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— A, BTREAKX. BERIEAR. TIHHVEZ AR, TIS@RIZELNTEDE
HEEDE. BEEZROEOICABICEIEL THUERO YA XGEEMN AT RO
BENTARTH D, BIETITVXLTIX. BIETATIVDINTAZELT, BIEWE
DFRER . U2T K BREGE) KEEAKICE T4 /—FORIEH. E
HERBBAEER. Nryb A X BEFEAXER BETORIILER
(TCP/IP, UDP) 2 &N H D, BIAIX. EEEEARE 1 1 BEARXDERL. 7L

_12_



TVZXLLARILDINGARET D,

244 BEXRT7O5S5LLAN)L
ERZTO5SLLRIILTORBIE/NNTAZE, AV /IMIRT58BILZFDEDTH
B, AT B LLTCORELLEFITIEHIE. UTDBEYTHD,

1. SHEEZAVNASHNFETELVEBIRIEICEWLTE, SEREZZERL
=Ly,

2. AVIASH BN AARERIFZEERTBEEZEODTOISLICELNTE. B
EREZEZERLT=LY,

3. AVNNASHENR LB AIRER I —FEHRZEZFIBALLZWE, FTED M RESR
RIRTHmBIENTEALY,

BXRTOUSLLANIILTAT EENRRETEDIE. FHIZIE. LTD/ISA2THS,

I—TOF7oa—) 5 B
W—TDEA)THAX
YINDITINATSAUNZEITBINATIAVERBONATSA U BEIZE
R H/N\FA2BIZAE. EHOERESROMER)

4 L—TOMECHHELELTDEEFRXDEIR

245 3TN

VAT LERELTEMREEERTA-OITWERSI TR 21— T2 LT,
ATRERFET 5, DIaTRTDa—)20 T THELELDMERE/NTAZELTIL, R
EITH. R RETEERE. BLADO a7 DBEEREELZENH D, 0S I2LED
ATV BZOERBREED. INSA2ELYESL, BEARLANIILTIE, BIESA
TIVIZBVWT, EDKSBRYET—IMROCEEHL TCRELEETIH. FIZIL.
T 209K nHBKR, FNODMAEEHREDNRODEIRN AT ®FRELHS,
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EI3E BEF1—- 7 RITOHREA

31 YIrII7BEF1—= UV HffiDHE
MEDFEROERLEIUTILITVALDEHLIZELLRN, YIRITT D HE)
Fa—=2% (Automatic Tuning; AT) i ffiAiEB SN TS, RO EIRZEHIER T
B0 FFTATEMOEFEN-BZE . DLVTAT EMTDLLBED AT DTN
%, DT, LB DA LEHEIND AT HITOSEHDEREIZCDODVTERT S,
EZEICBLT AT EMOBERICEVWTE2ELEBDOH LTI ESATZMEITD
AT EffiZzicEYH TS, 1990 FRIEMN L., SHEHOSHEEILICELLNT—F
TIOFoDEHIELTE -, TELT. FvvlaDZELR, HREREHEFREIIEICEK
570ty QiFIENZDERTH D, TD1=H. THIETES AT TIEL., HEE
EFa——U TS AEENERICG T, BRFEDBBEEFETLH-5H. HEEF
—Z BRI AEMAMESIN. BEIF2—=U T EFIEND LI T,
THFERITESHF1—=27 D&MD XHEK PHIPAC [1]IZIX. BRI automatic
tuning ELVSHBIIETIHBVD, BXEBICRSN-ROXIZENEERT HFK
BEAHE TS,

Modern microprocessors can achieve high performance on linear algebra kernels
but this currently requires extensive machine—specific hand tuning. We have
developed a methodology whereby near—peak performance on a wide range of

systems can be achieved automatically for such routines.

97545 machine—specific hand tuning ELVREEZTTARL | (RIXE—DITELVERE
= BEIMICER T 5% (methodology) #BAFLI-EVLVSIRRTH D, (ZIZFHZRE
CLLT. T—ER—RADREHFTH. AT HEiiAEFEEINSKIITHE->TLND, T—EN
— AV AT LDLEEICHIZ/I\TAIEBEETRAEBTLDIC, T—EIR—XEHEN
ZREGHEZENTTNAILERRT HIRMTH D, THFEEERLLZEFE T HSE
DD, HEEICHEEZS KT T/NTARABOIHFHIB T HELSEHMIEHEBELTL
b, F=. WEEL. 0OS EFTVr—Lav DFEICRBETHIRILIITRETHS.,
T—AR—RTIE, LW S Web3 ERB THOEMEREILELNS U RT LA THL—Y3
CEDORELHY. AT EOERLEZEENZELES LUV IOy YDl
FbIZ kD EMEERREVSRBITHE T 5,

32 B Fa—=—2 7 EMTDLEROZHEA
321 BEF1—=-UYDESE
REWGT 6 DOTIFESAIIVRITEEIF1—=2 T BffiFLLEL, 2RI 5,

_14_



HERER N DN, AR TRYKS BB F1—=0 T OBBHLBERETT .
31 I KRMAITIFETHAERMBEHEICB TH—RMGF1—=07T0ER
ERY . AT RITLEVEREAEDTILT VX LEZRIRT 5. fIZIE. 7.
NYRRIVFEENITILTYXLERS, RIS, EDTOT S LERERL, BTOT
SLZEIAVINAILT, RITATOOMIERT 5. RRIC. RTATOIMNEHE
WETERTL. BREHEORERERFTD, COTOEATI, HREICEEZEKLET
NTAIDERT REHAETE RN ERITEAY, SESFLGHERE/NTAZ, 7LD
VAL, R A ENDBIRLGTNITESEN, EKICRIEDSEREFEH T, £
NENDRTAIT DI IEDHRENKECE D D=0, BT RENLVDOHILEE
[2%<%%, CCTIR S ERBNORITA TV IM O RELGEZROBHLEH
BFa—=—VJLEET S (2],

Computation :
Eigenvalue Mapping _
\ Select

dlgexithim * Program Execution code — Output |
Householder ; :
Describe Compile Run

31 ERBEHEDF1—=7T70ER

322 B Fa1—=T HEDLE

BEIFa1—= 9570 CRDFEMREDTT D 2 DDEELREHEEAT D, 1
DOEIITHIETEIZEITEHYV IV TREBOETHY. 35 1 DOBHIEYTILITT
FRAETAVILDETHS, T3 ATHEFEICETEVIN Iz TEBORAEZRT,
REGDOEEEIL. ARRXZMEVSIERZLDVILABETHS, RO LELDOREE
(. VILAQAVR—R LB S TYILABEBTHY ., THDRSHDELRENS
EERZEED, BIZIE. NDRKRITEICKPEFEEFEICELNTIE, 3 EXALLLE
NIZH1=%.3 EXNAILLIEHEI—EDNEBDRTHLH . AIHhDAEREHECET
DEKRIEHEND, ZORDIEBITERNERERKEITOI S LBLAS TH D, CnlE, 1T
FERTGMLDEEMEETIEVSEEREL D X THDOEEIFIL—TTHb. =
NHABRBOERICKY . ATEMEOVNASICEITIRBIEEMDEREZRD LS
[CERBATCE D, AU/ H T D mBL AL, FELTIL—TLRILOREILIE
H|MELT IL—TRICBTEEROMEKREFEERESTT D, — A, AT Eiifl&. 1T
FIGHEICHITAERKRMEREEZH T 120, LEBVINIITREOR RIZEVWTRELE
D%EFEIRT 5,
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K31 THEEICBITAVY I TERE

