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N � �h­·½�¸ �2�*� I]n-» iG»d�LÂLwvuvuvnXfT�T�h�ckzfhÂ"KX»
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" ��g�£WsRwvsRiµw���t{�Rn�g-sRuv��uvwvsRi-­Aw��{t�ITk�mog-sRi�t{�Rg-�{n�£2n
ny¸Akzm&wvsRn!�yK0£W�Rgº�Ln!kzuv��w�s
�h­·½
xlwvnXsLt��Lndt�k�wvuG£Wwvth�"th�Rn��Rfhgj¼RuvnXm g��Ck�sGk�uv�L�hwvsRi1xlg-mo�cgj­Rsc�L�7gz�+th�Rn��]g-f{m � � �
� � »���gj�ht�gjth�RndfC�{th­c�·w�nd�Á�Rf{g-�Gg-�{nWg-sRuv��k�i-ndsRnXf�kzuc�Lnl|GsRwvthwvg-s"uvw�Âjn������ � 6v©1«l¥�¦ C
@HCF;m��GD6¯¥�©(>�6~GD=�� � � »
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"�� wv�-nds¶t{�Rn&k�¼R�{nXscxlnog��Ek�sL��nl¸R�Ruvw¯xlwvt0wvsL�]g-f{m
kzthwvg-s�k��0t{g¶ko�cgj�h�hwv¼Ruvn"�Rfhn��Lw¯xXk�t{n
wvs³th�Rn��hndm
k�sLt{w¹x	fhnXu¯kzthwvg-s¿­Rsc�LnXf{uv�[wvsRi�xlgjm&�Gg-­Rsc�·��gz��th�An��]g-f{m �2�*�������7t{�Rn
�Gg-�h�{wv¼Ruvn1m&n!kzsRwvsRi-�2g���t{�Rwv�EtT�L�cn�g��Áxlg-mo�cgj­Rsc��xXkzs�g-sRuv�o¼cn1gj¼Rt�kzwvsRn!��£Wwvth��k
xlnXf{t�kzw�s³�LnXijfhnXn�g���kz�R�Rf{g�¸·wvm�k�thwvgjs+�c�Lnd�cnXsG�LwvsRi¶gjsºt{�Rn��]n�k�th­AfhnX�"g��Et{�Rn&�Rn�k-�
sRgj­Rs+»

" ¬W�Rwv���h�L�{thnXm �LgLnX��sRgjt�kzu�£Wk��L��kzuvu�g�£ ­R��t{g¶gj¼Rt�kzwvsºth�An �·nX�hwvfhn��ºf{nX�h­Au�t�»Á±Ag-f
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¬W�RnX�{n�tT£2g��Rfhwvscxyw��Au�nd��k�uvuvg�£²�RndfEthg��LnXt{nXfhmow�sAn�£W�AnXth�Rndf�k�xlg-mo�cgj­Rsc�owv�Exlg-f{fhn!xyt1g-f
sRg-tWk�sG�&£W�Gk�tWwvth�Wmon!k�sRwvsRi�£Ww�uvuG¼cnj»
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" 3~wvnX¼GnXf��{thf{nX�h�{nX�Wth�RnEkzsck�uvgji-�Eny¸·wv�{thwvsRi0¼cndtT£ÁnXnds�th�RnWuvnl¸Rw¯xlg-s�k�sG�1t{�RnÁ¼Gk��hnExyg-m��
�Gg-sRnXsLt¢g�� k2ijf�k�mom
kzf!�Tt{�ck�t¢w��~¼GnXtT£2nXnXs"th�Rn2�hndm
k�sLt{w¹xÇ�ht{fh­cxlt{­RfhnWgz�cxlg-mo�cgj­Rsc�L�
k�sG��th�Rn��h�LsLt�k�¸�gz���{nXsLthnXsGxlnX�!»¢rTso�Õk-xyt!�Gm�­cx{�&gz��t{�Rn1gjfhwvi-wvsckzu�wvtT��gz���AnXfE�{th­c�L�
uvwvnX��wvs��RnXf�­A�hnEgz� �Afhwvscxlwv�RuvnX��t{f�kj�Lwvthwvg-sckzuvu��1kz�R�Ruvwvn!�"thg0th�AnE�h�LsLt�kï¸�gz� �{nXsLthnXsGxlnX�
I]wT» n-»~t{�Rn&k�f{i-­RmonXsLt0�hthf{­cxlt{­Rfhn�g��Ek��jnXfh¼�m�­R�{tE¼Gn&�lk�thwv�å|cn!�µwvs¶t{�Rn&�{nXsLthnXsGxln��
���~¨�C�="6~G¯«2wv�Áwvscxlgjfhf{n!xltW�hwvscxyn =y6�G¢fhn��-­Aw�f{nX�Ek � �+�M� ��=
C\CF;oC�§
=_�!©_G2ª�6v«U�X§R§�C��*@ C�ª
GD=MC��D@�¥�: wv�1wvscxyg-fhf{n!xlt"�hwvscxln�ª�6�«U�X§R§�C���@1wv��wvsLthflk�sR�{wvthwv�-n�k�sc�µ�LgLnX�"sRg-t1kzu�uvg�£Äk
� ��K2thg&k�sGk�uv�L�hn0th�Rn0�{nXm
kzs[t{w¯xWfhndu¹kzthwvg-sA�W­Rsc�LnXf{uv�[wvsRi�xlgjm&�Gg-­Rsc�·�!»

