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pC�u�h`%n�i%¤���y~¡{lZ�q� £ vWl
¥C`%k £ È<g{`�lZgWz�¡{guoqª­pCk~a zuoty~n	km`	imo MUl imoqpAgsp ª_pC�©�h`Un�i~y¶owy¶¡{ym`%z�ª­pCk¶a�puzu`%�qowgux!z{`�ª­pCk~aslZ�u�t`.pA�©�h`%n	imy%¤ 	]¡ui
i \ owy�ymimk~l otx \ ihª­pAkj� lZk~z�yjpC�t¡uimoqpAgsxZ`Ugu`%k~l im`%yà�{kmp \ ot�uotijot¥Z`�`!�u`%n%¡uijotpCg�imota�`Uy�lCg{z�g©¡{a�`%kmotn%l �L�{kjpA�u�t`%asy	¤
#�pCg©rV¡{guoqª­pCk~a*zuowy~n	km`	ijo5M%lZijotpCg�ij`Un \ guow¨A¡{`%y%v9�qow¬ `si \ `�pCgu`�¡{ym`%z°owg �ê�;� �ºvNasl £ l �wyjp¿xZ`Ugu`%k~l im`!owg{n	pCg©r
ymowyjim`%gAi]�W` \ l;¥©oqpAk oÉª&i \ `cowgu`Ukjimotls�{kmpC�<`%kmijot`%y}p ª&i \ `cpC�©�h`Un�imy]lCkj`cgupCi]�{kj`Uyj`Ukj¥C`%z_¤
ehg3pCk~zu`%k¶ijpsyjpC�q¥C`�y~¡{n \ �{kmpC�{�q`Ua�y%v©��` \ l;¥Z`õzu`	¥C`	�tpC�<`%z�l!ij`Un \ guow¨©¡u`�i \ l i y~¡{�<z{oq¥©owzu`%y}`%lCn \ pC�u�h`%n�i
owgAijp�lsym`	i]p ª�n�pAas�WpAgu`%gAimy.�]oqi \ i \ `�y~lZa�`®otg{`%kmijowl��{kjpA�W`Ukjimoq`Uy p ª&i \ `cpA�©�h`%n	ic¯«owgu`%kmijowl�asl i~kjo �7lZgWz
owgu`Ukjimotlsn�`UgAij`%k¸´}lZgWz3owg�� \ own \ `UlZn \ n�pCas�<pCgu`UgAi]oty.g{pZi.y~¡{�©�h`%n	i]ijps�wlZkmxZ`czu`�ª­pAkmaslZijotpCg{y%¤ []\ `
zuowyhr
n%kj`%ijo5M%lZijotpCg�oty�kj`Ul �to M%`%zs¡{ymotg{x�l®�}l;¥C`.�{kmpC�{lZxCl imoqpAg�im`%n \ g{ot¨©¡u`
¯«ÈWxC¡Wkj`.b©´&lZ�{�{�qot`%z�ª«kmpCa i \ `�otgu`Ukjimotl
n	`%gAij`Uk¶pZª9i \ `õpC�u�h`%n�i}ijp�a�p©z{`	�º¤ []\ `õg©¡{a!�W`Uk�lCg{z�ymo M%`�pZª9i \ `Uyj`®n�pAas�WpAgu`%gAimy�pC�A¥©otpC¡{ym� £ zu`U�W`Ug{z{y
pAg4i \ `�z{`�ª­pCk~aslZ�uot�toqi £ �{kmpC�<`%kmijot`%y�p ª�i \ `spC�u�h`%n�iõijp��<`sa�puzu`%�q`Uz½¯«oº¤ `Z¤�zu`	ª­pCk~aslZ�u�t`��WlZkmimy��]oq�t�à�W`
a�pAkj`�z{`	`%�{� £ y~¡{�<z{oq¥©owzu`%z_vÄlZgWz4l �wa�pCymi�kjotxZowz��{lCkji~y.�]ot�q�&�W`skm`%�{km`%ym`%gAij`Uz�� £ lsª­`%��n�pAa��<pCg{`%gAimy¸´�¤
