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��� ����� � � »�YXv�WMx�byTVjGwVYXv�wmY¯eyY�tcedj   �¡YOWMYX`cb §<���r  vybdYOedir`mt�YO`-f5`mt � f5ikvqª�YXb�wmY�vdbge   h�b   egfubyi¢jc`�vdjc`cb
wVYXv�jc�mbdirWMikvgfubyi¢jc`VvnikWn�:jleybyfl`lbyYXv-wVY � f·egf5wmikjlvyikbdx¤TmikxXegf5eghqTmi��   Yl« »�f·�VeyYXWMikUXeyY,WMxXbyTmjmwmY�eyxXw   i¢b
� Y�`mjlW0£VedY�wmY � ikYX`¡v�tlxX`mxOedxOv�Wnf5ikv�YXvyb,ikWn�VeyxXh�ikvyY�hXf5e � YOv!jleyi¢YO`lbgfubyi¢jc`Vv3wmYOv,h�f5egeyYXf   ¹ f   vyY�ir`
wVYXvntleyj   �¡YOvMwVYIh�f5egeyYXf   ¹·eyxXh�YX�mbyY   eMYXb�xXWMY�bybdY   e�vdjc`lb�Wnf � �¡edirvdYOvnYX`�h/jcWM�VbdY � jceyv�w   hXf � h  m�
w�� i �¢�r  WMir`Vfubyi¢jc`³«��   fl`lb! � f�vdYOh/jl`¡wmY3f5�¡�VedjmhqTmY�YOvdb0byeyUXv   bdi � Y!h�fle�Y �k� Y3wmik�cirvyY�wmY-bgedUOv�tceyfl`VwmYXv
vgh/UO`mYXv�YO`,� �k  vdikY   egv�h�Y �k�k m� YXvLZuµ YXb�YXWn� � j5ikY�wmYXv�vybyegfubyx�tli¢YOv�w�� jceywmjc`V`Vfl`Vh/YOW0YO`cb"�   i�`mY�`mxXh�YXvgvdikbdY
�   �   ` vyj   vdo YO`VvyYXW*£ � Y,wmYIh/Y �¢�r m� YXv# �hqTVf$�   Y,x�byfl�¡YIw   h�f � h  V� w%� i �k�k  WMir`Vfubyi¢jc`³« ¸¯xXf5`¡W0jlik`¡v�s � f
h�jlWn� � Y/¹mikbdx0`   WMxOedi&�   Y*eyYXvybdY*byj   |aj   egv�byeyUXv¯x � Y��lx�Y � jceyv'�   Y � YOv¯h�Y �k�k V� YOv¯h�jl`cbdikYX`V`VYX`cb   `�`mjlW0£VeyY
irWn�¡jcedbgf5`cbLw%� jl£m|aY�byv�wmY0t5x�jcWMx�byeyikY*h/jcWM� � Y�¹GYl«L»�Y0`mj   �5Y � f � t5jcedikbyT¡W0Y0wmY0egf5wmikjlvyikbdx*TmikxXegf5eghqTmi&�   Y
�¡edxOvdYO`lbyx�ikh�i�fl�V�¡jcedbyY�wmYXv¯vdj �k  bdikjl`Vv( 3h/YXvL�Vedjc£ � UXWMYXv�YO`   bdi � ikvgf5`cb � YXv¯`mi¢�lYXf   ¹!wmY0wmx�bgfui �{§ ¸¯µ¯µ�ª
�:j   e�f5�V�VeyjmhqTmYXe � fMt5x�jcWMx�byeyikY�wmYOv�v   ea©flh/YOv�wVYXv�jc£G|aY�bgv�wmY � f�vgh/UO`mY5«
) Â �O� À �
* � � } ¥ `cbyTmUOvdY*w�� irWnfut5YOv�s:^ �¢�r  WMir`Vfubyi¢jc`,t � jl£Vf � YlsV�Lf5wVi¢jcvdikbdx�TmikxXegf5eghqTmi&�   Y5sV¸¯i¢�lYXf   ¹!wmY
wVx�byf5i �
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¦ i¢YOeyfleyhqTVikhXf � eyflwmikjlvyi¢b ¥54 �(6<s:hXf �k� YOw ¦ �¶©edjcW�`mj�± jl`³s¡ikv�±�irwmY �¢¥!  vdYOw�°jle�f � f5eyt5Y.eyfl`mt5Y.j5Afl�V� � i o
hXfubyi¢jc`VvNv   hqTnf5v87�byTVYXegWMf � YO`mt5ir`mY�YOedir`mt:s � iktlTcbyik`mt�vyirW  m� fubyi¢jc`³slegf5wmirfubyi¢�lY�byegf5`Vvd°YXe8±�ikbyTVik`�hXf5`mjc�mi¢YOv�s
flh/j   vdbyikhXv�s:Y�bghu«��N�lYX`!°jce¯vgh/YO`mYXv�j5{WMjGwVYXegfubdY0h/jlWn� � Y/¹mikb ¥ s ¦ �[vybdi �k� irv¯f-wVYXWnf5`VwVik`mt��Vedjmh�YXvgv�ir`
