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Unité de recherche INRIA Sophia-Antipolis

2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex (France)
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1 2 Ê;�# K�/.�3l��.¥Ï , Ï54 �l�#Ê;Ð¸��ÏAÏ �¥� 0
dt¯®� �;a+c=h~p � ²tv�c#Z�pia+c=|^y 676�676�6�67676�6�67676�6�67676867676768676767686 �
dt¯ d f�c#|^y�_bjPZ � ²Pvoc#Z�p{a+c#|^y 6�676�6�67676�6�67676�6�67676867676768676767686 �
dt¯ � f�[^a-a+[^|Ç[^nF�\c#h~y\p®�^c=k9676�676�6�67676�6�67676�6�67676867676768676767686 :

; < ��Ï � �ÏAÐ �	�¥�P�=.i��Ë ��Ï±Ð>.¥�~���=.¥� �W��.¥Ï , ?
�t¯®� @�[F�PjFg¥_bZ�pqyCm 676�676�676�676�6�67676�6�67676�6�67676867676768676767686 A
�t¯ d � p{k\y`Z�pinPjFy\pi[^|	BS[;_zg{k 676�676�6�67676�6�67676�6�67676867676768676767686 �
�t¯ dt¯®� CSjFy`[^|P[^a�m 676�676�6�67676�6�67676�6�67676867676768676767686 �
�t¯ dt¯ d Y�_bZ`_zg®gic~g®pik`a 676�676�6�67676�6�67676�6�67676867676768676767686 �
�t¯ dt¯ � �$c#jPk`cI_�|P�}�tcXy`c#Z\[^]Kc#|Pc~pqyCm 6�6�67676�6�67676867676768676767686?��D
�t¯ dt¯ � � _zy�_�k`��_�Z�p{|P]x_�|P�&f�[�g®g¥_bno[^Z`_�y\pi[K|E6�6�67676867676768676767686?�^�
�t¯ dt¯ � @&_zp{|^y`c#|�_�|Ph#c 6�676�6�67676�6�67676�6�67676867676768676767686?�^�

�t¯ � Y¦Z\[^nFgic#a-k$¬Ù_�h=c#�*£ pqy`�Ç�Fpik\y`Z�pinPjFy\pi[K| 6�67676�6�67676867676768676767686?��d
0 2 .¥�~���=.¥� �Í��ÊsÐ �F3>3 ��.¥ K�s�/.¥Ï ,G2 Ê;�).�H , *&0
�w¯®� @�[F�PjFg¥_bZ�pqyCmÓk\y`c#vI676�676�676�6�67676�6�67676�6�67676867676768676767686?�#�
�w¯ d f�[^a-a�jP|Fpih�_�y\pi[K|J676�676�676�6�67676�6�67676�6�67676867676768676767686?���
�w¯ dt¯®� f�[Ka+aIjt|Fp{h�_zy\p{[^|«Â�mtvoc#k�676�6�67676�6�67676867676768676767686?���
�w¯ dt¯ d f�[Ka+aIjt|Fp{h�_zy\p{[^|«vPZ\[by`[Fh#[�g{k 6�67676�6�67676867676768676767686?�=A