eTª]i \ `�pC�u�h`%n�i�oty!kjotxZowz_vNi \ `3km`%y~¡u�tijowgux4ym`	i
pZª]�WlZkmijown��t`%yc�]ot�q�¶ª­pCk~a pAgu� £ pCg{`3�{kmota�otijot¥Z`Z¤¿» \ `Ug oqi
owy.zu`	ª­pCk~aslZ�u�t`Zvu`UlZn \ �{lZkmijown��t`®oty�n�pAg{yjowzu`Ukj`Uz7lCy]l��{kjowa�oqimoq¥C`
lZg{z�lC�{�{kmpC�{kmotlZij`®n�pAg{gu`%n	ijpAkmy �]ot�q�N�W`
lCz{zu`Uz7�<`	iV�}`	`Ug7i \ `%a¿¤
[]\ kj`%`s¬Aowg{z{y®pZª}n�pAg{gu`Un�ijpAkmy \ l;¥C`��<`	`Ug°otas�u�t`%a�`%gAim`%z_vNl7�towgu`%lCkõn	pCg{g{`%n�impCk®� \ own \ n�pCgWgu`%n	imy®iV�}p
�WlZkmijown��t`%y¶lCg{z�im`%g{z{y�ijp�asl owgCi~l owg�l�km`%ymijowgux�z{otymimlCg{n�`Cv©l
ijpCk~ymoqpAg�n�pCgWgu`%n	ijpCk¶� \ own \ n�pAg{gu`%n	imy�i \ km`	`
�WlZkmijown��t`%y�lCg{z ij`Ug{z{y7ijp§asl owgAimlZotg¦lCg¦¡{g{ymoqxAgu`%z¦km`%ymijowgux½lZg{xZ�t`Zv.lZgWz¦l��hpZowgAi3n�pAg{gu`%n	ijpAk�� \ own \
n	pCg{g{`%n�i~y}ª­pC¡{k]�WlZkmijown��t`%y ijp�asl owgAimlZotg�lsyjotxCg{`%z¿lZguxC�q`C¤
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�hpCotgAi.n�pAg{gu`Un�ijpAkmy}impsympZ�t¥Z`®i \ oty��{kjpA�u�t`%a¿¤
[]\ `3yj`Un�pAg{z a�p©z{`	�totgux�yjim`%�½n	pCg{ymotymimy�otg½xZot¥Aowgux4l¦²m¥ZpC�t¡{a�`%imkmotn%³�zuota�`Ug{yjotpCg¼imp�i \ `�pC�u�h`%n�i~y	v�� £
lCz{zuowgux�ª«lCn�`	i~y�zu`%�qowa�oqim`%z4� £ i \ `!`!�uij`Ukmg{lZ�P�{lCkjimotn	�q`Uy.p ª�i \ `!�{km`	¥©otpC¡{y�gu`	iV�}pCk~¬L¤ []\ `Uyj`
ª«lZn�`%imy�lZkm`
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�{lZk~lZa�`	im`%k~y �4lZgWz 9 lZy~ymp©n	otlZij`Uz3�]oti \ `UlZn \ n�pCgWgu`%n	ijpCk~y]lZgWz7i \ `
aslZy~y]p ª��{lCkjimotn	�q`Uy \ l;¥Z`®ijp
�<`cowzu`%gAijoqÈW`Uz7owg¿pCk~zu`%k}imp�pA�uimlZotg�� \A£ ymotn%l �t� £ n	pCk~kj`Un�i]�W` \ l;¥©oqpAk	¤
¾<pCk�i \ `cn	pCas�{¡ui~l ijotpCg3p ª·aslCymym`%y%v©��`®zu`	¥C`	�tpC�<`%z�lCg3lZ�qxCpCkmoqi \ a � \ own \ `%gWym¡{km`�i \ l i i \ `ca�lCymy}lZgWz
