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����� ���,�%���'&����	��)������ ��!�"�	�	�#��� ����������� �����	��
�*��� �r���D���
����� ����������� �

��� ���
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{kP�QN{kP�V�b��S \�� dqfJgknV�PhdeV�`kP~V�g��SD\��æVa�kgknV�PhdeV�`kP�m�æ`kfkV%{|SUP�SU�3QU\eV7£�v�� SU`kg�P�V�{|QN`kP�^�S]\_^a`J\eV�P�`kf bhQN`|b
V�bh{|SN^aV�defJ�@SUPhd_SUfJg�mJP�QUdeg[m� `kf��ÂS]d_b�^aV�SU`�PknV�R7`J\0deV�P�mJV�T1SUg�Ppd�^aV�b�lLS7b�bpQ ^=d�nV#SU`J���@S]\eV�`kP�bo{kP�Q7{kP=V�b
�SY\�� defJgknV�PpdqV�`kP�V�g��S*\��æVa�kgknV�PpdqV�`kP#m�æ`kfkV�Va\0\�de{|bhV7£åZrV�b!T5nV�g��kQkmJV�b!bhQ7fJg[�|SNbLnV�V�bobh`kP!\_S�^aQ7f|bhg=P�`|^a³
ghdeQ7f mJV�T%SUg�Phd_^aV�b�m�æQ7PamJP�V�mJV�`J�$�¤QUd_b�^aVa\q`Jd�mJV�b�T1S�g�Phd_^aV�b}m� Q7PhdeRUdefkV7l	V�g~bh`kP#\eV�b�jN`kVa\0\eV�b�\eV�b
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x¡f g��Jd_bDfkQ7g�V�!V$SUP�V$^aQ7f|^aV�P=fkV�m �¨dqg=� bhQ7TDV$bh{|V�^ag�PaS]\}g�P�S�f|b¡��QNP�T1SUghdeQ7f|b*�¤Q7P�^aQ7T�{k`kghdefkR
defJ�@SUPhd_SUfJg�bh`k�|bh{|S7^aV�b�^aQNP�P�V�bh{3Q7f|mNdefkR1g�Q�g��kV#VadeR7V�fJ�@S]\e`kV�b#QU�cS�T1SUg�Phd0�('¡{|V�f|^=d0\�)rdef§SYRUde�7V�f
mJQ7T%S]def(*�Q��cg��kV�^aQ7T�{J\eVa�${J\_SUfkV7£

�©V�^aQ7f|btd�mJV�P�i|P�bhg#g��kV~^�S7bpV~���kV�P�V�* d�b�g��kV*dqfJg�V�PhdeQ7P�'ÂVa�kg�V�PhdeQ7P+)oQU�'SDRUde�7V�f¢{|SUP�SU�3QU\_S, SUf|m¦���kV�P�V��!V�bhV�V+-SUf¦dqfJ�@S�Phd_SUfLg�bh`k�|bh{|SN^aV~QU�rS�T%SUg�Phd0�(.B�|S]�NdqfkR%fkQ%VadqRNV�fL�US]\e`kV�b#Q7f, £0/o� `|b¡defkR5S©bh{3V�^=d�S@\}T1SUg�Ppd��211l'�[V$bp�kQ@� g��|S�g��!VP�V�mJ`|^aV¢g��kV{kP�Q7�J\eV�T g�Q�g��|SUg�QU�
g��kV~^aQNT�{k`kg�SUghdeQ7f%QU��SUfDdefL�USUPhd_SUfJg}bh`k�|bh{|S7^aV�Q��31�^aQ7P�P�V�bp{|Q7f|mNdefkR�g�Q�g��kV�\eVa��g4'ÂPpdqRN�Lg+)G�|S]\0�
{J\_SUfkV�QU�	g��kV#^aQ7T�{J\eVa�1{J\_SUfkV7£kª!�kV�P�Va�¤Q7P�V�g=�kV}P�V�bp`J\qgabr^aQ7f|^aV�P�fJdefkR�g=�kV}bh{|V�^ag=P�S]\(mNd_^=�kQ7g�Q7T��
�J�g��kV#deT1SURUdef|SUP=� S]�Jd_b65 � l3Wkl87Ll�9;:	^�SUf¢�|V�S�{k{J\�deV�m¢Va« ^=deV�fJgh\e�7£

