBICHUsT OyTH Trpada — WAESHTU(DUKATOPHI IBYX



WHIMICHTHBIX € BEPIIUH M HEKOTOPHIE CBOICTBA AYTH.
YBenumueHue pa3psIHOCTH MpoLieccopa b MPUBOAUT K:

e  yBeJIWYEHHUIO 00beMa JIOKATbHON mamsatu [10
1, COOTBETCTBEHHO, YBEIIMUCHHIO CXeMbl aMsTH [103;

®  YBEIMUYCHHUIO KOMOMHAIIMOHHOU CXEMBI
ynpasnsomeit gsoruxu I13;

®  YMEHBILICHHUIO CKOPOCTH UCIIOJTHEHUS
ynpasisifomied  jgorukn  [1D (nomosiHUTEIBbHBIE
3aJep>KKN Ha MYJIBTHIUIEKCOPAX U T.11.);

e VyBENMYCHHWIO pa3Mepa KoMaHAbl (B 4 pasa
OBICTpee, 4eM pa3psAAHOCTh b, TIpHU rpy0oil OIIeHKeE);

e YBCNMUYCHMIO KOJMYECTBA IIMH [aHHBIX W,
BMECTE C Te€M, OOIIEH CIIOKHOCTH TPACCHPOBKH CXEMBI;

®  pOCTYy CTOMMOCTHU OJTHOM AYEHKU MaMSTH.

CroumMocTh ONHOW sueHKM MHaMsITH Ipoleccopa
MOXHO HPUHATH PaBHOM CTOMMOCTH H3TOTOBJIEHHOIO
YHIa JENEHHOH Ha oOliee KOJIMYECTBO S4YEEK IaMsTH,
KOTOpBIE M NPEICTABIAIOT cOOOH OCHOBHYIO IIEHHOCTb.

®DaKTUYCCKH, W3MCHCHHE CTOMMOCTH (POCT WU
MajeHne) OmpelessieTcsl  OTHOLICHHWEM  IUIOMIau
komOuHarmonHoit cxemel (KC) mpomeccopa (Bceit
VIOPaBISIONICH JIOTHKK) K I[UIOLIAJH, 3aHUMaeMOn

coOcTBeHHOM ’meMmenTamu mamsta (311) mpomeccopa:

S

S917

K

VBenuueHne 3HAYCHHS BEIWYHHBI K NPpUBOAUT K
POCTY CTOUMOCTH OHHOﬁ STICHKHU namsATH, yMCHBIIICHUC
3HAYCHHUC — K NMMAACHHUIO CTOUMOCTH.

2. KomndgecTBO 31E€MEHTOB JIOKAJIHHOM HaMSTH M,
npuxopsieecs Ha onuH I[13. YBenuuenue 3HaueHus M
MIPUBONT K:

®  YBEIMYCHHIO 00beMa JIOKaIbHOM mamsth [1D
1, COOTBETCTBEHHO, YBEIIMUSHHIO CXeMbl HaMsiTu [13;

®  YBEIMUYCHHUIO KOMOHMHALMOHHOM CXEMBbI
ynpasistonieit goruxu [13;

e  YBEIMUYCHHIO BPEMEHH BBINIOJIHEHHS OIEpannuu
MPOLIECCOPHBIM 3JIEMEHTOM = (4eM Ooiblle  sUeeK
naMsaTH cozaepxurcst B IIJ, Tem Ooiplie BpeMeHH
TpeOyeTcs I UX MOCIEeI0BATENbHON 00padOTKN);

®  YMEHBIICHHUIO MIPOMU3BOIUTEIBHOCTH
(xonMn4ecTBO Omepanuil BBIIOJHAEMBIX B EIMHUILY
BPEMEHN);

®  [IAJIEHUIO CTOMMOCTH OJHOM SYEHKH ITaMSITH.

OueBHJIHO, YTO JUISI OOECIICYCHHMS MaKCHUMaJbHOM

MIPOU3BOAUTEIBHOCTH CUCTEMBI HE00X0AUMO
MAaKCUMaJIbHO yMEHBIIUTh 3HAYEHUE IEPEMEHHON M,
T.6.  YMEHBIIMTb  KOJUYECTBO  S4YEEK  IaMSITH,

npuxonsmeecs Ha [1D U, COOTBETCTBEHHO, yBEINYUThH
obmee kosmuectBo [1D Ha uume. Opnako 310 OymeT
COTIPOBOXAATbCA POCTOM CTOMMOCTH OJHOM sUEHKHU
HaMsTH, YTO HE BCETA SABIAETCS AOIYCTHUMBIM.

