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�[rwqs�w��}yt12�r¢���5mp�,+dtw}ympq��5oR}:2�¼ ¿ ���&½ K

À <?62BV<�=¨3CD-¬7B9@-G+.|62<I0V¶C.Áe-<?69=?09%7B9.16U<I8ÂD�.1098:<I*H.10/e-@X356/B9°I=I*H%+=¨3C6:D�.1D-@HG´3502<I6If ± @-<�69<I0º'1<?8Âe-<
<wQS<?8AD-G7.AD-350V3/=¨3CeX3A@-8Je-.16T8A.i')%+8:<I*4BV.56;=I.18:D-@HBV35=I%7.1*X35%76;%+*-62D-%+0935e-.16;*X3 À 3pBV@-02<IÃ¨3SÄ¯356 �Yr9{)rux
�>r$+SoVmpq 25}+x	�&qX}�{5}�ourututw}ympq 25}+x/¼��Y�a�
xW½ <>.56 �����)mpoR}���z�mix:�[rwqs�w��}ytumix�rE���5mp�,+dtw}ympq��5oR}ymixU¼«������xW½ K
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GCHJIKHLI MONQP%R�SKT�U�VXWYR[Z[U]\�^_U�`�abVKPcMdVfe�V
g 8 qsmI{)m fXB9<I098:.:@-6V35eH.�DX35093:e-%762B9%+*-,1@H%+0;<I*4B909<¡@H8 *H<I@-02¸1*-%+.:*X3CB9@-0V3CGn<c350ºBV%ih-=I%´3CGyf-°c3A@-*H%+eX35eH<
e-<ZD-02.S=?<I6969358:<I*4BV.A=uNX3¨'1<¡D-350V3U3U.1D¾<?0V35µI¶5.Ue-<>@-8�3 �Y�;� Kkj£8�F�.10V3/<RQH%762BV358�e-%7'5<I0269.16YBV%7D¾.16¯e-<
*-.)e-.16?f <I8 DH09%+*H=I¬+DH%+.-f�=I.18:D�.102BV3mlW62<�=I.18:.�@-8�=I.18:DX350935e-.10 ± @H</D-09.)e-@-Ã/@-8A3�6935¬+eX3 ± @X3C*-e-.P.
<?ª«<?%7B9.�=I@-8¡@-G´3CB9%7'5.�eX356�<I*4BV0935eX3�<RQH=?<Ie-<U@-8 eX35eH.�'C35G+.10TG+%78A%(BV<CK g 8�*H.Se-.�D¾.)e-<¡62<I0¢eH%+6962<I=I35e-.
e-<>35=?.109e-.U=?.18 .U<wQSD�.162B9.�*X3*n %7,1@-0V3 Å K7gboqpT.p®93C6If gih1hsrmt�Ä

u �&z�tumpqwv�+SqX�Wm�{)ratumpqsrJxS§iruxFy{zC|~}=� fd=¨35eX3:@-8A3:<wBV% ± @-<wBu35e-3AD�.10Y@-8 �Xruxim[� %�K <CK7fd@-8�*��-8:<I02.
02<¨35G».1@cF-%+*��C09%+. y <I8�F�.10V3Y69<W®93[8A35%+6 =?.18�@-8 *X3;ª«.1028�3Y09<I35G � ± @-<�B9<I8�@-8�<wª«<I%(BV.�<RQS=I%7BV3CBV¸509%+.
DX3C0V3¡'C35G+.509<I6�D¾.569%7B9%7'5.16�<¢%7*-%+F-%(BV¸102%+.ZDX35093¡'C35G+.102<I6�*-<I,43pBV%7'5.16IKK�[6969%78	f). xw}�q 3 � .1@ ruxw����z7+)�+m
y���}
� =I.58A.P<I*4B90V35eX3�eX3P=I.1*-<RQH¶5.�°:8�@-G(BV%+DHG+%+=I35e-.AD¾<?G+.�=I.10209<I62D¾.5*-e-<I*4B9<�D�<I69. zC|�} f .5*-e-<b�
e-<?*-.5BV3Z.E*H.Se-.E.5F)®2<I=wBV.Ze-<;<I6ºBV@-eH.><K�>.E*-.)e-.Ee-<;.1*-eH<;DX3502B9%+@/.E62%+*X35G�K��n.SeH<Y35%+*-e-3¢<wQS%+6ºBV%+0
@-8A3;=I.1*H<wQH¶5.�<RQ)BV0V3Sf5e-<?*-.18:%+*X35e-3YeH< �I}:2px fp=I@p®93Y<I*4B90V35eX3YBV.18A3;.T'C35G7.10����1f ± @H<�<?62Bu3CF¾<?G+<I=?<
@-8A3Á=?<I0ºBu3 BV<?*-e��?*-=I%+3 .1@ %+*H=IG+%7*X35µI¶5.·*-. D-09.)=I<?6962. =I.18:D-@HBV35=I%7.1*X35G � %�K <CK7fY3Ce-%+=?%+.1*X3 @-8A3
=?.1*-62BV35*4BV< y{zC|��A� DX35093 ± @-<U69</<I6ºBu35F�<IG7<IµI358�356E=?.10902<I=wBu356E=?.1*-e-%7µ
�)<I6E.1D�<I0935=I%7.1*X35%76�DX35093�.
*-.)e-.-K

u g 8 }�qX�Wry�5o324{)mpoV  ± @-<�09<IeH@-Ã�.168� 3509,5@-8A<?*4BV.16>e-<�<?*»B90V35e-3 y <?62BV¬78�@-G7.16 � 3�@-8��-*-%7=I.�'C3ml
G7.10IK À 3C6 �Y�a�
x °�@SBV%+G7%+ÃI35eX3P3	ª«@-*-µI¶5. 24{5}.4�~)m�y��"� f D¾<?6V35*He-.�BV.)eX356c356�<?*»B90V35e-356¡*»@-8A3
=?.18�F-%7*X35µ¨¶C./G+%+*H<¨350?K

u g 8�3 ��+Sq-4�~)m�{)r(2)tw��}���254�~)m�y��'��� f ± @-<cD¾.)e-<¡=?.1*-e-%7=I%7.1*X350;.A69%+*-35G&e-<¡6935¬+eX3Sf�%7*4BV09.)e-@-Ã?%+*-eH.
@-8A3/=I.18:D�.1*-<I*4B9<Ee-<Z*X¶5.:G+%+*H<¨3502%+eX35eH<�*-.:D-09.)=I<?6962.A=?.18ADH@HBu35=?%+.1*-35GyK

j£8JBV<?098:.16;ª«.1098A35%+6MBV<?8*l 69< ± @-<Z<I62B9<c*H.Se-.U°Ze-<?69=I02%7B9.:D�<IG+356;69<?,1@-%7*»B9<I6T< ± @X35µ=�S<?6IÄ

  |_¡O¢¤£ �F¥ zC|§¦=¨©�«ª ¥ zC|¬ªA¨©�k­ ¥ zC|§­w¨
®i®¯®i¨J��° ¥ zC|�°±� y Å K7g �

² |'¡O�'�³£   |�� y Å K Å �
DX35093:@H8 *-.)e-.*��=?.18.�·<I*4BV0935eX356T<Z@-8A3U6935¬+e-3HfX.1*-e-<   | 09<?D-09<?69<I*4BV3A.:,435*-N-.Ue-.:*-.)e-.b�M< ² | 3
x�2s��{M2 e-.:*-.)e-.-K

��L 35F�<IG+3 Å K(g>8A.16ºBV093:3CG+,1@-8A356;eX3C6Tª«@-*Hµ
�)<I6Te-<¡3C=?BV%('C35µ¨¶5.:8A35%+6;@HB9%+G7%+Ã¨3CeX356IfS.1*-e-<µ´�eH<I*-.5BV3
3 }�qstw�¦}�q 254�~)m eX3�ª«@-*-µ¨¶C.-f·¶E¸m¹·.�09<I6ºBV.|e-<�@-8�3�e-%7')%76V¶5.	%+*4BV<?%+0V3�< ² ��º�� £��_��¡ »¼ » ¼ ¨ 62< �¾½¡À¿ <
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 #��&'�

² ��º�� £{¿ �C¡ ¿ y n %+,1@H0V3 Å K Å � o���ÃI.�� f
g¨h1h � t�K#�­D-02%+8:<I%+093Uª«@H*-µ¨¶5.Hf�BV358�F�°I8�e-<?69%+,5*X35eX3�D�.10Yª«@-*-µI¶5.
e-<�� r125�i}+xw}�{)ru  °�*-.1028�35G78A<?*4BV<¡@SBV%+G7%+ÃI35eX3U<I8 *H.Se-.56Ee-.�BV%7D¾.���= © @-G7G+.)=uN[l��£%7B2BV6µo(gih �4Æ t�fs<I8 ± @-<
3A6935¬+e-3UB9.18�3/.:'53CG+.10#����3CD¾<?*X356T69<¡.A,435*-NH.:ª«.10Y*X¶C.�lW*-<?,43CB9%7'1.HfXe-<�35=?.109eH.A=?.18 @-8�3!hXG7.169.shX3
e-. ��+H{)m�m�+	q 24{M24� j£8�69<?,1@-%+e-3Hf�35DX3502<I=I<?8�e-@X356T.1@HB90V356Yª«@-*-µ=�S<?6[G7%+*-<I3509<?6IfX=?.18 3 �-G(BV%78�3�3UBV<?0
=I.58A.U=I.5*»B90V35eH.18A¬7*-%+.¡.:%7*4BV<I0º'C35G+.�� ¿�¨ �	��K

L 35F�<IG´3 Å K7g1ÄKnX@-*Hµ
�)<I6Ye-<>35=?B9%7'C35µI¶5.-K
��
��� ����������� ���
�����! #"�����$%��&'�
�¦}�z/}:25o ( � ¨   |�) ¿

¿ ¨   |�*�¿ + ¿�¨ ��,
�¦}�qsr125o   | �%-/. ¨ �0.1�
�XmpoZ��oVmF4Cmix 234 35

� ¨   |�) ¿�®76
´   | ¨ - ¿[®768*   |�* ¿�®96
¿ ¨   |�: - ¿�®96 � ¿�¨ �	�

�+m9�s�+xw��}yt12 ªª%;=<?>!@BADC � ¿�¨ �	�
�&25q)�)rwqX�WrFE)}��XrwoI�HGp�¦}yt12 IKJML=N £ ´   | � �O-8� ¨ �	�
xirwqsm PRQSL £   | ¶E¸�¹UT!V � �O-8� ¨ �	�
tumixirwqsm WYX�P £   | ¶E¸m¹UTZV � �O-8� ¨ �	�
�M2
+4xuxw}:25q 3 [ >\A^]C] @ ] �O-8� ¨ �	�
¤ + 24{5o324{M2 - ² ��º�� £   | �   ­| �%-/. ¨ �0.1�

� *X¶5.TG+%+*H<¨3502%+eX35eH< °�e-<=h-*-%+eX3Y<I8 BV<I028A.56ne-356&09<I6ºBu35*4B9<I6&ª«@-*-µ
�)<I6?f5.1*He-<�@-8�3;<?69D�<I=I%+35G»3CB9<I*-µI¶5.
e-<w'1<�62<I0�eX35eX3�_Zª«@-*Hµ¨¶5. �+m9�s�+xw��}yt12 f)BV358�F�°I8�=?.1*-N-<?=I%7eX3cD�.10�ª«@-*-µ¨¶C. xw}(�5z�mp}�{ K·j£6ºBu3>ª«@H*-µ¨¶5.HfS=?@p®93
ª«.1028�3T°�35D-02.¨QH%78�3CeX3TD�.10 @-8a`Bbdc   °�e-<�G+.5*-,1<�3[ª«@-*-µI¶5.¢8A35%+6&@HB9%+G+%7Ã¨35e-3T*-.�@-69.¢eH< �Y�Y��x Kfe·@-8A3
ª«@-*-µI¶5.�=?09<I62=I<?*»B9< ± @H<�<wQS%+F�<¡@H8�FX3CG´35*-=?<¨358:<I*4B9.�,10935=I%7.169.A<I*4BV02<�@-8 =I.18:D¾.502Bu3C8A<?*»B9.AG7%+*-<I350T<
*X¶5.cG+%7*-<¨350 y n %+,5@-0V3 Å K Æ � o ` .102eX35*
f g¨h1h4k t�K·�;.c69<['C3502%´350M3 }�qstw�¦}�q 254�~)mby ´ � .1FSB �I8!lW62<Tª«@H*-µ
�)<I6�=I.18
e-%(ª«<I09<?*4BV<I6:e-<?=IG+%('1<?6 � *-.·G+%78A%(BV<5f£<?8 ± @-<�´ 62<�35DH09.¨QS%+8A3�e-.Á%7*�hX*-%(BV.-fM3|ª«@-*-µI¶5. B9<I*-eH<	DX3C0V3·3
�¦}�z/}:25o K

GCHJIKH�G W WYR�gCP�U Z[NQ^³Z[P%R�`ih T%ULe%U]R�NQ^'^_U�V�T%`Ka
��6 �Y��� x =I.5*-62B9%7BV@H<I8 @H8�3;eX356 8A35%76
%+8:D¾.502Bu3C*»B9<I6
<£D�.1D-@HG´3502<I6 =IG+356962<I6&e-< �Y�Y��x fp=I.18 @-8 'C3562B9.
G+< ± @-<�e-<|3CD-G+%7=¨35F-%7G+%7eX35e-<Cf�@HB9%+G7%+Ãw�¨'5<I%+6:<I8 D-02.1F-G+<?8�3C6Ae-< z�rwz�Gpow}:2 2pxuximitw}:25��}���2 f tw� 2pxuxw} ��t1254�~)m f
oVrutumpq�EXrutw}�z�rwqX�$mU{)r;� 24{5oV§irux < oury�5oVruxuxI~)m f-<?*4BV09<Z.1@SBV09.568oq� 3pB9BV<?0962.1*
f gih1hsrmt�K

j£8 B9<I098:.16�ª«.1098A35%76If»<I6ºBu356�69¶5.�e-< hX*-%7eX356¯D�<IG7.cB9@-D-G+. y%jb¨Kkk¨ml�¨on*¨opµ� orq>35G7G´35*4BIfXgih1h Æ � pY.p®9356If
gih1hsr�t y n %+,1@-093 Å K � � fX=?.1*4BV<?*-e-.-Ä

u @-8�=I.1*�®2@-*4BV.Ze-< qsmI{)mix[{)r¢rwqX��o324{M2 y'j�� f4.5*-e-<;D�.1*4BV%ih-=¨358¥.16£<I6ºBV¬78�@-G+.56 <I*4')%´35eH.16�3¢DX350ºBV%+0
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n %+,1@-093 Å K Æ Ä�� ª«@-*-µI¶5. xw}(�5z�mp}�{ DX3C0V3/%+*-=?G+%7*X35µ
�)<I6¯e-<8´ ¡O¿[®76[¨ ´ ¡ � ® ¿ <8´ ¡ T ® ¿ K

1

2

3

4 6

7

8

5

Intermédia
Camada

Intermédia
Camada

atalho

atalho

Camada
de Saídade Entrada

Camada
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e-.:358¡F-%+<?*»B9< �

u @-8 =I.1*p®2@H*»B9. e-< qsmI{)mix�}�qX�WrwoRz��9{5}ymixYy'k[� fT@-*-%7eX35e-<?6�%7*4BV<I02*X356ae-<·D-02.S=?<I626V358:<I*4BV.Hf ± @-<
35@H8A<?*»BV358 3U=¨3CDX35=I%7eX35e-<EeH<c3CD-09<?*-e-%+ÃI35,1<?8 e-<EBu3502<?ª�356;=?.18:D-G+<RQ-3C6 �

u @-8J=I.1*p®2@H*»B9.AeH< qsmI{)mix>{)r¢x�2s��{M2 yBlK� f ± @H<>eH<?'1.5G7'1<?8 3/09<I62D¾.562Bu3UeX3U09<?e-< �

u @-8­=I.1*p®2@H*»B9.ceH< tumpqsrJxS§irux �Xrux�24{M2px +SqX}�{5}�oVrututw}ympq 25}+x8y'nµ� f4e-<=h-*-%+e-.56MD�<IG7.EBV@-D-G7. y �9f � ¨ z�� .1@
35FH09<?')%+35eX358:<I*4BV< zC|~} f-<?8 ± @-<F��� k�� l f���� j���k f�� * ��< z �	� � <

u @-8 =I.5*p®2@-*4BV.Ue-< ��+)q-4C§irux>{)rB2)tw��}���254�~)m y'pµ� fH*-.1028�3CG+8:<I*4BV<Te-.�BV%7D¾.c*X¶5./G7%+*-<I350�<EeH%7ª«<I02<I*[l
=?% �¨'1<?Gyf-62<I*-e-.�3�ª«@-*-µ¨¶C. �+m9�s�+xw��}yt12 @-8A3�eX356Y8A35%+6�@SBV%+G7%+ÃI35eX356 y L 3CF¾<?G´3 Å K(g � K