VIO T B THETE DA
VILINRERE EIIRAFERA =y, BEHEA= zv
HITYVILNEE BEXAL A EXHEITI) — T BEXAITI)
BEXIE:VRIMLE) — V' (ERIEXIMILED)
BLAS BLAST x=x+y, a=Kx V)

BLAS2 y=Ax, y=Ax+Ax
BLAS3 C=AB A=A-yx —xy/
=7 DO J=1, 100
DOI=1, 100
Y(J) = Y(J) + A, I*X(AD)
ENDDO
ENDDO

VI TR AIIDEEER 32 ITRT, StBEMETT TS —2a R/
THE, V—Ra—KE2EE aVNAIILTEMWI—FERGTEM ETEITL. 4aE
ZEETHEVNSIFIBEICAHD, HRERRERILI-R. TOUIIVT DA EENE
T35, COREFAIIILDEEBEICENTHREIZET T AINELHY. Thd
FatteEibICmIT TREBTHILICHS, BEIFa—=2U TIE, /€. ARIOFE
EIZLBHNLEVIO—EDRNEBHILT S,

nbroutine dingle_srihogunal( W,V M)

3.2 VIR T7RFEHAIIL
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YILDIITRBE/IEIITREFAIILEND 2 DOBMTHET HEHE. RD
BYTHD, VI IITHEEBOEIE. /(SO LEE~ADREIHEE®RT 58
BF1i VI DERDOETHS, COEMNHEINOZTDEEF1—=0TTHY.
BEQOIAVINISDBRREITH T A=-OIZNBEREHTH S, 51 2OV IR 7H
HEHAINDHMIE, Fa—=0 T OFIENKEBRLGEMTHS, TOTSLEEE,
MEREEETRIL. TOTSLDNSAREFHIES S, F1=. 1EREEFHBIL. BE/NSA8%
T DILERYIRT . CORILRRHIRBEERT DERNLTHTHS,

33 BFFa—— U EMDER: 6 DOMEEH

EPHIPAC

TRJS3IV5EE C DIL—T#BEF1—=2FFTBHRHDYTREETHY. Blimes
SIICKYIRESINTz, THFHEDSEREERNAITIH X 1750 ;EHE (DGEMM)
DEEFF1—=2F%FH/->TLVS, ANSI-C DAV /RASELDHEMIZFIETS
MELSIO—TAVTEMEREDTI-F4T3)THS, PHIPAC Tld. N\FAR{LENT:
O—F2zRL—42h, RBIEEE IR T HEBEDTIAvIH 4 X%2ED C DY—RO
—REERT S, BlZIEX. mm_gen ELVSITHIFEDI—RORL—2IE, 1THIFEDEE
BRERBICRAS-L2ADLYREAHETOVIHDENDY—RaA—REERT 5,
H—F ROV THE ERENFY—RA—KROR TRELL S RA2TOVIH (=T
A—) B ZEDH . RIZEREE L1 FvyadOvo#, &@4 L2 Fvviad
Ay ENERED T, CODIEBE TREE/NTAMEZ RE TEDRAEIEHLA,
BEROICBIFGHERNFLON TS,

B ABCLibScript

AHRLBICESTIREINT=RVTNERETH D, COEEEA—RILTOT S LE
ETIBREINBHEFa1—=259 5%, X3.3IZ, ABCLibScriptiIZ&> TS i=Fa
—— T DBEETRT . CORY)THE, BEAGETEMBHZERLE T HILT.
BEEIN—T7o0—)0 0BT EHEMNTES, BB DPHPACHTI LA
JLTBLASDF2—=2 T Z{T73DIZx L. ABCLibScript TIFZIERK [T KSR EILE
TIE, Fa—=—VJtHEREb T 5EHAERETER 5,

WATLAS

Whaley S[4]ICEYIRESNE-BEF1——2 S #EEDE BLAS S4T35THS,
Pentium 21)—X, PowerPC I1J—X, Sun SPARC ') —X73& %< M CPU [Zx LA
BlZFa1—=0FENT=BLAS TOY S LETHS, ALTAS TD AT Hiffld, T&LT
JIL—T7o0—) 8 FxvyaOvx o THD, LD D BLAS BTl #2
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BRICHEDWNVEFa—=o I MNEFENTWS, T, BRHEEADA VA M—ILIZIE.
EBLEWERES T T ERABELEENS, LI L, Fa—=2 P Shiz%.I1F. 77
Y —30 705 S5 LNEFEEIL BLAS BMEF1——2F 320 E(LAL,

!ABCLib$ install unroll (j) region start
!ABCLIibS$ varied (j) from 1 to 16
!ABCLibS$ fitting polynomial 5 sampled (1-5, 8, 16)
doj=1,n

doi=1,n

AG, j) = AG, j) * uG) + VG, j) * uG)

enddo

enddo

|

Automatic source code generations with
Performance samplings

|
’ Tuned Library Generated ‘

[X]3.3 ABCLibScript/C&AiRibHlEBENFa—=2 T SN=54T 3D ER

HI-LIB
EHLBICKVRE. ARSN-BEBF1— U EEDEREHES(T3)TH
5, FELT . UTADDINTGAIEFa1—=0T9 5,

1. Depth of loop unrolling for matrix—vector multiplications: Depth D ERE (X 1.
2, 3. 4, 873&

2. Communication method for matrix—vector multiplications: F &L THFIETE
WDRLTZEIC

3. Gram—-Schmidt reorthogonalization: MGS $# 5L\ & CGS % EIR

4. Preconditioning procedure: WLXDHMDETNIEBEEZEITHEIZER

Hitachi SR2201 & &1 SR8000 kT Kk E##iE GMRES(m)Z LMV -EEXERTIZL.
BED#EEELHD PETSc [TXL. 5 4 EDEFRIEZZERL TS,

EFIBER
VI TRAES AN ERB LB F1——2FIL—LT—ITHY., FHEL
Bk >TRESIN . CNIEEZOHIRELEZBEBF2—=2JDEEN]Z.3 D
DVIR I TERAFEY AV IVIZHEELIZAIE DIFI27%> TV, FIBER TIL. MHHEEIZE
EB5B5257003 LRhORABABELG/NNTAIERBEIL/NTAZERED, TNELUT
DI DDREIZHET D,
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1. AVA+—)LERE{E/\TAS
. TRIREL /NS AR
3. EfTHmEIL/\TAZ

tDBEFa1—=2 T HETIE. RBIL/NTAINA VA=V REL/ A5 AZIC
Ron T =, BRIEFHEDS Y 2 BHOEATIE, 1 Ab— LR RE L/ V54
BDHTDF1—ZJ 2R, RITAIRBEIL/NSAZEBERATHIET 28, ThikhE
mELf=EmESN TS [3]

