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Téléphone : (33 1) 39 63 55 11 – Télécopie : (33 1) 39 63 53 30
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��VYs fhgjsEkF[¤fhgjVZs�r1VZ O[�UhVE[¤�+�;[¤rWrWgms>X�fW�>UhVYk>XY��[~¢qs>V(�~s
�;VYgmsEf	[¤s>�
fh�>_&fh_�rhfhr	[]UW_�eF[¤rW_��+VZs"¥mVE�([]¥q¼�¥ªfW_�Uhr
 ¡VZUS��_ofh_��ofhgms�X�rW�>VYU}fSUhVE[]��rh_�XY\^_�s fWr�± ¬�y&�>_
fh_�rhfhr¦[¤UW_
�;_�Uh ¡VZUW\^_���rW_�iEk>_�sEfhg­[]¥m¥m§�[]s>�½['��_��ogjrWgmVZsÈgmr
\�[]�>_¦�~�>_�s,fh�>_�k>s���_oUhf�[]gmsEfº§½[]e;VYk�f64 eO_��oVY\^_�r£rhk�7���gm_�sEfh¥ª§�rW\�[¤¥j¥¹lFg¹± _Y±jl����>_�s½VZs�_
� §��;V]fW�>_�rWgmr
¨@VYU0rW\�[]¥m¥L��¥jk>r}fW_�U2¬n��VZ\^gjsF[(fW_�r£fh�>_^k>�O�F[(fW_���¨@VYU�©}�;VYr}fW_�UhgjVZUW«E¬n��gmrhfhUWgme>k>fhgmVYs,VYs84 XZgmpY_�sÍ[]¥m¥1fh�>_
fh_�rhfhr~fhV��F[¤fh_Y±�zus9VZk�Ua�([¤rW_£fh��gmra��VYUhUW_�rW�;VZs��>r�fhV�¥mVq�([¤¥jgmÇ�gms�X+fh�>_SUWVE[¤��fhV��>gm·q_�¥Q[]���ok�U�[]�o§ ±

zu\^��¥mgm��gmf&gms'fh�>gjr�[]�>�>UWVE[¤���/gmr&fW�>_S��VZs���_���f~VZ 1[+�>_���gmrWgmVYs^fWUh_�_YÉ>_([]����gmsEfh_�UWgmVYU&s�VE�>_£gmr~[]rhrWgjXZs>_��
VYs>_'VZ �fh�>_'fh_�rhfhr(lQ_([]���¾�>_��F[]U}fWgms>X�e>U2[]s>���ÎUW_��>UW_�rW_�s fhr"[��;VZrWrWgme>¥j_
fW_�r}f
UW_�rh�;VYs>rW_Yl5[]s>�¾_([¤���Îfh_�Uh¸
\^gjsF[¤¥Æs>Vq�>_0gjr�[]rhrWgmXYs>_���VYs>_¦V] LfW�>_0�E§q�;VZfh�>_�rW_�r(±;y&��_+[]rhrWgmXYs>\^_�sEf�VZ 5fh_�rhfhr(lFVYU'©ufW_�r}fWgms>X�Uhk�¥m_Yl «�gmr
[]�F[]��fhgmpY_ngjs�fh�>_�rW_os�rh_~fh�;[(f&fh�>_n����VZgj��_nV] ²fW�>_~fh_�r}f~[¤f&_([]���'s>Vq�>_�\�[�§+��_��;_�s>�'VYs^fW�>_~fh_�rhf{pY[¤¥jk>_�r
VYe>rW_�U}p _��Í[(f"[¤¥j¥	fh�>_'[]s fh_���_��>_�sEf"s>Vq�>_�r+[]¥mVYs>X/fW�>_^r2[¤\^_
e�U�[]s>����±5y&�>_"fh_�rhfhgms�X9UWk>¥j_"gjrSUh_�XE[¤UW�>_��
[]r�[¦��Vq�>_n ¡VYUa_�7^��gm_�s f���¥­[¤rWrWgª¼��([¤fhgjVZs²±Ezu�>_([]¥m¥m§Yl�fW�>_��2�>VZgj��_£�&VYk>¥m��e;_���UhgmpY_�s/eE§/[¦XY¥mVZe;[¤¥Æ\^_([¤rWk>UW_
VZ �_�7^��gm_�s>�o§ lLrWk>����[]r�[]���>gm_op�gms>X�fW�>_/\^VZrhf+[]����k>U�[¤fh_/��¥¡[¤rWrhgm¼�_�U¦ ¡VZU�[�¼>·�_��N[�p _�U�[]XY_�sqk>\
eO_oU¦V] 
fh_�rhfhr(lQVYU0UW_([]���>gms�X�fW�>_^ @[]r}fW_�r}f
�>_���gjrhgjVZsÍ[¤f
[/¼>·�_o�¾¥j_opY_�¥®VZ n[]����k>U�[]�o§ ±:9{k>f0fh�>_�rW_^VY��fhgj\^gmÇ([¤fhgmVYs
�>UWVYe>¥m_�\^r	[]UW_�gms fWU�[]�of�[]e>¥m_Ylq[]s>�
gms�r}fW_([¤��VZs�_ak>rWkF[]¥m¥m§¦���>VqVZrW_�r®rWVZ\^_&fu§q�;_aVZ �©}XZUW_�_���§�«Sfh_�rhfhgjs>XSUhk�¥m_
gmsÍ���>gm���Îfh�>_�fh_�rhfhr�[]UW_'����VZrW_�sNVYs>_/[¤f^[�fWgm\^_Y±5y&�>_��>UWgms>��gj�F[]¥{_o·>[]\^�>¥j_^gmr,©}_osEfhUWVZ�E§ÎfW_orhfhgjs>XY«>É
[¤f~_([]���"t¶k>s��ofhgmVYs����>VEVYrW_£fh�>_¦s>_o·Ef�fh_�rhf~gms9VZUW�>_�U�fWV"UW_�\^V(pY_0[]r~\
k����9[¤���>gªfhgjVZs;[¤¥²k�s>��_�U}f2[¤gjs fº§�[]r
�;VYrWrhgje>¥m_£[]e;VYk�f;4Í±

y&��_1rhf�[]s>�F[]UW�£��VYs>rhfhUWk>�ofhgjVZsSVZ >�>_���gmrWgmVYsnfWUh_�_�r®¨@_Y± X�±ml�gmsS��VE��gms>X�l � $ cLy�l([]s>�S\�[¤�2�>gms>_5¥j_([¤UWs>gms�XE¬
gmr�V%<;¸@¥jgms>_Yl	s>VZs��F[]U�[]\^_ofhUWgm�Yl	[]s>�NeF[]rW_���VYs ©¶fhU2[]gms>gjs>X,�;[(f2[q± «8=�V���_opY_�U(l1gjsNVZk�U
 ¡VYUh\"k>¥­[¤fhgmVYs¾V] 
fhU2[]��¢Egjs>X>l�gªfagjr&gj\^�;VYrhrWgme�¥m_�fhV"�>UW_2¸¹��VY\^�>k�fh_0[]s>�/r}fWVZUW_�fh�>_£_�s fhgjUh_£�>_���gmrWgmVYs�fhUW_�_YÉqgmf��;[¤rafhVEV"\�[¤sE§
e>U2[]s>���>_�r� ¡UWVZ\ _�[]���Î¨@gmsEfh_�UWgmVYU2¬�s>Vq�>_Yl;gªfngmr~fhVqV'�>_�_��Î¨@gº± _Y±ml�fhVEV^\�[]s §�fh_�rhfhr0[¤UW_Ss>_�_��>_���fWV'UW_([¤���
[0�>_���gmrWgmVYs;¬2l>[]s>�^fW�>_£sEk>\
