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tvZF¤dZFmkbd�°¨W��Z�{�oQUxZYmkZY}W{Yi!wxmaodhaof{�oQ��`]{Ybd}�{Yoq²ÆZ�ef��`©hF¦4c�`©��}x�!yf� E§ZYmkZY}Jh�`aw�Z�{���bq���.��bOha��od}¯X@ofyfcW��Z�`Yª�·³}
wWmkbQ{ ha��{�ZQ¦q��oQcxm�{YodUxZFmaZF}W{�i�wxmkoqhaof{Yod��`nUWbS¤QZ���ZFZY}g��X,wx��ZYX,ZY}JhaZ�y���}�F,HsIOªnsMX@oQ}x�zhkUxZYX!¦JhaUxZb3b
 ��:���
�*����1 ;��:���`�������D��`nyxZF`a���Q}xZFy�hao$h|bqµdZ���cx����bQyf¤Obq}Jhkbd�dZ�oq�DhaUxZkObQTSVUWI�`aif`jhkZYX bq}Wy,`©hkbq}�yx`�odcfhbq�«haZFmBhaUxZ
X�cx��ha��wx��ZM��ZF}W{|UxX�bqmkµf`nyfZF`k{�mk����Z�y,��}�M ¥WbQ`a�Q�2NHª�T�UxZM`awDZF{���¨�{FbOha��od}Lbd}Wy,¤dZFma��¨�{FbOha��od}@¬�odmkµ�wxmkZF`aZY}JhaZ�y
UWZYmkZM��of{�c�`©Z�`�od}�haUWbqh=wxmaodhaof{�oQ�Ö¦v¬�Ux��{|U���`�mkZ���ZFmamkZFyLhao�bd`�hkUxZc�BF,H)I$wxmaodhaof{�oQ���]��}�haUxZ�`aZF�JcxZF�ÖªBT�UxZ
F,HsI"wxmkoqhkof{�od�vmkZY����Z�`%od}�haUxZ�}xodha��od}@oq�\3@�2(��*����(:7)
 ;§¦Q��}xUxZFma��haZ�y���mkodX ORQTSVUWIq±0bqhBbd}vi$ha��X@ZQ¦dbR3G��(��`���
`a��haZ@oO¬�}W`�hkUxZ�mkZ���ZFmaZF}W{�Z@{�oQwJi!od�nhaUxZ@�x��of{|µ!yWbOhkbWªz��bd`©haZFmk`aUx��w�{Ybq}�X,oO¤dZ��DZ�hj¬�ZYZF}�`a�®hkZF`]yfcxmk��}x�
hkUxZ�������Z�ha��X,Z�od�BhaUxZ@�x��of{|µD´DhkUx��`]bd{F{�oQcx}Jhk`���oQm�X�cW{|U¸oq�BhkUxZ 2WZ�ef���x������hji�o�EDZFmaZ�y¸�vi�ObQTSVUdIOª �n¤dZFmai
F,HsI]wWmaodhaof{�oQ�DX,Z�`a`kbq�QZ]�QovZF`�ZY��haUxZFm���mkodX `aodX,Zz`©��bS¤dZ�hao@hkUxZzX�bd`©haZYm�oQm�¤v��{YZ�²Æ¤dZYm|`kbxª

