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ERTEDZINBEERBEREICESE, LR2EELID T2MOHLVWRERHEOES»OTOY S
L) (WBHH7OT SN RBRLE., ZZICHARRE2#®ET 2 THEHMEFIHERICLS THD
W] OWE] X, ZOEET—D 2L UTEIRIN, VER4EELY D HEHE TERES
NEBDOTHS. £, AFELAICE, RFEHOHERKL UT THEYHEZHER X —1 N
RPRZIC2EHFAPFIERERE UTRESNE.

AFEOEHWIE, FEYHEEHEICEL ZSEEEMSFEE CP-PACS &, FEMH P LE
BEITAICEEN2ZRAAFEFRICK YVEREET RIS, 20 2HWT, RNFHHEY, F
HYHY, HHEPHEZICA T BENHEEHETZZLICH L. BiiFIGEE CP-PACS DB
REWEZ, FO7O T SLOMBEHEDED—> TH R HEEMEIS (BIKWERTESR) %
RTTC, RERFEFHEYHEZERE LY A —ICRWTED DN,

BN F A CP-PACS OBREEL, L 7RI, HEERK 1024, &&E#EE 307GFOPS
DHERBEFRED VA TLMNTEE L, B\ TER 84 9 HICIE, HEESR 2048, &EMEE 614GFLOPS
ANDEEMTONTHRRAREREAE. ZOBEFFHEBEHAVWTUINY Y - Ry FT—7
DHERBHE 2TV, EFHEEL LT, 368.2GFLOPS 2&ZK L. ZOMERMRIIZDERTO
HRAREHERETHY, RKEECYYN—-V TCHESINEEERABEA - NI Ea—-FT 427 96T
WmEInE THROEEFTER DN v 7 5001 OF LAICEREI .

HEYHZORAFHER, 1024 FHOEEERI ORI NDE Y A TLNEH LU EZBE X YK
Sh, IR TETFANZOVIYFRABTONR OV EREO AR RBHFTE LTV, Y&
BTOMROEREREWICH LI BERREEGE. SIS, HLALVOHEBED FiHiHE %2247
L. 205 ORERIE, FROHE 3 ATAICEEDHEZMER Y 4 — CHES N -ER2ETH
BInE. FHPE2E, YUEDEZOSBTTY, TO07 SLEKE, HEAUEIKRT L, FHHT
EHENTTILEERERE/BTVWS.

TV METICHEY, 7OV hOLS, BiliFIFEE CP-PACS DFH, MaBIHE,
CP-PACS ZHWEHEYHEZHIOR R EARABEFICE LD, CP-PACS 70V 7 M2IE
JELASTHINEETH S,

CP-PACS 7OV 7 hNaHETZILHE->T, XWE, RBMARZEEBDREHEOEGRE DR
WXEEEWE., Z2ICEHOBERLEV.
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Part I
MR E

1 B

RN FHHEY, HEYEY, FEYEZOEANWEEMEDS T, HHERANKRE LOSIC
oTidzEnd NGOWH] OMETHS. AFEMEESINEZKLAT, #FEBOBHIETT
ICRERRERERETEY, 205 THOYH ] OBRBELRMEICSWT, BITHWAETIEI®ELZ
EAREELRMEE BEHEICK YR L, ERETCIERAMRBLRR MG EBEERTERTLZ
ENHBRRANEENDDH o, LAML, BHOX—-N—arEa—-R—-LbWnwWa ¥y, iHE
B, ATVERENMNVEERYT, BOXDRHENTELRVWHEIMEZ {EShTWE., Z0
=S, EFNVEBEATLH, HLEEAT LD, HEBENA TS TELHRET LI, HAZFR
ZERATIREBESNTWE,

ZASOMEIT, HRIELLUTRI MVEIFHA-N—aYEa—-R2HVWTHEINTE
R, ZOBODRA—N—22a— ZOFHERBATEMNRFISEMSNTWE., —F, TGO )
ORBEFMFFHEBRIIEFRICHMWEEATH L. EZR, TGO OMEICHEL ZFETE#D
T—F7I7FveRATNE, WHEEEEZHER TV AICBEHTE, SEHEEHORMEZER
BICHER UEm@EFENaTRBE s, IBHIC, ZOMERREICKY, HEEREOARST I
N=T ATV AELRENICHETS.

YHEMREOEANFERL LT, RZMBRA-N—aryEa— 2> BETLHEE L OUWFIEH
BEWEHET> 770 —FI%, B e2E & Y 34EHE, BIEWMARME S (RHHERE) 2R
7, FERZICEWTITbNE QCDPAX DRRBICE s THE—FAEA I NE. ZORRBICE
W, B 2 FEEEREAT, SROREERY NVEIZ-N—-aYa— 20 3FE0OEE,R
FOMiFGt EBEHET 22 LICHII L, T EAWTEELRYHEREZZENTWS,

AR7OY =Y ME, QCDPAX TORBREANL, GOWH) OFEICHE L =8 EMEEE T
FIFtH % CP-PACS (Computational Physics by a Parallel Array Computer System) % #77=1C
AREF - BMEL, ENEAWTENTYEY, DEYHY, FEYHZOEARANEEMEICHL T,
BREICHUEHERZ2GROZL2HMELEIDTH S [1]. ZHICE Y, EREHDORIE,
FLUWEOBRICK T 2 FRHENRME, FTLWBHEKROTFEREICEHLT, HROHEIRRISE
KT HBIRERUIC, HRAEREEIZL2EHEL, HEZOEELREMEICK T 5 REH 2
HEHEERLZZ e 2EEE LE.

IHIC, ZOHHMFIGFEBOHEMEBEBELC T, MIHEETZOMREERBIE, LT,
P ZOBENFEIC LM EHETEZ L TRLIZLDTERVWYREE L AR T 20 K FH
HORBEHTHILLEELEETH .

2 AXTJOvVIvNOLEE

2.1 EEWEFE

HEDAVE 2a—-AOBITDOEELRERICE ST, BIEENTOD SO EWESH T, Bk
ICREEN R REILRZTENREZTWS., RIS OWMEFEL LT, EREVEAEEEZHWE
ERWIFEE, BENLRFRICIIHERONFED 2OMNEELRFETHE. 2B 20D K



Parallel Computers
CP-PACS
QCDPAX
Columbia
APE
GF11 (IBM)
FNAL
UKQCD
NWT
T™MC
nCUBE
intel
Fujitsu AP/VPP
CRAY
o E IBM
< 1 Vector Computers
B ] o CRAY

1 CDC/ETA
Hitachi
Fujitsu
NEC
IBM

1000

o

o @

Parallel Computers ¢ 4 ¥
v o

Dedicated

m e ¢ m «ON<KEDPOOO®

100 13
; o N
AT

EvaEo IS
Ve L 4
o O v
V | |

GFLOPS
o

[ Vector Computers _a,

Commercial

1975 1980 1985 1990 1995 2000
Year

B < ¢ D> o

B 1: A=N—aYEa— R MiFIHEBRDOEEEEDFRERE : 1 Gflops & 1 BRIC 10° HDOFEH
INBUR R .

CHMOEIDHFELLT, AV a—-REHWEMEFENEBICEEICR->TETWS., W
T, B, REE, MEAREEDEZDETHRRD > EZEREZ I Ea— X ETEHL, ¥
W T b o AR EI Y a— A THIZLAHRBLR-TEE., PHEZICAWTHH
BT, HEREEEZOWAFRELTHVWTHMET SWBE ZHEAHBEZ L WD [2].

Bl BRI, 4=V - TNV—FVOERENEZEZA DN TV S ETEY (QCD)
I, REWIC, BES EREERTH Y, BEREAWT, BFRENNOVYOEERHETS
ZeNTERY., BY - RTOEAEUNTH 2EFEBRKY (QED) ICH LTI, BEHRHDED
HICHWHH, REME? TETFORRERIBFRENFHETEZEZOLMNEHTHS. NFD
VOEBRERHET IO AR, BETOANEERTF LECEZEUERTETOANZEAVWERHE
BICXI2BEHFETH S, 72, FHOPICRWTEENY 1IREDRIC, VY 2—2 - V-
Y T SAIREBIOSN RO VRBAHEBEBEERZLELZEIAODATWS., ERETY -7 -
TNW—FY - TSATRBEEBSIEBLDEIBSTIEARVWD, HEBEICZORBEEYHTZ
EHAHRSE., ZDEDIC, HREME THRRVWHER2HEBZHVWTHELEY, ERETE
HNERBEHEB EICEHETLZLICEY, DHEOKRENRESHVHEHERS.

BEFENZOGE, BREZEEN4KRATHY, 1KTEHEVOHHEDIREZWEDIC, #HE
HE, ABVRELIBIS, BBROIOAERING., A—-N—QYEa—-F—-LWIXEHFHED
WRHER*BRICIEHIARETHE. HOSHFTERERITH 5.

SHICHERRIYE2a— A B SR TEBRATHIMMEETHS. 22— X—0DBHR
FAMEUTWLSZEANHIFHTEZDT, BADEN a2 Ea— 2 —DEHEBILIC K o THR



RUEEND2DE/FODONVEDTHD. BRI ZDFEEMS. —F, REUFUEHOERDGH,
PP ERICHREVOERHR R LT DESARVWDT, BB TREFLEEERET S Z
ENFHEVEITHSE., BDEGLBELTLEE S wWORMEL, EARERINMSHATLIDOTH
EMBEMFIEALESBRVWEWVWDIER, ZaLMHIMNT, RAFHEZDOSETIE, 1980
FALRIDSEAMFFEBREESRETLZ IO U7 A, HAE, KE, BMNTZLELRRE
U, HLWHEAE 2> TEE [3].

2.2 Z—/N—3 Ut a—ShSHEIIFISTEREA

BEkIL, BEMEOIERIT, WHYERA—N—aYFa— R VWhbhaR 7 N EaYEa—
RCHor=., HEEREN 4, 5FLIC 105 ICRZFETEABANEWELTETWE.

ULAL, B 1ISRT & OIS, 1991 FEHIC, HEHRBOBENNZ MBI OV Ea— 205 #&ilfl
Flavea—RilH-TRbbhE. EEROHAR, KE, BRMNORK-HHAMSIFFEHS, KUK
By yF oy oIl 5WHAEHEBOHIRICES.

ZOVAAAN—BRIE, —FT, RZMBDIVE - RICL5HEREDEEMLENTT
IKRFRICEMWEZ ., 5T, PEEENOSERERICK 5T, CMOS FHMEF v T NEH
b, /NBifL, [EAfiRfLL, TEREOBIGIIGEENELTE, 20oBELTA—-N—OaY
Ea—XDHBULEOELDNEETEL L DI RoEZLICKS.

NI7ZIMNVEOAYEa— Z2OWREH X, ECL ¥EMRICL2HERTFOHERE 2 THNLT S
ZEINESTERINTEE, VYT A NVIE 2ns BETHS. ZHiF, XD 60 cm #HOH
WK 1EBERTROAE—=RTHE. ZHICAH T, ARUIST—XEHAEL, AEVICHE
BEEZIAFRTAEabRW, 1 HEERL UTZINWAEKRBRICAEY - R EHE EXE25 0138
LW, §TIC, A—-N—ay¥tEa—&TH, #HB (10 BE) OEBEERZIUA, FEERICFHENMT
BRADEICRSTVWBH L, HERFFRHFHEE (CPU) DEEME (10 BE)HBATVWSHDON
DY RoTEE, ZOWMFIHICE-T, HERLELEN>TWS. ECL FEKIHRAEL S
X, BN, B#HAOMET, Zh ERIELRIEFCIR$ETH 5.

NYAY, T=JAT—=varvalilEbhTWws CMOS FE AL F v 7L, ECL FEMAKICH
NS EHEEREIWLILMEWD, KREE, BBEIDL 2T A, TEEEMAEZDDOEER
THZLNHAETHS. THREEUEODORBIFIaO>DE 2 -2 R, Zhh bk, EEHE
BOHEBRIBIIN OO a2 - X THEZLRBED—HTHLZALh).

Wi FHEED 7 —* 77 F %IiCiE, SIMD » MIMD », XEURERKIZZSBEMEED, X v K
J—7DrRAY—, ZHALDTFTEZHHNOMEERDH S, ZOZSBELTREOHIS XN EHE
THEMDHETHS. HEBRICSEL2MEFOREEIIZ L, BE2ENHENIS, FHAEEITHS.
ZHRABEDHEICH, WHIRDO L WHFIFHEBO 7 - TV F v 52 EIRT 5 L s L HEILHE
BTiEaw., UM, hFoREEE2Z TH0HE ) ICRY, ZROGHETOY 5L TEGEENT
FICHEZDEFEDTWZLICEY, WFFHEBO 7 —FF I/ F Y2 LIE->TWLZ EAHRS.
ZOB, HEZOMEOHEME CRAIL TWIYWHMEZR LHEBON-RYyT7 - VT T
TOMEE CHMUTWAHEBR L2 REZ L OREMEICE >THHT, 2 —F -l >TH
Wk, EFHBEOTHMINHEREZEETLZLENTES.

W FHEROERAREEEEIX, —DOEHAEER (PU) OHEREXBERTHS. -7, &
BERERMNEIELEHICE, PUOHERER M LEXE, BBREECITZILHAINETHS. =
EL, EEOFEICAWTIE, PURTT 20X Y YL TRadbRWDT, EMEE
FEOLEDICIE, HERBILRG AT - ABEREDOMENNETHS., /=, HIE, ik,



host workstation

graphic host - PU array hardware

display interface (HPI) debugger

VME bus ypmbe

LR ——H iy
|l |l oo

L PU H— PU | L PU

l PU | PU [ PU_

o == SN~ SRR =
PU array

2: QCDPAX ¥ R 7 LB

BN, BEHEOMERENS, BBICH ERAHD Y, BEOEINTIE, BTFENIRETHLLE
AbIhb.,

2.3 itFIEHEHRE QCDPAX

W FE HEEE QCDPAX [4] 1, ZD X OREHDOHT, 19874EMND 19894 % TD 3EMICH 3
BH OB EHERME S FIHERR) 2R THERBRBEINE. JRRFEEHLL LERNTY
HE L MAFHER T EZED D25 QCDPAX V) — T TEARRBG 2TV, 72U YK
AEMEL . HEER (PU) A 480 B DR INTHEY, 2T —FRAD Ay ¥y allkaah
TWs., KEHEEIK 14 GFLOPS TH Y, STHRIEBEDORA—N—aYEa— 40D 3 -4 fFDMHE
TH5. ENEAVWVTHELRNFYHELZOMRET R >TWVWS . STREN THE 7 )VEE L T
BY, BEFHOGIHIZ 6 FRHEEBEATWS., BHABICHANE, BEEZWL, V7iyT
TYEMFI L TWRII-F-DEFIZVWA, BF QCD 2HAWVWT, FHEAPICB T 7 +—
7T NV—ZFRBMSNRN O VIRBANOHEBOE®HHE, "KOYOEEDHE, 72—7
OREEBLEACADDEBRRLEICHET ARREEZHLTWS.,

QCDPAX &, MHRICHKEKT 1977 & VR RFHBELZREF ASICL > THENHEB S
=, WMFFHERE PAX YV - XD 5REICHEES [5]. PAX D7 —F 57 F vid MIMD , J3Fi5
BAE)EIEER, 2R AV ab-SAMETH Y, KF QCD IKHELTWS. QCD D H
DR, R, B, BERRED, RFROBATVAEEEER, M- SAMECHBLTY
5. FEA4RTE 2RABBEBTZZLIMOMEL R, N=RUyz7DEYPTE, PUROD
BREOES R EBEGHICHIWILT, RO PAX VUV —-XLRAUZKIG—SABEERALE.
Bl 2 IC QCDPAX DR %R .

ZOEANT—F T/ FXICEDE, 1HBEERDEVOHEREL, BREEE2ZLETO



PAX VU —XEYRBICEILT, FOHEEORA - N—aYEa— 2L UEERDHEBZHEL
. —B0 PU OFEEEIK 30 MFELPOS TH Y, 20 PU B8 480 B THE2D THREEE
3% 14 GFLOPS L 72 5.

4 B DM 5 3 B CP-PACS DBIFRICEWTIE, QCDPAX DBi¥ - fEERETORR A&
AUT, TEOHH) OFBEICHEL, D OEHFICL S TEVWBFO L WIRFIFHEEY 2 7L 0H
EEHBLE.

2.4 HRIIHIFZERLIIFHERORRRLR

RFEFENZOEHOFERAUWFIHER LA TS0V 7 ME, KETE, 20V E7R
¥, 7z IEMHESGHZEAT (ACPMAPS), IBM ® 7 hY V%R (GF11), BRINTIE A XV
TOO—-IRZEEHLE LT (APE) £RE L, HRADFEARZICB TS QCDPAX & HEE D
BB 1992 FRiRICRES N, REUTFPHOFEBICHVWLONTEE (R1OB 17 V-T).
XHIC, HARICAWT S CP-PACS 70V MCHIET AEE L LT, KETEany 7 k%
EHLELE QCDSP 7OV 7 b BT AR ) 700 - REEZHDLLE LE APE1000 7
OV MAH2 (B27V—7). 215 2 >OFERBRELESTE LICH Y, WHIFHEHD
SR, ENENEK 9 ER, FE 10 ERNETFESNTVWS.

% 1. B FWHLHEIC BT 5N EBO Y R b [3]

Javzyh HinmmEE | BEY (Fe) £
GFLOPS

Columbia 16 0.25 1985

64 1.0 87

256 16 89

APE 4 0.25 86

16 1.0 88

QCDPAX 14 90

GF11 11 91

ACPMAPS 5 91

APE100 6 — 25 92 — 94

ACPMAPS 50 93
upgraded

CP-PACS 600 96

QCDSP 400 97

APE1000 ~ 1000 99

3 MEEEOHME

RHFEDERICH = >TI, (1) BOWEH] OR/OBEEHEHEAMFHER CP-PACS D&
At BB, (2) ENEAWERNTHEZ, DYDY, FHYPEZOEREHEMHEONE, O



BREOWMAEHEEZYRLUE, TUENDOBEIUTOLEYTHS.

(1) EHMGFIFEEORE - "IEICH 5T, WHZEHEL L HERTY2E O RE LK FHZE
BTV, BRHE - 72— K 600 GFLOPS (1 #MIC 6 TREIOFEI/NESEE) D
STEMEOERE NS, BHMIFHERE UTRVEERZ LIERHLC -7 AE—-N&Y
BOULA THOWE ] OFHBEICHUTEITFTAE-RARDIEERZILTHE. ZOEBHWDLH
IS, PERRFREL, AR THERERSYEZOFMEICHAW TEERFHEOHAIN 2 T
OV SLapH BRI, FAEBTEEE, HNWICESETRERAMIGFEBOEREI= Y
b (HERTF, AEBFE) OBKE ZOREHEZFBICOVWTORFEEREIS, ZHBDFHE
PEERICAUHETZEDICHRIBE L EMSFHER 7 - F T/ F v EERL, WHEHEMEZF L
DFHEBED L, YVATL2HBOEARRGEMET 5.

TOEAKRBREERIC, IOICHEMBE TR, FMBRHFOBZBBICBWTIR, Ritah i
A 51 31 B4 D Py B 5 D BLAR B R RIS X 3 2 EA MR FRAili D /= 91, HAIH R RIE O AN
VFI—=VTFANEGTRY, TORBIICIGCT, HDELAGEIRFOERELZITRD. Z0FH
MR EHICE D &, HEFF 2172\, CP-PACS DML, FE, BEEMRIE, FMEIT Rk
#®, AEHEBHBICAS.

ZhBeMfFLT, YATFLYIRNUZY, 707 S5IVIEE, aVNASORE - R,
TNV TEBORRRY, MIGHE#SEEH T2 ETEELRY I NV 720K -8 ET 5.

(2) WEE N =BIEFIFEB CP-PACS 2 AAWT, BIRINAIEL ERIFETIIMUHELR (5
O] OERWREBEHMEORI XS, [N FPHEZICAWTIE, BWHEEHOE
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BB OMRAIC, 16 BMROT O KX AT (Pilot-1) DEHHIEEIT o 2.
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ABHMAERERBALE.

CEIEEROFE AR 2EERBICOWT, SEREESEMORETIERELE. 2, &
HEEEBEDO T — A% L BB OWTOHEAROBIT BT R o=,

-fiF] T Oty SREDEIES KN ¢ 8 PU (Processing Unit) & 1 DDOERICHE#H TS Z LI &
YW, ST AR 7aryh 0 —-5% & 1024 PU 2% 8§ ERBEECELETLI A ERATS
Hlame Uk,

2) YAFTLY T N7 DR

“WfiF] 77 AIWVARAFR : 77 ANVABDEMIFIEIFTES L DI, EHED ) —-RKAF 1R
PEBRHSHIE, HEROTORRAICEVEBD 7 7 ANVABRICTY 7EATEHFREBHALE.

BN ASOTNVTYXLREFLEE : ) - R 7O YYD EIHELN T NV LB
BERAREHTZ2EDORBEBILIINATOZINTVXLICOVWTRIFLE., =, 200V
NASOREDEMEEIT RV, ZOEHELHED .

CEARY TNV VORI 0SS A— R, BEAHER, RVNT—ITF—REERST AT S
REDBREHMERENZIEEEZS, ~HREINAOY NETFUVBTOHIHERATML EHLET, R
D, 7OV FIVIEFEL LT, Fortran90 & C BiEDHH 2R EL . = HPF (High
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Performance Fortran) IC2WT%, HPF M5 Fortran77 "D M S YAV -2 HET L FEL
L.

CTINYAROCHERBEZZ : TNYA, BIUOEBHLOEZODOREE2GEASHEBEZ XD
MEMRELE.

3) ¥ Ial— ZDBAFE & P RE Al

Y Ial— R0 ) —RT7 0y OBREAN Y MVABEERE, ¥ vy al ERRBOMERK
BXUOHBAREZY I2aV—MTBYIaV-—AE2HAELE.

) —=R7O0evYOEHHERE: Y IaV—FEHAWTEFANEHELBI2EEY T IV—F
VEEFUEROMEBEIMLE. 1 /- R70v vy TEIFUER, HERMRY — 7 (300
MFLOPS) D#7 65 %ALDHEREE2EK T 2 Z & AHEFHIK = .

NAD Y NEFIVOEARPEREM : BRCHREBRB L TWENAOY MNET)V (Pilot-1) DEAR
PREEIMMUE. FIC, RYNT—VEBEDA—-NAYREZAN—T v NCETIERT— 2 %
BEL, MELEBELE.

4) MBEERET - SEISHGT R O R D AR

J—=R70tvHEOERMR, HFx Yy NT— V8, ¥ FLEEE - AL, &40 RH
WA R OEERF 2TV, SHICBIMFIGFER CP-PACS K325 /) - FN7o®vy¥H VLSI
, AV M= R—=K, AHARR—-FK, A2VRY T2y b, #EI-_YIKR—-FK, Y275
LEHEIZ 9 N, BRADEWHORELIT- .

5) MBEEMEDZHDY 7 NI T 7HR

V3IalV—A—:RAVWTHHZHEOHBER Y FI -V FA N EITWESHEE L2 TMT 2 & &
I, HEORANS A X —DORBRICEHT 2RI 2IToE. £, BEOHEBKEH VT, #HES
OV SLBEREETVWEBHELZZITLUE., ZOKBREEREL, 707 SL0K%KEH, FE7LVIVUX
LOBER2IToE=.

8.4 WAk 7 FX

R 6 FEETOMARRICEDE, REHHEE 600GFLOPS % HEICEIMFNFEH/D N —
RUZT7RECY 7NV 7ORBEEMKEEEREL =, 2ORE, Ek 8 4 3 AIC, 1024 PU
(Processing Unit) #H D CP-PACS DHAE - #2258 T L, FHEMBELHIE LY ZF-ICHEL
. ZhEeRIS, PEZHEOT O SLEREEIT . FLEBUTOLBEYTHS.

HANAOY MEFVOMEROEHE : BICHREBRBL WL NAOY MEFI (Pilot-1) £ET
40707 SLEFETL, MELSEEMLE.

2) CP-PACS M %%, 7 — Xigk, EHASDOME

* CP-PACS Y A T LLRELE 11024 PU B OBZE, R, 2048 PU BRICHER L 256D
CP-PACS D ELEfE, REHEE, HEES, REEIIODWTHRE LE. BIEDOFHEREIC, 2048
PU #B D CP-PACS W"REWEBTHEZ L EHALE.

*JE— N DMABEDA YR Tz— R :PUMODT— REGEEEHEICITOEHDVE— N DMA
R Y, Fortran RO CEEZMILHPUOHUTCHEHITIEDDOFRZTDABRICOWVWTHEMEZMR
T U7%. CP-PACS DO BT A A VDA ABAICOVWTHKREFLE., TARAZHIBEOHRIC
v, HAIRZR QCD #HEICEWT, ST A AV ARACETIHREIEHICAED -TH2
D EITRERD 20 BHBEL 2D RABN L.

* CP-PACS AMEBAHF1 : CP-PACS D # T 4« A7 2 70 MEHEBY 2 5L OB FE R
EELOBO, HIPPI F ¥RV EALEABAICBELUTRF LE. Z0RRE, YWEEZL2LTW
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= 50MB/sec DAV —T v hEHRTELHELNDOWE.

- CP-PACS DM : CP-PACS DEHICOWT, Yad Dy SALRAFE, 2a—F 774
IWOBRAE, EXFa) 74 2HOL0ICKRETL, —IRORRERH=.

NI A=Y VAEZ X : CP-PACS ODBERHAEZ V7V A ALTU - VA T—Y aVIlHER
TENT A= VAEZRICOWTHRE LU E.

3) TN T HEAAERE AW R AT

CP-PACS D#RMEBR EEAWT, QCD FHEDEEHO BT HMRIT 2172, ZhETPH
ULTWEMBLIZIERAUHREZERTEZE2ZLAbh ok,

4) CP-PACS B3

"N—=R Tz 7% :BEXR Y MVAHEB#E 2R =70y Yy H VLSI Fy 7B X0, B
BE L= VISIF YT e —HICEELEESIVIEYa—, ZThHEEHITLIR-F, EE,
BRREDORERFOEE, TANMNERT LER, ¥k 8 3 HIC CP-PACS A1 (1024 PU +
64 IOU) % S EMIEHE LY X —ICRE, VATLOHBEIT .

VTN 277G SEALAER, OSH—XR)N, XV NIV BREHSAT S 2#E - R
L7=. CP-PACS DFOUMBHESIZHTEDICHERAR A, BEUXN7 MVAHEBHELRF -
7ot ybHOR#EILIINAS, VE— N DMABEEEBRITELZISATSY, FT ARV
BIUN BB FRREEO AN AFEHOEBEITY, ZH BT CP-PACS ICEEINE, Zhe
WifF UpE2HED T O SLORE RITo .

8.5 YRk 8 &K

SR T REICEME - N ESET UE 1024 EOEBERN SRS, &E#EE 307 GLFOPS
DO@AMFIF EB CP-PACS D% - MBI 24T o=, FHICHEWT, W2, RIKTFET6H
FORBN 27T FHALTONN O VEEOEBHERZMARBRLE. S5, EZTHONER
REONT X RRER 2 EIC, B 84 8 AW D, HEERE 2048 fHl, &= MHHE%E 614 GFLOPS
I T HER R L, 9 AIGHAITRENR T LE. ZOBMIIFHEBEHNTY Y NY
y - RyFI—7OWHBRHRE LTV, EX#EEL LT, 368.2 GFLOPS 2&ER L=, Z OHIEHE
RIAREECYIYN—-V CHEBEINEFEBREBZA - NIV Ea—-F 1V 96 THEINENYS
500 D 1 MICEEINE.

10 H&ViIX, 20D 2048 HDEBERN ORI NS BUMFIFEBEH W THEZEHIED =D
OBREERHBLE. BRIFBRTEHNZOD IV FHEPEFINZALOHRTCOBEHHELIDHICE
fTUE. EBIC, AR LOHBEOPHEHBEEEITLE., Zh D ORERIE, FR 9 F 3 AHMIC
FHEYHEHMEE Y A —THEINEEBRBCTHE SN, YLD TF TORRDOER X TREMIC
MW EIEEFEREL UCEEREFEE 2RV E. FHYEZ, YUEDHEZOLHFTH, 707 5LH
¥, HEBHUEIRTL, PHEHATIHIVI TCICEELREREBTWS.

CP-PACS DB R O HEEFMICEHHLABE2DFELWHRIIUATOLBYTH 5.

@5 B CP-PACS D% - BB L UCUTOHEEETLE. 1) EETOR v Y
BE - BB~ -V YOREFYTDORH. 2) J—FEXYRNT—F 1 —FF— kDD C
BRBEDEHGMNK. 3)NIA (RYNTU—V - AV E—=Tz—R - 7HETE—): BIE - HHEH
R—UYDARRF YT DR, 4) ST AR Y : ARAERBALOEZDIN-VITT7OHK.
5) ANV —F A YT - VATL:0S DAEVEEEMEDEIR, 757 AV FT—Y a g, 6)
aAYNAS— BN 7 MUALE R K - VR . 7) EE B - BEAE S B o P RE BEA -
HREME, FEEEREE (V7MUY - 70—-RKFvx MEE - RDMA Fx A VEE) DL,
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FTEBORERMGL LT, EHEE - BEREICHELT, KTREKRORESHL - ENREED
PR, HFRAT oW EER, A 420 KVA 2R L.

VATLEERER, ROEE - KKEOFREEREROXIHAES 2 L OEMPREZ2 MRS, X
R EED .

FROBMEOEREK S O LMAT LT, BAFIFHEHE CP-PACS O 4 DHEBHIE ZIFV,
BEHICRI LB VORI RBEIND Z L #HIBLE. H)EETO R YV 1 ERXY MNVEE
DRBBHBEICHUT, BERZ MUVBBICE > TEEEBEIENINE. B, FyyYvat—
REHBL, X7 RUVEAEVWRRIC, REMICHBENA NS Z e 2MELE. 2) XY M- FH
BB E— 7 M 1 BEIC 300 MBytes TH Y, VB ENYDON—-RTIZ7 -V ITRNIZTT7DA—
N=AwREFH3~vAr70AY WO EHEBEEMLE.

INDHOEARERBL EHIC, sid0oeB Y, HEUEOHANRELELR>TWEI Y Y NV Y -
NYFI—IDEHHERE LT, 368.2 GFLOPS 22 L=, b, BRTFETFAAZOTOV
SLERRBL, TOUHBEANELE. BRI 7Y T Sa-RFRE2AWTTOT SLeE
E, 170y ¥HEY, 191 MFLOPS WO EHEBEZESEL &.

JOB CPUTIME
hours _ days _
April 1996 - March 1997 =CPU time/(24 x 2048)

12 106 — T T T T T T T T T T T T 124

I CP-PACS 2048 i

6 B -

1.010% - cppacs 1024 - 20

L r q2048
8.0105 | 16 q1024

I - B q512

L q256i#1
6.0105 + T (1o B a5

r R R E q128#1

R R L B ql2842

40105 S mEmi o 0 q48

L R R B g64

L SR I  maintenance
0.0100 0
4 5 6 7 8 9 10 11 12 1 2 3
month

B 8: CP-PACS BEPRYL

9 CP-PACS OBKENMR

1024 EDOEBEERD LK S N 5B F G EE CP-PACS OBME - f#HVNRT L, B Z—IC
SRR 8 E 3 AICREBIN 4 AL BEL2HEALTHLSOBERAEEZK 8§ ICRT. 2 —H¥YUad
LN EREOEEERSERICHEIBEERGE Y, HEEROBIC I YD NZYa Ty S
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AWCHiF, AZLICRLELDTHS. 9 AN EHLR>TWADIE 8 ATAMD 9 AT
T, 2048 HDEBEERD LRI NS CP-PACSNDHEBIEENMTONEEZDHTHS. A AV T
FURICKIET 2EEHENBEDDHOBRIRYDEEEZEDTWED, 11 AKRIHHEFAED =
DICFLALEDRERNMEDNATWS,

10 S#OEE

ART7OV Y NTIE, FHEHHEZOREREI 2 E5D2 THOWE ) OMEORBEN RHfEESE
MzE), YESHTOHBEIIH USSR EHREL S5 BEMERMIIGEEE CP-PACS DB
PE-OHELLUE. ZOEORYATLOEBRICK, Tk v VEEKEERTOEANRIEL,
2y NT— 7 DR EHERBOMR, & 1/0 HROEZRE, BUFIFEEZ MK T 2 HEARE
DENEFNICBNWT, BEOMENRAMLETH . ATOY 7 NEFHSERL =B
WZEE L AT EB T2 E ORE R AW IEMET, SOLETHERBA-—ADOHAIICEY, 205
DEEE—DFTOMRL, HERKEEICITELSSYICHRE - JHEXZETL, WHIGHTHED
EDICHEBEMAKRTIZLNTEE.

A7OV NODE_DOHETH S, CP-PACS IC kB HEHHZDHIEHRLED WTIX, CP-
PACS DN— RO 7 eMifF UBIRINE, aYNA5—, b7 T SLREDY IZRTIZTD
JEF et EMVICE 5T, CP-PACS 5eHBRICIIEBICABEHE B TAZ LN HTRETH -
. ZOZEIl&kY, OV METEET, ITICH—EMICERIREEFTEDEEI1TD
n, RICRERRTPHEZOKT QCD AIEICEHLT, HROKREERENICRESIEIHERET
w5,

CP-PACS &, WHIGHFEOEITHBBRIBEETON B LR T, B TEELRBERN
ERLUTRTWS., FEYHZO®ED S IE, SHRBEMIE, CP-PACS DRIEN 2 HRARICHEH
LT, %7 QCD 23U LT 2RNTYEHZELEF TOME, $EFHYME, YEyi2n 5
TOEEMEOHERIBL KHOBAICHETZZ LN, RVEELHETHS.

CP-PACS I3 EMUEHERBAZEFHLED, FOHRLLT, BAAT -2 24AH T3
DOEERNF] 1/0 B R OGS E AL, ZLTZ2h D 2RBIFFHER LB T 2RZH AT Y
RV VAV R—Tz— AN, BiFIFEBOHBERNZENT LT, MRINRESEE LT YT
HLHZENHHLE, HEBIT2OETIE, 2OF—3W, ZZHEMIC CP-PACS £#% 1
ALUTHE*EDIRXEEHTH 5.

HEHHZIEDSICRI TN OB COHBERIOERILLEEZLZA MRV, &
XD 100 TFLOPS % PFLOPS 7 SADFHEBOEE 2 R8HIC, 7ot vyY - A€ ViE#E LSI
DO ZER RS, RERBLFIFHEBOEDICHERERY —F T/ F Y2 B8 - RIET D22,
BELRT—-ITH5.

HEDHZEICHLETERE - HMDZ KDFHFICBEWT, ZALOMEDOERNE RS
BHBEHOEAREERL, FEZOEBICL > THUESFNREMICHET 22 W OMHE#EBEIZ
SHREVETETHELR->TWVWLEZONS. EVWHTRMNE, KITiTbhE QCDPAX #E
IHEE, A0V 7 NICBWT—BHEZBL R EEEREBINL, 20 & D RZEIIZE & £l
5 LT, BESBOWRE - FTEBTEMAER - HFEE XA - 202 2R EATEEFA, fr
KEEHOEW THEMEEITLERICHSE. £, ZORRLLTEOLE, FHEHEZHZE
B A—RHOL TS, FFEDHEMAER LHEBRTEMAZTOHLEMREEH L, A7V s b
DHEANEEBEREETHD.

22



CHOEOREBELBRBREENL, FHEYHZLHEBRTZ2HOBFICE 2 LS 2BEHHEL —
BERTEZEDNEGRORELRBAEICRSTVWLEDLEZIADLNS.
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Part 11

CP-PACS DX - fl4F

11 CP-PACS £{kO7 —%TUF ¥

A TIE, BTAPEICE > THHE L EBUMFFHER CP-PACS2BDEELRAHEET LHT
B, RCZO7—F T/ F I OSHELFPELTD. SHIICEELRHEHICOWTIX, #M%
WREATICHRANS .

11.1 CP-PACS Y X T LADEELH

(1) DB R 2 E— 78 :614 GFLOPS (64 Ev b T — &, IOU &% % & 652 GFLOPS)
(2) 2EDOETBAE : 128 GB (I0U &9 5 & 144 GB)

(3) MFUH R : 4> A HE MIMD H =

(4) /—R7 0% v¥ (PU):2048 / — K +128 IOU J — K, PA-RISC 1.1 B F v 71C PVP-
SW BB (FLHE MR~ A 707 0t v I OHEEILR)
o WEBH/NERLV YA ZE : 128
o 70V 7 HWE : 150 MHz
o MY — /M8 : 300 MFLOPS/PU
o ¥ vy aXEY L1:16 KB(I), 16 KB(D), L2 : 512 KB(I), 512KB(D)
o EFWAN—T vk 1.2 GB/sec/PU
(5) HEFGHX Y MU — 2. 3t HXB (Hyper-Crossbar network, 8 x17x16 DKL)
o XY — JP£8E : 300 MB/sec/link
o WX FH A : wormhole ik, H#E#EZT O )V (RDMA)
o TR : NUTHEB, Mk, 7OV I/ANST A NEZE
(6) MEBELIEEEE 1,059 GB, RAID-5 £/,
I0U (IO 7ot v¥) #&H Mo i
(7) 22 /NI E U EER « HRITH EICHILIC 2 5E £ TH B
(8) VZhu=x7:

=Zh

e Hi# & assembler, C, C++, Fortran, HPF

e 5475V : Jnk AMERBERH (RDMABEM > A7 5, PVM, MPI), &7 7
AV 72 &

e OS: YA /O0A—R)NV&EX—2A

(9) SMEHERE:
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e FCS (front computer system) & DEEfE : € — 2 100 MB/s D i & Hifse
o Dt : IOU #%H FDDI, Ethernet

(10) BRE L 1 7.0m(W)x4.2m(D) x2.0m(H)
(11) BEES : # 275 KW

(12) BEF4 (5% 18 1024 PU : 1996 42 3 A)
% 2 2048 PU : 1996 £ 10 A

(13) WMFIFHHEEEY 2 T LDOFBEHEN—F 7 =7 MTBF > 2000 Hr H#&

11.2 CP-PACSODO7—X%XTU0F¥%

(1) CP-PACS D HEMRBICOWTW, FHEYWHEKREIS DBEZRIR I ZDH Z2RT L DIC
BLWEDTHo=. —F, REDFEMEREFEMOESR B LU FHEBBFHBIHOERICK Y,
AWEA X - MEETR 150N AEEE~Y /7070 vy ¥ — 7 #EE 150 MFLOPS
DEDOAPEROBRICELUL S, HFEHHEHIC 300 MFLOPS LA EOMEED D DEBEA TS
e PR ENE. 22T, PU(/—RT7OkvH)eLTRINERMEZZZ L LL,
TAMNT A=V AWERAN D B EMED PU R 2 EBICHRILT 2 ARIIES 2nZ &Il
L.

