
HAL Id: inria-00073548
https://inria.hal.science/inria-00073548

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Une méthode stable de bloc-diagonalisation de matrices:
Application au calcul de portrait spectral

Pierre-François Lavallée, Miloud Sadkane

To cite this version:
Pierre-François Lavallée, Miloud Sadkane. Une méthode stable de bloc-diagonalisation de matrices:
Application au calcul de portrait spectral. [Rapport de recherche] RR-3141, INRIA. 1997. �inria-
00073548�

https://inria.hal.science/inria-00073548
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
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kihia�j x a � a%u �l¢a%wva�t=ova � jltla{Çpm@kia�j � u � rRu � a$u�m � jlt�acÇpmQksa%j � m@ulu � r~| ^	¢a%aQÏErQtÅ|�rQt�wvh x _a � a#j�tÅÇRrQhnwzhit�m@�Rax a{|�a�ovova�Çpm@kia�j � x ¢a�Ý�t�h4u�m � jltµwva�jlhik�å7698�©`�`a�åv°ÄwzuEa%|�o � a x a�¨#Ï`tlrQo ¢a x mQt�w¾kim�wvjlhsova;: <ªÓO¨&ÕªÏ�a>w�o
k ¦ a�t�wva�b$²lksa x a%wcÇpm@kia�j � w#u � rRu � a%w x a�oqrQj~oqa%wcksa>w#b�m@o � hi|�a%w$u�a � oqj � ² ¢a�a>w x aUkim ¼ïr � b{a£¨>=>?�mCÇQa>|
Ö�?�Ö�@ å@Öª¨{ÖC©

: < ÓO¨&Õ ¸ A3B7CU«EDFB{a%wzo,Çpm@kia�j � u � rQu � a x a�¨G=5?�¶$Ö�?�Ö�@ å@Öª¨{ÖIH Ó��>Õ
¸ A3B7CU«ED x ¢a�o%ÓO¨5=5?9JKBML=Õ*¸18l¶#Ö�?�ÖN@®åpÖ�¨cÖ3Hcº Ó�OQÕ

�Äk¾a>w�o�|�rQt�t=jP0 Q�2"¿=jlaRÏ+|�rQt=o � mQh � a�b{a�t=o _m knm3ulkij�wUu�a�ovhsovaÐÇpm@kia�j � u � rQu � aQÏ�kim ulkij�wUu�a�ovhsovaÐÇpm@kia�j �
wvhitl�Qjlkih _a � a x§¦ jltla#b�m@o � hi|�a x rRtltla#j�tla#hit x hn|�m@ovhirQt wvj � knm�u � rC}~hibchso ¢a x§¦ j�tla$b�m@o � hi|�a#wzhitl�Rjlksh _a � aR©EfMh
B7C�«Ùm@kir � w

RTS ´ ¬ Ó;¨UJVB'LMÕ*¸ b{hitWA~Ö�?�ÖNDFB{a%wzo,Çpm@kia�j � u � rRu � a x a�¨5=5?XHRº ÓO�RÕ
�Khst�wzh`rRt£rR²~ovhia�t=o,knm x ¢a�Ý�tlhÑoqhsrRt ¢a%¿=jlhiÇCmQksa%t=ova

: < ÓO¨�Õ�¸YA3BFC�«YD R!S ´ ¬ ÓO¨UJVB'LMÕ@®å@Ö�¨cÖIH{¶ Óïd=Õ
¿=jlh§uEa�jloKa�t�|�r � a&w ¦ ¢a%| � h � a¾wvrQj�w7knmc¼ïr � bca

