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��� ����� � � � b�[ªr�w�lib�j�W�[ªw�[Se�lKk�cs��[ZY�[Zb-k�w�`ZjZ[Zb�k�[ª��[�e�lCrRcdfiedfhgicd[ª[Sk	��[�e�lCj�WRcdY¡cd[³lKedghfK´
w*csk�W�Y¡cdt8n�[¡jZfhb�o�cdo�k�[���nRk�csescdo�[Zwa��[Zo���liw�li�RcdghY�[Zo�fhn£lKedghfhw*csk�W�Y�[Zo���[Zb�lib�k���[3e�lªgh`ZfhY�`Sk�w*cd[
fhnC��[�e�l¡w�fhr�fik�cdt8n�[�[Sk$��[aed[Zo�li���Rescdt8n�[Zw��3e�l¡w�[ZjFW�[Zw�j�W�[3��[�jZfhbR®�ghn�w�lKk�cdfhb�o���[�Y�fied`ZjZnRed[Zo�°
·,fhn�o0csesedn�o�k�w�fhb�ox[Skx��`Sk�lKcsesedfhb�o¿lKcdb�o�c��Redn�o�cd[Zn�w�oxlKedghfhw*csk�W�Y�[Zo>��[Bw�`Zo�fiednRk�cdfhbª��� `Zt8n�lKk�cdfhb�ox��fK´
esqRb�fhY¡c�lKed[Zo���[Zw�Y�[Sk�k�lib�ka��[�k�w�fhnR��[ZwBk�fhnRk�[Zo�ed[Zo$jZfhbR®�ghn�w�lKk�cdfhb�oa��fho�o�cdrRed[Zo$��� n�b�[�Y�fied`ZjZnRed[
����lKk�fhY�[Zom°x·,fhn�o�b�fhn�o�cdb�k�`Zw�[Zo�o�fhb�o�`Zg�lKed[ZY�[Zb�k �¡e�� `Sk�n���[���nCescd[Zn¸jZw*csk�cdt8n�[���[�jZ[Zo�jZfhbR®R´
ghn�w�lKk�cdfhb�o�°x�a[�w�`ZjZ[Zb�k�k�w�lZ�hlin8¶¢[Zb¸lKedghXZr�w�[	[S¤¥[ZjSk�cs��[�o�fhb-k�nRk�csescdo�`Zom«�cdb�jSedn�lib-k�e�l�gh`ZfhY�`Sk�w*cd[
��[Zo��Rcdo�k�lib�jZ[Zom«¹e�l�k�W�`Zfhw*cd[	��[Zo,��fiesquk�fh��[Zo���[�·,[S�Bk�fhb¸[Sk�ed[Zo�Y�`Sk�W�f8��[Zo�Y�lKk�w*cdjScd[Sesed[Zoa��fhn�w
e�l3w�`Zo�fiednRk�cdfhb¸��� `Ztun�lKk�cdfhb�o$��fiesqRb�fhY¡c�lKed[Zom°�·,fhn�oBjZfhY���liw�fhb�o$�Rcs¤�`Zw�[Zb-k�[Zo�li����w�f8j�W�[ZoBk�[Sesed[Zo
ed[Zo�w�`Zo�nResk�lib�k�o�!¡jZw�[Zn8¶#"R«¹ed[Zo�¼.[ ¾ fhnRk�cd[Zb�o�[Sk�ed[Zo�w�`Zo�nResk�lib-k�o,��[3zuques��[Zo�k�[Zw�[Zb¢jmlio�jmli��[h«���n
��ficdb�k���[a�8n�[���[aed[Zn�w���[Zw* ¦fhw�Y�lib�jZ[�[Sk���[aed[Zn�w$o�k�lirRcsescsk�`�b-n�Y�`Zw*cdt8n�[h°
$ Æ �m� Ä �&% � � `Zt8n�lKk�cdfhb¢��fiesqRb�fhY¡c�lKed[h«�w�`Zo�nResk�lib-k�jZw�[Zn8¶@«�¼.[ ¾ fhnRk�cd[Zb@«¹w�`Zo�nResk�lib-k���[�zuq8es��[Zo*´
k�[ZwZ«��hlKed[Zn�wp��w�fh��w�[h«K�ilKed[Zn�w#o�cdb�ghnRescdXZw�[h«iescd[Zn�o�cdb�ghnRescd[ZwZ«hgh`ZfhY�`Sk�w*cd[>��[Zop��w�ficsk�[Zo�«KjSqRjSedfhW�[M¶�lib�[h«
rRcdfiedfhgicd[	[Sk�j�WRcdY¡cd[3lKedghfhw*csk�W�Y¡cdtun�[Zo
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9 b�[Br�w�lib�jFWªfi ¥jZfhY���nRk�lKk�cdfhb�lKe�Y�fied[ZjZnRe�liw¿rRcdfiedfhgiq�lib���jZfhY���nRk�lKk�cdfhb�lKe¥j�W�[ZY¡cdo�k�w*q3�Bcdo�W�[Zo
k�fC[M¶��Redficsk�k�f8��lZq � o�jZfhY���nRk�lKk�cdfhb�lKe¿��fm�>[Zw�cdbéfhw���[Zw�k�f¢linRk�fhY�lKk�[ªlib���lijZjZ[Sed[Zw�lKk�[�o�k�w�n�jM´
k�n�w�[ª��[Sk�[Zw�Y¡cdb�lKk�cdfhb� ¦fhw� ¦n�b�jSk�cdfhb�cd��[Zb�k�cs®�jmlKk�cdfhb�lib�����w�n�g¸��[Zo�cdghb@°�{ w�[Se�lKk�cs��[Sesq�w�[ZjZ[Zb�k
[S¤¥fhw*k�W�lio³r�[Z[Zbæk�W�[©li���RescdjmlKk�cdfhbúfi �o�n�jZjZ[Zo�o� ;nRe,��liw�li�RcdghY�oµlib�� k�[Zj�W�bRcdt8n�[Zo³ ;w�fhY gh[ZfK´
Y�[Sk�w*q�«2w�fhr�fik3¨ucdb�[ZY�lKk�cdjZo¡lio	�>[Sese.lio��ucdo�cdfhb�k�f¸��w�[Z�RcdjSk�cdb�g'k�W�[�o�k�w�n�jSk�n�w�[�fi $Y�fied[ZjZnRed[Zo�«
[ZY�r�[Z���Rcdb�g�k�W�[ZY cdbU­�n�jSescd��[mlib o���lijZ[¢lib���®�b��Rcdb�g�k�W�[C[Zb�[Zw�gh[Sk�cdjmlKesesqO ¯lZ��fhw�lirRed[¸jZfhbR®R´
ghn�w�lKk�cdfhb�o;: v=<.��>�«@­�Y¡c���>@?Í°3VBW�[ªY�lKcdb���w�[ZY¡cdo�[¡ ¦fhwak�WRcdo�cdb�k�[Zw�lijSk�cdfhb�cdo�k�W�[�fhr�o�[Zw*�hlKk�cdfhb
k�W�lKk3�hliw*cdfhn�o3o�k�w�n�jSk�n�w�lKe$w�[ZtunRcdw�[ZY�[Zb-k�o�fhbPY�fied[ZjZnRed[Zo�jmlibOr�[�Y�f8��[Sed[Z�Ulio�Y�lijZw�fho�jZfh�Rcdj
gh[ZfhY�[Sk�w*cdj�fhwB¨-cdb�[ZY�lKk�cdj	jZfhb�o�k�w�lKcdb�k�om°

VBWRcdo��¿fhw�¨3 ¦fujZn�o�[Zo0fhbªlKedgh[Zr�w�lKcdj�lKedghfhw*csk�W�Y�o¿k�W�lKkxW�lZ��[�r�[Z[Zb���[Zw*q3n�o�[S ¦nRe�cdb¡k�W�[�liw�[mlio
Y�[Zb-k�cdfhb�[Z� lir�fm��[¢r�nRk�liw�[Cb�fik��¿[Seseº´À¨8b�fm�$b liY�fhb�géo�k�w�n�jSk�n�w�lKe�rRcdfiedfhgicdo�k�o�lib��UjZfhY���n8´
k�lKk�cdfhb�lKe�jFW�[ZY¡cdo�k�om° ±�['gics��['lOr�w*cd[S �cdb-k�w�fu��n�jSk�cdfhbúk�f�lKedghfhw*csk�W�Y�oµ ;fhw³o�k�n��Rq8cdb�gPr�lio�cdj
��w�fh��[Zw*k�cd[Zo³fi ,o�qRo�k�[ZY�o�fi ao�cdY	nResk�lib�[Zfhn�oµ��fiesqRb�fhY¡c�lKe�[Zt8n�lKk�cdfhb�om«.cdbæ��liw*k�cdjZnRe�liw� ;fhw�®�b8´
�Rcdb�gClKese0k�W�[ScdwajZfhY�Y�fhbéw�f8fik�o�lib��£cd��[Zb�k�cs ;qucdb�gµk�W�[Scdwao�cdb�ghnRe�liw*csk�cd[Zom°3VBW�[Zo�[¡Y�[Sk�W�f8��o�liw�[
li���Rescd[Z�'k�fµjZfhb�jZw�[Sk�[�Y�fied[ZjZnRe�liwa��w�fhrRed[ZY�om«@k�Wun�o���w�fm�8cd�Rcdb�gµlib'csesedn�o�k�w�lKk�[Z�£cdb-k�w�fu��n�jSk�cdfhb@«
�$WRcsed[	o�[S��[Zw�lKep��ficdb�k�[Zw�o$k�f�o���[ZjSc�lKesc ¾ [Z�¢��n�rRescdjmlKk�cdfhb�oaliw�[���w�f��ucd��[Z�@°

