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Dimension 13122

GC preconditionnee par LUinc([A+10I,C;C’,l*B])
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BICG preconditionnee par [LUinc(A+10I),0;0,luinc(−l*B)]
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GC preconditionnee par [LUinc(A+10I),0;0,luinc(l*B)]

� �! ���¼� Z G � GG 	<G �?(��H��� � + � ���]����(����������%(��?��� �_�O��� ��� ����(O	 �?(��������%(��u�£� � � �
���

� ������ D # �

0 50 100 150 200 250 300 350 400 450
10

−10

10
−5

10
0

10
5

Iterations

|r
|/|

b|

TestT
3

Résidus Conjugués préconditionné

���! ���+¢ Z G � GG 	<G �_(O�H��� �j	j�
� �?(+� � � � ���]����(����O���U�%(O�?��� �?����� �6�£����(�	��?(������U�%(O��� � � � �
� �

� �)����� D # �

àÇè�ú�àÊâ



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

Z �¥^+g�h·kmdoq]hfdjz%ilkmdonEp�t i¼»r_NzMhji¥^�ilkm}udjz
_4z
}m_%g�ty_ w g8tuxst.km\%^0_�L w nEpEk g]p]_4i¼»r_Nz(tmi�km}mirp�tuq�nGty�Q_$P�¤
	 ���  1� �  7¬ � ª� �
N�/.>������§Y[�iE¹Eg�_�doku�Q}mivkudfnrp�z
nr^0q>nr}uku_ �Z hji8}u�NtynEhog]kudfnrp w@¢ g�p<tuxst.km\%^0_1z
}m_%gs{�q�nEg]}�ho_1q�}u�Nz
nrp w d·kmdonEp]p]_Q^8_QpGkQ¤Z �8nEq��Q}mivkudfnrp�t�bs��¥|��8¤Z �£nEq��Q}mivkudfnrp�t�bH`1��Z*¤Z �*^£g]h·kmdoq�hodjz%ivkudfnrp�i¼»r_Nz¥hji8^0ivku}mdfz%_1z
}m_%g�tu_ w g�tyxstyku\%^0_E¤
���e���  ���� � ª! 
N� .����e�r�1§Y[�ir¹Gg]_*doku�Q}mivkudfnrp<z
nr^0q>nr}uku_ �Z hji8}u�NtynEhog]kudfnrp w@¢ g�p<tuxst.km\%^0_1z
}m_%gs{�q�nEg]}�ho_1q�}u�Nz
nrp w d·kmdonEp]p]_Q^8_QpGkQ¤Z `0nEq��Q}mivkudfnrp�t�bs��¥|��8¤Z �£nEq��Q}mivkudfnrp�t�bH`1��Z*¤Z �*^£g]h·kmdoq�hodjz%ivkudfnrp�i¼»r_Nz¥hji8^0ivku}mdfz%_1z
}m_%g�tu_ w g�tyxstyku\%^0_E¤
	 �����N� � � �  �e¯3� �!� � ¯°ª"®¥��`�irp�tOz�[�iE¹Eg�_)doku�Q}mivkudfnrp w _�hji*^8�%ku[]n w _¥³*irg�tmtMbe_%d w _%h�q�iv}M��honszv²lp�nrg�t

tynE^0^8_Nt�iv^0_Qp]�QtMQ0}m�Qtunrg w }u_�q�iv}�hji0^0�
km[]n w _ w g��r}�i w do_QpEk�z
nEpl~.g]�Eg]� w _%g]{�tuxetyku\Q^0_Qt4_%p �
_
k
�
_%k[Q£^£g]hokudfq]hodf_%}¥q�iv}4hf_Qt�^�ilkm}udjz
_Nt � _%k