¹ 69%+*-35G eH</<I*4BV0935eX3�D-02.1DX35,43 lW69<¡356962%+8 DX35093a3Aª«09<?*»B9<5f&3CB90V3¨'1°?6EeX3�09<?e-<5fs=¨358A35eX3�D�.10¢=I358A35eX3Hf
*X¶5.P<RQH%762B9%+*-e-.P=?%+=IG7.16IK À 356Z09<?e-<I6>8�@-G(BV%+=I358A35eX3�3C6>@H*-%+eX3Ce-<I6�
 qX�WrwoRz��9{5}:2px�y'k[� e-%('S%7e-<I8!lW62<�<I8
� 69@-F�=I.5*p®2@-*4BV.16?f
.1@	=¨358A35eX356?f y'kmª ¨^k
­w¨�
�
�
 ¨Kk���� K e =?.18�@-8 09<?D-09<?69<?*»BV350E356T=¨3C8�35e-356[D�<IG+3Uª«.5098A3
� j � - � k ª � - 
�
�
 - � k�� � - � l � fH.1*-e-< � ��� e-<I*-.CBu3:3U=I3509eH%+*X35G7%+eX3Ce-<�e-.:=I.5*p®2@-*4BV. � K

g 8A3 �T��� e-<I62%+,1*-3mlW62<>D�.10 tumpz����+rw�&25z�rwqX�$r¢}�qX�$rwoR�¦}(�M24{M2 ± @X35*-e-.:=I.5*»B9°I8 B9.SeX3C6Y356YG+%+,135µ
�)<I6
D�.16962¬7'1<?%+6�<I*4B909<Y.16£*-.)e-.16�e-<;e-@-356�=¨358A35eX356�3Cep®935=I<?*4BV<I6 y n %+,1@-093¡g1K � � K © 3569.Z=I.5*»B90 �502%+.-f4eH<I69%7,1*X3ml
69<>D�.10 � 25oVtw}:25�¦z�rwqX�$rZ}�qX�WrwoR�¦}(�M24{M2 KK� .10Y'1<?ÃI<?6�<wQS%762BV<?8�G+%7,435µ
�)<I6¯e-%+02<I=?BV356Y<I*4BV02<¡3C6T<?*4BV0V3CeX356T<>.56
*-<?@-09¸1*H%+.16Me-<�6935¬+e-3c.1@ ± @H<T"$6935G7BV358U]�=¨358A35eX3C6 y n %+,1@H0V3 Å K � � K�j£6ºBu356�=?.1*-<RQ��)<I6¯e-<I62%+,1*X3C8*l 69<YD¾.50
25�&25�9EXmix oq�£09<I=uNH<IG7BIf gih1h � tyK

� *-¶5.¡G7%+*-<I3509%7eX35e-<Cf»3c<wQS%762B �?*-=I%+3ce-<T*-.)e-.16M%+*4BV<?098:°Ie-%7.16�<�.>69<?@a35G7B9.c,50V35@:e-<�=?.1*-<?=?BV%(')%+eX35eH<
BV.509*X358�3	350 ± @-%(BV<?=?BV@H0V3 �Y��� 8¡@-%7B9.	D�.SeH<I09.56V3	=?.18:.	@-8A3	8 � ± @-%7*X3�eH<�35DH09<I*He-%+ÃI35,1<I8�KE� .50
.1@HB909.cG´35e-.Hf)69¶5.¡<?62BV356�8:<I698A356�=¨3C0V35=wBV<I02¬+6ºBV%+=I356 ± @H<¢e-%ih-=I@-G(Bu358�@H8 <?62B9@-e-.�e-<[=I.18:D-G7<wQS%+eX3Ce-<T35.
D-02.S=?<I6962.AeH<¡35DH09<I*He-%+ÃI35,1<I8 o b[3¨O��»%7*
f gih1h1h tyK

� B9.1D�.1G+.1,5%´3�%+eH<¨35G y <?8�BV<?098:.16ceH<A=I358�3CeX356If *-.)e-.16><A=?.1*-<wQ[�)<I6 � e-<A@-8�3 �Y�a� e-<ID�<I*He-<
ª«@-*-e-358A<?*4Bu35G78A<?*»B9<Ue-.	DH09.1F-G7<I8A3P3	69<?0c02<I62.1G7')%+eH. � j�8�,5<I0V3CGyf BV<?*»BV3mlW62<A02<Ie-@HÃI%+0>.�*��H8A<?09.�e-<
<I62=I.1G7NX356 y .1@a<I62DX35µI.Ue-<EDH09.)=I@-093 � 35e-.5DHBu35*He-.�=I<?02B9.16;D-09<?6962@-D¾.562BV.56Ifd=I.18:.�./@-62.Ue-<E09<?e-<I6;=?.18*l
D-G7<?Bu3C8A<?*»B9<�%+*4B9<I09G7%+,43CeX356If¾<?')%7BV35*-e-.mlW69</*H<I62B9<U=¨3562.	3�DH09<I.)=I@HDX35µ¨¶C.�62.1F-02< ± @H<:=?.1*-<RQ��)<I6Ze-<w'1<?8
<wQS%762BV%70IK/L 358�F�°I8�°:=?.18�@-8 35e-.1DSBu350�lW69<:35D�<I*-356Z@-8�3�=I358A35eX3a%+*4BV<?098:°Ie-%+3Hf'hX=I35*-e-.	3a<I62=I.1G7NX3
e-.16:*-.)e-.16U%+*4B9<I098:°IeH%+.16:3·69<I0:e-<?=I%+eH%+eX3|D�.10U09<I,50V356:<I8:D-¬+02%+=I356IK!L 093CBu3 lW69<Pe-<�@-8A3 <?62B90V3CB9°I,1%+3
± @-<UG+<w'53a3 ± @-<U69<U<?62BV<W®93�D�<I0935*4BV<Ue-%(ª«<I09<?*4BV<I6Z62.1G+@-µ=�S<?6EDX35093P.aDH09.1F-G7<I8A3Hf
62<I8�@-8 =I09%(BV°?09%+.�e-<
e-<?=I%+69¶5.¡=?.1*4BV093CBV@X3CG+%+ÃI35e-.-f5eX35e-. ± @H<�*X¶5.>69<�3CBV02%+F-@H%-,10V3C*-e-<T%+8:D¾.10ºB��5*H=I%´3E3C.c8:.SeH<IG+.Z<?8�BV<I028A.56
e-<Te-<I62<I8:D¾<?*-N-.-fS<I8 DX3C02BV<Ye-<w')%+e-.¡35.c<?*-.1028A<TD¾.)e-<?0Me-356 �Y��� xI� j£62BV093CBV°?,1%´3C6M8A35%76£<IG´3CF¾.10935eX356
DX35626V358JD¾.10YD-02.S=?<Ie-%78A<?*4BV.16Y35@SBV.18 �CBV%7=I.16¯e-<ZD-09.)=I@-093Hf ± @-<>69<?0V¶5.Ue-<?69=I02%7B9.16Y*-. © 3CD-¬7B9@-G+. � K



�����±�Y #�K�����:�%�F�
 �f�%�%�L�Y���%������ #�#�f��� ���#���L� Å h
GCHJIKH�� � W�a��KV�R�U Z�� V e�N�� N'Z�R�V
	�� R�V�
�`��K`����KV
� <?*»B909.Ee-.56 35G7,1.109%(BV8:.16 e-<MBV09<?%+*-.[69@-D�<I0º')%+69%7.1*X35eH.16If1.[8�3C%+6nD¾.1DH@-G´350&<�8�35%76 @H6V35e-.�°¯.E35G7,1.102%7BV8:.
e-< �Yrw��oumpvy��oVmu� 2i�M254�~)m ¼��Y�&½�� .1@ 62<I@-6:e-<I02%7'C35e-.56�o9qZ35G7G´35*4B¨f¾gih1h Æ tyK�j£62BV<�35G7,1.102%7BV8:.�DH09<?'C35G7<I=?<
=I.58A.�@-8�8A3509=?.	DX3C0V3�3P=I.58�@-*-%7eX35e-<UeX356 �Y�Y��xu  ®©� ± @-<A=I.1*-6ºBV%(BV@-%�@-8�8:°?B9.Se-.�<=h-=I%+<?*4BV<:e-<
=I.58AD-@SBu35µI¶5./DX35093�.�BV09<?%+*-.¡e-< �Y�a�
x f-D-02.S=?@-0V35*He-././8A¬7*-%+8:.>eX3�ª«@-*-µ¨¶C./e-<E<I0209./*-./<?69DX35µ?.Ue-<
D-02.S=?@-0V3/e-.16YD�<I62.16YeX356YG+%7,435µ
�)<I6�<I*4BV02<Z*-.SeH.16IfXFX3C69<¨3C*-e-.�l 69<Z<I8 8:°?B9.SeH.16;e-<Z,10V3Ce-%+<?*»B9<Ee-<I62=I<?*[l
e-<?*»B9<5KK� =I.18�FH%+*X35µI¶5.>e-<�D�<I62.16 ± @-<¢8:%+*H%+8:%+Ã¨3�3>ª«@-*-µI¶5.¡eH<�<I0209.�°T=I.5*-69%7e-<I0935eX3�3>69.1G7@-µ¨¶5.>DX35093
.¡DH09.1F-G7<I8A3>eH<¢35D-02<I*-eH%+Ã¨3C,1<I8�K � 35eH. ± @-<¢<?62BV<[8A°wBV.)e-.><wQS%+,1<[.¡=
�5G+=?@-G+.>e-.¡,50V35e-%7<I*4BV<Cf)B9.109*-3mlW62<
*-<?=I<I626 �502%+. ± @-<Z3cª«@-*Hµ¨¶5./e-<E<?0902. y���� 69<W®93�=I.1*4BV¬7*»@X3�<Ee-%7ª«<?09<?*-=I%¬�i'5<IG�fH. ± @-<Z35=?.1*4BV<?=I< ± @X35*-e-./62<
@-69358Jª«@-*-µ=�S<?6Ye-<¡3C=?BV%('C35µ¨¶5./eH%7ª«<I02<I*-=?% �¨'1<?%+6<oqpT.�®9356If gih5h±rmt�K

�¥35D-G+%7=¨35µI¶5./e-.:35G7,1.109%(BV8:.¡e-< �Y� D�.SeH<E69<I0Ye-<?69=?09%7BV3:*-3Uª«.1028�3�oqpY@-8A<?G+NX3C02B;<wBT35GyK(f
gih � r�tyÄ

u ��z­�RoVrwqX�Wru  .1*-eH</.P'5<I=wBV.10Ze-<U<I*4B90V35eX3 y��_� °�ª«.509*-<?=I%+eH.	3C.16E*-.)e-.16Ee-<U<I*4B90V35eX3aeX3a02<Ie-<Cf
D-02.1DX35,135*-e-.�l 69<E<?8Jª«09<?*»B9<5fX=I358�3CeX3�D¾.50;=¨358A35eX3HfSe-<>35=I.509e-.U=I.58 356Y< ± @X3Cµ
�)<I6 Å K(g>< Å K Å f
<?8 ± @-<c.U%7*»B9<I,10935e-.10¯@HBV%7G+%+ÃI3�3/ª«@-*-µ¨¶C.A3Ce-%+µI¶5. y � � � %yK�<5K(f

  |'¡d¢ } ² } zC|�} y Å K Æ �

<?8 ± @-< ² �%¡ � y 'C35G+.50TeH<�<I*4BV0935eX3�e-3�=I.1*H<wQH¶5.ae-< �I}:2pxm� f ² ªf¡��«ª ¨ 
�
�
=¨ ² °*¡���° f¾DX350V3 �
*-.)e-.16EeH</<I*4BV0935eX3 y � ¡ � j � � Kµj£8 69<?,1@-%7eX3Hf =¨3CG+=I@HG´3ml 69<¡.a<?0902.-f =I.18�FX3562</*X3�ª«@-*-µ¨¶C.ae-<
=?@-62B9.-fX*-.1028�35G78A<?*4BV<¢eX3CeX3/D¾.10?Ä

�8¡ �T ¢����� £�� ��� °! C - ² � � ­ y Å K � �

.1*He-< � e-<I*-.CBu3U.:'5<I=?B9.10Te-<c6935¬+e-3UeH<I69<W®935e-.-f l .:=I.5*p®2@-*4BV.Ae-<Z*-.SeH.16[eH<>6935¬+e-3:eX3U09<?e-<><
� <�| .a62.18�3pBV¸102%+.:e-.16E*-.)e-.16[e-</<I*4BV0935eX3�<�%7*4BV<I028A°?e-%+.56 y � <�|·¡ � j � � � k � � K � @-0V35*4B9</<I62B9<
DX3C6969.HfX.16YD¾<?69.16YeX3U09<?e-<Z<I62BV¶5.*hHQS.16IK

u �Yrw��oumpvy��oVmu� 2i�M254�~)mi  .5*-e-<�.><I0209.c°[D-02.1DX35,135e-.¡D-350V3>3CBV0©�56If)e-<?69e-<�3c6V3C¬+eX3>3CBV°T.16M*-.)e-.16Me-<
<?*»B90V35e-3HK � <�69<?,1@-%7eX3Hfd.16�D�<I62.16�69¶5.a3�®2@H62Bu3Ce-.16�62<I,1@H*-e-.a3:09<I,50V3AeH<#" }�{5oum�$£v � m�% K#� 35093
@-8 �-*-%+=?.UD¾<?69.UBV<I8!lW62< ± @-<5Ä

& zC|~}�£('J�K¡ -*),+.- �
- zC|�}

£�'J� y Å K k �

/�021436587�9;:6<=5><@?BA8C�DFEHGJIJK�LNMPORQ�SUT4V8KXW�KPYRZ[TP\^]
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<?8 ± @-< ' 09<?ª«<?09<AlW69<·3 @-8A3 %(BV<I0935µ¨¶C.��ae-. 35G7,1.109%(BV8:.ÁeH<�BV09<?%+*-. < )�e-<?*-.5Bu3 3 BV3pQH3 e-<
35DH09<I*He-%+ÃI35,1<I8�K·�[6[e-<?09%('53CeX356;DX3502=I%+35%+6�69¶5.U=¨35G7=I@-G+35eX356;62<I,1@H*-e-.:.A=?G´35@-62@-G´3Ce-.-Ä

- j
- zC|~}

¡ - �
- ² |

- ² |
- zC|~}

y Å K r �

.1*He-<
- ² |
- zC|�}

¡d�'��� £   |�� ² � y Å K j �

� 350V3 62<|.1FHBV<?0�����	� C fT.1@ 62<$®93 3 %+*S³X@��I*H=I%´3 e-3 6V35¬7eX3 ² | e-. *-.)e-. �/*-. <?0902. ,1G+.1F-35G � fY°*-<?=I<?696 �C09%+.A3CB9<I*-e-<?0T35./BV%+D�./e-<>*-.)e-.-f-.1@P62<$®93HÄ

- �
- ² |

¡ 24 5
- £��m| � °� C - ² |{� ¨ � � l
� } � ��
 � ��� |�
 ����	��� �'� � £   } �LzK}L|À¨ ���� l

.1*He-< ²w  ��� £ � � 02<ID-02<I69<?*4Bu3 . =?.1*p®2@-*4BV. eH.16�*-.)e-.16µ� eX3 =¨3C8�35e-3Á=I.58 ± @-<�.Á*-.)e-. �¡62<
02<IG´3C=I%+.5*X3 y .1@P<?62Bu3CF¾<?G+<I=?<ZG+%+,135µ
�)<I6 � K

��*4B9<I6/e-<�62<a%+*-%7=I%+350Z.�BV09<?%+*-.�e-<�@-8A3�09<?e-<5f�N�� ± @-<aDH09.)=I<IeH<I0U_�<?69=I.5G+NX3�eH.16�'C35G+.102<I6c%+*-%7=I%´3C%+6
e-.16¯D¾<?69.16;3C6969.)=I%+35e-.16 _56¯G7%+,43Cµ
�)<I6M<I*4BV02<¢*-.)e-.16If ± @-<¢e-<w'1<I09¶5.U69<?0�D¾< ± @-<I*-.56;<�,1<?0V35e-.56�e-<[ª«.5098A3
35G7<¨3CB9¸109%+3HK��n.SeH< lW62<a<I*4Bu¶C.|DX3502B9%+0>DX35093�.�BV02<I%+*H.�eX3�02<Ie-<CfM=?.18:<Iµ¨3C*-e-.�l 69<�D�.10¡62<IG7<I=I=?%+.1*-350�@-8
=¨3C69.�eH<:B909<I%7*-.-fn*X3�ª«.5098A3P%(BV<?0V3CB9%7'C3Hf&.1@·BV.)e-.16>.16c=I3569.56If *-3�ª«.1028�3 rwz��+mp�$r�� K À .1098A35G+8:<I*4B9<5f
=I.5*»'5°I8 ± @-<T<I6ºBu3E69<?G+<I=?µ¨¶5.>69<W®93c3CG+<¨3pBV¸102%´3HK�j£8�69<?,1@-%7eX3Hf4=¨3CG+=I@HG´3ml 69<;.Z,10V3Ce-%+<?*»B9<;<T3�®2@-62BV358!lW69<;.56
D�<I69.56IK g 8A3 }��Wrwo3254�~)m BV<?098:%+*X3 ± @X35*-eH.¡BV.)e-.16M.16M=¨3562.16�e-%769D�.1*-¬7'5<I%76�B9%7'5<I09<?8\62%+e-.>=I.5*-69%7e-<I0935e-.16?K

¹�D-09.)=I<?6969.a°ceX35e-.�=I.18:. hX*He-.�D�<IG´3A35D-G7%+=¨3Cµ¨¶5.:e-<¡=?09%(BV°I02%+.16Te-<cDX350V3C,1<I8 y <CK ,HK7f ± @X35*-e-.P3C6
8�@-e-35*-µ¨3C6�*-.16[D¾<?69.16[<¡*X3Uª«@-*-µI¶5.�e-<c<I0902.Aª«.102<I8�%7*-69%7,1*-%ih-=¨35*4BV<?6 � K � <¡*-.5BV350 ± @H<¡.a35G7,1.102%7BV8:.
D�.Se-<�=I.5*»'5<I02,1%+0:DX35093 @-8Â8:¬+*H%+8:.|G+.)=¨35G y n %+,5@-0V3 Å K�k � � *X3·D-0 �pBV%+=I3Hf¯D�.102°I8�f¯=I.5*-62BV3CBu3ml 69< ± @-<
± @X35*-eH.�69<cDX350ºBV<>e-<c@H8�*��H8A<?09.�<?G+<w'53Ce-.AeH<¡=¨3C69.16Te-<cB909<?%+*-.-fX<?62BV3 ± @-<I6ºBu¶5.�*X¶5.�62<c=?.1G+.)=¨3SfX.1@
<I*4BV¶5.A*-¶5.U69<>356962@-8:<>=?.18:.:@H8 D-09.5F-G+<?8�3�62°I09%7.-K

