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PERFORMANCE COMPARISON OF THE CRAY-2 AND
CRAY X-MP/416 SUPERCOMPUTERS

Muguct I_ Simmonsd Huvcy J. WusauLUI

(lmputig and &fcurnunicabOns Ditisicm

tip C-3, MS B265
P.0, Box 1663

k Alamx Nuicmd bbmmry
Lx ~ Ncw Mmko 87545
m.lQILnl.qM (s05) M7- 1749
hjw@M.q (SW) M7-2136

Atmtnd

n)cmudpmlkl pcrfmmrct Ofcmeoflimwdd’s
fuucl gcnmJ pUrpoM axcrpulal, the CRAY-2, b andyzrd
uMgfJwmm.rd Lx AJmm BcdrMrk Sclpluscdes
dcqmd fcmpmlkl pxelslng Fc8cml@ICm, uchiKCcuml
d pdcnlmncc dsu m alm Pm fm W CRAY X-KP/416
Fxum mffecdngpafmoamx, such u mmmy lmndwdh,
Iauubdmxu cpdofcmmy, mdmftwmcuplomfblof
turdwuc, m emmvled m pamlld pcmxulnc endnmrcfnu
of blh OIJchlncsm Cva.huld ad qlad-up ~u
fatiprmllelcdumpwn

2 thmpadmm d Archkmnu

-flu mY-2 is mgencmJ-plnQoKpknlle”~ rupuwm-
pum syam- T’hwcuc four ctmd pxmung unkt (CPUS),
-h mhb vaxx d * Ca@ihbet. Up to 256 million
wads of dynamicCMOS nwmmy gk tJKCR.AY-2 one of
&H?lugesl LIKmq Clpwiriu of any ~pum m the
mukatiy. l%m~tchcmmicoffhcminh.mc cm8gumion,
Dcc RgUrel, I%r CmnplriIon, lhex-MP isdSom4-cPu
mwhinc, cuh CPU hatig =ICW MCI dar cap, bi.lities, buI
wiLha CCmmYxl CI=DMY~UPm16*64-bIm of
aldc M-polarnmncn-y.

2.1 Cflh

TlwCPUckck~tm IhcCMY-2 h41ns. while cmdw
X-MP/416, dw CPU cbcckpml b 8.3 ns The cffat of LFI.I.S

dffaatcc is ncx dwqn u large u II u fW scum Inmntcoom

cuIIMIJcfm cnthcLncmicdonbMa cmthe X-KP~ clock
perM(cP), whl.kcm lhemY-21hc fucismtwcly ohm
Ckk @d. Thh SkU tk ~t’-2 M cffccdw cbxk ~d
d82n.swhh rupmmiumAcm iulw, nurly Cqlld IO Ltml
m tk X-MP A.& in Spprqdam Rari-up, bowcvcr, Ldlh.
Inmcmul usrcpducafcvqmcm Mm=hh-lcs

tl(,lrr r:<rb!g 7,’ ! t.——. .— — —. —
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FIg-mc 1 CR4Y.2 Imdtau# Cal15guramrl

,
CMY.2 X-MP/416

Am 76u(19~) 51 M(60)
Multiply 76ru(19~) 39.s m (7 c?)
Dlvkk D8nI(22 CT) l19ns(14CP)

L
,,. ,.. 1’

II CYC]C], qtit ~ U CyCk 2, d S0 WI, back m qudrWIl i
11 cycle 5. This utmngccsxnt k itop3uJ_Il implscanons for

* oxrJxmy S-cfcrcwcs, M dixusell &low. Wlt.h Oile pi-l
~ prac$wr, (.IIC CRAY-2 C4n Cb Onc Id Orcnw Slo’rc 1[ a
D.tlx. -II-PCx-m, wishIu four pCn-t3per psw?, CM do rwo
~timc~cscm,dme IO mcmcry rcfcmncc
MIulllndusly

Wedltlu-gc siztofttsc ~y on the CRAY-2 il an Usc[,
k mrtmry cycle cum cm tic.arfy CRAY-2 cmxklt of 234 ns
(57 @t) ~ kwcnough 10b ~CkMJIMYIL tiy ’C bs[ tO]U-

bon Lolkarlws-y lpcedpt3bkco waspbcLdAMkUl g, I tech-
niqwmalbw wreatmaphysid cmmx-yinkurmwtian
t&~chpcyckbx. Cyck sitrciscrdcupofrwo

pmu kxtll * d C4Y-chip IiJx& l-he IOglc chip m IYJsy
fcrntinxc rqu.lsob c~snmc,wtde titrcrsmychipsuc
b-y fcman Mklincm.1Ii-m equal Lo* Off<hlp Ii.lTe PKu -
&&lkill~ UICS ChC titY@C rrick d K&cuulg dUITMIC @U7CS