byYXegWnvNju�WMYOW0jce ¥ f5`¡w-h/jcWM�   bdir`mt0eyYXvyj   eyh�YXvX«�S�Tmirv{irv�w   YLbyj*byTVY¯`mYXYXw�j5�W0YOvyTVik`mtMv   ea©flh/YXvNik`cbdj
Y � YOWMYX`cbyv § jle0�VfubghqTmYXvqª%sAh�eyYXf5bdir`mt � ir`V®Gv*fl`Vw�h/jlWn�   bdir`mtI�Gikvyir£mi � ikb ¥ eyY � fubyi¢jc`VvyTVik�Vv�£:Y�bp±�Y�YO`�byTmYOvdY
Y � YOWMYX`cbyvX«59:jle*h�jlWn� � Y/¹·£   i � wVik`mt�ik`cbyYXeyi¢jceyvXs8vdj �k  byi¢jc`Vv*T¡fR�5Y-£:Y�YX`C�Veyjl�:jlvyYXw�bdj�h/jl�:Y3±�ikbyTºbyTmY
WMYOW0jce ¥ f5`¡w�h/jlWn�   byfubyi¢jc`��Veyjl£ � YXWnvX«AS�TVYXvyYLvdj �k  bdikjl`Vv�edY �¢¥ jl`�f0�VedYO�VeyjGh�YXvgvdir`mt�vybdYX� 4 �VscZms;:Vs <�6
h�jl`Vvyirvdbyik`mt!ir`��Vfledbyi¢byi¢jc`mir`mt�bgTmY�vyh�YX`mYnir`cbdj,Zuµ h/Y �¢� v�f5`¡w�h�jlWn�   byik`mt,f!�Gikvyik£Vi � i¢b ¥ tlegf5�VT¤Y�¹V�VedYOvao
vyir`mt��Girvdir£ � i¢b ¥ edY � f5bdikjl`VvgTmir�Vv.£¡YXbp±�YXYX`�byTmYOvdY-h�Y �k� vX«�¼�` �¢¥ f!v   £VvyY�b�ju�h/Y �¢� v�s�h/jl`¡h/YXeg`mYOwI±�ikbyT�byTmY
i �k�k  WMir`Vfubyi¢jc`,h/jlWn�   byfubyi¢jc` § fub�bgTmY�h   egeyYX`cb�i¢byYXegfubdikjl`�juAbyTVY�edYOvdj �k  byi¢jc`��¡edjmh/YOvyvqª%smirv�Wnfuir`cbyfuir`mYOw
ir`ºWMYOW0jce ¥ «º¼�`Vh/Y!byTmirvn�VeyYX�Veyjmh/YXvgvyik`mt�TVf5vM£¡YXYX`CY>=²YXh�bdYXwEsNjlegwmYXeyir`mt�vybyegfubdYXt5ikYXv 4 �Vs@?86�f5eyY3YXW0o
� � j ¥ YXw¤°jce.eyflwmi¢jcvdikb ¥ h/jcWn�   byf5bdikjl`³«MS�TmYXvyY�vdbgeyf5bdYXt5ikYXv.`mY�YOw�wVj�±�` � jcf5wmir`mt�byTmY�h/Y �¢� v.ir`l�lj � �5YOwIir`
bgTmY3h�jlWn�   bgfubdikjl`·�¡edjmh/YOvyvXs�eyYXWMj��Gir`mt   `V`mYOh/YXvgvgf5e ¥ jl`mYOv�©eyjlW W0YOWMjle ¥ f5`¡w·£Vf5hq®�bdjIbgTmY3wmirvy®'«
S�TVY3jlegwmYOedir`mt,ju�bgTmYXvyY�h�Y �k� bgeyfl`Vva°YOeyv*WMfl®uYOv�ikb0�:jlvgvdir£ � Y-bdj�edYOw   h/Y3Y/¹V�¡YO`Vvyi¢�lY3edYOf5w·fl`Vw�±�edikbdY
jc�¡YOeyf5bdikjl`Vv § bdj AO©eyjlW byTmY!wmirvy®�jle0WMYXWMjle ¥ ª%«I�N�lYX`�bgTmj   tcT·byTVY�ire*Y�´�h�i¢YO`Vh ¥ TVflv*£:Y�YX`º�Vedj��lYXw³s
bgTmYXvyY�vybyegfubdYXt5ikYXv�wmj-`Vj5b�eyYXw   h�Y�byTmY�h�jlWn� � Y/¹mikb ¥ ju8vgh/YX`VYXv�±�TmYOedY�h�Y �k� vLf5eyY.h�jlWn�:jlvyYXw�juNf � fledtlY
`   W0£¡YOe�ju8vgWMf �¢� ik`V�   b¯�:j �k¥ t5jl`¡v�byTVf5b�¬:`mY �k¥ wmYXvgh�eyik£:Y�v   ea©flh/YOv�f5`Vw!jl£m|aYXh/bgv�juNTmiktlT �¢¥ wmY�bgfui � YOw
tlY�jcW0YXbye ¥ «¤^a`VwVY�YXwEs8ik` f�h/Y �¢� sAi LbgTmY�`   W0£¡YOe�j5L�¡j �¢¥ t5jc`Vv�irv*TVi¢tcT·byTmYO`ºvyj�wmjIbgTmY�`   W0£¡YOe*j5
�¡fubyhqTVYXvXsmbyTmY�`   W0£¡YOe�ju � ir`V®Gv�f5v�±�Y �k� f5v�bgTmY�WMYXWMjle ¥ `mYXYXwmYOw³«
�¯v8byTmYCB   ¹0ju²f.�VfubghqT*irv8�Veyjl�:jleybdikjl`Vf � byj.i¢bgvNv   ea©flh/Y�f5eyYXfVs�±�TVYX`Mf�vgWnf �k� �VfubghqT*irvNvyY � YXh�bdYXw0ir`

