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Î F1P^F$LMXZY�Ï�yi|\R\JjXeLMVWN4[�Ð Î Ï [*Ñ�F1N�bWyiHKLMF9LMVWF�P^H�LjbWJ*HKyQF1h\RayebWLMXiR\P
GWJjRcY$F�[j[)H\P^]ON4HKXiPaL*HKXiP4H�GIRaGWbWyZH�LjXeRaP4RKSrGIR\LMF�PaLjXiH\yI[MR\yibcLMXiR\PI[
LMR!HÁ|\Xih\F�PUGWJjR\ÒWyiF1N!frÓ7VWXZY*V´H\JMF�F1h�HKyib^HKLMF�]¶Ò~lUHnG^JMRaÒWyeF�N�Ô
[MGIFpY$XeÕIY�ÕWLMP^F�[j[�SÖbWP^Y$LMXiR\PºxÁ×"VWXZ[�GIRaGWbWyZH�LjXeRaP´XZ[�F�h\RayehaF�]UÒ~l
J*HKP^]cRaNOyel�[MF1yiF�Y�LjXeP^|�JjF1yZH�LjXehaF1yil�Õ^L5NOF1N�ÒIF�Jj[±H\P^]UGÃF1JMSÖR\JjN�Ô
XiPW| |aF1PWF1LMXZY9RaGIF�JjHKLMXiR\P^[�f¡F�[MGIFpY$XZHKyiyel±JjF�Y$RaN(ÒWXiP^HKLMXiR\P�HKPI]�N(bcÔ
LjHKLMXiR\Pºf R\P§LjVWF1NØLjR©|\F�PWF1J*H�LjFUHµPWF�ÓÙGIRaGWbWyZH�LjXeRaPÚÐ Î Rayi]~Ô
ÒÃF1Jj|ÛtpÜ\ÝaÜaÑ�xßÞ§XkLjVÛLMVWFàGWJjR\|aJMFp[M[�RKS�LMVWF Î Ï(f7LMV^F«H¡haF1JMÔ
HK|aF�ÕWLjPWF�[j[�RKS�LjVWFÁGIRaGWbWyZH�LMXiR\PáXePIY$JjF�H\[MF�[�f0VWR\GÃF$SÖb^yeyilµyiF�H\]cÔ
XiPW|4LMROLjVWF(RaGcLMXiN4HKy6[MR\yibcLjXeRaP6Ð�[*Ñ�LMR�LMVWF�G^JMRaÒWyeF�N!x�×"VWJjR\b^|\V
LMV^F�GIRaGWbWyZH�LMXiR\P Î Ï [�XeNOGWyiXiY1XkLjyelÁN4HKXiPQLjHKXiP![mL*H�LMXZ[BLMXZY1[7HKÒÃR\bWL
LMV^Fn[BFpHKJ*Y*Và[BG^HaY$Fax!×"VIH�L(XZ[1f�b^[MF$SÖbWy�N4H�LjF1JjXiH\yi[�RaJ�ÒWbWXiyZ]cXeP^|
ÒWyiRcY*�~[±GÃF1JjNOF�HKLMF4XiP¶LjVWF4GÃR\GWbWyZH�LjXeRaPºx Î Ï�[�b^[MFOLMVWF�[MF1yiF�Y$Ô
LMXiR\P6fâY1JMRQ[M[MR�h\F�J�HKP^]DN(bcL*H�LjXeRaPUR\GÃF1J*H�LjR\J*[7LMR�F$ãcGWyiXiY1XkLjyel�F1ã~Ô
LMJ*H\Y$L)LMV^F XiN�G^yeXZY$XeL"[BLjHKLMXZ[mLjXiY�[)SÖJjR\NäLMV^F GÃR\GWbWyZH�LjXeRaP4LMR(JMFpH\Y*V
LMV^F�PWF$ã~L [MF$L7RKS0GIRaXePQL*["XePÁLMV^F�[BFpHKJ*Y*V�[MG^H\Y1F\x
å¥P�S�H\Y$L�f�LjVWXZ[�XiNOGWyiXiY1XkL)[BLjH�LjXi[BLMXZY1[�XiP(LjVWF�GIRaGWbWyZH�LMXiR\P�Y1H\P(ÒÃF

b^[MF�]´F$ãcGWyiXZY$XeLMyilULMR�F�PWV^H\P^Y$F Î Ï(æ [�GÃF1JMSÖR\JjN4HKP^Y1F\x4å¥P^[MGWXiJMFp]
Ò~lçLMVWXZ[àXZ]cF�H^f4H¤[BLjHKLMXZ[mLjXiY�[mÔ³Ò^H\[MF�]äH\]WH\GcLMXih\FèPWRaPcÔ{b^PWXkSÖRaJMN
Y$JjRa[j[MR�h\F1Jpf
Y1H\yeyiF�]¯dcÏ é�g�ê�f)V^H\[OÒÃF1F�P¯GWJMRaGIRQ[BFp]µÒ~làë9H\PW|
Ð»ì\í\íQì\Ñ�x§dcÏ�é g�ê�F$ãcGWyiXiY1XkLjyelµbI[BFp[�LMVWFU[BLjHKLMXZ[mLjXiY�[OXePcSÖRaJMN4HKÔ
LMXiR\P(RKScLMV^F`HKyiyiF1yiF�[�ÐÖh�HKyibWF�[�RKS^H�|\F1P^FpÑrXiP�FpH\Y*V�yiR~Y1b^[6LMR�Ha]WHKGWÔ
LMXih\F�yel±Y1H\yiY1bWyZH�LMF)LMVWF�[BÓ"HKGWG^XePW| GWJMRaÒ^HKÒ^XeyiXkLml5RKS~LjV^H�L�yeRcY$bI[ºSÖRaJ
Y$JjRa[j[MR�h\F1J�R\GÃF1J*H�LjXeRaPºx
å¥PÁë9HKPW|UÐ{ìKíaíaì\Ñ�H4[MXeNOGWyiF±LMJjXZHKPW|abWyiH\J

