APXUTEKTYPHI U TONOJOTHH MHOTOIIPOLECCOPHBIX
BbIYUCIUTEIbHBIX CUCTEM

1. Ha3nauyenue, 00J1aCTh TNPHUMEHEHHS] M CHOCOObI OLEHKH NPOM3BOANTEIHLHOCTH
MHOTONPOLECCOPHBIX BHIYUCIUTEIBHBIX CHCTEM

B mHacrosimee Bpems cdepa npHMEHEHHMS MHOTIOINPOLIECCOPHBIX BBIYHUCIUTENBHBIX CHCTEM
(MBC) HenpepbIBHO pacIIMpsieTCsl, OXBaTbhiBasg BCE HOBBIE O0JACTU B Pa3jMYHBIX OTPACIAX
Haykd, Ou3Heca M mnpousBoacTBa. CTpeMUTENbHOE pa3BUTHE KIACTEPHBIX CHCTEM CO3JaeT
yCIOBUSL JJIl MCHOJIb30BAaHUS MHOIOIIPOLIECCOPHOM BBIYMCIUTEIBHON TEXHUKU B pPEaTbHOM
CEKTOpE SKOHOMUKH.

Ecin tpamuumonHo MBC npuMmeHssiuch B OCHOBHOM B HaydyHOM cdepe A pelieHus
BBIUMCIIUTENBHBIX 3a/1a4, TPEOYIOIIMX MOIIHBIX BBIYUCIUTENBHBIX PECYpPCOB, TO celyac Hu3-3a
OypHOTO pa3BUTHUA OHM3HECa PE3KO BO3POCIO  KOJMWYECTBO KOMMAHUW, OTBOJSIINX
UCIIOJIb30BAHUIO KOMITBIOTEPHBIX TEXHOJIOTUH U JJIEKTPOHHOTO JOKYMEHTOOOOpOTa TJIABHYIO
poib. B CBs3M C 3TUM HENPEpPHIBHO pacTeT MOTPEOHOCTh B MOCTPOSHHUH IICHTPATM30BAHHBIX
BBIUMCIUTENBHBIX CHUCTEM U KPUTHUYECKU BAKHBIX MPUIOKEHHH, CBS3aHHBIX C 00pabOTKOM
TPaH3aKIMW, yrpaBlieHueM 0a3aMu JaHHBIX M OOCIY)XMBAHHEM TEICKOMMYHHUKAIUi. MOXXHO
BBIJICTIUTH JIBE OCHOBHBIEC Chepbl MPUMEHEHHS OMMCBHIBAEMBIX CHUCTeM: 00paboTKa TpaH3aKIIMii B
pexxume peanpHoro Bpemenu (OLTP, on-line transaction processing) ¥ cO3laHHE XpPaHUIIHII]
MaHHBIX [JIs OpraHu3aludyd CHCTeM MoAanepKku mpuHsatus pemenuid (Data Mining, Data
Warehousing, Decision Support System). Cucrema st TI00aTbHBIX KOPIIOPATHBHBIX
BBIUMCICHUM — 3TO, NpPEXKAEC BCEro, IEHTpaIN30BaHHAs CHCTEMa, C KOTOpOil paboraror
IPAKTUYECKH BCE IOJB30BATENIM B KOPIIOPALMU, U, COOTBETCTBEHHO, OHA JIOJKHA BCE BpeMs
HaXOJUThCs B pabodem cocrosiHuu. Kak mpaBuio, pemieHus nogo0HOro ypoBHs yCTaHABIMBAIOT
B KOMIAHMSIX M KOPHOpalUMsX, € AaKe KPaTKOBPEMEHHBbIE MPOCTOU CETU MOTYT MPUBECTU K
rpomMaaHbIM yObITKaM. [1oaTOMY 17151 OpraHu3anuy Takoi CUCTEMbI He MOA0NHAET OOBIKHOBEHHBIIM
CepBEpP CO CTAHJIAPTHOM aPXUTEKTYPOM, BIIOJHE MPUTOIHBIN TaM, TJIe HET KECTKUX TpeOOBaHUI
K TPOU3BOJMUTEIIBHOCTH W BPEMEHHM NPOCTOS. BBICOKONPOU3BOAUTENBHBIE CHCTEMBI IS
rJ100aTbHBIX KOPIMOPATUBHBIX BBIYUCICHUN JOJDKHBI OTIIMYATHCS TAKUMH XapaKTEePUCTUKAMHU KaK
MOBBILICHHAS] MPOU3BOJUTENBHOCTh, MAaCHITAOMPYEMOCTb, MUHUMAIbHO JOMYCTUMOE BpeMs
IIPOCTOSL.

Hapsiny ¢ pacmmpenreM o6JacTi MpUMEHEHUs 1o Mepe coBepiieHcTBoBanrus MBC mpoucxoaur
YCIOXKHCHUE M YBEIMYCHUE KOJMYESCTBA 3a7ad B 00JACTAX, TPAJUIIMOHHO HCIOJIB3YIOIIUX
BBICOKOITPOM3BOIUTEIIEHYIO BBIYUCIUTEILHYIO TEXHUKY. B HacTosmiee BpeMs BBIACICH KPYT
(GyHIaMEHTAILHBIX M TPHUKIATHBIX MpoOseM, 3(PPEKTHBHOE PpEIICHUE KOTOPHIX BO3MOXHO
TOJILKO C HCIIOJIb30BAHHEM CBEPXMOIIHBIX BBIYACIUTEIBHBIX PECYpCOB. DTOT  KpYT,
ob6o3navyaembrii mouatueM "Grand challenges", BkitouaeT cneayromue 3aaa4u:

e MpeACKa3aHus MOToJIbl, KIIMMaTa U MI00AbHBIX U3MEHEHUH B aTMocdepe;
e HAyKHU O MaTepuanax;

e IOCTPOCHHE IMOITYIPOBOJTHHKOBBIX MPUOOPOB;

e  CBEpXIPOBOJUMOCTH;

e CTPYKTypHas OMOJIOTHS,

e pazpaboTka (hapMalleBTHUECKUX IPENapaTos;

e TCHETHKA;

e KBaHTOBasi XPOMOJIMHAMUKA,

e  aCTPOHOMHMS;



e TPaHCHOPTHBIE 33]a4u;
e TUAPO- U Ia30JMHAMUKA;

e  YIpPAaBISIEMbIN TEPMOSIICPHBIN CUHTES;

e 3 (PEeKTUBHOCTh CUCTEM CIOPAHUs TOIUIUBA;
e TEOMH(POPMALMNOHHBIE CUCTEMBI;

e pasBelKa HEIp;

e HAyKa O MUPOBOM OKEaHE;

e pacno3HaBaHHUE U CUHTE3 PEUH;

e pacro3HaBaHHE U300paKEeHUM.

MHOronponeccopHbie  BBIYUCIUTEIBHBIE CHUCTEMbl MOTYT CYIIECTBOBATh B  Pa3JIMUHBIX
koHurypauusx. Hanbonee pacnpocrpanennsiMu tunamu MBC sBistoTcs:

e CHCTEMBI BBICOKOM HaAgCXHOCTH,
e CHCTCMBbI IJId BBICOKOIIPOU3BOAUTCIbHBIX BI)ILII/ICJIGHI/If/'I;
e MHOI'OIIOTOYHBIC CUCTCMBI.

OtmeTHnM, 4TO TpaHullbl Mexay 3TuMu TunamMmu MBC 10 HEKOTOpPO#l CTENEHH pa3MbIThL, U YaCTO
cUCTeMa MOXKET HMETh TaKuWe CBOWCTBA WM (YHKIHH, KOTOPBIE BBIXOIAT 33 PaMKH
NEPEYNCICHHBIX THMOB. bojee Toro, mnpu KOH(PUTYpHUPOBAaHWU OONBIIOW  CHUCTEMBI,
UCTIONIB3yEeMOH KaK CHCTeMa OOILEero Ha3HaueHHUs, IIPUXOJUTCS BBLACIATH OJOKH, BBITOIHSIOIINE
BCE MEePEUYUCIICHHBIE (PYHKIIUH.

MBC sBnsitoTcss WA€aTbHOM CXEMOH JUIS TIOBBIIICHHS HAJCKHOCTH HWH(POPMAIIMOHHO-
BBIYMCIIUTENILHOM cHUCTeMbl. biaromaps enuMHOMYy MpeACTaBICHUIO, OTIECIbHBIE Y3JIbl WIIU
koMroHeHTsl MBC moryT He3amMeTHO Jyisi MOJb30BaTeNsl 3aMEHSATh HEUCIPABHBIC AJIEMEHTHI,
oOecrieunBasi HEMPEPHIBHOCTh U 0€30TKa3HYIO PadOTy Jake TaKMX CIOXKHBIX MPHIIOKEHUN Kak
0a3bl TaHHBIX.

KaracrpodoycroitunBeie  pemieHHss ~ CO3/MalOTCS  HA  OCHOBE  pa3HECCHHUS  y3JI0B
MHOTOMPOIIECCOPHON CHCTEMBI HAa COTHH KHJIOMETPOB U O0ECIeueHUs] MEXaHU3MOB II100aNbHON
CUHXPOHU3AIUU JAaHHBIX MCKAY TAKUMHU Yy3JIaMHU.

MBC 1isi  BBICOKOIIPOM3BOJMTEIBHBIX BBIUUCICHUH TPEIHA3HAYCHBI JUISl TapaUIeIbHBIX
PacucToOB. Hmeercs wmHOIO IMPpUMCPOB HAYYHBIX pPACUYCTOB, BBIINOJIHCHHBIX Ha OCHOBC
napajieibHOW  pabOThl  HECKOJIBKHUX  HEJOPOTHX  IIPOILECCOPOB,  OOCCIICYMBAIOIIUX
OJTHOBPEMEHHOE TIPOBEICHUE OOJIBIIIOTO YUCIIa OTCPAIIHIA.

MBC 111 BEICOKOIPOHU3BOIUTEIBHBIX BBIYUCICHUN O0OBIYHO COOPAaHBI U3 MHOTUX KOMITBIOTEPOB.
Pa3paboTka Takux CHCTEM — MPOIECC CIOKHBIHN, TPEOYIOIIUIT TTOCTOSHHOTO COTJIACOBAHUS TaKUX
BOIIPOCOB KAaK HMHCTAJLUIALUA, SKCILTyaTallud U OJHOBPEMCHHOC YIIPABJICHHC OOJIBIIUM YHCIOM
KOMITBIOTEPOB, TEXHUYECKUX TpPEOOBaHMI MapauIe]IbHOTO K BBICOKOIPOU3BOIUTEILHOTO
JOCTyNa K OJHOMY M TOMY e CHCTeMHOMY (aiiny (wim (aiimam), MEKIIPOIICCCOPHON CBSI3H
MEXy y3JIaMUd U KOOPAUHAIMU PabOThl B MapaieIbHOM peKUMe. DTU MPOOIEMbl MPOIIE BCETO
pemaroTcsl Mpu O00ECTIEYeHUH €AMHOTO 00pa3a ONEepalMOHHON CHCTEMBI JJISi BCETO KiacTepa.
OpnHako peanu3oBaTh NOJOOHYIO CXEMY yIaeTcsl JaJlIeKO He BCEr/a, U OOBIYHO OHA PUMEHSETCS
JIMIb JJI H€6OJ'IBHII/IX CUCTEM.

MHOronoTo4HbIE CHUCTEMbl HUCHOJB3YIOTCS Al oOecreueHus eAMHOro HuHTepdeiica K paxy
pecypcoB, KOTOpbIE MOTLYT CO BpPEMEHEM IpPOM3BOJIBHO HapallluBaThCsi (MJIM COKpAIIAThCs).
TUNUYHBIM IPUMEPOM MOKET CIY>KUTh TpyIna web-cepBepoB.



['maBHOW OTIMYMTENFHOW OCOOCHHOCTBIO MHOTOIPOLIECCOPHON BBIYUCIUTEILHON CHUCTEMBI
ABJIIETCSL €€ MPOU3BOAUTEIBHOCTD, T.€. KOJUYECTBO ONEPALMN, NPOU3BOAUMBIX CHUCTEMOH 3a
€UHULlY BpeMEHHU. Pa3nuyaroT NUKOBYIO M PEAJIbHYIO IPOU3BOAMUTENBHOCTH. [lon mukoBon
NOHMMAIOT BEJIUYMHY, pPaBHYIO IIPOU3BEACHHUIO IHUKOBOM IPOU3BOAUTEIBHOCTH OIHOTO
Ipoleccopa Ha YHCIO0 TAKUX MPOLECCOPOB B JaHHOM MamuHe. [Ipu aTom mpenmonaraercs, 4To
BCE YCTPOMCTBa KOMIIbIOTEpa pabOTAIOT B MAKCUMAJIbHO MPOU3BOAUTENBHOM pexkume. [Inkoas
IIPOU3BOJUTENBHOCTh KOMIIBIOTEPA BBIYMCIIACTCS OJHO3HAYHO, U 3TA XAPAKTEPUCTHUKA SBIIACTCA
0a30B0il, MO KOTOPOH NPOMU3BOJAT CPAaBHEHHE BBICOKOIPOM3BOJIUTEIBHBIX BBIYMCIUTEIbHBIX
cucteM. Yem Oomplle MNHKOBas MPOU3BOAUTEIIBHOCTb, TeM (TEOPETHUECKH) ObICTpee
I10JIb30BaTENb CMOYKET PELIUTh CBOIO 3ahady. [IMkoBas IPOM3BOIUTENIBHOCTH €CTh BEIMYMHA
TeopeThdecKass M, BOOOIE TOBOPs, HEAOCTIDKAMAs MPH 3alMyCKe KOHKPETHOTO IPHIIOKEHHS.
Peanpnas e NpPOM3BOAUTENBHOCTb, JIOCTHraeMas Ha JaHHOM IPUIOKECHHM, 3aBUCUT OT
B3aMMOJICHCTBUSL NPOTPAMMHOM  MOJEIU, B KOTOPOM pEaJM30BAHO NPUIOKEHHUE, C
ApPXUTEKTYPHBIMU OCOOCHHOCTSIMHM MAIlIMHBI, HA KOTOPOH MPHIIOKEHHUE 3aITyCKAETCs.

CymecTByeT ABa crnocoda OLEHKH MUKOBOW MPOU3BOAUTENIHOCTH KoMIbioTepa. OUH U3 HUX
ONMPAETCSl HA YMCIIO KOMaHJ, BBIOJHAEMBIX KOMITBIOTEPOM 3a €IWHHIY BpeMeHHu. Enunurei
u3MepeHus, kak mnpaBuio, sasiusgercs MIPS  (Million Instructions Per Second).
[IpousBonuTenbHOCTD, BolpaskeHHass B MIPS, roBopUT 0 CKOPOCTH BBIIIOJIHEHUSI KOMIIBIOTEPOM
CBOMX e MHCTpykIuii. Ho, Bo-mepBbIX, 3apaHee HE SICHO, B KaKOE€ KOJUYECTBO MHCTPYKIMUN
0TOOpasuTCS KOHKPETHas MporpamMma, a BO-BTOPBIX, KaXKaas IporpamMma O0JIaJgaeT CBOEH
cnenuuKo, U YUCIO KOMaHJ OT MPOrpaMMBbI K IpOrpaMMe MOKET MEHSIThCS OY€Hb CHIIbHO. B
CBA3M C OTUM JaHHas XapaKTepUCTHKa JaeT JIMIIb caMoe oOllee NpeACTaBI€HUE O
MPOU3BOJUTENILHOCTH KOMITBIOTEPA.

Jpyroii cmoco0 W3MEpeHUs MPOU3BOAUTEIBHOCTH 3aKJIIOYACTCS B OINPEICICHUU 4YHCIa
BEIICCTBCHHBIX ONEpPAIlii, BBIMOJHICMBIX KOMITBIOTEPOM 32 CIUHUIYY BpeMeHH. EmauHuIei
usmepenus sBisiercs Flops (Floating point operations per second) — uMcno omepaunuii ¢
TUTABAIOIICH TOYKOH, MPOU3BOJIUMBIX KOMITBIOTEPOM 3a OJIHY CeKyHAy. Takoil croco0 sBiiseTcs
0oJiee MPUEMIIEMBIM IS TIOJIh30BATEIsI, TIOCKOJIbKY €My M3BECTHA BBIYMCIUTEIbHAS CI0XKHOCTD
MPOrPaMMBI, U, MOJIB3YSICh ITOM XapaKTEPUCTUKOM, MOJIB30BATEIh MOXET IMOJYYUTh HUKHIOKO
OILICHKY BPEMCHHU €€ BBITIOJTHCHUSI.

OpnHako MUKOBAasi MPOU3BOIUTEIIBHOCTD MOTYYAaeTCS TOJBKO B UACATBHBIX YCIOBHSX, T.C. TPH
OTCYTCTBUM KOH(DIUKTOB MPH OOpaIICeHUH K MaMATH INPUH PaBHOMEPHOH 3arpy3ke BcCeX
YCTPOMCTB. B peanbHBIX YCIOBHSX Ha BBITIOJHEHHUE KOHKPETHOW MPOTPAMMBl BIIHSIOT TaKHE
anmapaTHO-IPOrPaMMHBIE 0OCOOCHHOCTH JAHHOTO KOMITBIOTEPA KaK: OCOOCHHOCTH CTPYKTYPBI
mporeccopa, CHCTEMBI KOMaHJ, COCTaB ()YHKIIMOHAIBHBIX  YCTPOWCTB, peaau3arus
BBO/1a/BBIBOJIA, 3P (HEKTUBHOCTH PAOOTHI KOMITHISITOPOB.

OnHUM U3 ompenensoumx (akTOpOB SBISETCS BpeMs B3aUMOJCHCTBUS C MaMAThIO, KOTOPOE
OTIpeNeNIIeTCsl €€ CTPOCHHEM, O0OBEMOM M apXUTEKTYpOH IOJACHUCTEM JOCTyNa B MaMATh. B
OOJIBIIMHCTBE COBPEMEHHBIX KOMIIBIOTEPOB B KaUeCTBE OpraHu3aluu Hanbosee 3((HeKTUBHOTO
J0CTyna K MaMsTH UCIIOJIb3YeTCsl TaK Ha3blBaeMasi MHOTOYPOBHEBas Mepapxuieckas namsrb. B
Ka4yecTBE YPOBHEW MCIIONB3YIOTCS PErHCTPbl M PErHCTpOBas MaMsATh, OCHOBHAs OIepaTHBHAs
namsTh, KAUI-MIaMATh, BUPTYalbHbIE U JKECTKUE MIUCKH, JIEHTOUHble poOoThl. [lpu 3TOM
BBIJICPKUBAETCS CIEAYIOLUIMA NPUHIUN (HOPMUPOBAHMS HMEPAPXUU: MPHU TOBBILIEHUH YPOBHS
NaMsTH CKOPOCTh OOpaOOTKHM JaHHBIX JOJDKHA YBEJIMYHMBATHCSH, a OOBEM YPOBHS MaMATH —
yMeHbIIaThCsA. D(P(EKTUBHOCTh UCIOJIb30BaHUS TAKOI'O POJa MEpPApXHUU JOCTHraeTcs 3a Cyer
XPaHEHUs YacTO MCIOJIb3YEMBIX JaHHBIX B IAMSATH BEPXHErO YPOBHS, BpEMs JOCTYIa K KOTOPOH
MHUHHMMAJIbHO. A MOCKOJBbKY Takas NaMsThb 00XOAUTCS TOCTaTOYHO JIOPOTro, €€ 00bEM HE MOXKET



ObITh OonmpmmM. Mepapxus TaMsITH OTHOCHTCS K TEeM OCOOCHHOCTSM apXHTEKTYpHI
KOMIIBIOTEPOB, KOTOPBIE UMEIOT OTPOMHOE 3HAYECHUE IS TIOBBILIECHUS UX IIPOU3BOAUTEILHOCTH.

Jns toro ytoObl OLEHUTh 3(H(HEKTUBHOCTH PabOTHl BHIYMCIUTENBHON CHUCTEMBl Ha pPEabHBIX
3amadyax, ObUI pa3paboraH (UKCHpPOBaHHBIH Habop TecTtoB. Hamboiiee W3BECTHBIM W3 HUX
apisiercsi LINPACK — mnporpamma, npenHasHaueHHas [Jisi PELICHUS CHUCTEMbl JIMHEWHBIX
anreOpanyecKnX ypaBHEHHH C MJIOTHOW MAaTpPUIEH C BHIOOPOM TJIABHOTO AJIEMEHTA IO CTPOKE.
LINPACK wucnons3yercs mis popmupoBanus cnucka Top500 — MmATHCOT caMbIX MOIIHBIX
koMmrbioTepoB mupa. Opnako LINPACK wuMeer CcCyiiecTBEeHHBIM HEIOCTAaTOK: IMPOrpaMma
pacmapaiienuBaeTcs,  I[O3TOMY  HEBO3MOXHO  OLEHHTh  3(PPEeKTUBHOCTH  pabOTHI
KOMMYHHUKAI[MOHHOTO KOMIIOHEHTA CYIIEPKOMITBIOTEPA.

B Hactosmee Bpems 00JblIOE paclpOCTPAHEHUE MONTYUYHIIM TECTOBBIE MPOTrpamMMBbl, B3SThIE U3
pasHbIX HpeAMETHBIX oOnacTeil u mpenacTaBisionie coboi a1Mb0 MoJelbHbIe, TM00 peanbHbIe
IPOMBIIUIEHHbIE TMPUIOKEHUs. Takue TecTbl MO3BOJIAIOT OLIEHUTh MPOU3BOAUTEIHLHOCTD
KOMIIbIOTEpa JEMCTBUTENIBHO HA peaJbHBIX 3aJayax M MOJy4YUTh Hauboyiee IOJIHOE
npezcrasieHne 00 3G hekTHBHOCTH pabOTHI KOMITBIOTEPA C KOHKPETHBIM MPHIIOKEHHEM.

HaubGonee pacnpocTpaHeHHBIMU TECTaMU, MOCTPOSHHBIMU IO 3TOMY MPHUHIIMILY, SBISIOTCA:
Habop u3 24 Jlueepmopckux mukiaoB (The Livermore Fortran Kernels, LFK) u maker NAS
Parallel Benchmarks (NPB), B coctaB KOTOpOro BXOAAT ABE TIPYMINbl TECTOB, OTPAXKAIOUINX
pa3IUYHBIE CTOPOHBI PEABHBIX MPOrPaMM BBIYHCIHTEIBHOW THApoauHAMUKHA. NAS TecTh
apisitoTes anbTepHaTuBo LINPACK, mockonbky OHU OTHOCHTENBHO MPOCTHI U B TO K€ BpeMs
COJIepIKaT 3HAYUTEIHLHO OOJIbINe BeIYMCIeHUH, ueM, Hanpumep, LINPACK wmm LFK.

OpHako mpu BceM pa3HOOOPa3HH TECTOBBIC MMPOTPAMMEI HE MOTYT JIaTh TOJHOTO MPEICTABICHUS
0 paboTe KOMMBIOTEpa B pa3NU4HBIX pexumax. [loaromy 3amadya ompeneneHusl peanbHON
MPOU3BOAUTEIBHOCTA  MHOTOIPOLIECCOPHBIX  BBIYMCIUTEIBHBIX CUCTEM  OCTaeTcs II0Ka
HEPEIIEHHOM.



2. ApXuTeKTypa BBbIYHCJIUTEJIBHBIX cucTeM. Kiaccudukauusas apxutekTyp 1o
napajieJibHOi 00padoTKe JTaAaHHBIX

Uto0s! naTh 00JIEE MOTHOE MPEICTABICHHE O MHOTOTPOIIECCOPHBIX BBIYUCIUTEIHHBIX CHCTEMAX,
IIOMHUMO BBICOKOW IPOW3BOAMTEIBHOCTH HEOOXOIUMO Ha3BaTh M JAPYrHe OTIUYUTEIIbHBIC
ocobenHoctH. Ilpexme Bcero, 3”To HEOOBIYHBIE APXUTEKTYPHBIC pEIICHUS, HAIpaBICHHBIC Ha
TIOBBIIIICHUE TPOU3BOAUTEIBHOCTH (paboTa ¢ BEKTOPHBIMHU OIIEPALIUSMH, OPTraHU3aIUs OBICTPOTO
oOMeHa COOOMICHHSIMH MEX]y MPOIECCOpaMU WM OpraHu3alus TIOO0ATFHOW TaMSITH B
MHOTOITPOIIECCOPHBIX CHCTEMAX H JIp.).

[ToHsiTHE apXUTEKTYpPHl BBICOKOTIPOU3BOIUTEIIBHON CUCTEMBI SIBISETCS AOCTATOYHO IIMPOKHUM,
MOCKOJIBKY TOJ apXUTEKTYpPOi MOKHO MOHHUMATh U CIOco0 mapauieabHOi 00paboTKU JaHHBIX,
HCIIOJIb3YEMBIN B CUCTEME, U OPTaHU3ALMIO MTaMSTH, U TOIIOJOTHIO CBA3U MEXKY IPOLIECCOPAMH,
U croco0 HMCIOJHEHUS CHCTeMOW apudmeTHdeckux omepanuid. [IombITkH cHUCTEMaTU3UPOBATH
BCE MHOXECTBO apXUTEKTYpP BIIEPBbIE ObLIN MPEINPUHATHI B KOHIIE 60-X TOA0B U MPOAOIKAIOTCS
IO Cel JIeHb.

B 1966 r. M.®aunnom (Flynn) Obin mpeanosxkeH ype3BbIYAHHO YOOOHBIM TOAXOJ K
KJIACCU(PUKALIUN apXUTEKTYP BBIYUCIUTEIBLHBIX CUCTEM. B €ro 0CHOBY OBLIO TTOJIOKEHO TIOHSATHE
MOTOKA, I0JI KOTOPHIM IMOHHUMAETCS IOCIICI0BATCIIbHOCTh 3JEMEHTOB, KOMaHJ WM JIaHHBIX,
obOpabareiBacmast mporieccopoM. COOTBETCTBYIOIIAs CHCTeMa KIAacCU(PUKAIMA OCHOBaHA Ha
pPacCMOTPEHHM 4YHUCJIa TOTOKOB MHCTPYKIMA ¥ TIOTOKOB JAaHHBIX W ONKCHIBACT YETHIPE
ApPXUTEKTYPHBIX KJIacca:

SISD Single Instruction Single Data
MISD = Multiple Instruction Single Data
SIMD Single Instruction Multiple Data
MIMD Multiple Instruction Multiple Data

SISD (single instruction stream / single data stream) — o AMHOYHBIN TOTOK KOMAH]{ U OJIMHOYHBII
NOTOK JaHHbIX. K 3TOMy Kilaccy OTHOCATCS IOCIEAOBATENbHBIE KOMIIBIOTEPHBIE CHCTEMBI,
KOTOpPBIE MMEIOT OJIMH IIEHTPAIBHBII MPOLIEeCcCop, COCOOHBINH 00padaThIBaTh TOIBKO OJIUH IMTOTOK
IIOCJIEZIOBATEIbHO HCIOJIHAEMBIX MHCTPYKIMH. B Hacrosmiee BpeMs NpPakTUYECKH BcCe
BBICOKOITPOU3BOIUTENIBHBIE CUCTEMBI UMEIOT 00JI€€ OJHOI0 IIEHTPAIbHOIO IpOLEeccopa, 0JHAKO
KQOKIBI M3 HUX BBIINOJHSIECT HECBS3aHHBIE MOTOKM MHCTPYKLMH, YTO JEIACT TAKUE CUCTEMBI
komiuiekcamu  SISD-cucteM, JeHCTBYIOIIMX Ha pa3HbIX MPOCTPaHCTBaxX JaHHbIX. Jlus
YBEJIMYEHUSI CKOPOCTH OOpabOTKM KOMaHJ M CKOPOCTH BBINOJHEHUS apu(MeTHUecKux
orepanuii MOXET TPUMEHATHCS KOHBelepHass oOpaboTka. B ciyuae BEKTOPHBIX CHCTEM
BEKTOPHBIM INIOTOK JAHHBIX CJIEIyeT pacCMaTpuBaTb KakK IOTOK M3 OJMHOYHBIX HEICIUMBIX
BekTOpoB. [lpuMepamu KoMIblOTEpOB ¢ apxutekrypoir SISD Moryt ciy>kuTh OOJBIIMHCTBO
pabounx cranumii Compaq, Hewlett-Packard u Sun Microsystems.

MISD (multiple instruction stream / single data stream) — MHOXECTBEHHBI MOTOK KOMaH]| H
OJMHOYHBI TOTOK JaHHBIX. TeopeTHYeckH B 3TOM THIE MAallMH MHOXECTBO HMHCTPYKLHUH
JOJDKHO BBIIIOJHATBHCA Haad €AUMHCTBCHHBIM ITOTOKOM JaHHBIX. I[O CHUX IIOP HHU O[[HOﬁ peaanoi/'I
MAIlIMHBI, [TOTIaIal0NIell B JaHHBIN KJlacc, CO371aHo He ObUTo. B kadecTBe anamora paboThl Takoit
CHCTEMBI, MO-BUIANMOMY, MOKHO paccMaTpuBaTh padory Oanka. C mo00ro TepMuHaia MOYKHO
NOAaTh KOMaHAY M YTO-TO CHENIaTh C MMEIOIIUMCs OaHKOM JaHHbBIX. I1ockoibKy 0a3a JaHHBIX
OaHa, a KOMaHJd MHOI'0O, Mbl UMEEM J€CJI0 C MHOXKCCTBCHHBIM ITOTOKOM KOMaHJI U OAMHOYHBIM
IIOTOKOM JJaHHBIX.



SIMD (single instruction stream / multiple data stream) — OZMHOYHBIM TOTOK KOMaHI M
MHOKECTBEHHBI TOTOK JaHHBIX. OJTH CHUCTEMbl OOBIYHO HUMEIOT OO0JbIIOE KOJIUYECTBO
npoueccopoB, oT 1024 no 16384, KoTOpble MOTYT BBINOJHATH OAHY M Ty K€ HHCTPYKIHIO
OTHOCHUTEIIbHO pa3HbIX JaHHBIX B JKECTKOW KoHGurypauud. EaMHCTBEHHAass WHCTPYKIUs
NapajuleJIbHO BBIMIOJIHAETCS HaJ MHOTMMHM 3JeMeHTaMu JaHHbIX. [Ipumepamu SIMD-maminx
apisitotes cucteMbl CPP DAP, Gamma II u Quadrics Apemille. Ipyrum nonkmnaccom SIMD-
CHCTEM SBIIIOTCS BEKTOPHBIE KOMIBIOTEPHl. BeKTOpHBIE KOMIBIOTEPHl MaHHUITYJIHPYIOT
MacCHBaMHU CXOJHBIX JaHHBIX MOJOOHO TOMY, KakK CKaJSpHbIE MaIlUHBI 00pabaThIBAIOT
OTJENIbHBIC 3JIEMEHThI TaKMX MAaCCHUBOB. DJTO JENAETCs 3a CYET HCIOIB30BAHUS CIICIUAIBHO
CKOHCTPYMPOBAHHBIX BEKTOPHBIX IEHTPaJIbHBIX MpoieccopoB. Korna nanueie 06padaTbiBatoTCs
MIOCPEJICTBOM BEKTOPHBIX MOJYJICH, pe3ylbTaThl MOTYT OBITh BBIJAHBI HA OJUH, IBA WIH TPU
TakTa 4YacTOToreHeparopa (TakT YacTOTOreHepaTopa SBJSIETCS OCHOBHBIM BPEMEHHBIM
napamerpoM cuctembl). Ilpu paGore B BEKTOPHOM pEXKHME BEKTOPHBIE MPOIECCOPHI
00pabaThIBalOT JaHHBIE MPAKTHUYECKU NapasuielbHO, YTO JeNlaeT MX B HECKOJIbKO pa3 Ooiee
ObICTpBIMHU, YeM Tpu paboTe B CKaIIpHOM pexume. lIpumepamu cucTteM MOZOOHOTO THIIA
ABIISAIOTCS, HanpuMep, kommnbroTepsl Hitachi S3600.

MIMD (multiple instruction stream / multiple data stream) — MHOXECTBEHHBIN IMTOTOK KOMaH] 1
MHOKECTBEHHBIN MOTOK JAHHBIX. DTH MalIWHBI MapAJJICIHHO BBIMOJHAIOT HECKOJIBKO MOTOKOB
WHCTPYKIMM HaJ pa3IMYHbIMU TIOTOKaMH JaHHbIX. B oTaMume OT yINOMSHYTHIX BBILIE
MHoOTOIporeccopubix SISD-mamuH, komaHABI W JaHHBIE CBSI3aHBI, IIOTOMY 4YTO OHHU
MPEACTABIISIIOT pa3jJuyHble YaCTU OJHOW U TOM ke 3amauu. Hanpumep, MIMD-cucremsl MOryT
[IapaJUIEIIbHO BBINOJHATE MHOKECTBO IO3a1a4 C LENbI0 COKpPALICHUS BPEMEHH BBIIOJIHEHUS
OCHOBHOI 3amaun. bomnbioe pasHooOpaszue MOMaJaIIuX B JAHHBIM KIACC CHUCTEM JellaeT
KJIACCH(PUKAITUIO ®nauHHA HE MMOJIHOCTBIO aJICKBaTHOM. JlericTBUTENBHO, 51
yeTslpexnpoueccopHblii SX-5 komnanuun NEC, u teicssuenpoueccopusiii Cray T3E nonanarot B
3TOT Kjacc. OTO 3acTaBiIleT HCIOJB30BaTh JAPYrol Mmoaxoa K Kiaccu(uKaluM, HHA4e
ONUCHIBAIOLIMN KJIacChl KOMMBIOTEPHBIX cUCTeM. OCHOBHasg HAEs TaKOro MOJIXO0Ja MOXKET
COCTOSITh, HANlPUMEp, B CIEAYyIOLIEM. byaeM cuuTaTh, 4TO MHOKECTBEHHBIM IMOTOK KOMAaHJ
MOXKeT ObITh 00paboTaH AByMs croco0amMu: JHMOO OJHHUM KOHBEWEPHBIM YCTPOMCTBOM
00paboTku, paboTarolieM B PEXHME pa3/ICiICHHS BPEMEHH IS OTACIBHBIX ITOTOKOB, JIMOO
KOKIBIA MOTOK 00pabaThIBacTCsi CBOMM COOCTBEHHBIM ycTpoiicTBOM. IlepBasi BO3MOXKHOCTH
ucnonszyercss B MIMD-komneiorepax, KOTOpbleé OOBIYHO HAa3bIBAIOT KOHBEHEPHBIMH WJIU
BEKTOPHBIMH, BTOpas — B MapajuIeNIbHBIX KOMIIbIOTEpaX. B OCHOBE BEKTOPHBIX KOMIIBIOTEPOB
JCKAT KOHIICTIUS KOHBEHEepU3aluu, T.€. SBHOTO CETMEHTHPOBAHUS apUPMETHICCKOTO
YCTPOMCTBA HA OTJEIbHBIE YACTH, KaXAasi U3 KOTOPBIX BBIIIOJHIET CBOIO MOA3a1ady ISl Maphbl
OmnepaHioB. B 0CHOBe mapamiesbHOrO KOMIIBIOTEPA JIEKUT UIES HUCIOIb30BAHMS ISl PEILEHUS
OJIHOM 3a7auM HECKOJIbKMX IMPOLIECCOPOB, paboTaolIuX cooO0Ila, MPU4YeM MPOLEeCcCOPbl MOTYT
OBITH KaK CKaJSIPHBIMU, TaK U BEKTOPHBIMHU.

Knaccudukanus apXuTeKTyp BBIUMCIUTENBHBIX CHCTEM HY)KHA M TOrO, 4TOOBI TOHATH
0CcO0EHHOCTH pabOTHI TOM MM HHOM apXUTEKTYphl, HO OHA HE SBISETCS JOCTATOYHO JACTATBHOM,
4yTOOBI HA HEe MOKHO ObUIO omupaThes npu co3nanuu MBC, mostomy crienyetr BBOOUTH Oolee
JETAIbHYIO KJacCU(UKaILUI0, KOTOpas CBSi3aHAa C pPAa3IMYHBIMU apxutekrypamu OBM u ¢
UCIIONIE3YEMBIM 000PYAOBaHUEM.



3. Apxurekrypa BblYHCJAHTENbHbIX cucreM. SMP u MPP-apxurtexkrypnl. I'mOpuanas
apxurektypa (NUMA). Opranu3anusi KOrepeHTHOCTH MHOIOYPOBHEBOH HMepapXu4ecKoi
NaMATH

SMP-apxurekrtypa

SMP (symmetric multiprocessing) — CHMMETpUYHAs MHOIOINPOLIECCOPHAs apXUTEKTypa.
['maBHO¥M 0COOCHHOCTBIO CUCTEM C apXHTeKTypoii SMP sBisercs Hammuue oOmiei Gpuandaeckon
NaMsITH, pa3IeliIeMON BCEMH MTPOIECCOPaMHU.
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Puc. 3.1. Cxemaruueckuii Bug SMP-apXurektypbl

[TamMsTh CIY>KUT, B 4YaCTHOCTH, IS TIepelad COOOIIEHNH MEXIy MpOoIlecCOpaMu, MPU 3TOM Bce
BBIUMCIIUTENbHBIE YCTPOMCTBA IpU OOpallleHny K Hel MMEIOT paBHBIE MpaBa U OJHY U TY K€
aapecanuio Ui Bcex Auyeek namsatu. [lostomy SMP-apxurektypa Ha3bIBaeTCsi CUMMETPUYHOM.
[Tocneanee 0OCTOATENHCTBO MO3BOJSET OUEHB A(H(HEKTUBHO OOMEHUBATHCS JAHHBIMU C JPYTUMU
BBIUMCIUTENbHBIMU yCTpoiicTBaMu. SMP-cuctema cTtpoutcs Ha OCHOBE BBICOKOCKOPOCTHOM
cuctemoi muHbl (SGI PowerPath, Sun Gigaplane, DEC TurboLaser), k ciotam KoTopoi
MOJIKITIOYAIOTCs (PyHKIIMOHAIBHEIE 0J10KM TUIOB: mporieccopsl (LIIT), mogcucrema BBOga/BBIBOIA
(I/O) u 1. n. Ing noncoenuuenus: K MoAyisaMm I/O ucnonb3yroTes yxe 6osee MeJIeHHbIe IIMHbI
(PCI, VME64). Haubonee usBecteiMu SMP-cuctemamu siBisitorcst SMP-cepBepbl u pabouune
ctanuu Ha 6a3ze mpoueccopos Intel (IBM, HP, Compagq, Dell, ALR, Unisys, DG, Fujitsu u np.)
Bes cucrema paboraer nog ynpasinenuem exuHoir OC (06sran0 UNIX-nogo6Ho#, HO st Intel-
mwiathpopm mnomaepxkuaetcss Windows NT). OC aBromatumdecku (B mporiecce pabOThI)
pacrpenenser Ipouecchl o mpoleccopam, HO MHOT/Ia BO3MOXKHA U SIBHASI TPHUBSI3KA.

OcHoBHble npenMmytiectsa SMP-cuctem:

e IPOCTOTAa U YHUBEPCAIbHOCTh JJsi HporpammupoBaHusi. Apxurektypa SMP He
HAKJIa/JbIBa€T OlPAaHMYEHUN HA MOJEIb IIPOIrPaMMHUPOBAHHUA, HCIOJIB3YEMYIO IPH
CO3JIaHUH TIPWJIOKEHHS: OOBIYHO HCIIONIB3YETCS MOJENb MMapauIeIbHBIX BETBEH, KOT/Aa
BCE IPOLECCOPbI pabOTAIOT HE3aBUCUMO JApYr OT Apyra. OJHaKO MOXHO peann30BaTh U
MOJIETIH, HCIOJb3YIOMNE MEXKIIPOIECCOPHbIH 00MeH. lcnonb3oBaHue oOmeld maMsaTH
YBEIMYMBAET CKOPOCTh TAaKOTO OOMEHA, IOJIb30BATENIb TAKXKE MMEET JOCTYIl Cpa3y KO
BceMy oObemy mnamsaTH. [ng SMP-cucreMm cymecTByloT I0BOJIBHO 3(QQeKTHBHbIE
CpEICTBa aBTOMAaTUYECKOr0 pacapaieIMBaHus;

e mpocrota OJkciulyarauuu. Kak npaBwio, SMP-cuctembl HCHOIB3YIOT CHUCTEMY
KOH/IWIIMOHUPOBAHHS, OCHOBAaHHYIO Ha BO3AYIIHOM OXJIQXKIEHHH, YTO OOJerdaer ux
TEXHUYECKOE 00CITyKUBAHUE;

e OTHOCHUTEJIBHO HEBBICOKAs IICHA.



Henocrarku:
e CHCTEMBI C 00IIEH MaMSATHIO II0XO MACIITAOUPYIOTCS.

DTOT CYHIECTBEHHBIH HeAocTaTok SMP-cucteM He TO3BOJSET CUUTATh WX TMO-HACTOSIIEMY
nepcrneKTUBHBIMU. [IprunHO# Mm1oXxoi MacmTabupyeMoCTH SBISETCS TO, UTO B TAHHBIM MOMEHT
IIMHA CIOCOOHa 00padaThiBaTh TOJBKO OJHY TPAH3aKIHIO, BCJICICTBAE YErO0 BO3HHKAIOT
npoOsieMbl  paspenieHus KOHGJIMKTOB TpU OJHOBPEMEHHOM OOpalIeHHMH HECKOJBKHX
MPOIIECCOPOB K OJHUM H TeM e o0nacTsM oOmel (u3udeckoll mamstu. BerauciurenbHbe
9JIEeMEHTHl HAUWMHAIOT JApyr JIpyry memath. Korga mpousoiiier Takod KOHQIHUKT, 3aBUCUT OT
CKOPOCTH CBSI3M M OT KOJUYECTBA BBIYMCIUTEIBHBIX SJEMEHTOB. B Hacrosiiee Bpems
KOH(JIMKTH MOTYT MPOUCXOAWTHh Ipu Hanmuuuu §-24 mporeccopoB. Kpome Toro, cucremHas
IIMHA WMEET OTPAHWYCHHYIO (XOTh M BBICOKYI) TpomyckHyto crocodHocts (IIC) m
OTPAaHMYEHHOE  YHUCIO  CJIOTOB. Bce 3TO  OYEBMOHO  MPENSATCTBYET  YBEIMYECHHIO
MPOU3BOAUTEIILHOCTH TPU YBEJIMUECHUM YHCJA TPOIECCOPOB UM UHUCHA TMOAKIIOYAEMBIX
nonb3oBareseil. B peanbHbIX cucTeMax MOXKHO 3ajeiicTBoBaTh He Oomnee 32 mporeccopos. s
MOCTPOEHHUS MacIITabupyeMbIx cucTeM Ha 6aze SMP ucnonb3yrotcs kinacrepusie uim NUMA-
apxutektypsl. [Ipu pabore ¢ SMP-cucremamu HCHIONB3YIOT TaK HA3bIBAEMYIO Mapagurmy
POrPpaMMHUPOBAHHUS C pa3jaelsieMoid maMaTeio (shared memory paradigm).

MPP-apxurTexktypa

MPP (massive parallel processing) — wMaccuBHO-IapaijielibHasg apXuTekrypa. [naBHas
O0COOEHHOCTh TAKOM apXUTEKTYphl COCTOMT B TOM, UYTO HaMsATh (PU3HUECKU pazjieneHa. B aTom
Clly4ae CUCTEMa CTPOUTCS U3 OTAEIbHBIX MOJYJEH, copepKalluX MpoLeccop, JOKAIbHBIM 0aHK
onepanuoHHoil mnamsaTu (OIl), KOMMyHHKallMOHHBIE HPOLECCOPBl (PYTEpbl) WM CETEBbIC
aJlanTepsl, HHOT/IA — KECTKUE JUCKU W/WIH JpyTrue ycTpolicTBa BBoAa/BeiBoAa. [1o cyTH, Takue
MOJYJIM TPECTABISAIOT CO00M MONMHO(PYHKIIMOHAIIBHBIE KOMITBIOTEPHI (cM. puc.3.2). Hoctyn K
6anky OII u3 naHHOTO MOAYJS UMEIOT ToJNbKO Mmpoueccops! (LIIT) u3 atoro xe moayns. Monynu
COCIMHSIOTCS  CIEUHUATBHBIMA  KOMMYHUKAIIMOHHBIMU ~ KaHasiamu. [lonb3oBarens MOKET
OTpeAeNUTh JOTHUECKU HOMEp Mpolieccopa, K KOTOPOMY OH MOJAKIIOYEH, U OPraHHU30BaTh
oOMEeH COOOIIEeHHUAMHU € JPYrMMH mpoueccopamu. Mcnonp3yroTcs JBa BapuaHTa paboThl
oneparmonHoit cucremel (OC) na wmammuHax MPP-apxurektypsl. B ogHOM momHOLIEHHAs
oneparmonHas cucremMa (OC) paboraeT TOJNIbKO Ha ympamisitomeid mammbe (front-end), Ha
KOKIOM  OTAETBbHOM  Moayide (YHKUMOHHPYET CUIBbHO  ype3aHHbld BapuanT OC,
o0ecrieynBarOIUi pabOTy TOJIBKO PACHOJIOKEHHON B HEM BETBU MApaJUICIIEHOTO MPHIIOKEHHUS.
Bo BTOpoM BapuanTe Ha KaxaoMmM Moayne paboraer mnonHoneHHas UNIX-mogo6nas OC,
yCTaHaBJIMBaeMas OTJIEJIbHO.
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Puc. 3.2. CxemaTnueckuii BUJ1 apXUTEKTYphI ¢ Pa3AeIbHON aMATHIO

I'maBHBIM MMpeumMyuiecCTBOM CHUCTEM C pa3[[€JII)HOI>i naMsATbIO ABIIACTCA xopomas
MaCI_HTa6I/Ipy€MOCTLZ B OTINYHC OT SMP-CI/ICTeM, B MalIxMHax C paBHeHLHOﬁ HaMATBIO Ka)KI[BIfI



MIPOIIECCOP MMEET JOCTYH TOJBKO K CBOCH JIOKAJBHOW MaMSATH, B CBSI3W C YeM HE BO3HUKAET
HEOOXOJMMOCTH B MOTAKTOBOW CHHXPOHHM3AIUU MPOLECCOPOB. [IpakTHUeCKHu Bce PEKOPIbI 1O
MIPOU3BOIUTEIIEHOCTH HA CErOJHS YCTAHABIIMBAIOTCS HA MAITMHAX UMEHHO TaKOW apXUTEKTYPHI,
COCTOSIIIMX U3 HecKoybkuX Thicsay mporeccopoB (ASCI Red, ASCI Blue Pacific).

Henocrarku:

e OTCYTCTBUE OOIEH MaMsITH 3aMETHO CHH)KAe€T CKOPOCTb MEXKIIPOLIECCOPHOTO OOMEHa,
MOCKOJIBKY HET OOIIeH Cpenbl JJid XpaHEHUs JaHHBIX, MpeAHa3HAYEHHBIX I 0OMEHa
MeXIy mpolreccopamu. TpeOyercs crenuanbHas TEXHUKAa MPOrPaMMHUPOBAHUS IS
peaym3ar 0OMeHa COOOIICHUSIMHA MEXTY TIPOIECCOPAMH;

e K&XIBIA MPOIECCOpP MOXKET HCIOJIb30BaTh TOJIBKO OIPAaHUYEHHBIH 0O0BEM JIOKAIbHOIO
0OaHKa maMsITH;

e BCIEACTBHE YKa3aHHBIX apXUTEKTYPHBIX HEIOCTATKOB TPEOYIOTCS 3HAUUTEIbHBIC YCUIIUS
JUISL TOTO, YTOOBI MaKCHMAaJIbHO HCIOJIB30BaTh CHCTEMHBIC pecypchl. MIMEHHO 3TuUM
OTpeieNIeTCsl BHICOKAs 1I€Ha MPOTrPaMMHOTO 00eCIeYeHUs JIJIsl MaCCUBHO-TIapasllieIbHbIX
CHCTEM C Pa3JEIbHON MAMSTHIO.

Cucremamu ¢ pa3enbHOM MaMAThHIO SABISIOTCS cynepkoMibiotepsl MBC-1000, IBM RS/6000
SP, SGI/CRAY T3E, cucremsr ASCI, Hitachi SR8000, cucremsr Parsytec.

Mamuns nocnenneit cepun CRAY T3E ot SGI, ocHoBannbie Ha 6a3e mpoueccopoB Dec Alpha
21164 ¢ mukoBoil mpousBoauteabHOCThI0O 1200 Mdaonc/c (CRAY T3E-1200), crnocoOHBI
MacitTabupoBatbes 10 2048 mporeccopos.

[Ipu pabote ¢ MPP-cucremamu ucrnonb3yroT Tak Ha3bpiBaeMylo Massive Passing Programming
Paradigm — napagurmy nporpammupoBanus ¢ nepegaueit nanusix (MPL, PVM, BSPIlib).

I'mOopuanas apxurexktypa NUMA

I'maBHast ocobenHocTh THOpHmHOW apxuTekTypsl NUMA (nonuniform memory access) —
HEO/IHOPOIHBIH JOCTYII K aMSITH.

