
*?�Ti2` k

"�bB+b BM Zm�MiBi�iBp2
:2M2iB+b

�b �H`2�/v K2MiBQM2/ BM b2+iBQM RXjXR- i?2 +2Mi`�H /Q;K� Q7 KQH2+mH�` #BQHQ;v
i2HHb mb i?�i i?2 ;2MQivT2 Bb i?2 #�bB+b Q7 �Mv T?2MQivTB+ 2tT`2bbBQMX h?2
;2MQivT2 Q7 �M BM/BpB/m�H Bb +QKTQb2/ Q7 � MmK#2` Q7 ;2M2b r?B+? �`2 �HbQ +�HH2/
HQ+BX AM i?Bb b2+iBQM- r2 bi�`i rBi? i?2 bBKTH2bi TQbbB#H2 ;2M2iB+ �`+?Bi2+im`2
r?2`2 i?2 ;2MQivT2 Bb +QKTQb2/ #v Dmbi QM2 HQ+mbX h?2 +QMM2+iBQM #2ir22M
i?2 ;2MQivT2 �M/ i?2 T?2MQivT2 Bb KQ/2H2/ �++Q`/BM; iQ 2[m�iBQM URXRVX h?2
T?2MQivT2 Bb �bbmK2/ iQ #2 � [m�MiBi�iBp2 i`�BiX h?�i K2�Mb r2 �`2 MQi HQQFBM;
�i #BM�`v Q` +�i2;Q`B+�H i`�BibX *�i2;Q`B+�H i`�Bib +�M Dmbi i�F2 � HBKBi2/ MmK#2`
Q7 /Bz2`2Mi H2p2HbX 1t�KTH2b Q7 +�i2;Q`B+�H i`�Bib �`2 i?2 ?Q`M bi�imb BM +�iiH2 Q`
+2`i�BM +QHQ` +?�`�+i2`BbiB+bX Zm�MiBi�iBp2 i`�Bib /Q MQi i�F2 /Bb+`2i2 H2p2Hb #mi
i?2v b?Qr bT2+B}+ /Bbi`B#miBQMbX

kXR aBM;H2 GQ+mb @ Zm�MiBi�iBp2 h`�Bi
AM GBp2biQ+F i?2`2 �`2 MQi K�Mv 2t�KTH2b r?2`2 � [m�MiBi�iBp2 i`�Bi Bb BM~m2M+2/
#v Dmbi QM2 HQ+mbX "mi i?Bb +�b2 ?2HTb BM mM/2`bi�M/BM; i?2 7QmM/�iBQM Q7 KQ`2
+QKTH2t ;2M2iB+ �`+?Bi2+im`2bX q2 bi�`i #v HQQFBM; �i i?2 7QHHQrBM; B/2�HBx2/
TQTmH�iBQM U6B;m`2 kXRVX

kXRXR h2`KBMQHQ;v
h?2 /Bz2`2Mi ;2M2iB+ p�`B�Mib i?�i �`2 T`2b2Mi �i Qm` GQ+mb Ӽ �`2 +�HH2/ �HH2H2bX
q?2M HQQFBM; �i �HH BM/BpB/m�Hb BM i?2 TQTmH�iBQM 7Q` Qm` HQ+mb- r2 ?�p2 irQ
/Bz2`2Mi �HH2H2b Ӽφ �M/ ӼϵX >2M+2- r2 +�HH i?2 HQ+mb Ӽ iQ #2 � #B@�HH2HB+ HQ+mbX
AM �Mv ;Bp2M BM/BpB/m�H Q7 i?2 TQTmH�iBQM- i?2 irQ �HH2H2b Q7 i?2 HQ+mb Ӽ iQ;2i?2`
�`2 +�HH2/ i?2 BM/BpB/m�Hb ;2MQivT2X �HH TQbbB#H2 +QK#BM�iBQMb Q7 i?2 irQ �HH2H2b

R8



Re *>�Sh1_ kX "�aA*a AL Zl�LhAh�hAo1 :1L1hA*a

Population (N = 10)

G1

G1

G1

G2

G2

G2

G2

G2

G2 G2

G2

G2

G1

G1

G1

G1

G1 G1

G1

G1

6B;m`2 kXR, A/2�HBx2/ SQTmH�iBQM qBi? � aBM;H2 GQ+mb

�i i?2 HQ+mb Ӽ H2�/b iQ � iQi�H MmK#2` Q7 i?`22 ;2MQivT2bX Ai Bb BKTQ`i�Mi iQ
K2MiBQM i?�i i?2 Q`/2` Q7 i?2 �HH2H2b BM � ;Bp2M ;2MQivT2 Bb MQi BKTQ`i�MiX >2M+2-ӼφӼϵ �M/ ӼϵӼφ �`2 i?2 b�K2 ;2MQivT2X h?2 irQ ;2MQivT2b ӼφӼφ �M/ ӼϵӼϵ
�`2 +�HH2/ ?QKQxv;Qmb �M/ i?2 ;2MQivT2 ӼφӼϵ Bb +�HH2/ ?2i2`Qxv;QmbX

kXk 6`2[m2M+B2b

hQ #2 �#H2 iQ +?�`�+i2`Bx2 Qm` TQTmH�iBQM rBi? `2bT2+i iQ i?2 HQ+mb Q7 BMi2`2bi- r2
�`2 }`bi HQQFBM; �i bQK2 7`2[m2M+B2bX h?2b2 �`2 K2�bm`2b Q7 ?Qr Q7i2M � +2`i�BM
�HH2H2 Q` ;2MQivT2 /Q2b Q++m` BM Qm` TQTmH�iBQMX 6Q` Qm` 2t�KTH2 TQTmH�iBQM
b?QrM BM 6B;m`2 kXR- i?2 ;2MQivT2 7`2[m2M+B2b �`2
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ԕ	ӼφӼφ
 � ��� � ���ԕ	ӼφӼϵ
 � ��� � ���ԕ	ӼϵӼϵ
 � ��� � ��� UkXRV

h?2 �HH2H2 7`2[m2M+B2b +�M #2 /2i2`KBM2/ 2Bi?2` #v +QmMiBM; Q` i?2v +�M #2
+QKTmi2/ 7`QK i?2 ;2MQivT2 7`2[m2M+B2bX

ԕ	Ӽφ
 � ԕ	ӼφӼφ
 � ��  ԕ	ӼφӼϵ
 � ����ԕ	Ӽϵ
 � ԕ	ӼϵӼϵ
 � ��  ԕ	ӼφӼϵ
 � ���� UkXkV

kXj >�`/v@q2BM#2`; 1[mBHB#`BmK
h?2 >�`/v@q2BM#2`; 2[mBHB#`BmK Bb i?2 +2Mi`�H H�r Q7 ?Qr �HH2H2 7`2[m2M+B2b
�M/ ;2MQivT2 7`2[m2M+B2b �`2 `2H�i2/ BM �M B/2�HBx2/ TQTmH�iBQMX :Bp2M i?2
�HH2H2 7`2[m2M+B2b

ԕ	Ӽφ
 � ԟԕ	Ӽϵ
 � Ԡ � �  ԟ UkXjV

.m`BM; K�iBM;- r2 �bbmK2 i?�i BM �M B/2�HBx2/ TQTmH�iBQM �HH2H2b �`2 +QK#BM2/
BM/2T2M/2MiHvX h?Bb H2�/b iQ i?2 ;2MQivT2 7`2[m2M+B2b b?QrM BM h�#H2 kXRX
amKKBM; mT i?2 ?2i2`Qxv;Qmb 7`2[m2M+B2b H2�/b iQ

