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Unit é de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
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Á¡ �� k+y$w � yzrx��vsk#rs|[y � { � tKrsy�tK|Kknw}~K~ � {K� h k�~4w � ���k^��{�l�~4{��zrsy�r£{�| ��� ta|Kk#l �k+y h { � k � k#~4{�rs|[yz�
rs|[y �k � rsk+t � �.~I{�t � vxw � �k+��{�vstKy�r£{�| ��� tK|6~ � { ¢ v ik+l�k � k�lutKvsyzr¶§I{�y�ª¹³${�tK��~ � �k+��k+|[yz{�|a� ��� w ¢ { � � ��k+yzy�k
wV~K~ � {K� h k � w}|a��vsk���w � � k�� �k+| �k � w}v � k�~ � { ¢ v ik+l.k+��w���k^����{�|�y � wVr£|[y�k+����{�tK~av¦wV|[yzk+��ª�³${�ta�#~ � {�~4{��z{�|K�
k+|a�ztKrsyzk � kn�z~ �k^�*r¦wVvsr£��k � v � w}vs��{ � rsy h luk#w}t[��~ � { ¢ v ik�l�k+� � k�lutKvsy�râ§4{�y�vsr£| �k^w}r � k�ª�³${�ta�$k��K~I{��z{�|a�#��k+yzy�k
��~ �k^��rxw}vsrs��wVyzrs{�|�k+|¯tKyzrsvsrs��w}|[y°vxwn¤¸{ � lutKvxwVyzrs{�|u|��nt � �]µzw � �*�^ª$³${�tK�#|K{�tK�#��{�|I��k+|[y � {�|K�nk+|a�ztKrsyzk��zt � vxw
¤¸{ � lutKvxwVyzrs{�|K�$w � ���]µz� h k+l.r£|a�#k+y�|K{�tK�n~ � {�~4{���{�|K��tK|Kk�l �k+y h { � k � k ���k^��{�l.~I{��zrsyzrs{�| ¾�tKr¬rs|I��{ � ~I{ � k
vxw�l �k�y h { � k � k�~I{�rs|�y��$rs|�y �k � rsk+t � � � w}|a�#vxw�yzk^� h |ar¦¾�tKk � k ���k^��{�l.~I{��zrsyzrs{�| � k�½nwV|�y�´+rs�}µ]º»{�v¶¤¸k�ª È k+�
� �k+�ztKvsy�w}yz��|[tKl �k � rx¾�tak+�®l.{�|[y � k+|[y®vxwp�ztK~ �k � rs{ � rsy �k � t � k � |Krsk � wVv£��{ � r£y h l�k�ª���| �I|¬­[|K{�tK�$~ � �k+��k+|[yz{�|a�� k�� � �k+��tKvsy�wVyz�n|[tKl �k � rx¾�tak+�#{ ¢ yzk+|[tK�nk+|)yzk��zy�wV|[y:�*k+��w}vs��{ � rsy h l�k+�$��t � � k+�n~ � { ¢ v ik+l.k+�$¤¸{�t � |ar£��~Iw �
vsk � ³!� g ª
"PÆ4�`��Ã��$#%
Á�  ��� {�� � wVl�l�w}yzrs{}|6vsrs| �k^w}r � k � k � � w}| � k»y�w}rsvsvsk�­#l �k+y h { � k+� � k»~4{�rs|[yz��rs|[y �k � r£k�t � ��­���k���{�l.~I{��zrsyzrs{�|¬­�~ � { ¢ v ik+l.k+� � knlutKvsyzr¶§I{�yz��­�wVv£��{ � r£y h l�k°~ � �k � rx��yzk�t � ��{ ��� k^��y�k+t � ª
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' |.y h rs��~IwV~Ik � ­[¨°k�w � k���{�|I��k � |Kk � ¨$rsy h y h k È k^wV�zy$��{���y¼��tav£y�rx��{�l.l�{ � rây]��³�k+y]¨®{ �z± µR§I{}¨ ��� { ¢ vsk+l
( È �¡³ ��) ­[¨ h rx� h rs�°y h knl.{��zy���yzt � rsk � lutKvsy�r¦�*{�lulu{ � rây]�n~ � { ¢ vsk+l)ª g$h r£��~ � { ¢ vsk+l ��{�|K�zrs�zy��$rs|uy h k� k�yzk � l�rs|Iw}y�rs{�|�{V¤UwV|�{�~Kyzrsl�w}v � {�tKy�r£|a�u{}¤�y h kny � w+*�� � k^¾�tKr � k+l�k+|[y��#¨ h k+| � k��zrs��|Krs|K�uw�|Kk+y]¨°{ ��± ª
g$h k � � ��y#�zy�t � �.{}¤�lutav£y�rx��{�l.l�{ � rsy]��|Kk�y]¨®{ �z± µ¸§4{}¨ ~ � { ¢ vsk+l��°¨$w}�#��{�| � tI��y�k � ¢ ��«a{ � � w}| � «atKv¶µ
± k � ��{�|¹rs|�,+-����/.ú«�«10��+2zª g$h k+r � ¨®{ �z± r£|a�z~Kr � k � ½nw}|[yz´�r£�¡wV| � vsk^w � y�{¡y h k.~ � rx��k � k^��{�l�~4{���r£y�rs{�|
.ú½nw}|304,
2zª � k^��k�|�y�vs��­°rs|5. �$È -�672 �°h w � � wVr � k¡w}| � È r£���zk � ~ � k��zk+|[y���w � rs{�ta��w}~K~ � {�w�� h k+� ¢ w}��k � {�|
��~Ik^�*r¦wVvsr£´�w}yzrs{�|�{V¤�y h kn�zrsl.~Kvsk���w}vs��{ � rsy h l w}| � rs|[yzk � rs{ � µ]~4{�rs|[y®l.k+y h { � �°¤R{ � �z{�vs��rs|K��|K{�|[µE{ � rsk+|[yzk �
lutKvsy�r¦�*{�l�l�{ � rsy]��§4{}¨©~ � { ¢ vsk+l���ª98�|K{�y h k �n� k���k+|[y�¨°{ �z± rs|¡y h ku��{�|�y�k��Ky#{V¤®rs|�y�k � rs{ � ~4{�rs|[y#w}vs��{Vµ
� r£y h l���¤¸{ � |Kk+y]¨°{ ��± §I{}¨©~ � { ¢ vsk+l.�^­I��w}| ¢ kp¤¸{�ta| � rs|:. � ����72á­4¨ h k � k�r£y�rs��� h {}¨$|¡y h w}yny h r£� ± r£| �
{V¤Ul.k+y h { � l�w�� ¢ kn��k � �.k<; k���yzrs��k�ª
«a{ ��¢ k+rs|K����{�l�~4k+yzrsyzrs��k�­�y h knw}vs��{ � rsy h lPlutK��y�k*�B~av£{�rsy�y h k$�zy � tI�*yzt � k#{}¤ÄlutKvsyzrx��{�l�l�{ � rsy]�$~ � { ¢ vsk+l
y�{u�z{�vs��k�k=*���rsk+|[yzvs��³�k+¨$yz{�| � r � k^��y�r£{�|K�$�z�[��yzk+l.�^ª
��{��zy°{}¤��z~4k^��rxw}vsrs´+k � l�k+y h { � �¼wVyzy�k+l�~Ky�yz{�k��K~Kvs{�r£y�r£|.�z{�l�k$¨$w���y h k ¢ vs{K� ± �zy � tI��y�t � kn{V¤�y h k#lutKv¶µ
