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In this paper, we explain the optimization technique of matrix multiplication (DGEMM)
for Xeon processor, that is heavily used in Linpack benchmark. Our optimization technique
is based on reducing cache misses and D-TLB misses and averaging FSB (Front Side Bus)
loads. We have applied this technique to an open-source numerical library ATLAS. The
benchmark results using our DGEMM implementation show better performance than GOTO
BLAS that is famous for a fast DGEMM. On a Fujitsu PRIMERGY L250 system equipped
with 2.4 GHz Xeon processors, performance of square matrix multiplication program attains
4.33 GFlops (90.2% efficiency) and performance of Linpack benchmark attains 4.13 GFlops
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(86.0% efficiency).
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Table 1 Characteristices of Xeon processor.
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for (j=0; j<N; j+=NB) {
for (i=0; i<M; i+=NB) {

copy_gather(C[j]1[i], wC);

for (k=0; k<K; k+=NB) {
copy_gather (A[i] [k], wA);
copy_gather(B[j] [k], wB);
dgemm_kernel (wA, wB, wC);

}

copy_scatter(wC, C[jl[il);

01 DGEMM OOO0O0OO00O0DO0OO
Fig.1 DGEMM kernel caller example.

for (i=0; i<NB; i++) {
for (j=0; j<NB; j++) {
for (k=0; k<NB; k++) {
wC[j1[i] += wA[il[k] * wB[j][k];

02 DGEMM OUOO0OOOO
Fig.2 DGEMM kernel example.
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Fig.3 DGEMM performance comparison.

e ATLASY

e Intel MKLO Math Kernel Libraryd®

e GOTO BLAS

ATLASOOO0O0OO00 WhaleyDOOOOOD
000000000000000000000000
000000000D00000000000000
0000000000000 000000OO0Intel
MKLOOOOOOOOOOOOOOOOOOO00O
00000000000000000000000
OOSMPOOOOOOOOOOOOOOOOOOO
00000000GOTO BLASOOOODOODOO
00r000000000000000000000
ooo

003000 BLASOOOOOOOOO0O02.4GHz
Xeon 00000 PRIMERCGY L250 0000000
0000000000000 0000 300000 3
000000000000000000000000
00000000000 0000000GOTO BLAS
O0000000000000000 4.06 GFlops O
000000000000 84.5%0000

4. DGEMMOODO

O0ooooOoOoOoooo bGEMMOOOOODOO
0000000000000 00000000 ATLAS
000000000000DGEMMOOOOOOO
O0O0ODGEMMOOOOO0OOOOO0OOOOOOO
ooooooo

4.1 DGEMMOOOOOOOO

Oo0ooo0o0 DGEMMOOOODOOOOD 400
000400 kODOOOOOOOOOOOOOOO0
kO00000000000000000

Y 0000 Alpha 00000000 BLASOOOOOOOOOO



Vol. 45 No. SIG 11(ACS 7)

for (j=0; j<N; j++) {
for (i=0; i<156; i+=6) {

for (k=0; k<156; k++) {
C[jI[i 1 += wAli 1[x] * wB[j]l[x];
CLjI[i+1] += wA[i+1][k] * wB[jl[k];
CLj1[i+2] += wAl[i+2][k] * wB[j1[k];
C[j1[i+3] += wA[i+3]1[k] * wB[j][k];
C[j1[i+4] += wA[i+4][k] * wB[j][k];
C[j1[i+5] += wA[i+5][k] * wB[j][k];

}

prefetch(wB[j+1][i]);

04 00000 DGEMM OOOO
Fig.4 Optimized DGEMM kernel.
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Fig.5 Unrolling patterns.
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Table 2 Performance evaluation of 3 DGEMM kernels.
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movapd  wB[j] [k] regb
movapd  wA[i] [k] reg?
mulpd regb reg?
addpd reg? reg0
movapd wA[i+1][k] reg?
mulpd regb reg’?
addpd reg’? regl
movapd  wA[i+2] [k] reg7
mulpd regb reg’?
addpd reg’? reg2
movapd wA[i+3][k] reg7
mulpd regb reg’7
addpd reg? reg3
movapd wA[i+4][k] reg?
mulpd regb reg’?
addpd reg’? reg4d
movapd  wA[i+5][k] reg7
mulpd regb reg’?
addpd reg’? regb

06 DGEMM OOOOO0OOOO
Fig.6 DGEMM kernel instruction sequence.
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Fig.8 Unbalance FSB load in DGEMM kernel.
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for (k=0; k<K; k+=NB) {
copy_gather (B[0] [k], wB);
for (i=0; i<M; i+=NB) {
copy_gather (A[i] [k], wA);
dgemm_kernel(wA, wB, C);

09 00000 DGEMMOOOOOODOODO
Fig.9 Optimized DGEMM kernel caller.
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Table 3 Evaluation environment.

Machine Fujitsu PRIMERGY L250
Processor Xeon 2.4 GHz (dual)
L1 (D)/L2 8KB/512KB

Chipset Intel E7500
FSB 400 MHz (3.2 GB/s)

Memory 2 GB (PC1600, dual channel)

Network GDbE (Intel €1000)

Switch Dell POWERCONNECT 5224
Os Redhat Linux 7.3 (kernel: 2.4.19)
MPI SCore MPICH 1.2.4 (SCore 5.4)

Compiler gee 2.96
Compile options | -O3 -fomit-frame-pointer
-funroll-all-loops
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Fig.10 Optimized DGEMM performance evaluation.
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04 0O000000O0DODOODOOOOOO
Table 4 Average and maximum performance of matrix
multiplication (DGEMM).
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Table 5 Linpack result on single processor.
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Table 6 Linpack result on dual processors.
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08 PCOOODOOO Linpack 00D00O
04 nodes/8 processorsl]
Table 8 Linpack result on PC cluster system.
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