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E x p lo i t at i o n d e  la Pe r f o r m anc e
J�K�L'M�N O0P1Q�N-RTS�Q�N U�U0V�W
X�Y N Z0O\[ Y N Z9U�] Y N Z
^

0 → r 0 ;  i=0

label:

l oad b[ r 0]  → r 1 ;  b[i]

l oad c[ r 0]  → r 2 ;  c[i]

r 1 + r 2 → r 3 ;  r3 = b[i] + c[i]

st or e r 3 → a[ r 0] ;  a[i] = r3

r 0 + 1 → r 0 ;  i = i + 1

got o label i f  r 0 < n ;  continuer si i<n

_�`3acb
`3d
eHe+fhg�aci.`3j�f

_�`3acb
`3d
eHe+f2d
g g f>eHkIl f�i.`

E t ap e s  d ’ u n Pr o g r am m e  s u r  u n 
Pr o c e s s e u r

m-n�ocp q r s n>q

t=u3v'w�p s n
x yIq r s z
{3r p wcy�q

|1}1~
m-n�ocp q r s n>q

t=u3v'w�p s n
�1wcy�y
u�n>q

��zIq

load b[r0] → r1

r0

load b[r0] → r1

r0

@b

@b[r0]

@b[r0]

b[r0]
r1
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A u g m e nt e r  le  D é b i t  d e s  I ns t r u c t i o ns

m-n�ocp q r s n>q

t=u3v'w�p s n
x yIq r s z
{3r p wcy�q

}1~�|
m-n�ocp q r s n>q

t=u3v'w�p s n
�1wcy�y
u�n>q

load b[r0] → r1
load c[r0] → r2

r1 + r2 → r3r1 + r2 → r3

A u g m e nt e r  le  D é b i t  d e s  I ns t r u c t i o ns

� K-N ���������3M3N S	�hS2V�W
J�K�L+M3N O0P1Q�N2R\S�Q�N U�O�
-V=W
X�Y N Z0O ] Y N Z0UT[ Y N Z
X�Y N U
�IZ�O9] Y N U
�.Z3U1[ Y N U��IZ
^
^

………

l oad b[ r 0]  → r 1

l oad b[ r 0+1]  → r 11

l oad c[ r 0]  → r 2

l oad c[ r 0+1]  → r 12

r 1 + r 2 → r 3

r 11 + r 12 → r 13

………

_�`3acb
`3d
eHe+fhg�aci.`3j�f _�`3acb
`3d
eHe+f2d
g g f>eHkIl f�i.`
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A u g m e nt e r  le  D é b i t  d e s  I ns t r u c t i o ns

m-n�ocp q r s n>q

t=u3v'w�p s n
x yIq r s z
{3r p wcy�q

}1~�|
m-n�ocp q r s n>q

t=u3v'w�p s n
�1wcy�y
u�n>q
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M as q u e r  la D i s t anc e  à  la M é m o i r e
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[�\ ]�^ck k `�a�b�k k dfe�b�k k g�`*h�i�j
[�\ ]�^ _�`�_ _-b%_#dF_c_�g�hCb%_�g�g�i+j
[c\ ]l^ k `�k k b�k%dmk k g�h,b�k g�g�i�j
n�o _�p�g�`fq o _�p o k p�gsr o k pYb
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En Pratique…
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[�\ ]�^ _ _�`�a�b%_c_�dfe�b%_c_�g�`*h�i�j
[�\ ]�^ck k `�a�b�k k dfe�b�k k g�`*h�i�j
[�\ ]�^ _�`�_ _-b%_#dF_c_�g�hCb%_�g�g�i+j
[c\ ]l^ k `�k k b�k%dmk k g�h,b�k g�g�i�j
n�o k p o _�p�`fq o _�p o k pYb

t

[�\ ]�^ _ _�`�a�b%_c_�dfe�b%_c_�g�`*h�i�j
[�\ ]�^ck k `�a�b�k k dfe�b�k k g�`*h�i�j
[�\ ]�^ck `�k k b�k dfk k g�h,b�k g�g�i�j
[c\ ]l^ _�`�_c_$b%_#dF_c_�g�hCbQ_�g�g�i�j
n�o k p o _�p�`fq o _�p o k pYb
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A ntic ip er l e C o m p o rtem ent d u 
Pro g ram m e

MN OPQQ
P
R OST
UV P
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X
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X
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A uj o urd ’ h ui:  Pro c es s eur Superscalaire = 
E x é c u te r  l e s  I n s tr u c ti o n s  e n  P a r a l l è l e
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load b[r0]→r1

load c[r0]→r2

r1 + r2 → r3

r0 + 1 → r0

load b[r0]→r1

load c[r0]→r2

r1 + r2 → r3
r0 + 1 → r0

load b[r0]→r1

load c[r0]→r2

r0 + 1 → r0

r1 + r2 → r3

r0 + 1 → r0

load b[r0]→r1

load c[r0]→r2

��������� � �����������

r1 + r2 → r3
� ���������
���

 ����� �����������������������

L e s  M ê m e s  L i m i ta ti o n s … D é c u p l é e s
+  T r o u v e r  d u  P a r a l l é l i s m e