y�r¦�*{�l�l.{ � rsy]�u~ � { ¢ vsk+l ª g$h ku~ � rx��k � r � k^�*yzrs��ku{ � ½nw}|[yz´+rs�VµEº»{�vâ¤Rk � k^��{�l.~I{��zrsyzrs{�|¡rs� � k+��w � � k � w}�
��tI�+��k+���]¤¸tavUwV~K~ � {�w�� h rs|%. 8?>�@ È ���A2jwV| � ¢ k�v£{�|K���°yz{py h kn��vxw}�z�°{}¤��*{��zy � k^�*{�l�~4{���rsyzrs{�|uw}~K~ � {�w�� h k+�
¤¸{ � lutKvsy�r¦�*{�l�l�{ � rsy]��§4{}¨$� ( ��k+kB. « � w�-C672z­�.EDFDpqHG?-�672Uw}| � .EI4k+|3-��A2�¤¸{ �$� k^��k+|[y���w � rxw}|[yz� ¢ w}�zk � {�|
¢ ta| � vsknl�k+y h { � �^­KwV|Iw}vs�[yzrx�#�*k+|[yzk � �^­YwV| � ��l�{[{�y h ~4k+|Iw}vsy]�&¤¸tK|I��y�rs{�|K��­ � k+��~Ik^�*yzrs��k+vs� ) ª
g$h k ¢ k+�zyn��{�l.~Kvsk��Krsy]� ¢ {�tK| � ± |K{}¨$|u¤R{ � lutKvsyzrx��{�l.l�{ � rsy]�n~ � { ¢ vsk+l.�®rs�°~ � {}�[r � k � ¢ ��w}|.r£|[y�k � rs{ �
~4{�rs|[y¼wVvs��{ � rsy h lJ. @�GK-C072z­ ¢ tKy¼wV�®��k+y°|K{�k<*���rsk+|[y°rsl�~Kvsk+l.k+|[y�w}y�rs{�| h wV� ¢ k+k+|�{ ¢ y�w}rs|Kk � ª g$h k#l�w�µ
��{ � ¨°{ ��± rs|�wn��rs|K��vsk#rsy�k � wVyzrs{�|u{V¤�w}|[� ' |[y�k � rs{ �$� {�rs|[y®��k+y h { � ( 'z� � ) ��{�|K��rs�zyz�$rs|u��{�vs�[r£|a��wn�zk�y®{V¤
vsrs|Kk^w � k^¾�tIwVyzrs{�|K��­}y h k��z{Vµá�+wVvsv£k � ³$k+¨$y�{�|�k^¾�tIw}y�rs{�|�������yzk+l ( ¤¸{ � � k+y�w}rsvs�Y�zk�kF. 8�Dp�BL?-�0[­NM#D È qO-�6+2 ) ª
8�v£v¬��k+|ak � wVv�~at � ~4{���k 'z� �!��{ � k���ta�zk � r � k^��ynw}~K~ � {�w�� h .ú½ � � �C-=2�y�{���{�vs��kny h k�³$k+¨$y�{�|¡k�¾�t4w}yzrs{�|
������yzk+l)ª ' |P. @K@ � -��72z­O@�wVl�wVy h w}| � wVv]ª�wV~K~Kvsrsk � w���w � rxw}|[y°{}¤"@nw � l�w ± w � � ��~ � {^�*k^��yzrs��k�w}vs��{ � rsy h l
tK��rs|K� w¯~ � k^��{�| � rsyzrs{�|Kk � �*{�|^��ta��w}y�k�� � w � rsk+|[y ( � � D ) ª�>${}¨°k+��k � ­�y h k+r � ~ � k���{�| � r£y�rs{�|Kk � � r � |K{�y
y�w ± k�w � ��w}|[y�w}��ku{V¤¼y h kulutKvsyzrx��{�l�lu{ � rsy]���zy � tI�*yzt � k�ª ' |�. � w}��w � 2á­ � w}��y � {¡k��K~Kvs{�rsyzk � y h rs����y � t4��µ
y�t � k¡w}| � ~ � k+�zk+|[y���w���~Ik^�*r¦wVvsr£´�w}yzrs{�|¹{}¤�wV|¹rs|[yzk � rs{ � ~4{�rs|[y²wVvs��{ � rsy h l�yz{)lutKvsyzrx��{�lulu{ � rsy]�&§I{}¨
~ � { ¢ vsk+l.�^ª#>$k�tK��k+� ¢ {�y h w�~ � k^��{�| � rsyzrs{�|Kk � ��{�|^��tK�[w}y�k�� � w � rsk+|[y$�z{�vs��k � ­ wV| � w��z~Iw � ��k �°h {�vsk+� ± �
¤Ew���yz{ � rs´^wVyzrs{�|Y­�yz{n��{�vs��k#wnvsrs|Kk^w � �z�[��yzk+l¿{V¤ k�¾�t4w}yzrs{�|K�®w}y�k^w�� h rsy�k � wVyzrs{�|�{}¤Yy h k#w}vRQ¬��{ � rsy h l)ª �°h {�r
wV| � D:{�v � ¤Ew �z¢ ­4rs|:. � DF-��72z­4~ � k+�zk+|[y�k � w � k^�*{�l�~4{���rsyzrs{�|¡��� h k+l�k��zrsl.r£vxw � y�{�y h ku{�|ak�rs|:. � w}��w � 2áª
M�tKy$y h k+����tK����k+�zy$��{�vs�[r£|a�²w � k+|K��k�µ]l�w}y � r¶�u~I{��zrsyzrs��k � k��I|ar£y�k�vsrs|Kk^w � �z�[�zy�k+l y h wVy¼wV~K~4k^w � � � t � rs|K�
y h k � k^�*{�l�~4{���rsyzrs{�|u��y�w}��k ¢ �.l�k^wV|K��{V¤U~4w � wVvsv£k�v wV| � ��k^��y�{ � ~ � {K��k+�z��rs|K�Iª°q[{�l.k#�zrsl.r£vxw � rsyzr¶k+��¨°k � k
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��{�l�k�|[tKl�k � rx�+w}v � k+�ztKvsy��#rs|���k^��yzrs{�|¡mIª�nÆ����IÁ��¬���RÆ����
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º»k w � k �*{�|I��k � |Kk � ¨$rsy h y h k¡l.{��zy�~4{�~KtKvxw � ~ � r£l�w}v¶µ � tIw}v�v£{���w � rsy h l.rx� ¢ w ��� rsk � l.k+y h { � �+wVvsv£k �
~ � k � rx��y�{ � µz��{ �z� k���yz{ � l�k�y h { � ª g$h r£��|Iw}l.k®¨$w}��� � �zy°tK��k � ¢ �²��rs´+ta|K{I­ g { �a� wV| � �®k$rs|%.ú� g � -��72á­
¨ h k � k�y h k�� ~ � {�~4{���k � ¤¸{ � y h k � � ��y�y�r£l.k�y h kul�k�y h { � ��{�|K��r � k � k � rs|)y h rs��~4w}~4k � ¤R{ � y h ku�zl�w}vsv
|Kk�r£� h[¢ { �zh {[{ � ��w}�zk�ª È r ± k¡y h k+l1¨°k»w}vsyzk � |Iw}y�k ( �zrs|K��v£k ) ~ � rsl�wVvâµ � tIwVv¼wA*�|Kk�µ]���+wVvsr£|a�¹�zy�k+~·w}| �
( �zrs|K��vsk ) ~ � rsl�w}v¶µ � tIw}v^�*k+|[yzk � r£|a�#�zy�k+~ ¢ tayYtK��r£|a�$v¦w � ��k�|ak+rs� h[¢ { �zh {[{ � �Ä{V¤By h k®��k�|�y � wVv�~IwVy h .EM ��� ���72áª