SÖbWP^Y$LMXiR\P¶V^H\[ ÒIF�F1PUb^[MF�]�LMR�Y�HKyZY$bWyZH�LjF�LjVWF�[MÓ�H\GWGWXiPW|�GWJjR\ÒWÔ
HKÒ^XeyiXkLmlUSÖJMRaN�LMV^F�[mL*H�LMXZ[BLMXZY1[±RKS7HKyiyiF1yiFO]WXi[BLMJjXeÒ^bcLMXiR\Pºx4å¥P´LjVWXi[
G^H\GIF�J�f�LmÓ`R!PWF�Ó�SÖbWP^Y�LjXeRaP^[�f�HÁLjJjH\GIF�î1R\XZ]¶SÖbWP^Y$LMXiR\PµHKPI]´H\P
F$ãcGÃR\PWF�PQLMXZHKy0SÖbWP^Y$LMXiR\Pºf�HKJjFOGWJMRaGIRQ[BFp]�SÖRaJ(dcÏ é�g�êïXiP^[BLMF�Ha]
RKS"LjVWFn[MXeNOGWyiF4LMJjXZHKPW|abWyiH\J±SÖbWP^Y$LMXiR\Pºx�×"VWFp[BF4LmÓ�R!SÖbWP^Y$LMXiR\P^[
HKJjF4GWJjR\GÃRa[MF�]´Ó7XeLMV«LMV^F�HKXiN�R\S7b^[BXiPW|�LjVWFn[BLjHKLMXZ[mLjXiY�[�NOR\JjF
F$ð�Y1XeF�PaLjyel�Ó7XeLMV�JjF�[MGIFpY�L)LjR(Y$RaP^[BLMJjb^Y�LjXeRaPOH\P^]OGWJjRKLjF�Y�LjXeRaPORKS
b^[MF$SÖbWy6ÒWbWXiyi]cXiPW|4ÒWyiRcY*�c["Ó7XkLjV�LjVWF�GWJjR\|aJMFp[M[`RKS�LMVWF Î Ï(x
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×�JjHa]cXkLjXeRaP^HKyiyil\f Î Ï [«VIH¡h\F¯b^[MF�]äR\PWF1Ô{GÃR\XiPQL«RaJ«LmÓ`R\Ô{GÃR\XiPQL
Y$JjRa[j[MR�h\F1J�Ð»E F´ý\RaPW|§t�Ü~uKþcÿ5v�RayeyZHKP^]çtpÜQu\þ\Ñ�xçq7Fp[BFpHKJ*Y*VWF1J*[
V^H¡haF¼H\yi[MR Y1HKJjJjXeFp]�R\bWL F$ãcGIF�JMXiNOF1PQLj[ Ó7XkLjV N�bWyeLMXeÔ{GÃR\XiPQL
Y$JjRa[j[MR�h\F1Jpz � Ô³GÃR\XiPaLµY1JMRQ[M[MR�h\F�JáÐ�s`[BV^F1yiNOH\Pºf�_�HKJjb^H\P^HWf��
dcY*V^H��ÃF�J�t�ÜaÝ\ÜQÑ±HKP^]«bWP^XkSÖRaJMN Y$JjRa[j[BR�haF1J4Ð»dcl~[MÓ�F1J*]WH«t�ÜaÝ\ÜaÑ$x
Þ§XeLMV«LMV^F � Ô{GÃR\XiPQL(Y$JjRa[j[BR�haF1Jpf � Y$bcL�GÃR\XiPQLj[�H\JMFOJ*HKP^]WR\NOyel
Y*VWRQ[BF�P�Ó7XkLjVWXiP�LMV^F�[BLMJjXeP^|a[�HKP^]�LMVWF ��� t9[MF1|\NOF�PaL*[6ÒÃF$LmÓ�F1F�P
LMV^F � Y$bcL7GÃR\XiPQLj["RKS�LMVWF5LmÓ�R�GIHKJjF1PQLj["HKJjF5F$ãWY*V^HKP^|\F�]ºx�g PWXkÔ
SÖR\JjN¼Y$JjRa[j[BR�haF1J0Xi[9LMV^F |\F�PWF1J*HKyiXiî�H�LjXeRaPORKS � Ô{GÃR\XiPQL`Y$JjRa[j[MR�h\F1Jpx
å³L�Y1JMFpH�LjF�[)R��â[MGWJjXeP^|a[
Ò~l4[BÓ"HKG^GWXeP^|�F�H\Y*V4Ò^XkL�RKSrLmÓ�R�G^HKJjF1PQL*[
Ó7XeLMV!H(GWJjR\ÒIHKÒWXiyeXeLml
	���RKS0íWx�þcx
d~GIFpHKJ*["HKP^]ÁE F�ýaR\PW|ÁÐmtpÜ\ÜWt¡Ñ
GWJjR\GÃRa[MF�]�LMVWF7G^H\JjH\NOF$LMF�JMXiî1Fp]�bWPWXeSÖR\JjNÚY1JMRQ[M[MR�h\F�J6Ó7VWF�JMF�LMV^F
]cFpY$XZ[BXiR\PàR\S�Ó7VWF$LjVWF1J�LMR´[BÓ"HKG«SÖRaJ�FpH\Y*VàyiR~Y1b^[�Xi[�N4H\]cF�Ò~l
HÁÒWXZH\[MF�]´Y$R\XiP�IXeGWG^XePW|If6X{x Faxef6LMVWF4[MÓ�H\GWGWXiPW|!GWJjR\Ò^H\ÒWXeyiXeLml�	 �
Y$RabWyZ]nÒÃF�RKLjVWF1J"LjV^HKP�íWx�þcx
×6J*H\]cXeLMXiR\PIHKy§Y$JjRa[j[BR�haF1J RaGIF�JjHKLMRaJj[äHKJjFßXiPWVWF�JMF�PaLjyel H\yey

Ò^Ha[BFp]�R\PnbWPWXeSÖR\JjN�yil4J*HKP^]cRaNOXeîpH�LMXiR\PnN�FpY*V^HKP^Xi[MN!fQX{x F\xifc|\F1PWÔ
F1J*H�LjXeP^|�Y$bWL�GÃR\XiPQLj[�Ð � Ô³GIRaXePQL
Y$JjRa[j[BR�haF1J�ÑÃR\J0[BÓ"HKGWG^XePW| GIRaXePQLj[
ÐÖb^PWXkSÖRaJMN�Y$JjRa[j[BR�haF1J�Ñºb^PWXkSÖRaJMNOyil(J*HKP^]WR\NOyel�H\Y$JjRa[j[�LMVWF�Y*VWJMR\Ô
NORa[MR\NOF\x¯×"VWXZ[4[BXeLMbIH�LMXiR\PèXZ[4PWRKL4haF1Jjl«LMJjbWF!Ó7XkLjVèPIH�LMb^JjH\y
F1haR\yibcLMXiR\P´ÒÃF�Y1H\b^[MF4XkL(XZ[�XiPQLMJjXeP^[MXZY1HKyiyil¶]cl~P^H\N�XZY4HKPI]´Ha]WHKGWÔ
LMXih\Fax�q�F�Y$F�PQLMyil\fKJjF�[MF�H\JjY*VWF�Jj[ºV^H¡h\F"HKGWG^yeXiF�]�H\]WH\GcLjHKLMXiR\P�LjF�Y*VcÔ
PWX��QbWF�[9LMR�Y$JjRa[j[BR�haF1J�LMR�F1PWV^H\P^Y$F Î Ï�æ [`Y�HKG^H\ÒWXiyeXeLMXiF�[5Ð�s9XeÒÃF1Pºf
v�XiPQLMF�Jj]cXiPW|If�� T�XZY*V^HKyiF1Ó7XZY$îàtpÜ\ÜaÜaÑ�x¤Ï Y1Y1R\J*]cXiPW|´LMRàë9H\PW|
Ð»ì\í\íQì\Ñ�f�H\]WH\GcLjHKLMXiR\P«XiPµY$JjRa[j[BR�haF1J5V^HKGWGÃF1PI[�XeP«LjVWJjF1F�yiF1haF1yZ[
SÖJjR\N LjR\GáLMR«ÒIR\LBLjR\N!xáå¥PèLjVWFÁLMR\GèyiF1h\F�y»f�Y$JjRa[j[BR�haF1J�R\GÃF1JMÔ
H�LjR\J*[�HKJjF(LjVWF1N4[MF1yeS�H\]WH\GcLMFp]´]WbWJMXiPW|�H!JjbWP¶R\S`LjVWF Î Ï�x�å¥P
LMV^F�NOF�]cXibWN/yeF�h\F1y{fcLjVWF�J*H�LMF±RaJ�GWJjR\Ò^H\ÒWXeyiXeLml�RKS
Y$JjRa[j[BR�haF1J�Xi[
HKyeLMF�JMFp]�]cbWJjXiPW|�H�JMb^P�RKSºLjVWF Î Ï�xcå¥P�LjVWF5ÒIR\LBLMRaN yeF�h\F�y»fQLMV^F
GÃRa[MXkLjXeRaP�RKSIY1JMRQ[M[MXiPW|�R\J0[MÓ�H\GWGWXiPW|�GWJjR\Ò^H\ÒWXiyeXeLml±XeP�F�H\Y*V�yiRcY$b^[
XZ[7H\]WH\GcLMFp]Á]WbWJMXiPW|4H�JMb^P�R\S�LjVWF Î Ï�x
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.WRaJ4LMV^FUY$R\P~haF1PWXiF1P^Y1F�RKS�]cF�[jY$JjXiGcLMXiR\P§HKPI]èH\P^HKyilc[BXZ[�f9ë9H\PW|
Ð»ì\í\íQì\Ñ0V^Ha[9XiPQLMJjRc]cb^Y$Fp]OLMV^F5Y1R\P^Y1F1GcL*[9R\SºXePQLMJjXiP^[BXZY HKLBLjJMXiÒWbcLjF
HKPI]¯F$ã~LMJjXePI[BXZYÁLMF�P^]cF1PIY$l¯RKS�HKyiyiF1yiF�h¡H\yeb^XePW|µSÖR\J�H«|aF1PWFDyeR\Ô
Y$bI[1x�å¥P�LjVWF`RaGcLMXiN4HKy~ÒWXiP^HKJjlQÔ{F�P^Y$Rc]cFp]�[MR\yibcLMXiR\P6Ð»[jÑ6RKSÃH |aXehaF1P
GWJjR\ÒWyiF1N!fâH�|aF1PWF�yeRcY$bI[ XZ[�Y�HKyiyeFp]0/
1325476�89254�:92<; XeS9XeLj[5HKyiyeF�yeF�Xi[
t\f(=�13254�6 89254�:92<;5XkS`XkL*[5H\yeyiF1yiF(XZ[±íWfâR\J>4�?A@B6 8DC
EWXeS9XeLj[±HKyiyiF1yiF�Y1H\P
ÒÃF�F�XkLjVWF1J"í�RaJ t\x
E�bWJjXePW|(LMVWF5JjbWPWPWXiPW|(R\S6H Î Ï(faSÖRaJ�H(|\F�PWF
yiR~Y1b^[�fÃXeS)LjVWF�SÖJMF �ab^F1P^Y1lÁR\S�t\æ [ XiPDXeLj[±H\yeyiF1yiF�[�R�h\F�J�LMV^F�GÃR\GcÔ
bWyZH�LjXeRaPnLjF1P^]W[7LMROXePIY$JjF�H\[MFOÐ LMR�LjVWF�yeXiNOXkL�R\S`tax íQÑ9Ó7XeLMVÁLjXeNOF\f
XeL�Xi[�Y�HKyiyeFp]F/
13254�;AEG254H?JIKÿ�XeS5LMVWF�SÖJjF �QbWF�P^Y$l©RKSOt\æ [OLMF�P^]W[OLjR
]cFpY$JjF�H\[MF�ÐÖLMR�LMVWF5yiXeNOXeL"R\S�íWx íaÑ$f~XkL7XZ[�Y�HKyiyeFp]K=
13254H;LEM254�?NI�ÿWR\LMVcÔ
F1JjÓ7XZ[BFaf�XeSWLMV^F1JjF)Xi[�PWR7LjF1P^]WF1P^Y1l5R\SWXePIY$JjF�H\[MXiPW|7R\J�]cF�Y1JMFpH\[MXePW|If
XeL�Xi[�Y�HKyiyeFp]K4HO
4713254�;AEG254�?NI�x
g [Mb^HKyiyelÛHKP^]ÛVWRaGIF1SÖbWyiyelÛH\[ÁLMV^F Î Ï GWJjR\|\JjF�[j[MF�[�f�LMV^Ra[MF

