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ÃRnx_`qs\^e $ X"��]`y`vae�\^_ae�ys��e|]m�klc�se|vmbW\Mn¾bWys��e�~�e�w���e�y`lbm}�}s\^]�bW���;��]`\�bmy	bWys_W xe�·¾ xeu�³l�º�bWys~
��]`\�b&lc\Mnp}G xe(z^qsys�ul^nx]`y?· \Mnx_`�`l�ºc£

¥<]~seulce��ul#bWys~?���»bm\cbW�ulce�\Mnp«�e�nxd$bW_ae���e�b�lcq�\^e�w�wcqs���°bmw�e�~s_`e�w�tR��]`\^yse�\^w�]`\3vae�\Ml^np��e�w�t
lc�se�wc]W xqGl^np]`y�}s\^]`}{]`wce�~�npy�lc�se}s\^euvrnp]aqsw-wcqsj�wce���l^np]`y�¦ibWwÄlc]�bW}s}s\^]�µ�npd$b�lce�lc��enpd4bW_`e
~�b�l�bq�w^nxy�_ilc�se�bWy�b� ´¬rl^np��b� ad;]G~seu pw�£���e���bWqswce-]m�rlc�se�ys]`yG¢  ´npyse�bm\Mn§lE¬�]m�rlc�se���\Mn´lce�\Mnp]ayÅlc]
jke�d�npyGnpd#np«�e�~RtsbWy;n§lce�\cb�l^n§vae3wc]W xqGl^np]`y$��bmw-lc]&j{e�bW~s]a}�lce�~�¦|�Gnx���	\^e�orqGnx\^e�wibWy;npyGn´l^n³b� 
e�w^l^npd$b�lce;]W��lc�se$~Gn§¼Re�\^e�y`l�}�bW\cbmd;eulce�\^w�lc]jke;\^eu±�ysem£ ¥i�Gnpw�wcqsj�wce���l^np]`y�}s\^]a}k]`wce�w�b
d;eulc�s]G~¨lc]®_`eulBwcqs���¨npyGn´l^n³b� ���]`ys~Gn§l^nx]`ysw$¦|�Gn§ xe?\^e�~sq���npys_Âlc�se�yrqsd&j{e�\B]W��wce�bW\^���
n§lce�\cb�l^np]ay�w�£ �|w^npys_�lc�se3d�e�bWwcqs\^e|}s\^]`}{]`wce�~$j`¬ ��e�bWqs~seul�tanE£ e|lc�se3~seulce�\^d#npy�bWy`l]m�Olc�se
G|e�wcw^n³bmy4d4b�lc\Mn µ � � � tO· ]a\|bmy`¬	��]a\^y�e�\�d;e�bWwcqs\^e�º"¬�npeu x~�w�bWyBnpyGn§l^n¾b� Oe�wYl^nxd$b�l^nx]`y]W�Älc�se
��]`\^yse�\"}k]awYn´l^np]ay¤£W¥Î]�\^eu±�yse(lc�Gnxw���]`\^yse�\Î}k]aw^n§l^np]ay;bmy�~�_`eul�bWy;e�wYl^nxd$b�lce���]a\<lc�se�]mlc�se�\
}�bW\cbWd�eulce�\^w�lc�»b�l&¦in§ ´ �jke	qswce�~²j`¬?lc��eBbm}�}s\^]�µ�nxd$b�l^nx]`y²}�\^]G��e�~sq�\^e`tRlc�se���]m § x]�¦inpys_
bW}s}s\^]rbm���	npw�q�wce�~�X

