
*?�Ti2` e

o�`B�M+2 �M/ AM#`22/BM;

_2+�HHBM; 7`QK +?�Ti2` 8 i?2 p�`B�M+2 UԥԐԡ	ԤՎ
V Q7 � #`22/BM; p�Hm2 ԤՎ Q7 �MBK�HԘ Bb ;Bp2M #v ԥԐԡ	ԤՎ
 � 	� � ӻՎ
ᅼɞ՚ UeXRV

r?2`2 ӻՎ Bb i?2 BM#`22/BM; +Q2{+B2Mi Q7 �MBK�H Ԙ �M/ ᅼɞ՚ +Q``2bTQM/b iQ i?2
�//BiBp2 ;2M2iB+ p�`B�M+2X �i }`bi bB;?i i?Bb b2�Kb /B{+mHi iQ mM/2`bi�M/ r?v
i?2 BM#`22/BM; +Q2{+B2Mi BM+`2�b2b i?2 p�`B�M+2 Q7 � #`22/BM; p�Hm2X h?Bb +?�Ti2`
�BKb �i 2tTH�BMBM; i?2 `2H�iBQMb?BT #2ir22M BM#`22/BM; �M/ i?2 ;2M2iB+ p�`B�M+2X
h?2 K�i2`B�H T`2b2Mi2/ ?2`2 Bb #�b2/ QM +?�Ti2`b j �M/ R9 Q7 U6�H+QM2` �M/
J�+F�v- RNNeVX

eXR AM#`22/BM;

AM#`22/BM; K2�Mb K�iBM; `2H�i2/ BM/BpB/m�HbX h?2 /2;`22 Q7 `2H�iBQMb?BT #2@
ir22M BM/BpB/m�Hb BM � TQTmH�iBQM /2T2M/b QM i?2 bBx2 Q7 i?2 TQTmH�iBQMX AM �
TQTmH�iBQM Q7 #Bb2tm�H Q`;�MBbKb 2p2`v BM/BpB/m�H ?�b �ՙ �M+2biQ`b r?2M HQQF@
BM; ԣ ;2M2`�iBQMb #�+FX �H`2�/v 7Q` bK�HH ԣ i?2 MmK#2` Q7 `2[mB`2/ BM/BpB/m�Hb
BM � TQTmH�iBQM #2+QK2b [mBi2 H�`;2 BM Q`/2` iQ T`QpB/2 b2T�`�i2 mM`2H�i2/ �M@
+2biQ`bX �b � +QMb2[m2M+2 Q7 i?�i �Mv T�B` Q7 BM/BpB/m�Hb Kmbi #2 `2H�i2/ iQ
bQK2 /2;`22X 6m`i?2`KQ`2- T�B`b K�iBM; �i `�M/QK �`2 2tT2+i2/ iQ #2 KQ`2
`2H�i2/ BM bK�HH2` TQTmH�iBQMb +QKT�`2/ iQ r?2M BM/BpB/m�Hb K�i2 �i `�M/QK
BM H�`;2 TQTmH�iBQMbX h?2`27Q`2 T`QT2`iB2b Q7 bK�HH TQTmH�iBQMb +�M #2 i`2�i2/
�b +QMb2[m2M+2b Q7 BM#`22/BM;X
�M BKTQ`i�Mi +QMb2[m2M+2 Q7 irQ BM/BpB/m�Hb ?�pBM; � +QKKQM �M+2biQ` Bb i?�i
i?2v K�v #Qi? +�``v `2THB+�i2b Q7 QM2 Q7 i?2 �HH2H2b T`2b2Mi BM i?2 +QKKQM
�M+2biQ`X A7 i?2 irQ BM/BpB/m�Hb K�i2- i?2v K�v T�bb QM i?2b2 `2THB+�i2b iQ i?2B`
QzbT`BM;X

eN
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eXRXR AM#`22/BM; BM A/2�HBx2/ SQTmH�iBQM

h?2 +Q2{+B2Mi Q7 BM#`22/BM; Bb /2/m+2/ �bbmKBM; �M B/2�HBx2/ TQTmH�iBQMX ai�`i@
BM; rBi? i?2 #�b2 TQTmH�iBQM �M/ Bib T`Q;2Mv 7Q`KBM; ;2M2`�iBQM � i?2 /2p2H@
QTK2Mi Q7 i?2 BM#`22/BM; +Q2{+B2Mi Bb +QKTmi2/X q?�i Bb K2�Mi #v i?2 i2`K
B/2�HBx2/ TQTmH�iBQM Bb b?QrM BM 6B;m`2 eXRX