º»k�� h {[{���k�y�{¡tK�zk.y h rs��l.k+y h { � ¢ k^�+w}ta�zk�{}¤$rsyz����{�{ � y h k+{ � rx�+w}v®wV| � ~ � w���y�r¦��w}v°~ � {�~Ik � yzrsk+��ª ' |[µ� k�k � ­�y h k�~ � k � rx��y�{ � µá��{ �z� k^��yz{ � l.k+y h { � �Y��{�|[��k � ��k���¨$rsy h w}|;� (/��� ) r£y�k � wVyzrs{�|a� ¢ {�tK| � ( ¨ h k+|pv¦w � ��k
|Kk�r£� h[¢ { �zh {[{ � �#w � k�tK��k � ) wV| � h w}�#w}���[l�~Ky�{�yzrx�+wVvsv£��wu¾�t4w � � w}yzrx�n��{�|���k � ��k+|I��k ( �zk�k�ª k�ª �Iªs­K��k hK� {}µ
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l.{�|�|Kk+y]¨°{ �z± ª g$h k+��k#~ � { ¢ vsk+l.�Uw � k���k+|Kk � w}vsvs����k � � � r *���tKvsy�y�{���{�vs��k�­�|K{�y ¢ k^�+w}ta�zkn{}¤Äy h k�r � v¦w � ��k
���+w}vsk�­ ¢ tay�w}vs�z{ ¢ k^�+wVtK�zk.r£ynrs��|K{�ynk^w}���»yz{ h w}| � vskuy h k���{�|[§Irx��y�� ¢ k�y]¨®k+k�|¹�zk���k � w}v#��{�l�l�{ � r¶yzrsk+�
{�|»y h ku��w}l�k�|Kk+y]¨°{ ��± . � � � -}m+2zª g$h k � k�w � ku|[tKl.k � {�tK�nl�{ � k+vs�#rs|¹wV~K~Kvsrsk � {�~Kyzrsl.r£´�w}yzrs{�|�y h w}y
rs|[��{�v£��k#lutKvsy�r¦�*{�lulu{ � rây]�p�z�[�zy�k+l��F. 8#��� 6��+2z­�.EDFD�qHGK-C6=2á­�. È qHG?-���w72z­�. È qHGK-�� ¢ 2zª g$h k È rs|Kk�w � lutKv¶µ
y�r¦�*{�l�l.{ � rsy]��|Kk+y]¨°{ ��± µ¸§I{}¨ ~ � { ¢ vsk+l�rs��y h k.l�{��zy#{V¤¸yzk�|¹�zy�t � rsk � ~ � { ¢ vsk+l!rs|)lutKvsyzrx��{�l.lu{ � rsy]�
{�~Kyzrsl�rs´^wVyzrs{�|%.E@�k+|36��72z­ . 8n� N -��72�w}| � . �$È -C672zª
g$h rs��~ � { ¢ vsk+l ��{�|K��rs�zyz��{V¤ y h k � k+yzk � l�rs|IwVyzrs{�|�{V¤Iy h k®l.{��zy¬k^��{�|K{�l.r¦��w}v�¨$w��n{}¤Ita�zrs|K�ny h k$w���w}rsvxw ¢ v£k
y � w}|a�zl�rs���zrs{�|��+w}~Iw���rsyzrsk+�$rs|�{ � � k � yz{ � {�tKy�k�wpy � wA*���l�w}y � r¶�uy hK� {�tK� h y h k�|Kk�y]¨®{ �z± ª
g$h k ¢ k+�zyn��{�l.~Kvsk��Krsy]� ¢ {�tK| � ± |K{}¨$|u¤R{ � lutKvsyzrx��{�l.l�{ � rsy]�n~ � { ¢ vsk+l.�®rs�°~ � {}�[r � k � ¢ ��w}|.r£|[y�k � rs{ �
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y h w}y � r � |K{�y�y�w ± k�w � ��wV|[y�w}��kn{}¤®y h k�lutKvsyzrx��{�l�l�{ � rsy]���zy � tI��y�t � k�­Yy h k�{�|Kk�~ � {�~4{���k � rs|:. � DF-��=2
k��K~Kvs{�r£yny h rs����y � tI��yzt � k�ª � k^�*k+|[yzvs� � w}��y � {�~ � k+��k+|[yzk � rs|:. � w}��w � 2®w.�z~4k^��rxwVv£rs´^wVyzrs{�|){}¤$w}|)r£|[y�k � rs{ �
~4{�rs|[y�w}vs��{ � rsy h l©y�{nlutKvsyzrx��{�l.l�{ � rsy]�°§I{}¨ ~ � { ¢ vsk+l���ª�>$k$ta�zk+� ¢ {�y h w�~ � k^�*{�| � rsy�r£{�|Kk � ��{�|^��tK�[w}y�k
� � w � r£k�|�y°�z{�vs��k � ­�wV| � wn�z~4w � ��k �°h {�vsk+� ± �p¤Ew���yz{ � rs´^w}y�rs{�|Y­�yz{���{�vs��k#wpvsrs|Kk^w � �z�[�zy�k+l¿{}¤Yk�¾�t4w}yzrs{�|K�®w}y
k^w�� h rsyzk � w}yzrs{�|�{}¤�y h k�w}vs��{ � rsy h l)ª
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È k+y�� (�� &�� )°¢ k�w � r � k^��y�k � � � wV~ h ­a¨ h k � k � rs�#w��zk�y�{V¤�E�|K{ � k+��w}| � � rs�#w&�zk+y�{}¤ � w � ���^­Äw}| �
vsk+y
	 ¢ k�w���k+y${}¤�:!��{�l�l�{ � rsy�râk+��y�{ ¢ k � {�tKy�k � y ha� {�ta� h y h kn|Kk�y]¨®{ �z±�� k+~ � k+�zk+|[y�k � ¢ ���uª
��w�� h ��{�l.l�{ � rsy]�@9Ä­�¤R{ � 9 � :»­ h wV�#w�ta|Krx¾�tak��z{�t � ��k
� * wV| � w�tK|Krx¾�tKkn�zrs| ± E * ª�º»k � k+|K{�yzk ¢ �P �B' ���$D � T����  y h k$l�w}y � r¶��{ ¢ y�w}rs|Kk � ¢ � � k+vsk+yzrs|K��wV|²w �z¢ rsy � w � � � {}¨»¤ � {�l8y h k$|K{ � k*µáw � �$rs|I�*r � k+|I��k
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{V¤��*{�l�l.{ � rsyzrsk+����w � rsk+�#ta~�y�{�,������aª�º»k � k+|a{�yzk ¢ � :»­�' % wV| � '��$­ � k+��~Ik^�*yzrs��k+vs�[­Äy h k�|[tKl ¢ k � {V¤��{�l�l.{ � r£y�rsk+�^­}y h k�w���k � wV��kn��w}vstKk�{}¤�y h k�|[tKl ¢ k � {}¤�rsyzk � w}yzrs{�|K�¼wV| � y h kp|�tal ¢ k � {}¤�rsyzk � w}yzrs{�|K�$rs|
y h k�¨°{ � ��y#�+w}��k�ª
«a{ � k^w�� h ��wVvstKkn{}¤ : � 7 ,���&+���,&A,�����&������ & ,^�}����9[­^¨°kn��k+|ak � wVyzk � w}| � {�l�vs�B,^�p|Kk+y]¨°{ �z± ��ª
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~ | @ OE O� �
	���

��0 m[� �Vm 0C-�� �����C0 ����� � ��� � 
�����
	�
,�,N- ����� 0�� 6��C0�� �����}m�� ���
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�����
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g w ¢ vskF0OS¬�zrs´+k�{V¤UwV��� � k+��wVyzk ��� wVyzk+�

½ � ' «u~ � { ¢ vsk+l �+w}|�y h k+| ¢ k$��{�vs��k � ¨$rsy h ³ 8�«°ª�º»k¼�+wV|�w}vs��{#rsl�~ � {}��k ¢ {�y h {}¤ ³ 8�«¡wV| � 8 � «
wVv£��{ � r£y h l�� ¢ ���z{�vs�[rs|K�uy h k²³�k+¨$yz{�| ½�r � k^�*yzrs{�| wV~K~ � {��Brsl�w}yzrs��k+vs��ª g$h kpl�w}y � r¶� � rs���z�[l�l.k+y � r¦�
~4{���r£y�rs��k � k��I|ar£y�k�ª g$h k+|¡{�|Kk��+w}|¯tK�zk�wV|�r£y�k � wVyzrs��knl.k+y h { � yz{u��{�vs��kny h k � k � tI��k � �z�[��yzk+l wV�$y h k
��{�|^��tK�[w}y�k�� � w � rsk+|[y$l�k+y h { � ª
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. 8�D��BLK-C0A2 �$ªú½�ª 8#| � k � ��k+|Y­[�4ª Dn{�| � ´+rs{4­ � ª�� �k+��´ �w � {���­Kw}| � L�ª L�tYª ' l�~Kvsk+l.k+|[y�wVyzrs{�|�{}¤Är£|[y�k � rs{ �
~4{�rs|[y�l.k+y h { � �p¤¸{ � vxw � ��k.���+wVv£k.vsr£|ak^w � ~ � {�� � w}l�l.rs|K�Iª ' |6k � ª g ª g k � vxw ± �[­¬k � rsyz{ � ­
� � � � ��� �
� � ���9� � � � ��
 ��� � �,� �2
 ��
 � �<
 � � ��
4��� � �&� ��
����	�,�-��­�~Iw}��k+�%,^��-��B�����aª @�vst[¨®k �
w���w � k+l.rx�$~Kt ¢ v£rs� h k � ��­I½�{ � � � k�� h y�­Iy h k�³$k+y h k � v¦wV| � ��­ ,+-C-�0Kª

