
*?�Ti2` 3

JmHiBTH2 h`�Bib

aQ 7�` r2 ?�p2 b22M ?Qr iQ T`2/B+i #`22/BM; p�Hm2b mbBM; i?2 "GlS �MBK�H
KQ/2HX h?2b2 #`22/BM; p�Hm2b r2`2 �Hr�vb QMHv 7Q` QM2 i`�BiX 6`QK � bi�iBbiB@
+�H TQBMi Q7 pB2r- 2tT2`ib �`2 +�HHBM; bm+? �M�Hvb2b mMBp�`B�i2 2p�Hm�iBQMbX AM
`2�HBiv- HBp2biQ+F #`22/2`b r�Mi iQ BKT`Qp2 i?2B` �MBK�Hb BM � TQTmH�iBQM rBi?
`2bT2+i iQ b2p2`�H i`�Bib bBKmHi�M2QmbHvX A7 i?2`2 �`2 ;2M2iB+ `2H�iBQMb?BTb UK2�@
bm`2/ #v ;2M2iB+ +Q``2H�iBQMbV #2ir22M i`�Bib- mMBp�`B�i2 T`2/B+iBQMb Q7 #`22/BM;
p�Hm2b /Q MQi K�F2 QTiBK�H mb2 Q7 i?2 �p�BH�#H2 BM7Q`K�iBQMX h?Bb 2z2+i Bb
bi`QM;2`- B7 +2`i�BM i`�Bib +�M QMHv #2 Q#b2`p2/ BM �MBK�Hb Q7 QM2 b2tX �++Q`/@
BM; iQ UJ`Q/2- kyy8V r?Q +Bi2b Ua+?�2z2`- RN39V �M/ Uh?QKTbQM �M/ J2v2`-
RN3eV- i?2 BM+`2�b2/ �++m`�+v Q7 i?2 2p�Hm�iBQMb Bb QM2 Q7 i?2 K�BM �/p�Mi�;2 Q7
KmHiBp�`B�i2 "GlS �M�Hvb2bX S`2/B+iBQMb Q7 #`22/BM; p�Hm2b 7Q` b2p2`�H i`�Bib BM
� bBM;H2 2p�Hm�iBQM Bb +�HH2/ KmHiBp�`B�i2 T`2/B+iBQM Q7 #`22/BM; p�Hm2bX am+?
KmHiBp�`B�i2 �M�Hvb2b +�M #2 BKTH2K2Mi2/ BM /Bz2`2Mi r�vb bm+? �b

Ç +QK#BMBM; /Bz2`2Mi +Q``2+i2/ BM7Q`K�iBQM bQm`+2b BM � KmHiBp�`B�i2 b2H2+@
iBQM BM/2t UMQ HQM;2` mb2/VX

Ç KmHiBp�`B�i2 T`2/B+iBQM Q7 #`22/BM; p�Hm2b mbBM; "GlS �MBK�H KQ/2H
UK2i?Q/ Q7 +?QB+2VX

Ç +QK#BMBM; T`2/B+i2/ #`22/BM; p�Hm2b 7`QK mMBp�`B�i2 �M�Hvb2bX

"27Q`2 i?2 BMi`Q/m+iBQM Q7 i?2 "GlS �MBK�H KQ/2H- #`22/BM; p�Hm2b r2`2 2biB@
K�i2/ mbBM; � K2i?Q/ i?�i Bb +�HH2/ b2H2+iBQM BM/2t K2i?Q/X � #`B27 `2pB2r
�#Qmi b2H2+iBQM BM/2t i?2Q`v Bb ;Bp2M BM b2+iBQM 3XjX q?BH2 b2H2+iBQM BM/B+2b �`2
MQ HQM;2` mb2/ iQ 2biBK�i2 #`22/BM; p�Hm2b- b2H2+iBQM BM/2t i?2Q`v Bb biBHH mb2/
iQ T`2/B+i i?2 �;;`2;�i2 ;2MQivT2- �b rBHH #2 b?QrM H�i2` BM i?Bb +?�Ti2`X "27Q`2
i?�i- r2 bi�`i rBi? �M BMi`Q/m+iBQM iQ KmHiBp�`B�i2 "GlS K2i?Q/bX

3d
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3XR JmHiBp�`B�i2 S`2/B+iBQMb P7 "`22/BM; o�Hm2b
lbBM; "GlS

h?2 T`2/B+iBQM Q7 #`22/BM; p�Hm2b mbBM; � KmHiBp�`B�i2 "GlS KQ/2H Bb i?2 QT@
iBK�H T`2/B+iBQM T`Q+2/m`2X Ai ?�b �/p�Mi�;2b- B7

Ç bQK2 i`�Bib ?�p2 HQr2` ?2`Bi�#BHBiv i?�M Qi?2`b
Ç 2MpB`QMK2Mi�H +Q``2H�iBQMb 2tBbi #2ir22M i`�Bib K2�bm`2/ QM i?2 b�K2 �M@

BK�H
Ç bQK2 i`�Bib �`2 �p�BH�#H2 QMHv � bm#b2i Q7 �HH �MBK�Hb
Ç bQK2 i`�Bib r2`2 mb2/ 7Q` � }`bi `QmM/ Q7 b2H2+iBQM

AM T`BM+BTH2- � KmHiBp�`B�i2 �M�HvbBb +�M #2 i?Qm;?i Q7 �b b2p2`�H mMBp�`B�i2
�M�Hvb2b r?B+? �`2 bi�+F2/ QM2 QM iQT Q7 i?2 Qi?2`X G2i mb �bbmK2 i?�i r2 ?�p2
irQ i`�BibX 6Q` i?2 }`bi i`�Bi- r2 /2}M2 i?2 KQ/2HԨφ � ԍφᅬφ � ԏφԤφ � Ԕφ
aBKBH�`Hv 7Q` i?2 b2+QM/ i`�Bi- r2 /2}M2 i?2 KQ/2HԨϵ � ԍϵᅬϵ � ԏϵԤϵ � Ԕϵ
A7 r2 ;`QmT i?2 /�i� #v i`�Bib- i?2M r2 +�M r`Bi2 i?2 KmHiBp�`B�i2 KQ/2H �b

 ԨφԨϵ  �  ԍφ �� ԍϵ   ᅬφᅬϵ  �  ԏφ �� ԏϵ   ԤφԤϵ  �  ԔφԔϵ 
h?2 ;2M2iB+ p�`B�M+2@+Qp�`B�M+2 K�i`Bt ӼЈ 7Q` i?2 irQ i`�Bib ?�b i?2 7QHHQrBM;
bi`m+im`2X

ӼЈ �  ᅼϵւȯ ᅼւφӴւϵᅼւφӴւϵ ᅼϵւɞ  �  Ԗφφ ԖφϵԖϵφ Ԗϵϵ 
h?2 BMp2`b2 ӼφЈ Q7 ӼЈ +�M #2 7Q`KmH�i2/ �b

ӼφЈ �  Ԗφφ ԖφϵԖϵφ Ԗϵϵ 
6Q` i?2 `�M/QK `2bB/m�H 2z2+ib- i?2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt ԇЈ 7Q` i?2 irQ
i`�Bib +�M #2 r`Bii2M �b

ԇЈ �  ԡφφ ԡφϵԡϵφ ԡϵϵ 
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�HbQ i?2 BMp2`b2 ԇφЈ +�M #2 r`Bii2M �b

ԇφЈ �  ԡφφ ԡφϵԡϵφ ԡϵϵ 
h?2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt 7Q` i?2 +QKTH2i2 b2i Q7 i`m2 #`22/BM; p�Hm2b �M/
7Q` �HH `�M/QK `2bB/m�Hb +�M #2 r`Bii2M �b

ԥԐԡ	Ԥ
 � ԥԐԡ  ԤφԤϵ  �  ԖφφӶ ԖφϵӶԖϵφӶ ԖϵϵӶ  � ӼЈ ૺ Ӷ � Ӽ
r?2`2 Ӷ Bb i?2 MmK2`�iQ` `2H�iBQMb?BT K�i`Bt �M/ ૺ /2MQi2b i?2 bQ@+�HH2/ E`Q@
M2+F2`T`Q/m+i Q7 irQ K�i`B+2bX h?2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt ԇ 7Q` i?2
`�M/QK `2bB/m�Hb Bb ;Bp2M #v

ԇ � ԥԐԡ	Ԕ
 � ԥԐԡ  ԔφԔϵ  �  ԡφφӾ։ ԡφϵӾ։ԡϵφӾ։ ԡϵϵӾ։  � ԇЈ ૺ Ӿ։
r?2`2 ԝ +Q``2bTQM/b iQ i?2 MmK#2` Q7 �MBK�Hb BM i?2 T2/B;`22X h?2 +Qp�`B�M+2b
#2ir22M �HH 2H2K2Mib Q7 Ԑ �M/ Ԕ �`2 �X h?Bb Bb /2MQi2/ #v +QK#BMBM; #Qi?
`�M/QK p2+iQ`b BMiQ � bBM;H2 p2+iQ` �M/ r`BiBM; /QrM i?2 p�`B�M+2@+Qp�`B�M+2
K�i`Bt Q7 i?2 +QK#BM2/ p2+iQ` �b