Generation 0 Base Population (N = Infinity)

Gametes 2N 2N 2N2N2N

N N N N

2N 2N 2N2N2N

N N N N

Generation 1

Generation 2

Gametes

6B;m`2 eXR, am#/BpBbBQM Q7 � bBM;H2 H�`;2 TQTmH�iBQM BMiQ � MmK#2` Q7 bm#TQTm@
H�iBQMb Q` HBM2b

h?2 +QKTmi�iBQM Q7 i?2 BM#`22/BM; +Q2{+B2Mi K�v #2 pBbm�HBx2/ #v i?2 7QHHQrBM;
bBim�iBQMX G2i mb �bbmK2 � ?2`K�T?`Q/Bi2 K�`BM2 Q`;�MBbK- +�T�#H2 Q7 b2H7@
72`iBHBx�iBQM b?2//BM; 2;;b �M/ bT2`K BMiQ i?2 b2�X h?2`2 �`2 ԃ BM/BpB/m�Hb-
2�+? b?2//BM; 2[m�H MmK#2`b Q7 ;�K2i2b r?B+? K�i2 �i `�M/QKX �i � ;Bp2M
HQ+mb- �HH i?2 �HH2H2b BM i?2 #�b2 TQTmH�iBQM ?�p2 iQ #2 `2;�`/2/ �b MQM@B/2MiB+�HX
6Q` i?�i bBM;H2 HQ+mb- �KQM; i?2 ;�K2i2b b?2/ #v i?2 #�b2 TQTmH�iBQM i?2`2
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�`2 �ԃ /Bz2`2Mi bQ`ib BM 2[m�H MmK#2`X q?�i Bb i?2 T`Q#�#BHBiv i?�i � T�B` Q7
;�K2i2b i�F2M �i `�M/QK +�``v B/2MiB+�H �HH2H2b\ h?Bb T`Q#�#BHBiv +Q``2bTQM/b
iQ i?2 BM#`22/BM; +Q2{+B2Mi Uӻ VX �Mv ;�K2i2 ?�b � +?�M+2 Q7 ��	�ԃ
 iQ
K�i2 rBi? � ;�K2i2 +�``vBM; i?2 b�K2 �HH2H2X >2M+2 i?2 BM#`22/BM; +Q2{+B2Mi
UӻȯV BM ;2M2`�iBQM � +Q``2bTQM/b iQ

ӻȯ � ��ԃ UeXkV

AM ;2M2`�iBQM � i?2`2 �`2 irQ r�vb BM r?B+? B/2MiB+�H ?QKQxv;Qi2b +�M �`Bb2-
}`bi 7`QK M2r `2THB+�iBQM Q7 �HH2H2b �M/ b2+QM/ 7`QK T`2pBQmb `2THB+�iBQMbX h?2
T`Q#�#BHBiv Q7 M2rHv `2THB+�i2/ �HH2H2b +QKBM; iQ;2i?2` BM � M2r xv;Qi2 Bb �;�BM��	�ԃ
X h?2 `2K�BMBM; T`QTQ`iBQM �  	��	�ԃ

 Q7 xv;Qi2b +�``B2b �HH2H2b i?�i
�`2 MQi B/2MiB+�H- #mi K�v ?�p2 #22M B/2MiB+�H 7`QK i?2 T`2pBQmb ;2M2`�iBQMX
h?2 iQi�H T`Q#�#BHBiv Q7 B/2MiB+�H xv;Qi2b BM ;2M2`�iBQM � Bb

ӻɞ � ��ԃ � 	�  ��ԃ 
  ӻȯ UeXjV

h?2 b�K2 �`;mK2Mi H2�/BM; iQ 2[m�iBQM UeXjV �TTHB2b iQ �Mv bm#b2[m2Mi ;2M2`@
�iBQMbX q2 +�M i?2`27Q`2 r`Bi2 i?2 KQ`2 ;2M2`�H bi�i2K2Mi