. 8?>�@ È ���A258�ª+8�v£r]­ � ª G�ªN>$k�v£�[w}��{�|Y­��Iª È ªA@�k+|a|Krs|K��y�{�|Y­}w}| � >�ª È wVvsvEª � {�l�~atKy�wVyzrs{�|IwVv`�*{�l�~4w � rs��{�|
w}l.{�|K�¯y hK� k+k�lutKvsyzrx��{�l.l�{ � rsy]��|Kk+y]¨°{ ��± §I{}¨ w}vs��{ � rsy h l.�^ª � � � ��
 � � ��� � � � � ��

� � 
 ­
���4SE-C-�����,������a­O,N-����aª

. 8�� N -��+2 � w��[rs| � � w @�ª48 h t^�+wa­ g$h {�l�w}� È ªI�¯w}��|4w}|[yzr]­[w}| � ��wVl�k+��M�ª N � v£rs|Yª 	 � ��� �
��V�� � �N� ª
��� k+|[yzrx��k >#wVvsv ' |I�}ªs­���|K��vsk+¨®{[{ � � vsr ; ��­I³��I­1,N-�-��Kª g$h k+{ � ��­ÄwVv£��{ � r£y h l���­�wV| � wV~K~Kvsr¶µ
�+wVyzrs{�|K��ª

