
� ���������
	������������������������� !�"����#���%$&�'�)()�+*,��-�/.#��!�"0
132 ���45�+67�7����
�8��$9���
4 2 	:�<;=���
� 2 	:�"0?>#��*,,��43*A@

B<CEDGF/DIHKJ�L
M�NPO�DIQRC�DIHPSUT�HVSWC�X�Y[ZVN]\^X�DGH]X
_]`�a,b�cedgf/dihj`�k�f�lnmVkEo/hpk�q+qsrthpkEouf�knvAwAqsx+h o/k^_Pqsk�dRqsr:y-zI{+|�`}`/lI`�~,mVk�o/hpknqtqsrthpkEo�z�{shjq�kn{tqsx y

� kehp��q�r+x+hidi�u` ~!z�`�cedp|�f�a,b�dg`�k�y-��h o�|+�Pq�l v}y-z�`�cedp|�f�a,b�dg`�k"z&�,���<�����n�
�-�j����� �j���n�,� ��� �u�� p¡�¢K£�¤-¥I¦�� §7¨���¤&¨e©�ªu«�¬e}¬n¤V� �e®n� ¯K°

±�²�³�´7µ ¶�¶+·�¸�±�·}¹n¶t·}´�³G·}º�»�¼�¼�¼n½^º+·�¾nµp¿+·�¸�À�ÁEÂ�²�ÁEº�Ã�ÄIÅ�Æ�Æn»

ÇAÈ  i«�ÉK��ÉW¨/¡�É&¡}¨E«�¨E¤�}«��Ê®/¬�¨EË�¬nÌi¯G} j¬�¤-��¡�¦Í�e¡}® È  p}¨E®/}¯G¡}¨
ÎR¬�¡Ï¥G i«s�¡} jÐ&¯&}¨�¥Ñ¬�É&Ò
} iÓ� iÔ��e} i¬�¤Õ¬eÎ"®E¬�Ó�ÉKÌi¨/Ö×®E¬�¯KÉ&Ìj¨E¥Ê«s¦G«s}¨EÓ�«E� ÇAÈ  i«��e¡}® È  p}¨E®/}¯G¡}¨� i«� i¤K«�É& i¡}¨E¥ØÐ�¦
 È ¨'É È ¨E¤&¬nÓ�¨E¤K�#¬�Î�®E¬�¨EË�¬�Ìi¯&} i¬n¤K�e¡�¦Ø�n¥&��ÉG��e} i¬n¤Ø¬�®E®E¯G¡�¡} j¤&Ù� i¤Ê¨E®E¬�Ìi¬nÙn i®��eÌ�«s¦G«sÒ
}¨EÓ�«E� ÇAÈ ¨"ÎR¬�®E¯K«�¬�Î! È  i«<¡}¨E«�¨���¡}® È  i«�}¬^¥&¨EË�¨/Ìj¬�É#Ú-¨/ÖG iÐKÌi¨�¥G¨E«� iÙn¤Ï�e¡}® È  p}¨E®�}¯&¡}¨E«
ÎR¬�¡<��¥K¥G¡}¨/«�«� j¤&Ù� È ¨�¬e¡}Ù���¤& iÔ��e} i¬n¤K��ÌV��¤K¥Û®/¬nÓ�ÉK¯G��e} i¬n¤K��Ì-® È �eÌiÌj¨/¤KÙn¨/«� j¤IË�¬�ÌiË�¨�¥� i¤
¬�É&} iÓ� iÔ��e} i¬n¤Ï¬eÎÜÌj�e¡}Ù�¨/Ò�«�®���Ìi¨^Ó�¯KÌp} j¥& i«�®E iÉKÌi i¤-��¡�¦#«s¦G«s}¨EÓ�«E��Ýt¤# È ¨ÞÉG¡}¬nÉW¬�«�¨�¥Ï¥&¨/Ò
«� iÙn¤Ï��¡}® È  p}¨E®/}¯&¡}¨�¢- È ¨7¬�É&} iÓ� iÔ��e} i¬n¤�ÉG¡}¬�®E¨�¥G¯&¡}¨� i«�Ó�¬I¥G¨EÌi¨�¥#��«� È ¨7ÉG¡}¬�®E¨E«�«u¬eÎ
®E¬n�n¥&��É&���} i¬n¤UÐW¨�tßA¨/¨E¤�«s¦GÓ�ÉK�e�¡} i®�«�ÉW¨/®E i¨E«7 i¤U�e¤�¨E®/¬n«s¦G«s}¨EÓ#��àá�e® È «�ÉW¨E®E i¨E«7 i«
¨E¤��¡}¯&«s}¨�¥"ß< i È  È ¨����«�°�¬�ÎK iÓ�É&¡}¬�ËI j¤&Ù<«�¯KÐ&Ò+¥G¬nÓÛ�� i¤�«�ÉW¨E®E pâK®Ü¬nÐIãs¨/®/} iË�¨E«���¤K¥� È ¨
«}��} j«sÎ���®/} i¬�¤
¬eÎ�«�¯KÐGÒt¥G¬nÓÛ�e j¤ä®E¬�¤K«s�¡��� i¤�}«E�ÜåÜ¬n¯&ÉKÌi i¤KÙ�®E¬�Ó�É-�e} iÐ& jÌi pt¦ä®E¬�¤K«s�¡��e j¤�}«
��¡}¨���®E®E¬�Ó�Ó�¬I¥K��}¨�¥äËI j�� iÓ�É&Ìj i®E p<Ù�¨E¤K¨/¡��eÌi jÔ/¨�¥#æ��e®E¬nÐ& � p}¨/¡��e} i¬�¤V¢Gß È  i® È ¨E¤-�eÐKÌi¨E«
 È ¨��eÉKÉ&Ìj i®���} i¬n¤ä¬�Î] È ¨<É&¡}¬�ÉW¬n«�¨�¥Û��¡}® È  i}¨/®/}¯&¡}¨<}¬�«s¦&«s}¨/Ó�«�ß< p È �e¡}Ð& p�¡��e¡�¦�®E¬�¯&Ò
É&Ìj i¤&Ù�Ð-��¤K¥Gß< j¥G È ÐW¨/tßÜ¨E¨E¤# È ¨Þ¥G j«�®/ jÉ&Ìi j¤&¨E«E¢-ß< p È ¬�¯&u��¤� i¤K®�¡}¨���«�¨Þ i¤# È ¨7É&¡}¬�Ð&Ò
Ìi¨EÓç«� iÔE¨n�
£è¥&¬�ÓÛ�� i¤×¥G¨E®E¬nÓ�ÉW¬�«� p} j¬�¤Ø��ÉKÉG¡}¬��e® È  i«�ÉG¡}¨E«�¨E¤�}¨�¥�ÎR¬�¡^¥& i«s�¡} iÐK¯&}¨E¥
«s�¡}¯&®/}¯&¡��eÌA¬nÉG} jÓ� iÔ���} i¬n¤é}¬Ï®E¬n¤&«s�¡}¯K®/��#®EÌj��«�«�¬�Î<}¨E«s�É&¡}¬nÐ&Ìi¨EÓ�«E�Ï�u¯&Ó�¨/¡} i®���Ì
«s}¯K¥& i¨E«��e¡}¨"ÉG¡}¨E«�¨E¤�}¨�¥Û}¬�¥&¨EÓ�¬�¤K«s�¡���}¨� È ��<®E¬n¤IË�¨�¡}Ùn¨E¤&®E¨"}¬^�e¤�¬nÉG} iÓÛ��Ì]«�¬nÌi¯&Ò
} i¬n¤�«}��} i«sÎR¦G i¤KÙÛ È ¨�«�¯KÐGÒt¥G¬nÓÛ�e j¤���¤K¥#®E¬n¯&ÉKÌi i¤KÙÛ®E¬nÓ�ÉK�e} iÐK iÌi pt¦�®E¬n¤&«s�¡��� i¤�}«u®��e¤
ÐW¨"¡}¨���¥& iÌp¦#�e® È  i¨EË�¨�¥]�

ê�ë�ìØíÛî�ïtð�ñnòØó'ôGõpös÷jø�÷iùsú�÷iûGõp÷iü&ý�þtÿ×ø��/ùt÷��eü���ûIös÷���÷��Eý�ös÷���ü	�,ú
��ôGûIõ��Eø#ùtÿ�ù+ö����Þù��������õiôIös÷���ü&ý�þsÿÏú������
ûGôGö}ý�ös÷��eü��Gú
���
���eõiôIös÷��eüKý�þsÿ�ý�õ�����þs÷pö�����ù��-ùtösþ�ôGú�ö�ôIþ}ý�õ���ûIös÷���÷��Eý�ös÷���ü	�]ø�����ý�÷iü#ø��/ú����Þû���ù+÷pös÷���ü	�

�����! #"%$�&('*),+-"%��&( 
.#/	0gJ�Q�SWQRF�1�Q32	0RQgHVDIC�4'SWXnF�Q35GH76�2WJ/Q98#Q3:�DIJ�Q36GH#;<.>=@?BAÜQ�F<DIH#XeHVD�C	0RQgH�5D8#XeJ�L	6WSE6F096F5�4@GH6&CAJ�L]X

SWXnF�Q35GH*6�GI1!6F872�0gX�J�F�4WF�J�X�8#F�K-J�LPX@2]L�4-F�QL1eFM6�GAY7L]QL1EL�QRH�N�6F09N&XB1�6�/	2�0gQRH	5&FOC�X�J}YuXeX�H*N�DGC�Q36�/PF

P�QER ÁE¹�¹I·�ÁEºÜµpÂBSUT<SUSWV�X!Y�Z�[�\^] Ä&Å�Æ�Æ�Å�_a`Õ¹nºt·cbpµp´7µpÂ�ÁEº+Ãu¾�·�º+¿tµ R Â Red ¶gf�µp¿Ü¹�ÁE¹G·}ºah�ÁE¿Ü¹n²�³�bpµp¿ifn·�¸�³eÃÞ¶ifn·
`Ü´7·}º+µkj�ÁEÂ�l Â�¿�¶tµ ¶+²n¶+· Red `á·}º R Â�ÁE²n¶+µkj}¿AÁEÂ�¸m`Ü¿�¶tº R Â�ÁE²n¶+µkj�¿áÁE¿n`Ulo`U`qpPÁE¹I·�º�»�¼�¼�¼�rs»�Å^s�Æ

t



QRH&J/XeCED�1�J�QRH	5ÏSWQ�F
1eQ92	0RQRH]X�F���2]LPXeH	6F8�X�HPD]N��"L]X-/]HPSWX�C
034-QgH�5(GH6E1!/PF�6�G .>=@? 8�XeJ�L	6WSE6F096F5�4�QRF
J
6'SWX�N&X�036�2-GH6GC�8#D�0	2]C�6E1�X�S	/]C�XnF GH6GC�X!JE2	036GQgJ�QRH	5^J�L]X�F�4-H]X�C
5&QRF�J�QL1"X��,X�1�J/F 6�GVJ/L]X�1�6�/	2	0RQRH	5ÛQRH
J�LPX�2]C�6�C	0RX�8 2]L�4WF�QL1eF�D�JuX�NGX�C
4�F}JED�5&X 6�G!J/L]X�SWXnF�Q35GH(2PC
6E1�XnF�F�N ?�H]XÞDGS	N�DGHKJ/D�5&X 6��,XeC/X�S C�4
J�LPQRFO8#X�J/L	6WSE6�036�5F4�Q�F�J�L]X^D�1EL]QRX�N&X�8#XeHKJO6�G 1�D�0RXeHPS]DGC<J/Q98#XB1!6�8 2]C/X�F/F�Q96&H(NKQ�D 1�6GH�1�/]C/C�X�H�1!4
QRHÏJ�LPXm2]C�6WSE/�1�JuSWXnF�Q35GH
DGHPSÏSWX�NGX�096F2	8#XeHKJO1�4�1�0gX&N��sJ"D�0RF
6äD�03036�Y�FIGH6GC�J�CEDGS]X�6��×F�J
/PSWQRX�FOC�X�	
J}YuXeXeH*2�XeC
GH6GC�8#DGH�1�XFKE8�DIH�/EG�D�1�J
/]C/QRH	5�K]F
/	2	2 6GC�J/D�C]Q90RQgJc4�KWX�1�6GH	6F8#Q31�F�K]DGHPS*0gQ9G:X%1!4E1!0RX^QRF/F
/]X�F
J
6 CVX 1!6&HPSE/�1�J�XnSÊD�J�D�030ÜF�J/D�5GXnF 6�G�J/L]X#SWX�F�Q95&H>2]C�6E1�X�F/F�N�
�X�H�1�XFK�J�L]X#DGSE6F2WJ�Q36GH#6�G .>=@?
8#X�J/L	6WSE6�036�5F4�QRF7H�6IJ 6GH	034ÏX�J�2�X�1�J�XnS
J�6 0gXnDGS
J
6 CVXeJ�J/XeCÞSWXnF�Q35GHVF�KEC	/]JÞD�0�F�6'J�L]X�XnF}JED�C	0RQ�F�L�	
8#XeHKJ 6�GVD�876&C�X 2]L�4WF�QL1eD�09034B8�XnDIH]QRH	5�GH/	0WSWX�F�Q95&H 2]CED�1�J�QL1�XuDGFU1!6�8 2PDGC�XnS^J
6ÞJ�L]XuJ/C/D&SWQjJ/Q96&HPD�0
F�X� /]XeHKJ/QRD�0�D�2	2]C�6&DF1EL
QRH�Y7LPQ31ELUJ�LPXÛF�4-H]X�C
5&QRF�J�QL1ÞX���X�1�JEF 6�GI1!6F/	2	0RQgH	5�DGC�X�Q95&H	6GC/X�S�N

T�C�X�1�X�H&J!C/X�N-QRXeY 6�GKJ�L]X�F�J/DIJ�XI6�GKJ/L]X<DIC�J�QRH%.>=B?ÍLPD&F CVX�XeH@2]C/X�F�XeHKJ/X�SDC�4���6FC]QgXnF�:�1!:nDIHPF��-Q�	
��6FC]QgXnF��-Q DGHPS�
ÞD�G J���D]N����sJÞY"DGF"H�6IJ�XnSéQgHéJ/L]Q�F�C/X�N-QgX�Y J/LPD�J��
6GC�5&DGH]Q9:nD�J/Q96&HPD�0 1ELPD�090RXeH	5&X�F��
DIHVS���1!6�8 2	/]J/D�J/Q96&HPD�0 1�6&F�J��ÑDIC/X*5GXeHPXeCED�03094 2�XeCe1�X�Q9N&X�S DGF�J�LPX#8#D��c6GC(6FCPF}JED�1�0gXnFäJ�6 J�L]X
D�2�2	0gQL1eDIJ�Q36GH*6�GI.>=@? 8#X�J/L	6WSE6�036�5F4ÏQgH×SWXnF�Q35GH*2]CED�1�J�QL1�XGN

T 5�6�6WSØSWXnD�0I6�GuX�DGC
0RQgX�C^C�XnF�XnDICe1ELÊY 6&C��×QRH .>=B? LPD&F�GH6E1�/PF�XnS 6GHÑF�4WF�J�X�8 6F2WJ�Q38#Q9:nD 	
J�Q36GH#D�2�2]C
6KD�1EL]XnF�K�D�0�F
6!�-H	6�Y7H'D&FU8 /	0gJ�Q�SWQ�F
1eQ92	0RQRHPDIC�4BG:X�D&F�Q3C	0RX 8#X�J/L	6WS]F�"&F�XeX�K�GH6&CAX!J]D�8 2	0RX�K
C/X!G:XeC/XeH�1�XGN #��"L]X�F�X�D�2	2PC
6KD�1EL]XnF�C/X� /]QRC�X�D#F
/]QjJ/XB6�GAL]Q95&L	034ÏQgHKJ/X�5GCED�J/X�S�SWQRF�1�Q32	0RQgHVDIC�4
DIHPD�0�	
4WF�Q�F"J�6 6F0RF�1!6GHPH]X�1�J�X�SUJ�6
D�F�QgH	5F0gX@6F2WJ�Q38#Q9:�XeCnN$�"LPX%8�D �c6GC�S]QRF/DGSEN�DGH&JED�5&X�FM6�GAJ/L]QRF�0gQRH]X%6�G
D�2�2]C
6KD�1EL QgH�1!03/PSWX&%,;('�A�J�L]X
L]Q95&L 1!6&F�J/FäQgH�NF6�03NGX�SÕQRHÍF�6�G J}YuDGC�X#QRH&J/X�5&C/DIJ�Q36GH�DIHPS 8�DIQRH�	
J�X�HPDIH�1�X(6�G�J�L]X
QgHKJ�X�5GCED�J/X�SØS]X�F�Q95&HÑF
4WF}J/X�8,K ;*)�A�F
2VX�1�Q�D�0RQRF�JäSWQ�F
1eQ92	0RQRHPDIC�4>5GC�6�/�2PF^SE6×H	6IJ
LPD�N&XØDIH�4 SWX�1eQRF�Q96&H 8�D��-QgH�5 2�6�YuXeC�QgH J�L]XÑSWX�F�Q35GH 2]C�6E1�X�F/F�K�DIHPS ;,+FA�J�L]XÕQgH�1eC�XnDGF�XÊQRH
1!6F8 2	/WJ/DIJ�Q36GHPD�0 1�6&F�J�DIHVS#2�6GJ�X�H&J/QRD�0U1�6GH�NGX�C
5&XeH�1eX@2]C�6�C	0RX�8�FÞS	/]XÛJ�6ÏJ�LPX-/PF�X 6�G�DÏF�QgH	5F0gX
6�2]J�Q38�Q3:eX�C7J
6�LVDIHPSE0RXÛD�030!J/L]XäSWXnF�Q35GH*N�DIC/QRD�C	0gXnFeN�T�H	6GJ�L]X�C�Q98 2 6GC�J/DGH&J G�DF1�J�6GC7Q�F"J�L]X 8#D&F(	
F�Q9N&XB1�6�8 2	/WJED�J/Q96&HPD�0a1�6&F�J"QRH�1�/]C�C/X�S�QRHéF
/�1EL,.>=@?9D�2	2]C�6&D�1ELPX�FuSE/]X^J
6#J/L]X�C/X� /]QRC�X�8�X�HKJ
6�G�QjJ/XeCED�J/Q96&HPFUCVXeJ}Y�X�XeH'J�L]X7SWQ�F
1eQ92�0gQRH]X�FÜJ�6�DIC/C�Q3NGXuD�J<DD8 /	0gJ�Q�SWQ�F
1eQ92	0RQRHPDIC�4@G:X�D&F�Q3C	0RXuF
6�03/WJ/Q96&H
D�J7XnD�1EL GH/]H�1�J/Q96&HéX�N�D�03/PD�J/Q96&H�N

�"L]X�F�X�S]C/D�Y CPDF1-�WF�J�6UF
4WF}J/X�8 6�2]J�Q38�Q3:�DIJ�Q36GHÑD�2	2PC
6KD�1EL]XnF�K1!6F/	2	0RX�SÊY7QgJ�LÕJ�LPX�X�NGX�C�QRH�	
1�C/X�D&F�QRH	5�C�X.F/PQgC/X�8#XeHKJU6�G�D&S]SWC/X�F/F�QRH	5ÞJ�L]XM6GC�5&DGH]Q3:�D�J/Q96&HPD�0&DIHPS71!6F872�/WJ/DIJ�Q36GHPD�0 1ELPD�090RXeH�5GX�F
QRH�.>=B? LPD�N&X 876GJ�Q3N�D�J�XnS'J�L]XÞS]X�NGX�096F2	8#XeHKJ 6�G!SWQ�F}J/C�Q3C	/WJ/X�S 6F2WJ�Q38#Q9:nD�J�Q36GH�DGC�1EL]QgJ�X�1�J�/]C�XnFeN
/IJ]D�872�0gX�DGC�1EL]QgJ�X�1�J�/]C�XnF 6GH#Y7L]QL1EL�C�XnF�XnDICe1EL'LVDGF�C/X�1eXeHKJ
034 C�XeX�H(2	/]CEF�/]XnS�Y7QjJ/L(2PDIC�J�QL1!/	0�DIC
N-Q95F6GC7DIC/X@1!6&H�1!/]C/C/XeHKJ�F�/	CVF�2PDF1�XB6�2]J�Q38�Q3:�DIJ�Q36GH ;*01�2��?BA(3�4 5ÛDIHPS,1�6�030RD�C�6&C/DIJ�Q3NGX�6F2WJ�Q38#Q9:nD 	
J�Q36GH#;60 ?BA�N 7�8:9��"L]X�F�X�DICe1EL]QgJ�X�1�J
/]C/X�FÜX�HPD�C	0RXuJ�L]X�F�6F09/WJ/Q96&H-6�G 0�DIC�5GX�	sF�1eD�0gXO.>=@? 2]C�6�C�0gX�8#F
QRHéD#SWQ�F�J�C/Q9C	/]J�X�S G�D&F�L]Q36GHéDIHVS�C/X�JEDIQRH
J/L]XÛDGS	N�DGHKJ/D�5&X�F 6�G�SWQ3NKQ�F�Q96&H 6�GU0�D�C 6GCnN

��/�1EL>8-/	0jJ/Q90RX�N&X�0U6�2WJ/Q98#Q3:�DIJ�Q36GHØD�2	2]C�6&D�1ELPX�F�;�J
6 .q=B?)QRH>5GX�H]XeCED�0áQgH�NF6�03NGX�J/L]X /PF�X 6�G
D
F
4WF}J/X�8 0RX�NGX�0 6F2WJ�Q38#Q9:�XeC�K,Y7L]Q31EL 5�/]Q�SWXnF�D
H /�8 C�XeCD6�G�SWQ�F�1�Q32	0gQRHPDGC
4,6�2]J�Q38�Q3:eX�C/F�J
6UQ98<	
2]C�6 NGX�J�LPX 6 NGX�C/D�090�F
4WF}J/X�8 2VX�C�GH6&C
8�DGH�1�XFKPF�DIJ�Q�FcGH4�J�LPX'SWQ�F
1eQ92�0gQRHPDIC�4 1�6GHPF�J�CEDIQRHKJ/F�KPDIHVSéXeH�	
F
/]C�XB8-/	0jJ/QRS]QRF�1�Q32	0RQgHPDGC
4 G:X�D&F�Q3C]Q30gQgJc4 6�GáJ/L]X%1!6&H N&XeC�5GXnS
F
6�03/WJ�Q36GH�N=�WQgH�1eX@8 /	0gJ�Q�SWQ�F
1eQ92�0gQRHPDIC�4
G:X�D&F�Q3C]Q30gQgJc4ÑH]XeXnSÍH	6GJ-C�X�X�HEGH6GCe1�XnSÍD�J�X�DF1EL�QjJ/XeCED�J�Q36GHnKAJ�L]Q�F#D�2	2]C�6&DF1EL 1�QRC�1�/	8 N&XeHKJ/FÛJ�L]X
2]C�6�C	0RX�8 6�G!��SWQ�F�1�Q32	0gQRHPDGC
4#F�X. /]XeH�1eQgH�5>�	KKQRH
Y7L]QL1EL
F
6�8#X�6�G�J�L]X^SWQ�F
1eQ92�0gQRH]X�F�LPD�N&X�J
6'YuDGQjJ
GH6GC7S]DIJ/D-G:C�6�8�J�LPXD6GJ�L]X�C�SWQ�F
1eQ92	0RQRH]X�FOC�X!GH6GC/X@1eDGC�C�4-QgH	5-6�/WJ"J/L]XeQRC�SWX�F�Q35GH�F�J
/VSWQgXnFeN?
ÞXeH�1eX�K
SWQ�F}J/C�Q3C	/WJ/X�Sq6�2WJ/Q98#Q3:�D�J/Q96&HØD�03036�Y�F GH6GC�J/L]X 2 6&F/F�Q3C]Q30gQgJc4#6�G�JED�1-��0RQgH	5*.>=@? 2]C�6�C	0RX�8�F�QRHÕD
1!6&H�1!/PC�C/XeHKJIG�DGF�L]Q36GHq;:J�L]X�C�X�C�4�DF1EL]QgX�N-QgH	5-1eD�0RXeHVS]DIC�	+J/Q98#X 1�6�8 2]C/X�F/F�Q36GH�A!K&DGHPSÏD�0�F
6ÛC�XeJ/DGQgHPF
J�LPX
D�/WJ�6GH	6F8 4>6�G"S]QRF�1�Q32	0RQgHPDGC
4ÕF�2�X�1eQRD�0gQ�F}JEF�QRHÕJ/L]X
SWXnF�Q35GH 2]C�6E1�X�F/F�N��"L]X(0�D�J�J/XeCäD&SEN�DIH�	
J/D�5GX"Q�F�Y7QRS]X�034'D�1-�-H	6�Y 0RX�S	5GX�S�J
6@C�X�D@1�C�/�1�Q�D�0�G�DF1�J
6&C�QgH�J/L]X�D�1�1�X�2]J/DIH�1�XM6�G GH6GC�8�D�0	.>=@?
8#X�J/L	6WS]FDC 4×QRHPSE/VF}J/C
4&NB=�Q�F}J/C�Q3C	/WJ/X�S .>=B? 8#XeJ�L	6WS]F�DGC�XäD�0RF
6
YuX�030�F�/PQjJ/X�S×J�6ÏJ/L]X#L]QgX�C�	



DICe1EL]QL1eD�0 6&C
5KDIH]Q3:�DIJ�Q36GHPD�0!F}J/C
/�1�J
/]C/X�DIHPSUL]XeJ�X�C
6F5GXeHPX�6�/VF 1!6�8 2	/]J�QRH	5(2	0�D�J�GH6&C
8�FOGH6F/]HPSéQRH
8�DIH�4�0�DIC�5GX�QgHVSE/PF�J�C/QgXnFeN 7
�	6�03036�Y7QgH	5�J/L]XÛSWQ�F
1�/PF�F�Q36GH*2]C�XnF�X�HKJ�X�S�QRHéT�0gX�J]DIHPSWC�6 NÏDIHVSU\B6WSWQ34&D�0RD�8�� K�.>=@? 8#XeJ�L�	

6WS]FO1eDIH(C�XDC]C
6KDGSE034-1�0RD&F�F�Q��PX�S(6&H#J�L]XDCPD&F�Q�F 6�G!J�L]X�SWX�F�Q95&H
DICe1EL]QgJ�X�1�J
/PC�X 6&C GH6&C
8-/	0RDIJ�Q36GHaK
J�LPX%6�2WJ/Q98#Q3:�DIJ�Q36GH×D�035�6&C�QgJ�L	8�FM/PF�X�S*GH6&CÞSWXnF�Q35GH×F
2PD�1eXÛF�XnDICe1EL ;g=�� ��A^K 8�XeJ�L	6WS]F�/PF�X�S GH6GC
1!6&HPF�J�C�/�1�J/QgH	5�D�2	2PC
6�JWQ38#DIJ�Q36GHB8 6WSWX�0�FáJ
6�DF1�1eX�0RXeCED�J�X =�� � KIDIHPS^J/L]X G:C/D�8�X�Y 6&C���X�8 2	036 4GXnS
GH6GCB8�DIHVD�5GQRH	5 N�DGC�Q�D�C�0gX�	��VS]X�0RQjJc4×DIHVD�034-F�Q�F�8 6WSWX�0�F�N �"L]X#DIC/X�D 6�G .>=@? DGC�1ELPQjJ/X�1�J�/]C/X�F�QRF
1!036&F�X�034^C�X�0RDIJ�XnS^J
6�J�L]X��PX�0RS]FU6�GPF�4WF�J�X�89S]X�1!6F8 2�6KF�QgJ�Q36GHäDGHPS%6F2WJ�Q38#Q9:nD�J/Q96&H�N �"L]XuC/X�F�X�DICe1EL
YO6GC��ÏC�X�2�6&C�J/X�S�L]XeC/XDGH6E1!/PF�X�F 6&H
J/L]X��PCEF�JuJ}YO6(2 6GQRH&JEF�KPQ+N XGN3KWJ�LPX%.>=B? DICe1EL]QgJ�X�1�J
/PC�X�DIHVS
J�LPX@6�2WJ/Q98#Q3:�D�J/Q96&HUD�095F6GC/QjJ/L	8éN
�7X�1eXeHKJ
034�K"F}J�6E1ELPDGF�J�QL1UH	6GH	5&C/D&SWQRXeHKJ(6�2WJ/Q98#Q3:�D�J/Q96&H J/X�1EL]HPQ  /]XnFÏF�/�1EL D&F#X�NF6�03/WJ�Q36GHPDGC
4