|\F�PWF�yiRcY$XºLjV^H�L5HKJjF4t$Ô³XePQLMJjXiP^[BXZY4ÐÖRaJ í�Ô³XiPaLjJMXiP^[MXiYpÑ"Ó7Xiyey�HKGWGÃF�H\J
LMROÒÃF4t$Ô³XePIY$yiXePWFp]¶Ð�R\J7í�Ô³XiP^Y$yiXeP^F�]^Ñ$fWX»x F\xif~LMV^F±SÖJMF �ab^F1P^Y1l4RKS"t\æ [
XiP�LMVWF`HKyiyeF�yeFp[ºRKS~LjVWF�[MF9yiRcY$X\Ó7Xiyiy\F1haF1PQLMbIHKyiyel±Y$RaPQhaF1Jj|\F�LMR(t ÐÖRaJ
íaÑ$x�×"VWXZ[ºY1R\P~h\F�JM|aF1PQLrXePcSÖRaJMN4HKLMXiR\P±Xi[ºXeNOGWyiXiY1XkL�XeP±LjVWF)GÃR\GWb^yiHKÔ
LMXiR\P6x�×�JjHa]cXeLMXiR\P^H\yWY$JjRa[j[BR�haF1J6RaGIF�JjHKLMRaJj[�N4HK�aF�P^R5bI[BF7R\SILjVWXi[
XiN�G^yeXZY$XeL
XePcSÖRaJMN4HKLMXiR\P(H\P^]�Y$RaP^[MXi[BLMF�PaLjyel±|aF1PWF�JjHKLMF`Y1bcL0GIRaXePQLj[
R\J�[BÓ"HKG^GWXeP^|�GIRaXePQLj[(JjH\P^]cRaN�yil´ÒWbcL�b^PWXkSÖRaJMNOyil´HaY$JjRa[j[±LMV^F
Y*VWJjR\NORa[MR\NOFaxQP�Ò~hQXiR\bI[Byil�XkL
Ó7XiyeycÒÃF7ÒÃF1PWF1ÕIY$XZHKy~LjR5yiXiPW��LMV^F�[MF
G^H\JBLjXiH\yeyil�R\J0SÖbWyiyil�Y$RaP~h\F1Jj|\Fp]�|\F�PWF�[0XiPQLMR±|\JjR\b^G^[�R\J
ÒWbWXiyZ]cXeP^|
ÒWyiRcY*�~[±H\P^]¶Y1RKÔ³F1haR\yih\F�LjVWF1N ]cbWJjXeP^|!Y1JMRQ[M[MR�h\F�J�R\GÃF1J*H�LjXeRaP^[�x
×"VWXZ[5Xi[±JjF�H\yeXiî1Fp]�XePàdcÏ�é g�ê�x6dcÏ é�g�ê F1ã~G^yeXZY$XeLMyilUb^[MF�[�LMV^F
Y$RaP~h\F1Jj|\F�P^Y$FnXePcSÖRaJMN4HKLMXiR\PáHa[�SÖF1F�]WÒ^H\Y*�«LjR«Ha]WHKGWLMXih\F1yilµH\]cÔR b^[BL�LMV^FD[BÓ"HKG^GWXeP^|àGWJMRaÒ^HKÒ^XeyiXkLmlµSÖR\J�FpH\Y*V¯yeRcY1b^[4Ò^Ha[BFp]áRaP
LMV^F�[mL*H�LMXZ[BLMXZY1["RKS
HKyiyiF1yiF�["XiP�LjV^H�L�yiRcY$b^[�x
Þ¶FÁb^[MF�LMV^F�SÖJjF �QbWF1PIY$l«RKS�taæ [�XePµLMVWF!HKyiyeF�yeFp[�XiPáH�yiRcY$b^[