GCHJIKH�� W�a Z�N«R�`����fN�� `KV W�a��KVKR�U Z � VXe%N �YN'Z�R�V 	8� R�V�
�`��K`����KV
� 35D-09<?69<?*»BV35µ¨¶C.�e-.c35G+,1.509%7B98A.�e-< �Y� 35G(BV<I02.1@:.cDX3C*-.10V3C8�3EeX3>%+*4'1<?62BV%7,435µI¶5.c<?8 �T���
x <Te-<I62e-<
<I*4BV¶5.�B �?8²69@H09,1%7e-.�@-8A3�8A%709¬+35e-<Ue-<a*-.i'1.56U35G+,1.509%7B98A.56>eH<�BV09<?%+*-.HK j�6ºBu3�<RQHDHG+.169¶5.|e-<?'5< l 69<�3
e-@X3C6[0935Ã
�)<I6?K�� .10[@-8�G´35eH.-fX.�35G7,1.102%7BV8:.�e-< �Y� °cD�<I6935e-.-f�e-<>=I.1*4'1<?09,±�?*-=I%+3�G+<?*4Bu3HKf�n.10T.1@HBV02.
��� � ?FA8C�DFEHG�!>7#"U?BDF?%$X3'& G�( <)"*(;1*� <�+(V�TXL	,.-
/10 <6A#23(54�? 5><6(�� ?FA�C6DBEXG879(;DB<)"*(;1*� <�:4KPY L	,.-
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Mínimo
Local

Global

Local

Mínimo

Mínimo

w

Erro

n %+,1@H0V3 Å K�kSÄ �	¬7*-%+8:.16�G7.S=I35%+6�<Z,1G7.1FX35%76�orq>3CG+G´3C*»BIf¾g¨h1h Æ t�K
G´3Ce-.-fnFX3569<?%´3ml 69<:*-.�,10935e-%7<I*4BV<:e-<I62=I<?*-e-<I*4B9<5f�D¾<?G+. ± @H<ABV.)eX356c356>BV°I=?*-%+=I356¡eH<�.1DHB9%+8:%+ÃI35µ¨¶5.a*-¶5.
G+%7*-<¨3C0�e-.U,10V3Ce-%+<?*»B9<ZD¾.)e-<I8\69<?0�35DHG+%+=I35eX356�o��¯.569<��­# %´3C*-,-f
gih5h±rmt�K

À .cD-%+.10£eH.16�=I3569.56IfS3¡35D-02<I*-eH%+Ã¨3C,1<I8�eH< �Y�;�¢x ° �T��v9tumpz����+rw� 2�� %�K <CK7f».><I6ºª«.109µ?.¡=I.58AD-@SBu35=?%+.�l
*X35G»<?*»'5.1G7')%7e-.¢=I02<I62=I<�e-<�@-8�8:.Se-.T<wQSD�.1*-<?*-=I%+35GS=?.18 .¢35@H8A<?*»B9.�e-.56 DX350 �58:<?BV02.16&G+%('S02<I6 y D�<I62.16 � K
��6269%78	f <wQS%+6ºBV<�<?69DX35µ?.|DX35093�3�D-02.1D¾.562Bu3�e-<a35G(BV<?09*X3CB9%7'C356 ± @-<�D�.16969358 35=I<?G+<I09350¡.	D-09.)=I<?6962.|e-<
35D-02<I*-eH%+Ã¨3C,1<I8�fS<?8�F�.10V3>69<$®93c69<I8:D-02<¢D¾.56969¬('1<?Gs<I*H,435*X350�.>"$8:<IG7N-.10$];8:°?BV.)e-.c=I.18 @-8A3ceX35e-3cBu3ml
09<wª�3/e-<¡3CD-09<?*-e-%+ÃI35,1<?8	f-eH<I69eH< ± @-<Z69<>=I.5*-N-<IµI358�.16Y69<?@-6TD¾.1*4B9.16;ª«.102B9<I6;<Eª«0V35=?.16Fo pY.p®9356?f gih1h±r tyK
� .50;=I.1*-62<I,1@H%+*4BV<CfXe-%7'5<I0969356;'C3509%+35*4BV<I6¯0 �5D-%7eX356�eH.A3CG+,1.102%7B98A.>e-< �Y� f ± @H<E69<ZFX3562<I%´3C8J*-./@-62.Ue-<
@-8A3�BV.1D�.1G+.5,1%´3<hHQH3Hf-ª«.10V3C8JD-02.1D¾.562Bu3C6T*H.16��-G7B9%+8:.16�35*H.16IK

L .)eX3¨')%´3Hf�Bu3C8�F¾°?8 <wQS%762BV<?8�ª«.1098A356&69%78AD-G7<I6 e-<�35=?<IG+<?0V350&.�35G+,1.509%7B98A.¯e-< �Y��  *H.18A<I35eX358:<I*4B9<
356Y69<?,1@-%7*»B9<I6Fo�b�3¨O �)%7*
f gih1h5hmt�Ä
g1K�� 2wxL2c{)r�����oVrwq�{5}(� 2i�)rwz K��¢@X35*4BV.�8�35%76 D�< ± @-<?*X3¢ª«.10
)>8A<?*-.102<I6 'C¶5.¢62<I0£356 8�@-eX35*Hµ¨356£*-.56
D�<I62.16ce-356c=?.1*-<RQ��)<I6?f e-<:8A.)e-. ± @-<�3�D-09.)=I@H0V3Pe-.�8:¬+*-%78A.�,1G+.1F-35G 69<?0 �Pª�3i'5.109<?=I%7eX3	D�<IG7.
@-62.AeH<>6935G7B9.16�8A35%+6¯69@X3¨'1<?6IK�¹¥D-02.1F-G+<?8�3�° ± @-<Ze-<?62Bu3/ª«.1028�3¡B9<I8!lW69<E@H8�3U35D-02<I*-eH%+Ã¨3C,1<I8
8A35%+6aG7<I*4Bu3SK?� .10�.1@HB909.!G´35eH.-f�62< 69<Á35@-8:<I*4BV350	<?8 e-<I8A3562%´3 . 'C35G7.10ae-< )¾fE<?*»BV¶5.�.56
<?G+<?'C35eH.16�6V3CG7BV.56�*X356�8�@-eX35*Hµ¨356�eH.16aD¾<?69.16�D¾.)e-<I09¶5. D-02.�'5.S=I350�%7*-62BV35F-%+G7%+eX3Ce-<P*-. BV02<I%+*H.
y <5K�,-K7fX8:.i')%+8:<I*4BV./.162=I%7G´3CB9¸109%7. � K g 8A3/ª«.5098A3�e-<>35@-8:<I*4Bu350Y3�BV3pQH3:e-<>35DH09<I*He-%+ÃI35,1<I8J69<I8
D-02.i'1.)=¨350�%+*H62Bu3CF-%+G7%+eX35eH<�°T35G(BV<I09350£3Z09<?,10V3Ee-<T35D-02<I*-eH%+Ã¨3C,1<I8�e-<Y8A.)e-. ± @-<T<I62BV3E%+*-=?G+@X3E@-8
B9<I098:.Ue-< z�mpz�rwqX��+)z Ä

& zC|�}m£�'J�K¡ - ) +.- �
- zC|�}

£�'J� �	� & zC|�}�£�' -�� � y Å K � �
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.1*He-< �P09<IDH09<I62<I*4Bu3c3¢=I.1*H62Bu3C*»B9<Ye-< z�mpz�rwqX��+)z¡  @H69@X35G78A<?*4BV<;eX35e-3ZD�.10 @H8­'C35G+.10 D¾.569%7B9%7'5.
<?69=I.5G+N-%7e-.Pe-.P%+*4BV<?02'C35G+. � ¿�¨ �Y�yK*j£62B9<:B9<I028A.Pe-< z�mpz�rwqX�:+Sz ª«@H*-=I%7.1*X3a=I.18:.P@-8A3P8:<I8:¸�l
02%´3 ± @-<·3C=I<IG7<I093 e-<I62=I%7eX356ae-. ,10935e-%7<I*4BV<CfYB9<I*-eH. @-8 <wª«<I%(BV. <?62Bu3CF-%+G7%+Ã¨3Ce-.10:<I8 69%7B9@X35µ=�S<?6
.162=I%7G´3CB9¸109%+356IK

Å K � mI{)m¢{)r � oVrw}�qsm K � @H0V35*4BV<¯3[3CD-09<?*-e-%+ÃI35,1<?8	f�@-8A3 }��Wrwo3254�~)m =I.50909<?69D�.1*-e-<¯3T@H8�3;=I.58AD-G7<?BV3
35DH09<I62<I*4Bu3Cµ¨¶5.ce-<TB9.SeH.16�.56M<RQS<I8:D-G+.16Me-<YBV02<I%+*H. _Z09<?e-<5K © .1*4'5°I8 ± @-<¢3>35D-02<I69<?*4Bu35µI¶5.�69<W®93
35G7<¨3CB9¸109%+3Hfne-<�ª«.1098A3�3 ± @-<a*-¶5.�<wQS%762Bu3�@H8�3�B9<I*-e��?*-=I%+3�DX35093	'C35G+.102%+ÃI350c=?<I0ºBV.16/=I3569.16¡e-<
B909<I%7*-.-KKj£62BV3A3CD-09<?69<I*4BV35µ¨¶5.:D�.Se-<Z62<I0Y<?ª«<?=?BV@-35eX3Ue-<Ze-@X356;ª«.1028�356?Ä

u z�mI{)mTxir ¤ +Xrwqstw}:25� fC.1*He-<�69<�=¨35G7=I@-G+358�.16 3�®2@-6ºBu358:<I*4BV.56£35.16nD¾<?69.16 G+.1,1.[35D�¸16 3T<I62=I.1G7NX3
eH<c@-8\<wQS<I8:D-G7.:eH<>B909<I%7*-. � <

u z�mI{)mUrwz �+mp�Wr .1@ �XmpoY}��Wrwo3254�~)m f).5*-e-<T.16M3�®2@-62BV358:<I*4BV.16�35.16�D�<I62.16�62¸¡69¶5.c<wª«<I=wBV@X35eH.16
3CD¾¸16T3U35D-02<I62<I*4Bu35µI¶5.�eH<ZB9.SeH.16;.16Y=¨3562.16Ye-<EBV02<I%+*H.-K

¹ D-02%+8:<I%709.>8A.)e-.>e-<[B909<I%7*-.¡°[8A<?*-.16�<wQS%+,1<?*4BV<�<?8 BV<I028A.56¯e-<[8A<?8A¸102%´3EG+.)=¨3CGyf4DX35093�35G7°I8
eX3 3CD-09<?69<I*4BV35µ¨¶5.!35G7<¨3CB9¸109%+3 eH.16�=¨3C69.16ae-<	BV09<?%+*-.ÁBV.102*X350�e-%(ª«¬+=?%+G ± @-<|. 35G7,1.109%(BV8:. h ± @-<
D-02<I62.�<I8 8A¬7*-%+8:.16�G7.S=I35%+6?f 69<?*-e-.�eH<?'1<?0V3568�HBV%7G ± @X35*-eH.	.�=I.1*�®2@-*4BV.�e-<Ae-35e-.16Ze-<UBV02<I%+*H.
°U<IG7<?'C35e-.�<U<wQS%+6ºBV<:FX356ºBu35*4BV<:%+*Sª«.1098A35µ¨¶C.�09<?e-@-*-eX3C*»B9<5K�j£8�=?.1*4BV0V3C62BV<Cf .�8:.Se-. rwz��+mp�Wr
8:<IG7N-.10V3A3�<I6ºBV%78�3CB9%7'C3Ue-.�'1<?=?B9.10Ee-<¡,50V35e-%7<I*4BV<Cfs62<I*-e-.aBV358�F�°I8 @-8 D-09.)=I<?6969.a8A35%76Tª{�5=?%+G
e-<Z62<>D-350V35G7<IG7%+Ã¨3C0IK

Æ K ��xitump�9E 2 {)mixa�Yruximix 
 qX}ytw}:25}+xI�dg 8�3 F¾.13Á<I62=I.1G7NX3ÁeH.16�'C35G+.509<I6:%+*H%+=I%+35%+6¡e-.16�D�<I62.16�D�.SeH<
35=?<IG7<I0V3C0¢FX356ºBu35*4BV<U.PD-02.S=?<I6962.Pe-<:35D-09<?*-e-%7Ã¨35,1<?8	K¡¹ DH09.1F-G7<I8A3�<I6ºBu3a<I8�e-<=hX*H%+0E. ± @-<U°
@-8A3¢F�.43E<I69=?.1G+N-3HK��M35G7.109<?6£<IG+<w'C35e-.16£D�.SeH<I8�.102%+,1%7*X350 @-8�3¢693CBV@H0V35µI¶5.ce-3Z02<Ie-<Cf)3CBV09356V35*He-.
.aD-02.S=?<I6269.Pe-<U35D-02<I*-eH%+Ã¨3C,1<I8�K À .a<I*4BV35*4BV.-f
'C35G7.109<?6�e-<?8�3562%´35eH.aD¾< ± @H<I*-.16ED�.)e-<I8�G+<?'C350
3 ± @H<¡.�3CG+,1.102%7B98A./e-< �Y� .1D¾<?09<>*»@-8�3 �509<I3Ae-<?8�3C69%´3Ce-.ADHG´35*X3UD�.10T'5.1G7BV3AeX3:.109%7,1<I8JeX3
62@-D¾<?02ª«¬7=I%+<:e-<A<I0902.-KE��6269%+8 ± @-<?0¡'C35G+.509<I6Ze-<?8�3C69%´3Ce-.�<?G+<?'C35eH.16c.5@ e-<?8�3562%´35eH.	D�< ± @-<?*-.16
e-<w'1<?8�69<I0><?')%(Bu35e-.56IK g 8A3aF¾.43a<?62BV093CBV°?,1%´3a°U,1<?0V350E'C35G+.509<I6Z3CG+<¨3pBV¸102%+.16[=I.18�@H8�3a8:°Ie-%+3
e-<:ÃI<?09. ± @-<AeH<ID�<I*-eX3C8 eH.	*��-8:<I02.	e-<:=I.5*-<wQ[�)<I6>e-<A@H8�*-.SeH.-K �n.10Z<wQS<I8:D-G7.-f�q>35G7G´35*4B
o gih1h Æ t 69@-,5<I09<Z.U%+*4B9<I02'C35G7.�� � ­��� ­� �yfHDX350V3U@-8 *H.Se-.U=?.18 ´�<I*4BV0935eX356?K

GCHJIKH�� W�a���V�R�U]Z�� V � e�N W e%`�
%Z[`����KV	��Vf^'`Ka
��6['53C09%´3C*»B9<I6Te-.a35G7,1.102%7BV8:.Ue-< �Y� D¾.)e-<?8 62<I0¢=?G´356269%¯hX=¨35e-356�<?8 eH@X356¢=I3CBV<?,1.109%+356IÄ¯e-</35eX3CDHBu3ml
µ¨¶C.�,5G+.1FX3CG .1@·G7.S=I35GCoqpT%7<Ie-8:%+G7G+<?0Ifdgih1h � tyK�¹¢6>DH09%+8:<I%709.16[@HBV%7G+%7Ã¨358�@-8 =I.1*-NH<I=I%78A<?*4BV.P,1G+.5FX35Gne-.



�����±�Y #�K�����:�%�F�
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<I6ºBu35eH.:=?.18:D-G+<wBV.�eX3/02<Ie-<Cf-=I.18:.U3�e-%709<I=?µ¨¶5./eH<¢BV.)e-./.�'1<?=?BV.50TeH<Z35=?B9@X35G+%7Ã¨35µI¶5.¡eH.16;D¾<?69.16?K�j�8
=I.5*»B90V356ºBV<Cf
.16��HG7BV%78A.56T69¶5.�FX3C69<¨3Ce-.16E*X3�%7*Hª«.1028�35µI¶5.:<I69D�<I=?¬ihX=I3�e-<¡@H8�D�<I62.-fs=?.18A.�.�=I.18:D�.10Ll
Bu3C8A<?*»B9.:B9<I8:D¾.50V35G
e-3:62@X3Ae-<?09%('53CeX3:D-3509=?%´35G�KDj£6ºBV<ZBV%+D�.Ue-<><I62B90V3CB9°I,1%+3/<I62B �A8A35%+6;DH09¸¨QS%+8A3Hf-<I8
BV<?098:.16Y=I.18:D-@HBV35=I%7.1*X35%76IfX3U@-8�8:.SeH<IG+.U*-<?@-09.5*X35G   69<?*-e-.�8A35%+6�ª�3C=I%+G78A<?*4BV<EDX350935G+<?G+%7Ãw�¨'1<?GyK�� 35093
35G7°I8�e-%76969.Hf¾<?62Bu3C6[BV°?=I*-%7=¨356TBV<?*-e-<I8�3A62<I0[8�35%76Y<=hX=I35ÃI<?6E<c02.1F-@-6ºBu356?f
35D�<I69350�e-<c@-6V3C09<I8 8:<I*-.56
%+*Sª«.1098A35µ¨¶C.-K

À <?62BV<:=I.5*»B9<wQ)BV.Hf %+8:D�.102BV3�e-<I62=I02<?'1<?0¡e-.5%+6>35G+,5.109%(BV8:.16[%78AD�.10ºBu35*4BV<?6Ee-<:35eX35DSBu35µI¶5.PG+.)=¨35G�Ä¢.
� +)}yt��i�¯oVmu� <>. �Y������� Ä