irvyj � fubdikjl`,flv�f5`!YXWMikbdbyik`mt��VfubghqT³s¡ikbyvDB   ¹ § bdj�£¡Y0YXWMi¢bybdYOw:ª�Wnf ¥ £:Y�ir`Vvyi¢tc`mi ¬'h�f5`cbX« � jc`VvdY �   YX`cb �k¥ s
ikbyv�Y�='YOh/b�jl`�byTmY.i �¢�r  WMir`Vfubyi¢jc`-ju�byTmY.YO`l�Giredjc`mYXWMYO`lb�Wnf ¥ £¡Y   `V`Vj5bdirh/YOf5£ � Y5«{¼�`3byTmY.j5bgTmYXe�TVfl`Vw³s
i¢¯f�vdYXb0j5¯vgWMf �¢� `mYXi¢tcTG£¡jcedir`mt��Vf5byhqTmYOvnf5eyY3bdjlt5YXbyTmYOe0vyY � YXh�bdYXwCf5v0YXWMikbdbdir`mt·�Vf5byhqTmYOv�s8bgTmY¤f5vgvdj5o
h�ikf5bdYOw�byj5bgf � B   ¹�Wnf ¥ h/jl`cbgedir£   byY�Y/´-h/ikYX`cb �k¥ bdjIbgTmY3vgh/YX`VY�i �k�k  W0ir`Vf5bdikjl`³sA±�TmirhqT�±�i �k� vg�:Y�YXw   �
bgTmY,h/jl`c�lYXeyt5YX`¡h/Y�ju¯byTmY,edYOvdj �k  bdikjl` �Veyjmh/YOvyvX«·¼�`VY�±�f ¥ j5¯h�fleye ¥ ik`VtIj   bMbyTVikvMirwmYXf�ikvMbdj�Wnf5®5Y
  vdY�j5 � YX�5Y � v�j5NwmY�bgfui � v § »A¼¯µ�ª%«'�IjcedY*h � YOf5e �¢¥ s¡bgTmY*v   ea©flh/Y�j5Nf5`,jl£m|aY�b¯Wnf ¥ £¡YMedYO�VedYOvdYO`cbdYXw,£ ¥
wViE=²YXeyYX`cb�»A¼¯µ~f5�V�¡edjR¹mirWMf5bdikjl`VvNjleytlf5`ViGFXYXw�f5v�f0Tmi¢YOeyfleyhqT ¥ slh�f �¢� YXw-©edjcW `mj�± jl`H	JI-�LK��'��MN��MNOPK )�«
S�TVY�TmiktlTmYOvdb � YX�5Y � h�jlegedYOvy�:jl`Vw¡v�bdj�byTmY!W0jcedY!wmY�bgfui � YOw·t5YXjlWMY�bge ¥ ju�bgTmY,v   ed©f5h�Y5«I^a`ºbyTmirv0±�f ¥
bp±�j�wVikvybyfl`lbnv   ea©flh/YOv*Wnf ¥ ik`cbyYXegf5h/b § ir` bgTmY¤vdYO`VvdY�ju¯TVi¢YOeyfleyhqTmirh�f � egf5wmikjlvyikb ¥ ª�fubnh/jlfleyvyY-»8¼¯µ�v
±�TVi � Y¯h � jcvdY�v   ed©f5h�YXv�fub{¬:`mYXe�»A¼¯µ.vX«AS�TVY�`   W0£¡YOe{j5 � ir`V®Gv�ikv�h/jc`VvdY �   YX`cb �k¥ edYOw   h�YXw-wVegf5vybdirh�f �¢�k¥ «
�¯vLvyY�YO` � fubyYXe�jc`³s:flh�h�j   `cbdir`mtM°jle�»A¼¯µ.v�ir` ¦ � egfuirvdYOv�vdjcW0Y��¡edjc£ � YOWnv�byTVf5bLTVfR�lY�byj3£:Y*vdj � �lYXwQ7
YO`mYXeyt ¥ h�jl`VvyYXey��fubdikjl`Es³jGhXh �r  vyi¢jc`³s³ik`cbyYXeg`Vf � eyY>B¡YOh/bdikjl`Es³YX`mYOedt ¥ wVikvybyeyik£   bdikjl`�vdirWMi � f5e�byj,�   vyTmo<�  V�¢�
jc�¡YOeyf5bdikjl`VvX«AS�jnj   e�®c`Vj�± � YOwmt5Y�byTmY   vdY�j5�»A¼¯µ�ik` ¦ �~TVflv�`mj5b�£:Y�YO`!flwVwVeyYXvgvdYOw3vyjM©f5eX«