R�h\F�J6LjVWF�GIRaGWbWyZH�LMXiR\PÁÐÖF �ab^Xeh�HKyiF1PQLjyel�Ó�F"Y1HKP�HKyZ[BR5b^[MF9LjVWF�SÖJMF1Ô
�QbWF1PIY$lnR\S0í^æ [ H\[�LMV^F(HKJj|\bWNOF�PaL�Ñ9LMR�Y1H\yiY1bWyZH�LMF�Y1R\JjJMFp[BGÃR\PI]~Ô
XiPW|�[BÓ"HKG^GWXeP^|5G^JMRaÒ^HKÒWXiyiXkLml�RKSÃLMV^HKL9yeRcY1b^[1x0×"VWF"SÖJjF �QbWF�P^Y$l�RKS
t\æ [
XiP�LMVWF H\yeyiF1yiF�[)RKSrH±yeRcY$bI[)Y1H\P�ÒÃF�yiR~R\�\Fp]�Ha[0LMV^F ]cF1|aJMF�F"RKS
Y$RaP~h\F1Jj|\F�P^Y$F�LMRTS1tVU4SÖR\J5LjV^H�L�yiR~Y1b^[�x(oºF1LXW¤ÒÃF�LjVWFOyeF�PW|KLjV
RKS7ÒWXiP^H\JMl´[mLjJMXiPW|a[�fQY�Z�Ð\[N]D^BÑ4Ð\[X_Ùt�]A`A`a`L]DW�Ñ�]cF�PWRKLjFOLMVWFnSÖJMF1Ô
�QbWF1PIY$l�RKS)t\æ [
XiP4LMV^F�HKyiyiF1yiF�[)XiP4yiR~Y1b^[�[�R�haF1J0LMV^F GÃR\GWbWyZH�LjXeRaP
H�L�LMXiNOFÁÐ�|\F1P^F1J*H�LMXiR\PÃÑ�^�HKP^] 	 � Ð\[N]D^BÑ�Ð\[�_¼t�]a`A`a`L]DW�Ñ�]cF�PWRKLjF
LMV^F�[BÓ"HKGWG^XePW|!GWJjR\ÒIHKÒWXiyeXeLmlUR\S�yiRcY$b^[X[5H�L�LjXeNOF&^�x�å¥P«ë9H\PW|
Ð»ì\í\íQì\Ñ�fIH4[BXiNOGWyeF�LMJjXiH\PW|\bWyZHKJ"SÖb^P^Y�LjXeRaPUXi[�b^[BFp]ÁLMRnY�HKyZY$bWyZH�LjF
	��¡Ð<[N]�^BÑ`SÖJjR\NbY Z Ð\[N]�^BÑ$f^]cF1Õ^PWF�]!Ha[�SÖR\yiyeR�Ó�[�z
	 � Ð\[N]�^BÑ(_dcQe�fLg � ì�hji Y�Z�Ð\[N]D^BÑ � í�`�þ�iNh7Ð�c"ekf9g � c"e�lnm^Ñ´Ðmt¡Ñ
Ó7VWF�JMFoiM`5iKXZ[`H\P�HKÒ^[MR\yibcLjF7SÖbWP^Y$LMXiR\PºfBcQe�fLg(HKPI]&c"e�lnm�HKJjF7LMV^F
N4H�ãcXiN(bWN HKP^]«NOXiPWXiN(bWN HKyiyeR�Ó"HKÒ^yeF4[MÓ�H\GWGWXiPW|�GWJjR\Ò^H\ÒWXeyiXeÔ
LMXiF�[7SÖR\J�H�yeRcY1b^["JMFp[BGÃF�Y$LMXih\F�yelax
é�R�Óµ]cbWJjXiPW|7LMV^F`F�h\R\yibcLjXeRaP�RKScLMV^F Î Ï(fpHKS LMF1J0H�P^F1ÓàGÃR\GWbcÔ

yZH�LMXiR\P(V^H\[�ÒÃF1F1P�Y$JjF�HKLMF�]ºfpÓ�F`Õ^Jj[BL
Y1HKyZY$b^yiHKLMFpY Z Ð\[N]D^BÑrSÖRaJ�FpH\Y*V
yiR~Y1b^[�[)R�haF1J�GIRaGWbWyZH�LMXiR\Pq^`H\P^]nSÖJMRaN LMVWXZ[7RaÒcLjH\XeP 	��¡Ð<[J]D^BÑ`RKS
yiR~Y1b^[r[*x�×"VWF�PUÓ�F(Y1H\P�GIF�JBSÖRaJMNÙdcÏ é�g�êäR\GÃF1J*H�LMXiR\PI[�[BXiNOXkÔ
yZHKJjyel!H\[ LMJ*H\]cXeLMXiR\PIHKy�G^HKJ*HKNOF$LjF1JjXeî�F�]!bWP^XkSÖRaJMNÙY$JjRa[j[MR�h\F1Jpf^Ha[
Xiyeyib^[BLMJ*H�LMFp]nXiPs.�Xe|abWJMFOtax

t\æ [k.WJjF �Ãx0XiPÁyiRcY$X{z í^x Ü íWx�ì íWx t íWx Ü íWx u íWx�ì
_�HKyZY$bWyZH�LjXeP^|^z v v v v v v

d~Ó"HKGWGWXiPW|xw)JjR\Òºxiz í^xet íWx�ì íWx u íWxit íWx u íWx�ìy�XiHa[BFp]z.�yiXeGWG^XePW|Iz v v v v v v
_`JjF�HKLMF�]ÁTUHa[B�âz í í t í t í
Ï�G^GWyel~XiPW|�TUHa[B�âz v vw
HKJjF1PQLkc Z z t t í t í tw
HKJjF1PQLkc"{\z t t t t t í

d~Ó"HKG^GWXeP^|^z v v
_`V^XeyZ]s| Z z t t t t t t
_`V^XeyZ]s|�{\z t t í t í í

.�Xe|abWJjF7t\zºÏ�P�F1ãWHKNOGWyiF
R\GÃF1J*H�LMXiR\P5RKS^dcÏ�é g êµÓ7XkLjV±LMJjXiH\PW|\bWÔ
yZHKJ
Y1H\yiY1bWyiHKLMXiR\P�SÖb^P^Y�LjXeRaP�Ó7VWF�JMF�cQe�fLg}_ûí�` þ�HKP^]oc"e�lnm~_§íWx

