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SUNwm:SUcZe�_:ijSUxGPRSUi XzczNQv J S��
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�_a`kSU_:x � `k_aPYXZS^`�PYXM_:c@LbW:`YSb_a.MxRPR`k_:ijP§TZSUxYij`kNw]MPYNwWnczx W:ehe�_:i^NQ_:gBe SU_aP J `YSUx
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²GXZS�e J czijPYNwWnc���PRWb.qS�L NQczNQLONoxRSUT i^_:c�Xz_´¯:S+.qW:PYXpgwW0i^_:g�_:cMTpmngwW:.M_:gqLONQczNoLO_ � �}gwWKi^_:gqLONQczNQL J L¡NQx
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SUNwm:SUcZe�_:ijSUx � � � W:`YSOS��Z_:Lb]MgQSUx�_a`YS xYXZW�³dc@NQc � Nwm J `kS ! �Q©  ��� ²GXzNQx�Nox�TZWncZS .E/ ]z`YW �RSUijPYNQcZm�PYXzSOcZS^³
e�_:ijSpNoLO_am:S WncEPRW�PYXZSV]M`kNQczi^Nw]>_:g<ijWnLb]qWncZSUctP _ �KSUx§PRW W:.zPY_:NQc!PYXZSpijWES���i^NwSUctPYx£eyW:`§PYXzSVe�_:ijS�NQLO_am:S
_:gwWncZm PYXZSUxRS�_ �0SUx � ²GXZSV_a]M]z`YW �ZNQLO_aPYNQWnc NQxªPYXZSUc m:SUcZS^` _aPRSUT!.0/ L J gwPYNw]MgQ/0NQczmVPYXZSVSUNwm:SUcZe�_:ijSUx£³dNwPYX
PYXZS£ijWES��Vi^NQSUctPYx\_:gwWncZmVPYXZSUxRS§_ �KSUx�_:czT�x J LOLONQczmbPYXZSª]z`kW0T J ijPYx�³dNwPYX�PYXzS§_U¯:S^` _am:Sbey_:ijS��d²dXzNQx�³�_:x
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�� .qSUNQcZm£PYXZS�_a]z]z`YW �KNoLO_aPRS�`YSUijWnczxRPR` J ijPYNwWnc � 
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��� � ��� PYXZS ijW0S��Vi^NwSUcEPYx
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I W�NwP�xYXZW J gQT�.qS£]qWnxYxYNw.MgQSªPRW�`YSUijWnczxYPR` J ijP�_pey_:ijSONoLO_am:S PYXz_aP+gwW0W�
0x�gQN 
:S§PYXz_aP�W:e'PYXZS ]qS^`Y]qS^PR`k_aPRW:` �
²GXZSb]M`YW:.MgwSUL Nox�PRW3r>czT�PYXzS ijW:`Y`YSUijP£ijWES��Vi^NQSUctPYx � �� � � �
�
�
� � � ��� � xYNQczijSb³uS TZW cZW:PªXz_´¯:SV_�e�_:ijS
NQLO_am:SbPRW�]M`YW � SUijP�WncEPRW3PYXZS ]z`kNoczi^Nw]M_:g�ijWnLb]qWncZSUctP+_ �KSUx � ²GXZS xRSU_a`ki X@e W:`�PYXzSOijW:`Y`YSUijP+ijW0S��Vi^NwSUcEPYx
i^_:cO.qS�¯KNwS^³uSUTO_:xD_:cOW:]MPYNQLONQxY_aPYNQWnc ]z`YW:.MgwSUL PYXM_aPhijW J gQT ]qS^`kXz_a]>xB.�SGxYWngw¯:SUT J xYNocZm�_:cOW:]zPYNQL NQxY_aPYNwWnc
_:gwm:W:`kNQPYXzL ³ NwPYX PYXzS�³ NwPYcZSUxYx§]qS^`Ye W:` LONQcZm3PYXzSVS^¯a_:g J _aPYNwWnc W:eGPYXzSpijWnxYP£e J czijPYNQWnc!_:czT!eyS^SUTzNQcZm PYXZS
S^¯a_:g J _aPYNwWnc�.M_:i 
VPRWbPYXZS�_:gwm:W:` NwPYXzL	�<²GXzNox'ijW J goTV.qS�TZWncZS�.0/ xYXZW�³dNQcZm£e�_:ijS+NQLO_am:SUx � ijW:`Y`kSUxR]qWnczTzNQcZm
PRW�]qWnNQcEPYx+NQc PYXZS xRSU_a`ki X!xY]M_:ijS � Wnc PYXZS xkij`YS^SUc!_:cMT gwS^PRPYNQcZm�PYXZSO³dNwPYczSUxYx+S^¯a_:g J _aPRSOPYXzSUL NQc xRWnLbS
