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¯ 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
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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 �

�4��� 1 �4#�56& 5>�%� #=5>8 7 �$#%��� #=� � 56���

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 �

� ��� ��� � M �   �!� �NM �NA �NM�O ���!� � M:D ����� ? I

� 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 �
[\Sjr>cZS�_bxRPRS^]3xYN��^S�_:i^ijW:` TzNQcZm PRWbPYXZS+_:i^ijS^]zPY_a.>gwS+v J _:ctPYNQxk_aPYNwWnc�S^`Y`YW:`GNQc�PYXZS�gwWKi^_aPYNwWncpW:e�PYXzS�mngwW:.M_:g
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

� NQm J `YS  ��" �h²GXzS+xY_:Lb]MgQNocZm W:e�PYXZS§xRSU_a`kikX xR]M_:ijSªNoc�_:c�S��KXM_ J xRPYNw¯:S+xRSU_a` ikX �
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PRW W:.zPY_:NQc PYXZS m:`k_:TzNwSUcEPVW:e§PYXZS�ijWnxRP
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 SUgQTZS^` _:czT ��SU_:T � xbTzW´³dczXMNQgQgDxYNoLb]MgwS�� LbS^PYXZWKT NQx _ xYgQW´³7. J P§W:e PRSUc S��KPR`YSULbSUgw/ `YW:. J xRP£LbS^PYXZWKT
W:e<r>cMTzNQcZmO_�LONQczNoL J L +$� ! � ]M_am:S " % ! - �yWnczijSb_amn_:NQc ³uS£_a`kS§PY_:g 
KNQcZm�NQc3PRS^` LOx\W:eDLONQczNQL _b.qSUi^_ J xRS
W:e�PYXZSO_:gwm:W:`kNQPYXzL � x+cz_:LOSO_:czT _:cz_:gwW:m:/ � � �7xYNQLO]MgwS�� NQx�PYXzSOm:S^WnLbS^PR`kNQi^_:gDrMm J `YSOijWncMxYNQxRPYNQczm � NQc��
TzNQLOSUczxYNwWnczx � W:e
� � ©G]qWnNQcEPYx �yW:`�¯:S^`YPYNQijSUx �h_:czT�_:gQgzPYXzSUNw`'NQcEPRS^`kijWnczczSUijPYNQcZm§goNQcZSdxRS^mnLOSUctPYx �D²dXZSd³�_U/
PYXZS�_:gwm:W:`kNQPYXzL�³uW:`�
Kx�NQxu.E/VLbW´¯KNQcZm PYXZS\¯:S^`YPYNQijSUx�W:e�PYXZS�xYNQLb]MgQS��OPYXZ`YW J mnX�PYXZS�xRSU_a`ki X3xR]M_:ijS�PR`Y/KNQcZm
PRWVr>czT�_VLONQczNoLO_ ��²GXZS§ijWnxYP e J czijPYNwWnc NQxGS^¯a_:g J _aPRSUT _aP\SU_:ikX�W:e<PYXZS§¯:S^`YPYNQijSUx�_:czT PYXZSª¯:S^`YPRS�� PYXz_aP
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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
e�_:ijSVPYXz_aP gwW0W�
:SUT PYXzS�gwSU_:xYP§gQN 
:SVPYXZS ]qS^`Y]qS^PR`k_aPRW:` � xªe�_:ijS�� � TZSUcEPYNwe /KNQcZm _3PYXZS�ey_:ijS�PYXz_aP gwW0W�
0x§PYXZS
gwSU_:xRP+xkNQLONQgQ_a`�NQx�cZW:P§_pPY_:x 
 PYXM_aP+PYXZSb³dNwPYczSUxYx�ijW J gQT�]qS^`YeyW:`kL)³'SUgog �£²dXzNQx\` J gwSUx�W J P�PYXZSOTZW´³ czXzNQgQg
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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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