D�035�6&C�QgJ�L�8#F ; /�T�F�AÛLPD�NGX CVX�XeH F
/�1�1eX�F/FcGH/�09034 D�2	2	0RQgXnSÑJ
6 F�6F8#XÏH	6GH�1!6GH�N&X!J S]X�F�Q95&H 6�2WJ/Q�	
8#Q9:nD�J/Q96&H 2]C
6FC	0RX�8�F�"^F�XeX�KMGH6&C
X�JWD�8 2	0gXFK"C�X�G:XeC/XeH�1eX�F�N �
	�8 �(# / NGX�H J�L	6F/	5GL J/L]Q�F 1!0�DGF/F�6�G
6�2]J�Q38�Q3:�DIJ�Q36GH�J�X�1EL]H]Q  /]X�F 6��,XeC 8�DIH�4�DGSEN�DIHKJED�5GXnF�DGF 1!6�8 2PDGC�XnSÛJ�6%5GCEDGS]QgX�H&J<F�X�DGC�1ELaKIJ�L]X
H�/	8 C�XeC 6�G GH/PH�1�J/Q96&H�X�N�D�09/VD�J�Q36GHVF"C�X.F/PQgC/X�SÏJ
6�1!6&H�NGXeC�5GXÞJ
6�DIH*6�2]J�Q38#D�0�F�6F09/]J�Q36GHUQRF 1�6GH�	
F�QRSWX�C�XnSq2PC
6&L]Q9CPQjJ/Q9N&X-GH6&C@8�DIH�4q2]C�6�C�0gX�8#F�N �"L]Q�F@2]C�6�C	0RX�8 6�GuLPQ95&L 1�6�8 2	/WJED�J�Q36GHVD�0 1!6KF}J
LPD&F 0gXnSäJ�6@NGX�C
4@G:X�Y D�2	2	0RQ31�D�J/Q96&HPF 6�G /�T�FÜJ
6%.>=@? /VF�QRH	5�L]Q35GL�	��VSWX�0gQgJc4äDGHPD�034WF�Q�F 8 6-S]X�0�FeN
��HØC/X!G:X�C�X�H�1�X ����K,D�G:XeXnS�GH6GC/YuDGC/SéHPX�/]CED�0ÜH]X�J}YO6GC��UYuD&F��PCEF}J@1!6&HPF�J�C�/�1�J/X�SéJ�6 8�D�2×J/L]X#SWX�	
F�Q95&HÏF�2PDF1�X C�X!GH6&C�X7J/L]X�6F2WJ�Q38#Q9:nD�J/Q96&HÏF}J�/PSWQRX�F�K&Y7QgJ�LÏQRH]X�NKQgJ/D�C	0RX�C�XnF}J/C�QL1�J/Q96&HPFI6&H#J�L]XÞF�1!6F2VX
DIHVS�VSWX�0RQgJc4 6�G"J�L]X��PHPD�0 6�2WJ/Q98-/	8éN&
�X�H�1�XFK�Y7L]XeHÑJ/L]X�SWQ���1!/	0gJ�QRX�F-6�G7L]Q35GL 1�6�8 2	/WJED 	
J�Q36GHVD�01!6&F�J7DIC/Xm1!6F/	2	0RX�S�Y7QgJ�LUH	6&H�1!6&H N&X!J�SWX�F�Q35GH
F
2PD�1eX�F�KWF}JEDIHPS]DGC/S�/�T D�2	2]C�6&DF1EL]X�F�DIC/X
Q3872PC/DF1�J�QL1eD�0ÜDGHPS#8 6GC/X'D&SEN�DIH�1eX�SÊF�J�CED�J/X�5&QgXnFÞDIC/XÛC/X� /]QRC�XnS!N��"L]X'SWX�NGX�096F2	8#XeHKJm6�G 1!6F8 	
2	/WJED�J/Q96&HPD�0G:CED�8#XeYO6GC��WFIGH6&C 1!6GHVF}J/C
/�1�J�Q36GHUDIHPS 8�DIHPD�5GX�8#X�H&JM6�GAD�2	2PC
6�JWQ38#DIJ�Q36GH�8 6WSWX�0RF
J
6�DF1�1�X�0gX�C/DIJ�X /�TÞF�LPD&F CVX�XeH J�L]X*GH6E1!/VF 6�G�F
6�8#XéC�X�1�X�H&J#C/X�F�X�DICe1EL "uF�X�X�K GH6&C#X!J]D�8 2	0RX�K
C/X!G:XeC/XeH�1�X�F�N��(3�4 � 5 �sJäQ�F�X�J�2�X�1�J�XnS J�LPDIJ�J�L]X 1�6�8 2	/WJED�J/Q96&HPD�0 1�6&F�J@6�G /PF�QgH	5&/�TÞF@1�6�/	0�S CVX
F�Q95&H]Q�� 1eDIHKJ�094ÏC/X�S	/�1�XnS C�4�/PF�QRH	5ÏF�/�1EL*=�� �UF}J/C/DIJ�X�5GQRX�F�N

TÞF"D-1�6GHPF�X� /]X�H�1�Xm6�G�J/L]X�L]Q95&L 1�6�8 2	/WJED�J�Q36GHVD�01!6&F�J"QgH�N�6F09N&X�S#QRH /PF�QRH	5</�TÞF GH6GCM=�� �K
QgJ/FÞD�2	2	0RQ31�D�J/Q96&HéJ
6�8-/	0jJ/Q90RX�N&X�0U6�2WJ/Q98#Q3:�DIJ�Q36GH#C�X�1!6F8#X�F�1�6�8 2	/WJED�J/Q96&HPD�03094 2]C�6GL]Q3C]QgJ�Q3NGXGN�T
5GX�H]X�J/Q317D�095F6GC/QjJ/L	8 ;��^TmA�D�2	2]C�6&D�1EL7CPD&F�XnS 6&H72PC�XnS]D�J�6GC�	i2]C/X�4%1�6&D&S]D�2WJED�J/Q96&H'Y"DGF�D�2	2	0RQgXnS
J
6#CPQ90RX�N&X�0 6F2WJ�Q38#Q9:nD�J�Q36GH 2]C�6�C�0gX�8#F%C 4���XeHKJ�X�CäDIHVS 
�D G J���DPN ��7 �sJÛY"DGFÛF�L	6�Y7HÕJ�LPDIJÛJ�LPQRF
D�2�2]C
6KD�1EL 1!6F/	0RS70RX�D&SäJ�6äF/D�NKQRH	5KFAQgH#J/L]X�1!6F8 2	/WJ/DIJ�Q36GHPD�0	1!6KF}JnN��"LPX�SWX�1�6�8 2�6KF�QgJ�Q36GH�J/X�1EL�	
H]Q  /]X%2]C�6�2 6&F�X�S*C�4�� XeXäDGHPS 
ÞD��}X�0�D ���B1!6F/	0�S×D�0�F�6(C�XÛQRH&J/XeC�2]C/X�J�XnS×DGF�D 1!6-X�NF6�03/WJ�Q36GHPDGC
4
F�X�DICe1EL�F}J/C/DIJ�X�5�4GN �"L]X�F�X�J�X�1EL]H]Q  /]X�F G�D�030 /PHPSWXeCäJ�L]X C]C�6&DGS CVDIH]H]X�C 6�G�1!6-X�NF6�03/WJ�Q36GHPDGC
4
1!6F8 2	/WJ/DIJ�Q36GH�NuT�HéX!J	1eX�030gX�H&JÞS]X�F�1�C/Q92WJ/Q96&H,6�GÜJ�L]X�J/L]X�6&C�XeJ�QL1eD�0�DGF
2VX�1�J/F 6�GI1!6-X�NF6�03/WJ�Q36GHPDGC
4
1!6F8 2	/WJ/DIJ�Q36GH�DIHVSäC/X�F
/	0gJ/F GH6&C<F�6F8�X7D�2	2	0RQ31�D�J�Q36GH#DIC/X�D&FI1eDGH-C�XMGH6�/]HVS#QgH�J�LPX�SWQRF/F�XeC�J/D�J/Q96&H
6�G�B 6IJ�J�X�C�N��
�

�"L]QRFO2PD�2VX�C7QgHKJ/C
6WSE/�1eX�F�J�L]XB2PDGC/D&SWQ35�8 6�G 1!6-X�NF6�03/WJ�Q36GHPDGC
4#DGSPD�2WJED�J�Q36GH�QgH
J�L]X@1�6GHKJ�X�JKJ
6�G!SWQ�F}J/C�Q3C	/WJ/X�S76�2]J�Q38�Q3:�DIJ�Q36GH 6�G 1!6F8 2	0gX�J71�6�/	2	0RX�S#F
4WF}J/X�8�FeN ��HPF
2]QgC/X�S7C�4ÛJ/L]Q�FI2PDICEDGS]Q95F8*K
QgJÞQRFÞF�L	6�Y7H�J�LVD�J�J/L]XäSWXnF�Q35GH*2]C�6�1eX�F/F 1eDGH,CVX@8 6WSWX�0RX�S×D&FuJ�L]X 2]C
6E1eX�F/FM6�GI1!6&D&S]D�2]J/D�J/Q96&H
C�X�J}YuXeXeH����������� �!�"$#ÜF�2�X�1eQgXnFáQRH'DGHÛX�1�6&F
4WF}J/X�8,K�Q+N XGN3KGF
2VX�1�QRX�FáY7L]Q31EL-0gQ3NGX�QgHäJ�L]X"F/D�8#X 2	0�D�1eX�K
CED�J�LPXeC�J/LPDIH CVX�QgH�5 5GX�6�5&C/D�2]L]QL1eD�03034ÏQRF
6�0�D�J/X�S!N�/�DF1ELÊSWQ�F
1eQ92	0RQRH]XäQ�F�8 6WSWX�0gXnSØDGF�D
F
2VX�1�QRX�F
Y7L]QL1EL 1�6�030RD�C�6&C/DIJ�X�F�Y7QjJ/LØJ/L]X-6GJ�L]X�C�F
2�X�1�QRX�FÞJ
6UQ3872PC
6 N&X�J�L]X#SWQ�F
1eQ92�0gQRH]X#F�2�X�1eQ���1-6�C �}X�1�	
J�Q3NGXnF�DIHVS×F�DIJ�Q�FcGH4 096E1eD�0n1!6&HPF�J�CEDIQRH&JEFeN$
�X�C�XFKPQRH#6GCESWXeC"J�6
D�03096�Y D�2�2	0gQL1eD�C]Q30gQgJc4ÏJ�6ÏF�4WF�J�X�8�F
Y7QgJ�LÊDIC�C]QgJ�CEDIC�4�1!6F/	2	0RQgH	5(CVDIHPSWY7Q�S-J/LaK]J/L]X�#&%�'(�*)�",+.-�/���!�"$�102)�34��DIC/X�H�6IJÞX�J�2�0gQL1�QgJ
034
C/X�2]C/X�	
F�XeHKJ�XnS�D&FuS]X�F�Q95&H N�DIC/QRD�C	0RX�F�N��"LPX�Q38 2	0gQL1�QgJ�K�5GXeHPXeCED�0RQ9:�X�S
ZKD�1�6�C]Q�QgJ�XeCED�J/Q96&H�F�J�CED�J/X�5�4(/VF�XnS
QRH#J�L]X 2PC�XnF�X�H&J�C�XnF�XnDICe1EL'D�03036�Y�F GH6GC�J/L]XÞF/D�J/QRF�G�D�1�J�Q36GH(6�G�J�LPXm1!6F/	2	0RQgH�5%1!6�8 2PDIJ�Q3C]Q30gQgJc471�6GH�	



F�J�CEDIQRH&JEF7D�J�J/L]X@6�2]J�Q38#D /PHPSWXeCÞC/DIJ�L]X�C 8#Q90�SéDGF/F�/	8 2WJ/Q96&HPF�N��	/PC�J/L]XeC�K]QgJÞQRFÞDGF/F�/	8#XnS
J/LPD�J
J�LPXÛSWX�F�Q95&H,N�DGC�Q�D�C�0gXnF7DIC/X^S]X�1!6F8 2�6KF�XnS
QRHKJ
6ÏSWQ�F �c6&QgHKJÞF�X�JEF�K]QtN XGN3KWJ�L]X���" �2#4" � ) ",+*� !�������3&#4"$34�

DIC/X�C/X�F
2�6&HPF�Q9C	0RX GH6&C�X�N�6F09N-QRH	5ÛQRHPSWX�2�XeHVSWXeHKJ7F�XeJ/FO6�G SWXnF�Q35GH N�DGC�Q�D�C�0gXnFeNAT�� %(34/�%�)�'  �"$% +*��!��
� 34+ 34 �"$#�� ) - % !�", �� � ;*0 �^TDA Q�FÜJ�LPXeH7/PF�XnS�J�6m8 6WSWX�0-J/L]XM2PD�J�J�X�C�HPFU6�GPQgHKJ/XeCED�1�J/Q96&H C�X�J}YuXeX�H
J�LPX@N�DGC�Q36�/VFuF
2�X�1�QRX�F�N

TÍSE6�8�DGQgH�SWX�1!6�8 2 6&F�QjJ/Q96&H�F
1EL]X�8#X�QRF!X�8 2	096 4&X�SÞJ
6�1�6GHPF�J�C�/�1�J!J�X�F�Ja2]C�6�C	0RX�8�FGH6&C F�J
/PSE4 	
QRH	5UJ�L]X 2�XeC
GH6GC�8#DGH�1�X76�G�J�L]X 2]C�6�2 6&F�X�S 1!6-X�NF6�03/WJ�Q36GHVDIC�4,.q=B? ;*0O.>=@?BA^DICe1EL]QgJ�X�1�J
/]C/XGN
�7XnF�/	0gJ/F"DGC�XD2]C/X�F�XeHKJ�XnS(GH6GC"F�J�C�/�1�J�/]C/D�06�2WJ/Q98#Q3:�D�J/Q96&H 2]C�6�C�0gX�8#F�K-Y7L]XeC/XeQRHÏJ/L]X@1!6&H�1�X�2WJO6�G
F
/	CPF�J�C�/�1�J�/]C�QRH	5@1eDGH-C�X /PF�X�SäJ
6^C/X!GH6GC�8 /�0RDIJ�X�J�L]X 2]C�6�C�0gX�89QgH�J/XeC�8#F 6�G 1�6�/	2	0RX�S�F
4-F�J�X�8�FeN
�sJ"QRF"F�L	6�Y7HÏJ/LPD�JuJ�L]X 0O.>=@? DICe1EL]QgJ�X�1�J
/PC�X�F�/�1�1�XnF�F�GH/	03094�1�6GH�NGX�C
5&X�FAJ�6�DGH 6�2]J�Q38#D�0!F�6F09/�	
J�Q36GHÑF/D�J�Q�F�GH4KQRH	5�J�L]X�SWQ�F�1�Q32	0gQRHPDGC
4ÊD&F�YuX�030�DGFB1!6F/	2	0RQgH�5,1�6�8 2PDIJ�Q3C]Q90RQgJc4>1!6GHVF}J/C/DGQgHKJ/F�N �"L]X
X��,X�1�J/FD6�GO1!6�/�2	0gQRH	5*CPDIHVSWY7QRSWJ�LÕDGHPSÊQRH�1eC�XnDGF�XäQRHq2]C�6�C	0RX�8%F�Q3:eX76GH×J/L]X 2VX�C�GH6&C
8�DIH�1�X 6�G
J�LPX 0O.>=B? DICe1EL]QgJ�X�1�J
/PC�X^DIC/X�D�0�F�6�X!J]D�8#QRH]X�S�N

	a� "�
���@$������m #"������@$�&��(+�

�"L]Xm8�DGQgH GH6�1�/PFO6�G�J/L]X�C�XnF�XnDICe1EL�Y 6&C��#C/X�2 6GC�J�X�SÏL]XeC/XÞQ�F�J�L]X�SWX�NGX�036�2�8�X�HKJ 6�G��PX!JWQ3C	0gX

.>=@?�DICe1EL]QgJ�X�1�J
/PC�XnF�K,Y7QgJ�LÕJ�L]X�F
2VX�1�Q���1'DGQ98�FD6�G=	@;�'�A�SWQ�F
1eQ92	0RQRHPDIC�4ÊD�/WJ�6GH	6F8 4éQRHqC 6IJ�L
DIHVD�034-F�Q�F'D&F'YuX�030�DGF76F2WJ�Q38#Q9:nD�J�Q36GHnK�DIHVS ;,)FA�D�2	2	0RQL1eD�CPQ90RQjJc4ÑJ�6�F�4WF�J�X�8�F�Y7QgJ�L DIC�C]QjJ/C/DGC
4
1!6F/	2	0RQgH�5 CPDGHPSWY7Q�S-J�L Y7QgJ�L	6F/WJÏDIH QgH�1�C/X�DGF�XUQgH J�L]X#2PC
6FC	0gX�88F�Q3:eX&N �"LPX G:XnD�J�/]C�XnF76�G�D
1eDGH	6GHPQ31�D�0$0 �^T DIC/X �PC/F�J�S]X�F�1�C/Q9C�X�SÑQRH 6GCESWX�C�J
6ØS]X�0RQgH]XnD�J/X�J�L]X GH/]HPS]D�8#XeHKJ/D�0RF /]HPSWX�C�	
2]QRH]H]QRH	5�J�L]X 0O.>=@?èDGC�1EL]QgJ�X�1�J�/]C�X&N ��H�J�LPX^F
/	CPF�X� /]X�HKJ"F�X�1�J�Q36GHPF�KKJ�L]X^Q�F�F
/]X�FuQRH�N�6�03NGXnS�QRH
D�2�2	0gQL1eDIJ�Q36GH 6�GuJ�L]Q�F%1�6KX�N�6F09/WJ/Q96&HPDIC�4×F�XnDICe1ELq2PDGC/D&SWQ35�83J�6éS]QRF�J�C/Q9C�/WJ�XnS 6F2WJ�Q38#Q9:nD�J/Q96&H 6�G
1!6F/	2	0RX�SUF�4WF�J�X�8#FÞDIC/X�D&S]SWC/X�F/F�XnS!N

	a�<� ��+����������! #"%$&��')(+*-,/.��0')�1"2$!34���&5���*6$7"28#9;:�<
+=.���:6>
T 0 �^T 876WSWX�0RFuDIH
X�1!6KF�4WF�J�X�8 1�6GHPF�QRF�J�QRH	5%6�G!J}Y 6 6GCO876&C�X�F�4�8 2PD�J/C�QL1�F
2VX�1�QRX�F�LPD�N-QgH�5

DIH#X�1!6�036�5&Q31�D�0WC/X�0�D�J/Q96&HPF�LPQ92 6�G 8-/WJ
/PD�0gQ�F
8UN?0 6GHVF�Q�SWXeC<J�L]X 2PC
6FC	0gX�8)QRH�N�6F09N-QRH	5B8#D�JWQ98#Q3:�D 	
J�Q36GH 6�G�? ;7@nA!K�Y7L]QL1EL Q�F�D GH/PH�1�J/Q96&H 6�G +WN�DGC�Q�D�C�0gXnFeN9B 6GJ�J�X�C�DGHPS =ÞX��c6GH	5��(9q/PF�X�S DGH
D�2�2]C
6KD�1ELÏQRHéY7L]QL1EL
J/L]X@2]C�6�C	0RX�8 Q�F7SWX�1!6�8 2 6&F�X�S�QgHKJ�6�+�F
2VX�1�QRX�F$	 6&H]X�F�2�X�1eQgXnFOGH6GC7X�DF1EL
N�DIC/QRD�C	0RXGN 
�X�H�1�XFK�X�D�1EL�F
2VX�1�QRX�F-1!6GHKJEDIQRHÍD#2�6F2	/	0�D�J/Q96&H 6�GÞD�0gJ�X�C�HVD�J�Q3NGX(N�D�09/]XnF@GH6&CäX�DF1EL
N�DIC/QRD�C	0RXGNA� % ),)��10&% ! �� �"$%�+�C�X�J}YuXeX�HÏJ/L]X�F�2�X�1eQgXnF�QRH�N�6�03NGXnF�F�X�0RX�1�J�Q36GH�6�G C/X�2]C/X�F�XeHKJ/DIJ�Q3NGX N�D�0�	
/]XnF@6�G"X�DF1EL N�DIC/Q�D�C	0RX G:C�6�8 D�030�J�LPX(6IJ�LPXeCÛF
2VX�1�QRX�FÛDGHPS 1�6�8-C]QgHPQgH	5éJ/L]X�8 QgHKJ�6ÊD N&X�1�J
6GC
Y7L]QL1ELØQ�F�J�L]X�H /PF�X�SÊJ
6UX�N�D�03/PDIJ�XCB-D�EGF�NäTÞHÕQRHPSWQ3N-QRSE/VD�0AQgHÑDUF�2�X�1eQgXnF�Q�F�C�X�YuDGC/S]X�S,CPD&F�XnS
6GH L	6�Y YuX�030uQgJ(8�D JWQ98#Q3:eXnFäJ/L]X GH/]H�1�J/Q96&H Y7QgJ�LPQgH J�L]X#1�6GHKJ�X�JKJ76�G�J/L]X,N�DIC/QRD�C	0gX N�D�03/]X�F
F�X�0RX�1�J/X�S G:C�6�8)J�LPX�6IJ/L]XeC"F
2VX�1�QRX�F�N �"L]Q�F 2]C
6E1eX�SE/]C/X�Q�F�DGHPD�036�5F6�/PFÜJ�6ÛJ/L]X�/]HPQ9N�DIC/Q�D�J�X�6�2WJ/Q�	
8#Q9:nD�J/Q96&HÊD�035�6GC/QgJ�L	8 Y7L]XeC/XeQRH '�	�= F�X�DGC�1ELéQ�F�1eDGC�C/QRX�S*6�/WJD/PF�QgH	5 6GH	034 6&H]X@G:C/XeX%N�DGC�Q�D�C	0RXGN
O 6GJ�XÛLPXeC/X^J�LPDIJÞQjJ�Q�FÞD�0RF
6 2�6KF�F�Q3C	0gXÛJ
6ÏSWX�1!6�8 2 6&F�X^J�L]X 6GC/Q95&QgHPD�0 2]C�6�C	0RX�8 N�DGC�Q�D�C�0gXnF"QgHKJ
6
F�X�NGX�C/D�0	C	036E1-�-F�KKY7QjJ/L
X�DF1ELÏF�2�X�1eQgXnF�X�N�6F09N-QRH	5äD@C	036E1-�#C/DIJ�L]X�C<J�LVDIH
D'F�QRH	5�0RX N�DIC/Q�D�C	0RX "-F�X�X�K
GH6GC7X�J]D�8 2	0RX�KWC/X!G:XeC/XeH�1�XGN���3

�"L]X�F}J/X�2PF^QRH�N�6�03NGXnS×QRH D,1eDGH	6GHPQ31�D�0=0 �^T ;�F�XeX�D�0�F�6 �ÜQ95F/]C/X '�A�8�D�4×L]X�H�1�X C�X�F�/	8<	
8�DIC/Q9:�X�SUDGF�%
H  3 �JI K���HPQjJ/QRD�0gQ3:eX�D 2�6F2	/	0�D�J�Q36GH 6�GuQgHVSWQ9N-Q�SE/PD�0RFDGH6&C�XnD�1ELÑF�2�X�1eQgXnF�C/DGHPSE6�8 034#6GCBCPD&F�XnS
6GHéF
6�8#XB2]C�X�N-Q96F/PF7SWX�F�Q35GH �KH�6�Y 0gXnSE5GX&N
H  3 �ML K1/ N�D�03/PD�J/X^J�L]X �]J�H]XnF�F�6�GAJ�LPXÛQgHVSWQ9N-Q�SE/PD�0RFÞQgH×XnD�1EL×F�2�X�1eQgXnFeN �ÜQjJ/H]X�F/F�X�N�D�03/PD�J/Q96&H
QRHéD 0 �^T QRH�N�6�03NGXnF�J�L]X@/PF�XB6�GÜJ�L]XBGH6F09036�Y7QRH	5�D�095F6GC/QjJ/L	8�%



Individual to be 
Evaluated 

Species
from other 
Representatives

MERGE

Representative Individual

POPULATION

EA

SPECIES  i

COLLABORATION

MODEL

FITNESS
Fitness

���������	��
�b R h#j f�ÁEº�¶ Red�R ·�¾ R bp²n¶tµ R Â Red Áu±�¹I·cj�µp·}¿nháµ ¶gf�µpÂ�Á �R bkbiÁE³ R ºsÁ/¶+µ ¾�·Ip�º R j}·}¿t¿
_

0�L	6�6&F�X^C�X�2]C/X�F�XeHKJ/DIJ�Q3NGX�F G:C�6�8çD�090a6GJ�L]X�C�F�2�X�1eQgXnFeN

� &($ XnD�1EL�QgHPS]Q9N-Q�SE/PD�0 "VQRHUJ�L]XÛF
2VX�1�QRX�F C�XeQRH	5#X�N�D�09/PDIJ�XnS '#&

� �	6GC�8 1�6�030RD�C�6&C/DIJ�Q36GH>C�X�J}YuXeX�H QRHPSWQ3N-QRS	/PD�0�"ADIHVSÊJ/L]X>;,�	JWXnS�A�C�X�2]C/X�F�XeHKJ/DIJ�Q3NGX�F�G:C�6�8
6IJ/L]XeC�F
2�X�1�QRX�F�N
� / N�D�03/PD�J/XÏJ/L]X��]J�H]XnF�F 6�G�J�LPX,1�6�030RD�C�6&C/DIJ�Q3NGX
S]X�F�Q95&HWC�4ÍD�2�2	094-QRH	5 QjJ#J
6ÕJ�LPX�JEDIC�5GXeJ

2]C�6�C	0RX�8,K]DGHPSéDGF/F�Q35GH�QjJ7J�6'J/L]X�QRHPSWQ3NKQ�SE/PD�0 " N
�D #' '#&

H  3 ��� K�� G�J/L]XÛJ/XeC�8�QRHPDIJ�Q36GHq1eC�QgJ�X�C�Q�D#QRF�H	6GJm8#X�J�KVJ/L]XeHÕD�2	2	034×D�1eDGH	6GHPQ31�D�0 �^T QgH�NF6�03N>	
QRH	5 J�L]X#6F2VX�C/DIJ
6GCEF-6�G^C�X�2]C
6WSE/�1�J�Q36GH DIHPS 5&XeH]XeJ�QL1�C/X�1�6�8-C]QgHVD�J�Q36GH J
6�DIC/C/Q9N&XUDIJ�D H]X�Y
2 6�2	/	0�D�J/Q96&H GH6&C7X�DF1ELUF
2VX�1�QRX�F�N �D6�J
6��KJ/X�2&)WN

B 6IJ�J/XeCÜDIHPS-=ÞX��c6GH	5��(9�F�L	6�YuX�S�J/LPD�J�D�0 �^T D�2�2]C
6KD�1EL^J�6 GH/]H�1�J�Q36GH-6�2WJ/Q98#Q3:�D�J/Q96&H 1!6F/	0�S
0RX�DGS
J
67G�D&F}J/XeC 1!6&H�NGXeC�5GX�H�1�X�DGF 1�6�8 2PDIC/X�SÏJ
6�D 1!6&H N&XeHKJ�Q36GHVD�0 �^T%KEGH6&C 096�Y J
6(8 6WSWXeCED�J/X
0RX�NGX�0RFD6�G N�DIC/QRD�C	0gX'QgHKJ/XeCESWX�2�XeHPS]XeH�1eQgXnF(;�D�0�F
6
C/X!G:XeC/C/X�SéJ�6éD&F 3 �*" �� � ��" ���ÛQRHÕJ�L]X��^T 0gQgJ�X�C�	
D�J�/]C/X�A�N �"LPQRFB1eDGH>C�X-2]C/Q38#DGC�Q3034éDIJ�J/C�Q3C	/WJ/X�SØJ
6ÏJ/L]X�D�J�J�XeHVS]DIHKJ^C�XnSE/�1�J/Q96&HÊQRHÊJ�LPX#DF1�J/Q9N&X
F�X�DICe1EL
F
2PD�1eX�SE/PX�J�671�6-X�N�6F09/]J�Q36GH�6�G X�DF1EL�N�DIC/QRD�C	0gXB1!6&H�1!/PC�C/XeHKJ
034�KKXGN 5PN3K GH6GCuJ�LPX�GH/]H�1�J�Q36GH
6�2]J�Q38�Q3:�DIJ�Q36GH 2]C�6�C	0RX�8 S]X�F�1�C/Q9C�X�SÕX�DGC
0RQgX�CÞJ/L]X(6GC/Q35GQRHPD�0�F�X�DICe1ELØF
2PD�1eX 6�GuF�Q3:eX#;,)���A��ØLPDGF

� l Â'¶if�· j R Â�¶t·��e¶ Redad ²�Â�j�¶tµ R Â R ¹n¶tµp´7µ���Á/¶+µ R ÂKÄW·}¹�µp¿�¶sÁE¿+µp¿ j�ÁEÂ�³I·�¸�·���Â�·}¸�ÁE¿<¶gf�·7·���¶+·}Âe¶�¶ R hnf�µkj fä¶ifn·
j R Âe¶+ºtµp³n²n¶tµ R Â Red	R Â�·�¾�ÁEºtµiÁE³�bp·Ü¶ R ¶gf�·���¶+Â�·}¿t¿á¸�·}¹I·�Ân¸�¿ R ÂÞ¶ifn·<¾EÁebp²�·}¿ Red ¶gf�· R ¶gf�·}º ¾EÁEºtµiÁE³�bp·}¿
_