WMiZ =K T2 PUODKRBEICODWTWE, PUBRKIHRSIBYRELILEVWDS, 20
T,

o REINEBDEEDHENHENIED,
o BE2KDEHENHEYHEZOHEICHAONLZBDICKVYEBEZHLED,
o MEBELNHELEINZOAXAMNDEE

RELHRUTEBEZRDILENDH L. CP-PACS TIE2ED PU 2mBMIC 3KILIC
BETSAA—IUDND, 1024 BHHOEDEHMIZEORF 21T o=, MFOHER,
HEXYND— 7 OMEKAR (HXB) AHEE 2 Y, MA TR REZEOTREMELRADH
B RY, 1024 BHEDOY A TLEE 1 HOEEMAMRE UL, EHAEEL W OEERD
5iF, 2048 BUALEDHEEDEDETHRETHELZLEHOM LR SEDT, THEBEDE
Bilabt, & (B 2H) X 2048 5OMROLDL LE. 2BDHRY — 78I 614
GFLOPS Td 5.

ZOfIs, BRD IOU(T AR VERAOTOE ) ICH, BEHOPULHA—O Ok Y
YEI128EBFEHTEZNT, ZhEEOLEER ) - R 70 vy BT 2048+128=2176 B T
HY, IOU S E=LEDRBERY — 7 HEEIT 652 GFLOPS &2 5.

(2) Z2HBEDERBAEICOVWTR, FRINLHAVHEZOHAICLEL 2R REREL, &
AW ERLEATRBRAT, & PUTOERBEBEOMKAERLEZHRLT, 64 MB/PU
LLTH5. > T PULKDERBARET 128GBTH 5. IOUKHLTHE, I/OFHEE
TOBRBERELHRLT, 128 MB/PULLTHY, ZhEEHEMREREEIT 144GBTH
5. EBROIGHMETE, ZVALOERBARZERTL2L00H5N, FHOBRKT,
ZZETORBLEZIZEHB/RNHEDN, ZhEFHOIEOL LT, RBROMBGRER (B
RTAAY) ERILLTH S,
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(3)

(4)

(5)

WMiFHFRICOWTE, WENLEENSBZA T, FHREEEIL PUICHHL TEET ZHE
NHBDT, HDRFICHBEIRE L 25, WHEICHE - REFICHKSE AT ) B OMFHEO W
BT ODNTVWEN, REEZMICEFTD TEARVW. £Z T CP-PACS Td send/receive
BDRAYE—-YNYY YT (message passing) FARERATEZ L LE.

WEFLE D HFEICEE L TiE, FICHHICE W T, SPMD (single program multiple data)
FRTOLBENZNWEDLEDLN, SIMD HOMFFETEHER VWO TERVWIN LW IERE
Ho=MN, SPMD iF SIMD L ZERZ KV HY, FESEERLRHEYHEZ LOIGHICY
JEZ B4, LAE OLTP (on-line transaction processing), 7 — &N — ZLH 2 & DMi 55
BRI FOMBEICEMATZSLDICTS20, MIMD AXz8HATLZZLLLEDHOD
TH5.

i 513 HEBE = MK T % PU (node processor) I- DWW TIX, HFAHOEMERE~Y A 7070
B EZDFXEMATEILEBATVWED, EROHEYHEZOIGHTOMHEZRET L
ERE, WHOY A 7070ty 20 E T, KERLRHEORSICAS RtE 2 RAE
TERWZEAHHLE, ZhEFELLUTHAYA 7070y dEHEEY -7 X 57—
VavRENDHMBRBERBLEIDTH T, FYyVarEBUNEHICHEETLIZL
ERIRLELULTWEEDTHS. MBEICI>THF Yy Y a AT UDNEHITEHNMRVWERRICIE, £
ERBIEIE—- 7D 15 RUATFICER-oTLEDSZLNHS.

ZZTCP-PACS LT, 70y 7—FF/F v UTREICKERNS & 57 PVP-SW
(Pseudo Vector Processor based on Slide Window, 2 54 K7 4> N UH#BIC & 2 HFELAX
JhVTO vy EFHEICERL, A—ADHBALKT, ZOBBEERIVANTHHD
RA/0T Oy YOIRLELDE, HEICHBLTHEALTWS, By — 78 300
MFLOPS/PU DN Y MVABENHETH S, FEZNICREIIDICERBEEDO A )V —
7 v MliE 1.2 GB/sec/PUMNHBINTWVS.

ZOBEDAIMCEY, & PUREBROMBEOHERICE — Z7HBE®D 60 %LA LD %3
HTELZEMNEIESH, PVP-SWHREAFEH L2WESICHR, S 70ICRTH 3~51F
DEFHEREBLZ LN TE, CP-PACS DESHEOBILICBEAERELTWS.

MERKEXY NT—27 ICELTIE, BEBELEPUDOHOT— 20EREDLLRDT, SR
B - B EICEALEDO Y, BEOMAWICOES IR 217 0. RETKE
HEWMOEEHIHERN VLSI TR EINEZ2ICR5DT, 20 VLSI DEHRAHEE, &
FUOMHERGWEEDORELE R OBRERI L, 3Rt HXB (hyper-cross-bar)
Ay hT—7 (M9 2HALE. 1 AOYHENRER) Y 7 OBERBICOVWTIE, 2V 4
NEDT —ZDNAT S5 £ HEE (wave pipeline) 17> Z &I & Y, 300 MB/sec Nix
EMEEEHALE, T FEWEARNICBELTIEY #— LK — )V (wormhole) AR =R Y, ##
BBEUC O W TR ERERERGFRICE URKEHTOT Y N0 v 7 (dead-lock) Z[E#E T 2
AEFE-TWS,

HEFOTOT SLADNLOT — ZEBEERICH LT, ThEhO PUIKEET S 0S »'E
E32@EEOE®ET D MI)VOMIC, OSHWEBL TWS I/0 HIEAD (REMTIE 1/0 #
BALD) A —FEEFIZ L, FETOT SLPDEET - ABEEITOIZ LA E
REBHEEET O RINVERITISNTEY, HFIRLBED T — ZEEICH D F— NNy RKDE
FICRKRWICHEINE 2T WS,
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(6)

FEEMBONMFINE ZTHOES DI, PURMORABEZ L5 2ODRABX Y D -7, B
FUOZHD PUNERICEEEZITOEDORERHOERE, 70y 7 A NS A NEEERED
ABRENTWS., RICTH Y7 A NS A NEgEEERIZ, RAED X DI, —EOEKEDTOY
JEBMELT, 2EMNPUDERBLT —EME EFEANSAKN) TREEBEIATVWEH
By Ihbler—4%, HEIVERHKICEREINTVWE T —R20WMICERFL,
REMTIE, HNICHESINE—EHB (REANTAR) K> TERBILHEAOEMEE
720T, T AWERICT - XOFEEHRR 217D Z L NHSK, WFABOMEEZEHD S
DICKRELIFELTWS.

EFE (3), (4), (5) BEARL THMFNLESKXDEAICEL Y, CP-PACS TREHEMYHE ED
FELHE B QCD #H)ICEL TIE, 24 & UTEMEE (sustained speed) A E —
JHBED 50 BRLALERBETETWS.,

DOFWHRBEERICOVTE, RREICEKSHEOHHFERRLED T — 20—RKEEH, Nv
V79T H, TOMDEDHIC, MWINFEBESSEREHTRRERT 1 X 7 (disk) FLE3E
BEOBMUTERTLZIZLLLTHD. RDELINIRABFSEIAZVWEERVICEEVWR
WA, BFORFATEL 500 GBULELEBEOATVWE, ZOEOIRKEDBFENDE DR E
BICREBET2ICEVWLO»DOREND 3.

ZD1DORZINETDBREDOLDE, IR NT =TV AWICHBOEW 35 £V FD
INHEER T A A7 TERETH L UTH, CP-PACS 2L LTORT 4 X 7 RERBIIHE
BEBADZLDOLERY, 15OBRT A AVEBEOHFGAN 204FL LTH, # 05 AL
B D (unreadable error) WHET 2 Z LIl Y, MHERBEEL UTRARWICHEL Z
5. ZORICBLTE, SMRIMICHEN RS, -V REAKFICZOLIRELFHFTER
LRABEATEEICTILMRnERbNE. TORZDFEDOEMMNERL, RAID
(redundant array of inexpensive disk, 4 BN T A A ZICH LT 1 BDILERT 1 A 7 4440
THZLICEKY 5 BHD1BDT A A ZOEEICH L TEEHWICHRBEBROEEITH
NEZED)VHEBBENEDT, ZnNEHEHATEZ e & UTREEEMEIMREL 2.

EI21O00MBEIREDT - XDOHRAEFZRTOICETLIRMETHS., ZOME IS
BREZXTEF—ZEE PUILREEBEINTVWEEDTHEDT, TNEFND PU AUFNICH
BICHAEZETOZEIHEREEDICTBEZLICE ST, BRSNS, Z0ED 3 KT
DHXB XY MT—=ID n, xny, xn, BHSELZEFED 1 DOMEIC, £ 5120 I0OU
(input/output unit) HO 7O v FEEEEMLU T, n, x (ny+1) x n, DKL T B &
JIC U7, CP-PACS D&, EELDHAFICKY, 8x 16 x 16 = 2048 B D PUICX L,
8 x 16 = 128 D X-Z FHIC IOU 2 EEL, &% 8 x 17 x 16 = 2176 DRHE L L, Z
NHOI0U DZENENIC, RAID-5 T A AV 28T 20 BMERIT >z LE. (K9
ZH).

ZD&DICUT, CP-PACS 2 TIIEMHIZAR I/OBERE & LT 2~5 MB/sec/DK x128

IOU = 256~640 MB/sec E B L, TA A7 I/OIC & D A =N~ R IZ#EFHERE D 10%2A
TehdZeEH-7.

2EFNBZICHE L EEREHREE LEDX, ZBOMS/NIEORER Y DBEIC,
HENVHEBEOMFNHEBNAREBEINTWEEIORA AV TEHATZIZLEEBZRLED
DTH5B. ZOEH, 3RTHXBAY NI —VDERFTHFIAD 7O AN L v F &MILIC
N—=Roz7WC 2 0E L 22 &k DL, #IAIE, PU % 1024 B +512 B +256 B +256
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9: CP-PACS D2

] © @ []

EX (Exchanger)

PU (Processing Unit)
IOU (1/0O Unit)

Hard Disk (RAID-5)




BD 4 EOMZ M FHEHRE UTEHEAMRLRXDICLTHS. Uiw, ZOMIZY 7K
DT HE (N—T4vay) 28fihoTHHETLZHEDHETHS.

VIZMNTz7EBRICOVWTE, A0V SLARI-FHREEERTLZ2DRILSRDZLTH
5. LDADLZEDEHD OS, BEABRLREDVATLY Iy 27%, BHABO X DIC5%
LEPDE LT CP-PACS MIZICHI A2 Z ik, HRERMEMISDZ->TH, BERS - FTE
MORHOTCHLHEEHTHLZ DLW ALHOMNTH o=, TZTHEREEDOY X 7L
07 SLEFEBTLHAEE LE.

BELBELRZ2E0L LT, $T707 53V FiE, BLXUPZOAY N AT (compiler) &
$»%. §iE& UTIE Fortran, C, 8 LU assembler SENAEMY EiIF5Z e L, ZH#id
D HBUMFIFFEREERT S PUOT7—F T/ FvICEBMINEREXY MuvTno
T yY (PVP-SW)BEEYR—-MLE1BD PURZEDIYNAZ (BEUT /ORI UN
A Z (cross compiler)) IEHTHZ e ZHEBLE., ZNICHL, HEICIROETRNS
DI, PVP-SWHEEZTR—- N T2 N A SEHOMEDIRVWICERL, A—H0DH
H1EH-7C, Fortran BEU C, C++EFBICEHLTH PVP-SW R YR — hD A Y&
DEWIAIYNASERETEZLANTEE.

W FALEL [ = DERE (BREMARR EDIIR) ICoWTIE, —MICEHSINLTWS PVM
(Parallel Virtual Machine) & & U" MPI (Message Passing Interface) D ¥R — K £4772oT
Wa A, BEXREREICEWTHIIAE L -V - A—-AETE EHHIARIRBESNT
W% HPF (high performance Fortran) ®M Y EiF25Z LICLTW5.

WFHEDT 0T SLMBHORKELL TR, T-VAF—Yavy ETO/RRAIYNA)
ETNYTMTAD LIS UM, NMNIEDWF TNy THOMFFHEREHRELTH 5.
D—=JAF—vaY ETOTNYTDEDDY I a2V — X (simulator) DHEBITIFET
H5.

OSICEIL T, ZNHMERMRD UNIX RD Mach #X— R & L= OS 7 — %)V (kernel)
U =N (server) &fif A, AEVHME, 7O AME R, /OFNFAN, XV bT—-F¥—
Ny, Z7A4NWT—NpEEYR—-—bMLE. ZINHLEHEXRYNT—FVBERADS AT SV
(library) ##ZHEL, INEZZREREFL TV IZLICLTWS.

FEMRT AR VHYREBEREEZFERTLE2DD T 7 () (file) DB WF B, FCS (front
computer system) & DA D 7 7 A )VEEF B, U a7 (job) ¥ 7 O E R (process) Dl #HF
B, EHEABELRZEH - FEY M7z 7IOVWTHL OB REINTVS.

(9) BALFNFHEE CP-PACS KCIRBAEDHHBEB ZMATVWED, YA TLEEDOREED

BETHRRZML, ZOWMYFTHREEL FCSOBTOERDT — X GEFENNEL IS,
ZOHWDE®, E—7 100 MB/s A EDEZEEIT SH&E (Y #— 7 2 — R T CP-PACS
& FCSBDERET, YIRTz7A—-NAY R EZRLTHEHNIC 50 MB/s KA E
D77 AIVEEBENTEEL 25 X DICLE. Z0OEDBIHFFEBENIE IOU DRD 1 &HIC

EE DR EBT, FCSHUICELHREAERDBPERICRITITH L.

EHIC, BMIFIFHEREFERTOI R A— VA TLOLRMEOEN - BHEMN FCS & Y—JuHY
IKAFABEDICL, YaTORA - ETHE - HROBMYH LR EOBHIEDOHE 24T S8
IZ, FCS LBiiFIFHHEBEDHD 1 5D IOU & DEIC Ethernet 2 £ D LAN #1TTH 5.
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9 FHEWHET KM O F7 EE 88 77 37 Al 41

e L= FEA (DR (=R ] e T 5 B
PE8E AEEE | TERAER | ARAE
1 NFOYEENE
sustained: quenched QCD 484 21 H 6 GB 69 GB
400 GFLOPS (B> THIVOK) 644 68 H 18 GB | 216 GB
BIE JEHE: 80* 163 H 44 GB | 527 GB
20 % full QCD 24 58 H 1GB 3GB
I/O thru-put: (EMV—RFEN) 324 244 H 3 GB 9 GB
300 MB/sec 48* | 1854 H 15 GB 46 GB
2 FHREIF
sustained: BT (A1) 10003 120 hr 80 GB | 400 GB
500 GFLOPS (P*M-TVD %)
I/O thru-put: WKL FIE (5T 50 Y) 200° 110 hr 4GB | 200GB
100 MB/sec (Tree %)
BRI (Roe MHD ¥%) 800° 250 hr 136 GB | 683 GB
AT ORA 12 100% x 1k 75 hr 176 GB | 250 GB

(10)

(11)

(12)

12

"

CP-PACS DB 23 mICBI L CIBRICARRZ W, BEOEARE I HEZLTEY, #&
AL 7.0m(W) x4.2m(D)x2.0m(H) TH 5. HEBHICOWTIE, CMOS HikiDFH
BBFEFELELTVWEDT, 707 SLOBERRICK > TKREEHTHHN, BWATL
DEETH 2715 KW TH5. WHARIKTEFHCL2BHEERFTRTH 5.

i\

BEFEREBEHICOWTIE, EARRE, FMRHBLTNAOY MR —F (pilot board) & £
komE, BEREG B LORITHE, 2EREORE - FE LR OLELRRI ERT, 1995
R (1996 4F 3 H)ICHE 111024 PUDN—R T = 7 DR T 247V, BWEEBHHL .
ZOHRIATUTHEBEINTWEY I RNT2T7OTFNYT 24T\, REHAEBEKBLE. Zhe
W FTUTEH 2 DD DEMEELITV, 19964 10 ADD 2048 PUTHBL TV 5.

WMFIFEEY R 7L DEEEICDOWTIE, BICHIEREBEICEL TRANE X DI, AiliF]
HEBOLDICRKBRERY A TFTLTEHEEEZHRILZIZLEIRVELVWHETIEH S
AN, REDAVE a— ZHEWORBICE B A - NIV Ea— AP KBBERE Y R 5L 0 EHRK
EZRLT, "—KR7 7D MTBF (mean time between failure) {& 2000 Hr JA_E % H%
Bz UE. ERATROGBEHET -2 2HEICULEBLTHEN S ZOHFIIR Y
WMTHED, BIRETIIMOERICEE NSTINVIELHEDT, EET—FLLTEN
LZDE, ZNADLTHDH, REOHEWRIANS T2 &, 2000 Hr D HEAEIL IS5 2 5L AT 88
THsHLeBRbNS.

J—RTREeyY - T—%XTIFv

12.1 fEkO~Y 470 70v v ORER

BAFFEBOZE PUDOT O Y Y UTEAREBEHD —DIF, ~BOT—-—VAF—Y avic
Wb NTWaBEODREZEROHHRISCY A 7070y ThHs. HHEOHHE RISCTOE Y
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P OABEE T, ERERENOERIC LS 70y Z7EEROAEL, 2A—NX—2Hh SHREIC
RES NGB VANV OMFIHERMANIC & 5 EELHEFXOERICE Y, REHICHELTWS.
UL, TOEEEE TR vy Y alNEHICE#H <) EWIHENKILTERICEWTDOHERS
o, REERBIZEEMHEICBW T, T— 3HEIERICRE L, 27— 2OKREWEHR
HERDLRNVEWIHERHEED, T—FF vy ad IAEFHRKREN, ZDED, BEOIH
RISC 7O v Y DML, EHB7IVEAV—-FUVILIBEXRFLTADEDICRELKTT
5. 7=, FEEEMOERCEY, Toevdoroy VEAEBRISBRERENICHETSZ
ENFHEINE—FT, EFRBOT7IVEBAV—-FT UV ERDEZRERERNTHE AT VRTFDY
JRARALE, PEEFEMOERICI-TEZNFEEML AW, 20ED, EFEB77ER
NFNVT AL LHEBIETIE, SROFEBEMOERICE >THIHBSINT, BUASHICER
FRMEICR>TWKZERFHENE. LENST, KEELRBIZENHEL SR ICALET S
EHICIE, BV IVIBAV-FUVERKT AFEIMMERTRTH 5.

ZOMBEICNT B 1 D0OMBHBELE LT, T 7z FEBEEF vy Y allRFEY, RDELRTF— X
EHOLMCHDF YAl TV Tz FTEFENBZAONS. ULALZOFERICE, FERKRY
RVRAZ7 7EBABICH—-F Yy Y aSAVHOARELRTF - A 7z FINZEHEHRBLF vy
VaDEICEBRR NS T4V I NET S, T ASRICKHENERESN2WEEICEF vy an
NST7 4y ZHIERICEL 2D, =47V 72y FOREEIC line conflict IC & Y ER T — AN
FryVaMbBVWHEINTLED, EVWISODRZLHMEELNH S.

AAZTaeyHexXR7 T oeyeORELREELAE, EEREBOTF - AEBEBAICH 5.
RZMNTOEYYTRERB7VEADNAT S AEEINTHBYZDAN—T Y NIEW. £
B, ZEORZ NV VIR ZAEFHESDZLICE YR MO —R /A RNPRABEOR Y7 NVEEZEL
TE, FxAZVTOBBICIYINAD DU L EELM L 2 PIFICITOZENTESE. Zhi
Y, VIREAANDTVO—-RNEREEBRTE, EX/T7 V7 BAV—-FUIUDIHEBICEGER ZHE
EHRYBKTES. LALARS, 24570 vy HDEZRBRINAT S A LI NTEST,
ANW—=T v MIEW, ZULTF Yy Y aIAKICRERRB7 7EAXRFIVT 1IC & YERERBITK
ELETTS. LHLAaRS, MELIEBONATSA L3 nEEEIZ Yy N 2FES, #E
MAAERIT (AAT)HE2VWEFo AT RTRMV) Vo, BBOEEIZ Y M EFHIC
EBHh BB OETRENLTWS., #oTAASToeyHICBWTE, +HoREHBED
ANV—=T v RNEFERL. SBHICVIREZT VO - NBBEEEZHILZZLTERRT VAR T
TAERBBTENE, 120X MV ROUBARE, BBDAASHRICE--TEEY A/ D
TOVSIVIWICAETEZLICKY, BREICARYZ MUV EITOZENTEZLZEIONS.

12.2 B ML TOw v PVP-SW

CP-PACSOT7OEYY - 7—F 77 Fvid, BIEBINGHREEBD THVWIHRTUSILBET =
5EDICBABNTVWS.

CP-PA CS TIiE, BifliTBNE LSRRI M7 O v IREBRT 2HE /i E, Z—N2
ASHAOT Oy FICHEBHEREZEL TEBRITLILE2EX S, ZOLBEGRERELITHLN
7 N VALEE (Pseudo Vector Processing) & FE& . HEEIN 7 MVALE = EB T 2 =HICid, BifiT
BAREZAASTORYS R IMNTORBYVOHBERTHIUTD IR EEBTHIHLENDS.

o ZBOFFHNIKR VIR R

o UYRAADT Y O— NEBEDiR{L
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o FTHBVIVIERADNAT S A1t

BRA2DOBFHEE, V7N T2 7OBIARNEMAEZARL, BHEDRISCT7—F T/ F v
DENMNEBREEZRERALZDIODOWE/ HEEEHTLZLTHS. E3IDHAIRF, EHRE
SHONY JICHEL, AVA—-V—TAEVEBRTEZLICLVELMICETTEZS. Lh
LaNS, BIOKTHEZZHRDOD VI AR EEZBRTLEDICE, AR 74— Y MHDOLIYR AR
BETA—IVROEY MIERBDTRHENDHZ 20, BREIGESEY N7 —FF 7 F v EHME
FERbhs.

ZZT, BEDRISC7—F 77 F v D LA EBREEHRLRDDS, SBOVIXXEFH
TEL ASAR U AV R UAFRCED KL dMv7 O vY PVP-SW(Pseudo Vector
Processor based on Slide-Windowed registers)] % %X LU = [6].

PVP-SWOD7 =¥ T 7FYRFEEDAAST O v HICHTIIEBLWIBTEHRINS. K
BRI, BEHNMNIELVIZAZDASAR Y 4 Y RO BREEOMBEMNTH S.

24 R4 UK SR X110, BENMNUELVYRAZDORS AR Y 4 Y KUK ERT. W
R VYR REMIEROREN 2T VR 2ICpEEhE. 1DORENR TR IRNDV
VR BB, RO —F T/ F Yy TEHRINIHE (W 10T 32 L) EFEL RiFnTAk
52w, 742 KUDMEX window-offset THABNS. &V 1V K Vi global & & local &
Kb, global IOV IYZXRIRTHT 4V K VICHETH S, K 10TIE, global DL YR
Rk gME L.

HERETEEELDDIA YR IDRNT VT AT THY, ZOT7ITF4T 74K %
ET 2R A2 2 FWSTP (Floating-point Window STart Pointer) & A ¥ 5. JLIRETO 7 —F
TIFXICBITE2MEIEIL2T FWSTP THREINE 77 T4T V4R IUANDVIRAZDAEHW
5. =%, VZNUV7TFWSTP DiE2ZEETZZLIC&Y, ZOT7 V74T V4V RUEY
By A YN UEMATHHICBEH (RASAR)T2ZLNHEBTHSL. VIR TADVIYR A
BUIIERBID 7 —F TV F X IHEKBET 2D, WELVIZAZOB m IN—FR Iz 7HhHFTRIVEER
DEBEETHZZLAHEBTHE. ZOEIICLT, EMNEBREEHEBRLAFNSZHOL I X
BRI D .

BAS UTOoaS’EMENS.

e FWSTPset 77747 V4V RK U2 T FWSTP DE2*ZEFEL, 7754774V
YU 5.

e FRPreload 7 — A AEFUADMLABICHESINEG VA YR TVADO LI X RICO—-RT 5.
o FRPoststore T — X2 FRICIHBEINZTLA VYR IADVIAEANB AR VICARNT TS,

FRPreload 2 ' FRPoststore @ T IXEFHBEEL VIR R L DT — RELZEEZITOGLTHIN, LA
TO3IDDDEHEE-D.

1. TEWTZIEVAH | ICkY, T—ABEDR T ¥ FHETICERATIEITINS

2. PV F AT AR IICEHBGRRL, 2@PHUIRARET— RIBEONRL UTCHETES

3. F VYV aAIARKICREHRBL VYA ZRDETHEET —XAE2EXEL, FyyYalT—4%
ZBELRWV
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slide-windowed floating-point registers

0 g1 9 physical register m-1

T

1

1

1
: : logical (slide-windowed) register :
0 g-1, g 31 1
1
window Q| global local 1
1
01 g-11 g 31 :
i 1
wi ndlow 1| global <> local !
1 : :window-offset R :
: 1 1 S !
01 g-11 g > 31 :
windowi | global | e WRWELTE e w ups local :
1 1 1 ~ N 1
1 I 1 ~ I
(o] g-11 31 g S !

global local local
window-offset

l‘-------------------*l |

X 10: PVP-SW I BT 2BE/NMNIE VI R XD

1BEORBICEY, ERBOT7 VALV —FYVDOHETT—-ZDO— KPR N7DEFICE
W ZELEZLLTY, ZALDEEERM-THE, AP EETTES. ZDED, Bk
MHBELRDZT—RICHTE2TVO0 - NG eEiTRITTIEZLT, OGRETEH T Z LR
RELUT— RN THERB7 V7V EAV—F UV EREBKTES. LUYERWL—FUVURBKTS
EDICEENETTVO-R@L2ELRITTILEND Y, DERVYZAXBNENT S, 2
DRBEIYENICSESBOUVIY AR 2AEBETZZL, RO 2BEORETHRIET 5. 3HE DR
i, FrYvvaDAN—T Y NARRICKDZHBET 2HED, RUOFvyyyadk -V Y YH#E
ICXLTBEHTHS.

12.3 PVP-SW (BT BEAUR 2 b ILLTES|

DAXPY V=7 ¥ (i) =a x X(i) + Y (i) 2Bl & LT, PVP-SW ICH T 2 HFLN 7 hIULE
EHHET S, M1 AT Yz ba—R&RT. SHHEAEHRICTZED, SEAFTIEBLTH
5. F11H D ‘FRPreload Y(i+1) -> r30<+2>’ X, HET7 /T 4T TH2 U7 1R Uud225%
(ORyAF AV N/ (%@‘7 4 Y R I®D window-offset i&, 77T 477 42 KUD window-offset & ¥
2REV)DWBE VYR Zr301C Y(i+1) DT —E%2T7VD—-R$H5ZL&RT. =, BRRICH
% ‘FWSTPset +2' X FWSTP DfE% 2P T2 L &R 7.

11O AT V27 ba—REEFTHROLIYZZEYSTER 121IRT. M12T@’kV—F
LB AVEERT DA & RICBBEI W TREINT WS, 6beycle ZLDEMIE, 77/F 4TI 4V
NIV BLZEEXRT. BMEZOWHE Y(i+2) OFHEICEKRTHIHHTHS.

12k VbhB XIS, V=THBICTA YR IRYIYBIATWKZICKYEZLV—-TIZERS
AR ETRBEEING., o TH—DOREFSZE2RHODVIRAEZE, V- THICHWEMNICITR
RBEUVIVRARICHIGTEHZ LIRS, ZOEIICLTR2UVIRZULMEETERVWEHESGSIS
BOUVIRXZEAWTAHEETROIZLENTES.
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Loop: FRPreload Y (i+1) ->r30 <+2>

ADD r29 + r30 -> r29 % axX(i) + Y(i)
FRPreload X(i+2) ->r31 <+2>
MULT r7xr3l ->r31 % a* X(i+1)

FRPoststore  r29 <-0> -> newY (i)
FWSTPset +2 _gFWSTP<- FWSTP + 2)
% branch is omitted

11: PVP-SW I BT 5 DAXPY V=7 Da— K4l

slide-windowed register

window (window-offset = ) 1071 18 . 293031

window (window-offset = (j+2) ) 10_____ 7. 8 . 293031

window (window-offset = (j+4) ) 10_____ 7. 8. 293031
window (window-offset = (j+6) ) 1071 8. 293031

gegister aIIocationaX(i)Y(')x(Hl)

1 FRPreload  Y(i+1) -> r30 <+2> A aj. Y(i+1)

2 ADD 29+ 130 -> 129 | +Y(('i)) X(+2)

3 FRPreload X(i+2) ->r31 <+2> FWSTP = j

4 MULT r7*r31 ->r31 l—l ¢aX(|+1

5 FRPoststore 29 <-0> -> newY (i) 3

6 FWSTPset __ +2 (FWSTP<-FWSTP+2) | X ,,,,,,,,,,, poststore | | |/
7 FRPreload Y (i+2) ->r30 <+2> Y (i+2)

8 ADD r29 + 30 -> r29 | aX(i+1) X(i+3)

9 FRPreload X(i+3) ->r31 <+2> FWSTP = j+2 +Y(i+1)

10 MULT r7*r31 -> 131 | ax(i+2

11 FRPoststore 129 <-0> -> newY (i+1) |

12 FWSTPsst ___ +2 (FWSTP<- FWSTP+2) | X ,,,,,,,,,,,,,,,,,, poststore) | |/
13 FRPreload Y (i+3) ->r30 <+2> Y(i+3
14 ADD r29 +r30 -> r29 ‘ aX(i+2)

15 FRPreload X(i+4) ->r31 <+2> FWSTP = j+4 +Y (i+2)

16 MULT r7*r31 -=>r31 ! axX (i+3

17 FRPoststore 129 <-0> -> newY (i+2) !

18 FWSTPsst _ +2 (FWSTP<-FWSTP+2) | | A posistore | |/

12: PVP-SW ICBIT 2 VI X REYHT

34
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FERT AL —TUVORK H5T-AHTEO-RERMD, 20T — AW HER
BICEKYRFICEHZ NS ETORBERBEZ, €07 — RXICHT 2 permitted latency & V3.
BIZ X 12Tk X(i+2) I T 5 permitted latency 1 Tcycle TH . 2TDT — RICHT S
permitted latency N EFLRBT7 VA V—F Y VU ETHLE, EHET778A V-T2 VICES
HRETEREIS>ZILANTES. 12ICBWVWT, permitted latency D H&/NMEIT Tcycle TH 5
DT, Teycle ATOERB7 7 EAV—F UV ERBKTELZ LIRS, SYRVWERRBTY /&
AV=FTYVERMT 27D, permitted latency ER < TEBENHSH. TOEDHICIETE
BETELIDVAYRVICTERZEFRELT- 270 - RInXRW. BEMMCE, K11
$17 % ‘FRPreload Y(i+1) ->r30<+2>’ XU ‘FRPreload X(i+2) ->r31<+2>" D FH#EES % 4l
ZX, ‘FRPreload Y(i+2) ->r30<+4>’ KU ‘FRPreload X(i+3) ->r31<+4> ICEETHITHR
W, ZOEFETIE, 7V -R@SPEIBI I V—TEIFLUTHITEINDE ZLICREESD, KR
HIIC permitted latency 13

T(EEBID permitted latency) + 6(1 )V — 7 DEITICE T S KA ) = 13cycle

2%, LAL, ZOIDICEYELDYAYRVICT—227)O0—-RT5E2DICHE, £US
OBV I A RZANBEILRS.

12.4 CP-PACS CERALLT Ot wi DETT

CP-PACS TX Hewlett Packerd ¥t PA-RISC 1.1 7 —F 77 F ¥ICZ D PVP-SW #t#E %38
mu, PUOHDLERZ 7O YY L& LA, PA-RISC1.1 X 32 RDMEHEREH/NIE VIR X &
FoTHBY, TNERBLTHELVIRARFL Y 42 N UHEER (ZICRELV YR AHFS LY
VIRABEDEHRETD) 2EBMTE. BELEPELVIZZOH 128 THD. ZOHIT. B
WMINEEEB77EA VTV EL LOFHHMBRELE. £/, F7O—-N)V - VLYRZX
OFRBIE, VIPhTz7ICEY, 8 12, 16D 3IDDOHAMLEBEREDERBIRTEZ S X DICLE.

VIRZDT 4 Y R LICAEIN—R 7273 X NOBEHNICOWTHBRICHMNS. 5, Bt+oD
PEM R VIR ZDEMEN, VIRRZDAHAIDOR—- NEEEMT Z2HEN W=D, BFED
FEFWMADEBEZAT (EEITBEHLTIE 151 TRNS) ZORED VYR AEINIFFICHEIT A2 <,
XHR [10] ICRENDE DI, VIYRADY 4 R ULIC K 2 EBEMIIE25%TH ok, V4V
RoFIEE®RICOWTIE, FYTOHEBLIYVBLULATOR YOI YY AT NVICERBBE
EFERINETHEN, BEINDZVIZAABMN128ARUTTHNERBMUVIZAZBF LYV
VABBEDEHRICHERDOITE X Tbit ODMBEHTHY, ZOKRILHEYHETEIRIoE.

Zo70y OB RFERICOWVWTIX. 15.1 THHRNS,

13 JovvyRERRy kD=2

AEITIE CP-PACSDODRX Y RNT—=F - 7—=FF IV F¥IIOWT, ZOHKEERBXRS. CP-PACS
BRELDITC, T—REEEHNLTET—AEBEXYINT—=2 L, PUBRONV 7HEB%2HE
WETHEBARY NI—VD 2BEDRX Y NI—V %>, UT, HE4DX v MT— 7 DR
b, BRETFT— REmEDEDDORELREBEICOVWTRNS.,
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13.1 FT—HEEXYNT—

Bl FIFERATOR Y D=7 - RO Y—& LT, Mesh/Torus, Binary n-Cube, &
#E &M (Multistage Interconnection Network), FWAWA LR/ESNT WS A, CP-PACS T
T — Z#EER Yy MU — 27 & UT Hyper-Crossbar 2 v h U — 7 L iENn 5 ROV EHALE (BA
T, HXB W& 9)[8].

CP-PACS ET QCD #EE1TOBRICHEHER L 2oTWE DL, PU 2F KK T LICEEL
=% & 1C 858 PU (Processing Unit) I TOD T — AXWABBERTITONEZLTHS. $2bb,
2PUN—FICHEH—FHOBEE PUICH LT AVvE-—VERELELGS, ThbDAvE—-Yik
2V RTD—=V ETCHEWIERTZZ L, E—=7HRBICEVWANLN—T v N TEHEINDIHEN
H5. ZOBEMGE2MWETEDICIE QCD-PAX THWOHNE Torus A v MU — 7 2 HWS DMK
HHHETH DM, CP-PACS CIHREMABBERHBET TR, K VEMELRT — ZAEENZ—2IC
AR, FYRKRIROUERODR YNNI -V UTHXBE2®ATS. Z7id, QCD
DA DR B 2 Bt EIC B RIS S BB R BEROBEF 2 HE T Z LIS 5.

EBIC, HXB TR HXB 2D 3L OO LT 0k v 9 OELE & [[% % Mesh/Torus 72 1J T 7%
S BT7OEYyYARBNEL L, BRORERD & >4 Mesh/Torus ICB1T 3 BiEEE 2 A HIC
VIaV—hTEZLNAETHS. PIAE, §x8x16=1024 7HE YV D 3Kt HXB LT
&, FY AZXD 3Tt Mesh/Torus EIT TR <, 4x8x32DLICERTDIAINEDILD
R, 32x32DEIICRABZEDLDMNE D & 5% Mesh/Torus ICBIL TH, ZDEEEREE & &
BHRTYIaAV—-PMNTHILENTES. ZOZLiE, 2—-FrR70e v HOREERICEDLET
Mz ® 2R, TOUHBERRBRICHATES LWOFELNHS.

HXBD hROVIE nRITDBLFBEOBREILRLUEZBLELTEDABILENTES. 22T
WICH n FERISEIRTETH LA, CP-PACS EHER D EEEM 2 4HE UEFR, 3KTDEK
NRETHEEEZE. RI, BERTDPUDHAXERETS. ZHh XL PU % 3RTDES
HOBICEET S ZEICHEL, IR 1024 PUDSE, HAIRRAERIE 8§ x8x16 &\ IJEIC
25 (BEARTHEED, BRADTF AN —=H L TWBEHSET LW, EBEDO CP-PACS T,
2048 PU+ 128 IOU L WO D=8, 2R TIE 8 x 17 x 8 DFHICR->TWS (K9 SH).

