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� ^AL'�ZL�VAL�RU`ba�O�~b�ZX�PU`nRU^AT �q�$����`�c(O�T-L�R�O]�
^ALdi�PU`bcsRU`ba�cSLdOQPUa�^�O�~b�ZX�PU`nRU^AT<�JO�cSL�e�XZV�T_L�a�^��
O�VA`bcST_c�OQ�DcsRSP�O�a9RULde�YGPUX�T�N�XQNJiA~�OQRU`bXZV��ZL�VAL�RS�
`badc�� � ^�PUXZiA�Z^�RU^AL$N X�NDiA~GO]RU`�X�V0vWRU^DL��$�¡`bT-ND~b`ba��
`nRU~bp-T}O�`bVoR�O�`bVAchRU^ALMcsR�OQRU`bcsRU`badc¢OQ� XZi�R£RU^AL$cSL¤OQPUa�^
csNJO�adL�� � ^A`�c�`bT-ND~b`bad`nR}csR�OQRU`bcsRU`ba�c�adO�V���L¥iDcSL�e
L�¦WNJ~b`ba�`bRU~np§RUX§LdVA^DO�VAadL��$��¨ c�N L9PUY©X�PUT_O�VAadL���ª«V
RU^A`�c¬N�O]N�L9Pdv/O�VAL9­5csR�OQRU`bcsRU`badcs���JO�cSL�e®O�eDOQNARU`nmoL
VAXZV��¯iDVA`bY©XQPUT°a�PUXZcScSXdmoL�P¢�qjW�$±$l$²���`bc)NAPUX�N XZcSL�e0�
jW�$±$l$²�iAcSLdc.RU^DL£csR�OQRU`bcsRU`badc³`�VAYGX�PUT}O]RU`�X�V�XZYDRU^AL
O�~b~bLd~bL2eA`bcsRSPU`b�Di�RU`bXZV_`bV_L¤OQa�^}~bXka�iDc
RUX�OQeJO]NDRU`nmoL�~np
O�e]´SiAcsRµRU^AL-a�PUX�cScSX¤moL9P�XQN�L9P�OQRU`bXZV��¬¶$i�PµNAPUL�~b`�T��
`bVJO]PSp\L�¦WN�L9PU`bT_L�VoR�PUL�cSiA~nRUcµcS^AX¤­!RU^DOQR-jW�$±$l$²
`bc_T_X�PUL§L9·_a�`bLdVoR-RU^JOQV¸RSP�O�eA`nRU`�X�VJOQ~2XZVAL���N XZ`bVoRdv
Rq­¢X���N XZ`bVoRdv�OQVDe¹iAVA`�YGX�PUTºa�PUXZcScSXdmoL�P�O�a9PUXZcSc»O
PUL�NAPUL�cSLdVoR�OQRU`nmoLMcSL�RuXZY³cSLdOQPUa�^�NAPUX��D~�L�T-c��
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Ç2O�cSL�e�X�V-z$X�~�~�O�VAe�¨ c³cS`�T�ND~bL¢�ZL�VAL�RU`ba£OQ~���X�PU`nRU^DT(��z$XZ~b~�O�VAe0v
x¤ÈoyQÉo��v¤RU^DL9PUL:^DOdmZL:� LdL�V�T_O�VopMm�OQPU`�OQRU`bXZVAc0eAL9moL�~�XQN�L�eM� X�RU^
`bV��$��¨ c}T_O�a9PUX��¯csRSPUiAa�RUi�PUL¥O�VAe�T-`ba�PUX��¯csRSPUiAa9RUi�PULÊ�q�$XZ~be��
� L�PU��v§x¤ÈZËZÈZ��� � ^ALÌ�$��v�O�cÂXZVAL���`bVAe�X�Y¬�ZL�VAL�P�O]RU`�X�VA�
�JO�cSL�e�L�mZXZ~biARU`bXZVDOQPSp�O�~b�ZX�PU`nRU^AT�v�T_O�`bVWR�OQ`�VAc2O�N X�NDiA~�OQRU`bXZV
XZY£adO�VAeA`beJO]RUL_cSXZ~biARU`bXZVAc/RUX¥O��Z`nmoLdV\NDPUXQ�J~bL�T�v#­u^A`ba�^ÄOQPUL