owgu`Ukjimotl7�{kjpA�W`Ukjimoq`Uy�lCkj`�kj`Uym�<`%n	ij`%z4xZ�tpC�{lZ�q� £ lCg{z4�tpun	lZ�q� £ ¤ Q i�l3�qpun	lZ�·�t`	¥C`	�ºvÄi \ `sa�otguowasl �&`	�t`%a�`UgCi
pZªNzuowy~n	km`	ijo5M%lZijotpCg7oty im`	i~kml \ `%z{kmpCg7i \ l i]�]ot�q�Pg{pZi]zu`�ª­pAkma�l��qpCi zW¡{kjowguxsi \ `
yjowa�¡u�wl imoqpAg � ���T¤
¾<pCk ��lCg{z 9 v{oti.oty��WpAymymot�{�q`®ijpsÈLg{z�yjpAa!`cowg©ª­pAkmasl imoqpAg7lC�WpA¡ui]i \ `
n�pCas�{km`%y~ymoqpAg3lZgWz��;pAk imk~lZn�imoqpAg
�WkjpA�W`Ukjimoq`Uy p ª�n�`%kmimlZotg¿asl im`%kmotlZ�ty%¤ []\ owy.n	lCg7�<`
¡{ym`%z¿ijp�zu`%ij`Ukma�owgu`ci \ `
�WlZk~lZa�`	im`%k~y p ª·i \ `
�totg{`%lZk
n	pCg{g{`%n�impCk~y	¤ � �u�<`%kmowa!`UgAiml �9zWl iml�ª­pAk ijpAkmymoqpAg7lCg{z!�hpZowgAi.n�pCgWgu`%n	ijpCk~y]lZkm`®a!pAkj`
z{oÉ¢�n	¡{�qi]imp�pC�ui~l owg
ymowg{n�`®i \ `	owk]otg��<¡u`%gWn�`%y]n%lZg{g{pZi.�<`cotympZ�wl im`%z3g{pCk]zu`Un�pC¡W�u�q`Uz_¤
ehg�pCk~zu`Uk�imp�ympZ�t¥Z`�i \ otyc�{kmpC�{�q`Ua7vP��`�otgAi~kjpuz{¡{n	`%z°lZg�otzu`UgAijoqÈ<n	lZijotpCg°�{kjpun	`%y~yõ�WlZym`%z4pAg�l7xZ`Ugu`	imotn
lZ�qxCpCkmoqi \ a � � �T¤ []\ owy®ª­`%lZim¡{km` \ lZyc�<`	`Ug°ij`%ymij`Uz¼�]oqi \ ym¡{n%n�`Uymy®pAg°l�n	pCg{n%kj`%ij`�n	lCyj`�ª­pCk�l¿a�`Uzuotn%l �
lC�{�u�totn%l imoqpAg �É�Z� �º¤}ehg¿pCk~zu`%k]imp�zu`	im`%n	i�ls¥Z`UgupC¡{y.i \ kmpCa!�WpAyjowy	vui \ `�y~¡{kmxZ`	pAg7ym�totzu`Uy�lCg7`Un \ pZxAkmlC� \ own
ym`%gWyjpAk�lZ�qpAgux�i \ `4y~¬CowgHp ª�i \ `�i \ otx \ ¤IeTª \ `���y \ `¿lC�{�u�toq`Uysijp©p a�¡{n \ �{km`%y~ym¡Wkj`7i \ `4n	�qpCisn%lZgI�W`
km`	�t`%lCyj`Uz_¤ 3õ¡{k!ymowa�¡u�wl impCk!otys¡{ym`%z imp°a�puzu`%�}i \ `��W` \ l;¥©oqpAk�pZª�l \ ¡{aslZg§i \ otx \ ¡{g{zu`Uk!�Wkj`Uymy~¡{km`
¯«ÈWxC¡Wkj`
�u´�¤ []\ `!a�puzu`	� \ lZy�l �wyjp7�W`%`%g4¡{ym`%z�imp7ymota!¡u�wl ij`�i \ `��W` \ l;¥©oqpAk.p ª¶lCg�lZguowasl � � y�Q�gAij`UkjotpCk