3. Oo6mee xommuectBo IID wHa uyune N. B
OOJNBIIIMHCTBE  CJIy4acB  SIBJSIETCSA  MPOW3BOTHOMN
BEJIMYMHON OT 3HAYCHHS Pa3psSIHOCTH mporeccopa b,
pa3Mmepa JOKalbHOM maMaTH M U MaKCUMaJIbHOU
JTOTTYCTUMOM TUTIOIIAIA CXEMBI Sy, T.€. TIOCIe BBIOOpa
KOHKpCTHOFO 3HAYCHUA OCHOBHBIX HOKa3aTeHeﬁ
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CUCTEMBI MBI pasMEIa€M Ha YWUIC MAaKCHUMAJIbHO
BO3MOXXHO€ KOJIMYECTBO COOTBETCTBYIOIIUX I19:

S=8c+S50 = Suu -

B ob0mem ciygae yBenmdenwme KkoimdecTBa 1D
MPUBOJUT K:

e yBENMUYCHHIO 0Omero o0beMa  MaMsTH
mporieccopa;
e yBenuueHHI0 3((GEKTHBHOCTH  Hpoleccopa

(OonbuMii 00beM TamsATH 00pabaThIBacTCs 3a TO K
camoe Bpems);

®  YBGIMYCHUIO KOJIMYECTBA INMH JAaHHBIX M,
BMECTE C TeM, O0LIeH CIIO)KHOCTH TPACCHPOBKH CXEMBL.

OTMeTHM, YTO MaKCHMaJIbHOE KoimdecTBO [ID
OTPaHUYEHO HEKOTOPHIM MAKCUMAJIbHBIM YUCIOM Ny4y,
9TO 0OYCIIOBIIEHO HAJIMYUEM JIOKAIBHBIX CBS3CH MEKIY
II3 (3amepxkaMu Ha | [OCIIEA0OBATEJIBHON CcXeMe).
Pentenue nanHON MpoONeMbl B HACTOSIICH CTaThe HE
paccMmarpuBaeTcsl.

3. llpumep UcNOIbL30BAHNS

Bkparne paccMOTpUM —IpuUMep  IPOrpaMMHOM
“HacTpOMKU’ Mpolleccopa, OCHOBHOM CMBICI KOTOPOM
3aKJTI09aeTCs B MOCTPOCHHUH IOTOIHHUTEIHLHOTO YPOBHS
aOCTpakIMM HajJ CHUCTEMOHl KOMaHJA mpoleccopa,
KOTOPBI  [YpOBEHB| JKECTKO OpPHUEHTHPOBaH Ha
KOHKPETHYI0  pemaeMyro  3agady. Mt 3Toro
OIpeZENeTCsT CBOW COOCTBEHHBIH (opMaT IaHHBIX
mporieccopa  (KOHKpETHbIE OWTBI  SlYCCK  HaMSATH
HAJENAIOTCA HYXHBIM CMBICIIOM) M BBOJSTCS HOBBIC
KOMaHABl TIporieccopa, paloTaromye B TEPMHUHAX
pemaemMoi 3anaud. Peanmzanust Takoil paclIMpeHHON
CHCTEMBl KOMaHJ, MOXET ObITh BBINIONHEHA Kak
MPUKJIAAHBIM TIPOTPAaMMUCTOM Ha YPOBHE €r0 CpPEabl
pa3paboTKu, TaK M CHUCTEMHBIM IPOrPaMMHCTOM Ha

YpPOBHE Vy rpoiieccopa, KOTOPBIH MOXKET
NIPEACTABIATD coboii HepenporpaMMIpyeMblii
KOHTpPOJLIED.
Used Cell D ATpMG'yTbI BEPLUMHbI
type v |n| f| distancenyn | previD
0 k-1 0 m-1 0 [ k1 0
Used Cell DA D2 ATpubyThI Ayrn
type c cost
1 k-1 0 [ k1 0 m-1 0

Pucynok 4 — @opmar JaHHBIX Ipolieccopa JUIsl pelleHus 3a1aqu
MOKMCKa KpaTyaifiiero myTu B rpade

