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T!pL|¸g�zaiyd$obiC°�eP�+iCp�ob�tiyd7P ead1Q&§P±-�ti{zAiyd$oqpL�CiZ|#eP� P ¬-iyd$i{g(�vd$iZga�X�Rga�y�Ceast�Xo$iZ�I��eadúp��	|qiZ�Coqpvea�
�t§ê�t§�:âead7zaiyd$o¤p}�CiZ|��0¹¡ead@Tâ»{eP�+Q3o$�^gPoTgPdbi&�teaoTg(�L|qe³zaiyd$oqpL�CiZ|!eP�sP3o$�ti=oqpvh&i&d$iZrAsXpvd$iZ�³pL|
SR¹$¹%U � L ¹�VP»�U W�U � � ¹��+»%U » �b�veafN¹�U � L ¹;VP»�U�W U � � ¹��,»�U »$»�§âÆPpv�^�Ci�gP�X�&zaiyd$obiC°ªeP�GQ �ygP�=� p�iRea��gPo
h&eK|qo-ea�ti!iZ�Xfai7eP�GP)¹¡d$iZ�yg(� ��o$�^gPo-iZ�XfaiZ|-gPd$i!d$iC�LgPoqpvzaiC�v��ea�Niy�4|qiyo�|C»/¬-i7�Cea�^�b�vs^�XiTo$�^gPo-o$�ti
o$eao�g��ú�CeX|qo{eP��obd$iZgPoqpv�tf&o$�ti7iZ�XfAiZ|{eP�1P pL|{¬�p�ob�Xp��³eastd{o�gxd$faiyoZ§

D�!JN Yú�^�P½X�Z�
�+iyo{X0n^iwgª� gA�CiyoTeP�+PR§�Ë¯o7pL|7fxp�zAiy� ga|7g��^eP�v�Xfaea�^g(�{|qstn^|qiyoIeP� '�� ¹;Xú»�gP�^�¥nX�³pvo�|���et�yg(�
fad�gP�t� � L ¹�X�»C§-r{std{faeKg��_pL|�o$eIpv�Ko$iydC|qiZ�Co0X³¬-pvo$�¥g(� ���¡ga�CiZ|-eP�1Q&§

±-�tiydbiTpL|Ig�|¯pvh&�X�viwntsto!pv�tiC©ª�bpviy�Xo�¬{g(�4obeª�Xe¥|qe^§ ��� ¹;Xú»-pv�Kobiyd�|qiZ�Co�|6Q)pv�;g��Cea�XzaiC°
�^eP�v�Xfaea�^g(�/d$iyfPpvea�¥¬{�teX|qiTd$iC�LgPo¤p�zAiTpv�Xo$iydqpvead!¬-i��yg(� � 0R§t¨�i&�CeasX�L�³iC°t�X�ÈpL�bpvoq�v�;�Ceah=�tsto$i 0Ru
o$�tiy�[s^|qi��X�LgP�ti4|q¬-iyiy�[o$e³pv�Xo$iyd�|qiZ�Co7X gP�^� 0Ru/gP�^�¢£^�^g(� ���¶�CeAh&�tsto$i�o$�ti=�ve®�yg(�!fad�gP�t�^|
eP��g��È�#��iZgPo$std$iZ|!eP�¸ob�tiTpv�Xo$iyd�|qiZ�Co¤p�eA��nK��ob�ti�h=iyo$�te®�³eP�{|qiZ�Coqpvea���t§v�A§"���X�ÎeAd$o$st�^gPo$iC�v�auNo$�XpL|
gP�t�td$eKgA�$��iC°^�CiyiZ�t|{eAstd{o�gPd$fAiyoºo¤p�h=i&¹~|qiyi :úpvfastdbi dI�ÎeAd�gP��iC°^gPh&�X�viP»�§