ӻՙ � ��ԃ � 	�  ��ԃ 
  ӻՙȯ UeX9V

h?mb i?2 BM#`22/BM; +Q2{+B2Mi ;Bp2M BM UeX9V +QMbBbib Q7 irQ T�`ib, }`bi �M BM+`2@
K2Mi U��	�ԃ
V �ii`B#mi�#H2 iQ M2r BM#`22/BM; �M/ � `2K�BM/2` i?�i Bb +�mb2/
#v BM#`22/BM; Q7 T`2pBQmb ;2M2`�iBQMbX h?2 BM+`2K2Mi U��	�ԃ
V Bb �bbB;M2/ iQ �
M2r p�`B�#H2 ငӻ - bQ i?�i

ငӻ � ��ԃ UeX8V

qBi? i?�i 2[m�iBQM UeX9V +�M #2 `2@r`Bii2M �bӻՙ � ငӻ � 	�  ငӻ
  ӻՙȯ UeXeV

aQHpBM; UeXeV 7Q` ငӻ `2bmHib BM

ငӻ � ӻՙ  ӻՙȯ�  ӻՙȯ UeXdV

h?2 K2�bm`2 Q7 i?2 `�i2 Q7 BM#`22/BM; ;Bp2M BM 2[m�iBQM UeXdV T`QpB/2b �
+QMp2MB2Mi r�v Q7 ;2M2`�HBbBM; i?2 +QM+2Ti Q7 BM#`22/BM; #2vQM/ i?2 bBKTHB}@
+�iBQMb Q7 i?2 B/2�HBx2/ TQTmH�iBQMX h?Bb ;2M2`�HBx�iBQM T`QpB/2b � K2�Mb Q7
+QKT�`BM; BM#`22/BM; 2z2+ib Q7 /Bz2`2Mi #`22/BM; bvbi2KbX q?2M 2tT`2bbBM;
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BM#`22/BM; BM i2`Kb Q7 ငӻ - 2[m�iBQM UeX9V Bb p�HB/ 7Q` �Mv #`22/BM; bvbi2K �M/
Bb MQi `2bi`B+i2/ iQ i?2 B/2�HBx2/ TQTmH�iBQM r?2`2 ငӻ Bb b2i iQ ��	�ԃ
X aQ 7�`-
r2 ?�p2 Dmbi `2H�i2/ i?2 BM#`22/BM; +Q2{+B2Mi BM QM2 ;2M2`�iBQM iQ i?2 T`2pBQmb
;2M2`�iBQMX Ai `2K�BMb iQ 2tT`2bb i?2 BM#`22/BM; +Q2{+B2Mi BM i2`Kb Q7 � b2i Q7
T`QT2`iB2b Q7 i?2 #�b2 TQTmH�iBQMX h?Bb Bb bBKTHB}2/ #v /2}MBM; i?2 bvK#QH ԅ
�b i?2 +QKTH2K2Mi Q7 i?2 BM#`22/BM; +Q2{+B2Mi ӻ - ?2M+2ԅ � �  ӻ UeX3V

h?2 [m�MiBiv bvK#QHBx2/ #v ԅ Bb FMQrM �b i?2 T�MKB+BiB+ BM/2tX lbBM; UeX3V
�M/ BMb2`iBM; Bi BMiQ UeXdV H2�/b iQԅՙԅՙȯ � �  ငӻ UeXNV

>2M+2 i?2 `�i2 �i r?B+? ԅ BM+`2�b2b 7`QK QM2 ;2M2`�iBQM iQ i?2 M2ti Bb `2/m+2/
iQ � +QMbi�Mi �  ငӻ X :QBM; #�+F ԣ ;2M2`�iBQMb iQ i?2 #�b2 TQTmH�iBQM H2�/b iQԅՙ � 	�  ငӻ
ՙ  ԅɱ UeXRyV

AM i?2 #�b2 TQTmH�iBQM- r2 �bbmK2/ MQ BM#`22/BM;- ?2M+2 ӻɱ � � �M/ ԅɱ � �X
lbBM; i?2 `2bmHi Q7 UeXRyV iQ +QKTmi2 ӻՙ H2�/b iQӻՙ � �  	�  ငӻ
ՙ UeXRRV