C o m m e n t A i d e r  l e  P r o g r a m m e u r  ?
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U n  C a s  R é e l

…
DO 200 J=1,N
DO 200 I=1,M

UNEW(I+1,J) = UOLD(I+1,J)+
.    TDTS8*(Z(I+1,J+1)+Z(I+1,J))*(CV(I+1,J+1)
. +CV(I,J+1)+CV(I,J)
. +CV(I+1,J))-TDTSDX*(H(I+1,J)-H(I,J))

VNEW(I,J+1) = VOLD(I,J+1)-TDTS8*(Z(I+1,J+1)+Z(I,J+1))
.       *(CU(I+1,J+1)+CU(I,J+1)+CU(I,J)+CU(I+1,J))
.       -TDTSDY*(H(I,J+1)-H(I,J))

PNEW(I,J) = POLD(I,J)-TDTSDX*(CU(I+1,J)-CU(I,J))
1       -TDTSDY*(CV(I,J+1)-CV(I,J))

200 CONTINUE
…

!��
47',+������	��

�����	���
� ]TQZ*UDT*,0?_
3������?/ /�V
$�" P 4
5S6?K
����������� ���"!#����� ����$#���&%��'��()�)*+��,�� �.-��0/

C a s  R é e l  ( padding)

COMMON U(N1,N2), V(N1,N2),…
COMMON U(N1,N2), PAD1(71), V(N1,N2),…

228s →→→→ 139s

C a s  R é e l  ( b l o c k ing)
DO II=1,M,BI

DO 200 J=1,N
DO 200 I=1,MIN(M,II+BI-1)

…CV(I,J+1)…CV(I,J)…

139s →→→→ 171s

DO 200 JJ = 1,N, BJ

DO 200 II=1, M, BI

DO 200 J = JJ, MIN(N,JJ+BJ-1)
DO 200 I = II, MIN(M,II+BI-1)

139s →→→→ 136s
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C a s  R é e l  ( f u s i o n  d e  b o u c l e s )
DO 10 j = 1, n

DO 10 i = 1, m
... = u(i,j) 

10 CONTINUE

DO 20 j = 1, n
DO 20 i = 1, m

u(i,j) = ...
20 CONTINUE

DO 10 j = 1, n
DO 10 i = 1, m

... = u(i,j)
u(i,j) = ... 

10 CONTINUE

136s →→→→ 127s

C a s  R é e l  ( f u s i o n  d e  b o u c l e s )
��� E��7>��,I B.A��:B
	���

;?> H G��

DO 10 j = 1, n
DO 10 i = 1, m

... = u(i-1,j) 
10 CONTINUE
DO 20 j = 1, n

DO 20 i = 1, m
u(i,j) = ...

20 CONTINUE

DO 10 j = 1, n
DO 10 i = 1, m

... = u(i-1,j) 
u(i,j) = ...

10 CONTINUE

C a s  R é e l  ( f u s i o n  d e  b o u c l e s )
��� E��7>��,I B.A��:B
	���

;?> H G��

DO 10 j = 1, n
DO 10 i = 1, m

... = u(i-1,j) 
10 CONTINUE

DO 10 j = 1, n
DO 10 i = 0, m-1

... = u(i,j) 
10 CONTINUE

DO 9 j = 1, n
DO 9 i = 0, 0

... = u(i,j) 
9 CONTINUE
DO 10 j = 1, n

DO 10 i = 1, m-1
... = u(i,j) 

10 CONTINUE

DO 20 j = 1, n
DO 20 i = 1, m-1

u(i,j) = ...
20 CONTINUE
DO 11 j = 1, n

DO 11 i = m, m
u(i,j) = ...

11 CONTINUE

&
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C a s  R é e l  ( f u s i o n  d e  b o u c l e s )
��� E��7>��,I B.A��:B
	���

;?> H G��

DO 9 j = 1, n
DO 9 i = 0, 0

... = u(i,j) 
9 CONTINUE
DO 10 j = 1, n

DO 10 i = 1, m-1
... = u(i,j)
u(i,j) = ...

10 CONTINUE
DO 11 j = 1, n

DO 11 i = m, m
u(i,j) = ...

11 CONTINUE

DO 10 j = 1, n
DO 10 i = 1, m

... = u(i-1,j) 
10 CONTINUE
DO 20 j = 1, n

DO 20 i = 1, m
u(i,j) = ...

20 CONTINUE

C a s  R é e l  ( s u b s ti tu ti o n )
DO 10 i

DO 10 j

CU(i,j) � 0.5*(P(i,j-1)+P(i-1,j))*U(i,j)
� ��������	�
 ����


DO 20 i

DO 20 j

... = CU(i,j) + CU(i,j+1)
����������	�
 ����


DO 20 i

DO 20 j

... = 0.5*(P(i,j-1)+P(i-1,j))*U(i,j)
+ 0.5*(P(i,j)+P(i-1,j+1))*U(i,j+1)

���:����� � 	 �����

127s →→→→ 97s
��� ���#���S���! ���� �8���:�� �
�

C a s  R é e l
" H >J;�<

228s →→→→ 97s 
(speedup = 2,35)
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