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Fitness Change after Crossover (%)

Effect of Crossover in One Generation
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=?>A@$B7C�DFE�GIH�J�D�K�L�MONQPSRIC�N$M�M�NQT$D�CI>AU�N�U D9V2D�U7D�C)WXL>AN�U?Y

���[Z \ 5�*$,\/M5��

¡�@ F ?AK X >2� F @BH X K;CA:=H28%>
<IH X <2>EL Q [%Æ�>
8;>�CB: O º�?BHI�2? F J�J0:=8;�
@B[-@ACB>
J0@ O HI8-C F :=8;@s@B>
�IJ�>
8-CB@"H\T O HeLe>�C P�F C!L-H�8;HICz@B>
>�J
CBH���>
?�TxH2?BJ F 8-[�K;@B>YT6K X T6Ka8 O CB:=HI8;@E�W@A>
>
J¿CBH Q >"K;8;8a> O >
@yg
@ F ?B: X [ X >
8a�2C P [�HI?!C PMF C F ?B>�8;HIC!>��;> O K;CB>EL F C F�XdX ��:=C P :=8
C P >��;?AH2�I? F J�c�Z-:=J�: XnF ?�?B>$L-K;8ML F 8-C�@BCA?BK O CAK;?B>�@ F ?B>��;?B>
@A>
8-C
:=8�8 F CAK;?B>z��:=C P :=8·G�½�¡ F 8ML F ?A> O
F\X=X >EL 5 :=8-CB?AH28;@A¶�Á6� F Cyg
@BHI8²`EÃ ]22Â�c"� P >%:nL-> F H\T�>��;� X : O :=C X [�:d8a@B>
?ACB:=8;�S:=8-CB?AH28;@�:=8
Æ�>
8a>
CB: O ¡ X �2H2?A:=C P J0@ P�F @"�;?B>
<-:=H2Ka@ X [ Q >�>
8~:d8-<I>
@BCA:d� F CA>EL
ÁwV{>
<2>�8;: O U�`EÃIÃ;`2�;NaH2?A?B>
@ACz`EÃIÃ2_2Â�c
R 8�C P >�>��;��>
?B:=J�>�8+CA@!��>
?yT6H2?AJ�>EL�:=8¹Z-> O CB:=H28~Ä Q > X H\����>
K;@A>zC P >�CA>
?BJ_^�`ba�c�de`�f�g�h	i�gQ`ba{T6H2? F"Q;X H O U0C PMF C�LeH+>�@�8;HIC
F �W> O C±C P > Q > PMF <-:=H2?�H\TWC P >�>
8-CB:=?B>��;?BHI�2? F JkTxH2? F 8-[zH�TMC P >
�MCA8;>
@B@ O�F @B>�@Ec�� P > O HeLe>�:=@!C P K;@!8a>
K;CB? F\X H28�C P >�� P >
8-g
H2C�[-��> X >�<2> X c~½�H2CA: O > P H\��>�<2>
?%C PMF C F 8¹:=8-CB?BHI8¹@A>
�2J0>
8-C
J F [ F �W> O C"C P >0H2K;CA�;K;C"H\T F �;?AH2�I? F J¿T6HI?zH2C P >
?":=8;�;K;CA@
C P�F 8%C P > O K;?B?A>
8-C�HI8;>
@$c�°�["C P >)CB>
?AJkjQlmd�npo���>�J�> F 8 F 8-[
@BK Q @B>
CsH\T�C P > O HeLe>%?B>
� F ? L X >�@B@zH�T�:=CB@�?A>
�;?A>
@B>
8-C F CB:=HI8�c R C
O HIK X L Q > F @A>E»IK;>
8 O >¸H�T Q :=8 F ?A[!L-:=�2:=CA@�:=8 F�Q :d8 F ?B[s@BCB?A:=8;�M�
F @ACB?BK O CBK;?A>�:d8 F J0>
@B@A[��I>
8;>
CA: O0F\X �2HI?B:=C P J���H2? F @B>
C"H\T
8;H;L->
@)��:=C P :=8 F CA?B>
>z?A>
�;?A>
@B>
8-C F CB:=HI8�c�¡)8rq7npa�^�s0g�jXl[d$npo�:=@
F�Q;X H O U�H�T O HeLe>�C P�F C":d@t`ud$a F 8�:=8-CB?BHI8 Q;X H O U F 8�L/v7d$g�f
q�w&g�npa�C P >z�;?BHI�M>�?BCB:=>
@)H28�C P >¸� P >
8;HIC�[+��> X >
<I> X c
Å4� F J0� X >
@"H\Tz:=8+CA?BHI8;@ O
F 8 Q >0T6HIK;8MLË:=8 J0H2@AC!K;8a>EL-:=CB>EL:=8ML-:=<-:nL-K F\X @{T6?BHIJ F �I>
8;>
CA: O �;?BHI�2? F J�J0:=8;��?AK;8�c�� P >)@B[-@�gCB>�J O
F 8 Q >�<2>
?A[ O ?B> F CB:=<2>�:=8%��8ML-:=8;�z@AK OAP·QaX H O U-@Ec�Z-HIJ�>C�[-�;: O
F\X >Y� F J�� X >
@�:=8·ZIg�>��;�;?A>
@B@A:dHI8S8;HIC F CA:=H28 F ?B>2µ
x�y�z|{}x�y�z|{�~����X��x%��y��_������x�z|�}~�~!���Q��x���������x��
~}~!���X��x���������x��!���}~�~!���Q�&x���z��!�����S�2��{��rz��!���
�|������{&�X�Ix����;x� �¡�¢e�F������~!�X��x�£���{;�¤�!�

R 8�?B> F�X :=C�[-��8;>
:=C P >�?zC P >">��;CB>�8+CsCBH�� P : OAP�F0Q;X H O U F �f> O CB@H2KaCB�;K;C$��8;H2?0C P >S@A>
8;@A:dCA:=<+:=C�[ËH\T O ?BHI@B@AH\<2>
?0:d@ F Le:d@ O ?B>�CB>�;?AH2��>
?BC�[0H\T�C P > Q;X H O Ufc4� P >
?A>�:d@ F @ O
F\X >�HI?�Le:d@ACB?A: Q K;CB:=H284�
Q H2C P HI8�� P H\��@B>
8a@B:=CB:=<2>%C P > QaX H O US:=@)T6H2? O ?AH2@A@BH\<2>�? F 8ML
P H\�kJ%K OAP :=C F �f> O CB@�C P >"�;?AH2�2? F JÎHIK;CB�;KaCEc)�&H0@B:=J�� X :hT6[CB>�?BJ�@$�-��>"L->��M8;> F 8¥q7jpf�d	lA¦ a)g|^�`ba�c�d	` F @ F"QaX H O U�H�T O H;L->C P�F C�8;>
:=C P >
? F �f> O CB@zC P >%H2KaCB�;K;CsH\T�C P >%�;?BHI�2? F J 8aH2?�:=@@B>�8;@B:=CB:=<I>zCBH O ?BHI@B@AH\<2>
?$c�¡ O ?BH2@A@BH\<I>
?�:=8;@A:�Le>¸@AK OAP�FsQ;X H O U��: X=X 8aH2C F �f> O C!C P >%�M>�?�T6HI?BJ F 8 O >%H�T�C P >%�;?BHI�2? F J�c�� P >T6H XdX H\��:=8;��:=@ F 8%>�� F J�� X >�H�T F 8 F�Q @BH X KaCB>�:=8-CB?BHI8!@ACB?AK O CBKa?B>C P�F C O
F 8·>�<2H X <I>¸� P >
8�K;@B:=8;�%C P >�§0¨�T6K;8 O CB:=H28�µ

©Qª3«	¬b�®$¯±°X²´³$µ$¶±·	¸	¹Xº7®7°¼»�²7®	½7¸X²¿¾7¹	¸	À$ÁÃÂ	Â	Â�Ä
°	¹	·	°¿³$µ7À$®b©QÅ7°t¾7¹	¸	À$ÁÆÂ	Â	Â�Ä

��> O
F\X=XMF 8!:=8-CB?AH28th0lmd7j�q	l$:hTf:=C�:=@ F 8":d8-CA?BH28sT6HI?&>�<2>
?A[%< F\X :nL
:=8;�;K;C)CBH%C P >z�;?AH2�2? F J�� F 8ML���> O
F�X=X :=C|l[d$n�q	l-:hT�:dC FIO CB@ F @
F 8~:=8-CB?AH28²HI8 X [�T6H2?0C P > O K;?B?A>
8-C���CB8;>
@A@ O
F @A>
@ F 8MLË8;HIC
8;> O >
@B@ F ?B: X [�T6HI?¸HIC P >�?z< F\X :nL�:=8;�;K;CA@Ec%� P :d@"L-:=@BCB:=8 O CB:=H28�:=@
:=J���H2?AC F 8-C±T6H2?�C P >"�2>
8;>�? F\X :=v F CB:=H28 O
F � F\Q : X :=CB:=>
@�H�T F �a?BH\g
�2? F J��2@A>
>!Z-> O CB:=H28S_;c ^�c
R 8 Z-> O CB:=H28kÄ;�9��>S:=8-CB?AH;L-K O > F J0>
C P H;L T6HI?�J�> F @BKa?B:=8;�
C P >�@A:dv�>�H�T!C P >�:=8-CB?BHI8²@B>��2J�>�8+CA@�:=8 Å�<IH X K;CA:dHI8 F ?A[¹¡ X g
�2HI?B:=C P J�@Ec���> X H-H2U F C�:d8-CA?BH28 Q;X H O U-@�C PMF C¸L-H%8;HIC F �W> O C



C P > Q > PMF <-:dHI?!H�TzC P >�:=8ML-:=<-:nL-K F\X T6HI? F 8-[¹H�T¸C P >��MCB8a>
@B@
O
F @B>
@$c�� P :=@)U+:=8ML0H�Tª:=8-CB?AH28S��: X=X 8;HIC Q >zCBHIC F\X=X [�:=J0J!K;8a>
F � F :=8;@AC O ?BH2@A@BH\<I>
? Q K;C$� F @ X HI8;� F @�C P >%��H2�;K X�F CB:=H28 O H28-g
C F :=8;@z@BHIJ�>%H�T�C P >
@B>�@A>
�2J0>
8-CB@E��@A� F �;�;:=8;��C���HSH\T�C P >
J
Q [ O ?BH2@A@BH\<I>
?���: X=X 8;HIC F �W> O C�C P >��M>
?yT6H2?AJ F 8 O >�H\T�C P >�C���H
:=8ML-:=<-:nL-K F\X @z:=8-<2H X <2>ELWc R 8-CB?AH28;@%H�T�C P :=@%U-:=8ML F ?A:=@B> Q [ F
J%K;CAK F\X-F �2?A>
>
J0>
8-C F J�HI8;��C P >�:=8ML-:=<-:nL-K F\X @WCAH¸UI>
>
�%C P >
@B>
@BHI?BC�H�T±½9H+©)��>
? F CB:=H28 O H;L-> QaX H O U-@Ec

