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À�IpÇ	TF¾�XYO�ÉZàdO4TJEH¾�C�½R?PGFTF¾§Ç	Á�À®?PGgÇ
?PCFI
TJEHI�[YGFXLÃ1TFE�ÇyÁHGF¿YI
CgIyÂ»E�¾�È�¾�TJIpQ�ÈDA4TFEHI1È¤I
CJT1¾�O¤QD¾�¿@¾§QDÁ¤?LÀD¾�O�?`CFI
GJ¾§?LÀ�Ú ¼ Ã1¾�TFE�?`½¤XZ½�ÁHÀ§?BÆ
TJ¾�XYO&CJ¾�Ø
I1XLÄ�ápúYùLÏ`ÁHCF¾�OH[`G	?LOHé4?LORQ�Å¤TFOHI
CJCg½�GFXZ½¤XZGJTF¾�XZO¤?LÀDCFI
À�IpÇyTF¾�XZO<?LGFI�ÇyXZM�½¤?LGFIBQ�Ã1¾�TFE
TJEHI4[ZGJXLÃ1TFEÛÇ	ÁHGJ¿ZI
C�XZÈ�Tl?L¾�OHIBQ¯Ä{GFXYM ?<½R?PGl?PÀ�À�I
À�Ú ¼ ÁHCJ¾�O�[V?<ùBÆFQD¾�M�I
OHCJ¾�XZOR?PÀ��Yù! "�Zù
TJXZGFXY¾§QH?LÀ¤[ZGJ¾®Q<?PORQ�?�À�XHÇ
?LÀ�O�I
¾�[ZEDÈRXYGFEHXDXHQ+CF¾�Ø
I`XLÄgÒ�É
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�#�$	R�&%H�RfPc	­LaZc	kLbvi�n	�� §_D]p_YaL��n0bvij]pk('y�B�*)Ô£�n0kZ��cl^`c	edqBclkLb� {�B�,+`�p�¡qpevij��}@kYcFijqB�L�D]ped�Y]L]L��svijª	c,-p£
qBed]
¥�bd��h	aZeduBcls z®]Be��DbdkZc	sdsg_Yed]p_D]Bedbvij]pkDn	��n
kY����ijkZc
n0egeFn0kZ�BijkYq&sdcJ�jc	h	bvij]pk��

û�¾�[ZÁHGJIWù�¾�C+TdA@½�¾®Ç0?LÀ`XLÄ�Ã1ER?PTN¾�C<Ç	XZOHCJ¾�CFTFI0O@TJÀ�A�XZÈHCJI
GF¿YIpQ�Í1O¤?LM�I0À�A�TFEHI'CF½¤?LTF¾§?PÀ�À�A
CJTFGFÁ¤Ç	TFÁHGJIpQ�Ú ¼ C�I	ÂHEH¾�ÈH¾�T�TJEHI�Ä�?PM�¾�À�¾�?LG�À�XY[Z¾�CFTJ¾®Ç [ZGFXLÃ1TJE.ÇyÁHGF¿YI
CgÈ�ÁHT�Ã1¾�TFE�À�XLÃgI
G�[YGFXLÃ1TFE
G	?LTFI0CpÉ�.1XYTFI`?LÀ�CFX�TFER?PTgTJEHI�G	?LOHé4XYGlQDI0G1XLÄ�TFE�IWCJI
À�IpÇ	TJ¾�XYO<¾�ODTJI
OHCF¾�TdA�¾�Cg½HGJI
CFI0GF¿ZIBQ��¤ÁHCF¾�OH[
Ã�Ip?LéYI
G�À�XHÇ
?PÀgCJI
À�IpÇ	TJ¾�XYOÛ½HGJI
CFCJÁHGFIåÜ{¾�O�TFEH¾�C4Ç
?LCJIZÍ�½HGJXZ½¤XZGFTJ¾�XZOR?PÀgCJI
À�IpÇ	TF¾�XYORÝ�¾�ORQ»ÁRÇ	I
C�?
Ã�Ip?LéYI
G1I
M+I
GF[YI
ODT1[ZÀ�XZÈR?PÀRCJI
À�IpÇ	TJ¾�XYO«½HGJI
CFCJÁHGFIZÉ
Õ1EHI'¾�O@TJÁH¾�TF¾�¿ZI¯I	ÂH½HÀ§?LOR?PTF¾�XZO�Ä{XYGNTJEH¾�C�½HE�I
OHXZM+I
OHXYO�¾�CNTJER?LT<¾�T�¾�C+TFEHI�GJI
CFÁHÀ�T<XLÄ