eO_�U{VZ ²�OVZrWrWgme>¥j_apY[]¥mk>_�r�VZ >4#gmr&_�s>VYUh\^VYk>r(±Yzus>rhfh_([]�²l�fh�>_�fh_�rhfhgjs>X+Uhk�¥m_ngmr
��VY\^�>k�fW_o��¿]À;ÁºÂÄÃîÀOÅoÉo_([]���+s>_o�Î¼F¥ªfh_�U5gmrQ���>VYrh_�s+�>k�Uhgjs>X�fh��_�[]�ofhkF[]¥ fWU�[]��¢Egjs>XneF[]rW_��0VYsSfh��_{�F[]Uhfhgm��k>¥¡[¤U
¼�¥mfh_�U®UW_�rhk�¥ªfhr®�>UW_op�gmVYk>rh¥m§¦_�s>��VYk>sEfh_�UW_o�?1Egms�V]fW�>_�U®��VZUW�>r(l]��_~VYs>¥m§
�oVY\^�>k>fh_�fh��_~e�U�[]s>���^VZ Æfh�>_~fhUW_�_
fh�;[(fSgmr£s>_�_��>_��, ­VYU�fh�>_
�;[(f�[/[¤f£�;[¤s��²±;zus, @[¤�of(lOfh��_�[]\^VZk>sEf�VZ 1fWgm\^_0s�_o��_�rWr2[¤Uh§�fhV/�;_�Uh ­VYUW\Êfh�>_
fh_�rhfhr^gjr^rh\�[]¥m¥&��VZ\^�;[¤UW_��¾fhVÍ�>_ofh_�UW\^gms�gms>X�fW�>_�©}UhgjXZ�Efh«Èfh_�rhf^fhVÍ�;_�U} ¡VYUh\�±®³ns¾fW�>_�V]fW�>_�U^�F[]s>�²l
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��VY\^�F[]Uh_���fhV^\�[(·�gm\
k�\ ¥mgj¢Z_�¥jgm�>VqVE��_�rhfhgj\�[(fWgmVYs²lEfW�>_+sEk>\"e;_�UaVZ Lfh_�rhfhr£[]�ofhkF[]¥m¥ª§��;_�Uh ¡VZUW\^_��/k>sEfhgm¥
[
�>_���gmrWgmVYs/gmr�\�[]�>_�gjr�_o·q�;VYs>_�s fWg­[]¥m¥ª§/rh\�[]¥m¥º±

³nk>U�[]�>�>UWVE[¤����gjr^\^VE��_o¥m¸@e;[¤rW_���U�[¤fh�>_�U�fW�F[]s�s>VZs��F[]U�[]\^_ofhUWgm�Y±
��rhkF[]¥m¥m§ lLfh��_�fW_orhfhgjs>XÎUWk>¥j_�gmr
��VY\^�>k�fW_o�' ¡UhVY\ fh��_^Å�!��;Ã �2Ã � �ZÂ��¤¿]Ã¡À � �]Ã�	 � �oÃ���� � Ã¹¿]À¦VZ �fW_orhfhr�XYgªp _�s 4Ílq��_�UhgmpY_��� ¡UhVY\ËfhU2[¤gjs>gms�X¦�;[(f2[
¨@r2[]\^�>¥m_nUWVE[¤��r2¬a[¤s>���~gªfW�>VYk�f~UW_o ­_�UW_�s>��_0fhV'[+\^Vq�>_�¥¹±qzus>rhfh_([]�²lFgms�VYk>Ua�([]rW_Yl>fh�>_�UW_Sgmrn[+rhf�[¤fhgmrhfhgj�([¤¥
\^Vq�>_�¥� ­VYU&fh�>_n��gmrhfhUWgme>k>fhgmVYs"VZ ²fh�>_nfh_�rhfhr�XZgmpY_�s'fh�>_nUWVE[¤�^�>¥¡[¤��_�\^_�sEf�l�4Îl ���>gm���'gms p VY¥ªpY_�ra[¤rWrWk>\^��¸
