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[|Z�U� *�y\�fm[��jW*U�cCZAaPcX\| *�Rf�\(a½okW*UXc1\tokc� v�'§¨�yay\�\C�y�RdhW*U�ZAckfhW*a �jok\(�j�RW*zbZ�dÑ�\tZAc�WAfhU�\�a'§ fh[��Rdef· v�y\
�jZ*o³a«�\tiC\to�o�Z�fmUX\([�\(aPc!�yay\=\C�y�RdmWvU�ZAckfhW*aHo�ZAajo��vfhU�\tiCckfhW*a'¥
¸Va�U�\tok�y[��\*n	dh\toxZ�dhY*WvUkfhc�wy[�\to.YV�\(a«�\(ckf� v�y\to|�vf �}s\(U�\(aRc�u W*aj�yZ�[�\(aPcCZ�dh\([�\(aPc+�R\to+ZA�yc�UX\to

[��\(c�wyWy�R\to�ok\CdhW*a² v�jZAc�UX\=Z��r\to³�yUkfhajiXfm�jZ��R� R
6*¥�¦/\to#¢1£��yckfedgf�ok\(aRc��ya iCWy�yZAY*\1�R\to#�jZAU�ZA[xs\(c�U�\to(n�\(c�ayW*a�dm\to#�jZAUCZA[xs\(cXU�\to	\(�R�|[Hª\([�\to(¥
�y¥�¦/\to!¢1£�c�U�Z���Z�fgdedh\(aRc»ok�yU��yay\1�jWv�y�Rd·Z�ckfhW*aE�R\=�jW�fmaRc�o(n±ZA�.defm\(�E�/§¨�ya+�±WAfhaPc��yaRf� *�y\*¥
]y¥�¦/\toN¢1£�a'§¨�yckfedef�ok\(aRc| *�y\.dh\toN��Z�dm\(�yUCo��R\�d�Z�u{W*ajiCckfhW*a �\(cX�j�vfÑ�\(\*n'�jZ*o o�Z����\(Ukfh���\(\*n W*�
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[|Z��Rfh[ f�ok\(Ut¥
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c�WvUkf�ok\(aPc�\(a ZA�jiC�ya�i(Z*oNd�ZEajZ�f·oXo�ZAajiC\²�/§ �ya ok�y�±\(U�zÍfhaj�vfm�vf��R�'¥0TVZAU�\C�r\([��Rdh\*n}d�ZEoR�\Cdh\tiCckfhW*a
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sZ.iC\(c�fhajiCW*aR���\(aRfm\(aRct¥/TVUkf�ok\,f�okWAdÑ�\([�\(aRctnRd�Z [ �yc�Z�ckfhW*axiCW*ajokckfhc��y\N�yay\ \C�r�RdhW*U�Z�ckfhW*a²Z�d(�\tZAc�WAfhU�\
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�\(c��j�R\to#\([��RfhUkf� *�y\to�ok\=o¬fhc��y\=ZA�ycXW*�yU«�/§¨�yay\1[ �yc�Z�ckfhW*a|cXW*�jo}dm\to36t�*�*�,´RfmcCo�¡b�jWRo¬fhckfhW*ajoC¤�¥y¦/\to
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a'§¨\toqc= *�'§¨�yay\�c�U�Z*�R�jiCckfhW*a �R\=d�Z��vfg�+iXfgdh\+[|Z ªfmcXUkf�ok\��R\|iC\(�R�rzbiXf�ZA�HaRfh�*\tZA�E[�W�dÑ�\tiC�Rd�Z�fhU�\*¥'¢
iC\ �yU�W*�±WPo(n±�*WAf�iXf� *�y\Cd� v�y\to1U�\([|Z�U� *�y\to��/§¨�yaH´RfhWAdhW*YAf�okc�\��º]O<ync6�>�<r�� bnjZA�Hok�A~k\(c=�R�xc�ZA�R�²�R\
d�Z�[��ycCZAckfhW*a'¥
® ¥h¥h¥*¦/\�c�ZA�R�|�R\�[ �yc�ZAckfhW*a \tokc�YV�\(a«�\(U�Z�dh\([�\(aRc	c�Uts\to ubZ�fh´Rdh\1\(c��±W*�yU�W*´yc�\(aRfhU��yay\0\tokcqfm[.ZAz

ckfhW*a �yUy�\tiXf·oq\*n/fed«\tokcNa«�\tiC\to�oXZ�fhU�\|�/§k�\(c��j�vfh\(U=�ya Y*U�ZAaj�HayWv[�´yUX\|�R\�Yjs\(ay\to(¥'¦/\toNYV�\(a��\(ckf�iXfh\(ajo
iXd�Z*o�o9f· v�y\to#W*aRc����\(c�\(U�[�fma��\� *�y\�dh\�cCZA�R�|�R\�[ �yc�ZAckfhW*a� v�RfKi�wjZAayYv\0�R\to�i(ZAUCZ*iCcts\(UX\to'�yw��\(ayW*ckpPz
�Rf� v�y\to�Wv���yU�WA�*Wy *�y\0�R\to}\ �'\(c�o	[�W*U�cX\Cd·o}\tokc«�R\³d¯§ W*U��RU�\0�R\;6t� ��� �jZAU	dhWyiC�jo��jZ�U�YV�\(a«�\(U�ZAcqfmWva
�yZAajo dh\toVW*U�YRZAaRf�ok[�\to	ok�y�«�\(Ukfh\(�yU�o#iCW*[�[�\#db§¨wyW*[�[�\*n�d�Z1�RU�WPokW*�ywRfedh\�\(c	dm\![|Z�� f�o(¥�=�\(�±\(aj�yZAaPc�n
W*a+\(axoXZ�fhc«cXU s\to}�j\(�xok�yU�d�Z ajZ�c��yU�\1�R\=iC\to�[ �yc�ZAckfhW*ajo�ZA�.aRfh�*\tZA�x�R\�db§¨¢1µ � ¥y¸Va+Wv�yc�U�\*nvd�Z
�Rdh�y�jZAU�c��R\|iC\toN[ �yc�ZAcqfmWvajo1okW*aRc=���\CdÑ�\(cts\(U�\to!\(c�iCW*aRc�Ukfh´y�y\(aRc=�j\(��ZA�R�½iXwjZAayY*\([�\(aRc�o=�yZ�ajo
db§k�\(�*WAdh�yckfhW*aE�R\to1W*UXYPZAaRf�ok[�\to(¥/�.�\tiC\([�[�\(aRctn±fed�p²Z.\(�E�R\�ayW*[ ´yU�\(�jok\to�cX\(aPc�Z�ckfh�*\to0�R\�[�\(z
ok�yUX\(U dh\+c�ZA�R���R\+[��ycCZAckfhW*a�ZA�½aRfh�*\tZ���[�WAd(�\tiC�Rd·Z�fmUX\*¥�¸Va �\(c��j�vf�ZAaPc.�.dhWriXf1�/§¨\(ay¶(pP[�\+\(c
]y¥06�6�6*¥º�O>�<�YV�\(a��\(UCZAckfhW*ajo1�R\.Y s\(ay\toN¡1ayW*[ ´yU�\|�R\.Yjs\(ay\to1\C�jZA[ fha«�\to���ayW*[ ´yU�\.�R\|YV�\(a«�\(U�Z�z
ckfhW*ajo!¤�n
	VWR\Cd �*\(U�\(c³Z�d �DCP�Rn 6�>�<v�! yW*aRc�\tokckfh[��\» v�y\!dm\to³c�ZA�R�|�R\to�i�wjZAayYv\([�\(aPcCo«�R\�[�W*´Rfedefhcy�\

fcfhgji?kmlmnpo



6�< ��������� ���	� �O�
� �������� �O
 �	����

�\Cdm\tiCcXU�W*�ywyW*Uy�\(ckf� *�y\�\(c��R\to#[��ycCZAckfhW*ajo#aP�Rdedh\to+�\(c�Z�fh\(aRc«�R\�6*¥º��<�� 6t� ��� \(c�]y¥ <v� �d6t� ��� �jZ�U
dhWyiC�jo�\(c��jZAU�YV�\(a«�\(U�Z�ckfhW*a'nAU�\tok�±\tiCckfh�*\([�\(aRct¥ ®

- _ - _ G I��� * �� 	��yÁ�+·¿ * � #Í� * � * ¿ � ] �yÄ�Ä·� H	¿ H �'Ä �yÁ�+·¿ *
� W*�joNZ��*W*ajo����\tiCUkfhc=�ya \(ajok\([ ´Rdm\+ok�R� oXZAaPc=�/§ W*�«�\(U�Z�c�\(�yU�o�okc�ZAaj�yZAUC�yo=�RW*aRc=ok\|ok\(UXc�dm\

�yU�WvY*U�ZA[�[�\(�yU��±W*�yU YV�\(a��\(U�\(U1dh\to ayWv�y�*\tZA�R�Efhaj�vfh�*f��R�joEsZ��jZAU�cqfmU��R\to��R\toXiC\(aj�yZAaPcCo��R\.d�Z
�±W*�y�Rd�ZAckfhW*a�iCW*�yU�ZAaRc�\*¥L=�\to�W*���\(U�ZAc�\(�yUCo��±\(�y�*\(aPc iCW*ajokckfhc��y\(UN�yay\��\(cCZA�j\ �vfmUX\tiCc�\|Wv�xfhaj�vfhz
U�\tiCcX\²�yZAajoNdh\��yU�W*c�WyiCWAdh\x�R\²iCUy�\tZAckfhW*a��/§¨�yay\xayWv�y�*\Cdedm\HYV�\(a«�\(U�Z�ckfhW*a½�/§ fhaj�vfh�*f��R�jo(¥!¢�fhajo¬f n
d�Z�defhc�cy�\(UCZAc��yU�\.�º]*�RnM6	>�>1C/ "�R\to�¢,£%W � UX\1�yay\|iCWAdedh\tiCckfhW*aHu{W*U�c��AZAUkfÑ�\(\��R\�okc�U�Z�cr�\(YAfh\to��RWvaPc!fed
iCW*aR�vfm\(aRc!f·iXf��/§¨\(axiXfhc�\(U1 *�y\Cd� v�y\to��yay\to R

��( � d�Z�ayW*�y�*\Cdedh\+�jW*�y�Rd�ZAckfhW*a�\toqc�iCW*[��±WPoR�\(\��yaRf� *�y\([�\(aRc��R\toN\(aRu¯ZAaRc�o(¥ ��aEd�Z�f�o�oq\ Z�dhW*UCo
�vf�ok�jZAU�Z ªfhc�UX\«cXW*�jo/dh\to fmaj�vfh�vf��R�jo«�R\#d�Z��jWv�y�Rd·Z�ckfhW*a|iCW*�yU�Z�aPc�\*¥A¦V§ fhajiCW*aR���\(aRfh\(aPc#[|ZA~k\(�yU
�R\|iC\(c�c�\�ZA�y�yUXWriXwy\�\tokc�dh\�Ukf�o� v�y\|�R\��±\(U��RU�\ dh\�[�\Cfgdedh\(�yU fhaj�vfh�*f��R� dhW*U�oX *�'§¨Wva²ay\�dm\
iCW*ajok\(U��v\1�jZ*o�ZA�yc�Wv[|ZAckf� v�y\([�\(aPc��yZAajo#d�Z�ayWv�y�*\Cdedm\ �±W*�y�Rd�ZAckfhW*a'¥

� - � dh\to�\(aRubZAaPcCo�U�\([��Rd�Z*iC\(aRc=�/§¨�yay\Nu¯Zj°iCWva²Uy�\(Y*�Rdef¯s\(U�\,dh\to�fhaj�vfh�*f��R�jo,dh\to1[�WAfhajo!u{W*U�c�o!�R\ d�Z
YV�\(a��\(U�ZAckfhW*a.iCW*�yU�ZAaRc�\*¥

�pG � d�ZNayW*�y�*\Cdedh\0YV�\(a«�\(U�Z�ckfhW*a \tokc«iCW*ajoqckfhc��«�\(\0�R\to �.[�\Cfededm\(�yUCo�fhaj�vfh�*f��R�jo��R\�d�ZN�jW*�y�Rd�ZAckfhW*a
fhaPc�\(UX[ �\t�vf�Z�fhU�\,u W*UX[ �\(\1�R\to�\(aRubZAaPcCo�\(c0�R\to!�jZAU�\(aRc�o(¥

����� � � 365 ��9/ 
����� ��� /08
	���� �98 3 � ��	��� - �� �
¦/\to.¢�dhY*WvUkfhc�wy[�\to.YV�\(a«�\(ckf� v�y\toNu WvaPc�fhaPc�\(UX�*\(aRfhUxiCW*ajokc�ZA[�[�\(aPc+�R\to.W*���\(U�ZAc�\(�yU�o Z�d(�\tZAz

c�W�fmUX\to(¥j=�\(�±\(aj�yZAaRctn±db§ fha��j�y\(ajiC\x�R\ db§ºZAU�´Rfhc�U�Z�fmUX\|�R�½iXwyWAfe�¹\toqc=´Rfh\(a½[�WAfhaj�RU�\| v�'§¨W*aH�j\(�yc
Z��*WAfhUNc�\(aj�yZAajiC\½sZ.dh\+iCU�WAfhU�\*¥	¢!lja �R\.´Rfh\(a�iCW*[��yU�\(aj�RU�\�dh\|�yUXWriC\to�oq�jo��R\�u{W*aj�Ez�ZA�y�j\Cd(�\
c�w��\(W*Uts\([�\�u{W*aj�yZA[�\(aPc�Z�d z� *�Rf	Y*�Rf��R\=db§ºZ�dmYvW*Ukfhc�wy[�\NY �\(a��\(ckf� *�y\*nvfhaPcXU�Wr�R�Rf�okWvajo!d·Z�ayW*ckfhW*ax�R\
o�iXw��\([.Zy¥

- _ G _ ( . �r�.�tÃ 2=��j� �yÁ �
¼�ay\+´±W*ayay\+�jZAU�ckfh\+�R\toE�\(c��j�R\toN[�\(a��\(\to�oq�yU=dh\to ¢,£ U�\(�±WPok\xok�yUNdh\(�yU|ZA�y�yUXWriXwy\|�jZ�U

fhaRu{W*U�[|ZAcqfmWvaxYAdhW*´jZ�dh\*¥±¢�fhajo¬fbn±�Rdh�jo¬fh\(�yU�o1ZA�yc�\(�yU�o!ok\�okWvaPc#fhaPcy�\(U�\to�oR�\to�ZA�R�xo¬fh[ fed·Z�Ukfhcr�\to!\(aPcXU�\
dh\to�fmaj�vfh�vf��R�jo²�/§ �yay\+�jW*�y�Rd�ZAckfhW*a'¥�¦ Z�u WvU�[|Z�def�o�ZAckfhW*a��R\xiC\(c�c�\�U�\ti�wy\(UCi�wy\H�R\xo¬fh[ fed·Z�Ukfhcr�\to
\(aRc�U�\Ndh\to�fhaj�vfh�*f��R�jo �ycqfgdef�ok\+�R\to1[��\(c�ZAzbokpR[ ´jWAdh\to!W*�E�R\to1okW*�jo�\(ajok\([ ´Rdh\toN�jZAU�ckf�iC�Rdefh\(U�o=�R\

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# 6	>

db§¨\tok�jZviC\x�R\|U�\tiXwy\(U�iXwy\ Z��y�j\CdÑ�\ � % � �� ����� ¥ =�\(c�c�\�ayW*ckfhW*a�ok\|UX\(c�U�W*�y�*\��/§ºZ�fgdedh\(�yU�o.�yZAajo�dh\to
c�UCZt�AZA�R�x�R\=_�¥ =0¥y¦/\(U�[|ZAaHokW*�jo#dh\NayW*[ �R\���� ���  '����?�� 	 � � � ���O %���
�������� �º] 6Anc6�>�>S6: b¥

` ���� * +·Á�+h¿ * - _ ( # ����� � �'� ) � � 87878 � � 
  � ����	��
��� %p�-'�� ���� � 
���
�� � � 
 � � 
 ��� � � �
	 �	�	 �  ��� ��� ���<��6 ���/� �X�
 � � � �:
���a�� ' ��	�����	���  ���� 	 ���O� ��	�� �� � 
 � %p� � ��� 	 ����'�� � ���� '���� � 
 
  �
'�� � '��	

	 ���O� �	
 � � ��� � ����
�� �0� ��
 6 ���  �+% � �������	 �  ����� ��� � � ) � � 87878 � � � � � '������Y�� � ���� %m�'�
 ������� ��� � �j��� � �	
 ��� ���	�� � �

� �$L � 6�87878���� � 	 � � 	���� � 	 L ���<��6#������� 	 � �

` ���� * +·Á�+h¿ * - _ - � 
 �� � � � 	 ���$'�� � % � � �  � � 	 ����O� ��� � 'O� ���� � 
 �	
 � � �	
 � � �� � '�� � �� � 

���� %p� � '�
 
  ������� � � � ��8%	� � ���� '��Y���� � 
 �	
 � � � � ��� �����	� �� � % � �� ��� �

TVZAU'\C�y\([��Rdh\*n�dm\�o�iXw��\([.Z � � 6t����6����P�VU�\(�yUy�\tok\(aRc�\	db§¨\(ajok\([ ´Rdh\³�R\to fhaj�vfh�vf·�R�jo#ok�Rfh��ZAaRc�o
iXd�Z*o�oR�\to��yZAajo«d¯§ W*U��RU�\,dm\C�Rf�iCW*Y*U�Z��ywRf· v�y\*¥

� ) � 6��*� 6t�*�v�

� � � 6��*� 6t� 6��
� � � 6�� 6�6t�*�v�
� � � 6�� 6�6t� 6��

��\Cd�ZAckfh�*\([�\(aRc�sZ,d�Z ayW*ckfhW*a+�R\=o�iXw«�\([|Zyn�fhaPc�UXWr�R�Rf�okW*ajo!�R\(�R�i(ZAUCZ*iCcy�\(Uqf·oqckf� *�y\to�iCW*�yU�Z�[�z
[�\(aRc��yckfedef�oR�\(\to1�yZ�ajo#d�Z c�w��\(WvUkfh\=�R\to�¢1£ ¥

� ¦V§ ���E'���� �/§¨�ya+o�iXw«�\([|Z � nvayW*cy�\ � ¡ � ¤�nPiCW*UXU�\tok�jWvaj�|ZA�.ayW*[ ´yU�\0�R\1�±WPo¬fhckfhW*ajo}fhajokc�ZAayziXfÑ�\(\to��yZAajo³dh\�o�iXw��\([.Z � ¥

� ¦'Z ���� � 
 �	
 � '��5' ����  � ������ nRayW*cy�\(\��¬¡ � ¤CnP�#�\to9fmYvay\�d�Z��vf�okc�Z�ajiC\1\(aPc�UX\�d�Z �yU�\([�f¯s\(U�\�\(cd�Z|�R\(U�aRfbs\(U�\1�jWPo9fmcqfmWva+fhajokc�ZAajiXf(�\(\��R�²oXi�w��\([|Z � �ºiXuq¥rljY*�yU�\�<5 b¥

¢�fhajo¬fbn"�yZ�ajo�db§¨\C�y\([��Rdh\ iXfhzb�R\to�oq�jo � � 6t���:6t���«�+Z��±W*�yU1W*U��RUX\ � ¡ � ¤ ���yn±\(c1�jWv�yU
dhW*ayY*�y\(�yU1�R\��#�\CljaRfhckfhW*a��¬¡ � ¤ � �P¥
 �7 ��" A:D " ;>=BL D � O ? ��$L# C�K�C �

fcfhgji?kmlmnpo



�*� ��������� ���	� �O�
� �������� �O
 �	����

**1**0*01**

longueur : 7

��� � � < z � �� � 
 �	
 � 'O�2' �� � ������ �O$'�
 
  � % � �� ���

- _ G _ - � 2=�� ¿�	SJ�±�½� � �y���tÃ 2=��j� �yÁ �
� W*�joViCWvajo¬f����\(U�W*ajo �ya�¢1£�i(ZAayWvaRf· v�y\�W*���\(U�ZAaRc"ok�yUV�yay\�u{W*ajiCckfhW*a	�.���\CljaRfh\�ok�yU	dh\0iC�y´j\

dhW*YAf� v�y\ � � ���<��6#�?>Àz @ \(aPcqfm\(U1ajZ�c��yU�\Cd"z1sZ ��Z�dh\(�yU�o1�yZ�ajo�B CE ¥jµ��\to¬fhY*ayW*ajo��jZAU��7�yay\
�±W*�y�Rd�ZAckfhW*aE�/§ fhaj�vfh�*f��R�jo1z�i�wjZ ªfmay\to!´RfhajZ�fhU�\to�z«�R\,dhW*ayY*�y\(�yUD@½¥ s¢ � nyW*axZvo�okWyiXfm\,d�Z|ok�Rfhc�\
�R\to!��Z�dh\(�yU�o

�J� ¡ �,¤  �%L � �

` ���� * +·Á�+h¿ * - _ G � 
 
���� ����� ��+' 
 
� � % � �� ��� � �	� � �� ��� � '��Y���:� �m� 
�������� �O � � � � � � 
���� �����
� 
 ��	 � � � �p� ���� �

� ¡�� � � ¤ � 6� ��� � �	�
�������
� ¡ �,¤

�X�
 � ��� � � ' �� � � � ������5%m���E'��  ���H'��Y� 
 �� � � � 	 � ����� � �
µx�\to¬fhY*ayW*ajo,�jZAU.¡����k¤���L�� dh\to �vf �»�\(U�\(aRc�\toN�jW*�y�Rd�ZAcqfmWvajo�ok�ji(iC\to�o¬fh�*\to�W*´yc�\(aR�y\to=�jZ�U

db§¨¢1£;=0¥t¦/\#c�w��\(WvU s\([�\ u W*aj�yZ�[�\(aPcCZ�dP�R\to"Z�dhY*WvUkfhc�wy[�\to/YV�\(a«�\(ckf� v�y\to fmaj�vf� v�y\0 v�y\	d·Z³u{Ur�\t v�y\(ajiC\
U�\Cd�ZAcqfm�v\³�R\#�yUy�\toq\(ajiC\«�R\�U�\(�yUy�\tok\(aPcCZAaPcCoK�yZ�ajo/d�Z��jWv�y�Rd·Z�ckfhW*a�� � nAZA�y�jZAU�cX\(ajZAaPc�sZ��ya o�i�w��\([|Z
� Z��/§ºZA�yc�Z�aPc��Rdh�jo�cX\(aj�yZAajiC\|sZ�ZA�yY*[�\(aPc�\(U!z��yZAajo#d�Z �jWv�y�Rd·Z�ckfhW*a���� E ) z� v�y\1db§¨�yckfedefhcy�\=�R\
� \tokc [�\Cfededm\(�yUX\*¥�PyW*UX[�\Cdedm\([�\(aPctnViC\.c�w��\(WvU s\([�\ ok\.c�U�Z*�R�Rfhc=�jZ�U=db§ fha��\(YPZ�defhcr�\|oq�Rfm�AZAaRc�\ � �1Cyn
6�>r���! b¥

� 2=�� ¿�	SJ�±�½� - _ ( � � �y���tÃ 2=��j� �yÁ � �"# � ¡����k¤�� L�� ' �� � � � ��:��� � � �m� 
�������� �O �$� 
&%8%m� �m� ���	� �
�
	 ���� 
 � � �����;� 
 ��� ��� ������� �

��¡8� ��� ��� E )  {¤� � ��� ��� � � ¡!���E� � ¤� ¡����,� � ¤ ¡m6 �#"�¡���� � � ¤�� G ¡���� � � ¤X¤

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# �S6

�X�
 � ' �� � � � ���� 
 � � � ������� %p��� �O� � �� ����������
��@��� "�¡p8e¤�� ��� � � � G ¡p8e¤ �m��� ����	1������ � � � � � ��� 