VBW�[Zw�[�liw�[£kÀ�>fætun�[Zo�k�cdfhb�o¢o�k�n��Rcd[Z�úcdb ��[Z�Rk�W@° VBW�[£®�w�o�km«�cdb o�[ZjSk�cdfhb \8«,[M¶�liY¡cdb�[Zo
lKedghfhw*csk�W�Y�o#k�fBcd��[Zb-k�cs Eq	lKese8��fho�o�cdrRed[0jZfhbR ;fhw�Y�lKk�cdfhb�o2fi �lBY�fied[ZjZnRed[h«igics��[Zb	o�fhY�[xjZfhb�o�k�w�lKcdb�k�o
fhb¸csk�o���w*cdY�liw*q¢o�k�w�n�jSk�n�w�[h°BVBW�[���w�fhrRed[ZY cdo�®�w�o�k$k�w�lib�o�e�lKk�[Z�©cdb�k�f³lKedgh[Zr�w�lKcdj	k�[Zw�Y�o�°BVBWRcdo
cdo3��fhb�[�cdbPo�[ZjSk�cdfhb�o�\8°º��°º�Clib��æ\8°º��°ì\8«0w�[Zo���[ZjSk�cs��[Sesq�«0r-q�k�W�[³jSe�lio�o�cdjmlKeBlib�gied[� ¦fhw�Y	nRe�lKk�cdfhb
li���Rescd[Z�¸cdb©lªjSed[S��[Zw$�>lmq¢cdb¸fhw���[Zw�k�fªw�[Z��n�jZ[	k�W�[	��w�fhrRed[ZY �RcdY�[Zb�o�cdfhb@«�lib��©r�qCk�W�[�Y�fhw�[
w�[ZjZ[Zb-k>li����w�f�lijFW�fi @�Rcdo�k�lib�jZ[$gh[ZfhY�[Sk�w*q�°>z8[ZjSk�cdfhb�o>\8°ì\�lib��³\8°ü��w�[Zo���[ZjSk�cs��[Sesq�«8li���Resq�w�[ZjZ[Zb�k
li�R�hlib�jZ[Zo¿cdbªjZfhY���nRk�lKk�cdfhb�lKe½lKedgh[Zr�w�l�cdb�fhw���[Zw�k�f�[Zo�k�cdY�lKk�[$k�W�[,b-n�Y�r�[Zw>fi @o�fiednRk�cdfhb�om«Rlib��
k�W�[Zb©jZfhY���nRk�[�lKese�fi �k�W�[ZYIr�q¢w�[Z��n�jScdb�g�k�W�[�b�fhbRescdb�[mliw,��w�fhrRed[ZY k�fªlª��w�fhrRed[ZY cdb¸escdb�[mliw
lKedgh[Zr�w�lR°	|�fhw�lKedgh[Zr�w�lKcdo�k�om«¥k�W�[¡��w*cdb�jScd��lKe0cdb�k�[Zw�[Zo�k�fi ¿o�[ZjSk�cdfhb�\8°ü��escd[Zo,cdb©k�W�[¡jZfhY���liw*cdo�fhb
fi #o�[S��[Zw�lKe½lKesk�[Zw�b�lKk�cs��[Zo.cdb³o�fies�ucdb�g�k�W�[ao�liY�[aY	nResk�cs�hliw*c�lKk�[���w�fhrRed[ZYC«Rcdb³��liw*k�cdjZnRe�liwBo���liw�o�[
w�[Zo�nResk�lib�k�om«�¼.[ ¾ fhnRk�c�lib�oalib��Cw�[Z��[mlKk�[Z�©li���RescdjmlKk�cdfhb©fi 0zuques��[Zo�k�[Zw�w�[Zo�nResk�lib�k�om°

VBW�[³o�[ZjZfhb��U��w�fhrRed[ZY jZfhb�jZ[Zw�b�o�k�W�[Co�cdb�ghnRe�liw�jZfhbR®�ghn�w�lKk�cdfhb�o�fi �k�W�[CY�fied[ZjZnRed[C��[S®R´
b�[Z�'r�qCk�W�[3gics��[Zb£��lKk�lR°,z8[ZjSk�cdfhbé����w�fh��fho�[ZoajZfhb�o�k�w�n�jSk�cs��[¡Y�[Sk�W�f8��o� ¦fhw�cd��[Zb-k�cs Eq8cdb�g�k�W�[
cdbR®�bRcsk�[Zo�cdY�lKesesqµn�b�o�k�lirRed[h«¹fhwBgh[ZfhY�[Sk�w*cdjmlKesesq¢��[Zgh[Zb�[Zw�lKk�[h«¹o�csk�n�lKk�cdfhb�om°

A¸fho�k�fi 0k�W�[�cdY��Red[ZY�[Zb�k�lKk�cdfhb�o	w�[S ;[Zw�w�[Z�¸k�f�cdb¢k�WRcdo,��li��[Zw�liw�[�lKedw�[mli�Rq¢��n�rRescdjSesq'lZ�hlKcº´
e�lirRed[h«¹fik�W�[Zw*�Bcdo�[�k�W�[SqCjmlibCr�[�fhrRk�lKcdb�[Z�©r�qµk�W�[�linRk�W�fhw�om°

~�[Se�lKk�[Z�C�>fhw�¨�cdo�Y�[Zb�k�cdfhb�[Z�¢cdbC[mlijFW¸jZfhw�w�[Zo���fhb��Rcdb�g�jZfhb-k�[M¶8km°

×#× û=BSóMÝ�C-D
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VBWRcdo�o�[ZjSk�cdfhbO[M¶�liY¡cdb�[Zo�k�W�[µ��w�fhrRed[ZY fi �jZfhY���nRk�cdb�g�lKese $ ��� )����-
,
�� �����#��fi ,l©Y�fied[ZjZnRed[h°
<>fhbR ¦fhw�Y�lKk�cdfhb�o¸o���[ZjScs ;q k�W�[���´À�RcdY�[Zb�o�cdfhb�lKe�o�k�w�n�jSk�n�w�[�fi 	k�W�[éY�fied[ZjZnRed[h° }ÀkCW�lio¢r�[Z[Zb
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w�f8fik�o½cdb	k�W�[���w�fKy�[ZjSk�cs��[¿jZfhY��Red[M¶	o���lijZ[h«K�$WRcdjFW	cdo#o�cdY��Resqak�W�[x��w�f8��n�jSk#fi Rk�W�[x��fiesq8b�fhY¡c�lKedo �
k�fik�lKe#��[Zghw�[Z[Zo+:üz8W�l��h�'?Í°�VBW�[�r�fhn�b��¢gics��[Zb¢r-q³¼.` ¾ fhnRk � o$k�W�[Zfhw�[ZY W�[Zw�[�cdo'"�� " � "&� �!"�°
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��[Zghw�[Z[	fm��[Zw�[Zo�k�cdY�lKk�[Zo�k�W�[�k�fik�lKepbun�Y	r�[Zw�fi 2o�fiednRk�cdfhb�om°

z8��liw�o�[ª[SescdY¡cdb�lKk�cdfhbOk�W�[Zfhw*q�«2cdbRcsk�c�lKk�[Z�O�Bcsk�W�¼.[Zw�b�o�k�[Scdb�� o3k�W�[Zfhw�[ZY : ¼>[Zw��h��?Í«���w�f��ucd��[Zo
l¢jZfhb�k�[M¶Rk	 ¦fhw�[M¶R�Redficsk�cdb�g©k�W�[�Y�fhb�fhY¡c�lKe.o�k�w�n�jSk�n�w�[ªfi .k�W�[�o�q8o�k�[ZYC«½�$W�[Zb�w�f8fik�o�lKk	cdbR®R´
bRcsk�q�liw�[,fi pb�f	cdb-k�[Zw�[Zo�km°0Vpf¡Y�f8��[Se�o���liw�o�[Zb�[Zo�om«u�¿[aw�[Zg�liw��³[mlij�WC��´À�RcdY�[Zb�o�cdfhb�lKe½[M¶���fhb�[Zb-k
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}�b'fhn�w�jmlio�[3k�W�[¡��fiesq8k�fh��[ZoE� � liw�[�o�tun�liw�[Zoafi >o�c ¾ [��8°�¼.[Zw�b�o�k�[Scdb�� o�k�W�[Zfhw�[ZY(r�fhn�b���o
k�W�[3b-n�Y�r�[Zw�fi �jZfhY�Y�fhb£w�f8fik�o,�Bcsk�W'b�f ¾ [Zw�f³jZfufhw��Rcdb�lKk�[Zo�r-q¢k�W�[�Y¡cº¶�[Z�'��fiedn�Y�[¡fi 0k�W�[
·,[S�Bk�fhbO��fiesq8k�fh��[Zo�°¸VBW�[³Y¡cº¶R[Z�P��fiedn�Y�[µfi Bk�W�[���w�[Zo�[Zb-k�o�q8o�k�[ZY cdoG? �R«�o�f¸¼.[Zw�b�o�k�[Scdb�� o
k�W�[Zfhw�[ZY o�lZqRo0k�W�lKk�k�W�[$bun�Y	r�[Zwxfi �cdo�fie�lKk�[Z��w�f8fik�o�fi ¥o�q8o�k�[ZY 2À\R3M«�jZfhn�b�k�cdb�g�Y	nResk�cd�RescdjScsk�cd[Zom«
�Bcsk�W)b 1 
��Y 2�bn� 
� Y 2�b < 
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k�W�[�b�[M¶Rk$o�[ZjSk�cdfhbCr-q³[M¶�WRcdrRcsk�cdb�gªlibC[M¶�liY��Red[a�Bcsk�W�? �¡o�fiednRk�cdfhb�om«��$WRcdjFW¸liw�[�Y�fhw�[Zfm��[Zw�lKese
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b�[mliw¡lKedgh[Zr�w�l >>o�fhY�[Sk�cdY�[Zo¡k�WRcdo¡��w�fhrRed[ZY/cdo¡w�[Zg�liw���[Z�Ulio3k�W�[�gh[Zb�[Zw�lKesc ¾ [Z�U[Scdgh[Zb���w�fhrRed[ZY
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cdb-k�[Zw�[Zo�k�[Z��w�[mli��[Zw�Y�lmq'jZfhb�o�nResk	lib-q©fi  : ­=<.����« < A'�h�R«�­xY¡c��h��?Í°	{,b'cdY���fhw*k�lib-k� ¦[mlKk�n�w�[
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fi pk�W�[,o���liw�o�[aw�[Zo�nResk�lib�k�lib��³�$WRcdj�WC[M¶���w�[Zo�oBY�nResk�cd�RescdjmlKk�cdfhbCcdb³k�W�[,t8n�fik�cd[Zb�k$w*cdb�g�«�jmlibµr�[
 ¦fhn�b��£cdb : <>­x�h��« <>vx�h��«�­ <.����?Í°	VBW�[�o�c ¾ [�fi xk�W�[�·,[S�Bk�fhbéY�lKk�w*cdjZ[Zo�o�jmlKed[Zoa�Bcsk�WéY¡cº¶�[Z�
��fiedn�Y�[ : ­�Y¡c��h��?Í°(0@cdb�[mliw,lKedgh[Zr�w�l�Y�[Sk�W�f8��oB ¦fhw$w�[Z��n�jScdb�g�k�W�[�Y�lKk�w*cº¶¢o�c ¾ [�lib��¢w�[ZY�f��ucdb�g
o�fhY�[�gh[Zb�[Zw*cdjScskÀq¢w�[Zt8nRcdw�[ZY�[Zb�k�om«�jmlib¢r�[a ¦fhn�b��µcdb : ­�Y¡c���>@?Í°