S�Tmirv��Vf5�:YXe8irv�jleytlf5`ViGFXYXwMf5v8°j �¢� j�±�vX«A¼   e�f5�V�VeyjlflhqT*byj�»A¼¯µ.vNirv�j   b � ir`mYXwnir`-vyYXh�bdikjl`��m«8S�TmYO`
bgTmY.wmiE=²YXeyYX`cb�vybdYX�¡v�ir`c�5j � �lYXw�f5eyY�ik`3b   eg`3wmYOvyhXedir£:YXw³«8S�TmYOvdY.vdbyYX�Vv�fledYR7�YO`mYXeyt ¥ YOW0irvgvdikjl` § vdYOh/byi¢jc`
Z¡«¢��ª�fl`Vw¤ir`lbyYXeg`Vf � YXWMirvyvyikjl` § vdYOh/bdikjl`�ZV« Zcª%s³wmirvybyeyik£   bdikjl`Ij5NbyTmYMYX`VYXeyt ¥ tlfubgTmYXeyYXw�£ ¥ f�edYOh/Y�ik�Gik`Vt
�¡fubyhqT!byj-i¢bgvLwmYOvyh�YX`Vw¡f5`cbyv�ir`¤bgTmY*f5vgvyjGh�ikf5bdYOw�»8¼¯µ�TmikYXegf5eghqT ¥I§ vyYXh�bdikjl`¤ZV« �lªq«@S�Y�°jleyY�h/jl`¡h �r  wmir`mt¡s
vyjlWMY�eyYXv  m� bgv�f5eyY¯tli¢�lYX`�ik`,vyYXh�bdikjl`H:¡«
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��Y�v   �V�:jlvyY�f �k� byTmY*jl£G|aYOh/byv�±�ikbyTVik`,bgTmY*vgh/YX`VY�f5eyY.WMjmwmY � YOw�±�ikbyT¤�:j �k¥ t5jc`Vf � v   ed©f5h/YOv�smYOf5hqT�jl`mY
£:Y�ir`mt-eyYX�VeyYXvyYX`cbyYXw3£ ¥ fMTVi¢YOeyfleyhqT ¥ ju�»A¼¯µ�fl�V�VeyjR¹mikWnfubyi¢jc`Vv §©¦ »A¼¯µ�ª%«¡S�TmY�eyjGj5b�ju8fnTmikYXegf5eghqT ¥
h�jlegedYOvy�:jl`¡wVv8bdj0byTmY�h/jcf5egvdYOvdbN�:j �k¥ t5jl`¡f � fl�V�VeyjR¹mikWnfubyi¢jc`MjuEbyTVY¯v   ea©flh/Y¯±�Tmi � Y¯f � YOf�Ebdj0byTmY¯¬:`mYOvdb
jc`mY § vdYXY�¬:t   eyYC��ª%« � `mjl` bdYOeyWMir`Vf � `mjmwmY�f5`Vw>f � YXfu0`mjmwmY�f5eyY��:j �k¥ t5jl`¡v3bgTVfub,f5eyY�hXf �k� YOw
.��&O�MN� �>�&O��>��f5`Vw �>�ROP����eyYXvg�:YXh/byi¢�lY �k¥ «8^a`,fn»A¼¯µ[Tmi¢YOeyfleyhqT ¥ scbgTmY�hqTmi � w¡edYO`�j5Afn`mjc`!bdYXegWMik`¡f � `mjmwmY
§ Wnf5h�eyju©flh/YXb%ª�Wnf ¥ £¡YnWnf5hXedj5©f5h/YXbyv¯f5`Vw0A�jle�©f5h/YXbyv.`mjlb¯h/jc� � f5`Vfle�«�¸LjlbdY*bgTVfub.f5`�ik`¡�   b.�¡j �¢¥ t5jc`
±�ikbyTVj   b!»A¼¯µ f5�¡�VedjR¹mirWnfubdikjl`¡v�ikv,f � vyjCeyYX�VeyYXvyYX`cbyYXw¨£ ¥ f »8¼¯µ TVi¢YOeyfleyhqT ¥ £   b¤h/jlWn�:jlvyYXw¨j5
jc` �k¥ jl`mYn`mjmwmY5«M�[©f5h/YXb�Wnf ¥ £:Y�v   £'wmik�GikwmYOw�ir`cbdj,f5`mjlbyTmYOe.Tmi¢YOeyfleyhqT ¥ ju��VfubghqTmYXv §©¦ z�ª�£ ¥ byTmY
eyY/¬'`mYXWMYX`cb��Vedjmh�YXvgvLYOWM� � j ¥ YXw¤ir`�fl` ¥ h � flvyvyirh�f ��¦ ��«²^a`�byTmirv.h�flvdYls²fl`¤ir`lbyYXeg`Vf � `mjmwmYnf5`¡w�f � YXfu
`VjGwVY�j5Af ¦ z fledY�eyY/°YOeyeyYXw3bdj-f5vC�X�#�1O�KMf5`Vw �(" M �>�&O����>�G��.��>�0�EedYOvy�:YXh�bdik�5Y �k¥ «
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S�TVYM»8¼¯µ]Tmi¢YOeyfleyhqT ¥ f5vgvyjGh�ikf5bdYOw¤±�i¢bgT�f,v   ed©f5h/Ynh�fl`�£:Y�h�eyYXfubyYXw�±�i¢bgT�bgTmY�TmY � ��j5�fl` ¥ v   ed©f5h�Y
vyirWM� � i¢¬:h�f5bdikjl`�WMY�byTVjGwE«3S�TmYXeyY-f5eyYn£Vedjcf5w �k¥ bgTVedYXY�vdirWn� � i¢¬:hXfubdikjl`�fl�V�Veyjlf5hqTVYXv87¯�lYXeybdY/¹�wmYXh�ikWnf�o
byi¢jc`³s�YXwVt5Y�h�jl`cbyegf5h�bdikjl` f5`Vw v   ed©f5h�YIedY�¬:`mYOW0YO`cb�« S�TmY�wmYXh�ikWnfubyi¢jc`¨f5�V�¡edjcf5hqT 4 2 s���6�eyYXWMj��5YOv
eyYXh   egvdik�5Y �¢¥ jc`mY�jce�vdYX�5YOeyf � �5YOedbyikh�YXv�©eyjlW byTmY0Y/¹Vf5h�b�t5YXjlWMY�bge ¥ ±�Tmi � Y*bgTmY*h�jl`cbyegf5h�bdikjl`,f5�V�¡edjcf5hqT
4 �X�Vs��l�us��R� 68edYOW0j��lYXv�YOwmt5YOv¯fl`Vw¤eyYX� � f5h�Y�byTmYOW ±�i¢bgTI`mYX±~�5YXeybdirh/YOv�« � jl`c�5YOeyvyY �k¥ s:byTmYMedY�¬:`mYXWMYO`lb
fl�V�VeyjlflhqT 4 �OZ�6�vdbgf5eybyv�±�ikbyT!f0h�jlf5egvyY¯f5�¡�VedjR¹mirWnfubdikjl`nj5�bgTmY�v   ed©f5h�YLbgTmYX`!edY�¬:`mYOv�ikb��Veyj5tleyYXvgvyi¢�lY �k¥
£ ¥ ir`VvyYXeybdir`mt�`mY�± �5YOedbyikh�YXvX«
S�j�Wnf5®5Y-byTmirv*�¡edjmh/YOvyv�YXf5vyikYXeXs�±�Y3TVfR�lY-wmY��lY � jl�:YXw·f5`�ir`cbdYOeyflh/bdik�5Y-vyju°bp±�f5eyY�bdjGj ��  vyik`VtIbyTmY