	 �
	 ����� � �� � ��
 
 
���a�� � ���� %m�$'O� � � �����5' ������m
�� ��� 
9 
 �m�����O� �O� �m� � � � � '��� � � � �$��� �������������
� 
 � ���O�����
j���O�:� 
 �m� ��	��������
�� '�� %������ � � � �	�� � ��� � � � ��
�������� �O�� �
=�\�Ur�\tok�Rdhc�Z�cV�j\(�yc«oq\�u{W*U�[ �Rdh\(UV\(a��yckfedef�o�ZAaRc#dm\to#�vf �»�\(U�\(aRc�o	�jZAU�ZA[xs\(c�U�\to �R\�db§¨¢1£�=E\(c	dh\to

i(ZAUCZ*iCcy�\(Uqf·oqckf� *�y\to��R�xo�iXw«�\([|Z � ¥RT	W*�yU#dm\=iCUXWAf�ok\([�\(aRctnRayW*�jo�ayW*�jo}defh[ fhc�W*ajo�ZA�xiCUXWAf�ok\([�\(aRc
sZN�ya+ok\(�Rd"o¬fhc�\*¥P¸}a|\ �'\(ctn�d·ZN�yU�Wv´jZA´Rfedgfhcy�\» v�'§¨�yaxo�iXw��\([.Z � �R\�c�Z�fededh\ @6okWAfhc����\(c�U��Rfhc#z"a'§¨\toqc
�Rdh�jo1�R\1U�\(�yUy�\tok\(aRc�ZAaRc³�yZ�ajo#d�Z�YV�\(a«�\(U�Z�ckfhW*a�zV\tokc0 v�jZAaRckfel³�\(\1�jZAU

�¬¡ � ¤
¡�@ � 6A¤ ¡p6A¤

W s� �¬¡ � ¤�\toqc�d�Z.dhW*ayYv�y\(�yU=�R\��#�\CljaRfhckfhW*a½�R�Eo�iXw«�\([|Z � ¥±¢�fhajo¬fbn �ya¹oXi�w��\([|Z|Z�pPZ�aPc��yay\
Y*UCZAaj�R\�dmWvayY*�y\(�yUx�R\E���\CljaRfhckfhW*a�ZE�Rdh�jo��R\¹iXwjZAajiC\E�/§Íª\(c�U�\x�#�\(cXU��Rfhc|�jZAU�db§¨W*���\(U�ZAc�\(�yU|�R\
iCU�W�f·oq\([�\(aPc�¥
¦/\�iCU�WAf�ok\([�\(aRc��\(c�Z�aPc'ZA�y�Rdef� *���\0Z��*\tiV�yay\��yU�Wv´jZA´Rfedgfhcy�\ � �(n d·Z�ok�yU��vfh\0�R��o�iXw«�\([|Z � ZA�yUts\to

iCU�W�f·oq\([�\(aPc1o¬fh[��Rdh\=z#�yaxok\(�Rd o¬fhc�\ �R\�iCU�W�f·oq\([�\(aPc!zV\tokc0Z�dhW*U�o³[ fhayW*Uy�\(\1�jZ�U�d�Z �yU�W*´jZA´Rfedefhcy�\

6A��� � � �¬¡ � ¤
¡�@ �?6A¤�� ¡9�R¤

µ §ºZA�yc�U�\!�jZAU�ctnA�ya+i�wyUXW*[�WPokWv[�\0�R�+o�i�w��\([|Z1�±\(�yc�ok�y´RfhU³�R\to�iXwjZAayY*\([�\(aRc�o�okW*�jo db§¨\ �'\(c
�R\�d�Z [ �yc�ZAcqfmWva'¥P¦/\=o�iXw��\([.Z1U�\tokcX\(U�Z,fmajiXwjZAayYV�\»o9f Z��jiC�yay\=�R\to � ¡ � ¤	�jWPo¬fhckfhW*ajo«fmajoqc�ZAajiXfÑ�\(\to
ay\+ok�y´Rfhc1db§ fha��j�y\(ajiC\²�R\�d¯§ W*�«�\(U�Z�c�\(�yU=�R\�[ �yc�ZAckfhW*a'¥/¢!fhajo¬fbn d·Z��R\tokc�U��jiCcqfmWva½�R� oXi�w��\([|Z �
�jZAU!�yay\=[ �yc�ZAckfhW*ax�R\1�yUXW*´jZA´Rfedefmcy�\=z#�j\(ckfhc�\Nz ��� ok\Nc�U�Z*�R�Rfhc��jZ�U�d�Z �yU�W*´jZA´Rfedefhcy�\

¡p6�� ��� ¤	��
 ��� 6A� � ¡ � ¤ � � ¡9]R¤
¸Vax�#�\CljaRfhckfh�*\NayW*�jo�Zt�vW*ajo

"�¡���� � � ¤ � � � �¬¡ � ¤
¡�@ �?6A¤

\(c
G ¡����E� � ¤ � � ¡ � ¤ ���

µ1ZAajo iC\to�iCW*aj�vfhckfhW*ajo(n}db§ fha«�\(YPZ�defhcy�\x�R��c�w«�\(W*Uts\([�\|�R\to�o�i�w��\([|ZAc�Z�ok\+�yUy�\tok\(aPcX\ okWv�joNd�Z
u{W*U�[�\

��¡8� � � ��� E )  {¤� � ��� ��� � � ¡����E� � ¤� ¡����,� � ¤ ¡p6 � � �
�¬¡ � ¤
¡�@ � 6A¤ � � ¡ � ¤ ��� ¤

fcfhgji?kmlmnpo



�*� ��������� ���	� �O�
� �������� �O
 �	����

¢7c�U�Z��*\(U�o�iC\(cXc�\=U�\Cu{W*U�[ �Rd�ZAckfhW*a'n±W*a��j\(�yc�U�\([|ZAU� v�y\(U1 *�y\Ndh\to 	 
�� � '��� � 	 � �@%�� �«z�o�i�w��\(z
[|Z�c�Z �R\»iCW*�yUXc�\�dhW*ayYv�y\(�yU0�R\=���\CljaRfhckfhW*a+\(c��R\!u¯Z�fh´Rdh\=WvU��RU�\�z ZA�yUXW*aPc#c�\(aj�yZAajiC\|sZ ok\�[ �Rdmz
ckfh�Rdefh\(UxiCW*ajo¬f��#�\(UCZA´Rdh\([�\(aPc.�yZAajo,d·Z¹�jW*�y�Rd�ZAckfhW*a'¥}¢�fhajo¬fbn}d·Z�´±W*ayay\²iCW*aR�*\(U�Yv\(ajiC\ �R\.db§¨¢1£
U�\(�±WPok\(U�Z�fmc+ok�yU d�Z i(ZA�jZ*iXfhcy�\x�R\+U�\tiCW*[ ´Rfhay\(U iC\to�´y�Rfed·�vfhayY ´RdmWyi �ro��jZAU|iCU�W�f·oq\([�\(aPc.�jWv�yU
W*´ycX\(aRfmU.�R\to�i�wyUXW*[�WPokWv[�\to �R\+�Rdm�jo�\(a��Rdm�jo��j\(Uqu W*UX[|ZAaRc�o(¥"¦}§¨�yckfedefmcy�\+U�\Cd�ZAckfh�*\H�R\to o�i�w��\(z
[|Z�c�Z � ¡!��� � � ¤=�R\(�*fh\(aRc Z�dmWvU�o��ya�Z*ok�±\tiCc�u{W*aj�yZA[�\(aRc�Z�d1�R\+d�ZE[�\tok�yU�\²�R\��j\(Uku{W*U�[.ZAajiC\
�/§¨�yaHZ�dhY*W*Ukfhc�wy[�\1Y �\(a��\(ckf� *�y\2�76	>Pn 6�>O>*�! �º]yn 6�>�>S6: �76 Cync6�>�>S6: �º�*�Rn 6�>�>*�! ¬¥

- _ G _ G \ � 	�� ÄÍÄ J�yÄ + �A� � + � H Ä + Ã +hÁ �
¦/W*U�o� v�'§¨W*a U�\(YPZ�U��R\�db§¨¢,£ iCW*[�[�\|�ya�[��\(YPZAz{W*���\(U�ZAc�\(�yU=oq�yU db§¨\tok�jZ*iC\x�R\to�oXi�w��\([|ZAc�Zyn

�yay\H�R\to|iCW*ajoR�\t v�y\(ajiC\to��yU�Z�ckf� *�y\to.�R��c�w��\(WvU s\([�\+�R\to�o�iXw��\([.ZAc�Z�\tokc dh\x�yw��\(ayW*[xs\(ay\xZA�yz
�±\CdÑ�\ ����������� ������ � ���$��� � ���>%������ � �R\to�Wv�«�\(U�ZAcqfmWvajo(¥*¸Va�u¯Z�fmc�nPiXwjZ* *�y\��\(�AZ�dh�jZAckfhW*a+�/§¨�ya�fmaj�vfh�vf��R�
u{W*�yU�aRfhcx�yay\�fhaRu{W*U�[|ZAcqfmWva�ok�yU.dh\to+o�iXw«�\([|ZAcCZ½ v�'§ fed=U�\(�yUy�\tok\(aPcX\*¥«¼!ay\H�jW*�y�Rd�ZAckfhW*a7�R\ G
iXwyU�W*[�WRokW*[�\to	\(ayY*\(aj�RUX\0\(aRc�U�\0� > \(c G � � > o�i�w��\([|ZAc�Z ¥�¦/\�ayW*[ ´yU�\0�R\�o�i�w��\([|ZAc�Z!c�U�Z�fmcy�\to
\tokc \(a [�WAp*\(ayay\+�R\�db§¨W*UC�RU�\ �R\ G � ¥	¢�fhajo¬fbnV�Rdh�jo,d�ZAU�Y*\.\tokcNdb§¨\tok�jZ*iC\x�R\.U�\tiXwy\(U�iXwy\*n"�Rdh�jo
fhaRcr�\(U�\toXo�ZAaRc�\tokc db§¨\([��RdhWAf��/§ �ya�¢1£-�jZAU�U�ZA�y�±W*U�c²sZ �/§ºZA�ycXU�\to c�\tiXwyaRf� *�y\ �76t�Rn'6	>�>*�! b¥V¦/\
�jZAUCZ�dedÑ�\Cdef·oq[�\Nfm[��Rdgf�iXfhc�\��±\(�yc0ok\NUr�\tok�y[�\(U³�yZ�ajo#db§9�\(ayW*aji±�\0�Rdh�jo��yUy�\tiXf�o�ok�Rfh��ZAaRc5�º�Rnc6�>�>*]# R

� 2=�� ¿�	SJ�±�½� - _ - � b � 	 Ä·� H�� 	�� ÄÍÄ J�yÄ + ���½� + � H Ä + Ã +·Á � � # ����� � 
���3���m� 
 ���������� '��@��������� �
G ���"���4� ����� '����� ��� � �� '�� ���>'�
 �:� �� � % � ��� � � � �  ' ���� �� '�� � ������ ��� 
  � � ���	� �� ������ '��
� ���%��O ��� ��������O� ���5'��� � � � ���<�	6!� > �	�� 6/��
� 6 �
� ������ � �� � � �> � ������� � ���O
 � 6���
�� � � � ���" � � 	 ������� � �� '�� � % � �� �������1'O� ��� �O�  � �
�	
 � � � � � � ��� � ����j� ���
%:
  � � ���
	 � 	 ��� ��� ��:���� ����m� �	
 ��� ��A� � '�
 �	����� ' ������m
 ��� � ���'�m�O� ���(%m��������$'��
� 
 �m� ����������	
 � '��2%	� �O� � � ���� �j� � ����
 �����  � '�� �� �
�
���� � ��� ¡p6�� � � � ¤

� ����������	 � ��� �m� ����@ ��
 � 'O��� � 
��� 	 ���m������� ����m����
�� �5'�
 ���E'����DG � � ��
 � 
-� 6 ����
���
	 ���m����  � ��	�p����
����5'�
 �O�,'O� �DG ��� ����� ����
�� 
 � � � �

� "�O
 ����� � � ���
%�
��� � ���
	 �
	 � ����� �� � 
 � ����m� �	
 ���d�� 6 �E� � � � � ������ � 	 ��� '�� � % � �� �������@�	
 �
� � � ���m��� � �� ��� � ���O
 ������ �

6
�
� �
�
���� � ��� ¡p6�� � � � ¤

l 7��<LE;� = g G DBG ��=BL�L# A�; "	g K!$L �C�� G�DBI��!LE;��

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# �v]

- _ G _ [ � ¿�� � /j� � �r��� ¿ Ä¯� Á�+·¿ * �
µ1ZAajo/�ya ¢�dhY*WvUkfhc�wy[�\�YV�\(a��\(cqf· v�y\*nCfedy\tokc"a��\tiC\to�o�Z�fhU�\*n�iCW*[��yc�\#c�\(aP� �R\Vd�Z�iCW*[��Rdh\C�Pfhcy�\��R\to

W*´ ~9\(c�o�[.ZAaRfh�y�RdÑ�\to(n"�R\�c�U�Z���Z�fededh\(U sZ.�yaEaRfh�*\tZ��½okpRaPc�w��\(ckf� *�y\*n/ayWvc�ZA[�[�\(aRc��jW*�yU,dm\toN�R\(�R�
W*���\(U�ZAckfhW*ajo³u{W*aj�yZA[�\(aRc�Z�dh\to� *�y\�okW*aRc�dh\|iCU�W�f·oq\([�\(aPc�\(c!d·Z.[ �yc�Z�ckfhW*a'¥K¦ \to1okWAdh�yckfhW*ajo1okW*aRc
Z�dhW*UCo�U�\(�yUy�\toq\(aPcy�\to�okW*�jo!u{W*U�[�\��R\|iCWy�R\to1 *�Rf�cqfm\(ayay\(aRc�iCWv[��yc�\*n/ZA�H[ fh\(�R� n'�R\ d�Z.ajZAcX�yU�\
�R� �yU�W*´Rd¯s\([�\.�jWRoP�\*¥VT	W*�yU ayW*c�UX\|�yU�Wv´Rd¯s\([�\x�R\.d�Z Hµ��²ayWv�jo�iCWr�RWvajo(n�iCW*[�[�\|ayW*�jo�dm\
�*\(UXU�W*ajoV�Rdh�jo}dhWAfha'nR�yay\0iCW*aRljY*�yU�Z�ckfhW*a �vfhU�\tiCcX\([�\(aPc#�jZAU��ya.�*\tiCc�\(�yU��R\�Uy�\(\Cd·o ¥ =�\(�±\(aj�yZAaPc�n
dh\toN�yU�\([ fbs\(UX\to1YV�\(a«�\(U�ZAcqfmWvajo0�R\to,¢1£�n \(aE�jZAU�ckf�iC�Rdefh\(U db§¨¢1£;=0n/�yckfedef·oXZ�fh\(aPc�\toXok\(aPcqfm\Cdedh\([�\(aRc
db§ºZ�dh�ywjZA´±\(c�´RfmajZ�fmUX\=iCW*aRu WvU�[��\([�\(aPcVZA�R��c�U�Z���Z��R���R\:V�WAded�ZAaj� �º�1Cyn 6�>R�A�! j *�Rf/[�W*aRc�U�\*nAZ��*\ti
d�Z c�w��\(W*Ukfh\x�R\to|oXi�w��\([|ZAc�ZynV v�y\+dh\EiCWr�R\�W*�yckfh[|Z�d1�jWv�yU|�ya ¢1£6\tokc��ya�iCWr�R\HZ�pPZAaRc��ya
Z�dh�ywjZA´±\(c1dh\ �Rdh�jo1�j\(cqfmcN�jWPoXo¬fh´Rdm\*¥	µ1ZAajo�iC\�iCWvaPc�\C�yc�\*n dh\��#�\tiCWr�yZ�Y*\��/§¨�yay\�i�wjZ ªfhay\ ´RfhajZ�fhU�\
� �`¡ ���/��87808 � � � ¤"\(a.�ya+ayW*[ ´yU�\�Uy�\(\Cd*��L-� H � �  y\tokc��vfhU�\tiCc�\1\(c�iCW*[��Rd¯s\(c�\([�\(aPc��#�\(cX\(U�[ fha«�\(\
�jZAU³dm\to��R\(�R�xW*���\(U�ZAckfhW*ajo�ok�Rfh��Z�aPc�\to

��( � ¦'Z�oP�\t v�y\(ajiC\=´RfhajZ�fhU�\ �=\toqc0iCW*aR�*\(U�ckfh\1\(ax´jZvok\Y6t�yÅ

¡ � � ��87878 � � �v¤ � � ¡
�

� 	�� � � 	 6t�
	 ¤ ) �

� ���

� - � dh\=ayWv[�´yUX\1Ur�\(\Cd��xiCWvU�U�\tok�±W*aj�yZAaRc�\tokc�R

� � H ) � � � � H
� � E ) �?6

=�\to'Wv�«�\(U�ZAcqfmWvajo'okW*aRc"\ �'\tiCc����\(\to/�ya Y*U�ZAaj�,ayW*[ ´yU�\«�R\#u{WAf�o'z�sZ�iXwjZ* v�y\|�\(��Z�dm�jZ�ckfhW*a��/§¨�ya
fhaj�vfh�*f��R��z Z��|iCW*�yU�oV�R\�db§k�\(�*WAdh�yckfhW*a��R\�db§ºZ�dhY*WvUkfhc�wy[�\*¥*TVZAU�iCW*ajoR�\t v�y\(aPctn dh\»iXwyWAfe�|�/§¨�ya�iCWr�R\
�RWAfhc�c�\(aRfhU0iCW*[��ycX\=�R\�d·Z�iCW*[��Rdh\C�Pfhcy�\�Z�dhY*WvUkfhc�wy[ f� *�y\ �R�+�yU�WyiC\to�ok�jo��R\ iCWr�yZAYv\ �����\tiCWy�yZAY*\
�RW*aRc1d�Z dmWv�yU��R\(�yU=�±\(�yc=U�Z�dh\(aRckfhU1dh\to i(Z�d�iC�Rd�o=\(c�fha��j�y\(ajiC\(U|iCWvajo¬f����\(U�ZA´Rdh\([�\(aRc1d�Z�iCW*aP�v\(U�z
Y*\(ajiC\ �R\1db§ºZ�dhY*WvUkfhc�wy[�\1c�W*�yc!\(aPckfh\(Ut¥

����� � / 8���� 
 . � 8�;�� 	� �
	 -���

¦'Z|iCWvaP�*\(UXY*\(ajiC\ �*\(U�o!�yay\�oqWAdh�yckfhW*aHW*�yckfh[|Z�dh\��/§¨�yaEZ�dhY*W*Ukfhc�wy[�\=\tokc��yaH´y�yc1c�W*�A~kW*�yU�o
U�\tiXwy\(U�iXw«�\ \(c1U�ZAUX\([�\(aPc=Z�c�c�\CfhaPc�¥K¦'Z� *�y\toqckfhW*a½ok\ �jWRok\|�R\Nu¯Z±°iCW*a�u W*aj�yZ�[�\(aPcCZ�dh\��jW*�yU�dh\to
¢!dhY*W*Ukfhc�wy[�\to�YV�\(a��\(cqf· v�y\to!\(c1ayW*c�ZA[�[�\(aPc�db§¨¢,£�=0¥/µ1ZAajo�iC\(c�c�\ �jZAU�ckfh\*n dh\to��yU�W*�yUkf(�\(cy�\to��R\to
iXwjZ ªfhay\to=�R\ HZAU��*WA�+okW*aRc0\C�y�RdhWAfhcy�\(\to��±W*�yUH�\(cX�j�vfm\(U�d�Z+iCW*aR�*\(U�Yv\(ajiC\��R\Ndb§¨¢!dhY*W*Ukfhc�wy[�\�Y �\(z
a��\(ckf� *�y\½i(Z�ayW*aRf� *�y\*¥ � W*�jo+Zv�RW*�yc�W*ajo�db§ºZA�y�yUXWriXwy\HUr�\tiC\(aRc�\E�R\ £ ��yaRc�\(U��º� 6An:6�>�>EC/ »�yZ�ajo

fcfhgji?kmlmnpo



�1C ��������� ���	� �O�
� �������� �O
 �	����

d�Z* v�y\Cdedm\Nd�Z oR�\t v�y\(ajiC\1�R\to��jW*�y�Rd�ZAcqfmWvajo��yU�Wy�R�RfmcX\to��jZAU#db§¨¢1£�= \tokc�iCW*ajo¬f��#�\(Uy�\(\0iCW*[�[�\0�yay\
iXwjZ ªfhay\=�R\ HZAU �*WA�=wyW*[�WvY s\(ay\*¥º¦ Z��yU�W*�yUkf(�\(cy�\�u{W*aj�yZA[�\(aRc�Z�dh\0�/§ �ya okpyokcts\([�\�[|Z�U��*WA�*fh\(a�\toqc
� 
 �
	 � �� %p� '�� � �� ����� ��� R	db§k�\(�vWAdh�yckfhW*a�u{�yc��yU�\x�R��okproqc s\([�\.ay\x�#�\(�±\(aj�� v�y\²�R\d¯§ fmajoqc�ZAaRc
�yUy�\tok\(aRc1\(c=ayW*aE�R\+okW*a��\(�*W�dm�ycqfmWva²�jZvo�oR�\(\*¥�� W*�yc�\Cu{WAf�o�fed�\C�Pf�okc�\.�/§ºZA�yc�U�\to1Z��y�yU�WriXwy\to1�Rdh�jo
W*��[�WAfhajo1iCW*aR��Z�fhaji(ZAaRc�\to(¥/¸Va��jZAU�ckf�iC�Rdefh\(Utn±dh\ �jZAU�Z�dedÑ�\Cdef�ok[�\Nfh[��Rdef�iXfmcX\|\(c!dh\�cXw«�\(W*Uts\([�\1�R\to
o�iXw��\([.ZAc�Z�W*aRcVok\(U��vf �/§¨Wv�yckfed·o#�R\#d¯§ ZAajZ�dhproq\³�R\#d�Z1iCW*aR�*\(U�Y*\(ajiC\��R\to	¢1£ ¥
HZ�dhwy\(�yU�\(�jok\([�\(aRctn
dh\to�ZAUXY*�y[�\(aRc�oViCW*[ ´RfhajZAc�WAfhU�\to#c�Uts\to fh[�[��\t�vf�ZAcCoV�yckfedef�oP�\to��yZAajo�iC\(c�c�\�ZAajZ�dhproq\0W*aRc��jZ�U����j\(�
UkfhY*Wv�yU�\(�R� �76t�Rn 6�>�> 6: ¬¥*¦'ZNc�w s\tok\��R\;=�\(Uku �º�yn 6�>�>1C  «�\(c��j�vfh\+�\(YPZ�dh\([�\(aRc��yay\�c�w«�\(W*Uqfm\�Z*okpR[��yz
c�Wvckf� *�y\H�R\to|Z�dhY*WvUkfhc�wy[�\to�Y �\(a��\(ckf� *�y\toNu{W*aj�#�\(\xok�yU�d�Z c�w��\(WvUkfh\x�R\ PyUX\Cf·�vdefhayz �E\(aRc�¶(\Cded|�R\to
�±\(ckfhc�\to��±\(U�c��yU�´jZ�ckfhW*ajo0Z�dÑ�\tZAc�WAfhU�\to��R\ okproqc s\([�\to��RpRajZA[ f� v�y\to(¥

- _ [ _ ( � 2���� + * �y� � � ¾ � 	��±¿ ] � * + �y�
µ1ZAajo iC\(c�c�\+�jZAU�cqfm\*n	ayW*�jo�U�ZA�y�j\CdhW*ajo�dh\to Uy�\tok�Rdhc�ZAc�o,�yUkfhajiXfm�jZ��R� U�\Cd�ZAckfeubo�ZA�R�½�yUXWriC\tokz

ok�jo,[|ZAU��vW��vfh\(ajo=�RW*aRc1ayW*�joNi�wy\(U�iXwy\(U�W*ajo.sZ.[�W*aRc�U�\(U�db§ fhaRcr�\(UAª\(c0�±W*�yU1d�ZHiCW*aR�*\(U�Y*\(ajiC\.�R\to
¢!dhY*W*Ukfhc�wy[�\to!YV�\(a«�\(ckf� v�y\to«�yZ�ajo�dh\=�jZ�U�ZAY*U�Z��ywy\»ok�Rfh�AZAaPc�¥
� W*�jo�iCW*ajo¬f����\(U�Wvajo �yay\²iXwjZ ªfhay\E�R\ HZAU��*WA�HwyW*[�WvY s\(ay\+�/§¨\tok�jZ*iC\ljaRf,�/§k�\(c�ZAcCo � �R\

i(ZAUC�vfmajZ�d���iCW*[��Rdbs\(cX\([�\(aPc	���\CljaRfh\��jZAU'd�Z1�RW*aya��\(\«�/§¨�yay\��jZAUXctnt�R\�ok\to �yU�W*´jZA´Rfedefhcr�\to fhaRfhckf�Z�dh\to
� 	 � �N¡� � � � 	b¤
��65� � ��� \(c=�/§ ZA�yc�U�\N�jZAU�ctnj�R\�o�Z�c�U�Z�ajo¬fhckfhW*a � �O���p�>%p� '��Z������ � ��������� � ¡ � 	��t¤'6 � � � �2���R¥

