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jfohgVehmfTVU�bi\�lklO\sjfTZl
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¯ �%°3S []e¡l|\
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jfoh\�y;g
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v;\"m9TkUXW�TcY�["[�Y�gVehU�y�mfT�ÀUXy{z\�\
m�Y�T3oh\�lwdnY�ufehgVjwz\�l�v;\}l`[�YXbcdfehyf\}l3qY�[�z\s["U�ehTV\�mnY�TVgcY�W�z\s\�¦ML y,\i��\sg�t�o�Y"v;e¡lOgkTVehufjfgVehU�y
m9d;�9l|e�ª jf\xv;\
o¡Y�[®z\�["UXepTk\]qY"gkTcYs©�\sTZlMoh\}lMy�B3jnvfl3v;\
bsY�o¡bij9o ¢rYXbiepohepgk\�o�Y"biU�ynbi\smfgVehU�y
v�« jfyf\�Y�TcbcdfehgV\�bigkj9Tk\*\s~�gk\synlOehufop\�ti\�g6o¡Yw©;e�l|ehU�y�U��G\�Tkgk\{Y�j�mfTkU�WXTcY�["["\sj9T6vG« jfy�\�lOmnYXb�\
v�«¬YXv�Tk\�lVlkY�W�\MW�ohU�unY�ofj9yfe¡ª�jf\wv�z\�bCd�Y�TkW�\0or« jfgVehohe�lkY�gk\sjfT�v�\wo=« U�mwz\sTZY�gkepUXy
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� U�jnl�\sy�gcY�[]UXynl�v�UXynbwjfyf\�z\sgVjnv;\�biTkepgke�ª jf\{v;j]biUX["mnU�Tkgk\�["\sy�g�vG« jfy9\w[�z\s["U�ehTk\
©�ehTVgkjf\�ohoh\�mnY�TkgZY�W�z\�\ ¯ �%°3S0±�©;e�l|£ZqY�£¶©;e�l"vG«¸Y�ohW�UXTVehgkd9["\�lJqY¿YXbsb�q\�lN/clO\s["ep£ÑepTkT9z\�WXjfopeh\sTO0
Y�jf~]v;UXyfy{z\s\�li¦9§�Y�y�l0bi\sgVgk\�bsY�g9z\sWXU�Tkep\3vG«¬Y�ohW�UXTkepgkdf[]\�litXop\�lVbCd{z\s[�Y�vG«¸YXbsb�q\�l*Y�jf~]v;UXy9£
y{z\s\�l�yf\"mn\sjfg]À\sgVTk\]biUXy9y;j&ª�j6«�qY�or« \s~�z\�bij9gkehU�y�v;j mfTkU�WXTcY�["["\�\sg�Y�j¿©;j v;\�l3v;UXy9£
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m�Y�TcY�oho�z\sohe�l|\sjfT�qY%W�z\sy{z\sTk\sT�j9y­b�U�v;\�\�P�b�YXbi\�¦*¤*\sg�Y�l|mn\�big]v;\�l�bcdfU l|\�l�yf\JlO\sTcY%mnY�l
Y�unUXTcv�z\3vfY�y�l0bi\�gkTZY}©�Y�eho=t�\sg*yfUXjnl*yfUXj�l�ohep["ehgV\sTkU�ynl*qYÃj9yf\�Y�mfmfTVU�bCdf\�mfohjnl*bio�YXlVl|e¡ª�jf\
v�\Ão�Y�mfTkU�WXTZY�["[�Y�gkepUXy"mnY�TcY�ohorq\�oh\�¦

S U�jfT�bi\�¢rY�ehTV\�tfoh\}l0gkTcY�ehgV\s["\sy�gcl�\i��\�bigVjwz\�lwlOjfT�v�\�l�[�Y�gkTVe¡bi\}l�b�Tk\sjnlO\�l�l|\s[
ufoh\�y;g
À\�gkTk\]jfyf\"mfo�Y�gV\s£ ¢¶U�Tk["\
ehy�g9z\�Tk\�lVlkY�y�gk\ ¦QL�y m�Y�TkgVe¡bij9oheh\�TstGyfU�jnl�bcdfUXe�l|e¡lVl|U�ynl�jfyf\"[®z\s£
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DO j = 1, n

DO k = 1, j-1

DO i = j, n

A[i,j] = A[i,j] - A[i,k] * A[j,k]

ENDDO

ENDDO

ENDDO

ENDDO

A[i,j] = A[i,j] / A[j,j]

A[j,j] = SQR(A[j,j])

DO i = j + 1, n

j

i
k

j

i

k

j

i

k

A[i,j] = A[i,j] - A[i,k] * A[j,k]

ENDDO

DO k = 1, j-1

ELSE A[i,j] = A[i,j] / A[j,j]

ENDIF

ENDDO

ENDDO

DO i = j, n

DO j = 1, n

If  (i = j) THEN A[i,i] = SQR(A[i,i])

DO i = 1, n

DO j = 1, i

DO k = 1, j - 1

A[i,j] = A[i,j] - A[i,k] * A[j,k]

ENDDO

If  (i = j) THEN A[i,i] = SQR(A[i,i])

ELSE A[i,j] = A[i,j] / A[j,j]

ENDIF

ENDDO

ENDDO

DO k = 1, n

A[k,k] = SQR(A[k,k])

DO i = k + 1, n

A[i,k] = A[i,k] / A[k,k]

DO j = k + 1, i

A[i,j] = A[i,j] - A[i,k] * A[j,k]

ENDDO

ENDDO

ENDDO

j

i

k

j
i

k

k

j
i
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6
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DO i = 1, n

DO k = 1, i

If  (k = i) THEN A[i,i] = SQR(A[i,i])

ELSE A[i,k] = A[i,k] / A[k,k]

ENDIF

DO j = k + 1, i

A[i,j] = A[i,j] - A[i,k] * A[j,k]

ENDDO

ENDDO

ENDDO

DO k = 1, n

A[k,k] = SQR(A[k,k])

ENDDO

ENDDO

ENDDO

A[i,j] = A[i,j] - A[i,k] * A[j,k]

DO i = j, n

DO j = k + 1, n

DO i = k + 1, n

ENDDO

A[i,k] = A[i,k] / A[k,k]

5 epWXjfTV\ .C5fa�bsbXq\�l�Y�jf~Jv;U�yfywz\s\�l�¦
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Cdiv(1)

Cdiv(2)

Cdiv(3)

Cdiv(4)

Cdiv(6)

Cdiv(7)

Cdiv(8)

Cmod(7, 3) Cmod(7, 1) Cmod(7,  6)

Cmod(8, 6) Cmod(8, 5)Cmod(8, 7)

Cmod(3, 2) Cmod(6, 4) Cmod(6, 5)

Cdiv(5)
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Cdiv(1)

Cdiv(2)

Cdiv(3)

Cdiv(4)

Cdiv(6)

Cdiv(7)

Cdiv(8)

Cmod(7, 3) Cmod(7, 1) Cmod(7,  6)

Cmod(8, 6) Cmod(8, 5)Cmod(8, 7)

Cmod(3, 2) Cmod(6, 4) Cmod(6, 5)

Cdiv(5)

T(8)

T(7)

T(5)T(4)T(2)

T(3) T(1) T(6)
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Cdiv(1)

Cdiv(2)

Cdiv(3)

Cdiv(4)

Cdiv(6)

Cdiv(7)

Cdiv(8)

Cmod(7, 3) Cmod(7, 1) Cmod(7,  6)

Cmod(8, 6) Cmod(8, 5)Cmod(8, 7)

Cmod(3, 2) Cmod(6, 4) Cmod(6, 5)

Cdiv(5)

J(3) J(1)

J(5)

J(8)

J(7)

J(2) J(4)

J(6)
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Cdiv(2)

Cmod(3, 2)

Cdiv(3)

Cdiv(1)

Cmod(6, 4)

Cmod(6, 5)

Cdiv(6)

Cmod(8, 6)

Cmod(8, 5)Cmod(7, 1)

Cmod(8, 7)

Cdiv(5)

Cdiv(8)

Cdiv(7)

Cmod(7, 3)

Cmod(7,  6)

Cdiv(4)

Processeur 1 Processeur 2 Processeur 3 Processeur 4

Communication inter-processeurs

Dépendance

Contrainte de précédence
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qY��;¦�S U�jfTw�A1ÃmfTVU�bi\�lklO\sjfTZlit;epof\�lOgwv;\�l*bsY�l�U�qj�o=« jfgkepohe¡lVY�gVehUXy
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IF  me = ...

