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Matrix Multiplication Vector Code Generation Based on Polyhedron Model

WANG Bo-yang' s PANG Jian-min"? , XU Jin-long® ,ZHAO Jie’ , TAO Xiao-han®* and ZHU Yu?
1 School of Cyber Science and Engineering,Zhengzhou University , Zhengzhou 450000, China
2 State Key Laboratory of Mathematical Engineering and Advanced Computing,PLA Information Engineering University, Zhengzhou 450000,
China
Abstract Matrix multiplication is the core of many scientific calculations,and vectorized programming is one of the main means
to improve its performance. In view of the existing vectorization optimization problems that often require manual tuning and need
to be mapped to the hardware structure, based on the polyhedron compiler PPCG,a vector code generation framework is intro-
duced into the polyhedron model,and a matrix multiplication vector code generation framework based on the polyhedron model is
proposed. Through the profit analysis of the matrix multiplication vectorization program,the vectorization program is determined,
and the code generation of the application framework is guided. Based on this framework.it is conducive to the rapid optimization
of vectorization of matrix multiplication. Selecting 13 matrix multiplication cases with a scale between 64 X 64 X 64 and 1024 X
1024 X1024 for experiments. The results show that the framework can generate vectorized code correctly. Compared with the au-
tomatic vectorization of the basic compiler ICC,the vectorized code generated by the framework has a speedup of 5. 09 times and
an average speedup of 3. 39 times.

Keywords Matrix multiplication, Polyhedron model, Vectorized, Scheduling transformation,Code generation
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Fig. 2 Framework of vector code generation
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for(i=0;i<M;i++)
for (j=0;j <N;j++){
c[i][j] = 0:
for (k=0 k <K;k ++)
clil(j] += a[il[k] * bLK][j]:
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Fig. 3 Matrix multiplication
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for (i=0;i<M:i++) {
for (j =0; j <N j++) {
ve=_mm256_setzero_pd ():
for (k=0k <K:k+=4){
va=_mm256_load_pd ( &a[i][k] )
vb=_mm256_set_pd ( b[k+3][j].
bk+2](j]. b[k+1][j]. bK][i] ):
ve=_mm256_fmadd_pd ( va, vb, vc );
}
_mm256_store_pd ( tmp, vc ):
c[i][j] += tmp[O] + tmp[1] + tmp[2] + tmp[3]:

Ca) fg 9 JZ ) kAL

for (1=0:1<M:i++)
for (k=0; k <K; k ++){

va=_mm256_broadcast_sd ( &a[i][k] ):

for (j=0;j<N;j+=4){
ve=_mm256_load_pd ( &c[i][j] ):
vb=_mm256 load pd ( &b[Kk][j]):
ve=_mm256_fmadd_pd ( va, vb, vc );
~mm256_store_pd ( &c[i][j], ve );

1
s

Ch) 7 378 f6 J o 79 )2 o) kA

for (i=0;i<M;i++)
for (j=0;j <N:j+=4){
ve=_mm256_setzero_pd ():
for (k=0; k <K: k ++){
vb=_mm256_load_pd ( &b[Kk][j]);
va=_mm256_broadcast_sd ( &a[i][k] );
ve=_mm256_fmadd_pd ( va, vb, vc );

1
s

~mm?256_store_pd ( &c[i][j], vc );
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Fig. 4 Matrix multiplication vectorization scheme
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Fig. 8 Main process of vector code generation

B A R ] AT R A% O BEAN T 9 BT R

__m256d va,vb,ve,vd;
for (int 0 = 0; c0 <= 511;c0 += 1)
for (intcl =0;cl <=511;cl +=4){
Il vee
int ¢2 = 0:{
ve =_mm256_setzero_pd();
for (int ¢3 = 0; c3 <=511; ¢3 += 1){
vb=_mm256_load_pd(&b[c3][c1+c2]);
va=_mm256_broadcast_sd(&a[c0][c3]):
ve =_mm256_fmadd_pd(va, vb, vc);

_mm256_store_pd(&c[cO][c1+¢2], ve);

o AL B

Fig. 9 Vector code core section
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