�w¯ � Y¦Z\[Fh#c#k`k$k\mF|Ph��PZ\[^|FpLK�_�y\pi[K| 6�6�67676�6�67676�6�67676867676768676767686?���
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� pik\y`Z�pinPjFy`c#��k\mFk\y`c#a+k�noc=];_�|+y`[Ã_�vPv�c�_�ZOp{|xy`�tcÃ��� A D�k=uz¬á[�g®gi[�£ pi|P]�y`�Pc6_#�b_�pqg¥_bnFpqgqp®y¨m�[b¬
h#[^a-vtjFy`c#Z�|Pc~yC£�[^Z\§;k=¯A�^pi|Ph#cbuFy`�tc6§bc~m}h#[Ka+vPjsy`c=Z�y`c=h��P|P[�g{[^]�m*�w_bk$n�c#c#|xpi|F¬á[KZ\ax_zy\p{[^|
];_�y`�tc=Z�pi|P]Pu�vPZ\[Fh#c#k`k\pi|P]Pu�_�|P�¸�Fpik\y`Z�pinPjFy\pi[K|�� � A���� ��D��Ù¯�Â$�Pc«p{�Pc�_�[b¬6�Fpik\y`Z�pinPjFy\pi[K| pik
Z\c~gicX�b_�|^y�y`[}ax_�|^m�_�Z\c�_bkS[�¬�h=[^a+vPjFy\pi|P]Puopi|P�Pc#c#�±_�gqg¦[�¬�y`�Pc#a}¯A°EcÃh�_�|�ª�|P��Fpik\y`Z�pqÒ
nPjsy`c=�Ó��_zy�_bn�_�k`cSk\mFk\y`c#a+k=us�Fp{kNy`Z�p{nPjsy`c=�«_bZ�y\pqª�h~p¥_�gApi|Ky`c~gqg®pi]^c=|th=c6kNmtkNy`c=a+k=us�Fpik\y`Z�pinPjFy`c#�
k`[�¬¥y¨£ _bZ\c�c#|P]bpi|Pc#c#Z�p{|t]�y`[F[�g{k=u�c~y`h^¯�Ylc#Z\��_�vPk6y`�tc-a+[^k\yS£�c~g®gqÒC§;|P[�£�|�Fpik\y`Z�pinPjFy`c#�Ñ_�vFÒ
vFgqpihz_zy\pi[K|Óp{|*y`�Pc�h#[^a-vtjFy`c#Z�£�[^Z�g{�Óp{k$y`�Pc����xp{|t�P[�£��~mFk\y`c#a�� :��Ù¯
¢ |�y`�FpikIZ\c#v�[^Z�y=u�£�cx�Fpik`h#jPk`k6y`�tcxh=[^a+a+[K|h#[^|Ph#c#vFy`kÃ_�k6£�c~g®g�_�k6y`�Pcxa+[^k\yIk\y`Z�pqÒ