���	��

�������
�

nd35N-G78�35* o(gih � � t£D-02.1D��16E@-8A3�'53C09%´3C*»B9</e-. �Y� =uNX358A35eX3 � +)}yt��i�¯oVmu� ¼ � �n½ f ± @H<ADX3C09<I=?<UG+<?'C350
3·@-8�3|0©�5D-%+e-3�=I.1*4'1<?09,±�?*-=I%+3Á*X3·8A35%+.102%´3�eX356:69%7B9@X35µ=�S<?6IfM69<I*He-. D�.10/%+6269. FX356ºBu35*4BV<P@HB9%+G7%+Ã¨3Ce-.-K
Ln0V3CBV3mlW62<¡e-<�@H8�8:°?B9.Se-.Ae-<�62<I,1@-*HeX3�.109eH<I8�f ± @-<�62<�=I.58�F-%+*-3A=I.58�=?<I02BV356¢N-<?@-09¬762B9%+=¨3C6IK�� 3502B9<
e-<Ze-@X3C6[3C6969@H*-µ
�)<I6 ± @-<c*H<I8 62<I8:D-09<Z69<>D�.Se-<?0V¶5.�'5<I02%ihX=I350IÄ

u . <?0909. �5rwoVx$+4x 3 =I@-0º'C3 e-. D¾<?69. DX35093 =¨35e-3 =?.1*-<RQ-¶C.!D�.)e-<�69<?0P35D-02.iQS%78�35eH. D¾.50�@-8A3
DX3C0 �5F�.1G´3/3CF¾<?02Bu3/DX3C0V3/=I%78�3 � <

u 3/8�@-e-35*-µ¨3U*-.UD�<I69.:*X¶5.U°>3Cª«<?=?Bu3CeX3:D�.10�B9.Se-.56;.1@HBV02.16;D�<I69.56 ± @-<Z<I6ºBu¶5.A3/69<?0�35G(BV<?0V35e-.56IK

¹�35G+,5.109%(BV8:.E=I.18:D¾.502Bu3 lW69<T=I.58A.c.�35G7,1.109%(BV8:.¢BV0935e-%+=?%+.1*-35GXe-< �Y� fS@SBV%+G7%+ÃI35*-e-.Z@-8A3c=?.18�F-%7*X35µ¨¶C.
eX3/8:<I698A3/09<?,10V3/e-<>35D-02<I*-eH%+Ã¨3C,1<I8 y < ± @X35µI¶5. Å K k � <>=?.18�3/69<?,1@-%7*»B9<Z09<I,50V3Ue-<>35D-09<?*-e-%7Ã¨35,1<?8	Ä

& zC|�}�£�'J��¡ � j £('J�
� j £�' - � � - � j £�'J� & zC|~}�£(' -�� � y Å K�h �

<I8 ± @H< � j £�'J�K¡ � � ��� 
��� C � ��� 
 K
� 35093[35G7°I8 e-%+6269.-fpe-<�8A.)e-.Y3Y<?')%7BV350 <IG7<?'C35eX3C6&'C3502%´35µ=�S<?6If�.Y6V35G(BV.T35=wBV@X35G
e-.16>D�<I69.56c°:G+%78A%(Bu35e-.�3�@-8�8 �pQS%+8:.ae-<��·'5<IÃI<?6�<I8�02<IG+35µ¨¶5.�35.�6V3CG7BV.	35*4BV<?09%7.10IKb��6269%+8�fn<I62B9<
35G7,1.109%(BV8:.Z=I.1*4BV°?8Je-.5%+6�DX3C0 �58:<?B909.16?Ä )¾f)Bu3pQH3�e-<Z3CD-09<?*-e-%+ÃI35,1<?8\DX3C0V3¡./,10935e-%7<I*4BV<¢eH<I69=?<I*-eH<I*4BV<
<�� ¨ @-8\G+%+8:%7BV35e-.10Me-.UBu358A35*-NH./e-.U6V35G(BV.-fHB9<I*-eH.A./'C35G+.50�DX35e-09¶5.Ue-<*� ® ��6 K
! � !#" �

¹ *-.58A<;e-.c35G7,1.109%(BV8:. ! � !#" � '1<I8 eH.c%7*-,1G¬�?6 " ! ruxw}��¦}yrwqX� �'2)t�� � !#" � 2i�M25��}ympq ]Vf1BV0V3pBu35*-eH.�lW62<
e-<Z@-8A3�'53C09%´3C*»B9<E69.sh-62BV%7=¨35e-3UeH.�35G7,1.102%7BV8:.>e-< �T� o pY%+<?e-8A%7G+G7<I0 � �¯0V3C@-*
f
gih5h Æ t�K



Æs� �������
	��
�������������������������������� ����!���"�#�$�%��	��
 #��&'�

� 09<I,50V3/e-<Z=w�5G7=I@-G7./°ZeX35eX3UD¾.50EÄ

& |�}�£�'J�K¡ 23334 3335
) ; ¥ & |~}s£(' - � � ¨ ���� � C � £�' -�� � ¥ ���� � C � £('J��� ¿
) � ¥ & |~}s£(' - � � ¨ ���� � C � £�' -�� � ¥ ���� � C � £('J� * ¿
& |�}�£�' -�� � ¨ � ���� C � £(' - � � ¥ � ���� C � £�'J�K¡O¿

y Å K(g � �

DX35093 ¿ * ) � * � * ) ; K ��3C69<¨3Ce-.16�<?8²=I.5*-69%7e-<I0935µ
�)<I6�eH<a.109e-<?8 B9<I¸102%+=I3�<�<I8:D-¬709%+=I3Hf <?62B9<I6
ª�35=wBV.102<I6�ª«.109358 hHQH35eH.16/<I8 ) ; ¡ � ® T|< ) � ¡@¿�®76 K ¹¢6/D¾<?69.16UeX3C6/G+%+,135µ
�)<I6c<I*4BV02<�*H<I@-02¸1*-%+.56
D�.Se-<?8 <I*4BV¶5.U69<I0[35G(BV<I0935e-.16¯e-<>35=I.102e-.:=I.18�3/02<IG´3Cµ¨¶5.-Ä

& zC|�}�£�'J�K¡ 23334 3335
- & |�}s£('J� ¨ ���� � C � £('J����¿� & |�}m£�'J� ¨ ���� � C � £('J� *�¿¿ ¨ ���� � C � £�'J�K¡O¿

y Å K(g1g �

j£62BV@He-.16�=?.18AD-350V3CB9%7'5.16c8:.16ºBV0V3C0V358 ± @-<�<?62B9<a35G+,5.109%(BV8:.a=I.1*4'1<?09,1<a8A35%76>0935D-%7eX358:<I*4BV< ± @-<
.1@HB909.16T35G7,1.102%7BV8:.16Me-.:,1°I*-<?09."o pY%+<?e-8:%+G+G7<I0?f�g¨h1h � t�KK��G7°I8 e-%76962.-fXe-<ID�<I*He-<¡3CD¾<?*X356Ye-<>e-.1%+6;D-350 �ml
8:<?BV02.16If & � < &���� » f1=?@p®93¢<I62=I.1G7NX3Ee-<¯'C35G7.109<?6 *X¶5.E°�8¡@-%7B9.¢=I02¬7BV%7=¨3HfC69<?*-e-.Z@-8�3CG+,1.102%7B98A.Ye-<w'1<I09356
09.5F-@-62B9. � %yK�<5K(f109<?,10V3¢,5<I0V3CGyf1*X¶C.E°;*-<I=?<I696©�509%+3E*-<I*-N»@-8A3E35G(BV<I0935µ¨¶C.E35.16 'C35G7.109<?6£35=I.5*-69<?G+NX35eH.16 DX35093
& � < &���� » y & �C¡d¿�® �Z< &���� » ¡ 6s¿�® ¿ � K
GCHJIKH	� 
 R�U Z��«R�U�V � e%N��E`�R�`��KN �
¹ BV09<?%+*-.�e-<a@-8A3 �Y�Y� eH<?'1<?09%+3·62<I0�B9<I098:%+*-35e-. ± @X3C*-e-.·69<P3CB9%+*-,5<�.�'C35G+.50¡8:¬+*-%78A.�e-.|<I0209.-K
Ln.SeX3¨')%´3Sf-<I6 ± @H<I8A356[eH<>D-350V35,5<I8 8A35%+6¯<IG´3CF¾.10935e-.16�B©�I8 eH<>62<I0[35e-.1DSBu35e-.56If-eX3Ce-. ± @-<c3�ª«@-*-µI¶5.
e-<Y<I0209.>D¾.)e-<Y35DH09<I62<I*4Bu3C0�e-%('1<?0969.56M8:¬+*H%+8:.16 G7.S=I35%+6 y n %7,1@-0V3 Å K k � K�� .50£<wQS<I8:D-G+.Hf���02<I=uN-<?G7B�o(g¨h1h � t
e-<wª«<I*-e-<>.U@-69.:e-<Ze-.1%76;=I02%7BV°?09%7.16;e-<ZDX350935,1<I8\DX35093 �Y�;�¢x Ä

u l 25�9E 2¡{)r;��oVm9�5oVruxuximc{)m � oVrw}�qsm K
� %+e-<?%´3¢°�BV<?*4Bu350M3¨'C35G+%+350 .ED-02.1,102<I6962.ceH.ZB909<?%+*-. � %�K <CK7f ± @X3CG
3�e-%78A%7*»@-%+µI¶5.ceH./<I0902./69.1FH09<E.16�=I3569.56;e-<¢BV02<I%+*H.-f � ��
 fHeH@-0V35*4B9<E@-8�3ceX35eX3 �F25} xL2A{)rE��ourw}�qsm f
e-< � ' %(BV<?0V35µ=�S<?6IK·� ª«@-*-µI¶5.¡e-<TD-02.1,109<?6962.-f-3¨'C35G+%+35eX3¢<?8 =I35eX3 � ' %7B9<I0935µ
�)<I6?f»B9.18A3c3Eª«.1098A3HÄ

��� �L£('J��¡ � ¿±¿±¿ + £ � ��� � � � ��� ;_ª������ � � ��
 £�' � �
� ' + ¶���� � � � � � � � ;_ª������ � � ��
 £�' � � -�� � y Å K(g Å �

¹ D-09.5,109<?6969.P*-.aB909<I%7*-.a°/<IG7<?'C35e-.a*-356¢ª�3569<?6E%+*-6ºB �¨'1<?%+6?f .1*-e-</.P<I0209.a*-.56E=¨3562.16Ze-<�BV02<I%+*H.
62.1F¾<¡<I8�'5<IÃ/e-<¡e-<I62=I<I0?K À .�<I*4Bu3C*»B9.-f
BV<?*-e-</DX3C0V3�Ã?<I09.�3�G7.1*-,1.�D-0V35Ã?.-f
3�*-¶5.a69<?0 ± @-</.
B909<I%7*-.�62<¡BV.102*-<�.162=I%7G´35*4BV<CKZ¹�BV09<?%+*-.A°�DX350935e-.a62< ��� �J£�'J�/*�� fs<?8 ± @-< � °�@-8A3�8A<?e-%+e-3
e-<Z<?0909.Ue-<Z<?62Bu3Ce-.A<?62BV35=I%7.1*��502%+.-K
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u ���Sz�rwoVm �|�wx1}�z�m {)r 
 �Wrwo3254C§iruxI� j£62B9<�=I02%7B9°I09%7.·°�35D-G7%+=I35e-. ± @X35*-e-.Á. =?09%7B9°I02%+.Á35*4BV<I02%+.10
ª�35G7NX3Hf1eH<T8:.)e-.Z3E,4350V3C*»B9%+0 ± @-<Y.EBV02<I%7*-.EBV<I028A%7*-<5K
��6269%+8�f1.EBV02<I%7*-.Z°YB9<I028A%7*X35e-.¢62< ' *�� f
<?8 ± @-< � e-< hX*-<>.U*��H8A<?09.U8 ��QH%78A./eH<>%(BV<?0V35µ=�S<?6IK

GCHJIKH�� � R � 	8
%R�Vf^'N�� ��` � NQT�Z�V¾e�V ��� `�e%V �
¹ DH09° l D-09.)=I<?6969358A<?*4BV.Ze-.16£eX3Ce-.16£e-<w'1<T69<I0£62<I02%´358:<I*4BV<;=?.1*-62%+e-<?0V35e-.Z3C*»B9<I6�e-<�B909<I%7*X350 @H8�3¢02<Ie-<CK
j£8�F�.10V3¡*-¶5./69<W®93�<I6962<I*-=?%´35Gs<I8 =I<I0ºBV.16¯=¨3562.16If-B9.109*X3 lW69<T')%7Bu3CG¾*-.5@HBV02.16IK bH¶C.�'s�C09%´3C6�356�.5D¾<?0V35µ=�S<?6
<I8 ± @H<c62<>D�.)e-<Ee-<I62e-.1F-09350T.:DH09° l D-09.)=I<?6969358A<?*4BV."oq�[ÃI.M� f gih1h4k � bH3502G+<5f¾gih1h1hmtyÄ

u	� rwoR} ��t1254�~)m>{M2 
 qX�Wry�5ow}�{M24{)rY{)mix�
 24{)mix KnL 093CBu3 lW69<;eH<;@-8­D-02.S=?<Ie-%78A<?*4BV.Ee-<�'C35G7%+eX35µI¶5.¢e-.56
eX3Ce-.16If-'5<I02%ihX=I35*-e-.�l 69<Z69<><wQS%762BV<?8 <I0209.16Ye-<>35G7,1@-8A3¡<I62D¾°?=I%7<5K

u �YrW��oVruxirwqX� 254�~)m�{)mix�
 24{)mix K%j£62Bu3:ª�3569<�<?*4'1.1G('1<�@-8A3A=?.1*4'1<?096V¶C.�eH<¡eX35eH.16IK � 35e-. ± @-</3C6
�Y�;�¢x 35D�<I*X356ZG7%+eX358 =I.58�*��-8A<?09.16?f .56>e-35e-.16EBV<?0V¶5.Pe-<:69<?0Z=I.)e-%ihX=I35e-.16?f&D¾.10E<RQS<I8:D-G+.-f
@HB9%+G7%+Ã¨3C*-e-.�@-8A3/09<?D-09<?69<I*4BV35µ¨¶5.AF-%+*��509%+3¡.1@�e-<I=?%+8A35GyK

u ��xit125�+mpq 25z�rwqX�WmA{)mix

 24{)mixI� ¹�.5F)®2<I=wBV%7'5.�e-<?62B9<cD-02.S=?<Ie-%78A<?*4BV.:°c02<¨35G7%+Ã¨3C0�@-8A3UB90V35*-6ºª«.10Ll
8A35µ¨¶C.�*-.16EeX3Ce-.16¢e-</8:.)e-.a3a35=?<IG+<?0V350[</8A<?G+N-.50V350T.aD-09.)=I<?6962.	e-<�35D-09<?*-e-%7Ã¨35,1<?8	KFj£62B9<
<?69=¨3CG+.1*X3C8A<?*»B9.Ue-<ID�<I*-eH<ce-./B9%+D�.:eH<>e-35e-.16?Ä
�  ��Á��qX��o124{M2px K�¹J<I62=¨35G7.1*X358:<I*4B9.�eX356>'C3509%¬�i'5<I%76¡e-<A<I*4BV0935eX3	B9<I8�e-%7'5<I0269.16�<wª«<I%(BV.16>=I.1*�l

ª«.5098:<�.16£e-%762BV%7*4BV.16 35G+,1.509%7B98A.56 e-<Y3CD-09<?*-e-%+ÃI35,1<?8	K � <;@-8�8A.)e-.¢DX3C02BV%7=I@-G+350If535G+,5.109%(BJl
8:.16Ye-<>,10V3Ce-%+<?*»B9<ceH<I69=?<I*-eH<I*4BV<Cfs=I.58A.:.A=?.1*-N-<?=I%7e-. �Y� fX6V¶5.AFX356ºBu35*4BV<>69<?*-69¬('1<?%+6[35.
<?69=I35G+.1*-358A<?*4BV.-K��[6969%78	f»=I35eX3c'C3502% �¨'1<?G¾e-<[<I*4BV0935eX3¡eH<?'1<E62<I0�<I69=I35G+.5*X35eX3¡eH<[ª«.1028�3>3
± @-<�3>62@X3c8:°IeH%´3Z69.1F-02<[.>=I.5*p®2@-*4BV.ce-<[=I3569.56¯e-<YBV02<I%+*H.><?62B9<$®938_E'1.1G(Bu3Ze-.Z'53CG+.10�ÃI<?09.-f
D�<IG7. ± @-<;.E<I62=¨35G7.1*X358:<I*4BV.ED-350V3¢.E%7*»B9<I0º'53CG+. �O-8� ¨ �	�Hª«@H*-=I%7.1*X350©�¢8A<?G+N-.10 e-. ± @-<;DX35093
.¡%+*4BV<?02'C35G+. � ¿[¨ �	� ® j QS%+6ºBV<?8\e-@-356¯ª«.1028�356M<=h-=I%+<?*4BV<I6¯e-<¢09<I35G+%7Ã¨350�<?62BV<�<I69=I35G+.5*X358:<I*4BV.-Ä
� �Á�9{5}:2�� rwoumar�
�ruxw�i}ym���24{5o2~)m��

�*¡ � - �
² ' ¹ £ �_� y Å K(g Æ �

.1*-e-< � e-<I*-.CBu3�3P8:°IeH%´3�e-< � < ² ' ¹ £ �_� .�e-<I6º')%+.�DX35e-09¶5.Pe-< � � %�K <CK7f ² ' ¹ £ �_��¡� ���C���� � » C � » 
 ]° � ª fXDX35093!� <RQS<I8:D-G+.16;eH<ZB909<?%+*-.-K
� � 25�+mpo � ��qX}�z�m/v���r � 25�+mpo �·�wx1}�z�m��

�*¡ � - £ ¶ �±� � ¶���� � ��T
£ ¶ �±� - ¶���� � �MT y Å K(g � �
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<I8 ± @-<F¶����·<<¶ �±� 02<ID-02<I69<?*4Bu358 .U8A¬7*-%+8:.¡<Z8 �pQS%+8:.�eX3/'C3509%¬�i'5<IG � K
��� ��� 2s��{M2px K·j QS%+62B9<I8 e-@X3C6Mª«.10ºBV<?6�0935Ã
�)<I6MDX35093><?69=¨3CG+.1*X3C0�3C6�6935¬+eX3C6IK�j£8 D-02%+8:<I%+02.EG+@-,1350If

