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S`27�+2

h?Bb /Q+mK2Mi +QMi�BMb i?2 +Qm`b2 MQi2b 7Q`

d8R@deyk@yyG �TTHB2/ ai�iBbiB+�H J2i?Q/b BM �MBK�H a+B2M+2bX

h?Bb +Qm`b2 ;Bp2b � b?Q`i BMi`Q/m+iBQM iQ � +QHH2+iBQM Q7 bi�iBbiB+�H K2i?Q/b i?�i
A #2HB2p2 �`2 `2H2p�Mi 7Q` � rB/2 `�M;2 Q7 iQTB+b BM �MBK�H a+B2M+2bX h?2b2
K2i?Q/b BM+Hm/2

Ç JmHiBTH2 GBM2�` G2�bi a[m�`2b _2;`2bbBQM UJGGa_V
Ç "2bi GBM2�` lM#B�b2/ S`2/B+iBQM U"GlSV r?B+? Bb +�HH2/ :"GlS r?2M

�TTHB2/ BM i?2 +QMi2ti Q7 ;2MQKB+b
Ç G2�bi �#bQHmi2 a?`BMF�;2 �M/ a2H2+iBQM PT2`�iQ` UG�aaPV
Ç "�v2bB�M 1biBK�iBQM Q7 lMFMQrM S�`�K2i2`b U"1lSV

h?2 �#Qp2 HBbi2/ +QHH2+iBQM Q7 bi�iBbiB+�H K2i?Q/b �HH ?�TT2M iQ #2 BHHmbi`�i2/
�`QmM/ i?2 b�K2 iQTB+ r?B+? Bb +�HH2/ :2MQKB+ a2H2+iBQM U:aVX :a r�b BM@
i`Q/m+2/ BM � b2KBM�H T�T2` #v (J2mrBbb2M 2i �HX- kyyR)X h?Bb p2`v b�K2 T�T2`
Bb mb2/ �b � #mBH/BM; #HQ+F iQ 2tTH�BM bQK2 Q7 i?2 bi�iBbiB+�H K2i?Q/b UJGGa_
�M/ "1lSV mb2/ BM i?Bb +Qm`b2X 6m`i?2`KQ`2 i?2 b�K2 Tm#HB+�iBQM BHHmbi`�i2b
i?�i bQK2 K2i?Q/b UJGGa_V �`2 MQi bmBi�#H2 7Q` �HH /Bz2`2Mi FBM/b Q7 /�i�b2ibX

h?2 iBK2 �p�BH�#H2 7Q` i?Bb +Qm`b2 Bb Dmbi ?�H7 � b2K2bi2`X h?Bb H2�p2b p2`v HBiiH2
iBK2 7Q` i?2 BMi`Q/m+iBQM Q7 2�+? iQTB+X �b � +QMb2[m2M+2 Q7 i?�i 2�+? iQTB+ +�M
QMHv #2 T`2b2Mi2/ p2`v bmT2`}+B�HHv �M/ bim/2Mib �`2 2tT2+i2/ iQ rQ`F QM i?2B`
QrM /m`BM; i?2 2t2`+Bb2 ?Qm`bX 1t2`+Bb2b +QMbBbi Q7 b2ib Q7 T`Q#H2Kb `2H�i2/
iQ 2�+? iQTB+X S`Q#H2Kb �`2 Q7i2M iQ #2 2tT2+i2/ iQ #2 bQHp2/ mbBM; i?2 _
T`Q;`�KKBM; H�M;m�;2 (_ *Q`2 h2�K- kyR3)X

h?Bb p2`bBQM Q7 i?2 +Qm`b2 Bb i?2 7Qm`i? 2/BiBQM Qp2`�HH �M/ i?2 }`bi iBK2 i?�i
i?2 +Qm`b2 Bb i�m;?i BM 1M;HBb?X qBi? 2�+? �//BiBQM�H Bi2`�iBQM Q7 i?2 +Qm`b2-
BKT`Qp2K2Mib �`2 bQm;?i iQ #2 BKTH2K2Mi2/X >2M+2 �Mv BMTmi 7`QK i?2 bim/2Mib
�`2 ;`2�iHv �TT`2+B�i2/X
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*Qm`b2 P#D2+iBp2b