I'uGpuaHast apXuTekTypa COBMEIIAET JOCTOMHCTBA CUCTEM C OOILEH MaMAThIO U OTHOCUTENIbHYIO
JIEIIEBU3HY CUCTEM C pa3lienbHON nmaMsThio. CyTh 3TOM apXHUTEKTyphbl — B 0COOOW OpraHu3aiuu
naMsITH, a UMEHHO: NaMATh (PU3UYECKU paclpesieieHa M0 Pa3JInYHbIM YacTsAM CUCTEMBbI, HO
JIOTHYECKH OHA SBJISIETCS OOIIEH, TaK YTO MOJIb30BATENh BUANUT €AMHOE aJpeCHOE IPOCTPAHCTBO.
Cucrema mocTpoeHa M3 OJHOPOJHBIX 0a30BbIX MOAyJeH (I1aT), COCTOALIMX U3 HEOOIbLIOrOo
Yrcia MpoLeccopoB U 0iioka mamsaTH. Moaynu 0ObeJUHEHBI C MOMOIIBIO BBICOKOCKOPOCTHOTO
kommyTaropa. [lognepxuBaercs equHoe agpecHOE NMPOCTPAHCTBO, allapaTHO MOAJEPKUBACTCS
JOCTYII K YJAJICHHOW MaMATH, T.€. K MAMATH APYyrux Moayieul. IIpu aTtom moctyn K JOKaJIbHOU
naMsTH OCYILIECTBISETCS B HECKOJIbKO pa3 ObicTpee, yeM K ynaaieHHoil. Ilo cymecty,
apxutexkrypa NUMA sBnsiercss MPP (mMaccuBHO-napaiiesibHON) apXUTEKTYpOil, I/le B KaueCTBE
OTJEJIbHBIX BBIYMCIMTEIbHBIX JIEMEHTOB Oepyrcsi SMP (cummerpuyHasi MHOTONPOLIECCOPHAs
apxuTekrypa) y3ibl. JlocTym K mamsaTH M OOMEH JaHHBIMH BHYTpH ofHOro SMP-y3ma
OCYILECTBIISICTCS Yepe3 JOKAIbHYIO aMATh y3J1a U IPOUCXOAUT OYEHb OBICTPO, @ K MpoLieccopam
npyroro SMP-y3ma Toxe ecTh OCTyI, HO 0oJjiee MEJICHHBIN U Yepe3 00Jiee CIOKHYIO CUCTEMY
azpecanuu.

CTpyKTypHasi cXxeMa KOMIIbIOTEpa ¢ THOPUIAHON CEThIO: YEThIPE MPOIECCOPa CBSI3BIBAIOTCS
MEXy co00ii MpH oMo KpoccOapa B pamkax ogHOTo SMP-y3ma. V3i1bl CBSI3aHBI CEThIO THIIA
"0abouka" (Butterfly):
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Puc. 3.3. CtpykrypHas cxema KOMIIbIOTEpa ¢ THOPHIHOMN CEThIO

BriepBoie mpeto ruOpuaHON apxUTeKTyphl mnpemioxui CtuB Boiuiox, OH BOIUIOTHI €€ B
cucremax cepun Exemplar. Bapuant Bomnoxa — cucrema, cocrosimas u3 BocbMu SMP-y310B.
®upma HP xynuna unero u peannsoBaja Ha cynepkomibioTepax cepuu SPP. Mnero noaxsarui
Ceiimyp Kpeit (Seymour R.Cray) u go6aBui HOBBIM 3JI€EMEHT — KOT€PEHTHBIN KAIII, CO3/1aB TaK
Ha3piBaeMylo apxurektypy cc-NUMA (Cache Coherent Non-Uniform Memory Access),
KoTopasi pacmupoBbIBaeTCS KaK "HEOAHOPOAHBIA JOCTYm K MaMSITH C oOOecredeHueM
KorepeHTHocTH Kamiei". OH ee peanu3oBait Ha cuctemax Tuma Origin.

Opranuszanus KOrepeHTHOCTH MHOTOYPOBHEBOM HEPAPXUYECKON MaMATH

[loHATHE KOTEPEHTHOCTH KAIIEH OMUCBHIBAET TOT (PaKT, YTO BCE IEHTPAIBHBIC IMPOIECCOPHI
[OJIy4al0T OJIMHAKOBBIC 3HAYCHMSI OJIHUX M TEX XK€ MEPEMEHHBIX B JH000H MOMEHT BpEMEHH.
JlecTBUTENBHO, MOCKOJBKY KAII-NAMATh HMPUHAUIEKUT OTAEIbHOMY KOMIBIOTEPY, a HE BCel
MHOT'OIIPOLIECCOPHON CHUCTEME B II€JIOM, JaHHbIE, MONAJAIoIIMe B K3II OJHOTO KOMIBIOTEpA,
MOTYT OBITh HEIOCTYIHBI IpyroMy. UToOBI 3TOr0 U30€xath, CIeyeT IPOBECTH CUHXPOHU3ALUIO
UH(POPMALIMK, XPaHSAIIENHCs B K3LI-IaMATH IIPOLECCOPOB.

Jiist obGecriedeHrst KOTepeHTHOCTH KAIIeH CyIIecTBYeT HECKOIBKO BO3ZMOKHOCTEH:

e HCIIOJIB30BaTh MEXAaHMU3M OTCJEKHMBAHMS IIMHHBIX 3alpocoB (snoopy bus protocol), B
KOTOPOM K3IIIM OTCJIEKHMBAIOT IEPEMEHHBIC, NTEPeaaBacMble K JTI000MY U3 IIEHTPAIbHBIX
IPOIIECCOPOB U TIPH HEOOXOAMMOCTH MOIU(PHIUPYIOT COOCTBEHHBIE KOMUHM TaKUX
HepEeMEHHBIX;

e  BBIICNATH CICMHUAIBHYIO YaCTh NaMSTH, OTBEUYAIOIIYIO 32 OTCJICKHBAHUE JOCTOBEPHOCTH
BCEX HMCIOJIb3YEMbIX KOIUI EPEMEHHBIX.

HaunbGonee wu3BectHbiMu cucreMamu apxutekTypsl cc-NUMA sastorcsa: HP 9000 V-class B
SCA-xondurypanusx, SGI Origin3000, Sun HPC 15000, IBM/Sequent NUMA-Q 2000. Ha
CEro/iHsl MakcuMalibHOe uucio npoieccopoB B cc-NUMA-cuctemax Mosxer npesbimarh 1000
(cepus Origin3000). OOb4HO Besi cuctema pabotaet nmoa ynpasinenuem enunoit OC, kak B SMP.
Bo3MoXxHBI Tak)ke BapuUaHThl JMHAMHYECKOTO "MOJpa3fesieHHs" CHUCTEMBI, KOTJIa OTAEIbHBIC
"pazmensl" cucteMbl paboratoT mon ympasinenueM pasHbeix OC. Ilpu pabore ¢ NUMA-
CUCTEMaMH, TaK ke, Kak ¢ SMP, HCIIONB3yIOT Tak HAa3bIBAEMYIO MAPAIUTMY IPOTPAMMHUPOBAHUS
¢ o6mreii mamsaTeio (shared memory paradigm).
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4. ApXUTeKTypa BbIYMCIUTEIbHBIX cucTeM. PVP-apxurtekrypa. Knacrepnas apxurekrypa

PVP (Parallel Vector Process) — mapajieJibHasi apXUTEKTYpa ¢ BEKTOPHbIMU
npoueccopamu

OcHoBHbIM Ipu3HakoM PVP-cuctem sBisieTcs Hammuue CrielMaibHbIX BEKTOPHO-KOHBEHEPHBIX
IPOLIECCOPOB, B KOTOPBIX IPEIyCMOTPEHbI KOMAaHJAbl OJHOTUIIHOW OOpaOOTKH BEKTOPOB
HE3aBUCHMBIX JaHHBIX, 3()()EKTUBHO BBINOIHAIONMECS HAa KOHBEHEPHBIX (YHKIMOHAIBHBIX
ycrpoiictBax. Kak npaBuiio, HECKOJIbKO Takux mpoueccopoB (1-16) paboTaroT 0AHOBPEMEHHO C
obmeld mamsThi0 (aHamormyHOo SMP) B paMKkax MHOTONPOLECCOPHBIX KOH(UTYpAIHiA.
Heckonbko y3710B MOryT ObITh OOBEAMHEHBI C MOMOILIbI0 KOMMYyTaTtopa (aHasoruuHo MPP).
[TockonbKy mepenada JaHHBIX B BEKTOPHOM (hopMaTe OCYIIECTBISIETCS HAMHOTO OBICTpee, YeM B
CKaJIIpHOM (MaKCHMallbHasi CKOpPOCTb MOXET COCTaBiATh 64 ['6aifT/c, yTo Ha 2 mopsaka
ObICcTpee, 4eM B CKaSIPHBIX MAallMHAX), TO TMpoOiieMa B3aUMOICHUCTBUS MEXKAY MOTOKaMHU
JaHHBIX TIPU pacnapauleIMBaHUM CTAaHOBUTCA HECyllecTBeHHOW. I 71O, 4ro 1mioxo
pacnapajuieIMBaeTCsl Ha CKAJISPHBIX MAIIMHAX, XOPOLIO pacnapauleIMBaeTCsl Ha BEKTOPHBIX.
Taxkum o0Opa3oM, cuctembl PVP-apXuTeKkTypbl MOTYT SBIATHCA MAalIMHAMU OOIIEro Ha3HAYCHMS
(general purpose systems). OHaKO, TOCKOJIBKY BEKTOPHBIC TIPOIECCOPBI BEChMa JIOPOTO CTOSAT,
9T MaIIMHBI HE MOT'YT OBITh OOILEAOCTYTHBIMH.

Haubonee nonynsipasl Tpu MammHbl PVP-apxXuTekTyph:

1. CRAY X1, SMP-apxurekrypa. [InkoBast npoM3BOAUTEILHOCTh CUCTEMBI B CTaHIaPTHON
KOH(UIypaluy MOXKET COCTaBIISATh AECATKU TepaduiolcC.

Puc. 4.1. CRAY SV-2

2. NEC SX-6, NUMA-apxutekrypa. [lukoBasi NmpouU3BOIUTEILHOCTh CHUCTEMBI MOXET
nocturath 8 Tduonc, mpou3BOAUTETHHOCTH OJTHOTO Mpolieccopa coctapisieT 9,6 I'dmorc.
Cucrema Macmrabupyercss ¢ eIuHbIM 00pa3oM OINEpalroOHHON cucTteMbl A0 512
MPOLIECCOPOB.

3. Fujitsu-VPP5000 (vector parallel processing), MPP-apxutekrtypa.
[Ipou3BoOAUTENBHOCT, OIHOTO TMporeccopa coctaBisier 9.6 ['duonc, nukoBas
IPOM3BOIUTENILHOCTh CHCTEMBI MOKET ocTturath 1249 I'duorc, MakcumanbHast EMKOCTb
namsti — 8 To6aiit. Cucrema macmtabupyercs 10 512
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Puc. 4.2. Fujitsu-VPP5000

[Tapagurma nporpamMupoBanus Ha PVP-cuctemax mpegycmarpuBaeT BEKTOPHU3ALMIO LIUKIIOB
(1t MOCTMXKEHWsT  PasyMHOW  MPOU3BOAMTENFHOCTH  OJHOTO  TpoIleccopa) W HUX
pacnapajuienuBaHue (A7 OJHOBPEMEHHOW 3arpy3KH HECKOJBKHX MPOLIECCOPOB OIHUM
IPUIJIOKEHUEM).

Ha MMPAKTUKEC PCKOMCHAYCTCS BBIIIOJIHATH CICAYIOINNUE TPOUCAYPHI:

e MPOU3BOAUTH BEKTOPU3ALMIO BPYUHYIO, YTOOBI NIEPEBECTH 33[a4y B MAaTPUUHYIO (OpMY.
[Ipu 3TOM, B COOTBETCTBHH C JUTHHON BEKTOPA, Pa3MePhl MATPUIILI JOJKHBI OBITH KPaTHBI
128 nim 256;

e paboTaTh C BEKTOPAMHU B BUPTYAIBHOM MPOCTPAHCTBE, pa3jaras UCKOMYIO (DYHKIHIO B
PAIl ¥ OCTaBJISISl YUCJIO YJIEHOB psAna, kpaTtHoe 128 unu 256.

3a cuet OonbiIOi pu3nMyeckoi maMatu (Hoau Tepabaiita) Aa)ke TIOXO BEKTOPHU3YEeMbIE 3a7auu
Ha PVP-cucremax permarorcst ObICTpee Ha MallTiHAX CO CKAIIPHBIMHU MTPOIIECCOPAMHU.

Knacrep mpencraBisier co0od aBa mim 0oJjiee KOMIBIOTEPOB (YacTO HAa3bIBACMBIX Y3JIaMH),
o0beMHSEMbIE TPH TIOMOIIM CETEBBIX TEXHOJOTHMH Ha 0a3e MIMHHOM apXUTEKTYphl WA
KOMMYTaToOpa W MPEJCTAIOIIUE TIepe/l MOJIb30BaTeNIIMU B KaYECTBE €IUHOT0 WH(POPMAIIMOHHO-
BBIUMCIIUTENIFHOTO pecypca. B kadecTBe y3JOB Kiactepa MOTYT OBITh BBIOpaHBI CEpBEPHI,
pabouue CTaHIMH U JaXKe OOBIYHBIC MEPCOHATIBHBIE KOMITBIOTEPBI. Y3el XapaKTepu3yeTcs TeM,
YTO Ha HEM pabdOoTaeT eIUHCTBEHHAs KOMHUS OIEPAlMOHHON cucTeMbl. [IpenMyIiecTBo
KJIaCTEPH3AIMU JIJIsl TTOBBIIICHUST pa00TOCIIOCOOHOCTH CTAHOBUTCS OYEBUIHBIM B Cilydae cOOs
Kakoro-mmbo ysja: TpU 3TOM JPYrod y3en KiacTepa MOXKET B3ATh Ha ce0si HarpysKy
HEHCIIPABHOTO y3j1a, W IOJIb30BAaTEIM HE 3aMETAT MpepbhlBaHUS B JOCTyne. Bo3MmokHOCTH
MacmTabUPyeMOCTH KIIAaCTEPOB ITO3BOJITIOT MHOTOKPATHO YBEIHMYMBATH IMPOU3BOAMUTEIBHOCTD
MPUIOKEHUH Ui OOJbIIero Yncia mojiab3oBaTeneit Texuonoruit (Fast/Gigabit Ethernet, Myrinet)
Ha Oa3e IIMHHOW apXUTEKTypbl WMJIM KOMMYyTaropa. Takue CynepKOMIBIOTEPHBIE CHCTEMBI
SIBJISTFOTCSI CAMBIMHU JICIIIEBBIMH, TIOCKOJIBKY COOMPAIOTCS Ha 0a3e CTaHIapTHBIX KOMIUICKTYFOIIUX
anemeHTOB ("off the shelf"), mporieccopoB, KOMMYTaTOPOB, IUCKOB M BHEIIHUX YCTPONCTB.

Kiacrepusamuss MOXKET OCYIIECTBISITBCA HA PAa3HBIX YPOBHSAX KOMIIBIOTEPHOM CHCTEMBI,
BKJIIOYas aImapaTHoe oOecreueHue, OonepaloHHble CUCTEMbI, IPOrPaMMBbI-YTHIIUTHI, CUCTEMbI
yIpaBJIeHUs] W TpUiIokeHus. Yem Ooiblie ypOBHEH CHUCTEMbI OOBEIMHEHBI KIACTEPHOM
TEXHOJIOTUEH, TeM BbIIIE HAJIS)KHOCTh, MACIITAOMPYEMOCTh U YIPABISIEMOCTh KJlacTepa.
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Tunsl Kj1acrepos
VYcnoBHOE ieneHne Ha KIacchl npeuioxkeHo SA3ekom Pagaesckum u Jlyrnacom DanaiiHoM:

o Kuacc I. Kinacc mamms cTpouTes LEINKOM U3 CTAaHJAPTHBIX JETaJEH, KOTOPBIE IPOAAOT
MHOTME TIOCTAaBIIMKM KOMIBIOTEPHBIX KOMIIOHEHTOB (HU3KHME L€HBl, IPOCTOE
O6CJIy7KI/IBaHI/I€, armnapaTHbIC KOMIIOHCHTBI JOCTYIIHBI U3 PA3JIMYHBIX I/ICTO‘-IHI/IKOB).

e Kuacce II. Cucrema uMmeeT 3KCKIFO3UBHBIE WJIN HE CIIMIIKOM IIHPOKO PaCIpOCTPAHEHHBIE
neranu. Takum 00pa3oM MOKHO JIOCTUYh OYEHb XOPOIIEH MPOU3BOAUTEIBHOCTH, HO TIPH
6oJ1ee BBICOKOW CTOMMOCTH.

Kaxk YK€ 0OTMEYAJIOCh, KIIACTECPhl MOI'YT CYHICCTBOBATH B PA3JIMYHBIX KOH(l)I/IpraI_II/IHX. HaubGonee
PacIIpoCTpaHCHHBIMHA TUITAMU KJIACTCPOB ABJIAIOTCA:

e CHCTEMBI BBICOKOM HagCXHOCTH,
e CHUCTCMBbI IJId BBICOKOIIPOU3BOAUTCIbHBIX BI)ILII/ICJIGHI/If/'I;
e MHOI'OIIOTOYHBIC CUCTCMBI.

OTMGTI/IM, 4TO I'paHUbI MCKIY 3TUMH TUIIAMU KIIACTCPOB OO0 HeKOTOpOﬁ CTCIICHU PAa3MbIThI, U
KIIaCTECp MOKCT HUMCTb TaKHUC CBOMCTBA HIIH (1)YHKIII/II/I, KOTOPLIC BLBIXOAAT 3a PpPaMKU
MNECPCUUCIICHHBIX  THIIOB. bonee TOro, Iipu KOH(bI/IprI/IpOBaHI/II/I 0O0JILIIIOrO KJ1acTepa,
HCIIOJIB3YEMOI'0  KaK  CHUCTEMa 06H16F0 Ha3HA4YCHHUA, MNPUXOAUTCA  BBLACIATH 6JIOKI/I,
BBINTOJIHAIOIHE BCC IICPCUHUCIICHHBIC (I)YHKI_[I/II/I

Krnactepbl 1151 BRICOKOIPOM3BOIUTEIBHBIX BBIUMCIICHUI TpeIHA3HAYCHBI IS MapajuIeIbHbBIX
pacdeToB. DTH KjacTepbl OOBIYHO cOOpaHBI M3 OOJIBIIOrO YHCIa KOMITBIOTEpOB. Pa3paborka
TaKUX KJIACTEPOB SIBIISICTCS CIIOKHBIM TPOIIECCOM, TPEOYIOIUM Ha KaXKIOM IIare corjacoBaHMUsI
TaKUX BOIPOCOB KAK HHCTAJUIALMA, SKCIUIyaTallud WU OJHOBPEMCHHOC YIIPABJICHHC 6OJII)HII/IM
YHCIIOM KOMIIBIOTEPOB, TEXHUYECKUE TPEOOBAHUS MAapAIICILHOTO U BHICOKOTIPOU3BOAUTEIIBHOTO
JOCTyTa K OJJHOMY U TOMY K€ CHCTeMHOMY aiiny (wim ¢aiiiaMm) U MEKIPOIIECCOPHAsT CBSI3b
MEXy y3J1aMH, U KOOPAHHALNS pabOThl B MapaJlJIEIbBHOM PeKUME. ITH MPOoOIEMBbI MIPOIIE BCETO
pemaioTcsl mpu 00ECIIEYeHUH €AMHOTO 00pa3a ONEpalMOHHON CHCTEMBI JJIsi BCETO KiacTepa.
OpnnHako peann3oBaTh MOJOOHYIO CXEMY yIaeTcsl aleKo He BCeraa U 0OObIYHO OHAa MPUMEHSETCs
JIMIIBb JJI1 HE CIIMIIIKOM OOJIBIINX CUCTEM.

MHOronoTo4HbIE CHUCTEMbl HUCHONB3YIOTCS Al oOecreueHus eAMHOro uHrepdeiica K paxy
pecypcoB, KOTOpbIE MOIYT CO BpPEMEHEM IpPOM3BOJIbHO HApalllMBaThCA (MJIM COKpAIIAThCS).
TUNUYHBIM IPUMEPOM MOKET CIY>KUTh TpyIina web-cepBepoB.

B 1994 rony Tomac Crepnunr (Sterling) u Jlon bekkep (Becker) coznanu 16-y3moBoii kinactep
u3 npoueccopoB Intel DX4, coemunennsix cerpto 10 Mowut/c Ethernet ¢ aybmupoBaHmem
kaHanoB. OHu Ha3Banu ero "Beowulf" mo Ha3BaHuio cTapuHHON smuveckoi mosMmel. Kmactep
Bo3HMK B I1ieHTpe NASA Goddard Space Flight Center ans momnepxku HEO0OXOAMMBIMU
BBIUMCIUTENBHBIMH pecypcamu npoekTa Earth and Space Sciences. [IpoekTHO-KOHCTpYKTOpPCKHE
paboThI OBICTPO MPEBPATHIUCH B TO, YTO M3BECTHO ceidyac Kak mpoekT Beowulf. IIpoekT cran
OCHOBOIl 00mIero moaxoja K TOCTPOEHHUIO MapayIeNbHBIX KIACTEPHBIX KOMIIBIOTEPOB, OH
OIMCHIBAET MHOTOIIPOLIECCOPHYIO aPXUTEKTYPY, KOTOPask MOXKET C YCIIEXOM HCIOIb30BaTHCS IS
napajuleNbHBIX BblYKcleHui. Beowulf-kinactep, kak mpaBuiio, sIBISIETCS CHCTEMOM, COCTOsIIEH
U3 OJHOTO CEPBEPHOTO y3Jia (KOTOPBI OOBIYHO HA3BIBAETCS TOJOBHBIM), a TAK)KE OJHOTO WU
HECKOJIbKUX  TMOAYMHEHHBIX  (BBIYMCIUTENBHBIX)  VY3JI0B, COEIWHEHHBIX MOCPEACTBOM
CTaH/JapTHOH KOMIIblOTepHOU ceTu. Cucrema CTPOMTCS C HCIOJIB30BAHMEM CTaHAAPTHBIX
anmapaTHbIX KOMIIOHEHTOB, Takux kak [IK, 3amyckaembie moj Linux, cTaHmapTHbIE CETeBBIE

13



amantepsl (Hanmpumep, Ethernet) m kommyraropbl. Her 0co00oro mporpaMMHOrO IaKera,
HazbiBaeMoro "Beowulf'. Bwmecto 3TOro mumMeercs HECKOJBKO KYCKOB IMPOTrPAMMHOIO
obecrieueHust, KOTOpbIe MHOTHE TTOJI30BATEIN HAIIUIM TPUTOAHBIMU JJISI TOCTPOEHUS KJIaCTEPOB
Beowulf. Beowulf ucnons3yer Takue mporpamMMmHbie IPOAYKTHI KakK OIEpalliOHHAs CHCTEMa
Linux, cuctemsl iepenadu coodmennii PVM, MPI, cucreMs! yripaBiieHUs o4epeIsiMe 3aIaHui U
JIpyrue CTaHIapTHhIE MPOAYKThl. CepBEepHBIN y3el KOHTPOJIUPYET BECh KJIacTep U 00CTyKUBaeT
(aiinel, HarpaBJsieMble K KIIMEHTCKUM y3J1aM.

IIpo06seMbl BHINOJIHEHHS CETH CBSI3U MPOLIECCOPOB B KJIACTEPHOIi crcTeMe

ApXUTEKTypa KJIACTEPHON CHUCTEMBI (CIOCOO COEAUHEHHUS MPOILIECCOPOB IPYr C APYroMm) B
OOJIBIIICH CTENEHU OINpeNeisieT €€ MPOU3BOJUTEIBHOCTh, YE€M THI HCIOJIb3yeMBbIX B HEH
IMponeccopoB. KpI/ITI/I‘IeCKI/IM nmapamMeTpoM, BJIIMAIOINHUM Ha BCIWYHWHY IMMPOHU3BOAUTCIIBHOCTHU
TAKOW CHUCTEMBI, SIBJSICTCS PACCTOSHUE MEXAy Iporeccopamu. Tak, coemuHuB Bmecte 10
NEPCOHATIBbHBIX KOMIIBIOTCPOB, MbI IMoJIy4YruM CUCTCMY JJIsA IMPOBCACHUA
BBICOKOTIPOU3BOIMTEIBHBIX BbIYMCICHUH. [IpobneMa, ogHako, OyJIeT COCTOSATh B IOHMCKE
HanOonee A(P(GEeKTUBHOrO Crmocoda COCTUHEHHS CTAHIAPTHBIX CPEACTB APYr C APYTOM,
NOCKOJIBKY TIpYM  YBEJIUYCHUHW TPOU3ZBOJMTEIBHOCTH KaXJoro mpoimeccopa B 10 pa3
IMPOU3BOAUTCIIBHOCTb CUCTCMBI B 1ICJIOM B 10 pa3 HE YBCIIMYUTCA.

PaccmotpuMm miis mpumepa 3aiady MOCTPOCHHS CUMMETPUYHOM 16-TIpOIecCCOpHON CUCTEMBI, B
KOTOpOI Bce mpolieccopbl Obuid Obl paBHOMpaBHBIL. Hambosee ecTeCTBEHHBIM MpPEICTaBISETCS
COCMHEHHE B BUJIEC TUIOCKON PEIIETKH, IJI€ BHEITHUE KOHI[bI HCIIOJIB3YIOTCS ISl OACOCAMHEHUS
BHEIIHUX YCTPOMICTB.

Kommewrep/npousccop

Crmn

Puc. 4.3. Cxema coefMHEHUS TIPOLIECCOPOB B BUE TUIOCKOU PEIICTKH

[Ipy TakoM THIIE COEIMHEHUS MAKCHUMaJIbHOE PACCTOSHHUE MEXIY MPOIECCOpPaMH OKaKeTCs
paBHBIM 6 (KOJIMYECTBO CBSI3€d MEXKIY TMPOIECCOPaMH, OTACISIONIMX CaMbId ONMOKHUI
MPOLIECCOP OT CaMOro JaibHero). Teopus ke MOKa3bIBaeT, UTO €CIM B CHCTEME MaKCHMalbHOE
paccTosiHAe MEXAy Mporeccopamu Oonbine 4, TO Takas CHCTEMa HE MOXeT paboTarh
s dextuBHO. [loaTOMy mpu coeauHeHuu 16 mpoleccopoB APYyr C APYroM IUIOCKas cXema
SBIIsIETCS HeteecooOpasHoil. st momydeHus: 6ojiee KOMIAKTHON KOH(QUTYpAIui HEOOXO0AUMO
PEIINTh 33/1a4y O HAXOXACHUHM (PUTYpBI, UMEIOIIEeH MaKCUMAaIbHbI 00heM MpU MUHUMAIbHON
IUIOIIAAN TOBEPXHOCTH. B TpexmMepHOM MpOCTpaHCTBE TaKWM CBOWCTBOM obOmanmaer map. Ho
MOCKOJIbKY HaM HEOOXOAMMO TOCTPOUTH Y3JIOBYIO CHCTEMY, BMECTO IIapa MPHUXOAUTCS
UCIIOJIb30BaTh KyO (€CIIH YMCII0 TPOIIECCOPOB PABHO 8) WIIHM TUTIEPKYO, €CIIM YHCIIO MPOIIECCOPOB
Ooonpiie 8. PasmepHocTh THIEpkyOa OymeT oOmpeaensThCs B 3aBUCHMOCTH OT 4YHCIA
IIPOLIECCOPOB, KOTOpbIE HEOOXOAUMO COEOUHUTh. Tak, ans coeauHeHus 16 mporeccopoB
noTpedyeTcsi 4YeThIpeXMEpHbId Tunepkyd. Jlns ero mocTpoeHusi cienyeT B3STh OOBIYHBIN
TPEXMEpHBIH KyO, CABHHYTh B HY)KHOM HAINPaBICHHHM W, COCIUHHUB BEPIIMHBI, ITOJYYUThH
TUIEepKyO pazmepom 4.
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Puc. 4.4. Tononorus cBsi3u, 3-X MEPHBIN TUIIEPKYO

ApxuTeKkTypa TUIlepKyOa sBIseTcs BTOpOH 1O 3(PQPEKTUBHOCTH, HO CaMoOil HarjsaHoM.
Hcnonb3yrorcs U pyrue TONOJOTUMU CETEW CBA3M: TpeXMEpHBIH Top, "kosbuo", "3Be3ma" u

IpyTue.

Puc. 4.5. Tononorus cBsi3u, 4-X MEpHbIN TUIIEPKYO

Puc. 4.6. ApxutekTypa KoJiblia ¢ moJHOH cBs3bi0 1o Xopaam (Chordal Ring)

15



HaubGonee »ddexkTuBHON sBiseTCS apXUTEKTypa C Tomojorueit "roscroro aepesa’ (fat-tree).
Apxurekrypa "fat-tree" (hypertree) O6ni1a mpenioxena Jleitzepconom (Charles E. Leiserson) B
1985 rony. [Ipoueccopsl JI0Kaau30BaHbl B JUCThSAX JI€PEBA, B TO BpeMsl KaK BHYTPEHHUE Y3JIbl
JiepeBa CKOMIIOHOBaHbI BO BHYTPEHHIOK ceTh. [lo/iepeBrsi MOTYT 00maThes MEXIy coOOM, HE
3arparuBasi 0oJiee BEICOKHX YPOBHEH CETH.

Puc. 4.7. Knacrepnas apxurekrypa "Fat-tree"

[TockonbKky crmoco®6 COEOUHEHHsS MPOLECCOPOB JApPYr ¢ JApyroM OoJiblle BIMAET Ha
IIPOU3BOJUTENIBHOCTD KJIACTEPA, YE€M THUIl MCIOJIb3yeMBIX B HEH IPOLECCOPOB, TO MOXKET
OKa3zaThCsi Oojee 1eeco00pa3HbIM  CO3/1aTh CHUCTEMY M3 OOJBIIEro YHucia JEHIeBBIX
KOMIIBIOTEPOB, Y€M M3 MEHBIIET0 4ucia J0porux. B kiacrepax, Kak MpaBWIIO, UCHOJB3YIOTCS
ONEpPAl[MOHHBIE CHCTEMbI, CTaHJApTHbIE Il pabOuuMX CTAHLMN, Yalle BCEro CBOOOIHO
pactpoctpansiemble (Linux, FreeBSD), BmecTe co crneunmanbHbIMH CpEeACTBAMHM HOJAEPIKKH
napajuIeIbHOTO MPOTPaMMHUPOBAHUS U OallaHCHPOBKH Harpy3ku. [Ipu paboTe ¢ kimactepamu, Tak
ke, kak U1 ¢ MPP-cuctemamu, ucnonb3yroT Tak Ha3piBaemylo Massive Passing Programming
Paradigm — mapagurmy mnporpaMMHpOBaHHMA C TepeAadeil naHHbIX (dame Bcero — MPI).
YMmepeHHas 11leHa HOJOOHBIX CHCTEM 00OpayuBaeTcs OOJBIIMMHM HAKJIAAHBIMM pacxoJaMu Ha
B3aMMO/ICHCTBHE MapaLIEIBbHBIX MPOIECCOB MEKIY COOOM, YTO CHIIBHO CY)KaeT MOTCHIINATbHBIN
KJIACC peIIaeMbIX 3a/ad.

Ly g g g
[Tl 51 [Tl [T
L Lt I | Lt
1 =1 =] 1
L L1 L L
[Tl [l [Tl [Nl
Ly L Ly Lt
1 | 1 [l

Puc. 4.8. Knacrepnas apxurektypa "Fat-tree" (Bua cBepXy Ha IPEIbLAYIIYIO CXEMY)
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S. IIpMHIUIIBI MOCTPOCHUS KOMMYHHMKALMOHHBIX Cpe/

B camoM oO0meMm cwbicie apXUTEKTYpy KOMIIBIOTEpa MOXHO OINPEACIUTh Kak CIoco0
COCJMHEHUSI KOMIIBIOTEPOB MeXJ1y co0O0i, C MNamsaTbi0 MW C BHEIIHUMHU YCTPOWHCTBaMH.
Peanmm3anust 3TOro COEIMHEHHsI MOXKET UATH pa3auyHbIMM IyTsMu. KoHKpeTHas peanusanus
TAKOro0 poJla COEAMHEHHUH HAa3bIBAECTCS KOMMYHUKALIMOHHOW cpefod KommbroTepa. OpgHa u3
CaMbIX MPOCTBHIX pealu3alMil — 3TO HUCIOJIb30BAHUE OOIIEH MIMHBI, K KOTOPOH MOAKIIIOYAIOTCS
KaK IIPOLECCOPBI, TaK U MaMATh. Cama IIMHA COCTOUT U3 OIPENEICHHOIO YMCIIa JUHUM CBSA3H,
HEOOXOUMBIX JJIs IEPEeIauM aJpeCcOB, JAHHBIX U YIPABISIOLUIUX CUTHAIOB MEX]y POLIECCOPOM
U maMAThio. OTOT crocod peanu3oBaH B SMP-cucremax. OCHOBHBIM HEIOCTaTKOM TaKUX
CHCTEM, Kak ObUIO yKa3aHO BBIIIE, SBISIETCS IUIOXAs MACIITaOMPYeMOCTh. YBEIHUYCHHE, Jaxe
HE3HAUUTENIbHOE, YHCla YCTPOMCTB Ha ILIMHE BBI3BIBAET 3aMETHBIC 3aJCpP)KKH IpU OOMEHe ¢
NaMsITBIO M KaTacTpo(uveckoe MajieHHe MPOU3BOJUTEILHOCTH CUCTEMBI B 11ei0M. HeoOxonumel
JpyrHe IMOAXOHABI sl IOCTPOCHHUS KOMMYHMKALMOHHOM CpeIbl, U OJHUM U3 HUX SBISIETCA
paszeneHye naMsITH Ha HE3aBHCHMbIE MOAYIM U 00€CledeHHe BO3MOKHOCTH JOCTYIA Pa3HbIX
IIPOLIECCOPOB K Pa3JIMYHBIM MOAYJISIM OJHOBPEMEHHO IIOCPEACTBOM HCIIOJIB30BAHMS PA3JINYHOTO
poZla KOMMYTaTOPOB.

[Ipu >TOM BO3MOXHBI pa3aUYHbIE KOH(UTYypalMHM TMOJTYYAIOUIUXCS CHCTEM CBsi3u. Tak, B
komnbioTepax cemerictBa Cray T3D/T3E Bce mporeccopsl OblTH 00bEIUHEHBI ClIEUATBLHBIMU
BBICOKOCKOPOCTHBIMU KaHaJlaMH B TPEXMEPHBINA TOP, B KOTOPOM KaK/JIbIi BBIYMCIUTEIbHBIN y3€1
UMeJl HETNOCPEJICTBEHHBIE CBS3M C IIECThIO cocensmu. B kommberoTepax IBM  SP/2
B3aMMO/JICHCTBAE MPOLIECCOPOB MPOUCXOIUT YEPE3 HEPAPXUUYECKYI0 CHCTEMY KOMMYTATOPOB,
Tak)Ke 00eCreynBalolyl0 BO3MOKHOCTh COCIMHEHHUS Ka)IO0TO IMPoIeccopa ¢ JIIOOBIM JPYTHUM.
OTH OPUTUHAJIbHBIE YHUKAJIbHBIC PEUICHUS 3HAUUTEIBHO YBEIIMUMBAIOT IIEHY KOMITBIOTEPOB.

['opasmo 6oJiee MPOCTHIM U JICIIEBBIM OKa3aJloCh UCIIOJIb30BaHKE CBs3el Ha 0a3e cereil Ethernet
— MeToaMKa, pa3paboTanHas kommanued Xerox. [lepBoHauanbHO MCTIOIB30BaNIach oObaHas 10-
MeraOuTHas ceThb, 3aTeM ctanu npuMensTh Fast Ethernet, a B mocnennee Bpems unorna u Gigabit
Ethernet. Ho mns Fast Ethernet xapaktepna Oonbmnas JaTEeHTHOCTH (3a/E€pKKa B Iepegade
naHHbIX), oneHuBaemas B 160-180 mmxpocexkyna, a Gigabit Ethernet ormuuaercss BbICOKOIA
cTouMocThio. Kpome Toro, oH 3((eKTHBEH TOJBKO TpPH COCTUHEHWH TOYKA—TOYKA, MpPHU
COEITMHEHUU HECKOJIbKHUX Y3JI0B €ro 2((eKTUBHOCTh PE3KO MaJaeT, a MpHU COeAUHEHUH Oosiee S—
6 y3JI0B OHa HE IMPEBOCXOJUT MO MPOM3BOAUTEIBHOCTH naxe Fast Ethernet. IToaromy mpu
CO3JJaHUM MHOTOIMPOIECCOPHBIX BBIYMCIUTEIBHBIX CHCTEM YacTO MPEINOYTCHUE OTIaeTCs
texnosorusim SCI, Myrinet mn Raceway.

IIpuMepbI MOCTPOEHUSI KOMMYHUKALIMOHHBIX CPe/l HA OCHOBE MaCIITA0MPYyeMOro
KorepeHTHoro unrepgeiica SCI

SCI (Scalable Coherent Interface) npunst xak crangapt B 1992 r. (ANSIIEEE Std 1596-1992).
OH mnpenHa3zHayeH nJsi JOCTHIKEHUS BBICOKUX CKOPOCTEH Tepeladyd C MallbiM BpeMEHEM
3a/IEP’KKU U TIPU 3TOM 00ecreyrBaeT MacIITa0UPYyEMYI0 apXUTEKTYpPY, MO3BOJISIONIYI0 CTPOUTD
CHCTEMBI, cocTosme u3 MHOKecTBa 010koB. SCI mpezacrasisier co00i KOMOMHALIMIO LIMHBI U
JIOKAJIbHOM ceTH, 00ecreurnBaeT peaqnu3alnio KOTePeHTHOCTH KAII-MIaMSITH, Pa3MeIlaeMoil B y3ie
SCI, mnocpeacTBOM MeXaHM3Ma pacHpelelCHHBIX JIUPEKTOPUN, KOTOPBIM  YyIydIlaeT
MPOU3BOIUTENBHOCTD, CKPBIBAas 3aTpaTbl Ha JAOCTYN K YHAJEHHBIM JaHHBIM B MOJEIH C
pacmlpenesieHHON pasfensieMold maMsThio. [IpOM3BOAUTENHHOCTh TEpEAadd JAHHBIX OOBIYHO
HaxoauTes B npeaenax ot 200 Moaiit/c 1o 1000 M6aiiT/c Ha pacCTOSHHUAX ECATKOB METPOB C
WCIIOJIb30BAHUEM JJICKTPUUYECKUX Kalejell M KUIOMETPOB — C MCIIOJIb30BAHUEM OINTOBOJIOKHA.
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SCI ymeHbIIaeT BpeMsl MEXKY3JOBBIX KOMMYHHKAIMA TIO CpPAaBHEHHIO C TPaTULMOHHBIMHU
CXEMaMHU Iepe/iayr IaHHBIX B CETSAX IyTeM YCTpaHEHUs OOpalleHHi K MPOrpaMMHBIM yPOBHSIM
— ONEpalMoOHHOW cHucTeMe © OHOJIMOTeKaM BpPEMEHH BBINNOJHEHHS; KOMMYHUKAIIUU
IPE/ICTABISAIOTCA KaK YacTh MPOCTOW ONepaluy 3arpy3Kd JaHHBIX MPOIECCOPOM (KOMaHAaMH
load wmm store). OObIYHO oOOpamieHHEe K JaHHBIM, (PU3MUECKH PACIIOIIOKEHHBIM B MaMSITH
JPYroro BBIYUCIHMTENBHOTO y3J1a M HE HAXOIIIIUMCS B Kd3UIE, NMPUBOIUT K (OPMUPOBAHUIO
3ampoca K YAaJCHHOMY Y3y sl TOJy4eHHS HEOOXOIMMBIX TaHHBIX, KOTOPHIE B TEUCHHE
HECKOJIbKUX MHUKPOCEKYH] JOCTaBIISIIOTCS B JIOKAIBHBIA KOII, W BBIIOJHEHHE IPOTPaMMBI
npopoinkaercs. [Ipexxauii moxxox TpedoBan GopMUPOBaHHS MAKETOB Ha MPOTPAMMHOM YpPOBHE
C THoCIeAymomeil nepenavyeil ux ammapaTHoMmy oOecriedeHHro. TOYHO Tak k€ MPOMCXOAMI U
npueM, B pe3yibTare 4ero 3aJepKKu ObUTM B COTHH pa3 Oombine, yeM y SCI. Opnako s
coBMecTUMOCTH SCI MeeT BO3MOXKHOCTb IIEPEHOCUTH MAKEThI IPYTUX IPOTOKOJIOB.

Eme onno mpeumymectBo SCI — ucnonb3oBanue mpocThix npotokonoB tuma RISC, koTopsie
o0OecrieunBarOT OONBINYI0 MPOIYCKHYIO CIIOCOOHOCTh. Y3ibl ¢ amantepamu SCI moryr
UCIIOJIb30BATh ISl COSAMHEHUS KOMMYTATOPBI UJIH K€ COEAMHSTHCS B KOJIbLIO. OOBIYHO KaXKIbIN
y3€J1 OKa3bIBAETCs BKIIFOUEHHBIM B JIBa KoJiblia (puc. 5.1).

Puc. 5.1. Matpuna y3noB kiacrepa Ha ocHoBe cetu SCI

B ornumume or HIPPI, nanHas TexXHOJIOTMS ONTHMHU3MpPOBaHA ISl pabOThl ¢ JUHAMUYECKHM
TpapuKOM, OJHAKO MOXKET ObITh MeHee Y (eKTHBHA MPU padOTE ¢ OOIBIIMMHU OJIOKAMH JaHHBIX.
[IpoTokon mepenaud JaHHBIX OOECIEYMBACT TapaHTUPOBAHHYIO JOCTAaBKY M OTCYTCTBUE
nennokoB. IIporokon SCI nocraTouHo ClOXKEH, OH MpelyCMAaTpUBAeT IIUPOKUE BO3MOKHOCTU
yhnpaBiaeHUsT TpauKoM, HO HCHOJIB30BaHHWE OTHUX BO3MOXHOCTEH MpearoNaraeT Hajaudue
pa3BUTOrO mporpaMMHoro otecneuenus. Ha kommyHukanumonHoil texnosorun SCI ocHoBaHa
cuctema cBs3u runepysioB CTI (Convex Torroidal Interconnect) B cucremax HP/Convex
Exemplar X-class, kpome Toro, Ha Heil moctpoeHsl kiactepubsie cucreMbl SCALI Computer,
cuctembl cemeiictBa hpcLine komnanuu Siemens, a Takxke cc-NUMA cepsepa Data General u
Sequent.

Tpagunuonnas  obGnactb  npumeHenuss SCI —  3T0  KOMMYHUKAllMOHHBIE  CpEIbl
MHOTOIIPOLIECCOPHBIX cucTeM. Ha oOCHOBe 3TOHl TEXHOJIOTMU IOCTPOEHBI, B YACTHOCTH,
KoMIbroTepsl cepun hpcline ot Siemens unu moxynbHble cepBepsl NUMA-Q ot IBM, panee
U3BECTHBIE KaK Sequent.

Monaynsabie SCI-kommyTaTtopsl Dolphin mo3BosOT MOTpeOUTENSIM CTPOUTH MacIITA0UpyeMbIe
KJIaCTepHBbIE pellleHus Kiacca npeanpusatus Ha miatdopmax Windows NT/2000/XP, Linux,
Solaris, VxWorks, LynuxWorks u NetWare ¢ wucmonp30oBaHueM CTaHIAPTU3UPOBAHHOTO
000pyI0BaHUs M IPOIPAMMHOI0 00ecreyeHusl.
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Tab6muna 5.1. Texunomoruss SCI

IIpousBoauTesn Dolphin Interconnect Solutions u mp.
o0opynoBaHus
Iloka3aTenu s nponyktoB Dolphin: nmukoBas mpomyckHasi criocoOHOCTh — 667

Npou3BoAUTEIbHOCTH | MOUT/C. AnmapaTHas JTaTeHTHOCTh — 1.46 MKCek

HpaiiBepsr mus Linux, Windows NT, Solaris. ScaMPI — peanuzanus

Egﬂ‘;ﬁ;ﬁf}gﬁaﬂ MPI komnanuu Scali Computer nist cucrem Ha 6aze SCI. SISCI API —
uHTEepdeiic MporpaMMUPOBAHUS HUYKHETO YPOBHSI
SCI (ANSI/IEEE 1596-1992) — crangapTu3supoBaHHAsh TEXHOJIOTHSL.
Kpome crannaptHoii cereBoit cpeasl, SCI moaaepxuBaeT nocTpoeHue
CHUCTEM C pa3leisieMOM NaMATBI0 M C KOIEpPEeHTHOCThIO Kimier. Ha
KOMMYHHUKAIIMOHHON TexHonoruu SCI  ocHOBaHBI  KJIacTepHbIC
KommenTapuu

cucrembl komnaanun SCALI Computer, cucremsl cemeiictBa hpcLine
komnanun Siemens, a Takxke cc-NUMA-cepBepa Data General u
Sequent. Texnonorust SCI ucnonb3oBajiack JUisl CBA3H THIIEPY3JIOB B
cucremax HP/Convex Exemplar X-class.

Kommynukannonnas cpexa MYRINET

CereByto TexHojoruto Myrinet mpencTaBiaseT Kommanus Myricom, KOTopasi BIIEpBBIC
MPEIOKIIA CBOI0O KOMMYHUKAITMOHHYIO TEXHOJIOTHIO B 1994 rosy, a Ha ceroaHs uMeeT yxke
6onee 1000 uHCcTamIAIMi IO Bcemy Mupy. TexHonoruss Myrinet ocHOBaHa Ha MCIOJB30BaHUU
MHOTOIIOPTOBBIX KOMMYTAaTOPOB IPU OTPAaHUYEHHBIX HECKOJBKMMHM METpaMM JUIMHAX CBs3el
y3JI0OB C TOpPTaMH KOMMYyTatopa. Y3imel B Myrinet COEAMHSIOTCS OpPYr C JPYroM uepes
kKoMmyTaTop (110 128 moptoB). MakcumanbHas JyIMHA JTMHUN CBS3U BapbUPYETCS B 3aBUCUMOCTHU
OT KOHKPETHOM pean3aluu.

Kak kommyTHpyemas ceTb, aHaJOIMuYHas 10 CTpyKType cermeHTaM Ethernet, coequHeHHBIM C
MIOMOIIIFI0 KOMMYTATOpoB, Myrinet MOXET OJHOBPEMEHHO IepenaBaTh HECKOJBKO IaKETOB,
KaXblii M3 KOTOpPBIX MJET CO CKOpOCThio, Omm3koil k 2 ['Our/c. B ornmume ot
HekomMmyTrupoBaHHBIX Ethernet m FDDI cereid, KoTopbie pa3fensioT OOLIyI0 Cpedy Mepenadd,
COBOKYIIHasl IPOIYCKHasi CIIOCOOHOCTh ceT Myrinet Bo3pacTaeT ¢ yBEJIMYEHUEM KOJIMYEeCTBa
mamuH. Ha ceromuss Myrinet wbame BCero HCHONB3YIOT Kak JokanpHylo ceTb (LAN)
CPaBHUTEJIBLHO HEOOJIBIIOrO pa3Mmepa, CBA3bIBAS BMECTE KOMIIBIOTEPbI BHYTPH KOMHAThI WM
3nanus. M3-3a cBOEH BBICOKOM CKOPOCTH, Majoro BPEMEHHU 3aJEpPKKH, IIPIMOM KOMMYyTalUuU U
yMEpeHHOl cTouMocTu Myrinet 4acTo HUCHONb3yeTcsl Ui OObEJUHEHUS KOMIIBIOTEPOB B
Kjactepbl. Myrinet Takke MCTHONb3yeTcst Kak cucteMHas cetb (System Area Network, SAN),
KOTOpass MOXET OOBeAMHATh KOMIBIOTEPHl B KJIAacTep BHYTPU CTOWKM C TOH IKe
IPOM3BOIUTENILHOCTHIO, HO C OoJiee HU3KOW CcTOMMOCThIO, yeM Myrinet LAN. ITakerst Myrinet
MOTYT MMETh 00yt muHy. TakuM o00pa3oMm, OHM MOTYT BKJIIOYaThb B ce0sl Jpyrue THUIIBI
naKeToB, B TOM uncie [P-makersl. OObennHEHNE BEIYUCIUTENBHBIX Y3JI0B ¢ agantepamu Myrinet
B CETh IPOMCXOAUT C IMOMOIIBID KOMMYTaTOpPOB, KOTOpble uMMerT ceryac 4, 8, 12 umu 16
nopToB. B KOMMyTaTOpax MCHojib3yeTcs Iepeaadya MakeToB MyTeM YCTAaHOBJICHMS COEIMHEHMS
Ha BpeMmsl epeayu, 1 MaplIpyTU3ali COOOLIEHUI MPUMEHSAETCS AITOPUTM IPOKIIAAKU yTH
(wormhole, "ugepBoroumna"). KommyTaropbl, Kak U CETEBbIE aJanTepbl, MOCTPOEHBI Ha
CHeNHATM3UPOBAHHBIX MUKporporeccopax LANai kommanun Myricom.

Tabnuna 5.2. Texnonorus Myrinet

IIpousBoauTenu Myricom
o0opynoBaHus
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IMoka3aTenu [MukoBast mporyckHasi cOCOOHOCTh — 2 ['OMT/C, MONHBIN IyIUIEKC.
NMPOU3BOAUTEIBLHOCTH |JIaTeHTHOCTH — MOpsAKa 4 MKCEK.