VBW�[Bo�[ZjZfhb���jSe�lio�o0fi �Y�[Sk�W�f8��o�w�[Sescd[Zo0fhb¡k�W�[.k�W�[Zfhw*q¡fi �w�[Zo�cd��n�[Zo�«-lib�����fu[Zo0b�fikxlio�o�n�Y�[
k�W�lKk,k�W�[3o�q8o�k�[ZY cdo,gh[Zb�[Zw*cdjh« r�nRk�fhbResqCk�W�lKk,csk�cdo�l�jZfhY��Red[Sk�[3cdb�k�[Zw�o�[ZjSk�cdfhb_2¦k�W�[3jZf8�RcdY�[Zb8´
o�cdfhb�fi ¿k�W�[ªo�[Sk	fi .o�fiednRk�cdfhb�o�cdo�k�W�[�b-n�Y�r�[Zw�fi >[Zt8n�lKk�cdfhb�o'3M°³VBW�[�jZfhb�o�k�w�n�jSk�[Z��Y�lKk�w*cdjZ[Zo
gh[Zb�[Zw�lKesc ¾ [�k�W�[$jZfhb�o�k�w�n�jSk�cdfhb�o¿��w�fh��fho�[Z�ªr�q¡¼>` ¾ fhnRk¿ ;fhw2k�W�[�w�[Zo�nResk�lib�kxfi �kÀ�>f	��fiesq8b�fhY¡c�lKedo
cdb�fhb�[$�iliw*c�lirRed[&2 : ¼>` ¾ �i��?Í«�o�[Z[�lKedo�f,: �,cº¶��h��?432lib��ªliw�[Bk�q8�RcdjmlKesesq�o�Y�lKesed[Zw0k�W�lib�o���liw�o�[Bw�[Zo�nReº´
k�lib-k$Y�lKk�w*cdjZ[Zo$r�nRkBk�W�[�jZf8[S²�jScd[Zb�k�o�liw�[�b�f3edfhb�gh[ZwBescdb�[mliw.cdb³k�W�[�jZf8[S²�jScd[Zb�k�o$fi #k�W�[acdb���nRk
��fiesqRb�fhY¡c�lKedom°0VBWRcdo>k�[Zj�W�bRcdt8n�[�jmlib³r�[,n�o�[Z�³ ;fhw>W�fhY�fhgh[Zb�[Zfhn�o$fhw.o���liw�o�[,��fiesqRb�fhY¡c�lKedom°0}�k
w�[Sescd[ZoBfhbµjZfhY���w�[Zo�o�cdfhb¢lKedghfhw*csk�W�Y�om«�w�[Z��n�jScdb�g¡k�W�[�o�c ¾ [afi pk�W�[aY�lKk�w*cº¶µk�f3k�W�[,fh�Rk�cdY�lKe#o�c ¾ [2¦cÍ° [h°uk�W�[ab-n�Y�r�[Zw.fi pw�f8fik�om«8jZfhn�b�k�[Z�µ�Bcsk�W³Y	nResk�cd�RescdjScskÀq	3M°>VBW�[�jZfhb�b�[ZjSk�cdfhb�oBr�[SkÀ�>[Z[Zb¢lKedgh[M´
r�w�lKcdj�w�[Zo�cd��n�[�k�W�[Zfhw*qµlib��CY�lKk�w*cº¶¢Y�[Sk�W�f8��oB ¦fhw>��fiesqRb�fhY¡c�lKepo�qRo�k�[ZY"o�fies�ucdb�g�liw�[�lib�fik�W�[Zw
cdb-k�[Zw�[Zo�k�cdb�g� ¦[mlKk�n�w�[�fi �k�WRcdo�li����w�f�lij�W 2¯o�[Z[a ¦fhwBcdb�o�k�lib�jZ[2: < A'�h�'?Í« : ­ A'�h��?43M°

VBWRcdw��Resq�«@�¿[�o�cdY��Resq£li���Resqézuq8es��[Zo�k�[Zw � o�w�[Zo�nResk�lib-k	o�n�jZjZ[Zo�o�cs��[Sesq©n�b�k�csexlKese�r�nRk�fhb�[¡�hl�´
w*c�lirRed[Zo�liw�[.[SescdY¡cdb�lKk�[Z�@°2{�ese8k�W�w�[Z[BlKedgh[Zr�w�lKcdjBY�[Sk�W�f8��o�liw�[xcsesedn�o�k�w�lKk�[Z�¡cdb�k�W�[>b�[M¶Rk2o�[ZjSk�cdfhb@«
 ¦fhw.k�W�[���liw*k�cdjZnRe�liwBcdb�o�k�lib�jZ[Zo���[Zo�jZw*cdr�[Z�¢r�[Sedfm��°

±�[�k�w�[mlKk�k�W�w�[Z[�o�qRo�k�[ZY�o$fi 2kÀqR��[<2À\R3M«�lib��¢��[Sk�lKcseÍ«�cdbCk�W�[�o���[ZjScs®�j	jZfhb�k�[M¶Rkm«¹k�W�[	k�W�w�[Z[
Y�lKk�w*cº¶¢Y�[Sk�W�f8��oB ¦fhwBo�q8o�k�[ZY o�fies�ucdb�g�°
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jZfhbR®�ghn�w�lKk�cdfhb�o

jZfhw�w�[Zo���fhb��Rcdb�g�k�f�k�W�[�w�f8fik�o

b 1 b�� b <�R°ü�h�h��>��h�h�h��>�� �R°ü�8�����h\h�u��\h�i� �R°ì\i�h�h���h�i�h�h���
´¿�R°ü�h�h��>��h�h�h��>�� ´>�R°ü�8�����h\h�u��\h�i� ´>�R°ì\i�h�h���h�i�h�h���
�R°ì�u��\i��>���>��h��\ ´¿�R°ü�8���h�h��>R���8����� ´>�R°ü��\i��>-�i��\h�'>��
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\8°�VBW�[3o�[ZjZfhb��£cdb�o�k�lib�jZ[�W�lioak�W�[�Y�l�¶8cdY�n�Y(b-n�Y�r�[Zw�fi >w�fufik�o�«@b�liY�[SesqP���R«½lib��£ ¦n�wî´
k�W�[Zw�Y�fhw�[h«�k�W�[SqCliw�[	lKese �3� 
��ù°¿VBW�[�y �a` jZf8[S²�jScd[Zb�k�oaliw�[�gics��[Zb¢r-qµY�lKk�w*cº¶

�� ^�? E ^o? ^o? � " ^o?
^�? E ^o? ^o? � " ^o?
^�? E ^o? ^o? � " ^o?

�	
4

{�Y�fhb�g©k�W�['���¸w�[mlKeBw�f8fik�om«2 ;fhn�w3jZfhw�w�[Zo���fhb��Ok�f'[Scdgh[Zb-�ilKedn�[Zo�fi �n�bRcskm2¯gh[ZfhY�[Sk�w*cdj 3
Y	nResk�cd�RescdjScskÀq�«.�$WRcsed[¢k�W�[Cw�[Zo�k� ;fhw�Y  ¦fhn�w�ghw�fhn���om«>[mlij�WæjZfhw�w�[Zo���fhb��Rcdb�g�k�f�l'k�w*cd�Red[
[Scdgh[Zb��hlKedn�[h°B|�fhw$k�W�[	e�lKk�k�[Zw$k�W�[	[Scdgh[Zb-��[ZjSk�fhw�oagics��[	n�o�b�f��ilKescd�¸cdbR ;fhw�Y�lKk�cdfhb@«�o�f��>[
w�[ZjZfm��[Zw�k�W�[¸�ilKedn�[Zo�fi qb 1 2�b��µr�qUo�n�r�o�k�csk�nRk�cdb�g b < cdbæk�W�[¢fhw*cdgicdb�lKe�o�qRo�k�[ZY lib�� r�q
o�fies�ucdb�g¡k�W�[	w�[Zo�nResk�cdb�g�n�bRcs�hliw*c�lKk�[�[Ztun�lKk�cdfhb�o�°

b 1 b�� b <���R°ü���h�h�i�h�h�h� �R°ì�h�i���'>��h��>�>�� �R°ì�h�i���'>��h��>-�u�
´����R°ü���h�h�i�h�h�h� ´¿�R°ì�h�i���'>��h��>�>�� ´>�R°ì�h�i���'>��h��>-�u�
�R°ü�h��\i���i�h�h�h��> >�°ü��\h�u���8���h�8� >�°ü��\h�u���8���h�8�
´¿�R°ü�h��\i���i�h�h�h��> ´ >�°ü��\h�u���8���h�8� ´ >�°ü��\h�u���8���h�8�
�R°ì�h�i���'>��h��>�>�� �R°ì�h�i���'>��h��>�>�� �R°ì�h�i���'>��h��>-�u�
�R°ì�h�i���'>��h��>�>�� ���R°ü���h�h�i�h�h�h� �R°ì�h�i���'>��h��>-�u�
�R°ì�h�i���'>��h��>�>�� �R°ì�h�i���'>��h��>-�h� ���R°ü���h�h�i�h�h�h�
>�°ü��\h�u���8���h�8� >�°ü��\h�u���8���h�8� >�°ü��\h�u���8���h�8�
>�°ü��\h�u���8���h�8� �R°ü�h��\i���i�h�h�h��> >�°ü��\h�u���8���h�8�
>�°ü��\h�u���8���h�h� >�°ü��\h�u���8���8��� �R°ü�h��\i���i�h�h�h��>
´¿�R°ì�h�i���'>��h��>�>�� ´¿�R°ì�h�i���'>��h��>-�h� ´$���R°ü���h�h�i�h�h�h�
´¿�R°ì�h�i���'>��h��>�>�� ´¿�R°ì�h�i���'>��h��>�>�� ´>�R°ì�h�i���'>��h��>-�u�
´¿�R°ì�h�i���'>��h��>�>�� ´$���R°ü���h�h�i�h�h�h� ´>�R°ì�h�i���'>��h��>-�u�
´ >�°ü��\h�u���8���h�h� ´ >�°ü��\h�u���8���8��� ´>�R°ü�h��\i���i�h�h�h��>
´ >�°ü��\h�u���8���h�8� ´ >�°ü��\h�u���8���h�8� ´ >�°ü��\h�u���8���h�8�
´ >�°ü��\h�u���8���h�8� ´¿�R°ü�h��\i���i�h�h�h��> ´ >�°ü��\h�u���8���h�8�

�R°�VBW�[�k�WRcdw��¢o�qRo�k�[ZY cdo$��[S®�b�[Z�¸r-q�k�W�[� ;fiesedf��Bcdb�gªY�lKk�w*cº¶Cfi {y �a` °
��� ^�� <� 1� 1� � � <�
^ � <� 1� 1� � � <�
^ � <� 1� 1� � � <�

�
�	 4

}Àk�cdo>b�fik>l&Y�´À�RcdY�[Zb�o�cdfhb�lKe@o�qRo�k�[ZY  ¦fhw�cskxcdoxk�W�[�n�bRcdfhb³fi ½l�jZn�w*��[,fi ¥��[Zghw�[Z[ "��$W�fho�[
��w�fKy*[ZjSk�cdfhbæfhbæk�W�[CjZfufhw��Rcdb�b�lKk�[©�Re�lib liw�[¢��[S®�b�[Z�æw�[Zo���[ZjSk�cs��[SesqUr�qOk�W�[¢[Zt8n�lKk�cdfhb
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/ 1 � YR« / � � YR« / < � Y�lib��£fi 
? �³��ficdb�k�om°a{,Y�fhb�g�k�W�[Zo�[<? �³��ficdb�k�om« "³��ficdb-k�oafhb
k�W�[�escdb�[�b 1H� bn��� b < liw�[¡cdo�fie�lKk�[Z�]2 �µliw�[¡w�[mlKe43alib��£k�W�[¡fik�W�[Zw�?\�µliw�[3[ZY�r�[Z����[Z�
cdb�k�W�[µjZn�w*��[h°�I,[Zw�[�cdo�l©�RcdjSk�n�w�[Cfi $k�W�[³��w�fKy*[ZjSk�cdfhbUfi $k�W�[µjZn�w*��[µfhb�lib�qPfi �k�W�[
jZfufhw��Rcdb�lKk�[��Re�lib�[Zo+�

-2

-1

0

1

2

-2 -1 0 1 2
x

VBW�[�o�qRo�k�[ZY k�W�lKk��>[�jZfhb�o�cd��[Zw�cdo,fhrRk�lKcdb�[Z�'r-qCk�li¨-cdb�g�k�W�[¡li����w�fZ¶RcdY�lKk�cdfhb�o�fi 0k�W�[
jZfu[S²�jScd[Zb-k�o$�Bcsk�W 
¡�Rcdgicsk�o�°�VBW�[�w�fufik�o$k�W�lKk$�¿[�fhrRk�lKcdb'liw�[

b 1 b�� b <�R°ì�u���i��>�>�>-�h�i� �R°ì�u���i��>�>�>-�h�i� �R°ì�u���i��>�>�>-�i�h�
´��R°ì�u���i��>�>�>-�i��� ´��R°ì�u���i��>�>�>-�i��� ´��R°ì�u���i��>�>�>-�h�h�
�R°ì�u���i��>�>�>-�h�i� ´���°ü�h�8�����u�����h\ �R°ì�u���i��>�>�>-�i�h�
´��R°ì�u���i��>�>�>-�i��� ��°ü�h�8�����u�����h\ ´��R°ì�u���i��>�>�>-�h�h�
��°ü�h�8�����u�����h\ ´��R°ì�u���i��>�>�>-�i��� ´��R°ì�u���i��>�>�>-�h�h�
´���°ü�h�8�����u�����h\ �R°ì�u���i��>�>�>-�h�i� �R°ì�u���i��>�>�>-�i�h�
�R°ì�u���i��>�>�>-�i�8� �R°ì�u���i��>�>�>-�i�8� ´���°ü�h�8�����u�����h\
´��R°ì�u���i��>�>�>-�i�8� ´¿�R°ì�u���i��>�>�>-�i�8� ��°ü�h�8�����u�����h\

VBW�[ �3e�lio�k$��ficdb�k�o�liw�[	b�fik�lKedY�fho�k$[ZY	r�[Z����[Z�¢cdb¢k�W�[�jZn�w*��[h°
±�[���[Zo�jZw*cdr�[�b�f��àk�W�[�Y�[Sk�W�f8��o$k�W�lKkB�>[	W�lZ��[	n�o�[Z�@°
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#
$��
$&% ��� ���K� Â � Â � � %E�m� , �m�
z8��liw�o�[>Y�nResk�cs�iliw*c�lKk�[�w�[Zo�nResk�lib�k�o�[SescdY¡cdb�lKk�[Bfhb�[. ¦[S�¿[Zw2�hliw*c�lirRed[Zo2k�W�lib3k�W�[Bb-n�Y�r�[Zw0fi ���fiesqu´
b�fhY¡c�lKedo�«�lKese@lKkBfhb�jZ[h«�lib��µ[M¶��RedficskBlib-qµl���w*cdfhw*c½¨8b�fm�Bed[Z��gh[�fhbµjZ[Zw*k�lKcdbCjZfu[S²�jScd[Zb-k�o$r�[Scdb�g
¾ [Zw�f�°xzucdb�jZ[ab�fik$lKese¥k�W�[aY�fhb�fhY¡c�lKedoBfi p��[Zghw�[Z[���liw�[a��w�[Zo�[Zb-k.cdb�k�W�[agics��[Zbµ[Zt8n�lKk�cdfhb�om«8k�W�[
o���liw�o�[ªw�[Zo�nResk�lib-k�W�lio	edf��¿[Zw���[Zghw�[Z[h«�lib��OW�[Zb�jZ[�w�[Z��n�jZ[Z��jZfhY��Red[M¶RcskÀqPjZfhY���liw�[Z�Ok�f¸k�W�[
jSe�lio�o�cdjmlKe#Y�nResk�cs�iliw*c�lKk�[�w�[Zo�nResk�lib-k+2¯o�[Z[;: A'lijm��\'?Í« : �a�R± >���?43M°$±�[3li���Resq¢k�WRcdo,li����w�f�lijFW£k�f
lKese@k�W�w�[Z[	o�q8o�k�[ZY�o�lib��¢w�[Z��fhw*k$fhb¢[M¶R��[Zw*cdY�[Zb�k�lKe�w�[Zo�nResk�oBcdb¢o�[ZjSk�cdfhb¸\8°ü�R° >�°

� VBW�[�®�w�o�kali����w�f�lij�W'cdb'li���Resq8cdb�g³w�[Zo�nResk�lib�k�o, ¦fhw�o�fies�8cdb�g��>[Seseº´ÀjZfhb�o�k�w�lKcdb�[Z�éo�qRo�k�[ZY�o
+ÀWRcd��[Zo -�fhb�[��iliw*c�lirRed[�cdbªk�W�[,jZf8[S²�jScd[Zb�kB®�[Sed�@°0}� @�¿[,jZfhb�o�cd��[Zw>�iliw*c�lirRed[qb < lio.��liw*k>fi k�W�[�jZfu[S²�jScd[Zb-k�®�[Sed�@«�k�W�[	�¡[Zt8n�lKk�cdfhb�o�jmlib¸r�[a�8cd[S�¿[Z�¸lio�rRcs�iliw*c�lKk�[ �

x 1 � �+1 1LK��+1M�:bn�(K��+1 < b �� �zY 2
x � � �|� 1LK��|���:b 1�K��|� < b � 1 �zY 2 2Í� 3
x < � � < 1 K�� < � b �� K�� < < b 1 b � K�� < � b � 1 K � < ! b � 1 b �� � Y 4

VBW�[�w�[Zo�nResk�lib-k3Y�lKk�w*cº¶Ofi Bk�WRcdo3o�q8o�k�[ZY/W�lio��RcdY�[Zb�o�cdfhb ���'lib���csk�o3[Zb�k�w*cd[Zo�� �a` liw�[
b�lKk�n�w�lKesesq� ;n�b�jSk�cdfhb�o¡fi 
b < >0cdb� ¯lijSkm«�k�W�[SqPliw�[ªt8n�li��w�lKk�cdjµ��fiesqRb�fhY¡c�lKedo	cdb b < °¸VBW�[o���liw�o�[Cw�[Zo�nResk�lib-kªW�lio�k�fik�lKe���[Zghw�[Z[Ccdb�k�W�[¸jZfu[S²�jScd[Zb-k�oª[Zt8n�lKe$k�f£k�W�[Co�n�Y fi �k�W�[
Y¡cº¶R[Z�U��fiedn�Y�[Zo³fi ak�W�[¸rRcs�hliw*c�lKk�[¢�>[Seseº´ÀjZfhb�o�k�w�lKcdb�[Z�úo�n�r�o�qRo�k�[ZY�om° ­¿lij�W fi ,k�W�[ E
Y¡cº¶R[Z�P��fiedn�Y�[Zo 2¦cdbkb 132�b��h3�cdo3[Ztun�lKe.k�f�"�«0k�W�[Zw�[S ¦fhw�[�k�W�[³o���liw�o�[³w�[Zo�nResk�lib-k���[Zghw�[Z[
cdo¢��\'cdb k�W�[¢�hliw*c�lirRed[Zo � � ! ` lib��æk�W�[¸o�c ¾ [©fi ,k�W�[©jZfhb�o�k�w�n�jSk�[Z� Y�lKk�w*cº¶æ�Bcsese,r�['lKked[mlio�kª��\8°'VBW�[�o�W�fm�$b ? � �]? �'Y�lKk�w*cº¶���		cdo�k�W�[³w�[Zo�nResk�lib�k�Y�lKk�w*cº¶PjZfhb�o�k�w�n�jSk�[Z�
r�qér�fik�W�ghw�[Z[Z�Rqélib���cdb�jZw�[ZY�[Zb�k�lKeBlKedghfhw*csk�W�Y�om«#w�[Zo���[ZjSk�cs��[Sesqé��[Zo�jZw*cdr�[Z��cdb : <>vx�h�@?
lib�� : ­=<.���'?Í°
A©lKk�w*cº¶
��	,[M¶R��w�[Zo�o�[Zo,l�tun�li��w�lKk�cdj3Y�lKk�w*cº¶©��fiesq8b�fhY¡c�lKe�cdb b < «�k�W�[Zw�[S ;fhw�[3csk�o,��[Sk�[Zwî´Y¡cdb�lib�k�cdo�t8n�li��w�lKk�cdj�cdb;b < lib���l³Y�nResk�cd�Red[�fi xk�W�[¡o���liw�o�[¡w�[Zo�nResk�lib-km°3z8fies�8cdb�gµk�WRcdo��[Sk�[Zw�Y¡cdb�lib�k� ¦fhwLb < gics��[Zo�n�o�k�W�[.�ilKedn�[Zo0fi �b < lKk2k�W�[Bw�fufik�o�«i�$WRcsed[.k�W�[>¨h[Zw�b�[Se���[ZjSk�fhw�ojZfhw�w�[Zo���fhb���k�f�k�W�[x�hlKedn�[Zo2fi  b 132�b��i° A©fhw�[xo���[ZjScs®�jmlKesesq�«h[mlij�W¡¨h[Zw�b�[SeR��[ZjSk�fhw�[M¶R��w�[Zo�o�[Zo
k�W�[	[S�hlKedn�lKk�cdfhb©fi 2k�W�[� ¦fiesedfm�Bcdb�g���[ZjSk�fhw�fi �Y�fhb�fhY¡c�lKedo�lKk$k�W�[�w�fufik�o,fi {b 1 2�b � °.VBW�[
Y�fhb�fhY¡c�lKep��[ZjSk�fhw$cdo���w�[ZjScdo�[Sesqµk�W�[	o�[Zt8n�[Zb�jZ[�fi 2Y�fhb�fhY¡c�lKedo�cdb���[M¶Rcdb�g�k�W�[�jZfiedn�Y�b�o
fi ���	 �

� ? 2�b�� 2�b �� 2�b < � 2�b 132�b 1$bn� 2�b 1$b �� 2�b 1$b < � 2�b � 1 2�b � 1 b�� 2�b � 1 b �� 2�b � 1 b < � 2�b < 1 2�b < 1 bn� 2�b < 1 b �� 2�b < 1 b < ��
 4
Vpf¸w�[ZjZf���[Zw3k�W�[��hlKedn�[ªfi Cb 1 2�b � lKk�k�W�[ªw�f8fik�om«pcsk3o�nR²�jZ[Zo�k�f¸�Rcs�8cd��[ªjZ[Zw*k�lKcdbP��[ZjSk�fhw
[Zb�k�w*cd[Zom°µVpf©®�b��@«# ;fhw�cdb�o�k�lib�jZ[h«#k�W�[ª�ilKedn�[�fi Cbn�K«#�¿[ª�Rcs�8cd��[�k�W�[ªo�[ZjZfhb���[Zb-k�w*q�r�q
k�W�[ª®�w�o�km«�cÍ° [h°s«{bn� � ?�°�I,fm�¿[S��[Zw¡cdb�b�f8jZn�fhn�o¡k�WRcdo¡fh��[Zw�lKk�cdfhbUY�lmq�o�[Z[ZYC«0k�W�[³j�W�ficdjZ[
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fi ��$WRcdjFW¸[Zb-k�w*cd[Zo�k�f�n�o�[�cdo�lib¸cdY���fhw*k�lib-k�b-n�Y�[Zw*cdjmlKe�cdo�o�n�[�k�W�lKk�W�lio$k�fªr�[�o�k�n��Rcd[Z�
 ;n�w*k�W�[ZwZ°¿~�[Zo�nResk�oB�hliw*qµo�cdghbRcs®�jmlib�k�esq¸lijZjZfhw��Rcdb�gªk�f�k�WRcdo$j�W�ficdjZ[h«¥lib��¢jZ[Zw*k�lKcdb¢o�cdY��Red[
o�k�w�lKk�[Zgicd[Zo0[M¶�liY¡cdb�[Z�¡��f,b�fik2�¿fhw�¨�°#±�[.W�lm��[h«�b�liY�[Sesq�«ik�w*cd[Z��lZ��[Zw�ligicdb�g�f���[Zw�o�[S��[Zw�lKe
w�lKk�cdfhom«�[h° g�°�� b�� � ?.Kkb 1nb�� �\b 1 � �R� 2�fhw.k�li¨-cdb�gªw�fufik�om«�[h° g�°�� b �� � ?-°
|�fhwBk�W�[�o�[ZjZfhb��¢o�q8o�k�[ZY"k�W�[	o���[ZjSc�lKesc ¾ [Z�¸��[Sk�[Zw�Y¡cdb�lib�k�cdo�fi ���[Zghw�[Z[¡\'>?�

^ ? � � � � "
? ��� � b < � ^k�R��b <

� K ? E�� < � b < � Kd? � � � b < � ^]?R? �Lb < � K ? E��=4
� VBW�[�o�[ZjZfhb��'�.lZq¸k�f³��[S®�b�[�lib©f���[Zw�jZfhb�o�k�w�lKcdb�[Z��o�qRo�k�[ZY  ;w�fhYIk�W�[¡gics��[Zb©fhb�[3cdo,k�f
li����k�fBk�W�[�gics��[Zb�o�q8o�k�[ZYàlib�q���fiesqRb�fhY¡c�lKeufi Rfhn�w½jFW�ficdjZ[h°�VBWRcdo#gics��[Zo½k�W�[ � ´Àw�[Zo�nResk�lib�k
li����w�f�lij�W'cs 0k�W�[	[M¶Rk�w�lª��fiesqRb�fhY¡c�lKe#cdo�escdb�[mliw�cdb¸k�W�[	�hliw*c�lirRed[Zo,�Bcsk�W¢cdb���[Sk�[Zw�Y¡cdb�lKk�[
jZfhb�o�k�lib�k³k�[Zw�Y � ° VBWRcdo�Y�[Sk�W�f8�»�Rcdo�k�cdb�ghnRcdo�W�[Zo³liY�fhb�g�lKese�o�cdY��Red[©w�f8fik�o�lKk�k�W�[
[M¶R��[Zb�o�[�fi �cdb�jZw�[mlio�cdb�g�k�W�[���w�fhrRed[ZY � o��RcdY�[Zb�o�cdfhb¢r�q£��°
}À ¥�¿[,j�W�f8fho�[���fiesqRb�fhY¡c�lKe 2 K"! b 1m«��Bcsk�W 2 2#!>cdb���[Sk�[Zw�Y¡cdb�lKk�[h«Rk�W�[�Y¡cº¶�[Z����fiedn�Y�[Zo.fi k�W�[���´À��fiesq8b�fhY¡c�lKe2o�qRo�k�[ZY�o�liw�[�" 2#" 2#" 2�? �R«½W�[Zb�jZ[�k�W�[�o���liw�o�[	w�[Zo�nResk�lib�ka��[Zghw�[Z[	cdo "
cdb¢k�W�[��hliw*c�lirRed[Zooy � ! 132343434+2Fy � ! !i«T? �ªcdb¢k�W�[	�iliw*c�lirRed[Zo 2 2#!�lib��¢csk�o�k�fik�lKe#��[Zghw�[Z[�cdoo���VBW�[Bcdb�jZw�[ZY�[Zb�k�lKe@lKedghfhw*csk�W�Y �.lio¿li���Rescd[Z�ªlib���k�W�[�o�Y�lKesed[Zo�kxY�lKk�w*cº¶� ¦fhn�b��¡cdoxfi ¥o�c ¾ [
>��R°3}�k�o���[Sk�[Zw�Y¡cdb�lib�km«��$WRcdjFWécdo	lµY	nResk�cd�Red[�fi xk�W�[�w�[Zo�nResk�lib-km«p�$W�[Zb � 95�3$�� 
�� ��$����ªk�f
k�W�[,jZf8[S²�jScd[Zb�k�oBfi pk�W�[,o�[ZjZfhb��³o�q8o�k�[ZYC«8q8cd[Sed��o>k�W�[� ¦fiesedfm�Bcdb�g¡��fiesq8b�fhY¡c�lKe½fi #��[Zghw�[Z[
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E�� �����RE 
R� �!" ! � � 2 � ^B?R? � ! � 2 � K ? E ! � � � " 2 � K ! � � � � 2 � ^k�R� ! � 2 � K ? E ! � � < 4

VBW�['Y¡cº¶�[Z�ú��fiedn�Y�[£cdbR ¦fhw�Y�lKk�cdfhbúcdb��RcdjmlKk�[ZoCk�W�lKkCk�W�[£��[Zghw�[Z[éfi 	k�W�[£o���[ZjSc�lKesc ¾ [Z�
o���liw�o�[,w�[Zo�nResk�lib�kBcdbµ[mlij�WCfi  2 2#!$cdo,���R°�}�b� ¯lijSkm«uk�W�[ao���[ZjSc�lKesc ¾ [Z�µo���liw�o�[aw�[Zo�nResk�lib-kBcdo

� 2 � ^_?R? � ! � 2 � K ? E ! � � � 2 � ^ �R� ! � 2 � K ? E ! � � < 2
�$WRcdj�W¢o�W�f��$o$k�W�lKk���\3w�f8fik�oB�BcsesepjZfhY�[�cdbCk�w*cd�Red[Sk�o$�Bcsk�W b 1$jZfhb�o�k�lib�km°

}�b¡k�W�[Bw�[Zo�k�fi �k�W�[$o�[ZjSk�cdfhb¡�>[$w�[Z��fhw*kxfhb¡k�W�[�li���RescdjmlKk�cdfhbªfi �k�W�[$��n�rRescdjM´À��fhY�lKcdbªo�fies��[Zw
&(')'+*
, .).0/)/)/-132�465>2?891�:D56.(<=8=:>2�5).0/+&A@(<?/)&(@(.DB?C 2?5>2=<D.-«�cdbPjZfhbKy�n�b�jSk�cdfhbO�Bcsk�WOWRcd�Rcdb�g b < cdbPk�W�[jZf8[S²�jScd[Zb�k�®�[Sed�@°3VBWRcdo�o�fies��[Zwacdo,cdb <õk�W�[Zw�[S ;fhw�[¡csk�w�n�b�oa ¯lio�k�[Zw,k�W�lib£k�W�[��������
	'o�fies��[Zw
[M¶�liY¡cdb�[Z��cdbU��[Sk�lKcse�r�[Sedfm��°�}�k�jZfhb�o�k�w�n�jSk�o�k�W�[CY�lKk�w*cº¶Ur�qOk�W�[µcdb�jZw�[ZY�[Zb�k�lKe,lKedghfhw*csk�W�Y
�Bcsk�W gh[Zb�[Zw*cdj¸jZf8[S²�jScd[Zb�k�om«>k�W�[Zw�[S ¦fhw�[¢cdb���[Z��[Zb���[Zb�kµfi �k�W�[Ccdb�o�k�lib�jZ[¸lib��æk�W�[¢��w�[ZjScdo�cdfhb@°
VBW�[�k�cdY�[B ¦fhw�jZfhb�o�k�w�n�jSk�cdb�g�k�W�[�w�[Zo�nResk�lib-k¿Y�lKk�w*cº¶�cdo�ed[Zo�o�k�W�libªW�lKes ½l�o�[ZjZfhb��ªfhb�k�W�[��,­ <
{�ed��W�l�zuk�lKk�cdfhb�fi >o�[ZjSk�cdfhbP\8°ü�R° >�°¡VBW�[Zb@«½k�W�[���w�fhghw�liY jZfhb�o�k�w�n�jSk�o	l E ����E �³jZfhY���libRcdfhb
Y�lKk�w*cº¶'�$W�fho�[�[Scdgh[Zb��hlKedn�[Zo	lib��é[Scdgh[Zb-��[ZjSk�fhw�o�liw�[3k�W�[�b < �hlKedn�[Zo�lib��£k�W�[3¨h[Zw�b�[Se0��[ZjSk�fhw�ofi �� 	�°xzucdb�jZ[ak�W�[Zw�[�liw�[���\�[Scdgh[Zb��hlKedn�[	lib��C[Scdgh[Zb���[ZjSk�fhw���lKcdw�om«R[M¶�lijSk�esqµW�lKes #fi #k�W�[ZY"�Bcsese
b�fik,jZfhw�w�[Zo���fhb��¢k�fªo�fiednRk�cdfhb�om°BVBW�[	��w�fhghw�liY§li���Rescd[Zo�k�W�[�o�k�lib���liw��¸[Scdgh[Zb���[ZjZfhY���fho�csk�cdfhb
w�fhnRk�cdb�[Zo3fi +: {,¼>¼��2��\�?¿f���[Zw���fhn�rRed[M´À��w�[ZjScdo�cdfhb A�f�lKk�cdb�gK´À��ficdb�k�bun�Y	r�[Zw�om«��$WRcdj�W�W�lZ��[µ�i�
rRcdb�liw*qP�Rcdgicsk�o�w�[Zo�[Zw*��[Z�P ¦fhw	k�W�[�Y�lib�k�cdo�o�lR°'}�k	q8cd[Sed��o	k�W�[� ;fiesedf��Bcdb�g£w�[Zo�nResk�o�fhbPk�W�[�®�w�o�k
k��¿fªcdb�o�k�lib�jZ[Zo >�Y�fhw�[�cdbR ¦fhw�Y�lKk�cdfhb¢cdoBcdb�jSedn���[Z�¸cdb : ­�Y¡c���>�?Í°
��°�|�fhw.k�W�[�®�w�o�k$o�qRo�k�[ZYC«�lK ;k�[ZwBw�[îy*[ZjSk�cdb�g� ¦lKedo�[�jmlib��Rcd��lKk�[Zo�«�k�W�[�w�[ZjZfm��[Zw�[Z�©w�fufik�oBjmlin�o�[
k�W�[xY�l�¶RcdY	n�Y lir�o�fiednRk�[¿�ilKedn�[>fi �k�W�[xcdb���nRk2��fiesq8b�fhY¡c�lKedo�k�f�r�[X? Y 
 ! °#±�[>j�W�[Zj�¨�k�W�[
jZfhY���nRk�[Z�¢o�fiednRk�cdfhb�o�lig�lKcdb�o�kBk�W�fho�[,fhrRk�lKcdb�[Z�¸r�qClib³[M¶�lijSk�^aw��hr�b�[ZwBr�lio�[Zo�jZfhY���n8´
k�lKk�cdfhb�fm��[Zwxk�W�[Bcdb�k�[Zgh[Zw�o.lib���fhr�o�[Zw*��[Bk�W�lKk>[mlij�W�jZfhb-k�lKcdb�o>lKkxed[mlio�k¿��jZfhw�w�[ZjSkx�Rcdgicsk�o�°
VBW�[$k�fik�lKe <>v � k�cdY�[�fhbµl�
��������¢cdo.Y 4 �	o�[ZjZfhb���o>fhb�lZ��[Zw�ligh[, ¦fhw�k�w�lib�o� ¦fhw�Y¡cdb�g�k�W�[
Y�lKk�w*cº¶¢lib��CjZfhY���nRk�cdb�gªcsk�o$[Scdgh[Zb��hlKedn�[M´À[Scdgh[Zb���[ZjSk�fhw���lKcdw�o�°