ԥԐԡ  ԤԔ  �  Ӽ �� ԇ  � ԥԐԡ ৡৠৠয়
ԤφԤϵԔφԔϵ

ৢৣৣ � ৡৠৠয়
ԖφφӶ ԖφϵӶ � �ԖϵφӶ ԖϵϵӶ � �� � ԡφφӾ։ ԡφϵӾ։� � ԡϵφӾ։ ԡϵϵӾ։

ৢৣৣ
h?2 bQHmiBQMb iQ ;2i 2biBK�i2b Q7 }t2/ 2z2+ib �M/ iQ ;2i T`2/B+iBQMb 7Q` #`22/BM;
p�Hm2b �`2 Q#i�BM2/ 7`QK i?2 bQHmiBQMb Q7 KBt2/ KQ/2H 2[m�iBQMbX h?2b2 ?�p2
2t�+iHv i?2 b�K2 bi`m+im`2 �b BM i?2 mMBp�`B�i2 +�b2X

 ԍյ ԇφԍ ԍյ ԇφԏԏյ ԇφԍ ԏյ ԇφԏ � Ӽφ   ࣞᅬԤࣞ  �  ԍյ ԇφԨԏյ ԇφԨ 
r?2`2

Ԩ �  ԨφԨϵ  - ԍ �  ԍφ �� ԍϵ  - ࣞᅬ � ঢ় ࣞᅬφࣞᅬϵ  - ԏ �  ԏφ �� ԏϵ  - Ԥࣞ �  ԤࣞφԤࣞϵ 
"�b2/ QM i?2 bT2+B}+�iBQM Q7 i?2 p�`B�M+2@+Qp�`B�M+2 K�i`B+2b /2b+`B#2/ 2�`HB2`-
r2 ;2i ԇφ � ԇφЈ ૺ Ӿ։ �M/ Ӽφ � ӼφЈ ૺ ӶφX
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3Xk JmHiBi`�Bi a2H2+iBQM
LQr i?�i r2 ?�p2 T`2/B+i2/ #`22/BM; p�Hm2b 7Q` � +QHH2+iBQM Q7 i`�Bib �p�BH�#H2-
i?2 [m2biBQM Bb ?Qr iQ BMi2;`�i2 i?2b2 T`2/B+i2/ #`22/BM; p�Hm2b BMiQ � +QMbBbi2Mi
b2H2+iBQM +`Bi2`BQMX a2H2+iBQM BM/2t i?2Q`v T`QpB/2b � iQQH iQ QTiBK�HHv +QK#BM2
/Bz2`2Mi bQm`+2b Q7 BM7Q`K�iBQM BM Q`/2` iQ �TT`QtBK�i2 i?2 �;;`2;�i2 ;2MQivT2ӽX AM b2+iBQM 3XkXj- r2 rBHH `2im`M iQ i?Bb iQTB+ QM+2 �;�BMX �Hi?Qm;? i?2 b2H2+@
iBQM BM/2t T`QpB/2b �M B/2�H 7`�K2rQ`F iQ +QK#BM2 2biBK�i2/ #`22/BM; p�Hm2b
BMiQ �M QTiBK�H b2H2+iBQM +`Bi2`BQM- r2 �`2 ;QBM; iQ /2b+`B#2 iQ Qi?2` b2H2+iBQM
T`Q+2/m`2b i?�i �`2 +QKKQMHv mb2/ BM T`�+iB+�H HBp2biQ+F #`22/BM;X h?2 irQ
T`Q+2/m`2b �`2

RX h�M/2K@a2H2+iBQM �M/
kX a2H2+iBQM #�b2/ QM BM/2T2M/2Mi b2H2+iBQM i?`2b?QH/bX

h?2 /2b+`BTiBQM Q7 i?2b2 T`Q+2/m`2b �BKb �i b?QrBM; i?2 M2;�iBp2 +QMb2[m2M+2b
i?�i `2bmHib 7`QK i?2 mb2 Q7 i?2b2 bm#@QTiBK�H b2H2+iBQM bi`�i2;B2bX

3XkXR h�M/2K@a2H2+iBQM
h?2 i2`K h�M/2K@a2H2+iBQM bi�M/b 7Q` i?2 bi`�i2;v Q7 �Hr�vb BKT`QpBM; i?2
TQTmH�iBQM rBi? `2bT2+i iQ Dmbi QM2 i`�BiX PM+2 i?2 #`22/BM; ;Q�H 7Q` i?Bb i`�Bi
Bb `2�+?2/ i?2 TQTmH�iBQM Bb BKT`Qp2/ rBi? `2bT2+i iQ � /Bz2`2Mi i`�BiX h?Bb
b2[m2M+2 Q7 bBM;H2@i`�Bi BKT`Qp2K2Mib Bb +QMiBMm2/ mMiBH i?2 #`22/BM; ;Q�H 7Q`
�HH i`�Bib Bb `2�+?2/X

h?2 T`Q#H2K rBi? h�M/2K@a2H2+iBQM Bb i?�i r?BH2 BKT`QpBM; i?2 TQTmH�iBQM 7Q`
� ;Bp2M i`�Bi- i?2 TQTmH�iBQM +�M QMHv `2�HBx2 +Q``2H�i2/ b2H2+iBQM `2bTQMb2b 7Q`
�HH Qi?2` i`�BibX h?2b2 +Q``2H�i2/ b2H2+iBQM `2bTQMb2b KB;?i #2 p2`v bK�HH Q` +�M
2p2M #2 M2;�iBp2 r?B+? +�mb2b i?2 iBK2 i?�i Bi i�F2b iQ `2�+? i?2 #`22/BM; ;Q�H
7Q` �HH `2H2p�Mi i`�Bib iQ #2 p2`v HQM;X

3XkXk a2H2+iBQM "�b2/ PM AM/2T2M/2Mi a2H2+iBQM h?`2b?@
QH/b

h?Bb K2i?Q/ r�b mb2/ #27Q`2 i?2 b2H2+iBQM BM/2t r�b /Bb+Qp2`2/X h?Bb b2H2+iBQM
T`Q+2/m`2 Bb p2`v 2�bv iQ �TTHvX 6B`bi b2H2+iBQM i?`2b?QH/b �`2 /2}M2/ 7Q` �HH
i`�BibX AM i?2 M2ti bi2Tb- �HH �MBK�Hb r?B+? �`2 �#Qp2 i?2 i?`2b?QH/b 7Q` �HH
i`�Bib �`2 b2H2+i2/ �b T�`2Mib Q7 i?2 M2ti ;2M2`�iBQMX qBi? i?Bb K2i?Q/- b2H2+@
iBQM `2bTQMb2b 7Q` �HH i`�Bib +�M #2 Q#i�BM2/ BM i?2 2�`Hv ;2M2`�iBQMb �7i2` i?2
BKTH2K2Mi�iBQM Q7 i?Bb b2H2+iBQM bi`�i2;vX

q2 �`2 mbBM; i?2 7QHHQrBM; 2t�KTH2 iQ b?Qr ?Qr b2H2+iBQM #�b2/ QM BM/2T2M/2Mi
b2H2+iBQM i?`2b?QH/b Bb mb2/X 6Q` `2�bQMb Q7 bBKTHB+Biv- r2 `2bi`B+i Qm`b2Hp2b QM
irQ i`�BibX "mi i?2 `2bmHib +�M #2 ;2M2`�HBx2/ rBi?Qmi �Mv T`Q#H2KbX
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3XkXkXR 1t�KTH2, a2H2+iBQM PM AM/2T2M/2Mi h?`2b?QH/b

AM � /�B`v +�iiH2 TQTmH�iBQM- #`22/2`b r�Mi iQ BKT`Qp2 KBHF vB2H/ �M/ T`Qi2BM
+QMi2MiX q2 �bbmK2 i?2 7QHHQrBM; b2H2+iBQM i?`2b?QH/b 7Q` i?2 irQ i`�Bib Q7
BMi2`2bi /m`BM; }`bi H�+i�iBQM

Ç KBHF vB2H/, eNyy F;
Ç T`Qi2BM +QMi2Mi, jX8 W
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6B;m`2 3XR, JBHF uB2H/ �M/ S`Qi2BM *QMi2Mi 6Q` .�B`v *Qrb

