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\�C º!E;´Z[�»_´¡º�C�Y¡X�»,C8E6C�»6^!·X,E�´.F�^;´¶½�N!Xéµ*XKFDCtYZ¼�`~E;´Z^�¾!OPXKFV¼%·X,[4·X,^�´.½~N!XKF,É�º�C8E�EGC�º!º�`�E�^DC8N*Â C8N!^_E�XKFV^�XK»_¾![*´¶½�N!XKF

µ�³ ´Z[�F;º*´ZEGC8^�´¡`~[ »6`�OPº�`~E�^�X,OPX,[*^GCtYZX�É0XKF;^Pµ*XÀ^_EGCtW�Ct´qYqYZX,EÀF;N!EPµ*XKFB»6`�µ!C8¼~XKF�X,^B[!`�[�F;N!EPµ*XKFBF;`8YZN!^;´Z`�[�FBE!·X,X6YqYZXKF,Ä
Å�XKF(»6`!µ*XKF(F;`�[*^2C�º!º�X6Y ·XKF! iÜTÙ;Ø�ÝBØ8ß Ø~Ý]ÞißPX,^IY¶CQº*Y¡N!º�C�E�^�µ*ND^�X,OPº�F,É�X,[D`�º!^;´ZOB´¶F�C�^;´Z`�[�É§´qY.F�F;`�[*^=S*´Z[�Ct´ZE�XKFÔX,^
µ*XQYZ`�[!¼�N!X,N!E�ñ!Â�X�Ä
\%³¢CtYZ¼�`�E�´¡^_¾!OPXV¼%·X,[4·X,^;´¶½�N!X�È#Ct´Z^Æµ*`~[�» ·X,W�`8YZN!X,EÀF_C�º§`�º!N*Y¶C8^;´Z`�[Ðµ*XQÈ�C�"»6`~[ ÇCéë~ì�ë���Û�ÞtÙèY¡XKF
´Z[�µ~´ZW�´¶µ*N�FÀÇCÔY#³�X,[*W�´ZE�`~[![!X,OPX,[T^tÉ�»6X6Y¶CQF;X(^�EGC�µ*N*´Z^�C8N�F;X,[�FICtYZ¼�`�E�´¡^_¾!OB´¶½�N!XBµ*NV^�X,E�OPX(º�C8E4N![!XQÝ]ë$#�Ú�Ý]Ú.ß,ë�Û�Ú¶Ø~â
µ*X(Y¶C�È�`�[�»6^;´Z`�[Dµ�³;·X,W8CtYZN�C8^;´Z`�[�F;N!E¸Y¡XKF¸´Z[�µ~´ZW�´¶µ*N�F�µ*XÔY¶CBº�`�º!N*Y¶C8^�´¡`~[�Ä

%�¦'&�ªK«~®¤°�ª8®¤«tüÌ­
û�®0©�������¬�«8±.ª��	�Dü
���ü�©
�üTªK±�ÿ0®�ü
\�Cè»6`�[�F;^�E�N�»6^�´¡`~[éµ�³�N![�CtYZ¼�`�E;´Z^�¾!OPX�¼�·X,[4·X,^;´¶½�N!XBº�`~N!E�N![!XVC8º!º*Yq´.»,C�^;´Z`�[éº�C�E�^;´¶»6N*Yq´�ÇX,E�X�´¡O�º�`TF;XVµ*XVµ�·X6ñ�[*´ZE