ENDIF

Calcul de Struct( Lj* )

GdSum  Local  Cmods

Local  fine grain Cmod( j, k)

Gsync ( )

dVSub ( )
Cdiv ( j )

ENDDO

ENDDO

DO j = 1, N

2

DOPAR k  in  Struct( Lj* ) DISTRIBUTED 

IF  me = ...

ENDIF

Calcul de Struct( Lj* )

GdSum  Local  Cmods

dVSub ( )
Cdiv ( j )

IF  Ljk  != 0    Local Cmod( j, k)

ENDDO

ENDDO

DO  j = 1, N

4

DOPAR k  = 1, J  DISTRIBUTED 

Local Cmod( j, k)

IF  me = ...

ENDIF

Calcul de Struct( Lj* )

GdSum  Local  Cmods

Gsync ( )

dVSub ( )
Cdiv ( j )

  

ENDDO

ENDDO

DO  j = 1, N

1

DOPAR k  in  Struct( Lj* ) DISTRIBUTED 

IF  me = ...

ENDIF

Calcul de Struct( Lj* )

GdSum  Local  Cmods

Gsync ( )

dVSub ( )
Cdiv ( j )

IF  Ljk  != 0    Local Cmod( j, k)

ENDDO

ENDDO

 j = 1, N

3

DOPAR k  = 1, J  DISTRIBUTED 

DO

5 ehW�jfTk\'1A1 5!5nY�y9£=¨=y qYRW�TcY�ehy�["U���\sy6¦



����� 	 ������� � ��� 	��#����� ���� ��
 	 �
	 
 	N��� �%� ��������	N����
 ���� �H7

0

50

100

150

200

250

300

350

400

450

0 1 2 3 4 5

Te
m

ps
 (s

)

Dimension du cube

Matrice LSHP3466 (Boeing - Harwell)

1
2
3
4

40

60

80

100

120

140

160

180

200

0 1 2 3 4 5

Te
m

ps
 (s

)

Dimension du cube

Matrice BCSSTK14 (Boeing - Harwell)

1
2
3
4

5 epWXjfTV\-1�� 5 � \�["mnl0v�j�5nY�yf£r¨=y qYRW�TcY�epy%["U���\sy ¦



��� ���������
	��
������������������������� �"!#�$!�%#�'&(�$�)�*�*��	,+-�������

) � " � ) $ 	F� ¼ �����	 E ��	F� � ¾ 	 � E �
a�9ny,vG«¬Y�[�z\sopehUXTV\sTwoh\}l�T9z\�l|jfopgcY�gcl�ª�jf\�yfU�jnl3Y}©�U�ynlMU�ufgk\sy�jnl0�OjnlVª j6«�qY�mfT9z\�l|\sy�gstnyfU�jnl
©�e¡lOUXynl0op\�l0UXuf�O\}bigke ¢rlwl|jfep©XY�y;gZl(5

� jfy3WXTcY�ehyxv;\*bsY�o¡bijfo�mfohj�lGo¡Y�TVWX\�
�bi\}bieX\�lOg�v;\s©�\sy�j�mnU�lVl|epufoh\*WXT�ÀYXbi\�qY0o�Y0[�z\s["U�ehTk\
©;epTkgkj9\sohop\%mnY�TkgcY�W�z\s\ ¦M¨=o3\�lOg%v�e P�biehop\�t�©�UXepTk\,eh["mnU�lVl|epufoh\�t�vG« \sy;©�e¡lVY�W�\sT�bi\sgVgk\
Y�mfmfTVU�bCd9\,l|jfT"j9yf\�[�YXbcdfepyf\,qY�[®z\�["UXepTk\]v;e¡lOgkTkepufj{z\s\�lkY�ynl"[�z\�bsY�yfe¡lO["\"v�\
�%°3S ¦ L y \i��\sgst�op\�l�gXÀY�bCd9\�l�v;\%W�TcY�ehy­o�Y�TVWX\"¢¶UXy�g�epy;gV\sTk©�\�yfehT�v;\�l
v;U�yfywz\s\�l
v;UXy�gwoh\3mfTVU�bi\�lklO\sjfTwyf\xv;e¡lOmnU�l|\3mn\sjfgV£cÀ\�gkTk\3mnY�li¦

� jfyf\3jfgkepohe�lkY�gVehU�y·opeh["epg9z\s\�v�\�l0unY�TVTkerq\sTk\�lwv�\�lO�;y�bCdfTVUXyfe�lkY�gkehU�y6¦
L�gcY�y;g{v;UXy9ywz\3ª�jf\Mo�Y��%°3S,["\sg{qYÃo¡Y�v;e¡lOmnU�l|epgkepUXy�vG« jfy
mfTkU�bi\}lkl|\�jfT0gVUXjfgV\3v;UXy9£

y{z\s\�v;U�y;g�epo�Y�un\�lOUXepy ¯ ª�jf\sohop\�ª�jf\�lOUXepg�lkY¿ohU�b�Y�ohe�lkY�gkehU�yG±ct�o=« j9gkehope¡lVY�gk\�jfT�mn\sjfg�lO\
b�UXynlVYXbiTV\sTJqY o�Y�v;e¡lOgkTVehufjfgVehU�y­v�j­b�UXy�gkTXÀU�oh\�jfyfe�ª j9\s["\sy�gs¦ � UXj9gk\i¢¶U�e¡lit�or« jfgVehope¡lkY�gk\sj9TYs©�\sTVgke�v;U�ehg�gVUXjX�OU�jfTcl ¢rYs©�UXTVe¡lO\sT o�YMT9z\�jfgkepohe¡lVY�gVehUXyxv;\�l�v�UXyfy{z\�\�l ¯ opU�bsY�opehg9z\0gk\�["mnUXTk\�ohoh\�±
Y 9ny&v;\
["epyfeh[
e¡lO\iT�oh\�l�gkTcY�ynlÈ¢¶\�Tkgcl�Y�j,yfeh©�\}Y�j,v;\
o¡Y��%°3S�¦Q66Y·TV\�bCd9\sTcbcdf\�v�«¬Y�opWXU�£
TVehgVdf["\�lM¢rYs©�UXTVe¡lkY�y;g�j9y­unUXy z\}ª jfepohepufTcY�WX\�v;\�o�Y�bcdnY�TVWX\�\sg�\s~�dfepunY�y�g�jfy9\·unU�yfyf\
opU�bsY�opehg9z\�Tk\�lOgk\Jz\sW�Y�oh\s[]\sy;g`qY�o¡Y
bCd�Y�TkW�\�v;\3o=« j9gkehope¡lVY�gk\�jfTs¦