TJEHI.ÇyXZM4ÈH¾�OHIpQ+I	Ö�IpÇ	TJC�XLÄ�À�XY[Z¾�CFTJ¾§Ç�[YGFXLÃ1TJE«XHÇ
Ç	ÁHGJGF¾�OH[<¾�O«Ip?ZÇJE'XLÄ�TFE�I&À�XHÇ
?LÀ�OHI0¾�[YEDÈRXYGdÆ
EHXDXHQDC�?LORQ�TFEHI�½HGJXZ½R?P[@?LTJ¾�XZO`TF¾�M�I0C�OHIpÇyI
CFC	?LGFA4TJX�CJ½HGFIp?YQ�TJEHI1È¤I
CFT�¾�ORQD¾�¿D¾§QDÁR?LÀY[ZÀ�XZÈ¤?LÀ�À�A



TFE�GFXZÁ�[ZEHXYÁHTg?`CJ½R?LTJ¾®?PÀ�À�A�CFTFGJÁRÇ	TJÁHGFIpQ+½¤XZ½HÁ�À®?PTF¾�XZO�ÉLàdO�U7I�>ZXZO�[&?LORQ4K�?LGFM<?�áBÒZÒZâ�Î�â0Ó�ÃgI
Ç	XYODÅRGFM+IpQ�TJEHI4Å¤GFCFT4XPÄ�TFEHI0CFI<TdÃgX¯E@AD½¤XZTJEHI
CFI0C4CFEHXLÃ1¾�OH[«TJER?LT�TFE�I�I
M+I
GF[YI
ODT&[YÀ�XYÈR?LÀ
CFI0À�IBÇ	TF¾�XZO�½�GFI
CJCFÁHGJINXPÄÙ?+À�X»Ç0?LÀ�CFI
À�IpÇyTF¾�XZOÛ?PÀ�[YXZGJ¾�TJEHM CFÁ¤ÇFE�?LC�ÅRTFOHI0CFC�½HGJXZ½¤XZGJTF¾�XZOR?PÀ�XZG
À�¾�OHIp?LG1G	?LOHéD¾�OH[4CJI
À�IpÇ	TF¾�XYO«¾�CWçYÁR?LÀ�¾�Tl?PTF¾�¿ZI0À�A�CF¾�M+¾�À§?PG�TFX+TFER?PT1½HGFXHQDÁRÇyIpQ«ÈDA$ÅRTFOHI0CFC`½HGFXPÆ
½¤XZGFTJ¾�XZOR?PÀ�XZG7À�¾�O�Ip?LG1G	?LOHéD¾�OH[4¾�O<CFTl?PORQH?PGlQ<CJI
GF¾§?LÀ�Ú ¼ C`Ã1¾�TFE<[YÀ�XYÈR?LÀ�M<?LTJ¾�O�[�½RXDXYÀ�CBÉHàdO
TFE�¾�C)½R?L½¤I
G�Ã�I�ÄvX»ÇyÁHC�XZO�TFE�I1CFIpÇ	XYORQ�EDAD½RXYTFEHI
CJ¾�C�¾�O@¿YXZÀ�¿D¾�OH[1TFEHI1IyÖ¦IpÇyTFC1XLÄ¤½HGFXY½R?L[D?LTF¾�XYO
TF¾�M+I
CgXYO<[ZGFXLÃ1TJE<Gl?LTJI
CpÉ/ õ10�í�¹¤´Û¶#2�3æí�ºFñ4��5�¶�µ��7¶1¶1·76Ùº98�í
àdORÇ	GJIp?LCJ¾�OH[�TFE�I1OHI
¾�[ZEDÈ¤XZGFE�X@XHQ`CJ¾�Ø
I�Ç	GFIB?LTFI0CÙ?¡À®?PGF[YI
G�XL¿ZI
GJÀ®?P½.?PORQ�QDIBÇ	GFIp?PCFI
C1TJEHI�½HGFXY½DÆ
?L[D?LTJ¾�XYO�TF¾�M�IYÉ�Õ1EDÁHC4XYOHINÇ
?PO!CFI
I<TFE¤?LT4½HGJXZ½R?P[@?LTJ¾�XZO�TF¾�M+I
C&?LGJI«Ç	À�XZCFI0À�A�GJI
À§?LTJIpQ�TFX
OHI
¾�[YE@È¤XZGJEHXDXHQ�CJ¾�Ø
IZÉ�ß1I
O¤Ç	I&¾�ORÇyGFIp?PCF¾�OH[4À�XHÇ
?LÀ�OHI0¾�[YEDÈRXYGFEHXDXHQ+CF¾�Ø
I
C`Ã1EH¾�À�I�éYI
I
½H¾�OH[+TFEHI
[ZGJ¾§Q�CJ¾�Ø
I`ÅHÂHIpQ<CJEHXZÁ�À®Q+GJI
CFÁHÀ�T7¾�O«Ç	XYGFGJI
CF½¤XZORQ»¾�O�[N¾�ORÇyGFIp?PCFI
C`¾�O<CFI
À�IpÇ	TJ¾�XZO«¾�ODTFI
O�CF¾�TdA�GJI	Æ: IpÇyTFIpQ¯ÈDA4EH¾�[ZEHI
G1[YGFXLÃ1TJENG	?LTJI
C�XPÄ8TFE�I�ÈRI0CFT�¾�ORQ»¾�¿D¾§QDÁR?PÀdÉ
û�¾�[ZÁHGJI
C,��?LO¤Q`Ï�¾�À�À�ÁHCFTJGl?LTJI�TdAD½H¾§Ç
?LÀDGJI
CFÁHÀ�TJC8XYÈHTl?P¾�OHIpQ`XYO�TFEHI�Cl?PM�I;�Yù# ,�Zù1TJXZGJXZ¾§QH?LÀ