B paborax [Bepenuk u ap., 2013], [Tatur et al.,
2013] Ha Ga3e mpOrpaMMHON MOJETH MpeIaraeMoin
apXUTEKTYPHI IpoIieccopa ObUIa pelIeHa 3agada Moucka
Kpargaimero mytd B rpade. ns pemeHus 3amadu
HCIIOJIb30BAJICs napaJiiesbHbIN aITOPUTM,
pa3paboTaHHBIi Ha OCHOBE AJITOPUTMBI JleHKCTpBl M
BOJIHOBOTO anroputma. Ha puc. 4 nokasan BeIOpaHHBII
¢dopMar naHHBIX Ipoleccopa (s4eiika MamsTH MOXKET
coiepKarh 2 Pa3IMYHBIX THIA JAHHBIX — BEPLIMHBI U
JIyr'H), a HWKE IPUBEICH pPACIIMPEHHBIH CIIMCOK
KOMaH/I;:



e pHUNuanu3anus (YCTaHABIMBAETCS HAdallbHOE
3HA4YEHHE I BCEX SUECK MaMATH B COOTBETCTBHHU C
UCTIOJIb3YEMBIM AJIITOPUTMOM)

e  co3JaThb BEPLINHY
UICHTU(HKATOPOM;

e co31aTh AYry C 3aJaHHBIM HICHTU(PHKATOPOM
U CTOMMOCTBIO MIEPEX0a;

C 3a/IaHHbIM

® YCTQaHOBUTHb  JUIA  33/IaHHOM  BEpIIMHBI
MHHHMAaJIbHOE HaliieHHO® paccrosHue 7
WACHTU(QHUKATOp  TpeApInymieil  BepmuHBl (Ui

BO3MO>KHOCTH BOCCTAHOBHUTH TPACKTOPHIO ITyTH TIOCIE);
® YCTAaHOBUTH Ml 3aJaHHOW BEPIUNMHBEI (hiar
BXOJKICHUSI BO ()POHT BOJIHBI;
®  CUNTaTh BEPIIMHY IO €€ HACHTU(DHUKATOPY;
e cyuTaTh CJEYIOIIYI0 BEpIIMHY W3 (poHTa
BOJIHBI;
®  CIOBUHYTH (DPOHT BOJIHEL;
HallTu Bce JOyrW BBIXOAAIIME W3 3aJaHHOM
BEPIINHEI;

e cynWTaTh CIEAYIOUIYI0 IYI'y W3 HaHICHHBIX

paHee.
3akirouenue

B  Hacrosmeit pabGore Obula  mpencTaBieHa
apXMUTEKTypa Tpoleccopa, IpeqHa3HadeHHas s
peuieHust 3amad  Ha rpagax ¥, B YaCTHOCTH,
3¢ HEKTHBHOTO HCTIOTHEHUS aJrOpUTMOB
ceMaHTHYecko  oOpabotrkn wHpopmarun. beum
PaccMOTpPEHEI OCHOBHEIC TPUHIHIIBL

(YHKIIMOHMPOBAHUS TIporieccopa, (Gopmar HaHHBIX H
cucTteMa KOMaHJl, CTPYKTypa MpOLECCOPHOTO MIEMEHTA,
HEKOTOpbIE  3aKOHOMEPHOCTH M OOBCKTHUBHBIC
OTpaHMYEHUs  pealu3aliyd  IPOLECCOPOB JaHHOU
apXUTEKTYpbl. B yacTHOCTH, ObLIM ONMMCaHBI Hambolee
Ba)KHBIC MapaMeTpbl apXUTEKTyphl Npolieccopa, BEIOOp
3HAUEHUs] KOTOPBIX M HPEICTaBIsAeT COO0H HACTPOMKY
ApPXUTEKTYPBl AJIsl PELICHUs KOHKPETHOM NPUKJIATHOU
3a/1a4u.

