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• O��Ý����Ý�5��� (Moore’s Law)

• õ?�;!�þ!�;!�5�¿1?n

• �ED4¿1 (MPI) ����;¿1 (OpenMP) (Ü

• G1§S5U: ��ÛÜz

• ¿1§S5U: êâ�'5!K1þï!Ï&m�
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• duO�Å CPU �S�5Um�FÃ�N§A^§S
�¢S5U��$u CPU �¸�5U"

? HPC Linpack: 50%–80%
? FFTW: < 50%
? ÊÏA^§S: 1% ∼ 20%

• ;.A^§S�¢S5UÏ~3 CPU ¸�5U� 10%
±e"

• p5UO�Å�¸�5U§$� HPC Linpack 5U¿
ØU�L§�¢SA^5U

• k��§S`zEâ!p5UÏ^§S¥éJ,p5U
O�Å�¢SA^�Çäk­��^!
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• ?nì/S�(�

• �{(�

• §S(�
? ê|©��ª�êâéà
? Ì�^S, $�|�

• ?È`z

• 5U`zóä

• 5U`zEâ

• ëw http://lssc.cc.ac.cn/training2000//�¯/perf.ppt

http://lssc.cc.ac.cn/training2000/��־��/perf.ppt
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O�Å^M�A5
Ï&!O�5U, Ï&� CPU Ó^Ç, Ï&�Æ"
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Ï&m�
Ï&þ!Ï&âÝ!9Ï&�ª (Ï&ãY)

K1þï
K1�ØþïE¤?nì�s��"

¿1?§�ª
OpenMP, pthread, MPI, PVM, HPF, . . .



§S5U¢~ 1: LSSC–II 5UÚO

LSSC–II Ü©§S5UÚO

file:../slides/20040409/perf.lst


A^§S¢~ 2: Ý
¦ — Ì�^S

DO I = 1, N
DO J = 1, N

DO K = 1, N
C(I,J) = C(I,J) + A(I,K) * B(K,J)

ENDDO
ENDDO

ENDDO

��ØÓÌ�^S: IJK, IKJ, JIK, . . .



• 
§S: matmul0.m4

• ?Èì: Intel Fortran 8.0

• ?ÈÀ�: -O3 -align all -unroll4

800MHz P3, 256KB �? cache

2.0GHz P4 Xeon, 512KB �? cache, Intel Fortran 6.0

2.4GHz P4 Xeon, 512KB �? cache

file:../PCcourse/matmul/matmul0.m4
file:../slides/20040227/PIII800.log
file:../slides/20040227/PIV2.0G.log
file:../slides/20040227/PIV2.4G.log


A^§S¢~ 3: Ý
¦ — ê|�ê

DIMENSION A(LD, N), B(LD, N), C(LD, N)
... ...
DO I = 1, N

DO J = 1, N
DO K = 1, N

C(I,J) = C(I,J) + A(I,K) * B(K,J)
ENDDO

ENDDO
ENDDO
... ...

��ØÓÌ�^S (IJK, IKJ, JIK, . . . ) e LD ���K�"



N = 1024, P4/2.4G, Intel Fortran 8.0
?ÈÀ�µifort -O3 -align all -unroll4 ...

¢S5U (Mflops)
Ì�^S LD=1024 LD=1025

I J K 23.25 195.23
I K J 9.35 67.19
J I K 24.63 148.20
J K I 489.18 484.76
K I J 9.36 62.57
K J I 229.43 231.91

Goto’s BLAS 3463.68 3520.52



A^§S¢~ 4: Fortran Linpack

3äk P �?nì�ÅìþÓ�$1 p ° Fortran Lin-
pack §S (p = 1, 2, . . . , P ).

z|êâ$1êg§5UU ��/²þ/�� �/ª�
Ñ"

z«�¹1�1êâéAu LDA=N, 1�1êâéA
LDA=N+1 (LDA �ê|Ä��ê§=: DIMENSION A(LDA,*))"



N = 100 N = 400 N = 1000 N = 3000

1 728/728/728 880/880/880 413/413/413 442/442/442
728/728/728 967/967/967 411/411/411 437/439/441

2 728/728/728 880/885/889 412/413/414 366/404/442
728/728/728 967/967/967 288/289/290 201/353/441

4 728/730/734 889/889/889 410/414/416 434/440/442
767/774/778 947/954/967 411/414/420 262/352/441