��¼�S�^19 f5`Vw·¼��¡YO`:Ä¯» � ir£Vegf5eyi¢YOv�«3�¨ikbyT�bgTmY�TmY � ��j5{byTVYnWMj   vdYlsEbyTVY   vdYOe�hXf5`�vdY � YOh/b�f�v   ed©f5h�Y
fl`Vw!vdbgf5eyb�bgTmY�vyikWn� � i ¬'h�fubyi¢jc`��¡edjmh/YOvyv�tli¢�Gir`mt0¬:`mYXeLf5`Vw3¬:`mYOe�f5�V�VeyjR¹mikWnf5bdikjl`VvX«
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^a` h � f5vgvdirh�f ��¦ ��s�jl` �¢¥ ©f5h�Y�bgv3f5eyY   vyYXw f5`Vw eyY/¬'`mYXw¨w   edir`mt bgTmY�eyYXvyj �r  byi¢jc`��¡edjmh/YOvyvX«�� � ir`V®
flvyvyjmh/irfubyYXw0±�i¢bgT�f��VfuireAjuEW   b   f �¢�k¥ �Girvdir£ � Y�©f5h/YXbyv{ikvNhXf �k� YOwMik`mikbdirf �:� ir`V®'«�»�Y�b@ACBED�£:Y�byTVYL`   W*£:YXe
j5�ir`mikbdirf �³� ik`V®GvX«NS�TmY�`   W*£:YXe�j5 � ik`V®Gv�hXedYOfubdYOw3£ ¥ f ¦ �¶f � t5jcedikbyT¡W]TVf5v�f � j�±�YXe�£:j   `¡w3Y �   f � bdj
AFBED�«C� TmYX`�byTmY�vgh/YX`VYMh�jl`cbyf5ik`Vv¯jl£m|aYXh/bgv�ju�TmiktlT �¢¥ wmYXbyf5i � YXw�t5Y�jcWMY�bye ¥ s�AFBGD·Wnf ¥ £:YMTVi¢tcT�f5`¡w
vyj�wmjGYXv�bgTmY.¬:`Vf � `   W*£:YXe�j5 � ik`V®GvX«
S�j*j��lYXegh/jlWMY�bgTmirv�wmi¢´-h  m� b ¥ smjc`mY¯vyj �r  byi¢jc`�ikv�bdjMWnf5®uY   vyYLju ¦ � ±�ikbyT�h �r  vybdYXeyir`mt�bdYOhqTV`mi&�   YXv