����� ��� (�
\*$3�M(���/�����lx(
	W3x*��
°±[ n�d	i�ul[g��	^ma��±H\T F �;?AH2�I? F J�H2?��;?AH2�2? F J Q;X H O Uz��>�J0> F 8
C P > X >
8;�IC P H2?�@B:=v
>�H\T%C P >��;?AH2�I? F J J0> F @AK;?B>$L²��:=C P F
J�>�C P H;LsC PMF C�:=@�8 F CBK;? F\X TxH2? F � F ?BCA: O K XnF ?�?A>
�;?A>
@B>
8-C F CB:=HI8�c
NaH2? F CA?B>
>z?A>
�;?A>
@B>
8-C F CB:=HI8��;C P :=@ O H2K X L Q >�C P >¸8-K;J Q >
?�H\T
8;H;L->
@%:=8�C P > Q;X H O UWcrNaH2?sC P > Q :=8 F ?B[�@BCB?A:=8;��?A>
�;?A>
@B>
8-Cyg
F CA:=H28��W:=8�H2K;?���H2?AUS:=C¸:=@�C P >%8+KaJ Q >
?�H�T Q :=CA@E�W>
C O c0� P >
F\Q @BH X K;CA> X >
8;�IC P H2?|q7jpfXdelA¦ a)g!n�d	i�ulmg��	^ma���:=@�C P >�CBHIC F\X @B:=v
>
H\T�C P >��;?BHI�2? F J H2? Q;X H O UWc�� P >�>��f> O CB:=<2> X >
8;�IC P H2? g������g�npa�^�s	g�n�d	i�ul[g��	^ma���H�T F�Q;X H O UW�\HI?��a?BH2�I? F J��$:=@�C P > X >
8;�2C P
H\T�C P > FIO CB:=<I>z� F ?ACB@�H\T�C P > O HeLe>!��:=C P :d8�C P >!�a?BH2�I? F J HI?
Q;X H O Uf�-:=8 O HI8+CA? F @BC�CBH%C P >�:=8+CA?BHI8·� F ?BCA@Ec

� � �;¥����a��� ��¥�� ��!#"%$�¨y�'&�(*),+-"����;¨�./"0%¨�� ¤ "4�+��� ¤ ¦1),.�¥�!B§9�e¨A¥ ¤
Æ�>
8a>
CB: O �;?AH2�2? F J0@�L-H�8;H2C�@B>�>
J CBH%T F <2H2?)� F ?A@B:=J�HI8-[�:=8
C P >�@B>�8;@B>zC PMF C�C P >�>
<IH X <2>EL��;?BHI�2? F J�@BCA?BK O CAK;?B>�@ Q > O H2J0>
@ P H2?BC F 8ML�> X >
� F 8-C¸J0> F @AK;?B>$LS��:=C P C P > F\Q @AH X K;CB>%@A:=v
>%H\T
F 80:=8ML-:=<-:�LeK F\X Á�2)H2v F `$Ã2Ã2_IÂ
c R 8;@BCA> F L{�->
<2H X <I>EL%�a?BH2�I? F J�@
@B>�>
JÎCBH O H28-C F :=8 F�X H2C�H\T�� F ? Q�F �2> F 8ML�C P >z@BH X KaCB:=H28;@�LeH
8;HIC%�2:=<2> F 8¹> X >�� F 8-C%:=J��a?B>
@A@B:=H28�� P >�8¹��?B@BC0>�� F J0:d8a>ELWc
©)8%C P > O H28-CA? F ?A[+�I@BH X K;CB:=H28a@ X H-H2UsK;8;8;> O >
@B@ F ?B: X [ X H28;� F 8ML
O HIJ�� X >���c
R 8�C P :=@�@A> O CA:dHI8��"��>Ë�2:=<2> F ?B> F @BH28�T6HI?S� P : OAP�F �a?BH\g
�2? F J PMF @�C P >�CA>
8ML->�8 O [zH�TM:=8 O ?B> F @B:=8;�):=CB@ F\Q @AH X K;CA> X >
8;�2C P
L-K;?A:=8;�SC P > O HIK;?B@A>�H\T�>�<2H X K;CA:=H28 F 8ML F CzC P >0@ F J�>"CB:=J�>
T F <IH2?B:=8;�~º F ?B@A:=J�H28-[-cÎ� P > O ?AK O : F\X ��H2:=8-CS:=@SCBH²J0> F @yg
K;?A>Æg�w&g�npa�^�s	g3lmgQ` h�a43¹:=8;@BCA> F L H\T q7jpf�d	l ¦7a)g3lmgQ` h�a43+c © Q g
@B>�?B<-:=8;��C P >">��W> O CB:=<I> X >�8;�2C P ��: XdX�O�X > F ? X [·@ P H\��C PMF C)C P >
�2>�8;>
CB: O �;?AH2�2? F J0J�:=8;��@A[-@BCB>�JÎ8;H2C�H28 X ["T F <IH2?A@�� F ?B@A:dJ0H\g
8;:=H2Ka@�@BH X K;CA:=H28;@�T6HI?�C P >É�M8 F\X ?B>
@AK X CE� Q K;C O H28;@AC F 8-C X [-�IT6HI?
@BK Q gw@AH X K;CA:dHI8;@�L-K;?A:=8;�!C P >z>
<IH X K;CA:dHI8�H�T&C P >¸��H2�aK XnF CB:=HI8�c
VW>�C�K;@)@ F [�C PMF C���> PMF <I> F @B:=J�� X >�ÆzºË@B[-@BCA>
JÎ��:=C P �MC�g
8;>
@A@��;?BHI�MHI?BCB:=HI8 F\X @B> X > O CA:=H28 F 8ML O ?AH2@B@AH\<2>
? F @��I>
8;>
CA: O H2�-g
>
? F CBHI?B@$c�� P > O ?BH2@A@BH\<I>
?�HI�M>�? F CAH2? O HIK X L Q > F 8-[ O ?BHI@B@AH\<2>
?
H2��>
? F CBHI?�>�� OAPMF 8;�I:=8;� QaX H O U-@�H�T O H;L->�@AK OAPÊF @�C P >�@BC F 8MLIg
F ?�LkCA?B>
> Q�F @B>$L�@AK Q CA?B>
>²>Y� OAPMF 8;�2:=8;� O ?AH2@B@AH\<2>
? Á�2)H2v F
`EÃIÃ2_IÂ�HI?�C���H%�MHI:=8+C Q :=C�@BCB?A:=8;� O ?BHI@B@AH\<2>
?sÁw½�HI? L-:=8�`EÃ2Ã�^+Â�c
R T���> PMF <I> F 8�:=8ML-:=<-:�LeK F\X �;?BHI�2? F J¯��:dC PSF"P :=� P ?A> XnF CA:d<I>
�MCA8;>
@B@�:=8%C P >���H2�aK XnF CB:=HI8��\:=C���: X=X-Q >�?B>��;?BH;L-K O >EL FIO
O H2?�LIg
:=8;�SCAH�:=CB@s�MCA8;>
@B@ Q [�C P >�@B> X > O CA:=H28¹HI�M>�? F CAH2?$c¹Z-H2J0>%H\T
C P >
@B>z8a>
� O H2�;:=>
@���: X=X K;8ML->�?B�2H O ?AH2@B@AH\<2>
? F 8ML0��: X=XMX H-H2@A>

H28a> Q;X H O U F 8ML�� F :=8 F 8;H2C P >
?Ec R T�C P > O ?BHI@B@AH\<2>
?�:=8-CB>
?yT6>
?A>
@
��:=C P�F)Q;X H O U!C PMF C�:=@�L-HI:d8a�z@BHIJ�>
C P :=8;��K;@A>�T6K X :=8%C P >��a?BH\g
�2? F J��
C P >
8zC P >
?B>�:=@ F �a?BH Q�F\Q : X :=C�[�C PMF C�C P :d@48;>
��@A>
�2J0>
8-C
��: X=X L F J F �I>�C P >9T6K;8 O CB:=H28%H�TfC P > Q;X H O UW�\@B>
>zN4:=�2K;?A>z`2c R 8
J�HI@BC O
F @A>
@E�4C P >"�;?AH QMF�Q : X :=C�[0H\T�L F J F �2:=8;�"C P >%�;?AH2�I? F J
:=@�J%K OAP �2?A> F CA>
?�C PMF 8�C P >z�;?BH QMF\Q : X :=C�["H\T&:=J0�;?BH\<-:=8;��C P >
T6K;8 O CB:=H28�H�TªC P > Q;X H O UWc R T �;HI8·C P >zHIC P >
? PMF 8�LW�-C P > O ?BHI@�g
@BH\<I>
?�C F U2>
@�� XnF2O > F C F ��H2@A:=CB:=H28S��:=C P :=8 F 8 F�Q @BH X K;CB>":=8-g
CB?AH28 Q;X H O UW�4C P >
8 Q [�L->��M8;:=CA:dHI8�C P >�?B>���: XdX±Q >08;H PMF ?BJ
L-HI8;>�CAHzC P :=@ Q;X H O U"H2?±CBH"C P >)�;?BHI�2? F J�cW¡ �;?BHI�2? F J���:dC P
F�X H\��? F CB:=H�H�Te>Y�f> O CB:=<2> O HIJ�� X >��;:=C�[�CBH F\Q @AH X K;CA> O H2J0� X >��-g
:=C�[ PMF @ F @BJ F\X=X 5 C F ?B�2>�C F ?B> F ¶"T6HI?�L->
@BCA?BK O CB:=<2> O ?BHI@B@AH\<2>
?
F 8�L F�P :=� P >�?z�;?BH QMF\Q : X :=C�[SCAH O H28a@BCB:=CAK;CB> F �2?A> F CA>
?!�a?BH\g
��H2?BCA:=H28�H\T�C P >�8;>��;C)�MHI�;K XnF CA:dHI8�c
� P > F�Q : X :dC�[�CAH O ?A> F CA> F 8ML F L;L :d8-CA?BH28a@�L-K;?B:=8;�Ë>
<2H X K-g
CB:=HI8·:=@ F 8;HIC P >
?):=J���H2?BC F 8-C��;?BHI�M>
?AC�[�H\T�C P >"@B[-@ACB>
J F 8ML
:=CB@)�;?B:=J�:=CA:d<I>
@Ec�� P :d@ F\Q : X :=C�[ O H2K X LSL->��M>
8�LSHI8·� F ? F J�>
Cyg
>
?A@ X :=UI>�:=8;:=CB: F\X :d8�L-:=<+:nL-K F\X @B:=v
>2�IT6Ka8 O CB:=HI8�@B>�CE� F 8ML��MCB8a>
@B@
T6K;8 O CB:=H284c�� P > F LaL-:=CB:=H28;@�H�T&:=8-CB?AH28;@ O H2K X L Q >¸<-:=>
��>EL F @
F � F [�T6HI?!C P >��;?BHI�2? F J´CAH�@B> X Tng�?B>
�IK XnF CA>·C P > O ?BHI@B@AH\<2>
?
�;?AH QMF�Q : X :=C�[�� F ? F J0>
CB>
?"H2? F @ F ¶-L->�T6>�8;@B> F � F :d8a@BC O ?BHI@�g
@BH\<I>
?B¶�Áx¡ X CB>�8 Q >
?A��`EÃIÃ\^-Â
c
��> O
F 8sT6H2?AJ%K XnF CA> F 8!>$»2K F CB:=HI8!��:=C P ?B>�@B>
J Q;XnF 8 O >�CBH�C P >
Z OAP >
J F � P >
H2?A>
JÌÁ�59H X=XnF 8ML�`$Ã2762Â9T6H2?�C P >%?B> XnF CB:=H28;@ P :=�
Q >
C���>�>
8�C P >">
8-CB:=CA:d>�@ÉLe>
@ O ?A: Q >EL F�Q H\<I>2czVW>�C98 ��: Q >"C P >
>��W> O CA:d<I> O H2J0� X >��;:=C�[¸H�TM�;?AH2�2? F J<;;� F 8ML-8 "�:�:=CB@ F\Q @BH X K;CA>
O HIJ�� X >��;:=C�[+c)VW>
C&6�� Q >%C P >!@AC F 8ML F ?�LS�I>
8;>
CA: O �;?BHI�2? F J%g
J�:=8;�s� F ? F J�>�CB>
?)�2:=<-:d8a�!C P >z�;?AH QMF�Q : X :=C�[%H�T O ?AH2@B@AH\<2>
? F C
C P >!:=8ML-:=<-:nL-K F�XWX >�<2> X c)� P >!�a?BH Q�F\Q : X :=C�[%C PMF C F0O ?BHI@B@AH\<2>
?
:=8 F 8 q n�a�^�s	g|jQlmd�npo�H�T��;?BHI�2? F J=;¸��: X=X;X > F L�CBH F ��HI?B@B>9�MC�g
8;>
@A@�TxH2?�C P >�:=8ML-:=<-:nL-K F�X :=@�C P >��;?AH QMF�Q : X :=C�[zH�T{Le>
@BCA?BK O CA:=<2>
O ?AH2@B@AH\<2>
?$��6 8>: c�°±[!L->Y�M8;:=CB:=H28 6 8>: H\T F 8 F\Q @AH X K;CA>�:=8+CA?BHI8z:=@
v
>
?AHMc�V{>
C���: Q >�C P >��MCB8;>�@B@�?�H�TMC P >�C P >�:=8ML-:=<-:�LeK F\X2F 8ML � �
Q >¸C P > F <I>
? F �2>9�MCB8;>�@B@�H�T�C P >���H2�;K X�F CB:=H28%:=80C P > O K;?B?A>
8-C
�2>�8;>
? F CB:=H284c R T���>%K;@B>"�MCA8;>
@A@z�;?BHI�MHI?BCA:dHI8 F CA>%@B> X > O CB:=H28�@
F 8�L Q;X H O U�>�� OAPMF 8;�2> O ?AH2@B@AH\<2>
?$��C P >
8 T6H2? F 8-[��;?AH2�I? F J;;�;C P > F <I>
? F �2>��;?AH2��H2?BCA:=H28¿: �BA ?: H\T�C P :=@��;?AH2�I? F J :d80C P >
8;>��;C��I>
8;>
? F CB:=HI8·:=@$µ