—E R 3R HXB DRBMICOWT, X xY x Z BEROSEMELTHHPT L. £7, 2
PUR X xY xZ D 3RFBEFEFRICHEBEND. ZLT, 1 20KRTHE (BT ¢ KR7aH
) ICHfiAZ PURLERZ7BAN - A4y F (LAF, XBeERT D) TREMETH. AR ¢
W FEDOHE, XAD XEH O XBWHELRSE., ZOEIIKULTE2TORTAHEIIDONT,
ZORFTHFMCHALE PURME XBTHRATS. Z0%E, Raii3kDT, £#PUIE3DD
WIEHFED XBICKHTBV Y I EENENFHEOZLICRD.

ZDXRYRNT—T ETORAVE—VEEEZZXDS. UT, EE (z,y,2) PEBEICHS PU =
PU(z,y,z) ERTZLICTD. &, PU(zs,Ys,25) DD PU(2q,Yq,24) ETAVE -V EEET
535, RUMERAKE UTE, £7 PU(z,, ys,25) D PU(xg,ys,2,) ETAVE-U %R
ZY, BWTENE PU(xq,v4,25) > TUTRRIC PU(2q,yd,24) » EVDIEDICIATY
TOEEEBRIYEL TENIT I V.

LML, ZOHRETEHIATYTOEHEERYRT ZOEEBENRZEVDT, L UEHERAY
T —VUMREE41T DD, Wormhole FRD A v —VUHEFRE2ITD. ZhiF, FREEDE PU
N—HAvE—-VUREXLZDTERL, TOMED PU Z2RHET, 2 XBAHHHD XBAD
AV —YVDEFEEEELITOZLICEKY, ERIATYTOEREE -KRIITOHETHS. ZDFE

IZRRABF DT A X% EB m L LTELLILELDIE base m- n cube L LTHIBATWS
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HIC, & PU & XB &fiH T 284 1C EX (Exchanger) & EN2 )V — % - A v F&E L. EX
EPU - EBDXB, $5 XB - D XB, $% XB - PULWIEIIL, AvE—IUNRLET
DHEDPU L XBOMEHBHICRYBAONDEIILTEIAAVFT, TOHBIAvE—Y
WREONYHERICE >THELEINATWS., £k, Ave—VEERBOBRIZ, Ave—-Y
DAY ZHNEX £/ XB2ERTLBEMBETITONDDT, BREHRDOEZDDHH A — N\
REENSILTEZZENTES.

Wormhole AR®D HXB ICIXUA T D & DA H 5.

o BREHEMMNMEY., ZHIIEWAVE-VEHEICEETIRICEFTH S.

o M—H A XDIEFH#FHiH (Mesh/Torus) Z EHEBEFHFRTT Ial—FTEDH. THIS, ¥
AXBHDEZVWERABBHABERZEETY, RPUBMNFELWHVNZTIWE, ZhvE2 T Ialb—
RTx5.

e Binary-n-Cube % v hU— VDLW RT Ial— MANBHTHS (AR vy hDU— 7 THEME
RCTRADEENRZ -V DZ N, HRICEFRTEIATES).

e ZXBOHAERHMICTZZLICEY, TO-FRF YR MEEDFBRHIATAD BHED 1
Xb 1 #RE & H U RERE TR RR).

o TURLERE (RRED PUOHNEHICS Y X LMIRET S L ORERF)ICET BRI —
Ty RN, DRy MU= ZICHANFEEISE.

Mesh/Torus % ¥ b U — 7 D& % BERTITA D KT, 2 <ORERINHEICEWTEE
THd. DI, FRETIMEINHLIBEABOREZIDHETHITIa V-V ayATET
HB5EH, 7OV SIVIFOHBHELEWOIEMNRTY, 2 -FICL>sTRIFEBICHE VS L, Z
DEF QCDHBILBVWTEETH I BbNS. £, 7O0-FF ¥R MPL2HLFERFICON
T¥H, Mesh/Torus % v h T — ZICHAIEBICHRICAHETEZEANTES.

—MIC, n kIt HXB T}, RERBOBEZITOBE, n BYORBIEET LS. ZHOHDR
B OZIRFHEICE, BHICENERELTEBD (RN —FT 1T, X2y NT— 7 DEM
RUSEEFMLRROHNICZNAERET 20 (BENV—T 4> 7)) D 28ENH 5. Wormbhole
HAD HXBICBWT, BBV —-T AT 27256, AvE-YRLERRYND—2
ETFvROv s (AvE—-VYHENEVWCHFEZETIOY LAY, XY RNT—-IMELRLTLUE
SRP) 2EZ THEEMELDH L. ZOMBERIMBHNICSEML EELREEHRT S Z & TR
TE25A[12], CP-PACSHHXB TCEN—RY 7 - QA NEMADED, EENV—FT 42T H
ANEHWE.

13.2 T—YOBRIREIED-DHDEEIE — Remote DMA

BT DOBUMFIFEBICBITE2RX Y MU= JHBICBVWTE, AvE—YVDEEAN—-T v MNE
FTRL1ID2DAVE-VDEZEDED LIFREICHTLEEAREINEDNEETHS. Z0
BEEZEY N7V TRHREEIER. 12D XAvE—YENERICEVWSES, By N7y TREOBE
BEETEZZLNTELD, AVE—IUENE < RBICON, AVvE—-YDEHEMBIDKT X
TOREDO >y N7V TRENEDLFENKRE {LoTLE D. QCD #HEICBWTITEE
HEWAyE—-UMEbLNEN, MEOCHEHEZ & VAN LRBIEENHEICRT2 L, ZOMEN
HEICR-TL5.
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CP-PACS ClIXEHER AV —VEEND LIFE2EHITHEDIC, a—-¥ - 7TV r—vay
MOEELAY NI =7 ADAYE - VBERGMNTAS & OIS, HHEEEHARLE. 20K
# % H V2 #3% % Remote DMA (Direct Memory Access) ¥aidE— K LIPS, ZDfkT&, @
BRELDEVWER 13KUVE 14IC7R7T.

g e

#fENPU ZEHPU

— PUATORAEYIE-

3w MU —Figgk

I XY RNT—=I ALV BTz—R

X 13: BEEBEE—-RNICBIF2TF— X HBOHRN

BEOHMBETIE, AVE—YBEERIZEPULDOARV—F 4V - YATFTLHIC & o T
S, xYMT—Y - £¥ &7 2 —A (NIA: Network Interface Adapter) i Xf§ % iy D FHATX
AV —VHBLABILTARV=F 4 YT - YVAFTLILE>TITbNO B, 2—% - 77V r—
VavR3EEARTETHESIN, ZORTAEIMMEENE., AvE—VYBREIAXLV—-FT 1Y
TV ATLANEHTEAEY LTINS, T 77V 5=V avD AR UMD ARV =T 1Y
T VATFLDAFRIANT— AR -, ZADRRXY NIV E2BUCTHF PUOAIXRNLV —
TFAVY VATLDORAEVICEESING., 20K, HENO 7TV —Y aryBhEEANDV -
FTAVYT VAT LANSLT—AEIE-L, RENETITE. ZOHFAXTIE, 77V - ay
MOANV—=F 42T « YRATFLICAUHENBITTEROMENIEFEICEL, BRELTAYE—
VDEY N7V THRENEHTERVWKREIICR-STLE D.

Remote DMA 52 E— R TClE, ARV —=F 4V -V ATLERBET, 77V 5—YaryPy
BEENIAIKT7Z7EAL, F—EE2X Y NI —=ZIEHET B, “RICNIARXR 7TV Ir—yarypy
FEoRAvE—UREHLRWE DIC (BIA TN & EEGRR PUANDREHY, YA TLHETE
ReBILEINnTWS PUNDRERSE), N— Rz 7 EIRENREINTVWD., BEBEE-F
TRZOREE -HHEBEL, YATLIHREZEIRAVWEET? 7V —Yary A EEEREL
1752 2FHFTE. ARXRV—=FT4YT - YATLENZIRNWZLILEY, LTOD 2 DDFEMN
Bohs.
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REMT IV —Yay
mT T

|
|
v

— —_——

#EHPU ZEMPU

——— Xy RN =7 T B
— 3V MU=V EgE

XY NI AR Tz—R

14: Remote DMA B E— NIC BT 5T — X L HIAOFHH

e ARV—=F 4T + VATFTLANDLBEDBATIAEDI A—NNY RKDRBEINDS.

e EEM 7T V=2 avd AR VEBMIWRZEM 7TV r—2aro XAV ZE[ICHLUTE
BF—AMRBEEINEED, T—&X r AV - EEEINS.

AV -V ENMEWGEIIE 1OFEDN, AvE—YRIRVWHEIEIE 2D AN ENENTED
SN, WMRELTEERAVE-IUBENTMEBLRD.

13.3 Avt—yYn7O—RK X v MERE

MiFMEICBWT LI VTN RHE R A v - IO LTTO—-RF v NERFEID
5. ZhiEH2 PUINDHDLTOPUICKHLUTH - AVE—VUR—FKILEHETILDT, H5H
EEXEFHUZORREDETE25E%, ZO7NVIVXLTEZHINS. 2D, CP-PACS
Tld HXB OFHEEEML, TJO-FRF XA DN - AvE—-YUrFRICAMTE S X S htisn
INTWS.,

HXBICBWTW, 5 XBOAAKEWEAYE—-U%R, 20 XBO2EAICHEHERICERT
5ZLIC&kY, B—RITHATHDTO—-REFYAMPEHICEHTES., ZHhE2RTICHKH L TIT
AT, 2PUIKHNTEZTO-RF YA IMDNEHRTES. CP-PACSTiE 2z 5y - z EWVWORERE
HRRBEREEHANEDT, BB PUIMLESLNEAVE—-INET 2 RITHFHAD XBIZBWT
TO—-REXYZARZH, HWTELLDAVE—IDN y RTHFMO XBICBWTTO—RKF v
REnhd., 2LTC, RBRICZEADDAVE—=IDN ; RAFAICTO—-RF YA PMINBZLICE
Y, 2 PUIKKNTEZTO-RFv¥yX MBMTboh 3.
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B 15 1, 2RBHEED HXBICBIT S AvE—Y - T 00— RFvX hOBEZERLTWS (PU(0,1)
AHRRETE). EBROD CP-PACS(3K It HXB) IC BT H 70 —RFRF¥A by, 22 D1 2797
MR U CTEBR SN,

[ 1X-XB
" 1Y-XB

[ ] EX
@ PU (xy)

(0,0 (1,0 (2,0) (3,0

X 15: 2RTENANTOANMWICB T 3 AvtE—Y - JO0—RKF ¥R b

TO—RFRF YA RMIBWTERTANZAL, HXB Tl Z20RE L, HEBO PUMNS DA D
TO—-RF YA NERRERICAETIZZENAHARTHELVWOIZLTHSE. LT O—-FK
FYAN - 7PNIdVXL% HXB ETHEBO A v VI UTEITFTRE, 2y NT—-2ET
FTYROYIZRETLS. ZHICHTEIHNEL LT, BlAEHE PUEIRTO—-RFYA b Ay
BE-UERITZILNTEDZLWVWOHIRERIT, O PUMNSDERILT—HZD PUIKEST
MAOBDTAUETZLVWIFEREIONS., ZOFETEITO—RF v X NERNZFRLHE X
N3, 7J0—-KF YD AvE—-IDNEARICEBEFEET I M2 <R5. CP-PACSD
HXB ¥ EAMICZOFEE ICHIT SN,

13.4 X M54 REGEE

— IR Ay - VIEETIE, FPUDAEY ET1RTOEGER EICHEINATWSE T —
EM—=DD A -V LU TEHEEINS. AEY LEOEBRT—XIZ, PUNNIAICAEY ETO
F— ADOHBBHE T - ADEX 2By NTEZLICEY, HEMICR Y NT— 7 RICEHREN
HFE PU ICE L.

UL, MEZEEOERICE ST, H5VWEMEEBELSZ7NVIVXLICE>TE, =20 PU
WK—EBICEELEVT — &N, AT LBEEFE PUMO ATV OEBEHEHEICKEM S L TWVS & ITR
LBRWEEAHL. HFICRFEPUMT, #EPULMNSESLNTEET— X% XEY DHEFGHEET
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L, MOROCDOEBRICKEMLUEVWEERHE. LT, 2RTEHMEDT — X5 % AE
VEICESELUTRELESS, CEO0—FDRTHF DT — Xid AT V) _ECEGE R IR
ENBEN, BO—FHDTF— AT —EMBERET-BHICEESINS. Z0OK, BE_ORTH
MTEGRT— ABEHD PUCERLEDLTE L, AEYLET (AHHIH M) Rk
WEDT— AMEBETHZ LIS (K 163H1).

PU
Ali)) s
ey S L
FEE i

X 16: 2R TTT — XD BEE PURKRRICBITS A NS A Nigk DL EH

—OBIAMFFHEBETIE, AvE—YDANSARBERETI-VFDAEVE[-MIS ARV —F 1
VU VATLD ARV EMICT - A E O —-FBRBICV IR VW OZENTES. T
RbhH, A—VFDODAEIYUMSAPMNSAREEHBLANST—EEIE—-LNYFY 7 LEDDE
A=Vl ULTEHETS. LML, CP-PACSICBWT Remote DMA¥ZEEZHWSHE, T—
R -V EEHISEENIA KT —ADBRESNEEZD, VI NTT7HRNYF Y T RENMEZ
BW, FOED, NIAWN—=RIz7WICZO L DRAHERITOHRENRDHS. £ L NIA B EHL
ERmABRE LM sTwWARNnWE T35, ZOEIRBEIT X —2>FODmEDKEVEL &
ULTAEL 2T, BEBEOELAERZDOEY N7y TICE>THEIATLEY,
MBS RIERDERRER & 5.

ZZTCP-PACSTW, ZOX 5B AEY LTCHMHE*FHOAERRBICHESINET — X #F
¥, "EOEYRN7YVTIKEIoTRXY NI VEHBETLEHOBBANIAICHESILATWS., Z
DEIRT—BEEFTREANSANBRELES., AMSARNEEAERRT - ZDOEROZ &
TH5. ~MOEREETIE, NIALNUTAR ) EDOF— ZOHBBHETF - ZEOAREE Y
NF2H, AMNTARBREICBWTIE, T— XOMHGBEEH, £T XDV A X, T—ReF—4&

41



DOERE (A NTAK), REETFT—FZRLVWSENSA—REEY T B, AMNSARBRENHE
5L, NINFBEINEHEBETT— 22 AT UMSEBYHL, XY MNID—-ZICEET S, ZDOH,
FYRNT=7 ETR (GEDOATY LOBRINRERTHoTH) T ARBICESNE =D, T—
REGAICE T HEMIIERICERETE2T - ZEBICH UL THINE D ET THED.

13.5 [@EfAxvy kD=2

QCD-PAXICBWTIE, BEPURMTORE ATV HRICK>T PUBOD T — AR TN T
Xk, ZDED, 2PUIKIANVZEBIEIZVIV XL ERGRARE DL RSTWE, CP-PACS
THEDOHRNER A, AEARY NIV EFHBLTWS., —BIHIC, AvE—Y - NyI sy
RO PURREBTE, AvE—YVDREREBAUEZ DY DM point-to-point O [F HIERME % [H KFICE
BHLTWaEYD, ZOMOAHAENRERGENZ W, ULHL, HENZNF IO 540
TN TS, EHERT— ZBREEIToERT—FBERERTOHEE, HEBEEDRET PU
DEHELVEWGENFEETS. £2T, CP-PACSTYH, ZDIH>RGHICHEICLPUT
N)P7EHELEZENTEZEOLBREEIABLE.

CP-PACSICBUIHHEHIA Y NI -1, ERXWICT - ABWERY N - 2 HWHWICHWS
ZrICEYEEEINE., BAMICIE, 2PUT—FAP L2 L 2LERECESE, & PUEMY
FAORKRAYE—VETF— REERY NI —ZICHET. HXBEDE XB T, 2TOAHILD
DAFHAYE-YVD/HEDLENMTIbH, EAIMLDAVE—-IDHio ZRETROB D XB
IKEBNG., ZOADRYBBINDZLICKY, BB (2 RITHH XB) I XA vl — UMW - =B
T2 PUDHBMNERIHL, ZANL2PUICEREIND.

ZOEDIS, AR Y NI = ZIE3HENIC T - REER YN D=7 LIy TEINTWBED,
FDEHENARD T — ZBREDIHF T IC AL R2VWESERLRTNE RS RW, Z0EH, T—4
BHMERXYNT—= 7 EICE, AEHAAVE-VERRBITHEDOERINY 7 72T — ARRHON Y
77 3HICHERLTHBY, BWOBEIHBICEL I SABEICRTWS., ZHhICEKY,
RRAROCET—ZBEAVE -V LEBHAAYE—-INTYROYIE2HELEZZ TRV,

13.6 TCW F 11 UBEE

CP-PACSD* v DT — 7 TiX wormhole FRICE o T AVE -V REETEEDH, —DDAY
- UNRBREICESTXY NIV LOREF YRV ESESELTLUE SHEBENHS. £/, H
BNV—=FT A VT HRERSTVWEED, ZOLEFYRIVEERBIELL, O XAvE—-IYD
HMREICEEE X ETHRBELAH L. ZDED, CP-PACSTIE, 120 AvE—Y - -JOv 7D
RKEEZMKBETLHBLTWS., ZOAvE—Y - -JOvZ7E Ny NLER. 64KB LA LD
AVE—VFEBON Ty MCoB X, BEINDE. HEN—T AV T FRER->TWBED,
H—PUBMTOAVE—-YBEICBWT, XYNT—=V ETONTY FOBWELIZFELT, N
Yy MNOHEEIERIRIEENE. ZDED, 12D AVE—IUDNERONT Y NIHDE XN TH
RIEEIE A U 2w,

ULHhL, BBONTY MCHBEXINEAVE—VURBETLE, 2—FB Ny Mgk & aE
PEVETEORFRTE, YTV RNEHDOA—-NANYRARELI R STLEY, AvE—Vlg
HOEHAN—T Y NOETICDARNS. 22T, CP-PACS®D NIA TiE, #BONr vy & H
B ICERIEET S EORBEMEA SN TWS,

—DDONT Y MCE#EE PU, REPU, #ET—-XDT7R VX, ZFFPUNTOT — XEM7
RVR, 7— &K, ANSAREREICHETHERE VW=, EEBEIBFRITISLTWSE. Z1b
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DRBHEE NIADEHETORED AT VICEMEIN, NIAICXoTEHINTWS., ZHAHDAY
- Vhl#EE#H % TCW (Transfer Control Word) £ /3. 1 DDRWAVE—-IUBNEBDONT v

MBI END5E, Nry NS ETO TCW WMER SIS, ZH DD TCW IZEVWICRELR
ICEREEINTB Y, £ TCW ICIERICEHTANE TCWADRA Y AT — AfEEL U THRMHS
NTWS. NIAX1D2ONT Yy NOREHAEI KDDL, RONTY RO TCW 2B8 L, B L
NFyIBEBNE, I TENEZR YN T—JICEHRTE, EWHAEZEEYERT. ZD L DI,
HERRTHNTY MIHIET 52 —ED TCWH#HEHHSEL, 2hoDONry M EEET5H8E%
TCW F = 4~ (TCW Chain) #88 & I3,

TCW F A VHEEIE, BE—DEWAVE—-VREBNTry NCOBILEBEETTRL, &4
MINTYRGREOESTHE2EORBEHOBE N A v - UrElEEHNT258ICOF AR
TH5. PIAE, BOWRAvE—YVEEEO PUICHEINICERTAHEE, TR AvE—-VILHE
T5TCWEZEZNENABL, OSICHLTENDLD TCW 2EHET B L DICHRLTH L. %
LT, REDAVE-VICHBTENTY MO TCW % NIAICERA TEHGTEES L, NIA K
FONTY NOEHERBKTSE. ZOADRDDILEBIKDAVE-IJICHHTEZNTY D
HENEHWICHEB SN, UT2TONT Y MWEKR, 2y D —-ZICEEI N5,

TCW Fo A VEBBEEHAWEZLICEY, 22— - 77V r—yarhbD1EETORAvE—
UBHERICKY, #BONFy NEHEWICEHTES., ZHhICKY, AvE—VRELED
FA—=NAYREEWHTE, 351, 70y Y0EEL XY NI -7 AD A vE—UXHARE%
FA=NSYTTBHZEHARERSE., ZOBBERELSICHWEZLICKY, ZHOEMIM AVvE—
VE—EBILERBITZEI ORI V-V avilbBnT, AvE—VUEHPRERBICHETEZ
EMNAERRE R 5T WS,

13.7 X¥yy¥va-dc—L UZ&E

WiFFHEEO T O v RS R Y NI —ZICBVWTHICHEICRZDON, XAy NT— 7 %58
UCTRERBINET—AFvvvabknzhenBaHE (ae—-Vvyy) METHS. —BH
IS, NIARF Yy aTl R ARV EDOT -2 2&RETE. T2 2&BT26R, Fvyyva
A write back HRTH Y, NDOF vy ¥ ad dirty (F ¥y Y aNBE AT VABRN B LTV
W) RBE, AOLOHETCINE AT EICT TSy Y a LR TRELARETRONENDS.
¥, ToAERREBITOE, DLRELET-ABHOANBNBEICF vy a RICEET 256,
T REHAMTEICF Y Y aNBREN-UTEILENDS.

IS DRRPIEICE, REIUTN—R U2 FIC&E2HEEV T NI TICXBH5EAHS. oiE
DE%H, NIAFEFZOEPERR, ATV ELORXRZEFHL XYy 20TV NV EFzy
U, REGHMECHIHBEINDNEEDIC 7Sy Y aF @3N -VUAEEZEHMICITR DS, #
HOHE, T ARBHIC T ORI R T O SLIL LS TREBT - FBHOF vy Y aNE%®
75vval, ¥FERBRICEHRZBT —ZBHOF v Y a AR EN-TUT 5.

CP-PACS TR ZOWMERBIRTEL L DR ->TVWS. 3, WIFhOHETLRRBET— X
B U TEBEIIAEC 2w, RERbiE, CP-PACSD ./ —K - 70y IDF vyl ald, 1K -
2 RIFIC write through AR Z L o TWS 28, 7O YHICE S TEERENET — FEF vy
Vabt ARV EDETHICEEENMENTBY, 759V allBOAENLZ2VWALTHS.

—7, RET-ACEHLTRIESGH 2L 24ENH L. CP-PACSIC BT % Remote DMA #ik
E—-RTIE, AvE—VBREONFLRET— AHEEBETIH, T 4AREHROBESGHELR
ENENETFORET DL IR >TVS. ZOBEIAETYDX—Y 4KB) AL TEBH Eh,
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NIA BN D T — X ERETHHIC, ZOBHICHK STN—R T 2 7HEE2T 2 ODENATR
EEN5B.

—ENICIEEICN—R 2 7 Ik 2BERF v 7 2T R DONEHETH SN, CP-PACS TH
ATCZINE2TRODBRVWE-REHABLUEDICEUTOL DLMENHL. #BED RISC 7O Y
T, T—EZDAEVADKEMET AT IS DHRAE LVIXEICEF vy akBL TTRDLS.
oT, Fyyval ARV OEEHIBICBHATWARTNE RS W, ZHICK L, CP-PACS
TEHAL TWS PVP-SW B ICE W TIE, preload/poststore i mic &k Y, Fry ¥ azirIin
BEEWNRATY) - 77EARABLER>TWS, #5T, PVP-SWIC X o THBIAR 7 MVALE X
NETF—RICELTIE, 707 S5LIC&oT, ZRABHARLTHF vy v a RICHEELRWVWZ L AR
HEENDZENHY, ZOEIORT—AOERFBICEALTIE, NIAODN—RKR Tz 7ICkdF vy
VaBEHARITER LR DRSS, o7, ZOMABEFERWICEIZLICEY, Xy hT—
IDNODAL—RRT— ARENERERY, EFHLRXYINT—7 - ANV—TF v hOH LAE
HENTWE. ZD & DI, Remote DMA IC & 2HF PUANDEHEN 2T — Rigiky, ZhICH
BRI MIVALB I AREMICHEN & <, CP-PACSTRZOHEERERRICFIAL, ¥— &
A CHBEAHEE AL - XICEETEL LI R-oTWS,

14 CP-PACS V2 7 LLAKOFER

AFTX, BAFFHEBR CP-PACS 2HD e ULEHEYHERZEL Y A —2FBDY AT LICD
WTHN5,

BUR-—HEBU A TLAREORERIIN— N 10D 6EiOK 61C, =20 D OB FH EBEK
KBTI HEERIIE 510, HFARINTWS, B 1TICABII ORI, BREEGRERT.
X eicBWT, IS EE CP-PACS] & TiFI7 07 SLBEBERHY A TL] W, KHFEIC
Lo THECHELELDTHS. NGRS QCDPAX) &, AFT OV SLHHRICKITLT
BERZICTCHRINELDT, BHEDEYEZ—DX Yy NT—ZICERIN, —BOHEICHER
SNTVWS., Z20MOBHRIEARRE (—HBRERIR-F2ELEDOEHEN) BV 42—
DUVYANVBICTEALELZDTHS.

VATLLRBEDBRDOERNRBZAFIE, RTFOL5RHDTHS.

o WiFIFHEMW CP-PACS ICWIABREDHBFTHREEXHMA TN, 2ELAFHEY & —
CLTODEZEDA—HF—DT 0T SLRT— AR EDREDEHRIOREZTSAXR—-KT 7
A%, 2TZD CP-PACS DHBEBEBEICHEFE L THB K, b, FENAELT
W3, LERST,

¢ 1—HF—DTSAR—KNT7ANERBLTBELIIDICE, EBICREELRLONBLEL 2
DZENTFHINDEDT, CP-PACS DAMICHEBEL THBILERH B,

e ¥/, CP-PACS RV A—DEELRHEEFRTHHNDT, REBELRFHEDEDICHRSE
TEWEBESRTHERALEY., Z0EHICIE, YEHIEZ, 2 -FHhOBAINEZYa Tk
NYFHICAETEHFAEE LVWEDLEEZE.

e ZHDEDICEZEHAICKEK, YUYWV aTTHHMINEZDOEDICERT 2EBDLL
AHEETHZDIC, BMiFIFEBTILNF Y aTd NN FT O SIVIIAERT-EBEG
KT O0 ey HEHBGRERAEDEIRILDICRIZMARHTH Y, =, FEM, FbHREE

44



AAHP EOM‘QU >

HSIp WANSAG ccmx‘mkmE
suerxas NIEWQ% Fayexy| unudgy
SLISTL T9POIN 0006-dH g07 3sw end
_H_ st washy T AmOnﬁoomw.mxm oWe)
aovans |08 = ANTPSLEN 40z Lva e
ZHNOOT/INSTT
obqns A ASCS 9-0bE/X 0508 awszs 10| QO
P ZHNGL/ANF9
SLISTL 19POIAl 0006-dH _H_ psmgdoo o7 ISP .
a8 AN0SS LD
405 . o d S
ANT HSL umydgy HINOS/TINPY
Astp masds 1P e%%@r sng ) €-07€/XA0S0E _m_
€NNS ZHINSL/IAINFO (90¢)0058-9X9
wvaaoo [ | QMMMQ@% st PR O00o it = wignag| 2O e
xedpob "o1d1008 q01 s
P aﬁﬁ NP NOJ-AD D JsIp wAsAg
AT 8L N 407 Lva
dIN008 Astp WashS ZHNOOT/IINSTT g
Jsp warshy 9-0bE/X0S0E (d0g)o0ss-axd
ZHINGL /AN ahqexg
Nh?.pwmﬁmm‘mmw SL/STL 19POIN 0006-dH _H_ csaydoo
1307 d OTTLA 0006-dH 320000 upuydgy el
nopd Iouug HSIp 123 sdqNzzo
sndny 207 X (dD57) A9 6T WLV
Eww mwm 0078-9Xd aiqexg Ysip wshg NV I E|
p WOA-AD 0068-9Xd
_m_ AN T YIS € q08°T AINSTS LD ZHINEEIDINZE
onelg DAVIS
g1071d eond =570 . IN00S ISW ysIp 050 - ot 1 N m:%w___z _smhww o _H_ s
= R
apowdued ZHING6/TNTET ZHINOS/IINK9 T
66/S€L TPOIN 0006-dH €-07€/X 3050¢ e
1aates Avewrd N Zssgdoo P~ NV TEA R LN
Soure JOAISS AAC[S SIN ||H
NV T dR e 12
- COSTO gy
uruydgey
aov'1 = Iung B|
ISIp WNSAG - k
407Iva  ZHWOOT/WSTT a5 002
0K$/00S€ £ 4075e
: cpoydoo 1o ZHNOOTENPO | ZHWOOpAMSTT  14g000'8E q._.s_u .|
M_z_om_%&ﬁm @l.Lh_ 40968 =N JE-CHE/XA0S0E | AE-SHEIXM0S0E
90TLYA  ZHWOOT/AINSTT _H_‘ s 205 gsaydoo] gsuydoo) X SINO0K P 1000’ wm
wa |QO 0bSI005€ 08¢ r_m_L r_m_L X GIN00S 1P .:zo
TIN99S TSP 04T @ gpoydoo st washg B
SsIp woyshy Hsip weashy JoAls GAN W3)SAG JOIVOA] SOULWIIOLId SW[eay] X [oar ..Sa_o .|
AN0SS LD 407Lva  ZHWOOT/AINSZT _H_‘ ZHINOOW/AIN9ST 1490529
ZHINEE/AINT 015/005€ coudor . .
2€-002/% J050€ 4017 _ ME:G mo_wwmm @|
wooydoo s wasdy 1oqupd 1010 ss1p Jasn
90cLvd  ZHINOOT/AINSTT .
01£/005€ OIS IS a0z q08°¢ @'
VT = S——y 0K T ISP ®|_ ——
a0z ivd ewmm\moﬁw\mzmﬂ a0z Lyd gpioss L
ZHINOOT/IINGST - ZHNOS/ANF9 S o
0pS/005€ doo a€-0b$/00SE b-LOEE/X A0S0E sowends sdoyosz/goy| Srdd 0809 H
croye
R Jsndadoo
ssip warshs 71oydoo .
407 Lvd _§ 00
ZHINOOT/IINSCT
0S/00S€E zioydoo ﬂ sdqN00T 1adAd

1B S 2 T BRI

&

N VDY

B 17



DBEENMARTEZeNRTFRHREINEZ L, DI, AFEHHPICSTVFYaT -V F
TV SIVIRETHERREATES OS 2HRBITHZLIEHETHI DL PR
hi=zZl, RENFTOND., Ny FHRAHEEITOZLICERTZIEHER - Z—-2F7 57
YREBLRYETAFTAHLELIN, EFLH>PEEIAIN-FTHETHS. LHL, BRHIC
X, CP-PACS WESOHBFHBEEOHMEBRAENNEL 23T LELOLS.

e ZDEWY, YAFTLE LT CP-PACS DAMESIC FCS(Front Computer System) % & i,
FCS I RARBWRT A AVERE, - NI YIBRT-T5AT7SVEBLERL, 35
IC FCS B, £ X—N® LAN(FDDI) ##H LTI -V A5F—-vavy /SR & (774
WH—=N) 28fit, TNICT AR T VARABRT A A7 22R2FT5L0WO D, BEH
ExE o7 (CP-PACSAHRT) AMOERBEEZRITSIMERLELE., 25 DHAEDE
RIEEIC, 21—V I77ANVEREL, 2OFHII-VFOEMETITOZLLLTWS.

e CP-PACS & FCS IO REDT— 4707 SLDHEEDEHITIE, 100 MB/sec D &
AV B —=Tz—R (HIPPI F¥ 3 )V) OEHREITFT>TWS.

o ZTDMIC, “MOI—VAF—YVay, FSTA49WII—PVATF—VarvRVATLN, &
FOEEEITOEDICHRELTHS.
e BYA—ADRXYMNU—ZL LT, H#EEET 2 H0DIE FDDI(100 Mbps), ZDHOD

D3 Ethernet(10 Mbps) ML, &Y & =& & X2 WNER LAN ATM(622 Mbps) %
FEHLUTEREINTVS.

I—YHN CP-PACS 22 L=2m, BMBOKEHAGEIUTOMLITHS.

o VaTHAILKND, - VR IYIaTOEFINHELINE IOV SLBEIVTF—-ADT 7
A% FCS DR T A AV EICHEBEL, ZhbDVANHETS.

¢ ZOVARNERBRELTYaTJTDETEERTS. BRASNEY 3T, FCSOYITHa—
ICBESIN, FCS DY a7 xa—DHIICH > T, CP-PACS TOEITHHEE & 2 o = K
KT, 707 SL8LK0F—2D 7 7 A)UA FCS M5 CP-PACS OB EIEE N, &
AYB—=Txz—A (HIPPI F¥2)V) ERELTELN, EITVHKBING.

e CP-PACS TOABEMNKETULEL X, HEFKRIEEIX CP-PACS ODHBFTBEEICHED
N, ZZHhB EEEEHEIC FCS DRERT A A VR ENBREINEZZ LIRS,

o ULIRLEMRBEDOY a7 OWNTHEN, 5V a7 DEFEFP, YaT oGy
BbVEREIDE, HEICHUT FCS/CP-PACS MT T — XL HIEBHRO S VIR YHR1TH
ns.

UEDEDICEEBYATLERELEZLICXY, CP-PACS LD LEEY XA -V AT L
DEEDOEH - BEMN FCS L UY—TMICfTAD EDICR-sTWS,
15 CP-PACS O/\—R 17 OEXE

AHITIE, CP-PACS ON—K vz 7 OMEWRNE, 5EOLEHERLICOE, TOBK
BB RS
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15.1 J—R7JovwvH - FvJ

CP-PACS 2D 7 —FF 7 F %, BLUY, J—-RJo0tvvy - 7—FF 7 FYyDETHENEML,
CP-PACS T, WLH® PA-RISC 1.1 D7 —FF V7 F ¥ &2 RXR—2L LT, ZHIZ PVP-SW
wBEErMAMLEY /7070y Fw TR ) —R7Oy e ULTHEHALTWS,

i LU SRR
TR T e
i

ol v T o | i "
of o e Int. Exec. Unit
. ' 4 i ol

”ﬁwwﬁrm

FP Exec. Unit

X18: /J—R7ok® vy - FuTDNE

Kigic/—RK7note vy - Fv7 (FYTE4H : HARP-1E) DABRGFO 707 TS50 %
RUE.
BB REL L TROEIRZENBITOSNS.

e FR(floating point register) % & #EHIC 128 HICHE P L, PVP-SW =ML EZ &,
ZNIC & B die size DEMIL, W 5HBETH-E=Z L,

o BEHEEITDOEDEZHIC, SHIEKIE CCB(controlled collapsible bonding) I & o TAT
DNDT, CCBHA®DI/Opad B F VT DHRES, 77/ T 4ATRFDEICELEHESINTWVS
ze,

e process technology : 0.35 pum, CMOS, AL 4 J&
e clock frequency : 150 MHz(worst), 200 MHz(typical)
e peak performance : 300 MFLOPS

e transister count : 4.5 M

cache memory : level 1 (on-chip) 16kB(I) + 16kB(D),
level 2 (off-chip) 512kB(I) + 512kB(D)

e die size : 15.7 mm X 15.7 mm
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package : MCC(micro-chip carrier), 18.7 mmx18.7 mm
1670 pin CCB (4 520 signals)

e power supply : 2.5V

e power consumption : 10 W @ 150 MHz

15.2 JOovwwY - FYa—I, FEOE Rvbho—oié

kR -FJokvY - FuvTE IP £ LT, TNIC SCU(storage control unit) F D LSI,
NIA/EX (network interface adapter/exchanger) Fi D LSI, & & T level 2 cache /D SRAM 12
HEZLHT, ZROLIIVvI/FYUTICERL, 7OV Y - EVa—-VEBRLTWS.
B1oic7 ot yy - EVa—-VoNEERL, H20ICRENR ) - R702y FOMKERT.

X 19: CP-PACS 7O YY - EVa—)U

ZOEVa-VICETBEBEBHORTEERLT, 10 PU,IOU D) —-KR7Ooe vy
DEREND.

HXB(hyper-cross-bar) % v N T — 7 2K 3% XB(cross-bar) H® LSI XA D LSI & L
TRABTDHEBEORN-RNICEREINTWVWS.
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| T
i| P ILI | L2
i } Cache \ Cache
i | !
' |
e — I— X-XB
lsco | na | E XJ ''''' |
} SCU ‘ ; — M Y-XB
: ! \
‘ ! | 1
T ——1/ [ s —
MS LN ) T
BK
eee : Z-XB
1/0 adapt
1P : instruction processor

SCU  : storage control unit

MS BK : main storage, bank

NIA  : network interface adapter
EX : exchanger

X-XB : X-direction crossbar switch
Y-XB : Y-direction crossbar switch
Z-XB :Z-direction crossbar switch

X 20: CP-PACS / —RK70%® v YDk

*SCU, NIA/EX Wl LSI : 0.5 pm, CMOS GA(gate array), MCC package

* XB switch A LSI : 0.5 um, CMOS GA(gate array),
42 mmx42 mm, ~1000 pin BPGA package

* PU module base : 72 mm x 57.5 mm, & (~40) ceramic, % HEHE M = |
~700 I/O pin

* MS(main storage) : 4 Mbit DRAM-DIMM, 8 B i /bank x 16 bank ## 5%

* MS through-put : peak 1.2 GB/sec

* IP-SCU pass : 8 BIE (IP—SCU) + 8 B i (SCU—IP) / 150 MHz

* SCU-NIA/EX pass : 2 B 1@ (SCU—=NIA) + 2 B i (NIA—SCU) / 150 MHz
* network interface : 2B @ / 150 MHz, wave pipeline

15.3 PUR—R, 75v4% BEHEE

J=R70tvHiE, 8T OXLHHNT PUR—-RNEMKT E. K21k PU K — K DI
TH5. PUR—RNICEEINETORYY - EVa—- RO LSIICIE, BEIZHO =D DMK
BTV EWMIMNITTHS.