*®\^]aqs_`�G §¬�e�w^l^nxd$b�lce�~�}k]aw^n§l^np]ay�]W��b���]`\^yse�\OnpwÎ_Wn´v`e�y�npyalce�\cbW�ul^n´v`e� §¬�j`¬�lc�se�qsw�e�\ ]a\
j`¬ ��e�bWqs~seul � wÎd;e�bmwcq�\^e`£ *®¦�nxys~�]�¦©]m��wYnx«�ei·E���	� �U��º
�{·E��� � �U�Wº¤}�n§µ�eu xw nxw<��e�y`lce�\^e�~
]`y�lc�GnpwÎ��]`\^yse�\O}{]`w^n§l^nx]`yR£�ÃOnp\^w^l�t�lc�se�f��s· � ���(ºk}�n§µ�eu xwR x]G��b�lce�~Ånxy�lc��e���\^]ay`l^npe�\ ]m�Glc�Gnpw
¦�nxys~�]�¦ÁbW\^e�b�bW\^e���]ayswYnx~se�\^e�~#bWwÎb�� Y wYnx_`y�b� �bWys~�e�~s_`e�}{]Wnxy`lcw-bm\^e�e�µ�lc\cbm�ulce�~�]`y�lc�Gnpw
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w^np_`y�b� ¤qsw^npys_&lc�se;� Y ~seulce��ulc]`\}s\^]`}{]`wce�~$npy � ��> � £��|e�µGl�t�lE¦];}{]Wnxy`lcw|bm\^e3wceu pe��ulce�~	npy
lc�se3��bWwcei]W� bWy$e�~s_`e�]`\�b���]a\^yse�\�bWys~;lc�s\^e�e|nxy;lc�se3��bWwcei]W�Äb3vae�\Mlce�µ¤£ Í e�l � w���]ayswYnx~se�\
lc�se4��]`\^yse�\���bWwce�lc]~se�wc��\Mnpj{e;lc��nxw�bm}s}�\^]�bW���R£ ¥��se;l ¦]7\^e�_Wnx]`ysw���]`\^\^e�w�}{]`ys~Gnpys_Ulc]
lc�se�nxy�w^nx~�e#bWys~7]aqGlcwYnx~se�]m�<lc�se���]`\^yse�\ÅbW\^e���]`ysw^np~se�\^e�~¤£»¥i�se�wce&\^e�_Wnp]aysw|bm\^e���]a\^d;e�~
j`¬Âlc�se	lE¦]� §nxyse�w3z^]WnxyGnpys_7lc�seU��e�y`lce�\;]m��lc�se	¦�nxy�~s]�¦ lc]�lc�se4l ¦]�~seulce��ulce�~®e�~s_ae
}k]mnpy`lcw�nxy®lc�seU��\^]`yal^npe�\;]m�|lc�seU¦inpys~s]�¦�£-¥i�se�yRtÎ��]a\�e�bm���©\^e�_mnp]ay®bWy©e�y�e�\^_W¬²lce�\^d
bWwcwcqsd�npys_�}G ¾bWy�bW\�nxy`lce�ysw^n§lE¬\^e�_mnp]`ysw�nxw���b� p��qG ¾b�lce�~R£�¥i�Gnpwie�yse�\^_W¬$lce�\^d nxw\^eu ³b�lce�~4lc]
lc�seÅvmbm\Mn³bmy���eÅnxy¡_a\^eu¬$ peuvaeu Änpyalce�yswYn´l^npe�wi¦�n´lc�GnpyUlc�se���]ay�w^nx~�e�\^e�~¡bm\^e�bWw(X
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¦|�se�\^e �Y�~�e�y�]mlce�w-lc�se�b�vae�\cbm_`ei]W��lc��einpy`lce�y�w^n´lE¬� xeuvaeu »¦in§lc�Gnxy�lc�se|��]ay�w^nx~�e�\^e�~�\^e�_mnp]ay¤£
97]`\^e�]�vae�\�tr]`yse���bWy;ys]Wlcelc��b�l �

�
nxw�e�orq�b� �lc]�«�e�\^]���]`\"}� ¾bWy�bW\Înpy`lce�y�w^n´lE¬$\^e�_mnp]ay¤£`¥i�se

e�yse�\^_W¬Blce�\^d ��]`\^\^e�wc}{]`ys~Gnpys_;lc]Bb;_Wn§vae�y�}{]Wnpyal|npw�lc��e�y7~seu±�y�e�~?bWw�lc�se�wcq�d�]W�"lc�se
vmbW\Mn¾bWys��e�winpy¡j{]Wlc�\^e�_Wnx]`ysw(n´l|~seu±�yse�w�£�¿My]`\^~se�\lc]$\^eu±�yseÅlc�se���]a\^y�e�\�}{]`w^n§l^nx]`yRt�lc�se
��]W ´ p]�¦�nxys_$bW}s}s\^]rbm���B~seu±�y�e�~7bWwlc�se�
 �����!��� ��� �	��#`����� 
 ����� � ���	�`� npwiqsw�e�~¤£