: < Ó;¨�Õ�¸YAIB7C�«ZD�Ö@ÓO¨[JVB'LMÕ Í`Î Ö�\]6 �
å@Öª¨cÖ H{¶ Ó;�QÕ

mCÇRa%|�kimÚ|�rRt=ÇRa�t=ovhirQt[ÖpÓO¨^J[BMLMÕ Í§Î Ö�\ ¸`_ wvhaBÚa%wzocjlt�a£Çpm@kia�j � u � rRu � a x a�¨�©*�Kj~o � a�b{a�t=o x hso%Ï
:bRÓ;¨�Õ�Ï�kia/8p°ÄwzuEa%|�o � a x a�¨¹t ¦ a%wzo � hia�t x§¦ m@j~o � a�¿=jla"k ¦ a�t�wva�b$²lksa x a%w+Çpm@kia�j � w	u � rQu � a>w x a�¨¹a�oK| ¦ a>w�o
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� �U¢a>wzjlksoqm@oqw	tMjlb ¢a � hn¿=jla%w x a¾knm{²lksr~|�° x hnm@�RrQt�mQkshnwqmpovhirQt x a¾kimcb�mpo � hn|�a � a%tRoqrMa�u�Ó±��8RÕ
�,rRb#² � a%w x a"²�ksr~|�w ÒÔÓ±Ë*Õ7mCÇQa%|Ko � h ÒÔÓ;Ë�Õ�mCÇRa%|Ko � h Ò Ó;Ë*Õ7mCÇRa%|�o � h

b ¢a�o ^ r x a{� b ¢a�o ^ r x a/O b ¢a�o ^ r x a"�
�$8 d�© �Q�Q�@a3= 8=� � d�© �R�@�Qa3= 8R�
� d�© �=�Q�pa3= 8=� � d�© �M�@�@a3= 8R�
! �l© � !'Q@a3= 8=� � ��© � !�QQa3= 8R�
� �Q©i�$Q=�pa3= 8=� � �R©s�IQR�@a3= 8R�
Q �Q©i�$Q !@a3= 8=� � �R©s�IQ !Qa3= 8R�
� �l© QR�R�pa3= 8Qd � ��© Q=�Q�@a3= 8@d
d O~© ��QMOpa3= 8Qd � Ol© ��Q'O@a3= 8@d
� O~©i�>� !@a3= 8Qd � Ol©s�C� !Qa3= 8@d
O �Q© ��8���a3= 8Qd �M©i�C�pa3= 8 ! �R© �'8l�%a3= 8@d
� � � �
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Methode de tri 2
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� �U¢a>wzjlksoqm@oqw	tMjlb ¢a � hn¿=jla%w x a¾knm{²lksr~|�° x hnm@�RrQt�mQkshnwqmpovhirQt x a¾kimcb�mpo � hn|�a��Kk ¢a>mpoqrQh � a=Ó;��8=Õ
�KrQb#² � a>w x a"²lkirM|%w Ò Ó;Ë*Õ7mCÇQa>|,o � h ÒÔÓ±Ë*Õ7mCÇQa>|Ko � h

b ¢a�o ^ r x ac� b ¢a�o ^ r x a"�
�$8 d�©s�C� !@a�= 8@d �Q© �@d���a�= 8Q�
� Ol© �R�Q�@a�= 8@d �Q© �l�>�@a�= 8Q�
! �R© OR��Opa�= 8@d �R© O@dQa3= 8R�
� �R�'O@� d�© ��O=�Ca�= 8R�
Q �Q�MOR� d�© � !M�Ca�= 8R�
� O�QR�@d QR�=��8
d d=�'O~© � �@���%�
� �@d O~© � O�8'QR�
O dM�~© �Q� dM�M© �@�
� � �
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� �U¢a>wzjlksoqm@oqw	tMjlb ¢a � hn¿=jla%w x a¾knm{²lksr~|�° x hnm@�RrQt�mQkshnwqmpovhirQt x a¾kimcb�mpo � hn|�a x a � � mQt ��u�m � ²lksr~|

�KrQb#² � a>w x a"²lkirM|%w Ò Ó;Ë*Õ7mCÇQa>|,o � h ÒÔÓ±Ë*Õ7mCÇQa>|Ko � h
b ¢a�o ^ r x ac� b ¢a�o ^ r x a"�
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�'8 ��� � ����������������	����
����� ��������()�

��� � � � � ß �3�Ô� � á 
 � 	 �M��� á ã ß �ÜãRäO��� � ß ���
��a¾²lj~o x a"tlrQo � a�²�ksr~|ª° x hnm@�RrQt�mQkshnwvm@ovhirQt�a>w�o x a�|%m@kn|�jlkia � jlt�a x ¢a%|�rQb{uErRwvhÑoqhsrRt x jUo�yMu�a�Ó !RÕ	mCÇQa>|Kj�t
|�rQt x hÑoqhsrRtltla�b{a%tRo #ÜÓ;Ë*Õ7kia¾ulkij�w+uEa�ovhso,uErRwqwzhi²lkiaQ© _�[jlt�tlrRb#² � a x a"²lksr~|%w �"Ýl} ¢aRÏ=knm x ¢a>|�rRbcuErRwvhsovhirQt
¿=jlhÜwza � mc|�rRt�wzh x ¢a �l¢a�aK|�rQb{b{a"kimcb{a�hikskia�j � a�wva � m$|�a�kiksa x rQt=o+ksa�|�rQt x hsovhirQt�tla�b{a�t=o)#ÜÓ;Ë*Õ	wva � m$ksa"ulkij�w
u � r~| ^ a x a$�R©~�`a%w �l¢a%wvjlksoqm@oqw x a�k ¦ ¢a�ÇRrQkij~ovhirQt x a #ÜÓ;Ë*Õ�a�t£¼ïrQt�|ªovhirQt x j�t�rQb#² � a � x a&²lkirM|%w�ÏMuErQj � kia%w
o � rRhiw	b ¢a�o ^ r x a>w x a¾o � h�|�rRt�wvh x ¢a �l¢a�a>w�wvrQt=o+u �l¢a%wva�t=o ¢a>w x a"knm$Ý��Qj � a Q _mckimcÝ��Rj � ac�I8l©
Æ�t£u�a%j~o+ovrRj~o x§¦ m@²Er � x � a�b�m � ¿=jla � ¿Rj�a&knm$b ¢a�o ^ r x a]O$t ¦ a%wzo	m x m@ulo ¢a%a&¿=j ¦ _m x a%w7b�mpo � hn|�a%w _mc|�rMa\�{°
|�hsa%t=oqw � a ¢a%kiw%©   ¦ a%wzo*uErQj � ¿=jlrQhMa�kikia7t ¦ mQulu�m � mC¥ �Ño�u�mQw x mQt�w�knmKÝ��Qj � a+��r _j$knm�b{m@o � hi|�a	a%wzo _m¾|�r=aJ��|�hia�t=oqw
|�rQb{ulkia�}~a%w%©`��acu�ksj�w%Ï x a�u�m � o¾knm£¼Om§½|�rQtÚbU¥a�b{a x rQt=o"a%wzo"a�ØXa%|ªoqj ¢a%acknmU²lkirM|�° x himQ�QrQt�m@kihiwqmpoqhsrRt mCÇQa>|
|�a�ovova#b ¢a�o ^ r x aRÏ�hikÜt ¦ a>w�oKu�mQw+¼OmR|�hiksaRÏ�ÇRrQh � a"u�m � ¼ïrQhnw,hibcuErRwqwvhs²lkia x§¦ rQ²lova�t�h � jltla�¼OmR|ªoqr � hiwqmpoqhsrRt`ÏluErQj �
j�tÅtlrRb#² � a�� x a�²�ksr~|�w x rQtlt ¢aQ©§�,hit�wvh*ksa�wvyMb#²ErQkia 0 D�0 x m@t�w¾kia%w¾a%t=o �l¢a�a>w x a%w&oqmQ²lkia%m@jl} �l¢a%wvjlkÑo5mpo5w� a�u �l¢a>wza%t=ova�|�a%w ¢a>| ^ a%|%w�©
� ¦ mQt�m@kiy~wza x a>w �l¢a%wvjlksoqm@oqw �l¢a�Ç _a%ksa	¿=jla,uErQj � j�t�tlrQb$² � a x a,²lkirM|%w � x rQt�t ¢aQÏQksaK|�rQt x hÑoqhsrRtltla�b{t=o #ÜÓ;Ë*Õ
hnwqwzj x a�kim�¼OmR|ªoqr � hiwqmpoqhsrRtÚjlovhikshnwvmQt=o#kim b ¢a�o ^ r x a x a�o � h���a%wzo�ovrRjp��rQj � w#hst~¼ ¢a � hsa%j � rQj ¢a��RmQk _m |�a%j~}
hnwqwzj�w x a%wK¼OmQ|�ovr � hnwvm@ovhirQt�w,²�mQw ¢a�a>w,wvj � kia%wKb ¢a�o ^ r x a%w x a�o � hlO{rQj ��Ï�a�o¾|�a x§¦ jlt ¼OmR|ªova%j � Çpm � hnm@t=o x a
� _m �I8�8�8�©��&m@t�w�ksa{|�mRw,u�m � oqhi|�jlkihsa � x a$kim�b�mpo � hn|�a x a � .�� ] Æ . � Ï�kia%w �l¢a>wzj�kÑo5mpoqwKwzrRtRo&h x a�t=ovhn¿=jla%w
¿=jla�k ¦ rQt�jlovhikshnwza�kim#b ¢a�o ^ r x a x aKo � hÜ��rQj��l© � m � |�rQt=o � aRÏQhikEw ¦ mCÇ _a � a+wvrQjlÇRa�t=o�hib{u�r=wvwvhs²�ksa x a+o � rQj�ÇQa �
j�tla�²�ksr~|ª° x hnm@�RrQt�mQkshnwvm@ovhirQt�mCÇRa%|,j�tU|�rQt x hsovhirQt�tla�b{a�t=o�#�Ó±Ë*Õ � mQhiwvrQt�t�m@²lkiaKwvh§rQt£j~ovhikshnwva�knmcb ¢a�o ^ r x ax a�o � h O~©
��r � wv¿=jla+knm"¼OmR|ªoqr � hiwqmpoqhsrRtc²�mQw ¢a�a,wvj � knm"b ¢a�o ^ r x a x a,o � h O x rRtltla,jlt �l¢a>wzj�kÑo5mpo%Ï=|�a%ksjlhs°Ä|�h�a>w�o	wzrRjlÇQa%t=o
b{a%hskiksa%j � ¿=j ¦ jltla¾¼OmQ|�ovr � hnwvm@ovhirQt£hiwqwzj�a x j£o � hÜ�lÏ~b�m@hnw	b{rQhit�w+²ErQt�¿Rj�a�|�a�kikia&hnwqwzjla x j£o � h4�R©
.�t�|�rRt�|�kij�wvhsrRt`Ï@hikEwva�b$²lksa�¿Rj�a,tlr@o � aKu � r~| ¢a x j � a"Óòo � h��>Õ x aK²lkir~|ª° x hnm@�QrRt�m@kihnwvm@ovhirQtca%wzo � a%kim@ovhiÇQa%bca%t=o
uEa � ¼ïr � b�m@t=ovaRÏ�m@j3wva�t�w�r _jµkia�|�rQt x hsovhirQt�tla�b{a�t=o #ÜÓ;Ë�Õ¾rQ²~oqa�tMjµa%wzo#²lhia�tÔhst~¼ ¢a � hsa%j �£_m�|�a%ksj�h�o � rRjlÇ ¢a
u�m � x§¦ mQj~o � a%w7u � r~| ¢a x j � a%w�Óòo � hWO�rRj�o � h§�RÕ�Ï _m#jlt£tlrQb$² � a x a¾²lkir~|�w �¾Ýl} ¢aR© �7hia�t£¿=jla&tlrRt�rQulovhib{mQksa
ÓOÇQrRh � u�m � m@� � m@u ^ a�O~©i�Q© �QÕ�Ïlksa>w ��¢a>wzjlksoqm@oqw+uEa�j�ÇQa�t=o#¥a�o � a#|�rQt�wvh x ¢a �l¢a%w	|�rQb{b{a#wvm@ovhnw�¼OmQhiwqm@t=o5w�©E�Ka$ulksj�w�Ï
knm���a�}~hi²lhskihso ¢a x a&tlr@o � a¾m@ki�Qr � hso ^ b{a&u�a � b{a�o%ÏMjltla&¼ïrQhnw7kim x ¢a%|�rRb{u�r=wzhsovhirQt�b�mp}~hib�m@kia�a%t,� S�� ' ²lkir~|�w|%m@kn|�jlk ¢a%aQÏ x a x ¢a x jlh � a"uErQj � jlt |�r`¥j~oKb{r x hn¿Rj�a#t ¦ hsb{uEr � ova#¿=jla%kskia x ¢a%|�rQb{u�r=wzhsovhirQtUa�t �$²�ksr~|�w�mCÇQa>|
� � � S�� ' Ïl� � mR|�a _mctlr@o � a¾b ¢a�o ^ r x a x a¾¼ïj�wvhsrRt x a%w	²lkir~|�w%©
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�&m@t�w,|�a�ozova$wza>|ªovhirQt�ÏltlrQj�w,wzj�ulu�r=wzrRt�w+|�rRtlt�mC¥ �Ño � a x ¢a�� _mcjltla"¼OmR|ªoqr � hiwqmpoqhsrRt£²lkir~|ª° x hnm@�QrRt�m@kia x a"o�yMu�a
Ó !RÕ x a7kim�b�mpo � hn|�a�¨#ÏpmCÇQa%|�jlt$|�rQt x hÑoqhsrRtltla�b{a%tRo4ÒÔÓ±Ë*Õ�hst~¼ ¢a � hsa%j �	_mKjltla7Çpm@kia�j � wva�jlhik=Ýl} ¢a�a*u�m � k ¦ j~oqhÑ°
kihnwvm@ova�j � ©l��rRt=o � rQt�w+|�rQb{b{a�t=o,k ¦ j~oqhskihiwva � u�rRj � |�mQki|�jlkia � jltla�mQulu � rC}~hsb�mpoqhsrRt x jUuEr � o � m@hsoKwvu�a>|ªo � m@kx a¾¨#©
����� � /"/�%�6��B! � -@��!26=(A����!�1>!��?-�(=� 1�� /06<%��*%'-�!2� �?/0��7S�.%�-�1 �����
  rRt�wvh x ¢a � rQt�wcknm x ¢a%|�rQb{uErRwvhÑoqhsrRt[Ó !RÕ x a kimÐb�m@o � hi|�a ¨0¿=jlhKuEa�jlo£w ¦ ¢a>| � h � a�¨ ¸¡Ë4É�Ë Í`Î ©��Kksr � w
¨[J BML#¸�Ë+Ó;É JKBMLMÕzË7Í`Î x`¦ r _j