� �

�										



� ) ) � ) � 80878 � )��
� � ) � � � 80878 � � �8 8 8
8 8 8
8 8 8
� � ) � � � 80878 � ���

�����������
�

` ���� * +·Á�+h¿ * - _ [ �  ��	����� � � � � 'O� � �m� ��	�p����'O� �	
 � � �

� &�� "@� 
  � �	 	�� � ��� 6

�X�

�
�	 	 
 %p�	��� %	� �	�� 'O� � � 
������D� � � ��$� ������
�� � � ��� 
 � ��� � 
X� � �����;� ���
	 �
	 � ����� ��+%m�� '�� 


������� ������� '��Y��� ���� � � ��@� 
 ��	����� � �	 
h������m� � � �

` ���� * +·Á�+h¿ * - _ , �  ��% � � �  �$'�� � ��� � � � � �m� ���'�
&%���� 	 ����
Y����
�� ������O� ���	
 � �	�����"�������	�  � ��
� ���p����� 'O�Y����
�� �O
 ����� ���������
X�	��� � �� ������
 ��� � � ������O� � �m� ����m����'�����
�� � � � � '���������� � �@'�� �	
 � �

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# �v�

� W*�jo��RW*ayayW*ajo�iXfhzbZA�yUts\to��yay\,dgf�okcX\��R\N�yU�W*�yUkf(�\(cr�\to�[.ZAc�Ukf�iXfh\Cdedm\to»u Wvaj�yZA[�\(aRc�Z�dh\to��jZ�U�c�ZAz
YV�\(\to	�jZAU	dh\toV[|Z�c�Ukf�iC\to��R\�cXU�ZAajo¬fhckfhW*a'¥*¦'Z,[|ZAc�Uqf·iC\�� ��¡ H 	��t¤'Uy�\Cu��\(U�\(ajij�\(\��yZAajo dh\to �\(ayWvajij�\to
\tokc�ok�y�y�jWPoR�\(\�i(Z�U�Uy�\(\�\(c0�/§¨WvU��RU�\ �"¥

` ���� * +·Á�+h¿ * - _ 5 �p\ 	�¿ H 	1+A�� Á	��y� � �y�.� �yÁ
	 + ÃA�y� � � Á
	
� * � +·Á�+·¿ * �
��( �Q� � � � 'O� ��� ��� � �������	� ��� � � � � �0H 	�� � � � � � �	L-� 6 ��87878 �8� ���

� - �Q� � � � 'O� ������O  �� � ����� ��� ���  �� � � � H 	��  �� � � � �	L-� 6/�	87878 �
� ���

�  � � �O���p�>%p�;� ��O  �� � �������	��� � � '�� ��� �
�pG �"� �m� � ����� ��� ��� 
 � � ��	1� � ���X
�"�	�������� ��O��
 ����� 
 ����� �	
 � � � � ����� � � � ����� ��� � � ;���O�p���>%�
���� �	� �

����
���� �������p�>%m�'� � � � ��� ����� � ��
��� �������m�(%m�$� �m� � ����� ��� �

� [ � � ���'�
&%���� 	 ��� � ���	� �������	
 � ���������� � � �O
 � ��� � ��� ��� ��� �	��� � ���� '�� � �������p�>%m� � %m���m� ��	� � � �� � �
	 � �

��a�m��� � ����
��� ����� � � � ��� � �����	��
 ���O��� �� �:� 
������ � ��� � �� � �	����� � %m������� � � '���� � ��� 

���p�>%m� � ��� �� �������p�>%m� � ��
'�
 %	��� 	 ��� �
 � � � '��� %'� � � � �m�����������	� �

� , � � ����% � � � ��� �	
 � � �
� ��� �

�� � ) H
	�� � 6

� ;� ���p���>%�
���� �	�X���O
 ��� � ��� � � �O���p�>%p� � '��;��� �O � � ������ � � ���� � ����% � � � ������
�� � ���j����
�� � ��� 

'�
�� � '�� �������m�>%p� �'� ���@% � � � ������
�� � 'O��� �X
��� �������m�(%m� � ����% � � � ��� �	
 � � �  � � �O���p�>%p�$�
� ���@% � � � ������
���� � � '��������

� 5 � � ���
	 ��� � �M����
���� �;� � � ��� �  � �$� �� ���>'��� ��� �	
 � �
�
��� �"� � � ����� ��� ����� %m������ �� � �j���������Z��
 �����  � 
  ��	� �� ������ � � � � ��� � ����� %p�O� �O��� �

. �j� �E� - _ ( # ������ �� ��¡ H 	B��¤8�
� � ¡ � 	��Ñ¤ ��� � ��¡�"
	��(¤�� ��� L � 6/�	87878 �
��� ������� � �������m�(%m� �
� ����% � � � ��� �	
 � � � ���
% � � � � � ��� ���:�	� � ��� � � ��� ��� � ����%m������� � ��� ����� � �  � � � � �L
  � � �O���p�>%p�
� � � ����� ��� �

fcfhgji?kmlmnpo



�*� ��������� ���	� �O�
� �������� �O
 �	����

� 2=�� ¿�	SJ�±�½� - _ G������ � ����� �
	 � �O
 �9����
���� �������m�(%m� � � ����% � � � ������
��;� �m�����������	� � � � 

� ���@'�
 ����������m�(%	� �	� 
 %m�� �	��� � � � ����� � ��
�� 
��� � ����� � 
��� �������p�>%m� � ���@% � � � ������
�� ��� � � ��� ���
�	� � ���
	 � � ������� � � � �X�


� ��¡p6/�	87878 �	6t¤
�	�

� � � � � �J� G ��� � �
� � �

� � �
� � � � �� �?���� �� ���	��j�
�� � 
  � �	
 � � �	���� ' �� ���� '��� ��� '��Y���.'�� � ���m� 	 
 ������a�������� ����� � � �

� 2=�� ¿�	SJ�±�½� - _ [������ � ����� ��	 # ������
��� �������m�(%m�

� �
� � �
	 � �

� ����% � � � ��� �	
 �:�	�M� ���'�
&%���� 	 ��� � �X�
Y��� �������p�>%m� %p���m� ���� � '�
 ���E'���� � � � � � ���@% � � � ������
�� � �p� ��� ��� ���
�	� 	5� ���� � � � � �O� � �

� � � �J� G ��� � �
� � �J� G ��� �

� � � �
� �� )	 � � � 	 	 � ��<	 �

� � �
� � � �
	�� � �

� � ��
��� �������p�>%m� � ����% � � � ��� �	
 � � ���
	 ����� �	�8% � � ��� � � � � 
  � �	
 ����� �� ' �� ���	 '��� ��� '��
���.'�� � ���m� 	 
 ������ �������� �O� � � � � � �O��� � � �O� � � � �	 � �<� � 6 � � � � �	� � � � �<� � �$� � � �

- _ [ _ - � * � Ä �	�(� � �EÄ# � I � H � 	 Ä·�r� � 2�� � + * �y� � � ¾ � 	��±¿ ]
¦/\�iCW*[��jW*U�cX\([�\(aPc1�R\1db§¨¢!dhY*W*Ukfhc�wy[�\=YV�\(a«�\(ckf� v�y\=i(ZAayW*aRf� *�y\ W*�ycqfm[�f·oXZAaPc��yay\Nu WvajiCckfhW*a

�H�#�\CljaRfh\1ok�yU#dh\=iC�y´j\�dhW*YAf� v�y\ � � ���<�	6!� > z$@6\(aRckfh\(U�ajZAc��yU�\Cd'z�sZ1�AZ�dh\(�yU�o��yZAajo$B CE \toqc
[�Wy�#�\Cdef�oR�\*nP�yZAajo#iC\0�jZAUCZAY*U�ZA�ywy\*nA�jZ�U��yay\1i�wjZ ªfhay\1�R\ HZAU �*WA�=wyW*[�WvY s\(ay\#ljaRfh\1�jW*�yU}dh\t *�y\Cd
db§¨\tok�jZviC\»�/§k�\(c�ZAc�o	\toqc«�RW*aya��\��jZAU�� � � > � � nvW s��@6�#�\to9fmYvay\�d�Z=cCZ�fedgdh\1�/§¨�ya+i�wyU�Wv[�WPokW*[�\«\(c �
db§¨\ �'\tiCckfeu��R\�d·ZN�±W*�y�Rd�ZAckfhW*a1�06t�Rn 6	>�<R�� b¥�=#wjZ* *�y\H�\(c�ZAcV\tokc�Z�dhW*UCo«iCWvajokckfhc����\�UkfhY*W*�yUX\(�jok\([�\(aRc
�/§¨�yay\��jW*�y�Rd�ZAcqfmWva�\(c|�/§¨�yay\Hok\(�Rdh\*¥«µ1Z�ajo�iC\to.iCW*aj�vfhckfhW*ajo(n#ayW*�jo �±W*�y�*W*ajo����\to¬fhY*ay\(U��jZ�U
� 	� d�Z��yU�Wv~9\tiCcqfmWva² v�Rf U�\(cXW*�yU�ay\=�±W*�yU!d¯§k�\(c�ZAc �Vdh\ 
.fbs\([�\�iXwyU�W*[�WRokW*[�\=�R\ c�Z�fededh\ ��¥ =�\(cXc�\
u{W*ajiCckfhW*ajZ�defhcy�\=ayW*�jo��±\(U�[�\(c0�/§ f·�R\(aRckfelj\(U1c�W*�jo«dm\to³fhaj�vfh�*f��R�jo=�/§ �yay\1�jW*�y�Rd�ZAckfhW*ayzA�\(c�ZAct¥
� W*�jo!iCW*ajo¬f����\(U�Wvajo��yay\=���\tiCW*[��jWPo¬fhckfhW*aH�R\�d�Z [|ZAc�Uqf·iC\ � �R\1c�U�ZAajo9fmcqfmWva²�R\�db§¨¢1£;= \(a

�ya.�yU�Wy�R�Rfmc!ajZAc��yU�\Cd'�R\�[|ZAc�Uqf·iC\to�okcXWriXwjZ*okckf� v�y\to�� � � � � � � W's� ��n � \(c � �#�\tiCUkfh�*\(aRc
dh\to#c�U�ZAajo9fmcqfmWvajoVfhaRc�\(U�[��\t�vf�Z�fhU�\to	f�o�ok�y\to#U�\toq�j\tiCckfh�*\([�\(aRc��R� iCUXWAf�ok\([�\(aRctnP�R\!d�Z1[ �yc�ZAckfhW*a�\(c

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# �r�

�R\�d�Z U�\(�yUXWr�R�jiCckfhW*ayzboR�\Cdh\tiCckfhW*a'¥ =�\(cXc�\»�#�\tiCW*[��±WPo¬fhckfhW*a+\tokc�c�W*�A~kW*�yU�o}�jWPoXo¬fh´Rdm\Nc�\Cd" *�y\1ayWv�jo
db§ fhaj�vf� *�y\�d·Z��yU�W*�yUkf(�\(cy�\1�y¥º�y¥ =�\tiXf"ayWv�jo�iCW*aj�R�Rfhc=ZA�+Uy�\tok�Rdhc�ZAc�ok�Rfh��ZAaRcMR

� 2=�� ¿�	SJ�±�½� - _ , ��� � � ����� � 	 # ������
� ��� � � ���
%�
  �'� � � 	 �
	 � ����� ��5'��5%������ � � � �	�� � ��L
�º� ��6: � 
��� � ���
	 �
	 ����� � ��2'O� ��
������������� � L ¡9�<��6�¤ � 
  � ����	� �
%������� � ���m�����m������� ����� ���	� 
���
�������m�(%m�2'��������� � ����� �O � � � � �O� ��� � � � � �m�����������	� �

� ����
 ��� ¦V§¨W*���\(U�ZAc�\(�yU=�R\xiCUXWAf�ok\([�\(aRc��±\(�ycxª\(c�U�\��P�½iCWv[�[�\.�yay\.u W*ajiCcqfmWva Z�d(�\tZAc�WAfhU�\
�#�\CljaRfm\�ok�yU �-sZ��AZ�dh\(�yU�o1�yZAajo ��¥�=�wjZ* v�y\½�\(c�Z�c«\toqc»�RW*aji,defÑ�\ �/§¨�yay\Nu¯Zj°iCWvax�yU�W*´jZ�´Rfgdef�okc�\HsZ
�ya+ZA�yc�U�\+�\(c�ZAc�¥A¢�fhajo¬fbn��\toqc«�yay\�[|ZAcXUkf�iC\0okc�Wyi�wjZvokckf� *�y\*¥S=�\�U�Z�f�okW*ayay\([�\(aRc�ckfh\(aPc#�jW*�yU��
\(c � ¥'¦'Z��yU�W*´jZ�´Rfgdefhcy�\| *�'§ �ya��\(c�ZAc �0�R\(�vfh\(ayay\.d¯§k�\(c�ZAc��HZA�yUts\to��yay\|[ �yc�Z�ckfhW*aH\tokc��RW*aya��\(\
�jZAU

G 	�� � ����� �� ¡p6A� ��� ¤ > � � � ��� � � � � � � �	L �
W s�	�5	�� �#�\to9fmYvay\.d·Z �vf·oqc�ZAajiC\²�R\"V�ZA[�[�fmayY \(aPc�UX\.dm\to�U�\(�yUy�\toq\(aPc�Z�ckfhW*ajoN´RfmajZ�fmUX\to+�R\to

�\(c�ZAc�o �V\(c �K¥�� \tokc0�RW*aji��±WPo¬fhckfh�*\*¥

¦'Z��yUXW*´jZA´Rfedefmcy�\ � 	 	
  *�'§ �yay\³oR�\Cdh\tiCckfhW*a ay\��j\(U�c��yUX´j\��jZ*o �ya½�\(c�ZAc/YV�\(a«�\(Uy�\"�jZAU d�Z�[ �yc�Z�ckfhW*a\tokc!´jW*U�a��\(\1�jZAU

�
	 	


 �'¡ � 	) ¤ � 87808 � � ¡ �

	
> � � ¤¡�� ¡ � 	) ¤ )d87878�) � ¡ �
	
> � � ¤�¤ > � � � ��jW*�yU1c�Wv�yc²�\(c�ZAc � L � ¥j¢!fhajo¬f � \toqc1�jWPo¬fhckfh�*\��jZAU=iCWAdhW*ayay\*¥"¦ \�cXw«�\(W*Uts\([�\�� ¥76=ayWv�jo

fhaj�vf� *�y\= v�y\��yZAajo�iC\toViCWvaj�vfmcqfmWvajo � � � � � � � \toqcV�jWPo¬fhckfh�*\*¥ ��UVc�W*�yc�\�[|Z�c�Ukf�iC\��jWPo¬fhckfh�*\
\tokc!�yUkfh[ fhckfh�*\*n'�RW*aji��7\toqc��yUkfh[ fhckfh�*\*¥
� ¿�	�¿ ÄÍÄ ��+ 	 � - _ ( � 
 ��� � � ���
%Y��� � � ����� �?�������� � '�
a� � ��	���c�� ���:� � ��@% ���'O���� � � � 
��� % � � ����
'�� � ��� � � ���	� � ��'�����
�� �

� ����
 ��� =�W*ajoR�\t v�y\(ajiC\�fm[�[ �\t�vf�ZAc�\ �R\to�c�w��\(W*Uts\([�\to��y¥º]N\(c0� ¥DCj¥

¦'Z½�vf�okcXUkfh´y�yckfhW*a fmaRfhckf�Z�dh\Ea'§ ZE�RW*aji+�jZvo��/§¨\ �'\(c|ok�yU�dh\²iCW*[��±W*U�c�\([�\(aPc defh[ fhc�\½�R\d�Z
iXwjZ ªfhay\��R\ HZAU �*WA�K¥C¢!fmajo9fPdb§ fhaRfhckf�Z�def�o�ZAckfhW*a+�R\#d¯§ Z�dhY*W*Ukfhc�wy[�\#YV�\(a��\(ckf� *�y\�i(Z�ayW*aRf� *�y\��j\(�yc�ª\(c�U�\
ZAUX´RfmcXU�Z�fhU�\�\(c}d¯§ W*�«�\(U�Z�ckfhW*a��R\�U�\(�yU�Wy�R�jiCckfhW*ayzboR�\Cdm\tiCcqfmWva|�±\(�yc«z/c�w��\(W*Ukf� v�y\([�\(aPc#z�ª\(c�U�\�W*[�f·oq\*n
�y�Rf�o� v�y\�d�Z+�vf�okc�Uqfm´y�ycqfmWvaHdefm[�fmcX\|U�\toqc�\(U�Z�fmajiXwjZAayYV�\(\*¥KTVZ�U»iCW*aRc�U�\*n d�Z.�yU�W*�yUkf(�\(cr�\ �/§¨\(U�Y*WyiXfhcr�\
ZN�R\to«iCWvajoP�\t v�y\(ajiC\to�iCW*ajo9f·�#�\(U�ZA´Rdh\to�ok�yUVdh\1iCW*[��±W*U�c�\([�\(aRc«ZvokpP[��yc�W*ckf� v�y\0�R\�db§¨¢1£;=0¥PT}Ur�\(z
iXf�okW*ajo��yZAajo� *�y\CdVok\(ajo�ayW*�jo!\(aPcX\(aj�RW*ajo#d�Z|iCWvaP�*\(UXY*\(ajiC\=�R\1db§¨¢1£ ¥
¦V§¨W*´y~k\tiCckfeu��/§¨�yax¢1£;=�\tokc0�R\1dhWyi(Z�def�ok\(U�db§¨\(ajok\([ ´Rdh\

fcfhgji?kmlmnpo



��< ��������� ���	� �O�
� �������� �O
 �	����

� C � GIH �4�J� ¡��/¤�J�IL-��� ��6!� > �
�R\to�[|Z��Rfh[|Z YAdhW*´jZA�R�²�R\ �	¥r¸}axYPZ�U��yZAaRc�dh\to!ayW*c�ZAcqfmWvajo��yUy�\ti±�\t�R\(aPcX\to(nP�#�\to¬fhY*ayW*ajo��jZAU

��� � GIH �H�J� ¡ � � � ¡,�k¤X¤ � � 
 � 6/�	87878 @ �
�yay\�ok�Rfhc�\��R\=�AZAUkf�ZA´Rdh\to1Z�d(�\tZ�c�WAfhU�\to�U�\(�yUy�\tok\(aRc�ZAaRc�dh\to�[�\Cfgdedh\(�yU�o»ljc�ay\to�o��yZAajo�d�Z��jW*�y�yz

d�ZAckfhW*a-��ZA�+cX\([��jo ��¥ ¢�dhW*U�o n
d¯§ ¢1£�= iCWvaP�*\(UXY*\0�v\(U�o#db§¨W*�yckfh[ �y[-YAdhW*´jZ�d o¬f'\(c0oq\(�Rdm\([�\(aPc1o¬f

�J� G � � � � ����� ��� C ��� 6O8
=�\tiXf"ayW*�jo�iCWvaj�R�Rfmc�sZ �ya�Ur�\tok�Rdhc�Z�c³ v�Rf'ubZ�fhc�\(ajiCW*U�\ iCW*�Rdh\(U0´±\tZA�jiCW*�y�H�/§¨\(ajiCU�\

� 2=�� ¿�	SJ�±�½� - _ 5 ���O
 � ��� � � ���
%@
  �;� ���
	 � 	 ��� ��� ���'���%	� �O� � � ���� ��� � L �º�<�	6: � 
���
� ���
	 �
	 � ����� �� '�� ��
 ���������� ��� L�¡9�<�	6A¤�� �	�M
��� ��������
%�������:� � � �����m��� �O���	� ���$�� %p�O ���	� � � ��� �
�	��� � � 
 �m� ��� ��
 � � ���
	 ��� �

� ����
 ��� �*WAfhcV�ya �\(cCZAc���L � c�\Cd  v�y\ GIH �4�J� ¡��/¤�J��L-���<�	6!� > �
� � C �«\(c d�Z��yU�W*´jZA´Rfedefhcy�\
� 	 �  v�y\1db§¨¢1£7okWAfhc�sZNdb§k�\(c�ZAc��#ZA�+c�\([��jo �0¥���a²Z�iXd�Z�fhU�\([�\(aRctn

� ����� ���� C �  � 	 ��� � ����� ��� C � � 6A� � 	 �
µ §ºZA�yUts\to1dh\Hc�w��\(W*Uts\([�\|�y¥º]yn d·Z �yU�W*´jZ�´Rfgdefhcy�\¹ v�y\+db§¨¢,£ oqWAfhc²sZHdb§k�\(c�ZAc2� iCW*aR�*\(U�Y*\+�*\(UCo

� 	 � � �y¥±TVZAU�iCW*ajoR�\t v�y\(aRccR
�J� G � � � � ��� � ���<C@� � 6A� � 	 � � 6�8

µ1ZAajo/d�Z��yU�Z�ckf� *�y\*nAayW*�jo	ay\!ayW*�jo"iCWvaRu W*UX[�\(U�W*ajo	�jZ*o	okc�Uqf·iCcX\([�\(aPc�Z���[�Wr�/s\Cdm\�Z�d(�\tZAc�WAfhU�\
�R\�d�Z oR�\Cdh\tiCckfhW*a.�yU�W*�±W*U�ckfhW*ayay\Cdedh\*Åy�y�Rf�o� v�y\1d�ZN[�\Cfededm\(�yUX\�okWAdh�yckfhW*a.W*´yc�\(aR�y\�sZ=�yay\��\(cCZA�j\0�R\
db§¨¢1£;=�\tokcxYRZAU��#�\(\��jW*�yUdb§9�\(c�Z��j\Eok�Rfh��ZAaRc�\*¥�¢!fhajo¬fbn�d�Z okWAdh�yckfhW*a�YAdhW*´jZ�dm\ \tokc.u WvU�iC\([�\(aRc
�vf�o¬fhcr�\(\xZA�yUts\to1�ya�ayWv[�´yUX\�ljaRfbn�iC\(U�cX\to=cXU s\toH�\Cdh\(���\*n"�R\+c�UCZAajo¬fhckfhW*ajo(¥ =�\(c�cX\|c�\tiXwyaRf� *�y\+\toqc
ZA�y�±\CdÑ�\�iCWv�yU�ZA[�[�\(aRcd��	� ����� � ��� �76A�*nc6	>�<�>! b¥

� � 5�&!$ 
'&�
	���1� 5����À��� )& ��&6�'��$��.��«�/�!�0
'&�
	���,���!� ���(��5.���!��� �

� ��� 	�
�������������
µ1ZAajo�iC\(c�c�\��jZAU�ckfh\*nVayWv�jo�\C�y�RdhWAfhc�W*ajo�d·Z okW*�y�Rdh\to�oq\¹�R\to�¢1£�n��#�\tiCUkfhc�o��yZAajo�dh\x�jZAUCZAz

Y*UCZA�ywy\=�yUy�\tij�\t�R\(aRctn*�±W*�yU1���\(�*\CdhW*�y�±\(U0�R\=ayW*�y�v\tZA�R�Z�dmYvW*Ukfhc�wy[�\to��R\toqckfha«�\to sZNd�Z U�\(�yUy�\tok\(ayz
c�Z�ckfhW*a�\(�jiXdef��vfm\(aya±\��/§¨�yay\![|ZAc�Ukf�iC\1�R\��yU�W��Rfm[�fmcy�\to(¥�=�\!�yU�W*´Rd¯s\([�\!\tokc�[|Z�c�w«�\([|Z�ckf� *�y\([�\(aRc

