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GEMM - 3 BLAS
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DGEMM (TransA,TransB,M,N,K,a,A,lda,B,ldb,b,C,ldc)

TransA: A “n” “t”(char )
() op(A)

TransB: B “n” “t”(char )
() op(B)
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a: () a(double )
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lda: A (int )

B:B (double )

[db: B (int )

b: () b(double )

C: C (double )

Idc: C (int )
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function [C(1:M,1:N)] = RB-GEMM (C(1:M,1:N),
A(1:M,1:K),B(1:K,1:N),m,n,k)
ifm=1andn=1andk=1then
DGEMM (C(1:M,1:N),A(1:M,1:K),B(1:K,1:N));
elseif m = max (m,n,k) then
ml =m/2; m2 =m-ml;
RB-GEMM (C(1:m1 mb,1:N),
A(1:ml mb,1:K),B(1:K,1:N),m1,n,k);
RB-GEMM(C(ml mb+1:M,1:N),
A(ml mb+1:M,1:K),B(1:K,1:N),m2,n,k);
elseif n = max (m,n,k) then
nl =n/2; n2=n-nl;
RB-GEMM (C(1:M,1:n1 nb),A(1:M,1:K),
B(1:K,1: nl nb),m,nl k);
RB-GEMM (C(1:M, n1 nb+1:N),A(1:M,1:K),
B(1:K, nl nb+1:N),m,n2,k);
else
k1l =k/2; k2 =k - klI;
RB-GEMM (C(1:M,1:N),A(1:M,1:k1 kb),
B(1: k1 kb,1:N),m,n,k1);
RB-GEMM (C(1:M,1:N),A(1:M, k1 kb+1:K),
B(k1 kb+1:K,1:N),m,n,k2);

end

3 BLAS Gustavson
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Routine
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()

1CPU

1CPU SMP

Routine

*threadnum
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Recursive(Cstate, Astate, Bstate, m, n, k, M, N, K, *threadnum){
if(m==1 && n=—=1 && k==1){
if(pthread create(&tid[ *threadnum], NULL,
(void*(*)(void*))Routine,&cbuf)
telse if( m == max(m,n,k) ){
ml=m>>1; m2=m-ml; mb=M/m; mm=mb*m];
Recur sive(Cstate, Astate, Bstate, m1, n, k, mm, N, K, threadnum);
Recur sive(Cstatet+(mb*m1)*Nmax, Astate+(mb*m1)*Kmax,
Bstate, m2, n, k, (M-mm), N, K, threadnum);
else if( n == max(1,n,k) ){
nl=n>>1;n2=n-nl;nb=N/n;nn=nb*nl;
Recur sive(Cstate, Astate, Bstate, m, nl, k, M, nn, K, threadnum);
Recursive(Cstate+(nb*n1), Astate, Bstate+(nb*nl),
m, n2, k, M, (N-nn), K, threadnum);
telse{
k1=k>>1; k2=k-k1; kb=K/k; kk=kb*k1;
Recur sive(Cstate, Astate, Bstate, m, n, k1, M, N, kk, threadnum);
Recur sive(Cstate, Astate+(kb*k1), Bstate+(kb*k1)*Nmax,
m, n, k2, M, N, (K-kk), threadnum);

return O;

4 BLAS
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3.4 GEMM
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40
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1
oS CPU L1Cache | L2Cache | CPU
Intel
Red Hat
Pentium4 Pentium4 1GB 8KB 512KB 1
Linux 7.1
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AMD
Red Hat
Opteron Opteron 2GB 64KB IMB 2
Linux 7.1
1.8GHz
MIPS
Origin3400 | IRIX 6.5 R14000 8GB 32KB SMB 16

500MHz
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4.2.3 Origin3400

16CPU  OS IRIX6.5 SMP
Orgin3400 IRIX C ”-64 -03”
12 13 N=100 L=1 N 200 400 1000 5000
L=5 N=100 L=1
Opteron L1
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L=5 32
CPU Opteron