1

1

2

2

1

21

2

12 y

A1

y

x

A2

f

x

x

g

f

x

g

Discipline 1

Discipline 2

��������� ���AÁ/¶tÁ 
	b R h��áµiÁ���ºsÁE´ d9R º�Á Q Ã�¹�µkj�Áeb��	��
>p�º R ³�bp·}´B_

C�XeXeH�C/X�S	/�1�XnS J
6ØD×F�XeC/QgXnF@6�G�+q1�6GHPF�J�CEDIQRH]XnS F�X�DGC�1ELÑF
2PD�1eX�F�KáXnD�1EL 6�G�F�Q9:�X�) ��KÜY7L]XeC/X�
Q�F�J�L]X�H�/	8-CVX�CD6�G C]QgJ/F%/PF�XnSÊJ�6éC�X�2]C�XnF�X�HKJ�XnD�1ELqN�DGC�Q�D�C	0RXGN �"L]X /]HPS]XeC�094-QRH	5 2PC�X�8�Q�F�X76�G
J�LPX 0 �^T3D�2	2]C�6&DF1EL Q�F#J�LVD�J�KuY7L]X�H J/L]X#6�2]J�Q38�Q3:�DIJ�Q36GH 2]C�6�C	0RX�8 /]HPSWX�C�1!6GHVF�Q�SWXeCED�J/Q96&H
LPD&FÛD,8 6-S]XeCED�J�X�SWX�5GC/XeX 6�G"X�2PQRF�J/D&F�Q�F�KnG�DGF�J�X�C%2]C�6�5GC/X�F/F�QgH J/L]X
F�X�DICe1EL 1eDIH C�X�8�DGSWX(C�4
SWX�1!6�8 2 6&F�QgH�5'J/L]XÛSWXnF�Q35GHéF�2VD�1�X&N

��H 0 �^T 	iCVDGF�X�S F�XnDICe1ELaK,J�L]X#J/XeC�8 -.34+ 34! �  �"$% +ÊQ�FB/PF�XnSÊJ�6×C�X�G:XeC^J�6éD,1�4�1�0gX#QRH�N�6�03N-QgH�5
F�X�0RX�1�J/Q96&HaKÜC�X�1!6�8-C]QRHPD�J/Q96&H DGHPS�]J�HPX�F/F�X�N�D�03/PDIJ�Q36GH GH6GC'D×F�QRH	5�0RXÏF
2VX�1�QRX�F�KÜDGHPS J�L]XÏJ�XeC�8
3&#&% ��� �� 32� -.34+ 34! �  �"$% +�C/X!G:X�C/FÞJ
6éDIHØX�N�6F09/]J�Q36GHPDGC
4,1!4E1!0RXÛJ/L]C�6�/	5&LÕD�030áJ�L]X#F�2�X�1eQgXnFDCVX�QgH	5
1!6-X�N�6�03NGXnS!N��"L]X�C/X�D&SWXeCuQ�F�C/X!G:X�C�C/X�S�J
6#B 6IJ�J/XeC��
� GH6GC7D-876&C�X�SWX�JEDIQ30gXnS�S]X�F�1�C/Q92WJ/Q96&H�6�G J�L]X
J�LPX�6GC/X�J/Q31�D�0PD&F�2�X�1�J/F 6�G 0 �^TÞF�N ��/]C�J�L]X�C�SWXeJ/DIQ30�F�K&QgH�1�09/VSWQgH�5äD�2	2�0gQL1eDIJ�Q36GHPFI6�Ga1!6-X�NF6�03/WJ�Q36GH�	
DIC�4
D�095F6GC/QjJ/L	8�FO1�DIH*CVXBGH6F/]HPSUQRH�J/L]X@0RQjJ/XeCED�J
/PC�X&N ��3�4 ��;�8 # 	

	 ��	 � � '#( �7,�:2$!: ����+ �� ��)�&��� ��,�:G"2�09;:
�n6UQ90303/PF}J/C/DIJ�X�J�LPX#S]X�F�Q95&HÕDICe1EL]QgJ�X�1�J
/PC�X#SWX�N&X�036�2�X�SØL]XeC/X�Ka1�6GHPF�QRS]XeC�D,1!6�/�2	0gXnSØF
4WF}J/X�8

QRH NF6�03N-QgH	5ÏJ}Y 6USWQRF�1�Q32	0RQgHPX�F ;H6&C�F
/	CPF
4WF}J/X�8�F�A�F�L	6�Y7HÊQRH��ÜQ95F/]C/X<)WN �"L]X71!6F/	2	0RQgH	5éF�L	6�Y7H
L]X�C�X×Q�F�Jc4�2]QL1eD�0 6�G�DIX�C
6WSE4-HPD�8�QL1eF�	�F}J/C
/�1�J
/]C/X�F�QRHKJ�XeCED�1�J�Q36GH XeH�1!6�/PH&J/XeC/X�S QRH DIXeC�6-X�0�DGF�J�QL1
DIHVD�034-F�Q�F 6�G#�VX!JWQ9C�0gXÛDGQgCe1�CED G J"Y7QgH�5&F�N ��6GC"J/L]QRF 2]C
6FC	0RX�8,K+@�SWXeH	6GJ�XnFuJ�L]X@N&X�1�J�6GCM6�G 8 /�0jJ/Q�	
SWQ�F
1eQ92�0gQRHPDIC�4�SWX�F�Q35GH�N�DIC/Q�D�C	0RX�Fm;:QtN X&N9KEN�DIC/Q�D�C	0RX�F�Y7L]Q31EL�DIC/Xm1!6F8 876&H�J
67C 6IJ�LUSWQ�F
1eQ92	0RQRH]X�FeA�N
@ � DIHPS @ # DIC/XÏJ/L]X,NGX�1�J
6&C/F-6�G�S]QRF�1�Q32	0RQgHPDGC
4ÍS]X�F�Q95&H N�DIC/QRD�C	0RX�F71!6GC/C/X�F
2�6&HPSWQRH	5ÊJ�6 F
/	C�	
F
4-F�J�X�8 ''DIHVS )EK,C/X�F
2VX�1�J/Q9N&X�034GNA? � DGHPS ? # DIC/X�J�LPX-6FC��}X�1�J�Q3NGX%GH/PH�1�J/Q96&HPFB1!6GC/C/X�F
2�6&HPSWQRH	5
J
6 SWQ�F
1eQ92	0RQRH]X 'UDIHPS )	KAC�XnF�2�X�1�J�Q3NGX�034GN�� � DIHVS�� # DGC�X�J/L]X,1!6GHVF}J/C/DGQgHKJ@GH/]H�1�J�Q36GHPF 1�6GC/C�X�	
F
2�6&HPSWQRH	5�J
6ÏSWQ�F
1eQ92�0gQRH]X '�DIHPS�)EKPC�XnF�2�X�1�J�Q3NGX�034GN , ��# QRF7J�L]X@N&X�1�J�6GCM6�GI1!6F/	2	0RQgH�57N�DGC�Q�D�C	0RX�F
1!6F8 2	/WJ�XnS#QgHÏS]QRF�1�Q32	0RQgH]X '7Y7L]Q31EL#Q�F<H]X�X�SWXnS7GH6GC�DGHPD�034WF�Q�F 6�G�F
/	CPF
4WF}J/X�8 )]N��WQ98#Q30RDGC
034�K , #-�SWX�H	6IJ/X�FuJ�LPXDN&X�1�J
6GCM6�GU1!6F/	2	0RQgH�5-N�DIC/Q�D�C	0RX�FM1!6F8 2	/WJ�XnS
QRHéSWQRF�1�Q32	0RQgHPX )'Y7L]QL1ELUQRF"C/X� /]QRC�XnS
GH6GC�DGHPD�034WF�Q�FO6�G�F�/�CPF�4WF�J�X�8 'GN

O 6IJ/X�L]X�C�X7J/LPD�J"DIC/C�Q3N-QgH�5^DIJ�D@8-/	0jJ/QRS]QRF�1�Q32	0RQgHPDGC
4-G:X�D&F�Q3C	0RXÞF
6�03/WJ�Q36GH GH6&C 5GQ3NGX�H N�D�09/PX�F 6�G
@ � K @ # DGHPS�@IKPYO6�/	0�SéQgH�NF6�03NGX�QjJ/XeCED�J�QRH	5(C�X�J}YuXeX�H#C�6GJ�LéJ�LPXäSWQ�F
1eQ92	0RQRH]X�F /VF�QRH	5ÏDIH×QRH]QgJ�Q�D�0



||=0||
|| ||=0

12y21
12 21

y

12

21

y* y*
f

y

y*

21y*

y12

1

−

−

1x x 

Compatibility

g1

Discipline 1 Discipline 2

2

x x 2f 2g

��������� ���Üµp¿�¶tº+µp³�²n¶+·�¸ �^²�b ¶+µp¸�µp¿ij}µp¹�bpµpÂ�ÁEº�Ã `ÜÂ�Áeb Ã�¿tµp¿�_

5�/PX�F/FMGH6GC�XeQgJ�L]X�C , ��# 6GC , #-� N �"L]QRF�F�X. /]XeHKJ�Q�D�0 QjJ/XeCED�J�Q3NGXÛF�1EL]X�8�X-1eDIH#C�XÛQRHKJ�XeC�2]C/X�J/X�S×DGF
D ��XeH]X�C/D�0gQ3:eXnS �^D�/VF�F�	 �WXeQ�SWX�0I;���� ��A"D�2	2]C�6&DF1EL "-F�X�X�TÞC�Q�DIH2#�� GH6GC7D#SWX�JEDIQ30gXnSÏX�J�2 6&F�QgJ�Q36GH�N

�"L]X�F�J/DIJ�X^X� /PDIJ�Q36GHPF GH6GCuJ/L]X�J}Y 6�SWQRF�1�Q32	0RQgHPX�FM1eDGH C�XD8�DIJ�L]X�8#DIJ�QL1eD�09034�X!JE2]C/X�F/F�XnSÏDGF�%

� ' ;7@�� @ � �  � � , #�� ;  # A�A����	� ;('�A

DIHVS
� )�;7@�� @ # �  # � , ��# ;  � A�A����	� ;,)�A

Y7L]X�C�X  � DIHPS  # DGC�X�J/L]XÛF}JED�J/XDN�DGC�Q�D�C	0RX�FOGH6&C�F�/�CPF�4WF�J�X�8 '�DIHPS )EKWC/X�F
2�X�1�J/Q9N&X�034GN
��H 6GCESWXeCäJ
6ÊX�0gQ38#QgHVD�J�X�J�LPX 1!6F/	2	0RQgH�5&F%C�X�J}YuXeX�H�J�LPX�SWQ�F
1eQ92�0gQRHPDIC�4ÑDIHPD�094WF�QRF 876WSE/�0gXnF�K

J�LPX*6&C�Q35GQRHPD�0"F
4WF}J/X�8 1�DIHWCVXÊSWX�1!6F872 6&F�X�S DGF�F�L	6�Y7H QRH �áQ35�/PC�X +]N �	6&C 5GQ3NGXeHWN�D�03/]X�F
6�G @ � K @ # K DIHVS @IKa8-/	0jJ/QRS]QRF�1�Q32	0RQgHPDGC
4ÊDGHPD�034WF�Q�F�H	6�YèC�X. /]QgC/X�F�DIHÕQgHPQjJ/QRD�0I5�/]XnF�FmGH6GCDC 6IJ�L
, ��# DIHPS , #�� N �sJ�X�C/DIJ�Q36GHPF�QRH�N�6�03N-QgH�5 DGXeC�6-S	4KHVD�8#Q31UDIHVS F�J�C�/�1�J
/]CED�07DIHVD�034-F�Q�F71�6GH�NGX�C
5&X
J
6�D%8-/	0jJ/QRS]QRF�1�Q32	0RQgHPDGC
47G:XnDGF�Q9C	0RX�F
6�03/WJ/Q96&HÏY7L]XeHÏJ�L]XB1!6F/	2	0RQgH	5-1!6�8 2PDIJ�Q3C]Q30gQgJc4(1!6GHVF}J/C/DGQgHKJ/F
DIC/XÊF/D�J�Q�F �PX�S K"QtN X&N9K7Y7LPXeH�
�
 , ��#� ,���(# 
�
���� DIHPS�
�
 , #��� ,��#-� 
�
����]N 
�XeC/X , ��# DIHVS
, #�� DGC�X�J/L]X N�D�09/]XnF 6�G�J�L]X 1!6F/	2	0RQgH	5 N�DGC�Q�D�C�0gXnF /PF�X�S×DIJÞJ�LPX-1!/PC�C/XeHKJÞQgJ�X�C/DIJ�Q36GHaK,DIHPS , ��(#DIHVS , �#�� DGC�X�J�LPX�H]XeY N�D�03/]X�F@6�GM1�6�/	2�0gQRH	5,N�DIC/QRD�C	0gXnF�D G J/XeCÛSWQ�F
1eQ92�0gQRHPDIC�4ÕDGHPD�034WF�Q�FD/PF�QgH	5
J�LPX 1!/]C/C/XeHKJ N�D�09/PX�F 6�G , #�� DIHVS , ��# KPC/X�F
2VX�1�J�Q3NGX�094&N=�"L]Q�F�SWX�1!6�8 2 6&F�QjJ/Q96&H,6�GÜJ�L]X@6&C�Q35GQRHPD�0
1!6F/	2	0RX�S�F�4WF�J�X�8 8#D �GXnFáQgJI2�6KF�F�Q3C	0gXuJ�6B1�6GH�1�/]C/C�X�H&J�094�DGHPD�034�:eX"D�SWXnF�Q35GH#DIHVS�J�L�/PF 2�XeC
GH6GC�8
SWQ�F}J/C�Q3C	/WJ/X�S(6F2WJ�Q38#Q9:nD�J/Q96&H�NÜT�F�S]QRF�1!/PF/F�X�S#QRH
T�C/QRDGH2#���K&J�L]Q�F 2VDICED�030gX�0]QjJ/XeCED�J/Q9N&X�F
1EL]X�8#X GH6GC
8 /�0jJ/QRSWQ�F�1�Q32	0gQRHPDGC
4�DIHPD�094WF�QRFa1�DIHBC�X<QgHKJ/XeC�2]C�XeJ�XnS�D&F�D���XeHPXeCED�0RQ9:�X�S^Z&DF1!6FC]Q�;��^Z�A!D�2	2]C�6&D�1EL N
�	/PC�J/L]XeC�K,QjJ�YuD&F�D�0RF
6
F�L	6�Y7HéJ�LPDIJ�J/L]X �^ZéF�1EL]X�8#XÛY7Q3030áJED��&X%8 6GC/XäQgJ�XeCED�J/Q96&HPF7J/LPDIHÊJ�L]X
��� �UF
1ELPX�8#X�J
6�1!6&H�NGXeC�5GX&N



	a���n� ����9 �*�G:%:2 #�0:=$!' +����������! #"%$&��')(+*-,�� '#&
�"L]X�Q�F/F�/]XnFuY7L]Q31EL�H]XeXnS�J�67C�X^DGS]SWC/X�F/F�X�S�QRH 6&C/S]XeC�J
6#D�2	2	034ÏD 1�6-X�N�6F09/]J�Q36GHPDGC
4#F�XnDICe1EL

F�J�CED�J�X�5�4#J�6(6�2WJ/Q98#Q3:�D�J/Q96&H 6�GáJ/L]Q�F 1!6�/�2	0gXnSéF�4WF�J�X�8 DIC/X^S]QRF�1!/PF/F�X�S�H]X!J-J�N
� T���� ! %102)�34�
	 3&# % ����% ��", �"$%�+&%?�"LPQRF7Q�F/F�/]X^Q�FM8�DIQRH	094*1!6&H�1�X�C�H]XnS
Y7QgJ�LéL	6�Y J�L]X%1�6�/	2�0gXnS
F
4-F�J�X�8 F�L	6F/	0RS7C�XÞSWX�1!6�8 2 6&F�X�S#QRHKJ
6@N�DIC/Q96F/PF<F
2VX�1�QRX�F�NÜT HPD�J�/]C/D�0	2]C�6E1�X�S	/]C�XMGH6&C�SWX�1!6F8 	
2 6&F�QjJ/Q96&HØYO6�/	0�S>C�X�J
6éSWQ9N-Q�SWX�J�L]X#SWXnF�Q35GH N�DGC�Q�D�C�0gXnFÞQRHKJ
6*5GC�6�/	2PFm6GH SWQ�F
1eQ92	0RQRHPDIC�4#0gQRH]XnFeN
�"L]X(1EL]C�6�8 6&F
6�8#X76�GuX�D�1ELÑF
2VX�1�QRX�F@1!6&HPF�QRF�J/FD6�GuJ�LPX(N�DGC�Q�D�C�0gXnF�QgJÛQ�F�D�03096�YuX�SÊJ
6#1!6&H&J/C
6F0+N
��H 5&XeH]X�C/D�0gK&QjJM8�D�4 CVXD2]C/X!G:XeCED�C�0gX7J�6'SWX�1!6F872 6&F�X�J/L]XD8 /	0gJ�Q�SWQ�F
1eQ92	0RQRHPDIC�4�SWX�F�Q95&H�N�DIC/QRD�C	0RX
NGX�1�J�6GCA@ QRHKJ
6,1!6�8 2	0RX�J/X�034ØSWQ�F �c6&QgHKJ�F�XeJ/F�J�6*1eQgCe1!/	8-NGX�H&J�J�LPX#S]Q���1!/�0jJc4>6�GuDGC�C/Q9N-QRH	5�DIJ^D
1!6&HPF�XeHPF
/PFM6GH�J�LPX�QgHPS]X�2�XeHPSWX�HKJ
034
X�NF6�03NGXnS�8 /�0jJ/QRSWQ�F�1�Q32	0gQRHPDGC
4 N�DGC�Q�D�C�0gXnFeN
� M��C��� % "$# 3�% B� 3 �*! 3��232+� �� �",/ 3��4+���",/("!��'�� ) � %�T�FD8�X�HKJ�Q36GH]XnS×X�DGC
0RQgX�CÞQRHÊJ/L]X'SWXnF
1eC�Q32WJ/Q96&H
6�G$0 �^T�F�K,J/L]X#F�2�X�1eQgXnFÞQRHKJ�XeCED�1�J�Y7QgJ�LÕX�D�1EL#6GJ�L]X�CmN-Q�DÏC/X�2]C/X�F�XeHKJED�J�Q3NGX�QRHPSWQ3N-QRS	/PD�0�FeN �"L]X
X�NF6�03/WJ�Q36GHq6�G�XnD�1ELØF
2VX�1�QRX�F�QRF�J/L /VFD1�6GHPF�J/DGHKJ
034éS]C�Q3NGX�H>C�4UX�N�6F09/WJ/Q96&HPDIC�4,1ELPDIH	5&X�FÞQgHØJ�L]X
F
2VX�1�QRX�F^QgJÛQgHKJ�X�C/DF1�JEF�Y7QgJ�L N ��HÕJ/L]X 5GX�H]X�J/Q31�FB0gQgJ�X�C/DIJ
/]C/X�K!J/L]Q�F�QRF^C/X!G:X�C�C/X�SÊJ
6×DGF�J/L]X �7XnS
� /]X�XeH�L�4�2�6GJ�L]XnF�Q�F�KÜY7L]X�C�X�QgH�XnD�1EL�F�2�X�1eQgXnF%8-/PF}J71!6GHVF}JEDIHKJ
034ÕD&S]D�2WJ!�c/PF}JäJ
6ÊC/X�8�DIQRH�QRH
2PDGC�QgJc4ÏY7QgJ�LUJ�L]X@6GJ�L]X�C/F�N 
�X�H�1�XFKPD-GH/]HPS]D�8�X�HKJ/D�0 QRF/F�/PX�QRH#1!6-X�NF6�03/WJ�Q36GHVDIC�4 1�6�8 2	/WJED�J/Q96&H
Q�F"L	6�Y J�6�1EL	6�6&F�XÞJ/L]X�C�X�2]C/X�F�XeHKJ/DIJ�Q3NGX�QgHPS]Q9N-Q�SE/PD�0�FOG:C�6�8çXnD�1ELUF�2�X�1eQgXnFeN

��H�C/X!G:X�C�X�H�1�X �(7 K-J}YO6'F�J�CED�J/X�5&QgXnF�YuXeC/X�F
/	5F5GX�F�J�XnS GH6GC 1EL	6�6KF�QRH	5äC/X�2PC�XnF�X�H&JED�J/Q9N&XÞQRHPSWQ3NKQ�S 	
/PD�0RF�N��"L]X��VC/F�JäF}J/C/DIJ�X�5�4ÊY"DGF�J�6ÊF�X�0gX�1�J�J�LPXÏQgHVSWQ9N-Q�SE/PD�0<Y7QjJ/LÑJ�L]X�LPQ95&L]X�F�J �]J/H]X�F/F�QRHÑD
F
2VX�1�QRX�F�DGF�QgJ/F�F
6�0RX#C�X�2]C�XnF�X�HKJ/D�J/Q9N&XGN ��HÕJ�LPXÏF�X�1!6GHVSØF�J�CED�J�X�5�4FK,J}Y 6éC/X�2]C/X�F�XeHKJ/DIJ�Q3NGX'QgHPS]Q�	
N-QRS	/PD�0�FAY�X�C�XM1EL	6KF�X�H�N �"L]X �VC/F�J�C�X�2]C�XnF�X�HKJ/D�J/Q9N&X�Y"DGFáJ�LPX7QgHPS]Q9N-Q�SE/PD�0WY7QgJ�L#L]Q35GLPX�F�J �PJ�H]XnF�F
Y7L]Q30gXÞJ�L]X^F�X�1!6&HPS�C/X�2]C/X�F�XeHKJED�J�Q3NGX7Y"DGF 1EL	6&F�XeH
C/DGHPSE6�8 034GNAMO6IJ�LÏJ�L]X�C�X�2]C/X�F�XeHKJ/DIJ�Q3NGX�F�DIC/X
/PF�X�S,GH6&C��]J/H]X�F/F�X�N�D�03/PD�J/Q96&HPF�KVDIHVSéJ�L]X-8�D JWQ98-/	8 �]J�H]XnF�Fm6�G�J/L]XÛJ}YO6�2 6&F/F�Q3C	0RX 1!6F090�D�C 6�	
CED�J�Q36GHVF�Q�F"DGF/F�Q35GH]XnS#J
6'J�LPX�QRHPSWQ3N-QRSE/VD�0/]HPSWX�C 1!6GHVF�Q�SWXeCED�J/Q96&H�NAO 6IJ/Q31eXÞJ/LPD�J"J/L]QRFuY7Q30900RX�D&S
J
6UJ/L]X�C�X. /]QgC/X�8#X�H&JB6�G�)���8 � �]J/H]X�F/F^X�N�D�09/PDIJ�Q36GHPFmGH6&C�X�D�1ELÕQgHVSWQ9N-Q�SE/PD�0�QgH�DéSWQ�F
1eQ92	0RQRH]X�K
Y7L]X�C�X��8Q�F^J/L]X#J
6GJ/D�0�H /�8 C�XeC%6�G"F
2VX�1�QRX�F�N �sJäY"DGFDGH6F/]HPS N-QRDéH�/	8#XeC/QL1eD�0�X�JE2VX�C�Q38#XeHKJ/F
J�LVD�J^J�L]X �VC/F�JÛF}J/C/DIJ�X�5F4�K�D�0jJ/L	6�/	5&LÕF
/	2�XeC/Q96&C�QRH J�X�C
8�FD6�GM1!6GH�N&XeC�5GXeH�1�X'F
2�XeX�SaKa8�D�4ÊH	6IJ
C�X�C
6FC	/PF�J GH6GC 2]C
6FC	0RX�8�F�Y7QgJ�LÏL]Q35GL#X�2]QRF�J/D&F�Q�F�N ��H�1�6GHKJ�CEDGF�J�KGJ�L]XÞF�X�1�6GHPS#F�J�CED�J/X�5�4'QRF 8 6GC/X
C�6�C	/PF�J�DIJÞJ�LPXäX!JE2�XeHPF�X%6�G�F�036�Y�X�C 1!6&H N&XeC�5GX�H�1�X&N ?�G 1�6�/]CEF�X^J�L]X'H /�8 C�XeC�6�G<C�X�2]C/X�F�XeHKJ/D�	
J�Q3NGXnFÞHPXeX�SÊH	6IJDCVXäJ�L]X#F�D�8#X@GH6GC�X�DF1ELÊF�2�X�1eQgXnFÞH	6&CÞC/X�8�DIQRH �	JWX�SÕSE/]C/QgH�5�6�2WJ/Q98#Q3:�DIJ�Q36GH�N

 6�YuX�N&XeC�K�J/L]X 1!6F8 2	/WJ/DIJ�Q36GHPD�0 1!6KF}J%6�G �]J�H]XnF�FäX�N�D�03/PDIJ�Q36GH 5GC�6�Y�F^Y7QjJ/LÍQRH�1�C/X�D&F�X#QRHÑJ�L]X
H�/	8 C�XeC 6�G C/X�2]C/X�F�XeHKJ/DIJ�Q3NGXnF�K-F�QRH�1eX^D�SE6F8#DGQgHéF
2VX�1�Q���1^DIHPD�094WF�QRF 8 /PF�J CVX@1�DIC/C�QRX�S 6�/WJOGH6GC
X�DF1EL*1�6�8-C]QgHVD�J�Q36GH*6�G 1!6F090�D�C 6GCED�J/QgH	5�C/X�2]C/X�F�XeHKJ/DIJ�Q3NGXnF 1�6GHPF�QRS]XeC/X�S!N

T 1�6�8 2PDGC�Q�F�6&HÛF}J�/PSE4%6�GVF�J�CED�J�X�5GQRX�FnGH6GCI1EL	6�6&F�QRH	5ÞC/X�2]C/X�F�XeHKJED�J�Q3NGX�QgHVSWQ9N-Q�SE/PD�0RFÜQRH-1!6-X�N�6�	
03/WJ�Q36GHPDGC
4D1!6F872�/WJ/DIJ�Q36GH@1eDGHDC�XIGH6F/]HPS^QRHÛM /�090tN #�# ��H^J/L]X 2]C/X�F�XeHKJ�C/X�F�X�DICe1ELaKeJ�L]X<QRHPSWQ3N-QRS	/PD�0
Y7QgJ�LUJ�L]X�LPQ95&L]X�F�J��]J�HPX�F/F"QgH×D#F�2�X�1eQgXnF7Q�F 1EL	6&F�XeHéDGF"QgJ/F"C/X�2]C/X�F�XeHKJED�J�Q3NGX&N
� 0�� � %�'(�*)�",+.-�� ��!�"$� 04) 3�� %äT GH/]HPSPD�8#XeHKJ/D�0<Q�F�F
/]X�QRHÑS]QRF�J�C/Q9C�/WJ�XnS 6F2WJ�Q38#Q9:nD�J/Q96&H 6�GM1�6�/�	
2	0RX�SÊF
4WF}J/X�8�F7Q�FÞL�6�Y J�6ÏXeHPF
/]C/X%8 /�0jJ/QRSWQ�F�1�Q32	0gQRHPDGC
4 G:X�D&F�Q3C]Q30gQgJc4 6�GAJ�L]X-6�2WJ/Q98�D�0ÜF�6F09/]J�Q36GH�N
/IJWQ�F}J/QgH�5q.>=@? DICe1EL]QjJ/X�1�J
/]C/X�F'F�/�1ELÍD&F<01� ��? DIHPS 0 ? X�JE2	0gQL1�QgJ
034 J�C/X�DIJÛJ�L]X*1!6F/	2	0RQgH	5
N�DIC/QRD�C	0RX�F�D&FÞD�/	J-Q30RQRDGC
4USWX�F�Q95&H#N�DIC/QRD�C	0gXnFeN �"LPX%8�D �c6GC�SWQ�F�D&SEN�DIHKJ/D�5GXB6�G�J/L]QRF�F�J�CED�J�X�5�4�QRF
J�LVD�J7J�LPX%2]C�6�C	0RX�8çF�Q3:eX@5GC�6�Y�F"F�Q35GHPQ���1�DIHKJ
034ÏY7QgJ�LéQRH�1�C/X�D&F�X^QRH�J/L]X 1�6�/	2	0RQRH	5 CPDIHPS]Y7QRS-J/L�N
��H J�L]X,2]C/X�F�XeHKJ�C/X�F�X�DICe1ELaK�J/L]X×DIQ38 Q�F�J
6 1�QRCe1!/	8-NGXeHKJ�J�L]Q�F GH/]HVS]D�8#XeHKJED�0�SWQ���1!/	0gJc4 C�4
J�C/X�DIJ�QRH	5×J/L]X*1�6�/	2�0gQRH	5qN�DGC�Q�D�C	0RX�FäQ98 2	0RQL1�QgJ
034 QRHÍJ/L]X 6F2WJ�Q38#Q9:nD�J/Q96&H 2]C�6�1eX�F/FeN =ÞXeJ/DGQ90�F 6�G
J�LPX#F�J�CED�J/X�5F4#/PF�XnS>GH6&C^LPDIHPS	0gQRH	5�J�L]X�1�6�/	2	0RQRH	5 N�DGC�Q�D�C	0RX�F^DGC�X�SWX�F�1�C/Q9C�X�SÕQRH F
/	CPF�X� /]X�H&J
F�X�1�J/Q96&HPF�N ��H 1!6GHKJ/C/D&F}J^J
6,6GJ�L]X�CäSWQ�F}J/C�Q3C	/WJ/X�S .>=@? GH6&C
8-/	0�D�J�Q36GHVF�K D,8�D��c6GC�DGSEN�DGH&JED�5&X