dchipwihi ndursxdule,llu scan lx&me inacuDccquIIIo

lk ~t k, effmivcly mdwiq she cyck IIJIX by IICdy
half. Uting ti ~ k cffccnvc cyck DnM m k 25&
Mwud DRAM &read h 57 m ~ 33 m 121 PMu.
~g u cm.ly - on CRAY-2a w-iti Dk4M blcr
ducicmi IMVC LIVKIJvtd the ~M of fusu -MWY chips mcl
~Iti radu dun d}~ cmxuria. ThC X-W uKS ChJl)S

w-IIhmualar rmEmqm Lsmrm c414CR(l19n~),

T(ml.n) - (-vL + 8yvL CPJ, (1)



MI k (m) Tbm(U) Typ” Sk (-W&d)

3 lid 37 2$5

Procewr) showing
Effanofl-1.a-d’vm”

120-nt SO-ni Ss-ns
DR4M sR4hl

(SN~3) (S~%l) (SN 2012)

FFr 107 10.5 9.6
GAMTE13 5.3 7-5 4,7

SC,UGAM lW.6 100.9 921
Lss 9.5 9.5 8.9
h4AlTUx 61.9 59.4 573
IN-I-MC 20.8 206 1$.6
HYDR3 79.7 796 Ma
WAVE 186.6 m3.o 174.6

ESN NR 21.5 =.9
MCNP NR 94.1 77.8

“u-f-n ~ 1.3 cunmla



~ble N. LcmlpUlmi-1 of Eknchrllr-k Ex mum Tunes
(in ~) for-%-kl m12 CRAY-X (s5 fu M.amxy,
he Rcca-) S-$ Effw dCkmp ila

a=177 13 CFf77 20 Spra-up
m 9.6 4.1 2M
~AMTEB 47 4,4 1,(M
SCALGAM 92.2 928 0
us 89 89 0
h4ATRLx 57.3 570 (J
UrrMc 186 18.2 1.02
I-NDRO 6s8 51.1 135
WAVE 174.6 IU3.7 1.6
MN 215 204 1.05
hlC’NP” ~.8 781 0

●Faurhalw!d8xrrupml cles

Ttu WAVEa&&bvcs-vc pnfrcmumof
m20mlk CIMY2s l%cm&CI’ule lnuccuDm
mruultsrromfuu vcamd’ol ofcwux)kqrlrhsl M
kMOlSdJDOdy~ZfdlSlWlW311 13 ~,16
kqn~WAVE~ ClxKflncrdlv~

mdBawhmuk Exuudm T1.mc
(hi ~) fcrmY-2 (h

8
~) Utig

mdaln GmqrUalon sN-m12
Um-72tl

49 41
oA.MiLB 100 44
KA.U3AM 1447 928
us 124 S9
WTRD( ●15 S70
ml-me ~6 !12
HnMo 1070 51 1
WAVE ● lw7
Es N 270 204
MN? ● 7s I

‘Did m cumpik (

43.1 Prldllvc Valm Oprrdkml

Fm w cxmnitw v~ of dead ekrrcnu.ty vector

~s, lsti m Tdles W ●d VU Tha.c ubks cmmn
mus, ul MFLOPS, fcm Vrs-lcnli Clamua.ry valu Opaltlwl: as
aflmcsm no fvcaalalglh All Opzrxtlcmswmtidou[
Wdlunil cn%kexcqlfcr mcbaunld u-ldllurdqlcmmnls U-I
W mbks l%c X-KP/416tuLs d ~ ~

l% k rKxl-un&d. nal- ~/@ cpa-x- m Tables VI
mDd Vfl. skdlffa—enCII krwacn k rwo -ks m vccmr
kng-dllm cu—lpmllylxwolwski mti & rue u wh]ch
ah -k u cqmble of poducmg ruulu Fcr uaruple M
tbe6rm~, V= V+ S,H~ ~bkrxus, md
H~83mL0PS fcwlhccRAY-M UK197MFLWS
fcrdw X-hZF’ h~cx.xmspk, onthcfamhqm-xm, V
-v~v, wccqHlrhcuyrup@a& ual Ikm Y-2Smbc
kas ShUIShXl dllwx-MPbya.tclUl afMtmof15, alwcu3r
kngdl lam, Chc c4xawcd rxn.o Is176(51MFLOF’S fcmchc
-Y-s d w MFwPs f- * x-w) HOwcVcr, dlc
m4Y-2sccmpkrtL XSmuruouxlllheSc kqrs(toa&-p’Lhof
fcmm) m KtKvc Itul pafmW—lGc AI ti ~ i.cn@m
tbx-KPu faCtabnlkm Y2bJ lk0ulafaCud2