� w�� � �s} ��� � � }8| �x�6� �Z| ��� | � ~�� � �,�C~����
T0o�wDZYma��odmkX.X,ofyfZY��²Æ�Wbd`aZFy�¤dZFma��¨�{FbOha��od}°¦x¬"Z�}xZYZ�y�haoL�QZY}xZFmkbqhaZ�b�X,ofyfZY�0oq��¨W}x��haZ JÒbq}�y!ham|bd{�hkbq�W��Z2K
`a� �YZdªBT�Ux��`�wxcfh|`={�oQ}W`©ham|bq��}Qh|`�od}�haUxZ0h�ijfjidIM`awDZF{���¨�{FbOha��od}°±���odm�Z�exbqX,wx��Zd¦vhkUxZz}vcxX��DZYm�od�0wWbdmkbd����ZY�
wWmaof{�Z�`a`aZF`�X�c�`jh$��Z�`©hkbqha��{Ybq����i¸��oQcx}WyfZ�y4¦;bq}Wy¡{|UxoQ��{YZF`�oO¤dZYm]��}f¨W}x��haZ,m|bq}x�QZF`]bqmkZ���odmk�x��yxyfZF};ª�¥xcWm©²
hkUxZYmkX,odmkZd¦D¤Obqmk��oQcW`Mw�bqm|bqX,Z�hkZYm|`$JÒyxbqhkb�mkbd}x�dZ�`Y¦D�xcsE§ZYmz`a�.�FZF`F¦�ZYhk{dª K¡bqmkZ�`aZ�h�hao�X,��}x��X�bq��¤Obq��cxZF`Mhao
µQZYZFwghkUxZ�`©� �YZ$od�0hkUxZ$X@ofyfZF�;¬���haUx��}!maZ�bd{|UWbd�x��Z]�Dodcx}WyW`Yª

T�UxZPF,HsIzwxmkoqhkof{�od�°X,bd}Wbq�QZF`�Z�bd{|U!�x��of{|µ�od��X,ZFX@oQmai���}WyfZYwDZY}�yfZY}Jha��id¦§`aoLodcxmkh�i\fTidIz`awDZF{���¨x²
{FbOhk��oQ}L��of{�cW`aZF`�oQ}ghkUxZ$X,bd}Wbq�QZYX,ZY}Jh�oq�0b,`a��}W�d��Z��x��of{|µ�J��DZF{FbqcW`aZ$oq�°hkUx��`Y¦vhkUxZ$�x��of{|µLbQyxyfmkZF`k`¨�ZY��y
��} bd������}JhkZYm|bd{ hk��oQ}W`�}WZY¤dZFm�{|UWbd}x�dZ�`�bd}Wy ��`�hkUxZYmkZ���oQmaZLoQX,�®hahaZFy ��} haUxZ!`©wDZF{Y�®¨D{YbOhk��oQ}�K ª���oqhkU haUxZ
F,HsILwxmkoqhaof{Yod�bd}Wy�haUxZ6ObQTSVUWIL`©ZFma¤v��{�Z,hkUWbOh���`�c�`©Z�y(�Ji�haUW��`�wxmaodhaof{�oQ�bqmkZL`aw�Z�{���¨WZFy4ª�T�UWZg`©� �YZ
od�hkUxZ�`©if`©haZYX ��`]¨xefZFy¯hao�hkUxmaZFZ@`a��haZF`F±�haUx��`z��`��DoqhkU bq}¯��X,w�oJ`©Z�y¯X�bqev��X�cWX ¬zª m�ª hFª�`©hkbqhaZ�`awWbd{YZ
ZYefwx��oJ`©��od}!bq}�y¸b,maZ��QcWZF`©haZFy�X,��}x��X�cxX ¬zª m�ª hFª"haUxZ�{YoO¤dZFmkbd�dZMod�Bw�oJ`a`a���W��Z�`k{�ZF}Wbqmk��oJ`���}!hkUxZ�`aif`jhkZYX
JÖ`©oQX,Z]��}JhaZFmaZ�`jhk��}x��`a�®hkcWbOhk��oQ}W`�yfo,}xodh=ov{F{�cxm�¬���haU!oQ}x��iLhj¬"o�`a�®hkZF`�K ª

