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l$VA`bY©X�PUT a9PUXZcScSX¤moL9P�`�c�RU^AL¡�ZL�VDL9P�O�~b`bÎ¤O]RU`�X�V3XZY\Ø ��N XZ`bVWR
a9PUXZcScSX¤moL9P\�qjop�cs¢L9PUeJOkvµx¤È�ËZÈo���àªqR�a�PULdOQRUL�c}X�Ñ csNAPU`bVA�Zc}�Wp
eALda�`beA`�VA�Av0YGX�P�LdO�a�^g�J`nR/XZY:RU^AL�NJOQPUL�VoRdv0u^AL9RU^DL9P/RUX¬cs£OQN
RU^AL}OQ~�~bL�~bL-X�YhRU^DOQR��D`nR�u`bRU^\RU^AL-adX�PSPUL�csN XZVAeA`�VA�§O�~b~bLd~bL�X�Y
RU^AL}X�RU^AL�P�NJOQPULdVoRd� � ^AL}eALda�`bcS`�X�VÊ`�cµT}O�eAL}iAcS`bVD�gO§a�XZ`bV
�D`nN)vZ`¯� LZ�nvZRU^AL£NAPUX��JOQ�D`b~b`nRqp�X�Y�cs£OQNAND`bVD�/`bc�Ü¬Ý�Þ�ß�Ék� k³`���iAPUL
x$cS^AX¤uc2O�V¬L9¦AO�T�ND~bL$XZY)OQNANJ~np�`bVA�µRU^DL$iAVD`bYGX�PUT(a�PUX�cScSX¤moL9P
X�N L9P�OQRUX�P2RUX�Rq¢X}Û¤���J`nRucsRSPU`bVA��NJOQPUL�VWRUc��

jo£OQNAND`bVD���:PUX��0�n� Ü Ü Ü Ü Ü Ü
fhX�`�V�k.~b`nNAND`�VA�A��� � � � � �

f|PULdOQRUL�e�[gO�cs��� Þ x Þ x Þ x
�%NAND~np�`bVA�-[gO�cs��� � � �

�
OQPUL�VoRW�! �� Þ x Þ x x x
�
OQPUL�VoRW�#"]� x x x x x Þ
jo£OQNAND`bVD��� � � �

fh^D`b~be%$& �� Þ x Þ x x Þ
fh^D`b~be%$'"]� x x x x x x

k.`b�Zi�PUL�x�� �$V5L9¦AO�T�ND~bL!X�N L9P�OQRU`bXZV5X�Y»RU^AL!iAVD`bYGX�PUT
a9PUXZcScSX¤moL9Puu^AL9PUL£Ü�ÝÌÞ�ßâÉk�

æ�^AL�V�N L9PUY©X�PUT-`bVD�$iAVD`bYGX�PUT�a�PUXZcScSXdmoL�P:X�V�Rq¢XMNJOQPUL�VoRUc��� 
O�VAe@�#"Qvk¢L%ÍAPUcsR£��LdVAL9P�OQRULMOµT_O�cs�_�D`nR|�kp_�D`nRh�Wp �D`nNAND`�VA�
OµadXZ`bV}iAVo�J`�O�cSL�eA~npov�`�� LZ�nv���LdVAL9P�OQRU`bVD��Þ�X�P/xuu`nRU^¬OQV�L¤ãoiJOQ~
NAPUX��JOQ�D`b~�`nRqpµÜ�ÝàÞ�ß�Ék� � ^AL��ZLdVAL9P�OQRUL�e�T}OQcs��`bc2RU^ALdV�iAcSL�e
RUX��ZiA`beALµRU^AL�a9PUXZcScSX¤mZL�P$�kp§L9¦�a�^DO�VA�Z`bVA�_RU^AXZcSL��D`nRUc$XZY��� 
O�VAe��#"�RU^JO]R�a�X�PSPUL�csN XZVAeIRUX�RU^DL_N XZcS`nRU`bXZVAc�u^AL9PUL}RU^AL9PUL
OQPUL§OÌÓ¤x9ÔI`bV»RU^DL�T}O�cs��O�VAe�~�LdOdm�`bVA�\RU^AL��D`nRUc-XZY$XQRU^DL9P
~bXka�`0XZY �! %O�VAe �#"/iAVAa�^DO�VA�ZL�e��¢�$c%`b~b~biAcsRSP�OQRULde¬`bV*k³`���iAPUL
x�vkRU^ALMeAX¤uVo£OQPUe�O]PSPUX¤uc2T_OQPS�oL�e}�kpIÓ(�0Ô�`bV}RU^ALM~b`bVDL�c¢X�Y
ÓU�%NAND~np�`bVD�¬[gO�cs�kÔ§OQVDeÌÓ9jo£OQNAND`�VA�ZÔ�adX�PSPUL�csN XZVAe\RUX�RU^DL
N XZcS`nRU`bXZVAcuu^AL9PUL�RU^DL9PULµ`bc$OÂÓ¤x9Ô�`bV�RU^ALµT}OQcs��O�VAe§u^AL�PUL
RU^ALµOQ~�~bL�~bLdc£X�Y �! %OQVDe*�)"/O]PUL�L9¦�a�^JOQVD��Lde��
ª«VÌN�O]P�O�T_L9RUL9PU`�Î�L�e�iAVA`bY©X�PUT a9PUXZcScSX¤mZL�PÊ�qjoN�LdOQPUc�O�VAe�K/L
ÕoXZVA�Avµx¤È�È�x]��v£RU^AL¥eAL�ad`bcS`bXZV�YGX�P¬LdO�a�^Ò~bXka�iAc�`bc}T_O�eAL§�Wp
�D`�O�cSLde�adX�`�V
�D`nNAND`�VA�Av|`¯� LZ�nvhRU^AL�cs£OQNAND`bVD�\NDPUXQ��O]�J`b~b`nRqp§Ü
a�XZiA~�e�� LµX�RU^AL9P$RU^DO�V¥Þ���Ék�uz$X¤¢L9moL9Pdv�RU^ALµeDL���PUL�L�XZY³�D`GOQc�v
`�� L��bv�RU^DL�mZO�~biAL�X�Y)Ü#v0`�cMRU^AL�cUO�T_L�Y©X�PµOQ~�~.~bXka�`:O�VAe\^DL�VAadL
RU^AL�x9���D`nRUc2OQPUL$iAVD`bYGX�PUT_~np_eA`bcsRSPU`n�DiARUL�e�X¤mZL�P£RU^AL$T}O�cs���
ª«V
YÏOQa�RdvhRU^AL�mZO�~biAL�XZY|ÜÌT_OdpÄ� L§eA`nÑ L�PUL�VoR}YGX�P}LdO�a�^¸~�XWadiAc�v
RU^DOQR-`bc�v:RU^AL\x9���D`nRUc-T_OdpI� L¬VDX�VA�¯iAVA`bY©X�PUT-~npÊeA`bcsRSPU`b�Di�RUL�e



X¤moL9P¢RU^AL$T}O�cs��� � ^A`�ch`bchPULdO�~b`�Î�L�e�O�eDOQNARU`nmoL�~bp-`�V�jW�$±$l$²��

m �8� = ������� = � �"S = � �$� = )W�%�������(� �0V�)
# !$# � � #*����!$U�� S(U�! =³= !(V@)WU

kDX�P�RU^DLga�XZVomoLdVA`bL�VDa�LgXZYµeDL�cSa9PU`bNARU`bXZV�O�VAeàO�VDO�~np�cS`bc�v%¢L
ÍAPUcsRµ`bVoRSPUXkeAiAadL�RU^AL�adX�VDa�L9NDRUc/XZY|`bVWRSPU`bVAcS`ba-OQRSRSPU`n�Di�RUL�O�VAe
L9¦kRSPU`bVDcS`ba�RULdVAeALdVAa9p»XZYMO�~b~bLd~bL�m�O�~biD`bVA�ÂYGX�P}OÂ��LdVAL�~�XWadiAc��
ª«V\RU^AL_X�NARU`bT_O�~
cSXZ~bi�RU`�X�V¸��L�VDa�XkeAL�eÂ`bV\�J`bVDOQPSpgcsRSPU`bVA�k�$X�Y
O\��`bmZLdV»NAPUX��D~bLdT�vhYGX�P}O\��LdVAL�~bXkadiAc-`bY%`nRUc_OQ~�~bL�~bL¬`bc�x¬`bR
`bc¥adO�~b~bLde � L1587r/�245;79: 5>=9vµ`bY�`nRUcgO�~b~bL�~�LÂ`bcgÞ¸`nR¥`bc§a¤O�~b~bL�e��HL
5;79/�245;79:<5E=9v2X�RU^AL�PSu`bcSL�`bYM`nRUc�O�~b~bL�~�L�adO�V¸��L§L�`nRU^AL�P�ÞIX�P¥x
`nR/`�c/adO�~b~�L�e�7�.0PR/�2 ?CJâ��æ�^AL9RU^DL9PµO¬~bXka�iDcM`�c�x9�¯`bVWRSPU`bVAcS`baZv)ÞQ�
`bVoRSPU`�VAcS`ba�v$XQP�VALdi�RSP�O�~MeAL9N�L�VAeAc�X�V�RU^AL¥NDPUXQ�J~bL�T cSX�~bmZLde
O�VAe�L�VAadXWeD`bVA�ÌcSa�^ALdT-L�v�L�� ���bv�u^AL9RU^DL9P\`bVoRSPUXZVAcÂO]PUL»`bV��
cSL9PSRULdeI��r)L9moLdVA`baU� v0x¤ÈZÈZÉZ���:K/i�PU`bVA�-RU^ALMPUiAVDVA`bVA�_X�Y.O}�$��v
Y©XQP_O¥�ZL�VAL¬~bXkadiAc�v:`bY2RU^AL�YGPULdãWiALdVAa9pÊXZY�x�¨ c�`�VÄ`bRUc�OQ~�~bL�~bLdc
X¤moL9P/RU^AL�N X�NDiA~�OQRU`bXZV¥RUL�VAeDc$RUX¬`�VAa9PUL¤OQcSL��ÏRUX}RU^DL�~b`�T-`nRMX�Y
x�� ÞW��u`bRU^¸RU`bT_LZ���ZL�VAL�P�OQRU`bXZV���v¢`nR�`bc�adO�~b~bLde � L1587�=�J 5;7`. -�Ö/`bY
RU^AL�YGPULdãWiAL�VDa9p�XZY2x�¨ c%RULdVAeAcuRUX}eALda9PULdO�cSL��ÏRUX_RU^AL�~b`bT-`bRuX�Y
Þ�� ÞW��v£`bR}`bc_a¤O�~b~bL�e��HL>5;7�=0JQ587�. -�Ö$X�RU^AL�PSu`bcSL�v£`bY$RU^AL9PUL§`bc}VAX
RUL�VDeAL�VAa�p§X�Y:`bVAa�PULdO�cS`bVA��XQPMeDL�a9PUL¤O�cS`bVA�Av�`nR$`bc$a¤O�~b~bL�eN7�DF7rL
5;7`=�J 5;7�. -��/æ�^AL9RU^DL9P/O}~�XWadiAc$`bc�x9�¯`bVAa�~�`bVAL�e0v ÞQ�¯`bVAad~b`bVALde�v X�P
VAXZV��¯`bVDa�~b`bVDL�e_eAL�N L�VAeDchXZV_RU^ALuNAPUX��D~�L�T¹cSXZ~nmoL�e�vkLdVAa�XkeA`�VA�
cSa�^DL�T-LZvA�ZLdVAL9RU`ba/X�N L�P�O]RUX�PUcuO�VAe�`bVA`bRU`�O�~ a�XZVAeD`nRU`bXZVAc��
l$cSiDO�~b~np/O�VAe�^AX�N L�Y©iA~b~bp$O�c0RU^AL¢�$�ÄNAPUXZ�QPULdcScSL�c�v]RU^AXZcSL:�ZL�VDL
~bXka�`#RU^DOQR�O]PUL¬x9�¯`bVWRSPU`bVAcS`ba¬��XQPµÞ]�¯`�VoRSPU`bVAcS`baQ�¢u`b~�~³OQNAN L¤OQP$RUX
� L¬x9�¯`bVAad~b`bVALdeÊ��X�P/ÞQ�¯`bVAad~b`bVALde���v `�� LZ�nv RU^AL�Y�PUL¤ãWiAL�VAa�p§X�Yux�¨ c
`bVgRU^AL_OQ~�~bL�~bLdc$XZY|RU^ALdcSL�~bXka�`³u`b~�~³L�moL�VoRUiDO�~b~bp¥a�XZVomoL9PU�ZL�RUX
x���X�P£ÞW���¢jW�$±$l$²àT_OQ�oL�c¢iAcSLMXZY�RU^A`�c¢a�XZVomoL9PU�ZLdVAa�L$`bVDYGX�PS�
T_OQRU`bXZV_O�c:Y©L�L�eA�JO�aU��`bVAY©X�PUT_OQRU`bXZV�RUX�eA`nPUL�a�R
RU^DL2a�PUX�cScSX¤moL9P
�Wp�OQeQ´siAcsRU`�VA��RU^AL/cs£OQNAND`�VA��NAPUX��JOQ�D`�~b`nRqp�YGX�PuLdO�a�^�~�XWadiAc��
æILgu`b~�~$iAcSLÂRU^AL\Y�PUL¤ãWiAL�VAa�pÒXZY}x�¨ c�`bVÌRU^ALIOQ~�~bL�~bLdc�`bVàO
~bXka�iDc�X¤mZL�P�RU^AL\N X�NDiA~�OQRU`bXZVÐ��LdãWiA`bm�O�~bL�VWRU~np�¢LIadO�VàO�~bcSX
iAcSL/RU^AL�Y�PUL¤ãWiAL�VAa�p�XZY³Þ�¨ cuO�c£RU^ALµOQPU��iDT-L�VWR9�|RUX�a¤O�~ba�iA~GO]RUL
a�X�PSPULdcsN XZVAeA`bVA�/cs£O]NDND`bVA�$NDPUXQ��O]�J`b~b`nRqpµXZYARU^JO]R:~bXka�iAc�� � ^DL
YGPULdãWiAL�VDa9pÊXZY�x�¨ c�`bV»Og~bXka�iAc�¨ c�O�~b~bL�~�L�c�a¤O�VÊ� L¬~bXkX��oL�e»OQc
RU^ALMeAL���PULdL$XZY)a�XZVomoL9PU�ZLdVAa�L$RUX¥Ó¤x�Ô�Y©XQP£RU^DOQR£~bXka�iAc��
r#L9R��
� L�RU^DL�~bL�VD�QRU^\XZY:�D`bVJO]PSp¥csRSPU`�VA�Zc�v��  ¤�Ez �
	U���Ez2ÝåxH��ßdß�ß����¢�
eALdVAX�RUL¢RU^AL2Y�PUL¤ãoiDL�VAa�p�XZY³x�¨ c:`bV�RU^ALuO�~b~bL�~�L�c.`bV�~bXka�iAc z)X¤moL9P
RU^ALMN X�NDiA~GO]RU`�X�V�OQR2RU`bT-L����ZL�VAL�P�O]RU`�X�V ��	¢O�VAe�Ü�¤�Ez �
	U�%�Ez.Ý
xH��ßdß�ß����¢�.eDL�VAX�RUL2RU^AL%cs£OQNAND`�VA�µNAPUX��JOQ�D`b~b`nRqp�XZY�~bXkadiAcwz³OQR
RU`bT_L�	�� � ^ALdV�vhOQc-cS^AX¤uV»`bV
k.`b�Zi�PUL*�kv
RU^DL¬adO�~ba�iD~�OQRU`bXZV
LdãWiDOQRU`bXZV�Y�PUXZT��  ¤�Ez �
	U�|RUXMÜ�¤�Ez �
	U�h`bc2�Z`nmoL�V�O�c2Y©XZ~b~bX¤uc��
Ü�¤�Ez ��	U�
Ý�� �  ¤�Ez �
	U�<� `bY��  ¤�Ez �
	U���¸Þ�ß�É

x2Ù��  d�Ez ��	U�<�7`bY��  ¤�Ez �
	U���¸Þ�ß�É �Sx]�

±$X¤ÌeDi�PU`bVA��RU^AL$L9moXZ~bi�RU`bXZV}XZY�RU^DL/�$��vAO�Y�RUL�P£OµVAL�ÌN X�NA�
iA~�OQRU`bXZV�^DO�cu��L�L�V§�ZLdVAL9P�OQRUL�e0vD¢L�ÍAPUcsRMadO�~badiA~�OQRULMRU^AL�eA`bcs�
RSPU`n�DiARU`bXZV§XZYuxQ¨ c��  ¤�Ez ��	U�/��^ALdVAa�L�RU^AL�cs£OQNANJ`bVA��NAPUX��JOQ�D`b~b�
`nRqp}Ü�¤�Ez ��	U�S�%YGX�P�L¤O�a�^Â~bXkadiAc/XdmoL�P�RU^AL�N X�NDiA~�OQRU`bXZV�� � ^ALdV
¢L}a¤OQVIN L9PUY©X�PUTájW�$±$l$² XQN�L9P�OQRU`bXZVAc���æÌ^ALdVÊOQNAND~bpk`�VA�

0.0

Sw
ap

pi
ng

 P
ro

ba
bi

lit
y

0.5

1.00.5 1−Inclined0−Inclined0.0

Frequency of 1’s in the Alleles in a Locus

k.`b�Zi�PUL��W�¢f¢O�~badiA~�OQRUL/O�~bXka�iDc�¨ c2cs£OQNAND`�VA��NAPUX��JOQ�D`�~b`nRqpZ�

jW�$±$l$²�v$RU^AL»T_O�cs�®`�c¥�D`nRg�Wp¡�D`bRg�ZLdVAL9P�OQRUL�e°�Wp �J`nNA�
ND`bVD��OMadXZ`bV��D`�O�cSLdeA~np�RUX/�ZL�VDL9P�OQRULuO�Ó¤x�ÔMu`nRU^�NAPUX��JOQ�D`b~b`nRqp
Ü�]�Ez ��	U���$k.`bVJOQ~�~npZv0RU^AL-�ZL�VAL�P�O]RULdeÂT_O�cs�\`bc�iAcSL�eÂRUX��ZiA`beAL
RU^ALua�PUXZcScSXdmoL�P|RU^ALucUO�T_L2£Odp_O�c|`nR|�ZiA`�eAL�c:RU^AL2RSP�O�eA`bRU`bXZVDO�~
iAVA`�YGX�PUT'a9PUXZcScSX¤moL9Pd�(k.`b�Zi�PUL��}cS^AX¤uc�O�VgL�¦�O�T-ND~bL�XZY|OQNA�
ND~np�`bVD��jW�$±$l$²'RUXÊRU^AL¥cUO�T-L§N�O]PULdVoRUc�O�c�`bV�k.`b�Zi�PUL»xQ�

x�¨ c{kAPUL¤ãJ�:`bV�~bXka�`¯� Þ�� e Þ�� � Þ��âÛ Þ���È Þ��âÈ Þk�Q�
f¢O�~ba�iA~GO]RU`�VA�A� � � � � � �

jo£OQNANJ`bVA���:PUX��0�b� Þ�� e Þ�� � Þ�� e Þ��bx Þ���x Þk�Q�
Ç£`�O�cSL�e�k.~b`nNDND`bVA�A� � � � � � �

f|PUL¤O]RULde�[gO�cs� � x Þ x Þ Þ Þ
�%NAND~bpk`�VA��[gO�cs� � � �

�
OQPUL�VWR �! d� Þ x Þ x x x
�
OQPUL�VWR �#"Q� x x x x x Þ
jo£OQNANJ`bVA�A� � �

fh^A`b~be%$& d� x x x x x x
fh^A`b~be%$'"Q� Þ x Þ x x Þ

k³`���iAPUL��k�:�$V�L9¦AO�T�NJ~bLMX�N L9P�OQRU`bXZV�XZY:jW�$±$l$²��
m �nm �@� = S �¥=³= �"!$# = !$# = ��# ���
�$a�adX�PUeA`bVA��RUX�RU^AL�ad~�O�cScS`nÍDa¤O]RU`�X�VgX�YhO�eDOQNAR�OQRU`bXZVgY©X�P��$�$c
PUL9m�`bL�¢L�e§`bV§cSL�a�RU`bXZV �Wv)jW�$±$l$²°��L�~bXZVA�ZcuRUX-RU^DLµad~�O�cSc%X�Y
O�eDOQNARU`nmoL2O�eDOQNAR�OQRU`bXZV�RU^DOQR:XWada�i�PUc:OQR
RU^AL£� X�RSRUXZT��¯~bL�mZLd~kX�Y
a9PUXZcScSX¤moL9P�� LdadO�iAcSL-`nR�iAcSLdc/RU^AL-YGLdL�e��JO�a��g`bVAY©X�PUT_OQRU`bXZVgX�Y
O�~b~bLd~bL�eA`bcsRSPU`b�Di�RU`bXZVÂeAi�PU`bVA��RU^DL�PUiAVAVD`bVA�§XZYhRU^AL¬�$� O�VAe
O�e]´SiAcsRUc£RU^DL/cs£OQNAND`bVD��NAPUX��JOQ�D`b~�`nRqp}Y©X�PuLdO�a�^��ZL�VDL/~bXka�iDc��
jW�$±$l$²à`bc¢T�iDa�^�cS`bT�NJ~bL9PhRU^DO�V}RU^AXZcSL/OQeJO]NDR�O]RU`�X�V�T-L�a�^��
O�VA`bcST_chRU^DOQR2O�eAe�L9¦kRSP�O�R�O����D`nR/��L�� ���bvJjka�^DOQÑ L�P2O�VAe¬[gXQPS�
`bcS^A`�T_O�vMx¤ÈZËoyWÖ%r)L�mZLdVA`ba���v/x¤ÈZÈ�Éo��X�P_mZOQ~�iALI��LZ� �A�bv£tuXZcSL�V��



�Di�PU�Av¬x¤ÈZÛZyWÖ�kDP�OQcSL�Pdv¬xdÈZÉoy¤� ��N L9P\��LdVAL9RU`�aI�D`bRgO�VAe�a�X��
L9moXZ~nmoL�c/RU^DL�cSL�R�O����D`nRUc�X�Pµm�O�~biALdc/u`nRU^ÂLdO�a�^I`bVAeD`nm�`beAiDO�~��
æ�`nRU^°jW�$±$l$²�v£u^JO]R§¢LÊO�eAeàRUX¸RSP�O�eA`nRU`�X�VJOQ~/iAVD`bYGX�PUT
a9PUXZcScSX¤moL9P.OQPUL:csNJO�ad`�O�~b~npMXZVA~npMXZVAL:PULdO�~ZmoL�a�RUX�P0RU^DOQR)PULda�X�PUeAc
RU^AL\Y�PUL¤ãoiDL�VAa�p¸XZYµX�VDL�c�YGX�P¬L¤O�a�^Ì~bXkadiAc�v$O�VAeÌadX�T-NDi�R�OQ�
RU`bXZVDO�~b~np§X�VD~np§X�VDL�csR�OQRU`bcsRU`badc%N L9P���LdVAL9P�OQRU`bXZV§RU^JO]R�adO�~ba�iA�
~�OQRUL�c¢RU^AL/YGPULdãWiALdVAa9p�XZY#X�VDL�c/��^DL�VAadL$RU^DLMcs£OQNAND`bVA��NAPUX��A�
OQ�D`b~b`bRqpD�_YGX�P�L¤O�a�^�~�XWadiAc�� � ^D`bc�cS`bT-ND~bL\L9¦kRSP�O»csR�O]RU`�csRU`ba�c
O�eAeALde\`bc%¢Ld~b~³PUL9£OQPUeALde\`bV¥RU^AL�cSLdVAcSL�XZY|a�XZT�NJi�R�OQRU`bXZVDO�~
a�XZT-ND~bL9¦�`nRqpo�IkJXQP}L¤O�a�^¸a�PUX�cScSX¤moL9P�X�N L9P�OQRU`bXZV¸OQR_�ZLdVAL9P�OQ�
RU`bXZV 	�v.RU^AL}VWiAT�� L9P�XZY¢cs£OQNANJ`bVA�Zc�XZVÊcsRSPU`bVA�Zc�X�Y2~bL�VD�QRU^��`�c ���H�§XZVÄRU^AL�OdmoL9P�O��ZL�u`nRU^ÄiAVA`�YGX�PUT�a9PUXZcScSX¤moL9P_O�VAe
� } ���}
�
 Ü�]�Ez �
	U��u`nRU^�jW�$±$l$²��:æ�^AL�V�RU^DL�N X�NDiD~�OQRU`bXZV¸`bc

P�O�VAeAXZT-~bp�`bVA`nRU`GOQ~�`bÎ�Lde�v¢RU^AL\Y�PUL¤ãoiDL�VAa�p�XZY_x�¨ c¬`bVÒRU^ALÂOQ~b�
~bLd~bL�c¥��^AL�VDa�L§RU^AL§cs£OQNANJ`bVA�ÊNAPUX��JOQ�D`�~b`nRqpJ��`bV�L¤O�a�^Ò~bXka�iDc
`bc�csR�O]RU`�csRU`badO�~b~npÂOQ� XZi�R�Þ���Ékv
u^A`ba�^Ä�Z`nmoL�c�X�VÊRU^AL¬OdmoL9P�O��ZL���H�µa�PUX�cScS`�VA�Zc¢Y©X�P$jW�$±$l$²��kz$X¤¢L9moL9Pdv�u`nRU^}RU^DL%PUiAVDVA`bVA�
XZYµRU^ALÊ�$��v�x9�¯`bVoRSPU`�VAcS`baÂO�VAeàÞQ�¯`bVWRSPU`bVAcS`ba\�ZL�VDL�c¬RULdVAeÌRUX
a�XZVomoL�PU��L�RUX\x�O�VAeÂÞ�PUL�csN Lda9RU`nmoLd~np§O�VAegRU^ALd`nP�O�cScSXka�`�OQRUL�e
cs£OQNAND`bVD��NDPUXQ��O]�J`b~b`nRU`bLdcheDL�a9PUL¤O�cSL/O�ada�X�PUeA`bVA��RUX�L¤ãoiJO]RU`�X�V
�Sx]��� � ^A`bc%PUL�cSiA~nRUc$`bV�PUL�eDiAa�Lde§VWiDTµ� L�PMX�Y
a9PUXZcScS`bVA�Zc%u`nRU^
jW�$±$l$²�v�`�� LZ�nvx� } ���}

�
 Ü�]�Ez ��	U��� ���H�k�%�$VAe§RU^AL9PULZ¨ c$T_X�PUL��

�$c$RU^AL�N X�NDiA~GO]RU`�X�VgadX�VWmZL�PU�ZL�c�v0u`nRU^giAVA`bY©X�PUT'a9PUXZcScSX¤mZL�Pdv
`bV»YÏOQa�Rdv:Y©L9¢L�P-O�VAe�YGL�¢L9P�x�¨ c�`�VÊRU^DL¬T_O�cs�Iu`b~�~h`bVWmZXZ~nmoL
O�a�^DO�VA�ZL�vJRU^DOQRu`bc�vJT_O�Vop¬a�PUXZcScS`bVA�Zc%OQPUL/£O�csRUL�e�XZV�RU^AXZcSL
a�XZVomoL�PU��Lde-�D`nRUc��.[gX�csRhXZY�RU^DL�cSL2£OQcsRULde_a9PUXZcScS`bVA�Zc|�Wp�iDVA`n�
Y©XQPUT(a�PUXZcScSXdmoL�P2OQPULMcUOdmZLde��Wp�jW�$±$l$²��k�$c¢`b~b~�iAcsRSP�OQRUL�e}`bV
k.`b�Zi�PULÄx¥O�VAe �kvuO�Y�RUL�P�a�L�PSR�O�`bV���LdVAL9P�OQRU`bXZVAc}RU^AL¥eA`bcsRSPU`b�
�Di�RU`�X�VÊXZYMx�¨ cµX¤moL9P�~bXka�`:T}Odpg� L�O�cµcS^DXduVÊ`�VNk.`b�Zi�PUL �Wv
iAVA`�YGX�PUTÐa�PUXZcScSXdmoL�P|T}O�eAL£VAX�iDcSL2XZYJRU^A`�c
`bVDYGX�PUT_OQRU`bXZV�O�VAe
csRU`b~b~��ZLdVAL9P�OQRUL�e ��a�PUXZcScS`bVA�Zc£u^D`b~bL�jW�$±$l$²¡�ZL�VAL�P�O]RULde �k�
�$VAX�RU^AL�P2T-X�PUL/`bT-N X�PSR�OQVWR¢N�X�`�VoR2XZY
jW�$±$l$²¡`bc2`nRUc¢NAPUX�NA�
L9PSRqp XZYg`bT-ND~b`bad`nR��ZL�VDLà~b`�V���O��ZL�� jW`�T-`b~�OQP�RUX kAP�O�cSL9Pd¨ c
a9PUXZcScSX¤moL9P��EkDP�O�cSL9Pdv�x¤ÈZÉoyd����v�jW�$±$l$²�O�eDOQNARU`bmZLd~np¡~b`�V���c
�ZL�VALdcµ�JO�cSL�eÊXZVIRU^AL�`bP�cs£OQNAND`bVA�§NAPUX��JOQ�D`b~�`nRU`bL�c���kDX�P�L9¦k�
O�T�ND~�L�v.`bVfk.`b�Zi�PUL ��~bXka�`we¥O�VAe�É§O]PUL�T-X�PUL}a�XZVomoL�PU��LdVoR
O�VAe�`�T�ND~b`�a�`nRU~np�~b`bV��oLde_� L�a¤O�iAcSL%RU^AL%NAPUX��JOQ�D`b~�`nRqp_YGX�P¢RU^AL�T
RUX�a�X��¯L9moXZ~nmoLum�`�O�a9PUXZcScSX¤moL9P£`bc¢Þ�ßbx��)Þ�ß�x	�¥Þ�ß�È
�)Þ�ßâÈ�ÝÌÞ�ßâËC�W�
jW�$±$l$²�eA`bÑ L9PUc#YGPUXZT kAP�O�cSL9Pd¨ c³a9PUXZcScSX¤moL9P
`bV�RU^JO]R|jW�$±$l$²
O�eDOQNARUc¢XZVAL$NAPUX��JOQ�D`b~b`bRqp�moLda9RUX�P¢Y©X�P2O�~b~�`bVDeA`nm�`beAiDO�~bc|�JO�cSL�e
XZV\XZVAL-cS`bT�ND~�L�csR�OQRU`bcsRU`badc$N L�P/�ZLdVAL9P�OQRU`bXZVgu^A`b~�L kAP�O�cSL9Pd¨ c
a9PUXZcScSX¤moL9P|T-XkeA`nÍJL�c.XZVAL£NAPUX��JOQ�D`b~b`bRqp�moL�a�RUX�P:YGX�P:LdO�a�^�`bVAeA`b�
m�`beAiDO�~ N L�Pua9PUXZcScSX¤moL9Pu�JO�cSL�e�XZV�O�P�OQVDeAXZTå~bL¤O]PUVD`bVA��PUiA~�L��
z$L9PUL�¢L�T�iAcsR�VDXQRUL�RU^AL�PUL�~�OQRU`bXZVAcS^A`bNg� L�Rq¢L�L�VÄjW�$±$l$²
O�VAe/NAPUX��JOQ�D`b~�`nRqpk���JO�cSL�e�O�~b�ZXQPU`bRU^AT-c
��Ç2O�~bi]´UO�vWxdÈZÈFeAÖ�zMOQPU`n� v
x¤ÈZÈ�Ëo��� � ^DL9p�OQPULµO�~b~���OQcSLde�XZV�NDPUXQ��O]�J`b~b`nRqp�eD`bcsRSPU`n�Di�RU`�X�V0�
z$X¤¢L9moL9Pdv�RU^DX�cSL¸O�~b�ZX�PU`nRU^AT_cgiAcSL»RU^DL»L9¦kND~�`ba�`nRU~bpàT_O�`bVA�
R�O�`bVALde°NAPUX��JOQ�D`b~b`bRqp®moL�a9RUX�PÂRUX�cUO�T�NJ~bL»cSXZ~bi�RU`�X�VDcgu^A`�~bL
jW�$±$l$²°X��AR�O�`bVAcuRU^AL�eA`bcsRSPU`n�Ji�RU`bXZV¬NAPUX��JOQ�D`b~�`nRqp�YGPUX�TåRU^DL
csR�OQRU`bcsRU`badc-`bVAY©X�PUT_OQRU`bXZV¸`bT�ND~�`ba�`nR-`bV¸RU^AL�N X�NDiA~�OQRU`bXZV��Ìª«V
RU^AL$cSL�VAcSLMXZY0OQNAND~bpk`�VA��NAPUX��JOQ�D`b~�`nRqp�moLda9RUX�PdvWRU^AL�p_OQPUL$eAiDO�~
O�~b�ZX�PU`nRU^AT-c�� � ^AL$T_XQRU`bm�OQRU`bXZV-X�Y³jW�$±$l$²à`bc|RUX�L9¦kND~b`bad`nRU~np
iAcSL�RU^AL}csR�OQRU`bcsRU`badcµ`bVAY©X�PUT_OQRU`bXZVI`bT-ND~b`bad`nR�`�VIRU^AL}N X�NDiA~�OQ�

RU`bXZV¬RUX��ZiA`�eALMRU^AL�a9PUXZcScSX¤moL9Pd�

� À� � À�¥¿2À � Á¸Æ �f� � � ¿

�[��� �('*) � � � !$#*) = � U�!�� v ) �

� ^AL}[\O]¦�¶%VALdcµNAPUX��D~bLdT5cS`�T�ND~npÂa�XZiAVoRUc�RU^DL}XZVAL�c�a�XZV��
R�O�`bVALde¥`bVgO}�D`bVDOQPSp§csRSPU`�VA�¬OQcMRU^ALµÍARUVDL�cScMXZY
RU^DOQRMcsRSPU`bVD���
� ^AL\O�`bT `bc�RUXÄT_OQ¦�`bT_`bÎ�L§XZVALdc¬`bVÌOÄcsRSPU`bVA�A�Ð�7csRSPU`�VA�
~bLdVA��RU^¬XZY¢x�ÞZÞ��D`nRUc££O�c2iDcSL�e�YGX�PuXZi�P%csRUiAe�po�

�[�8� �('*) U�! H � v U�! ��� � � # S � �"!$# =

� ^ALhtuX¤poO�~Wt%XZO�eµY©iAVAa�RU`bXZVAch�EkDX�PSPULdcsR.OQVDeµ[g`nRUa�^ALd~b~�vkx¤È�ÈC�o�
OQPUL-eAL9m�`bcSLdegRUX�`bVomoL�csRU`��ZOQRUL}�$��¨ c/N�L9PUY©XQPUT}O�VAa�L�u`bRU^gPUL9�
csN Lda9R�RUXgcSa�^DL�T_O¥NDPUXWadL�cScS`bVD�\O�VAeÄPULda�XZTµ�J`bVDOQRU`bXZVÄ`bV�O�V
`beAL¤O�~b`bÎ�Lde¬YGX�PUT��
tuX¤pWO�~0t%XZO�e�Y©iAVAa9RU`�X�VDc��  %O�VAe�� "Ma�XZV��
R�O�`bV»R�O�`b~bX�PS�¯T_O�eAL¬�DiA`�~beA`bVA�\�D~bXka��kc§��cSa�^ALdT_O�c��µ��OQcSLde¸XZV
ÛFe����D`nR%�D`bVDOQPSp�csRSPU`bVA�Zc��uwhO�a�^¥cSa�^AL�T}O���}:`�c%�Z`nmoL�V¥O_adXkL�YG�
ÍDad`bL�VoR��4}:u^D`ba�^¥`bc%L¤ãWiDO�~)RUX}`nRUc%X�PUeAL�P��k����}q�/�¯O}cSa�^ALdT_O�¨ c
X�PUeAL9PÊ`bcÂRU^AL�VkiATµ� L�PÊX�Y�ÍA¦�L�eÐN XZcS`nRU`bXZVAc\u`nRU^D`bV�RU^DOQR
cSa�^DL�T_OW�����  ua�XZVAcS`bcsRUcuXZY
Ë�eA`bc©´SiAVAa�RU`nmoLMX�PUeAL�PS�qË�cSa�^AL�T}OQc
XZY0u^A`�a�^¬LdO�a�^¬^DO�c%Ë�O�e]´UO�a�L�VWR2XZVAL�c���� "$adX�VDcS`bcsRUc£XZY)Y©XZi�P
~bL�mZLd~bcµXZY2cSa�^DL�T_O�c��_~bL�mZLd~hÞÊ�Ï��XQRSRUXZT�~bL9moLd~©�$`�cµRU^AL}cUO�T_L
O�c��  �v|~bL9moL�~Mx¬^DO�c6e\XQPUeDL9PS�Ux¤Û§cSa�^AL�T}OQc-X�Yuu^A`ba�^»L¤OQa�^
a�XZT��D`bVALdchRq¢X_OQeQ´SO�a�LdVoR2cSa�^AL�T}O�c£`bV¬~bL�moL�~�Þ�vA~bL�moL�~x��a�XZV��
R�O�`bVAc��/X�PUeAL�PS� �C��cSa�^DL�T_O�chL¤OQa�^}a�XZT��D`bVA`bVD��Rq¢X�OQeQ´SO�a�LdVoR
cSa�^DL�T_O�c�`bVà~bL�moL�~�x�v�OQVDe�ÍDVJOQ~�~npÒ~bL�moL�~��Ì�ÏRU^ALÂX�NARU`bT}O�~
cSa�^DL�T_OW�hadX�T��D`bVALdc£RU^AL(��cSa�^AL�T}OQcu`bV�~�L9moL�~[�k�
� ^AL¬ÍDRUVAL�cSc_X�Y$Og�D`nR-csRSPU`�VA� |�YGX�P��  ¤�E|���O�VAe�� "��E|��µ`bc
a�XZT-NDi�RUL�e¥�Wp¥cSiDT-T-`�VA�}RU^AL�adXkL9·_a�`bLdVoRUc��4}¢adX�PSPUL�csN XZVAe��
`bVA�\RUXÂLdO�a�^�XZYuRU^DL��Z`nmoL�V�cSa�^DL�T_O���}/XZYuu^D`ba�^I|�`bc_O�V
`bVAcsR�O�VAadL�� � ^ALgXQNDRU`bT_O�~%cSXZ~bi�RU`bXZVAc¬YGX�P��  �O�VAe�� "¥OQPUL
�Z`nmoL�V�O�c����  ¤�SxZx�x�ßbßbx]�
Ý�ÛFe_O�VAe�� "Q�SxZxZx�ßnß�x]�
Ý°x¤ÈC�k�

�[�nm �('*) v �9= � ��� U�!�� v ) � +@)W# )WU@� �6!$U

� ^AL2P�O�VAeDX�T¹r0�«jW� � NAPUX��D~bL�T!�ZL�VAL�P�OQRUXQP$��KML2ÕoXZVA�Av �.X�RS�
RUL9P/O�VAeIjoN�LdOQPUc�v
x¤ÈZÈoy��2`�cMO_� XkXZ~bLdO�V¥cUOQRU`bcsÍJOQ�D`b~b`bRqp¬NAPUX��A�
~bLdT��ZLdVAL9P�OQRUX�P
eAL�m�`bcSL�e�RUX/`bVWmZLdcsRU`b�oOQRULhRU^AL£L�Ñ L�a�RUc
XZYJL�ND`bcs�
R�O�cS`bc}XZV¸RU^DL�N L�PUYGX�PUT}OQVDa�L§XZYµ�$�$c��®ªqR}�ZL�VDL9P�OQRUL�c_P�O�V��
eAXZT5� XkX�~�LdO�VIL9¦kNAPUL�cScS`�X�VDcµ`�VIa�XZV]´SiAVAa�RU`nmoL_VAX�PUT_O�~|YGX�PUT
XZY£a�~�O�iAcSLdcµcSiA�k´SL�a�RµRUX�RU^APUL�L_NJOQP�OQT_L9RUL�PUc�����VWiAT�� L9P�X�Y
� XkXZ~bLdO�VIm�OQPU`�OQ�D~bLdc���v)$���VWiATµ��L9P�XZY£eA`bc©´SiAVAa�RU`nmoL_X�P�a�XZV��
´SiAVAa9RU`bmZL\ad~�O�iAcSL�c���O�VAe �7�ÏRU^AL\~bLdVA��RU^�X�YµRU^AL\ad~�O�iAcSL�c����
whO�a�^¸a�~�O�iAcSL�`�c�a�PULdOQRUL�e»�kp»cSL�~bLda9RU`bVD� ��XZY���mZO]PU`GO]�J~bL�c
iAVA`�YGX�PUT-~bp\P�OQVDeAXZT-~npÊO�VAeÄVALd�ZOQRU`bVD�§L¤OQa�^Êm�OQPU`�OQ�D~�L-u`nRU^
NAPUX��JOQ�D`b~�`nRqp»Þ��âÉk� kDX�P}L¤O�a�^¸�ZL�VDL9P�OQRUL�e���XWXZ~bL¤O�V�L�¦WNDPUL�cs�
cS`bXZV�v RU^AL�OQ`�T�`�c%RUX_ÍJVAe\OQV\O�cScS`b�ZVAT_L�VoRMXZY
RSPUi�RU^¥m�O�~biALdc
RUXIRU^AL �5m�OQPU`�OQ�D~�L�c-RU^DOQR�T}O]�oLdc_RU^AL¥LdVoRU`nPUL§L9¦kNAPULdcScS`bXZV
RSPUiALZ�ÊjW`bVDa�L}RU^AL}��XWXZ~bL¤O�VÊL9¦kNAPUL�cScS`�X�V»`bc�P�O�VAeAXZT-~npÊ��LdV��
L9P�OQRULde�v�RU^DL9PUL/`bc2VAX-�ZiDOQP�O�VoRUL�L/RU^DOQRucSiAa�^§O�V�O�cScS`b�ZVAT-LdVoR
L9¦�`bcsRUc�� � ^AL/a�XZT�NJ~bL9¦�`nRqp}XZY)RU^ALMNAPUX��D~bLdT m�OQPU`bL�c¢u`nRU^�RU^DL
NJOQP�O�T-L�RUL9PUc!��v $(O�VAe �2� kDX�P/L9¦AO�T�ND~�L�v `bVDa9PULdO�cS`bVD�_RU^DL