L9mZO�~biDOQRUL�e�O�a�a�X�PUeA`�VA�µRUX�O�NAPUX��D~�L�T��¯csN�L�a�`bÍDauÍARUVAL�cSc£YGiAVDa9�
RU`bXZV¸RU^JO]R¬eAL�ÍDVALdc�RU^AL¥L�VWmk`bPUX�VDT-L�VWR�YGX�P¬RU^AL¥L9moXZ~bi�RU`�X�V0�
±$L9­�N X�NDiA~�OQRU`bXZV�`bc�a9PUL¤O]RULde¸�Wp�cSL�~�L�a9RU`�VA�ÂPUL�~�OQRU`nmoL�~bpÄÍAR
T-LdTµ� L�PUchXZY RU^AL%NDPUL�cSL�VWRhN X�NDiD~�OQRU`bXZV}O�VAe�L9moXZ~nm�`bVA�µRU^AL�T
RU^�PUXZiA�Z^¬PUL�a�XZT��D`bVDOQRU`bXZV¬O�VAe¬T�i�R�OQRU`bXZV�X�N L�P�O]RU`�X�VDc�� � ^DL
N L�PUYGX�PUT_O�VAadL�XZY%OI�$�3`bc�eAL�N L�VAeDL�VoR-XZV»T_O�VopÄY©O�a�RUXQPUc�v
cSiAa�^�O�c)L�VDa�XkeA`bVA�ucSa�^DL�T-LZvQcSL�~bLda9RU`bXZV/T_L9RU^AXke�v]N X�NDiA~�OQRU`bXZV
cS`bÎdL�v£a�PUX�cScSX¤moL9P�OQVDe¸T�i�R�OQRU`bXZV¸X�N L9P�OQRUX�PUc�� � ^A`bc}T_OQ�oL�c
`nR�eD`n·_a�iA~nRdv
`bY£VAX�R�`bT-N XZcScS`n�D~bLZv#RUX¥a�^AXkXZcSL�X�N L9P�OQRUX�PUc�YGX�P
X�NARU`bT}OQ~|N�L9PUY©XQPUT}O�VAa�LZ�¥ª«VÊRU^A`bc�N�O]N�L9P�­¢L�Y©Xka�iAc�XZVÊRU^DL
PUL�adXZTµ�D`bVJO]RU`�X�V¬X�N L�P�OQRUXQPd�

ª«V-T_XZcsR¢�$�$c�voPULda�XZTµ�D`�VDOQRU`bXZV�X�N L�P�O]RUX�PUc|O�a�R:XZV_OMNJO�`nP|X�Y
`bVAeD`nm�`beAiDO�~bc��ÏNJOQPULdVoRUc��uRUX�NAPUXkeAiAa�L-VAL9­ÐX�Ñ csNDPU`bVA�Zc-��a�^A`b~b�
e�PULdV����Wp�L9¦�a�^JOQVD��`�VA�ÂcSL��ZT_L�VoRUc_XZY$RU^AL�NJOQPUL�VoRUc�¨|adX�PSPUL9�
csN XZVAeA`�VA�Ä�ZL�VAL�RU`ba¥T}O]RUL�PU`�O�~�� � ^A`�c}��`bVAeÒXZY/Rq­¢X���NJOQPUL�VoR
PUL�adXZTµ�D`bVJO]RU`�X�V-`bc:iAcSiDO�~b~bp�adO�~b~�L�egÓUa9PUXZcScSX¤moL9PUÔA� � ^ALuVWiAT��
� L�P
XZYJa9PUXZcScSX¤moL9P
N XZ`bVoRUc
eAL9RUL�PUT-`bVDL�c³^AX¤­¸T}OQVWp�cSL��ZT-LdVoRUc
OQPUL/L�¦ka�^DO�VA�ZL�e�� � P�O�eA`nRU`bXZVDO�~b~bpZvJ�$�$c2^DOdmoL�iAcSL�e�RU^AL�X�VDL9�
N XZ`bVoR�a9PUXZcScSX¤moL9P§OQVDeÒRq­¢X���N XZ`bVWR�a9PUXZcScSX¤mZL�P¬RU^JO]R�a�^AXkXZcSL
a9PUXZcScS`bVD�ÊN XZ`bVoRUc�iAVA`�YGX�PUT-~bp¸OQR�P�OQVDeAXZT�� � ^A`bc�eALda�`bcS`�X�V
­£O�c�cSi�NAN X�PSRULdeIRU^ALdX�PUL9RU`ba¤OQ~�~npÂOQVDeÄL�T-ND`nPU`ba¤OQ~�~np¥�WpIL¤OQPU~np