�}k~¡{n	otlZij` �PotxClCa!`UgAi�¯«ÈWxC¡Wkj`��C´¸¤ ��`Ukj`�lZy®�}`	�t�ºv·km`%y~¡u�qi~yclZkm`sijpZi~l �t� £ ymlZijowyhª £ owgux�yjowg{n�`�i \ `�aslZkmxZowg
pZª}`UkmkmpCk®zup©`Uy
gupZic` �{n�`	`Uz ���3¤#D4pAkj`%p�¥Z`Uk	v9y~¡{kmxZ`	pAg{y®l xAkj`%`%z�i \ lZici \ `3ymowa�¡u�wl imoqpAg�� lZyc¥©owym¡Wl �t� £
km`%lZ�qowymijown �É�%b �º¤
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¾<pCkczu`	ª­pCk~aslZ�u�t`��Wpuzuot`%y%vPowgAij`UkmlCn�ijotpCgWycn	lZgWgupZi
�<`�n�pAg{yjowzu`Ukj`Uz�lCycotgWyji~lZgAimlCgu`	pA¡{ycyjowg{n	`�i \ ` £ �]ot�q�
owg{z{¡Wn�`�l�zu`	ª­pCk~a�lZijotpCg¼� \ own \§\ lZy!ijp��<`�lZg{lZ� £ M	`Uz �]oti \ km`%y~�<`%n�i!ijp�ijowa!`C¤ ¾WpAk�i \ oty�km`%lZympCg9v&l
�<`%gWl �ti £ �{lCyj`Uz¿a�puzu`%�Pyj`%`%asy.lC�{�{kmpC�{kmotlZij`C¤�»�`�¡Wyj`ci \ `�gupAg7�towgu`%lCk ¥Aowy~n�p rT`	�wlZymijown®a�p©z{`	�PlCg{z�i \ `
km`%y~¡u�timy]�{km`%ym`%gAim`%z7otg�ym`%n�imoqpAg¿�{¤ �!impsz{`	ij`Ukma�owgu`ci \ `
�{lZk~lZa�`	im`%k~y}p ª·i \ `
km`%lZn	ijotpCg3ª­pCk~n�`C¤
[]\ `�otgAij`Ukm�<`%g{`	imk~l imoqpAg�owy
zu`	È<gu`Uz lZy®i \ `�otgAim`%k~yj`Un�ijowgux�¥ZpC�t¡Wa!`��<`	iV�}`	`Ug°i \ `�iV�}p�pC�©�h`Un�i~y	¤ []\ oty
km`%¨©¡uowkm`%ysl gu`	� `�¢�n	oq`UgCi�lZ�qxCpCkmoqi \ a lZ�{�q`�imp¼z{`%l ���]oqi \ g{`	xClZijot¥Z`�zuowyji~lZg{n	`�ª­pCk�n	pCgA¥Z` �½pCk�gupAg
n	pCgA¥Z` �3�WpC� £u\ `Uz{k~l{¤ []\ owy]l �txZpCkmoti \ a owy]�{km`%ym`%gAij`Uz3owg �ê��Y �T¤
¾&owg{l �t� £ vu�WpCi \ a!puzu`%�ty}pZª·zu`�ª­pAkmaslZijotpCg�lCg{z�owgAij`%k~lZn	ijotpCg�lCkj`��{lZym`%z3pCg�¥©owymn	p rT`	�wlZymijown.kj`%�tlZijotpCg{y}lZgWz
i \ owy.lZ�{�WkjpAlZn \ �t`%lCz{y ijp�l��tpZxZown	lZ�_lZg{z�n�p \ `%km`%gAi�ª«kmlCa�`	�}pCk~¬<¤
#�`	¥C`%kmi \ `%�q`Uymy%vAg{pCgu`�p ª9i \ `õ�{km`%ym`%gAim`%zs�}pCk~¬Ay�zu`%lZ�<�]oti \ i \ `®�{kmpC�u�t`%a k~l owyj`Uz�� £ i \ `®¡uijot�qo5M%lZijotpCg�pZª