6�GÜJ�LPX^J�L]X@2]C/X�F�XeHKJÞD�2	2]C�6&D�1EL�QRFuJ/LPD�J�QjJ�1�DIH�J�L]X�C�X�GH6GC/X�JED�1-��0RXD2PC
6FC	0gX�8�F7Y7QjJ/L×DIC�C]QjJ/C/DGC
4
1!6F/	2	0RQgH�57CVDIHPSWY7Q�S-J/LUY7QgJ�L�6�/WJÞDGHéDIJ�J/XeHPS]DGHKJ"QRH�1eC�XnDGF�X�QRHUJ�L]X@2]C�6�C�0gX�8çF�Q3:eX&N
� = ��� ", �+*34� ��� / � ) '��� �"$%�+ % �"L]X��]J�H]XnF�F,6�GÛJ�LPX SWQ�F�1�Q32	0gQRHPDGC
4 F
2VX�1�QRX�FUQ�FUS]X4�PH]XnS D&F�D
GH/]H�1�J�Q36GH 6�G7J�L]X�C�XnF�2�X�1�J�Q3NGX
S]QRF�1�Q32	0RQgHPDGC
4 6�C��}X�1�J/Q9N&X�FäDGHPS 1!6&HPF�J�CEDIQRH&JEFeN ��HÍJ�L]X 2]C�XnF�X�HKJ
C/X�F�X�DICe1ELaKAD>2�XeHPD�0jJc4 GH/PH�1�J/Q96&H D�2�2]C
6KD�1ELÑQ�F /PF�X�S GH6GC'LPDIHPS	0gQRH	5 1!6GHVF}J/C/DGQgHKJ/F�NØT�0jJ/XeC/HPD 	
J�Q3NGX-1!6GHVF}J/C/DGQgHKJ�LPDGHPSE0RQgH	5�F}J/C/DIJ�X�5&QgXnFMGH6GC�X�NF6�03/WJ�Q36GHPDGC
4UD�035�6&C�QgJ�L	8�F7DGC�XäD�N�DGQ90�D�C	0RX�QRHéJ�L]X
0RQjJ/XeCED�J
/PC�X&N #�3�4 #�5

�a��"�
� + & ��� &�� )*"%��&� � $
	 � '#& � $(+�
#�!" �B+-"%)*$��
MuD&F�XnS 6&HÍJ�LPXUXnDIC�0gQRXeC#SWQ�F
1�/PF/F�Q36GHaK N�DGC�Q36�/VF7.q=B?%DICe1EL]QjJ/X�1�J
/]C/X�F�DGSE6F2WJ�QRH	5ÑSWQ ��X�C�X�H&J

1!6&HPF�QRSWX�C/DIJ�Q36GHPFOGH6&C"J/DF1-� 0RQRH	5#J�L]X%1�6�/	2�0gQRH	5�1!6F8 2PD�J/Q9C]Q30RQjJc4*1!6GHVF}J/C/DGQgHKJ/F7DGHPS*2]C�6�C	0RX�8 SWX�	
1!6F8 2�6KF�QgJ�Q36GH*1ELPDICED�1�J�XeC/Q�F}J/Q31�F 1eDGH�C�X^S]X�NGX�096F2VXnSÏY7QgJ�L]QRH�J�L]XmG:C/D�8#XeYO6GC��76�G�J�LPXD1�6KX�N�6F09/�	
J�Q36GHVDIC�4 5&XeH]XeJ�QL1ÛDGS]D�2WJ/DIJ�Q36GH#2PDGC/D&SWQ35�8éN�
 6�YuX�NGX�C�K]J
6
X�HPF
/]C�X'D�2	2	0RQL1eD�CPQ90RQjJc4�J
6�F�4WF�J�X�8�F
Y7QgJ�L#C]C�6&D&S 1�6�/	2	0RQRH	5 CPDIHPS]Y7QRS-J/LaKPLPXeC/X�J/L]X #&%�'(� ) ",+.- /���!�"$� 04)�34��DIC/X^H	6IJ�X�J�2�0gQL1�QgJ
034*1�6GH�	
F�QRSWX�C�XnS�D&F7SWX�F�Q35GH*N�DGC�Q�D�C�0gXnFeN��"L]X%1!6F/	2	0RQgH�57N�DGC�Q�D�C	0RX�F"DGC�X�QgHVF}J/X�DGS�QRH]QjJ/QRD�0gQ3:eXnS�J
6 N�D�03/]X�F
1!6F8 2	/WJ�XnS G:C
6F8 F
4-F�J�X�8 DIHVD�034-F�Q�FB6�G7D CVDGF�X�0RQgH]X�SWXnF�Q35GH N ��H J�L]XÏF
/	CPF�X� /]X�H&JÛF�J/D�5GX�FB6�G
J�LPXO1�6&DGSPD�2WJED�J�Q36GH@2PC
6E1�XnSE/]C/X�KnJ�LPXuSWQ�F�1�Q32	0gQRHPDGC
4�F
2VX�1�QRX�FáX!J	1ELPDIH�5GX N�D�03/]XnFn6�GWJ�L]XM1!6F/	2	0RQgH	5
N�DIC/QRD�C	0RX�F 1�6�8 2	/WJ/X�SØS	/]C�QRH	5�J/L]X'S]QRF�1�Q32	0RQgHPDGC
4éDIHVD�034-F�Q�F 6�G�J/L]XeQRC�C/X�F
2�X�1�J/Q9N&X ! 3 �*! 34�234+  ���
 �",/ 3�",+�� ",/ "!� '���) ��N��"L]QRFÛQ98 2	0RQ31eQjJ'QjJ/XeCED�J�Q36GHÑF�1EL]X�8#X�C/X�SE/�1eX�F�J/L]X�X!J-J�X�HKJ%6�GMNKQ36�0�D�J/Q96&H 6�G
J�LPX%1!6�/�2	0gQRH	5(1!6F8 2PD�J/Q9C]Q30RQjJc4 1�6GHPF�J�CEDIQRHKJ/F7D&FuJ�L]X%1�6KX�N�6F09/WJ/Q96&H
C/X�DF1EL]X�F"F�J/DGF�Q�FeN
�	/]C�J�L]X�C�K-QRH�J�LPX�DGC�1EL]QgJ�X�1�J�/]C�X�SWX�N&X�036�2�X�S�L]X�C�XFKGJ/L]X�S]X�F�Q95&H�N�DIC/QRD�C	0gXnF�DGC�XÞS]X�1!6F8 2�6KF�XnS

QRH&J�6US]QRF �c6GQRHKJ^F�X�JEF�K�DGHPS×L]X�H�1�X#H	6 N�DGC�Q�D�C�0gXnF�DGC�X�F�LPDGC�XnS#C�X�J}YuXeXeHØJ�L]X�SWQ�F�1�Q32	0gQRH]XnFeN �"L]X
1EL]C�6�8 6&F
6�8#XB6�GÜJ�LPXäSWQ�F
1eQ92	0RQRHPDIC�4�F
2VX�1�QRX�F�DIC/X�LPXeH�1eX 1!6F872 6&F�X�S*6�GAQRHPSWX�2VX�HPSWX�H&J�F�XeJ/F 6�G
N�DIC/QRD�C	0RX�F�N<�"L]X(1EL]C�6�8 6KF�6F8�X'C�X�2]C/X�F�XeHKJ/DIJ�Q36GHÕDGHPS �]J�H]XnF�F^X�N�D�03/PD�J/Q96&H SWXeJ/DGQ90�FDGH6GCBC 6IJ�L
J�LPX#F
2�X�1�QRX�F�DIC/X#F�/	8 8�DIC/Q3:eX�S>CVX�096�Y�N 
ÞXeC/X�K,J�LPX7N�DGC�Q�D�C	0RX�F @ �'DIHPS @ #�DGC�XäJ�L]X�SWQ�F �c6GQRH&J
F�X�J/FmGH6&C
8#X�SqG:C�6�8%SWX�1!6�8 2 6&F�QgH�5ÏJ�LPX7N&X�1�J
6GCD6�GO8 /	0gJ�Q�SWQ�F
1eQ92�0gQRHPDIC�4#N�DIC/QRD�C	0RX�F @IK�Q+N XGN3K D�090
J�LPX�X�0RX�8#XeHKJ/FM6�G)@ÑDIC/XB2	0�D�1�XnS
QRH4@ �m6GC @ #GN
'�$!:23 $ � �!$&'#( *2, � � �031$!�0:*�
� 32+*%  �� ��32K � @ ��K�@ � � KVQtN X&N9KVJ�LPX��PCEF}J�2VDIC�J�6�GAJ�LPX 8 /�0jJ/QRSWQ�F�1�Q32	0gQRHPDGC
4USWX�F�Q95&H#NGX�1�J
6&CÞDIHVS

J�LPX@N�DGC�Q�D�C�0gXnF 036E1eD�0,J
6ÏSWQ�F
1eQ92�0gQRH]X 'GN
� ", �+*34�&�� / � ) '��� �"$%�+ K�0 6�8 2	/]J/D�J/Q96&H 6�G"J�L]X 6�C��}X�1�J�Q3NGXÏDGHPS 1!6&HPF}J/C/DGQgHKJBGH/]H�1�J�Q36GHPF%GH6GC

SWQ�F
1eQ92�0gQRH]X<' ;&? � DIHVS � � A�C�X. /]QgC/X�F<J�L]XmN�D�03/]X�F 6�G�@ � K0@ � K0@ #�KWDGHPS , #�� N?�"L]XmN�D�03/]X�F 6�G�@ �
DIHVS4@ � DIC/XÛC/X�D&SWQ9034�D�N�DGQ90�D�C	0RXäF�QgH�1�X�J/L]X�4×DIC/XÛSWQRC�X�1�J�094,1!6&H&J/C
6F090RX�S*C�4×F�2�X�1eQgXnF '&N���HéJ�L]X
�PCEF}J�X�1!6&F
4WF}J/X�8 5&XeH]X�C/DIJ�Q36GHaK�J/L]X N�D�03/]XM6�G , #-� Q�FAQRH]QjJ/QRD�0gQ3:eXnS�XeQgJ�L]X�C G:C
6F8 F�4WF�J�X�8 DIHPD�094WF�QRF
6�G D CPDGF�X�0RQRH]X�SWXnF�Q35GH 6GC�CEDIHVSE6�8 034GN?�-Q38�Q30�DIC�094FK1@ #D1!6F/	0RS�CVX�QgHPQjJ/QRD�0gQ3:eXnSÏCEDIHPSE6F8 094�QgHÏJ�L]X
�PCEF}J^X�1�6&F
4WF}J/X�8 5GXeHPXeCED�J�Q36GHnK 6&C�F�X�J�J
6�J�L]X7N�D�03/]X 1!6GC/C/X�F
2�6&HPSWQRH	5�J
6éD�CVDGF�X�0RQgH]X�SWX�F�Q35GH�N
��H J�L]XÊF
/	CPF�X� /]X�HKJÏX�1!6KF�4WF�J�X�8 5GX�H]XeCED�J/Q96&HPF�K<J�L]X#N�D�03/]XnF(6�G , #-� DGHPS/@ # 2]C�6 NKQ�SWXnS C�4
SWQ�F
1eQ92�0gQRH]X ) GH6GC"J/L]XeQRC�C/X�2]C/X�F�XeHKJ/DIJ�Q3NGX�QgHPS]Q9N-Q�SE/PD�0áDIC/XD/VF�XnS!N
'�$!:23 $ � �!$&'#( *2, � � �031$!�0: 	
� 32+*%  �� ��32K � @ #�K @ # �iK&Q+N X�KGJ�L]X�F�X�1�6GHPS-2PDGC�J 6�GVJ/L]X 8 /	0gJ�Q�SWQ�F
1eQ92�0gQRHPDIC�4äSWXnF�Q35GH N&X�1�J�6GC�DIHVS

J�LPXÛSWQRF�1�Q32	0RQgHPXÛF�2�X�1eQ���1BN�DGC�Q�D�C	0RX�F�N
� ", �+*34�&��� / � ) '��� �"$%�+ K �n6#1�6�8 2	/WJ/X'J/L]X 6�C��}X�1�J/Q9N&X�DGHPSq1�6GHPF�J�CEDIQRHKJmGH/]H�1�J�Q36GHVFDGH6GC�SWQ�F(	

1�Q32	0RQgHPX�) ;&? # DGHPS � # A^K J�L]X(N�D�09/]XnF@6�G�@ #FK�@ # K�@ ��KáDIHVS , ��# DIC/X#C�X. /]QgC/X�S�N �"L]X(N�D�03/]X�F
6�G @ #ÛDGHPS�@ # DIC/X^C�XnDGSWQ3094�D�N�DGQ90�D�C�0gX&N?�"L]X@N�D�03/]X@6�G , �(# 1!6�8 2	/]J�X�S,N-Q�D#F�4WF�J�X�8 DIHPD�094WF�QRF



6�GuD�CPD&F�X�0gQRH]X'S]X�F�Q95&HW;H6&C�CEDIHVSE6�8 034UQRH]QgJ�Q�D�0RQ9:�X�SqN�D�09/PX�FeA�Q�F�/VF�XnSÊQRHÊJ�LPX �PCEF�J�X�1!6&F
4WF}J/X�8
5GX�H]XeCED�J/Q96&H�N �"LPXÞF�/�CPF�XeJ 6�G8 /	0gJ�Q�SWQ�F
1eQ92�0gQRHPDIC�4 N�DGC�Q�D�C	0RX�F 1!6GHKJ/C
6F090RX�S-C�4'SWQ�F
1eQ92�0gQRH]X 'FKGQtN X&N9K
@ ��Q�F�XeQgJ�LPXeCäQRH]QgJ�Q�D�0RQ9:�X�S CEDIHPSE6F8 094>6&CäF�X�J�J
6ÊJ�L]X(CPD&F�X�0gQRH]X(N�D�03/]XnFeN ��HÕJ/L]X
F
/	CPF�X� /]X�H&J
X�1�6&F
4WF}J/X�8 5GXeHPXeCED�J�Q36GHVF�KVJ�L]X7N�D�03/]X�Fm6�G , ��# DIHPS @ �@2]C�6 N-QRS]X�S,C�4×SWQRF�1�Q32	0RQgHPX ' GH6GC�J�L]X�QgC
C/X�2]C/X�F�XeHKJ/DIJ�Q3NGX�QgHVSWQ9N-Q�SE/PD�0�DIC/XD/VF�XnS!N

�sJ 1eDIH C�X76FCPF�XeC�NGX�SÊJ�LPDIJ�J�L]X#Q38 2	0gQL1�QgJ%2]C�6E1�X�S	/]C�X /PF�X�SÕL]X�C�X�J
6éX�HPF�/PC�X�F/D�J�Q�F�G�D�1�J/Q96&H
6�GuJ�LPX�QRHKJ�X�C/SWQ�F�1�Q32	0gQRHPDGC
4q1�6�/	2�0gQRH	5#1!6F872VD�J�Q3C]Q30gQgJc4q1�6GHPF�J�CEDIQRHKJ/F�J
/]C/HPF@6F/WJ^J
6#C�XÏF�Q38#Q90�DIC
J
6
J�L]X �^Z�F�1EL]X�8�X'SWQRF�1!/VF�F�X�S×XnDIC�0gQRXeC GH6GC�S]QRF�J�C/Q9C�/WJ�XnS>8 /�0jJ/QRSWQ�F�1�Q32	0gQRHPDGC
4éDIHPD�094WF�QRF�N �sJ�QRF
�-H	6�Y7H�J/LPD�J'J�L]X �^ZÑF
1EL]X�8#X�8�D�4 G�DGQ90uJ�6 1!6&H�NGXeC�5GX GH6&C�F
6�8#X 2]C
6FC	0RX�8�F�"�F�X�X�KIGH6&CäX!J 	
D�8 2	0RX�K"T�C/Q�DIH�N #-� 
ÞXeH�1eX�KuQjJ�C�X�1�6�8#X�F#Q38 2�6&C�JEDIHKJ#J
6�X!J]D�8�QRH]XéY7L]X�H J/L]XéJ�L]X×Q38 2	0RQ31eQjJ
2]C�6E1�X�S	/]C�X /PF�X�S QRH J�L]X 0O.>=@?çDICe1EL]QjJ/X�1�J
/]C/X-8�D�4#G�DGQ90tN��"L]XÏD�2	2]C�6&DF1EL>/PF�X�S L]XeC/X7GH6GC
F/D�J�Q�F�GH4KQRH	5äJ�L]XD1!6�/�2	0gQRH	571!6GHVF}J/C/DGQgHKJ/F 8�D�4-C�X�QRHKJ�X�C
2]C/X�J/X�S�D&F�D�! ��+ �1%�� ) � ! 34�& ��!� 3 � 5&XeH�	
XeCED�0RQ3:eX�S×ZKD�1�6�C]QáQjJ/XeCED�J/Q96&HÊF
1EL]X�8#XGN!�"L]XäJ�X�C
8�� CEDIHVSE6�8��PQ�Fm/PF�XnS×L]X�C�X�J�6
QRHPSWQL1eDIJ�XÛJ/LPD�J
J�LPXM1�6�/	2�0gQRH	5�N�DGC�Q�D�C	0RX�F , ��# DGHPS , #�� DIC/X�C/X�F�X�J CPDGF�X�S%6GHÛJ/L]XM2]C�6�5GC/X�F/F 6�G]J�L]X 1�6KX�N�6F09/WJ/Q96&H
2]C�6E1�X�S	/]C�XFKWQ+N XGN�J�L]X�4 8�D�4 1ELVDIH	5&X�CEDGS]Q31�D�03094
D&F"J�LPX�C�X�2]C�XnF�X�HKJ/D�J/Q9N&X�FM1ELPDGH	5GX&N=
 6�YuX�N&XeC�K
DGF�J/L]X(1!6-X�NF6�03/WJ�Q36GHPDGC
4,2]C�6E1�XnF�F�C�XnD�1EL]XnF^F}JEDGF�QRF ;:QtN XGN3K DGFA@ � K�@ # DIHPS @W1�6GH�NGX�C
5&X�FeA^KVJ�L]X
Q3872�0gQL1�QgJm2]C�6E1�XnSE/]C/X�C/X�S	/�1�XnF7J
6#J/L]X 1�6GH�NGX�H&J/Q96&HPD�0 �^Z�F
1ELPX�8#XGN �	6&C7J�L]XäX!J]D�8 2	0RX%2]C�6�C�	
0RX�8�F 1�6GHPF�Q�SWXeC/X�S#QRHÏJ/L]QRFO2PD�2VX�C�KKQgJuQ�F 6FCPF�XeC�NGX�S'J/LPD�J7DIH�6F2WJ�Q38�D�0,F�6F09/]J�Q36GH
F/D�J/QRF�GH4-QgH	5ÛJ�L]X
QRH&J/XeCESWQ�F
1eQ92	0RQRHPDIC�4%1!6F872VD�J�Q3C]Q30gQgJc4-1�6GHPF�J�CEDIQRHKJ/F 1eDGH-C�X�C/X�D&SWQ9034BGH6�/PHPS!N 
 6�YuX�N&XeC�K�GH6GCI2]C�6�C�	
0RX�8�F�Y7L]X�C�X'SWQ���1�/	0jJ/QgXnF�DGC�Q�F�X�QgHØF/D�J/QRF�GH4-QgH�5�J�L]X-1!6�8 2PDIJ�Q3C]Q30gQgJc4#1!6GHVF}J/C/DGQgHKJ/F�KPD�0jJ/XeC/HPD�J/Q9N&X
QgJ�XeCED�J/Q9N&XuF�1EL]X�8�XnF ;+F�/�1EL�D&FÜF
/�1�1�X�F/F�Q9N&X 6 NGX�C C/X�0�D J]D�J/Q96&H%6GC�OÞXeY"J
6&H�	 CPDGF�X�S'D�035�6GC/QgJ�L	8�F�#�7�A
8�D�4ÏLPD�N&XÞJ�6(CVX�X�872�096 4&X�SÏQRHUJ�L]X@0�D�J/XeC�F�J/D�5GX�FM6�G J/L]X%1!6-X�NF6�03/WJ�Q36GHVDIC�4#F�X�DGC�1EL N

�n�<� � '�(+"%( +�����* �)$!')(+"2$!��'
�

�� #*-*6��5�(+"%� � � �)���&$!')5
�

' �03 ��9 � ��:2$7"%$&��'
�

( ' �
&="%8)��* � :2:% )�0:

T 1�6�8 8 6GH>C�0RDF1-� C 6&DGC/S>876WSWX�0UGH6GC�J�L]X(1�6�/	2	0RQRH	5 N�DGC�Q�D�C	0RX�FÞQRFB/VF�XnS#GH6GC�J/C/DGHPFcG:X�C�C/QRH	5
S]DIJ/DMC�X�J}YuXeXeH^J/L]X�SWQ�F�1�Q32	0gQRH]XnFeN �"L]X�SWQ�F
1eQ92�0gQRHPDIC�4�F
2�X�1�QRX�Fa2�6KF}J�J/L]X N�D�03/]XnFa6�GKJ�LPX 1!6F/	2	0RQgH	5
N�DIC/QRD�C	0RX�F�DGHPS,8 /	0gJ�Q�SWQ�F
1eQ92�0gQRHPDIC�4éSWX�F�Q95&H#N�DIC/QRD�C	0gXnF 1!6&C�C/X�F
2 6GHPSWQRH	5�J
6
J�L]X�QgC�C�X�2]C/X�F�XeHKJ/D�	
J�Q3NGX×QRHPSWQ3N-QRS	/PD�0�F 6GH J�LPQRF(C�0RDF1-� C 6&DGC/S SE/]C/QgH�5ÕJ/L]X>1!6KDGS]D�2WJ/DIJ�Q36GHW2]C
6E1eX�SE/]C/XGN �sJÏQ�F#J
6
C�X�H	6GJ�XnS�L]XeC/XÏJ/LPD�J�K�F�QgH�1eX /�TÞF71!6GHVF}J/QjJ�/WJ�XéD>5F096FCPD�0uF�XnDICe1EL 2PDICEDGSWQ35�8,KAL]Q35GL  /PD�0gQgJc4
F
2PD�1eX�	���090RQRH	5%1!6F872�/WJ/DIJ�Q36GHPD�0VS]DIJ/D%1�DIH(2 6IJ�X�HKJ�Q�D�03094 C�X�6�C]J/DIQRH]XnS�DGF�D%C 4 	 2]C�6-S	/�1�J 6�G,J�L]X
1!6-X�N�6�03/WJ/Q96&H 2]C�6E1�XnSE/]C/XGN �E/�1ELÍS]D�JED#1eDGH C�X�/PF�X�S GH6&C-1!6&HPF�J�C�/�1�J/QgH	5×F�Q98-/	0�D�J�Q36GH 8#X�JED 	
8 6WSWX�0�FAJ
6'D�1�1eX�0RXeCED�J/X"S]QRF�1�Q32	0RQgHPDGC
4-=�� �#DGHPS�DICe1EL]Q3NGXuJ�LPX�SWX�F�Q95&H�F�2PDF1�X1	áF�XeX7C/X!G:X�C�X�H�1�X � 5
GH6GC'DIHÍD�2�2]C
6KD�1ELÕJ
6q1�6GHPF�J�C�/�1�J�Q36GH�DIHPS 8�DIHVD�5GX�8#XeHKJ%6�G 8#X�JED�8 6WSWX�0�FÛQRH�X�NF6�03/WJ�Q36GHPDGC
4
6�2]J�Q38�Q3:�DIJ�Q36GHÍD�095F6GC/QjJ/L	8�FeNUT 8 6GC/XÏSWX�JEDIQ30gXnS�SWQRF�1!/VF�F�Q96&H 6�GM2]C
6FC	0RX�8 F�6F09N-QRH	5éXeH�N-QgC�6GH�	
8#XeHKJ/F GH6GC 8-/	0jJ/QRS]QRF�1�Q32	0RQgHPDGC
4USWX�F�Q35GHéY7L]QL1EL*CPC�QRH	5#J
6F5GXeJ�L]X�CÞF�/�1EL,1�D�2PD�C]Q30gQgJ�QRX�F7LVDGFMC�XeXeH
2]C/X�F�XeHKJ�XnS
QRH×\^X�DGH]X�DIHPSUOÞDGQgCnN # �

�sJ�QRF�D�0�F�6@6�G!QgHKJ�X�C�XnF}J�J
6�X!J]D�8�QRH]X7J/L]X 2 6&F/F�Q3C]Q30gQgJc476�G /PF�QgH	5^J/L]XÞQRHEGH6&C
8�D�J/Q96&H 5GXeHPXeCED�J�XnS
SE/]C/QRH	5�J�LPX-1!6-X�N�6�03/WJ/Q96&HPDIC�4
DGSPD�2WJED�J�Q36GH#2PC
6E1�XnSE/]C/X^J
6 8#D �GXÛSWX�1�Q�F�Q36GHVF 6GH×L�6�Y J/L]X'F�X�J
6�G 8 /	0gJ�Q�SWQ�F
1eQ92	0RQRHPDIC�4×SWX�F�Q95&HqN�DIC/Q�D�C	0RX�F�F�L�6�/	0�S#C�X#S]X�1!6F8 2�6KF�XnS!N �"L]QRF�YO6�/	0�SØD�09036�Y GH6GC
J�LPX 2 6&F/F�Q3C]Q30gQgJc4 6�G7J/L]X 6F2WJ�Q38�D�0O2]C�6�C	0RX�85SWX�1!6�8 2 6&F�QjJ/Q96&H F�J�C�/�1�J�/]C�XÏJ
6 X�8#XeC�5GXÏCED�J/L]XeC
J�LVDIH C�X �	JWX�S ��� !�"$%�!�" C 4ÑJ/L]XéSWX�F�Q95&H]XeCnN 
 6�YuX�NGX�C�KAQgJ�Q�F�H	6IJ(1!0RX�DGC'DIJ'J/L]QRF#F�J/D�5GX 6�G
J�LPX�C/X�F�X�DGC�1EL#L	6�Y J
6�SWX�N&X�036�2ÏF
/�1EL
DGH
D�035�6&C�QgJ�L	8éNAT�HUD�0gJ�XeC/HPDIJ�Q3NGX 2]C�6E1�XnSE/]C/X�Y 6F/	0�S CVX
J
6USWX�1�6�8 2 6&F�X�J�L]X-8 /	0gJ�Q�SWQ�F
1eQ92�0gQRHPDIC�4*N�DGC�Q�D�C�0gXnF�QRH&J�6
SWQ�F �c6&QgHKJ^F�XeJ/FmC 4,1!6F8 2	/WJ�QRH	5
J�L]X�QgC
8�DIQRH#X��,X�1�JEF GH6GC<J�L]XÞS]QRF�1�Q32	0RQgHPDGC
4 6�C��}X�1�J�Q3NGXnF N-QRDB6&C�J/L	6�5F6GHPD�0-DGC�CED�4 	iCVDGF�X�S^X!JE2�XeC/Q98#X�H&JED�0
SWXnF�Q35GHPFMC�X!GH6&C�X�F�J/DGC�J/QgH	5�J/L]X@6�2WJ/Q98#Q3:�DIJ�Q36GH�N



�-QgH�1�XÛJ/L]X7N�DGC�Q36�/VFÞF
2VX�1�QRX�FD1eDIHØQgHKJ�X�C/DF1�J�N-Q�D
D�F�QRH	5�0RXÛC/X�2]C/X�F�XeHKJED�J�Q3NGX�QRHPSWQ3N-QRS	/PD�0iK�J�L]X
6�2]J�Q38�Q3:�DIJ�Q36GHÏD�095F6GC/QjJ/L	8�F�Y7L]QL1EL(8#D�4-CVXm/PF�X�S#Y7QgJ�L]QRH�J�LPX�0O.>=@?[DICe1EL]QjJ/X�1�J
/]C/X�DIC/X7H	6IJ
C/X�F�J�C/Q31�J�X�SUJ�6ÏX�NF6�03/WJ�Q36GHVDIC�4 8#X�J/L	6WS]F�D�096&H]XGN���H>G�D�1�J�K�DGC
CPQjJ/C/DGC
4 6�2WJ/Q98#Q3:�D�J/Q96&H,GH6GC�8 /	0�D 	
J�Q36GHVF-�ID�035�6GC/QgJ�L	8�F 8#D�4 CVX@/PF�X�SUY7QgJ�L]QRHUJ�L]XÛS]QRF�1�Q32	0RQgH]XnFeN

�"L]X�0O.>=@? DGC�1EL]QgJ�X�1�J�/]C�X7D�09036�Y�FÜJ}Y 6�D�N&XeH�/]X�F GH6&C 8�DGF/F�Q3NGXM2PDGC/D�090RX�0RQ9:nD�J/Q96&H 6�G�J�LPX 6�2�	
J�Q38#Q9:nD�J/Q96&H 2]C�6E1�X�F/F�N �ÜQRC/F�J
034�KKJ�LPX�X�N�6�03/WJ/Q96&H�6�G�J/L]X^SWQRF�1�Q32	0RQgHVDIC�4#F
2�X�1�QRX�F 8�D�4 CVXB1eDGC�C/QgXnS
6�/]J 1�6GH�1�/]C/C�X�H&J�094&N ��/]C�J�L]X�C�KKJ�LPXeC/X^D�0RF
6äX�JWQRF�J/FuJ/L]XB2�6KF�F�Q9CPQ90RQjJc4(6�G 1!6F8 2	/WJ�QRH	5�J�LPX �PJ�H]XnF�F
6�GÜJ�LPX�QgHPS]Q9N-Q�SE/PD�0�F"QRHUXnD�1ELéF�2�X�1eQgXnF 1!6&H�1!/]C/C/XeHKJ
034GN

� � '*�%�n"%$ ���7)*"��m' �a"%$ )#+-"%) $ � � & �@"%� � ��� �B"%��&� �*� �
�a)��=�n"%$ )#+ " ) $ �! .