\8°�|�fhw$k�W�[�o�[ZjZfhb��¸o�qRo�k�[ZYC«�k�W�[�jZfhY���nRk�[Z�©w�f8fik�o�[S�hlKedn�lKk�[�k�W�[	cdb���nRk���fiesq8b�fhY¡c�lKedo�k�f
�ilKedn�[Zo$b�fªe�liw�gh[ZwBk�W�lib�? Y 
 6 lib��@«�jZfhY���liw�[Z�¢k�f�k�W�[�[M¶�lijSk�w�fufik�om«�k�W�[Sqµliw�[�jZfhw�w�[ZjSk
k�f¸lKk�ed[mlio�k3�µ��[ZjScdY�lKe>�Rcdgicsk�om°ªVBW�[�lZ��[Zw�ligh[;<>v � k�cdY�[� ;fhw�jZfhY���nRk�cdb�g¸k�W�[�w�f8fik�o
 ;w�fhY"k�W�[�w�[Zo�nResk�lib�k�Y�lKk�w*cº¶µcdo�Y 4 ��o�[ZjZfhb���o$fhb¸l�
��������#°

#
$��
$ # � �
��Æ �½���º��� Â � � %E�m� , �m�
±�[�jZfhb�o�cd��[Zw$W�[Zw�[�kÀ�>fªY�[Sk�W�f8��om«¹lib�lKedfhghfhn�o�k�f�k�W�fho�[�fi �k�W�[���w�[S�ucdfhn�o�o�[ZjSk�cdfhb@°
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� |#cdw�o�km«-�>[,jZfhb�o�cd��[Zwjb < lio.l���liw�liY�[Sk�[Zw$lib��³jZfhY���nRk�[ak�W�[�¼.[ ¾ fhnRk�c�libCfi ½k�W�[HE3��fiesqu´b�fhY¡c�lKe�cdb©k�W�[��iliw*c�lirRed[Zo,b 1 2�b��i°,}Àk,qucd[Sed��o�k�W�[3o�W�fm�$b ��� ��Y�lKk�w*cº¶¥«��$W�fho�[¡[Zb�k�w*cd[Zo
liw�[C��fiesqRb�fhY¡c�lKedo�fi ,��[Zghw�[Z[�� "£cdb]b < °O|�fhw¡k�W�[µo�[ZjZfhb��Uo�qRo�k�[ZYC«��>[CfhrRk�lKcdb�k�W�[Y�lKk�w*cº¶ ���.gics��[Zb¢r�[Sedfm� �
VBW�[���[Sk�[Zw�Y¡cdb�lib�k,fi �Y�lKk�w*cº¶ ���.cdo$fi ���[Zghw�[Z[&E � �

? � � � � " � b < � ^_?R? �Lb < � K ? E�� � b < � ^ �R��b <
� K ? E�� < � b < � K ? ���

VBW�[3jZfhw�w�[ZjSk�jmlib��Rcd��lKk�[Zo� ;fhw,k�W�[¡o�fiednRk�cdfhb�o�fi ¿k�W�[¡o�q8o�k�[ZY§liw�[¡gics��[Zbér-q¸k�W�[�w�f8fik�o
fi �k�W�[µ®�w�o�k¡kÀ�>fé ¯lijSk�fhw�om°P|¹fhn�w�fi �k�W�[ZY �Bcsese$r�[µfi �Y	nResk�cd�RescdjScsk�q ER°�VBWRcdo¡cdo¡k�W�[
 ;fhw�Y�nRe�lKk�cdfhb¸n�o�[Z�µcdbCk�W�[�[M¶���[Zw*cdY�[Zb�k�o,w�[Z��fhw*k�[Z�CcdbCo�[ZjSk�cdfhb©\8°ü�R° >�°

� z8[ZjZfhb��Resq�«��>[�jZfhb�o�cd��[Zw�k�W�[��iliw*c�lirRed[Zo,b 132�bn� 2�b < «�r�nRk,�¿[¡li���'lªgh[Zb�[Zw*cdj	escdb�[mliw, ¦fhw�Y
2 K ! b 1 lib��é�>[ªjZfhY���nRk�[�k�W�[�¼.[ ¾ fhnRk�c�libPfi ¿k�W�[Zo�[ "C��fiesqRb�fhY¡c�lKedom°�±�[�fhrRk�lKcdbOlE � ��E �µY�lKk�w*cº¶@«½�$W�fho�[�w�lib�¨©cdo�� YR° � o�cdb�gC¼Bliw�[Scdo�o � o�Y�[Sk�W�f8�@«½�¿[�fhrRk�lKcdb�fhb£k�W�[
e�lio�k$w�fm��«�k�W�[	��fiesqRb�fhY¡c�lKepfi 2��[Zghw�[Z[&� Y �

^,� 
 �������RYw? � � ! � � ? E ! � ^B?R? � ! � 2 � K 2 � � � ? E ! � ^k�R� ! � 2 � K 2 � � < 4
VBWRcdo�cdoal�Y�nResk�cd�Red[�fi 0k�W�[3w�[Zo�nResk�lib�km«��$WRcdjFW©W�lio,��[Zghw�[Z[ª���R°�VBW�[	o���liw�o�[�w�[Zo�nResk�lib�k
Y�[Sk�W�fu�@«���[Zo�jZw*cdr�[Z�¸lir�fm��[h«¹W�li�¢gics��[Zb¸lib�fik�W�[Zw$Y�nResk�cd�Red[	fi 2��[Zghw�[Z[�\h\8°

Õ;Ö�×pÕ¦Ø



���������	��
���
�������������
���������������� �"!#�%$&
'���(�*)+
,�-�/.�0*
��1��
2
,���/�3$�45�/� ���

VBW�[�k�cdY�[� ¦fhw�jZfhY���nRk�cdb�g©k�W�[�w�fufik�o	 ;w�fhY k�W�[ª¼.[ ¾ fhnRk�c�lib 2¯r-q�jZfhY���w�[Zo�o�cdfhbPlib���[Scº´
gh[Zb-��[ZjSk�fhw�jZfhY���nRk�lKk�cdfhb�o'3�cdo�Y 4 ?�o�[ZjZfhb���o�fhb�l 
��������p°¡±�[�W�lm��[�n�o�[Z�£k�W�[¡escdr�w�liw*q������
2�&(')'+*
, .).0/)/)/-132�465>2�8#1�:D56.(<=8D:72�5).��	��
6.���
	�A.u«io�k�csese½n�b���[Zw$��[S��[Sedfh��Y�[Zb-k'3M°

#
$��
$�� � Ã %�� Â �Z� Â ��� Â � � %E�m� , �m�
{ o�cdY��Red[Zw,li����w�f�lij�W£li���Rescd[Zo,zuq8es��[Zo�k�[Zw � o�w�[Zo�nResk�lib-k�cdb $ 
'��$&
 ���S°BVBWRcdo�cdoBk�W�[	w�[Zo�nResk�lib-k�fi 
k��¿f'n�bRcs�iliw*c�lKk�[³��fiesq8b�fhY¡c�lKedo¡lib���cdo	cdY��Red[ZY�[Zb�k�[Z�Ocdb�Y�fho�k3Y�fu��[Zw�bPjZfhY���nRk�[Zw�lKedgh[Zr�w�l
o�q8o�k�[ZY�o�«ucdb�jSedn��Rcdb�g�����������«��������
	¸lib�� ������� 	�� � �!� � �0°

VBW�[�jmlio�jmli��[�Y�[Sk�W�f8�©li���Rescd[Zoazuques��[Zo�k�[Zw � o�w�[Zo�nResk�lib�k,o�[S��[Zw�lKe½k�cdY�[Zom«¹[mlij�W¢k�cdY�[	[SescdY¡cº´
b�lKk�cdb�g¸fhb�[��iliw*c�lirRed[h°�}�b�gh[Zb�[Zw�lKe�csk	��w�f8��n�jZ[Zo	Y�lKk�w*cdjZ[Zo�e�liw�gh[Zw�k�W�libé�Bcsk�Wék�W�[�Y�nResk�cs�il�´
w*c�lKk�[aw�[Zo�nResk�lib-km«��$WRcdj�WC[SescdY¡cdb�lKk�[Zo$lKese¥k�W�[,�hliw*c�lirRed[Zo.cdb³fhb�[ao�k�[Z�@°0VBW�[�[M¶�liY��Red[�lKkBW�lib��@«
k�W�fhn�ghW@«¥cdo, ¯lZ��fhw�lirRed[¡ ¦fhw�k�WRcdo�lKedghfhw*csk�W�Y(o�cdb�jZ[�[mlijFWé��fiesqRb�fhY¡c�lKe2cdo�cdb���[Z��[Zb���[Zb�k�fi ¿fhb�[
�hliw*c�lirRed[h°¿±�[�jmlib@«�k�Wun�om«���[S®�b�[ :T� < lio$k�W�[�zuq8es��[Zo�k�[Zw�Y�lKk�w*cº¶¢fi  x �alib�� x < «�w�[Zg�liw���[Z�'lion�bRcs�hliw*c�lKk�[���fiesq8b�fhY¡c�lKedo�cdbmb 1 cdbµk�W�[	o�[ZjZfhb��Ccdb�o�k�lib�jZ[�fi 2o�qRo�k�[ZY 2À\R3M«