h?2 bim/2Mib �`2 7�KBHB�` rBi? i?2 T`QT2`iB2b Q7 KmHiBTH2 HBM2�` `2;`2bbBQM �M/
i?2v �`2 �#H2 iQ �M�Hvb2 bBKTH2 /�i� b2ib mbBM; `2;`2bbBQM K2i?Q/bX h?2 bim/2Mib
FMQr r?v KmHiBTH2 HBM2�` `2;`2bbBQM +�MMQi #2 mb2/ 7Q` T`Q#H2Kb r?2`2 i?2
MmK#2` Q7 T�`�K2i2`b 2t+22/b i?2 MmK#2` Q7 Q#b2`p�iBQMbX PM2 bm+? T`Q#H2K
Bb i?2 T`2/B+iBQM Q7 ;2MQKB+ #`22/BM; p�Hm2b mb2/ BM ;2MQKB+ b2H2+iBQMX h?2
bim/2Mib FMQr �Hi2`M�iBp2 bi�iBbiB+�H K2i?Q/b i?�i +�M #2 �TTHB2/ BM bBim�iBQMb
r?2`2 i?2 MmK#2` Q7 T�`�K2i2`b Bb H�`;2` i?�M i?2 MmK#2` Q7 Q#b2`p�iBQMbX
1t�KTH2b Q7 bm+? K2i?Q/b �`2 "GlS@#�b2/ �TT`Q�+?2b- "�v2bB�M T`Q+2/m`2b
�M/ G�aaPX h?2 bim/2Mib �`2 �#H2 iQ bQHp2 bBKTH2 2t2`+Bb2 T`Q#H2Kb �TTHvBM;
"GlS@#�b2/ �TT`Q�+?2b- G�aaP �M/ "1lSX h?2 bim/2Mib �`2 2tT2+i2/ iQ mb2
i?2 bi�iBbiB+�H H�M;m�;2 �M/ 2MpB`QMK2Mi _ (_ *Q`2 h2�K- kyR3)X



*?�Ti2` R

AMi`Q/m+iBQM

�++Q`/BM; iQ qBFBT2/B� (qBFBT2/B�- kyRN)- i?2 i2`K "B; .�i� ?�b #22M mb2/
bBM+2 i?2 RNNybX aQK2 +`2/Bi r�b ;Bp2M iQ CQ?M J�b?2v (J�b?2v- RNN3) 7Q`
TQTmH�`BxBM; i?2 i2`KX LQr�/�vb "B; .�i� Bb mb2/ BM +QMM2+iBQM rBi? H�`;2
+QKT�MB2b- bQ+B�H K2/B� Q` ;Qp2`MK2Mib r?B+? +QHH2+i K�bbBp2 �KQmMib Q7 /�i�
�M/ r?B+? �`2 i?2M mbBM; i?�i /�i� iQ /`�r +2`i�BM +QM+HmbBQMb �#Qmi #2?�pBQ`b
Q7 +mbiQK2`b- Q` 7QHHQr2`b Q` pQi2`bX h?2 T`2bB/2MiB�H 2H2+iBQM +�KT�B;Mb Q7
"�`�+F P#�K� r2`2 2t�KTH2b Q7 ?Qr "B; .�i� r2`2 mb2/ iQ �++2bb #2?�pBQ`b
Q7 pQi2`b (Abb2M#2`;- kyRj)X � /Bz2`2Mi 2t�KTH2 Bb i?2 mb2 Q7 "B; .�i� BM ?2�Hi?
+�`2X �M Qp2`pB2r Q7 i?2 mb2 Q7 "B; .�i� BM ?2�Hi? +�`2 Bb ;Bp2M BM (�/B#mxx�K�M
2i �HX- kyRd)X h?2 +QHH2+i2/ ?2�Hi? /�i� Bb KQbi HBF2Hv MQi QMHv mb2/ #v `2b2�`+?
#mi �HbQ #v BMbm`�M+2 +QKT�MB2bX h?2`27Q`2 i?Bb ivT2 Q7 mbBM; /�i� iQ K�F2
+2`i�BM T`2/B+iBQMb i?�i BM~m2M+2b Qm` /�BHv HBp2b Bb #2+QKBM; � ;2M2`�H BMi2`2bi
�HbQ QmibB/2 Q7 i?2 �`2� Q7 �MBK�H #`22/BM;X