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# �O>

U�\(�yUy�\tok\(aRcy�\(\#z/fhaj���\(�±\(aj�yZA[�[�\(aRc«�R\toVZA�y�yUXWriXwy\to�¡9oqWAdh�yckfhW*a|iXd�Z*o�o¬f� v�y\*n*[�W�fmaj�RUX\to�i(ZAU�Uy�\to W*�
[|Z��Pfh[ �y[ �R\1�RU�Z�f�ok\([ ´Rd�ZAajiC\A¤«zV�jZ�U�db§k�\t *�jZ�ckfhW*a.u Wvaj�yZA[�\(aRc�Z�dh\=�R\�db§¨W*�yckfh[ f�o�ZAcqfmWva+aP�y[��\(z
Ukf� v�y\�o�Z�ajo�iCW*aRc�U�Z�fhaRc�\1\(a²�vfh[�\(ajo¬fhW*a�ljaRfh\ � ��<Rnc6�>*�1C  � CP�Rnc6�>�< 6  �º��>Rnc6	>�<1C/ 

� � � G ��� �J� ¡��/¤  �IL	B � �
W s�%�7���\to¬fhY*ay\�d�Z u{W*ajiCckfhW*a�iCW	ª�ycxZ*�RWv�ycr�\(\�\(c 
 d�Z��vfm[�\(ajo¬fhW*a%�R\¹d·Z iCW*aRljY*�yU�Z�ckfhW*a

U�\tiXwy\(U�iXw«�\(\*¥
	Vfh\(ax v�y\�dh\to�iCUkfhcts\(UX\to(n �ºiXu�¥Rc�ZA´Rdh\Y6  bnP�#�\(�j\(aj�R\(aRc0�R\to�[��\(c�wyWy�R\to(n*ayW*�jo#ayW*�jo³\ � WvU�°iCW*ajo

sZ �yU�Wv�jWPok\(U+�R\to.�yU�Wyij�\t�R�yU�\to.�AZ�def��R\to(n��±W*�yU+c�W*�yc�\to�dh\to.u{W*ajiCckfhW*ajo.iCW"ª�yctn�´jZ*oR�\(\to.ok�yU�dh\to
¢!dhY*W*Ukfhc�wy[�\to!YV�\(a«�\(ckf� v�y\to(¥

� ��	� � ��'O� � �� %	��� �O$%m� 
 �
� W*U�Y*\(U�oqW*ayzk£0WA©�\(U ���*¡E* � � � � ¤ �
¡«T =�¢�Wv�+¢ P ��µ�¤
��U��jo �AZ�dhz �*wy\(�jZAU�� � 	��&� ¡ ª�
	�� � � 	��t¡� ¤�¤ �
¦/\(\(�R©�z V!\Cf·oq\(U � 	��&� ¡,�
	�� � � 	��t¡� ¤�¤ �
�	Z ��ZAay\(z��VWv�yayY � 	��&� ¡,� �	�� � � �	�� ¡� ¤�¤ �
��ZA[.o�Z�p � 	�� � ¡ � � & �
	���� � � &��/	��(¡� ¤�¤ �
����� ��61z
	 
 �	� �	
 � � %	�p���������� � 
 ������� ���� � �� �"!$#

¦'Z c�ZA´Rdh\961\tokc0iCW*ajoqc�U��Rfhc�\|sZ �jZAUXckfhU0�R\to0Z�U�ckf�iXdh\to �76�]Pn 6�>O<*�! bn � ]R��nc6	>�>*�! ±\(c � >yn 6�>�>EC/ /\(c
�RW*ayay\.�ya½ZA�±\(U�°iC�½�R\to»u W*ajiCcqfmWvajo=iCW	ª�yc1\C�Rf�okc�ZAaRc�\to=�yZ�ajo�d�Z.defhc�cy�\(U�ZAc��yU�\��R\ d�Z ²µ��j¥'¸ dedm\
�yckfedef�ok\Ndh\to�ayW*cCZAckfhW*ajo�ok�Rfh�AZAaPcX\to R

�
	�� �vf�o�o9fm[�fgd�ZAUqfmcy�\ \(aPcXU�\�dh\to�W*´ ~9\(c�o �}\(c �/n
� iCW*aRljY*�yU�ZAcqfmWva²�yZAajo��ya�\tok�jZ*iC\=�R\ �vfm[�\(ajo¬fhW*a 
/n
� 	�� �vf�okc�ZAajiC\N\(aPcXU�\�dh\to�W*´ ~9\(c�o �}\(c �|�yZAajo ��n
* [|ZAc�Uqf·iC\ �vfhc�\��R\ � W*U�Y*\(UCokW*a'n
ª� c�U�ZAajo¬u{W*U�[.ZAckfhW*a.[�W*ayW*c�Wvay\=iCU�WAf�o�o�ZAaRc�\1W*�ycqfm[.Z�dh\=�R\+� R '�� � �����m� � �� � n

�:7��<;�C I "�? K>=BG g I "  G8K�C& L,;>= ? CM= g��� É·Ð�Ì(Ë � Ê ��� É

fcfhgji?kmlmnpo



]*� ��������� ���	� �O�
� �������� �O
 �	����

\ � � TVUkfhajiXfh�jZ�d =�WPWvU��vfhajZAc�\1¢�ajZ�dhpro¬f�o(¥

� W*�jo�iCW*ajo9f·�#�\(U�W*ajo��R\(�R� �vfhU�\tiCcqfmWvajo|�yZAajo�d·Z¹�yUr�\tok\(aRc�ZAcqfmWva �R\to�Uy�\toq�RdmcCZAc�o(¥	¦'ZH�yU�\([ fbs\(U�\
\tokc iCW*aRu{W*U�[�\xsZ�d�Z+�vf�o¬fhW*a½iXd�Z*o�o¬f� v�y\ �R\�d·Z Hµ��²¡0T =�¢ W*�H¢ P �!µ�¤�W's�Hd�ZxokWAdh�yckfhW*a ok\
c�UXW*�y�*\����\CljaRf��jZAU1�R\to�ubZ*iCc�\(�yUCo�W*U�c�wyW*YvW*ajZA�R�1� � )��	87878 � � �  �RW*aRc=iXwjZ*iC�yaE�j\(�yc+ª\(c�UX\�fmaRc�\(U�z
�yU�\(cy�\0iCW*[�[�\��yay\�u{W*ajiCckfhW*a+ok�yUVdb§¨\(ajok\([ ´Rdh\=�R\to�okW*[�[�\(c�o��R�.aP�jZ�Y*\0ZA�j v�y\Cd/fgd/\tokc�U�\Cd�ZAckfeu�¥
¦'Z.�R\(�R�Rf¯s\([�\��vfhU�\tiCcqfmWvax�yUy�\tok\(aPcX\=�vfmUX\tiCc�\([�\(aRc�d�Z�iCW*aRljYv�yU�ZAckfhW*af·oXok�y\��R\,d¯§ W*�yckfh[ f�o�ZAckfhW*a
�R\to#u{W*ajiCckfhW*ajo!iCW"ª�yct¥R¢�fhajo¬f d¯§ fmaj�vfh�vf��R�¹�R\1¢,£�\tokc��vfmUX\tiCc�\([�\(aRc�defÑ�\|sZ,d·Z�ajZAc��yU�\�[|ZAc�w��\([|ZAz
ckf� v�y\��R\,d¯§ W*´y~k\(c�U�\tiXwy\(U�i�w��\jRRdh\to�iCW*aRljY*�yU�Z�ckfhW*ajo0oq�jZAckf�Z�dh\to0�R\1�±WAfhaPcCo(¥

�PZAajo|�vf�okcqfmayYv�y\(UxUkfhY*W*�yUX\(�jok\([�\(aRcxiC\to|�R\(�R���vfmUX\tiCckfhW*ajo(n�ayW*�jo.W*UXYPZAaRf�okW*ajo.iC\x�jZAUCZAz
Y*UCZA�ywy\ iCWv[�[�\|ok�Rfhct¥ � W*�jo=iCWv[�[�\(a"°iCW*ajoN�jZAU ���\tiCUkfhU�\|Z��½�jZAUCZAY*U�ZA�ywy\.]y¥º��dh\�ljcXay\to�oN\(c
db§¨\tok�jZviC\0�R\�U�\tiXwy\(U�iXwy\³�R\�ayWPoVZ�dmYvW*Ukfhc�[�\to(¥�=�§¨\tokcVZA� �jZAU�ZAY*UCZA�ywy\«]y¥ ]0 v�y\�ayW*�jo	�yUy�\tok\(aRc�W*ajo
ayW*cXU�\�iCWy�yZAY*\= v�Rf}Z��ya²i(ZAU�ZviCc s\(U�\�c�Uts\to�okpPaRc�w��\(ckf� *�y\1\(c�YV�\(Wv[ �\(c�Uqf· v�y\*¥P¦ \to�W*���\(U�ZAc�\(�yUCo«�R\
iCU�W�f·oq\([�\(aPc.\(c|�R\�[��ycCZAckfhW*a�Z*�yZA�ycy�\to+sZHayWPoNfhaj�vfh�vf·�R�jo�okW*aRc�\(ajok�Rfhc�\��yUr�\tok\(aRcy�\to�Z����jZAz
U�Z�Y*U�ZA�ywy\x]y¥ Cj¥�¦/\��jZAU�ZAY*UCZA�ywy\x]y¥º�H\toqc�Uy�\toq\(U����\¹sZ²d·Z �R\to�iCUkfh�yckfhW*a��R\to.Z�dhY*W*Ukfhc�wy[�\to� *�y\
ayW*�jo#�yU�Wv�jWPokWvajo(¥ � W*�joV[�W*aPcXU�\(U�W*ajoVZA���jZAU�ZAY*UCZA�ywy\0]y¥º�1iCWv[�[�\(aRc«Z*i(i±�\CdÑ�\(U�\(UVayWPo}¢1£ �jZ�U
wRpP´yUqf·�yZ�ckfhW*aH\(a²iCW*[ ´RfhajZAaRc�sZ�iC\(�R�yzbiXf	dm\to�Z�dhY*W*UqfmcXwy[�\to0iXd�Z*oXo¬f� *�y\to1�/§¨Wv�yckfh[ f�o�ZAckfhW*a'¥ � Wv�jo
c�\(UX[ fhayW*ajo��jZAU�d�Z.�yUy�\tok\(aPcCZAckfhW*a+�R\=d�Z�u WvajiCckfhW*a²�vfhc�\��R\=�jZ�U�c�ZAY*\1z � � ���p�� �Nz� *�RfV�j\(U�[�\(c
�/§ºZ��*W�fmU!�ya+\(ajok\([ ´Rdm\��R\=okW�dm�ycqfmWvajo0�yZAajo³dh\�i(Z*o!�R\to#ljc�ay\to�o![ �Rdmcqfm[�Wr�yZA�R�'¥
� W*�jo�a'§ ZA´jW*UC�R\(U�W*ajo!aRfVdm\to�[��\(c�wyWy�R\to0�R\�iCWAdedh\tiCc�\+�R\Nd¯§ fmaRu{W*U�[.ZAckfhW*aEiCW*aj�R�Rf�o�ZAaRc|sZ�d�Z

iCW*ajoqc�U��jiCckfhW*a��R\to [.ZAc�Ukf�iC\to �R\+�yU�W��Pfh[ fhcy�\to.n"aRf�db§k�\(c��j�R\ �R��i(Z�U�Z*iCcts\(U�\�\(�jiXdef��vfm\(aÀ�R\xiC\to
[|Z�c�Ukf�iC\to � ]�>Rn 6	>�>*]! b¥

� � � �D143 8� � � � 3 � ����<;�� 	� 
 � ; 5 � 
 ; 5 �
� W*�jo.ok�y�y�±WPokW*ajo�d�Z �RW*aya«�\(\H�/§¨�yay\�u W*ajiCcqfmWva iCW	ª�yc.�jWPo9fmcqfm�v\*n=sZE[ fhaRfh[ f�ok\(UtnA�À v�y\Cdmz

iCW*aj v�y\ � iXuq¥ �	ZA´Rdh\Z6  b¥
�Af ayWv�jo�ayWvc�W*ajo#�jZAU��6�ya.fhaj�vfm�vf��R�E�R\�db§¨¢1£ nvdm\�ljcXay\to�o(ny *�jZ�aPckfhcy�\��jWRo¬fhckfh�*\ ¡�iXuq¥ 3���¤�n

\tokc��RW*aya«�\(\*ny�jZ�U

��@	 � �A�'¡��2	b¤ ) GIH � )�� 	 � � �J� ¡�2	{¤��A)��
W's��� \tokc0�yay\ iCW*ajokc�Z�aPc�\N�jWPo9fmcqfm�v\�cXU s\to#�j\(cqfmcX\*¥K¦V§ ZA~kW*�yc0�R\�iC\(cXc�\�iCW*ajoqc�ZAaRc�\1�j\(U�[�\(c»�/§ºZ�c�z
c�Uqfm´y�y\(U��yay\=�yUXW*´jZA´Rfedefmcy�\��R\ oR�\Cdh\tiCckfhW*a+ayWvaxaR�Rdgdh\+sZNdb§ fhaj�vfm�vf��R�Edh\N�Rdm�jo³ubZ�fh´Rdm\*¥
¦V§¨\tok�jZ*iC\��R\#U�\ti�wy\(UCi�wy\*n*�/§¨�yaN¢1£�iXd�Z*o�o¬f� v�y\*n*�yZAajo	�ya=�yU�Wv´Rd¯s\([�\��/§¨W*�yckfh[ f�o�Z�ckfhW*a��/§¨�yay\

u{W*ajiCckfhW*aH�R\+����ZAUqf·Z�´Rdm\to�\toqc��yay\=´±W*�Rdh\=wRpP�±\(U�iC�y´Rf� *�y\$� H ) � � )  � 87878
�0� H � � � �! "�R\FB � ¥ =�\
 v�Rf ok�y�y�±WPok\1z	�jW*�yU��yay\1´±W*ayay\=\C�+i(Z*iXfhcr�\�aP�y[��\(Ukf� v�y\0zV�yay\�f��R\(aRckfelKi(ZAckfhW*a²ZN�yUkfhW*Uqf �R\�d�Z
¶(W*ay\�okW�dm�ycqfmWva'¥*TVZAU Z�fgdedh\(�yU�o(nAayWvc�U�\��yUXW*´Rd¯s\([�\��jWRo�o(s\t�R\#�ya \(ajok\([ ´Rdm\��R\«okWAdh�yckfhW*ajo}�jW*�y�AZAaRc
�#�\tiCUkfhU�\ �ya¹iRªWvay\*¥'¸Vax\ �'\(ctn/o¬f	��\tokc1�yay\�iCW*aRljY*�yUCZAckfhW*aHW*�yckfh[|Z�dh\*n±d�Z.iCW*aRljY*�yU�ZAcqfmWva �
�

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# ]S6

\tokcxZ��jo�o¬f=�yay\EiCW*aRljY*�yU�Z�ckfhW*a�W*�yckfh[|Z�dh\*¥0¸}a��/§ºZA�yc�U�\to�c�\(U�[�\to(n#d�Z u W*ajiCcqfmWva iCW	ª�ycx�R\Hd�Z
Hµ��0\toqc/fhaP�AZAUkf�ZAaRc�\��jZAU c�W*�yc�\Vc�UCZAajo¬u{W*U�[|ZAcqfmWva1wyW*[�W*c�w��\(ckf� *�y\�¥E=�\(c�c�\	fhaR��ZAUkf�ZAajiC\�o(§k�\(c�\(aj�
�/§ºZ�fgdedh\(�yU�o�sZ cXW*�yc�\to#dh\to!c�U�ZAajo¬u{W*U�[.ZAckfhW*ajo�Z��y�jZAU�c�\(ajZAaRc0ZA�+YvU�W*�y�j\=�R\to�o¬fh[ fedefhc��j�R\to � ¥
µ1ZAajoViC\to�iCW*aj�vfhckfhW*ajo nP�yay\!´jW*�Rdh\1�R\�db§¨\tok�jZ*iC\0�R\!U�\(�yUy�\toq\(aPc�Z�ckfhW*a z"�R\0�vfh[�\(ajo¬fhW*a+�R\(�R�

W*��c�U�WAf�o	z'[ �yaRfh\»�/§ �yay\0ok�y´K�vfh�vf�o¬fhW*ax�vf�o�iCUts\(cX\�\tokc�ok�R� oXZAaPcX\³iCWv[�[�\�\tok�jZviC\0�R\�U�\tiXwy\(U�iXwy\*¥
¢!fhajo¬fbn'ayW*�jo1iCW*ajo9f·�#�\(U�W*ajo!�jW*�yU1\toq�jZ*iC\��R\�UX\ti�wy\(U�iXwy\*n'�yZAajo!dh\�i(Z*o1�/§¨�yay\ U�\(�yUy�\tok\(aRc�ZAckfhW*a
�Rd�ZAajZ�fhU�\*n±�ya²i(Z�U�Uy�\1�R\�iRªWvcr�\+�\(YPZ�d«sZNdb§¨�yaRfhcy�\*¥

� ��� � � � 
����� � 8 3 � 321 /08 ; 5
 / �%/ �K/ � 1�: ����$; / 	�� . � 	�� � 1 8 	 1 � 1 	� �
=Vd�Z*o�o¬f� v�y\([�\(aPc!�jW*�yU#db§¨\([��RdhWAf �/§ �ya+¢1£ \(a+Wv�yckfh[ f�o�ZAckfhW*a'nRdh\1i�wyUXW*[�WPokWv[�\0\toqc³�vfhU�\tiCz

c�\([�\(aPc}d·ZNiCW*aji(ZAcy�\(ajZAckfhW*a �R\to�iCWy�R\to�´RfhajZ�fhU�\to��R\to#iCW*[��jWRo�ZAaRc�\toV�R���*\tiCc�\(�yUVUX\(�yUr�\tok\(aRc�ZAaRc
�ya+�±WAfhaPc0�R\�db§¨\toq�jZ*iC\��R\1U�\tiXwy\(U�iXwy\*¥yµ1ZAajo#ayW*c�U�\��yU�W*´Rdbs\([�\*ny�yay\=okWAdh�yckfhW*ax�R\�d�Z Hµ�� W*�
�R\Ndb§¨¢:P ��µ7�yZAajo!�yax\tok�jZ*iC\ �R\��vfh[�\(ajo¬fhW*a 
 � �H\tokc��yay\=[|Z�c�Ukf�iC\+� � 
�� �R\�Uy�\(\Cd�o(n
�R\,d·Z�u W*UX[�\=ok�Rfh��ZAaRc�\�R

� �
��
�
� ) ) � ) �¥¥¥
� � ) � � �

���
	

¢�fhajo¬fbnR�yay\1�jW*�y�Rd�ZAcqfmWva �R\1okWAdh�yckfhW*ajo��yZAajo}db§¨\tok�jZ*iC\1�R\�U�\ti�wy\(UCi�wy\�\tokc��ya.\(ajok\([ ´Rdh\»�R\
[|Z�c�Ukf�iC\to1Uy�\(\Cdedm\to �7¡E� � 
±¤�¥ � W*�jo1Zv�RW*�yc�W*ajo,�ya½iCWr�R\.�vfmUX\tiCc�\([�\(aRc=def(�\.Z�d·Z[|ZAc�Uqf·iC\�\(c
�RW*aya��\*ny�jWv�yU�db§ fhaj�vfm�vf��R� �XnR�jZAU�dh\=�*\tiCcX\(�yU�Uy�\(\Cd"�R\Nc�Z�fededm\5� � 


�2	 ��
?� 	 ) ) ��87878 �?� 	 ) � �?� 	 � ) �	87878 � � 	 � � ��878780878787878�8 � � 	� ) ��80878 �?� 	� ��
W s�.dh\toF� 	 � � okWvaPc0�R\to³Ur�\(\Cd�o�\(c�dh\ okW*�jokz{\(ajok\([ ´Rdh\ � 	� ) �	87878 � � 	� � iCW*U�UX\tok�jW*aj��ZA�R�xiCWPW*UC�RW*ayza��\(\to��R\1d�Z�~kzqs\([�\1\(aRckfhcy�\0c�UCZ�fhcr�\(\*¥
¦V§ fhaPcy�\(UAª\(c'[|ZA~k\(�yUtn(�jZ�UVU�ZA�y�jWvU�c Z���iCWy�yZAY*\#´RfhajZ�fhU�\*nP�R\�iC\�ckpP�±\³�R\�iCWy�yZAY*\�Uy�\to¬f��R\³�yZ�ajo

o�ZHi(ZA�jZviXfmcy�\�Uy�\t�R�jiCc�Ukf�iC\x�R\�d·ZHiCW*[��Rdm\C�Rfhcy�\*¥V¸}a½\ �'\(ctn dm\x�#�\tiCWr�yZ�Y*\�z��jW*U�cy�\|�vfhU�\tiCc�\([�\(aPc
ok�yU�dm\to�fmaj�vf�iC\to.z1\tokc� v�jZ*o¬fhzÍfh[�[��\t�vf·Z�c�\(c�ay\+a��\tiC\toXo¬fhc�\ Z��jiC�yay\([�\(aPc.�yay\+W*���\(U�ZAckfhW*a½�R\
iCWy�yZAY*\ ���#�\tiCWr�yZ�Y*\=ok\([ ´Rd�ZA´Rdh\sZ iC\Cdedh\� *�y\NayW*�jo�Z��*W*ajo��yUy�\tok\(aRcy�\(\�ZA�+�jZAU�ZAYvU�ZA�ywy\=�y¥º] ¥DCj¥
� W*�jo,U�\tokc�UX\CfmYvayW*ajo(n"�yZ�ajo1d�ZHok�Rfhc�\+�R\�db§ºZ�U�ckf�iXdh\*n"ayWRo=ZAajZ�dhpyok\to ok�yU=�ya \tok�jZ*iC\+�R\+�vfmz

[�\(ajo9fmWva²�ynjiC\= v�Rf"a'§ºZ�dmcts\(U�\1\(a+Ukfh\(ad·Z��j\(UCok�Rf�i(Z*iXfhcr�\ �R\=ayWPo�Uy�\tok�Rdhc�ZAcCo(¥

� ��� � 
 / 1 � ��� �98 3 � 3�� � 3 � 321 /08
¸Vc�ZAaRc0�RW*aya��\��R\(�R�EiCW*aRljY*�yU�ZAcqfmWvajo0iCWy���\(\to � ) �7¡�� )) ��87808 �?� )� � ¤«\(c�� � �7¡�� �) ��87808 �?� �� � ¤�ya|iCUXWAf�ok\([�\(aRc�iXd·Zvo�o¬f� *�y\*nR *�y\�ayW*�joVZ��y�j\CdhW*ajoV�jZ�U	d·Z1oq�RfmcX\ %	����� � � ���	�� � � � 	 ��� �yU�Wr�R�Rfhc��R\to
n 7 f G
K�C K>=BG g �/OJN� �$LEKJ;>=BL��/KJ;�C g O>D C K>=BG g � ��G  �G
K���$LEK>=BL

fcfhgji?kmlmnpo



]*� ��������� ���	� �O�
� �������� �O
 �	����

ayW*�y�v\Cdgdh\to iCW*aRljY*�yUCZAckfhW*ajo=oq�Rfm�AZAaRc1dh\|�yUqfmajiXfh�±\ �\(ayW*aji±�\�ZA�E�jZ�U�ZAY*U�Z��ywy\�� ¥º�y¥76*¥±¦/\|iCU�WAf�ok\(z
[�\(aRc	�yaRfgu{W*U�[�\³iCWvU�U�\tok�±W*aj�/n(f�iXfbnKsZ³fhaPcX\(U�i�wjZ�ayY*\(U"�ya�okWv�jo'\(ajok\([ ´Rdh\�Z�dÑ�\tZAcXWAfhU�\«�R\�okW*[�[�\(c�o
�ºiXu�¥AljYv�yU�\X>  ¬nPZ�dhW*U�oV ±§¨�yay\�W*���\(UCZAckfhW*a��R\0[ �yc�Z�ckfhW*a�iCW*ajiC\(U�ajZAaRc��yay\�[Hª\([�\0iCW*aRljY*�yU�Z�ckfhW*a
iCW*UXU�\tok�jWvaj��sZx�ya��#�\(�Rd�Z*iC\([�\(aPc ® Z*�#�\t v�jZAc ® �/§ �ya okWv[�[�\(c�i�wyW�f·o9f!Z�dÑ�\tZAc�WAfhU�\([�\(aPct¥	TVZAU
\C�y\([��Rdh\*n/\(axiCW*ajo¬f��R\(U�ZAaRc!dm\to³fhaj�vfh�*f��R�jo1�jZ�U�\(aPcCo«�R\,d�ZNljY*�yU�\96�6�R