xRW:`YPdW:e5LO_:cMcZS^`G/:S^PGPRWO.qS+TZSjr�cZSUT �
²GXZS'`YSU_:xRWnc PYXz_aPBNwP5]qWnxYxYNw.MgQS<PRW J xRSu_:c£W:]zPYNoLONQxY_aPYNwWnc§xRPR`k_aPRS^m:/§PRW r�czT§_\gQN 
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:S�NQLO_am:SUx � ²GXzSUxRS�_a`YSU_:xOijW J gQT `YSUx J gwP NQc i^_a` gQN 
:S
NQLO_am:SUx � XZW J xRS �°goN 
:SONQLO_am:SUx�S^PYi � � PYXZW J mnX LOWnxRP�W:e'PYXzSUxRS _a`YSU_:xª³'W J goT ]M`YW:.M_a.Mgw/�`YSUx J gwP�NQc@NoLO_am:SUx
PYXz_aPGTZWbcZW:PGgQWEW�
�gQN 
:S�_:ct/0PYXzNQczm _aPG_:gog � � S^`Ye W:` LONQcZm£PYXZS�W:]zPYNQL NQxY_aPYNwWnc�Wnc�_bxRSU_a`ki X3xR]M_:ijS+goN 
:S�PYXzNQx
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�
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²GXZS§ijWnxRP e J czijPYNQWnc3NQc�PYXzNoxGW:]zPYNQL NQxY_aPYNwWnc�]M`YW:.MgwSUL i^_:cMcZW:Pd.qS+S��K]z`YSUxYxYSUT�NQc�PRS^` LOxdW:eD_ e J czijPYNwWncz_:g
`YSUgQ_aPYNQWnczxYXzNw] ³dXzNQi X i^_:c!.�SVS^¯ _:g J _aPRSUT .0/ _ ijWnLb] J PRS^` _aP£TMN���S^`kSUctP§]�WnNoctPYx§NQc PYXZS�xRSU_a`ki X xY]M_:ijS��
 SUNwPYXZS^`�i^_:c§NwP�.qSDLbWKTZSUgQgwSUT�Wnc§_GijWnLb] J PRS^` � ³dXMNQikX+ijW J gQT�PYXZSUc�S^¯a_:g J _aPRSuNwP�W:`�]qS^`YeyW:`kL _dxYNQL J gQ_aPYNwWnc
PRWOS^¯a_:g J _aPRS£NwP �D²GXZSUxRS§i^_:xRSUxd_a`YSªPYXZSªcZW:`kL�NQcpW:]zPYNQLONoxY_aPYNwWncp]z`YW:.>gwSULOx �D²GXzS+ijWnxRPGe J czijPYNwWnc3NocpPYXzNQx
]z`YW:.>gwSUL7S��KNoxRPYxGNQcpPYXZS+X J LO_:c � x�.z`k_:NQc�_:cMT�XZS�� xYXZSªL J xRP�]qS^`YeyW:`kL7PYXZSªS^¯ _:g J _aPYNwWncpW:e<NwP �
�uSUi^_ J xRS�_ªX J LO_:cVNQx � S^¯a_:g J _aPYNQczm§XzNQx � XZS^`DW´³ cVijWnxRPue J czijPYNwWnc �tPYXZS^`YS _a`kS _ªc J L§.qS^`hW:elNQxYx J SUx<³dXzNoikX
L J xRP\.�S£PY_ 
:SUc@NQcEPRW�_:i^ijW J ctP�³dXzSUc i XZWEWnxkNQcZm�PYXZS W:]zPYNQLONQxk_aPYNwWnc3PRSUi XzczNQv J S���²GXZSUxRS NQxYx J SUxd³ NQgQgl.qS
J xRSUT3PRWO` J gwS�W J PGTMN���S^`kSUctP�W:]zPYNoLONQxY_aPYNwWnc�xYPR`k_aPRS^mnNwSUxGeyW:`GPYXZSªPY_:x 
�_aPdXz_:czT �
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� �d²dXZS+ijWnxRPde J czijPYNQWnc�i^_:czcZW:PG.qS�S^¯ _:g J _aPRSUT3PRWOmnNQ¯:Sª_Oc J Lª.qS^` �
" �d²dXZSDPY_:x 
�W:eZS^¯a_:g J _aPYNQczmGPYXZS'ijWnxYP�e J czijPYNwWncªL J xYPl.qShLO_:TZSu_:x�SU_:xR/+_:x�]qWnxYxYNw.>gwSBe W:`�PYXZSh³dNQPYcZSUxYx �
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PRW � L J xRP\.qS 
:S^]MP\PRW�_pLONQcMNQL J L	� ²GXMNQxdNQx .qSUi^_ J xRS PYXZS ijWnczijSUcEPR`k_aPYNwWnc@W:eDPYXzS§³dNQPYcZSUxYx\³dNQgQg
TzSUij`YSU_:xRSª³ NwPYXpPYXZS+c J Lª.qS^`�W:eBe�_:ijSUxdXZS�� xYXzS+NQxGxYXZW�³dc �

! �d²dXZS^`YS ³ NQgQg<.qS � X J LO_:c S^`Y`YW:` �B_:xYxRWKi^NQ_aPRSUT!³dNwPYX PYXZS � J TZm:SULOSUctP§W:edxYNQLONogQ_a`kNwP / W:e�PYXZS�e�_:ijSUx �
[�N��qS^`YSUcEP�]qS^W:]MgwS�S��0]qWnxRSUTpPRW PYXZS�xY_:LbS�]qS^`Y]qS^PR`k_aPRW:`�³dNQgogMmnNw¯:S+TMN���S^`kSUctP � J TZm:SULbSUcEPYx�W:eBxYNQL �
NogQ_a`kNwP / PRWOPYXZS§xY_:LbS+e�_:ijSªNQLO_am:SUx �

# �d²dXZS^`YS�³dNQgQg<.qS�X J L _:c ¯a_a`kNQ_a.MNogQNwP°/�_:xYxRWKi^NQ_aPRSUT ³dNwPYX!PYXZS
� J TZm:SULbSUcEP§W:edxkNQLONQgQ_a` NwP°/ W:eGe�_:ijSUx �
²dXZS xY_:LOSd]qS^`kxRWncVxYXZW´³ cOPYXZS\xY_:LbS\ey_:ijS�NQLO_am:SUxu_aP'TzN ��S^`YSUcEPhPYNoLbSUxD³dNogQgzcZW:Pu_:gw³u_´/0x'mnNw¯:S\PYXZS
xk_:LbS � J TZm:SULOSUctP'W:elxYNQLONQgo_a`kNwP°/§PRW§PYXzSUL	�D²GXzNQxhi^_:c .qSd¯KNwS^³uSUT _:x�cZWnNQxYSdNQcOPYXzS ijWnxRPue J czijPYNwWnc �

�\x5xYPY_aPRSUT£_a.qW�¯:S�NQP5NQx�NQLb]qW:`YPY_:cEP�PRW�LO_ 
:S�PYXZSu]z`YWKijSUxYx�W:eMTZSU_:gQNQczmG³dNwPYX§PYXZSuW:]zPYNQLONQxk_aPYNwWncª_:gwm:W:` NwPYXzL
_:xDSU_:xY/ _:xh]qWnxYxYNw.MgQS'eyW:`DPYXZSG³ NwPYcZSUxYx � � Xz_aPhNQx<³�_:cEPRSUT NQx<PRWªm:S^P'xRWnLbSde W:`kL-W:e>S^¯a_:g J _aPYNwWncOW:e�]qWnNQcEPYx
NQc£PYXZS�xRSU_a`ki XOxR]M_:ijS�PYXM_aPBNox�SU_:xY/§eyW:`<PYXZS�³dNwPYcZSUxkx�PRW�mnNQ¯:S � _:xDNQLb]>_a`YPYNQ_:g0_:xB]�WnxkxYNw.MgwS'PRW�¯ _a`kNo_a.MNQgQNwP /+NQc
PYXZSu³dNwPYcZSUxkx�S^¯a_:g J _aPYNwWncMx5_:cMTª/:S^P<xRPYNQgogn]z`YW�¯0NoTZSUx5SUcZW J mnX£NQcZeyW:`kLO_aPYNwWnc§e W:`BPYXZSuW:]zPYNQL NQxY_aPYNwWnc£xRPR`k_aPRS^m:/
PRW PR`Y/�r>czT@PYXzS W:]zPYNQL J L W:`£_�]�WnNoctPªi^gQWnxRS SUcZW J mnX PRW�NwP �3²GXZS .�SUxYPªSUcE¯0NQxk_am:SUT ³�_U/ PRW�_:ikXMNwS^¯:S
PYXzNQxu³uW J gQTV.qS PRWOxYXzW´³ PYXZS�³dNwPYcZSUxkxu_ xRS^P�W:e�ey_:ijSUx�_:czTpgwS^P�XzNoL � XZS^`�xRSUgwSUijP�PYXZS�ey_:ijS�PYXM_aP�xYS^SULOx�PRW
XzNQL � XZS^`�PRWO.qS�PYXZS+LbWnxRP xYNQLONQgo_a`uPRW PYXZS�]qS^`Y]qS^PR`k_aPRW:` � x �
²GXzNoxOx J m:m:SUxRPYxp_:c
S^¯:Wng J PYNwWncM_a`Y/ W:]zPYNQLONQxk_aPYNwWnc _:gwm:W:` NwPYXzL ��xYS^S I SUijPYNQWnc  �$ �$ ��VPYXz_aPVm:SUcZS^`k_aPRSUx�_
]qW:] J gQ_aPYNQWnc�W:euPR` NQ_:gDxRWng J PYNwWnczx�³dXzNoikX i^_:c .�SOxkXZW´³dc PRW�PYXZS ³dNwPYcZSUxYx � � c PYXzNQx+i^_:xRSVPYXZSOeyWngQgwW�³dNQcZm
NQxYx J SUx�L J xRPG_:gQxRWO.qS�ijWnczxYNoTZS^`YSUT �

��� � PdNQxdcZW:P NQTzSU_:gqPRWVLO_ 
:S§PYXZS+³dNwPYczSUxYxG_:xYxRWKi^NQ_aPRS£_OxYNQLONogQ_a`kNwP /VLbSU_:x J `YS�³dNwPYX�SU_:i X�e�_:ijS§Noc�PYXZS
]qW:] J gQ_aPYNwWnc�_:x 	nWnXzczxRPRWnc�+$! � ©'!.-DTzNQT �\²GXMNQx NoxdPYNQLOS �°ijWnczx J LONocZmVeyW:`�PYXZSbX J LO_:c�PRWp]qS^`YeyW:`kL
_:cMT Noxª¯ J gQcZS^` _a.MgwSOPRW�X J LO_:c S^`k`YW:`b_:czT ¯a_a`kNQ_a.>NQgQNwP /�� � Xz_aP ³'W J goT .qSV_ .qS^PRPRS^`b_a]z]z`YWn_:i X
³uW J gQTp.qS\e W:`dPYXZS+X J LO_:c�PRWOikXZW0WnxRS+³dXM_aP�XzS�� xYXZS�]qS^`kijSUNw¯:SUx�_:x�.qSUNQczm§PYXZS�.qSUxRP�LO_aPYi X�ey`YWnL
PYXzS+PR`kNQ_:glxYWng J PYNwWnczx�NocpSU_:ikX m:SUcZS^`k_aPYNwWnc ��²GXzNox�³'W J goTp.�S+gQSUxYx�PYNQLbS �°ijWncMx J LONQczmO_:czT3_:gQxRWVgwSUxYx
¯ J gQczS^`k_a.MgwS\PRWVX J LO_:cp¯a_a`kNQ_a.MNogQNwP°/V_:czT�S^`Y`YW:` �
¬ �d²dXZSG.qSUxRPhLO_aPYi XVi XZWnxRSUcV³dNQgQgK_:gQxYWªcZW:P'czSUijSUxYxY_a`kNQgQ/£Xz_´¯:S\NQPYxDijWES���i^NwSUctPYx'.qSUNQcZm�PYXZS i^gwWnxRSUxRP � NQc
PRS^` LOx�W:e<f J i^goNQTZSU_:cpTzNQxRPY_:cMijS � PRWOPYXZS�W:]zPYNQL _:g�xRS^PGW:eBijWES��Vi^NQSUctPYx �'²GXZS�W:]zPYNQL _:g�xRS^PGW:eBijWES^e �
r�i^NwSUctPYx'.qSUNQcZm§PYXZS ijW0S��Vi^NwSUcEPYx�i^_:gQi J gQ_aPRSUTVey`YWnL�]M`YW � SUijPYNocZm§_§ey_:ijS�NQL _am:SdW:elPYXZS\]qS^`Y]qS^PR`k_aPRW:`
��NQe�PYXZS^`kS+³u_:xGWncZSª_U¯a_:NQgQ_a.>gwS�� J xYNQczm � " ��"K©��GWncEPRWOPYXZS+]z` NQczi^Nw]M_:g�ijWnLb]qWncZSUcEPG_ �0SUx �

« �d²dXZS^`YS�³dNQgog0xYPYNQgQg0.qSG_�¯ _a` NQ_a.MNQgQNQP°/ª_:xYxYW0i^NQ_aPRSUT ³dNwPYX PYXZS X J L _:c � x<ikXZWnNoijSdW:e�.�SUxYPDLO_aPYikX � ��Nw¯:SUc
PYXzS xk_:LbSOxRS^P�W:ehPR` NQ_:gBxRWng J PYNwWncMx � PYXzS J xRS^`+LONwmnXEP�cZW:P�_:gw³u_´/0x�i XZW0WnxRSbPYXZSOxY_:LbSbxRWng J PYNwWnc�_:x
.qSUNQczmVPYXZSOi^gQWnxRSUxRP�LO_aPYikX � � J P�PYXzNox ¯a_a`kNQ_a.>NQgQNwP /3xYXZW J gQT .qSbgwSUxYx�PYXz_:c�PYXz_aP+_:xkxRW0i^No_aPRSUT�³dNwPYX
W:PYXzS^` LbSU_:x J `YSUx�W:e<xYNQLONogQ_a`kNwP / � gQN 
:S�mnNw¯0NocZm `k_aPYNQcZmnx�W:eBxYNQL NQgQ_a`kNwP /OPRW TzN ��S^`YSUcEP�e�_:ijSªNQLO_am:SUx �
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�<NwP�i^_:c
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²GXZS+xYSU_a`kikXzNocZmO]M_a`YP�W:eBPYXZSªW:]zPYNQLONQxk_aPYNwWnc�_:gwm:W:`kNwPYXML¥PYXZSUc�L _:czNw] J go_aPRSUx�PYXZS�.MNwP �°xRPR` NQcZmO_:xd_O³dXZWngwS
³dNwPYXzW J P5ijWncMxYNQTZS^`k_aPYNQWnc£_:xBPRW�³dXMNQikX£.MNwPBNQx5_:xYxRWKi^NQ_aPRSUTb³dNQPYXª³dXMNQikX NQczTzS^]�SUcMTZSUctP�¯ _a`kNo_a.MgwS��B²GXZSuPR`kNQ_:g
xRWng J PYNwWnczx�_a`YS+xRS^]M_a` _aPRSUT�e `kWnL7PYXZS�.MNwP �°xRPR`kSU_:L7.�S^eyW:`YS�SU_:i X�S^¯ _:g J _aPYNwWnc3NQc�W:`kTzS^`�PYXz_aP �  ������i^_:c�.qS
J xRSUT3PRWOm:SUcZS^`k_aPRS£_bTZSUi^NQLO_:g�¯a_:g J S � ³ XzNQikXp³ NQgQg�.qS J xRSUT3NQcpPYXZSªS^¯ _:g J _aPYNwWncpW:eBPYXZS+ijWnxRPde J czijPYNQWnc �
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²GXzNox xRSUijPYNwWnc _:cz_:gw/KxRSUx�TzN��qS^`YSUcEP W:]zPYNQL NQxY_aPYNwWnc�xYPR`k_aPRS^mnNwSUxp³dNwPYX `YSUxR]qSUijP PRW PYXZSUNw`�x J NwPY_a.>NQgQNwP /!eyW:`
r>czTMNQcZm PYXzSbSUNwm:SUcZe�_:ijSO]M_a`k_:LbS^PRS^` x�PRW3m:SUcZS^`k_aPRSV_�gQN 
:SUcZSUxYx�PRW�PYXZSb]qS^`Y]qS^PR`k_aPRW:` � � P�³uW J gQT�.qSbNQL �
]qWnxYxYNw.>gwS�PRW£NQcE¯:SUxRPYNwmn_aPRS�_:gQgMPYXZS TzN ��S^`YSUcEPDW:]zPYNoLONQxY_aPYNwWncVxRPR`k_aPRS^mnNwSUx � xRW§³dXz_aPuXz_:xh.qS^SUcV_aPRPRSULb]zPRSUTpNQx