PUR—RNICIE, J—-RFN7OovyHLSCE XA WO XB switch A LSI, clock 77 EH LSI,
RAS(%?) i LSI A#&HE N TW5S.

¥z, EPUR—ROWY A RICIE, main edge & sub-edge @ connector PHE SN TWVT,
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B 21: CP-PACS PUR—K

YHli A, ZEi5ED network ZER T A EDICEHAETNTWVWS. IOU DHAICIE, 1/0 adapter
NDEHEE sub-edge connector 2D D cable I & > TITHN 5.

221%, CP-PACS D@ HI72 PU, HXB network ZfHK T 2 FERD, EHRICED X DICE
LINTWBEI 2 RTHERRTH 5.

% PU BE#HWICIE, EFT2BIC PP 75 v & (platter) LIPFENL YT —R— MAEEEINT
WT, PU A — KIF main edge connector ZRH LT, ZD PP 75V RICHAZIND. 1HD
PP 75y 2Tk, 17D PUR—K &2EHTE, YHEIHMD XB switch i LSI &, PP 75 v
A RICEZEINTWS,

€ ->7T, 8x17= 128 PU + 8 IOU D 2k7ud HXB * v b U — 7K DOMFIFHEBIL 1 D
PP 7oV RTRMETEHILICRS.

ZEEAAICE, ZT IV AR ARMERSINTEY, 20T Iy X EICZEH MO XB switch A
LSI MEH SN TWS. PU R — KD sub-edge connector M ® D cable &, Z7 5 v XADFEHD
SAICERS N, ZEIHF O XB switch 2K L TWS.
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Disk Array

SSU (System Support Unit)

SIOU (Supervisor 10U)
PU (Processing Unit)
10U (1/0 Unit)

Crossbar
1P L2
Instruction |Cache PU PU
Processor
SCU NIA EX | __ - —
Storage Networ
Control Unit] Interface Routet
MS Main | |
Storage

CP-PACSPU board

22: PUR— N RUVEHREEDE X
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* PU board : 8 f®D PU/IOU node processor, X-XB, % Dttt LSI
406 mm x 625 mm, ZJ& (~40) print F4K,
main edge : 250 pin x 3 f#,
sub-edge : 60 pin x 12 f&

* PP-platter : 17D PU board, 32 D Y-XB switch /i LSI 224§,
128 PU + 8 IOU + Y-XB switch & Uil
575 mm x 730 mm, Z & (~35) print Zik,

- PU £k : 2 #®D PP-platter, DC B, blower/fan 553,
256 PU + 16 IOU + Y-XB switch % IXi#

* Z-platter : 136 D Z-XB switch A LSI, € Dl LSI,
BHiH D connector & 5£iE

* CP-PACS 2ff system : size: 7.0 m(W) x 4.2 m(D) x 2.0 m(H)
power : A B R 7 275 kW 300 kVA)

IOA EARICIE, & UTHBIEIREE (RAID-5 MK T 1A V3EiE) #HiH O 1I/0 adapter board
EINMILCTW3 . RAID-5 Bl D A > & — 7 = — Rd, BH#ED SCSI interface TH 5. RAID-5
EROBRT A A7 ZDH DT, BIOMVEMRICERINTVS.

BEAME, B8R, DCEIRK, BHAIEWwHOTO7?, 77YdEHIhTWsE., #HAHFRIT,
KFEGHRTHS.

B 234" 2048 PU+128 IOU 25725 CP-PACS £ D8, BLUREZIT LEABOER
TH5.
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B 23: CP-PACS #Méi
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16 VY JObhDoI7

CP-PACS V7 NI 2 7VYRTFLOHEHIL, N— R z70FO>MUBEERRBICEEHES &
FCTBHZEY, FWSLTWRERRKTEZZLTHS. /- RKTnkwyvboHEEsIEETE
DI, IUNASICEEHRBIENEETHS. £, CP-PACS D & D24k A€ VAEEIS]
HEHBTIE, T 3AEEEHERERLMTHIZLENEETHS. UTF T, ERoseTnrys3Ivy
REICOWT, EDOESICHEL, EHUENMEZRNS [11].

CP-PACSDY 7 Mz 7HREEZLY TR 27 OBEBIIRD L IR STWS,

1. OS

(a) & PU DEA OS
e UNIX AR ® Mach & X — 2
(b) WMiFIZELT OS HE#E
e PUB. 7OtR., 77 A)NVICHT ZH488
(c) 70t ARBREHEE
e UE— N DMA, PVM, MPI
2. 70V S IVIRE
(a) 70T SIVIERE
e C, Fortran, HPF, C++, 72 Y7 55§
(b) 707 SLEH - TNy TS
e T—JAF—vavIl&kBd3aAUNANVETNYT
o HMEM RIS T OV SL AV A -T2 — A
e NTA—TVRAEZAX

#

B, Z0VT Ry 7RROBTORBEEAICOWT, BIHE, RRUEBEEERY %
wY.

16.1 ZEZAKOS
16.1.1 HEEE

BI2ENEHERTIOSB AR VB Y —FF 7 F yOMFFEBICBITIA0 SOEFEHEE LT,
RDODAEREHITBZZE2EEZEELLE.

1. 1VATLAA=VUTHEZBZL: FFHEBREDHEHE—DDHEBEBL UTHESIZLENT
XHZe. TR SLAEDT O Y TEITFTINEINMNMKETEIZ L INER QS 1V
BT7x2—RA(ZZTRUNIX A YA 7xz—R)2FHTEZZL. ZniCky, WFT0s
SLDOBEBNBEFIC 2D,

EHENR OSTHDEZL: 202 1. &Y, fEROTOT SLMNMEFGFHERETIZLEAY
FOEIFATELERY, MERO IO/ SLOBHEELE 5.
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g \ (( ............... \ (l_-'jsjm \

7 v Al 754

a1 —HZEHE LU VER
SRy hT—UER

v 7AH—xI

. X £l

H— % JLZCE 2 2 %%
70+ XEBIEGIR

/O RS 1IN

X 24: ¥ A7 04— R )I&Y — NEERK

3. AT—SEUFTAAENWZL: 7Oy IR EHEMIBIONESHTHY, BMLELZEH
WK CTHE N ETEZ L.

4. BWOSTHBZ L. A—VFOFEHABRATVEREZAXLITBZEDHIC, OSHE AT VR
BEENSPERABZLRECEY, OSOBEERPAAICIBHRBIET 2H/NRICTEZ L.

16.1.2 OS BEEE

LEOBHEHEZTEDIC, A 700 NVEF—NFEHDO OS & LE. ¥4 70H8—%)
FA—2F - ADVRZETHABEINE Mach 3.0 ERXR—R& LTWS. BERER 24IR-7.

B — RV EICIE, OS DEEBEOD OB, BICN—RI 2 7IBETIBHORENVWED 2 E
ELTW3, 20k, AEVHIEHE, 22X 7HEEE, 7o AMEBEHE8E, AHHR
FANE WS BB ERD. 1 —VICRET 2 Bk UNIX 088X, iisl7 07 5L 0%E47
R L, I -PEREAU VARINICEEIL, UNIXP—NE LTHEBETS.

X 2510, SNEDHMAEB VRO 7 —FF /7 FVICHALESEDRRDFEL DB ERT.

PERDUNIX VATLEZFDEENHMARVED 7 —FF 7 FvICHE S EE LTI, socket
REDEVWEEHBEZAVWTI Oy HOBRE2TOLENH Y, L e, £70 v EIC
X, UNIXVATLLEBELEOERIIODDOOTELETLZAENDH Y, ATVHERL L AW,
ZRNICHL, 94700 —R V&Y —NEEROEE, FEEHAOT O v ¥ EICIE 0SS D&/NE
DBETHEIA 70 A —XNVETEREL, HDBEISUTYH-NAREEZIATWETORYY
CBRETHZLICLY UNIXDYV—EZREZTNITEIW., ZhiC kY, HEBEHAOTOE vHIC
NTiE, OSHE ATV RBIETEZ e NEBLE 5. £, =N, BT (/700 —%k)V %
AMMICEETZZLT, 7O Y BEBRFHICRELTBZLNTE, AV—-FEVFT %21
Bz EeNTES.
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Oty JOty2

ek UNIX | i UNIX l
socketZ &
Eul\iéfé

AR ( ~ronnr—zu )4—5—»( < foan—2L )
EADBERE

X 25 oS LTHOT A OH— %)

B 26iCiE, ERON—RIz7 R A 708X NVBICTF-—NE2LEDEDICHELTWVWS
MERT. RHETORE VY (PU)IKEYAZ7BA—-XVDAHE, —)N) — K (SIOU/IOU) I
X, BAUNIX =N (FREAY—N, XY NT—=IH =N, Z7 M- N)2REL, &HE
DY —ECRERETS.

REDX SHRBEFHOKER, IOV ATLTCRHEEHO Oy LY A /08— V%
HBHRNXLTBZLETEEDR, HETORYVOEATVERRE 64 AHN A MIHEBETE LN
FLINIWLEEARAT, SHRZBLOEHHMREEOBE AR LT, R A70H0—X)VD
HAEATVEEW 10 AANA RN TEZEAHRE.

16.2 A0FIEITHERE
16.2.1 HEHHE

BEOI-YHLEABICFETETHY, ZOFNFLDOEVWHICSCTCRERTOE v DE
YYTHHEET, BAWCHOI—-FOREER T RWEDICTEZZLEHELTS.

16.2.2 HEEEMEE

1. /J — REEDEHeE:. ABEWFHECNAELINIC LD TNy T R EDFERBRINIC ) — K
HICHETo8EELD. HELE)—N#EE2 ) —RN=—Fqvayeps. 2 —-¥7n07
LX) —FBEHEELT, ZOHRTEITEIND., J—KN—FT4YavEil, Ehi&fEx
2a2—Y (FEAWEI-Y), =202 —-¥70/7 SLICHYLETS ) — N, FAEETS
NEZA-VITOTSLEREEFIRTES.
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HXB B HXB HXB B

il

/1/ o)y

HXB SI0U

PU
7" UEAY-N
T
HXB %

U
(e

e

=

==

=] pe B VT
- [

A

=

==

=

26
-~ ho

=

(an}
@ ]
=}
.:
17
=K
@

'& Disk

79‘/]‘7X¥Aﬂ”~2|‘

10U
U ethernet

B M=)

j
MK =
"t )| Disk

=

=
=[P e

MK e T i
B 3o MI-73-N|| ethernet - WS
Up UPp up Up ARan
MK MK MK MK ME _@ .
is .
HXB PU U 10U —EIWS
T
NS oM7)
Up - - P I AN _@ HIPPI
4 = Z “ o | ME )| Al i

Y/YHILAN

X 26: ¥ A7 OH—RII&TF—NDELE

2. J—RNEET/HEBE: 21—V 70553 ) —-KN=F4¥a>y (J—K§) &
LT —REHEERL, YVATLANZORKROBERINICHE U TRER ) - NEHHTS
(hmpp_nalloc) . ZDEE) — RDfixt 7 N VA EBET L Z LidHRARW., ZOZ L& B
1.OFIRICE Y, RE%) —FOBEHFEHIETES. ZOFYETE) - RoHFETYE ) —
R )W—TF LS.

B 27 N—=F 4 avREDH L, 707 SLEFTFOKFERT. 2048 5D PUMNMB RS CP-
PACS Tit, E#EWNLN—FT s ay e UTIE, TEDIEBEOIN—TsYaryrBEETIYEX
TEHLTWS (BRI PUDEBEEEL, 120BENLD>ON—F4vavERrLTWS).

e 2048
e 1024 + 512 + 256 + 256

e 1024 + 512 + 256 + 64 + 64 + 64 + 64

16.3 5l 7 7 4 JLIEEE

16.3.1 HEEE

CP-PACS TWX 7 7 AINWAHRAEBEEDMIIEIFTTEE L DICTEED, 1024 B2V 2048 B
DTOEYHICHLT, 64852 WL 128 B0 T O YR F A R VEBR2ESERICRS-TWS
(TARAVEBRRHD ) - K70y Y% IOU LES). ZOMREENT T 7AWV ATLEL
T, IRNTOIOU LD T 7ANDRLEBE LT12D2DT7ANVATLDEDICRADIHEND
Y, Lhs, BEOTZ77ANVANDREKEY 7AW MFETFTEINEZETTRL, —D0ORB T 7 4
IWNANDT VP EABMINEITTES EDICTEIHERDS.

57



CP—PACS /”“‘7‘4""/2‘/1 /1\“-*7”‘4"‘/3‘/2 /1\“’“*7‘»{“/33/3

BB b2

TA A I
T T
HIPPI | L+ [ 507
ethernet - ES
TU AT WRAR

WS

L]

Disk Disk Disk Disk
Console

¥/YPILAN

ethernet - = PV PILANA

NQSU 7T h

N Tr-UATY

@ x0Sdeamon st B sm2 @Iprgl G 2

X 27: N=F4¥avo@EeL, 707 5 LEITOKT

16.3.2 HEEEHIE
FEHEOBEBE®2LATOEDICUTEHRLE.
1. 1V —DIT7AINYATL: HED ) —FK (I0U) ORBEE LEOT 7 AIVE24EE LT

—DODVYY—=ICRE2ED, E)—-FREDT7ANVVATLIZED T 7 AV ATLD—
D2OF ALV NIV ELTHED.

2. 77 ANVOHHEERE: —DORMET7 7 AVEEBD ) —F (QOU) ICHHEIEERS &
QKT 2D, E)—RFRF4V I MY (ED ) —REDT7ANVATLE—DDT ALY
MUVERELD) OHTH—DT7 7 )4 (path#) EROEDOA—DDORE T 7 (V%
BTEDnedsd, FeAF)—RalbilHEdd /) —KRF4V 7 MYnaknbilon
T, na/usr.l/file1 & nb/usrl/file 1 i EZ—D2DWET 7 A)V usr_1/file. 1 D—HH ) — K
al bICABMUTHEINTWVWEEDLAERT. LENST, 77 AV EHEYZR IOU ICH
HEE T ZLiE, BERT 7 ANVLERIRTHZ L TEBTES.

16.4 SR 7 7 A LERISHERE
16.4.1 ME

CP-PACS TiX, B 28ICRT&2IC70Y hIYEa—- R YR T L (FCS)ICL—HFD T 7 A
*ELLZLEL, CP-PACS & FCS DT, A5 — &, ERER, PTEERSED 77 A)
BENMIDONE., T—F2L LTE. BHAN~BFFAINAS NOEB 7 7 A INVOEETHY, B

58



FCS(Front Computing System)

CP-PACS

HEMSR. 774 LIB#
-<

> BT —5. 774 ILEE

HFTPY 24 7 > MNsEE

HFTP # —/ \BEE

FTP

A A A

AA

A

A

HI-OSF/1-MJ HI-UX/ MPP
|
HIPPI F % RJL
—
@
a—#
2741l

X 28: FCS & CP-PACS DD 7 7 £ )V#Rik

HETRKREAEDT —SBETIEHDDEET 7 A VEEBENLETHS. 22T, UTORE

R O®EE T 7 AVEERKE (HFTP) 28 5175 Z I LE.

1. FCS & PPSH & E# X v b U — 7 THii: HIPPI(High Performance Parallel Interface)

2*HWT FCS & PPS ¥ 83 5.

2. BBDORBED 77 ANV E—FHLTHRCERE: #BT A A V7EBCHPHEE SN HE

T7 AN E—IFHEEL, AEBMIICEZETEIZLICEYEAN—TYND 7 7 ViR E

HI5.

3. EAEONINICE I EET — 3. T— 42— VAOEMABE o haVEAVWS 2

ricky, WEZO N3V (TCP/IP) THREBITETWAVWESHBOBVF— Xk

EHT 5.

4. BRI 7 A VEZXT O Sh (FTP) L HFDI-P A2 X2 Tz —R: HFTP IKBIT 21—

YA A Tz— R, UNIX VATLDE# L5 TWS FTP O R ERATRZ LIC

Y, RV ZAFLICEWA A=Y TOHHARETEEICRS.

SMOHBEHERE, ET50 AANAN/BTHoEN, EnFZRSNE.

16.5 EiRIAEHEEE
16.5.1 IHE

AT VOB VI L B ARBEMLINLETIE, XY MNT—VE2@BELE ) — NHBERE

DBV REEFED ~DTH

5.
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= ST
REETOEX xhégtz
D{RAEZEE DIREZE
- —: A= LE
REF—4 TSR
e Y
A—F A h—%IVA
Ny 77 Ny 77
1
l ¥
AY 'aJ.ﬁ\ =
ﬁ%ﬁﬁa
FEETOEX BETOEX
DRz DiRAEZR
RET 2 SE4EE
N EE ~—VEE
H—2I H—xI A

) E— FrDMAEI(E

X 29: BEBELVE— N DMABEE

BEDO)-FNHEBRETE, BECT - A2EBERETIEDPBEET - XENTY NIHFLTAY
FEMAMUEY, REUENT Y IMOLAVREZHIRLUTCT - A5 HAETHIAEEZLTD. Zh
SO ELTSEDIC, OSOA—RIVHATEET —ZONY T 7V ITNBELRY, FOFRR
A—=RNV—2—FZEREETOF— XA -NHEL, 20D ) - NHBEOEEEETXERK
HeloTnwd (X 290BHEERF). 22T, FYERLBEEUTOVE— N DMA BEE LT
SR TEHRUE.

VE— DM DMABREIX, ZEN/ ZEMNEBICZI-FOHRBE7 RN VAZERO—E%2 U 7IVAEY
LICEHEMICHVETTEE, ZALDAETVMTT - AEEL 2T OEEBRFAANTHS (K 29
DYUE—NDMABER). BRok) —RNEDZ-FOHRB7 RN VAEEECEET — Xigk%
T2, -k NV —2—FEHEUBTHOTF—ZaAE—LRERES, Ay NT—VHE*ZDEE
A-HIRET S, ZOUT7IVAEY RICEENICE VY TEHEEDZ &1E Combuf HHEL & FEA
TW3,

16.6 JOJZ3UJRIE

TS IVIRIELIX, 7OV SLDER, aVINALIN, TNVY, ET, ZITEROER,
RE, 7OV SLDHERBREXEITDIEDDY I NI PVATLTHD. 707 SHERNEHE
THHLVWONLZBUFFHEBRHA L UTEUTOLORBADYATLICXZHBIZENNHNEIC
5.

1. BV 7 - YAFLEERERYATL: B THUFEHE#E EOD D
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2. VAR * VAT L RAMNHEBEF ATV RAF—Vary oV I b7 THY, £
EeH Ty SLEERT 5.

3. al—vay  VATFL: U— PV AF—Vay FTEBRTOHEX*Y IalV—-MNTBY
A F I

T, AvE-—VBELREERBEBIZADONEF LA -V TILHBEHNESHICTOY SLERMN
HREZEDBETHEL, YV VDOHERBERRBICENE DL TEZIZFAN-NMIHHENDT
WIRBZ2RHEITIMNERD L. LTILENADELEDEDICEHRLEHIMIBNS,

16.7 JAJSLESE

Jnr SLEEeLTCE, 7T 5FFE, C, C++, Fortran, HPF(High Performance For-
tran) A 2. BUAFHEBHO IOV SLE2HLORBS TRRY., AvE—VBREREER
BEFTICTO T SLEEL B -V, BED Fortran 707 SLICT — XD HEE *IBE
TEHETTHHI IOV SLAHNKS HPF D & DR SENSDETH S, TFAN—BMIIE, C®
Fortran CMiF| 2 BEH L2707 S 2E X, ZhICHMFICETINEZTOBABMTD A YyE—
VBREOGY (FHREFVEL) EANLADE LT ILENHS. WIhoBEY, WHHE
BOMEBEBRABICEZETICE, IUNASICEB3BELEREIDPBETH Y, BROERHE
fEOFREBRIFLE. LAL, IUNALSICEEBBEILICEBENDHSZDT, 7RV T SSET
DT7AYSIVIFLHEHEBLL, FOTOATSLDTINY T VATLLERTILENDS. UL
AN, ZAODEEEWMADZEICLEEBTHS. B, ZUHLDEEICODVWTEK, -7 X 5—
varvkorsozRavnNASEEBEORNLTAYNASOME R LE.

IUNAFIC Kk BEEILE LT CP-PACS THREMIZDIL, BEIXT MUBBER =X —N—
Z2ASETOv Y THB ) - R0 vIDEDORHEILTHE. FRICOVWTIEBIOE T
N5,

16.8 T OJ5LERE - T/ THRE

TV SLEBHOY -V LT, TF 4% AYNAS, TNAVH, BRBREZXLEND
5. 22T, MFFHERTEE LD L RZMF T O SLBRBRE, TNYHTENT -7
YAEZRICODWTHNS,

5707 5 LEBERFE LT, CP-PACSHEDELDZHAET L L YH, TTICHOHTE
ELHRNTWBIHDERETZ2HDVLIVWEERX, £7, KE ParaSoft ft THIH S 1L /= Parallelware
ERATSHZLICUE CREAX Express) . $72, NTJUOIRAALVOFERELRYDDH o
PVM(Parallel Virtual Machine) 1>~ 2 7z —XREL PR —-KFFHZLICLE. EBIC, 20K, &
DAY ER—-—T - AL UTHBESNE MPI (Message-Passing Interface) AJA <ZIFANDBH
52 oTEEDT, ZRHHYR-BFLTWS.,

16.8.1 Parallelware

Parallelware 1%, K[E ParaSoft ft CHRINAEWMF T 0 SLERBREEY 7 b7 THVY
(CKETDH4LFIX Express), ZOFEDOEHY 7h V27 LTRELSELNTVWEEDTHS.
Parallelware Cl&, 2 —¥ 707 SLICHFIAHHOIREREHEFCH U Z2HARALZLICE ST
W7oy Shxwiee 35, GEkEiEL CH Fortran THD.
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Parallelware ICl& CP-PACS EQOE3DE XY N -V TCHESINETD—VAT—Yarv i SsSA
XAEDEDORHBEDT, BETTNYIT LUTHD CP- PACS FTEITFTEEBBZZLHRHERS.
B L TIIRD3IDDBEND S.

1. NT A= VAEZX: 7O ABBEOA—-NNYRKP OSOYAFLI—)V, AHFA
EDEDLEHEERTT 20D CTOOL, OSX®I—FDAXY h (HEHHE, ERFELRLY)
DEZRAIVYITYATLTHS ETOOL, YT N—Fo T, YV=RTOTSLXZTLD
CPUNEM*MITT 200D XTOOL»*H 5. Znb DT, MiFTar S5 LEGTH%
K= A5—=Y a3y ETITo.

2. YRV YITFNYH(NDB): 7V —IRAY NORE, VYT IWVATY THRADELT, &
BABIP VYR BOEDERRR ENMFIEITRICHRS .

16.8.2 /NTJF—YUREZH

NT A=YV AEZ X (Parallelware DHDONT #— VY AEZ X LIIHOEDTH D) & CP-
PACSN— KTz 7DOBERHEEZ) PIVEALTEZRZTEZHDTHY, MlEFa -V rDE
DDOEREHR AT ZEDTHSE. 77V r—vary7oy SLOMFIETHICY ZIVE AL TH
J—R®DOCPUBERHE, Xy NTU—V&F, REAEVHEHELREOBRERNET ATV AL
(B 26°B 27TDONT A= VAR RLEMED - VATV a3V k) ICEY a7 VERRTS.

FOBBITED4DDEZRICHEINLTWVS.

1. CPUBERNE=ZX. £ ) —ROYVATL/ 2 —PHEHER, FHPR-UBK, X—-V
A/ 7O NEEREEE=_ RV TT S,

2. IO BERNEZ=X: &) — KD read / write IREEI, HERE, V- AKMELR Y, HXB
R AHOBHRBREREEE=2 V2T T5.

3. XAV NI VHBEBRUE- X (EBREEZR): X/ ZENTY N, NY 7 EHBEE, Combuf
R/ RBEEBRY, HXBONS T4y 7 2EZ RV VT T 5.

4, N—RUz7EZ&: FYy¥Ya3IAb Y MR, NALY-FLYX70 vy IHEREBLU A
BEVAYETz—AMBEEZ XV T T 5.

16.8.3 WHIOBERERSEY—IL

VATLDNEHLTHADIEHE VEbN WY, BEREBICENREOMDY - VERAELE. £
NHDIBYIaAV—FLVE—RNA—RIUTNYHIIODWTHNS.

VIal— &L, CP-PACSREDHETHS VE— DN DMA LHBREXRZ MG EE2 D -7
FT—varyTyIalV—bMI3EDICERELE. BEXT M UG&FICOVWTE, EVa-LIZL
DEATEE - ETBIBORR, W—T L DEITHV/BER, SV A7 NVBFER, ATV
77RRER S F vy Y a IRARER, BIIOSREFOT 57 1 ANVRBRREEITOHEE
BEEE.

VE—RMA—FNVTNYAR, D-IRF—varyhlERAMEUT, MIEHER (5 —7 v
AeY)DTAY SHEFNYTTEEDDEDTHY, OSDTFN YT BHREZBDOL LE.
ZDEDHIC, RAMTY Y EMSMFIHEB EOT O SLOEFHBEEZLEY, ATUPLY
ABZDABEDSROEFHNAHRSE L DICLE.
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17 BUIRZMNIULAET N4 S

BERZPMV - TO0RyHICHELEAT Y2/ M a—-REHFERT I NA SERLRY
MUEIZNASLRATWS., N7 MLV N A SIS & 50— N4 /R#EfiE, Y7 h
TV NATSAZ YT DFEEHEERERZ MV - T 0y HICKELEDDTHS., a—- KN4
B /R DERT VT ) XLIFERTHEEICRFERTLTEY, £ % CP-PACS A Fortran
AYNASBEOCAYNASICEEL, ZOEMHIIRICHEREALATHS.

ZZTRET, FOEATNVIVXLERBAL, TORICEAR7IVIY XLORE, HEICS
WTHENS.

171 EAX7ILITY I A
HEAZNVITVZLE2HEHENTRT. UTo7T0y SLE

for(int i = LOW; i < HIGH; i++){
tmp = c[il*(tmp+d[i-1]);
ali] = tmp;
b[i] = d[il;

}

X, 2HPEBRITHAEBRA-NZAASTOEYYTE, ROLODOREWI—-RAZHRINS. £
EL, REHAPTITLEDIC, BEOBWMERBTITE 2L, RANTELULERTEZAVWE.
¥k, ZZICRBER LB YELES (A— XNV ZIRLTHS. BREDM@H CondBranch &
NW=TDAVTY I AEWEMUKTHERTE2@4THS. b, ZZTIHEOED, BES
X ZELTRWY, EBEOaAYNASTRZREFNLEZELTVS.

EATH A7) | HEFICETEND@RP
0: b[i-1]:= R(30) | R(29):= R(28)+R(30)
1: al[i-1]:= R(28)

2: R(125):= c[i+47] | R(30):= R(31)*R(29)
3: R(124):= d[i+46]

4: Slide += -2

5: CondBranch

ZOTOYSLIUTOEIRZBATERINTWS., £F, 20707 5LD)NV—7 1H
TOEITHRFEBZTCHD (KW I0DEMTHEH - =H5) . TS, RD 2 DD preload AT, Bl
HEDOT A Y RYTEHEATVWAVELDOLVIZARIC c dEO—RF3 (R(0) D R(31) £ TA
RATWBLVIRRTHB).

R(125):
R(124):

c[i]
d[i-1]

ZDRT, VAR TEASARNSELMY ISlide +=-21 & 1EEFTIT DL, Eo@mOxt
RemoTWB VIR ZDORBEEFIT R(125), R(124) 5 R(123), R(122) N & T 5.
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R(125): =c[i - 1]
R(124): =d[i - 2]
Slide += -2

R(125): =c[i]
R(124): =d[i - 1]
Slide += -2

_Slide+=-2_ | Slide+=-2_ | ____

| b[i- 1] : =R(30) R(29) : =R( 28) +R( 30) R(125): =c[ i +47] !
| a[i-1]:=R(28) R(30) : =R(31) *R( 29) R(124) : =d[i +46] !

Slide += -2 ... Slde+=-2
b[i]:=R(30)

ali]:=R(28)

X 30; V—7 1 [E5DELFFa@S L kernel

SARMEEATHEFLELEZIC, ZHHBIE R(3L), R(B0) &R>TV LAY RTDOHICASZD
T Ttmp = c[i]*(tmp+d[i-1]);) PEEZEITTLZEVHRKD (AEVDOV—-FYYPHIAKRE
RTCHZNETIKRA-RARETLTVWERTTHS). 20HAA TR(29):= R(28)+R(30)]
& TR(30):= R(31)*R(29)] TH3. ZZ T, MEDOLV—-FrYEF2LLTV5S. BIEDOHTD
R(30) X d[i- 1] DIETH Y, BEDMFD R(B0) X tmp D VYR XTHS. ZD R(30) I FRA S A
RiyF%& 1 EETT S L R(28) &b (ENNFEDMET R(28)=tmp & LTHEDLNLTWNS).
LEMN-T Tafi] = tmp;! WIRORAS A R@FEEITLTHDS TNafi:= R(28)] & TN LW,

UEDHEDOBRYBUETEHY R SEFTEEDICE, i) REICHLTZASOHEE2TS
CIRBRIC, RO YELDEDIC c[i+47) D preload M FEEFHITL, BTOKYEL THELE
tmp DB % afi-1] IC poststore T2 LENH L. 20D (K 30D KM TH-EHT) &, ;7D
HERITOTE, BITORAIV/E2ERBOL, HDAANVELDORHLZOT O SLTHS.

o707 SLEERTLZFREOHBIUTOLO>RIDTHS.

(1) T— ##K#E 7 5 7 (data dependence graph) D FEAL

(2) W— 735 ETFHEPE (loop initiation interval: 1T & B&FE SN 5 ) D E/NMERE

(3) VY —=RAFHT— T (resource reservation tabel) "\ D% D H DA &

(4) VYR ZE YT

T REBET STREDENEDEACEONG ERT Y 57 THSH. SOHITIEINV— TR
(loop carried) DEKELH S . IV— T E LT HE I IXEFEH Rk VB LBZOY A 7 )IVEBTH
Y, LOBITE6THE. TOR/NMIRT — EET ST EOBHEBEDMEB L Y > DRED BT
¥5., VY—AFHTF—TNELTR, ETHNOBNMEODRE 2H-EZ70EYIFDYY—-AD
# (23, BEEHAELLBH/NERERLO - /A MN7DO3BEOMTNABICHITTEZS Y
Ot yYTRIFIFNOR) 2EY, TZLT-2EESSTTREND B ZHDRAAT L.
2O EEDTYNNITRVWD, HOENRD>EGRRI T EEPLTPYET. &BICLVY
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A RE YT 2T D,

U EG—BHRFHRETHHA, CP-PACS DHMN Y MVLHERHET 532N A 5D Fi
Z2, UFTORTEEDY TNV PNAT SAVABERBTEIINATDOFREERRD.
Y, BMUBLAHDOEICREL Y XA ZBFEN -EOABRBTEILLTWIND, BBONAT
FAY - AT—VUTHEATLE VIR EZBEZORDTENBHZICEETEZ LW OFENHL. Wb
WELVYRXDALBIEA (register renaming) NEHFH ENTWEDTHS. BEDOVYIIT 27 -
NATSAZY T T, ZOVIRAZBOTFHEDES, V—Tb RIFHEREIEE DI — TR
BENDZHBOHORADO V- FTYVUTIKRTERY., BLALDOGERZOL I RGHIIO—
R@BRTHY, ZOV—FTYYRMHEHCRERMETHS29, MEIRLATHS. oML L
T—MRICIZI)V — T EB (loop unrolling & & U modulo variable expansion) 247\, MO @MAR T
Va- VYT L VAHRICTEN, BN MVAB TR ED & SRETHEED THENRWE
B, V-7t LFHBOEHPHRRATTa - VY TO7 NIV XLNZ S ARBBRICES
WTREICEBTES. 2EL, VIREBSNRMELTWIEH VIR ZFYHTOY)IVIY
ZALMPERDEDEFIHREDYLTLS.

EARZNVIVXLIFZUREDOBEBYTHS. ZhEHLFTIEEARLRDZEDTHY, BHTES
W—F - 707 SLOEHEIBEEINTWE., ZZTUTTIE, ZOEAR7ZILVIY XLOREE
CEDBRDODBBEFE, SHOBEMBHICHEICHNS.

17.2 EA&A7LTY X LOHE
HEAZLTYXLEKDE dRMEEEE > TWE.

1. IR VYA REMS7ZIVT) XL HSBFTEZ T WA,
2. FHEB77ER - V—FUVORBELUBEMEL, BIV— T OEFTHEENMEW.

3. ZENV—THT, FRAY NVLEORMIEE (700 -7 ), RLEH (TEE -7 )
IR L L T

4 W= TRIKICRIEDIE (if-then-else ) & B OB A TN 7 N UEHRE L.

5. 8, REZABICHITIS2EERIVEKSNT, ZODOEGFEAERL, EITHREHE
EILGAENDS.

6. VIRBEBNARLEGEDHRMBRILT7IVI Y XLNEHESI N TWRY,

ZRALOMEBRICOVWTENENUTOL ORBREITo .
VYURREMG7ZIVIVXLELT, BRZPVIVZLTRVIRARTET STORMICEET
HEBRBLUTRHALTWE, ZOHETIE, ASAK -9 AYRIICEB VIR RBEOEMAEMN
FHTSTOBEICEDIDSICHETLIONRBUNEL, VIRAENTZLVIVXLOHEMN
WETH o=, ZNICHLT, RREETIE, FHEIST7L32<E%2%, BEIRXRMEZ 57 (cyclic
interval graph) IC & 2 HEEMA LE [183]. ZOHETIE, AEBROREICHES 2R IMITS
EVWIETFIALELTD. HEWIV—-TORYBEUEITEREL, MOV T - X0LEFEHMEERT. Z
LT, VIYRREMBBEIEBOMRS E DF <HEEL, JVDPVWABOmEMELIMEL LTR
ENB. AFARK DAY RIEREOBREUARZ NV - 70y 3 TR, VYR XEERTHRITEHEA
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DR ETHIXE L, RHRELIS ODEHRARILRINERTH S, ZOHFEORAILI--TRBLD
TWERMNTERE ok, EBE, Hi7VIdVXLTE, REVYZAXABIEY 10%FRERI L.
FERBLORIXI7Z)VIVXLOERNBHEAZHICL, DEVYZZEOLRICHET 3 EH
FEIZLHTEE. ZOFH7NVIVXLIE CP-PACSHIAYNA SICEEITANLLAEH{HHTH 5.

FHEB7 7R - V=TV, Fyvvabey hLAWESEIBIINY Y -y 7 U7 b
NRELEGEICBOD TREREICRS LTFHEING., 20D, ERZNVIVIXILTEARASA
R-VIRR-T7ANEFNWEDZLORBERODETBE 7 V7R - V—-FYYEREBELTWE. L
MUEBDONV—F - 707 SLOPICEALTLEV—=FTYIYRRELLRWEEEHE. 2D LD
BRIV—=THEXRZ MVEDOBE, V—TY Y2 RELLABRBYMEEZ LT, MR > TEITHRE
MNEBTLED., “RICOIINASHNZENEHWHITHZZLEE LW, 22T, 707 SYEHED
V=FY Y (BBVWEENROENTA— ) 2V NAFICESEERTIBEE IV NS FIC
U=,

VIRNI2T7 NATSAAEINEAT VN -a=-KTlR, Joo—-r/Hezno—7E
DMIFITN A=W HBHTH Y, HEEMAEDLER LA —XNVEHOI—-RRESNE. =
BENV—-TUEDZEN-T TR, BANV—=TDOYVINT27 - NATSA{EIhE=a—-RK1E
BEREVELUEIFTINDZZLILREN, 0eD2OBAN—-TOIEO—-FHOa—- N3 EZLOER
ANV—T7D700—-7HMOEFTEMAEDLENR, ZOWHEA—XNVEEL AZEDEITHELE
BZEMNTES[9. AUNASICZOBBEELRELE. INICEoT, BA2MHEDEEIMAAEE
Yo, FEZEN-T TR, BHLELV-TREATWEEEICE, D>V —TF
DTEO—-ZEHOaA—-RE, RONV—TO700—-FE#HODaI—- RN —8*2ERTEITTZS.

UREDHETRIFETDICHETEZZ7VIVILOKEB XTI NA SADERENTHET
Holz. ZNICHUTUTICHRNS SHETHHBREF—FICLEE Y, HANLZHRICE X Elk
ERANANAR- el 1 kP A

V=T HEGHBEE2EOLGEO I - NERICIIEERINANVENRE2EST S, JKEME, £
DEIRNV—TICEHLTEY I Y27 NATSAVAEMNEATRETHE Z RSN T
W5 [7] W, RMEZIEEESERVWGEICHN, F— MRERFT, /R rVa -V VY, VYRA
HAHORTD 72— XICKRBICEBER7IVI ) XLNKREL S, 20, HEETEZIUN
A4 71, then/else HICHEN 20— RS2 REBNICETTIAEDOAEIToTWS,

#E @ FMPYADD(FMPYSUB) &, % (@E) E REVFEHKBICHITTELES, 70T 5
LEATHERE LICERABRVARTHS. ULIL, MPiEs (32bit) DFHIOESD, REIER
DVIARETHEHAWMETH DN, MEX A =A+B (ZZWK A, BERVIRZEZT) DR
ROEED AP THS. ZOVIRADBEICHTZHME, VIR REMICKERBEEL
25, BRRETE, ZOHMOEZD VIR ZFMICRKLZSEIC1E, ZORMICEHET Z2HE
MEERAMFLMEGFICTHLUTETLTNS.