ԕ	ӼφӼφ
 � ԟϵԕ	ӼφӼϵ
 � �ԟԠԕ	ӼϵӼϵ
 � Ԡϵ UkX9V

h�#H2 kXR, :2MQivT2 6`2[m2M+B2b mM/2` >�`/v@q2BM#2`; 2[mBHB#`BmK

�HH2H2b Ӽφ ӼϵӼφ ԕ	ӼφӼφ
 � ԟϵ ԕ	ӼφӼϵ
 � ԟ  ԠӼϵ ԕ	ӼφӼϵ
 � ԟ  Ԡ ԕ	ӼϵӼϵ
 � Ԡϵ
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*QKT�`BM; i?2b2 2tT2+i2/ ;2MQivT2 7`2[m2M+B2b BM � B/2�HBx2/ TQTmH�iBQM mM/2`
i?2 >�`/v@q2BM#2`; 2[mBHB#`BmK iQ r?�i r2 7QmM/ 7Q` i?2 bK�HH 2t�KTH2 TQT@
mH�iBQM BM 6B;m`2 kXR- r2 +�M +H2�`Hv b�v i?�i i?2 bK�HH 2t�KTH2 TQTmH�iBQM Bb
MQi BM >�`/v@q2BM#2`; 2[mBHB#`BmKX

kX9 o�Hm2 �M/ J2�M
Pm` ;Q�H Bb biBHH iQ BKT`Qp2 Qm` TQTmH�iBQM �i i?2 ;2M2iB+ H2p2HX h?2 i2`K BK@
T`Qp2K2Mi BKTHB2b i?2 M22/ 7Q` � [m�MiBi�iBp2 �bb2bbK2Mi Q7 Qm` i`�Bi Q7 BMi2`2biX
6m`i?2`KQ`2- r2 ?�p2 iQ #2 �#H2 iQ �bbQ+B�i2 i?2 ;2MQivT2b BM i?2 TQTmH�iBQM
iQ i?2 [m�MiBi�iBp2 p�Hm2b Q7 Qm` i`�BiX

kX9XR :2MQivTB+ o�Hm2b
h?2 p�Hm2b ԋքօ iQ 2�+? ;2MQivT2 ӼքӼօ �`2 �bbB;M2/ �b b?QrM BM 6B;m`2 kXkX

G2G2 G1G10 G1G2

aa

d

6B;m`2 kXk, :2MQivTB+ o�Hm2b

h?2 Q`B;BM Q7 i?2 ;2MQivTB+ p�Hm2b Bb TH�+2/ BM i?2 KB//H2 #2ir22M i?2 irQ
?QKQxv;Qmb ;2MQivT2b ӼϵӼϵ �M/ ӼφӼφX >2`2 r2 �`2 �bbmKBM; i?�i Ӽφ Bb i?2
7�pQ`�#H2 �HH2H2X h?Bb H2�/b iQ p�Hm2b Q7 �Ԑ 7Q` ;2MQivT2 ӼφӼφ �M/ Q7 Ԑ 7Q`
;2MQivT2 ӼϵӼϵX h?2 p�Hm2 Q7 ;2MQivT2 ӼφӼϵ Bb b2i iQ ԓ �M/ Bb +�HH2/ /QKBM�M+2
/2pB�iBQMX h�#H2 kXk bmKK�`Bx2b i?2 p�Hm2b 7Q` �HH ;2MQivT2bX
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h�#H2 kXk, o�Hm2b 7Q` �HH :2MQivT2b

o�`B�#H2 :2MQivT2 o�Hm2bԋφφ ӼφӼφ �ԋφϵ ӼφӼϵ /ԋϵϵ ӼϵӼϵ @�

kX9Xk SQTmH�iBQM J2�M
6Q` i?2 +QKTH2i2 TQTmH�iBQM- r2 +�M +QKTmi2 i?2 TQTmH�iBQM K2�M UᅷV Q7
�HH p�Hm2b �i i?2 HQ+mb ӼX h?Bb K2�M +Q``2bTQM/b iQ i?2 2tT2+i2/ p�Hm2 �M/ Bb
+QKTmi2/ �b

ᅷ � ԋφφ  ԕ	ӼφӼφ
 � ԋφϵ  ԕ	ӼφӼϵ
 � ԋϵϵ  ԕ	ӼϵӼϵ
� Ԑ  ԟϵ � ԓ  �ԟԠ � 	Ԑ
  Ԡϵ� 	ԟ  Ԡ
Ԑ � �ԟԠԓ UkX8V

h?2 TQTmH�iBQM K2�M /2T2M/b QM i?2 p�Hm2b Ԑ �M/ ԓ �M/ QM i?2 �HH2H2 7`2[m2M+B2bԟ �M/ ԠX h?2 H�`;2` i?2 /Bz2`2M+2 #2ir22M ԟ �M/ Ԡ i?2 KQ`2 BM~m2M+2 i?2 p�Hm2Ԑ ?�b BM ᅷ- #2+�mb2 7Q` p2`v /Bz2`2Mi ԟ �M/ Ԡ i?2 T`Q/m+i �ԟԠ Bb p2`v bK�HHX
PM i?2 Qi?2` ?�M/- B7 ԟ � Ԡ � ���- i?2M ᅷ � ���ԓX 6Q` HQ+B rBi? ԓ � �- i?2
TQTmH�iBQM K2�M ᅷ � 	ԟ  Ԡ
Ԑ �M/ ?2M+2- B7 BM �//BiBQM r2 ?�p2 ԟ � Ԡ- i?2Mᅷ � �X

kX9Xj "`22/BM; o�Hm2b
h?2 i2`K #`22/BM; p�Hm2 Bb /2}M2/ �b b?QrM BM .2}MBiBQM kXRX

.2}MBiBQM kXR U"`22/BM; o�Hm2VX h?2 #`22/BM; p�Hm2 Q7 �M �MBK�H Ԙ Bb /2}M2/
�b irQ iBK2b i?2 /Bz2`2M+2 #2ir22M i?2 K2�M p�Hm2 Q7 QzbT`BM;b Q7 �MBK�H Ԙ �M/
i?2 TQTmH�iBQM K2�MX

�TTHvBM; i?Bb /2}MBiBQM �M/ mbBM; i?2 T�`�K2i2`b i?�i r2 ?�p2 +QKTmi2/ bQ
7�` H2�/b iQ i?2 7QHHQrBM; 7Q`KmH�b 7Q` i?2 #`22/BM; p�Hm2 Q7 �M �MBK�H rBi? �
+2`i�BM ;2MQivT2X

kX9XjXR "`22/BM; p�Hm2 7Q` ӼφӼφ
�bbmK2 i?�i r2 ?�p2 � ;Bp2M T�`2Mi Ԉ rBi? � ;2MQivT2 ӼφӼφ �M/ r2 r�Mi iQ
+QKTmi2 Bib #`22/BM; p�Hm2X G2i mb 7m`i?2` bmTTQb2 i?�i Qm` bBM;H2 T�`2Mi Ԉ Bb
K�i2/ iQ � TQi2MiB�HHv BM}MBi2 MmK#2` Q7 �MBK�Hb 7`QK i?2 B/2�HBx2/ TQTmH�iBQM-
i?2M r2 +�M /2/m+2 i?2 7QHHQrBM; K2�M ;2MQivTB+ p�Hm2 7Q` i?2 QzbT`BM; Q7
T�`2Mi ԈX
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J�i2b Q7 Ԉԕ	Ӽφ
 � ԟ ԕ	Ӽϵ
 � Ԡ
S�`2Mi Ԉԕ	Ӽφ
 � � ԕ	ӼφӼφ
 � ԟ ԕ	ӼφӼϵ
 � Ԡ