± @X3C*-e-./69<[@-6V3�8A35%76MeH<�@-8A3c6935¬+eX3><�62<E3cª«@-*-µI¶5.¡eH<¢<I0209.¡°�69<I*H69¬7'5<IG _¡<I62=¨35G+3HfS=?.18:.
3C=I.1*4BV<?=I<�*H.�=¨3562.�eX3�35D-09<?*-e-%7Ã¨35,1<?8�e-.�,10935e-%7<I*4BV<>e-<I62=I<?*-e-<I*4B9<5f <I*4BV¶5.a3AeH%7ª«<I02<I*-µI3
eH<Á<?69=¨3CG´356�<I*4BV02< 3C6	6935¬+eX3C6�D�.)e-< 3Cª«<I=wBu350�3 ª«.1098A3 =I.18:.!3!02<Ie-<Á35D-02<I*-e-<CK?� .50
<RQS<I8:D-G+.-f)69<�@-8�3Z6V3C¬+eX3ZBV<I8 'C35G7.109<?6�<?*»B909< ¿ <µ�[<I* ± @X35*4B9./.1@HBV093>B9<I8 'C35G+.102<I6M<I*4BV02<
¿ < � ¿±¿±¿s¿±¿±¿�¨ <I*4Bu¶5. . 35G+,5.109%(BV8:.�e-<aBV02<I%7*-.·%+0 �|e-%769D�<I*-eH<I0:3|8�35%7.10�DX3C02BV<aeH.Á62<I@
<?62ª«.102µI.�*-3A35DH09<I*He-%+ÃI35,1<I8�e-3:62<I,1@-*HeX3�6V3C¬+eX3HKD��6269%+8�fd356T6V35¬7eX356 ± @-<>B©�I8 3:8A<?698A3
%78AD�.10ºB��5*-=?%´3�e-<w'1<?8 62<I0¡<?69=I35G+.1*-35eX356>DX35093�3P8A<?698A3�<?69=¨3CG´3HK À <I62B9<�=I3569.-f e-<?'5< l 69<
DH09.)=I<IeH<I0/3�@H8 <?69=¨3CG+.1*X3C8A<?*»B9.�=?.18²3�8A<?698A3�<I62=¨35G+3	.1@ e-<I6º'S%7.|DX35e-09¶5. y @-6V35*He-.
D�.10A<wQS<I8:D-G+. 3 < ± @X35µI¶5. Å K(g Æ � K j£8 62<I,1@H*-e-. G+@H,4350If¯D¾.)e-< l 69< ± @-<?09<?0a3�®2@-6ºBu350a3C6
'C3502% �¨'1<?%+6[e-<¡6935¬+eX3A35.16T'53CG+.102<I6Te-.�=?.1*4BV0V3Ce-.18:¬+*-%7.AeX3Uª«@-*-µI¶5.�e-<¡35=?B9%7'C35µ¨¶C. y <CK ,HK7f¾3
ª«@H*-µ¨¶5. �+m9�s�+xw��}yt12 D-02.SeH@-Ã�'C35G+.102<I6¢eH<:6935¬+e-3�e-<I*4BV02.Pe-.ae-.18:¬+*-%7. � ¿�¨ �	� � K À <?62BV<U=I3569.-f
°P%78AD�.102BV35*4BV<A=I.1*-NH<I=I<?0A.56/G+%+8:%7B9<I6c8 �pQS%78A.16c<P8A¬7*-%+8:.16>eX3�'53C09% �¨'5<IG�<?8²'1<?Ã	e-.56
'C35G7.109<?6�8 �pQS%+8:.16T<�8A¬7*-%+8:.16;e-.56¢=¨3562.16¢e-<cBV09<?%+*-.HK À <?62B9</=¨3562.aD¾.)e-<I0�lW62< l��A@HBV%7G+%+ÃI350
3U69<?,1@-%7*»B9<Eª«¸1098�@HG´3HÄ

��¡ £ � -�� � | °��
£�� -	� �
� ��� » -
� � |�° ��� y Å K(g�k �

D-350V3�@H8�<?69=¨3CG+.1*X3C8A<?*»B9.¢*-.¢eH.18A¬7*-%+.���� ¨
� �yf162<I*-eH.�� ��� » <�� � |�° .16 G7%+8:%7BV<?6 8 ��QH%78A.<¡8A¬7*-%+8:./eX3A'C3502% �¨'1<?GyK bS</3:'C3502% �¨'1<?G eH<�6V35¬7eX3:B9%7'5<I0�G7%+8:%7B9<I6;e-<?69=I.5*-N-<I=?%+e-.56If <I*4BV¶5.
°�D-09<wª«<I09¬('1<?G�@HB9%+G7%+Ã¨3C0Z3	ª«@-*-µI¶5. �¦}�qsr125o y .5@ .1@HB90V3	*-¶5.�G+%78A%(Bu35e-3 � DX3C0V3�.16c*-.)e-.16>e-<
6935¬+e-3HK

u �Yr9{
+N4�~)m {M2 
Z}�z�rwqHxI~)m KÁ¹ *��-8:<I09.|eH<�<?G+<?8A<?*»B9.16�*»@-8²'5<I=wBV.10/e-<P<?*»B90V35e-3HfM3�69@X3 {5}�v
z�rwqHxI~)m .1@ t125o2{5}�q 25�¦}�{M24{)r f D�.SeH<P3CBV%7*-,1%+0Z'C35G+.509<I6¡e-<I8A3569%+35e-.�<?G+<w'53Ce-.16If�D-02%+*-=?%+DX3CG+8:<I*4BV<
± @X35*He-.P*X¶5.a<wQS%762BV</@H8 ,10935*-e-</=?.1*-N-<?=I%+8:<I*4B9.�62.1F-02<U3�69@X3a*X3CB9@-09<?Ã¨3a</09<?G+<w'��C*-=I%+3HKFj�8
,1<?0V35G�f�09<IeH<I6n=I.18�@-8 <IG+<w'C35e-.T*��H8A<?09.Te-<�*-.SeH.16&e-<�<?*4BV0V3CeX3YB©�I8�@-8A3Y35D-02<I*-e-%7Ã¨35,5<I8 8A35%+6
e-%(ª«¬+=?%+GyK g 8A3	eX3C6cª«.1028�356>e-<�35G+%('S%+350E<I6ºBV<AD-09.1FHG+<I8A3P=I.1*-62%+6ºBV<�*X3�09<?e-@-µ¨¶C.�eX3�e-%78A<?*-6V¶C.
e-.56Y'5<I=wBV.102<I6Te-<Z<I*4BV0935eX3HfX=?.1*-69%7e-<I0935*-e-.mlW69<>35D�<I*-356T3U%7*Hª«.1028�35µI¶5./09<?G+<w'53C*»B9<5K

u l�}��¦��o32i�)rwz {)rP� +[��{)m5� �n.10�'5<IÃI<?6IfYBV.102*X3ml 69<��SBV%+GY. @H69. e-<�BV°I=?*-%+=I356�e-<:hXG7B90V35,5<I8ÂDX35093
3�<?G+%+8:%+*-35µ¨¶5.�e-<a02@-¬+e-.Hf£69@X3¨')%+ÃI35*-e-. 3�ª«@-*-µI¶5.|e-<P35DH09<I*He-%+ÃI35,1<I8�f ª�35=?%+G+%(Bu35*He-.�.�B909<I%7*-.-K
© .18:.U<wQS<I8:D-G7.UB9<I8!lW62<c3 25q��5�¦}+xir�ruxW�Xrutw��o325��  @-8A3�BV°?=I*-%7=¨3/8�@-%(BV.U@-6V3CeX3:*-3:8A35*-%7D-@-G´3Cµ¨¶5.
e-< %+8A35,1<?*-6If�.1*-e-< @-8 69%7*X35GEe-< <I*4B90V35eX3!°ÁeH<I=I.58AD�.162B9.�<?8 .1*-eX356�69%7*»@-69.1%7eX35%76If¢D�<IG+3
��o325qHx«�¨mpowz�24{M2A{)rEl m�+)oR}yrwo?�
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g 8A3	02<Ie-< �T��� B909<?%+*X35e-3�D¾.50 �Y� D¾.)e-<:69<I0c'S%762BV3�=I.18:.�@H8�3Pª«.1098A3	D-0©�CBV%7=¨3�DX350V3�<?ª«<?=?BV@-350
@-8A3 ± @X3CG ± @-<I0U=?.10902<I69D�.1*-e��I*-=?%´3Á*-¶5.ÁG7%+*-<I350IK � ± @-<I6ºBu¶5. ± @H<	62@-09,1<�°5Ä	eX35eX3·@-8A3�ª«@-*-µ¨¶C. º
e-<?69=I.5*-N-<I=?%+eX3 ± @-<Yª�35Ã;@-8A3¢=I.10209<I62D¾.5*-e��I*H=I%´3Z<I*4B909<YDX35e-0J�S<?6�e-<;@-8�<?69DX35µ?.8�klWe-%78A<?*-69%7.1*X35G)DX35093
@-8 <I62DX35µI.�¶ l e-%+8:<I*H69%+.5*X35Gyf�º�� � °�� � � fs62<I0 �AD¾.16269¬('1<IG <I*-=?.1*4BV09350¢@-8A3 �Y��� ± @-<�09<I35G+%7ÃI<c3
=I.50909<?69D�.1*-e��?*-=I%+3/<wQS%+,1%7eX3�.1@PD�<IG+.¡8A<?*-.16;69<>35DH09.¨QS%+8:<¢e-<IG+3�=I.18J35G+,5@-8�3c<=hX=
�5=I%+3��"� 02<I69D�.16ºBu3
'1<?8 e-. � rumpoVrwz�2 �nqX}��5rwoVx�25�[{)rP�¯��oVm=x1}�z�254�~)m {)r	l +)q-4C§irux ± @-<|<?62BV%7D-@-G+3 ± @-<|@-8A3 =¨3C8�35e-3
%+*4B9<I098:°IeH%´3�°�69@�h-=I%+<?*4BV<¯D-350V3;@-8A3 �T��� =I.18:D-@HBV350 @-8A3T3CD-09.¨QS%+8A35µ¨¶C.;e-<�@H8�3 ± @X35G ± @H<I0 ª«@-*-µI¶5.
=I.5*»B9¬+*»@X3Hf4<?8�F�.10V3�.¢B9<I.102<I8A3¢*X¶5.Z3�h-098:< ± @-<Y<I6ºBu3¢<I6ºBV02@HBV@-093E69<$®93E¸1DSBV%+8A3[<?8�B9<I098:.16 eH<�BV<I8:D�.
e-<·35DH09<I*He-%+ÃI35,1<I8 <|,1<?*-<I0935G+%7Ã¨35µI¶5. o�b�3¨O �)%7*
f gih1h5hmt�K�L 358�F�°I8 <I62B � D-09.i'C35e-. ± @-<·=I.58 e-@-356
=¨3C8�35e-356;%+*4BV<?098:°Ie-%+356;3CB9°Eª«@-*-µ
�)<I6Ye-<?69=?.1*4BV¬+*»@X3C6[D�.SeH<I8 62<I0Y09<?D-09<?69<I*4BV35eX356?K

¹¢@HBV02.·3569D�<I=wBV.·%+8:D¾.502Bu3C*»B9<�e-%7Ã�09<?69D�<I%(BV.·35.�B9<I8:D¾.|e-<P3CD-09<?*-e-%+ÃI35,1<?8	K � 35D-02<I*-eH%+Ã¨3C,1<I8
%+8:D-G7%+=¨3�3ZDH09.)=I@-093>e-.56M<?G+<?8A<?*»B9.16�e-<I62=I.1*HN-<I=?%+e-.16Me-<Y@-8A3 �T�;��  *-.1028�35G78A<?*4BV<�D�<IG7.c3i®2@-62B9<[e-.56
D�<I69.56IKT¹¢0V3Hf�3:35D-02<I*-e-%7Ã¨35,5<I8�*»@-8A3:02<Ie-<c=I.183� ¿s¿ D�<I62.16�°>FX356ºBu35*4BV<>8A35%+6YD�<I6V3CeX3A<?8 BV<I028A.56
=I.58AD-@SBu35=?%+.1*X3C%+6¡eH. ± @-<�3|e-<P@-8A3�09<?e-<P=I.18 � ¿ D¾<?69.16?f¯69<?*-e-. @-8A3�09<IG+35µ¨¶C.|F¾<?8 8�3C%+.10ce-.
± @-<:.Pª�3C=?BV.50!���·� ¿ D¾.)e-<?09%´3a62@-,1<I02%+0?K bS<I02%´3a8�@-%(BV.��HB9%+G ± @-<:.aBV<I8:D�.�eH<A3CD-09<?*-e-%+ÃI35,1<?8 ª«.16962<
G+%78A%(Bu35eH.:D�.10¢@H8�3�ª«@-*Hµ¨¶5.aD�.1G+%7*-.18:%´35Gs69.1F-02</.a*��-8A<?09.ae-<�'C3502% �¨'1<?%+6?K À .a<I*4Bu3C*»B9.-f
Bu3CG *X¶5.a62<
'1<?09%¯hX=¨3HK

j£62B �>%+,1@-35G+8:<I*4BV<;DH09.i'C35e-. ± @H<�.>D-09.1FHG+<I8A3E,1<I0935GXe-<[35D-02<I*-e-%7Ã¨35,5<I8�<?8 �T�;��x °T%+*4BV093CB �¨'1<?G �
%yK�<5K   *X¶5.ED�.Se-<¯69<I0£02<I62.1G7')%+eH.¢e-<�ª«.1028�3T<=hX=?%+<I*4B9<;DX350V3�B9.Se-356£356 %7*-62B �5*-=?%´356?K À ¶C.E°�=I.1*HN-<I=?%+e-.Z@-8
35G7,1.109%(BV8:. ± @-<:=I.1*-62%+,43P09<I35G+%7Ã¨350Z3�35D-02<I*-eH%+Ã¨3C,1<I8�*»@-8�B9<I8:D¾.�D¾.5G+%+*H.18A%+35Gyf�69<?*-e-.	%+8:D-09.i'��¨'1<IG
± @-<�BV35Gs3CG+,1.102%7B98A.E'1<?*-NX3/3¡<RQS%+62B9%+0?K·��6269%+8�fHeH%+Ã l 69< ± @H<¢<I8 ,1<I0935G�.�D-09.5F-G+<?8�3>e-<E35D-02<I*-eH%+Ã¨3C,1<I8
<I8 �T�;��x ° �T� lW=I.58AD-G7<?B9."oqpY.p®9356If g¨h1h±rmt�K

© .1*4BV@-eH.-f-e-<w'S%7e-.U_56¯=¨35DX3C=I%+e-35e-<I6¯e-<¢=I.50909<?69D�.1*-e��?*-=I%+3¡*X¶5.¡G+%+*H<¨350M<I*4BV02<EDX35e-0J�S<?6IfH356 �Y��� x
B �?8Â69%7e-. @HB9%+G7%+Ã¨3CeX356�=?.18Â69@-=?<I6269. <I8 e-%('1<?096V3C6Ae-.58A¬7*-%+.16?f�%7*-=IG7@-%+*He-. �¯oVmituruxuximix	{)r ¿ mpqX��oVmp�+m

 q�{
+4xw��ow}:25� f �Ym5�HGp��}yt12�rZ��+)�Wmpz�254�~)m f ��xw� 25�{�+xw��}yt12 f � r9{5}ytw}�q 2 f �[ruxw�y~)m�r ¿ mpqX��oVmp�+ma{M2���oVmI{
+ 4�~)m f
�Ytumpqsmpz/}:2 f£<I*4BV02<	.5@HBV02.16Eo � 3CB9B9<I0269.1*
f[gih1h±r � bSNX3C09eX3 � pT358:DX35G¢g¨h1h±r�t�K À .1098A35G+8:<I*4B9<5f£DX35093
@-8 F�.18 =?.1*p®2@-*4B9.�e-<ZeX35eH.16Ye-<>B909<?%+*-.-fH@-8�3/02<Ie-<>=I.18 35D¾<?*X356T@-8A3 y .1@ ± @-35*4BV.:8�@-%7B9./e-@X356 �
=¨3C8�35e-3 y 6 � %+*4BV<?098:°Ie-%+3 y 6 � 69<?02'1<cDX35093:3CD-09<?*-e-<I0Y@-8A3/eX35eX3�BV3509<wª�3U=?.18 8:<I6ºBV09%+3HK



Æ � �������
	��
�������������������������������� ����!���"�#�$�%��	��
 #��&'�
(*) ( �����86<5�;���� 680
	c-�7��
� ;=B 6µ0 -�����6��
4EB ; 687�� 5
;=680