xÂf g=�kV§bhV�^aQ7f|m {|SUP�g��!V�^aQ7f|b¡d_mJV�P1g=�kV§^�S7bhV¢���kV�P�V<* d_b%g��kV%defLg=V�PhdeQ7P('¡Va� g�V�PpdqQNP+)~QU�
SUf Va\0\�de{|bhV>=BSUf|m5���kV�P�V$�!V$bhV�V+-5SUf5defJ�@SUPpd�S�fLgbh`k�|bh{|S7^aV¢QU�~S�P�V�R7`J\_SUP�T%SUg�Phd0� {|V�f|^=d0\?�@BA . �|S��NdefkR~fkQYVadqRNV�fL�US]\e`kV�brQNfC="£�/o��`|b¡defkR�SYbh{|V�^=d_S]\ P�V�R7`J\_SUPoT1SUg�Phd0��{|V�f|^=d0\ ?�DEA 11l
�!Vbh�kQU� g=�|SUg~g��Jd_b�{kP=Q7�J\eV�T d_b~P=V�mJ`|^aV�m5g�Q¢g��|SUg~Q��}g��kV^aQ7T�{k`kg�SUgpdqQNf5QU�}SUf©defJ�@SUPpd�S�fLg
bh`k�|bp{|S7^aV1Q��[g��kV�{3V�f|^=d0\ ?�D2A 1 ^aQ7P�P�V�bp{|Q7f|mNdefkR�g�Qg��kV�defJg�V�PhdeQ7PE'ÂVa�kg�V�PhdeQ7P+)�Q��[g��kV�`kfJdeg
^=deP�^=\eV7£"ª!�kV�P�Va�¤Q7P�V�g=�kV�P�V�bh`J\eg�bY^aQ7f|^aV�P�fJdefkR�g��kV1^=deP�^a`J\_SUP�bh{|V�^ag=P�S]\¨mNd_^=�kQ7g�Q7T��>5Ç�kl	WklF7LlF9G:
^�SUf��3V1SU{k{J\0deV�m�Va« ^=deV�fLgp\q�7£Gª!�Jd_b�\_SUg�g�V�P�{kP�QN�J\qV�T �|SNb#P�V�^aV�fLgp\q�¢�|V�V�f bpg�`|mNdeV�m¢defH5JIG:Â£3�©V
{kP�QN{|QLbhV#�kV�P�V}SYb¡deT�{J\eV~bhQU\e`kghdeQ7f%�|S7bhV�mDQ7f1bhgaSUf|mkSUP�mY\0defkV�SUP�S]\eR7V��kP�SY�!deg��kQN`kgrT1S;-NdefkR�`|bhV
QU��K}P=V�V�fT1SUg�Phd_^aV�b�£

�©V�bhg�`|mJ��g��kV�^aQ7f|mNdeghdeQ7f�fJ`kT��3V�P�bGQU�|g��kV�bpV[gh�!Q�{kP�QN�J\qV�T%b"SUf|mY{kP�QU�7Vrg��kVoV�j7`Jde�US]\eV�f|^aV
�3V�gt�!V�V�f¢g��kV�T SUf|m%g��kQJbhV�QU�"g��kV�g�P�SUf|bt��Q7P=T�V�m%{kP�Q7�J\eV�T1b�£

ª!�kP�Q7`kR7�kQN`kg�g��Jd_b#fkQ7g�V7l3LNMBL~mJV�fkQNg�V�b�g=�kVPO"`|^=\0d_mJV�SUf�fkQ7P�T QU�"g��kV~�NV�^ag�Q7PQMå£RLTSUL
SUf|mES A mJV�fkQNg�V�g��kV�bh{|V�^ag�PaS]\	fkQ7P�T�SUf|m%g��kV�^aQ7fUsh`kRLSUg�V#g�P�SUf|bp{|QLbhV#QU��g=�kV�T1SUg�Phd0�CS5£N�©V
mJV�fkQ7g=V~�J�CV+W%g��kV#d_mJV�fLgpdqgh�T1S�g�Phd0� Q���Q7P�mJV�PQXG£
Y Z ���	��
�*����� �%���'&����	��),+

v V�g#`|b�^aQ7f|btd�mJV�P�S�{|SUPaSU�|QU\_S , def$g=�kV�'[M]\_^`)"{J\_SUfkV�b=SUghd_b¡�¤�7defkR�g��kVYV�j7`|S�ghdeQ7f
^baNc �+d�'�dfe@� A M�) '��;)

���kV�P=Vgdihkj�d_b#bhQ7T�VYP�V�S]\�{|S�P�SUT�V�g�V�P]£|ª!�Jd_b#{|SUP�SU�3QU\_S��|SNb!deg�b#^aV�fLg=V�P�SUg#g��kVYQ7PhdeRUdef©SUf|m
deg�b��kP�SUf|^=�kV�b!R7Q�g=Q�g=�kV�\eVa��g��|S]\0��³¤{J\_SUfkV�bh�JT�T�V�g�Ppd�^�S@\�\e��!deg��¢P�V�bh{3V�^ag}g�Q�g��kV�P=V�S]\cS]�Jd_b�£

ZrQ7f|b¡d_mJV�P©g��kV5T%SU{k{JdefkRml�� ?onqpsrt uvnqp mJVai|fkV�m��J� g=�kV ��Q7P=T�`J\_S u cw ?�xHy d�e@�Gz a £Jx¤�r�!V���Phdeg�V u c{M x}| ^�g=�kV�f$�!V}QN�kg�S]def