[ZGJ¾§Q!ÁHCFIBQ�¾�O�TJEHIV½�GFI
¿D¾�XZÁHC+CFIpÇyTF¾�XZO�É1û�XZG+ÈRXYTFE�G	?LOHéD¾�OH[ ?PORQ�ÅRTJOHI
CJCN½�GFXZ½¤XZGJTF¾�XZO¤?LÀ
CFI0À�IBÇ	TF¾�XZO<Ã�I�?LOR?PÀ�ADØ
IBQ4TFE�IW[YGFXLÃ1TJE�Ç	ÁHGF¿YI
C1ÄvXZG)ÅR¿ZI7OHI
¾�[ZEDÈ¤XZGFE�X@XHQDC�XLÄ�QD¾ Ö¦I0GFI
ODT1CF¾�Ø
I0C
Ü�â�ÍRÒ�ÍH?LORQ¯á��ZÝ1?PORQ+CFER?P½RI0C�Ü<�Ê?LO¤Q�þ�Ý0É
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	¤�>=��»¢Þ^Wc	edqBc	kLb�qBed]
¥�bd��h	aZeduBc	s�z®]Be��DbdkZc	sds�_Zed]B_D]pedbvij]Bk@ny�¦sdcJ�jc	h	bvij]pk�aZsvijkYq`�Li�¨Hc	edclkLb)kZcJijqp�P�
�D]ped�Y]L]L��svijª	c	s	�

Õ1EHI1GJI
CFÁ�À�TJC�?LGJI�Ä�?L¾�GFÀ�A&ÇyXZOHCJ¾�CJTFI
ODT1Ã1¾�TFE4XYÁHG�I	ÂH½¤IpÇ	T	?LTF¾�XYO�TFE¤?LT�CJI
À�IpÇ	TF¾�XYO�¾�ODTFI
OHCJ¾�TdA
¾�ORÇ	GJIp?LCJI
C«Ã1¾�TFE!¾�ORÇ	GJIp?LCJ¾�O�[ÛOHI
¾�[YE@È¤XZGJEHXDXHQ!CF¾�Ø
IZÉ1ß¡XLÃgI
¿YI
GpÍ�TJEHI
GFI'¾�C�?LO�¾�ODTFI0GFI
CJTF¾�OH[? ?POHXZM<?LÀ�A�@�¾�O`ÈRXYTFE�û�¾�[YÁHGFIA�1?LORQ`û�¾�[ZÁHGJI�Ï¤É	Õ1EHIgþ�Ò1?PORQA�`á���OHI0¾�[YEDÈRXYGFEHXDXHQDC�IyÂ»E�¾�È�¾�T
OHIp?PGFÀ�A«¾§QDI
ODTJ¾®Ç0?LÀ�[ZGJXLÃ1TFE�Ç	ÁHGF¿YI
C�I
¿YI
O'TFEHXYÁH[ZE"�`áB�+¾�C`?LÀ�M�XYCFT�âYúDC°À§?LGJ[ZI
G7TFER?POøþ�ÒHÉ
Õ1EH¾�C1CFÁ�[Z[ZI0CFTFC7TFER?PT1OHI
¾�[ZEDÈ¤XZGJEHXDX»Q+CJER?L½¤I&?LÀ�CJX&½HÀ§?BADC1?LO<¾�M�½¤XZGFT	?LODT�GJXZÀ�IZÉ



No. of Generations

B
es

t P
ro

po
rt

io
n

0  4  8 12 16 20 24 28 32 36 40
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

L5
C9
L9
C13
L13

�#�$	R�9ER��¢�^`c	edqpc	kLb1qBed]
¥�bd��h	aYedupc	s1z§]Be���ijkYc
n
e`eFn0kZ�BijkZq+sdcJ�jclh	bvij]Bk«aZsvijkYq4�Li�¨Hc	edc	kLbWkYcJijqp�L�D]Bev�
�Y]L]L�4svijªlc	s	�F õ!0&í�¹¤´H÷'¶#2�3Êí�ºJñ4�;5�¶�µ���¶1¶1·G6H��ò#I�í
àdO�?PTFTFI0M�½HTJ¾�O�[WTJX�I	ÂH½HÀ§?L¾�O4Ã1EDA�TFEHI`þ�Ò`½HGJXHQDÁRÇ	I
C�?�[ZGFXLÃ1TJE4Gl?PTFI�CJ¾�[ZOH¾ Å¦Ç
?PODTFÀ�A�EH¾�[ZE�I
G
TJER?LO"�1Ò4?PORQ<OHIB?LGFÀ�A<¾§QDI
ODTF¾§Ç
?PÀ�TJX��`á���ÍHTJEHI�¾�ODTFÁH¾�TF¾�¿YIWO�XZTF¾�XYO«¾�C1TFER?PT�Ã1ER?PT�¾�C�GJIp?LÀ�À�A
¾�M�½¤XZGJTl?PO@T1E�I
GFI+¾�C`TJEHI4Gl?YQD¾�ÁHC`XLÄ�?�O�I
¾�[ZEDÈRXYGFEHXDXHQ�É¤àvÄ1ÃgI�Ç	XYOHCF¾§QDI0G�TFEHI4G	?ZQD¾�ÁHC`XPÄ¡?
OHI0¾�[YEDÈRXYGFEHXDXHQ�TFX�È¤IWQ»I	ÅROHIpQ<?PC�TFEHI7Gl?YQD¾�ÁHCgXPÄ�TFEHI7CFM<?LÀ�À�I
CFT�EDAD½RI
GJCF½HE�I
GFI&ÇyXZODTl?P¾�O�¾�O�[
TJEHI&O�I
¾�[ZEDÈRXYGFEHXDXHQ�Í¤TFE�I
OJ�1Ò+ER?PC�?4Gl?YQD¾�ÁHC`XLÄHK ù+Ã1EH¾�À�I&þ�Ò+?LORQL�`á��$ER?B¿ZI�G	?ZQD¾�¾�XLÄ
ù�ÉDÕ1EH¾�CWÇ	XYGFGFI0À®?PTFI
C`GJIp?LCJXZOR?PÈHÀ�A�Ã�I
À�À�Ã1¾�TFE<TFE�I�XZÈHCJI
GF¿YIpQ'QD¾ Ö¦I
GJI
ORÇ	I0CW¾�O<[ZGJXLÃ1TFE«G	?LTJI
C
OHXYTFIpQ+¾�O�TJEHI�½HGJI
¿D¾�XZÁHC1CJIpÇ	TF¾�XYO�É
ß1XLÃ�I
¿YI
GpÍ¤TFE�¾�C7CF¾�M�½�À�I`QDI	ÅRO�¾�TJ¾�XZO<XLÄ�OHI
¾�[YE@È¤XZGJEHXDXHQ<Gl?YQD¾�ÁHCWQDXDI
C7OHXZT`QD¾�CFTJ¾�O�[ZÁH¾�CFE