GCH GCHLI � W�a��KV�R�U Z�� V � R�U��KU�T�`Ka
� %+e-<?%´3¢.102%+,1%7*X35GyfC=I.1*HN-<I=?%+eX3>D¾.10 �����)mpoR}���z�m��[rwqs�w��}ytumA¼«��� ½ <[D-02.1D�.162BV3>D�.10Mb[.1G7G´35*He
f4D¾.)e-<Y69<?0
09<?69@-8:%+e-3T*X3%n %+,5@-0V3 Å K r8orqE.1G+e-F�<I02,-fsg¨h � hmt�K£¹ ��� %+*-%7=I%+3mlW62< =I.18�@H8�3 �Xmu� +S� 254�~)m e-< }�q�{5}�� ��{
+dmix f
69.5G+@-µ=�S<?6AD�.16962¬7'5<I%+6ADX35093 .ÁD-09.1FHG+<I8A3Hf�,1<I0935e-.16:e-<	ª«.5098A3 3CG+<¨3pBV¸102%´3HK ��%7*Hª«.1098A35µI¶5. ± @-<�@-8
%+*He-%7')¬+eH@-.ceH%+69D�.1*-%7F-%+G7%+ÃI3Hf1< ± @-<�3CBV<?*-e-<E3C.16�'C35G7.109<?6�e-.56¯DX350 �58:<?BV02.16Me-.�D-02.1F-G+<?8�3Z<I8 < ± @-35µ¨¶5.Hf
°E09<?D-09<?69<?*»BV35eX3:D¾.10;@H8 twoVmpz�mixuximpz�2 fSe-<E@-8 8:.SeH./<I8\B9@-e-.A35*��5G7.1,1.U_/<?62BV02@HBV@H0V3�')%+,1<?*»B9<Z*-.
� ��À K g 8�=I02.18A.56969.58�3�°CfnD�.10E62@X3�'1<IÃCf =?.18:D¾.16ºBV.aD�.10E@-8�=?.1*p®2@-*4B9.�eH< �)rwqsrux�y =¨350935=?B9<I09<?6 � K
g 8 'C35G+.10�D¾.16269¬('1<IG�DX350V3 @-8 �)rwqsr °|e-<?69%+,5*X35e-. D�.10 25�+rw�+m K � ± @X3CG+%+e-35e-<�e-<·=I35eX3 69.1G7@-µ¨¶C.
y =?09.18:.16269.18A3 � °�8:<Ie-%7eX3�D¾.50 @-8�3�ª«@-*Hµ¨¶5.Y=uNX358A35eX3;e-< 2w����}�{4~)m��I  69<?*-e-.T.16&%+*-eH%7')¬+e-@H.16 3¨'C35G+%+35e-.16
e-<>35=?.109e-.U=?.18 <I6ºBu3HK

j£8 =¨35eX3!=I%7=IG+.Hf�DX350ºBV<AlW69< eX3 D¾.5D-@-G´3Cµ¨¶5.!35=wBV@X35G y	� �{� K���69<?8A<?G+NX35*Hµ¨3 e-. ± @-< 69< DX35626V3
*-. 8¡@-*-e-.Á09<¨3CGyf�.16A%+*-eH%7')¬+e-@H.16Ae-3 �Xmu� +S� 254�~)m 6V¶5. 62@p®2<I%(BV.16�3Á@-8A3Á62°I02%+<�eH<�.1D�<I0V3Cµ
�)<I6If�BV35%+6
=I.58A. xirw�+rut34�~)m eH.16UD-09.1,5<I*-%(BV.102<I6If two�+1� 25z�rwqX�Wm <?*4BV09<�DX3502<I6:e-<PD-09.5,1<I*-%(BV.102<I6U< z7+S�&254�~)m e-.56
e-<?69=I<?*-e-<?*»B9<I6?K © .18:.c02<I62@-G7BV35e-.>e-<I6ºBV<�DH09.)=I<I6269.-fS@-8A3>*-.i'C3c,5<I0V3Cµ¨¶5.>e-<T%+*-e-%(')¬+e-@-.56M°T=I02%´35e-3HK£¹
D-02.S=?<I6962.a09<?D¾<wBV< l 69<Cf
<I*4Bu¶C.-fse-@H0V35*4BV<>'��509%+356[,5<I0V3Cµ
�)<I6Ifs3CBV°c6V3CB9%+6ºª�35ÃI<?0�@-8A3�eX35e-3�3�=?.1*-e-%7µ¨¶5.Ae-<
DX350935,1<?8	f-eH<=hX*-%7eX3Hf-D�.10;<RQH<?8ADHG+.-f-D�<IG7.U*��H8A<?09.U8 ��QH%78A./eH<>,5<I0V3Cµ
�)<I6 y���� K
�$À�� © � ¹
� *-%7=I%´3C0�./BV<I8:D�. y(' � ¡O¿ �qE<I0V3C0Y3UD�.1D-@HG´35µI¶5.U%+*-%7=I%´3CGyf»e-<Eª«.1098A3/35G7<¨3CB9¸109%+3 y ���A� K
����25�¦}:25o���� K
j À � g � À LT¹ y(' *���� n����«jKp
�
rw�+rututw}ympq 25o .56;D-09.1,5<I*-%(BV.102<I6T3/DX3502B9%+0�e-3:D�.1D-@-G+35µ¨¶C.U35=?B9@X35G y	� ��� K
��DHG+%+=I350 two�+5� 25z�rwqX�$m 35.16;D-02.1,1<I*H%7BV.509<I6YDX3C0V3/,1<I09350;e-<?69=I<?*-e-<?*»B9<I6?K
��DHG+%+=I350 z7+)� 254�~)m 35.16Ye-<?69=I<?*-e-<?*»B9<I6?K
����25�¦}:25o 3U*-.i'C3/D¾.1DH@-G´35µI¶5. y � � ;_ªJ� K
�;=?B9@X35G7%+Ã¨3C0�.:B9<I8:D¾. y(' � ¡ ' � � � K
n � �

n %+,5@-0V3 Å K rHÄKj£62B909@HB9@-0V3U,1<?*-°I02%+=¨3/e-<Z@-8 ��� K
¹ DH09.)=I<I6269.·e-<a02<ID-02<I69<?*4Bu35µI¶5.ÁeH.�ª«<I*-¸5B9%+D�. y 62.1G+@Hµ¨¶5. � <I8 ,1<I*-¸CBV%+D�. y =I02.18A.56969.58�3 � f£°�e-<Al

69%7,1*X35eH.!eH< tumI{5} ��t1254�~)m fT69<?*-e-.�.5D¾<?0V35µI¶5. =I09@H=I%´3CGEDX350V3 @-8A3 F¾.13 02<I62.1G+@-µI¶5.!e-.16PD-09.5F-G+<?8�356
@HB9%+G+%7Ã¨35*He-. ����x�y n %7,1@-0V3 Å K�j � K b[.5G+G´3C*-e:o(gih1j1kmtXe-<wª«<I*-eH%´3 ± @H<�3Z8A<?G+N-.50 ª«.1098A3Ee-<Y09<IDH09<I62<I*4Bu3Cµ¨¶5.
69<?09%+3:3/=?.Se-%¯hX=¨3Cµ¨¶5.UF-%7*��509%+3�69%78AD-G7<I6�eH.16;'53CG+.102<I6;D�.16962¬7'1<?%+6YDX35093/=¨35eX3/DX3C0 �58:<?B909.-K
 0 (X1�� < 4�<�A#2#( 4�? 5><6(�� ?BA8C�DFEHG87 <�1"! Y \9+$#%#�-



��� ��� �����8�f ��
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Codificação

Descodificação

CUSTO
VALOR DE 
APTIDÃO

GENÓTIPO

PROBLEMA POPULAÇÃO 

Objectivo
Função

Avaliação
Função

FENÓTIPO

n %7,1@-093 Å K j)ÄK��02.S=?<I6269.�eH<>02<ID-02<I62<I*4Bu35µI¶5.�eH.:ª«<?*-¸5BV%7D¾.EoqpY.S=uNX3Sf
gih1h4j tyK

¹¢@HBV02.�3562D¾<?=?BV.¡%+8:D¾.10ºBu35*4B9<;e-%+ÃT09<?69D�<I%7B9.8_Zª«.1098A3E=I.18:.¡3Zª«@-*-µI¶5.¡e-<
	 ����}�{4~)m °�=I35G+=?@-G´35e-3Hf»3
DX350ºBV%70 eX3¢02<ID-02<I69<?*4Bu35µI¶5.Z<I69=?.1G+NH%+eX3HK
j£62BV3Eª«@H*-µ¨¶5.E02<I=?<IF�<;.¢,1<I*H¸5BV%7D¾.¢eH<�@-8­%7*-e-%('S¬7e-@-.[<�09<wBV.102*X3
@-8�'C35G+.50;*)@H8A°?09%+=?. y 	 ����}�{4~)m±� f ± @-<c8A<?e-<�3 ± @-35G+%7eX35e-<ZeX3:69.1G7@-µ¨¶5.ADX35093A09<?69.1G('1<?0[.AD-09.1FHG+<I8A3Hf
69<?*-e-.:e-<=h-*-%+eX3/ª«.1028�35G78A<?*4BV<�D�.10?Ä

��� ' ��¹�
� ¸ ��� [w�
�¸ ' ���k¸ � � y Å K(g r �

À 3a62%7BV@-35µ¨¶5.a%7e-<¨3CGyf 3�ª«@-*Hµ¨¶5.Pe-<:3¨'C35G+%+35µ¨¶5.Ae-<?'5<I0©�	69<?0Ee-<=h-*-%+eX3ae-<U8:.SeH.�69@X3¨'5<A</02<I,1@-G+350Ifse-<
8:.Se-.�3 ± @-<E=I02.18A.56969.58�356�69<?8A<?G+NX35*4B9<I6�BV<?*-NX358 'C35G+.509<I6�e-<Z35DHB9%+eX¶C.¡D-02¸iQS%78A.16?K·��G7°I8 e-%+6269.-fH3
69.5G+@-µI¶5.P¸1DHBV%78�3�*-¶5.	eH<?'1<:69<?0c@H8�D¾.5*»B9.	%769.1G+35e-.ae-<:35DSBV%+e-¶5.P<IG+<w'C35e-. � %yK�<5K(f&<I62BV350Z09.)e-<¨3CeX3ae-<
69.5G+@-µ=�S<?6T=?.18 FX3C%(QS.16�'C35G+.509<I6;eH<c3CDHBV%7eX¶5.-K

GCH GCH�G � �¤Vfe%NQaLV�� NQT �«R�U�^'V
� <?69e-< ± @-<�ª«.1%n=I02%´35e-.Hfs.a8:.Se-<?G+.A.109%7,1%+*X3CGneH</b[.1G7G´35*He�69.Cª«09<I@·e-%('1<?096V3C6Z35G7B9<I0V3Cµ
�)<I6If¾e-</8:.Se-.�3
35@-8:<I*4BV350Z3�62@X3P,4358A3PeH<A3CD-G+%7=¨35F-%7G+%7eX35e-<><U69@-=?<I6962.-K � <I6ºBV02@HBV@-093�eH<I62B9<A8:.)e-<IG7.a,1<I*-<?0V35G7%+6ºBu3Hf
e-<?69%+,5*X35e-.ZD�.10 �����)mpoR}���z�mU�[rwqs�w��}ytum/r����5mp���Xtw}ympq��5oR}ym:¼«�����&½ oqpY.S=uNX3Sf
gih1h4j tX°;09<?D-09<?69<?*»BV35eX3>*X3
n %7,1@-0V3 Å K � K © .58A.Ue-%(ª«<I09<?*-µ¨3C6TDH09%+*H=I%+D-35%+6MBV<I8!lW62< ± @H<5Ä

u 35=?<I%(Bu358!lW62<¢.1@HB909.16;BV%7D¾.56�e-<Z09<?D-09<?69<I*4BV35µ¨¶5.�,1<I*-°wBV%7=¨3 �

u 3/D�.1D-@-G+35µ¨¶5./%7*-%+=?%´35G¾D¾.)e-<E62<I0Y=I02%´35eX3/D�.10;.1@HB909.16;8:°?B9.SeH.16 ± @-<c*-¶5.U.A3CG+<¨3pBV¸102%+. �

u 35eH8A%(BV< l 69<¢@H8�3/N-%7D¾¸5B9<I62<>eH<>=?.1*-e-%7µ¨¶5.Ue-<ZDX3C0V35,1<?8J8A35%+6�³X<wQS¬7'5<IG �
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 #��&'�

u ,1<?*-<I0935G+%7Ã¨3ml 69<�.·=?.1*-=I<?%7B9.Áe-<P.1D�<I0935e-.10/,5<I*-°wBV%+=?.-f ± @-<	<?*-,1G7.1FX3|356U.1D�<I0935µ
�)<I6Ue-<P=I02@-Ã¨3 l
8:<I*4BV.U<Z8�@HBV35µ¨¶C. �

u 69¶5.Ze-<=hX*H%+e-.16�*-.i'5.16�D-350 �58:<?B909.16 ± @-<Y=?.1*4BV09.5G´358�.>DH09.)=I<I6269.ce-<Y09<I*H.�'C35µI¶5.>eX3ED¾.1DH@-G´35µI¶5.-f
.1@P62<$®93HfX=?.18A.U62<>D-3569693:e-<Z@-8A3/,1<I0935µ¨¶C.:eH<>%7*-e-%('S¬7e-@-.16;D-350V3U3/69<?,1@-%+*4B9< � <

u .16YD-02.S=?<I6269.16Te-<Z69<?G+<I=?µ¨¶5.:6V¶C.:,5<I*-<?0V35G7%+Ã¨3Ce-.16IK

�$À�� © � ¹
� *-%7=I%´3C0�./BV<I8:D�. y(' � ¡O¿ �qE<I0V3C0Y3UD�.1D-@HG´35µI¶5.U%+*-%7=I%´3CG y	�
�A� K
��� 	 �¦} 	 o���� K
j À � g � À LT¹ y *X¶5. © ¹ À � ����� ¹ n �$À �¢# � n[� �«jKp
�
rw�+rututw}ympq 	 o .56;D-09.1,5<I*-%(BV.102<I6T3/DX3502B9%+0�e-3:D�.1D-@-G+35µ¨¶C.U35=?B9@X35G y	� ��� K
��DHG+%+=I350 mu�Xrwo 	 {)mpoVrux[�)rwqs�w��}ytumix 35.16YD-02.1,1<I*H%7BV.509<I6;D-350V3/,1<?0V350;*-.i'5.16[%7*-e-%('S¬7e-@-.16?K
��� 	 �¦} 	 o .56T*H.�'5.16T%+*-e-%(')¬+e-@-.56IK
�
rw�+rututw}ympq 	 o .56;69.1F-02<?')%7'5<I*4BV<?6�e-< � � DX3C0V3:3U,5<I0V3Cµ¨¶5.U69<?,1@-%7*»B9< y � � ;_ª©� K
�
rw�+rututw}ympq 	 o <E%7*-69<?09%70;.16Y*-.i'1.16Y%+*He-%7')¬+eH@-.16;<I8 � � ;_ª K
�;=?B9@X35G7%+Ã¨3C0�.:B9<I8:D¾. y(' � ¡ ' � � � K
n � �

n %+,5@-0V3 Å K � ÄKj£62B909@HB9@-0V3U,1<?*-°I02%+=¨3Ue-<Z@-8 ����� K

GCH GCH�� �YN 
�R�N��[NQT�Z�`�� �fN�� � NQT �'Z[U�^'` �
g 8A3�eX3C6 ± @-<I6ºB �)<I6E%+8:D�.102BV35*4BV<I6 ± @-<�69<�'s�I8�e-%+62=I@HB9%+*-e-.�e-<I62e-<U3�=I02%´35µI¶5.�e-.56 ������xu  °¡69.1F-02<
69<Z3�02<ID-02<I62<I*4Bu35µI¶5.UF-%+*��509%+3¡69<?0 �/3�8A35%+6¯35e-< ± @X3CeX3/DX350V3c@-8JeX3Ce-.�BV%7D¾.�eH<¢D-09.5F-G+<?8�3HK b[.1G7G´35*-e
e-<wª«<I*-e-%+3 ± @-<¡62%+8�f4®2@H62BV%¯hX=¨3C*-e-.�l 69<¡=?.18 .�3502,1@-8:<I*4BV.�e-<¡62<I0¢3 ± @H<IG´3 ± @H<�8�3�QH%78A%7Ã¨3�.�*��-8:<I02.
e-< rux ¤ �drwz 	 x�� D�.10[FH%7BTe-<¡%7*Hª«.1028�35µI¶5.:o9qE.1G7e-F¾<?09,-f¾gih � h tyK#�n.10�.1@SBV09.AG´35eH.-fX<I6ºBV<¡B9%+D�.Ae-<c09<?D-09<Al
69<?*4Bu35µI¶5.:ª�3C=I%+G7%7BV3¡./BV0V3pBu358:<I*4BV./B9<I¸102%+=I.HfHD�.5BV<?*-=I%+35*-e-.:3Ue-<=hX*H%+µ¨¶C.:eH<>.5D¾<?0V35e-.509<I6Y,1<?*-°?B9%+=?.16IK

L .)eX3¨')%´3Hf¾3A02<ID-02<I62<I*4Bu35µI¶5.aF-%7*��509%+3:D�.16269@-% 35G+,5@-*-6T%+*-=?.1*4'1<I*H%+<I*4B9<I6IK��£09.1F-G7<I8A356 ± @H<¡09< ± @-<I% l
0V3C8 @-8�3c35G7BV3>DH09<I=?%+69¶5.-f).1@�=I.5*»B9<I*-N-358\@H8 ,10V35*He-<�*��-8:<I02.�e-<['C3502% �¨'1<?%+6?f).509%+,5%+*X358­=I09.58A.16269.�l
8A356�eH<[<?G+<?'C35e-356�eH%+8:<I*-6J�S<?6If»BV.102*X35*-e-.>.¡<?69DX3CµI.�e-<[D-09.)=I@H0V3Ze-<I8A3569%+35e-.><wQ)BV<?*-69./D-350V3 ± @H<�@-8
����� BV<?*-NX3U69@-=?<I6269.-K ��35%76�09<?=I<I*4B9<I8:<I*4BV<CfdB9<I8 62%+e-./eH<?ª«<I*He-%+e-. ± @-<>3/@HBV%7G+%7Ã¨35µI¶5.¡e-<EeH%7ª«<I02<I*4BV<?6
35G(ª�35F¾<wBV.16[e-<�02<ID-02<I69<?*4Bu35µI¶5.-f 8A35%+6TD-09¸¨QS%+8:.16[eX3�<I6ºBV09@SBV@-093�e-.aD-09.5F-G+<?8�3A3�09<?69.1G('1<I0?f
ª�35=I%7G+%(Bu3/.
e-<?69<I*4'5.1G7')%+8:<I*4B9.Ae-<Z.1D�<I0935e-.102<I6Y,1<?*-°?B9%+=I.56T8A35%76�<=hX=I35ÃI<?6µor�	%7=uNX35G+<��Y%+=?Ã5f gih1hsrmt�K