§^pi|P]±�Fp��Ac=Z\c#|Ph#c#kxnocXy¨£�c#c#| a-[F�tjFg�_�Z+_b|P� �sp{k\y`Z�pinPjFy`c#� k\mFk\y`c#a+k=¯°Ñc}�tc=k¤h=Z�pinoc}y`�Pc
_��F�b_�|Ky�_�]^c=k6[�¬��Fpik\y`Z�p{ntjFy\p{[^|Íu�_b|t�k`[^a-c�Z\c�_bk`[^|PkS¬á[^ZSh��P[F[^k\pi|P]xy`�FpikI_�vPvPZ\[;_bh��Í¯o°Ec
_zg{k¤[�[��Ac#Z6k`[^a-c�]Kjsp{�Pc~gqp{|tc=kS¬á[^Z�y`�Pc+�Pc#k\pi]K|&[�¬�k`jPh����Fp{kNy`Z�p{nPjsy`c=��_bvPvsg®pih�_�y\pi[K|tk=¯o°Ec
pqg®gijPk\y`Z`_zy`c�c�_�h���[b¬�[^jPZ�v�[�p{|^y`k�£ pqy`�-h#[^|Ph#Z\c~y`c�c~²w_�a+vFg{c#k�¬áZ\[Ka3[^jPZ��Pc#k\p{]^|Ã_�|P��p{a+vFgic~Ò
a+c#|^y�_�y\pi[K|�c�²tv�c#Z�pic=|th=c�£ pqy`�Iy`�Pc��sp{k\y`Z�pinPjFy\pi[^|-[�¬Fy¨£�[�_bvPvsg®pih�_�y\pi[K|tk=u�_�vtZ\[K]^Z`_ba+a�pi|P]
c#|^�;p{Z\[^|Pa+c#|Ky�]^c#|Pc#Z`_�y`c#�xn^m�y`�PcI³ º�Ä�Å ¶WÆl´}k\mFk\y`c#a�� ����� �����Í_�|P�+y`�Pc ¹AÈSºo» ¼oc�²tv�c#Z�y
k\mFk\y`c#a k¤�Pc~g®g � �z�!�¨¯
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¢ |_b�t�Fp®y\pi[^|Çy`[ ¹AÈSº�» ¼�_b|P�±³ º�ÄlÅ ¶WÆl´¦ut£��Fpih���£ pqgqgn�c��Pc#k`h#Z�p{noc#�«p{|&�Pc~y�_zp®g�p{|&v�_zÒ
Z`_�]KZ`_�vP�Pk$dt¯®��_b|P�«dt¯ dFu;£�c6£�[^Z\§x[^|%�#Æ Ä £�[KZ\§;k\y�_zy\p{[^|Pk$jP|P�Pc#Z�y`�tc6Æ Ä ¼&�Ñ[^voc=Z`_zy\pi|P]
k\mFk\y`c#a _b|P�&_�|'�(�xpi|P�P[�£ c=|^�;piZ\[K|Pa+c#|^y=¯l�;[-£�cÃ_�Z\cIh#[K|th=c#Z\|Pc#�Ó£ pqy`�&|Pc~p®y`�tc=ZSv�_zÒ
Z`_zg®gic~gWg�_�|P]^j�_�]Kc#k�|P[^Z v�_�Z`_zg®gic~g�ax_�h��Fpi|Pc#k=¯
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¹AÈSºo» ¼Wp{kS_�|}c�²tv�c#Z�ySk\mFk\y`c#a k`�Pc~gqg�jtk`c#�}¬á[^Z��Pc#k\pi]K|«_b|t�ÇvFg¥_�|P|Fpi|P]wus£��Fp{h��}pik�h=[^|Pk\pqÒ
�Pc#Z\c#�Ç_�k _�aIjFgqy\pq¬á[KZ\ax_zg®pik`a c#|K�;piZ\[K|ta-c#|^y ¬á[^Z��Pc~�Kc~gi[Kvsp{|P]�§;|P[�£$g{c#�P]^c6n�_�k`c#��_bvPvsg®pqÒ
h�_zy\p{[^|Pk=¯ ¢ y/]^Z\[^jPvPk�k`c~�Kc#Z`_�glh#[^|Ph#c#vFy`k=uw|�_�a+cXgqmKuw¬áZ`_�a-c#k=utpi|F¬ác#Z\c#|Ph#c�Z\jFgic#k=uwy�_�k`§;k/_�|P�
k\y�_zy`c#k=¯ ¢ yx��_�kxn�c#c#| h��P[^k`c#| _bkx_�| c�²�_�a+vFgic}¬á[^Z+�Fp{kNy`Z�p{nPjsy\p{|P]5_�| c�²tvoc=Z�y�kNmtkNy`c=a
k`�tcXgqgÙ¯
Â �Pc-¬áZ`_ba+cxg¥_b|t]Kj�_�]^c+p{k�|Pc#c#�Pc#�±y`[&k\y`Z\jthXy`jtZ\c}§;|P[�£$g{c#�P]^cbu�y`�Pc}Z\jFgic�g¥_�|P]Kjw_b]^c

pi|F¬ác#Z\k�|Pc~£¸¬Ù_�h~y`k�p{|xy`�tc/§;|P[=£ gic=�t]Kc�n�_�k`cb¯;Â �tc�y�_�k`§^ÒC[^Z�pic=|^y`c#�xvPZ\[^]KZ`_�a+a�p{|P]�_�gqgi[�£�k
y`�Pc$�Pc#h#[Ka+vo[Kk\pqy\pi[K|�[b¬A[^|Pc�vPZ\[^nFgic=a p{|^y`[�k¤cX�^c#Z`_�g�k¤jPnFÒCvtZ\[KnFgic#a+k=u;_�|P�Ãh#[^|Pk`c#r;jPc#|^y\g®m
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