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In this note we compare a rnmber of different
computer s¥tems for solving dense systems of linear
equatlons using the LINPACE sofoware in a Fortean
envirenment. There are about 50 computers compar—
#d, ranging from & Cray X-MP te tChe GA0O0 based
aystems such as the Apallo and 5UN workstations.

The timing informscion presented here should im mo
way be used to Judge the overall performance of a
compuler system. The results reflect only one
problem area: dense systems of equatlions using the
LINPACK [1] programs im a Fortran enviconment.

The LINPACE programs can be charsctecized as having
4 high percentage of floating polnt arithmetic
aperations. The routines involved in chis ciming
#tudy, BSCEFA and BGEEL, wse algorithms which are
celunn ariented. By colimn orfentation we mean the
progfams  usually reference array elements sequen-
tially down & coluwn, mot across a row. Column
arientation {8 Important im Increasing ef flclancy
In a Fortran environment because of the way In
which arrays are stored. Mot of the floating
polot operations in LINPACK sctually take place in
a set of subprograms called the Bapic Linear
Algebra Subprograms (BLAS) [2]. These routines are
called by the LINPACK routines repeatedly through-
eut the caleulation. The BLAS reference one=
dimensional arrays, rather than two—dimensional
ATFAYE.

Hote that thess mmbers are for a problem of order
100 The execution speeds on gops nachines, parti-

cularly the vector computers, may not fully weilize
the features of cartaln machines. {Bee the appern=
dizx far & specific comparision of large aclentific
computers im Fortran which better reflects thelr
performance. }

The table was compiled aver a period of rclme.
Subsequent software and hardeare changes to a
computer asystem may affect the timing to some
extent.

dnyone interested in  adding Eo or updatcing this
tahle 1i# encouraged ro contact the auther whose
phone number is (313 972=7246, His ARFAnet ad-
dress 18 DONGARRARANL-MCS.
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Salving a System of Lineer Bquations
with LINPACL * in Full Precision ©

Computer Compilor® Ratic? MFLOPS* Time Unpitl
SECH pSecs
Cray X-MP CFT (Caded BLAS) .38 a3 021 0081
CDC Cyber 205 FTHN [Coded BLAS) A8 25 027 0.079
Cray X-MP CFT 57 21 032 0083
Cray-15 CFT (Coded BLAS) BB ] .038 Q.11
Cray-18 CFT 1 12 A58 018
CODC Cybar 206 FTH 1.5 B4 JoEz 024
CDC 7800 FTN (Coded BLAS) 28 4.8 148 043
COC Cyber 178 FTH 5.1 opt=2 2.8 4.8 148 040
Amdahl 5860 H snhan opt=1 HSFFF a1 39 AT 0.5
Amdah! 5880 VS opt=3 HSFPF 2.2 aa 181 053
CDC a0 FTN aa as 210 081
FPS-184 D.opt=3 (Coded BLAS) 4.7 28 B84 077
1BM 370/105 H enhanced opt=3 4.9 2.8 TS5 0.BO
IBM 2081 K H enhanced opta3d 57 2.1 221 De4
IBM 3081 K V3 opt=3 6.2 2.0 248 LD
CDC TB0D Lasal 6.4 2.0 358 .08
IEN 3002 H enhanced opt=3 7.0 1.8 aan 1.14
IBM 30033 V3 opt=3 7.1 1.7 .3e8 1.15
Amdahl 470 V/8 H ezhanced opt=3 1.7 1.8 428 125
Amdahl 470 Y 78 VE opt=3 az 1.5 J458 1.83
CDC Cyber 17 FTM 4.6 opL=2 8.7 1.4 488 1.42
COC Cyber 175 FTN ext 4.8 opt=1 8.0 1.4 504 1.47

cd



The Cray X-MP timings reflect only ene processer.