HpaiiBepsr st Linux (Alpha, x86, PowerPC, UltraSPARC), Windows
IIporpammuasn NT (x86), Solaris (x86, UltraSPARC) u Tru64 UNIX. GM -
MOJAepPIKKa uHTepdelic nporpaMMupoBanusi Ha HUKHeM yposHe. [lakerst HPVM
(sximrouaer MPI-FM, peanuzauuto MPI ans Myrinet), BIP-MPI u np.

Myrinet sBIS€TCS OTKPBITBIM CTaHAApTOM. Myricom mpeagaraer
IIUPOKUI  BBIOOp CETEBOro OOOPYIOBaHMUS IO CPaBHUTEIHHO
HEBBICOKMM IleHaM. Ha ¢QusudyeckoM ypoBHE MOAEPKUBAIOTCS
cereBoie cpenbl SAN (System Area Network), LAN (CL-2) u
ONTOBOJIOKHO. TexHojoruss Myrinet mpenocTaBiseT IIMPOKUE
BO3MOKHOCTH MAacIITaOUpPOBAHUsI CETH M B HACTOSIIEE BpEeMsi OYCHBb
4acTO UCIONB3YETCsl MPU MOCTPOCHUU BBICOKOIIPOU3BOIUTEIBHBIX
KJIaCTEPOB

KovmMenTapun

Ha ¢wusudeckoM ypoBHe MHHKH Myrinet cocTosT u3 9 MpOBOIHUKOB: 8§ OMTOB IMpEIHA3HAUCHBI
JUTsE iepeadu nHGOpMaIuu, HHTEPIPETUPYEMO B 3aBUCUMOCTH OT COCTOSIHHSI JIEBSITOrO OHTa
Kak OalT NaHHBIX WM YIPaBJISIOIIMA CUMBOJI; IPU 3TOM Ha KaXKJIOM JIMHKE oOecreduBaeTcs
yIpaBiIeHUE MOTOKOM W KOHTposb ommOok. Cpena Myrinet BHITOJHO OTJIMYAeTCS OT MHOTHX
JIpYTrux cpen mnepeaauyu, B yacTHocTd, SCI, mpocToTON KOHLIENIMU U anapaTHOM pealn3aluu
OpoToKosIoB. OHa COJNEPXKUT OrpaHUYEHHBIH HaOOp CpencTB YHpaBieHUS TpaduKoM,
UCTIONB3YIONIMX — MPHJIMBHO-OTIIMBHEIN  Oydep, ympaBisomue CHMBOJIBI W TaliMEpHBIC
UHTEpBaNbl. Myrinet SBISETCS OTKPBITBIM CTaHIAPTOM, KOMIaHus Myricom mpenajaraer
HIMPOKUH BBIOOpP CETEBOrO0 OOOPYIOBAHMSI 110 CPABHUTEIBHO HEBBICOKMM LieHaM. TexHosorus
Myrinet nmpenocTaBiseT MUPOKKUE BOZMOKHOCTH MAacIITAOMPOBAHUS CETH M YACTO UCIIOJIb3yeTCs
IIPU IOCTPOEHUH BBICOKOIIPOU3BOIUTENbHBIX BHIYMCIUTEIBHBIX KJIACTEPOB.
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6. CnocoObl opraHu3aliii BbICOKONPOM3BOJMTEIBHBIX NPOLECCOPOB. AcCCONMATHBHbBIE
nponeccopbl. Konseiiepubie mponeccopbl. MaTpuiHbIe MPOLECCOPHI

Cy1iecTByIonye B HACTOSIIECE BPEMs aJITOPUTMBI MPUKIIAIHBIX 337124, CHCTEMHOE IPOTPaMMHOE
o0ecrieyeHre M armapaTHbie CPEJICTBA MPEUMYIECTBEHHO OPHEHTUPOBAHBI HA TPAIUIIHOHHYIO
anpecHyro o0paboTKy naHHBIX. JlaHHBIE JOJDKHBI OBITH MPEICTABICHBI B BHUJIEC OIPaHUYCHHOTO
KoyimdectBa (hopMaToB (HAIPUMEp, MACCHUBBI, CIIMCKHU, 3alUCH), JOJDKHA OBITh SIBHO CO37aHa
CTPYKTYpa CBSI3€H MEX/y 3J€MEHTaMH JaHHBIX MMOCPEICTBOM YKa3aTelel Ha aapeca JIeMEHTOB
naMmsITH, MPU OOpabOTKE ATHX JAHHBIX JIOJDKHA OBITh BBIMOJIHEHA COBOKYITHOCTH OIEpAIlHid,
oOecreunBarOIMX JOCTYIl K JaHHBIM TI0 yKaszareiasM. Takod moaxoa o0OyciiaBIuBaeT
IPOMO3JIKOCTh OINEPAI[HOHHBIX CHUCTEM M CHUCTEM NPOTPAMMHUPOBAHHS, a TAaKXKE CIYXKHT
MPEMSITCTBHEM K CO3JaHHIO BBIYUCIUTEIBLHBIX CPEJICTB C apXUTCKTYpPOM, OPHCHTHUPOBAHHON Ha
6osee 3¢ (EeKTHBHOE HCITOIB30BAHUE MTapalieTu3Ma 00padOTKH TaHHBIX.

AccouuaTUBHbIE MPOLECCOPHI

AcconuaTuBHBIN cr1ocod 00pabOTKM JaHHBIX ITO3BOJIIET MPEOJOJIETh MHOTHE OTpaHUYCHUS,
IPUCYLINE aZPEeCHOMY JOCTYNy K MaMATH, 3a CUET 3aJaHHsi HEKOTOPOro Kpurepus orbopa u
NPOBEICHUSI HEOOXOMUMBIX IPEeoOpa3oBaHMW, TOJNBKO HAJ TEMH JaHHBIMH, KOTOpHIC
YJIOBJIETBOPSIIOT 3TOMY KpuTeputo. Kpurepuem orOopa MOXKeT ObITh COBHAJEHHE C JHOOBIM
3JIEMEHTOM JIaHHBIX, JIOCTaTOYHBIM JJIsi BBIJCJICHUS HCKOMBIX JIAaHHBIX U3 BCEX HMEIOLIMXCA.
[louck DaHHBIX MOXET MPOUCXOAUTH MO (ParMeHTy, MMEIOLIEMY OOJIBIIYI0 WM MEHBIIYIO
KOPPEJISILIUIO C 33/1aHHBIM 3JIEMEHTOM JIaHHBIX.

HccnenoBanbl M B pa3sHOW CTENEHM IMPUMEHSIOTCS HECKOJBKO IOJXOJO0B, pa3IMYaoLIUXCs
IOJHOTON peanu3allid MOJEIM accouMaTUBHOM o0paboTku. Ecnum peanusyercss TONbKO
accolMaTUBHAs BHIOOPKA TAHHBIX € MOCIEAYIOIIUM [100YEPETHBIM HCIIOIb30BAaHUEM HalIEHHBIX
JAHHBIX, TO TOBOPST 00 acCOIMATUBHOW MAaMATH WM MaMATH, aJ[pecyeMoil IO COAEPKUMOMY.
[Ipu mocTaTOYHO MONHONM peanu3ani BCeX CBOMCTB acCONMATUBHONW 00paOOTKU MCIOIB3YyeTCs
TEpMHH "acCOLIMaTUBHBIN Tporeccop”.

AcconuaTuBHbIE CUCTEMbl OTHOCATCS K KJIACCY: OJMH MOTOK KOMAaHJ — MHOKECTBO IOTOKOB
naasbix (SIMD = Single Instruction Multiple Data). OTu cucteMbl BKIIOYAIOT OOJIBIIOE YUCIIO
ONEPALMOHHBIX YCTPOICTB, CHOCOOHBIX OJHOBPEMEHHO II0 KOMaHJaM YIPaBJISAIOIIEro
YCTPOMCTBA BECTH OOpa0OTKY HECKOJNbKMX TIOTOKOB JaHHBIX. B  accouuaTHBHBIX
BBIUUCIIUTENBHBIX CUCTEMax HHGpopManus Ha o0OpabOTKy MOCTymaeT OT AacCOLMAaTUBHBIX
3alOMHHAIONMX YCTPOHCTB (A3Y), XapakTepusyOIMXCs TeM, 4YTo HHpOpMaIus B HUX
BBIOMPAETCSI HE 10 OIPECIIEHHOMY aJIpecy, a MO €€ COAEPIKaHUIO.
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YerpolcTeo

VIIPARTE HIE
Prall
Perucrp
3AM0oMHHEAKIIHA MHIHEATOPOR
MACCHE Prid agpeca
Hyeitxa 0 T0O
HAueltra 1 Cxema Tl
CpaBHeHHA
Auefika n-1

Puc. 6.1. Cxema accoMaTBHON CUCTEMBI

KonseiiepHbie mpoueccopbl

I[Tporieccopbl COBPEMEHHBIX KOMITBIOTEPOB UCIIOIB3YIOT OCOOCHHYIO TEXHOJIOTUIO — KOHBEHEPHI,
KOTOPBIE MO3BOJISIIOT 00pabaThIBaTh O0JIee OHON KOMaHIbl OJHOBPEMEHHO.

OO0OpaboTka KOMaHJIBI MOXKET OBITh pa3jeliecHa Ha HECKOJIBKO OCHOBHBIX ITAallOB, HA30BEM HX
MHUKPOKOMaHaMH. BbIJIe]IMM OCHOBHBIE MATh MUKPOKOMAHI:

e  BBIOOpKA KOMAHJIBI;

e pacmmdpoBKa KOMaH/IbL;

e BBIOOpKA HEOOXOAUMBIX ONEPAH/IOB;
e  BBINMOJIHEHUE KOMaH/IbI;

e COXpaHEHHE PEe3yJbTATOB.

Bce sTanel koMaHIpI 3a/1€HCTBYIOTCSI TOJIBKO OJIMH pa3 M BCETJa B OJJHOM U TOM K€ MOPSIKE:
OJlHa 3a JPYroi. DTO, B YaCTHOCTH, O3HAUAET, UYTO €CIU MepBasi MUKPOKOMAaHJa BBIMOIHHIIA
CBOIO paboTy W mepefaa pe3ylbTaThl BTOPOW, TO JJIsS BBIIIOJHEHUS TEKYIIeH KOMAHIbI OHA
Oonbllle HE TTOHATOOUTCS, U, CIEeIOBATEIbHO, MOXKET MPHUCTYIUTh K BBHIMOJTHEHUIO CIEIYyIOIIen
KOMaH/Ibl. BhIIeTuM KaXKIyr0 KOMaHIy B OTACIbHYIO YacTh YCTPOMCTBA M PACIOJIOXHM HX B
MOpsIKE BBHIMOJIHEHHs. B mepBblii MOMEHT BpeMEHHU BBIMOIHSIETCS MepBas MUKpokoMmaHaa. OHa
3aBepHIacT CBOIO padOTy W HAYMHAET BBIMOJHATHCS BTOpask MUKPOKOMAaHIa, B TO BpeMs Kak
nepBasi TOTOBAa [IJIsl BBIMOJHEHHS CIEAyIoleld WHCTpyKuuu. [lepBas MHCTPYKIUS MOMKET
CUMTATHCS BBITIOJIHEHHOM, KOT/1a 3aBepIaT paboTy BCe MSATh MUKPOKOMAH/I.

Takast TexHOJIOTHSI 00pPaOOTKM KOMaH/ HOCHT Ha3BaHHE KOHBeHepHOi 00padboTku. Kaxknas gacts
YCTpOWCTBa Ha3bIBACTCS CTYIEHBIO KOHBEHEpa, a 00Iee YHCIIo CTyNeHel — JUTMHOW KOHBeiepa.

Bo MHOrumx BBIUMCIMTENBHBIX CHCTEMax HapsAAy C KOHBEHEPOM KOMaHJ HCIOJIB3YIOTCA U
KOHBEMEPHI JTAHHBIX.

CoueraHue dTHUX ABYX KOHBeﬁepOB MO3BOJISET JOCTUYh OUYEHb BHICOKOM IMPOU3BOJUTCILHOCTHU HA

OIMpCACIICHHBIX KJIacCax 3aaay, 0COOEHHO eciIu HCIIOJIB3YCTCSA HECKOJIBKO Pa3JIMYHbIX
KOHBeﬁepHBIX IIpoIecCcopoB, CIIOCOOHBIX pa6OTaTL OIHOBPEMCHHO U HE3aBUCUMO APYT OT ApyTra.
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OnHoit m3 Hambonee BBICOKOIPOM3BOAMTENBHBIX BBIUMCIUTEILHBIX KOHBEHEPHBIX CHCTEM
cuntaercs CRAY. B »3T0if cucreme KOHBeilepHBbI NpUHLUUI OOpPaOOTKM HCHOJB3YETCS B
MakcUMaibHOW creneHu. Mmeercs u koHBeillep KOMaHJ, M KOHBEHep apu(pMETHUYECKUX U
JOrMYecKuX onepauuid. B cucremMe mMpoKo mNpHUMEHSETCd COBMELIEHHas o00paboTka
uH(pOpMaLlMd HECKOJIbKMMM YCTpoilcTBamHu. MakcuMaiabHasi NHKOBas MNPOU3BOAUTEIHLHOCTD
npoieccopa Moxket coctaBiaTe 12 GFLOPS.

B HacTosimee Bpems CcO31aHBI OJHOKPHCTAJIbHBIE BEKTOPHO-KOHBEHEpPHBIE IPOLIECCOPHI,
OCHOBHBIMHM KOMITOHCHTAMH KOTOPBIX ABJIAIOTCA CKaJ'ISIpHBH\/JI mponeccop " 8 NACHTUYHBIX
BEKTOPHBIX YCTPOMCTB, CyMMapHas IPOU3BOAUTENBHOCTh KOTOPBIX cocTaBisieT 64 GFLOPS. Ha
ux ocHoBe nocrpoeHa cucrtema SX-6 komnanuu NEC.

MartpuuHblie IPOLecCopsI

Haubonee pacnpocTpaHeHHBIMH U3 CUCTEM Kjacca OJIMH MOTOK KOMaHJ — MHOXECTBO ITOTOKOB
naHHbIX (SIMD) sBisifoTCS MaTpUYHBIE CHCTEMBbI, KOTOPBIE JIydllle BCETrO MPUCIOCOOJIEHBI IS
pelIeHus 3a/1a4, XapaKTepU3YIOLUIUXCs MapaJljIeIu3MOM HE3aBUCHUMbBIX OOBEKTOB WJIM JIaHHBIX.
Opranu3anus cucTeM M0J00HOr0 THIMA, Ha MEPBbIM B3MIIAJ, JOCTATOYHO MpocTa. OHM UMEIOT
o0Iee ympaBiAOLIEe YCTPOICTBO, TEHEPUPYIOIIEEe IOTOK KOMAaHA M OOJbIIOE HYHCIIO
IPOLIECCOPHBIX 3JIEMEHTOB, pabOTaIOIIUX MapauIeIbHO U 00padaTHIBAIOIIMX KaXKask CBOI MOTOK
JnaHHbIX. TakuM 00pa3oM, MPOU3BOAUTENBHOCTh CHUCTEMBl OKa3bIBa€TCSl PABHOW CyMMe
IPOM3BOUTENBHOCTEH BCEX MPOLECCOPHBIX d3JeMEeHTOB. (OJHaKO Ha IMpaKTHKE YTOOBI
o0ecreynTh AOCTaTOuHYI0 3(P(EKTUBHOCTh CHUCTEMBI NMPH PEUICHHH IIHPOKOTO Kpyra 3ajad,
HE00XO0/IMMO OpPraHU30BaTh CBSI3U MEX]y ITPOLECCOPHBIMU 3JIEMEHTaMU C T€M, 4TOObI Hanbosee
MIOJTHO 3arpy3uTh UX paboToil. IMeHHO XapakTep CBs3ei MEXKAY IMPOIECCOPHBIMU dJIEMEHTAMH H
OIIpeeIIsAeT pa3Hble CBOWCTBA CUCTEMBI.

OpxHUM U3 IEpBBIX MaTpU4HBIX IporieccopoB 061 SOLOMON (60-e rombr).

Ofuree veTpoficTBo VIIPABRTE HH

3 1= 13
3 13 13
3 13 13

Puc. 6.2. CrpykTypa MaTpuyHOil BeunuciauTenbHou cucreMbl SOLOMON

Cucrema SOLOMON coaepxut 1024 mpoiieCCOpHBIX 3JI€MEHTa, KOTOPbhIE COSIMHEHBI B BUC
MaTpuilbl: 32x32. Kaxaplii MPOIECCOPHBIM 3JIEMEHT MATPHUIIBI BKJIIOYAET B ceOs mporieccop,
00eCreUMBAIOIINIA  BBITIOJHEHUE IIOCIICIOBATCIIHBIX MOPA3pSAIHBIX  apu(METHICCKUX U
JIOTHYECKUX omepainuii, a Takxke omepaTuBHoe 3Y emkocTtbio 16 Koaiir. [nuna cnoBa —
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nepemeHHas ot 1 no 128 paspsinoB. Pa3psaHocTh cnoB ycTaHaBiuBaeTcs MporpaMMHo. [lo
KaHaJlaM CBSI3M OT YCTPOWCTBa YIpaBJICHUS IMEPEeNaloTCsi KOMaH/Abl U OO0IMe KOHCTaHThl. B
IIPOLECCOPHOM JJIEMEHTE MCIOJb3YEeTCA TaK Ha3blBaeMash MHOIOMOJAJIbHAS JIOTMKA, KOTOpas
IO3BOJISIET KaXAOMY HPOLIECCOPHOMY 3JEMEHTY BBINOJHATh WJIM HE BBIIOJHATH OOLIYIO
OTIEpaLlMI0 B 3aBUCUMOCTH OT 3HAUeHHWH 00pabaThiBa€MBbIX TaHHBIX. B KakKIplli MOMEHT BCe
AKTHUBHBIE IIPOLECCOPHBIE IEMEHTHI BBIIOJIHAKT OJHY M Ty K€ ONEpalMi0 HajJ JaHHBIMH,
XpaHSIIUMHUCS B COOCTBEHHOM MaMsATH M UMEIOIIUMH OJMH U TOT XKe aJpec.

Hnest MHOroMogaJIbHOCTH 3aKJIFOYAETCS B TOM, YTO B KaXJOM MPOLECCOPHOM AJIEMEHTE UMEETCS
CHEIHMANIbHBIN perucTp Ha 4 COCTOSIHUSI — perucTp MoJibl. Mojia (MOJIabHOCTh) 3aHOCUTCS B 3TOT
perucTp OT YCTpOWCTBa ympasieHud. lIpu BBIOJHEHHH TOCIEAOBATEIBHOCTH KOMAaH]
MOJAJIBHOCTh NEPENAETCS B KOJE ONEpaluyd U CPABHUBAETCS C COACPKUMBIM PETUCTPA MOJBI.
Ecnu ecth coBnagenus, To onepanus BIIOIHAETCA. B Apyrux ciaydasx NpouecCOpHbIN dJIEMEHT
HE BBINOJHAET OMNEPALMIO, HO MOXET, B 3aBUCUMOCTH OT KOJa, IEPEChlIaTh CBOU OINEpPaHbI
COCEIHEMY IPOLECCOPHOMY 3JIEMEHTy. Takoil MeXaHW3M IIO3BOJSET BBIICIHWTH CTPOKY WIIH
CTONOeIl TPOIECCOPHBIX AJIEMEHTOB, YTO OYEHb IMOJE3HO NpPU OINEpalMsIxX HaJ MaTPHUIIAMH.
B3auMoneicTBYIOT MpOIECCOPHBIE JJIEMEHTHI C mepudepuiiHbIM  000pyIOBaHHEM depe3
BHEILIHUN MTPOLIECCOP.

JlanpHeHmM pa3BUTHEM MaTpUUHBIX mporeccopoB craia cuctema ILLIAC-4, pa3paborannas
¢upmoit BURROUGHS. IlepBoHauanbHO cucTeMa JODKHA ObUla BKJIIOYAaTh B cebs 256
MPOLIECCOPHBIX 3JIEMEHTOB, Pa30UTHIX HA TPYIIbI, KaXAbIH U3 KOTOPBIX JOJDKEH YIPaBIATHCS
CIelUaIbHbIM mporieccopoM. OJIHAKO MO pa3IWYHBIM MPUYMHAM ObUIa CO37aHa CHUCTEMA,
cojepxaiiasi OJHy TIPYIIY IPOLECCOPHBIX 3JIEMEHTOB W YIPaBIAIOIMIMKI mporeccop. Eciu B
HayvaJe MpeArnoIaraioch JOCTUYb OBICTPOJCHCTBUS 1 MIIpA. omepanuii B CEKyHIy, TO pealibHast
cuctema paborana ¢ OsicTpoaeiictBuemM 200 MJIH. onepanuii B CeKyHAy. JDTa CUCTeMa B TEUCHUE
pAlla JIeT cuuTaiach OJTHOM U3 CaMbIX BRICOKOIPOU3BOIUTEIBHBIX B MUPE.

B nauane 80-x romoB B CCCP Owuia co3mana cucrema I1C-2000, xkoTopass Takke SBISETCS
MaTpuyHoi. OCHOBOM 3TOM cucCTeMBbl siBisieTcsi mynbtunpoueccop I1C-2000, cocrosmmii u3
peIIaroIIero Mmojs U yCTPOMCTBa yIpaBieHHs] MyJbTUIIpoLieccopoM. Pernatoriee mone crpoutcs
U3 OJIHOTO, JIBYX, YETBIPEX WJIM BOCBMH YCTPOWCTB OOpa0OOTKH, B KaKIOM M3 KOTOPBIX &
MPOLIECCOPHBIX 3NIEMEHTOB. MynbpTUIIpOIiecCOp U3 64 MPOIECCOPHBIX JIEMEHTOB 00ECIeurnBaeT
osicTpozeiicTBre 200 MIIH. onepanuil B CEKyHAY Ha KOPOTKUX ONEPALIUX.
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7. Cnoco0bl OpraHu3aluni BbICOKONPON3BOAUTEIbHbIX nMpoueccopoB. Kierounbie n JHK-
npoueccopbl. KoMMyHHKanMOHHBIE POLECCOPBI

Knerounbie u JIHK-nnponeccopsl.

B nHacrosimee Bpemsi B IOMCKaxX PEaNbHOM albTEPHATHBBI MOJYIIPOBOAHUKOBBIM TEXHOJIOTHIM
CO3/1aHUSI HOBBIX BBIYMCIMTENbHBIX CHCTEM YYEHble OOpalaroT Bce OoJjblllee BHUMaHUE Ha
OMOTEXHOJOTHH, WM  OWOKOMIBIOTHHT, KOTOpPBIM  mpeacraBiser  co0oil  rudpua
UH(POPMALIMOHHBIX, MOJIEKYJIAPDHBIX TEXHOJIOTHH, a Takke OMOXUMHUHM. BHOKOMIIBIOTHHT
MO3BOJISIET pEIIaTh CIIOKHBIE BBIYMCIUTEIBHBIC 33Ja4YM, HCIIOJIB3YS METOIbI, NPUHSATHIEC B
OMOXMMUHM M MOJEKYJISIpHOW OMOJOIMH, OPraHu3ys BBIYMCICHHUS IPHU IOMOUIM JKUBBIX TKaHEH,
KJIETOK, BHPYCOB M Omomosekyn. HauGospmiee pacrnpocTpaHeHHe MOMy4MI IOAXO[, TAE B
Ka4yecTBe OCHOBHOTI'O 3JIEMEHTa (mporueccopa) UCIOJb3YIOTCS MOJIEKYJIbI
JIe30KCUPUOOHYKIIEMHOBON KHUCIIOTHL. LleHTpaibHOE MECTO B 3TOM IOAXOAE 3aHMMAET TaK
HazbpiBaeMblil JIHK-niporieccop. Kpome JIHK, B kauecTBe Gronporieccopa MOI'yT HUCIOIb30BaThCsA
TaKXke OeTKOBBIE MOJIEKYJIbI M OMOJIOTHYECKIEe MEMOpaHHI.

JAHK-npoueccopsl

Tak xe, kak u 000 npyroi mpoueccop, JHK-nporeccop xapakrepusyercss CTpYKTypol U
HabopoM KoMaH]. B HamieMm ciydae cTpykTypa mpoleccopa — 3To cTpykrypa monekyisl JJHK. A
HAaO0Op KOMaHJ — O3TO IepeuYeHb OMOXMMHUYECKMX omepauuil ¢ Mojiekyiaamu. I[lpuHiun
ycTpoiictBa komnbroTepHod JIHK-mamMaTu OCHOBaH Ha IOCIIENOBAaTEIbHOM COEIMHEHUH
YeThIpeX HYKJICoTUI0B (0cHOBHBIX kupnuunkoB JHK-ternn). Tpu HykineoTuaa, coequHSACH B
J1000M MOCIeA0BaTEeNbHOCTH, 00Pa3yIOT AIEMEHTAPHYIO sTUeHKY MaMsITH — KOJOH, COBOKYITHOCTb
KoTopbIX hopmupyert 3arem nemnb JJHK. OcHoBHas TpynHOCTh B paspadorke JJHK-kommbroTepos
CBsI3aHA C MPOBEJICHUEM H30MPATENIbHBIX OJHOKOAOHHBIX PEaKIMi (B3aMMOJCHCTBUII) BHYTpHU
nenu JIHK. Opnako mporpecc ectb yxe ©u B 93ToM HamparieHuu. CyliecTByeT
JKCIIEPUMEHTANIbHOE 000pyAOBaHMe, MO3BoJIsAoNIee padoTaTh ¢ ogHUM U3 1020 KOJOHOB WM
mosekyn JIHK. Jlpyro#t mpoOiiemoit siBnsiercs camoc6opka JIHK, mpuBopsmias x motepe
uHpopmanuu. Ee npeosoneBaroT BBEICHUEM B KJIIETKY CIIELUATbHBIX HHTUOUTOPOB — BEILIECTB,
IIPEAOTBPALIAIOIINX XUMUYECKYIO PEAKIIUIO CAMOCIINBKHY.

Hcnonb3oBanue monexyn JHK nias opraHu3anuu BEIYMCIEHUNA — 3TO HE CIMIIKOM HOBasi UIES.
Teopernueckoe 00OCHOBaHME MOJOOHON BO3MOXKHOCTH ObLIO chenaHo eme B 50-x romax
npomuwioro Beka (P.I1. deiimanom). B peransax sra Teopus Obuta mpopabortana B 70-x romax Y.
benerrom u B 80-x M. Konpaaom.

[lepBerii kommnbrotep Ha 0aze JAHK Obur cozman eme B 1994 1. aMepuUKaHCKUM YYEHBIM
Jleonapnom ApnemanoM. OH cmeman B mnpobupke wmonekyny JHK, B kortopoii Obutn
3aKOJMPOBAHbI WCXOJHBIC JaHHBIC, W CIIEHUAIBHBIM 00pa3oM moaoOpaHHble (epMeHTH. B
pe3ynbTaTe XxumMudeckon peakuuu ctpykrypa JIHK m3menunacy takum oOpa3om, 4uTo B HEMl B
3aKOJJMPOBAHHOM BHUIE OBUI MPEICTaBICH OTBET 3a7aul. [I0CKONBbKY BBIYHMCICHUS TPOBOIIIUCH
B XOJI¢ XUMUYECKON peakluuu ¢ ydacThueMm (pepMEeHTOB, Ha HUX OBbLIO 3aTpadyeHO OYEHb MAJo
BPEMEHH.

Bcenen 3a paboroii Annemana nocnenoBanu apyrue. Jimoitn Cvut u3 YHuBepcurera BuckoHcHH
pemnn ¢ nomomibio JIHK 3amady moctaBku uyeThIpex COPTOB MUIIBI MO YETHIPEM ajipecam,
KOTOpasi mojapasyMmeBania 16 BapuaHTOB OTBeTa. YueHble U3 [IpMHCTOHCKOTO YHHBEpCUTETa
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pemm KOMOMHATOPHYIO MIaXMaTHYIO 3amady: npu nomomu PHK Hamum mpaBuimbHBIR XOn
IIaXMaTHOT'O KOHS Ha JOCKE U3 JIeBATH KJIETOK (Bcero ux 512 BapuaHTOB).

Puuapn Jlunton u3 [IpuHcToHa nepBeIM Moka3zan, kak, ucnonb3ysa JHK, kogupoBats agBonuHBIC
Yrcia U pemarb MpodJieMy yIOBIETBOPEHHS JOTMYECKOro BelpakeHUs. CyThb €€ B TOM, 4TO,
uMesi HEKOTOpPOE JIOTMYECKOE BBIPAKEHHE, BKIIIOUAIOLIEE N JIOTUYECKUX MEPEMEHHBIX, HYKHO
HATH Bce KOMOWHAIIMM 3HAYECHUI TEPEMEHHBIX, AETAIOIINX BBIPAKCHHE HCTUHHBIM. 3aaady
MO>KHO PELIUTh TOJIBKO MepedopoM 2n koMOuHaImil. Bce 3T koMOMHAIIUY JETKO 3aKOIMPOBAThH
¢ nomouipro JIHK, a nanpuie neicTBoBaTh 10 METOAUKE AJyuiemMaHa. JIMIITOH MpeuIokKuil TakxKe
cnoco6 B3noma mmmdpa DES (amepukanckuii kpunrtorpauueckuii), TPaKTyeMOro Kak
CBOE0Opa3HOE JIOTHYECKOE BHIPAKECHHE.

[IepByto Mozienbp OMOKOMIIBIOTEPA, TIpaB/a, B BUAE MEXaHU3Ma U3 Iu1acTMacchl, B 1999 r. co3nan
Nxyn Ilanupo n3 BeliliMaHOBCKOro MHCTUTYTa €CTECTBEHHbIX HayK. OHa UMHUTHpOBaia paboTy
"MOJIEKYJSIpHOM MamMHBI" B JKMBOH KIETKe, coOuparomeil OeTKOBbIE MOJEKYIBl I10
unpopmanuu ¢ JJHK, ucnonszys PHK B kauectBe nocpeannka mexay JJHK u 6emxom.

A B 2001 r. Hanupo ypanoch peaan3oBaTh BbIYUCIUTENBbHOE ycTpolicTBO Ha ocHoBe JIHK,
KOTOpOoe MOXeT padoTaTh MOYTH Oe3 BMeIIaTesbCcTBa yenoBeka. CucteMa HMUTHPYET MallluHy
TeropuHra — OJHY M3 (DYHIAMEHTAIBHBIX KOHIEIIMI BBIYHCIUTEIIEHON TEeXHHMKH. MarmmHa
ThropuHra mar 3a ImaroM CYMTHIBAET JAHHBIE U B 3aBUCHMOCTH OT MX 3HAYEHHH IPUHHUMAET
pemieHus O JaNbHEWIIMX JCWCTBUSAX. TEOpPeTHYeCKH OHa MOXKET PpeHIUTh JII00YIo
BBIUMCIUTENbHYIO 3amauy. [lo cBoeil mpupone monekynsl JJHK paGoraroT aHaniorndyHbM
o0pa3om, pacranasch ¥ peKOMOMHHUPYSCh B COOTBETCTBHU C WH(pOpMAIHEH, 3aKOJUPOBAHHON B
LIENIOYKAX XUMUYECKUX COETUHEHUN.

Pazpaborannas B BeiillMaHOBCKOM HWHCTHUTYTE YCTAHOBKAa KOAHMPYET BXOAHBIE [AaHHBIE H
IIporpamMMbl B COCTOAIIMX M3 JBYX uened moisekynax JIHK m cmemmBaer ux ¢ aByms
depmenTamu. Mosekynbl (pepMeHTa BBIOJHSAIN POJib ammapatHoro, a moiekynsl JJHK —
nporpaMmmHoro obecredenus. OmuH depment pacmerusier monekyny JHK ¢ BxomabsiMu
JAHHBIMU Ha OTPE3KU Pa3HOM JJIMHBI B 3aBUCUMOCTH OT COJAEpIKalIerocs B HEl kojxa. A apyrou
PEKOMOMHHMPYET 3TH OTPE3KH B COOTBETCTBHU C WX KoJIoM W komom Mmosekynsl JIHK c
nporpammoil. Ilponecc nmpomomkaercss BAOJb BXOJHOM LN, M, KOIrJa JOXOAUT JO KOHIIA,
IIOJIy4aeTCsl BBIXOJHAS MOJIEKYJIAa, COOTBETCTBYIOLIAsi KOHEYHOMY COCTOSIHUIO CUCTEMBI.

DTOT MEXaHW3M MOXKET MCIOJIb30BAThCS JIJISl PEIICHHUS] CaMbIX Pa3HBIX 3a7a4. XOTsS Ha ypOBHE
OTIIeNbHBIX MoJiekyn obopadorka JIHK mpoucxomut MemieHHo, co ckopoctbio ot 500 mo 1000
OuT/C, YTO BO MHOTO MUJUTMOHOB pa3 Me/JICHHEE COBPEMEHHBIX KPEMHHEBBIX MPOIIECCOPOB, TIO
CBOEH MpHpo/ie OHA JIOMycKaeT MaccoBbIi nmapamienusm. [lo ouenkam lanupo u ero kosier, B
OJIHOM TPOOHMPKE MOXKET OJHOBPEMECHHO IPOHUCXOJUTh TPHIUIMOH IPOIECCOB, TaK YTO TIPH
noTpeOssieMOl MOIIIHOCTH B €JIMHHIIBI HAHOBATT MOKET BBITIOJIHATHCS MUJUIMAP] OlEepaluii B
CEKYHJY.

B konne despans 2002 r. nosiBuiiocs coodmienue, uto ¢pupma Olympus Optical nperenayer Ha
IIEPBEHCTBO B CO3JaHMM KoMMepueckod Bepcum JIHK-kommbrorepa, npelHa3HA4eHHOTO IS
TeHeTUYECKOT0 aHanu3a. MammHa ObUta CO3/1aHa B COTPYAHHUYECTBE C JOUEHTOM TOKHICKOTO
yHuBepcutera Akupon Tosima.

Komnbrotep, moctpoennsiii Olympus Optical, uMeeT MONEKYISIpHYIO H 3JIEKTPOHHYIO
cocrapisirone. IlepBas ocymiecTBisieT XMMHUYECKHE peakiuu Mexnay wmoiekyitamu JIHK,
oOecrieynBaeT TOWCK U BBIJCICHHE pe3ylbTaTa BbIUMCICHUH. Brtopas — oOpaOarbiBaer
UH(POPMALIMIO U aHATU3UPYET MOITYYEHHbIE Pe3yJIbTaThl.
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BosmoxuocTsaMu 6I/IOKOMHBIOTepOB 3aUHTCPCCOBAJIMCh U BOCHHBLIC. AMepI/IKaHCKOG arcHTCTBO
0 UCCIIeAOBaHUsIM B 001acTu 000poHbl DARPA BBINONHSET MPOEKT, MOJTYYUBIIMN HA3BAHUE
Bio-Comp (Biological Computations, Ouonorndeckue BbIYMCICHUs). Ero memp — cosmaHue
MOIIHBIX BBIYMCIUTEIbHBIX cHcTeM Ha ocHoBe JTHK.

[Toka no mpakTuyeckoro mpuMeHeHus KommnbioTepoB Ha 6a3e JJHK eme ouens nanexo. Ompnako
B OyaymIeM WX CMOTYT HCIIOJIb30BAaTh HE TOJIBKO JUISl BBIYMCIICHWH, HO W KaK CBOCOOpa3HBIC
HaHodaOpuku nekapcts. [lomecTuB mogo0HOE "yCTpOICTBO" B KIETKY, Bpauyu CMOTYT BIUAThH Ha
€€ COCTOSIHHE, UCIIEIISAS YEJIOBEKa OT CAMBIX OTIACHBIX HEYTOB.

KrneTto4ynble KOMIBIOTEPHI MPEACTABIAIOT COOOH CaMOOPTaHM3YIOMIMECS KOJIOHHUU Pa3IMYHBIX
"YMHBIX" MHUKPOOPTaHU3MOB, B T€HOM KOTOPBIX yJaJlIOCh BKIIIOUMTh HEKYIO JIOTHYECKYIO CXEMY,
KOTOpasi Morjia Obl aKTHBH3HPOBATHCA B MPHUCYTCTBUU ONPEACICHHOTO BemecTBa. s sToi
LEeJM HMACANbHO MOAOLLIM Obl OakTepuH, CTakaH C KOTOPBIMH M IpeJCTaBisl Obl coOoi
KoMmIbioTep. Takue KOMIbIOTEPhl OYEHb JELIEBBl B MPOU3BOACTBE. MM He HyXHa cTepuiibHas
aTMocdepa, Kak pHu MPOU3BOACTBE NOIYIPOBOJHUKOB.

['maBHOE CBOMCTBO TaKOro KOMIIBIOTEPA COCTOUT B TOM, YTO KaKJas €ro KJETKa IpPEICTaBIIsIeT
co00l MMUHMATIOPHYIO XUMHUYECKYI0 JabopaToputo. Ecin 6uoopranusm 3anporpaMMUpoBaH, TO
OH IIPOCTO IPOU3BOJUT HY’KHBIE BellleCTBA. [J0CTATOYHO BBIPACTUTH OAHY KIIETKY, 00J1a1al0I1yI0
3aJJaHHBIMM KaueCTBaMM, U MOXKHO JIETKO M OBICTPO BBIPACTHTh THICAYM KJIETOK C TaKOW XKe
IIPOrpamMMoi.

OcHoBHasl mpo0iieMa, ¢ KOTOPOH CTaJIKWUBAIOTCS CO3/IATENH KICTOYHBIX OMOKOMIIBIOTEPOB, —
OpraHM3aiys BCeX KIETOK B €IuWHYI0 paloTamllyr cuctemy. Ha ceromgHs mnpakTuueckue
JOCTHIXXCHUA B O6J'IaCTI/I KJICTOYHBIX KOMIIBIOTCPOB HAIIOMHUHAIOT JOCTUKCHHA 20-x I'oJ0B B
o0jacTy IaMMOBBIX U MOJYNPOBOJHUKOBBIX KommbioTepoB. Ceiiwac B JlaGoparopuu
UCKYCCTBEHHOI'O HHTeIeKTa Maccauycerckoro TEeXHOJOTHYECKOr0 YHUBEPCHUTETa CO3/1aHa
KJIETKa, CIOCOOHas XpaHUTb Ha TeHeTHuueckoM YypoBHe 1 Out wundopmanuu. Takxke
pa3pa6aTI)IBaIOTC$I TCXHOJIOIUHU, ITIO3BOJIAIOIINEC eI{I/IHI/ILIHOf/i 6aKT€pI/II/I OTBICKHMBATb CBOHX
coceneil, OOpa3OBBIBATH C HUMHU YIOPSIOYCHHYIO CTPYKTYpPY U OCYIIECTBISITH MAacCHB
NapaJuIeIbHbIX ONEpaLUil.

B 2001 r. amepukaHCKHE YyuY€HbIE€ CO3JalM TPAHCT€HHbIE MMKPOOpPraHU3MBl (T. €.
MHUKPOOPIaHU3MBbl C UCKYCCTBEHHO M3MEHEHHBIMU I'€HaMH), KJIETKH KOTOPBIX MOTYT BBIIOJHSTH
nornueckue onepanuu M u NJIN.

Crnermanuctsl naboparopun Oyk-Pujk, mrar TeHHeccH, MCHOIB30Bad CHOCOOHOCTH T'€HOB
CHUHTE3UPOBATh TOT WJIM MHOW OEJOK IO BO3JEHCTBUEM OIPEIEICHHON IPYNIbl XMMHUYECKHX
paznpaxkuTeneil. Yd4eHsle U3MEHHIN TeHeTH4ecKuii ko Oakrepuit Pseudomonas putida Takum
o0pa3oM, 4TO HUX KIETKH OOpenu CIOCOOHOCTH BBINOJHATH MPOCTHIE JIOTUYECKUE OMNEPALIUU.
Hanpumep, npu BeimonHeHun omepanuu M B kiIeTky mojaroTcss aBa BemecTBa (MO CyTH —
BXOJHBIC OIEPaHbl), MMOJ BIUSHHEM KOTOPBIX T'€H BBIPAOATHIBACT OIpPEICIICHHBINH OEJIOoK.
Tenepr ydeHble NBITAIOTCA CO3/4aTh Ha 0a3e JTUX KIETOK OoJiee CIIOKHBIE JIOTUYECKHUE
9JICMCHTBI, a TaKXC IIOAYMBIBAIOT O BO3MOXHOCTH CO3JaHUSA KIICTKH, BI)IHOJ'IH?[IOHIGI\/JI
napauIeIbHO HECKOJIBKO JIOTHYECKUX OTIEPaIlHid.

HOTGHI_II/IELTI 6I/IOKOMHBIOTCpOB oueHb Benmuk. K JOCTOMHCTBaAM, BBII'OJHO OTJIHYAKOIIMNM HX OT
KOMITIBIOTCPOB, OCHOBAHHBIX Had KPEMHHUECBLIX TEXHOJIOTHAX, OTHOCATCH:

e Ootee IMpoCTas TCXHOJOI'A U3rOTOBJICHHA, HC Tpe6yfoma51 JJIA cBOEH peain3aliin CTOJIb
KECTKHX YCJIOBI/II\/JI, KakK Ipu MMpOrU3BOACTBE MOJTYIIPOBOJHUKOB,
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e HCIOJIb30BaHWE HE OMHAPHOTO, a TEPHAPHOTO Koja (MHGOpMAaIUs KOJIUPYETCS TPOUKaMu
HYKJICOTHJIOB), YTO MO3BOJIMT 32 MEHbIIIEE KOJIMYECTBO LIAroB nepedparh OoJbIee YUCIOo
BAPHUAHTOB IIPU aHAJIU3E CIOKHBIX CUCTEM;

e TOTEHIHAIbHO MCKIOUYUTEIBHO BBICOKAs MPOU3BOJUTEIBHOCTh, KOTOpAs MOXKET
cocraBmate go 10 onepanuuid B CEKyHAY 3a CUET OJHOBPEMEHHOI'O BCTYIUICHHUS B
peakuuio TpuMoHoB Mojiekyn JHK;

e BO3MOXHOCTb XPAaHUTh JAHHBIE C IUIOTHOCTHIO, B TPWUJUIMOHBI Pa3 MPEBBILIAIOIIEH
MOKAa3aTeJIM ONTUYECKUX JIUCKOB;

e HCKIIIOUUTEIBHO HU3KOE SHEPronoTpedieHue.

OI[HaKO, Hapsaay € O4YCBUAHBIMU JOCTOMHCTBAMU, 6I/IOKOMHI)IOT€pr HMCIOT U CYIICCTBCHHBLIC
HEOOCTATKH, TAKHUEC KAK:

e CIOXHOCTb CO CUMTHIBAHHUEM pE3yJbTaTOB — COBPEMEHHBIE CIOCOOBI ONpEeeICHUS
KOJIMPYIOILEH MOCIIEI0BATEIbHOCTA HECOBEPILICHHBI, CIIOXKHBI, TPYJIOEMKHU U IOPOTH;

e HHU3Kas TOYHOCTb BBIYMCIICHUMN, CBSI3aHHAs ¢ BO3HUKHOBEHUEM MYyTallUui, NPUIMIAHUEM
MOJIEKYJI K CTEHKaM COCYJIOB U T.1.;

e HEBO3MOXHOCTb JUIUTEIbHOTO XPaHEHHUs PE3y/IbTAaTOB BBIUMCIEHUN B CBSI3U C PACIAIOM
JHK B TeueHune BpeMeHH.

X0T4 A0 MPAaKTUYECKOTO UCIOJIb30BaHUA OMOKOMIIBIOTEPOB €Ille OYEeHb AAJIEKO, U OHHU BpsA JH
OyIoyT paccuMTaHbl Ha IIMPOKHE Macchl IOJb30BATENEH, MPEANOIAracTcsi, 4TO0 OHU HAWIYyT
JIOCTOWHOE NPUMEHEHHWE B MeIuLUHEe U (PapMaKoJIOrMM, a TaKKe C UX IOMOIIbI CTaHET
BO3MOXKHBIM 00bEIMHEHNE UHPOPMALIMOHHBIX U OMOTEXHOJIOTUH.

KOMMyHl/IKaHI/IOHHLIe nmpoueccopsbl

KoMMyHUKaIIMOHHBIE TPOIIECCOPBI — ITO MUKPOUHIIBI, TPEACTABIISIONINE COO0I HEYTO cpelHee
MEXIY JKECTKHMHU CICIHAIU3UPOBAHHBIMU HHTETPATbHBIMA MHKPOCXEMaMH W THOKUMH
nporieccopamu o0IIero HazHadeHuss. KOMMyHHKAIIMOHHBIE POIECCOPHI POTPaMMHUPYIOTCS, KaK
u npuBbluHble i Hac [IK-mpomeccopsl, HO TIOCTPOGHBI C YYETOM CETEBBIX 3ajad,
ONTUMHU3UPOBAHBI JIJISl CETEBOM pabOTHI M HA UX OCHOBE MPOM3BOIUTEIHN — KaK MPOIIECCOPOB, TAK
U 000pyIOBaHMS — MUIIYT MPOTPAMMHOE OOECIeYeHHE Ui CIEeHU(PUUECKUX MPUIOKECHUI.
KoMMyHUKAIIMOHHBIN TIPOIIECCOP HMEET COOCTBEHHYIO MaMSTh U OCHAIICH BHICOKOCKOPOCTHBIMHU
BHEIIHUMH KaHaJIAMH JUI COCIMHEHUS C IPYTMMHU MPOIECCOPHBIMU y3namu. Ero mpucyrcrue
MO3BOJISICT B 3HAYMUTEIBHOW Mepe OCBOOOJUTH BBIYMCIMTEIBHBIN IMPOIECCOpP OT HArpy3KH,
CBSI3aHHOW C Tmepefadell COOOUICHMH MEXIy TpOLECCOPHBIMU  y3namMu. CKOpOCTHOM
KOMMYHHKAIMOHHBIN miporieccop ¢ RISC-sapom mo3BosseT ynpaBiasTh 0OMEHOM JaHHBIMU IO
HECKOJIbKUM HE3aBHCHMBIM KaHaJaM, MOJJICPKUBATh NPAKTUYECKH BCE pPACHpPOCTPAHEHHBIC
MPOTOKOJIBI 0OMEHa, THOKO M A((HEKTUBHO paclpeneisaTh U 00padaThIiBaTh MOCIEAOBATCIIbHBIC
MIOTOKH JTAHHBIX C BPEMEHHBIM pa3/ielieHHEeM KaHaJIOB.

Cama upaes co3gaHus IPOLECCOPOB, NMPEJHA3HAUCHHBIX I ONTHUMM3ALUU CETEBOM paldoThl U
IIPY 3TOM JIOCTaTOYHO YHHMBEPCAJIBHBIX JUISI MPOrPAMMHON MOAM(HKAINN, POIUIACH B CBSI3U C
HEOOXOUMOCTBIO YCTPaHUTh Pa3IMyus B MOAXO0JaX K CO3AAHUIO JIOKAJIBHBIX ceTel (pa3nyHble
MOJIXO/Abl K apXHUTEKType CEeTH, KIACCU(PHUKAIMH TOTOKOB M T.O.). HecOMHEHHO, WMCTHHHOM
OPUYMHOM Oyma ceTeBBIX NPOLIECCOPOB CTAIO YCKOPEHUE TEMIIOB pa3BUTUS pblHKA. Korapa
pBIHOK ABIOKeTCst Ha "Internet-ckopocTH', TOCTaBIIMKH O0OPYAOBAHHS yXKe HE MOTYT TPaTHTh
[0 /Ba TOa Ha pa3pabOTKy CHEIHATM3UPOBAHHBIX MHKPOCXEM Ul peaau3allid KOHKPETHBIX
ceTeBbIX (QyHKIMIA. DTH ABa rona (M BIOKEHHBIE JEHBIH) OYAYyT MOTPAaYCHBI 3psi, €CIIH PHIHOK 32
3TO BpeMs yiJIeT B ApyroM HampaBieHUU. BeIxo/ ouH — pa3pabaThiBaTh NPOLIECCOPBI, KOTOPbIE
MOCTaBIIMKA OOOPYIOBaHHSI MOTYT BHEIPHTHb M BBIIYCTHTH B HOBOM IIPOJYKT€ B TEUYCHHE
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HECKOJBKUX MecsIeB. byM ceTeBbIX MpoIeccoOpoB, OKOHUATEIHLHO O(QOPMUBIIHICS B CEpeauHE
1999 r., He ObLT KpaTKUM, U B MOCJIEAYIOIINE TOAbl HHAYCTPUS pa3BUBaNaCh KpaitHe OypHO.

[To mporHo3am OJHUX aHAMTHKOB, OYEHb CKOPO CHEIHATbHBIE MUKPOCXEMBI OYIIyT BBITECHECHBI
CTaH/JAPTHBIMU CETEBBIMH TIpoIleccopamu. J[pyrme aHaTuTHUKHA CYUTAOT, YTO Yy CETEBBIX
IpOIIeCCOpOB, 0€3 COMHEHHs, €CTh Oynyliee, HO OHH CMOTYT Mpeo0JiafaTh TOJIbKO Ha
HEKOTOPBIX CErMEHTAaX PBIHKA, TJi¢ HEOOXOIUMbI YKOPOUCHHBIC IIUKJIBI Pa3pabOTKH, OBICTPOTA U
THOKOCTb.

[Ipenmonaraercs, 4To Ha ATOM pbIHKE He OyJeT mpeobiiagaTh Kakas-Iu0o oJHa KOMITaHUS, KakK,
Hanpumep, Intel Ha peiake [1K. Omnako cumraercs, 4ro Intel octaneTcs OMHUM W3 KITFOYEBBIX
UrpokoB, pazaenus $2,9 mapa. ¢ IBM, Motorola u 110KUHON APYrHX KOMITAHHIA.