N![Ì»6X,E_^GCt´Z[V[!`�OBS!E�X�µ*X]»6`~OPº�`TF_C8[T^_XKF M ?ta(�
ò H8ó�N![!X(E�X,º!E!·XKF�X,[T^GC�^;´Z`�[�»�¾!E_`�OP`TF;`~OÀCtYZX2µ*XKFIF;`8YZN!^;´Z`�[�FIC8NVº!E�`~S*Y�ÇX,OPX�)
ò ?*ó�N![!X(OÒ·X,^�¾!`!µ*X�µ*X]»6E!·XKC8^;´Z`�[Vµ*X(Y¶CBº§`�º!N*Y¶C8^;´Z`�[è´Z[*´Z^;´¶CtYZXÆµ*XBF;`8YZN!^;´Z`�[�F*)
ò,+ ó�N![!XBÈ�`~[�»6^;´Z`�[Òµ�³;·X,W�C�Y¡N�C�^;´Z`�[é½~N*´�Í;`�N!XBYZXÀE~Ã`8YZXÀµ*XPY#³�X,[*W~´¡E_`�[![!X,OPX,[*^KÉ0X,^]½~N*´�º�X,E_OPX,^]µ�³;·X,W�CtYZN!X,EÔY¡XKF

F;`8YZN!^;´Z`�[�F4º*YZN�FI`�NVOP`�´¡[�F � C�µ!C8º!^!·X,XKF-� ò `�[Vº�C8E�Y¡X�µ*X���Û�â§Þ,ß6ßGó.)
ò L!óBµ*XKFB`�º4·X,E6C8^�X,N!EGF�¼%·X,[�·X,^;´¶½~N!XKF]½~N*´(OP`�µ~´qñ�X,[*^PY¶C�»6`~OPº�`TF�´¡^�´¡`~[ µ*XKFQ»�¾!E�`~OP`TF;`�O�XKF]µ*XKF�X,[*È#C8[T^6FPC8N

»6`�N!EGF�µ*XIY¶C�E�X,º!E�`!µ*N�»6^;´Z`�[�)
ò�ð óÔY¡XKF¸W�CtYZX,N!EGFIµ*XKF�º�C�EGC8O�ÇX,^�E�XKF�½~N!X(Y#³¢C�Y¡¼~`�E;´Z^�¾!OPX(¼%·X,[�·X,^;´¶½~N!X(X,OPº*YZ`8´ZX ò ^6Ct´qY�YZXBµ*X�º�`~º!N*Y.C�^;´Z`�[�É�º!E_`�S�C8¿

S*´�Yq´Z^!·XKF=µ�³¢C�º!º*Y�´¶»,C8^�´¡`~[Ìµ*XKF�`�º�·X,EGC�^�X,N!EGF
¼%·X,[4·X,^;´¶½�N!XKFiÉ�X,^G»8Äqó6Ä
\�CBF;^�E_N�»6^�N!E�X(F�»�¾4·X,OÀC8^;´¶½~N!X2µ�³¹N![�CtYZ¼�`�E;´Z^�¾!OPX(¼%·X,[4·X,^�´.½~N!X�XKF;^4º!E!·XKF;X,[*^�·X,X�X,[Qñ�¼~N!E�X]H~Ä 9 Y�X6ÂT´¶F;^�X(N![V¼~EGC8[�µ

[!`�OBS!E�X�µ*X�W�C8E;´¶C8^�´¡`~[�F�C8N!^�`�N!EIµ*X]»6X,^�^�X�F�^�E�N�»6^�N!E�X�Ä
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generation de la population initiale

population des "parents"

selection de deux parents

croisement des deux parents

mutation des enfants

population des "enfants"

arret de l’evolution ?

extraction des solutions

oui

non

creation d’une nouvelle
population de "parents"
a partir des "enfants"

0(132�46587:9<;>= E�¼*C8[*´Z¼�EGC8OPO�X�µ*X(Y#³¢CtYZ¼�`�E�´¡^_¾!OPX(¼%·X,[4·X,^;´¶½�N!X�F�´¡O�º*Y¡X�É�»_È�Ä M L�a#Ä
\�XKF�F;`8YZN!^;´Z`�[�F ò `�N�Ú�â�ì�Ú ï Ú�ì�ä~ßGó(µ*XBY¶CVº�`~º!N*Y.C�^;´Z`�[éX,[*^�E�X,[*^]µ!C�[�F(N![�º!E�`!»6XKF�F;N�FBµ�³;·X,W�`8YZN!^;´Z`�[�Ä0Å�X,E_^GCt´Z[!XKF