. 8#��� 6��+2 8�ª48#����w � ª®��tKvsy�r¦�*{�l�lu{ � rsy]��|ak+y]¨®{ �z± §I{}¨$�]µzw���t � ��k+�[ª 	 � ��� �
��V � ­K�4Sú�C6��O-O,�­O,N-�6��Kª
.EM#D È qO-�6+2 �Iª°« � �k ���k � rx�%M�{�|K|IwV|K�^­$��k^w}| �°h w � vsk+� Dnrsv ¢ k � y�­ � vxwVt � k È k+l�w � �k^� h w}v]­�w}| � � vxwVt � rxw

qKwV��w}��yzrs´ �w ¢ w}v]ª � � � � �	� � 
 � � ���`� 	 ����
���3�
	���ª�q[~ � rs|K��k � µRG�k � vxwV�I­�M�k � vsrs|Y­1,N-C-�6Kª�8��z~4k^��y��
y h �k+{ � r¦¾�tKk��#k+y�~ � wVyzrx¾�tKk+�^ª . g$h k+{ � k+yzrx�+wVvYw}| � wV~K~Kvsrsk � wV�z~4k^��yz� 2zª

.EM ��� ���+2 �Iªú«°ª�M�{�|K|4w}|K��­ � ª � {�vxwK­ÄwV| � � ª � �k ¢ w
	 �]ª � k � yzt �z¢ k � ~Iw}y h ¤R{�vsvs{}¨$r£|a�ur£|[y�k � rs{ � ~I{�rs|�y
w}vs��{ � rsy h l���ª ��
%� ­I�������aª g {uw}~K~4k^w � ª

. � w}��w � 2 �Iª � w}�zy � {4ª 8 ��~Ik^�*r¦wVvsr£´�k � rs|�y�k � rs{ � ~4{�rs|[y�w}vs��{ � rsy h l¿¤¸{ � lutKvsyzrx��{�l.l�{ � rsy]�u|Kk�y]¨®{ �z±
§I{}¨$��ª � � ��
 ��� � � � � �	�Ik�
 � � ���I­[yz{�wV~K~Ik�w � ª

. � DF-��+2 ' | �°h w}| �°h {�r�wV| � ½�{�|4w}v � Dn{�v � ¤Ew ��¢ ª©q[{�vs�[rs|K�»lutKvsyzrx��{�l�l�{ � r£y]�)|Kk+y]¨°{ ��± §I{}¨
~ � { ¢ vsk+l.� ¢ � wV|»r£|[y�k � rs{ � ~4{�rs|[y�l�k+y h { � ª ' | � 
��F� ��� � ��
4� �	� 	 � � ��� ��
�� ��� � � �	�Ik�
 � � ���� ����
 
 �/
 � 	B����5-m �-m/% ­a~Iw}��k+�#����� 0�-Kª[q ' 8��»­ ��h rsvxw � k�v£~ h rxwK­ � 8�­�,N-�-��aª

. �$È -�6+2 � ª �°h w � � wVr � k®wV| � 8�ª È rs���zk � ªIq[rsl�~av£k*��w}| � rs|�y�k � rs{ � ~4{�rs|[yY��~Ik���rxw}vsrs´+k � w}vs��{ � rsy h l��a¤¸{ �
�z{�vs��rs|K�u|a{�|[µ]{ � r£k�|�y�k � lutKvsyzrx��{�lulu{ � r¶y]��§4{}¨©~ � { ¢ vsk+l���ª g k^� h |ar¦��w}v � k+~4{ � y^­ � ³ � g ­
,N-�-C6aª

. � � � -}m 2 �Iª �°h r
��k+y�­ � ªÄ�¡w h k���­�w}| � G�ª � k+�[|Krsk � ª �U� {��Krsl�w}v � k^��{�l�~4{���r£y�rs{�|�¤¸{ � lutKvsyzrx��{�l�µ
l�{ � rsy]�.§I{}¨©~ � { ¢ vsk+l.�n¨$r£y h ��{�|���k��¹��{���yz�^ª � �K� �
�
������	-��� ��
 � � ��� � � ��� �
� � ­Y�OS ,���,^�a­
,N-�-}m4ª

.ú½nw}|304,<2 DuªEM�ª�½nw}|[y�´+rs�Iª g$h k � k^��{�l.~I{��zrsyzrs{�|�w}vs��{ � rsy h lP¤R{ � v£rs|Kk�w � ~ � {�� � w}l.l�r¶|K�Iª $ �
��� ��� ���� ��� ��
}­K��-OSE6C0�6�� 6�6��a­O,N-�0O,�ª
.ú½ � � ��-+2 ' ªIqjªI½�tH;�­O8�ª4�»ª � � rs�zl�w}|Y­KwV| � �Iª�@�ª � k�r � ª � � � �
� � � � ��
 ��� � ���
� � �>

� � � �2
 � ��� �
� � ª

g$h k � vxw � k+| � {�| �U� k+��� N �[¤¸{ � � � |ar£��k � ��rsy]� ��� k+���^­Ä³$k�¨ �®{ �z± ­��zk^��{�| � k � r£y�rs{�|Y­ ,N-��C-KªN �[¤¸{ � � qa��rsk+|I��k � t ¢ vsrx�+wVyzrs{�|K��ª
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.ú½$º 0��+2 DuªEM�ªY½nw}|[yz´+rs�¡w}| � � ªÄº»{�v¶¤¸k�ª.½#k���{�l.~I{��zrsyzrs{�|¯~ � rs|I��rs~Kvsk�¤¸{ � vsrs|Kk^w � ~ � {�� � w}l.l�rs|K�Kª