B SANS

Dongarra b[6][C K> TIRESN-BHFo1——=2F OEATH5S. BUETESATD
)% Grid RE T CEEIHEELITHICT AL OMAFBIN TS, LTD 4 DDV
R—R U EMNSHB,

Intelligent agent: Automated data analyzer
History database

System component: Controlling access to the Grid

H L=

Metadata vocabulary: User data and performance profile based on common

component architecture, CCA, framework

CORMATIE, T—ER—RERTD2—FMEIZT )R EE#L-aVR—3RY
Felio TS, VAT LOAVKR—RUMIF EFTFESRRATD1—INEFENT
BY FHBEITVIEADT IR GI#HZETo>TLVS, CCA BAZT—H2FFEICLS T,
HREICELNT—2ETIILTIRALOETEENREEND,

34 2BAICKDNFEEFEEOIMEM

6 DD AT iliZx LEE 2 B T =B RZR 32 [CFED D, CORMND. 3 DDFH
BOERNGZAEND, F1Z, BFF21—=2F ORERH, JL—T+ BLAS %2ED
THREBNSHITVILNEZEO-LEABBARRBRLTLWAEWSERNH D,
PHIPAC &, ANSI C O /(S DIA—T A T I TEHARSAVEWSFEDITT
H5. L. ZDFa1—=2T7%aVN\ASTRELEIETSHE, OV /(LR
MY ERETIEAL, PHIPAC Tl 1 BBDITIEE DEKRZEE A G VEFE T,
W—TDEEAEEADETTF2—UJEERTH, £ I-LIB TIE. YTV
NEBIRTBHLETIYEELRF1—UIFFRHTH, ZDKSIZ, PHIPAC M5
ATLAS, I-LIB &7GBIZHEL FRRICERIFERIC AT XREBITL. ENITE-T. T
EHREFTDLRNARNCEELGF1—ZU9 #7535 FMIERLTLS,
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F2(2. TS LEERETD AT ho, VI TRAETAVIILERANFEELT
WBEWSTERIMNRAEND, BED AT AR TIX, ROUTROSA4TS)EWNSYTE
D7 RRAERAL TV, RIEDFHFLLVAZEEHE TH S FIBER & SANS TlE, AT
L—LT—0ZRELTNS, COLIEEILE. AT HMNV IV TRFE AL
ERYBELEBDIZHESTWNDIEERLTWS, fIZIE, BRITHIDITIHIETES AT
FYIIRTHERF1—=U TR T HEICIE. BITHDIGELLERTETED
B Fa1—=—J5kYUBERDDELH D, BELEL, FHEMEEIEEITHOITS
T—RIZKEUREL. LT T4— RN\ VI DHLEHF1—=—2 T EEZRITED
BWDSTHD, T4—R\wIT5=HI2F, BIZTOT S LERET 1T TIEEL,
MREZF AL SSICZDFHEDIER. TOT S LDNSGAIERET HEN--FF
PAONERHRELI=ZBZAAZEATILELH D, TD=HIZTL—LT—IH%h
BELGY, LROFHIGHREIMICE>TLSER NS,

3. AT BTN ERAINI T EHIREN, B—TJ 0ty (CPU) ALl 5| 5T & #.
P AT L, TVIRIRIBAEEELDDH D, PHIPAC XU ATLAS OREI R

TALIFE—TO0tyYDERER £ THo1=HY, I-LIB, ABCLibScript 5K U FIBER T

(&AM FIETEHE MPP 0 0ZR 2V R T LEBEICLTLNS, EBIZ, SANS TIF T Uy

FETERRVATLAICEELTLNS, ZO LS, KURBLEWHE#IRREEZ N RET

B5&5EHYDDH5B,

#&32 ITHMEEZRRETDEBFo1 -0 FEDLER

(P; prepared in detail, C; considered, —; not available).
Project Names PHIPAC ABCLibScript ATLAS [-LIB FIBER SANS
(Year) (1997) (2003) (1998) (1998) (2003) (2003)
Type Script Library Framework
Solver - - - - - -
§ Subsolver - - - C C -
5| BLAS c c P c C(ABC.) | C(ATLAS)
Loop C P C C C(ABC. ) | C(ATLAS)
Compiling - - - - - -
Running - - - C - C
Evaluating(DB) - - - - - C
Platforms SinglePE | MPPs,Cluster | SinglePE MPPs,Clust | MPPs,Clust Grid
of SMPs er of SMPs | er of SMPs
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FA4E HEF1—=2 T D=HOIEMILEER

41 BEfFa—=2T 128 1+553E

BEF1—= P ELSEEDSLE., <Fa—UF>OEAIE. VI TIZET
BOEHAUNTANE AL MDEKRTHER (BB AEWEDITHEEHLOHET
BIEEEZOND, BYD<EHIH>IZDOWTIH, WAWSLFREMNTIRETH S, LH
L. ZLDEEIZENT, DELKELRDADDINIEE  AFONENTEDRE T DL
WMETERTHIEEZBIBELTLS, LI WTFNLHELAM DL T DRI
Hb, REITIE. ChoDABEEZFNEFNICOVWT, HIBOLEHEREZ DL THEE
95,

1. EE: Fa—ZUJN\SAREAREZREL, VI T7E(ERIC. H
HNELEal—2arT)EESE D,

2. AIE: RRICBVWTHESEEEOEMEHO. ZDMDOEET ST —
REEIST Do

3. ot BIETHLoNFEHRZESML. BMERCEETLIEE, Fo—=
DT HINTGHAR, EDMDEHRLEDEE(ET IV EHET S,

4. RE: PWICEVWTHONEETIVERAWN, Fa—ZUJ N\IARBEIZEKTE
T 5, 3abhn, (B)RBELE/N\TAMELTIER -RET .

411 BFFa1—= T DEBROEHIE

ERIBEF1—V T DEBTHD, /INSTARIEEZEZTETL, HEeZEAT
BHEWSIEERIZKY  INTARLMEELDBEEEZ TTHREERTT D, CDEE, LD
[CEEBRTAIMNL>THEREBDOMENEHH>TDDT,. ERDMEAILBEEF2
—Z VIS THBICEELRETHD GHMICIE, ERABEELVSHEHNERE
BRLTWS, ERZOLODIRMEERI NI, EYIDT RTOD/NFTAZDHH
BEICDOVT. +RLGEH. SUF LIGZIEFTEREZITAIL, BHERZREIZT S
INGAADAEEEIILHETHBFRN T+ RITHDERICHELOND, LML, — &
[CCNIFREMTIH G EEROARXREHZ DD, LN RMICERERZFD
=ODEREES TN, RERFTEOMETHS.

