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��QbK�enK*cbK�NPCHG�a¦[\K§C¨V��T[\adLpXMNPadUbq\XMK§[1NPVHUWV�XPadO�L�©}VHNªy�qbG�XMa�«
NMVnUwVHX8LpY\LpXMK*y¬L��adL�XMQuC�X¬XMK§C�y¬L�VH�sNPVHUWV�XRL*f+[\K��bG�VFYnK�[®XMV
CHORQbadK*DnK®C�O*VHyzyzVHc¯enVnCHG<f�O*C�c°VHq\XP�wK�Np��VnNMy±adcu[\adDmad[\qwC�G
NMVnUwVHXPL+adcXMK�NMy¬L+VH��K*²�O�adK*cuO*YTCHcu[³nqwC�Gda´X�YC�cu[JfuadcµLpVny�K
O*CHLMK�L�f O*CHc®�WK*NM��VHNPy¶XPCHLM�\L�XMQuC�XzCªLpadcbenG�K	NMVnUwVHX�O*CHcbcbVHX�t
Z VHcuLMad[bK*N§f&��VHNK*·\CHyz�bG�Knfs¸µadO*NMVº¹&adN»�K*Qba¦O�GdK�L¼©<¸µ¹�»sLR�f
K�CHORQ>V��5o+Qba¦ORQ>QwCHL½C�c¾K�·mXMNPK*yzK*GdY#Lpy¬CHG�G��uCEYmGdVnCH[#O�C��uCnO�«
a´X�Ynt¨��QbVHqbenQ�adcu[\adDmad[bquC�G3¸>¹�»sL¬y¬CEY¿QuCEDHKTGda�yza�XMK�[�O�CF«
�uC�UbadGda´XPa�K§L*fWXMK§C�y¬L�V��5¸µ¹:»�L�f��wVxLMLMa�UuG�Y#O*CHNMNPYma�cue�[\a´À�K*NPK*cxX
�uCEYmG�VxCH[bL�fnO�C�c�UWK�[\K��bGdVFYHK�[8CHL5C�eHNPVHqb�zXPV��WK*NM��VHNPyÁO�VHy�«
�bG�K*·`XPCHLM�\L*t>ÂsNPVHqu�uL�V��&NPVHUWV�XRL��bNPVFDmad[\K	C�c¿CH[u[\K�[¼GdK*DnK*G
V��+NMVnUbquLpXMcbK§LML�fJ�}CHqbG�X�XMVnG�K�NPCHcuO�Knf:CHcu[ªÃuK�·\adUbadG�a�X�Y¾VFDnK*N�adc\«
[\a�Dma¦[\quCHGdL�f�CHL�XPQbK��}CHa�GdqbNPK�V��+VncbK�NPVHUWV�X�[\VmK§L�cbVHX�NMK§LpquG´X
a�c�XMQbKT�}CHa�GdqbNPK	VH�3XMQuKTyza¦LMLMadVHcJfÄCHL�G�Vncbe`CHL�XMQbKNPK*y¬C�adc\«
a�cbe8NMVnUwVHXPL&O�C�cNMK§[\a¦L�XPNMadUbq\XPK�C�cu[#LMQuCHNMKsXMQuK�XPCnLp�\L+VH��XMQbK
�}C�adG�K§[NMVnUwVHX�t&��·bCHy��uG�K§L+V���XRCHLM�mL3C��b�bNPVH�uNMa¦CFXPK½��VHN3NPVHUWV�X
XMK�CHy¬LÄCHNMK3GdCHNMenK�C�NPK�C�LpqbNPDHK�a�GdG¦C�cuO*KHfxK*cmDma�NPVHcbyzK�cnXRC�GWyzVHc\«
a´XPVHNPa�cbewf�GdCHNMenK¬VHU\Å�K§O�X�XPNPCHcuLp�WVHNMXPC�XMadVHcJf��bG¦C�cbK*XPCHNMYªK�·\�bGdV�«
NPC�XMadVHcJfbCHcu[8QwC���CHNP[bVHquLÄo�CHLpXMK�O�GdK�CHcxqu�Jt
ÆÇc�XPQba¦L¬�uC��WK*N§f5oÄKT��V\O�quL¬Vnc®XPQbKXPCnLp�®V���G¦C�NPeHK#CHNMK§C

LpqbNPDHK�a�GdG¦C�cuO*KHt0ÂsadDHK�cÈCHcÈCHNMK§C¿XPVºUwK¿LMqbNPDHK*adGdG�K§[iC�cw[�C
XMK�CHyÉV��½¸µ¹:»�Lzo+a�XMQºC��b�bNPVH�uNMa¦CFXPK	LMK*cuLMVHNRL*f XMQbKTXPCnLp�¼a¦L
XMV#[\YmcuC�yza¦O*CHG�GdYµ[\a¦L�XPNMadUbq\XPK�XPQbK¬¸µ¹:»�L�C��u�bNMVn�bNPadC�XMK*GdYa�c
XMQbK�LpqbNPDHK�a�GdG¦C�cuO*K½CHNMK§C���VHN�yzC�·\a�y�qby0O*VFDHK�NPCHeHKsUuCHLMK�[TVHc
��K�CFXPqbNPK�L��bNMK§LpK�cxX5VHc¬XPQbKseHNPVHqbcu[JfxCHcu[zXMV�CH[EÅ�qwL�XÄXMQba¦LÄ[\adLp«
XMNPa�UbqbXMadVHcªVFDHK*N�XMadyzK�CHL½ORQuCHcbeHK§L�adc¾XMQbK�XMK§C�yÊVnN½VHc¾XMQbK
eHNPVHqbcu[µVmO�O�qbN§t�_ªKzQuCEDHKz[\K*DnK*GdVH�WK�[¾C	LMY\L�XPK*yËXMQwCFX�o+a�GdG