l�n�pAgAijowgA¡{pC¡{y a�puzu`	�_owg7lsymota!¡u�wl ijpAk��WlZym`%z7pCg3l�zuowymn%kj`%ij`ckm`%�{km`%ym`%gAimlZijotpCg�pZª·imota�`Z¤�»°`c�{km`%ym`%gAi}l
� \C£ ymotn%l �t� £ �WlZym`%z¿a!`%i \ puz�impsympZ�t¥Z`õi \ oty.�WkjpA�u�q`Ua owg¿ym`%n	ijotpCg7�W¤
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[]\ `¶a�pZijotpCgWy9lZg{z®i \ `�z{`�ª­pCk~asl imoqpAg{y_p ªu`UlZn \ pC�©�h`Un�iPlCkj`�i \ `¶km`%y~¡u�ti9p ªui \ `¶a�pZijotpCg®pZªuoqi~yP�{kmota�otijot¥Z`Uy	¤
ehgIpA¡{ksn	lZym`Zv}i \ `%ym`��Wkjowa�oqimoq¥C`%y�lZkm`�kjotxZowzHpC�©�h`Un�imyspAk��{lZkmijown��t`%y�� \ own \ n	lCgH�<`4n�pAg{yjowzu`Ukj`Uz§lZy�l
�WlZkmijown	¡u�wlZk n	lCyj`®pZªNkmoqxCotz7pC�©�h`Un�i~y	¤
�©otg{n	` `%lZn \ �{kmota�otijot¥Z`}oty�kmoqxCotz9v�oqi~y�a!pCijotpCg�n	lCg��<` n	pCas�{¡uim`%z�¡{ymotguxõi \ ` #�`	�]impCg©r � ¡{�q`Uk·zuo  Ä`%km`%gAijowl �
`U¨©¡{l imoqpAg{y	¤ Q�y3i \ `��Wkjowa�oqimoq¥C`%y�lCkj`��totgW¬ `%z � £ ¥©owymn	p rT`	�wlZymijown	y�n	pCg{gu`Un�impCk~ys��`4pA�uimlZotgHª­pC�q�tp��]otg{x
y £ yjim`%a pZª&z{o  Ä`%km`%gAijowl �_`U¨©¡{l imoqpAg{y®¹ �� . / 
 . �� . ¯±�A´�� . /�� . �!� . H � #� .�� ¯�� .
	 � #� . ´ ¯ SZ´�� . /��N¯ ��
�:D ���� D �� � D � #� �;´ H ����. H ����. ´�� �3D�� B��É� 	�	 � � ¯±�A´�� .&/��Ä¯ �� .T´ ¯±�A´

� \ `%km` � owy�i \ `®gA¡Wa��<`%k�p ª·�{kmowa!otijot¥Z`Uy	v �� . v �� . v �� . v©i \ `®�WpAyjotijotpCg9vA¥C`	�tpun�oti £ lCg{z�lCn	n�`%�q`UkmlZijotpCgspZªPi \ `
�Wkjowa�oqimoq¥C`���v �� . v � #� . v �!� . i \ `�pCkmot`%gAimlZijotpCg_vWkmpZi~l imoqpAg7¥C`	�tpun�oti £ lCg{z�kjpCimlZijotpCg�lZn%n�`	�t`%k~l imoqpAg�lZkmpC¡{g{z¿otimy
owgu`Ukjimotl.n	`%gAij`Uk	¤ 
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Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)��������� �	��
�
�
�
�������� ��
 ���

ISSN 0249-6399