ÃOnp\^w^l�tRlc�se;e�yse�\^_m¬7lce�\^d½��]a\^\^e�wc}k]ay�~Gnxy�_Blc]Ulc�se;��qs\^\^e�yal&}{]`w^n§l^nx]`y?]W��lc��e$}{]Wnxy`l
bWys~©lc�se�e�yse�\^_W¬©lce�\^d�wU��]a\^\^e�wc}k]ay�~Gnxy�_?lc]°n´lcwH;²yseunp_a�rjk]a\^wUbm\^e7��b� p��qG ³b�lce�~R£�¥i�se
\^eu±�yse�d;e�y`lB]m�3lc�se¡��qs\^\^e�y`lB��]a\^yse�\$}k]awYn´l^np]ayÂnpw$~s]`yse7ja¬©wceu pe���l^npys_�lc�se]`yseU¦in§lc�
lc�se�d�nxy�nxd&qsd e�yse�\^_W¬Blce�\^d bmw|lc�se&yse�µGl�}k]awYn´l^np]ay¡]W�"lc�se&��]a\^yse�\�£{¥i�se&\^e�±»yse�d�e�y`l
npwB\^e�}ke�b�lce�~¨qsy`l^n§ �lc�se�e�yse�\^_m¬®lce�\^d w^lc]`}sw$lc]Â~se���\^e�bWwcem£ 97]a\^e�]�v`e�\�t"npy¨lc�se�yse�µ�l
n§lce�\cb�l^np]ay�w�t(lc�se?e�yse�\^_W¬ lce�\^d npweuvmb� xq�b�lce�~®z^qsw^lB��]`\$lc�s]`wce?}k]Wnxy`lcwU¦��se�\^e�n§l)�»bmw
ys]Wl�j{e�e�y$b� p\^e�bm~�¬#��b� p��qG ³b�lce�~�nxy;lc��e�}s\^euvrnp]aqsw�n§lce�\cb�l^np]`y#nÔ£ e`£�z^qsw^l-��]a\ $ }k]Wnxy`lcw-n´�¤lc�se
~Gnpwc}G ³bW��e�d;e�y`l"~Gnp\^e���l^np]`y#npwÎ��]a\Mnp«�]ay`l�b� s]a\ vae�\Ml^nx��b� �bmy�~��3}k]mnpy`lcwÎn§�slc�se�~Gnpwc}G ³bm��e�d;e�y`l
~Gnp\^e��ul^nx]`y¨npw	~Gn³bm_`]`y�b� Ô£ �:�se�y¨lc�GnpwBb� x_`]`\Mn´lc�sd ��bWw	��]`yav`e�\^_ae�~Rt�lc�se�e�yse�\^_W¬ lce�\^d
¦]`qG p~	��b�v`eÅ\^e�bW���se�~$lc��e�_m p]aj»b� kd#npyGnpd$b�t�j{e���bWqswce�lc�se|nxyGn§l^n³b� ¤��]a\^yse�\�}k]awYn´l^np]ay�¦ibmw
bWwcwcqsd;e�~�lc]�jke�ys]Wl"wc]|�ÔbW\O��\^]`d lc�sewc]W xq�l^nx]`yR£W¥i��nxw<}{]`w^n§l^nx]`yRt�lc�se]`\Mnxe�y`l�b�l^nx]`y#]W�slc�se
 §nxy�e�w�z^]WnpyGnxy�_;lc�Gnxw�}k]Wnxy`l3lc]$lc�se�e�~s_ae�w3~seulce��ulce�~7npy7lc�se&��\^]ay`l^npe�\^w�bWys~7lc�se;b�v`e�\cbW_`e
npy`lce�y�w^n´lE¬?]`y?e�bm����\^e�_Wnp]ayRtR��]ay�w^l^n´lcq�lce#lc��e#npyGn§l^n¾b� ���]`ys~Gn§l^np]aysw�]m��lc�se;d;]G~seu �j»bmwce�~
bW}s}s\^]rbm���R£,*ÅyU�Gnpw^lc]a_`\cbWd ]W�Olc�se�_`\^eu¬$ xeuvaeu ¤npyalce�yswYn´l^npe�w¦in§lc�Gnpy	lc�se3¦�nxy�~s]�¦:nxwib� pwc]
��b� x��qG ³b�lce�~R£Î¥i�Gnpw�nxyG��]`\^d$b�l^np]`yRt-��]ad&jGnpyse�~®¦in§lc�Àlc��eyrqsd&j{e�\;]m�3e�~s_`e�w�e�µ�lc\cbm�ulce�~
b� x]`ys_�lc��eB��\^]`y`l^nxe�\^w�t�bm\^e¡qswce�~Âlc]²jkeul^lce�\$~�nxwc��\Mnpd�nxy�b�lce¡j{eulE¦e�e�y®lc�se¡��]a\^y�e�\$bWys~
v`e�\Mlce�µ��bWwce�w�£

