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655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN (France)
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kJ�`|V}�]`u-u�j�c*j¦p&]`cE��|{cb��p&��p¥q¢uJ�Dp&]`cEaTu�j&p�;ákJz{z{s�uyz{s&�±°
kJp�c=<
j�cbs&«�cbs$DZuys�����j�p�uJ�	j~cbs&«�cbs�j��Zuystj~}�]`c*|om{�����{��z{m{s&z	u�j�c*j�E@Á��²¬äc�¬�Á�p&]`c^�²kyj&p�c*j&ptuys�p&]`c�}~]`clkJz�c*j�p
uy�`c'DZj�E@¬ £Ec@noplÁ��Zuy����u¯¤
���{� p&]`cV�Íc*c*|o©�ky}�§ z{]�kyj�cµ|{c*j�}bs&��z{p&��uy�DÁ^��pTj~cb�`|{jTp&]`c¢s�c*j&m{��pTp�u2]{��j
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p&]`cÂj�cbs&«�cbs�j^¤
]{��}~]�¤¦cbs�c:�`uyp�j�cb��c*}bp�c*| DYm`j&���{�Tp&]`c:r���� j�}~]`cbaTc
���³p&]`cW}*uys&s�c*j&z	uy�`|o���{�¹j&m{©{p&s�c*c E@¬
ª[p~kJ��cW©[q�j&p~kJ��c�ÁDkJ�`|��Íuy����ul¤
���{�µp&]`c®j~kJaTcWj�}~]`cbaTc�Á	p&]`c
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�Ø����kJ����q�ÁDp&]`c(x$� j�cb�`|{j7p&]`c®j~cbs&«�cbs7� ¿ DZj�E�p�u�p&]`c®}b����cb�[p:¤
]{��}�] ��� p&m{s&� }*uy��p~ky}bp�jÂp&]`c
j~cbs&«�cbs DZj�E7p�uµ���{��p&�´kJ���7[lc�p&]`ce}*uya®z{m{p~kJp&��uy�D¬�\^]`cb�DÁ�|`kJp~k�kJs�cTj�cb�[pl¬µ\^]`cej�cbs&«�cbs DZj�E:��jÂ�`u¯¤
kJ©{��c7p�u®j~uy��«�c7p&]`c:s�c ��m`c*j�p�c*|¢z{s�uy©{��cba¹¬_B ]`cb�µp&]`c:}*uya®z{m{p~kJp&��uy����j
|{uy�`c�Á{p&]`c7s�c*j&m{��p�jEkJs�c
j~cb��p�©�ky}~§Vp�uWp&]`c�}b����cb��pl¬8�E���Gs�c*j�uym{s�}*c*j
m`j~c*|µp�u(�Ym{�HM`���<p&]`c:s�c ��m`c*j�p%kJs�c:s�cb��clkyj�c*|G¬

\D¤�uWz{s�uy©{��cbaTj%}lkJ�¢u-}*}bm{s
¤
��p&]¢p&]`c:kJ����uys&��p&]{a z{s�cb«[��uym`j���qez{s�c*j�cb�[p�c*|G¬t�²��cb«�cbs&qVkJ��cb��p
¤^kJ��p�j(m{��p&���
kJ������p�j(j�uy� �`u-|{c*j�]�kl«�cµkJ�`j&¤�cbs�c*|GÁtkJ�`| �±��j�uyaTcez�kJs&p(uJ��p&]`ce]{��cbs~kJs�}~]�q ]�kyj
}bs~kyj�]`c*|GÁ�¤¦cE}lkJ�V]�k*«�c:k:��� M`�{��p�cE¤¦kJ��pl¬�x�uys�c*u¯«�cbs�¤
��p&]¢uy�`c%aTc*}~]�kJ�{��j&a¶uJ�Ds�c*j�cbs&«�kJp&��uy�VuJ�
s�c*j~uym{s�}*c�Á ¿ �á¨t\Àa�m`j&p¦z{s�u[}*c*j~j�}bs�u�j�j¦s�c �[m`c*j&p�jlÁ[�²¬äc�¬�s�c ��m`c*j�p�j�j�cb�[p�©[qe|o�HGGcbs�cb��p
}b����cb��p�j¦�Íuys
p&]`c:jLkJaTc:s�c*j�uym{s�}*c�¬t���µp&]`c:�`c@nop�j�c*}bp&��uy�DÁ{¤�c�c@n-z{�´kJ���¹]`u¯¤ p�u®|{clkJ�D¤
��p&]�©�uyp&]µz{s�uy©{��cbaTjl¬
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� � ½ � ¸ �l�-� � . ½�� � �G¸ ��� ¸ ���G� � � 	Ø� ¸
��� uys�|{cbs(p�uµp~kJ§�c�����p�u�ky}*}*uym{�[p®j�cbs&«�cbs�j:�²kJ����m{s�ce¤¦c�ky|{|{c*| k¢p&��aTc@°¥uym{p®kJp�p&]`c � � ��cb«�cb�²¬
\^]`cÂs�c*j&m{��p&���{��kJ����uys&��p&]{a �Íuys
p&]`c:j�cbs&«�cbs
�Zs�uy��pw°¥cb�`| D �'��E¦��j^����«�cb�¹���9�E����uys&��p&]{a d�¬