�
	 � + #����3+�
@K !PA 3 1*(�7�1�(HG�(XA "4369X:P<��8?BA��61U? 3#!�� 5 (���A8? 5>< 7^<61 73� 7�36581N:6< 5 ( G�� ��� <�DF<!G 79(;1�"�(XA34 (XA�"�(XG 36< 4;<6A���78A�"N<
��� !����! !�<6A�5#(=< G�� ��� <�DF<"� 78A�?#� 4X3 4;< �%$ 36DF<�1 � <67&� -�'JGNG�?%� ! 7^<61 (�( (��678DB<3!2< 4;1U< �=<!GUGU< �@3*) ��� � � )94;<6A�"��5� !
(;A�"N1�( <67#"U1N<�G5!!<!G8(XG,+!7#(��@36G-) � �.� � ).(/) �0� �1�.) -



��� ��� �����8�f ��
	�� �������K����	�� �f���"�������f�#� ��� �f���� #� ��� � g

��6269%+8�fS35.�G+.5*-,1.¡eH.16 �-G(BV%78A.16M35*H.16�B9<I8 <wQS%+6ºBV%+eH.¡@-8A3cD-02.1G+%(ª«<I0935µ¨¶5.>e-<¢eH%7ª«<I02<I*4BV<?6�09<?D-09<?69<?*[l
Bu3Cµ
�)<I6n,1<I*-°wBV%7=¨356?f5@-8A356&8�3C%+6 ,1<?*-°I02%+=¨3C6If5.5@HBV09356&8�35%76 D-09¸¨QS%+8A356&e-.[D-09.1FHG+<I8A3Y35G7'5.-K � <�<?*4BV09<�<I6�l
Bu3C6IfCB9<I8!lW62<�3 �YrW��oVruxirwqX� 	�� ~)m¢{)r � 	 �+mpoVruxM�Yr 	 }+x�¼�� � ��½ DX35093Y'C3502% �¨'1<?%+6n=I.1*4BV¬7*»@X356If ± @-<�B9<I8�eX3Ce-.
F�.1*-6M09<I62@-G7BV35e-.16M<I8 �C09<¨3C6�e-<[35D-G7%+=I35µ¨¶5.EeH%+62B9%+*4Bu3C6 y <5K�,-K(f)B909<I%7*-.>e-< �Y�;�¢x o �M.S.1*H% <?BT35G�K7f
g¨h1h � t � K
À <?62B9<�=¨3562.-f�3 � � � <I62B ��8�3C%+6ZD-09¸¨QS%+8A3	eH.�<I62DX35µI.|eH<�69.1G7@-µ
�)<I6ce-.�D-02.1F-G7<I8A3Hf *X¶C.�NX3¨'1<?*-e-.
*-<?=I<I6269%7eX35e-</e-</=?.1*4'1<?096©�)<I6?f eX35e-. ± @-</@H8�,1<?*-<�=?.Se-%¯hX=¨3Ae-%+02<I=?BV358:<I*4BV<c@-8�3:'53C09% �¨'5<IG eH.aD-09.�l
F-G7<I8A3HK

GCH GCH�� �#
µN«R�`Ke�V�R�N�� ��NQT �'Z[U�^'V �
À 3>'1<I026V¶5.U3CF-0V35*H,1<I*4BV<CfH@-8 .1D�<I0935e-.10�,1<I*-°wBV%7=I.�D�.SeH<�69<?0¯e-< hX*-%7e-.�=I.58A.�@H8�3Zª«@-*-µ¨¶C.�8�3pBV<I8 �ml
BV%7=¨3 ± @-<:35=?<I%(Bu3 ��º	D-02.1,1<I*H%7BV.509<I6�<�=I<?02BV.56EDX350 �C8A<wBV09.56¢e-</=I.5*»B909.1G7.-fs,5<I0V3C*-e-.E¹ � e-<?69=?<I*-e-<?*4BV<I6
o À <?'5<I6[<?BT35G�K7f
g¨h1h1hmt�Ä
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©�� 8 � ª ����� <?ª«< ��� e � f�� � =��56 � e � 6 ����x f4BV< � ¬��C8 � 6£e ��� 6 � D�< � �5e ��� <I6If � two �5� 	 z�rwqX�Wm y ��º ¡ ¹ � ¡ T �
<�� z �)� 	�� ~)m y ��º ¡ ¹ � ¡ � � f
�CD-G � =��5e � 6�<I8 ª��562<I6�e � ª«< � <��»B9<I6Pe � �5G�� ����� BV8 � K À � 8 � eH<IG �
�1<��-° ��� = � fT= �5e�� ����� D � e-<�e-< h�� ���!� 6 � D�< � �5e ��� <I6 ± @-<�@SB � G � Ã �Hf�69<��-e � B � e � 6A<IG7<I6"�5DHG � = �5e � 6
�»@-8!�	8:<I698!��ª��C69<5f e-<I6 � ���#�5e��	eH< oVrutumpz:�I}�q 	�� ~)m��)rwqs�w��}yt 	5K ©�� 8 �%$ �&�»B'���1<?8�e-<I6ºBV<�<?6 ± @-<I8!�
BV<?8 � 6��>D � 626 � F � G � e��5eH<�e-<�@SB � G � Ã � � e � ª«< � <��4BV<I6 � D�< � �Ce ��� <?6��»@-8!�c8:<I628(�)�5D-G � =��Cµ¨¶ � f4D � e-< �-e � lW62<
e-< h�� ���*� D�< � �5e ��� <I6>e � ª«< � <��»B9<I6>e � = � 8�@-8 y <5K+�-K(f eH<=h�� �,� @-8�= � @-Ã��58:< �4B � ± @-< � <?B ��� �#�-�5D�< ���C6
@-8 eH<I69=?< �-eH< �4BV< � K

� � D�< � �5µ¨¶ � e-< two �1� 	 z�rwqX�Wm BV<��4B��[6 � 8�@HG�� � � � <ID ��� e-@-µ¨¶ � 69<RQH@#�5e���e � 6 69< � <?6 $.�,$�� 6IK�¹ � F)®2<I=Al
B �/$�� °Z= � �-62< �1@ ��� � � 6Te-<I62=I<��-e-< �4B9<I6E@-8!�/= � 8�F � ���5µI¶ � e � 8(�CB9< ��� �5G0�5< �-°wB � = � e � 6YD ��� �5< � � B ��� <I6IK
� <?62BV<	8 � e � f�D � <?B9< �-e-<AlW62<�D � <I69< ��$ � � � � �Hª ��� 8(�5µI¶ � �1<��-°?B � =��Sf�BV<?62B'���-e � l 69<�e � ª«< � <��»B9<I6:= � 8¡F � l
���5µ=�S<?6IK À <I62B'��BV<I62<5fn69< � �1�5e � DSB��5e��1��ª ��� 8(��8!� � 6[= � 8¡@-8 e-<?62B9< � D�< � �5e ��� f e-<=h#� � e��1�CB � � $ °?6
e-<	@-8(�·ª«@#�-µI¶ � ± @-< � <I=?<IF�<�e ��� 6AD ��� �1<�� � B ��� <?6If;@-8 = � �p®2@#�4B � eH<�D�� � �58:<?B ��� 6:e-< n ¸m� ' �s¸�
 ¸)f
� <wB ��� �����-e � e ��� 62� �3$�� 6 � �-e �/$ ¬7e-@ � 6 y e-<?69=I<��-e-<��»B9<I6 � Ä

n �  54 � ¶�[w� ' ¸ � k �'¹ �76 ¥ k �'¹��86 ¥ n ¸ � ' ��¸&
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� �-eH< k �'¹��86�e-<�� � B'�:@#9 � �-e �/$ ¬+e-@ � K
À � � <?D � <�:�; �4B'�5µ¨¶ � ; 9�F � ��� ����� f=< � �>: � e>; � �&9*l?:�;5f@;�9�D ��� �#<I¬7D ��� f¾B � � :>D � :�: � F � G � e��Ce#; :[e#;A< ��B l

Ã��&9!;���C � ÄD< ��B Ã ��9!;��EC � e>; �)z ; {)mp}+xE�XmpqX�$mix fF;!< ��B Ã ��9G; �EC � �)qX} �¨mpoRz�r o9q ��H e#I=; � �-fsgih � h t7J�¹
K ��� 9G; �����!� K ; � �5e ��� ° � �5e � K C��Ce � K ��� b ��H�H ���-e
f K � � �L� $ ; � :V¶ �"����� � � ��� H e � : ������x J>¹ two �5� 	 v
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z�rwqX�WmA{)r �Sz­�XmpqX�Wm :�; H ; <�< ��� ���HfXe#;*9 � e � � H ;���CV¸ ����� f B 9!� K � : � µ¨¶ � e>;)< ��� C�;*� � : < ��� 9 � :�: � 9(��:
e � : K ��� ��;�� � C ��� ;�: J
� :�: � 9�f�:V¶ � ��; � �5e���: ± B �&C ��� : B I[l :�; ± B ���#< � ��:If ± B ;2:�; � ¶ �*H�� �E�5e��&:F;�9 K � � ; :?f4e#;
9 � e � �!< ��� � � ;�9*l?:�;Ze ��� : � �3$�� : < ��� 9 � :�: � 9(�&: J À � two �1� 	 z�rwqX�Wm�{)r/{)mp}+xY�XmpqX�Wmix f � : < ��� 9 � :�: � l
9!��: :V¶ �D$ � :�C � :2< � 9 � ���-° � :?f>< � 9 � :2;RQ C � ;�9 � : H�� ���5e � :?f :�; �-e �G� :�; B ª B �#< �,� ����9G; �EC � ;wQ K H�� <��5e �
��� n � � B#� � Å J h>J·� ��� h�9�f�C';�9*l?:�; � < ��B Ã ��9!;��EC �*B � � ª ��� 9G;5f � �-e#;;° � I>C � e�� B 9!� 9 �&:�<�� � � I � ��� ��� �Hf
��; � �5e��)� H ;��&C ����� ��9!;��EC';�J À �&: K � : � µ
�.; : � �He#; �)9 ��:�< � � �
< � �ECV° 9 �
$ � H���� g y B 9 � f � e>; :�<�; �-e>; �EC';
C � 9(� � $ � H���� e � ��;��#;�e � K ��� 9!; ����� K ��� ��;�� � C ��� f <���: � < � �EC � � ����� f�C � 9!� ��$ � H���� e � ��; �#;	e �
:�;�� B �-e � K ��� ��;�� � C ��� JM¹ :�; � B �-e � e#; :�< ;��-e#; �EC�;�°*��; � �5e � K ; H � � K ; � �5µ¨¶ �A� � $ ; � :'�>J

0 0 1 1 0 1 0 0 1 01 0 1 0 0 0 1 1 1 0Progenitores

Descendentes

Pontos de CruzamentoPontos de Cruzamento

1 0 1 0 0 1 0 1 1 0 0 0 1 1 0 0 1 0 1 0

n � � B>� � Å J hHÄ ©���B Ã���9G; �EC � e#;Ze ��� : K � ��C � : J

¹ ; : C B e � : � I � ; � :@9A° ��� C � :
e>; < �5e�� B 9 e#;�:�C';�: < ��B Ã ��9!;��EC � :F� � �He��2�X¶ � K ��� e B Ã ��B)� ;�: B#H C��5e � :
< � �#< H,B : �/$�� :µo���; ��: H ; � ; C � H J(fsgih5h Æ t�f ;�9DI ��� �A:�;$®��!� ��� 9!� H 9!;���C�;)��< ; � C'; ± B ; � < ��B Ã���9G; �EC � < � 9
e ��� : K � �EC � :ce#;!< ��� C';:°(9!� � : $ ���EC��i® � : � e � ± B ; � < ��B Ã���9G; �EC � e#;(� K ;�����: B 9 K � ��C � JEj :�C�; :
� K ; � �5e ��� ; :(C'��9DI�° 9 K � e#; 9 :�; �LB C ��H�� Ã��5e � :!� ��B C � ��: � ; K � ; :�;��EC��5µ=� ;�:If
� K ; :�� � e#; C'; � ; 9 : � e �
< � �#< ;�I � e � : K � � � H�� e�� � < � 9 � H ª��&I=; C � : I � ��� ����� :�J À ; : C'; < ; ��� ���,� f � < ��B Ã ��9!;��EC � e>; : K ��H ;�C�� � K ; ���&:
B 9!� � ; < � 9DI � ���5µI¶ � e#;*��; �>; :Ifde��Ce � ± B ; �#;���� B 9 $ � H������ ;*��; �>;>°)� H C'; � � �#� J

À � < ��: ��� ; � ; K � ;�:�; �EC'�5µ
�.; : � ;�� � :��s° � ; :�;$®©� $ ; H ± B ;D� �3$�� : ��; �>; :
:�;W®���9 ��; � � �#� : $ � �L� � K ;Al
� �Cµ¨¶ �	� ;-< ��B Ã ��9!;��EC � � � ; 9 �
�#� � ;�� K H,��� � � 9G; H � ���A� ;�: K �5µ �
� ; K ��� < B#� � � ; : ��H,B µ
�.; :�J ¹
two �1� 	 z�rwqX�Wm 	 oR}���z��w��}ytum ° B 9 ;�� ; 9 K H,��� ;�:�C'; C � K ��� ; � K ; � � �#��� or� � <��#� H ;�� � <IÃ��������±r t7J j :�C�;
� K ; � � �#���2B C ��H,� Ã�� B 9(� < � 9DI � ���5µ¨¶ � H�� �>;�� ���>� : K ��� ��; � � C ��� ; :IÄ

� � ª ¡����«ª � £ � - �_�]�k­
� � ­ ¡����k­ � £ � - �_�]�«ª y Å J���� �

� � � ; �«ª ; �k­ � ; � � C���9 � : $ ;�<�C ��� ;�: ± B ; � ; K � ; :�;��EC���9 � < ��� 9 � :�: � 9!� �#� : K ��� ��; � � C ��� ; :�� � � ª
; � � ­ � : $ ; < C ��� ; : �#� : � ;�:�<�; � � ;��EC'; :��2:�;�� �#� � B 9 $ � H,��� � H ;��&C9¸ ���,� � K ; � C�; �#<�; � �>� � ���#� 9A¬,� ���� ¿�¨ �	�8J j 9 ��; � � H � <�� � � � ; :�< ;�� � ; �EC�;:h�< � < � 9 B 9!�-< � �#:�C � C B>� µ¨¶ � ��; �H°�C � <��-9!� � : K � ¸�� � 9(� � ;
B 9 �#� : K ��� ��; � � C ��� ; :�J�� �&9DI¾°�9 ;�� � : C'; � K � :�: � I �,H���� � � ; � ; ��9DI � : � ; :�< ; � � ; �EC';�:*:�; � ; 9 � � B � � :
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y�� ¡d¿�®76s� �#;�9DI ��� �DC�� H : � C B �5µI¶ � :�;$®�� � ; $ ; � ��: � 9 K ���3$ � $ ; H J
� � �S� 	�� ~)mµy��   'J� ° � � � � K ��� B 9 � K ; � � �>����B ��� ���,� � ± B ; � ; <�; I5; B 9 � � �>�,$ ¬ �#B>� ; K � � ��9G; l

C ��� : � ;*< � �EC ����H,� � � ;*9 � �>� � ��; � � �2B 9(� � �3$ � : ��H,B µ¨¶ � Ä

�   ' � k �«¹ �76 ¥ n ¸m� ' �s¸�
 ¸*�� k �«¹ �86 y Å J Å9� �

j 9 ��; � � H � ; : C'; � K ; � � �#��� ����� � � ��� B 9!� K ; ± B ; ����� H C'; � �5µ¨¶ � ��� � �Sª ��� 9!�5µ¨¶ � ��;��-°�C � <�� �#� K ��� l
��;�� � C ��� J%� 9 B C'�5µ¨¶ � < � �EC ��� I B>� K � � �"� B 9G; �EC'� � � �>�,$ ; � : ��� � � ; � � K � K B#H �5µ¨¶ � � � 9 K ; �>� � �#� ± B ;
����®��%� H ; H�� : ± B ;(:�;W®���9 K ; � �>���#� :�J � :�: � 9 �@9G; :�9 � ± B ��� �#� �%$ � H,��� � ; B 9 � � �>� ��;��#;:° � � B � H
K � � � C �
� � � K � K B#H �5µ¨¶ � ��: � C B �5µ¨¶ � � 9 K � :�:9¬ $ ; H � ; :�; � H C�; � � � �&C � � $ °�: �#� < ��B Ã���9G; �EC � C � � �>� < �,� ��� H �
;�� � :�C';*:�; 9 K � ;)� K � :�: � I ��H,��� � � ; �#� :�; B $ � H,��� :�; � � H C�; � � �#�D$.� � B 9!�A9 B C��5µI¶ � J

À � � ; K � ; :�;��EC��5µI¶ � I � ��� ��� � � � K ; � �ml :�; : � I � ; B 9 K � ��C � � ;
9 B C'�5µ¨¶ � �>:�; � �#�A�D$ � H,��� � H C'; � � �>�
K � � � � :�; B � � $ ; � : � y n � � B#� � Å J � � � J8� � � �1��: � ; K � ;�:�; �EC'�5µ
�.; : � ; � � :��0; : C'; � K ; � � �#��� K � � ; ��� �(:�; �

1 0 1 0 0 0 1 1 1 0

Descendente

Progenitor

1 0 1 0 1 0 1 1 1 0

Ponto de Mutação 

n � � B#� � Å J � � Ä � B C'�5µ¨¶ � I � ��� ��� �>J

� ; h�� ���>� < � 9 �AB 9 $ � H,��� � H ;��&C9¸ ���,� � � ;��EC ��� �#� �#� 9:¬�� �,� � ; $ � H���� ; : K � :�:9¬ $ ; � : K � � � � ��; �>;�J À �
; �EC'���EC � � ; : C'; � K ; � � �#��� K � � ; � � :�; � � ;�9(��: � � �>� � ; : C ��B C �,$�� � K ��� �#< � K � H 9G; �EC�; ± B ��� �>��� �����
:�;G; �>< � �EC � �%� B 9 ;�:�C'� �#� � �#� �&��C'� �#� � ;A< � � $ ; � �±� �#< � �>J � � � � B#H C � � K �&:�:'� � ;�:�C�; � �#< � � $ ; � � ; �EC';��� � <���� H ;�� � <?Ã o �����±r�t : B ��; ����B �LB : � � ; B 9!� K ; � C B#� I��5µ¨¶ � �L� �>� < �,� ��� � y ��B : B I>C � � ��� � � ± B ; � ; $ ;
:�; � ��; � � � �G� K � � C ����� ; B 9!� �#� : C ��� I B#� µ¨¶ � C � 9!� � � �#� ª ����� ;�:�C'�&CV¬,:�C � < � J