� � � ��
 � � ��� ��� � � �/

� � 
 ­K�4S ,��O,���,C,�,�­O,+-C0��Kª
.ú«�«����+2 È ª � ªY«K{ � � w}| � ½�ª � ªÄ«atKv ± k � �z{�|Yª�8¿��tK����k+�zy�k � ��{�l�~Ktay�w}y�rs{�|�§I{ � l�w`�Kr£l�wVvÄlutKvsyzr¶µ

��{�l�l�{ � rsy]��|ak+y]¨®{ �z± §I{}¨�ª 
 
��Y
K� � � ���¸­4�OSE-C6���,��O,�­4,N-����Kª
.ú«�«10��+2 È ª � ªK«K{ � � wV| � ½�ª � ª�«atKv ± k � �z{�|Yª2�E� � �N� �,� 	 � ��� �
��V � ª ��� r£|4��k+yz{�| � |ar£��k � ��rsy]� ��� k+�z��­

,N-�0��aª
.ú« � wC-�6+2 8�ª4« � w}|K��rs{�|Kr]ª � 	^
���
 � �
��� � � � ��
 ��� � 
�� ����	$� � � �
����� ����� � � � � �N� ª�½#rs~Yª � rÄrs|[¤¸{ � l�w�µ

yzrx�+wa­ � |Krs� ª � r � rs��wK­�,+-C-�6Kª
.EDFD�q G?-C6A2��Iª µ È ªODn{�*�|Y­��Iª3D:{�| � ´�r£{4­ � ª�qaw �z± rs�z��rxw}|Y­KwV| � �4ª µ � ªHG#rxwVvEª¬q[{�vs�[rs|K��|K{�|Kvsr£|ak^w � lutKvsyzr¶µ

��{�l�l�{ � rsy]��§I{}¨©~ � { ¢ v£k�l�� ¢ ��y h kuw}|IwVvs��y�rx����k+|[yzk � ��tKy�yzrs|K��~Kvxw}|Kkpl�k+y h { � ª 
 
 ��
 �
� ��� � ��

� �	�,�-��­96�0 ( ,�­�q[k � ª�M ) S ,��O,���,^�VmI­�,+-C-C6aª ' |�y�k � rs{ � ~4{�rs|[y�l.k+y h { � ��rs|»y h k+{ � �
w}| � ~ � w��*yzrx��k ( ' {}¨¼w � rsy]��­ ' 8�­�,N-C-Vm ) ª

.EDn{�|3-��A2 � ª � ªODn{�|a´^w}�[wKª � wVy h ¤¸{�v£vs{}¨$rs|K�nl�k�y h { � ��¤¸{ � vsrs|Kk^w � ~ � {�� � wVl�l�r¶|K�Iª � � ��
 � ���;� � � ­
�}m S ,N0C6��B���C6K­4,N-C-��Kª

.ED g -�6�w+2 � ª � ª�Dn{�|a´^w}�[w wV| � � ª 8�ª g w}~KrxwKª N |6y h k¡��{�|[��k � ��k�|I��k¡{V¤�y h k ��rs´+tK|K{Vµ g { �K� µ �nk
w}vs��{ � rsy h l y�{�y h k�w}|4w}vs�[yzrx�n��k+|[yzk � {}¤�y h k��z{�vstKyzrs{�|���k+y^ª � � ��
 ��� � � � � �[�s­ 6 ( , ) S m 6��
0��a­�,N-�-C6Kª

.ED g -�6 ¢ 2 � ª � ª3Dn{�|K´^wV��wuw}| � � ª 8�ª g w}~Krxwaª N |¡y h k�¾�tIw � � w}y�r¦�n��{�|[��k � ��k+|I�*ku{}¤�y h kp�zrsl�~Kvsr �Ik �
��rs´+tK|a{}µ g { �a� µ �nk�w}vs��{ � rsy h l8¤¸{ � vsrs|Kk^w � ~ � {�� � w}l.l�rs|K�Kª �H� ��
 ��� � � � � �[�s­H6 ( , ) SE0C0��
���a­�,N-�-C6Kª

. ��k�¨#���+2 º·ªúqÄªa��k+¨°k+vsv]ª N ~Ky�r£l�w}v4§I{}¨©y hK� {�tK� h |Kk+y]¨°{ �z± ��ª g k�� h |Krx�+w}v � k�~I{ � y^­¬�¡w}����w�� h tK���zk+y��
' |K��yzrsyztKkp{}¤ g k^� h |a{�vs{�����­ ,N-����Kª

.E@�k+|36��+2 �Iªú«°ª @�k+|a|Krs|K��y�{�|Yª 82�zt � ��k�� {V¤¡v£rs|Kk�w � ��{��zy¹lutav£y�rx��{�lulu{ � rsy]� |Kk�y]¨®{ �z± §4{}¨$�^ª
� � � � � � � � ­K� ( �C0 ) Sú����-��B���C0a­O,N-�6��Kª

.E@K@ � -��A2 8�ª � ª1@nw}l�wVy h ­¬³�ªE@�ª @nw � l�w �z± w � ­�wV| � @�ªED � w}l�w ±[� rs� h |Iw}|¬ª � {�l.~KtKy�wVyzrs{�|4w}v�w}|K�
��{�l�~Kvsk��Krsy]� � k+��tKvsyz�n¤¸{ � w}|¡rs|[yzk � rs{ � ~I{�rs|�y�wVv£��{ � r£y�l {�| lutav£y�rx��{�lulu{ � r¶y]��§I{}¨·~ � {}µ
¢ vsk+l.�^ª g k�� h |Krx�+w}v � k+~4{ � y g#� µz�O, �C-��K­Y½�rs~Yª � r ' |[¤¸{ � l�w}yzrx�+wa­ � |Krs�Äª � r � rs��wa­ ' y�w}vs�[­
,N-�-��aªY~K~¬ª�,C,+0�µ ,^���Kª