" ¬W�Rwv�0th�Rndg-fh��nl¸R�Ru¯k�wvsR�E£W�L��xlgjm&�Gg-­Rsc�·�Eg���t{�Rn1�bg-fhm ��� � kzfhn1�{g
�AfhgR�L­cxlt{wv�-n
k��Exyg-m&�Gk�fhn���£Wwvth��xlg-mo�cgj­Rsc�L��wvso£W�Rw¯xh�og-sRn0gz�Cth�An�t{nXfhmo�Á�Gk��Ek�s�k�f{i-­RmonXsLt
�ht{fh­cxyth­Rf{nWthgE�lk�t{w��å�]�L»X�E� ��g�£WsRwvsRiWwvsc�LnX�GnXsc�Lnds[t{uv���{�Rg�£W�!����� �¿xlg-mo�cgj­Rsc�L�+kzfhn
k�uvmog-�ht�kzu�£Wk��L���Gg-�h�{wv¼Ruvn7I]t{�Rwv�ÁxlgjsL|ci-­Af�k�t{wvg-s
�·g[nd�ÁsRgjtÁny¸·wv�{tÁwvs�th�AnE� 3¢e7�-�{g�wvt
£WwvuvuRsRnX�jnXfÁ¼GnEf{n]�ln!xythn!�"Kd�L£W�RnXf{n!k��Exlgjm&�Gg-­RsG�L�7u�wvÂjn\�j§C¨"G#AH�L¥ ��£W�Aw¹x{�&xlgjsLt�k�wvs&k
thndfhm�£Wwvth��k�s&kzfhi-­Am&nXsLt��{thfh­Gxlth­Rf{n�I¯§7¨"GmK=m
k��1¼GnEf{n]�ln!xythn!��¼L�"th�Rn0��3+e��{wvscxln
th�AnX��xXk�sRsAg-tWuvwvsRÂ&k1�Afhg-�GnXf0k�fhij­Rm&nds[t�»