The Denelesr HEP run was on a one PEM machine with

of magnitude speeadup may be achieved by using the parallel leatures,

Solving & System of Linear Equations
wilh LINFACK @ in Hall Precision ®

Computer Compiler® Ratic® MFLOPS* Time Unitf
EooS  USRCE
FPS-184 Dopt=3 0a 1.3 625 1.54
COC 7600 CHAT. Mo opt 9.8 1.2 554 1.81
IBM 370168 H Ext Fast Mult 10 1.2 G578 1.88
Amdahl 470 V6 H apt=2 il 1.1 831 1.84
IBM 3707165 H Ext Fast Muit 18 T B0 2.58
ELXSI1 EMBOS, F77 (Coded BLAE) e .66 1.3 3.57
CDC 8800 FIM 4.6 opt=2 26 A4l 1.44 419
ELX5] EMBOSE, F77 28 43 160 468
THIVAC 1100781 ASCI opt=ZED a2 .38 1.80 5.24
CDE 6600 RUN 4 . 1.83 o.62
Data Ceneral MV /10000 77 opt level 2 40 .30 228 B8.GB
Harris 800 Foriras 77 53 .23 2859 g.70
1BM 370,158 H opt=3 53 23 2.68 BT
IBM 3707158 VS opt=3 56 22 318 81T
Ttel AS/5 mod 3 H 63 18 3.54 10.3
IBM 4341 MGLD V5 ept=1 aa 18 awa 10.8
VAX 117780 FPA VME [Coded BLAS) T4 .18 425 12.4
ICL 2288 7T OPT=2 B 14 4.Td 13.8
VAX 117750 FPA VM3 (Coded BLAS) BH 14 4952 143
VaX 11,780 FPA VM3 Wl .13 5.48 168.0
Ridge 32 Fort 77 100 Jda 5.61 18,3
CDC 8500 FUN 102 A2 5.68 18.8
Denecloor HEP e 107 A1 5.88 17.4
WAX 117780 FFA UKD =77 o7 11 599 17.4
VAaX 11750 FPA VM3 118 A0 68 19.4
Prime B&D Primos 130 095 7.28 21.1
UNTVAC 1100762 ASCI opt=ZED 132 e F.38 21,8
Decta General KV/B000 [77 opt lewal 2 1567 .ova B.80 258
VAX 11./750 WMS 218 oa7T 12.1 a5.8
HP 8000 Fortran 1.7 285 043 16.0 6.8
WAX 117730 FPA Y5 (Coded HLAS) 280 Dl 18.0 48 .8
YAX 11,725 FPA WME (Coded BLAS) 266 JDag3 18.0 48.8
Apollo 4.1 PEH (Coded BLAS) 223 .38 181 52.%
[BM £33 H apt=2 am .oaz 215 B2
WAX 11 /730 FPA VM3 JaB 038 185 58.9
VAX 11 /725 FPA VM3 348 038 19.5 548.9
Prime 250 Fartran 77 a5 it 20.5 53.8
IBM PC-XT/370 H opt=3 a8t 031 218 637
SUN & + SKY board UNIX, IT7 opt 557 .oea ajE 901
Apalle 4.1 PEB 558 o022 313 Bl.2
Canaan L] 588 021 330 5.0
SUN 8 + SKY board UNIX, 177 no opl BOT 018 a5 112
Maszcomp MSWH00 UNTK, 177 1318 0033 .7 215,
SUNE UKL, 77 oo opt 2107 0058 118, 344
SUN UNELK, 77 no opt 2561 J0Dad 148, 434.
Mazscomp MCBO0 LU'MEX, [T 2661 [DD4E 149, 434,
Chrrments:

no parallel constructions. An erder

Computer Compiler® Ratio? MFLOPS® Time Unitf
gecd uSecy
Amwiahl SB60 H enhan opt=3 HEFFF g2 5.5 i85  0.08
Amdahl 5860 V2 opl=1 H5FFF 2.4 6.1 186 0.39
Amdahl 470 V7B H enhanced cpt=3 4.4 2B 248 O.TL
Amdahl 470 V8 VE opt=3 45 27 254 074
1BM 2081 K H enhanced opt=3 il 2.4 283 .a2
IBM 3081 K V5 apt=1 5.8 e A1 a1
TEM 3033 VS Fortran B3 -] 85 1.03
ELX5] EMBOS, F77 (Coded BLAS) 17 Tl o8y 282
ELX5] EMEBOS, F¥Y 23 51 1.35 J.82
UNIVAC 110081 ASCI opt=ZE0 24 a2 132 385