.E@n�¡³
�F-O,=2p� ª @�{^�*r£l�wK­$³�ª$��k���r �K� {4­ g ª$³${�l�wK­$w}| � 8�ª �®{�� h rs�zk�ª � 	J�$� P �
� 
��A� � ��
 � 
 � ��,� � � ��� ���M� ���,� � 
4� � ����� ��
 � � �����@�1�,� �/

� ���
���0� � � ��� � 
���� � �+� ���A(K� � � � ª�q[~ � rs|K��k � µRG�k � vxw}�I­
M�k � vsrs|Y­�,+-C-4,�ª

.E@�G?-�0+2 qÄªO@nw}~4{[{ � w}| � � ªú�»ªCG°w}r � ��waªÄq[~Ik�k � rs|K�utK~B@�w � l�w �z± w � � ��w}vs��{ � rsy h l·¤R{ � lutKvsyzrx��{�l�µ
l�{ � rsy]�p§I{}¨$�^ª 
 
 ��
 �
�2
 � � ��
���� � �&� ��
����	�,�-��­O6��OS ,�,C, ��,^��6K­O,+-C-C0aª

. È q G?-���w+2 8�ª È rs�z��k � ­ � ª�qKw �z± rs�z�zrxwV|Y­®wV| � �Iª � ª�G�r¦wVv]ª N ~Ky�r£l�w}vÄ��{�rs|[y��z�[|[y h k+��rs��{}¤ ¢ w}��k w}| �
� k��zk � ��k�yzk+vsk^��{�l�lutK|ar¦��w}yzrs{�|�|Kk+y]¨°{ ��± ��ª g k^� h |Krx�+w}v � k+~4{ � y�­ � ³!� g ­K³�{}��k+l ¢K� kF,N-�-��Kª
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. È q G?-�� ¢ 2 8�ª È rs���zk � ­ � ªYqKw ��± r£���zrxw}|¬­Yw}| � �Iª � ª�G�rxw}v]ª�q[t � �[rs��w ¢ rsvsrsy]��rs| y � wV|K�zl.r£���zrs{�|)yzk�v£k���{�l&µ
lutK|Krx�+wVyzrs{�|u|ak+y]¨®{ �z± �^ª g k^� h |Krx�+w}v � k+~4{ � y�­ � ³!� g ­H8�~ � rsv9,+-C-��Kª

. È �F-}m 2 I h r¶µ � t4w}| È ta{ wV| � ��rs|[�[t �°k�ª�8¿��k+|[tKrs|Kk�¾�tIw � � w}y�r¦��w}vsvs� �*{�|[��k � ��k+|[y�~4{�vs�[|K{�l�rxw}v
rs|[yzk � r£{ � ~4{�rs|[y:wVvs��{ � rsy h l ¤¸{ � vsrs|Kk^w � ~ � {�� � w}l.l�rs|K�4ª ' | � ���4
�� �
� � �,� ��� � � �	�Ik�
 � � ���
�� �n
��A� � ��.�� �2
 � � ���4­K~IwV��k+�#�������K�}mH0KªH@#vst[¨°k � 8��+w � ª � t ¢ v]ªs­�½�{ � � � k�� h y�­ ,+-C-VmIª

.ú��k h -��+2 qÄªÄ��k ha� {�y � waª N |¡y h kpr£l.~Kvsk+l�k�|�y�w}y�r£{}|u{V¤®w ( ~ � rsl�wVvâµ � tIwVv ) rs|�y�k � rs{ � ~I{�r£|[y$l.k+y h { � ª
� � ��
 ��� � � � � �a� k�
 � � ���I­[m ( � ) Sú�C6���� 0��O,�­4,N-C-��Kª

.ú��k h -��+2 qÄªÄ��k ha� {�y � waª � tIw � � w}y�r¦�n��{�|[��k � ��k+|I�*kur£|¡w�~ � rsl�w}v¶µ � tIwVvIl.k+y h { � ª 
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� � 
 ­�,��OSE6}m , � 6��O,�­O,N-�-��Kª

.ú� g �F-��+2 qÄªn��rs´+tK|K{4­��»ª �4ª g { �a� ­�w}| � �uª��°k�ª N | w � wV~Kyzrs��k*µE��yzk+~©~ � rsl�w}v¶µ � tIwVv#rs|[yzk � r£{ � µ
~4{�rs|[y#w}vs��{ � rsy h l.�¬¤¸{ � vsr£|ak^w � ~ � {�� � w}l.l�r¶|K�Iª 
 
 ��
 �
�2
 � � � � � � � � �
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 � � ��� ��� � � ��

� � 
 ­
,^�4SE-C0}m � -��O,�­4,N-C-��Kª

. � ����+2 � ª � �k ¢ w
	 �]ª � � � � �a� � 
 � � ��� � � � �� � ��
�	J. � � � ���� ����
�
� ��	J�$� ��
 � � ��� � �$
�� � � � ���� ��
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