:�� < �

�������
^o?�^�b <

� � "{b < ^�? Eo^�b <
� Y
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�$WRcdjFWCed[mli��o$k�f�lib¢cdb�jZw�[mlio�[�cdbCw�n�b�bRcdb�g�k�cdY�[h°
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}�bælKese$k�W�w�[Z[¸Y�[Sk�W�fu��om«¿�¿[¸o�fies��[C ¦fhw¡k�W�[¢w�[mlKe�w�f8fik�o�fi �k�W�[Cn�bRcs�hliw*c�lKk�[¸��fiesqRb�fhY¡c�lKe
[M¶���w�[Zo�o�cdb�gCl³Y	nResk�cd�Red[�fi ¿k�W�[¡w�[Zo�nResk�lib�km°	±�[3n�o�[�k�W�[¡Y�li�Red[�jZfhY�Y�lib�� � ��� � 
 ��«��$W�fho�[
[S²�jScd[Zb�jSq�jmlib���w�fhr�lirResq�r�[�liY�[Sescdfhw�lKk�[Z�@°0}�k½k�li¨h[Zo�lir�fhnRk�\$o�[ZjZfhb���o½k�f�o�fies��[¿lB��fiesqRb�fhY¡c�lKe
fi ���[Zghw�[Z[©���£lib��O ¦fhw	k�W�[³e�lio�k¡o�qRo�k�[ZYC«2�Bcsk�W ���¸�Rcdgicsk�o�«�Y�fhw�[³k�W�libU\h�©o�[ZjZfhb���o�°éVBWRcdo
o�k�w�lib�gh[	�hliw*c�lKk�cdfhb¸cdoa��w�fhr�lirResq¸��n�[�k�f�k�[Zo�k�cdb�g�fhnRkao�[S��[Zw�lKe2Y�[Sk�W�fu��o�2¯r-q¢k�w*q©lib��'[Zw�w�fhwF3
cdb¢k�W�[� ;n�b�jSk�cdfhb ��� � ��
���°¿|�fhw�[mlijFW¸w�f8fikm«��¿[	o�n�r�o�k�csk�nRk�[�cdb¢k�W�[	Y�lKk�w*cº¶¸lib��¸jZfhY���nRk�[	csk�o
¨h[Zw�b�[Se#��[ZjSk�fhw�r-q¢z �a�¡°�±úW�[ZbCk�W�[	w�f8fik���w�fKy�[ZjSk�cdfhb�o�fhb¢k�W�[�b < ´�l�¶Rcdo�liw�[�b�fik�o�cdY��Red[h«¹k�W�[��[ZjSk�fhw�o���f$b�fik�b�[ZjZ[Zo�o�liw*csesq�jZfhw�w�[Zo���fhb���k�f�k�W�[0�ilKedn�[Zo�fi  b 1 2�b � °p}îb�k�WRcdo�jmlio�[h«��>[xo�n�r�o�k�csk�nRk�[
b < cdbµk�W�[�fhw*cdgicdb�lKepo�qRo�k�[ZY lib��Co�fies��[ak�W�[�[Zt8n�lKk�cdfhb�oBcdbmb 1�lib��mbn�,fhbResq�°¿z8fhY�[�[M¶���[Zw*cd[Zb�jZ[
cdo0w�[Zt8nRcdw�[Z�¡cdb¡j�W�f8fho�cdb�gak�W�[.k�W�w�[Zo�W�fied�¡�hlKedn�[.k�W�lKk���[ZjScd��[Zo0�$W�[Sk�W�[Zw2k�W�[.��[ZjSk�fhw�oxliw�[>�hlKescd�@°
}� �b�fikm«-�¿[$o�n�r�o�k�csk�nRk�[B�Rcdw�[ZjSk�esq¡cdb¡k�W�[$fhw*cdgicdb�lKe¹o�qRo�k�[ZY lib���o�fies��[Bk�W�[Bw�[Zo�nResk�cdb�g�[Ztun�lKk�cdfhb�o�°
VBW�[Zb©l¡o�[ZjZfhb��Ck�W�w�[Zo�W�fied�Ccdo�n�o�[Z�C ¦fhwB��[ZjScd�Rcdb�g��$WRcdj�W©jmlib��Rcd��lKk�[	o�fiednRk�cdfhb�oBk�fª¨h[Z[Z�@°

}�bOjZfhb�jSedn�o�cdfhb@«¿�¿[µfhr�o�[Zw*��[³k�W�lKk�k�W�[¢zuques��[Zo�k�[Zw¡jmlio�jmli��[CY�[Sk�W�f8�Ocdo3 ¦lio�k�[Zo�k3 ¦fhw�k�W�[
��liw*k�cdjZnRe�liw.��w�fhrRed[ZYC°0VBWRcdo¿cdo¿[M¶��Re�lKcdb�[Z�³r�q�k�W�[�[Ztun�lKk�cdfhb�o �8o�k�w�n�jSk�n�w�[h°5I,fm�>[S��[ZwZ«8cskxcdo>b�fik
[M¶���[ZjSk�[Z�ªk�f3W�li����[Zb�cdb�e�liw�gh[Zw>o�q8o�k�[ZY�o�«un�bRed[Zo�o¿k�W�[Sqª��fho�o�[Zo�o>o�fhY�[,o�cdY¡cse�liw>o�k�w�fhb�g�o�k�w�n�jM´
k�n�w�[h°³·,fhb�[Sk�W�[Sed[Zo�om«�k�W�[�zuq8es��[Zo�k�[Zw	Y�[Sk�W�f8��fi¤¥[Zw�o	b�f©li�R�hlib�k�ligh[�cdbék�[Zw�Y�o�fi BlijZjZn�w�lijSq�°
VBW�[ª¼>` ¾ fhnRk � o	Y�lKk�w*cdjZ[Zo	Y�[Sk�W�f8�équcd[Sed��o	o�Y�lKesed[Zw�Y�lKk�w*cdjZ[Zom«p�$WRcdj�WPliw�[ª[mlio�cd[Zw�lib��é ¯lio�k�[Zw
k�f¸Y�libRcd��nRe�lKk�[ªk�W�libék�W�[�o���liw�o�[�w�[Zo�nResk�lib-k3Y�lKk�w*cdjZ[Zo�«#{,jZjZn�w�lijSqéfi .¼.[ ¾ fhnRk � o3Y�[Sk�W�fu��cdo
o�escdghW�k�esq�r�nRk2b�fik0o�cdghbRcs®�jmlib�k�esq3r�[Sk�k�[Zw�k�W�lib3k�W�[>o���liw�o�[>w�[Zo�nResk�lib�k�Y�[Sk�W�f8�¡fhb	k�W�[.[M¶�liY��Red[h°
9 b3k�W�[Bfik�W�[Zw0W�lib���o���liw�o�[>w�[Zo�nResk�lib�k�Y�lKk�w*cdjZ[Zoxliw�[B[mlio�cd[Zw�k�facdb�o�k�lib-k�c�lKk�[Bk�W�lib3k�W�[B¼.` ¾ fhnRk
Y�lKk�w*cdjZ[Zo�°�VBW�[�WRcdghW�[Zw�w�n�b�bRcdb�g¢k�cdY�[Zo	fi ¿k�W�[�o���liw�o�[�w�[Zo�nResk�lib�k�Y�[Sk�W�fu��liw�[���n�[�k�fµk�W�[
e�liw�gh[	Y�lKk�w*cº¶Co�c ¾ [h°

� �  �� ! 8¥�*����!#
��¸����!21	�

9 r-�ucdfhn�o�esq�«¹k�W�[Zw�[3[M¶8csk�o,lib©lib�lKedfhgiq¸r�[SkÀ�>[Z[Zb©Y�fied[ZjZnRe�liwajZfhbR®�ghn�w�lKk�cdfhb�o�lib��¸w�fhr�fik�cdjZoafhw
Y�[ZjFW�libRcdjZom° �xliw*cdfhn�o�o�k�w�n�jSk�n�w�lKe½w�[ZtunRcdw�[ZY�[Zb-k�o�fhbCY�fied[ZjZnRed[Zo$jmlibCr�[aY�fu��[Sed[Z�©lioBgh[ZfhY�[M´
k�w*cdj¡fhwa¨ucdb�[ZY�lKk�cdj�jZfhb�o�k�w�lKcdb�k�om«#lio�cdb£w�fhr�fik�cdjZom°	VBWRcdo�lib�lKedfhgiq'jZfhb�o�cdo�k�oacdbélio�o�f8jSc�lKk�cdb�gCl
o�[Zw*c�lKexw�fhr�fik�k�f©lCY�fied[ZjZnRed[h«#r-qéjZfhb�o�cd��[Zw*cdb�g¢k�W�[�w�fik�lKk�cdfhb � � liw�fhn�b��ék�W�[ªl�¶Rcdo�# � «plio3l
w�fik�lKk�cdfhb'liw*k�cdjZnRe�lKk�cdfhb¸r�[SkÀ�>[Z[Zb¢kÀ�>fªo�fiescd��o : ��
 1�2¯jZ[Zb�k�[Zw�[Z�£lKk=/ ��
 1'3Blib�� : � 2¯jZ[Zb�k�[Zw�[Z�£lKk
/ �r3M«�lioBcsesedn�o�k�w�lKk�[Z�¢cdbµk�W�[� ¦fiesedfm�Bcdb�g�®�ghn�w�[ >¹ ;fhwBb�fik�lKk�cdfhb¸w�[S ;[ZwBk�f¡®�ghn�w�[ª��°
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VBW�[�jScdw�jSed[Zo¿cdb��RcdjmlKk�[$k�W�[�liw*k�cdjZnRe�lKk�cdfhb�o.fi @w�fik�lKk�cdfhb�cdb�k�WRcdo¿w�fhr�fikm°2}Àk¿W�lioxk�W�[$��liw*k�cdjZn8´
e�liw*csk�q¡k�W�lKk0kÀ�¿f�jZfhb�o�[ZjZnRk�cs��[�l�¶�[Zo�fi @liw*k�cdjZnRe�lKk�cdfhb�liw�[.cdb�k�[Zw�o�[ZjSk�cdb�g�lKkxla��ficdb�km°0VBW�[BjSqRjSescdj
Y�fied[ZjZnRed[�jZfhw�w�[Zo���fhb���o�k�f¸lµo�csk�n�lKk�cdfhb��$W�[Zw�[�k�W�[�e�lio�k�o�fiescd�écdo�cdb�lC®R¶R[Z��jZfhbR®�ghn�w�lKk�cdfhb
�Bcsk�W¸w�[Zo���[ZjSkBk�f�k�W�[a®�w�o�k�fhb�[h°