: �4A ?: C : �: 4 ��:� � 4 D `21 6�� 4
8 �E:8 "�: 4 6u8>:'F Áw_IÂ

R 8~@ P HI?BC$��Å±»2K F CB:=HI8²Áw_IÂz@AC F CB>
@0C PMF C%C P >��;?AH2��H2?BCA:=H28~H\T
O HI�;:=>
@�H�T F �;?AH2�2? F J³:=80C P >z8a>��;C��2>�8;>
? F CB:=H28�:=@�C P >¸�a?BH\g
��H2?BCA:=H28²�;?AH;L-K O >EL Q [²C P >�@B> X > O CA:=H28kH2��>
? F CBHI? X >�@B@�C P >
�;?AH2��H2?BCA:=H28�H\T��;?AH2�2? F J0@�L->�@BCB?AH\[2>EL Q [ O ?AH2@A@BH\<2>�?Ec�Z-HIJ�>
H\T�C P >!:=8MLe:d<-:nL-K F�X @ O HIK;8-CB>ELÊ:d8�: �BA ?: J�:=� P C Q >sJ�H;L-:h�M>EL
Q [ F�O ?BH2@A@BH\<I>
?�:=8¹C P > F�Q @BH X K;CB>�:=8-CB?BHI8¹� F ?BC$� Q K;C"C P >
[

G�H N$L>AK�D�L�I±WXL-L�Ie>AM->AM U7N$L-M�L)WXUKJbWQC�Je>ML�D�J-NbL�U7D�M�M-B M�DOJ >AU V*P YQOD�C�D&W�RbD�L�L�D�CSN±L�U D�M�M2@X>AT�D�M WTIe>A@UI D�C�NbL�U7D�M�M�T$W�VAB DXW%V�Y*Z�Y[�\ I7D�C�DQWXM�N�Ue>AU7@¼>AM!WQUbW�VAN$@$N�B M�P N$C^]|WQU'_�N�L�I D�C|M�D`VAD�K�L>AN$U]�D�L�I7N'J7MO>AU7K`VAB7J	>AU7@a]�N$C�D D`V >AL>AM�L M�L�C)WQL�D�@X>AD�M



F ?A>�:=8 O�X KMLe>EL Q > O�F K;@A>·C P >
[Ë@BCB: X=X @ P H\�³C P >�@ F J�> Q > PMF g
<-:=H2? F C�C P >¸� P >
8;HIC�[+��> X >
<I> X c�� P >��;?AH2��H2?ACB:=H28¿: �BA ?: :=@ F
O HI8;@B>
?A< F CA:d<I>�J0> F @AK;?B> Q > O
F K;@B>�C P >�:=8ML-:=<-:nL-K F\X ;SJ�:=� P C
Q >¸?A> O ?A> F CA>EL Q [ O ?BHI@B@AH\<2>
?���:=C P H2C P >
?�:=8ML-:=<-:nL-K F\X @$�\>
C O c �
Å�»IK F CB:=H28�Áw_2Â O H2K X L Q >�?A>
��?B:=CBCA>
8 F @Eµ

: �BA ?: C � ��:&1¿6�� 4 ��: 4 8 ��: 4 ?����� 4 6�8>:
� � � 4 :

�: ÁwÄIÂ

5�>�?B>���>�@B>
>�C PMF C���> O
F 8%:=8-CB>
?A�;?B>�C�C P > O ?BH2@A@BH\<I>
?�?B> X�F CB>EL
CB>�?BJ F @ F L-:=?B> O C�@AK Q CA? F2O CB:=H280T6?AH2J³C P >)�MCB8;>�@B@�:=8 F 8�>Y�+g
�;?A>
@B@A:dHI8�T6H2?�?A>
�;?BH;L-K O CB:=H28�C P ?BHIK;� P @B> X > O CB:=H284c R 8�H2C P >
?
��H2? Le@E�-?B>��;?BH;L-K O CB:=H28 Q [%@A> X > O CA:dHI8 F 8ML O ?AH2@A@BH\<2>�? F2O CA@ F @
?B>��;?BH;L-K O CB:=H28¿j���f�gXl[g�n�a�^%de` d	`�l �\�\:hTeC P >±�MCB8;>�@B@�:=@ F L	��K;@ACB>EL
Q [�C P >�CB>
?AJ�µ

1�6 � 4 � : 4 8 ��: 4 `8 "�: 4 6 8>: Á6^-Â

� P :=@ O H2K X LsC P K;@ Q >�:=8+CA>
?B�a?B>
CA>EL F @�:hTMC P >�?B>�� P >
?A> F CB>�?BJ
Á6^-Â�:=8�H2Ka?��MCA8;>
@A@��;?AH2��H2?BCA:=H28 F�X CBH"�;?BHI�2? F J O HIJ�� X >��;:=C�[+c
��>�8aH\� L->Y�M8;> 5 >��f> O CB:=<2>É�MCB8;>�@B@B¶�� �E: F @Eµ

� ��: *;� : 1 6 � 4 � : 4 8 �E: 4 `8 "�: 4 6 8>: Á�6IÂ
R Cz:=@�C P > g�w&g�n�a�^�s	g�
Ia�`ugpf�f¸C PMF C!Le>
CB>
?AJ�:=8;>
@sC P >%8-K;J Q >
?
H\T�:=8MLe:d<-:nL-K F�X @&H�T FzO >
?AC F :d8�U-:=8ML":=8%C P >)8;>��;C��2>
8;>�? F CA:=H28�c
7�8�L->
?"C P >
@A> F @B@AK;J��aCB:=H28;@$�W:=Cz:=@z��H2@B@A: Q;X >%CBHS@ P H\��C PMF C
F 8�:=8ML-:=<-:nL-K F�XfO
F 8���:d8 FsP :=� P >�?��;?AH2��H2?BCA:=H28�H�T�C P >�8;>��;C
�2>�8;>
? F CB:=H28%:=8"@B�;:=CA>�H\T�C P >�T F2O C±C PMF C&:=C P�F @���H2?A@B>��MCA8;>
@B@$c
°±[ X H-HI@B:=8;� F�Q;X H O U!��:=C P%P :d� P >Y�f> O CB:=<2> O HIJ�� X >��;:=C�[���:dC P
F J0HeLe>
? F CB> O H28-CB?A: Q K;CB:=HI8�CAH��MCB8a>
@B@":=C O
F 8�:=8 O ?B> F @B>�:=CA@
OAPMF 8 O >
@SH�TÉ@AK;?B<-:=< F\X ck� P >�:=8ML-:=<-:nL-K F�X :d@�C P >
8²CA? F Le:d8a�
8;HI?BJ F�X �MCB8;>�@B@±T6H2?�>Y�f> O CB:=<2>9�MCB8;>�@B@ Q ["?B>$L-K O :=8;�z:=CA@ O H2J�g
� X >��;:=C�[ F 8ML FzX >
@A@��MC�:=8ML-:=<-:nL-K F\XWO
F 8·C F UI> FsP :=� P >
?��a?BH\g
��H2?BCA:=H28�H\T�C P >%8;>��;C!�I>
8;>
? F CA:dHI8�c0� P :=@¸:=@ F 8�K;8ML->�@B:=?B>EL
� P >�8;H2J0>
8;H280:=8·J0H2@AC�CB? F :=8;:=8;�"@B:=CBK F CB:=H28a@Ec

Z ��� �¸,\/�����/���(-,�'�,\/�*$( 
�*E3x/�5

¡�80:=8ML-:=<-:�LeK F\X;O
F 8·L-H F 8+KaJ Q >
?±H\TWC P :=8;�I@�CAHz�;?BHICB> O C�:=C�g
@B> X T�T6?AH2J O ?AH2@B@AH\<2>
?$c�¡�@�Le:d@ O K;@A@B>EL F�Q H\<I>2�\:=C O
F 8":=8 O ?B> F @B>
C P > F\Q @AH X K;CB> O HIJ�� X >��;:=C�[ Q [ F L;Le:d8a��:=8-CB?BHI8;@Ecs� P >%��H2@�g
@B: Q : X :=C�[¹H�T F L;L-:=8;��:=8-CB?AH28;@0:d@ X :dJ0:=CB>EL Q [ F 8+KaJ Q >
?0H\T
T FIO CBHI?B@�T6HI? F 8-[��2:=<2>�8rÆzº @A[-@BCB>�J´K;8ML->�?!>
<IH X K;CA:dHI8�c0¡
@B[-@ACB>
J O
F 8;8;H2C F L;LS:=8-CB?AH28;@)��:=C P�F ? Q :dCA? F ?B[ O HIJ�� X >��;:=C�[
:=8;@BC F 8-C X [-c��\ I7D�D�T�D�U	L�NQP2C�D�K�C�DQWXL>AU7@�>AU7J	>AT$>MJ7BbW�VmM�KQWQU RbD-]�DpWXM�B7C�D�J
L�N*RbD�VAN�3D��	K�D��7L��I D�U!W	���'VM_$>AU @!W2T�D�C�_^I	>A@ I�D��	L�D�C�UbW�V��bWQC�M>��]�N�U'_�� C�D�M�M�B C�D��I	>AK`I�P�N�C�K�D�MIL�I7D��bN��7B V[WQL>AN$U L�N K�N V>V[W	� M�D >AU	L�N
W��bN�� B'V[WXL>AN�U�NXP-M�I7N$C�L�R7Be>>VMJ	>AUb@aR'VAN	K��	M�Y