fhgjVZs�r0VZ ���VYs>��gªfhgjVZsF[]¥®gms��>_��;_�s>�>_�s���_/[]s>�½rW�F[¤��_^gjs pY[]Uhg¡[¤s��o_Y± $ r¦[/UW_�rWk>¥ªf�lÆ�&_'s>_�_��ÎVYs>¥ª§,rW�;_���gª ­§
fu�&V��qÀFÃ��%���2Ã � � Å®�>gmrhfhUWgme>k>fhgmVYs>r(É fh��_£fh_�r}f�Uh_�rW�;VYs>rW_� ¡VZU'©¶e;[¤��¢qXYUhVYk>s>��«^[]s>�� ¡VZU'©}UhVE[]�²± «"y&��_orW_£fu�&V
�>_�s�rhgmfhgm_�r�[]UW_�_([]rh§^fhV
¥m_([]UWs' ¡UWVY\´gm\�[]XZ_��F[¤f�[�l;[¤ ­fh_�Ua���>gm���'fh�>_Srh§�r}fh_�\ gmr& ¡k>¥m¥m§'�>_ofh_�UW\^gms>_���\�[(¸
fh��_�\�[(fWgm�([¤¥j¥ª§ ± $ r¦[/Uh_�rWk>¥mf�lO��_
�([]sÈ ­VYUW\
k>¥­[¤fh_
fh�>_��>UWVZe�¥m_�\#V] a\^gjs>gm\^gjÇ�gms>X
_�sEfhUWVZ�E§,gmsÈ_o·q�>¥jgm��gªf
[]s>�ÎUW_�¥­[¤fhgmpY_�¥ª§Èrhgj\^�>¥m_"[]sF[]¥ª§EfWgm�([]¥®fh_�UW\^r(±²y�V9_o·�_��ok>fh_^fW�>_^fW_�r}fWgms>X�UWk>¥m_"�&_"fh��_os�[]¥ªfh_�UWsF[¤fh_^e;_ofh¸
��_�_os/�;[(f�[+��VZ¥j¥m_��ofhgmVYs/[]s>�/VY��fhgj\^gmÇ([¤fhgmVYs²Éq[(fa_([]���/gªfh_�U2[¤fhgmVYs²l�s>_o�°gj\�[¤XY_��F[¤f�[
[]Uh_n_o·�[¤\^gjs>_��/[]s>�
['s>_o� _�sEfhUWVZ�E§,\^gms�gm\^gmÇ([¤fhgmVYs'��UhVYe>¥j_�\ gmr£rWVZ¥mpY_��Í¨¹_2·�[¤�ofW¥ª§�¬nUW_�rWk>¥ªfWgms>X�gmsÈ['s>_o� gm\�[]XZ_¦¥mVq�([(fhgjVZs
fhV�gms�rh�;_��of(lF[¤s>�9rhV
 ­VYUhfh�²±Fy&��_S\^VE�>_�¥ÆgmrarhfhVq���F[]rhfhgm�£e>k�f~fh�>_¦[]¥mXYVZUWgªfh��\´gmr~�>_ofh_�UW\^gms>gjr}fWgm�Y±

y&��_^¥mVE�([¤fhgmVYs>r¦�~��gm���N[¤UW_^���>VYrW_osN[¤UW_^k>rWkF[]¥m¥m§NÀÆ¿ � VYs½fW�>_�[¤�ofWkF[]¥&UWVE[¤��l5[¤¥mfh�>VYk>XY�½fh�>_o§¾[]UW_
U2[¤UW_�¥ª§¦pY_�Uh§+ @[¤U{[��a[�§ ±Ey��>_o§�[¤UW_arWgm\^��¥ª§�fW�>_a\^VYrhf1gms� ¡VYUh\/[(fhgmpY_&�>¥­[]��_�r	fhVSXE[(fW�>_�U®�F[¤f�[0[¤f	fh�>_�fWgm\^_
fh��_o§9[]UW_S���>VYrh_�s�±;|�VZUW_�V(pY_�U(l�fh�>_¦��VZUWUW_�rh�;VYs>��gms>X
rW_�iEk�_�s>��_0VZ 1�>�E§qrWgm�([]¥²¥mVq��[¤fhgjVZs�r~��VE_�r�s>V]f�fhU2[]��_
VYk�f