¨�i	�teP¬��XiZ|$�Cdqpvn^i¥gP�¶g(�vo$iyd$�^gPo¤p�zAi4gP�t�td$eKga�b�0o$�^gPoTeA�X���¦�veKe�`®|&gxo�ob�teK|qi	�^gPd$o�|IeP� 0
o$�^gPo�gA�Co$s^g(� �v�ª�Cea�Xo$dqpvntsto$iIo$eRo$�tiTeAsto$�tstoZ§=:úpvd�|qo{o$iZ|¤o¸£^dC|qo '�� ¹�X�»¸gP�^��Q �ÎeAd-pv�Ko$iydC|qiZ�Coqpvea�
gP�^���Xiyo$iyd$h p��tiRgP�4gPd$nXpvo$dCgPd$�&�NePpv�Ko BReP� 0)¹ pÈ�¸gP�X�^»C§®±��Xp}|��^ga|{�CeK|qo+S ¹��veafTU�Q_U »/�^iyd-�¡ga�Ciyo
eP� P gP�^�³�tiy�^�Ci&o$eao�g����CeK|¤o SR¹�U�PVU �(��eAf �¦»�§NË��A0 pL|7iyh=�to~�³o$�tiy�¥¬-i gxd$i&�Xea�tia§��7|$|qsth&i
�Îdbeah �teP¬3ea�0o$�^gPo 0 pL|I�tea�tÊ�iyh&�toq�a§/É!iy�^iy�^�Apv�tf;eA��o$�ti��Ap�h=iy�^|¯pvea�¶eP� 03¬-iw�td$et�CiyiZ�
�Ap��,iydbiy�Koq�v�a§

01' #���
�� 0 pL|7g&zAiyd$o$iC°4eP�7Q=u^|$g(�/T^§NË¡�¥o$�XpL|!�yga|qiau+�Xiyo$iyd$hRpv�ti&¬��tiyo$�tiyd0T	nNiC�vea�tfK|!o$e
X³pv�¥oqpvh&i^S ¹�U XGU »�§XË�� T 8 X³o$�tiy�·�Ceah=�tsto$i � L ��� ¹;Tt»-gP�^�4�b�Lga|$|~pÈ��� T pv�4oqpvh&iVS ¹�� � ¹�Tt»$» ;
iCpvo$�tiyd@T 8k� 4i
 ¹qP \YQ »ºead(TRpL|!g&zaiydbo$iC°ªex� P \RQ&§,ÆPp��^�Ci&gP�X��zaiyd$obiC°ªeP�1Q3�ygP��� pviIpv�·gPo
h&eK|qo�ea�ti!� gA�Ciyo{eP�1P o$�ti7o$eao�g��ú�CeX|qo{eP�/o$�XpL|{�yga|qi!pL|�SR¹�U[QYU »�§

01' #����	� 00pL|�gP�IiZ�Xfai/eP��Q&uZ|bgZ�AVa§�¨�i¸�ygP���CeAh&�tsto$i�VB\KX	ga|N��eP� �veP¬�|y§PÆaeadbo+pv�Ko$iydC|qiZ�Coqpvea�
�^ePpv�Xo�|#eP��V-¬-pvo$� �a. X#§a±-�XpL|/�ApvzapL�XiZ|
o$�ti-iZ�Xfai
pv�Ko$eT|¤stn^|qiyfah&iy�Xo�|y§P±-�ti-iy�^�X�^ePpv�Xo�|/ex�_o$�tiZ|qi
|qstn^|qiyfah=iy�Ko�|!iC°^�Ciy�to7hwg(�Xn^i{V&�ê|!iy�^�X�NePpv�KoC|TgPd$iIzaiyd$oqpL�CiZ|�eP�7P)ead7o$�tiIpv�Ko$iydC|qiZ�Coqpvea�¥¬-pvo$�
iZ�XfaiZ|7ex�7PR§�±-�ti&�Xsth�nNiyd7eP��|¤stn^|qiyfah&iy�Xo�|�pL| S ¹�U XGU »�§^±��ti�obeao�g(�¸�CeK|qo!eP���CeAh&�tstoqpv�tf·g(� �
����� ÿ��!