"2+�mb2 T�`2Mi Ԉ ?�b ;2MQivT2 ӼφӼφ- i?2 7`2[m2M+v ԕ	Ӽφ
 Q7 � Ӽφ �HH2H2 +QKBM;
7`QK Ԉ Bb � �M/ i?2 7`2[m2M+v ԕ	Ӽϵ
 Q7 � Ӽϵ �HH2H2 Bb yX h?2 2tT2+i2/ ;2M2iB+
p�Hm2 UᅷφφV Q7 i?2 QzbT`BM; Q7 �MBK�H Ԉ +�M #2 +QKTmi2/ �bᅷφφ � ԟ  Ԑ � Ԡ  ԓ UkXeV

�TTHvBM; /2}MBiBQM kXR- r2 +�M +QKTmi2 i?2 #`22/BM; p�Hm2 UӷԋφφV 7Q` �MBK�HԈ �b b?QrM BM 2[m�iBQM UkXdV r?BH2 mbBM; i?2 `2bmHib ;Bp2M #v 2[m�iBQMb UkXeV
�M/ UkX8VX

ӷԋφφ � �  	ᅷφφ  ᅷ
� � 	ԟԐ � Ԡԓ  <	ԟ  Ԡ
Ԑ � �ԟԠԓ>
� � 	ԟԐ � Ԡԓ  	ԟ  Ԡ
Ԑ  �ԟԠԓ
� � 	Ԡԓ � ԠԐ  �ԟԠԓ
� � 	ԠԐ � Ԡԓ	�  �ԟ

� �Ԡ 	Ԑ � ԓ	�  �ԟ

� �Ԡ 	Ԑ � 	Ԡ  ԟ
ԓ
 UkXdV

"`22/BM; p�Hm2b 7Q` T�`2Mib rBi? ;2MQivT2b ӼϵӼϵ �M/ ӼφӼϵ �`2 /2`Bp2/ �M�HQ@
;QmbHvX

kX9XjXk "`22/BM; p�Hm2 7Q` ӼϵӼϵ
6B`bi- r2 /2i2`KBM2 i?2 2tT2+i2/ ;2MQivTB+ p�Hm2 7Q` QzbT`BM;b Q7 � T�`2Mi Ԉ
rBi? ;2MQivT2 ӼϵӼϵ

J�i2b Q7 T�`2Mi Ԉԕ	Ӽφ
 � ԟ ԕ	Ӽϵ
 � Ԡ
S�`2Mi Ԉԕ	Ӽϵ
 � � ԕ	ӼφӼϵ
 � ԟ ԕ	ӼϵӼϵ
 � Ԡ

h?2 2tT2+i2/ ;2M2iB+ p�Hm2 UᅷϵϵV Q7 i?2 QzbT`BM; Q7 �MBK�H Ԉ +�M #2 +QKTmi2/
�b
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ᅷϵϵ � ԟԓ  ԠԐ UkX3V

h?2 #`22/BM; p�Hm2 ӷԋϵϵ +Q``2bTQM/b iQ

ӷԋϵϵ � �  	ᅷϵϵ  ᅷ
� � 	ԟԓ  ԠԐ  <	ԟ  Ԡ
Ԑ � �ԟԠԓ>
� � 	ԟԓ  ԠԐ  	ԟ  Ԡ
Ԑ  �ԟԠԓ
� � 	ԟԓ  ԟԐ  �ԟԠԓ
� � 	ԟԐ � ԟ	�  �Ԡ
ԓ
� �ԟ 	Ԑ � 	Ԡ  ԟ
ԓ
 UkXNV

kX9XjXj "`22/BM; p�Hm2 7Q` ӼφӼϵ
h?2 ;2MQivT2 7`2[m2M+B2b Q7 i?2 QzbT`BM;b Q7 � T�`2Mi Ԉ rBi? � ;2MQivT2 ӼφӼϵ
Bb /2i2`KBM2/ BM i?2 7QHHQrBM; i�#H2X

J�i2b Q7 T�`2Mi Ԉԕ	Ӽφ
 � ԟ ԕ	Ӽϵ
 � Ԡ
S�`2Mi Ԉԕ	Ӽφ
 � ��� ԕ	ӼφӼφ
 � ���ԟ ԕ	ӼφӼϵ
 � ���Ԡԕ	Ӽϵ
 � ��� ԕ	ӼφӼϵ
 � ���ԟ ԕ	ӼϵӼϵ
 � ���Ԡ

h?2 2tT2+i2/ K2�M ;2MQivTB+ p�Hm2 Q7 i?2 QzbT`BM;b Q7 T�`2Mi Ԉ rBi? ;2MQivT2ӼφӼϵ Bb +QKTmi2/ �b

ᅷφϵ � ���ԟԐ � ���ԓ  ���ԠԐ � ��� <	ԟ  Ԡ
Ԑ � ԓ> UkXRyV

h?2 #`22/BM; p�Hm2 ӷԋφϵ +Q``2bTQM/b iQ
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ԏԌφϵ � �  	ᅷφϵ  ᅷ
� � 	���	ԟ  Ԡ
Ԑ � ���ԓ  <	ԟ  Ԡ
Ԑ � �ԟԠԓ>
� � 	���ԟԐ  ���ԠԐ � ���ԓ  ԟԐ � ԠԐ  �ԟԠԓ
� � 	���	Ԡ  ԟ
Ԑ � 	���  �ԟԠ
ԓ
� 	Ԡ  ԟ
Ԑ � 	�  �ԟԠ
ԓ� 	Ԡ  ԟ
Ԑ � 	ԟϵ � �ԟԠ � Ԡϵ  �ԟԠ
ԓ� 	Ԡ  ԟ
Ԑ � 	ԟϵ  �ԟԠ � Ԡϵ
ԓ� 	Ԡ  ԟ
Ԑ � 	Ԡ  ԟ
ϵԓ� 	Ԡ  ԟ
 <Ԑ � 	Ԡ  ԟ
ԓ> UkXRRV

kX9XjX9 amKK�`v Q7 "`22/BM; o�Hm2b

h?2 i2`K Ԑ�	Ԡ ԟ
ԓ �TT2�`b BM �HH i?`22 #`22/BM; p�Hm2bX q2 `2TH�+2 i?Bb i2`K
#v ᅫ �M/ bmKK�`Bx2 i?2 `2bmHib BM i?2 7QHHQrBM; i�#H2X

:2MQivT2 "`22/BM; o�Hm2ӼφӼφ �ԠᅫӼφӼϵ 	Ԡ  ԟ
ᅫӼϵӼϵ �ԟᅫ
kX9X9 �HH2H2 am#biBimiBQM
*QKT�`BM; i?2 ;2MQivT2 ӼϵӼϵ rBi? i?2 ;2MQivT2 ӼφӼ�- QM2 Q7 i?2 /Bz2`2M+2b
Bb BM i?2 MmK#2` Q7 Ӽφ@�HH2H2bX ӼϵӼϵ ?�b x2`Q Ӽφ@�HH2H2b �M/ ӼφӼϵ ?�b QM2Ӽφ@�HH2H2X

