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The xkadpdation of matricerr whoee aslarnentrs axe rnoatty rrierqw i r r  often re-
quired in lineat programming, echedulfng, and tranriant analyrio of d a c -
tried networks, $hi8 i s  an exampls of e~ tcrchdcal problem in wUcb logical 
p w e r  i s  hportant, for it iu almort dwayo d8sirabke to otoret and handle 
o d y  the non-ltdrro dememtr of the ~ p r r a dmatrices, 

I 

'She ?000A operatea from 30 to 80 t h u s  8 8  faat  a8 the 709 on 
Isma of this type, '~rogramewere written to perform mdtipt 
sparse rnatrkaa en the 7000A and 709. Both programs use a 3Znnflar tech-
dque. They rapre~bemtt&a operand rnatricm with liertrr of mn-sero elaments 
repd bit matriccio W$Q*CI aero or bl;a dasigPatenaera~r nm-saro1 ~ o n - s ; ~ ~  
eleanelstrr, The 709 program takere advantage of the fast sera multiplication 
and the indirect a**d.ng featursa, The 7QOOA program tabm ordvaatage 
of variable field 1eTgth connectives, bit testing, and automatic index refillingo 

I 
The prograrnr were written to calculate Pn eingle precision. Than OU, maces-
aary modifrtcatisne were made to calculate in b u b l e  prsciaton, which i a  al-
mort alwayrr required for TO? programs operating on nzatriceaa of fortieth 
order and a h e ,  $'heme modifJcatioasconsiderably lazagthan both program 

b timer, but the 709 program 18 lengthened about twice as much as .tfra 70QOA 
program, 

Botb programs were written to operate on matrices of Qrdar yp ta &e word 
length. The modifi~ationsrequired to operata on larger matrices were then 
wrrittan, ha neither propam did theae reprearant a aignfncthnt change in. e m -
cution time, 

Tbe program statirfics are given below for four cases, all for matrlcerlst with 
10% of their elemopitr non-aero. The first, multiplication of 06th order ma-
trtces i n  mort favofable to the 70% The second, multiplication of 64th order 
~ t r c f c a o ,ehows thp iaeraaracr in 7000A adsmatage as matrix a i  e kzcrea~eo, 
]la %hatbird cam, it,i s  aoreunnad that the 64th order muf#plication raquites 
from 28 to 48 bits of rnantimsa prectrba The 709 ~ 8 8 8 ~&ubb p r e c h h ~  
routines, but the ?OPOA has #ie required precision mrmally, The fourth caroe 
e h a w ~the same matrix multiplication when from 48 to 54 btto of maetisara pre-
cfrrion are required, 80 that both program~muat UBQ double precision, Above 
54 bits of required Precision, the 709 muat go to triple precision, 

c 
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 he program etatibticr hllow: 
I 

aats 7: 36th order, 10% non-aero elements. 
1, 

.1113)709 70Q0A
rrr*..l*lllrr 

Ratio 
.IIIcc 

Time . 6b23 8eC .206 eec 30.2 * 
Znartructbns executed 242,600 . 23,160 10.5 
Time per instruction 25.7 u ~ e c  S , q  ubec 20 9 
Instructions writtsp 73 41, 1,8 
Wards ole program etorags 73 29, 3 20 5 
Bita of program storage 2628 1888 1.4 

I 

* Ratio greater than 35 in caee of 704. 

Other catsgorfee eeaentially unchanged. 
I 

Case En: 	
I 

64th order, 10% mn-eSem elemente, 28-48 bits 
.131*111112 

~precierion. 	 709 d y ,  double praciaion. 
-~ 

cT h e  69.3  see 853 eac 81.3 
Znstructimw exacutpd 2,425,000 91,31,4 26. 6 
Tb3S par k38tZ'UCtfQa 28.6 ueec 6 * 9  UBCLC 3. 2 
bastructionr w t t t e p  134 41 3 .3  
Wordb of program storage 134 29. 5 4. 5 
Bite of program storage 4852 1888 2.6 

-	I 

cam Iv: 	 64th or&r, so% mn-iero dsmaats, 48-54 biter + 
parecision, 130th &uMe precierion. 
I 

Tinre 69.3  1. 384 aec 50.0 
betirucfjons executed 2,425, OOQ 121,542 20.0 
T h e  per hstruetiun 28.6 U L P ~ ~ C  U , 4  U B ~ C  2, s 
f a s tructions wrtttaq 134 52 a. 4 

b+ Wosde of program rtorage t 34 37 3, 6 
Bits of program &page 4852 , 2368 2. Q 
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1:an a Sparact Matrix uftiplication 

Problem 
I 
I il 
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1, 

2, 

The 7000A perform5 many times more rapidly than the 709 an 
U s  problem. 
&aact operand matrices ~ W V M ~mare dens+ 

inetrucfion #etl @IIocethe powerful variable field Length iartruc-
tbncr nrfFarpry reduce the numbar of inetructionq executed. 

The ratio increase3 rapidly with NI aad decrcasaa 

The hier,h performance ratio is due mostly to the power of the 

I 

3. The h n p r  70OOA floating pint word permits double pracisrion 
o~)@rst&urto bo deferred until very big or ill-conditioned matricers 
are encountered The dctirting point instruction %&t provides ~ C Q -

nomica1 and convenient double pracfeion operations when they are 
raqufrsft. 
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