CPU
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CPU
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5.2 ATLAS

ATLAS(Automatically Tuned Linear Algebra Software)[4]
Clint Whaley ,

ATLAS
L1 L2
AEOS[4] ( )
ATLAS BLAS ATLAS

5
() BLAS ( Fortran C)
() L1, L2
() CPU 0S
() Multi Thread ( )
()

BLAS (DGEMM )
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ATLAS

CPU
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Pthread
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CPU
Configure file
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BLAS
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7 AutoTuned-RB

7.1
ATLAS AutoTuned-RB
AutoTuned-RB 4
BLAS 1CPU Pentium4 2CPU
Opteron 16CPU Origin3400
2 ATLAS
DGEMM P
RDGEMM ATLAS 3.4.2 2
N L
Flops AutoTuned-RB

3 DGEMM P
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s S s M s L
Opteron 120 500
Origin3400 150 2500
( 500)
500, 1000, 1500, 2000, 2500, 3000,
Pentium4

3500, 4000, 4500, 5000, 5500, 6000
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7.2 ATLAS  AutoTuned-RB

ATLAS DGEMM P  AutoTuned-RB
AutoTuned-RB 4.1 BLAS

7.2.1 Pentium4

17 Pentium4 DGEMM P  AutoTuned-RB
DGEMM P N=4000 6000
ATLAS L1 L2
N=4000

AutoTuned-RB

AutoTuned-RB N=4000 6000 DGEMM P
2 DGEMM P  ATLAS
N=4000
AutoTuned-RB

DGEMM_P
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Mflops
3000

2500

2000

1500 | ~<- AutoTuned-RB '\

o DGEMM P

1000

500

0 1000 2000 3000 4000 5000 6000 7000

17 Pentium4 AutoTuned-RB
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7.2.2 Opteron
18 Opteron ATLAS  Multi-thread
DGEMM P DGEMM P AutoTuned-RB
Mflops
5000
4000 - AT ~<- AutoTuned-RB o

3000

2000

1000

o DGEMM P
0 1000 2000 3000 4000 5000 6000
N
18 Opteron AutoTuned-RB

DGEMM P Mflops



7.2.3 Origin3400

19 Origin3400

N=100
AutoTuned-RB

N=2000 6000

N=5000 6000
DGEMM _P

1000 DGEMM P

L1

62
N=5000
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DGEMM P  AutoTuned-RB

1000 DGEMM _P

AutoTuned-RB DGEMM P
DGEMM P
AutoTuned-RB 3.3
DGEMM P  Multi-thread
AutoTuned-RB
ATLAS
N=100

AutoTuned-RB

1CPU DGEMM P
90% 16CPU N=4000
AutoTuned-RB 16CPU

90%
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7.3 AutoTuned-RB

7.3.1 1

20 AutoTuned-RB

AutoTuned-RB 1
O 4.2
Pentium4 500 L=0~8
Opteron s S=120 L3 s M
s L L2 +200 s L=500
Origin3400 s S=150 s M s L
L2 +200 s L=2500 L2
200
7.2 AutoTuned-RB

AutoTuned-RB

Opteron
L1
L3
Origin3400 Opteron
Pentium4 L3 N=1000 2000 1
f(N)=0 N=2000 2500 f(N)=(3/500)N-12 N=2500 4500
f(N)=3 N=4500 5000 f(N)= (3/ 500)N-24 N=5000 6000
f(N)=6 N=2000 6000 AutoTuned-RB

ATLAS DGEMM P
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SMP (Opteron Origin3400)
3
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()
()
SMP 3 1
1CPU Pentium4 ATLAS
DGEMM AutoTuned-RB 2000 6000
2.0 16CPU  SGI Orgin3400 2000 5000 3.3
Pentium4 ATLAS BLAS
AutoTuned-RB
Origin 90% ATLAS
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AutoTuned-RB
ATLAS BLAS
BLAS