\^]`c®«ykJ��m`c®uJ�^p&]`c®p&��aTcbs
α
s�cbz{s�c*j�cb�[p�jÂp&]`c®p&��aTcT|om{s&���{��¤
]{��}�] ¿ �á¨t\#¤¦kJ��p�jÂ�Zuys:p&]`c

M`s�j�p�j�cbs&«�cbs �äj�kJ�`j�¤�cbsl¬��¥�	�`u�j�cbs&«�cbsts�c*j&z	uy�`|{jlÁ�p&]`c �'� s�cbz{����c*j�p�uÂ��p�j��²kJp&]`cbstp&]�kJp��`uÂj~cbs&«�cbs
��j(k*«�kJ���´kJ©{��c��Zuys
p&]`ce}bm{s&s�cb��pWs�c �[m`c*j&pl¬µ�¥�EkJp���clkyj&p(uy�`cej�cbs&«�cbs®kJ�`j&¤�cbs�j¯Á�k�j�c*}*uy�`| p&��aTcbs
c �[m�kJ�Dp�u

β
��j%j&p~kJs&p�c*|G¬¦\^]`cÂz{m{s&z	u�j�cÂuJ��p&]{��j%p&��aTcbs%��j�p�ubM{n�k®}*uya®z{s�uya®��j�cÂ©	cbp¥¤¦c*cb��p&]`c

s�c*j�z�uy�`j�c¦p&��aTc^uJ��p&]`c^j�}~]`c*|om{��cbs�kJ�`|(p&]`c�kJ����s�cb��kJp&��uy�euJ��p&]`c�kJ�`j&¤¦cbs�j�uJ��|o�HGGcbs�cb��p�j~cbs&«�cbs�jl¬
B ��p&]`uym{p
p&]{��j^p&��aTcbslÁ{uy�`c:|{u-c*j^�`uyp�uy©{p~kJ���µp&]`cEaTu�j�p�c�G	c*}bp&��«�c:j�cbs&«�cbs^©{m{p
p&]`c:uy�`c�¤
]{��}�]
kJ�`j�¤�cbs�c*|µp&]`c7aTu�j&p ��m{��}~§[��qVp�u®� �7ª-\:¬

α
kJ�`|

β
|{cbz	cb�`|µuy�µp&]`c:��m{a
©�cbs%uJ��j�cbs&«�cbs�jl¬ B2c

}lkJ�¹�Ym{s&p&]`cbs�uyz{p&��a®�7[lcÂp&]`c:s�c*j&z	uy�`j�c:p&��aTcÂ©�qµ|{c*}bs�clkyj&���{�ep&]`c�p&��aTcbs
β
¤
]`cb��p&]`c:��m{a
©�cbs

uJ��j�cbs&«�cbs
s�c*j&z	uy�`j�c*j
���`}bs�clkyj~c*jl¬
g%cbaekJs&§³p&]�kJp�p&]`c
	���
���
�����
¹}lkJ������j(kJ� kyj&q-�`}�]{s�uy�`uym`j��Ym{�`}bp&��uy�D¬¢�¥�
k�j�cbs&«�cbsÂ��j��`uyp

s�clky|oqVp�uekJ�`j&¤¦cbs%uy�`cÂ}~]`u[u�j�c*j�p&]`c7�Zuy����u¯¤
���{�Vky}*}*uys�|o���{��p�uTk(s&���{�`¬