 ��º ��� � ���s�;�&� ��» � � E ��	F� ��¦�a 9ny&vG« \s~�mfohU�ehgk\�TÃj9y W�TcY�ehy&mfohj�lÃo¡Y�TkW�\�t�o¡Y�u�U�jnbiop\
\�~;gV\sTkyf\]v;\
o=«¸Y�ohW�UXTVehgkd9["\
l�z\�ª�jf\sy�gkep\so�\�l|gxv;e¡lOgkTkepufj{z\s\]l|j9T�oh\}l`m9TkU�bi\�lVl|\sj9Tclit�bi\�ª�jfe
b�UXTkTV\�l|mnU�ynv¿qY�o¡Y�v;e�l|gVTkehu9jfgkepUXyJv;\�l0g�ÀYXbcdf\�l�� ¯  f±c¦
� �;� B ��½ » � �;� ���� B � � � 	F� ½��;� ¦(�My mfTkU�bi\}lkl|\�jfT
v;UXepg�©�z\�Tke 9�\sT�Y}©�Y�y;g
vG« \i��\�bigVjf\sTj9y�� $*4�� ¯  �8  9±*ª�jf\�o¡Y�biUXopUXyfy9\  
Y,z\�gfz\�mfTVU�v;jfepgk\ ¯ � � �(' ¯  f±�\i��\�b�gkj{z\X±Z¦�S UXjfT{bi\so�Y;t
epo�v;UXepg0©�z\sTke 9n\sT�ª j « jfy�lOehW�ynY�o�ohjfen\�lOg0mnY�Tk©�\sy�j6¦ L�y%b�UXy�gkTk\�mnY�TVgkeh\ tXgkU�jfgwmfTkU�b�\�lklO\sjfTst
Y�mfT�q\}l�Y}©�U�ehT�mfTkU�v;j9ehg
jfyf\�biU�ohU�yfyf\: nt�v;U�ehg�oh\�l|ehW�ynY�op\sT
Y�j9~&Y�jfgVTk\�l�m9TkU�bi\�lVl|\sj9Tcli¦
� UXjnlwYs©�UXy�l�["e�l \�y B3jf©;TV\�jfy�lO�flOg�q\s[]\�v;\�WX\�lOgkehU�y�vG«Vz\s©�z\�yfyf\s["\�y;gZl�YXlO�;ynbcdfTVUXyf\�llOjfT�o=« d���m�\�Tcbijfun\�U���TcY�y;g�oh\�l�¢¶UXynbigVehU�yfynY�opehg9z\�lwl|jfep©�Y�y�gk\�l(5

� l|ehW�ynY�op\sT�ª�j6« jfy z\s©�z\syf\�["\sy�g�mnY�TVgke�bijfohep\sTwl�« \�lOgwmfTkU�v�jfehg 

� ©�z\sTVe 9n\�T�lOe jfy z\�©�z\sy9\s["\sy�g0mnY�TkgVe¡bijfopeh\sT�li« \�l|g�mfTVU�v;jfehg�tG\sg�op\�bsY�l%z\�bcdwz\�Y�y;g�tGlO\
ufohU�ª�jf\sTw\syJY�gkgk\�ynvfY�y�g�ª j6« eho�l|\�mfTkU�v�jfe¡lO\�¦

¤*\�b�eX\�lOg6Tfz\�Y�ohe¡l�z\�WXT�ÀYXbi\�Y�jf~3v;\sj9~MmfTVeh["epgkep©�\�l ��	�� ��������� �
�+1 ��3 \�g�� ��� ��������� �"�
1 �"3 t
� z\sgcY�y;gwop\�gO�;mn\�vG«Vz\�©�z\sy9\s["\sy�g*biU�ynl|e�v0z\sT9z\ ¦
6G\�l z\s©�z\�yf\s["\sy�gcl3Y�jf~fª�jf\so�lRy9UXjnl�y9UXjnl"ehy�g9z\�Tk\�lVl|UXy�lit�qY¿lVY}©�U�ehT
o¡Y�T9z\�Y�ohe�lkY�gVehU�y

v�« jfy  �%��
B 
��!��t�l|U�y;gJv;\}l­z\s©�q\syf\s["\�gcl�lOgcY�ufoh\�l�vfY�ynl"oh\Jgk\s["m�l ¯ o=« U�b�bijfTk\�ynbi\JvG« j9y



����� 	 ������� � ��� 	��#����� ���� ��
 	 �
	 
 	N��� �%� ��������	N����
 ���� ���

z\�©�z\sy9\s["\sy�g*y6« \�lOg��VY�[�Y�e¡l0TV\s["e¡lO\�\sy�bsY�jnlO\X±c¦na�jnlklOe=tfo=« UXm{z\�TcY�gVehU�y � ��� ��������� �
�+1 ��3
\}l|g�biU�ynl|jfopgcY�gkeh©�\�\sgwyfUXy�biUXy�l|UX[][�Y�gVTke¡b�\�¦

§�Y�ynl�jfyf\�mfTk\s[]e=q\sTV\�["e¡lO\�\sy BÃj9©;TV\�v;\�l�l|��ynbCd9TkUXy9e¡lkY�gkepUXynlMm�Y�T�z\s©�z\syf\s[]\sy;gZlit
bcdnY�ª jf\�y$BÃj�v¿v;e¡lOmnU�l|\]vfY�ynl�lVY·[®z\s[]UXehTV\�ohU�b�Y�oh\]vG« jfyf\
©;e�l|ehU�y�WXopUXunY�oh\]l|jfT�o=« \�yf£
lO\s[
ufoh\�v;\�l
z\s©�z\�yf\s["\sy�gcl�ª j9e�l|\�lOUXy�gMm9TkU�v;jfepgcl�¦(6�« U�bsbijfTV\synbi\�vG« jfy�z\s©�z\syf\s[]\sy;g�lO\
gVTcY�v;jfehg�mnY�T�jfyf\3v�e ��jnl|epUXy�v�\Mor« ehy�¢¶UXTk[�Y�gkepUXyJqY3o=« \�ynl|\s[
ufop\0v�\�l�mfTVU�bi\�lVl|\sjfTZli¦ �Mohg9z\s£
TVeh\sj9Tk\s["\�y;g�t�o�Y�["e¡lO\M\sy]mfo¡Y�bi\3vG« jfy�WX\�lOgkehU�yfynY�ehTk\�jfyfe¡ª�jf\3v�e¡l|gVehufj{z\3vG«Vz\�©�z\sy9\s["\sy�gcl
mnU�jfTkTZY%À\sgVTk\3\sy�©;e�lkY�W�z\s\�¦

§�Y�ynl"bi\�yfU�jf©�\�Y�j biUXy�gk\s~�gk\ t o=«¸Y�opWXUXTVehgVdf["\�v;\"¢rY�bigkU�Tke¡lVY�gVehUXy�y�jf[®z\�Tke¡ª�jf\
\�l|g
v�z\�biTkepg�mnY�T�o�Y 9nWXj9Tk\ 1��9¦*a 9ny v;\�["ehy9eh[
e¡l|\�T�o=«¸Y�gkgV\sy�gk\�v;\}l�mfTkU�bi\}lkl|\�jfTcl�lOjfT�j9y
� �"���&�"���,�0��� 1��"3 t�oh\�l�biU�ohUXy9yf\�l�v;\�o�Y�[�Y�gVTke�bi\�yf\xl|UXy�g�mnY�lMgkTZY�epgfz\s\�l�vfY�ynlMo=« UXTZv;Tk\v�\"^]qYL9 tf[�Y�e¡lwlO\sohU�y%jfyf\�y;j9[�z\sTkU�gcY�gkehU�y�gkUXmnU�ohUXW�e¡ª�jf\�v�\�o=«¸Y�TVufTk\�vG«Vz\sohep["ehynY�gkepUXy6¦
¤*U�ynbiT�q\sgk\s[]\sy;g�t�l|jfmfmnU l|UXy�l�ª�jf\�op\Ã©�\}bigk\sj9T�� ��� � � � � epynv;e�ª jf\3o�Y�biU�ohU�yfyf\�v�UXy�g�oh\
y�jf[®z\�TkU3vG« UXTZv;Tk\�gkU�m�U�ohU�WXe¡ª�jf\3\�lOg ��¦ 66Y�unUXjnb�oh\�\s~;gV\sTky9\�v;\�o=«¸Y�opWXUXTVehgVdf["\wl�«Vz\�b�TkehTZY35
�&���%
�/ � 4Q^ �,	 9 �(�%, � /(� � ! � # � �*/�� � �����
��� � �
���
���"�¦¦¦