VWiAT�� L9P�X�Y|a�~�O�iAcSLdc$`bVDa9PULdO�cSLdc%RU^AL�L�ND`bcsR�O�cS`bc�� � ^DL�ÍARUVAL�cSc
Y©iAVAa9RU`�X�V�Y©XQP2RU^DL/r0�«jk� � NAPUX��D~bLdT `�cuOQcuY©X�~�~bX¤uc��

�)� � ��� ���¥�.Ý x
$

��
}
�
 
�)� �	��
� ����}q�

æ�^AL9PUL � ��� ���!adX�VDcS`bcsRUc³XZY $�ad~�O�iAcSL�c.O�VAe�RU^AL|ÍARUVALdcSc.a�XZV��
RSPU`n�DiARU`bXZVÄXZYua�~�O�iAcSL@zUv��#� �	��
�� ����}q��v|`bc�x�`bYuRU^AL¬a�~�O�iAcSL¬`bc
cUOQRU`bcsÍDLde�X�P%Þ�X�RU^AL9PSu`�cSL��
ª«V�XZi�P
L9¦kN L9PU`�T-L�VWRUc)¢LhiAcSLde�RU^ALhcUO�T-LhNJOQP�O�T-L9RUL�PUc³O�c³K/L
ÕoXZVA�Av �.XQRSRUL�P|O�VAe�joN�LdOQPUc��.æIL¢ÍA¦�Lde�RU^AL2VWiATµ��L9P|XZYJmZO]PU`b�
OQ�D~bLdc���RUX�xdÞZÞ2OQVDe/RU^AL:~bLdVA��RU^MXZYkRU^AL
ad~�O�iAcSL�c ��RUX �k� � ^DL
VWiAT�� L9P2XZY)a�~�O�iAcSLdc $¡`�chmZOQPU`bL�e�YGPUX�T ��ÞZÞ���~bX¤�L9ND`�csR�OQcS`�c��
RUX�xh�QÞZÞ���T-LdeA`biATåL9ND`bcsR�O�cS`bc��|RUX��FeoÞZÞ¬��^D`b�Z^�L9ND`�csR�OQcS`�c����

� ��� � ��Á»½ � ��¾àÀ � �ÚÁ��¥¿2Ã �hÀÄ¿

kDX�PuLdO�a�^�L9¦kN L�PU`bT-LdVoR£XZY)adX�T��D`bVA`�VA��a9PUXZcScSX¤moL9PuX�N L9P�OQRUX�PUc
�Sx9��N XZ`bVoRdvj�]��N XZ`bVoRdvkiAVA`bY©X�PUT!a�PUXZcScSXdmoL�P£OQVDe�jW�$±$l$²��.O�VAe
RUL�csR�NAPUX��D~bL�T_c�vµxdÞ�ÞÊ`bVAeDL9N LdVAeAL�VWR}PUiAVAc�¢L9PUL¥L�¦kLda�i�RULde��
ª«V-X�PUeAL9P:RUX�^DOdmoLuO/csRSPU`ba9R:a�XZT�NJOQPU`bcSXZV�� L�Rq¢L�L�V-a�PUX�cScSX¤moL9P
X�N L9P�OQRUX�PUc-RU^AL§cUOQT_LIxdÞZÞÂeA`nÑ L�PUL�VoR_P�O�VAeAXZT�cSL�L�eDc-¢L�PUL
iAcSLde§RUX_�ZLdVAL9P�OQRUL�N X�NDiD~�OQRU`bXZVAc%YGX�P%RU^AL�xdÞ�Þ-PUiAVAc$XZY
L¤OQa�^
L9¦kN L�PU`bT-LdVoRd��ª«VIO�~b~.RU^AL-L�¦WN�L9PU`bT_L�VoRUc�v0RU^AL��$�(iAcSL�c/RU^DL
ÍARUVALdcSc:NAPUX�N X�PSRU`bXZVDOQRUL2cSL�~bLda9RU`bXZV�u`nRU^�RU^ALucsRUXka�^DO�csRU`ba2iDVA`n�
moL9PUcUO�~McUOQT-ND~b`bVD�Ì��Ç2O]�oL�PdvµxdÈZËoyZ�}O�VAeÒRU^ALgL�~�`nRU`bcsR�T_XWeDL�~
��KMLÂÕoXZVA�Av�xdÈoy�Éo��v/O�VAe��D`nR��J`nNàT�i�R�OQRU`bXZV��(�$VAe�RqpkND`b�
adO�~b~bp}RU^AL/NAPUX��JOQ�D`b~�`nRU`bL�c2XZY³a9PUXZcScSX¤moL9P$O�VAe§T�i�R�OQRU`bXZV¬¢L�PUL
ÍA¦�L�e�RUX�Þ�ßâÛ�O�VAe�Þ�ß�ÞZÞ�x%PULdcsN L�a�RU`nmoL�~np}O�VAe�RU^ALMN X�NDiA~�OQRU`bXZV
cS`bÎdL�£O�c�cSL9R}RUXÒxdÞZÞIY©XQP¬LdO�a�^�PUiAV0� kJXQP¬L¤OQa�^¸PUiAV0v2¢L
PUL�adX�PUeAL�e§RU^AL�� LdcsRS�¯cSX��¯Y©OQP%ÍDRUVAL�cSc$L9moL9PSpIxdÞ�Þ}L9m�O�~biJO]RU`�X�VDc��
z$L9PULZv¢XZVA~bpÄRU^AXZcSL§a�^�PUXZT_X�cSXZT_L�c_a�^JOQVD��Lde¸�Wp�a�PUX�cScSX¤moL9P
O�VAeÌT�i�R�OQRU`bXZVÒXQN�L9P�OQRU`bXZVAc¬OQPUL¥L�m�O�~biDOQRULdeÌOQVDeÌa�XZiAVoRULde
`bVoRUX�RU^AL-VWiDTµ� L�PµX�YhL�m�O�~biDOQRU`bXZVAc��_w|O�a�^ÂL9¦kN L�PU`bT-LdVoR/PUL9�
cSiA~nRu`�cuO�moL�P�OQ�ZLde�X¤mZL�P2RU^DL-xdÞZÞ�`�VAeAL9N�L�VAeALdVoR2PUiAVAc��

����� U�) = �*v � = !$# � � � !$#*) = � U�!�� v ) �

� ^AL$L�¦WN�L9PU`bT_L�VoRhPUL�cSiA~nRUchY©X�PhRU^DL$[gOQ¦¬¶%VDL�chNAPUX��D~bL�T OQPUL
cS^AX¤uV§`bV*k.`b�Zi�PUL eA� kAPUXZT k.`b�Zi�PUL e_`bRuadO�V�� L�cSLdL�V�RU^DOQR
jW�$±$l$²'X�iARSN L9PUY©X�PUT-c�OQ~�~£RSP�O�eA`nRU`�X�VJOQ~2a�PUXZcScSXdmoL�P�X�N L9P�OQ�
RUX�PUc2XZV¬RU^DL/[gOQ¦§¶%VALdc£NDPUXQ�J~bL�T��

���8� U�) = �*v � = !$# �  ��#*� � "

� ^ALÊL9¦kN L9PU`�T-L�VWR�PULdcSiA~nRUc§XZV®PUX¤poO�~�PUXoO�e®Y©iAVAa�RU`bXZVAc¥OQPUL
cS^AX¤uVÒ`bV�k³`���iAPULgÉIO�VAe�k.`b�Zi�PULgÛ\PULdcsN L�a�RU`nmoL�~npo� kDPUXZT
RU^ALdcSL2ÍJ��iAPUL�ch`nRhadO�V_� L%cSL�LdV-RU^DOQR¢eAi�PU`bVA�µRU^ALuLdOQPU~np-csR�O��ZL
XZY)�$��¨ c|cSL¤O]PUa�^A`bVA�Av x9��N XZ`bVWRhO�VAe@�]��N XZ`bVoR¢OQPULu� L9RSRUL�P:RU^DO�V
jW�$±$l$²��Wz$X¤¢L9moL�Pdv�O�Y�RUL�P¢a�L9PSR�O�`bV}L9mZO�~biDOQRU`bXZVAc�vWu^AL�V_RU^DL
�$�7^DO�c}�DiD`b~nR�i�NÌcSXZT-L¥iAcSLdYGiD~$cSa�^ALdT_O�c�jW�$±$l$²�XZi�RS�
N L�PUYGX�PUT-c/RU^DL�T7eAiAL-RUX�`nRUc�`bT�ND~�`ba�`nR/�ZL�VAL_~b`bV��ZO���LZ� � ^A`bc
`bc%O�~bcSX-NDPUXdmoLde��WpgjW�$±$l$²�¨ c2adXZVAcS`bcsRUL�VWR$O�e�m�O�VoR�O��ZLµX¤moL9P

60

65

70

75

80

85

90

95

100

0 50 100 150 200

A
ve

ra
ge

 B
es

t F
itn

es
s

Evaluations ( x 100 )

1-Point
2-Point

Uniform
SANUX

k.`b�Zi�PUL eA�$�%mZL�P�O���L�� LdcsRMadi�PSmoL�cMY©X�P��$�$c$u`nRU^geA`nÑ�L9PUL�VWR
a9PUXZcScSX¤moL9P%XZV�[\O]¦§¶$VAL�c2NAPUX��D~bLdT��

0

5

10

15

20

25

30

35

40

45

50

0 100 200 300 400 500 600

A
ve

ra
ge

 B
es

t F
itn

es
s

Evaluations ( x 100 )