HoBas cepus xommyHukanuonHbix mnponeccopoB INTEL IXP4xx mnocrpoena Ha 0aze
pacrpesielleHHONH apXUTEeKTypbl XScale W BKIHOYaeT MOIIHbIE MYJIbTUMEIUIHbIE BO3MOKHOCTH,
a TakKe pa3BUThIe ceTeBbie MHTep(delickl Ethernet. CoueTanne BRICOKOM MPOU3BOAUTEIHLHOCTH U
HU3KOTO 3HEpronorpediaeHus Mo3BoiseT 3((EeKTUBHO MPUMEHATh KOMMYHUKALMOHHBIE
npoueccopsl INTEL He TONBKO B KJIACCUYECKUX CETEBBIX IPUIIOKEHUAX, HO U I ITOCTPOEHUS
Internet-opreHTUPOBAHHBIX BCTPAaMBAEMbIX CUCTEM IIPOMBIIIEHHOIO HA3HAYECHHUS.

O} dexTuBHOCTh pabOThl MPOMBIIUICHHBIX NPEANPUITHIA CErOJHS HANpPSIMYIO 3aBHCHT OT
rHOKOCTH ~ TPUMEHSIEMBIX  CHCTEM  aBTOMAaTH3WPOBAHHOTO  ympaBieHus.  KpymHble
MIPOU3BOJICTBEHHBIE YCTAHOBKU TpPeOYIOT HCHOJB30BaHUS HECKOJIBKHX JELEHTPATN30BaHHBIX
CHCTEM YIPABJICHUS, CBA3aHHBIX IPYT C IPYrOM MOIIHOW MH()OPMAIMOHHON CEThIO, CITIOCOOHOM
paboTaTh B CIOKHBIX MPOMBIIIJICHHBIX YCIOBUAX. 3a4acTyl0 3TH CPEACTBA MPOMBIIICHHOM
KOMMYHHKAIH TPU3BAHbI 00€CIIEUYNTh BO3MOXKHOCTb THOKOTO YIIPaBJICHUS, POTPaMMHUPOBAHUS
U KOHTPOJsL paboOThl paclpefeNeHHBIX CHCTEM YIPAaBJICHUS U3 YJAICHHBIX IUCIETYEPCKHUX
IYHKTOB. J[OCTHMXKEHNE ITUX LIeJIed BO3MOYKHO C IIOMOLIbI0O KOMMYHHKAIIMOHHBIX IIPOLIECCOPOB,
NpEeAHA3HAYEHHbIX I MOAKIOYEHUS MEPCOHAIBHBIX KOMIIBIOTEPOB K IPOMBIIUICHHBIM
MH(}OpPMaLOHHBIM CeTAM. JlononHuTenbHbIE BO3MOKHOCTH, obecrieynBaeMbIe
KOMMYHHKAI[MOHHBIMH  [IPOLIECCOPAMH, JOJDKHBI OBITh HMHTEPECHBI, MPEXKAE BCEro, TeM
MIOJIb30BATENSIM, KOTOPBIM HEOOXOAMMO OCYIIECTBIIATH CIIOKHBIC TPAaH3aKIUU WM HAIAIUTh
IPSIMYIO TOJIOCOBYIO M BUACOCBS3h B pAMKaX CETEBOM MH(MPACTPYKTYPHI.
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8. Cnoco0bl opraHuM3anuM BbICOKONPOU3BOAUTENbHBIX HNpoueccopos. IIpomeccopst 06a3
nannbix. IlorokoBbie mpouneccopsl. Heiiponnbie mnponeccopsl. Ilpomeccopsr ¢
MHOTI'03HAYHOM (He4YeTKOM) JIOTHKOM

IIpoueccopbl 623 TaHHBIX

[Tponieccopamu (MamMHaMu) 6a3 AaHHBIX B HACTOALIEE BpeMs IPUHATO Ha3bIBaTh IPOrPaMMHO-
anrmapaTHble KOMITJICKCHI, IPEeIHAa3HAYCHHBIC /ISl BBIMIOJIHEHUS! BCEX HJIM HEKOTOPHIX (DYHKITHIA
cucreM ympasieHus 6azamu ganHbelx (CYB/I). Ecnu B cBoe Bpems cucTeMsl yrpaBieHus 6azamu
JAHHBIX TPEJIHA3HAYAINCh B OCHOBHOM ISl XpaHEHHsI TEKCTOBOM M YMCIIOBOI MH(pOpMAIHHU, TO
Terepb OHU PACCUUTAHbI HAa Pa3IM4HbIe (hOpPMAThI JaHHBIX, B TOM YHCiIe rpaduuecKue, 3ByKOBbIE
u Buzeo. Ilpomeccopsl 0a3 MaHHBIX BBHIMOIHSIOT (YHKIWW YIPABICHUS W PACIPOCTPAHCHHS,
o0ecrneynBaroT AUCTAHIIMOHHBIN JOCTYN K MH(QOpPMALUU Yepe3 LUII03bl, a TaKkKe PErUIMKalUIo
OOHOBJICHHBIX JIaHHBIX C TOMOIIBIO PA3IUYHBIX MEXaHW3MOB THPAXKHUPOBaHUSA. B Ooibimx
UH(POPMALIMOHHBIX CHUCTEMax HaMETWICA Mepexo] OT TPUBHUAIBHON apXUTEKTyphl "KIUEHT —
cepBep” K TPEXypPOBHEBOM apXUTEKTYpE C pacHpeIeIeHHBIMU 0a3aMH JIaHHBIX (KJIMEHT, CEPBEP C
CYB/] u cepBepbl COOCTBEHHO C JaHHBIMU ).

CoBpemeHHble Tpoleccopbl 0a3 JaHHBIX JOJDKHBI OOECHeunMBaTh E€CTECTBEHHYIO CBSI3b
HakarjuBaeMoi B 0a3ax JaHHBIX HHGOpPMAIMU CO CPEACTBAMU OINEpaTHUBHOM 00paboTKu
TpaH3akuuid u Internet-nmpunoxeHusMH. OTO JOKHBI OBITh CHUCTEMBI, KOTOpPBIE JAIOT
MOJIb30BaTEISIM BO3MOXKHOCTh B JIFOOOH MOMEHT OOpaTUTBhCS K KOPHOPATHBHBIM JaHHBIM U
[IPOAHAIU3UPOBATh X, BHE 3aBUCUMOCTH OT TOT'O, IJI€ 3T JIaHHbIE pa3MELIat0TCs.

Pemenune Ttakmx 3amad TpeOyeT CYMIECTBEHHOTO YBEJIWYCHHS IPOW3BOJAUTEIHHOCTH CHCTEM
yrnpaBiaeHuss 06a3zamu  AaHHbIX. OJHAKo  TpaAMIMOHHAS  OpOrpaMMHas  peaiu3alus
MHOTOYHUCHCHHBIX (pyHKIMi coBpemeHHbIX CYB]] na DBM o0miero HazHaueHusi MPUBOIUT K
MOSIBJICHUIO TPOMO3JKUX U HEMPOU3BOAMTEIBHBIX CHUCTEM C HEIOCTaTOYHO BBICOKOMH
HaJeKHOCThIO. HeoOXoauM TOMCK HOBBIX apPXUTEKTYPHBIX M anlapaTHBIX PEIICHHM.
HHTEeHCUBHBIE MCCIENOBaHMs, MPOBOJUMBIC B 3TOW OOJACTH B HACTOSIIEE BpPEMs, MPUBEIH K
MOHMMAHUIO HEOOXOAMMOCTH UCIOJIB30BaHUS B KA4eCTBE MPOIECCOPOB 0a3  JTaHHBIX
CHEIHMAIM3UPOBAHHBIX MMAPAIIEIbHBIX BBIYUCIUTENbHBIX cucTeM. Co3aaHne TaKoro poja CUCTEM
CBSI3BIBACTCS C pealn3aliel mapaaien3Ma Mpy BBITTOJIHECHUH TIOCIEI0BATEIbHOCTH ONepaliuii U
TpaH3aKILUH, a TaK)Ke KOHBEHEPHON TOTOKOBOM 00pabOTKU JaHHBIX.

IHoTokoBbIE MpOLECCOPHI

[ToTOKOBBIMH Ha3bIBAIOT MPOLECCOPHI, B OCHOBE Pa0OThI KOTOPBIX JIGKUT MPUHIUI 00paboTKU
MHOTUX JIaHHBIX C IOMOIIBI0 OAHOW KoMaHbl. CornacHo kinaccuuxanuu @OauHHA, OHU
npunaiesxkat Kk SIMD (single instruction stream / multiple data stream) apxuTekrtype.
Texnonorust SIMD 1no3BosisieT BBINOIHATH OJAHO U TO K€ ACHCTBHE, HAlpUMED, BHIYUTAHUE U
CIIOKEHHEe, HaJl HECKOJIbKMMH Habopamu 4yucen omaHoBpeMeHHO. SIMD-omepamuu s yucen
JIBOMHON TOYHOCTH C IUIABAIOIIEH 3amsITON YCKOPSIOT paboTy peCypCOEMKHUX MPHIOKEHUN ISt
CO3MaHMSI KOHTEHTA, TPEXMEPHOTO peHJepuHra, ()MHAHCOBBIX PACUETOB M HAy4YHBIX 3ajady.
Kpome ToOro, ycoBepiIeHCTBOBAHBI BO3MOXHOCTH 64-pazpsiaHoi  TexHosornn MMX
(uemouucnennbix SIMD-komaHm); 3Ta TEXHOJOTHS pacmpocTpaHeHa Ha 128-pa3psiaHble 4Hcha,
YTO TO3BOJIIET YCKOPUTH 00pabOTKy BHIEO, peud, muppoBaHue, 00pabOTKy H300pakeHUH H
¢dororpaduii. [ToTOKOBBII TpOLIECCOP MOBHIMAET OOIIYIO MPOU3BOIUTEIHFHOCTh, YTO OCOOECHHO
BaXHO pu padote ¢ 3D-rpaduueckumu 0ObEKTaMH.
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Moxer OBITh OTHENBHBIA IMOTOKOBBIM mpomeccop (Single-streaming processor — SSP) u
MHOTOMOTOKOBBIN Tporieccop (Multi-Streaming Processor — MSP).

SIpKUM TIpeICTaBUTENIEM IOTOKOBBIX ITPOIECCOPOB SBJISCTCS CEMEHCTBO MmporeccopoB Intel,
HaunHas ¢ Pentium III, B ocHOBe pabOTBI KOTOPBIX JEXKHUT TexHojorus Streaming SIMD
Extensions (SSE, morokoBasi 06paboTka 1o NpuHIUMNY "0JHAa KOMaHAa — MHOTO JaHHbIX"). JTa
TEXHOJIOTHS TI03BOJISIET BBLIIOJIHATL TaKUE CIOKHBIE M HEOOXOAUMEBIE B BEK Internet 3amaum Kax
00paboTka pedd, KOJAMPOBAaHUE U JCKOJUPOBAHME BHJCO- W ayIUOJAHHBIX, pa3padoTKa
TpexXMepHOU TpaduKu U 00padoTKa N300PaKESHHIA.

[IpencraBurensimu knacca SIMD cumtatorcss matpuusl npoueccopos: ILLIAC IV, ICL DAP,
Goodyear Aerospace MPP, Connection Machine 1 u T.n. B Takux cucremax eamHOe
VIIPABIISIONIEE YCTPOHUCTBO KOHTPOIHMPYET MHOXKECTBO IPOIECCOPHBIX AJIEMEHTOB. Kakiwiid
MPOLIECCOPHBIA 3JEMEHT IOJIy4aeT OT YCTPOMNCTBA YINpaBiICHHS B KaXAblH (DUKCHPOBAHHBIN
MOMEHT BPEMECHH OJMHAKOBYIO KOMaH/Ty 1 BBITIOJIHSICT €€ HaJl CBOUMHU JIOKAJTbHBIMU JAHHBIMHU.

Hpyrumu  npencraBurensimu  SIMD-kiacca  SBISIOTCS BEKTOpPHBIE IPOLIECCOPBI, B OCHOBE
KOTOPBIX JIGKHUT BEKTOpHass o00paboTka JaHHBIX. BekropHas 00paOoTka yBeIMYMBAET
IPOM3BOUTENBHOCTh Mpolleccopa 3a CYEeT TOro, yto oOpaboTka Ieaoro Habopa JaHHBIX
(BexTopa) MPOU3BOJAUTCS OJHOM KOMaHAOW. BeKTopHble KOMIIBIOTEPHl MaHUIYIUPYIOT
MacCHBaMHU CXOAHBIX JaHHBIX IIOJ0OHO TOMY, KaK CKaJspHble MAaIIMHbl 00pabaThIBaIOT
OTJENbHBIC DJIEMEHTHl TAaKUX MAacCHBOB. B 3TOM ciyyae KaKABI SJEMEHT BEKTOpa HaJo
paccMaTpuBaTh KaK OTAENbHBIM 3JIEMEHT MOTOKa AaHHbIX. [Ipu paboTe B BEKTOPHOM pekKUMe
BEKTOPHBIE MPOIECCOPbI 00padaThIBAIOT JaHHBIC MPAKTUYECKH MapaJIeNbHO, YTO JENAeT UX B
HECKOJIbKO pa3 Oosee OBICTpbIMH, 4YeM IpU paboTe B CKAISIPHOM pexuMe. MakcumanbHas
CKOPOCTh Iepeayll JaHHBIX B BEKTOPHOM (opMmaTe MOXKET cOCTaBisaTh 64 ['0aiit/c, 4ro Ha 2
nopsijika OpICTpee, YeM B CKaJIIPHBIX MamluHax. [Ipumepamu cucteM noJoOHOIr0 THIA SBISIOTCS,
Hanpumep, npoueccopsl pupm NEC u Hitachi.

Heiiponnblie npoueccopsbl

OngHo w3 Hawboyiee TMEPCICKTUBHBIX HANPABICHUH pa3pabOTKU MPHHIMIIAATIHHO HOBBIX
APXUTEKTYp BBIYUCIUTEIBHBIX CHUCTEM TECHO CBS3aHO C CO3/IaHUEM KOMIIBIOTEPOB HOBOIO
MOKOJICHUSI Ha OCHOBE MPHUHITUIIOB 00paOOTKH WH(GOpPMAIINH, 3aJI0KEHHBIX B HCKYCCTBEHHBIX
HeliponHsbix cetsx (HC).

[lepBble mnpakTHYeckHe pPabdOThl IO MCKYCCTBEHHBIM HEHpOCeTsIM U HEHPOKOMIbIOTEpam
Havainuch eme B 40-50-e roxpl. [lox HEWpOHHON ceThIO OOBIYHO MOHMMAIOT COBOKYIHOCTH
JJIEMEHTApHBIX MpeoOpa3oBaTeneil uHpopMauuu, Ha3blBaeMblXx "HelpoHamu", KOTOpbIE
OTIpeNIeIeHHBIM 00pa3oM COEOMHEHBI ApYyr C APYyroM KaHaiamMu oOMeHa uH(pOpMaluu —
"CHHANTUYECKUMHU CBSA3SIMU".

Heiipon, mo cytu, mpeactaBisieT cOOOWM 3JIEMEHTapHBIA MPOILIECCOP, XapaKTEePU3YIOLIUUCS

BXOJIHBIM U BBIXOJHBIM COCTOSIHUEM, MepeAaToyHoi ¢yHkuer ((yHKIusS aKTUBALUU) U
JIOKQJILHOU MaMATBIO.
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Puc. 8.1.

CocTosiHMsI HEHpPOHOB HW3MEHSIOTCS B Tmpomecce (YHKIMOHUPOBAHHSA M COCTABIISIOT
KPAaTKOBPEMEHHYI0 NaMATh HeipoceTn. Kaxaplii HEHPOH BBIUUCISET B3BELICHHYIO CyMMY
OpUIIeIIIAX K HEMYy [0 CHHAlcaM CHTHAJIOB W NPOM3BOAWT HAJ HEH HEITMHEWHOoe
npeoOpa3oBanue. [Ipu mepecbuike MO CHHAIICAM CUTHAIBI YMHOXKAIOTCSl HA HEKOTOPBI BECOBOM
koopdunuent. B pacrpenenenun BecoBbIX KOI(D(DUIMEHTOB 3aKiIrodaeTcss HHGOpMAIHS,
xpaHsmasics B accouratuBHOM mamsATH HC. OCHOBHBIM 3J€MEHTOM INPOEKTUPOBAHUS CETH
sBisiercss ee oOyuenue. Ilpu oOyuenmnm u mepeoOydennn HC ee BecoBbie KOI(D(UIMEHTHI
u3MeHsoTess. OJHAKO OHM OCTAlOTCS IOCTOSHHBIMH MpPU (PYHKIMOHUPOBAHMM HEWPOCETH,
bopMHpYS JONTOBPEMEHHYIO ITaMSITh.

HC moxer cocTosaTh u3 OAHOr0 CJIOs, U3 ABYX, U3 TPEX U 0OJIBIIIETO YHclIa CJIOEB, OJJHAKO, KaK
[MpaBuUjio, JJIA PCHICHUA IMMPAKTUUCCKUX 3ada4 Ooiee TpEX CJIOCB B HC ne Tpe6yeTC$[.

Uucno Bxogo HC ompenenser pa3MepHOCTb TUIIEPIIPOCTPAHCTBA, B KOTOPOM BXOJIHBIE CUTHAJIBI
MOTYT OBITh MPEACTABICHBI TOYKAMHU WA TUIEPOOIaCTSIMH U3 OJIM3KO PACHOJIOKEHHBIX TOYEK.
KonnuecTBO HEMPOHOB B CJI0€ CETU ONPEIEAET YUCIO TUIEPINIOCKOCTEN B THIEPIPOCTPAHCTBE.
Borunicnenue B3BEIIEHHBIX CyMM M BBINIOJIHEHHE HEJIMHEHHOTo MpeoOpa3oBaHUs IO3BOJISIOT
OmnpeaciinThb, C KaKou CTOPOHBI OT TOM WM MHOM TUICPIINIOCKOCTU HAXOJUTCA TOYKa BXOIJHOI'O
CUTHAJIa B TUTIEPIIPOCTPAHCTBE.

X w
Xi Y
Xz Y,
.1-'{3 (

Ya
Xo ()

Puc. 8.2.

Bos3pmem KIIaCCUYCCKYHO 3aZlady pacCllO3HABaHUA 06p330BZ OIIpCACIICHUC IMPHUHAIICIKHOCTH
TOYKH OJHOMY M3 JIBYX KJIACCOB. Takas 3amaua eCTECTBEHHBIM 06pa30M pemacTca ¢ MMOMOIIbIO
OAHOI'0 HeﬁpOHa. OH 1TO3BOJIMT pasaciIuTb THIICPHIPOCTPAHCTBO HAa ABC HCIICPCCCKANOIIHUECCA U
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HEBJIO)KCHHBbIE THUNepoOmacTu. BXomHpie curHansl B 3amadax, peEIIaeMbIX C  MOMOIIBIO
HelipoceTeil, 00pa3yloT B THUIEPIPOCTPAHCTBE CUJILHO BIOXKEHHBIE WM MEpeceKaroluecs
o0yacTy, pa3ieauTb KOTOPbIE C MIOMOILBIO OJIHOIO HEMPOHA HEBO3MOYKHO. DTO MOKHO CJieaTh,
TOJIbKO TIPOBEZsl HEIMHEWHYIO THUIEPIIOBEPXHOCTh Mexay obnactsamu. Ee MOXHO omucaTh ¢
MOMOIIbIO TOJWHOMA n-To Topsnka. OaHako cTeneHHas (QYHKIHUS CIWIIKOM MEICHHO
CUMTAETCS M IOATOMY OYEHb HEyJOoOHA M7 BBIYUCIUTEIHHOW TEXHUKU. AJBTEPHATHUBHBIM
BAPUAHTOM SIBJIISIETCS ANIIPOKCUMALUSI TUIIEPIIOBEPXHOCTH JIMHEMHBIMU THIEPIIIOCKOCTAMM.
[loHATHO, 4YTO mNpU 3TOM TOYHOCTH AaNIPOKCUMAUMU 3aBHUCUT OT YHUCJIA HCIOJIb3YEMbIX
TUIEPIIIOCKOCTEN, KOTOPOE, B CBOIO OY€pelb, 3aBUCUT OT uucia HEMpoHOB B cetH. Orcrona
BO3HUKAET MOTPEOHOCTh B allapaTHON pealn3aliyi Kak MOXKHO OOJIBIIEro yucia HEHpOHOB B
cetd. KonuuecTBo HEMPOHOB B OAHOM CJIO€ CETH ONPEIEISIET €€ PAa3pelIatollyl0 ClIOCOOHOCTb.
Opnocnoiinas HC He MokeT pa3fenuTh JUHEHHO 3aBUcHMble 00pa3bl. [losToMy BaKHO yMeThb
amnmnapaTHO peann30BbIBaTh MHOTOCHoMHBIE HC.

Bxonn

X CHHATCH
Wi Sueiika

X 3 HellpoHa
“_‘ Brmxon
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Puc. 8.3.

HckyccTBeHHBIE HEMPOHHBIE CETU OTIUYAIOTCS YAUBUTEIbHBIMU CBOMcTBaMU. OHU HE TpeOyIOT
NeTATU3UPOBAHHON Pa3pabOTKM IMPOrPAaMMHOTO OOECHeUeHHs] M OTKPBIBAIOT BO3MOXHOCTH
pelieHus 3aaad, Uidl KOTOPBIX OTCYTCTBYIOT TEOPETHUECKHE MOJENIN WIH 3BPUCTHYECKHE
IpaBWia, ONPEICNAIOIINE aNropuT™M peweHus. Takue cetu 001a4al0T  CHOCOOHOCTBIO
aIalITUPOBAThCA K U3MEHEHUSM YCIOBUH (YHKIIMOHUPOBAHUS, B TOM YHCJIE K BO3ZHUKHOBEHHUIO
3apaHee HenpeaycMOTpeHHbIX pakTopoB. ITo cBoeii npupone HC sBistitoTcst cuctemamu ¢ O4€Hb
BBICOKMM YPOBHEM IapajuleInu3Ma.

B HelipokoMmIbrOTEpax UCHOIB3YIOTCS MPUHLIUIIBEI 00pabOTKH MHGOPMALIUHU, OCYILECTBIIsIEMbIE B
pEaIbHBIX HEHPOHHBIX CETAX. OTHU NPUHLUUIUAIBHO HOBBIE BBIUHCIUTENIBHBIE CPEICTBA C
HETPaJULUOHHON apXUTEKTYPOIl MO3BOJISIOT BBIIOIHATH BHICOKOIPOU3BOIUTEIbHYIO 00pabOTKY
MH(POPMALIMOHHBIX MAaCCHBOB OONBIIONW pa3MEpHOCTH. B oTiauume OT TpaguIMOHHBIX
BBIUMCJIMTEIBHBIX CUCTEM, HEMPOCETEBbIE BBIYUCIUTEIN, aHAJIOTUYHO HEHPOHHBIM CETAM, JAIOT
BO3MOXKHOCTB C OOJIbIIEH CKOPOCThIO 00padaThiBaTh MHPOPMALMOHHBIE TOTOKU TUCKPETHBIX H
HENPEPBIBHBIX CHUTHAJIOB, COJEP/KAaT IPOCTBIE BBIYMCIUTEIIBHBIE 3JIEMEHTBI U C BBICOKOM
CTETIEHBIO HAJEKHOCTH TO3BOJISIOT pemath WH(OPMAIMOHHBIE 3a7add 00pabOTKH JTaHHBIX,
o0ecrieunBasi IpU 3TOM PEXUM CaAMOIIEPECTPONKU BBIUMCIUTEIBHONW Cpelibl B 3aBUCUMOCTH OT
IIOJIyYEHHBIX PEIICHUM.

BooOmie roBops, mog TepMHHOM "HEHPOKOMIIbIOTEp" B HACTOsIIee BpeMsi MOapa3yMeBaeTcs
JIOBOJIbHO IIMPOKHM Kjacc BBIYUCIUTENEH. DTO MPOMCXOAUT MO TOM MPOCTOM MPUYMHE, YTO
dbopManbHO HEHPOKOMIIBIOTEPOM MOXHO CUUTaTh JIIOOYIO alllapaTHYl pean3alfio
HEHUPOCETEBOr0 aNTOPUTMA, OT IPOCTOH MOJETH OHOJOTHYECKOTO HEHpOHA JO0 CHCTEMBI
pacno3HaBaHUsl CHUMBOJIOB WM JBIXKyIIMXcs uened. HeillpokoMmmbroTepsl HE SBISIOTCS
KOMIIBIOTEpaMH B OOIIETIPUHATOM CMBICIIE 3TOr0 ClioBa. B HacTosiiiee BpeMsi TEXHOJIOTHS €llie
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HE [OCTUIJa TOTO YPOBHA PAa3BUTHA, TNPH KOTOPOM MOXKHO OBUIO OBl TOBOPHUTH O
HEHPOKOMIIBIOTEPE 001Iero Ha3HaueHUs! (KOTOPBIH SABIISIICS Obl OIHOBPEMEHHO MCKYCCTBEHHBIM
UHTEIUIEKTOM). CHCTEMBI C PUKCHPOBAHHBIMU 3HAYCHUSIMUA BECOBBIX KOA((HUIIMEHTOB — BOOOIIIE
caMmble Yy3KOCIELUaIM3UpPOBaHHbIE U3 HeipoceTeBoro cemeiicrBa. OOyuwaromuecs cetu Oosee
aIaNnTHPOBAHBl K pa3HooOpa3uio pemaembix 3amad. OOydaromuecs cetd Oonee THOKH U
CIOCOOHBI K PELIEHHIO pa3HO00pa3HbIX 3a7au. Takum o0pa3oM, NOCTPOEHHE HEHPOKOMIIBIOTEPA
— 3TO KaXIbplil pa3 ILIupodaiiliee Ioyie i HCCIIENOBATEIbCKON JEATEIbHOCTH B 00JIACTH
anmnapaTHOM peanu3anuy nNpakTuyecku Bcex anemeHToB HC.

B nauane 21 Beka, B otnuune ot 40-50-x ToJ10B NPOILIOTO CTOJETHS, CYIIECTBYET OOBEKTUBHAS
MpaKTHYeCKass MOTPEOHOCTh HAYYUTHCA CO37aBaTh HEHUPOKOMIIBIOTEPHI, T.e. HEOOXOIUMO
anmapaTHO peajn30BaTh JOBOJIBHO MHOTO MapajliebHO JEHCTBYIOIIMX HEHpPOHOB, C
MUJUTMOHAMH  (DUKCHPOBAHHBIX WM TApauIeIbHO aJalTHBHO MOIUMDUIUPYEMBIX CBS3CH-
CHHAIICOB, C HECKOJIBKMMH TOJHOCBSA3HBIMH CIIOSIMHA HEHPOHOB.

B 1o xe Bpems (u3MuUECKHEe BO3MOXXHOCTHM TEXHOJOTMM HMHTETPATBHOW SJIEKTPOHHKH HE
Oc3rpaHudHbl. ['eoMeTpuYecKue pa3Mepbl TPAH3UCTOPOB OOJbIIE HENb3s  (QU3HYSCKU
yYMEHbIIATh: IpPH TEXHOJOIMYECKH JOCTIKMMBIX pa3Mepax Mopsaka | MKM M MEHbIIe
IMPOSABJIAIOTCA (1)H31/I‘-ICCKI/I€ SABJICHUS, HC3aMCTHBIC IIPU 0O0JIBIINX pasMepax aKTUBHBIX 3JICMCHTOB
— HAYMHAIOT CHJIBHO CKa3bIBaThCs KBAHTOBBIE pa3MepHble 3(¢GeKThl. TpaH3UCTOPHI MepecTaroT
paboTaTh Kak TPaH3UCTOPBI.

Jna anmapatnoil peanuzannun HC HeoOxonuM HOBBIM HOcuTenb MH(popManuu. TakuM HOBBIM
HOCHUTEJIEM MH(OPMAIIMH MOKET OBITh CBET, KOTOPHIN MO3BOJIUT PE3KO, HA HECKOJIBKO MOPSIKOB,
MOBBICUTH TPOU3BOJUTENHLHOCTD BHIYUCICHUIA.

EnunctBeHHO# TexHonoruei anmapatHoil peanuzanun HC, cnocoOHO# B OyayiieM mpuiiTu Ha
CMEHY OIITHKE W OINTOXJICKTPOHHKE, SIBISICTCS HAHOTEXHOJOTHS, CIOCOOHAs OO0CCIeUUTh HE
TOJIKO (PU3MUECKHU IMPEeIeIbHO BOZMOXKHYIO CTENIEHb HHTETPALIUU CyOMOJIEKYIISIPHBIX KBAaHTOBBIX
AJIEMEHTOB C (PM3MYECKH MPECIIEHO BO3MOKHBIM OBICTPOJCHCTBHEM, HO U CTOJIb HEOOXOAMMYIO
11 annapatHod peanuzaunu HC TpexMepHyro apXUTEKTypYy.

JlnutenbHOE BpeMsSl CUMTAlIOCh, YTO HEHpOKOMObIOTEpbl A(G(EKTUBHBI i1 PEIICHUS Tak
Ha3bIBa€MbIX HedopmamuzyeMblx U IUIOXO (QopMalM3yeMbIX 3aJad, CBA3aHHBIX C
HEOOXOUMOCTBIO BKJIIOYCHHS B QJITOPUTM DPEILICHUS 3a/layd Mpoliecca 00ydeHHs Ha pealbHOM
JKCIIEPUMEHTAJIbHOM MaTepuaie. B mepByro ouepenp K TakuM 3ajadaM OTHOCHJIACh 3ajaya
anmnpoKCUMAllMK YaCTHOTO BHJa (PYHKUIMN, MPUHUMAIOIIUX JUCKPETHOE MHOXKECTBO 3HAYCHHIA,
T. €. 33/1a4a pacro3HaBaHus 00pa3oB.

B HacTosiniee Bpemst K 3TOMy Kiaccy 3aziad Jo0aBisieTcsl Kiace 3ajad, HHOTJa He TPEOYOIHiA
o0y4eHHsT Ha SKCIEPUMEHTAJIHLHOM MaTepuaie, HO XOpOULIO IMPEACTaBUMBIN B HEHpPOCETEBOM
gormueckoM Oasuce. K HHUM OTHOCATCS 3aJa4d C SIPKO BBIPQKCHHBIM E€CTECTBCHHBIM
napajieIu3MOM 00pabOTKH CUTHAIOB, 00paboTka n3odpakeHuit u ap. IlogTBepkaeHNEM TOUKH
3peHus, 4yTo B OyaylieM HEeHpOKOMMbIOTEpbl OyayT Oonee 3(Q¢EeKTUBHBIMHU, YeM MpOUHE
APXUTEKTYPBI, MOXKET, B YaCTHOCTH, CIy>)KUTh PE3KO€ pacIIMpEHHE B MOCIETHHE TOJAbI Kiacca
o0IIeMaTeMaTHYeCKUX 3a/1a4, pellaeMbIX B HEHpPOCEeTEeBOM JoruueckoM Oasuce. K HUM, kpome
NEPEYNCICHHBIX BBIIIE, MOXXHO OTHECTH 3a/a4d PpEHICHUS JIMHEHHBIX W HEJIMHEHHBIX
areOpanyecKuX YpaBHCHUH M HEPaBEHCTB OOJBINON pPa3MEPHOCTH; CHUCTEM HEIMHEHHBIX
Qg epeHnaIbHbIX YPaBHEHHI; YPAaBHEHUI B YaCTHBIX MPOU3BOIHBIX; 3a/1a4 ONTHMHU3ALUN H

APYyrux 3aaad.
IIpoueccopbl ¢ MHOTO3HAYHOM (HEYETKOM) JTOTUKOM
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Nnes mocTpoeHus MporeccopoB ¢ HedeTKoM Jiorukoi (fuzzy logic) ocHOBBIBaeTCS Ha HEYETKOU
MaTeMaTuke. MareMaTudyeckasi Teopusi HEUETKUX MHOXKECTB, npeaioxeHHas npod. JI.A. 3aze,
ABJIAACE MPEAMCTOM  HHTCHCHBHBIX I/ICCJIGI[OB&HI/Iﬁ, OTKpPBLIBACT BCC 60.]166 HIUPOKUC
BO3MOKHOCTH T€pe]l CUCTEMHbIMU aHaauTUKamMu. OCHOBaHHBIE HA 3TOM TEOPUHU pa3IUYHbIC
KOMIIBIOTCPHBLIC CHUCTCMBI, B CBOIO OYCPCb, CYIICCTBCHHO paCHIMPAIOT 00J1acThb IMPUMCHCHUA
HEYETKOM JIOTHKH.

[Tonxonpl HEYETKONH MAaTEMaTUKU MO3BOJSIOT ONEPUPOBATH BXOAHBIMU JaHHBIMU, HEIPEPHIBHO
MEHSIOUIMMUCS BO BPEMEHH, M 3HAYCHUSAMH, KOTOpPbIE HEBO3MOXXHO 3aJaTh OJHO3HA4HO,
TaKMMHM, HAIpUMEP, KaK pe3yibTaTbl CTATUCTUYECKUX OIPOCOB. B oTiamume OT TpaauLMOHHON
(opManbHON JIOTHKH, U3BECTHOW CO BpEMEH APHUCTOTENS U ONEPUPYIONIEH TOYHBIMUA U YETKHUMU
HNOHATUAMM THUIIA UICTHHA U JIOXKb, Ja U HET, HOJIb U €AVHMIIA, HEUYETKAsl JIOTUKA UMEET JIEN0 CO
3HAUEHUSIMHU, JIEKAIIUMU B HEKOTOPOM (HEMPEPHIBHOM WIIN JUCKPETHOM) JTUAIa30HE.

OyHKIUS TPUHAICKHOCTH 3JIEMEHTOB K 33IaHHOMY MHOKECTBY TaKKe MPEJCTAaBIsIET cO00 HEe
KECTKUH MOPOT "IPHUHAUIEKUT — HE MPUHAJIEKUT", a IUIABHYI0O CUTMOMIY, NPOXOASILYIO BCE
3HA4YECHUS OT HYJS 1O €IMHMIBL. TeopHs HEYETKOM JIOTMKH IT03BOJIAECT BBIIOIHATH HAJ TAKUMH
BEJIMYMHAMU BECh CIIEKTp JIOTMYECKUX Olepaluil — o0beIuHEHHE, NIepeceueHre, OTpULaHie U
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Puc. 8.4. Onepauun Bxmrouenus (A), oovenunenus (B), nepeceuenus (C) u nononnenus (D)
HM

Cornacno 3Hamenutoil Teopeme FAT (Fuzzy Approximation Theorem), mokazannoii Kocko,
ar00as MaTeMaTHYeCKass CUCTEMa MOXKET OBITh amnmpOKCHMMUPOBAaHA CHCTEMOW, OCHOBAaHHOW Ha
HeueTkol noruke. CBoe BTOpOE POXKACHHE TEOPHs HEYETKOW JIOTUKHM TEpeXuia B Hadale
BOCBMHJICCATHIX TOJOB, KOTJIa Cpa3y HECKOJBKO IPYII uccienoBatened (B ocHoBHOM B CIIIA u
SINOHUM) 3aHSITUCHh CO3JJAHUEM JICKTPOHHBIX CHCTEM Pa3IMYHOTO MPUMEHEHUS, UCIIOJIb3YIOIINX
HEYCTKHC YIPABISIIONIMNEC QITOPUTMBL.  VCIONb3ys MpPEeUMYIIECTBAa HEYETKOW JIOTHKH,
3aKJIFOYAIOIIUECS B MPOCTOTE COACPIKATEILHOTO MPEICTABICHHS, MOXHO YIPOCTHTh IpoOJeMy,
MPEJICTAaBUTH €€ B 00JIee TOCTYITHOM BHJIC U TIOBBICUTH MPOU3BOAUTEILHOCTh CUCTEMBI.

3amaun ¢ TOMOIIBIO HEYETKOM JIOTHKHU PEIIAI0TCS TI0 CIAEAYIOIIEMY TPUHITUITY:

1. uucneHHble  fAaHHble  (IIOKAa3aHMA  M3MEPHUTEIbHBIX  NPUOOPOB,  PE3yJIbTaThI
aHKETHPOBaHUs1) Pa33upyroTcs (IEpeBOIATCS B HEUETKUN opmar);
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2. 00pabaThIBaIOTCS 110 OMPEIEIICHHBIM ITPaBUIIAM;
3. nmedas3upyroTcs U B BUIE IPUBBIYHON HH(OPMALINY [TOJAIOTCS HA BBIXOI.

Oxkazanoch BO3MOXHBIM CO3/JaHHE€ HEYETKOro IPOLECccopa, MO3BOJISIONIETO BBIIOIHATH
pa3iuyHbBle HEYETKHE Olepanud W TNPHOIMKEHHBIE pacCyXKIeHHs (HEUeTKU BBIBOJ) B
COOTBETCTBUHU C NpaBwiaMu Jorudeckoro BbiBoja. B 1986 ronmy B AT and T Bell Labs
CO3/IaBAIMCh TPOIECCOpPhl ¢ "MpomMTOi" HEedeTKo# Jorukoir obpaborku uHpopmarmu. B
Hauane 90-x xommanus Adaptive Logic n3 CHIA BeimycTHia KpUCTaJUI, CHENAHHBIA IO
aHanoroBo-nudpoBoit TexHoioruu. OH MO3BOJUT COKPATUTh CPOKH KOHCTPYHPOBAHUS MHOTHX
BCTPOCHHBIX CHUCTEM YIPABJICHUS PEaIbHOTO BPEMEHH, 3aMEHUB COOOH TpaJUIIMOHHbBIE CXEMBI
HEYETKUX MUKPOKOHTPOJUIEPOB. ATIIApaTHBIN MPOLECCOP HEYETKOM JIOTUKHA BTOPOTO MTOKOJICHHS
IPUHUMAET AHAJIOTOBbIE CHUTHAJIBI, MEPEBOJAUT MX B HEYETKUH (opmar, 3areM, NPUMEHS
COOTBETCTBYIOIIME MPaBHiIa, IpeoOpa3yeT pe3yabTaThl B OPMAT OOBIYHOM JOTHKH U Jaliee — B
aHayoroBblil curHai. Bee 3To ocymecTBisiercs 0€3 BHEUIHMX 3allOMHHAIONIUX YCTPOMCTB,
npeoOpa3oBaTesieil 1 Kakoro Obl TO HU OBLIO NMPOTPAMMHOTO 0OECHeueHUs] HEYETKOH JIOTHKH.
OTOT MHUKpPONPOLIECCOP OTHOCUTEIBHO MPOCT M0 CPABHEHUIO C I'POMO3IAKUMH IPOTrpaMMHBIMU
oOecneueHuasmu. Ho  Tak Kak  €ro  OCHOBY  COCTaBisieT  KOMOMHHMpPOBaHHBIN
U POBON/aHAIOTOBBIN KpUCTAILI, OH (DYHKIIMOHUPYET Ha OYE€Hb BBICOKHMX CKOPOCTSX (4acToTa
oTcueToB BXojHoro curHaia — 10 kl'm, a ckopocth pacdera — 500 ThIC. TpaBwWII/C), YTO BO
MHOI'MX CJIydasiX MPUBOJUT K JIyYIIUM PE3yJbTaTaM B CUCTEMAax YIPAaBJIEHHs 10 CPABHEHMIO C
0oJee CIIOKHBIMHU, HO MEUTUTEIIEHBIMU TIPOTPaMMaMH.
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Puc. 8.5. Apxutekrypa HeueTkoro komnerorepa (MHB-Mexanusm HeueTkoro BBosia)
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B Espone u CIIA BenyTcsi ”HTEHCUBHBIE pa0bOThI IO MHTErpanuu fuzzy-komaHa B acceMOIepsl
MPOMBIIUICHHBIX KOHTPOJUIEPOB BCTPOCHHBIX ycTpoiicTB (ummbl Motorola 68HC11.12.21).
Takue amnmapaTHbIE CPEJCTBA MO3BOJSIOT B HECKOJBKO Pa3 YBEJIMYUTH CKOPOCTH BBIMIOJHEHUS
MPUJIOKEHUH U KOMITAKTHOCTh KOZa M0 CPaBHEHUIO C pealu3anueil Ha oObiyHOM siyipe. Kpome
TOTO, pa3pabaThIBAIOTCS pa3IuYHbIC BApUAHTHI fuzzy-CompoIeccopoB, KOTOPbIe KOHTAKTUPYIOT C
HEHTPaJIbHBIM IMPOLIECCOPOM uepe3 OOIIyI0 MIMHY JaHHBIX, KOHIEHTPUPYIOT CBOM YCHUIIUS Ha
pa3MBIBAaHUU/YIZIOTHEHU WH(GOPMAIIMU M ONTUMHU3AIMN HUCIOJIL30BaHUS TPABHI (TIPOITYKTHI
Siemens Nixdorf).

Wnen HeyeTKOM JIOTMKM HE SIBJISIIOTCS IaHaleell M He CMOIYT COBEpIIUTh IEpeBOpPOT B
KOMIIBIOTEpHOM Mupe. HeueTkas jorvka He pemmT Tex 3aja4d, KOTOpbIe HE PELIaloTCs Ha OCHOBE
JOTMKHM JBOMYHOH, HO BO MHOTHX CiIydasX OHa YJOOHee, NMPOU3BOAMUTENbHEE U JICLIEBIIE.
Pa3pabGoTranHble Ha ee OCHOBE CIEUUAIM3UPOBaHHbIE anmnapaTHele peuieHus (fuzzy-
BBIYUCIIUTENN) MO3BOJIAT TMOJYYUTh peajbHble IpeuMylecTBa B OblcTpoaeicTBuM. Ecnu
KacKaJupoBaTh fuzzy-BHIYMCIUTENN, MBI TIOJXYYUM OAMH M3 BapHaHTOB HEWPOIpoIleccopa MM
HEHpoHHOH ceTn. Bo MHOrux ciydasx 3TH HOHATHUS MPOCTO OOBEIUHAIOT, Ha3bIBas OOLIUM
TepMuHOM "neuro-fuzzy logic".

B HacTosimiee BpeMs MEpPCHEKTUBON HCMOJIB30BAaTh IMPOLECCOPHI, OCHOBAHHBIE HA HEYETKOM
JIOTHKE, BCEpPhE3 3aMHTEPECOBAIUCH BOeHHBbIE. WM3BectHo, uTto NASA paccmarpuBaeT
BO3MOKHOCTh TIPUMEHEHUSI (€ClId eIle HE MPUMEHSET) HEYETKUX CHUCTEeM JUIsl YIpaBJiCHUS
MPOIECCaMH CTHIKOBKHM KOCMUYECKHUX allapaToB.
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9. KOMMyTaTopr AJsl  MHOTOIMPOUECCOPHBIX BbIYUCIUTEJIBHBIX CHCTEM. HpOCTbIe
KOMMYTaTOpPbI

KommyHukanmonnbsie cpeabl  BbluncnutTenbHbix cucteM (BC) cocroar wu3 amanTepoB
BBIUMCIUTENbHBIX MoAyJel (BM) u KOMMyTaTopoB, OOECIEUMBAIOIIUX COCTUHEHUS MEXIY
HUMHU. Mcrionib3yroTCsl Kak MpOCThie KOMMYTATOPhI, TaK U COCTaBHBIE, KOMIIOHYeMbI€ U3 Habopa
npocteix. [IpocThie KOMMYTaTOpbl MOTYT COEAMHATH JIHIIL Majoe uucio BM B cuniy
(GU3MYECKUX OrpaHUYCHUM, OAHAKO OOECMEYMBAIOT MPU ATOM MHHUMAIBHYIO 3aJEPKKy IMpHU
yCTaHOBJEHUH coenuHeHus. COCTaBHbIE KOMMYTATOPBI, OOBIYHO CTPOSIIHECS W3 MPOCTHIX B
BUJI€ MHOTOKACKaJHBIX CXE€M C MOMOIIBIO JIMHUN "TOYKA-TOUKA", MPEOA0JIEBAIOT OrpaHUYCHUE
Ha MaJloe KOJIMYECTBO COEIMHEHHM, OTHAKO YBEITUYUBAIOT U 33/I€PIKKH.

IIpocThie KOMMYTAaTOPBI
Turbl IPOCTHIX KOMMYTaTOPOB:

e C BPCMCHHBIM pa3aCIICHUEM;
e CIIPOCTPAHCTBCHHLIM PA3ACICHUCM.

JloCTOMHCTBA: IPOCTOTA YIPABJICHUS U BBICOKOE ObICTPOACHCTBHE.
Henocrarku: Maioe KOIMYECTBO BXOJIOB U BBIXOJIOB.
[IpuMepr! HCIOIB30BaHUS:
e MPOCTHIE KOMMYTAaTOpPBHI C BPEMEHHBIM pa3leiCeHHEM HCHOJb3yIOTCsS B cuctemax SMP
Power Challenge ot SGI,

e MPOCTBIE KOMMYTATOPBI C MPOCTPAHCTBEHHBIM pa3zzaenenueM (Gigaplane) MCIIONB3YIOTCS
B cemeiictBe Sun Ultra Enterprise.

IIpocThie KOMMYTAaTOPBI ¢ BpEMEHHBIM pa3/iejIecHueM

[IpocThie KOMMYyTAaTOpbl C BpPEMEHHBIM pa3ACiEHUEM HAa3bIBAIOTCS TAaKKe IIMHAMU WIH
IIMHHBIMU CTPYKTypamu. Bce ycrpoiictBa mnoaxitoyaroTcs K oOmed HHPOPMALMOHHON
MarucTpaly, HMCIOJIb3YyeMON A mepenadud uHpopmanuu mexay Humu (puc. 9.1). OObraHO
IIMHA SBISAETCS IACCUBHBIM  3JIEMEHTOM, YIpaBJI€HHE IepelayaMud  OCYIIECTBISETCS
nepeJarouMMI U IPUHUMAIOIIUMHU YCTPOUCTBAMH.

IIpouecc nepenaun BHIMISANUT CIAETYIOIINM 00pa3oM.

Mpousccop Npoueccop [MTamare

Beoa-pripon Beoa-pripoa [MTamars
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Puc. 9.1. O6mas cxema HIMHHON CTPYKTYpPBI

[lepenatoiee ycTpoHCTBO CHayala MOMy4YaeT IOCTYN K IIMHE, Jaliee MbITAeTCSl YCTaHOBUTH
KOHTAKT C YCTPOWCTBOM-3JpEcaToM M OIPEACIUTh €ro CIOCOOHOCTh K MpPHEMY JaHHBIX.
[IpuHuMmaromniee ycTpoWCTBO pacrmo3HAaeT CBOM aJpec Ha IIMHE M OTBEYaeT Ha 3alpoc
nepexaromiero. Jlamee mepenaromee yYCTpOWCTBO COOOIIAaeT, KakKhe JEHCTBHS JOJDKHO
MPOU3BECTH MPUHUMAIOIIEE YCTPOMCTBO B XoJe B3aumojeicTBus. [locne 3Toro mpoucxoaut
nepeaaya JaHHbBIX.

Tak kak mMHA sBISIETCS OOIIMM pecypcoM, 3a JOCTyl K KOTOPOMY COpPEBHYIOTCS
HOJKJIIOYEHHBbIE K Hell ycTpoiicTBa, HEOOXOJUMBI METOJbl YIpPABICHHUS NPEAOCTABICHHEM
JIOCTYIIa YCTPOMCTB K IIMHE. BO3MOXHO MCIOJIB30BaHUE LEHTPAIBHOIO YCTPOWCTBA IS
yIpaBJIEHUS JIOCTYIIOM K IIMHE, OJHAKO 3TO YMEHbBIIAET MAacIITaOUpyeMOCTh M TI'MOKOCTb
CUCTEMBI.

I[J'IH PaspCIICHUsA KOH(I)J'II/IKTOB, BO3HHKAIOMIUX IIpU OJHOBPCMCHHOM 3allpoOCe YCTpOﬁCTB Ha
AOCTYII K IIMHE, UCITOJIB3YIOTCA PA3JIMUYHBIC TIPUCMbI, B YAaCTHOCTH:

e Ha3HAUYEHUE KAXKIOMY YCTPOHCTBY YHUKAJIBHOTO NpUOpUTETA (CTATUYECKOTO WIIU
JTUHAMHYECKOT0);

e wucnoyib3oBanue ouepeau 3amnpocos FIFO;

e BbleNIeHNE (UKCUPOBAHHBIX BPEMEHHBIX HHTEPBAJIOB KAXKJOMY YCTPOUCTBY.

AJropuT™Mbl apOUTpaKa

CraTruvecKkue NpuoOpUTETHI

Kaxnoe ycTpoiCTBO B CUCTEME IMOJYyYaeT YHUKAIBHBIA IPUOPUTET, — IPU OJHOBPEMEHHOM
3aIpoce HECKOJIBKMX YCTPOMCTB Ha Ilepefady JOCTYI K IIMHE MPEJOCTABIISIETCS YCTPOMCTBY €
HauBbICIIUM IpuopureToM. Ha mpakTuke 4acTO HMCIOJIB3YETCSl COCIUHEHUE YCTPOMCTB B LIEIb,
IIPU KOTOPOM NPUOPUTET YCTPOWCTBA OIPEAEIAECTCS MECTOM €ro NMOAKIOYeHUs K muHe. s
KOHTPOJIS 1OCTYTIA K IIMHE HCIIOJIb3YeTCs OTJENbHBINA OJIOK YIpaBiIeHus.