È¤I
TdÃ�I
I
O4þ�Ò�?PORQM�`áB�1Ã1EH¾§ÇJE�ER?B¿YI�¾§QDI
ODTF¾§Ç
?PÀ@G	?ZQD¾�¾dÍ
È�ÁHT�ER?B¿YIgCJÀ�¾�[YEDTFÀ�AWQD¾ Ö�I
GFI0O@T�[YGFXLÃ1TFE
G	?LTFI0CgGJI
CFÁHÀ�TJ¾�O�[�Ä{GJXZM TFE�I�Å¤OHI
G1¾�ODTFI
GJ¾�XYGgQDI
T	?L¾�À�CgXPÄ�OHI
¾�[ZEDÈ¤XZGJEHXDX»Q$CFER?P½RIYÉDÕ8X�?ZÇ
Ç	XYÁHODT
Ä{XYG�TJEH¾�C�Ã�I.?YQDXZ½HTJIpQ'?LOV?PÀ�TJI
GFO¤?LTF¾�¿YI&QDI	ÅRO�¾�TJ¾�XZO¯Ä{XZG7OHI
¾�[ZEDÈ¤XZGFE�X@XHQ<G	?ZQD¾�ÁHC`ÈR?PCFIpQ¯XZO
?�CFT	?LORQH?PGlQ«Q»¾�CJTl?PORÇ	I`M�Ip?PCFÁHGJI`ÁHCFIpQè¾�O+CF½R?PTF¾§?LÀ�?POR?LÀ�ADCF¾�C`Î�áZáJÓN�OQPSRATVU W ÜYX�Z��\[XRÝ9]4^ W Ü<_BZ`�\[_DÝ9]�
Ã1EH¾§ÇJE<M�Ip?PCFÁHGJI
C1TFE�I�CF½R?PTF¾§?LÀ�Q»¾�CJ½RI0GFCF¾�XYO«XLÄ�?�½RXY¾�ODT�½R?LTJTFI
GJOV?LO¤QNÇ0?LO«È¤I`TFEHXYÁH[ZEDT1XLÄ
?PC1TFEHI`Gl?YQD¾�ÁHC1XLÄ�TFEHI�Ç	¾�G	Ç	À�I&Ç	I
ODTFI0GFIpQ¯XZO+TFEHI�M+Ip?LO�ÇyI
ODTFI
G�ÜB[X`aQ[_ZÝ�XLÄ�?�OHI
¾�[ZEDÈ¤XZGJEHXDX»Q
½R?PTFTJI
GFO<XLÄ;�<½¤XZ¾�ODTFC1Ã1E�I
GFI[X T WcbZ
d`e X Z� a [_ T WfbZ
d`e _ Z�
ä1CJ¾�OH[<TFEH¾�C�QDI	ÅRO�¾�TJ¾�XZO�Í�TJEHI�Gl?ZQ»¾�¾)XLÄH�1Ò�Í�þ�Ò�Í¦?PORQL�`á��<?LGJI«áDg�á���Í�áDg ÏDÒHÍ�?LORQ�áDg ÏDÐ

