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��� �������/¢�� v/p[�0u � | f | psvCz���f�r p � r~l¥�wo¥f�nCv�x � uy�Xo dfwg�f | f�ztr3p[�Clmomlmz{psrtlmuyv�x0p �¸® f�f | �?ps�3¯"vCu�v�omlmvþ�f�p[l � f
|�� nCv'zt}Hztr df�g�f���u�vCztr~l¥r~n��f |�� nCvCf�x?u�nCr � f5±0f��Hl¥�Xo¥f��?���f�f dp�o � nCvCf | f5z~f�zEf��Hr � �f�g-l¥rC�f�z dp�nXv���u � xCz � lm�yl | f�f�r
omlm� � f dp�o � psnCr � f fw��r � �f�g-lmrC�f ´ � v"z~nCxCx0uyztf ¹ n � l¥oHv � }�p�x?p[z | f ®«� uyr~rtf�g-f�vHrtz ´ ��f�xComnCz�½[u�v"x � uyx0uyz~f�nCvCf
omuyl | f���uyg-gQp[v | fE��u�g�x0uyzC�f�f |�� nCvCf»x?p � r |�� nCv��wuyvHr ���uyomf | f���uynXxComf5f��Hf � �¸�f�f�z~n � o¥f | lmz ¹ nCf5f�r |�� psnCr � f
x?p � r |�� nCv���u�vHr ���u�omf | f ® u � ��f�f�r��suyn | f�g�u�g�f�vHr psxCxComl ¹ nþ�f�z~l¥g/nXo¥r3p[v��fwg�f�vHr dp�o � fw��r � �f�g-lmrC�f�omlm� � f | f
oqp/x0uynXr � f ´ � v£g-uyvHr � f�lm��l ¹ nCf"�wf�rtr~f/o¥u�l | f���u�g�gQpsv | f�p[ztz~n � f/nXvãpsg�u � rtlmztz~f�g�fwv�r�fw��x0uyvXf�vHrtlmf�o
| fwz ¾Hlm� � psrtlmuyvXz | f�oqp�x?u�nCr � f ´ ��f�rtr~f���uyvC�wo¥nXztlmuyv/f�z~r p[v0p[omuy��nCf dp | f�z � �f�z~nComr{p[r~zþpsvHrC�f � l¥fwn � z�uy�Cr~f�vHnCz
p	¾�f�� | f�z-��uyvHr ���uyomf�z-oml¥v��f�p[l � fwz/gQp[lmz���f�r~rtf ® uylmz/vCu�r � f`��oqp[ztz~f | fJ�wuyvHr ���uyomf�z�fwztr�xXo¥nXz/o²p � ��fQfwr�f�v
x?p � r~l¥�wnComl¥f ��� uy�XnCztr~f ´
�¶¨0� ��Å�¡s© �º¢ ��lmz ¹ nCf�È x0uynCr � f�fwv � uyr3p[rtlmu�vE½C��uyvHr ���uyomf�vXuyv�oml¥v��f�p[l � f/½CjHr3p[�ClmomlmrC�f�f��Hx?u�vCf�vHrtlmf�omomf ´
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b�c f/xXn � x0uyz~f�u ® r c l¥z�x?psx?f � lmz�r~uJztr~n | }ºr c f/vXuyvComlmvCf�p ��® f�f | �?p[�3¯ºztr3p[�Clmomlm°�p[r~l¥u�vJx � uy�Comf�g u ® r c f
z~}�z~rtf�g x � f�ztf�vHr~f | lmv/r c f �?�yn � f"� ´ b�c lmz5zt}Hz~rtf�g c p[z��0f�f�v�lmv�r � u | nC�wf | �H}���p[lmomo¥lmf�nXo?p[v | ¿Ðf�¾Hl�� ��� ´� r��wuyvCz~l¥z~rtz�u ® p | lmzt¯
	«����¤�lmr c p-�0f�p[g	�����p[r~r{p[� c f | rtu�lmrtz���f�vHrtf � psv | x0f � x?f�v | lm��nCoqp � r~u�r c f
| lmz~¯JxCoqp[vCf ´ b�c f | lmzt¯�	«��� � u�r{p[r~f�z ®¬� fwf�om}£p � uynCv | l¥r~z�p[�Hlmz�p[v | r c f�g�u�rtlmuyv-u ® r c f��?f�psg�	�����l¥z
��u�v �?vCf | rtu�p'xCoqp[vCf�x0f � x0f�v | l¥�wnCoqp � r~u/r c f | lmzt¯�	qz~f�f �?� ´ ��� ´