�n6�Q90309/VF}J/C/DIJ�X<J/L]X"D�2	2	0RQL1eD�J/Q96&H@6�GPF
6�8#X 6�GWJ�L]XnF�XuQ�SWX�D&F�QRH 2]CED�1�J�QL1�X�K�D�SWQRF�J�C/Q3C	/WJ�XnSäF�J�C�/�1�	
J
/PC/D�0�6F2WJ�Q38#Q9:nD�J�Q36GH�GH6GC�8 /	0�D�J/Q96&H�CPDGF�X�S�6GH
SE6F8�DIQRH
SWX�1�6�8 2 6&F�QjJ/Q96&HÏQRF 2]C/X�F�XeHKJ�XnS�QRHÏJ�LPQRF
F�X�1�J/Q96&H�N<0 6&HPF�Q�SWX�C�J/L]X �PH]QgJ�X#X�0RX�8#X�H&J@8#X�F�Lq6�GuD 5GX�H]XeCED�0AF}J/C
/�1�J
/PC/D�0AF
4WF}J/X�83Y7L]QL1EL QRF
SWX�1!6�8 2 6&F�X�SäQgHKJ
6ÞJ}Y 6�H	6&H�	i6 N&XeC�0RD�2	2]QRH	5�F
/	CPF�J�C�/�1�J�/]C�XnFnC�4ÛD�F�6F0gQ�S%0RQRH]X�KID&FÜF�L	6�Y7HÛQRH �ÜQ35�	
/]C/X��VN��"LPX�F
6�0RQRS�0gQRH]XD2PDGF/F�XnF<J/L]C�6�/	5&LÏH	6WSWX�FuY7L]QL1EL�0RQgX�QRH�F
/	CPF�J�C�/�1�J�/]C�X<'GN��"L]X^S]DGF�L]XnS
0RQgH]XäQRF�SWC/D�Y7HUJ/L]C
6F/	5GLéJ/L]XÛH	6WSWXnF�QRHØF
/	CPF�J�C�/�1�J�/]C�X )�Y7L]Q31ELÊDGC�XÛS]QgC/X�1�J
034*1�6GH]H]X�1�J/X�SUJ
6
J�LPX�F�X
H	6WSWXnFäQRH F
/	CPF�J�C�/�1�J�/]C/X 'GN ��H �ÜQ95F/]C/X���K<O '�DGHPSÍO�)ØDIC/X�J�LPX
J�6IJ/D�0�H�/	8-CVX�C-6�G
SWX�5GC/XeX�F 6�G G:C/XeX�S	6�8 ;�SE6�G�A<QRHÏF
/	CPF�J�C�/�1�J�/]C�X 'ÞDIHPS
F�/	CVF}J/C
/�1�J
/]C/X�)	K&C/X�F
2VX�1�J/Q9N&X�034GN)@ � DIHVS
@ # DIC/X�J/L]XMNGX�1�J
6&C/F 6�G�096E1eD�0WSWX�F�Q95&H N�DIC/Q�D�C	0RX�F 1!6&C�C/X�F
2 6GHPSWQRH	57J�6�F�/	CVF}J/C
/�1�J
/]C/X�'uDGHPSäF
/	C�	
F�J�C�/�1�J�/]C�X )EK,C/X�F
2VX�1�J�Q3NGX�094 ;�XGN 5PN3K 5GX�6F8#X�J�C�4*N�DGC�Q�D�C�0gXnF�K8�D�J/XeC/QRD�0n2]C�6�2�XeC�J�QRX�F�K,X�J�1�A�NÛO�6IJ�X
J�LVD�J @ � DIHVS @ # DGC�X7SWQ�F �c6&QgHKJ<F�X�J/F�N��"L]X N�DIC/QRD�C	0gXnF 1!6GC/C/X�F
2�6&HPSWQRH	5�J�6^J�L]X"QRH&J/XeC
G�D�1eXuC/X�5&Q96&H
C�X�J}YuXeXeHÕJ�LPX'J}YO6éF�/	CVF}J/C
/�1�J
/]C/X�F^DGC�X�SWXeH	6GJ�XnSqC�4@IK X&N 5VN9K @W8#Q95&L&J%1�6GC/C�XnF�2 6GHPS×J
6�J�L]X
DIC/X�D�DIHVS 5&X�6F8�XeJ�C�4(6�GáJ�L]X�X�0gX�8�X�HKJ/F7QRHUJ�L]X�QRHKJ�XeC
G�D�1eX^C�X�5GQ36GH�N

�"L]XÛX� /PDIJ�Q36GHPF GH6GC�F�J/DIJ�QL1�X� /]Q30RQ9C]C/Q3/	8 6�GAJ�L]X�F}J/C
/�1�J
/]C/X�QRH �áQ35�/PC�X	� 1eDIH,C�XäY7C/QjJ�J�X�H
QRH*2VDIC�J�QgJ�Q36GH]XnS�GH6&C
8çD&F


�� ��� � �(#� #-� � #�#� 
 � �� #� � 
 � �
� #� � ; +FA

Y7L]X�C�X � ������� � ��� � � K � �(#���� � ��� � # K � #������ � #�� � � K-DIHPS � #�#���� � #�� � # DIC/XuJ�L]X
F
/	C	8�D�J/C�QL1�XnF 6�G J/L]XB2PDIC�J�QgJ�Q36GH]XnS 5F096FCPD�0,F�J�Q ��H]XnF�FM8�DIJ�C/Q J K � � ��� � � DIHPS � # ��� � # DIC/X
J�LPX�SWQ�F
2	0RDF1�X�8�X�HKJ/F�1�6GC/C�XnF�2 6GHVSWQgH�5#J
6�J�L]X'H	6WSWX�Fm6�G<XnD�1ELØF
/	CPF�J�C�/�1�J�/]C/X�K,DIHPS � ����� � �DIHVS � # ��� � # DGC�X�J�L]X�X!J-J�X�C�HPD�0	GH6&C�1eX�F�DF1�J/QgH	5�D�J�J�L]X�F�/	CVF}J/C
/�1�J
/]C/X�S]X�5GC/XeXnFI6�G G:C/XeXnSE6�8éN

/= /PD�J/Q96&Hq; + AO1eDIH CVX�C/XeY7C/QjJ�J�XeHUDGF�J}YO6�F�Q98-/	0gJ/DIHPX�6�/VF 8�D�J/C�Q9JÏX� /PDIJ�Q36GHPF 6�GáJ�L]XmGH6GC�8

� ��� � � � � �  � �(# � # ;�� A
� #�# � # � � #  � #-� � � ;���A

�"L]XÞF�X�1�6GHPS�J/XeC�8 6&H#J�L]X�C�Q35GLKJ�LVDIHPS�F�QRS]X 6�G,J�LPX�D�C 6 NGX7X. /PD�J/Q96&HPF�QRHPSWQL1eD�J/X�F�D%1!6F/	2	0RQgH	5
C�X�J}YuXeXeHéJ/L]X'S]QRF
2	0�D�1�X�8#XeHKJ/F7QRH×J/L]X�J}YO6
F�/�CPF}J/C
/�1�J
/PC�XnFeN$��H>5GX�H]XeCED�0iK � ��# DIHVS � #-� DIC/X
L]Q35GL	034�F�2VDICEF�X 8�D�J/C�QL1�XnFeN�
�X�H�1�XFK�6GH	034�D%G:XeY 1�6�8 2�6&H]XeHKJEF 6�G � � DGHPS � # DGC�X�C/X� /]QRC/X�S�J
6
1!6F8 2	/WJ�X^J/L]X%1!6F/	2	0RQgH�5'J/XeC�8�FeN



21

Interface
Region

x xx
1

2

N2N1

2

� ��� ��� ���á·�j R ´7¹ R ¿tµ ¶+µ R Â Red ±�¶tº+²�j�¶t²�ºtÁeb�� R ´�ÁEµpÂ _

�"L]XäHPDIJ
/]C/X 6�G�J�L]X 1!6F/	2	0RQgH�5�CVXeJ}Y�X�XeHÊX. /PD�J/Q96&HPF-; ��	 ��A"Q�F�SWX�2]QL1�J/X�Sq876&C�X-1!0RX�DIC�034 C�4
C/XeY7C/QjJ/QgH	5�J/L]X�8 DGF

� 'F; � � � @ � � @�� � #�� ; � # A�A ���<% � ��� ;!@ � � @nA � � � � �  � �(# ;7@nA � #�� ; � # A � ;��FA

DIHVS

� 'F; � # � @ # � @�� � ��# ; � � A�A ���<% � #�# ;!@ # � @nA � # � � #  � #-� ;7@nA � ��# ; � � A � ;���A

Y7L]X�C�X � '�DIHVS � )äF
4�8 C 6�0RQ31�D�03094ÏSWX�H	6IJ/X�J�L]X�DIHVD�034-F�Q�F�X. /PD�J/Q96&HPF�J
6 CVX�F
6�03NGXnS(GH6GC7F
/	C�	
F�J�C�/�1�J�/]C�X<'�DIHPS )EKWC/X�F
2VX�1�J/Q9N&X�034GN?��6�03/WJ/Q96&H 6�G�J�L]XÛDGHPD�034WF�Q�F�X� /PD�J/Q96&HPF � '�DIHVS � )%0RX�D&S
J
6�J/L]XÛSWQ�F�2	0�D�1eX�8#XeHKJ N&X�1�J�6GCEF � � DGHPS � # KPC�XnF�2�X�1�J�Q3NGX�034GN � #-� S]XeH	6GJ�X�FuJ/L]X@NGX�1�J�6GC 6�GASWQ�F(	
2	0�D�1eX�8#XeHKJ/F�DIJ^J�L	6KF�X#H	6WSWXnF^QgHÑF�/�CPF}J/C
/�1�J
/PC�X )EK Y7L]Q31ELÑDIC/X#SWQgC/X�1�J
034q1!6&H]H]X�1�J�XnSÊJ�6UJ�L]X
H	6WSWXnF�QgHÍF
/	CPF�J�C�/�1�J
/]C/X�'�KÜQ+N XGN3K J/L]X�H	6WSWXnF�Y7L]QL1EL 0gQRX(6GH J�LPX
S]DGF�L]XnS 0RQRH]X�QgH �ÜQ35�/]C/X �PN
�-Q38#Q90�DIC�094FK � �(# QRF�J�L]X�SWQ�F�2	0�D�1eX�8#XeHKJ�N&X�1�J
6GC�D�J�J/L]XäH	6WSWXnF�QRHØF
/	CPF�J�C�/�1�J�/]C�X�'ÛY7L]QL1ELÊDIC/X
SWQRC�X�1�J�094q1�6GH]HPX�1�J/X�SÊJ
6UJ�L]X#H	6WSWXnF^QgHÑF
/	CPF�J�C�/�1�J�/]C�X )EK Q+N X�K!J/L]X#H	6WSWX�F^Y7LPQ31EL 0gQRX 6GHØJ�L]X
F
6�0RQRSq0gQRH]X#QgH�ÜQ95F/]C�X �PN �"L]X(1!6�/�2	0gQRH	5*N�DIC/QRD�C	0gXnFÞQRHØX. /PD�J/Q96&HPF ;�� 	���A�DIC/X � #�� DGHPS � ��# N
�"L]X 1�6�/	2�0gQRH	5(CPDGHPSWY7Q�S-J�L×C/X�F
/	0gJ�QRH	5(G:C�6�8 J/L]XäF
/	CPF�J�C�/�1�J�/]C/QgH	5ÏF�J�CED�J/X�5F4
YO6�/	0�SéSWX�2�XeHPS
6GH�J�LPX^J
6IJED�0�H�/	8-CVX�C 6�G�SE6�G 1!6&C�C/X�F
2�6&HPSWQRH	5'J
6�J�L]X�X�0gX�8#XeHKJ/F7QRHUJ�L]X�QRHKJ�X�C�G�DF1�X^C�X�5GQ36GH�N
�	6GCm5GQ3NGX�H#N�D�09/PX�Fm6�G @ � K�@ # K�DGHPS@IK,QjJ/XeCED�J/QgH	5 CVXeJ}Y�X�XeHÊX.F/VD�J�Q36GHVF ;�� A�DGHPS ;���AMG:C�6�8

DIH�QgHPQjJ/QRD�0 5F/]X�F/F GH6GCuXeQgJ�L]X�C � #�� 6&C � �(# 0RX�DGSPF<J�6�D�F�6F09/]J�Q36GH(GH6&C�J/L]Xm5F096FCPD�0,SWQ�F�2�0RDF1�X�8#X�H&J
NGX�1�J�6GC � Y7LPQ31EL F�DIJ�Q�F
�PXnFÛJ/L]X*2]L�4-F�QL1eF76�G�J/L]X*2]C
6FC	0RX�8éN �"L]Q�F'Q38 2	0RQgXnF�F/D�J/QRF�G�D�1�J�Q36GH 6�G
GH6GCe1�X^X.F/PQ90RQ9CPC�Q3/	8 DIJ"J�L]X�QRHKJ�XeC
G�D�1eX^C�X�5GQ36GH C�X�J}YuXeX�HUJ�L]X^J}YO6�F�/	CVF}J/C
/�1�J
/]C/X�F�N



2

2

12

1

1

11 21

1

21

22 12

2

2

x

x

A2(d , ,,A1 x

2

,

2

X , ) = 0

1d

d ) = 0d X ,

g

1

(d

BLACKBOARD

dx

xx[Genotype: ]

RepresentativeRepresentative 

subject to:

Minimize:  f

SPECIES 2

g

Genotype:

subject to:

SPECIES 1

Minimize: 

]xx[

 f

� ��� ��� � �R ·�¾ R bp²n¶tµ R Â�ÁEº+Ã 
Ü¹n¶tµp´7µ���Á/¶+µ R Â Red�R ²�¹�bp·}¸^±�²�³�¿�¶tº+²�j�¶t²�º+·}¿

��H�J�L]XD1!6&H&J/X!J-J 6�G SWQRF�J�C/Q3C	/WJ�XnSÏDIHVD�034-F�Q�FI/PF�QgH	5ÛJ�L]X�SWX�1�6�8 2�6KF�QgJ�Q36GHÏF�J�CED�J/X�5F4'SWQ�F
1�/PF/F�XnS
X�DGC
0RQRXeC@;�F�XeX �ÜQ35�/]C/X +FA^K-J/L]X%1!6F/	2	0RQgH�5 1�6�8 2PDIJ�Q3C]Q90RQgJc4 1!6&HPF�J�CEDIQRH&JEFM1eDIH*C�X�Y7C�QgJ�J/XeH×DGF


�
 � ��#  � ���# 
�
���
�
 � #��  � �#�� 
�
 ���	� ;��FA

Y7L]X�C�X � ��# DIHVS � #�� DIC/X×J/L]X>N�D�03/]X�F 6�G�J/L]Xq1!6F/	2	0RQgH�5 SWQ�F�2	0�D�1eX�8#XeHKJEF
D�J
J�L]X 1!/]C/C�X�HKJ
QgJ�XeCED�J/Q96&HaK&DGHPS � ���# DGHPS � �#�� DIC/XuJ�L]XÞH]XeY N�D�03/]X�F 6�G�J�L]X�1�6�/	2�0gQRH	5@N�DIC/QRD�C	0RX�F�D G J/XeC�F
6�03N-QgH�5
� '�DGHPS � )EKWC/X�F
2�X�1�J/Q9N&X�034GN

�"L]X×SE6�8�DIQRH S]X�1!6F8 2�6KF�QgJ�Q36GH D�2	2PC
6KD�1EL /PF�X�S L]XeC/XéXeHPD�C	0RX�F'J�L]X×D�2	2	0RQ31�D�J�Q36GH 6�GÞJ�L]X
0O.>=@? DGC�1ELPQjJ/X�1�J�/]C/XäJ�6ÊSWQRF�J�C/Q3C	/WJ�XnSÑF}J/C
/�1�J
/]CED�0I6F2WJ�Q38#Q9:nD�J/Q96&H�N ��H 2PDIC�J�QL1!/	0�DIC�K GH6&C^J�L]X
F�J�C�/�1�J�/]C�X�QRH �ÜQ95F/]C/X���K-J/L]XD6�2WJ/Q98#Q3:�D�J/Q96&H 2]C�6�C�0gX�8 1�DIH CVXB2 6&F�X�S
D&F�D�F�Q98-/	0RDIJ�XnS .>=@?
2]C�6�C	0RX�8)Y7QjJ/L#J}Y 6%1�6�/	2�0gXnS�S]QRF�1�Q32	0RQgH]XnFeN �"L]X 6F2WJ�Q38#Q9:nD�J/Q96&H72PC
6E1�XnSE/]C/X7QgH#J/L]Q�F<F�XeJ�J/QgH	5äQRF
F�L	6�Y7H
QRH��ÜQ35�/]C/X��WN���H
J/L]X�SWX�1�6�8 2 6&F�QjJ/Q96&HUF�J�CED�J/X�5�4(1EL	6KF�X�H
L]X�C�XFK-X�D�1ELUF�2�X�1eQgXnF"LPDIHVSE0gX
SWQ�F �c6&QgHKJ
F�X�JEF 6�G�SWX�F�Q95&HWN�DGC�Q�D�C	0RX�F�N �"L]Q�F�QRF�DF1EL]QRX�NGXnS C�4 S]X�1!6F8 2�6KF�QRH	5 J�L]X#N�DGC�Q�D�C	0RX�F
1!6&C�C/X�F
2 6GHPSWQRH	5×J�6 J�L]XUQgHKJ/XeC
G�D�1�XUC/X�5GQ36GH ;7@nA'QgHKJ�6ÕJ}YO6ÕS]QRF �c6GQRHKJ�F�X�JEF @ � DGHPS;@ # N �"L]X
�PCEF}J�F
2VX�1�QRX�F 1�6GHKJ�C�6�0�F�J�L]X@N�DIC/Q�D�C	0RX�F @ � DIHVS�@ � KWY7L]Q30gX^J/L]XÛF�X�1!6&HPS�F
2�X�1�QRX�F 1�6GHKJ�C�6�0�F�J�L]X
N�DIC/QRD�C	0RX�F�@ # DGHPS @ #IN �"L]X 8�XnF�L 1�6GC/C�XnF�2 6GHVSWQgH�5
J�6×J�L]X
QgHKJ�X�C�G�DF1�X�C/X�5&Q96&H Q�F%8 6WSWX�0gXnS
C�4(C�6GJ�LUF�/	CVF}J/C
/�1�J
/]C/X�F�K-F�6�DGF�J
6'XeHPD�C	0gX�QgJ�J�671�6�8 2	/WJ/XÞJ/L]X�F
/	C	8�DIJ�C/Q31eX�F � �(# DIHPS � #-�QRHPSWX�2�XeHVSWXeHKJ
034GN

��H�J�L]X��PC/F�J�F�J�X�2�6�G,J�LPX�SWQ�F}J/C�Q3C	/WJ/X�S(6F2WJ�Q38#Q9:nD�J/Q96&H(2]C
6E1eX�SE/]C/X�KGJ�L]Xm1!6�/�2	0gQRH	5%N�DGC�Q�D�C	0RX�F
� #-� DIHPS � ��# DIC/XÏXeQgJ�L]X�C#QgH]QgJ�Q�D�0RQ3:eX�S /PF�QgH	5ØJ�L]XUC/X�F
/	0jJEF 6�G�F
4-F�J�X�88DIHPD�094WF�QRF 6�G�DqCPDGF�X�	
0RQgH]X#SWXnF�Q35GHaK 6&C�CEDIHVSE6�8 034GN �-Q38�Q30�DIC�094FKVJ/L]X�SWX�F�Q35GH>N�DIC/Q�D�C	0RX N&X�1�J�6GCA@ 1!6F8 876&HÊJ�6 C 6IJ�L
F
/	CPF�J�C�/�1�J�/]C�XnFB1eDIHÑD�0�F
6 C�X�QgHPQjJ/QRD�0gQ3:eXnS!N�TÞHPD�034WF�Q�FB6�G�J�L]X �PCEF�J�F
/	CPF
4WF}J/X�8%QRH�N�6F09N&X�FÞJ�L]X



F
6�03/WJ�Q36GH*6�GAX� /PDIJ�Q36GH ;�� A GH6GC"J�LPXäF�/�CPF}J/C
/�1�J
/PC�X�SWQ�F�2�0RDF1�X�8#X�H&J N&X�1�J
6GC � � N �"L]XÛDIHPD�094WF�QRF
C/X�F
/	0jJEFB1eDIHÊJ�L]X�H C�X-/VF�XnS×J
6,1!6F8 2	/WJ�X�J/L]X-6FC��}X�1�J�Q3NGX#DIHPSq1!6GHVF}J/C/DGQgHKJ�GH/PH�1�J/Q96&HPFB6�G�QRH�	
J�X�C�XnF}J7Y7QgJ�L]QRH×F�/�CPF}J/C
/�1�J
/PC�X 'GN?�-Q38#Q90�DIC�034�K-J�LPXÛF�X�1!6GHVS
F
/	CPF
4-F�J�X�8çDIHVD�034-F�Q�F�QRH�N�6F09N&X�F�J�L]X
F
6�03/WJ�Q36GH>6�G<X� /PDIJ�Q36GH ; ��AMGH6&CÞJ/L]X'S]QRF
2	0�D�1�X�8#XeHKJmN&X�1�J�6GC � # N��"L]XnF�X'C�XnF�/�0jJEF�DGC�X%/VF�XnSÊQRH
1!6&H �c/]H�1�J�Q36GHéY7QgJ�LUJ�L]X%1�/]C/C�X�H&J N�D�03/]XB6�G � �(# J�6 1�6�8 2	/WJ/X^J�L]X@6FC��}X�1�J�Q3NGX�DIHVS 1�6GHPF�J�CEDIQRHKJ
GH/]H�1�J�Q36GHPF GH6GC�F
/	CPF�J�C�/�1�J�/]C�X )]N

��HÛJ�LPX"F
/	CPF�X� /]X�HKJÜX�1!6&F
4WF}J/X�8 5GX�H]XeCED�J/Q96&HPF�KnXnD�1ELäF
2�X�1�QRX�FU2 6&F�J/FáJ�LPX N�D�03/]XnF 6�G]J�LPXM1�6�/�	
2	0RQgH�5 N�DIC/QRD�C	0RX�FD1!6GC/C/X�F
2�6&HPSWQRH	5#J
6UQjJEFÞC/X�2PC�XnF�X�H&JED�J/Q9N&XÛQgHVSWQ9N-Q�SE/PD�0U6&HØD 1�6�8 8 6GH>C�0RDF1-�>	
C 6&DICES!N �"L]X�N�D�03/]X�F%6�G @ �#DIHVS @ # 1!6&H&J/C
6F090RX�S C�4ÊJ/L]X�J}YO6ÊF�2�X�1eQgXnFÛQRHPSWX�2�XeHVSWXeHKJ
034ÑDIC/X
D�0�F
6#2�6KF}J/X�S 6GHÑJ/L]X C�0RDF1-� C 6&DGC/S�N �"L]Q�F@G�DF1�Q30gQgJ/DIJ�XnF�J�Q38#X�034ÕX�J	1ELPDIH	5&X(6�G�S]DIJ/D#C�X�J}YuXeX�H
J�LPX�J}Y 6ÊF
2�X�1�QRX�FäDGF^J/L]X�4 1!6-X�NF6�03NGX'J
6>6F2WJ�Q38 /�8 N�D�03/]X�F 6�G�@ � K)@ # K�DGHPSM@�NUT�FäF�L	6�Y7H
QRHØJ/L]X�F
/	CPF�X� /]X�HKJ^F�X�1�J�Q36GHaK,J/L]QRF^S]DIJ/D
J�CEDIHPF�G:XeC^X�HPD�C	0RX�FmC 6IJ�LÕJ�LPX#F
2�X�1�QRX�F�J�6UDGC�C/Q9N&XäD�J
DéF�6F09/]J�Q36GH Y7L]Q31ELÑF/D�J�Q�F �PX�F�J�LPX�1!6�/�2	0gQRH	5#1!6F8 2PD�J/Q9C]Q30RQjJc4q1�6GHPF�J�CEDIQRHKJ/F�K!X�N&XeHÊJ/L	6�/�5GLÕJ�L]X
1!6F/	2	0RQgH�5 N�DIC/QRD�C	0RX�F�DIC/XÛH	6IJ^X!JE2	0RQL1�QgJ
034×C�X�2]C�XnF�X�HKJ�X�S×D&F�S]X�F�Q95&HqN�DIC/QRD�C	0RX�F�N���H F�/	8 8�DIC�4�K
J�LPX'D�2�2	0gQL1eDIJ�Q36GH#6�G�J�L]X 0O.>=B? DGC�1ELPQjJ/X�1�J�/]C/XÛQgH 1!6GH��c/]H�1�J/Q96&HÊY7QgJ�L×J/L]X�F
/	CPF�J�C�/�1�J
/]C/QgH�5
F�J�CED�J�X�5�4#/	0gJ�Q38�D�J/X�034>0gXnDGS]F�J�6UJ�L]X(6F2WJ�Q38�D�0IN�D�03/]X�FD6�G�J/L]X�SWX�F�Q95&H N�DGC�Q�D�C	0RX�F�K�DGF^YuX�030<DGF
J�LPX7N�D�09/]XnFD6�G<J/L]X�F�/	CVF}J/C
/�1�J
/]C/X#SWQRF
2	0�D�1eX�8#XeHKJBNGX�1�J
6&C/F � � DGHPS � # Y7L]Q31EL F�DIJ�Q�F
�VX�FÞJ�L]X
2]L�4WF�QL1eFM6�G J/L]X%1!6F/	2	0RQgH	5VN

�"L]QRFäSWX�1�6�8 2�6KF�QgJ�Q36GH CPD&F�XnS 1!6-X�NF6�03/WJ�Q36GHPDGC
4#6F2WJ�Q38#Q9:nD�J/Q96&HÑF�J�CED�J/X�5F4#0gXnDGS]F^J�6ÊF�Q35GHPQ G 	
QL1eDIHKJ
F/D�N-QgH	5KF�QgH J/L]Xq1!6F8 2	/WJ/DIJ�Q36GHPD�0 1!6KF}J�KO2VDIC�J�QL1!/	0�DIC�094 GH6&C�J�LPX>6�2WJ/Q98-/	8 S]X�F�Q95&H 6�G
0�DIC�5GX�	�F�1eD�0RX'F�J�C�/�1�J
/]CED�0<F
4WF}J/X�8�FeN �"L]X 2]C
6E1eX�SE/]C/X /PF�X�S L]XeC/X�1!6F/	0�Sq6�GM1�6�/]CEF�X C�X�C�XnDGS 	
Q3094ÊX�J-J�XeHVSWX�SØJ
6×F�1�XeHVDIC/Q96KFÞY7QgJ�L 8 6GC/XäJ/LPDIHÕJ}YO6éF
/	CPF�J�C�/�1�J
/]C/X�F�N �sJ�Q�F�D�0�F�6*6�GuQgHKJ�X�C�XnF}J
J
6�H�6IJ�XéJ/LPD�J�J/L]Q�F�2]C�6E1�X�S	/]C�X#1�6�/	0�S C�X>/PF�X�SWGH6&CÏF}J/C
/�1�J
/]C/X�F
F�/	C �}X�1�J/X�S J
6�LVDIC�876&H]QL1
X!J	1eQjJED�J�Q36GH N �"L]X�6&H	094�SWQ �,XeC/XeH�1eXÏQgHÍJ�L]X GH6GC�8 /	0�D�J/Q96&H�Y 6F/	0RS C�XÏJ�6ØC/X�2	0�D�1eX ����� Y7QgJ�L
� � ��� �� # � ��� �<� � + ��� � KKY7L]XeC/X � ��� DIHPS + ��� DIC/X 2PDIC�J�QgJ�Q36GHVF 6�G,J/L]X�8�DGF/F�DGHPS�S]D�872PQgH	5
8�D�J/C�Q9J KWC�XnF�2�X�1�J�Q3NGX�034�K � QRF7J�L]XBG:C/X� /]X�H�1!4�6�GáX�JE1eQjJED�J/Q96&HaKPDIHVS � ���  'IN