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:úpvfastd$ikd ;+Q pL|·g0�NeP�v�KfAea�^g(���C�A�Èpv�^�Xiyd�¬�p�ob� � � gA�Ciyo�|�gP�^� P �CeA�^|¯pL|qo�|�ex��� �ApL|F�~exp��Xo
d$iZ�Co�gx�tfP�viZ|7�Cea�KoCg(pv�tiZ�	pv�¥�^gPd�g(� �viC�¸�X�LgP�tiZ|!ead$o$�teAfaea�^g(��o$e	o$�ti�g�°KpL|�eP�7Q&§+±-�tiy�4ob�tiT�^g(pvzai
gP�t�td$eXga�$��oCgB`aiZ|-oqpvh&i���¹�� ����»-g(�vo$�teastfa�*P gP�^�/Q)gPd$iT�ApL|F�qePpv�KoZ§

o$�ti@V \ X �ê|�pL|-o$�tiydbiC�ÎeadbiTS ¹�U�PVU¯�veaf��¦»�§A¨�i7�tiC°to��CeAh&�tsto$i!o$�ti!�ve®�yg(��fadCgP�t�^|
eP�²g(� ���^ePpv�Xo�|
pv�wob�ti��NePpv�Ko{|qiyo�V�\AX4gP�^�=ea�Rpvo�|�n^east�^�tgxd$�a§NÃ¸ea�^|¯pL�Xiyd
£^d�|qo-g7�^exp��Xo 6-8 VM\0X#§t±-�ti��ve®�yg(�
fad�gx�t� � L ��� ¹ 6 »/�XeKiZ|-�teAoº�Xiy�^iy�^��ea� 6 gP�^�w�ygx�wnNiT�Ceah&�tsto$iZ� �Îdbeah � L ¹;Xú»¸gP�^��� � ¹;VP»
pv���Cea�^|qo�gP�Xo{oqpvh&i=¹~|¯pv�^�Ci � L ¹�X�»-gP�^� � � ¹;VP»¸nNeao$�³�^gZzAiT�Cea�^|qo�gP�Xo�|¯pv´yiP»�§+±-�Xs^|yuto$�ti��ve®�yg(�
fad�gx�t�^|!eP�ºg(� �²ob�ti V \/X �ê|!�ygP�¥n^i&�Ceah&�tsto$iZ��pv�¥oqpvh&iVSR¹�U[PVU »�§úÃ¸ea�^|¯pL�Xiyd7�tiC°toTg&�NePpv�Ko 6
pv��o$�ti!n^east�^�tgPdb�&eP��V \@X#§tË � 6 pL|¸iCpvo$�tiyd!g7zaiyd$obiC°weP�NP�eAdºnNiC�vea�tfK|-o$eRgP�	iZ�Xfai�ex�MP ob�tiy�
� L���� ¹ 6 »/pL|!g(�vd$iZga�X�/`X�te�¬���§-r{o$�tiyd$¬-pL|qiau 6 pL|!g(�L|qewgRzAiyd$o$iC°�eP� Q)gP�^� � L���� ¹ 6 »-�ygP��n^i
�Ceah&�tstobiZ����d$eah � � ¹ 6 »/pv��oqpvh&iVS ¹�U � � ¹ 6 »�UÈ»�§+ÆPpv�^�Ci&iyzaiyd$�³zaiyd$o$iC°4ex�7Q)pL|7�Cea�KoCg(pv�tiZ��pv�
gPo7h&eX|qo�eA�tiR� gA�Ciyo�eP�+PRu+o$�ti&o$eAo�g(�²�CeK|¤o!�Îead7�Ceah&�tsto¤p��tf³o$�tiI�ve®�yg(�-fad�gP�t�^|!ex�¸n^east�^�tgPdb�
�^exp��Xo�|�pL|sS ¹�U�QYUÈ»�§

0I'B#����	� 03pL|&g³�¡ga�CiyoReP� Q&u/|$g(����§�±-�ti�nNeast�^�tgPd$�[ex�0XÄ�Cea�^|¯pL|qo�|Rex��ea�ti�eadRh&eadbi