BRICRAREE DI, VIRREMNZIVIVZXLICBEHUTRRERKBE 21T, LALARRD,
ZORBEREH VYA ZBEHHTAIHETHY, FHAVIRAZBRRRLTLE - EHBEDOH
R RALIE (WHDWEAENLN I - ROAERRE)ICOVWTREETFICRFTE TR,

Pk, BERY ST ONASOBREDRARE, BARZLVI)XLORFIS ZH F T, £
MEXh R DR ELRFENSBEWICHYMATEE., ZOBKRT, BINAEHEHE 4, 5, 61C1F
S, BERATRYEOLHENHS.
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18 MEESYM

AEiTE, J-R7ov vy HBEEOHEIEM, BXOHERSHEOMREIMEZRT. BEEKR
77V r—yarvEHWESERIEMICEE L TiX, 218i TN 5.

18.1 J —R 7ot v OMEEEHE

128 TR AREEY, CP-PACS ICEEXINTWS J —-RTO0v v¥id, B8R 7 MUVALEERE
MEgbhoTWad., ZOBET, REELBIZENFHETT - EZF vy Y adhhinizoI &
CRBZERB7 I/ EAV—-FUVERKITZEDOLDOTHS. BEAMICE

o BENNBET— RICEHLTIE, FHBLASAR YL YR EINERE/NEE VYR ZD
BTCTF—RENATSAVHICEHRETDIZLT7 VA V—FUVREKT 5.

o BEF—XICHLTE, AVYRRICOWTIHENMDEBINEBE2E-TWEREWDT, F—
AX XYY anNT—RAET ) T2 FTEZLTCT7IEAV—FUVEBHKT 5.

EWOFEHER-TWS.
ZORBOENMEERTED, UFD3DODH— XNV — T CHEIMEIT R,

ADD c(i) = a(z) + b()
ADD5 c(i) = a(i x 5) + b(z)
LIST-SUMUP s = s + a(1(i))

ZZT, RZMVabe, BEUORAS s i, HHEERHNIET—XTHY, BBET—-XT
$»5. ADDW, 32DXRZ MUVEERICT VAT BEDICK L, ADD5 T, X7 Mg ICXHT
57 7' AW strides DIEEBET 7B RICR S, LIST-SUMUP Tid, a DEROD 10N EH 2 <
T7IVBASNS EDICEHBEHWTAYTYIART NV IDTF— ZEARKL =.
ZABHD3DDA—RIWIV—TICHL, ATFD3BYDOI—-NEERLLHERBEZHEL .

scalar F ¥V Y a2 DTV Tz FEHELXR Y MIVAE BT RbRW,
prefetch ¥ ¥V ¥ a DTV Tz FDARELTRD.

PVP BN MIVAE 2477 D. VAN MVALEICE LU TREEBER T —XATHEAVT VY
AN N VEF vy and )Tz F T35,

EDA—-REEKTZMDYFERAE, IONANVEOFTYa e UTHELTWS., Tb
HE2IA—-RNEIIINAFICEYVERSINTBY, AR LS HRHELIZITRoTWaRW, HU scalar
B &V prefetch Tl&, T—XADEEICE > TIEF ¥v ¥ 2T line conflict AABHFE L HREAFE L <
BFIT2ED, 202203 —-RICHLTRT— ZDEEE AFTHRELL TV [14].

FREOTI-FICHL, A—a—-Rz22HZEFL, 2EHEOEFICETIREEZIETLZLT
HREFEE 21T o=, ZORMBETE, I—RHP A XD TH/NINEDHEF vy Y 2l warm start
s, £z, T EAF vy ¥ aE W5 scalar, BE U prefetch DI —RNIZHEWTIE, X7 hy
BRVE LT —EFAZXBRF vy ¥ a¥ A X (1st:16KB, 2nd:512KB) & WNSWEE T — X F vy
Y a¥ warm start IS8 B, LA LARAL, MFFEHKICESVWTE, O PUMSERESINET —
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A UTCHEEZMADZ DN~ THD. Z0HE, I—RFHF@aFvwralldbsdnsd
REZEHRTHZN, ABEHRLRET—ANT - EAF vy Y allFET S, &V ORE I
Law., 22T, WEHRNIC, T—EF vy ¥ 2% purge $5Z LT, cold start REICL ZHED
HBBWELE. FBE, BLETUTOS 2OH5E0HEGOHBE/ELE. PVPICBWTHE,
RETAENEZHEY, AEV %27 7ERZXT % preload/poststore B EAT — ZAF ¥y ¥ azHnan
=%, warm/cold D XAiL2\.

scalar(cold) : I — Nid scalar T, #ERIICT —EF vy ¥ 2% purge T5.
scalar(warm) : 32— Nid scalar T, HERICT — 4 F ¥v ¥ 2% purge LRV,
prefetch(cold) : I — KX prefetch T, HERICT — XF ¥y ¥ 2% purge 75.
prefetch(warm) : I — N X prefetch T, H#ERICT — X F vy ¥ 2% purge LRV,
PVP PVPOIO—RFREZHAWS,

X 31, X 32, B33IC, N7 MNVEELMEBELEEDIODA—RNICHT EHEERT.

——o—— scalar(cold)
,,,,,,,, - scalar(warm)
—o—— prefetch(cold)
----p---- prefetch(warm)

—«— PVP

| | |
10 100 1000 10000 100000 1000000
Vector Length

31: ADDJ)V— 7 DR
INSDTSTEYUTOENRDOMD.

L 31k Ubnd &I, NI MUVEMNT00LZLUATT, T—EFAXNF vy Y aBFREEY
INEWEFIX, scalar(warm) DPEEENE - & B R <, prefetch(warm) D PEEEIIHE FEW. Z
DL, prefetch ICHBWTI prefetch M BENHASINTWS =, ETHFPAER TV
BEHTHBE. N7 MVEMNEWEIC, scalar(warm) ¥ prefetch(warm) & HiXT PVP O
PEBEAME VW DL, scalar(warm) & prefetch(warm) TIXEN 7 MVRDOEIZT — ANF vy
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MFLOPS
40

—o— scaar(cold)
,,,,,,,, - scalar(warm)
—o— prefetch(cold)
—--A----  prefetch(warm)

% PVP

0 | | | |
10 100 1000 10000 100000 1000000
Vector Length
32: ADD5 )V — 7 D RE
MFLOPS

——o— scalar(cold)
,,,,,,,, & scalar(warm)
—o—— prefetch(cold)
-------- prefetch(warm)

% PVP

| | | | —
10 100 1000 10000 100000 1000000
Vector Length

X 33: LIST-SUMUP )V — 7 D88
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VAl BETEZED, TEX vV aDATIIEATNREEVWDILKNL, PVPO—RT
FEvwyazfHLARWED, FHBETT—ET7 I/ EATEILERNDHEEHTHS.

LAL, X7 MUVENRRYT— A A XDF vy Y aBBE L YV BHRE 2D L scalar(warm)
KO prefetch(warm) D BRI BBICET 5. ZOHEBETR, X7 MU& 700 A&
20,000 ED2EHFATROPNEDIE, T—AF vy Y ad 2level THEIMNDTHD. £,
2IRF vy 2BWND L prefetch DFRIFSEERWZI L ELDOAS. TNICHL, PVPD
PHEBBIEARZ MVENE L RoTHET LRV, FIZAE, X7 MVEWN 300,000 DR, prefetch
& scalar DE X 1.43f5TH 2 A, PVP id scalar D 4.25%TH5. ZDIZ LK, PVP A X
FBUVP7VBAV—FUVEHRNICEBRLTVWSEZLERLTWS.

2. 31 2B T 2B & DI, HEKEY 7EA%EEL ADD5 Tid, ADD &Y
WA 27 MVERT, scalar(warm), prefetch(warm) DHEEMETFTLTWS., Zhik, A5
ARV ADEDE VR MVETT A AZXAF vy Y aBBEEZEATLEOADT
»%. £7=, prefetch D scalar ICXf T 2 BAENFAD T 5. BIAE, X7 MIVEMN 300,000
DB, prefetch & scalar DE 4 1.32f5TH 5. Zhix L, PVP DEAMHEIFEKRL, PVP
13 scalar D 9.36 fFEDHREZEKL TS, ZNIX, cache & V' 5 scalar/prefetch T,
TV EANFERTHE5E, I—FAVHORELRT - 32 BEET 52657, BE2 b
STAV I ERETZDICHL, PVP TRELAT—E7 V2 ANHEFTSH > T HHE
BRT—BDHEEBETNETERVASTHS.

3. 33Kk UbnB &DIC, SYXLTVEANAS L, scalar, prefetch DHERIZ S HITET
U, scalar ICXf 9% prefetch DEBALAEITIZFL A TN, FIZE, X7 MVEMD 300,000 D,
prefetch 1& scalar DH TN 1.05f%TH 5. B 33T, PVPOHBERT MVEAK RS
WKONHBRETA2EFBELTVED, Zhid, BET - XTH2 ATV IR 12F vy
VanT )Tz FLTWEEDTHY, IDVAXNRIRF Yy Y a, RUE2KFYyYa
PHMNASRETHBMETLTWS., LML, ZRTEAXRY MVEMN 300,000 DF, PVP
& scalar D 105 fFL DB EZR L TWS.

PAEDFMERE R X Y, CP-PACSD J — R 702y IR EHATHEEAR 7 MUVALHEBERE TS vy
VaRBIYKRZLRRZMNVTF - AEEOBEIC, FTEB7/EAV—-FY Y EHRMICERK T
XTWBZLHAHERTES.

18.2 HMESSHIOMEET M

AT, MARBENX—VICHUTHEAICTOY SLEERL, ERICES 2y NT—2
DPEREIEAG 24774 D, FICEAM X —HBEHRBERDZEDOEE (BRI EgEE) P, £
PT V=Y ay TEBINIEENA—YEHOMIHAEEZT RN, FOREERT.

18.2.1 AIEAR®E

HHTS ) —-FEIE256 4 x8x8) BTH5. BEHEICIREREE /7oy 7 (47 )VE
Ml c=2BBEAWS. £, EVRVEEUNOHE T, KRENE2HEBTIEICL
J—=RTYIZRIz7IlEBNYTPEBELSTWVWS.

EREEBICE, TV IFATREBOHRTEHREMNS FFA—N—AYRO/NSWEEEHWS.
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18.2.2 —yf—ERpE

FFHRDIC, EANR - —HBETHEIE YR VEBREICODWTOTHMEITRD. R VERE
CiE, 2200 ) —FRETKRAEICAYE—-VDRERBEIT LR OBENZILTHS. HEHKREEZK 34
[N

300 T T T T T
S 250 |
(]
wn
o 200
<
- 150
=)
o
=
© 100 |
o
= 50
O | | | |
8 32 128 512 4096 16384 65504

Message Length (Bytes)

X 34: EVRYVERZICBITZEHANL—-FT v K

ANV—=T v MEIJERATH 270MB/sec L E— V7 HED 9FEZZKTETWE. 21X, Y7
LIEETOT—BRONY T 7 )T 2R UEZENRELRERLEBAODNS. £/, BEFA—
N=A~AYREFH35usec;, Ni (RYNT—7DE—-IVHBOFELEZHLTVWSE AvE—-VUE)
T8 1IKB LBH TRV, ZOEIEF—N—~Ay RTHEALTWSDIE, RDMA 5L A #E
VAFLA=)VTHETESLZLICRS.

BAE& Y, CP-PACSICEEINTWL HEEGEBBIIMREIN-RNYTz7OHEBEFIZH
LTWBZEWah5.

18.2.3 1514 broadcast

1 X4 broadcast ICDWTHHii 5. 1 X2 broadcast &1, %5 ) — KW FoTWbTF— 4%
ETD)—=RNILEFEEIBEREDZLTHS.

BMET7Z7INVIVZALELTE, YVATLEBEHWS /A (ONE2ALL-SYS) , point-to-point
BRICESTRERB ) RV ZDOMETORE ) —NICAvE—-VE#RET 55 (ONE2ALL-
PP), 2#ERRICAYE-YEZEFTSHE (ONE2ALL-BT) @ 3FEICOWTHIET S. &
B, ONE2ALL-BT Ci, &) —FRWPEEBITZ2AvE—-IYLRTE2 TCW Fz A VICk Y—HEDzE
FICHEELTWS.

WER R ZH 3517”3 F. ONE2ALL-BT A ED AV E—VRICEVWT O RERHE TETEZKT
LTWa. Zhid, BEEBD logpP (P ) —RE) THEOZLARAROERTHS. EHIC,

71



100000 ¢ : . . | .
F ONE2ALL- PP —o—
L ONE2ALL- SYS -+---
10000 :_O\|E2ALL- BT -8-- .
,a o /é,
2 _ B
2 1000 F g
> ; //,A/ .
% il o ]
= ,5"'5
3 10 F o0 5 g .g-g-8-8" ;
10 i | | | | |
8 32 128 512 4096 16384 65504

Message Length (Bytes)

35: 1 X2 broadcast ICHIFTB V-T2 ¥

TCW Fz AVICKB2EBEI A - N—ANY NMEBEIMRYHINVWTWSE, ZO TCW FzA2D
BRICOVWTE, RABDITINOHED L ZATEETS.

ONE2ALL-SYS I&, E—®&kaHHEICHiALE ) —RIZH LT TCW F 4> % HWTHEBKEHIC
BEETROED, Gt 3HOBERETHED. LML, OSIKE2EYRAALENINETZED
ONE2ALL-BT S YEE <R oTW3. fHL, ONE2ALL-BT TREZDEDHICLTD ) — KN
BEICSMURLLSTE RS 2VWDICH LU, ONE2ALL-SYS Z 22—V DB E 2 H/NRICHATWS
DT, 7Oy HICLBZNEAELMITLUTHEDEZLENTES.

¥ 72, ONE2ALL-BT X 2 #ERICH > TEEEITRDED, J—RBEPF 20BRTARLITER
S5RWEeVWOFHKINDSE., LERST, SATS5VREDET 1 X2 broadcast Z EENICEAL
AHTLE DEEICE, YATLEEDE Y ONE2ALL-SYS # HWEANE W,

U EXY, 152 broadcast 24T YBEIX, MRz 77V r—YaryolhExEBRL =
T ONE2ALL-SYS, ONE2ALL-BT 2fEVWH T2 RENRHDHLERS.

18.2.4 Scatter & Gather

¥9, J-ROoAFHoTWBETFT—4%2P%45 (PIX/)—RFH) LT, Eh&fitd ) — KA HE
95 (Scatter) . &/ —FNEARITLET—-RICXHLTADLIOALEEZHEL, ZO% ) —K 0
F—A&EYET (Gather). ZTDE DMUMD Z & % Scatter & Gather LIERZ LT 5.
Tk, 7oy YASABEBR 22X L ZICLETHBENEDL DI RN ERTHS.
EHIC, &) —FNICHET LT — FK% 16, 32,48, 64KB L ERA GBI OVWTHEL TS, &
B, )R 0»DZOMD ) - KA NDRERFIE, 2T TCWF oA VI UKRELTH S, HWEH
REH 36ICmR7.

ANV—=T v NEEHT D LM 430MB/sec &R o 7=. Scatter DIRICT — 2 &2 53E TS ) —K 0
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80 ,
) 70 |
()
e 60 R fmm Ao i -~
g S0r i
= 40 5 G- B gt B )
c
© 30 |
§ 20 g Dowemnnnesnnsene P Dorrmneeenney 6 4%8 """"""""" &
% 48KB -+-
d 10 F 32KB -B-- -
16KB -
O L | | )
0 0.5 1 1.5 2 2.5

Processing tinme (nsec)

36: Scatter & Gather ICHBITFH V-T2 ¥

N, FELTOD)—RADT—-EpEERARWOIBIL, ZOMD ) - KR 70t v HRETD
W ERATT— R 2R YBLTLREZ2LWhH5. ZOHE, NIA TEZENGEO R ELLHEIC
SHELTHBY, FEATVIZNEWMADBETONY RIEEZHATWEDT, AT 2D
W—T YV REEBETZS., LERST, ZOEIRBBVWANL—-—T v o,

18.2.5 £X1£ broadcast

NETZA4-avyyvay - 7TV (H37) &HWTLX4 broadcast D Fli 24772 5.
2% broadcast £iE, &/ —RKDPF-oTWET— X2 LBERLENRK XL DT IHEEDZ &
THb. £, NZT75A4-avrvay - 7LVdVIXLLEIE)—-RVBEO ) —Ren5F—4%
RS XX —RNUT, AEHHE, GRELBI[ALEDPLTWIZILVIVILTHS.

HEFREREZR 38ICRT. &2 — KA ZDMOD ) — NIZH U T point-to-point BEIET A v — U
PFREBULESALIERT, NZT7S54-aVvrvay - PUVIdVIXLE, BAyvE—VUkXRL
EHRVWBDD, &) - KB AvE-YVERXFBTLIEEN (P-1) HAD logyPHE (PiE /) — K
B, Z2Z2TE P=8) ICiEk5, FEOBEVWZLVIVIXLTHS. £/, HXBTHE, NETS5A -
avyyay - 7NNdYXLICEKBL2X2 broadcast ®* BEIRTITRHOZLMNTE 5.

X 38Tk, AvE—YEIEWVWL ZIXL2X2 broadcast PE VR VEZEDHRBEEZ TWS &
FNCRAS. Zhid, EE-EHEEYVDAVYE—-VUENMAT YT 2I3LBIH/LLRELRED
HTH5.

18.2.6 1THDELE

THDEEBEEZITROBREICOVWTHREZIT 2D, [THOHBERIZSRTOERE T — VT EBR Y
IKERENS. BRAIER 3SR, 205G, 4x4 D 27t PUZERIC 3Rulfl 2~ vE Y
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3T NE TS5 A - 7O XLICE D22 broadeast

300 T T T T T
Pl NGPONG —<—
g 250 ALL2ALL -+~ e ___*/,,——4'
n
o 200 —
<
= 150 _
S
o
=
g’ 100 -
o
= 50 -
0 4 I I
8 32 128 512 4096 16384 65504

Message Length (Bytes)

38: %42 broadcast ICBITDEHAIN—T v b
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JUTWBDT, £ PUR—2DRHE (MHFETENL) IKHLUTERLET—XERHFD. LH
L, MEXTRODZLICE->TSER N2 FHICEBE LET— X &2FHHOZLilnb. LENST,
BERICRHE > TWET— 2, U THO PUICELNS. ZOK, BT 25T — XIIEES
KEkoTERY (ENEE), ELET2 PUBAZVWEEAvE—-YRIELI RS,

(Transpose)

3-D problem space

"
y

o
b
g
‘0

\

|
M
:»:
i

)

i
QN
(00
et
Q0
\\ ’ ‘
i

\,,
T

X 39: 2%kt PUZERICY wE YV a3hE 3REEF DGR

ARETIE, 3KTTPUIK 3KRTEF 2T Y EY S LELZDHBEICOWTHETS. LENS
T, BRI EVESIDICHEHMRAEEZET S, ZOBLELRDZ AvE—VBRREIIOWT, AvkE—
U (#MSG), AvE—-VYHEYDT—ZE (data/MSG) £F 10IS-”F. ZH &Y, & PU
IK512KBDTF— 22 FEREZATEAVE—-VYERIZ 128B & N 2 RIBICTFHEH>TW5DHR%
ME. £, BRERLS V. ’

ZOEIBREBRICHL, BEELIERERLT S HE (basic) &, TCW Fz AVICkYE ) —
RBEBTEAVE-VELTELHT—DDAVE =YL T 5% (chain) @ 2FHEHICOWT
e zT2.

HEMEE2H 40IC7R T, basiciCBWT NHO A v —-VHEEALAEL LESESES, chain T,
TCW FxAVICE Y 1HDRFTHELED (N-1)HZDY T h T2 7IC & BAEEE A —/N—
NYREBRLZENTES. WERKEERTH, chain iE basic ICHRTHEEICEVWERIME O
W35,

SEDEIICEZBDEAVE - VEBRXREHEL TEHE5TEH, CP-PACSTIE TCW Fz 1V
EFHWSZLICK YD LIBEERBETEZHSZLNTES.

18.2.7 S U5 LERX

INETIE, BEHEFENEHUELUVERZICOWTOEME4T2o%. LAL, E7 SV Fr—v s
VI o TR ABAREERITROPOEHE. 22T, T IRARAREEDREL LT,
SYRDLBBEDTMEITR D, SUFLERELE, BREESVALICRETIHBRETHS. %
=, SEHOHETEAvE-—VEEEE 0.1~10ICEXATHETS.

AV —-VEERE LIFHICO0T, X YNTI—-FTHOAvE—-IBELELIRY, AvE-Y
ALOHRNERX S, H2—~BUEDAVE—-VERRICRSZ L A)—T v MIBEFREBIC RS
A, ENRE-IHEEBOM1/3DLZETHoE (K41).
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Thr oughput (MB/ sec)

Throughput (MB/s)

16 T T T T

14 ¢ .
12 ¢ chain —— 1
basic
10 ¢ 1
8 r i
6 r i
4 - 4
2 t T
O e Sl - o ! !
128 1K 8 64K 512K
Data Size/PU (Bytes)
B 40: BMEBEICB T EEH ANV —-T v K
100 L L
90 A GGGy
80 .
70 .
60 .
64KB —<—
50 48KB -+~
32KB -8--
40 16KB - -
30 .
20 | | | | | | | |

0.10.20.30.40.50.60.70.80.9 1
Message generate ratio

X 41: SYELBREICBITFSEHAINL—-T v 1
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 10: T DB ICHE DRk

data/PU | data/MSG #MSG
(Bytes) (Bytes) (fE)
128 8 16
256 8 32
512 16 32
1024 16 64
2048 16 128
4096 32 128
8192 32 256
16384 32 512
32768 64 512
65536 64 1024
131072 64 2048
262144 128 2048
524288 128 4096

INETHEAMIRoTCEEY IaAL -V avIl,d SV LBREDEER (8, 12] TH, 3K
HXB OHHRE— JHEBOM 1/3 LIBICHWERHETWS, $E2Z20Y IaV—-Y3r TR,
HXBAMED Ay Y a/ h—=FRLWoZZfiOX Yy NT—=2 - hAROTLHRNTIHEEICE VLW D
ERMRINATWS.

18.2.8 X7 U4 —yv3au~0OLHA

UREDHEREEL Y, HXB IBARBENZ -V EHWRHICZREBEZ WMok, 22T
WIS, E7 TV =y avilaLTENET HXBWES M 2 BET 5.

E7TVr—varyTl, £F LI —BEOEENZA—-Y ULMAVWZVWDITFTE 2V, I
NAS HiF| XY F<— 7 [15] ICH T <% CG (Conjugate Gradient) #EZBIIC L 5 &, shuffle ¥
1%, butterfly collection, butterfly summation 72 & & W o =B OEANKHE L I 5 [16].

AVY AR R—=FALWHEZDMORXYNT—2 - RROIUTEH, ZNEFHDEE/N X —VIC
BLEEZE ) —FANDT—REYMITETROIZEICEIVEF R LULIZIZNAVICHER ST~
REMBEEITROIZLEATESZNBLARWY, LML CGHEDE DTS SLHICHEBDEREN
R—=UNBHEHE, EAD—DOEENZ -V EHRREIMTRAZT - RAF YL T THo=2 L
TH, FOMODEMENZ—VTEIE I VWhARNWZLHRH S,

ZNICK LU, HXB CTERAHAREEEZ ZHEEBEENZ —VICHBWODT, DL IRTF—4
HYVMITTHoTEENFNDEHEEHERSZREE. LENST, WKL IT5705 541
BROVBELE) —-RADTF—RE VT 2T R >E8IC, BYRBEENX -V EHWT ) —-RKE®D
F—RDORBWEITROIEVWSEZLETES.

oT, BEEENZ—-VETTERL, E77VFr—vavilBWTZ2EIC HXB DER
HRRSINBEDLHAcNS.
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Part I11
CP-PACS (L& 2EtEYEE

19 CP-PACS ZEHMIMROFREICER L TOSEDNIEEL S OEKMEED
FRET

A7OYV V7 N4%, CP-PACS DREFHMEMEEDZICHE - T, RN TPHZ, FHYH
2, YEwEZO AN REICH LT, BERTIMIHERORMEINEHRBERFTLE. 2
2T, RYPFLKFARNERNTFDHZORFRETFANZOGGE2H BT Z. REHEDHEZOHE
BAICHT2ERIY, RN TYHEZLEEELHMINE. EEL, BRI IHERIL AT
RELDHENELRDLZDT, TOHRE2FELLUTHARTS. UHEDHZX, ZSHRRETILVEHZ L
DNF A=K UTHERHERITRDZ NS L, HERA, AT VER, TARIBREICK
THERIBR YWY, FHYHERZLAREIEZIZNUTTHS.

19.1 FENFIIEEICHTERTEFEIIFEN D DEKMAE

ART7OVz 7 NOEHWDO—D2, BTFEFAHZE, HIBRNFOBVWHEEHOERMER %,
HAMFIGHEBERELAEBMEY IaV—YavilikoTHE, ZOESMHERIET 2 & FABIC,
FEREENTEEIIEHIZLIEHS. REICAWVWTE, ZOHHORBSLEL SN SNFEFE
BOFERANCHETIMRIERERNS .

19.1.1 BFEFENFOHABEANBTKRUSTEALEOME

BFEFETY (lattice QCD) 1&, NN OV DERERNFTH D 74— 7 (GERID 5 FEMN
HMBNTWEDR, B ¢ BEHDIENARWEINE) &, AL ERKOMITZ 7V A Y EHAKN
BHHEL THMRTHER T ELOBOHERTHS. ZhDOEHE 2R TEARTHIE, MURTHEZE
BFDEETHn I EBINE 4R TERY SATYRI M g=¢%(a=1,2,3,=1,2,3,4)
BUHKT EOBUNMES (B AICERS N 31T 3FNORHKI= K VT U = Ugb(a,b=1,2,3) I
FYUEZOND. GIBEA 7 A—VOEHHE:R, RENIINVAVOBEBHEERT. B ¢ D 3Rt
DEEB U O 3RFTICHIEL, AS—OHHELFENS. BY 4 RTIAEVHHEETH 5.

HmEED2EANER, EHLTEINSG U L ¢ DBBTHS. BRTEFOAHIZOEHTK
RTEHEABND.

Sqgcp = g > tr (U, Up,Us,Us)) + Y Gt Dyt (U ) g (1)

? ot

BL, #—HE, BFEOR/NESE p RTIKO2WTZONIE LOT VA YER U OBEDIT
FINV—RAEMBZLE2BHKT S, pIRTFEFENZORERER g2 & 3=6/g> 2DBRIC
HENFTAZRTHS. BE_HEI 7 x—V7EATH Y, ZOHBYFICIE, Wilson fermion EK T
Kogut-Susskind (KS) fermion ¥ & FEIXN 5 ~ D DR FHEANSH 5. Wilson fermion EDHH,
D =D (U) BEB U D WTHIED 12V x 12V K3t (V BETFHB) 0FF5ITH 5. A
T, FICHBSZRWRY, Wilson fermion ¥k% HUMNIFHMi 21742 5. 7 2 — VEHE m, 131751
DIKNFGAZRLLUTHNNS.
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BEFOANZOMEER, AL YELLZEAMNEDO U & ¢ CHETLIROBMIEHICEIYVER
LN%.
1
< 0,q) >= 5 [ T[40 [] daadanO(T, ) exp Saon(Tsa) @

ell n
AL, ZE <1>=1L32-00HKILERTHS.

BIEBETENFZOBMEY IaV—-Yar TR, HEEBEL 7 - VEEDEEZZRL =1, &
HMRBEICKY, MoOBEMEROL (KAL) 2ER expSgep > TEKL, HEAL
TOYHEBODEEEETLHZLICKYYHER*ES.

YIalb-varvid, BMNOERKICE Y EEICKINENS. 1722 FHL (quenched
QCD) &, EHOHOER ¢ 2 R T 5ELTH B, LRER, ZRUIKHTS, AhOKY
AW BIBEFEDEY TAVOETH Y, BEARAEER, BFORNEAREZELZICOWVWT, £0OH
VOZDICH > TOER U DITFIB U, - Uy - UsDEIE, ZOMHEICEDSKFEY —~LED U DERE
EDRERNEH - RATH 5.

4R ®& T H%] (full QCD) TRI D& SAELEFabAV., ERER, NAT Uy
REYFANVODEERARL T5, BMNIMNTEIER ¢ DHEEBRYANS T, ERILHE
TBE T B 12ZVIRABRT MV Y RUOEZABNE U OBEAICK LT, 475 D ICOWTD 12VIRTE
BN —~RFER De=Y52BIZeBABELLRY, ZHAMVHBEREOREEL EDHE. ke LT
E, HRMEEE - BUMNEEE - RRBEESEMHVWS L, A2 LU 2BS0ORAEEEHTH
5. BAREEE, 12V RRBRZRNY NV p 4751 D O p > Dp TH 5.

ERINEREMETOYHBEDHEIRATHIDN, RUVHERE*ETZDRAERINETU
DEBALET 7 4 — 7RI G2 = (D(U) 1) 2 RDHZLTHB. ZNIEEL RS
BR De=b %, 12MEOHIbICHLTRLZLICEYEDNS. NARDYDBEDBEBITH
ERE, BWHAEEHEREZ, 207 +r— 7 ERBRBRZ2HAGOLETHEONAINN O VIRHEEK
IS, X2 74y NEQAB E4T R o THIH Z NS,

19.1.2 BF/NT A Y OFR

BRIBFOIZOERANMNRIEBO 7 A— 720 R53NKO0YTHE. NROYDOZER-B
A VIR rg = 2fm BE (Ufm=10"%m) , 72—V OEBEIRIB W u,d 7 2—7D
5—10MeV MO BEMONTVWEIHTERBEN t 7+ — 7D 175 GeVELWVWHIAH L. ZD
EORROYBEHHE ZHMBHOBRREERF ETOBEY I2a V-V aVIitkYKRDBICIE,
BEHREICMA, BRTFEAVWEZLICERT ZEEORBHREL/NS I LARThE R RV, Z
D= H DEEREIRMEE, (1) BFHEB o (BEERFAEOERE) 2 rgilBRXTHES/NE L, H
D 2)BRTFDOYAX La (LIE—BHAEZYVORFKB) B rgll ENFTEHRENWZ L, THIT (3)
JA—VEBEEBREDMMEICELSBMY D52, DEZKTHS.

R (1) & (2) EWAETICE—LHEVORTEB L ERE RO IV, BFRTFAHF
T 4 RTHBZELOERBTHY, ZOBMEY IaLV—-varvid, PELREEAE, EANEER,
HAT—RBEOVWTHIE LHAHAILTHEART 2D, BERORBOLWEFERER L (XX
L=1000) 2825 Z & 3HEH TR, T, &FMAE Q) ICELTE, BV +— ZICH LU TH]
HICRANEZENFBRER De = b 2 KBROZBRELREEOLBEREEBAE X, HOBEHIED
EVNERTBLORENHZ. ZniE, 74— VHE m MTF DOEBHL LTEN, D DK
B 1/mg CHHPITHZHTHS. FHIC, fullQCD ¥ Iab—Y aVITRWTI, BAEHO
BICEN TR 2 LEND Y, WEEOHEICAVWTORZIDZ EAVLER quenched QCD
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BR =g
La/a(fm) m,/m, #HFIHAX La/a(fm) my/m, BFHFAX

NRnrvEgsE 2-3/0.2-0.1 >0.5 <322x64 | 3-4/0.1-005 0.4-0.3 > 64% x 64
BEWIx—70HE | 2-3/0.1 >09 <24%x48 | 2-3/0.05-0.03 >0.9 > 64° x 64
CP HRE%E 2-3/0.2-0.1 >05 <24*x48 | 56/0.2-0.1 05-04 >64%x64
B B AR 2-3/0.3-0.2 >03 <16®x8 | 56/0.2-0.1 03-02 >64%x16

£ 11 BFEFOHNFY Ia—VarvoBReEEE

ICHUT, FULKHEENBRICRS. DEOBEBOED, KTFRHE o ROBTFHAX L EED
IOUUENIEREFHEBLERE TV A XIRR T 2 RBEEENFASI/NSIVWYBHEREHS
NEMN, ¥EZEORIVA—VEEREZETTIT 250 2M5Z L 3MBOPTEETHS.

IO OFRMFOFHEMIMEL T4 DBRNHEEADHEEILGCENENZDRER TS,
HOUEARHRNR O VEEOFHEZHICENIE, BELIC, a~0.2—-0.1fm, La=2-3fm (Hb
L~20-30), 74— VHEHBCOWTErTEFLp FEFOEETRT my/m, > 05 (B
EDEE my/m, =018 THY, TNELIVENT = ZICHIET 5 ) DA, quenched QCD
WKEVELULIFARLNATWS, ZOREEZEBLLT, BF/NNTRXARIIOWVWTIE a~ 0.1 —-0.05fm
BUO La~3—4fm (HIB L>60), 74— V7EEICOWTIE m,/m, ~ 03— 0.4 ~NDFHIK
RETRAIRFEREZB U T ORENBEOINDZLEZEALND.

£ 111, BFEFAAZIIRTLZHLNFEENZNICONT, BEfTRDATWSE Y Ia
L=V ayDONSARERVEEHU DGR EBLIEDICHELIREZLEDNEINT A RfE:
~Y.

19.1.3 DEL S NHEENORE

BRIBEFONZOBEY Iab -V aYRBRIURBTEZLLZBBICOESD, TOHTHRY
EARWREL, ©r FETF, pHHET, BTPEBVW I 21— I 0O RBZNROVOEEAXRY MLD
SRRV ZOEREL QHBICEZBETENZORIETHS. ZOFHEIHBEL N DFERA
DEMNMSIROIRBBICHELZLDD—DTHY, ->T, ZTORFE, BFEFBENFEY Ia
L=y arvamile VERHTHS. AT, quenched QCD & full QCD TNZENICDWT,
BOEBRICOWTEBRINESREI LHER, (1) FHEEE, (2) ERLREE, (3) HHERRER
DEHD—HRREBEE, (4) BRERREDEZHDNBRBEEE, <DV TOEMEFEAMZ2xRT.

quenched QCD DFHEFH L, (1) BB U ICHT2EY TANOEICLDEADERK, (2)
BERSINERAMLET, D=0 2R ZLIC&D 72— VEHBEBOHE, (3) 74— 7 IEBEK
EHABADEENNO VEEREBOFE, (4) BLEOBYEL, 545, AT v T TOHER
MEABTEINITARIKROLEBYTHS.

1. EiAL[E sweep £

BE U OERICITEREEE/NNES LD U, ICERERNEREZMAS. & U, KRWTHA
BEBE/NUEEEBIT 5000 EETHS. 2TO U, DEEEITROI L% 1 sweep & &
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My /Mg 09 08 07 0.6 0.5 0.4 0.3 0.18

mg(MeV) 713 563 107 61 37 21 11 3.8

#e VR LUEE | 200 200 360 630 1060 1830 3470 10130

& 12: red/black B/NEREEOK VR ULHEEY (FEROWE 0.01 %) (mg/m, = 0.18 TE
BRAB IS IG ) .

2.

. RTINS LR BN %45 5 A I B TR sweep B Nyyeep &0 T TAIVDOEDFHMICE
WET BN, 2L d 3000 sweep A LEZEITTELENDS.

LA

WA EZE R ICHE T2 =D ICHERMIERENIL Noop s KDV TRABDICH SN T
W, BELTHRAD 244 — 324 B+ - BIALEN 200 DEFEFRRICENIE, "NFOYEED
HEIEERX 1 R ICBIADICHELREMBUL, 24* T T 10000 BELL L, 64* 1T
500 ELAEEEZIDNS.

7 — VIR O R EE

RAITFIENL R FER Dz = b OFRELFEEICIRARBONH 5. YKL —EHHE
YVOREAHERIBEICBAREZ L poDp THY, FEICEVZINETFTROIEBNERS.
I, BMUYBL-HEYEZYVOHBEELBRYELEBOBICEYVRES. ZZTEHETET
BHAICHEL HOWMFIGFEB ETOERBADPEG BB D L U T red/black R/NERZEEZHIC L
5. Z0O%BE, poDp X 2ELETH Y, BYEL 1 HDEYOBRE/NELHERET
BIRBE V=L, xLyxL,xL &LT, 1728V &2 5.

BIRTBUREE D BERE VB U Ny, &7 72— VEESRFNTARIKET 5. BE
EFTORRICEINIE, BYBEUBBIIWEN Y 2— VEEOFEBICHHAIL, BTV A X%
ONSRAXICEHEVRELRY., WEH 7 2 — V7HEERr HEF L p FRFOEEL
mg/m, CEBICERTS. R 12 CBNEEERZHWESS, ¢ OZTOERD 0.01
BIBETREDDICET S YBE L BERERMEERT.

. PU E##E & PU & MR

WS FH RIS T 2 EEEE, CPU OEM#EE L CPUMHAERDOBFEREICLYRES.
ZIZTWR, EHFEERINSAZL L, BEHREHIEERHED 20% LHETS.

EHBEE

FHEREAER, EAZEBUCHE 7 VIV XL EABERFEEB R O FESRIED=H D
Whwd T#i FEMAZLDOTRES. REFIWMFFHEEKD PUBK KT I A XD
RBEIKEFETL2EDZIZTREBEN LRI TS, quenched QCD DEALAEFKICHA T 5 FHAK

ZBRIT U, ORI (ERWE) X 72V, 707 SLERELRZBBRBIZOH 24 TH
5. Vx—V7RBEBOHBEIIEWTIE, ERZHII U LT De=b DR » (FHZER 12V
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w6) , BEMBIZBRECMEICLVSLERY, BNREEDOGE, BB U D 25T
H5.