RERFEF1EOKRBELHETH LN, TOBHBERDOHYABFSTITZLOMN
HYS%, RBEARMEHIEMTHA (FHEH) . TOHTHONHFER(LDITH
BISEWENFONSMNEWSIERTIHM T ) ZR AT HEVNSHERELE X
b, HAHWNE, RERICKYFoNDIFEMNOEMDERERDRE (Foa—=
DT DRER)EHHILANILLULEHRILIZSA T, EDRIGHEREFTH=-HITITIE
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BRARMER/MNTDHEVSHERTELAIRETH D, T ERBEREIZEHEITOAR
FRBROEOHDAR IS (BELGLEAMTHEEFTLHILT, ThEm/IMET
BHEVSEBERELEZADOND, SOITIE REEVSIREZHEET . RITHICHLEER
ERAEZBRYRTEREL. CORBRESORTIAAMDGEFER/NMITHENSM
BRELHYFD . CNoDEELX. 7TV 7r—2avDHYAICE>TRIRTAED
DTHDH, THRMGRBFTBEEEDETEEINENESIN BREITHIT RETH D,
HHEMGERERFTE T, REBRARNERBRERTESRATNDHIEN S LAL.
— R ICEEBRARMI—EETEGL LMBFRICHMON TODIRTHEL, THEH
[CIEINLDFERIIFIHREBRTIREST SN THLHN, FirRBTHON-IEHREZR
BAEICFIRALTOVEWEWNSBEER N H S,

EEREAEIXETIUTI8UKFETRIEISTENVETH D, FIZIE. EffEEZE
BINTAIAT L TEHIBEEL A0 HM2REMTHASZEN M >TULINIEK, BEHES
= x 6l BEY LX), £x), ) ZEAIL. 2REHTHB T NITRBERENEFS
NB, El=. ZHEDINTAZ x, x, =, x, B&HO-EE BRIBEEM £Ax, x, ==, x) =
fx) + f(x) + - + £x) DEIIZREINNIEL, FENFTAZCEALTHRIICREIET N
(FREMLERERIZ—HT D, COKI. BULETILAHLMALHHM>TLVN
(X, RERERBIENDEMICITZAS, LHLELS, ETILEREDREDIESDER
ZRLESIETAEEIFBHETIIEGL, Fa—Z2T2HBTH/85 A2 (X, BEERRILE
LD EEBGEEDONH S, BEILEIDIZIX, ENEEKRELDOLO (L—T 70
—)oJEI#GE) L BEREEVDLARIGEVED (FILT) X LDARITEE) &M
Hb. EMLEERZLDOBHRERIL., EREITHLRL TEASZETERNICKRA S
EMZLY,

412 BFFa1—=2T DAIEDEHIE

BIREE. BRELIZ/NSAETEITLIED. HEEICEAT 5. HDHUL I, T[T
THEMEERTHLTHD, BHETIHRETDLDNEZLGAERRTHAN .
BETA3FIFLHER (FrvlaZR-EVvERLGEDHREER. THERERED
AT LIER. AT IVDREICE TH5FUVHLSIHEZEDREFER. REZEICHS
(TAANTIDEBFRAELGEHAEEZET HLDLEE) IRRIZYED. MLWLVT—4
ZEDIIICLTRAET SN EVSHEIL. HETIIALKC AT LOBETH D, LH
L. —fRICITBIELZWOE DA EZIERICAE TEDLIIRLLEL, EAVERELRE
DOYEBHERIEIZIX, (E5DERBIERENETONGWL, FTEBRIOGZE. BIE
FEICEOTREIZRENHDEN., OSDENYAAGEIZLDESDELH D, Fa
—Z UG RBINTGAETILS B EEIZIE, vyl aiEDREMNRELY, LIFESL
DEIEERBLIEGLIMREEEE R AN H D, SHICIE BETEICKYK
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mOERERBLEILT HOT, AFFMEVOIERTIFREEZERELGD, CDES
BEREZERLAHHEEIZIE AEITEVTRD2DODEEALEEL D,

1. BELORESZHL, BIREICENLEITORENEALTVINEEER
[CHET O ENEETH D, BELDOKRES(E INTAZOEZDMDFEHI
EKETDEENHY . TOEREENEEMICETIVIET HIENATENIL
BFRMENEL.,

2. BEOEFEHEESTL. AIEEIAGBEAZERZRELT, KERDHFIMEIS
DT EHIENFRATH S, COEOHICE, BAIMBFEITRAEERNCE
ELDOAYAZDIL. BEZELSIKIELEZONS, F-. BIZZH DA
EDFEHELEDEIZKY, FUF LGBEDRD EHEMIZINSTHIE
LEFNLD MOBEBIOSETNTNDBIEEICEEFNIEBEDOKRESEH
ETENE, BEADSNEHE SN D REEZER T DG EDHETEE
DEEEMZHELTED,

AT, ZILOVXLDORERFHLGE . RENEFENORENIFZEAELZVEDE
HB. NBIZDWNTIE, EISHIENRIREIZHD EEEBZ SN, BIEDEIEIZHK
LERMNENTEMNS L. HEHT — 2T O RIIEIT TH S,

413 BFFa1—= T DO HDEIE

Fa—ZUT 2B T ERBEIEDAIRELTE D T=DIZIE, Fa—=2T T 585 A2
BT DEHNTAADELE, BRHBEHREOHFMNLEERICSOVTOMESLETH
%, F1f-. BRUEHRICEET 2 LALEEICONTE. RHFOHFMBEFZEDOMEA
FRATHAZENZL, UTTIE. oD HFNLBEREETIVL. ETIILEED:
HDHEIBMNIBESFTEES, ST KEQLCODMBIZHTEHIENTED, Fi
DOEEIX. PR RDIBIZEL/NTAREDEBREFTR R T 5O DHEHEDRETH
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WERIZHD,

6.55 ANT—RELI-EERI—)IEHEZEHERTIMBT —HIN—X
ERI—IEH(FFT)ICE, BERE 2 ELI-EE BED FFT 7T X LDt
[CEREENFESDTHEL Cooley-Tukey ZILTNXLMNKLMENTINS, 2D
Cooley-Tukey ZILONXALTIE, RE(1 EICNEBTIERHN) FEOTILT. LR
ATV ERARHFPHEEFZRHOLERIETEHIENTHNTILNS, LAHL, TOtY
HIZBE SN TV S FEVNMNIRL O RAQOEHOHFGE LY, T LEREMNK
ZFFNIEXKIWVERTIEEWD, T, COREIIHASETHESIIENTESN., #HAE
FIZKOTHHERENKRELE DD, HIZIL, 264 BEFRDEFIT8EEZ 2[EFES DL,
16 BEEEAREE 1 BT OESIHENHDIN, ELLNRGELINIEREREPTO
Ty DRFHEICEKET S, EHIZ, Cooley-Tukey 7ILTYXLIZIF, SHEEZHIRL
f= Split-Radix Z7ILTUX LK HD, TEEFHIBL TELT LIS RIZEDEIERES
T INIONTET Oy T DEFHEIZKY . EELNERICESINIELS, TDH
(23, Stockham ZILTYRXLIEED H D, TNZTNDTILT) X LIZEWNT, BEiKHK
FI5IZEE FFT, BFREIREISIER FFT &LV 2 FBEBEDEEFENH D, CNHDFHEIF
BRIL—TORXOBHARELESI=6. TOtyH (ko TIXF—AH A XY EREA H
PFNIENHS,