©)8;>%H2C P >
?���H2@B@A: Q : X :=C�[0T6HI?�C P >%:d8�L-:=<+:nL-K F\X CAH��;?AH2CA> O Cz:=C�g
@B> X T�:=@�CBH%?B>$L-K O >zC P >z>��W> O CA:=<2> X >
8;�IC P�Q ["�M8ML-:=8;� F J�HI?B>
� F ?B@B:=J0H28;:=H2Ka@M@AH X K;CB:=HI8�� Q K;C�C P :=@ F�Q : X :=C�[):d@ X :dJ0:=CB>EL Q [�C P >
�MCA8;>
@B@)T6Ka8 O CB:=HI8 F 8ML0C P >"L-[-8 F J0: O @�H\T�C P >z@B[-@BCA>
J�c R C�:=@
:=8�C P > QMF\XnF 8 O > Q >
C���>�>
8~C P >
@A>�C���H�@BCA? F CB>
�I:d>�@%C PMF CzC P >
� F ?B@B:=J0H28-[!�a?B>
@A@BK;?A>!H�T F ÆzºË@B[-@ACB>
J F �;��> F ?B@Ec
R T�C P >">��W> O CA:d<I> X >
8a�2C P�O
F 8;8aH2C Q >�T6Ka?BC P >
?�?B>EL-K O >EL�C P >
8
C P >�@B[-@BCA>
J���: X=X CB?A[�CBH F L;L�J0H2?B>4:=8+CA?BHI8;@Ec4� P :=@�:=@WH28 O H28-g
L-:=CB:=HI8zC PMF C�C P >�J F �;:=J F\X\X >
8a�2C P H2?�L->��;C P H�TfC P :=@&@A[-@BCB>�J
:=@�8;H2C)>�� O >
>EL->$LWc R T�@AK-È O :=>
8-C�:d8-CA?BH28 F LaL-:=8;��:=@ F�X=X H\��>EL
Q [�C P >%L-[-8 F J0: O @�H\T�C P >!@A[+@ACB>
J���C P >
8�:=C O
F 8S�2? F L-K F\X=X [
QMF�X�F 8 O >SHIK;CSL-:h�f>�?B>
8 O >
@S:=8²C P >�>��W> O CA:=<2>��MCA8;>
@B@$« Q [ F
@ P H2?BC F 8�L F�X H28;���;?AH2�2? F J�c%¡ X=X �2>
8;>�CB: O �;?AH2�I? F J0J�:h8;�
@B[-@ACB>
J0@ PMF <2>0@BH2J0>·L->Y�M8;>ELËJ F �;:dJ F\X @B:=v
>�H�T¸C P >·�a?BH\g
�2? F J�@BCA?BK O CBK;?A>2c�� P :=@�@B:=v
>):d@±:dJ0�MHI?BC F 8-C Q > O�F K;@A> OAP HI@B>
8
CBH-H�@AJ F\X=X :=C�J F [ X :=J�:=CzC P > F L;Le:dCA:=H28;@%H�T¸:=8-CB?BHI8���C P Ka@
�;?A>
<2>
8-CA:d8a�%C P >�@B[-@ACB>
J T6?BHIJ��M8MLe:d8a� F �M>�?�T6> O C�@BH X K;CB:=H284c
R 8 O >
?BC F :=8 O
F @A>
@�:=C�:=@�8;> O >
@A@ F ?B[0T6H2?�C P >�:=8-CB?BHI8 Q;X H O U-@�CAH
Q >�J F 8-[)CB:=J�>
@�C P >�@B:=v
>�H�TMK;@B>YT6K X�Q;X H O U-@ Q >YT6H2?A> F 8">�� F2O C
@BH X K;CB:=H28 O
F 8 Q >sT6HIK;8MLWc�� P :=@�J�> F 8;@)C PMF C¸:=C):d@�:=J���H2?AC�g
F 8-C�CAH F L	��K;@AC�C P > F�X=X H\��>ELsJ F �e:=J"K;J @B:=v
>�H\T�:=8ML-:=<-:nL-K F�X @
F2O�O H2?�L-:=8;�%CBH%C P > O H2J0�MHI@B:=CB:=H28%H�T&C P >��MCA8;>
@B@9T6K;8 O CB:=H28�c
¡ÌC P :=? L ��H2@A@B: Q;X >¹� F [ CBH ?B>EL-K O >~C P >Ë�;?BH QMF\Q : X :=C�[~T6HI?
L->
@ACB?AK O CB:=<I> O ?BHI@B@AH\<2>
?0:d@%CAH F�X=X H\� O ?AH2@A@BH\<2>�? F C O >
?AC F :d8
��H2:=8-CB@�H28 X [-c�� P >�?B> O ?AH2@A@BH\<2>�?¸@ P H2K X L Q > F\X=X H\��>EL O HIK X L
F\X @AH Q >�>�<2H X <I>EL)C P ?AH2K;� PÉF @AK;:=C F�Q;X >�?B>
�a?B>
@A>
8-C F CA:=H28z:=8�C P >
:=8ML-:=<-:nL-K F\X H�T F\X=X H\��>EL O ?AH2@B@AH\<2>
?���H2:=8-CB@$c�� P :=@4:d@ O HIJ�J0H28
:=8!8 F CBKa?B>2�I� P >
?A>�C P >
?A> F ?A>�8+KaJ�>
?AH2K;@�@BHI� P :=@BCA: O
F CA>EL"@B[-@�g
CB>�J�@�TxH2?��a?BH2CA> O CA:dHI8STx?BH2J OAPMF 8;�2>�@¸:=8S�I>
8;>
CA: O J F CB>�?B: F\X c
Z->��;K F�X ?A> O HIJ Q :=8 F CA:dHI8!:=8 P :=� P >
?�@B��> O :=>
@�:=8%� F ?ACB: O K XnF ?�:=@
H28 X [ F\X=X H\��>$L F CW<I>
?B[���> X=X L->Y�M8;>ELs�MHI:=8+CA@�Á6� F CB@BHI8%`EÃ7]I2Â�c
� P > O H2J���H2@A:=CB:=H28%H�T&C P >��MCB8a>
@B@)T6K;8 O CB:=H28�:=8-ÀMKa>
8 O >
@)C P >
@B>�8;@B:=CB:=<-:=C�[!H�TfC P >�@A[-@BCB>�J³CBH-HMc�NaH2?�>�� F J�� X >2� Q [ F\X CB>�?B:=8;�
C P >�@B:=v
>�H�T O H28a@BC F 8-CB@ F 8ML"@ O
F�X :d8a�zH\T�L-:h�f>�?B>
8-C O H28-CB?A: Q K;C�g
:=8;�"� F ?AC�H�T&C P >��MCA8;>
@B@9T6K;8 O CB:=H28��-:=C O H2K X L Q >���H2@A@B: Q;X >�CAH
?B>$L-K O >zC P > O ?BHI@B@AH\<2>
?�@A>
8;@B: Q : X :=C�[ Q > X H\� C P >�C P ?B>
@ P H X L0H\T
:=8-CB>
?yT6>
?B>�8 O >"��:dC P C P >z��>
?�T6> O C�@AH X K;CB:=HI8�c

Z �[Z qzp;lxp;5�
\(;1 � ��/Ml��*E3x/M5
¡¸LaL-:=8;� F 8·>Y�eCA>
?B8 F\X � F ?B@A:dJ0H28-[%�;?A>
@B@AK;?B>%:=@�HI8;>z� F [�CAH
QMF�X�F 8 O >zKa�SC P >s>��f> O CB:=<2>s�MCA8;>
@B@$c�� P :=@��;?B>�@B@BKa?B> :�:=@�:=8
:=CB@z@A:=J�� X >
@AC�T6HI?BJ �a?BH2��H2?ACB:=H28 F\X CAH·C P > F\Q @BH X K;CA> X >
8;�2C P
H\T"C P >��;?BHI�2? F J F 8�L~@BK Q CB? FIO CB>$L T6?BHIJ C P >��MCB8a>
@B@S>Y�+g
�;?A>
@B@A:dHI8�c�� P :=@�?A>
@BK X CA@�:=8%C P >�T6H XdX H\��:=8;��>E»IK F CB:=H28"TxH2?�C P >
>��W> O CA:d<I>��MCA8;>
@B@$µ

� �E: *Æ� : 13: 4 8 "�: 1¿6 � 4 � : 4 8 ��: 4 `8 " : 4 6 8>: Á �IÂ
� P >z>Y�eCA>
?B8 F\X � F ?B@A:dJ0H28-["�;?B>
@A@BK;?A> O H2K X L Q >zJ F L->�< F ?B:hg
F\QaX >�L-K;?B:=8;��>�<2H X K;CA:=H28 F 8ML O H2K X L F�X @BH Q > F�XdX H\��>EL�CAH PMF <I>
F 8;>
� F CA:d<I>�< F�X Ka>¸:hT�8;> O >
@A@ F ?B[-c