GCH GCH�� �YNQT�V��
`�� �KV e�` �EV�
�P%aL`�� ��V
¹ � 	 z 	 q�EXm:{ 	 �Ymu���)� 	�� ~)m|¼ � �&½ �Cª ; < C�� ± B ; � � ± B � H�� � � � ; � �G: ��H�B µ¨¶ � h���� H ± B ; � � C'; 9 K � � ;
K ��� <�; :�:���9G; �EC � J g 9(� �Xmu���)� 	�� ~)m K ; ± B ;����	° K � I � ;A; 9 C�; � 9 � : � ; �#�/$ ; � : � � � � ; �>� :*:�; B : ; H ; l
9G; �EC � : < � �#: C � C B#� ��C�; :�� K ; H�� ± B ; �&: : ��H,B µ
�.; : ��; � � � ��: C�; � � ; 9 � �-¶ � :�; � ��: 9G; H � ��� ;�: J
� ��� ��B C ���
H � �#� � B 9(� �Xmu���S� 	�� ~)m < � 9 B 9 ; H ; $ � �#� ���#9G; ��� � ; � � �#�,$ ¬ �#B#� : C'; 9 B 9!�D9(� ����� K ��� I���I �,H�� � � � ;
� ; K ��� �#B Ã ��� 9G; H � ��� ; : � ;�: B#H C�� �>� :��#;�9DI ��� � _A< B : C�� � ; B 9 9!� ����� ; :ºª ��� µ � < � 9 K B C���< ��� �#� H J
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À � 9 �
� ; H��
����� � � ��� H � ;�� ��H�H ��� � �1° � �>� K C�� � � B 9(�
; : C � �&CV°�� � � � ; oVrw}�qHxirwo � ~)m;���)o 	 � � � � ; ; 9
<�� � �L��; � �5µ¨¶ � C �
�#� : � � �#�/$ ¬ �#B#� : � ; B 9(� K � K B>H �5µI¶ � ; � ��9 : B I>:�C � C B ¬ �#� : K ��� � �3$�� : � � �#�/$ ¬ �#B#� :
oq� � � H �#; � 9 � �����±r t7J À ;�:�C'; <���: � �5�	� 	 x 	 {)r � �-�wxw��}�� �S} � ~)m	¼ � �1½i  � ;=h�� ��� �A< � 9 � � K ��� K ��� µI¶ � � ;
� � �#�,$ ¬ �>B#� : ± B ;�°L: B I#:�C � C B ¬ � �%; 9 <�� � � ��; � �5µ¨¶ � � C';�9 B 9 $ � H���� � ; � ¿±¿�� J À � H � �#�-� K � : C � �
C';�9 � : ; : C � �&CV°�� � ��: ± B ; � ;wª ; � � ;�9 �(: B I#: C � C B#� µI¶ � � ; B 9 9:¬�� � 9 � � ; � � �#�,$ ¬ �>B#� : y ;�J+�#J�� � K ; ���&:
B 9 K � ��� � o�� � � C H ; � � ��� � �mt8J·� � �#� K µ¨¶ � �#�)$ � H���� � � ;�� H � ; � � � � � � �
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)"G�-;6HDO),@ +.-c35),:<6<276	DO-/IJ256	+�)V[
<
N,OVI+(76<6��;37)>-/6 +.)�6<),:<)>@�(7I.C/-;K)(7+9(76 '�/2143 7�K>25@G2S6<)��-(7@�(76f[ {%V O
�/2F�.-r),DW(7CQ>X7 (�*�*�*�+ 25'Y(76G[E<f[
O ��VfC$�.:H-/Ki�hD)7 (�*�* � + 7�)>@K�g25:-(0( @�(7-/25:H-K(A+.256S),6HD*'�+.256S25I�D<)QIJ)>CK(L6
[
<�=ZO �?k�(709F}# + -/60��&�-;K�J[7 ( *�* ,�=]\ 27:HDO)��9),DW(7CS>^7 (�*�* � = + (7:-(7++()_P#`\³�+(LD � )>C/+a7 (�*�* . + >
G 6HD*'�+.256Z�K| � '.)(I+(7:H)>K>),@
-/0.+�-/K)(L: � '�)L(76Q[
<J=RO 6*b72;(761@�(7-/6S-;0.+.-/K&(7++(76SI9(7:*(c(d(70D|7C;-/6<)

+.2SK,25@*IJ25:ND6(7@G)>0hDO28+.256�@G)>:<K&(7+.256 � 0+(70.K,)>-/:H256&>�X�(7I+(7+�25'.:*(NJB-;6&7 2BI+(70.25'�++(�JM-/6�)�e�27D<6<-K(L6F� ( *�* , +
'�D<-/C/-0�)(7@&[
<J=ROfI9(7:*(f(\I.:H),3B-/6-b72�+.)�I.:H) �,256q+.)	I.:H2�+8'�DO256 � 0+(70.K,)>-/:H256&77K>25@ :<)>6�'.C;D*(7+.256 )>0.K,25:*(��-(gC
+.25:H)>6�> Vf@W)>6ND*'.+�2*+.276 �;0.+.-;K>)>6´�J25C;6<-/6ND6(76�+�2G@G)>:HK)(7+�2�hf'+(LCK(i:R'.@GI9'.:&7�:H),37)>C/2U' � '.)X)>C;)>@G)>0hDO276
+.)SDO:-( �+(7C)�.2A-/0hDO),:<),6<6*(L0MD<)>6XIg2B+.),@P6<),:V2���DO-/+�256�6<),@j'.@�'.6H2m)kG�K,)>6H6<-;372 +.)G++(7+�2569+.2A@*),:<K)(L+.2
25' +�2EK>270'�.)>K,-/@G)>0hDO2E+.)>6NDO)P� lm(72 # XR2 �Z7 (�*�* � + > �n'�DO:H256�K&(76<276�+.)T-;0hDO)>:H)>6H6<)T6-b72Q:<) � )>:H)>0.K,-K(7+.276
IJ25: + :<)>-;6<C;)*�J)>0 ) L�-/I.IJ)>: � (�*�* � + 7r),@ � '.)1256�:<),6-'.CcD6(7+�256�2���D<-/+.256�6<)1:<) 35)>CB(7:*(L@P6-'.IJ)>:H-/25:H)>6�(7276
2���D<-/+.276�Ig25:�:H)&F5:H)>6H6*b72GC/-;0.))(7:�>
O�IJ)>6-(7:b++( @�(7-/25:GI+(7:NDO) +.276b)>6HD-'.+.256.(L+.25I�D*(7:<),@ [
<�=ZO"7S�D|o(U'�D<25:<),6.( +.) � ),0.+.)>:A2o'.6H2

+.)�25'�D<:<2 DO-;Ig2Z+.)�:<),+.)>6�>�hN�.27D6(L0K�)(7+ ) 6<)�'.6 K,25CK( �J25:-(7+.25:H)>6>� (�*�* � + (7:-F5'�@*),0MD*(7@ � '.)�)>6ND6(
(7: � '�-;DO),K,D-'.:*(X0+b728IJ)>:H@*-cDO)�2���D<)>:�:<),6-'.CcD6(7+.276 � |¡37)>-/6�7�IJ)>C;2 � '.)�6<)�6H2�K,25:<:H)>:-(7@ +.),'�@ 2U'�DO:H2XD<-/IJ2
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<f[
O"7 � '.)�(7I.C/-;K)(7:-(7@ 'AI.:<) 3B-/6*bL2 ++((K)(7:�F (m+.)P'.@ 6<-;6HD<)>@�((),C$�>K DO:H-/K>287R2���DO)>0�+.2
)"G�K,)>C/),0hDO)>6�:<)>6�'.C;D*(7+.256�><L�)>6�'.C;D*(7+.256�-/+�~>0hDO-;K>256�6*bL2*D6(L@c� �,@�(7I.:H)>6H)>0hD6(7+�256�IJ25: V�C)�.:<-;Ki�MD � (�*�* � + 7
� '.)9K>CB(7@ ( � '�)�(L6�[E<J=ZOT(LIg),0+(76�Ig2B+.),@UDO:-(LD6(L:&7�),@W6<-;@T'.CcD�H70.),297B)"G�K>),:HDO276�++(S61�>:<-;)\DO),@*IJ25:*(LCS>
V�C)�.:<-;Ki�hD K>270.6HD*(LD6(n(L-/0.++( � '�) (76�[
<f[
O�D ~,@ (�3A(70hD*(UF5)>@ +.)	IJ)>:H@*-cDO-;:�( � 25:<@�(��)bL2�+.) )>6HD*(7+.256 +.)
@G)>@ 35:<-B(87���'.6NDO- � K)(70�+.2 (L6<6<-;@ 296<)&'�'.6<2VI+(7:-(�(�I.:H),3B-/6-b728+.)�K�'.:HD<2VI.:-(��>2 4y)A> F8>X7B0+(9-/+.),0MD<- � K&(��)bL2
+.) � 'IG�256X+.)1DO:�| � )&F52 @">P\ 250hD*'�+.297�2m),6HD*'�+.2m),@*I��/:<-;K>2b+.) IW(7C/CB(76�)P?�25:��g0.),:}� (�*�* . + K>270MD<:*(7I[HB)
)>6ND6(76�( � :H@ (N�&HB)>6&7�(72(),3B-/+�)>0.K,-K(7: � '.)E276X@G2B+.)>C;256 N\[ 0+b72 C;-/0.)&(7:<),6&7 � 25:H0.)>K,-/+.2569IJ)>CB(76T[E<J=ZO"7
(7I.:H)>6H)>0hD6(7@o),@�F5),:*(7CQ7.:<),6-'.CcD6(7+.276�6-'.IJ)>:H-/25:H)>6E(7256�2���D<-/+.276�Ig25:	3N|7:H-/256dDO-/IJ256�+.)T[
<f[EO">

\ 25@GIg) DO-T��H�),6R+�) I.:H),3B-/6-b72977K,250 � :H250hD6(70.+�2X[
<
N,O�K,25@ @Y� DO2B+.256eDO:-(7+.-/K,-/2509(7-/6r+.)
/2143 7 :H)>IJ25: C
D6(L:*(7@P@�(U'.6 4 )U> F9>X7�K>27@*IJ),D<-T�)bL2 ! ��!L(�JM:<-;++(�JM-/6�7 (�* . ]�+ @\);�g270.69:<)>6�'.C;D*(7+.256 4y)A> F8>X7eK>27@*IJ),D<-T�)bL2
+.) 28(70hD6( + � �l$ ),-BF5),0.+
#`e�)>:<61�.)>0 � )>C/+a7 (�*�* � + @k>
Yf2 I.:H-/@G)>-/:H2AK)(76H297 2m@ (U'`+.)>6H)>@GIg),0'�.2 ++(L6
[
<
N,O � K>25'L(*+.) 35)>:�C�6H)U7 I�:<243A(437)>C;@*),0MD<)U7a(72�'�6<2Q+.)X60�,:<-;)>6�@ '.-;D<2GK�'.:HD*(76-4 (*@�(7-/27:<-K(VK>25@ � _ (
(�_�_ 2��.6H)>:N3U(N�&HB)>6 @k>�kR2B++(¡3B-K(87 K,)>:HD<256f)>6HD-'.+.256�+.)>@G250.6NDO:-(7:*(7@ � '.) (76�[E< N,OTIJ2�+�)>@oI.:H),35),:�D6bL2
�J)>@&2U'�(L-/0.++(\@G)>C)�.25: � '�)W(�I.:�|LDO-;K)(f(7C;-/K,)>:��&(7++(�09(9@G),D<2�+�25C/25F7-K(���� 75I+(7:-(�3�|L:<-K(L6 +.)>6ND6(76�61�>:<-;)>6�>XR25:�)kG�)>@GI.C/297�k (L09FS) + -/61��&�-/K�Jx� (�*�* , + '�DO-/C;-T�&(7:*(7@ [
<J=ROXI9(7:*(TI.:H),37)>: ( � 60�,:<-;)>6	DO),@*IJ25:-(7-/6
++(9K>25@GIJ),DO-0�)b72 !;7MK,25@*I9(7:*(70�+.29256d:H)>6�'.C;D*(7+.256�2���D<-/+.276 3�-B(X@G2B+.)>C;2562N\[	]O^.Nf7MK>25@ (76	[
< NnOn(
� 25:H0.)>K,)>: 276 @G)>C$��25:<),6d:H)>6-'�C;D6(L+.256&>�2B)&F5'.0�+.2T256m(U'�D<25:<),6&7�2V+.)>6H)>@GIg),0'�.2S++(L6f[
<
N,O�+�)>IJ)>0.+.)�+.)
3N|7:<-;256 � (7K,D<25:<),6&7 K,25@G2�(*),6HDO:�'�D*'�:*(Q++(E:H)>+.)A7�256�I+(7: HL@*) DO:<276�+.)VDO:<),-/0.2*25'M(E09(LD*'.:H) �&(Q++(E60�,:<-;)
DO),@*IJ25:-(7CS>

\³�.)&F725'IC�6H)9-BF5'+(LC/@G)>0hDO)�'TK>250.K,CB'.6-b72S+.) � '.) (76�[
<J=�6�K>27@ K>270.)"GIHB)>6�+.)	� 	 � ��

� K,25@c�.-;0+(7@
K>27@*IJ250.),0MD<)>6�C;-/0.)&(7:<),6 4y++(L+.2bIg),CK(76�K>250.)kGIH�),6X+�)�� 	 � ��

� @"7 )S0+b72bC/-;0.))(L:<)>6-4y++(7+9(QIg),CK(QK)(L@ (7+9(
-/0hD<)>:<@;�>+�-K( @k7 � '.0.K,-/250+(L0.+.2 K,25@*2M'�@Y6�'.Ig),:1K>250p��'�0MD<2 +.256S@G2�+�)>C/276iN�[�]O^.Nf>WYWb72 �bIJ25-/6V+.)
(7+.@G-/:-(7: � '.)n(L6f[
<
N,O�IJ256H6*(7@ @G2�+�)>CK(L:�2VK>25@GIJ25:HD*(7@*),0hDO29+.)�61�>:H-/)>6�DO),@*IJ25:*(L-/6q+.) 35)>:-(76	K,25@DC
I.C;)"G8(76&>
O +.- � K&'�C/++(7+�)�0.2 '.6<2T+�)X[
<
N,O9),6HD�|V0+( � (7CcD6(9+.)�I.:H2�K,)>6H6<256	6H-/6NDO)>@}|LD<-/K>276dI+(L:*(VK,250.6NDO:-'�-/: 276

@G2�+.),C/256�+.)VI.:<) 3B-/6*bL2 4y-Q> )A>X7 ),6<K>27C$�+(GK>25:H:<)>K D6(E+�256�I+(L: H7@G),D<:<256�++(G:<)>+�) @"7g)80.2 � (7K,D<2E++(L69[
< NnO
� '.0.K,-/2509(7:<),@ K,25@G2 K)(7- G8(7680.)�F5:*(L6&7 0+bL2 6<)bIJ2�+�)>0.+.2mDO-/:-(7:X-/CK(N�&HB)>6�( I+(7:NDO-/:X+.2 K,250'�.),K>-;@*),0MD<2
++(A6-'+(()>6NDO:-'�D*'.:-(8> X�(7:*(�((K,25@GIg) DO-T�&b72A+.) 28(70hD6( + �U7K��|A:<) � ),:<-;++((),@P)>I��BF5:-( � )U7e256X:<),6-'.CcD6(7+.276
I+(7:H)>K,)>@ K>270MD<:*(7+�-;D 37:<-/276&7�IJ25-/6�(L6S[
<J=ROE2���D<-;37)>:*(L@F2569@G)>C$��25:<),6�)G276XI�-/25:H)>6�:<),6-'.CcD6(7+�256&7�),3B-^C
+.),0.K>-B(70.+.2 � '�)l�(I.:<),K>-;6<2 '�@
K>)>:NDO2`K&'.-;++(7+.2 � '9(70.+.2`6<)$(���'.6HD*(7@ [
<
N,O K,25@G2`@G2�+�)>C/276S+.)
I.:H),3B-/6-b729>

?�)>0hD<:<2(+.)>6NDO)SK>270MD<)"GBDO287�I9(7:*(Q),6HD6(QD<)>6<) � 27- +.),K>-/+�-/+.2.(7+�25I�D6(L:f(�(7: � '.-cDO),K,D*'�:*(Q++( [
<�=��)O
DO27Ig25C;25F5-B(G�+(76H)H�q+.) � 0�-/++(�IJ25:R'.@�(	:<)>+�)�K,25@GI.C/) D6(7@G)>0hDO) -/0hDO),:<C/-XF (7++(I7¡K>25@ (7IJ)>0+(76 '.@�(	K)(L@ (7+9(
-/0hD<)>:<@;�>+�-K(87�K>25@UK>250.)kGIH�),6�+.)	����� OX)�( D6(7C)�.256&7�++(7+.2 � '.)9)>6NDO)>6E(7K,:<),6<K>),0hD6(7@�'.@�(SK>25@GIJ250.)>0hD<)
C/-;0.))(L: (721@*2B+.),C/2 4 + -BF5'.:-(-,8> (�_ @">WO � '.0��)b721C/2UF��/6NDO-/K&(K� (7I.C;-/K)(L++(T0.256�0.2B+.256�-/0hD<)>:<@;�>+�-/256�7�I+(7:-(
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<J=FK>25@GI.C;),D6(L@*),0MD<) -;0MD<)>:HC/-BF5(7++(87dK>25@ ] 0.2B+.256Q+�) )>0hDO:-(7++(87 ] 0�2�+.276
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C/) 3A(7:
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