G2i mb BK�;BM2 i?�i r2 i�F2 �MBK�H Ԙ rBi? � ӼϵӼϵ ;2MQivT2 �M/ mb2 i?2 *_AaS_@
*�a ;2MQK2 2/BiBM; i2+?MQHQ;v iQ `2TH�+2 QM2 Q7 i?2 Ӽϵ �HH2H2b BM �MBK�H Ԙ #v �Ӽφ �HH2H2 Ub22 6B;m`2 kXjVX �7i2` �TTHvBM; i?2 ;2M2 2/BiBM; T`Q+2/m`2 iQ �MBK�HԘ �i HQ+mb Ӽ- �MBK�H Ԙ rQmH/ ?�p2 ;2MQivT2 ӼφӼϵX

.m2 iQ i?2 �TTHB+�iBQM Q7 ;2MQK2 2/BiBM; �i HQ+mb Ӽ Q7 �MBK�H Ԙ i?2 #`22/BM;
p�Hm2 +?�M;2/X "27Q`2 i?2 ;2MQK2 2/BiBM; T`Q+2/m`2 Bi r�b ӷԋϵϵ �M/ �7i2`
;2MQK2 2/BiBM; i?2 #`22/BM; p�Hm2 Q7 �MBK�H Ԙ +Q``2bTQM/b iQ ӷԋφϵX aQ i?2
2z2+i Q7 `2TH�+BM; � Ӽϵ �HH2H2 #v � Ӽφ �HH2H2 QM i?2 #`22/BM; p�Hm2 +Q``2bTQM/b
iQ i?2 /Bz2`2M+2 ӷԋφϵ  ӷԋϵϵX h?2 +QKTmi�iBQM Q7 i?Bb /Bz2`2M+2 #2ir22M i?2
#`22/BM; p�Hm2 ӷԋφϵ �M/ ӷϵϵ `2bmHib BM
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 before genome editing

G2

G2

CRISPR-CAS

G2

G1

G2

G1

Animal i

 after genome editing

6B;m`2 kXj, a+?2K�iB+ .2TB+iBQM Q7 :2MQK2 1/BiBM; QM �MBK�H B

ӷԋ ��  ӷԋϵϵ � 	Ԡ  ԟ
ᅫ  	�ԟᅫ
� 	Ԡ  ԟ
ᅫ � �ԟᅫ� 	Ԡ  ԟ � �ԟ
ᅫ� 	Ԡ � ԟ
ᅫ� ᅫ UkXRkV

h?2 �M�HQ;Qmb +QKTmi�iBQM +�M #2 /QM2 #v +QKT�`BM; i?2 #`22/BM; p�Hm2b ӷԋφφ
�M/ ӷԋφϵX

ӷԋφφ  ӷԋφϵ � �Ԡᅫ  	Ԡ  ԟ
ᅫ� 	�Ԡ  	Ԡ  ԟ

 ᅫ� ᅫ UkXRjV

"2+�mb2 i?2 /Bz2`2M+2b #2ir22M #`22/BM; p�Hm2b +QKTmi2/ BM UkXRkV �M/ UkXRjV
�`2 2[m�H- r2 +�M +QM+Hm/2 i?�i i?2 #`22/BM; p�Hm2b b?Qr � HBM2�` /2T2M/2M+2
QM i?2 MmK#2` Q7 Ӽφ �HH2H2bX h?Bb Bb i?2 `2�bQM r?v i?2 #`22/BM; p�Hm2b �`2
�HbQ +�HH2/ �//BiBp2 2z2+ib- #2+�mb2 �//BM; � 7m`i?2` Ӽφ �HH2H2 BMbi2�/ Q7 � Ӽϵ
�HH2H ?�b �Hr�vb i?2 b�K2 2z2+i QM i?2 #`22/BM; p�Hm2b- M�K2Hv Dmbi �//BM; i?2
+QMbi�Mi �HH2H2 bm#biBimiBQM 2z2+i ᅫX
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kX9X8 .QKBM�M+2 .2pB�iBQM
q?2M HQQFBM; �i i?2 /Bz2`2M+2 #2ir22M i?2 ;2MQivTB+ p�Hm2 ԋքօ �M/ i?2 #`22/BM;
p�Hm2 ӷԋքօ 7Q` 2�+? Q7 i?2 i?`22 ;2MQivT2b- r2 ;2i i?2 7QHHQrBM; `2bmHibX

ԋφφ  ӷԋφφ � Ԑ  �Ԡᅫ� Ԑ  �Ԡ <Ԑ � 	Ԡ  ԟ
ԓ>� Ԑ  �ԠԐ  �Ԡ	Ԡ  ԟ
ԓ� Ԑ	�  �Ԡ
  �Ԡϵԓ � �ԟԠԓ� <	ԟ  Ԡ
Ԑ � �ԟԠԓ>  �Ԡϵԓ� ᅷ � ӹφφ UkXR9V

ԋφϵ  ӷԋ �� � ԓ  	Ԡ  ԟ
ᅫ� ԓ  	Ԡ  ԟ
 <Ԑ � 	Ԡ  ԟ
ԓ>� <	ԟ  Ԡ
Ԑ � �ԟԠԓ> � �ԟԠԓ� ᅷ � ӹφϵ UkXR8V

ԋϵϵ  ӷԋϵϵ � Ԑ  	�ԟᅫ
� Ԑ � �ԟ <Ԑ � 	Ԡ  ԟ
ԓ>� <	ԟ  Ԡ
Ԑ � �ԟԠԓ>  �ԟϵԓ� ᅷ � ӹϵϵ
h?2 /Bz2`2M+2 �HH +QMi�BM i?2 TQTmH�iBQM K2�M ᅷ THmb � +2`i�BM /2pB�iBQMX h?Bb
/2pB�iBQM i2`K Bb +�HH2/ /QKBM�M+2 /2pB�iBQMX

kX9Xe amKK�`v Q7 o�Hm2b
h?2 7QHHQrBM; i�#H2 bmKK�`Bx2b �HH ;2MQivTB+ p�Hm2b �HH #`22/BM; p�Hm2b �M/ i?2
/QKBM�M+2 /2pB�iBQMbX

:2MQivT ;2MQivTB+ p�Hm2 "`22/BM; o�Hm2 .QKBM�M+2 .2pB�iBQMӼքӼօ ԋքօ ӷԋքօ ӹքօӼφӼφ Ԑ �Ԡᅫ �ԠϵԓӼφӼϵ ԓ 	Ԡ  ԟ
ᅫ �ԟԠԓӼϵӼϵ Ԑ �ԟᅫ �ԟϵԓ
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h?2 7Q`KmH�b BM i?2 �#Qp2 b?QrM i�#H2 �bbmK2 i?�i Ӽφ Bb i?2 7�pQ`�#H2 �HH2H2
rBi? 7`2[m2M+v ԕ	Ӽφ
 � ԟX h?2 �HH2H2 7`2[m2M+v Q7 Ӽϵ Bb ԕ	Ӽϵ
 � ԠX aBM+2 r2
?�p2 � #B@�HH2HB+ HQ+mb ԟ � Ԡ � �X

"�b2/ QM i?2 /2}MBiBQM Q7 /QKBM�M+2 /2pB�iBQM- i?2 ;2MQivTB+ p�Hm2b ԋքօ +�M #2
/2+QKTQb2/ BMiQ i?2 +QKTQM2Mib TQTmH�iBQM K2�M UᅷV- #`22/BM; p�Hm2 UӷԋքօV
�M/ /QKBM�M+2 /2pB�iBQM UӹքօV �++Q`/BM; iQ 2[m�iBQM UkXReVX