6B;m`2 3XR b?Qrb i?2 T2`7Q`K�M+2 /�i� 7Q` � ?2`/ Q7 /�B`v +QrbX h?2 b2H2+iBQM
i?`2b?QH/b U`2/ HBM2 7Q` KBHF vB2H/ �M/ #Hm2 HBM2 7Q` T`Qi2BM +QMi2MiV /BpB/2 i?2
/B�;`�K BMiQ 7Qm` [m�/`�MibX LQM2 Q7 i?2 +Qrb BM i?2 HQr2` `B;?i [m�/`�Mi /Q2b
K22i �Mv Q7 i?2 b2H2+iBQM +`Bi2`BQM BKTQb2/ #v i?2 i?`2b?QH/bX h?2 +Qrb BM i?2
mTT2` H27i [m�/`�Mi 7mH}HH i?2 `2[mB`2K2Mib 7Q` T`Qi2BM +QMi2Mi �M/ i?2 +Qrb BM
i?2 HQr2` `B;?i [m�/`�Mi 7mH}HH i?2 `2[mB`2K2Mib 7Q` KBHF vB2H/X PMHv i?2 +Qrb
BM i?2 mTT2` `B;?i [m�/`�Mi 7mH}HH i?2 `2[mB`2K2Mib 7Q` #Qi? i`�BibX

h?2 /Bb�/p�Mi�;2 Q7 i?Bb b2H2+iBQM bi`�i2;v #2+QK2b �TT�`2Mi rBi? i?2 +Qrb BM
i?2 mTT2` H27i �M/ BM i?2 HQr2` `B;?i [m�/`�MiX h?2v �`2 +mHH2/ �M/ i?2`2#v
MQi +QMbB/2`2/ �b T�`2Mib Q7 i?2 M2ti ;2M2`�iBQM 2p2M i?Qm;?- i?2v ?�p2 ;QQ/
T2`7Q`K�M+2b BM QM2 Q7 i?2 i`�BibX 6`QK � bi�iBbiB+�H ;2M2iB+b TQBMi Q7 pB2r
i?2`2 �`2 i?`22 T`Q#H2Kb �bbQ+B�i2/ rBi? � b2H2+iBQM bi`�i2;v i?�i Bb #�b2/ QM
BM/2T2M/2Mi b2H2+iBQM i?`2b?QH/b



Nk *>�Sh1_ 3X JlGhASG1 h_�Aha

RX HBp2biQ+F #`22/2`b i2M/ iQ Tmi i?2 i?`2b?QH/b 7Q` �HH i`�Bib BM i?2 `�M;2
Q7 TQbBiBp2 T`2/B+i2/ #`22/BM; p�Hm2bX h?Bb H2�/b iQ �M 2t+HmbBQM Q7 p2`v
K�Mv �MBK�Hb �M/ � /`�K�iB+ `2/m+iBQM BM ;2M2iB+ p�`B�#BHBiv

kX ;2M2iB+ `2H�iBQMb?BTb #2ir22M i`�Bib �`2 +QKTH2i2Hv B;MQ`2/X h?2b2 `2H�@
iBQMb?BTb Kmbi #2 +QMbB/2`2/ r?2M /2}MBM; b2H2+iBQM i?`2b?QH/bX Pi?2`@
rBb2 i?2 2tT2+i2/ ;2M2iB+ ;�BM rBHH MQi #2 �b 2tT2+i2/X

jX /Bz2`2M+2b BM i?2 2+QMQKB+ `2H2p�M+2 Q7 i?2 /Bz2`2Mi i`�Bib �`2 +QKTH2i2Hv
B;MQ`2/X SmiiBM; i?2 i?`2b?QH/ BM �HH i`�Bib BMiQ i?2 `�M;2 Q7 TQbBiBp2 T`2@
/B+i2/ #`22/BM; p�Hm2b H2�/b iQ � ?B;? 2KT?�bBb QM i`�Bib rBi? � ?B;? ?2`@
Bi�#BHBivX h`�Bib rBi? HQr2` ?2`Bi�#BHBiv rBHH ?�p2 QMHv p2`v bK�HH b2H2+iBQM
`2bTQMb2bX

3XkXj a2H2+iBQM AM/2t
AM b2+iBQM 3Xk- r2 ?�p2 �H`2�/v #`B2~v /2b+`B#2/ ?Qr r2 +�M mb2 b2H2+iBQM BM/2t
i?2Q`v iQ �TT`QtBK�i2 i?2 �;;`2;�i2 ;2MQivT2 ӽ BM �M QTiBK�H r�vX Cmbi �b �
`2KBM/2`- i?2 �;;`2;�i2 ;2MQivT2 ӽ +QK#BM2b �HH 2+QMQKB+�HHv `2H2p�Mi i`�Bib
BMiQ � bBM;H2 p�Hm2 mbBM; � HBM2�` 7mM+iBQM Q7 i?2 i`m2 #`22/BM; p�Hm2b Ԥ �M/
i�FBM; i?2 2+QMQKB+ p�Hm2b Ԧ �b r2B;?iBM; 7�+iQ`bX :Bp2M i?�i ӽ +Q``2bTQM/b
iQ i?2 HBM2�` 7mM+iBQM ӽ � Ԧյ Ԥ
�M/ r2 r�Mi iQ �TT`QtBK�i2 ӽ #v �M AM/2t Ӿ r?B+? Bb � HBM2�` 7mM+iBQM Q7 �HH
T`2/B+i2/ #`22/BM; p�Hm2b Ԥࣞ- r2 +�M r`Bi2Ӿ � ԑյ Ԥࣞ
r?2`2 ԑ Bb � p2+iQ` Q7 mMFMQrM BM/2t r2B;?ibX h?2 p2+iQ` ԑ Bb /2i2`KBM2/ mbBM;
i?2 QTiBK�HBiv +QM/BiBQM Q7 KBMBKmK T`2/B+iBQM 2``Q` p�`B�M+2 r?B+? `2bmHib BMԑ � ԅ φӼԦ U3XRV

r?2`2 ԅ Bb i?2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt #2ir22M �HH BM7Q`K�iBQM bQm`+2b �M/Ӽ Bb i?2 +Qp�`B�M+2 K�i`Bt #2ir22M i?2 BM7Q`K�iBQM bQm`+2b �M/ i?2 i`�Bib BM
i?2 �;;`2;�i2 ;2MQivT2X AM +�b2 r?2`2 i?2 i`�Bib BM i?2 �;;`2;�i2 ;2MQivT2 ӽ
�M/ BM i?2 BM/2t Ӿ �`2 i?2 b�K2- i?2 K�i`B+2b ԅ �M/ Ӽ �`2 /2}M2/ �bԅ � ԥԐԡ	Ԥࣞ

�M/ Ӽ � ԒԞԥ	Ԥ Ԥࣞ
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6Q` T`2/B+i2/ #`22/BM; p�Hm2b mbBM; "GlS- Bi +�M #2 b?QrM i?�i ԒԞԥ	Ԥ Ԥࣞ
 �ԥԐԡ	Ԥࣞ
 �M/ i?2`27Q`2 ԅ � ӼX lbBM; i?�i 2[m�HBiv BM 2[m�iBQM U3XRV- r2 ;2i

ԑ � Ԧ
r?B+? K2�Mb i?�i i?2 p2+iQ` ԑ Q7 BM/2t r2B;?ib +Q``2bTQM/b iQ i?2 p2+iQ` Q7
2+QMQKB+ p�Hm2b ԦX

h?2 mb2 Q7 i?2 b2H2+iBQM BM/2t i?2Q`v iQ +QK#BM2 T`2/B+i2/ #`22/BM; p�Hm2b �b
BM7Q`K�iBQM bQm`+2b iQ �TT`QtBK�i2 i?2 �;;`2;�i2 ;2MQivT2 ?�b i?2 7QHHQrBM;
�/p�Mi�;2b

Ç ;2M2iB+ `2H�iBQMb?BTb U+Q``2H�iBQMbV #2ir22M i`�Bib BM i?2 �;;`2;�i2 ;2MQ@
ivT2 �`2 +QMbB/2`2/ +Q``2+iHv

Ç `2H�iBQMb?BTb #2ir22M BM7Q`K�iBQM bQm`+2b BM i?2 BM/2t �`2 +QMbB/2`2/ +Q`@
`2+iHv

Ç BM7Q`K�iBQM 7`QK �mtBHB�`v i`�Bib +�M #2 mb2/
Ç /Bz2`2M+2b BM 2+QMQKB+ `2H2p�M+2 Q7 /Bz2`2Mi i`�Bib �`2 +QMbB/2`2/ +Q``2+iHv
Ç 2tT2+i2/ b2H2+iBQM `2bTQMb2b +�M #2 2biBK�i2/ �M/ i?2`2#v [m�MiB}2/

.2bTBi2 �HH i?2b2 �/p�Mi�;2b- BM/2t b2H2+iBQM �HQM2 Bb p2`v `�`2Hv mb2/ BM T`�+iB+�H
HBp2biQ+F #`22/BM;X h?2 `2�bQM 7Q` i?Bb Bb i?�i 2p2`v TQTmH�iBQM ?�b � 72r i`�Bib
i?�i �`2 /B{+mHi iQ �bbQ+B�i2 rBi? �M 2+QMQKB+ p�Hm2 Q` 7Q` bQK2 i`�Bib Bi Bb
/B{+mHi iQ +QK2 mT rBi? ;2M2iB+ T�`�K2i2`bX �b � +QMb2[m2M+2 Q7 i?�i- BM
T`�+iB+�H HBp2biQ+F #`22/BM; r2 rBHH �Hr�vb }M/ � KBt Q7 BM/2t b2H2+iBQM �M/ �
p�`B2iv Q7 BM/2T2M/2Mi b2H2+iBQM i?`2b?QH/bX
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3Xj _2pB2r PM a2H2+iBQM AM/2t h?2Q`v
"27Q`2 i?2 BMi`Q/m+iBQM Q7 i?2 "GlS �MBK�H KQ/2H UU>2M/2`bQM- RNdj#V �M/
U>2M/2`bQM- RNd8VV- #`22/BM; p�Hm2b r2`2 2biBK�i2/ mbBM; a2H2+iBQM AM/2t
h?2Q`v UU>�x2H- RN9jV �M/ U>�x2H �M/ Gmb?- RN9kVVX "Qi? K2i?Q/b @ b2H2+iBQM
BM/2t �M/ "GlS @ �`2 #�b2/ QM i?2 b�K2 ;2M2iB+ KQ/2HX h?2 K�BM /Bz2`2M+2
#2ir22M i?2 irQ K2i?Q/b +QMbBbib BM i?2 r�v ?Qr i?2v +Q``2+i 7Q` B/2MiB}�#H2
bvbi2K�iB+ 2MpB`QMK2Mi�H 2z2+ibX q2 bi�`i rBi? � i`2�iK2Mi Q7 b2H2+iBQM BM/2t
i?2Q`vX

