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Abstract 

The Computer Science Departmont program library ountaius a 

number of ALGOL W procedures and FORTRAN subroutines which can Iv 

used to solve  systems of linear equations. 

This report describes the results of tests to determine  ttie 

amount of time and memory required to solve systems of various 

orders. 
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TIME AND MEMORY REQUIREMENTS 

FOR SOLVING UNEAR SYSTEMS 

Maria Aurora Morgana 

Stanford University 
Stanford, California 

Introduo'tion 

Thf Computer Science Department program library contains a number 

of ALGOL W procedures and FORTRAN subroutines vhich can be used to solve 

systems of linear equations.    These include: 

ALGOL W 

single prec. double prec. 

FORTRAN 

single prec.        double prec, 

DECOMPOSE LONGDEC0MP0SE LINSYl LINSY2 
SOLVE LONGSOLVE DECMP1 EECMP2 
IMPROVE LONGIMPROVE S0LVE1 S0LVE2 
SINGULAR LONGSINGULAR 

IP2 
IMPRV; IMPRV2 

During the winter und autumn of 1970 I tested these programs to determine 

the amount of time and memory required to solve systems of various orders. 

This report describes the results of these tests. 

Preliminaries 

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

matrix   A   of elements with random values between -.5 and .5 generated 

using the programs RANDOM in ALGOL W (with initial value=l) and RANDK 

in FORTRAN (with initial valuesl), and a right-hand-si de vector    b    formed 



tJy :;•UIIIIlng tht· co.Lwnun of A. Slnc:e both routines rc· t.uru rundorr: numb,•r:; 

w i t.h v:.l!u•·s ~: t.vceu 0.0 :and 1.0, • ~ :u!h vuluP was :.;ubtral.!te d t,rom 0. 5 LL' 

t~i Vt : rundoll ou.bers in the dP.uirPd runge. A 100 X 100 matrix w:w 

e'":rP.rnt.ed row af'ter row. Systems of order less thun 100 we re t'o rmf'li 

usiag the principal llioors of' this larger matrix. (Thl' values uf a{l ,l) 

and a{lOO,lOO) were .142)882 and -.1315178, respectively.) 

Execution ti•s were co.puted using the function PCLOCK in FORTRAN 

PJ'081"8118 COIIPiled by IBM's ccapiler, and the integer procedure TIME l n 

AIJlOL W prograas. No siailar routine is available t.u FORTRAN prog1·:uu:;; 

'!<AilfJllr:d vi th the WAD'IV ~pllcr. 

Otoor factors considered besides lf1D8Unge and precisiuu ut' dat.:1 w .• r~..·: 

1. POR'l'RAI coapilers: '1\lo c011pilers, WAD'IV nnd IBM' a FORTRAN 1 V 

H-level caapller, are available f'or PORTRAN programs. 

2. Collpiler options: IBM's PORTRAII co.piler allows various leve ls 

of' code optimization. OPl'aO and OPT-2 were exWDined. In 

addition, the WA!PIV caapiler allows the option of' checking 

f'or uninitialized variables, and the ALGOL W compiler t,he 

option of' checking array subscripts to see whether the y lie 

vi thin their proper boundn. 

3· AYbil&ble meJDOry: Jobs were run vi th QUICK, STANDt\RD, und 

OVERIIIGHT priori ties to deteraioe the maximwn order of ny:> to. ·m 

which cu be solved in the partition sizes uvailable t o the t l s~ r. 

These tests were run using the level 13 release of IBM's operati ng 

system OS/)60, level 17 of the ~IV compiler, the 21 Septembe r, 1969, 
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vernion of the ALGOL W compiler,  and the version 1, level 1,  January, 

i[)(0, WATF1V compiler. 

R' öulta 

Tirar? comparisons  between different ccmpilers for a system of 50 equa- 

tions in single and double precision follow, where 

T3 =  time  to solve  the system initially, 
TI = time  to improve the solution 
TT = total   time, 

'J.U(1 Limos are given in hundredths of a second. 

SINGLE PRRCISION: 

FORTRAN H 
OPT = 2 
OPT = 0 

TS 

63 
280 

TI 

18 
52 

TT 

81 
332 

ALGOL W 
without 
sub.  check 

393 52 H5 

with sub. 
check 

715 78 793 

WATFIV» 12 7U 

DOUBLE PRECISION: 

FORTRAN H 
OPT = 2 
OPT = 0 

TS 

82 
30U 

TI 

172 
23»+ 

TT 

25^ 
538 

ALGOL W 
without 
sub.  check 

koo 322 722 

with sub. 
check 

WATFIV* 

720 1+32 1152 

2206 

Total cost at 09/rain. 