� P >�8�>
<2H X <-:=8;�0T6K;8 O CB:=H28a@z��:=C P 8;HI8-g O H28-CB:=8-K;H2Ka@��MCB8a>
@B@
T6K;8 O CB:=H28a@�TxH2?�:=8;@AC F 8 O >�� P >
?B>�C P >�?B>
@AK X CB@�:=@ F 8z:=8-CB>��2>
?$�\:=C
:=@�:=J0�MHI?BC F 8-C&CAH!@ O
F\X >)C P >�H2KaCB�;K;C±T6?AH2J�C P >)�MCA8;>
@A@�T6K;8 O g
CB:=HI8·@AH%C PMF C�C P >z@BJ F\X=X >
@BC OAPMF 8a�2>z:=80�MCB8a>
@B@$�MC P >z�I? F 8-K-g
XnF ?A:dC�[-�;:=@ QMF\XnF 8 O >EL F � F :=8;@BC�C P > Q :d�I�2>
@AC OBP�F 8;�I>z:=8 O H2J�g
� X >��;:=C�[+c�©)C P >�?B��:=@B>2�aC P > OAPMF 8;�2>�:=8%�MCA8;>
@A@ O
F 8·L-?AH\��8�:=8
C P > OAPMF 8;�2>sH\T O H2J�� X >Y�e:=C�[-�\@B>�>z>E»IK F CA:=H28 6;c
� P >�8 P >�CB>
?AH2�2>�8;>
H2Ka@ O H2J0� X >����MCB8;>�@B@~T6Ka8 O CB:=HI8;@ F ?A>
K;@A>ELW�W:=C�:=@ F\X @BH0:dJ0�MHI?BC F 8-C�CAH QMF�XnF 8 O >sC P > O H28-CA?B: Q K;CA:dHI8
T6?AH2J³C P >!L-:h�W>
?B>
8-C�� F ?BCA@�:=8�C P >��MCA8;>
@B@9T6K;8 O CB:=H28�c
� P > F <2>
? F �2>0:=8;:=CB: F\X @A:=v
>�H2? O H2J0� X >��;:dC�[���: X=X�F �f> O C%C P >
F <2>�? F �I> O HIJ�� X >��;:=C�[%�;?B>�@B@BKa?B>%:=8�C P > Q >��2:=8;8;:=8;�%H�T F �2>�g
8;>
CA: O �;?BHI�2? F J�J0:=8;��@B>
@A@B:=H28�c�� P > O H2J0� X >��;:=C�[��;?B>
@A@BK;?A>�:=@
�;?AH2��H2?BCA:=H28 F�X CBH%C P >z?B> XnF CB:=H28 Q >
C���>�>
8�C P >�>��W> O CB:=<I> F 8ML
F\Q @BH X K;CA> O HIJ�� X >��;:=C�[+c±¡ P :=� PSO H2J0� X >��;:=C�[ F C�C P >":d8a:dCA: F\X
@BC F CA>���: X=X �I:=<2> F)X H\� �a?B>
@A@BK;?A>¸:=8"C P > Q >��2:=8;8;:=8;��� P : OAP :=@
H\T�:dJ0�MHI?BC F 8 O >)T6HI?�C P >�Le[+8 F J�: O @�H�T�C P >!� P H X >zCB? F :=8;:=8;�
@B>�@B@B:=HI8�c
©)C P >�?�@BCA? F CB>
�I:d>�@�C PMF C O H2K X L P > X ��>
<2H X <-:=8;�z�a?BH2�I? F J�@�CAH
H Q C F :=8 F @ P HI?BCB>�?!>��W> O CA:=<2> X >
8a�2C P�F ?A>%C P >%:=8-CB?AH;L-K O CA:dHI8
H\T O H28-CB?AH X @BCA?BK O CBK;?A>
@ X :=U2> X H-HI�;@�HI?¸C P >"K;@B>"H\T�@AK Q T6Ka8 O g
CB:=HI8;@ F 8ML)H2C P >
?�J�H;L-K XnF ?A:=v F CA:dHI8�CB> OAP 8a:�»IK;>�@Ec R 8zC P >�8;>��;C
@B> O CB:=H28~��>��2:=<2> FSQ ?A:=>�T¸J0H2CB:=< F CB:=H28�T6H2?"@B��H28-C F 8;>
HIK;@ X [
>
J0>
?B�I:d8a�!@AK Q T6K;8 O CB:=H28a@Ec

Z ��� � �±/M54*Ep;5�(-/�����lE� � ��(-,\oM3x5�o � ���4m)��5�
\*$3n/�5��
¡²8 F CBK;? F\X CBH-H X T6H2? P K;J F 8;@4� P >
8�L->��M8;:=8;� F 8 F\X �IH2?B:=C P J
H2? O HIJ��;K;CA>
?��;?BHI�2? F J�:d@�CBH"K;@A>�J�H;L-K X�F ?B:=v F CB:=H28 F 8ML0L-:hg
<-:nL->%C P >%@AH X K;CA:dHI8�:=8-CBH�@AJ F\X=X >
? Q;X H O U-@zH�T O H;L->IcSG�:h�W>
?�g
>
8-C�J0HeLeK XnF ?B:=v F CB:=H28)CB> OAP 8a:�»IK;>�@ PMF <I> Q >
>
8%@AK;�2�I>
@BCA>ELsT6HI?
K;@A>%��:dC P �I>
8;>
CA: O �;?BHI�2? F J�J0:d8a�;�;� P >
?A>%C P >%J0H2@AC�C P H2?�g
H2Ka� P;X [S>
< F�X K F CA>EL F ?A> F K;CAH2J F CB: O
F�XdX [�L->��M8;>$L�T6K;8 O CB:=H28a@
Á6¡�G�N&ÂËÁ�2)H2v F `EÃIÃ\^+Â�cÍ©)C P >�?¹>�� F J0� X >
@SH�T·J�H;L-K X�F ?�g
:=v F CA:=H28¹CA> OAP 8;:n»IK;>
@ F ?B>S¼�H;L-K X >�¡ O »IK;:=@A:dCA:=H28²Áx¡�8;�I> X :=8;>
`EÃIÃ2ÄIÂ F 8ML�� P >zÅ�8 O
F �;@BK X�F CB:=H28�©)��>
? F CB:=H28�Á�2�HIv F `EÃ2ÃI_2Â�c
¡ X=X J�H;L-K X�F ?B:=v F CB:=H28ËCB> OAP 8;:n»IK;>
@ F ?A>�� F [-@�H\T!>
8 O
F �;@AK-g
XnF CA:d8a� QaX H O U-@�H\T O H;L->2c0¡¸G�N4@z>
8 O
F �;@AK XnF CA> Q;X H O U+@sC PMF C
Q > O H2J0>
@"@BK Q ?AH2K;CA:=8;>
@%� P : OAP O HIK X L Q > O
F�X=X >$L�T6?AH2J C P >
J F :=8 �a?BH2�I? F J H2?%Tx?BH2J F 8;H2C P >
?�@BK Q ?BHIK;CB:=8;>2c ¡ @BK Q g
?BHIK;CB:=8;> O�F 8 Q > O
F�XdX >EL�J�HI?B>"C PMF 8�H28 O >"T6?BHIJ C P >�@ F J�>
�;?AH2�2? F J�c!� P :d@�J0> F 8;@�C PMF C F �;?BHI�2? F J O
F 8�?B>ELeK O >�:=CA@
>��W> O CA:d<I> X >
8;�2C P²Q [~�;K;CBCA:=8;��T6?A>E»IK;>
8-C X [~K;@A>EL :nL->
8-CB: O
F�X
Q;X H O U+@�:=8-CBH F @BK Q ?BHIK;CB:=8;>2c±¡�@���> PMF <2>�@B>�>
8�� F @AJ F�XdX >�Tng
T6> O CB:=<2> X >
8a�2C P :=8 O ?A> F @A>
@zC P > OAPMF 8 O >
@�H\T�@BK;?A<+:=< F�X H\T�C P :=@
H\�W@B�a?B:=8;�Mc�� P :d@�:=@�:=80H2K;?�J�:=8MLsH28;>�H�T�C P >�J F :=8!?A> F @AH28;@
T6HI?%� P : OBP ¡�G¸N4@ F 8MLËH2C P >
?0>
8 O
F �;@BK XnF CB:=H28²CA> OAP 8;:n»IK;>
@
��H2?BU0@B��H28-C F 8;>
HIK;@ X [-c
R T FËQ;X H O U H�T O H;L->���:=C P >��f> O CB:=<2> O H2J�� X >Y�e:=C�[��'8 '�� ,����
��:=C P :=8 F 8�:=8ML-:=<-:nL-K F�X :d@��a?B>
@A>
8-C	��CA:=J�>
@$�-C P >
8�C P >z�a?BH\g
�2? F J O
F 8 L-> O ?A> F @A>�:dCA@�>��W> O CA:=<2> O H2J0� X >��;:dC�[ F 8ML~C P Ka@
:=8 O ?A> F @A>z:=CB@�>��W> O CA:d<I>��MCA8;>
@B@ Q [%K;@A:d8a�%¡¸G�N4@Ec

VW>�C 8 ��"
��� Q >�C P >�@A:=v
>�H2? O HIJ�� X >��;:=C�[¹H�T F~O
F�XdX CAH F 8
¡¸G�N�� F 8�L 8 "X8A# C P > O HIJ�� X >��;:=C�["H\T�C P >�H\<I>
? P > F L0T6HI? F 8
¡¸G�N�L->���8;:=CB:=H28�ckV{>
C�C P >SHI?B:=�2:=8 F�X >��W> O CB:=<I> X >�8;�2C P H\T
C P > O H2J0� X >
CB>"�;?BHI�2? F J Q >,8 �E: � F 8ML�C P >%HI?B:=�2:=8 F�X&F\Q @BH\g
X K;CB> X >
8;�IC P%Q > 8 "�: c�¡~@BK Q T6K;8 O CB:=H28 O
F 8%C P >
8 OAPMF 8;�2>�C P >
:=8ML-:=<-:nL-K F\X « @�>��W> O CA:=<2>��MCA8;>
@A@Eµ

�	��:9*;��:�1 6�� 4 ��: 4 8 �E: 1´�a8 ��:8 " :&13�a8 �E:t4 6u8 : ÁwIÂ

�a8 �E: *��'8 '�� ,)��� 4 Á��t1 `$Â 1 8 ��"��� 4 ��1�8 "Q8 # @ Á�]IÂ

¡�@ X H28;� F @"C P > OBP�F 8;�I>�:=8¹>��W> O CA:=<2>0�MCB8a>
@B@%:=@"�MHI@B:=CB:=<2>I�
C P >·:=8MLe:d<-:nL-K F�X ��: X=X�PMF <2> F 8 F L-< F 8+C F �I>%:d8Ë@BK;?A<-:d< F�X�Q [
K;@A:d8a� F 8S¡¸G�N�c�Å�»IK F CB:=H28��J0H2CA:d< F CB>
@�� P [ F �;?AH2�I? F J
@BHIJ�>
CA:=J�>
@ O
F 8z� F :=8 F ?A>
�;?BH;L-K O CB:=H28 F Le< F 8-C F �2> Q [�@B��H28-g
C F 8;>
HIK;@ X [zK;@A:=8;��J�H;L-K XnF ?A:=v F CA:dHI8�� F 8�L F�X @AH�>��;� XnF :=8;@�� P [
¡¸G�N4@�L-H!8aH2C F �;��> F ?�:=8%@A:dJ0� X >��;?BH Q;X >
J�@B� FIO >
@$c R 8;:=CB: F�X
>
J0�;:=?B: O
F\X :=8-<2>
@ACB:=� F CB:=H28a@&@AK;�;��H2?AC�C P :=@ P [-��H2C P >
@B:=@E� Q K;C F
J�HI?B>)?B:=�2:nL%>�< F\X K F CA:=H28%:=@�� XnF 8;8a>EL0:d80H2K;?�TxK;CBK;?A>z��H2?BUWc