�^ex���Xfaea�^| ¹¡�teao!�tiZ�CiZ|$|$gPd¤pÈ�v��|¯pvh&�X�viP»�§#±-�tiIp��X��ead$h	gPoqpvea�¥fKg(pv�tiZ��pv��o$�tiR�td$iyzAp�eAs^|7|qiZ�Coqpvea�^|
�^iydbhRpvo�|-o$e&�b�Lga|$|¯p ���wob�tiZ|qi��NeP�v�KfAea�^|�p��Xo$eRo$�td$iyiT�b�Lga|b|qiZ|%;Xo$�teK|qi!o$�^gPo�pv�Ko$iydC|qiZ�Co �$. ��uao$�teK|¤i
o$�^gPoTgxd$i��Cea�Xo�g(pv�tiZ�³pv� �$. �,u^gx�^�4ob�teK|qiRo$�^gPo!iCpvo$�tiyd��Cea�Xo�g(pv� �$. �4eadTgxd$i��ApL|F�qePpv�Ko��Îdbeah
�$. �wgP�^�	�Xe��teAoº�Cea�Xo�g(pv�=p�o(§K±-�ti��Lga|qo{�b�Lga|$|-�ygP�	n^i7|q�X� p�o�nK�I�ve®�ygxoqpv�tfwgP�wgPdbnXp�obd�gPd$�R�^exp��Xo
eP�	��utia§äf^§}uto$�tiR�^ePpv�Xo1Bw�Xiyobiyd$hRpv�tiZ��gPnNe�zAiaut¬-pvo$�¥d$iZ|q�NiZ�Co7o$e&iZga�b�¥�^eP�v�Xfaea��pv�¥o$�ti&�b�Lga|$|y§
±-�tiT�b�Lga|$|~pÈ£_�ygxoqpvea�4�td$et�CiZ|$|
o�gB`AiZ|¸o¤p�h=i SR¹��veafsU�Q_U W�U XGU »���ead-o$�ti�� gA�Ciyo X¥gP�^�=�tiy�^�Ci7o$eaoCg(�
oqpvh&i(SR¹�U�PVU~�veaf��¦»�§

¨¦i·gPd$i³�teP¬�pv��g��NeK|¯pvoqpvea�Äo$e[�Ceah&�tsto$i P 1 X \���§ �{eAo$i4o$�^gxoªg(� �!pv�Ko$iydC|qiZ�Coqpvea�^|
n^iyoq¬-iyiy� �a. X�gP�^�
�4gPd$i6`K�teP¬{�¥gPo�ob�Xp}|��^exp��XoZu�gP�^�ªp � �$. �4�XeKiZ|!�teAo{pv�Xo$iyd�|qiZ�Co �a. X¢p�o
pL|7g(�L|qe_`K�teP¬{��¬{�tiyob�tiyd �$. �·�Cea�Xo$dqpvntsto$iZ|�o$e �$./P gPo�g(� �¡§#Æaead$o��Îead�iZga�$�³iZ�XfaiTex�	�·¹¡ob�^gPo
pL|�pv�Ko$iydC|qiZ�Co$iZ��gPo���iZgA|qo7ea�^�CiP»-pvo�|�p��Xo$iyd�|¤iZ�Coqpvea���^exp��Xo�|!¬-pvo$� �a. X ¹¡o$�XpL|7�ApvzapL�XiZ|7ob�ti�iZ�XfAi
pv�Kobe |¤iyfah&iy�Xo�|C»+pv��oqpvh&i�SR¹$¹�U X U$WkU P U » � ��eAfa¹�U XGU$WkU P U »$»�§Z±��tiy�wiC°t�X�vead$i �a.�P |qo�gPd$o¤p��tfRgPo¸ob�ti
pv�Kobiyd�|qiZ�Coqpvea���NePpv�KoC|{nNiyo~¬-iyiy� �$. X�gx�^� �$. �wpv�¥oqpvh&iI� p��tiZgxd7o$ewob�ti |~p�´yiReP� P §�ÆPpv�^�Ci&ob�ti