4 ��:¡sm� < 6<« ¦ j�±�Y��5YOe�sRbgTmYXvyY�bdYXhqT¡`mi��   YOv8wmj�`mj5b8flh�h/j   `cb8�VedYOh/irvdY �¢¥ °jceAbyTmY�jcedikYX`cbgfubdikjl`¡v�j5'bgTmY�©f5h/YXbyv
±�ikbyTVik`!byTVY�YXWMi¢bybdir`mt-f5`¡w�eyYXh�Y�ik�cir`mt�h �r  vybdYOeyv�w   edir`mtnbyTmY�YO`mYXeyt ¥ Y�¹VhqTVf5`mtlYXvX«

¼   e.vyj �r  bdikjl`Iikv�bdj,h/jcW*£mir`mY ¦ �[fl`VwI»8¼¯µ�v¯°jce¯eyYXw   h/ir`mtHA BGD vdiktl`mi¢¬:hXf5`cb �k¥ s²±�TmirhqTIYO`lbgfui � v
f�vyWnf �k� YXeM`   W*£:YXe�j5 � ir`V®GvXsNf � j�±�YOe��Gikvyik£Vi � i¢b ¥ hXf � h  m� fubyi¢jc`·h/jlvyb0fl`Vw � YXvgv*WMYXWMjce ¥ °jle0vdbyjleyik`Vt
bgTmYnwmiE=²YXeyYX`cb.wVfubgf�vybye   h�b   eyYXv¯ik`c�lj � �5YXwE«�^a`¡wmY�YOw³s³bp±�j!v   ea©flh/YXv�Wnf ¥ ik`cbdYOeyflh/b�fub.f�h�jlf5egvyY�»A¼¯µ
i¢�byTmY ¥ f5eyY-v   ´-h�i¢YO`lb �¢¥ wmirvdbgf5`cb�«,^a`�bgTmikv0h�flvdYls�bgTmYXvyY3f5eyY-Wnf5hXedj5©f5h/YXbyv.bgTVfub0ik`cbdYOeyflh/b�W   b   f �¢�k¥
ir`VvybdYOf5w�ju�©f5h/YXbyv�jce��VfubghqTmYXv.jce�v   ea©flh/YnY � YXWMYX`cbgv�«)I�` � ir®uY-h �k  vdbyYXeyik`mt5o<£¡f5vyYXw ¦ ��sEj   e�WMY�byTVjGw
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flh�h�j   `cbyvA�VeyYXh�ikvyY �k¥ °jleAbgTmY�jleyikYX`cbyf5bdikjl`Vv�ju'byTmY�YOWMi¢bybdir`mt�f5`VwneyYXh/YXi¢�Gir`mt.WMflh�eyju©flh/Y�bgv § f5`Vw0©flh/Y�bgv%ª
±�TVYX`mYX�5YXe�fnWnf5hXedj5©f5h/YXb�vyTmjGjlbyv�i¢bgv�YX`VYXeyt ¥ jce�wVikvybyeyik£   bdYOv�i¢b�byjni¢bgv�wmYXvgh/YO`VwVfl`lbgv�«