BEFFT 7TV X LI, REBT 5T =208 Fvylall#-TWSEEICELE
BEETT . LAOL. Fvuia A X&KYT—INKETGEHE ELWVEREDIETEE
=9 X vl aZBMFRATEHIC. KERIRTDERE 2RITT—FEHTEL
TEETEHILET. FyviaIREDVELKTEIHENH D, Fi=. WHEEITIRIZIL.
SRILFFTEABLTHET DA EELH D, COLDITFFT XEERENZELHT
H5, SHIZ. BEDEZRHIL. 2 DREFFIZRESN TS DT TIELEL 50
ISEITEARE FFT NMEbNd, ZOXIBIGEEICE, LT X LDEREEH
(FEBICELD, BRT—UIEBRDOEFHELT. ANT—EDENEDLSHEDT
HEE. HEICITEEZLGL, 200, AL E# L THNIE. HEHIEFRTHEOL
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LRVEEFEZRDTNE ROLRILERNEEZICRLHENEZ D, £D
= BT —IN—RELTHRELTELIENTRETHS.

656 EEELIERE.4ERERLTOEREEZTIEES(1T3Y
AERABOEHOBERTETIE. BIHTRICRYLHE-HNHRENEED
CEIERLHON TN, IRE., SHEMMNES L., SHERELRERICKRE G-z 7
D=, —RICHEHON TV S EREERORERBFTIIFEREL YT ELL
BENEONEWEWSBEAREL TS, COBE. 4 BEEEEHOISIL4FZ L
BEOHEZRAWVZEENBEIZLGS BEDECA. COISLEREEREEZ/N\—F
D7 CHR—TWWATOtyH([FHID T, IRTOEES 4 [FHEETITIZE
FR/ERTEHEGW, ZC T HEREZERTLIMBAEITICSREEEEERTLA
FERENBZOND A EREREILIZLDEREBREEZE>TERTLHH. F&H/N
HREEEEOEET. 1 MO 4 BREBERELITEITEIETHELLDEHEES
T, FCT. hAEEBELTLEOTITICETERIENTTREE LD, CDEE, ES50
SIBEE. ENFEITFEEH T, ESVSIEBFTITONTRARDIBELH D, Chinld,
IOty DRENNIEL S REDO A SIMD s S DAL EIZERECERSN
%, T T RENIVICIELT, EBELGEEARXDNEIHERSINLEVSEHRELS
ATSVDRENEZEICHE-> TS, CNODRFICIE. BEIF1——2 U #EMNE
AT&5%,
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BTE BEF1—UIARRETEHVATLA

71 WHEI AT LOEHEHE

BE)F1—=2% (Automatic Tuning; AT) DB R ELRZTAOEY Y, SHE#, X
TLEREECOVWT, HRVATLDOEMBEGLRITHR AT LIZEITD AT
DHHEEFEEZ S, AT BRAOMERIRATLET Oy G EEMNS, HHFTER. o
BORT L, 2T —ORIBICHERL— RGBSR EITOC & T AT BilTDBER
BNMEERT S, WRITOVTIE, BEERMEHEICRELLGWV BEWT T r—
DAV SNSRI ERIREEZ AT ODRRVATLEEZRD, RV AT LA
OEMBAIZDOVTIE., TILFIAT7TAEY Y V7RIV AT LIZEREH<, Grid
aAVEaA—T4T Web VAT L, AEFARRYRNT—F 25 oY RybD—57E
ERVNT—DFEBRETEHIVATLIZ. EELR AT OBAXRTHD, £, fHHA
HF AT LK FPGA (Field Programmable Gate Array)7i&E® . Fif=7% AT SRR
TLELTHERFENG AT HIMTDSROREREEZEZLHEE. CNODRYNT—V R,
N—RIITFITGEVWVKHR VAT LR, Z<ORARREFIRBTHIIENTFEIND,

72 ARV ATLIZTDNWTHRETTREIER
EREUVRATLICEBETIRABEEL T, TNENOEMBIR . ATHEHTE I
LTOMEEICOVWTERT S, BEF1——2J DHERVATLAE DEREIE/N
FAREIGYBAHIEEEHIT. AT OFEAEE., 4%, ATREEORNERT , RS
AT LH AT MENEIDNTHIET HEEATIZKYBON DA EATHEEZ (TN
BTz DARND NGV REEZEZGLTIFIELHW, Tz, BEBIFa1a—=2F D BEMIL.
TJOUSLOERTRE. MEREE. FTERE. HEENELLEDO<HRE>EFM L
SEBIETHA AN, INLDEEFA—HT DRI EBIUREVRATLIZKH>TE
55, HEVATLZEIZ. BELDYN DB E TR ERERELZ R TET HIHEMN
Hbo

73 MRIRTLOEMBREBEFa—=20 DEA

131 RAATILFa7 IOty

W R AT B A

NAR/A/O07O0ydmigOEmELT,. /Oy ELFENSEBEEE NIEMIC
BYDDHD, TNIZELLEL., TOEy YD ZaTIE O T EEIT I EES
NTWS, £, 100 7% A2 5% 271t ZEEHSH—5 T, GPU(Graphic Processing
Unit) ZME LA VM RE 7T —FTUOF IR ESN TS, TDERELT K
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HEBAENIOY IR EDRBETHS-A . MlTAER DB TERL)—
VERDHFAEL. EFIRICIIBHFEFEARMTHIOVI /T —C DR
ARELLY  EI/Ov I TEERIENITRETIILFIAT N\ —UIENEAZTE
ERTES, UTTIE. RRMAVF LI ZILFa7 70y O Mg A%
RELY 5,