VBWRcdo¡lib�lKedfhgiqOjmlib�r�[³jmliw�w*cd[Z��fhb� ¦n�w*k�W�[ZwZ«0cdbOfhw���[Zw�k�félib�lKesq ¾ [ªk�W�[µjZfhbR®�ghn�w�lKk�cdfhb�o
k�W�lKkªliw�[¢cdbR®�bRcsk�[Zo�cdY�lKesesqUn�b�o�k�lirRed[h°æ|�fhw�lib-q�o�fiescd�6: Y�fm��[Z�ær-q�l£�Rcdo��Re�lijZ[ZY�[Zb�k / � b �
2¦�$W�[Zw�[�b¿cdom«R ¦fhw.cdb�o�k�lib�jZ[h«�k�cdY�[ 3M«¹k�W�[a��[SedfujScsk�qCfi 2l���ficdb�k � � b � fi #k�WRcdo�o�fiescd�µcdo$gics��[Zb¢r-q

B��$� � � b ��� � � � K�D � � b � ���
�$W�[Zw�[ D cdo�k�W�[�fhw*cdgicdb@«�� � k�W�[���[Sedf8jScskÀq¢fi �k�W�[�fhw*cdgicdb@«¹jZfhb�o�cd��[Zw�[Z�'lio���ficdb�k,fi #k�W�[�o�fiescd�@«�Pcdo>k�W�[���[ZjSk�fhw>��w�f8��n�jSk.fi @k�W�[,��W�qRo�cdjScdo�k�oBlib���� k�W�[,lib�ghnRe�liw>��[Sedf8jScskÀq�°�}îbªfik�W�[Zw>�¿fhw���o�«
��� � 2�� � w�[Z��w�[Zo�[Zb�k�o3k�W�[ªjScdb�[ZY�lKk�cdj³k�fhw�t8n�[h°C±�[��Bcsese>cd��[Zb�k�cs ;qécsk	�Bcsk�WPk�W�[ª[Sed[ZY�[Zb-k�� fi 
� �
	 2¦�$W�[Zw�[ 	 cdo�k�W�[�"K´À�RcdY�[Zb�o�cdfhb�lKe���[ZjSk�fhwao���lijZ[�n�b���[Zw*esqucdb�g³k�W�[¡lK²�b�[�o���lijZ[ 5=<³lib��
� 	 k�W�[�[M¶8k�[Zw*cdfhw�lKedgh[Zr�w�l�fhb 	 «po�[Z[,: 0#lib��h��«�¼.fhn¹�i��?43 �

�k� � 1�� � � � < ^ ���
� 1 � � < K%� < � 1 � �h�5K�� 1�� 1 � ���jK��X���h� � ���jK�� < � < � �|� 2
�$W�[Zw�[�k�W�[�� � � �SY 2343434+2FY 2�? 2FY 2343434 2FY � liw�[ak�W�[���[ZjSk�fhw�o$cdbµk�W�[�jmlib�fhbRcdjmlKe�r�lio�cdom°0}�k$w�[Z��w�[M´
o�[Zb�k�o,k�W�[ �"��� � �"���-����
,
��RY�f���[ZY�[Zb�k�fi �k�W�[3o�fiescd�@°,|�fhw�cdb�o�k�lib�jZ[h«¥ ;fhw,lªw�fik�lKk�cdfhbélKedfhb�gµlib
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l�¶RcdoC#UjZfhb�k�lKcdbRcdb�g 1 � �n? f 2 1 f.2 � f 2 < � 2GF � �n? f ! 1 f !'� f ! < � «8�¿[aW�lm��[ � � �

 �1 F%lib��

� � � YR°�VBW-n�o�k�W�[acdbR®�bRcsk�[Zo�cdY�lKe#Y�f���[ZY�[Zb�k, ;fhw.k�WRcdo�w�fik�lKk�cdfhbCcdo$� 1 � F 8 � �
	 °
}À  � ���n? f�� 1 f�� � f�� < � «p�¿[�jFW�[Zj�¨'k�W�lKk�k�W�[�®�w�o�k�EµjZf8fhw��Rcdb�lKk�[Zo	fi  � � � 2¦cd[h°

k�W�[ajZf8[S²�jScd[Zb�k�o$fi  � � � �h� � � < « � � � � 1 � � < « � � � � 1 � � �h3>liw�[,��w�[ZjScdo�[Sesqªk�W�[ajZfufhw��Rcdb�lKk�[Zofi  B � � � � b ��� °U{,o¡�¿[CW�lm��[ � � � � � � YR«¿k�W�[µe�lio�k�jZf8fhw��Rcdb�lKk�[�2¦k�W�[¢jZf8[S²�jScd[Zb�kªfi 
� 1 � � � � � < fi  � � � cdo���[Sk�[Zw�Y¡cdb�[Z�@«#�$W�[Zbé�¿[ª¨ub�f�� csk�o�E³®�w�o�k�jZf8fhw��Rcdb�lKk�[Zo�lib�� �%°
VBWun�om«�k�W�[���[Sedf8jScskÀq�B �$� � � b ��� jmlib¢r�[acd��[Zb�k�cs®�[Z�¸�Bcsk�WCk�W�[���[ZjSk�fhw � � � 8 � < 	 °

<>fhb�o�cd��[Zwµb�fm�(o�[S��[Zw�lKeao�fiescd��oµjZfhb�b�[ZjSk�[Z� r�q»liw*k�cdjZnRe�lKk�cdfhb�oCfi 	w�fik�lKk�cdfhb lKedfhb�gUl�¶�[Zo
# 132343434+2$# � °0VBW�[,��[SedfujScsk�q�fi #lib-q���ficdb�k �_fi #k�W�[�e�lio�k>o�fiescd�³cdo>k�W�[ao�n�Y"fi ½k�W�[,��[SedfujScsk�cd[Zo
fi  � lKk�k�lij�W�[Z�¢k�fª[mlij�W¢o�fiescd�@°x}ÀkBcdoBgics��[Zb©r�q³k�W�[� ;fhw�Y�nRe�l

B � � � � b ��� �
��
��� 1

� � #5� � � 4

<>fhY¡cdb�g3r�lij�¨¡k�f�fhn�wx��w�fhrRed[ZY fi ½Y�fied[ZjZnRed[&2¯fhw¿w�fhr�fik'3M«uk�W�[�o�[Zw*c�lKe�w�fhr�fikx�Bcsese�r�[�n�b�o�k�lirRed[
2¯o�[Z[ : A'zR��>@?Í« : A¸[Zw��h��?43M«#cs .k�W�[���[Sedf8jScskÀq�fi $lib�qé��ficdb�k � cdbék�W�[�e�lio�k3o�fiescd�écdo+YR«#r�nRk�k�W�[
cdbR®�bRcsk�[Zo�cdY�lKexY�fm��[ZY�[Zb-k�fi xk�W�[ �µo�fiescd��oacdo�b�fik ¾ [Zw�f�°3VBWRcdo	Y�[mlib�o�k�W�lKk��¿[�jmlib£®R¶'k�W�[
®�w�o�k>lib���e�lio�k¿o�fiescd�ªlib���®�b��ªW�f��¿[S��[ZwBlib�cdbR®�bRcsk�[Zo�cdY�lKe�Y�fik�cdfhb³fi ¥k�W�[�j�W�lKcdbµfi @o�fiescd��om°2}îb
fik�W�[Zw��¿fhw���o�«¥k�W�[�jFW�lKcdb©�Bcsese0r�[�cdbR®�bRcsk�[Zo�cdY�lKesesq£n�b�o�k�lirRed[�cs �k�W�[Zw�[¡[M¶8cdo�k�o&����1 2343434 2��76 � 
��SY 2343434 2FY � o�n�jFWµk�W�lKk
	�� 2�� ���� 1 � � #5� � � fhwB[Zt8nRcs�ilKed[Zb-k�esq

� 1 # 1 K ����� K � 6 # 6 �dY 4
�$W�[Zw�[�# � � / � � / �

�
1 8 � � 	 w�[Z��w�[Zo�[Zb-k�k�W�[	l�¶�[ZoBfi �w�fik�lKk�cdfhb�o,fi �k�W�[�w�fhr�fikm°

VBW�[Zw�[S ;fhw�[h«uk�W�[BjSq8jSescdj�Y�fied[ZjZnRed[$cdo0cdbR®�bRcsk�[Zo�cdY�lKesesq�n�b�o�k�lirRed[$cs �k�W�[Zo�[$l�¶R[Zo¿fi �w�fik�lKk�cdfhb�o
liw�[	escdb�[mliw*esq¢��[Z��[Zb���[Zb-kacdb � ��	 °�±�[�liw�[�ghficdb�gªb�f�� k�f�j�W�liw�lijSk�[Zw*c ¾ [¡gh[ZfhY�[Sk�w*cdjmlKesesq�«�k�W�[
jZfhbR®�ghn�w�lKk�cdfhb�o,fi �k�W�[�Y�fied[ZjZnRed[��$WRcdj�W'liw�[acdbR®�bRcsk�[Zo�cdY�lKesesq¢n�b�o�k�lirRed[h°
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0½[Sk % r�[$k�W�[,�Re�lib�[�� / � 25/ � 25/ 66� °2VBW�[,escdb�[mliw¿o�qRo�k�[ZY%gh[Zb�[Zw�lKk�[Z�Cr�q / 1 � / � « / 1 � / < cdok�W�[�oFliY�[�lio.k�W�[�fhb�[�gh[Zb�[Zw�lKk�[Z�¢r�q9/�1 � /"��« /
1 � /<; < �$W�[Zw�[ /<; < cdo$lib�qµ��ficdb�k�fi #k�W�[��Re�lib�[/
1 25/"� 25/ < fhnRk�o�cd��[�k�W�[	escdb�[=� /�1 25/�� � °�}�b©��liw*k�cdjZnRe�liwZ«¥�¿[3jmlib¸k�li¨h[ / ; < fhb©k�W�[	�Re�lib�%�°�0p[Skn�o�jmlKese2k�WRcdo�escdb�[�# ; 1 � /"� � /<; < °	¼>q¸k�W�[¡o�liY�[�fh��[Zw�lKk�cdfhb�o	lKkak�W�[���ficdb�k�o /	� 25/76h«¥�>[�jmlibw�[Z�Re�lijZ[�k�W�[�o�qRo�k�[ZY � / � � / �
�
1 � � � 1 #$#$# 6�r-qClibC[Zt8nRcs�hlKed[Zb�k�o�qRo�k�[ZY

/�1 � /�� 25/ < � /	� 25/�! � /76 2$# ; 1 2$# ; � 2$# ; <
�$W�[Zw�[i# ; 1 2¯w�[Zo��@°L# ; � « # ; < 3¥cdo@k�W�[2cdb�k�[Zw�o�[ZjSk�cdfhb�fi "� / 1 25/ � 25/ < � 2¯w�[Zo��@°.� / < 25/ � 25/ � � « � / ! 25/ � 25/ 66� 3�Bcsk�W %�°

·�fik�[µk�W�lKk�cs ,k�W�[Zo�[ Eéescdb�[Zoªliw�[¢jZfhb�jZn�w�w�[Zb�km«.k�W�[Zbæk�W�[SqUliw�[µescdb�[mliw*esqæ��[Z��[Zb���[Zb�k�cdb
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Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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