G�K§C�NPc�NPqbG�K+LMK�XRL���VHN O�VncxXMNPVHGdG�adcbe&XPQbK+adcu[\adDxa¦[\quCHGb¸µ¹:»�L�adc�C
[\adLpXMNPadUbq\XMK§[8LMqbNPDHK*adGdGdCHcuO�K�XPK�C�yt � adcuO*K3K�CnORQ�NPqbG�K�LpK*XÄenVFDn«
K*NPcuL+C�cadcu[\adDxa¦[\quCHG�¸µ¹:»�fuO*VHcxXMNPVHG�VH�:XPQbK�VFDHK�NPCHG�G�UWK*QuCEDx«
a�VnN+V���XPQbK�K�cnXPa�NPKsXMK§C�yÌa¦L&[\a¦L�XPNMadUbq\XPK�[�ÍbXMQbK�NMK�a¦L�cbV�LMa�cbenG�K
K*cxXMa�X�Y8O�VncxXMNPVHGdG�adcbe�XMQbK�CnO�XMadVHcwL�VH��XPQbK�K*cxXMadNPK�XPK�CHyTt Z quNp«
NMK�cnXPG�Ynf\C�GdG�y�K�y�UWK*NRLÄV��JXPQbK�¸µ¹�»ÈXPK�C�yÎq\XMadG�ad�*KsXPQbK�LMCHy�K
NMqbGdK�LMK�X§ÍHLM�wK§O�a¦C�Gda��§CFXMadVHc�VH�ba�cw[\a�Dma¦[\quCHGm¸>¹�»sLJXPQbNMVnqbeHQ�XMQbK
K*DHVnG�qbXMadVHcªV���qucbad³xqbK¬NPqbGdK�LpK*XPL½a¦L�CG�VneHa¦O*CHG�K*·mXMK*cwLpadVHc¾XMV
XMQba¦L+oÄVHNP�Wt
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¹üÂsK*cuK�XMa¦O¿¹3G�enVHNPa´XPQbyý©vÂ½¹sµadL>quLMK�[ÈXMViG�K§C�NPcþXMQbK
¸µ¹�»0NPqbG�KLMK�XPL�t¼¹�Â½¹Îa¦LzC>LMK�C�NRORQ¿yzK�XPQbV\[¿UuCnLpK§[¼VHc
�bNMadcuO*a��bGdK�L:��NPVHyþcuC�XMqbNRC�GmLpK�G�K§O�XPa�Vnc�C�cw[�eHK�cbK�XPadO5NMK��bNPVm[bquO�«
XMadVHcJtiÂ½¹�L¬QuCEDHKTUWK*K*c�LMquO*O*K�LPL���quG�GdY�CH�b�bGda�K§[¿XPV¿C¾o+a¦[\K
NPCHcbeHK�VH�&�bNPVHUbGdK*y¬L�f�adcuO*G�qu[ba�cbe¾VH�\XPa�yzad��C�XMadVHcJf O*GdCnLMLMa´ÿWO*CF«
XMadVHcJf�C�cu[>[\K�LMa�encJt&��QbK�X�Yx�uadO�C�G�Â½¹1K*DnVHGdDHK�L+XMQbK�O�VHyz�WV�«
Lpa�XMadVHcTV��:ÿb·\K�[TG�K�cbe�XPQ	adcu[\adDmad[bquC�G¦L*f\K§CHORQTV���o+QbadORQTNPK*�bNPK�«
LpK�cnXRL�C��WV�XMK�cxXMa¦C�G�LpVnG�q\XPa�Vnc¬XMV�XMQuK��bNPVHUuG�K�y°XPV�UWK½LpVnG�DnK�[�t
��QbK*NPK�QuCnL+UwK�K*cµadcuO*NMK§CHLMa�cbe¬adcxXMK�NMK§L�X3adcXMQuK�K*DnVHGdq\XMadVHcVH�
DECHNMa¦C�UuG�KsG�K�cbe�XPQa�cu[ba�Dma¦[\quC�G¦L�adcTo+QuadORQTUwVHXMQTXMQuK½LMad�*K�C�cu[
XMQbK�O�Vnyz�wVxLpa�XMadVHc	V���C�LMVHGdq\XMadVHcTC�NPKs[\YmcuCHyzadO�C�GdG�YzK*DnVHGdDHK§[
UxY#CTÂ½¹�t���QbK�adcuO*NMK§CHLMK�[TÃuK*·madUbadG�a�X�Y#C�cu[µK*DHVnG�DFCHUba�Gda�X�Y	VH�
DECHNMa¦C�UuG�K+GdK*cbeHXMQ�LMY\L�XPK*y¬L5CH�b�wK§C�NRL�XMV�UWK3UWK*cuK�ÿwO*adCHGbXMV�XMQbK
Â½¹�� L�LMK�CHNPORQz�bNPV\O�K�LPL�t�ÆÇc��uCHNpXPadO*qbG¦C�N§fnLpXMqu[\adK�L5QuCEDHK&��VHqbcu[
a�cxXMK�NMK§L�XPa�cue�Gda�cb�\LÄUWK�X�oÄK*K*c8�uC�NRLpadyzVHcmY��bNMK§LMLMqbNPK�©}NMK�oÄCHNP[m«
a�cbe®��VHNTO�VHyz�uCnO�XPcbK�LPL8CHcu[¨LMyzCHG�GsLpad�*KFRf&y�q\XPC�XMadVHc¨NRCFXPKHf
C�cu[zK�DHVHGdDHK§[zeHK�cbVHyzK+GdK*cbeHXMQ8CHcu[zÿbXPcbK�LPL*t � ad�*K�adLPLpquK�L5CHNMK
a�yz�WVHNMXPC�cxX�adc`XMQuK�K*DnVHGdq\XMadVHc`V��+NPqbGdK8LpK*XPL�t � y¬C�GdG�K�N�NMquG�K
LpK*XPL½NPK�³xqbadNMK�G�K§LMLsXPa�yzK�XMVK*DFCHG�quC�XMKnÍ�G¦C�NPeHK*NsNPqbG�KzLMK�XPL�CHNMK