¥i�Gnpw�bm}s}�\^]�bW���&��bmw<j{e�e�y&¦inp~seu ´¬�lce�w^lce�~&��]a\<~Gn§¼Re�\^e�y`l�d;]G~seu pw"bWys~#wYnx«�e�¦inpys~s]�¦�w
bWys~BbWy;nxy`lce�\cbW��l^n§vae3v`e�\^w^nx]`yB�»bmw�jke�e�y4~seuvaeu x]`}ke�~;¦�n´lc�4lc�se3}{]`wcw^npjGn§ ´n§lE¬���]`\�lc�se3qswce�\
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lc]����s]G]`wce�lc�se¦�nxy�~s]�¦¨bmy�~#n§lcw-w^nx«�e(nxy`lce�\cbm�ul^n§vaeu §¬r£m¥i�se���e�y`lce�\"}k]Wnxy`l�]m�»lc�se¦�nxys~�]�¦
npw|lc�se�y���]`ysw^np~se�\^e�~�bmw|lc�se&±�\^w^l�}k]mnpy`l�lc]BbWy�b� ´¬G«�e#bWys~7lc�se&}s\^]G��e�wcw|n´lce�\cb�lce�w�£k¥i�Gnpw
bW}s}s\^]rbm���Rt ¦���nx���²¦]`\^¯rw�b� xw�]��]`\�v`e�\Ml^np��e�w�t-��bWw�jke�e�yÂ}s\^]�v`e�yÀlc]�jke	jke$vae�\M¬°�Ôbmw^l
bWys~�e�y�bWjG xe�w3lc]U_aeul3e�ª$�unpe�y`l^ §¬?�u x]`wce�npyGn§l^n¾b� "��]`ys~Gn§l^nx]`ysw�wc]�lc��b�l3lc�se;d;]G~seu "j»bmwce�~
bW}s}s\^]rbm���²¦�n´ § ys]Wl��Ôb�n´ �npy° x]G��b� (d�npyGnpd4bG£<¥i��e$l ¦]�euµ»bWd;}G xe�w&wc�s]�¦|y²npy²±»_aqs\^e $
n§ ´ pqsw^lc\cb�lce7lc�se7~Gn§¼Re�\^e�y`lBn§lce�\cb�l^np]ay�w$��]a\;lc��e)��]`\^yse�\BbWys~©vae�\Mlce�µ:d;]G~seu pw�£-¿My e�bW���
±�_`qs\^emtalc�se|lc\cb�z^e��ulc]a\M¬�¦in§lc�	lc�se�bW\^\^]�¦�w�~�e�w���\Mnpjke�w�lc��eÅ��]`y`vae�\^_ae�ys��e|}�b�lc�$��\^]ad�lc�se
��e�y`lce�\�]m��lc�se�¦inpys~s]�¦ lc]Ulc�se;±�y�b� "wc]W pqGl^nx]`yR£R¥i�se�yRt{lc�Gnpw�±�y�b� �wc]m pqGl^np]ay���]`qG p~?j{e
\^eu±�yse�~�lc]¡b	wcq�jG¢ }Gn µ�eu (bW����q�\cbm�u¬q�w^nxy�_	lc�se;d;]G~seu "j�bWwce�~?bW}s}s\^]rbm����bWw�~se�wc��\Mnpj{e�~
npyBlc��nxw|}�bW}{e�\�£
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*3wcwcq�d#npys_Âlc�se?j� xqs\U]m��lc�se�npd4bW_Wnxys_®bW��orqGnpw^n§l^nx]`y:w^¬Gw^lce�d lc]©j{e�~se�wc��\Mnpj�bWjG xe�j`¬
bÂ� Y ¸Åbmqsw�w^n¾bWy®±s §lce�\�tibWw;n§lB��bWw	j{e�e�y¨~s]`yse¡npy¨lc�se7}s\^euvrnx]`qswUwce���l^np]`yRt- pe�bm~sw�lc]
b� ¾bW\^_`e�bWd;]aq�yal	]W� �[ � l^npd;e7lc��b�l	\^e�ys~�e�\^w4lc�se?bW}s}s\^]rbm���©nxy�e�ª$�unpe�y`l�£(¥i��nxw$npw
d$b�nxyG §¬À~�qse$lc]7lc�se4 ¾bW\^_ae4y�q�d�jke�\�]W��yrqsd;e�\Mnx��b� �nxy`lce�_a\cb�l^np]aysw�}ke�\M��]`\^d;e�~ ~�qs\Mnxy�_
