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Travailleur

Coordinateur

Base de données

Espace 
des tuples

execlp(..., CRB_Stub, 
       ING,  ARGS_FILE, ...);   

Unité de travail 

Souche BRC 

Squelette 
BRC 

Gestionnaire 
de l'espace 

des tuples

switch(){}

Appel RMI/RPC 
de ing  

          switch(OP) {
          ...

           case ING:
                                 Appel RMI/RPC de ing(pattern);

          ...
};

...

...
s=ing(pattern);   

          switch(OP) {
          ...

           case ING:
                    Appel local de 

                       ing(pattern);
          ...

};

switch(){}
...

...

ing(pattern){}
...

...

         SELECT * FROM PS
          WHERE Pattern is 

         matched  

��� � ! � � � # � G >N;= @ � : > � C G �e� DYC � I= ? = = � G � : ;= > = G �e� � :�G � � G � G > = � @�� A � = ? � = > > E,= V C�C �N� � GZ: > = �	� �
D � : S : �@?]? = �	� �

=�� � G > = � Q : A6= � =KA6C�C �N� � GZ: > � C G A6C G > = GZ:�G > ? = � C�E ;= � : > � C G � �i� DYC � I= ? = = � G � : ;= > = G �e� = � > � DYE ? ;= �
DF= G >N;=M= � C � �/Q C � DY= � = ?�� � � : � � � =K= G V 
 V���� = > = G � : S : � V = >W> = ?�� � � : � � � = � C � > �= >�� = � G A ? � � = � :�G �
? = � : EZE ?�� A : > � C G � �/;=ME ? C > ;=M= � : � G � S�= : � � = � >�� : S : �]?]? = �	� � � � � G � S$= : � �i� A6C�C �N� � GZ: > = �e�$� ? � � G > = � Q : A6=� =tA6C�C ��� � GZ: > � C G = � > � DYE ? ;=4DF= G >N;=M=�= G � : S : = > V���� A6C$DFDY= � G @ = � > � C GZGZ: � � = � = ? � = � E : A6= � = �
>V� E ? = � � = = � !BV E#= � DY= > ? = >�� :�G � E#C �H> S$= � �v? =FA6C�C �N� � GZ: > = �	� � = � : EZE#= ?�� � = � >�� : S : �]?]? = �	� � : �<�
C�E ;= � : > � C G � � =tA6C�C �N� � G�: > � C G ��� ? : � = �+� A6C$DYE,C � :�G > � � � G � � � = ? = >W> = �e� A �C >�;= �e� A6C�C �N� � GZ: > = �	�
= > � G = � C � A � = �e� A �C >�;= � = � >�� : S : �]?]? = �	� � � = = � �C ? = � = ? : � C � A � =�= � > � = >�� :�G �WQ C � DY= � = G : EZE#= ?��
! � � C � ! � V ? = � : E�E,= ?��B? C�A : �<� : �<� C�E ;= � : > � C G � � =�A6C�C ��� � GZ: > � C G =KJ =4A >V�K;= � E : � ? = � � G � >�;= � � =
>�� : S : �]? = ��;=4A �+>N;=M= � E : � ? = � >�� : S : �]?]? = �e� � � = = � �C ? = �e� � � � = ? = >W> =K= � > � = >�� :�G �WQ C � DY= � ? = � : EZE#= ?�� ! � �
C � ! � V = Gr: EZE#= ?��^? CNA : �<� : �<� C�E ;= � : > � C G � � =vA6C�C �N� � GZ: > � C G = ��;=4A �Z>�;=M= � E : � ? = @ = � > � C G�GZ: � � = � =
? � = � E : A6= � = � >V� E ? = � � V = � : EZE#= ?��P? C�A : �<� � C G >O>�� : �e� � > � = G � =4� � �= > = � X � = : �e� = �V� ;=M= �YI: ? � = � E : A6=
� : � = > C � > C�A�
 ;= � :�G �^? : � : � = � = � C G�G ;=M= � � = ? � � G > = � @�� A � = ? �

 O>�� =4D � =M� � H = � � G � = � > � G � G > = � @�� A � = ? � =�A : ? A � ?�@$? C�� : ? � F � �/;=MS$= ? C�EZE ;=t= G � : S : I: ? � \ G � �
S�= � �V� >N;= � = � : � ���7� X �e� � � ?T� � : @�� > � � � G � G > = � @�� A � = ? � = > > E,= � ����� n d b wzyE{ ` ��| � � w � w2d u u�{ ` �}f = > � C G
: � A � � > =4A >V�	� =F= � > �V� D �@? : � � = I: A6= ?@? = � = ? : L @ �e� = � � G � = =�A6C�C �N� � GZ: > = �	� �Z> �]?���� = � G = � � � > X � ?
E#C �	� � > C�A�
$= � G C > : DFDF= G > ? = � �N;= � � ? > : > � � = � : EZE ?�� A : > � C G � = >k� = �k� G Q C � D : > � C G � � = ? : > � S$= � : �<�
>�� : S : �]?]? = �e� � = > : �]�K;=ME ? C � =4DY= G > � =�A6= � : EZE ?�� A : > � C G � � = =^DYC � I= ? = � =^A6C�C �N� � GZ: > � C G E � C�E#C � ;= : ;= >�;=� G >N;= @ �<;= I:  P>�� =4D � =M� � =[: S$= � �V� C G C�� > = G � = : ;= >�;= �+> �@?���� ;=M=PE,C �e� � DYE ? ;=4DY= G > = � = > = � E ;= � � DY= G > = �� = � D ;= > : � = �	� ��� > � � � = � = > D ;= >H� C � = � = � : A > = � E : � : ?]?�I= ? = � D � ? > �R� C����7=4A > �]Q � = > ? = �	� A6C�C�E ;= � : > � C G �

 @



�-� �
�]
<�]
 L 7�7�� �"26#%���"&('*#
�*7/_a&
SR� �� )+�30R� � �"&�� 
 � �/&
7NS�� 
 &
S��M�82Z�a� �

= =yE � C�� ?JI=4DY= �i� H�? C � � X � C�Ep= � >r� G E � C�� ?JI=4DY= � � C ��� C GZGZ:�G A6=4DF= G > � D � ��F � � � � : � � � A � >�;=� G � G >�;= � �= > E : �H> � A � ?�� = �T� :�G ��? = � C$D : � G = � G �e� � >�� � = ? � = =�E � C�� ?�I=4DF=tA6C G �V��� > = I: C ��� C GZGZ:�G A6= � �
>�� : S : �<� B C � <C��|~f ��� � � � � � $ $ $ � � ! � �	� � D : A � � G = � � = = � D : A � � G = � � C G > � = � � = �N� C �	� A6= � A � � > � � � = �
A : � A � : � � =KD : A � � G = G = � C � > E : � �= >�� = : J#=4A >N;=M= I: � = �<��>�� : S : �<� �V� D � ? > :�G ;=4DF= G > � V � : � � = >�� : S : �]?� � = � > A6C$DYE#C � ;= � = � > �: A � = � A6C G � ;=4A �+> � S$= ��� � � � $ $ $ � � �	� � C I� � ��
 � =ME �N;= � = G > = ? : 	 B('6B > �: A � = �e�
>�� : S : �]? � � : > :�G > �,= � C � G � = ? : D : A � � G =
� 
 � � A � : � � = > �: A � = � ��
 = � > : �V� CNA � ;= � G > =4DYE � � =
>�� : � > =4DY= G >�� ��
 � = > A � : � � = >�� : S : �]? � � � C � > �= >�� =�L G � : S :�G > � G = � : > =v� �+>W> C � ��� � �

E C � � : S�C G � A6C G �N� �/;= �<;=�= G E : �H> � A � ?�� = � ? =�E � C�� ?�I=4DF= � =�E#= � D �+> : > � C G H�? C � � X � C�E B � H h k H �
C I� ? = � >�� : S : �<� E#= � S$= G > �= >�� =PC ��� C GZGZ:�G A ;= � � :�G �K? =PD �=4DY=PC �N�	� = � �	�K> C �+> = �^? = � D : A � � G = �CB S�C � �
L @ �e� = � �aÅ$�}�,� : � A6C G � ;=4� � = G >��	� = �<� C����W=4A > �RQ � � C G > I: C�E > � D ��� = � B � A �/I: D � G � D ��� = � � �

#�� '���� � > =4DFE � � � = ��;=4A �+> � C G A6C$DFE ?JI= > = � = � >�� : S : �<� B C � � wn��{~fEs w bN� �
#�� � � = > : �N�r> C > : ?YB C � � w�� n d b {6f�f �}�
X ��� ��
 �/;= �V�?@ G = ? = > =4DYE � � =�E : �V� : @ = � = ? : > �: A � = � ��
 � ? = � � = �<� C����7=4A > �]Q � E#= � S$= G > �= >�� =

Q C � D � ? ;= � � = ? : D :�G �JI= � = � � � S :�G > = �# � � � '���� � ������� � � � � � � � � &�! � @ $ $ $ � �#"
# � � � � � !���

� � � ��� B � � � � � � � �	� � � � � �

M3

M2

M1   J2 

  J2

  J4   J5   J1   J3   J6

  J5   J1 

  J1 

  J4   J6   J3 

  J2   J4   J5   J6   J3 

����� ! � �aÅ # � G � > :�G A6= �e� E � C�� ?�I=4DY= �e� H�? C � � X � C�E : S$=4A 
 >�� : S : �<� = > G D : A � � G = �
= = Q � C G > � : � = > C � � : �V� C�A � ;= : � E � C�� ?�I=4DF= �i� HU? C � � X � C�EYE,= �Z> �= >�� = Q C � D � ? ;= � = ? : D :�G �JI= � =� � � S :�G > = � $

% �'& � ! � � � B � B � � % � B % �W�)( � B*��B � � % �KB % �W�
C I� � = > % � C G >G� = � � C ? �+> � C G � �e� E � C�� ?JI=4DY= � = > � B � � B � = � E � �KB � �W� = � > ? : S : ? = �	� � = �

A6C �V� = � E,C G � :�G > I: ? � C����W=4A > �RQt� wn��{~f s	w b B � = � E � y w�� n d b {~f}f �}�
�-� �
�]
<��� � ,�7 ��8_b� )O��'(�M#%���"&(' �4�:#5'-#
� � !$�

� :�G �^? = � E � =4D ��I= � = � = � E ;= � � DF= G > : > � C G � � = ? � : ?]@ C � � >H� DY=�+ I + @ � � � � L ;=O= > : EZE ?�� � �K;= : � E � C �
� ?�I=4DY= ��� H X � G C � � : S�C G � A6C G �V� �/;= �N;= ? = � � = �<� � G � > :�G A6= � � = > @ �e� E � C�� ?JI=4DY= � � C �N� C G�GZ:�G A6=4DY= G >� = Å � >�� : S : �<� � �	� Å D : A � � G = � � V = � � G � > :�G A6= � C G >�;= >N;= @ ;= G ;= �N;=M= � E : � � � � A D : �]?]? : �N� � D : � � G �n�
: S$=4A ? = � wn�z{6f s w b A6C$DFDF= � = � ? C����W=4A > �RQ � V = � � G � > :�G A6= � C G > ;= >�;= ;= > = G �e� = � : S$=4A ? = � = > : �N� C �y w�� n d b {~f}f A6C$DFDY= � = �+� ��I=4DF=�C����W=4A > �RQ � � V = �p� G � > :�G A6= � G�� C G > � : D : ��� ;= >�;= �<;= � C ? � = � = G E � = GZ:�G >
= G A6C$DFE > = ? = � � = �+� C����W=4A > �RQ �?�V� D � ? > :�G ;=4DY= G > �

IKiqP=PK�	m ,',-ª7ª7ª£» V*LO]UW�» [li-,hLObTd.,c�/Y9`O`¾dhR³Y9Qld-PKV*SZQKN/,-V�PlW0,hWZV21 d9ST`�PB» iqPKj
��iqP=PK�	m ,',-ª7ª7ª£» `OL�3�» 1 Q4,9¡MÃ�f#��,

 F



=�� : EZE ?�� A : > � C G�: ;= >�;=�= � E ;= � � DY= G >�;=M= � �	� ? : @ � �]?@? = �]?@? � � >��<;=M=OE : � ? : L @ �e� = � � 
 = > A6C$DYE,C � ;=M= � =
� @�F D : A � � G = � �<;=ME : ��> � = � � �	� � �<;= � = : �<� B � C$D : � G = � � � : � D � G ��� >�� : > � C G � : E�E : �H> = GZ:�G > I: � ;= > : �
� ?����V� =4DF= G > � � = ? � \ G � S$= � �V� >�;= � = = �]?]? = @ � ? = � �<;= � = : �<� � �?@ : � � > � >H� = � G = >)� � = G � = �?@ G =4DY= G > B � >V� �� = G > � � � = � ? = � G = > � = >)� = � =4A � = � A � = B � =4A � �E� G Q C � > � = � � G = > � � = � C ??> > =4A � � = �]?]? = � ? = �N;= � = : � � >H� = � G = >� : E � � = � = ? � � \ D w � x B � �+> �E� G Q C � � G � S ��?��@?]? = @ � Q � � � = > ? = �<;= � = : � � �?@ : � � > � >H� = � G = >6� = � H � = B H C � D : �
> � C G � � G Q C � D : > � � � = � � = = �]?]? = � B L ? � � G � S ��?��]?]? = @ � Q � �}� V = � �N;= � = : �<�G� = � V#� C G > � G > = � A6C GZG =4A >�;= � E : �
? = �N;= � = : � � �]@ : � � > � >H� = � G = > �e� A : DYE � � � = ? � \ G � S$= � �V� >�;= �

����� ! � � 
 # � ?]? � � >�� : > � C G � = ? : @ � �]?]? = � =�A : ? A � ?
= = > : � ? = : � � � @ A6C G > � = G > ? = � �/;= > : �]?�� � = ? : @ � �]?@? = � ? = > > E#= � =�E � C�A6= �V� = �	�T� =tA � : � � = � V = >� C G � > � > I=4DY= � � = � E ? C � > : > � C G � ? = � C$D : � G = � � : � D � G ��� >�� : > � C G�: � � � = ? �]? : EZE : �H> � = G > = > � C G � �C ? =

B A6C�C �N� � G�: > = �	� C �r>�� : S : �]?]? = �	� �}�
= = > : � ? = : � � � F A6C G > � = G > � � = ? � � = �J� > : > ��� > � � � = � A6C ?]? =4A >�;=M= � E,= G � :�G > ? : �<;= � C ? �+> � C G � = �p� G �7�

> :�G A6= � � = > @ �i� E � C�� ?JI=4DY=-� � � C����W=4A > �RQ Å � >�� : S : �<� � �	� Å D : A � � G = � � = = � >�� : S : �]?]? = �	� � C G >
=KJ =4A >V�K;= � G�G C$D�� � = � DFE,C �H> :�G >p� � C�E ;= � : > � C G � � = � : � S$= @ : ��� = � = ? = �	� � � G � >N;= � � = >�� : S : �]? � V = �� : � S$= @ : �N� = � C G > E#= � D ��� E ? � �V� = �e� � C�E ;= � : > � C G � � = � = � > : �	� : > � C G : E � I= � � G � ��� E,C G � � �]?�� >N;= � � : � �
> :�G >'� =�D : A � � G = � � V = � � = �<�9> > E#= � � � C�E ;= � : > � C G � DYC G >�� = G > � � = ? =�D ;=4A :�G ��� DY= � = � : � S$= �
@ : ��� = 
 � = � > : �	� : > � C Gt: � � = G Q C G A > � C GZG ;= ��� � : �Z>�� =/E : �H>��n� G�G C$D�� � = ;= @ : ? =4DY= G > � DYE,C ��> :�G > � � C�E ;= �� : > � C G � � = �N;= @ � ? : > � C G � =�A � : � @ = B � =4� � �= > = � � = � =4D :�G � = � = >�� : S : �]? � : > ���WQ : � > = � � C G >r;= >�;=t=KJ =4A �
>V�K;=M= � �+� C �	� A � : � � = � G � >N;= � = >�� : S : �]? : ?]? C �/;=M= � � G = >�� : A6= B � G >V� E ? =OC � � = � A � � E > = �	� � = � > � : � S$= �
@ : ���/;= B = � � :�G �l? � = � E : A6= � = � >V� E ? = � � D C � � A6= � >V� E ? = �Y� C G > �/;= >��N� � > � � G = Q C ���l? = � � G � >�;= � � = >�� : S : �]?
A6C �N� = � E#C G � :�G > = � C G >Y;= >�;= >�� : � >�;=M= � � = = � >�� : S : �]?@? = �	� � C G > D ���PI: �WC �	� ? : DY= �@?]? = �	� = � C ? �+> � C G >�� C � �
S ;=M=�E ? � �V� = �	� � D �]?@?�� = � � � = Q C ��� � = = � �e� E ?�� A : > � C G � � � � G � >�;= � � = >�� : S : �@? = G >�� = >�� : S : �]?]? = �	� �)� C G >
=KJ =4A >V�K;=M= � E#= G � :�G > ? : E � : � = � = > = � D � GZ: ��� C G � = ? � : EZE ?�� A : > � C G � V = >�� : S : �]?Y� E ;=4A � ? : > �RQ E#= � DY= >

 ZG



� � ��� ��� ��� � � � &5)+#
� '-� ���&5�"� '3S�_
� � G � � 
 ! = �Z� : > � � � =4A � �E� G Q C � > � = � � G = > V C�C �N� � GZ: > = �	� @
� � @ � � � F �
� � F � � � � :�G �	� : 
�= � @ � L ? � � G � S ��?��]?]? = @ � Q � �* 
� � F �  � � F
� � G � � � F 


� � � @ � G � @ �
V = ? = � C G F � � � G Å
V = ? = � C G � �  � D � : S : �@?]? = �	� @ �
V = ? = � C G F � � � � >V�e� = G > � � � = � ? = � G = >  
V = ? = � C G F � F�� � =M� � :�G F  
� G @ � F�� @�F
� � G � F�� @�F
� � @ � 
 � @�F
� � F � � � @ G
� � F �  � � �+> �E� G Q C � � G � S ��?��@?]? = @ � Q � � Å
� � F � 
�
 �
� � G � � � � @

� &
�M#
� � @�F
� � �"! � � @ # � ;= > : �]?�� � = ? : @ � �]?@? =

� =XD � = �<� = � E ? C � > = � ? � �/;= >�;= � C @ ;= G ;= � >N;= � = ? : @ � �]?]? = � � G L G � ? = > =4DYE � � � C�� > = G > � C G : S�=4A ? : @ � �]?]? =� � � G Q � C G > = � : A > = � > � = @ Å�� � Å B � = � E � 
 �WC �	� � = >  � = �	� = � � E#C �	� ? � � G � > :�G A6= � B @ � �i� E � C�� ?JI=4DY=
: ? C � � � � = � �	�)� G = � = � ? =yD : A � � G =YA6= Q � C G > G*� = � >�> C � �WC �	� � E : � C�� > = G � : E � I= � � = �<� � =4D : � G = �� � = ��;=4A �+> � C G �

� '/!��M#
'/26�	� � '/!��M#
'/26� �
D =4DYE � � � = ��;=4A �Z> � C G @ Å � � Å @ Å F � � G B 
 �  � �
E C$D�� � = � =vE � C�A6= �V� = �	� � � :�G �B? : @ � �]?]? = G Å�� � @�F
+ E ;= � : > � C G � � = � : � S$= @ : �N� = ��
 
 � � �³Å  � @  
+ E ;= � : > � C G � � = � = � > : �	� : > � C G F @ � F � � @
\ G � >N;= � � = >�� : S : �]?AB \ D � : ?]? C �/;=M= � � F  � � GZG Å  
 F
\ D �e� E ?�� � �/;=M= � Å   F Å F G
D � E ? = � �/;= >��N� � > � B \ D > = � D � G ;=M= � � � F  � � GZG Å  
 F
� ��� = ��I: �7C �e� � = ? : DY= �]?@? = �	� = � C ? �+> � C G  F 
 � � F 


��� �"! � � F�# � � = ? � � = � � > : > ��� > � � � = � � �e� ? : �N;= � C ? �Z> � C G � = �k� G � > :�G A6= � � = > @ �e� E � C�� ?�I=4DY=y� � �
C����W=4A > �RQ Å � >�� : S : �+� � �	� Å D : A � � G = � �

 ��



��������� �"89
/ <���89� �'��!,�$��� �(�2��
�)*
��� � ���� �/!������� ����
�� � �

=�� � DYE ? ;=4DY= G > : > � C G E �N;= � = G >�;=M= � :�G ��? = � � =4A > � C G � E �N;=4A ;= � = G > = � = � > � : � ;=M= � �e�)� G � G > = � @�� A � = ?� = > > E#= V C�C �N� � GZ: > = �	� � D � : S : �@?]? = �	� �:B = G E : �H> � A � ?�� = �	 O>�� =4D � =M� � ;= > = G �e� : S$=4A ? =�DYC � I= ? = � =
A6C�C�E ;= � : > � C G E � C�E,C � ;= � � : � D �[? = � A : � : A >�;= � ��� > � � � = � � = ? � � G > = � @�� A � = ? � G C � � = G � C � ?��?@ G C G � >�� C ��� �
B @ � �]?UQ C �	� G � > G C > : DFDY= G >)� = �)� G > = � Q : A6= ��Q : A �]?�� > :�G > � C G = � E ? C � > : > � C G � B F � �]? CbJ � = ;= @ : ? =4DY= G >� G =\� : � = � = � C G�G ;=M= � � :�G ��? : � � = ?]? = � C G > � > C�A�
 ;=M= � � = �t� G Q C � D : > � C G � � = ? : > � S$= � : � �/;= � C � ? =4DF= G >� = � = ��;=4A �+> � C G � � �	� ? : @ � �@?]? = � A6C G A6= � GZ:�G > ? = � >�� : S : �]?]? = �	� � D : ��� : � �V�N�,? = � : EZE ?�� A : > � C G � = G A6C �e� �� � = ��;=4A �+> � C G �CB G � ? � � G > = � @�� A � = ? : ;= >N;= �/;=MS$= ? C�EZE ;=�= G � : S : � A6=�� � �KQ : A �]?�� > = � : E#C �H> : � �@?�� >�;= � V = �
A : � : A >�;= � ��� > � � � = � E �<;= � = G > = G > A6= �H> = �\? = � : S :�G > : @ = � A � >�;= � D : ��� = ?]? = � � C G > E ;= G�: ?���� :�G > = � = G > = � DY=� � = s A : A � >�;= � � = ��;=4A �+> � C G � V � = � > E#C �	� � � C � � G C � � : S$C G � E � C�E,C � ;= � G = : �+>�� = � DFE ? ;=4DY= G > : > � C G = G
V ��� E ? � � �V� DYE ? = �+> �@?���� :�G > � = � : E�E,= ?�� ! � V � V = ?]? = � A � = � > � : � ;=M= � �	� ? =�DYC � I= ? = � =�S$C ? � =^A > A ? = �
I: @ � :�G � = ;=4A � = ?]? =t= > � G > I= @ � = ? =tDFC � I= ? = � =�A6C�C�E ;= � : > � C G �]?]? � � >��N;=�E : � ? : L @ �e� = � � � � =[: � : � = � =� C GZG ;=M= � = � > � =4DYE ? : A ;=M=vE : �T� G �V� DYE ? =OL,A � � = � �

V = >W> = G C � S$= ?@? = � DFE ? ;=4DY= G > : > � C GX: ;= >N;= �Z> �]?���� ;=M=OE,C �e� = � E ;= � � DY= G > = � = > S : ?�� � = � ? � : ?]@ C � � >H� DY=
� I � @ � � � � L ;= : EZE ?�� � �/;= : � E � C�� ?�I=4DY= �e� H�? C � � X � C�E1DFC G C � C����W=4A > �RQ B �]w��z{~fEs w bN� � � C �N� C GZGZ:�G �
A6=4DF= G >?� = Å � >�� : S : �<� � �e� F�� D : A � � G = � B � G � > :�G A6= � � � Å�
 � = D : �]?]? : ��� �}� \ G =��#C � G = � G Q ;= � � = �	� =
B � � ��� � G 
�
���� : ;= >�;=�E � C�E#C � ;=M=�E,C �	� A6= >W> = � G � > :�G A6=�= G @ ���³Å � :�G � � T : = �³Å�� = > A6= ?]? = � A � : ;= >�;=�<;= � C ? � = � =FD :�G �JI= � = : EZE � CNA �K;=M= � ! X � � � = G F�� � � B � � � � � G 
  @ �}� V =ME#= G � :�G >�� Q : �+> = � = � = �7�� C �	� A6= � = >Y� � : ??@ C � � >H� DF= � A : E : � ? = � � = �N;= � C �e�e� = ? =/E � C�� ?�I=4DY=�= G = � E ? C � > :�G > ? = �/@ � �]?]? = � � =�A : ? A � ? �
A6= >W> = � G � > :�G A6= G�� : � : D : ��� ;= >N;= �<;= � C ? � = � =�D :�G ��I= � =�= � : A > = �<E C >�� = : ?]@ C � � >H� DY= � I � @ � � � � L ;= :
E#= � D ���[? : �N;= � C ? �Z> � C G = � : A > = � =�A6= >W> = � G � > :�G A6= � �	� � G = @ � �]?]? =�A6C$DYE#C � ;=M= � = � � @�F E � C�A6= �N� = �	� � � =
? : @ � �]?@? = � G � S�= � �V� > : � � = B E �N;= � = G >�;=M=�E �<;=4A ;= � =4DFDY= G > � = >Y� = � E � C�A6= �N� = �	� � � = � � � � Å � � � ��� = =�E � C��W= >
� � � � Å � � � S ��� = I: A6C G � >��N� � � = � G = @ � �]?]? =y= � E ;= � � DY= G > : ? = GZ: > � C G�: ? = � : �Z> =4DY= G >)� =4A6C G L @ �e� : � ? = �
V = >W> = @ � �]?]? =^= � > A6C G � > � >V�/;=M= � = � @ � : EZE#= ��� G > = � A6C GZG =4A >N;=M= � E : � ? = �N;= � = : ��� : �+>��/;=M� � > ! = GZ: > = � �
= >?�<;=ME : �H> � = � = G H � :�G A6= � �	� ? = �?�V� > = �?� � � S :�G > � � � C �N� = : �+�(� � � = G C�� ? = � E :�G A > � = �]?]? = � = > C G � + � �� : > B � : � ��� � � ! = GZG = � � X C�E � � : � G > � E,C ?���� = > D C � ? C � � = � =�� : EZE � C�A � = : E,= � D ��� � =�E � C �i� � � = : S$=4A
E � = � S$= � � C�E > � D : ?�� >N;= ? : � C ? �+> � C G C�E > � D : ? = � =yA6= >W> = � G � > :�G A6=y= G�� fC{}� w2d b {6f = G �+> �]?���� :�G > = G
DFC > = G�G = Å � � E � CNA6= �V� = �	� � �5\ G E � A � = @�F � Å E � C�A6= �V� = �	� � : ;= >N;= : >W> = � G > E#= G � :�G > � G = G � � > � =[:
DF= �]?]? = �	� = � C ? �Z> � C G >�� C � S ;=M= : ;= >�;= � G � > � : ?���� ;=M= : S�=4A ? : DY= �]?]? = �	� = � C ? �+> � C G B : EZE � C�A �/;=M= � A6C GZG � =
: > :�G >?� G =vS : ? = �	� � = � wn��{~fEs w b � � � � � G 
  @ � ! X � � � �

� = � D �+> : > � C G � B @ � � G � � G � Å � @  � @ G � GZG � F�� �  � F @ � � F � � � � Å � � � � � �4G � F  � @ � � G F � � 
 � G � �

 � � Å � � � G � � G 
 � � � � F � � FzF � @ � F � � � � G @ � @ � � F Å � @ � � @ 
 � @z@ � F 
 � @ Å � �* � � � � @ � F G � F � � F � � G�� �
� � G Å � G  � @�F �}�

=[: � C ? �+> � C G C�E > � D : ? = >�� C � S ;=M=/E : � G C >�� = : ??@ C � � >H� DY= � : S$=4A � G � wn��{~f s	w b � = � � ��� � G 
�� � �
= � > ? : � � � S :�G > = �

� = � D �+> : > � C G � B @ � � G � � G � @  �  � GZG � @z@ � F @ � � F � Å � @ G � � � � Å � � F�� � F  � � Å � �4G � � @ � � 
 � @ Å �F � � � � � � � � G 
 � G � � � � @ 
 � � � � @ � � F � � @ � F 
 � @ � � @ � � G F � F Å � G � � � � F � G @ � F G � 
 � �* � FzF � F � � G�� �
� � G Å � G  � @�F �}�

� C �	� � � : �V� �e� = � � = ? : S : ?�� � � >�;= �e�G�<;= � � ? > : >�� ? : �<;= � C ? �+> � C Gr: ;= >N;=t=KJ#=4A >V�K;=M= � G = G C � S$= ?]? = Q C ���
= G � G � > � : ?���� :�G > ? : DY= �]?@? = �	� = � C ? �Z> � C G >�� C � S ;=M= I: ? : DF= �]?]? = �	� = � C ? �+> � C G A6C G�G � = � � D � G �K;=M= � = @ �
��oqp_p9rZ��s�u_u-v_v_vtw��czU�h}��������!w�¤_z
� oqp_p9rts�u_uhvcv_vtw�zq�h¬U�9pq�cz!w�¤_z

 Å



� �e�N;=M= > C > : ? = � � = ��;=4A �+> � C G F Å �WC �	� � � 
 D � G �+> = �
� �e�N;=M= > C > : ? = � � = ��;=4A �+> � C G�: @ �N;= @ ;=M= FzF :�G �)@  Å �WC �	� �)@ 
 � = �	� = �
E C$D�� � =vDYC > = G � =vE � C�A6= �N� = �	� � �+> �@?���� ;= � G F  
� � A � =�E � C�A6= �V� = �	� � : >W> = � G > � �	�^> C �Z> = ? : @ � �]?@? = @ @ �³Å
E C$D�� � = � = Q C ��� � � � � G E � C�A6= �V� = �	� : � =��WC � G > ? : @ � �]?]? = @z@  ��F
� � A � =�E � C�A6= �V� = �	� � : >W> = � G > � �	� A � : � � = �V� > = � C �N� = : �<� B   � � + � � : > B G 
 � � �

X C�E � � : B @ � � � � = �]?@? = B �  � � D C � �
? C � � = B @z@�F � � ! = GZG = �1B � Å�
$� �
\ G � S$= � �N� >�;= � = = �]?@? = @ B G � � �

E C�= �e� � = � E ? C �<;= � 
 � Å �  � � = �k@�F
E C�= �e� � � = � C G � :�G > � � � G � �
\ G � >�;= � � = >�� : S : �]?AB \ D � : ?@? C �/;=M= � @�F � �³Å  
+ E ;= � : > � C G � � = � : � S$= @ : ��� = 
 � = � > : �	� : > � C G � � � � @ � 

��s A : A � >N;=�E : � : ?]?�I= ? = ��� �
D : �<� � � �+> �@?���� : > � C G V � \ �e� A6C�C �N� � G�: > = �	� @ � � �

��� �"! � � G # � � = ? � � = �t� > : > ��� > � � � = �6� �	� ? : �<;= � C ? �+> � C G � = ? � � G � > :�G A6= � � � Å�
 �e� E � C�� ?JI=4DY=BDYC G C �
C����W=4A > �RQ B �]w��z{~fEs w bN� � � C �N� C GZGZ:�G A6=4DY= G >?� = Å � >�� : S : �<� � �	� F�� D : A � � G = � �

A � = � > I: � � � = I: � � � � � G 
  � � = = > : � ? = : � � � G DYC G >�� = ? = �p� > : > ��� > � � � = � A6C ?]? =4A >N;=M= � E#= G � :�G > ? :�<;= � C ? �+> � C G � = ? � � G � > :�G A6= � �	� ? : @ � �]?]? = � =vE ? � � � = F�� � � E � C�A6= �V� = �	� � �
=': �<;= � C ? �+> � C G1G*� : �e�e�N;=�A6= >W> = Q C ���7� A � � � = F Å �WC �	� � = > � 
 D � G �+> = � � � G DYC > = GZG = � G F  E � C �

A6= �V� = �	� � C G >.;= >�;= �Z> �]?���� ;= � : S$=4A � G E � A � = @z@ �³Å E � CNA6= �V� = �	� � �[� : � D �l? = � � �V� > = � � = � � � � Å � � � �

 C G >�;= >�;= � DYE ?�� � �/;= � � :�G �P? =FA : ? A � ? � =[: �<;= � C ? �+> � C G = G �+> �@?���� :�G > � G � = � ? E � C�A6= �N� = �	� �e�e� = � : � >FzF :�G � @  Å �7C �	� � = > @ 
 � = �	� = � � = = G C$Dt� � = � � ;=MS I= G =4DY= G > � w � G E � C�A6= �V� = �e� : � =��7C � G > ? : @ � �]?]? =4x
A6C G � > : >�;= � E,= G � :�G > ? : �N;= � C ? �Z> � C G = � >]� = @z@  ��F � V = ? : >N;=4DFC �?@ G = � = ? :.G�: >V�	� =�S$C ? : > �]? = � = ? :
@ � �@?]? = � =[: S$C ? : > �]?�� >�;=^= � > ?�� ;=M= � C � > : �<� E :�G�G = � � = � E � CNA6= �V� = �	� � C � I: ? = �	� � ��� E#C G � � �]?�� >N;=/S : � � : � ? = �
V = >W> = � = � G �JI= � =\E#= �+> �= >�� = �e� = I: ? : ?�� � ;= � : > � C G 
 �N;=4� � ���V� > � C G � = � E � C�A6= �V� = �e� � � = ? : @ � �@?]? = � G � S$= � ��V� > : � � =^C � : � � > � > I=4DY= � = �<;= � = � S : > � C Gy: EZE ?�� � �K;= � :�G � � � � � Å � � � � = = � E � C�A6= �N� = �	� � E,= � S�= G > �= >�� =�<;= � = � S ;= � E,C �	� � G = �e�	�<;=M= ?�� D � >�;=M= � G = �K;=ME : �N� :�G > � C � S$= G > E : � F �WC �	� � �

�rL*) � 6	6 a ZU `.P X � 6 3 P 5TU � 8 U�, S ZUYX P h U41 ` �h,eX �Vj�1kU4, a P?`.P�898 mU 8 U�, ,/1 ` : ` � 898 U�,
E C � � : S$C G � ;= >V�e� � ;= � � J ;= � = G > � � A �K;=4D : � � =�A6C�C�E ;= � : > � C G E : � : ?@?JI= ? = � � � : �#C �N� � = � D ;= > : � = � �� ��� > � � � = � = G >�� =F= ?]? = � � = G � � � > = � = G >�� =�D ;= >H� C � = � = � : A > = � = > D ;= > : � = �	� ��� > � � � = � E : � : ?@?JI= ? = � � V = �� � J ;= � = G > �J� A �/;=4D : � C G >�;= >�;= : EZE ?�� � �K;= � : � E � C�� ?�I=4DF= �e� H�? C � � X � C�E�� �R� C����7=4A > �]Q = � E ;= � � DY= G >�;= �� �e� ? : @ � �]?]? = � G � S$= � �V� > : � � = �]?@? � � >��<;=M=PE : � ? : L @ �	� = � � 
N�

���"����� �X���*
r��Z
�!,�$��� � � �[��
$��8 ��+��!�������
����"�$�������,��
�! 
$!� � ��� %���

= =v� �+> � =�A6= >W> =�A6C�C�E ;= � : > � C G E : � : ?]?JI= ? =�= � > � � �+> �]?���� = � ? : @ � �@?]? = � =�A : ? A � ? E#C �	� = � E ? C � > = � � =
D :�G �JI= � =\= s A : A6= I: ? : Q C ���/? = � E#C � S$C � � � � � = � E ? C � : > � C G = >6� � = � E ? C � > : > � C Gy: EZE#C �H>�;= � E : � ? = � � = �<�

 




A ? : �V� = � � =XD ;= > : � = �e� ��� > � � � = � � � ? � � : @�� >�� A6C$DFDF= ? =yDFC G >�� = ? : L @ �	� = � � � �Y� � � G =XA6C$Dt� � GZ: ��� C G
� � ;= � : � A � � � � = � = � = �<� > > E#= � � � � > � � � � : > � C G = >�� = � = �+� DYC � I= ? = � E : � : ?]?JI= ? = � � =rD ;= > : � = �e� ���7�
> � � � = � � = =FDYC � I= ? = � G � � ? : � � =�E : � : ?]?�I= ? =�E#= � DY= >)� = �K;=ME ? C > = �J� � J ;= � = G > = � E#C�E � ? : > � C G �IB � � ? = � � = G
DFC � = � � � > � � � � : > � C G ��� � � � :�G ��? =�A : �	� =^E : ��> � A � ?�� = � �e� E � C�� ?�I=4DY= �i� H�? C � � X � C�Et� �R� C����7=4A > �]Q �
? � : ??@ C � � >H� DF= ;=MS$C ? �Z> � C GZGZ: � � = � G � > :�G A � ;= � �	� A � : � � = � � ? =O= � > ? � : ??@ C � � >H� DY= � > � � � � = @ ;= G ;= > � � � =�D � �
D ;= > � � � = B�� � � � � E � C�E,C � ;= � :�G �\? =�A : �e� = � � � G = >H� I= � = � = ? � ;=4� � � E#= + � �OV � � : � � Å��%� = = � � = �+�
DFC � I= ? = � � � ;=MS : ? � : > � C G E : � : ?]?�I= ? = � = ? : E#C�E � ? : > � C G = > � =BA � : � � = � C ? �+> � C GFG = � C G > E : � = � E ? C � >�;= �
A : � ? = �	� @ � :�G � ? : � � >N;= G�� = � > E : � � � s�� :�G > =FE#C �	� � � � > � LZ= � ? = �	� = � E ? C � > : > � C G � � G =KJ = >�� ? =�A6C ��+>
V � \ � = ? : Q C G A > � C G C����W=4A > �RQ = � > Q : � � ? = B � � = ? � � = � � � A : � G = � � =�D � A � C � =4A6C G � = � �}�

Recherche locale
(modèle multi-start)

Solution de l'archive Pareto
Solution de la  population

Modèle insulaire

Hybridation

��� � ! � � � #rV C�C�E ;= � : > � C G E : � : ?]?�I= ? =P= G >�� =�D ;= > : � = �e� ��� > � � � = �
V � : � � = � � � � Q : � >y;=MS�C ? � = � ? : E,C�E � ? : > � C G � = � C G � � ? =B= > � > C�A�
$= � :�G � � G = : � A � � S$= � : � = > C

? = � � C ? �Z> � C G � G C G � C$D � G ;=M= � � � ? ;=4A � :�G @ = : S�=4A ? = � : �+>�� = � � � � � � C G�: � A � � S$= � : � = > C � =/D :�G �JI= � =
: � > G A �	� C G = � � A � : � � = � >�;= � : > � C G � = ? � : ??@ C � � >H� DY= � � � � � ? � : � A � � S$= � : � = > C1= � > = � E ? C � >�;=M=Y= >� G > = G �V� L ;=M=PE : � � G E � C�A6= �V� � � � = � =4A � = � A � = ? CNA : ? = � � � S :�G > ? = � A �/;=4D : � � � > � � � � : > � C G ��� q � =[:� =4A � = � A � = ? CNA : ? =r= � > =KJ =4A >V�K;=M= � � � S :�G > ? =1DYC � I= ? =1D � ? > �R� �/;=ME : �H> E : � : ?]?�I= ? = � V � : � � = � C ? �+> � C G� = ? � : � A � � S�= � : � = > C�A6C G � > � >V� = ? : � C ? �Z> � C G � G � > � : ? = � � � G = � =4A � = � A � = ? CNA : ? = � C G > ? =�� �+> = � >J� =
A : ? A � ? = � ? =�S�C ���V� GZ: @ = � =tA6= ?]? = � A � � = = � � C ? �Z> � C G � G C G � C$D � G ;=M= � � =tA6=�S$C ���V� GZ: @ = � C G > � G >�;= @ �N;=M= �� :�G �^? � : � A � � S$= � : � = > C � = ? � � � � � �

=�� :�GZ: ??> � =rE �<;= � = G >�;=M= � :�G �F? =rA � : E � >�� = @ G C � � : E#= � D ��� � � � � = G > � LZ= � ? = �]� G Q C � D : > � C G ��I:� > C�A�
$= � E#C �	� A � : � � =vDYC � I= ? =vE : � : ?]?JI= ? =OE,C �	� @ ;= � = � ? : � ��� E,C G � � �]?�� >N;=�S : � � : � ? = � = � D : A � � G = ��? = ��K;=ME ? C > :�G > � V C G A6= � G�:�G > ? =�DYC � I= ? = � G � � ? : � � = � I: A � : � � = � � � � = � > : �V� CNA � ;= � G >V� E ? =XE : �H> � �
A � ?�� = �?� :�G �^? � = � E : A6= � : � = > C �K;= � � ;= : � � > C�A�
 : @ = � � � G Q C � D : > � C G � G ;=4A6= �V� : � � = � : � D ;=4A :�G ��� DY= � =� : � S$= @ : �N� = 
 � = � > : �	� : > � C G � V = >V� E ? =v= � > � = ? : Q C � DY= � � ��� � ��� � � � � � � � ( � � # � � � C I����� � ��� �
�
� � � � � ( � = > # �A�K;= �V�]@ G = G > � = � E,=4A > � S�=4DY= G > ? � � � = G > � L :�G >)� G � � � = � = ? � � � � � � ? = G C$D�� � = � =
@ ;= G ;= � : > � C G � ;=4A6C � ? ;=M= � � ? : E#C�E � ? : > � C G = > ? = Q � C G > � : � = > C : �'� = � G � = � E,C � G >?� = � : � S$= @ : �N� = � = = �� G � � S � �e� � ;=4D �?@ � :�G > � � C G > � > CNA�
 ;= � � :�G ��? � = � E : A6= � : � = > C�E � ��� � � � �@?���> >�� :�G �V� > = G > � � � : �+>�� =BE : �H>��
? : @ � :�G � ? : � � >N;= � = � � =4A � = � A � = �P? C�A : ? = � ;= > :�G > L G = � ? : @ = � > � C G � = ? : � ��� E#C G � � �@?�� >�;=�S : � � : � ? = � = �
D : A � � G = � �/;=ME ? C > :�G > ? =�DYC � I= ? =�D � ? > � � �K;=ME : ��> = � > ? : ���V� ;=M= I: ? : A � : � @ = � =  O>�� =4D � =M� �

=�� : EZE ?�� A : > � C G � = ? : D ;= > : � = �e� ��� > � � � =OE : � : ?]?�I= ? = � > � � � � = : � E � C�� ?JI=4DY= �K� H X : ;= >�;=�= � E ;= � � �
DF= G >N;=M=O= G A6C G �V� �K;= � :�G > ? = � D �=4DY= � � G � > :�G A6= � � = > @ �e� E � C�� ?JI=4DY= B Å � >�� : S : �+� � �	� Å D : A � � G = �

 �



= > ? : D �=4DY= @ � �@?]? =�= � E ;= � � DY= G > : ? =Y� � =YE �<;=4A ;= � =4DyDY= G > � = = � E : � : D I= >�� = � �e� DYC � I= ? = � G � � ? : � � =� C G > ? = � � � � S :�G > � � ? : Q �<;=4� � = G A6= � =YD �?@ � : > � C G = >)� = � : � S$= @ : �N� = B E : � : D I= >�� = �e� D ;=4A :�G ��� DY=� = � : � S$= @ : ��� = 
 � = � > : �	� : > � C G � = � >J� = F D � G �+> = � � ? = G C$D�� � = � � ;=4D �?@ � :�G > ��I: A � : � � =�C�E ;= � : > � C G� =FD �?@ � : > � C G = � > L ��;= I: F�� �V��? : > : �@?]? = � = ? � : � A � � S$= � : � = > C1= � > � � E ;= � � = �	� =�C � ;= @ : ? = I: F�� = >
I: ? : > C > : ?�� >�;= � = ? � : � A � � S$= �V� G C G � ? : > : �]?]? = � = ? : E,C�E � ? : > � C G � :�G � A � : � � = � � � � = � >p� = @ � � �
? = � ;=4D �?@ � :�G > ��� C G > A � C ���V��� � =-D :�G ��I= � = : ? ;= : > C � � = �N�\? : > : �@?]? = � = ? � : � A � � S$=�= � > � � E ;= � � = �e� = I:F�� � I: ? � : �V� � S ;=M= ? = � � DFD �?@ � :�G > �k� C G > Q � �V� C GZG ;= � : S�=4A ? � : � A � � S$= ? CNA : ? = � =[: L @ �	� = � �  �]?@? � � >�� =
? � ;=MS�C ? �+> � C G � = ? : X � D ;= >�� � � � =F= G Q C G A > � C G �e�p> =4DYE � = G Q : ��� :�G > S : � � = � ? = G C$Dt� � = � � � � � �
E#C �	� ? � � G � > :�G A6= � ��E C � � � : E�E,= ? C G � � � =YA6= >W> =yD ;= >�� � � � =�E#= � DY= > � =YDY= � �	� = � ? � � > E#= � S$C ? � DY=� = ��� C ? �+> � C G � � C$D � G ;=M= � E : � ? = Q � C G > � : � = > C�C�� > = G � E : �?� : EZE#C �H> I: � G = � C ? �Z> � C G � = �N;= Q ;= � = G A6=� C$D � G ;=M= � � A ��? : � C ? �+> � C G B � G  � � F  
³Å$� � = ? � = � E : A6=�C����W=4A > �RQ � V = � E � =4D � = � � �<;= � � ? > : > � DYC G >�� = G >� � � G =/E : �H> � � = ? = � � � J ;= � = G > = � = ��;=4A �Z> � C G � E#= � DY= >W> = G > � � C�� > = G � � ? =\D �=4DY= Q � C G > � : � = > C � A6=\� � ��K;=4DFC G >�� = ? : � C�� � � > = �V� = � = ? : D ;= > : � = �	� ��� > � � � =\E : � : ?]?�I= ? = � > � � � � = � � � : �+>�� =PE : �H>�� ? : L @ �	� = � �  
G C � � E#= � DY= > � = >�� C � S$= � ? = G C$D�� � = � � � � ? = � G ;=4A6= �V� : � � =/= > � � s�� :�G > E,C �	� C�� > = G � �$� = G F G D � G �+> = � �
? : DY= �]?@? = �	� = � C ? �+> � C G.: EZE � CNA �K;=M=�E#C �V�V� � ? = � � = � F�� � � ? = � E,C �e� ? � � G � > :�G A6= � � � G A6=Y� � � A6C G A6= � G =
? � � G � > :�G A6= @ � ? : DY= �]?]? = �	� = � C ? �+> � C G�: EZE � C�A �/;=M=�= � > C�� > = G � =�= G @ � �4Gy: S$=4A � GrG C$Dt� � = � �/;= : ? � =