O*C��wC�UbGdK�VH�ÄO*VHcxXPCHa�cbadcbeTyzVHNPK�LM�wK§O�a�ÿwO�NMquG�K§L*t�ÆÇc>XPQbadL��uCF«
�wK�N�fboÄK�K�·bCHy�adcbK�LMVHyzK�V���XMQbK�a¦LPLpqbK§L�NMK�enCHNP[\adcbe�DFC�NPadCHUbG�K
G�K�cbe�XPQTÂ½¹3L+CnLÄo�Ksa�cmDnK�LpXMadenCFXPK&XPQbK�K�DHVnG�q\XPa�Vnc8VH��DFC�NPadCHUbG�K
Lpad�*K§[8NPqbGdK�LpK*XPLÄ��VHN&O*VHcxXMNPVHGdGda�cbez¸µ¹:»�L�t
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¹Ëcxquy�UWK*N¬V��½NPK�LMK�C�NRORQbK�NPL�QuCEDHKUbqbadG�X�y�qbG�XMa�«vNPVHUWV�X�LMY\L�«
XMK*y¬L�a�c VHNR[\K*NiXMV a�cmDHK§L�XPa�exCFXPK XMQbK O�VmVH�WK*NRCFXPa�VncÊC�cu[
�wVmVHGdK�[¼O�C��uCHUbadG�a�XMadK�L�VH��[badLpXMNPa�Uuq\XMK§[¼NMVnUwVHXPL�fJ��V\O�qwLpadcbe#VHc
XMK�CHy�VHNPenCHcba��§CFXPa�VncJfuadcxXMK*NRCHO�XMadVHcµCHcu[#XRCHLM�T�WK*NM��VHNPy¬C�cuO*KHt
�3LMa�cbe½[\a�ÀWK�NMK�cxX�GdK*DnK*G¦L�V��WO*VHcxXMNPVHGmLpXMNRCFXMK�eHadK�L�fF¸µCFXRC�NPadO%$ 4 �'&
QuCHL:quLMK�[�enNMVnqb�uL�V��uqb��XMV�X�o�K�cxX�YsyzVnUba�GdK5NPVHUWV�XRLJXPVsLpXMqw[\Y
eHNPVHqb�`UWK*QuCEDmadVHN§t��CHORQ`NPVHUWV�X�quLMK�[¼Cµy�K§CHLMqbNPK¬V��&GdVmO�C�G
�wVn�bqbG¦CFXMadVHcz[\K�cuLpa�X�Y�CHcu[��WVH�uqbGdC�XMadVHczeHNRCH[ba�K�cnX�XMV½UuCHGdCHcuO�K
a´XRL�UwK�QuCEDma�VnN�UwK*X�o�K�K*c¬O�VnG�Gda¦LpadVHc¬C�cw[�a¦LMVHG¦CFXMadVHc�t:�½qbUWK&C�cu[
(WQuC�cue)$ 4*^ & QuCEDHK+LMQbVFo+c�QbVFo C�XPK�C�y°V��WÿuDHK+NPVHUWV�XRL�o+a´XPQ\«
VHq\X3K*·\�bG�a¦O�a�X�O*VHyzy�qbcuadO�CFXMadVHc#O�C�c#O�VmVH�WK*NRCFXPK�a�cµC¬O*VHGdG�K§O�«
XMadDHK¬UWVE·¾�bquLMQbadcbeXPCnLp��tT¹&NP�xadc*$ h+& QuCnL�LpQuVFo+c¾XPQuCFX�XMQbK
UwK�QuCEDma�VnN¬V��½NMVnUwVHXPLzadcºC¾XPK�C�y O*CHc UWKµO�Vnyz�wVxLpK§[�VH�sC
O�VHGdGdK�O�XPa�Vnc�V��:y�VHXMVnNÄLPORQbK*y¬CnL*fmC�cu[¬XMQbKsNMVnUwVHXPL�o+a�GdG�C�G�XMK�Np«
cuCFXPK�C�yzVncbe8C¬cmqby�UwK�N�VH�5L�XRCFXMK§L�©���VHNRC�enKHfwCnO*³xqbadNMKnfwK*XPOHtÔ



a�cTVHNR[\K*N�XMV�ÿucw[	CHcu[	[bK*Gda�DnK*N+O�K�NpXRC�adc8VHUbÅ�K�O�XRL*t�¹3enC�QTC�cu[
��K��HK�Y $ 4 & adcmDHK§L�XPa�exCFXMK§[�XMQbK>[bK*DHK�G�Vn�byzK*cxX�V���C¿LM�WK�O�a�ÿwO
XMQbK�VHNPYiV��¬adcxXMK*NRCHO�XMadVHcuL>C�cu[þGdK�CHNMcbadcbe¨CHy�Vncbe¨y�qbG´XPa��uG�K
NMVnUwVHXPLJ�WK*NM��VHNPyza�cue�O�K�NpXRC�adc�XPCnLp�\L�t���Qba¦L�o�VnNM�½LpQuVFo�K§[sXMQbK
��K�CHLMadUba�Gda�X�Y8V���C�NMVnUwVHX&O�VHGdVHcmY�adc#CHORQbadK*DmadcbezeHGdVHUuCHG�VHU\Å�K§O�«
XMadDHK�L�fEo+QbK*c�K�CHORQ�NPVHUWV�X�adL��bNPVFDxa¦[\K§[½o+a´XPQ�VHcuG�YsG�V\O�C�GxeHVnCHGdL
C�cu[�adc\��VnNMy¬CFXPa�VncJt°ÂsVxLML	C�cu[¨g�K*cuK*qbUWVHqbNPe $ � & LpXMqu[\adK�[