TÞFÞDGHÊDGF�QRS]X�K]J/L]X%GH6&C
8-/	0�D�J�Q36GH,2]C/X�F�XeHKJ/X�SéL]X�C�X@GH6&CÞSWQ�F}J/C�Q3C	/WJ/X�SÊF�J�C�/�1�J
/]CED�0a6F2WJ�Q38#Q9:nD 	
J�Q36GH 1eDGH'D�0RF
6mC�X7D�2	2�0gQRX�SäJ
6D8 6GC/X 5&XeH]X�C/D�0 2PC
6FC	0gX�8�FáQRH�N�6F09N-QRH	5�6F2WJ�Q38#Q9:nD�J�Q36GH76�G�F�4WF�J�X�8�F
5�6 N&XeC/H]X�S C 4 2VDIC�J�Q�D�07SWQ ��X�C�X�H&J/QRD�07X� /PDIJ�Q36GHPF,;�B =�/�F�A�N �E/�1EL DGH D�2	2]C�6&D�1EL C]C�QRH	5KFäJ�6�	
5GXeJ�L]X�C7J�X�1EL]H]Q  /]X�FMGH6&C 6�2WJ/Q98#Q3:�DIJ�Q36GH,6�G 1!6F/	2	0RX�SéF
4-F�J�X�8�F7Y7QjJ/LÊSE6�8�DGQgHéSWX�1�6�8 2 6&F�QjJ/Q96&H
F�1EL]X�8#X�F�#�9 GH6GCuH�/	8#XeC/Q31�D�0�F�6F09/WJ/Q96&H�6�G B =�/�FeN �sJ"QRF 6�G�QRHKJ�XeC/X�F�J�J�6äH	6GJ�XÞJ�LPDIJ"F
/�1EL
DGHÏD�2�	
2]C�6&DF1ELÛLPDGF C�XeX�H�F�J
/VSWQgXnSäQRH'J�L]X 1�6GHKJ�X�JKJ 6�G 2PDICED�8#XeJ�XeCÜX�F�J�Q38�D�J/Q96&H-2]C�6�C�0gX�8#FUC�4%=�XeH]H]Q�F
DIHVS� XeY7Q�FeN #�; �	/]C�J�LPXeC�K J/L]X
D�2�2]C
6KD�1EL /PF�X�SÑL]X�C�X�1�DIH CVX
X�8 2	036 4GX�SÕJ�6>1!6GHVF}J/C
/�1�JÛJ�XnF}J
2]C�6�C	0RX�8�FuY7QgJ�L*N�DGC
4-QRH	570gX�NGX�0�FO6�GASWQ���1�/	0jJc4�GH6GCuJ�XnF}J/QgH	5(.>=@? GH6&C
8-/	0�D�J�Q36GHVF C�4(N�DIC�4-QgH�5
J�LPX 1!6F/	2	0RQgH�5>CPDIHVSWY7QRSWJ�L ;�Q+N XGN3KAJ�L]X�H�/	8 C�XeC76�GÞSE6�G7QgH�J/L]X
QRHKJ�X�C�G�DF1�XÏC/X�5&Q96&H�A�DIHVS J�L]X
H�/	8 C�XeCB6�G�SWX�F�Q95&HqN�DIC/Q�D�C	0RX�F�N���H 6IJ/L]XeC�Y 6&C/SPF�K,SE6�8�DGQgH SWX�1�6�8 2�6KF�QgJ�Q36GHÕD�2	2�X�DGC/FÞJ
6 CVX
D�HPD�J�/]CED�0�D�2�2]C
6KD�1EL GH6GC 1!6&HPF�J�C�/�1�J/QgH	5(.>=@?[J/X�F�J 2]C�6�C	0RX�8�F�N

	 ��' � � &� �a"%$ �B"%��&( ��
 � � � � �C�
�

$����a) �"��/�  #' '*�%�U+ )�)�a��&� 
�"L]QRF�F�X�1�J�Q36GH 2]C�XnF�X�HKJ/FÞJ�L]X#C/X�F
/	0jJEFD6�G�X�JE2VX�C�Q38#XeHKJ/D�0AF�J
/VSWQgXnFB1!6GHVSE/�1�J/X�SØJ
6*5GX�H]XeCED�J/X

1!6F8 2	/WJ/DIJ�Q36GHPD�0�S]D�JED76GH�J�L]X@2�XeC
GH6GC�8�DIH�1eXD6�G J/L]X@2]C�6�2 6&F�X�S 0O.q=B? DICe1EL]QgJ�X�1�J
/]C/XGN �"L]X
6�C �}X�1�J/Q9N&XÛQ�F�J�6�5&DGQgHÊQRHPF�Q95&LKJ/F�QRHKJ
6ÏQgJ/FD1!6&H�NGXeC�5GX�H�1�X%1ELVDICED�1�J/XeC/QRF�J�QL1eF7DGHPSéJ�6 8�D��&X 1!6F8 	
2PDGC�Q�F�6&HäF�J
/PSWQRX�FAY7QgJ�L#D^F�4WF�J�X�8 6�2WJ/Q98#Q3:�D�J/Q96&H'D�2	2]C�6&D�1EL N �"L]XuJ�XnF}JI2]C�6�C	0RX�8�F 1!6&HPF�QRSWX�C�XnS
L]X�C�X"DIC/X 1�6GHPF�J�C�/�1�J/X�S@/VF�QRH	5�J�L]X7SE6F8#DGQgH'SWX�1�6�8 2�6KF�QgJ�Q36GH 	iCPD&F�XnSÛF�J�C�/�1�J�/]C/D�0F6F2WJ�Q38#Q9:nD�J/Q96&H
D�2�2]C
6KD�1ELUSWQRF�1!/VF�F�X�S�QgHUJ/L]X@2]C/X�N-Q96F/PF"F�X�1�J/Q96&H�N



100 100

3 5

6 8

7

42

L

Interface Region
L = 360 in

1

������
������
������

������
������
������

������
������
������

������
������
������

��������� � Å�Æ��!ÁEºnp�biÁEÂ�ÁEº Q ºt²�¿+¿á±e¶tº+²�j�¶t²nºt·

�	6GC#D�030uJ�L]XéX�J�2�XeC/Q38�X�HKJ/F71!6GHVSE/�1�J/X�S KuDØF�J/DGHPS]DICES�X�0gQgJ�Q�F}J��^T Y7QjJ/LWCPQgHPDGC
4 J�6�/]C/HPD 	
8#XeHKJÛF�X�0gX�1�J/Q96&HaKn/]HPQ GH6&C
8 1eC
6KF�F
6 NGX�C�DGHPSqCPQjJ@8 /]J/D�J/Q96&HÕY"DGFB/VF�XnS!N<�"LPX(2]C
6FCPD�CPQ90RQjJc4#6�G
1�C�6&F/F
6 NGXeC�DIHPSWC]QgJ�8 /WJED�J/Q96&H YuXeC/X �GX�2]J(1�6GHPF�J/DGHKJ�DIJ �]N �ÕDGHPS �]N � '�K�C�XnF�2�X�1�J�Q3NGX�094&N T
C]QRHPDIC�4�F}J/C�QRH	5>6�G ' �>C]QjJEF�QRF-/PF�X�SÑJ�6ØC/X�2]C/X�F�XeHKJäXnD�1EL 6�G7J�L]X,1!6&H&J/QgH�/	6F/PF%N�DGC�Q�D�C	0RX�F%GH6GC
J�LPX�X!J]D�8 2	0RX�F%1�6GHPF�Q�SWXeC/X�S!N �"L]XÏF�J�C/X�F/F@1!6&HPF�J�CEDIQRH&JEF�DIC/X#QgH�1�6GC�2�6&C/DIJ�XnSÊQRH&J�6éJ�L]X �PJ�H]XnF�F
GH/]H�1�J�Q36GHPFO/PF�QRH	5'D-2VX�HPD�0gJc47GH/]H�1�J�Q36GH�GH6&C
8-/	0�D�J�Q36GH N��"LPX�C�X�F�J7S]X�F�Q95&H�NGX�1�J
6&C 6�GáDäF
2VX�1�QRX�F
Q�F%1EL	6&F�XeH DGF^QgJ/F�C/X�2PC�XnF�X�H&JED�J/Q9N&X'QRHPSWQ3N-QRSE/VD�0tN �"L]X�C�XnF�/�0jJEFB6�CWJEDIQRH]X�S /PF�QgH	5éJ/L]X 0O.>=@?
DICe1EL]QgJ�X�1�J
/PC�X#DIC/X71�6�8 2PDGC�XnSéJ
6UJ�LPX(6�2WJ/Q98�D�0�F
6�03/WJ�Q36GH 6�C]J/DIQRH]XnS>/PF�QgH�5éDUF�J/DIHVS]DICES��^T
D�2�2	0gQRX�S×J
6ÏJ/L]X-1�6�8 2	0RX�J/X-1!6F/	2	0RX�S � 6GC/Q95&QgHVD�0 F�J�C�/�1�J�/]CED�0n8 6WSWX�0gK,Y7L]QL1ELÊQ�FÞC/X!G:X�C�C/X�SUJ�6�DGF
J�LPX�F
4WF}J/X�8 6�2]J�Q38�Q3:�DIJ�Q36GH D�2	2]C�6&DF1EL�N 0 6GH�NGX�C
5&XeH�1eXÛF}J�/PSWQRX�F^DIC/X 2]C/X�F�XeHKJ/X�S#GH6&CÞJ/L]X76�C�	
�}X�1�J�Q3NGX(GH/PH�1�J/Q96&HPF�K 1!6&HPF�J�CEDIQRH&JEF�KÜDIHPSÕJ/L]X 1!6F/	2	0RQgH�5>1!6�8 2PDIJ�Q3C]Q30gQgJc4 1�6GHPF�J�CEDIQRHKJ%NKQ36�0�D�J/Q96&H
1!6&C�C/X�F
2 6GHPSWQRH	5äJ
6'J�L]X �]J�J�X�F�J�SWX�F�Q35GH�N�O 6GJ�X�J�LVD�J"J�LPDIJ�J/L]X@1!6F/	2	0RQgH	5 1!6F8 2PD�J/Q9C]Q30RQjJc4 1�6GH�	
F�J�CEDIQRH&JEF'DGC�X
H	6IJ#QgH�1!6GC�2 6GCED�J�XnSÑQgHKJ�6ØJ/L]X��PJ�H]XnF�F GH/]H�1�J�Q36GH�N �"L]X�4ÍDIC/X 1!6F8 2	/WJ�XnSÍL]X�C�X
QRH×J�L]X 2�6KF}J�	i2]C�6E1�XnF�F�QgH�5ÏF}JED�5GX@6&H	034 GH6&C�J�LPX 2	/]C�2 6&F�X@6�G�J�CED�1-�-QRH	5#J�LPX%8 /	0gJ�Q�SWQ�F
1eQ92�0gQRHPDIC�4
G:X�D&F�Q3C]Q30gQgJc4�6�G J�LPXD6F2WJ�Q38�D�0�F
6�03/WJ�Q36GH N��áXeHUC�/]HPF"YuXeC/XD1�DIC/C�QRX�S 6�/WJMGH6GC"XnD�1EL 1�DGF�X�J
6(1!6F8 	
2	/WJ/X�J�L]X�D�NGX�C/D�5GXnS(1!6GH�N&XeC�5GXeH�1�X7J/C�X�HPS]F"DIHPS 6IJ/L]XeC7F�J/D�J/QRF�J�QL1eF�N �"L]X@1!6F872�/WJ/DIJ�Q36GHPFuYuXeC/X
1eDGC�C/QRX�S�6F/WJ /PF�QgH�5#D � ��� ?�C/Q95&QgH ) � � � 1�6�8 2	/WJ/XeC�Y7QgJ�L � ' � � � �%2PC
6E1�XnF�F
6GCEF�N

	a�<� � �C*6��	 �!�09 �
�"L]X �PCEF}J<SWXnF�Q35GH72]C�6�C	0RX�8 1�6GHPF�Q�SWXeC/X�S'QRF�D ) �mCVDICI2	0�DIHPDGCÜJ�C�/PF�F�F}J/C
/�1�J
/]C/X"Y7QjJ/L �DCVD�4-F

;�F�XeX �ÜQ95F/]C�X �FA!K�2PDGC/D�8#X�J�X�C�Q3:eXnSéQgHÊJ�XeC�8�F�6�G�J�L]X#F�Q9:�QgH	5 N�DGC�Q�D�C�0gXnFeN!�"LPX71eC
6KF�F�	sF�X�1�J�Q36GHPD�0
DIC/X�D&FM6�GÜJ�L]XÛJ�C�/PF�F 8�X�8 C�XeCEF�DIC/XBC�6F/]HPSWXnS,CVXeJ}Y�X�XeH �]N 'ÛDIHVS ' �WN ��
� #GN �"L]X'F}J/C
/�1�J
/]CED�0
8#X�8-CVX�C/F�LPD�N&X�� 6�/PH	5 � FD876WSE/�09/PF�� � + � � � ��2PF�Q ��QRH2#�K 8#D&F�F^SWX�HPF�QjJc4�� � �PN '709C:��QRH23�K
DIHVS 4-QgX�0RS F}J/C�XnF�F�� ����� � ) �&�-F�QtN �"L]XéSWXnF�Q35GH 6FC��}X�1�J�Q3NGX�QRF'J
6 8#QgH]Q38#Q9:�XUJ�L]XUY�X�Q95&LKJ
F
/	C��}X�1�JÛJ
6ÕF}J/C�XnF�F%1�6GHPF�J�CEDIQRHKJ/F�N �"L]Q�F%0RX�D&S]F^J�6ØDéJ
6GJ/D�0 6�G!) �×S]X�F�Q95&H N�DGC�Q�D�C	0RX�FäDIHPS ) �
1!6&HPF�J�CEDIQRH&JEF GH6GC"J�LPQRF 2PC
6FC	0gX�8éN

�"L]X�F�J�C�/�1�J�/]C/X�Q�FáSWX�1!6F872 6&F�X�S^QRHKJ
6ÞJ}Y 6�1�6�/	2�0gXnSÛF�/�CPF}J/C
/�1�J
/PC�XnF DGFÜF�L	6�Y7H@C�4�J/L]X�F
6�0RQ�S
0RQgH]X�QRH��ÜQ35�/]C/X ��KKQtN XGN3K-J�L]XD6GC/Q95&QgHVD�0,DIHPD�094WF�QRF�X� /PDIJ�Q36GHPF 6�GáF�Q3:eX<' ��� ' �äDIC/X�S]X�1!6F8 2�6KF�XnS
QRH&J�6#J}Y 6�F�X�JEFM6�GI1!6�/�2	0gXnSUX� /PD�J/Q96&HPFM6�G�F�Q9:�X ��� �]N �"Y 6�F
2VX�1�QRX�F"Y7L]QL1EL#1!6�030�D�C 6GCED�J�Q3NGX�094
1!6-X�N�6�03NGXÛJ�L]X N�DIC/QRD�C	0RX�F�1�6GC/C�XnF�2 6GHVSWQgH�5ÏJ
6�X�DF1ELÕF
/	CPF�J�C�/�1�J�/]C�X�DIC/X'F�X�JB/	2ÕJ
6éF�6F09N&XÛJ�LPQRF
2]C�6�C	0RX�8éN1�"L]X �PCEF}J�F�2�X�1eQgXnF 1!6&H&J/C
6F0RFuJ/L]X 1eC
6KF�F�	sF�X�1�J�Q36GHPD�0!DIC/X�DGFM6�GAJ�L]X�J/XeHéJ/C
/PF/F 8#X�8<	
C�XeCEF7QgHéJ/L]X��PCEF�J7J}Y 6(CPD�4WF�N �"L]XÛDGHPD�034WF�Q�F7X.F/VD�J�Q36GH � 'BGH6GC7J/L]QRF�F�2�X�1eQgXnF%;�F�XeX�X. /PD�J/Q96&H



0 50 100 150 200 250

500

1000

1500

2000

2500

3000

3500

4000

4500

Generation Number

S
ub

st
ru

ct
ur

e 
W

ei
gh

t

Species 1
Species 2

��������� � ` ¾�·}ºsÁ���·}¸ �R Âe¾�·}º ��·�Â�j�· � f�ÁEºsÁej�¶+·}ºtµp¿+¶+µkj}¿ Red ±e²�³�¿+¶+ºt²�j}¶+²�º+·��ä·}µ �^f�¶t¿ d3R ºap�º R ³�bp·}´ »

;�� A�A�QgH�NF6�03NGX�F<J�L]X�SE6�Gn1!6&C�C/X�F
2�6&HPSWQRH	5�J�6'H	6WSWXnF�'�	 �PN �-Q98#Q30RDGC
034�KKJ/L]X�F�X�1�6GHPS
F�2�X�1eQgXnFO1�6GH�	
J�C�6�0�F7J/L]X-1eC
6KF�F�	�F�X�1�J�Q36GHVD�0�DIC/X�D&F 6�G�J/L]XÛJ/XeHØJ�C�/PF�F�8#X�8 C�XeCEF�QRH×J/L]X'HPX!J-JÞJ}YO6�CPD�4WF�KVDIHVS
J�LPX�DIHPD�094WF�QRFAX.F/VD�J�Q36GH � )-;+F�X�X7X� /PDIJ�Q36GH#;���A�AÜQRH NF6�03NGXnFÜJ�L]X�SE6�G1�6GC/C�XnF�2 6GHVSWQgH�5ÞJ�6�H	6WSWX�F� 	 �]N��"L]X�F�X�J/FM6�GáSWXnF�Q35GH*N�DIC/QRD�C	0gXnF 1�6GC/C�XnF�2 6GHVSWQgH�5ÛJ
6#XnD�1EL
F
/	CPF�J�C�/�1�J�/]C/X^DGC�X�SWX4�VH]X�SéDGF
J�LPX 1EL]C
6F8 6&F
6�8#X�F 6�G�J�L]X"J}YO6�F�2�X�1eQgXnFeN�/�DF1EL'F
2VX�1�QRX�F�Q�FAXeHKJ/C
/PF�J�XnS�Y7QjJ/L'J/L]X"J/D&F�� 6�G8�QRH�	
Q38�Q3:eQRH	5�J�LPX�F�/	CVF}J/C
/�1�J
/]C/X"Y�X�Q95&LKJAF
/	C��}X�1�J�J
6@1�6GHPF�J�CEDIQRHKJ/FU6GH'J�L]X 8�D�J-Q38 /�8 2VX�C
8#Q�F�F�Q3C	0gX
F�J�C/X�F/F�XnF�QRHUJ�L]XÛF
/	CPF�J�C�/�1�J
/]C/X^X�0RX�8#XeHKJ/F�K]QtN X&N9K ' �71!6GHVF}J/C/DGQgHKJ/FuXnD�1EL�N

TW2 6�2�/	0RDIJ�Q36GH#F�Q3:eXM6�G � ��Y"DGFU/PF�X�S GH6GC�X�DF1EL'F
2VX�1�QRX�F�DGHPSÛJ/L]XuJ�X�C
8#QRHPD�J/Q96&H71eC�QgJ�X�C�Q�DÞY"DGF
�GX�2WJ ��J-XnSÏD�J�) � �^X�1!6KF�4WF�J�X�8 5&XeH]X�C/DIJ�Q36GHPF�N �"L]X�QgHPQjJ/QRD�0,SPD�J/D@GH6GC<J/L]XB1!6�/�2	0gQRH	5%N�DGC�Q�D�C	0RX�F
YuXeC/X75&XeH]X�C/DIJ�XnSÊCEDIHPSE6F8 094×QRHÑX�D�1EL 6�2]J�Q38�Q3:�DIJ�Q36GH C
/PH�N ��H J�L]XÏF
/	CPF�X� /]X�H&J�X�1!6&F
4WF}J/X�8
5GX�H]XeCED�J/Q96&HPF�KáJ/L]X 1�6�/	2�0gQRH	5qN�DGC�Q�D�C	0RX�FäY�X�C�X /	2,S]D�J/X�S /PF�QRH	5ÊJ/L]X N�D�09/]XnF 2 6&F�J�XnS C�4 J�L]X
F
2VX�1�QRX�F�C�X�2]C�XnF�X�HKJ/D�J/Q9N&X�FI6&H�J�LPXmC	0�D�1-��C 6&DGC/S,;�F�XeX �ÜQ95F/]C�X���A�N��"LPXÞC/X�F
/	0jJEF�DGC�Xm1!6�8 2PDGC�XnS
J
6 D F
4WF}J/X�8 6�2]J�Q38�Q3:�DIJ�Q36GH D�2	2]C�6&DF1EL Y7LPQ31EL /PF�XnF�D 2�6F2	/	0�D�J/Q96&H F�Q3:eX 6�G�' � ��K�DIHPS D
J�X�C
8#QRHPD�J/Q96&H*1eC�QgJ�X�C�Q�D76�G ) � �-5GX�H]XeCED�J/Q96&HPF�N
�áQ35�/PC�X �-1!6F872VDIC/X�F�J�L]XÛD�N&XeCED�5GXnS(1!6&H N&XeC�5GX�H�1�XD1ELPDICED�1�J�XeC/Q�F}J/Q31�Fm;<6�GÜJ�L]X�F
/	CPF�J�C�/�1�J�/]C�X

YuXeQ35GLKJ/FeA 6�G!J/L]X�J}YO6äF
2VX�1�QRX�F�Y7L]Q31EL 1!6-X�NF6�03NGX"J
6ÛJ�L]Xm6�2WJ/Q98�D%6�G!J�L]Q�F 2]C
6FC	0RX�8éN �sJM1eDGH(CVX
F�XeXeH G:C�6�8 J/L]X ��5�/PC�X�J�LPDIJ C�6GJ�LéF�2�X�1eQgXnF"LPD�NGXB1!6&H�NGXeC�5GXnS  /]QgJ�X�CED�2]Q�SE034#J
6�J�L]X@6F2WJ�Q38�D�0
F
6�03/WJ�Q36GH�N��"L]XÞF�J/DIJ�Q�F}J/Q31�F 6�G�J/L]X�6F2WJ�Q38�D�0PF
6�03/WJ/Q96&H(6�CWJEDIQRH]X�S /PF�QRH	5�J�LPX�0O.>=@? DGC�1ELPQjJ/X�1�	
J
/PC�X�DGC�X 1�6�8 2PDIC/X�S'Y7QgJ�L�C/X�F
/	0jJEFI6�C]J/DIQRH]XnS-/VF�QRH	5�J/L]XÞF
4-F�J�X�8 6F2WJ�Q38#Q9:nD�J�Q36GH�D�2	2]C�6&D�1EL�QRH
�ÜD�C	0RX '&N��sJM1�DIH�C�X@1!0RX�DIC�034#F�XeX�H�J�LVD�J"J�L]X 0O.>=@? DICe1EL]QgJ�X�1�J
/PC�Xm5GQ3NGX�F�D C�X�J�J�X�C"F
6�03/WJ/Q96&H
6GHÕD�NGXeCED�5&X�KPD&Fm1�6�8 2PDGC�XnSUJ
6ÏJ/L]X#F�4WF�J�X�8 6F2WJ�Q38#Q9:nD�J�Q36GHÕD�2	2]C�6&DF1EL�NÞO�6IJ�X�D�0�F�6ÏJ�LPDIJ�K!QRH
F
2]QjJ/X(6�GuJ�L]X�F�8�D�030<F�Q9:�X(6�GuJ�L]XÏDGHPD�034WF�Q�FB2]C�6�C	0RX�8 ;�' �×SE6�G�A^KáJ�LPXÏSWX�1�6�8 2�6KF�QgJ�Q36GH 	iCPD&F�XnS
D�2�2]C
6KD�1EL�QRF"H]XnDIC�094 'GN �ÛJ/Q98#XnFOG�DGF�J�XeC"J/LPDIHUJ/L]XÛF�4WF�J�X�8 6�2WJ/Q98#Q3:�DIJ�Q36GH×D�2	2PC
6KD�1EL�N



0 50 100 150 200 250
10

−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

10
1

10
2

Generation Number

C
on

st
ra

in
t V

io
la

tio
n 

N
or

m

Coupling Compatibility Constraint Violation
Stress Constraint Violation                

��������� � `á¾�·}ºsÁ���·}¸ �R Âe¾�·}º ��·}Â�j}· � f�ÁEºtÁej�¶t·}ºtµp¿�¶tµkj}¿ Red ¶ifn· �R ²�¹�bpµpÂ � �R ´7¹�Á/¶+µp³�µkbpµ ¶ Ã �R Â�¿+¶+ºsÁEµpÂ�¶
� µ R biÁ/¶+µ R Â^ÁEÂn¸D`á¾�·}ºtÁ���·IpP·}ºgj�·}Â�¶sÁ���·u±e¶+ºt·}¿t¿ �R Â�¿+¶+ºsÁEµpÂ�¶ � µ R biÁ/¶+µ R Â d9R ºap�º R ³�bp·�´ »^_

�����	��
�
������������������� ��!#"%$&�('�)+*(�,!-�.��/0�1�.23)+$4� �

£�ÉKÉG¡}¬��e® È 5 ¦G«s}¨EÓ å�687:9
9uÉ&} iÓ� iÔ���} j¬�¤ £<¡}® È  p}¨E®/}¯&¡}¨

£�Ë�¨/¡��eÙn¨ ;=<?>=@ ;=A?>=B
C ¨E iÙ È 
5 ���¤K¥K��¡�¥ D�@E> B�F
7"¨EËI j�e} i¬n¤
6� j¤& iÓ�¯KÓ ;?>=>=A ;?>=>=B
C ¨E iÙ È 
åA�HG ;=> D�<
Ç  jÓ�¨?I «�¨E®1J



7 10

118

4

L

100100100

Interface Region

12

1

3

2

100

= 360

96

5

L in

�����������������������������������

�����������������������������������

�����������������������������������

�����������������������������������

�����������������������������������

�����������������������������������

��������� �
	^s��!ÁEºnp�biÁEÂ�ÁEº Q ºt²�¿+¿á±e¶tº+²�j�¶t²nºt·^_

�áQ35�/PC�X �ØF�L	6�Y�F'J�L]XéD�NGX�C/D�5GXnS 1!6GH�N&XeC�5GXeH�1�X�J/C�X�HPS]F76�G�J/L]X,1!6�/�2	0gQRH	5 1!6F872VD�J�Q3C]Q30gQgJc4
1!6&HPF�J�CEDIQRH&JBN-Q96F0RDIJ�Q36GH DIHPSØJ�L]X�D�N&XeCED�5GX-2VX�C�1eXeHKJ/D�5GX-NKQ36�0�D�J/Q96&Hq6�G"F�J�C/X�F/FB1!6GHVF}J/C/DGQgHKJ/F�N �sJ
1eDGH C�XuF�XeX�H%G:C�6�8[J�LPX���5�/]C/X<J/LPD�J�KIX�N&XeH�J/L	6�/	5&LÛJ/L]XO1�6�/	2�0gQRH	5B1!6�8 2PDIJ�Q3C]Q30gQgJc4@1!6GHVF}J/C/DGQgHKJ/F
DIC/X�H	6GJÞX!JE2	0RQ31eQjJ�094éX�HEGH6GCe1�XnS�QRH×J/L]X<0O.>=@? DICe1EL]QgJ�X�1�J
/]C/X�K]J�L]X�4�CED�2]Q�SE034*1�6GH�NGX�C
5&X@1!036&F�X
J
6 :eXeC�6PN1�"L]XnF�XÛC/X�F
/	0gJ/F�D�0RF
6�QRHPSWQL1eD�J/XÛJ/LPD�J�J/L]X%2]C�6�2 6&F�X�S*6F2WJ�Q38#Q9:nD�J�Q36GHÊDGC�1ELPQjJ/X�1�J�/]C/X�QRF
C/X�0�D�J�Q3NGX�094�QRHPF�XeHPF�QgJ�Q3NGX�J
6#J/L]X�QgHPQjJ/QRD�0gQ3:�DIJ�Q36GH*N�D�09/PX�FM/PF�X�S GH6GC"J/L]X%1!6F/	2	0RQgH�57N�DGC�Q�D�C	0RX�F�N

	a� 	a� �C*6��	 �!�09 	
�"L]X�F�X�1!6&HPSD2]C�6�C	0RX�8 QgH�N�6F09N&X�F,YuXeQ35GLKJn8#QRH]Q98#Q3:�DIJ�Q36GH@6�GWD � CPD�4�+ �MCPDGC!J�C�/PF/F�F�J�C�/�1�J�/]C�X