� h ¤
�M1UT � > �M; ;H>¦;HE¦\ 7 ;YT�> R @[Ea=_E¦C]D >SI X[7:DSR Z ;_A[>YX[7:D

¦"_Qt�q]}m�Qz%nrp w d·kmdonEp]p]_%^0_QpEk�t�z�[]nrdjtudft�tu_<��irtu_%pGk�tug]}�g]p]_ w �Nz
nE^8q>nEtudokudfnrp�dop�z
nr^0q]hf\
km_ L � m nEg
§Y[�nrhf_Qtu¨Gd�POtmivp�t(}u_Q^0q]hodjtmtuir�r_r¤Eº�nrg�t(tunr^0^0_Qt w nrp�z�ir^0_%p]�NtJQ1}m�Qtunrg w }u_ w _NtYtuxst.km\%^0_Qt w _¥hji*¸Çnr}m^0_£�

� m � { �
i¼»E_Qz ��km}udjivp��rg]hjivdf}u_�dfps¸Ç�%}mdo_Qg]}m_�Q w djiv�Enrp�irho_�g]p]dokmirdo}m_<_
k m km}udjivp��rg]hjivdf}u_<tug]q��Q}udf_%g�}u_E¤M��p q>_%gsk
irq]q]}mnsz�[]_%}1hf_�p]nE^+�]}m_ w@¢ nEq��Q}mivkudfnrp�t�p]�Qz%_Qtmtuirdo}m_Qt*q>nrg]}+g]p]_ w _Ntuz%_%pGku_�´¥}u_Q^0nrpGku�Q_ w g�tyxstyku\Q^8_ Q
��
 � nEq��Q}mivkudfnrp�tQ²en£� 
 � _Nt.k�hf_*p]nr^£�]}u_ w@¢ �%hf�%^0_QpEk�t4p]nrp<peg]hjt w ivp�t4hfi0^�ilkm}udjz
_*q]}m�Qz%nrp w d·kmdonEp]p]�%_E¤�Mp¡tug]q]q>nEtmivpGk¥¹Gg]_1hf_Qt���honsz%t � ² � ² � tynEpEk w�¢ nE} w }m_ J _%k�}u_Ntyq>_Qz
kudf»r_Q^8_QpGk w _1p]nr^£�]}m_Qt w@¢ �%hf�
´
^0_QpEk�tOp]nEp8peg]hjt J �� ² J �� ² J �� ²Eho_NtMz
nE^8q�ho_%{edoku�NtOq>nrg]}Mhf_QtM^8�%ku[]n w _NtMtunrpGk w nrp�p]�%_NtOq�iv}(ho_Nt ¸Çnr}m^+g]hf_Qt
tug]df»livpGku_Nt�L $ ² $ � _%k $ � x�}u_Qq]}m�Qtu_%pGku_QpEk�}m_Qtuq>_Qz�kmdo»E_%^0_%pGk�hf_�p]nE^+�]}m_ w@¢ d·km�%}�ilkudfnrp�t w _�hji�^0�
km[]n w _r²
hf_+p�nr^+��}u_1kmnvk�ivh w�¢ doku�Q}mivkudfnrp�t¥q�nEg]}¥hji�}m�Qtunrhfgskudfnrp w _Qt¥tuxst.km\%^0_Qt¥_%p

�
_
k*ho_+^��Q^0_+p]nE^+�]}m_�q>nrg]}

hf_Qt�tuxst.km\%^0_Qt4_Qp
� P��

	 �����N�
 � � �  �e¯�� �!� � ¯°ª"®�� 	 ����� �'� J �� $�ilk � J �� i N � J q $ � i~k � J �� i N � J q $ � ¤� �Ê .����  1� �  7¬0®rª! 
N� .���� � �l�G®Eª�  1�Ç¬��Vª� 1 ���� �
	 � 	�� � � � k J �� i J �� i J �� q:i � � J # $ ¤
	 ���  1� �  7¬�®rª! �
Q� .>��� � �l�e®rª!  1�Ç¬ �°ª!  ���� � 	�� � � � k J �� i J �� i J �� q^i � � J # $ ¤���e���  ����£®Eª� �
N�/.>���G� � �l�G®Eª�  1�Ç¬��Vª� 1 ���� � � � � k � � J i � J �� i � J �� i � J�� q $LÂ��p i z�[�nrdjtyd)z
nr^0^0_�dfp w dj¹Gg]��q�}u�Nz
� w _%^0^0_%pGk+hf_�q]}m�Qz%nrp w d·kmdonEp]p]_%^0_QpEk£�]honsz w dfir�rnEp�ivhMq>nrg�}£hf_Qt
^0�%ku[]n w _Nt�¶ �u§4³8²7§4³�_%k�§)�1¤ P