ԋքօ � ᅷ � ӷԋքօ � ӹքօ UkXReV

h�FBM; 2tT2+i2/ p�Hm2b QM #Qi? bB/2b Q7 2[m�iBQM UkXReV �M/ FMQrBM; i?�i i?2
TQTmH�iBQM K2�M ᅷ r�b /2}M2/ �b i?2 2tT2+i2/ p�Hm2 Q7 i?2 ;2MQivTB+ p�Hm2b BM
i?2 TQTmH�iBQM- BX2X Ӻ <ԋ > � ᅷ- Bi 7QHHQrb i?�i i?2 2tT2+i2/ p�Hm2b Q7 #Qi? i?2
#`22/BM; p�Hm2b �M/ i?2 /QKBM�M+2 /2pB�iBQMb Kmbi #2 �X JQ`2 7Q`K�HHv- r2
?�p2

Ӻ <ԋ > � Ӻ <ᅷ � ӷԋ � ӹ>� Ӻ <ᅷ> � Ӻ <ӷԋ > � Ӻ <ӹ>� ᅷ UkXRdV

6`QK i?2 H�bi HBM2 BM 2[m�iBQM UkXRdV- Bi 7QHHQrb i?�i Ӻ <ӷԋ > � Ӻ <ӹ> � �X h?Bb
�HbQ b?Qrb i?�i #Qi? #`22/BM; p�Hm2b �M/ /QKBM�M+2 /2pB�iBQMb �`2 /2}M2/ �b
/2pB�iBQM 7`QK � ;Bp2M K2�MX

kX8 o�`B�M+2b
h?2 TQTmH�iBQM K2�M ᅷ �M/ /2`Bp2/ 7`QK i?�i i?2 #`22/BM; p�Hm2b r2`2 /2}M2/
�b 2tT2+i2/ p�Hm2bX h?2B` K�BM Tm`TQb2 Bb iQ �bb2bb i?2 bi�i2 Q7 � ;Bp2M TQTmH�@
iBQM rBi? `2bT2+i iQ � +2`i�BM ;2M2iB+ HQ+mb �M/ Bib 2z2+i QM � T?2MQivTB+ i`�Bi Q7
BMi2`2biX PM2 Q7 Qm` T`BK�`v ;Q�Hb BM HBp2biQ+F #`22/BM; Bb iQ BKT`Qp2 i?2 TQTm@
H�iBQMb �i i?2 ;2M2iB+ H2p2H i?`Qm;? i?2 K2�Mb Q7 b2H2+iBQM �M/ K�iBM;X a2H2+iBQM
Q7 TQi2MiB�H T�`2Mib i?�i T`Q/m+2 QzbT`BM; i?�i �`2 +HQb2` iQ Qm` #`22/BM; ;Q�Hb
Bb QMHv TQbbB#H2- B7 i?2 b2H2+iBQM +�M/B/�i2b b?Qr � +2`i�BM H2p2H Q7 p�`B�iBQM BM
i?2 i`�Bib i?�i r2 �`2 BMi2`2bi2/ BMX AM TQTmH�iBQMb r?2`2 i?2`2 Bb MQ p�`B�iBQM
r?B+? K2�Mb i?�i �HH BM/BpB/m�Hb �`2 2t�+iHv �i i?2 b�K2 H2p2H- Bi Bb MQi TQbbB#H2
iQ b2H2+i TQi2MiB�H T�`2Mib 7Q` i?2 M2ti ;2M2`�iBQMX

AM bi�iBbiB+b i?2 K2�bm`2 i?�i Bb KQbi Q7i2M mb2/ iQ �bb2bb p�`B�iBQM BM � +2`i�BM
TQTmH�iBQM Bb +�HH2/ p�`B�M+2X 6Q` �Mv ;Bp2M /Bb+`2i2 `�M/QK p�`B�#H2 ԍ i?2
p�`B�M+2 Bb /2}M2/ �b i?2 b2+QM/ +2Mi`�H KQK2Mi Q7 ԍ r?B+? Bb +QKTmi2/ �b
b?QrM BM 2[m�iBQM UkXR3VX
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ԋ Ԑԡ <ԍ> � ం֓Վ୮ห	ԧք  ᅷչ
ϵ  ԕ	ԧք
 UkXR3V

r?2`2 , b2i Q7 �HH TQbbB#H2 ԧ@p�Hm2bԕ	ԧք
 T`Q#�#BHBiv i?�i ԧ �bbmK2b i?2 p�Hm2 Q7ԧքᅷչ 2tT2+i2/ p�Hm2 Ӻ <ԍ> Q7 ԍ
AM i?Bb b2+iBQM r2 rBHH #2 7Q+mbBM; QM b2T�`�iBM; i?2 Q#i�BM2/ p�`B�M+2b BMiQ /B7@
72`2Mi +QKTQM2Mib �++Q`/BM; iQ i?2B` +�mb�iBp2 bQm`+2bX �TTHvBM; i?2 /2}MBiBQM
Q7 p�`B�M+2 ;Bp2M BM 2[m�iBQM UkXR3V iQ i?2 ;2MQivTB+ p�Hm2b ԋքօ- r2 Q#i�BM i?2
7QHHQrBM; 2tT`2bbBQMX

ᅼϵը � ԋ Ԑԡ <ԋ > � 	ԋφφ  ᅷ
ϵ  ԕ	ӼφӼφ
� 	ԋφϵ  ᅷ
ϵ  ԕ	ӼφӼϵ
� 	ԋϵϵ  ᅷ
ϵ  ԕ	ӼϵӼϵ
 UkXRNV

r?2`2 ᅷ � 	ԟ  Ԡ
Ԑ � �ԟԠԓ i?2 TQTmH�iBQM K2�MX
"�b2/ QM i?2 /2+QKTQbBiBQM Q7 i?2 ;2MQivTB+ p�Hm2 ԋքօ ;Bp2M BM UkXReV- i?2
/Bz2`2M+2 #2ir22M ԋքօ �M/ ᅷ +�M #2 r`Bii2M �b i?2 bmK Q7 i?2 #`22/BM; p�Hm2
�M/ i?2 /QKBM�M+2 /2pB�iBQMX h?2M ᅼϵը +�M #2 r`Bii2M �b

ᅼϵը � ԋ Ԑԡ <ԋ > � 	ӷԋφφ � ӹφφ
ϵ  ԕ	ӼφӼφ
� 	ӷԋφϵ � ӹφϵ
ϵ  ԕ	ӼφӼϵ
� 	ӷԋϵϵ � ӹϵϵ
ϵ  ԕ	ӼϵӼϵ
 UkXkyV

AMb2`iBM; i?2 2tT`2bbBQMb 7Q` i?2 #`22/BM; p�Hm2b ӷԋքօ �M/ 7Q` i?2 /QKBM�M+2
/2pB�iBQM ӹքօ 7QmM/ 2�`HB2` �M/ bBKTHB7vBM; i?2 2[m�iBQM H2�/b iQ i?2 `2bmHi BM
UkXkRVX � KQ`2 /2i�BH2/ /2`Bp�iBQM Q7 ᅼϵը Bb ;Bp2M BM i?2 �TT2M/Bt UkX3V Q7 i?Bb
+?�Ti2`X