eXRXk o�`B�M+2 Q7 :2M2 6`2[m2M+v

�++Q`/BM; i?2 >�`/v@q2BM#2`; 1[mBHB#`BmK- ;2M2 7`2[m2M+B2b �`2 +QMbi�Mi Qp2`
;2M2`�iBQMbX "mi i?Bb Bb QMHv i`m2- B7 i?2 #�b2 TQTmH�iBQM Bb MQi /BpB/2/ BMiQ
bm#TQTmH�iBQMb Q` HBM2bX A7 i?2 #�b2 TQTmH�iBQM Bb bTHBi BMiQ b2T�`�i2 HBM2b �b
b?QrM BM 6B;m`2 eXR- i?2 ;2M2 7`2[m2M+B2b BM i?2 bBM;H2 HBM2b bi�`i iQ b?Qr p�`B@
�iBQMX h?2 �KQmMi Q7 i?2 p�`B�iBQM Bb [m�MiB}2/ #v i?2 p�`B�M+2 Q7 i?2 ;2M2
7`2[m2M+B2bX
h?2 p�`B�M+2 UᅼɞသՖV Q7 i?2 +?�M;2 Q7 ;2M2 7`2[m2M+v BM QM2 ;2M2`�iBQM Bb }`bi Q7
�HH i?2 p�`B�M+2 Q7 � #BMQKB�H `�M/QK p�`B�#H2 �M/ +�M #2 2tT`2bb2/ BM i2`Kb Q7
i?2 `�i2 Q7 BM#`22/BM;- �b b?QrM #2HQrXᅼɞသՖ � ԟɱԠɱ�ԃ � ԟɱԠɱငӻ UeXRkV

�M 2[mBp�H2Mi r�v Q7 r`BiBM; UeXRjV Bb BM i2`Kb Q7 i?2 BM#`22/BM; +Q2{+B2Mi UӻȯV
�M/ i?2 p�`B�M+2 UᅼɞՖV Q7 ;2M2 7`2[m2M+B2b �7i2` QM2 ;2M2`�iBQMX Ai 7QHHQrb i?�i
i?2 `2H�iBQMb?BT Bb i?2 b�K2 �7i2` �Mv MmK#2` Q7 ;2M2`�iBQMb- bQ i?�i �7i2` ԣ
;2M2`�iBQMb



eXRX AL"_11.AL: dj

h�#H2 eXR, :2MQivT2 6`2[m2M+B2b BM SQTmH�iBQM �b � q?QH2

:2MQivT2 6`2[m2M+vӶȯӶȯ ԟɞɱ � ᅼɞՖӶȯӶɞ �ԟɱԠɱ  �ᅼɞՖӶɞӶɞ Ԡɞɱ � ᅼɞՖ
ᅼɞՖ � ԟɱԠɱӻՙ UeXRjV

eXRXj :2MQivT2 6`2[m2M+B2b

h?2 ;2MQivT2 7`2[m2M+B2b BM i?2 TQTmH�iBQM �b � r?QH2 U�+`Qbb �HH ;2M2`�iBQMbV
+�M #2 /2/m+2/ 7`QK i?2 FMQrH2/;2 Q7 i?2 p�`B�M+2 Q7 ;2M2 7`2[m2M+B2bX A7 �M
�HH2H2 ?�b 7`2[m2M+v Ԡ BM � ;Bp2M HBM2- ?QKQxv;Qi2b Q7 i?�i �HH2H2 ?�p2 7`2[m2M+vԠɞ BM i?�i HBM2X h?2 7`2[m2M+v Q7 i?2 ?QKQxv;Qi2b BM i?2 +QKTH2i2 TQTmH�iBQM
Qp2` �HH HBM2b rBHH #2 i?2 K2�M p�Hm2 Q7 Ԡɞ �+`Qbb �HH HBM2bX h?2 K2�M 7`2[m2M+v Q7
?QKQxv;Qi2b Bb r`Bii2M �b ԠɞX۽ h?2 p�Hm2 Q7 Ԡɞ۽ Bb Q#i�BM2/ #v i?2 FMQrH2/;2 Q7 i?2
p�`B�M+2 Q7 ;2M2 7`2[m2M+B2bX AM ;2M2`�H i?2 p�`B�M+2 Q7 � b2`B2b Q7 Q#b2`p�iBQMb
Bb Q#i�BM2/ #v
6`QK i?2 ;2M2`�H 7Q`KmH� Q7 Q#i�BMBM; i?2 p�`B�M+2 Q7 � b2i Q7 Q#b2`p�iBQMb
+Q``2bTQM/BM; iQ ᅼɞՖ � 	 
Ԡɞ۽  Ԡɞ۽ UeXR9V