ú�ú Ø¦¥+§
ò�ò�ò



�v` ����� �����_�
� �
�	� ��
 ����� � ��?�
��p-ivq]q�hodj¹Gg]_£^�irdopGku_Qp�ivpGk1z
_Nt¥¸ÇnE}u^£g]hf_Qt�ivg-z%irt w gKku_Nt.k6D # LVtyxstyku\Q^8_ w@¢ nr} w }m_ � J { N � N ���£P
¤¦"_Qt�z%nrp�tykmirpGku_Qt¥tynEpEk w nrp�z¦� J { ����� N ² J �� { � ��� � N ² J �� { � � � � � ² J �� { � � � N � ²]z
_+¹Gg]d�iv�>nrgskmd·kirg�}m�Qtug]hokmivk�tug]df»livpGk:�

���
km[]n w _ $ $ � $ � º�nr^£�]}m_ w�¢ nEq��Q}mivkudfnrp�t�LÇ_Qp<^8dfhfhodfnrp�t�P
³1bs¶ � �$¢   ��¤ � �_n �¶ �u§4³ �l�l� ´ ´ � � ��n �§4³ �   ¤ ´ ´ N � � n �§)� `G�£¤ ´ ´ �	� � n �

¦"_Qt�^0�%ku[]n w _Nt�¶ �u§4³ _
k<§)� tunrpGk�p]_%kyku_Q^0_%pGk�q]hfg�t�z
n��]ku_%g�ty_Nt�¹Gg]_¡hf_Qt w _Qgs{ ivgskm}u_Nt%¤)§Y_Qhfi
t ¢ _
{sq]hfdf¹Gg]_�q�iv}£ho_�¸°ivdok0¹Gg]_�¶ �u§4³ p�_�kudf}m_�q�iEt+�>�%p]�
K�z
_ w _�hfiKtyxe^0�
km}udf_ w g tyxstyku\%^0_�_
k8¹Gg]_�hfi
z%nrpe»r_Q}u�E_%p�z%_ w _0hji�^8�%ku[]n w _ w _Qt*}m�Qtud w g�t1z
nrpv~.g]�rg]�Nt�_Qtyk�q]hog�t*ho_QpEkm_�z%ir}�hf_0q]}mn w g]d·k+tmz%irhfirdo}m_£tug]}
hjir¹Gg]_Qhohf_<_Qtyk���irtu�%_<hji ^8�%ku[]n w _�_Nt.k w �K�p]d¥q�iv}�hf_¡z%ir}u}m� w _�hfi-^�ilkm}udjz
_�irg hfdo_Qg w _�hfi-^�ivku}mdfz%_
z%nr^0^0_ w ivp�t�hf_8zQirt w gK�E}mi w df_%pGk�z%nrpl~.g]�Eg]�r¤@¦"_Qt�^0�
ku[�n w _Qt1³1bs¶ _
k£§4³ nEpGk w _Nt�q�_Q}y¸ÇnE}u^�ivp�z
_Qt
q�hog�t q�}unsz�[]_Nt�i¼»E_Qz)z
_Qq�_Qp w ivpGkOg]p0p]_%k(i¼»¼irpGkmiv�E_SQ�hji�q�}u_Q^8df\%}m_r¤r§YnE^8^0_ w@¢ ivgskm}u_%´Wq�iv}ukQ²¼p]nrg�tOi¼»rnrp�t
»eg ¹Eg�_£hji�^0�%ku[]n w _ w _�³*ivg�tmty´µbe_Qd w _%h _Qtyk*iEtutug]}m�%_ w _8z%nrpe»r_Q}u�E_%}�}mirq]d w _%^0_%pGk w \Qt1¹Gg]_8ho_8q�irt w _
km_%^0q�tO_Nt.kMiEtutu_
N4q>_
kudok(_%k(¹Eg�_)q�iv}Mz
nEpGku}m_)hji�^0�
ku[�n w _¥³�§ q>_%gskY�Qz�[]nEg]_%} q]g]djtm¹Eg�_�ho_�tuxetyku\Q^0_�p ¢ _Nt.k
q�irt w �
K�p]dW²]p]nrg�t�z
nrp�ty_QdohfhonEp�t)h ¢ _%^0q]hfnrd w _*hfi0q]}m_%^0df\%}m_�^0�%ku[]n w _E¤