;�F�XeX��ÜQ35�/]C/X��FA�D�5KDIQRHÕF
/	C��}X�1�J^J
6ÊF�J�C/X�F/FD1�6GHPF�J�CEDIQRHKJ/F�N �"L]X(8�DIJ�XeC/Q�D�0 2]C�6�2�XeC�J�QRX�FD6�G�J�L]X
F�J�C�/�1�J�/]C/D�0 8#X�8-CVX�C/F'DIC/X
F�Q38#Q90�DICÛJ
6×J/L	6&F�X�/PF�X�S GH6&C 2]C�6�C	0RX�8 'GN&�"LPX 1�C�6&F/FÛF�X�1�J/Q96&HPD�0
DIC/X�D&F@6�G"J/L]X + �éJ�C�/PF/F%8#X�8-CVX�C/F'DIC/X 1!6&HPF�Q�SWX�C�XnS D&FäSWQ�F�1�C/X�J�X�SWX�F�Q95&H N�DIC/QRD�C	0RX�F%1EL	6KF�X�H
G:C�6�89J/L]XÞF�X�J �� ' 
 � 
 � ' ���� ��'.) ��QRH2#IN �"L]Xm1!6�6GCESWQRHPD�J/X�F 6�G,J/L]X �c6GQRHKJ/F<DGC�X 1�6GHPF�Q�SWXeC/X�S#DGF
1!6&HKJ�QRH /�6�/PF�S]X�F�Q95&H#N�DGC�Q�D�C�0gXnF N�DIC�4KQRH	5(C�X�J}YuXeX�H���� �IQRH*G:C
6F8çJ/L]X CVDGF�X�0RQgH]X@N�D�09/]XnFeN �"LPQRF
4-QgX�0RSPF7D�J
6IJED�0 6�G � �#SWXnF�Q35GH*N�DIC/QRD�C	0RX�F7DIHVS + �71�6GHPF�J�CEDIQRHKJ/F GH6GC"J/L]Q�F 2]C�6�C	0RX�8éN

TÞFÜF�L	6�Y7HäQgH �ÜQ35�/]C/X���K�J�L]XuF}J/C
/�1�J
/PC�X�QRFÜSWX�1�6�8 2 6&F�X�S�QRHKJ
6�J}YO6�1�6�/	2	0RX�SäF�4WF�J�X�8�F /PF�QgH	5
J�LPX SE6F8�DIQRH SWX�1�6�8 2 6&F�QjJ/Q96&H D�2	2PC
6KD�1EL SWQ�F
1�/PF/F�XnS X�DGC
0RQgX�C�K7QtN XGN3K�J�LPX 6&C�Q35GQRHPD�0�DIHPD�094WF�QRF
X� /PDIJ�Q36GHPFO6�GÜF�Q9:�X�) � � ) ��DGC�X�SWX�1�6�8 2 6&F�X�S�QgHKJ
6'J}YO6�F�X�JEF 6�GU1�6�/	2	0RX�S�X� /PDIJ�Q36GHPFO6�GáF�Q3:eX
'.) � ' )WN �"L]X �VC/F�JäF�/�CPF}J/C
/�1�J
/PC�X#QRH NF6�03NGXnF�J�L]XÏSE6�GM1�6GC/C�XnF�2 6GHVSWQgH�5
J�6×H	6WSWX�F '�	 ��K DIHVS
J�LPX�F�X�1!6&HPS�F
/	CPF�J�C�/�1�J�/]C�X�QRH�N�6F09N&X�F^J/L]X�SE6�G 1!6GC/C/X�F
2�6&HPSWQRH	5éJ
6ÊH�6-S]X�F � 	�' )WN&�-QRH�1�XÏJ�L]X
QRH&J/XeC
G�D�1eX�C/X�5&Q96&H�CVXeJ}Y�X�XeH�J�L]X�J}YO6�F
/	CPF�J�C�/�1�J
/]C/X�FuQ�FO1�6GH]HPX�1�J/X�S N-QRD �'S	6�G 6&H
XnD�1EL�F�Q�SWX�K
J�LPX%1!6�/�2	0gQRH	5 CPDGHPSWY7Q�S-J�LéQ�F7L]Q35GL]X�C"J�LPDGH�QRH,2]C
6FC	0RX�8 '&N



0 50 100 150 200 250
1000

2000

3000

4000

5000

6000

7000

Generation Number

S
ub

st
ru

ct
ur

e 
W

ei
gh

t

Species 1
Species 2

����������� � ` ¾�·�ºtÁ���·}¸ �R Âe¾�·}º ��·}Â�j}· � f�ÁEºsÁej�¶+·�º+µp¿+¶+µkj}¿ Red ±�²n³�¿+¶+ºt²�j�¶+²�ºt· �ä·}µ �^fe¶+¿ d9R ºap�º R ³�bp·}´ Å�_

T 0O.>=@? DGC�1ELPQjJ/X�1�J�/]C/X%1!6�8 2]C/Q�F�QRH	5(6�GAJ}YO6ÏF�2�X�1eQgXnF�KVX�DF1EL,1�6GHKJ�C�6�030RQgH	5�J/L]X + ��S]X�F�Q95&H
N�DIC/QRD�C	0RX�FI1!6&C�C/X�F
2 6GHPSWQRH	5�J
6�QgJ/F<F
/	CPF�J�C�/�1�J
/]C/X"QRF<F�X�J /�2'J�6ÛF�6F09N&XuJ�L]Q�FI2]C�6�C	0RX�8éN��"L]X �PCEF}J
F
2VX�1�QRX�FD1!6GHKJ/C
6F0RF�J�L]X 1�C�6&F/F(	�F�X�1�J/Q96&HPD�0áDIC/X�DGF�6�G�J/L]X ' �#J�C�/PF/F�8#X�8 C�XeCEF�QRH>CPD�4WF '�	()�DIHVS
J�LPX%1!6�6GCESWQRHPD�J/X�FO6�GAH	6WSWX�F�'�	 �PN �"L]X�F�X�1!6GHVS�F
2VX�1�QRX�F 1�6GHKJ�C�6�0�F�J�L]XÛDGC�XnDGFO6�GÜJ�L]X ' �ÛJ/C
/VF�F
8#X�8-CVX�C/FÞQgH#CPD�4WF +�	 �ÏDGHPSUJ�LPX 1!6�6GCESWQRHPD�J/X�F 6�G�H	6WSWX�F �.	-'.)WN$/�DF1ELéF
2�X�1�QRX�FÞQRFÞXeHKJ�C�/PF�J�XnS
Y7QgJ�L J�L]X#JEDGF��>6�GM8#QgHPQ98#Q3:eQRH	5éJ�L]XÏF
/	CPF�J�C�/�1�J
/]C/X#Y�X�Q95&L&J�F
/	C��}X�1�J�J
6ÊF�J�C/X�F/FB1!6GHVF}J/C/DGQgHKJ/F
GH6GC"J/L]XÛF
/	CPF�J�C�/�1�J�/]C�X^X�0gX�8�X�HKJ/F�N

T 2�6F2	/	0�D�J/Q96&HÊF�Q3:eX%6�G�' � ��Y"DGF /VF�XnS*GH6GC�XnD�1EL×F�2�X�1eQgXnF�K�DIHPSUJ/L]X�J/XeC�8�QRHPDIJ�Q36GH>1�C/QgJ�XeC/Q�D
Y"DGF �GX�2WJ �	JWX�S�D�J=) � �ÞX�1!6KF�4WF�J�X�8 5GXeHPXeCED�J�Q36GHVF�K��"L]X 1�6�/	2	0RQRH	5BN�DGC�Q�D�C�0gXnFáYuXeC/X"QgHPQjJ/QRD�0gQ3:eXnS
CEDIHPSE6F8 094 GH6&CuXnD�1EL*6�2WJ/Q98#Q3:�DIJ�Q36GH
C�/]H�N ��H�J�LPX^F
/	CPF�X� /]X�HKJ"X�1!6KF�4WF�J�X�8 5&XeH]X�C/DIJ�Q36GHPF�K&J�L]X
N�D�03/]X�FO2 6&F�J�XnS C�4#J�LPX^F
2�X�1�QRX�FO6&H
J/L]XBC	0RDF1-��C�6KDICES�Y�X�C�Xm/PF�X�S!N?�"L]XD2�XeC
GH6GC�8#DGH�1�XD6�G J�L]X
0O.>=@?�DICe1EL]QgJ�X�1�J
/PC�XÛQ�FD1!6�8 2PDGC�XnSéJ
6UD
F
4WF}J/X�8 6�2]J�Q38�Q3:�DIJ�Q36GHØD�2	2]C�6&DF1EL×Y7L]Q31ELq/PF�XnF�D
2 6�2	/	0�D�J/Q96&HUF�Q3:eX@6�G ) � �	K]DIHVS�D'J�X�C
8#QRHPD�J/Q96&H*1eC�QgJ�X�C�Q�D76�G ) � �75&XeH]X�C/DIJ�Q36GHPF�N

�"L]X 1�6GH�NGX�C
5&XeH�1eX'J/C�X�HPS]F-6�G"J�LPXUF
/	CPF�J�C�/�1�J�/]C/XÏY�X�Q95&LKJ/FäD�N&XeCED�5&X�S 6 NGXeC�' �×C�/]HPF'DIC/X
F�L	6�Y7HØQRH�ÜQ35�/]C/X ' �]N �sJ%1eDIH CVX�F�XeX�HqG:C�6�8 J/L]X ��5�/]C/X'J�LPDIJ�KáF
2�X�1�QRX�F<'�Y7L]QL1ELÕLPDGHPSE0RX�F
J�LPX�SWXnF�Q35GHBN�DIC/QRD�C	0RX�Fa1�6GC/C�XnF�2 6GHPS]QgH	5uJ�67J�L]X �PCEF}JáF
/	CPF�J�C�/�1�J
/]C/X<F�L�6�Y�F�F�0RQ35GLKJ
034m6KF
1eQ9030�D�J
6&C
4
C�XeLPD�N-Q36GCnN �"L]Q�FÛQ�F%2PC�Q38�DIC/Q9034ÕSE/PX�J
6×J/L]X(G�DF1�JÛJ/LPD�J'J�L]X��PJ�H]XnF�F%GH/]H�1�J/Q96&H 6�G�F
2VX�1�QRX�F '
SWX�2VX�HPS]F76GH ' �>2PDGC/D�8#X�J�X�C/F ;�SWQ�F
2	0RDF1�X�8�X�HKJ/F#DIHPS 5GX�6F8#X�J�C�4 6�GÞH	6WSWXnF �.	 �	K�DIHPS DIC/X�D&F
6�Gm8�X�8 C�XeCEF 1!6GHPH]X�1�J�QRH	5ÕH�6-S]X�F ��	 �×J�6 � 	 � A^K�Y7L]QL1EL DGC�X,1!6&H&J/C
6F090RX�S C 4�F
2VX�1�QRX�F )WN ��H
1!6F8 2PDIC/QRF
6GHnK&J/L]X �]J�HPX�F/F 6�GAF�2�X�1eQgXnF )'S]X�2�XeHPS]F 6GH*6GH	034&'.)-2PDGC/D�8#X�J�X�C/FD;�S]QRF
2	0�D�1�X�8#XeHKJ/F
DIHVS 5&X�6�8#XeJ�C�4�6�GÜH	6WSWX�F � 	 � A<QRH×F�2�X�1eQgXnF 'GN



0 50 100 150 200 250
10

−5

10
−4

10
−3

10
−2

10
−1

10
0

10
1

10
2

Generation Number

C
on

st
ra

in
t V

io
la

tio
n 

N
or

m

Coupling Compatibility Constraint Violation
Stress Constraint Violation                

������� �	� � £�Ën¨/¡���Ù�¨�¥ åÜ¬n¤IË�¨/¡}Ù�¨E¤K®E¨Uå È ��¡���®/}¨�¡} j«s} i®E«Ï¬eÎÞ È ¨éåÜ¬�¯KÉ&Ìj i¤&ÙÑåÜ¬�Ó�É-�e} iÐ& jÌi pt¦
åÜ¬n¤&«s�¡��� i¤���u i¬nÌj�e} i¬�¤Ï��¤-¥�£�Ë�¨/¡��eÙn¨7�,¨�¡}®E¨E¤����Ù�¨ 5 �¡}¨E«�«�åÜ¬n¤&«s�¡��� i¤���� i¬nÌj�e} i¬n¤#ÎR¬�¡u��¡}¬�ÐKÌi¨EÓ ;��

�áQ35�/PC�X ' '^F�L	6�Y�FuJ�L]X@1�6GH�NGX�C
5&XeH�1eX�J�C/XeHVS]F 6�GáJ�L]X%1�6�/	2�0gQRH	5(1!6F872VD�J�Q3C]Q30gQgJc4 1�6GHPF�J�CEDIQRHKJ
N-Q96F0RDIJ�Q36GHÊDGHPSUJ�L]X�D�NGX�C/D�5GXB2VX�C�1eXeHKJ/D�5GX%N-Q36�0�D�J/Q96&H*6�G�F}J/C�XnF�Fm1!6&HPF}J/C/DGQgHKJEF�K�D�NGXeCED�5&X�S 6 NGX�C
' �ÕC�/]HPF�N �sJ�1eDGHWC�X×F�X�XeH J�LPDIJ#J�L]X>1�6�/	2	0RQRH	5 1�6�8 2PDIJ�Q3C]Q90RQgJc4 1!6&HPF}J/C/DGQgHKJ N-Q96F0RDIJ�Q36GH C/X�	
SE/�1eX�F^CED�2]Q�SE034ØSE/]C/QRH	5UJ�L]X�1�6KX�N�6F09/WJ/Q96&Hq2]C�6E1�XnF�F�N�T�F@8#XeHKJ�Q36GHPX�SÕX�DIC�0RQgX�C�K!J/L]X(1!6F/	2	0RQgH	5
1!6F8 2PD�J/Q9C]Q30RQjJc4 1!6GHVF}J/C/DGQgHKJ/F^DGC�X(1!6F8 2	/WJ�XnSÑL]XeC/X 6GH	034>GH6&C^J�L]X 2	/]C�2�6KF�X 6�GuJ�CED�1-�-QRH	5�J�L]X
8 /�0jJ/QRSWQ�F�1�Q32	0gQRHPDGC
4(G:XnDGF�Q9CPQ90RQjJc4 6�GáJ�L]X@6F2WJ�Q38�D�0 F
6�03/WJ�Q36GH N

�"L]X�F�J/DIJ�Q�F}J/Q31�F 6�G!J/L]X�6F2WJ�Q38�D�0�F�6F09/WJ/Q96&H�6�C]J/DIQRH]XnS /PF�QRH	5�J/L]X 0O.>=B? DGC�1EL]QgJ�X�1�J�/]C�X�DIC/X
1!6F8 2PDIC/X�SØY7QjJ/LÕJ/L]X�F�4WF�J�X�8 6�2WJ/Q98#Q3:�DIJ�Q36GHÑD�2	2]C�6&DF1ELØQRH �ÜD�C�0gX )WN<�sJ 1eDGH C�X 6�CPF�XeC�NGXnS
J�LVD�J�J/L]X10O.>=@? DICe1EL]QgJ�X�1�J
/]C/X 5GQ3NGXnF�D 8 /�1ELDC�X�J�J�X�CÜF
6�03/WJ�Q36GH�D&Fa1!6F872VDIC/X�S�J
67J/L]X�F
4WF}J/X�8
6�2]J�Q38�Q3:�DIJ�Q36GHÏD�2	2]C�6&D�1EL N �"L]Q�F 1eDGH(CVX�D�J�J/C�Q3C	/WJ/X�S#J�6^J�L]X�SE4-HPD�8#QL17HPDIJ
/]C/X 6�G,J�LPXÞF�XnDICe1EL
F
2PD�1eX7Y7L]XeHÏDÛS]QRF�J�C/Q9C�/WJ�XnS 6�2WJ/Q98#Q3:�D�J/Q96&HÏD�2	2PC
6KD�1EL�QRF /PF�XnS!N �"L]Q�F 1!6F/	0�S-C�X�D��&X�4-G�D�1�J
6GC
Y7L]QL1EL�XeHPD�C	0RX�F^J/L]X�0O.>=@? DICe1EL]QgJ�X�1�J
/]C/X#J
6 1�QRC�1�/	8 N&XeHKJ�J�L]X 2]C
6FC	0RX�8 6�G7XeHKJ�CED�2	8#X�H&J
QRH DéF
/	C�6F2WJ�Q38�D�0<F
6�03/WJ�Q36GHÑDGF@1�6�8 2PDGC�XnS×J
6UJ/L]X�F�4WF�J�X�8 6�2WJ/Q98#Q3:�D�J/Q96&H D�2	2]C�6&DF1EL�N �"L]X
C/X�F
/	0jJEF GH6GC<J�L]Q�FI2]C�6�C	0RX�8)QgHVSWQ31�D�J/X"J�LPDIJ<J�L]X�2VX�C�GH6&C
8�DIH�1�XM6�G�J�L]X�2]C
6F2�6KF�XnS 6F2WJ�Q38#Q9:nD�J/Q96&H
DICe1EL]QgJ�X�1�J
/PC�X
F�L	6�Y�H	6 SWX�5&C/D&S]D�J/Q96&H Y7QgJ�L QgH�1�C/X�DGF�XÏQRH�J�LPX 1!6F/	2	0RQgH�5qCPDGHPSWY7Q�S-J�LaK�X�NGX�H
J�L�6�/	5&LÊJ�LPX�1!6GH�N&XeC�5GXeH�1�X�J/C�X�HPS]F^F�L�6�Y F�0RQ35GLKJ
034#8 6GC/X-6KF
1eQ9030RDIJ
6&C
4,C�XeLPD�N-Q36GCnN 
 6�YuX�N&XeC�K
QgJO1eDGH�C�XÞH	6GJ�X�S�J�LPDIJ�J�LPXm1!6F/	2	0RQgH�5 1!6F872VD�J�Q3C]Q30gQgJc4(1!6&HPF}J/C/DGQgHKJ N-Q36�0�D�J�Q36GH�Q�F 6GH	034'C/X�S	/�1�XnS
J
6�J/L]X@6GCESWXeC 6�G ' ��8 # ;<6GH×DIHéD�NGX�C/D�5GX�A�SE/]X^J�6'J/L]X�L]Q35GL×SWX�5GC/XeXD6�GI1!6�/�2	0gQRH	5VN

�sJ�QRF�D�0�F�6@6�G�QRHKJ�XeC/X�F�J�J
6äH	6IJ/X"J�LPDIJ�KKQgH�F
2]QjJ/X 6�G,J/L]XÞF
8#D�090VF�Q3:eX 6�GVJ/L]XÞDIHVD�034-F�Q�F 2]C
6FC	0RX�8
;�D�J�6IJ/D�0 6�G�)��×SE6�G�A^KáJ�L]XÏF
/	CPF�J�C�/�1�J
/]C/QgH�5éF�J�CED�J/X�5F4>1!6�8-C]QRH]X�SÕY7QjJ/LÑJ�L]X 0O.q=B? DICe1EL]Q�	
J�X�1�J�/]C�X#Q�F�H]XnDIC�094éJ}Y7QL1�XÏD&F�G�D&F}JäD&F@1!6F872VDIC/X�S×J�6UJ�L]XÏF
4WF}J/X�8 6F2WJ�Q38#Q9:nD�J/Q96&H D�2	2]C�6&D�1ELnK
Y7L]Q30gX@5&Q9N-QRH	5#C�XnF�/�0jJEFuJ�LPDIJ7DGC�X ' ��� C�X�J�J�XeC�6GHéD�NGXeCED�5&XGN



�����	��
��

������������������� ��!#"%$&�('�)+*(�,!-�.��/0�1�.23)+$4� �

£�ÉKÉG¡}¬��e® È 5 ¦G«s}¨EÓ å�687:9
9uÉ&} iÓ� iÔ���} j¬�¤ £<¡}® È  p}¨E®/}¯&¡}¨

£�Ë�¨/¡��eÙn¨ >?>�B?< B=F��E;
C ¨E iÙ È 
5 ���¤K¥K��¡�¥ D�A�� D(A?;
7"¨EËI j�e} i¬n¤
6� j¤& iÓ�¯KÓ >���@&D BE; D(A
C ¨E iÙ È 
åA�HG D�B?@ A��
Ç  jÓ�¨?I «�¨E®1J

�a� +7&� q+� )*' �! . $�� � � $ � �
�"L]QRF�2PD�2�XeCÞQgHKJ�C�6WSE/�1eX�F�D�SWQ�F�J�C/Q9C	/]J�X�S#.q=B? DICe1EL]QgJ�X�1�J
/]C/X�QRHPF�2PQgC/X�S*C�4ÏJ/L]X%2]L]X�H	6�8<	

XeHVD 6�GD1�6KX�N�6F09/WJ/Q96&HPDIC�4 5GXeHPX�J�QL1éDGS]D�2WJ/DIJ�Q36GH QgH X�1�6�036�5&Q31�D�0"F�4WF�J�X�8�F�N �"LPXéD&SEN�DIHKJ/D�5GXnF
6��,XeC/X�S C�4�J�LPX�2]C�6�2 6&F�X�S(1�6KX�N�6F09/WJ/Q96&HPDIC�4 .>=@? ;*0O.q=B?BA�DICe1EL]QgJ�X�1�J
/]C/X�QRH�1!03/PSWX�C�XeJ/DGQgH�	
8#XeHKJ-6�G�SWQRF�1�Q32	0RQgHVDIC�4ÕD�/]J
6GH�6�8 4FK 8�D&F�F�Q9N&X(2PDICED�030RX�0RQRF
8,KáC/X�SE/�1�X�S�F
6�G J}Y"DIC/X#QgHKJ/X�5GCED�J/Q96&H
DIHVS�QRHKJ�X�C/SWQ�F�1�Q32	0gQRHPDGC
4*1!6�8 8-/]H]QL1eD�J/Q96&H 6 N&XeC/L]X�D&S]F�K]DIHPSéD�1�1!6F878 6WS]DIJ�Q36GH*6�G�SWX�F�Q95&H,2PD 	
CED�8#X�J/XeC/Q9:nD�J�Q36GH^Y7QgJ�L�D 8#Q J@6�GPS]QRF�1�C/X�J/X�DIHVS@1!6GHKJ/QgH�/	6F/PFaN�DIC/Q�D�C	0RX�F�N �"L]X 876KF}JÜQ98 2 6GC�J/DGH&J
DGS	N�DGHKJ/D�5&X 6 ��X�C�XnS C�4^J�LPX�D�2	2]C�6&DF1ELÛQ�FAQjJEF�D�2	2	0RQL1eD�CPQ90RQjJc4^J�6�F�4WF�J�X�8�FÜY7QgJ�L�DIC�C]QgJ�CEDIC�4B1�6�/�	
2	0RQgH�5 CPDGHPSWY7Q�S-J�L�Y7QjJ/L	6�/WJ7DIH�D�J�J/XeHPSPDIHKJ�QRH�1�C/X�D&F�XÞQgH
J�L]Xm2]C
6FC	0RX�8 F�Q3:eX&N��sJuQ�F�F
/	5F5GX�F�J�XnS
J�LVD�J�J�LPX�DICe1EL]QjJ/X�1�J
/]C/XM8#D�4 CVX�DB/PF�X!GH/�0WJ
6�6�0	GH6GCI0�DIC�5GX�	�F�1eD�0RX�H�6GH�1�6GH�NGX�J-.>=@? 2]C�6�C�0gX�8#F
Y7QgJ�L×D78�Q9J 6�GAS]QRF�1�C/X�J/X^DGHPS*1!6GHKJ/QgH�/	6F/PFMN�DIC/QRD�C	0gXnFeN

T GH6&C
8-/	0RDIJ�Q36GHÏQ�FO2]C/X�F�XeHKJ�XnS GH6GC"SWQ�F}J/C�Q3C	/WJ/X�S�6F2WJ�Q38#Q9:nD�J/Q96&H 6�G F�J�C�/�1�J
/]CED�0,F�4WF�J�X�8#F N-QRD
SE6F8#DGQgH�SWX�1!6F872 6&F�QgJ�Q36GHÑJ
6 1!6GHVF}J/C
/�1�J .>=@? J/X�F�J 2]C�6�C	0RX�8�F�NUO�/	8#XeC/Q31�D�0uF}J�/PSWQRX�F 1�6GH�	
SE/�1�J�XnS#J
6ÛX�J]D�8#QgHPX"J�L]Xm2VX�C�GH6&C
8�DIH�1�X 6�G,J/L]X�0O.>=@? DICe1EL]QgJ�X�1�J
/]C/XMGH6GC<J�L]XÞJ}Y 6�X�JWD�8 2	0gX
2]C�6�C	0RX�8�F-1!6GHVF�Q�SWXeC/X�S�DGC�X NGXeC�4ØX�H�1!6F/]CED�5GQRH	5VN&�"L]X�F�XÏC/X�F
/	0jJEF'D�0RF
6#5GQ3NGX�F�6F8�X
QgHPF�Q35GLKJ/F
QRH&J�6ÛJ/L]Xm1�6GH�NGX�C
5&XeH�1eXM1ELVDICED�1�J/XeC/QRF�J�QL1eF 6�G,J�L]X 0O.>=@?[DICe1EL]QjJ/X�1�J
/]C/XGN��"L]X�4#QRHPSWQL1eDIJ�X�J/LPD�J
J�LPX 2�XeC
GH6GC�8#DGH�1�X 6�G�J�LPX 8#X�J/L	6WSØSE6-X�FÞH	6IJ^SWX�J/XeC/Q96&C/DIJ�XÛY7QgJ�LØQgH�1eC�XnDGF�XÛQRH×J�L]X71!6F/	2	0RQgH	5
CPDGHPSWY7Q�S-J�L�N �"L]XOGH6&C
8-/	0RDIJ�Q36GH-/PF�XnS@GH6&CAJ�L]X"X!J]D�872�0gXM2]C�6�C	0RX�8�FU2]C/X�F�XeHKJ�XnSäD�0RF
6�F
/	5F5GX�F�J/F
D>1�6�8 2	/WJED�J�Q36GHVD�03094ÕX4��1�QRXeHKJ'Y"D�4ÊJ�6ØF
6�03NGX(0�DIC�5GX�	�F�1eD�0RX#F}J/C
/�1�J
/]CED�0 6�2WJ/Q98#Q3:�DIJ�Q36GH 2]C�6�C�	
0RX�8�F@N-QRD×S	6�8�DIQRH S]X�1!6F8 2�6KF�QgJ�Q36GHaKÜF�QRH�1eX#J�L]XÏSWQ38#XeHPF�Q36GH 6�GuJ�L]X�F�/	CVF}J/C
/�1�J
/]C/X�DIHPD�094WF�QRF
X� /PDIJ�Q36GHPF"Q�F 8-/�1EL,096�YuXeCuJ�LVDIHUJ�L	6KF�X@6�G J/L]X%6GC/Q35GQRHPD�08 6WSWX�0tN=�"L]X%1�6�8 2	/WJED�J�Q36GHVD�0a1!6KF}J
F/D�NKQRH	5KFäDIC/XÏX�J�2�X�1�J�XnS�J
6 CVX*2PDGC�J/Q31�/	0RDGC
034ÑF�Q35GH]Q���1�DIHKJ%GH6GC76�2]J�Q38�Q3:�DIJ�Q36GH 6�G�0�DIC�5GX�	�F�1eD�0RX
F�J�C�/�1�J�/]C/D�0 F
4-F�J�X�8�FeN"O 6GJ�X�J/LPD�J�J/L]Q�FÞD�2�2]C
6KD�1EL*1!6�/�0RS×D�0RF
6(CVX'D�2	2	0RQRX�SUJ
6(6F2WJ�Q38#Q9:nD�J/Q96&H
6�G�F�J�C�/�1�J�/]C�XnF�F
/	C��}X�1�J�XnSUJ
6ÏSE4-HPD�8�QL1@036&D&SWQgH�5�K]DIHVSUJ�L]XäS]X�F�Q95&H*6�GÜH�6GH	0RQgHPX�DIC�F}J/C
/�1�J
/]CED�0
F
4-F�J�X�8�FeN

�sJ"Q�F�J
67CVX^H	6GJ�XnSÏJ/LPD�J"QgH�J�LPQRF"C/X�F�X�DGC�1EL#J/L]XB8 /	0gJ�Q�SWQ�F
1eQ92	0RQRHPDIC�4ÏSWX�F�Q35GH N�DGC�Q�D�C	0RX�F�YuXeC/X
SWX�1!6�8 2 6&F�X�S�QRHKJ
6D1!6�8 2	0RX�J/X�034�SWQRF �c6GQRHKJÜF�X�JEFeN ��H 1!6&H&J/C/D&F}J�KnJ�L]X�QRF/F�/PX 6�GPS]X�NGX�096F2]QRH	5�1!6-X�N�6�	
03/WJ�Q36GHPDGC
4'F�XnDICe1EL G:CED�8#XeYO6GC��WF GH6GC�F�1�X�HPDIC/Q96KFAY7L]XeC/XuJ�L]X�SWQRF�1�Q32	0RQgHPX�F�DGC�X7D�09036�Y�XnSÛJ�6ÛF�LVDIC/X
SWXnF�Q35GH N�DGC�Q�D�C�0gXnF�C/X�8�DIQRHPFuDIH 6�2�XeH
C/X�F�X�DGC�1ELÏDGC�XnD]N ��6�8#X�QRS]X�DGF GH6&C"DF1EL]QRX�N-QgH�5ÛJ�LPQRFuLPD�N&X