F;`8YZN!^;´Z`�[�FiÉKOPX6´qYqYZX,N!E�XKF�½~N!X
YZXKF�C8N!^_E�XKF ò Y¡X,N!E6F�È�`�[�»6^;´Z`�[�F0µ�³;·X,W8CtYZN�C8^;´Z`�[�F0F;`�[*^�OPX6´qYqYZX,N!E�XKF6óGÉ~`�[T^²º*Y¡N�F%µ*X4»�¾�C�[�»6X
µ*X(F;N!E�W~´¡W*E�XIX,^�µ*XI^�EGC8[�F�OPX,^�^�E�X
YZX,N!E�º�C8^_E;´ZOP`8´Z[!X=¼%·X,[4·X,^�´.½~N!X�Ä�\�CB»6`�[*W�X,E�¼�X,[�»6XIµ�³�N![�C�Y¡¼~`�E;´Z^�¾!OPXI¼%·X,[4·X,^;´¶½�N!X
F;XD^�EGC~µ*N*´¡^Vº�C�EPY¶C »6`~[�»6X,[T^�E6C8^;´Z`�[�µ*XKF�´Z[�µ~´¡W~´¶µ*N�F�µ*XèY¶CÑº�`�º!N*Y¶C8^;´Z`�[Îµ!C8[�FVµ*XKFQE!·X,¼�´¡`~[�FVµ*X�Y#³�XKF�º�C�»6Xéµ*X
E�XK»_¾!X,EG»_¾!X]½~N*´�º!E!·XKF�X,[T^�X,[*^4N![�`�º!^�´¡OBN!O ¼�Y¡`~S�CtY�µ*XIY¶CBÈ�`�[�»6^;´Z`�[�µ�³;·X,W�C�Y¡N�C�^;´Z`�[�Ä
\�C�º!E�`!»�·XKµ*N!E�XIµ�³ ´Z[*´¡^�´.C�Y�´¶F�C�^;´Z`�[Ìµ�³�N![VCtYZ¼�`�E�´¡^_¾!OPX=¼%·X,[4·X,^�´.½~N!X=F;X�È#Ct´Z^%YZX(º*YZN�F�F�`�N!W�X,[*^�CtY,·XKC�^�`8´ZE�X,OPX,[*^?��Y¡XKF

´Z[�µ~´ZW�´¶µ*N�FIµ*XIY.C�º§`�º!N*Y¶C8^;´Z`�[Q´Z[*´Z^;´¶CtYZX]F;`�[*^�C�Y ·XKC8^�`8´ZE�X,O�X,[T^%E!·X,º�C8E�^;´¶F
µ!C8[�F¯Y�³¹XKF;º�C�»6X(µ*X=E�XK»_¾!X,EG»_¾!X�Ä 9 Y�XKF;^�^_EiÇXKF
È#C�»_´qY¡XBµ�³ ´Z[T^_E�`�µ*N*´ZE�XBµ*XKF4´Z[*È�`�E�OÀC�^;´Z`�[�F(ë@��ÙGÚ�Ø�Ù6Ú ò F;`�N�F
È�`�E�OPXKF4µ*XBF;`8YZN!^;´Z`�[�F
´Z[*´Z^;´¶CtYZXKF6ó=µ!C8[�F
Y¶C�º�`�º!N*Y¶C8^�´¡`~[
´Z[*´Z^;´¶CtYZX�É�µ*X(È#C�"»6`�[éÇCPC�»,»§·X6Y ·X,E�X,E
Y¶CP»6`�[*W�X,E�¼�X,[�»6X�Ä
\%³;·X,W�`8YZN!^;´Z`�[Vµ*XIY¶CBº�`�º!N*Y¶C8^�´¡`~[�F;XIÈ�C�´¡^4º�C8E4E�X,º!E_`�µ*N�»6^;´Z`�[DF;X6Â!N�·X,X�Ä!\�CB»6E!·XKC�^;´Z`�[�µ�³¹N![!X([!`�N!W�X6YqYZX�º�`~º!N*Y.C�¿