� � ¡��c6 �?�j� �?�j] � � C � �±�<� �j�<� � �*¤ ¡ Cy¤
� ¡��c6 ) � �c6 � �?�±� ) �?�±� � �?�j] ) � �j] � � � C ) �?�SC � � �j� ) �?�±� � � �j� ) �?�j� � � �/� ) �?� ���(¤ ¡9�R¤

� � ¡�� H �?� � �?� "!� ��� � �9�/� �9� � � &/¤ ¡9�R¤
� ¡�� H ) �?� H � �?� � ) �?� � � �?� " ) � � " � � ��� ) � ��� � �?� � ) �?� � � �?� � ) � �9� � � � & ) � � & � ¤ ¡��*¤

¼�a�iCU�W�f·oq\([�\(aPc��yaRfgu{W*U�[�\² v�Rf³�±W*U�c�\xoq�yU dh\to|o¬fhc�\to�z�fmaj�vf�iC\to.z=]ynLCjn#�Pnj<yn 6�6\(c 6��
�yU�Wy�R�Rfhc»�R\(�R�+fhaj�vfh�vf·�R�jo,\(aRu¯Z�aPc�o R

� � � ¡ �c6/� � � �?�±]<� ��� �?�j�&� � � � �/�*¤ ¡ <R¤
� ¡ �c6 ) �?��6 � �?� � ) � � � � � �j] ) �?�±] � � ��� ) � ��� � �?�±� ) � �j� � �?� � ) � �9� � � �/� ) �?� ���(¤ ¡ >R¤

� � � ¡ � H �?�j� �?� "!� �SC � �9� � �j�<� � &K¤ ¡m6t�R¤
� ¡ � H ) � � H � � �j� ) �?�±� � �?� " ) � � " � � � C ) �?�SC � �?�9� ) � �9� � � �j� ) � �j� � �?� & ) � � &��(¤ ¡m6�6A¤

¼�ay\=�vfe� iC�Rdhcy�\²�\([�\(U�Yv\�dhW*U�oX *�'§¨WvaxZA�y�Rdef· v�y\*n/iCW*aRu WvU�[��\([�\(aPc1sZ1d�Z cXw«�\(W*Ukfh\1�R\to�¢1£ n*dh\to
W*���\(U�ZAc�\(�yUCo� v�y\1ayW*�jo��*\(ayW*ajo��R\=�#�\tiCUkfhU�\=Z��*\ti��yay\1�yUXW*´jZA´Rfedefmcy�\�ubZ�fh´Rdm\N�jW*�yU³d·Z�[��ycCZAckfhW*a'¥
¦/\Hi(ZA�Rfhc�Z�d0YV�\(a��\(cqf· v�y\+z�db§¨\(ajok\([ ´Rdh\E�R\to�iCW*[��±WPo�ZAaRc�\to��R\�c�W*�joNdh\to��*\tiCc�\(�yU�o z=�R\to.�vfeu z
u��\(U�\(aRc�\to,Y �\(a��\(U�ZAckfhW*ajo!U�\tokc�\.�yU�ZAcqf· v�y\([�\(aRc1fhajiXwjZAayYV�\.\(c��vf ��s\(UX\�c�Uts\to��j\(���R\ iC\Cdh�Rf»�R\�d�Z
�±W*�y�Rd�ZAckfhW*a fmaRfhckf�Z�dh\*¥ =#\tiXf«o(§¨\C�y�Rdgf� v�y\+�jZAU�dh\ ubZ�fhc� v�y\ dh\|iCU�WAf�ok\([�\(aRc�Z�ljajZ�dm\([�\(aPc �jWv�yU
o¬fh[��Rdh\1U*ªW�dm\��R\»iXwjZAayY*\(U}dm\to}fhaj�vf�iC\to��R\to�iCW*[��±WPo�ZAaRc�\to(¥*¼!ay\0�yUX\([ f¯s\(U�\�f��#�\(\0ZH�\(cr�\��/§¨\(aji�w��\(z
UkfhU#d�Z1�yU�Wv´jZA´Rfedgfhcy�\»�R\![��ycCZAckfhW*a��±W*�yU�[|Z�fmaRc�\(aRfhU��ya|�vfh�*\(U�o¬fhcy�\»oq�R� o�ZAaRcV\(c«Z�fhajo¬f/�yUy�\toq\(U��*\(U
db§ºZA[��\CdefhW*U�ZAckfhW*a'¥ HZ�f�o	dh\to#c�U�Z��AZA�R� �R\1µ�\0�AW*ayY��#�\([�W*aPcXU�\�iXd·Z�fmUX\([�\(aPc� *�y\1iC\(c�c�\�[��\(c�wyWy�R\
ay\HiCW*ajokckfhc��y\��jZ*o d�ZH�jZ�ajZ*ij�\(\*¥�¼!ay\²Z��yY*[�\(aRc�ZAckfhW*a fhajiCW*aRc�U*ªWAd(�\(\x�R��c�ZA�R���R\x[ �yc�Z�ckfhW*a
�±\(�yc»�#�\(Y*U�Z*�R\(U}d·Z��j\(Uqu W*UX[|ZAajiC\1�R\1db§ºZ�dhY*W*UqfmcXwy[�\1YV�\(a��\(ckf� *�y\*¥ � Wv�jo�Z��*W*ajo��RW*aji!fhaPcXU�Wr�R�Rfhc
�ya+ayW*�y�v\tZA�|Wv�«�\(U�ZAcX\(�yU«�vfhc0�R\ %������ � � ���� �M����%m���  v�Rf"ZAYAfhc#dmWyi(Z�dh\([�\(aRc0ok�yU0�R\to�iCW*�y�Rdh\to��R\
iCW*[��jWPo�Z�aPc�\to �R\to��R\(�R� fhaj�vfh�*f��R�joEsZHiCU�WAf�ok\(Ut¥ =�\+iCU�WAf�ok\([�\(aPc�YV�\(a��\(UCZAc�Ukf�iC\|�R\.ayW*�y�*\Cdedh\to
iCW*[��jWPo�Z�aPc�\to!ok\�~9�joqckfelj\=�jZAU�dh\NUr�\tok�Rdhc�Z�c³oq�Rfm�AZAaRc�R
� 2=�� ¿�	SJ�±�½� G _ ( �p\ 	�¿ H 	1+A�� Á"��²��� 	 Äh�EÃ ¿�� � /j� �L+ * ��+ 	 � �Q# �������� � ) ��� � � 'O��
�	��  '����	� 
'�
 � 	 �  ��� ��� � ' 
 
� � � � # � � �) ��� � �� � �� ��'���
�	"�� '�� ���>'�
 � � 	 ���� 
 � � ���Y
� %������ � � � �	����
�� ��� 
 � �����2'�� � ) �	� � � � � 
 �� � �O� ��� �� � 
����	�������� � � � ����m� � ��p�

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# ]v]

Parent 1 Parent 2

Enfant 2Enfant 1

x 1

x 2

x 7

x 3

x 4

x 6

x 5

x b

x c

x g 

x f

x ex d

x a

x 1

x 5

x7

x 3

x b

x d

x f

x a

x c

x e

x g

x 2

x 4

x 6

x 4

��� � � > z � ����� � � ���� � '��2'��	

	 %m�� � � 
����������� � � ������O� ��� �

� �) ) � �� � � ) ) � �
� �'�
 ��
 ����� � �����	��� � � ��� � � � ���2'�� � �	�� ���� � � �p� 
 � '�
 
��%	� �O� � � ���� � ��
�� ��� 
 � ����� � � � ����
 
� ��
�� � �� � �O� �d��9��� � � � ���2'�� � � ������ � � �
TVZAU�\C�r\([��Rdh\*n/o¬f"ayW*�jo!iCW*ajo¬f����\(U�Wvajo0�R\(�R�xi�wyUXW*[�WPokWv[�\to�� ) \(c � �

� ) � 6t� 6�6�6��*�*� 6t�S6t� 6
� � �`�*� 6t� 6��*� 6t�*�S6�6�6

fcfhgji?kmlmnpo



]1C ��������� ���	� �O�
� �������� �O
 �	����

¼�axiCU�W�f·oq\([�\(aPc�[ �Rdhckfhzbo¬fhc�\�¡9] ne�Pn76t��¤«�RW*ayay\

� �) �`�*� 6�6�6��*� 6t�*�S6t� 6
� �
�
� 6t� 6t� 6��*�*� 6t�S6�6�6

\(c�ayW*�jo�Z��*W*ajo³´Rfm\(a

� ) ) � � � � �) ) � �� � 6�6O6t�*�*�*�S6�6�6�6t�v�
��\Cd�ZAckfh�*\([�\(aRc²sZE�R\(�R� fhaj�vfm�vf��R�jo�� ) \(c � � dh\xiCU�WAf�ok\([�\(aPc dhWyi(Z�d»o(§ \ � \tiCcX�y\ iCW*[�[�\ok�Rfhc�R
W*a|iXwyWAf�o¬fhc«Z�d(�\tZ�c�WAfhU�\([�\(aRctn*�yZAajo d¯§ \tok�yUkfhc«�R\to}¢1£�nA\(aR�*fhU�Wva �*�����R\to�iCW*�y�Rdh\to#zV¡�� )	 � � �	 ¤

z��R\ iCW*[��jWRo�ZAaRc�\to��/§¨�ya²iCW*�y�Rdh\ �/§ fhaj�vfm�vf��R�jo��jZAU�\(aRc�o�ckfhUy�\»Z��+wjZ*o�ZAU��.�jZ�U�[ f/dh\to��Rdh�jo![|Z�d
iXd�Z*o�oR�\to��yZ�ajo	db§¨W*U��RUX\0�R\��j\(Uqu W*UX[|ZAajiC\�z'ckpP�Rf� v�y\([�\(aPc��*����z�¥R¦V§¨�yay\1�R\to�iCW*[��±WPo�ZAaRc�\to(n2� )	
�jZAU�\C�y\([��Rdh\*nj�R�xiCW*�y�Rdh\�Z�fmajo9f oR�\Cdh\tiCckfhW*aya��\�\tokc�U�\([��Rd�Z*i±�\(\0�jZ�U«�ya+Uy�\(\Cd*� � ) cqfmUy�\0ZA�.wjZ*o�Z�U���yZAajo �ºZyn ´< KW's�

H � GIH �/¡�� )	 �?� �	 ¤�� G � �'¡ � )	 �?� �	 ¤
� � G ��� ¡�� )	 ) � �	 � � � � ¤

\(c�d�Z�iCW*[��±WPo�ZAaRc�\
� �	 \toqc0ok�y´jokckfhc����\(\*njiCW*aRu{W*U�[��\([�\(aRc»sZ�]y¥06*nR�jZAUF� )	 ) � �	 � � � ) ¥
� � � �
� H � ¡p8e¤"\(c G ��� ¡p8e¤��#�\to9fmYvay\(aPc�U�\tok�±\tiCckfh�*\([�\(aRc�d�Z�´jW*U�ay\=oq�y�«�\(Ukfh\(�yU�\ �R\1db§¨\tok�jZ*iC\

Uy�\(\Cd"�R\=U�\tiXwy\(U�iXwy\*nRdh\to�u{W*ajiCckfhW*ajo![|Z��Rfh[��y[ \(c�dh\=[ fhaRfh[ �y[ �jok�y\Cdedh\to(¥
¸Va+���\CljaRfhckfh�*\1ayW*c�UX\ %	� �O� � � ���� � �vfhc ����%m��� \tokc��jWv�yU«ayWvc�U�\��yU�W*´Rd¯s\([�\*nv�yay\=Z*�yZA�yc�Z�ckfhW*a

c�Uts\to�fhaRcy�\(UX\to�o�ZAaRc�\|�R��iCU�W�f·oq\([�\(aPc [ �Rdhckfhzbo¬fhc�\xiXd�Z*o�o¬f� v�y\²ok�yU��R\to iXwyU�W*[�WPoqW*[�\to1�yUXWr�R�Rfhc�o
�jZAU�iCW*aji(ZAcy�\(ajZAckfhW*ax�R\to�iCWy�R\to�´RfhajZ�fhU�\to ¥

� ��� � � �K; 
21 � 321 /08 	�� � � ��.0/ 
214325 � ���
¦V§ºZ�dhY*W*UqfmcXwy[�\xYV�\(a«�\(ckf� v�y\ �\Cdefhckf�okc�\ � iXfhzb�R\to�okW*�jo+i(Z�d·iC�Rdh\H�yay\H[|ZAc�Uqf·iC\HokWAdh�yckfhW*a����R�

�yU�Wv´Rd¯s\([�\|�R\ d�Z.U�\(�yUy�\tok\(aRc�ZAckfhW*aEZ��.ay\��/§ �yay\�[|ZAc�Uqf·iC\.�R\|�vf�o�o¬fh[ fed�ZAUkfhcy�\*¥	¸Vc�Z�aPc=�RW*aya��\ &
�yay\Nu{W*ajiCckfhW*aEiCW"ª�yc�\(c�dh\to1�vf �'\(U�\(aPcCo��jZAUCZA[xs\(cXU�\to(nvdh\�oXi�w��\([|Z��R\ ´jZ*ok\ �R\�iC\(c=Z�dhY*W*UqfmcXwy[�\
�R\tokcqfma��\=sZ�W*�yckfh[ f�ok\(U��vfhU�\tiCc�\([�\(aPc	d�Z³u W*ajiCcqfmWva�iCW	ª�yctntok\��#�\(UXW*�Rdh\«�R\VubZj°iCW*aNUy�\tiC�yUCo¬fh�*\«iCW*[�[�\
ok�RfhcLR

� ljc�ay\to�o!W*�.u WvajiCckfhW*a²�/§k�\(��Z�dh�jZAcqfmWva'n
':7�DBL  L�= D DBL " ; = g I = �
=BI " LEOJK C " KJG  C�K>= ��" L# L g K O!$L DBL ? K>=BG g�g $L�A!G " ; D C ��$L g $LE;�C K>=BG g O " = �8C g KJL

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# ]v�

� c�Z�fededh\��R\,d·Z��jW*�y�Rd�ZAckfhW*a'n
"�� u W*ajiCcqfmWva �R\1iCU�WAf�ok\([�\(aRct¥S=�\(c�c�\#u{W*ajiCckfhW*a.�j\(�yc=ª\(c�UX\«�yay\1iCW*[��±WPoR�\(\³�R\1�vf �'\(U�\(aPcCo
ckpP�±\to��R\�iCU�W�f·oq\([�\(aPc�¥

G�� u W*ajiCcqfmWvax�R\=[ �yc�ZAckfhW*a'¥

` �� � � Á� � �
� �yU�W*´jZA´Rfedefhcy�\ �R\=iCU�WAf�ok\([�\(aRc
� �yU�W*´jZ�´Rfgdefhcy�\��R\1[ �yc�ZAckfhW*a
�½¡ ��¤ �±W*�y�Rd�ZAckfhW*a+fhaRfhckf�Z�dh\
¸V��Z�dm�y\(U�� ¡ ��¤
���� H �� Á � 	

=�wy\(UCi�wy\(U�dh\N[�\Cfedgdh\(�yU�fhaj�vfh�*f��R��� � ¡ ��¤
� ¡� � ¡ �X¤�¤ � G � � ) � 	 � � �'¡�� 	 ¡ ��¤�¤bc+�� � ¡ �X¤�\tokc ® ´jWva ® b � �Y\���	� )?6
£x�\(a��\(UX\(U ��¡ ��¤��jZAU � � � ����'�
&%������� 
 ��������8%	��� �O
� � ¡ ��¤ � "��<� ��¡ �X¤� %������ � � ���� �
� � � ¡ �X¤ � G�� � � � ¡ �X¤� ��
 ���O��� ��

bc+�� � ¡ � �?6A¤ �L � � � ¡ ��¤
�½¡ ��¤ ��¡� � ¡ ��� 6�¤8� � � � ¡ �X¤�¤

bc+ * ¿ *
�½¡ ��¤ � � � � ¡ ��¤

! � +
" �'� 4 �$# J��� 	 �� �� � ����
���� �� �

, + *

¦/\to=iCW*aRc�U�Z�fmaRc�\toN *�Rf�o(§ºZA~kW*�yc�\(aRc�sZ+iC\ o�iXw��\([.Z|�R\.´jZ*ok\��±W*�yU1d�Z��R\(�R�Pfbs\([�\ �vfhU�\tiCckfhW*a
z0 v�Rf³oq�Rfmc,d�ZxokWAdh�yckfhW*a�iXd�Z*o�o¬f� v�y\ �R\�d·Z Hµ��H¡»T =�¢�W*� ¢ P ��µ ¤�z0oqW*aPc=�/§ �yay\|�jZAUXc�dm\
iXwyWAfe�¹�R\,d·Z�u{W*ajiCckfhW*aEiCW"ª�yc �/iXuq¥±c�ZA´Rdh\96  '\(c1�/§ºZA�ycXU�\1�jZAU�ctnrd·Z+iCWvajokc�U��jiCckfhW*aH�R\to�ubZ*iCc�\(�yUCo
W*UXc�wyW*Y*W*ajZ��R� oqWAdh�yckfhW*ajoN�jZAUNd·ZH�#�\tiCW*[��jWRo¬fhckfhW*a½\(a ��Z�dm\(�yUCo�o¬fhayY*�Rdef¯s\(U�\to� v�y\�d¯§ W*a½cXU�W*�y�*\

fcfhgji?kmlmnpo



]*� ��������� ���	� �O�
� �������� �O
 �	����

�yZAajo.´±W*a�ayWv[�´yUX\²�R\�defm´yUCZ�fhUkfh\toxo�iXfh\(aRckfelK *�y\to(¥�¸Va �jZAU�ckf�iC�Rdefh\(UxayW*�jo.�±W*�y�*W*ajo.iXfhc�\(U.d�Z
defh´yU�Z�fhUkfh\|¦/¢1T±¢:= ���

` ���� * +·Á�+h¿ * G _ ( � `���rÃ ¿ � H	¿ � +·Á�+h¿ * � * ] � Äh�±� 	 ��� + * /'�'Ä +�J� 	 �r��� # ������ � � 
��� � �O���p�>%p�
'��a��������� � � � � '��a� �O � � � � H ) �	87878 � H � � ��� � ���
%�����
�� � � ���m� � � � �O�p� � �O����	� �� � '��a��� ��� 

���m�(%m� �7� � � �p� ��%	� �� � ��
�	 � �	������
�� � � � � � ��� � ��� �
���� � � � �O �$��m� � ����� ���E'�����' ��8%	����� �m� ����
� ) ��80878 � � � ��� � ) �	87878 � � � � ��� � �	�8%	����
�� � � ���m� � � � ���m� � �� ��� � �� � '��@��� � �O���p�>%p� � � � � �p� ��%	� �� �
��
�	 � � ��� � ��������
�� � � ���m� ��� � � � �2' ��
%m� � ��� � � ������a�� �������	
 � ��� �  � 
�������	� � � � #���! ) � � '�� �
� � � '���� ��p� � ��� �

� � ����	 �
�

�X�

� � � �O���p�>%p�  ¡E� � �v¤ � ��� � � ����¡ � � �v¤ � � ���� %m�� � ������
 ��	� � �����$��� � �	�8%	����
�� � H � � ��� � � �

� � � �
� � � ��
��� �������m�(%m�5'�� � � �� �����+%m�� ������O��j��� � � � ���� �$���� � ���O�����E'����5' ���%	����� �m� ���� �

µ1ZAajo,d·Z¹�*\(U�o¬fhW*a�¢:P ��µ n/dh\toNubZ*iCc�\(�yUCo�oqW*aPc��RW*aya��\toN�jZAUNd·Z � 	»µ-�R\.d�ZH[|ZAc�Uqf·iC\I�
okW�dm�ycqfmWva²�R\1db§¨Wv�yckfh[ f�o�ZAckfhW*aH�R�+ljc�ay\to�o«dgf(�\ sZNd�ZNu{W*ajiCckfhW*aHiCW"ª�yc

� ¡� ¤1� ���v¡,* �7�7� �e¤ �
� WPo1Z�dmYvW*Ukfhc�wy[�\toNi(Z�d� *���\(\to=ok�yU�dh\.[�Wr�/s\Cdh\|i(ZAayW*aRf� v�y\|�R\ZV!WAded·Z�aj�Ez�¢,£�=�z0iCW*ajoq\(U�z

�*\(aRctnR[|Z�dhY*Uy�\�ayW*c�U�\=Z*�yZ��yc�ZAckfhW*a'nvdb§ fhajiCW*aR���\(aRfm\(aRc��yUkfhajiXfh�jZ�d��R\to1£�¢»o� v�Rf"\tokc#dh\=c�\([��jo«�R\
iCW*aR�*\(U�Yv\(ajiC\*¥'µ1ZAajo0iC\� v�Rf}oq�RfmcNayW*�jo!�yU�W*�jWRokW*ajo��yay\ �ywjZ*ok\��/§ºZ*i(i±�\CdÑ�\(U�ZAcqfmWva+�jZAU�db§ fhaPc�UXW*z
�R�jiCckfhW*a��/§¨�yay\ �jZAU�c=�R\�ayW*�y�*\Cdedh\to1ayW*ckfhW*ajoN�R\|iCU�WAf�ok\([�\(aPc1\(c=�/§ºZ��yc�U�\ �jZAU�c=�/§¨�yaHayW*�y�v\Cd
W*���\(U�ZAc�\(�yU� v�y\0ayWv�jo�ZA�y�j\CdhW*ajo '�� � %m�� ��� ¥�=#\(c�W*���\(UCZAc�\(�yU«o § fhajok�RfhU�\��vfhU�\tiCc�\([�\(aPc0�R\to³[ �\(z
c�wyWy�R\to��R\=�R\to�iC\(aPcX\��/§¨W*�ycqfm[�f·oXZAckfhW*ax�joq�y\Cdgdh\to(¥

� ��
 �� � 
 1 	� 321 / 8 	�� 8�/ � -�

¼�a�¢!dhY*W*Ukfhc�wy[�\+YV�\(a��\(cqf· v�y\.wPpR´yUkf��R\²�#�\to¬fhY*ay\+�ya�¢1£ �ycqfgdef�o�ZAaRc|�R\to.Z�dhY*W*Ukfhc�wy[�\to��R\
U�\tiXwy\(U�iXwy\1dhWyi(Z�dh\�iCWv[�[�\=Wv�«�\(U�ZAcX\(�yU�o(¥*¢!fhajo¬fbn�sZ �jZAU�cqfmU��/§¨�ya+fhaj�vfh�*f��R��� \(c��ya��*WAf�o¬fhajZAY*\
� ¡� ¤��R\ ��n�iC\to�W*���\(U�ZAc�\(�yU�o�u W*�yUXaRf·oXok\(aPc.c�W*�A~kW*�yU�o��ya�fhaj�vfh�*f��R�7�R\¹ v�jZ�defhcy�\HZA��[�WAfhajo
�\(YPZ�dh\xsZ|iC\Cdedh\ �R\ ��¥ =�\(cXc�\NdmWvYAf� *�y\| v�RfVay\�o § fhajo�iCUkfhc=�jZ*o��yZAajo!db§¨W*´ ~9\tiCckfeu��R\to�W*�«�\(U�Z�c�\(�yU�o
�R\+iCU�WAf�ok\([�\(aRc=\(c �R\�[ �yc�ZAckfhW*a iXd·Zvo�o¬f� *�y\to ok\.c�U�Zv�R�RfmcN�jZAU1�yay\+Z*i(ij�\Cd(�\(UCZAckfhW*aEZA�EaRfh�*\tZA�
�:7�� C �
LE;JO>=BG g "�g =�� L,OJK $L ? ;>=BKJL�L g � G8;JKJ;�C g'npn ��� G " O � ���� ? G g O " DBKJLE; D C D = ��;�CM=B;>= L � � � $L ? ;>=BKJL $L%�:CMDBL% L g K