� � ½ � ¸ �l�-� � . ½�� � � �1. ¸�� ���D� � � 	Ø� ¸
\^]`c:�ÍkJ����m{s�c
uJ�tkJ�[q�kJ��cb��pE����p&]`c:]{��cbs~kJs�}~]�q�}*uym{��|OkJ��j�u®��clky|¹p�uVkJ�¹��� M`�{��p�cÂ¤^kJ��p7kJ�`|¹p&]`c
��u�j�p�uJ�¦ke©{s~kJ�`}�]2uJ��p&]`c(j~}�]`c*|om{��cbs:p&s�c*c�¬:\<uµkl«�uy��|Oj�m`}�]³¤¦kJ��plÁG¤¦cWj�cbp7kJ�³uyp&]`cbs:p&��aTcbs

σ¤
]{��}~]�|{cbz	cb�`|{j%uJ��p&]`cÂ|{cbz{p&]�uJ��p&]`c7p&s�c*c DZj�c*c �E����uys&��p&]{a �'E@¬
�¥�¢p&]{��j
}lkyj�c�Á-p&]`c�	���
���
�����

�Ym{�`}bp&��uy�¹}lkJ�¢©	c7j�c*cb�¢����§�cÂkyj¦j�q[�`}~]{s�uy�`uym`jl¬t­�ul¤�cb«�cbslÁ���p

}lkJ��j&p&�����G©�c7���[p�cbs&s&m{z{p�c*|¹©[qVp&]`cÂp&��aTc@°¥uym{p
σ
¬
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���J. ½ � �S��� ��� �'�#kJ����uys&��p&]{a m`j����{�ekWp&��aTc@°¥uym{p
p&��aTcbs�� �
p&��aTc���uym{p��

α}bm{s&s�cb�[p	��j�cbs&«�cbs
�7�
s�c*j�z�uy�`j�c��7�
¼ �<� � ¸ D
DYp&��aTcbs

<
p&��aTc���uym{p�E ��g DYs�c*j&z	uy�`j�c

! =
�[©���j�cbs&«�cbs�E
E ¾ ½

� ��x�cbaTuys&q��
s�c*j&z	uy�`j�c ?ä}bm{s&s�cb��p	��j�cbs&«�cbs A�
��#\
g���¨ ��� ¸��
� ���¥s�c*}*cb��«�c'DZ� �:ª-\�����£�����g%x$��\
� ��£
Á

Scurrent
�

server

E���� ��� ��� ¸��
p&��aTcbs�� �
p&��aTc���uym{p��

βs�c*j&z�uy�`j~c����
x�cbaTuys&q��
s�c*j&z	uy�`j�c ?ä}bm{s&s�cb��p	��j�cbs&«�cbs A���\
g���¨

¸�� ¾ � �
¸�� ¾ � �
}bm{s&s�cb��p	��j�cbs&«�cbs
���
� ��}bm{s&s�cb��p	��j�cbs&«�cbs�������©���j�cbs&«�cbs
�(d ��� ¸��
}bm{s&s�cb��p	��j�cbs&«�cbs��#�

¸�� ¾ � �
¸2� ¾ ¼ �<� � ¸

���J. ½ � �S��� ��� �E��cb��pEkJ����uys&��p&]{a m`j&���{�ek(p&��aTc@°¥uym{p
p&��aTcbs�� �
p&��aTc���uym{p��

σ
��½ ��� � � ��clkN�tuJ��p&]`c:}bm{s&s�cb��p�kJ��cb�[p ¾ ½
¼ �+� � ¸ DZ��s�c*}*cb��«�c'D²ª 
 ­E¨ ¿ � �D¨tg�����£�����g%x$��\
� ��£
Á��%��cb�[p