Computer Compiler®

Ratic® MFLOPS' Time Unitf

Data General MV/10000 77 opt level 2

VA 114780 FPA VMS {Coded BLAS)
Ridge 22 Fort 77 (Coded BLAS)
1BM 3707158 H apt=1

DEC Kl-20 Fao

IBM 0/ 158 VE opt=1

UNIVAC 1100782 ASCI opt=TED
ICL 2988 frr OPT=2

Harris BEO Forlran 77

VAX 11750 FPA VKS {Coded BLAS)
1BM 4341 MG10 V5 apt=3

VAX 11/780 FFA VEE

YAX 117780 FPA UNIX xI77
Henaywell 05D T

Ridge a2 Fort 77

Data General MY /BD00 77 opl level 2
VAX 11,780 Vi3S

VAX 115750 FPA ¥ME

Prime B50 Primos

HP 8000 Fortran 1.7

WAX 117750 YIS

IBM 4331 H ept=3

Apollo 4.1 PEB {Coded BLAS)
WAX 11/730 FPA VMS (Coded BLAS)
VAX 11/725 FFA VME [Coded BLAS)
Burroughs 8700 H

Prime 2250 Fortran 77

VAX 11/730 FPA YM3

VAX 11/725 FPA YME

IBM PC-XT /370 H opt=3

DEC KaA-10 Fab

Cansan k=1

SUN 2 + SBKY board UNLX, I77 apl
Apoillo 4.1 PEB

SUN 2 + 5KY board UKIX, 177 no opt
Maszcomp M Y5500 UNTK, 77

IBM PC/BDBEY Microsoft 3.1

suN 2 UMNEL 177 no opt
Maszcomp MCS00 UNDY £77

SUN UNIX, I77 no opt
IBM PC Microsaft 3.1
Apple [T Fascal

LINPACY routines SGEFA  and SGESL were used For
s#ingle precislon and routines DEFEFA and  DOESL
were used for double preciaion. These routines
perform scandard LU decomposition with partial
plvoting and backsubstitution.

“Full Precision™ isplies the use of fapproximate—
ly) bi—bit aritheetic, e.g. CDC single precision
aor IBH double precision. “Half Precisisn®™ in=
nlies the use of fapproxinately I2=hit
arithmeric, e.g. IHM gingle precision.

“"Compiller” refers to the comiler use and “fCoded
BLAZ)" refers to the use of assembly 1angape
coding of the BLAS.

"Ratie” 1s the number of times faster
a parcicular machine configuracion 4s
pared to the Cray-15 weing a Fortran
the BLAS.

or =lower
when com=
coding for

L T T

1153 I T |
a1 a9 1.75 5.09
ar .33 2.08 B.OV
38 B | 2.19 [
a2 2B 235 5.88
4B &7 2.50 T.53
48 .28 260 .68
45 25 - B.09
50 25 278 813
53 .23 2.9 B. v
58 22 3.14 818
a7 22 a.18 9.25
a5 21 3.28 .87
61 20 .41 B3
B2 .20 34,48 181
B2 20 3.48 101
B3 .18 3.8+ 11.2
T4 A7 4.13 120
BB A& 4 d0 14.0
o7 13 .41 15.8
125 .nog F.o0 204
137 JDRG T.68 22.4
140 DEBR T84 22.8
17T DES g.e2 28.9
205 B0 11.5 a3.4
205 D i1.5 334
234 O 13.1 38.2
258 048 4.0 42.1
=50 04T 14.5 422
258 (N 14.5 422
303 040 17.0 5.5
a0s 040 17.1 AR
308 040 17.1 £3.9
S 039 178 Bl.1
HHEES 037 18.7 54.5
430 n2a 241 £3.0
a7a Dl 4889 142
1071 011 6.0 175,
1025 012 a7 8 16H.
1245 .00g9 69.7 203,
1298 (005 Te.T a1,
21875 DHDSE 1225 3588
S0232 00 e 2813, 8183,
® “WFLOPS™ iz a rate of execution, the npmmber of

mlllion floasting point
second. Far solving &
are Approximately 2/73n
ed {we count both
tiona).