JAuHamMnyecKue NPpUOPUTETHI

Tak ke, Kak U B IPEeAbIAYIIEM aITOPUTME, YCTPOMCTBA MOJYYaOT YHUKAJIbHBIE IIPUOPUTETHI,
OIHAKO B OTJIMYME OT HEro 3TU IPUOPUTETHl HENOCTOSHHBI BO BpeMeHHW. [Ipmopurersl
JUHAMUYECKH U3MEHSIOTCS, MPEAOCTaBissl yCTpoilcTBamM 0Oojee WIM MEHEE pPaBHbIE LIAHCHI
NOJY4YeHUsl JOCTyna K IuHe. Yamie BCero NMpUMEHSIOTCS CIEAYIOIIHE CHOCOObl M3MEHEHMS
IPUOPUTETOB: TPEIOCTABICHNE HAWBBICHIETO TPUOPUTETA YCTPOWCTBY, HamOojee IOJTO He
WCIIOJIb30BABIIEMY IIMHY, U LUKIMYECKas CMeHa NpuopuTeToB. KOHTpONIB AOCTynma K IIHMHE
OCYIIIECTBIISIET YCTPONUCTBO, MOIYYHBILIEE JOCTYII K LIMHE B IPEbIYLIEM IIUKIIE apOUTpaka.

(I)I/IKCI/II)OBaHH])Ie BPEMECHHBLIC HHTEPBAJbI
Bce YCTpOﬁCTBa o IMHnoOpgAKy IOJIy4JaroT OJUWHAKOBBIC BPCEMCHHBLIC HHTCPBAJIbI  JIA

ocyliecTBieHus nepenaun. Eciu ycTpoilcTBO HE MMEeT NaHHBIX AJIs [epelayu, TO HHTEPBAI TeEM
HE MEHEE CJIEYIOIIEMY YCTPOMCTBY HE NMPEAOCTaBISAETCS.
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Ouepeas FIFO

Cozmaercst odepenp 3anpocoB "MEPBBIM MPHUINENT — MEPBBINA yiien", OJHAKO COXpPaHAETCA
npoOiieMa apOWUTpaka MEXAy IIOYTH OJHOBPEMCHHBIMHU 3allpOCAMHU, a TaKKe BO3HUKAET
HEOOXOJUMOCTh TOJJICPKAHHUS OYEPEAH 3alpPOCOB JOCTATOYHOW JUIMHBL [IpermyinecTBOM
JaHHOT'O aJiIropuTMa ABJIACTCA BO3MOKHOCTb JOCTHIKCHUA MaKCHUMaJILHOU HpOHYCKHOI;'I
CHOCOOHOCTH IIUHBI.

Oco0eHHOCTH peaiu3auuy MIUH

BHYTpI/I MHUKPOCXEM MHWHBI HUCIOJB3YHOTCA I O6’[>€,I[I/IH€HI/I$I (1)YHKI_II/IOH8.J'IBHI>IX OJI0KOB
MUKPOIIPOLCCCOPOB, MHKPOCXEM IMaMATH, MHUKPOKOHTPOJIJICPOB. b HCIIOJIB3YIOTCA IJid
OG’LGI[I/IHGHI/IH YCTpOﬁCTB Ha MMeYaTHBIX I1aTaX U IEYaTHBIX INIaT B Oj0Kkax. B IMOCJICAHCC BpEMA
HIIMPOKO MPUMCHAKOTCA IIMHBI CJICAYIOIHUX CTAHAAPTOB!:

o ISA — Industry Standard Architecture

o EISA — Extended ISA

e VESA — Video Electronics Standards Association
e PCI - Peripheral Computer Interconnect

e 12C - Inter Integrated Circuit

e AGP — Accelerated Graphic Port

[IuHBI KCHONB3YIOTCA TakXKe B ME30HMHHOW TEXHOJIOTMH, TJe Ha OoJsbLION Iuiate
YCTAaHABJIMBAETCSI OJUH WM HECKOJBKO IIMHHBIX Pa3beMOB JJI YCTAHOBKU MEHBIIMX IUIAT, TaK
Ha3bIBAEMBIX ME30HUHOB.

[[IuHbI, 00BbEIMHSIONINE YCTPOUCTBA, U3 KOTOPBIX COCTOUT BBIYMCIUTEIbHAS CUCTEMA, SIBIISIOTCS
KPUTUYECKUM PECYpPCOM, OTKAa3 KOTOPOrO MOXKET MPUBECTU K OTKa3zy Bceil cucrembl. LlInHbI
00J1aal0T TaKXKe PSAAOM MPUHIMIHAIBHBIX OTpaHuyYeHu. BO3MOXKHOCTH MacmTabupyemMocTu
IIMHHBIX CTPYKTYP OTPAaHUYMBAETCS BpEMEHEM, 3aTpaylMBacMbIM Ha apOUTPaXK, U KOIUYECTBOM
YCTPOMCTB, TIOJIKIIOYCHHBIX K IHHE. [Ipy 3TOM deM OOoJbllle MOIKIIOYCHHBIX YCTPOWUCTB, TEM
Oorblle BpPEMEHU 3aTpayuBaeTcsi Ha apoOutpax. Bpems apOutpaka oOrpaHu4yMBaeT u
MPOIYCKHYIO CHOCOOHOCTh IHMHBL. KpoMe TOro, B KaXIbli MOMEHT BpPEMEHM IIIMHA
UCIIOJIB3YETCS JJIs MepeAadyu TOJIbKO OJTHUM YCTPOMCTBOM, YTO CTAHOBUTCS Y3KHMM MECTOM IpHU
YBEJIMUYCHUU KOJMYECTBA TIOJKIFOUCHHBIX YCTPOMCTB. MPOIYCKHAs CIIOCOOHOCTh IITUHBI
OTPaHMYMBAETCA €€ LIMPUHOM — KOJMYECTBOM IPOBOJAHHUKOB, HCIOJIB3YEMBIX ISl NEpenaydu
JMaHHBIX, — M TAKTOBOW 4YacTOTOW ee¢ paboThl. JlaHHBIC BENMYWUHBI HMCIOT (HHU3HUSCKUC
OTpaHUYECHUSI.

IIpocTbie KOMMYTATOPBI € POCTPAHCTBEHHBIM Pa3/ieIeHHeM

[IpocTeie KOMMYyTaTOpBl € MPOCTPAHCTBEHHBIM pa3/IEJICHUEM TO3BOJISIIOT OJHOBPEMEHHO
COEUHSATH 000 BXO/ C JIFOOBIM OJJTHUM BBIXO/I0OM (OpAWHAPHBIE) HJIM HECKOJIBKUMH BBIXOJIaMHU
(HeopauHapHbie). Takre KOMMYTAaTOPBI MPEIACTABISIOT COO0W COBOKYITHOCTh MYJIBTHILIEKCOPOB,
KOJIMYECTBO KOTOPBIX COOTBETCTBYET KOJMYECTBY BBIXOJIOB KOMMYTATOpa, MPU ATOM KaXKIbIH
BXOJl KOMMYyTaTopa JIOJDKCH OBITh 3aBEJCH Ha BCE MYJIbTUIUICKCOPBL. CTpyKTypa I3THX
KOMMYTaTOpPOB [TOKa3aHa Ha puc. 9.2.
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Puc. 9.2. IIpocToit KOMMYHHMKATOp C IPOCTPAHCTBEHHBIM Pa3ACICHUEM
JlocTonHcTBa:

e BO3MOXHOCTb OJHOBPEMEHHOI'O KOHTAaKTa CO BCEMU YCTpOﬁCTBaMH;
e MHHHUMAJIbHAA 3aACPIKKaA,

Henocrarku:
e BBICOKAs CJIOXHOCTb MOPSAKA N X m, TZIe€ N — KOJWYECTBO BXOJOB, M — KOJUYECTBO

BBIXO/OB;
e  CJIOXXHOCTbH 00CCIICUCHHUS HAACHKHOCTH.
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10. KOMMyTaTOPLI AJIl MHOTOIPOUECCOPHBIX BBLIYUCIUTEIBHBIX CHCTEM. CocraBHbIe
KOMMYTaTOpbI. Pacnpenenennme COCTAaBHbIE€ KOMMYTAaTOPbI

CocTaBHbIe KOMMYTATOPbI

[IpocThie KOMMYTATOPHl UMEIOT OTPAHUYCHHS HA YUCIO BXOJIOB M BBIXOJOB, a TAaKXKE MOTYT
TpeOoBaTh OOJBIIOIO KOJMYECTBA OOOPYIOBAHMSI NpPU YBEIMUYEHUU HTOrO yucia (B cliydae
MPOCTPAHCTBEHHBIX KOMMYTAaTopoB). [loaToMy miis MOCTpOSHUS KOMMYTATOPOB C OOJIBIIUM
KOJIMYECTBOM BXOJOB M BBIXOJOB HCHOJB3YIOT COBOKYIMHOCTh MPOCTBIX KOMMYTAaTOpPOB,
00BbEIMHEHHBIX C IIOMOIILIO JUHHAHN "TOYKa-ToOuyKa".

CocTtaBHbIE KOMMYTAaTOpbl HMEIOT 3aJ€p’KKy, HIPOMNOPLUOHAIBHYIO KOJHWYECTBY MPOCTHIX
KOMMYTaTOpPOB, 4Y€pe3 KOTOPbIC MPOXOAUT CUTHAJ OT BXOJa JI0 BBIXOJA, T.€. YHCIY KacKaJoB.
Onnako o0beM 00OpPYIOBaHUS COCTABHOTO KOMMYTAaTOpa MEHBIIE, YeM IPOCTOr0 C TEM Ke
KOJINYECTBOM BXOJIOB U BBIXOJIOB.

Yaiie Bcero cocTaBHbIE KOMMYTATOPbI CTPOSITCS U3 MPSMOYTOJIBHBIX KOMMYTaTOpPOB 2 X 2 ¢
JBYMsI BXOAAMH U BbIXoAaMH. OHM MMEIOT [1Ba COCTOSIHUS: IPSAMOE NPOIYCKaHHE BXOJOB Ha
COOTBETCTBYIOILIME BBIXOJAbl M IEpPEKpecTHOE MNpomyckanue. KommyraTtop 2 X 2 COCTOUT U3
COOCTBEHHO OJIOKa KOMMYTAaLlMM JaHHbIX M OJoKa ympaBieHus. biok ympasineHus B
3aBUCHUMOCTH OT IOCTYMAIOIIMX Ha HEro YNPABIAIOIIMX CUTHAJIOB OINpEAeNseT, KaKoW THII
COEJMHEHUs CJelyeT OCYLIECTBUTh B OJIOKE KOMMYTAILMM - NpsIMOil miu nepekpecTHbii. [Ipu
3TOM eciau 00a BXO0Jla XOTAT COEIUHUTBHCS C OJHUM BBIXOJOM, TO KOMMYTAaTOp pa3peliaet
KOH(IMKT U CBSI3bIBAET C JJAHHBIM BBIXOJIOM TOJBKO OJMH BXOJ, @ 3aIpOC Ha COEAMHEHHUE CO
CTOPOHBI BTOPOTO OJIOKHPYETCS UITH OTBEPraeTcsl.

KommyTtaTtop Kio3za

Kommyrarop Kiioza mMoxer ObITH MOCTPOEH B KA4ECTBE AJbTEPHATHBBI JJISI MPSIMOYTOJBHOTO
kommyTaropa ¢ (m x d) Bxogamu u (m x d) Beixogamu. OH popmupyeTcs U3 Tpex KackaaoB
KOMMYTaTopoB: m kommyTatopoB (d x d) Bo BxomHoM kackane, m kommyrtatopoB (d x d) B
BBIXOJTHOM U d IMPOMEXYTOYHBIX KOMMYTATOPOB (M X m).

Puc. 10.1. Kommyratop Kino3za 3 x 4

CO@L[I/IHGHI/IH BHYTPU KOMMYTATOpa YCTPOCHBI CICAYOIIUM O6p8.30MZ
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e j-i BBIXOJ 1-0Or0 KOMMYTAaTOpa BXOJHOTO KacKaja COCJIMHEH C i-bIM BXOIOM j-OTO
POMEKYTOYHOTO KOMMYTATOPa;

e j-ii BXox k-oro komMmyraTopa BBIXOJHOTO KacKaJa COCIMHEH C K-BIM BBIXOJOM j-OTO
IPOMEKYTOYHOTO KOMMYTAaTOPA.

I[aHHBIfI THUIT COCTABHBIX KOMMYTATOPOB IMMO3BOJIACT COCAUHATD 000i BXOJ C JIFOOBIM BBIXOJ0M,
OOHAaKO IIpU YCTAHOBJICHHBIX COCAWMHCHUAX [[06aBJI€HI/I€ HOBOT'O COCAMHCHUSA MOKCET
HOTpe6OBaTB pa3pbiBa U NMEPCYCTAHOBJIICHUA BCCX COGHHHGHHﬁ.

banbsaH-ceTn

KOMMYTaTOpBI 9TOI'0 TUIla CTPOATCA Ha Oaze NpAMOYT'OJIBHBIX KOMMYTATOPOB TaKUM 06pa30M,
4YTO CyHIE€CTBYCT TOJBKO OJHH ITYTh OT KAXKAOT'O BXOJAd K KAXKAOMY BBIXOY.

Haubosee BaxHOM pa3sHOBUIHOCTBIO OaHbsH-CETEN sABIsETCA AenbTa-ceTb. OHa GpopMupyercs us3
IPSMOYTOJIBHBIX KOMMYTaTOpOB (a X b) u mpencraBiseT cob0il n-KackaJHblli KOMMYTATOp C an
BXOoZaMu ¥ bn Bbixonamu. CocTaBisiomine KOMMYTaTOPbl COEIUHEHbI TakK, YTO I COCIUHEHUS
1r000T0 BXOJa M BBIXO/a 00pa3yercsi €MMHCTBEHHBIN IyTh OJUHAKOBOM JUIS BCEX Map BXOAOB H
BBIXOJIOB JUIUHBI.

PaCHpeIleJIeHH])Ie COCTaAaBHbIC KOMMYTAaTOPbI

B pacnpeneneHHbIX BBIYHCIUTEIBHBIX CHUCTEMax PECypChl PasIeNIIOTCS MEXIY 3aJadyami,
KaX/ash U3 KOTOPBIX HCIIOJHSACTCS Ha CBOEM ITOJMHOMKECTBE IMPOILECCOPOB. B cBs3mM ¢ aTHM
BO3HHUKACT TMOHATHE OJIM30CTH MPOILECCOPOB, KOTOpas SIBISCTCS BAKHOH JIII aKTUBHO
B3aUMO/ICHCTBYIOIIUX MpoieccopoB. OOBIUHO OJIU30CTh MPOLECCOPOB BBIPAKACTCS B PA3THYHON
KaCKaJHOCTH COCTUHCHUH, Pa3IMYHBIX PACCTOSHUSAX MEXKILy HUMH.

OavH W3 BapuUaHTOB CO3/IaHUS COCTABHBIX KOMMYTAaTOpPOB 3aKiIIOyaeTcs B OOBbEIWHEHUU
IPSIMOYTOJIBHBIX KOMMYTaTtopoB (v+1 x v+1), v > 1 Takum o0pa3oM, 4TO OAMH BXOJ U OJIUH
BBIXOJI K@XJOI'0 COCTABIIAIOLIET0 KOMMYTAaTopa CIy»KaT BXOJOM M BBIXOJOM COCTaBHOI'O
kommyTtaropa. K kaxxaqoMy BHYTpEHHEMY KOMMYTATOpY HOJICOEIUHAIOTCS IIPOLECCOP U MaMsITh,
o0pa3yss BBIUUCIUTENBHBIH MOAYJAb C V-KaHAJIaMU s COEAMHEHUS C JApYrHMMHU
BBIUMCIUTENbHBIMU MOIYIsIMU. CBOOOIHBIE V-BXOJIOB U V-BBIXOJIOB KaXKJOI'0 BBIYMCIUTEIHHOIO
MOJYJIsl COSAMHAIOTCS JIMHUAMHU "TOYKa-TOUKa" C BXOJAMU U BBIXOAAMU JPYTUX KOMMYTaTOPOB,
00pazys rpad MeKMOTYIbHBIX CBSI3EH.

Haubonee s¢ppextuBHbIM rpadoM MEKMOTYIBHBIX CBA3EH ¢ TOUKU 3pEHUSI OpraHU3aIii 0OMeHa
JAHHBIMU MEX1Y BbIUHMCIUTEIbHBIMU MOIYJISIMU SIBJISI€TCS OJHBINA rpad. B aToMm ciydyae Mmexay
KOKJIO0M Napol BBIYUCIMTENIBHBIX MOJYJIEH CYHIECTBYET HpsimMoe coeauHeHue. Ilpu sTom
BO3MOXXHbl ~ OJIHOBPEMEHHbBIE COCIUHEHUS MEXAYy IPOU3BOJBHBIMU  BBIYUCIUTEIbHBIMU
MOAYJISIMHU.

OnHako 0ObIYHO CO3/1aTh MOJHBIN Irpad MEKMOIYIBHBIX CBA3€H HEBO3MOXKHO MO PSAAY MPHUYHUH.
OOMeH JaHHBIMU MPUXOAUTCSA MPOU3BOAUTH YEPE3 LIETIOUYKU TPaH3UTHBIX Moayel. M3-3a aToro
YBEJIIMUUBAKOTCA 33JCPKKHA, U OTPAHUYMBAECTCS BO3MOKHOCTb YCTAHOBJICHHSI OJHOBPEMEHHBIX
coequHeHnii. Takum oOpazoMm, 5¢eKkTuBHBIA Tpad MEKMOMYIBHBIX CBSI3€H JIOJDKEH
MUHMMU3UPOBATH BpPEMs MEXMOAYJIBHBIX OOMEHOB M MaKCHUMAaJbHO YBEIMUYUTh KOJIUYECTBO
OJTHOBPEMEHHO aKTHBH3MPOBAaHHBIX coennHeHniH. Kpome Toro, Ha BEIOOp Tpada MEeKMOIYITBHBIX
CBSI3€H BIUSAET YYET OTKA30B U BOCCTAHOBJICHUM BBIYUCIUTEIBHBIX MOYJICH U JINHUMN CBA3H.

I'pad mexmonyabnbix cBsizeir Convex Exemplar SPP1000

43



B kawectBe mpumepa peasbHOro Trpada MEXMOIYIBHBIX CBSI3€H PAaCCMOTPUM CTPYKTYPY
cuctembl Convex Exemplar SPP1000. B ocHOBe Kax10ro cocTaBHOro 0JIOKa CHCTEMBI JIEKUT
IPSAMOYTOJIBHBI KoMMyTaTop (5 X 5), 1o 16 momoOHBIX OJIOKOB OOBEIUHSIOTCS KaHaJaMH
"TOYKa-TOYKa" B KOJIBLIO (OIHOMEPHBII TOP), COCTOSIIEE U3 YEThIPEX HE3aBUCHUMBIX MOJIKaHAJIOB.

Konkuerail
KaHa
KOTEPeHTHOr
HMHTeperica

o m

[Mponeccop + navaTe
Ipougccop + namsrs

1

Kommvrarop 5x3

Konenesoir
KaHa
KOTEPeHTHOr O
HHTEperica
SC1

oo | T

Kosmvrarop x5

[Mponeccop + namaTs
IMpoueccop + mamsTs

1

Puc. 10.2. I'pad mexxmonynpHbIX cBszeit Convex Exemplar SPP1000

BryTpr kaxkmoro 0Jioka 4YeThIpe BXOJla M BBIXOJIa MPSAMOYTOJIBHOTO KoMmmyTaropa (5 x 5)
UCIIONIB3YIOTCSL ISl B3aUMOJICUCTBUS YCTPOWCTB BHYTPH OJoKa (MpU 3TOM B KaXIOM OJIOKe
pacmojiaraercsi o JiBa IMpoIeccopa), MAThIE BXOJ W BBIXOJ UCIOJB3YIOTCS I OOBEIUHCHHS
0510k0B B KOJbIO. [Ipy 3TOM Kaxablil U3 YeThIpeX KOJBIEBBIX KaHAJIOB PACCMATPUBACTCS Kak
HE3aBUCHMBII pPecypc, U CUCTEMa COXpaHsAeT pabOTOCIIOCOOHOCTH JI0 TEX 0P, MOKa CYIIECTBYET
X0Ts OBl 0IMH (QYHKIIMOHUPYIOIIUN KOJIbIIEBOW KaHaJ.

I'pad mesxxkmonyabubix cBsizeit MBC-100

Cucrema MBC-100 nipemaraet O0J0YHBIA MOAXOM K MOCTPOSHUIO apXUTEKTYPHI IMapaILICITbHON
BBIUMCIUTENBHON cUCTeMbl. CTPYKTYPHBIH MOIYJIb CUCTEMBI COCTOUT M3 16 BBIUMCIUTEIHHBIX
y3710B, oOpasyronux matpuity 4x4 (puc. 10.3). YrimoBble y37bI COSAMHSIOTCS IMOMAPHO TIO
JIUaroHald, TakuM 00pa3oM, MakCHUMallbHas JUIMHA ITyTH MEXAY JTF000H mapoi 3IeMEHTOB paBHA
TpeM. B ucxomHoil xe marpure 4 x 4 3Ta JuHA paBHa mecTH. Kaxaeni 0ok umeer 12
BBIXOJ/IOB, UTO MO3BOJISIET OOBEIUHATH UX B 00JIee CIIOKHBIE CTPYKTYPBHI.
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Puc. 10.3. CrpykrypHbiii Mmogyias MBC-100

Jnss MBC-100 6a30BBIii BEIYUCIUTENBHBIA OJIOK cofepkutT 32 y3ma. Takoil 010K CTpOUTCS W3
JBYX CTPYKTYPHBIX MOJIyJIEl B COOTBETCTBHM CO CXEMOM, npuBeaeHHON Ha puc. 10.4. B saTtom
cllydyae MakCHMallbHas JJIMHA TYTH MEXY JI000H Mapoil BRIYMCIUTENBHBIX Y3JIOB PaBHA IISTH.
[Ipu 3TOoM octaercs 16 cBOOOIHBIX CBsI3€H, YTO MO3BOJISAET MPOJOIIKHUTH OObenuHeHue. [lpu
o0ObeIMHCHUH JBYX 0a30BBIX OJIOKOB TIO cXxeme, mpuBeAcHHOW Ha puc. 104 (64
BBIUMCIUTENBHBIX Yy37a) MaKCHUMallbHas [JIMHa TYTH COCTaBUT 6, Kak W B TUIEpKyOe, a
KOJIMYECTBO CBOOOTHBIX CBsI3el OyzeT paBHO 16.

Puc. 10.4. Bapuantsl o0beAMHEHUS CTPYKTYpHBIX Moayieit MBC-100

I'pa¢ mesxkmonyabHbIx cBsizeit MBC-1000

Apxurekrypa cuctembl MBC-1000 ananormuna apxutexktype MBC-100. OcHOBOIl cucTemsl
SBIIETCS MaclITaOUpyeMblii MaccHB MPOLECCOPHBIX y310B. Kaxapli y3en copepxut
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BBIYUCIUTENBHBIH MuKporpoueccop Alpha 21164 ¢ mpousBogurensHocTthio 2 GFLOPS mnpu
takToBoi yacrore 500 MHz u onepatuBHyro mamsate oobemoM 128 MB, ¢ BO3MOXHOCTBIO
pacmupenus. [IpoueccopHbie y3iibl B3aUMOJICHCTBYIOT Yepe3 KOMMYHUKAI[MOHHBIE ITPOLIECCOPBI
TMS320C44 npousBonctBa Texas Instruments, umeromue no 4 BHEIIHUX KaHana (JIMHKA) C
obmeli mpormyckHOi cnocoOHocThio 80 Moaiit/c (20 Moaiit/c  kaxneni). Taxoke
pa3pabaTbiBaeTCs BapuUaHT CUCTEMbI C MCIIOJB30BAaHMEM KOMMYHMKAIIMOHHBIX IPOLIECCOPOB
SHARC (ADSP 21060) komnammm Analog Devices, umeromux mo 6 KaHaloB C oOImei
MPOIMYCKHOU criocoOHOCThIO 10 240 MOaiit/c (40 MbaiiT/c KaxIblii).

[IponieccopHble y3ibl CBA3aHBI MEXy COOOH IO OPUTHHAIBHOM CXeMe, CXOHOM ¢ TOIOoJOoTHeH
JBYXMEpHOro topa (i 4-mMHKOBBIX y3710B). AHamornyHo MBC-100, cTpykTypHbII MOIyJib
MBC-1000 cocTouT u3 16 BBIYMCIUTENBHBIX MOYJICH, 0Opa3yromux Marpuny 4 x 4, B KOTOpoit
YEeThIPE YIJIOBBIX 3JEMEHTA COEAMHSAIOTCS Yepe3 TPAHCHBbIOTEPHbIE JMHKU IO JUaroHalu
nonapHo. OcTaBimuecs 12 TMHKOB NpeJHa3HAYar0TCs Ul TOJACOEAUHEHNS BHEIIHUX YCTPONCTB
(4 nunka yrnoBeix BM) u coennnennit ¢ nogoousiMu BM.

KoncrpykruBabiM oOpazoBanneM MBC-1000 siBnsiercss 0a30BBI  BBIYUCIUTEIBHBIA OJIOK,
colepkanuii 32 BBIYUCIUTENBHBIX MOYJsl. MakcuMamnbHas JUIMHA YT MEXAY J00bIMU U3 32
BBIUMCIIUTEIFHBIX MOJYJICH paBHA IIATH, HPH 3TOM YHCIO CBOOOJHBIX JIMHKOB IIOCIIC
KOMIUIEKTAIlMK OJ0Ka cocTaBiseT 16, 4To MO3BOJSET MPOAOJDKUTH MPOLEAYPY OOBEAMHEHUS.
Bo3moxHas cxema 0OBEOMHECHHS 4YeThIpeX 0a30BBIX OJIOKOB B 128-TpOIIECCOPHYIO CHCTEMY
npuseneHa Ha puc. 10.5.

JonomHuren bHE
TPAHCTIL TR

Bazorki
baok 32 BM

bazsopkii
Brog 32BM

basopwi
Baok 32 BM

Bazorwii
baok 32 BM

Puc. 10.5. Crpyktypa 128-mponeccopnoii cucremsr MBC-1000, 4 6a30BbIX 0i10Ka
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11. TpedoBanus k komnonenram MBC

3arojoBOK JIEKIMM HYXHO IOHMMaTh B 0ojiee IIMPOKOM CMBbICIE, YeM IMpocTo Habop
TpeOOBaHMN K TEXHHYECKUM XapaKTEPUCTUKAM KOMIIOHEHTOB BBIYMCIUTEIBHON CHUCTEMBI:
poleccopy, AUCKOBBIM MAaccUBaM, MaMATH, KOMMYTaTOpaM U TOMY MOJOOHBIM amnapaTHbIM
cpeactBaM. B kakoi-To cremeHM HanexHas paboOTa KOMIIOHEHTOB CHCTEM IMOJIPa3yMeBaeTCs
anpuopu: KOMIIOHEHTHI JOJDKHBI paboTaTh HACTONBKO JIOJIr0, HACKOJIBKO 3TO HEOOXOIUMO U
NOJICP)KUBAaTh TPU OSTOM 3aJaHHBIE 3HAYCHUS MApaMEeTPOB CHCTEMBI (SICHO, 4YTO TaKoe
HOJIOKEHHE sBJsIeTCs uaeanusauueit). Jlocturaercs Takash HaJEKHOCTb IYTEM YIIydLIEHHUs
TEXHOJIOTUH CO3[aHUSI KOMIIOHEHTOB, COOPKHM CHCTEM M WX JKCIUTyaTallud U T.II. MPHEMaMH.
Bonbmioe 3HadeHHEe UMEIOT HAayYHO-TEXHHYECKHE HCCIIEAOBaHUS B OOJACTH  CO3JaHMS
NPUHIUITHAIBHO HOBBIX IMOAXO0JIOB B Pa3padOTKe U CO3JaHUU KaK M3BECTHBIX KOMIIOHEHTOB, TaK
U NPUHLUIMAIBHO HOBBIX IpubopoB. Ho He MeHbluee, ecin He OoJiblliee 3HAUECHHE HMEIOT
TpeOOBaHUs, MPEIBSIBIIEMbIE K BBIYHUCIUTEILHON CHCTEME, KOTOPYIO IUIAHUPYETCS MOCTPOUTH
JUIS peau3alii KOHKPETHBIX Lieel, KaKk eAMHOMY LIeJIOMY: JUIsSl pellieH s 3a/1a4 ONpeeIeHHOTO
Kpyra (Hay4HBIX, SKOHOMHUYECKHX U T.II.), Kak 0a30BOH OCHOBBI JUIsI 0OpaOOTKH OOJBIINX
[OTOKOB  JIaHHBIX  (MH(GOpPMAIlMOHHBIE CHCTEMBI), ONTHUMAJIbHON pealu3alMd  MOJEIH
nporpaMMupoBaHus U T.1. OTCioa, B pe3ylbTaTe NMPOBEJCHHOTO aHalN3a, BHITEKAET BHIOOP
apxurektypsl MBC.

Pa3paborunkam cHCTEM HEOOXOAMMO, TPEKAE BCEro, MPOAHATM3UPOBATH CIIEAYIOIINE
CBSI3aHHBIC MEXKIY COOOI BOIIPOCHI:

e OTHONIEHHUE "CTOMMOCTB/TIPOU3BOIUTEIIHLHOCTD";
e  HAJACKHOCTb U OTKA30yCTOMUYHUBOCTH CUCTEMBI;

e MacmTabUPyEeMOCTh CUCTEMBI,

e COBMECTUMOCTH IPOrPAMMHOTO OOECIICUEHUSI.

TpeOoBaHusl K HAJIEKHOCTH M OTKA30yCTOMYMBOCTH CHCTEMBI PAacCMATPHUBAIOTCS B JPYrou
JIEKILIMH.

OTtHoweHue " cTOMMOCTH/IIPOU3BOAUTEIBHOCTD '

JloGuTbCs  JTONMOJHUTENBHOIO TOBBIMIEHUS mnpousBoautenbHocTh B MBC  cnoxhee, yem
NPOM3BECTH MaciuTabupoBaHue BHYTpPH Yy31a. OCHOBHBIM OapbepoM SIBISIETCS TPYIHOCTh
opranm3anu 3(Q(EKTHBHBIX MEXKY3JIOBBIX CBsi3eid. KoMMyHUKalMu, KOTOpBIE CYIIECTBYIOT
MEXIy Y3JaMH, TOJDKHBI OBITh YCTOMYMBBI K 3aJepXKKaM MNPOTPAMMHO MOJAECPKUBAEMON
KOrepeHTHOCTH. [IpuiokeHuss ¢ OONBIIMM KOJMYECTBOM B3aMMOJCHCTBYIOMIUX ITPOLIECCOB
paboTatoT Jydmie Ha OcHOoBe SMP-y370B, B KOTOpPBIX KOMMYHUKALIMOHHBIE CBSI3U Oolee
obicTpple. B kmacrepax, kak m B MPP-cucremax, macmtabupoBaHue NpUIOKEHHH Ooiee
3 PEKTUBHO NP YMEHBIICHUH 00beMa KOMMYHHUKAIMA MEXIy MPOLEeccaMu, padOTAIOIIUMHU B
pa3HbIX y3/1ax. DTO 0OBIYHO JOCTUTAETCS ITyTeM pa3OueHUsI JaHHBIX.

NMeHnHO TakoW MOJXOA WCIONB3yeTcs B HamboJiee W3BECTHOM MPHIIOKCHHH Ha OCHOBE
knactepoB OPS (Oracle Parallel Server).

[TosiBnenne m00Or0 HOBOTO HANpPaBICHUS B BBIYUCIUTEIBHON TEXHUKE OMpeesaeTcs
TpeOOBaHUSIMU KOMIIBIOTEpHOro pbiHKA. [loaToMy y pa3paboTUMKOB KOMIBIOTEPOB HET
€MHCTBEHHOHN Lienu. boiblas yHUBeEpcaidbHas BBIYMCIUTENbHAs MalinHa (MeHHpeiim) uiu
CYNEPKOMIIBIOTEP CTOSIT Joporo. Jljis JOCTHKEHUS MTOCTABJIEHHBIX I1IeJIed MpU MPOEKTUPOBAHUU
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BBICOKOITPOU3BOAUTCIIBHBIX KOHCTPYKIII/Iﬁ MMPUXOOUTCHA HUTrHOPUPOBATH CTOUMMOCTHBIC
XApPaKTCPUCTHUKH.

Cynepkomnbiorepsl ¢upM Cray Inc., NEC u BblcOKONpOM3BOIUTEIbHBIE M3UH(MPEHMBI
kommannu IBM, cynepknactepsl ¢upmbl SGI OTHOCATCS HWMEHHO K O3TOW KaTerOpHH
KOMIIBIOTEPOB. JIpyrMM IpPOTHBOIIOJIOKHBIM IPUMEPOM MOXKET CIYKUTb CPaBHUTEIBHO
HEJI0pOrasi KOHCTPYKLUsA, TJ€ INPOU3BOJUTEIBHOCTh IIPUHECEHA B JKEPTBY I JTOCTHUIKEHUS
HU3KOH croumocTu. K 3TOMy HamnpaBiIeHHMIO OTHOCATCS NepcoHanbHble KoMibloTepel IBM PC.
Mexny >TUMU ABYyMs KpalHUMHU HaIpaBJICHUSAMHU HAXOIATCS KOHCTPYKIMM, OCHOBAaHHBIE HA
OTHOILEHUH '"CTOMMOCTB/IIPOU3BOAUTENBHOCT", B KOTOPBHIX pa3pabOTUYUKU HAXOJAT OaslaHC
MEXIY CTOMMOCTBIO U IPOU3BOAUTENBHOCTBIO. THIMYHBIMM NIPUMEPAMH TakKOro pojaa
KOMITbIOTEPOB SBJISFOTCS. MUHUKOMITBIOTEPBI U pabo4Ke CTaHLIUU.

Jlis cpaBHEHUS Pa3IUYHBIX KOMIBIOTEPOB MEXAY CO00M OOBIYHO HCIOJIB3YIOTCS CTaHAAPTHBIC
METOJIMKH HW3MEPEHUS] TPOU3BOAUTEIHLHOCTA. OTH METOAWKHU TIO3BOJSIOT DPa3pabOTUYMKaM U
MOJIb30BATENSIM  3aJ€HICTBOBATh TMOJYYEHHbIE B PE3yNbTAaTe€ UCHBITAHUN KOJIMYECTBEHHBIC
MOKAa3aTeNIM ISl OLIEHKH TE€X WJIM UHBIX TEXHUYECKUX PEIICHUU, U, B KOHIIC KOHIIOB, UMEHHO
MPOU3BOUTENILHOCTh M CTOMMOCTD JIal0T IOJIB30BATENIO PAI[MOHATIBLHYIO OCHOBY JIJISl PEIICHUS
BOIPOCA, KAKOM KOMITBIOTEP BHIOPATh.

Hampumep, B KauecTBe KpUTEpHs HM3MEPEHHUS IPOU3BOAMTEIBHOCTU HCIHOJB3YETCS TECT
LINPACK. Jlansbiii Tect ObUT BBIOpaH U3-32 €ro JOCTYIHOCTH IIOYTH JUIS BCeX
paccmarpuBaembix cuctem. Tect LINPACK 65n11 BBenen Jxxexom Jlonrappoii (Jack Dongarra) B
1976 r. JlanHbIi TECT OCHOBaH HA PEIICHUH IIJIOTHOM CHCTEMBI TUHEHHBIX ypaBHeHUH. Kak onuH
n3 BapuantoB LINPACK wucnose3yercs Bepcusi TecTa, KOTOpas IO3BOJISET I0JIb30BATEIIO
MEHATh Pa3MEPHOCTH 3a7jaul U ONTHUMHU3UPOBATH IIPOrPaMMHOE OOecreueHue il TOCTUKEHUS
HaWwIy4lledl NPOU3BOAUTEIBHOCTH JUIsl JAHHOW MamuHbl. Takasd NpOM3BOAUTEIBHOCTH HE
OTpakaeT OOIIyI0 TPOU3BOIUTEIBHOCTh JTOM cucTeMbl. OIHAKO OHA OTpaKkaer ee
IIPOU3BOJUTENIBHOCTD IIPU PELICHUH IIJIOTHOM CUCTEMBI TMHENHBIX YPABHEHHM.

Jlis OUEeHKH NPOU3BOAUTEIBHOCTH BBIYHUCIUTENBHBIX CHUCTEM HCIHOIB3YIOTCS TaKKe TECThI
SPECfp_rate base2000: SPEC, SPECtp u SPECrate, KOTOpbIE SIBJISIFOTCS
3aperucTpupoBaHHbIMH TOproBeiMu Mapkamu Standard Performance Evaluation Corporation.
J1J1s1 oLileHKH CKOpPOCTH paboThI MaMsATH cucTeMbl uernoibdyercs Tect STREAM Triad.

MacmradbupyemocTs

MacmtabupyemMocTh TpeAcTaBiIsieT co00i BO3MOKHOCTb HAapallMBaHHUS YUCIA U MOUIHOCTH
MPOLIECCOPOB, 00BEMOB ONEPATUBHON M BHEIIHEW MaMSTH U APYTUX PECYPCOB BHIYUCIUTEIBHON
cucTeMbl. MacmTabupyeMocTh JOJDKHA O00€CIeUMBAThCS APXUTEKTYPOH W KOHCTPYKIHEH
KOMIIBIOTEPA, & TAKXKE COOTBETCTBYIOIIMMH CPEACTBAMU MTPOTPAMMHOTO OOECTICUEHUSI.

TaK, Harmpumep, BOSMOKHOCTDb MaCHITa6I/IpOBaHI/15[ KJIaCTCpa OrpaHnv4cHa 3Ha4YCHUECM OTHOIICHUA
CKOPOCTH TIpoIieccopa K CKOPOCTH CBSI3M, KOTOPO€ HE JOJDKHO OBITh CIUIIKOM OOJIBIIUM
(pealbHO ATO OTHOIICHHKE /ISl OOJIBIIIMX CHCTEM HE MOXeET ObITh Ooiee 3-4, B MPOTUBHOM CiTydae
HE yJaercs AaKe pealn30BaTh PEXHUM €JUHOro obpasza omepalMoHHOM cucremsl). C apyroi
CTOpOHBI, ocneanue 10 jietT ucropun pa3BUTHS MPOLIECCOPOB U KOMMYHUKATOPOB I1OKa3bIBAIOT,
YTO Pa3pblB B CKOPOCTH MEXIY HUMH Bce yBenuuuBaercs. JloOaBieHHE Ka)KI0TO HOBOTO
nporeccopa B JICHCTBUTEIBHO MacIITaA0MPYEeMOH CHCTEME JOJDKHO JaBaTh IMPOTHO3HPYEMOE
YBEJIMYCHUE MPOU3BOAMTEIBLHOCTH M TPOMYCKHOH CHOCOOHOCTH IMpPH NPHEMIIEMBIX 3aTparax.
OI{HOI\/JI M3 OCHOBHBIX 3aJ1a4 IIPpU NOCTPOCHUN MaCIHTa6I/Ipy€MI)IX CHUCTEM ABJIICTCA MUHUMU3allUA
CTOMMOCTH pacUIMPEHUs] KOMIbIOTEpa M YNpOIICHHE IIaHUpoBaHUS. B uueane noOaBieHue
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IIPOLIECCOPOB K CUCTEME JIOJKHO HPUBOJUTH K JIMHEHHOMY POCTY €€ IPOU3BOJUTEIBbHOCTH.
OpnHako 310 He Bcerza Tak. Ilorepu mpoM3BOIMTENBLHOCTH MOTYT BO3HHMKAaTh, HallpuMep, MpH
HEIOCTaTOYHON TPOIMYCKHOW CIIOCOOHOCTH INWH W3-3a BO3pacTaHus Tpaduka MExIy
polieccopaMy U OCHOBHOM NaMsIThIO,  TAKXKE MEKIY aMAThIO U yCTPOIICTBaMU BBOJ1a/BBIBO/IA.
B nelicTBUTENBHOCTH pealibHOE YBEIWYEHHE MPOM3BOAMTEIBLHOCTU TPYJHO OLIEHUTH 3apaHee,
IIOCKOJIBKY OHO B 3HaYMTENIbHOM CTENEeHN 3aBUCUT OT JMHAMUKHU MOBEJACHUS NPUKIIAIHBIX 3a/1a4.

Bo3MoxHOCTE  MacIITaOMpOBAaHUS CHCTEMBl OINpPENEISeTCs HE TOJNBKO  apXUTEKTYpOil
anmapaTtHbIX  CpPEACTB, HO  3aBUCUT OT  CBOMCTB  NIPOrpaMMHOr0  OOECIEeUEHUS.
MacutabupyeMocTb NpOrpaMMHOIO OOeCHeueHHs 3aTparuBaeT BCE €ro YPOBHM, OT IMPOCTBIX
MEXaHU3MOB TIepelaui COOOIIEHHH 10 padOThI ¢ TAKUMH CIOKHBIMUA OOBEKTaMH KaK MOHUTOPBI
TPaH3aKIMHA U BCsS cpella NMPUKIAJHOW CHCTeMbl. B dYacTHOCTH, mporpamMMHoe oOecreueHue
JOJDKHO ~ MHUHMMM3UPOBaTh  TpapUK  MEXKIIPOLIECCOPHOTO  OOMEHa, KOTOPbIH  MOXKET
IPENATCTBOBATh JIMHEWHOMY DPOCTY IPOM3BOAMUTEIBHOCTU CHUCTEMBbI. AmNNapaTHbIE CPEICTBa
(TIporIeccopsbl, MUHBI U yCTPOHCTBA BBOJIA/BBIBO/IA) SIBIISIFOTCS TOJIBKO YaCTHIO MacIITabupyeMon
apXUTEKTYphl, HA KOTOPOHl MporpaMMHOe OOeCIeYeHHE MOXKET 00ECHeuUTh HpeCcKa3yeMbli
POCT TPOM3BOAMTENBHOCTA. BakHO NMOHMMAaTh, YTO, HANPHUMEP, MPOCTOHM Iepexo] Ha Ooree
MOILHBIM IPOLECCOP MOXKET MPUBECTU K IEPErpy3Ke IPYrMX KOMIIOHEHTOB CUCTEMBI. OTO
O3HayaeT, YTo ACWCTBUTEIHHO MaciiTtabupyemasl cucTeMa JOJDKHa ObITh cOalaHCHpOBaHA IO
BCEM I1apaMeTpaM.

CoBMeCTUMOCTHL U MOOMJIBHOCTD nporpamMmmMHoOIro oOecreuyeHus!

Konnenuus nporpaMMHOM COBMECTUMOCTH BIIEpPBbIE B HIMPOKHMX MacluTabax ObLia MpUMEHEHa
paspaborunkamu cuctembl IBM/360. OcHoBHasi 3amgaya NpH TNPOCKTUPOBAHHH BCErO psla
MoJeNiell 3TOM CHUCTeMbl 3aKioydaiack B CO3/aHUU TaKOW apXUTEKTYphl, KOTOpas ObLia Obl
OJIMHAKOBOM C TOYKHU 3pEHUS MOJIb30BaTEINS ISl BCEX MOJEIEH CUCTEMbI, HE3aBUCUMO OT LIEHBI U
IPOM3BOJUTENBHOCTH  KaXJ0M M3 HUX. bosblive mnpeuMymiecTBa Takoro I0AXOJa,
HIO3BOJISIIOIIET0 COXPAHAThH CYIIECTBYIOIIUH 3a1eJ1 IPOrPaAMMHOTO O0ECICUCHHUs MIPU Mepexoie
Ha HOBbIE (Kak IpaBWJo, Oosee MPOU3BOAUTENIBHBIE) MOZENIH, ObLIM OBICTPO OLIEHEHBI Kak
IPOU3BOJIUTENIAMA KOMIIBIOTEPOB, TaK W IOJb30BAaTENsIM, U HauMHAasi C 3TOrO BPEMEHU
IPAaKTUYECKH BCE (PUPMBI-MIOCTABIIUKN KOMIBIOTEPHOIO 000OpPYIOBaHUS B3SUIM HAa BOOPYXKEHHE
3T MPUHLUIIBL, TOCTABIIASA CEPUN COBMECTUMBIX KOMIBIOTEPOB. CeayeT 3aMeTUTh, OJHAKO, YTO
CO BpEMEHEM Jaxe camasi MepefoBas apXUTEKTypa HEHU30€XKHO ycTapeBaeT M BO3HHUKAeT
HOTPEOHOCTh BHECEHUS PaJUKaIbHBIX U3MEHEHUN U B apXUTEKTYpY, U B CLIOCOOBI OpraHu3aluu
BBIYUCIIUTENIbHBIX CUCTEM.

B HacTosimee Bpemsi OJHUM M3 HauOojee BaXKHBIX (PAKTOPOB, OMPENENAIONINX COBPEMEHHBIC
TEHACHIIMM B PAa3BUTUU HHQPOPMAIIMOHHBIX TEXHOJIOTUM, SBJISETCS OPHUEHTAlUs KOMIaHHii-
[OCTaBIIMKOB KOMIIBIOTEPHOIO 00OPYJOBaHMSI Ha PHIHOK MPHUKJIAJHBIX IIPOIPAMMHBIX CPENICTB.
D10 00BSCHSETCS, MPEXAE BCEro, TeM, YTO JIsi KOHEUYHOTO MOJIb30BaTENsl, B KOHIIE KOHIIOB,
Ba)XHO NPOTpaMMHOE oOecrieueHue, MO3BOJISIONIee PEIIUTh €ro 3a7add, a He BBIOOP TOH WM
uHOW anmapaTHoW miatdopMmel. Ilepexon OT OJHOPOAHBIX CETEe MPOTPAMMHO COBMECTHUMBIX
KOMIIBIOTEPOB K TOCTPOEHUI0 HEOAHOPOJIHBIX CETEeH, BKIIIOYAIOIIUX KOMIIBIOTEPHI Pa3HbIX
MPOU3BOUTENICH, B KOPHE U3MEHHI M TOUKY 3PEHHUS Ha caMy CeTh: M3 CPABHUTEIBHO MPOCTOTO
cpeactBa oOMeHa HWH(OpMAIME OHa TNPEBpPAaTWIIACh B CPEICTBO HMHTETPAMUA OTACIHHBIX
PECYPCOB - MOIIIHYIO paclpeieeHHYI0 BBIUMCIUTEIbHYIO CUCTEMY, KaXIbIi 3JIEMEHT KOTOPOii
(cepBep wim paboyast CTaHIMs) Jy4Ylle BCETO COOTBETCTBYET TPEOOBAHUSM KOHKPETHOU
MPUKIIaTHON 3a/1a4H.

9TtoT Nepexo BbIABUHYI P HOBBIX Tpe60BaHHI>i. Hpexcz(e BCCI'o, Takas BBIYHUCIIUTCIIbHAA CpCaa
JOJI’KHaA ITO3BOJIATH ri0KO MEHSITh KOJUYECTBO U COCTaB afrmapaTrHbIX CPpCACTB U NPOrpaMMHOI0
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o0ecrieyeHnss B COOTBETCTBUH C MEHSIOIIUMIUCS TPEOOBAaHUSIMU pEIIaeMbIX 3a1a4. Bo-BTOpPHIX,
OHa JOJKHA O0ecreunBaTh BO3MOKHOCTh 3allyCKa OJHHUX M TEX K€ MPOrpaMMHBIX CHCTEM Ha
pa3IMYHBIX aNMapaTHbIX IaTGopmax, T.e. 0OecleuYnBaTh MOOHMIBHOCTH IPOrPAMMHOTO
obOecnieueHus. B TpeTpux, 3Ta cpela H0JKHA TapaHTHUPOBATh BOZMOKHOCTh MPUMEHEHUS OJHHUX
U TeX K€ YEJOBEKO-MAIMHHBIX HHTEp(EcoB Ha BCEX KOMIBIOTEPAX, BXOJAIIMX B
HEOJHOPOJHYIO Ce€Tb. B yCIIOBHSX JKECTKOM KOHKYPEHLIMU IPOU3BOIAUTEIECH amIapaTHbIX
w1atrGopM M HporpaMMHOro obecrneueHus cHopMHUpOBaAIaCh KOHUEHIUS OTKPBITBIX CHCTEM,
IOpEJCTaBIsIIoNasl coOOM  COBOKYNMHOCTh  CTaHAApTOB HA  pa3jM4YHble  KOMIIOHEHTBHI
BBIYUCIUTENILHONW Cpebl, NMPEAHA3HAYCHHBIX Uil 00ecreueHuss MOOWIIBHOCTH IMPOTPaMMHBIX
CPEACTB B paMKaX HEOJHOPOJHOM, pacIpeIeICHHON BBIYUCIUTEIILHON CUCTEMBI.