leaf

E���� ��� E ��g
DYp&��aTcbs

<
p&��aTc���uym{p�E ¾ ½

�`uyp&]{���{�
¸�� ¾ ¼ �<� � ¸

¸2� ¾ �¥½ �

£Euyp�c(p&]�kJp7�`u �%��cb�[p�§-�`ul¤�j7p&]`cW�[m{a�©	cbs�j:uJ�¦j�cbs&«�cbsbDY��� }*uy��p&s~kyj�p:p�u¢kJ� �'��E@¬Dª-u{Á	��p
j~c*cbaTj%|o���e}bm{��p%p�ue|{c*j&������kJ�OkJ����uys&��p&]{a m`j&���{�Tp�¤�u�p&��aTc@°¥uym{p3DÍkyj
�Íuys�p&]`c � �#kJ����uys&��p&]{a:E
©	c*}lkJm`j�c7�`u®¤^k*q¹kJ����ul¤�j%p�uT}*uya®z{m{p�c:p&]`cÂj~c*}*uy�`|µp&��aTc@°¥uym{pl¬
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��½ � � 	<�J� ¸2� � ��¸�� 	 ¸ �*�l� � � ½ � ¸ �¯�-� � .
�`s�uya¡p&]`cW}b����cb�[p:z�uy���[p7uJ��«[��cb¤ÂÁ�p&]`c(s�c*j�uym{s�}*cNDZj�cbs&«�cbs�E�kJ����u[}lkJp�c*|³©[q¹p&]`cWx:� ]�kyjEp�uV©	c
s�c*j~cbs&«�c*|G¬¦���`|{c*c*|GÁ`�±��p�¤�ue}b����cb�[p�j7j�cb�`|µp¥¤¦ues�c �[m`c*j&p�j�kJ�`|µp&]`c�}~]`u�j�cb��j�cbs&«�cbsE��j�p&]`c
j~kJaTc
DY©	c*}lkJm`j�c
p&]{��j7j�cbs&«�cbsE��j7k*«�kJ���´kJ©{��cW|om{s&���{�¢p&]`c5( )+*-,2j&p�cbz5E@ÁGkT}*uy���`��}bp:}lkJ�³u[}*}bm{sl¬$B ]`cb�
p&]`cWj�c*}*uy�`|³}b����cb�[p:kyj�§-j�p&]`cWj�cbs&«�cbs��Zuys�p&]`c(s�c*j�uy��m{p&��uy� uJ����p�j�s�c �[m`c*j&plÁ�p&]`c(j~cbs&«�cbs7}lkJ�³©	c
kJ��s�clky|oq¢¤¦uys&§[���{�euy��p&]`cdM`s�j&p%}b����cb��p �äj%s�c ��m`c*j�pl¬

\<u¢k*«�uy��|�p&]{��j%z{s�uy©{��cba¹Á�¤�c
����p&s�u-|om`}*c(kTp&��aTc@°¥j&p~kJa®z³aTc*}�]�kJ�{��j&a¡����p&]`c3( )+*>,2}lkJ����j
p&]�kJ��aekJ§�cÂp&]`c:s�c*j�uym{s�}*cÂs�c*j�cbs&«ykJp&��uy�Oj�c �[m`cb��p&�´kJ�²¬¦\^]`cÂ|os~k*¤
©�ky}~§�uJ��p&]{��j�j�uy��m{p&��uy����j�p&]`c
�Íuy����ul¤
���{�`¬ \^]`cV}lkJz�ky}b��p&��c*j®uJ�%p&]`c¢j�cbs&«�cbsW}lkJ� ©	c�m{�`|{cbs�c*j&p&��aekJp�c*| ¤
]`cb� s�c*j�uym{s�}*c*j®kJs�c
s�cb��clkyj~c*|G¬NB2cT��u�j�ce��� z{s�c*}b��j&��uy� �Íuys�p&]`c®�Íuys�c*}lkyj&p(©{m{p���kJ��� uJ��j&q-j�p�cba j&p~kJ©{������p�q �Zuys�p&]`c
}b����cb�[pl¬

