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� ¡*^�plmom]^]�CnK�k^o|vu�gihkd1j5m]hl\-�1rCn�eidsj5n~ei\5^&tveid1mo^�¤#hk|~¥�eftµ�1hld1^$hkdsgfu�hkd1mo^�¨Opld1�
�£hk|Zplgfg¦« pld1�3pltZgihld1j>pltZe®nZ|~^o\�plefd1t��Opl|�gihB¤�^o|
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�1^]�E^]d1�stµhkd�n~Y1^c¤�^oeijkYHnRhl� }  
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W�	 �0	�3� 	  "�	�P��� 7 � E = E��	� ~M�$�������	��4G�	� 
O��� 0 �O� 28�!�$�3� 	  ��	�P���
7�
 E =�;
��� G ? E��	� 4G��� �P�54 0 � 
 E M � E 
�� $ P��& O � � E P ; 'DX �=���	�$
 ��� �
28� 4G��7"��28�!��2R0 �V��� M# � P��E O ; ��� G 7 , _ =���� ��2��W2 ��28 X���	��28� 48�V�	
d�!��0  G
d�#���6~,�O
O� 7 �528�J��28�� ��� M�� 7�� , � $ P�� =w7 / � = $
28� 4C~,�O
 � ��28�!��28�P��� � � M 7�� , � $ P�� =F7 _ ,s7 / � = � $ =
~ ���	��� �8M 0 ��� �6@�� 
! � � Z � � E M �FE � , �� � ": �6�3�&% "
©
^�n � ��df7 } = xU^µt~r1m�Y�n~Y�pqn � Z � � E M �FE � , �� � eit \�p°¢sef\�pqgÒ �© ^on 9 M Z � � E M �FE �W §�?hl|
plgigoS�¯1¤�^&�1^]mohk\5�Uhktv^ � E plt � E M �FE�
#"FE ¤�Ys^]|~^�Z � "FE M _ � M _ ,J9  }XZY1^]d3¤�^&Y�pM�k^

Z � 
 E M`_ � M Z � � E�
 $ P��J & O �
� E P ; ' M`_ � M Z � "FE�
 $ P��J & O � "FE P ;(' M`_ �

t~eidsm]^ � t�pqn~eit1H�^]t§n�Y1^R��pl|vefnÆuH·Æm�Ys^]m�¥�^]z�r�pqn~eihkd5xE^]mMpqr1t~^ � ��d�7 } =� }XZY1eft#ef\-�sgiei^ot"n�Y1pqn
 E M _ ef�
pld1�¶hkd1gfuQe®�#n~Y1^5dwrs\yxU^o|�hq�
eids�1^�¢C^]t7�8� � S�Q'S9, � � QlXFXlX/Q'S9, � $ P�� ��t~r1m�Yn�Y�pqn " ; M`_ eftZhC�1�A }XZY1^]|v^o�£hk|v^&¤#^�Y�pM�k^

Z � 
 E M _ � M $N$ O I&% $('�)*) + � ,.- 7 _ ,J9o= $ 9 $ P $
M _/0/ $N $ O I + � , - 7 _ ,J9o= $ 9 $ P $ , $N $ O I + � , - 7:9 , _ = $ 9 $ P $21
M _/43 _ ,q7 /�9 , _ = $*5 X
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XZY1^Z|�plds�1hk\ �lpq|~e´pqx1gi^ � mMpld�d1hB¤ xE^Z^�¢C�1|~^ot~tv^]��pqt � M 7�� ,3� $ P�� = , / # �E O ;!��� G 
 E XK�gig}|~pld1�1hl\��qpl|~eiplx1gi^ot 
 E pl|v^-efd1�1^]�E^]ds�1^]dHn>pqd1�*ef�1^]dHn�efmMplgfgfu��1eit�n�|veix1rsn~^]�¹ ���r1^�n�h
n�Y1^>mo^]dHn�|~plg§giei\5efn�n~Y1^]hk|v^]\ >ã_�AW¯ n�Y1^>|~pld1�1hk\ �lpq|~e´pqx1gi^ # �E O ; ��� G 
 E �£hk|cgipl|~jl^$�qplgir1^othl��7�� ,	� $ P�� =¬mMpqd�xE^µpqt~t~rs\-^o�-n�h�Y�pM�k^µp$a�plr1tvt~eipld-�seitvn~|~efx1rsn�efhkd>¤�efn~Y-\5^Mpld>�qplgfr1^7�� , � $ P�� =|Z � 
 E M`_ �¹plds���lpq|~e´pqd1m]^h7�� , � $ P�� =|Z � 
 E M _ �HZ � 
 E M V��Ò ,F n#�£hkgigfh°¤�t§n�Y1pqn� Y1pltRp-a�plr1tvt~eipld��1eit�n�|~efx1rsn~eihkd�¤�e®n�Y�\-^]pld��qplgir1^� M 7�� ,�� $ P�� =F7 _ , /�Z � 
 E M _ �>= M 7�� ,�� $ P�� =w7 /�9 , _ = $
pld1��¤�efn~Y3�qpl|ve´pld1mo^� � M � 7�� , � $ P�� =|Z � 
 E M _ �HZ � 
 E M V �

M 7�� ,�� $ P�� =F7 _ ,W7)/�9 , _ = $ =w7 _ba 7)/�9 , _ = $ =
M 7�� ,�� $ P�� =F7 _ ,W7)/�9 , _ = � $ =�X �

F ��plgig�tv^]z�r1^]dsm]^]t�efd�d�7 } =-pl|v^�t�n�pqn~eit�n�eim]plgig®u efd1�1^]�E^]ds�1^]dHn�hl� � ¯ � Y�plt�a&plrst~t~eipld
�1eit�n�|~efx1rsn~eihkd¶¤�efn�Y±\5^Mpqd �lpqgir1^��³pld1�±�qpl|~eipld1m]^J7�� ,�� $ P�� =$t~efd1m]^ �5M V�efd*n�Y1eft
mMpltv^l 

¡<^�d1hB¤ ¤�pldHnµn~h��1eit�n�eidsjkr1eitvY�xU^�nÆ¤�^o^]d nÆ¤#h5Y�uw�Ehln�Ys^]t~^ot c

��� I c}�£hk|�plgfg � � df7 } =�¯eZ � � E M �FE � M ��  

��� � c}n�Ys^]|~^�^�¢seftvn~t � ��df7 } =
tvr1m�Y�n~Y�pqn�Z � �FE M � E � �M ��  
�?|vhk\/n~Y1^��1|~^��weihkr1tZn~Y1^]hk|v^]\3¯s¤#^�Y�pM�l^

Z � � M � � � I � M _
� /�� 7�� , � $ P�� = � ��� + , � �/<7�� , � $ P�� = -

Z � � M � � � � � M _
	 /�� � � ��� + , 7 � , � = �/ � � -

¡*^yrst~^�p��1^om]eitveihkd�n�Y1|v^]t~Yshkgi��
&¯�
�
 VC¯A�£hk|��seit~mo|~ef\-efd�pqn�efd1j5Y�uw�Ehln�Ys^]t~^ot � I pld1�
� �   F � � � � � 
&¯ � I eftZ¥l^o�sn���e®� � � � U�
&¯ � � eit
plm]mo^]�sn~^]�¹  XZY1^�\-efd1ei\$r1\�d�r1\yxE^]|
hl�¹|v^]z�r1ei|v^]��moei�1Ys^]|vn~^�¢wn
xsefn�to¯ �<¯s�s^]�E^]d1�1t#hkd-n~Y1^�d�r1\$xU^o|#hl�A¤�|~hkd1j��1^]moeitveihkd1t§n�Y1pqn
¤�^�plgigfhB¤�  XZYseit�d�r1\yxE^]|Rm]hk|v|~^]tv�Uhld1�1t�n�h�n�Y1^��1|vhkx�plx1efgie®nÆu��£hk|�p>�Oplgitv^&plg´pl|v\�¯ Z � M
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Z � � � � U 
 � � I �Ò µXZY1^y�1^om]eft~eihld�n�Ys|~^]tvY1hkgf��eitµ�1^on~^]|~\5eids^]� xHu3n�Y1^��1|~hlx�plx1efgiefnÆu��£hk|
p�d1hkdw·Æ�1^�n�^]m�n�efhkd¹¯.Z ��M Z � � � � � 
 � � � �W §© ^on�� �s^]d1hln~^]t n�Y1^µd1hk|~\-plg?�1eftvn�|veix1rCn�eihld
�£r1d1mon~eihkdA¯

�f7 � = M _
	 /�� �

L
P�� � ���

+ , � �/ - � � X

XZY1^]d�¤�^&Y�pM�k^

Z � M Z � � � � U�
 � � I � M / � P��
P�� Z � � M � � � I � � �

M /
� /���7�� , � $ P�� = � P��

P�� � � � + , � �/<7�� , � $ P�� = - � �DM /�� + , 

	 � ,�� $ P�� -

ªCei\5eigipl|~g®uyn�Y1^��1|vhkx�plxseigie®nÆu-�£hl|�p�dshkdC·Æ�s^on�^omon~eihkd�eitZjlef�k^od�xHu

Z � M Z � � � � � 
 � � � � M _
	 /�� � � �P�� � ��� + , 7 � , � = �/ � � - � �

M _
	 / � �
	 ���
� 	 ���
 � ��� + , � �/ - � �DM � + 
 , �� - ,�� + , 
 , �� -

M � + 
 , � � �� - ,�� + , 
 , � � �� -
t~eidsm]^�� eftZd1hlnRd1^]mo^]tvt�pl|veigfu��Ehktvefn�e®�k^q aFÆd3\5hktvn�m]plt~^ot]¯��f7 P��eP�� ���� =
eitZ\yrsm�Y t~\-plgfgi^]|
n�Y�pld5Z � plds��n�Y�pld��f7 �eP�� ���� =� �XZY1^odQn~Y1eit�g´pqnvn�^]|R¤�eigfg"pl�s�1|~hM¢Cei\-pqn�^hZ �  �XZY1^>�1|~^�·
�1^on~^]|~\5eids^]���qplgir1^chq��Z � Hs¢C^]t�n�Y1^�m�Y1hleim]^c�£hk|
n~Y1^cn�Y1|v^]tvY1hkgi�Pc