OpgHuM U3 BapuUaHTOB MoOJENel OTKpHITON cpenbl sBisercs monenb OSE (Open System
Environment), mnpemioxennas komuretoMm IEEE POSIX. Ha ocHoBe »3Toifi Momenu
HAI[MOHAJILHBIA MHCTUTYT cTaHaapToB U TexHonoruu CIIIA Bemmyctun mokymeHT "Application
Portability Profile (APP). The U.S. Government's Open System Environment Profile OSE/I
Version 2.0", KOTOpbIi ompeaensieT pekoMeHayemble ansa denepanbHbix yupexaenuin CLIA
cnenuuKkanud B o01acT MH()OPMAIMOHHBIX TEXHOJIOTHH, O0ECIeUnBaOIINEe MOOHIBLHOCTD
CUCTEMHOTO M TMPHUKIAJHOTO MPOTpaMMHOro olecrmedeHus. Bce Benymue mNpoOU3BOIUTENN
KOMITBIOTEPOB U TiporpammHuoro odecrieueHusi B CIIIA B HacTosiee BpeMs MPUACPKUBAIOTCS
TpeOOBaHUI TOr0 JOKYMEHTA.
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12. HagexnocTs u oTKa3oycroiiunBocts MBC

OnHOM M3 OCHOBHBIX NPOOJIEM TOCTPOCHUS BBIYHUCIUTENBHBIX CHUCTEM OCTAaeTCs 3ajada
o0ecrneueHns UX MPOJIOJKUTENIBHOIO (P YHKIIMOHUPOBAHHUS.

Baxwneiimeil XapakTepUCTUKON BBIYUCIUTEIBHBIX CHCTEM SBISICTCA HAJEKHOCTh, T.€. padboTa
cucteMbl 0e3 cOOeB B OIPENENEHHBIX YCIOBHSAX B TEYEHHE OIPEJEIIEHHOIO BPEMEHHU.
[ToBbIIEHME HAIEKHOCTM OCHOBAaHO Ha IPUHLMIIE IPEIOTBPALICHUS HEHCIPABHOCTEH IyTEM
CHIDKEHMS] MHTEHCHBHOCTH OTKa30B M COOEB 3a CYET NPUMEHEHMs 3JIEKTPOHHBIX CXeM H
KOMIIOHEHTOB C BBICOKOW M CBEPXBBICOKOM CTEIECHBIO MHTEIPALlMM, CHUKEHUS YPOBHS IIOMEX,
00JIErYeHHBIX PEXKUMOB pabOTHI CXEM, 00ECTIEeYeHHs TEIUIOBBIX PEKUMOB X PaOOTHI, a TAKXKE 32
CYET COBEPUICHCTBOBAHUS METO/I0B COOPKU anmapaTyphl.

[loHsTHE HANEKHOCTH BKIIOYACT HE TOJBKO AammapaTHbIE CPEICTBa, HO M MPOrpPaMMHOE
o0ecrieyeHne, KOTOPOE MCIIONb3YEeTCs, B YACTHOCTH, JIJISl aHAIM3a IPOU3BOIUTEILHOCTH CUCTEM
U yIpaBJieHUs] KOHPUryparusiMi. [ JIaBHOW IIEJIbEO MOBBIIICHUS HAJICKHOCTH CHCTEM SIBIISICTCS
[EJIOCTHOCTh XPAHSIINXCS B HUX JIAHHBIX. EMUHUIICH N3MEPCHHSI HaJIS)KHOCTH SIBJISICTCS CPETHEE
BpeMsi HapaOoTku Ha oTka3 (MTBF - Mean Time Between Failure), nnaue - cpennee Bpems
0e30TKa3HOM pabOTHI.

OTKa30yCTOHYHMBOCTD - 3TO CIOCOOHOCTh BBIYUCIUTENBFHONW CHUCTEMBI MPOJOJDKATH JICHCTBHS,
3aJJaHHbIE IpOrpamMmoii, nocie BO3HUKHOBEHUS HEHCIIPaBHOCTEH. Beenenue
OTKa30yCTOMYMBOCTH TpeOyeT H30BITOYHOIO amMapaTHOr0 U IMPOTrpaMMHOIO OOECIeUEHUS.
HanpagieHusi, cBsi3aHHbIE C IPEAOTBPALICHUEM HEHCIIPABHOCTEH U C OTKAa30yCTOMYMBOCTHIO, -
OCHOBHBIE JIJIs1 00ecTieyeHns HaJie)KHOCTH. KOHIIENINY MapajuieIbHOCTH U OTKA30yCTOHYNBOCTH
BBIYUCIIUTENBHBIX CUCTEM €CTECTBEHHBIM 00pa3oM CBSA3aHbI MEXJy cOO0O0M, IOCKOJIBKY B 000MX
ciydasix TpeOyloTcs JONOJHHUTENbHbIE (DYHKIMOHAIBbHBIE KOMIOHEHTH. IlosTomy Ha
HapajjieNIbHbIX ~ BBIYMCIMUTENBHBIX ~ CHUCTEMax  JOCTUTaeTcss Kak  Hauboyiee  BBICOKas
POM3BOIUTENFHOCTh, TaK M, BO MHOTHX CIIydasiX, OYeHb BBICOKasi HAJISKHOCTh. VMeromuecs
pecypchl M30BITOYHOCTH B MapajlIeNIbHBIX CHCTEMaxX MOIYT TMOKO MCIIOJIb30BaThCsl Kak JUIs
NOBBIIICHUS] TPOM3BOAMTENBHOCTH, TaK W JUIA TOBBIIEHUS HaaexkHOCTH. CTpyKTypa
MHOT'OIIPOLIECCOPHBIX M MHOI'OMAIIMHHBIX CHUCTEM HPUCHOCOOJIEHa K aBTOMaTHYECKOH
pexoH(purypanum u o00ecreuyuBaeT BO3MOXKHOCTH IPOJOJDKEHUS PAaOOTHI CHCTEMBI MOCHE
BO3HUKHOBEHUS HEUCIIPABHOCTEIA.

B Hactosmiee BpemMs 3TH J1Ba MOHATHUS - HAJICKHOCTU U OTKa30yCTOMUYMBOCTHU - IPU ONMUCAHUU
KOMITHIOTEPHBIX CUCTEM YacTO CMEUIMBAIOT. BO MHOTOM 3TO OOBSICHATCS TEM, YTO TTOJIb30BATEIIS
(He 00s13aTeTbHO MHIUBHUYaJIbHOI'0) MHTEPECYET IIAaBHOE: BBIYMCIUTEIbHAS CHUCTEMa JOJDKHA
paboTars HE0OXOAUMOE BpEMsI M TIPEIOCTABIIATh ONpeeNeHHbIN Ha0op yciyr. s JOCTIKEHUS
0e30TKa3HOM pabOThl HCHOJB3YIOTCS pa3HblE IPUEMbI, YacTb W3 KOTOPBIX MbI 3/1€Ch
paccMaTpuBaeM, HE aKLIEHTUPYS BHUMaHMS HAa TOM, K KAKOMY M3 BbIIIEYKA3aHHbIX MMOHATUH 3TH
IPUEMBI OTHOCSITCSL.

JI1s1 TOBBITIIEHUST HAICKHOCTH MH(GOPMAIITMOHHO-BBIYUCIUTEIILHON CUCTEMBI UICATBHOM CXEMO
ABIISIIOTCA ~ KJIACTEpHbIE CUCTEMbl. brarogapss e€IMHOMY MPEICTaBICHUIO, OTHAEIbHBIE
HEWCIIPAaBHBIE Y3JIbl WJIM KOMIIOHEHTHI KjacTepa MOTYT ObITh 0€3 OCTaHOBKM pPaOOThI U
HE3aMEeTHO JJIsl TOJIb30BATENs 3aMEHEHbI, YTO O0ECHeUMBaeT HEMPEPhIBHOCTh U O€30TKA3HYIO
paboTy BBEIYUCIUTENBHON CUCTEMBI JIa)K€ B TAKUX CJIOKHBIX MPUIIOKEHHUSIX Kak 0a3bl JaHHBIX.

OcHoBa HaJEKHOCTH KJIACTEPA - 3TO HEKOTOPOE M30BITOYHOE KOJIMYECTBO OTKA30yCTOWYMBBIX
cepBepoB (y3710B), B 3aBUCUMOCTH OT KOH(PUTYypalllu KiacTepa U ero 3ajaay.
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Kinacreprass koHdurypamus y3JioB, KOMMYHUKAIIHOHHOTO OOOPYIOBAHHS M IAMSTH MOXET
o0ecreunTh 3€epKaTUPOBAHUE JIaHHBIX, PE3epPBUPOBAHHE KOMIIOHEHTOB CAMOKOHTpPOJS U
MPEAYNPEXKACHUSA, A TAKKE COBMECTHOE MCIIOJIB30BAHUE PECYPCOB I MUHUMH3ALMHU NOTEPh
IIPY OTKA3€ OTAEIbHBIX KOMIIOHEHTOB.

PeH_IeHI/IC, o6ecneana10mee IOBBIIICHHYIO OTKaSOYCTOﬁqHBOCTB CCpBCpPa, JOJDKHO BKIIIOYATh!:

e KOMIIOHEHTHI C "Topsiueii" 3aMeHOM;

e JINCKHU, BEHTUJISATOPHI, BHEIITHUE HAKONIUTENH, ycTpoiicTBa PCI, HCTOUHUKY TUTAHUS;
e  M30BITOYHBIC UCTOYHUKU MUTAHUS U BEHTUJISTOPBL

e ABTOMATHUYECKHUU IMEPE3aryCcK U BOCCTAHOBJICHUE CUCTEMBI;

e MaMATh C KOppPEKLKEH OIINOO0K;

e (GYHKUUU POBEPKU COCTOSIHUSI CUCTEMBI,

e TPEBEHTHUBHOE OOHAPYKEHUE U aHATN3 HEUCIIPABHOCTEI;

e CpEICTBA YHAJICHHOTO aJIMUHUCTPUPOBAHUS CUCTEMBI.

Bo wmHormx caywasx KkiacTep, Kak TUOUYHBIN mnpeacrtaButrenb MBC, mnpencrasnsercs
MIOJI30BATENIO M aJIMUHUCTPATOPy Kak eAuHas cucreMa. HaOmromeHue 3a cHCTEMOW BKIIIOYAET
cOOp, XpaHEHHE W U3BICYCHHME TaKUX I[IOKa3aTelel Kak WCHOJIb30BaHUE IEHTPaIbHOTO
mpoueccopa M MaMsITH, TeMIepaTrypa CHCTEMbl M IPOLECCOpa, CKOPOCTh BpallleHUs
BEHTWJISITOPOB; ST M JIpyrHe MapaMeTpbl MOMOTAIOT IOJIb30BATEISIM M aJIMUHUCTPATOpaM
MIOHUMATH O0IIEe COCTOSTHUE CUCTEMBI U 3PPEKTUBHOCTH €€ NCIIOJIb30BAHNS.

Ennnoe ympaBieHue cucTteMamMu KiacTepa MO3BOJSIET MaKCHMAlIbHO YBEIWYUTH MEPUOJ
0e30TKa3HOI paboThl, KOHTPOJIb U YIPABICHUE MPUIIOKEHUSIMU, ONIEPAIUOHHBIMU CUCTEMaMH U
amnmapaTHeIMH cpencTtBamMu. [Ipu 3TOM Bce y37bl KacTepa YIpPaBISIOTCS W3 €AMHOTO IIEHTpa
KOHTPOJISL.

[IporpaMMbI-yTHIUTE OOECTIEUUBAIOT YIYUIICHUE 3AIIUTHI U BO3MOXHOCTH BOCCTAHOBJICHHUS
JAHHBIX, a TaKKe CrIIAKHUBAIOT IMOCIEACTBUS cOOeB B pabore 00OpynOBaHUS IS KOHEYHOTO
nonb3oBarens. OnepanMoHHas cucTeMa KiacTepa CIYKHT JJIs yIpaBieHHUs BCeMU (QYHKIUSIMU
KJ1acTepa.

[IporpammHoe oOecrneueHHe JaeT BO3MOYKHOCTb OpPraHu30BaTh 3()(EKTUBHYIO CIIYyXKOY
COIIPOBOKICHHUS W MOHHTOPWHIA PpEIICHUs, IMO3BOJIsII COOMpaTh JaHHBIE HA YPOBHE Y3Ia,
UCIIOJB3Ysl IUIATy YNpaBieHUs. BaXHbIM HallpaBIICHHEM SBJISETCS COBEPLICHCTBOBAHHE U
pasButue OubOmmorekn MPI u pasBuTHE CHCTEMBI OTIAAKH NapAUICTBHBIX IPOTPAMM,
pabortarounx Ha MBC. K Hell oTHOCATCA OTJIQAYUKHU, NPOQMIMPOBIIMKH, OOECIeUHBaIOLIIe
KOHTPOJIb HaJl IPOXO0KICHUEM 3a/1a4.

B omepammonnoit cucreme HP-UXI11i, co3gannoit kommanueit Hewlett-Packard n
npeHa3HAuYCHHOW U1l 00CTY)KMBAaHHUS KPUTUYECKU BaKHBIX 3a7ad B Internet, 1uisi MOBBIIICHUS
HaJISKHOCTH MPEIYCMOTPEHAa BO3MOXKHOCTh MOJIKJIFOYCHUS JIOMOJIHUTEIBHBIX MPOIECCOPOB 03
nepesarpy3ku OC. [Ipumenenue ¢aitnioBoii cucremsl Veritas gaeT BO3MOXKHOCTb PE3EPBHOTO
KONMUPOBaHUS B pexkume online u aedparMeHTalMu AMCKOB 0€3 BBIKIIOUCHUS CHUCTEMBI.
OmnepanuoHHast CHCTEMa MOKET OTKJII0YaTh HEPaOOTOCIIOCOOHBIE MPOIECCOPHI U OJIOKU MaMsTH
0€3 BBIKJIFOUEHUS CUCTEMBI.

Cucremsbl XPpaHCHUA OOJIZKHBI OBITh MpeaCTaBJICHBI RAID-cucreMaMu BBICOKOM T'OTOBHOCTH.

M30bITOUHBIC COCAMHCHUA OOJIXKHBI o0ecIreynBaTh AOCTYIIHOCTh JAaHHBIX AK€ B CJIy4ac BbIXOJa
H3 CTPOA Y3JI0B, KOHTPOJUICPOB HIIN KabeseH. COG,I[I/IHGHI/IG C CUCTCMaMU XPaHCHHUA NAHHBIX B
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KJIacTepe MOXET OBITh peai30BaHO KakK C HCHoib3oBaHueM wuHTepdeiicoB SCSI, Tak u Ha
ocHoBe Fibre Channel Texnomnoruu.

JUii CHUHXpOHM3AaLlMM U COBMECTHOM pPabOThl CepBEpOB B KadyecTBE KiacTepa HEOOXOAMMBI
N30BITOYHBIC COSAMHEHUS MKy CEpBEpaMHu, Ha3bIBaeMbIe "CUCTEMHBIM coequHenneM" (private
interconnect). CUCTEMHOE COEIUHEHUE MCIIOJIB3YETCs JJs Mepellaud CUTHAJIOB O COCTOSHUM
CEpBEPOB, a TAK)KE MPUMEHSETCS MapaIeIbHBIMUA 0a3aMU JAHHBIX JUISI IEpeadl TaHHBIX.

KaractpodoycroiiunBsle pemIeHus: CO3MAIOTCS HAa OCHOBE PA3HECCHHS Y3JIOB KIACTEPHOU
CUCTEeMbl Ha COTHU KHJIOMETPOB M OOecleyeHHs MEXaHM3MOB TIJI00aTbHOW CHHXPOHU3ALUU
JAHHBIX MEXK]Ty TAKUMU y3JIaMHU.

B kayecTtBe mpumepa MOBBILIEHHUS HAAEKHOCTH KJIACTEPHON CHUCTEMbI IMpPHUBEIEM pELICHUS
¢upmer  Hewlett-Packard. B 3Tux pemenusx, B 3aBHCHMOCTH OT HYXHOTO YpPOBHS
OTKa30yCTOMYUBOCTH, CEPBEPHBIE Y3JIbI KJIaCTEpa Pa3MELIAI0TCs CIEAYIOIIMM 00pa3oM:

e IEHTPAIN30BAHHO (JOKAJIBHBIN KJIACTEP);

e I10 COCEIHUM 3JaHUSIM (KaMITyCHBIN KJacTep);

e [0 HECKOJIbKUM TEPPUTOPHSM B IIpeesiax ropoja (MeTpo Kiacrep);

e B pa3HBIX TIOpOJaX, CTpaHaX WJIM KOHTUHEHTaX ([Ba CBS3aHHBIX KJacTepa -
KOHTHHEHTAJIbHBIN KJ1acTep).

B nomonnenne Kk ayOAMpOBAaHHOMY IIEHTPAIbHOMY KOMMYTAaTOpy, BCE ammapaTHbIC
KOMITOHEHTBI: CHUCTEMHBIM KOHTPOJUIEP, UCTOYHUKW MUTAHUS, CUCTEMBI OXJIAXKICHUS, Yachl -
MOJHOCTBIO NyOnmupoBaHbl. CrcTeMa HE UMEET eIUHUYHON TO4YKM cOos. J{s cpaBHeHuUd - eciu
TAKOM MPOCTOM AJEMEHT KaK CUCTEMHBIE Yachl BBIMJET U3 CTPOs B JoporocrosmemM cepsepe HP
Superdome unu IBM p680, Bcs cicteMa mpekpatuT padoTy.

B cucremy nomKkHBI OBITH 3apaHee YCTAHOBIIEHBI WM CKOH(HUTYPHUPOBAHBI 3arlacHbIe MOJYJIH,
TaK 4YTO IIPU OTKAa3€ OAHOIO M3 MOAYJIEH 3alacHOM MOJIYJb MOKET 3aMEHUTb €ro IIPAKTUYECKH
HemeaneHHo. OTka3aBIIMN MOAYJIb MOMKET PEMOHTHUPOBATHCS aBTOHOMHO, B TO BpeMs Kak
cucTeMa MpoJobKaeT paboTars.

[IpuHnmn OBICTPOro MPOSIBICHUS HEUCHPABHOCTH OOBIYHO pealn3yeTcsl C IMOMOIIBI0 JBYX
METO/IOB - CaMOKOHTpPOJS U cpaBHeHHUs. CpelncTBa CaMOKOHTPOJS MPEANOJararoT, 4To MpU
BBIMIOJTHEHUH HEKOTOPOW OMepalnuyd MOAYJb JeNaeT U HEKOTOPYIO JIOTOJHUTENbHYIO paboTy,
MO3BOJISIIONIYIO TOJATBEPIUTh MPABWIBHOCTh TMOJYYEHHOTOo cocTosHus. [Ipumepamu 3Toro
METOJIa SIBJISIFOTCS KOJABI OOHApY)KeHHsI HEUCIIPAaBHOCTU MpPHU XPAaHEHUWU AAaHHBIX U Tepeaayde
cooOmieHuid. MeTosl CpaBHEHUSI OCHOBBIBACTCS HA BBHITIOJIHEHUHM OJHOM W TOW K€ OIepanuu
IBYMsI WM OONBIIMM YHCIOM MOJYJNEW M COMOCTaBICHHHM pPe3yabTaTOB Kommaparopom. B
cirydae 0OHapy)KEHUsSI HECOBITAJICHUS Pe3yIbTaTOB paboTa MPUOCTAHABIMBACTCS.

MeTonbl CaMOKOHTPOJISI OBUTH OCHOBOW ITOCTPOCHHSI OTKA30yCTOWYHMBBIX CHCTEM B TCUYCHHE
MHOTHX JieT. OHU TpeOyroT pealu3aluy JOMOJHUTEIBHBIX CXEM M BpPEMEHHU pa3paboTKH H,
BEpOATHO, OyayT JOMHUHUPOBATH B YCTPOMCTBAaX MaMsATH M YCTPOWMCTBAaxX CBs3W Onarogaps
MPOCTOTE W SICHOCTH JIOTHKU. OJHAKO JUIS CIIOKHBIX YCTPOWCTB OOpabOTKM JTaHHBIX
SKOHOMHYECKHE COOOpa)KEHUS, CBS3aHHBIE C TPUMEHEHHWEM CTaHJApPTHBIX MAacCOBBIX
KOMIIOHEHTOB, HAaBSI3BIBAIOT MCIOJIB30BAHHE METOAOB CpaBHEHHUs. [IOCKONBKY KOMIapaTopbl
CPaBHHUTEIHHO MPOCTHI, UX MPUMEHEHHE JaeT HEKOTOPOE YBEIMUYEHHUE JIOTHYECKHX CXEeM MpHU
CYIIECTBEHHOM COKpAIllCHUH BpeMeHU pa3paborku. CieayeT OTMETHTh, YTO B 0OoOJiee pPaHHHX
OTKa30yCTOMUMBBIX KOHCTpYKUMSX 30% norumdeckux cxem mnporeccopoB u 30% BpemeHu
pa3paboTKU YXOAWJIO Ha pealu3aluio CPeACTB CaMOKOHTpousis. C ATOH TOUKHM 3PEHUSI CXEMBI
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CpPaBHEHMs J100aBIIAIOT JIMIIb YHHUBEpPCAIbHBIE CXEMbl C MpPOCTOM Jorukoi. B pesynbrare
COKpAILAIOTCs 001IMe pacxo/ibl Ha pa3paboTKy U JOTHKY.

Eme ogHuM CpencTBOM MOCTPOCHUS OTKA30YCTOWYMBOM AapXUTEKTYPhl SIBISIETCA MPUHIUIT
IyOnmupoBaHUsSl  IYIUIGKCHBIX MOJYyJIEH, KOTOPBIM MpEeaArosaraeT Co3/laHue HEKOTOPOM
KOMOMHaIMu JBYX Moxaynei ("cymepmoayns'), MOCTPOSHHBIX Ha MPUHIMUIAX OBICTPOrO
MPOSIBJICHUSI HEUCTpaBHOCTU. Takoi '"cymepmonynp" mnpoaomkaeT paboTaTh, Jdaxe Koraa
OTKa3bIBaeT OJHMH U3 CYOMOMIYJIEH.

JybnupoBaHue qyIIEKCHBIX MOy el TpeOyeT Gombiero oobemMa 000py10BaHUs, HO MTO3BOJISET
JieNaTh BBHIOOP OJHOTO M3 PEKUMOB pabOTHI: OpraHU3alUi0 MO0 JABYX HE3aBUCHUMBIX
BBIYMCIICHUHM Ha MPUHIUIAX OBICTPOrO MPOSBICHUS HEUCIPABHOCTH, BBINOIHSIOMUXCA HA ABYX
napax MoOyJied, MO0 OJHOTO BBICOKOHAJIE)KHOTO BBIYHMCIICHHUS, BBIMOJHSIOUIETOCS Ha BCEX
YeThIpeX MOIYJIX.

H€O6XOI[I/IMO IIOMHUTB, YTO CcaMa I10 cebe M30BITOYHOCTD TOJIBKO CHUIKAET HaACKHOCTD B ClIydac
,IKY6J'II/IpOBaHI/I$I H TpOUPOBAHUA. Z[J'IH CYHICCTBCHHOI'0 YBCIMWYCHUA YPOBHS TOTOBHOCTU
N30BITOYHAS KOHCTPYKIHA JOJIDKHA obecneunBaTh BO3MOXKHOCTh pPEMOHTAa HW 3aMCHBI
OTKa3aBIIIHNX MOI[y.HGfI.
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13. Kuacrepsl M MacCHBHO-Iapa/lie/ibHble CHCTeMbl PAa3JIMYHBIX INPOM3BOAMTEJIE.
Ipumepsnl kiaactepubix pemienuii IBM. Ilpumepsl kiaacrepubix pemennii HP. Ilpumepst
KJIacTepHbIX pemeHuit SGI

Pa3BuTHe cCeTEeBBIX TEXHOJIOTHH IMPHUBCJIO K IIOABJICHUIKO HCIAOPOTHUX, HO 3(1)(1)6KTI/IBHHX
KOMMYHUKAIITMOHHBIX peHIGHHﬁ. 9710 n npeaonpeacinio IIOABJICHUC KJIIaCTCPHBIX
BBIYUCIUTCIBHBIX CHCTEM, Q)aKTquCKI/I ABJIAOIMIUXCA OJHUM U3 HaHpaBJ’IeHI/Iﬁ Pa3BUTHA
KOMIIBIOTCPOB C MaCCOBbIM napajijicjanu3MOM. Kmaccunueckne CYNECPKOMIILIOTEPHI,
HCIIOJIB3YIOMUEC CTICHHUAIIM3UPOBAHHBIC MTPOLIECCOPLI TAKUX HpOHSBOI[HTCJ'IGfI KaK Cray i NEC
(BGKTOpHO-HapaHJIeJII)HI)Ie nin MaCCI/IBHO-HapaJIJIGJH)HI)IG), HCACHICBBI, MMO3TOMY U CTOMMOCTDH
HOI[O6HBIX CUCTCM HECpaBHHUMa CO CTOUMOCTBIO CHCTEM, HaXOIJAIIUXCA B MACCOBOM
IMPON3BOACTBC.

a Cluster-awares
applic

Middleware

Operating system

Servers, interconnect
and storage hardwars

Puc. 13.1. Tlupamuia ypoBHEH KJIaCTEPHOU CUCTEMBI

Beruncnurensnbie cucreMsl (BC), cozmaBaeMble U3 MacCOBO BBIITYCKACMBIX KOMIIOHEHTOB, CTAJIH
QIBTEPHATUBOW TPAIUIIMOHHBIM CYIIEPKOMITBIOTEPHBIM cUcTeMaM. [Ipu BBIOJHEHHHM MHOTHX
NpUKIATHBIX 3amad Takue BC, ngaxe c¢ HeOombmuM wid cpegauM (mo 128-256) guciom
BBIYUCIIUTEILHBIX MOJyJICH, MOKa3bIBAIOT MPOU3BOIAMTEIBHOCTD, HE YCTYMAIONIYIO WU JaXe
MPEBOCXOJIAIIYI0  NMPOU3BOJUTEIBHOCT  TPATUIMOHHBIX  CYIICPKOMITBIOTEPOB  Kak ¢
pacmpeieieHHOM, Tak M C paszaensemoid mamatbio. Ilpu stom takme BC oGmagaior psaom
MPEUMYIIIECTB, CPEIu KOTOPBIX: OOJee HU3Kas CTOMMOCTh, KOPOTKHW IUKI pa3paOdOTKH W
BO3MOXXHOCTh OIIEPATUBHO HCIOJb30BaTh HauOoyiee JPPEKTHBHBIC BBIYUCIUTEIBHBIC H
KOMMYHHKAITMOHHBIC KOMIIOHCHTHI M3 WUMEIONIMXCS Ha PBIHKE BO BPEMS CO3JAHUS CHCTEMBI.
[TooTOMy HEYIMBUTEIBHO, YTO BEAYIIHME Pa3pabOTUUKU BBICOKOIPOU3BOAMTEIBHON TEXHHUKH
MPHUCTYIIIIN K CO3JJaHHUIO KITACTEPHBIX CHCTEM.

IHpumeps! kinacTepHbix pemnenuid IBM

B nauane 2000 r. cneuuanuctel IBM cozmanu Linux-kinactep W3 yCTaHOBIEHHBIX B CTOWKE
cepBepoB IBM xSeries, 00beTUHUB UX C COOTBETCTBYIOIIUMH CETSIMH, CUCTEMaMH YIPaBICHUS
(ammapaTHOE M IporpaMMHOE obecredyeHue) u HeoOxoauMeiMu yciayramu. Ilocie Bbinmycka B
2001 r. knactepa 1300 komnanus IBM npencraBuna kinacrep 1350 na npoueccopax Intel Xeon.

Cxema Linux-kiactepa WM CylnepkiacTepa HETpUBHalbHA. B Hell wnMeeTrcs HECKOJIBKO
JIOTUYECKUX CJI0€B, U YPOBEHb CIOXHOCTH BO3PACTaeT MpPU YBEIWYCHHH pa3Mepa CHUCTEMBI.
Crour OTMETHTh, 4YTO Ha OOJBIIMX CHCTEMAaX IPOCTOE BOCIPOU3BEICHHE B OOJIBIIOM
KOJIMUECTBE MAJIbIX KJIACTEPOB MOYTH HUKOT/IA HE IPUBOJUT K YCIIEXY.
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XOTsl 4MCIO Y3JI0B, HEOOXOAMMBIX [JISi PEIICHHUS 3aJaud, JTIOBOJIBHO JIETKO OLIEHUBACTCS IS
J000T0 MPUIIOKEHHSI, TPEOYEMOE YUCIIO Y3JI0B B ICWCTBUTEIHLHOCTH OKa3bIBaeTCs OOJbIIE U3-3a
HEOOXOJMMOCTH MMETh CEPBUCHBIC Y3IIbI, OOCITYKHBAIOIINEC HHPPACTPYKTYpY Kiactepa. Tak,
IUISE Kaxabix 32-64 y310B, B 3aBUCMMOCTH OT KOMITIOHOBKH, HEOOXOIMM IICHTPAIbHBINA Y3eIl.
Ecim Takoi y3en UCnoiib3yeTcsl KaK BRIYHCIUTEIBHBIN, Y HETO JIOJDKHA OBITh COOTBETCTBYIOIIAS
KOH(UTypanus.

B nmr06o0it cucteme A0MmKeH ObITh YNPaBISIIOIIMKA y3€l, KOTOPBI, B YaCTHOCTH, MOXET OBITh U
OJIHAM W3 TJAaBHBIX y3JIOB. JlJIs OopraHu3anuy BBOJA/BBIBOJA TaKXKE HEOOXOIUMBI OTACIHHBIC
y371bl, KOTOpBIE paboTaioT Jub0 ¢ ycTpolicTBaMU XpaHeHUs HHpopmanuu, MO0 C CETeBBIMU

pyTepamu.

OcHoBoii Linux-kiacrepa SIBIAIOTCS TUIOTHO YIIAKOBaHHBIE CHCTEMBI ¢ mporeccopamu Intel,
yCTaHOBJIEHHbIE B cTolike. Hanbomee yacTo ncnoib3yeMbIM MOIYJIEM sIBJI€TCS cTaHaapTHas 19"
CTOMKa. BHYTpH CTOEK ycTaHaBJIMBAIOTCS Y3Jbl, ammaparypa ais 3(pQeKTuBHOTO coennHeHHS
KOMITOHEHTOB, TaKasi Kak KOMMYTaTOpPbI WK XaObl, annapaTypa yIpaBieHHUs BHYTPEHHEH CEThIO
CUCTEMBI, TEpPMUHAIIbHBIE CEPBEPHI U T.I1.

Y3am1 MOTYT OBITH (1)YHKI_[I/IOHEUIBHO O6T>€,I[I/IH6HBI B ABC I'PYIIIIbIL:

1. BbruvciuTenbHble Y37bl, BBINOJHSIONIME OCHOBHBIE BBIYMCIUTENbHBIC 3aJauM, AJis
KOTOPBIX CIPOEKTUPOBAHA CUCTEMA.

2. V3nbl uHGPACTPYKTYphl, TaKWe KaK Yy3JIbl BBOJA-BBIBOJA, Y3JIbI YNPABICHHUS M Y3IIbI
3aIIOMUHAIONINX YCTPOUCTB. Y316l HHOPACTPYKTYpPhI OOCCIICUYUBAIOT YIPABICHUE
CUCTeMaMH U  33/JIaHHBIMU  (QYHKIUSMH, HEOOXOAWUMBIMU i  OOBbEeIUHEHUS
KOMIIBIOTEPHBIX Y3JIOB B CUCTEMY.

YnakoBKa BEIYMCIUTENBHBIX y3JI0B, HACKOJIBKO 3TO BO3MOXKHO, JOKHA OBITh IJIOTHOW M UMETh
JOCTaTOYHBIE BO3MOXKHOCTH JJs1 3((HEKTHUBHOTO COEAMHEHUS KOMIOHEHTOB. CyIIECTBEHHO
BKJIFOYEHUE CEPBUCHOTO Tpoleccopa g (yHKIMA yrpaBieHus cucteMamu. CTaHIapTHBIM
BBIUMCIUTENBHBIM y3710M Juist kiactepa 1350 sBnsercs IBM xSeries 335. DTo mo3BosiseT ouH
win aBa nporeccopa Intel Pentium 4 (Xeon) ¢ ObICTpOil TUHAMUYECKON MAMATHIO M TUCKOM
pa3Meniath B crangaptHoMm kopryce pasmepom "1U". CumBon 1U oGo3nagaer 1,75 nroiimoB
BBICOTHI B cTaHAapTHOM 19-moiimoBoM kopmyce. X335 mnMeeT BCTPOECHHBINM CEpBUCHBIN
MIPOLIECCOP U JIBA CJIOTA JJISl COSAUHEHHS C IPYTUMHU KOMIIOHEHTAMU CUCTEMBI.

["onoBHBIE Y371BI, Y3761 YIPABICHHUS U Y3JIbI 3aIIOMHUHAIONIUX YCTPOMCTB 00ECIIEYMBAIOT 0COObIE
GYHKIMM A yrmpaBlieHHs KiacTepoM (oOecriedeHue 3arpys3KH, YIpaBJIeHHE YCTPOHCTBAMH,
BHEIIHUH BBOJ/BbIBOA 1 T.1). CepBep 2U IBM xSeries 345, ocHOBaHHBII Ha mporeccopax Xeon,
B Kkiactepe 1350 umcmonmb3yeTcs Kak y3es yINpaBleHHS M XPAaHCHUs AAHHBIX U MOXKET TaKKe
MMPUMCHATBCA KakK BBEIYHCIIMTEIBHBIN Yy3€IL. KOMMYTaTOpI)I HCIIOJIB3YIOTCA JJIsA
MEKIPOLIECCOPHOTO COEAMHEHHS B MapajyieIbHOM INPOTPAMMHUPOBAHUU M JUISL Pa3IUYHBIX

(GyHKIMI ynpaBiieHuUs.

JIJis mapaiieIbHOTO MTPOrPaMMHUPOBAHUS B KAYECTBE MEKITPOIECCOPHOTO COSAMHECHHSI OOBIYHO
UCTIONIB3yeTCsT KomMmyTatop Myrinet ¢upmbl Myricom. [IponyckHas CIIOCOOHOCTh KaHaia
cocrapisieT mpuba3uTebHo 200 MOaidT/c B Ka)X/I0M HAIlPaBJICHUH CO BPEMEHEM 3aJICPKKU 6-8
MKC.

Ecnmu mapamienpHOe MpOrpaMMHOE OKPYXKEHHE TpeOyeT MEHbBIIE MEXIPOIECCOPHBIX
COCIMHEHUHN, TO BBICOKOCKOPOCTHBIE COEIWHEHUS MOXHO 3aMEHHTb Ha Ooyiee JerieBbie
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npoaykTsl Tuna Ethernet. [l 3aka3unka moryT ObiTh BeIOpansl GigaNet, Quadratics, SCI nnm
ServerNet. B nanpHeiimeM, mociie 1opabOTKH, MOKHO BbIOpaTh InfiniBand.

KoMMyTaTops! HCIONB3YIOTCS U1l IOCTPOEHUST BHYTPEHHHMX CETEH IS CUCTEM YIPABICHUS U
uHTep(deiica BHEMIHUX ceTell. B kauecTBe anbTepHAaTUBHBIX PEIICHUN 3aKa34MKy IpeiararTcs
paszinyHbie KoMMyTaTopsl OT Cisco.

TepMI/IHaJ'IBHBIe CCPBECPLI o0ecneynBaoT y,I[aJ'IeHHBII‘/‘I AOCTYII K KOHCOJISIM OoC Y3JI0B 4epe3
MMOCJICAOBATCIIbHYIO CCTh. I[OHOJIHI/ITGJH)HI)IG q)YHKHI/IOHa.HI)HI)Ie BO3MOXXHOCTH IIO6aBJI$[IOTC$I
MMOCpCACTBOM KJIaBHATYPhI, MbIIIIH, MOHUTOPA.

Bremnue ycrpoiictBa BBo1a/BbiBoIa, Takue kak SCSI Raid, 1omKHBI OBITh B CTOWKAX € Y3JIaMH,
KOMMYTaTOpaMU U T.[I.

OCHOBHOE OTJIMYUE COCTOMT B cOOpKe (MHTerpauuu). B To Bpems kak kiacrep Ajs 3aKa34MKOB
MO3KET OBbITh cOOpaH B JOOOM YUPEKICHUM WM JaXe Ha MOy Yy 3aKa3uuka (HeyJqadHas uzes),
TO ammapaTHas 4yacTb kiactepa 1350 mpousBoauTcs (T.e. MHTETPUPYETCs) U TECTUPYETCs Ha
3aBoje IBM. Ilporecc cOopku knactepa B 3aBOJACKUX YCIOBHUSAX 00JIa1a€T PSAIOM MPEUMYIIECTB.

[Tpumep koudurypamuu knacrepa 1350 npusenen B Tabnuue 13.1.

[Tporpammuoe obecneuenue (I10) ansa knacrepa 1350 cymiecTBEHHO 3aBHCHUT OT TpeOOBaHMMA
3aKa3zyuka. JoNoJHUTENbHBIE TEXHUYECKUE YCIOBHSI MOT'YT TOTPEOOBATH OCOOBIX MPOrPAMMHBIX
nakeToB. KomMepueckuil mnporpaMMHbII IakeT, HalpuMep, MOXET BKIoYaTb B cels
WebSphere, DB2, MySQL u 1.1. HPC naker moxer Bximrouate MPICH, PVM, Maui Scheduler,
MaTeMaTHuecKue OMOIUOTEKH, TPAHCIATOPbI, MPOGUINPOBLIMKY U T.1.

OneparuBHas cuctema Linux HMHCTaUIMpOBaHA Ha KaXIoM y3ne kimacrepa. Kmactep 1350
3amyckaercst mog Red Hat Linux. B nanpneiimem manupyercst craButh OC SuSE (4Q02).

VYnpasnenne cuctemamu kimactepa it Linux (CSM) — 3TO JNHMIIEH3MOHHBIN MPOTPaMMHBIH
npoaykt IBM. On oOecneunBaer (QyHKUMU yNpaBICHHsS CHCTEMaMH, CXOAHBIMU 10 (opme ¢
nporpaMmmaMu MoOJJIEp>KKHU napamienbHbix cucteM (Parallel System Support Programs — PSSP)
st AIX-cuctem yposas noaaepxku Ha RS/6000 SP. CSM — 3To cTaHgapTHBIN OporpaMMHBIN
npoAykT Juist kiacrepa 1350.

CSM s Linux BK/IIOYaeT TEXHOJOIHIO, U3BjiIeueHHyto U3 PSSP, u ceiiuac nocrynnyro Ha AIX
JUTSL YIIPABIICHUS KJIacTepaMu, cOOpaHHBIMU M3 CepBEpoB xSeries M 3amyckaeMbiMu 1oj Linux,
cepsepamu IBM pSeries, ynpaBasembiMu AlIX, unu xomOuHanuei o0eux omeparroHHBIX
CHUCTEM.

Tabmuna 13.1. Koudurypanus knactepa 1350.

Yuciao Ckopoctb Hamars |Buyrpennsisi |CoeauHenme
Kaace y3JI0B Npoueccopa, |CUcCTeMbl, |MAMATb, KJjacrepa,
kiaacrepa |[I'To I'daiiT I'0aiiT Mowut/c
I ET— 8 2,0 0,512 18 10/100
Ethernet
Cpexnmii 32 2,4 1 18 10/100
peHum Ethernet
Ipodeccuonanbusplii |128 2,8 1 36 Gigabit
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Ethernet

Bbicoko- 64 2,8 1 36 Myrinet-2000
MPOU3BOIUTEIbHbII

IIpuMmepsl knacTepHbIX pemiennit HP

Crnusinue B 2002 r. komnanuiit Hewlett Packard u Compaq ob6ecnieunnio HP mpodnoe nonoxkenue
aujepa mo mpojaaxke Linux-cucreM, COOTBETCTBYIOIIUX WHAYCTPUAIBHBIM CTaHIapTaM Ha 0ase
apxutektyp [A-32 u [A-64. JlanHas TeXHOIOTHS JAOMOJHEHA MOIIHON MOAIEPKKON pa3paboToK
sapa Linux Ha 6a3e cemeiicTBa Itanium, a Takke pa3pabOTOK C OTKPHITHIM KOJIOM B IICJIOM.

Kunactepsr HP cTpositcst myTeM 00bequHEHNSI KOMIIBIOTEPOB B TPYIIIbI, KOTOPbIE HA3BIBAIOTCS
"kiactepamu npeanpusaTus’. Kaxasiii y3en kiaactepa UMeeT 1o KpaHel Mepe OJUH MPOoIeccop,
OMEpaTUBHYID TMaMATh U 00pa3 oOmepalroHHOW cHucTeMbl. [l CBA3M MEXAYy Yy3JlaMu
HCIIOJIB3YIOTCA CIICHUAJIBHBIC IIPOTOKOJIBI CBA3U U CUCTCMHBIC ITPOLICCCHI.

Ionnepxka OC Linux co croponst HP oxBatbeiBaer Bce cemeiictBo cepBepoB HP, ocHOBaHHBIX
Ha apxutektype Intel (IA-32 u [A-64), BkiIrodas Bce cepBepbl MPOMBIIUIEHHOTO cTangapta HP
ProLiant, cBepxmiotHyto (blade) apxurekrypy, paboume cranmuun HP, HacTtonbHbIe
KommbloTepsl Evo, oTenpHble OpTaTUBHBIE KOMIIBIOTEPHI, cepBepbl ProLiant 1iist mpuMeHeHus
B KayeCcTBE MEKCETEBBIX HKPAHOB M Jake TNopTaTuBHBIE YycTpoiictBa iPAQ. HP Ttaxke
npopoipkaer noaaepxkuBath TexHosoruto OC  Linux ans  apxutektypsl  AlphaServer,
paspabortannyto kommnanueir Compaqg. OC Linux pabotaer Ha Alpha cucremax, HaunHas ¢ 1994
r. OTto ObL1 HepBblil mpuMep 64-pa3psaHON cucTeMbl ¢ mojjaepkkoi Linux. MIMeHHO ¢ Hero
HavaIuch coBpeMeHHble paspadbotku OC Linux Ha 0a3ze cemeiicTBa [tanium. HP moxnepsxuBaer
Ha cBoMx cepBepax auctpuOytuBel Red Hat u SuSE, nmnanupys ocymiecTBISATH MOIIEPXKKY
TucTpuOyTHBOB onepannoHHON cuctembl UnitedLinux mocnme ee Bbimycka. HP mpemnaraer
3aKa34MKaM BO3MOXKHOCTb Ipe/IBapUTENbHO ycTaHOBUTH M00yt0 OC Linux Ha BbIOpaHHBbIE
cepBepsl ProLiant u paboune cranuuu Evo.

HP nonnepxana nmadoparopuro Sandia B ee ImiaHaxX MO pa3BEPTHIBAHUIO KIACTEPHON CHCTEMBI
Cplant Ha 6a3e OC Linux ¢ caMoii BBICOKOW Ha CETOAHS MPOU3BOAMUTEIbHOCTHIO. Ceituac HP
copmectHo ¢ Pacific Northwest National Laboratories paboraer Hax co3naHueM
BBIYHMCIIUTEIILHON CUCTEMBbI, ocHOBaHHOM Ha 1400 mpomeccopax Itanium 2 ¢ ONTOBOJIOKOHHBIMH
MeXXCOSAMHEHUSIMHU Ha OCHOBE pemieHuit Quadrics.

[Iporpammuoe obecneuenne HP moxeT monaaepkuBaTh OOJBIIMHCTBO COBPEMEHHBIX CPENICTB
pa3paboTKu UM HACTPOHKHU MPOU3BOIAMTEIBHOCTH ISl KIACTEPHBIX pEIICHU Ha 0a3e CHUCTEMBI
Linux. IIpu BbIOOpE 3TUX CPENCTB ACHCTBYIOT OrpaHUYCHHUS, CBSI3aHHBIE C TUIIAMHU MPOLIECCOPOB
U MEKY3JI0BbIX COEAMHEHUN. B uKcio nporpaMMHBIX IPOIYKTOB BXOJAT:

o Tpancmsarop Intel C++ Compiler st Linux;
e Tpancnsarop Intel Fortran Compiler nns Linux;

o bubGmmoreka Intel Math Kernel Library;
o Intel Vtune Performance Analyzer — cpeacTBo onTUMH3alUU IPOrPAMMHOTO KOAA.

IIpumepsl knactepHbIX pemieHuit SGI

Cenpmoro siBapst 2003 1. komnanus SGI mpeacraBuia HoBoe ceMencTBO 64-pa3psaHbix Linux-
cepBepoB H cymepkiacTepoB, Ha3BaHHBIX SGI Altix 3000 (cepeper SGI Altix 3300 u
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cynepknactepel SGI Altix 3700). Cucrema SGI Altix 3000 wmcmons3yer mpormeccopsl Intel
Itanium 2 u ocHOBaHa Ha apxXUTEKType MiobanbHO#l pasgensemoil mamaru SGI NUMAflex,
KOTOpas sBJIETCS peanu3aleil apXuUTeKTypbl HeogHopojaHoro noctyna k mamsatu (NUMA).
NUMAflex nosiBunacs B 1996 1. u ¢ Tex Mop HCMOIb30BAIACh B U3BECTHON CEpUU CEPBEPOB U
cynepkomnbiotepoB  SGI Origin, ocHoBaHHBIX Ha mporeccopax MIPS wu 64-pa3psaHoit
onepanronHoi cucreme IRIX. Jluzaitn NUMAflex mo3Bojisser momemarb mpoieccop, naMsTh,
CHCTEMY BBOJIa/BBIBOJIA, COCTUHHUTEIBHBIE MPOBOJIA, IPaUIECKYIO TMOACUCTEMY B MOJYIIBHBIC
KOMIIOHEHTHI, HHAau€ Ha3blBaeMble OJOKaAaMH WIM KUPHNHUYMKAMH. OTH KUPIHYUKH MOTYT
KOMOMHUPOBATECA M KOH(PUTYPHUPOBATHCA C OOJBIIOW THOKOCTHIO, YTOOBI YHOBJIETBOPSTH
NOTPEOHOCTH KIIMEHTa B pecypcax U paboueld Harpyske. Mcmomnb3ys 3TOT Iu3aiflH TPEThEro
nokosenusi, kommanusi SGI cmorna cozmare cucremy SGI Altix 3000 Ha OCHOBE TpaIUIIMOHHBIX
osiokoB BBOJA/BhIBOJA (IX- m PX-0moku), xpanenus aaHHbIX (D-00KM) M COEIUHUTEIBHBIX
KOMIIOHEHTOB (MapmpyTu3upyoomue 010ku/R-6110kn). OCHOBHBIM OTJIMYHMEM JTOH HOBOM
CUCTEMBI SBJIsIeTCs MpolieccopHblil 0710k (C-0110K), KOTOPBINA CONEPKUT Iporieccopsl Itanium 2.

KiroueBoit 0cO0EHHOCTHIO CUCTEMBI SIBJISIETCS HCIIOIB30BAaHUE KACKaTUPYEMBIX KOMMYTAaTOPOB B
MapIIpyTU3HPYIOIIUX AJIeMeHTaxX. Kackagupyemble KOMMYTATOPBI OOECIICUYHBAIOT CHCTEME
Majgoe BpeMs 3aJE€pXKKH, WIM 3aMEUIeHHE AO0CTyna K MNamsTH, HECMOTPs Ha MOAYJIbHYIO
KOHCTPYKIIMIO. DTO KPUTHYHO [JIsi MAIUH, HCIOJB3YIOIIMX apXUTEKTYpPy HEOJIHOPOIHOTO
noctyna K namsatu (NUMA). 3aaepxku Bcerna Obutn mpoOiemoit B apxutekrype NUMA, Tak
KaK DaMATh pacHpeneisiercs MexXAy Y3JaMH, a HE COCpeAoTO4YeHa B OJHOM MECTE.
Kackagupyemble KOMMYTaToOpbl HCIONB3YIOT KaTaJlOTH3UPYEMYKO CXE€My HaMATH s
OTCIIC)KMBAHMS JAHHBIX, HAXOMISIIUXCS B Pa3HBIX Kd3IIax. B pe3ynbraTte MEHBIIHE OOBEMBI
JIAHHBIX TEPEChUIAIOTCS MEXAY YacTSAMU MaMATH, YTO BBUIMBAETCA B CHM)KEHHUE 3aJEPKEK IO
CPaBHEHUIO C TPAAUIMOHHBIMU CUCTEMAaMH, OCHOBAaHHBIMU Ha IIMHAX.

Cucremnoe I1O mms SGI Altix 3000 coctouT u3 cranmaptHoro muctpuOyruBa Linux mis
nporueccopos Itanium u SGI ProPack — npoaykra, no6asmnstomiero ocoosie cBoiictsa Linux. SGI
ProPack Bkmowaer smpo 2.4, HPC-0mbOnamoTrexkuw, HACTpOEHHBIE MJIi HCIIOJIB30BAHHS
ocobennocteil apxutekTypsl SGI, yrunutel ans pabotsl ¢ NUMA u npaiiBepsl. Takke SGI
ProPack BkiO4YaeT MOMONHUTENBHBIE MHCTPYMEHTHI M OHMOMMOTEKH UIS YIyYIICHHsS PaOOThI
oompimmx  NUMA-cucteM, OCOOCHHO TMpU OJHOBPEMEHHOM BBIMOJHEHHH HECKOJBKHX
PECYPCOEMKHX MPHUIIOKEHUN. ITO 1M03BOJISAET 3)(HEKTUBHO HCIIOIB30BATh CUCTEMHBIE PECYPCHI U
JOCTaBISATh PE3yAbTaThl B Pa3yMHOE BpeMs: XapaKTEPUCTHUKU, KPUTHUYHBIE I Cpel
BBICOKOTIPOU3BONTEIBHBIX BEIYMCICHHA.