� � ����'Y�
	��"%���

`�ivp�tYz
_�}�ivq]q>nr}ukQ²rnrp�i*}m_Qz�[]_Q}mz�[]�4g]p�irho�Enr}md·km[]^0_4_ /�z%iEz
_�q>nrg]}M}m�Qtunrg w }u_4g]p�tuxst.km\%^0_�hfdop��Qivdf}m_
djtmtyg w _1hji w djtuz%}u�%kudjtuivkudfnrp w@¢ g�p]_��Q¹Gg�ivkudfnrp w _+º�i¼»Gdf_%}u´.bGkunE¨r_QtQ¤s¦�_�tuxst.km\%^0_1_Qtyk�q�iv}ukmir�r��_%p¡¹Gg�ivku}m_
��honsz%t+z%iv}m}m�Qt w _�^��%^0_ w df^0_%p�tudfnrp�¤���p x-i�^0_Qp]��g]p]_��%kug w _�z
nr^0q]hf\
km_ w _�hji<z
nrpe»E_%}m�r_%p�z
_ w _Qt
^0�%ku[]n w _Nt w _+±Girz%nr�]d@_%k*³*irg�tuty´.be_%d w _%h"q�iv}���honsz%tQ¤ �µh�ivq]q�ir}mi�Rfk¥¹Gg]_+hfi�z%nrpe»r_Q}u�E_%p�z%_ w _�h ¢ doku�%}�ilkmdonEp
w _�k.xeq�_�³*irg�tmt.´.be_%d w _Qh(_Qtyk£iEtyxe^0qskunrkudj¹Gg]_%^0_%pGk w _Qgs{-¸Çnrdjt�^0_%dfhfho_Qg]}u_�¹Gg]_�tui¡z%nr}m}u_Ntyq>nrp w ivpGku_ w _
k.xeq>_�±Girz
nE�]dW¤�| nrg]}£}u�NtynEg w }m_�ho_Nt+tuxetyku\Q^0_Qt1hfdop��Qivdf}m_Qt w _ w df^8_Qp�tudonEp ^8nEd·kmdo��¹Eg�_�z
_Nt�}m�Qtunrhfgskudfnrp�t
_QpGku}�i�RÊp]_%pGkQ²snEp�^0nEpEkm}u_*¹Gg ¢ g]p<q]}u�Nz
nEp w dokudfnrp]p]_Q^0_%pGk w �K�p�d�q�iv}�g�p]_�¸°irz�kmnr}mdftmilkmdonEp�dfp�z
nE^0q]ho\%ku_ w _
§Y[�nrhf_Qtu¨Gd>_Qtyk�_ /�z%iEz
_E¤G¦�i£z%nr^0q�iv}�ivdjtunrp w _Nt)irho�Enr}md·km[]^0_QtYnr�skm_%peg�tYQ8z
_%g]{ w g��E}mi w do_QpGk)z
nEpl~.g]�Eg]�r²
w _QtM}m�Qtud w g�tMz%nrpl~.g]�Eg]�QtMnrg w g��]do´Â�r}�i w df_%pGk(z
nEpl~.g]�Eg]�r²Givhf�rnr}mdoku[]^0_QtOirq]q]hfdf¹Gg]�NtJQ*hji1^�ilkm}udjz
_�_QpGkudf\%}m_