RXR h`�/BiBQM�H �MBK�H "`22/BM;

AM �MBK�H #`22/BM; i?2 bi�iBbiB+�H �M�Hvb2b i?�i ?�p2 2K2`;2/ iQ;2i?2` rBi? i?2
�/p2Mi Q7 "B; .�i� i2+?MQHQ;B2b ?�p2 HQM; #22M �TTHB2/ r?2M #`22/BM; p�Hm2b
�`2 T`2/B+i2/ 7Q` r?QH2 TQTmH�iBQMb Q7 �MBK�Hb mbBM; "GlS@#�b2/ �TT`Q�+?2bX
h?2 T`Q+2bb Q7 #`22/BM; p�Hm2 T`2/B+iBQM mb2b bi�iBbiB+�H K2i?Q/b iQ �bb2bb i?2
;2M2iB+ TQi2MiB�H Q7 #`22/BM; �MBK�Hb BM � TQTmH�iBQM #�b2/ QM � H�`;2 +QHH2+iBQM
Q7 /�i� i?�i +?�`�+i2`Bx2 2�+? �MBK�H BM i?2 TQTmH�iBQMX h?2 /�i� mb2/ iQ T`2/B+i
i?2 #`22/BM; p�Hm2b �`2 +QHH2+i2/ MQi 7Q` ?�pBM; T`2/B+i2/ #`22/BM; p�Hm2b BM i?2
}`bi TH�+2- #mi i?2 /�i� �`2 +QHH2+i2/ BM i?2 }`bi TH�+2 7Q` [m�HBiv +QMi`QH Q`
K�M�;2K2Mi Tm`TQb2bX h?2 T`2/B+iBQM Q7 #`22/BM; p�Hm2b +�M #2 pB2r2/ �b �
bB/2 T`Q/m+iX AM i?2 �`2� Q7 +�iiH2 #`22/BM;- /�i� +QHH2+iBQM +QMbBbib Q7 `�i?2`
+QKTH2t ~Qrb Q7 BM7Q`K�iBQMX h?2 ~Qr Q7 BM7Q`K�iBQM Bb b?QrM BM 6B;m`2 RXRX

d
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6B;m`2 RXR, .�i� 6HQr BM �M �MBK�H "`22/BM; S`Q;`�K