3XjXR AMi`Q/m+iBQM
AM T`BM+BTH2- T`2/B+iBQM Q7 #`22/BM; p�Hm2b �BKb �i �bb2bbBM; i?2 ;2M2iB+ TQi2MiB�H
Q7 � b2H2+iBQM +�M/B/�i2 i?�i Bb /m2 iQ �//BiBp2 ;2M2 2z2+ib #�b2/ QM �HH �p�BH@
�#H2 BM7Q`K�iBQM- bm+? i?�i i?2 +Q``2H�iBQM #2ir22M i`m2 �M/ T`2/B+i2/ #`22/BM;
p�Hm2 Bb K�tBK�HX "2+�mb2- r2 r�Mi iQ /Q i?Bb 7Q` � H�`;2 MmK#2` Q7 b2H2+iBQM
+�M/B/�i2b- r2 +�M 7Q`KmH�i2 Qm` �BK BM � KQ`2 ;2M2`�H r�vX 6Q` � ;Bp2M TQTm@
H�iBQM- r2 r�Mi iQ T`2/B+i #`22/BM; p�Hm2b 7Q` �HH �MBK�Hb BM i?2 TQTmH�iBQM mbBM;
�HH �p�BH�#H2 BM7Q`K�iBQM- bm+? i?�i i?2 +Q``2H�iBQM #2ir22M i`m2 �M/ T`2/B+i2/
#`22/BM; p�Hm2b �`2 K�tBKBx2/X �M �Hi2`M�iBp2 Q#D2+iBp2 7Q` i?2 T`2/B+iBQM iQ
i?2 K�tBKBx�iBQM Q7 i?2 +Q``2H�iBQM #2ir22M i`m2 �M/ T`2/B+i2/ #`22/BM; p�Hm2b
Bb i?2 KBMBKBx�iBQM Q7 i?2 K2�M b[m�`2/ 2``Q` Q7 i?2 T`2/B+iBQMX h?2 /2b+`BT@
iBQM Q7 i?2 �BKb Q7 Qm` T`Q+2/m`2 iQ T`2/B+i #`22/BM; p�Hm2b b?Qrb i?�i r2 �`2
/2�HBM; rBi? irQ /Bz2`2Mi +QM+2Tib Q7 #`22/BM; p�Hm2X

RX h`m2 #`22/BM; p�Hm2 r?B+? +Q``2bTQM/b iQ i?2 bmK Q7 �HH �//BiBp2 ;2M2@
2z2+ib

kX S`2/B+i2/ #`22/BM; p�Hm2 r?B+? Bb � 7mM+iBQM Q7 i?2 T?2MQivTB+ Q#b2`@
p�iBQMb UԨV i?�i Bb /2i2`KBM2/ #v bi�iBbiB+�H K2i?Q/bX �b � T`2/B+iBQM Bi
Bb �Hr�vb �bbQ+B�i2/ rBi? � +2`i�BM 2``Q` r?B+? r2 r�Mi iQ #2 KBMBK�HX

h?2 T`2/B+iBQM Q7 #`22/BM; p�Hm2b ?�b i?`22 /Bz2`2Mi Q#D2+iBp2bX

RX a2H2+iBQM +�M/B/�i2b �`2 `�MF2/ �++Q`/BM; iQ i?2 T`2/B+i2/ #`22/BM; p�Hm2bX
>2M+2- Bi T`QpB/2b � +`Bi2`BQM 7Q` b2H2+iBM; T�`2Mib Qmi Q7 � TQQH Q7 b2H2+iBQM
+�M/B/�i2b

kX S`2/B+i2/ #`22/BM; p�Hm2b �`2 mb2/ iQ �bb2bb i?2 `2bTQMb2 iQ b2H2+iBQM �M/
Bb BKTQ`i�Mi 7Q` TH�MMBM; � #`22/BM; T`Q;`�K

jX S`2/B+i2/ #`22/BM; p�Hm2b �`2 QM2 +`Bi2`BQM i?�i �z2+i i?2 T`B+2 Q7 #`22/BM;
�MBK�Hb �M/ i?2 T`B+2 Q7 b2�K2MX

h?2 /2}MBiBQM kXR Q7 i?2 i2`K #`22/BM; p�Hm2 ?�b b2p2`�H T`Q#H2Kb r?2M Bi
+QK2b iQ Bib TQi2MiB�H mb27mHM2bb 7Q` T`2/B+iBQMX

Ç Ai Bb BKTQbbB#H2 iQ ;2M2`�i2 �M BM}MBi2 MmK#2` Q7 T`Q;2Mv #27Q`2 ?�pBM; �
`2HB�#H2 T`2/B+iBQM Q7 i?2 #`22/BM; p�Hm2

Ç .m2 iQ i?2 �#Qp2 K2MiBQM2/ Q#D2+iBp2b- r2 r�Mi iQ ?�p2 � T`2/B+iBQM Q7
i?2 #`22/BM; p�Hm2 �p�BH�#H2 �b 2�`Hv �b TQbbB#H2X
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Ç h?2 T`2/B+i2/ #`22/BM; p�Hm2 b?QmH/ #2 �b �++m`�i2 �b TQbbB#H2

hQ �//`2bb i?2b2 Bbbm2b- i?2 �#Qp2 K2MiBQM2/ K2i?Q/b r2`2 /2p2HQT2/X q2 bi�`i
rBi? i?2 K2i?Q/ Q7 i?2 b2H2+iBQM BM/2tX

3XjXk a2H2+iBQM AM/2t J2i?Q/
h?2 b2H2+iBQM BM/2t Bb � K2i?Q/ iQ T`2/B+i i?2 #`22/BM; p�Hm2 Q7 �M �MBK�H UԘV
#v mbBM; �HH �p�BH�#H2 BM7Q`K�iBQM QM i?2 �MBK�H �M/ QM Bib `2H�iBp2bX h?2 `2bmHi
Q7 i?2 b2H2+iBQM BM/2t K2i?Q/ Bb �M �bbB;MK2Mi Q7 � MmK2`B+�H p�Hm2 UӾV iQ 2�+?
�MBK�HX �HH �MBK�Hb BM i?2 TQTmH�iBQM +�M i?2M #2 `�MF2/ �++Q`/BM; iQ i?2B`
BM/2t p�Hm2X h?2 `�MFBM; �++Q`/BM; iQ i?2 BM/2t p�Hm2 +�M #2 mb2/ �b b2H2+iBQM
+`Bi2`BQMX AM T`BM+BTH2 i?2 BM/2t Ӿ Bb /2}M2/ �b HBM2�` +QK#BM�iBQM Q7 �HH �p�BH�#H2
BM7Q`K�iBQMX h?Bb +�M #2 r`Bii2M �b

Ӿ � ࣞԤք � ԑφԨφ � ԑϵԨϵ � ੈ � ԑ։Ԩ։ � ԑյ Ԩ U3XkV

r?2`2 ԑ Bb � p2+iQ` Q7 BM/2t r2B;?ib �M/ Ԩ Bb � p2+iQ` Q7 BM7Q`K�iBQM bQm`+2bX
>2`2 r2 �bbmK2 i?�i �HH p�Hm2b BM Ԩ �`2 +Q``2+i2/ 7Q` �TT`QT`B�i2 K2�M H2p2HbX
h?2 `2bmHiBM; BM/2t p�Hm2 Ӿ BM U3XkV Bb mb2/ �b i?2 T`2/B+i2/ #`22/BM; p�Hm2 ࣞԤքX
6`QK � bi�iBbiB+�H TQBMi Q7 pB2r 2[m�iBQM U3XkV +Q``2bTQM/b iQ � KmHiBTH2 HBM2�`
`2;`2bbBQMX h?2 p2+iQ` Q7 BM/2t r2B;?ib ԑ �`2 mM/2`biQQ/ �b T�`iB�H `2;`2bbBQM
+Q2{+B2MibX