 M � � � a � P�� 7gZ � = � M 7�� , � $ P�� =w7 / � = $ a � P�� 7�Z � = � 7�� , � $ P�� =w7 _ ,q7 / � = � $ =�X
ªCei\5eigipl|~g®uk¯Cn~Y1^y�1|v^]�1^�n�^o|~\5eid1^o���1|~hlx�plx1efgiefnÆu��£hk|�p5�Oplgitv^yplgipl|~\�jlef�k^ot�n�Ys^$\5eid1ef\yr1\
�lpqgir1^chl�|7�� , � $ P�� =!c � ,�� $ P�� M * 


� P�� 7 _ ,����� = . � X

KR�¦n�^o|3�sef²U^]|~^odHn pGn~n�^o\-�Cn�t�n�h±n~r1d1^Qr1�(n�Y1^QxE^]tvn��qplgfr1^]t��£hk|YZ � pld1� Z � ¯�¤#^
m�Y1hChlt~^fZ � M / P�� I pld1�DZ ��M`_ V P �  ,FÆd��1|~plmon~eimMpqgUtvefn�r1pqn�efhkd1t}n�Y1^�¥wdsh°¤�d�moei�1Ys^]|vn~^�¢wn
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t~^]z�r1^od1m]^��1hw^]tRd1hln�m]hld1t~eftvnRhl�}p>gipl|~jk^cd�r1\$xU^o|Rhq�"mohkd1t~^om]rsn~ef�l^$x1e®n�t] §XZY1^�pqnvn�plm�¥q^]|
Y�pltRplm]mo^]tvtµn�h5t~hl\-^�m]ef�1Y1^o|vn�^�¢wn�x1gfhCm�¥�tRhl�6|~^Mpqt~hkd�pqx1gi^�gi^od1jln~Y1t] #XZY1^]tv^$m]ef�1Y1^o|vn�^�¢wn�t
\�pMu�xE^��s|~hw�1r1m]^o� ¤�efn~Y��sef²U^]|~^odHn�¥q^ouwt]¯UeÒ  ^l ®¯?¤�e®n�Y��1ef²U^]|v^]dHnK©
�}ªC� eid1e®n�e´pqgie'%]pqn�efhkd1to 
XZY1^]hk|v^]\9?�mMpqd�d1^��k^o|vn�Ys^]gi^ot~tµxU^�pl�1pl�sn�^o�3n~h>n�Y1eftR\5hk|v^K|~^]plgieftvn�efmKt~e®n�r�pGn�eihld¹ 
� ¿ � ¿ � �£�1� ¼ � '*�	
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 ���
0 �O� 28�	�b�3� 	  ��	�P��� 7�
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	 4G��� �P�54 0 �
 �E M � �E 
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28� 4G��7 ��28�	��2R0 �V� � M # �
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d�!�O.
0  
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 � 7 �528� ��28�� "� � M � 7 / � = $ # � 	

� O � 7g4�� 7 �<=
, � $ P�� = 28� 4J~,�O
 � ��28�!��28�P���� � M 7 _ ,q7 / � = � $ = # � 	
� O � 7g4
�C7 � = ,�� $ P�� = ~ ���	�6� �8M 0 ��� �6@�� 
! � � Z � � E M �FE � , �� � "

XZY1^-�£hkgfgihB¤�eidsj�plgijkhl|~efn~Y1\ n~Y1^]d*^�¢spl\5eid1^ot$plgfg§�Uhkg®uwd1hk\5e´plgftKhl�
�s^]jk|v^]^�pqn�\5hktvn !
pld1�Qhl��¤#^]efjkYHn �?¯
pqd1�<e®nc�1^�n�^]m�n�t$plgig6�Uhkg®uwd1hk\5e´plgft } efdQn~Y1eitctv^on�t~r1m�Y¶n�Y�pGncn�Y1^o|~^
^�¢Ceit�n�t � ��d�7 } =�¤�efn�Y � Z � �FE M � E � , _�� / � U �������  
� ��� ¿ ��k£� � �
) ��� �52G��� 7�� , _ = .�
� � �V��� 7'� � QlXFXlX�Q � $ P�� = �	 "��� 
O��28
 V � � ��� XlXlX � � $ P�� � !��� # ��	
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XZYs^R�s|~ei\5efn~ef�l^ �Oplm�n�hk|vt¬¤�Y1eim�Y5pl|v^
�1^�n�^]m�n�^o��t~^��k^o|�plg1n~ei\5^]t¬xHu$n~Y1^�plgfjkhk|~e®n�Y1\�pl|v^
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¡*^�d1hB¤ �seit~mor1t~t�n�Ys^&m�Yshkeimo^chl�"n~Y1^ceid1�srsnR��pl|�pq\-^�n�^]|vt ��¯ !�pld1� � �����  