R S ´ ¬ ÓO¨UJVB'LMÕ ¸ R S ´ ¬ Ó;Ë+Ó;É JVBML=ÕvË Í§Î Õ
¸ �
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¸ �
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6 �
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¸ �
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¸ �

ÒÔÓ;Ë�Õ R S ´ ¬ ÓOÉ JVB'LMÕ�º

��a"b�m@tlh _a � a&h x a�t=ovhn¿=jlaQÏ~rRt�m{ÉPJVB'L$¸VË7Í§Î@ÓO¨UJVBML=ÕvË	Ï x§¦ r _j
R!S ´ ¬ ÓOÉPJVB'LMÕ ¸ RTS ´ ¬ Ó;Ë Í`Î ÓO¨1JKBML=ÕvË*Õ
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� 	 �M� �E��� � m@u�u�a%ksrRt�w*kia%w x ¢a�Ý�tlhÑoqhsrRt�w x a>w x hÑØ ¢a � a�t=o5w*åv°±u�wva�j x rRwvu�a>|ªo � a>w*¿=jlh�hit=ova � ÇMhsa%tltla%tRo x m@t�w�kim
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Ó;É�Õ�¸EAIB%C�« c RTS ´ ¬ Ó;É JKBMLMÕ @ �å Î Ö�ÉÅÖIH
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  rQb{b{a�ÉÈ¸ x hnm@�EÓOÉ Î ¶qÉ \ ¶�º%º�º§¶vÉ � Õ7rQt�m

R S ´ ¬ ÓOÉ�Õ*¸�b{hst´ Ó R S ´ ¬ Ó;É ´ ÕzÕ¾º ÓOd��>Õ
fMrQhso B7C : <�ÓOÉ�Õ�Ï�|�a%kimchib{ulkshn¿=jla
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RTS ´ ¬ Ó;É�ÁaJVB'LqÁ>Õ @ å&Ö�ÉÅÖ
@ Ö�ÉÅÖ
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� B�C : <�� Ó;É�Á>Õ � B7C À �´ Ã Î : < � Ó;Éc´±Õ