8 718/730/739 880/885/889 408/413/420 262/352/441
767/771/778 947/957/967 283/353/422 264/396/442

16 723/730/739 880/885/898 272/349/416 256/287/441
767/773/778 947/962/967 285/367/419 186/325/446

Åì� (3.6Gflops/CPU)



N = 100 N = 400 N = 1000 N = 3000

1 524/524/524 716/716/716 338/338/338 408/408/408
524/524/524 661/661/661 336/336/336 410/410/410

2 497/510/524 614/637/661 324/326/329 394/395/396
497/510/524 537/599/661 323/326/329 401/402/404

4 524/545/553 537/596/661 278/297/315 318/351/384
524/539/553 537/587/661 278/295/315 315/348/382

8 524/542/553 505/552/661 219/238/290 208/243/365
524/531/553 505/542/573 219/236/291 208/242/365

16 497/526/553 286/457/573 197/204/212 189/195/204
497/524/553 296/428/537 186/202/225 169/193/287

32 497/524/553 175/191/277 120/129/140 107/113/121
497/523/553 179/210/429 124/129/136 107/113/122

Åì� (5.3Gflops/CPU)



N = 100 N = 400 N = 1000 N = 3000

1 639/639/639 749/749/749 520/520/520 532/532/532
765/765/765 749/749/749 518/518/518 532/532/532

2 643/645/648 742/742/742 520/520/521 532/533/535
765/771/777 742/749/756 519/524/528 537/538/539

4 635/644/648 736/747/756 517/523/527 535/536/538
759/771/777 742/747/756 521/525/527 530/535/538

8 652/652/652 736/747/756 516/522/526 531/535/538
771/777/783 736/743/756 519/522/526 535/537/539

16 635/645/652 729/736/742 512/522/528 531/536/538
759/767/783 723/745/756 485/519/527 531/536/539

Åìn (2.3Gflops/CPU)
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• p� (õÏ�) S�!õ?�Nþ Cache!Äuêâ6Y
���þ/��þEâ"":: ��O\M�¤�§¿�
éNõ�5� (�S�þ) O��Jk�"

• p5UêÆ¥�¦^: BLAS, FFTW, LAPACK, ScaLA-
PACK, . . .

• ?È`zEâ

• 5U`zóä

• <ó`z: 9Ïóä



§S5U`z¢~: Ì�Ðm

Fortran §S (DGEMM)

DO J = 1, N
DO K = 1, N

TEMP = B( K, J )
DO I = 1, N

C( I, J ) = C( I, J ) + TEMP*A( I, K )
ENDDO

ENDDO
ENDDO



� N �óê�Ú�� 2 �n­Ì�Ðm(J:

DO J=1,N,2

DO K=1,N,2

T00=B(K,J)

T01=B(K+1,J)

T10=B(K,J+1)

T11=B(K+1,J+1)

DO 140 I=1,N,2

C(I,J)=C(I,J)+T00*A(I,K)+T01*A(I,K+1)

C(I+1,J)=C(I+1,J)+T00*A(I+1,K)+T01*A(I+1,K+1)

C(I,J+1)=C(I,J+1)+T10*A(I,K)+T11*A(I,K+1)

C(I+1,J+1)=C(I+1,J+1)+T10*A(I+1,K)+T11*A(I+1,K+1)

ENDDO

ENDDO

ENDDO



M4 ÷�ó (unroll.m4 )

m4_local(t, j, l)
m4_do( j, 1, n, 1, nn_2, {
m4_do( k, 1, n, 1, nn_3,{
m4_expand(j, l, {t = alpha*b( l, j )})
m4_do( i, 1, n, 1, nn_1,{
m4_expand( i, j, {
c(i,j)=c(i,j) m4_expand(k, {&+a(i,k)*b(k,j)})
})
})
})
})
m4_undefine({t})

file:../slides/20040227/unroll.m4


=� (ftp://ftp.cc.ac.cn/pub/home/zlb/mfor/ )

m4 -P -Dnn_1=2 -Dnn_2=2 -Dnn_3=2 \
defs.m4 unroll.m4 | m4post > unroll.f

(=�(J)

ü«µ|¢�ZÐmÚê

ftp://ftp.cc.ac.cn/pub/home/zlb/mfor/
file:../slides/20040227/unroll.f