Intel: 2005 £E LLF%., < JLFA7hR IA32 (X Pentium4 D ### Pentium-D IZEWLNTHI®
THIBIZEG L, £aT7XE—FEEN\RZHEEL, N\ RéEFyyPaaE—L U R
HEEOEEZRITIE. RATIXIFEELICHIL TS, DLWTEEEZEAD
Core Duo ¥ JLFa7 7Ot yHMNHIRLT=, Core [ZHi= Core2 MZi#FELTIENT
MN.RILFATO/RENS, TRLURIDILDERELEILAH o=, KATHIRIL
FEO—ALEX vy 2R EL TV DIZRL, 2 a7 ARG X vy a
NRESINZ 47U LEDOTILFITEBDIGEEF. 2 27% 1 #HELZaT7 LA
SNTHEY. a7I&YFryl aflHlHMiELS, F-.CPULGPU DA BEHT7—F
T4 Fx Larrabee D)) —REFKBAL TS, CNlL Pentium YD EMOT7EE Y
Av7ELZHBE T HET HEENH-YD M EEDMEEERT HILEER
LTS, SHIT. RILFA7 7Oy Y DFRELTH 100 7% E£FELI-2T77—
X TIFXICKBDTIRT—IINAVEL—TAUTHBRERKRL TS, REE T,
100 ERREQATNA I AL A—IARIMIKYBERKET D, 27 IEH—TIER
LoV Na7HE e, RILFaTE e FEEER&ITLREFR—F 1 LIZEBEL.
TUOFAED 12— ILOREKRBHELVIEEEENILT S, B FIFTEEEZ. TD
FER—I)aAVEICEELI-LDEWNZ S,

Advanced Micro Devices (AMD): AMD (&, A # 427D F@BERIGEG < ILF O
THRENIERENSERLTLV -, AMD @ K8 IO < IILF IOty HI(L. &
Tty onRN—EEELTEY . EefEaxBiaLIEREt&H>TLV S, AMD
FOTIILFAT7TOtYHIL, Athlon64 T 27 LT IELTz Athlon64x2 TH D7z, &8
Bavka—2H#EL. Aa7HBAEEEEZFYINTERTES, BfEarla—5%
FyT EICEHL., Fvyiaab—L U XFEIZHRT SR/ U RFREOOX (T
70N, 2007 &£, 437701 yH THS PhenomXd )1 J—ALT=, 437 MNEEIVE
A—ZG5UIILARIL 3 Fryl a7 HEBETHRAMEEEZEO TS, TILFIATIED
AIEEEEL T, CPU & GPU D#E& & Ot vY FUSION 7—F TOF ¥V HELH D,
TEHERRNICEET SEMEEEESRETF YT LICERL. FEEROEMNFIA.
SHREETE . BHRET ST vV RNEBEFRRICERLLSET S,

International Business Machines (IBM): 2001 FE[ZHIRL - POWER4, #N&LsEL
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= PowerPC970 A#IEAD T a7 I TOy Y THS, POWERS [ELAN)L 2 Fyvia
UT&I7ETHETE7T—FTIFvEERRALTWS, Y—/\REn7TotyHel
THREINH,. KBEDX vyl abEHEHOFYIME /0 AMEHh-oTUWV S,
POWERS5 (& POWER4 Z#t &L DD, &8y~ 1k. SMT (Simultaneous Multithreading)
HEeZ L= D THD, POWERG (L. IBM A% 1998 £(Z POWERS, 2001 £
POWER4, 2004 £ POWERS & 3 F (T KIBA M REIL SR & RETRIEZ L TE /-
TILFATT7—FXTIF -2 —XD 2007 EHARTH D, KHKLD POWERT
2010 FEIZHFAFTETH 5D, £f-. POWERT #F|FL7T=- DARPA () PERCS (Productive,
Easy—to-use, Reliable Computing Systems) 5T[E T. 10PFLOPS E i Z#FRBAL TL VA,
B RATLALIF, BRORBRR—/—a E1—2(FREIAVEL—2) FHEOF LA
XMETHD,IBM #EHaEIVEa—Tao 0 P HTHR—(CWMLLEFz<IILFO
770ty H I, BERSENDA—/N\—aE1—4 Blue Gene/L I[ZIEEHIN TS
PowerPC440 TH 5, fiAAH#MITICRHAFESINIzTOEYH L) —XTHY ., XX
—N\—arEa—ARIfFEREN=-a4/aT7atyH LT ERNEL S, Blue Gene/L
(X PowerPC440 R—X N7 % 2 DEHL.MB D L3 F vyl adHEFT S, KHEHE
BHEEEERIEEEL. A AABITTOEYHEREATS4E. @ffEarEa
— T4 RT LRI CPU D#ET-1 8% R LT=,

Sun Microsystems: ¥R7E UltraSparc T ) —X T, a7 70ty ZERHL TS,
MOTHOTA7ILATIE., UttraSparc IV ) —XELTHEREREINT= CMT (Chip
Multithreading) ##& A5t s 3%, UltraSparc T1 (XK 8 A7 MEH N TS, &3
TI& 4 RALYREERTARETH D FEVNREERE 1 DICEHBRT 5L MUY
HiavY—NIZE L7001y THS, 5lEHE))—XEN 1= UltraSparc T2 (&
£a7 8 ALYk &t 64 ALYREITAIEETH S, 10Gb A —HFyTE2TOEvHITH
#HL. Ha7ERDOZFS/N I REED RO TS,

WATH T D A

EH/OTIILFATERBICEY, TOEy Y OBEITERNICIBINT S EETMENG
LYo MREICKECEDDI7H. Frvviat (X, /OvT NRBEEDENE, 4
BRESTH. FERD(BELSD) BEDBEITET S, chogdT0I S LLA
ILTODZRIRT ZNDNATO—BDEETH L, ENoE/N—FIITHIZHN—
I RRRGHEATENEENLZD . BRMISEANDLGNDTREGHFETE
BN RILFATIZEY, TOEv S DX vy 2 BREMNMER vyl aZ3EMIC
FESHEIEFERICOYDLILEHENRALTESD, LML, REE—-TOEyHTH
EYISERALTELTOEYYRADN—FII7ERDEHES (EICERELHEL
YOV ADTIRABE)NFEET DO, BMICIT7HREMNTDREZRITHIE
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(FRHETH D, NV TBHREENF vy 2510 TEDFIHEITIRE DHREE
MEFESNTUVDED, EDEIGEF vy EBEDT v 1DEEHELLDL.
RBILEEHICTIRELERICG D, SOICKELMEE., ToEy Y OFEHIC
ELLGWN ATHEMICE ST Oy HEEORE LREMEETHIERDOHFELAE
BLLDHILETHD BRBATEYICHBEIZELTHIAT. UTOEEH
BEETHD

1. HEXvv AKX ERIERBREE
2. FRE-—Fvviaf(FEFryLaBER) ON\REEEMRE
3. ZFAT7MHBIEDYEM-FEHEM

BHREEOTOEYHDLETOYIFIZTHEETIE., 7Oty H D SHMEELAIC
H—BICRUBSHNEETHD, T EEATRVEIFITOSI ST ALYRT
AU S3VT#BHBLIZAIMNIADEREZRELGCEN. B ATV IO 7R
EMEIZENT, Z<OMBEEEA TS,

TOey S HENRFEMITHERT HARVATLATHEDRBEILEERT 5101,
N=F2IT7RAVINATDHIZFELDTIEEL ATRITOHAESE ZG<TIEES
BV MBEEIEHETOH. BRI AE AT RMOBHIELUTIZSRT