i?2 K2�M 7`2[m2M+v Q7 ?QKQxv;Qi2b Ԡɞ۽ Bb Q#i�BM2/ �b۽Ԡɞ � ᅼɞՖ � Ԡɞ۽ UeXR8V

r?2`2 Ԡ۽ Bb i?2 K2�M ;2M2 7`2[m2M+v r?B+? Bb i?2 b�K2 �b i?2 Q`B;BM�H ;2M2 7`2@
[m2M+v ԠɱX h?mb BM i?2 +QKTH2i2 TQTmH�iBQM- i?2 7`2[m2M+v Q7 i?2 ?QKQxv;Qi2b
Q7 � T�`iB+mH�` �HH2H2 BM+`2�b2b �M/ Bb �Hr�vb BM 2t+2bb Q7 i?2 Q`B;BM�H 7`2[m2M+v
#v �M �KQmMi 2[m�H iQ i?2 p�`B�M+2 Q7 i?2 ;2M2 7`2[m2M+v �KQM; i?2 HBM2bX AM
� irQ@�HH2H2 bvbi2K- i?2 b�K2 �TTHB2b iQ i?2 Qi?2` �HH2H2X h?2 ;2MQivTB+ 7`2@
[m2M+B2b 7Q` � HQ+mb rBi? irQ �HH2H2b +�M i?2M #2 bmKK�`Bx2/ �b b?QrM BM h�#H2
eXRX
h?2 ;2MQivT2 7`2[m2M+B2b b?QrM BM h�#H2 eXR �`2 MQ HQM;2` BM >�`/v@q2BM#2`;
2[mBHB#`BmKX h?Bb +?�M;2 BM ;2MQivT2 7`2[m2M+B2b Bb i?2 `2bmHi Q7 � K2+?�MBbK
r?B+? Bb +�HH2/ i?2 /BbT2`bBp2 T`Q+2bbX h?2 /BbT2`bBp2 T`Q+2bb Bb �+iBp2 �b bQQM
�b i?2 B/2�HBx2/ #�b2 TQTmH�iBQM Bb bm#/BpB/2/ BMiQ bBM;H2 HBM2bX h?2 BM+`2�b2
Q7 i?2 7`2[m2M+v Q7 i?2 ?QKQxv;Qmb ;2MQivT2b Bb i?2 bQm`+2 Q7 � T?2MQK2MQM
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h�#H2 eXk, :2MQivT2 6`2[m2M+B2b 7Q` � #B@�HH2HB+ HQ+mb- 2tT`2bb2/ BM i2`Kb Q7
BM#`22/BM; +Q2{+B2Mi ӻ

:2MQivT2 P`B;BM�H 6`2[m2M+B2b *?�M;2b /m2 iQ BM#`22/BM;ӶȯӶȯ ԟɞɱ �ԟɱԠɱӻӶȯӶɞ �ԟɱԠɱ �ԟɱԠɱӻӶɞӶɞ Ԡɞɱ �ԟɱԠɱӻ
+�HH2/ BM#`22/BM; /2T`2bbBQMX h?Bb /2T`2bbBQM `272`b iQ i?2 `2/m+2/ }iM2bb Q7
BM/BpB/m�Hb BM TQTmH�iBQMb rBi? BM+`2�bBM; H2p2Hb Q7 BM#`22/BM;X

*QK#BMBM; i?2 7Q`KmH�b UeXRjV �M/ UeXR8V �M/ 7m`i?2`KQ`2 /`QTTBM; i?2 bm#@
b+`BTi ԣ BM ӻՙ H2�/b iQ Ԡɞ۽ � Ԡɱɞ۽ � ᅼɞՖ � Ԡɱɞ۽ � ԟɱԠɱӻ UeXReV