RXk :2MQKB+ a2H2+iBQM

h?2 /�i� ~Qr b?QrM BM 6B;m`2 RXR +QMi�BMb i?2 i`�/BiBQM�H 2p�Hm�iBQM Q7 /�i�
iQ `2bmHi BM T`2/B+i2/ #`22/BM; p�Hm2bX "mi Bi Bb KBbbBM; i?2 M2r2bi /2p2HQTK2Mi
BM i?2 #`22/BM; BM/mbi`vX h?Bb /2p2HQTK2Mi Bb FMQrM �b :2MQKB+ a2H2+iBQM
U:aVX :a r�b BMi`Q/m+2/ #v i?2 rQ`F Q7 (J2mrBbb2M 2i �HX- kyyR)X h?2 K2i?@
Q/b T`2b2Mi2/ #v (J2mrBbb2M 2i �HX- kyyR) r2`2 QMHv BMi`Q/m+2/ BMiQ T`�+iB+�H
#`22/BM; T`Q;`�Kb r?2M (a+?�2z2`- kyye) b?Qr2/ i?2 i`2K2M/Qmb TQi2MiB�H Q7
b�pBM; +Qbib 7Q` #`22/BM; T`Q;`�KbX h?2 mb2 Q7 ;2MQKB+ BM7Q`K�iBQM 7Q` i?2
�bb2bbK2Mi Q7 i?2 ;2M2iB+ TQi2MiB�H Q7 �HH #`22/BM; �MBK�Hb `2T`2b2Mib i?2 +Q`2
Q7 i?2 2p�Hm�iBQM �TT`Q�+? T`2b2Mi2/ #v (J2mrBbb2M 2i �HX- kyyR)X h?2 i2`K
;2MQKB+ Bb mb2/ #2+�mb2 ;2M2iB+ K�`F2`b r?B+? �`2 2p2MHv bT�+2/ Qp2` i?2 +QK@
TH2i2 ;2MQK2 �`2 mb2/ �b BM7Q`K�iBQM bQm`+2X aBM;H2 Lm+H2QiB/2 SQHvKQ`T?BbKb
UaLSV �`2 i?2 KQbi rB/2Hv mb2/ K�`F2` KQ/2H MQr�/�vbX aLSb �`2 bBM;H2 TQ@
bBiBQMb BM i?2 ;2MQK2 i?�i Q++m` BM /Bz2`2Mi p�`B�Mib BM i?2 r?QH2 TQTmH�iBQMX
� /2b+`BTiBQM QM ?Qr iQ B/2MiB7v aLSb BM � TQTmH�iBQM Bb ;Bp2M BM (*x2+? 2i �HX-
kyR3)X SQi2MiB�H mb2 +�b2b Q7 aLSb �`2 QmiHBM2/ #v (a2B/2H- C`X- kyRy) �M/ (S�Mi
2i �HX- kyRk)X h?2 ;2M2iB+ +QM};m`�iBQM Q7 �M aLS BM � ;Bp2M TQTmH�iBQM Bb b?QrM
BM 6B;m`2 RXkX
h?2b2 aLSb +�M Q++m` �Mvr?2`2 BM i?2 ;2MQK2 r?B+? K2�Mb i?2v +�M #2 Q#@
b2`p2/ BM +Q/BM; `2;BQMb- BM MQM@+Q/BM; `2;BQMb �b r2HH �b BM `2;mH�iQ`v `2;BQMbX
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6B;m`2 RXk, :2M2iB+ *QM};m`�iBQM Q7 � aBM;H2 Lm+H2QiB/2 SQHvKQ`T?BbK UaLSV
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AM ;2MQKB+ b2H2+iBQM- r2 �`2 rQ`FBM; rBi? � H�`;2 b2i Q7 aLSb i?�i �`2 /Bb@
i`B#mi2/ Qp2` i?2 +QKTH2i2 ;2MQK2X >2M+2 bQK2 Q7 i?2 aLSb rBHH #2 HQ+�i2/
+HQb2 iQ ;2M2iB+ TQbBiBQMb i?�i �`2 BKTQ`i�Mi 7Q` i?2 2tT`2bbBQM Q7 [m�MiBi�iBp2
i`�Bib Q7 BMi2`2biX am+? ;2M2iB+ TQbBiBQMb r?B+? �`2 `2H�i2/ iQ [m�MiBi�iBp2 i`�Bib
�`2 Q7i2M +�HH2/ Zm�MiBi�iBp2 h`�Bi GQ+B UZhGVX ZhG i?2Kb2Hp2b �`2 /B{+mHi
iQ /2i2+i �M/ i?2B` BM?2`Bi�M+2 Bb Q7i2M K�MB72bi2/ BM +QKTH2t KQ/2bX "mi /m2
iQ i?2 HBF2Hv Q++m``2M+2 Q7 b2p2`�H aLSb BM i?2 +HQb2 T`QtBKBiv Q7 � ZhG- i?2
BM?2`Bi�M+2 Q7 ZhG �HH2H2b �M/ Q7 bm``QmM/BM; aLS �HH2H2b rBHH MQi #2 BM/2T2M@
/2Mi /m2 iQ HBMF�;2 #2ir22M aLSb �M/ ZhGX am+? � HBMF�;2 b+2M�`BQ #2ir22M
irQ aLSb ~�MFBM; � ZhG Bb b?QrM BM 6B;m`2 RXjX