^;´Z`�[ ò µ*XKF � X,[*È#C8[*^GF-�*ó�F;XIÈ#Ct´Z^�º�C8E=C�º!º*Y�´¶»,C8^�´¡`~[ µ*X(^_E�`8´¶F4`�º4·X,EGC8^�X,N!EGFA�
B Y.C�ß
áÞKÖqÞ� KÛ�Ú�Ø�âÀµ*XIµ*X,N*ÂÆº�C�E�X,[T^6F,É�F;X6YZ`�[PN![À»6E�´¡^KÇX,E�X�µ�³¢C�µ!C�º!^GC8^;´Z`�[�ÇCIY#³�X,[*W~´¡E_`�[![!X,OPX,[*^ ò º§`�N!E%È#CtW�`�E;´¶F;X,E
Y.C�E�X,º!E�`!µ*N�»6^;´Z`�[éµ*XKF � S�`�[�F-�Æ´Z[�µ~´ZW�´¶µ*N�F6óGÉ%»8³�XKF�^�Y�ÇCV½~N�³ ´Z[T^�X,E_W�´ZX,[*^IY.C�È�`�[�»6^;´Z`�[�½~N!X�Y�³¹`�[�»�¾!X,EG»_¾!X�ÇC
OÀCtÂ*´¡OÆ´.F�X,E
)

B Y¡XA KÙ;Ø�Ú.ß ÞtÝBÞKâ�Û�µ*XKF0»�¾!E�`~OP`TF;`�O�XKF�µ*XKF�µ*X,N*Â�º�C�E�X,[T^6F�º§`�N!E�»6E!·X,X,E�YZXKF0»�¾!E�`~OP`TF;`�O�XKF�µ*X�µ*X,N*Â�X,[*È#C8[*^GF
ò º�C8EÀ·XK»_¾�C8[!¼�X�µ*X(º�C8E_^;´ZXKF=µ*X�»_¾!E�`�OP`*F;`�OPXKF
X,[*^�E�XIYZXKF�º�C�E�X,[T^6F6ó?)

B Y.CBÝBä*Û�ë�Û�Ú�Ø�âVµ*XKF�»_¾!E�`�OP`TF�`�OPXKF0µ*XKF0X,[*È�C8[*^GF ò º§X,^;´Z^�X�º§X,E�^�N!E�S�C8^�´¡`~[ÆC�Y ·XKC8^�`8´ZE�X�F;N!E0YZX=»_¾!E�`�O�`TF;`�OPX8ó6Ä
\�CBF*·X6Y¡XK»6^�´¡`~[�C8¼8´Z^=»6`�OPO�X=N![V`�º4·X,EGC8^�X,N!E4µ*X � »6`�[�»6X,[*^�EGC8^�´¡`~[��!É*^GC8[�µ~´¶F4½�N!XIYZX]»6E_`8´¶F;X,OPX,[*^¸CÆº*Y¡N!^~Ã`�^4N![!X