" ¬W�RnX�{n��Rfhwvscxlwv�RuvnX�"i-ndsRnXf�kzthn�th�An �·w}Æ~nXf{nXsLt��cgj�h�hwv¼Ruvnom&n!kzsRwvsRi-�0g���k��h�LsLth�AnXthw¯x
xlgjm&�Gg-­Rsc�Ç»�¬W�RnX�{n�mon!k�sAw�sAi-�Cxyg-fhf{nX�h�Gg-sG�&t{g1th�AnEtT£2g1�cgj�h�{w�¼Au�n��h�LsLt�kjxlthw¯xE�·nXfhw��
�-k�t{wvg-sR���_I ����N�KTnXf0k�sc� �2� ImN�nXf KX»G±RgjfEnl¸ck�mo�Ruvn-�MGD@!¨�4 ��A{ª�@&6~E�C @1xXk�s�¼Gn�kzsck�uv�L�hn!�
k�� �&G#@!¨�4���A{ª�@&6~E*C �FC @��Lw�s�£W�Aw¹x{�&xXkz�hn�w�t=£Ww�uvuLm&n�k�s?�1ª�@&6~E�C @�¥ � G#@!¨�4��L«!»"�=­Rt2wvt�xdk�s
k�uv�{g�¼cn1f{n!xlgji-sRw0�Xn!� �h�LsLt�k-xythw¯xXk�uvuv�
kz�7GD@�¨�4��<A �Tª�@&6~E*C A~C @ ���Gth�Rn��hnXm�k�sLthw¯xEkzsck�uv�L�hwv�
xlgjfhfhnd�h�Gg-sc�LwvsRi�thg&t{�Rwv�0�h�LsLt�k-xythw¯x�kzsck�uv�L�hwv��w��0t{�Rn��lk�mon�k��0th�An�gjsRn��Afhg-�Gg-�{n!�
¼L� ��g�£WsRwvsRiM�"�"ª�@&6~E�C @\6v©&«l¥�¦-CP@HCF;m��GD6¯¥�©�>�6~GD=���G#@!¨�4��~�L�bg-fWwvsR�htlk�scxyn-�_�"ª�@&6~E�C @
¥�>7©"6v©�:-��GD@�¨�4�������ª�@&6~E*C @7>�C���@&6v©�:9�1«&=y6d@�GP>�6~GD=9��G#@!¨�4���¥�©-6~G �
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" ¬W�Rn�m
k�wvs�kj�L�-k�sLtlk�i-nWgz�+th�Rwv��t{�RnXgjfh��wv��sRg��·g-­R¼Rt2th�AnW�Õkjxlt�th�Gk�t�3Çw�nd¼cnXfWxlu¯k�wvmo�
�h�An�xXkzs&k�sckzu��L�{nEk�uvuRth�AnE�Lw�Æ nXf{nXsLtÁtT�L�GnX�2g��+xlg-mo�cgj­Rsc�L�PIb�Rfhwvm�k�fh�1kzsc�"�h�LsLth�Rny�
thw¯x�K2£Wwvt{�
t{�RnX�{n1tT£Ág��Afhwvscxlwv�RuvnX��»
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" 3~wvnX¼GnXfW�LgLnX�hs � t2fhn�k�uvuv���Lwv��xl­A�h�Wxlg-mo�cgj­Rsc�L��gz� t{�RnW�bg-fhm �2�*�1»L®L�RnW�{w�mo�Ruv�0��k��L�
th�Gk�t0th�Rnd�¶k�f{n&k�uv£�k��L�W�Gg-�{�hwv¼Ruvn�kzsc��th�ckzt�t{�RnXwvf0m&n!kzsRwvsRi&�LnX�GnXsc�·�1thgLg�m�­cx{�
g-s�xlgjs[t{nl¸Rth­ckzu7�Õkjxlthgjfh�1t{g&¼Gn&xXk�u¯xl­Ru¯kzthn!��£Wwvth��k�sL���LnXi-f{nXn&gz�Á�Rf{n!xlwv�hwvg-s¢»~¬W�Rn
k�­Ath�RgjfEk-�Lmow�t{��th�Gk�tWth�AnXfhn"m
k��"¼cn1�Lwv�{thwvscxltW�{­R¼R�hndth�!»