B

O

x

yD

� lm�yn � f/��� b�c f��0u | }�È �0f�p[g zt}Hz~rtf�g ´
b�c f'�?u | }�È_�?f�psg�zt}Hz~rtf�g&lmz��yu[¾�f � vXf | ��}-r c f ® u�omo¥u[¤�lmvC�'f ¹ n?p[r~l¥u�vCz���������������� ���������������
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¤ c f � f�r c f�x?u�ztlmrtlm¾�f���u�vCztr3p[vHrtz�#&%543�/p[v | %AQ�p � f � f�z~x?fw��rtlm¾yfwo¥}-r c fÁ±?f��Hn � p[o � lm��l | l¥r_}H½	r c f�gQpsztz5x0f �
nCvXl¥r�omf�vC��r c u ® r c f/�0f�psg£½Epsv | r c f | lmzt¯ � z�g�u�g�f�vHr�u ® l¥vXf � r~l²p6RS+F	D02��lmz�r c f�p[vX�ynCoqp � ¾�f�omu��wl¥r_}�u ®
r c f | lmz~¯7psr r~l¥g-f�0 psv | r c f�omf�vC�yr c u ® r c f��0f�p[gTlmz5� c u�ztf�vJp[zUT�( � ´=V u � f�u[¾�f � ½5>K@�	102��42> - 	102��p[v |>IHW	D02��p � f � f�z~x?f��wrtlm¾yf�om} r c f/g-uyg�fwv�r��wuyvHr � uyo_½Er c f ® u � �wf/��uyvHr � uyo�p[v | r c f�rtu �t¹ nCf/��u�vHr � u�o r~u��?f
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| fwrtf � g�lmvCf | z~u�r c p[r�r c f"z~uyomnCr~l¥u�v � z fwvCf � ��}Ju ® r c f � fwztnComrtlmvC�-��omuyz~f | È_o¥uHu�xQz~}Hztrtfwg | f���p	}Hz�rtu/°�f � u
lmv�ztu�g�f ® nCvC��r~l¥u�v?p[o¸z~x?p[�wf ´� v`r c lmz�x?psx?f � ½0¤ f�r3p[¯�f�p�vCuyvXo¥lmvCf	p � �?u�nCv | p � }���uyvHr � uyoÀg�u�g�f�vHr.>K@ 	D02��p[v | �su � p�vCu�vComlmvCf�p �
�0uynCv | p � }Â��u�v�r � u�o ® u � ��f > - 	102�-p[xCxXo¥lmf | rtu§r c f ®¬� f�fJf�v | u ® r c f��?f	p[g 	����/¤ c lmomfJpJvCu�vComlmvCf�p �
��u�vHr � u�oEr~u �t¹ nCf&> H 	D02��l¥z�fw��f � rtf | uyv�r c f | lmzt¯�	«��� ´
b�c fwvE½�psz�lmv#r c f`o¥lmvCf	p � �	p[ztf �m��� � ½�¤ f`¤�l¥omo�z c u[¤&r c psr�lmv#uyn � ��p[z~f£r c fJz~}�z~rtf�g 	t� ´ � ��lmz�ztr~lmo¥o
z~r{p[�Xl¥omlm°�ps�Comf�p[r�psv�f ¹ nClmo¥lm� � lmnCgT¤�l¥r c f��Hx?u�vCf�vHrtlqp[o | f���p	} ´
b�c f�ztr3p[�Clmomlm°�p[r~lmuyv�x � u��Comf�g u ® r c f��?u | }�È_�?f�psgTzt}Hztr~f�g c psz5�?fwf�v�f��Hr~f�vCztlm¾�f�om}/ztrtn | lmf | lmv�r c f