Z ��� qz(-5�(��ª*	�)mB,\/ � ��p;,7�
34��/�5 � ��,\(����X��,\(
��> PMF <I> O H28 O�X KMLe>ELW�I:d8sC P >��;?A>
<-:=H2K;@�@B> O CB:=H28a@�C PMF C F Æ�>�g
8;>
CA: O º�?BHI�2? F J�J0:d8a�%@B[-@BCA>
J PMF @ F 8�:=8 P >
?A>
8-CzCB>
8�L->
8 O [
CBH0�;?BHIJ�HICB>z@AH X K;CB:=HI8;@�C PMF C PMF <2> F @ P H2?AC¸>Y�f> O CB:=<2> O H2J�g
� X >��;:=C�[+c)��> PMF <I> F\X @AH�@B>�>
8�C PMF C�C P :=@ O HIK X LS@AH2J�>�CB:=J�>
@
O HI8-ÀM: O C���:=C P H2K;?)�2H F\X H�T F L F �;CB:=8;�%CAH F @A�M> O :h� O �MCB8a>
@B@
T6K;8 O CB:=H284c
R C PMF @��;?B>
<-:=H2Ka@ X [ Q >
>
8k8;HICB>EL C PMF C F @ P H2?ACB>
?SH\<I>
? F�X=X
X >
8;�IC P H�T F 8 >
<2H X <2>EL~�a?BH2�I? F J @B>
>
J0@�CAH ?A>
@BK X CA@�:d8 F
�;?AH2�2? F J´��:=C P J0H2?A>��2>�8;>
?B: O0Q > PMF <-:=H2?�Á�2):=8;8;> F ?S`EÃIÃ2Äa�
� F2O U2>�CBC�`EÃ2ÃIÄ2Â�c�� P :=@ O H2K X L Q >�J F L->�:=8-CBK;:=CA:d<I> X [!?A> F @AH28-g
F\QaX > Q [0J F 8+[�Le:Ç�W>
?A>
8-C¸>Y� F J�� X >
@$c�NaH2?�:=8;@BC F 8 O >2� X >
C�Ka@
@ F [�C PMF C)��>z� F 8-C)CBH���>
?yT6H2?AJÎ@B[-J Q H X : O ?B>
�I?B>
@A@B:=H28�H�T F
T6K;8 O CB:=H28���:=C P C P >ÉT6H X=X H\��:=8;�)�MCB8;>�@B@ O�F @B>�@Ec
��� x��b��¡���� ��� x��±��¡��?� ��� x� b��¡���� ��� x�¢7��¡�¢
����H!��H2@A@B: Q;X >�T6K;8 O CB:=H28a@���:=C P J F �;:=J F\X �MCA8;>
@A@E« F ?B>2µ
������! "�$#&%�'( $��# ��)
� �"* ¡+�, $-(. �/��� ¡0�,.1%2�!.b�3� �4* ¡�¢5 $-(. �/��� ¡�¢b�6.1%��$.b�3� �
* ¡� 7 !-(. �8��� ¡9���:.1%��$.b�(� �6* ¡��; $-(. �8��� ¡��?�(.1%��$.b� ��� ¡+�
£<.1=1# �(> �$#&%�'( $��# ��)
��� ¡ * � *
� P >)@B> O HI8ML%@AH X K;CA:dHI8!:=@�@ P H2?ACB>
?�C PMF 8%C P >���?B@BC F 8�L":dC Q >�g
PMF <I>
@�J�HI?B>�Ka8;:hT6H2?AJ X [zTxH2? F"XnF ?A�2>
?�@A>
C�H�T&:=8;�;K;C$?\HIK;CB�;KaC
� F :d?A@E�aC PMF 8SC P >s�M?A@BC�@AH X K;CA:dHI8�c R C O HIK X L Q > F ?A�2K;>ELÊC PMF C
C P >S@B> O H28ML @BH X KaCB:=H28~:=@�J0H2?B>��I>
8;>
?A: O ck� P :=@�:=@%C P >�@AH
O
F�XdX >EL��;?B:=8 O :d� X >)H\T&© O
O
F J�« @�¬ F v
HI?Ec R 8��a?B:=8 O :=� X > F @BH X K-g
CB:=HI8 PMF @ F �2?B> F CB>�?z�;?BH QMF\Q : X :=C�[�H�T Q >
:=8;���2>
8;>�? F\X :ÇT�:dC):=@
@ P H2?BCA>
?E�a�;?BH\<-:nL->EL0C PMF C�C P >)T6Ka8 O CB:=HI8 F\X�F 8ML%CA>
?BJ0:d8 F\X @B>
C
:=@%8;H2C Q : F @A>ELË:=8 F 8Æ¦b`A@�qe`ba)g�vB@�q'�\c R T�C P >Ê�M?B@AC%@BH X K-g
CB:=HI8S:=8·C P >">�� F J�� X > F�Q H\<I>¸� F @):=8 O�X KML->EL F @�H28;>sH\T�C P >



T6K;8 O CB:=H28a@·:=8²C P >�T6K;8 O CB:=H28 @B>
C$��C P >
8kC P >�T6K;8 O CA:=H28 @B>
C
O HIK X L Q >¸?A>
� F ? L->$L F @ Q : F @A>EL0:d8 F 80K;8-� F 8+CA>EL0� F [-c4� P >
º�?A:d8 O :=� X >�H\T&© O
O
F J�« @�¬ F v
H2? O
F 8 Q >�T6HI?BJ F\X :=v
>EL F 8ML"�;KaC
:=8-CBH F J F C P >
J F CB: O
F\X T6? F J�>���HI?BU Q [ F�X �2H2?A:=C P J0: O :=8-T6H2?AJ%g
F CA:=H28²C P >
H2?A[ F 8�L²C P >rZeH X H2J0H28;H��MgBVW>
<-:=8 Le:d@ACB?A: Q K;CB:=H284c
NaH2? F 8�>Y� O > X=X >�8+Cs:d8-CA?BH;L-K O CA:=H28SCAH·C P >"?B> XnF CA:=H28 Q >
C���>
>
8
O HIJ�� X >��;:=C�[ F 8ML�J F2OAP :=8;> X > F ?B8;:=8;���-@B>
>0ÁwV{:�`$Ã2Ã2®IÂ
c�½9H2?�g
J F�X=X [Ë� P >
8���>�>
<IH X <2> F 8 F�X �2H2?A:=C P J ��:=C P�F �I>
8;>
CA: O
�;?AH2�2? F J0J�:=8;��@B[-@BCA>
J��aH2?)� P >
8SHI�;CB:=J�:=v
:=8;�s� F ? F J�>�CB>
?A@
T6?AH2J L F C F ����>%� F 8-CzCAH Q > F\QaX >%CAH F �a� X [SC P >0@BH X KaCB:=H28
CBH F J%K OAP ��:nL->
?)@B>
C�H\T�:d8a�;K;CB@)C PMF 8SC P >!HI8;>
@��2:=<2>�8 Q [
C P >"�MCB8;>�@B@ O
F @A>
@Ec0��>!C P K;@z� F 8-C F @AH X K;CA:dHI8�C PMF Cs:d@ F @
�2>�8;>
?B: O0F @z��H2@A@B: Q;X > F 8ML�g�:=8 F 8 F\X H2�I[���:dC PrF�Q H\<I>"g¸��>
O HIK X LS@ F [·C PMF C���>%� F 8-C F @BH X KaCB:=H28SC PMF C�:=@ F @�@ P HI?BC F @
��H2@B@A: Q;X >¸HI? PMF @�C P > X H\��>
@AC O H2J0� X >��;:=C�[+c
� P >��a?B>
@A@BK;?A>�CBH\� F ?�L-@ X H\��>��W> O CB:=<I> O HIJ�� X >��;:=C�[�L-H->
@�8;HIC
H28 X [s��HI?BU"H28%C P >�� X H QMF\X �a?BH2�I? F J X >
<2> X � Q K;C F\X @AH¸HI8%C P >
Q;X H O U X >
<2> X � P >
?B>0@ P HI?BC QaX H O U-@ PMF <2> F0P :=� P >
?��;?BH QMF\Q g
: X :dC�[%H�T��;?BH X :hT6>�? F CA:=H28�� O c T c�C P >�Z OBP >
J F � P >
HI?B>
J�c�¡��2>�g
8;>
CA: O �;?BHI�2? F J�J0:Ç8;��@A[+@ACB>
J O
F 8 Q >�?B>�� F ?�L->EL F @�>
J�� X H\[Ig
:=8;� F L-:=<-:nL->�g F 8MLIg O HI8M»IK;>
?�@BCA? F CB>
�I[·CAH\� F ? L-@�C P >z�IH F\X H\T
�M8MLe:d8a� F �2H-H;Lz@AH X K;CA:dHI8z��:=C P"X H\� O H2J0� X >��;:dC�[-c�� P :=@��2>
8-g
>
? F\X �;?AH Q;X >
J³@AH X <-:=8;�!@ACB? F CB>��2[�H�T 5 L-:=<-:nL->�g F 8ML+g O HI8M»IK;>
?A¶
��:=C P�FzO H28-CB:=8-K;H2Ka@��;?B>�@B@BKa?B>�CBH\� F ?�L"> X >
� F 8+C F 8ML"�I>
8;>
?A: O
@BK Q gw@AH X K;CA:dHI8;@ O H2K X L Q >SH28a>SH\T!C P >S?A> F @AH28;@0T6HI?�� P : OAP
F �2>�8;>
CB: O �a?BH2�I? F J�J�:h8;��@B[-@BCA>
JÎ@BK O
O >
>ELe@z:=8·?A> F @AH28 F�Q;X >
CB:=J0>�:=8�@AK OAP�FzQ ?BH F L0@B>
C)H\TªLeH2J F :=8;@Ec
� P >�>��W> O CB@±H\T;C P :=@4�;?B>
@A@BK;?A>�@ P H2K X L Q > QMF�XnF 8 O >$L�CBH F <2H2:nL
K;8-� F 8-CB>EL�>��W> O CB@�@AK OAPÊF @�C P >�:=8 F\Q : X :=C�[zCBH"H Q C F :=8 F �M>�?�g
T6> O C��MCB8;>�@B@�< F\X K;>I�-� P >
?B>�HI8;> QMF�XnF 8 O :=8;�ÉT F2O CAH2? O H2K X L Q >
F 8">��;CB>�?B8 F�X �;?B>�@B@BKa?B> F �;� X :=>EL�HI8!C P > F\Q @AH X K;CA>�@B:=v
>�H�TMC P >
:=8ML-:=<-:nL-K F\X c
½�HICB: O >%C PMF CzC P >
?A>�:=@ F 8�:=J0�MHI?BC F 8-C¸L-:h�W>
?B>
8 O > Q >
C���>
>
8
F �;?AH2�I? F J¿��:=C P¹F @ P HI?BC">��W> O CB:=<I> O HIJ�� X >��;:=C�[ F 8ML�HI8;>
��:=C P�F @ P H2?AC F�Q @BH X K;CB> O H2J0� X >��;:=C�[+c�� P >%�2>
8;>�? F\X :=v F CB:=H28
�;?AH2��>
?BCA:d>�@!H�T�C P >��;?AH2�I? F J¿��:=C P @ P HI?BC">��f> O CB:=<2> X >
8;�2C P
O HIK X L Q >�L-> O ?A> F @A>EL Q [S:=8-CB?AH28;@�C PMF C F ?A>!8aH2C�� X H Q�F\X :=8-g
CB?AH28;@$c�� P >�?B>zJ0:d� P C Q > Q;X H O U-@�H\T O H;L->�C PMF C�H28 X [ F2O C F @
:=8-CB?BHI8;@���:=C P C P > O K;?B?A>
8-C��MCA8;>
@B@ O
F @B>
@$c
� *������ %�. ) x����Æx��/~ ����x~!� ~!��x�� � �b���
� P :=@��a?BH2�I? F J PMF @ F �M>
?yT6> O Cs@ O HI?B>sT6H2?)C P >���CB8;>
@A@ O
F @B>
@
F\Q H\<2> Q K;C±��: X=X 8;HIC&�I:=<2>�C P >�L->�@B:=?B>EL�?B>
@AK X C�T6HI?&:=8;�aK;C�< F\X g
K;>
@ F\Q H\<2>"TxH2K;?$cS� P :=@z>�� F J�� X >"�;?BH\<-:nL->
@ F J�HICB:=< F CA:=H28
T6HI? F �;� X [-:d8a�·>Y�eCA>
?B8 F\X � F ?B@A:=J�H28-[S�a?B>
@A@BK;?A>2� Q > O
F Ka@B>�:=C
O HIK X L�?A>
J�H\<I>�C P > X H O
F\X :d8-CA?BH284c�©)8�C P >zHIC P >�? PMF 8MLW� F 8
>��;CB>�?B8 F�X � F ?B@A:dJ0H28-[��;?B>�@B@BKa?B> O H2K X LÉT6K;?AC P >�?�:=8 O ?B> F @B>)C P >
�;?AH QMF�Q : X :=C�[zH�T&K;8-� F 8-CB>$L%>��W> O CA@Ec���>)�;?BHI�MHI@B>�CBH PMF <2> F
� F ?B@B:=J0H28-[z�;?A>
@B@AK;?B>"C PMF C�:=@ QMF\XnF 8 O >EL F 8ML�< F ?B: F�Q;X >�L-K;?�g
:=8;�SC P >�>
<IH X K;CA:dHI8�H�T�C P >0�MHI�;K XnF CA:=H28�c�N;HI?z:=8;@BC F 8 O >2��:=C
O HIK X L%:=8 O ?A> F @A>¸CAH\� F ? L-@�C P >�>
8ML0H�T�C P >�CB? F :=8;:=8;�z@A>
@B@A:=H28�c

