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Timing matrix multiplications on superscalar workstations
Toshinori Maeno, Masataka Ohta

Computer Center, Tokyo Institute of Technology
Oh-okayama 2-12-1, Meguro-ku, Tokyo 152, Japan

It is very important to use registers and cache memory for computation intensive
algorithms, e.g. matrix multiplication, since the microprocessor performance growth un-
matched with that of the memory in the last 8 years. We have compared matrix multiply
programs on a few superscalar workstations, and found that the naive program could run
at 2% or less of peak speed with many cache and TLB misses. Applying register/cache

blocking, cache copying and software pipeling, we had made the program run faster, at
70% or more of peak speed. o
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$define N 500
#define R 1

double a([N][N],b[N]}[N],c[N][N];

main{) {
int i,3,k,x;
double s;
for(i=0;i<N;i+4)
for(j=0;j<N;j++) { alil{j}=1.0; b[i][j]=2.0; }
for (r=0; r<R; r++)
for (i=0; i<N; i++)
for (j=0; J<N; j++){
s = 0.0;
for (k=0; k<N; k++)
s += a[il[k] * blk][j];
c[i] 3] = s;
}
printf("test end %f\n",c[N-1][N-1]);
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/* JKIijk with copying, alpha,omega-motion pipeline */
/* 1993-09-01 T. Maeno, M. Ohta */
/* size of matrix, spacing */

#define N 500

#define M 0

#define R 10

/* subarea for cache tiling */
#define Li 64

$define LJ 64

#define Lk 64

#define min(x,y) (x<y 2 X 1 y)

double a[N] [N+M],b[N] [N+M]}, c[N] [N+M];
double d[Lk][Lj];
double e[4][Lk]; /* block copy area */

main()

{int i,3,k,k2,1i2,32,x;
int it,jt,kt;

int j1,k1;

double t00,t01,t02,t03;
double t10,t11,t12,t13;
double t20,t21,t22,t23;
double t30,t31,t32,t33;
double s0,sl,s2,s3;
double ul,ul,u2,u3;
double v0,vl;

for (1=0;i<N;i++)
for (j=0; j<N; j++) {
alil(3]1=1.0; b[i][j]=2.0;
}
for (r=0; r<R; r++)
for (32=0; j2<N; j2+=Lj) {
jt = min(32+Lj, N);
for (k2=0; k2<N; k2+=Lk) {
kt = min(k2+Lk, N)-1; kl=kt-k2;
for (k=k2; k<=kt; k++) '
for (3=32; j<it; j++) dlk-k2]1([3-32]=b[k][j]:
for (i=0; i<N; i+=4) {
for (k=k2; k<=kt; k++){
e[0] [k-k2]=a[i] [k]; e[1] [k-k2]=a[i+1] [k];}
for (k=k2; k<=kt; k++){
e[2] [k-k2]=a[i+2] [k]; e[3][k-k2])=a[i+3][k];}
for(j3=32; 3<it; j+=4) |
if (k2 == 0) {
£00=t01=t02=t03
£10=t1ll=t12=t13=
3
3

il

0.0;
0.0;
0.0;
0.0

’

t20=t21=t22=t2
t£30=t31=t32=t33=

} else {
t00=c[i][3j1; tOl=cli][j+1];
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t02=c[i] [§+2]; t03=c[i][3+3];

t10=c[i+1]1[j];  tll=c[i+1][j+1];
t12=c[i+1] [j+2]; t13=c[i+1][j+31;
t20=c[i+21[]j]; t2l=c[i+2][j+1]1;
t22=c[i+2] [§+2]; t23=c[i+2][j+31;
£30=c[i+3][3j];  t31l=c[i+3][3+1];
t32=c[i+3] [§+2]; t33=c[i+3][3+3];

}
j1=3-32;
s0=e[0]1[0]; sl=e{1][0];
u0=d[0][31]; ul=d[0][j1+1]1;
u2=d[0] (j1+2]; u3=d[{0}[j1+3];
v0=s0*ul; vl=s0*ul;
for (k=0; k<kl; k++) {
t00 += v0; t0l1 += vl; t02
£10 += sl*u0; tll += sl*ul; t12 +
sO0=e[0] [k+1]; sl=e[1]([k+1];
s2=e[2] [k]; s3=e[3]1[k]:
£20 4= s2*ul; t21 += s2*ul; t22
£30 += s3*ul; t31 += s3*ul; t32
u0=d[k+1]1[311; ul=d{k+1][j1+1];
v0=s0*ul; vl=s0*ul;
u2=d[k+1] [j14+2]; u3=d[k+1][j1+3]; .
}
s2=e[2] [k1l]; s3=e[3][kl}l;
t00 += v0; t01 += vl; t02 += s0*u2;
t10 += sl*ul; tll += sl*ul; tl2 += sl*u2;
£20 += s2*ul; t21 += s2*ul; t22 4= s2*%u2;
£30 += s3*ul; t31 += s3*ul; t32 += s3*u2l;
c[i][3] =t00; c[i][j+1]=t01;
c[i] [§+2]1=t02; c[i][j+3]=t03;
c[i+1][3] =t10; cli+1][3+1]=t11;
cl{i+1][j+2]=t12; c[i+l][j+3]=t13;
cl[i+2}[j] =t20; c{i+2][j+1]=t21;
[142] [§+2]=t22; c[i+2][j+3]=t23;
[
[

+
i}

1

+ +
o

o
c[i+3]1[3] =t30; c[i+3]{j+1]=t31;
cli+3][§+2]1=t32; c[i+3][3j+3]1=t33;
}

}

} ,

printf ("test end %f\n",c[N-1][N-11);

s0*u2;
sl*u2;

= g2*u2;
s3*u2;

t03 +=
tl3 +=
t23 4=
£33 +=

t03 += s0*u3;
t13 += sl*u3;

t23 += s2*u3;
t33 += s3*u3;

s0*u3;
sl*u3;
s2*u3;
s3*u3;