Æ�t�m x rQt�|&b{rQt=o ��¢a¾¿=jla
: < Ó;É�Õ � À �´ Ã Î : < � ÓOÉ{´»Õ&º ÓOd=�QÕ
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.*}~ulkshn|�hsovrRt�w§kia%w �l¢a>wzj�kÑo5mpoqw x a*kim	u � rRu�r=wzhsovhirQt{�Q©>� ¦ hst�|�kij�wzhirQt�Ó;�R�QÕ x a�|�a�ozoqa*u � rQuErRwvhÑoqhsrRt&t�rQj�w�bcrRt=o � a
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¥a�o � aUrQ²~oqa�tMj _mÅu�m � ovh � x a�| ^ mQ|�jlt x a%w;: < � Ó;É{´;Õª¶�·�¸ �Q¶%º�º%º§¶��M©   rRbcb{a�knmÚoqm@hikiksa x a>w�b�mpo � hn|�a%wÉ{´z¶c·�¸ �Q¶�º%º�º§¶-� a%wzo�u�a�ovhsovaRÏ x a%w{b ¢a�o ^ r x a>w$Ý�m@²lkia%wc²�mRw ¢a�a%wcwvj � kim x ¢a>|�rRbcuErRwvhsovhirQtÔa%t ÇpmQksa%j � w
wvhitl�Qjlkih _a � a%wcuEa�jlÇRa�t=o ¥a�o � a�j~ovhikshnw ¢a�a>w�u�rRj � |%m@kn|�jlkia � kia�j � åv°±u�wza%j x rRwvuEa%|ªo � a>w�©*��a ulkij�w%Ï�|�rQb{b{a ksa
|%m@kn|�jlk x a%w�: < Ó;Éc´»Õª¶+·*¸à�Q¶%º�º�º§¶-�#a>w�o+oqr@o5m@kia�b{a�t=o,hit x ¢a%u�a%t x m@t=o,kia%w+j�t�w x a>w,m@jlo � a%w%Ïl|�a�kijlhs°»|�h`uEa�j~o
wva&¼Om@h � a¾a%tUu�m � m@kik _a%ksaR©
  a%u�a%t x mQtRo>Ï@k ¦ hit�|�kij�wvhsrRt ÓO�=�QÕ ¢a�oqm@t=o�o �>_a>w�kim � �RaQÏ@wvhlrQt x ¢a>|�h x a x§¦ m@ulu � r~| ^ a � : <ªÓ;¨�Õ�u�m � : �<ªÓOÉ£ÕªÏMm@kir � w
knmU¿Rj�a%wzovhirQt x acknm�Çpm@kia�j � x a �å"wva$uErRwva#hit ¢a%ÇMhÑo5m@²lkia�b{a�t=o>© .�t a�ØXa�o"k ¦ hit�|�ksj�wvhirQt Ó;�R�RÕ,tlrRj�w&hst x hi¿=jlawva�j�ksa%bca%t=o�¿=jla#k ¦ rRt x rQhso�u � a%t x � a �å Î @ �å]@ �å \ Ï�|�a$¿=jlh x m@t�wKkim�� � m@t x a"b�m@��r � hÑo ¢a x a%w�|�mRw,a%wzo�j�ta%t�|�m x � a�b{a�t=o&o �%_a%w&knm � �QaQ©X�,rRj�w¾ÇMhiwvj�mQkshnwza � rRt�w&|�a%w&¼OmQhÑo5w�Ï x m@t�w¾kia{u�m � m@� � mQu ^ a�d�© d�Ï`wzj � x hsØ ¢a � a�t=oqw
a�}~a�b{ulkia%w	tMjlb ¢a � hn¿Rj�a%w%©
����� � /"/�%�6��B! � -@��!26=(A����!�1>!��?-�(=� 1�� 7 �B- � / �B�����@-�12�+�B%'� �����
�Kt mQj~o � a£|�rQt�|�a�u~ocu�rRj �3¢a�ovj x hsa � kia%w$u � rQu � h ¢a�o ¢a%w"wvu�a>|ªo � mQksa>w x§¦ jltlaUb�mpo � hn|�a£a%wzo$k ¦ j~oqhskihnwvm@ovhirQt x j
| ^ m@b{u x a%w	Çpm@kia�j � w 0 ��2»©��`a"| ^ mQbcu x a>w+Çpm@kia�j � w x§¦ j�tla"b�mpo � hn|�a"¨[a%wzo x ¢a�Ý�tlh§u�m �

� ÓO¨&Õ�¸EA # * ¨ # c # C�« ¬ ¶#Ö # Ö	¸¹��Hcº ÓOd !RÕ
  a�oKa�t�wza%b#²lkia#a>w�oKj�t�¼ïa � b ¢a"²�r � t ¢a x a$« ÓOÇQrQh � 0 �lÏEu`© !�2ïÕª©��Äk�uErRwqw _a x a"a�t�u�ksj�w�knm�u � rQu � h ¢a�o ¢a x§¦ ¥a�o � a
|�rQtMÇQa�}~aUa�o£|�rRt=ovhia�t=o�k ¦ a�tMÇRa�kirQuluEa |�rRt=ÇRa�}~a x j�wvu�a>|ªo � a x a knmÐb�mpo � hn|�a ¨¡ÓOÇQrRh � 0 �~Ï�u`©s�p�I2ïÕª©���a%w� a�knmpoqhsrRt�w � a�kihimQtRo*kiaK| ^ mQb{u x a%w*ÇpmQksa%j � a�o�ksaKåv°»u�wva�j x r=wzuEa%|�o � a x aK¨ ¼ïrRtRo�k ¦ rQ²~��a�o x a,knm¾u � rQuErRwvhÑoqhsrRt
wvjlhiÇpm@t=ovaR©
� 	pß � ß � � á � ß � � ���_R � å�6[8 ��(K�

: <�ÓO¨�Õ � � ÓOÉ£Õ =G? < * � � � 	 � 	 ÓOdR�RÕ

: < ÓO¨&Õ � � ÓO¨�Õ�=G? < 	 � 	 Ó±��8RÕ
� hR ?

�
¸EAIB7C�«>c � B � @ � H 
���

� Ó;É�Õ�¸ � � Ó;À �´ Ã Î � Ó;É{´±ÕvÕ Ó±�~�>Õ
� hR � � Ó;À �´ Ã Î � ÓOÉ ´ ÕvÕ �	� �)� 	������(T� ����� ��(������ �����!������(��3�ed �F�'� À �´ Ã Î � ÓOÉ ´ Õ �
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Æ�tUa�t x ¢a x jlhso � B Î � ¸ � # * ? #�� @¹Ö�?�Ö @ å@Öª¨cÖpÏ x rQt�| B Î C ? < 	 � 	 Ï�|�a"¿=jlh x ¢a�b{rQt=o � a{Ó;��8=Õª©��a"knm$b�¥a%b{a�¼Om`½|�rRt`ÏlwzrRhÑo�B�C : <ªÓO¨&ÕªÏ�rRtUm�c
� # ¶�? Ö # Ö7¸¹�1ova%kiw,¿=jla Ó;¨5=5?cÕ # ¸UB # mCÇQa>| Ö�?�Ö @ å@Öª¨{Ö�¶
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ÓOÉ^=®Ë Í§Î ?{Ë*ÕvË Í§Î # ¸ B=Ë Í`Î # º

� r=wzrRt�w $ ¸�Ë	Í§Î # Ï~rQt�rR²~ovhia�t=oWc
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wvrQhso+a�t�|�r � a
B#¸ $ * É $
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��� � � �
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º
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� B Î � ¸ � $ * Ë7Í`Î�?{Ë $ �� $ * $ � @ Ö $ * ÖQÖ�Ë7Í§Î�?cË�ÖQÖ $ ÖÖ $ Ö \ @ Ò Ó;Ë*Õ>Ö�?�Ö @®Ò Ó;Ë*ÕzåpÖ�¨cÖ�¶

x rQt�|]B Î C ? < * � � � 	 � 	 Ï�|�a"¿=jlh x ¢a%b{rQt=o � acÓOdR�=Õª©� rRj � kim x ¢a�b{rQt�wzo � mpoqhsrRt x a�Ó±�~�>Õ	wva � a%u�r � oqa ��_m 0 ��Ïlu`©i�IO�2±© �
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Unit é de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
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