3XjXj �;;`2;�i2 :2MQivT2
AM KQbi T`�+iB+�H HBp2biQ+F #`22/BM; b+2M�`BQb- r2 r�Mi iQ BKT`Qp2 � TQTmH�iBQM
�i i?2 ;2M2iB+ H2p2H rBi? `2bT2+i iQ KQ`2 i?�M QM2 i`�Bi Q` +?�`�+i2`BbiB+- bBKmH@
i�M2QmbHvX h?Bb `2[mB`2b � T`Q+2/m`2 i?�i 2M�#H2b mb iQ +QK#BM2 i?2 #`22/BM;
p�Hm2b Q7 b2p2`�H i`�Bi BMiQ QM2 b2H2+iBQM +`Bi2`BQMX h?Bb +`Bi2`BQM Bb +�HH2/ i?2
�;;`2;�i2 ;2MQivT2 ӽX Ai Bb /2}M2/ �b

ӽ � ԦφԤφ � ԦϵԤϵ � ੈ � ԦֈԤֈ � Ԧյ Ԥ U3XjV

r?2`2 Ԥ +Q``2bTQM/b iQ i?2 p2+iQ` Q7 i`m2 #`22/BM; p�Hm2b �M/ Ԧ Bb � p2+iQ` Q7
2+QMQKB+ p�Hm2bX h?2 2+QMQKB+ p�Hm2 Ԧֆ 7Q` � ;Bp2M i`�Bi Ԛ Bb /2}M2/ �b i?2
K�`;BM�H +?�M;2 BM T`Q}i +�mb2/ #v � bK�HH +?�M;2 BM i?2 TQTmH�iBQM K2�M UᅷֆV
Q7 i?2 i`�Bi ԚX �i i?Bb TQBMi- r2 �`2 MQi /2b+`B#BM; ?Qr i?2 2+QMQKB+ p�Hm2bԦֆ �`2 /2`Bp2/- #mi r2 +QMbB/2` i?2K iQ #2 FMQrMX 6Q` i?2 +QMbi`m+iBQM Q7
i?2 b2H2+iBQM BM/2t- r2 �`2 mbBM; i?2 ;2M2`�H 7Q`K Q7 i?2 �;;`2;�i2 ;2MQivT2 ӽX
PM+2 i?2 b2H2+iBQM BM/2t Bb +QMbi`m+i2/- r2 +�M ;Q #�+F iQ i?2 bBKTH2 b+2M�`BQ
Q7 +QMbB/2`BM; Dmbi QM2 i`�Bi r?B+? `2/m+2b i?2 �;;`2;�i2 ;2MQivT2 ӽ iQ i?2 i`m2
#`22/BM; p�Hm2 Ԥ Q7 i?2 bBM;H2 i`�BiX
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3XjX9 h?2Q`v Q7 AM/2t *QMbi`m+iBQM
h?2 i2`K BM/2t +QMbi`m+iBQM bi�M/b 7Q` i?2 +QKTmi�iBQM Q7 i?2 p2+iQ` Q7 BM/2t
r2B;?ib ԑ 7Q` � ;Bp2M b2i Q7 BM7Q`K�iBQM bQm`+2b �M/ � ;Bp2M �;;`2;�i2 ;2MQivT2X
AM/2T2M/2MiHv 7`QK i?2 �p�BH�#H2 BM7Q`K�iBQM bQm`+2b- i?2 7QHHQrBM; T�`�K2i2`b
Kmbi #2 FMQrM

Ç ?2`Bi�#BHBiB2b �M/ T?2MQivTB+ bi�M/�`/ /2pB�iBQMb 7Q` i?2 i`�Bib BM i?2 �;@
;`2;�i2 ;2MQivT2 �M/ 7Q` i?2 i`�Bib BM i?2 BM/2tX

Ç T?2MQivTB+ +Q``2H�iBQMb #2ir22M i?2 i`�Bib BM i?2 BM/2t
Ç ;2M2iB+ +Q``2H�iBQMb #2ir22M i?2 i`�Bib BM i?2 BM/2t �M/ i?2 i`�Bib BM i?2

�;;`2;�i2 ;2MQivT2
Ç ;2M2iB+ +Q``2H�iBQMb #2ir22M i?2 i`�Bib BM i?2 �;;`2;�i2 ;2MQivT2
Ç 2+QMQKB+ p�Hm2b 7Q` i?2 i`�Bib BM i?2 �;;`2;�i2 ;2MQivT2

h?2 Q#D2+iBp2 Q7 i?2 BM/2t +QMbi`m+iBQM Bb iQ K�tBKBx2 i?2 +Q``2H�iBQM ԡթժ #2@
ir22M i?2 BM/2t Ӿ �M/ i?2 �;;`2;�i2 ;2MQivT2 ӽX "2+�mb2 i?2 BM/2t Ӿ +Q``2@
bTQM/b iQ � KmHiBTH2 HBM2�` `2;`2bbBQM- i?2 K2�M b[m�`2/ 2``Q` #2ir22M �;;`2;�i2
;2MQivT2 �M/ BM/2t Bb iQ #2 KBMBKBx2/X 6`QK i?Bb Bi 7QHHQrb i?�i

Ӻ	ӽ  Ӿ
ϵ ݂ KBM U3X9V

h?2 bQHmiBQM iQ i?2 BM/2t +QMbi`m+iBQM Q#D2+iBp2 BM 2[m�iBQM U3X9V H2�/b iQ i?2
bQ@+�HH2/ BM/2t MQ`K�H 2[m�iBQMb r?B+? ?�p2 i?2 7QHHQrBM; 7Q`KX

ԅԑ � ӼԦ U3X8V

r?2`2 ԅ Bb i?2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt #2ir22M �HH BM7Q`K�iBQM bQm`+2b BM
i?2 BM/2t- Ӽ Bb i?2 ;2M2iB+ p�`B�M+2@+Qp�`B�M+2 K�i`Bt #2ir22M i?2 i`�Bib BM i?2
�;;`2;�i2 ;2MQivT2 �M/ BM i?2 BM/2t �M/ Ԧ Bb � p2+iQ` Q7 FMQrM 2+QMQKB+ p�Hm2bX
aQHpBM; 7Q` i?2 p2+iQ` Q7 mMFMQrM BM/2t r2B;?ib ԑ H2�/b iQ

ԑ � ԅ φӼԦ U3XeV

h?2 �++m`�+v Q7 i?2 BM/2t Bb �bb2bb2/ #v i?2 +Q``2H�iBQM ԡթժ #2ir22M i?2 BM/2tӾ �M/ i?2 �;;`2;�i2 ;2MQivT2 ӽX h?2 ?B;?2` i?Bb +Q``2H�iBQM- i?2 #2ii2` i?2
�TT`QtBK�iBQM Q7 ӽ #v Ӿ X h?2 +Q``2H�iBQM ԡթժ +�M #2 +QKTmi2/ �b b?QrM BM
U3XdVX h?2 i2`Kb 7Q` ԒԞԥ	ӽ Ӿ
- ᅼթ �M/ ᅼժ �`2 i�F2M 7`QK U3Xk9V �M/ 7Q` ԑ r2
BMb2`i i?2 bQHmiBQM i�F2M 7`QK U3XeVX
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ԡթժ � ԒԞԥ	ӽ Ӿ
ᅼթᅼժ� Ԧյ  Ӽյ  ԑఉ	Ԧյ  Ӹ  Ԧ
  	ԑյ  ԅ  ԑ
� Ԧյ  Ӽյ  ԅ φ  Ӽ  Ԧఉ	Ԧյ  Ӹ  Ԧ
  		ԅ φ  Ӽ  Ԧ
յ  ԅ  ԅ φ  Ӽ  Ԧ
� Ԧյ  Ӽյ  ԅ φ  Ӽ  Ԧఉ	Ԧյ  Ӹ  Ԧ
  	Ԧյ  Ӽյ  ԅ φ  ԅ  ԅ φ  Ӽ  Ԧ
� Ԧյ  Ӽյ  ԅ φ  Ӽ  Ԧఉ	Ԧյ  Ӹ  Ԧ
  	Ԧյ  Ӽյ  ԅ φ  Ӽ  Ԧ
� ఋԦյ  Ӽյ  ԅ φ  Ӽ  ԦԦյ  Ӹ  Ԧ� ᅼժᅼթ U3XdV

h?2 `2bTQMb2 iQ b2H2+iBQM ԇ r?B+? `2bmHib 7`QK �TTHvBM; � b2H2+iBQM b+?2K2
�++Q`/BM; iQ i?2 BM/2t Ӿ T2` ;2M2`�iBQM Bb +QKTmi2/ �b