PRW§i^_aPRS^m:W:` NQxRS\PYXZSUL�_:czTOPYXZSUc ijWnLOLOSUctP'WncOPYXZSdi^_aPRS^m:W:` NwSUx �Kx J NwPY_a.MNogQNwP°/§e W:`'PYXZSGW:]zPYNoLONQxY_aPYNwWncO]z`YW:.��
gwSUL	� I ikXE³uS^e SUg +$��� -G]M`YW´¯KNQTZSUx _ `YSU_:xRWncz_a.>gw/!ijWnLb]M`YSUXZSUczxYNQ¯:S�W�¯:S^`Y¯KNwS^³¥W:e\TMN���S^`kSUctP W:]zPYNQL NQxY_aPYNwWnc
PRSUikXMczNQv J SUx �
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� e�PYXZS+ijWnxRPde J cMijPYNwWnc�i^_:c�.qS�S��0]z`kSUxYxRSUT3_:xG_ e J czijPYNQWncz_:g�`YSUgQ_aPYNwWnczxkXzNw]pPYXZSUcpPYXZS�eyWngQgwW�³dNQcZmbijW J gQTp.qS
TZWncZS��Bi^_:gQi J go_aPRS�PYXZSG]M_a`YPYNo_:gZTZS^`kNw¯a_aPYNw¯:SUxBW:eqPYXZS�e J czijPYNwWnc � xYS^PDPYXZSUL SUv J _:gZPRW �^S^`kWª_:czTbxRWngw¯:SdPRW�r>czT
PYXZSGP J `kczNQcZm\]qWnNQcEPYx �y³dXZS^`YS�PYXzSG]M_a`YPYNQ_:gZTzS^`kNw¯a_aPYNw¯:SUx<³dNQgogE.qS �^S^`YW�� �D²dXZSUxRSd_a`YS cZSUijSUxYxY_a`Y/ ijWnczTzNQPYNwWnczx
eyW:`GPYXZS�S��ZNQxRPRSUczijS+W:eB_OLONoczNQLO_ �B²GXZS�e J czijPYNwWnc�i^_:c3PYXZSUc�.qS�S^¯ _:g J _aPRSUT3_aPd_:gQgqPYXzSUxRS+]qWnNQcEPYx�PRW r>czT
PYXZS+]qWnNQcEP�PYXz_aPG`YSUx J gwPYx�NQcpPYXZS§xYLO_:gQgwSUxYPuS^¯a_:g J _aPYNQWnc �D²GXzNQx�Nox�PYXZSUc�PYXZS+mngQW:.M_:glLONQcMNQL J L	�
²GXzNox'LbS^PYXzW0TpNQx'` J gwSUTVW J P�.qSUi^_ J xRS\PYXZS^`YS�NQxucZW ³u_´/ PRW S��K]z`YSUxYx�PYXZS�ijWnxRP�e J czijPYNwWnc�_:x�_£e J czijPYNwWncz_:g
`YSUgQ_aPYNQWnczxYXzNw]��
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²GXZS�eyWngQgwW�³dNQcZm xYNQLO]MgwS�xRSU_a`kikX LbS^PYXZWKT NQxpm J _a`k_:cEPRS^SUT PRW�r>czT PYXZS@¯a_:g J SUx�W:e£PYXZS NQczTzS^]�SUcMTZSUctP
¯a_a`kNQ_a.MgwSUx � PRW ³dNQPYXzNQc�_b]z`kSUTZSjr>cZSUT3v J _:cEPYNQxY_aPYNwWnc�S^`Y`YW:` � PYXz_aPd³ NQgQg�`YSUx J gQPdNQc�PYXZSªW:]zPYNQL J L ¯a_:g J S+W:e
PYXZSªijWnxYPGe J czijPYNwWnc �
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LONQcMNQL J L	�'[�Nw¯KNQTZS J ]3PYXZS§xYSU_a`kikX�xR]M_:ijS£NQcEPRWVXE/E]qS^`ki J .qSUx�W:e<³ NQTZPYX3xRPRS^] xYN��^S��Gfh¯ _:g J _aPRSªPYXZS£ijWnxRP
