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We have optimized matrix multiplication program MULMMW of
NUMPAC mathematical package for the RISC architecture. We
evaluated its performance on several RISC-based workstations. The speed
on the HP Apollo 9000 series 700 model 712/60 of which LINPACK
performance is 12.8 MFLOPS amounts to 34.7 MFLOPS. The program is
based on the intermediate product algorithm. We compare it with the
inner product algorithm.
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Table 1. Performance of RISC-based workstations.

System Clock SPEC{p92 MFLOPS
(MHz) LINPACK TPP2 TPRDP) SYO® MO D
HP712 60 79 12.8 34.7 28.9
HP735 99 149.8 41 107 198 53.9 105.7
DEC10000 200 193.6 43 155 200 58.1 82.9
SS10 36 54 9.3 10.3 11.8
11.3 *
RS550 41 . 71.3 25.2 55.7 58.3
RS580 62.5 134.6 38.1 104 81.5 85.2
RS590 66.5 242 .4 130.4 236 266 196.6 186.8
215.9 * 245.2 *
RSS90 71.5 260.4  140.3 286 208.0 196.6
Indy 50/100 49.9 11 14.1 13.5
Indigo?2 757150 86 24 29.9 32.9
M-1800 33.5 40.0 36.2

a) Toward Peak Performance. LINPACK 1000x1000.

b) Theoretical peak rate.

¢) Matrix multiplication (N=1000) by SY program. The asterisk denotes SY(inod).
d) Matrix multiplication (N=1000) by MO program. The asterisk denotes MO(mod).
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Program 1. MULMMW program

optimized for the RISC
architecture.

+

subroutine mulmmw

(a,b,c,KA,KB,KC,L,M,N, ILL)
implicit real*8
parameter (NZ =
parameter (NJ

(a-h,o-2)
128)

= 4, NK = 4)
NJ - 1)

parameter (NJ1l =
parameter (NZ1l = NZ - 1)
real*8 wc(0:NJ1,0:NZ1)

real*8 a(KA,M),
real*8 c(KC,N)
{(L - 1) / Nz + 1

LL
MM
NN
do

b
do

(M / NK)
(N / NJ)
= 1, NN,
ii = 1,

*

*

NJ

LL

b (KB, N)

NK
NJ

is
ie
do

1]

i

(ii - 1)

* N2 + 1

MIN(ii * NZ, L)

= is, ie

it = 1 -
wc(0,it)
wc(l,it)
we{2,1it)
wc(3,1it)

end do
do k = 1,

rb00
rbl0
rb20 =
rb30 =
rb0l =

i

s
0.d0
0.d40

= 0.d0

0.d0

MM, NK
b(k,
b(k+1,3)
b(k+2,7)
b(k+3,73)
bk,

i)y

j+1)

rbll =
rb2l =
rb3l =
rb02 =
rbl2 =
rb22 =
rb32 =
rb03 =
rbl3 =
rb23 =
rb33 =

b{k+1
b(k+2
b(k+3
b(k,

b(k+1
b(k+2
b(k+3
b(k,

b(k+1
b(k+2
b(k+3

3+1)
,J+1)
,3+1)

j+2)
,J+2)
,J+2)
(J+2)

3+3)
+3+3)
(3+3)
,3+3)

do i = is, ie
it = 1 - is
rc0 = wc(0,it)
rcl = we(l,it)
rc2 = wc(2,it)
rc3 = we(3,it)
ra0 = a(i,k)
ral = a(i,k+1)
ra2 = a(i,k+2)
ra3 = a(i,k+3)
rcO0 = rcl
+ ra0 * rb0o0
+ + ral * rbl0
+ + ra2 * rb20
+ + ra3 * rb30
rcl = rcl
+ ra0 * rbo0l
+ + ral * rbll
+ + ra2 * rb2l
+ + ra3 * rb3l
rc2 = rc2
, + ra0 * rb02
+ + ral * rbl2
+ + ra2 * rb22
+ + ra3 * rb32
rc3 = rc3
+ ra0 * rb03
+ + ral * rbl3
+ + ra2 * rb23
+ + ra3 * rb33
wc(0,it) = rcO
wc(l,it) = rcl
wc(2,it) = rc2
wc(3,it) = re3
end do
end do
do k = MM+1, M
rb00 = b(k,3j)
rb0l = b(k,j+1)
rb02 = b(k,j+2)
rb03 = b(k,j+3)
do i = is, ie
it = 1 - is
rcO0 = wc(0,it)
rcl = we(l,1it)



rc2
rc3
ral
rco

rcl

rc2

i+ n 4+  + 0

rc3

+

= wc(2,1it)

wc(3,1it)
a(i,k)

rcO

ra0 * rb00
rcl

ra0 * rb0l
rc2

ra0 * rb02
rc3

ra0 * rb03

wc(0,1it)
wc(l,it)
wc(2,it)
we(3,it)
end do
end do
do i1 = is,
it = 1 -
c(i,j) =
c(i,j+1) =
c(i,j+2) =
c(i,j+3) =
end do
end do
end do
do j =
do ii =

NN+1, N

1, LL

is = (ii - 1)

ie = MIN(ii *

do i = is, ie
it = 1 - is
we(0,it) =

end do

do k = 1, MM,

rb00 = b(k,

n

rcl
rcl
rc2
rc3

it

wc(0,it)
we(l,it)
we(2,it)
wc{3,it)

* NZ + 1

NZ, L)

0.40

NK
i)

rbl0
rb20
rb30
do i
it
rcl
ral
‘ral
ra2

b{k+1,3)
b(k+2,73)
b(k+3,3)
is, ie
=1 - is
wc(0,it)
a{i, k)

= a(i,k+1)
= a{i,k+2)

1]

+

ra3 = a(i,k+3)
rc0 = rcO
+ ra0 * rb00
+ ral * rbl0
+ ra2 * rb20
+ ra3 * rb30
wc(0,it) = rcO
end do
end do
do k = MM+1, M
rb00 = b(k,]j)
do i = is, ie
it = i - 1is
rc0 = wc(0,it)
ra0 = a(i,k)
rcO = rco
‘ + ra0 * rb00
wc{0,it) = rco0
end do
end do
do i = 1is, ie
it = 1 - is
c{i,j) = wec(0,1it)
end do
end do
end do
return
end