�¡ga�Ciyo��=p}|7�CeA�Ko�g�p��tiZ�ªpv� '�� ¹�X�»��Îead!gPo{h&eK|¤o�|¯p °�� gA�Ciyo�|WX¥eP�1P
��gx�^�kU P Ux1 S ¹�U XGU
W U �NU »��yu
o$�tiIo$eao�g(���CeK|qo{ex���Ceah=�tstoqpv�tfwg(� �²ob�ti P �ê|
pL|�SR¹$¹%U�PVU W U�QYU »��C�veaf��¦»�§
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�{o=o$�XpL|&�NePpv�Ko	¬-i4�^g(zai4�Ceah&�tstobiZ�[o$�ti³�^ePpv�Xoª|qiyo P §
¨�i��tiC°®o��Ceah&�tstobi4o$�ti���et�yg(�
fad�gP�t�^|�eP�,g��È�+�^ePpv�Xo�|�pv�wo$�XpL|
|qiyoºgP�^� ea�Rpvo�|/nNeast�^�tgPd$�a§NÃ¸eA�^|¯pL�Xiyd/£^d�|qo-g7�NePpv�Ko 6/8/P §K±-�ti
�ve®�yg(�/fad�gx�t� � L���� ¹ 6 »{�XeKiZ|��teao7�Xiy�^iy�^�¥ea� 6 gP�^�4�ygP�³n^i&�Ceah&�tstobiZ����d$eah � L ¹;Xú»�gP�^�
� � ¹��+»!¹~|¯pv�^�Ci	� L ¹;Xú»�gx�^� � � ¹��+»ºnNeao$���^g(zai&�Cea�^|qoCgP�KoT|~p�´yiP»C§�±-�tiw�CeAh&�tsto�gPoqpvea�¥eP�{o$�ti
�ve®�yg(�^fAd�gP�t�^|#eP��g(� �^o$�ti P �ê|úo�gB`aiZ|#o¤p�h=i S ¹�U�PVU »C§aÃ¸eA�^|¯pL�Xiyd/�tiC°®o¸g!�NePpv�Ko 6 pv�&ob�tiºnNeast�^�tgPd$�
eP� P §KË � 6 pL|-iCpvo$�tiyd!gTzAiyd$o$iC°weP�GP ead-n^iC�vea�tfK|-obe gx�wiZ�Xfai7ex�MP ob�tiy� � L���� ¹ 6 »�pL|-g(�vd$iZga�X�
`K�teP¬{��§3r{o$�tiydb¬-pL|qiau 6/8 X6\ �a. �ªgP�^��� L���� ¹ 6 »²�ygx��n^iT�Ceah&�tstobiZ�R��d$eah � � ¹ 6 »�pv��oqpvh&i
SR¹�U � � ¹ 6 »�UÈ»�§i:âead¸ob�ti��Ceah&�tsto�gxoqpvea�&eP��o$�ti-�vet�yg(�_fAd�gP�t�^|/ex�,ob�ti{n^east�^�tgxd$�R�^ePpv�Xo�|
ean^|qiyd$zai
£^d�|qo-o$�^gPo 6/8 X6\ �$. �&pvh&�X� pviZ|�o$�^gPo 6 pL|-iCpvo$�tiyd!gTzAiyd$o$iC°weP�NQ ead-nNiC��eA�tfK|-o$e&gP�	iZ�Xfai!eP�
Q&§=:teAd¸o$�ti7zaiydboqpL�CiZ|¸¬-i7gPd$fasti7ga|�pv��o$�ti!�td$iyzapveas^|��^gPd�gPfadCgP�t��§�:âeadºgI�^exp��Xo 6 ea��gP�	iZ�Xfai