ORQuC�adc\«éyzCH�ma�cbe�UwK�QuCEDma�VnN�adc8NPVHUWV�XRL*fxo+QbK*NPK3NPVHUWV�XRL�LM�bNPK�Cn[
XMQbK�yzLMK*GdDHK§LÄVHq\X+adc8XPQbK�K*cmDma�NPVHcuy�K�cxXÄo+QbadGdKsNPK*y¬CHa�cbadcbe�a�c
O�VHcxXRCHO�X�o+a´XPQ¼K�CHORQ¼VHXMQbK�N�t#��QbK8�}CHO�X�XMQuC�X�NPVHUWV�XRL�O�VnqbGd[
��qbcuO�XPa�Vnc�CnLJUWK�CHO*VHcuL�K�À�K�O�XMadDHK*GdY½K*cbG¦C�NPeHK§L�XMQuKÄCHNMK§C�V��uO�VFDx«
K*NRC�eHKnt
�+XMadGda��§CFXMadVHcÁVH�>Â½¹3L¿adcÁK*DnVHGdDma�cbeþNPVHUWV�X®O*VHcxXMNPVHGdG�K�NPL

QuCHL½UWK*K�cªadcmDHK§L�XPa�exCFXMK§[µadcªCTcmqby�UwK�N�V���NPK�LMK�CHNPORQ¾K�À�VHNMXPL
$ ]bf � f 4 j f 4 h f h�k f hHj f h 4 f 4 & t���QbKso�VnNM��a�c8XMQba¦L��uC��WK*N�K�·m«
XMK*cw[bLs�bNMK�Dma�VnquL&oÄVHNP�	adc>LMK*DnK*NRC�G�o�CEY\L*t���a�NRL�X§fWXMQba¦L3oÄVHNP�
adLzVnNMadK*cxXMK§[¿XPVFoÄCHNP[uL�O*VHcxXMNPVHG+VH�s[\a¦L�XPNMadUbq\XPK�[ qbcby¬CHcbcbK�[
C�adN&DHK�QbadO*G�K§L*fucbV�X&G¦C�cu[\«vUuCnLpK§[TDHK*QuadO*G�K§L*t ÆÇcµCn[b[\a�XMadVHcJfuXMQba¦L
L�XPqu[\Y#o+adG�G:��V\O�quLsVHcµXMQbKz[\YmcuC�yza¦O*L�V�� K�DHVHGdDma�cue�DFC�NPadCHUbG�K
Lpad�*K§[�NPqbGdK#LpK*XPL�fÄadcuO*G�qu[ba�cbe¨© 4 �XPQbKµK�À�K�O�XPL¬VH�sUWV�XPQºa�cba�«
XMa¦C�GJC�cw[�K*DnVHGdDHK§[¬NMquG�K½LpK*X&Lpad�*K§L�Vnc�XPQbK½�wK�Np��VnNMy¬C�cwO�KsV��:C
NMVnUwVHX�O�VnG�VncxYzC�cw[µ© h �XPQbK3NPVHGdK&V��J�wC�NRLpadyzVHcmY��uNMK§LMLMqbNPK&a�c
K*DHVnG�qbXMadVHcuCHNMY¬NPVHUWV�XPadO�L*t

� ? ��� |\�F9}|���{};���;m7:�w���	�T6 �8; ���F; �§;m7���|\�§9��W7��
_�a´XPQba�czK�DHVHGdq\XPa�VncuC�NPY�O�VHyz�bqbXPCFXPa�VncJf�DFC�NPa¦C�UbGdK�GdK*cue�XMQ�NPK*�\«
NMK§LpK�cnXRCFXPa�VncuL�C�NPK¬yzVnLpX��bNPVHyza�cuK*cxX�adc¼eHK*cuK�XMa¦Oz�bNPVHenNPCHy�«
y�adcbe8©vÂ�
Ä�fnC�DFC�NPa¦C�cxX V���XMQuKsÂ½¹�o+Qba¦ORQ�[\adNMK§O�XPG�Y�K*DnVHGdDHK�L
�bNMVneHNRC�y¬L½XPQuCFXzDFC�NPY¾adc®UWV�XPQ�LMa���K	C�cw[¿O�VncnXPK*cxX�tªÆÇcxXMK�Np«
K�LpXMadcbeHGdYHf�o+a�XMQ cbV>UWVHqucu[¿Vnc®Lpad�*Knf�Â�
 XPK*cu[uL�XPV¾K�DHVnG�DnK
�bNMVneHNRC�y¬L�XMQuC�X	C�NPK#y�qwORQ G¦C�NPeHK�NzXMQuCHcºcbK�O*K�LPLMCHNMYnfÄO*VHc\«
XPC�adcbadcbe¿LMK�O�XPa�VncuL¬VH��O*V\[\KXMQuC�X	C�NPKcbK*DnK*N�qwLpK§[ $ k f 4 k'& t
��QbVHqbenQ�y¬CHcxY¼K§C�NPG�Y¼K*ÀWVnNpXRL���V\O�quLMK�[�VHc��K§[\a´XPa�cueªVnq\X��
XMQbK§LpKÄK�·bO�K§LML:NPK*eHadVHcwL*f§GdC�XMK�N�LpXMqu[ba�K§L:adcu[\a¦O*C�XMK�XMQuC�X:XPQbK�Lpad�*K
V���K*DHVnG�DnK�[��bNMVneHNRC�y¬L�y¬CEY�CFÀ�K�O�X�XMQbK�a�N�ÿuXMcbK§LML CHcu[�K*DnVHGdDn«
C�UbadG�a�X�Y $ 4 ]mf 4 l f 4 �\f hnh & t
¹&G�XMQbVnqbeHQzyzVnLpX�Â½¹�C��b�uG�a¦O*C�XMadVHcuL [bVscuV�X quLMK+DFC�NPadCHUbG�K

G�K�cbe�XPQ¿eHK�cbVHyzK�L�f�XMQbK�NMK	C�NPK8LpK�DHK�NPCHG K�·bC�yz�bGdK�L�a�c®o+QbadORQ