B pamkax pa3paOOTKH NPeAIOKEHHON apXUTEKTYphI
CJICIYIONIMM  3TallOM  HCCIEIOBAHMS  IUIAHUPYETCS
peanu3oBaTh  ApPXMTEKTYpy — HAa  CYyIIECTBYIOIINX
mapajiebHBIX  ToraTopmax, Takumx kak GPU
(rexnomoruss CUDA), kmacrepe u FPGA ans oueHkn
peanbHOTO  TPHPOCTa . IMPOM3BOAUTENBHOCTH U
3¢ GEKTUBHOCTH TP  PEIIEHUM DPA3TUYHBIX THUIIOBBIX
3aJa4 W3 OOJaCTH CEMaHTHYECKOro aHaiu3a 110
CPaBHEHHIO. C AKTMBHO HCIOJb3YeMBIMH Ha CErOJIHS
peIIeHUSAMH.
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In the article description of semantic ASIP architecture
which is in development is given, processor’s data
format and instruction set, basic principles of
functioning are considered. Several architecture
limitations and objective regularities are given. Usage
example of processor for solution of the path in graph
problem is briefly considered.
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Introduction

Using of semantic networks is one of the most
perspective approaches to formalize functioning of
custom intelligent system. They can be used to
represent both system’s knowledge (knowledge
database) and algorithms of intelligent information
processing which are used in this system.

In practice when building applied intelligent
systems then program model of semantic network is
used and usually implemented on general-purpose
computer system (PC). Obviously this approach
significantly decreases the total cost of the system and
frequently appears as a suitable solution. However
using of general-purpose processors has number of
scalability limitations. When implementing really
complex intelligent systems, which requires especially
high performance or huge value of knowledge database,
supercomputers can be used. But this is often
impossible because of high cost of such systems, weight
and size characteristics or difficulties in maintenance.

Another well-known solution is using of general-
purpose parallel systems such as GPU, clusters, and
clouds computing. It allows reach much more
performance in comparison with common general-
purpose processors and keep relatively low cost of the
entire system. The main disadvantage of this approach
is the fact that such computer systems were developed
to solve different kind of problems but semantic
processing and as the result it’s very difficult to achieve
maximum of efficiency.

Authors have proposed alternative solution which is
development of ASIP. Its problem orientation allows
achieve Dbetter performance and  efficiency in
comparison with general-purpose processors (including
parallel processors) while keeping low total cost. In the
article brief description of developed architecture, its
instruction set and data format are given, objective
regularities and limitations of implementation are given.

Main Part

It’s known that problems of semantic analysis can
be reduced to problems in graph theory. Then it’s
known that problems in graph theory are mostly
combinatorial problems and in practice they can be
solved only after some limitations in original problem
are introduced. Such limitations are introduced until the
duration of problem solution reaches the required value.
As the result the final solution has sense only in context
of this specific applied problem.

On the other hand there’s problem to ensure
profitability of ASIP development which supposes some
time and hence the material spending. Such project will
never reach profitability if it’s focused on only one
specific applied problem. Therefore from the beginning
the certain unification should be taken as basis while
developing processor architecture, i.e. there’s the
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necessarily to orient it on the solution of some kind of
similar problems.

Authors have proposed to implement hardware
support of basic operations used in graph theory
algorithms, in particular graph elements searching and
working with set of graph elements. Practically, the
processor with proposed architecture can be considered
as a complex associative memory where read operation
corresponds to execution of some search request within
graph structure.

Schematic diagram of processor is presented in
fig.1. The original architecture belongs to SIMD-kind
where processor elements (PEs) are connected by three
global buses (data bus for reading, data bus for writing
and control bud) and locally connected with each other
by unidirectional links (to perform mechanism of
reading in order of priority). Each PE contains some
value of local memory and is responsible for access to
it. The approximate schematic diagram of PE is
presented in fig.2.

The basic idea of processor is to provide bitwise
access to memory cells”which means to address
memory by comparison of selected bits in cell and in
input command. Selection mechanism is implemented
via special mask field in command (see command
format in fig.3). Writing operation is performed by bits
as-well.

The processor architecture is designed to support
two-level customization. First of all number of low
level parameters can be adjusted — such as processor
capacity, number of memory cells per one PE, number
of PEs. The regularities while changing these
parameters are considered in the article. The next level
of customization is performed by application or system
engineers and includes the introduction of custom data
format and high level instruction set which are
completely determined by and formulated in terms of
the problem to be solved. In fig.4 the example of such
customization is presented where path finding problem
is solved.

Conclusion

In the given paper the result of semantic processor
development is presented. The description of proposed
architecture, instruction-set and data format, basic
principles of functioning are given. The solution of path
finding problem is considered as the example of
processor usage.

Further study and simulations are necessary for
definition the problems to be solved on the proposed
architecture. As the next step simulations on existing
parallel systems are expected — such as GPU (CUDE
technology), clusters and FPGA.