­¢X�PS��XZY_�$��¨ c�PULdcSLdOQPUa�^DL9PUcÊ��KMLÂÕoXZVA�Av_x¤ÈoyQÉkÖ�z$XZ~b~�O�VAe0v
x¤ÈoyQÉo���×z$X¤­¢L9moL9Pdv-PULdcSLdOQPUa�^AL�PUcI^DOdmoL�O�~bcSX®adOQPSPU`bLdeÐXZi�R
L9¦kN L�PU`bT-LdVoRUc-­u`nRU^�T�iD~nRU`n��N XZ`bVoR}a9PUXZcScSX¤moL9Pd�gRU^DL§Ø ��N XZ`bVWR
a9PUXZcScSX¤moL9P%��w|cS^AL�~bT}O�V�vDx¤ÈZË�Èo�)­u^A`�a�^�L�¦ka�^DO�VA�ZL�c:Ø$Ù¬x£cSLd�Q�
T-LdVoRUc-XZY$RU^AL�Rq­¢XÂNJOQPUL�VoRUc}O�VAe�RU^DL�iAVA`�YGX�PUTÚa�PUX�cScSX¤moL9P
��tuLdL�e�v � XkXZTµ�Jc/O�VAe\Ç2OQPSPU`badL�~b~b`¯v.x¤È�ÛoyWÖ
jop�cs­¢L9PUeDO�v|x¤È�ËZÈo�
­u^A`ba�^_�ZL�VAL�P�O]RULdc|XQÑ�csNAPU`bVA�Zc:�kp�cs­£OQNAND`�VA�µLdO�a�^-�D`nR|XZY�RU^DL
NJOQPUL�VWRUc/­u`nRU^ÂO�ÍA¦�L�eÂNAPUX��JOQ�D`b~b`nRqp_ÜÄÝ!Þ�ß�Ék��joN�LdOQPUc�O�VAe
KML\ÕoXZVA�à�SxdÈZÈ�x]�-NDPUXQN�X�cSLdeÌRU^DOQR¬RU^AL\cs­£OQNAND`bVA�»NDPUXQ��O]�
�D`b~�`nRqpIiAVAeDL9P-iAVA`bY©X�PUTáa9PUXZcScSX¤mZL�P-a�XZiA~�eÊ��L�ÍA¦�L�eÄRUX¥mZOQ~b�
iALdc£X�RU^AL9P£RU^DO�V�Þ��âÉW�:tuL�adL�VoRU~bpZvkPULdcSLdOQPUa�^DL9PUc£^JO�moL/OQNANJ~b`bL�e
O�eDOQNAR�OQRU`bXZV°RUL�a�^AVA`�ãWiALdcgRUXÌPUL�a�XZT��D`bVDOQRU`bXZV°RUXÌLdVA^DO�VAadL
�$��¨ chadOQNJOQ�D`b~b`bRU`bL�c|O�VAe}^DOdmoL%T}OQeDL2RU^DL%O�eDOQNAR�OQRU`bXZV}XZY PUL9�
a�XZT��D`bVDOQRU`bXZV}XQN�L9P�OQRUX�PUc¢OQVDe�ä]XQP¢RU^ALd`nP|NJOQP�O�T-L�RUL9PUchXZVAL$X�Y
RU^AL�T-XZcsR2NAPUXZT-`bcS`�VA��PUL�cSL¤OQPUa�^§OQPULdO�c2`bV¥�$�$c��
�$c#OucSLdOQPUa�^�O�~b�ZX�PU`nRU^AT���OQcSLdeµXZV�T_L�a�^DO�VA`bcST-c#OQ�DcsRSP�O�a9RULde
YGPUX�TÐN�XQNJiA~�OQRU`bXZV-��LdVAL9RU`�a�c�vZRU^DL$�$�Ì`�T�ND~b`�a�`nRU~npµT_O�`bVoR�O�`bVDc
RU^AL}csR�OQRU`bcsRU`�a�c�O]��X�iAR�RU^AL}cSLdOQPUa�^ÄcsNJO�a�L}m�`�O�RU^AL}N X�NDiA~�OQ�
RU`bXZV��MªqR/iAcSLdc$RU^AL�cSL�~�L�a9RU`�X�V0v a9PUXZcScSX¤moL9PµO�VAegT�i�R�OQRU`bXZV§RUX
L9¦kND~�`ba�`nRU~bp}L�¦WRSP�O�a�R2RU^AL�`bT�ND~�`ba�`nR2csR�OQRU`bcsRU`badc2YGPUXZTåRU^DL�N X�NA�
iA~�OQRU`bXZVÊRUXgPULdO�a�^ÄRU^AL¬VDL9¦kR�cSL�R�XZY2N�X�`�VoRUc�`�VÊRU^DL¬cSLdOQPUa�^