—HRRAE

NROYVEHBERE Y +— VEBEBEHAEOETHEL NS EDHERBIIAE <Y
A, U — VBB LE 2y 2T I ERICHK G LESET 1 X 7 E-RRRICRE
LTBDERNHD. 74— VIoBBEBITERME T 288VIRTDKELFITH Y, KEALL
THER-BRETILEDDH SV 4 — VIaBEBOK N IWEOEFEI S 5-7 BEIC L
5. Z0E®, ~HEREAE, ~BEBANOEZZH -HAHAELUFHE, BHTERVER
K25, 74— 7 EBEBEHER, 20 -BEBANOEFEZRARI NME, FENFOVR
BEBEHEICHRLTORAELERD N, TH5. —HHREADI/OBMERET S I/0 R
W—7 v MZDOWTIE 300MByte/sec ZIRET 5.

7. AEEARE

BRIBTEONZHEORERRLRZDIEH U OB (F—YVEM) TH5. 0eE=0Zh
MEFREIANIE, ZOLET, RILICRUESHRRFHEERTROZLENTES. ZOBKT,
HEBEBICRETILENH DD, MAERICEVEDNE Ny B OB TN
ROV EBERZOMOBKRT— XA TH5. 7 r— 7 aBERIT—EMHEZYTHICZOR
EANBRICRD =D MBHRBEENOFTEFIIBHEN TR,

full QCD ICHAWTIX, B OEBIEDN, NATVYREYFHANVOEEIEEINDS. ZhiC
T IEERIUTOLEBYTHS.

1.

2.

Bt (7. A2 B

NATVYREY FTANVOETIE, BRU ICHEREGHE X 2EAL, FHER TV Vv
ETERTEHAFIEIVDOBRH U & ¢ 2H 2R r ETRERBI®ER, 2B UD
HERHZER - B 2172 5. Z0 D quenched QCD @ 1 sweep ICHHE U, #H 1 trajectory
LIRS . ZDHEIE, quenched QCD DHZEDEY TAHNOELERRY, 2TDO U, &
HRICEHFHTS. EFORESWHFHNZREREOAT YT HAX riCk Yk Y,
ZOEATYVTTY REHHEABARNIMNE LT De=Y 22 NBEICRS.

EHSNEEMORMAEE 80% BEUREICROEDICHE, BROICATYTF A XEér ~
0.02(8/L) BEICMBLENHS. #€-7T, trajectory K& =1, ULESH, 1 trajectory
DAERLICE, 50(L/8) BEDATVYINLETHS. D =Y DRIEBARANICY #— 71z
HBEABOHELHLTHY, ZhAN RE2REFANE] VY IaV -V arydEROHER
HEEITIREATHS. BRECFEOIRICHE B VR LUERKIE YV 2 — VEEICKEL,
RANFREEEHVEGRICRR 12IC5A505.

LMVA =P QN A

NAT VY REY FAHIVOEIC K DEAERICHAVWT, trajectory £ & 5 DICEN T 2n
BAAR/ROLNEZNICOWTIREBEIANZER N, BAEERO =S OFHEREAEKRTH
5NDT, TEO5RIVSBOBN LTYHEDHERZITR--TWHDORBRTHEN, 2k
&b 715 EE (BB, trajectory M 1 2B 5 trajectory) XEREZE NETHD
EEBEZLND.
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full QCD D ARHEFHE & L TiE, BIELIC, 16* —20* #F LT trajectory £ 1000-2000
MikbhTnwad. ZORREEICTNE, FRHBZEZ2EABRICHEMT 2 2D ICHE LR
trajectory %1%, 24* ¥+ T 10000 EELA L (HI'6, 5 trajectory [MRIC T, EAZE 2000
BE), 324 ¥+ T 3000 BEUEN—DDHEEZADBNS.

3. FREAE

EAZBI U HBREHE XETVY, @ERICEI De=Y% B EPDILDENEEH
5. 707 SH EAEREBRBIUDOSMHBEETHS.

BRIEFANEZONROVEEFEICAWT, 1 RMEZAHTZEZDICHEL INSFH/NK
HEEBRVERARER*R 131ICFeH5. HLU, NNOVRBEBGEIHS L, BE/NEUSHE
BRIHENRICGUEFHNAIREWZ L, RBRBERX 7 #— VRBBEBGHEOHICLELRBRIC
TRHSTHEZLMDBEBKLE.

UREDEZEZFIC, EREE 400 GFLOPS 2fE L E%E, NNOVHEEHBEICE T HE
BERVERBEDOIME, BODDOEF T AXIIH LT, & 14(a) ISR T, BIREMAFTHERE (b)
ICEEHTHD. £/, ENEEEZ2EB L LESAOFHEREICDWT O %X 42 (quenched
QCD) &H 43 (full QCD) K5 X %.

19.1.4 EERUNFEBEE

BFEFENZOY IaV -V aVIlEORWEBORHWERILEHOEATHS. R 151
#IBEE VW= quenched QCD TOEMAERKUONAT Y v REY FHIOEKICE S full QCD
TOEMAERICHAWTHELREBOBELFEE, SDICZOEMICHBL THEL 25 0%5BH
DODEEEZETTH L.

19.1.5 #i:&

19.1.18 TRFEFENZOHENBRVHEFEOBE] OR11ICBET 2L DI, BTV A
X 644, MVEAE 500 DFEIEE, BETEHREEMEY Ia V-V aVICRWTREEHLESHRE
BE2EDD—DDREREETHS.

quenched QCD ICAWTIE, miflizR 14 LU 42 IC X, EXEHEHEE 400 GFLOPS % #
BTENE, ZOFHEIT 60 CPUHEETEITIZZLANTMETH L. BIFHEBICODWTORE

HEATYT B A6 A2 5% 7 & — VBB
quenched QCD full QCD

HER 2 10*V Nypeep 1728V Nien7 /67 1728V Niter
F 144V 368V 144V
— B - - 288V N,
R 72V Neonf 72V Neonf -

#13: NFOVEEHECRT 2 ZH/NESEBEL L VRESRE (U—- NEAM)
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Execution time vs. sustained speed
quenched approximation

200
N\ T~ L80
—~ 150 AN T~
2 B
] =04
Z 100
2 i
— [ —
= — S—
0 L348
100 200 300 400 500 600

sustained speed (GFlops)

42: BTV A X L* @ quenched QCD NN O VEEFHEICHER CPU HE D ER#EEKRE
P, BTERSRMAIEER 14(b) ICH U,

Execution time vs. sustained speed

full QCD
2000 <
\\\
— 1500 |t
= LEde e ——
©
S 1000 |
Q N
g \\\ 1 Vs
— 500 L=3<2
L3424
0 ——— =
100 200 300 400 500 600

sustained speed (GFlops)

43: BFY AX [* @ full QCD NN O VEEFHEICAHER CPU HE O EMEEKREME. di
RRRMITE 14(b) ICHU.
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(a) N OYEBHEOHEREL LB RAR

quenched QCD full QCD
484 644 804 244 324 484
FHE R (H) 21.1 66.7 163 58.0 244 1854
F&#HE (GB) 5.7 18 44 0.91 2.88 14.6
—HEER (GB) 68.3 216 527 2.85 9.0 45.6
AEEEE (GB) 1420 4500 10990 89 281 1424

(b) BrR%M

2RICE T 5 &M quenched QCD ICBI ¥ % &Mt full QCD ICBIT 5 &M

{8 B S50 % B =400GFLOPS | m,/m, = 0.9,0.8,0.7,0.6,0.5,0.4" | m,/m, =0.7,0.6,0.5,0.4f

EERE/HERE=20% | BEAMLZHK 500 ELAZEL 500

—HREI/OANV—-T v | EALHE sweep B 3000 EALIERE © =5
=300MByte/sec 61 =0.02(8/L)

TDx = b, Y DFFEIRIAE D & Buh&R2E, DEREBIEER 128 FHU.

#14: BFEFEHNZICRTAINNO VEERHEOHERE LV AETBEAE

BEDOFMO AL, BFOWHNY A X Lo 2 —BICHE-T, ~WLUEVORTFHEB L % 371
BULZBAEHENBETHS. ZHhIZOVWTE, ARBETTAXE 644 ICHY, Kk Y/NSK
FHAXEAVWTEVREREFEBOHELZTRO>ZLICEY, 3 EEOKRFREBICHNLTH
31 180 CPU HEETEIFTTAHZLNTES. IBIT, HOMIC 64* K YKRELKFT A XHD
VIREALEK 500 & VEREIADELREGE, VA—VEESZEONTAZERELTEDHICERL
ERBEESRSZLICKY, BAOETHEBLEDLDNS. BREFHBARICOWTE, JO07 54
LA EEZR TH] O, ¥ELEEOWHIWICIYVRELRB T A XOFFHEDOHEYE, F2BRT
5L, 80 GByte A EMNMELEZEZ OIS, =, ~BREBRUIHEBICOVWTE, ZKICHE
LHERRERFETONEHEEEBR TS L, —HERE 1000 GByte YA L, S EELR 50 TByte
RENBBERELEEZZOND.

full QCD I D W T, red/black B/NEZEEIC L Y Dz = b &M BB Y, E3p#E 400 GFLOPS
DHEDHENFHER 32 BRFEEICHEZN, ZOHETH, BHED quenched QCD #1E %
BRI IFMRMHEEIND. £, A2 LU SMEGMERER Y, #YE U EE O KiEHE RN
R RE DR R i N BB TE N, 484 BT OHBELBHE®REF VS, #-T, #HE
FPUVIVZXLOBERBLMEFFHEBOESERHOEIN S HEFEIRET - THS. LELREE
CBILTIE, R4 BB DONS &L IS, quenched QCD FHEDEGEN 5 Fli L ZMENEH 1
NIRRT THS.

UExFELHT,
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EH fiE 2 IRk

BB [0,1] —RRELEL  (24Npit + 48)VT/sweep exp, \/> €os, sin, log
NAT YUy REE | EHRELE 56V /trajectory tan, , /, cos, sin
t Ny & SU(2) #3475 H7= VD v MEK.

F15: BEFENFEMEY a2V -V aVIlABELINIEBORE L EBLOER T 5 9%BK

ERHEEE 400 GFLOPS K E,
FFE 80 GByte KA L,
— 3L 8 1000 GByte AL,

H#hEL ™ 50 TByte BA E
BEBETLZMNTENE, quenched QCD DA TIEE <OREIC D W THEKRIFERICTK S D
RAAH Y, full QCD ICAWTH, FHIED quenched QCD SHHEUEDHEEDERN B TH S
LEABND.

19.2 SEYIEEH S OEKMEE

HEFHPHEZOBEE X, FHICBT 2 RIEREHRS, AAXHABRPE - RERDH
A, PHAREBEOREL W EHELRREEL, BEY IaV—-YaYIilkosTHITL, 20
AEWYHEBELHEHITZ2L 25 1CHE. ZOHWOEDICZAETHVWSOATEEFEIZ,
CUTEHREBNETHS., FEHRBIZL, RARBERBHERLRICBBLULTEEDN, &
HETOFER, BEMNIC1IRKIT, 2RAVERTH-=. ZhiX, HEBOBAVE YD -
EEHTHSE. LML, BEDA—N—aYFa—XORZBICEY, BENLR 3 REDEE LT
BROZEBLHBICRSTETWS, IBIICE, TS5V IVR—=VEYDHAEEH, SHEFHLZED
B ERETLEDIC, MEBNZLERG 2RI BEERRENZE2BENICHE KA RS
NERE ETHOTWS., LML, 2050 3RTFHER, ZEIMEOET, XEEERTS
REDTHY, 1HEIMELSBELZ LTS5 ZeAERINATVS.

—F, ZOXORHEBORBZILH>TH, WEEILRARWSBARH S, 20T, BHERE
HETHS. BHIFHICEENICEETLZIEDOTHY, HDOOIFHBRICHEBICERLTWY
5. ¥HZ2Y, REOBNEZ, 22 TCHEZ->TVWIYHBEORBRL UTEAINEBEH*R5 D
DTHY, ZOFEHREBLTZOYHEBHEEHAHEL T L., IRTOREKHRT, BHESLPE
SOMBEERAPEELRBRE*RELTWSEZ L EEEZVWRWDY, ZOMHEERA*RE2RETHED
ZLRINFTTCATRBLEINTEE, Z20E, ZORENER 3 Kw, BHE 3 R0 6 KRt
MEICRZMDTHE. LHL, BIiFIFEEEZAVWNE, ZOXHREE, LBEEEDOEMD
EoTC, 20D 6 KRB EMZ EAFERIC RS . (BARRTEMIIBICERS.) =2, Z0O/M
BITEHSG O 3R TICOVWTIHELICHFIAE 2472 DZ L AAETH Y, MIFHEICHD THE
LTwW5.

22T, FHBRMEAR, BRIRESNE, BHEEIZOBEHBMEFBEERICOWT, BHRT
TRbhTWEEEDSREEL, BIiFIFHEBICE > TEEL T 208, RUZOHAOLE
AERVAR, TARIVEBE, BRWR 1 DOHEETRODICKHELR CPURHE2E LY, HE
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PERE % 3T 3 5 .

19.2.1 FERMEIF

HBPL L bFHBBENZERIFERIRELIDITITC 229055, 0, #4575
VTH5. AA4F5—iE, ZHEIICEETVYREREYDHISBL, ZOF VYR TOHHEDE
fEEBNDT TV LIFET, B, BFELETFIEINE., 2L, STSY UK, Hib0E
FrRICYBEEORIERZAETHS. ZEH 3RADHBETINEEB T 5 H KIS, FhiT
EWNHE., ZD 2200H%E, EOXIRYHEBMEERTVWEEZVWNI I THEVWFITESNBEAN
=PDTH 5.

FHRBAZOREIL, 2056, BEENROBBAETHEZLTHS. £/=, LIFL
X = 8-l OEHRERTREVEAE 2RO ROHBEICREZLYH . FHREA%ET
WORIE, 2RTULEDOBEERF ODZLNEFLAETHSE. Z0HE, HOEHORT7 vV U
BREEIBRIDICESTHEIAMNIER>TRS. 2TCOEROENHEEN 2 EENICEH
BIZ200RBRUVBENEIVWDY, ZNIERZOBO2ROHEIA MMM VYIEEICEVWED, B
HWIEHHEREOERDOED DR L REEIHVSONS,

BFE BRFIETCHVWSWBENFHERO D, BPICXH LT FFT 2 W5 PM (Particle-
Mesh) YA, #HEEE O(Ng) THB. 22T, Ng F—BHEVOKRTEBE L L UT Ng = L°
THo. EEL, ZOGEOENHEEER, BRFEBOBMZICREZENMSNATVWS, 22T,
¥R % 117 % %IC P?M (Particle-Particle Particle-Mesh) &% W5 Z e W H 5. P3M #HiIX, &
HiEtd FRFT CHEL, EHBIESBETHETZ2HDT, #HE IR ME Nglog Ng ICHBITS.
WA OFERRIVNBEER DO RB I HFRRNTHS. 20 LEHEYHMTIE, HRENFHN S
BEMIZEDNZW., ZOXDORREPEMICH S HEL ULTRER, HREEE AR OIER
BREWDRM (TVD R FIENDS) £HET TVD BMAERTHS. TVDIEICITZE™ 2 K
¥ D Roe ¥ TVD-ES &, 3KMED PPMERENHSH. THNEXTOFHETIE, MBERS
fRE8 (= 1/L) T 001 BEOHAENBATH >N, ZOHMEE 1 HTLT2ZNEETHS.
ZoGH, BEARRAEXZLEICHE SBHDRM (CFL &H) 2HMER2T LTRSS RWVWED, B
BIEEE S MREBICHAL T 2RERH L. -, ZHPMHEE LW ETFEZLE, 1jobDR
FYTEN 10 B2 Y, CPU IR NIERFOEMS LY 1 HiAZL< 23, £ 16 IC PPM-TVD
HOBRE BEEE, REXTVRE, TARIVBE, B¥NR 1 DOHEERTRODICLER
CPU K[, ¥— ZEMERHETRT. ZORERTOMS DI, BEOZEHI MR E 1 #f LT
52113100 GBIAWARBREAETUNLETHS. £/, ZOHEEWVWLIDADNFA—KRILD
WTATZR D 2121, 500 GFLOPS A LD CPU HEEALETH 2.

DR ATV TARAIBRER CPU K[ T — RER AR

(1/L) (GB) (GB) (/job) (/job/(10MB/s))
R o0.01 0.08 0.4 6 hr/Gflops 3.7 min
HE  0.001 80 400 120 hr/500Gflops 12.4 hr

#16: FHBAE %Y IaVv—Yay (BFHE) oBRe HE
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Tk FE (SPH) WHBKFEIREBDSTSYIVHERTEEYD, BRFEOHBEDE DR
FFT 2 WA Z RN TER\W., 22T, RIEOENFHEICIE Tree E L IXH 5 B EFEEN
AWwHnhd., Tree ik, ZREZEDOBD—2ORFAEETSTYNY—ICHEL, H#EES
fREETCHEL, EJRESMETCHET S HET, -7/ X—XWHERTFOL DK TFRDH
DEAHBEICHELTVS. Tree AOEERIL, WHBKNTOHE Ng £ LT O(NslogNs) TH
5. DREERTFERLEBETS L, Ng = O(10)Ng?, 1/2 <y < 2/3 DEBRRHS. -7,
Ng =10°% (L = 100) D#EFIEE Ng =% 10* ORFENFIEE CEHSMEOHEL WO Z L
IChkd., 22T, RIRKFEDOD I L B (=1/Y/Ns ) TH5D. Tree-SPH LD ER
CHER*RI1TICEL DD, BENFEIEFERICHERZ L, AF), F4RIVEREHICATIZN
SV, foT, ZOHETHBEEDSREE 1 HALLT2ZENESTHS.

SEE ATV TARIBE CPU HfH T — RERA R

(GB)  (GB) (Jiob) (Jjob/(10MB/s))
R 0.05 0.004 0.2 2.6 hr/Gflops 25 sec
HE  0.005 4 200 110 hr/500Gflops 7 hr

£ 17 FHBRAEAZEY IaV—yay (KK OBRE HE

19.2.2 BRI F

BREBRAAZE, FERENZLEBGOFEREZFEELEZDDOTHS. BRRENETE, Z
NETHEFEICBELUTIIIE TVDEZAHWES D ( Lax-Wendolf MHD #) A2 <HWH AT
ZEMN, SRITTVDHER2MH 57~ Roe MHD AR DHENEENS., ZZTE, Lax-Wendolf
MHD #kZHWEEIKE, Roe MHD EEZHWEEHE 2R 18 IR Y. BRIRANZE T, BWS
OYHEER MO B 7=, HFEEE 1M ETFEO22T5L, 100GB 2822 AEUNKEICR >
TR3. ¥, DENICERODZ5HEZXITR S>EHICIE CPU #881E 500 GFLOPS KA E&riT
niFnsnwn,

53 R RE AEY FTARIVEE CPU K T — R EE LR
(1/L) (GB) (GB) (/job) (/job/(10MB/s))
R 125x1072  0.14 0.7 2 hr/Gflops 8.3min
HE 1.25x10° 136 683 250 hr/500Gflops 19 hr

# 18 BERAEIZY Iav—yYaryoHRke &

19.2.3 EESTRAR 1%

WA ZE, FHREDZCBENBEABEXEZEEGLELDOTHS. BHBELZE, =
3 kot (L), BHHM 2 K78 ( Ng x Ny ), BHTXNVF— (KEE) ZH 1Kz (N,) D 6
RAMETHS. ZOXDRERAHEDED, BEREHIZIHERE I VL ELRBEBEOHN
FTFHEICRS.
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g gk AR DRI, KB U T Long Characteristic ¥5 & Short Characteristic 743
5. BiEE, HBEHEBROEMDHICOHESZEWEREL Y, ZOXMR ETIRAEREYM® IHIET
H5. ZOHBHEE, BEOEETFET, ~RICHBROBLIMENERZED, A—FT 4V T HHE
Mk, MFMEAEELW. —7, Short Characteristic ¥k, BZEM A VY a THED Y%
EHZEIC&Y, WML EFBBICT 2 HETHS. LIV I200, REOHHE LEHO 6 R
TCOYHBEITANTEHEBD AT Y —ICEKRBE RV, 22T, ROEDRFEEEZEXS. Wi
BEFHERDIFEICHELRDIT, BRTOBHBEZOEDOTERL, ZThEHHEICDODWTHES
LEBHOZIRANXF LTSI ATHS. WL ERF BICTBNSOERKEN DN T
WL WD O(LEN)NyN,) D 5 RIBFTHEOL Z LIS D . ZORARAEOEHIRE & /B
RICBTE, ERRCIEHBREFNECHELEEARFETODHESORENDEL 25, Z
NiF, EESHEEE L=100I1C>E=Z5E 172 MB I 5. BHEF O FMICDOWTHIFHEZE
TRIEDIE, EPUKRKZAETOAE YN aidhiadiw, -, ZOHEETIE, HE
PU B T5 153 fRBE DEEL (NgNy) IS L V. 3 19 IC Short Characteristic ¥&IC & 2 S it 7
ZOHEFEEZ W OMDOMBEBICOVWTRT. 22T, AEVEIPULEEYDAEVERE, T4
AVFIATLEREDT A AVBETHS. [ =100 IBERTETIT RO TV 5225 fF 8
THY, PRV E[MMWICIIZOMEU LEERBL, ZhCEAFTEEMASZL 2 HIET.

EHoME WROWME  PUK AEY FTARY CPU F¢Hd T — AR B

(1/L) (1/N,) (= NeNy) (MB/PU)  (GB)  (/job/500Gflops) (/job/(10MB/s))
0.01 0.01 1000 176 250 75 hr 35 hr
0.01 0.01 2000 176 500 150 hr 69 hr
0.01 0.005 2000 176 1000 300 hr 139 hr

£ 19: BEHRBAZY IaV—varyOHE

19.2.4 fiim

WA EEEF TR, HEFEHYBICKBLTEADZ L, BONIREDHHE
X CPUMBI VI AR VARICEUKETZLWDHIZLTH S, FHRMENY, BRERME S
Tk, ZhETOLWEE 1 ETFEEDICIE, 2AFVELT 100 GBUENLETHS., £
7=, CPU ¥881Z 500 GFLOPS A EAREENE. ZHDHDE*EH TS EHICIE 2048 BLALED
PUDNMETH 5.

¥, BARBHIZETEIPUBKETTRLZ PUDAEVARENEELRERTH Y, BKOD
HLHEZRDEDICIE PUHEY 180 MBU LD AT UNALETHS. SHICZDFHETIT,
TAAZE PUMODOT— REERMA CPU REICIHEHT A2 REIICRS. 2FHBERERRO =
HICWE, T 4R 7-PUMET 10 MB/sec LA LD R ImELREEB T LLENDH S .

89



20 CP-PACS ZHEHAMRICE D (EHEYIEFCASEORER F 7 —
28 i

CP-PACS O#EHEMEX, BIEICE LD EFEHIEEN DS QBRI & BB TS - BIlHE
MAODEBFEHREEZHRLUTEDSNE. ZOHITIE, CP-PACS OREHERICE S X, HEY
HEOHANWED -2 THL, BRNTHHZORTFETFAHZOBHAHEIBNWT, YOBRE
DEMUERPER S NEDEHERD BT R, HBEAYFI—V T ORERERNS.

20.1 JAwY - bSARERE

MG EELEOBE VWENEREFREOB/ICIE, T— XEEDN PU HRICHH L THoE&EICIT
BRONDZLENDH S, —HOBRREICHMNIEERMIT, BEA-—N—ANv e, BEXE*RER
REETEHSERBLOMTEADNS. ZZTHEEA-N=AYREX Y MT—VRHTHF
D PU LDERHREHRTZIHICY ZRNEN—FRABERINIE[T, SEEEET-RTHH
sec TEEEMLETH S . 200 MByte/sec DEEHEE DG E, ZNITHE Byte 57 DErE B EICH
T5. NEOEHRETE, BEFBMOIFLAENERET - N—ANY RTRESINTUE DN, #EHE
FA—=N=AwRKEKRBICHKT 22 IHEMNICHETHS. #-T, BEEEERLTHHIIT,
AR ERDSE, 1EYEVOBERLZBEAIBILENRD S.

BYEMRmEEEIE, ATV LTHER, T -EHBETHAET— %%, HE PUDRAE
VICAE—=F2LVWI8DEN, BET— AN AE) LICEDEDICHHBLTWEINIMRZ S
ULTWABRIEDHEICKELTBY, ZLOBAEZONZ—-VICRETEES 2V, BET— XD
2TORHANZ—=VIETEZ e, BET7 O M- IVOREREBIC OBV YDZ > TA—=N—
ANYREREILTLEDN, W, QCD #HEZRJIUH L LTS DA WT LI LIFE
NBZBENRZ -V, ~EOEIOEKET - AN —~EOMBEBVWTHEB S ARNRE L WD, HA
Bt L TwWa.

% 2T, CP-PACS Tld, ZOEENZ -G UEREBRBEHABRL, 2hE «TJOovy -
ANSARERE LA LE. £, HUROBEMEDRIVEINEGER, Thx i UYL nAX
FILNTFA—TEHRETL2IAYVE - FoAVBRBIAREINATVS.

AT TIE, QCD OHAINREREICHEIT 22y MU -V HEBEFML, 7Oy Y - X N5 £ Nigk
DHREFAND . BMET - ABLBEEMPBERHOTEINIA—2% B: 1 @B DEEE, Nopein
 FAVEINDIEEMRFOMEBLB L, 1 BOBREICHIT S L2EERT By = BNoain C
EZoh, MERE T LEHERE R, ZhZh,

T =as+ ap + B/v + (Nepain — 1){ac + ap + B/v} + ay,

R = Btotal/T

tHbbaIhd., 22T, v: WRBEEHEE, a, : software overhead, a. : command chain
overhead, aj : hardware overhead, a; : traveling time T3 2. A F DAl TId, » = 200
MByte/sec, a, = 1.5usec; a. = 0.5usec, ap, = 0.5usec ZRWE L, a; FEFRIIBEFEHFETO
A2V RND—7 EOHBICKET SD a, = 0.5usec ERELIE.

19.1.1 KHEFH L =& DIC, BT+ QCD DEAZRKIIRF DB R/NRT LICEZESINE 3 x3#
RBITH U ROBBRFRICEZESINE 12 KRTEBXRI MV ¢ THS. #-7T, QCD #HHETH,
Bl44 ISR UL SIS, HRERBRAS oM (213 2f) EiLET— 2% -fel, 20
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stride

. .
8Bytex 18
B 44: QCD FHE DO MBI KA N X — >
200 nnon 100000, ‘
150 ]
Jo
>
2100 -
e D/D———D—D—D—DfD—D—D
m 4
50 —&—Ra ||
‘ ——Rb
—4&—Rc :
o L L L
1 100 1,000 10,000 1 10 100 1,000 10,000

L

(N o

B 45: QCD D HMAIH) R ERILIC B VT 5 Tk # E L gk B

H5—EDHEE (stride) THMELSBEMBMALE T - X E2EEXTE2ZLHAZV . (BIIOES 2T
RTBZZLICEY, EVWHEDEHENA -V EZORETICTZZENRHERS.) 22T, X444
DNE—=VD LHEGWET— 4%

(a) ZDEFE 1HDOTOYY - ANSFARBETES
(b) 8 Byte x 18 D&EfiT — Z Dk %, IvY KN+ Fx AT L[ FHEH

(c) 16 Byte D7 — ZW—EHME (K 44D stride + 8 Byte x 16) T L flHliAZT — X Dk
%, Av YR - Fz AT 9 HEHES

D 3ODHBHICONWT, BRERBEFMITS. (b) & () ETR Y - AN A NEBEENY K-
RENTVWRWEED, ZREN L ANSVELREVWHICEDIRAREEFET, (c) T,
16 Byte (4 ffHE) £ TOT— b MR TIHALZLDEZ 1 HITEHEET LHMEAFET S
ERELTVWS., BET - XDNFA—-REENEN,

(a) Nehgin =1» B = Biotq =8 X 18 X L
(b) Nehain =L, B =28 x 18
(¢) Nehain =9» B=8x2xL
L7%%. QCD O%A, MEOY A X&EELTY L RIEWEHEDOMEEEL, fIAE, KTV

A XM 64* T PU BEFLM 8 x 8 x 16 DHEICIE full QCD DHET L =4 512 TH 5.
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G DAEREB 45 1RT. L>10 T (b) &V (c) DABEHER, 7Oovy - AT AR
% (a) LHETZE L<512T5—80%&\W. L<10 Tk (c) &Y (b) DEVEFEDN, (a)
£YUH20—100% BW. HWEwe LT, QCDHAERCHRIVZ HHNLIBILSBEREED L 05
BICEBEHRBOETEBSH/IC, 70V Y - ANSANEEBENENTHLZ L IERINE.

20.2 REXUFY—2 QCD MULT OFHhER

QCD HEIC BV TREHERNS SHEBEANDBHHE, (1F5) x (X7 ML) 20 SH
BELTOS. B,

G(n:a)= ZZD (n» m:a, b)G(m : b) (3)

m=1b=1
THBH. ZZCL %2 i FADKRF Y AR LTV =L, -L, L, L 3B FREBTHY, a,b &
AS—LAE))VDOHHETHS. QCD DHE, T8I DWE , n=m BV n & m TR,
DZDDHEUNMAEEFRFERWBITIITHS . BxlX LOEE%® QCD MULT (721, HIC
MULT ) LU, ZhEFERYFT—2L LT /) —R7O0 5P Ry U~ 7 OB %
7% o7=. LAF, CP-PACS ® PUREISIE LT, 8§x16x16 2MEL, BT ¥ A XX, 64* 21K
B - T, ZORREHRET 5.

20.2.1 Z5A4RYI4 VR IERWHEED QCD MULT @/ —K 7Ot v &i- )RR
R

CP-PACS D) —R7O02YHOREBOVELDEIASAR IV RUBETHE. ZOHiEL
preload, poststore @B EMAGDOELZ L TAA ST OB YV THZICEMDDLT HEMN
IR NNTOR YT THEIIDEDICEHEZEEZZ L BEUXRZ MvT o vy#ae) HAE
Kb, ZOBBE 7VICERALT, BEO)-F7oey$ ETO QCD MULT 7> 7
S -a—-RFN%, HEBEEFROBHE/TERLE., J—RT70v v BEERH=YOEEENE
WK T ARRIUATOBYTHY, ASAR T AV RUBBEESIZLT 70 % A LOBEWES)
BEGREERTE7REYT S - a—-RKOERNTREL 2o .

(1) 8N
Nitop = 1344 - 1,11, Ly (4)

ML WHWRF L, L, L, L, DZEM=ZIRIt% CP-PACS &#K T % PU D =KuELs
FUDETS. 7’5[70) PUBE%E n;, T2, Li=n; - l; (i =x,y,2z) £V OBHMN
&é.

(2) HEICHERY Y VI A7 IVE
MCfiop = (900L; + 219) 1,1, 1, + 171,01, + 171, + 35 (5)

U, preload @B ERITLTHMBL AEY EOTF— AR ) —RT7 0y HIlE <X TICH
By VY A7 NVBE 14 AT THB LHEL =,

(3) EAhia )
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J—=R7o0evyHiF 1Yoy A7 )uHEY 2 HETNBRA—-N—AAS—RDT, E—
EHBERE L L = L = O EEESRIT

N
LR EEYE = lp 6
2. MCjiop (6)

TEHEABNS. B (1) BT (2) IC&niX, ERETFH A XDOEBEEEH L ZHEOHRIT
1344/(2 x 900) = 74.7%, X 64* B TFICHIL TR EHHE T DL 744 % (L; = 64,1, = 8
ly=4,1,=4D58), 43% (Li=641,=1,=1,=1D5HF) k5.

20.2.2 QCD MULT OMEINT 2 AT DNV o207 o~ OFEE

Efficiency of QCD MULT

L=64, 1,21, =,=1

80 —

75 -
B e S L
S
)

c 70 F _
Q
O
=
L
65 | -
— with bank-conflict effects |
———- without bank-conflict effects]
60 2 1 2 1 2 1 2 1 2 1 2 1 2
60 70 80 90 100 110 120 130

# of registers

X 46: QCD MULT DZIRICKHTBHEAEVDONY Z7aAY 7V 7 MNOBBL VY 2 XL OBk

D QCD MULT D%yl T id preload R EFITLTOMLTF— AN ) - R 7O v Hil)E
SDICKHERTY VYAV NVEE 4 AT ERELE. ZORGFIAETVDEFE TR VADNDD
preload TRAFHICIHEEZENS5 A, QCD MULT D & DICFHEEBE 7 K VAN DB D preload DHE,
NYZaAV7IV 7 OBEB (HUNYZIC77EALED>ETEE 2[HBIREL RBZ L) T,
BENHESNRWGERDB. N 7ar 707 NOBERR Y ANESREFTMT 2201,
HINBEFERD AT VDO EBROFELEKMTEZY IaV— X —-2RFERFEOT—-V A F—Y 3
Y ETEHML, QCD MULT OFRICHTEZNY 72TV MNOBEBEFMHELE., Y Ialb—
R—{ERREFICHELE AR VDEEL, SIBETHEATEITED AT ) DEEIETERZDT,
VIalV—A—-0DERI, NoZarv IV I MNOBEERFMTEIEVWVEVWORERLE LTERS.
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Bl 461, Li=64, l,=1,=1,=1DHHEDOY Ialb -y aVOfFEREZRT. £ 201, BfE
5. BBMEINY 7Y TV I NOBEBORVWVEEDHR 144 % BN, EREINY IO
VIV NDHBEERIANEGRTH S, BEIIAS ANV A Y RNICERATES VIR EHT
H5. VIRZEMNZTINE, LY EL”IC preload TELZDTNY 7327V 7 NOBERK
BTBHZEWARICRS. X 46 DFERIDS VI X ZEMN 110 L ETHAENY 72T 7 b
DHBICI2HRBETZ IZUTICHAOALZ EADbM o=,

VYR A 72 82 92 102 112 122 00

(%) 65.7 68.7 71.3 73.0 73.7 74.0 74.3

# 20: QCD MULT OMRICX T B AEVDONY 727V 7 NOBBL LY ZB L OBEG

20.2.3 QCD MULT OMEICNTT IBEDE

BB DORIZEMED ) - R 70 vy OMEBETH Y, WFIFHEBOMEE * M+ 2 2DICiE ) —
R7OevyHlEOT— ZBED =D DBERMEZBRTIMHENHS. QCD MULT OHEICT —
REEICHE R BEREZEHE LIS ERE24KTO QCD MULT OEATHERELIR % I L =.
FERIIUTOEYTHY, CP-PACS TOETFANZEY IaV—-VaryOEEAED—-DOTHS
644 FICX LT, QCD MULT 53 BT 60 % ICIEWHERBEZRABLZEAONS.

(1) BREICHERY Y VT A7 IVE
MCeomm = 2(192(Ls + 2) + AT)(Iyl, + Il + I.1y) (7)

ZZT, AT 3BRER2EHIZEDOA—-NNYRTHY, EEMICAT =1000 ¥ V¥
AINVERETS. £/, BEX - NI VOBEEDRI—T v ME 1 Byte/v ¥ VA7
VT 5,

(2) HRxERFR & BHE R D L
ZDHE MCeomm/MCiiop CHEAONSG . Ly =64, I, =81, =4, 1, = 4 DEEDEI,
30.0% TH 5.

(3) DR E
BRSO =20 EEREN R

o Ehsg Nflozv
KANRIERE = TSP oy (8)

TEALBNG. WAWAR [ DGAEDBEREE2ZRLUEYRER 21 ICHES. RIS, 644
BFICHNT DL, =64, [, =81, =4,1, =4 DHH, 2EHRT 574% TH 5. KTV
AZWNSWHE T EERHDOLERIRE KR YHREIDLRVET TS, #oTZDHAIC
B PU RSEFAETHZ LK VBERHEEETEZENENTHS.
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L, lo L I, SRR R
80  80/8  80/16  80/16 60.4 %
64  64/8  64/16  64/16 57.4 %
48 48/8  48/16  48/16 52.8 %
16 64/8  64/16  64/16 53.2 %
12 48/8  48/16  48/16 47.0 %
8 32/8  32/16  32/16 36.5 %

% 21: BEKHEE2EDHE QCD MULT OMEOE TV A XKHFE. LEo3NNo Vv EEHEA
IS, FEDIAEREBEY I2aV—YaVvictHWERFIAXOHERTH S,

20.3 BTFEFEN¥YIaL—Vv3avIlET SHEFEOTE
20.3.1 quenched QCD R OVEEHE

BRIBFENFZOYaIV—Varyid 1) F—VBRMOER, 2) 7 +— VEMEBOHE, 3)
NROVYEBOFED 3 ATVTNSRE. 74— VEMBBOIHEICIE red/black H/NEZE
HBEHWS. ZOHENL—-F > QCDMR &, HPHBERMELEL T5H T )V —F > MULT I
A, AEEOHEE - 57— F#EE - DISKI/O 228, &4 DETHER % 20.285 O FEAli#R & &
BECERAE L, #ALFRNIC QCDMR O2EFTRHEFMLE. ZOMDOIFTYTIIOVWTIE 3
2Ty 7 HEDFEREEDORERAME%ZHWT, quenched QCD IC &SN NDOVEEFHEICHER
2 ERHEOFMEIT R o=, BFHFAXT 644 Z2HEL, BAT VT THREREFNSRAEZD
fEIE 19180 TREFYHZIIRITIRFRETFENFE] TOMEEZHELE.

PEREEEAG DA E 1, AT DB Y.
PU #H: 8 x 16 x 16 = 2048 PU + 8 x 16 = 128 IOU
PU "8: 7097 150 MHz 2 @®BA—/N—2AA 55— + PVP-SW
X2y hD—27 %8B A)NV—T v b =150 MB/sec VAT ¥ =T micro sec
T AA7MEE: RAID-5 SCSI2 7O0v 7% AX =32KB
Jx—VHEE: 21 MeVEAED 6 & (my/m, =0.9,0.8,0.7,0.6,0.5,0.4)
B 64* T 3000 A A —7 48IC 500 ' — ¥ EfL
I X L, Red/Black N TR

# 22(a) IC QCDMR # VB L —EICE T 5 ETRHHE EZRT. R 22(b) IS, —EHMZHY 6 B
DY A—VEBICNTZ 74— 7 afkEBEZ QCDMR ICLK YRDZDICET 5 EITRHZRT.
#22(c) IS, MEHEEBHLEZONREZRT.