"�b2/ QM UeXReV h�#H2 eXR rBi? i?2 ;2MQivT2 7`2[m2M+B2b +�M #2 `2@r`Bii2M �b
b?QrM BM h�#H2 eXk r?2`2 ;2MQivT2 7`2[m2M+B2b �`2 MQr 2tT`2bb2/ BM i2`Kb Q7
i?2 BM#`22/BM; +Q2{+B2Mi ӻ X

eXk *?�M;2b Q7 J2�M o�Hm2

aQ 7�`- r2 ?�p2 2tTH�BM2/ i?2 +QMb2[m2M+2b Q7 BM#`22/BM; QM i?2 ;2MQivT2 7`2@
[m2M+B2bX AM i?Bb b2+iBQM- r2 ?�p2 � HQQF �i ?Qr BM#`22/BM; �z2+ib i?2 K2�M
p�Hm2b Q7 K2i`B+ +?�`�+i2`bX h?2 KQbi BKTQ`i�Mi +QMb2[m2M+2 Q7 BM#`22/BM; Bb
i?2 `2/m+iBQM Q7 i?2 K2�M T?2MQivTB+ p�Hm2 Q7 +?�`�+i2`b +QMM2+i2/ iQ `2T`Q/m+@
iBQM �M/ }iM2bbX h?Bb T?2MQK2MQM Bb FMQrM �b BM#`22/BM; /2T`2bbBQMX AM
b�vBM; i?�i � +2`i�BM i`�Bi b?Qrb BM#`22/BM; /2T`2bbBQM- r2 `272` iQ i?2 �p2`�;2
+?�M;2 Q7 K2�M p�Hm2 BM � MmK#2` Q7 HBM2bX h?2 b2T�`�i2 HBM2b �`2 +QKKQMHv
7QmM/ iQ /Bz2` iQ � ;`2�i2` Q` H2bb2` 2ti2Mi BM i?2 +?�M;2 i?2v b?Qr- �b BM@
/22/- r2 b?QmH/ 2tT2+i BM +QMb2[m2M+2 Q7 `�M/QK /`B7i Q7 ;2M2 7`2[m2M+B2bX h?2
+?�M;2 Q7 K2�M p�Hm2 i?�i r2 /Bb+mbb MQr `272`b iQ +?�M;2b Q7 i?2 K2�M p�Hm2
Q7 � MmK#2` Q7 HBM2b /2`Bp2/ 7`QK � +QKKQM #�b2 TQTmH�iBQMX

*QMbB/2` � TQTmH�iBQM- bm#/BpB/2/ BMiQ � MmK#2` Q7 HBM2b- rBi? � +Q2{+B2Mi Q7
BM#`22/BM; ӻ X h�#H2 eXj b?Qrb i?2 ;2MQivT2 7`2[m2M+B2b /2`Bp2/ 2�`HB2`- i?2
p�Hm2b Q7 i?2 bBM;H2 ;2MQivT2b �M/ i?2 +QMi`B#miBQM iQ i?2 TQTmH�iBQM K2�M 7Q`
2�+? ;2MQivT2X h?2 �HH2H2 7`2[m2M+B2b ԟ۽ �M/ Ԡ۽ +Q``2bTQM/ iQ i?2 7`2[m2M+B2b BM
i?2 r?QH2 TQTmH�iBQMX

amKKBM; Qp2` i?2 H�bi +QHmKM BM h�#H2 eXj `2bmHib BM i?2 TQTmH�iBQM K2�M 7Q`
i?2 ;Bp2M i`�BiX
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h�#H2 eXj, .2`Bp�iBQM Q7 AM#`22/BM; .2T`2bbBQM

:2MQivT2 6`2[m2M+v o�Hm2 S`Q/m+iӶȯӶȯ ԟɞ۽ � ԟ۽ Ԡӻ۽ Ԑ 	 ԟɞ۽ � ԟ۽ Ԡӻ۽ 
ԐӶȯӶɞ � ԟ۽ Ԡ۽  � ԟ۽ Ԡӻ۽ ԓ 	� ԟ۽ Ԡ۽  � ԟ۽ Ԡӻ۽ 
ԓӶɞӶɞ Ԡɞ۽ � ԟ۽ Ԡӻ۽ Ԑ 	 Ԡɞ۽ � ԟ۽ Ԡӻ۽ 
Ԑ
ԂԱ � 	 ԟɞ۽ � ԟ۽ Ԡӻ۽ 
Ԑ � 	� ԟ۽ Ԡ۽  � ԟ۽ Ԡӻ۽ 
ԓ  	 Ԡɞ۽ � ԟ۽ Ԡӻ۽ 
Ԑ� Ԑ	 ԟ۽  
Ԡ۽ � �ԓ ԟ۽ Ԡ۽  �ԓ ԟ۽ �Ԡӻ۽ Ԑ	 ԟ۽  
Ԡ۽ � �ԓ ԟ۽ �	Ԡ۽  ӻ
� Ԃɱ  �ԓ ԟ۽ Ԡӻ۽ UeXRdV