.WJjR\NßH\ÒIR�haF5]WF�[jY$JjXeGcLjXeRaP^[�fWXkL Y�HKP!ÒÃF([BF�F1P�LMV^HKL5dcÏ�é g�ê
XZ[4h\F�JMlµ[MXeNOGWyiF\x¨Þ§XkLjV§dWÏ é g ê(f`Ó7V^H�L�Ó�FUH\]W]©LMR«LjJjHa]cXeÔ
LMXiR\PIHKy6b^PWXkSÖRaJMN Y$JjRa[j[MR�h\F1J"HKJjF�[MG^H�LjXiH\yeyil�RaPWyilnR\P^F�JMFpHKyºhaF�Y$Ô
LMRaJ4LMVIH�LnJjF�Y1R\J*]W[�LMVWF¶[BÓ"HKGWG^XePW|«GWJjR\ÒIHKÒWXiyeXeLmlµSÖRaJ�F�HaY*V¯yeR\Ô
Y$bI[1f6H\P^]´Y$R\NOGWbWLjH�LjXeRaP^HKyiyil�R\PWyilUR\P^FO[BLjHKLMXZ[mLjXiY�[5GIF�J�|\F1P^F1JMÔ
H�LjXeRaP©LjV^H�L�Y�HKyZY$bWyZH�LjF�[�LMV^F�SÖJjF �QbWF�P^Y$l©RKS�RaPWF�[�Ð�VWF1PIY$F!LMV^F
[MÓ�H\GWGWXiPW|ûGWJjR\Ò^H\ÒWXiyeXeLmlWÑ!SÖR\J´F�HaY*V yiR~Y1b^[�xØÏ PWRKLjVWF1J´NOR\JjF
XiN�GÃR\JMLjH\PQL�GIRaXePQLnR\S�dWÏ é g ê�XZ[4XeLj[�G^JMRaGIF�JBLmláRKS±XeNOGWyiXiY1XkL� ?L4H?�EG254���C � ?1x Î F1P^F¶yiXeP^�¡H\|\F´Xi[�LjVWF«GWJMRaGIF�JBLml¯R\S�|\JjR\b^GcÔ
XiPW|DXiPQLMF1J*H\Y$LMXih\F�|aF1PWFp[�LjRDF�h\R\yih\FOLjVWF1N LjR\|aF$LMV^F1Jpx*.WRaJ�F1ã~Ô
HKNOGWyiF\f5XiP�.�Xe|abWJjFát´yeRcY1X�t«HKPI]�u¯HKJjF¶NOR\JjF¶Y1R\P~h\F�JM|aF1PQL
HKPI]¶XiNOGWyiXiY1XkLjyel«yiXePW�aF�]¶LMV^R\bW|aV«LMVWF�l´H\JMFOPWR\L�H\] R HaY$F�PaL�ÒÃF$Ô
Y1H\b^[MF7LMVWF�GWJjR\Ò^H\ÒWXeyiXeLml(SÖRaJ)LMV^F1N�LMR�Y$RKÔ³F1haR\yih\F"h~XiH(Y$JjRa[j[BR�haF1J
XZ[7í�`it�h�í�`it��µí�` Ürh�í�` Ü�_ûí�` ÝQìcf~Ó7VWXZY*V!Xi["haF1Jjl�VWXi|\Vºx
)0�7���z��� ���p� ������!��d���p!��B��� �"!��
.WJjR\NßHKÒÃR�h\F�]cXZ[MY1b^[M[MXiR\P^[�fcÓ`F�Y�HKP�[BF�F5LMV^HKL7LMVWF�JMF�XZ[7H4Y$yiRa[MF
yiRQRaG�Y1R\PQLMJjR\yÃXeP!dcÏ é�g�êçXiPnLjVWF5[MF1PI[BF5RKS�Y1R\P^[BLMJjb^Y$LMXiPW|�H\P^]
GWJjF�[MF1Jjh~XePW|�ÒWbWXiyi]WXePW|OÒWyiRcY*�c[1x
×"VWF Î ÏçXZ[9ÕIJj[BL7b^[BFp]�LjR4Y$R\PWÔ
[BLMJjb^Y�L´b^[BF1SÖbWy�ÒWbWXiyi]cXiPW|ÛÒWyiR~Y*�c[�x%×"VWF�PÚH�S LjF1J«[BRaN�F©LMXiNOF
Ó7VWF�P¤[MR\NOF¶bI[BF1SÖbWy�ÒWbWXiyi]WXePW|èÒWyiRcY*�~[ÁV^H¡haFDÒÃF1F�P¤ÒWb^XeyeL�bWG
LMV^F�[mL*H�LMXZ[BLMXZY1["XiPcSÖR\JjN4H�LMXiR\PÁXZ["b^[BFp]�LMROGWJjRKLMFpY�L"LMV^F�[MF�ÒWbWXiyi]~Ô
XiPW|µÒWyiRcY*�~[�SÖJMRaNØÒIF�XePW|á]cF�[BLMJjR�l\Fp]¯ÒQláLMV^F¶Y$JjRa[j[MR�h\F1J4H\P^]
VWF�P^Y$F ]WXehaF1JML)LMVWF�Y$JjRa[j[BR�haF1J�LMR([MF�H\JjY*V�bWP^Y1R\P~h\F�JM|aF�]�yiR~Y1XWSÖRaJ
NOR\JjF�b^PW�~PWR�Ó7Pnb^[MF$SÖb^yÃÒ^bWXeyZ]cXiPW|OÒWyiR~Y*�c[�ÒÃF�Y1H\b^[MF LjVWF1l4V^H¡haF
JjF1yZH�LMXih\F�yelDVWXe|aVWF1J�[MÓ"HKGWGWXiPW|ÁGWJjR\Ò^H\ÒWXeyiXeLMXiF�[�x4Þ§XkLjV«LMVWXZ[�bWPcÔ
]cF�Jj[BLjH\P^]cXiPW|^f�Ó`F�Y�HKP´SÖbWJMLMVWF�J�F1PWVIHKP^Y1FOLMVWXZ[�Y$yiRa[MF4yiRQRaG¶Ò~l
XiPaLjJMRc]cbIY$XiPW|�P^F1ÓµSÖb^P^Y�LjXeRaP^[0XePI[mLjF�H\]�RKSILMVWF�LjJMXZHKPW|abWyZHKJ�SÖbWP^Y�Ô
LMXiR\P!LjRnY1H\yiY1bWyZH�LMF�LMVWF([MÓ"HKGWGWXiPW|�G^JMRaÒ^HKÒWXiyiXkLml�RKS
F�HaY*VÁyiRcY$b^[
SÖJjR\NïXeLj[�H\yeyiF1yiF�]cXZ[mLjJMXiÒWbcLjXeRaP![BLjHKLMXZ[mLjXiY�[1x
×"VWF ÕIJj[BL9SÖbWPIY�LMXiR\PÁXZ[`H(LMJ*HKGÃF1î�R\XZ]OSÖbWP^Y$LMXiR\PºfWHa[`[MVWR�Ó7P�XiP.�Xe|abWJjF�ìWfW]cF$ÕIPWF�]ÁÒ~l�LjVWF5SÖR\yiyeR�Ó7XiPW|OF �Qb^HKLMXiR\Pºx
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Ó7VWF�JMFj��HKPI]~ª"HKJjF7G^HKJ*HKNOF$LjF1J*[0LMVIH�L`[jH�LjXi[BSÖl(LjVWF JjF1yZH�LjXeRaPORKS
íz��� ��ªX�ûí�` þWx�Ï [ [MVWR�Ó7P�XiPK.�Xe|abWJjF(ìcfILMVWF�G^HKJ*HKNOF$LjF1J*[�4HKPI]zª7[MGWyiXkL�LMVWF±Ó7VWRayeF�JjH\PW|\F�RKSQY Z Ð\[N]�^BÑ9XiPaLjR(LjVWJjF1F5î1R\P^F�[�z
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Ó7VWF�JMF�b^[BF1SÖbWy
ÒWbWXiyZ]cXeP^|�ÒWyiRcY*�c[�H\JMF�NOH\XeP^yelUY1R\P^[BLMJjb^Y�LjF�]�Ò~l
dcÏ�é g�ê�x��ÃRaPWF�åMå`XZ["Y1H\yeyiF�]*6�8JC
4�:92<?A4�6��VO�4�?�Ó7VWF�JMF±ÒWbWXiyZ]cXeP^|
ÒWyiRcY*�~[6HKJjF9Y$RaP^[mLjJMbIY�LMFp]±H\[ºÓ�F1yiyaHa[6]cFp[mLjJMR�laF�]rxºÏ P^]	�ÃRaPWF
åBåMå
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?��VO
4H?�Ó7V^F1JjF(ÒWbWXiyZ]cXeP^|�ÒWyiRcY*�c[7SÖR\b^P^]D[MR
S�HKJ`HKJjF7GWJMR\LMFpY�LMFp]�SÖJMRaNäÒÃF1XiPW|(]WF�[BLMJjR�l\F�]�Ò~lOdWÏ é g ê¨Ó7VWXiyiF
F$ãcGWyiR\JjXiPW|�b^PW�~PWR�Ó7P�bI[BF1SÖbWyºÒWbWXiyZ]cXeP^|4ÒWyeRcY*�c["XZ[�[mLjXeyiyºY1H\JMJjXiF�]
R\bWL�ÒQl´dcÏ é�g�êïRaP¶bWPIY$R\P~haF1Jj|\F�]DyeRcY1X»x&.WJjR\N .�Xe|abWJMF4ìÁXeL
Y1H\PnÒÃF�[BF�F1P�LMV^HKL�LjVWF±yiH\JM|aF1J`LMVWF±h�HKyibWF±RKSQ�If~LjVWF±Ó7Xi]WF1J"LMV^F
JjF1|\XiR\PÁLjV^H�L±HKyiyeR�Ó�["LjVWF Î Ï LMRnY1R\P^[BLMJjb^Y�L�ÒWbWXiyi]cXiPW|�ÒWyeRcY*�c[�f
HKPI]¯LMV^HKL�LjVWF«[BN4HKyiyiF1J�LMVWF´h�HKyibWF¶R\Soª¡f�LjVWF«[mLjJMRaPW|\F�J�LMV^F
GWJjRKLjF�Y�LjXeRaPDLjRUY$RaPQhaF1Jj|\Fp]U|\F�PWF�[±RaJ±SÖR\bWPI]«ÒWbWXiyi]cXiPW|�ÒWyiRcY*�c[
SÖJjR\NïÒÃF1XiPW|�]cFp[mLjJMR�laF�]�Ò~l�dWÏ é g ê(x