B4MEFICX T2V a IV -V ary OREIEREIL 58 CPUH THY, 2%k 3 DDORTE
IS LTHYETETNE, VU FAEBONRO VEEHEORHERMIE 174 CPUH T
H5.
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(a) #F QCDMR & Y& L — [ 0 547 1.

# flop/PU  EHEKME (sec) BEEFRMHE (sec) HEATEEM (sec)
MULT 11010048 0.0495 0.0 0.0495
QCDMR 3145728 0.0123 0.0133 0.0256
aF 14155776 0.0618 0.0133 0.0752
SATHEH EE 82.3 % 17.7 % 100 %

(b)quenched QCD —EALE 7= Y D 7 # — 7 oG BGT H Rr .

HH B1g DISK I/O #at
[ (hour) 0.882 0.190 0.373 1.445
H 61.0%  13.2% 25.8 % 100 %

(c) quenched QCD NN O Y EEFHLNEHH.
F-VEMAER - V7BEH HNFoUPEE &

i (days) 22.2 30.1 5.7 58.0

e 383 % 51.9 % 9.8 % 100 %

# 22: 64*%%F quenched QCD NN O VEEFEICET SR BRI L TAIR. (Rop="FE1/ N
HEH)
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20.3.2 full QCD NKR O VEESE

full QCD DY 2 IV —¥ 3» ¥, quenched QCD FHER 1) ' — VBN DAERL, 2) 7 +—/1ir
M OFHE, ) NROUVYHBEOHEDI ATV I MBS, full QCD DH&E, FHEOKE
S HF - VUBAMOAERICHERIEMEEY - AT 7 - 7 EBEBOHBEICEDINS.
WoT, TZTRHEMERKEICEENS 2 5D5 QCDMR DO ETRHOIAMGIC L YV, EAAE
BRI [ OD 3l % 47 72 o 7=

# 2310 322 x 64 BT RV 483 x 64 BT DHBEDHED QCDMR ## WE U —EH = Y DELT
B DWER &R 7.

#2410, F—VUBMNAERREE, RBH 7 +— VEEOZEICH LU TRT.

(a)323 x 64 BT

# flop/PU  HEKH (sec) BEEFFME (sec) HEATHEM (sec)
MULT 1376256 0.00619 0.0 0.00619
QCDMR 393216 0.00154 0.00333 0.00487
= 1769472 0.00773 0.00333 0.01106
EATHRFE L 69.9 % 30.1 % 100 %

(b)483 x 64 ¥+
# flop/PU  EHEKME (sec) BEEHFMH (sec) HEATHEM (sec)

MULT 4644864 0.02089 0.0 0.02089
QCDMR 1327104 0.00520 0.00750 0.01270
&3 5971968 0.02609 0.00750 0.03359
EAT R L 7.7 % 22.3 % 100 %

# 23: full QCD D%E D QCDMR ## ViR L —[HH 7= Y D E4THE R

P AX mx/mg
I, I, 07 06 05 0.4

64 48 210 367 618 1067
64 32 46 81 136 234

#24: fullQCD Y2 IV —Yay O F—URMAERKER (H). HU, ZEPICETHRETF
#tY, L,=L,=L, =L;23%. PFHNEAT YT ¥ A XLér = 0.02(8/L,) EHREL,
T=>548IC 500 ' — ¥ BfL 2ERT 256 DM,
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20.3.3 BFRERE QCD Oyva3IL—v3Yy

AIREE QCD Y aIVv—Yyayvid, ZEAEOKRFIAX L, A BELEHOETFY (X L,
FVBHBREVWVETTO full QCD HEELEL TS, f-T, HERHOELALE, NAT VY
REYYTFANOETOS — VRMEKICBT S MULT OEFICE50T, 22T, MULT
DLEFRHZFMT 2. PUBAIEHEAC<Z70v 7 150 MHz & L, BEA)LV—-F v h
150 MByte/sec, BfEA—N—~Av K 1000 ¥ ¥ Y%A 7V EMEL, PU KL 8 x 16 x 16 &
5.

IV AX% Ly xLyxL,xLy &L, & PUNDOKFIAX% [, x 1, x1, x Ly (I, = L, /8
ly=1L,/16, I, =L./16) £ ¥5&, 1H®D MULT PER L BRICERSNLGFHERTYTH
X, ZREN (5), (7) THEALBNDE. NATVYREYTANVOKTE, Btz 1 5FEHNY
BTy 767 EFEDZBISETIIHEDN 2 HEREI NS, 1 HOFETIEFHEIFEIHIND
MULT DE# Ny, 3% 12 EHEL, A7 v T@IE 67 =0.02 x (8§/L) EHEL .

£ r=2000EFYIab—YarvIs0lLEREHREZ LS. BAOERICE
RIND Disk [/O BEREEZEHI NI, ZhD, VED2DT— X EFHET D DICHEREEH
THd. EROY IaV—-varyTlR, BEFTAXIONVWT, HEEBDNTA—Z -2/ D
TREETCZOHAEZBRVETLENH .

AT AX mx/m,
Ly L, 0.7 0.5 0.3 0.18

16 64 81.0 238 781 2279
12 48 21.7 64.0 210 612
8 32 3.7 10.8 35.4 103

# 25: FRIEE QCD Y2 IV—Y3ay7T, 1=2,000 DFHEICETIFHEHY. Z=HMICES
M+ %EER, L,=L,=L,=L, 5 5.

20.4 KS fermion DFEDOFENMEEETMH
20.4.1 QCD MULT 0=

BT QCD OBMEY Ialb—Y a3y T, WADEZBZEL TE = Wilson fermion & FFIXNTWVWS
7 x— 7 DYEABEBLASNCE, KS fermion & HFIENZHDOED 7 +— 7 DERABEBLEDHLTW
5. 22T, FAWX KS fermion DHHD QCD MULT DR EEMRICERELEZ. 221, 20
FEREHBEICENTS.

(1) 2N R
Nyiop = 624,11, L; (9)

(2) HEICHERIT Y VY A7 IVE

MCfyiop = 384Lyl, 1,1, (10)
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L, Ip L, I SRR R
80  80/8  80/16  80/16 70.0%
64  64/8  64/16  64/16 67.0%
48 48/8  48/16  48/16 62.1%
16 64/8  64/16  64/16 58.9 %
12 48/8  48/16  48/16 50.6 %
8 32/8  32/16  32/16 36.9 %

# 26: KS fermion DA D QCD MULT D 2EHRDOHK T A XKEHE. EFEHSEINFDVE
BIHEIC, TEDREREBEY I2aV—YaVICHWARFH A XDHAEFITHS.

EEU, #HEOMNS ENVICHERESOTY VY A 7 NVEIERWE.
(3) #h=*
k@) 2) D HERHERBIX 81.25% THS.
(4) T AEBRICKERY Y VT A7V
MCoomm = 2(48(Ls +2) + AT) (Il + L1, + I.1,) (11)
22T, AT ZHiRD, BREOEHOEDODA—-NNYRTH 5.

(5) ED%)HE
Li=64, [,=8, I, =4, |, =4 D5H,

N Ng
LRDE = flop = 67.0 12
2(MCﬂop + Mcco,mm) % ( )

WAEWB R [; DBEDOR2EFRER 26 ICEHE TS L.

20.4.2 KS fermion MHED QCD v 2 2L —¥ 3 VEtEFFREHE

KS fermion ZFAVWEHED QCD YaIV—YaYHELHEREORMEEI LD S.
quenched QCD DB RIS, 7 #— V7 oBBEBEHEITIDICETIREE2 72— VHE (KF
BAL) OBBE UTR2TICRT. HLU, F—YERMEIBRICEREAR L L, € 0OR/ICHERRRR-IX
BERV., VA — VeBBEBETEICITERBMERIE (CG & B YEL —~EE/E YD MULT ¥
O LEEE) AW, BEF—NANYRIZ6T = 1000 MC 2ELE.

# 28 I full QCD DHEHICOWT, BMAERKICET S ERT. RAEEREINAT VY
REYFANODEDERETHAINAT VYR REBEEAW, FFHHZEATY T A XX, RERE
61 =0.01(m,/0.01) ZRET 5. 7 #— VFETHOFHREILRERIKRICE Y, WKROHODHE VR
U EBIEREBRAE 500(0.01/m,) ZHWE.
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BIFIAX mg
L L, 0.02 0.01 0.005 0.0025

64 64 1.8 3.5 7.0 14.1
48 48 0.6 1.2 2.4 4.8

# 27: KS fermion D%5E D quenched QCD NN O VEEFHENT 2 7 & — 7 BB EHERE
(CPUH). ZMWICESHN R F2ER, L,=L,=L, =L, £¥5. 77— IEMEI 500,
CG ¥ED IR E L FEBRAE 1000(0.01/my) & HRE.

BIFIAX mg

L; L, 0.02 0.01 0.005 0.0025
64 64 11 40 154 601
64 48 4.9 18 69 268
64 32 1.6 5.9 23 88
16 64 2.1 8.3 33 133
12 48 0.8 3.0 12.2 48.7
8 32 0.2 0.8 3.3 13

# 28: KS fermion NHHED full QCD BALAERICE T 2 3 HEH (CPUH) . ZRHMICEHH
#EFEEX, Ly=Ly=L, =L, £ 5. ROLEFINF O VEEHEICHEKEK TSV A X
THY, WAHER r =5, MK 500 2KE. FEFIEREBEEDZETH Y, 7= 2000 ICXT
HAMEfEE RS . AT VT Y A X 67 = 0.01(m,/0.01), CG EDLPREL I 500(0.01/m,) %
RET 5.

20.5 54

REDRBAR Y F3— VHERIE, PU B 2048 ICH LT, 19.1 EiCHAli L = LHEFHERB AN
FIEWREIND ZEERT. FIC, quenched QCD ICDWTIE, & VEHEKHEZE T 5 Wilson
fermion AICX UTH CPU i 180 HEEEZHWS Z LIC L Y, RFHRZBLHHABENS 25
TICHATZEDN, 64 BTFHBEICXH U THIBEBTH 5.

full QCD ICDWTId, KS fermion FHZAWTHEICE, PU BH 2048 BIC & Y, 64 HiE
DFHEN CPUKKM 1 AEBRETHRBLEZADND., —F, Wilson fermion fEH D& &1, 32¢
BFHREDOFENEIC CPU KM 1 »HEEEUL®2ET S, HL, Wilson fermion fEF Wiz
%t , 2 ZTOFMICHE L = red/black B/NRZEEDIRERIL 1/2 BEICED THORRICE
BERFSRVAREASADS. =, ILU KIC K DR0ABIZIRER % 1/4-1/5 ICEHRT 5553
RHBZehadhb Y, ZHhAEHRMCNAFTOF SLTENIFHEREO—EOEIRICHES .
PDEDERDEEICE Y, Wilson fermion fEfH & W= full QCD IS U THELT W BB A& T B
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DIREFHZZLISROEEREATH 5.
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21 CP-PACS FToOEEWIEFCHAT OS5 LORE & MHEEEHE

21.1 FENFUHEXICBIIE2RTFEFEF¥

CP-PACS THW2 S OFRNFYHEZRKT QCD 707 SLDOHERBIX, FE 7 HEKD» D ARK
fELE. RIS, 5K 8 42 4 AIC 1024 PU BBV BE 2 L =&ICIE, HEEOEF QCD 7
O SLDTINYY, BERNREER CERFESOFMRMERFME ZNICED I Fa -V IN
£HWICT b=, 707 530713 FE L UTFORTRANY I & YirahE=A, QCDMULT
ZRICEVWESHREETZHHICONWTIE, 7Y T STOT SLANERESNE. REDEBH
DFER, HEAWRKT QCD 707 SLIKOWTWE, F S EKETILENRO T OV S L.
BT 2N TEE,

F20IC, A0V MCKYBHINEERKTF QCD A7 0V SL0MBEELHS. U
T, AREITIE, BF QCD FEICKH TS CP-PACS EHOEARMRE, MBI NEZTOT SLED
WE, £V aTETREERNS.

21.1.1  ZERMEE

ZOETIE, ®F QCD HEDOEELRIFICE TS CP-PACS DEARERICOWT, HHE - &
&+ disk /0 DEMEH BRBNSD . FHICZebbRWEY, FORTRANY iICk3 707 53y
TTH5.

3 x 3HEEITHFE quenched QCD D7 — VB ARG E O HOE 7L, 3 x 3 HBITHIDOITFIH
W=UsU2 DFHETHE. V=7 70—V TDPYFICHKED, RE - MIEHE - load/store
DEZRODFTOBAEBENEI NS Y ALTEY, CP-PACS DREIN Y MVERICK > TEE
ICHEHETE5., AL, BfED CP-PACS ® FORTRAN YN A S &M o THEROD R WEEIN 7
MU I=REEKTEZEDICE, BYRNV—T 70-V2T%47-T, 02DV —THD
load/store ¥ % 20 HEELTICLTE KBERH L. ZZ T, 3 x3 HBITFDITFIHED 9
DDBERDFHER, 2 BR x4+ 1 BRICHFLE. load LEZBOBFHAEONY 72T
JNOBRIBRBICAN, UTFTOBDOX SRV —TH5E=HHALE :

complex*16 W(3,3,%),U1(3,3,%),02(3,3,%*)

do m=0,Nloop
W(l,1,m) = U1(1,1,m) * U2(1,1,m)
* + U1(1,2,m) * U2(2,1,m)
* + U1(1,3,m) * U2(3,1,m)
W(2,1,m) = U1(2,1,m) * U2(1,1,m)
+ U1(2,2,m) * U2(2,1,m)
+ U1(2,3,m) * U2(3,1,m)
enddo
do m=0,Nloop
W(1,2,m) = U1(1,1,m) * U2(1,2,m)
+ U1(1,2,m) * U2(2,2,m)
+ U1(1,3,m) * U2(3,2,m)
W(2,2,m) = U1(2,1,m) * U2(1,2,m)
+ U1(2,2,m) * U2(2,2,m)
+ U1(2,3,m) * U2(3,2,m)
enddo
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gauge staple (Fortran)
200 ‘

150 .

Speed (MFLOPS)

100 il

50 L L L
0 50 100 150
Lt

B 47: quenched QCD BEMZAERK T O Y S LICHIT 5 “staple” HHEEZ DMERE.

do m=0,Nloop

W(3,1,m) = U1(3,1,m) * U2(1,1,m)

* + U1(3,2,m) * U2(2,1,m)

* + U1(3,3,m) * U2(3,1,m)

W(3,2,m) = U1(3,1,m) * U2(1,2,m)

+ U1(3,2,m) * U2(2,2,m)

* + U1(3,3,m) * U2(3,2,m)
enddo

do m=0,Nloop

W(1,3,m) = U1(1,1,m) * U2(1,3,m)

* + U1(1,2,m) * U2(2,3,m)

* + U1(1,3,m) * U2(3,3,m)

W(2,3,m) = U1(2,1,m) * U2(1,3,m)

* + U1(2,2,m) * U2(2,3,m)

* + U1(2,3,m) * U2(3,3,m)
enddo

do m=0,Nloop

W(3,3,m) = U1(3,1,m) * U2(1,3,m)

* + U1(3,2,m) * U2(2,3,m)

* + U1(3,3,m) * U2(3,3,m)
enddo

(£707 LTI U1, ,m), U2(i,j,m) & CONIG(U(j,i,m) DETEHNDZLEHD.)

ZORATDFHEL W =W + U1xU2 ODEDFHBEEZMBEDOET, “staple” LIFIEN 5175 3
B DO U1xU2+U3 O EFHET S, B 4T ICET DT SLICET S staple st EHH D PU HEY
DR ERYT. HEIIERELT O FI A X L, T, X7 MVKIT even/odd algorithm % £ H L
TWaE®, 20¥53 1;,/2 TH5. L >64 CPUE—Z7HEBD 50% 28X, L, =160 T 173
MFLOPS/PU ##ZKL TW5.
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7y 5h P88 (MFLOPS/PU) a-—-FK BIETALX PUH
AE (83%) 191 | TEYT S
BfE (171%) - + 64% x 112 2048
24k 159 | FORTRAN
Y #— 7 solver AE (80%) 191 | 7EYTS
(red/black B/NEEW) | ERF  (20%) - + 48% x 64 1024
Wilson 7 # — 7 N 152 | FORTRAN
AE (84%) 99
BfE (16%) - | FORTRAN 483 x 64 512
24k 84
7 #— 7 solver FHE (90%) 139
(LB BRIER) BfF (10%) - | FORTRAN 323 x 128 256
staggered 7 & — 7 24k 125
i — U EAL A B AHE (95%) 126
(heat-bath %) BfE (5%) - | FORTRAN 643 x 112 2048
quenched QCD 2k 120
i — U WAL AHE (89%) 153
(over-relaxation %) BEE (11%) - FORTRAN 643 x 112 2048
quenched QCD 2 136
i — U T RLAE B AE (74%) 151 | TRV TS
(hybrid Monte Carlo ¥&) | #fE (26%) - + 163 x 32 256
full QCD LN 112 | FORTRAN

# 29: CP-PACS LBIFZ2FERKRFQCDRATOY SLDOHE. PUHEYOE— 7 HEIX
300 MFLOPS/PU T&% 5.

QCDMULT #¥ QCD #EICAWTIE, <D CPU KEA QCDMULT & HFidh 5 &HAK
W—TDOWEICEDPEINS. full QCD DV VA VEMOERS, 7 x— 7 &MEBROFHETE,
RBEME H R p=Dg 2R <BENDHD. D IV NVAVEML {U} OBBBTHY, IV 2—7
B q % 12V (VETFEB) BROFIRNT MV EREGE, 12V x 12VOBITII L HE2ENTES.
MR E KBERICK > TR LBEOITH DICR T MU g 2B T 2B Dg 2172 5NV—Fv
A, QCDMULT T& 5.

QCDMULT D EEHIL, HBEICHERREDH - MHE D - load/store DB (R DAy 4y)
DEINSYALTWSE? EWOR#MEF->TWE., ERFETOEEL, AEMICE, 3500
BRI MNVOMDEEL 347 3 FIDEHRITH % 3 FIOEBRN Y MVICERT HHE:

yr=z*+2'* za=ZUabyb (e =1,2,3) (13)

b
AHLTHY, BRIEFERICHLT, ZOROEENEOBDHREL RS, ZOEBICH LTI,
W=TEH aiCO2NWTDO7a -V YT L, FEEH y ILVYRRCELBDLETE L, RE -
B - load / store BT WIFN¥ 36 Y, BRSNSV AT SH. CP-PACSDT7 O v HIE 2
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210 | &) - 0 Moy

Assembler expected

s

measured |

\l
o
' I
|

Efficinecy (%)

Speed (MFlops)
o
o

70 ! Fortran |

50

0 50 100 150 0 50 100 150
L L,
B 48: QCDMULT ® (a) EX#EE & (b) ExpxhR. FHMIIARXSR.

t

MBRA—NAA ST, RELMBEL T 1 HAITEIFTENS. 1 @D T load/store &, 1 @A T
RAMBHEBTEHEETLILICEY, ZHOBFEACVI A MNTETTLZZLATRE RS,
QCDMULT % B ICEATT 28101, ZOMARI-REERTIZ2HERHS. (2B QCDMULT
K, ZROBFTONSYANBEVWEHAEN ~HEENTVS. TSRS QCDMULT OX)H
F, NSURDBEVWEBELEAEN-F U REBOHETHS.)

#F~2E, £9, FORTRAN T QCDMULT 22—7 4>V L, Fa—-V /7 &@HE. X (13) %
aT720—-VY7LELDR, HENEETLHELRD VIR EKELS L, BIEED FORTRAN
aAVNASTR, BER7 MVBRBEHWERRDOA S Ya—- )Y 727523 TERV. K
BOHELLT, ERONV-T% 2 DfiaGbE, T % 3 DD do-loop IKHFEILE. ZD%,
ZE U DR load EEREBD load/store WAEL, HBEETORE L RS . V—-THE DO
KT e,

o BLINY MVAL BB T, BN ELDEHE%Z — DD do-loop TR D.
e —DO® do-loop AT, RE - MEDNRBIRNINSGVATEHHKSTETS.
o R load/store ZBS1#ET S .

ELE. ZOHHDOBLICHTHEERYEL, REOQ-N&H/E. £, N rarvIV7y
Ne#TEED, TIWAYEBOES - 74— VEBDOES % — DD combuf HIKICH Y, K5
FICHES R I—-ZHEMALE (EREEFNCBELUTCOER) . Ny r7ary 7V 7 h&#75T
Kk, HEICHAN load/store PEWVWIL—T TRBHTEETHS. QCDMULT NHHE, BHHIC
a—5 4> ¥ LS4 30 MFLOPS/PU BEDHE LA TaN =N, ¥ I—ZROMAET T,
A EDHEI/SNIE.
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HERE T OER 88 shER
RE -MEODP7YNSVR 266 MFLOPS 88 %

Window 9% % 243 MFLOPS 81 %
address 1 H% 225 MFLOPS 75 %
memory access latency 193 MFLOPS 64 %

# 30: QCDMULT OHBETOER L ZDER 2 ZRICANESE DR L,

QCDMULT D % do-loop &#FDHE G HICEELEIN 7 ML 24720, BRYD 3 DDZEME
FHEICH LU TE, ZDOAD do-loop ICEBHHEYERLELE. K 48 (a) I OT FORTRAN
Ik % QCDMULT OESEER2RT. BHEIIRHARHOK T AX L, THY, X7 MR
even/odd algorithm AL TWa =8, ZDOF5 L;/2 THE. NI MVRAFT+HTRVWES,
94 MFLOPS/PU DEM#EEZH/=. ZhiX, B peak speed D 30 % HEDHETH 5.

FORTRAN CI—T A Y/ LEGEOHBIIMOBEHT Oy LOMBLEEHE LT, LT
BEWEODOTIE AW, CP-PACS DEEEIR 7 MUBREE ZIVICEDNLTWB LIXF ARV, I,
QCDMULT D% &, W—TH TR load/store 217D F, VAV NI EFUYB I RN SIHE
BEIARTVUVIRRETIFOIZLILE ST, BWHIREEHRIZZLMVTETHS. Hxld, H
SMBEEROBAE/TZORRTEY TS - REMERL, EYVaTTRIAEAVWE., T4V
Rod 12 9Y Y3 A 7)V4EIC, 10 VYRADOEHI N, R (13) OEEEF, HH520HLY
A BRI preload ENETF—REHAWT, 4 DDV AYRVICEENS>THESZ N, 5FHOY 4
Y R U THRD poststore SN 5. MEDHEEANFICTIEILLLT, —2DY AV RDUT
ETEIND 127V YT A7 INVICIE, REMBES S L load/store M FVEICHEDBNG. K 48
(a) K @T7EYT FICED QCDMULT OEX#EE ERT.

QCDMULT 2T, s DEZ2FOMRITRICNFT VAL TVWEDITTERVWDT, &7
VAT NVE SEOSFSTRRBCHETZLETEARW., V—T 2K TIE, MNERE > ®E >
load/store DIETH 5. RE - MBHED 7 VNSV ADAREBRICANESGE DB R REEEIL 266
MFLOPS/PU (%)% 88 %) T& Y, EWMEIX 193 MFLOPS/PU (31 64 %) TH 2. M#
ETFTOERICIE, Window VI YW X, address st EEDIEFE/NEEEE, EROAEV 7 /&
AVATFYY (N Z7AY TV MOHE, ARNTZIC2VY YT AV IVBBETHEIEEEZFL) N
H5. FX30I1C, MBETOZERL, TOEREZBRICANEZGEDOWERE - IR LDHE.

B 48 (a) WCMULEX DS, EFHHNBONRT MVEKEEIM R VNS L, BT MVICH
LTERWHENMESNS ., ZHTRER Y MUVILORETHS. IS, 7RV T STa—-T 4
YT UESS, ZOMAFFLY. QCDMULT @727 53— Rid, K (13) L HEOHE 12
e, ZROMEATRICEINSVALRWEHE 4 fHlE2—2DNLV—-TICELHTVWEDT, V—
TAREMNKE L, prologue/epilogue H AMHIFHIIC/NS WH, IRDILS ENYNBH TE <o
TW3.

QCDMULT &, #7F QCD #HEDHRELEARNRI—-F > THBDT, CP-PACS D FBRE
DOFBARY F -7 2f@YBELTEE (6 20 ESHR) . X 48 (b) IC5 20280 F#H L =K
RV FT—VORR (A) 2HEHEL, HETERICKLZEHME (@) 2T, 10% BEOEWN
DELNDD, ZNBIEBRNY Fv— VERER, 70 Y FRTAEYOMERICEONEEN
HolHE, EHEIX even/odd HEFEH L MULT ICH$T25HDTHLDICHL, RENY F
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300

200 & | o g0 | D *
AlQOW g 260 | i
(%2 () I |
2 170 | Assembler | S 240 | ]
L 150 | { € 220 | ]
2 130 | | T 200 | :
2 | W | 2 180 | .
D I | , ,
g 110 Fortran f gn 160 | :
N90 ¢ 1 © 140 | ]

70 | | & 120 |

50 100

0O 50 100 150 0O 50 100 150
L L

t t
49: QCDMR @ (a) HEEMEIE & (b) BREAL—T v N, BAIZALBE.

=23 ZhEAVWEWY full MULT KT 28D THEZLEI LS. 208, L, =64 DHBED
full MULT D E#fEiE 202 MFLOPS/PU (3% 67 % ) T» Y, even/odd MULT D EHFEIX
190 MFLOPS/PU (3% 63 %) T» 5.

QCDMR QCDMULT OEHTHENE, MEAERX p = Dg 2HR/NERERICE Y REICH
Bro, #E Dg S DES % QCDMR LS. QCDMR O#EEREIX, QCDMULT ® 15 % #
ETHs. REOH - MBEDOBITRICNSYALTWT, load/store BEYRHE - MIKE DL
K UBITNEW., HEIEMARDT, FORTRAN TV EZZZDHBEBLIENTETH SN,
FVIWHEERETZEDICIPRY, 7RI STOA-F AV I BBLETHS. X 49 (a)
IZ, QCDMR DHEBIHDOENHEEEZRT. N7 MVEF+FEVWES, Fortran Tk 40 % D,
TEYTSTIE 62 % DRIBRVB/LN=.

YT ZaA-RTWE, V4YRUGIUBZIERLL, IRXRTOIVYYH AV IUARE - IE
WA THHIRIEN TS, HRETOERERNE, AM7xv7 (A—-KFagl1vor¥ A
JIWVTELFSNEDICHLT, ARNTRAIDEFICREH 2V Y HAIVBETHEIL) K
UNYZ7aAY 7V R THB. XAEYRNV—T v b HERATHNIE 257 MFLOPS/PU » ifk
ENBHLZBH%E, EHEITK 190 MFLOPS/PU TH 5.

HEABEMBEE QCDMR Tk, 7 #— 7ZBOBE PU LOBERT - ZOBENLEL 5. 4
RIGDBEET— ZDH>BZEMAHE 3K PU T VAICHELTWEOT, HBRIIEHE 1 KT,
R 2 RTTH Y, & PUICRKEHAFHOITRTDOT— EAVEET 5. CHEE—E OB A |
DTF— 25N, 12 HOERBT — X (8x24 byte) 270 v/ KETS, 1HOTOYZAR
FSANBEEHWTEHEE PU ICERTIENTES. H 49 (b) I, QCDMR O 7 — XX R
W=7y N EREAHOKRFY A XOBBE LTRLUE.
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7 x— VEMBEBEEDOSS, BN E2ETHRED 20 % BEUTICTSHICE, xv b
7 — 7P “MByte/sec” fE & HHE B “MFLOPS/PU” fEE DA 1 AENABETH Y, ZDH
I, W HEBEOHEEBONS Y ZADELUELD—DODIBETHS. L, ~ 64 DHE, EihEEMRE
3% 200 MFLOPS/PU TH 2 DICX L, #ER )NV —T v M 200 MByte/sec TH Y, L, ~ 64
DEHE%E4T D quench HELFHEICH L TIE, HEMEBICKERG - EEEHBIAEHZINTVS.

AT 422 EAT/O MEE QCDMR THEINE Y #— 7 EMBBIE CP-PACS DA HF 4
AJIC—BEAN7INER, RKOATYTTNROVEBRBEEEHETIEDICHUGRARAE
5. JVFELBONN O VEEHBEOSGS, MEHAKRICHIKRS D, ETRHAD 15-20 % A disk
1/0 KB SINE. EFEHOEHOA, F4RY /O OBEILDOS DT REF ok, Hi
fFLICKRERGRDOBD =T RIUTOEYTH S,

o AIBBRIRY, 7 4 XAV \D sequentail access 21T D.

Y d— Y DEREBIHESNANRET A XA IARN7ENS. D20 IOU iU, y BN
FA—DOHEBPUNSDT—ENANT7INER, HIICE PU DD write @B EHITLE
56, IOU TR DY VBTV V7 SAXLTAEINEDT, A—7 7 AUAT 4R
7 EICARERHICEHES NG, KE, 77 A)VICEEZRBETOR, 2AIVJICEY
WHENENREREZDT, TAAIANDSYELTVEANELE. —BIC, TLARAIADSY
ELT7 VBRIV =TIV T7 VRRIHARBD TEW. TARAI 772 A2 E#EILTS
B, y BENE—D PUADOD wiite ®FEY U7 SAZXL, A7 7 AVAF LAY E
EHEMNICHEINSGRICUE. write @ BPDIEEFLRY, TAAZICE Y- Y v)VIC
TIRASND.

e CODI/O HBEBODFHA.
TA—hKS2D1/0 LHEIT C DENICHERTEVWDT, 74— bSO HFENMS C D fread,
fwrite %D I/0 BB EE&ETFOCH L THAL £.

e RERNY I 7HAXDFH.

COhDI/0BEEBEMAETEEE, setvbuf EAWTRERNY 7 7E2HWS & 1/0 AR
ZLBEBEIND. NYVTFILEB ARV IST AYT—Varve@ird:E=h, YvI77id
I —H — N combuf fHIKIC cacheable BHETHMALEEDEHWE.

ZOMMOWTRICE ST, 7TV FEBDON RO VEEHBEOY 3T TR, 74—V XTI D
sequentail write TH#J 5 MB/sec/IOU , NRK B Y ZXF Y7 D random read THJ 1.3 MB/sec/IOU
EWD, EFMEENEBINE., 2, FIEHFAEEVTHS.

21.1.2 [SHA7RTZ LA

CP-PACSIC BT AT QCD DA T AT SLIXEIC FORTRANI) TEMNTHBY, IRD 4
DEFMEBHENT WS,

1. = UBAAERK (“update”) : R FERICH S EDAHATHT — VS OEA {U} % Monte
Carlo i E &M > THEKL, 8T 1 A ZICEEZAT.
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2. F—=VHERE : PHEHNCICBITBHHT ) A XDEBOED, F—YUM 25— JEE
LTHET AAVICEZRAD.

3. Vx— %V solver: (F—VHEREINE) F—VBMNEHRHAAR, 71— 7 DEMEB %
HEL, BT A AZICEZRAD.

4. NROVYHBHE : 74— VGEBEBEDBT AZAIMDHAEL, ZADE2HA
GhbETNRNOYOYMWBHEEFERL, HHT5.

KVaJ T, LED 420 EEYNELUT, F—VBAMERITELRZLS, 262 HH
MOHTFEBVELUETTS.

r— VBN AR DEHEIE, quenched QCD & full QCD & TARELERS. £/, 74—
7 solver B DT AT SLhY, BWFEDI A—7L LT Wilson 7 #— 725D KS 7 #— 7
EROINTRELERS.

INLDT0T SLTE, 4 RFTOKZERT L, x Ly x L, x Ly D 3 RuEMED L, x L, x L,
%, CP-PACS®D 3 K7D PU #&F Ndimx x Ndimy x Ndimz B~y 7 UE. > T4
D PU LETCRIF—-VUBLIA—IHBIETENEN

complex*16 U(3,3,0:L;+1,0 :N,+1,0 :Ny+1,0 :N,+1,4) (14)
complex*16  G(3,4,0 :L;4+1,0 :N,+1,0 :Ny+1,0 :N,+1) (15)

THoHHEIND. ZZ2TH PU LOBH¥FIE N, x Ny x N, x L; (N, = L,/Ndimx etc.) T,
B5l u & gld, BifE PU LOMIETZ2HOEBEO I —-TH 5 (ix=0, N,+1, %) 2&ATW
5. ZO®MOEHE, FOLEIFEHRENSEICHEE PUICBRICE sTa—anidnidh
By,

BEONRY7 MEGHEBTIEVWERBEZ2E2EDICKRELRR Y MIVEIERSINTE Y, X7 b
NWERELTE2THEHDICVIEVITEEER 2 1 RaftLEAYT Y I A 2EAT S, CP-PACS
T, BIfITRAREE DI, PRV TSI nE=707 S L0374 QCDMULT TR Y ML
DU LW YDBDTENWDT, ¢t BEICEITBZN-TDHEERZ MU LE., ZHhICKY, T
OV SLMABODTHRARPTVWEDICRY, 7OV SLERBRETNYITDHBEHRLEN .

TEYTIHEINTWARWEHFICBITERYZ MUDONES EAYIiE QCDMULT & £ id 2w
N, VIRNTIZT7 NATSAZYTICKBRER YT MALICE T, BEDOAN Y MVEGHERE X
UNZRYVENED ERVEEBLTWS. BlffE T CP-PACS ETEI{fFoTEAE0iEE QCD
YIab—-varyTik, BEGTEOKFYAX L MERFEOY AX L,, L, L, FYELKRE
X, B o= L, THOMRDOEWARY NUVEAHETH 5 (Bifli, KU 21.1.38B8) .

SHRFELTVWSERIEE QCD OMZETIE, BEFHOKFH A X L, /NS K EEFHEHOD
Y AR Lyy Ly L, FREVWKFEY IaV—VaVTI2LENHE. L, F4DDEKR 12 BE
¥TC, ZOHMAEDEITZ2ZLIBREELWAZEDICEIEE LAV, 15, FOREDH
RCHRAET->TWVWS, 3IRLZEMEFOD 3Kt PUKFAOEMATYEY T, X7 MNUVE
NELRYBETLE S, LML CP-PACS Tk, HXBAXY MDD -V DOFXKEEFIHL T, B
DT0Y S5 CP-PACS DEABREBELIEETLHZLELUIL, ZORFELXEETLZLENT
£5. ¥ibb, HXB XY b U — 7Tk, WML 3RO PU KT EZWMBEIC 2 R TIC
MAELTY, BEEENEERTEBRING. 22T, 4 RTOBERTFOZERBEDID D>bD
2WTE 2T PUKRFICT YT LT, BYDZER 1 R+ M 1 RO DZE”EDICTDO W
TRZ MU, BEF->TWAY Ialb—yarv b ABEULEDOR 7 NVEERHBIRTE S,

A7OYVxY MI&Y, CP-PACS HICHHEENEKT QCD 707 SLBLUTOLBEYTHS.
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quenched QCD 4~ — VB4R T O 45 L quenched QCD IC BT 57 — VB AL heat-
bath & ICHE > TITVW, BRSNS — VBN DML %2 5 8 5 7= H I over-relaxation ¥ IC
LXHEAMEFHREMAEGDEE. even-odd 7V VXL K Y, BEXRZ MUtz V—-T KT
L;/2 TH 5. EBAERE, WIHIFHEBHEDO MARFEB ZHWE.

heat-bath ¥&, over-relaxationi&, W§ N BEFEDHLEZ L, BiEiCTHE@W L = 3 x 3ERITH
DT U1xU2 DFHETH 2. HOBELOHETYHELS LV —T 70— ) VT 217 o /R,
2B DOEHEE S T 160 MFLOPS/PU DAEDOHREEFEY a7 TERK L. heat-bath AT,
Z DMIC exp, logs sin, cos FDBIE N7 NV H TE N H Y, abs & sqrt LASMEZ
DEIE TN — T HEPEREND . ZOABEBEALZON - TiE, V- TRICHENTHAEEN D &2
< BURTRZENZFEHE S 2w,

full QCD 4 —VEMUAR T OS5 4 FAD full QCD D4 — VERARK T 0 Y 54T, Hybrid
Monte Carlo (HMC) #EZHMHALE. ZhiX, Wilson 7 #— 7 TI7V—N—8N 2 DGEICEKE
RDGEERALHETHS. RPLEVWEENSTE 7 2 — 7EMEBOFHET, UTICRNRS solver
EHUTHS. ZDf, quenched QCD 7' —VEIMAEKT OV SLLEHU X AT DFHENTDL
na.

HEDKT QCD OHFENS, BFEHE UTRDEER TEEEH] 2HVWLZ L ORAN
HOMIZR->TEE., ZOMEE, NEOHOBRFTY Iab—varyEI5E2FRY full QCD T
FUYRATH 5.

XoT, full QCD O REIT O Y =7 T, TE#EMEH ] OHBEET TR L, ZEEMICK YA
MotHEERAEZERYANE TRRSINEEH] OBRICOVWTHEHAETEZLZ 707 SL2HA
L., =Y OERICEL TiE, BED plaquette B L, RABOHEEHE TR YANE
plaquette + rectangularfEFID 2 DEZBINTEL L DI R->TWVWS. 7 x— 7ERAIKIZE, BED
Wilson 7 #— 71 &, Wilson 7 #— 27 &2®E L= Clover 7 A— 7D 2 D& EIREHLTH 5.

J-VEETAT T L T -VEELRY,  Re[TrU(n, p)] ERRICT 2 LIS, F-VHES -
VEMTOBMETHS. 22T n ik 4 RTWHERTFOBERE. p IRFEOFIAT, £VaTT
FICHWE Coulomb =Y Tk 1 25 3 (HEAFMDA), Landau 7 — Y Tl 4 £ T (HfH
FHEEw) OfME®|S. QCD ® SU(3) MOBEMITHICIIMI RVWDT, BRMEEHWS.
BADTOT LTI, 320D SUQ) MABIKHNTEF—VEE R VRT HELEEBREE (L
FRZT2E) IC& D over-relaxation i E A EDLEE.

Wilson 7 #— 7% solver 5AbNEV4—7 V=X BIKHLTIZ x— V7 DEHMEH G =
D YU)B &2#5ET%. 74— 27 L TIE Wilson 7 #— 7 &, Wilson 7 #— 7 Z&E U /= Clover
A=V OWHENSBIRTARBICLTCHS. Z2TTx— 7475 DU) &, BTO6h#EE vV =
LyxLyxL,xL &32¢, Wilson® 7 #— 7 DHE 12V x 12V OBITHIT, 7 — VBEALICHK
FLTWS. D(U)DHEEDD, even-odd ik (red-blackik) IC L VHEEEZHMO I LA TES.

RATFENL 1 RABR G =D Y(U)B &, BREDFEICKVEHET S, ZOMKICITREA
RYEDONHEN, BAERAIFH CHERLEZ QCDMULT C, 7Y 7 5 - a—-RNICK YFHIC
EITEINB.

#F 413 %9 Minimal Residual (MR) ¥ (Krylov Rjt=1 DHKBLEEIL) IC& D solver & BIF
L7z. MRED solver Tk, HEAN—TAD QCDMULT U DEBEICOWTHIFIETRICT &
VTS LTEY, ZORE, BifiTRULEL DICBDTEWIL—T DS ENY ZEBH L=,
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7=, D(U) DB/NEFEN & UY/NS W E TER & BiCGStab 5D solver DAL=, £
DHDIRICESWET DT SLLBERKE - TAMNHTHS.

KS 7 #—2% solver %+ QCD D 7 #— 7{EMHICIE, Wilson 5 WIEZDHFETH S C lover
PER LASMC, Kogut-Susskind (KS) 3 % W d staggered 7 #— V1R L P XN EELIHS. Z
OERZBAEETOL ZAEHBEICEHAWTWARWAS, FORTRAN 7 10747 5 40BN & 153k
OFERAOAEHEE2ZEL, SALNAEY AN LT +— 7V EBRERERDPEZTOT SL%H
HUE., PEARTARERMETH S.

KS 7 #— 71EH X Wilson fERICHANTHRELMEEEZ L TEY, FORTRAN Ic&L YR YD
HRESIEHTZEATES. HRENMER, BREAEOY A X L, = 256 DBET, HEMHE
139 MFLOPS/PU, #fE% &% T 125 MFLOPS/PU &> TW5.

NROUYIEEAIE ®F QCD TORDVEELRYHBINFOVOEETHY, ThiERDD
WKRNROYOEMEBZHETILERDHS. NROVOEMERE, 22 (AVY), 3
Wit 32 INVZY) D7 -V DEMBEBEHEHLELZLICE-THETES., HAE, N
ROy OREAHANDLRMBEBEZHE T2 M T 0 SLERRBLE.

ZOBEICEHEMICETAIN -T2 —BMICLTEORTY x— V7 EMBEBEHFAAL Z LIC
T5¢, VA—VRBBEBOREZI T 12x12xV, &5, 22TV, =L, x L, x L, 3EFOD
EEEBTHE. IRTCOV A= VOBENBEIZNV AV EHETRICE, Z07 2— 7 &HE
BE 3ARRBICAETY RICHEOLENH LN, B ¢t ZEELUTCEHET S K OIS LU THERICAHE
R A —VEMEBEBORESEZBROLEDOTENANTEBICR o=,

A D quenched QCD 7OV =7 hTiE, EWI/ x— 7 2f@ELBVWY x— 7 3EEOEE
SREO - V%, TNEFN2BEOARV—F— (V—R) THELTWBR, XAEVED
FIRICK Y, BREZERELTE 72— 7aMEK 10 ALTERKICATY RICELZLIEITER
W, 22T, BERZ3BVWI 43— Z7OMHAEOLBICHETANROVOHEEZHAL, EVWT x— 7
20, BNI A=V 1 DDFF 6 RE ATV RICHEDEIICLT, B AR I/0 2f7baVitHEE
fTokz. ENTOYINROYOFHETOT SLEIBKRERT/0 2HELLTEY, ZORHENZDOT
OV SLDMBE2RELLLGELTVWSED, 621 11EICRNEX SIS, ADITREZ{T R,

5, NKOUYHEBOBEELNSE, FPBEE VW o EBRMARHENEEN, BEXYZ MNUED
N7 MVEREERLERTOREDT, Y aTICBT 2 HEEMEEBIIN 100 MFLOPS/PU T
H o=,

21.1.3 XY 3 TFRITER

ZOEITIE, BIEiTHALET O SLEESTEITENE, BF QCD DEYITICENT,
ERRICHE SNEZEITHRBEICOVWTREANS, ENEZNDOT OV SLTREY aTEITRIC, £
subroutine M E1TEff % FORTRAN @ xclock BI# (HEE psec) # HWVWTHEEH L TWS. L
TICHTF2T -2, REEGTSNEY aTOEHYTHS.

IABOERYITICE>TRONEYHHBERICOVWTIE, 28 THENS.

quenched QCD ZH X TIATHON /= quenched QCD DY Ialb—Yay 2R 3UCRT. 74—

ZEBELLTE Wilson 7 A—Z72FHWE. BWNAROYDAXRY MNVEEICB T 2EBKRFT A4 X
MREMABEDICEMY X La ~ 3fm DREBRKEFEHE Y, my/m,~0.75 0.7, 0.6, 0.5,
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WFYAX  La(fm) a(fm) BEME N, PUE  EALE Y OFHREERR (FRH)

323 x 56 3.2 0.100 800 200 256 3.0
403 x 70 3.0 0.076 600 400 512 4.8
483% x 84 3.0 0.063 420 1000 1024 6.8
643 x 112 3.0 0.047 91 2000 2048 15.6

# 31: CP-PACS IC8B1F 5 quenched QCD ¥ Ial—Y 3y, 643 x 112 FDY Ialb—V 3
VAT

®F 323 x 56 40% x 70 483 x 84 64 x 112
U A7 A2 B 0.28 (10%) 0.65 (14%) 1.64 (24%) 4.5 (29%)
heat-bath [1.5 (10%)]
over-relaxation [2.8 (18%)]
= U 0.13 (5%) 0.22 (5%) 0.33 (5%) 1.8 (12%)
7 & — 7 solver 1.57 (52%) 2.72 (57%) 3.13 (46%) 6.6 (42%)
NROrHBEENE  1.01 (33%) 1.18 (24%) 1.67 (24%) 2.6 (17%)
total 2.99 4.76 6.78 15.6
disk I/O (17%) (16%) (19%) (9%)

#: 32: quenched QCD ¥V a7IiC BT 5 & E7 D 1 LD = Y DEATHE (Fefd) &, RETEHE
KT 2EE (%).

04 ICXHBET BV +—V7EBETHBELE. my/m,~ 04 EVWIBWT x— 7 & Vg O
BEIHANICEHBOTTH 5.

AL DM EEEHBZEHIC, ZHhBHDY I a2l —Y aY T heat-bath ¥EIC & % BiAL FE#H
1 sweep BIC 4 sweep D over-relaxation {&IC X D EMEH 247 -o7=. ZTDE Y M % 1 iteration
Y, Niepr iteration MfECEAMEAERKLE. BEMEIC, FE s BEO 7V -V 23HEL,
ZnEMHAEOLETRLABRNNOYOEECHEGRBREZHELE. JOFDVEHE, 1B
BYDRFEBEERILICRT. £, £321IC707 SLZROETREL, £OR2ETHEME
T 2EEERT.

quenched QCD I 517 5 B AT EEIZERE VY VBB Un,p) VD EEHTHDICHE
72 B¢ “link-update time” TREENS. AT T, 2048 PU EHWVWE 643 x 112 B FICHBITHE
VadTHEESNE=MEBEE LD S. CP-PACS ICHT % heat-bath D EHMEIL 0.0232usec T
3 % . heat-bath BT I3 HEREAELEARBRIFOH L 20 DT, Z OEAEZBHIC GFLOPS
KHERT s ZiETERVWY, &F QCD HIZEH DM TIE 5700 FLOP /link-update &\ DR
R BAEAR IR (DL TWD [17]. ThEHWD L, CP-PACS ICH1) 5 heat-bath #0213
246 GFLOPS T3 % . I# & LT, heat-bath BLEH TI NI TICHE SN TW S REMERIE,
BB T 22 5 5 BT ZE AT O BAEE A (Numerical Wind Tunnel) @ 128 J — K &£ o> THl
EENT=, 0.0317usec, 180 GFLOPS T3 3 [17]. HRIZ SN TWZRWA, #f 2 F 8 BT FE T
DR—LN—=UICIiE 160 J — K &8 5% 0.0264usec, 216 GFLOPS & W OFRBELEZ T W
% [18].
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®T 32% x 56 40% x 70 48°% x 84 64% x 112

% (MFLOPS,%) 191 (79%) 191 (81%) 191 (80%) 192 (82%)
BEBZ PU W81 (MB/s,%) 205 (18%) 214 (16%) 221 (17%) 227 (15%)
global sum (%) (3%) (3%) (3%) (3%)
total (MFLOPS) 152 154 152 157

% 33: Wilson 7 #— 7 solver 7 07 SLEZED PUDHEYDHERE, EITHEMICEDHIEES.

Mx/m, 0.84 0.69 0.62 0.54 0.41
Bz 42 BR 34 (84%) 70 (89%) 165 (95%) 413 (98%) 1110 (99%)
i — U RE 1.8 (4%) 23 (3%) 1.7(1%) 15(4%) 1.9 (.2%)
7 & — 7 solver 3.0 (7%) 4.5(6%) 5.0(3%) 3.5(.8%) 6.2 (.6%)
NRDVYHENE 1.8 (4%) 1.7 (2%) 1.8 (1%) 1.6 (4%) 1.7 (.2%)
total 39 79 174 420 1120

# 34: WA full QCD YV a7 ICB T 5K D 1 WALH = Y DELFEE (57) &, LEFRHIC
T LEE (%). ZOVITTE, F—IBRL I/ +—I/BHLRBINEEAEAY, BTV
A X 16% x 32 % 256PU &fioT¥ Ialb—yary i, BMERISDZ x— 784755 E 1T
BiCGStab#&IC & Y, 74— 7 solver B3 Tk my/m, > 0.6 T& MR¥T, m,/m, < 0.6 TI&
BiCGStab 5 CFHHE L =.

CP-PACS IC 817 % over-relaxation &IC & S EALEH D link-update time I& 0.0109pusec T3
5. over-relaxation {KITHERBEEEEE VWO T, HEBEZERICHADLZZLMNTE, LD
AULEZNVIYXLTIE 3050 FLOP/link T3 % . it 5T CP-PACS IC&1T % over-relaxation
B8 D # BT 280 GFLOPS T 5.

F33ICRT LIS, 7 #—7 solver DEEH T OHBEIEF I AXICIFEAEED 2V, Z
N, sEITERLEL DI, Wilson 7 A—7DHBED MRIEIC KD 7 #— 7 solver TIE,
BORLALEEDD N —THRRERLRICTREY TSI, V=T DILHE LA YRHED TH Y
ABTH5. 2048 PU ZKICH T 5 solver DEREIX, 325 GFLOPS TH 5.

full QCD full QCD FHAETHMHZEL LT, 4R THREINEMEH] OREBEHELZIT-T
Wb, 7x2—27LUTIE Wilson BOHDET2HFXRE. ZOMZEETIE, 83 x16 & 123 x 32 #
T2 64PU (4x4x4)N—FT42aYT, £/216°x32#T% 256 PU (4 x8x8)/N—F (¥ =
YTy Ialv—Yvavlik.

VadDORITEHIT - IEERBR I A — VEEREDNS A—-ZDfEL, BFDY A XIC
RELEETS. HBPRHLE LT, X341, HAfTONE 163 x 32K FDODY IaV—YaYy
KB 2 1 EMESEYOETHEMELZ LSS, ZORICASNS & DI, full QCD #5E TIIE
PRI RO RERFEREEEDTWS.

full QCD T, quenched QCD & WA FDH A XAMN/NE b 5 /[ oV, RICSHEODH
B TIE, quenched QCD DHBELHEKT MR YNSBREBFETEFENDSDT, X7 MU
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W—=TERDRYNE KRB, ZOED, 7Y TSI TWARWEZORENR T MV v—F
DAL EAYNEICRS. EEROKFTIE, BEELEED )V — T HEIX 80-110 MFLOPS/PU
THolz. £/ 1HOD PU HBRETESNS T —XEL/NSRY, BEMERY 123 x 32 &+
T 150-160 MB/sec BETH ok, KYREREFTTEINTWSAKEZ full QCD #ET
¥, &Y quenched QCD ICEWHEBNHELND LHIFHINS.

21.1.4 ¥

BF QCD 707 SLHEFEZEL THE, CP-PACS DEBRMERBOIFMIIRDO L DICE L
Hh5.

HEMERICOWVWTIE, 21.1.180K 48 (b) IRLEXDIC, BF QCD 707 5L 0D HLES
3 THB QCDMULT T7t> 75707 SLICkY, 64 % OHEREFEHITZLENTEE.
RETBBICBITBHBRYF—V7OTFHREREE T THS LIEWA, ZHE PVP-SW HRAMN
RISC 70 vV DEBAEBIEHT ETHROPTENTHEIL2EHETILDTHS. £, &
W®D FORTRAN 707 SLTH, IET30%, 20707 5L T 40 % D 50 % DEH
EEZBRLTWS., Z0h¥ PVP-SW AROEHHEDOEIEEERX 2 LHKIC, INASOEHNE
ERLTWS.

RIS T, HENRO—~BORILEEHRT S LT, BELELONLZDIUATOETHS. (i)
store %V 7 DHE. BIE VYR ED 5 EFTEAND poststore ICEIHIC 2 vV A 7 )VH-T
Wa. BHPEEND. (i) N 7arT7 V7 MOME. 16 N2 VREROERLRICE VAR R
MIBMNREINTVWLEDD, ZOMEICEY 10 % BEOHELILELEL2GEAZW. TO7
FSLDTRTCHIETHICEBANS S, (iii) VIRE - TALAYRIUDH AKX, BIEDH A X 32 U
VR AIE QCD L& BNBZNA—YDFHEICKH L TEPRAS W, ZDEDICIN—T53E NG
BeRY, ZRICHETEZ V1R Y - 2 49 FOEEP load/store DRV EZIHEREE TIT 5
BRICAR->TWS. (iv) multiply-add @ &£ KO8, BEEBPRGEDEEEALEIV—T DR
X7 Mvfbosgft 2y, avNASORRBR L. £72, AYFTYIR - RXRTNVEAVWSHE
NDXIHDT=HIT, cache prefetch W-HEKDIRIL. FFICHABEBBELRTIE, abs & sqrt PASME
BB =R NVIICEOH 385 OB TRER 7 NVEDBICV— T HERERE DD, Z
NHORESINEZNV—T T, V-TRICHERTHEHEENDLZWEEANE L, W—T DB EN
UAEL 25, HEDEFEOFBICLSXMIGICITRBAND Y, ABIANESHLEDNS.

BEEBICELTE, VATYYRUTRANV-T v hed, £707 LBV TRIFREEE
EHLTWS., ¥k, VE-FDMADTOVY - AMTARBER, BF QCD 707 LI
BWTHBHPTEHEENDERNTH Y, ZOHBIWMEIREZLDTHoE. ZHICEY, mHITR
ENEEDIC, BT QCD OMETIE, 2ADHEREICE T 5 BERHEOE G ZHKT 20 B
T, 205810 % BEOBWEICHEIZAZZLATEE.

LAL, RETREEPYURANLEEIN S EBBONE-E. () 7AY Y - ANSARERICS
WT, ARSARK - F=ZDT VAV + B LA 1020 N A MEATF, A NS ARNEN 65532 N
ARMNATICHBEZINTWEAN, QCD DEICH NS K YZ DB RFNE—VICERISHIGT S
DI, Db 2HiBERERZRBEITHTLOZLNLEENS. (i) 7OV Y - AR5
AREZVAY I ETZTOVY - ANSARNE, KUYBHERNEZ-ADOMENTED LDk
TRMBETHS.

BRI, T A A 7LD 1/0 HRBIX, QCD DMETIRLHL LTPPRELTWS. 21.1.1
HiTHERUEL DS, 77ANVET ARV LTHEICHEMCERICKESTSZ L, C D I/0 B
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DOEERS%E, AR7O7 IV EOTRICEK VBRFHEBELZERLTVWLIH00D, 25 HEEME
D 10—20 %% I/O ICELTWBDNERTH Y, IOU RUOSEHT 4 X 7 DHEEE OHZENLH
BEeEbLNS.

21.2 FEYIEEC BT SRR

AETIRADIC, FHEHYHEICBWT CP-PACS 2FHTAIEH T SLOHTHEKE B E)
DONERBEBICHENT S, ZOFEREIT, CP-PACSICELKBEIT 2L DOICHENHFZICE
RLEDLDTHB. Z20He, RBDT OV SLOERFELSOHEEZETLHS.

21.2.1 EEAS

SFEYIEICHFS CP-PACS OICH | ZRTTEESTAEEE FIH OSSR CP-PACS @
FELRFEHE, ERXR2 PUEIKRTHS. ZOREETSICENELFEHYHZOEELRMED—
DI, ZREMAOEFNEENEND 5. FAZIE, EHBEXICEET IMEICEAR ERKR > THE
HYEICH TS CP-PACS Db 2H#EDH L S BATWS.

RS IT— M, FRETEEE LN D 6 IRuhEMH 221 (3 RoTELAZZE M x 3 RuEBBEZEM) B
AHS—BBTRBEI N, WBHFHRETREBED 6 WT2ERMANOHIRFEX ERHE#HREHREX)IC
YR, BHEBMENERORBHARICEET HEFEIZRKICHES DN, MEERE ICER
LTREZLDGE, ROBFTRAHESERNEMIZLAERL RS,

n-VI(z,n,v) = —x(z,n,v) I+ n(ze,n,v). (16)

22T, I(en, v) FEFRE, o ZMEXRY NV (3KT), n ZEHOKRRSHERTHAN
7 NV (2R70), v IZEEE OREBE (1K), x(en, v) FEMEFZE Y OBRIERE, n(zmn,
v) ZBAEEL Y OMREE, THE. IHICBEHBICSV TR x & p 2BEABERE HRL,
ENHERDDIZE (—MIC xy & R TIKKET D) FEFH@E L ZHOMEE LT UBEL T
ZA25. (BeAEDHE, & n BRDIEHERIK (16) 2T T 2R D FHBEICHTHE
WICALRWHERTHZ ) ¥B, ZRTBEFMEMEOBEHREICSVW IR R2EER, BX
BNz x & gl LT (16) A LT, BAME (2) ICBITSEHH (n) LRI (v) ISH IS
TOWMHFBE [ 2RDDZZ L ERD.

SN ARROERNME WHB%HERX (16) IKBWT y & ¢ MEHMTH2HE, FW (n)
EIREB (v) PERZBHBE TALIEVICHNLIL 20T, ZHhDRIMFNHETZZ LN
HRD, — K%M (z) KELTE, BHOGET 3 FTHRME LENICKELTWEDT, 4Tk
RAOADFTHICEHD > CHEZEDRITNE RS2V, EROHEICH = > THEHBEFERD
CHDEORKEEEE X DD, CP-PACS IKBWTHRDBEWREEZRTILEND 5.
BARICEDSWTESRuERBEF @A S ERX (16) 2 SEARRFIRIEL, Short Characteristics
HWEREINDFHETHS. CP-PACS 2F|AT2581CH, ZOHEEAWS. ZZ2TEDEX
ik, SROEDIC 2R FHNOBF@MEDGEEZMICL THIEL TE < (K 5088]). EZEREOD
SRAEMANDBHImREEHETZIHEICE, ZZTOBAXAHE2 3RTICIEELELDEHAWS.
X (16) EMVWTHR AICBITEHME n, BRI v OWMHRE I, 2RDPZLEZHICE, EROK
OWBILEEME I, £, MALOKBTBys nar xor Mo EHISTWBLENRD L., Z
DB x4 na FBRATHEN, H O BBTLOETIARVWDT Ip, xor 1o ARATH 5.
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Y2

lo = Flg+ (1-r) Ic

ocC

BC

Y1 5

50: Short Characteristics ¥4

% Z T Short Characteristics =TI, H O TOZNDLDEETHEOKRFE B, C TOEMSH
FICKYRDD., €20 0TH O TD Iy, yor no PRDBANIE, #53 OA LTHEHER
(16) BT T2 ZLIC& Y, K A CORMAIRE I, ¥ME5N5.

ZDEIC, HBEETORHEHBEERDZEDICIZFDOEL VE LRAUOIBHBENEICHI -
TWAMENDHS. 206, ZEOKFREOHEERFICITERLRITFNIT RS2V, K50 OB
T, ZFTASEEANEWDEFCHE2EDINENH S .

BATEXAER D CP-PACS (Ci# LAMADEK : NWF EOBRE S# A€ VANSIGHE
BTH5 CP-PACS TERMICAKEREHEOMEEES > 7256, 20O —ANVAEVDK
Z2OHHIEH -T, WAZER (2) Z/MUKICTELTH PUICEHIYH TS ONMEFEDOEZDD
BERARDEEL D, ZDX S5RnEHEDH &£ T Short Characteristics 15 % I W CIgST L 5 12
REMBGE, —~EOHMEREBUCK U TIE, KO EMEFEOFHBEERICKT 5H80%084 2
FAREDEMDN PURMOHEERFICH LU THEDNEZ LICAS.

X511, 2 REZEMOBEDEMAE L% PUOHBEERFOM R RT. ZORAOHEICIE, %
3 PUO THHEL, KIC PUL & PU2 CTHEL, mRIC PUS THEITSIZILWHIIEF CiHE &
5, EATYITORTIE PUMBEMIbA, PURERED LM PU S FRMA PU ICHE
RENDE. £ PUNTE, ERUBFEIDS THRABFEICAD > TEHELED S.

4 4

(a) (b) (©)

B 51: ZHE2E & PU DFEMEF @ (a),(b),(c) PIHICFHEZEDS. ZOF X TREMITENIERE
ICAE .

EZBNZDEETE, MFHLDOFHRNFEFEICE . (K 510D (a),(c) DBFETIE 1 DD PU L
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MINWTED T, (b) DBETE 22 LAV TWARW) 22 CHiFIERH LS5 EHIC, HE
WEAFEANFEERHBICH LU THNETHEZ e 2FHTE. BERICIE, RO DICEXS.
FF, FEICHTHIMUEMEEFETEEZEAS. ZZTOBRMEHETE, fHn LEHHR v
BEALL TR D, EnD0AMEEFRDIBE 51T, "ELAHEICHN > TERTZ2H5HM
BEHICL o=, LML, "ERAEICER T Z2HMIEZOFMET Tldew. »H B2 FHEICHED
DH MR FEIIZBEETS. 22T, ZOXO2RALFEICHEAD D FHOEFICET 55
BFEE, S PUNTEICZTHETSZLICTS. FHICELTRIMETHEH2D, £ PUT
ETHHANERSTWTHIWZ L RFIHLCHiIFIER*mMESBZ2DTHS. EEL, D&
DOHFMICOVWTIE PU BMOHBEIEFRHAIFONATWS., ZOrEDEMEHRRAE LK 52 1C
~Y.

4 ﬂ 4
N4 n2 Nq
2 3 2 3 2 | (3
4 A 4 . A
' n3 |
n No nq Ny
0 1 0 | 1 0 1 |
(a) (b) (©
—n A n
N3 | N3
n2 /I’L
2 3 | 2| "4 |3 2 3| g
_@7,
o | "4 1 0 1 % 0 1

(d) (e) ®

B 52: 5 NI & FI L S RO ML : (a),(b), -, (f) OMICHEEED 5. (c),(d) DB
BT, HRRiFEAEBENTOS. N, BFHRZVEEICIE (c),(d) DB ORI A
(a),(b) B LT (),() DEBEORBIEIHATHHRARZDT, 2k LTEEWEDHLS
LRRBEND.

EFRMIC, PUOVTG I n, DEFHEET S (X 52(a)). PUO WNOETDRFRT n, HHEODF
BN TI 5L, PURBARMED PUL & PU2 KER#ESI NS, Z L TKRIC, PUO Tl n, DEE
AEMEY, PUL L PU2 W n, & n, DHEEZED S ((b) DBFE). SBIC (c) DEBICHED L,
PUO W n, %, PUL & PU2E n, 2, ZLT PU3 W n, 25T H. ZOXKDICLTEEEE
HBL, (a) DEETIE1I D0 PU LMV TWARVWD, (b) TE 32D PUN, 2LT (c) Tk
L2PUABETEZZLIChD. HENEQE, PATEHLHEICHED D HEEF RN R LIRS,
HEIREFAEFHEOFENKT UE PU R, 80D PU TOHENKT T5E THD ((),(f)
DERE). £ PU COHEMKRTT 2L, "L AEOFAEFHICHT 2 L2EMTOHENR
TU, 2E¥ICHOFE CLELRE)DHBEICEYMNEZ 2ICRS.

B 52 OBITIX, "HEHEICHAD DHFHEFOBN 4 HOBEERLTWEN, ZOKA+
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FICREVWGHICE, (0),(d) DEBREEFZICK K L. $2b5, (a),(b) ¥ (e),(f) DEFETOD
WFEDETOBEIFILALEHL TSI MRS, ERICIRTERNORNEGEFEXE,
ngnyn D PU (n, X ny x n, #HK) 268 > TR GEOMINEE P (BRSO Z 2 K
B PUKDOE PUKICKHTEEE) X, ROLDICFMTES (PURBECNY 7EHBHEHED

HRBIIERT D)
Ny,

o Ny + (ne+ny+n,—3)
ZZT N, 3H5HFHEICHAN D HHEFOR (=L XA L HEICHED DK KT O) TH
5., ZEBROIGHFETE, 2FHMEFHIE 642 WL 1282 BEEHWS. 3RTOHEICESH
HOHIL 8 THBHDT, N, & 500 &=WL 2000 BEDEE 25, LEN>TIZIDFREKRTIEHE
HEEICH LT, 95% BEULOMFERRBOLNEZeNbAS.

RICIREBOMNEEFIH T 2L THEH, ZhiZFROMFIME L DHAEDES TRD
2EBEDHENZADND.
(A)PUBICERLZFHZFHELRNS, & PUNTRE2RIBE2HETS. 2IRHEE D3
BHRTH, PURBRE%1TD.

(B) £ PUTHUFMEFHAELRND, PUBIKRERZRIBEHETS. 1 2ORFBB DG
BEAKD SN, PU BERE 217 5.

INHDEBLNE VAR RFETH ML, REBEFOB L FEETOBICHKS. EROK
AT, IRBEEFBIIZ KOBEIC10UTF, KEZVWEETY 100 BEMIESINLTWS, Z
DEDRNSRBOGEICE, (A) DHEDOHNHERFRW. ZD5EOMIER DAL, K
(1T) L2 HULLR5.

IR UEHBEETE, $25—-E0HH - IR EZFHEL TS PU (node) # 4 node ZEMH
WEEEBERICEBLTWL., 2UT, BR2 50 - REBBAEFICHIE T 2 EBOEEHE T node
TR EBVWVR T ZLICEY, HFIENEDSNTVWEDTHS. 22 TREITZDFHEE
%, Node Wave Front (NWF) L EIFATWS ., ZDHEKIZ, SRuiEHE@ESER (16) % Short
Characteristics &% FIWW T CP-PACS THE L KBLIEDIC, BV EICBRLUEFETH
5. —fRIC NWF &%, O0e>OHHEBICBEHUTIZERKEERD2L0DMDEZLODEHEL
FMNETHD & D%EE, CP-PACS D & S>aliFIFHEMTHET 2RICENRALETHZ LR
bns.

p (17)

21.2.2 EERE

21.2.3 1 PU ATCOSEOEREFMEE

ZEBIC Short Characteristics EICE o TH B —EDHH - IREBOWEEE * 1PU ND LK
FRETRDZEEDOKOIIL, FORTRAN ZHWVWS & (FEMIC)RDL DICREINS:

do 1000 iphi=1,Nphi
do 1010 itheta=1,Ntheta

1: do iz=1,NZ
c
2: do iy=1,NY
3: do ix=1,NX
4: Eta0 = Eta(ix, iy, iz-1) *C1(itheta,iphi)
& + Eta(ix, iy-1,iz-1) *C2(itheta,iphi)
& + Eta(ix-1,iy, iz-1) *C3(itheta,iphi)
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& + Eta(ix-1,iy-1,iz-1) *C4 (itheta,iphi)

5: Chi0 = 1log(Chi(ix, iy, iz-1))*Ci(itheta,iphi)

& + log(Chi(ix, diy-1,iz-1))*C2(itheta,iphi)
& + log(Chi(ix-1,iy, diz-1))*C3(itheta,iphi)
& + log(Chi(ix-1,iy-1,iz-1))*C4(itheta,iphi)

6: Chi0 = exp(Chi0)

7: ratio= Chi(ix,iy,iz)/ChiO

8: delta= 1.0d0/(abs(log(ratio)) + eps)

9: tau = LxChiA*(abs(ratio-1.0d0)+eps)*delta

10: I0 = I(ix, iy, iz-1) *C1(itheta,iphi)
& + I(ix, iy-1,iz-1) *C2(itheta,iphi)
& + I(ix-1,iy, iz-1) *C3(itheta,iphi)
& + I(ix-1,iy-1,iz-1) *C4(itheta,iphi)

11: f1 = exp(-tau)

12: f2 = (1.040-f1)/tau - f1

13: f3 = 1.0d0 - (1.040-f1)/tau

14: I(ix,iy,iz) = I_O*f1l + f2xEta0 + f£3*Eta(ix,iy,iz)

end do
15: end do
c
16: end do

c
1010 continue
1000 continue

22T, —REORBBT,  @IDIE, y BIOIE, 8 OIE, OFEICED D EEFICHIET
HIEERELRDBPEEEME LTCRLE., IDIKEFOLdIRFHOBTEHRIC, FIC - #HOH
FICTHN o TS HHEEFICRoTGRLTH S, (HCEDIC c BIDE, y BIOE,  BIOEDS
EICEDN D HFEEFOHTHMIC, EIC @A EICHWTWSHDE, EIC y 8@IHFMICHWTW
5LDLAH5. FiF 3RKRITDHE, FAKRFIEE ODDOHME (x DIEA, y DIEA, » DIEAD
MAEDHE)DFTEHIC 3 OFOICHPIEEN, REt 24 DFEDRICHEE NS ) HIDRKIC
BT 2HMOEHFREICKTHFHETIE, EHBDTICHIET ST 1, 2, 3D do V-7 DJEFL
EBE - FRAANEDS (2T 248BY). 1 D0 PUKNTIE, ZMEATOFEITEMIC 2 5,
y A, z AHEICH > EZMETITY, wave front IRIEHWARW., 2510, HBORGB=HETS
I CIRIRBH B FISHIE T2V —T Wb 5.

FZHAEDERIE, ROBYTHS: 174, 5, 10 TlF, ABFEORFRAOENSHHICIY, KO
(K 5028) TD 5o, xo» Io ZBFELTWS. fR¥ c1, €2, €3, ca lF, FABICHRE S —&E
DHRBTH 5. BRI ¢ (Chi) IKHUTHBEEL S TALHEAEIT>TVWE DI, FRERRE
BRICHIGTDEDDIROVELDTHS. 179 T, #H9 OA MDAFEMES 7 (tau) ZFHET
5., LETRODEEZAVWD &, BHFEWESFERX (16) 27 OAMTHS LEMR I, 13, 17 14
DWEIC L > TRDZZEMNHRD. 17 14 EK (16) EHHRRL, SHICTNEZHERILLER
BHTHsb.

EROHEICB TSI 20547 15 $THD 2E do V—7 DHEEESR, K35 LFK36ICE
EDB. ZD do V- T DRI, 1 PUNDZEREFRBINX, NY, NZ IC#K5. CP-PACS kT
DEMHFETIE, ZhbiE sVl 16 BEDHEL L. B, EEROHBEICBWTIIHEE 2
B350, 179 D tau DEICIH T TIT 11, 12, 13 TD £1, £2, £3 DFMHAEZHA D & DI
if XAMASINTWS., T42abb, BAM do W—TWIC if XNH L. & 35, 36 DEAE,
if XODEREAIC DI DRV ODDNTA—- R THELEBEE EHLEEDTHS.
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FTE#EE [MFLOPS] (PV)
do W— T DJERF N—TDEX
4x4 8 x 8 16 x 16 32 x 32
do Z
71.9+£0.1 73.5+1.1 64.0+ 1.5 63.7+1.4
doY
do X 73.2+0.8 76.9+1.7 65.0+1.2 64.3+0.5
do Z
d°§ x 72.6 £1.1 TT4+1.7 64.7+1.2 65.8+0.7
[o]

IVNAF: V02-03-/A
IAYNA)AT Y ay: -W0,PVEC(DIAG(1),VOPTION(1)),
LANGLVL(PRECEXP(4),H8000),0PT(0(4)),COPTION(1)’ -i,E,U,L,P

%35 BEAR 2FE do V- T DEEEE (1). BEIRNI MV ATV arveHEELESS.

35, 36 ICENIE, W=TDNTMUVEN 64 (=8x8) UTDHHICWE, AAF—FtHDRA
B, BEXR7 MVBRBEHBELEINASHMERLEI-RNROEBEIIFERLTHS. Zh
X, ANASDERNT MIVED 64 & 256 DEICRESNTWVWEEDTHAEOLBDLNS.
TROLERZRMVEN 64 UTOHBEICE, TYNASOBEDUMICHDHLT, WIFhhs
FEAAT-HOI-RPERZINTVWENSTHA . —F, X7 MNVEN 256, 1024 DHE
T, AAS—HEDHFNEW., Zhid, X7 MVEIEFEFTHICEEL2VWED, BEUXNT
VBEOEEE2ZITTWRWEDTHELEDNS.

4 PU TOSERRE KIC, NWF (Node Wave Front) ¥ % FI W\ TSR 3 1K 7522 [ N o) ¥ 5
ik RN % CP-PACS THMWESEGOFERMEZ, K537, FHICERLE PU B, 2,
8, 64, 512, 2048 D 5 FEHETH 5. MEHEIX, FHEBRFBE FAKRFBREZNEH 16, 32,
64, 128, 256 O 5 BEICEfL =, IRBBOKRFHIT 1 ICEHRBLE. FHHILERREEK, 120
REBICKH U TCLREMTR2FMORNBEXHE LKAIKBETHS. Z2nICE, PURERFP
N) 7EHBE/BEPEORHI2TEENS.

H UMEEECHE LSS, SRR PUBICEIEREAIL TR LTWS., ZHhik, NWF
EREHITEHNTVWEZLEZRLTWS, PUBPRELIREGEICETHENE LR SMEME
AHEN, ZNEPUMERBPNY Z7EABORERBAEADZ L, X (17)ICH D & DICUMFTEN
HDINMMETITEEHDTHAEO>LBbhE., —F, PUBERUCICLTHELESS, MEHRK
A 32(=25) HICR->THHARMIZNI LM TRVWARY., EFRICIHERT 32BTHY, F
W 20 fFRTRICARSTWS.

B, B3R UEFHRRIE 1997 3 ARETOETHS. ZOBMHEICOWTIE, %%
EZPMET280BEbnsd. & PUNTOFHEDORE, PU REBRFORE{L, NV 7R
OB YHFOEREL, E2O0HRBORMMPEERE >STWEIHLIDTHS.
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10° E i
104 - .{3)(25'62 J
E E
F 1283x 1282 §
103 E ~. 643x642 — ;
2 902k ]
oo ; '\‘323)(\322 .\.
HE 101§ — ?
O " §
107 g e
10_1 L L ' !
2 8 64 512 2048
PU

53: PU BICK 3 2t H MO, MERZLL, (ZEHETH « HEET8) = (16° x 162),
(323 x 322), (64° x 647), (128° x 128?), (256° x 2562) O 5 B & I\ CH A=
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FHHEEE [MFLOPS] (Scalar)
do W— 7 DJEF W—TDEX
4x4 8 x 8 16 x 16 32 x 32
do Z
71.2+1.4 74.0+1.8 70.2 +0.8 66.0 +0.8
doY
do X
73.0+0.7 746 +1.6 71.8+1.5 71.7+1.4
do Z
d°§ x 725+ 1.6 753+ 1.4 709+ 1.4 72.4+1.7
(o]

IVNAF: V02-03-/A
IAYNANAT Y gy -W0,,LANGLVL(PRECEXP (4),H8000),0PT(0(4)),
COPTION(1)’ -i,E,U,L,P

#36: A 2FE do W— T DFEEE (2). BERNI MV AT Y arvEEEL WA,

21.2.4 &

FHEPHEZICHE TS CP-PACS Do & UT, BMFEMEICAEER>TLHATOY SLDOMR
FEHTVWDE., ZhETOLZD, ZOBELRIZEHLOBEAENZIERTUE., ZhE2FHLUEE
BOFEDEMENDHIED DN TWNS.,

MRERLETOVSLIE, YSWHEELTWETZIVIVXLLIZERY, CP-PACS IKBWT &Y
BMICEFTCELEDICHAEICEBRLAEZLVIVXLICES. FRAMTEICEY, ZOFHLW
HEE (NWF ) DERICANTHD Z L bR TEE.

TV SLREARAFICEELTVWED, SHREIZBORBELE2EDEITFTETHSE. EBENS L
DOISAFETIE, BEBEHEOHEREAIAMOEB