BLAS
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AutoTuned-RB

RB_DGEMM

RB_DGEMM ( TransA, TransB, M, N, K, a, A, 1da, B, 1db, b, C, Idc )

L3BLAS DGEMM
(C —ax Trans(A)x Trans(B) bx C) (D)
TransA: A “ n” “t" (char )
TransB: B “n” “ t" (char )
M: A C (int )
N: B C (int )
K: A B (int )
a (1) a(double )
A A (double )
lda: A (int )
B: B (double )
ldb: B (int )
b: (1) b(double )
C:C (double )

ldc: C (int )



RB_DGEMM

void






SMP

(1) LI

(2) L3

(3) L3

SMP

SMP

(1)
(2)

1CPU (1)

Tuned Recursive BLAS)

AutoTuned-RB

1CPU

BLAS

BLAS

AutoTuned-RB (Automatically



(1) 1CPU SMP
(2) BLAS

3) C

(4) Posix Thread

L3
L2

oS

ATLAS BLAS

L1



AutoTuned-RB

SMP 1CPU

(1) Makefile
(2) make config
(3) Config file make install

HHHHHHAHHHHHH A A
HHHHH#

Makefile
HHHHHEHEHEHEHEHEHEHEHE R
#



#  AutoTuned-RB Install Makefile

#

#

#

#

HHBHHHH BRI

SHELL = /bin/sh
ARCH = Linux_P4SSE2
( :ATLAS

HHHHHHHHHH AR

TOPdir = /home/kinoshita
ATLdir =$(TOPdir)/ATLAS
ATLIlibdir = $(ATLdir)/1ib/$(ARCH)

HAR BRI R R R R TR R
(AutoTune-RB )
ATRBdir = $(TOPdir)/ATRB

ATRBobjdir = $(ATRBdir)/source/$(ARCH)
ATRBsrcdir = $(ATRBdir)/source

ATRBincdir = $(ATRBdir)/include/$(ARCH)
ATRBIlibdir = $(ATRBdir)/lib/$(ARCH)
#ATRbindir = $(TOPdir)/bin/$(ARCH)



HHHHHHHH AR

CC=cc
CCFLAGS =-03
NM = -0

0OJ=-c

HHHHHRHHHHHH

ARCHIVER = ar
ARFLAGS =r

HHHHRRHHHHHH

LATL = -latlas
LPTH = -lpthread
#Math = -Im

HHHH R

all:install

config:
rm -f cofig
$(CC) -Im  config.c $(NM) config
./config
mkdir -p $(ATRBincdir)



mv Confg.h $(ATRBincdir)/

rm -f config
install:$(ATRBsrcdir)/ABCLib_BLAS Src.c
$(ATRBsrcdir)/ABCLib_BLAS Rec
ursive.c

rm -f $(ATRBIlibdir)/*.a

$(CC) $(ATRBsrcdir)/ABCLib_BLAS Src.c $(NM) ¥

ABCLib_BLAS Src $(CCFLAGS) -I$(ATRBincdir) -L$(ATLIlibdir) ¥

$(LATL) $(LPTH)

./ABCLib BLAS Src

mv Mtdev.h $(ATRBincdir)/

rm -f ABCLib_BLAS Src

$(CO) $(0J) -IS(ATRBincdir)
$(ATRBsrcdir)/ABCLib_BLAS Recursive.c

mkdir -p $(ATRBobjdir)

mv $(ATRBdir)/ABCLib_BLAS Recursive.o $(ATRBobjdir)/

mkdir -p $(ATRBIibdir)