ԇ � Ԙ  ԡթժ  ᅼթ� Ԙ  ᅼժᅼթ  ᅼթ� Ԙ  ᅼժ U3X3V

r?2`2 Ԙ Bb i?2 b2H2+iBQM BMi2MbBivX

3XjX8 1t�KTH2 Q7 AM/2t rBi? PrM S2`7Q`K�M+2
h?2 bBKTH2bi +�b2 Q7 �M BM/2t Ӿ Bb i?2 QM2 r?2`2 i?2 �;;`2;�i2 ;2MQivT2 ӽ
+QMbBbib Q7 QM2 i`�Bi �M/ i?2 BM/2t Ӿ +QMi�BMb � bBM;H2 QrM T2`7Q`K�M+2 `2+Q`/
Q7 i?2 b�K2 i`�BiX h?Bb Bb 2[mBp�H2Mi iQ mbBM; i?2 BM/2t Ӿ iQ T`2/B+iBM; i?2
#`22/BM; p�Hm2 Ԥ Q7 �M �MBK�H #�b2/ QM QrM T?2MQivTB+ QrM T2`7Q`K�M+2 `2+Q`/ԨX >2M+2 r2 +�M b2i ӽ � Ԥ �M/ Ӿ � ԑԨ
.m`BM; i?2 BM/2t +QMbi`m+iBQM- r2 ?�p2 �bbmK2/ i?2 BM7Q`K�iBQM BM i?2 BM/2t
iQ #2 +Q``2+i2/ 7Q` i?2 �TT`QT`B�i2 TQTmH�iBQM K2�M ᅷX 6Q` Qm` 2t�KTH2 ?2`2-
r2 +�M b2i Ԩ � Ԩ  ᅷX hQ /2i2`KBM2 i?2 mMFMQrM BM/2t r2B;?i ԑ r?B+? Bb QM
Qm` 2t�KTH2 Dmbi � bBM;H2 MmK#2`- r2 ?�p2 iQ bT2+B7v ԅ - Ӽ �M/ ԦX "2+�mb2-
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r2 �`2 HQQFBM; �i Dmbi QM2 i`�Bi- i?2 p2+iQ` Q7 2+QMQKB+ p�Hm2b Ԧ Bb b2i iQ QM2X
h?2 K�i`Bt ԅ r�b /2}M2/ iQ #2 i?2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt #2ir22M i?2
i`�Bib BM i?2 BM/2tX �b i?2 BM/2t Ӿ +QMi�BMb Dmbi QM2 T?2MQivTB+ `2+Q`/- i?2M ԅ
+Q``2bTQM/b iQ i?2 T?2MQivTB+ p�`B�M+2 ᅼϵ֔ Q7 Qm` i`�Bi Q7 BMi2`2biX h?2 K�i`Bt Ӽ
r�b /2}M2/ iQ #2 i?2 ;2M2iB+ p�`B�M+2@+Qp�`B�M+2 K�i`Bt #2ir22M i?2 i`�Bib BM
i?2 �;;`2;�i2 ;2MQivT2 �M/ i?2 i`�Bib BM i?2 BM/2tX AM Qm` 2t�KTH2 r2 ?�p2 Dmbi
QM2 i`�Bi r?B+? Bb i?2 b�K2 BM ӽ �M/ BM Ӿ - ?2M+2 Ӽ +Q``2bTQM/b iQ i?2 �//BiBp2
;2M2iB+ p�`B�M+2 ᅼϵX AM bmKK�`v- r2 ?�p2 7QmM/ i?�i

ԅ � ᅼϵ֔Ӽ � ᅼϵԦ � � U3XNV

AMb2`iBM; i?2 i2`Kb Q7 U3XNV BMiQ 2[m�iBQM U3XeV iQ +QKTmi2 i?2 BM/2t r2B;?i ԑ
`2bmHib BM

ԑ � ԅ φ  Ӽ  Ԧ� ᅼϵ֔  ᅼϵ  �� ᅼϵᅼϵ֔ � ԗϵ U3XRyV

lbBM; i?2 BM/2t r2B;?i ԑ 7QmM/ BM U3XRyV iQ +QKTmi2 i?2 BM/2t Ӿ - r2 ;2i

Ӿ � ԑԨ� ԗϵ	Ԩ  ᅷ
� ࣞԤք U3XRRV

h?2 BM/2t p�Hm2 Ӿ i?�i r2 Q#i�BM2/ BM U3XRRV +Q``2bTQM/b iQ i?2 T`2/B+i2/ #`22/@
BM; p�Hm2 7Q` � ;Bp2M i`�Bi Q7 �M �MBK�H Ԙ #�b2/ QM �M QrM T2`7Q`K�M+2 T?2MQivTB+
`2+Q`/ Q7 �MBK�H Ԙ BM i?2 `2bT2+iBp2 i`�BiX *QKT�`BM; i?2 T`2/B+i2/ #`22/BM;
p�Hm2 Q#i�BM2/ BM U3XRRV mbBM; b2H2+iBQM BM/2t i?2Q`v iQ i?2 `2bmHi Q#i�BM2/ 7`QK
i?2 `2;`2bbBQM �TT`Q�+? BM UjX8V b?Qrb i?�i i?2v �`2 B/2MiB+�HX

h?2 �++m`�+v ԡթժ Q7 i?2 T`2/B+i2/ #`22/BM; p�Hm2 U ࣞԤքV mbBM; b2H2+iBQM BM/2t
i?2Q`v Bb +QKTmi2/ �b b?QrM BM U3XdV
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ԡթժ � ᅼժᅼթ� ԑᅼ֔ᅼ� ԗϵᅼ֔ᅼ� ԗ U3XRkV

aBKBH�`Hv iQ i?2 T`2/B+i2/ #`22/BM; p�Hm2- i?2 �++m`�+v ԡթժ i?�i `2bmHib 7`QK
b2H2+iBQM BM/2t i?2Q`v Bb B/2MiB+�H iQ r?�i r�b 7QmM/ mbBM; i?2 `2;`2bbBQM �T@
T`Q�+?X

3XjXe 1t�KTH2 rBi? S`Q;2Mv _2+Q`/b
h?2 T`2/B+iBQM Q7 #`22/BM; p�Hm2b 7Q` � ;Bp2M �MBK�H Ԙ #�b2/ QM T`Q;2Mv `2+Q`/b
Bb p2`v +QKKQM BM HBp2biQ+F #`22/BM;X 1t�KTH2b �`2 /�B`v +�iiH2 r?2`2 #mHHb �`2
2p�Hm�i2/ #�b2/ QM H�+i�iBQM `2+Q`/b Q7 /�m;?i2`bX aBKBH�`Hv 7Q` #227 +�iiH2 Q`
TB;b r?2`2 bB`2b �`2 2p�Hm�i2/ #�b2/ QM +�`+�bb T2`7Q`K�M+2 Q7 i?2B` T`Q;2MvX 6Q`
� p2`v HQM; iBK2 i?Bb ?�b #22M i?2 bi�M/�`/ K2i?Q/ iQ T`2/B+i #`22/BM; p�Hm2b iQ
b2H2+i T�`2Mib BM � #`22/BM; T`Q;`�KX 6B`bi r2 �bbmK2 i?�i i?2 T`Q;2Mv Q7 �MBK�HԘ �`2 �HH ?�H7@bB#bX "27Q`2- r2 +�M mb2 i?2 T2`7Q`K�M+2 `2+Q`/b Q7 i?2 T`Q;2Mv
iQ T`2/B+i #`22/BM; p�Hm2b 7Q` i?2 T�`2Mib- r2 ?�p2 iQ +Q``2+i i?2K rBi? i?2
�TT`QT`B�i2 K2�M T2`7Q`K�M+2X �7i2` i?2 +Q``2+iBQM i?2 T`Q;2Mv T2`7Q`K�M+2
p�Hm2b �`2 �p2`�;2/ 7Q` � ;Bp2M T�`2MiX h?2b2 K2�M T2`7Q`K�M+2 p�Hm2b 7Q` �
;Bp2M T�`2Mi Ԙ �`2 +�HH2/ Ԩք۽ �M/ �`2 mb2/ iQ T`2/B+i i?2 #`22/BM; p�Hm2bX >2M+2
Qm` BM/2t Ӿ 7Q` � ;Bp2M �MBK�H Ԙ Bb /2}M2/ �b

Ӿ � ԑ Ԩք۽ U3XRjV

"2+�mb2- r2 �`2 QMHv HQQFBM; �i � bBM;H2 i`�Bi- i?2 �;;`2;�i2 ;2MQivT2 ӽ +Q``2@
bTQM/b iQ i?2 bBM;H2 i`m2 #`22/BM; p�Hm2 Ԥ Q7 i?Bb i`�Bi �M/ i?2 2+QMQKB+ r2B;?iԦ Bb �X LQr r2 �`2 `2�/v iQ b2i mT i?2 BM/2t MQ`K�H 2[m�iBQMbX AM ;2M2`�H i?2b2
2[m�iBQMb ?�p2 i?2 7Q`K

ԅԑ � ӼԦ U3XR9V

r?2`2 ԅ +Q``2bTQM/b iQ i?2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt Q7 i?2 BM7Q`K�iBQM
bQm`+2b BM i?2 BM/2tX Pm` BM/2t Ӿ �b /2}M2/ BM U3XRjV +QMi�BMb Dmbi QM2 bQm`+2
Q7 BM7Q`K�iBQM- M�K2Hv i?2 �p2`�;2 Ԩք۽ Q7 i?2 T`Q;2Mv T2`7Q`K�M+2 p�Hm2b Q7
�MBK�H ԘX AM ;2M2`�H i?2 T?2MQivTB+ p�`B�M+2 Q7 i?2 K2�M Ԩ۽ Q7 ԝ T`Q;2Mv
T2`7Q`K�M+2 p�Hm2b +Q``2bTQM/b iQ
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ᅼϵ֔۽ � � � 	ԝ  �
ԣԝ ᅼϵ֔ U3XR8V