�¸oJ`jhnyxbqhkb�hjivw�Z�`�UWbS¤dZ��DZYZY}�yfZY¨W}xZ�y�c�`©��}x�]haUxZcORmC�CQ=i�`©iv}Jhkbqe�Z�evhkZY}W`a��oQ}W`Fª���ZF`a��yxZF`�mkZFyfcW{Y��}W�
hkUxZ$`©� �YZ]oq�0yWbOhkb�hjivw�Z$yfZF{Y��bdmkbqha��od}W`,JÒ��uz¤f`Yª��J�d������}xZF`�oq�%yxbOh|bzhjivw�Z$yfZY¨W}x��ha��od}W`�K ¦vhkUxZF`aZ�}Woqhkbqha��od}W`
bdmaZzbd��`ao�X�cW{|U!X,odmkZ$maZ�bdyxbd�x��Zd¦WbS¤Qod��yLhkUxZ��xcxm|yfZF}�od�BZF�JcWbOhk��oQ}Wbq�;yxZ�¨W}x��ha��od}�`=bq}Wy!UW��yfZ$hkUxZzhkZF{|Uf²
}W��{Fbq�;{�oQX,wx����{Ybqha��od}W`�}WZYZFyxZFy�hao�bq����oO¬ haUWZ�{�odX,wx����bOha��od}�oq�Bbq���dZF�xm|bq��{Myxbqhkb@hjivw�Z�yxZ�¨W}x��ha��od}�`YªnT�UxZ
{YodX,wx��Z�hkZ�`©wDZF{Y�®¨�{FbOhk��oQ}�J�¬���haU�ORmC�CQ=i¡}xoqh|bOhk��oQ}W`9K���`Mbd��oQcfh�[ %&% %@����}xZ�`=��od}x��¦Wbq}�y!��`�wWmaoO¤v��yfZFy���}
bdwxwDZY}Wyf��e�bqh�haUxZzZF}Wy�oq�°hkUx��`�maZFw�oQm©h�ª

T�UxZ�`awDZF{���¨�{FbOha��od}�X,ofyfZY��`�haUxZGF,HsIzwxmaodhaof{�oQ�4bOh�hj¬�o@yf�.E§ZYmkZY}Jh=��ZF¤dZF��`�od�%bq��`jhkmkbQ{ ha��od}°±

Y haUxZ(wxmkof{�Z�`a`
	���7{YoO¤dZYm|`,hkUxZ��9���8���:���k�.��>2��� ¦$¬�UxZFmaZ�¬"Z({�oQ}W`©��yfZFm�oQ}x��i7hkUxZ {Ybq����`Lhko F,HsI
wxmk��X,��ha��¤dZF`���oQm=bd{F�QcW��mk��}W�,bd}Wy�maZF��Z�bd`a��}x�,bd{F{�Z�`a`"hao,hkUxZGF,HsI]�x��of{|µD´

Y haUxZMwxmaof{YZF`k`�	��������������]bQyxyx`n{YodX,wx��ZYX,ZY}Jhkbdmai�wxmkov{YZF`k`©Z�`%hao�	���$hko�{�odX,wDoQ`aZ�haUxZR�����*�b�.��>2��� ¦
¬�UxZYmkZ]¬"Z$bq��`©o�hkbdµdZM��}Jhao,bd{F{�odcW}Qh�bd{F{�Z�`a`hao,bq}WygX,ovyx�®¨�{FbOhk��oQ}goq�°haUxZzyxbqhkb���}�haUxZ]�x��ov{|µ�od�
X,ZYX,odmkiL��hk`aZY���jª

T�UxZ$hkodwf²Æ��ZY¤dZF�;`jhkmac�{ hacWmaZ$oq�0haUxZzmkZF`acx��ha��}x��`©wDZF{Y�®¨D{YbOhk��oQ}���`�`aUxoO¬�}�oQ}¸¥0���dcWmaZ ufª
T�UxZ�F,HsIgwxmaodhaof{�oQ�"��hk`aZY����`a�®h|`�bqh�hkUxZ�{Yod}Jhamkod�"��ZF¤dZF�Ö¦bd}Wy ��`�`awDZF{���¨WZ�y ��odm,b��Q��¤QZY} `a��haZ�bQ`�b