DECHNMa¦C�UuG�K�GdK*cue�XMQ¼enK*cbVnyzK�L�QwCEDHK�UWK*K�c¿quLMK�[¼LMquO*O*K�LPL���qbGdGdYHt
��QbK¾yzK§LMLMYbÂ½¹ $ � & K*yz�bGdVFY\L8adcu[\adDmad[bquC�G¦Lo+QbVnLMK>GdK*cue�XMQ
C�cu[�O�VHcxXPK*cxX�DFCHNMY�[\YmcuCHy�a¦O*CHG�GdYHt���QbKÄÃuK�·\adUbadG�a�X�Y��bNPVFDxa¦[\K§[
UxYXPQba¦L½NMK��bNMK§LpK�cxXPCFXPa�VncµC��b�WK�CHNPL�XPV	UWK¬CH[\DFC�cxXRC�eHK�VHquL3a�c
[\K�O*K*�\XPa�DnKª�uNMVnUbG�K�y¬L*t0��QbK ����������� GdK�CHNMcua�cbeºLMYmLpXMK�y
K*DHVnG�DnK�LÄDFC�NPadCHUbGdK�G�K�cbe�XPQTNPqbGdK�LpK*XPL&CHcu[TQuCHL�UWK*K�c#quLMK�[	XMV
[\K*DnK*GdVH��O*VHGdG�a¦LpadVHc�CEDHVHa¦[bCHcuO�Knf*XPNPCnOR�xadcbewf§CHcu[�VHXMQbK�N:UWK*QuCEDx«
a�VnNPL:��VHN�yzVnUba�GdK�NMVnUwVHXPL�t�ÆéX�quLMK�L�[\K*XPCHa�GdK�[�fHQba�enQ\«éG�K�DHK*G\NPqbGdK�L
C�cu[#QuK*qbNPadLpXMa¦O�XPK�ORQbcuad³xqbK§L&��VnN�yzV\[\a���Yxadcbe	NMqbGdK�LMK�XRL*t½��QbK
»3adNpXPquC�GÄ»3adNMqwL	©}»3ÆÇ»½��bNPV�Å�K§O�X $ ^ & a�cmDnK�LpXMadenCFXPK�[ªXPQbK	Gdadcb�
UwK*X�o�K�K*c¿y�q\XPC�XMadVHc¿NRCFXPK	C�cw[¼K*DnVHGdDHK�[`GdK*cue�XMQ®a�c®C>DFC�NPa´«
C�UbGdK�GdK*cue�XMQ#Â½¹ LMYmLpXMK�y $ 4 � & t � XMqu[ba�K§LÄ��VHqbcu[8XMQwCFX+�uC�NRLMa´«
y�VncmY��bNPK�LPLpquNMKnfFadL5K�LPLpK�cnXPadCHGmXMV�UWV�XPQ¬�HK*K��badcbe½a�cu[ba�Dma¦[\quC�G¦L
yzCHcuC�enK�CHUbG�K�adc>LMa���K�C�cw[#a�c#y¬CHa�cxXPCHa�cua�cbe8NMK§CHLMVHcuCHUbG�K½ÿuXp«

cbK�LPL*t�¸#VHNPK�adcnXPK*NPK�LpXMadcbeHGdYHfwXMQuK*NPK�C��u�wK§C�NRL+XMV8UwKzC�[\adNMK§O�X
O�VHcucbK�O�XMadVHc`UwK*X�o�K�K*cªXMQuK�K*DnVHGdDHK�[>G�K�cbe�XPQ¿C�cu[¾ÿbXPcbK�LPL�VH�
a�cu[ba�Dma¦[\quC�G¦L�CHcu[½XPQbK5y�q\XPC�XMadVHc�NRCFXMKnt:��QbK5o�VnNM�s[\K�LPO�NPa�UWK�[
QbK*NPK&o+adG�GWUwK�O�VHyz�uCHNMK§[�XMV�LMVHyzK&VH��XMQbKsO�VHcwO�GdquLpadVHcwL���NMVny
XMQbK�»�ÆÇ» �bNMVHÅ�K�O�X�t
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��QbK5enVnC�GHV��\XMQuadL�o�VnNM�sadLJXMVs[\K*DnK*GdVH��C3LMY\L�XPK*y�XMQuC�X:a¦L�C�UuG�K
XMV½G�K§C�NPc�NPqbGdK�LMK�XRL���VHN O*VHcxXMNPVHGdG�adcbe�XMQbK�UWK*QuCEDmadVHN�V���C�XMK�CHy
V��Ä¸>¹�»sLsXMQuC�X�CHNMK�O�VncnXPa�cmqbVnquLMG�YµLMqbNPDHK*adGdG�adcbe	CLM�wK§O�a�ÿuK�[
C�NPK�Cbt���QbK�GdK�CHNMcua�cbeTyzK�ORQuCHcba¦Lpy�a¦L�C8enK*cbK*XMa¦O�CHG�enVHNPa´XPQby
o+QbadORQ¼K�DHVnG�DnK�LsXMQuK8NPqbG�K	LpK*XPL�XPQuCFX�eHVFDHK�NMc`¸µ¹:»ÎUWK*QuCEDx«
a�VnN�t+��QbK�ÿuXMcbK§LML3V���XMQbK�K*DHVnG�DnK�[TNPqbG�K�LpK*XPL&a¦L3[bK�XMK�NMyzadcbK�[
UxYzXPQbKs�wK�Np��VnNMy¬C�cwO�K3VH�:C�XPK�CHyÁV��:¸µ¹:»�L�adc	C�Lpady�quGdC�XMK�[
o�VnNMG¦[�tÄÆÇcXMQba¦L3LMK�O�XMadVHcJfwo�K�[bK�LPO�NPa�UWK�a�c¾[\K�XRC�adGJXMQuK��bNPVHU\«