M~c���� ?�xH� d�e@�G� a A '�� ? ) a SUf|m�^�c ����� ?�xH� d�e@�G�<� ?]� 't�b)
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x¡g!��Q�\�\eQU�}bog��|SUg�^ a c � w � ?Px y d�eU��z a�� w � ?�x y dfe@�;z a A M��|£Jª!�L`|b�l��JdæstV�^aghde�7Va\e�T1S�{|b
g��kV5bhg�PaS]deR7�Lg%\0defkVH� ? c�� n ��Q7fJg�Q5g��kV {|SUP�SU�3QU\_SH^ a c ���d�'��d8e@� A M�)1�¨dqg=���dvc
� w � x y d�e@� z a £�ª!�Jd_b � SUT�d�\e�EQU��{|SUP�SU�3QU\_SUV mJV�{|V�f|mNdefkREQ7fEg��kV©{|S�P�SUT�V�g�V�P��dB�|SNb%g��kV
b�S�T�V~^aV�fLg=V�P}SUg!g��kV~QNPhdeRUdef	£kxÂf¢{|SUP�ghd_^a`J\_SUP�l�l��JdæstV�^agpdq�NVa\q�¢T1SU{|b!g=�kV#dqT%SURUdef|SUP��$S]�Jd_b!Q7fJg�Q
g��kVY{|SUP�SU�3QU\_S , £JxÂg!d_b�V�S7bh�%g�Q�bhV�V~g��|S�gTl T%SU{|b!g��kV�P�V�R�dqQNf

� ?<nip�� � ?! A � � d�e@�#"%$ � ?<nip�� � ? hHj#"
Q7fJg�Q�g=�kV�Va� g�V�PpdqQNP�QU� , SUf|m%T1S�{|b!g��kV�bpg�Phde{� ?<n p&�4A � � d�e@�  � ?' j#"
Q7fJg�Q�g=�kV#dqfJg�V�PhdeQ7P#QU� , £kª!�kVYP�V�bhg�Phd_^aghdeQ7fQ��cg��kV�T%SU{k{JdefkR l Q7fg=�kV~bhV�g

( c � ?<nip)� � ? h A � d�eU�#"
d_b���³¤g�Q7³��!SUf|m l '*(4)Fc � ?<nip�� ' � ? hHjb)�+�, '�� ?.-ckjb)/"LlUg��|SUgåd_b l '*(g)|d_b"g=�kV[���kQU\eVQ'�M]\�^ )
{J\_SUfkV��!deg��Dg��kV}P=V�S]\|fkV�RLSUghde�7V�S]�Jd_brmJVa\eV�g�V�m £�0ådef|S]\0\e��degod�boV�S7bp��g=Q�bhV�V�g=�|SUgrg��kV�PhdeR7�Lgo�|S]\0��³
{J\_SUfkV7l3dÂ£æV7£3g��kV�bpV�g�QU� ? �!deg�� � ? hkjYd_b#T1SU{k{|V�m¢^aQ7fJ�¤Q7P�T1S]\0\e�$QNfLg�QDg��kV�Va� g=V�PhdeQ7P}Q��rg��kV
{|SUPaSU�|QU\_SE^ a c �"d�'�d�e@� A Mf)�£

u��¤g�V�P!g��Jd_b!{kP�Va\0deT�def|SUPhdeV�b#�!V~^aQ7f|b¡d_mJV�P�fkQU� SYT1SUg=Phd0� .BQ���Q7P�mJV�P X¢�|S]�7defkR�fkQ�VadeR7V�fk³
�US]\e`kV~Q7fg��kV#{|SUP�S��|QU\_S , QU��V�jN`|SUghdeQ7f(^ a cE�+d�'�d�eU� A Mf)�£kv V�g 1��3V�g��kV�T1SUg=Phd0�1QU��Q7PamJV�P
��X�mJVai|fkV�m�J�

1 c213 A � 4 a V W .V+W A � 4 a V+W�56 � 't�b)
x¡g�d_b!V�S7bp�1g�Q%bhV�V�g��|SUg�g=�kV�VadqRNV�fL�US]\e`kV�b ? Q��R1 SUf|mg��kV�VadeR7V�fJ�@S@\q`kV�b u QU� . b�SUgpd�bt���

u c �b?�x � d�e@� � a � 'Â�`)
7 0kP�Q7T g��kV#SU�|QU�7V�mNd_b�^a`|b�b¡deQ7f$SU�3Q7`kg!g��kV�{kP�QN{|V�P�ghdeV�b!Q��(g=�kV}T1S�{k{JdqfkR l©S�f|m�g��kV�S7b�bp`kT�{k³
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Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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