6B;m`2 RXj, hrQ aLSb ~�MFBM; � ZhG

�Hi?Qm;? i?2 ZhG Bb HBF2Hv iQ bT�M � `�M;2 Q7 K�Mv TQbBiBQMb QM i?2 +?`QKQbQK2-
r2 +�M biBHH �bbmK2 i?2 ZhG iQ #2 #B@�HH2HB+ rBi? �HH2H2b Q1 �M/ Q2X AM i?2Q`v-
�Mv aLS TQbBiBQM +�M ?�p2 7Qm` /Bz2`2Mi �HH2H2b �++Q`/BM; iQ i?2 7Qm` /Bz2`2Mi
#�b2bX "mi r?2M HQQFBM; �i /Bz2`2Mi aLSb BM `2�H@rQ`H/ TQTmH�iBQMb- KQbi Q7
i?2K QMHv b?Qr irQ �HH2H2bX >2M+2- 7Q` i?2 irQ aLSb ~�MFBM; i?2 ZhG b?QrM BM
6B;m`2 RXj i?2v �HbQ ?�p2 Dmbi irQ �HH2H2b SNP11- SNP 12- SNP21 �M/ SNP22X
AM ;2M2iB+b /2T2M/2Mi KQ/2 Q7 BM?2`Bi�M+2 #2ir22M M2B;?#Q`BM; HQ+B UK�`F2` Q`
ZhGV Bb �HbQ +�HH2/ HBMF�;2 /Bb2[mBHB#`BmK UG.VX h?Bb K2�Mb i?�i �Mv DQBMi
�HH2H2 7`2[m2M+v Pr(SNP 1i, Qj , SNP2k) /Q2b MQi +Q``2bTQM/ iQ i?2 T`Q/m+i Q7



RXjX JPLP@:1LA* JP.1G RR

i?2 bBM;H2 �HH2H2 7`2[m2M+B2b Q7 i?2 irQ aLSb USNP1 �M/ SNP2V �M/ i?2 ZhGX
AM � 7Q`KmH� i?Bb +�M #2 r`Bii2M �b

Pr(SNP1i, Qj , SNP2k) ̸= Pr(SNP1i) ∗ Pr(Qj) ∗ Pr(SNP2k) URXRV

�bbmKBM; i?�i i?2 ZhG �HH2H2 Q1 Bb 7�pQ`�#H2 7Q` i?2 2tT`2bbBQM Q7 � ;Bp2M i`�Bi
Q7 BMi2`2bi �M/ mbBM; i?2 7�+i Q7 G. �b 2tT`2bb2/ BM URXRV- i?2 �HH2H2b Q7 SNP1
�M/ SNP2 r?B+? Q++m` KQ`2 7`2[m2MiHv iQ;2i?2` rBi? Q1 �`2 i?2`27Q`2 �HbQ
`2H�i2/ iQ 7�pQ`�#H2 2tT`2bbBQM H2p2Hb Q7 i?2 i`�Bi Q7 BMi2`2biX AM `2�H #`22/BM;
TQTmH�iBQMb- i?2 TQbBiBQM Q7 i?2 ZhG Bb mMFMQrMX "mi #2+�mb2 r2 FMQr i?2
�HH2HB+ +QM};m`�iBQM Q7 � H�`;2 MmK#2` Q7 aLS HQ+B 7`QK K�Mv #`22/BM; �MBK�Hb-
r2 +�M `2HB�#Hv `2H�i2 aLS �HH2H2b �M/ 7�pQ`�#H2 2tT`2bbBQM H2p2Hb Q7 i`�Bib Q7
BMi2`2biX