$(ARCHIVER) $(ARFLAGS) $(ATRBIibdir)/libatr.a
$(ATRBobjdir)/¥

ABCLib_BLAS Recursive.o

.PHONY : cleanall cleanbin cleanobj cleanlib cleanhead

cleanall: cleanbin cleanobj cleanlib cleanhead

cleanbin:

rm -f $(ATRBdir)/ABCLib_BLAS Src



cleanobj

cleanlib:

rm -f $(ATRBdir)/config

rm -f $(ATRBobjdir)/*.0

rmdir $(ATRBobjdir)

rm -f $(ATRBIibdir)/*.a

rmdir $(ATRBIlibdir)

cleanhead:

rm -f $(ATRBincdir)/*.h

rmdir $(ATRBincdir)
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Makefile
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3)
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make config
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Configure file
AutoTuned-RB

Configure file

make

SMP

install

10

1CPU
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Makefile

make config

No

L3 No

Yes

A 4
( Configure file )

Configure file




ATRB/

Makefile

Config.c

ATRB/source
ABCLib_BLAS Recursive.c
ABCLib_BLAS Src.c
ATRB/source/<arch>
ABCLib_BLAS Recursive.o
Recursive p.o
ATRB/include/<arch>
Confg.h

Mtdev.h

ATRB/lib

Libatr.a

ATRB/test

Makefile

ABCLib_BLAS Test.c
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ATRB
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source

<arch>

include

<arch>

lib

<arch>

test

AutoTuned-RB
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test/ABCLibTestBLAS.c
MATRIXSIZE

/******************************************/

/* */
/* Posix Pthread version */
/* Recursive BLAS Matrix Mutmal */

/* */
/* Yasuo Kinoshita */
/* */

/******************************************/

#include <stdio.h>
#include <stdlib.h>
#include <sys/time.h>
#include <unistd.h>

#include <time.h>

#define MATRIXSIZE 4000

int main(int argc  char **argv)
{

mM N K;

double *C *A *B;



char TransA='n'" TransB='n';
double a=1.0 b=0.0;
intlda 1db Idc;

inti j x;

struct timeval tl t2;
double soltime sec usec;
time_t seed;

time(&seed);

srand(seed);
M=MATRIXSIZE;

N=M;

K=M;

Ida = K;

1db = N;

ldc = M;

printf("MatrixC:%d*%d " M N);

printf("MatrixA:%d*%d " M K);

printf("MatrixB:%d*%d¥n" K N);

C = (double *)malloc(sizeof(double)*(M*N));

A = (double *)malloc(sizeof(double)*(M*K));

B = (double *)malloc(sizeof(double)*(K*N));

x=10;

for(i=0 ;i<M ;i++ ){



for(j=0 ;j<N ;j++ ){
*(C+j+i*N) = 0.0;

for(i=0 ;i<M ;i++ ){
for(j=0 ;j<K ;j++ ){
*(A+j+1*K) =(double)(rand()%x);

for(i=0 ;i<K ;i++ ){
for(j=0 ;j<N ;j++ ){
*(B+j+i*N) =(double)(rand()%x);

gettimeofday(&tl  NULL);

RB DGEMM(TransA TransB M N K a A 1Ida B Idb
l1dc);

gettimeofday(&t2  NULL);

sec = t2.tv_sec - tl.tv_sec;

usec = t2.tv_usec - tl.tv_usec;

soltime = (sec + usec/1000000.0);
printf("Solve time = %0.31f¥n" soltime);

printf(" flops = 9%0.31f¥n" 2*M*M*(M/soltime)/1000000);

b
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free(C);
free(A);
free(B);

return O;

b
HHHHHHHH AR

HHH#
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AutoTuned-RB

CPU  SMP

HHBHHH R R R R

kinoshita@opt01:~/ATRB> make config
rm -f cofig
cc -lm config.c -o config
.JJconfig
HHBHHHH R R
ABCLib-BLAS
version  ver.1.0

composed by Yasuo Kinoshita

Graduate School of Information Systems
The University of Electro-Communications
/JAPAN SCIENCE AND TECHNOLOGY AGENCY
2004/01/16

AutoTuned-RB Configure
HHBHHHH R R



make Confg.h

SMP SUPPORT[y/n]: y

Input Number of CPU : 2

======== Sampling point Setting

Input L1Cache Size[KByte]: 64

L3Cache Machine?[y/n]: n

Input L2CacheSize[KByte]: 1024
Configration Completed!!