r?2`2 Ԃɱ Bb i?2 TQTmH�iBQM K2�M #27Q`2 BM#`22/BM;X h?2 +?�M;2 Q7 K2�M `2@
bmHiBM; 7`QK BM#`22/BM; Bb �ԓ ԟ۽ Ԡӻ۽ X

eXj *?�M;2b Q7 o�`B�M+2

h?2 2z2+i Q7 BM#`22/BM; QM i?2 ;2M2iB+ p�`B�M+2 #2+QK2b �TT�`2Mi r?2M �;�BM
BK�;BMBM; i?2 +?�M;2 Q7 ;2M2 7`2[m2M+B2b BM /Bz2`2Mi HBM2b i?�i 2K2`;2 7`QK �
?QKQ;2M2Qmb #�b2 TQTmH�iBQMX qBi?BM i?2 /Bz2`2Mi HBM2b- i?2 ;2M2 7`2[m2M+B2b
+?�M;2 iQ i?2 /BbT2`bBp2 T`Q+2bb Q7 `�M/QK /`B7iX h?Bb K�F2b i?�i Qp2` iBK2
bQK2 �HH2H2 7`2[m2M+B2b rBHH i2M/ iQr�`/b � �M/ 7`2[m2M+B2b Q7 Qi?2` �HH2H2b rBHH
i2M/ iQr�`/b �X h?Bb i2M/2M+v iQr�`/b i?2 2ti`2K2b Bb /Bz2`2Mi BM i?2 /Bz2`2Mi
HBM2bX �b � `2bmHi BM i?2 TQTmH�iBQMb- i?2 bBKBH�`Biv rBi?BM HBM2b BM+`2�b2b- #mi
#2ir22M i?2 HBM2b i?2 /Bz2`2M+2b ;2i #B;;2`X
h?2 bm#/BpBbBQM Q7 � TQTmH�iBQM BMiQ HBM2b BMi`Q/m+2b �M �//BiBQM�H +QKTQM2Mi
Q7 p�`B�M+2- i?2 #2ir22M@HBM2 p�`B�M+2 +QKTQM2MiX h?Bb K2�Mb i?�i i?2 iQi�H ;2@
M2iB+ p�`B�M+2 Bb `2@/Bbi`B#mi2/ BMiQ i?2 rBi?BM@HBM2 +QKTQM2Mi �M/ i?2 #2ir22M
HBM2 +QKTQM2MiX

eXjXR _2/Bbi`B#miBQM Q7 :2M2iB+ o�`B�M+2

6Q` `2�bQMb Q7 bBKTHB+Biv- r2 �`2 +m``2MiHv Dmbi HQQFBM; �i ;2M2iB+ HQ+B rBi?
Tm`2Hv �//BiBp2 2z2+ibX h?�i K2�Mb i?2 /QKBM�M+2 i2`K ԓ 7Q` bm+? �//BiBp2
HQ+B Bb �X ai`B+iHv bT2�FBM;- i?2 `2bmHib b?QrM ?2`2 �TTHv QMHv iQ i`�Bib rBi? MQ
MQM@�//BiBp2 p�`B�M+2X "mi biBHH- i?2b2 `2bmHib b2`p2 �b � ;QQ/ �TT`QtBK�iBQM iQ
i?2 2z2+i Q7 BM#`22/BM; QM i?2 ;2M2iB+ p�`B�M+2X
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*QMbB/2` }`bi � bBM;H2 HQ+mbX q?2M i?2`2 Bb MQi /QKBM�M+2 i?2 ;2MQivTB+ p�`B@
�M+2 BM i?2 #�b2 TQTmH�iBQM Bb ;Bp2M #vԋԲ � ԋԬ � �ԟɱԠɱԐɞ UeXR3V

h?2 p�`B�M+2 rBi?BM QM2 ;Bp2M HBM2 Bb ԋԲ � �ԟԠԐɞ- r?2`2 ԟ �M/ Ԡ �`2 i?2 �HH2H2
7`2[m2M+B2b BM i?�i ;Bp2M HBM2X h?2 K2�M ;2M2iB+ p�`B�M+2 Uԋ ԲV۽ rBi?BM i?2 HBM2b
Bb ԋ Բ۽ � �	 
ԟԠ۽Ԑɞ UeXRNV