9Aikt   eyYn�&78»8¼¯µ Tmi¢YOeyfleyhqT ¥

�	��� � :#$9�9�0����+-;
¼   e ¦ �   vdYOvMf �NKX� �#�*���;�!byYXhqTV`Vi��   Y¤f5`¡wCeyYXWMj��5YOv*f �¢� bgTmY¤h�eyYXfubyYXw � ir`V®Gvnf�°bdYOenYXflhqT ikbdYXegfubyi¢jc`
°jce�f�edYOf5vyjl` j5�WMYXWMjce ¥ vgfR�Gik`Vt¡«�»�Y�b   v3h�f �k� MN� �#� .��&O�MN� �>�&O��>��f�WMflh�eyju©flh/Y�bnfub�bgTmY¤edjGjlbMj5
f »A¼¯µ TVi¢YOeyfleyhqT ¥ « S�TmY�f � tljleyi¢bgTVW vybyfledbgv3£ ¥ vyY � YXh�bdir`mt·byTVY�YXWMikbdbyik`mt�edjGjlb-WMflh�eyju©flh/Y�b�� j5
Wnfu¹GirW   W B   ¹²«�� TVflv�byjIvyTmjGjlb�i¢bgv B   ¹�byjIYXflhqT�jlbyTmYOe��Girvdir£ � Y3edjGjlb�WMflh�eyju©flh/Y�b��M«,^a`�©f5h�b�s
��f5`Vw�� Wnf ¥ `Vj5b�ir`cbdYXegf5h�bLwmiredYOh/b �¢¥ £   b¯byTVeyj   tlT¤`mjmwmYOv�juNbgTmY�ireLeyYXvg�:YXh/byi¢�lY�»A¼¯µ TmikYXegf5eghqTmikYXvX«
��jleyY3�VeyYXh/irvyY �k¥ s�byTmY�bp±�jI»8¼¯µ$TVi¢YOeyfleyhqTmikYXv�fledY3bdjl�mo<wmj�±�`�bgeyfR�lYXegvdYOw�fl`Vw·bp±�jIYXvybdirWnfubyYXw�°jlegW
©flh/byjlegv	��
��� f5`Vw�������
�f5eyY¯h�f � h  m� fubdYOw�°jce�bgTmY.bp±�jnh   eyeyYX`cb�`VjGwVYXv A�
Cf5`VwHA���sV£:Y � jl`mtlik`mtMbdj
� f5`Vw��]eyYXvg�¡YOh/bdik�5Y �¢¥ «�^<���
��� f5`¡w�������
 f5eyYM£:Y � j�±�f!h/YXeybyf5ik`�byTVeyYXvgTmj � w�� D����~bgTmYX`�byTmYOvdY
bp±�j3`mjmwmYOvLfledY � ir`V®uYOwIf5`Vw A�
 vgTmjGj5byvLi¢bgvLYO`mYXeyt ¥ bdjHA��   vyik`mt���
�����±�Y�iktlTcbdYOw¤£ ¥ f��Girvdir£mi � ikb ¥
©flh/byjleX«%S�Y�°jleyY3vgTmjGj5bdir`mtIbgTmY B   ¹·ju-A�
�sNf �¢� byTmY,wmYOvyh�YX`VwVfl`cbyv § ¬:`mYXe0»A¼¯µ�ª.j5-A�
¶Y�¹mhqT¡f5`mtlY
jc`mY*byj�fl`mj5bgTmYXe¯byTmYXike�B   ¹�flh�h�jlegwmik`Vt�bdj3jc`mYMi¢byYXegfubdikjl`,j5{byTVYM�cf5h�jl£mi�edYOvdj �k  byi¢jc`¤WMY�byTVjGwE«.S�TVikv
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jc�¡YOeyf5bdikjl`�±�i �k� £:Y*eyY/°YXegeyYXw�bdj-f5v ��� �1�>M(� �#�Q�NKX� �#�*���;�5«�S�TmYX`³s¡°jle�YOf5hqT A��Cf�`mY�±¶eyflwmikjlvyi¢b ¥���� j5
A�
�ikv�h/jcWM�   bdYOw § wmYO�¡YO`Vwmir`mt*jc`0bgTmY � jmh�f5bdikjl`Mju!A���ir`nbyTmY�vyh�YX`mY�ª%«AS�Tmirv{egf5wmikjlvyi¢b ¥ f5hXh/j   `lbgv�°jle
bgTmY�ik`cbdYOey`¡f � Y/¹VhqTVfl`mt5YOv{±�ikbyTmir` A�
�« ��� ±�i �k� £¡Y.h�f �¢� YXw O��#� �1���&�*" �#� MN�R!#�'�#�����*).£¡YOh�f   vdY�i¢b�wmYO�¡YO`VwVv
jc`3bgTmY�h/jc`cbdY/¹mb�ju A � «8¸¯Y/¹mb�s0A � wmirvybyeyik£   bdYXv�bgTmY�tlf5byTmYOedYOw3YO`mYXeyt ¥ byjni¢bgv�wmYXvgh/YO`VwVfl`lbgv�«
¸¯j5bdY�bgTVfub8i¢:bgTmY�byegfR�5YOeyvgf � ju�� � vA»A¼¯µ TmikYXegf5eghqT ¥.� YOf5wVv�bdj�f � YXf��� ±�Tmi � Y � 
��� vybdi �¢� eyYXWnf5ik`Vv

TVi¢tcTmYXe�bgTVf5`�� D ��� bgTmYX`��[irvLv   £:wVi¢�GirwmYXw,ir`cbdj-f-TmikYXegf5eghqT ¥ juN�Vf5byhqTmYOv�f5v�ir`,h � f5vgvdirh�f � egf5wmikjlvyi¢b ¥
£   b8±�i¢bgTnf5`mjlbyTmYOe�eyY/¬'`mYXWMYX`cb8h�eyikbdYXeyikjl`   vdir`mt�f.WMjleyY��VeyYXh�ikvyY�°jlegW¶©f5h�bdjce�h�jlWn�   bgfubyi¢jc`0WMY�bgTmjmw³«
^a`-byTmirv�hXf5vyY �~irv � ik`¡®uYXwnbyj0f��¡fubyhqTnjce{f�v   ed©f5h�Y�Y � YXWMYX`cb	� � § £:Y � jl`Vt5ir`mt�bdj
�*ªAi¢EbyTmY�h/jcWM�   bdYOw
°jceyW ©f5h�bdjle����� �����Mirv�£:Y � j�± ����«�S�TmYO`3A�
¤vgTmjGj5byvEi¢bgv�B   ¹�byj����   vyir`mt�byTmY��VeyYXh/irvyYA°jlegW ©flh/bdjce�«
S�TVikv�tcfubyTVYXeyYXw B   ¹3irv�byTVYX`,�   vgTmYXw A��  m�k� YXw!bdjnbyTVY�f5vgh/YX`¡wVf5`cbyv(A�wVYXvgh/YX`¡wVf5`cbyv�ju����CbyT¡edj   tlT�byTmY
TVi¢YOeyfleyhqT ¥ ju8�VfubghqTmYXv�flvyvyjmh/irfubyYXw-±�ikbyT��n«
^a`3byTmY�vyflW0YL±�f ¥ sli¢EbyTmY�byegfR�5YOeyvgf � j5���� v{»8¼¯µ TmikYXegf5eghqT ¥*� YXflwVvNbyj0f � YXfu��¶±�Tmi � Y ������
ºvybdi �¢�

eyYXWnf5ik`Vv�TmiktlTVYXe�byT¡f5`���D ���.smbgTmY�vyflWMY.�¡edjmh/YOvyv�irv�f5�¡� � ikYXw�bdj��n«
��
����irvNf.�¡jlik`cbdo<v   ed©f5h/Y�°jceyW¶©flh/byjleA±�TmjcvdY�f5�¡�¡Y�¹0irv8byTmY�h�YX`cbdYOeAju²byTmY�YOWMi¢bybdir`mt�Wnf5h�eyju©flh/YXb

§ jle�©f5h�Y�bqª��>fl`Vwnv   £VbdYX`cbyYXwM£ ¥ byTmY�eyYXh�Y�ik�cir`mt.Wnf5h�eyju©flh/YXb § jle�©f5h�Y�bqª��M« ������
�ikv8f.�:j5ir`lbdo<v   ed©f5h�Y
°jceyW~©f5h/byjleA±�TmjcvdY�fl�V�:Y/¹*irv8byTVY�h/YX`cbyYXe8j5:byTVYLedYOh/YXi¢�Gir`mt�Wnflh�eyju©f5h�Y�b § jce�©f5h�Y�b%ª��>f5`Vwnv   £mbyYX`cbdYOw
£ ¥ bgTmY�YXWMikbdbyik`mt�Wnflh�eyju©f5h�Y�b § jce�©f5h/YXb%ª�� § ¬:t   eyYD<lª%«"� TmYO`nbye ¥ ir`mt.bdj � ik`¡®�bp±�j.�¡edirWMi¢byi¢�lYXvXsubyTmYOvdY
bp±�jI°jceyW ©flh/bdjceyvMwmj�`mj5bnf5hXh/j   `cb�°jle0byTVY��Girvdir£mi � ikb ¥ ©f5h�bdjleMvyj�f5v0bdj�`mjlbMv � j�± wVj�±�`·j   e ¦ �
f � tljleyi¢bgTVW!«*¼�`IbyTVY0jlbyTmYOe�T¡f5`Vw³s³bgTmirvL©flh/byjle¯ikv�byfl®uYO`Iir`lbyj!flh�h�j   `cbLjc`Vh/YMbyTVY � ik`¡®lir`mt,TVf5v.£:Y�YO`
�:YXed°jlegWMYXw³«�^a`�jceywmYOe8bdj0£¡Y�W0jcedYL�cikt5i � f5`cb{eyY�tlfleywVik`mt.bgTmY¯hqTmjlikh�Y�juEbgTmYL»8¼¯µ>f5�¡�VedjR¹mirWnfubdikjl`Esu±�Y
hqTVjcjcvdY.fnvyWnf �¢� ��f �r  Y�j5�byTVY�byTVeyYXvgTmj � w � D���� «�¼�`�byTmY�jlbyTmYOe�TVf5`VwEs � � Wnf ¥ £:Y�hqTmjlvyYX` � fledtlYXeX«
S�TmY�f � tljleyi¢bgTVWnv�wmYXvgh�eyik£Vik`mtnj   e ¦ �~f5eyY.t5ik�5YX`!£ ¥ byTVY.¬¡t   eyYXv��VsVZnf5`VwH:¡«

� � � ��� ��� � �! �" § ª� Tmi � Y*`mjlb�h/jl`c�lYXeyt5YX`¡h/Y § ª$#&%
�(' ��jGj5b*)���f5h�eyju©flh/YXb*)¯¼L+)���fu¹GirW   W,)J9 �r  ¹ § ª	%
^a`cbyYXeg`Vf � )¯}GTmjGj5byik`Vt § �Mª-%
°jce�YXflhqT3eyjcjlb�WMflh�eyju©flh/Y�b �(#

A/. �L` ik`V�   b �:j �k¥ t5jc` ±�i¢bgTmj   b »8¼¯µ�v ikv f � vyj f eyjGj5b WMflh�eyju©flh/Y�b .&A
»�ir`V®�)��L`¡w�)¯}GTmjGj5b § �10 �
0 ��D ���20 ���{ª2%
A/.���D ��� f5`¡w ����f5eyYL°jceyW ©flh/byjle�byT¡edYOvyTmj � w¡v�.&A
��YOW0j��lY/)�»�ik`V®Gv § �0ª3%
°jle�YOf5hqT � YOf�4� ju� � v�»8¼¯µ�TmikYXegf5eghqT ¥ #
z   vgT�)�z  m�k� § �*ª5%

6
6
�87:9�%

6

9�ikt   edY�� 7A¸¯Y�± ¦ ikYXegf5eghqTmikhXf � �Lflwmi¢jcvdikb ¥
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Unit é de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unit é de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex

Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