e J czijPYNwWnc _aP\PYXzS£ijW:`kczS^`kxdW:ehPYXZSUxRS Xt/0]qS^`ki J .qSUx �d²GXzSª]qWnNQcEPdPYXz_aP\S^¯ _:g J _aPRSUx�PRWVPYXzS£gwW�³'SUxYP\¯a_:g J S£NQx
ijWnczxYNoTZS^`YSUT@PRW .�S PYXZS mngwW:.>_:ghLONQcMNQL J L	� � Nwm  ��" xYXZW�³dxª_:c S��KXz_ J xRPYNw¯:SVxk_:Lb]MgQNQczm�W:e�PYXzS xRSU_a`ki X
xR]M_:ijSªW:e�P ³'W�NQczTZS^]qSUczTZSUcEPu¯ _a`kNo_a.MgwSUx �
²GXzNoxDLbS^PYXZWKTO³uW J gQTb`kSUv J NQ`YS�PRWEW£LO_:cE/bS^¯ _:g J _aPYNwWnczxDeyW:`hPYXzS X J LO_:cbPRW£]qS^`Ye W:` L	�5²dXzNQx<NQx'T J SG.qW:PYX
PRW PYXzS§gQ_a`Ym:S§xYN��^SªW:eBPYXZS£xRSU_a`ki X xR]>_:ijS§_:czT�PYXZSªe�_:ijPdPYXz_aP\X J LO_:czxd_a`kSªWnczgw/p_a.MgwSªPRWV]qS^`YeyW:`kL¥¯:S^`Y/
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step size
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S^¯a_:g J _aPRSUT3PYXzS+XzNwmnXZSUxRPGNox�LbW´¯:SUT PYXZ`YW J mnXpPYXzS+W:]z]qWnxYNwPRS�e�_:ijSªW:e5PYXZSªxYNQLO]MgwS�� PRW _ gwW´³uS^`d]qWnNQcEP �
® xYNQcZm PYXZS�xYNQLb]>gwS�� LbS^PYXZWKT!eyW:`bPYXzNQx§]z`YW:.>gwSUL ³uW J gQT LbSU_:c PYXM_aP£PYXzS�³ NwPYcZSUxYx§³'W J gQT .�SpxYXZW�³dc
e�_:ijSUxGijW:`Y`YSUxR]qWnczTMNQcZm£PRWbPYXZS�¯:S^`YPYNQijSUx�W:e5PYXZS�xYNQLO]MgwS��V_:czTpPYXzS\³ NwPYcZSUxYx�³uW J gQTpXz_´¯:S+PRWONQTZSUcEPYNwey/OPYXZS
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0x§PYXZS
gwSU_:xRP+xkNQLONQgQ_a`�NQx�cZW:P§_pPY_:x 
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One Point 
Crossover

Parent A 0000000  00000
Parent B 1111111  11111

Child A 0000000  11111
Child B 1111111  00000

^
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Two Point 
Parent A
Parent B 111  1111  11111

Child A 000  1111  00000
Child B

Crossover

000  0000  00000

^ ^

111  0000 11111

Parent A
Parent B

Child A
Child B

Uniform
Crossover

000000000000
111111111111

011100101101
100011010010
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