C�»6^;´Z`�[Qµ�³�X6Â�º*YZ`�E6C8^;´Z`�[�Ä<�%·X6YZXK»6^;´Z`�[ÀX,^�»6E_`8´¶F;X,OPX,[*^�È#CtW�`�E;´¶F;X,[*^�µ*`�[�»
Y¶C�»6`�[�»6X,[T^_EGC8^;´Z`�[Àµ*X¸Y.C�º§`�º!N*Y¶C8^;´Z`�[Vµ!C8[�F
µ*XKF4E!·X,¼8´Z`�[�F�µ*XIY#³�XKF�º�C�»6X�µ*X(E�XK»_¾!X,EG»�¾!XI`�ÇNQY¶CÔÈ�`~[�»6^;´Z`�[�µ�³;·X,W8CtYZN�C8^;´Z`�[VCBµ*XKF4W�CtYZX,N!EGFQ·X6YZX,W�·X,XKF,ÉTCtW�XK»¸YZX(E;´¶F�½~N!X
»6X,º�X,[�µ!C�[T^(µ�³�`�S!^�X,[*´ZE�N![!X�»6`~[TW�X,E_¼�X,[�»6X(º!E!·X,OQC8^�N!E!·X,X�º�C8E�º§X,E�^�X�µ*X � µ~´ZW�X,EGF�´¡^!·X(¼%·X,[�·X,^;´¶½~N!X�� ò `�[�µ~´Z^=C�N�F�F�´(�
º�C8E � µ�·X,E;´ZW�XQ¼%·X,[4·X,^;´¶½�N!X���óGÄ > N »6`�[*^�EGCt´ZE�XQY¶CDOBN!^GC8^�´¡`~[ÒC8¼�´¡^Q»6`�OPOPXVN![�`�º4·X,EGC8^�X,N!EPµ*X � µ~´¶F;º§X,EGF�´Z`�[��ÑC8N
F;X6´Z[ µ*XQY¶CÁº�`�º!N*Y¶C8^�´¡`~[�É%X,^BY#³�`�[�º§X,N!^�µ
·X,OP`�[*^�E�X,E]½~N!XVY¶CDOBN!^GC�^;´Z`�[éº§X,E�OPX,^Vµ*XVOÀCt´Z[*^�X,[*´ZEPY¶C�µ~´ZW�X,EGF�´¡^!·X
¼%·X,[�·X,^;´¶½~N!X]µ*XBY¶CVº§`�º!N*Y¶C8^;´Z`�[�É²X,^]Ct´Z[�F�´�µ�³¢C~F�F;N!E�X,EIY¶C�»6`~[TW�X,E_¼�X,[�»6XBW�X,EGFIN![�`�º!^�´¡OBN!O ¼8YZ`�S�CtY#Ä�\%³�X�C�»,C~»_´¡^!·X
µ�³�N![ C�Y¡¼~`�E;´Z^�¾!OPX�¼%·X,[4·X,^�´.½~N!X�XKF�^Ìµ*`�[�»èYq´,·X,XÑC8N�µ*`TF�C8¼�X�F;N!S!^�´�YPµ*Xé»6XKF�µ~´ZW�X,E6F;XKF�»6`�O�º�`TF�C�[T^�XKFiÉ�Ctñ�[ µ*X
»6`�[*W�X,E�¼�X,E¸Y¡X�º*YZN�F�EGC�º*´.µ*X,O�X,[T^�º§`TF�F�´ZS*YZXBW�X,EGF
Y#³�`~º!^;´ZO]N!O ¼8YZ`�S�CtY%µ*XIY.CÆÈ�`�[�»6^;´Z`�[éÇCB`�º!^�´¡OÆ´.F�X,EKÄ
\�CèOP`!µ�·X6Yq´¶F�C8^;´Z`�[�X,^�Y¶C�»6`�O�º!E�·X,¾!X,[�F�´Z`�[�µ*XKFPC�»6^�´¡`~[�F]µ*X�»6XKFÆ^�E�`8´¶F�`�º4·X,E6C8^�X,N!EGFÔ`�[T^�·X,^!·XP^�`�N!^Bµ�³¢C8S§`�EGµ