Type "make install" if you continue install

mkdir -p /home/kinoshita/ATRB/include/Linux. UNKNOWNSSE2 2
mv Confg.h /home/kinoshita/ATRB/include/Linux UNKNOWNSSE2 2/

rm -f config

kinoshita@opt01:~/ATRB> make install

rm -f /home/kinoshita/ATRB/lib/Linux UNKNOWNSSE2 2/*.a
cc /home/kinoshita/ ATRB/source/ABCLib_ BLAS Src.c -0 ¥
ABCLib_BLAS Src

-I/home/kinoshita/ATRB/include/Linux UNKNOWNSSE2 2

-20-
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-L/home/kinoshita/AutoTuned-RB/ATLAS/lib/Linux UNKNOWNSSE2 2

-latlas -Ipthread
./ABCLib_BLAS Src
HHBHE R R R R
ABCLib-BLAS
version  verl.0

composed by Yasuo Kinoshita
Graduate School of Information Systems
The University of Electro-Communications
/JAPAN SCIENCE AND TECHNOLOGY AGENCY

2005/01/16

AutoTuned-RB Install-time Optimization

HHHH R

#H##H#H##H#H SMP Machine Tuning ######HH##

#Hitt#H##H###H Near L1 Cache size HHHHIHHHHHH

MATRIX SIZE 123 * 123

RNUM TIME MFLOPS
0 0.002 1542.6
1 0.002 1602.1
2 0.003 1487.1

3 0.003 1400.2
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#H###R#### In L3 Cache size HHHHHHHHH

MATRIX SIZE 395 * 395

RNUM TIME MFLOPS
0 0.065 1906.9
1 0.039  3197.5
2 0.041 3021.7
3 0.043  2899.4
4 0.050  2448.9
5 0.065 1901.1
Matrixsize OptiNum
123 1
395 1

Tuning Completed !

mv Mtdev.h /home/kinoshita/ATRB/include/Linux UNKNOWNSSE2 2/

rm -f ABCLib_ BLAS Src

cc -C -I/home/kinoshita/ATRB/include/Linux UNKNOWNSSE2 2
/home/kinoshita/ATRB/source/ABCLib_BLAS Recursive.c

mkdir -p /home/kinoshita/ATRB/source/Linux. UNKNOWNSSE2 2

mv /home/kinoshita/ATRB/ABCLib_ BLAS Recursive.o
/home/kinoshita/ATRB/source/Linux UNKNOWNSSE2 2/
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mkdir -p /home/kinoshita/ATRB/lib/Linux UNKNOWNSSE2 2

ar r /home/kinoshita/ATRB/lib/Linux. UNKNOWNSSE2 2/libatr.a
/home/kinoshita/ATRB/source/Linux. UNKNOWNSSE2 2/ABCLib BLAS Rec
ursive.o

kinoshita@optO1:~/ATRB>

HHHHH R AR
HH#H#
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(test/ABCLibTestBLAS.c )
1000x 1000

kinoshita@opt01:~/ATRB/test> make dgemm
cc ABCLib_BLAS Test.c -0 ABCLib_BLAS Test -03
-L/home/kinoshita/AutoTuned-RB/ATLAS/lib/Linux UNKNOWNSSE2 2 ¥
-L/home/kinoshita/ ATRB/lib/Linux. UNKNOWNSSE2 2 -latr -latlas -Ipthread
-lm
kinoshita@optO1:~/ATRB/test> ./ABCLib_BLAS Test
MatrixC:1000*1000 MatrixA:1000*1000 MatrixB:1000*1000
s=2
Solve time = 0.509

Mflops = 3926.897

kinoshita@opt01:~/ATRB/test>

) test/makefile



BLAS3

AutoTuned-RB

http://www.abc-lib.org/online/abclib.htm

BLAS
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