��^]m]plgig n�Y�pGn$¤#^�pqei\ pqn>|v^]m]hB�l^]|~efd1jQ\yr1g®n�ei�sgi^]t&hl���Ehkgfuwd1hl\-eiplgit 
 ; @ � Z ; ¯ 
��
�-_ QlXlXlX[Q ; ��tvr1m�Y5n~Y�pqn � Z � � E M � ; @ � � ;E � , _�� / � U �������   KZmom]hk|v�1eid1jKn~h���hk|~\yrsg´p�¨W�H«�¯n�Y1^ot~^&t~r1x1tv^on~t 
 pl|~^�m�Y�pl|~plmon~^]|ve'%]^o��xHu

� /�9 I , _ �/ � K � � �� � 7 _ � = � U �������
¤�Y1^]|v^�n~Y1^��O·Òn�Y�mohk\-�Ehkd1^odHn�hl� _ � ^oz�r�plgit]?ce®��pld1��hkd1g®u�e®� � � 
� ,F n�eft�¤#^]gigÃ·Æ¥�d1hB¤�d
n�Y�pqn¬plgigH¡*plgitvY$mohC^	C-moei^od�n~t¬hl�EpK­#hChkgf^Mpld&�£r1d1m�n�eihld � ¤�e®n�Y ;5�lpq|~e´pqx1gi^ot"pl|v^��1e®�weit~efx1gi^
x�u � ¯�r1d1gi^ot~t � Y�pqtR�s^]jk|v^]^�;6 �XZY1eft�mMpltv^$eit�Y1^o|~^&�1eitv\-eft~tv^]�3t~eidsm]^�t~r1m�Y�p��£r1dsmon�efhkd
mMpld1dshln�xU^�x�pqg´pld1mo^]�¹  ��YshChktveid1j ��������M � /�9 I , _ �/ � P�� ¨ � «
n�Y1^od�^od1t~r1|v^]t�n�h>�1^�n�^omon�plgigU�Uhkg®uwd1hk\5e´plgft 
 ; @ � Z ;
tvr1m�Y3n~Y�pqn7�� � 7 _ � = �M Vs ,FÆd�\-hkt�n
�1|�plm�n�efmMplg¹tvefn~r�pqn�efhkd1to¯Cn�Ys^&d�r1\$xU^o|Rhq�6�qpl|ve´plx1gf^]t
;Q�1hw^]t�d1hqn�^�¢Cm]^o^]�Q�C 