RXj JQMQ@:2MB+ JQ/2H

AM [m�MiBi�iBp2 ;2M2iB+b- i?2 bQ@+�HH2/ KQMQ@;2MB+ Q` bBM;H2@HQ+mb KQ/2H �HHQrb
mb iQ [m�MiB7v i?2 ;2M2iB+ TQi2MiB�H Q7 #`22/BM; �MBK�Hb BM i2`Kb Q7 #`22/BM;
p�Hm2bX h?2 bi�M/�`/ `272`2M+2 BM [m�MiBi�iBp2 ;2M2iB+b BM r?B+? �HbQ i?2 KQMQ@
;2MB+ KQ/2H Bb /2b+`B#2/ Bb (6�H+QM2` �M/ J�+F�v- RNNe)X 6Q` � bBM;H2 HQ+mb-
i?2 #`22/BM; p�Hm2 /2T2M/b QM i?2 �HH2H2 7`2[m2M+B2b �i i?�i HQ+mb �M/ QM i?2
�//BiBp2 bm#biBimiBQM 2z2+i r?B+? Bb Q7i2M +�HH2/ αX h?2 KQMQ@;2MB+ KQ/2H 7Q`
�Mv ;Bp2M aLS HQ+mb BM `2H�iBQM iQ i?2 H2p2H Q7 2tT`2bbBQM Q7 � ;Bp2M i`�Bi Q7
BMi2`2bi +�M #2 pBbm�HBx2/ BM i?2 7QHHQrBM; 6B;m`2 RX9X
AM � `2�H #`22/BM; TQTmH�iBQM- r2 �bbmK2 i?�i i?2 2z2+i Q7 �HH HQ+B HBMF2/ iQ i?2
aLSb �`2 Tm`2Hv �//BiBp2X >2M+2 �Mv p�Hm2b 7Q` d �`2 �HH x2`QX �b � +QMb2[m2M+2
Q7 i?�i i?2 #`22/BM; p�Hm2b �i �Mv ;Bp2M aLS TQbBiBQM QMHv /2T2M/ QM i?2 �HH2H2
7`2[m2M+B2b Q7 i?2 aLS �M/ i?2 a p�Hm2b �i 2p2`v aLSX h?2 Qp2`�HH #`22/BM;
p�Hm2 Q7 � ;Bp2M �MBK�H Bb +QKTmi2/ �b i?2 bmK Q7 �HH HQ+mb@bT2+B}+ #`22/BM;
p�Hm2bX h?Bb Qp2`�HH #`22/BM; p�Hm2 Bb +�HH2/ ;2MQKB+ #`22/BM; p�Hm2 U:"oVX
AM Q`/2` iQ ;2i �M 2biBK�i2 Q7 bm+? � :"o- r2 ?�p2 iQ 2biBK�i2 �HH a p�Hm2b �i
�Mv aLS TQbBiBQMX h?Bb 2biBK�iBQM T`Q+2/m`2 +�M #2 /QM2 BM QM2 Q7 i?2 7QHHQrBM;
irQ r�vbX

RX hrQ bi2T �TT`Q�+?
kX aBM;H2 bi2T �TT`Q�+?

RX9 hrQ ai2T �TT`Q�+?