#2$����&�

� U�jnl6Ys©�UXynlGgV\�l|g9z\�v;\sjf~�df\sjfTVe¡lOgke¡ª�jf\�l�v;\�y�jf[®z\sTVUXgZY�gkepUXy�gVUXmnUXopUXW�e¡ª�jf\wv;\�o=«¬Y�TkufTV\
v�«kz\sopeh["epynY�gVehUXy ¦�L opoh\�l�biUXTVTk\�lOm�U�ynv;\sy�g3qY3jfy
[�Y�TZª jnY�WX\�Y�j"m9ohjnl�gXÀU�g*\sg�Y�j"mfopjnl�gcY�Tcv
v�\�lMb�UXohU�yfyf\�l�l|j9eh©�Y�y�gMop\sjfT�Y�mfm�Y�TkgV\synY�ynbi\�qY
jfy%yfep©�\�Y�j�v;\3o=«¸Y�Tku9Tk\�v�«kz\sopeh["e ynY�gkehU�y
* 0-,r¦ L�y¿\i��\sg�t o¡Y�lO\sjfop\�biUXy�gkTZY�epy;gV\"vG«¸Y�mnY�TkgV\synY�y�bi\ qY%jfy&yfeh©�\�Y�j�mnU�jfT�j9y y$BÃj�v
¯ jfyf\]biUXopUXyfy9\X±�\�l|g�ª�jf\"lOUXy¿m q\sTk\
lOUXehgxvfY�y�lÃjfy,yfeh©�\}Y�j l|jfm{z\�Tkeh\�jfTs¦ � jfT3oh\�l�gk\}l|gcl
ª�jf\
yfUXj�l�Ys©�UXynl3\i��\�bigVjwz\�lit�eho*y6« \}l|g�Y�mfm�Y�Tkj vG«¬Ys©�Y�y�gcY�WX\"mnUXj9T�Y�j�bijfyf\�v�\�l3v;\sjf~
[®z\sgkdfU�v�\�li¦ � UXjnl0mn\synlOUXynlwª�j6« jfy"b�UX["mfTVUX["e�l \�y;gVTk\�oh\�l�v;\sjf~�[�Y�Tcª�jnY�W�\�l�[�q\syf\�TcY©�\�Tcl�jfy¿["\�ehohop\ij9T"z\�ª�jfehopehufTZY�W�\"v;\
o¡YJbCd�Y�TkW�\�\�gÃj9y¿["ehy9eh[�jf[ vG«¸Y�gkgV\sy�gk\
vfY�ynl�oh\
b�YXlwW�z\sy{z\�TcY�ort;\sy�gV\synY�y�g�biU�["mfgk\`v;j'5

� yfUX[
ufTk\�gkUXgZY�o�v;\3mfTVU�bi\�lVl|\sjfTZl�

� yfUX[
ufTk\�v;\�gXÀY�bCd9\�l ¯ b�UXohU�yfyf\�lc±
v;e�l|mnUXyfepufoh\}l�qY bCdnY�ª j9\�yfeh©�\�Y�j v;\�o=«¸Y�TVufTk\
vG«Vz\sopeh["epynY�gVehU�y 


� yfUX[
ufTk\`vG« U�mwz\sTcY�gkepUXynlwY�TkehgVdf[®z\sgVe¡ª�jf\�l�y{z\�b�\�lklVY�ehTV\�l0mnUXjfT�bcdnYXª�jf\3gXÀY�bCdf\ ¦
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5 epWXjfTV\�1�� 5�aMopWXUXTVehgVdf["\�l|��ynbcdfTkU�yfe¡l�z\*mnY�T�z\s©�z\syf\s[]\sy;gZl

6G\�lw["\�lOjfTk\}l�ª�jf\3yfU�jnlMYs©�U�ynl0\i��\�bigVjwz\s\�lwlOjfTwoh\�l0gV\s["mnl�vG« \�~�z\�b�jfgkepUXy]l|UXy�g�Tk\s£
mnU�Tkg9z\�\�l0vfY�ynl�o�Y 9nWXjfTV\,1#.�¦�¨Èon\sy
Tk\}lkl|U�Tkg{ª jf\6or«¬Y�ohWXU�Tkepgkdf["\�lO\3biUX[]m�U�TkgV\w["eh\sj9~Ã\�y
gV\sTk[]\�l v�\wm�\�T|¢¶UXTV[�Y�y�bi\�l�Ys©�\�b0o�YM[�Y�gVTke�bi\ 4���^�£ ;�^�ª�j6«¬Ys©�\�b*o¡Y�[�Y�gVTke�bi\ �wbslklOgk¥�^i�ft
\�gÃ[]eh\sjf~�\sy�biUXTV\�ª j «¬Ys©�\�bÃo�Y·[�Y�gkTVe¡bi\ 66l|dfmn���H0A0;¦ L y \i��\sgst6mfopjnl�o¡Y·[�Y�gkTVe¡bi\�\�l|g
m9oh\sepyf\�[]UXehy�l`epo*�¿Y�v;\�biUXopUXyfyf\}l�vfY�ynlRj9yf\"[,À\s[]\�mnY�WX\�v;\][�z\s["U�ehTk\ t�\sgxv;UXy�b
[]UXehy�l�oh\�gcY�j9~�v;\�¢rY�jf~]mnY�TVgcY�W�\�\�lOg
z\soh\s©�z\�¦ ��jfTwor«�� +�7  ('�)�t�jfyf\3mnY�W�\�v;\�[�z\s["U�ehTk\
b�UXy�gkeh\�y;g�\sy%["U���\sy9yf\�v�\�l
z\so�z\s["\sy�gcl�v;\�biehy�ª"biUXopUXyfy9\�lMv�e ��z\sTk\�y;gV\�lwv;\3o¡Y�[�Y�gVTke�bi\
4���^�£ ;�^X¦n§�Y�ynlwoh\�bsYXlwv;\}l0[�Y�gVTke¡b�\�l�v;\3o¡Y�biUXopoh\�b�gkehU�y �0U�\�ehyfW�£ ��Y�T ��\sohort \�y"o=« U�bsbijf£
TV\synbi\�o�Y �wbslVl|gk¥�^i��\sg�o¡Y 66lOdfmn��� 0 0�t�oh\�y9UX[
ufTk\�["U���\sy�vG«Vz\so�z\�["\sy�gcl0m�Y�T�biUXopUXyfy9\
\}l|g�v�\C0�^�\sg 1X�·TV\�l|mn\�b�gkeh©�\�["\sy�gs¦n§MU�ynbXt j9yf\�m�Y�WX\�v;\"[®z\s[]UXehTV\�biUXy�gkep\sy;g`��biUX£
opUXyfy9\�lMv�\�o¡Y�[�Y�gVTke¡b�\�l �wbslklOgk¥�^i�
\sg41X��biUXopUXyfy9\�lMv�\�o¡Y�[�Y�gVTke¡b�\'66l|dfm����H0A0;¦*¤*\�bie
epynv;jfepg�jfy�¢rY�jf~�mnY�TVgcY�WX\3biU�ynl|e�v0z\sTZY�ufop\�t�U�b�bsYXlOehUXy9ynY�y�gwv;\}l ehy�©�Y�ohe�vfY�gVehU�ynl�v;\�mnY�W�\�li¦
66Y�9nWXj9Tk\41 0�v�UXyfyf\�jfy"Y�mn\sT

�
bij]l|j9T0oh\wgV\s["mnl�vG«¬Y�gkgk\�y;gV\w[�Y�~�eh[�Y�o�l|jfT�v;\}l0v�z\i¢rY�jfgcl

v�\�mnY�WX\�t�Y�epynl|e�ª j9\Ãop\�yfU�[�u9Tk\�gVUXgcY�o�v�\�v�z\i¢rY�jfgcl�v;\3mnY�W�\
Y}��Y�y;g�lOjfTk©�\�y;j�v;jfTcY�y;g
or« \s~�z\�bij9gkehU�y6¦�¤*\}lMbcdfe ��TV\�lMlOUXy�g�qY
o=« U�TkepWXehy9\�v�\�l�\�~;mfope¡bsY�gkepUXynl�ª j9\Ãy9UXjnl�Ys©�Y�y