ᅼϵը � �ԟԠᅫϵ � 	�ԟԠԓ
ϵ� ᅼϵբ � ᅼϵե UkXkRV

h?2 7Q`KmH� BM 2[m�iBQM UkXkRV b?Qrb i?�i ᅼϵը +QMbBbib Q7 irQ +QKTQM2MibX h?2
}`bi +QKTQM2Mi ᅼϵբ Bb +�HH2/ i?2 ;2M2iB+ �//BiBp2 p�`B�M+2 �M/ i?2 b2+QM/
+QKTQM2Mi ᅼϵե Bb i2`K2/ /QKBM�M+2 p�`B�M+2X �b b?QrM BM 2[m�iBQM UkXkdVᅼϵբ +Q``2bTQM/b iQ i?2 p�`B�M+2 Q7 i?2 #`22/BM; p�Hm2bX "2+�mb2 r2 ?�p2 �H`2�/v
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b22M i?�i i?2 #`22/BM; p�Hm2b �`2 �//BiBp2 BM i?2 MmK#2` Q7 7�pQ`�#H2 �HH2H2b-ᅼϵբ Bb +�HH2/ ;2M2iB+ �//BiBp2 p�`B�M+2X "2+�mb2 ᅼϵե +Q``2bTQM/b iQ i?2 p�`B�M+2
Q7 i?2 /QKBM�M+2 /2pB�iBQM 2z2+ib Ub22 2[m�iBQM UkXkNVV Bi Bb +�HH2/ /QKBM�M+2
p�`B�M+2X

kXe 1ti2MbBQM hQ JQ`2 GQ+B
q?2M QMHv � bBM;H2 HQ+mb Bb +QMbB/2`2/- i?2 ;2MQivTB+ p�Hm2b UԋքօV +�M #2 /2@
+QKTQb2/ �++Q`/BM; iQ 2[m�iBQM UkXReV BMiQ TQTmH�iBQM K2�M- #`22/BM; p�Hm2
�M/ /QKBM�M+2 /2pB�iBQMX q?2M � ;2MQivT2 `272`b iQ KQ`2 i?�M QM2 HQ+mb- i?2
;2MQivTB+ p�Hm2 K�v +QMi�BM �M �//BiBQM�H /2pB�iBQM +�mb2/ #v MQM@�//BiBp2
+QK#BM�iBQM 2z2+ibX

kXeXR 1TBbi�iB+ AMi2`�+iBQM
G2i ԋբ #2 i?2 ;2MQivTB+ p�Hm2 Q7 HQ+mb Ӷ �M/ ԋգ /2MQi2 i?2 ;2MQivTB+ p�Hm2 Q7
� b2+QM/ HQ+mb ӷ- i?2M i?2 iQi�H ;2MQivTB+ p�Hm2 ԋ �ii`B#mi2/ iQ #Qi? HQ+B Ӷ
�M/ ӷ +�M #2 r`Bii2M �b

ԋ � ԋբ � ԋգ � Ӿբգ UkXkkV

r?2`2 Ӿբգ Bb i?2 /2pB�iBQM 7`QK �//BiBp2 +QK#BM�iBQM Q7 i?2b2 ;2MQivTB+ p�Hm2bX
q?2M +QKTmiBM; i?2 TQTmH�iBQM K2�M 2�`HB2` BM i?Bb +?�Ti2`- r2 �bbmK2/ i?�iӾ r�b x2`Q 7Q` �HH +QK#BM�iBQMb Q7 ;2MQivT2bX A7 Ӿ Bb MQi x2`Q 7Q` �Mv +QK#BM�iBQM
Q7 ;2M2b �i /Bz2`2Mi HQ+B- i?Qb2 ;2M2b �`2 b�B/ iQ BMi2`�+i rBi? 2�+? Qi?2` Q` iQ
2t?B#Bi 2TBbi�bBbX h?2 /2pB�iBQM Ӿ Bb +�HH2/ BMi2`�+iBQM /2pB�iBQM Q` 2TBbi�iB+
/2pB�iBQMX A7 Ӿ Bb x2`Q- i?2 ;2M2b �`2 +�HH2/ iQ �+i �//BiBp2Hv #2ir22M HQ+BX >2M+2
�//BiBp2 �+iBQM K�v K2�M /Bz2`2Mi i?BM;bX q?2M `272``BM; iQ QM2 HQ+mb- Bi
K2�Mb �#b2M+2 Q7 /QKBM�M+2X q?2M `272``BM; iQ /Bz2`2Mi HQ+B- Bi K2�Mb �#b2M+2
Q7 2TBbi�bBbX

AMi2`�+iBQM #2ir22M HQ+B K�v Q++m` #2ir22M T�B`b Q` #2ir22M ?B;?2` MmK#2`b Q7
/Bz2`2Mi HQ+BX h?2 +QKTH2t M�im`2 Q7 ?B;?2` Q`/2` BMi2`�+iBQMb- BX2X- BMi2`�+iBQMb
#2ir22M ?B;?2` MmK#2` Q7 HQ+B /Q2b MQi M22/ iQ +QM+2`M mbX "2+�mb2 BM i?2 iQi�H
;2MQivTB+ p�Hm2 ԋ - BMi2`�+iBQM /2pB�iBQMb Q7 �HH bQ`ib �`2 i`2�i2/ iQ;2i?2` BM �M
Qp2`�HH BMi2`�+iBQM /2pB�iBQM Ӿ X

�TTHvBM; i?2 /2+QKTQbBiBQM Q7 i?2 ;2MQivTB+ p�Hm2b ԋբ Q7 HQ+mb Ӷ �M/ ԋգ Q7
HQ+mb ӷ �b b?QrM BM UkXReV H2�/b iQ

ԋ � ԋբ � ԋգ � Ӿբգ� ᅷբ � ӷԋբ � ӹբ � ᅷգ � ӷԋգ � ӹգ � Ӿբգ UkXkjV
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*QHH2+iBM; i2`Kb BM UkXkjV �b 7QHHQrb

ᅷ � ᅷբ � ᅷգԊ � ӷԋբ � ӷԋգӹ � ӹբ � ӹգӾ � ӾӶӷ UkXk9V

h?2 /2+QKTQbBiBQM b?QrM BM UkXkjV �M/ i?2 +QHH2+iBQM Q7 p�`B�#H2b Ub22 UkXk9VV
+�M #2 ;2M2`�HBx2/ iQ KQ`2 i?�M irQ HQ+BX h?Bb H2�/b iQ i?2 7QHHQrBM; ;2M2`�HBx2/
7Q`K Q7 /2+QKTQbBM; i?2 Qp2`�HH iQi�H ;2MQivT2 ԋ 7Q` i?2 +�b2 Q7 KmHiBTH2 HQ+B
�z2+iBM; � +2`i�BM i`�Bi Q7 BMi2`2biX

ԋ � ᅷ � Ԋ � ӹ � Ӿ UkXk8V

r?2`2 Ԋ Bb i?2 bmK Q7 i?2 #`22/BM; p�Hm2b �ii`B#mi�#H2 iQ i?2 b2T�`�i2 HQ+B
�M/ ӹ Bb i?2 bmK Q7 �HH /QKBM�M+2 /2pB�iBQMbX 6Q` Qm` Tm`TQb2b BM HBp2biQ+F
#`22/BM; r?2`2 r2 r�Mi iQ �bb2bb i?2 ;2M2iB+ TQi2MiB�H Q7 � b2H2+iBQM +�M/B/�i2
iQ #2 � T�`2Mi Q7 QzbT`BM; 7Q`KBM; i?2 M2ti ;2M2`�iBQM- i?2 #`22/BM; p�Hm2
Bb i?2 KQbi BKTQ`i�Mi [m�MiBivX h?2 #`22/BM; p�Hm2 Bb Q7 T`BK�`v BKTQ`i�M+2
#2+�mb2 � ;Bp2M T�`2Mi T�bb2b � `�M/QK b�KTH2 Q7 Bib �HH2H2b iQ Bib QzbT`BM;X q2
?�p2 b22M BM b2+iBQM kX9X9 i?�i #`22/BM; p�Hm2b �`2 �//BiBp2 BM i?2 MmK#2` Q7
7�pQ`�#H2 �HH2H2bX >2M+2 i?2 KQ`2 7�pQ`�#H2 �HH2H2b � ;Bp2M T�`2Mi T�bb2b iQ Bib
QzbT`BM; i?2 ?B;?2` i?2 #`22/BM; p�Hm2 Q7 i?Bb T�`2MiX