AM i?2 irQ bi2T �TT`Q�+? i?2 2biBK�iBQM Q7 i?2 a@p�Hm2b �M/ i?2 +QKTmi�iBQM
Q7 i?2 :"ob �`2 /QM2 BM irQ b2T�`�i2 bi2TbX 6Q` i?2 2biBK�iBQM Q7 i?2 a p�Hm2b
7Q` �HH aLSb- � `272`2M+2 TQTmH�iBQM Bb /2}M2/X AM /�B`v +�iiH2 #`22/BM; i?Bb
`272`2M+2 TQTmH�iBQM +QMbBbib Q7 �HH K�H2 #`22/BM; �MBK�HbX AM i?2 `2+2Mi T�bi-



Rk *>�Sh1_ RX ALh_P.l*hAPL

6B;m`2 RX9, aBM;H2@GQ+mb JQ/2H 7Q` � Zm�MiBi�iBp2 h`�Bi

i?2 `272`2M+2 TQTmH�iBQM ?�b #22M �m;K2Mi2/ +QMiBMmQmbHv rBi? 72K�H2 �MBK�HbX
h?2 �MBK�Hb BM i?2 `272`2M+2 TQTmH�iBQM �`2 �HH ;2MQivT2/ �M/ i?2v �HbQ �HH
?�p2 T?2MQivTB+ K2�bm`2K2MibR 7Q` i?2 i`�Bi Q7 BMi2`2biX h?2 2biBK�iBQM Q7 i?2
a p�Hm2b �KQmMib iQ 2biBK�iBM; }t2/ 2z2+ib BM � HBM2�` KQ/2HX q2 rBHH b22
BM H�i2` +?�Ti2`b Q7 i?Bb +Qm`b2 r?�i K2i?Q/b �`2 �p�BH�#H2 iQ 2biBK�i2 i?2b2
T�`�K2i2`bX

AM i?2 b2+QM/ bi2T i?2 2biBK�i2b 7Q` �HH i?2 a p�Hm2b �`2 mb2/ iQ +QKTmi2 i?2
:"ob 7Q` �HH �MBK�Hb rBi? ;2MQKB+ aLS BM7Q`K�iBQM �HbQ 7Q` i?Qb2 QmibB/2 Q7 i?2
`272`2M+2 TQTmH�iBQMX h?2 6B;m`2 RX8 i`B2b iQ bmKK�`Bx2 i?2 T`Q+2bb ;`�T?B+�HHvX

h?2 #B; �/p�Mi�;2 Q7 i?2 irQ bi2T K2i?Q/ Bb i?�i QM+2 r2 ?�p2 /2}M2/ � ;QQ/
`272`2M+2 TQTmH�iBQM r?B+? vB2H/b `2HB�#H2 2biBK�i2b 7Q` i?2 a p�Hm2b- i?2 +QK@
Tmi�iBQM Q7 i?2 :"o Bb � bBKTH2 +QKTmi�iBQM Q7 Dmbi bmKKBM; mT i?2 a +QMi`B@
#miBQMb rBi? i?2 +Q``2+i bB;M /2i2`KBM2/ #v i?2 aLS ;2MQivT2b Q7 i?2 �MBK�Hb
7Q` r?B+? i?2 :"ob b?QmH/ #2 /2i2`KBM2/X �HH �MBK�Hb rBi? aLS ;2MQivT2b
+�M ;2i :"o p�Hm2bX h?2 /B{+mHi T�`i BM i?2 irQ bi2T �TT`Q�+? Bb iQ /2}M2 �
`2HB�#H2 `272`2M+2 TQTmH�iBQM �M/ iQ /2i2`KBM2 ;QQ/ T?2MQivTB+ K2�bm`2K2Mib
UyVX

Rq?2M2p2` T?2MQivTB+ K2�bm`2K2Mib �`2 MQi �p�BH�#H2- i`�/BiBQM�HHv T`2/B+i2/ #`22/BM;
p�Hm2b �`2 i`�Mb7Q`K2/ #�+F BMiQ Tb2m/Q T?2MQivT2b r?B+? �`2 i?2M mb2/ iQ 2biBK�i2 a p�Hm2bX
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6B;m`2 RX8, hrQ ai2T �TT`Q�+? hQ 1biBK�i2 :2MQKB+ "`22/BM; o�Hm2b

RX8 aBM;H2 ai2T �TT`Q�+?