r?2`2 	 
ԟԠ۽ Bb i?2 K2�M p�Hm2 Q7 ԟԠ Qp2` �HH HBM2bX h?2 i2`K �	 
ԟԠ۽ Bb i?2 Qp2`�HH
7`2[m2M+v Q7 ?2i2`Qxv;Qi2b BM i?2 r?QH2 TQTmH�iBQM- r?B+?- #v h�#H2 eXk- Bb 2[m�H
iQ �ԟɱԠɱ	�  ӻ
 r?2`2 ӻ Bb i?2 BM#`22/BM; +Q2{+B2MiX h?2`27Q`2

ԋ Բ۽ � �	 
ԟԠ۽Ԑɞ� �ԟɱԠɱ	�  ӻ
� ԋԲ	�  ӻ
 UeXkyV

h?Bb `2K�BMb i`m2 r?2M bmKKBM; i?2 p�`B�M+2b Qp2` �HH HQ+B i?�i �z2+i � ;Bp2M
i`�BiX h?2 rBi?BM@HBM2 p�`B�M+2 +Q``2bTQM/b iQ i?2 Q`B;BM�H p�`B�M+2 iBK2b 	�ӻ
X
�b ӻ �TT`Q�+?2b �- i?2 rBi?BM@HBM2 p�`B�M+2 i2M/b iQr�`/ �X
LQr +QMbB/2` i?2 #2ir22M@HBM2 p�`B�M+2X h?Bb Bb i?2 p�`B�M+2 Q7 i?2 i`m2 K2�Mb
Q7 HBM2b- �M/ rQmH/ #2 2biBK�i2/ 7`QK �M �M�HvbBb Q7 p�`B�M+2 �b i?2 #2ir22M@HBM2
+QKTQM2MiX 6Q` � bBM;H2 HQ+mb rBi? MQ /QKBM�M+2- i?2 K2�M ;2MQivTB+ p�Hm2 Q7
� HBM2 rBi? �HH2H2 7`2[m2M+B2b ԟ �M/ Ԡ Bb Q#i�BM2/ �bԂ � Ԑ	ԟ  Ԡ
 � Ԑ	�  �Ԡ
 UeXkRV

LQr r2 ?�p2 iQ }M/ i?2 p�`B�M+2 Q7 Ԃ X h?2 i2`K Ԑ Bb � +QMbi�Mi- K2�MBM; i?�i
Bi Bb i?2 b�K2 BM �HH i?2 HBM2bX >2M+2 i?2 QMHv `�M/QK i2`K BM Ԃ Bb i?2 �HH2H2
7`2[m2M+v ԠX h?2`27Q`2ԥԐԡ	Ԃ
 � ᅼɞԸ � �ԐɞᅼɞՖ � �ԐɞԟɱԠɱӻ UeXkkV

*QKT�`BM; i?2 `2bmHib Q7 UeXkkV �M/ UeXkyV b?Qrb i?�i ᅼɞԸ � �ӻԋԲX SmiiBM;
i?2 irQ +QKTQM2Mib iQ;2i?2` H2�/b iQ i?2 iQi�H ;2M2iB+ p�`B�M+2 �b b?QrM BM
h�#H2 eX9X
6`QK i?2 H�bi `Qr Q7 h�#H2 eX9- r2 +�M b22 i?�i i?2 iQi�H �//BiBp2 ;2M2iB+ p�`B�M+2
BM � TQTmH�iBQM rBi? BM#`22/BM; +Q``2bTQM/b iQ 	��ӻ
ԋԲ r?B+? Bb 2t�+iHv r?�i
r2 r�Mi2/ iQ b?Qr �i i?2 #2;BMMBM; Q7 i?Bb +?�Ti2` BM 2[m�iBQM UeXRVX
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h�#H2 eX9, S�`iBiBQMBM; Q7 i?2 ;2MiB+ �//BiBp2 p�`B�M+2 BM � TQTmH�iBQM rBi? HBM2b
�M/ � ;Bp2M BM#`22/BM; +Q2{+B2Mi 6

aQm`+2 o�`B�M+2
"2ir22M HBM2b �ӻԋԲ
qBi?BM HBM2b 	�  ӻ
ԋԲ
hQi�H 	� � ӻ
ԋԲ
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