¡<^�d1hB¤ pqt~t~rs\-^Zn�Y1pqn§hkr1|}tv^Mpl|vm�Y-m]pld�xU^Z|v^]tvn~|~efmon�^o�5n~h&plgigC�1|~hw�1r1m�n�t 
 ; @ � Z ;?hl��1^]jk|v^]^µpqn#\-hkt�nb4 �	��
  ¬XZYseit \-^]pld1t§n�Y�pqn§¤#^�tvr1�1�Ehkt~^Rn�Y�pqn�plgfgs�£^]^o�1x�plm�¥5�Uhlgfuwd1hk\5e®·
plgit Z � ¯BXlXlX¹¯ Z � mMpqd>xU^#|~^]mohB�k^]|v^]���£|~hk\ pqgig��1|~hw�1r1m�n�t 
 ; @ � Z ;st~r1m�Y>n~Y�pqn �� � 7 _ � = �M V
pld1� # ; @ � 4�; � 4 �	��
   �µhln~^�n�Y�pGn 4 �	��
 t~Y1hkrsgi�±hkxH�weihkrst~gfu¶xE^�jk|v^Mpqn~^]|�n~Y�pld*n~Y1^
\�pG¢Cef\yr1\ gf^]d1jqn�Y�hl��pqgigkmohkd1tvn~efn~r1^]dHn"©��¬ªs�Rto  K �Ehkgfuwd1hk\5e´pqgqhl�s�1^]jl|~^]^b4 �	��
 eit n~Y1^]d
|~^]mohB�k^]|v^]�-x�u$hkr1|§plgfjkhk|vefn�Ys\ ef�Eefn"�1ef�wei�s^]t§pqn}gf^Mplt�n}hkd1^Z�Ehkg®uCdshk\-eiplg�hl�?¤�^oeijkYHn9��pld1�
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� O � 4
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¤�efn~Y���pq|�pl\5^on~^]|~t=! M � Q�� _ V�pld1� � M �
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t~ei\$r1g´pqn~eihkdst � _8Z�Zs¯J? � ? _8ZH_w¯ê� � � � ¯J? � Z �
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n~Y1^ �s|~^o�wefhkr1t-pld�plg®uCtveit-plgitvh
�1|~hB�wei�1^ot�pldQ^]t�n�ei\-pqn~eihkd�hq�#tvhk\5^y¡ plgft~Y³mohC^	C-moei^od�n~t�hl�§n�Y1^>mohk\yx1efd1eid1j-�£r1d1mon~eihkdA 
ªCr1�1�Ehkt~^�n�Y1pqn5t~hk\5^�\yr1gfn~ei�1gf^]tyhq��¤#^]eijlY�n �*hl� 
 ; @ � Z ;Æ¯ 
 � �-_ QlXlXlX[Q ; ��¯#Y�pM�k^
xU^o^]d��1^�n�^]m�n�^o��xHu�hlr1|Zplgfjkhk|~e®n�Y1\3 ���hk|ZpldHu-t~r1m�Y3\yr1g®n�ei�sgi^l¯Hn~Y1^K\5^Mpld��qplgfr1^Khl� n~Y1^
^]tvn~ei\-pqn�hl| � ^]z�r�plgft �T7 /�95, _ = $ ¯q¤�Ys^]|~^ 9 M Z � � E M �FE �w¤�efn~Y � M � 7 � � QlXlXlX�Q � � =�pld1�
� 7 � = M _ � � �  KXZYs^$�qplgir1^ot�hl� � hkxsn�pqeid1^o� �£hk|Kpqgig
�1^on~^]m�n�^]�Q\yrsgfn�ef�1gi^ot�hl� 
 ; @ � Z ;n�Y1^o|~^o�£hl|~^y�1|vhB�Cef�1^]tKpld�^]t�n�ef\�pqn~eihkd�hl�§�1|vhkx�plx1efgie®nÆu
9  `^µtveid1j��?hl|~\yr1gip ¨O�H«�¯E¤�^>m]pld
n�Y1^od³m]hk\5�1rsn~^$n�Y1^y�qplgfr1^$hq� n~Y1^ymohk|~|v^]t~�Ehkd1�seid1j�¡*plgitvY�m]hw^ C5moei^]dHn]¯ �� � 7 _ � =� �XZY1eft�lpqgir1^�eit�|vhkr1d1�1^o�*n�h�n�Ys^-mogihktv^]tvn$\yr1g®n�ei�sgi^yhl� � ¯�t~eidsm]^�pqgig"n~Y1^5¡*plgft~Y*mohC^	C5m]ei^odHn�t
pl|~^c�1e®�weit~efx1gi^�x�u � �£hk|Zx1plg´pldsm]^]���£r1dsmon�efhkd1to 

F � 
 ; @ � Z ;EY�plt§�1^]jl|~^]^�4*jk|v^Mpqn~^]|}n�Y1pld 4 �	��
 ¯�d1h&\yr1gfn~ei�1gf^#¤�plt �1^on~^]mon~^]��xHuyn~Y1^
plgijkhl|~efn~Y1\3 �¡<^cn�Y1^od�m�Y1hwhktv^�p�Y1efjkY1^]|
�qplgfr1^chl� �-t~pqn�eftv�¦uweid1j

7)��, _ =.- G��� G / ���� G �W4�� X
¡*^�n~Y1^]d�m]hk\5�1rsn~^cplgig?\yrsgfn�ef�1gi^ot§hl� 
 ; @ � Z ;¹hl� ¤#^]efjkYHn ��pld1���s^]jk|v^]^�pqn�\-hkt�n$4���¯pld1��n~Y1^&m]hk|v|~^]tv�Uhld1�1eidsj-�qplgirs^]tRhl� �  
¡<^&�1^]�1rsm]^$n~Y1^�efdH�khkg®�k^]��¡ plgft~Y3m]hw^ C5m]ef^]dHn
plt��1|~^��Cefhkr1tvgfu�tv^]^od¹ 
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L�hk|~^#m]hk\5�1gf^�¢$©
�}ªs�
·Æx�pltv^]�yt�n�|v^Mpl\�m]ef�1Y1^]|vt}pl|v^�^]tvt~^od�n~e´plgfgfu&�1^ot~eijld1^]�yhld$n�Y1^�t�pl\5^
�£hkgigfh°¤�efd1jyt�n�|~rsmon�rs|~^l 

� XZY1^��1t~^or1�1hq· |�plds�1hk\ ^od1jkeids^Rjl^]d1^o|�pqn~^]t9;�gieids^Mpl|¬�st~^]rs�1hq·Æ|~pld1�1hl\�t~^]z�r1^od1m]^ot] 
XZY1^&©
�}ªs��tRm]pld�xU^�tvei\5�1gi^q¯sm]gfhCm�¥k· m]hkdHn�|vhkgigf^]�¹¯C�1^]moei\-pqn�^o�¹¯�H�g®n�^o|~^]�A¯f ® f 