PM i?2 Qi?2` ?�M/- i?2 /QKBM�M+2 /2pB�iBQM K2�bm`2b i?2 2z2+i Q7 � +2`i�BM
;2MQivT2 Q++m``BM; BM �M BM/BpB/m�H �M/ i?2 BMi2`�+iBQM /2pB�iBQM 2biBK�i2b i?2
2z2+ib Q7 +QK#BMBM; /Bz2`2Mi ;2MQivT2b �i /Bz2`2Mi HQ+B BM i?2 ;2MQK2X "mi
#2+�mb2 T�`2Mib /Q MQi T�bb +QKTH2i2 ;2MQivT2b MQ` /Q i?2v T�bb bi`2i+?2b Q7
.L� rBi? b2p2`�H HQ+B- #mi QMHv � `�M/QK +QHH2+iBQM Q7 Bib �HH2H2b- Bi Bb `2�HHv i?2
#`22/BM; p�Hm2 i?�i Bb Q7 T`BK�`v BKTQ`i�M+2 BM �bb2bbBM; i?2 ;2M2iB+ TQi2MiB�H
Q7 � ;Bp2M b2H2+iBQM +�M/B/�i2X

kXeXk AMi2`�+iBQM o�`B�M+2
A7 ;2MQivT2b �i /Bz2`2Mi HQ+B b?Qr 2TBbi�iB+ BMi2`�+iBQM 2z2+ib �b /2b+`B#2/ BM
b2+iBQM kXeXR- i?2 BMi2`�+iBQMb ;Bp2 `Bb2 iQ �M �//BiBQM�H p�`B�M+2 +QKTQM2Mi
+�HH2/ ԋժ - r?B+? Bb i?2 p�`B�M+2 Q7 BMi2`�+iBQM /2pB�iBQMbX h?Bb M2r p�`B�M+2
+QKTQM2Mi ԋժ +�M #2 7m`i?2` /2+QKTQb2/ BMiQ bm#@+QKTQM2MibX h?2 }`bi H2p2H
Q7 bm#@+QKTQM2Mib Bb �++Q`/BM; iQ i?2 MmK#2` Q7 HQ+B i?�i �`2 +QMbB/2`2/X hrQ@
r�v BMi2`�+iBQMb BMpQHp2 irQ HQ+B- i?`22@r�v BMi2`�+iBQMb +QMbB/2` i?`22 HQ+B �M/
BM ;2M2`�H ԝ@r�v BMi2`�+iBQMb �`Bb2 7`QK ԝ /Bz2`2Mi HQ+BX h?2 M2ti H2p2H Q7
bm#/BpBbBQM Bb �++Q`/BM; iQ r?2i?2` i?2v BM+Hm/2 �//BiBp2 2z2+ib- /QKBM�M+2
/2pB�iBQMb Q` #Qi?X
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AM ;2M2`�H Bi +�M #2 b�B/ i?�i 7Q` T`�+iB+�H Tm`TQb2b- BMi2`�+iBQM 2z2+ib 2tTH�BM
QMHv � p2`v bK�HH �KQmMi Q7 i?2 Qp2`�HH p�`B�iBQMX �b �H`2�/v K2MiBQM2/ BM
b2+iBQM !`27UO2TBbi�iB+@BMi2`�+iBQMV 7Q` HBp2biQ+F #`22/BM;- r2 �`2 KQbiHv BMi2`@
2bi2/ BM i?2 �//BiBp2 2z2+ibX h?Bb Bb �HbQ i`m2 r?2M HQQFBM; �i i?2 p�`B�M+2
+QKTQM2MibX >2M+2 /QKBM�M+2 p�`B�M+2 �M/ p�`B�M+2b Q7 BMi2`�+iBQM /2pB�iBQMb
�`2 MQi mb2/ p2`v Q7i2M BM T`�+iB+�H HBp2biQ+F #`22/BM; �TTHB+�iBQMX

kXd :2M2iB+ JQ/2Hb

AM i?Bb +?�Ti2`- r2 ?�p2 b22M ?Qr iQ KQ/2H i?2 ;2M2iB+ #�bBb Q7 � [m�MiBi�iBp2
i`�Bi r?2M � bBM;H2 HQ+mb �z2+ib i?2 i`�Bi Q7 BMi2`2biX q2 +�HH i?Bb � bBM;H2@HQ+mb
KQ/2HX q?2M b2p2`�H HQ+B ?�p2 �M 2z2+i QM � +2`i�BM i`�Bi- i?2M r2 i�HF �#Qmi
� TQHv;2MB+ KQ/2HX G2iiBM; i?2 MmK#2` Q7 HQ+B �z2+iBM; � +2`i�BM T?2MQivT2
i2M/ iQ BM}MBiv- i?2 `2bmHiBM; KQ/2H Bb +�HH2/ BM}MBi2bBK�H KQ/2HX

6`QK � bi�iBbiB+�H TQBMi Q7 pB2r- i?2 #`22/BM; p�Hm2b BM �M BM}MBi2bBK�H KQ/2H
�`2 +QMbB/2`2/ �b � `�M/QK 2z2+i rBi? � FMQrM /Bbi`B#miBQMX .m2 iQ i?2 +2Mi`�H
HBKBi i?2Q`2K- i?Bb /Bbi`B#miBQM Bb �bbmK2/ iQ #2 � MQ`K�H /Bbi`B#miBQMX h?2
+2Mi`�H HBKBi i?2Q`2K b�vb i?�i i?2 /Bbi`B#miBQM Q7 �Mv bmK Q7 � H�`;2 MmK#2` Q7
p2`v bK�HH 2z2+ib +QMp2`;2b iQ � MQ`K�H /Bbi`B#miBQMX 6Q` Qm` +�b2 r?2`2 � ;Bp2M
i`�Bi Q7 BMi2`2bi Bb i?Qm;?i iQ #2 BM~m2M+2/ #v � H�`;2 MmK#2` Q7 ;2M2iB+ HQ+B
2�+? ?�pBM; � bK�HH 2z2+i- i?2 bmK Q7 i?2 #`22/BM; p�Hm2b Q7 �HH HQ+B iQ;2i?2` +�M
#2 �TT`QtBK�i2/ #v � MQ`K�H /Bbi`B#miBQMX 6B;m`2 UkX9V b?Qrb i?2 /Bbi`B#miBQM
7Q` � bmK Q7 Ry- Ryy �M/ Ryyy +QKTQM2Mib 2�+?X h?2 ?BbiQ;`�Kb b?Qr � #2ii2`
�TT`QtBK�iBQM iQ i?2 MQ`K�H /Bbi`B#miBQM i?2 H�`;2` i?2 MmK#2` Q7 +QKTQM2Mib
+QMbB/2`2/ BM i?2 bmKX

kXdXR JQ/2H lb�;2 AM _QmiBM2 1p�Hm�iBQMb

h`�/BiBQM�H T`2/B+iBQM Q7 #`22/BM; p�Hm2b #27Q`2 i?2 BMi`Q/m+iBQM Q7 ;2MQKB+
b2H2+iBQM Bb #�b2/ QM i?2 BM}MBi2bBK�H KQ/2HX q?2M ;2MQKB+ b2H2+iBQM r�b BM@
i`Q/m+2/ r?B+? i�F2b BMiQ �++QmMi i?2 BM7Q`K�iBQM 7`QK � H�`;2 MmK#2` Q7 HQ+B-
;2MQKB+ #`22/BM; p�Hm2b �`2 2biBK�i2/ mbBM; � TQHv;2MB+ KQ/2HX

kX3 �TT2M/Bt, .2`Bp�iBQMb

h?Bb b2+iBQM b?Qrb ?Qr i?2 ;2M2iB+ p�`B�M+2 BM 2[m�iBQM UkXkRV Bb +QKTmi2/X
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Histogram of vec_sum_100
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Histogram of vec_sum_1000
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6B;m`2 kX9, .Bbi`B#miBQM Q7 amKb Q7 .Bz2`2Mi LmK#2`b Q7 *QKTQM2Mib