csNJO�a�LZ� � ^A`bc�`bT�NJ~b`ba�`bRµcsR�O]RU`�csRU`ba�c�adO�VÄ� L�iAcSLde»L9¦kND~b`bad`nRU~np
RUXgL�VA^JOQVDa�L§�$��¨ c�N L�PUYGX�PUT}OQVDa�L��\ª«VÊRU^A`bc�N�O]N�L9PdvhO§VDL9­
csR�OQRU`bcsRU`badcs���JO�cSL�eIO�eDOQNARU`nmoL_VAXZV��¯iAVA`bY©X�PUT7a�PUX�cScSX¤moL9P�XQN�L9PS�
OQRUX�Pdv³adO�~b~bLdeÄjW�$±$l$²�v)`bc/NDPUXQN�X�cSLde��§jk�$±$l$²(L9¦kND~b`bad`nRU~np
iAcSLdc_RU^DL§csR�OQRU`bcsRU`badc_`�VAYGX�PUT}O]RU`�X�V¸XZYMRU^AL§eD`bcsRSPU`n�Di�RU`�X�V�X�Y
O�~b~bLd~bL�c|`bV}L¤O�a�^��ZL�VAL$~bXkadiAchX¤mZL�PhRU^DL%N X�NDiA~�OQRU`bXZV_RUX�O�eDOQNA�
RU`nmoL�~bpg�ZiA`�eAL-RU^AL_NAPUXka�L�cSc�XZY£a9PUXZcScSX¤moL9Pd��æÌ`bRU^ÄjW�$±$l$²�v
RU^AL_NAPUX��JOQ�D`b~b`bRqp\XZY£cs­£OQNAND`�VA�¥O�~b~�L�~bLdc�XZY¢RU^AL_NJOQPULdVoRUc�YGX�P



LdO�a�^�~bXkadiAc-`bc-eAL�PU`nmoL�e¸Y�PUXZTáRU^DL�eD`bcsRSPU`n�Di�RU`�X�V�XZYMOQ~�~bL�~bLdc
`bV¸RU^DOQR}~bXka�iDc_X¤moL9P}RU^AL�N X�NDiA~GO]RU`�X�VÒOQVDe¸RU^WiAc�`bc}O�eDOQNA�
RU`nmoL�~bp�O�e]´siDcsRUL�e�­u`nRU^µRU^AL|NAPUXZ��PUL�cSc
XZY�RU^ALu�$���¤ª«V�RU^ALhPUL�csR
XZY³RU^A`�c2NJOQN L9PdvJ­¢L�ÍAPUcsR%�APU`bL��Ap¬PUL9m�`bL�­àNDPUL9m�`bXZiAcuPUL�~bL�m�O�VoR
­¢X�PS� v�RU^ALdVgeALdcSa9PU`n��L_jW�$±$l$²!`bV\eAL9R�O�`b~�v ÍDVJOQ~�~np�NAPULdcSL�VoR
XZi�P:L9¦kN L�PU`bT-LdVoR.csRUiAeApµRU^JO]R:a�XZT�N�O]PULdc|jW�$±$l$²�X¤moL9P
RSP�OQ�
eA`nRU`�X�VJOQ~�XZVAL���N XZ`bVoRdv�Rq­¢X���N XZ`bVoR\O�VAe¡iAVA`bY©X�PUT a�PUX�cScSX¤moL9P
�JO�cSL�e�XZV§O�PUL9NAPULdcSL�VoR�OQRU`nmoL/cSL9R%XZY)RULdcsR2NAPUX��D~bL�T_c��
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� ^ALÊN�L9PUY©XQPUT}O�VAa�LÄXZY_Oà�$�ÚcS`���VD`nÍDadO�VoRU~bpàeAL�N L�VAeDcgXZV
RU^ALÊX�N L�P�O]RUX�PUcgO�VAe®PULd~bL9mZOQVWR�NJOQP�O�T-L�RUL9PUc¥iAcSL�e��5z$X¤­2�
L9moL�Pdv.a�^AXkXZcS`bVA�§RU^AL}PU`b�Z^oR_�$�åX�N L9P�OQRUX�PUc�O�VAe�O]NDNAPUX�NAPU`n�
OQRUL�NJOQP�OQT_L9RUL�PUcM`�c�O¬eA`b·-adiA~nR/R�O�cs� � � P�O�eA`nRU`bXZVDO�~b~npov RU^AL�p