G�K�yÉXMV¼o+QuadORQºoÄKµC��b�bGdY®VnqbN�¸µ¹:»�XMK§C�yf+C`Lpady�qbG¦CFXPVHN
XMQuC�Xza¦LzquLMK�[®XMVªK*DFC�GdquC�XMK#¸µ¹:»0�WK*NM��VHNPy¬C�cuO*KHf5CHcu[®XMQbK
K*DHVnG�qbXMadVHcuCHNMY¬GdK�CHNMcbadcbezLpY\LpXMK�yTt
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ÆÇc�XMQba¦L:�uC��WK*N§fEo�K���V\O*quL�Vnc�XMQuK XPCnLp�sV��bG¦C�NPeHK CHNMK§C+LpquNMDnK*adG´«
GdCHcuO�Knt�¸µqbG´XPa´«éNPVHUWV�X+XMK§C�y¬L3CHNMK�a¦[\K§C�GJ��VnN3LMquORQµC�XPCnLp�	��VHN
LpK�DHK*NRC�GwNMK§CHLMVHcuL*)�© 4  C�XPK�C�y�VH�JNMVnUwVHXPLÄO*C�c	O�VHcxXPa�cmqbVnquLpGdY
LpqbNPDHK�a�GbXMQbK&K�cxXMadNMK&CHNMK§C½a�c¬�uCHNPCHG�GdK*Gvfu© h �[\a�À�K*NPK*cxX X�Ym�wK§L VH�
NMVnUwVHXPL+y¬CEY8UWK�LMK*cxX+XPV8LpquNMDnK*adG�[\a�ÀWK�NMK�cnX3X�Yx�WK�L3V�� C�NPK�CnL*f
© k �XMK§C�y¬L5VH��y�qbG�XMad�bGdKHf\[\a¦L�XPNMadUbq\XPK�[�NPVHUWV�XRL y¬CEY�UwK�y�VnNMK
NMVnUbquLpX3C�cu[	�}C�quG´XM«<XPVHGdK*NRC�cxX�fbCnLÄXMQbK�GdVnLPL�V���C¬LMa�cbenG�K�NPVHUWV�X
[\VmK�L¬cbVHX8cbK§O�K�LPLPC�NPa�GdY¿NPK�LMqbG´X�adcº�}C�adGdqbNMK#VH�½XMQbK#yza¦LMLMa�VncJf
C�cu[© ^ �XMK§C�y¬L�V���LMyzCHG�GvfHadcbK*·m�WK*cwLpadDHK+NPVHUWV�XRL�yzCEY�UwK3G�K§LML
K�·\�wK�cuLMa�DnK�CHcu[�G�K§LML [bK�XMK§O�XRC�UbGdKÄXMQuCHczC½LMa�cueHGdKÄG¦C�NPeHK�N�DHK*Qua´«
O�GdKHt Âsa�DnK*cTC�LM�wK§O�a�ÿuK�[8eHK*VneHNRC��bQuadO�C�GuCHNMK§C�C�cu[8C�XPK�C�y�VH�
C�q\XPVHcbVny�VnquLs¸µ¹�»sL*fJXMQbK¬¸µ¹:»�L½y�quL�X�[\YmcuCHyzadO�C�GdG�Y�WV�«
Lpa�XMadVHczXPQbK*y¬LMK*GdDHK�L XMV��bNMVFDma¦[\K+y¬CF·\ady�qbyÁO�VFDnK*NRC�enK�VH��XMQbK
eHNPVHqbcu[Jt�g3a�À�K*NPK*cxX���K�C�XMqbNPK�LsVHc>XMQbK¬enNMVnqbcu[#y¬CEY#enK*cbK�Np«
CFXMK	[\a´À�K*NPK*cxX�G�K�DHK*G¦L�VH�&a�cxXPK*NPK�LpX�f�NMK§³xqba�NPadcbe#yzVHNPK�VHN�G�K§LML
¸µ¹�»sL¬XPV®CH[\K§³xquCFXPK*GdY LMqbNPDHK*adGvt��uVHN8K*·bC�yz�bGdKHf�yza�Gda´XRC�NPY
UuCHLMK�L�fÄCHa�NP�WVHNMXPL�f��WVHNMXPL�fÄCHcu[ V�XPQbK*N8LpXMNRCFXPK*enadOC�NPK�CnLzO*C�c
UwKO�VncuLpa¦[\K�NMK§[¼C�NPK�CHL�V��3Qua�enQ¿a�cxXPK*NPK�LpX�o+Qba¦ORQ®oÄVHqbG¦[¼NPK�«
³nqua�NPK�adcuO�NPK�CnLpK§[ªLMqbNPDHK�a�GdGdCHcuO�Knf�avt Knt�f�yzVHNPK�¸µ¹:»�L�tµI+qbNRC�G
C�NPK�CHL3C�cu[Vn�wK�cµoÄC�XMK�N&y¬CEY	UWK�O*VHcuLMad[bK*NPK�[C�NPK�CnL+V�� GdVFo
a�cxXMK�NMK§L�X§fHNPK�³xqbadNMadcbe½��K�o�K�N5DHK�Qba¦O�GdK�L�XPV�O�VFDnK*N§t�ÆÇc�CH[u[\a´XPa�VncJf
XMQbK8XMV�XRC�GÄcmqby�UWK*N�V��3¸µ¹:»�L�a�cmDnVHGdDHK�[ªadc¼XMQuK8XRCHLM�¾y¬CEY
ORQuC�cbenK3VFDnK*N�XMady�K�CnL�adcu[\adDmad[bquC�GJ¸µ¹:»�LÄK*·mQwC�quLpX+UuCFXMXMK*NPY
�wVFoÄK*N§fxCnL�¸>¹�»sL+C�NPK�[\K§L�XPNMVFYnK�[zUmY¬VHq\XRLpa¦[\K3��VHNRO�K�L�fmVHN�CHL