lc�se�d�npyGnpd#np«�b�l^np]`y¨}s\^]G��e�wcw�£�¥i�se�\^eu��]a\^emt"lc�se�}s\^]G��e�wcw$��bWw	jke�e�y©��]`qsys~ nxyseuª$�unxe�y`l
· wce�e(lc�se�e�µ�}ke�\Mnpd;e�yal�b� {}»bm\MlbWys~�nxy;}�bW\Ml^nx��qG ³bW\"lc��ei}�bW\cbmd;eulce�\�\^e� ³b�lce�~�lc]�lc��e �([ �
l^npd;eWº�bWys~	b�w^lc\^]ay�_�yse�e�~;lc]�d$bW¯me�n´ld;]`\^e�euª$�unxe�y`l�nxy;lce�\^d ]W� �([ �¨l^npd;e`t��u xe�bW\M ´¬
bW}s}ke�bW\^e�~R£»¥¦]4wc]m pqGl^np]ay�w���b�vae�jke�e�y)��]`ysw^np~se�\^e�~Rtkbmy»b� §¬G«�e�~�bWys~Bnpd;}G pe�d;e�y`lce�~7lc]
l�bW��¯` pe�euª4�unpe�yal^ §¬Blc��nxw|}s\^]`jG xe�d X»¥i��e3±�\^w^l�w�]m pqGl^np]ay¡~se�wc��\Mnxjke�~	¦�n´lc�Gnpy¡lc�Gnpwiwce��ul^nx]`y
}s\^]`}k]awce�w(lc]	\^e�}G ¾bW��e�lc�se;¸�bmq�wcw^n³bmy4±s ´lce�\|j`¬�bWye�µ�}k]ayse�y`l^n³b� O±s §lce�\|lc��b�l�b� ´ p]�¦�w�qsw
lc]�~se�b� G¦in§lc�$b��u p]aw�e���]a\^d wc]m pqGl^np]ay�nxy�lc�se(euµ�}s\^e�wcwYnx]`y#]W��lc��e~Gn§¼Re�\^e�y`l�d;]G~seu pw�£W¥i�se
wce���]`ys~;wc]m pqGl^np]ay$~�e�w���\Mnpjke�~;npy;lc�se|yse�µ�lwce���l^np]`y�}�\^]a}k]aw�e�w-d;]a\^e|w^npd;}G ´n§±�e�~	d;]G~seu pw�£
¥��se�wce	np~se�bmw���b�v`ejke�e�y }�\^]�vae�y®lc]?d$bW¯me	lc��ebW}s}s\^]�µ�npd4b�l^np]ay®}s\^]G��e�wcw&vae�\M¬®�Ôbmw^l
bWys~¡\^e�y�~se�\^e�~Ulc�Gnpw�d;]G~seu Oj�bWwce�~bW}s}s\^]rbm���Bd&qs���7d;]a\^e�b�l^lc\cbW��l^n§vaem£
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Í eul��R·&%¤º|~se�ys]Wlce�w|lc�se�wcd;]G]Wlc�Gnxy�_	]a}ke�\cb�lc]`\|~se�\Mn´v`e�~�qsw^npys_	wc]`d;e�]`}Gl^nxd$b� ´n§lE¬���]`yG¢
w^np~se�\cb�l^nx]`yswi]`yBe�~s_`e�~seulce��ul^nx]`y � ��> � X

�R·&%Rº�' �
f · � % � � ��º + , � J � · $	$ º

Í np¯meÅnxyUlc�se#¸�bWqswcwYn¾bWy	��bmw�e`t�n§lcwÅ� Y wce�}�bW\cbmj� xe3v`e�\^wYnx]`yBnpwi~�e�±»yse�~)bWw(X

�?·&%3254sº�'��R·&%¤º��R·&4sº · $ f�º

¿My?lc�Gnpw���bWwcemt¤lc�se;qsy�n´l� pe�ys_Wlc�?]m��lc��e���]G]`\^~Gnpy�b�lce�w^¬Gw^lce�d npw�e�o�q»b� -lc]Blc��e#npy`vae�\^wce
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Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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