����� 7���� � 
��1, �
� ��	

\^]`c�M`s�j&p�j&��a
m{�´kJp&��uy�Vj�]`ul¤�j�p&]`c
��a®z�ky}bp¦uJ�Gp&]`c
]{��cbs~kJs�}~]�q�¬��`uys�p&]`cEj~kJ§�c�uJ�Dj&��a®z{����}b��p¥q�Á-¤¦c
m`j~c*|ekJ�T]`uyaTuy��cb�`c*uym`j��`cbp¥¤�uys&§Tj���a®���´kJs�p�u:� �7ª-\.¨�p&]`cbs&�`cbp¦kJ�`|�clky}�]ej�cbs&«�cbs¦|{cbz�cb�`|{j�uy�
p&]`c�j~kJaTc 
 r �(¬�\^]{s�c*c�§[���`|{jEuJ� ¿ �á¨t\ kJs�}~]{��p�c*}bp&m{s�c*j7]�k*«�c�©�c*cb��|{c�M`�`c*|�p�u®aekJ��kJ��c3]J�
j~cbs&«�cbs�jdDZ\�kJ©{��c®d%|{c*j�}bs&��©	c*j¦p&]`c�kJaTuym{�[p^uJ�<|o�HGGcbs�cb��p ¿ �á¨t\À}*uya®z	uy�`cb��p�j�E@¬t\^]`cE|om{s~kJp&��uy�
uJ��clky}�] p~kyj&§ ��jVdl���Oj�c*}*uy�`|{jW¤
��p&] �`u³uyp&]`cbsW��u�ky|G¬ ���`|{c*c*|GÁ	��

������
����2}*uya®z{m{p�c*jWp&]`c
s&m{�{�{���{� p&��aTcµm`j&���{�2p&]`c 
 r � j&z�c*c*| uJ�7p&]`cµ]`u�j&p Dwdl� x���uyz`j��Jj�E®kJ�`| p&]`c�kJaTuym{�[p�uJ�
z{s�u-}*c*j�j&���{� DY���2x���uyz5EE�`c*c*|{c*|³p�u¢z{s�u[}*c*j~jEp&]`cWp~kyj�§�uy� kVj�cbs&«�cbs Dwdl�����¢x���uyz5E@¬
���³p&]{��j
j���a�m{�´kJp&��uy���`uWs�c*j~cbs&«ykJp&��uy��j�q-j&p�cba¶��j�p~kJ§�cb�¹����p�ueky}*}*uym{�[pl¬

� � ¸ �J�{�J� �<�Y��� � 4t¸ � ¸ � � � �&. ¸�� � 4 � �G¸ ��� ¸ �
�Dcb«�cb�¦d d � � dP]
�Dcb«�cb��� d ] H H
�Dcb«�cb��� d db� dP] �

\�kJ©{��c
d O �EaTuym{��p
uJ�Dcb��cbaTcb��p�j^m`j�c*|ep�u�aekJ��kJ��c ]J�
j~cbs&«�cbs�jl¬�\^]`c%}*uy��m{a®� ;wª-cbs&«�cbs <%��j�p&]`c
kJaTuym{�[pEuJ��j�cbs&«�cbs�j�|{cbz	cb�`|o���{�euy��uy�`c � �
¬

�Ø����m{s�cV�¹j&]`u¯¤�j(p&]`cT��a®z�ky}bpWuJ�^p&]`ce]{��cbs~kJs�}�]{��}lkJ�
aTu-|{cb�²¬µ\D¤¦u¹�²ky}bp�uys�j
c@noz{�´kJ��� p&]{��j
s�c*j�m{��pl¬ B2c |{u �`uypµ]�k*«�c2p�u z{s�ul«�c³p&]�kJpµp&]`c³©{s�u�ky|{}lkyj&p�uy� k p&s�c*c³��j¢©	cbp&p�cbsµp&]�kJ� k
j�p&s~kJ����]�pw�Íuys&¤¦kJs�| s�uym{�`| s�uy©{���.kJ����uys&��p&]{a p�u M`�`| p&]`c�©	c*j&p®j�cbs&«�cbsl¬ \^]`c¢j�c*}*uy�`| �²ky}bp�uys
|{cbz	cb�`|{j®uy� p&]`c¢s~kJp&��u³©	cbp¥¤�c*cb�.p&]`c¢p&��aTc¢p�uOj~cb�`| k�s�c �[m`c*j&pekJ�`| p&]`c¢p&��aTc¢p�uO�´kJm{�`}�]
p&]`cµ}*uya®z{m{p&���{� p~kyj&§	¬ ¿ m`c¹p�u j&��a�m{��p~kJ�`c*uym`j�s�c ��m`c*j�p�jTj�cb�`|GÁ^k j�cbs&«�cbs®����«�c*jTp&]`c�j~kJaTc
s�c*j�z�uy�`j�c
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Unit é de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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