L g � G8;JKJ;�C g:npn �
6 o 7��
= g � " D C ;��HCED " L�� L ? G  A�G
O>=BK>=BG g

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# ]r�

�R\�d�Z�iCW*aR�*\(U�Y*\(ajiC\E�R\to.¢1£ ¥V¢0�yUts\to.Zt�vWAfhU �#�\tiCUkfhc�dh\HayW*�y�*\Cd=W*���\(U�ZAc�\(�yU.�R\¹iCUXWAf�ok\([�\(aRc
�±W*U�c�ZAaRcVok�yU"�Rdh�jo¬fh\(�yU�o}fhaj�vfh�*f��R�jo!¡ � �1¤CntayW*�jo �yUy�\tok\(aPcX\(U�W*ajo	�R\(�R��[��\(c�wyWr�R\to �R\³�R\toXiC\(aPc�\
a'§¨�ycqfgdef�o�ZAaRc��jZ*o��R\»�#�\(Ukfh���\to�zVT	WA©�\Cdgdbn V!WPW �v\0\(c��A\(\(�*\to³z"\(c��jWv�y��ZAaRc ª\(cXU�\0iCW*[ ´Rfha«�\(\to�ZA�R�
¢1£ ¥ �AfmYvajZ�dhW*ajo� v�y\|ayW*�joN�yckfedef�ok\(U�W*ajo �\(YRZ�dh\([�\(aPc �yZAajoNayWPo ZA�y�Rdef�i(ZAckfhW*ajo�dm\to�[ �\(c�wyWy�R\to
´jZ*oR�\(\to�ok�yU³dm\NY*U�Z*�vfh\(aRct¥

G _ 5 _ ( � 	�¿ + � �j� � * Á:W Â ��+ 	 �
¦/\�ckpP�±\��R\�iCUXWAf�ok\([�\(aRc= *�y\�ayWv�jo��yU�W*�jWRokW*ajo(n/�yZAajo1iC\(c�c�\ �jZAUXckfh\*n/U�\(�yU�\(aj��dh\to�f��#�\(\to

�R\ �*�j\(aj�vdh\(p*n V!\C�yc�\(cZV³fm[.ok©�W*U�c�w �DCP�Rn���¢ �� 0�yZAajo,d�ZE[��\(c�wyWy�R\ �/§¨Wv�yckfh[ f�o�ZAckfhW*a�o�Z�ajo
�#�\(Ukfh���\to1ZA�y�j\Cd(�\(\ � � � � ����	�� �	� � ��' ¡ÑsZ.ay\��jZvo=iCW*aRu{W*aj�RU�\�Z��*\tiNd�Z.[��\(c�wyWr�R\��R\|o9fm[��Rdm\C�y\
 v�'§¨W*a+c�UXW*�y�*\�\(a+�yU�W*Y*U�Z�[�[|ZAckfhW*a�defha«�\tZ�fhU�\A¤�¥±¦/\=o¬fh[��Rdh\C�r\E�\(c�Z�aPc#�yay\1ljY*�yU�\1YV�\(W*[��\(c�Ukf� v�y\
Z�pPZAaRc���)?6=okWv[�[�\(c�o��yZAajo!�ya+\tok�jZ*iC\ �R\=�vfm[�\(ajo¬fhW*a��"¥
=�W*aRc�U�Z�fhU�\([�\(aRc�sZ!d¯§ W*�«�\(U�Z�c�\(�yU"�R\0iCU�W�f·oq\([�\(aPc�iXd�Z*oXo¬f� *�y\0 v�Rfj\tokc	´RfhajZ�fhU�\0�yUy�\Cly�«�\Vz'�R\(�R�

W*���\(U�ZAaj�R\to!z0n±ayW*�jo�Zt�vW*ajo��yaHW*���\(UCZAc�\(�yUXW±zbZ�fhU�\N�yUr�\Cly�«�\�z'WxWv�«�\(U�ZAaj�R\to³z³ v�Rf�ok\��#�\(U�W*�Rdh\
iCW*[�[�\=ok�Rfhc�R

6*¥ ��a+�jZAU�c��/§¨�ya+\(ajok\([ ´Rdh\=�R\0a+�±WAfhaPc�o!¡{fhaj�vfh�vf·�R�joÑ¤ � ) � � � �	87878 � � � Åv\(c³�R\1cXU�WAf�o�iCWR\Cu zlKiXfh\(aPc�o³ly�y\to R�W ���2� ���/¥
�y¥�µx�\(c�\(UX[ fhay\(UA���&� � � � � �D� ��� �

� � � � �'¡�� � ¤ � GIH � )�� 	 � �H� � ¡�2	¯¤� 
� � � � � ¡� � ¤ � G � � )�� 	 � �H� � ¡�2	{¤  

� � � 6
� � 6

�

�	�� )�� 		�� �
�2	

� � ��¡m6�)QW ¤� � � W9� �
]y¥���\([��Rd�Z*iC\(UD� � �jZAU ��


� �Af � ¡� � ¤ �'� ¡� � ¤�iCWvajokc�U��RfhU�\+�ya ayW*�y�*\tZA� �jWAfhaRctn�o¬fhayW*a �jZ*o�ok\(U²sZ²d¯§k�\(c�ZA�±\ok�Rfh��ZAaRc�\
��� ��K� � )�¡m6 ���R¤� �

�Af+� ¡���C¤����'¡�� � ¤«Z�dhW*UCo���
 � ���1n±o¬fhayW*a ��
 � � � ¥

fcfhgji?kmlmnpo



]�< ��������� ���	� �O�
� �������� �O
 �	����

� �Af+� ¡� � ¤ � � ¡� 	 ¤ � � ����
� �Af+� ¡� � ¤ � � ¡� � ¤«iCW*ajoqc�U��RfhU�\1�yaxayWv�y�*\tZA�+�jW�fmaRc

� � � � ����)�¡p6�� �±¤�� �
�Af*� ¡� � ¤ � � ¡� �*¤	U�\([��Rd�Z*iC\(U�c�W*�jo dh\to�� 	 �jZ�U 
�� � E ��� ��

nRo¬fhayW*a�� 
 ��� � ¥
� �AfhayW*a ��
 � � � ¥

G _ 5 _ - ¾ �� Á12K¿�� � � � \ ¿ ���yÄÍÄ
=�\(c�c�\.[��\(cXwyWr�R\*nVo�ZAajo �#�\(Ukfh���\(\to(n" v�'§¨W*a �j\(�yc�UCZAc�c�Z*iXwy\(UxsZd·Z²u¯ZA[�fgdedh\²�R\to�[ �\(c�wyWy�R\to

�R\ �vfmUX\tiCckfhW*ajo1iCW*aA~k�yY*�«�\(\to(n U�\(�jWPoq\=\to�ok\(aRckfh\Cdedh\([�\(aPc=oq�yU�db§ f��#�\(\ ok�Rfh��ZAaRc�\�RrdmWvU�o� v�y\1db§¨W*a�U�\(z
iXwy\(U�iXwy\.dm\.[ fhaRfh[ �y[��/§¨�yay\�u W*ajiCcqfmWva  v�jZ*�RU�ZAcqf· v�y\ & oq�ji(iC\to�o¬fh�*\([�\(aRc�ok�Rfh��ZAaRc � �vfhU�\tiCz
ckfhW*ajo#iCW*aA~k�yY*�«�\(\to�� ) � � � ��80878 � ���Ñn � �Rdh�jo#�j\(cqfmc� v�y\�dh\�ayW*[ ´yU�\��R\��AZAUkf�ZA´Rdh\to��R\³d·Z»u WvajiCckfhW*axsZW*�ycqfm[�f·oq\(Utny\(ax�jZ�U�c�ZAaRc«�/§¨�ya+�±WAfhaPc�� � nRW*a+YV�\(a's\(U�\��yay\ ok�Rfhc�\D� ) � � � ��87808 � �������\CljaRfh\=�jZ�UcR

&K¡��2	Í¤ �(&/¡�2	 � ) )
	
	�� 	b¤ � � ����� � &K¡��2	 � ) )
	�� 	{¤ �
¦'Z �yU�Wyij�\t�R�yU�\=�R\ T	WA©«\Cded"ok\ ���\tiCUkfhctnR�jWv�yU0c�Wv�yc�\�u{W*ajiCckfhW*a & nyiCW*[�[�\=ok�RfhcMR

6*¥$=�wyWAf�o¬fhU	�ya=�jW�fmaRc/fhaRfhckf�Z�d � � \(c � �vfhU�\tiCckfhW*ajo defha«�\tZ�fhU�\([�\(aRc fmaj�#�\(�j\(aj�yZAaRc�\to � ) � � � ��87878 � ��� ¥=�W*ajokcXU��RfhU�\1�yay\�ok�Rfhc�\ � ) � � � ��87808 � ���0�R\1�±WAfhaPc�o!c�\Cd�o� *�y\

&/¡� 	 ¤ � &K¡� 	 � ) )
	 	 � 	 ¤ � � ��� � � &K¡� 	 � ) )	�� 	 ¤ �
�y¥�T	WPok\(U

�& �(&/¡9�K������� � ¤
� � � H � 	�� ) � � � � � � � &K¡� 	 � ) ¤���&/¡� 	 ¤ �

�*WAfhc G db§ fhaj�vf�iC\��R\1d�Z��vfhU�\tiCckfhW*aH�jZAU³d·Zv *�y\Cdedh\�iC\=[|Z��Rfh[ �y[�\tokc0ZAcXc�\CfhaPct¥
�Af �&  &K¡� � ¤�\(c��tWv�xo¬f

¡ &/¡� � ¤��E��&/¡� ) ¤0) �&/¤�¡ &/¡� � ¤�� &K¡�� ) ¤�� � ¤ �  6� � ¡4&K¡� � ¤�� �&±¤ �
dh\E�jWAfhaRc²�R\E�#�\(�jZ�U�c¹sZ db§ fhcy�\(U�ZAckfhW*a�ok�Rfh�AZAaPcX\E\tokcI� � \(c.dh\toxZAajiXfh\(ayay\toH�vfhU�\tiCckfhW*ajo� ) � � � ��87878 � ���!oqW*aPc�YPZ�U����\(\to(¥

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# ]O>

�Af �& � &K¡� �(¤�\(c

¡ &/¡� � ¤��E��&/¡� ) ¤0) �&/¤�¡ &/¡� � ¤�� &K¡�� ) ¤�� � ¤ � �
6
� � ¡4&K¡� � ¤�� �&±¤ �

W*a U�\tiXwy\(U�i�wy\#dh\�[ fhaRfh[ �y[ ��  v�RfKok\(U�Z!�yUkf�o�iCW*[�[�\��jW�fmaRc«�R\��#�\(�jZAU�c«sZ!d�Z��yU�Wyi�wjZ�fmay\
fhcr�\(U�Z�ckfhW*a'nP�R\�& �yZ�ajoVd�Z��vfhU�\tiCcqfmWva �5����� ��� � ¥y¦V§¨W*U��RUX\»�R\to�ayWv�y�*\Cdedm\to��vfhU�\tiCckfhW*ajo
\tokc � ) � � � �	87878 � � � � ) � � � E ) ��87878 � ��� � �

¦/\to��vfhU�\tiCckfhW*ajo fhaRfmcqf·Z�dm\to � ) � � � �	87878 � � �Vay\0okWvaPc	�jZ*o	u{W*U�i±�\([�\(aRc"c�Wv�yc�\to"iCWvaA~9�yY*���\(\toV�R\(�R�sZ��R\(�R�x\(c!�j\(�y�*\(aRc�ª\(c�U�\1���\CljaRfh\to!�jZAU�dh\to0Z��r\to��R\to!iCWPW*UC�RW*aya«�\(\to(¥

G _ 5 _ G ¾ �� Á12K¿�� � � � �+¿/¿�� �H� Á�� �R� ] �y�
=�\(c�c�\ [��\(c�wyWr�R\.Z�d¯§ Zt�AZAaRc�ZAY*\��/§¨\C�y�RdhW*U�\(U1dh\.�*WAf�o¬fhajZAY*\.�R\ iXwjZ* v�y\��jZAU�ckf�iC�Rdh\.�*f�o¬fhcy�\(\*¥

¦'Z��yU�Wyij�\t�R�yU�\1YV�\(a��\(UCZ�dh\»ok\=�#�\(U�W*�Rdh\=�R\1ubZj°iCW*a+Uy�\tiC�yU�o¬fh�*\=iCWv[�[�\=ok�RfhcMR

6*¥�TVZAU�ckfhU0�/§ �yax�jW�fmaRc!fmaRfhckf�Z�d«Z�U�´Rfhc�U�Z�fhU�\ � ) ��¡�� ) �?� � �	87878 � � �A¤�\(a²ok\ �RW*ayajZAaRc0�R\to��jZvo�	� 	 ok�Rfh��ZAaRcNdm\to��vfmUX\tiCckfhW*ajo H ) � H � �	87878 � H � iCW*U�U�\toq�jW*aj�yZAaRc�ZA�R� Z��y\to �R\to iCWPW*UC�RW*ayza«�\(\to(¥yT	WPoq\(U � ��6vÅ
�y¥$=«Z�d�iC�Rdh\(UA& � �(&/¡� � ¤�nR�jWRok\(U"� � 61\(c�� � � ��� � ¥
]y¥ ��ax�±\(U�c��yU�´±\1dh\to��AZAUkf�ZA´Rdh\to��<	��R�+�jW�fmaRc!fmaRc�\(U�[��\t�vf�Z�fhU�\=�±W*�yU�YV�\(a«�\(U�\(U#�yaxayW*�y�v\tZA�

� � � 	 �
������� �����	

� � � 	 � ) )1�	�<	 H 	 o¬f & E � &K¡
� � � 	 � ) ¤& E �(&/¡
� � � 	 � ) )1�	�<	 H 	¬¤� � � 	 � ) ���	�<	 H 	 o¬f & � � &K¡
� � � 	 � ) ¤ � & E& � �(&/¡
� � � 	 � ) ���	�<	 H 	¬¤� � � 	 � ) o¬f�&/¡
� � � 	 � ) ¤�� G ��� � & � � & E �
Cj¥ �Af'W*a|Wv´yckfh\(aPc�� � � �2���	�*nvUr�\t�R�RfhU�\!dh\1�jZ*o �	�<	'\(a+�vfh�*f�o�Z�aPctn �jZAU�\C�y\([��Rdh\=�jZAU��R\(�R�\(c�U�\(�*\(aRfhU�sZNdb§k�\(cCZA�j\��yUy�\ti±�\t�R\(aPcX\*¥

�AfhayW*a+d�Z�ayW*�y�*\Cdedh\��jZ�U�ckf�iC�Rdh\��R\=UX\ti�wy\(U�iXwy\1\tokc

� � E ) � � � E )

fcfhgji?kmlmnpo



CP� ��������� ���	� �O�
� �������� �O
 �	����

�y¥�¢��jZ�U�ckfhU0�R\
� � � ��� � E ) n��\(c�ZA´RdefhU!d·Z�ayW*�y�*\Cdedh\��vfhU�\tiCcqfmWva²�R\=UX\ti�wy\(U�iXwy\ ���jZ�U

� � �	� E ) ���	�

��a iCWvajokc�U��Rfhc � � E )�� � � �	� E ) )dW � W s� W \toqc1dh\+�jZ*o= v�'§¨W*a �j\(�yc �yU�\(aj�RUX\��\(YPZ�dh\sZ"6v¥K¼!ay\ [ fhaRfm[�f·oXZAckfhW*a �yaRf·�vfh[�\(ajo9fmWvay\Cdhdh\+�j\(�yc=ZA�jo�o9f �±\(U�[�\(c�c�UX\��R\��#�\(YPZAY*\(U��yay\
��Z�dh\(�yU�W*�yckfh[|Z�dh\ �R\ W C �R\�WL8

�y¥�T	WPok\(U 
 � 
 )d6�n & � �(&/¡
� � � ¤�n � � 61\(c�Uy�\(�«�\(c�\(U}d¯§k�\(c�ZA�±\=]y¥
�Af�sZd�Z�lja �R\.db§k�\(c�ZA�j\+]yn &/¡
� � � �R¤�� &K¡� ��¤�n	�yU�\(aj�RU�\ � � E ) � � � � � \(c��jZ*oXok\(UxsZdb§9�\(c�Z��j\=�+¥

�AfhayW*a�n &K¡
� � � � ¤  '&/¡�	��¤�¥�TVUX\(aj�RU�\7�	� E ) � � �*n#Ur�\t�R�RfhU�\�dh\to.�jZ*o��	� 	9n#�jWPoq\(U

.� 
 )?6*n �y�Rf·o�Z�dedh\(U�sZ�d¯§k�\(c�ZA�±\=�y¥

�P¥�¦'Z �yU�Wyi±�\t�R�yUX\=ok\=c�\(UX[ fhay\�dmWvU�o� v�y\

GIH � 	b¡E�	�<	¬¤�� �

� � � � � � /08�; 321 /08 	� �� 
K3 �<. ��� � 5 � 
21 8�. � ��8�; 361 /08��
¦/\to1iCUkfhcts\(UX\to��/§k�\(�AZ�dh�jZAckfhW*aH�yckfedef�oP�\to�\(a�U�\(�yUy�\toq\(aPc�Z�ckfhW*a+YV�\(Wv[ �\(c�Uqf· v�y\1�jWRo�o(s\t�R\(aRc�YV�\(a«�\(z

U�Z�dm\([�\(aPc1�Rdh�jo¬fh\(�yU�o,\C�rc�Uy�\([|Z Y�dmWv´jZA�R� ¥±_{d�\toqc0c�Uts\to#fh[��±W*U�c�ZAaRc1�R\��±W*�y�*WAfhU=�#�\(c�\tiCc�\(U�c�Wv�jo
iC\to�\C�rcXUr�\([|Z ¥ ��U�dh\to|Z�dmYvW*Ukfhc�wy[�\to�YV�\(a��\(ckf� *�y\to  v�y\xayW*�jo.Z��*W*ajoN�yUy�\tok\(aPcy�\to iCW*aR�*\(U�Y*\(aRctn
c�w��\(W*Ukf� v�y\([�\(aPc�nj�*\(UCo��ya½ok\(�Rd��Rf�iA¥ � Wv�jo��yUr�\tok\(aRc�W*ajo³d�Z+c�\tiXwyaRf� *�y\.�R\��jZ�U�c�ZAY*\*n fhajok�RfhUy�\(\
�R���yw��\(ayW*[xs\(ay\�ajZAc��yUX\CdK�R\³iCUy�\tZAckfhW*a �R\toVaRf�iXwy\to �\tiCW�dmWvYAf� *�y\to(n* v�Rfj�j\(UX[�\(cV�yay\�Uy�\(�jZAU�ckfhckfhW*a
�±W*aj���\(Uy�\(\��R\to=iXwyU�W*[�WPoqW*[�\to1ok�yUNc�W*�jo!dh\to okW*[�[�\(cCo1�R\ d�Z.u{W*ajiCckfhW*a sZ.W*�ycqfm[�f·oq\(Ut¥j=�\(cXc�\
c�\tiXwyaRf� *�y\.\tokc,u W*aj�#�\(\�ok�yU=�yay\�[�\tok�yU�\|�R\+�vf�okc�ZAajiC\ fhaRc�\(U�zbiXwyU�W*[�WRokW*[ f� v�y\ ��\(c=Z+�jWv�yU
�\CdÑ�\([�\(aRc0�R\=´jZ*oq\1d�Z u{W*ajiCckfhW*aHZA�y�j\Cd(�\(\ � �� %	��� ��-'�� �����m��� � � �76A�*nc6	>�<�>! V¥jT}U�ZAckf� v�y\([�\(aPc�n
dh\1ljcXay\to�o��/§¨�yaxiXwyU�W*[�WRokW*[�\�\tokc�Uy�\t�R�Rfhc«�yUXW*�jW*UXckfhW*ayay\Cdedm\([�\(aPc|sZ,db§¨\ �'\tiCckfeu}�R\ ok\to#�*WAf�o¬fhajo(¥
¦'ZayW*ckfhW*a½�R\.�*WAf�o¬fhajZAYv\|�R\(�*fh\(aRc�Z�dhW*U�o�c�Uts\to��yckfedh\|\(c1\tokcNYV�\(a��\(U�Z�dh\([�\(aRc»�#�\CljaRfh\|�jZAU1�yay\
u{W*ajiCckfhW*aH�/§ºZA�y�jZAU�cX\(ajZAajiC\

� �/¡��y¤ ��� 6A� ¡ �	�
������� ¤�� �@��o¬f �����


��� � �� o9fmayWva

W's���


��� � �.\(c �7i(ZAUCZ*iCcy�\(Uqf·oq\(aPc�UX\tok�j\tiCckfh�*\([�\(aPc.d�Z � �O� � ��
�� \(c�d�Z � �O� ��� �R���*WAf�o¬fhajZAYv\*¥�



��� � � [�\tok�yUX\*nP\(ax v�y\Cd� *�y\ okW*U�cX\*nAd�Z�oR�\(�jZAU�ZAckfhW*a�[ fhaRfm[.Z�dh\=c�WAd(�\(Ur�\(\�\(aRc�U�\=�R\(�R�xokW*[�[�\(c�o

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# C 6

�#�\(c�\tiCc�ZA´Rdh\to(¥/¦V§ fh[��Rd�ZAaRc�ZAckfhW*aH�R�x�jZAUXc�ZAY*\1\tokc�Z�dhW*U�o��RW*aya«�\(\1�jZAU³dm\ U�Z��y�jW*U�c��R�+ljc�ay\to�o��
ok�yU!dh\�i(ZAUC�vfmajZ�d �R�x�*W�f·o9fmajZ�Y*\ "
	 R

��	¡E�k¤ ��� ¡,�k¤  "
	
Zt�v\ti

"
	 � >�
)
� �/¡ � 	��Ñ¤

¦/\to�Uy�\toq�RdmcCZAc�o�W*´ycX\(aP�jo��jZAUN£0W�d·�R´±\(U�Y+\(c1�#f�i�wjZAUC�yokW*a �º�*�RnL6�>�<R�� [�W*aRc�U�\(aRc» v�y\Nd¯§ fmayz
c�UXWr�R�jiCckfhW*a��/§¨�yay\!c�\Cdedm\!ayW*ckfhW*a�ZA[��\CdgfhW*UX\Vd�Z��j\(Uku{W*U�[.ZAajiC\��R\to	¢1£�¥A¦/\��jZAU�c�Z�Y*\«ok\�okc�ZA´Rfedef�ok\
dhW*U�oX *�y\

� � ��� L��2� ��	
"
	 �
� �
"��

W s���7\tokc³d¯§ \(ajok\([ ´Rdm\��R\to��vf �1�\(UX\(aPc�o³W*�yckfh[|ZNdhWyi(ZA�R� ¥

f(x)

espace de recherche

x x
x

x

x
x x

x
x

x

x x
x

x

extrema selectionnes

��� � �L6t�Nz ��� ��� '�
 � � ���m�  �

fcfhgji?kmlmnpo



CP� ��������� ���	� �O�
� �������� �O
 �	����

� � &��'&��(�V��!�(���/&�
	���1� �&��/�'���1� 5����7��� $+�1��� ��&�� ���	� �

� W*�jo Z��*W*ajo,�yUkf�o�iCW*ajo�iXfh\(ajiC\x�R\.d�Z�a«�\tiC\to�o9fmcy�\ fh[����\(Ukfh\(�jok\x�R\+�jZAU�Z�ded(�\Cdef�ok\(U�ayWRo�Z�dmYvW*z
Ukfhc�wy[�\to��RW*aRcVdh\1c�\([��jo��/§¨\C�«�\tiC�yckfhW*a.zV�Ks\to� v�y\!d·Z�c�Z�fededm\=�R\!db§¨\(ajok\([ ´Rdh\ sZ �\(cX�j�vfm\(U����\(�jZ*oXok\
 v�y\Cd� *�y\to.�vfh¶tZ�fhay\to z»�R\(�vfh\(aPc��*fhc�\.c�Uts\to�dhW*�yU��/Å	\(c�iC\Cd�Zyn	[²ª\([�\.o¬f�dh\toNfhaj�vf�iC\to�\(c iCUkfhcts\(UX\to
�yckfedef�oR�\to�okW*aRc��jZAUkubZ�fhc�\([�\(aRc0Z*�yZA�ycy�\to1sZ,d·Z�ajZAc��yU�\=�R\to��RWvaya«�\(\to�c�UCZ�fhcr�\(\to(¥R¦V§¨W*´ ~9\(c0�R\=iC\(cXc�\
�jZAUXckfh\«\toqc"�R\��yUr�\tok\(aRc�\(U/dh\toVZA�y�yUXWriXwy\to" v�y\�ayWv�jo"Z��*W*ajo	Z*�RW*�ycy�\(\to±\(c �R\�[�\(cXc�U�\V\(a \C�r\(UXY*�y\
dh\to�iCWvajo¬f����\(U�ZAcqfmWvajo� v�Rfj\(aPc�UX\(aPcV\(a�~k\(� dhW*U�o� v�'§ fed o(§ ZAYAfhc �R\�iCW*ajiC\(�*WAfhU«�R\to	¢,£ �yZAajo��R\to	\(ayz
�vfhU�W*ayay\([�\(aRc�o1[ �Rdhckfh�yU�WyiC\to�ok\(�yU�o ¥ � W*�jo1iCW*[�[�\(a"°iC\(UXW*ajo1�jZAU1Uy�\tok�y[�\(U1ok�ji(iXfhajiCc�\([�\(aRcNd�Z
c�w��\(W*Ukfh\0�R�.�jZAU�Z�ded(�\Cdef�ok[�\*¥±¸Vajok�Rfhc�\*nRayW*�jo}�yUr�\tok\(aRc�\(U�Wvajo��R\to�Z��y�yU�WriXwy\to��R\0�jZ�U�Z�dedÑ�\Cdef�o�ZAckfhW*a'n
W*Uqfm\(aRcy�\to	\(aP�vfhU�W*ayay\([�\(aRc�oV[ �Rdhckfh�yU�WyiC\to�ok\(�yU�o1sZ�[��\([�WAfhU�\��vf·oqc�Ukfh´y�«�\(\*nR�R\toV¢!dmYvW*Ukfhc�wy[�\to}Y �\(z
a��\(ckf� *�y\to!�jW*�yU³d·Z Hµ��j¥