�
biUXynl�¦

66Y�9nWXjfTV\J1 7
v�UXyfyf\�op\�lwgcY�j9~�v;\xv0z\i¢rY�j9gcl�v;\�mnY�W�\�\sy�oh\}bigkjfTV\3\sgM\�y z\}biTkepgkjfTV\�¦n¨=o¡l
TV\smfT9z\�l|\sy�gk\�y;g�jfyf\w©�e¡lOehUXy�gV\s["mnUXTV\sohop\�v;j�gZY�jf~xv;\�mnY�TVgcY�W�\�v�\�l mnY�WX\�l�v;\w[�z\s["U�ehTV\X¦
� UXjnl�b�UXynlOgcY�gVUXynl�ª jf\�oh\�gcY�j9~%v�\�mnY�TkgcY�WX\�\sy z\�b�TkehgVjfTk\3gV\synv¿qY]l|\�lOgcY�ufehope¡l|\�TwgcY�y9£
v�e¡l�ª jf\3op\�gcY�jf~Jv;\�m�Y�TkgZY�W�\�\sy�oh\�bigVjfTk\3yf\xbi\�lVl|\�v;\�b�TkUXÀ3pgkTV\�¦G¤*\sgkgV\3ehy;¢¶U�Tk[�Y�gkehU�y6t
b�UXyX�OjfW�jwz\s\
Y�j%¢rY�ehg�ª�jf\�op\�TcY�mfmnUXTVg�z\�biTVehgkj9Tk\���oh\�bigVjfTk\}l0\�l|g�v;\J1 * 1 701)mnUXjfT�o¡Y�[�Y�£
gVTke�bi\ �M¤ � � � ÁR^��%\sg`v;\��F*¸�;^�1 mnU�jfT3o¡Y"[�Y�gVTke�bi\ 6 � ��S*��� 0 0;t�yfUXj�l`[]UXy�gkTk\xª j9\
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op\�l*biUXy 2nehgZl�v�\MmnY�WX\�l�l|U�y;g�\�lklO\sy;gVeh\sopoh\s[
\sy�g�v;\�g|��mn\�^�T9z\�vfY�bigk\sj9T ��y�oh\}bigk\sj9Tclc¦ L g
y9UXy l|\sjfop\s["\sy�g0op\sjfT�yfUX[
ufTV\�Y�j9WX["\sy�gk\3TZY�mfe�v;\s["\sy�gstf[�Y�e¡lwoh\�gk\s[]mnlMv�\�l|\�Tk©�e¡bi\
v�« jfy,v�z\�¢rY�jfg�v;\
mnY�W�\"l�« \sy�gVTkU�jf©�\�ohjfep£Ñ[,À\s[�\�Y�jfWX["\�y;g9z\ ¯ b�UX["["\�yfUXjnl3mnUXjf©�U�ynl
op\3biU�ynl|gZY�gk\�T�lOjfTMo�Y.9nWXj9Tk\'1X��±ct�v0z\sg9z\�TkehU�TcY�y;gwop\�l�mn\sTO¢¶UXTk[�Y�ynbi\}lwv;jJl|�9l|g�q\�["\�¦
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5 epWXjfTV\-1A0 5n§Jz\i¢rY�jfgZlMv�\Ãm�Y�WX\xv;j 5nY�yf£r¨=y&qY�WXTZY�epy%o¡Y�TkW�\�¦
S U�jfTwjfyf\3gZY�ehopoh\�v;\3mnY�W�\3[�z\s["U�ehTk\�9�~�z\s\RqY��H;X�A0RU�b�gk\sgZlitfjfy�yfU�[�ufTV\M[]ehyfep[�Y�o

v�\3.�^ 1,z\�osz\s["\�y;gZl mnY�TwbiU�ohU�yfyf\�t�l|gVU�bC¥�z\�l�l|jfT�0���u9ehgcl�t�\�l|g�ywz\�bi\�lVlkY�ehTk\�mnUXjfTwW Y�TZY�y�gkehT
ª�j6« jfyf\�mnY�W�\�yf\�biUXy�gkep\syfyf\wmnY�l�mfopjnl0v�\�v;\�jf~
biUXopUXyfy9\�l*v;e¡lOgkehy�bigk\�l ¯ Y�j"[�Y�~;ep[�jf[
j9yf\0¢¶TkU�y;gVe=q\sTV\wmfjfe¡lVª j9\woh\�l�b�UXohU�yfyf\�l�yf\�lOUXy�g�mnY�l0Y�opehW�ywz\s\�l�lOjfT�jfy]v�z\su9jfg�v;\wmnY�W�\X±c¦
Â�T�t6Ys©�\�b .�^ 1&z\so�z\s[]\sy;gZl0mnY�T�biU�ohU�yfyf\�lM\�g�mnUXjfT3Tk\}l|gk\�T�vfY�ynl�oh\
bsY�l�biTV\sjf~�t�epo ¢rY�jfg
gVTcY�ehgk\�T�v;\}l�[�Y�gkTVe¡bi\�l�v;\�or« U�Tcv;TV\�v;\ . ; ;A; ;�biU�ohUXy9yf\�li¦�§M\�lw[�Y�gkTke�bi\�l�v;\�bi\�gMU�Tcv;TV\
U�b�bijfmn\sTcY�eh\sy�g�Y�opUXTcl*\sy�©;epTkUXy]� ;A;��%U�v;\�[®z\s[]UXehTO\�� � U�jnl�y9\�mnUXjf©�U�ynl�mnY�l�gVTcY�epgk\sTv�\�l�mfTkU�uforq\s[]\�lMv�\
bi\sgkgV\�gZY�ehopoh\�ufep\sy,ª�j6« epo¡l�l|UXep\sy�g�Tk\sm9Tfz\�lO\sy;gZY�gVe ¢rl�v;\}l`m9TkUXu9o=q\s["\}l
T9z\s\so�li¦ � U�jfgk\�¢¶UXe¡l�t�bi\}l`gZY�epohoh\}lÃv�\"mfTkU�uforq\�["\�lMmn\sTV["\sgkgVTcY�eh\sy�g
qY·or« jfgVehope¡lkY�gk\sj9T3v;\�lO\b�UXynlVYXbiTV\sT�gkU�gcY�oh\s["\�y;g�lOjfT�o=«Vz\�ª�jfehopehufTZY�WX\�v;\wo�Y�bcdnY�TVWX\�tXj9ohgkep["\�U�unl|gZYXbiop\wm�U�jfT*o=« UXuf£
gV\sy�gkehU�yJv;\�l0mn\sT|¢¶U�Tk[�Y�ynbi\�l*[�Y�~�eh[�Y�oh\}li¦

� U�jnl3biUX[]mnY�TVUXynl�z\sW Y�oh\�["\sy�gMop\�lMgk\}bCdfy9e¡ª�jf\�l�vG« UXTZv;UXyfy�Y�ynbi\�["\sy�g�bcdfUXe�l|ep\�lit*qYlVYs©�UXehTM5
^�¦wjfyf\�v;e¡lOgkTVehufjfgVehU�y%b��fbiope¡ª�jf\�v;\�l0ehg9z\sTcY�gkepUXynlwv;\3o�Y�u�U�jnbiop\�v�\"^
qY 9 

1�¦wjfyf\,v;e�l|gkTVehufj9gkehU�y�mnY�T�\sy�gkTV\so¡Y�bi\s["\�y;gxl|eh[]mfoh\JY�m9Tsq\�l"Tk\�y;jf[®z\sTkU�gcY�gVehU�y�v;\�l
ehg9z\�TcY�gVehU�ynl6l|jfT6o�Y0unYXlO\�vG« jfy3mnY�TcbiU�jfTcl6mnY�T6yfeh©�\�Y�jf~�v;\*o=«¬Y�TkufTV\*vG«Vz\sohep["ehynY�gkepUXy6¦