GJI
CF½¤IpÇ	TJ¾�¿YI
À�A@É ¼ Ç	À�XYCFI
G�À�X@XYé&?LT�û�¾�[YÁHGFIh��?PORQ4û�¾�[ZÁHGJI1Ï�¾�ORQD¾§Ç
?LTJI
C�TJER?LT�TJEH¾�CgÇ	XYGFGFI0À®?PTFI
C



Ã�I
À�ÀHÃ1¾�TFE4TFE�I1XZÈHCJI
GF¿YIpQ�[ZGJXLÃ1TFE�Ç	ÁHGJ¿ZI
CBÍZÃ1¾�TJE.þ�Ò�?ZÇ	TJÁR?LÀ�À�A`I	ÂHEH¾�ÈH¾�TF¾�OH[`CFÀ�¾�[ZEDTJÀ�A`EH¾�[YEHI
G
[ZGJXLÃ1TFE<Gl?PTFI
C7TFER?POi�`á��HÉj õ10�í�¹¤´H÷�¶#2�3Êí�ºJñ4��5�¶�µ��7¶1¶1·lk!ò8·7ºF¸7÷
Õ1EHI4GJI
CFÁHÀ�TJCWXPÄgTFE�I4½HGFI
¿D¾�XZÁ�CWCJIpÇ	TJ¾�XYOHC�CJÁH[Z[YI
CFT�?+CF¾�M�½�À�IYÍD¾�ODTJÁH¾�TF¾�¿ZI�M+XHQDI
À�¾�O«Ã1E�¾®ÇJE
CFI0À�IBÇ	TF¾�XZO¯¾�ODTJI
OHCF¾�TdA<¿Z?LGJ¾�I
C�?LC�?�Ä{Á�ORÇ	TF¾�XYONXPÄ�Gl?ZQ»¾�Á�C1XLÄ�TFEHI�À�XHÇ
?PÀ�OHI
¾�[ZEDÈ¤XZGJEHXDX»Q»C�?LORQ
Ç
?PO�ÈRI4QDGF¾�¿YI
OÛ?LGJÈH¾�TFGl?PGF¾�À�A«Ç	À�XZCFI�TFX<TJEHI4CFI
À�IpÇyTF¾�XZO�¾�ODTFI
O�CF¾�TF¾�I
C`XLÄ1TFE�I.Ç	XYGFGJI
CF½¤XZORQ»¾�O�[
CFI0GF¾§?LÀ�Ú ¼ C�ÈDANÇJEHXDXZCJ¾�OH[4CFÁ�mNÇy¾�I0O@TJÀ�A�À§?LGJ[ZI`Gl?YQD¾�¾�ÉHû�¾�[ZÁ�GFIWâ�¾�À�À�ÁHCFTJGl?PTFI
C1TJEH¾�C1Ä{XYG1TFEHGJI
I
QD¾ Ö�I
GFI
ODT«G	?ZQD¾�¾7XZO�TJEHI«Cl?PM�I"�Yùi n�Yù�[YGF¾§Q�?LC+ÈRIyÄ{XZGJIVÁHCJ¾�OH[�ÅRTJOHI
CJCN½�GFXZ½¤XZGJTF¾�XZO¤?LÀ
CFI0À�IBÇ	TF¾�XZO�É¦û�¾�[ZÁ�GFIh��CFE�XLÃ1C1TFEHI`Cl?PM�I7GFI
CJÁHÀ�TFC1ÄvXZG1À�¾�OHIp?LG�Gl?POHéD¾�OH[4CFI
À�IpÇyTF¾�XZO�É
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�#�
	¤�>pH�Z¢Þ^Wc	edqBc	kLb�qBed]
¥�bd�`h	aZeduBclsÞz§]pe¤��ijkP�
c
n
e�eFn
kY�BijkZq�sdcJ�jc	h	bvij]pk�aZsvijkYqW�Pi�¨Hcledc	kLb�eFn	�
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