wWmaof{�Z�`a`��������¬��®hkU(��odcxmz�JbOhkZF`F±��! �"!#���$¸bq}Wy%�� �"�&(')"g`acxwxwDodmahz{Fbq����`z��maoQX haUWZLbqwxwx����{YbOhk��oQ}W`F¦0bd`
mkZF�JcxZ�`jh�nObd}W`©¬�ZYm�wWbq��m|`$oq�"ZF¤dZF}Qh|`Y¦0bq}Wy*"(��'�+¸bd}Wy,#-�!.�`acxwxwDodmah$ZFX,��`k`©��od}(bq}�y¯mkZF{YZYwfhk��oQ}¯oq�GF,HsI
wWmaodhaof{�oQ�nX,ZF`k`abd�dZF`zhaUxmkodcx�QU(haUxZ�cx}WyxZYmk��iv��}x�!ORQTSVUWI�`aif`jhkZYX!ª�s�h�haUx��`���ZF¤dZY�H¦%haUxZ���ZFUWbS¤v��oQcxm�od�
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ORQTSVUWI%��`;mkZFyxcW{�Z�y]haoMb�{YodX,X�cx}W��{FbOha��od}]�ÒbQ{�������hjid¦OyfZ�`a{Yma����Z�y$��}$hkUxZnwxmkof{�Z�`a` � ��+-����0ª;¥Wodm;X,ofyfZY������}x�
wWcxmawDoQ`aZF`F¦JhaUxZ$�xcCEDZFma��}x�,{Ybqw�bd{���hji,��`�����X@��haZ�yLhko�oQ}xZ$X,ZF`k`abd�dZMwDZYm�`aZY}Wyx��}x�,`a�®hkZd± � ��+���(�g��`�X�bdyfZ
od�%`a��}W�d��Z�²³`©��oqh=�JcxZYcWZF`�����������	�� � �zwxcfh=��}�w�bqm|bq����ZF�Ö¦foQ}xZ$w�ZFm=`©��haZQª

T�UxZ]yxbOh|bz��ZY¤dZF�WwWbdm©hn��}Lwxmkof{�Z�`a` � ���)��#���Uxod��yx`BhkUxZM��of{Ybd��{�oQwx��ZF`nod�§haUxZ��x��of{|µ,bOhZ�bd{|UL`a�®hkZMbq}�y
bdwxwx����Z�` #���&�+Lbd}Wy���#-�����@ZY¤QZY}Jhk`=od}�haUxZFX�ª�·ÆhMbq��`ao@oQ�W`aZYmk¤dZF`"hkUxZ�X,ZF`k`abd�dZ�`"w�bd`k`©��}x�@haUxmkodcW�dU�haUxZ
"(�('�+L�JbOhaZ@bq}Wy�wxmaoQwWbq�JbOhkZF`�X�bd`©haZFm�{Yodwx��ZF`�bd{Y{Yodm|yf��}x�d��id¦��Öª Zdª���od����oO¬���}x�gbd}vi #�� &�+����godm���#-����� ���
X,Z�`a`kbq�QZdª T�UxZ¸`©� �YZ¸od�MhkUxZ�X,ofyfZY��¬�������yfZYwDZY}Wy oQ} hkUxZ�{�cW��Z¸od��hkUxZ¸mkbd}x�dZ�oq�$wDoQ`k`©���x��Z��W��of{|µ
¤Obd��cxZ�`ZJÖ`©��}W{�ZMhaUxZFmaZ]bqmkZ�haUWmaZFZM`©��haZ�`"bd}Wy,hkUJc�`nhkUxmaZFZ=��ov{Fbq�§{�oQwx��Z�`9K�±°hkUx��`m|bq}x�QZ�UWbd`haUWZYmkZ���odmkZ=�DZYZF}
mkZFyxcW{�Z�yLhko@oQ}x��iLhj¬�o�¤Obq��cxZ�`Yª

