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Abstract

The Conputer Science Departnent program library contains a
nunber of ALGOL W procedures and FORTRAN subroutines which can be
used to solve systens of |inear equations.

This report describes the results of tests to determne the
amount of time and nmenory required to solve systems of various

orders.
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[ ntroduction

The Computer Science Department program library contains a nunber
of ALGOL W procedures and FORTRAN subroutines which can be used to solve

systems of linear equations. These include:

ALGOL W FORTRAN
singl e prec. doubl e prec. singl e prec. doubl e prec.
DECOVPCSE L ONGDECOVPCSE LINSYL LINSY2
SOLVE LONG SOLVE DECMPL DECMP2
| MPROVE LONG MPROVE SOLVEL SOLVE2
SI NGULAR LONGSI NGULAR IMPRV; | MPRV2
IP2

During the winter and autum of 1970 | tested these prograns to determne

the amount of tine and nenory required to solve systens of various orders.

This report describes the results of these tests.

Prelimnaries

The linear system Ax = b used in all the tests was conposed of a

matrix A of elements with random val ues between -.5 and .5 generated
using the prograns RANDOM in ALGOL W (with initial vealue=l) and RANIK

in FORTRAN (with initial value=1), and a right-hand-side vector b formed



by summing the colums of A Since both routines return random nunbers
with values between 0.0 and 1.0, each value was subtracted from 0.5 to
gi ve random nunbers in the desired range. A 100 x 100 natrix was
generated row after row.  Systens of order |ess than 100 were formed
using the principal nminors of this larger matrix. (The values of a(1,1)
and a(100,100) were .1423882 and -.1315178, respectively.)

Execution times were conputed using the function PCLOCK in FORTRAN
prograns conpiled by IBMs conpiler, and the integer procedure TIME in
ALGOL Wprograms. No simlar routine is available to FORTRAN prograns
conpi led with the WATFIV conpiler.

Qher factors considered besides |anguage and precision of data were:

1. FORTRAN conpilers: Two conpilers, WATFIV and IBMs FORTRAN |V
H1level conpiler, are available for FORTRAN prograns.

2. Conpiler options: IBMs FORTRAN conpiler allows various |evels
of code optimzation. OPT=0 and OPT=2 were exam ned. In
addition, the WATFIV conpiler allows the option of checking
for uninitialized variables, and the ALGOL W conpiler the
option of checking array subscripts to see whether they lie
within their proper bounds.

3. Available nmenory: Jobs were run with QU CK, STANDARD, and
OVERNI GHT priorities to determne the nmaxi mum order of system

which can be solved in the partition sizes available to the user.

These tests were run using the level 13 release of IBMs operating

system 03/360, | evel 17 of the FORTRAN |V conpiler, the 21 Septenber, 1969,



version of the ALGOL Wconpiler, and the version 1, level 1, January
1970, WATFIV conpiler
Resul ts
Time conparisons between different conmpilers for a system of 50 equa-

tions in single and double precision follow, where

Ts = time to solve the systeminitially,
TI =time to inprove the solution
TT = total tine,

and times are given in hundredths of a second.

SINGLE PREC SI ON:

TS Tl T Total cost at @min.

FORTRAN H

OPT = 2 63 18 81 8.12

OPT = 0 280 52 332 .50
ALGOL W

wi t hout 393 52 445 .66

sub. check

with sub. 715 78 793 1.18

check
WATFI \* 27 1.91

DOUBLE PRECI SI ON:

Ts Tl TT Total cost at #9/min

FORTRAN H

OPT = 2 82 172 254 .38

OPT =0 304 234 538 .80
ALGOL W

wi t hout 400 322 722 1.08

sub. check

with sub. 720 432 1152 1.72

check
WATFI V* 2206 3.31

* The times given for prograns conpiled with the WATFIV conpiler are tota
run times, including the tine required to generate the system print out the
results, etc. Conparable tinmes for ALGOL W prograns are 668 and 805. Also
it was found that the difference in run tines for prograns in which checking
for initialized variables was perforned and those in which it wasn't, was
negligi bl e.
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If one takes into account total execution tinme, including conpile,
run, and system overhead tines,then it is advisable to use FORTRAN
prograns conpiled with IBMs conpiler with oP=2 for a single system of
order 70 and above since the run times are so nuch shorter than those of
prograns conpiled with the WATFIV conpiler. For a single system of order
less than 70 it is advantageous to use the latter because of shorter
conpi l e and system overhead tines.