6Q` Qm` +�b2 rBi? i?2 T`Q;2Mv `2+Q`/b- ԣ i�F2b i?2 p�Hm2 Q7 φΚ ԗϵX 6Q` KQ`2 /2i�BHb
QM ?Qr iQ +QKTmi2 ᅼϵ֔۽- b22 b2+iBQM 3XjX3X >2M+2 i?2 K�i`Bt ԅ `2/m+2b iQ � bBM;H2
MmK#2`

ԅ � ᅼϵ֔۽ � � � 	ԝ  �
ԗϵ��ԝ ᅼϵ֔ U3XReV

h?2 K�i`Bt Ӽ BM U3XR9V Bb i?2 ;2M2iB+ +Qp�`B�M+2 K�i`Bt #2ir22M i?2 i`�Bib BM ӽ
�M/ i?2 BM7Q`K�iBQM bQm`+2b BM Ӿ X AM Qm` +m``2Mi 2t�KTH2 Ӽ � ԒԞԥ	Ԥք 
Ԩք۽ � φϵ ᅼϵX
6Q` KQ`2 /2i�BHb QM ?Qr iQ +QKTmi2 Ӽ- b22 b2+iBQM 3XjX3XkX LQr i?�i r2 ?�p2
�HH i?2 +QKTQM2Mib Q7 U3XR9V- r2 +�M BMb2`i i?2K �M/ bQHp2 7Q` ԑX

� � 	ԝ  �
ԗϵ��ԝ ᅼϵ֔  ԑ � ��ᅼϵռԑ � �ԝԗϵ� � 	ԝ  �
ԗϵ� �ԝԝ � Ԛ U3XRdV

r?2`2 Ԛ � Κփɞփɞ X

qBi? i?Bb i?2 T`2/B+i2/ #`22/BM; p�Hm2 ࣞԤք 7Q` �MBK�H Ԙ #�b2/ QM i?2 �p2`�;2
T`Q;2Mv T2`7Q`K�M+2 p�Hm2b mbBM; i?2 BM/2t �TT`Q�+? +Q``2bTQM/b iQ

ࣞԤք � Ӿ � ԑ  	 Ԩք۽  ᅷ
 � �ԝԝ � Ԛ  	 Ԩք۽  ᅷ
 U3XR3V

h?2 �++m`�+v 7Q` i?2 T`2/B+i2/ #`22/BM; p�Hm2 BM U3XR3V Bb

ԡթժ � ఋ ԝԝ � Ԛ U3XRNV

3XjXd �TT2M/Bt, .2`Bp�iBQM Q7 AM/2t LQ`K�H 1[m�iBQMb
AM i?Bb b2+iBQM r2 r�Mi iQ b?Qr ?Qr iQ /2`Bp2 i?2 BM/2t MQ`K�H 2[m�iBQMb
7`QK i?2 Q#D2+iBp2 +`Bi2`BQM BM i?2 BM/2t +QMbi`m+iBQM T`Q+2/m`2X h?2 Q#D2+iBp2
+`Bi2`BQM r�b 7Q`KmH�i2/ BM 2[m�iBQM U3X9V �bည � Ӻ	ӽ  Ӿ
ϵ ݂ KBM U3XkyV
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h?2 /2`Bp�iBQM bi�`ib #v BMb2`iBM; i?2 /2}MBiBQMb Q7 ӽ �M/ Ӿ BMiQ U3XkyVX

ည � Ӻ	ӽ  Ӿ
ϵ � Ӻ	ӽϵ  �  ӽ  Ӿ � Ӿϵ
� Ӻ	ӽϵ
  �  Ӻ	ӽ  Ӿ
 � Ӻ	Ӿϵ
 U3XkRV

"Qi? i?2 2tT2+i2/ p�Hm2 Ӻ	ӽ
 Q7 i?2 �;;`2;�i2 ;2MQivT2 ӽ �M/ i?2 2tT2+i2/
p�Hm2 Ӻ	Ӿ
 Q7 i?2 BM/2t �`2 #Qi? �X h?Bb +�M #2 b22M #v i?2 7QHHQrBM; 2tT�MbBQMӺ	ӽ
 � Ӻ	Ԧյ Ԑ
 � Ԧյ  Ӻ	Ԥ
 � Ԧյ  � � � U3XkkV

#2+�mb2 i?2 #`22/BM; p�Hm2b Ԥ �`2 /2}M2/ �b /2pB�iBQMb- i?2`2 2tT2+i2/ p�Hm2Ӻ	Ԥ
 Bb �Hr�vb �X aBKBH�`Hv 7Q` i?2 BM/2t Ӿ - r2 K2MiBQM2/ i?�i i?2 +QKTQM2Mib
BM i?2 p2+iQ` Ԩ /2MQiBM; i?2 BM7Q`K�iBQM bQm`+2b i?�i 2Mi2` i?2 BM/2t Ӿ �`2
+Q``2+i2/ #v bmBi�#H2 TQTmH�iBQM K2�MbX .m2 iQ i?Bb +Q``2+iBQM- r2 +�M bi�i2
i?�i Ӻ	Ԩ
 � � �M/ i?2`2#v Ӻ	Ӿ
 � �X lbBM; i?2b2 `2bmHib QM i?2 2tT2+i2/ p�Hm2b
Q7 ӽ �M/ Ӿ - r2 +�M 7m`i?2` /2p2HQT U3XkRV

ည � ԥԐԡ	ӽ
  �  ԒԞԥ	ӽ Ӿ
 � ԥԐԡ	Ӿ
� ԥԐԡ	Ԧյ Ԥ
  �  ԒԞԥ	Ԧյ Ԥ ԑյ Ԩ
 � ԥԐԡ	ԑյ Ԩ
� Ԧյ ԥԐԡ	Ԥ
Ԧ  �  Ԧյ ԒԞԥ	Ԥ Ԩյ 
ԑ � ԑյ ԥԐԡ	Ԩ
ԑ� Ԧյ ӸԦ  �  Ԧյ Ӽյ ԑ � ԑյ ԅԑ U3XkjV

r?2`2 Ӹ Bb i?2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt Q7 i?2 i`m2 #`22/BM; p�Hm2b Q7 i?2
i`�Bib BM i?2 �;;`2;�i2/ ;2MQivT2- Ӽյ Bb i?2 ;2M2iB+ p�`B�M+2@+Qp�`B�M+2 K�i`Bt
#2ir22M i?2 i`�Bib BM i?2 �;;`2;�i2 ;2MQivT2 �M/ i?2 i`�Bib BM i?2 BM/2t �M/ԅ Bb i?2 T?2MQivTB+ p�`B�M+2@+Qp�`B�M+2 K�i`Bt #2ir22M i?2 i`�Bib BM i?2 BM/2tX
>2M+2 r2 +�M bi�i2

ԥԐԡ	ӽ
 � Ԧյ  Ӹ  ԦԒԞԥ	ӽ Ӿ
 � Ԧյ  Ӽյ  ԑԥԐԡ	Ӿ
 � ԑյ  ԅ  ԑ U3Xk9V

AM i?2 Q#D2+iBp2 +`Bi2`BQM BM U3XkyV- r2 bi�i2/ i?�i ည b?QmH/ #2 KBMBKBx2/X h?Bb
Bb /QM2 #v +QKTmiBM; i?2 /2`Bp�iBp2 Q7 ည rBi? `2bT2+i iQ i?2 p2+iQ` ԑX h?2
bQHmiBQM p2+iQ` ԑ i?�i b2ib i?�i /2`Bp�iBp2 iQ � +Q``2bTQM/b iQ i?2 bQHmiBQM i?�i
r2 �`2 HQQFBM; 7Q`X h?2 /2`Bp�iBp2 Q7 ည rBi? `2bT2+i iQ i?2 p2+iQ` ԑ Bb �HbQ +�HH2/
i?2 ;`�/B2Mi �M/ +�M #2 +QKTmi2/ �b

ᆉညᆉԑ � �  �  Ԧյ  Ӽյ � �ԑյ ԅ U3Xk8V
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a2iiBM; U3Xk8V iQ � H2�/b iQ

� � �  Ԧյ  Ӽյ � �ԑյ ԅԦյ Ӽյ � ԑյ ԅԅԑ � ӼԦ U3XkeV

h?2 H�bi HBM2 BM U3XkeV 7QHHQrb #v i`�MbTQbBM; #Qi? bB/2b Q7 i?2 b2+QM/ H�bi HBM2
�M/ #2+�mb2 ԅ Bb bvKK2i`B+- ԅ յ � ԅ X �b � `2bmHi r2 Q#i�BM i?2 BM/2t MQ`K�H
2[m�iBQMb r?B+? +�M #2 bQHp2/ 7Q` i?2 mMFMQrM p2+iQ` ԑ #v T`2@KmHiBTHvBM; #Qi?
bB/2b rBi? i?2 BMp2`bBQM K�i`Bt ԅ φ Q7 ԅ X