� ��� 
�� � 
 � � � 1 /08 	� 	 � 
 ��� � �� � 1 � � �
¢0�AZAaPc1�R\ �yU�W*�±WPok\(U��ya¹Z�dmYvW*Ukfhc�wy[�\ �jZAU�Z�dgdbs\Cdm\*n±fed�iCW*aR�*fh\(aRc=�R\��yUX\(aj�RU�\�iCW*ayajZ�f�o�o�ZAajiC\

�R\to�W*�yckfed�o(n��R\to�c�\(UX[�\to \(c+�R\to ayW*ckfhW*ajo.i(ZAU�Z*iCcy�\(Ukf�okckf� v�y\to��R\²iC\(cXc�\+´yU�ZAajiXwy\²�R\d¯§ fmaRu{W*U�z
[|Z�ckf� *�y\½ v�y\�db§¨W*a�ZA�y�j\Cdedh\ �jZAU�Z�dedÑ�\Cdef�ok[�\ � �*�Rn:6�>�<1C/ ¬n��º�RnX6	>�<*�! b¥ =�\Ei�wjZA�Rfhc�UX\E�*f�ok\Hc�Uts\to
�yUy�\tiXf�oP�\([�\(aRc=sZ��#�\Cu{Ukf�iXwy\(U«�yaxiXwjZA[��+cX\(U�[ fhayWAdhW*YAf� v�y\=�jZAU�cXU�W*�.\C�r�y´��\(U�ZAaRc«\(c=sZ �yUy�\tok\(aRc�\(U
�R\to�ayW*cqfmWvajo��yUy�\Cdefh[ fhajZ�fhU�\to(n/\(a�ubZ�f�o�ZAaRc�\C�y�Rdgf�iXfhc�\([�\(aRc=Uy�\Cu��\(U�\(ajiC\�sZ db§k�\(c�ZAc�Z*iCc��y\Cd��R\1db§ºZ�U�ct¥
¼!a½�#�\(cXW*�yU» v�Rf�o(§ºZ��Ks\(U�\(U�Z��R\to��Rdh�jo»u U��jiCcX�y\(�R�¹�±W*�yU�d�Z+iCW*[��yUy�\(wy\(ajo¬fhW*a½�R\Ndb§ fhaPcy�\(UAª\(c0 *�y\
U�\(�yUy�\tok\(aRc�\�dh\=�jZAUCZ�dedÑ�\Cdef·oq[�\*¥

[ _ ( _ ( � � H �y� � # ��	 Ã 2c+·Á �rÃ Á � 	 �r�
¦'Z�ayWvckfhW*a=�R\��jZAUCZ�dedÑ�\Cdef·oq[�\|�\(�*Wy *�y\V�yay\#\C�«�\tiC�yckfhW*a�o9fm[ �Rdhc�ZAa��\(\�\(cy~k�j�vf�iXfh\(�jok\([�\(aRc«okpRayz

iXwyU�W*aRf�oR�\(\=�R\=�Rdh�jo¬fh\(�yU�o�W*���\(U�ZAckfhW*ajo��\Cd(�\([�\(aPcCZ�fhU�\to(¥ =�\1�yU�WyiC\to�ok�jo!\tokc�U�\(aj�R��W*���\(UCZAckfhW*ayay\Cd
ZA�HaRfh�*\tZA� ZAU�iXwRfmcX\tiCc��yU�Z�dV�jZAU�d�Z+�vf�ok�jWPo9fmcqfmWva �R\ �Rdh�jo¬fh\(�yU�oN�yU�WyiC\to�ok\(�yU�o(¥'¦ \to�Ur�\(�*W�dm�ycqfmWvajo
c�\tiXwyaRf� *�y\to�Ur�\tZ�def�oR�\(\to=�yZAajo,d�ZHiCW*ajiC\(�yckfhW*a��R\to iXfhU�iC�Rfhc�oNfhaPcy�\(Y*Uy�\to�z!ubZ�fh´Rdm\xiCW	ª�yc��R\�u¯ZA´yUqfmz
i(ZAcqfmWva �R\to��vf�ok�±WPo¬fhckfeu¯o �\Cdh\tiCc�U�W*aRf� v�y\to�c�\Cd�o. *�y\.dh\to�[��\([�WAfhU�\to \(c dh\to�[ f�iCU�W*�yU�WyiC\to�ok\(�yU�o n
[ fhaRf�ZAc��yUqf·oXZAckfhW*a��R\to1iCW*[��jWRo�ZAaRc�ox�\Cdh\tiCc�U�WvaRf· v�y\to�z0iCW*aj�R�Rf�ok\(aRc�Z��¹�#�\(�*\CdhW*�y�j\([�\(aPc=�/§ºZ�U�z
iXwRfhc�\tiCc��yU�\to�[ �Rdhckfhz{�yU�WyiC\to�ok\(�yU�oNZ*o�ok\(¶ iCW*[��Rdh\C�r\to�\(c�c�Uts\to�\C� i(Z*iC\to ¥K¼!ay\ [²ª\([�\1[��\(c�wyWy�R\
�R\�Uy�\toqWAdh�yckfhW*a��/§¨�ya��yU�W*´Rdbs\([�\0�RW*aya��\«�±\(�yc�Z�dhW*U�oViCW*aj�R�RfhU�\�sZ1�yay\�[ �Rdhckfhc��j�R\1�/§ fh[��RdÑ�\([�\(ayz
c�Z�ckfhW*ajo��vf �»�\(U�\(aRc�\to(nyok�Rfh��Z�aPc!db§¨�yay\��R\to!c�U�WAf�o�YvU�ZAaj�R\to�ZA�y�yUXWriXwy\to��R\=�jZ�U�Z�dedÑ�\Cdef�o�ZAckfhW*a�R

� + � cXU�ZAajo¬u{W*U�[|Z�ckfhW*a»�R\	d�Z�okWAdh�yckfhW*a oP�\t v�y\(aPcqfm\Cdedh\�\C�Rf�okc�ZAaRc�\#\(a1\C�r�RdhWAfhc�ZAaRc dm\#�jZAU�Z�ded(�\Cdef�ok[�\
 *�'§ \Cdgdh\ U�\tiAs\Cdm\1\(a�c�\(ajZAaRc�iCW*[��yc�\=�R\to!W*�yckfed�o�\(a��Rd�Z*iC\*¥

� +�+ � Z*�yZ��yc�ZAckfhW*ax�/§¨�yay\ okWAdh�yckfhW*a��jZAU�Z�ded¯s\Cdh\��/§ �ya+�yU�W*´Rd¯s\([�\=o9fm[�fgd�Z�fhU�\*¥

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# CR]

� +�+ + � fhaP�v\(aPckfhW*aH�/§¨�yay\�Z�U�i�wRfhc�\tiCcX�yU�\=�jZAUCZ�ded¯s\Cdh\=Z*���\t v�jZAc�\=ZA�+�yUXW*´Rd¯s\([�\*¥
�Af'd�Z��yU�\([�f¯s\(U�\�Z��y�yU�WriXwy\=\toqc0c�Uts\to�okW*�y�*\(aRc��yckfedef�oR�\��yZAajo«dm\��RW*[.Z�fhay\��R\1d�Z�U�\tiXwy\(U�i�wy\

W's�.db§¨Wvax�vf·oq�jWPok\,d�Z��Rdh�y�jZAU�c��R�xc�\([��jo��R\N[|Z*iXwRfmay\to³�jZAU�Z�ded¯s\Cdh\to!Y �\(a��\(U�Z�dh\to(nAdh\to³fhaj�R�jokc�Ukfh\Cd�o
�yUy�\Cuqs\(U�\(aRc'd�ZNc�U�WAf�o¬fbs\([�\�ZA�y�yU�Wyi�wy\0 v�RfK\toqc�c�Uts\to'[.ZAcy�\(Uqfm\Cdedh\�R�dm\to#[|Zvi�wRfhay\to�oqW*aPc�oq�«�\tiXf�Z�def�oP�\(\to
�RW*aji iCW	ª�ycX\(�jok\to(¥/¼�a�´jW*a�ayW*[ ´yU�\��R\ �yU�W*YvU�ZA[�[�\to³�jZAU�Z�ded¯s\Cdh\to�okW*aRc»Z�fhajo¬fV�yU�W*�yUX\to�sZ �yay\
ZAUCi�wRfhc�\tiCc��yUX\��RWvaya«�\(\*¥ � W*�jo!\C�r�RdhWAfhc�\(U�Wvajo1�yZAajo�ayWRo0ZA�y�Rdef�i(ZAckfhW*ajo!db§ºZ�U�i�wRfhc�\tiCcX�yU�\xsZ c�W*�±W*z
dhW*YAfh\N��ZAUkf�ZA´Rdh\��R\1d�Z [.Z*i�wRfhay\ TVZAU�ZAY*Wva �/§¨_¬aPcX\Cd¯¥
µ1ZAajo db§¨\(ajok\([ ´Rdh\*nA�yay\�iXd·Zvo�o¬felKi(ZAckfhW*a��R\to W*U��vfhajZAc�\(�yU�oVoq\CdmWva1d�Z�[ �Rdhckfh�Rdef�iXf�cy�\��R\to �j�R���/§ fhajokz
c�UX�jiCckfhW*ajo�\(c»�R\��RW*aya��\(\to1�vf�ok�jW*aRfh´Rdh\toN[|ZAcy�\(Ukfh\Cdedm\([�\(aPc=�RW*ayay\Ndefh\(� sZ��yay\��jZ�U�ckfhckfhW*aH\(aE]
Y*UCZAaj�R\to�i(ZAcy�\(Y*W*Ukfh\to R

6*¥ �*_��Pµ Å �AfmayY�dm\�_bajoqc�U��jiCckfhW*a|oqc�U�\tZA[ �AfhayYAdh\»µ1ZAcCZ0okcXU�\tZA[��ºiXu�¥�ljY*�yU�\:6t]  b¥*¦ Z�[|Z*iXwRfmay\
c�U�Z�fhc�\#�ya�ok\(�Rd��j�R���/§ fhajokc�UX�jiCckfhW*ajo	\(c"�R\��RW*aya��\(\to ¥t¸	�y\([��Rdh\ R � ��� � ����������2'O�'����� �������

�y¥ �*_�Hµ Å �AfhayYAdh\�_bajokcXU��jiCckfhW*a�oqc�U�\tZA[ ��Rdhckfh�Rdh\�µ1ZAc�Z�okc�U�\tZ�[��ºiXu�¥�ljYv�yU�\X6t]  b¥(¦V§¨W*U��vfhajZAz
c�\(�yU�\C���\tiC�ycX\��ya oq\(�Rd �j�R� �/§ fhajokcXU��jiCckfhW*ajo#\(c��Rdh�jo¬fh\(�yU�o �j�R�+�R\»�RW*aya��\(\to(¥P¸ �r\([��Rdm\ R
� � � ���O� ¥

]y¥ �_�Hµ Å ��Rdhckfh�Rdm\._bajoqc�U��jiCckfhW*aEokc�UX\tZA[ ��Rdhckfh�Rdm\+µ1ZAc�Z�okc�U�\tZA[ �ºiXuq¥ ljY*�yU�\96�6  b¥K¦ Z
[|Z*iXwRfhay\�\C�«�\tiC�yc�\ �Rdh�jo¬fh\(�yU�o �j�R� �/§ fmajoqc�U��jiCckfhW*ajo,\(c=�R\��RWvaya«�\(\to(¥'¸ �r\([��Rdh\ R � ����� 

� ��

¦/\to��*_ �Pµ n �*_�Hµ n �_�Hµ�iCW*ajokcqfmcX�y\(aPc}dm\ ® c�UkfhW ® �R\to#i(ZAU�Z*iCcy�\(Ukf�okckf� v�y\to u W*aj�yZ�[�\(aPcCZ�dh\to
�R\to�[.Z*i�wRfhay\to#�jZAU�Z�dgdbs\Cdm\to njok�yU#dh\t *�y\Cd"ok\�u{Wri(Z�dgf�ok\(aRc#d�Z �Rdh�y�jZAU�c��R\to#[�Wr�/s\Cdh\to�cXw«�\(W*Ukf� v�y\to#\(c
�R\to![|Z* v�y\(c�c�\to��R\=o9fm[ �Rd�ZAckfhW*aHZ�dhY*W*Ukfhc�wy[�f· v�y\*¥/¸	�jZA[ fhayW*ajokzÍdh\to1ok�ji(iC\to�o9fm�v\([�\(aPc�¥
¦V§ºZAU�iXwRfhc�\tiCc��yU�\ �*_��Pµ \tokc	db§¨W*U��vfhajZAc�\(�yU�iXd�Z*o�o9f· v�y\1�R\ 	VW*a � \(�y[|Z�aya'¥P¸Va��Rdm�jo��R��cXU�Z�fhz

c�\([�\(aPc�oR�\t *�y\(aRckfh\Cd³�R\to,fhajokc�U��jiCcqfmWvajo(nViC\Cdgdh\tokzbiXf��j\(�y�*\(aRcxª\(c�U�\��Rfm�±\Cdefma��\(\to+¡�\C�«�\tiC�ycy�\(\to�\(a
i(Z*oXi(Z*�R\A¤�¥ ��a.iXd·Zvo�ok\0�yZAajo#iC\(c�c�\0i(Z�cr�\(Y*WvUkfh\Vdh\to#[|Z*iXwRfmay\to}W �'U�ZAaRc	d�Z1�jWRo�o¬fh´Rfedgfhcy�\»�/§ �yay\�\C�«�\(z
iC�yckfhW*a��Rfh�j\Cdefha«�\(\*¥
¦V§ ZAU�iXwRfmcX\tiCc��yU�\��*_ ²µ iCW*[��±W*U�c�\ �Rdh�jo¬fh\(�yU�oN�yaRfhcr�\to��R\�c�U�Z�fmcX\([�\(aPcN¡�¼ � ¤�\C�«�\tiC�yc�Z�aPc0o9fmz
[ �Rdhc�ZAa��\([�\(aPc�dh\to+[Hª\([�\to�fmajoqc�U��jiCckfhW*ajo(¥$=#\to.�yaRfmcy�\to.okW*aRc ok�y�±\(U��vf·oR�\(\to+�jZ�U|�yay\E[Hª\([�\
�yaRfhcy�\=�R\=iCW*aPcXU*ªWAdh\0zV¼3=�z�¥y¦V§º¼3= �vf �'�jok\�d�Z [Hª\([�\!fmajoqc�U��jiCckfhW*a½sZNc�W*�ycX\toVdh\to�¼ �� *�Rf	W*� s\(z
U�\(aRc1ok�yU0�R\to![|Z*o�ok\to��R\��RWvaya«�\(\to��vf�okckfhajiCc�\to!f�o�oq�y\to1�R\ �j�R�²�R\��RWvaya«�\(\to��vf·oqckfhajiCc�o(¥/¦V§º¼3=
iCW*[�[|ZAaj�R\1ZA�jo�o¬f±dm\�Uy�\tok\tZA��okpRaji�wyU�Wvay\» v�Rf0�\(c�ZA´RdefhcVd�Z iCW*ayay\C�PfhW*a.\(aRc�U�\!d·Z,[��\([�WAfhU�\�\(cVdh\to
�yU�WyiC\to�ok\(�yUCo(¥c=#\(c�c�\1i(ZAcy�\(YvW*Ukfh\0\(ayY�dmWv´j\Ndh\to�Uy�\tok\tZA�R� iC\Cdedh�Rd�Z�fhU�\to1\(c�okproqc�WAdef� *�y\to(¥

¦V§ºZAU�iXwRfhc�\tiCc��yU�\��_�Hµ��vf �}s\(U�\+�R\�d·Z��yUy�\tij�\t�R\(aRc�\ \(a�iC\ oq\(ajo� v�'§¨�yay\.�yaRfhcr�\+�R\|cXU�Z�fhz
c�\([�\(aPc.�jWPoXoÑs\t�R\xo�Z �yU�W*�yUX\+�yaRfmcy�\²�R\HiCW*aRc�U*ªWAdh\*¥�¦/\to��yUXWriC\to�oq\(�yU�o��±\(�y�*\(aRc�u{W*ajiCckfhW*ayay\(U

fcfhgji?kmlmnpo



C�C ��������� ���	� �O�
� �������� �O
 �	����

�/§¨�yay\H[|Z�aRf¯s\(U�\xcXW*c�Z�dh\([�\(aRc ZvokpPajiXwyU�W*ay\�W �'U�ZAaRc|Z�fhajo¬f1�yay\H�jWPo�o9fm´Rfedefhcy�\ �/§¨\C�«�\tiC�yckfhW*a �R\
�yU�WvY*U�ZA[�[�\toV�vf �1�\(U�\(aPcCo(¥*¼�ay\1okc�UX�jiCc��yU�\ �_�Hµ�\tokc��vfmcX\�fhaPc�Uqfmajo(s\t v�y\»o¬fj\Cdedh\�fh[��Rdef� *�y\ �R\to
fhaRc�\(U�Z*iCckfhW*ajo³\(aPc�UX\»�vf �»�\(U�\(aRc�\to#�yaRfhcy�\to��R\1c�UCZ�fhc�\([�\(aRct¥P¸ dgdh\N\tokc��vfmcX\�u W*UXc�\([�\(aRc³iCWv�y�RdÑ�\(\»o9f
dh\to³fmaRc�\(U�ZviCckfhW*ajo�\(aRc�U�\!dm\to�¼ � oqW*aPc�Z*oXok\(¶�fh[��jW*UXc�ZAaRc�\to(¥yµ1ZAajo}dh\�iCW*[�[�\(U�iC\*nvd·Z�[|ZA~kW*Ukfhcy�\
�R\to�ZAU�iXwRfhc�\tiCc��yU�\to�oqW*aPc³u¯Z�fh´Rdh\([�\(aRc»iCWv�y�RdÑ�\(\to(¥

¦/\1[�Wy�R\»�R\1�yU�WvY*U�ZA[�[.ZAckfhW*a��PT ²µ f·oXok�x�R\�d�Z�oqc�U��jiCc��yU�\��*_�Hµ W �'U�\!d·ZN�±WPo�o¬fh´Rfedefmcy�\
�/§¨\C���\tiC�ycX\(U��yax[Hª\([�\��yU�W*Y*U�Z�[�[�\1�vf �'�joR�\=�jZAU³d¯§ �yaRfmcy�\=�R\�iCWvaPc�UvªWAdh\=ok�yU�c�W*�ycX\to#dh\to��yaRfhcy�\to
�R\�cXU�Z�fhc�\([�\(aRct¥*¦/\to#�RW*aya«�\(\to	�±\(�y�*\(aPc#�yU�WA�*\(aRfhU«�R\ �j�R�|�vf�okckfhajiCc�o ¥ ��a|�vf�okckfhayY*�y\1Z�fhajo¬f'�R\to
ZAUCi�wRfhc�\tiCc��yUX\to �*_ ²µ�� �PT�Hµ�\(c x_ Hµ�� �PT�Hµ ¥

BM BM BM

UTUTUT

RESEAU   D’INTERCONNEXION

BM:  Banc  Memoire

UT:   Unite  de Traitement
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UT UT UT

RESEAU   D’INTERCONNEXION

M MM

UT:   Unite de Traitement

M:    Memoire

�������L6��=zd� �E% � �����
%���
�� � '�
 
  � ���/% � ����d�� � �� ������� � '�� � ���m� 	 
 ��	�

���Mf����



��������	��
����������� � �	�������������������� � ����
������ �"!$# CR�

(1) Ordinateur SISD

(2) Ordinateur MIMD

UC UT   M

UC 1 UC 2 UC n

UT 1 UT 2  

M  M M

UT:  Unite de traitement

UC:  Unite de controle

M :   Memoire.
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_¯d«iCW*aP�vfh\(aPc1�R\ YPZAU��R\(U�sZ�d¯§ \tok�yUkfhc= *�y\,dh\to��j\(Uku{W*U�[|Z�ajiC\to1�/§¨�ya²Z�dhY*WvUkfhc�wy[�\ �jZAU�Z�dedbs\Cdh\�okW*aRc
u{W*U�c�\([�\(aPcNfha��j�y\(ajij�\(\to��jZAUNdh\to�iCW*aRc�U�Z�fhaRc�\to,fm[��jWPoR�\(\to �jZAUNd�ZEokc�UX�jiCc��yU�\+�R\.d·Z¹[|Z*iXwRfmay\
�yckfedef�oR�\(\*¥*¦ \«cX\([��joV�R\�c�UCZAajok[ f�o�o¬fhW*a��R\toV�RW*aya��\(\to'�AZAUkfh\|�\(ayW*UX[ �\([�\(aRc'ok�Rfh��ZAaRc	d�Z�cXW*�jWAdhW*Y�fm\
Z*�RWv�ycr�\(\*¥ � W*c�Wvajo0�\(YPZ�dm\([�\(aPc" v�y\Vdb§¨Wva=�yUy�\Cuqs\(U�\"YV�\(a��\(UCZ�dh\([�\(aPc'iCW*ajo9f·�#�\(U�\(U	�ya�iCW	ª�yc	aP�Rdy�jWv�yU
c�Wv�yc�\��R�y�Rdef�i(ZAckfhW*a'nVok�y�y�±WPo�ZAaRc»Z�fmajo9f« *�'§ fedV\tokc1�jWRo�o¬fh´Rdh\|�R\ �Rfm�±\Cdefmay\(U �yay\ [Hª\([�\��RW*aya��\(\
�*\(UCo��Rdh�jo¬fh\(�yU�o��yaRfhcr�\to��R\Nc�U�Z�fhc�\([�\(aPct¥
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¦'Z��jZAU�Z�dedÑ�\Cdef�o�ZAckfhW*a��/§ �ya�¢1£ Z��±W*�yU�´y�yc �yUkfhajiXfh�jZ�d»�/§ºZA�yYv[�\(aPcX\(U�oqW*a½\C�+i(Z*iXfhcr�\�\(a
Uy�\t�R�Rf�o�ZAaRc�dm\ c�\([��jo1�R\�i(Z�d·iC�Rdb¥	¦/\to=�vf �»�\(U�\(aRc�o�i(Z�d�iC�Rd�o=okW*aRc1�vf·oqc�Ukfh´y�«�\toNok�yU0�ya \(ajok\([ ´Rdm\
�R\��yUXWriC\to�oq\(�yU�o1�±W*�y��ZAaRc�iCWv[�[ �yaRf· v�y\(U �*f�Z�yaEUy�\toq\tZA�²�/§ fhaRc�\(U�iCW*ayay\C�RfhW*a ¡0wRpP�±\(U�iC�y´j\*n
Uy�\tok\tZA�N[|Z�fededÑ�\*n¨\(c�i�¤�¥A¢1iCc��y\Cdedh\([�\(aRctnAdh\toV�vf �»�\(U�\(aRc�\toVZAU�iXwRfhc�\tiCc��yU�\to	�±\(U�[�\(c�cX\(aPcV�R\0iXd�Z*o�o¬felj\(U
db§¨\(ajok\([ ´Rdh\��R\to0Z�dmYvW*Ukfhc�wy[�\to�YV�\(a��\(cqf· v�y\to��vf�okc�Ukfh´y���\to!\(a+c�U�W�f·o³c9pR�j\to �76t�Rn 6�>�>v�! b¥
� � � �Wr�/s\Cdm\ � ������������	��� � ���� '����E' Wv�+[�Wr�/s\Cdh\ %m������������ ���� � C�Cync6�>�<R�@ 