omlmrtf � p[r~n � f��m� � ½F� ��� ½F�×� � ½��¥�	� � ½F�m��h � ½��m��� � ½F�m�	� � ½�� � 7 � p[v | � � � � ´ � v;� ��� ½5r c fJp[nCr c u � z"z c u[¤ f | r c p[r
¤�lmr c ztr � nC��r~n � pso | p[g-xClmvC��p[v | ¤�lmr c uynCr���u�v�r � u�o ½�r c f��0u | }yÈ_�0f�p[g�z~}Hztrtfwg c p[z�p �?vClmrtf�v�nXg/�?f � u ®
� uyr{psrtlmvC��f ¹ nClmo¥lm� � lmnCg z~r{psrtf�z ´ ¿Ep[r~f � ½L� omuH� c p[v | b l¥r~l �×� � z c u[¤�f | r c psrElmv�r c f g-u � f | l���wnComr¸��p[z~f u ®
¾Hlmzt��u�nCz | p[g-xClmvC�?½[p�omlmvCf�p � lmvCf � r~lqp[oCg�p[vCl ® u�o | f��Hlmztr~z ® u � r c f��0u | }�È �0f�p[gTz~}�z~rtf�g ´ � }�r{ps¯Hl¥vX��lmv�r~u
ps����uynXv�r�r c f�f��¸f���r�u ® | p[g-xClmvC�?½ypsv | ® u � p[vH}/��u�vCztr3p[vHr�p[vX�ynCoqp � ¾yfwo¥uH��lmr_}/z~gQp[omomf � r c p[vJp'� � lmr~l¥�	p[o
u�vCfy½¸p[v�f��Hx0uyvCf�vHr~l²psomo¥}/z~r{ps�Clmo¥lm°�lmvC� ® f�f | �?p[�3¯�rtu �t¹ nCf��wuyvHr � uyoEoqp	¤ c p[z��0f�f�vº�ylm¾yf�v-lmv � � 7 � ´ � v�r c f
z3p[g�f'��p[z~fy½Ep[v | �H}£p |C| l¥vX��p/�0uynCv | p � }`��uyvHr � uyo ® u � ��fy½Ðr c f�zt}Hztr~f�g9lmz�p[omztu-ztr{ps�Clmoml¥°	p[�Comf ® u � p[vH}
��u�vCztr3p[vHr psvC�ynCoqp � ¾yfwo¥uH��lmr_}�� � � � ´ b�c f�ztr3p[�Clmomlm°�p[r~lmuyv�x � uy�Comf�g u ® ztlmg-l¥oqp � zt}Hztr~f�g�z c p[z��0f�f�v/ztr~n | lmf |
lmvC�m��h � ½U�¥�	� � psv | �m��� � ´ � f���fwv�r~om}�½ ® u � r c f/�0u | }�È �0f�p[g:z~}�z~rtf�g ¤�l¥r c uynXr | p[g-xClmvC�?½0f��Hx0uyvCfwv�r~lqp[o
z~r{p[�Xl¥omlm°�psrtlmuyv/¤�p[z�f�ztr3p[�Comlmz c f | l¥v �m��� � p[z�ztuHu�v¼pszþpsr omf�psztr�u�vCf�u ® r_¤�u ©¬ª«¦�H C� �0uynCv | p � }���u�v�r � u�o¥z	 ® u � ��f�u � g�u�g�f�vHr �Elmz�x � fwztf�vHr�psr r c f ®¬� fwf�fwv | u ® r c f��?f	p[g ¤�l¥r c ½�l¥v�p |C| l¥r~lmuyvE½Hp��wuyvHr � uyo¸rtu �t¹ nCf
u ® r c f | lmzt¯ ´ b�c f�oqp[z~r � f�ztnComr�uyv�r c lmz�ztnC�y��f���r c p[z��0f�f�vJu��Cr{psl¥vXf | �H} |�� � v | �f�p È É�u[¾yf�oEpsv | ��u � u�v�m� � ��¤�lmr c uynCr | p[g-xClmvC��vCu � ��u�v�r � u�o¥z�u�vJr c f ®¬� f�f/�?u�nCv | p � }�u ® r c f��?f	p[g£½0r c f7psnCr c u � z ® u�nCv | p
r~u �t¹ nCf���u�vHr � u�o?¤ c l¥� c l¥vXztn � f | r c f�ztr � uyvC��ztr3p[�Clmomlmr_}�u ® r c f�zt}Hztr~f�g �CnCr�vCuyr5r c f�f��Hx?u�vCf�vHrtlqpso?u�vCf ´
b�c f5��uyvHr � lm�CnCr~l¥u�v�u ® r c lmzÀx?p[x0f � �wuyvCz~l¥z~rtz�lmv�f��Hrtf�v | l¥vX��r c f5��oqp[z~zEu ® ��u�vHr � u�omz¸x � u�x?u�ztf | lmv �m�	� � ´� v ® ps��r�½Hu�n � ¤ u � ¯-l¥z�g�u�rtlm¾yp[r~f | �H}�r_¤�u7p � ��nCg�f�vHr~z�� � l � ztr�½Xr c f�lmvHrtf � f�ztr�u ® ztnC� c psvQfw��r~f�vCz~l¥u�v�l¥z

r~u c lm� c oml¥� c r5r c f � u��CnCztr~vCf�z~z�u ® ��uyvHr � uyomz ´�� ��r~n?p[omom}�½Hp'g�lmvClmg"nXg | fw� � fwf�u ®E� uy�CnCz~rtvCfwztz�lmz�vCf�f | f |
lmv·p[xCxXo¥lm��psrtlmuyvXz�ztlmvC��f`vCf�lmr c f � ztfwvCztu � z�vXu � p[�wrtn?psrtu � z/��p[v#f�vXztn � fãpsvÂlmv �?vClmr~f�om}§x � f��wl¥z~fJomlmvCf�p �
��u�vHr � u�o p[z � f ¹ nCl � f | lmv
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Unit é de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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