It should be pointed out that the increased tinme necessary to solve
a system of equations in double precision is due to the use of the sub-
routines DPPUT and IPTOTL in FORTRAN and the procedure IF2 in ALGOL W
These routines are used to forminner products in double long precision
in order to inprove the initial solution. Note that the tines required
to obtain an initial solution are about the same in both cases. |p single
precision the time necessary to inprove the solution is only about 10% of
the total tine, while in double precision this percentage increases
noticeably.

The tinmes to solve the system and the total times required for dif-
ferent values of N, using the FORTRAN prograns conpiled with IBMs
conmpiler with opPT=2, and using the ALGOL W procedures without subscri pt
checking, were fitted with a cubic polynomal using a |east squares crite-
rion. Sinmilarly, the tines to inprove were fitted with a quadratic poly-
nomal. These various times nay then be conputed for different val ues of
N, wusing the formula

3
time(n) = £ a(i)*(n/10)%*i,
i=0



where the values of the coefficients are given below. TS TI, and TT are

as defined before, and times are again given in hundredths of a second

FORTRAN Ti nes
Single precision Doubl e precision
N Ts Tl TT Ts Tl T
10 - 1 2 1 4 5
20 5 3 8 6 15 21
30 15 7 22 20 62 82
40 34 12 46 43 109 152
50 63 18 81 82 172 254
60 107 26 133 139 240 379
70 167 37 20k - 216 324 540
80 247 46 293 317 431 748
90 348 58 406 451 532 983
100 469 70 539 645 691 1336

Coefficients: single precision

a(0) a(1) a(2) a(3)
time to solve 2.10 -1.96 0. 83 0.40
time to inprove -0.67 0.62 0.65
total tine 3.23 -2.94 1. 83 0.38

Coefficients: double precision

time to solve -14.00 14. 85 -3.45 0.85
time to inprove - 2.00 -1.00 6.91

total time -36. 33 31.79 -0.45 1.09



ALGOL W Ti mes

Single precision Doubl e precision
N TS Tl TT Ts Tl T
10 5 2 7 5 17 22
20 30 8 38 30 55 85
30 92 18 110 93 122 215
40 207 33 240 210 207 417
50 393 52 445 400 322 722
60 663 73 736 690 453 1143
70 1046 97 1143 1070 617 1687
80 1535 128 1663 1580 792 2372
90 2173 160 2333 2231 1002 3233
100 2965 195 3160 3045 1230 4275

Coefficients: single precision

a(0) a(1) a(2) a(3)

time to solve -1.93 2.67 1.11 2.83
time to inprove -2.03 1.52 1.83
total tine -2.17 2.53 3.28 2.81

Coefficients: double precision

time to solve 0.73 -0.87 2.00 2.85
time to inprove 13.07 -1.89 12. 16
total tine 0.43 3979 13.92 2.84

The order of the largest solvable systemis limted by the size of
the partition in which the programis executed. (In FORTRAN, the maximum
order is fixed at 100 by the routines but can be increased by changing the
di mensi on of the vectors SCALES in DECMPL and DeECMP2, and R and DX in
IMPRV1 and | MPRV2.)

The amount of storage required by the m ni mum nunber of arrays necessary
to solve a systemof order Nis

(2xN**2 + 6*N) * 4L bytes in single precision

and

(2xn**2 + 6¥N) * 8 bytes in double precision
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Using this mninum storage requirenent,

the orders of the largest systens

whi ch can be sol ved using the FORTRAN subroutines conpiled with IBMs

conpi ler and the ALGoL W procedures are approxi mately

FORTRAN
singl e prec. doubl e prec.
standard partition 200 140
overni ght partition 245 170
ALGOLW
singl e prec. doubl e prec.
quick partition 105 75
standard partition 195 140
overnight partition 250 175