ԑ � ԅ φӼԦ U3XkdV

"2+�mb2 ԅ Bb � p�`B�M+2@+Qp�`B�M+2 K�i`Bt- Bi Bb ;m�`�Mi22/ iQ #2 TQbBiBp2 /2}MBi2
�M/ Bib BMp2`b2 ԅ φ /Q2b 2tBbiX

3XjX3 �TT2M/Bt, .2`Bp�iBQM Q7 i?2 AM/2t *QKTQM2Mib 7Q`
i?2 1t�KTH2 Q7 i?2 J2�M S`Q;2Mv S2`7Q`K�M+2

3XjX3XR o�`B�M+2 Q7 J2�M S`Q;2Mv S2`7Q`K�M+2

h?2 K2�M T2`7Q`K�M+2 p�Hm2b Q7 � ;`QmT Q7 T`Q;2Mv 7Q` � ;Bp2M T�`2Mi ?�b i?2
7QHHQrBM; bi`m+im`2

Ԩք۽ � �ԝ ։ంֆ�φ ԨքӴֆ U3Xk3V

r?2`2 Ԩֆ Bb i?2 +Q``2+i2/ T2`7Q`K�M+2 p�Hm2 Q7 T`Q;2Mv Ԛ Q7 �MBK�H ԘX 1�+? Ԩֆ
+�M #2 /2+QKTQb2/ BMiQ

ԨքӴֆ � Ԥֆ � Ԕֆ� ��Ԥք � ��ԤտӴֆ � Ԝֆ � Ԕֆ U3XkNV

h?2 p�`B�M+2 Uᅼϵ֔V Q7 � bBM;H2 T?2MQivTB+ Q#b2`p�iBQM UԨքӴֆV Q7 T`Q;2Mv Ԛ Q7 T�`2MiԘ +�M #2 +QKTmi2/ �b
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ᅼϵ֔ � ԥԐԡ	ԨքӴֆ
 � ԥԐԡ	��Ԥք � ��ԤտӴֆ � Ԝֆ � Ԕֆ
� ԥԐԡ	��Ԥք
 � ԥԐԡ	��ԤտӴֆ
 � ԥԐԡ	Ԝֆ
 � ԥԐԡ	Ԕֆ
� ��ԥԐԡ	Ԥ
 � ��ԥԐԡ	ԤտӴֆ
 � ԥԐԡ	Ԝֆ
 � ԥԐԡ	Ԕֆ
� ��ᅼϵ � ��ԥԐԡ	ԤտӴֆ
 � ԥԐԡ	Ԝֆ
 � ԥԐԡ	Ԕֆ
 U3XjyV

AM U3XjyV r2 ?�p2 �bbmK2/ i?�i �HH i?2 T�B`rBb2 +Qp�`B�M+2b #2ir22M i?2 i2`Kb
�`2 �X q2 /2}M2 i?2 BMi`�@+H�bb +Q``2H�iBQM ԣ r?B+? Bb i?2 T�`i Q7 i?2 iQi�H
p�`B�M+2 r?B+? Bb �ii`B#mi2/ iQ i?2 T2`K�M2Mi 2z2+i BM i?2 bBM;H2 T2`7Q`K�M+2
`2+Q`/bX

ԣ � ���ᅼϵᅼϵ֔ � ��ԗϵ U3XjRV

AMb2`iBM; i?2 /2+QKTQbBiBQM Q7 U3XkNV BMiQ U3Xk3V H2�/b iQ

Ԩք۽ � �ԝ ։ంֆ�φ ԨքӴֆ� �ԝ ։ంֆ�φ	��Ԥք � ��ԤտӴֆ � Ԝֆ � Ԕֆ

� ��Ԥք � �ԝ ։ంֆ�φ ��ԤտӴֆ � �ԝ ։ంֆ�φ Ԝֆ � �ԝ ։ంֆ�φ Ԕֆ U3XjkV

h�FBM; i?2 p�`B�M+2 QM #Qi? bB/2b Q7 U3XjkV H2�/b iQ Qm` }M�H `2bmHi i?2 p�`B�M+2
Uᅼϵ֔۽V Q7 i?2 K2�M T`Q;2Mv T2`7Q`K�M+2X
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ᅼϵ֔۽ � ԥԐԡ	 
Ԩք۽ � ԥԐԡ	��Ԥք � �ԝ ։ంֆ�φ ��ԤտӴֆ � �ԝ ։ంֆ�φ Ԝֆ � �ԝ ։ంֆ�φ Ԕֆ

� ԥԐԡ	��Ԥք
 � ԥԐԡ	 �ԝ ։ంֆ�φ ��ԤտӴֆ
 � ԥԐԡ	 �ԝ ։ంֆ�φ Ԝֆ
 � ԥԐԡ	 �ԝ ։ంֆ�φ Ԕֆ
� ��ᅼϵ � ��ԝԥԐԡ	ԤտӴֆ
 � �ԝԥԐԡ	Ԝֆ
 � �ԝԥԐԡ	Ԕֆ
� ��ᅼϵ � �ԝ গ��ԥԐԡ	ԤտӴֆ
 � ԥԐԡ	Ԝֆ
 � ԥԐԡ	Ԕֆ
ঘ� ԣ  ᅼϵ֔ � �ԝ	�  ԣ
  ᅼϵ֔� ԝ  ԣ � �  ԣԝ  ᅼϵ֔� � � 	ԝ  �
ԣԝ  ᅼϵ֔ U3XjjV

"2+�mb2- r2 b�r 2�`HB2` i?�i ԣ � ԗϵ��- r2 +�M BMb2`i i?�i BMiQ U3XjjV r?B+?
#`BM;b mb iQ i?2 }M�H `2bmHi

ᅼϵ֔۽ � � � 	ԝ  �
ԗϵ��ԝ  ᅼϵ֔ U3Xj9V

3XjX3Xk *Qp�`B�M+2 #2ir22M h`m2 "`22/BM; o�Hm2 �M/ J2�M S`Q;2Mv
S2`7Q`K�M+2

h?2 b2i@mT Q7 i?2 BM/2t MQ`K�H 2[m�iBQMb `2[mB`2b i?2 K�i`Bt Ӽ r?B+? +Q``2@
bTQM/b iQ i?2 ;2M2iB+ +Qp�`B�M+2 #2ir22M i?2 i`�Bi BM i?2 �;;`2;�i2 ;2MQivT2 �M/
i?2 BM7Q`K�iBQM bQm`+2b BM i?2 BM/2tX 6Q` i?2 2t�KTH2 rBi? i?2 K2�M T`Q;2Mv
T2`7Q`K�M+2 p�Hm2b- i?2 K�i`Bt Ӽ Bb /2}M2/ �b

Ӽ � ԒԞԥ	Ԥք 
Ԩք۽ � ԒԞԥ	Ԥք �ԝ ։ంֆ�φ ԨքӴֆ

� ԒԞԥ ৃԤք ��Ԥք � �ԝ ։ంֆ�φ ঝ��ԤտӴֆ � Ԝֆ � Ԕֆঞৄ� ԒԞԥ	Ԥք ��Ԥք
� ��ᅼϵ U3Xj8V

AM U3Xj8V- r2 ?�p2 mb2/ i?�i i?2 +Qp�`B�M+2 #2ir22M Ԥք �M/ �HH Qi?2` +QKTQM2Mib
Q7 ԨքӴֆ- 2t+2Ti Ԥք Bb �X


	Preface
	Prerequisites
	Goals
	Exam
	Lecture Notes

	Introduction
	Terminology
	History
	Fundamental Questions
	Improvement of Animal Populations
	Statistics
	Computer Science

	Basics in Quantitative Genetics
	Single Locus - Quantitative Trait
	Frequencies
	Hardy-Weinberg Equilibrium
	Value and Mean
	Variances
	Extension To More Loci
	Genetic Models
	Appendix: Derivations

	Genetic Evaluations
	Introduction
	Basic Principle of Predicting Breeding Values
	Animal's Own Performance
	Progeny Records

	Best Linear Unbiased Prediction (BLUP)
	Problem of Correction
	Numeric Example
	Linear Mixed Effects Model
	Sire Model
	Animal Model

	Genetic Covariances Between Animals
	Similarity Between Individuals
	Numerator Relationship Matrix
	The Inverse Numerator Relationship Matrix
	Structure of A^{-1}
	Henderson's Rule To Set Up A^{-1}
	Derivation of Henderson's Rules
	Computing Inbreeding Coefficients

	Variance and Inbreeding
	Inbreeding
	Changes of Mean Value
	Changes of Variance

	Additional Aspects of BLUP
	Accurracy
	Confidence Intervals of Predicted Breeding Values
	Relevance of Accurracies
	Decomposition of Predicted Breeding Value

	Multiple Traits
	Multivariate Predictions Of Breeding Values Using BLUP
	Multitrait Selection
	Review On Selection Index Theory

	Introduction To Linear Algebra
	Glimpse Ahead
	Vectors
	Matrices
	Systems Of Equations
	Solving Systems of Linear Equations

	Introduction To R and RStudio