1-Point
2-Point

Uniform
SANUX

k.`b�Zi�PUL-Ék�$�%mZL�P�O���L�� LdcsRMadi�PSmoL�cMY©X�P��$�$c$u`nRU^geA`nÑ�L9PUL�VWR
a9PUXZcScSX¤moL9P%XZV�t%XdpWO�~0tuXoO�e�YGiDVAa9RU`bXZV �  d�

iAVA`�YGX�PUTåa9PUXZcScSX¤moL9P%X�V�� X�RU^ �  %O�VAe�� "Q� � ^A`bc2`bc2YGi�PSRU^DL9P
NAPUX¤moL�eÊ�WpÂRU^AL}X��DcSL9PSmZOQRU`bXZVIRU^DOQR-jW�$±$l$² XZi�RSN L�PUYGX�PUT_c
RSP�O�eA`nRU`bXZVDO�~�a�PUXZcScSXdmoL�P#X�N L9P�OQRUX�PUc)T�iAa�^/��L9RSRUL9P#X�V � ".RU^DO�V
XZV�  d� � ^A`bc�^DOQNAN LdVAcM� LdadO�iAcSL�RU^AL-`bVoRSPUXkeAiDa9RU`bXZVgXZYh`bV��
RUL9PUT_L�eA`GO]RUL�cSa�^AL�T}O�c%`bVoRUX�� "�`bVAa�PULdO�cSL�cuRU^ALµL�ND`bcsR�O�cS`bc%XZV
u^A`ba�^�jW�$±$l$²ÒcS^DXduc|T_XQPULuO�e�mZO�VoR�O���L2RU^DO�V�RSP�O�eA`bRU`bXZVDO�~
X�N L9P�OQRUX�PUc2eAiAL/RUX-`nRUc2`bT�NJ~b`ba�`bR¢�ZL�VDL/~b`bVA��O��ZLMadOQNJOQ�D`b~�`nRqpZ�

���nm U�) = �*v � = !$# v �9= ���,�(U�!�� v ) � =

� ^ALµL�¦kN L9PU`bT_L�VoRuPUL�cSiD~nRUc%X�V§r)�«jW� � NDPUXQ�J~bL�T_c2u`nRU^�~�Xd�v
T-LdeA`biAT3O�VAe§^A`b�Z^�L9ND`bcsR�O�cS`bc%OQPUL��Z`nmoL�V�`bV*k.`b�Zi�PUL�yWv9k.`b���
i�PUL�ËWvhO�VAe
k.`b�Zi�PUL�È�PUL�csN�L�a9RU`bmZLd~npZ� kAPUXZT�RU^AL�cSL�ÍD�Zi�PUL�c
`nR�a¤O�VI� L}cSL�LdVIRU^JO]R�eAi�PU`bVA�¥~bX¤(L9ND`�csR�OQcS`�c�O�~b~|a�PUX�cScSX¤moL9P
X�N L9P�OQRUX�PUc¢¢X�PS��L¤ãWiDO�~b~np�O�c¢¢Ld~b~ u`nRU^¬iAVA`�YGX�PUT a�PUX�cScSX¤moL9P
cS~b`b�Z^oRU~bp�� L9RSRUL�P%RU^DO�VgRU^AL�X�RU^AL�PMX�N L�P�O]RUX�PUc��/z$X¤¢L�mZL�Pdv0OQc
L9NJ`bcsR�O�cS`bc¬`bc�`bVAa9PUL¤O�cSL�eÌRUX»T-L�eD`biAT O�VAe�^A`���^0v�jW�$±$l$²
XZi�RSN L�PUYGX�PUT-c�O�~b~:RSP�O�eA`nRU`bXZVDO�~:a9PUXZcScSX¤mZL�P�XQN�L9P�OQRUX�PUc�� � ^A`bc
Y©i�PSRU^AL9PµcS^AX¤uc/RU^JO]R�jW�$±$l$²!^DO�c�T_XQPUL_O�e�mZOQVWR�OQ�ZL-X¤moL9P
RSP�O�eA`nRU`bXZVDO�~:a�PUXZcScSXdmoL�P�X�VÊNAPUX��D~bLdT-c�u`bRU^Ê^A`b�Z^ÊL9ND`�csR�OQcS`�c
eAiAL/RUX-`nRUc2`bT�NJ~b`ba�`bR¢�ZL�VDL/~b`bVA��O��ZLMadOQNJOQ�D`b~�`nRqpZ�



0

20

40

60

80

100

120

0 100 200 300 400 500 600

A
ve

ra
ge

 B
es

t F
itn

es
s

Evaluations ( x 100 )

1-Point
2-Point

Uniform
SANUX

k.`b�Zi�PUL-Ûk�$�%mZL�P�O���L�� LdcsRMadi�PSmoL�cMY©X�P��$�$c$u`nRU^geA`nÑ�L9PUL�VWR
a9PUXZcScSX¤moL9P%XZV�t%XdpWO�~0tuXoO�e�YGiDVAa9RU`bXZV � "Q�

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

0 50 100 150 200

A
ve

ra
ge

 B
es

t F
itn

es
s

Evaluations ( x 100 )

1-Point
2-Point

Uniform
SANUX

k.`b�Zi�PUL_yW�$�%mZL�P�O���L�� LdcsRMadi�PSmoL�cMY©X�P��$�$c$u`nRU^geA`nÑ�L9PUL�VWR
a9PUXZcScSX¤moL9P%XZV�r)�«jW� � NAPUX��D~bL�T_c£u`nRU^�~bX¤®L9ND`bcsR�O�cS`bc��

� ÅÄÆ»¾°Å��Ã®¿¢½AÆ»¾°¿

ª«V®RU^A`bc§NJOQN L9Pdv�O�VAL9�csR�OQRU`bcsRU`badcs���JO�cSL�e°O�eDOQNARU`nmoLIVAXZV��
iAVA`�YGX�PUT�a9PUXZcScSX¤mZL�P
X�N L�P�O]RUX�PdvkjW�$±$l$²�v]`bc³NAPUX�N XZcSLde�� � ^DL
T-X�RU`nmZOQRU`bXZV¸XZY�jW�$±$l$²7`bc�RUXÄT}O]�oLgiAcSL\X�Y�RU^ALgcsR�OQRU`bcs�
RU`badc
`bVAY©XQPUT}OQRU`bXZV�`bT�ND~�`ba�`nRU~bp/a�XZVoR�O�`bVALde�`bV�RU^DL£N X�NDiA~�OQRU`bXZV
L9¦kND~�`ba�`nRU~bp\RUXÂ�ZiA`beAL¬RU^DL¬a�PUX�cScSX¤moL9P}X�N L�P�OQRU`bXZV���jW�$±$l$²
O�a�^A`�L9moL�chRU^A`bch�Wp}iAcS`bVD�µRU^AL$csR�OQRU`bcsRU`badch`bVAY©X�PUT_OQRU`bXZV_XZY�RU^DL
O�~b~bLd~bL�eA`bcsRSPU`n�Ji�RU`bXZV�`bV§RU^AL�a�iAPSPUL�VoR$N X�NDiA~�OQRU`bXZV�RUX�O�e]´SiAcsR
RU^ALÊcs£O]NDND`bVA�¸NAPUX��JOQ�D`b~�`nRqpÌY©X�P¥LdO�a�^¡��LdVALI~�XWadiAc§O�eDOQNA�
RU`nmoL�~bp-eDi�PU`bVA��RU^ALML9moXZ~bi�RU`bXZVDOQPSp-NDPUX���PULdcSc£XZY0RU^ALµ�$�����$V
`bT-N X�PSR�OQVWR2NAPUX�N L9PSRqp�X�Y|jW�$±$l$²°`bcu`nRUc2adOQNJOQ�D`b~�`nRqp�XZY³`bT-�
ND~b`�a�`nRU~np_~b`bV���`bVA���ZL�VDLM��PUX�iANDc��¢jk�$±$l$²à`bc2O�~bcSX�adX�T-NDi�R�OQ�
RU`bXZVDO�~b~np}L�·_a�`bLdVoR2RU^�PUXZiA�Z^�cUOdm�`bVA�-a�PUXZcScS`bVA�Zc��
� ^AL2NDPUL�~b`bT_`bVDOQPSp�L9¦kN L�PU`bT-LdVoR
PULdcSiA~nRUc|XZY�RU^A`�c:csRUiDe�p�cS^DXd
RU^DOQRIjW�$±$l$²áN L�PUYGX�PUT-c¥� L9RSRUL�P§RU^DO�V¡RSP�O�eA`nRU`�X�VJOQ~�X�VDL9�
N XZ`bVoRdvkRq¢XQ��N�X�`�VoR£O�VAe�iAVD`bYGX�PUT(a9PUXZcScSX¤mZL�P£X�N L9P�OQRUX�PUc¢X�V¬O
cSL9R2XZY)RqpkND`ba¤OQ~)�$��¨ c¢RULdcsR¢NDPUXQ�J~bL�T_c�� � ^AL/L9¦kN L�PU`bT-LdVoR¢PUL9�
cSiA~nRUc)`bVDeA`badOQRUL.RU^DOQR.jk�$±$l$²ÊT}O�pM� L|O£�ZXkXke�adO�VAeA`�eDOQRUL:OQc
O�a�PUX�cScSX¤moL9PuX�N L�P�OQRUXQPuYGX�P$�$�$c��¢jW`bVDa�LµjW�$±$l$²®¢X�PS��c2OQR
RU^AL
��XQRSRUXZT-�¯~bL9moL�~�XZYka�PUX�cScSX¤moL9Pdv�`nR)a¤OQV/��L:LdO�cS`b~npMa�XZTµ�J`bVAL�e

0.9

0.905

0.91

0.915

0.92

0.925

0.93

0.935

0.94

0.945

0.95

0 50 100 150 200

A
ve

ra
ge

 B
es

t F
itn

es
s

Evaluations ( x 100 )

1-Point
2-Point

Uniform
SANUX

k.`b�Zi�PUL-Ëk�$�%mZL�P�O���L�� LdcsRMadi�PSmoL�cMY©X�P��$�$c$u`nRU^geA`nÑ�L9PUL�VWR
a9PUXZcScSX¤moL9P%XZV�r)�«jW� � NAPUX��D~bL�T_c£u`nRU^�T-L�eD`biATåL9ND`�csR�OQcS`�c��

0.89

0.895

0.9

0.905

0.91

0.915

0.92

0.925

0.93

0 50 100 150 200

A
ve

ra
ge

 B
es

t F
itn

es
s

Evaluations ( x 100 )

1-Point
2-Point

Uniform
SANUX

k.`b�Zi�PUL-Èk�$�%mZL�P�O���L�� LdcsRMadi�PSmoL�cMY©X�P��$�$c$u`nRU^geA`nÑ�L9PUL�VWR
a9PUXZcScSX¤moL9P%XZV�r)�«jW� � NAPUX��D~bL�T_c£u`nRU^�^A`b�Z^�L9NJ`bcsR�O�cS`bc��

`bVoRUXÂRU^AL§X�RU^AL�P_Rq¢XÊ~bL9moLd~bc-XZY/OQeJO]NDR�O]RU`�X�V�`bV�a9PUXZcScSX¤mZL�Pd�
�$eAeA`bRU`bXZVDO�~b~npZv�jW�$±$l$² `�cÂeDiDO�~-RUXàRU^AXZcSL¸NAPUX��JOQ�D`b~b`nRqpk�
�JO�cSL�e¬OQ~���X�PU`nRU^DT-c:`bV_RU^AL%cSL�VDcSL%XZY�iAcS`bVA�µNAPUX��JOQ�D`b~b`nRqp�moLda9�
RUX�P-O�VAeÊRU^WiAc�T_OdpÊO�a�R�O�c�RU^DL_��OQcS`�c�Y©X�P�O�VDO�~np�Î�`bVD�¥O�VAe
eALdcS`b�ZVA`bVA�-VAL�àPUL�~�OQRUL�e�O�~b�ZX�PU`nRU^AT-c��

U ?R_�? a ?�@�uZ?Rb
ÕD� wu� Ç2OQ�oL9P��Sx¤ÈZËZyZ���MtuL�eAiDa�`bVA���D`�O�cMO�VAeg`bVAL�·-ad`bL�VDa9p�`bV
RU^AL�cSL�~�L�a9RU`�X�V¸O�~b�ZX�PU`nRU^AT_c���ª«V¸ÕD�|ÕD�¢�%PULdYGLdVAcsRUL�~b~�LÂ��L�e�� ��v
��2 Dh=����A7`-��479/��
	wDF7cK�� DF7�{.07�.0/�5>=�� J g�DF245;/���36:�v)x�e��M�kx��
jJ�kÇ2OQ~�i]´SO-�Sx¤ÈZÈFek���#�.XQNJiA~�OQRU`bXZV����JO�cSL�e�`bVAa9PULdT-LdVoR�O�~A~�LdOQPUV��
`bVA�A� � L�a�^AVA`ba¤OQ~�tuL9N�XQPSRhfh[¥l%�«f2jo�qÈZÉ]�UxdÈ �kv�f¢OQPUVAL��Z`bL¢[¥L�~b�
~bXZV�l$VA`bmZL�PUcS`nRqpZ�
r:�JÇM�JÇ£XkX��oL9P��SxdÈZÈC�o���¢t%L�a�XZT��D`bVDOQRU`bXZV�eA`bcsRSPU`n�Ji�RU`bXZVAcuYGX�P
�ZL�VAL�RU`ba�O�~b�ZX�PU`nRU^AT_c��$ª«V\K���æ�^A`nRU~bL�pI��L�e0�â��v��[DFP 7`-A?C/�5>DF79:
D K��{.47�.�/�5E=��WJ gADF245�/���36:��ov`�ZÈ]�>eHeA�
K��WfhXQPUVDL�v �.��tuXZcSc:OQVDe�z�� �¯r|�HkJO�VA���Sx¤ÈZÈFeW���:�$�¸PULdcSLdOQPUa�^
VAX�RUL�yW�¢YÏOQcsR%NAP�O�a�RU`badO�~0L�mZXZ~biARU`bXZVDOQPSp�RU`bT_L9R�OQ�D~b`bVD��� � Lda�^��
VA`ba¤O�~}tuL9N�XQPSRdv¬KML�NJOQPSRUT-LdVoRÄXZY��%PSRU`bÍDa�`�O�~_ª«VoRUL�~�~b`b�ZL�VAadL�v



l$VA`nmoL�PUcS`nRqp}XZY³w|eA`bVo�DiAPU��^0vDl${-�
r:�|K/Odm�`bc§�Sx¤ÈZË�Èo���Ì�$eDOQNARU`�VA�ÂX�N L9P�OQRUX�P_NAPUX��JOQ�D`b~�`nRU`bL�c-`bV
�ZL�VAL�RU`ba�O�~b�ZX�PU`nRU^AT_c��/ª«VgK��#jWa�^DOQÑ L9P-��Lde�� ��v���2 Dh=���D K /��j.
� 2 -��<7r/��
	�DF7hK ��DF7�{.47�.�/�5E=�� J gADF245�/���3 :�v�Û�ÞQ�qÛZÈk�
{������WKML$ÕoXZVA���Sx¤Èoy�ÉZ��� � 7 �{7`?CJ��H:<58:�D KW/��j.�� . �R?HGh5EDF2 D K
? 	 J ?H:<:�D K �{.07�.0/�5>= �{-A?4B�/�58GH.����H:4/1.436:�� �:^DK � ^ALdcS`bc�v�K/L9�
NJOQPSRUT-LdVoR/XZY£fhXZT-NDi�RUL9PµOQVDeÊfhX�T_T�iAVD`badOQRU`bXZVIjWa�`�L�VAadL�c�v
l$VA`nmoL�PUcS`nRqp}XZY³[¥`ba�^A`b�oO�V�vA�$VDV��%� X�Pd�
{������QKMLhÕoXZVA�AvZ[Ê�Q�����.X�RSRUL9P
O�VAe�æ��Q[Ê�ojWN LdOQPUc£�Sx¤È�ÈoyZ���
l$cS`bVA�%NAPUX��D~bLdT°��LdVAL9P�OQRUX�PUc#RUX$L9¦kND~bX�PUL:RU^DLhL9Ñ Lda9RUc³XZYAL�ND`bcs�
R�O�cS`bc��.ª«V � �kÇ	�O�aU�¥��L�e�� ��v ��2 Dh=��WD KW/��j.�
h/����47r/�� 	�DF7hK��WDF7
�{.47�.�/�5E=�� J g�DF245;/���36:�v � �ZË¤� �FeWÉk�
���dwu�¤w:`b� L�V�vQt��¤z$`bVoRUL�PUeA`bVA�AvQOQVDe�#�¤[¥`ba�^DO�~bL9u`badÎ2�Sx¤È�ÈZÈo���
�
OQP�OQT_L9RUL�P�adXZVoRSPUXZ~h`bVÊL9moXZ~bi�RU`bXZVDOQPSpIOQ~���X�PU`nRU^DT-c�� �������
� 2 ?H79: ��DF7���GHDHJ PR/�5>DF7`?H2�� 	�DF3WB`PR/>?C/�5>DF7 m �1�Z����xh�FeQ�Ux�eDx��
r:�0w|cS^ALd~bT_O�V�v)t��³f¢OQPUiDO�VDO�v³O�VAe\ÕD�)K��³jWa�^DOQÑ L�P}�Sx¤È�ËZÈo���
Ç£`�O�cSL�cu`bV�RU^AL�a9PUXZcScSX¤moL9P$~�O�VAeAcSa¤OQN L��|ª«V ��2 Dh=�� D K�/��j. � 2 -
�<7r/��
	�DF7hK�� DF7 �{.47�.�/�5E= �WJ g�DF245;/���36:�v)xdÞ]�Ux¤Èk�
r:�_w:cS^DL�~bT}OQV3OQVDe ÕD�_K���jWa�^DOQÑ L9P¡�Sx¤È�ÈFek��� �
PUXkeAiDa9�
RU`nmoLÄPULda�XZTµ�J`bVDOQRU`bXZV�O�VAeÐNAPUX�NJO��oO]RU`�VA�àO�VAeÐNAPUL�cSL�PSmk`�VA�
cSa�^DL�T_OQR�O��¥ª«VÄ[Ê���|X�cSL�O�VAeÊK��#æ�^A`nRU~bL�p���LdeAc��â��v �[DFP 7rL
-A?C/�5>DF7j:�D K��{.07`.�/�5>= � J g�DF245�/���3 : � v`��ÈZÈ]� ��x �W�
���hj���kDP�OQcSL�P§�Sx¤ÈZÉoy]OW���ÌjW`�T�iA~�OQRU`bXZV»XZY$�ZL�VAL�RU`ba¬csp�csRULdT-c
�Wp}O�i�RUXZT_OQRU`baueD`b�Z`nR�O�~Da�XZT-NDi�RUL9PUc��.ª��oª«VoRSPUXkeAiDa9RU`bXZV�� � P :4L
/�2 ?CJ 5E?H7��RDFP 247`?CJ�D K��{5EDHJ D<gF5>= ?CJ�� =05E.07�= .0: ��� � eoËFe��>eWÈ�xQ�
���kjJ�CkAP�O�cSL�Pu�Sx¤ÈZÉoyd�����:jW`�T�iA~�OQRU`bXZV�XZY���LdVAL9RU`�a¢csp�csRULdT-c.�Wp
O�i�RUXZT_OQRU`ba�eA`���`bR�OQ~.a�XZT�NDiARUL9PUc��µªSª���w:Ñ L�a�RUcMXZY|~b`bV��ZOQ�ZL�X�P
P�OQRUL�c�XZY2O�e�mZOQVDa�L}iAVDeAL9P�cSL�~�L�a9RU`�X�V0� �{PR:</�2 ?CJ 5�?H7��RDFP 247`?CJ
D K���5>DHJ D gH5E= ?CJ�� =05E.07�=<.4: ��� � eWÈC�]�>eoÈZÈk�
jJ��kDX�PSPUL�csR�O�VAeg[Ê� [¥`nRUa�^DL�~b~h�SxdÈZÈC�o���$tuLd~�OQRU`nmoL/�JiA`b~beA`�VA���
�D~bXka��}ÍARUVALdcScuOQVDe¬RU^DL$�JiA`b~beA`�VA�����D~bXkaU�}^opkN X�RU^ALdcS`bc��
ª«V�K��
æ�^A`nRU~bL�p¥��Lde��â��v �[DFPR7`-A?C/�5EDF79:�D K��{.07�.0/�5>= � J gADF245�/���3 : �o�
K��Wwu�D�$X�~�e�� L9PU���SxdÈZËZÈo��� �{.47�.�/�5E= � J g�DF245;/���36:{5;7�� . ?H2 = ���
� B�/�5;3 5! c?C/�5EDF7"��?H7`-�# ?�= ��587�.%$[. ?H24795;7�g��¬t%LdO�eA`bVA�Av³[¥���
�$eAeA`�cSX�VA��æIL�cS~bL�pZv
���)wu�.�$X�~�e�� L9PU�Av#ÇM�0{�X�PS�ÊO�VAeI{��)KML����Sx¤ÈZË�Èo���_[¥LdcScsp
�ZL�VAL�RU`ba_O�~b�ZXQPU`bRU^AT-c��/[gXQRU`bm�OQRU`bXZV�v#OQVJOQ~bpkcS`�cµOQVDe\ÍAPUcsRµPUL9�
cSiA~nRUc�� 	wDF3 B�Jt.'&%���F:4/1.03 : m � Éo��� eoÈ �]�qÉ ��Þk�
���]zMO]PU`b��O�VAe����]w2�o�$X�~�e�� L9PU���SxdÈZÈZÛo���#r#LdOQPUVA`bVA�%~b`bV��ZOQ�ZLZ�
ª«V �[DFP 7`-A?C/�5>DF7j:�D K��{.07`.�/�5>= �WJ g�DF245;/���36:�(�v`�Feky¤�M�ZyH�k�
���.zMOQPU`n� v k¢�.r)X�� XgO�VAe����.wu�|�$XZ~be�� L�PU�Ä�Sx¤È�ÈZËo��� � ^DL
a�XZT-NJO�a9R.��LdVAL9RU`�a¢OQ~���X�PU`nRU^DT��)ª«V ��2 Dh=��{D K�/��j. �*)�)*+ �������
	�DF7hK�.42<.47�=<. DF7,��GHDHJ PR/�5>DF7`?H2�� 	wDF3 B`Pj/>?C/�5EDF7Dv�ÉH� �]�qÉC�ZËW�
ÕD� z�� z$XZ~b~GOQVDeÊ�Sx¤Èoy�ÉZ��� �{-A?4B�/>?C/�5>DF75;7�- ?C/�P 2 ?CJ ?H7`- �{20L
/�5 .w=05E?CJ����F:4/1.03 :��:l$VA`nmoL�PUcS`nRqp�XZY#[g`ba�^A`��ZO�V �:PUL�cSc��
ÇM��ÕoiA~�csRSPUX�T �Sx¤ÈZÈ�Éo��� æ�^DOQRI^JO�moL¸poXZi�eAXZVAL�YGX�PÊT-L