Pmin

Pmax

0.0 0-Inclined      0.5      1-Inclined 1.0

Sw
ap

pi
ng

 P
ro

ba
bi

lit
y

Frequency of 1’s in the Alleles in a Locus

I IIII IIIIII

a

b

0.0

.�Xe|abWJjF�ìcz�×6J*HKGÃF1î�R\XZ]´SÖbWP^Y�LjXeRaPàSÖR\J�Y1HKyZY$b^yiHKLMXiPW|�LMV^Fn[BÓ"HKGWÔ
GWXiPW|OGWJjR\Ò^H\ÒWXeyiXeLml�RKS
H�yeRcY$bI[1x

×"VWF�[MF�Y1R\P^]OSÖb^P^Y�LjXeRaP�Ó`F�XePQLjJMRc]cb^Y1F VWF�JMF�Xi[�HKPnF$ãcGIRaPWF1PWÔ
LMXZHKyºSÖbWP^Y�LjXeRaPºf^Ha[7[BVWR�Ó7PÁXiPq.�Xi|\bWJjF�Wf^]cF1Õ^PWFp]ÁHa[�SÖR\yiyeR�Ó�[�z

	 ��Ð\[N]�^BÑ(_��qh�����	�Ð � Ð Y Z Ð<[J]D^BÑ � í�`�þ\Ñ {���� Ñ Ð��QÑ
Ó7VWF�JMF��¶XZ[9LMVWF�G^HKJ*HKNOF$LjF1J`Ó7XkLjV�LMV^F5[jHKNOF7SÖbWPIY�LMXiR\PIHKyiXkLml�Ha[cQe�fLgnXiP¶s �abIH�LMXiR\PI[(Ðmt¡Ñ H\P^]µÐ{ì\Ñ�fºH\P^] � Xi[�LMV^F�G^H\JjH\NOF$LMF�J
LMVIH�L�Y1R\N(Ò^XePWFp["LMV^F±SÖbWP^Y�LjXeRaP^HKyiXeLMXiF�[�R\S
G^HKJ*HKNOF$LjF1J*[�c"e�lnmrf7�
HKPI] ª(XePàs �abIH�LMXiR\PèÐ»ìaÑ±HKP^]´Y$RaPaLjJMRayi[�LjVWF�S�HKyiyeXiPW|U[MGIF�F�]¶RKS
	 � Ð<[N]�^BÑ"Ó7VWF�P Y�Z�Ð<[J]D^BÑ"]cXih\F1JMLj[7H¡Ó"H¡lOSÖJjR\Nßí^x þWx9×"VWF�[MN4HKyiyeF�J
LMV^FDh�HKyibWFUR\S � f7LMVWFDS�H\[BLMF�J�LMV^FUS�HKyiyiXePW|á[BGÃF1Fp]¯RKS 	 � Ð<[N]�^BÑ�f
HKPI]µLjVWF�[mLjJMRaPW|\F�J(LjVWF!GWJMR\LMFpY�LMXiR\P©LMRàY$RaP~h\F1Jj|\Fp]à|\F�PWF�[�RaJ
ÒWbWXiyZ]cXeP^|�ÒWyiR~Y*�c["SÖRabWP^]�[MR4S�HKJpx"Ï [ [MVWR�Ó7P!XiP .�Xi|\b^JMF��^fWLMV^F
[MR\yiXi]!Y$b^JMhaF±[MVWR�Ó�[�LjVWF±SÖbWP^Y$LMXiR\P�Ó7XeLMVàÐ��`f � Ñ _ Ð�í^x þWf^íWx í�u~Ñ
Ó7VWXiyeF±LjVWF�]WHa[BVWFp]�Y1bWJjh\F±Xi["Ó7V^F1PàÐ��`f � Ñj_ïÐ�í^x þWfWíWx íaì\Ñ$xy`R\LMVÁLMV^F±LmÓ`R�SÖbWP^Y$LMXiR\P^[�F1PWyZHKJj|\F�LMVWF(JMF�|\XiR\P�SÖRaJ"LMVWF Î Ï
LMROY$RaP^[BLMJjb^Y�L"ÒWbWXiyi]WXePW|OÒWyiRcY*�c[�H\P^]�F�PWV^H\P^Y$F�LMVWF±GWJjRKLjF�Y$LMXiR\P
LMR!SÖRabWP^]«ÒWb^XeyZ]cXiPW|UÒWyiRcY*�~[�HKL�LMV^F�[MH\N�FOLjXeNOFaxqy�RKLjVà[BXZ]cF�[
HKJjF�F1ã~GÃF�Y$LMFp]4LMR�ÒIF�ÒIF�PWF$ÕÃY$XZHKyISÖR\J7dcÏ é�g�ê(æ [�GIF�JBSÖRaJMN4H\P^Y$Fax
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.�Xe|abWJjF6�Wz0s
ãcGIRaPWF1PQLjXiH\ycSÖbWP^Y$LMXiR\POSÖR\J�Y1H\yiY1bWyiHKLMXiPW|±LMV^F [BÓ"HKGWÔ
GWXiPW|OGWJjR\Ò^H\ÒWXeyiXeLml�RKS
H�yeRcY$bI[1x

H([BLMJjXiPW|(XZ[)LjVWF5PQb^N(ÒÃF1J"RKS)taæ [`XkL7Y$RaPQLjHKXiP^[�x�ÏÛ[BLMJjXePW|�yeF�PW|KLjV
RKS"t�íaí(Ò^XkL*[7Xi["bI[BFp]nSÖRaJ"LMVWXZ[�[BLMb^]Wl\x
7 158Ã�93 7 1Ã�9:<;>=�.��\�@?A1B.�� ×"VWF«q7R�laH\y q7RaHa]¯SÖbWP^Y$LMXiR\P^[
CXZ4HKPI]DC { HKJjFn]cF1h~XZ[BFp]«Ò~l .^R\JjJMFp[mL(H\P^]µT�XeLjY*VWF�yey5ÐmtpÜ\ÜE�QÑ
LMR�XiPQhaF�[BLMXi|aHKLMF Î Ï(æ [�GÃF1JMSÖR\JjNOH\P^Y$F�Ó7XkLjV�JjF�[MGÃF�Y�L`LMRO[MY*V^F1N4H
GWJjRcY$F�[j[MXePW|OHKPI]�JjF�Y$RaN(ÒWXiP^HKLMXiR\PnXiP!HKPÁXi]cFpHKyiXeî�F�]nSÖR\JjN!x0×"V^F
R\GWLMXiNOH\y^Õ^LMPWFp[M[9SÖR\J�C Z HKP^]/C {�XZ[pt�u(H\P^]!t�ÜQì±JMFp[BGÃF�Y$LMXih\F�yelax
FHG �r�����I#���!Q� J �7���������
×�RûLMFp[mL´LMV^FáGÃF1JMSÖR\JjN4HKP^Y1FµRKSnG^JMRaGIRQ[BFp]ÛLmÓ`RÛY1HKyZY$b^yiHKLMXiPW|
SÖbWP^Y$LMXiR\P^[�SÖRaJ�dcÏ é�g�ê(f^XePÁR\bWJ�F$ãcGÃF1JjXeNOF�PaL�[BLMb^]Wl�Ó`F±Y$RaN�Ô
G^H\JMFp] LjVWF¨dcÏ é�g�ê-Ó7XeLMV�LjVWF¯LMJ*HKGÃF1î�R\XZ]äH\P^]�F$ãcGIRaPWF1PWÔ
LMXZHKy(SÖbWP^Y$LMXiR\P^[¶R�h\F�JDdcÏ é�g�êõÓ7XkLjVÄLMVWFµLMJjXiH\PW|\bWyZHKJUSÖbWP^Y�Ô
LMXiR\PûH\P^]áLMJ*H\]cXeLMXiR\PIHKy ì¡Ô³GÃR\XiPaLpf7íWx�þ´bWPWXeSÖR\JjN HKPI]èí^x ì´b^PWXkÔ
SÖR\JjN Y1JMRQ[M[MR�h\F�J(RaPáLjVWF!LMFp[mL�GWJMRaÒWyiF1N4[1xû×"V^F�G^HKJ*HKNOF$LjF1J*[
SÖR\J!]cX �ÃF�JMF�PQL�SÖbWPIY�LMXiR\PI[�R\S�dcÏ é�g�ê Ó�F1JjF¶[MF$LÁHa[�SÖRayeyiR�Ó�[�zcQe�fLg}_ûí�` þ�H\P^] cQe�l¤m~_¨í�` í±SÖR\J`LMJjXZHKPW|abWyiH\J`H\P^]4LjJjH\GIF�î1R\XZ]
SÖbWP^Y$LMXiR\P^[�f9Ð��7]Nª$Ñ _ßÐ»í�`it�]Mí�` u~Ñ"SÖRaJ�LjJjH\GIF�î1RaXi]USÖbWP^Y�LjXeRaPºf6H\P^]
Ð���] � Ñ _ Ð»í�`�þB]jí�` í�uQÑ)SÖR\J7F1ãcGIRaPWF1PQLMXZHKyâSÖb^P^Y�LjXeRaPºx.WR\J±FpH\Y*V´F$ãcGIF�JMXiNOF1PQL�RKS"Y$R\N�ÒWXiPWXeP^|Á]cX �âF1JjF1PQL�Y$JjRa[j[BR�haF1J
HKPI]nLjF�[BL GWJjR\ÒWyiF1N4[�f6tpí\í�XePI]cF1GÃF1P^]WF1PQL JjbWP^[7Ó�F1JjF�F$ãcF�Y1bcLMFp]
bWP^]WF1J�LjVWF�[jHKNOFUtpí\í�]cX �âF1JjF1PQL(J*HKP^]cRaN�[MF1Fp]W[1x�å¥PáHKyiy)LMV^F
F$ãcGÃF1JjXeNOF�PaL*[1fºLMVWF Î Ï�b^[MF�]DLMVWFOÕWLjPWF�[j[5GWJjR\GÃR\JMLMXiR\P^HKLMFO[BF1Ô
yiF�Y�LjXeRaP�Ó7XeLMV�LMV^F"[BLMRcY*V^Ha[mLjXiY`bWPWXih\F�Jj[jHKy~[jHKNOGWyiXePW|OÐ»dWg�dWÑ0H\P^]
F1yiXeLMXZ[mL(NORc]cF�y»f
HKPI]«ÒWXkL ^XeGàN�bcLjHKLMXiR\Pºx�Ï P^]´Lml~GWXiY�HKyiyel¶LMV^F
GWJjR\Ò^H\ÒWXiyeXeLMXiF�[9RKS�Y1JMRQ[M[MR�h\F�J)HKP^]4N�bcLjHKLMXiR\P�Ó�F1JjF7ÕWãcFp]4LMR�í�` t
HKPI]àí�` í\íWt4JjF�[MGÃF�Y�LjXehaF1yil¶H\P^]´LMVWF�GIRaGWbWyZH�LjXeRaPµ[BXiî1F�Ó"H\[([BF1L
LMRÁt�íaí±SÖR\J�F�HaY*V�JjbWPºx§.WRaJ`FpH\Y*V�JjbWPºf~Ó�F�JjF�Y1R\J*]cF�]�LjVWF�ÒÃF�[BLBÔ
[MRKÔ{S�HKJ4ÕWLjPWF�[j[�F1h\F�JMlÛt�íaíàF1h�H\yeb^HKLMXiR\P^[�xÚv F1JjF\f�RaPWyeláLMV^Ra[MF
Y*VWJjR\NORa[MR\NOFp[ Y*V^H\PW|\Fp]�Ò~lUY$JjRa[j[BR�haF1J H\P^]DN�bcLjHKLMXiR\P¶R\GÃF1JMÔ
H�LjXeRaP^[�Ó`F�JMF�F1h�HKyib^H�LjF�]µH\P^]µY1R\bWPQLMFp]µXiPQLMRULjVWFÁPQb^N(ÒÃF1J�RKS
F1h�H\yeb^HKLMXiR\P^[�xOs9H\Y*V´F$ãcGÃF1JjXeNOF�PaL�JjF�[MbWyeL±Ó"H\[±H¡haF1J*HK|\Fp]�R�h\F�J
LMV^FDt�íaí�XiP^]cF1GÃF1PI]cF1PQL�JjbWP^[�xD×"VWF�F$ãcGÃF1JjXeNOF1PQL�JMFp[BbWyeLj[�HKJjF
[MVWR�Ó7P�XiPs.�Xe|abWJMF u4HKPI]z.�Xi|\bWJjF�þ(JjF�[MGÃF�Y�LjXehaF1yil\x.WJjR\N .�Xi|\b^JMF�uäHKP^] .�Xi|\bWJjF¤þÄXeLáY�HKPïÒÃF¤[MF1F�P¼LMV^HKL
dcÏ�é g�êÄÓ7XeLMV!]cX �ÃF�JMF�PQL7Y�HKyZY$bWyZH�LjXeP^|(SÖbWPIY�LMXiR\PI[`VIH\["R\bWLMGÃF1JMÔ
SÖR\JjNOF�]nLMJ*H\]cXeLMXiR\PIHKyºY$JjRa[j[MR�h\F1J`R\GÃF1J*H�LjR\J*[9RaPnLjVWF±LMFp[mL�GWJjR\ÒWÔ
yiF1N4[1x P�POLjVWF�LjF�[BL`GWJjR\ÒWyiF1N4[
yiR�Ó�F1JjXePW|±LjVWF�[MÓ"HKGWGWXiPW|�GWJjR\ÒWÔ
HKÒ^XeyiXkLml 	 � SÖJjR\N íWx�þÁLjRDíWx�ì!XiN�G^JMR�haF�[±LjVWFnGÃF1JMSÖR\JjN4HKP^Y1F4RKS
bWPWXeSÖR\JjNïY$JjRa[j[MR�h\F1J�Ð�íWx�ì(bWPWXeSÖR\JjNïY$JjRa[j[BR�haF1J
R\bWLMGÃF1JMSÖR\JjNO[7ì�Ô
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Evaluations ( x 100 )

2-Point
0.5 Uniform
0.2 Uniform

SANUX-Triangle
SANUX-Trapezoid
SANUX-Exponent

.�Xe|abWJjF&u^z(Ï h\F1J*HK|aFOÒIFp[mLMÔ³[MRKÔ{S�HKJ�Y1bWJMhaF�[5SÖRaJ Î Ï [(Ó7XkLjVµ]cXkS Ô
SÖF1JjF1PQL�Y$JjRa[j[MR�h\F1J�R\GÃF1J*H�LjR\J*[9RaP�TUH�ã P�P^F�["GWJjR\ÒWyiF1N!x
GÃR\XiPaLOHKP^]áíWx�þ!bWPWXeSÖR\JjN Y$JjRa[j[BR�haF1J�Ñ�f�VWR�Ó`F�h\F�J�íWx�ì!bWP^XkSÖRaJMN
Y$JjRa[j[MR�h\F1JâXZ[ºÒÃF�HKLMF1P(ÒQl�dcÏ�é g�ê�x�×"VWF)JjF1yZH�LMXih\F
GÃF1JMSÖR\JjN4HKP^Y1F
RKS�]cX �âF1JjF1PQL±Y$JjRa[j[BR�haF1J�[MF1F1N4[ �QbWXeLMF�Y1R\P^[MXZ[mLjF1PQL5RaP�LMV^F(LjF�[BL
GWJjR\ÒWyiF1N4[�f6HKG^GWJMR¡ãcXiN4H�LMF�yel!SÖJjR\N�ÒIFp[mL�LjR�Ó`RaJj[BL5XiP´LMVWFOSÖRaykÔ
yiR�Ó7XePW|ÁR\J*]cF�J�z±dcÏ é�g�ê�Ô¥s
ãcGÃR\PWF�PQL�� dWÏ é g ê�Ô¥×6J*HKGÃF1î�R\XZ]
� dcÏ é�g�ê�Ô¥×�JMXZHKPW|ayeF�� í^x ì±b^PWXkSÖRaJMN�� íWx�þ±bWPWXeSÖR\JjN��%ì�Ô
GÃR\XiPaL�Y$JjRa[j[BR�haF1JpxrÞ§XkLjVWXePÁdcÏ é�g�ê¨ÒÃRKLjVOLMVWF�LMJ*HKGÃF1î1RaXi]OH\P^]
F$ãcGÃR\PWF�PQLMXZHKyºSÖb^P^Y�LjXeRaP^[ VIH¡h\F�RabcLMGÃF1JMSÖR\JjNOF�]ÁLMV^F�LMJjXZHKPW|abWyiH\J
SÖbWP^Y$LMXiR\Pºx)×"V^Xi[�Y1R\PcÕIJMN4["R\b^J7GWJMFp]cXZY�LMXiR\P6x

÷´Ê9= ÍròMÌ ø~@mÊ9=�ø
å¥PÁLMVWXZ[7G^H\GIF�J�f^Ó`F±GWJjR\GÃRa[MF5LmÓ`ROPWF�Ó¨SÖbWPIY�LMXiR\PI[1fcLjVWF�LjJjH\GIF1Ô
î1RaXi]ÁHKPI]nF1ã~GÃR\P^F1PQLMXZHKyâSÖbWPIY�LMXiR\PI[1f~LjV^H�L Y�HKPÁÒIF±b^[MF�]�Ó7XkLjVWXiP
dcÏ�é g�ê¼XiP^[BLMF�Ha]UR\S
LMVWF�LMJjXZHKPW|abWyiH\J�SÖbWPIY�LMXiR\PèÐ ë9H\PW|!ì\í\íQì\Ñ
LMRàY�HKyZY$bWyZH�LjF�LMV^FU[BÓ"HKGWG^XePW|¶GWJjR\Ò^H\ÒWXeyiXeLml«SÖR\J4HDyiRcY$b^[�SÖJjR\N
XeLj[0HKyiyeF�yeF"]cXZ[mLjJMXiÒWbcLjXeRaP�[BLjHKLMXZ[mLjXiY�[1xQy`R\LMV(LMVWFp[BF`LmÓ`R�SÖbWP^Y$LMXiR\P^[
Ó7XZ]cF1P�LMV^F7JMF�|\XiR\P�SÖRaJ0LMVWF Î ÏèLjR�Y$R\PI[mLjJMb^Y$L
ÒWbWXiyi]cXiPW|�ÒWyiRcY*�c[
HKPI]UF1P^V^HKP^Y1F�LjVWF�G^JMR\LMF�Y$LMXiR\P�LjRÁ[MF�H\JjY*V^F�]!ÒWbWXiyZ]cXeP^|�ÒWyiRcY*�c[
H�L9LMVWF [jHKNOF7LjXeNOFafaVWF�P^Y$F�HKJjF7F$ãcGIFpY�LjF�]�LMR(ÒIF�ÒIF�PWF$ÕIY1XiH\yWSÖRaJ
LMV^F�GIF�JBSÖRaJMN4HKPIY$F±RKS Î Ï [�x
×"VWF!F$ãcGIF�JMXiNOF1PQLOJMFp[BbWyeLj[O[MVWR�Ó LjV^H�LndcÏ�é g�êÙÓ7XeLMVáLMV^F

LMJ*HKGÃF1î�R\XZ]ßH\P^]/F$ãcGÃR\PWF�PaLjXiH\y�SÖbWP^Y$LMXiR\P^[ûGIF�JBSÖRaJMN4[§ÒÃF$LMLMF1J
LMVIHKPÄdcÏ é�g�ê Ó7XeLMV¤LMVWF´LMJjXZHKPW|abWyiH\JnSÖb^P^Y�LjXeRaPÛH\P^]ûLjJjHa]cXeÔ
LMXiR\PIHKy�LmÓ`R\Ô{GÃR\XiPQLOH\P^]µb^PWXkSÖRaJMN Y1JMRQ[M[MR�h\F�JnÐÖGIHKJ*HKNOF$LjF1JjXeî�F�]
R\JOPWR\L*Ñ�RaP©LjVWFÁLMF�[BL�GWJjR\ÒWyiF1N4[�x P�b^J�F1ãcGIF�JMXiNOF1PQL�JMFp[Bb^ykL*[
XiP^]cXZY1H�LjFOLMV^HKL�LMVWFnF$ãcGIRaPWF1PQLjXiH\y0SÖbWP^Y�LjXeRaPàXi[(H!|\R~Rc]¶Y*VWRaXiY1F
LMR!ÒÃFOb^[BFp]DXiPµdcÏ é�g�ê¼SÖRaJ5XeLj[±GÃF1JMSÖR\JjN4HKP^Y1F�H\P^]´[BXiNOGWyeXZY�Ô
XeLml\f
HKP^]àLMV^HKLOdcÏ�é g�ê/Ó7XeLMVàLjVWFnF1ã~GÃR\P^F1PQLMXZHKy�Y1HKyZY$b^yiHKLMXiPW|
SÖbWP^Y$LMXiR\P4XZ[)H±|\R~Rc]OY1H\P^]cXZ]WH�LjF�Y$JjRa[j[BR�haF1J�R\GÃF1J*H�LMRaJ0SÖR\J Î Ï�[1x
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.�Xe|abWJjF7þWz�Ï h\F1J*HK|aF9ÒÃF�[BLBÔ¥[BR\Ô»S�H\J
Y$bWJjh\Fp[6SÖRaJ Î Ï [0Ó7XeLMV4]cX �ÃF�JBÔ
F1PQL Y1JMRQ[M[MR�h\F�J9R\GÃF1J*H�LjR\J*[�R\P«Ð�×�R\GIÑ CXZ5HKP^]´Ð<y�R\LBLMRaN�Ñ C { x
t�Ü\ÝaÜWxXy�XiHa[BFp[5XePDLMVWF4Y$JjRa[j[MR�h\F1J yiH\P^]W[jY1HKGÃF\x(å¥P«dcY*VIH �âF1Jpf
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dâxif)HKP^]àTUXkL*Y*VWF1yiy»f)Tµxµt�ÜaÜE�Wx�q7F�yiHKLMXih\F�Ò^bWXeyZ]cXiPW|KÔ
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