����� 	 ������� � ��� 	��#����� ���� ��
 	 �
	 
 	N��� �%� ��������	N����
 ���� � �

0

1

2

3

4

5

12 4 8 16 32

W
r
i
t
e
 
m
i
s
s
 
r
a
t
e
 
(
%
)

Nombre de processeurs

BCSSTK14
LSHP3466

0

0.2

0.4

0.6

0.8

1

12 4 8 16 32

R
e
a
d
 
m
i
s
s
 
r
a
t
e
 
(
%
)

Nombre de processeurs

BCSSTK14
LSHP3466

5 ehW�jfTk\'1 7 5 � Y�jf~Jv;\�v�z\i¢rY�jfgclwv�\Ãm�Y�WX\ ¦
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5�ehWXj9Tk\'1X�C5 � \s["mnl0[]U���\�y"v;\�lO\sTk©�e¡bi\�vG« jfy�v�z\�¢rY�jfg�v;\3mnY�WX\�¦
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o�Y 9�WXjfTV\ 1X�­v�UXyfyf\�op\�l�T9z\�l|jfopgcY�gcl�v;\,bi\sgVgk\,biU�["mnY�TcY�e�l|U�y6¦3L�opoh\�["U�y;gVTk\%j9y
Ys©�Y�y�gcY�WX\Jyf\sg]Y�j­m9TkU 9�g"v;\�or« \s~�mfohU�ehgZY�gkepUXy v;\�o=«¸Y�TVufTk\JvG«Vz\sohep["e ynY�gVehUXy m�U�jfT
o=« U�Tk£
v�UXyfynY�ynbi\s[]\sy;g�¦ L y bi\�ª jfe{biUXy�bi\sTky9\"oh\�l3[�Y�gVTke�bi\ �0U�\sehy9WX£ ��Y�T��0\sopo0jfgVehohe�l�z\s\}lit6oh\
m�Y�TcY�oho�z\sohe�l|["\6mnUXgV\sy�gkeh\�o�\�l|g6opeh["epgfz\�Ys©�\�b jfy9\0v�e¡l|gVTkepufjfgkepUXy�bi�9biohe�ª j9\�v;\*o�Y0u�U�jnbiop\�\�~;£
gV\sTky9\0v�\0o=«¸Y�opWXUXTVehgVdf["\�¦ � U�jnl b�UXynlOgcY�gVUXynl3z\sW Y�oh\�["\sy�g6ª�jf\0or« \s~�mfohU�ehgZY�gkepUXy3v�\0o=«¸Y�TVufTk\v�«kz\sopeh["epynY�gVehUXy�mnUXj9TÃor« U�Tcv;U�yfynY�y�bi\s["\sy�g�Y�j9y�\i��\sg�v;\�unU�Tcv¿Y�mfmfT9z\}bie¡Y�ufoh\�5neho��,Y
[]UXehy�l�v;\3biU�y�2nepgcl*vG«¬Y�bsb�q\�l*Y�jf~"v�UXyfy{z\�\�li¦f¤*\3ª�jfen\�l|g*gVTcYXv�jfehg�mnY�T�jfyf\�v;eh["epy;j9gkehU�y
y9UXgcY�ufoh\�v;jJgk\s[]mnl�mnYXlVl;z\�v9Y�ynl�²�³�´�µ�¦6¤*\�bie li« \�~;mfope¡ª�jf\�mnY�T�oh\M¢rY�ehg�ª�jf\3o=« UXTcv�UXyf£
y�Y�ynbi\�["\sy�g*bCd9UXe¡lOef¢rY�ehg*gVTcYs©�Y�ehopoh\sT*op\�l�mfTkU�bi\}lkl|\�jfTcl�l|jfT{v;\�l0b�UXohU�yfyf\�l*yfUXy]©�UXe¡lOehyf\}lit
\�g3ª j9e U�y;g3v�UXynb�["U�ehynl�v;\
bcdnY�y�bi\�v;\
lO\�gkTVUXjf©�\sT�l|gVU�bC¥�z\s\�l�vfY�ynl�o�Y�[�À\s["\�mnY�WX\
v�\�[®z\�["UXe Tk\ ¦fS�Y�T�b�UXynl�z\�ª j9\sy;g�tGoh\�m9TkUXu9o=q\s["\xv;j�¢rY�jf~�mnY�TkgZY�WX\�v;\
v;UXy9ywz\s\�l3li« \�l|g
gVTkU�jf©�z\3\s~9YXb�\sTku{z\`Y}©�\}bMo¡Y�mfTV\s["erq\sTk\�gk\�bcdfyfe�ª j9\�vG« UXTZv;UXyfy�Y�ynbi\�["\sy�gs¦