eP�sQ�ob�ti&�vet�yg(�{fad�gP�t� � L���� ¹ 6 »7�ygP��nNi4�Ceah&�tsto$iZ�³pv�¶�Cea�^|¤o�gP�Xo7oqpvh&iªgx�^���tiy�^�Ci	oqpvh&i
SR¹�U P U »{|qsX©ª�CiZ|��Îead7g(� �ºiZ�XfAiZ|!eP� Q��CeA�Ko$d¤p�ntsto¤p��tf³o$e	o$�ti&n^eAst�^�tgPd$�4ex� P §�±��ti&o$eao�g��²�CeK|qo
�Ceah&�tstoqpv�tf	o$�ti!�ve®�yg��²fadCgP�t�^|
eP�²nNeast�^�tgPd$���NePpv�KoC|
pL|{o$�tiydbiC�Îeadbi SR¹�U�PVUiW U�QYU »C§

01' #������ 0¦pL|�g{�CdbeK|$|�|qiZ�Co¤p�eA�7eP� Q=§Z±-�ti¸�b�Lga|$|~pÈ£_�ygxoqpvea�ReP�®ob�ti/�^eP�v�Xfaea�^|úo$�^gPo��Cea�Xo$dqpvntsto$i
o$e�o$�tiRn^eAst�^�tgPd$�¥eP� X¦pL|!o$�tiw|$gxh&i�ga|�pv� 0I'B#�� � §�±�e4�CeAh&�tsto$i P 1 X \C0)¬-iRs^|qi&o$�ti
�td$et�CiZ�Xstd$iw�XiZ|$�CdqpvnNiZ�¥pv� 01' #�� � §�±-�tiRiC°®�X�vead�gxoqpvea�¥eP� �$. P pL|yu+�teP¬-iyzaiydZu^�Ap���iyd$iy�Xo�|¯pv�^�Ci
¬-iº�^g(zai-�te7iC°t�X� p}�bpvo-d$iy�td$iZ|¤iy�Ko�gxoqpvea�ReP�<0R§PÉ!stdqpv�tfTo$�ti-iC°t�X�vead�gPoqpvea�R¬-i{ga|$|qsth=iºob�^gPo �a. Q
pL|-o$dqpLgP�tfasX�LgPobiZ�	¬{�XpL�$�¥�ygP�wnNiT�Xea�ti!pv��oqpvh&i SR¹%U�QYU »C§ ��e�¬IuaiC°t�X��eAd$i �a.-P |qo�gPd$o¤p��tf&gPo-o$�ti
pv�Ko$iydC|qiZ�Coqpvea�4�NePpv�KoC|-n^iyoq¬-iyiy� �$. X·gx�^� �a. 0�gA|/��eP� �veP¬�|y§ �+iyo 6 n^iR|qs^�b�4gP�	pv�Ko$iydC|qiZ�Coqpvea�
�^ePpv�XoZ§�¨¦i�¬{gP�Xo7o$e��Cea�^|qo$dbs^�Co7o$�tiwgPo7h&eX|qo�oq¬-e	iZ�XfaiZ|7eP�WX/\ �$. 0�p��^�bpL�Xiy�XoRo$e 6 §+¨�i
s^|qiTob�ti7pv�X�ÎeAd$hwgPoqpvea�¥eP�/o$�ti���et�yg(�/�K�Xd�gPh p}��� L���� ¹ 6 »�¹¯¬{�XpL�$��p}|!g(�vd$iZga�X��`K�teP¬{�+»
o$e&faiyo
o$�tiw�Apvd$iZ�Coqpvea�^| eP�{iZ�XfaiZ|@X \ �$. 0)pv�^�bp}�Xiy�Xo&o$e 6 pv�[�Cea�^|qo�gx�Ko7oqpvh&i	gP�^�¥��d$eah ob�Xp}|Io$�ti
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Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1
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