È#Ct´Z^�XKFPC8N�F;X6´Z[ µ*XQY¶CD^�¾4·X,`�E;´ZXVµ*XKF'�T»_¾�·X,OÀC~F M L�É å a�ÄED�YZN�FBE!·XK»6X,O�OPX,[T^tÉ�YZXKFPC�º!º!E�`�»_¾!XKFBº�C8EBOP`!µ
·X6Yq´¶F�C8^�´¡`~[
ADC8E-F�`8W~´ZX,[![!X�µ*XKFPCtYZ¼�`�E;´Z^�¾!O�XKFB¼%·X,[4·X,^;´¶½�N!XKF�`�[*^Bº�X,E�OÆ´.FQµ*X�µ
·X,O�`�[T^_E�X,E�Y¡XKFÆX��¤X,^6FBX,^BY#³�X�C�»,C�»_´Z^!·X�µ*XD»6XKF
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`�º4·X,EGC8^�X,N!EGF M H8É + É�@8a#Ä�ÊIXVº*YZN�F,É4Ê(CtW�´¶FQCDº!E�`�º§`TF*·XQ´�YIR CDº�X,N N![!X µ
·X,OP`�[�F;^_EGC8^;´Z`�[�µ*XÌ»6`�[*W�X,E�¼~X,[�»6XÌµ*X
Y#³¢CtYZ¼�`�E�´¡^_¾!OPXÀ¼%·X,[4·X,^�´.½~N!XPF�´ZOPº*YZX MH+ a#É�F�N!E(YZXÀO�`�µ�ÇX6Y¡XQµ*XPY¶CDµ�·X,OP`~[�F;^�EGC8^�´¡`~[ µ*XÆY.CD»6`�[*W�X,E�¼~X,[�»6XÀµ*NéE_XK»6N*´¡^
F�´ZOBN*Y ·X�Ä%Å
X6Y.C�YZN*´�Cúº�X,E�OÆ´.FBµ*XPº!E_`�º�`TF�X,E�N![!X�È�`�E_O]N*YZXÀµ*XVµ
·XK»6E_`8´¶F�F�C8[�»6XÀµ*X�Y¶CVº!E�`~S�C8S*´qY�´Z^!·X�µ*X�O]N!^6C8^;´Z`�[
ò ^�EKÇXKF
YZX,[*^�X8ó2½~N*´�¼*C8EGC8[*^;´Z^�Y¶Cè»6`�[TW~X,E�¼�X,[�»6XPµ*X�Y�³�CtYZ¼�`�E;´Z^�¾!OPX�W�X,EGF�N![�`�º!^;´ZOBN!O ¼8YZ`�S�CtY#Ä�\�XBº�C8EGC�OúÇX,^�E_X]µ*X
º!E�`�S�C�S*´�Yq´Z^!·X]µ*X�OBN!^GC�^;´Z`�[�C�¼8´Z^=µ*`�[�»�µ*X(OQC8[*´�ÇX,E�X�F�´ZOB´qY¶Ct´ZE�X�ÇCBN![!X�^�X,OPº4·X,E6C8^�N!E�X(µ!C8[�F4N![èE�XK»6N*´Z^2F�´ZOBN*Y ·X�Ä

I�¦�JQü�ý!��KLKL�¶±�°��!ªK±.¬�©�ýVªK«<Mü�ý�©�¬N�PO�«tü§®¤ýiü�ý�ü*ªBªK«<Mü!ý!Q<��«8±��üTü!ý
\�XKF�C�Y¡¼~`�E;´Z^�¾!OPXKF4¼%·X,[4·X,^�´.½~N!XKF�»_Y¶C�F_F�´¶½�N!XKF,É§^�X6Y¶F�½~N!X([!`�N�F4W�X,[!`~[�F�µ*XIYZXKF�µ�·XK»6E;´ZE�X�É*`�[*^À·X,^!·XV·X,^_X,[�µ*N�F�µ�³¹N![!X