� ) � ��¨B�a¨B�W�S!
	 "4�-§T!��;�
R 8¹C P :=@%@B> O CB:=H28�����>��;?A>
@B>�8+C F J�>
C P H;L�T6H2?">
J0�;:=?B: O
F\X=X [
J�> F @BKa?B:=8;� F�Q @BH X KaCB> O H2J0� X >��;:=C�[ F 8ML0>��W> O CA:=<2> O H2J0� X >��-g
:=C�[+c���> Q ?A:d>YÀM[S�;?A>
@B>
8-C F 8�>Y� F J�� X >zH�T�C P >
@B>%J0> F @AK;?B>�g
J�>�8+CA@ F 8ML"@ P H\� P H\�~C P >
["@BKa�;�MHI?BC�C P > P [-��H2C P >
@B:=@�C PMF C
C P >
?B>z>Y�e:=@ACB@ F"O HIJ��;?A>
@B@A:dHI8��;?B>
@A@BK;?A>!:=80C P >z@A[-@BCB>�J�c
� P >�>�� F J�� X >�:=@�@A[+J Q H X : O ?A>
�2?A>
@B@A:dHI8�H�T F T6K;8 O CB:=H28"K;@A:d8a�
F �MH X [+8aH2J�: F�X ��:dC P�XnF ?B�I> O H28;@AC F 8-CA@Ec0��> PMF <I> F @B>
C"H\T
CB>�8��MCA8;>
@B@ O�F @B>�@%��:dC P :=8;�;K;C$?\H2KaCB�;K;Cs� F :=?B@sC F UI>
8�Tx?BH2J
C P :d@���H X [-8;H2J0: F\X T6K;8 O CB:=H28 F 8ML���>"��H2K X L X :=U2>zCAH�>
<2H X <I>
C P >"T6K;8 O CA:=H28�:d8�C P > X�F 8;�2K F �2>"H\T�C P >%?B>
�I:d@ACB>
?"J FIOAP :=8;>2c
NaH2? F J0H2?B> O H2J0� X >
CB>�L->
@ O ?B:=�;CA:dHI8!H�TfC P :=@�>��;�M>
?A:=J�>
8-C�@B>
>
Áw½9H2?�L-:=8r`$Ã2Ã76 Q Â�c
� P >�?B>��2:=@BCA>
?�J FIOBP :d8a>�K;@B>EL0��>
?�TxH2?BJ0@ F ?B:=C P J�>
CA: O HI�M>�? F g
CB:=HI8;@ Q >
C���>
>
8 F @BJ F\X=X @A>
C�H�T�?B>
�I:d@ACB>
?A@Ec�¡ X=X :=8;@BCA?BK O CA:=H28;@
F ?A> O H;L->EL F @ÉÄI_ Q :=CB@Ec"¡)8�:=8;@ACB?BK O CB:=H28¹Le>��M8;>
@sC P >�L->�@�g
CB:=8 F CB:=H28�?A>
�2:=@BCA>
?B@$�-C P >�C���H�H2��>
? F 8ML-@ F 8ML�C P > F ?B:=C P J0>
CB: O
H2��>
? F CB:=HI8�CBH Q >�K;@A>ELWc�©)8;>)H\T�C P >)C���HzHI�M>�? F 8�L-@ O
F 8 Q >
F @BJ F�X=XMO H28a@BC F 8-CE�-C P >¸HIC P >�? PMF @�CBH Q > F 8;H2C P >
?�?B>
�I:d@ACB>
?$c
� P >�H2��>
? F CBHI?B@)K;@B>EL0:=8�C P :=@�>�� F J0� X > F ?A> F L;L-:=CA:dHI8��I@BK Q g
CB? F2O CA:=H28 F 8ML~J%K X CA:=� X : O�F CB:=H\8�c ¡ XdX C P :=@·:=8-TxH2?BJ F CA:dHI8�:=@
@BCAH2?A>EL²:=8~C P >�Ä2_ Q :=CA@%H\TzC P >�?B>
�I:d@ACB>
?$ck¡�8 :d8�L-:=<+:nL-K F\X
O HI8;@B:=@BCA@�H�T F�O H28-CB:=8-K;H2Ka@%@BCB?A:=8;��H\T Q :=CB@$c � ?AH2@B@AH\<2>
?0:=@
H28 X [ F�XdX H\��>EL Q >�C���>
>�8�C P >!:=8;@ACB?AK O CB:=HI8;@ F C F�X H O K;@�C PMF C
:=@ F J%K X CB:=� X >�H�TªÄI_;c4� P > O ?BHI@B@BH\<I>
?�H2��>
? F CBHI?�@B> X > O CB@�C���H
@BK OBP �MHI:d8-CA@�:d8�C���H%:=8ML-:=<-:�LeK F\X @ F 8ML0C P >
8S@B� F �a@�C P >z:=8-g
@BCA?BK O CB:=H28;@ Q >�C���>
>�8SC P >�J�c
� P :=@ F �;�;?BH F2OAP >
8 F�Q;X >
@zK;@sCBH O KaC F 8MLS@A� X : O > Q;X H O U-@zH\T
:=8;@BCA?BK O CB:=H28;@�:=8-CBH�C P >�:=8ML-:=<-:nL-K F\X ��:=C P H2K;C4C P >�?B:=@AU¸H�T;�2>
8-g
>
? F CB:=8;�0�;?BHI�2? F J�@)��:=C P :=8-< F\X :nL%@A[+8-C F ��c R C F�X @AH�>
8 F\Q;X >
@
K;@"CBHSJ F UI> F �IH-HeL�>�@BCB:=J F CB:=HI8�H�T�C P >�>��W> O CA:=<2> X >
8;�2C P
H\T�:=8ML-:=<-:�LeK F\X @Ec{��>ÉLeH!C P :=@ Q [%@A[-@BCB>�J F CA: O
F\X=X [!?A>
� XnF2O :d8a�
> FIOBP :=8;@ACB?BK O CB:=H28�:=8 F 80:d8�L-:=<+:nL-K F\X ��:dC P·F ½�©�º Á�½�H+©)�-g
>
? F CB:=HI8MÂ�:=8;@BCA?BK O CB:=H28ËC PMF CE� Q [rLe>��M8;:=CB:=HI8�� P�F @z8;H�>��f> O C
H28sC P >�@BC F CB>�H2?4H2K;CA�;K;C4H\TMC P >�J F2OAP :=8;>2c R TMC P >�:d8�L-:=<+:nL-K F\X
@BCA: XdX �I:d<I>
@�C P >�@ F J0>�HIK;CB�;KaC�TxH2? F\X=X �MCB8a>
@B@ O
F @A>
@E�-C P >
8%��>
U-8;H\�~C PMF C�C P >�� F ?ACB: O K XnF ?±:d8a@BCB?AK O CA:dHI8�@AK Q @BCA:=CBK;CA>EL FIO CB>EL
F @ F 8S:=8-CB?AH28�c�� P >s8+KaJ Q >
?)H\T�C P >
@B>":=8;@BCA?BK O CA:=H28;@�:=@ F LIg
L->EL{� F 8ML�C P >
8S@AK Q CB? F2O CA>ELÊT6?BHIJ C P > F�Q @BH X K;CB> X >
8;�IC P CAH
�2:=<I> F"X H\��>
? Q H2K;8ML�T6HI?�C P >s>��f> O CB:=<2> X >�8;�2C P H\T�C P >z�a?BH\g
�2? F J�cM� P :d@4J�>
C P H;L)�2:=<2>
@ F�X H\��>
? Q HIK;8ML�HI8zC P >�8-K;J Q >
?
H\TW:=8-CB?BHI8;@ Q > O
F K;@B>):dC�L-H->
@�8;HIC��M8ML P :=� P >
?�H2?�L->
?�:d8-CA?BH28a@
O HI8;@B:=@BCA:=8;�%H\T O H-H2��>
? F CB:=8;�%:=8;@ACB?AK O CB:=HI8;@�@AK OAP�F @)C P >�C���H
:=8;@BCA?BK O CB:=H28;@��;*���³`����/*�t1�`2c�°�KaC P :d� P >
?0H2?�g
L->
?�:=8-CB?AH28;@ F ?A>!C P >
J0@B> X <2>�@¸@A>
8;@A:dCA:=<2>%CBH O ?BHI@B@AH\<2>
?$� F 8ML
>��;��>
?B:=J�>�8+CA@�@ P H\� C PMF C%C P >S@AJ F\X=X �;?BHI�MHI?BCA:dHI8~�;?B>
@A>
8-C
:=8¹C P >%�M?A@BC%�I>
8;>
? F CB:=HI8;@%:=@!? F �;:nL X [�@BK Q @ACB:=CBKaCB>EL Q [�C P >
@ F J�>08+KaJ Q >
?%H�T��M?A@BC0H2? Le>
?�:=8-CB?AH28;@$c²� P >S>�@BCB:=J F CB:=HI8
H\Tz>��W> O CA:=<2> X >
8;�IC P :=@�C P Ka@ O�X H2@B>�CBH�C P > F2O CAK F\X �M�2Ka?B>2c
R 8 F L;L-:=CB:=HI8�CAH O ?AH2@A@BH\<2>�? F J%K;C F CB:=H28�H2��>
? F CBH2?"CBHI�2� X >�@
Q :=CB@):=8SC P >":=8ML-:=<-:nL-K F\X ��:=C P�F0O >
?BC F :=8��;?BH QMF\Q : X :=C�[+c9� P >