" 3~wvnX¼GnXf"�Rfhgj�cgj�hnX��k��{nXm
kzs[t{w¯x�kzsck�uv�L�hwv�0g��W�h�LsLth�Rndthw¯x&xlgjm&�Gg-­RsG�L�0¼ck��{n!�µg-sºk
�h�LsLt�kjxlthw¯x"�Ln!xlgjm&�Gg-�{w�t{wvg-s�£W�Rw¯x{�¶�LgLnX�0sRg-t�fhnX�{�cn�xlt1th�An�f{­RuvnX�Egz��´7sRiju�wv�{�+»c±Ag-f
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tT£2gE�Lw�Æ nXf{nXsLt7£�k��L�*��Q0G#@!¨�4���Ahª�@&6~E*C�T h C @Ckzsc�+GD@�¨�4��<A Q�ª�@&6~E�C @~T b th�AnXfhnX¼L�1�GnXf{m&wvtht{w�sAi
tT£2g`�·w��{thwvscxlt7�{nXm
kzs[t{w¯x�k�sckzuv�[�{nX�!»��=­Rt�t{�Rn�|Gfh�ht=�h�LsLt�k-xythw¯xÁkzsck�uv�L�hwv�¢w��7wvscxlgjfhf{n!xlt!»
®Lgjm&n7uvw�sAi-­Rwv�ht{�Cxlu¯kzw�m th�Gk�t+t{�RnWxlg-mo�cgj­Rsc�L�~gz�cth�Rn=�]gjfhm �2�~N kzfhn��{�Ls[tlk-xlt{w¯xXk�uvuv�
xlgjfhfhn�xltWg-sRuv�1w��~th�Rn�sRg-­As�wv��sRgjtÁk�s�wvsLthndfhsckzuck�f{i-­RmonXsLtCgz� t{�RnE�jnXfh¼¢»[®Lg0«å§Ç¥L¥�©yA
�mC�Cïª�wv�+xlgjfhfhn�xlt��hwvscxynÁ«å§Ç¥L¥�©"xlg-f{fhnX�{�cgjsc�L��t{gEk�s1nl¸Rt{nXfhsckzu�6�©A«*GD@�¨�¦ Cy©�GGk�f{i-­RmonXsLt
g��0th�Rn��jnXfh¼ �mC�C�ªc�=£W�RnXf{n!k��-�_Q0GD@!¨�4 ��A{ª�@&6~E�C�Tmh;wv��wvscxyg-fhf{n!xlto�hwvscxln(GD@�¨�4��ºwv�"sRg-t
k�uvuvg�£2n!��t{g�¼cn0th�An�GD=
Cy¦ C�»

" ®Lgjm&n2u�wvsRij­Rwv�ht{�Áxlu¯k�wvmÄt{�ck�tWk1xlgjm&�Gg-­RsG�1uvwvÂ-n�GD@�¨�4��<A{ª�@�6�E�C @2�ck��2g-sRuv�1gjsRnEmon!k��
sRwvsRiM�-«l¥�¦ Cd¥�©
C >�=c¥�ª�@&6~E*Cl«7G#@!¨�4��L«!»L¬W�An��{n!xlgjsc��m&n�k�sRwvsRi0g-¼At�k�wvsRn���£Wwvth�-3~wvnl�
¼GnXf%� �E�Afhwvscxlwv�RuvnX�W£2g-­Ru¯�	th�RnXf{nl�]gjfhn"¼cn0wvscxlgjfhfhn�xlt!»

" ¬W�RnW�{�[sLt{�RnXthw¯x�xlg-mo�cgj­Rsc�L�¢g��~th�Rn2�]gjfhm N � k�½�¸(�2� �¿uvwvÂ-n ��6d;0;DC @�A]«�=_�*@���k�f{nWsRg-t
xlg��jnXfhn!� ¼[�-3~wvnX¼GnXf%� �Wt{�RnXg-f{�[»

" ¬W�Rn0� 3¢e¿i-wv�-nX�WsAg��Rf{n!xlwv�hwvgjs¶k�¼Gg-­Rt2th�An�uvnX�jnXu+wvso£W�Rw¯xh��t{�Rn1k�fhij­Rm&nds[t2�ht{fh­cx��
th­AfhnEgz�Ck0thndfhm�gz�Ck1xlg-mo�cgj­Rsc��m�­R�ht7¼GnE�lk�thwv�å|cn!�_�Lm�­R�{t7w�t=¼cn���k�t{wv�T|cn!�ok�t�t{�Rn
uvnX�-ndu�g��Wth�Rn�sAg·�·n&�Lg-mow�sGk�thwvsRi"th�An&xlg-mo�cgj­Rsc� I]wT» n-»Gw�sµth�An�i-fhnd�/kzfhn!kowvs¶t{�Rn
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Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105,
78153 LE CHESNAY Cedex
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