[�UW_�XZk�¥­[]U0�F[¤fh�½fW�>UWVZk�XZ�Îfh�>_�gm\�[]XZ_YlOVYs>_�¥mVE�([¤fhgjVZsÌ©¶ ­VY¥m¥jV(�~gms>XY«,[¤s�V]fW�>_�U�±²z¶s>rhfh_([]�²l5fh�>_�UW_^gmr
��VYs>rWgm�>_�U2[¤e�¥m_"©}eF[¤�2¢ fhU2[]��¢Egms�XZ«
[¤s��²l gms
XY_�s>_�U2[¤¥¹lYfh��_ae;_��F[�p�gmVZU{gmr1_�UWU2[(fWgm�YlZ_o·���_o�>f�[(f�[���VE[]UhrW_arW�([¤¥j_Y±
y&��gmrarhf�[]���([(fWV"_�<O_��ofngmr&p _�U}§/_opqgm��_�s f~gjs9[0pqgj�>_�V"gj¥m¥jk>r}fWU�[¤fhgjVZs�±

T1UW_opqgmVYk>r~�&VYUW¢/VZs�UWV []��_2·qfhU2[¤�ofWgmVYs²l;gms>��¥jk>�>gms�X"��_ofh_��ofhgmVYs,[¤s���fhU2[¤��¢qgms>X�l�gjr~UW_opqgj_o�&_���gms�vq_��o¸
fhgjVZs�z}zo±�zus�vE_��ofWgmVYs'zhz}z{��_���Uh_�rW_�s farWVZ\'_~e;[¤��¢qXZUWVYk>s>��\�[¤fh_�UWg­[]¥FVZs�fh��_Sr}fWU�[¤fh_�XZ§'V] �©¶��gªpqgj�>_o¸º[]s>�>¸
��VYs>iEk�_�U�l «��>_���gmrWgmVYs,fhUW_o_�r(lQ[¤s��,UW_�¥­[¤fh_��½�F[]U�[]�>gjXZ\^r¦¨¹_Y± X�±ml²gms½[]�ofhgmpY_"pqgjrhgjVZsO¬�±�y��>_
\�[¤fh�>_�\�[¤fhgj��[]¥
 ¡VZUW\
k�¥­[¤fhgmVYs/gmr�XZgmpY_�s9gms�vE_��ofWgmVYs�z���gjs>��¥mk>��gms>X
fh�>_+[]�ofhgmpY_0fh_�r}fWgms>X^\^Vq�>_�¥¹l�[]s9_�7^��gm_�s fn���;[¤U2[¤�ofW_o¸
UWgmÇ([¤fhgmVYs½V] a_�sEfhUWVZ�E§½fh_�rhfhgms>X�l5[]s>�¾[��>_�rW��UWgm��fhgjVZs½VZ �fh�>_^UW_�rWk>¥ªfWgms>X�[¤¥jXZVYUhgmfh�>\^r� ¡VZU¦fhU2[]��¢Egms�X�[]s>�
¥mVq�([¤¥jgmÇ([¤fhgmVYs²±��L·��;_�Uhgj\^_�s fhr~[]UW_£UW_��;VYU}fW_���gms�vE_��ofWgmVYs��
l>gjs>��¥mk��>gms>X"��VZ\^�F[]UWgmrWVZs�r&�~gªfh�/\�[¤·qgj\
k>\
¥mgj¢Z_�¥jgm�>VqVE��fWU�[]��¢Egjs>X�±QvqVZ\^_+�;VYrhrWgme�¥m_
_o·qfh_�s>rWgmVYs>r¦[]Uh_
\'_osEfhgmVYs>_��ÈgmsÍvE_��ofhgjVZs��nz£[]s>�½��VZs��o¥jk>�>gjs>X
UW_�\�[¤UW¢qr	[¤UW_a\�[]�>_�gms'[]s'vq_o�ofWgmVYs��nzhz2±qÏQgms;[¤¥j¥ª§ lZrWVZ\^_���_o ­_�UWUW_��"\�[¤fh�>_�\�[¤fhgj��[]¥�[]UhXYk>\^_�sEfhr®[]�>�;_([]U
gms9[]s $ ���;_�s>�>gm·O±