Scamu/gutu opcsukm, dwbarwnm in Ta&s Vl u-d
VILucuuh amcd’BcimI al&bt x-Pa b.nlhcycrcalth.c
CIAY-2. cwc’rtimdrcmngcd~ kngshs l%tplha
qmIICln smdUm Y-2ulubjm macpcmdhdwxm
May M SIMStiamaa uc~rou@ymmq4cFs



Ucms Is m
@l (SlngkPrmu.Kr

OvuMcll’ 10 50 ICm 2m ICm

h(l) - Ml) + s 10 37 44 47 83

~i) - Mi) + s.(1=1.n23) 9 35 ~~ 46 E4

-(I) - b(i) + til=l XI,8) a 16 16 ]6 18

a(i) - Ml)*c(i) 8 28 :3 36 51

di) = Mi) + s “ c(l) 15 54 65 72 113

b(i) - b(i)”c(i) + &iYe(l) 19 a U 76 w

Mi) - MJi)) + s 7 19 21 22 29

m(j(I)) - lMl)*c(i) 8 28 29 M 35

a(i) = MI) + s 17 75 75 83 97

Ml) = Mi) + s.(-l.n.23) II 39 u 49 59

l.(l) - b(i) + t(i-l Jl.8) II 39 43 48 58

Mi) - b(i)”c(i) 14 6s 70 71 w

tii)= b(i) +s” c(i) 27 IM 145 ]43 173

●I) - b(i) -c(l) + d(l)%(l) 32 114 126 126 143

dJ(l)) - Mi)=c(l) 13 u 43 43 48



Table VIII C-arrpmuM of Ekncbmak buum Turns (U-Iseconds) for CRAY 2S

(Scrml 2012) ti ~Y X-MP/416(SLnglc Pm=smr)

Cafe alAY-2 X-?4P1416 x- MP/416

(CFf77 2 o) (CF17720) (CFrl 14)

FFr 41 39 43

LAMTEB
SCA.LG.4M

us

M.AITUX
WI-MC

HYDRO
WAVE

ESN
MCNP*-

44

92.8

89

370

102

511

1097

204

781

52
725

61

349
121
398

860
159

732

76

b8 4

116 (67):

547 (33 2)
4.(J1

489

1112

182

767



fsx McN-Pcm dxm Y-2(%1.a12011) d

dw tiY X-MP/416

mY-2 CRAY X-MP/416

TOTAL TOTAL

I h- IM33 %3 6

2PrcwmU 6974 4.S63

1~ 4?I.2 3309

4~ 351s 2530

124.09 9238
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F4umber of Processes

Tk fasam~ctupsm rcmllnm&ls uflJ-lCm Y2 pm
vuk~iqmvmcmmau bmchmwks, butcbmt, b>
tlMm9clm aUOwtim Y-2Smpu-fmll kdunshcx
PKP/416 sn OJS@-~M _ ThlS IS -USC UXI tm.!xh
dticmzsx9y tm41J+on Lhc~Y-2 isd~sofww
lxlludlandp~tlIllC

F
Ttu tnpl ~u u ~- O&a%’d dunnt Ih CVO]U -

m cd dw CRAY-2 me &-lwd frcm anr.plhn Ct-mlgci, nol
hmdwmc chsn~s. In ~, HYDRO d WAVE. W@

bdwsw-k Oxks dw Ci.ody rc. * pcdwoon Cx&s Al Lhc

IJlxnury, -1 ugNkAnlly trcnn Ihc CYnntMltlcm or I-WA

bctwa’wardml’ww vUUcmd CF177mthc CFL4Y-x

nKx-MPbAs lckArpafmMnc c d’wlu~ Over dw
CRAY-2S cm au C4dH Ihu m tughly Vasaud Howwr,
k dllT’muKt krwallhclc nwdurbtclskucbul Ulclxks
dul m m ovuwmmm~y ~ l-k sl@icanl fbcw I-Krc
~cokdubcu~beq wilhc CRAY-2
A1l.tswgh tkmY-2pnwMks mm’Sfnl rIruKqdun Lt-K
X-MP. - twc sIwwIds.ucmmca& ti[ mkadvu-imgcof
&u X-PAP SSD, * f- ~ra tnd hgh ~ IUCS CJl

owwuuu& lackc4X-MPmcmq

Ja[(l-\)+(//p)]-l , i3)

I M C KMSW d Tun~ M ?dgu~ “Pcrfcrrtumx

~mOfti~Y2timAYX-MPm IOU,
Ofscimdlclx.u Pmuawsl AI@ LIUM, ”’ ?amlkl Cm
pS.1# (1986) 559.570
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