1. FOevyHY DI RTLINTAZZESHEL, ABCLbScript lHED AT XiEY—IL%E
RAWT, L—TRBILETI, FEHRBELEI—FE AV RX—ILEH DL
EITRICERT S,

& FyyiaHAX: BA)TH AR

® LIURAH: LIRATOVXIT IW—T7oO0- ) 7B
o XyrulafFAWME: TOLATIYELSTORALYRF—F) T
o HIEWHE: RLykRarvyELS . FERITEHIE

2. TIVr—a DRENEE Fa——UF OMANSTIET D, HIZIE.
FABTITVIALRENS, RITHEORBET7 LIV X LEIXEEBHE
BIRT D, F-. ARFICERAREDMHFERNOEYEI—FEIRTT 5,

3. BEDERITERT—HIR—ZAMG, 7Oty HRKEOREILHEEZLVF1Y
TEIRICEERT B,

Fr FARRREN—FV 7 OREICET HERL. ATOEICKYERREIC
RECEMT % BIAIEX, IV RAFIN=23V [CEoTRBE/NTARENELDIEE
MEZND EILITYESTATLEFa—U T DEERE AT IZKYRIET S,

1. ERQHmBIE OO —FERDEICH IS LR/ S AZDRTR
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o —T7ro—) Tk
o EHHIEFZEE
& IVNASHERFOEE-MELGE
2. ETBHOIUINLTATIDREIZECIZHRE/NSAIDIRT
® OpenMP DE Y7t 514k
® OpenMP O Parallel Region DI ERLE
® OpenMP DAL YRRTDa—Yoy
o HEFHESATZDELERLGE

ZATILEERIENSOHITED X ZADFAREZFS=-HIT, 7/10a7-TILF~v
vaZFATHIEKTREY YD | BLOAEHEICHATIEBLEATH
B BHDAVEARET—FTIOF v ETNN 1 DDBENTHD, £5745HE.
—HNRATHTOEVHERIT. HABKRTEILT A —FA—FTOEvHTH
BEWVZD EDEII, BHRAENBERMICH DR RZIRELT HRITKRITHL
T BBMNICRELTIT7EBRERIRT 2AEREL T, BNLGERITHRESF1—=V
THEMTHS,

1. ETEOEFMALYRa7IvELS
2. ETEOREFESATIIANDOBEYLALYR QA7) HIEELRE

EHIC, CSTLOSFAMEICIEETHBLZ I TEEK EERENELRRIZCED S
ZEMNTED, BIZIE. AMD®D Phenom FOvwyHDESIZ£a7DEKEHEFIEHT
EHEEICIE. BYGEIATIVE T LELIC, BIRBFIEICKYETHEBEEES
NEOR/IMEEZRIFIZITIHEDZEHNF1—=2 T A A[EEE S,

732 ERATIILFaT7IOEYY

W AT &N ]

AEITEYHIT S Cell Broadband Engine (Cell/BE) (L. Sony AR5 T I HETAIY
—JL PlayStation3 (PS3) RITDIILFATATEMERERILFIAT7 IOV Y THS,
Cell/BE IEEREHMTARTLABITIVAALLUZ TR EDBRERDHHEGE
BRI —LERDEFEO. ILNFATATREDATAT U AN REER -
TH. BRAIL—TIYRDRN) =GB PHERE CG [CRELYIEBLIAL—
AV AREGE M EE T Oy Y EL TR SNz, PS3 DRITHTE PS2 D70t vH SE
(Synergetic Engine) LBI#RIC. AV F AT OIS L—2DHEETLED, THEHE, 4L &
NOIEEEIZOVTILATT—XTIF A, NEFHIIZIE DMA (Direct Memory
Access) BIEIZKYEREBIVIA—ZF2HEFITEHTIILFATT7T—FTIVFVYTHD . 7
—/La2y—)LREITIZEAFE SN T= Cel/BE THAHM., TOBEWNARMTH—I U ZAM
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HRZRMHEADICANEZONTET, &I, TAYHTIE IBM DA FTHES
ZHhihELT CeII/BE FEREFERICHIRLI-7 75 —27KR—K% Opteron 75
ZRZEEH L-EHREETEH# Roadrunner (&Y., HRTHHTRETZOAVTAMBZ %
ERLTWA,

WAT AT DE A

Cell Broadband Engine (Cell/BE) &N AT E#EL TOAREMZHAFINSTOtY
HTHY. MR E#ELTORBEMLGEHERIIT SV ENH D, Cel/BE D
FIFRIZI& Cell/BE h\#5 &, 9 5 SPE (Synergistic Processor Element) Z3hZ (2 F] FH
Lizit5 700 S LDERDPBETH D, TNIZIXIBM A RET S Cell/BE DY TH
HI7BEFEXYNSDK)EFIAL. SPE OS5 LA TS xHhE PPE (PowerPC
Processor Element) . SPE 1z &I A2 ALyRTOS S LEEBLEFNIEESEL,
APIE, LEEHMEL NILGE DR EEINTINS, £f-. SPE (FEREBICIET VLR
TEGE=8 ., DMA 55 [ K Y B G T — 2k B L<HIR SN - FH O TEE
THIENKRDONDG, FERELT. & SPE OBFFEELICO—RSh=-T—420DF
MAS. TN ITFITREDTATSEV T %1 —FITRT LD, Ihb
EFHRELANIITEIRTESTOTSIVTETILORGELEE VI 7HREIRER
TRBRTANZFEETZL,

Streaming SIMD Extensions (SSE) [& Element Interconnect Bus (EIB) &ERZxXHT 5
REBRVWT, (RFMILF-aTEEZATEN LT, 0T ILaT7LARNILTIE, A
RILFA7 Ty DETRU-EREBE N ET 5, SSE HEDOMBEELTIE.
ROZ9F Iy FRIGERATRIEDOMEMFIA. XU, AltiVec SRRENERIZFES=H
DT7A—)oTORERNS ATOBRAMREL D, -, ERAYLFI7IOEY
HOFATIE LTO AT BRAMEABZZ NS, REGERSTNE V=6, AT D
HEHBEXIDMIZTEZWNEDEFEEINDS,

EIB DFEZEUIHBETCEEIRTOa—12T
PPE 8% SSE O EMGIERI A EIE
BB R/ N\TURAXIE
BIFDEBN—23FET S Cell EDEERIN
BHCel 7Oy Y HEDIHER

RN EEEEDAMIA(T—270vF29)
AECPULD M FIENERF DB R/N\T AR

N o gk~
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7133 J3574vYNEBERTO+EYY (GPU)

W AT B )