Yrunmutel pabotsl ¢ NUMA, 6ubnnoreku HPC u pononnutensuoe [10, ycTaHoBneHHBbIE Ha
CTaHJapTHBIN JTUCTPUOYTHUB Linux, CO3/Taf0T MPOrPAMMHOE OKpYKEHHUE JUTS
BBICOKOTIPOU3BOAMTEIIbHBIX BBIUMCIACHUH, 3(G(EKTUBHOE TIpH OONBIIMX BBIYHCIUTEIBHBIX
Harpy3kax ¥ Harpys3kax, CBsi3aHHBIX cC nepenadeii nmaHHbix. SGI  ProPack cozmaer
npomexyTounblii crmoit 10, xoropoe mo3BosiseT Ha ocHOBe Linux co3gaBarh OMOKM st
MIOCTPOCHHUS OOJIBIIMX CPEJ] BBICOKOTIPON3BOAUTEIHLHBIX BEIYUCIICHUN.

Bricokonpon3BOIUTENBHBIE  TPOTPaMMBI  TpeOyrOT — OalaHca MEXAYy MpPOIEcCOpoM H
MOJICUCTEMON MaMSTH IS TOAAEP>KaHUSl TIOCTOSIHHOTO YPOBHSI MOTOKa AaHHBIX. Kimactepsr SGI
Altix 3000 6pun mporecTupoBansl ¢ momonibio TecToB STREAM Triad, koTopble n3MepsroT
CKOPOCTh paboThl MaMsTH. 64-IpoIlecCOpHas CUCTEMa JOCTHUIIa YPOBHS MPOU3BOAUTEIHLHOCTH
namsTd B 125 I'GaiiT/c Ha emuHOM 00pa3e ONeparmoHHON CHCTEMBI: IPEBOCX0ACTBO B 460% Hax
64-nporieccopnoit cucremoit HP Superdome, koropas mnokazana NpOU3BOAUTEIBHOCTH 27
I'6aiit/c. ITo cpaBHeHuIO ¢ 32-mporieccopabiM cepBepoM IBM eServer p690, cuctema SGI Altix
MOKA3bIBAET YJIBOGHHYIO MPOU3BOJIUTENBHOCTh, a TMPH BJIBOE MEHBIIEH CTOMMOCTH —
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yIydIIeHUE TTOKa3aTess [eHa/IPOU3BOIUTEILHOCT Ha 640 %. Pe3ynbTaThl Takke MOKa3bIBAOT,
yTo Linux MOXXET XOpoIIo MacmTabupoBaThCs 33 pAMKaMy OTPaHUYCHUS B 8 TPOIIECCOPOB.

CewmetictBo SGI Altix 3000 nemMoHCTpHUPYET MPOMYCKHYIO CIIOCOOHOCTh CHCTEMBI BBOJa/BBIBOIA
Oomee yem 2 ['0aiiT/c MpHM UCTONB30BaHUM €AMHOTO O0Opasza Linux — Jydmmii pe3ynbrar Juis
Linux-cuctem. IIpu mOCTOSHHOM yBeNIWYeHHMH O0OBEMOB 00pabaThIBa€MBIX  JIAHHBIX
BO3MO>KHOCTH TIEpEMEIICHISI HHPOPMAIUH C TUCKA B MTAMSITh UTPAIOT BCe 00JIee BAXKHYIO POJIb B
o0mmeld MPOU3BOIUTEILHOCTH CHUCTEMBI. JTO JOCTHIKEHHUE IO3BOJISICT MPHIOKEeHHsAM Linux
pemmmTh  TPOOJIEMBl  OTMEPUPOBAHUS  OOJNBIIMMH  OOBEMaMH  JaHHBIX B Cpelax
BBICOKOTIPOU3BOAUTEIIbHBIX BBIUNCICHU.
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14. Knacrepbl 1 MacCMBHO-Napa/uleibHbIEe CHCTEMbl Pa3jIMYHbIX NMpousBoauteneid. SMP
Power Challenge ¢pupmsbi Silicon Graphics. Cemeiicteo SUN Ultra Enterprise komnanumn
SUN

SMP Power Challenge ¢pupmsi Silicon Graphics

Kowmmnanus Silicon Graphics (SGI) 6pima co3nana B 1981 r. OCHOBHBIM HampaBiICHHEM €€
paboThl B TEUEHHWE MHOTUX JIET OBLIO CO3JaHUE BBICOKOIPOU3BOIUTEIBHBIX T'paduuecKux
pabounx cranuuid. B Hacrosimee Bpemsi untepechl SGI pacmpocTpaHsitoTcs Ha PBIHOK
BBICOKOITPOM3BOIUTEIIBHBIX BBIUMCICHHA KaK JUISI TEXHHYECKUX, TaK M JUISI KOMMEPYECKHX
NpUIOXKEHUH. B dYacTHOCTHM, OHAa KOHIIGHTPUPYET YCWIHMS Ha pa3padOTKe W BHEAPCHHH
COBPEMEHHBIX TEXHOJOTHH BHU3YyaIM3allMM BBIUYMCIICHHUN, TpeXMepHOW rpaduku, o0paboTku
3BYKa U MYJIbTUMEINA.

Puc. 14.1. SMP Power Challenge

B cBoe Bpemst paspabotka nmpoueccopa R10000 no3Bonuina koMnaHuy nepeiTH K 00bEANHEHUIO
ceoux cepBepoB Challenge (ma 06a3e mnpomeccopa R4000) m PowerChallenge (ma 6ase
nporeccopa R8000) B  eauHyo  JMHUIO  TOPOAYKTOB.  braromaps  MOBBIIIEHHON
IPOM3BOIUTEIFHOCTH 3TOTO MPOLECCOPa Ha LEIOYHCICHHBIX ONEPALUsAX W IJIaBAIOIIEH TOUYKe,
00e JIMHUU TTPOYKTOB MOTYT OBITh 0OBEIMHEHBI 0€3 MOTEPU MPOU3BOIUTEIILHOCTH.

Cepgepnl Silicon Graphics paboTaioT moj yrmpasieHueMm omnepannoHHoi cucrembl IRIX (OC
UNIX peanbHOr0 BpeMeHH), MOCTPOCHHON B COOTBETCTBUU C TpeOoBaHUsMHU cTaHaapToB SVID
(System V Interface Definition) u XPG4. Ona mnoaaepkuBaeT BO3MOXKHOCTh pPabOTHI
HECKOJIbKMX MamuH ©Ha omHoM tnwiedde SCSI (multi-hosted SCSI), dwerbipexkpaTHOE
3epkanupoBaHne H 128-kpaTHoe paclleIuieHne AMCKOBBIX HakonuTenedl. Ha mmatdopme
NOJIEP’KUBAIOTCS. MHOTHE PO AyKThl kKoMmmnanuii Oracle, Informix u Sybase.

Komnbroreper CHALLENGE DM/L/XL opueHTHpOBaHBI B MIEPBYIO OYEPEb HA KOMMEPUYECKHUE
npumenenus, a POWER CHALLENGE L/XL — na pab6oty ¢ miaBarorieii 3ansatoi. Cuctemsl
CHALLENGE DM otHocsTCA K CpeTHEMY KIIaccy.

POWER CHALLENGE oTHOCHTCS K KJacCy CHUMMETPUYHBIX MYJIbTHIpPOLECCOpPHBIX OBM
(SMP-cucremsl), 6a3upyromuxcsi Ha MOKOJIEHUU CYyMepCKasipHbIX mporieccopoB MIPS R8000

¢bupwmst Silicon Graphics.

OTIHYUTENBHBIMA OCOOEHHOCTSIMH 3TUX CHCTEM SIBIISIOTCS:
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e MacmITabUPYyEMOCTh CYNEPKOMITBIOTHHTA;

e HCIOJIBb30BaHHE OONBIION AuHamMuueckoi namsatu (aapecamus y POWER CHALLENGE
1o 16 I'baiit — B 1Ba pa3a Beime, ueM y Cray T90/C90/J90);

e 64-pazpsHas apXUTEKTYpa;

e JIBOMYHAsI COBMECTUMOCTH CO BCEM ceMeicTBOM KommbloTepoB SGI, Bkimovas pabouune
crannuu Indy.

Ta6muua 14.1. [IponsBoautensHocTs KomnbiorepoB POWER CHALLENGE

KOMOBIOTEDLI Yucio IMuxkoBasi mpouss-|I[lpouss-t6 1/0,| RAM, Juckn,
P npou. Tb, I'dron I'oaiit/c I'0aiiT ToaiT

POWER 1-18 0.36-6,5 1o 1,2 0,064-16 |no 6,3

CHALLENGE XL

POWER 1o 144 1o 51,8 no 4 mo 128 1o 63

CHALLENGE array

[lo nuxoBoit mpousBogutenbHocth POWER  CHALLENGE  ycrymaer  BEKTOpHBIM
komnetorepam Cray (cTapbiM, ecTecTBeHHO, MozelnsaM). Onnako mpoueccop R8000 na 90 MI'n
okazaiics owicTpee, yem rporeccopsl B Cray Y-MP (333 M®mon) u komnsiotepe Cray J90 (200
M®rmnon). annsie TectoB LINPACK mnoka3piBaroT, 4To Ipu paBHOM uucie mporeccopo SMP-
koMmibioTepsl 0T SGI onepexarot Cray J90 u ycrynarot Cray C90 kak Ha cpequux (N=100), Tak
u Ha ;HHBIX (N=1000) BekTOopax Bcero B 3 pasza. YpoBeHb pacnapajjieuBaHus (OTHOIICHUE
MPOU3BOJUTENILHOCTH N MPOIECCOPOB K MPOU3BOIUTEIHHOCTH OJJHOTO MPOLIECCOpa) B cepBepax
SGI memHoro Beie, ueM B DEC AlphaServer 8400, u, B cBOI0 o4epe/ib, HECKOIBKO HIKE, YeM Y
Cray. M3BecTHO, YTO C POCTOM 4YHCIA MPOIECCOPOB 3(PPEKTUBHOCTH pacrapaieTuBaHus
CWJIBHO yMEHBIIAETCS. 3aJaud, KOTOPBIE XOPOIIO pacrlapauIeIMBAIOTCS MPH OOJIBIIOM YHUCIIe
MPOLIECCOPOB, YacTO MOTYT 3()(PEKTUBHO BBIMOJIHATHCA U B paMKax MOJETHU pacIpeleleHHON
naMaTH, B TOM YHUCJE B KJIACTEPHBIX CHCTeMax. Takue MPUIOKEHHUsS OBbIBAIOT, HANpHUMEp, B
JUHAMHUKE SKHJIKOCTH, 00paboTke ceiicMomanHblx © T.10. Silicon Graphics mnpeniaraer
nosb3oBarensm kinacrep POWER CHALLENGEarray, koTopslii MOkeT conepxkath 10 8 SMP-
ceppepoB. POWER CHALLENGE L/XL. Oun wumeer no 144 mnpoueccopoB ¢ NHKOBOH
npou3BoauTENbHOCTHIO 52 GFLOPS u no 128 I'6aiit RAM, u, Takum 00pa3om, IpeBOCXOAUT 1O
psaay nokazateneit MmammHbl Cray. CepBepsl cBsi3biBatoTcs B kiactep uepe3 FDDI unu HiPPL

POWER CHALLENGE XL npeBocxomut crapmue moaenu Cray mo pa3Mepy ONEpaTHUBHOMN
naMATH, YCTyNas IO MPOU3BOAUTEIHLHOCTH BBOJA-BHIBOJAA M MAaKCUMAJIbHOMY pa3Mepy
JMCKOBOI'O MpPOCTpaHCTBA. boyblinii BO3MOXHBIM pazMep mamsaTd B cucteMax SGI cBs3zaH ¢
HCTIOJIb30BaHUEM JIeIEBOU DRAM-texHomorun o CPaBHEHHUIO c JIOpOrou
BBICOKOIpou3BoauTeNbHON SRAM-niamsaTeio B Cray C90/T90.

Cemeiicteo SUN Ultra Enterprise komnanunu SUN

Sun Ultra Enterprise — 3T0 cepusi MacmITaOUpyeMbIX, YAOOHBIX B YIPABICHUU U HAJIEKHBIX
cepBepoB. Ee MOKHO pa3/ienuTh Ha CIEeyIOIINE TPYIIbL:

e cepBepbl pabouux rpynm: Sun Enterprise 10s, 250, 220R, 450 u 420R ;
e ceprepsl otaena npennpuaTus: Sun Enterprise 3500 u 4500;
e cepBepbl MacmTada npeanpusatus: Sun Enterprise 5500, 6500 u 10000.

Sun Enterprise 10s — cepBep Sun HayaJbHOTO YPOBHS, B3aUMOJICHCTBYIOIIUNA CO BCEMH
KJIMEHTaMH ceTH: nepcoHanbHbIMU Kommblorepamu (I1K), cucremamm Macintosh, pabounvu
cranmusimu - UNIX, cereBbiMu koMmmbloTepamu. brnaromaps mpoueccopy UltraSPARC-III,
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pabotaromemy ¢ TakToBOi yactotoit 440 MI'n, moxnepxuBaromemy a0 1 I'6 mamstu, 4 PCI
cinora pacmupenuss U no 18,2 'O Ha BHemHeM HocUTede, 3Ta CHCTEMa MPEIOCTaBIsET
HEJOpOryr TuiatrgopMy s pabOThl KPUTHYECKUX CeTeBBIX mnpuwiokenuid. Cepep Sun
Enterprise 10s mpennasznauen anss Web, 3J€KTpOHHOM MOYTHI, (DaWIOBBIX CIYXO M CIIyKO
neuat. Kpome Toro, Solaris anst Intranet — pacmmpenue onepannoHHo# cucteMsl Sun Solaris
— obecrieunBaeT npeaoctaBienne Web-ycayr.

Puc. 14.2. Sun Enterprise 10s

Sun Microsystems npezacrasisieT AByxmnpoueccopHsiii SMP-cepep macmTaba paboyeit rpynimsl.
B nuneiike nmpoayktoB Sun cepBep Sun Enterprise 250 mo3UIMOHUPYETCS MEXAY CHCTEMaMu
Sun Enterprise Ultra 5s u 10s u cepBepom Sun Enterprise 450 u 3amemniaer co6oii cepsep Sun
Enterprise 150. CepBep Sun Enterprise 250 mocrtaBnsieTcsi B BUAE HAIOJBHOTO PELICHUS WU
CTOMKH.
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Puc. 14.3. Cepsep Sun Enterprise 250

CepBep Sun Enterprise 250 ynobeH s HEOOJbIIMX, BO3MOXKHO, YAAJICHHBIX O(UCOB,
paccuntanneix Ha 50-100 momp3oBarteneir. CepBep Sun Enterprise 250 mnoamepskuBaeT
KaX/I0lHEBHYI0 paloTy o¢uca: BBIIOJHEHUE NPWIOKEHUH 0a3 JaHHBIX, (UHAHCOBBIX
NPWIOKEHNH; MOJAEpKKa OOMEHa COOOLICHUSMHM, NPEJOCTABICHUE CEpBUCA MPHIIOKEHUH, a
TaKXKe MOAJEepXkKKa CTAaHAAPTHBIX NPWIOKEHUH pabouyux rpynn  (ZOKYMEHTOOOOpOT,
pacnpenesnenrne U IJIaHUPOBAaHUE TOBApOB U yciyr U T.A.). OH Takke MOIXOOUT AJsl pPbIHKA
npoBaiiiepoB Internet-yciyr 1 OpUCHBIX IPUITOKEHUH.

Cepsep Sun Enterprise 250 moanepsxkuBaet ot 128 Moaiit qo 2I'6aiiT orepaTuBHON aMsITH, IPU

3TOM CKOPOCTh Iepeaaun AaHHbIX nocturaeT 1,6 ['0aiit/c. OH Takke BMemaeT B cels 10 LIeCTH
1-mrotiMoBbIX mim 1,6-mroiiMoBeIX auckoB UltraSCSI co ckopocThio BHemHero unTepdeiica 40
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Mobaiit/c, nomyckaronmx paboty B pexume "ropsiael 3ameHbl". Mcmonb3yroTcs quckd Ha 4,2
I'Gaiir, 9 I'Gaiit wum 18 ['GaiiT, TakuM 00pa3oM, MaKCHUMAaJbHBIH O0OBEM XPAHUMBIX JIAHHBIX
paBeH, COOTBETCTBEHHO, 25 ['6aiit, 54 I'6aiiT nnu 108 I'GaiiT.

CepBep Sun Enterprise 220R — JByXIIpOIIECCOPHBIA cepBep MacmTada paboueidt TpyIIbL,
MpeHA3HAYEHHBIN U1 TPOBEACHUS CETEBBIX BBIYMCICHHMH M OCHOBAaHHBIM Ha TEXHOJOTHUH
UltraSPARC. DToT cepBep CIIEAYIOMIEro MOKOJSHUS MPEJOCTaBISET 3aKa3UYUKy BO3MOXKHOCTHU
mynsTUIponeccopHoit cucremsl, aucku UltraSCSI, mmny BBoaa/BeiBoga PCI, sBrnsromyrocs
CTaHJApPTOM B OTpaciv, B KOMIIAKTHOM KOpITyce, IpeAHa3HAaYeHHOM [IJI1 MOHTaXa B
npoMeinuieHHble  cToiku. Comepxutr m0 aByx mnpoueccopoB UltraSPARC-II ¢ TakToBOM
gactoToit 450 MI'1t 1 2 I'6aliT maMsTH.

Puc. 14.4. Cepsep Sun Enterprise 220R

CepBep Sun Enterprise 450 npeaHa3HaueH Jis OpraHU3allUU JIEKTPOHHOM MOYTHI, pabOTHI C
0a3zamMM JaHHBIX, CO3JaHHMS KIJIACTEPHBIX KOMIUIEKCOB, TpeaocraBienus Web-cepsuca,
obecrnieueHus ynpaBiIeHUs pecypcaMu IpeapUsITHSL.

Puc. 14.5. Cepsep Sun Enterprise 450

B cocraBe cepBepa padortator 10 uetbipex npormeccopoB UltraSPARC ¢ TakToBoii wactoTtoit 300
MI'n nwmm 400 MI'nu, BayTpennsis mmHaa UPA co ckopocteio 1,61 '6aiit/c n moacucrema BBOJa-
BbIBoja Ha Oa3e mmHbl PCI, oOecneumBaromas mpomyckHyio crocoOHocTh 600 Mobaiit/c.
OmnepatuBHas namsaTh pacmupsercs a0 41°6aiit, Bcrpoennsie nucku Ultra SCSI emkocTtoio 0 84
I'b ¢ pexumom ObicTpoii '"Tropsiueid 3amMeHBI' M BO3MOXKHOCTH TOJKIIOYCHUS BHELTHUX
HaKOMHUTENEH 001Iei eMKOCThIO 10 6 TOANT.
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CepBep MOXKET B3aMMOJICHCTBOBATHL C JIOOBIMH pabounmmu craniusmu, Intel u Macintosh.
HapnexnocTs 3anoxena B cepep Sun Enterprise 450 m3HavanbHO: Takue BO3MOKHOCTH Kak
koppekuust omnbok ECC Ha BHYTpeHHEH LIMHE U B NaMSTH, aBTOMaTHYECKOE BOCCTAHOBIIEHHE
CHCTEeMBl mocje c0os U pe3epBUpyEeMble C PEKUMOM 'ropsded 3aMeHbl" OJIOKM NHUTAaHUS U
JIVICKOBBIE HAKOTMTEIH MPUCYTCTBYIOT 3/IECh B CTAHIAPTHOW KOH(PHUTYpAIIHH.

Cepep Sun Enterprise 420R — 4eThIpexnpoIeccopHbIii cepBep Macmrada padoyeil TpyIIbl,
NpeHA3HAYCHHBIA JUIS TIPOBEACHUS CETEBBIX BBIYKMCICHUI W OCHOBAHHBIAH HA TEXHOJOTUU
UltraSPARC. CepBep npemocTaBisieT BO3MOXXHOCTH MYJIbTHIIPOIIECCOPHON CHCTEMBI, AMCKH
UltraSCSI, muny BBona/BeiBoga PCI, sBisromryrocst cTaHgapToM B OTpaciid, B KOMIIAKTHOM
Kopmyce, NpCAHA3HAYCHHOM IJIsI MOHTAaKa B IIPOMBIIIJICHHBIC CTOMKH.

Puc. 14.6. Cepsep Sun Enterprise 420R

Cepsep Sun Enterprise 420R npennasHauen ans Internet-npoBaiiiepoB u MpoBalepoOB YCIIyT,
(MHAHCOBBIX YUPEKACHUHN, IS OpPraHU3aMK BBICOKOIIPOU3BOIAMTEIBHBIX BBIUYUCICHUA W IS
T00BIX OTpacieil, rae TpeOyeTcs MOIIHBIN cepBep 00pabOTKHU JaHHBIX, 3aHUMAIOIIUNA HEMHOTO
MecTa. Upe3BbruaiiHO BaxHO, 4TO cepBep Sun Enterprise 420R obGecnieunBaeT BBICOKHUN YPOBEHB
MPOU3BOJUTENILHOCTH TPU TMOJIHOM JABOUYHONW COBMECTHMMOCTH BBEpX M BHHU3 MO BCEW NUHEIKe
CEPBEPOB M pabOYMX CTAHIIHH.

Cepsep Sun Enterprise 3500 maet BO3MOKHOCTh HCIIONHSTH CJIOXKHBIC JCIIOBBIC MPHIIOKCHUS U
npenocTaBiATh Internet/Intranet yciyru ¢ Toi jxe MPOU3BOAUTEIBHOCTBIO H JIOCTYITHOCTBIO, UTO
U BEChbMa JIOPOTOCTOSIIIME KPYITHOMACIITA0OHBIE CHUCTEMBL. Bpemsi TpOCTOEB 3HAYHUTEIHHO
CHIDKEHO OJlaroziapsi yCTOHUMBOM apXUTEKType CepBepa, CPEICTBAM CUCTEMHOTO YIIPABJICHUS H
HOBBIM IIPOTPAMMHBIM BO3MOXKHOCTSIM, TaKHMM KakK JUHAMHUYECKas peKoH(UTypamus ¥ BHIOOD
anprepHaTuBHOro Mapuipyta (Dynamic Reconfiguration and Alternate Pathing).

Puc. 14.7. Cepsep Sun Enterprise 3500

Coderanne MacIITaOUpyeMoi ONepaMoOHHONM cucTeMbl Sun Solaris, KOTopasi yCTaHaBIMBaETCs
Ha BCCX CCPBCpax Sun, U MOAYJIbHBIX aIllllapaTHBIX KOMIIOHCHTOB IMO3BOJIACT JICTKO HapalluBaTb
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MPOU3BOAUTENHHOCTh U PACHIUPSITH BOBMOXXHOCTH CHUCTEMBI. B kKauecTBe cepBepa MpUIOKEHUM
Enterprise 3500 neMOHCTpHUpYET BBICOKYIO MPOU3BOIUTEIBHOCTh, OOBEAMHSS BO3MOMXKHOCTHU
BocbMH  UltraSPARC  mporieccopoB, CBS3aHHBIX  BBICOKOTIPOM3BOAMTEIBLHOM  CHCTEMOU
Gigaplane. O6mas apxurtekrypa cemeiictBa cepBepoB Sun Enterprise 3500-6500 mo3Bossier
MPOU3BOJUTH JIOKAJIbHOE HAPAITMBAHUE BBIYMCIMTEIIBHBIX MOIIHOCTEH IMyTeM MOAKIIOYEHUS 10
30 mpoueccopos. [Iporpammuoe obecnieuenune Sun Enterprise SYMON oOnerdyaer ympaBieHue
CUCTEMOH, Onaromapsi MpOCTOMY B WCIOJB30BaHUU WHTEp(dElcy u cucTeMe MPeaylnpekIeHuUs
c60eB anmapaTHOro o0ecreueHusl.

Cepaep Sun Enterprise 4500 — 3TO KOMIAKTHBIN cepBEp CPEIHEr0 YPOBHS C BBIYUCIUTEIHHBIMU
BO3MOXKHOCTSIMH, IMPAKTUYECKU B JBa pa3a MPEBOCXOASIINMNA BO3MOKHOCTH HapallMBacMOCTU
cepepa Sun Enterprise 3500. CepBep oOecrieunBaeT MOCTYMHOCTH ISl KPUTHUYECKH Ba)KHBIX
NPUJIOKEHNH W yHOOHBIE CpelCTBA YNPABICHUS CUCTEMOW ISl JEJOBBIX TNPHIOKEHHWHA 0a3
JTAHHBIX U 3JEKTPOHHOM KoMMepruu. OO0Iiasi MOAyIbHAsE apXUTEKTypa ceMelCTBa CEPBEPOB OT
Sun Enterprise 3500 mo Sun Enterprise 6500 o6neruaer wmomumduxammioo. bmarogaps
HCIIOJIb30BAaHUIO B CEpBepax Sun omepanmoHHON cucTeMbl Solaris MOkHO paboTath ¢ Oosee yeM
12000 npunoxxeHui.

Puc. 14.8. Cepsep Sun Enterprise 4500

B cepBepe Sun Enterprise 4500 Bo3moxkHa yctanoBka 10 14 mpoueccopos. [lo 4 cepBepoB Sun
Enterprise 4500 MOXHO yCTaHOBHTB B CTOMKY LIEeHTpa AaHHBIX. [I[porpamMMHoe obecnieueHne Sun
Enterprise management Center o0ierdaer ympaBlieHHUE CHCTEMOH, Onaromapss HmpoCcTOMY B
UCIIOJIb30BaHNU WHTEpdEiicy U CUCTEME TPeayNpekaeHUs cOOCB anmapaTHOrO0 OOECIICUCHUS.
OO6mass apxutekTypa cemeiictBa cepBepoB 0T Sun Enterprise 3500-6500 mo3Bossier
MPOU3BOJUTH JIOKAJIbHOE HapalllMBAaHUE BBIYMCIUTEIHHBIX BO3MOXXHOCTEH IMyTEeM MOAKIIOUYCHUS
10 30 mporeccopos.

Cepsep Sun Enterprise 5500 mpenHasHaueH st OOJNBIIUX CHUCTEM IIEHTPOB JaHHBIX. YwMcio
nporueccopoB MeHsercs ot 1 10 14. OcHoBHas maMsATh pacmupsiercs ot 256 Moaiit no 14 I'6aiir.
Bo3MosxHBIE KOH(UTYpallMU HATIOJIHEHUsSI OAHOTO OaHka oT 256 Mbaiit no 1 ['6aiiT (rpynmsl u3
8 moayneit SIMM). UmMeercst BHEIIHUN MaccUB XpaHeHUs naHHbIX. [lomnep:kuBaercs Gomnee 6
TOalT TaHHBIX.
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Puc. 14.9. Cepsep Sun Enterprise 5500

Cepsep Sun Enterprise 6500 co3man sl BBIOJHCHUS KPUTHYECKH BAXKHBIX IMPOMBIIUICHHBIX
MPUIOKEHUH, TaKUX Kak XpaHunuiia AaHHbix 1 ERP-cucreMbl. MoaynbHbIE KOMIIOHEHTHI ATOTO
BBICOKOMACIITA0MPYyEeMOTO  Ce€pBepa  TO3BOJISIIOT ~ YBEIIMYMBATH  IPOU3BOIUTEIBHOCTh H
BO3MOXXHOCTH BBOJIa/BbIBO/Ia. Takue BO3MOXKHOCTHM KakK JUHAMHYECKas PEeKOHPUrypauus u
BeIOOp anmpTepHaTHBHOTO MapmpyTa (Dynamic Reconfiguration and Alternate Pathing),
BBCJICHHBIC B  OICPAIMOHHYIO cucTeMy Solaris, TMO3BOJSIOT  J100aBIATh,  YOAIATH,
MOIUGUIMPOBATE M 0OCIYKMBAaTh CUCTEMHbIE KOMIIOHEHTHI, HE INpeKpalias paboThl cepBepa.
Hcnonb3oBanue B cepepe Sun Enterprise 6500 omepannonHoi cucteMbl Solaris rapanTupyer
eMy MaclTabupoBaHHUE J10 MAKCHMAJIbHBIX BO3MOXHOCTEeH. KosnyecTBo npoieccopoB MeHsieTcs
or 1 go 30. OcHoBHas mamsTh MacmTadupyercs ot 256 Moaiit no 30 ['Gaiit. Bo3moxkHbie
KOH(Urypaluy HamoJIHEHUs: OJHOro 6anka ot 256 Moaiit no 1 ['GaiiT (rpynmsl u3 8 Moaynen
SIMM). [Tognepxuaercs 6onee 10 TOalT naHHBIX.

Puc. 14.10. Cepsep Sun Enterprise 6500
Cepgep Enterprise 10000 Hauenen Ha paboTy ¢ BaKHBIMU IPUIOKEHUIMHU: HHPOPMALIMOHHBIMU

XpaHWIMIAMHU, CHUCTEMaMH MpUHATHS peweHuil, koHcoiauaupoBaHHbix JIBC (LAN) wnm
BBICOKOOOBEMHBIX MTPUIIOKEHUN C OHJIalfHOBOM 00paboTkoit Tpan3akuuii (OLTP).
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Puc. 14.11. Cepsep Enterprise 10000

Enterprise 10000 — o510 enunctBenHas UNIX-cucrema, obecneunBaromas paboTy ¢
HE3aBUCHUMBIMH pa3lielamMH, Kak Ha MdHH]peiliMe, 4yTO BecbMa BaXHO AN 3¢ (HEKTHUBHOTO
WCIIOJIb30BaHUsI BBIYUCIUTEIHHOTO IeHTpa. CrucTeMa o0ecrieunBaeT MacIiTaOMPOBAHUE B TOM,
YTO KacaeTcs MPOU3BOAUTEIBLHOCTH, YUCIIA MOJIb30BATENCH, EMKOCTU MPUIIOKEHHH, paCIIUPSACH
no 64 mpomeccopoB UltraSPARC ¢ takrtoBoii wacroroir 400 MI'T, m BKJIIOYaeT JMCKOBYIO
MOJCUCTEMY B TOM ke eauHoM Kopmyce. CBolicTBa oOecreueHuss MOCTOSIHHON
paborocmocobHocTr SunTrust gemaror cuctemy Enterprise 10000 HanOomnee HaJIeKHON B CBOEM
KJiacce.

Cuctema Enterprise 10000, Bmemraromas no 64 ['06aiiT pasmenseMol mamsTH, C HIUPUHOU
MPOITYCKaHMs BHYTPUCHCTEMHON MarucTpainu o 12 ['6aiit/c myist ObICTpOii MepeCchUIKH JaHHBIX U
(UKCUPOBAHHOTO BPEMEHH 3aJepPKKH, a Takxke ¢ moauepkkoil RAID 0, RAID 1 u RAID 5,
MPEBOCXOUT 1O TPOU3BOAUTEILHOCTH BCE APYrue MaciiTabupyemble CUCTeMbl. Kpome Toro,
obecnieunBaerca monaepxkka a0 20 TOalT AMCKOBOrO MPOCTPAHCTBA, YTO CYLIECTBEHHO IS
MPOCKTOB KPYMHEHIIMX BBIYUCIUTEIBHBIX IEHTPOB. Bo3moxkHocTH '"ropsiueir 3ameHbI"
MO3BOJIAIOT JIETKO MPOU3BOJIUTH OOHOBIIEHHWE M 3aMEHy KOMIIOHEHTOB B CYIIECTBYIOIIHMX
cucTemMax 0e3 HeOOXOAMMOCTH MX TIepe3arpy3Ku WA BBIKITFOYCHUS TATAHUS.
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15. Kuacrepsl M MacCHMBHO-apaulejibHble CHCTEMbl PA3JMYHBIX MPOU3BOIMUTEJIEN.
CemeilicTBO MaccuBHO-napasieabHbix mammH BC MBC-100 w1 MBC-1000. BC c¢
pacnpeneinennoii namsatbio npousBoacTBa Sequent u DATA GENERAL. Kaacrepsl
DIGITAL

CemeiicTBO MaccuBHO-nIapa/uiejibHbIX Mammma BC MBC-100 u MBC-1000

MaccuBHo-napajuieNibHbIe MacmTadupyembie cuctemMbl MBC mpenHazHa4eHBl ISl peIIeHUs
NPUKIAIHBIX 3a7ad, TpeOyrommx OonpIIoro o0bemMa BBIYHMCICHUN M 00pabOTKHU JaHHBIX.
CynepkomMmbroTepHasi ycraHoBka cucteMbl MBC mnpezcrasiser co00il MyJabTUIPOLECCOPHBIN
MaccuB, OOBEIMHEHHBIH C BHEIIHEH AHCKOBOW NaMAThIO M yCTPOWCTBaMU BBOJa-BbIBOJIA
uH(pOpMAIIUU TI0]T OOIIMM YIIPaBICHUEM IIEPCOHATLHOTO KOMIThIOTEpa WIIH pabodell CTaHIIHH.

OcHoBHbIE 001acTH (HaKTHYECKOTO MPUMEHEHUs cynepkomibioTepoB MBC-100/1000:

1. pemieHue 3amay pacuera a3pOAMHAMUKH JIETATEIbHBIX alllapaToB, B TOM YUCIE SIBJICHUS
UHTEp(EpEHIINH NIPU TPYNIIOBOM JIBUKEHUMU;

2. pacuer TPeXMEpPHBIX HECTALIMOHAPHBIX TEUYEHUI BA3KOI0 CKUMAEMOI0 ra3a;

pacyeThbl TEYEHHH € JOKaJIbHBIMU TEIJIOBBIMU HEOJHOPOIHOCTSIMU B ITOTOKE;

4. pa3paboTka KBaHTOBOW CTaTUCTHKU MOJIEJIel TIOBEIEHUS BEIIECTBA MPU IKCTPEMATbHBIX

YCIIOBUSIX;

pacueTsl CTPYKTYpooOpa3oBaHuUsl OMOIOTHUECKUX MaKPOMOJICKYIT,

MOJICITMPOBAHHE JTUHAMUKHA MOJICKYJISIPHBIX 1 OMOMOJIEKYJISIPHBIX CHCTEM;

7. peumieHue 3aaad JMHEWHbIX auddepeHnmanbHbBIX  Urp.  JWHamMudeckue —3amadu
KOH(JIMKTOB YIPABICHUS;

8. pelieHue 3aJay MEXaHUKU Ae(OpPMHpPYEMBIX TBEPIbIX Tel, B TOM YHUCIE C YYETOM
IIPOLIECCOB pa3pyLICHUS.

(O8]

SN

[IporpamMHoOe oOecnieueHHe, YCTAaHOBJIEHHOE Ha BBIYMCIUTENbHBIX CHCTEMax, IO CYTH,
MUHMMaJIbHO 10 cBoeMy o0beMy: TpaHciuaTopel ¢ sa3blkoB FORTRAN u C (C+t);
JIOTIOJTHUTEIIbHBIE CPEICTBA ONKCAHUS MTapaJlUIeNIbHBIX [IPOLIECCOB; MporpaMmMHbie cpesctsa PVM
u MPI; cpencTBa peainzanuyu MHOTOIOJIb30BAaTENIbCKUX PEXKUMOB U YIaI€HHOIO 0CTYIIA.

Me:xBenoMcTBeHHBIH cynepkoMibioTepHblid eHTp (MCLI) 6611 oTKpBIT 5 HO0ps 1999 1. B Hem
B KayecTBe OCHOBHOW MalIMHBI Obl1a ycTaHOBJIEHa l6-mpoueccopHas cuctema (upmsr HP
V2250 npomsBoautenbHOcThIO 15 T'omep/c. IlapamnensHo ¢ 3toi cucrtemoit B MCI paboran
Takke 96-mporeccopHblii  BapuaHT otedecTBeHHOM cuctembl MBC-1000. CymmaphHas
MIPOM3BOUTEIBHOCTD BCeX crucTeM leHTpa gocrurana 230 Nomep/c (2,3x1011).

MBC-100

[Toaxom, KOTOPBIN MCIOJIB3YETCS MPH CO3JJaHUU OTEYSCTBEHHBIX CYIIEPKOMITBIOTEPOB, COCTOHT B
3aKy1'[K€ HOBef/’IHII/IX KOMHHGKTyIOIHI/IX I/I3I[€JII/II\/JI, CO31aHHusA HA 3TOI>1 OCHOBC CynepKOMHBIOTepHI)IX
CHCTEM, X MHTErpally B UH(OPMAIIMOHHO-BBIYHCIUTEIBHBIC CETH M HEOOXOAMMBIX YCHIIMN B
O6J'IaCTI/I HpI/IMeHeHI/Iﬂ, T.C. B pa3pa60TKe HpI/IKJ'Ia[[HBIX nporpaMM 1 METOO0B MAaTEMATHUYCCKOI'O
MoJienupoBaHus. Takas KOHIENIHUS peai30BaHa B MYJIBTHUIPOIIECCOPHOW BBIYMCIIUTEIBHOM
cucreme MBC-100.

MBC-100 - »3TO oOTedecTBEHHas MYJIbTUIPOLECCOPHAsl CHUCTEMa BTOPOro IoOKojJeHus. B
HacTtosiiee Bpems oHa 3amensiercs Ha MBC-1000. CuctemMa mocTaBiseTcsi B BUJE THIIOBBIX
KOHCTPYKTUBHBIX Moayieil no 32, 64 u 128 npoueccopoB. Unciao mpoueccopoB B MOAYJISAX U

69



YHCIO MOAYJNEeW MOXKeT BapbupoBaTbca. [l ocHOBHOH 00paOOTKM  NPUMEHSIOTCS
Mukporporeccopsl Intel 860 ¢ mpousBogutenbHOCcThIO g0 100 M®mon (64 paspsga npu
JIBOMHON TOYHOCTH) U TNPUCOECIMHEHHOW ONEPATHBHOM MaMAThIO, U3MEHseMOH oT 8 no 32
Mbaiit. Jlns MEXIpoleccOpHOro OOMEHa B KaXJAOM Y3Jie HCIOJb3YeTCs TPaHCIBIOTED,
paboTaronuii ¢ TON K€ ONMEepPaTHBHOM MaMSTHIO, a TAKXKE MaMAThI0O BHEITHETO 0OMEHa 00BEMOM
2-8 Moaiit. OOmas mpomyckHasi cmocoOOHOCTh 4 TPaHCIBIOTEPHBIX KaHAIOB JUIS BHEIIHETO
obmena - 20 Moaiit/c. Cucrema MBC-100 skcruryatupyercst B psine uHcTUTYyToB PAH 1M
IpOMBIIUIEHHOCTH. YcTaHoBkn MBC-100 ¢ cymmapHOl HpoU3BOIUTENBHOCTHIO Oonee 50
lomep/c skcruryatupyroTcss B BBIMHCIUTENbHBIX IeHTpax PAH (B Mockse, ExarepunOypre,
HoBocubupcke, BraguBoctoke) n B orpacineBbix BII. ITokazana Bo3MOXHOCTh 3(hPEKTUBHOTO
pacnapauieIMBaHusl BEIYUCICHUH 1 00paOOTKN TaHHBIX.

MBC-1000

MBC-1000 - cuctema TpeTbero MoKoJIeHusl, OCHOBaHHAs Ha UCIIOJIb30BAHUHU MUKPOIIPOIIECCOPOB
Alpha 21164 (pazpabotka komnannu DEC-Compaq; BbIlTyckaeTcsi Takxke 3aBojgamu ¢upM Intel
U Samsung) ¢ TPOU3BOJUTENBHOCTHIO 10 1-2 [omep/c M NpPUCOEIMHEHHOW OINepaTUBHON
namsaTeio o0beMoM 0,1-2 I'Gaiit. Cucrema MBC-1000 ¢ mpousBogutensHOCThIO 0 1 Tdhom
coctout u3 8 croek (512 y3710B).

B OCHOBHOM UCHOJHEHUH CHCTEMBI MEKIIPOIECCOPHBI OOMEH CTPYKTYPHO aHAJIOTHYCH
ucrnonbdyemMoMy B cucteme MBC-100 u peamusyercs B IBYX MoOAMQHKAIMIX: Ha 0ase
<TpaHCMBIOTEPONOJ00HOr0> CBA3HOTO MHKpomporeccopa TMS320C44 (dbupma Texas
Instruments), umeromiero 4 kaHaua ¢ MPOIMYCKHOM crOcOOHOCTHIO Kaxkaoro B 20 Mbaiit/c, mu6o
Ha Oa3e cBs3Horo Mukponporeccopa SHARC ADSP 21060 (dupma Analog Devices),
UMCIOIIETO 6 BHEITHUX KaHAJIOB C MPOIYCKHOM CIOCOOHOCTHIO Kaxporo 40 Moaiit/c.

Hcnonnenne MBC-1000K oTnudvaercs HCHOJb30BaHUEM IS MEXIIPOILIECCOPHOTO OOMEHa
kommyTannoHHoi cett MYRINET (¢pupma Myricom, CIIIA) ¢ mpomyckHOH crocoOHOCTBIO
KaHaja B JyIUIeKCHOM pexkuMme 2x160 Moaiit/c. Kpome Toro, mpenycMOTpeHO MOJKIIOUEHUE K
KKIOMY IPOIIECCOPY MaMSATH Ha JKECTKOM JHCKe ¢ 00beMoM 2-9 ['6aiit. B crangapTHOi cToiike
pacnoniaraercst 10 64 npoueccopoB cucreMbl MBC-1000 unu 24 npoueccopa cucremsl MBC-
1000K. IIpemycMOTpeHbI CpeCTBA CUCTEMHOTO OOBEAMHEHUS CTOCK JIJISl YCTAHOBOK C OOJIBIINM
YHCIIOM MPOIIECCOPOB.

[IporieccopHbie y31bl CBA3aHBI MEXKIY COOON MO cXxeMe, CXOAHON C TOMOJOTHEH TBYXMEPHOTO
Topa (11 4-TMHKOBBIX y37I0B). KoHCcTpykTHBHBIM 00pazoBanneM MBC-1000 siBnsieTcst 6a30BbIi
BBIUMCIUTENbHBIN OJIOK, CoepKauii 32 BEIYUCTUTEIBHBIX MOIYIIA.

Jlnist ynpaBieHHs MacCHBOM MPOIIECCOPOB M BHEUTHUMH YCTPOMCTBAMH, a TAKXKe JUIs JIOCTyNa K
CHCTEME W3BHE HCIOJB3YeTCsl TaK Ha3bIBa€MbId XOCT-KOMIBIOTEp (YIPABISIONIAs MAaIIMHA).
OO6b19HO 3TO pabdouas cranuusa AlphaStation ¢ mpoueccopom Alpha u onepannoHHOM crucTeMon
Digital Unix (Tru64 Unix) unu I1K Ha 6aze Intel ¢ oneparmonnoii cucremoit Linux.

Hauunas ¢ 1999 r., Bce BHOBB Bbimyckaembie MBC-1000 cTposiTcsi Kak KjacTepbl BbIACIEHHbBIX
pabounx cTaHuMid. DTO O3HAYAET, 4TO, B OTiMuue oT paHHux Bepcuii MBC-1000, B xauecTBe
BBIYHMCIIUTEIBHOIO MOAYJISl MCIOJB3YIOTCS HE Clienuanu3upoBaHHble DBM, mpenHa3sHaueHHbIE
TOJIBKO JJIsi TIPUMEHEHHsI B KayecTBE JETajeil CyNepKOMIIBIOTEPHOW YCTaHOBKH, a OOBIUHBIE
MEPCOHANbHBIE KOMITbIOTEpPHl. B KauecTBe KOMMYHUKAllMOHHOW ammapaTypbl HCHOIB3YIOTCS
OOBbIUHBIE CETEBbIE IIaThl U KOMMYTATOpBl, IMPUMEHSEMbIE [UIsI IOCTPOEHUS O(UCHBIX
JIOKAJIbHBIX CETEH.
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B xauecte 6a3zoBoit OC y3na ucronsiyercs Linux, 9To (hakTHYEeCKH SBISAETCS OOUICTIPHHSTHIM
MHUPOBBIM CTaHIAPTOM JJIsi TOCTPOEHHSI CUCTEM TaKOro Kjacca. JTO MO3BOJIMIO MHOTOKPATHO
pacuIupuTh WU YHOPOCTUTh, MO CpaBHEHHIO C paHHUMHU Bepcusimu MBC-1000, anmanranuo
pa3sHOOOpa3HOro MPOrpaMMHOI0 OOecledyeHus, Kak CBOOOJHO paclpOoCTPaHsIEMOro, Tak H
KOMMEPYECKOTO.

Pazpaborunkn MBC-1000 mnpepnaraioT nojiab30BaTeNssM Ha0Op €AMHBIX ApPXUTEKTYPHBIX
peLIeHUi, OXBAaTHIBAIOIINI TPH KJIacca MapauledbHbBIX BBIYUCIUTEIBHBIX CUCTEM:

e OonblIMEe U CBEPXOOJBIINE CHUCTEMBI, COCTOSIIHE W3 COTEeH y35oB. [Ipumepom Takoi
cuctembl MoxeT ciyxutb MBC-1000M, skcrtyaTupyromascss B HacTOAIEE BpeMs B
MeKBeIOMCTBEHHOM CYIIEPKOMITBIOTEPHOM LiIeHTpe PD;

e CpEIHME U Majble CHUCTEMBbI, IIOCTaBJIsIEMble IO 3aKa3y. B HacTosdiee BpeMs CepUilHO
Beimyckaoress MBC-1000/16 u  MBC-1000/32, w3 16 wu 32 mnpoueccopos,
cootBercTtBeHHO. B UIIM PAH B Hacrosimiee BpeMsi B PEryjasipHON SKCIUTyaTaluu
HaxoauTcss onHa yctanoBka MBC-1000/16. Kpome Toro, aHalOrMyHbIE CHCTEMBI
YCIIELIHO KCILTYaTUPYIOTCS B LIEJIOM Psijie HAYYHBIX LEHTPOB CTPAHBI;

e BHPTYyaJibHBIC MMapaljieNIbHbIE CUCTEMBI Ha 0a3ze 0UCHOI JToKallbHOI ceTu. [l ocBoeHus
U M3y4YEHUs NapauIeJIbHBIX TEXHOJIOTUH, a TaKKe JJI NOCTOSHHOW SKCIUIyaTalud B
yCIOBUSAX oOcTporo naedunuta (UHAHCOBBIX CPEICTB MpeAsiaraercs MNporpaMMHOE
o0OecrnieyeHre, MO3BOJIAIONIEE OPraHU30BATh IMOJIHOLEHHYIO MapajUlesIbHYyI0 CUCTEMY Ha
0a3e 00OpymOBaHUSI BY30BCKOIO KOMITBIOTEPHOTO Kilacca, WM aHaJOTHYHON O(PUCHOMN
JokaibHON cet. IIpm ATOM € TOUKHM 3pEeHMs] MOJb30BATENsl CHUCTEMa HE TOJIBKO HE
OTNIMYaeTCs OT <HACTOSAUIeH™> Mo cmoco0y paldoThl, HO W TO3BOJIAET MONy4YaTh
OYEBH/IHBIN BBIUTPHIII B CKOPOCTH MPH BBHITIOJTHEHUH PEATIbHBIX MporpaMm. B otinuume ot
peanu30BaHHbIX amnmapaTHo cynepkomnbeiorepoB MBC-1000, Takoii MOJHOCTBIO
BUPTYaJIbHBIN CylepkoMmbioTep HazbiBaeTcss MBC-900.

BC ¢ pacnpenesieHHOM NAMATHI0O KOMIIAHMU Sequent

Sequent

B 1999 r. xomnberotepnsie kopropaun IBM u Sequent 0OBsSBHIM O CBOEM CIIHSHUM, U B HIOJIE
TOTO Xe roaa Sequent pakTuyecku crana noapazaeneaunem IBM. ITocne atoro IBM octanoBuia
3HauuTeNbHOE 0OHOBIIeHUE JInHUU cepBepoB NUMA Q, BeimyckaBiuxcs Sequent.

Sequent siBnsuics moctaBmukoM Macirtadupyemsix NUMA-cepepoB (cepun NUMA-Q 1000 u

NUMA-Q 2000), Bximrogaroniux g0 64 mnporeccopoB Intel u nmpenHa3HaYeHHBIX B OCHOBHOM JISI
KOMMEPUYECKUX CUCTEM OHJIAHOBOM 00paboTku TpaH3akuuii u noguepxxkun CYB/I.
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Puc. 15.1. Cepsep Sequent

Kpome toro, NUMA-TexHomornu, pa3paboTaHHble ClEMaIncTaMu Sequent, UCIIOIB3YIOTCS U B
cepepax ot IBM. Pazpaborumku IBM yrBepxknmator, uto NUMA cTaHeT ompeelsromei
texHonorueit 1 UNIX- u NT-cepBepoB yxe B Hauasne 21 Beka.

Sequent ObuTa, MO-BUIUMOMY, BTOpoi mocie IBM kommaHue#, OCyIIECTBUBIICH IOCTaBKU
UNIX-knacrepoB 6a3 paHHelIx B cepeauHe 1993 r. Owxa mpemiarasa penieHwus,
COOTBETCTBYIOIIUE CPEIHEMY U BHICOKOMY YPOBHIO TOTOBHOCTH CBOMX CHCTEM. [lepBOHaYaIbHO
Sequent Hi-Av Systems o0OecrneuuBany IyOJUpPOBaHUE CUCTEM, KOTOPBIC Pa3leiisuid OOIIHe
nucku. [Tomp30BaTeny MOTJIM BRIOUPATh PYYHOM MJIM aBTOMAaTUYECKUN PEXKHUM MEPEKITIOYCHUS Ha
pe3epB B ciydae orkaza. Hi-Av Systems obOecneunBaeT Takke ropsiaee pesepBupoBanue [P-
aJIpeCOB W IMO3BOJISIET KJIACTEPy, B COCTaB KOTOPOTO BXOJHUT JIO YETHIPEX Y3JIOB, HMETh
€IMHCTBEHHBI CETEBOM apec.