º�C8E�^Iº�C8EI´ZOB´Z^GC8^�´¡`~[ µ*XKFIº!¾4·X,[!`�O�ÇX,[!XKF=µ�³;·X,W�`8YZN!^;´Z`�[D[�C8^�N!E_X6Y�YZXÀ»6`~OPOPX�Y¶CV»6E�·XKC8^�´¡`~[Ìµ*XB[*´¶»�¾!XKFD·XK»6`8YZ`�¼8´¶½~N!XKF
ò º§`�N!EIY#³�`�º!^;´ZOB´¶F�C8^�´¡`~[Òµ*XBÈ�`�[�»6^;´Z`�[�FÔOBN*Y¡^�´¡O�`�µ!CtYZXKF6óI`�NDY¶CV»6`�¿8·X,W�`8YZN!^;´Z`�[éµ*XÀµ~´R�(·X,E_X,[T^�XKFIº§`�º!N*Y¶C8^;´Z`�[�F ò `¤ÇN
Y#³�`�[VE�XK»_¾!X,EG»_¾!X�N![Ð·X,^GC8^�µ�³;·XK½~N*´�Yq´ZS!E�X8óGÄ�ÊB³¢C8N!^_E�X�º�C8E�^tÉ�Y#³�X,O�º*Y¡`�´¯µ�³¢C�N!^�E�XKF
^;RTº§XKF�µ*X�»6`�µ*XKFI½~N!XIY¡XKFI»6`!µ*XKF4S*´Z¿
[�Ct´ZE�XKF,Éi`�[T^²º�X,E�OB´¶F0µ*XKF�C8º!º*Yq´¶»,C8^;´Z`�[�F0`�E�´¡X,[*^!·X,XKF 9 [T^_X6Y�Yq´Z¼�X,[�»6X > E�^;´qñ�»_´ZX6YqYZX=»6`�OPOPX0YZXKF¯ß�Stß,ÛUTÞKÝBÞ,ß�ì~ÞV KÖqë8ß6ß ÞtäTÙ_ß,É
½~N*´¸OQC8[*´Zº!N*Y¡X,[*^Vµ*XKF]»_¾!E�`�O�`TF;`�OPXKFÔE�X,º!E!·XKF;X,[T^6C8[T^Bµ*XKFBEKÇX,¼8YZXKF,É�`�NÁY¶CW��Ù;ØG×�Ù;ë�ÝBÝBë�Û�Ú�Ø�â�×IáÞtâBáÞKÛ�Ú�ãKä*ÞKÉ²`¤ÇNÁY¡XKF
»_¾!E�`�OP`TF�`�OPXKF
E�X,º!E!·XKF;X,[T^_X,[T^�µ~´ZE�XK»6^�X,OPX,[*^(µ*XKF�º!E�`~¼�EGC8OPO�XKF�C�E�S�`�E_XKF�»6X,[T^6F MRX a#Ä
\�XKF�CtYZ¼�`�E;´Z^�¾!OPXKFI¼%·X,[4·X,^�´.½~N!XKF�X,^IY¡XKF�CtYZ¼�`�E;´Z^�¾!O�XKFD·X,W~`8YZN!^;´qÈ�FIX,[D¼%·X,[�·X,EGCtY²´¡[*^!·X,E�XKF�F;X,[*^�µ*XKF(»�¾!X,E6»�¾!X,N!EGFÔX,^

µ*XKF¸´¡[!¼%·X,[*´ZX,N!EGFIµ*X�µ~´.F_»_´¡º*Yq´Z[�XKFÔ^�EKÇXKF�µ~´ZW�X,E6F;XKF,É!º�C8E�X6Â�X,OPº*YZX��
B X,[P`�º!^;´ZOB´¶F�C8^�´¡`~[
�8YZ`�EGF�½~N!X�Y¡XKF¯È�`�[�»6^;´Z`�[�F(ÇC(`~º!^;´ZOB´¶F;X,E�F;`�[*^�»6`�OPº*YZX6Â!XKF,É!µ*X�È�`�E�^_X=µ~´ZOPX,[�F�´Z`�[![�CtYq´Z^!·X�É
´¡E_E�·X,¼�N*Yq´#ÇX,E_XKF,É*OÀCtY�»6`�[![*N!XKF
)

B X,[Q´¡[*^�X6YqYq´Z¼�X,[�»6X�C�E�^;´qñ�»_´ZX6Y�YZXPX,^IF�»_´ZX,[�»6XKF(»6`�¼�[*´Z^;´ZW�XKF!�!`�ÇNQY#³�`~[�X6Â!º*Y¡`�´¡^_X]º*YZN!^�Ã`~^�YZXKFI»,C8º�C�»_´Z^!·XKF�C�µ!C8º!¿
^GC8^;´ZW�XKFIµ*XKF(CtYZ¼�`�E;´Z^�¾!O�XKFI¼�·X,[4·X,^;´¶½�N!XKF,ÉlX,^IY¡XKFI^_XK»�¾![*´¶½~N!XKFIÈ�`�[�µ�·X,XKFIF;N!EIYZXKF(F;R!F;^KÇX,O�XKF=µ*XP»_Y¶C�F�F;X,N!E6F,É
ò E!·XKF�XKC8N*ÂÀµ*X�[!X,N!E�`�[!XKFiÉ�·X,W�`�Y¡N!^�´¡`~[�µ*X(Y¶C8[!¼TC8¼~XKF,É!¼�EGC�OPOÀCt´ZE�XKF6óV)