@B> X > O CB:=H28%HI�M>�? F CAH2?�:=8"C P >�>Y� F J�� X >
@ Q > X H\�Ë:=@���CB8;>
@A@��a?BH\g
��H2?BCA:=H28 F�X @B> X > O CB:=H28�c���> PMF <2>%CA?B:=>EL�L-:h�W>
?B>�8+C"@B> X > O CB:=H28
H2��>
? F CBHI?B@%?A>
@BK X CA:d8a��:=8 Le:Ç�W>
?A>
8-C%@BCB?A>
8;�IC P F 8ML¹L-[-8 F J%g
: O @%H\T�C P >�@B[-@BCA>
J Q K;C%��:=C P C P >0@ F J0>��I>
8;>
? F\X ?B>�@BK X CB@$c
� P > F <2>
? F �2>0@BC F 8ML F ? L-:=v
>$L���CB8;>
@A@�L-K;?A:d8a��>
<IH X K;CA:dHI8�H\T
C P >�T6K;8 O CB:=H28���� X HICBCB>$L¹:=8²N4:=�2K;?A>
@·_ F 8ML²Ä;��@ P H\��@%C P >
>
<IH X K;CB:=HI8!H�T F�Q @BH X KaCB> X >
8;�IC P�F 8�Lz>��W> O CA:=<2> X >
8a�2C P :=8"C P >
@ F J�>)>��;�M>
?A:=J�>
8-CEc

0

20000

40000

60000

80000

100000

120000

140000

160000

0 5 10 15 20 25 30 35 40

A
ve

ra
ge

 S
ta

nd
. F

itn
es

s

Generations

Average Fitness

"Average Fitness"

=?>A@$B7C�D��eG Y�T$D�C)WQ@$D�N±L�U D�M�M�� �bN��7B'V[WXL>AN$U M>ML�D��������eY
Å�<IH X K;CB:=HI8zH\T X >
8;�2C P @�@AC F ?ACB@±T6?BHIJ F ��H2:=8-CªLe>��M8;>EL Q [zC P >
F <2>�? F �I>z:=8;:=CB: F\X :=v F CB:=H28 X >�8;�2C P c�Na?BH2JÎ�I>
8;>
? F CA:dHI8�_%CAH·a�
C P >%? F �a:�L X [SL-> O ?B> F @B:=8;����CB8;>
@A@!:=@�C P >�L-HIJ�:=8 F CB:=8;�%CB>�?BJ
:=8�C P >0>��;�;?B>�@B@B:=HI8¹TxH2?z>��W> O CA:=<2>%��CB8;>
@A@ F 8ML C P > OAPMF 8;�I>
:=8 O HIJ�� X >��;:=C�[S:=@"8;H2C�L-? F J F CB: O c�� P >
8~C P > OBP�F 8;�I>�:=8
�MCA8;>
@B@ Q > O HIJ�>
@ X >�@B@�:=J���H2?BC F 8-CE�IC P > O HIJ��;?A>
@B@A:=H28��;?B>�@�g
@BKa?B>�:=8 O ?B> F @B>
@ F 8ML�C P >%>��W> O CA:d<I> X >
8;�IC P @"L-> O ?A> F @A>2c�N4:hg
8 F�XdX [-�$C P > F�Q @BH X KaCB> X >
8;�IC P @BC F ?BCA@�CAHz�2?AH\�¹>��;��H28;>
8-CA: F�X=X [-c
½�HICB>%C PMF C"C P :=@ P�F �;��>
8;@"� P : X >!C P >�>��W> O CA:=<2> X >
8a�2C P ?A>�g
J F :=8;@�@AJ F\X=X�F 8�L�C P > F <I>
? F �2>"�MCA8;>
@B@ O H28-CB:=8-K;>
@zCAHS:=J%g
�;?AH\<2>2c�Å�<2H X KaCB:=H28%H\<I>
? X H28;�I>
?�CB:=J�> PMF @�@ P H\��8�C PMF C�C P >
F\Q @BH X K;CA> O H2J0� X >��;:dC�[ O HI8+CA:=8+Ka>
@%CBH��I?BH\�³>��;��H28;>�8+CA: F\X=X [
��:=C P HIK;C X :=J�:=CEc

0

100

200

300

400

500

600

700

0 5 10 15 20 25 30 35 40

A
ve

ra
ge

 L
en

gt
h 

in
 B

its

Generations

Absolute Complexity and Efficient Complexity

"Absolute Length"
"Efficient Length"

=?>A@$B7C�D��	G \ I7D D�T$N�VAB L>AN�UtNQP-L�I D&W�R M�N�VAB L�D WXUKJ�D�J�D�K�L>AT�D VAD�U @�L�I?Y
��H�@AK;�;��H2?BCsC P > P [-�MHIC P >�@B:=@zC P�F C O H2J0�;?B>�@B@B:=HI8 FIOBP :d>�<2>
@
:=CB@��2H F\X H\T��;?AH2CB> O CB:=8;�SC P >%:=8ML-:=<-:nL-K F\X �a��> PMF <I>!� X HICBCA>EL
C P >z>��W> O C�H\T O ?AH2@B@AH\<2>
?):=8ÊLe:Ç�W>
?A>
8-C¸�I>
8;>
? F CA:dHI8;@Ec�N4:=�2K;?A>
^"@ P H\��@�C P > OAPMF 8a�2>�H\T�>��f> O CB@)H\T O ?BH2@A@BH\<I>
?¸L-Ka?B:=8;�%>
<IH X g
K;CA:dHI8�c4� P :=@�L-: F �2? F J O HI8;@B:=@BCA@�H�T&J F 8-[�L-: F �2? F J�@�H\T�C P >

@ F J�>%C�[-��> F @%N4:=�2K;?A>S`�� XnFIO >EL�:=8�@A>E»IK;>
8 O > F T6CA>
?z> FIOBP
H2C P >
?$c���> O�F 8�@B>
>"C PMF C�C P > F�Q @BH X K;CB> X [SL-HIJ�:=8 F CA:=8;�z>�Tng
T6> O CB@�H\T O ?BH2@A@�g�H\<2>
? F ?B>sC PMF C¸>�:dC P >
?�8;HIC P :=8;� PMF �;��>
8;@�CAH
C P >��MCB8;>�@B@E�IH2?±C P >±�MCB8a>
@B@�:=@&��H2?A@B>
8a>EL Q [zJ�HI?B>�C PMF 8·`$®2®
��>
? O >�8+C$c%� P >%��> F U�H\<2>
?�C P >%v
>
?BH X :=8;>s:d8 O ?B> F @B>
@"� P : OAP
:=8ML-: O
F CB>
@ F �2?AH\��:d8a� X [!Ka8 F �W> O CA>EL���CB8;>
@A@Ec±� P > F2O
O KaJ%K-g
XnF CA>EL�L->
@BCA?BK O CB:=<2>�>��W> O C�H\T O ?AH2@B@AH\<2>
?4CBH�C P > X >�T6C�L-> O ?B> F @B>
@
F TxCB>
?)�2>
8;>�? F CA:=H28¹` 6 F @�C P >z? F CB:=H Q >�C���>
>�8 F�Q @BH X KaCB> F 8ML
>��W> O CA:d<I> X >
8;�IC P :=8 O ?B> F @B>�@ F 8ML�C P >%:=8MLe:d<-:nL-K F�X�Q > O H2J�>�@
J�HI?B> F 8ML0J�HI?B>)�;?BHICB> O CA>ELWc

Effects of Crossover during Evolution

"Crossover Effect "

-100 or less
-50

0
50

100 0
5

10
15

20
25

30
35

0

1000

2000

3000

4000

5000

6000

7000

Fitness Change after Crossover (%)

Generations

Number of Crossover Events

=?>A@�B C�D�	7G�
�>AM�L�C>MR7B7L>AN	U�NXP-K�C�N�M�M�NQT$D�C�D�J�D�K�L�J7B C>AU7@|D�T$N�VAB L>AN�U?Y
N4:=�2K;?A> 6 @ P H\��@ P H\� F J�H;L->
? F CA> O H28;@AC F 8-C�>��;CA>
?B8 F�X
� F ?B@B:=J0H28-[��;?B>
@A@BK;?A> O
F 8%?A>
J�H\<I>�C P >�:=8+CA?BHI8;@ O HIJ�� X >
CA> X [
F TxCB>
?�@AH2J0>��I>
8;>
? F CB:=HI8;@Ec R 8%C P :=@ O
F @A>2� P H\��>
<2>�?E�IC P >)8;>
�\g
F CA:=<2>�>��f> O C�H\TW� F ?B@B:=J0H28-[��;?A>
@B@AK;?B>):=@&CAH-H�@BCA?BHI8;� F 8�L�C P >
@B[-@ACB>
J LeH+>�@!8;HIC O H28-<2>
?A�2>0CBH F 8�H2�;CA:dJ F\X @BH X K;CB:=H284c�¡
@BJ F\X=X >
?�� F ?A@B:=J�HI8-[S�;?B>�@B@BKa?B>���HIK X L�@BCAH2�¹C P >�>Y�e��H28a>
8-g
CB: F�X �I?BH\��C P H�T�C P > F�Q @BH X KaCB> X >
8;�IC P F 8ML�TxH2? O >�C P >�C���H
O K;?A<2>
@)CBH"T6H X=X H\�~> FIOAP HIC P >�?�J�HI?B> O�X H2@B> X [-c
¡~CB:=� P C X [�@A>
C�J F �;:=J"K;J²:=8ML-:=<-:nL-K F\X @B:=v
> O
F 8 F\X @AH Q >�@B>
>
8
CBHs:d8 O ?B> F @B>)C P > O HIJ��;?A>
@B@A:=H28%�;?A>
@B@AK;?B>2� Q > O
F K;@A>�C P >�HI8 X [
� F [ CAH~:d8 O ?B> F @B>�C P > O ?BHI@B@AH\<2>
?SC F ?A�2>
C F ?A> F � P >
8 C P >
J F �;:dJ"K;J X >
8;�2C P :=@�?B> FIOAP >EL0:=@�CBH!Le> O ?B> F @B>sC P >)>��f> O CB:=<2>
X >
8;�IC P c�� P :=@zJ F 8;:=�;K X�F CB:=H28�@AH2J�>�CB:=J�>
@ X > F L-@zCBHÊT F @ACB>
?
O HI8+<I>
?B�I>
8 O > Q K;C�H\TxCB>
8�C P >"�;?A>
@B@AK;?B> Q > O H2J0>
@�CBH-H P :=� P
F 8�L�C P >±@B[-@BCA>
J T F : X @WCBH O H28-<I>
?B�I>�CBH F 8�H2�;CA:=J F\X @BH X K;CB:=H284c

50

100

150

200

250

300

0 5 10 15 20 25 30 35 40

A
ve

ra
ge

 L
en

gt
h 

in
 B

its

Generations

Absolute Complexity and Efficient Complexity

"Absolute Length"
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