Komnanus Sequent oxHO# U3 mepBhIX ocBomita TexHonoruto Fast-Wide SCSI, uro mo3Bonmio ei
NOOUTHCS 3HAYUTENBHOTO YBEIMUYEHHUS MPOU3BOJUTENBHOCTH CHCTEM Tpu 00paboTke
Tpan3akuuid. Komnanus nonnaepxxupaer auckossle noacucreMel RAID yposheit 1, 3 u 5. Kpome
TOr0, OHA MpeljiaraeT B KauyecTBE pa3AeNsieMoro pecypca jeHTouyHble Hakomutenu SCSL
Mopnens SE90 monnepxuBaeT KiacTepbl, B COCTaB KOTOPBIX MOTYT BXOJIWTbH JBa, TPU WU
YeThIpe y37a, MPEeICTaBISIONMX 000l MHOrompoueccopHsie cuctembl Symmetry 2000 wnm
Symmetry 5000 B mto6oif komMOumHanmuu. DTO JOCTaTOYHO MOILIHBIE cucTembl. Hampumep,
Sequent Symmetry 5000 Series 790 moxet umets ot 2 a0 30 mporeccopos Pentium 66 MI',
OTEpPaTUBHYIO MaMATh EMKOCTBIO 710 2 ['0aiiT U AUCKOBYIO MaMATh eMKOCThIO 10 840 ['GaiiT.
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[Ipu pabote c Oracle Parallel Server Bce y3nbl knactepa paboTalOT ¢ €IUHCTBEHHOM KOMHEH
0a3bl IaHHBIX, PACIIONIOKEHHON Ha OOIINX pa3AesieMbIX IHCKaX.

Cucrema Sequent NUMA-Q

Cpenu pazpaborok apxurektypa cc-NUMA BbIAenseTcs NPUHLUUIUAIBHO. DTO apXHUTEKTypa
CUMMETPUYHOTO MyJbTUIponeccupoBanuss (SMP), oOnamaromias MHOXECTBOM JIOCTOMHCTB:
npocrada MOJACJIb NPOrpaMMUPOBAHUA, OTIIMYHAA MaCIHTa6I/IpyeMOCTI), BO3MOXHOCTbH pa60TbI C
KOJINYECTBOM TIPOIIECCOPOB 0oJiee BOCBMH, NMEPEHOCUMOCTh MPUJIOXKEHUH U T. A. Ho ectb u
HEJOCTaTKW B BHJIC BBICOKOW CTOMMOCTH W CIEIUAIBHOTO MPOrpaMMHOTO obecnedeHus. Y
UCTOKOB co3maHus apxuTekTypsl cc-NUMA crosia koMmmaHusi Sequent, pealn30BaBIIas
cobctBennyto Bepcuto NUMA-Q.

Ta6muma 15.1. NUMA-Q 2000

IIpousBoauTenb IBM (panee Sequent)

Kaacce apxutektypsl| MHOronponeccopast cucrema ¢ obuieid mnamsareio  (cc-NUMA).
Wcnonb3yercs it OpraHu3aIiiy CI0KHBIX HH)OPMAITMOHHBIX CHCTEM.

Moauduxanun Model E410/E330/E320/E300/E200
IIpoueccopsl Intel Pentium III Xeon (700 MHz B monenu E410)
VY3en Ot 4 1o 64 nporeccopos, 10 64 GB onepartuBHOI MamsATH; Y371 COCTOUT

u3 6a30BbIX IIAT MO 4 mpoueccopa (quads), COeTMHEHHBIX MEXKAY cOO0U
kommyTaropom IQ-Link

MaCIHTaﬁPlpyeMOCTL BosmoxHa OopraHu3anus KjiacTCepoB, BKIHOYAIOIIUX 10 4 y3J10B

Cucremuoe 11O Hcnonw3yercs omepaunonHas cucrema DYNIX/ptx: Bepcuss UNIX ot
Sequent.BHyTpu OAHOM CHCTEMBI MOTYT OJHOBPEMEHHO HCIOJHSITHCS
UNIX u Windows NT

[TepBoit NUMA-cuctemoii Obuia Mammuna Butterfly, paspaborannas BBN B 1981 r. Ilepsoit
neicTByromel cuctemoir ¢ apxutektypod cc-NUMA crama Stanford DASH. ['pymma,
paboTaBiias ¢ Hel, MCIOJIb30BaJla BO3MOXXHOCTh M3YyYUTh (DYHKIIMOHUPOBAHUE OMEPALMOHHON
cucreMbl SGI IRIX na 32-npoueccoprom yzne cc-NUMA B 1992 1.

BC c pacnpenesnennoit namsateio pupmbl DATA GENERAL

Kommnanuss Data General Corp. Obuia kymieHa B 1999 r. EMC Corporation u cramna ee
HOJIpa3/iesICHUEM.

Jo storo Data General mocrasisia MHOTOnporeccopasie SMP-cepsepsr cepuii AV 5500, AV
8500 u AV 9500. DT cepBepsl MOAAECPKHUBAIOT PabOTy ¢ OTKA30yCTONYMBBIMU JHUCKOBBIMHU U
nenrounbiMu nogcucremMamu CLARiION, cpencrBa aBromarndeckoil auarnoctuku AV/Alert,
WHUIIUHPYEMbIE OINEPaTOpPOM HWIIM aBTOMAaTHYECKHE CPEJCTBA MEPEKIIOUEHHS Ha PE3epPBHYIO
CHCTEMY, YIpaBJICHHE BHEUIHEW MaMATHIO B PeXHME on-line, ympaBieHHE BBOJOM/BBIBOIOM U
OBICTPOE BOCCTAHOBJICHHE (PailioB.

B cnydae oTkasa nporeccopa, maMaTyi WM KOMIIOHEHTa BBOJIA/BbIBOJIa CUCTEMAa aBTOMATUYECKU
HAuYMHAET MpOLIECC BBIKJIIOUYEHHUS M 3aT€M OCYILIECTBIISIET COOCTBEHHYIO Iepe3arpys3ky ¢
UCKIIIOYCHHEM OTKa3aBIIMX KOMIIOHEHTOB. CTaHAApTHBIM CpPEJICTBOM YKa3aHHBIX CHCTEM
SIBIISIETCS] HAIMYNE U30BITOYHBIX UICTOYHHKOB ITUTAHUS.
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MaxkcumanpHasi CTENeHb TOTOBHOCTH JOCTHTAeTCs MpH TOAKIIOYCHHH JBYX CEpPBEPOB K
BbICOKOHaJIe)KkHOMY JuckoBoMy MaccuBy CLARIiiON. JluckoBsle maccuBbl CLARiION Series
C2000 Disk Array ob6ecrneunBator RAID yporueit 0, 1, 3 u 5 B mo0bix couetanusix, g0 20
HaKoNuTeslled B OJHOM Iaccu obmei emkocteio 70 80 ['GaliT M BO3MOXKHOCTH 3aMEHBI
HAKOMHUTEINsI O€3 BBIKIIOUEHHS] MHUTAaHUS. B KOHCTPYKIMH TUCKOBOTO MacCHBa HCHOJIB3YIOTCS
N30BITOYHBIE MHTEIJICKTYaJIbHbIE KOHTPOJUIEPHI C TyOIMPOBAaHHBIMU CBSI3SMH, 00€CIEUNBAIOIINE
otkazoycroitunBocth. Jlentounslii MaccuB  CLARiIION  Series 4000 momnepxuBaer
OTKa30yCTOMUMBOE pE3epBHOE KONMMPOBAHME U BOCCTaHOBIEHHE. B cocraBe MaccuBa
UCTIONIB3YETCSl  CIIEMUAIBHBIA  MPOLECCOp, PEATH3YIOMM CXeMy paclIeIUICHHsI JIaHHBIX,
nonobnyto RAID ypoBHs 5. JleHTouHBII MaccuB oOecreyuBaeT HE TOJBKO BBICOKYIO
IPOIYCKHYIO CIIOCOOHOCTb, HO W PEaIM3yeT 3allUTy OT OTKAa30B HOCHTENS W Hakomutensi. B
NEHCTBUTENIBHOCTH, Ja)Ke IMpPH OTKa3e HAKOMUTENs MM KapTpUAXKa, ONEpalud pPe3epBHOTO
KOTIMPOBAHUSI WJIM BOCCTAHOBJICHUS TAHHBIX IMPOJOJDKAIOTCS 0e3 moTepu NaHHBIX. B maccus
MOYKHO yCTaHaBJIMBaTh 3, 5 niu 7 Hakonutenei. [Ipu qByxkpaTHOM KOMIpeccuH JaHHbBIX 00LIast
€MKOCTb JICHTOYHOI'O MacCHUBa MOKET AocTUrarh 48 ['0aiT.

Kaacrepst DIGITAL

Kak m Sequent u Data General, ¢upma Digital (DEC) mpekpaTmia cBoe caMOCTOATEIHHOE
CYIIIECTBOBaHME, CHavaja CTaB OTJeliecHueM kommanuu Compaq, a 3aTeM BMECTE C HEil BOWIS B
cocraB Hewlett-Packard. Kommanuss DEC wu3BecTHa Tem, 4TO OHa SBISIACH pa3pabOTUYHMKOM
cepBepoB AlphaServer, Ha ocHOBEe KOTOpbIX cTpowiuch Alpha-knactepsl. [lepeiins B npyryro
KoMIaHuio, KoyuiekTuB Digital mox mapkoir HP mpopomkaer paboTy 1mo OOHOBICHHIO ITOMH
JIMHUH CEPBEPOB.

ApxuTeKTypa CUCTEM Ha OocHOBe mporeccopa Alpha Obina pazpaborana B 1988-1991 rr. ¢
nepcrnekTuBoi pa3Butus Ha 20-25 ner. Beimyckaemoe B HacTosiliee BpeMsl YETBEPTOE [TOKOJIEHNE
MPOLIECCOPOB  COAEPKHUT YEThIPEXKaHAJIbHOE CyIMepcKaasipHoe sAapo, 80 peructpoB mAns
IEJIOUMCIICHHBIX OTIepalyii, 72 perucTpa C IIaBarolei 3ansaToi, MpruueM B rporecce 00padoTKu
OJIHOBPEMEHHO MOXeT HaxoAuTbcs 10 80 uHcTpykumid. J[ms apxurekTypsl mporeccopa Alpha
XapaKTepHO BHEOUEPEIHOE UCIIOJHEHUE KOMaH/, JIOTUKA IPEICKa3aHNsl BETBICHHM, OTHOCTBIO
MHTETPUPOBAHHAS Ha KPHUCTaUIe KAILI-MAaMsTh [EPBOTO YPOBHSA, MHOTOKaHAIbHBIE yCTPOWCTBA
JIOCTyTIa K ONepaTHBHOM mamsTH. B cemelictBo Alpha-cepBep BXOAWT YeTHIpEe CEpUU CEPBEPOB:
AlphaServer DS, AlphaServer ES, AlphaServer GS u AlphaServer SC. Ecaun B monemnsix
AlphaServer DS ucnons3yercst He 6onee 64 mporeccopoB, To B cepBepax AlphaServer SC ux
MOKET OBITh HECKOJIIbKO coTeH (1o 512 u Oomee). MakcuManbHas TakTOBas YacToTa
mpoiieccopoB B Hactosimee Bpemsi cocrasisger 1,25 I'Tu. Bce kommbioTepsl cemeicTBa
MOCTPOEHBI 0 KOMMYTHUPYEMOI TEXHOJIOTUH, YTO MO3BOJISET U30€KaTh HEOCTATKOB, MPUCYIIINX
CHCTEMHOM LIMHE.

C xaxnoil cucremoii nocrasistercs naker HP Insight Manager - uHcTpyMeHTaIbHOE CPENCTBO,
oOecnieunBarollee MOHMTOPUHI U YyIpaBieHue cepepamu MmiaaTtgopmbel Alpha. Cucrtemsl
AlphaServer GS pa3paboTanbl cHEHMAIbHO Ul MOAJEPKKH CaMbIX MOILHBIX OH3HEC-
NpUIOKEHUH. MomybHast apXUTEKTYpa CUCTEM 00ECTIeYMBAET BBICOKYIO MacIITaOUPYyeMOCTb.

B mnacrosmee Bpemsi Ha cucremax AlphaServer HadanbHOTO YpPOBHS TOAJIEPKUBAIOTCS
oneparnuonnbie cucteMbl Tru64 Unix, OpenVMS u Linux, a B cepBepax CpeaHEro ypoBHS U
BBICOKOTIPOU3BOAMUTENBHBIX cepBepax - Tru64 Unix u OpenVMS.

Opnum u3 npeumymiecTB miatdgopmel Alpha ctamm pa3BuThie pelieHus! B 00JIaCTH MOCTPOSHUS

kiactepoB. Onepanuonnas cucrema OpenVMS Cluster mo3Bossier 00beIUHATE 10 95 y3II0B €
NPaKTUYECKH  HEOTPAHUYCHHBIM  TEPPUTOPHAIBHBIM  PACHPEICICHHEM, C  IOJHOCTBIO
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KOOIIEPAaTUBHBIM COBMECTHBIM HCIIOJIb30BAHUEM PECYpPCOB - CUCTEM XpaHEHUS JaHHBIX, (ailioB
U Jaxe oTAenbHbIX 3anucedd. [Ipu 3ToM Kaxaas cucremMa UMeEeT OTAeNIbHOe 000pyaoBaHHE,
MOYET 3aITyCKaThCsl U OCTAHABIIMBATHCS HE3aBUCUMO. [IpHUII0KEeHHUS U TPOrpaMMHBIE TIPOITYKTHI
JIOIYCKAIOT JAMHAMUYECKOe OOHOBJICHHE, HOBBIE YCTPOMCTBA XPAHEHUS JAHHBIX TAK)KE MOXKHO
N00aBIIATh U 3aMEHSATH B <ropsuem> pexume, a ooHosinenrne OC OpenVMS pa3BepThIBaeTCs BO
BCEM KJIacTepe IO3TAIlHO, OCTaHABIUBAaTh €ro paboTy s 3Toro He Tpedyercs. OpenVMS
Galaxy 1o3BoJISI€T BBINOJHATH B OJHON CHUCTEME HECKOJIbKO 3K3eMIuisipoB OpenVMS. Kaxnbiii
sx3eMIuisip OpenVMS Galaxy MOXHO 3amyckaTh U OCTaHaBJIMBaTh OTIEJIBbHO. BrruncaurenbHas
cpena OpenVMS Galaxy mnpemyaraer mHMpoKHe BO3MOXKHOCTH MaciiTabupoBanus B SMP-
koHpurypauusx. Cepsepsl AlphaServer HOBOro TMOKOJIEHUS HMEIOT BBICOKYIO CTENEHb
MacIITadUPyeMOCTH, MO3BOJSAS CTPOUTH CHUCTEMBI C YMCIOM IpoleccopoB oT 2 nmo 128 ¢
UCIOJIb30BAHUEM BCETO JIBYX THUIOB <OJIOKOB>: 2-IIPOLIECCOPHBIX U 8-IPOLIECCOPHBIX.

Ta6muma 15.2. Cepun DS, ES, GS80, GS160, GS320

Cepus DS Cepus ES GS80 [|GS160 [GS320
KomnuectBo monenen 6 3 1 1 1
[TonnepxuBaembie EV67 600 MIn,|EV68 833 MIw,|EV68 EV68 EV68
IIPOLIECCOPBI EV68 833 MIn,|[EV68 1 ITn,[1.224 [1.251Tu|1.251T
EV68 1.251Tny |EV68 1.251T |ITn
KonunuecTBo nporeccopo | 1-2 1-4 1-8 1-16 1-32
Kom-namsars 2-ro  ypoBHs|2-4-8 8-16 16 16 16
Ha OJIUH mporieccop, MoOaiT
Makc. 00beM omnepaTuBHOM |4 32 64 128 256
namary, I'oaiT
Makc. o6beM BHYTpeHHHX |436 2900 252 504 504
IHUCKOB, I OaliT
Makc. kon-Bo PCI cnoros|5 10 56 112 224
B/B
[Iponycknast crnocobHocTs|0,532 1,85 32 6,4 12,8
IIUMHEI B/B, ['0aiiT/c
Makc. yuciao anmapaTHbIX| 1 1 2 4 8
pazzenos
Makc. 4uciio nporpaMMHBIX | - - 8 16 32
pazzaenoB (Open VMS)
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16. Kiactepsl M MacCHBHO-IApaJlie/ibHbIEe CHCTEMbI Pa3JIMYHBIX MPOU3BOAUTEIIEI.
CoBpemennbie cynepkomnbloTepsbi: Hitachi SR8000, Cepust Fujitsu VPP5000, Cray T3E-
1200, ASCI White

Cepus Hitachi SR8000

Cepus SR8000, mnm CyneprexHudyeckuid cepsep, Oblia paszpaboTaHa sl YUCIEHHOTO
MOJICJIMPOBAHUS CJIOXHBIX HAay4YHO-TEXHUYECKHMX 3ajay (CTPYKTYpHBIM aHauu3, IUHAMHUKa
XKHUJIKOCTH, TpeAcKa3zaHue noroasl u T.1.). Cepus o0ObeIUHSAET BO3MOKHOCTH KaK BEKTOPHOTO
cynepkommbiorepa S-3000, Tak u mapaienbHoro kommnbsiorepa SR2201.

Puc. 16.1. SR8000

BricokonpousBoautenbHbiil  64-paspaausiii - RISC-mukponpoueccop paszpabotaH M co3jaH
Hitachi ¢ ucnons3zoBanuem CMOS-texHonorun 0,14 MUKpOMETpOBOH [UIMHBI JIOTHYECKUX
aneMeHTOB. [[ns MakcumanbHOU 3(PPEKTUBHOCTH MHKPOIPOLECCOPOB HAa KPYIMHOMACIITAOHBIX
3aja4ax HCIHOJb3YIOTCS BO3MOXHOCTH IICEBJIOBEKTOPHON 0OpabOTKH. DTO MO3BOJSET JaHHBIM
BBIOMPATHCS W3 OINEPATUBHOW IMAaMATH KOHBEHEPHBIM CIIOCOOOM 0e3 3aJep K CMEHSIEMBIX
npolieccoB. B pe3ynbrare AaHHBIE MOAAIOTCA M3 MaMATH B apu(METHYECKHE YCTPOICTBA TaKkxke
3¢ (eKTUBHO, KaK B CYIEPKOMIBIOTEPE BEKTOPHOTO THUIIA.

Brimyckatorcs mogernn SR8000 u SR8000 E1/F1/Gl1.

Tabnuua 16.1. Kondurypamus y3ia

Mopgen SR8000|SR8000 E1|SR8000 F1|SR8000 G1
[TukoBast npo3B-Tk, ['puon|8 9,6 12 14,4
[TamsaTh 2/4/8 |2/4/8/16  |2/4/8/16  |2/4/8/16

Hnsa 144-y3noBoit koHpurypauun monenun Gl (450 MI'm) mpu pemeHuM MOJHOW CUCTEMBI
JMHEWHBIX ypaBHEHUH pa3mepHocThio 141000 Obuta mocturHyra ckopocts B 1709 I'durom/
(Teopernuecku Bo3MoxHas - 2074 I'duon/c), uto nano sdexruBHocts 63%. Ha 112-y3m0Boit
momenmu F1 (375 MIu) pocrurnyra ckopoctb B 1035 T'dmom/c w3 1344 T'dumon/c
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(3pdextuBHOCTE - 77%). Ha OoTHenpHOM y3Jlie MPHU PEIICHUU IOJHON JIMHEWHON CUCTEMBI U
CUMMETPUYHON 3a7auu Ha coOCTBeHHbIe 3HaueHHs (mopsgok 5000) mporeccopHbie CKOPOCTH
ObUTH BBIIE 6,2 U 4,1 T'dhon/c, COOTBETCTBEHHO.

Tabnuna 16.2. Kondurypanus cucrembl

Yucio y310B 4 8 16 32 64 128 256 512

SR8000 32 |64 128 256 512 1024

SR8000 E1 38,4 |76,8 |153,6307,2 |614,4 |1228,8 |2457,6 |4915,2

Ipouse-te, Ipaon  |SR800 F1[48 96 [192 [384 [768 |1536 [3072 [6144

SR8000 57,6 |115,2 {230,4 |460,8 |921,6 |1843,2 |3686,4 |7372,8

G1
NéiK;I/IMaJILHblPlﬁ . SR8000 64 128 256 [512 1024 2048 4096 [8192
ooRe M) 3T S Ve
naMaTu, '0aiT
B . . Ultra SCSI, Ethernet/Fast Ethernet, Gigabit Ethernet,
HEWHHi HHTepeic ATM, HIPPL Fibre Channel
Cepust Fujitsu VPP5000

Cepuss VPP5000 sBisiercss mpeemHukoM mnpexxkaux cucreM VPP700/VPP700E (mocnemusis
CHUCTeMa MMeeT TAaKTOBbIM IUKI 6,6 HC BMecTo 7 HC). [moOanbHbIe H3MEHEHHS B apXUTEKType
otHocutenbHo cepuit  VPP700 wmamel. TakToBBIM 1HMKI OBUI  YMEHBIICH HAIOJOBHHY.
Apxutektypa y3n0oB VPP5000 nouru maentnuna y3nam VPP700. Kaxnpeiii yzen B cucreme,
Ha3bIBAEMbIll IPOLECCOPHBIM A1eMeHTOM (I1D), sBiseTcss MOIIHBIM BEKTOPHBIM MPOLIECCOPOM
(9,6 I'uron/c MUKOBOI CKOPOCTH M TAKTOBBIM MHUKA 3,3 HC). BEKTOpHBIN mporieccop TOMOJHEH
RISC-ckanspHbpIM TporeccopoM ¢ MUKOBOW ckopocThio 1,2 I'pmom/c. @opmar cramspHBIX
KOMaHJ] UMeeT 64 pa3psija M MOKET BBINOJHATH 110 4 omepanuii nmapawienbHo. Kaxnaerit 119
uMeeT namaTh 10 16 I'oaiit u xaxaeiii [1D HemocpencTBeHHO coenauHsieTcs ¢ apyrumu [19 co
CKOpOCThIO Tiepeaun 1,6 I'Gaiit/c.

'If‘l

Puc. 16.2. Cucrema VPP5000

VPP5000U - 310 omgHOmpolieccopHas MaliMHa 0e3 CeTH W pacUIMpeHud mepeadyd JaHHBIX,
KoTopbIie TpeOyrotes ast VPPS000.
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CkansipHoe yctpoiictBo mnojaaepkuaer RISC-apxuTekrypy <oueHb IJIMHHOTO KOMAaHJIHOTO
cnoBa> (VLIW - Very Long Instruction Word), oqHOBpeMeHHO BBINOJIHSS 10 4 KOMaH/ 32 OJIUH
TAaKTOBBIA LHKJI. BbICOKass CKalsipHAas NPOU3BOAMTEIBHOCTH JOCTUTAETCA IMOCPEICTBOM Kak
MIEPBOTO M BTOPOTO KAIIIEH, TaK U aCHHXPOHHOTO BBIMOJHEHUs 0OpaIeHusl K maMsATH, KOMaH/ C
MJIABAKOLLEH 3aIIATON U BEKTOPHBIX KOMaH/.

BekTopHOE YyCTpOHCTBO COCTOMT W3 4 KOHBEHWEpPOB, BEKTOPHOT'O PETHCTpPa M PETHUCTpa MACKH
(mask register) co CKOPOCTBHIO BEKTOPHBIX onepauuit 10 9,6 I'pmon/I13. Konseiiep kBagpatHoro
KOpHSI YBEIIMYMBACT IPOU3BOJIUTEIBHOCTh B ONCpAIUAX, BKIIOYAs KBAJpPAaTHBIC KOPHH.
BekTopHbIe ornepanuu BITOIHSIIOTCS CO CKOPOCThIO 2,4 I'dhiom.

Bcee 11D coenunstoTcst yepe3 BBICOKOCKOPOCTHYIO CeTh ¢ MomnepedHoil kommyranuei. Ocoboe
ycTpoiicTBo cBsizu Mexay I1D, mazeiBaemoe DTU (Data transfer unit), memaer BO3MOXHBIM
OIHOBPEMEHHOE BBIIIOJHEHUE COCIMHEHUN MEXKIY MpOLECCOPAMM W  BBIYMCIEHUSA. OTO
MIO3BOJISIET BBINOJHATH IEpeJady W IpUEM JAHHBIX CO CKOpOCThI0 615 MOaiit/c B KaxIom
HaIpPaBJIEHUH, B TO BpeMs Kak 11D BBINOIHAIOT BBIYUCIICHUS.

Cucrema VPP5000 mmeer JOMONHUTENbHBIE BO3MOMKHOCTHM Ul OINEpaluil ¢ IUIaBarollen
3amsATON paclIMPEeHHON TOYHOCTH U HENPSMOTO JIOCTYIA K MAaMSTH, BO3HUKAIOLIETO B PA3INYHBIX
BBIYUCIUTCIIbHBIX aJITOPUTMAX.

Komnonentsl [1D sBISITOTCS  BBICOKOMPOU3BOAMUTENBbHBIMU dSHeprocoeperatomumu  CMOS
(complementary metal oxide semiconductor) LSI-mukpocxemamu, npousBeneHHbiMU 110 0,22 MK
TEXHOJOTMM U cojAepXkalluMu 110 33 MWUIMOHOB TPaH3UCTOPOB KaXaas, CO BPEMEHEM
BEHTWJIbHOU 3anepkku (gate delay time) B 24 mnukocekyHAbl. J[as omepaTHUBHON MaMATH
ucnonszyetrcst  128-paspsiqas SDRAM  (synchronous dynamic RAM) co BpeMmeHeM
IIPOM3BOJILHOTO JAOCTYIA B 45 HAHOCEKYH/I.

[IpoBeneHHbIe TECTHI MOKA3AIH, YTO JIJIsI CUCTEMBI U3 32-X MPOLECCOPOB MPHU PEIICHUH TOTHOU
muHerHoU cuctemsl nopsiaka 170 880 ckopocts cocraBmia 296,1 I'pmorn/c (3¢ dexTHBHOCTS -
96%). [Inst oTaenpHOTrO Mpolieccopa ckopocTh B 6,04 I'duion/c Obuia JOCTUTHYTA MIPHU PEIICHUN
cuctembl nopsinka 2 000. Ilpu Beramcinennun mHorowieHa 10-ro mopsaka Obuia ompenesieHa
ckopocTh B 8,68 I'pnon/c (addexktuBHOCTS - 60mee 90%).

OCHOBHBIC TEXHUYCCKUE XaPaKTCPUCTHUKU:

e  TOJI BHITYyCKa - HOIOPH 1999;

e 9,6 'psion BexTOpHOI MpousBoauTenbHOCTH Ha [13;

e 1,2 I'pnon cxansipHOM NPOU3BOAUTENBHOCTH;

e wMacmTabupyercs ot 1 mo 128 1D (512 IID anst ocoboro pasmelieHus) U JOCTUTAET
NUKOBOM mpon3BoauTenbHocTH 1,228 Tdiom;

e 4, 8 wm 16 I'Gaiit onepatuBHoil mamstu SDRAM na 11D (makcumym 2 ToOaiita Ha
CUCTEMY);

e 76,8 I'Gaiit/c npomyckHas cnocoOHOCTh mamsaTH (memory transfer bandwidth) na I13;

e O4-pa3psiiHas apXUTEKTYpa;

e onepanuonHas cucreMa UXP/V Unix System V Release 4.

Crneuunduxanuu cucremsl VPP5000U:
e YHCJIO MPOLIECCOPOB - 1;

e TEOpeTHYecKas MUKOBas MPOU3BOAUTENBHOCTD - 9,6 'duton.;
e ONIepaTHBHAsA NaMsATh - 4-16 '0aiir;
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Crenudukarnmu cucremsr VPP5000:

e YHUCJO TpoIeccopoB - oT 4 1o 128 (512 13D mis ocoboro pazMenieHus ),

e TCOpETHYECKAas MMHMKOBAas MPOU3BOAUTEIBHOCTD - OoT 38,4 I'dmon go 1,229 Tduon (4,915
Tdmon g 512 I19);

e OmepaTuBHAA MaMsATh - OT 16 ['Gaiit go 2 048 ToaiT (8 192 Toaiit mig 512 119);

e MPONYCKHAs CIIOCOOHOCTH MHHHI - 1,6 ['Gaiit/c/I1D.

CospemenHnble cynepkomnboTepbl - Cray T3E-1200

Cucremsl Cray T3E - ato macmtabupyemble napamieibHble CUCTEMbI, KOTOPbIE MCIOJIB3YIOT
DECchip 21164 (DEC Alpha EVS5) RISC-nponieccopsl ¢ MUKOBOM MPOU3BOAUTENHHOCTHIO 600
Monon u 21164A s mamma Cray T3E-900 u Cray T3E-1200. Kaxxaprii mporeccopHbIit
anemeHT (I19) Cray T3E umeer cBoro codbctBeHHYt0 DRAM-namsate o6beMoM ot 64 MoOaiiT 110 2
I'6aitr. B ornuume ot cuctembl CRAY T3D, B koTOpod HcmofHseMas 3ajiaya 3ampaiiiBacT
(UKCUpOBaHHOE KOJIMYECTBO IpolieccopoB Ha Bce Bpemst BbimosHeHus, B CRAY T3E
CBOOOJIHBIE MPOLIECCOPHI MOTYT MCHOJIB30BaThCs Ipyrumu 3anadamu. Monemu T3E, T3E-900,
T3E-1200, T3E-1350.

Puc. 16.3. Gray T3E

Kaxnpiii y3en B cucteMe COIEpXHUT OAMH mporeccopHbiii smeMment (I113), Bkmrouarommii
MPOLIECCOp, MaMsITh U CPEIACTBO KOMMYTAIMH, KOTOPOE OCYHIIECTBIsET CBi3b Mexay I[10.
Cucrema xoHpurypupyercs 10 2048 mpomeccopoB. [TnkoBas IpON3BOAUTEIFHOCT COCTABIISET
2,4 Tdnon. Pazgensemasi, BBICOKONPOU3BOAUTENbHAS, TI00ANIBHO aJpecyemas IMojcucTeMa
NaMsITH JIeJIaeT BO3MOXKHBIM OOpamieHue K JokaabHOW mamstu kaxaoro I3 B Cray T3E.
[Ipouieccopubie anemenTsl B cucreme Cray T3E cBsizanbl B TpeXMepHBIM TOp BYHANpaBIeHHOM
BBICOKOCKOPOCTHOM CEThIO C MaJIbIM BPEMEHEM 3aJ€PXKKU, KOTOpas B IIECTh pa3 MPEBOCXOAUT
1o ckopocTu aHanoruyHyto cets B Cray T3D. Takxke no6aBneHa ajanTUBHAs MaplIpyTH3aLUs,
IIpY KOTOPOIl BO3MOKEH 00X0]1 y4aCTKOB C BBICOKOH 3(h(heKTUBHOCTHIO TIEpeIadm.

Cuctemsl Cray T3E BBINONHSIIOT onepanyy BBOJA/BBIBOJIA Yepe3 MHOTOYHCICHHBIE MOPTHI Ha
onuH unn 6ornee xaHanoB GigaRing. Kananbl BBOJa/BhIBOJJa MHTETPUPOBAHBI B TPEXMEPHYIO
ME)XY3JIOBYIO CEThb M MPOMOPLUOHAIbHBI pazMepy cuctemsl. Ilpu 3tom npu nodasinenuun 10
MPOIMYyCKHAas CIOCOOHOCTh KaHAOB BBOJA/BBHIBO/IA YBEIMYMBACTCS, U MaclITaOUpyembie
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IMPUIOKCHUA MOTI'YT BBIIOJHATHECA Ha CHUCTEMAx C OONBIINM YHCIOM IMpoHEeCCOPOB TaK KC
3(1)(1)6KTI/IBHO, KaK Ha CUCTEMaAaX ¢ MCHBIIUM YHUCJIOM IIPOLECCCOPOB.

s Cray T3E Oblna co3nana macmtabupyemast Bepeus onepanuontoi cucremsl OC UNICOS -
OC UNICOS/mk. Oneparmmonnas cucrema UNICOS/mk pasnmenena Ha mporpamMMbI-CepBEpHI,
pacnpezenenusie cpeau mnpoueccopoB Cray T3E. DTo mo3BoiseT ynpapisiTh HAOOPOM PecypcoB
CHCTEMBI KaK eJMHBIM 11eJIbIM. JIokanmpHbIe cepBepbl 0OpabdaTteiBatoT 3ampocsl OC, crienupudHbe
st kakaoro [19. ['moGanbHbIe cepBephl 00ecednBalOT O0IIECHCTEMHBIE BOZMOKHOCTH, TaKHe
KaK yIpaBJieHUE IpoleccamMu U (haiiyioBble oneparui.

B nobGaBnennn K mosb3oBaTenbCKUM [1D, KOTOpBIE BBIMONHSIOT TPUIOKEHUS W KOMAaHJBI,
cucrembl Cray T3E BxiowarmoT crnenuaibHble CcUCTeMHbIe [13, KOTOpbBIC BBIOIHSIOT
rnobanbuabie  cepBepbl  UNICOS/mk. Tak kak ri00aimbHBIE CEpBEPHl  PACIIONOXKEHBI Ha
cuctemublx [I9 u ©He nybmupytorcs mo Beeir cucteme, UNICOS/mk »sddextuBHO
Macimradupyema, IMOJHOQYHKIIMOHATFHA M OOCITYXKHBaeT OT JECATKOB a0 Thicsun [I1D ¢
MHUHUMAJIBHOU NEPETPY3KOM.

UNICOS/mk obecrieunBaeT cienyromue nporpaMMHbIe GyHKINU:

e pacmpenelicHHe CepBepoB ympamicHus (Qaiiiamu. @Dynknmm (aiiioBoro cepsepa
pacmpenensioTcs, HCHOIb3ysl JOKalbHble (ailioBele  MporpamMMmbi-cepBepa, IS
o0ecrieyeHnss MaKCUMaIIbHOW TIPOU3BOIUTEILHOCTH U 3P PEKTUBHOCTH;

e IID MoxeT reHepupoBaTh HE TOJIBKO MOCIEAOBATENbHYIO, HO U MapaUIeNbHYIO NIepeaavy
JAaHHBIX, UCII0JIb3YA HCKOTOPLIC NI JaKC€ BCC 115 [[aHHOfI IMporpaMMBlI;

e MHOXECTBO TJIOOANbHBIX (DalJIOBBIX CEpPBEPOB: cHUCTeMa yIhpaBieHUs ¢aiinamu
pacmpenesneHa Ha MHOXECTBO CHUCTeMHBIX I[ID, KOTOpble MO3BONSIIOT MOJIHOCTBIO
MCII0JIb30BaTh MapajlieibHbIe TUCKOBBIE KaHaNbl, HoaaepxxuBaemMblie Ha Cray T3E.

Cuctrema T3E-1200

beictpoaeiictBue cepun Cray T3E-1200 B 1Ba pa3a mpeBbllIaeT NPOU3BOAUTENBHOCTh CUCTEM
Cray T3E npu ymensineHHoit BnBoe crommoctu 3a Mdmomn. Kondurypauum B BO3myIIHO-
KUJKOCTHOM OXJIZKJEHUU MUMET OT 6 MPOIECCOPOB, @ B AKUIAKOCTHOM - OT 32 IpPOLIECCOPOB.
Kaxneiii mporeccop mmeer mpou3BoauTenbHOCTh B 1,2 ['dotom; s Bceid cucTeMbl MUKOBast
MPOU3BOIUTENBHOCTh MeHsierca oT 7,2 I'dbmonm mo 2,5 Tdmon. Macmrabupyercss A0 ThIcad
npoueccopoB. Cepust BbinmynieHa B 1997 r.

Cucrema mpenHasHaueHa Il HamOOJee BAXKHBIX HAyYHBIX W TEXHHYECKUX 3a7ad B
aPOKOCMHYECKOM, aBTOMOOMJIBLHOH, (DMHAHCOBOW, XUMHUKO-(hapMaleBTHUYECKOW, HEPTIHOH H
T.J. OTPACIAX MPOMBIIIJICHHOCTH, & TaKKe B MIUPOKUX OOJACTSIX MPUKIATHBIX HCCIICIOBAHHM,
BKJIIOYAsi XUMUIO, THAPOIMHAMUKY, MPEACKa3aHue TOTO/Ibl U CECMUYECKHE MPOLIECCHI.

Jis moanep KKy MaciiTabUpyeMoCTH HUcIolib3yercsi omepanuonHas cucrema UNICOS/mk -
macmtabupyemas Bepcusi UNICOSR. Cucrembr T3E-1200 moamepXkuBalOT Kak SIBHOE
pacmapanienuBanue pacmpeneneHHon mnamsata nocpeactBom CF90 u C/C++ ¢ mepepaueit
coobmenuit (MPI, MPI-2 u PVM) u nepenaudy JaHHBIX, TaK M HESIBHOE paclapaljelIiBaHNe
nocpenctsoM Bo3moxkHocteld HPF u Cray CRAFT.

Ha cucremax T3E xaxneni uHTepdeiic GigaRing mmeer MaKCHMaJbHYIO IPOITYCKHYIO
cnioco0HocTh B 500 MoGaiit/c.
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B nononHeHue K BBICOKOM MPOU3BOAUTEIBLHOCTU M MPOIYCKHOM CHOCOOHOCTH MPOLIECCOPHBIX
9JIEMEHTOB M BBICOKOM Macimitabupyemoctu, cuctemsl Cray T3E-1200 umeror ABe yHUKaJIbHBIC
ocobenHoctu: STREAMS u E-Peructpel. STREAMS noBoadt 10 MakcuMyMa NpPOMYCKHYIO
CHOCOOHOCTh JIOKAJIBHOM IaMATH, IO3BOJISAS MHKPONPOLIECCOPY 3alycKaTh IpH  IOJIHOM
CKOPOCTH JUIsl CCBUIKM Ha BEKTOpOINOAOOHBIE AaHHble. E-Peructpsl npenocTaBisitoT onepauuu
gather/scatter (coenuHeHne/Bpa3dopoc) MIsl CCHUIOK HAa JIOKAIBHYI0 W YAAJEHHYIO NaMsTh U
UCTIONB3YIOT MOJHYI0 HPOIMYCKHYIO CIIOCOOHOCTh BHYTPEHHErO COCAMHEHMS Ul YNAJIEHHOTO
YTEHUS U 3alIUCU OT/AEIBHOTO CJI0BA.

OneHka TPOU3BOJUTENFHOCTH BBIYUCIUTENFHOM CHUCTEMBI MPOU3BOJAWIACH MPH PEIICHUU
IUIOTHOW JMHEWHOH cuctembl ypaBHeHud mnopsaka 148800 na mammue T3E-1200 ¢ 1200
npoueccopamu. beuta  gocturnyra ckopocte B 1,127 Tdmon/c, uro cocraBuser 63%
3¢ (HEeKTHBHOCTH.

Ta6muma 16.3. Onenka npou3BOIUTEILHOCTH

Ywucsi0 npoieccopon 6 - 128 32 -2048
TakToBas yacrtora npoueccopa, MI'n 600

ITuxoBasi npOU3BOAUTENBHOCTD, T duion 2,4+

Pa3smep namsiTu Ha npoueccop, I'6aiiT 0,256 -2

Tomosiorusi BHyTPEHHEro coeIMHEeHUus 3D nByxHampaBJI€HHBIA TOP

MaxkcuMajibHasi ABOMYHASI MPONYCKHAs cOCOOHOCTH, ['0aiiT/c|122

MaxkcumanbHoe unciio kananoB GIGARING 128
I[ukoBasi nponyckHas cNoCcOOHOCTH BBOAa/BbIBOAA, ['0aiiT 128
ASCI White

[Ipoekt ASCI (Accelerated Strategic Computing Initiative - yckopeHHasl cCTpaTeruyeckas
BBIUMCIIUTENbHAS HMHUIMATUBA) WHUIIMHUPOBAH OOOPOHHBIMH TIporpaMmamMu MUHHCTEPCTBA
suepretuku CIIIA B corpyanuuectBe c¢ sabopatopusimu Lawrence Livermore u Los Alamos
(CIJA) nmns mepexoja OT SACPHBIX HUCHBITAHUH K METOJaM, OCHOBAHHBIM Ha YHCJICHHOM
MOJICTTUPOBAHUHU CO3JaHHS SIEPHOTO OPYXKHs, OLIEHKH €ro MpPOU3BOAUTEIBLHOCTH U T.II
NuunmmatuBa ASCI sBisieTcsi KITIOUEBBIM AJIEMEHTOM MPOrpaMMbl OOCTYKMBAHUS apCEHAJIOB
Stockpile Stewardship, HanpaBneHHoI Ha oOecrieueHre OE30MACHOCTH U HAJCKHOCTH SIIEPHBIX
apCeHAJIOB CTPAHBI IPH OTCYTCTBUH HCIIBITAHUH SIEPHOTO OPYIKHS.

B xonue wutons 2000 r. xommnanus IBM cooOumna, yTo OHa mocTpousia camblii OBICTPBIN
CYIEPKOMIBIOTEP B MHUpe (Ha TOT MOMEHT), BHIIOJHSAIOMHUN 10 12 TPUIUIMOHOB BBIYMCICHUN B
CeKyHJy, YTO B ThICA4Yy pa3 ObicTpee, dYeMm mpousBoautenbHocTh <Deep Blue>.
Cynepxommnbrotep RS/6000 SP, u3BectHsiii kak ASCI White, 3anuMaronuii miomnaas pazmMepoM
B ZiBa 0acKeTOOJIBHBIX MOJIA, UCTIONB3yeTcst MunuctepctBom suepretuku CIIA B mporpamme mo
o0ecrieyeHHI0 O€30IIaCHOCTH M HAJAEKHOCTH 3alacoB SIEPHOTO OpYKusi 0e3 NpOBEICHUS
HATYPHBIX UCIIBITAaHUM.

Cucrema ASCI White siBnsieTrcst TpeThbuM ImaroMm B Iiane MunucteperBa sHepretuku CLIA,
COTJIACHO KOTOPOMY IMPOU3BOJUTEIBLHOCTh CYNEPKOMIbIOTEpHOU cucTembl B 2004 r. nomkHa
coctaBnaTh 100 Tonep/c. B pamkax ASCI-nipoekTa B Te4eHHE HECKOJIBKUX JIET IPeanoiaraercs
CO3/1aTh CEPHIO CYNEPKOMITBIOTEPOB MPOU3BOAUTENLHOCTHIO B 1, 3, 10, 30 u 100 Tdmor.
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IIpu mpoBepke Bo3MokHOCTeH cymepkommbiorepa ASCI White mokazan BBIYUCIUTEIBHYIO
npou3BOaUTENBHOCTH B 12,28 Tdon, npeBbicuB TpeOOBaHNS KOHTPAKTa B 3TOM MyHKTE Ha 23%.
CucreMa MHCTAJUTHPOBAHA B KAIM(DOPHUIICKOW HAITMOHATILHOU JIMBEpMOpPCKOiA Tab0opaTopuu.

Cuctema coctout u3 8§ 192 MHKpOMPOIECCOPOB, UMEET ONEPATUBHYIO MaMsATh 00BEMOM B 6
T6aiit u nuckoByto namsaTh B 160 TOalT, 4TO 1OCTATOUHO ISl MIECTUKPATHOTO XPaHEHHs BCEX
kaur 6ubmoteku Konrpecca CIIIA.

Anmapataoe okpyxenune ASCI White Bxirouaer B cebs cucremy IBM RS/6000 SP ¢ 512
CUMMETPUYHBIMU MYJIBTUIIPOLIECCOPHBIMEU MamuHamMu (SMP-y3namu). Kaxneiii y3en umeer 16
MpOILIECCOPOB, a I CcHUCTeMbl B 1einoM - 8192 mpomeccopa, obecrnieunBaemasi MUKOBAs
MPOU3BOIUTENLHOCTh cocTaBisieT He MeHee 12 Tomep/c. Cucrema umeer oOmryro namsts 4
ToOaiiT u auckoByro namsaTh 150 Toaidrt.

HononnutensHo cuctema IBM SP ocHaileHa BHEIIHEH IUCKOBOM MaMsThiO, IMapajjielbHON
¢aitnoBoii  cucremoir  GPFS, apxuBHOM maMAThiO U  CpPEACTBAMU  BHU3YaJIU3alLIUU.
Cneunanu3upoBaHHash BBICOKOCKOPOCTHAs CeTh OOpa3yeT Marucrpajlb M COEIUHSAET BCe
koMIIoHeHTHI cucteMbl ASCI White.

Cucrema IBM SP, koropas popmupyer smpo ASCI White, o6pa3oBana 3 MHOTHX ITaKETOB, B
OOJBIIMHCTBE CBOEM COJIEPXKALIMX YEeThIpe y3ma. Bce y31bl SBISIOTCS CUMMETPUYHBIMU
mynsTumnporeccopamu IBM RS/6000 POWER3 ¢ 64-pa3psanHoii apxutekTypoit. Kaxmbrii yzen
ABIISIETCS. ABTOHOMHOW MaIlMHOM, oOnagaromeld COOCTBEHHOW MaMSTBHIO, OINEPallMOHHON
CHUCTEMOM, JIOKaJIbHBIM JAUCKOM u 16 mpomeccopamu. IBM  mpou3BOAUT HECKOIBKO
pasHoBuaHocTel y3110B POWER3. V3ne1r ASCI White uzectHs! kak y3ibl Nighthawk-2 (NH-2).

[Iponieccoper POWER3 sBisitoTcs cynepcKanisipHbIMU (OJHOBPEMEHHOE BBIIIOJHEHHE MHOTHUX
KOMaHa) 64-pa3psAHBIMH YUIIAaMH KOHBEHEPHOH OpraHu3alMd C JABYMS YCTPOWCTBaMH II0
00paboTke KOMaHJ C IUIABAIOIEH 3amsIToil © Tpems YycTpoiicTBamu 1O 00paboTKe
[EJIOUMCIICHHBIX KOMaHA. OHM CITOCOOHBI BBIIOJHSTH JJO BOCBMH KOMAaH]I 32 TAKTOBBIM LUK H
JI0 YeThIpeX Omepanuii ¢ IUIaBaloUIeld 3amsaToi 3a TakT. Bce y3ibl coenHEHbI BHYTpEHHEH
KOMMYTallHOHHOM ceThio SP.

O6mas mnapamnensHas (aiinoast cucreMa IBM GPFS (General Parallel File System)
obecrieunBaeT 00CIyXKHUBaHUE (DAMIIOBON CHUCTEMBI JUIsl MAapauUICNbHBIX U TOCJIEI0BATEIbHBIX
NPUIOKEeHUH, 3amyckaeMmbix B okpyxenun RS/6000 SP. GPFS paspabGorana anamoruyHo
daiinoBoit cucreme UNIX: moutu Bce mpuiokeHust 3amyckatorcst moa GPFS Ttak xe, kak onu
3amyckaloTes B Apyrux (aiaoBbIX CHCTeMax. JTO O3HAYaeT, 4YTO IMOJIb30BATEIN MOTYT
IPOJIOJDKATh TPUMEHATH 00bIuHbIe KoMaH sl UNIX 115 mpocThix oneparuii Haja daitnamu.

GPFS mnpenocTaBisieT COBMECTHBIA JOCTYN K (aiiyiaM, KOTOPBIi MOXXET OXBaThIBATh MHOTO
JMCKOBOIOB Ha MHoOrux ys3nax SP. OraenbHble ¢ailibl XpaHATCd Kak psn  <OJIOKOB>,
pacrpeneneHHbIX uepe3 JUCKHM Ha pas3IUyYHBIX Y3J1ax IMaMATH. Takke MOIIepKUBACTCS
OJTHOBPEMEHHOE YTCHUE M 3aIMCh PA3IMYHBIX (AHIIOB.

Jlist 3ammThl BeUUCTHTEIRHBIX cpenacTB (Secure Computing Facility - SCF) umcmonb3yercs
apxuBHas cuctema xpanenus qaHabsix HPSS (High Performance Storage System).

Cuctema ASCI White mocTpoeHa Takum 00pa3oM, 4TOOBI MOJJACPKUBATh CMEIIAHHBIE MOJIbBI

IpOTPaMMHUPOBAHUS KJIacTepHOH pacnpeneneHHoil namstu ¢ SMP o6mieii mamsitu. MPI o6praHO
WCIIOJIb3YETCSI ISl COEMHEHMSI PACIIPEAEIICHHOMN MaMATH OT y37a K y3I1y.
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OnepanuonHas cucrema, kak 1 Ha mamuHe ASCI Blue-Pacific, mpencrasnser coboit Bepcuio
UNIX IBM AIX. AIX nogaepxuBaer Kak 32-pa3psaHble, Tak U 64-pa3psiHble CUCTEMBI
RS/6000. Homep Tekymieit Bepcuu - AIX 4.3.

[Momnepxkka mapamensHoro koma Ha ASCI White BrirrouaeT mnapasuienbHbie OHMOIUOTEKH,
OTIAAYUKH, TPOPUIUPOBILUKH, YTUIHTHI IBM 1 cepBUCHBIE TPOrpaMMbl, KOTOPHIE TPOU3BOJISAT
aHamu3 ¢ ¢extuBHOCTH BhIMoNHeHHs. [lommepkuBatorcss MPI, OpenMP, moroku POSIX u
TpaHcisTop aupektTuB IBM. [octynsbel: mnapamensHbelii  omnmanguuk  IBM, cpencrea
npodmmpoBanus u Total View.
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