i¼»E_QzOg�p+q]}m�Qz%nrp w dokudfnrp�p]_%^0_%pGk�z%nr^0q�ir}mir�]ho_SQ¥z
_Qhog�d w _Qt�^8�%ku[]n w _Nt w _(}m_%hjil{]ilkmdonEp�t"tug]}�g]p+q�}unE�]ho\Q^0_
km_QtykQ²]_Nt.k�_Qp�tyg�d·km_1^8_Qp]�%_�iOK�p w _ w �
km_%}m^0dop]_Q}�g]p]_1q]}mnsz
� w g]}m_�_0/�zQirz%_ w _1}u�NtynEhogskmdonEp�¤�Mp¡z%nrp�z%hog�tydfnrp�²ehji0^0�
ku[�n w _1hfi8q]hfg�t�}�ivq]d w _*_Qtyk�hfi0^0�%ku[]n w _ w _+³*irg�tmt.´.be_%d w _Qh7z%nr^£�]dop��%_1i¼»r_Nz
h ¢ ivq]q]hfdjz%ilkmdonEp w g£�r}�i w df_%pGk�z%nrpl~.g��rg]�Yq]}u�Nz
nEp w dokudfnrp]p]�E¤N¦�i�^0�
km[]n w _ w g+�E}mi w do_QpGk�z
nEpl~.g]�Eg]�(q]}m�Qz%nrps´
w d·kmdonEp]p]�4q�iv}Og�p£q]}m�Qz%nrp w d·kmdonEp]p]_%^0_QpEk w djiv�Enrp�irhEq�iv}O�]hfnsz%t i*ivg�tmtyd w nrp]p]� w _4�>nrp�t }m�Qtug]hokmivkmtQ²N^�irdft
z%_
kuku_�ivq]q�}unsz�[]_4i¥h ¢ dop�z%nrpe»r�Qp]df_%pGk w _)q>nrg�»rnrdf} �Qz�[]nEg]_%} z%ir} nrp8h ¢ ivq]q�hodj¹Gg]_MQ¥g]p0tuxetyku\Q^0_)p�nrp w �K�p�dV¤
¦�i0^0�
ku[�n w _ w g��]do´Â�r}�i w df_%pGk¥z
nEpl~.g�¹Gg]��q�}u�Nz
nrp w d·kmdonEp]p]��i w nEp]p]� w _�^0nrdfp�t��>nrp�t¥}u�Ntyg�h·k�ilkmt�q]g]djt.´
¹Gg ¢ _%hfhf_�_QpGku}�i�RÊp]_ w _%gs{�^+g]hokudfq]hfdfzQilkudfnrp�t w _1^0ivku}mdfz%_Qt)q�ir}�d·km�%}�ilkudfnrp�ivg�hodf_%g w@¢ g]p]_1q>nrg]}�hf_Qt�irgsku}m_Qt
^0�%ku[]n w _Nt%¤�`¥_�^��%^0_¥hji�^0�%ku[]n w _ w _QtY}m�Qtud w g�t(z
nEpl~.g]�Eg]�QtY_Qtyk)z%n��skm_%g�tu_�zQiv}Ytmi+z%nrpe»r_Q}u�E_%p�z%_r²v��do_Qp
¹Gg]_*�Giv}�ivpGkudf_r²e_Qtyk�q]hfg�t4hf_%pGku_�¹Gg]_1z
_Qhohf_ w _Nt�ivgskm}u_Nt4^8�%ku[]n w _Nt%¤

àÇè�ú�àÊâ



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

� � �l�4� ����')���

� � ¡ �1¤v¶4ir}u}m_
kukQ² � ¤v¶)_%}m}uxE²lZ*¤E§Y[�ivp�²v±�¤ `¥_Q^8^0_QhV²v±�¤O`¥nEp�ilkmn�²l±�¤O`¥nEp]�Eir}u}�i]²��+¤ �Md ~.¨e[]nrg]kQ²r�1¤l| n N%n�²
§�¤���nr^0dop�_1_
k��+¤]»livp w _Q}��Onr}�t.kN² �?�
	���� �O���� ,(�� � �?��� (����H���%(���( , � �������������������
	"� 2��<�H��� �O��� %�<� ( ��*�� ,(�� ����
�]������#�� � �
� �?(+���� � ¡ ±�¤v±�¤O`�nrp��Eiv}m}�i]² ��¤Eb7¤O`�g -�²F`+¤e§�¤rbenr}m_%p�tu_%p"²��+¤r��¤r»¼irp w _%}��Onr}�tykQ² !��H	j�
�������O� � ��������� " � %F��(
�]�,(O����� % ��& 
 �
�!,(���	j��� ��� � (O	 ���H���
��� ²�benv¸Êk �4iv}m_
´/�Mpe»edo}mnrp�p]_%^0_%pGk�t.´µZ"nenEhftQ²Gb �.� � ²��N�r�£¢�¤� � ¡ �+¤ �(ho^�ivp"²�`£¤�bedfho»E_Qtyku_Q}Y_%k4�+¤��-ilkm[]_%p"²��Âkm_%}�ilkmdo»E_ ��_%ku[]n w tY¸Çnr})|M}mnr�]hf_%^�t)dfp<§Ynr^0q]g]kmilkmdonEp�ivh
��hfg]d w `�xep�iv^0djz%tQ²]��_%q>nr}uk�§4bG´µZ��4´Â�   �r�s²�� ���.�¥§4bG´µZ��4´µ�   ´µ�£¢]²>�Q�r�   ¤� ` ¡ �+¤ �Mhf^�ivp�²�|�_Q}ykmg]}m��ilkmdonEp�nr¸ �Mdo�E_%pe»livhfg]_Qt�nv¸O|M}m_Qz
nEp w dokudfnrp]_ w º¥i¼»edo_Q}y´.bGkmnr¨r_Nt���q�_Q}mivkunr}�tQ²]��_
´
q>nr}uk�§4bG´ÂZ���´Â�G�r�v��²F� ���.�¥§4bG´µZ��4´µ�E�¼´��r�$¤]²>�Q�E�   ¤� � ¡ ³8¤	�+¤"³�nrhfg]�K_%k£§�¤ �Y¤
�Mirp ¦"nEirp¡´6� ������� # � (O	 ���H���O�U�%(O�_� ²"±Enr[]p���nrq�¨Gdfp�tQ²�¶4ivhokudf^8nE}u_E²��Nt.k_ w d·kmdonEp�²��N�£¢r��¤�  �¡� ¤���g]_Q�]p]_Q} �A�_���2���'��������� �
	��
�?� � �
� �?(+� ,(O���Y� %£���������� ² � dfho_QxE´ �µpGku_Q}mtmz
df_%p�z%_�|Mg]��hodjz%ivkudfnrp�²
�N�G�¼`�¤� � ¡ � ¤e��^�ir}mi�²G�+¤]§Y[�ilkykmdV² �)¤H`�ir��iv�E[]d " ��(�������	��O���2�?���)���
� �	j�
�?� ,(��E��� �������
�]����*�����(<�?� %F�����%(�����]($(
� �
	"� ²��¥ivq]q>nr}uk w _*}u_Nz�[]_%}�z�[]_ �.º¥� �.������´Â�E�G�l��² �¡iv}�t��Q�r� ¢]¤� ¢ ¡ � ¤7��^�ir}mi�² � ¤7¶)_%pexrnEg]p]_QtQ²7§�¤7¶)_%}mp�iv} w d �Y���](�� �����������O��(O����,(O��!"�O#+�%�
��&��'�)(+* ���� !�?�O�U�%(O�_�"��������]����	 ,��H� ����%(���������#�(������������� ,(���	z�H� �O�U�%(O� ²rº¥g]^0_%}mdftmz�[�¡ivku[]_Q^�ilkudf¨7²s�Q�E�£¢]²�¢ ¤]² q]q�¤e�+¢��
´.�O¤   ¤� � ¡ � ¤>��^�iv}�i]²���¤7¶)ir}ug�z%¹>² � ¤�`¥g]hfnrg�_�� ��� ,(O��	 �H� �����%(���	 � # �)� ��(O�?#��� % �
�?�)� �_(O�H��� ������($(
� �	j�� �z�'�)(+* ���z�U���%�O��	��
�_���%(O�?���
� ²�§YnE^8q]ku_Qt���_Qp w g�t w _8h ¢ ��z%i w �%^0df_ w _Qt*bsz
df_%p�z%_QtQ²>k*�G�O¢]²7be�%}mdf_ ��²
�N�r�r��¤� �+¤ ¡ ��¤���^�ir}mi�²�§�¤"¶)_%}mp�iv} w d � (��'#��
�&%F�� ���c( ,���2�'�������� �	j��'���O���0��]�
��� �+�O�U���%(O��( ,j�%�_�z!"��#$�%�
�����($*£��[� !
�?�����%(��?�<���6#�(�������������z�O�������U�]���O	 ,��H� ����%(�� ,(���	z�H� �����%(�� ²�� �r�¥º �¡ivku[]_Q^0ivkudjz%irh ��nv´
w _Qhodfp]��ivp w º¥g]^0_%}mdfzQivh��¥p�ivhfxstydjt%¤� �r� ¡ ��¤���^�ir}mi�² �Y¤^`�ir��iv�E[]dV² " �x(<���U��	j��� � � �J�?���)�6�
� �	j�
�?��	��
� �?(+� ,(�� �%�_� � � (
� �_����	j(��'������]($(
� �
	 ² �µp]}udji8��_%q>nr}ukQ²��¥�S� ¤   ¢]²>�Q�r�   ¤� �N� ¡ �8¤eb]iri w ² ���)���������#�� � �
� �?(+���/,(��B�C�?�����
� � �������O�<�������)�
	"� ²r| � b0|Mg]�]hfdjty[]dfp]�8§YnE^0q�ivpexr²E¶YnGt.´
kmnrp�²��N�r�   ¤� �Q� ¡ �£¤�|Mdo}mnrp�p]_Qirg�²A� ��%�_($�£�� �£��"�� �
	j��'�%���2�'���E�?(��H��� �������H�%�£�� ² �¡irtmtunrp�²7�Q� ¢£¢�¤� �%` ¡�� ¤�¶)nEg]¨edo}N²#� � i w i¼xE²*¶�¤ ��_%kudf»r_%k�_
k ��¤���i£NQi�K�p w }�iv¨rnrkun�² " ��� % ��&3(O�]�£�
� ���_�������
���
������&�����������2�?���)�z�� �
	j��'�J	j��%�_($� ,(O��� �?����� ��(�	����]������ (
� ��!"�O#+�%�
��&��'�)(+* ���� !
�?�����%(��?� ²��µpEkm_%}mp�ilkmdonEp�ivh
~.nEg]}up�ivh�¸ÇnE}¥peg]^0_%}mdjz%ivh�^0_
ku[�n w t¥dfpwb�g]d w t � �yb�bsº ¤G�E�s�
´.�O¤r��� � §Yn w _%p �.±Gº �a` � � �Q�E�G� � ����¦M¤
�E� � º��£¤@�¼� � |M| ¤��%`G�]�
´��%`e�l`� �N� ¡ �¥¤ `�g]}�ivp w ² ��(O���H���%(��_�S!��H	��
���"!
�?����� ����� !�?�O�U�%(O�_� " � % � (���"!
�?�� ²eZ�nr^0_ � ��²sbexst.km\%^0_Qt w _�q]hfgs´tudo_Qg]}�t4�Q¹Gg�ilkmdonEp�t � �Mirho_Qg]}�t4q]}unEq]}m_Qt w _Qt�^0ivku}mdfz%_QtQ² �¡irtmtynEp�_%k�§Ydo_E²@�Q�   �r¤

ú�ú Ø¦¥+§
ò�ò�ò



Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY

Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN

Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex

Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