GPU (Graphical Processor Unit) Tl&. ZLDF SV REZBALT. /1M (TS5/40D
Z2EIL. BIAYIEEEDHZELEBICT LA T NATSAO DB ERNEESh
T3, 2 CPU [FEBFRERMNELLGEWNEWL DL TEY, Za7EPF U 5/ES
a74Eh Cell L EIZETLTLS, ETAD—FREIEEMEVERMNSTATSTT
otz 1L, TRTZTTILEVSTHREBICETAH—RET VX TERT
(F7ELY, MDTIE. OpenGL 4° DirectX IEE DT T T49 X API M. [l HEH - {E#R Y
[CETHAD—RICBHESESIENTELOATH 1=, T, FUYSEHZIVE2L—4
257499 X(CREMHELTHEEICIX. ETAN—FOBMEBLEIEIRSIFEN
Ho=MN. ETAH—FREOREFERE THEITNIXMYBLENVERNZNVEEDRE
NEFEELT=,

2002 £, Nvidia [EEHEE T4 H—KRRAIZ Cg §3E(C SBDILER) TATSLETY
JO—RL. B z—Ta20 0 70 S LEFERTELLIBIREZERELIZ, Ce
EEOHIRIZEKY. GPUIZKSNFHETE (General Purpose GPU; GPGPU) AVAJ RE
[CH2t=. 2L ETHh—FREDONATSA o7 —FTOFvEBHELI=52TT
OJSLEERTI2HENHY. GPU ZAREMELTRRAT AICIEEEBE,NS
M7=, Nvidia A% 2006 %E(Z2NBHLT- CUDA L. 7R455<TIL GPU D7 —FT
HFvEHEIEL. FOETILLETRATOY S LEZMRMICHRETRIZT A
FHIRIETHD, CUDA [ G8 A LIEDLEBMRIAEDT —FTIF vy TOHEIME
5, CUDA [ZK2TN—FRIz7LANILTOHRIEAGENI=F=6 . TOT57(F/<
ATSADBELREEMBUENL, CUDA HAE DAL YRHIEAOSEIERELE
[TEEZFITNIEL. BEICHESTOS 5 L% GPU TELELND, GPU DIZEFIEML
¥REEYDDOH B,

BAT T DE A

CG CIIfEREHENDEENADLEL GPUIZEHIN I ZH/I A EERITEERN
[CHBEEERERTHD, T0H. FHEHOXRELGHEICERAMEVLH. . BELD
T7ELETATSLEYNERSNG i FE, BRERESI/IBESNTHERE
DRELEEY, SHICOT7EEAE CHAN R (BBEEET) 7570y R%F R
9 BIEo1-, RILTEIMERELEE M GPGPU THEREIZH =, £f=. GPU 04
SIVTETILA, BTMICEZFE>TOEWREELAH D, ERUFIZKYTOTS3Y
JEBEMNERY, XBITFEZSGPGPURM ITE FBILYHR—MAFIZ(XAELY, &LIZT
AT SEVTETIELRICERBLRERTHS-OIZ. AT AT T OHEILHE
NTWD, FEBEERINSGPU7—FTIFYICHIGTEDTILI X LDE
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R, BOTRHHEGERENZ S,

Fa—— T RBREBOBEOVLEINKRELGMETH D, AVN(3I2&H>TELDR
EAEBEBE LTI —F AR DREICIGC T, R T B/ 5AFIRTT HIENRHEND,
W—T7oa—J VB BREIBEFEER. AN) -9 T—2BFARELRED
miEik(d. GPU 7—FTI0FvyDEHKBE LUV /(T (SDK) IZE>TEHE/ VT AR
ENELD, NS TYSTATHFa—U T DERE AT IZ&->TXIETES,
NATLFa7TatEy S TRLUE: AT BiTOERIER L. ZEAELRIET D, F
fz. GPUILAATIILFa7 70ty Y LYELE 10 FDaT7EREELD, GPUDEM
B7—XTOF¥EERETHE BULRATHERRTD2—)0T)  9ZRZIUT
TIL—E T BET—207T0vx2T  T—ABEBERE . ATHNET HRMIEK
=0y,

134 DSARZVATL(HEFIEER - PR AT L)

BT B A

DIRFVRT L, BHIFERTE, ThEBRTIEERTOLYSIIDONTTT
[CHRARF-BEBF1—=J DERARNBLNHTITFES, CCTE. ERTOEyHHEE
FOEENEEEF1—=—VJ BERICONTERT 5. T3 EISRRITDONT
FEZB . WHISARBEF . VRAT LEERT HCPU, iR, FVbT—IH—FGE
TRTCR—THY. BERTOEYH (V—F) DEEN B —LEITRIENS, BERY
FO—OGEDFEEMRACHARE T, RybT—VEE#IZES—ENEEEINDIG
BHHD, FHEISREEL, /—F AT —LIS R8T . &/ —F &t
X9 4HCPU, XifE. HDDD M, Ry bT—I8E K, RybD—UHEAKITEST
SEEGHRLGIVTRIBENEZ NS KRMGR YT =K ELTIL., Classical
Ethernet/10M,100M. 1GbitEther, 10GbitEther. Myrinet. Infiniband ZZE M H B, T
LERRLIBFMDEAEELEZONS, RV T—UHEE AKX TIL, FatTree, L
RAYF ;—FRVARN—GZENEL AT LTHASNTNS, TR I3
TDA—HYALETI—RTHBIAVvE—T NIV TETITIE. EEFA4TF)D
REZRLGLUIZ, FHENTLBTINARRSA/NZE>THENEDH S,

WAT i 0iE R

BIETATZ)DMREIEEERFIFAPIESIZIE, RER7 LT Y X LOERITKTF
T 5. ERICKAEISRAITOBIETATFITIE, Avt—VH A XNTELT-RiE
1R8BS FE%ZEIRL Send/Recieve BAMZEEM Y 5. REBERKIL. Avt—TH
AX FERTOERE, KT =V GEE., NUFR) [TIKFLT. RR7ILTVX L
WEGD, EISAETIE, BHLGEFEE (XD BHG/NIAIHEIZLED
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WBINGF1—=U 0 FENEFET D ETHATOAYE—CHAXDIELDE
[CCEBEF1—— I HEESIN TS, REZRDEYCHESIZE->TIE., F2
—=UJICKYBEEER LT ARMAH D, Tz, TORRRTDa—)UTER/
—FOREHFHIZEDEBEEENIELRESNTINDS, EHEIVSRATIEH, /—
FRIDMEEREEZEZEBLETOERTYEL T PRy Ca—) oS (2L tikEm LS
EWTHIENTES,

135 EEDHIAT L

W TS A

BEHERRHOATLEF . EH—IFRADFERICMAT, BLGE7—FTIFv. Hlz
(ERDT ARIML TOEIL—FE1DIMEELIZV R T LTH D, A D KIREL
SR ERREDZI. COFILGEERHMIATLEEHL TS, Cell DIAE
THITT= Roadrunner PE I KD TSUBAME LR T L, AATHEHERINLEE
BEHRETOIRERR—/I—aVE2—2(FRIAVE2 - LGENZDHTHD,
GRAPE-DR %EDERT VI —3R—FE&E Y —/\DISREGEL EEHTH
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