0.12 
.50 

.66 

1.18 

1.91 

Total cost at 09/rain 

.38 

.80 

1.08 

1.72 

3.31 

The  times given for programs compiled with the WATFIV compiler are  total 
run times,  including  the time required to generate the system, print out  the 
results,  etc.    Comparable times for ALGOL W programs are 668 and 805.     Also, 
it was found that the  difference in run times for programs in which checking 
for initialized variables was performed and those in which it wasn't,  was 
negligible. 
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If one takes into account total execution time,  inoluding compile, 

r-in,  •uid r;y;jt'.in ovrrhead times, then it is advisable  to  use FORTRAN 

ijr'W'tmn ':ompi.lf:d wil^i IBM's compiler witu 0PIS=2 for a aintU«' system vn" 

ord' r   ((J and above  since  the run  times are  so much shorter  than those of 

pro/'rarn:; compiled with  the WATF1V compiler.    For a single  system of ordt^r 

1' .;:;  than YO it is advantagoous  to use the latter because of cliorter 

compile and system overhead times. 

It should be pointed out that the increased time 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 IP2 in ALGOL W. 

These routines are used to form inner products in double long precision 

in order to improve the initial  solution.    Note that the  times requirf-i 

to obtain an initial solution are about the same in both cases.    In single 

pre'ü.jion the  time necessary to improve the solution  is only about lO/o of 

the  total time, while in double precision Ulis percentage increases 

noticeably. 

The  times to solve the system and the total times required for dif- 

ferent values of   N,    using the FORTRAN programs compiled with IBM's 

compiler with 0PTB2, and using the ALGOL W procedures without subscript 

checking, were fitted with a cubic polynomial using a least squares crite- 

rion.    Similarly, the times to improve were fitted with a quadratic poly- 

nomial.     These various times may then be computed for different values of 

N,    using the formula 
3 

time(n) =    Z a(i)*(n/lO)**i, 
1=0 
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where  the values of the coefficients are given below.    TS, Tl,  and TT are 

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

FORTRAN Times 

Single precision Double precision 

N                  TS                 TI                  TT TS TI TT 

12 1 It 5 
3                    8 6 15 21 
7                 22 20 62 82 

12                  46 U3 10-) 152 
18                 81 82 172 254 
26               133 139 2h0 379 
37             20U 216 324 5^0 
U6             293 317 ^31 743 
58              U06 1+51 532 983 
70              539 645 691 1336 

Coefficients:  single precision 

a(0) a(l) a(2) a(3) 

tlm"  tu solve                                   2.10 -I.96 Ü.83 0.40 
time  to improve                             -0.6Y 0.62 O.65 
total  time                                         3.23 -2.91* I.83 0.38 

Coefficients: double precision 

littv  to :j(jivo                               -14.00 14.85 -3.45 0.85 
timr   to  Improve                           - 2.00 -1.00 6.91 
total   time                                       -36.33 31.79 -O.45 1.09 

10 1 
20 5 
30 15 
40 3^ 
lj0 63 
60 107 
70 167 
H0 247 
90 343 
100 469 

I 
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ALGOL W Times 

Qlui'Mt preclj 'Aon D.)iib.l(- precisLon 

N TS Ti rr TS Tl •rr 

10 5 2 7 5 17 22 
20 30 8 38 30 55 85 
30 92 18 no 93 122 215 
ho 207 33 2k0 210 207 U7 
l>0 393 52 UU5 koo 322 722 
60 663 73 736 690 ^53 111+3 
70 10^6 97 11^3 1070 617 I687 
80 1535 128 1663 1580 792 2372 
90 2173 160 2333 2231 1002 3233 

100 2965 195 3160 30^5 1230 U275 

Coefficients:     single precision 

tim'-  to solve 
lime,   to improve 
total   time 

tim'-   to solve 
tim'"  to improve 
total time 

a(0)            a(l) a(2) a(3) 

-I.93          2.67 
-2.O3          1.52 
-2.17          2.53 

1.11 
I.83 
3.28 

2.83 

2.81 

le precision 

0.73         -O-87 
13-07         -I.89 
o.kz          3-79 

2.00 
12.16 
13-92 

2.85 

2.Qk 

The order of the largest solvable system is limited by the size of 

the partition in which the program is executed,    (in FORTRAN, the maximum 

order is fixed at 100 by the routines but can be increased by changing the 

dimension of the vectors SCALES in DECMP1 and EECMP2,  and   R   and   DX in 

IMPRV1 and IMPRV2.) 

The amount of storage required by the minimum number of arrays necessary 

to  solve a system of order    N    is 

(2*N**2 + 6*N) * h bytes in single precision 

and 

(2*N**2 + 6*N)  * 8 bytes in double precision. 



Using this minimum storage requirement,  the orders of the largest systems 

which can be solved using the FORTRAN suhroutines compiled with IBM's 

compiler and the ALGOL W procedures are approximately 

FORTRAN 

single prec. double prec 

standard partition         200 
overnight partition        2^5 

IkO 
170 

ALGOL W 

single prec. double prec 

quick partition           105 
standard partition        195 
overnight partition       250 

75 
IhO 
175 
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