ᅼϵը � 	ӷԋφφ � ӹφφ
ϵ  ԟϵ� 	ӷԋφϵ � ӹφϵ
ϵ  �ԟԠ� 	ӷԋϵϵ � ӹϵϵ
ϵ  Ԡϵ� ि�Ԡᅫ  �Ԡϵԓीϵ  ԟϵ� 		Ԡ  ԟ
ᅫ � �ԟԠԓ
ϵ  �ԟԠ� ि�ԟᅫ  �ԟϵԓीϵ  Ԡϵ� ि�Ԡϵᅫϵ  �Ԡϯԓᅫ � �ԠΚԓϵी  ԟϵ� िԠϵᅫϵ  �ԟԠᅫϵ � ԟϵᅫϵ  �	Ԡ  ԟ
ԟԠԓᅫ � �ԟϵԠϵԓϵी  �ԟԠ� ि�ԟϵᅫϵ � �ԟϯԓᅫ � �ԟΚᅫϵी  Ԡϵ� �ԟϵԠϵᅫϵ  �ԟϵԠϯԓᅫ � �ԟϵԠΚԓϵ� �ԟԠϯᅫϵ  �ԟϵԠϵᅫϵ � �ԟϯԠᅫϵ �ԟϯԠϵԓᅫ � �ԟϵԠϯԓᅫ � �ԟϯԠϯԓϵ� �ԟϵԠϵᅫϵ � �ԟϯԠϵԓᅫ � �ԟΚԠϵԓϵ� �ԟϵԠϵᅫϵ � �ԟϵԠΚԓϵ� �ԟԠϯᅫϵ � �ԟϯԠᅫϵ� �ԟϯԠϯԓϵ� �ԟΚԠϵԓϵ� �ԟԠᅫϵ िԟϵ � �ԟԠ � Ԡϵी� 	�ԟԠԓ
ϵ िԟϵ � �ԟԠ � Ԡϵी� �ԟԠᅫϵ � 	�ԟԠԓ
ϵ� ᅼϵբ � ᅼϵե UkXkeV
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6`QK i?2 H�bi irQ HBM2b Q7 UkXkeV Bi 7QHHQrb i?�i ᅼϵբ � �ԟԠᅫϵ �M/ ᅼϵե � 	�ԟԠԓ
ϵX
Ai +�M #2 b?QrM i?�i ᅼϵբ +Q``2bTQM/b iQ i?2 b[m�`2/ #`22/BM; p�Hm2b iBK2b i?2
�bbQ+B�i2/ ;2MQivT2 7`2[m2M+B2bX "2+�mb2 i?2 2tT2+i2/ p�Hm2b Q7 i?2 #`22/BM;
p�Hm2b Bb x2`Q- ᅼϵբ Bb 2[mBp�H2Mi iQ i?2 p�`B�M+2 Q7 i?2 #`22/BM; p�Hm2bX

ᅼϵբ � ԋ Ԑԡ <ӷԋ > � 	ӷԋφφ  Ӻ <ӷԋ >
ϵ  ԕ	ӼφӼφ
� 	ӷԋφϵ  Ӻ <ӷԋ >
ϵ  ԕ	ӼφӼϵ
� 	ӷԋϵϵ  Ӻ <ӷԋ >
ϵ  ԕ	ӼϵӼϵ
� ӷԋ ϵφφ  ԕ	ӼφӼφ
 � ӷԋ ϵφϵ  ԕ	ӼφӼϵ
 � ӷԋ ϵϵϵ  ԕ	ӼϵӼϵ
� 	�Ԡᅫ
ϵ  ԟϵ � 		Ԡ  ԟ
ᅫ
ϵ  �ԟԠ � 	�ԟᅫ
ϵ  Ԡϵ� �ԟϵԠϵᅫϵ � िԠϵᅫϵ  �ԟԠᅫϵ � ԟϵᅫϵी  �ԟԠ � �ԟϵԠϵᅫϵ� �ԟϵԠϵᅫϵ � �ԟԠϯᅫϵ  �ԟϵԠϵᅫϵ � �ԟϯԠᅫϵ� �ԟϵԠϵᅫϵ � �ԟԠϯᅫϵ � �ԟϯԠᅫϵ� �ԟԠᅫϵ ि�ԟԠ � Ԡϵ � ԟϵी� �ԟԠᅫϵ UkXkdV

AM i?2 �#Qp2 /2`Bp�iBQM BM UkXkdV Q7 i?2 p�`B�M+2 Q7 i?2 #`22/BM; p�Hm2b- r2 r2`2
mbBM; i?2 7�+i i?�i i?2 2tT2+i2/ p�Hm2 Ӻ <ӷԋ > � �X h?Bb +�M #2 b?QrM KQ`2
7Q`K�HHv �b 7QHHQrb

Ӻ <ӷԋ > � ӷԋφφ  ԕ	ӼφӼφ
 � ӷԋφϵ  ԕ	ӼφӼϵ
 � ӷԋϵϵ  ԕ	ӼϵӼϵ
� �Ԡᅫ  ԟϵ � 	Ԡ  ԟ
ᅫ  �ԟԠ � 	�ԟᅫ
  Ԡϵ� �ԟϵԠᅫ � �ԟԠϵᅫ  �ԟϵԠᅫ  �ԟԠϵᅫ� � UkXk3V

aBKBH�`Hv iQ UkXkdV r2 +�M b?Qr i?�i ᅼϵե +Q``2bTQM/b iQ i?2 b[m�`2/ /QKBM�M+2
/2pB�iBQMb iBK2b i?2 7`2[m2M+B2b Q7 i?2 +Q``2bTQM/BM; ;2MQivT2bX h?�i Bb i?2
`2�bQM r?v ᅼϵե Bb +�HH2/ /QKBM�M+2 p�`B�M+2X

ᅼϵե � ӹϵφφ  ԕ	ӼφӼφ
 � ӹϵφϵ  ԕ	ӼφӼϵ
 � ӹϵϵϵ  ԕ	ӼϵӼϵ
� 	�Ԡϵԓ
ϵ  ԟϵ � 	�ԟԠԓ
ϵ  �ԟԠ � 	�ԟϵԓ
ϵ  Ԡϵ� �ԟϵԠΚԓϵ � �ԟϯԠϯԓϵ � �ԟΚԠϵԓϵ� �ԟϵԠϵԓϵ िԠϵ � �ԟԠ � ԟϵी� �ԟϵԠϵԓϵ UkXkNV
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