� ªCeidsm]^$n~Y1^�©
�}ªs��tcpl|~^$eid1Y1^o|~^od�n~gfu�giefd1^Mpl|o¯Un~Y1^]ef|�hkrsn~�1rsn�eft�giefd1^Mpq|µn�hwh1 cXZY1^�u
plx1tvhkgirsn~gfu-mMpldsd1hlnRxU^&r1tv^]� �sei|~^omon~gfu�pqt��qplgfei��mo|vuw�sn�hl�1|�pl�sY1eim��1|vei\5efn�e®�k^�¨£hln�Yw·
^]|�¤�eit~^Z�EhB¤�^o|v�£r1gsm]|vuw�sn�pld�plg®uwt~^]t pl|v^Z�Uhlt~t~efx1gi^(>ê_ � ¯�_ ��A´«� 6XZY�pqn§eft"¤�YHu>^ C5m]ef^]dHn
�1|�pqmon�efmMplg��1^ot~eijld1tceid1mogir1�s^yp�\5hC�1rsgi^l¯Ex1|v^Mpl¥�eidsj�n�Y1eftKgiefd1^Mpl|vefnÆu3plds�³eid1tvr1|~efd1j
�1ef²Ur1tveihkd¹¯��1|vhk��pljkpqn�efhkd�pqd1��mohkds�£r1tveihkdQ¨#� �K{ � \5hC�1rsgi^B«�  FÆd�p&m]hk\$x1eid�pGn�eihld
jk^]ds^]|�pGn�hk|o¯¬efn�eit�p t~ef\-�sgi^>uk^�n>tvn~|~hkd1j�­�hChlgi^Mpqd<�£r1d1m�n�efhkd x1rsn$efn�mMpld*xU^5�Opl|
\-hl|~^>m]hl\-�1gf^�¢�tvn�|vr1mon~r1|~^ot$efd1m]gfr1�1eidsj�\yr1gfn~ei�1gf^�¢C^]|vt]¯ �E^]|v\yrsn�pGn�hk|vt]¯§ f ®  �µhB¤
·
^o�l^]|"¤#^�m]pld>plg®¤
pMuwt"|v^]�1r1mo^
efn�n�h�pµtvei\5�1gi^ ­�hwhkgi^]pld��£r1d1mon~eihkd�¨£�£|vhk\ n�Y1^#x1g´plm�¥
xUhM¢��UhkefdHnKhl�§�wei^�¤µ«µ¤�Y1hkt~^�efd1�1rsn~t�pl|~^$n~Y1^�©
�}ªs��tchkrsn~�1rsn�t�pqd1�Qhkrsn��srsn�efd1j
hkd1^cx1e®n�hl�6|~r1d1dseid1j�¥l^�uk 

� ��hk\yx1efd�pqn~eihkd�\5hC�1rsgi^}m]hl\yx1eids^]t�hkd1^ �1g´plefdHn�^�¢wn6x1efn
¤�e®n�Y&hkd1^�|vr1d1d1efd1jR¥l^ou�x1e®n
n�h��1|~hw�1r1mo^Khkd1^µm]ei�sY1^]|�n�^�¢wnZxsefnM ¬a�^od1^]|~plgig®u�efn#m]hkdst~eit�n�t
efd�x1e®nÆ¤�eitv^�¢Chk|o  � dsm]^
pljHplefd��sef²U^]|~^odHnKm]hl\-�1gf^�¢�\5hC�1rsgi^]to¯Eplgf¤�pMuCt�mMpld�xE^$tv^]^od<pqt�t~ef\-�sgi^&­�hwhkgi^]pld
�£r1d1m�n�eihld1t�¤�Y1efm�Y \5hk|v^]hB�k^o|�pl|~^�tvr1efn�plx1gf^�n�h±xE^³eidsm]girs�1^]�,efd n�Y1^��s|~^o�wefhkr1t
m]hk\$x1eid1efd1j$�£r1dsmon�efhkd¹ 

XZY1^]d�plgig?n�Ys^&�s|~hkx1gf^]\�hl�6t~m�Y1^o\-^�^]z�r1e®�qplgi^od1m]^Kn~h>m]hk\yxseid�pqn~eihkd�jk^]d1^o|�pqn~hk|~tZgfei^ot
hkd
n�Y1^�¥wefd1� hq�§©
�}ªs� m]hkdstvn�e®n�r1^odHnKhl�¬n~Y1^$�st~^]rs�1hq·Æ|~pld1�1hl\ ^od1jkefd1^l µ��gihwm�¥k·ÆmohkdHn�|~hlgigi^o�
©��¬ªs�Rt�Y�pM�k^#xU^o^]dytvY1hB¤�d>^]z�r1e®�lpqgi^]dHn�n�hµd1hkd$mogihwm�¥k·Æm]hld�n~|~hkgfgi^o�&hld1^]tM>J?3ZC¯lm�Y�pl�Cn�^]| ZBAW 
¡*^�Y�pM�k^&n�Y1^&t�pq\-^�^]z�r1e®�qplgi^od1m]^c�£hk| H�g®n�^]|v^]��©
�}ªs��tW>ã_ ? AW  XZY1^��s^]m]ef\�pGn�^]��©
�}ªs��t
|~^]\-plefd1t�pld*hl�U^od*�1|vhkx1gi^o\� TK�gf\-hkt�n&plgig6n�Y1^-hln�Y1^o|~t&t~m�Y1^o\-^ot$m]pld*xE^-|v^]�1rsm]^]�<n�h
n�Y1^Rm]hk\$x1eid�pGn�eihld5jl^]d1^o|�pqn~hk|] }{6pl|vn~eimor1g´pl|vgful¯Hd1hkd1gfeid1^]pl|}x1eid1pl|vu�tv^]z�r1^]dsm]^Kjk^od1^]|~pqn�hl|~t
¨OeÒ  ^l  ¤�Y1^]d3n�Y1^��£^]^o�1x�plm�¥��£r1dsmon�efhkd3eit�d1hkd1gfeid1^]pl|�«�Y1pB�l^$xE^]^od �1|vh°�l^]d�^oz�r1ef�qplgf^]dHn�n�h
m]hk\yxseid�pqn~eihkd�jk^]d1^o|�pqn~hk|~t > Zs¯ ?�?	AÒ¯�efd1m]|v^Mpltveid1jyn~Y1^�t~m]hl�U^&hl�6hkr1|
n�^om�Y1d1efzwrs^l 