cbK*o�¸µ¹:»�L�C�NPK&[\K*�bGdVFYHK§[�t�ÆÇcnXPK*NPK�LpX5GdK*DHK�GdL VHczXMQuK&eHNPVHqbcw[
yzCEY`C�G¦LMVµORQuC�cbenK�o+a�XMQ¼XPa�yzKHt¾��QbK���qbGdG�XMK�CHy VH�3¸µ¹:»�L
LpQbVnqbG¦[¬UwK½C�UuG�K�XMV�[\YmcuC�yza¦O*C�GdGdYzCn[bC��bX5XMQuK*adNÄUWK*QwCEDxadVHN5XMV
XMQbK�LMa���K½V���XMQbK½XPK�C�y C�cu[	XMV¬ORQuCHcbeHK§LÄVHcTXMQbK�enNMVnqbcu[�t
+ qbN�eHVnCHGua¦LÄXMVz[\K*DnK*GdVH�8C�LMYmLpXMK�y�XMQuC�X+o+a�GdG�G�K§C�NPc�NMquG�K

LpK*XPL���VHN�O�VncxXMNPVHGdG�adcbe8adcu[\adDmad[bquC�G ¸µ¹:»�UwK�QuCEDma�VnN3XPQuCFX�CHG´«
G�VFo&LÄC�XPK�CHyÁV��Jy�quG´XPa��bGdK�¸µ¹:»�L�XMVzLpqwO*O�K§LMLp��qbGdG�Y¬�WK*NM��VHNPy



GdCHNMenKsCHNMK§C�LMqbNPDHK�a�GdGdCHcuO�Knt:_ªK�C�NPK½�uC�NMXMa¦O�quGdCHNMGdY¬a�cxXPK*NPK�LpXMK�[
a�c¾XMQbKz�}CnO�XPVHNRL3XPQuCFX�C�ÀWK§O�X½XMQuK�Lpad�*KzV���XMQbK�ÿucwC�G�K*DnVHGdDHK§[
LpVnG�q\XPa�VncJf avt Knt`XMQbKcmqby�UwK�N�VH�3NPqbG�K§L�adcºCµNPqbG�KLMK�X�t � V�«
G�q\XPa�Vnc�LMa���K>a¦L8adyz�wVnNpXRC�cxXT��VHNLpK�DHK*NRC�G3NMK§CHLMVHcuL�t°S:C�NPeHK*N
LpVnG�q\XPa�VncuL y¬CEY¬O�VncxXPC�adc¬yzVHNPK3[\K*XPC�adGdK�[¬NPqbGdK�L�fnUbqbXÄNPK�³xqbadNMK
y�VnNMKÄ�bNPV\O�K�LPLMa�cbe�XMadyzKHt + c�CHc�CHq\XMVncbVHyzVnquL�NPVHUWV�X�o+QbK�NMK
NMK§LpVnqbNPO*K�LJCHNMK�G�adyza´XPK�[�f Z 
��¿�bNPV\O�K§LMLMa�cue+XMadyzK�a¦L�DFCHG�quCHUbGdKHt
� y¬C�GdG�K�N3LpVnG�qbXMadVHcuL&CHNMK�³xqba¦OR�HK�N�XMV��bNPV\O�K§LML+CHcu[C�NPK�y�VnNMK
G�ad�HK�G�Y½XPVsO*VHcxXPCHa�c�eHK*cuK*NRC�Gda���K�[�NPqbGdK�L�fFUbq\X�y¬CEYscuV�X�UwK�C�UuG�K
XMV#QuCHcu[\GdKzCHG�G�cuK�O�K§LMLPC�NPYµLMa´XPquCFXPa�VncuL*t 
5NMK�Dma�VnquLso�VnNM�#adc\«
[\adO�CFXPK�L�XMQuC�X�XMQuKTLMa���K8VH�&K*DHVnG�DnK�[¼LMVHGdq\XMadVHcwL�y¬CEY`UwKTCF�ò«
��K�O�XPK�[>UxYµÂ½¹°�uC�NRC�yzK*XMK*NRL3LMquORQ>CnL3�wC�NRLpadyzVHcmY8�bNPK�LPLMqbNMK
C�cu[	y�q\XRCFXPa�VncTNRCFXPK $ 4 � & t
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_¾K`quLMK¼C LMady�qbG¦CFXPVHN	XMVºK*DFC�GdquC�XMKªXMQbK`�WK*NM��VHNPy¬C�cuO*K¾VH�
¸µ¹�»þXPK�CHyzL&a�cTXMQuadL&LpXMqw[\YHt ��QbK�LMady�qbG¦CFXPVHN�adL&a�cba�XMa¦C�Gdad�*K�[
o+a´XPQiC`cmqby�UWK*N	V����uC�NRC�yzK*XMK*NRL�XMQwCFXTLM�WK�O�a���Y�XMQbK¾K*cmDma´«
NMVncbyzK*cxX�f�XPQbK¸µ¹�»0XPK�C�yf5CHcu[¿VHXMQbK�N�DFCHNMa¦C�UbGdK�L�V��3XMQbK
K�·\�wK�NMadyzK*cxX�t¬��QbK¬LMa�y�qbG¦CFXMadVHcª[\K�ÿwcbK�L½XPQbKzo�VnNMG¦[µo+a�XMQua�c
o+QbadORQ�XMQuK�¸>¹�»sL�y�VFDnKÄCHUwVnq\X�fnLpK�cuLpKÄK�CnORQ�VHXMQbK�N�CHcu[�XMQbK
eHNPVHqbcu[Jfwo+QbadGdK��WK*NM��VHNPyza�cbe�XMQbK�a�N�XPCnLp�V��ÄLpqbNPDHK�a�GdGda�cbe�XMQbK
NMK�eHadVHcJt#ÆÇc®XMQbK§LpK�K*·\�wK�NMadyzK*cxXPL�f ¸µ¹:»�L�C�NPK8CHLPLpquy�K§[ªXMV