 � � � ? = � �

 550000

 600000

 650000

 700000

 750000

 800000

 850000

 0  5  10  15  20  25  30

S
-M

et
riq

ue
/(

93
80

,2
86

5)

Temps(Minutes)

Exact(847554)
100 AGMAs

50 AGMAs
30 AGMAs
20 AGMAs
10 AGMAs
5 AGMAs

��� � ! � �  # ;� S$C ? �+> � C G � = ? : X � D ;= >�� � � � =\= G Q C G A > � C G �i� G C$D�� � = � � � � � � � �	� ? � � G � > :�G A6= � �e�
E � C�� ?JI=4DY= Å � >�� : S : �<� � �e� Å D : A � � G = �

���"����� �X���*
r��Z
�!,�$��� � � �'�2
�� 8 ��+�$���������(����!��N����� �+� 8 ��+��!�������
����"�$�������,� 
�! 
$!� J3
 ��� ����

\ G A � � > I= � =�D : �W= �	� : > :�G >p� G � DYE : A > A6C G �N� �/;= � : � ? = � �	� ? � = s A : A � >�;= � = � D ;= >H� C � = � = � : A > = �
= � > ? =yA � C � � � = ? : S : ? = �	� � G � > � : ? = � = ? : DY= �]?]? = �	� = � C ? �+> � C G >�� C � S ;=M= � � G =KJ#= >�� A6=yE : � : D I= >�� =
= � > Q C G � : DY= G > : ? = > A � � > � � � =1E#C �	� ? = � C�E ;= � : > � C G � � = � ;=ME : � : > � C G = > �e� > = � > � � ;= ? : @ : @ = � = =
A � C � � � �e� � A � = �<�G� =�A6= ? � � � A � E#= � DY= > � = �N;= �e� � � = � =�D :�G ��I= � = �V�?@ G � L�A : > � S$= ? : > : �@?]? = � = ? � = � E : A6=� = � =4A � = � A � =�= � E ? C �<;= � V =ME,= G � :�G >�� I: ? � � G � > : � � = � = � E ;= � � DY= G > : > � C G � E �<;= � = G >N;=M= � � :�G ��? : � =4A �
> � C G � � @ � G � � � ? : DY= �]?@? = �	� = � C ? �Z> � C G = � > � C � S$= G > � G � > � : ?���� ;=M= I: ? : E � � = � = � S : ? = �	� �)� � = � ? � � G L G � �
V � = � > E,C �	� � � C � � G C � � : S$C G � E � C�E,C � ;= � G = : EZE � C�A � = � :�G �F? : � � = ?@? = ? : S : ? = �e� � G � > � : ? = � = ? :

  



DF= �]?]? = �	� = � C ? �Z> � C G >�� C � S ;=M=�= � > Q C �	� G � = I: ? : D ;= >H� C � =v= � : A > =�E : � � G =�D ;= > : � = �	� ��� > � � � = � =�� � G �
>N;= � �= > � =KA6= >W> = : EZE � C�A � = � = � :B: S ;= �<;= �V��? =�A6C ��+> � � = ��;=4A �+> � C G � = ? : D ;= > : � = �e� ��� > � � � =l= � > ? : � @ =4DY= G >� G Q ;= � � = �	� : � A6C ��+>6� � = � E ? C � : > � C G � = � G C�= �i� � ;= ? : @ �/;= � @ � �: A6= I: ? : S : ? = �	� � G � > � : ? =^� � � = ?@? = Q C �	� G � > �
� �+>�� =4DF= G >?� � >�� ? =�A6C ��Z> A � D � ? ;= � � = ��;=4A �Z> � C G � = ? : D ;= > : � = �e� ��� > � � � =P= > � = ? : D ;= >H� C � =v= � : A > =
= � > ? : � @ =4DY= G > � G Q ;= � � = �e� : � A6C ��+> � = ? : D �=4DY=�D ;= >H� C � =�= � : A > = � C G > ? : DY= �@?]? = �	� = � C ? �Z> � C G = � >� G � > � : ?���� ;=M= I: ? � � G L G � � � ?*Q : �e�e� : � >?� C G Av� � = ? : D ;= > : � = �	� ��� > � � � =PE � C �e� ��� = ? : DY= �]?]? = �e� = � C ? �+> � C G
E#C �V�V� � ? =�= G DYC � G � � = > =4DFE � E#C �V�V� � ? = � =[: E � C �e� A > � C G � = ? : DY= �]?]? = �	� = � C ? �+> � C G E,C �N�V� � ? =�E#= � �
DF= >W>�� : I: ? : D ;= >H� C � =�= � : A > = � � ;= ? : @ � = � ? =/E ? � � � = G C�= �e� � E#C �V�V� � ? = � =[: D � G � D ��� : > � C G �e��> =4DFE �� � = ��;=4A �+> � C G � = ? : D ;= > : � = �	� ��� > � � � =Y= � > E � � DYC �N� � : ? E#C �	� G =yE : � A6C$DYE � C$DF= >W>�� = ? � � G >�;= � �= >)� =
A6= ?@? = � A � � =�� �+> �@?���� : > � C G � � � G =vD ;= > : � = �	� ��� > � � � =OE : � : ?]?�I= ? = � > � � � � = > = ?]? =�� � =vE �<;= � = G >N;=M=�A � � � = �V� � �� � : S I= � = � C G A � G = : EZE � CNA � =PE � C$DF= >W> = � � = �%E C � � : S$C G � = G S ��� : @ ;= � = �<� � A �/;=4D : � � � � > � � � � : > � C G
= G >�� =\D ;= > : � = �	� ��� > � � � = � = > D ;= >H� C � = � = � : A > = � � ��� q B L @ �	� = � � �N� B : �W� = > ��� � B L @ �	� = � � �N� B � �W�}�

Recherche locale
(modèle multi-start)

Modèle insulaire

Hybridation

Meilleure solution 
trouvée

Modèle d'exploration 
arborescente parallèle

Mise a jour Lecture

Méthode exacte 
parallèle

Métaheuristique parallèle

Recherche locale
(modèle multi-start)

Modèle insulaire

Hybridation

Métaheuristique parallèle

Modèle d'exploration 
arborescente parallèle

Méthode exacte 
parallèle

(b) Schéma d'hybridation HHC 

(a) Schéma d'hybridation HHR 

����� ! � � � #rV C�C�E ;= � : > � C G E : � : ?]?�I= ? =�= G >�� =�D ;= > : � = �	� ��� > � � � = � = > D ;= >H� C � = � = � : A > = �
� :�G ��? =BDYC � = ��� q � ? : D ;= > : � = �	� ��� > � � � =K= > ? : D ;= >H� C � =\= � : A > = � C G > = ��;=4A �+>�;=M= � = G � ;=4� � = G �

> � = ? � � :�G �v? = � A �K;=4D : ��� � � ? = � � = �<� D ;= >H� C � = � � C G > = ��;=4A �+>�;=M= � = G DYC � =FA6C � ;=MS$C ? �+> � C GZGZ: � � = �
=': DY= �]?]? = �	� = � C ? �+> � C G >�� C � S ;=M=�= � > E : �H> : @ ;=M=�= G >�� = ? : D ;= > : � = �e� ��� > � � � =P= > ? : D ;= >H� C � =v= � : A > = �
=': D ;= >H� C � =�= � : A > = � G � > � : ?���� = � : DY= �]?@? = �	� = � C ? �+> � C G >�� C � S ;=M= I: ? � � G L G � �Z� ;= � � C � � � � =4DY= G >�� = ?]? =�<;=4A � E I= � = ? : DY= �]?]? = �	� = � C ? �+> � C G >�� C � S ;=M=BE : � ? : D ;= > : � = �	� ��� > � � � =^E#C �	� DY= >W>�� = I: �7C �e� ? : �N� = GZG = �
=�� = ��;=4A �Z> � C G � � : �N� �= > = ? C � � � � = ? : D ;= >H� C � =X= � : A > = G�� : E ? � � � = G C�= �e� ��I: = � E ? C � = � � V = � � = �+�� A �K;=4D : � � � � > � � � � : > � C G E#= � DY= >W> = G > � =FE � C �e� � � = � = ��Q � C G > � � : � = > C�= � : A > � A6C G >�� : � � =4DY= G > I:
? � : EZE � CNA � = � =�A6C�C�E ;= � : > � C G B = G >�� =vD ;= > : � = �	� ��� > � � � = ��� = � ? =4DY= G > � �K;=4A � � > = � :�G �^? : � =4A > � C G E �N;= �
A ;= � = G > = �

=�� : EZE ?�� A : > � C G � = ? : D ;= > : � = �	� ��� > � � � =�E : � : ?]?�I= ? =tA6C�C�E ;= � : > � S$= � > � � � �K;=M= : S$=4A � G =YD ;= >H� C � =
= � : A > =vE : � : ?@?JI= ? = : � E � C�� ?�I=4DY= ��� H X : ;= >�;=v= � E ;= � � DY= G >�;=M=B= G A6C G �N� �/;= � :�G >�> C � �7C �	� �K? = � D �=4DY= �� G � > :�G A6= � � = > @ �e� E � C�� ?JI=4DY= Å � >�� : S : �<� � �	� Å D : A � � G = � = > ? : @ � �]?]? = � G � S$= � �V� > : � � = � = = � �<;= � � ? �
> : > � � �]?@? � � >��<;= � E : � ? = � > : � ? = : �<� � � � = > � �aÅ � DYC G >�� = G > � � = ? = � D ;= > : � = �	� ��� > � � � = � E,= � DY= >W> = G > : �<�

 �



�<2 � ���)O# 0�� � � S/_b�"0/#����"&5' � ��4�M# � ��� � � ��8�M# � � ��� � � 
 ) ��4�M_b�����-�
� ;= > : � = �	� ��� > � � � =�E : � : ?]?�I= ? = � > � � � � = � � F G � � F G  �� ��Å G 

� I � E : � : ?]?JI= ? = @ Å � � Å @ Å � � Å  �� ��Å³Å �
�C> � � � � : > � C G ����! � � F G G � F  G � Å @  �� ��Å³Å �
�C> � � � � : > � C G ����V � � F � G � Å³Å � � FzF  �� ��Å³Å �
��� � ! � � � # D =4DFE � � � = ��;=4A �+> � C G C�� > = G � � : S$=4Av= > � :�G � � > � � � � : > � C G E#C �	� ? � � G � > :�G A6= � �

��2 � �� )+#.0�� � � S�_a�"0�#%���"&5' � ��8�M# � ����� � ��8�M# � � ��� � � 
 ) ��8�M_a�����/�
� ;= > : � = �	� ��� > � � � =PE : � : ?@?JI= ? = � > � � � � = @ � �4G @ � �4G
� I � E : � : ?]?�I= ? = @ Å F � � G @ Å F � � G B 
 �  � �
� > � � � � : > � C G ����! @ � �4G @z@ 
 � F 
 @z@  � � � B Å �  � �
� > � � � � : > � C G ���vV @ � � � @�F  � � � @�F  � � � B � � FzF � �
��� � ! � �aÅ # D =4DFE � � � = ��;=4A �+> � C G C�� > = G � � : S$=4Av= > � :�G � � > � � � � : > � C G E#C �	� ? � � G � > :�G A6= @ �

D ;= >H� C � = � = � : A > = � � � C�� > = G � ��� = �\Q � C G > � � : � = > CF= � : A > � = G �<;= �e� ��� :�G >�� =�D :�G �JI= � = �V�?@ G � L�A : > � S$=
? = �e� � > =4DYE � � � = ��;=4A �+> � C G �

� :�G �Y? � : �+>�� = � = G � � A6C$DFDY= �]? : ;= >�;= � C � ?��?@ G ;= � :�G ��? =�A � : E � >�� = @ � ? = � D ;= >H� C � = � = � : A > = �
E#= � S$= G > � = � S � �6� � ;= > : ? C G E,C �e� DY= � �e� = � ? � = s A : A � >�;= � = � D ;= > : � = �	� ��� > � � � = � ��� :�G �/? =OA : � �e� E � C �
� ?�I=4DY= ��� H X � ? : � � J ;= � = G A6=B= G > = � DF= � = X � D ;= >�� � � � =\= G >�� = ? = Q � C G > : EZE � C�A �/;=\= > ? = Q � C G > = � : A >
= � > D � G � DY=YE � ��� � � � = ?]? =Y= � >k� = � $ � � � ��F�� ��� ? � � E �<;=4A ��� =4DFDY= G >�� ? = Q � C G > = � : A > A6C G > � = G >r� G =� C ? �+> � C G � : � = > C�C�E > � D : ? = � =^E ? � � � � = ? = Q � C G > : EZE � CNA �K;= � V = �N;= � � ? > : > �/;=4DYC G >�� = ? � = s A : A � >N;= � =
? : D ;= > : � = �e� ��� > � � � =/E : � : ?]?�I= ? = � > � � � � = � �e� ? � � G � > :�G A6= ;= >V�e� � ;=M= � � G A6C � =^D � = �<��� E,C �	� ? � � G � > :�G A6= @
? = Q � C G > � : � = > C�E � C �i� � > E : � ? : D ;= > : � = �e� ��� > � � � =^E : � : ?]?JI= ? = � > � � � � =^= � > = � : A > � V � = � > E#C �	� � � C � �� :�G �^? = > : � ? = : � � �aÅ ? : S : ? = �	� � = X � D ;= >�� � � � = G�� = � > E : �?� G � � � �K;=M= ��� :�G � A6=�A : � � ? � � G >�;= � �= > � = ? :
D ;= >H� C � =v= � : A > =�= � >T� =vE � C � S�= � ? � C�E > � D : ?�� >�;= �i�G�N;= � � ? > : > Q C �	� G � E : � ? : D ;= > : � = �	� ��� > � � � = �

� � : �+>�� =�E : �H>�� ? =XDYC � = � � � > � � � � : > � C G ����! E : � :
� � > E ? � � = s A : A6=r� � = ? =�DYC � = ���vV = G
> = � DF= � = > =4DFE � � � = ��;=4A �Z> � C G � = = DYC � = ���vV Q C �e� G � > ? = D �=4DY= Q � C G > � � = ? =-DFC � = ����!
D : ����? : D ;= >H� C � =O= � : A > =�= � E ? C � =BE ? � � � = G C�= �i� � E � ��� � � � = ?]? = G = �/;=4D : �V� =\E : � � � � =4A > =4DF= G >6�e�
DY= �@?]? = �	� Q � C G > Q C �	� G � E : � ? : D ;= > : � = �	� ��� > � � � = � � ?�Q : �e�	� : � >�;= @ : ? =4DY= G > A6C G L � DY= � A6= �<;= � � ? > : >
= G = � E ;= � � DY= G > :�G >)� � : �+>�� = � � G � > :�G A6= � �e� E � C�� ?�I=4DY= � =yE ? � �W@ � :�G � = > : �]?]? = � � � : �+>�� =�E : �H>�� ? =
@ : � G = G > =4DFE � � � = ��;=4A �+> � C G : EZE#C �H>�;= E : � ? : D ;= > : � = �e� ��� > � � � = � :�G ��? = A : � � = ? � � G � > :�G A6= �

= � > E ? � �k� DYE#C �H> :�G > � � = � :�G �Y? =1A : � � = ? � � G � > :�G A6= @ D �=4DY= �N�^? : � C ? �+> � C G E � C �e� � > =�E : � ? :
D ;= > : � = �	� ��� > � � � = G*� = � > E : � = � : A > = � =�� = s A : A � >�;= : EZE,C ��>�;=M= �K;=ME,= G � Q C �H> =4DY= G > � = ? : E,C �N� > � C G � =
? : � C ? �+> � C G C�E > � D : ? = � :�G �\? � = � E : A6= � = � =4A � = � A � = �

=�� ;= >V�e� =�= � E ;= � � DY= G > : ? = � = � � = �<� � A �K;=4D : � � � � > � � � � : > � C G1: �<;=MS ;= ? ;= � G =�� � = � > � C G C � S�= �H> =� DFE,C �H> :�G > = � I: � � = ? DYC$DF= G > : �V� �= > = � ? : D ;= > : � = �	� ��� > � � � =y= G DFC � = � = ? : ����� X C G : �V� �= > E �N;= �
D : >V�e�N;=tE#= � DY= >p� = Q C �e� G � �J� G = � = ? : > � S$=4DY= G > �,C GZG = � C ? �+> � C G � = �K;=ME : �H> = G DYC � G � � = > =4DYE �
D : ���O? : ���V� = � : � > �,= : � A6C � E.E ? � � � = >�� : S : �@?KI: ? : D ;= >H� C � =�= � : A > = � � G =KJ#= >�� ? = � �<;= � � ? > : > �T�@?]? � �7�
>��<;= � E : � ? : L @ �	� = � � � DYC G >�� = G > � � =yE,C �	� Q : � � =YE � C @ � = �V� = � ? = Q � C G > � : � = > C � � � G � = � ? E#C � G >�]? Q : ?]? : � > = G S � � C G G � F  � �	�T� G > =4DYE � > C > : ? � = �N;= � C ? �Z> � C G � = G � Å @ � � ? � � G S$= � � = � ? � : �V� �= >\> : �N� �RQ� = ? : D ;= > : � = �	� ��� > � � � = B : E � I= � A6C G S$= � @ = G A6= � E#= � DY= >W>�� : � > � =vE � C �e� � � = � G =�DF= �]?]? = �	� = � C ? �+> � C G

� �



� = �K;=ME : �H>�;=MS$= G >V� = ?]? =4DF= G > C�E > � D : ? =�C ��>�� I= � E � C�A � = � = ? � C�E > � D � D � =�� � G >N;= � �= > = � >)� = �<;= �e� � � =� =tD :�G ��I= � = �V�?@ G � L�A : > � S$= ? = G C$D�� � = � = G C�= �i� � = � E ? C �<;= � = >T� C G A ? = > =4DYE � � � = ��;=4A �Z> � C G � = ? :
D ;= >H� C � =�= � : A > = � V =ME#= G � :�G >�� ? : A6C G S$= � @ = G A6= � = ? : D ;= > : � = �	� ��� > � � � =\E#C �	�V� : � > � �	� S$= G � � : E � I= �
E ? � �V� = �e� � �7C �e� � S$C � � = � =4D : � G = � � � G =KJ = >�� : E � I= �k@ � �7C �e� � 
 � = �	� = � = > � � D � G �Z> = �O? : A6C G S$= � �
@ = G A6= G�� : E : � = G A6C � = ;= >�;= : >W> = � G > = � �	�Y� G = � G � > :�G A6= F�� � >�� : S : �<� � �e� @ � D : A � � G = � �e� E � C�� ?�I=4DY=
��� H X � �	� D � Å : �%� � : � : �@?]? = �	� � � ? � ;= >V�e� = : ;= @ : ? =4DY= G > DFC G >��<;=t� � � �]? = � > � DYE,C ��> :�G >J� = �/;=ML G � �
E#C �	� ? = � A �K;=4D : ���vV � G =�E,C ?�� > � � � = � = �N;=ME : �H> � > � C G � = � = �V� C �e� A6= � = G >�� =1D ;= > : � = �e� ��� > � � � = �
= > D ;= >H� C � = � = � : A > = � = G >�� C � S :�G >�� G A6C$DYE � C$D ��� = G >�� = ? � : S :�G A6=4DY= G >�� = ? � = � E ? C � : > � C G � =
? � : � � � = B E ? � � � =\E � C�A6= �V� = �e� �PI: ? : D ;= >H� C � =B= � : A > = � = > ? : E � C �e� A > � C G � � � G =\DF= �]?]? = �	� = � C ? �+> � C G
: E�E � C�A �K;=M= B E ? � � � =vE � CNA6= �V� = �	� ��I: ? : D ;= > : � = �e� ��� > � � � = �}�

�rL K � 6 3 � 8 1�, � 6 3

� :�G � A6=\A � : E � >�� = � G C � � : S�C G � E � C�E#C � ;= � G = @ � � � � L�A : > � C G � = ? � : ??@ C � � >H� DY= � I � = G E � = G�:�G >
= G A6C$DFE > = ? � :�GZ: ??> � =�E �<;= � = G >N;=M= � :�G �Y? =rA � : E � >�� = @ � �	� ? = � D ;= >H� C � = � = � : A > = � E : � : ?]?JI= ? = � = >
? = �	� A6C�C�E ;= � : > � C G : S$=4A ? = � D ;= > : � = �	� ��� > � � � = � � �	� @ � �]?@? = � � V = >W> = @ � � � � L�A : > � C G = � > � : � ;=M= � �	�� G A6C � : @ = � = ? � : � � � = � =�� : � =1= >�� = � � G � >�;= � � = >�� : S : �]? E,= � DY= >W> :�G >�� =�D � G � D ��� = � ? =�A6C ��+>� = � A6C$DyD � G � A : > � C G � G ;=4A6= �V� : � � = ��I: ? : �<;= @ � ? : > � C G � =�A � : � @ =�= > ? =�A6C ��Z>J� = � > CNA�
 : @ = � G �K;= � = G >
: � D ;=4A :�G ��� DY= � = � : � S$= @ : �N� = 
 � = � > : �	� : > � C G � � G � � � > = �6� G =-D ;= > : � = �	� ��� > � � � =.D � ? > � � C����W=4A > �RQ
E : � : ?]?�I= ? = � > � � � � = : ;= >N;=OE � C�E#C � ;=M= ��� ?e� � : @�� >t� � � GF: ?]@ C � � >H� DY=\A6C�C�E ;= � : > �RQ � G � � ? : � � = � > � � � �K;= : S$=4A
? : � =4A � = � A � = ? CNA : ? =PE : � : ?]?�I= ? =\D � ? > � � �K;=ME : ��> � = = � � = �<� DYC � I= ? = � E : � : ?]?�I= ? = �t� C G > : � > G A �	� C G = � = >
� : � ;= � � �e� ? =�S�C ? � =�A > A ? = �YI: @ � :�G � = ;=4A � = ?]? = � � G L G � G C � � : S$C G � E � C�E#C � ;= � G = � > � � � � : > � C G � =
? � : ??@ C � � >H� DF= � I � : S$=4A ? : D ;= > : � = �	� ��� > � � � =�E : � : ?]?JI= ? = � > � � � � = �

� C �	� ? � � DFE ? ;=4DY= G > : > � C G � = � � � J ;= � = G > � : ??@ C � � >H� DY= � � G C � � : S$C G � A � C ���V� � :�G � � G E � =4D � = �
> =4DFE � � G � G > = � @�� A � = ? �K;= � � ;= : � S$C ? � =�A > A ? = � � � = � � G � G > = � @�� A � = ? � = > > E,= V C�C �N� � G�: > = �	� � D � : S : �]?]? = �	� � �
V =ME,= G � :�G >���>�� I= � � C � S�= G > ? = �)� G > = � @�� A � = ?�� � =yA6= > > E#= G = � � EZE#C �H> = G > E : ��? =yE : � : ?]? ;= ?���� DY=�A6C �
C�E ;= � : > �RQ � V =y� � � G C � � :�: DF= G ;= I: E � C�E#C � = � � G D ;=4A :�G ��� DF= � =yA6C�C�E ;= � : > � C G � : � ;= � �	� = � G � :
E#C �	� ? � C�E > � D ��� : > � C G A6C$D�� � GZ: > C � � =�D � ? > � � C����W=4A > �RQ E : � : ?]?�I= ? = � �	� @ � �]?@? = � = >T�K;= � � ;= I: A6= �J� G > = � @�� �
A � = ?�� � V =�D ;=4A :�G ��� DF= : ;= >N;= � G >�;= @ �N;= I:  P>�� =4D � =M��= > : � = � S � : � �/;=ME ? C � =4DY= G >�� = � : ??@ C � � >H� DY= �
D � ? > � � C����W=4A > �RQ � E � C�E#C � ;= � �

V = � : ??@ C � � >H� DY= � C G >�;= >N;= : EZE ?�� � �K;= � : � E � C�� ?JI=4DY= �e� H�? C � � X � C�E � � � C����W=4A > �RQ = > = � E ;= � � �
DF= G >N;= � � �	� � G = @ � �]?]? = � =�E ? � � � = � � � D : A � � G = � �N;=ME : �H> � = � � �	� � � C$D : � G = � � � : � D � G ��� >�� : > � C G �
= = � �N;= � � ? > : > � E �<;= ?�� D � GZ: � � = � C G > DYC G >��N;= � � � G =BE : �H> ? � = s A : A � >�;=P= > ? : � C�� � � > = �V� = : EZE,C ��>�;=M= : �<�
D ;= > : � = �	� ��� > � � � = � E : � ? = � DYC � I= ? = � E : � : ?]?�I= ? = � A6C$Dt� � G ;= � : �<� D ;=4A :�G ��� DF= � � � � > � � � � : > � C G � � G
=KJ = >�� ? : D ;= > : � = �	� ��� > � � � =�E : � : ?]?�I= ? = � > � � � � =vE#= � DY= >p� = Q C �	� G � � � = �PQ � C G > � � : � = > C : EZE � C�A �/;= �
E � C�A � = � � = �\Q � C G > � = � : A > � � � � : �Z>�� =�E : �H>�� ? � � > � � � � : > � C G � = ? : D ;= >H� C � =�= � : A > = : S$=4A ? : D ;= > : �
� = �	� ��� > � � � =�E#= � DY= > I: ? : � = �<� ��I=4DY=BD ;= >H� C � = � = Q C �	� G � � I: ? : E � =4D ��I= � = � G = � C ? �Z> � C G � = �/;=ME : �H>� = GZ: >V�e� = I: �<;= �e� � � = � =vD :�G ��I= � = � DYE#C �H> :�G > = � C G > =4DYE � � � = ��;=4A �+> � C G � =�� :�GZ: ?]> � = � = � �<;= � � ? > : > �
= > �e� A6C$DYE#C �H> =4DY= G >t� = � � = �<� � A �K;=4D : � � � � > � � � � : > � C G ����! = > ����V I: ? � = ��;=4A �+> � C Gy: � C � ? =MS ;=
A6= ��> : � G � E � C�� ?�I=4DF= � G C > : DFDF= G > � I: � � = ? DFC$DY= G > � C � > �= >�� = : �V� �= >N;=M= ? : D ;= > : � = �	� ��� > � � � =Y= G
DFC � = � = ? : ��� � A6C$DFDY= G > @ ;= � = � ? : �N;=ME : �H> � > � C G � = � � = �V� C �e� A6= � = G >�� = ? = � � = �<�F> > E#= � � =PD ;= >H� C � = �� :�G �^? =�DYC � =�A6C � ;=MS$C ? �Z> � C GZGZ: � � = �

E C � � : S$C G � ;= @ : ? =4DY= G > E � C�E#C � ;= � G = � DFE ? ;=4DY= G > : > � C G �N� DYE ?�� L ;=M=�= > = s A : A6= � = ? � : ?]@ C � � >H� DY=
� @



@ � � � � L ;=1� : � ;=M= � �	� ? = � : EZE#= ?�� ! � V = > � �	� G C >�� =-DYC � I= ? = = � G � : ;= > = G �e��� = A6C�C�E ;= � : > � C G I:
@ � :�G � = ;=4A � = ?]? = � V = >W> = � DYE ? ;=4DY= G > : > � C GX: E,= � D ���K? � = � E ? C � > : > � C G � � � G�G C$D�� � =OE ? � � � DYE#C �H> :�G >� =�E � C�A6= �V� = �e� � : EZE : �H> = G�:�G > I: ? : @ � �]?]? = � G � S$= � �V� > : � � =�= > I: ? : @ � �]?]? =t= � E ;= � � DF= G > : ? = GZ: > � C GZ: ? =
� � � � � Å � � � E,C �e� ? : �<;= � C ? �+> � C G = � : A > =1E,C �e� ? : E � =4D ��I= � = Q C ��� � = ? � � G � > :�G A6= � = @ � :�G � = > : �@?]? =� � � Å�
 �e� E � C�� ?JI=4DY= � = H�? C � � X � C�EpDYC G C � C����7=4A > �]Q B � ��� � � � � � � � = Å � >�� : S : �<� � �e� F�� D : �
A � � G = � � =[: �<;= � C ? �+> � C G�: �e�e�N;= � � =4D : � G = � � DFE ?�� � � :�G > = G DYC > = GZG = Å � � E � C�A6= �V� = �e� � : S�=4A � G
E � A � = @�F � Å E#= G � :�G >?� G = G � � >�� =�A : ? A � ? �

� F



� �������	��
�� �

� (3� 1 �?� �9�6(3� � � ! � �5� ��� ��1 !����W���

� :�G � A6= � C�A � DF= G >�� G C � � : S$C G � E �<;= � = G >�;= G C � A6C G >�� � � �+> � C G ��I: ? : �N;= � C ? �Z> � C G E : � : ?]?�I= ? =
� > � � � � = � �	� @ � �]?]? = � � =.A : ? A � ? � =.E � C�� ?�I=4DF= � � � C�E > � D ��� : > � C G A6C$Dt� � GZ: > C � � =.DYC G Cp= > D � ? > � �
C��"�7=4A > �RQ � ��E C � � : S$C G � � � : �,C �N� E � C�E,C � ;= � G = w b w�ue��f�{ � = � D ;= >H� C � = � � � C�E > � D ��� : > � C G A6C$D�� � GZ: �
> C � � =\E : � : ?@?JI= ? = � � > � � � � = � � V = >W> = :�GZ: ??> � =^= � > = G � C � >t� G =\A6C G >�� � � �+> � C G A : �M� A6C G >�� : � � =4DF= G > : �<�
: �Z>�� = � ;= >V�e� = � E � C�E#C � ;=M= � � :�G ��? : ?�� >W>N;= � : >V�e� = � {Cu u�{�{6f�y svuxw a c{ { n w b f]ux{ a � b yE{ � yE{ n {~fvzz�~d u u�{~f n {
a w�u aM` u � � G C �Z>�� = � = ?]? = � � � G � A � � >?� :�G � � G = �/;=4D : � A � =�D ;= >H� C � C ? C @�� � � = � = ��dgfC{]{ b svuxw a { n�[ `Nb {s u wzyE{C| ~C������{ � � : � � = I: ? : D ��� =O= G C�= � S � = � =vD ;= >H� C � = � � � C�E > � D ��� : > � C G �N;= �+> �]?���� : � ? = � = G > = � DY= �� =�A6C G A6=ME > � C G = > � =�A6C � = ��� C �	� A � : � � =vD ;= >H� C � = � � C�E > � D ��� : > � C G � G C � � : S$C G � = G E : ��> � A � ?�� = �� � = G > � L ;= ? = � DYC � I= ? = � E : � : ?@?JI= ? = � = > ? = � D ;=4A :�G ��� DY= � � � � > � � � � : > � C G � =�� :�GZ: ??> � =^=KJ =4A >V�/;=M= � :�G ��? =
A6C G > = �<> = � = � @ � �]?]? = � � =\A : ? A � ? : E#C �	� C����W=4A > �RQ ��� � � G =^E : �H>���� = �V{ s	{ b fC{C� u [ wzu zg���}d y j ��d�� ` { � =BA6= �
DFC � I= ? = � = > D ;=4A :�G ��� DY= � = G S � = � = � : @ � � � � L,A : > � C G � = >?� � : �+>�� =BE : �H>��	� = ��d { `��ya6j �2d@f~d �pu�{~f�d b |yE{C�Jz$d a d {Cu f}� u�{ a w2foc{ aMj c{�w b yYux{6fpw n w�s yE{}� � E,C �e� ? = �6� � EZE#C �H> = � � � :�G � G C � >�� : S : �+�(� ? : @ � � � � L�A : > � C G�N�?@ G � LZ= ? : E � ��� =F= G A6C$DYE > = � = � A : � : A >N;= � ��� > � � � = � � = � @ � �]?]? = ��? C � � � = ? : A6C G A6=ME > � C G � = � D ;= �
>H� C � = � � � C�E > � D ��� : > � C G � G C > : DFDF= G > ? � �/;= >�;= � C @ ;= G ;= � >�;= � ? : S�C ? : > �]?�� >N;= � ? :1GZ: >V�	� =FD � ? > � � � C$D : � G =� � : � D � G ��� >�� : > � C G = > ? : @ � :�G � = ;=4A � = ?@? = �

k ` �Tu�{ s u w b w�uuz ���~d y j ��dJ� ` { � �]?i� � : S I= � =P� � = ? =�DYC � I= ? = � =PS$C ? � =�A > A ? = ��I: @ � :�G � = ;=4A � = ?]? =O= � >
E : �H> � A � ?���I= � =4DY= G > : � : E >N;= : �<� @ � �]?]? = ��I: E ? � � � � � G > � >�� = � �]? E,= � DY= > � G =PDF= �]?]? = �	� =^= � E ? C � > : > � C G� = ? � �K;= >�;= � C @ ;= G ;= � >N;=�= > � G =�DY= �]?]? = �e� = �<;=ME : ��> � > � C G � = ? : A � : � @ =�E � ��� � � = ? = � D : A � � G = �O? = � E ? � �
E � ���V� :�G > = � � =4D :�G � = G > E ? � � � = >�� : S : �]? � � = ? = � D : A � � G = �t? = � DYC � G � E � ���N� :�G > = � �Y�]? = � > E ? � �
> C ? ;= � :�G > : �+� E :�G�G = � = G E : �H> � A � ?�� = � E,C �	� ? = � D ;= > : � = �	� ��� > � � � = � � = >�� �]? E#= � DY= >)� =�E : �V� = � ? = �
E : � = �%Q = � �2� C �e� @ ;= � = � ? : S$C ? : > �]?�� >�;= ?�� ;=M= : �<� E :�GZG = � = > I: ? : � ��� E,C G � � �]?�� >�;=lS : � � : � ? = � = � D : A � � G = � �
G C � � : S$C G � E � C�E#C � ;=OE,C �	� A � : � � =OD ;= >H� C � = ? = � � C GZG ;=M= � G ;=4A6= �V� : � � = � : � D ;=4A :�G ��� DY= � = � : � S$= �
@ : ��� = 
 � = � > : �	� : > � C G � V =YD ;=4A :�G ��� DF= : ? � : S :�G > : @ = � � �= >�� =�E ? � � = s A : A6=F� � =�A6= ? � � E � C�E#C � ;=�E : �
? = �]� G > = � @�� A � = ?�� � � = � E ? C � > : > � C G � = �I@ � �]?]? = � E � ��� � � = � � � � G =�E : �H>�� ? : � =ME � ��� = � = Q : � >k� =ME � ����? =� = � G � = � E#C � G >)� = � : � S$= @ : �N� =F= > G C G E : � � =ME � ���v? = �K;=M� �+> � � � : �+>�� =yE : �H>�� � C G A6C ��+> � =XD ��� =
= G C�= � S � =�= G > = � DF= � � = � > C�A�
 : @ =�= >p� =�A6C$DFD � G � A : > � C G = � > G ;= @$?��?@ = : � ? =�= G A6C$DFE : � : ��� C G �e�
> =4DFE � > C > : ? � � = ��;=4A �+> � C G � = � : EZE ?�� A : > � C G � � �	� ? = � @ � �]?@? = � � � G C �+>�� = � �]? = � > � G �/;=ME#= G � :�G >)�e�
D : >�;= � � = ? �+> �]?���� ;=P= > � = � E � C�� ?JI=4DY= � >�� : � >N;= � �

� C �	� : �V� �	� = � ? =YE : �V� : @ = I: ? � ;=4A � = ?]? = � �]?�Q : �+> C�E > � D ��� = � = G >�� = : �+>�� = ��? = � A6C$DFD � G � A : > � C G �
@ ;= G ;= �N;=M= � E,= G � :�G > ? : �<;= � C ? �+> � C G � = � E � C�� ?�I=4DF= � = G D � G � D ��� :�G > ? = �	� G C$Dt� � =B= > ? = �e� � S�C ? � DY= �

� G



� � � G Q C � D : > � C G �<� C �	� ? = � D ;= > : � = �	� ��� > � � � = � � �@? � � : @�� � : � > � =vE � C�E,C � = � � G A6C � : @ = � = � � G � � S � �e� �
I: Q : � � ? =�A6C ��+> � =1A6C$DFD � G � A : > � C G � � ?KQ : �e�	� : � > = G E : ��> � A � ?�� = ��>�� C � S�= �k� G E : � : D ;= >�� : @ = B G C �
> : DFDF= G > ? = G C$D�� � = � � ;=4D �?@ � :�G > � = > ? : Q �N;=4� � = G A6= � =1D �?@ � : > � C G � = s A : A6= �e� E � CNA6= �V� � � � =
D �]@ � : > � C G E,C �	� ? =�DYC � I= ? = � G � � ? : � � = �Z� C �	� ? = � D ;= >H� C � = � = � : A > = � � � G � G >N;= � �= > E : �H> � A � ?�� = �J� = �
S � : � > �= >�� =YE#C �H>�;= I: ? : � = � A � � E > � C G � = � � G � >N;= � � = >�� : S : �]? � � ? � � G � > : �)� =YA6= ?]? =F� � = G C � � : S�C G �
E � C�E,C � ;=M= ��� G =^�,C G�G = � = � A � � E > � C G � C � > E,= � DY= >W>�� = � =\D � G � D ��� = � I: ? : Q C ����? =�A6C ��Z>t� = �<;= @ � ? : > � C G� =�A � : � @ =v= >T�e� D ;=4A :�G ��� DY= � = � : � S�= @ : �N� = 
 � = � > : �e� : > � C G �

= = � D ;= >H� C � = � = � : A > = �Q@ ;= G I= � = G > � C � S$= G > � G =�� � :�G > � >�;= � = >�� : S : �]? � = GZ: >V�	� = I: � � � > � LZ= �
? � � G >N;= � �= >6� � � G = @ � �@?]? = � =�A : ? A � ? E,C �	� ? : >�� : � > = � � V =vA6C G � > : > G�� = � > E : � > C � �7C �	� � : S ;= �N;=�E,C �e� ? = �
D ;= > : � = �	� ��� > � � � = � � � G =KJ = >�� ? =�DYC � I= ? = � G � � ? : � � =l= � > � C � S�= G > ?�� D � >�;= I: � � = ? � � = � � � ? = � � = =^DYC � I= ? =� � ;=MS : ? � : > � C G E : � : ?]?JI= ? = � = ? : E#C�E � ? : > � C G = � > ?�� D � >�;= I: ? : > : �]?]? = � = ? : E#C�E � ? : > � C G � � C � S$= G > L ��;=M= I:@ � � � V C$D�� � G ;= I: A6= � � = �<� DYC � I= ? = � � ? =PDYC � I= ? = � � ;=MS : ? � : > � C G E : � : ?]?�I= ? = � � � G = � C ? �+> � C G � � C � S$= G >
G C G A � >�;= � :�G �y? : ?�� >W>�;= � : >V�	� = � �	� ? = � D ;= > : � = �	� ��� > � � � = � E : � : ?]?�I= ? = � � � � : S I= � = � DYE#C �H> :�G > E,C �e�
� � � > � L�= � ? � �+> �]?���� : > � C G � � � G = @ � �@?]? = � =PA : ? A � ? �N� : � = � =4DYE ? = � � �e� ? � : E�E ?�� A : > � C G � =OA6C G A6=ME > � C G � =�<;= � = : �<� DYC�� �]? = �B? : @ � :�G � ? : � � >�;= � =�A6=�DYC � I= ? =�E#= �+> : >W> = � G �	� = @ Å � �e� A6= �H> : � G = � � G � > :�G A6= � � = =
DYC � I= ? =PE,= �Z> � C G A : D ;= ?�� C � = � ? = � = @ �N;= � =OE : � : ?]? ;= ?���� DY= � =�D :�G ��I= � = �V�?@ G � L�A : > � S$=B= > A6C G >�� � � � = �
I:Y: D ;= ?�� C � = � @ � :�G � =4DY= G > ? = � E,= � Q C � D :�G A6= � � = ? � = ��;=4A �+> � C G �

=�� � > � � � � : > � C G = G >�� =\D ;= > : � = �	� ��� > � � � = � � �	� @ � �]?]? = � = � > � C �	� A6= � = � C�� � � > = �V� =^= > E � C �e� � >Y� = �� C ? �+> � C G � � =tDY= �@?]? = �	� =�� � : ?�� >�;= � D : ���J� C G A6C ��+> E,= �Z> � � : S ;= � = � = � C � � � > :�G > �,� C �	� � � EZE#C �H> = � A6=
A6C ��+>�� �]? = � > G ;=4A6= �V� : � � = � =/A6C$Dt� � G = � ? = � D ;=4A :�G ��� DY= � � � � > � � � � : > � C G�: S$=4A ? = � DFC � I= ? = � E : � : ?@?JI= ? = � �
�J� G �V� � A6= �H> : � G � � A �/;=4D : � � � � > � � � � : > � C G � G C > : DFDY= G > � � V = > ����! �i� =MS � : � = G > �= >�� =�= � E ? C � >�;= �� � � S :�G > ? =1DYC � I= ? =rE : � : ?@?JI= ? =rD � ? > � � �K;=ME : �H> �'� : � = � =4DYE ? = � � �	� A � : A � G = � = ��� C ? �+> � C G � � � � G =
E#C�E � ? : > � C G L GZ: ? =�C � �e� Q � C G > � : � = > CvE � C �e� � > � E : � � G � � C G E,= �+> : E�E ?�� � � = � �V� D � ? > :�G ;=4DF= G >� G = � =4A � = � A � = ? C�A : ? = � =�� � > � � � � : > � C G � �	� @ � �]?]? = � = � > � C �	� A6= � � = s A : A � >�;=1E#C �	� ? = � D ;= >H� C � = �
= � : A > = ��? C � � � � � = ?]? = �.� C G > A6C$Dt� � G ;=M= � : S$=4A ? = � D ;= > : � = �e� ��� > � � � = � � � G =KJ = >�� ? = � D ;= > : � = �	� ��� > � � � = �
Q C �	� G ���V� = G >T� =Y�#C GZG = � � C ? �+> � C G � � = �K;=ME : �H> : �<� D ;= >H� C � = � = � : A > = � E#C �	�)�<;= �e� � � = ? = G C$D�� � =� = G C�= �e� �FI: = � E ? C � = � = > � C G A ? = �e�O> =4DYE � � � = ��;=4A �+> � C G � � G =KJ#= >�� � �	� ? =�E � C�� ?�I=4DY= �e� H�? C � �
X � C�E ? = > =4DYE � � � = ��;=4A �+> � C G E : �N� = � = @ Å�� � Å B @ Å F � � G � I: G � Å @�B @z@  � � �$� � �	� ? � � G � > :�G A6= �.B @ ��e� E � C�� ?JI=4DY= Å � >�� : S : �+� � �	� Å D : A � � G = � � V =ME,= G � :�G >�� A6= >W> = � > � � � � : > � C G � C � ?�I=MS$=�A6= �H> : � G �
� � = � > � C G � G C > : DFDF= G > � I: � � = ? DYC$DF= G >J� C � > �= >�� = : �N� �= >�;=M= ? : D ;= > : � = �e� ��� > � � � = � :�G �B? =�DYC � =� = ? : ��� � A6C$DFDY= G > @ ;= � = � ? : �N;=ME : �H> � > � C G � = � � = �V� C �e� A6= � = G >�� = ? = � � = �<�Y> > E,= � � =PD ;= >H� C � = � � :�G �
? =vDYC � =�A6C � ;=MS$C ? �+> � C GZGZ: � � = �

� G � =-� : � :�G > � �	� ? � :�G�: ??> � =�E � C�E#C � ;=M= � G C � � : S$C G � A6C G >�� � � �K;= I: ? : �N;= � C ? �Z> � C G E : � : ?]?JI= ? =
� > � � � � = � �	� @ � �]?]? = � � =tA : ? A � ? � =tE � C�� ?�I=4DF= � : A : �K;=4D � � � = � = > � G �e� � >�� � = ?�� �N� C �	� ? = � E � C�� ?JI=4DY= �
: A : �K;=4D � � � = � � �]? � � : @�� > �e� E � C�� ?JI=4DY= �e� T C > : @ = �	�t� = V C$DyDY= � A6= B C � D X+�K� = > � �	�H> C �Z>Y�i� E � C �
� ?�I=4DY= � � C �N� C GZGZ:�G A6=4DY= G > H�? C � � X � C�E �$� C �	� A6= � = � G � = �$� G C � � : S$C G � E � C�E#C � ;= � = �<� : EZE � C�A � = �
@ � � � � L ;=M= � � = �<;= � C ? �+> � C G DYC G C�= > D � ? > � � C��"�7=4A > �RQ � � G DYC G C � C����7=4A > �]Q � �]? � � : @�� >?� � � G�: ??@ C � � >H� DY=
� I � @ � � � � L ;= �+> �]?���� :�G > � G A6C � : @ =YE : ��> � A � ?�� = �J� = ? � : � � � = I: = � E ? C � = � = > � = � � G � >�;= � � = >�� : S : �]?
D � G � D ��� :�G > ? =�A6C ��+> � = �<;= @ � ? : > � C G � =�A � : � @ =�= > � =YA � =4A�
NE,C � G > � G @ E#= G � :�G > ? : �<;= � C ? �+> � C G �e�
E � C�� ?JI=4DY= � �	�)� G = @ � �]?]? = � V = > : ?]@ C � � >H� DY= : ;= >N;= �+> �]?���� ;=�E#C �	�)�<;= : ?���� = �)� G �K;=ML � � ? � � : @�� >)� = ? :�<;= � C ? �+> � C G = � : A > =�E#C �	� ? : E � =4D �JI= � = Q C ��� � � � G = � G � > :�G A6= � = @ � :�G � = > : �]?@? = �e� H�? C � � X � C�E B Å �
>�� : S : �<� � �	� F�� D : A � � G = � �}� =[: �N;= � C ? �Z> � C G1: �e�	�<;= � � =4D : � G = �T� �e�T� G = @ � �]?]? = � =�E ? � � � = F�� � �
E � C�A6= �V� = �e� � � = � E ? C � > :�G > = G DYC > = GZG = Å � � E � C�A6= �V� = �	� � : S�=4A � G E � A � = @�F � Å E,= G � :�G >6� G = G � � >
= > � G =v= s A : A � >�;= � = ��� � � � = � E ? C � > : > � C G �i��> =4DYE � � = � ��� E#C G � � �]?�� >�;= � = � D : A � � G = � �

� �



� G D � ? > � � C����W=4A > �RQ � �]? � � : @�� > � � � G =�D ;= > : � = �	� ��� > � � � =�E : � : ?@?JI= ? = � > � � � � =�A6C$D�� � GZ:�G > � G � �
: S$=4A ? : � =4A � = � A � = ? C�A : ? = � =[: Q C G A > � C G C����7=4A > �]Q : > :�G > � G Q : � � ? =BA6C ��+> V � \ I: ? � = ��;=4A �+> � C G � G C � �
: S$C G � E � C�E#C � ;= � G � � E : � : ?]?�I= ? = � � ;= � : � A � � � � = ?�� D � >�;= I: � = �<� G � S�= : �<� � ? =�DYC � I= ? = � G � � ? : � � =
= > ? =�DFC � I= ? = � � ;=MS : ? � : > � C G E : � : ?]?�I= ? = � = ? : E,C�E � ? : > � C G � V = > : ??@ C � � >H� DY=�= � > A6C$D�� � G ;= : S$=4A ? :� =4A � = � A � = ? C�A : ? = � :�G � � G � A �/;=4D : ����! E : � : ?]?JI= ? =�D � ? > �R� �/;=ME : �H> �+� C �	� ? =�E � C�� ?�I=4DY= �e� H�? C � �
X � C�E � ? = Q � C G > � : � = > COC�� > = G � = � > � C � S$= G > E � CNA � = �e� Q � C G > = � : A > ��� C �	� C�� > = G � � = s A : A6=4DY= G > ? =
Q � C G > = � : A >�� G C � � : S$C G � E � C�E#C � ;= � G = � > � � � � : > � C G � =^A6= >W> =\D ;= > : � = �	� ��� > � � � =�E : � : ?@?JI= ? = � > � � � � =
: S$=4A ? � : ?]@ C � � >H� DY= � I � @ � � � � L ;= �

� C �	� ? = � E � C�� ?�I=4DY= ��� G �e� � >�� � = ?�� � �@? � � : @�� >?� = ? : A6C G A6=ME > � C G D � ? > � � C����W=4A > �RQ � = �N;= � = : �<� DYC �
� �]? = � B%V C G >�� : > H � :�G A6= D = ? =4A6C$D !JI ��� = > ? : Q C � �]?]? = � = � C G�G ;=M= � = G � E#=4A >�� C � A6C�E � = � � ! B%V C ?]? : �
�#C � : > � C G�: S$=4A ? = = � X�� ! � \ G � S$= � �V� >�;= � = = �]?]? = @ �}�N� C �	� A � : � � =PE � C�� ?�I=4DF= � G C � � : S$C G � E � C�E#C � ;=� G =.DYC �/;= ?���� : > � C G = G E � C�� ?JI=4DY= � � C�E > � D ��� : > � C G A6C$D�� � GZ: > C � � =�= >G� G =.D ;= > : � = �	� ��� > � � � =1E : �� : ?]?JI= ? = � > � � � � =YE,C �	� � : �<;= � C ? �+> � C G � �	� ? : @ � �]?@? = � = = � �<;= � � ? > : > � = � E ;= � � DY= G > : �<� C�� > = G � �r� �	�
? � : EZE ?�� A : > � C G � = Q C � �]?]? = � = � C G�G ;=M= � = G � E#=4A >�� C � A6C�E � = ��� ! DYC G >�� = G >��Y� � � G =�E : �H>�� ? � � G >N;= � �= >
= G :�GZ: ??> � = � = � E#=4A >�� = � � =FE �<;=4A ;= � = � ? : A6C G � >��N� A > � C G � =yDFC � I= ? = � E �<;= � � A > �RQ � � � � G = � ;= ? =4A > � C G� � : >W>�� � � �+> � � � � : �+>�� =vE : ��>�� �@?�� DFC G >�� = G > ? � = s A : A � >�;= � = � : ??@ C � � >H� DF= � @ ;= G ;= > � � � = � E,C �	� A6= > > E#=� =PE � C�� ?�I=4DY= � � :�G � � G = : EZE � C�A � =�= G S$= ? C�EZE :�G > = � =�� : EZE ?�� A : > � C G � =�A6C G A6=ME > � C G � = �N;= � = : �<� = G
>N;= ? ;=ME � C G � =ODYC�� �]? =O= � > A6= �H> : � G =4DF= G > ? : E ? � � A6C$DYE ?�I= > =P= > A6C$DYE ? = � = � �/?]? = G ;=4A6= �V�V� > = ? : D ��� =O= G
C�= � S � =FA6C G �WC � G > = B DFC � = � � ;= � : � A � � � � = � � = > C � ��? = � DYC � I= ? = � E : � : ?]?JI= ? = � � =YD ;= > : � = �e� ��� > � � � = �
= > A6= �H> : � G � D ;=4A :�G ��� DY= � � � � > � � � � : > � C G �

k ` � u�{ svu w b d b yE{}��z�d a d {}u � ? = �t� G > = � @�� A � = ?�� = � ��� > :�G > � � � EZE#C �H> = G > Q : A �@? =4DY= G > ? = � DYC � I= ? = � � � C�E �
> � D ��� : > � C G E : � : ?]?�I= ? = � = > > E,= h {}����d {C��| � ��w � w2d u u�{ ` ��f �#� : � A6C G >�� = � ? = � DYC � I= ? = � A6C�C�E ;= � : > �]Q � > = ?��
� � = ? =-DFC � I= ? = � G � � ? : � � =rC � ? =-DYC � I= ? = � � = � E ? C � : > � C G E : � : ?]?JI= ? = � � � G = : � �,C � = � A6= G A6= G ;=4A6= �7��N� > = G >t� G = : � : E > : > � C G � = � � G > = � @�� A � = ?�� E,C �	� E � = G �e� =\= G A6C$DYE > = ? : @ ;= G ;= � : > � C G � > G�: D � � � = � =
> �: A � = � = > ? = � A6C$DFD � G � A : > � C G � = G >�� =K= ?]? = � � V =K�,= � C � G A6C G � > � >V� = � G = ?�� D � > = � = �Y� G > = � @�� A � = ?�� � E : �
= � =4DYE ? = � = > > E,= � �_��� n d b w�yE{ ` ��| � � w � w2d u u�{ ` �}f � V = �)� G > = � @�� A � = ?��T� C G > � G >N;= � = �V� :�G > � A : � �]?�� � C G >
� : � ;= � � �e� ? =FS$C ? � =yA > A ? = ��I: @ � :�G � = ;=4A � = ?@? =FE#= � DY= >W> :�G > ? =FE : �V� : @ = � =yE : � = �%Q = �<� D : ��� � C G >
E ? �+> �C > D � = �<� : � : E >�;= � : �<� : EZE ?�� A : > � C G � D � ? > � � E : � : D ;= >�� � � � = � � V � = � > E#C �	� � � C � G C � � : S$C G �
E � C�E,C � ;= � G D ;=4A :�G ��� DY= � =BA6C�C�E ;= � : > � C G �/;= � � ;= I: A6= �6� G > = � @�� A � = ?�� � V = ? � � � A � = � > � : � ;= � �e�t� G =\= � �
> = G �V� C G �e� DYC � I= ? = = � G � : = > : � : E >�;= I: ? � C�E > � D ��� : > � C G D � ? > �R� C����7=4A > �]Q A6C�C�E ;= � : > � S$= � �	� @ � �]?]? = � �
V =�D ;=4A :�G ��� DY= : ;= >N;= � G >N;= @ �<;= I:  P>�� =4D � =M� = > �+> �]?���� ;=yE#C �	� ? : D ��� =X= G C�= � S � = � =rDYC � I= ? = �
E : � : ?]?�I= ? = � A6C�C�E ;= � : > �RQ � D � ? > �R� C����7=4A > �]Q � �

� b � wzyJd -{C��{ n { svu w�yE{}|�~}������{Jux�Hz�d a d {}u ux{ � ? � ;= >V�e� =\A6C$DFE : � : > � S$= � = � E ? : > = �7�%Q C � DY= � �/;= � � ;=M= � : �<�
D ;= > : � = �	� ��� > � � � = � E : � : ?]?�I= ? = � � > � � � � = � �<;= : ?���� ;=M= � :�G ��? � :�GZ: ??> � =^E � C�E#C � ;=M= : �N;=MS ;= ? ;= ? = ��?�� D � > = � � =
A6= ?@? = �7� A � = G > = � DY= � � � �+> �@?�� >�;= � = G E : �H> � A � ?�� = � = G D : > ��I= � = � =vE : � : ?]? ;= ?���� DY=B= >J� � � > � � � � : > � C G � �	�
@ � �]?]? = � � � G C �+>�� = � ? : D : �7C � � >�;= � =KA6= � E ? : > = �7�%Q C � DY= � G = � C G > E ? � � D : � G > = G � = � �$E C � � : S$C G � � C G A
E � C�E,C � ;= ? : E ? : > = �%Q C � DY= � : � : � ��� ��+ � � ��Q C �	� G � > � G ? : � @ = ;=MS$= G > : �]? � =\A6C$DYE#C � :�G > � �<;= �+> �@?���� : � ? = �
= > = �N> = G �V� � ? = � � ? = � : ??@ C � � >H� DY= � ;=MS�C ? �+> � C GZG�: � � = � DYC G C.= > D � ? > � � C��"�7=4A > �RQ � � ? = � D ;= >H� C � = � � =� =4A � = � A � = ? C�A : ? = � ? = � DYC � I= ? = � E : � : ?]?JI= ? = � = > D ;=4A :�G ��� DY= � � � � > � � � � : > � C G�: �V� CNA � ;= �6� �	�6� � J ;= � = G > �
> > E,= � � � : � A � � > =4A >V�	� = � G C > : DyDY= G > ? = � @ � �]?]? = � � =PA : ? A � ? � =[: �N;= �+> �]?���� : � �]?�� >�;=/= > ? � = �<> = G �V� � �@?�� >�;= � =
A6= � A6C$DYE#C � :�G > � E � C�S � = GZG = G > I: ? : Q C ��� � = ? : � ;=ME : � : > � C G �N;= : ?���� ;=M= I: ? = �	� A6C G A6=ME > � C G = G >�� = ? :
E : �H> � = @ ;= G ;= � � � � =P= > ? : E : �H> � = �K;=ME#= G � :�G > = �e� E � C�� ?JI=4DY= >�� : � >�;= � = > I: ? � : EZE � C�A � =PC����7= > �Z> �]?���� ;=M=
E#C �	� ? = � A6C � = � � =': �/;=4D : � A � =rD ;= >H� C � C ? C @�� � � = �+> �]?���� ;=M=yE#C �	� ? : A6C G A6=ME > � C G � = � : � : � ������+
E#C �	�V� : � > �= >�� = �<;= �+> �@?���� ;=M=PE,C �e� ? : A6C G � >��N� A > � C G � � : �+>�� = � E ? : > = �7�%Q C � DY= �\? C @�� A � = ?]? = � �

�³Å



=�� �+> �]?���� : > � C G � = ?�� � � : � � � = �)� > :�G � : �N� � > = ?]? = � � � = � >H�	� = : � � � � T � = > �.� � E,C �	� ? � � DYE ? ;= �
DY= G > : > � C G � = � � � J ;= � = G > � DYC � I= ? = � E : � : ?]?�I= ? = � � = G � A6= � DYC � I= ? = � E#C �H> : � ? = � = >J�/;=ME ? C > : � ? = � � �	�� = � : � A � � > =4A >V�	� = � E : � : ?@?JI= ? = � : � �V�V� � � = G I: D ;=4DYC � � = � ��� >�� � � �/;=M=X� � � I: D ;=4DYC � � =�E : �H> : @ ;=M= � = =
A6C � E ? : @ = B � : � : � ������+P� V �
�(� � = ? : E ? : > = �%Q C � DY= : S�=4A V C G � C � � ��� � = G � ? = �	� �K;=ME ? C � =4DY= G >
E#C �V�V� � ? = � �	�)� = �W@ � �]?@? = � � =FA : ? A � ? ��� C �	� @ ;= � = � ? : � ��� E,C G � � �]?�� >N;=�S : � � : � ? = � = � D : A � � G = � � G C � �
: S$C G � �+> �@?���� ;= ? =�D ;=4A :�G ��� DY= � = � : � S�= @ : �N� = 
 � = � > : �e� : > � C G ;=MS$CN� �K;=�E �N;=4A ;= � =4DFDF= G > � =�� = � E ? C � > : �
> � C G � = � � � J ;= � = G > � DYC � I= ? = � E : � : ?]?�I= ? = � = >?�e� D ;=4A :�G ��� DY= � = � : � S$= @ : ��� = 
 � = � > : �	� : > � C G�: �V� C�A � ;=
= � >[> C > : ? =4DY= G >�>�� :�G � E : � = G > = I: ? � �+> �]?���� : > = �	� � = = � D ;= >�� � � � = � E#C �	� ? � ;=MS : ? � : > � C G � =lE,= � Q C � D :�G A6= �� �e� @ � �]?]? = � E � C�E,C � ;=M= � � :�G �OV C G � C � � ��� � C G > � = Q : � > � G >N;= @ �<;=M= � � :�G � � : � : � ������+O� V �
� �

=�� �+> �]?�� >�;= � ? : �N;= �+> �]?���� : � �]?�� >�;=�= > ? � = �<> = G �V� � �]?�� >N;= � ? : E#C �H> : � �]?�� >�;= � ? � = � E ? C � > : > � C G >�� :�G � E : � = G > =�e� E : � : ?]? ;= ?���� DY=B= >T� = ? � � > � � � � : > � C G � �	� @ � �@?]? = � = > ? : � ��� E,C G � � �]?�� >�;= � = � : � : � ��� ��+ � �	� ? = � =M�
C G > A6C G >�� � � �K;= I: = G A6C �	� : @ = � ? = >�;= ? ;=4A � : � @ =4DY= G > = > ? � �+> �]?���� : > � C G � = � : � : � ������+ � :�G � � � J ;= � = G > �
E : > � = >�� :�G � � � J ;= � = G > � � C$D : � G = � � � : EZE ?�� A : > � C G �$� C �	� : �V� �e� = � ? : S � : � �]?�� >�;= � = ? : E ? : > = �%Q C � DY= ��]?*Q : �+> = G �<;= : ?���� = � � G @ � � � = � � : � : E > : > � C G � = = � >V�+> C � � = ?�� � ��� E#C G � � ? = ��� �	� ? = � =M�-A6C G � > � >V� = G >� G =P� : � = � =�A6= @ � � � = �

= = � C$D : � G = � = � @ � �]?]? = �T� G Q C � D : > � � � = � ;= > :�G >J�<;=4A6= G >�� ? = � s	{}�}f s	{ a yJd � {6f � = G C � >�� : S : �<� � �	�
? � C�E > � D ��� : > � C G A6C$D�� � GZ: > C � � =�E : � : ?@?JI= ? = � > � � � � = � �	� @ � �]?]? = � � =-A : ? A � ?T� C G > G C$D�� � = � � = � � =':
E � =4D �JI= � =�E,= � � E,=4A > � S$=�E,C �H> = � : � �	� ? =�E : � : D ;= >�� : @ = : �+> C$D : > � � � = � = � DYC � I= ? = � E : � : ?]?�I= ? = � � = �
D ;= > : � = �	� ��� > � � � = � � �	� @ � �]?]? = � � � G =KJ#= >�� ? = � DYC � I= ? = � E : � : ?]?�I= ? = � = > D ;=4A :�G ��� DF= � � � � > � � � � : > � C G = >
? = � E : � : D I= >�� = � : �V� CNA � ;= � � C G >[> C � �7C �e� � A � C ���V��� E : � ? � �+> �@?���� : > = �	� � V = � A � C � � G = � C G > E : � > C � �7C �e� �
Q : A �]? = �rI: Q : � � =y= > E,= � S$= G > � � : S ;= � = � � G = s A : A6= ��I: ? � = ��;=4A �Z> � C G � � ?/Q : �i�	� : � >r� C G AXE � C�E#C � = �]� G
D ;=4A :�G ��� DY=KE,= � DY= >W> :�G > � � =KJ =4A >V� = � A6= � A � C � � � =KD :�G �JI= � = : �+> C$D : > � � � =K= G E � = GZ:�G > = G A6C$DYE > =
? = � A : � : A >�;= � ��� > � � � = � � = ? : @ � �]?]? =P= > �e� E � C�� ?�I=4DY= I: >�� : � > = � G C > : DFDY= G > � : Q C G A > � C G A6C ��+> �
\ G =
;= >V�e� = � � � G > = ? D ;=4A :�G ��� DF= : �K;=�� I: ;= >�;= = G > : D ;=M= � :�G �r? = � >�� : S : �<��� = V :�G >V� � � I: A � V � ��� �%�
V =ME#= G � :�G >��t� � � G =�E : �H>�� ? � = G S � � C G�G =4DY= G > E : � : ?]?�I= ? =�A6C G �V� �K;= �N;=�= � >�� C$DYC @+I= G = � G C G S$C ? : > �]? =
= > DYC G C � � C$D : � G = � � : � D � G ��� >�� : > � C G � � � : �+>�� =�E : �H>�� � = � ?��t? =�DYC � I= ? = � G � � ? : � � =F= > ? =�DYC � I= ? =� � ;=MS : ? � : > � C G E : � : ?]?�I= ? = � = ? : E,C�E � ? : > � C G C G >X;= >�;= ;= >V�e� � ;= � �

\ G = ;= >V�e� = � �	� ? : � = � A � � E > � C G � = � � G � >�;= � � = >�� : S : �]? = � > G ;=4A6= �V� : � � =XE#C �	� ? � C�E > � D ��� : > � C G� = � A6C$DFD � G � A : > � C G � �n� = � C�E ;= � : > � C G � � = �<;= @ � ? : > � C G � =BA � : � @ =^= >t� = � : � S$= @ : �N� = 
 � = � > : �	� : > � C G
E#C �	� ? = � D ;= >H� C � = � = � : A > = � E : � : ?]?�I= ? = ��� �e� @ � �]?]? = � � =�A : ? A � ? � =�� : EZE � CNA � =�� � = G C � � : S$C G � E � C �
E#C � ;=M=�A6C G � > � >V� = � G = ;=M� : � A � = � =-A6= >W> = ;= >V�e� = � � ?BQ : �e�	� : � > ? � ;= > = G �	� = I: � � : �+>�� = � : EZE � C�A � = �
> = ?]? = � � � =FA6= ?]? =�E � C�E,C � ;=M= � :�G � � � H � � � � = G Q : � � = � G =YA6C$DYE : � : ��� C G � : � ;=M= � �	�)� G = :�GZ: ??> � = � =
A6C$DYE ? = � � >�;=P= >T� G =v= � E ;= � � DY= G > : > � C G � �e� � G = @ � �]?]? = �

=': D ;= > : � = �	� ��� > � � � =^E : � : ?]?�I= ? = � > � � � � =^A6C$D�� � G ;=M= I: � G =BD ;= >H� C � =�= � : A > =�E : � : ?@?JI= ? =\E �<;= � = G �
>N;=M= � :�G � A6= � CNA � DY= G > : ;= >�;= � DFE ? ;=4DY= G >�;=M= : S$=4A  P>�� =4D � =M� � V = >W> = � > � � � � : > � C G � =MS � : � > �= >�� =�<;= : ?���� ;=M= : ��>�� : S$= � � � � � G =�A6C�C�E ;= � : > � C G = G >�� =  P>�� =4D � =M��= > � : � : � ������+P� V �
� � � ��Q C �e� G � � : � = G >� = � E,=4A > � S�=4DY= G > ? : D ;= >H� C � =�= � : A > =t= > ? : D ;= > : � = �	� ��� > � � � = � V = >�� : S : �]? � � � G � A � � >�� :�G �\? : E,= � �7�
E#=4A > � S$= � =XA6C � E ? = � � : � : � ��� ��+O� V ��� : S$=4A � G =FE ? : > = �%Q C � DY= �K;= � � ;=M= : �<� D ;= >H� C � = � = � : A > = �� �e� @ � �]?]? = � � \ G > = ? A6C � E ? : @ =�= G >�� = � : � : � �����,+O� V ��� = > ? : E ? : > = �%Q C � DY= � + � ��� � = ? � ;=4� � � E#=
+ � � = � �e� � !T� X�� A6C G � > � >V� = � G � = � C����7=4A > �]Q � �i� E � C��W= > � � �	� B � � w�u u�{ b z {~f { b � s yJd ��d |
fCwzyJd � b � ���y|Md b w�y �2d �V{ � � = ? � � E ! w V : ? A � ? � G > = G �V�]Q = > � � �]?@? = � � = V : ? A � ? x ��� ?.� � : @�� > � � � G E � C��W= >� =FA6C ?@? : �,C � : > � C G = G >�� = ? = � ;=4� � � E#= �"+ � �OV B = � H = � \ G � S�= � �V� >N;= � = = �@?]? = @ � � + � � = � B � ! � X�� �
\ G � S$= � �V� >�;= � = T = � � : �]?@? = � � � � +�� � X B � � � � � � � � = > � � = V + B�� EWX � � � � EP� � � = G C�� ? = �}�

��




= = � >�� : S : �<� E �N;= � = G >�;= � � :�G � A6= � C�A � DY= G > A6C G �V� � I= � = G >Y� G = @ � �]?]? =KS$C ? : > �]? = �$� : � = � =4DFE ? = � ? =
A6C � E ? : @ = � = � : � : � �����,+ : S$=4A V C G � C � � �
� : E#C �	� E � � G A � E : ? C����W=4A > �RQ � = @ ;= � = � A6= >W> =^S�C ? : > �]?�� >N;= �
V =ME,= G � :�G >�� �]? = � ��� > = � = � @ � �]?@? = � > = ?@? = � � � = � � � � Å � � � � � > = � �K;= � � ;=M= � = G A6= � = G � � � = ? = �	� �
D : A � � G = � � C G >\> C � �WC �	� � � ��� E#C G � � ? = � B = G �<;= � = � S : > � C G � � : � Q � � :�G � = ?]? = � � C G > = G E :�GZG = ��� C �	�
E#C � S$C � � = � E ? C � > = � � � � � Å � � � = > ? = � @ � �@?]? = � �/;= � � ;=M= � G C � � = G S ��� : @ =MC G � � =FA6C � E ? = � � : � : � ������+
: S$=4A � ? C�� � � � V =^A6C � E ? : @ = � = � : �Z> �]?���� ;= � :�G �l? =�A : �	� = �e� E � C��7= > ����� B � �~d u u�{ � c{ b ��| � c{ n d a w�u�{ �� = ? � �OV � w � : �V� = � = � C GZG ;=M= � x � V =KE � C��W= > = � > � G =/A6C ?]? : �#C � : > � C G�: S$=4A � = �<� E : �H> = GZ: � � = � � = � ! � X
B � E X � � = = > C G � = > � ! � D B \ G � S$= � �V� >�;= � : � ? X : � : > � = � I: D C � ? C � � = �}��� ? � = � S � � : ;= @ : ? =4DY= G > I: ? :�<;= � C ? �+> � C G � =BE � C�� ?JI=4DY= � � =OA : ? A � ?i� G > = G �V�]Q G ;=4A6= �V�N� > :�G >6� G = @ � �]?]? = � = ? : > : �]?]? = � = � � � � Å � � � � �
? � � G � > : � � = ? � � G � > :�G A6= E � @ G � �e� � � � : > :�G >v;= >N;= �<;= � C ? � = : S$=4A �
� � = ���	� � � � C �r�i� E � C�� ?�I=4DY=� = �)F Å � = � G = � : > :�G >�;= >�;= �<;= � C ? � = : S$=4A � � C � A > � S$= � ��V � � � � � A6= � E � C�� ?JI=4DY= � E,= � S$= G > �= >�� = � = �
E � C�� ?�I=4DY= � : A : �/;=4D � � � = � E,C �e� ? = � � � = ?�� C G S$C �e�	� : � >.�N;= � C �e�	� = � = � � G � > :�G A6= � G�� : > :�G > � : D : ��� ;= >�;=�<;= � C ? � = � � = = � E � C�� ?�I=4DY= � E#= � S$= G > �= >�� = � G �e� � >�� � = ?�� > = ?�� � � = ? =IH � ��yE{6d b-h ��u n d b z C � ? = n � a ��d b z
� � � � = G >�� = G > � :�G �l? =^A : �	� = �e� E � C��W= > � +�V � B � � b ~C����� wzyJd � b f}w��Tsvumd b z]w b,n�n � a �"d b zk� b zz�~d n f �� = ? � � E ! w V : ? A � ? � G > = G �V�]Q = > � � �@?]? = � � = V : ? A � ? x = > � = ? : >H� I= � = � = �O? = � :�G �	��� D :�G > : � � � � S � = G >� = �/;=4D : �V� = � � C � �\? : � � � =4A > � C G � = �l� � � D : ? � � = > DYC � � D �=4DY= �

� ? C G @ > = � DF= � G C � � = G S ��� : @ =MC G � � =OA6C G � > � >V� = � � G =\� � � ?�� C >H� I=4� � = � =\E � C�� ?�I=4DY= � DYC �K;= ?���� ;= �
= > ? � � G >N;= @ � = �J� :�G � � : � : � ������+ � = = � E � C�� ?JI=4DY= � = > ? = � D ;= >H� C � = � � = �N;= � C ? �+> � C G Q C �	� G ��� E : � ? :
E ? : > = �%Q C � DY=BE#C �	�V� C G > �= >�� =P= � E ? C � >N;= ��I: � ��� > :�G A6= I: >�� : S�= � � � G = � G > = � Q : A6= � =M� � V = >W> = � G > = � Q : A6=
= > ? =1DYC > = �	��� = �N;= � C ? �+> � C G Q C �	� G � E : � � : � : � ������+ A6C G � > � >V� = � C G >]� G = G S � � C GZG =4DY= G > A6C$D �
E ? = > B H � ��|}u�{}� k �zu � d b z � bZ� d ��� b ��{ b y C � H�k � � � = �N;= � C ? �+> � C G � =�E � C�� ?JI=4DY= � � � C�E > � D ��� : > � C G
A6C$D�� � GZ: > C � � = � �	� @ � �]?]? = � �

���



�  



� ��� �?�6( > ���\� : �6�

� �PV � � ��F � �p� � � � � = GZ: � � �U� V C ?@? = >�� � � � � �t� �#= G � ��� ��= ? : �V� > > � � � � � � = � = ? C � �O�/� : =4A �N> = �$�
�p�/� � = � �V� � :�G � ��� X A � C�= GZ: � = � � � Q � : DY= � C � 
 Q C ��� ��� >�� � � �+> = � =MS$C ? �+> � C G�: � >
: ??@ C � � >H� D � � � G H ��� a {N{ n d b z�fr� ~ H H�k � � � � � � =ME > =4D��#= � F�� ��F �

� �PV � � ��F � ��� �U� � G � = � � C G � � � V C��Z� � � � � C � E,= ? : �I� ��� = =ME,C Q � 
 > � :�G � �t� � = �H>H� � DY= � �
X � D ��� � C$DY= � � G � � E,= � � DY= G > � G � � � ?�� A � ! = � C �	� A6= V C$DFE �+> � G @ � � ���k� `<b d |
a wzyJd � b fr� ~ y j { _ � � � T C ? � � Å B E C � @z@ � � Å�
 # 
 @ � E C"S � F�� ��F �

� �P? � �	@ � � � �O? � : �QE = > X >�� = : D � : H�? = � � � ? = :�G � X � DYE ? = + + � � = �V� : @ = � : �N�V� G @ X = � S � A6=
Q C � = � E 
 � � E \ > �@?�� A : > � C G � D =4A � G � A : ? � =ME#C �H>�� \ G � S$= � �N� >�;= � = � ;: ? : @ : � F�� �	@ �

� � E � � � � � �O? � :�:�G � � � � ��E =M� � C � k �zu � d b z � s yJd ��dR�_wzyJd � b H ����|}u�{}��f �ld y j � �~d n | � b w�|Cux{ n
� { a6j�b �zu �Hz$d {6f � S$C ? � DY= Å��N� ��!BV � � E = � � � + A > � F�� � � �

� � + � Å � � � �J� � : :�G � D � +p� � D � � � V : � = X >V�e� > � G ! � GZG � G @ : � : � : ?]? = ? � � :�G A � :�G �
� C � G � � EZE ?�� A : > � C G C G >H� = � � � � � � G � �4�4� � b y u�� k ���Ts � � bX_ s svued a w�yJd � b fpw b,n y j {
� b yE{C� b {Cy � E : @ = � @ 
 � #v@ � G � F�� � ÅN�

� ��D � @ � � � �O? D � : ?]?�� D :�G � D � � � = >W> = � � A � � = = : � G � G @ � � >H� D :�G >Q� �N� = ? =MS :�G > Q = : >V�e� = � � � G
H � � a {N{ n d b z2f � ~py j { � d b y j�� w�yJd � b w�u � � b ~�{}�V{ b,a {)� b�_ ��yJd � a d w�u � b yE{Cu umd z { b,a { � @ ��� @ �

� ��D ��F : � � � �P? � :Y:�G � ��� D C$D : �V�N� G � �K� : � : ?]? = ?���� D :�G � � S�C ? �+> � C GZ: � > �P??@ C � � >H� D � � � �4���
� � w b f}w a yJd � b fk� b � � ��u ` yJd � b w��}� � ���Ts ` y wzyJd � b � 
 B Å$� � � �4G # � 
 F � + A > C��#= � F�� ��F �

� ��D ��F � � � � �P? � :Y:�G � ��� D C$D : �V�N� G � �K� : � : ?]? = ?���� D :�G � � S�C ? �+> � C GZ: � > �P??@ C � � >H� D � � � �4���
� � w b f}w a yJd � b fk� b � � ��u ` yJd � b w��}� � ���Ts ` y wzyJd � b � 
 B Å$� � � �4G # � 
 F � + A > C��#= � F�� ��F �

� � > � � ��F � � � �O? � :�:�G �Y>H� = � � =/= � � � � C � E � � � =-= � � � � ?�� � � : � > C Q.� 
$= ? = > C G ��Q C � A6C$D �
� � GZ: > C � � : ? C�E > � D ��� : > � C G � � G ! � H � �P� � C G � = G � = � � > C �$� H ��� a {N{ n d b z�f � ~�y j { � ` � ��|
H w�� � S�C ? � DY= F � � � C Q = E V X � E : @ = � � F � # � G F � � : � = � �,C � G � F�� ��F �%X E � � G @ = � �%T = � ? : @ �

� � : � � Å � �p� � : �N� = �	� � � � b#a { scyJd � b�n�[ w�u zg���~d y j ��{6f a ����s�c{}��wzyJd ~}fJs � ` �]u [ ��scyJd ��dgf}wzyJd � b � ` u yJd |��|=<C{ a yJd ~�� _ s svued a w�yJd � b w `�� sv����|}u -{}��{6f n�[ ��� n � bZb w b,a {C��{ b y n { yJ��s	{ h ux��� | k j ��s �
� � � >H� = �V��� � \ G � S�= � �V� >N;= � = = �@?]? = @ � H � :�G A6= � F�� � ÅN�

� � � = ��F � �p� � : 
$= �M� ! � � � > > : � :�G � ��� =': Q C � = G A : � � � � � � :�G � @ � � �y> =4A � G C ? C @�� = ��Q C �K� � � = �
: � = : � ��� >�� � � �+> = � A6C$DFE �+> � G @ � k � ~}y �tw��V{r| H ��w a yJd a {�� � � s	{C�}d { b,a { � G F%B @ Å$� � @ �4G � #@ � 
�
 � F�� ��F �

� � = ? �³Å � D � � = ? � � G @ � D � = � ��� >�� � � �+> = � @ = G = > � A : ??@ C � � >H� D � =MS ���V� > = � � � G ��� �t� � = ? D :�GZG
= � � > C �$� = � � > C �$� k d � y j � b y � � � b ~ �Y� b?� { b {�yJd aP_ u zg���~d y j ��f � X :�G � : > =MC � V � � @ ���³ÅN�
� C � @ :�G���: � Q D :�GZG �

���



� � �! �	@ � �p� � � � ? = � : � = � � = � GZ:�G � = AZ� :�G � H �  P� : Q : ��� : � : ?]? = ? X 
$= ? = > C G �BQ C � D : � � X = : � A �
� = >H� C � � � G�� y j � b y � � � b ~�{}�V{ b,a {G� b H w���w�u u�{}u w b,nr� d@f}y �}d%| ` yE{ n k ��f�yE{C��f � E : @ = �F G # F  � � > C G @ � � V�� > > � � C � = : � F�� �	@ ��� ����� V C$DYE �Z> = � X C�A � = > > � � = �N� �

� � = � � X � G � � �?@ � = ? = � � C > = � = C � = G A C � ��:�G�G ��� � � � � D � >�� � : � ��� � :�G � � �e� : �N� C � ;C$DY= A � X ;:�G A � = A �
� � � � V � : � : A > = � ��� > � A � :�G � \ � = � � � � � � � � =ML G � > � C G � � G � ` � ��se{Vw b�_Oa ����f�f � �}d n f
� � b ~�{}�V{ b#a {~� �[� � k���� � � � = =4A >V�e� = E C > = �?� G V C$DYE �+> = � X A � = G A6= � E : @ = �?F � @�# F �  �F�� � G �

� � = DCF � G � X#� � ? = � ? = �$� �p� =': � D :�GZG � � = � D � � = ? = � :�G � � � Fc� >BA ? = � �$� ��� : � � � ? : > Q C � D :�G � � � C �
@ � : DFD � G @ =':�G @ � : @ = � G � =ME,= G � = G > � G > = � Q : A6= Q C � X = : � A � �O??@ C � � >H� D � � � GF� � � �
E : @ = � � � � # Å �  � F�� � G �

� � � DD� �  � ! � � : @ � C � � : � ! � � = > = �M� �p� D : 
 : � � � � V � = G �& � F = G @ � � � � : �H> � G � :�G � � � � �
X C G @ � � : � � =4A � � � : � : ?]? = ? X � D � ? : > � C G � G S � � C G DY= G > Q C � V C$DYE ? = � X > � > =4D � �
� �4��� � ���Ts ` yE{}� � a y ��|N{C� � ��� � � G @6B @ � � � � � #  Å � @ ���  �

� V : � � Å � X ;=M� : � > � = G V : � C G � H wz� w n d@f ��� � �'b {TsvuxwzyE{}|�~C������{ps � ` �]uxw a � b,a { s yJd � b {�y�ux{ n c{}|svux�2d {}��{ b y n { � c{Cy w j { ` �}dgf�yJd�� ` {~f6s w���w�u u -{Cux{6f j ��|}�~d n {~f�f ` � a u ` f�yE{}�}f {Cy[z��}d u u�{~f �U� � �
>H� = �V��� � \ G � S$= � �V� >�;= � = = �]?]? = @ � F�� � ÅN�

� V � E D �³Å � V � V C >W> : � � � H � �P? � :�GZ: � � � � � E =M� � C � :�G � � � �p� D � C > : � � > � � � � � A � G @ � = G = > � A
�P??@ C � � >H� D � � � >H� � � :�G A � :�G � � C � G � D =4A � G � � � = �FQ C ��>H� = ! = � C ? �+> � C G C Q >H� =
D X<�B� � G _ �}yJd � a d w�u � { ` � wzu � {�y{f'w b,n � { b {�yJd ar_ uuz �z�}d y j ��f � � � � � � H {Vwz��fC� b �
� � � � k yE{N{Cux{6� q � h � _ uR|C��{ a6j y�> { n f � @ � k sv�~d b z {}��| � {}��u w4z � E : @ = � F � � # F  � � � � = G E = �
� C � 
 � @ ���³ÅN�

� V � V�� � � � T � ��� V � G @ � X#� � C � : � � � �P� = = V � G � D ��� : �+> C �M� :�G � V � ! C � A : � � C ? �1� : � : ?]? = ?
:�G � � ��� >�� � � �+> = � � � :�G A � � :�G � � �#C � G � 
 ��� : ?]@ C � � >H� D � � D =4A � G � A : ? ! =ME#C �H> � � 
 G @ �
=[: �#C � : > C � � = � ! � X�� � \ G � S$= � �N� >�;= � = T = � � : �]?]? = � � @ ��� � �

� V � ��F � D � � � V � : � G � A :�G � �p� � = G �	� = : � � V C�C�E#= � : > � S$= � : � : ?@? = ?5D : � � X = : � A � Q C � V : E : �
A � > = � E = > � C � 
 � = �V�?@ G � 
 � ` � b w�u ��~ � { ` �}dgf�yJd a f � E : @ = � 
 �	@�# 
 F � � F�� ��F �

� V � � !  � � � � �U� V C � C�C G � X#� \t� � = � @ = � � � Et� � : ��> � G � :�G � �t� !T� A � : �N� � �*� � G A >V� : > = � =4� � �]?�� �
� � � : � � E : � : ?]? = ? @ = G = > � A : ??@ C � � >H� D � � G � � � � � � = Q = G � > = >W> = � = � � > C �$� H ��� a {�{ n d b z�fp� ~y j { k { a � b,n � b yE{C� b wzyJd � b w�u � � b ~�{}�V{ b#a {]� b � { b {�yJd a�_ u zg���}d y j ��f � E : @ = @ �* � =[: � �� = G A6= � � ? � : � D �J�V� CNA � : > = � � @ �  ���

� V�? : ��� � ��= G ��V�? : � � = G � � � :�G A � :�G � � C � G � �P??@ C � � >H� D � � � � � G A � E ? = � :�G � � � : DFE ? = � � D =4A � �
G � A : ? � =ME,C �H>�� \ G � S$= � �V� > > C Q�V C�E,= G � : @ = G � � = G D : � 
 � � : � A � @ �����N�

� V = X � � � � � V C � > : � E�� = C�E#= � � :�G � �U��X �@? S : � � � = : ? � D � =t� : S : � ��� >�� � � �+> = � � S�C ? �+> � C GZ: � >
�P??@ C � � >H� D � = � � � : � > � F�� � � �

� V � ! ! ��F � T � � �t� V � G @ � X#� = � � : �H> � G � � V � V � !T� �#= � � C � :�G � V � ! C � A : � � C ? ��X >�� : > = @�� = ��Q C �^>H� =
� : � : ?]? = ? � DYE ? =4DY= > : > � C G C Q � = > : � = �	� ��� > � A � � � f�fCw2��fJw b,n k ` � � {6��f\d b � {Cy w j { ` �}dgf�|yJd a f�� � � � � q d%|N{Md ����� H � � w b f�{ b > � n f � @ �
	 u ` �6{}� _Ba w n {C��d a H ` |Cuedgf j {}�}f�� � �����6{}u u �
��_ � E : @ = � F 
 G # G �  � F�� ��F �

� V � D � � � X#� V : � C G � Et� � = ? : � � :�G � ��� � � D : ? � � � � : � : � ������+ � � H � : DY= � C � 
 Q C �
>H� = ! = � � : � ? = � = �V�?@ G C Q � : � : ?]? = ? :�G � � ��� >�� � � �+> = � � = > : � = �	� ��� > � A � � 
 � ` � b w�u� ~ � { ` �~d@f}yJd a f � T C ? � @ � � G Å G # G � 
 � � : > F�� � � � � ? �N� = � � A : � =4D � A � � � ?���� � = � �
�
�������������������������
�
���� !�#"�$�%&�#'&()�*�)%� �%�+!��,*-!.�� �

� V � ��� � � � V :�G >#;� � � : A � � X �	� S$= > C Q � : � : ?]? = ? � = G = > � A �O?]@ C � � >H� D � � @ �������
@ � �



� V D � � G � X#� V : � C G � ��� � � D : ? � � � :�G � E�� � = ? : � �K� : � : � ������+ � � H � : DY= � C � 
 Q C � � : � : ?]? = ?
:�G � � ��� >�� � � �Z> = � � � C ? C @�� A : ?]??> � G � E � � = � � = �	� ��� > � A � � � G � �4�4� � � � � k � [ ��� � wz|y ` �V{
� b f s,d ��{ n-� dgf�y �~d�| ` yE{ n � �z� s ` yJd b z � ����� f j ��s���>�d b a � b < `<b,a yJd � b �ld y j � �4���
� H � H^k!� � � � @ �(E � A6= � H � :�G A6= � � E � �@? F�� � G �

� � H � � ��
 � D � � � � = H :�G > � � �}� H C � > = �$� ��� � �,� : E 
 : � ! �(X > =MS$= G � � :�G � D � � �Z� Q � �V� � + S$= � S � = �
C Q >H� = � � � � � � � � � = � � � = : Tp��� � : ? X � E,= � A6C$DFE �+> � G @ � �[j { � b y u�� 
 � ` � b w�u � ~
k ` s	{C� a ���Ts ` yE{}� _ s�s ued a wzyJd � b fpw b,n � dRz j H {C� ~C�����]w b,a { � ���Ts ` yJd b z � @ ��B F 
 G � � @�F G #@ G @ � X � DFDY= � 
 H : ?]? @ ����
N�

� � = ��� � �p��� : � � :�G � � � = � � � H = : >V�	� = � = ? =4A > � C G Q C � A ? : �V�V� L�A : > � C G � � b yE{Cu umd z { b y � w�y w
_Pb w�ue��f~d@f � @6B G � � @ �������

� = : � G � �U��� � � DY= > = > : ? � ! ;=q'Z= � � C G � = > E � C�E,C �V� > � C G � E#C �	�6� G = @ � �]?]? = � : �+> =\E#= � Q C � D :�G A6= �
� G.q w�s s ���}y�f a d { b yJd �K� ` {�f ` � ux{ sv���*<�{Cy q � �7� {}| � �2d u�{ � @ Å � ;=4A � F�� � G �

� H = � � G � � �@?]? = �GH = � : 
 ��� y ��{C� � { | � `<b { svu w�yE{}|�~}������{ s	� ` � u [ c{Cy `Zn {;{ � s�c{}�~d ��{ b y w�ux{ n2`
a w�u a4` u,zzux��|Vwzu	s w2d ��| -w�|�s w2d � �/� � � >H� = �V��� � \ G � S$= � �V� >�;= � : � ���  � � F�� � G �

� H � ��� � �~� H C � > = � :�G � V � � = �V� = ? D :�G � � ? C�� � � � � � = > : A6C$DYE �+> � G @ � G Q � : � >��N� A >V�	� = D C�C ? �

 � > � � b y u�� 
 � � ~ k ` s	{C� a ���Ts ` yE{}� _ s�svumd a wzyJd � b f � @z@6B F � � @z@ Å #v@�F  � @ �������

� H � ��� � �~� H C � > = � :�G � V � � = �V� = ? D :�G � �[j { � �~d n � � u ` { sv�}d b y�~C��� w � {C� � ���Ts ` yJd b z
� b ~���w�f�y � `Za y ` ��{ � A � : E > = � V � : E > = � F � V C$DYE �+> : > � C GZ: ? � � � � � � � C � @ :�G � ��: � Q D :�G �
X :�G H � :�G A ��� A6C � V � � @ �����N�

� H � D �	@ � �~� H C � > = �$� V � � = �V� = ? D :�G � :�G � X � D � =4A�
$= � D � = :�G�: > C$D > C Q >H� = � � � � � � G �
: � ?�� G @ X A : ? : � ? = Tp� �H>V� : ? + � @ :�G � A : > � C G � � � b y � 
 � � d z j H {}� ~}����� � � ���Ts ` y � _ s�s u � �@ Å B G � � F�� � # FzFzF � F�� �	@ �

� H � � ��
 � D � H ���Z�N� � �H>H�<� � � ! ��� C ? � � >BAZ� :�G � �'� � � ���N� = > �[� ? :�GZG � G @ A6C �N� ? = �V� � � ���V� G = �V� A6C$D �
D � G � A : > � C G � > � > =4D � � � �4��� � � se{}�}y � w4z w �Md b { � E : @ = � 
�
 F # 
�� G � @ ����
N�

� H C � ��F � � :�G H C � > = � � � � : > ��� >H� = � � � � � � D �	� =M= � C � G > V � =4A�
 ?���� > ��� �~d n?� � n w�� � @6B 
$� �
� � ??> FzF�F�� ��F �

� HUT � �  � � � HY� G 
 � X � T C � :�G � �t� � C�C �	��� J � � � �@? � � G @ � = � � : � ? = � C Q > � : � =�A6C$DFE,C G = G > ��Q C �
� = �e� ��� > A � = : � A �<� @ ���  �

� � V � F � ��� � = ? = � G > = � :�G � Et� V : �V� � = � C � V C�C �N� � GZ: > � C G ? :�G @ � : @ = � :�G ��>H� = � � �V�?@ G � L�A :�G A6= �
� ���k� `<b d a wzyJd � b f]� ~)y j { _ � � � G Å B F � � ��� #v@ � � � H =M� � @ ��� F �

� � V � � � �P� � = G �	� C Gv:�G � D � � � V � : � G � A ��� : � : ?]? = ? � � :�G A � :�G � � C � G � �P??@ C � � >H� D � � X �	� S$= >
:�G � X > G >H� = �N��� � � s	{}��wzyJd � b f q {6fC{Nw�� aMj � � F � @ � � F #v@ � 
�
 � @ ��� � �

� � = ?  Å � ��� � = ? = � G > = � � � = G = � : > � S$= V C$DFD � G � A : > � C G � G = � G � : �1_ � � � ��w b f}w a yJd � b f'� b
H � �Hz�� wz�r��d b z � w b z ` w zg{~f w b#n k ��f�yE{}��f � T C ? � � B E C � @ � �  � #v@z@�F � � :�G � @ �  ÅN�

� � � � T � � � � � �v: DFD : � ! � � = ? D � ! � ��C � G � C G � :�G � � � TP?����V�V� � = � �N� {~f}dRz b H wzy yE{C� b f}� � u�{}��{ b y{f� ~ q { ` f}w�|}u�{ � |=<C{ a y | � �}d { b yE{ n k � ~}y �tw���{ � � �e� ��� C G � � = �H? = > � @ ��� � �
� � � � @ � ��� � = ? = � G > = � :�G � ��� = � ��: D � G � 
 > � X � E#= � A6C$DYE �Z> � G @ C �+> C Q � =4A > A ? = � @ : � � : @ = �

� � = ?�� D � GZ: � > = � E#= � � = G A6= � � >H� � � � :�G � : � � G�� y j�_ � � � b y � � � b ~ ��� b k ` s	{}� a ���k|s ` yJd b z � @ ��� @ �
� � � �W= � � � � � �'� � C �<��� X#� � � ? 
 : � G � � �p� � C � = �M� :�G � � � = � G � = � C >H� � � G � GZ: � ?�� G @pH � : DY= � C � 


Q C � � : � > = � � � C � 
�= � � EZE ?�� A : > � C G � C G >H� = V C$DYE �+> : > � C G�: ? � � � � � � G � H � � [ � � �

@ �	@



H ��� a �i� ~ y j { ����� � �4��� � b y u � k ��� s	��f}d ` � � b � dRz j H {C� ~C����� w b,a { � dgf�y �~d%| ` yE{ n � ���k|s ` yJd b z?> � H � � [ � � @ � E : @ = �4G � � : � � � G @ > C G � � V � \ X � � F�� � � � � ����� V C$DYE �+> = �
X CNA � = > > �

� � ��� � G � V �	� ��� > � :�G���: @ G ;= � � : � A � : � � A = : ��� :�G � � : � A � � � � = � �]? ��� ��� >�� � � �+> = � � ��� �W= � �
� G � G S � � C G DY= G > Q C � � : � : ?]? = ? :�G � � ��� >�� � � �+> = � � S$C ? �+> � C GZ: � > V C$DYE �+> : > � C G � �
� G H � � a �?� ~]y j { � � y j�_PbZbZ` w�u � b yE{C� b w�yJd � b w�u k ���Ts ��f~d ` ��� b � d z j H {C� ~C�����]w b,a {
� ���Ts ` yJd b z k ��f�yE{C�tf w b,nF_ s svued a w�yJd � b f > � H � k @ � �*��� � � : > @z@~�N@ � F�� � G �

� � � � ��F � � � X#� � � � D � � : � � � � : > ��� : � � � � � � �~d n � � n w2� � @6B F 
$� � F�� ��F �
� � X �	@ � = � � � ��: � E#= � C :�G � � �(X A � : = � Q � � : � ><? CNA : ? ��� � � G C����W=4A > � C � � = G > = � Q � : DY= � C � 


Q C �Y>H� = � = �V�?@ G C QO? C�A : ??� = : � A � : ??@ C � � >H� D � :�G � DY= > : � = �	� ��� > � A � � � G � � � [ � � � �
� y j�� {Cy w j { ` �}dgf�yJd a f � b yE{}� b wzyJd � b w�u � � b ~�{}�V{ b,a { � E : @ = �6F  � # F � F � � C �H> C � � C ��>V� @ : ? �
� � ??> F�� �	@ �

� � � ��
 � � � X#� � � � D � � : � :�G � � � � � � � ?RQ � = = @�� C G # � TJ� = � H � C$D Å � � � � � H =M= > � � G H � � a �� ~ y j { Å���� � �4�4� � b y u�� k ���Ts �.� b � dRz j H {}� ~C����� w b#a { � d@f}y �}d%| ` yE{ n � ���Ts ` yJd b z � = C �
�P? : D � > C � � V � � � � @ � @ ����
N� � �����9V C$DYE �+> = � X CNA � = > > � � = �V� �

� � � � � � � � �p� � = � G �+>�� ! � � ��� D��� ?]? = �M� F � � : ? : > C G � � � � C$Dt� ;: � � F � E ;=4DY= >H�<� E��+� C �Z� C � � 
 � �
� � � = � D �N� C G @ � D � H : �e� � G @ = �$� �p� � � � : 
 � � � =[: �e� = � :�G � D � � : � @ : ? = Q � H {}� ~}�z��|� w b,a { � �_��u f ~C���]y j { � �~d n � k y wzyE{ � ~]y j { _ �}y w b#n�h�` y ` �V{ � A � : E > = � T C ? � DY= G �
C Q = !�!^� D \ � ! = � = : � A � ! =ME#C �H> X = � � = � G ÅN� X � : 
$= � T = � ? : @ � � : A � = G � F�� � � �

� � F � X  
 � � � ��: D � >�� �l� � � F.� GZG � ! � � =4A�
 � :�G � ! ��X � DYC G � V = ?]? � ? : �v� : � � C G = > � C � 
OE ? :�GZG � G @ �
� �4��� _ � k � w z w �Md b { � E : @ = �  #v@z@ � H =M� � @ �  
N�

� �vV � � � � H � � � = >�� ��� V : � C$DF= ? � :�G � � � � � � : ? � � �J�?@ � � = � Q C � D :�G A6=y� : S : � � �e� ? = � : � =
� � >H� : ! = : ? � EZE ?�� A : > � C G � � G H ��� a �?��~ky j { k ` se{}� a ���Ts ` yJd b z � � b ~�{}�V{ b,a { � � � >W> �7�
� �	� @ �<� � = G � ><? S :�G � : � \ X � � E C�S$=4D��#= � F�� � � �

� � � � X � � � � � � � C � A � =4A�
 � � � � : = G � � : �H> � G = AZ� � �%X : D : �$� � ��X > C�A�
 � G @ = �$� :�G � � �%X > C�A�
 � G @ = � �
� : > : D :�GZ: @ =4DY= G > � G.:�G � G > = � GZ: > � C GZ: ? � : > : � � � � E � C��W=4A > ��� G H ��� a � � ~ky j {]@ � �
� �4��� � _ � � � b y u�� � �z�N� � � b � �}d n � ���Ts ` yJd b z > � �~d n � � � � @ � E : @ = � � � # � � � � � ;=4A �F�� � � �

� � C ? ��Å � � � � � � C ?@? :�G � �v_Bn w�s y wzyJd � b d b�b wzy ` � w�u w b#n w��}yJd � a d w�uUf}��f�yE{C��f � � G�G � � �#C �$� � � �
\ X � � D � = \ G � S$= � �V� > > C Q � � A � �?@ :�G � � = �V� � @ ����ÅN�

� � H � � � � � � : D G � > A � � :�G � �}� H C � > = � � � � � C�� ? =4D � X E,=4A � L�A H : � ? > � D C ? = � :�G A6= � =4A � :�G ��� D
Q C � �J� > G A �	� C G C � � � � ��� >�� � � �+> = � X > � > =4D � � � G � b y u � � � b ~ � � b H w�� wzu u�{}u H ��� a {6f�f}d b z �
E : @ = � � #v@ � � F�� � � �

� � � �   � T � � � � :�GZ: 
 � � : D � ��� �U� �C@ � : � : ? � :�G � ! � � = �	� C >�� : � � ! :�G � C$D � A = � � : � : ?]? = ?
� � :�G A � � :�G � � �#C � G � �P??@ C � � >H� D � � G d b H ��� a �v� ~ � b y � � � b ~ �i� b H w�� wzu u�{}u H ��� a {6f�f}d b z �
E : @ = � 
�� # ��Å � � � @ � @ �   �

� � H   � ! � ��C � G � C Go:�G � �O� H C�C > = � � = �V�?@ G � G @ ! = � � : � ? = V�? : �V� = � � 
 � ` � b w�u?� ~ � |�<�{ a y |
� �~d { b yE{ n H ���Hz�� w��k��d b z � @6B F � � FzF # G Å � � � G = 
 � � ??>Q@ �   �

� � � � ��F � � � � � : �+> = �$� ! � � � > > : � :�G � ��� � : � = � � : � :�G � � > : � C G C$D > :�G � � �	� S$= > C Q/@ � � �� = � C �e� A6=PD :�GZ: @ =4DY= G > � > � > =4D �KQ C � � ��� >�� � � �+> = � A6C$DYE �+> � G @ � k � ~}y �tw��V{ | H ��w a yJd a {
� � � s	{C�}d { b#a { � G F%B F � � @ G Å #v@ 
 � � F�� ��F �

@ ��F



� � V ��� � � � �t� ��G C � ? = � :�G � �t� � � V C � G = � + G � = >�� � A ��Q C � V C$DYE : � � G @ E C G � � C$D � GZ: > = �
X = > � � � G � b H � � a � � ~ y j { � �*� � � � b z���{6f�f � b � � ��u ` yJd � b w��~� � �z� s ` y w�yJd � b
> ���	� � � @ � � �4��� H �V{~f�f � E : @ = � � @z@�# � @ 
 � @ �����N�

� � � ��� � ! � � C � : S � :�G � � � � � ��C � G � � � : EZE#= � �^Q C � H = : >V�	� = X � � � = > X = ? =4A > � C G �/_ ��yJd � a d w�u
� b yE{Cu umdRzg{ b#a { � ��� B @�# F � � F � G # G F � � @ �������

� � �" �� � T � � � D : � :�G � = � ��:�GZ: ? � � : � : ?@? = ? � � :�G A � � :�G � � � C � G � H C � D � ? : > � C G � H C �
� G � 
 + � D � =M= X = : � A � � � ���4� � ��w b f � H wzy yE{}� b � _vb wzu � w b,n%� w a6j d b { � b yE{}u u � �
� � � � # 
 � � 
  # � �  � @ �  �� �

� � � ! X �	@ � �p� � = � � A = �$� � � � � � C � = ? C � � � ! C$DY= � C � :�G � �p�(X A � C�= G�: � = � � � S$C ? S � G @ + ���W=4A > � �
� � = G = � : ? � �	� E#C � = � S$C ? �Z> � C GZ: � >XV C$DFE �+> : > � C G = � � � : � > � H � � a � � ~)y j { Å ��� � b y u �
� � b ~ � � b1_ �}yJd � a d wzu � � ��u ` yJd � b > � _ [ � � @ � � { � ��{ ` f}�zy{� h ��w b,a { � + A > C��,= � F�� �	@ �

� � !  � � X#� � � � � : S � >BA :�G � ! � � � ! �+> = G � : � � � ? : A6=4DY= G > � > �N� D � ? : > = � :�GZG = : ?�� G @ C G :
D � ? > � E � C�A6= �N� C � � � �4��� � ��w b f}w a yJd � b fyd b � ���Ts ` yE{}� _ d n { n�� {6f}dRz b � 
 � Å G�� # Å � � �@ �  ���

� � X � � � E : > : ?�� C � � : � G C @ C � :�G � � � D X D � >H� � � �TH ! � � � � : S : DY=4DY= > � A : ??@ C � � >H� D �
Q � : DY= � C � 
 � � G �O? = � � � H � = � > : � � � �]?]?�� : D � : �H>�� E : > : ?�� C � � : � G C @ C �$� :�G � � � D
X D � >H�<� = � � > C � � � � w�y w � d b d b z �ld y j � � ��u ` yJd � b wz�}� _ u zg���~d y j ��f � E : @ = �Q@�F Å #v@ G @ �
=': �\T = @ : � � E =MS : � : � \ X � �  F�� � � �

� = � !�D ��� � �p� = � S G > � � � � : � G = > � ! � ! : D :�G � :�G � D � D :�G�G = G � : � D � � =4A � :�G ��� D �^Q C � �J�?@ �
D � C � @ � E �+> V C$DFE �+> � G @ � k H �4� � � H 
 � ` � b w�u � @z@6B @ � � � � G � @ �������

� = � D � � � � � = =4DF= � � = � V ��� � : = G = G � � :�G � � � � � D : ? � � � � E : � : ?@? = ? = � : A > DY= >H� C � Q C � :
� � A � � > = � � : E#= � D �+> : > � C G 'ZC � �E� � C�EYE � C�� ? =4D ��� G � b H � � a � � ~ H ���*<C{ a y � w b w4zg{C� { b yw b#n k a6j { n2` ued b z > H � k [ � � @ � E : @ = � G Å�� # G 
 F � � � ? � F�� � � �

� = � D ��� �  � =': @ � :�G @ = � �'� � C ? � ? = � � 
 � � :�G � X#� D : �Z� :�G = � q c{~f�{Vw `�� � k � | � � k � � = � DY= �
X A � = G A6= � � = ;= � � > � C G � =MS � =v= > : � @ DY= G >�;=M= � @ �����N�

� =����	� � � � � � = � G � = � C >H�<� X#� � � ? 
 : � G � � � � �U� � C �+�(� :�G � ��� � C � = � � � G � GZ: � ?�� G @JH � : DF= � C � 

Q C � � : � > = � � � C � 
$= � � E�E ?�� A : > � C G � C G >H� = V C$DYE �+> : > � C G�: ? � � � � ��� G H ��� a �6� ~ y j {
� ��� � ���4� k ��� s	��f}d ` �%� b � d z j H {C� ~C����� w b,a { � d@f}y �}d%| ` yE{ n � ���Ts ` yJd b z�> � H � � � @ �
E : @ = � �4G # Å � � � � >W> � � �e� @ �<� � � � � � @ � F�� � � �
�
����� ����������� � $�, � � ��,�$ ����+��)��$�'�(!+�'� 
���
�!� �

� =/= �   � �p� = � >BA 
�C �U� ��� = � S G > � :�G � ��� � �+> 
 : � V C G � C � ��� � � G > = � C Q � � ? = � C � 
 � > : �
> � C G � � � G H ��� a � ��~)y j {  � � � b y u�� � � b ~ �Y� ~ � d@f}y �}d%| ` yE{ n � ���Ts ` yJd b z k ��f�yE{}��f � � � G �@ �   �

� = � �  � � � = � � :�G � � � � C > C � : �^h {Nwzy ` ��{ k {Cux{ a yJd � b ~}��� 	 b ���?u�{ n z { � dgf a � � {C�}��w b,nY� w�y w
� d b d b z � � ? �N� = � � A : � =4D � A � � � ?���� � = � � � @ ���  �

� = � � � ��F � X#� = � 
$= � = �+� :�GZ: � >�� � � � : �V� = >W>�� ! � � � � ? = > � V � � : ? :�G � :�G � � � V � � A6C�E � �KV � � �
� : S : � � : � = � � S$C ? �+> � C G�: � >pV C$DYE �+> : > � C G :�G � � = G = > � A � � C @ � : DFD � G @ ! = � = : � A �� > � > =4D � F�� ��F � �N>W> E � 
 
"�\�\� � A � � � D � � = �e� 
 E � C��W=4A > � 
 E ? � � 
 =4A 
 =4A � 
 �

� = X ��
 � � � = � � :�G � ! � X = > � C G C � � � � C�� : � �]?���� > � A � EZE � C : A �o> C H = : >V�e� = X = ? =4A > � C G � :HY�]? > = � � EZE � C : A � � � G H ��� a � ��~)y j {)@ G ��� � b y u�� � � b ~ � � b � w a6j d b { � {Vwz� b d b z � @ ����
N�
� � V D � ��F � Et� � = ? : � � X � V : � C G � ��� � � D : ? � � � :�G � = ��� � E,C G A � = ? � � : � : ?]? = ?W@ = G = > � A : ? �

@ C � � >H� D � : � = �o� � : E�E,= � Q = : >V�	� = � = ? =4A > � C G Q C � � E#=4A >�� C � A6C�E � A � : > : D � G � G @ � � G

@ � G



� �4��� � d � k�H � � �z�N�"f j ��s�� b � d �zu �Hz$d a w�u ue� � b fEs,d ��{ n k ��u ` yJd � b fGy � H w�� wzu u�{}u H ����|
a {6f�f~d b z H � ��|Cux{C��f >%d b a � b < `<b,a yJd � b �ld y j � ���4� � H � H�k!� � � � @ � H C �H> � =': �e� = �N� : ? = �
\ X � � � E � �@?cF�� ��F �

� � � = D ��
 � Et� � = ? : � � Et�
� =MS$= � : � � � �U� = =4A6C � J = � :�G � �O� D C �e� � = ? � � � : E > � S$= = C : � � : ? :�G A � G @
C Q � �V� = @ � ? : � � EZE ?�� A : > � C G ����� V : � = X >V�e� > � � � ��� � E�E ?�� = � > C >H� = @ Å � � �!AqA ? =
� � C�� ? =4D � � G � q\qD� � ���[_ q [ � � � k sv�~d b zg{C� � {}��uxw4z2� �'� � k � � � � � E : @ = � G F � # GZG  �@ ����
N�

� � = ? ��� � E C �	� = � � G = � = ? : � � � {6f�yJd � b n { uxwpzz��w bZ` uxw��~d y+c{ {Cyk��c{Hz ` u wzyJd � b n { aMj w���zg{ n w b fu�{ � � n.-{}u�{ � � n�[ c{ � w�u ` wzyJd � b s w���w�u u -{Cux{ n {~f]uxw b z w zg{~f?~C� b,a yJd � b�b {}uef �:\ G � S$= � �V� >�;= � =
= �@?]? = @ � H � :�G A6= � @ �������

� � = � ��F � � � � = � G � = � �'_ u zg���~d y j ��{6foc{ � ��u ` yJd � bZb w2d �V{~f s wz� w�u u -{}u�{~f s � ` �pu [ ��s yJd ��d@fCwzyJd � b � ` u yJd |��|=<C{ a yJd ~ n {T�Uc{~fC{Nw `��Yn {Jy+c{}u2c{ a ���k� `Nb d a wzyJd � b f � ��|6d u�{~f � � � � >H� = �V��� � \ G � S$= � �N� >�;= � = �
X A � = G A6= � = > D =4A � G C ? C @�� = � � = = �]?]? = � F�� ��F �

� � � �³Å � X#� � � � : � Q C �e� :�G � �t� � � � C ? � �#= � @ �P� : � : ? = ?]? � =4A6C$D�� � GZ: > � S$= �N� D � ? : > = � :�GZG = : �
?�� G @ � � @ = G = > � A : ??@ C � � >H� D � H w���w�u ux{Cu � ���Ts ` yJd b z � F @ � @�# F  � @ ���³ÅN�

� � � �	@ � =[: �e� = G > � � A � = ? :�G � � : � A : ?'T :�G � = G > = G � > A�
 � = C�A : ?�� A = � ��� � � G C�E#= G ?�� � � : � >
Q C � ? CNA : ?T� = : � A � � D =4A � G � A : ?�! =ME#C �H> V X � �	@~� ��F � � � C � G \ G � S$= � �V� > > � V C$DYE �+> = �
X A � = G A6= � F�� �	@ �

� �	� D � Å : � Et� � = ? : � � �p� � = A D : AZ� :�G � �l� � � D : ? � � �#� : � : ?]? = ?,V C�C�E,= � : > � S$= � = > : � � = �	� ��� > � A �
C G >H� = V C$DYE �+> : > � C GZ: ? � � � � � H w�� wzu u�{}u � ���Ts ` yJd b z > `<b,n {}� ��{ � dgf}d � b @ � F�� � ÅN�

� �	� D � Å � � �p� � = A D : AZ� Et� � = ? : � � :�G � �l� � � D : ? � � � + E > � D ��� : > � C G E : � : ?]?�I= ? = � > � � � � = � �	�� > � > I=4DY=�E : � � I: E : � � � � G.q�� � H _ q [ � � � � { � ���2dgf}d a � h � w b#a { � @ � �N@ 
 H =M� � F�� � ÅN�
� �	� D � Å A � �p� � = A D : AZ� E�� � = ? : � � :�G � �l� � � D : ? � � � D C � : �N� � : V C�C �N� � G�: > � C G � C � = ?lQ C �

� : � : ?]? = ?�V C�C�E,= � : > � S$= � F �	� � ? > � � C��"�7=4A > � S�= + E > � D � A : > � C G � � G � b k s �}d b zg{C� � {}��u w4z
�[� � k � � � �"� H ��� a �r� ~ � ` � ��se{Vw b � �}d n � � b ~ � > � � � [ � � ��� @ � _ ��f�yE{C� n wz�t� �[j {
� {Cy j {C��uxw b,n f � E : @ = � G � Å # G @ � � F�� � ÅN�

� � +pH � F � + � � : �H> � G � X#� � � + >W> C � :�G � � � � � H = ? > = G � =[: � @ = �E� > =ME�D : � 
$C"SvA � : � G �*Q C �'>H� = > � E �
� G A6C � E#C � : > � G @B? C�A : ? � = : � A ��� = �	� ��� > � A � � � s	{C� w�yJd � b q {~f�{Vw�� a6j	� {�y yE{}�}f � @z@ � F @ � # FzF � �@ ��� F �

� �.� � G � ��� = � � �]?]? = � :�G � � � H �l� = 
 G > � D � = ! C ? =�C Q � = � Q C � D :�G A6= � = >�� � A �tQ C � � : � : ?]? = ?
� : >H� =4D : > � A : ? � � C @ � : DFD � G @ �O??@ C � � >H� D � � ��q k _ 
 � � ���Ts ` yJd b z � Å B @ � � F 
 # F  �@ ��� G �

� � DOV � � � Et� � = ? : � � ��� � � D : ? � � � :�G � X#� V : � C G ��h ��w���{}�t����� f6~}���)y j { � {6f}dRz b � ~ q { ` f}w�|Cux{
H wz� w�u u�{}u.w b,n�� dgf�y �~d�| ` yE{ n	� {�y w j { ` �~d@f}yJd a f � A � : E > = � G Å � � :�G � �#C�C 
YC Q � � C � G � E � � = �
�P??@ C � � >H� D � :�G � � EZE ?�� A : > � C G � � � � � > = � � > X � +�? : � � � :�G � � � � � F C$D : > : � V !BV
� � = �V� � \ X � � F�� � � �

� � D�! � � � � � � = � G � = �$� �/? � � � : A : ?��YD : ? � � � :�G � �'� ! = � G � G @ = � � � � � ? > � C����7=4A > � S$= � = G = > � A
�P??@ C � � >H� D Q C � ! : � � C E = >�� C � 
 + E > � D � A : > � C G �	� G � � b z���{6f�f � b � � �zu ` yJd � b w��~�
� ���Ts ` y wzyJd � b � S$C ? � DF= @ � E : @ = � G @ � # G F � � � ����� X = � S � A6= V = G > = �$� � � ?]>�F�� � � �

� E H � � � �U� ���8E : � = G �	� :�:�G � � � H � 
 � GZ:�G @ : � � � � :�G A � :�G � �,C � G � : ?]@ C � � >H� D Q C � Q = : >V�e� =� � � � = > � = ? =4A > � C G � � G � ���4� � ��w b f �t� b�a �z� s ` yE{C� � X =ME > =4D�� � = @ ��� ���
@ � �



� E � � � � � F �5E ;=4DY= >H��� � � � C$D�� ;: � � :�G � F � � : ? : > C G �^� = � Q C � D :�G A6= � S : ? � : > � C G C G � � � � � �
� � � =4A > � C G � � � �V� � = � :�G � + E,= G � � C�� ? =4D � � � G � � y j � ` ������d a ��� H � H � E : @ = �JF � � # �
� ����� X = � S � A6= V = G > = �$� H =M� � F�� � � �

� + D D �  � X#� + � : > : � � � � X � D : 
 : � : � � � � :�G � � � D : 
$= @ � A � � �RE � A � � G @ :�G � �/?�� > ��� > � C � = ?���Q C �
� + � �J� � � G H H^k � [ � � � k sv�}d b z {}� � {C��uxw4z�� �[� � k � � � � � E : @ = �TF 
 � # F 
�� � @ ���  �

� � � �  � � � � �,� : E : � C�E,C � ? C � :�G � H � � � � : � � V C�C �N� � GZ: > � C G DYC � = ?�� :�G � ? :�G @ � : @ = � �^_Bn |
� w b,a {6fFd b � ���Ts ` yE{C��f � �[j { � b z$d b {�{}�~d b z ��~ � w���zg{ k �"f}yE{}��f�� _Ba w n {}��d a H �V{~f}f �
� 
 � @ ���  �

� � � X ��F � �U�*� � � DY= >�� � � ! C$D � = �$� :�G � �p��X C��#= � D :�G � = =YE � C��W= > = � > C �]? = � � ;=MS$= ? C�E�E,=4DY= G >
= > D ��� =y= G�� � S � = � � � G = @ � �]?]? = � : �+> =yE#= � Q C � D :�G A6= � � G _ yE{}umd {C��f q � �7� | _ k � ���

2� � q � ��� k � � � � n2` q � �7� � + A > � F�� ��F �

� � = �³Å � � �O� ��� > G = :�G � �p� = � S G > � � : � : ?]? = ? E � C�A6= �N�V� G @ C G � > GZ: D � A � = � C �	� A6= � � � >H�
V ��! � �~� � G H ��� a {�{ n d b z2f � ~ry j { � ����� f j ��sA� b 
 ��| k j { n2` ued b zp~C��� H w���w�u ux{Cu H � ��|
a {~f�f~d b z � H H�k [ � � � @ ���³ÅN�

� ��� �  � � � D ��� : � 
 � :�G � �~� � �]?]? = � � X = ? =4A > � S$= � � =M= � � G @ � G9: � � ? > � C����W=4A > � S$= � = G = > � A
�P??@ C � � >H� D � � G � � � � �t� �#= G � �p��X A � C�= GZ: � = �M� :�G � � � � �U�-X A ��� = Q = ? � = � � > C � � � H wz|��w�u ux{Cu H � ��|}u�{}� k ��u � d b z h ����� � w�y ` �V{�� H H^k � � � E : @ = ��F Å � # F Å�� � � D � > = ��� : D �
� C ?]? :�G ��� @ ���  �<X E � � G @ = � �%T = � ? : @ �

� �/�YX�X �³Å � � ��� � =M= � � �2� C$Dt�#= � @ = �$� � �ZX A � : EZE#= �H>�� :�G � �U�4X C$DFDF= � ? : � � � A > � S$= � � � � :�G A6=�C QH � : DY= � C � 
 � =MS$= ? C�E�DF= G > � k � ~�y �twz��{r| � � b,a { s y{f w b,n � ����uef � @ 
 B G � � @ G 
 # � @ ���³ÅN�
� � X  F � V � � �^� : E : � � D � >�� � C � :�G � � � X > = �?@$?�� >BA � � ���y|6d b wzy �z�}d w�u � s yJd ��dR�_wzyJd � b � _ uuz �z|�~d y j �tfkw b,n � ���Tsvu�{ � d yJ� �/� � = G > � A6= � � : ?@? � @ �  F �
� !BV �  � �U� ! = � G � G @ = � :�G � � � V : D � GZ: � : � � C � = ?�Q C � @�� D � : � � C G = > � C � 
1C�E > � D � A : > � C G �

� G ����� � b yE{C� b wzyJd � b w�u � ����� f j ��s � b.� d@f a �V{CyE{ _ uuz ���~d y j ��frw b,n � {Cy j � n ft~}�z� � �z|
|Md u�{ � �z� s ` yJd b z w b#n � ���k� `<b d a wzyJd � b f � � boa � b < `<b,a yJd � b �ld y j�_ � � � � �4��� � �z|
|Md a ��� [ � � � @ ���  �

� ! � ��� � ��� ! C��#= �H> � :�G � ! � � � �$C � G � C G � � S$C ? S � G @ H � : DY= � C � 
 � � � � : >W> = � G =[:�G @ � : @ = Q C �
� =MS$= ? C�E � G @ + ���7=4A > � + � � = G > = � H � : DY= � C � 
 � ��� G H wzy yE{}� bF� w b z ` w4z {~f � ~ H � ��zz��w��
� {~f~d z b � � � �i� ��� C G � = �H? = > � @ �������

� ! X � � � ! � ! � � A :�G � D �aX >V�Z>BA ? = � � X � DYE ? = :�G � � J =4A > � S$= � > = � : > � S�= � � =M= � >��O??@ C � � >H� D Q C �
>H� = H�? C � � � C�E X A � = �i� ?�� G @ � � C�� ? =4D ��� { a6j�b d a w�u q { s �z��y{��f ` |C��d y yE{ n y � � ` � ��s	{Vw b

 � ` � b w�u � ~ � se{}��wzyJd � b w�u q {~f�{Vw�� a6j � F�� � � �

� X%E ��F � �p�(X =M�Z� :�G�:�G � ! ��E C�A�
 � � �C> � � � � H �@? > = � 
 � � : EZE#= � � EZE � C : A � C QYH = : >V�	� = X = �
? =4A > � C G � �V� G @ � G Q C � D : > � C G D � =MC � > � 
 � ` � b w�uv� ~ H wzy yE{}� b q { a �Hz b d yJd � b � G Å B � � �  ZG Å #
 �� 
 � F�� ��F �

� X%E � � ��F � � ��X = > DFC �	�$� � �8E : 
 : � : � X#� � : > � � C 
 : � � ��� C G @ : �V� : � V � = =M= � :�G � � � V : � :�G C"S : �
+ S�= � S � = � C Q � � � � ! � V � � ! =4DYC > = � � CNA6= �e�	� = V : ?]? � � � Q C � � � � � V C$DFE �+> � G @ �
� G � :�G ��� � � : � : � � : �$� = � � > C �$� H � � a �t� ~ y j { G D	�	� b y u � � ������� � b%� �~d n � ���Ts ` yJd b z
> � q � � � �*� � @ � E : @ = �TF � � # F �  � � : ? > � DFC � = � � � � \ X � � E C�S � F�� ��F �<X E � � G @ = � �

� X%EWX � � �p�%X : > C � � �8E : 
 : � : � X#� X = 
 �?@ � A � � � X � � : > � � C 
 : � \t�8E : @ : � � � D � :�G � � � D : 
 : @�� �
E � G Q � :FG �

@ � Å



� X � � � @ � D �4X > : � 
 � = : >H� = �$� ��� � � � > ? = > � :�G � � ��� : >H� � : � � + E > � D � A : > � C G � �V� G @ � ��� >�� � � �+> = �
@ = G = > � A : ?]@ C � � >H� D � � � G � � � �U�/X A �N� = Q = ? :�G � ! � � :�GZG = �M� = � � > C � � � H wz� w�u u�{}u H ����|
|}u�{}� k ��u � d b zJ~�� �z� � wzy ` �V{ � S�C ? � DY= � ��
 � E : @ = @ � 
N� = =4A >V�	� = E C > = �p� G V C$DYE � = �
X A � = G A6= � X E � � G @ = � �%T = � ? : @ � @ ��� @ �

� D : � � G � � � D : �]?@? : �N� � � : � : ?]? = ??� > = � : > � S$= � = : � A � DY= >H� C � �YQ C � S$= � � A ? = � C �+> � G @ E � C�� ? =4D �
� {Cy �t����� f � F G � 
�
 @�# 
�� G � @ ��� G �

� D : ? ��F � �l� � � D : ? � � � � D : � C G C$D > C Q �C> � � � � � = > : � = �	� ��� > � A � � 
 � ` � b wzu � ~ � { ` �~dgf�yJd a f��
	 u ` �6{C� _ta w n {C��d a H ` |Cuedgf j {C��f � T C ? �  � Å � @�# Å�
 � � F�� ��F �

� D � � = � Å � �l� � � D : ? � � � � � �O? � : � Et� � = ? : � � :�G � � � = � � � = �!� {�y w j { ` �~d@f}yJd a f�w b#n H wz� w�u u�{}umd@f�� �
A � : E > = � � � E : @ = � � � #v@ � G ��� G � �]? = > � C�C 
�C G � : � : ?]? = ? � = > : � = �	� ��� > � A � � � E = �
V�? : �N� C Q �P??@ C � � >H� D � � F�� � ÅN�

� D � ��F � T � D � � � G �+> :�G � � � V � � �]?]? : �+> �D� ` u yJd a �~d yE{C�}d w k a6j { n2` umd b z | �[j {N���}��� � � n {}uefkw b,n
_ u zg���}d y j ��f � X E � � G @ = � �%T = � ? : @ � F�� ��F �

� D � � � ��� � �l� � � D : ? � � � � � ��� � = � � � F � � : L � � � :�G � �t� � =M�Z� : ? � � ��! X � � G � � : E > � S$=
� : � : ?]? = ? � � C @ � : DFD � G @ � G S � � C G DY= G > � � G ! � � � > > : � = � � > C �$� � dRz j H {C� ~C�����]w b,a {
a u ` f�yE{C� a ���Ts ` yJd b z � S$C ? � DY= @ � A � : E > = � � �,� � = G > � A6= � : ?]? � D ! � @ �����N�

� D � = � � � D � = � = > : E ��+ X � � C��7=4A > � � = > : A6C$DYE �Z> � G @ � G S � � C G DY= G > ��Q C � + E > � D � A : > � C G �F�� � � � �
����� ����������� � � $�, ��%&()� ����'��
��� ���!%*( ��'
, �
� D � X � � � �l� � � D : ? � � � D � � � G > = :�G � :�G � �}�5X : D : � :�G � : A � = � �C> � � � � : > � C G � = � : ??@ C � � >H� DY= �

@ ;= G ;= > � � � = � : S$=4A ? : � =4A � = � A � = > : �#C � � � G�� � ��u ` yJd � bF_ ��yJd � a d {}u u�{ � _3[ � � � D C � ? C � � = �
X =ME > � @ ��� � �

� D E X � � G � � � D :�GZ: 
 : � � ��E : 
 : � : � X ��X = 
 �?@ � A � � � D �-X �^A�� D �	� : � :�G � X#� � : > � � C 
 : �:E � G Qg�
� � � ! = Q = � = G A6= � DFE ? =4DY= G > : > � C G C Q ! � V/� � : � = � � � C @ � : DFD � G @ � � �e� ? = � : � = Q C �
� � � � V C$DYE �+> � G @ � 
 � ` � b w�u ��~ � �}d n � ���Ts ` yJd b z � @6B @ � � � @�# Å @ � F�� � G �

� D D = ��F � ��� D � : � G � D � D :�GZG = G � : � D � :�G � ��� = � S G > � V C G � C � :�G ��>H� = � � � � � � G H � � = � D :�G �
� � H C �(� :�G � D � � = > � = � � > C � � � � �}d n � ���Ts ` yJd b z � � wn��d b z y j { � u ��|Vw�u � b ~���w�f�y � `Za |y ` ��{kw q {Nw�umd yJ� � �$C � G � �]? = > I X C G � � G A � � � =4A � F�� ��F �

� T : = �³Å � ! � � � ��� T : = �V� = G � �\� = � D �+> : > � C G 'ZC � � � C�E��#C � G � Q C � G � � > � � :�G A � :�G � �,C � G �
> =4A � G � � � = � H {C��fC� bZb w�u � a ���k� `<b d a wzyJd � b � @ ���³ÅN�

� T � � � F � � � T : Q : � = � � � � = � :�G � � � � = GZG = >H� � � = G = > � A �P??@ C � � >H� D � : � : D C�C ?*Q C � H = : >V�	� =
X = ? =4A > � C G � G � : A � � G = = = : � G � G @ � � G H � � a �t��~ y j { � b y u � � � b ~ �t� b � ����uefk�ld y j�_ � �
E : @ = �JF�� � # F�� � � � � ?�� G @ > C G � T � � @ ��� F ��� �����9V C$DFE �+> = � X CNA � = > > � � = �V� �

� T � � � � �p� T : � � � = A :�G � � � � � � : C � � � = �	� ��� > � A : EZE � C : A � Q C � :�G > = GZGZ: E#C �V� > � C G � G @G� G
A6= ?]? � ? : � G = >�� C � 
 � � k ` |}��d y yE{ n y � 
 � ` � b w�uY� ~ � { ` �}dgf�yJd a f � F�� � � �

� T = � � : � ��� � � T :�G T = ? �Z� � � A = G�:�G � � ���P� =[: DFC G > � + G DY= : � �	� � G @ D � ? > � C����W=4A > � S$=�=MS�C ? � �
> � C GZ: � > : ??@ C � � >H� D E#= � Q C � D :�G A6= � � G H � � a {N{ n d b z2f � ~ y j { � �*� � � � b zz�V{~f}f � b � � ��|u ` yJd � b wz�}� � ���Ts ` y wzyJd � b � S$C ? � DY= @ � � ��� A : > : � : > � E = � �$= � � = > � � � ??> F�� � � � � �����
X = � S � A6= V = G > = � �

� T = � � � � ��� � � T :�G T = ? ��� � � A = G�:�G � � � �P� =': DYC G > � + G � = : � �	� � G @ � � ? > � C����W=4A > � S$= � S�C ? � �
> � C GZ: � > �P??@ C � � >H� D � = � Q C � D :�G A6= � � G � b � � �*� � � b z���{6f�fr� b � � ��u ` yJd � b w��~� � ���k|s ` y wzyJd � b � � �zu ` ��{ ��� � �4��� k {C� � d a { � { b yE{C� � E : @ = � F�� � # F @z@ � � ��� A : > : � : > � E = �
��= � � = > � � � ? � F�� � � �

@ � 




� T E ! X ��F � � � T = � �,= 
�= � E���E : � @�� �$� � � ! � = > � A �<� :�G � �}�5X � : � : E#C"S � H � : DY= � C � 
 Q C � � =M= � � > C �
� =M= � � ��� >�� � � �+> = � V C$DYE �+> � G @J� GY: � = > = � C @ = G =MC � � � � =4A6= G >�� : ?�� A = � � G S � � C G DY= G > �
� b H ��� a � ��~py j { �[j d � n � b y u � � �z�N�"f j ��s;� b � �~d n � ���Ts ` yJd b z�> � q � �;[ � � � � @ � � w�u |yJd � ����{6� �.� � E : @ = � @�#v@�F � � :�G � F�� ��F �

� T � ��F � X#� T C �V� :�G � �t� � C�C �e�N� J � � s yJd ��dR�_wzyJd � b k � ~}y �tw���{ � u w�f}f � d%|}��w��~d {6f � � ? �N� = �
� A : � =4D � A � � � ?���� � = � � � F�� ��F �

� � � � � � X#� � : @ G = � :�G � ��� � J#= G A = ?@? = � � � = �	� ��� > � A ? : � � � � � � � H�? = � � � ? = � G � � �N> = G �V� � ? =
� G S � � C G DY= G > H C � � : � : ?]? = ?�� = �	� ��� > � A + E > � D � A : > � C G � D =4A � G � A : ? � =ME#C �H>�� ��C � :�GZG = �
� =ME ? = � \ G � S$= � �V� > > � � � � >�� � : � F�� � � �

� � : ? ��� � �p� � : ?]? � � �O?�� � � � V���� = � � � : � > C Q � = G = > � A �O?]@ C � � >H� D ��V C$DYE#C G = G > � � � @ �����N�
�N>W> E � 
 
 ? :�G A6= > � D � > � = �e� 
 @ : 
 �

� � � �³Å � ��� � � � C ? E#= �H> :�G � � � � � � : A � = : � > �AE C Q � =M= ? � G A �X>H� =MC � =4D ��Q C � � = : � A � � D =4A � �
G � A : ? ! =ME#C �H> X H � � D�!^� �³Å � ��F"� �	@ � � X :�G > : H = � G � > � >V�+> = � @ ���³ÅN�

� � ! � �  �� �QX#� � C ? ��� � � ! �Z� = � � � � C ? �<� :�G � � � � � � � GZG � � � �~� D � =�A6C ?]?�� G = : � � > > E � C�� ? =4D� G ?�� G = : �p� = @ � = �V�N� C G � >H� =YE : �H> � : ?U? = : � > � � � : � = �:B � = XZ� : EZE � C : A ��> C @ = G = � : ?�� A = �� G S$= � � = � � k � _�� 
 � ` � b w�u � b k a d { b yJd � a w b#n k y wzyJd@f}yJd a w�u � ���Ts ` yJd b z � Å B G � � � G Å #
� �4G � X =ME @ �  �� �

� F : 
 ��� � � C � : DFDY= � � : S$=M= � F : 
 � �#� : � : ?@? = ? :�G ��� ��� >�� � � �+> = �k� : > : D � G � G @ � � G � G >�� C �e� A �
> � C G � � G � w���zg{}| k a w�ux{ H w���w�u u�{}u � wzy w � d b d b z � E : @ = � @�# F G � @ �����N�

� F<D ��� � � � F.� >BA ? = � :�G � = � D � � = ? = � � � ? > � C����W=4A > � S$= � S$C ? �Z> � C GZ: � > �P??@ C � � >H� D � � � V C$D �
E : � : > � S$= V : � = X >V�e� > :�G � >H� = X >�� = G @ >H� � : � = > C � E�E � C : A � � � �4��� � � w b f � � b
� � ��u ` yJd � b w��}� � ���Ts ` y wzyJd � b � G � F Å�� # F � @ � @ �����N�

@ � �


	Titre
	Table des matières
	Chapitre 1 : introduction
	Chapitre 2 : optimisation combinatoire parallèle hybride sur grilles
	2.1 Grilles de calcul
	2.2 Métaheuristiques parallèles
	2.2.1 Modèles parallèles pour les métaheuristiques à population de solutions
	2.2.1.1 Le modèle insulaire
	2.2.1.2 Le modèle d'évaluation parallèle de la population
	2.2.1.3 Le modèle d'évaluation parallèle d'une solution

	2.2.2 Modèles parallèles pour les métaheuristiques à solution unique
	2.2.2.1 Le modèle parallèle multi-départ
	2.2.2.2 Le modèle d'évaluation parallèle du voisinage
	2.2.2.3 Le modèle d'évaluation parallèle d'un mouvement


	2.3 méthodes exactes parallèles
	2.3.1 Le modèle multi-paramétrique parallèle
	2.3.2 Le modèle d'exploration arborescente parallèle
	2.3.3 Le modèle d'évaluation parallèle des bornes
	2.3.4 Le modèle d'évaluation parallèle d'une borne

	2.4 Mécanismes d'hybridation
	2.4.1 Motivations de l'hybridation
	2.4.2 Mécanismes d'hybridation
	2.4.2.1 La classe Hybride Bas-niveau Relais (HBR)
	2.4.2.2 La classe Hybride Bas-niveau Co-évolutionnaire (HBC)
	2.4.2.3 La classe Hybride Haut-niveau Relais (HHR)
	2.4.2.4 La classe Hybride Haut-niveau Co-évolutionnaire (HHC)


	2.5 Évaluation des performances
	2.6 Conclusion

	Chapitre 3 : paradisEO : une plate-forme d'aide à la conception de métaheuristiques sur grilles
	3.1 Taxinomie et état de l'art des plates-formes de métaheuristiques parallèles hybrides
	3.1.1 Approches de réutilisation logicielle et intérêt des plates-formes
	3.1.2 Objectifs conceptuels et moyens de mise en oeuvre
	3.1.2.1 Réutilisation maximum de conception et de code
	3.1.2.2 Adaptation minimale et flexible
	3.1.2.3 Large utilité
	3.1.2.4 Accès transparent à la performance et à la robustesse
	3.1.2.5 Portabilité

	3.1.3 Taxinomie et état de l'art des plates-formes

	3.2 ParadisEO sur environnements parallèles et grilles dédiés
	3.2.1 Architecture de ParadisEO
	3.2.2 Extensions apportées à EO
	3.2.3 Parallélisme et hybridation dans ParadisEO
	3.2.3.1 Parallélisme des métaheuristiques à population de solutions
	3.2.3.2 Parallélisme des métaheuristiques à solution unique
	3.2.3.3 Hybridation de métaheuristiques


	3.3 ParadisEO sur grilles
	3.3.1 Le système Condor
	3.3.2 La plate-forme MW
	3.3.3 Architecture de ParadisEO-CMW
	3.3.4 Tolérance aux pannes

	3.4 Application et validation sur des problèmes industriels
	3.4.1 Conception de réseaux cellulaires en téléphonie mobile
	3.4.1.1 Formulation du problème
	3.4.1.2 Résolution parallèle hybride avec ParadisEO

	3.4.2 Sélection d'attributs en fouille de données spectroscopiques
	3.4.2.1 Présentation et données du problème
	3.4.2.2 Résolution parallèle sur grilles avec ParadisEO-CMW


	3.5 Conclusion

	Chapitre 4 : vers la coopération sur grilles entre méthodes exactes et métaheuristiques parallèles
	4.1 Méthodes exactes parallèles sur grilles
	4.1.1 Un algorithme B&B parallèle basé sur le vol de cycles
	4.1.2 Gridification de l'algorithme B&B
	4.1.3 Implémentation sur grilles basée sur un intergiciel Coordinateurs-Travailleurs
	4.1.3.1 Un mécanisme de coopération pour les intergiciels de type Coordinateur-Travailleurs
	4.1.3.2 Implémentation du modèle et son intégration dans XtremWeb
	4.1.3.3 Application au problème du Flow-Shop bi-objectif
	4.1.3.4 Expérimentation et analyse

	4.1.4 Implémentation sur grilles basée sur RPC

	4.2 Coopération avec les métaheuristiques parallèles sur grilles
	4.2.1 Coopération entre métaheuristiques parallèles
	4.2.2 Coopération entre méthodes exactes et métaheuristiques parallèles

	4.3 Conclusion

	Chapitre 5 : conclusions et perspectives
	Bibliographie

	source: HDR de Nouredine Melab, Lille 1, 2005
	d: © 2006 Tous droits réservés.
	lien: http://www.univ-lille1.fr/bustl