¦V§k�\(��Z�dh�jZAckfhW*a'n dh\ iCU�W�f·oq\([�\(aPcN\(c1d�Z�[ �yc�ZAckfhW*a½oq\ u WvaPc1\(a �jZAU�Z�dedbs\Cdh\*n c�ZAaj�vf�o  *�y\�d�Z
U�\(�yU�Wy�R�jiCckfhW*a�\tokcxoR�\t v�y\(aPckfh\Cdedh\½�RW*ajiEiC\(aRc�U�Z�dgf�oR�\(\*¥'=#\²[�Wr�/s\Cdm\Ha'§¨\toqc+�jZ*o �j\C�Pfh´Rdh\
�y�Rf�o� *�y\,dh\�iCW	ª�yc0�R\=iCWv[�[ �yaRf·i(Z�ckfhW*axiCU�W ªfhc�\C�y�jW*ay\(aRckfh\Cdedh\([�\(ayc1\(a.u WvajiCckfhW*ax�R\�db§¨\Cu z
u \tiCcqfgu«�R\�d�Z��jW*�y�Rd�ZAcqfmWva'¥

� � � �Wy�Ks\Cdh\=�R\�[�fmYvU�ZAckfhW*a
¦'Z �±W*�y�Rd�ZAckfhW*ax\toqc0�vfh�*f�oR�\(\1\(a²okW*�jo#�±W*�y�Rd�ZAckfhW*ajo��R\=[Hª\([�\�c�Z�fededh\*¥c=#wjZ* *�y\1�yUXWriC\tokz
ok\(�yU�\C�«�\tiC�yc�\1db§ºZ�dhY*WvUkfhc�wy[�\�okc�ZAaj�yZ�U��+ok�yU!d·Z+oqW*�jo��±W*�y�Rd�ZAckfhW*aE v�Rf"dh�Rf�\tokc1Z��'\tiCcy�\(\*¥
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T	W*�yU.�yU�W*�jZAY*\(U�dm\to.[�\Cfgdedh\(�yU�ofhaj�vfh�*f��R�jo�\(aPcXU�\+dh\to+okW*�jo��jWv�y�Rd·Z�ckfhW*a'n#dh\to.ayWP\(�j�yo
�\tiXwjZAayY*\(aRcx���\(UkfhWr�vf� v�y\([�\(aPcE�R\toE�RWvaya«�\(\to(¥�¦/\to�[�\Cfedgdh\(�yU�o¹fhaj�vfh�*f��R�jo U�\P°iC�jo��*W*aRc
Z�fhajo¬f'U�\([��Rd�Z*iC\(U#dh\to#�Rdm�jo³[|ZA�y��Z�f·o��R\!d�Z=�±W*�y�Rd�ZAckfhW*a�dhWri(Z�dh\*¥ =#\(c��\tiXwjZAayY*\!\([��"ª\tiXwy\
i�wjZv *�y\�ayWR\(�j� �R\|c�Wv[�´±\(U=�yZAajo1�ya W*�yckfh[ �y[6dhWyi(Z�db¥"¦'Z u Uy�\t v�y\(ajiC\|�R\toE�\tiXwjZAayY*\to
\(c�dh\ ayW*[ ´yU�\=�R\to�fhaj�vfh�vf·�R�joNZ��'\tiCcy�\to�okWvaPc��R\to!�jZAU�ZA[xs\(c�U�\to��R\1db§ºZ�dmYvW*Ukfhc�wy[�\*¥jµ1Z�ajo
iC\(c�c�\�ZA�y�yU�WyiXwy\*n±dm\��jZAU�Z�dedÑ�\Cdef�ok[�\ fhayw��\(U�\(aPc=Z��R�¹Z�dhY*W*UqfmcXwy[�\to�YV�\(a��\(ckf� *�y\to!a'§¨\tokc1�jZvo
c�W*c�Z�dm\([�\(aPcV\C�y�RdhWAfhcr�\*n�dm\�c�U�Z�fmcX\([�\(aPc��/§ �yay\»okWv�jo	�jW*�y�Rd�ZAckfhW*a��\(c�ZAaRc oR�\t v�y\(aPckfh\Cdedh\*¥ =�\
[�Wy�Ks\Cdh\|\toqc�iC\(�j\(aj�yZ�aPc fhaRcy�\(UX\to�o�ZAaRc=�Ks\to»dmWvU�o= v�y\�dh\+ayW*[ ´yU�\.�R\|�yU�WyiC\to�ok\(�yUCo��vf�okz
�jW*aRfh´Rdh\to�\tokc��Rdh�jo��±\(ckfhc» v�y\1d�Z�c�Z�fededm\ �R\1d�Z��jW*�y�Rd�ZAckfhW*aE�#�\to¬fhUr�\(\*¥yµ�\1�Rdh�jo(n±W*a+�j\(�yc
�\(�vfhc�\(U1dh\+iCW"ª�yc \(c1d�ZHiCW*[��Rdh\C�Pfhcy�\ �R\toNZ�dhY*W*Ukfhc�wy[�\to��R\.U�W*�ycCZAY*\|�yZAajo»dh\to�Z�U�i�wRfhc�\tiCz
c��yU�\to!�jZAU�Z�dedbs\Cdh\to�sZ�[��\([�WAfhU�\=�vf�okc�Ukfh´y���\(\ \(a�U�\tokc�U�\CfhY*ajZ�aPc!dh\tox�\tiXwjZAayY*\to��/§ fhaj�vfh�vf·�R�jo
ZA�R�+�yU�WriC\toXok\(�yU�o��vfmUX\tiCc�\([�\(aRc»iCW*ayay\tiCcy�\to(¥

� Ã � �Wr�/s\Cdh\=�R\ '�� � 
 � ����

=�wjZ* v�y\��yU�WyiC\to�ok\(�yUNc�U�Z�fhc�\ �yaEok\(�Rd�fhaj�vfh�vf·�R��\(c1cXW*�yc�\to!dh\to1W*���\(U�ZAckfhW*ajo�ok\ u{W*aRc0\(a
�jZAU�Z�dedbs\Cdh\*¥/¸�Z*oqc�\(c HZ*iXubZAUkd�ZAay\ �06t�Rnc6�>�>*�# KWvaPc�[�W*aPcXUr�\1 *�y\ iC\(c�c�\=ZA�y�yUXWriXwy\��RW*ayay\
\(axYV�\(a«�\(U�Z�djdh\to�[�\Cfgdedh\(�yU�\toNokWAdh�yckfhW*ajo�Zt�v\ti��yax[ fhaRfh[ �y[ �R\Nc�\([��jo��yZAajo��vf �»�\(U�\(aRc�o
o�iXw«�\([|ZAcCZ��/§ \C�«�\tiC�yckfhW*a'¥

¦'Z�ok�Rfhc�\��R\=iC\(c�c�\N�jZAU�ckfh\1\tokc1iCW*ajo�ZviCUr�\(\�sZNd�Z��yUy�\tok\(aRc�ZAckfhW*ax�R\1�Rdh�jo¬fh\(�yU�oNZ�dhY*W*Ukfhc�wy[�\to
 v�Rf0ok\|�yUAª\(c�\(aRc sZ��yay\.´jW*ayay\+�jZAUCZ�dedÑ�\Cdef·oXZAckfhW*a��R\.ayWPo Z�dhY*W*Ukfhc�wy[�\toNYV�\(a«�\(ckf� v�y\to(¥"¦ \ ok�y�yz
�±W*U�c0�/§¨\C�y���\(Uqfm[�\(aPc�Z�ckfhW*a �R\�ayWPo�Z�dmYvW*Ukfhc�wy[�\to#\tokc�d�Z TVZAU�Z�Y*W*a|�/§¨_¬aPcX\Cd  *�Rf'\tokc��RW*cy�\0�/§¨�yay\
ZAUCi�wRfhc�\tiCc��yUX\=[ �Rdhckfh�yU�WriC\toXok\(�yU�sZ�[ �\([�W�fmUX\=�vf·oqc�Ukfh´y�«�\(\.�º]1Cync6�>�>EC/ b¥

[ _ - _ ( . � � � Ã 2c+ * � \ �+� � I �����@\�� b + N 5�� � # )	* Á �rÄ
¦'ZE[.Z*i�wRfhay\HTVZAU�ZAY*Wva½\tokc.�ya oq�y�j\(U�z{W*UC�vfmajZ�c�\(�yU �_�Hµ6�/§¨_baRc�\Cd»Z��y�jZAU�c�\(ajZAaRc²sZ¹d�Z

iXd�Z*o�oq\»�R\to}[|Z*iXwRfmay\to#[|Zvo�o¬fh�*\([�\(aRcV�jZAU�Z�dedbs\Cdh\to1sZ�[��\([�WAfhU�\��vf�okc�Ukfh´y���\(\5�ºiXu�¥�ljY*�yU�\�6��  b¥*¼�ay\
ZA�ycXU�\=iXd�Z*o�ok\1c�Uts\to�iCWvajo¬f�okc�ZAaRc�\1�/§¨W*U��vfhajZAc�\(�yUCo��jZAU�Z�dedbs\Cdh\to�\toqc³iC\Cdedh\��R\to#[|Z*iXwRfmay\to![|Z*oXo¬fh�*\(z
[�\(aRc��jZAUCZ�ded¯s\Cdh\to�sZ [��\([�WAfhU�\1�jZ�U�c�ZAYV�\(\*¥
¦'Z+oqc�U��jiCc��yU�\��/§¨�yay\�[|Z*iXwRfmay\��vfhc�\²sZ�[��\([�WAfhU�\��vf�okc�Ukfh´y���\(\�ok\ �yUy�\tok\(aRc�\�okWv�jo!u W*UX[�\��/§¨�ya
\(ajok\([ ´Rdh\0�R\�a �1�j�yo f��R\(aPcqf· v�y\to#U�\CdefÑ�\to �jZAU"�ya Uy�\tok\tZA� �/§ fhaPc�\(UCiCW*ayay\C�PfhW*a'¥*¦ \to	[|Z*iXwRfmay\toV�R\
iC\�ckpP�±\«ok\��vf�okckfhayY*�y\(aRcV\to�ok\(aRckfh\Cdedh\([�\(aPc��jZAU dh\(�yUV[�Wy�R�Rdm\�W*���\(U�ZAc�W�fmUX\� *�Rfy\tokcV\(a=Uy�\tZ�defhcy�\V�ya
W*UC�vfmajZ�c�\(�yU	fhaj���\(�j\(aj�yZ�aPc�Z��*\ti#o�Z�[��\([�WAfhU�\V\(cVok\to	�yU�WyiC\to�ok\(�yUCo(¥ � W*c�Wvajo0�\(YPZ�dm\([�\(aPc d�Z0ok���\(z
iXfelKiXfhcy�\.�R\ d�Z.c�W*�jW�dmWvYAfh\|�R\ dh\(�yU1Uy�\toq\tZA�E�/§ fhaPc�\(UCiCW*ayay\C�PfhW*a  *�y\Cd� v�y\Cu WAf�o �RpRajZA[ f� *�y\([�\(aPc
U�\tiCWvaRljY*�yU�ZA´Rdh\*¥ ��a �vf�okcqfmayYv�y\²YV�\(a��\(UCZ�dh\([�\(aPc� v�jZAc�U�\+ckpR�j\to.�R\xc�Wv�jWAdhW*YAfh\�R#wRpP�±\(U�iC�y´j\*n
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c�WvU�\*nAdefha«�\tZ�fhU�\�\(c�YvUkfedgdh\*¥y¼!ay\»iCW*ajoR�\t v�y\(ajiC\�fh[�[��\t�vf�ZAc�\0�R\!db§ºZA´jok\(ajiC\1�/§¨�yay\�[��\([�WAfhU�\0iCWv[�z
[ �yay\+\tokc| v�y\.dh\to �yU�WyiC\to�ok�jo ay\+�±\(�y�*\(aRc fhaPc�\(UCZAYAfhU| v�'§¨\(a�o(§k�\ti�wjZAayYv\tZAaPc=�R\to�[�\to�o�ZAYv\to
U�Wv�ycr�\to#�jZAU�dh\NUr�\tok\tZ�� �/§ fhaRc�\(U�iCW*ayay\C�RfhW*a'¥

Hypercube de dimension 3 Anneau de 7 processeurs

Tore de 9 processeurs Grille de 9 processeurs
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¦/\²i(Z�d�iC�Rd�ZAc�\(�yUxTVZ�U�ZAY*W*a��R\�db§¨_9��_ �*¢ �ºiXu�¥	ljY*�yUX\Q6t�- ¬n� *�Rf��j\(�yc��\(�vWAdh�y\(UtnV\tokc|�RWvcr�\
Z*iCcX�y\Cdgdh\([�\(aRc=�/§¨�yay\ okWAfe� Z�aPc�Z�fmay\=�R\Na �1�j�yo0 v�'§¨W*a+�±\(�yc»�vfh�vf�ok\(U0\(aH�R\(�R�x�jZAU�ckfh\to�R

� db§¨�yaRfhcy�\��R\1Y*\toqckfhW*a²iCW*ajoqckfhc��«�\(\=�R\=o¬fe�xa �1�j�yo�okpyokcts\([�\to�Wv�x�R\�ok\(U��vf�iC\*Å
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� db§¨�yaRfhcy�\��R\=i(Z�d�iC�Rd�iCW*[��±WPoR�\(\=�R\=�v� a �1�j�yo0�R\Nc�U�Z�fhc�\([�\(aPct¥

¼�a�a �1�j�²�R\ i(Z�d�iC�Rd}iCWv[��yU�\(aj�+�yay\ [��\([�WAfhU�\=�R\96t��� � \C�yc�\(ajo¬fh´Rdh\�\(c0�R\(�R�x�yUXWriC\tokz
ok\(�yUCo0�R\ ckpP�±\1f <*�*���RW*aPc!db§¨�yaEo(§¨Wyi(iC�y�j\ \to�ok\(aRckfh\Cdedh\([�\(aPc=�R\Nd�Z�Y*\tokckfhW*aH�R\to0iCW*[�[��yaRf�i(ZAz
ckfhW*ajo!\(c0�R�+U�Wv�yc�ZAY*\=�R\to�[�\to�o�ZAY*\to ¥
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¦/\to�Z�dhY*W*Ukfhc�wy[�\to#YV�\(a«�\(ckf� v�y\to�okWvaPc#u{W*aj�yZA[�\(aRc�Z�dh\([�\(aRc��jZAUCZ�ded¯s\Cdh\to(¥j¸Va�ubZ�fhctnAdb§¨\to�oq\(aPckfh\Cd

�R\to#i(Z�d�iC�Rd·o}\tokc	\ � \tiCcX�«�\«�yZ�ajo	�yay\�´jW*�jiXdh\ 	}�� H �� Á � 	�_�_�_ " � � 4 �$# J�x¥ ��a \(�AZ�dh�y\»�yZAajoViXwjZ* v�y\
´±W*�jiXdh\*n/�yax\(ajok\([ ´Rdh\��/§¨Wv�«�\(U�ZAcqfmWvajoVf��R\(aRckf� *�y\to ¥'¦'Z�[�f·oq\=\(a+WR\(�y�PU�\N�jZAU�Z�dedbs\Cdh\ iCW*ajo¬f�okc�\+sZ
ubZ�fhU�\�iC\to�W*���\(UCZAckfhW*ajo��jZAU��Rdh�jo¬fh\(�yU�o1�yUXWriC\to�oq\(�yU�o(¥ £0U*ªZ*iC\ ZA�xUy�\tok\tZA�H�/§ fhaPcX\(U�iCW*ayay\C�RfmWva¹�R\
d�Z+TVZAU�Z�Y*W*a+ *�RfVYPZAU�Z�aPckfhc��ya�ubZ�fh´Rdh\�iCW	ª�yc»�R\ iCW*[�[ �yaRf�i(ZAckfhW*a'n/ayW*c�UX\=�yU�\([ fbs\(U�\�ZA�y�yUXWriXwy\
sZH�\(cy�\«�R\1iC\(aPc�UCZ�def·oq\(U�d�Z,U�\(�yU�Wy�R�jiCckfhW*ayzboR�\Cdh\tiCckfhW*a'¥ =�\(cXc�\0ZA�y�yU�WyiXwy\0�jZAUCZ�dedÑ�\Cdef·oq\0�yUy�\tiXf�oP�\([�\(aRc
dh\to �\(��Z�dh�jZAckfhW*ajoN�R�EljcXay\to�o i(ZAU�iC\+okW*aRc=\Cdedh\to� v�Rf³iCW*ajokcqfmcX�y\(aPcNdb§¨\to�ok\(aRckfh\Cd0�R� i(Z�d·iC�Rdb¥�¦ Z
okcXU�ZAcy�\(YAfh\»�yZAajo!iC\(c0Z�dhY*W*Ukfhc�wy[�\�iCW*ajo¬f�okcX\|sZ��vf�okc�Ukfh´y�y\(Utn/�R\�u¯Z±°iCW*a �\t v�Rfhc�ZA´Rdh\*nRdh\to�fhaj�vfh�vf·�R�jo
�R\�d�Z+�jWv�y�Rd·Z�ckfhW*a½cXU�Z�fhcy�\(\�ZA�R�E�yU�WyiC\to�ok\(�yUCo= v�Rf³ok\|iXwjZAU�Yv\|�/§k�\(�AZ�dh�y\(U1dh\(�yUNljc�ay\to�o(¥'µ1Z�ajo
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OSF SUNMOS

Frequence

Double precision peak 

Single precision peak

75 MFlops

100 MFlops

Processeur   i860

Start-up 93 us 50 us

30 Mo/s 120 Mo/sBandwidth

50 MHz

Systeme
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iC\to�iCW*aj�vfhckfhW*ajo(nvdb§ºZ�dhY*WvUkfhc�wy[�\�W*Ukfh\(aPcy�\�\(aP�vfhU�W*ayay\([�\(aRc�o#[ �Rdhckfh�yU�WriC\toXok\(�yU�o=sZ�[��\([�WAfhU�\0�vf�okz
c�Uqfm´y���\(\ \(c�fhaRc�\tiCW*ayay\tiCcy�\|¡��ywRpro¬f� v�y\([�\(aRc1W*��dmWvYAf� *�y\([�\(aRc ¤�ok\ Ur�\tok�y[�\=\(axcXU�WAf�ox�\(c�Z��j\to
 v�Rf o(§ºZ�~9Wv�yc�\(aPc�ZA�+�yUy�\(c�U�Z�fmcX\([�\(aPc��jok�y\Cd R

6*¥�¦/\=�yUXWriC\to�oq\(�yU � � \(aP�vWAfh\|sZ�i�wjZv *�y\N�yaRfmcy�\=�R\1c�U�Z�fmcX\([�\(aPc³d·Z�[|ZAcXUkf�iC\=�R\��vf�o�o¬fh[ fed�ZAz
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ok\(�yU�� � dm\��*\tiCc�\(�yU+iCW"ª�yc�dmWyi(Z�d=iCW*U�U�\toq�jW*aj�yZAaRc|ZA�R��Uy�\tok�Rdhc�ZAcCo��R\Eok\to.�vf �»�\(U�\(aRc�\to
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]y¥�¦'Z��R\(U�aRfbs\(UX\��\(c�ZA�±\xiCW*ajo¬f�okc�\�sZ�iCW*ajokcXU��RfhU�\E�R\²ayWv�y�*\Cdedm\to�iCW*aRljY*�yU�Z�ckfhW*ajo��jZ�Ux�R\to
W*���\(UCZAc�\(�yU�o�YV�\(a«�\(ckf� v�y\to(¥"T	Wv�yU�iC\Cd�Zyn�� � o §¨Wri(iC�y�±\ �R\xiXwyWAf�o¬fhUNdh\to�iCW*aRljY*�yU�Z�ckfhW*ajo+sZ
iCU�WAf�ok\(U0�/§ �yay\1�jZAU�ctn�dm\to!iCW*aRljY*�yU�ZAcqfmWvajo��RW*aRc³ v�y\Cd� *�y\to.�\CdÑ�\([�\(aRc�o�ok�y´RfhU�W*aRc��R\to�[ �yz
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iCW*aRljYv�yU�ZAckfhW*aHZ�dÑ�\tZAc�W�fmUX\»�R\Nc�Z�fededm\96t�*� \toqc�dh\�ok�Rfh��Z�aPc�R
6 k 7��/LEO�I@G g	g $LELEO I@L A!L,K>=BKJL K�CE= D DBL ? G g I " =BOJL g K �C "	g OJA!L,LEI � " A O " A�LE;>D = g $LMCM= ;JL��
6 �:7:FHLEOHI�G g�g $LELEO I�C�KJL g K�I�L D C A�$LE;>=BG:I�L ? G   "�g =BOJKJL��

fcfhgji?kmlmnpo



�1C ��������� ���	� �O�
� �������� �O
 �	����

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

BRAS

CONG

CUBA

EGYP

FRAN

INDI

ISRA

JAPA

CHIN
RUSS

U.SA

YUGO

dimension 1

di
m

en
si

on
 2

MDS-GENETIC

����� �/��z � ��� � �� � �	�����������-'���� � ��� ��� %m�m� ��������� � ��� � �	��%m� � ��
  � � ��� �

¼�ay\�fhaPc�\(UX�yUr�\(c�Z�ckfhW*aE�R\ iC\(c�cX\|iCW*aRljY*�yU�Z�ckfhW*a�) � [�W*aRc�U�\ �ya½�±WPo¬fhckfhW*ayay\([�\(aRc c�Uts\to!fmayz
cy�\(U�U�\to�oXZAaPc �R\to �jZ�pro ok�yU�dm\+�Rd�ZAacR#¦/\to�¼N¥ �j¥¨¢ n'dh\H�*ZA�jWva'n	d�Z PyU�Z�ajiC\|\(c�_kokU�Z �\Cd³ v�Rf»okW*aRc
�R\to.�jZ�pyo|i(ZA�Rfhc�Z�dgf�okcX\to+���\(���\CdhW*�y���\to ¥�¦/\ =�W*ayY*W±n	db§º¸VY*pR�yc�\�\(c�db§¨_¬aj�R\½ *�Rf=okW*aRc+�R\to��jZ�pyo
okWv�jokzb���\(���\CdhW*�y���\to(¥K¦ \"=��y´jZ n±d·Z =�wRfhay\*n d·ZH���joXo¬fh\|\(c,d·Z �VW*�yY*WPo9d·Z��vfh\| *�Rf�okW*aRc=�R\to1�jZ�pyo
iCW*[�[��yaRf�okcX\to(¥ =�\(cXc�\�fhaPcX\(U��yUy�\(cCZAckfhW*a �Rdh�yc*ªW*c«�/§ W*U��RU�\.�\tiCWvayW*[ f� *�y\!ayW*�joV�jZAUCZ ªfhc�´Rfh\(a|�Rd�ZA�yz
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ALSCAL
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GA ( serial  )
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0.13181 E+00

5 Torgerson

Torgerson32
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9- CHIN        CHINA

7- ISRA        ISRAEL

8- JAPA        JAPAN

6-INDI         INDIA

5- FRAN       FRANCE

1-BRA       BRASIL

3- CUBA       CUBA 

2- CONG       CONGO

4- EGYP       EGYPTE

10- RUSS       RUSSIA

11- U.SA        U.S.A

YUGO   YUGOSLAVIA12-

 

13- RIC    PUERTO-RICAN

12- POL    POLISH

11- NEG    NEGRO

10- MEX    MEXICAN

9- JEW      JEWISH

8-JAP        JAPANESE

7-ITA         ITALIAN

6- IRI          IRISH

5- IND      INDIAN

4- GER      GERMAN

3- CHI       CHINESE

2- BLA       BLACK

1- ANG       ANGLO

TAB-2 TAB-3

   

Symboles et noms des entités étudiées dans le rapport.
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Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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