QuCEDHK�K�cbVHqueHQ¿K�cbK*NPeHY`O*CH�uCHO*a´X�YªXMV>��qbcuO�XMadVHc¿XPQbNPVHqbenQbVHq\X
XMQbK	K*cxXMadNMK	K�·\�WK*NPa�yzK*cxX�CHG´XPQbVHqueHQ`XMQuK*Y¿C�NPK�[\K§L�XPNMVFYnK�[`a��
XMQbK�Y�O�VnG�Gda¦[\K+o+a´XPQ¬VHcbK+CHcbV�XPQbK*N�VnN eHV½UWK*YHVncu[�XMQbK+UWVHqucu[m«
C�NPa�K§L+V���XMQuK�LMqbNMDnK*adG�G¦C�cwO�K�C�NPK�CutÄ¹3G�G�C�NPK�CnL�V���XMQuK�eHNPVHqbcw[
O�qbNPNMK�cxXMGdY¬QuCEDHK3XMQbK�LPC�yzK½a�cxXMK�NMK§L�X�GdK*DHK�G<ÍmXPQbK*NPK���VnNMKnfmeHVmV\[
LpVnG�q\XPa�VncuLÄLpQbVnqbG¦[�[\a¦L�XPNMadUbq\XPK�XPQbK½¸µ¹�»sLÄK�³xquC�GdGdY�VFDnK*N5XMQbK
K*cxXMadNMKµLMqbNPDHK�a�GdGdCHcuO�K#CHNMK§Cbt	��adeHqbNPK 4 LpQuVFo&L�C¼LpcwC��uLMQbV�X
V��sC`LPC�yz�bGdKNMqbc���NPVHy XPQbKµ¸µ¹:»ËLMady�qbG¦CFXPVHN§t�ÆÇcba�XMa¦C�GdGdYHf
C�GdG�¸µ¹:»�Lsadc>C8LMady�qbG¦CFXPa�Vnc>C�NPK�Gda�cbK§[µqb�ªC�GdVHcbe�XMQbK�o�K§L�X
UwVnNP[\K�N+V��:XMQbK�LMqbNPDHK*adGdGdCHcuO�K½C�NPK�Cut
ÆÇczXMQbKsO�qbNPNMK�cxX5Lpady�qbG¦CFXPa�VncJfnCHG�GW¸µ¹:»�LÄC�NPK+ad[\K�cxXMa¦O*C�Gwa�c

O�VHcbÿueHqbNRCFXPa�Vnc8C�cw[	CHG�G�¸µ¹:»�L+CHNMKseHVFDnK*NPcbK�[zUmY¬XPQbK�LMCHy�K
NMqbGdK¼LpK*X�t.��CHORQÈ¸µ¹�» QwCHLK*adeHQxX>LMK*cuLMVHNRL�fs[\a¦LpXMNPa�UbqbXMK�[
C�NPVHqbcu[µa´XRL��WK*NPady�K*XMK�N�f�o+Qba¦ORQ>adcu[\a¦O*C�XMK�a´��CHcmYnXPQbadcbe¾©}KHt eut
C�cbVHXMQbK�N�¸µ¹:»�VnN�C�UWVHNR[\K�N��adL5o+a´XPQba�cTC�O*K*NMXPC�adc¬NRC�cbenK&a�c
XMQuC�X�[\adNPK�O�XPa�VncJt:��QuadL������	��
�����������:adL�LM�wK§O�a�ÿuK�[�a�c�XPQbKÄa�cba�«
XMa¦C�G��wC�NRC�yzK�XPK*NRL�V���XMQuK�Lpady�quGdC�XMVHN�C�cu[a¦L&NPK*�bNPK�LMK*cxXPK�[Ta�c
�:adeHquNMK 4 CHL�CsGdCHNMenK5UbG¦CHOR��O*a�NRO�GdK+C�NPVHqbcu[�K�CnORQ�¸µ¹:»�t � K�c\«
LpVnNPL½O*CHcbcbVHX�[bK�XMK§O�X�XPQbK�cmqby�UWK*N�VnN�[\a¦L�XRC�cuO*K�VH�ÄVnU\Å�K�O�XPL
o+a´XPQba�cXPQbK*adN3NRC�cueHKHt�¹3L&CzNPK�LMqbG�X�fuLMK*cuLMVHN�[bCFXRC�a¦L&Uua�cuCHNMY )
� 4 �¾adcu[\a¦O*CFXPK�L�XPQuCFX8CHc�VnU\Å�K�O�XzQwCHLzUWK*K*c�[\K*XMK§O�XMK§[�f � j �
a�cu[badO�CFXMK§L�XPQuCFX�cuVµVHU\Å�K§O�X�a¦L�[\K*XMK§O�XMK§[�tµ¹����������������������

adL�C�G¦LMV�adcba�XMa¦C�Gda���K�[8��VHN�K�CnORQ	¸µ¹:»�ÍmXPQbadL�DFCHG�qbK½[\K*XMK*NPyza�cuK�L
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procedure GA
begin

initialize population;
while termination condition not satisfied do
begin

select parents from population;
create copies of selected parents;
apply genetic operators to offspring;
perform evaluations of offspring;
insert offspring into population;

end
end.
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