)+* ó ) Û
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¡*^QY�pM�k^¶�1^ot~m]|veixE^]� pld hl�U^o|�pqn~eihkd�pqgK|~^om]hkd1t�n�|vr1mon~eihkd(n�^om�Y1d1eiz�r1^¶hl�y©��¬ªs�Z· x�pltv^]�
tvn�|v^Mpl\ moei�1Ys^]|~to¯��£|~hk\ hkdsgfu�d1hqnRn~hCh5gihld1j�m]ei�sY1^]|�n�^�¢wn~t] 
XZY1eftRn~^]m�Y1dseiz�r1^$|v^]z�r1ef|~^]tµp
gihln�hl�Zmohk\-�srsn�pqn~eihkd¶n�ef\-^�x1rsn$�Opl|�gf^]tvt$n�Y�pqd*n�Y1^�^�¢C�U^omon~^]�±gie®�£^-hq�Zn�Y1^�plgijkhl|~efn~Y1\
efn�tv^]g®�Ö  ��^o�1eim]pqn�^o� ��pq|�plgfgi^]gµm]hk\5�1rsn~^]|3t~Y1hlr1gi� �1|�pq\�pqn~eim]plgig®u �s^]m]|v^Mpltv^<n~Y1^<mohk\>·
�1rsn�pGn�eihld�n�ei\5^l &XZY1^�\-pleid�mohkd1tv^]z�r1^]dsm]^�eft�n�Y1pqn�Y1ei�seid1j�n~Y1^5plgijlhk|~e®n�Y1\ ¨£d�pqn�efhkd�plg
Y1hk\5^�·Æ\-pl�1^ m]ef�1Y1^o|~t]¯Hmohk\5\-^o|~m]eiplg��1|~hw�1r1m�n�to¯f ® f ê«$�1hw^]t¬dshln}jke®�k^
\5hk|~^#t~^om]r1|vefnÆu�t~eidsm]^
efncm]pldQxU^�|~^om]hkdstvn�|vr1mon~^]�¹¯�^�¢Cmo^]�sn&�£hk|K�1^om]ef\�pqn~^]�Qjk^od1^]|~pqn�hk|vt] >XZY1eftcmMpltv^�eitcr1d1�s^]|
eidH�k^otvn�efjHpqn~eihkd¹ 

F n6eit ¤#hk|vn~Yyd1hln~eid1j�n�Y1pqn�^o�k^od>��pl|�n�e´pqgk|~^om]hkd1t�n�|vr1mon~eihkd�¨¦�£hk|
^�¢spl\5�1gi^ ©
�}ªs�±xE^]efd1j
\-eft~t~efd1j�«�pl|~^�eidHn~^]|~^otvn~eid1jctveid1mo^µpGn~n�pqm�¥ymMpld�xE^��U^o|v�£hk|v\-^o�5hld�n~Y1^�hkxsn�pleid1^o� \od1hkeftvuP\
^]z�r1ef�qplgf^]dHnRn�h-n~Y1^&hk|~efjkeid�pqg¹m]hk\5�1gf^on�^�plgfjkhk|~e®n�Y1\3 #�Epqtvnv· m]hk|v|~^og´pqn~eihkd3pqnvn�plm�¥�\-pBu�efd
n�Y1eftZmMpltv^&xE^�t~r1mom]^ot~tv�£rsgÒ 