T0o�{YodX,wx��Z�haZLhaUxZ�wx��{�hacxmkZd¦Bb¸wWmaof{�Z�`a` 	 "���#¯��odm�Z�bd{|U `a�®hkZLZY}x��odm|{�ZF`�haUxZ�{�oQmamkZF{�h�cW`©Zgoq�LF,HsI
`aiv}W{|Uxmkod}x� �Fbqha��od}�wWma��X,�®hk��¤QZF`F±4��odm�Z�exbdX@wW��ZQ¦ ��#-������ZY¤QZY}Jhk`�bqmkZ�od}x��i�bq����oO¬�ZFy���ZYhj¬"ZFZY}"!���#)��'�� #)�����
bd}Wy �('�+�� #)�����kF,HsI"{Ybq����`�J�haUx��`%��`%bq}@bq�W`©ham|bd{�ha��od}zoq�fhkUxZ�`©UWbQyfZFy�cxwxwDZYm%��bSiQZYm°od�-F,HsIod}�¥%���dcxmkZM[2K ª
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T�UWZ"`aodcxm|{�ZtF,HsI"yfZ�¨�}x�®hk��oQ}LM ¥Wbd`k�d��NvyfZ�`a{Yma���DZF`4hkUxZ�wxmaodhaof{�oQ�dbd`%bq}z��}xwxcxh©²ÆodcfhkwxcfhB`jh|bOhaZ�bqcfhkodX�bOhkod};ª
T�UWZMyfZ�¨�}x�®hk��oQ}Loq�4wxmkof{�Z�`a` ������zZ�`a`aZY}Jha��bq����i�{YbdwfhacWmaZ�`BhaU�bOh"bdcfhaoQX,bqhaoQ};¦Jbd�®hkUxodcW�dU�`©ZF¤dZFmkbd�xmaoQcx}Wyx`
od��yf��`k{�c�`a`a��oQ}W`L¬���haU haUxZ¡yfZF`a���Q}xZYm|`�¬�ZYmkZ¸}xZYZ�yfZFy hao mkZFbQ{|U haUxZ���ZF¤dZY��oq��bd{F{�cxm|bd{Yi }xZFZFyfZ�y7��odm
��oQmaX�bd��`awDZF{���¨�{FbOha��od}°ª,¥Wodm$������cW`©ham|bOha��od}°¦°¥%���QcxmaZ,�!`©UWoO¬=`MhkUxZLbqcxhaodX�bqhaod}¡{�oQmamkZF`aw�oQ}Wyf��}x�Lhko!haUxZ
`awDZF{���¨�{FbOha��od}°±�� � J�mkZF`aw;ª�����Kz`©hkbd}Wyx`$��oQm ��3R
V(�(�
 ��� J�mkZF`aw;ª��9�9���*;���
 ���TKzod���¡¦�F,H)IL{Ybd����`�bqmkZ���}
� ¾ �Ö¿ J�¤f`FªZF,HsI�X@Z�`a`kbq�QZF`�K ¦xbd}Wy
	����yfZY}WoqhaZ�`=b�mkZYwDZ�hk�®hk��oQ}¸oq����ª� �ZFbdyx��of{|µf`=yfZYhaZF{�haZ�y!��}¸Z�bqmk��i
X,ofyfZF��`�mkZY¤QZFbq��ZFy�`©ZF¤dZFmkbd�DX,��`a`a��}x��{Ybd`aZF`���}�haUxZzoQma���d��}Wbq�4yfZ�`a{Yma��wfhk��oQ};¦xyfm|bS¬�}�bQ`�yfoqhahaZFy�ZFyx�dZF`Fª

·³}@haUWZZh�i\fTidI"`©wDZF{Y�®¨D{YbOhk��oQ}�od�tF,H)Iq¦qhkUxZ=`©hkbOhkZ�¤Sbdma��bq�W��Z�`0od��hkUxZ�wxmkoqhaof{Yod�f�DZF{�oQX,Z�w�bqm|bqX,Z�hkZYm|`
od�§haUxZ h�i\fTidI�wWmaof{�Z�`a`Fª�T�UxZM`©hkbOhkZ=��hk`aZY���;��`�bq��`©ozZF}W{�ofyfZ�y�bd`"bzwWbqm|bqX,ZYhaZYm,J«haUW��`"wxmkovyxcW{�Z�``aX,bd����ZYm
X,ofyfZF��`�haUWbd} yfZY¨W}x��}x�¡yx� E§ZYmkZY}Jh�X�cfhac�bq����i(mkZF{�cWmk`a��¤QZ�wxmkov{YZF`k`©Z�`z��oQm�Z�bd{|U `©hkbOhkZ�K�ª¡T�UxZ��Dovyxi¡od�
������¸��`�b�}xod}f²³yfZYhaZYmkX,��}W��`©ha��{L{|UxoQ��{YZL��ZYhj¬"ZFZY} mkZF{YZYwfhk��oQ} oq�LF,HsIgmkZF�JcxZF`©hk`�bq}Wy X,Z�`a`kbq�QZF`Fª�¥xodm
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Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)� ������� �����	�
��������� ��� ���

ISSN 0249-6399