C�XeXeHUSWQ�F
1�/PF�F�X�S#QRH
C/X!G:X�C�X�H�1�X&N # �!
�6�Y�X�NGX�C�K�J/L]X^D�C]Q30gQgJc4 6�G F
/�1EL
F�J�CED�J/X�5GQRX�F<J
6�DIQ�S#J�L]X�SWQ�F(	
1�Q32	0RQgHVDIC�4äF�2�X�1eQgXnFAQgH�DGC�C/Q9N-QRH	5^D�J<DB1!6GHVF�X�HPF�/VF 6GH'J�L]X 8-/	0jJ/QRS]QRF�1�Q32	0RQgHPDGC
4'SWX�F�Q95&H-N�DGC�Q�D�C	0RX�F
C/X�8�DIQRHPF�J
6 C�X^F�XeX�H�N �7X�F
/	0gJ/FOG:C�6�8�J/L]X�DIC/X�D-6�G 1�6�8 2	/WJED�J�Q36GHVD�0,Q98 8-/]H	6�036�5F4�3 	D8�D�4(CVX
/PF�X!GH/	0,QRH�J�LPQRFM1!6&HKJ�X!J-JnN �sJ"QRFuD�0�F
6%6�G�QRHKJ�XeC/X�F�J�J�6äX�JWD�8#QgH]XÞJ�L]XD2 6&F/F�Q3C]Q30gQgJc4 6�G�QRH�1!6&C
2 6GCED�J�	
QRH	5@8 /	0gJ�Q 	 6�C��}X�1�J�Q3NGX7SWX�1�Q�F�Q36GH 8�D��-QRH	5@1eD�2PD�C]Q30RQjJc4'Y7QjJ/L]QgH#J/L]X�0O.>=@? G:CED�8#X�Y 6&C��K CPD&F�XnS
6GH�J�LPX�Y7QRSWX@C 6WSE4 6�GáC/X�F�X�DGC�1EL�Y 6&C���QRHUJ�L]Q�F�DIC/X�D2"WF�X�X�K�GH6GC7X�J]D�8 2	0RX�K]C/X!G:X�C�X�H�1�X&N 3��

�"L]X<0O.>=@?9DGC�1ELPQjJ/X�1�J�/]C/X@2]C
6F2�6KF�XnS
LPXeC/X�Q98 2	0RQ31eQjJ�094ULPDGHPSE0RX�F7J/L]X 1�6�/	2	0RQRH	5�1!6F872VD�J�	
Q3C]Q90RQgJc4>1!6GHVF}J/C/DGQgHKJ/FmN-QRD�CEDIHPSE6F8 094éC/X�F�J/DIC�J�XnS#5GX�H]XeCED�0RQ3:eX�S×ZKD�1�6�C]QÜQgJ�XeCED�J/Q96&H�N 
�X�H�1�XFKGH6GC
F
6�8#X�2]C�6�C�0gX�8#F�K-SWQ���1�/	0jJ/QgXnFM8�D�4#DGC�Q�F�X�QgH*1!6&H N&XeC�5GQRH	5^J
6#DäF
6�03/WJ/Q96&HÏY7L]QL1EL�F/D�J�Q�F �PX�F<J�L]X
2]L�4WF�QL1eFM6�GáJ/L]X 1�6�/	2	0RQRH	5PN 0 0RX�DGC
034�K�GH6&CÞF�/�1EL 2]C�6�C�0gX�8#F�KWJ/L]X@2]C/X�F�XeHKJÞD�2	2PC
6KD�1EL 1�DIH*6GH	034
5GQ3NGX�D�C�6�/	5&L�QRHPSWQL1eDIJ�Q36GH*6�GÜJ�L]X@6F2WJ�Q38�D�0 F
6�03/WJ�Q36GH N?
 6�YuX�NGX�C�KWF
/�1ELéD�F�6F09/WJ/Q96&H*1�6�/	0�S CVX
/PF�X�SÏD&F�DGH�QgHPQjJ/QRD�0 5F/]X�F/FIGH6&C�D'SWQRF�J�C/Q3C	/WJ�XnS�6&C�DäF
4WF}J/X�8<	 0gX�NGX�0�5GCEDGSWQRXeHKJ�	 CPD&F�XnS-6F2WJ�Q38#Q9:nD 	
J�Q36GH'F
1EL]X�8#XGNáT�0jJ/XeC/HPD�J/Q9N&X�034�K�8 6GC/X<C�6�C	/PF�J QgJ�X�C/DIJ�Q3NGX�DGHPD�034WF�Q�F�F�1EL]X�8#X�F�#�7 6GCáX�NF6�03/WJ�Q36GHPDGC
4
F
/�1�1eX�F/F�Q3NGXD6 NGX�CuC/X�0�D J]DIJ�Q36GH�J�X�1ELPH]Q  /]XnF�3�#B1!6F/	0RS*C�X�QgH�1!6GC�2 6GCED�J�XnSÏQRHUJ�L]X��VHPD�0�F�J/D�5GX�FM6�G
J�LPX 1!6-X�NF6�03/WJ�Q36GHPDGC
4�F�X�DGC�1EL�N �ÜQgHPD�09034�K&X�N&XeH'J�L	6F/	5GL72]C�6�8#QRF�QRH	5�C/X�F
/	0gJ/FAYuXeC/XM6�CWJEDIQRH]X�S GH6GC
J�LPX�X!J]D�8 2	0RX�F /PHPSWXeC 1�6GHPF�Q�SWXeCED�J/Q96&HaKE8 6GC/X^S]X�J/DGQ90RX�SUH�/	8#XeC/QL1eD�0�F�J
/VSWQgXnF�DIC/X^C�X. /]QgC/X�S
J
6
F�J
/PSE4�J/L]X�C�6�C�/PF}J/H]X�F/Fa6�GWJ�L]X 0O.>=@? DICe1EL]QgJ�X�1�J
/]C/XIGH6&CÜDÞY7QRSWX�C 1�0RD&F�F 6�GPSWXnF�Q35GH 2]C
6FC	0RX�8�FeN

��+ �  q&�� � �D'. � �m #" �
�"L]QRFÏC�XnF�XnDICe1ELÍYuD&F#F�/	2�2�6&C�J/X�S C�4 D 5GCEDIHKJ-G:C�6�88J�L]X �VD�1!/�0jJc4W6�G�/�H	5GQRH]X�XeC/QgH	5ÑDIHVS

T 2�2	0gQRX�S �E1eQgX�H�1�XnF�D�J"J/L]X���H]Q3NGX�C/F�QgJc4�6�G ��6�/WJ/LPD�8 2WJ�6GH�N

$�� � �m$ �m q+����
���E6�C]QRX�F
:�1�:�DIHVF��-Q 	 ��6FC]QRX�F��KQiKVZVN3K�DIHPS&
�D G J���D�K ��N �^N9K���.#/	0gJ�Q�SWQ�F
1eQ92	0RQRHPDIC�4×T�XeC�6&F
2PDF1�X =�X�	
F�Q95&H*?m2WJ�Q38#Q9:nD�J/Q96&H %��E/]C
N&X�4 6�G ��X�1�X�HKJO=�X�NGX�096F2	8#XeHKJ/F�K � H  �!�'�#2 �' ! � )�� �* �",� "�� �  �"$% +�K �I6F0+N
' ��K]O 6VN$'FK '�� � �EK 2�2�N�'�	()�+PN
#e\B6&C�J/X�KAZPN ZVN9K?�WD�0RD&F�KATÛN�?'N9KI=m/]H]HaK?
äN ZVN3K<T 0RX!J]DIHPS]C
6 NKáOäN .ÍN9K ��6�030gXeJ�J�K	�èN �èN3K ?�C�QRXeHKJ�K
��N /�NVDGHPS&
�DGSWQ�S K,TÛN 
ÛN3K$��.#/	0gJ�Q�SWQ�F
1eQ92	0RQRHPDIC�4UT�2	2]C�6&DF1EL�J�6
T�X�C
6KF�2PQ �&XÛO 6�:�:�0RX =�X�F�Q95&HaK �

 � H ���� I I��	� L���K �]X�C]C�/PDIC�4&'�� � �WN
32��XeHPD�/PS K�ZVN?/�N3K �^D�C]C/QgX�0gXFK ��N TÛN3K ��T�2	2]C�6�JWQ98�D�J/Q96&H QRH O�6GH]LPQgX�C/DGC�1EL]QL1 �E4-F�J�X�8 ?m2WJ/Q�	
8#Q9:nD�J/Q96&HaK � � � � ��� % ' !�+*� )�K �I6�0tN?+>)	K]O 6PN�'FK '�� � ��K�2	2 N�'�� ��	 ) � �]N
5�� / �}X�� K,M�N9K*�7XeHVD�/PS K�ZPN /�N3KVM"D�J/Q9030tN1�,N .�N3K�MuC�6�1-��8�DIHnK]ZPN�M�N3K=��0 6GH�1�/]C/C�X�H&J!��/�CPF�2VD�1�X
?m2WJ/Q98#Q3:�D�J/Q96&H���F�QRH	5 =ÞXnF�Q35GH �<DIC/QRD�C	0gX��-LPDGC�QRH	5äQRHéD-=�QRF�J�C/Q3C	/WJ�XnS�0 6F8 2	/WJ�QRH	5 /<H�N-QgC�6GH 	
8#XeHKJ�K �/� %�+*#2' !�! 32+� � +.-1",+*3&34!�",+ -1K � 34�43&� ! # � ��+�� ���1� ) "$#&�� �"$%�+��eK �I6�0tN	��K�O�6PN���K '�� � ��K
2	2�N?+ � '�	6+ � �	K
7 MuCED�/]HnK ��N ='N3K=�-0 6F090�D�C 6GCED�J/Q9N&XB?m2WJ/Q98#Q3:�DIJ�Q36GH %�TÞH×T�Ce1EL]QjJ/X�1�J
/]C/X��	6GC��áDIC�5GX�	 �E1�D�0RXD=�Q�F(	
J�C/Q3C	/WJ�XnS,=ÞXnF�Q35GHaK � � ��� 	���� � 34��" �^K �KJEDIHEGH6&C/S���HPQ9N&XeCEF�QgJc4�K:'�� � �PN
�eMuCED�/]HnK ��N =äN3KGDIHVSä\^C�6 6�K���N .�N3K ��=ÞX�NGX�036�2�8�X�HKJÜDIHVSäT 2�2	0gQL1eDIJ�Q36GH-6�G]J/L]X�0 6F090�D�C 6GCED�J/Q9N&X
?m2WJ/Q98#Q3:�D�J/Q96&H TÞC�1ELPQjJ/X�1�J�/]C/X'QRH D,.#/�0jJ/QRSWQ�F�1�Q32	0gQRHPDGC
4>=�X�F�Q95&H /�H�NKQRC�6GH	8#XeHKJ�K �� ' )  �"!� " � �
#2" �*) ",+ ��!�� 	 34�&"�-1+�� �  �",� "��(�� �"$%�+�K H  �  3 % B  7� 3C� !� gK2���}T�. K ' � � ��K�2	2�N � � 	-' ' �PN
9eT�0gX�J]DIHPSWC�6 NK�OäN .ÍN9K � XeY7Q�F�K ��N .�N9K��/T�HPD�094KJ/Q31�D�0ADIHPS 0 6F8 2	/WJ/DIJ�Q36GHPD�0áT�F�2�X�1�J/FD6�G10 6F0�	
0�D�C 6GCED�J�Q3NGX%?m2WJ/Q98#Q3:�D�J/Q96&HaK ��O�T��WT�� . ) � � ��	 ) ' �2' � ��KGT 2PC�Q30 ) � � �]N
;eM"D�090RQgH�5�K �ÛN9KÜDIHPS ��6FC]QgXnF�:�1!:nDIHPF��-Q�	(��6�CPQgXnF��-QiK,Z�K3K!�e?m2]J�Q38�Q3:�DIJ�Q36GH 6�G!0 6�/	2�0gXnS �E4-F�J�X�8�F�%
T�0�C/QjJ/Q31�D�0 �7X�NKQRXeY 6�G�T 2	2PC
6KD�1EL]XnF�K �=� � � ��� % ' !�+*� )�K �I6�0tN?+ ��K]O 6VN$'FK '�� � ��K 2�2�N � 	-' �WN



�eT�0gX�J]DIHPSWC�6 NKKOäNE.�N9KWDGHPSÏ\B6WSWQ34&D�0�D�8,K��,N3K ����H]QgJ�Q�D�0 �7X�F
/	0gJ/FO6�G DGH .>=@? .×X�J/L	6WS�/ N�D�0�	
/PDIJ�Q36GH �-J
/PSE4FK � � ! % #&3&3 ��",+.- � % B  ���3��  �� � � � ����� H ����� 
 � H ��� � H�H  � H ��� � %���",' � %�+

 ' )  �"!��" �2#4" � ) ",+*� !�� � +*��)�� �&" � ��+�� � �* �",� "�� �  �"$% +�K��KJ�N �a6�/PQRF�K .×Q�F�F
6�/]C/QiK�T �}TÞT B�D�2�XeC
� ��	 � � � ��K2' � � �]N
�
	 
ÞD��}X�0�D	KIBAN3K ��O�6GH	5&C/D&SWQRXeHKJ .×XeJ�L	6WS]FAQRH7.>/	0jJ/QRS]QRF�1�Q32	0RQgHPDGC
4%=�X�F�Q35GH ?m2]J�Q38�Q3:�DIJ�Q36GH�	 �KJED 	
J
/VF�DIHPSUB 6IJ/XeHKJ�Q�D�0iK ��� %�' !�+ ��) % B � ",! #2! � B& iK �I6�0tN?+ ��K]O 6VN 'FK '�� � �	K�2	2�N ) � � 	() � �WN
������X�X�KÜZPN3K DIHVS 
�D �}X�0�D	K�BAN3K!�/B�DICED�030gX�0 ��X�H]X�J/Q31�T�095F6GC/QjJ/L	8 ��8 2	0RX�8#XeHKJ/DIJ�Q36GH GH6GC@.#/	0gJ�Q 	
SWQ�F
1eQ92�0gQRHPDIC�4�� 6IJ
6&CÛMO0RD&SWX�=ÞXnF�Q35GHnK � � % ' !�+*��) % B�� ",! #2! � B& gK �I6�0tN +>+	KÜO 6PN �EK '�� � �	Kn2	2�N
� � ) 	 � � �]N
��#e\^X�DGH]X�KÜTÛNÜZPN3K!��/IJE2VX�C�QRXeH�1�X�F^Y7QgJ�L ?m2WJ/Q98#Q3:eX�C/F�QRH �KJ�C�/�1�J
/]CED�0 =�X�F�Q35GHaK � � ! %(#&3&3 � ",+.- �
% B  ���3 � %�+%B432! 32+*#&3 % + � �1�&�* �",/ 3=� % ��� '  �",+ - ",+ � +.-1",+*3&34!�",+ -�	 34��"�- + � +�� � %�+� �! % )�KWB 034>	
8 6�/WJ/LaK ' � � ��K�2	2�N�' � 	 ) �-N
��3eOÞDGQgC�K,BANVM�N9K,DIHVS×\^X�DIHPX�K,TÛN,ZPN3K=�/B�DGF/F�Q3NGX �ÞQ3C]CED�J/Q96&H ��/	2	2]C/X�F/F�Q96&H#6�G �U0gX�JWQ9C	0RX ��2VD�1�X
�KJ/C
/�1�J
/]C/X�F ��QRD%?m2WJ/Q98�D�0���X�6�8#XeJ�C/Q31 �7XnSWX�F�Q95&HaK � � � � � � %�' !�+ ��)�K �I6F0+N�+ ��KGO 6VN �EK>) � � 'FK
2	2�N�'.+ + � 	-'�+ � �]N
�(5�/ 0 	�M�X�0jJED�5F4�K	.�NPTäN9KVOÞDIQRC�KPBAN]M�N9KPDGHPSé\^X�DGH]X�K]TäNPZPN3K?��.×X�JED�8 6WSWX�0RQgH�5 �áX�1ELPH]Q  /]XnFOGH6GC
/ NF6�03/WJ�Q36GHVDIC�4-?m2WJ�Q38#Q9:nD�J�Q36GH 6�G 0 6F872�/WJ/DIJ�Q36GHPD�09034 / J�2�XeHVF�Q3NGX7B<C�6�C�0gX�8#F�% B�C
6F8�Q�F�X�F�DIHVS
��Q38#QjJED�J/Q96&HPF�K � � �A��� � ���	�1K � ! % #&3&3 ��",+.- � % B� 7� 3 � 34+ 34 �"$# ��+ �� /�%�) '  �"$%�+ ��!�� � % ��� '  ���
 �"$%�+ � % +%B432! 34+ #&3!K ?�C
0�DIHPS	6�K � � K	.#6&C
5KDIH�\�D�/EGH8�DIH]H×B /	C	0RQRF�L]XeCEF�K ' � � �	K�2	2�N�' � � 	() �>+]N
��7 ��XeHKJ/XeC�K ��N9KVDIHPS 
ÞD�G J���D	K��ÛN �^N9K?�/T �"Y 6 ��2�X�1eQgXnF ��XeH]XeJ�QL1^T 035�6GC/QgJ�L	8 GH6&C =ÞXnF�Q35GHPQgH	5
0 6�8 2 6&F�QjJ/X�� D�8#QRHPD�J/X�F?��/�C��}X�1�J�X�SäJ
6��ÞH�1�X�C�JEDIQRHKJc4�K ��T!�}TÞT B�D�2VX�C � � 	-'�� + �EK�T 2PC�Q30 '�� � �PN
� �eB 6IJ�J�X�C�K .�N�TäN9K$���"LPX =ÞXnF�Q35GHÊDGHPS×T�HVD�034-F�Q�F 6�G<D 0 6F8 2	/WJ/DIJ�Q36GHPD�0 .#6WSWX�0 6�G 0 6 6F2VX�C�	
D�J/Q9N&X 0 6KX�N�6F09/WJ/Q96&HaK � � � � 	 � ����3���" �^K*��X�6GC�5GXB.ÊDGF
6GH���HPQ9N&XeCEF�QgJc4�K �VDIQRC�G�D�JK �AT%K '�� � �-N
��9eB 6IJ�J�X�C�K�.�NWTÛN3K]DIHPS =ÞX^ZF6GH	5�KK\#NWTÛN3K ��T 0 6�6�2�XeCED�J�Q3NGX 0 6-X�N�6F09/]J�Q36GHPDGC
4�T 2	2]C�6&DF1EL�J
6
�	/PH�1�J/Q96&H ?m2WJ�Q38#Q9:nD�J�Q36GHnK � � ! % #&3&3 ��",+.- � % B  7� 3���� ",! �M� %�+2B434! 32+*#&3 %�+ ��� ! ��),)�32) � ! % 04)�32�
H % ) /(",+.-AB&! %���
 �  �' ! 3!K2��2PC�QRH	5GX�C�	 ��XeC�0�D�5�K '�� � ��K 2�2�N=)�� � 	() � �WN
��;�
�Q3030gQ�F�K �èN�='N9K �-0 6-X�NF6�03N-QgH	5#B�DICEDGF�QgJ�X�F ��8 2]C�6 NGX �-Q38 /	0�D�J/X�S>?m2WJ�Q38#Q9:nD�J/Q96&HéD&F�DIH>?m2�	
J�Q38#Q9:nD�J/Q96&HéB�C
6E1eX�SE/]C/X�F�K � � � � �&"$#&� 	 K �I6�0tN � )EK ' � � �	K 2	2�N )>) � 	()�+ �PN
� ��
 /VF�CPDGHPS]F�KKBAN3K ��=ÞQ�F�J�C/Q9C	/]J�X�S�0 6-X�N�6�03/WJ/Q96&HPDIC�4 ��XeH]XeJ�QL1ÞT�095F6GC/QjJ/L	8�F GH6GC .>/	0jJ/Q�	�1�C/QgJ�XeC/Q�D
DIHVS .#/	0gJ�Q 	�1!6GHVF}J/C/DGQgHKJq?m2WJ�Q38#Q9:nD�J�Q36GHnK � � / % ) '  �"$% +*� !�� � % ��� '  �",+ -�
� 3&#4 �' ! 3�
 %  34��",+

� %�� �*'  34! H #4"$32+*#&3�K ��2]C/QRH	5GX�C�	 ��XeC�0RD�5�K.�I6�0tN � � �EK '�� � ��KF2	2 N '�� � 	-' � �]N
# 	�B 6IJ�J�X�C�K .�N�TÛN3KIDIHPS =ÞXuZ�6&H	5�K�\#NnTäN9K ��/ NF6�03NKQRH	5�OÞX�/]CED�0KO�X�J}YO6GC��WF!Y7QgJ�L 0 6F090�D�C 6GCED�J/Q9N&X
��2�X�1eQgXnF�K � � ! %(# 3&3 ��",+ -�� % B  7� 3 H ' � � 32! � % ��� '  32! H ",� ' ) �� �"$%�+ � %�+2B434! 34+ # 3�K=' � � �EK 2	2�N
+ � � 	 + � �WN
#���T�C/Q�DIHaK /ÞN9K��-0 6&H�NGXeC�5GX�H�1�X�/�F�J�Q38#DIJ�XnF GH6&CM.>/	0jJ/QRS]QRF�1�Q32	0RQgHPDGC
4ÏTÞHPD�034WF�Q�F"DIHPS,?m2WJ�Q38#Q9:nD 	
J�Q36GHnK � 
 � H ���#� � � L �1I����6L�K ?D1�J�6�C�XeC '�� � �WN
#�#eMO/	030gK �<N3K���/ N�6F09/]J�Q36GHPDGC
4 0 6�8 2	/WJ/QgH	5 QRH .#/	0gJ�Q 	�T 5GX�HKJ�/�H N-QRC
6&H	8#XeHKJ/F�%ÍB�DIC�J�HPXeCEF�K �
� ! %(#&3&3 � ",+.- � % B  7� 3 H 32/�34+  �� ��+  32!�+*�  �"$% +*� ) � %�+2B434! 34+ # 3�%�+ � 32+*32 �"$# � ) -.%�!�", 7� � �eK .#6&C�	
5&DGHU\�D�/EGH8�DIH]HnK '�� � ��K�2	2�N?+ � ��	6+ � �-N
#�3�
ÞD��}X�0�D	KIBAN3KIDIHPS�� 6�6�KGZVN9K ��0 6GHPF�J�CEDIQRHKJ 
�DIHPSE0RQRH	5�QRH ��X�H]X�J/Q31��-XnDICe1EL��ÞF�QRH	5�/ JE2]C�XnF�F�Q36GH
�KJ/C/DIJ�X�5&QgXnF�K � � � � � � %�' !�+ ��)�K �I6F0+N + ��K]O 6VN�' 'FK '�� � �	K 2	2�N ) �2'���	()�� ) �]N



#�5�\B6�:�QgX�0gK �éDIHPS#.×QL1ELPD�0gX�Y7Q31�:�K��ÜN3K=��/ NF6�03/WJ�Q36GHPDGC
4ÏT�095F6GC/QjJ/L	8�F�K 
 6�8 6F876&C
2PL	6�/PF .ØD�2�	
2]QRH	5&F�KWDIHPS 0 6GHPF�J�CEDIQRH]X�S
B�DICED�8#X�J/XeCM?m2]J�Q38�Q3:�DIJ�Q36GHaK ��� / % ) '  �"$% +*� !��� % ��� '  �  �"$% +�K �I6F0+N
��K]O�6PN '�K ' � � ��K�2	2�N�'���	 � �PN
#�7e\^X�030RX�4�K�0�N �^N3K �� 32! �� �",/ 3� 32 ���%%���#B4%�!�� ",+*3&��! ��+�� 
 % +�) ",+ 3&��! ���2'��� �"$%�+��^K � �}Tm. �]C�6GH�	
J�QRXeCEF"QRHéT�2	2	0RQgXnS,.ÊD�J/L]X�8�D�J/Q31�F�KVO 6PN1' �	K2� �}Tm. KPB<LPQ90�DGSWX�092PL]QRD�K '�� � �WN
# �e\^X�DGH]X�K�TäNuZVN3KÞDIHPS OÞDIQRC�K�BAN�M�N9K���B<C�6�C�0gX�8 ��6F09N-QRH	5 /<H�N-QRC
6&H	8#XeHKJ/F�QRH TÞXeC�6&F
2PD�1eX
=�X�F�Q95&HaK � � ��/���+ # 34��",+ � + - ",+ 3&34!�",+ - H % B& �� ��! 3�K��I6F0+N?+ )EK ) � � '�K�2	2 N � � � 	 � � �WN
#�9���8#QgJ�LaKIM�N �uN3KIM ���PCEF�J/DGSaKnBAN./�N3K�DGHPS ��C�6�2	2aK �èN�=äN3K�	 % � � ",+ 	 3&#&%�� � %���", �"$% +�K���� ! ��),) 34)
 ' )  �",)�34/�32)� 32 ���%%����B4% ! � ),) " �  �"$# ����!� �"$��)�	 " � 32! 34+  �"$� ) �	�4'��  �"$% + �^K 0uD�8 CPC�Q�SE5GX �ÞH]Q3NGXeCEF�QjJc4
B<C/X�F/F�K ' � � �]N
#�;�=�XeH]H]Q�F�K�ZVN1/ÞN9K�DIHPS � XeY7Q�F�K ��N .�N9K ��T 0 6�8 2PDIC/Q�F�6&H 6�GäO 6&H	0RQgH]XnDICéB<C�6�5&C/D�878#QRH	5
T 2�2]C
6KD�1EL]XnF<J�6�DGH / 090RQ92]J�QL1���H�N&XeCEF�XÞB�C
6FC	0RX�8 DIHVS
D�O�XeY =�6F8#DGQgH,=�X�1!6F8 2�6KF�QgJ�Q36GHUT 2�	
2]C�6&DF1ELaK ��� � �A� � � � ��
�
 ���K 0�X�H&J/XeCIGH6&C �7XnF�XnDICe1EL-6&H#B�DGC/D�090RX�020 6F872�/WJ/DIJ�Q36GHaK.�7Q31eX���HPQ�	
NGX�C/F�QgJc4�K:'�� � �PN
# �eOÞDGQgC�KÞBANuM�N3KÞDGHPS \^X�DGH]X�K7TäN"ZVN3K �-0 6-X�NF6�03/WJ�Q36GHPDGC
4 ��XeH]XeJ�QL1ØTÞSPD�2WJED�J�Q36GH %ÍT O�X�Y
B�DICEDGS]Q95F8 GH6GC,=�QRF�J�C/Q9C�/WJ�XnS .#/�0jJ/QRSWQ�F�1�Q32	0gQRHPDGC
4 =�X�F�Q95&H ?m2WJ/Q98#Q3:�D�J/Q96&HaK � T �}TÞT B�D�2�XeC
� ��	�'�� ) �	K&T�2]C/Q90?' � � �]N
3 	.��8#QgJ�LaK.��N /�N3K �	6GC/C/X�F�J�K �,N3KGDIHVSäBAXeC/X�0�F
6GHaK�TÛN �,N3K �-�-X�DGC�1EL]QRH	5 GH6&CI=ÞQ3NGX�C/F�X�K 0 6�6�2�XeCED�J/Q9N&X
B 6�2�/	0RDIJ�Q36GHPF�Y7QjJ/L���XeH]XeJ�QL1'T�095F6GC/QjJ/L	8�F�K � � /�%�)�'  �"$% +*��!��M� %�� �*'  �� �"$%�+�K �I6�0tN '�K,O 6VN!+	K
'�� � +�K 2�2�N�'��2'�	()�' '&N
3���0 6-X�03096 0 6-X�03036�K10�N<TäN9K<��T 0 6�8 2]C/XeLPXeHPF�Q9N&X��E/]C
N&X�4 6�G�/ NF6�03/WJ�Q36GHVDIC�4>	�M"DGF�X�S .#/	0gJ�Q 	
6�C �}X�1�J/Q9N&X-?m2WJ�Q38#Q9:nD�J/Q96&H&� X�1EL]H]Q F/PX�F�K ��� +*%�� )�3 �2-.3���+�� ��+2B4%�!����� �"$%�+ H � �� 34� �^K��I6F0+N�'�K
O 6VN?+	K ' � � ��K�2	2�N=) � � 	 + � �]N
3�#�
�XFK]ZPN3K���/aKWZVN9KWDGHPS ��D�6�K��äN3K ����6F09N-QRH	5 /= /PDIJ�Q36GHPF C�4 
 4�C]C/QRS / N�6F09/]J�Q36GHPDGC
4 0 6�8 2	/�	
J/DIJ�Q36GH�� X�1EL]H]Q  /]X�F�K ��� � � � � ! ��+��2�1#2 �"$% + � %�+ � / % ) '  �"$%�+*� !�� � %�� �*'  �� �"$%�+�K��I6�0tN ��K]O�6PN
+	K2) � � �	K�2	2�N=) � � 	 + � �PN