operations completed per
ayatem of equations there
+ In? operatiens perform
addiciens and maltciplica=

is the time In mdcroseconds required to
eEfcate the statement vy = Fq + thay. Thia
invalves one floating point mlciplication, one
floating point addition, and R one=
dimengional indexing operations and storage re-
ferences. The actual stagement sccurs in SAXPY,
which is called roughely o times bv SGEFA and m
times by SGESL with vecters of wvarving leneths.
1'5! statement {8 executed approwimately 173 nd +
0" times. Thua for n = 100,

1 e

tafe = 10%Time/ [ (173301007 = 1oed],



APPENDIX

Perfornance of Large Scientific Computers im & Fortran Envirormant

The LIHPACKE routines used o generate Che Timings
in the previcus table do not reflect the Erue
peefornance of "advanced sclentific computers.” A
different implementation of the solution of linear
equations, presented in & veport by Dongarrs and
Eisenacat[3], better describes the pepformance on
such machines. That algoariche is hased on matriz-
veckor operations rtather than just wveclor opara-

cange of machines, especially on  high performance
COMPUERTR. &8 hefore, & Fortran program Was Tun
and the time to complete the solution of eguations
for a matrix of opder 1 is reported.

Mote that these mumbers are for a problem of arder
300 and all runs are for full precision.

tions. This produces a program that has & high The takla was comiled owver a peried of time.
level of modularity or larger graoulariey, having Subsequent software and hardware chaoges to a
the potential for better performance across a wide computer aystem may affecst the ciming to some
extenk.
Salving » System of Linear Equations
Uging the Vector Unrolling Techniquse

Computer Compiler® MFLOPS* Time Unitf

EeCHE LTeCs

Cray X-MP ¢ CFT (Coded 1SAMAX) 240 JA7E 0083

Cray X-MP ¥ CFT 181 A1a .2

Cray X-MP T CFT [Coded ISAMAX) 134 138 .05

Cray X-MP" CFT 108 AT 018

Cray 1-M CFT (Coded IS B3 215 024

Cray 1-3 CP'['ECnd-EdIE 78 238 028

Cray 1-M CFT 63 259 Jn2a

Cray 1-8 CFT BB 2@ .00

IBM 370,185 VE opt=2 4.4 41 455

FPE 164 D.opt=3 [Coded ISAMAK) 4.1 4.4 488

FFPS 164 D.opt=3 4.0 4.5 500

IBM 3033 V5 opt=2 25 7.1 8OO

VAX 11780 FPA  UNIN o7V A1 17T. 18.5

¥ The E:;'u._'p' %-MP timings reflect the use of two processor in solving the problem.

' The Cray X-MP timings reflect only one processar.

& “Compiler” refers te the compller uwsed and
“[Cpded ISAHAXY" pefers to the use of assembly
lammiage coding of the BLAS TEAMAX .

b "NFLOFS" s a rate
nillicn
gecomda

of execution, the mmber of
floating point operations completed per
For solving a systen of egquations chere

The najor difference between the Cray 1-#  and Cray
1=5 is in the memory speed, che Cray 1-M has slower
nenory . The timings show the Cray 1-M to be faster
than the Cray 1-5. After much Jdiscussion and
examination of the generated assembly lanmpuage code

16

are 2MinY + 2nf pperations performed (we count
hath additons and multiplfeations).

€ "Iinit™ 48 the cime in microseconds vequired Lo
execute the sratement wy = ¥y + t*xy. This
invalves one floatine polnt multiplication, omne

floating point addefion, and a few one=dimensional
indexing operations and storage references.

it was determined that, in fact, the Cray 1-H was
faster for this program. The code generated by Che
compller causes the Cray 1=8 to sdss & chalo=slot.
(m the Cray 1=-M, because of sleower memory, Ehe
chain-slot is not missed, thus the faster execution
L fme .