� ���-����� ����4D����7 ���>�

XZY1eit���pl�E^]|�eftc�1^]�1efmMpqn~^]�¶n�h���hkgihld1^]gaL p°¢ L pMuCds^]|~eft]¯6p��l^]|�uQ^]dHn�Y�r1tve´plt�n�eim5t~efjkd�plg
h8C5m]^]|o¯k¤�Y1hc�k^o|vu>^]pl|~g®u$r1ds�1^]|vtvn�hwhw��n~Y1^Zei\5�Ehk|vn�pld1m]^#hl�?¤�hl|~¥�eid1jchld5tvr1m�Y5t~r1xw�v^omon~t] 
¡*^K¤�efgigAY1pB�l^$pqd3^��k^o|~g´pqtvn�efd1jyn�Yshkr1jkYHn��£hk|
Y1eftZeid��1r1^]d1mo^l }¡<^&Yshk�U^cYs^&dsh°¤ ^]dG�vhBuwt
Y1eitZ|v^on�ef|~^o\-^od�n�efd�Y1eitZxE^]gfh°�l^]��{¬uC|vb]d1bo^]tµ\-hkrsd�n�pleidst] 
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>J? A`K$ $�
pldHn�^MpqrsnM¯ L< &X6|~plx1x1eips¯ FÆ\5�1|~hB�k^o���?pltvn ��hk|v|~^]gipqn�efhkd K
n~n�plm�¥�t r1t~efd1j
{"pl|vefnÆuH·Æm�Y1^om�¥3¸§z�r�pGn�eihld1tZhl��¤�^oeijkYHn � pqd1� �C EªCr1x1\5efnvn�^o�¹ 

>ê_ Ac¡  ?�?^ogigf^]|]¯ � � �	��
��6� 48 "�	
��#���I
�� : �6�80�2R0 �O���O
��5�=�������!� ¯¬¡(eigf^ouk¯P? � Z�Z
>ã��A&¸� R�"efgiefhkgÒ¯��� R��hkdHn�pqeid1^q¯ �µefjkY1gfu �µhkdsgieids^Mpl|�­�plg´pldsm]^]� ­�hwhkgi^]pld(��r1d1m�n�eihld1t

¤�efn�Y p<a�hwhC� ��hl|~|~^og´pqn~eihkdw·�FÆ\5\yr1d1e®nÆuk¯ KZ�s�qpld1mo^]t�efd ��|vuw�sn�hlgihkjlu<·�¸a^µ� � ·
�
����{}X]< � �s¯?© �K�Zª ? � �k�s¯1ªC�1|veid1jk^o|�D§^]|vg´plj1¯P? � � �s 

> � A&{6 ã�& ¬a�^�²A^ �µhB¤ n�h³�1|vhln�^omon���pqn�p ¤�e®n�Y ��ei�sY1^]|vt$n�Y�pGn�pl|~^��R^]plgig®u ��pl|v� n�h
­�|~^]pl¥?¯#¸}gf^]mon~|~hkdseim]to¯��1� � ��� ?M��?k¯=? � �l�s 
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> � A&�& Ca Hln~nv�£^]|vn]¯ ��  �µei^o�1^]|v|~|v^]efn~^]|o¯ � d�n�Y1^ L�efd1ei\-plg�{�hkgfuwd1hk\5e´pqg1hl�¹n~Y1^�{}|vhC�1rsmon
hl�?© eid1^]pl|��R^om]r1|v|~efd1jcªC^oz�r1^]d1mo^]to¯U�6eid1e®n�^§�"ef^]gi�st6pqd1�$XZY1^oei| K��1�sgieim]pqn�efhkd1to¯G?H¨Ò_k«�¯
�1��_q� � � _ ?M�s¯P? � � �C 

> Z�A&¸� �_s 
ac|~hqn�Y¹¯�ac^]d1^o|�pqn~eihkd hl��­�efd�pl|�u ªw^]z�r1^]dsm]^]t�¤�e®n�Y(��hld�n~|~hkgfg´plxsgi^���hk\>·
�1gi^�¢se®nÆuk¯bFÖ¸§¸§¸ X�|�pld1t~plmon~eihkdstchkd FÆds�£hk|v\�pqn~eihkd XZY1^]hk|�uk¯ �khlgÒ �?°�w¯¹�1�*_l�k�G·Ö_ � Zs¯
? � � ?k 

>ê� A�Xc  �µ^o|~gi^otvn�pl\�¯ � d���r1d1m�n�eihld1t¬hl�U© eid1^]pl|}ªwY1ef�¦n§��^]jleitvn~^]|§ªw^]z�r1^]dsm]^]to¯=KZ�s�qpld1mo^]t
eidQ��|�uC�Cn�hkgfhkjlu�·Z¸ ^µ� � �
����{}X]<ã� �C¯ © �K�Zª³_G? � �1� ?8? ��� ?°_ � ¯UªC�1|~efd1jk^o|/D§^]|Ö·
g´plj1¯ ? � ��ZC 

>ã��A�Xc  _lhkY�pld1tvt~hkdA¯6�#  _ Hkd1tvt~hkdA¯ FÆ\5�1|vh°�l^]�<�?pltvn&��hl|~|~^og´pqn~eihkd K
n~n�pqm�¥�hkdQtvn~|~^Mpq\
��ei�1Y1^o|~t³�we´p ��hkdH�khlgirsn~eihkd�pqg���hC�s^]t]  KZ�C�lpqd1m]^ot<efd ��|�uw�sn�hkgfhkjlu ·�¸a^µ� � ·
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Unit é de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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