S�ohj�l|eh\�jfTcl"UXm9gkeh[]e¡lkY�gkepUXynl�Tk\�lOgk\sy�g�mnU�lklOehufop\�lit�yfUXgZY�["["\�y;g
o=« jfgkepohe¡lVY�gVehUXy®vG« j9y
m9TkUXgVU�biUXop\3v;\3b�UXd{z\sTV\synbi\0¢rY�ehufop\�¦�aMehy�l|e=t�oh\�mfTkU�uforq\s[]\�v;j�¢rY�j9~�mnY�TkgZY�WX\`v;\3v;U�yfywz\s\�l
y « \syfW�\synv;TV\sTcY
mfohjnl3vG« \i��\sg /VmfehyfW�£ÑmnU�yfW�0�¦ ��Y"["e¡lO\�\sy B3jf©;TV\�mnUXjfTVTcY�À\sgkTV\�u�YXl�z\�\
lOjfT�o=« UXjfgVeho�v;\Jl|��ynbcdfTkU�yfe¡lVY�gVehUXy mfTkU�m�U l�z\�¦ �My ��	���� ����� �"�
1 ��3 ["\sgkgVTcY�vfY�ynlRj9y
z\�gcY�g`biUXd{z\�Tk\sy�g�gkU�jnl�oh\�l�["UXTZbi\�Y�j9~%v�\�mnY�W�\"biU�y;gV\synY�y;g�j9yf\
biUXm9eh\
v;\�o�Y"biUXopUXyfy9\
 nt�\sg�bi\�l|jfT�gVUXjnl�oh\�l3mfTkU�b�\�lklO\sjfTcl�ª�jfe�\sy v;e¡lOm�U l|\sy�gs¦���\}l|gk\ qY·¢rY�ehTV\"o¡Y%m�Y�Tkg
v�\
or« jfgVehope¡lkY�gk\sj9Tst�v;j�b�UX["mfepo¡Y�gk\sjfT3\sg
v�j�l|�9l|g�q\s["\
mnUXjfT"\�~;mfopUXepgk\sTxbiUXTVTk\�bigV\s["\sy�g�\sg
\*P�bsY�bi\s["\�y;g*b�\Ãm9TkUXgVU�biUXop\�v;\�biUXd{z\�Tk\synb�\�¦�My9\�Y�j9gkTk\�U�mfgkep["e¡lVY�gVehUXy t�TV\so¡Y�gkeh©�\Jbi\�gkgk\�¢¶UXe�l"Y�j lOgkU�bc¥XY�WX\,\sy�[®z\s[]UXehTV\"v�\
o�Y�[�Y�gkTke�bi\]qY"gkTcY�ehgV\sT ¯ ©�UXepT�mnY�TZY�W�TcY�m9df\"a mnU�jfT3o¡Y�TV\smfT9z\}l|\sy�gcY�gkehU�y,v;\�lM[�Y�gkTVe¡bi\}l
b�Tk\sjnlO\�lC±Zt�Y z\sg9z\"\sy�©;e�lkY�W�z\s\�¦ L�ohop\�biU�ynl|e�l|gk\ qY TV\sWXTVUXjfmn\sT�op\�l�biU�ohU�yfyf\�l�biU�TkTV\�l|mnUXy9£
v9Y�y�g�qY�v;\�l�gcY�bCd9\�l�Y�gVgkTVehufj{z\�\�l�qY`j9y"[�À\s["\�mfTkU�bi\}lkl|\�jfTs¦f¤*\�bie9\�l|g*mnU�lVl|ehu9oh\�mfjfe¡lVª j9\
or«¬Y�gkgkTVehufj9gkehU�y¿v�\�l�gXÀYXbcdf\�l3\�l|g�lOgcY�gVe¡ª�jf\�¦�¤*\sgVgk\
gk\�bcdfyfe�ª jf\�mn\sTV["\sg3v�\"T9z\�v�jfehTV\
Y�j
[]ehyfep[�jf[ op\wyfUX[
ufTV\wv;\w¢¶TkU�y;gVe=q\sTV\�l \�y;gVTk\ 
sU�yf\�l�v;\�v;U�yfywz\s\�l*Y�bsbGz\�v�z\�\�l \�y¿z\�biTVehgVjfTk\
m�Y�T�v;\�l0m9TkU�bi\�lVl|\sj9Tcl�v;e ��z\sTV\sy;gZli¦9§�Y�ynlwyfU�gkTk\�bsY�lit�yfUXjnlwy6«¸Y}©�U�ynl0mnY�lwbiUXynlOgcY�gfz\�j9y
W Y�epy­lOjfunlOgcY�y�gkep\sowv�\"mn\sT|¢¶U�Tk[�Y�ynbi\�¦�§�Y�ynl�oh\�b�YXl�v;\"o�Y·[�Y�gkTVe¡bi\ �M¤ � � � Á�^i�9t�oh\y9UX[
ufTk\�v�\�v�z\i¢rY�jfgcl
v;\JmnY�W�\�\syEz\�biTVehgVjfTk\JY,v;eh["y�j{z\�v�\�^�� 1 m�U�jfT��A1 mfTVU�bi\�lO£
lO\sjfTZlitX�OjnlVª j6«�qY 0�� 1 mnUXjfT�1RmfTVU�bi\�lVl|\sjfTZli¦n��Y�e¡lwm�U�jfT�� 1�mfTVU�bi\�lVl|\sjfTZlitnoh\�y9UX[
ufTk\
v�« ehy�©�Y�ope¡vfY�gkehU�ynl�v;\]mnY�W�\�Y�Y�jfW�["\sy�gfz\
v;\
mfT�q\}l�v;\J^s��� 1]t U�b�bsYXlOehUXy9ynY�y�g�mfohj�lÃv�\
v�z\i¢rY�jfgZl�v;\�mnY�WX\
\sy�oh\}bigkjfTV\�¦�6G\�[,À\s[]\�mfd{z\sy9UX[�q\sy9\�Y z\sg9z\�U�unl|\sTV©�z\�mnU�jfT3o¡Y�[�Y�£
gVTke�bi\ 6 � ��SC5�v;eh[]ehy�jfgkepUXy3v;\}l�v0z\i¢rY�jfgcl�v�\wmnY�W�\w\sy,z\�biTkepgkjfTV\*©XY�Tke�Y�y�g*v;\w� . 1 qY�� 1 1
\�g0Y�jfWX[]\sy;gZY�gVehUXy
v�\�l�ehy�©XY�ohe�vfY�gVehUXy�l �Oj�lkª�j6«¡qY�^s��� 1]¦ �Myf\�\s~;m9ohe¡b�Y�gkepUXy�mnU�lVl|epufoh\�\�l|g
ª�j6« jfy�m9TkU�bi\�lVl|\sj9T�mnY�lklkY�y;g�mfohj�lÃv�\"gk\s[]mnl�l|j9TÃj9yf\"[,À\s[]\Ãm�Y�WX\ t m9jfe¡lVª j6« eho*v�UXehg
\�y"gkTZY�ehgV\sT*gkU�jnl0oh\�l3z\so�z\s["\sy�gcl�t�\sy9WX\synv�Tk\�mfopjnl0v�« ehy�©�Y�ope¡vfY�gkehU�ynl*l|jfT�oh\�l�mfTVU�bi\�lVl|\sjfTZl
Ys��Y�y;gwun\�lOUXehyJv;\�bi\�gkgk\3mnY�WX\3\syJoh\�bigVjfTk\ ¦
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Distribution de 1 à n cyclique

Distribution par entrelacement des niveaux de l’arbre d’élimination

5 epWXjfTV\'1X�C5���gVTcY�g9z\sWXep\�l�vG« U�Tcv;U�yfynY�y�bi\s["\sy�g*£���z\�lOjfohgZY�gZl
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� UXjnl
Ys©�UXynl z\sgVjnv;e�z\�v;\sj9~&Y�mfm9TkU�bcdf\�l"v;e�l|gVehynbigV\�l�mnUXjfT]o¡Y�["e¡lO\·\�y B3jf©�Tk\JvG« j9yY�ohW�UXTkepgkdf[]\3v;\�¢rYXbigVUXTVe¡lkY�gkepUXy�v�\�[�Y�gkTke�bi\�l*biTV\sjnl|\}litnl|j9TMjfy9\Ã[�YXbcdfehyf\xqY�[�z\s["U�ehTk\
v�e¡l|gVTkepufjwz\s\�¦�§�« jfyf\�mnY�Tkgst6or«¬Y�m9mfTkU�bcdf\�mnY�T�v�e¡l|gVTkepufjfgkepUXy,v;\}lÃv�UXyfy{z\�\�litG\�g�b�UX["[
jf£
y9e¡bsY�gkehU�y�\s~�mfohe�biehgV\�mnY�T3["\}lklkY�WX\�l�t�\�g3vG«¬Y�jfgkTV\�mnY�Tkg�tG\sy�\s~�mfohU�ehgZY�y�gMjfy9\�[�z\s["U�ehTk\
©�ehTVgkjf\�ohoh\�mnY�TkgcY�W�z\s\�\sgw\syJv;e�l|gkTVehufj�Y�y�gwoh\3biU�y;gVTXÀU�oh\�¦

¤*dnY�ª j9\�Y�mfm9TkU�bcdf\�Y�l|\�l�Ys©XY�y;gZY�W�\�lÃ\sg�lO\�lÃopeh["epgk\�l�¦�66Y·mfTVUXWXTZY�["[�Y�gkepUXy�mnY�T
v�e¡l|gVTkepufjfgkepUXy�v;\�l6v�UXyfy{z\�\�lGmn\sTk["\�g6Y�j�biU�v�\0W�z\�ywz\sT9z\ vG«¡À\sgVTk\�\*P�bsY�bi\�¦�¤*\�bie�l�« \s~�mfope¡ª�jf\
m�Y�T�oh\�¢rY�epg�ª jf\3or« jfgVehohe�lkY�gk\sjfT�tQ� � #��*��IÑtnlOmwz\�bie 9�Y�y�gwo¡Y�v;e�l|gVTkehu9jfgkepUXyJv;\�l�v;UXy9ywz\s\�l�l|jfT
op\�l�v;e ��z\sTV\sy;gV\�l0[®z\s[]UXehTV\�l�ohU�bsY�oh\�l�t�mn\sj9g�UXmfgVeh["e�l|\sT�oh\�l�YXb�bXq\�lw\sy�biU�ynl�z\}ª jf\�ynbi\�tf\sg
[]ehyfep[�e�l|\sT�oh\�l�biUX[][�jfy9e¡bsY�gkehU�ynl�Y�j%lOgkTVe¡big�ywz\�bi\�lVlkY�ehTk\ ¦�¤*\�gkTcYs©�Y�epoGmn\sjfg�lO\3Tfz\s©�z\soh\�T
b�U6Àj9gk\sjf~�\sy�gV\s["mnl*mnY�T�[�Y�y�ª jf\�vG« UXjfgVeho¡lwY�v0z\�ª�jnY�gZli¦

S�Y�T�biU�y;gVTk\�t*jfyf\��%°3S UXm q\�Tk\%j9yf\�T9z\sm�Y�TkgVehgVehUXy ehyfepgke�Y�oh\K/ZY}©�\�jfWXop\�0�v�\�o=« \�yf£
lO\s[
ufoh\�v�\�l"v;U�yfywz\s\�l�t0ª�jfe�y6« \}l|g
mnYXl�¢¶UXTZbGz\s["\�y;gxYXvfY�mfg9z\s\ qY,o¡Y¿v;e�l|gVTkehu9jfgkepUXy�v�j
b�UXy�gkTXÀU�oh\]ª j9e*l|\sTZY%lOmwz\�bie 9�z\s\�¦���Y�e�lit6©;j ª�jf\�oh\�l3v;U�yfy{z\s\}l`[]ehWXTV\sy�g
qY"o¡Y�v;\s[�Y�ynv;\
v�\�lMmfTVU�bi\�lklO\sjfTZlit6bi\�gkgk\�T9z\sm�Y�TkgVehgVehUXy�y « \syfW�\synv;TV\�ª�j6« j9y�biU6Àjfg�Tk\so�Y�gkep©�\s[
\sy;g*¢rY�epufoh\
Y�j%o�Y�ynbi\�["\sy�g*v;\3o=«¸Y�mfmfope¡bsY�gkepUXy6¦

66Y l|jfu�v;ep©;e�l|ehU�y v�\�or« \�lOmnYXbi\,v�«¬YXv�Tk\�lVlkY�W�\¿\sy�mnY�WX\�lJv;\,gcY�epohop\ 9n~;\%¢rY�ehgJY�m9£
m�Y�TcY�À3hgVTk\"op\�mfTkU�uforq\s[]\
v;j�¢rY�j9~�mnY�TkgZY�WX\�v;\"v�UXyfy{z\�\�li¦�S�Y�TxY�ehopoh\sj9Tclit bi\sgkgV\�[�À\s["\
lOjfu�v;eh©�e¡lOehU�y�m�\�Tk["\sg6j9yf\0©�\�b�gkUXTVe¡lVY�gkepUXy�eh["mfope¡biepgk\�v;\�l�Y�bsb�q\�l�Y�j9~�v;U�yfywz\s\�l�mfjfe¡lVª j9\
bcdnY�ª jf\]gkTcY�ynlÈ¢¶\�Tkg�v�\"mnY�W�\�©�z\sd9e¡bijfop\�m9ohjnl�vG« epy;¢¶UXTV[�Y�gVehUXy ª�jf\�bi\]ª j9e0\�lOg�y{z\�b�\�l|£
lVY�epTk\ qY or« \s~�z\�bij9gkehU�y¿v�« jfyf\�epynl|gVTkjnbigVehU�y6¦ L�y�v�«¬Y�j9gkTk\}l�gk\sTV["\�lit6o�Y%o¡Y�gV\synbi\�v;jf\&qY
or« epyfehgVe¡Y�ope¡lVY�gkepUXy,vG« jfy¿gVTcY�y�lÈ¢¶\sTVg�\�l|g�Tk\sy�gcY�ufehope¡l�z\�\�mfjfe¡lVª j « \sopoh\�y6« \�l|g�mnYs��z\s\�ª j6« jfyf\
lO\sjfop\M¢¶UXe�lMY�j·opeh\sjJv;\3or« À\sgVTk\�m�U�jfT�bCdnY�ª j9\�v�UXyfy{z\�\"qY�gkTZY�ynlO["\sgVgkTk\ ¦�L�yJUXjfgVTk\�tnbi\�o¡Y
mn\sTV["\sg�jfy9\%\s~�mfohU�ehgZY�gkepUXy®v;\�o¡Y�ohU�bsY�ohepgfz\�lOmnY�gVe¡Y�oh\%\�g��sU�j�gk\s[]m�U�Tk\sopoh\�t�[�À\s["\]l|e
or« jfgVehope¡lkY�gk\sj9T�y6«¬Y3mnYXl�¢rY�epgwvG« \i��UXTkgZl0vfY�ynlwbi\�l|\sy�li¦f§�Y�ynl0op\�bsY�l0v;\�o¡YM¢rYXbigVUXTVe¡lkY�gkepUXy
v�\�¤*dfUXop\�l|¥���t�bi\�gkgk\wopU�bsY�opehg9z\w\�l|g ¢rY�ehufop\w©;j
ª�jf\wop\�bsY�o�bijfonlOjfT*jfy�m9TkU�bi\�lVl|\sj9T�y9\0¢rY�ehg
m�YXl�l|�9l|g9z\�[�Y�gVe¡ª�jf\s["\�y;g�ehy�gk\sTV©�\syfehT�v;\}lwbiUXopUXyfyf\}lMlOjnbsbi\�lVl|ep©�\�li¦
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bi\�lM[�Y�gkTVe¡bi\}l
lOUXy�g0T9z\�l|jf[®z\s\�l�vfY�ynl0op\wgcY�ufoh\�Y�j 1;¦�S U�jfTwv�\�l*biUXy�gkTZY�ehy�gk\}l�v�\�biU�y 9nW�jfTcY�gkehU�y�[�Y�g9z\s£
TVeh\sopoh\�v;\�yfUXgVTk\w[�Y�bCdfepyf\�mnY�TcY�ohorq\�oh\�t�eho�y6«¸YMmnY�l�z\sg9z\wmnU lkl|epufoh\{v;\wgkTZY�epgk\sT�v;\�l [�Y�gkTVe¡bi\}l
v�\Ãm9ohjnl0W�TcY�y�v;\�gZY�ehopoh\�¦

66Y%[�Y�gkTVe¡bi\ 4���^�£ ;�^�Y z\sg9z\"UXufgV\sy�jf\�qY%m�Y�TkgVehT�vG« jfy¿W�z\�ywz\sTcY�gk\sj9T�v;\"[�Y�gkTVe¡bi\}l
b�Tk\sjnlO\�l�Y�o�z\}Y�gkU�ehTV\�li¦�§M\�lwehy;¢¶U�Tk[�Y�gkepUXynl�biUX[]mfo�z\s[]\iy�gcY�ehTk\}l�lOjfT3bi\�gkgk\3[�Y�gkTVe¡bi\�l|U�y;g
epohopjnl|gVTfz\�l*mnY�T�o¡Y.9nW�jfTk\��A;;¦
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5 epWXjfTV\�� ;C5 � TVe¡Y�y9WXoh\3epy;¢�z\sTkep\sjfT�v;\3o¡Y�[�Y�gkTke�bi\'4 ��^i£ ;;^

� UXjfgV\�l3bi\�lM[�Y�gkTVe¡bi\}l�U�y;g�z\�gfz\
Tk\sy�jf[®z\sTVUXg9z\s\�l0mnY�TÃor«¬Y�ohWXU�Tkepgkdf["\�v;j v;\sW�T9z\�["ep£
y9eh[�Y�o=tnª�jfe�Y�lklOjfTk\�jfy�¢rY�epufoh\�Tk\s[]mfohe�lklkY�WX\�v;j%¢rY�bigk\sj9T3v;\�¤*d9UXoh\}l|¥���Y�j,b�UXjfTZlÃv�j
m9TkU�bi\�lVl|jnl
v;\�¢rY�bigkU�Tke�lkY�gVehU�y6¦0¤*\�l�[�Y�gkTke�bi\�l3l|U�y;g
TcY�yfW�z\�\�l�\sy&[�z\s["U�e Tk\
vfY�ynlRj9y
¢¶U�Tk[�Y�gwbiU�["mnY�big9z\M¢rY�e¡lVY�y�gMepy;gV\sTk©�\sy9ehT*oh\�l*gkTVUXe¡lw©�\�bigV\sjfTZl0l|j9eh©�Y�y�gcl(5
$�� � ©�Y�op\sjfTclwv�\�l"z\so�z\�["\sy�gcl yfU�y%y�jfo¡lwlOgkU�bc¥�z\}l0mnY�T�biUXopUXyfy9\�l�

/,	 � � ehy�v;e¡bi\}l0v;\3ohepWXyf\�v;\}l0©XY�oh\sj9TclwvfY�ynl $�� 
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Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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