OQPUL�eAL9RUL�PUT-`bVDL�e¬�Wp¬L�¦WN�L9PU`bLdVAa�L/X�P2NDPU`bT_OQPSp�L�¦WN�L9PU`bT_L�VoRUc
YGPUX�T O�NJOQPSRU`badiA~�OQPgeAXZT_O�`bV°`bV�OQeAm�O�VAa�L�OQVDe¡RU^ALdV�OQPUL
ÍA¦�L�e�eAi�PU`�VA��RU^ALMPUiAVAVA`bVD��XZY)RU^AL��$��� � ^A`�c¢��`bVAe¬XZY³a�XZV��
csR�O�VoR�N�O]P�O�T_L9RUL9P�cSL�RSRU`bVA�¥OQNANAPUXoO�a�^Ä`�c�RU`�T-L9�¯adXZVAcSiAT-`�VA�Av
adO�V�~bL¤OQeÌRUXÄcSiA�A�¯X�NARU`bT_O�~$N�L9PUY©XQPUT}O�VAa�L¥­u^ALdVÒN�O]P�O�T_L9�
RUL9PUc_O]PUL�`bVDOQNANAPUX�NAPU`�OQRULd~npÊcSL9Rd�»�$VAeÄ­u^DOQR-`�c�­¢X�PUcSL�~b`bLdc
`bV¥RU^AL�VDOQRUi�PUL�RU^DOQR$RU^DL�XQNDRU`bT_O�~)NJOQP�O�T-L�RUL9P$m�O�~biDL�cMT_Odp
m�OQPSpÄ­u`bRU^�RU^AL�L�moX�~�i�RU`bXZV»NAPUXka�LdcSc_XZYµ�$�$c��Ìz$L�VAadL�v¢PUL9�
cSLdOQPUa�^AL9PUcÂ^JO�moL�OQNAND~b`bLde�T_O�Vop�O�eDOQNAR�OQRU`bXZV�RUL�a�^AVA`�ãWiALdc
`bVoRUXÂ�$�$cµRUX§LdVA^DO�VAadL_RU^DL�`nPµN�L9PUY©XQPUT}O�VAa�L¥��w|`n� L�V0v³z$`bVA�
RUL9PUeD`bVA��OQVDe\[¥`�a�^DO�~bL�­u`ba�ÎZv
x¤ÈZÈ�Èo����Ç2O�cSL�eÂXZVgRU^AL-T-L�a�^��
O�VA`bcST�XZY:a�^DO�VA�ZL�v)O�eDOQNAR�OQRU`bXZVg`�VI�$�$cMa¤OQVg��L�ad~�O�cScS`nÍDL�e
`bVoRUX�RU^�PULdL-a¤O]RULd�ZXQPU`�L�c���-�.0/1.0243658795;:</�5>=@?A-A?4B�/>?C/�5EDF7�­u^AL�PUL
RU^AL§m�O�~biAL§XZY/OIcsRSP�OQRULd�Qp�NJOQP�O�T-L9RUL�P}`�c�O�~nRUL9PULde�O�ada�X�PUe��
`bVA�ÒRUXÌcSXZT-L»eAL9RUL�PUT-`bVA`�csRU`baÂPUiA~�L�v�?A-A?4B�/�58GH.I?A-A?4B�/>?C/�5EDF7
­u^AL�PUL¢RU^AL�PUL¢`�c.cSXZT-L2YGX�PUTÐXZYJYGLdL�e��JO�a���`�VAYGX�PUT}O]RU`�X�V�Y�PUXZT
RU^AL�cSLdOQPUa�^�NAPUXka�LdcSc-RU^DOQR_`bc_iAcSL�e�RUXIeA`nPUL�a�R-RU^AL�a�^DO�VA�ZL
XZYhO¬csRSP�OQRUL���p§NJOQP�O�T-L9RUL�Pdv)O�VAe
:�.�J K4LM?A-A?4B�/�5;GF.�?A-A?4B�/>?C/�5EDF7
­u^AL�PUL§RU^AL§NJOQP�O�T-L�RUL9P�RUXÊ� LgO�eDOQNARUL�eÒ`�c}LdVAa�XkeALdeÒ`�VoRUX
RU^AL�a�^�PUXZT-XZcSXZT-L�cÊOQVDeÐiAVAeDL9PU�ZXkL�cI�ZL�VAL�RU`ba»X�N L�P�O]RU`�X�VDc
��^ALdVAa�LZvDO�~bcSX-adO�~b~�L�eN=<DHLO.0GFDHJQPR/�5>DF7k���
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jW`bVDa�L�a9PUXZcScSX¤moL9P�`bc_XZVAL§XZY%RU^AL�NAPU`bT}O]PSp»�ZL�VAL�RU`ba�X�N L9P�OQ�
RU`bXZVAc}`�V��$�$c�vuO�eDOQNAR�OQRU`bXZVÒ`bV�a9PUXZcScSX¤mZL�P¬X�N L�P�O]RUX�PUc}^JOQc
~bXZVA�¥� LdL�VÄcsRUiAeD`bL�e»O�VAeÄRU^AL9PUL¬^DOdmZL�� L�LdVÄT_O�VopIPULdcSiA~nRUc
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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
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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�� �$V5L9¦AO�T�ND~bL!X�N L9P�OQRU`bXZV5X�Y»RU^AL!iAVD`bYGX�PUT
a9PUXZcScSX¤moL9Pu­u^AL9PUL£Ü�ÝÌÞ�ßâÉk�
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O�VAe@�#"Qvk­¢L%ÍAPUcsR£��LdVAL9P�OQRULMOµT_O�cs�_�D`nR|�kp_�D`nRh�Wp �D`nNAND`�VA�
OµadXZ`bV}iAVo�J`�O�cSL�eA~npov�`�� LZ�nv���LdVAL9P�OQRU`bVD��Þ�X�P/xu­u`nRU^¬OQV�L¤ãoiJOQ~
NAPUX��JOQ�D`b~�`nRqpµÜ�ÝàÞ�ß�Ék� � ^AL��ZLdVAL9P�OQRUL�e�T}OQcs��`bc2RU^ALdV�iAcSL�e
RUX��ZiA`beALµRU^AL�a9PUXZcScSX¤mZL�P$�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
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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
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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�
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~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
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`nRqp}Ü�
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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�~
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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� � � �
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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
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