B X,[ E�`�S§`�^;´¶½~N!X:�¯`¤ÇN�Y#³�`�[ÐF,³ ´Z[*^�·X,E�XKF_F;XÌC8N*Â A = æ = �A� ò A = S*´�YZX�E_`Tæ = �A�!óÆ½~N*´2µ*`8´ZW�X,[*^Vº�`~N!W�`8´ZE
F;X(OP`�N!W�`�´¡EIX,^(C8¼8´ZE=µ!C8[�FIµ*XKFIX,[TW~´ZE�`�[![!X,OPX,[*^�´¡[�»6`~[![TN�F,É�W8C8E;´¶C8S*YZXKF ò º!E�`~¼�EGC8OPOQC8^;´Z`�[Q¼�·X,[4·X,^;´¶½�N!X�É
F;R�F�^iÇX,OPXKF
µ*X]»_Y¶C�F�F�X,N!EGF6ó?)

B X,[Vº!¾TR!F�´¶½�N!XBX,^�X,[Q´Z[!¼%·X,[*´ZX,E;´ZXY�lX,[V^GC8[*^=½�N!X(O�·X,^�¾!`!µ*X�µ�³�`�º!^;´ZOB´¶F�C�^;´Z`�[�º§`�N!E4YZXKF�º!E_`�S*Y�ÇX,OPXKF4E!·X,X6Y¶F
»6`�OPº*YZX6Â�XKF ò º§`�N!E4Y#³�`�º!^;´ZOB´¶F�C�^;´Z`�[Ìµ*XBF;^�E�N�»6^�N!E_XKF�º�C�E�X6Â�X,O�º*Y¡X8ó
)

B X,[ ·XK»6`�[!`�OÆ´¡X��lº�`�N!E4Y¶C�OP`!µ�·X6Yq´¶F�C8^;´Z`�[�µ*XB»6`�OPº�`~E�^�X,OPX,[*^GF�µ�³¢C�¼�X,[T^6F�º�C�E�X6Â�X,O�º*Y¡X�)
B X,[V^�EGCt´Z^�X,OPX,[*^=µ�³ ´ZOÀC�¼�XKF,É�µ*NDF�´Z¼�[�CtY#É�º§`�N!E(µ�·X,^�XK»6^�X,E�µ*XKF¸È�`~E�OPXKF�»,C8E6C�»6^!·X,E�´.F�^;´¶½�N!XKF,É*º!E�`~S*Y�ÇX,OPX]½~N!X
Y�³¹`�[Dº�X,N!^]F�`8´Z^�»6`�OPº!E�X,[�µ*E�XQ»6`�OPOPXBN![!XP`�º!^�´¡OÆ´.F_C8^;´Z`�[�É�F�`8´Z^�»6`�OPOPXPN![!XQC8º!º*Yq´.»,C�^;´Z`�[Òµ*X�EiÇX,¼8YZXKF
µ*X�µ�·XK»_´¶F�´Z`�[ ò �!Å�ó?)

B X,[�^�¾4·X,`�E;´ZX�µ*XKF4¼�EGC�º!¾!XKF�X,^�^_¾�·X,`�E;´ZX�µ*XKF¯Í�X,N*Â���Y¡XBº!E�`~S*Y�ÇX,OPX�µ*N�W~`�R*C8¼�X,N!E�µ*X]»6`�O�OPX,EG»6X�É§[!`�^GC8OP¿
OPX,[T^�CBS§XKC8N�»6`�N!ºè´Z[T^!·X,E�XKF�F*·X4YZXKFI»�¾!X,EG»_¾!X,N!EGF,Ä
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