h?2 2biBK�iBQM Q7 i?2 a p�Hm2b �M/ i?2 T`2/B+iBQM Q7 i?2 ;2MQKB+ #`22/BM; p�H@
m2b Bb /QM2 BM QM2 bi2T mbBM; HBM2�` KBt2/ 2z2+ib KQ/2HbX AM i?Bb bBM;H2 bi2T
2p�Hm�iBQM �MBK�Hb rBi? �M/ rBi?Qmi ;2MQKB+ BM7Q`K�iBQM +�M ;2i T`2/B+i2/
;2MQKB+ #`22/BM; p�Hm2b BM � bBM;H2 �M�HvbBbX PM2 TQbbB#BHBiv iQ ;2i iQ i?Bb T`2@
/B+i2/ #`22/BM; p�Hm2b Bb pB� i?2 mb2 Q7 :2MQKB+ "GlS U:"GlSVX h?Bb rBHH #2
i?2 iQTB+ Q7 � +QKTH2i2 +?�Ti2` BM i?Bb +Qm`b2X h?2 T`Q#H2K rBi? i?2 bBM;H2
bi2T �TT`Q�+? Bb iQ ;2i �M 2biBK�i2 Q7 i?2 +Qp�`B�M+2 #2ir22M �MBK�Hb rBi? �M/
rBi?Qmi ;2MQKB+ BM7Q`K�iBQMX h?Bb Bb � T`Q#H2K Q7 QM;QBM; `2b2�`+?X

RXe amKK�`v

h?2 K�BM /Bz2`2M+2 #2ir22M i`�/BiBQM�H T`2/B+iBQMb Q7 #`22/BM; p�Hm2b mbBM; �
"GlS �MBK�H KQ/2H �M/ i?2 T`2/B+iBQM Q7 :"o Bb i?�i i?2 7Q`K2` mb2b i?2
bQ +�HH2/ BM}MBi2bBK�H KQ/2H iQ �bb2bb i?2 ;2M2iB+ TQi2MiB�H �M/ i?2 H�ii2`
mb2b bm{+B2MiHv /2Mb2 ;2MQKB+ BM7Q`K�iBQM �M/ mb2b � TQHv;2MB+ KQ/2HX h?Bb
/Bz2`2M+2 Bb BHHmbi`�i2/ BM 6B;m`2 RXeX
AM i?2 `2K�BMBM; +?�Ti2`b- /Bz2`2Mi �TT`Q�+?2b 7Q` i?2 T`2/B+iBQM Q7 :"ob �`2
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6B;m`2 RXe, AM}MBi2bBK�H o2`bmb SQHv;2MB+ JQ/2H
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/2b+`B#2/X *?�Ti2` k ;Bp2b � /2b+`BTiBQM Q7 i?2 KmHiBTH2 HBM2�` `2;`2bbBQM KQ/2H
�M/ ?Qr Bi r�b i`B2/ iQ #2 mb2/ 7Q` :"o T`2/B+iBQM #v (J2mrBbb2M 2i �HX- kyyR)X
*?�Ti2` j BMi`Q/m+2b "GlS K2i?Q/QHQ;v BM i?2 +QMi2ti Q7 T`2/B+iBM; :"obX
AM *?�Ti2` 9 i?2 K2i?Q/ +�HH2/ G�aaP Bb BMi`Q/m+2/X AMi2`2biBM;Hv 2MQm;?-
i?Bb K2i?Q/ Bb mb2/ p2`v b2H/QK BM i?2 �`2� Q7 �MBK�H #`22/BM;X G�bi #mi MQi
H2�bi- +?�Ti2` 8 K�F2b �M 2t+m`bBQM BMiQ "�v2bB�M 2biBK�iBQM �TT`Q�+?2bX h?2
"�v2bB�M K2i?Q/b �`2 BKTQ`i�Mi #2+�mb2 i?2v �`2 mb2/ BM T`�+iB+�H #`22/BM;
T`Q;`�Kb Q7 arBbb .�B`v +�iiH2X
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