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y&��_,v>T{³£yËr2[(fh_�¥j¥mgªfW_��>UWV(pqgm��_�r^�>gmXY��UW_�rhVY¥mk>fhgmVYsNgm\�[]XY_�r"VZ �fW�>_��~��VZ¥m_��&VYUh¥j�²±®y��>_,[¤\^VYk>sEf"V] 
XY_�VZXYU2[¤�>��gm�([]¥Ogms> ¡VZUW\�[(fWgmVYs"��gmrW�>¥­[�§ _��'e §�[]s'gm\/[¤XY_a��V(pY_�UWgms�X
[]s/[]UW_([SVZ L[]e;VYk�fa`76
$%$�$È¢q\98�gmr{_�s>¸
VYUh\^VYk>r(l][]s>�
fh�>_��F[¤f�[]eF[]rh_~V] ²[�pY[¤gj¥­[]e>¥m_&gm\�[]XZ_�r1gmrLXYgmXE[¤sEfhgm�~[]s>�
XYUWV���gms>X�±��L·>[]\^�>¥m_�r5VZ O_o·EfhU2[]�ofh_��
rWk>e�¸¹gm\�[]XY_ora[]Uh_n��Uh_�rW_�s fW_���gjs/ÏQgjXZk�Uh_�r£�YlO�¤�¦[¤s��,�(��±>Ï>VZU~[]s §'rW�;_���gª¼F�nk>rW_YlqrWk>���9[]r��([¤UhfhVYXZU2[]�>� § l
k>UWeF[]s���¥­[¤s�s>gms�X>lFVZU�UW_�rhVYk>UW��_S\�[¤s;[¤XY_�\^_�s f�lqfh��_0U2[o� �F[¤f�["\
k>rhf~e;_S��VYs p _�Uhfh_���gmsEfhV�\^_([¤s>gjs>XZ ­k�¥
¨@rW_�\�[]s fhgj�¤¬®gms� ¡VYUh\�[¤fhgmVYs²±�y��>gmraf�[]rh¢�gmr�k>rWkF[]¥m¥ª§'¥jVZs�X�[¤s��/fh_���gmVZk�r� ¡VZU�[
�Ek>\�[]s�VZ�;_�U2[(fWVZU(±
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Ï>VZU
[¤eOVZk�f+fu�&_�s fu§,§ _([]Uhr¦fh��_�Uh_^�;[¤r0eO_�_osN[¤sÍgmsEfh_�s>rWgªp _^_�<OVZUhfSfhV���UhVq�>k>��_�rWV] ­fº�~[]Uh_'fh�F[¤f¦��VYk>¥m�
rWk>�>�;VYUhf5[�rW�;_���g­[]¥mgjr}f(lo¥jgm¢Y_®[aXY_oVYXYU�[]�>�>_�U5VYU��([]U}fWVZXYU2[¤�>��_�U�l¤gms£fh��_&[¤s;[¤¥ª§�rWgmr�VZ >r}fWUhk��ofhk>UW_�r5[]�>�;_([]Uhgjs>X
gms�UW_�\^V]fW_�¥ª§ÎrW_�s>rh_���gm\�[]XY_�r�±	y&��gmr"�&VYUh¢¾gjr^[]gm\^_���[¤f^�>UhV(p�gm�>gjs>X½[]rWrhgjr}f2[¤s���_�gms�fh�>_�[¤k>fhVZ\�[¤fhgj�
_o·qfhU�[]�ofhgjVZsÈV] {UWVE[¤��r�±²y��>_�rW_�[¤UW_+�>UWVZe;[¤e�¥ª§�fW�>_
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Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)

ISSN 0249-6399