~�OQRUL�~bp0/ÄO�eDOQNARU`bVA�ÌX�N L9P�OQRUX�P¥NAPUX��JOQ�D`b~�`nRU`bL�c¥`bV�OÒcsRULdO�e�pk�
csR�OQRUL£�ZL�VDL9RU`ba2O�~b�ZX�PU`nRU^AT��#ª«V�r:�oÕD�Zw|cS^AL�~bT}O�V¬��Lde��â��v ��2 Dh=��
D K�/��j.%1F/�� �<7r/��
	�DF7hK�� DF7 �{.47�.�/�5E= �WJ g�DF245;/���36:�v�Ë�x��qËoyW�
ÕD��r)L�mZLdVA`ba��(�Sx¤ÈZÈ�Éo��� [¥L�R�O]�J`nRUc��Ð�ZL�VAL�RU`ba»LdVAeAXZ�ZL�VAXZiAc
a9PUXZcScSX¤moL9P-a�XZVoRSPUXZ~��gª«V»r:�.ÕD�³w|cS^ALd~bT_O�VÌ��L�e�� ��v ��2 D"= ��D K
/��j.%1F/�� �<7r/��
	�DF7hK�� DF7 �{.47�.�/�5E= �WJ g�DF245;/���36:�v�ËZË¤�qÈZÉk�
ÕD�WtuLdL�e�vktµ� � XkXZTµ�Dc�vAOQVDe}±��o���WÇ2OQPSPU`ba�Ld~b~b`0�Sx¤ÈZÛoyZ���|jW`bT-�
iA~�OQRU`bXZVµXZY��J`bXZ~bXZ��`�adO�~oL9moXZ~bi�RU`bXZV�O�VAe�T_O�a�^D`bVAL|~�LdOQPUVA`bVA�A�0ª��
jWLd~bL�a�RU`bXZV�XZY�cSL�~bYG��PUL9NAPUXkeAiDa�`bVA��VkiAT-L�PU`ba£N�O]RSRUL�PUVAc:�kp�eDOQR�O
NAPUXka�LdcScS`bVA�µT_O�a�^D`bVAL�c�vWL�Ñ L�a�RUc|X�Y�^AL9PULdeA`nR�OQPSp�a�XZVoRSPUXZ~�vWT�i��
R�OQRU`bXZV�RqpkN LµO�VAe�a�PUX�cScS`�VA�A���RDFP 247`?CJ�D K � �j.<DF2 .�/�5>= ?CJ���5EDHJ L
D g2� �"3 � ��x¤È¤� �Fe��k�
t���jJ�JtuXZcSL�VW� L9PU�¥�Sx¤È�ÛoyZ�����r5836PRJ ?C/�5>DF7fD K ��.07�.0/�5>=��{D<B`PjL
J ?C/�5>DF79:54 5�/����5>Dh= �j.0365E= ?CJ ��2 D<B9.020/�5>.4:��#�:^DK � ^ALdcS`bc�vol$VA`b�
moL9PUcS`nRqp¬X�Y.[¥`ba�^D`b�oOQV0vA�$VAV��%� X�Pd�
ÕD�hK��2jWa�^DOQÑ L9P¬O�VAeÌ���h[¥X�PU`bcS^A`bT}O¸�Sx¤ÈZËoy����¡�$VÒO�eDOQNA�
RU`nmoL�a9PUXZcScSX¤mZL�P_eA`�csRSPU`n�Di�RU`bXZV�T-L�a�^DO�VA`bcSTÚYGX�P_�ZL�VAL�RU`ba�OQ~b�
�ZX�PU`nRU^AT-c��|ª«V§ÕD�DÕD�0�%PUL�Y©L�VAcsRULd~b~bL-��L�e0�â��v ��2 Dh=�� D K /��j. �A7`-
�<7r/��
	�DF7hK�� DF7 �{.47�.�/�5E= �WJ g�DF245;/���36:�v �ZÛ¤�>eoÞ��
ÕD�kwu�DjWT_`nRU^�OQVDe � �Jf%��kJX��oOQPSRqp§�Sx¤ÈZÈZÛo���.t%L�a�XZT��D`bVDOQRU`bXZV
csRSP�OQRUL���p\O�eDOQNAR�OQRU`bXZV\mk`GO�L�mZXZ~biARU`bXZV\X�Yh�ZLdVAL-~b`�V���O��ZL���ª«V
��2 Dh=�� D K@/��j. � 2 - ������� �<7r/�� 	wDF7cK�� DF7���GFDHJQPR/�5>DF7r?H2��
	�DF3WB`PR/>?C/�5>DF7DvJËC�ZÛ]�qË �kx��
æ��£[Ä�%jWN LdOQPUc�O�VAeà{-�£���2KML\ÕoXZVA�®�Sx¤ÈZÈkx]����¶%VÌRU^DL
m�`nPSRUiALdcµXZYhN�O]P�O�T_L9RUL9PU`�Î�L�eIiAVD`bYGX�PUT5a�PUX�cScSX¤moL9Pd��ª«V ��2 Dh=��
(j/�� �47r/�� 	wDF7hK � DF7 �{.07`.�/�5>= � J g�DF245�/���3 :�v`� ��ÞQ�M� �ZÛk�
æ��|[Ê�2jWN LdOQPUc¥�Sx¤ÈZÈZÉZ���à�$eDOQNARU`�VA�Ia�PUX�cScSX¤moL9P¬`bV�L9moXZ~bi��
RU`bXZVDOQPSp}O�~b�ZXQPU`bRU^AT-c��³ª«V � 2<Dh= �WD KW/��j.�(j/���� 7j79P9?CJ0��GFDHJQPRL
/�5>DF7r?H2�����2 D<gF2 ?H3636587 g 	wDF7hK0.02 .07`=<.9v �ZÛoyd� �ZËFeA�
æ���[Ê�0jWN LdOQPUc��SxdÈZÈoyZ���%tuLda�XZTµ�D`�VDOQRU`bXZV�NJOQP�OQT_L9RUL�PUc��uª«V
� �]Ç	�O�aU� vQK��]ÇM�"kDXZ�ZL�~�vZO�VAe%�#�][¥`ba�^DO�~bL9u`�a�Îu��LdeAc��â��v76 ?H7`-CL
i<DhD � D K8��GHDHJ PR/�5>DF7`?H2�� 	�DF3WB`PR/>?C/�5>DF7DvÄw%x�� �k��x9�¯wux�� �k�bxZx��
¶u¦�Y©X�PUe�l$VA`nmoL9PUcS`bRqp��:PUL�cSc��
���#jop�cs¢L9PUeDOg�Sx¤È�ËZÈo���/l$VA`�YGX�PUT�a9PUXZcScSX¤moL9P/`bVg�ZL�VDL9RU`ba�OQ~b�
�ZX�PU`nRU^AT-c��.ª«V�ÕD��K��DjWa�^JO]Ñ�L9P/��Lde��â��v ��2 Dh=��WD KW/��j. � 2 - �479/��
	�DF7hK�� DF7 �{.47�.�/�5E= �WJ g�DF245;/���36:�v`�]�qÈW�
��� � iDcSX�VgO�VAe%�³�JtuXZcSc��SxdÈZÈZËo���¢�$eJO]NDRU`bVA�-X�N L�P�OQRUXQP$cSL9RS�
RU`bVA�Zc)`bV���LdVAL9RU`�a:O�~b�ZX�PU`nRU^AT_c��9��GFDHJ Pj/�5EDF7`?H2���	wDF3 B`Pj/>?C/�5EDF7
: �1�o���bx¤Û�x9�Ux¤Ë"eA�
{�� �:L���OQPU`�O¥O�VAeÒf%�|fh~�OQPUaU���Sx¤ÈZÈZÈo���ÂÇ£`�O�cSL�c�`bVoRSPUXkeAiDa�L�e
�Wp�RU^AL�O�eDOQNARU`nmoLµPUL�adX�T��D`bVDOQRU`bXZV§X�N L�P�O]RUX�PUc��%ª«V � � Ç	�OQa��
��L�e0�â��v���2 Dh=��%D KN/��j. �*)�)�) �{.47�.�/�5E=I?H7`-���GFDHJQPR/�5>DF7r?H2��
	�DF3WB`PR/>?C/�5>DF7 	wDF7cK�.02 .47�=<.9vuÛoyQÞQ�qÛoy�yW��jkO�V�[gOQRUL�XAv%fh���
[¥X�PU�oO�V�{µO�iAYGT}O�VAV��
� ��æ�^A`nRULuOQVDe6k¢��¶uNDNJO�a�^AL�P%�Sx¤È�ÈFek���.�$eDOQNARU`nmoL£a�PUX�cScSX¤moL9P
iAcS`bVD�\O�i�RUXZT_OQR�O��\ª«V<;��³K/Odm�`beAX�Pdv:z��|jka�^o¢LdYGLd~£O�VAe»t��
[=�O�VAVAL�P$��LdeAc��â��v ��2 D"= �WD K�/��j. � 2 -��479/�� 	�DF7hK��WDF7 ��?H2 ?CJ8Jt.0J
��2 DAi�J .43>� DHJ Gh5;7�g K<2 DF3?- ?C/�PR2 .�v��H�ZÈ]�M� �ZËW�


