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jXR hBK2 a2`B2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8
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jXkXj 1tTQM2MiB�H aKQQi?BM; X X X X X X X X X X X X X X X X X X X X X R8
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jXkXe _2+2Mi .2p2HQTK2Mib X X X X X X X X X X X X X X X X X X X X X X X RN

jXkXd ai`2M;i?b �M/ GBKBi�iBQMb Q7 ai�iBbiB+�H J2i?Q/b X X X X X X X RN
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jXjX8 6m`i?2` L2m`�H L2irQ`F "�b2/ JQ/2Hb X X X X X X X X X X X X X jy
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R 1t2KTH�`v /�i�b2i bTHBi X X X X X X X X X X X X X X X X X X X X X X X X X N

k q�HF@7Q`r�`/ p�HB/�iBQM- `2T`BMi2/ 7`QK >vM/K�M �M/ �i?�M�bQTQm@
HQb UkyRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry

j JQ/2H Q7 � T2`+2Ti`QM- �/�Ti2/ 7`QK LB2Hb2M UkyR8V X X X X X X X X X X kk

9 ai2T 7mM+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj

8 aB;KQB/ 7mM+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9

e _2+iB}2/ GBM2�` lMBi X X X X X X X X X X X X X X X X X X X X X X X X X X X k9

d JmHiBH�v2` S2`+2Ti`QM �`+?Bi2+im`2- �/�Ti2/ 7`QK .Q 2i �HX UkyRNV X X k8

3 _2+m``2Mi L2m`�H L2irQ`F 7QH/2/ �M/ mM7QH/2/ BMiQ iBK2- `2T`BMi2/
7`QK G2*mM 2i �HX UkyR8V X X X X X X X X X X X X X X X X X X X X X X X X X kd

N GQM; a?Q`i@h2`K J2KQ`v +2HH- �/�Ti2/ 7`QK PH�? UkyR8V X X X X X X k3

Ry hBK2@/2H�v L2m`�H L2irQ`F �`+?Bi2+im`2- `2T`BMi2/ 7`QK .Q 2i �HX
UkyRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jy

RR �`+?Bi2+im`2 Q7 aH�r2F aKvHǶb ?v#`B/ >q@GahJ KQ/2H X X X X X X X X jN

Rk .BH�i2/ GahJ bi�+F, UR-kV@U9-3V ai�M/�`/ 7Q` [m�`i2`Hv iBK2 b2`B2b-
�/�Ti2/ 7`QK aKvH UkykyV X X X X X X X X X X X X X X X X X X X X X X X X 9j

Rj *Qm`b2 Q7 BMp2biB;�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X 9e

R9 �B`HBM2 S�bb2M;2`b X X X X X X X X X X X X X X X X X X X X X X X X X X X X 93

R8 *�M�/B�M GvMt X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N

Re .�BHv JBMBKmK h2KT2`�im`2b J2H#Qm`M2 X X X X X X X X X X X X X X X 8y

Rd .�BHv hQi�H 62K�H2 "B`i?b *�HB7Q`MB� X X X X X X X X X X X X X X X X X X 8y

R3 :"S la. .�BHv 1t+?�M;2 _�i2 X X X X X X X X X X X X X X X X X X X X X 8R

RN AM/mbi`B�H S`Q/m+iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X X 8k

ky _QbbK�MM aiQ`2 a�H2b X X X X X X X X X X X X X X X X X X X X X X X X X X 8j

kR amMbTQi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 89

kk _�M/QK q�HF X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 89

kj >q@GahJ 7Q`2+�bi 7Q` AM/mbi`B�H S`Q/m+iBQM X X X X X X X X X X X X X ek

k9 �_AJ� �M/ GahJ 7Q`2+�bi 7Q` amMbTQi X X X X X X X X X X X X X X X X ej

k8 >QHi@qBMi2`bǶ J2i?Q/ 7Q`2+�bi 7Q` �B`HBM2 S�bb2M;2`b X X X X X X X X X e8

ke JGS 7Q`2+�bi 7Q` *�M�/B�M GvMt X X X X X X X X X X X X X X X X X X X X e8
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kd >q@GahJ 7Q`2+�bi 7Q` .�BHv hQi�H 62K�H2 "B`i?b *�HB7Q`MB� X X X X X ee

k3 �_AJ� �M/ JGS 7Q`2+�bi 7Q` _QbbK�MM aiQ`2 a�H2b X X X X X X X X X ed

kN .BH�i2/ GahJ UR-kV@U9-3V ai�M/�`/ mM7QH/2/ BMiQ iBK2- �/�Ti2/ 7`QK
_2// 2i �HX UkyRNV X X X X X X X X X X X X X X X X X X X X X X X X X X X X de

jy .2+QKTQbBiBQM 7Q` 2�+? iBK2 b2`B2b BM i?2 2tT2`BK2Mi X X X X X X X X X 3R

jR �miQ+Q``2H�iBQM 6mM+iBQM 7Q` 2�+? iBK2 b2`B2b BM i?2 2tT2`BK2Mi X X X 3j

jk 6B`bi@Q`/2` /Bz2`2M+2 7Q` 2�+? iBK2 b2`B2b BM i?2 2tT2`BK2Mi X X X X X X 3d

jj 6Q`2+�bib 7Q` �B`HBM2 S�bb2M;2`b X X X X X X X X X X X X X X X X X X X X X 33

j9 6Q`2+�bib 7Q` *�M�/B�M GvMt X X X X X X X X X X X X X X X X X X X X X X X 3N

j8 6Q`2+�bib 7Q` .�BHv JBMBKmK h2KT2`�im`2b J2H#Qm`M2 X X X X X X X X Ny

je 6Q`2+�bib 7Q` .�BHv hQi�H 62K�H2 "B`i?b *�HB7Q`MB� X X X X X X X X X X X NR

jd 6Q`2+�bib 7Q` :"S la. .�BHv 1t+?�M;2 _�i2 X X X X X X X X X X X X X Nk

j3 6Q`2+�bib 7Q` AM/mbi`B�H S`Q/m+iBQM X X X X X X X X X X X X X X X X X X X Nj

jN 6Q`2+�bib 7Q` _�M/QK q�HF X X X X X X X X X X X X X X X X X X X X X X X N9

9y 6Q`2+�bib 7Q` _QbbK�MM aiQ`2 a�H2b X X X X X X X X X X X X X X X X X X X N8

9R 6Q`2+�bib 7Q` amMbTQi X X X X X X X X X X X X X X X X X X X X X X X X X X X Ne



GAah P6 h�"G1a t

GBbi Q7 h�#H2b

R *�b2b Q7 �_AJ� KQ/2Hb X X X X X X X X X X X X X X X X X X X X X X X X X R3

k ai`2M;i?b �M/ HBKBi�iBQMb Q7 bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; K2i?Q/b j8

j LmK#2` Q7 J9 iBK2 b2`B2b T2` /�i� 7`2[m2M+v �M/ /QK�BM- `2T`BMi2/
7`QK J�F`B/�FBb 2i �HX UkykyV X X X X X X X X X X X X X X X X X X X X X X jd

9 Pp2`pB2r Q7 i?2 _LL �`+?Bi2+im`2- �/�Ti2/ 7`QK aKvH UkykyV X X X X 9k

8 A/2MiB}2/ �M/ +Hmbi2`2/ iBK2 b2`B2b X X X X X X X X X X X X X X X X X X X 88

e Pp2`pB2r Q7 7Q`2+�biBM; K2i?Q/b X X X X X X X X X X X X X X X X X X X X 88

d Pp2`pB2r Q7 7Q`2+�biBM; ?Q`BxQMb X X X X X X X X X X X X X X X X X X X X X 8d

3 _2bmHib +Hmbi2` bi�iBQM�`v iBK2 b2`B2b X X X X X X X X X X X X X X X X X X eR

N _2bmHib +Hmbi2` i`2M/ bi�iBQM�`v iBK2 b2`B2b X X X X X X X X X X X X X X X ek

Ry _2bmHib +Hmbi2` MQMbi�iBQM�`v iBK2 b2`B2b X X X X X X X X X X X X X X X X e9

RR Pp2`pB2r Q7 �TTHB2/ K2i?Q/b 7Q` iBK2 b2`B2b /2+QKTQbBiBQM X X X X X X dd

Rk _2bmHib �m;K2Mi2/ .B+F2v@6mHH2` h2bi X X X X X X X X X X X X X X X X X 39

Rj _2bmHib G2p2M2Ƕb h2bi 7Q` 2[m�H p�`B�M+2b X X X X X X X X X X X X X X X X 3e

R9 ai�M/�`/ /2pB�iBQM Q7 i?2 LL@#�b2/ K2i?Q/b X X X X X X X X X X X X X Nd
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R AMi`Q/m+iBQM

h?Bb K�bi2` i?2bBb Bb /2/B+�i2/ iQ iBK2 b2`B2b 7Q`2+�biBM;X Ai 2H�#Q`�i2b QM bi�iBbiB+�H-
K�+?BM2 H2�`MBM;- �M/ ?v#`B/ �TT`Q�+?2b BM i?Bb /QK�BMX 1�+? Q7 i?2b2 �TT`Q�+?2b
?�b BM/BpB/m�H bi`2M;i?b �M/ HBKBi�iBQMb- r?B+? �`2 +Qp2`2/ BM i?Bb rQ`FX 6m`i?2`@
KQ`2- i?Bb i?2bBb T`2b2Mib �M 2tT2`BK2Mi r?Qb2 `2bmHib �BK iQ �Mbr2` i?2 `2b2�`+?
[m2biBQMX

RXR JQiBp�iBQM

h?2 HBi2`�im`2 7Q` iBK2 b2`B2b 7Q`2+�biBM; /BbiBM;mBb?2b irQ 2H2K2Mi�H �TT`Q�+?2b iQ
iBK2 b2`B2b 7Q`2+�biBM;, bi�iBbiB+�H K2i?Q/b �M/ K�+?BM2 H2�`MBM; K2i?Q/bX h?2b2
irQ �TT`Q�+?2b +Q2tBbi BM i?2 /QK�BM #mi �`2 7mM/�K2Mi�HHv /Bz2`2MiX aQK2 �m@
i?Q`b 2p2M /2b+`B#2 � +H�b? Q7 +mHim`2b i?�i /BpB/2b i?2 7Q`2+�biBM; +QKKmMBiv #2@
ir22M i?2b2 irQ �TT`Q�+?2b U"`2BK�M- kyyR#VX 1�+? Q7 i?2b2 �TT`Q�+?2b ?�b mMB[m2
bi`2M;i?b i?�i 2bi�#HBb?2/ i?2K BM i?2 p�`BQmb }2H/b Q7 �TTHB+�iBQMb 7Q` iBK2 b2`B2b
7Q`2+�biBM;X >Qr2p2`- M2Bi?2` bi�iBbiB+�H MQ` K�+?BM2 H2�`MBM; K2i?Q/b �`2 7`22 7`QK
HBKBi�iBQMb i?�i BM?B#Bi 2t+2HH2Mi 7Q`2+�biBM; T2`7Q`K�M+2X

AM i?2 T�bi- r2HH@2bi�#HBb?2/ bi�iBbiB+�H K2i?Q/b b?Qr2/ /QKBM�M+2 Qp2` 2K2`;BM;
K�+?BM2 H2�`MBM; K2i?Q/b BM 7Q`2+�biBM; +QKT2iBiBQMbX q?BH2 i?2 K�+?BM2 H2�`M@
BM; �TT`Q�+?2b BKT`Qp2/ �M/ /2HBp2`2/ T`QKBbBM; `2bmHib- i?2v biBHH 7�+2 bB;MB}+�Mi
+?�HH2M;2b BM 7Q`2+�biBM; +QKT2iBiBQMb UJ�F`B/�FBb 2i �HX- kykyVX

>v#`B/ K2i?Q/b- r?B+? �`2 � +QK#BM�iBQM Q7 bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; K2i?@
Q/b- T`QKBb2 iQ mMBi2 i?2 #2bi Q7 #Qi? rQ`H/b iQ �/p�M+2 iBK2 b2`B2b 7Q`2+�biBM;X
h?2 7mM/�K2Mi�H B/2� Q7 ?v#`B/ K2i?Q/b Bb i?�i i?2 +QK#BM�iBQM +QKT2Mb�i2b 7Q`
i?2 HBKBi�iBQMb Q7 QM2 �TT`Q�+? rBi? i?2 bi`2M;i?b Q7 i?2 Qi?2`X
h?2 #`2�Fi?`Qm;? r�b aH�r2F aKvHǶb rBMMBM; bm#KBbbBQM iQ � 7Q`2+�biBM; +QMi2bi
FMQrM �b i?2 J9 *QKT2iBiBQMX AM ?Bb T`QTQb2/ ?v#`B/ K2i?Q/- i?2 �mi?Q` +QK#BM2/
bi�iBbiB+�H K2i?Q/b rBi? K�+?BM2 H2�`MBM; 2H2K2Mib iQ QmiT2`7Q`K 2p2`v Qi?2` bm#@
KBbbBQM UaKvH- kykyVX qBi? i?Bb �+?B2p2K2Mi- i?2 K2i?Q/ +�mb2/ � ;`2�i biB` �KQM;
7Q`2+�bi2`b �M/ T`Qp2/ i?2 TQi2MiB�H Q7 ?v#`B/ K2i?Q/b 7Q` iBK2 b2`B2b 7Q`2+�biBM;
bm++2bb7mHHvX

h?2 i?2bBb Bb /BpB/2/ BMiQ 2B;?i +?�Ti2`bX h?Bb +?�Ti2` BMi`Q/m+2b i?2 bm#D2+i �M/
i?2 KQiBp�iBQM 7Q` i?2 i?2bBbX 6m`i?2`KQ`2- Bi T`2b2Mib i?2 `2b2�`+? [m2biBQM �M/
�TTHB2/ `2b2�`+? /2bB;MX *?�Ti2` k T`2b2Mib i?2 `2H�i2/ rQ`F �M/ BMp2biB;�i2b i?2
`2H2p�Mi HBi2`�im`2 7Q` i?Bb bm#D2+iX �b i?2`2 �`2 2bb2MiB�H /2}MBiBQMb �M/ i?2Q`2iB+�H
7QmM/�iBQMb i?�i ?�p2 iQ #2 BMi`Q/m+2/- *?�Ti2` j bi�`ib #v ;BpBM; �M BMi`Q/m+iBQM
iQ iBK2 b2`B2b #27Q`2 T`2b2MiBM; i?2 7mM/�K2Mi�H +QM+2Tib Q7 iBK2 b2`B2b 7Q`2+�biBM;X
� b2H2+iBQM Q7 bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; K2i?Q/b Bb T`2b2Mi2/ BM *?�Ti2` jXk
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�M/ *?�Ti2` jXjX �b i?2B` bi`2M;i?b �M/ HBKBi�iBQMb �`2 � +Q`2 BMi2`2bi Q7 i?Bb T�T2`-
irQ `2bT2+iBp2 bm#b2+iBQMb /Bb+mbb i?2K BM KQ`2 bm#bi�MiB�H /2i�BHX
6`QK i?2 #�+F;`QmM/ Q7 i?2 bi`2M;i?b �M/ HBKBi�iBQMb Q7 bi�iBbiB+�H �M/ K�+?BM2
H2�`MBM; K2i?Q/b- 7QHHQr ?v#`B/ K2i?Q/b iQ Qp2`+QK2 i?2b2 b?Q`i+QKBM;bX *?�Ti2`
9 BMi`Q/m+2b i?2 2bb2MiB�Hb Q7 i?2b2 ?v#`B/ K2i?Q/b �M/ ;Bp2b �M Qp2`pB2r Q7 `2H2p�Mi
`2b2�`+? +QM/m+i2/ BM i?Bb }2H/X aH�r2F aKvHǶb Qmibi�M/BM; 2t�KTH2 Q7 � ?v#`B/
K2i?Q/ Bb +QKT`2?2MbBp2Hv /Bb+mbb2/ BM *?�Ti2` 9XjX
*?�Ti2` 8 T`2b2Mib i?2 2tT2`BK2Mi�H /2bB;M i?�i mM/2`HB2b i?Bb i?2bBbǶb +Qm`b2 Q7 i?2
BMp2biB;�iBQMX 6Q` i?2 2tT2`BK2Mi- � `�M;2 Q7 iBK2 b2`B2b Bb B/2MiB}2/ �M/ +Hmbi2`2/
`2;�`/BM; i?2B` +?�`�+i2`BbiB+bX h?2b2 iBK2 b2`B2b �`2 mb2/ iQ +QM/m+i 7Q`2+�bib
rBi? /Bz2`2Mi 7Q`2+�biBM; K2i?Q/b 7`QK bi�iBbiB+�H- K�+?BM2 H2�`MBM;- �M/ ?v#`B/
�TT`Q�+?2bX h?2B` 7Q`2+�bib �`2 2p�Hm�i2/ mbBM; /Bz2`2Mi �++m`�+v K2�bm`2b iQ ;�BM
� #2ii2` mM/2`bi�M/BM; Q7 i?2B` T2`7Q`K�M+2X 6m`i?2`KQ`2- i?2 +?�Ti2` T`2b2Mib i?2
2tT2`BK2MiǶb BKTH2K2Mi�iBQM BM Svi?QMX
h?2 `2bmHib Q7 i?2 2tT2`BK2Mi �`2 mb2/ iQ }M/ BKTHB+�iBQMb 7Q` i?2 `2b2�`+? [m2biBQMX
AM i?�i 2M/2�pQ`- *?�Ti2` e /2b+`B#2b i?2 Q#b2`p�iBQMb K�/2 BM i?2 2tT2`BK2Mi �M/
2H�#Q`�i2b QM i?2 BKTHB+�iBQMbX h?2b2 BKTHB+�iBQMb �`2 +`BiB+�HHv /Bb+mbb2/ BM *?�Ti2`
dX 6BM�HHv- i?Bb i?2bBb +HQb2b rBi? *?�Ti2` 3- r?B+? +QM+Hm/2b i?2 T�T2` �M/ QmiHBM2b
7mim`2 `2b2�`+? BM i?�i /QK�BMX

RXk _2b2�`+? Zm2biBQM

h?2 `2bmHib Q7 i?2 J9 *QKT2iBiBQM T`Qp2 i?�i ?v#`B/ K2i?Q/b +�M #2 � 7mM+iBQM�H
�M/ p�Hm�#H2 iQQH 7Q` iBK2 b2`B2b 7Q`2+�biBM;X h?2 `2b2�`+? [m2biBQM b22Fb iQ ;2M2`@
�HBx2 i?2 }M/BM;b Q7 i?2 J9 *QKT2iBiBQM BM i2`Kb Q7 i?2 +?�`�+i2`BbiB+b Q7 � iBK2
b2`B2b �M/ +QKT�`2b i?2 ?v#`B/ K2i?Q/b �;�BMbi i?2 irQ 2bi�#HBb?2/ +mHim`2b BM iBK2
b2`B2b 7Q`2+�biBM;X h?2`27Q`2- i?2 `2b2�`+? [m2biBQM Q7 i?Bb i?2bBb Bb �b 7QHHQrb,

q?�i �`2 i?2 +?�`�+i2`BbiB+b Q7 � iBK2 b2`B2b i?�i /2i2`KBM2 i?2 bmT2`BQ`@
Biv Q7 2Bi?2` bi�iBbiB+�H- K�+?BM2 H2�`MBM;- Q` ?v#`B/ 7Q`2+�biBM; K2i?Q/b\

h?Bb 7Q`KmH�iBQM ;Bp2b `Bb2 iQ � #`Q�/ pB2r Q7 iBK2 b2`B2b 7Q`2+�biBM;X hQ }M/ �TT`Q@
T`B�i2 �Mbr2`b iQ i?Bb `2b2�`+? [m2biBQM- � `2b2�`+? /2bB;M Bb M2+2bb�`vX h?2`27Q`2-
i?2 M2ti b2+iBQM 2H�#Q`�i2b QM i?2 miBHBx2/ `2b2�`+? /2bB;M 7Q` i?Bb i?2bBbX
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RXj _2b2�`+? .2bB;M

h?2 `2b2�`+? /2bB;M Bb #�b2/ QM i?2 .2bB;M a+B2M+2 _2b2�`+? U.a_V /2b+`B#2/ #v
>2pM2` UkyydVX h?Bb b2+iBQM T`2b2Mib Bib i?`22 +v+H2b �M/ i?2B` `2�HBx�iBQM 7Q` i?Bb
i?2bBbX

h?2 i?`22 +v+H2b �`2 i?2 `2H2p�M+2 +v+H2- `B;Q` +v+H2- �M/ /2bB;M +v+H2 U>2pM2`-
kyydVX h?2 `2H2p�M+2 +v+H2 `�Bb2b i?2 [m2biBQM Q7 r?2i?2` i?2 /2bB;M Q7 i?2 �`iB7�+i
BKT`Qp2b i?2 2MpB`QMK2Mi �M/ ?Qr i?Bb BKT`Qp2K2Mi +�M #2 K2�bm`2/X h?2 `B;Q`
+v+H2 +QMM2+ib i?2 /2bB;M b+B2M+2 �+iBpBiB2b rBi? i?2 FMQrH2/;2 #�b2 �M/ BMp2biB;�i2b
i?2 bi�i2 Q7 i?2 �`iX *QMb2[m2MiHv- Bi b22Fb iQ �Mbr2` i?2 [m2biBQM B7 i?2 �`iB7�+i Bb
bmBi�#H2 iQ �Mbr2` i?2 `2b2�`+? [m2biBQMX 6BM�HHv- i?2 /2bB;M +v+H2 Bi2`�i2b #2ir22M
i?2 +Q`2 �+iBpBiB2b Q7 #mBH/BM; �M/ 2p�Hm�iBM; i?2 /2bB;M �`iB7�+ibX

h?2 �`iB7�+i Q7 i?Bb i?2bBb Bb i?2 2tT2`BK2Mi�H /2bB;M i?�i Bb BMi`Q/m+2/ BM *?�Ti2`
8X Ai B/2MiB}2b � `�M;2 Q7 iBK2 b2`B2b rBi? /BbiBM;mBb?BM; +?�`�+i2`BbiB+b �M/ �TTHB2b
�TT`QT`B�i2 7Q`2+�biBM; K2i?Q/b 7`QK /Bz2`2Mi �TT`Q�+?2bX h?2b2 7Q`2+�bib �`2 2p�H@
m�i2/ rBi? K2�MBM;7mH �++m`�+v K2�bm`2bX h?Bb b2iiBM; +QKTHB2b rBi? i?2 `2H2p�M+2
+v+H2 �M/ �HHQrb 7Q` bi�i2K2Mib iQ �Mbr2` i?2 `2b2�`+? [m2biBQMX h?2 T`Q+2/m`2b
�M/ i2+?MB[m2b �TTHB2/ BM i?2 2tT2`BK2Mi �`2 #�+F2/ #v bi�i2@Q7@�`i i?2Q`v 7`QK i?2
FMQrH2/;2 #�b2- Dmbi �b `2[mB`2/ #v i?2 `B;Q` +v+H2X *QMb2[m2MiHv- i?Bb 2tT2`BK2MiǶb
/2bB;M 2Mbm`2b i?�i i?2 i?2bBb 7mH}HHb Bib Tm`TQb2 �M/ }M/b �M �/2[m�i2 �Mbr2` iQ
i?2 `2b2�`+? [m2biBQMX
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k _2H�i2/ qQ`F

h?Bb +?�Ti2` 2t�KBM2b i?2 `2H�i2/ rQ`F �M/ T`2b2Mib i?2 2tBbiBM; `2b2�`+? QM i?2
iQTB+X 6m`i?2`KQ`2- Bi /2b+`B#2b i?2 `2b2�`+? ;�T i?Bb i?2bBb Bb +HQbBM;X

q?2M `2pB2rBM; i?2 HBi2`�im`2- Bi #2+QK2b 2pB/2Mi i?�i K�Mv �mi?Q`b /2b+`B#2 i?2
/B{+mHiB2b BM +?QQbBM; i?2 `B;?i 7Q`2+�biBM; K2i?Q/ U"`Q+Fr2HH �M/ .�pBb- kyReVX
�T�`i 7`QK i?Bb- i?2 MQ 7`22 HmM+? i?2Q`2K �TTHB2/ iQ iBK2 b2`B2b 7Q`2+�biBM; bi�i2b
i?�i MQ 7Q`2+�biBM; K2i?Q/ Bb mMBp2`b�HHv bmT2`BQ`- �M/ i?2`2 /Q2b MQi 2tBbi � b?Q`i@
+mi iQ i?2 +?QB+2 Q7 i?2 KQbi bmBi�#H2 7Q`2+�biBM; K2i?Q/ UqQHT2`i �M/ J�+`2�/v-
RNNdVX
�b 2�`Hv �b BM i?2 RNdyb- _2B/ URNdkV TQBMi2/ Qmi i?�i i?2 T2`7Q`K�M+2 Q7 � 7Q`2+�bi@
BM; K2i?Q/ +?�M;2b �++Q`/BM; iQ i?2 M�im`2 Q7 i?2 /�i�X *QM+2`MBM; i?2 `2b2�`+?
[m2biBQM- i?2 M�im`2 Q7 i?2 /�i� Bb `2~2+i2/ BM i?2 +?�`�+i2`BbiB+b Q7 i?2 iBK2 b2`B2bX
h?2 `2bmHiBM; K�ii2` Bb i?2 �H;Q`Bi?K b2H2+iBQM T`Q#H2K- r?B+? r�b }`bi /2b+`B#2/
#v _B+2 URNdeVX aBM+2 i?2M- b2p2`�H `2b2�`+?2`b ?�p2 BMi`Q/m+2/ `mH2b 7Q` 7Q`2+�bi@
BM; #�b2/ QM i?2b2 +?�`�+i2`BbiB+b U*QHHQTv �M/ �`Kbi`QM;- RNNkc �/v� 2i �HX- kyyRc
q�M; 2i �HX- kyyNVX
qBi? i?2 2K2`;2M+2 Q7 K�+?BM2 H2�`MBM; K2i?Q/b- i?2 �H;Q`Bi?K b2H2+iBQM T`Q#@
H2K r�b `2H�#2HH2/ �M/ i?2 i2`K K2i�@H2�`MBM; r�b +QBM2/ #v S`m/āM+BQ �M/ Gm@
/2`KB` Ukyy9VX Pp2` iBK2- bi�i2@Q7@i?2@�`i 2tT2`i bvbi2Kb r2`2 bmTTH2K2Mi2/ #v
/�i�@/`Bp2M �TT`Q�+?2b Uq�M; 2i �HX- kyyNVX h?2b2 /�i�@/`Bp2M �TT`Q�+?2b /2b+`B#2
7`�K2rQ`Fb i?�i T`QpB/2 `2+QKK2M/�iBQMb QM r?B+? 7Q`2+�bi K2i?Q/ b?QmH/ #2 mb2/
iQ ;2M2`�i2 7Q`2+�bibX h?2`2#v- bQK2 `2Hv QM i2+?MB[m2b #�b2/ QM M2m`�H M2irQ`Fb
Uh�H�;�H� 2i �HX- kyR3VX

h?Bb i?2bBb �M�Hvx2b i?2 +?�`�+i2`BbiB+b Q7 /Bz2`2Mi iBK2 b2`B2b iQ }M/ BKTHB+�iBQMb 7Q`
i?2 bmT2`BQ`Biv Q7 2Bi?2` bi�iBbiB+�H- K�+?BM2 H2�`MBM;- Q` ?v#`B/ 7Q`2+�biBM; K2i?Q/bX
h?2`2#v- i?Bb i?2bBb /Q2b MQi `2Hv QM � K2i�@H2�`MBM; �TT`Q�+? #mi T`QpB/2b �M
2tTH�BM�#H2 T`Q+2/m`2 iQ i?2 �bb2bbK2Mi Q7 7Q`2+�biBM; K2i?Q/bX h?2 B/2MiB}2/
`2b2�`+? ;�T K�MB72bib BM i?2 7�+i i?�i MQM2 Q7 i?2 2tBbiBM; HBi2`�im`2 +QMbB/2`b
?v#`B/ K2i?Q/b BM i?2B` �M�HvbBbX >v#`B/ K2i?Q/b T`QKBb2 � M2r �TT`Q�+? iQ iBK2
b2`B2b 7Q`2+�biBM; �M/ b?QmH/ #2 +QMbB/2`2/ BM 2p2`v /2+BbBQM +QM+2`MBM; �H;Q`Bi?K
b2H2+iBQMX h?2`27Q`2- i?Bb i?2bBb rBHH +QM/m+i �M 2tT2`BK2Mi i?�i �HHQrb 7Q` i?2
�bb2bbK2Mi Q7 � `�M;2 Q7 iBK2 b2`B2b �M/ BMpQHp2b bi�iBbiB+�H- K�+?BM2 H2�`MBM;- �b
r2HH �b ?v#`B/ K2i?Q/b BM i?2 BMp2biB;�iBQMX

h?2 7QHHQrBM; +?�Ti2` BMi`Q/m+2b i?2 i?2Q`2iB+�H 7QmM/�iBQMb Q7 iBK2 b2`B2b �M/ iBK2
b2`B2b 7Q`2+�biBM;X h?2b2 7QmM/�iBQMb �`2 M2+2bb�`v iQ ;�BM � +QKT`2?2MbBp2 mM/2`@
bi�M/BM; Q7 i?2 `2b2�`+? [m2biBQM �M/ i?2 `2b2�`+? ;�TX
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j h?2Q`2iB+�H 6QmM/�iBQMb

h?Bb +?�Ti2` BMi2M/b iQ ;Bp2 �M mM/2`bi�M/BM; Q7 i?2 i?2Q`2iB+�H 7QmM/�iBQMb r?B+?
i?Bb i?2bBb Bb #�b2/ mTQMX ai�`iBM; rBi? �M BMi`Q/m+iBQM iQ iBK2 b2`B2b- Bi 2H�#Q`�i2b
QM bi�iBbiB+�H- K�+?BM2 H2�`MBM;- �M/ ?v#`B/ �TT`Q�+?2b 7Q` iBK2 b2`B2b 7Q`2+�biBM;
BM i?2 +Qm`b2 Q7 i?Bb +?�Ti2`X 6m`i?2`KQ`2- Bi +Qp2`b i?2 iQTB+ Q7 2p�Hm�iBQM K2i`B+bX

jXR hBK2 a2`B2b

h?2 7QHHQrBM; b2+iBQM ;Bp2b �M BMi`Q/m+iBQM iQ iBK2 b2`B2bX Ai T`2b2Mib #�bB+ i2`KB@
MQHQ;v �M/ +Qp2`b iBK2 b2`B2b 7Q`2+�biBM;X

jXRXR h2`KBMQHQ;v

� iBK2 b2`B2b Bb � b2[m2M+2 Q7 ?BbiQ`B+�H K2�bm`2K2Mib yi Q7 �M Q#b2`p�#H2 p�`B�#H2 y

�i 2[m�H iBK2 BMi2`p�Hb U"QMi2KTB 2i �HX- kyRkVX h?2b2 BMi2`p�Hb +�M #2 `2~2+i2/- 7Q`
BMbi�M+2- BM ?Qm`b- /�vb- r22Fb- Q` v2�`bX 1t�KTH2b Q7 iBK2 b2`B2b �`2 /Bp2`b2 �M/
BM+Hm/2 i?2 ?Qm`b Q7 bmMb?BM2 BM � /�v Q` � +QKT�MvǶb /�BHv biQ+F T`B+2bX >Qr2p2`-
B``2;mH�`Hv bT�+2/ iBK2 b2`B2b /Q 2tBbi #mi �`2 MQi +QMbB/2`2/ BM i?Bb i?2bBbX
� 7mM/�K2Mi�H T`QT2`iv Q7 iBK2 b2`B2b Bb i?�i i?2`2 Bb � `2H�iBQMb?BT #2ir22M Bib
Q#b2`p�iBQMbX 6Q` 2t�KTH2- i?2 K2�bm`2/ i2KT2`�im`2 v2bi2`/�v BM~m2M+2b i?2 i2K@
T2`�im`2 iQ/�vX h?Bb `2H�iBQMb?BT #2ir22M H�;;2/ p�Hm2b Q7 � iBK2 b2`B2b Bb +�HH2/
�miQ+Q``2H�iBQMX Ai 7QHHQrb 7`QK i?Bb +QMi2ti- i?�i T�bi p�Hm2b +�M ?�p2 T`2/B+iBp2
TQi2MiB�HX hBK2 b2`B2b r?B+? /Q MQi b?Qr �Mv �miQ+Q``2H�iBQM �`2 +�HH2/ r?Bi2 MQBb2
U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX
hBK2 b2`B2b +�M #2 bm#/BpB/2/ BMiQ HBM2�` �M/ MQMHBM2�` iBK2 b2`B2bX A7 2�+? Q#b2`@
p�iBQM Q7 � iBK2 b2`B2b +�M #2 /2b+`B#2/ �b � HBM2�` +QK#BM�iBQM Q7 T�bi p�Hm2b- i?2
iBK2 b2`B2b Bb `2;�`/2/ �b HBM2�`X oB+2 p2`b�- B7 i?2 +QK#BM�iBQM Bb MQMHBM2�`- i?2
iBK2 b2`B2b Bb +QMbB/2`2/ MQMHBM2�` US`B2biH2v- RN33VX
�T�`i 7`QK HBM2�`Biv- iBK2 b2`B2b +�M #2 +H�bbB}2/ BM mMBp�`B�i2 Q` KmHiBp�`B�i2 iBK2
b2`B2b U>�`p2v- RNNjV, � mMBp�`B�i2 iBK2 b2`B2b Bb � b2[m2M+2 Q7 QM2 bBM;H2 Q#b2`p�#H2
p�`B�#H2- 7Q` 2t�KTH2- /�BHv +QKKmi2`b QM � T�`iB+mH�` `Q�/- r?2`2�b KmHiBp�`B�i2
iBK2 b2`B2b `2H�i2 iQ KmHiBTH2 Q#b2`p�#H2 p�`B�#H2bX �++Q`/BM;Hv- � KmHiBp�`B�i2 iBK2
b2`B2b +�M /2b+`B#2 i?2 MmK#2` Q7 /�BHv +QKKmi2`b QM b�B/ `Q�/ �M/ 7m`i?2` BM+Hm/2
Qi?2` Q#b2`p�iBQMb bm+? �b r2�i?2` +QM/BiBQMb- i2KT2`�im`2- Q` i?2 /�v Q7 i?2 r22FX

� iBK2 b2`B2b Q7i2M +QMi�BMb p�`BQmb T�ii2`MbX h?2`27Q`2 Bi Bb ?2HT7mH iQ bTHBi � iBK2
b2`B2b BMiQ Bib +QKTQM2Mib- 2�+? `2T`2b2MiBM; �M mM/2`HvBM; T�ii2`M +�i2;Q`v U>vM@
/K�M �M/ �i?�M�bQTQmHQb- kyRNVX h?2 i?`22 K�BM +QKTQM2Mib �`2 b2�bQM�HBiv �M/
+v+HB+Biv- i`2M/- �M/ `2bB/m�HbX
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� b2�bQM�H +QKTQM2Mi Q` b2�bQM�HBiv Bb T`2b2Mi r?2M � iBK2 b2`B2b Bb �z2+i2/ #v b2�@
bQM�H 7�+iQ`b bm+? �b i?2 KQMi? Q7 � v2�` Q` i?2 /�v Q7 i?2 r22FX h?Bb T?2MQK2MQM
Bb �Hr�vb Q7 � }t2/ �M/ FMQrM T2`BQ/ �M/ +Q``2bTQM/b iQ +�H2M/�` /�i2b U>vM/K�M
�M/ �i?�M�bQTQmHQb- kyRNVX h?2`2 �`2 K�Mv 2t�KTH2b Q7 b2�bQM�H #2?�pBQ`- QM2
#2BM; i?�i i?2 /2K�M/ 7Q` B+2 +`2�K Bb ?B;?2` BM i?2 bmKK2` i?�M BM i?2 rBMi2`X
a2�bQM�HBiv Bb iQ #2 /BbiBM;mBb?2/ 7`QK +v+HB+BivX � +v+H2 2tBbib r?2M i?2 /�i� b?Qrb
T2`BQ/B+�H +?�M;2b i?�i �`2 ivTB+�H Q7 � HQM;2` /m`�iBQM i?�M QM2 v2�`X 1t2KTH�`v
~m+im�iBQMb +�M #2 /m2 iQ 2+QMQKB+ +B`+mKbi�M+2b bm+? �b i?2 #mbBM2bb +v+H2 U>vM@
/K�M �M/ �i?�M�bQTQmHQb- kyRNVX
h?2 i`2M/ Bb /2}M2/ #v i?2 2tBbi2M+2 Q7 � HQM;@i2`K BM+`2�b2 Q` /2+`2�b2 BM i?2 /�i�-
r?2`2#v Bi /Q2b MQi M2+2bb�`BHv ?�p2 iQ #2 HBM2�`X Ai +�M i�F2 K�Mv 7Q`Kb- bm+?
�b �M 2tTQM2MiB�H i`2M/X L2Bi?2` /Q2b � i`2M/ ?�p2 iQ #2 +QMbi�Mi Qp2` iBK2X Ai
+�M +?�M;2 Bib ;`�/B2Mi �M/ 2pQHp2 7`QK � TQbBiBp2 iQ � M2;�iBp2 i`2M/ U>vM/K�M
�M/ �i?�M�bQTQmHQb- kyRNVX � T`�+iB+�H 2t�KTH2 Q7 � TQbBiBp2 i`2M/ Bb i?2 BM+`2�b2/
/2K�M/ 7Q` Q`;�MB+ T`Q/m+ib- r?B+? r�b Q#b2`p2/ BM i?2 T�bi v2�`b UqBHH2` 2i �HX-
kyRNVX AM T`�+iB+2- Bi Bb +QKKQM iQ +QK#BM2 i`2M/ �M/ +v+H2 BMiQ � bBM;H2 i`2M/@+v+H2
+QKTQM2Mi- r?B+? rBHH #2 `2;�`/2/ �b i`2M/ 7Q` bBKTHB+Biv U>vM/K�M �M/ �i?�M�@
bQTQmHQb- kyRNVX
q?2M i`2M/ �M/ b2�bQM�HBiv �`2 `2KQp2/ 7`QK � iBK2 b2`B2b- i?2`2 Bb � `2K�BMBM;
+QKTQM2Mi- r?B+? rBHH #2 `272``2/ iQ �b `2bB/m�HbX h?Bb H�bi +QKTQM2Mi +QMi�BMb `�M@
/QK- B``2;mH�` BM~m2M+2b �M/ Bb �HbQ FMQrM �b MQBb2 U"`Q+Fr2HH �M/ .�pBb- kyReVX
h?2 T`Q+2bb Q7 `2KQpBM; i`2M/ �M/ b2�bQM�HBiv Bb +�HH2/ /2i`2M/BM; �M/ /2b2�bQM�H@
Bx�iBQM- `2bT2+iBp2Hv U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX

h?2 T`Q+2bb Q7 bTHBiiBM; � iBK2 b2`B2b BMiQ Bib +QMbiBim2Mi T�`ib Bb +�HH2/ iBK2 b2`B2b
/2+QKTQbBiBQMX �M �//BiBp2 /2+QKTQbBiBQM Bb `2T`2b2Mi2/ #v i?2 7Q`KmH�

yt = St + Tt +Rt

rBi? yi #2BM; i?2 /�i�- Si i?2 b2�bQM�H +QKTQM2Mi- T i i?2 i`2M/ +QKTQM2Mi- �M/ Ri

i?2 `2bB/m�Hb �HH Q#b2`p2/ �i T2`BQ/ t U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX �Hi2`@
M�iBp2Hv- iBK2 b2`B2b /2+QKTQbBiBQM +�M #2 +QM/m+i2/ �b KmHiBTHB+�iBp2 /2+QKTQbBiBQM-
r?B+? Bb /2b+`B#2/ #v i?2 7QHHQrBM; 7Q`KmH� U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNV,

yt = St ⇥ Tt ⇥Rt

q?2M +?QQbBM; i?2 �TT`QT`B�i2 K2i?Q/ Q7 /2+QKTQbBiBQM- i?2 �//BiBp2 /2+QKTQbB@
iBQM Bb i?2 K2i?Q/ Q7 +?QB+2 B7 i?2 K�;MBim/2 Q7 i?2 b2�bQM�H ~m+im�iBQMb- Q` i?2
p�`B�iBQM �`QmM/ i?2 i`2M/- /Q2b MQi p�`v rBi? i?2 H2p2H Q7 i?2 iBK2 b2`B2bX PM i?2
Qi?2` ?�M/- r?2M i?2 b2�bQM�H T�ii2`Mb- Q` i?2 p�`B�iBQM �`QmM/ i?2 i`2M/- �TT2�`b
iQ #2 T`QTQ`iBQM�H iQ i?2 H2p2H Q7 i?2 iBK2 b2`B2b- � KmHiBTHB+�iBp2 �TT`Q�+? Bb KQ`2
T`QKBbBM;X h?2 HBi2`�im`2 bm;;2bib i?�i KmHiBTHB+�iBp2 /2+QKTQbBiBQM Bb +QKKQM
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�KQM; 2+QMQKB+ iBK2 b2`B2b U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX
JQpBM; �p2`�;2 K2i?Q/b �`2 i?2 #�bBb Q7 K�Mv /2+QKTQbBiBQM K2i?Q/bX h?2 mM@
/2`HvBM; T`BM+BTH2 Bb iQ �p2`�;2 p�Hm2b �`QmM/ �M Q#b2`p�iBQM- �b Bi �bbmK2b i?�i
Q#b2`p�iBQMb M2�`#v BM iBK2 �`2 HBF2Hv iQ #2 +HQb2 BM p�Hm2X "v /QBM; bQ- i?2 KQpBM;
�p2`�;2 2HBKBM�i2b bQK2 Q7 i?2 `�M/QKM2bb BM i?2 /�i� �M/ bKQQi?b Bi U>vM/K�M
�M/ �i?�M�bQTQmHQb- kyRNVX
h?2 +H�bbB+�H /2+QKTQbBiBQM K2i?Q/- r?B+? /�i2b #�+F iQ i?2 RNkyb- #mBH/b mTQM
KQpBM; �p2`�;2bX q?BH2 #2BM; 2�bv iQ mb2- i?2`2 �`2 b2p2`�H T`Q#H2Kb rBi? i?Bb
K2i?Q/X 6B`biHv- Bi �bbmK2b i?�i i?2 b2�bQM�H +QKTQM2Mi Bb MQi bm#D2+i iQ +?�M;2
�M/ `2K�BMb +QMbi�Mi Qp2` iBK2X q?BH2 i?Bb KB;?i #2 � `2�bQM�#H2 �bbmKTiBQM 7Q`
bQK2 b?Q`i2` iBK2 b2`B2b- Bi /Q2b MQi M2+2bb�`BHv �TTHv 2bT2+B�HHv 7Q` HQM;2` iBK2
b2`B2bX AM �//BiBQM iQ i?�i- i?2 K2i?Q/ Bb MQi `Q#mbi iQ mMmbm�H p�Hm2b- 7Q` BMbi�M+2
r?2M i?2 /2K�M/ 7Q` �B` i`�p2H Bb /Bbim`#2/ #v � bi`BF2 Q` �M BM/mbi`B�H /BbTmi2X
.2bTBi2 Bib /Bb�/p�Mi�;2b- i?2 +H�bbB+�H /2+QKTQbBiBQM Bb biBHH rB/2Hv mb2/ U>vM/K�M
�M/ �i?�M�bQTQmHQb- kyRNVX
�T�`i 7`QK i?2 +H�bbB+�H /2+QKTQbBiBQM- i?2`2 �`2 b2p2`�H KQ`2 �/p�M+2/ /2+QKTQ@
bBiBQM K2i?Q/b bm+? �b sRR Q` a1�ha /2+QKTQbBiBQM rBi? p�`BQmb �/p�Mi�;2b �M/
/Bb�/p�Mi�;2b BM mb2 U.�;mK �M/ "B�M+QM+BMB- kyReVX PM2 T�`iB+mH�` p2`b�iBH2 �M/
`Q#mbi K2i?Q/ Bb i?2 a2�bQM�H �M/ h`2M/ .2+QKTQbBiBQM mbBM; GQ2bb Q` �##`2pB�i2/
ahG /2+QKTQbBiBQM U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX GQ2bb Bb � i2+?MB[m2
7Q` 2biBK�iBM; MQMHBM2�` `2H�iBQMb?BTb �M/ Bb miBHBx2/ BM i?2 K2i?Q/ /2p2HQT2/ #v
*H2p2H�M/ 2i �HX URNNyVX h?2 �/p�Mi�;2b Q7 ahG /2+QKTQbBiBQM BM+Hm/2 i?2 ?�M/HBM;
Q7 �Mv ivT2 Q7 b2�bQM�HBiv �M/ �HHQrBM; i?2 b2�bQM�H +QKTQM2Mi iQ +?�M;2 Qp2` iBK2X
6m`i?2`KQ`2- Bi +�M #2 `Q#mbi iQ QmiHB2`b- r?B+? rBHH �z2+i i?2 `2K�BM/2` +QKTQ@
M2Mi BMbi2�/ Q7 i?2 i`2M/ �M/ b2�bQM�H +QKTQM2MiX PM i?2 /QrMbB/2- ahG /Q2b MQi
?�M/H2 i`�/BM; /�v Q` +�H2M/�` p�`B�iBQM �miQK�iB+�HHv �M/ QMHv 7�+BHBi�i2b �//BiBp2
+QKTQbBiBQM Qmi Q7 i?2 #QtX JmHiBTHB+�iBp2 /2+QKTQbBiBQM +�M QMHv #2 +QM/m+i2/ #v
i�FBM; HQ;b Q7 i?2 /�i� �M/ i?2M #�+F i`�Mb7Q`KBM; i?2 +QKTQM2Mib U>vM/K�M �M/
�i?�M�bQTQmHQb- kyRNVX

q?2M �M�HvxBM; Q#b2`p�iBQMb Qp2` iBK2 Bi Bb BKTQ`i�Mi iQ i�F2 BMiQ �++QmMi r?2i?2`
i?2 #2?�pBQ` +?�M;2b Qp2` iBK2X h?2 +QM+2Ti Q7 ?QKQb+2/�biB+Biv Bb /2}M2/ #v
i?2 p�`B�M+2 Q7 i?2 /Bbim`#�M+2 i2`K BM 2�+? Q#b2`p�iBQM #2BM; +QMbi�MiX PM i?2
+QMi`�`v- ?2i2`Qb+2/�biB+Biv Bb /2}M2/ #v i?2 p�`B�M+2 MQi #2BM; +QMbi�Mi U.Qm;?2`iv-
kyRRVX
h?2`2 �`2 � p�`B2iv Q7 T`Q+2/m`2b iQ 2t�KBM2 r?2i?2` Q#b2`p�iBQMb �`2 Q7 2[m�H
p�`B�M+2bX G2p2M2Ƕb h2bi 7Q` 2[m�H p�`B�M+2b UG2p2M2- RNeyV Q` i?2 "�`iH2ii h2bi
UaM2/2+Q` �M/ *Q+?`�M- RN3NV- 7Q` BMbi�M+2- �`2 TQTmH�` K2i?Q/bX
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�MQi?2` BKTQ`i�Mi +QM+2Ti Bb bi�iBQM�`BivX q2�F bi�iBQM�`Biv `2[mB`2b i?2 T`QT2`iB2b
Q7 � iBK2 b2`B2b iQ MQi /2T2M/ QM i?2 TQBMi BM iBK2 �i r?B+? i?2v �`2 Q#b2`p2/X h?Bb
K2�Mb i?�i i?2 K2�M �M/ i?2 p�`B�M+2 �`2 MQi iBK2@p�`B�Mi �M/ `2K�BM +QMbi�MiX
6m`i?2`KQ`2- i?Bb BKTHB2b i?�i iBK2 b2`B2b i?�i 2t?B#Bi i`2M/ Q` b2�bQM�HBiv �`2 MQi
bi�iBQM�`v U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX >QKQb+2/�biB+Biv- i?2`27Q`2- Bb �
M2+2bb�`v- #mi MQi bm{+B2Mi +`Bi2`BQM 7Q` bi�iBQM�`BivX �T�`i 7`QK bi�iBQM�`v iBK2
b2`B2b- i?2`2 �`2 i`2M/ bi�iBQM�`v iBK2 b2`B2bX AM i?Bb +�b2- i?2 T`Q+2bb ?�b � bi�iBQM@
�`v #2?�pBQ` �`QmM/ � i`2M/ Ua?mKr�v �M/ aiQz2`- kyRdVX q?2M � iBK2 b2`B2b Bb
7QHHQrBM; � bi`B+iHv bi�iBQM�`v T`Q+2bb- Q` bBKTH2` Bb bi`B+i bi�iBQM�`v- i?2 Q#b2`p�@
iBQMb ?�p2 iQ #2 B/2MiB+�HHv /Bbi`B#mi2/ U"`Q+Fr2HH �M/ .�pBb- kyReVX q?Bi2 MQBb2
Bb � bBKTH2 2t�KTH2 Q7 bm+? � bi�iBQM�`v T`Q+2bb U>vM/K�M �M/ �i?�M�bQTQmHQb-
kyRNVX

hQ /2i2`KBM2 r?2i?2` � iBK2 b2`B2b 7QHHQrb � bi�iBQM�`v T`Q+2bb- mMBi `QQi i2bib +�M
#2 �TTHB2/X lMBi `QQi i2bib T`QpB/2 � r�v iQ 2t�KBM2 r?2i?2` � iBK2 b2`B2b 7QHHQrb
� +�mb�H T`Q+2bb Q` Bb � `�M/QK r�HFX _�M/QK r�HFb �`2 +?�`�+i2`Bx2/ #v i?2 7�+i
i?2 p�Hm2 Q7 i?2 iBK2 b2`B2b �i iBK2 t Bb i?2 p�Hm2 Q7 i?2 b2`B2b �i iBK2 t � 1 THmb �
+QKTH2i2Hv `�M/QK KQp2K2Mi Ua?mKr�v �M/ aiQz2`- kyRdVX
h?2 �m;K2Mi2/ .B+F2v@6mHH2` h2bi U�.6V Bb bmBi�#H2 7Q` i?2 �M�HvbBb Q7 bi�iBQM�`Biv
�M/ i2bib i?2 MmHH ?vTQi?2bBb i?�i i?2`2 2tBbib � mMBi `QQi rBi? i?2 �Hi2`M�iBp2 i?�i
i?2`2 Bb MQM2X A7 � mMBi `QQi Bb T`2b2Mi i?2 iBK2 b2`B2b Bb MQi bi�iBQM�`v U>�``Bb-
RNNkVX

�7i2` ?�pBM; �b+2`i�BM2/ i?�i � iBK2 b2`B2b Bb MQi bi�iBQM�`v- i?2`2 Bb � p�`B2iv Q7
T`Q+2/m`2b iQ K�F2 Bi bi�iBQM�`vX �b bQK2 7Q`2+�biBM; K2i?Q/b rBHH QMHv T`Q+2bb bi�@
iBQM�`v iBK2 b2`B2b- i?2b2 T`Q+2/m`2b Q++m` `2;mH�`HvX h`�Mb7Q`K�iBQMb bm+? �b HQ;@
�`Bi?Kb +�M bi�#BHBx2 i?2 p�`B�M+2 Q7 � iBK2 b2`B2b U>vM/K�M �M/ �i?�M�bQTQmHQb-
kyRNVX �T�`i 7`QK i?�i- /Bz2`2M+BM; +�M #2 �TTHB2/ iQ bi�#BHBx2 i?2 K2�M Q7 � iBK2
b2`B2b #v `2KQpBM; +?�M;2b BM i?2 H2p2H Q7 � iBK2 b2`B2bX h?Bb Bb �+?B2p2/ #v +�H+mH�i@
BM; i?2 /Bz2`2M+2b #2ir22M +QMb2+miBp2 Q#b2`p�iBQMbX A7 i?2 /Bz2`2M+2/ /�i� Bb biBHH
MQi bi�iBQM�`v- Bi Bb TH�mbB#H2 iQ /Bz2`2M+2 i?2 /�i� � b2+QM/ iBK2X h?Bb Bb `272``2/
iQ �b b2+QM/@Q`/2` /Bz2`2M+BM; �M/ `2KQp2b � [m�/`�iB+ i`2M/ Uu�z22 �M/ J+:22-
kyyyVX 6m`i?2`KQ`2- /Bz2`2M+2b +�M #2 +�H+mH�i2/ #2ir22M �M Q#b2`p�iBQM �M/ i?2
T`2pBQmb Q#b2`p�iBQM 7`QK i?2 b�K2 b2�bQM- 7Q` 2t�KTH2 BM i?2 +�b2 Q7 KQMi?Hv /�i�
i?Bb v2�`Ƕb /�i� 7Q` �T`BH �M/ H�bi v2�`Ƕb /�i� 7Q` i?2 b�K2 KQMi?X h?Bb T`Q+2/m`2
Bb +�HH2/ b2�bQM�H /Bz2`2M+BM;X h?2`27Q`2- /Bz2`2M+BM; +�M #2 � K2+?�MBbK 7Q` `2@
KQpBM; Q` `2/m+BM; i`2M/ �M/ b2�bQM�HBiv U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX
A7 � i`�Mb7Q`K�iBQM r�b �TTHB2/ iQ � iBK2 b2`B2b �M/ i?2 7Q`2+�bi r�b +QM/m+i2/ QM
i?2 i`�Mb7Q`K2/ p�Hm2b- i?2 T`2/B+iBQMb ?�p2 iQ #2 BMp2`b2 i`�Mb7Q`K2/ iQ ;2i �M
�TT`QT`B�i2 7Q`2+�biX
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jXRXk hBK2 a2`B2b 6Q`2+�biBM;

hBK2 b2`B2b �M�HvbBb +�M #2 bm#/BpB/2/ BMiQ /2b+`BTiBQM �M/ 2tTHQ`�iBQM Q7 iBK2 b2@
`B2b U2X;X- THQib Q` `2H�iBQMb?BTb #2ir22M p�`B�#H2bV- ?vTQi?2bBb i2biBM; U2X;X- 2t�KBM2
;HQ#�H r�`KBM; mbBM; `2+Q`/2/ i2KT2`�im`2 /�i�V- �M/ 7Q`2+�biBM; U"`Q+Fr2HH �M/
.�pBb- kyReVX h?2 H�ii2` rBHH #2 i?2 �`2� Q7 BMi2`2bi 7Q` i?Bb i?2bBbX
h?2 }2H/ Q7 iBK2 b2`B2b 7Q`2+�biBM; �BKb iQ 2biBK�i2 ?Qr i?2 b2[m2M+2 Q7 b�B/ Q#@
b2`p�iBQMb rBHH +QMiBMm2 BM i?2 7mim`2X h?2 �M�HvbBb Bb +QM/m+i2/ iQ mM/2`bi�M/ i?2
mM/2`HvBM; T?2MQK2MQM Q7 i?2 Q#b2`p2/ /�i� TQBMib �M/ +QMbB/2`b i?2 ?BbiQ`B+�H
/�i� U"QMi2KTB 2i �HX- kyRkVX �b S�HBi �M/ SQTQpB+ UkyyeV bi�i2- 7Q`2+�biBM; p�Hm2b
Q7 iBK2 b2`B2b Bb +`BiB+�H BM p�`BQmb }2H/b Q7 b+B2M+2 �M/ 2M;BM22`BM;- 7Q` BMbi�M+2-
2+QMQKB+b- }M�M+2- Q` K2i2Q`QHQ;vX

�M 2�`Hv �+iBQM BM iBK2 b2`B2b 7Q`2+�biBM; Bb i?2 /�i�b2i bTHBi- BM r?B+? i?2 iBK2 b2`B2b
Bb bTHBi BMiQ i?`22 b2T�`�i2 b2[m2M+2bX h?2b2 b2[m2M+2b �`2 `272``2/ iQ �b i`�BMBM;
b2i- p�HB/�iBQM b2i- �M/ i2bi b2iX h?2 HBi2`�im`2 bm;;2bib /Bz2`2Mi `�iBQb `�M;BM; 7`QK
eyfkyfky 7Q` i`�BMBM;- p�HB/�iBQM- �M/ i2bi b2i `2bT2+iBp2Hv iQ N3fRfR /2T2M/BM; QM
p�`BQmb 7�+iQ`b bm+? �b i?2 7Q`2+�biBM; i�bF �M/ i?2 bBx2 Q7 i?2 /�i�b2i UJB+?2Hm++B-
kyR3VX h?2 7QHHQrBM; /�i� BM 6B;m`2 R `2T`2b2Mib KQMi?Hv �B`HBM2 T�bb2M;2`b �M/ Bb
bTHBi BM i?2 `2bT2+iBp2 /�i�b2ibX h?2 #Hm2 ;`�T? b?Qrb i?2 i`�BMBM; b2i rBi? /�i�
7`QK C�Mm�`v RN9N iQ .2+2K#2` RN8d- i?2 ;`22M ;`�T? /BbTH�vb i?2 p�HB/�iBQM b2i
+QMi�BMBM; Q#b2`p�iBQMb 7`QK C�Mm�`v RN83 iQ CmM2 RN8N- �M/ i?2 i2bi b2i- `2T`2@
b2Mi2/ #v i?2 `2/ ;`�T?- T`2b2Mib Q#b2`p�iBQMb 7`QK CmHv RN8N iQ .2+2K#2` RNeyX

RN8y RN8k RN89 RN8e RN83 RNey
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100

200
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400
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bb
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6B;m`2 R, 1t2KTH�`v /�i�b2i bTHBi
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h?2 i`�BMBM; b2i Bb mb2/ iQ 2biBK�i2 i?2 KQ/2H- r?2`2�b i?2 p�HB/�iBQM b2i Bb �TTHB2/
7Q` ?vT2`T�`�K2i2` imMBM; �M/ +QKT�`BM; /Bz2`2Mi KQ/2H +QM};m`�iBQMbX 6BM�HHv-
i?2 i2bi b2i Bb miBHBx2/ 7Q` 2biBK�iBM; i?2 2``Q` BM i?2 T`2/B+iBQM U"�``Qr �M/ *`QM2-
kyReVX >vT2`T�`�K2i2`b �`2 T�`�K2i2`b r?Qb2 p�Hm2b ?�p2 iQ #2 bT2+B}2/ #27Q`2 2t@
2+miBM; � KQ/2H �M/- i?2`27Q`2- �`2 MQi /2i2`KBM2/ #v i?2 KQ/2H Bib2H7X h?2 +QM+2Ti
?vT2`T�`�K2i2` imMBM; /2b+`B#2b }M/BM; i?2 #2bi ?vT2`T�`�K2i2`b 7Q` K�tBKBxBM; �
+?Qb2M QTiBKBxBM; K2i`B+ UJB+?2Hm++B- kyR3VX
"Qi? bi�iBbiB+�H K2i?Q/b �M/ K�+?BM2 H2�`MBM; K2i?Q/b +�M BM+Q`TQ`�i2 ?vT2`T�@
`�K2i2`bX 1t�KTH2b 7Q` K2i?Q/b rBi? ?vT2`T�`�K2i2`b �`2 i?2 �miQ`2;`2bbBp2 AMi2@
;`�i2/ JQpBM; �p2`�;2 Q` �Mv M2m`�H M2irQ`F@#�b2/ 7Q`2+�biBM; K2i?Q/- r?B+? rBHH
#2 /Bb+mbb2/ BM a2+iBQM jXkX8 �M/ a2+iBQM jXjX q?2M � K2i?Q/ /Q2b MQi BM+Q`TQ@
`�i2 ?vT2`T�`�K2i2`b- i?2 i`�BMBM; b2i �M/ p�HB/�iBQM b2i �`2 +QK#BM2/ BMiQ � bBM;H2
i`�BMBM; b2iX
h?2 i`�BMBM; b2i Kmbi +QMbBbi QMHv Q7 Q#b2`p�iBQMb #27Q`2 i?2 Q#b2`p�iBQMb BM i?2
p�HB/�iBQM b2iX h?2 b�K2 HQ;B+ �TTHB2b iQ i?2 p�HB/�iBQM b2i- r?B+? b?�HH QMHv +QMi�BM
Q#b2`p�iBQMb �7i2` i?2 i`�BMBM; b2i �M/ #27Q`2 i?2 QM2b BM i?2 i2bi b2iX h?Bb +?`QMQ@
HQ;B+�H bTHBi 2Mbm`2b i?�i QMHv BM7Q`K�iBQM �p�BH�#H2 �i � T�`iB+mH�` KQK2Mi BM iBK2
�M/ MQ 7mim`2 Q#b2`p�iBQMb �`2 mb2/ BM ?vT2`T�`�K2i2` imMBM; Q` +QMbi`m+iBM; i?2
7Q`2+�bi U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX
h?2`27Q`2- i`�/BiBQM�H +`Qbb@p�HB/�iBQM �b /2b+`B#2/ #v JB+?2Hm++B UkyR3V +�M MQi #2
�TTHB2/ iQ iBK2 b2`B2bX �b >m 2i �HX URNNNV bi�i2- � r�HF@7Q`r�`/ �TT`Q�+? ?�b iQ #2
7QHHQr2/ BMbi2�/X 6B;m`2 k BHHmbi`�i2b i?2 b2`B2b Q7 i`�BMBM; �M/ i2bi b2ib- BM r?B+? i?2
#Hm2 Q#b2`p�iBQMb `2T`2b2Mi i?2 i`�BMBM; b2ib- �M/ i?2 `2/ Q#b2`p�iBQMb i?2 i2bi b2ibX
h?2 �+im�H 7Q`2+�bi �++m`�+v Bb +�H+mH�i2/ #v �p2`�;BM; Qp2` i?2 i2bi b2ib U>vM/K�M
�M/ �i?�M�bQTQmHQb- kyRNVX

6B;m`2 k, q�HF@7Q`r�`/ p�HB/�iBQM- `2T`BMi2/ 7`QK >vM/K�M �M/ �i?�M�bQTQmHQb
UkyRNV
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�b C�Mmb+?QrbFB 2i �HX UkykyV /2b+`B#2- 7Q`2+�biBM; Bb �i Bib +Q`2 �M 2ti`�TQH�iBQM
T`Q#H2K �M/ i?2 T2`7Q`K�M+2 Q7 � KQ/2H Bb 2p�Hm�i2/ #v mbBM; Qmi@Q7@b�KTH2 �++m@
`�+v K2�bm`2b U:M2BiBM; �M/ _�7i2`v- kyydc >vM/K�M �M/ EQ2?H2`- kyyec EQH�bb�
�M/ a+?Ƀix- kyydV Q` i2bib U.B2#QH/ �M/ J�`B�MQ- kyykV `�i?2` i?�M BM@b�KTH2 K2i@
`B+bX 6Q`2+�bi 2``Q`b K2�bm`BM; 7Q`2+�bi �++m`�+v +�M #2 /Bz2`2MiB�i2/ BMiQ b+�H2@
/2T2M/2Mi 2``Q`b- 7Q` BMbi�M+2- J2�M �#bQHmi2 1``Q` UJ�1V- J2�M a[m�`2/ 1``Q`
UJa1V- Q` _QQi J2�M a[m�`2/ 1``Q` U_Ja1V �M/ T2`+2Mi�;2 2``Q`b bm+? �b i?2
J2�M �#bQHmi2 S2`+2Mi�;2 1``Q` UJ�S1V U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX
h?2 7QHHQrBM; 7Q`KmH�b K�i?2K�iB+�HHv /2}M2 i?2 J�1- Ja1- �M/ _Ja1- r?2`2 n

Bb i?2 MmK#2` Q7 Q#b2`p�iBQMb �M/ eB Bb i?2 /Bz2`2M+2 #2ir22M �M Q#b2`p2/ p�Hm2 yi

�M/ Bib 7Q`2+�bi ŷi Ua?+?2`#�FQp 2i �HX- kyRjV,

J�1 =
1

n

nX

i=1

|ei|

Ja1 =
1

n

nX

i=1

e
2
i

_Ja1 =

vuut 1

n

nX

i=1

e
2
i

rBi?
et = yt � ŷt

AM T`�+iB+2- i?2 J�1 Bb TQTmH�` /m2 iQ Bib 2�b2 Q7 mb2 �M/ +QKTmi�#BHBivX h?2 b�K2
TQTmH�`Biv �TTHB2b iQ i?2 _Ja1- /2bTBi2 #2BM; KQ`2 /B{+mHi iQ BMi2`T`2i U>vM/K�M
�M/ �i?�M�bQTQmHQb- kyRNVX >Qr2p2`- Ja1 �M/ _Ja1 �`2 MQi `Q#mbi iQ QmiHB2`b �b
i?2v T2M�HBx2 7Q`2+�bib r?B+? +QMbB/2`�#Hv /Bz2` 7`QK i?2 �+im�H p�Hm2 Ua?+?2`#�FQp
2i �HX- kyRjVX
q?BH2 T2`+2Mi�;2 2``Q`b ?�p2 i?2 �/p�Mi�;2 Q7 #2BM; mMBi@7`22- i?2v ?�p2 i?2 /Bb�/@
p�Mi�;2 Q7 #2BM; mM/2}M2/ B7 yi = 0 7Q` �Mv t BM i?2 T2`BQ/ Q7 BMi2`2bi- �M/ ?�pBM;
� bF2r2/ /Bbi`B#miBQM r?2M yi Bb +HQb2 iQ x2`Q U>vM/K�M �M/ EQ2?H2`- kyyeVX �//B@
iBQM�H +�miBQM Bb `2[mB`2/ �b i?2v �bbmK2 i?2 mMBi Q7 K2�bm`2K2Mi ?�b � K2�MBM;7mH
x2`QX �b QMHv `�iBQ b+�H2b ?�p2 K2�MBM;7mH x2`Qb- K2�bm`BM; 7Q`2+�bi �++m`�+v QM
BMi2`p�Hb b+�H2b- 7Q` BMbi�M+2- 7Q` i2KT2`�im`2 7Q`2+�bib QM *2HbBmb b+�H2b- Bb MQi TQb@
bB#H2 U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX h?2 J�S1 Bb ;Bp2M #v i?2 7QHHQrBM;
7Q`KmH� Ua?+?2`#�FQp 2i �HX- kyRjV,

J�S1 =
1

n

nX

i=1

100⇥ |pi|

rBi? T`2+2Mi�;2 2``Q`b pB +�H+mH�i2/ #�b2/ QM

pt =
|et|
yt
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AM T`�+iB+2- Bi Bb BKTQ`i�Mi iQ 2t�KBM2 i?2 Tm`TQb2 Q7 r?B+? �M 2``Q` Bb +QMbB/2`2/X
h?2 J�S1 +�M #2 �TTHB2/ iQ +QKT�`2 i?2 T2`7Q`K�M+2 Q7 � bBM;H2 KQ/2H QM /Bz2`2Mi
/�i�b2ib- r?2`2�b J�1- Ja1- �M/ _Ja1 �`2 mb2/ r?2M +QKT�`BM; +QKT2iBM;
KQ/2Hb QM i?2 b�K2 /�i�b2i U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNc >vM/K�M �M/
EQ2?H2`- kyyeVX

q?2M � mMBp�`B�i2 iBK2 b2`B2b Y Bb +QMbiBimi2/ Q7 N Q#b2`p�iBQMb Qp2` iBK2- Bi +�M #2
7Q`K�HHv /2b+`B#2/ �b Y L = yR, ..., yLX hBK2 b2`B2b 7Q`2+�biBM; �BKb iQ 2Bi?2` 7Q`2+�bi
� bBM;H2 p�Hm2 yiYR Q` � b2[m2M+2 Q7 H 7mim`2 p�Hm2b yiYR, ..., yiY> �i � +?Qb2M TQBMi
BM iBK2 tX *QMb2[m2MiHv- � KQ/2H i?�i 7Q`2+�bib QMHv � bBM;H2 7mim`2 p�Hm2 Bb `272``2/
iQ �b � QM2@bi2T 7Q`2+�biBM; KQ/2H- r?2`2�b � KQ/2H i?�i T2`7Q`Kb 7Q`2+�bib 7Q` KQ`2
i?�M QM2 iBK2 bi2T Bb +�HH2/ � KmHiB@bi2T 7Q`2+�biBM; KQ/2HX h?2 H2M;i? Q7 b2[m2M+2
H Bb ?2`2�7i2` `272``2/ iQ �b i?2 7Q`2+�biBM; ?Q`BxQM Q` b?Q`i ?Q`BxQMX

h?2 `2H2p�Mi HBi2`�im`2 /2b+`B#2b � p�`B2iv Q7 H@bi2T 7Q`2+�biBM; bi`�i2;B2b- 2�+? Q7
r?B+? 2t?B#Bib /Bz2`2Mi �/p�Mi�;2b �M/ /Bb�/p�Mi�;2bX 6m`i?2`KQ`2- i?2b2 bi`�i2;B2b
/Bz2` BM p�`BQmb Qi?2` �bT2+ib bm+? �b i?2 MmK#2` Q7 KQ/2Hb i?�i ?�p2 iQ #2 /2p2HQT2/
�M/ i?2 +QKTmi�iBQM�H iBK2 `2[mB`2/X h?2v +�M #2 �TTHB2/ 7Q` #Qi?- mMBp�`B�i2 �M/
KmHiBp�`B�i2 iBK2 b2`B2b Uh�B2# 2i �HX- kyRkVX
h?2 `2+m`bBp2 bi`�i2;v mb2b � bBM;H2 KQ/2H iQ T`2/B+i � QM2@bi2T@�?2�/ 7mim`2 p�Hm2
�M/ mb2b i?2 T`2/B+i2/ p�Hm2b �b BMTmi 7Q` T`2/B+iBM; i?2 M2ti bi2T rBi? i?2 b�K2
KQ/2H 7Q` i?2 2MiB`2 ?Q`BxQM U"QMi2KTB 2i �HX- kyRkVX �b *?2M; 2i �HX UkyyeV TQBMi
Qmi- i?Bb bi`�i2;v miBHBx2b T`2pBQmb T`2/B+iBQMb �M/ Bb i?2`27Q`2 bmb+2TiB#H2 iQ 2``Q`
�++mKmH�iBQM- r?B+? K2�Mb i?�i 2``Q`b i?�i 2K2`;2/ BM i?2 T�bi �`2 T`QT�;�i2/
BMiQ 7mim`2 T`2/B+iBQMbX .2bTBi2 i?Bb b?Q`i+QKBM;- i?2 HBi2`�im`2 bm;;2bib i?�i i?Bb
bi`�i2;v +�M #2 �TTHB2/ bm++2bb7mHHv U"QMi2KTB 2i �HX- kyRkVX
AM i?2 /B`2+i bi`�i2;v- 2p2`v bi2T Bb T`2/B+i2/ BM/2T2M/2MiHv mbBM; � b2T�`�i2 KQ/2H-
r?B+? `2bmHib BM H KQ/2Hb T`2/B+iBM; H bi2Tb BM i?2 7mim`2 U"QMi2KTB 2i �HX- kyRkVX
*QMi`�`v iQ i?2 `2+m`bBp2 bi`�i2;v- Bi Bb MQi 2tTQb2/ iQ 2``Q` �++mKmH�iBQM �b Bi
/Q2b MQi mb2 �Mv �TT`QtBK�i2/ p�Hm2b iQ +QM/m+i i?2 7Q`2+�biX PM i?2 Qi?2` ?�M/-
Q++m``BM; bi�iBbiB+�H /2T2M/2M+B2b #2ir22M i?2 T`2/B+iBQMb �`2 M2;H2+i2/ �M/ i?2
bi`�i2;v `2[mB`2b KQ`2 +QKT`2?2MbBp2 +QKTmi�iBQM�H iBK2 U"QMi2KTB 2i �HX- kyRkVX
�b i?2 M�K2 bm;;2bib- i?2 .B`_2+ bi`�i2;v UaQ`D�K�� �M/ G2M/�bb2- kyyeV Bb �
+QK#BM�iBQM Q7 i?2 T`2pBQmb bi`�i2;B2bX Ai +QM/m+ib i?2 7Q`2+�bib rBi? H KQ/2Hb
7Q` H bi2Tb �M/ �//b i?2 T`2pBQmb T`2/B+iBQMb iQ i?2 BMTmi p2+iQ` U"QMi2KTB 2i �HX-
kyRkVX
h?2 bi`�i2;B2b K2MiBQM2/ �#Qp2 b?�`2 � +QKKQM 72�im`2, i?2 KQ/2H K�Tb /�i�
7`QK � KmHiB@BMTmi iQ � bBM;H2@QmiTmiX h?Bb M2;H2+ib i?2 2tBbi2M+2 Q7 biQ+?�biB+
/2T2M/2M+B2b #2ir22M 7mim`2 p�Hm2b- 7Q` BMbi�M+2- yiYF �M/ yiYFYRX h?2`27Q`2- Bi
#B�b2b i?2 T`2/B+iBQM �++m`�+vX hQ bQHp2 i?Bb K�ii2`- KmHiB@bi2T 7Q`2+�biBM; KQ/2Hb
7QHHQr � KmHiBTH2 QmiTmi bi`�i2;v iQ +QM/m+i 7Q`2+�bib �b � p2+iQ` Q7 7mim`2 p�Hm2b
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Q7 i?2 iBK2 b2`B2b BMbi2�/ Q7 � bBM;H2 p�Hm2 U"QMi2KTB 2i �HX- kyRkVX h?2 KmHiB@BMTmi
KmHiB@QmiTmi bi`�i2;v UJAJPV �pQB/b i?2 b?Q`i+QKBM;b Q7 i?2 /B`2+i �M/ `2+m`bBp2
bi`�i2;v- #mi `2/m+2b i?2 KQ/2HǶb ~2tB#BHBiv �b 2p2`v ?Q`BxQM Bb 7Q`2+�bi2/ mbBM; i?2
b�K2 KQ/2H bi`m+im`2 Uh�B2# 2i �HX- kyyNVX �b h�B2# 2i �HX UkyRkV bi�i2b- i?2 .A_JP
bi`�i2;v- �b � +QK#BM�iBQM Q7 /B`2+i �M/ JAJP bi`�i2;v- +�M Qz2` � #2M2}+B�H i`�/2@
Qz #2ir22M T`2b2`pBM; � H�`;2` /2;`22 Q7 i?2 biQ+?�biB+ /2T2M/2M+v #2ir22M i?2
7mim`2 p�H2b �M/ T`QpB/2b ;`2�i2` ~2tB#BHBiv Q7 i?2 T`2/B+iQ`X

�b >vM/K�M �M/ �i?�M�bQTQmHQb UkyRNV /2b+`B#2- � iBK2 b2`B2b 2t?B#Bib /Bz2`2Mi
+?�`�+i2`BbiB+b �i i?2 b�K2 iBK2X 6`QK i?�i 7QHHQrb i?�i Bi Bb +`m+B�H iQ `2Hv QM �
7Q`2+�biBM; K2i?Q/ i?�i Bb +�T�#H2 Q7 /2�HBM; rBi? i?2b2 +?�`�+i2`BbiB+b BM �M 2z2+iBp2
K�MM2`X

jXk ai�iBbiB+�H J2i?Q/b 7Q` hBK2 a2`B2b 6Q`2+�biBM;

h?2 7QHHQrBM; +?�Ti2` rBHH 2H�#Q`�i2 QM bi�iBbiB+�H K2i?Q/b 7Q` iBK2 b2`B2b 7Q`2+�bi@
BM;X ai�`iBM; rBi? #�bB+ K2i?Q/b bm+? �b M�Bp2 �TT`Q�+?2b- i?Bb +?�Ti2` rBHH /Bb+mbb
KQ`2 �/p�M+2/ K2i?Q/b HBF2 2tTQM2MiB�H bKQQi?BM; �M/ i?2 `2H�i2/ >QHi@qBMi2`bǶ
J2i?Q/X JQ`2Qp2`- Bi BMi`Q/m+2b �_AJ� KQ/2Hb �M/ ;Bp2b �M 2t�KTH2 Q7 `2+2Mi
/2p2HQTK2MibX �M 2p�Hm�iBQM Q7 i?2 bi`2M;i?b �M/ HBKBi�iBQMb Q7 bi�iBbiB+�H K2i?Q/b
+HQb2b i?Bb +?�Ti2`X

jXkXR L�Bp2 �TT`Q�+?2b

h?2 M�Bp2 �TT`Q�+? Bb � T`Q+2/m`2 i?�i �bbmK2b i?�i iQ/�vǶb p�Hm2 rBHH #2 i?2 p�Hm2
Q7 iQKQ``QrX .2bTBi2 i?2 K2i?Q/Ƕb bBKTH2 M�im`2- Bi rQ`Fb `2K�`F�#Hv r2HH 7Q` K�Mv
2+QMQKB+ �M/ }M�M+B�H iBK2 b2`B2b U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX Ai b2ib
�HH 7Q`2+�bib ŷ 7Q` i?2 iBK2 T2`BQ/ t iQ t+h iQ #2 i?2 p�Hm2 Q7 i?2 H�bi Q#b2`p�iBQM ytX
h?2 7QHHQrBM; 7Q`KmH� /2}M2b i?2 M�Bp2 �TT`Q�+?- r?2`2 h /2MQi2b i?2 7Q`2+�biBM;
?Q`BxQM U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNV,

ŷt+h|t = yt

h?2 b2�bQM�H M�Bp2 �TT`Q�+? Bb � p�`B�Mi Q7 i?2 M�Bp2 �TT`Q�+? �M/ Bb mb27mH 7Q`
?B;?Hv b2�bQM�H /�i�X Ai b2ib 2�+? 7Q`2+�bi 2[m�H iQ i?2 H�bi Q#b2`p2/ p�Hm2 7`QK i?2
b�K2 b2�bQM Q7 i?2 T`2pBQmb v2�`X 6Q` BMbi�M+2- BM i?2 +�b2 Q7 KQMi?Hv /�i�- r?2M
7Q`2+�biBM; i?Bb v2�`Ƕb p�Hm2 7Q` J�v- i?2 p�Hm2 Bb b2i iQ i?2 QM2 7`QK i?�i KQMi? BM
i?2 T`2pBQmb v2�`X

L�Bp2 �TT`Q�+?2b �`2 bBKTH2 #mi +�M #2 bm`T`BbBM;Hv 2z2+iBp2X P7i2M i?2v �`2 +QMbB/@
2`2/ �b #�b2HBM2 K2i?Q/b Q` #2M+?K�`Fb- r?B+? �`2 mb2/ iQ +QKT�`2 Qi?2` K2i?Q/b
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�;�BMbiX A7 � KQ`2 �/p�M+2/ K2i?Q/ +�M MQi Q#i�BM #2ii2` `2bmHib- Bi Bb MQi rQ`i?
+QMbB/2`BM;X

jXkXk _2;`2bbBQM JQ/2Hb

h?2 #�bB+ +QM+2Ti Q7 `2;`2bbBQM KQ/2Hb Bb i?�i i?2`2 Bb � `2H�iBQMb?BT #2ir22M i?2
7Q`2+�bi p�`B�#H2 y �M/ QM2 Q` KQ`2 T`2/B+iQ` p�`B�#H2b xX h?2 7Q`2+�bi p�`B�#H2 Bb
Q7i2M `272``2/ iQ �b i?2 /2T2M/2Mi p�`B�#H2 r?2`2�b i?2 T`2/B+iQ` p�`B�#H2 Bb `272``2/
iQ �b i?2 BM/2T2M/2Mi p�`B�#H2 U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX � T`�+iB+�H
2t�KTH2 Bb i?2 7Q`2+�bi Q7 /�BHv 2H2+i`B+Biv /2K�M/ y mbBM; i2KT2`�im`2 xR �M/ i?2
/�v Q7 i?2 r22F xk �b T`2/B+iQ`bX
AM i?2 bBKTH2bi +�b2- i?2 GBM2�` _2;`2bbBQM KQ/2H `2T`2b2Mib � HBM2�` `2H�iBQMb?BT
#2ir22M i?2 7Q`2+�bi p�`B�#H2 y �M/ � bBM;H2 T`2/B+iQ` p�`B�#H2 x- r?2`2 i?2 +Q2{@
+B2Mib �y �M/ �R `2T`2b2Mi i?2 BMi2`+2Ti �M/ i?2 bHQT2 Q7 i?2 HBM2 `2bT2+iBp2Hv �M/
i?2 `�M/QK 2``Q` ✏i /2MQi2b i?2 /2pB�iBQM 7`QK i?2 mM/2`HvBM; bi`�B;?i@HBM2 KQ/2H
U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNV,

yt = �0 + �1xt + ✏t

�T�`i 7`QK i?2 HBM2�` +�b2- � `2;`2bbBQM +�M i�F2 KQ`2 �/p�M+2/ 7Q`Kb bm+? �b
i?2 JmHiBTH2 GBM2�` _2;`2bbBQM i�FBM; BMiQ +QMbB/2`�iBQM KQ`2 i?�M QM2 T`2/B+@
iQ` p�`B�#H2- Q` i?2 LQMHBM2�` _2;`2bbBQM KQ/2HBM; MQMHBM2�` `2H�iBQMb?BTb miBHBxBM;
i`�Mb7Q`K�iBQMb HBF2 HQ;�`Bi?Kb U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX

h?2 GBM2�` _2;`2bbBQM +�M #2 �/Dmbi2/ iQ 7Q`2+�bi � mMBp�`B�i2 iBK2 b2`B2bX AM
i?2 mMBp�`B�i2 +�b2- i?2 GBM2�` _2;`2bbBQM /2b+`B#2b i?2 `2H�iBQMb?BT #2ir22M i?2
Q#b2`p�iBQMb Q7 � 7Q`2+�bi p�`B�#H2 yt �M/ i?2B` `2bT2+iBp2 TQBMi BM iBK2 xtX h?2
KQ/2H Bb Q#i�BM2/ #v 2biBK�iBM; i?2 +Q2{+B2Mib �̂0 �M/ �̂1- �M/ B;MQ`BM; i?2 2``Q`
BM i?2 `2;`2bbBQM 2[m�iBQMX 6BM�HHv- i?2 T`2/B+iBQM 7Q` � p�Hm2 ŷt Bb +�H+mH�i2/ #v
+QMbB/2`BM; i?2 +Q``2bTQM/BM; 7mim`2 TQBMi BM iBK2 xt BM i?2 7Q`2+�biBM; 7Q`KmH�-
r?B+? Bb /2}M2/ #v,

ŷt = �̂0 + �̂1xt

�b T`2pBQmbHv /2b+`B#2/ BM a2+iBQM jXRXk- iQ T`Q/m+2 `2�bQM�#H2 T`2/B+iBQMb QMHv
BM7Q`K�iBQM �p�BH�#H2 �i i?2 KQK2Mi Q7 +QM/m+iBM; i?2 7Q`2+�bi Bb T2`KBii2/ iQ #2
mb2/ iQ 2biBK�i2 i?2 KQ/2HǶb +Q2{+B2MibX h?Bb 2Mbm`2b `2HB�#H2 2t@�Mi2 7Q`2+�bib
U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX
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jXkXj 1tTQM2MiB�H aKQQi?BM;

1tTQM2MiB�H bKQQi?BM; r�b BMi`Q/m+2/ BM i?2 KB//H2 Q7 i?2 kyi? +2Mim`v U"`QrM-
RN8Nc qBMi2`b- RNeyc >QHi- kyy9V �M/ H�B/ i?2 7QmM/�iBQM Q7 K�Mv 7Q`2+�biBM; K2i?@
Q/bX 6Q`2+�bib +QM/m+i2/ mbBM; 2tTQM2MiB�H bKQQi?BM; K2i?Q/b �`2 r2B;?i2/ �p2`@
�;2b Q7 T�bi Q#b2`p�iBQMb- rBi? i?2 r2B;?ib /2+HBMBM; 2tTQM2MiB�HHv �b i?2 Q#b2`p�@
iBQMb �`2 7m`i?2` BM i?2 T�biX

h?2 bBKTH2bi 7Q`K Q7 2tTQM2MiB�H bKQQi?BM; K2i?Q/b Bb +�HH2/ aBKTH2 1tTQM2MiB�H
aKQQi?BM; Ua1aV �M/ Bb bmBi�#H2 7Q` /�i� rBi? MQ pBbB#H2 i`2M/ Q` b2�bQM�HBiv U>vM@
/K�M �M/ �i?�M�bQTQmHQb- kyRNVX � QM2@bi2T@�?2�/ 7Q`2+�bi 7Q` t+1 Bb � r2B;?i2/
�p2`�;2 Q7 �HH i?2 Q#b2`p�iBQMb 7`QK yR iQ yhX h?2 7Q`2+�biBM; 7Q`KmH� Bb i?2`27Q`2
/2}M2/ #v U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNV

ŷT+1|T = ↵yT + ↵ (1� ↵) yT�1 + ↵ (1� ↵)2 yT�2 + ...,

r?2`2 ↵ Bb i?2 bKQQi?BM; T�`�K2i2` rBi? 0 < ↵  1X h?Bb bKQQi?BM; T�`�K2i2`
+QMi`QHb i?2 `�i2 �i r?B+? i?2 r2B;?ib /2+`2�b2X A7 ↵ Bb +HQb2 iQ 0- KQ`2 r2B;?i Bb
;Bp2M iQ i?2 Q#b2`p�iBQMb 7`QK i?2 KQ`2 /Bbi�Mi T�biX *QMi`�`v- B7 ↵ Bb +HQb2 iQ 1-
KQ`2 r2B;?i Bb ;Bp2M iQ i?2 KQbi `2+2Mi Q#b2`p�iBQMbX A7 ↵ = 1- i?2 7Q`2+�bi ;Bp2b �HH
i?2 r2B;?i iQ i?2 p2`v H�bi Q#b2`p�iBQM �M/ i?2 p�Hm2 Bb 2[m�H iQ i?2 QM2 Q#i�BM2/
#v � M�Bp2 7Q`2+�biX

�b i?2 +H�bbB}+�iBQM Q7 S2;2Hb URNeNV b?Qrb- i?2`2 �`2 K2i?Q/b �T�`i 7`QK i?2 bBK@
TH2 p�`B�Mi i?�i �//BiBQM�HHv BM+Hm/2 i`2M/ +QKTQM2Mib- Q` i`2M/ �M/ b2�bQM�H +QK@
TQM2MibX � K2i?Q/ BM+Q`TQ`�iBM; i`2M/ Bb FMQrM �b >QHiǶb GBM2�` J2i?Q/X h?2
7Q`2+�biBM; 2[m�iBQM �M/ i?2 irQ BMpQHp2/ bKQQi?BM; 2[m�iBQMb li 7Q` H2p2H �M/ bi 7Q`
i`2M/ �`2 /2}M2/ �b 7QHHQrb U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNV,

ŷt+h|t = lt + hbt

lt = ↵yt + (1� ↵) (lt�1 + bt�1)

bt = � (lt � lt�1) + (1� �) bt�1

AM i?Bb /2}MBiBQM- li Bb i?2 2biBK�i2 Q7 i?2 b2`B2bǶb H2p2H �i iBK2 t r?BH2 bi /2MQi2b �M
2biBK�i2 Q7 i?2 i`2M/ Q7 i?2 b2`B2b �i iBK2 tX h?2 bKQQi?BM; T�`�K2i2` ↵ 7Q` i?2
H2p2H �M/ i?2 bKQQi?BM; T�`�K2i2` � 7Q` i?2 i`2M/ 7�HH BMiQ �M BMi2`p�H #2ir22M x2`Q
�M/ QM2, 0  ↵, �  1X

�MQi?2` K2i?Q/ #�b2/ QM 2tTQM2MiB�H bKQQi?BM; �M/ BM+Q`TQ`�iBM; i`2M/ �b r2HH �b
b2�bQM�HBiv +QKTQM2Mib- r?B+? K22ib rBi? Km+? �TT`Qp�H BM T`�+iB+2- Bb T`2b2Mi2/
BM i?2 M2ti b2+iBQMX
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jXkX9 >QHi@qBMi2`bǶ J2i?Q/

h?2 Q`B;BM Q7 i?2 >QHi@qBMi2`bǶ J2i?Q/ U>qV /�i2b #�+F iQ i?2 RN8yb r?2M `2@
b2�`+?2`b r2`2 rQ`FBM; QM � ?B;? �++m`�+v �M/ HQr@+Qbi 7Q`2+�biBM; KQ/2H 7Q` i?2
P{+2 Q7 L�p�H _2b2�`+? BM i?2 lMBi2/ ai�i2b Q7 �K2`B+� U.� o2B;� 2i �HX- kyR9VX
h?2 `2b2�`+?2`b b?Qr2/ i?�i i?2 K2i?Q/ Q7 i?2 2tTQM2MiB�HHv r2B;?i2/ KQpBM; �p2`@
�;2- r?B+? r�b p2`v TQTmH�` /m`BM; i?�i iBK2- +QmH/ #2 miBHBx2/ MQi QMHv iQ bKQQi?
i?2 H2p2H Q7 � iBK2 b2`B2b #mi 7m`i?2`KQ`2 bKQQi? i`2M/ �M/ b2�bQM�HBiv U>QHi- kyy9VX
�b i?2 KQ/2H 2ti2M/b >QHiǶb GBM2�` J2i?Q/ #v BM+Q`TQ`�iBM; b2�bQM�H +QKTQM2Mib
�M/ i?2`27Q`2 ?�pBM; i?`22 bKQQi?BM; 2[m�iBQMb- Bi Bb bQK2iBK2b `272``2/ iQ �b h`BTH2
1tTQM2MiB�H aKQQi?BM; Uh1aV UaB`2;�` 2i �HX- kyRdVX

h?2`2 2tBbi irQ p�`B�iBQMb iQ i?Bb K2i?Q/- i?�i /Bz2` `2;�`/BM; i?2B` b2�bQM�H +QK@
TQM2MiX h?2 �//BiBp2 K2i?Q/ Bb mb2/ r?2M i?2 b2�bQM�H p�`B�iBQMb �`2 �TT`QtBK�i2Hv
+QMbi�Mi i?`Qm;? i?2 b2`B2b- r?2`2�b i?2 KmHiBTHB+�iBp2 K2i?Q/ Bb miBHBx2/ r?2M i?2
b2�bQM�H p�`B�iBQMb �`2 +?�M;BM; T`QTQ`iBQM�HHv iQ i?2 H2p2H Q7 i?2 b2`B2b U>vM/K�M
�M/ �i?�M�bQTQmHQb- kyRNVX h?2 >QHi@qBMi2`bǶ �//BiBp2 J2i?Q/ Bb /2}M2/ �b 7QHHQrb
U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNV

ŷt+h|t = lt + hbt + st+h�m(k+1)

lt = ↵ (yt � st�m) + (1� ↵) (lt�1 + bt�1)

bt = � (lt � lt�1) + (1� �) bt�1

st = � (yt � lt�1 � bt�1) + (1� �) st�m,

r?2`2 k Bb i?2 BMi2;2` T�`i Q7 (h�1)
m X aBKBH�` iQ >QHiǶb GBM2�` JQ/2H i?Bb K2i?Q/

?�b bKQQi?BM; 2[m�iBQMb 7Q` H2p2H li �M/ i`2M/ bi #mi �//BiBQM�HHv BM+Hm/2b � i?B`/
bKQQi?BM; 2[m�iBQM 7Q` b2�bQM�HBiv siX 6Q` i?2 +Q``2bTQM/BM; bKQQi?BM; T�`�K2i2`b
↵- �- � �TTHB2b 0  ↵, �, �  1X h?2 p�`B�#H2 m /2MQi2b i?2 T2`BQ/B+Biv Q7 i?2 iBK2
b2`B2b- 7Q` BMbi�M+2- m = 4 7Q` [m�`i2`Hv /�i�- Q` m = 12 7Q` KQMi?Hv /�i�X >�pBM;
iQ bT2+B7v � p�Hm2 7Q` i?2 T2`BQ/B+Biv Q7 i?2 iBK2 b2`B2b +�M #2 T`Q#H2K�iB+ B7 i?2`2
Bb MQ `2HB�#H2 2biBK�i2 7Q` BiX PM i?2 Qi?2` ?�M/- Bi �HHQrb i?2 T`�+iBiBQM2` iQ mb2 �
T`BQ`B FMQrH2/;2 BM i?2 KQ/2HX h?2 BKTHB+�iBQMb Q7 i?Bb +B`+mKbi�M+2 rBHH #2 7m`i?2`
/Bb+mbb2/ BM *?�Ti2` jXkXdX
h?2 b2+QM/ p�`B�Mi- >QHi@qBMi2`bǶ JmHiBTHB+�iBp2 J2i?Q/- Bb /2}M2/ #v i?2 7QHHQrBM;
7Q`KmH� �M/ mb2b i?2 +Q``2bTQM/BM; p�`B�#H2b U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNV,

ŷt+h|t = (lt + hbt) st+h�m(k+1)

lt = ↵
yt

st�m
+ (1� ↵) (lt�1 + bt�1)

bt = � (lt � lt�1) + (1� �) bt�1
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st = �
yt

(lt�1 + bt�1)
+ (1� �) st�m

1tTQM2MiB�H bKQQi?BM; K2i?Q/b �M/ i?2 `2H�i2/ >QHi@qBMi2`bǶ J2i?Q/ �`2 rB/2Hv
mb2/ �TT`Q�+?2b 7Q` iBK2 b2`B2b 7Q`2+�biBM;X �MQi?2` +QKTH2K2Mi�`v �TT`Q�+? Bb
/Bb+mbb2/ BM i?2 7QHHQrBM; b2+iBQMX

jXkX8 �_AJ� JQ/2Hb

�b /2b+`B#2/ BM irQ T`2pBQmb +?�Ti2`b- 2tTQM2MiB�H bKQQi?BM; K2i?Q/b 7Q+mb QM
i`2M/ �M/ b2�bQM�HBiv- r?2`2�b i?2 +H�bb Q7 �_AJ� KQ/2Hb /2b+`B#2b �miQ+Q``2H�iBQMb
BM i?2 /�i� U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNVX h?2 �+`QMvK �_AJ� bi�M/b
7Q` �miQ`2;`2bbBp2 AMi2;`�i2/ JQpBM; �p2`�;2X hQ 7mHHv mM/2`bi�M/ i?Bb KQ/2H- i?Bb
b2+iBQM rBHH }`bi 2tTH�BM i?2 2bb2MiB�H +QKTQM2MibX

h?2 #�bB+ B/2� Q7 �miQ`2;`2bbBp2 KQ/2Hb Bb i?�i i?2 +m``2Mi p�Hm2 yi Q7 i?2 b2`B2b +�M
#2 2tTH�BM2/ �b � 7mM+iBQM Q7 p T�bi p�Hm2b- xi@R- xi@k- XXX - xi@T- r?2`2 p /2i2`KBM2b i?2
MmK#2` Q7 bi2Tb BMiQ i?2 T�bi Ua?mKr�v �M/ aiQz2`- kyRdVX �M �miQ`2;`2bbBp2 KQ/2H
Q7 Q`/2` p- �##`2pB�i2/ �b AR (p)- +�M #2 /2}M2/ �b U>vM/K�M �M/ �i?�M�bQTQmHQb-
kyRNc a?mKr�v �M/ aiQz2`- kyRdV,

yt = �1yt�1 + �2yt�2 + ...+ �pyt�p + ✏t + c

h?2 i2`K ✏i /2b+`B#2b �M 2``Q` i2`K- r?Qb2 p�`B�M+2 rBHH QMHv +?�M;2 i?2 b+�H2 Q7
i?2 b2`B2b #mi MQi i?2 T�ii2`Mb- �M/ �R- �k- XXX - �T �`2 T�`�K2i2`b rBi? �T 6= 0X h?2
p�`B�#H2 c /2MQi2b � +QMbi�MiX h?Bb +H�bb Q7 KQ/2Hb ?�b T`Qp2M iQ #2 ~2tB#H2 �i ?�M@
/HBM; � rB/2 `�M;2 Q7 /Bz2`2Mi iBK2 b2`B2b T�ii2`Mb U>vM/K�M �M/ �i?�M�bQTQmHQb-
kyRNVX

h?2 b2+QM/ +QKTQM2Mi �`2 KQpBM; �p2`�;2 KQ/2Hb- r?Qb2 +Q`2 T`BM+BTH2 Bb iQ mb2 T�bi
7Q`2+�bi 2``Q`b ✏i BM � KQ/2H bBKBH�` iQ `2;`2bbBQM U>vM/K�M �M/ �i?�M�bQTQmHQb-
kyRNVX � KQpBM; �p2`�;2 KQ/2H Q7 Q`/2` q- r?B+? Bb `272``2/ iQ �b MA (q) KQ/2H-
+�M #2 /2}M2/ �b 7QHHQrBM; U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNc a?mKr�v �M/
aiQz2`- kyRdV,

yt = ✓1✏t�1 + ✓2✏t�2 + ...+ ✓q✏t�q + ✏t + c

aBKBH�` iQ �miQ`2;`2bbBp2 KQ/2Hb- c /2MQi2b � +QMbi�Mi- �M/ ✓R- ✓k- XXX- ✓T �`2 T�`�K@
2i2`b rBi? ✓T 6= 0X hQ �pQB/ �Mv KBbmM/2`bi�M/BM;- KQpBM; �p2`�;2 KQ/2Hb �`2 MQi
iQ #2 +QM7mb2/ rBi? i?2 KQpBM; �p2`�;2 bKQQi?BM; BMi`Q/m+2/ BM a2+iBQM jXRXRX

h?2b2 irQ K�BM +QKTQM2Mib +�M #2 +QK#BM2/ BMiQ �M �miQ`2;`2bbBp2 JQpBM; �p2`�;2
U�_J�V KQ/2HX �M ARMA (p, q) KQ/2H- r?B+? /2T2M/b QM p T�bi p�Hm2b �M/ q Q7
Bib T�bi p�Hm2b Q7 2``Q`- +�M #2 /2}M2/ �b Ua?mKr�v �M/ aiQz2`- kyRdc :mTi�- kyR3V,

yt = �1yt�1 + ...+ �pyt�p + ✓1✏t�1 + ...+ ✓q✏t�q + ✏t + c,
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rBi? ✏i /2b+`B#BM; �M 2``Q` i2`K �M/ �T- ✓[ 6= 0X �b :mTi� UkyR3V bi�i2b- �_J�
KQ/2Hb +�M MQi #2 �TTHB2/ iQ MQM@bi�iBQM�`v iBK2 b2`B2bX hQ +QM/m+i 7Q`2+�bib QM
MQM@bi�iBQM�`v �_J� KQ/2Hb ?�p2 iQ #2 ;2M2`�HBx2/X

h?Bb T�`iB+mH�` ;2M2`�HBx�iBQM Bb �+?B2p2/ #v +QK#BMBM; /Bz2`2M+BM; iQ i?2 �_J�
KQ/2H �M/ `2bmHib BM �M �_AJ� KQ/2HX �b T`2b2Mi2/ BM a2+iBQM jXRXR- /Bz2`2M+BM;
Bb � K2i?Q/ iQ K�F2 � iBK2 b2`B2b bi�iBQM�`v- �M/ i?2`27Q`2 K�FBM; �_AJ� KQ/2Hb
�TTHB+�#H2 7Q` MQM@bi�iBQM�`v iBK2 b2`B2b U:mTi�- kyR3VX h?2 ARIMA (p, d, q) KQ/2H
+�M #2 /2}M2/ �b U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNV,

y
0
t = �1y

0
t�1 + ...+ �py

0
t�p + ✓1✏t�1 + ...+ ✓q✏t�q + ✏t + c

h?2 /Bz2`2M+2/ b2`B2b Bb /2MQi2/ #v y
0
i �M/ +�M #2 /Bz2`2M+2/ KQ`2 i?�M QM+2-

7Q` BMbi�M+2- BM � b2+QM/@Q`/2` /Bz2`2M+BM;X GBF2 i?2 +QM+2Tib BMi`Q/m+2/ #27Q`2-
p Bb i?2 Q`/2` Q7 i?2 �miQ`2;`2bbBp2 T�`i- �M/ q Bb i?2 Q`/2` Q7 i?2 KQpBM; �p2`�;2
T�`iX h?2 /Bz2`2M+BM; Bb K�MB72bi2/ BM d- r?B+? /2MQi2b i?2 /2;`22 Q7 /Bz2`2M+BM;
BMpQHp2/X h?2 T�`�K2i2`b p- d- �M/ q �`2 bT2+B}2/ #27Q`2?�M/ �M/- +QMb2[m2MiHv-
�`2 i?2 �_AJ� KQ/2HǶb ?vT2`T�`�K2i2`bX

h�#H2 R bmKK�`Bx2b i?2 +QMM2+iBQM Q7 �_AJ� KQ/2Hb iQ i?2 mM/2`HvBM; +QM+2TibX
h?2 MmK#2` x2`Q +�M #2 mM/2`biQQ/ BM � r�v- i?�i i?Bb T�`i Q7 i?2 KQ/2H Bb M2;H2+i2/-
7Q` BMbi�M+2- �M ARIMA (p, 0, q) KQ/2H Bb �M ARMA (p, q) KQ/2H �b i?2`2 Bb MQ
/Bz2`2M+BM; BMpQHp2/X

�_AJ� KQ/2H 2[mBp�H2Mi

�_AJ�UT-y-yV �_UTV
�_AJ�Uy-y-[V J�U[V
�_AJ�UT-y-[V �_J�UT-[V

h�#H2 R, *�b2b Q7 �_AJ� KQ/2Hb

�_AJ� KQ/2Hb �`2 p�Hm2/ 7Q` i?2B` 7Q`2+�biBM; �++m`�+v �M/ ~2tB#BHBiv BM `2T`2@
b2MiBM; /Bz2`2Mi ivT2b Q7 iBK2 b2`B2b UE?�M/2Hr�H 2i �HX- kyR8VX �T�`i 7`QK i?2
T`2b2Mi2/ KQ/2Hb- i?2`2 �`2 Qi?2` p�`B�Mib �M/ 2ti2MbBQMb /2b+`B#2/ BM i?2 HBi2`@
�im`2X a2�bQM�H �_AJ� KQ/2Hb- �##`2pB�i2/ a�_AJ�- +�M KQ/2H b2�bQM�H /�i�
U>vM/K�M �M/ �i?�M�bQTQmHQb- kyRNV- r?2`2�b �_AJ�s KQ/2Hb +�M BM+Q`TQ`�i2
2tTH�M�iQ`v p�`B�#H2b U*QQHb 2i �HX- kyyNVX 6BM�HHv- a�_AJ�s KQ/2Hb `2T`2b2Mi �
+QK#BM�iBQM Q7 i?2 �7Q`2K2MiBQM2/ KQ/2Hb U*QQHb 2i �HX- kyyNVX
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jXkXe _2+2Mi .2p2HQTK2Mib

�b K2MiBQM2/ T`2pBQmbHv BM i?2 BMi`Q/m+iBQM iQ i?Bb +?�Ti2`- i?2 7QmM/�iBQM Q7 bi�@
iBbiB+�H K2i?Q/b 7Q` iBK2 b2`B2b 7Q`2+�biBM; r�b H�B/ BM i?2 T�bi +2Mim`vX h?Bb b2+iBQM
�BKb iQ ;Bp2 �M 2t�KTH2 Q7 `2+2Mi /2p2HQTK2Mib BM i?2 �`2� �M/ b?Qrb i?�i bi�iBbiB+�H
K2i?Q/b �`2 7�` 7`QK #2BM; QH/ M2rbX

S`QT?2i Bb QT2M@bQm`+2 bQ7ir�`2 `2H2�b2/ #v i?2 �K2`B+�M bQ+B�H M2irQ`FBM; b2`pB+2
6�+2#QQFǶb +Q`2 /�i� b+B2M+2 i2�K U6�+2#QQF PT2M aQm`+2- M/VX h�vHQ` �M/ G2i?�K
UkyR3V BMi`Q/m+2/ Bib BKTH2K2Mi�iBQM- Q7 r?B+? i?2 �mi?Q`b bi�i2 i?�i Bi �HHQrb K�Mv
/Bz2`2Mi mb2`b iQ 7Q`2+�bi � H�`;2 MmK#2` �M/ � p�`B2iv Q7 iBK2 b2`B2bX Ai Bb mb2/
rBi?BM 6�+2#QQF �M/ Bb bmTTQb2/ iQ rQ`F #2bi rBi? iBK2 b2`B2b i?�i ?�p2 bi`QM;
b2�bQM�H 2z2+ib �b Bi bT2+B}+�HHv ?�M/H2b Tm#HB+ ?QHB/�vb U6�+2#QQF PT2M aQm`+2-
M/VX h?2 BKTH2K2Mi�iBQM Q7 S`QT?2i Bb #�b2/ QM i?2 ai�M TH�i7Q`K- � TH�i7Q`K 7Q`
bi�iBbiB+�H KQ/2HBM; �M/ ?B;?@T2`7Q`K�M+2 bi�iBbiB+�H +QKTmi�iBQM Uai�M- M/VX AM
b+B2MiB}+ `2b2�`+?- S`QT?2i r�b �H`2�/v miBHBx2/ U"Q`QrBF 2i �HX- kyR3VX

h?Bb +QM}`Kb i?2 QTBMBQM Q7 K�Mv �mi?Q`b- i?�i bi�iBbiB+�H K2i?Q/b �`2 biBHH ?B;?Hv
`2H2p�MiX �7i2` BMi`Q/m+BM; b2p2`�H K2i?Q/b BM i?2 T`2pBQmb b2+iBQMb- i?2 M2ti T�`�@
;`�T? rBHH ;Bp2 �M 2p�Hm�iBQM Q7 bi�iBbiB+�H K2i?Q/bX

jXkXd ai`2M;i?b �M/ GBKBi�iBQMb Q7 ai�iBbiB+�H J2i?Q/b

ai�iBbiB+�H K2i?Q/b HQQF #�+F QM � HQM; ?BbiQ`v- �b i?2 7Q`2+�biBM; /QK�BM ?�b #22M
/QKBM�i2/ #v i?2K 7`QK i?2 RNeyb QM U"QMi2KTB 2i �HX- kyRkVX h?Bb K�MB72bib BM
i?2B` rB/2 mb�;2 �M/ �TT`Qp�H Q7 K�Mv 7Q`2+�bi2`bX

h?2 K�BM `2�bQMb 7Q` i?�i �`2 i?�i bi�iBbiB+�H K2i?Q/b �`2 bBKTH2- ~2tB#H2- �M/ +�M
#2 mb2/ iQ KQ/2H b2p2`�H T?2MQK2M� U.QKBM;Qb 2i �HX- kyRNVX �T�`i 7`QK i?�i-
i?2v rQ`F r2HH r?2M 72r /�i� Bb �p�BH�#H2 UJ�F`B/�FBb 2i �HX- kyR3#VX 6m`i?2`KQ`2-
bQK2 bi�iBbiB+�H K2i?Q/b +�M +QMbB/2` � T`BQ`B FMQrH2/;2X h?�i +B`+mKbi�M+2 ;Bp2b
i?2 7Q`2+�bi2` i?2 TQbbB#BHBiv iQ bBKTHB7v i?2 2tT2+i2/ i�bF 7Q` i?2 KQ/2HX AM i?2
>QHi@qBMi2`bǶ J2i?Q/- i?2 T2`BQ/B+Biv Q7 i?2 iBK2 b2`B2b Bb T`QpB/2/ iQ i?2 KQ/2HX
h?mb- i?2 KQ/2H /Q2b MQi ?�p2 iQ 2biBK�i2 i?2 T2`BQ/B+Biv Bib2H7X PM i?2 Qi?2` ?�M/-
i?Bb +�M H2�/ iQ BM�++m`�i2 7Q`2+�bib B7 i?2 BM7Q`K�iBQM Bb mMFMQrM iQ i?2 7Q`2+�bi2`
Q` 7�Hb2Hv bT2+B}2/X

.2bTBi2 i?2 r2HH@FMQrM bi`2M;i?b Q7 bi�iBbiB+�H K2i?Q/b- i?2`2 ?�p2 #22M bQK2 HBKB@
i�iBQMb 7QmM/ BM i?2 HBi2`�im`2- i?2 K�BM QM2 #2BM; KBbbBM; MQMHBM2�`BivX �b i?2 T`2@
b2Mi2/ bi�iBbiB+�H K2i?Q/b KQbiHv �bbmK2 HBM2�` `2H�iBQMb?BTb #2ir22M T�bi p�Hm2b-
i?2v +�M MQi +�Tim`2 MQMHBM2�` T�ii2`MbX 6`QK i?�i 7QHHQrb i?�i i?2 �TT`QtBK�@
iBQM Q7 HBM2�` KQ/2Hb iQ +QKTH2t `2�H@rQ`H/ T`Q#H2Kb KB;?i MQi �Hr�vb #2 �/2[m�i2
Uw?�M;- kyyjVX h?Bb BM�/2[m�i2 �TT`QtBK�iBQM Bb +QM}`K2/ #v .QKBM;Qb 2i �HX
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UkyRNV- r?Q Q#b2`p2 i?�i `2�H@rQ`H/ iBK2 b2`B2b +QKKQMHv T`2b2Mi HBM2�` �M/ MQM@
HBM2�` T�ii2`Mb �i i?2 b�K2 iBK2X
"2vQM/ i?Bb- i?2b2 T`2b2Mi2/ 7Q`2+�biBM; K2i?Q/b �`2 KQbiHv mMBp�`B�i2 �M/ +�M
QMHv ?�M/H2 QM2 iBK2 b2`B2b �i � iBK2X *QMb2[m2MiHv- i?2v i`2�i 2p2`v iBK2 b2`B2b
BM �M BbQH�i2/ K�MM2`X h?2`27Q`2- TQi2MiB�H bBKBH�`BiB2b #2ir22M `2H�i2/ iBK2 b2`B2b
�`2 M2;H2+i2/- �M/ MQ BM7Q`K�iBQM Bb b?�`2/ #2ir22M i?2 7Q`2+�bib U"�M/�`� 2i �HX-
kyRNVX

�b i?Bb T�`�;`�T? T`2b2Mi2/- bi�iBbiB+�H K2i?Q/b �`2 TQr2`7mH iQQHb 7Q` iBK2 b2`B2b
7Q`2+�biBM;X AM i?2 `2+2Mi T�bi- �MQi?2` �TT`Q�+? iQ 7Q`2+�biBM; K2i?Q/b ?�b #22M
2ti2MbBp2Hv bim/B2/ �M/ /2p2HQT2/X h?2b2 K2i?Q/b rBHH #2 /2b+`B#2/ BM i?2 7QHHQrBM;
+?�Ti2`X

jXj J�+?BM2 G2�`MBM; J2i?Q/b 7Q` hBK2 a2`B2b 6Q`2+�biBM;

h?Bb +?�Ti2` Bb /2/B+�i2/ iQ K�+?BM2 H2�`MBM; K2i?Q/b 7Q` iBK2 b2`B2b 7Q`2+�biBM;X
Ai bi�`ib #v QmiHBMBM; i?2B` ?BbiQ`v �M/ 7QmM/�iBQMb #27Q`2 BMi`Q/m+BM; i?2 T`BM+BTH2b
Q7 �`iB}+B�H L2m`�H L2irQ`FbX AM i?2 7QHHQrBM;- i?Bb +?�Ti2` T`2b2Mib 622/7Q`r�`/
L2m`�H L2irQ`Fb- _2+m``2Mi L2m`�H L2irQ`Fb- �M/ #`B2~v 2t�KBM2b 7m`i?2` FBM/b Q7
M2irQ`FbX 6BM�HHv- i?Bb +?�Ti2` ;Bp2b �M 2p�Hm�iBQM Q7 i?2 bi`2M;i?b �M/ HBKBi�iBQMb
Q7 K�+?BM2 H2�`MBM; K2i?Q/bX

jXjXR >BbiQ`v �M/ 6QmM/�iBQMb

hQ/�v- �`iB}+B�H AMi2HHB;2M+2 U�AV Bb � ;`QrBM; }2H/ rBi? p�`BQmb `2b2�`+? iQTB+b �M/
T`�+iB+�H �TTHB+�iBQMbX �A ?�b ;�BM2/ `2K�`F�#H2 T`QKBM2M+2 Qp2` i?2 T�bi /2+�/2-
/`Bp2M #v MmK2`Qmb �TTHB+�iBQMb bm+? �b BM �miQMQKQmb p2?B+H2b- bT22+? �M/ BK�;2
`2+Q;MBiBQM- K�+?BM2 i`�MbH�iBQM- Q` bT2+i�+mH�`Hv #2�iBM; � rQ`H/ +?2bb +?�KTBQM
UJ�F`B/�FBb- kyRdc J�F`B/�FBb 2i �HX- kyR3#VX

aQK2 �A bvbi2Kb +�M �+[mB`2 i?2B` FMQrH2/;2 #v 2ti`�+iBM; T�ii2`Mb 7`QK `�r /�i�
rBi?Qmi #2BM; 2tTHB+BiHv T`Q;`�KK2/ U:QQ/72HHQr 2i �HX- kyReVX h?Bb +�T�#BHBiv Bb
FMQrM �b J�+?BM2 G2�`MBM; UJGVX *QMi`�`v iQ i`�/BiBQM�H T`Q;`�KKBM;- r?B+? `2@
HB2b QM bi2T@#v@bi2T +Q/BM; BMbi`m+iBQMb #�b2/ QM HQ;B+- B7@i?2M `mH2b �M/ /2+BbBQM
i`22b- �A@#�b2/ bvbi2Kb �`2 H2�`MBM; #v i`B�H �M/ 2``Q` �M/ BKT`QpBM; i?2B` T2`7Q`@
K�M+2 Qp2` iBK2 UJ�F`B/�FBb 2i �HX- kyR3#VX � bm#/Bb+BTHBM2 Q7 JG Bb FMQrM �b .22T
G2�`MBM; U.GV �M/ /2THQvb �`iB}+B�H L2m`�H L2irQ`Fb U�LLV i?�i ?�p2 b2p2`�H ?B/@
/2M H�v2`b U:QQ/72HHQr 2i �HX- kyReVX a2+iBQM jXjXk rBHH /Bb+mbb �LLb BM /2i�BHX
J�+?BM2 H2�`MBM; �H;Q`Bi?Kb +H�bbB7v BMiQ bmT2`pBb2/ �M/ mMbmT2`pBb2/ H2�`MBM; �H@
;Q`Bi?Kb- r?2`2#v bmT2`pBb2/ H2�`MBM; /BbiBM;mBb?2b 7m`i?2` BMiQ +H�bbB}+�iBQM �M/
`2;`2bbBQM U6`B2/K�M 2i �HX- kyyRVX � bmT2`pBb2/ H2�`MBM; i�bF Bb +?�`�+i2`Bx2/ #v
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H2�`MBM; � 7mM+iBQM i?�i K�Tb �M BMTmi X- +QMbBbiBM; Q7 QM2 Q` KmHiBTH2 bQ@+�HH2/
72�im`2b- iQ �M QmiTmi Y #�b2/ QM FMQrM BMTmi@QmiTmi T�B`bX amT2`pBb2/ H2�`MBM;
`2[mB`2b H�#2H2/ /�i�- r?B+? K2�Mb � b2i Q7 2t�KTH2b BHHmbi`�iBM; i?2 /2bB`2/ #2?�p@
BQ`X 6Q` 2t�KTH2- BM �M BK�;2 `2+Q;MBiBQM i�bF i?�i �BKb iQ `2+Q;MBx2 +�ib- H�#2H2/
BK�;2b �`2 mb2/X h?2b2 H�#2H2/ BK�;2b BM/B+�i2 r?2i?2` i?2 BK�;2 /2TB+ib � +�iX
AM �M mMbmT2`pBb2/ i�bF- i?2 KQ/2H H2�`Mb bQH2Hv 7`QK /�i� �M/ /Q2b MQi `2Hv QM
H�#2H2/ /�i� U:QQ/72HHQr 2i �HX- kyReVX

AM i?2 /QK�BM Q7 iBK2 b2`B2b 7Q`2+�biBM;- �A �M/ T�`iB+mH�`Hv JG �`2 2ti2MbBp2Hv
`2b2�`+?2/ �b � +QMbB/2`�#H2 �KQmMi Q7 Tm#HBb?2/ T�T2`b b?Qrb UJ�F`B/�FBb 2i �HX-
kyR3#VX h?2 Q#D2+iBp2 Q7 JG@#�b2/ K2i?Q/b Bb i?2`2#v i?2 b�K2 �b i?�i Q7 bi�iBbiB+�H
QM2bX "Qi? �BK iQ BKT`Qp2 7Q`2+�biBM; �++m`�+v #v KBMBKBxBM; � T�`iB+mH�` HQbb
7mM+iBQMX h?2 irQ �TT`Q�+?2b /Bz2` BM ?Qr i?Bb KBMBKBx�iBQM Bb T2`7Q`K2/, i?2
bi�iBbiB+�H K2i?Q/b /2b+`B#2/ BM *?�Ti2` jXk KQbiHv �TTHv HBM2�` �H;Q`Bi?Kb- r?BH2
i?2 JG K2i?Q/b T`2b2Mi2/ BM i?Bb +?�Ti2` +�M mb2 MQMHBM2�` QM2bX

J�+?BM2 H2�`MBM; K2i?Q/b +�M MQi 7Q`2+�bi iBK2 b2`B2b rBi?Qmi T`2T`Q+2bbBM; i?2
/�i�X h?2 /�i� ?�b iQ #2 7`�K2/ BMiQ � bmT2`pBb2/ H2�`MBM; b2iiBM; U"`QrMH22- kyRdVX
"QMi2KTB 2i �HX UkyRkV T`QTQb2 �M �TT`Q�+? iQ KQ/2H �M BMTmi@QmiTmi b2iiBM; 7Q`
QM2@bi2T 7Q`2+�biBM;- r?2`2 i?2 i`�BMBM; b2i +QMbBbib Q7 � b+�H�` QmiTmi �M/ � p2+iQ`B�H
BMTmiX h?2 BMTmi Bb KQ/2H2/ �b �M [(N � n� 1)⇥ n] BMTmi /�i� K�i`Bt X �M/ �
[(N � n� 1)⇥ 1] QmiTmi p2+iQ` Y - `2T`2b2MiBM; � iBK2 b2`B2b rBi? N Q#b2`p�iBQMb
�M/ n T`2pBQmb p�Hm2b iQ #2 +QMbB/2`2/ U"QMi2KTB 2i �HX- kyRkV,

X =

0

BBBB@

y1 y2 ... yn

y2 y3 ... yn+1

XXX XXX XXX XXX
yN�n yN�n+1 ... yN�1

1

CCCCA

Y =

0

BBBB@

yn+1

yn+2

XXX
yN

1

CCCCA

AM Q`/2` iQ T2`7Q`K �M H@bi2T 7Q`2+�bi- i?2 BMTmi /�i� K�i`Bt Bb �/�Ti2/ iQ �
[(N � n� h)⇥ n] K�i`Bt �M/ i?2 QmiTmi p2+iQ` #2+QK2b � [(N � n� h)⇥ h] K�@
i`Bt,

X =

0

BBBB@

y1 y2 ... yn

y2 y3 ... yn+1

XXX XXX XXX XXX
yN�n�h yN�n�h+1 ... yN�h

1

CCCCA
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Y =

0

BBBB@

yn+1 yn+2 ... yn+h

yn+2 yn+3 ... yn+h+1

XXX XXX XXX XXX
yN�h+1 yN�h+2 ... yN

1

CCCCA

qBi? i?Bb bmT2`pBb2/ H2�`MBM; b2iiBM;- K�+?BM2 H2�`MBM; �H;Q`Bi?Kb +�M #2 mb2/ �b �
QM2@ Q` KmHiB@bi2T 7Q`2+�biBM; KQ/2HX h?2 7QHHQrBM; b2+iBQM rBHH MQr BMi`Q/m+2 i?2
2bb2MiB�Hb Q7 �`iB}+B�H L2m`�H L2irQ`FbX

jXjXk �`iB}+B�H L2m`�H L2irQ`Fb

�`iB}+B�H L2m`�H L2irQ`Fb �`2 BMbTB`2/ #v i?2 ?mK�M #`�BM- r?B+? H2�`Mb #�b2/ QM
2tT2`B2M+2 ULB2Hb2M- kyR8VX _2b2�`+? QM � 7Q`K�H /2b+`BTiBQM Q7 i?Bb H2�`MBM; T`Q@
+2bb /�i2b #�+F iQ i?2 KB/ Q7 i?2 H�bi +2Mim`vX J+*mHHQ+? �M/ SBiib URN9jV }`bi
/2b+`B#2/ bBKTHB}2/ M2m`QMb- r?B+? #2+�K2 i?2 +2Mi`�H 2H2K2Mi Q7 iQ/�vǶb �LLbX
G�i2` _Qb2M#H�ii URN83V /2p2HQT2/ �MQi?2` ivT2 Q7 �`iB}+B�H M2m`QM `272``2/ iQ �b
T2`+2Ti`QM- r?B+? r�b i?2 }`bi QM2 iQ #2 BKTH2K2Mi2/X �b 6B;m`2 j 2t?B#Bib- T2`@
+2Ti`QMb i�F2 b2p2`�H #BM�`v BMTmib xR- xk- XXX- xL- �M/ T`Q/m+2 � bBM;H2 #BM�`v
QmiTmiX 1�+? BMTmi Bb �bbB;M2/ � r2B;?i wR- wk- XXX- wL- 2tT`2bbBM; i?2 BKTQ`i�M+2
Q7 `2bT2+iBp2 BMTmi iQ i?2 QmiTmi ULB2Hb2M- kyR8VX

6B;m`2 j, JQ/2H Q7 � T2`+2Ti`QM- �/�Ti2/ 7`QK LB2Hb2M UkyR8V

�b i?2 QmiTmi Q7 � T2`+2Ti`QM Bb #BM�`v- Bi +�M 2Bi?2` i�F2 0 Q` 1X � bBim�iBQM r?2`2
i?2 QmiTmi #2+QK2b 1 Bb `272``2/ iQ �b �+iBp�iBQM U:Qv�H 2i �HX- kyR3VX h?2 QmiTmi Bb
/2i2`KBM2/ B7 i?2 r2B;?i2/ bmK Q7 i?2 BMTmib

nP
i=1

wixi Bb ;`2�i2` i?�M bQK2 i?`2b?QH/
p�Hm2X AMbi2�/ Q7 mbBM; � i?`2b?QH/ p�Hm2- Bi Bb +QKKQM iQ mb2 #B�b /2MQi2/ #v b

BMbi2�/X h?2 QmiTmi Q7 � T2`+2Ti`QM Bb i?2`27Q`2 /2}M2/ �b 7QHHQrb- rBi? x /2MQiBM;
� p2+iQ` Q7 BMTmib �M/ w /2MQiBM; � p2+iQ` Q7 r2B;?ib ULB2Hb2M- kyR8c :Qv�H 2i �HX-
kyR3V,

QmiTmi =

8
<

:
0, B7 w · x+ b  0

1, B7 w · x+ b > 0
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h?2 H2�`MBM; T`Q+2bb Bb `2�HBx2/ /m`BM; i?2 i`�BMBM; Q7 i?2 M2irQ`F- r?B+? �/Dmbib
i?2 r2B;?ib Q7 i?2 BMTmib ULB2Hb2M- kyR8VX �b i?2 �+iBp�iBQM 7mM+iBQM bB;MB}+�MiHv
BM~m2M+2b i?2 H2�`MBM; T`Q+2bb- Bi #2+QK2b Q7 +`m+B�H BKTQ`i�M+2 iQ i?2 KQ/2HǶb
H2�`MBM; T2`7Q`K�M+2 U_�K�+?�M/`�M 2i �HX- kyRdVX

AM i?2 BMi`Q/m+2/ 2t�KTH2- i?2 �+iBp�iBQM 7mM+iBQM i�F2b i?2 7Q`K Q7 � bi2T 7mM+iBQM-
�b 6B;m`2 9 b?QrbX .m2 iQ Bib �#`mTi M�im`2- /2THQvBM; bm+? �M �+iBp�iBQM 7mM+iBQM
`2bmHib BM � #2?�pBQ` i?�i bK�HH +?�M;2b BM r2B;?i Q` #B�b +�M bB;MB}+�MiHv �z2+i i?2
QmiTmi ULB2Hb2M- kyR8VX

�6 �4 �2 0 2 4 6
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1

6B;m`2 9, ai2T 7mM+iBQM

h?Bb bi2T 7mM+iBQM Bb � MQMHBM2�` �+iBp�iBQM 7mM+iBQMX � p�`B2iv Q7 7m`i?2` MQMHBM2�`
�+iBp�iBQM 7mM+iBQMb 2tBbi BM i?2 HBi2`�im`2- �M/ i?2 7QHHQrBM; T�`�;`�T?b T`2b2Mi irQ
Q7 i?2KX

aB;KQB/ 7mM+iBQMb Qp2`+QK2 i?2 bi2T 7mM+iBQMǶb b?Q`i+QKBM; Q7 i?2 #BM�`v QmiTmi
�M/ �+?B2p2 i?2 /2bB`2/ #2?�pBQ`- BM i?�i bK�HH +?�M;2b BM r2B;?ib �M/ #B�b +�mb2
QMHv � bK�HH +?�M;2 BM QmiTmi U:Qv�H 2i �HX- kyR3VX h?mb- i?2 bB;KQB/ 7mM+iBQM �HHQrb
i?2 QmiTmi iQ i�F2 �Mv p�Hm2 BM �M BMi2`p�H 7`QK 0 iQ 1X � T2`+2Ti`QM miBHBxBM; �
bB;KQB/ �+iBp�iBQM 7mM+iBQM Bb bQK2iBK2b `272``2/ iQ �b � bB;KQB/ M2m`QM ULB2Hb2M-
kyR8VX aB;KQB/ 7mM+iBQMb �`2 /2}M2/ #v i?2 7QHHQrBM; 7Q`KmH� �M/ ?�p2 � bKQQi?2`
b?�T2- �b 6B;m`2 8 /2TB+ib U:Qv�H 2i �HX- kyR3V,

�(x) =
1

1 + e@Ur·t Y #V
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�10 �5 0 5 10
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1

6B;m`2 8, aB;KQB/ 7mM+iBQM

h?�MFb iQ Bib bBKTHB+Biv �M/ 2z2+iBp2M2bb- i?2 _2+iB}2/ GBM2�` lMBi U_2GlV ?�b
#2+QK2 i?2 KQbi rB/2Hv mb2/ �+iBp�iBQM 7mM+iBQM U_�K�+?�M/`�M 2i �HX- kyRdVX h?2
_2Gl Bb /2}M2/ #v i?2 7QHHQrBM; 7Q`KmH�- �M/ 6B;m`2 e BHHmbi`�i2b Bib b?�T2 U:Qv�H
2i �HX- kyR3V,

f(x) = max(0, x)

�6 �4 �2 0 2 4 6

0

2

4

6

6B;m`2 e, _2+iB}2/ GBM2�` lMBi

h?Bb b2+iBQM ;2M2`�HHv /Bb+mbb2/ i?2 2bb2MiB�Hb Q7 �LLbX >Qr2p2`- /Bz2`2Mi ivT2b
Q7 M2m`�H M2irQ`Fb ULLbV p�`v BM �`+?Bi2+im`2 �M/ mb�;2 U:Qv�H 2i �HX- kyR3VX h?2
7QHHQrBM; b2+iBQM rBHH MQr BMi`Q/m+2 � T�`iB+mH�` ivT2 Q7 M2m`�H M2irQ`FX
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jXjXj 622/ 6Q`r�`/ L2m`�H L2irQ`Fb

h?2 T`2pBQmb b2+iBQM BMi`Q/m+2/ i?2 #�bB+ T`BM+BTH2b Q7 M2m`QMb �M/ T2`+2Ti`QMbX
lM7Q`imM�i2Hv- � bBM;H2 M2m`QM Bb MQi �/2[m�i2 iQ KQ/2H +QKTH2t- MQMHBM2�` `2H�@
iBQMb?BTbX h?2`27Q`2- M2irQ`Fb Q7 M2m`QMb ?�p2 iQ #2 mb2/X h?2b2 M2irQ`Fb +QMbBbi
Q7 p2`iB+�H bi�+Fb Q7 M2m`QMb- r?B+? #mBH/ mT � H�v2`- �M/ +QMM2+iBQMb #2ir22M i?2KX
L2irQ`Fb rBi? b2p2`�H H�v2`b �`2 `272``2/ iQ �b JmHiBH�v2` S2`+2Ti`QMb UJGSV Q`
622/7Q`r�`/ L2m`�H L2irQ`Fb U66LLVX 6B;m`2 d ;Bp2b �M Qp2`pB2r Q7 i?2 JGS �`@
+?Bi2+im`2X

6B;m`2 d, JmHiBH�v2` S2`+2Ti`QM �`+?Bi2+im`2- �/�Ti2/ 7`QK .Q 2i �HX UkyRNV

h?2`2 �`2 i?`22 #�bB+ ivT2b Q7 H�v2`bX h?2 }`bi H�v2` Q7 i?2 M2irQ`F Bb i2`K2/ i?2
BMTmi H�v2` �M/ +QMbBbib Q7 BMTmi M2m`QMb- r?2`2�b i?2 H�bi H�v2` Bb +�HH2/ i?2 QmiTmi
H�v2` �M/ +QMbBbib Q7 QmiTmi M2m`QMb- `2bT2+iBp2HvX h?2 M2irQ`F /2TB+i2/ BM 6B;m`2
d ?�b QMHv QM2 QmiTmi M2m`QMX h?2 H�v2`b #2ir22M i?2 BMTmi �M/ QmiTmi H�v2` �`2
`272``2/ iQ �b ?B//2M H�v2`b- �b i?2 M2m`QMb BM i?2b2 H�v2`b �`2 M2Bi?2` BMTmi MQ`
QmiTmi ULB2Hb2M- kyR8VX
h?2 /2MbBiv �M/ ivT2 Q7 +QMM2+iBQMb #2ir22M i?2 H�v2`b Q7 i?2 M2irQ`F �`2 `272``2/
iQ �b +QM};m`�iBQM U:Qv�H 2i �HX- kyR3VX �b T`2pBQmbHv K2MiBQM2/ BM a2+iBQM jXjXR-
JGSb #2HQM; iQ .22T G2�`MBM;- �b i?2v +�M BM+Hm/2 b2p2`�H H�v2`bX
66LLb +�``v i?2B` M�K2 �b BM7Q`K�iBQM ~Qrb i?`Qm;? i?2 M2irQ`F QMHv BM QM2
/B`2+iBQM 7`QK i?2 BMTmi iQ i?2 QmiTmi H�v2`X h?2`2 �`2 MQ 722/#�+F +QMM2+iBQMb BM
r?B+? QmiTmib Q7 i?2 KQ/2H �`2 72/ #�+Fr�`/X *QMb2[m2MiHv- i?Bb H2�/b iQ i?2 7�+i
i?�i i?2 M2irQ`F /Q2b MQi ?�p2 �Mv HQQTb U:QQ/72HHQr 2i �HX- kyRec LB2Hb2M- kyR8VX

AM ;2M2`�H- i?2 H2�`MBM; T`Q+2bb Q7 M2m`�H M2irQ`Fb +QMbBbib Q7 i?`22 bi2Tb, 7Q`r�`/
T`QT�;�iBQM- #�+Fr�`/ T`QT�;�iBQM- �M/ ;`�/B2Mi /2b+2Mi U:QQ/72HHQr 2i �HX- kyReVX
h?2 +QMb2+miBp2 2t2+miBQM Q7 i?2b2 bi2Tb Bb � i`�BMBM; bi2T- �HbQ `272``2/ iQ �b Bi2`@
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�iBQMX �M Bi2`�iBQM Qp2` �HH b�KTH2b BM i?2 i`�BMBM; b2i Bb +�HH2/ �M 2TQ+? ULB2Hb2M-
kyR8VX 6Q`r�`/ T`QT�;�iBQM /2b+`B#2b i?�i i?2 BMBiB�H BM7Q`K�iBQM T`QpB/2/ #v i?2
BMTmi x T`QT�;�i2b i?`Qm;? i?2 ?B//2M mMBib �i 2�+? H�v2` �M/ }M�HHv T`Q/m+2b i?2
BMBiB�H QmiTmi y U:QQ/72HHQr 2i �HX- kyReVX
�b bi�i2/ #27Q`2- i`�BMBM; /`Bp2b i?2 H2�`MBM; T`Q+2bb 7Q`r�`/X h?2 ;Q�H Q7 i`�BMBM;
Bb iQ KBMBKBx2 � +Qbi 7mM+iBQM Q` bQK2iBK2b +�HH2/ � HQbb 7mM+iBQM C(w, b)- r?B+? Bb
� 7mM+iBQM Q7 r2B;?ib w �M/ #B�b2b b ULB2Hb2M- kyR8VX � ivTB+�H 2t�KTH2 Q7 � HQbb
7mM+iBQM Bb ;Bp2M #v i?2 Ja1- r?B+? K2�bm`2b i?2 HQbb 7`QK i?2 i�`;2iX AM Qi?2`
rQ`/b- i?2 /2pB�iBQM Q7 i?2 7Q`2+�bi 7`QK i?2 �+im�H p�Hm2b UJB+?2Hm++B- kyR3VX h?2
#�+FT`QT�;�iBQM �HHQrb i?2 HQbb BM7Q`K�iBQM iQ ~Qr #�+Fr�`/ i?`Qm;? i?2 M2irQ`F
iQ +QKTmi2 i?2 ;`�/B2Mi U_mK2H?�`i 2i �HX- RN3eVX
AM i?2 i?B`/ bi2T Q7 H2�`MBM;- ;`�/B2Mi /2b+2Mi i`B2b iQ Q#i�BM � KBMBKmK Q7 i?2 bT2+@
B}2/ HQbb 7mM+iBQMX AM T`�+iB+2- i?2 BMBiB�H r2B;?ib �M/ #B�b2b �`2 `�M/QKHv BMBiB�HBx2/
UJB+?2Hm++B- kyR3VX � ;`�/B2Mi rC Bb � p2+iQ`- r?B+? +QKTQM2Mib �`2 i?2 T�`iB�H
/2`Bp�iBp2b Q7 i?2 +Qbi 7mM+iBQM +QM+2`MBM; i?2 r2B;?i p2+iQ` wX h?2 +?�M;2 BM i?2
+Qbi 7mM+iBQM Bb mb2/ �b � biQTTBM; +`Bi2`BQM UJB+?2Hm++B- kyR3VX h?2 ?vT2`T�`�K2i2`
H2�`MBM; `�i2 ⌘ +QMi`QHb i?2 bi2T bBx2b /m`BM; i?2 ;`�/B2Mi +QKTmi�iBQMb ULB2Hb2M-
kyR8VX *?QQbBM; i?2 r`QM; H2�`MBM; `�i2 +�M `2bmHi BM 7�BHBM; iQ }M/ � KBMBKmK
UJB+?2Hm++B- kyR3VX
�b ;`�/B2Mi /2b+2Mi Bb +QKTmi�iBQM�HHv bHQr- aiQ+?�biB+ :`�/B2Mi .2b+2Mi Ua:.V
Bb Q7i2M mb2/ iQ bT22/ mT i?2 H2�`MBM; T`Q+2bbX h?2 mM/2`HvBM; T`BM+BTH2 Bb i?�i
rC Bb +QKTmi2/ QMHv 7Q` � bK�HH b�KTH2 Q7 `�M/QKHv +?Qb2M i`�BMBM; BMTmib- r?B+?
Bb `272``2/ iQ �b #�i+?X �p2`�;BM; Qp2` i?Bb b�KTH2 ;Bp2b � `2�bQM�#H2 2biBK�i2 Q7
i?2 i`m2 rC r?BH2 bB;MB}+�MiHv `2/m+BM; i?2 iBK2 `2[mB`2/ ULB2Hb2M- kyR8VX �T�`i
7`QK i?2 a:.- i?2`2 �`2 b2p2`�H KQ`2 �/p�M+2/ KQ/B}+�iBQMb iQ i?2 ;`�/B2Mi /2@
b+2Mi /2b+`B#2/ BM i?2 HBi2`�im`2- bm+? �b JQK2MimK- _JaS`QT- Q` �/�KX J�BMHv
�/�K }M/b 2ti2MbBp2 mb2 �b Bi Bb +QMbB/2`2/ 7�bi2` �M/ #2ii2` i?�M Qi?2` K2i?Q/b
UJB+?2Hm++B- kyR3VX

h?2`2 Bb QM2 T�`iB+mH�` �M�HQ;v #2ir22M K�+?BM2 H2�`MBM; �M/ bi�iBbiB+�H K2i?Q/b-
bT2+B}+�HHv #2ir22M LLb �M/ �_ KQ/2HbX �b T`2b2Mi2/ BM a2+iBQM jXkX8- �miQ`2@
;`2bbBp2 KQ/2Hb �bbmK2 � HBM2�` 7mM+iBQM Q7 T�bi p�Hm2b iQ +QM/m+i � 7Q`2+�biX h?2
b�K2 H�;;2/ p�Hm2b Q7 � iBK2 b2`B2b �`2 i?2 BMTmi iQ � LL- r?B+? +�M �TT`QtBK�i2
� MQMHBM2�` 7mM+iBQMX h?2`27Q`2- bQK2 �mi?Q`b /2b+`B#2 i?Bb �b � L2m`�H L2irQ`F
�miQ`2;`2bbBQM Q` LL�_ KQ/2H U>vM/K�M �M/ �i?�M�bQTQmHQb- kyR3VX Ai #2+QK2b
+H2�` i?�i �M LL�_ KQ/2H i�FBM; p H�;;2/ p�Hm2b �b BMTmi Bb 2[mBp�H2Mi iQ �M
ARIMA (p, 0, 0) �M/ �M AR (p) KQ/2H- `2bT2+iBp2HvX >Qr2p2`- i?2 LL@#�b2/ �T@
T`Q�+? ?�b i?2 �/p�Mi�;2 Q7 MQi ?�pBM; `2bi`B+iBQMb QM i?2 T�`�K2i2`b iQ 2Mbm`2
bi�iBQM�`Biv U>vM/K�M �M/ �i?�M�bQTQmHQb- kyR3VX

622/7Q`r�`/ L2m`�H L2irQ`Fb �`2 �TTHB2/ iQ iBK2 b2`B2b 7Q`2+�biBM; BM p�`BQmb /Q@
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K�BMbX .Q 2i �HX UkyRNV /2b+`B#2 b2p2`�H bm++2bb7mH BKTH2K2Mi�iBQMb iQ i`�{+ /�i�-
2p2M QmiT2`7Q`KBM; r2HH@2bi�#HBb?2/ K2i?Q/b bm+? �b �_AJ�X h?Bb +H2�`Hv b?Qrb
i?2 2MQ`KQmb TQi2MiB�H Q7 66LLbX

jXjX9 _2+m``2Mi L2m`�H L2irQ`Fb

�b /2b+`B#2/ BM i?2 T`2pBQmb b2+iBQM- �LLb /Q MQi ?�p2 �Mv 722/#�+F +QMM2+iBQMbX
h?Bb H2�/b iQ i?2 7�+i i?�i 2�+? BMTmi Bb T`Q+2bb2/ BM �M BbQH�i2/ K�MM2`X *QM@
b2[m2MiHv- MQ BM7Q`K�iBQM Bb 2t+?�M;2/ #2ir22M i?2 BMTmi rBM/Qrb 2p2M i?Qm;?
i?2v +QK2 7`QK i?2 b�K2 iBK2 b2`B2b U"`QrMH22- kyRdVX _2+m``2Mi L2m`�H L2irQ`Fb
U_LLbV �`2 � T`QKBbBM; �TT`Q�+? iQ Qp2`+QK2 i?Bb b?Q`i+QKBM;X

_LLb �`2 /2bB;M2/ iQ T`Q+2bb � b2[m2M+2 Q7 p�Hm2b xR- XXX- xL QM2 2H2K2Mi �i � iBK2
U:QQ/72HHQr 2i �HX- kyReVX h?2`2#v- i?2 ?B//2M mMBib K�BMi�BM � bi�i2 p2+iQ` i?�i
BKTHB+BiHv +QMi�BMb ?BbiQ`B+�H BM7Q`K�iBQM Q7 T�bi 2H2K2Mib Q7 i?2 b2[m2M+2 `2bmHiBM;
BM i?2 7�+i i?�i i?2 +m``2Mi T`2/B+iBQM ŷi MQi QMHv /2T2M/b QM i?2 +m``2Mi BMTmi xi

#mi �HbQ QM T`2pBQmb BMTmib xi@R- XXX- xi@L UG2*mM 2i �HX- kyR8VX
6B;m`2 3 pBbm�HBx2b i?2 irQ 2H2K2Mi�`v `2T`2b2Mi�iBQMb Q7 _LLbX h?2 p�`B�#H2 x

/2MQi2b i?2 BMTmi- h � ?B//2M bi�i2- �M/ ŷ i?2 QmiTmi BM #Qi? KQ/2HbX �i 2�+?
iBK2 bi2T- i?2 KQ/2H T`Q+2bb2b i?2 ?B//2M bi�i2 BM �//BiBQM iQ i?2 BMTmi iQ �M Qmi@
TmiX W ? bi�M/b 7Q` i?2 r2B;?i K�i`Bt- r?B+? +QMM2+ib i?2 ?B//2M bi�i2 7`QK irQ
+QMb2+miBp2 iBK2 bi2TbX h?2 r2B;?i K�i`B+2b W t �M/ W v +QMM2+i i?2 BMTmi iQ i?2
?B//2M bi�i2 �M/ i?2 ?B//2M bi�i2 iQ i?2 QmiTmi- `2bT2+iBp2HvX h?2 `2T`2b2Mi�iBQM QM
i?2 H27i@?�M/ T�`i Q7 6B;m`2 3 Bb `272``2/ iQ �b 7QH/2/ KQ/2H U:QQ/72HHQr 2i �HX- kyReVX

6B;m`2 3, _2+m``2Mi L2m`�H L2irQ`F 7QH/2/ �M/ mM7QH/2/ BMiQ iBK2- `2T`BMi2/ 7`QK
G2*mM 2i �HX UkyR8V

�b � iBK2 b2`B2b Bb � b2[m2MiB�H BMTmi- i?2 _LL +�M #2 mM7QH/2/ BMiQ iBK2- r?B+? i?2
`B;?i@?�M/ T�`i Q7 6B;m`2 3 /2TB+ibX h?Bb `2T`2b2Mi�iBQM BHHmbi`�i2b i?�i i?2 QmiTmi
ŷi Bb /2T2M/2Mi QM i?2 BMTmi Q7 i?2 +m``2Mi T2`BQ/ xi �M/ i?2 T`2pBQmb ?B//2M bi�i2
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hi@RX 6m`i?2`KQ`2- Bi #2+QK2b �TT�`2Mi i?�i i?2 r2B;?i K�i`B+2b �`2 b?�`2/ Qp2`
iBK2 U:QQ/72HHQr 2i �HX- kyReVX

�Hi?Qm;? i?2 i`�BMBM; T`Q+2/m`2 Q7 _LLb #mBH/b QM i?2 b�K2 i?`22 bi2Tb �b 66LLb-
i?2`2 Bb � /Bz2`2M+2 BM i?2 #�+Fr�`/ T`QT�;�iBQMX �b _LLb b?�`2 i?2B` r2B;?ib Qp2`
iBK2- #�+FT`QT�;�iBQM Bb +?�`�+i2`Bx2/ �b #�+FT`QT�;�iBQM i?`Qm;? iBK2 Uq2`#Qb-
RNNyVX >Qr2p2`- i?2 #�+FT`QT�;�iBQM i?`Qm;? iBK2 +�M #2 T`Q#H2K�iB+ �b Bi H2�/b
iQ i?2 mMbi�#H2 ;`�/B2Mi T`Q#H2K ULB2Hb2M- kyR8VX Ai +�mb2b i?2 ;`�/B2Mib iQ ;`Qr
2tTQM2MiB�HHv Q` #2+QK2 p2`v bK�HH BM p�Hm2- r?B+? Bb `272``2/ iQ �b 2tTHQ/BM; ;`�/B2Mi
�M/ p�MBb?BM; ;`�/B2Mi- `2bT2+iBp2HvX h?2 +QMb2[m2M+2b �`2 mMbi�#H2 H2�`MBM; �M/
/B{+mHiB2b BM H2�`MBM; HQM;@i2`K /2T2M/2M+B2b UG2*mM 2i �HX- kyR8c "2M;BQ 2i �HX-
RNN9VX

AMi`Q/m+2/ #v >Q+?`2Bi2` �M/ a+?KB/?m#2` URNNdV- GQM; a?Q`i@h2`K J2KQ`v L2i@
rQ`Fb UGahJbV �`2 �M �/p�M+2K2Mi iQ bi�M/�`/ _LLb �M/ �`2 /2bB;M2/ iQ Qp2`+QK2
i?2 mMbi�#H2 ;`�/B2Mi T`Q#H2KX h?2 F2v BMMQp�iBQM Q7 GahJb Bb i?2 BMi`Q/m+iBQM
Q7 � +2HH bi�i2- r?B+? 2�bBHv H2ib mM�Hi2`2/ BM7Q`K�iBQM ~Qr i?`Qm;? i?2 M2irQ`FX
h?2`27Q`2- i?2 +2HH bi�i2 `2T`2b2Mib i?2 HQM;@i2`K K2KQ`v- r?BH2 i?2 ?B//2M bi�i2 Bb
i?2 b?Q`i@i2`K K2KQ`vX h?2 GahJ +�M `2KQp2 Q` �// BM7Q`K�iBQM iQ i?2 +2HH bi�i2-
� T`Q+2bb i?�i Bb `2;mH�i2/ #v ;�i2b UPH�?- kyR8VX h?Bb bi`m+im`2 2M�#H2b i?2 GahJ
iQ TQi2MiB�HHv `2K2K#2` BM7Q`K�iBQM 7Q` �M 2ti2M/2/ iBK2 Ua�H2?BM2D�/ 2i �HX- kyR3VX
6B;m`2 N ;Bp2b �M Qp2`pB2r Q7 �M GahJ +2HHX

6B;m`2 N, GQM; a?Q`i@h2`K J2KQ`v +2HH- �/�Ti2/ 7`QK PH�? UkyR8V

GahJb +QMbBbi Q7 `2T2�iBM; +2HHb- r?B+? 7Q`K � +?�BM@HBF2 bi`m+im`2X h?2 BMTmi �i
iBK2 t Bb /2MQi2/ #v xi- i?2 ?B//2M bi�i2 �M/ +2HH bi�i2 �i iBK2 t rBi? hi �M/ ci-
`2bT2+iBp2HvX h?2 ;�i2b QTiBQM�HHv H2i BM7Q`K�iBQM i?`Qm;?X h?Bb Bb �+?B2p2/ #v i?2
bB;KQB/ M2m`�H M2i H�v2` � �M/ � TQBMirBb2 KmHiBTHB+�iBQM QT2`�iBQMX �b /2b+`B#2/
BM a2+iBQM jXjXk- i?2 bB;KQB/ 7mM+iBQM i�F2b p�Hm2b 7`QK 0 iQ 1 �M/ /2b+`B#2b i?2
2ti2Mi Q7 BM7Q`K�iBQM i?�i Bb H2i i?`Qm;? � ;�i2X h?2 +HQb2` i?2 p�Hm2 iQ 0- i?2 H2bb
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BM7Q`K�iBQM T�bb2b i?`Qm;? i?2 ;�i2 �M/ pB+2 p2`b� UPH�?- kyR8VX
h?2 GahJ mMBi ?�b i?`22 /Bz2`2Mi ;�i2b, i?2 7Q`;2i ;�i2- i?2 BMTmi ;�i2- �M/ i?2
QmiTmi ;�i2X �i }`bi- i?2 7Q`;2i ;�i2 mT/�i2b i?2 T`2pBQmb +2HH bi�i2 ci@RX h?Bb Bb
�+?B2p2/ #v +QM+�i2M�iBM; i?2 +m``2Mi BMTmi xi iQ i?2 T`2pBQmb ?B//2M bi�i2 hi@R �M/
722/BM; Bi BM i?2 bB;KQB/ M2m`�H M2i H�v2` UPH�?- kyR8VX h?2`2#v- #Qi? BMTmib +QMi�BM
b?Q`i@i2`K BM7Q`K�iBQMX A7 i?2`2 Bb � TQbBiBp2 `2H�iBQMb?BT rBi? i?2 +2HH bi�i2- i?2
GahJ rBHH F22T i?2 BM7Q`K�iBQM BM i?2 +2HH bi�i2 U:2`b 2i �HX- kyyyVX
h?2 BMTmi ;�i2 /2+B/2b r?�i M2r BM7Q`K�iBQM Bb ;QBM; iQ #2 biQ`2/ BM i?2 +2HH bi�i2X
GBF2 i?2 7Q`;2i ;�i2- Bi i�F2b i?2 +m``2Mi BMTmi xi �M/ i?2 T`2pBQmb ?B//2M bi�i2
hi@R �M/ 722/b i?2K BMiQ � bB;KQB/ H�v2` �M/ � i�M? H�v2`X h?2`2#v- i?2 i�M? H�v2`
+�M i�F2 p�Hm2b 7`QK �1 iQ 1X h?2 bB;KQB/ H�v2` /2+B/2b r?B+? p�Hm2b �`2 ;QBM;
iQ #2 mT/�i2/ r?BH2 i?2 i�M? H�v2` +`2�i2b � p2+iQ` Q7 M2r +�M/B/�i2 p�Hm2b i?�i
TQi2MiB�HHv �`2 �//2/ iQ i?2 M2r +2HH bi�i2X h?2b2 irQ +QKTQM2Mib �`2 +QM+�i2M�i2/
�M/ �//2/ iQ i?2 7Q`;2i ;�i2Ƕb QmiTmi iQ Q#i�BM i?2 M2r +2HH bi�i2 ci UPH�?- kyR8VX
6BM�HHv- i?2 QmiTmi ;�i2 /2i2`KBM2b r?�i BM7Q`K�iBQM b?�HH #2 �//2/ iQ i?2 ?B//2M
bi�i2 �M/ i?2`27Q`2 biQ`2/ BM i?2 HQM;@i2`K K2KQ`vX h?2 QmiTmi ;�i2 i�F2b i?2
mT/�i2/ +2HH bi�i2 ci- i?2 +m``2Mi BMTmi xi- �M/ i?2 T`2pBQmb ?B//2M bi�i2 hi@RX Ai
miBHBx2b � bB;KQB/ H�v2` iQ /2+B/2 r?B+? T�`ib Q7 xi �M/ hi@R �`2 +QK#BM2/ rBi? ci

i?�i r�b T`2pBQmbHv }Hi2`2/ #v i?2 i�M? H�v2`X h?2 Qmi+QK2 Q7 i?2 QmiTmi ;�i2 Bb
i?2 mT/�i2/ ?B//2M bi�i2 hi- r?B+? Bb T�bb2/ iQ i?2 M2ti iBK2 bi2T �HQM; rBi? i?2
mT/�i2/ +2HH bi�i2 ci UPH�?- kyR8VX

h?2 BKK2Mb2 TQi2MiB�H Q7 GahJb BM +�Tim`BM; HQM;@i2`K /2T2M/2M+B2b +QK2b rBi?
�M BM+`2�b2 BM +QKTmi�iBQM�H +QbiX h?2 :�i2/ _2+m``2Mi lMBi U:_lV /2b+`B#2/ #v
*?Q 2i �HX UkyR9V bBKTHB}2b i?2 GahJ �`+?Bi2+im`2 #v `2/m+BM; i?2 MmK#2` Q7 ;�i2b
�M/ mbBM; QMHv QM2 K2KQ`v `2T`2b2Mi�iBQM BMbi2�/ Q7 irQX *QMb2[m2MiHv- i?Bb K�F2b
i?2 :_l +QKTmi�iBQM�H H2bb 2tT2MbBp2 U*?Q 2i �HX- kyR9VX
6m`i?2` KQ/B}+�iBQMb iQ i`�/BiBQM�H GahJb �`2 /BH�i2/ GahJb i?�i mb2 i?2 ?B//2M
bi�i2 7`QK T`2pBQmb #mi MQi M2+2bb�`BHv H�bi bi2Tb Uo2x?M2p2ib 2i �HX- kyRdVX h?Bb
�HHQrb i?2 M2irQ`F iQ `2K2K#2` BM7Q`K�iBQM 7`QK 2�`HB2` iBK2 BMbi�M+2b �M/ `2bmHib
BM �M BKT`Qp2/ HQM;@i2`K K2KQ`v T2`7Q`K�M+2 U_2// 2i �HX- kyRNc aKvH- kykyVX
�MQi?2` KQ/B}+�iBQM �`2 GahJb rBi? T22T?QH2 +QMM2+iBQMb r?B+? �`2 /2b+`B#2/ BM
/2i�BH #v :2`b 2i �HX UkyyyVX
h?2b2 KQ/B}+�iBQMb iQ i?2 i`�/BiBQM�H GahJ ?�p2 #22M 2ti2MbBp2Hv bim/B2/ BM i?2
HBi2`�im`2X lM7Q`imM�i2Hv- �b � /2i�BH2/ �M�HvbBb Q7 :`2z 2i �HX UkyRdV b?Qrb- i?2b2
KQ/B}+�iBQMb /Q MQi �Hr�vb M2+2bb�`BHv `2bmHi BM � #2ii2` T2`7Q`K�M+2X

h?2 GahJ Bb MQi BKKmM2 iQ � +`BiB+�H +?�HH2M;2 �HH K�+?BM2 H2�`MBM; K2i?Q/b 7�+2,
i?2 �#BHBiv Q7 � KQ/2H iQ T2`7Q`K r2HH QM M2r- mMb22M BMTmib FMQrM �b ;2M2`�HBx�iBQMX
h?2`2 �`2 b2p2`�H i2+?MB[m2b iQ bmTTQ`i K�+?BM2 H2�`MBM; K2i?Q/b BM ;2M2`�HBxBM;
r2HHX h?2v �`2 +�HH2/ `2;mH�`Bx�iBQM K2i?Q/b U:QQ/72HHQr 2i �HX- kyReVX
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PM2 T�`iB+mH�` `2;mH�`Bx�iBQM K2i?Q/ Bb FMQrM �b /`QTQmiX .`QTQmi r�b T`QTQb2/ #v
a`Bp�bi�p� 2i �HX UkyR9V �b �M BM2tT2MbBp2 K2i?Q/ iQ bmTTQ`i � #2ii2` ;2M2`�HBx�iBQMX
Ai Kmi2b MQM@QmiTmi M2m`QMb rBi? � bT2+B}2/ T`Q#�#BHBiv 7Q` i?2 /m`�iBQM Q7 �M 2TQ+?
�M/ `2�+iBp�i2b i?2K �7i2`r�`/X PM i?2 /QrMbB/2- i?Bb i2+?MB[m2 `2/m+2b i?2 KQ/2HǶb
2z2+iBp2 +�T�+Biv �M/ i?2`27Q`2 `2[mB`2b �M BM+`2�b2 BM KQ/2H bBx2 U:QQ/72HHQr 2i �HX-
kyReVX

jXjX8 6m`i?2` L2m`�H L2irQ`F "�b2/ JQ/2Hb

�T�`i 7`QK i?2 T`2pBQmbHv /Bb+mbb2/ K�+?BM2 H2�`MBM; KQ/2Hb- i?2`2 ?�b #22M 2t@
i2MbBp2 `2b2�`+? BM i?2 T�bi QM 7m`i?2` KQ/2Hb i?�i �`2 #�b2/ QM M2m`�H M2irQ`FbX
.Q 2i �HX UkyRNV /2b+`B#2 BM i?2B` rQ`F b2p2`�H /Bz2`2Mi ivT2b Q7 KQ/2HbX hBK2@/2H�v
L2m`�H L2irQ`Fb Uh.LLbV �M/ *QMpQHmiBQM�H L2m`�H L2irQ`Fb U*LLbV �`2 �KQM;
i?Qb2 �M/ �`2 T`2b2Mi2/ BM i?2 7QHHQrBM; b2+iBQMX

hBK2@/2H�v L2m`�H L2irQ`Fb �`2 /2}M2/ �b 66LLb BM r?B+? /2H�v2/ BMTmib Q` bi�i2b
�`2 miBHBx2/ i?`Qm;? i?2 iBK2@b?B7iBM; �TT`Q�+?X h?Bb �HHQrb i?2 KQ/2Hb iQ +�Tim`2
i?2 i2KTQ`�H /vM�KB+b Q7 i?2 iBK2 b2`B2bX 6B;m`2 Ry BHHmbi`�i2b i?Bb iBK2@b?B7iBM;
�TT`Q�+?X h?2 M2m`QMb BM i?2 ?B//2M H�v2` `2+2Bp2 MQi QMHv i?2 +m``2Mi BMTmi xi #mi
7m`i?2`KQ`2 T`2pBQmb BMTmib bm+? �b xi@R �M/ xi@kX �T�`i 7`QK i?2 /2TB+i2/ �`+?B@
i2+im`2- Qi?2` H�v2`b Q7 i?2 KQ/2H �HbQ �HHQr 7Q` i?2b2 /2H�vb U.Q 2i �HX- kyRNVX

6B;m`2 Ry, hBK2@/2H�v L2m`�H L2irQ`F �`+?Bi2+im`2- `2T`BMi2/ 7`QK .Q 2i �HX UkyRNV

h.LLb T`QKBb2 � bBKTH2 r�v iQ `2T`2b2Mi +Q``2H�iBQMb #2ir22M T�bi �M/ T`2b2Mi
p�Hm2b BM � 722/7Q`r�`/ KQ/2HX h?2v �`2 2�bB2` iQ i`�BM +QKT�`2/ iQ i?2 _LLb
/2b+`B#2/ BM i?2 T`2pBQmb b2+iBQMX >Qr2p2`- i?2 }t2/ /2H�vb K�v MQi #2 bmBi�#H2 iQ
+�Tim`2 i2KTQ`�H /vM�KB+b i?�i +?�M;2 i?2B` #2?�pBQ` Qp2` iBK2 U.Q 2i �HX- kyRNVX
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h`�/BiBQM�HHv *QMpQHmiBQM�H L2m`�H L2irQ`Fb ?�p2 #22M bm++2bb7mHHv �TTHB2/ BM i?2
}2H/ Q7 +QKTmi2` pBbBQM �M/ BK�;2 +H�bbB}+�iBQM i�bFbX AM i?2 `2+2Mi T�bi- i?2`2
?�p2 #22M T`QKBbBM; �TTHB+�iBQMb iQ iBK2 b2`B2b- 7Q` BMbi�M+2- BM b?Q`i@i2`K i`�{+
7Q`2+�biBM; U.Q 2i �HX- kyRNVX *LLb �`2 �MQi?2` ivT2 Q7 66LLb �M/ �`2 /2bB;M2/ iQ
mb2 KBMBK�H �KQmMib Q7 T`2@T`Q+2bbBM; +QKT�`2/ iQ Qi?2` /22T �`+?Bi2+im`2b UZBm
2i �HX- kyR9VX
�T�`i 7`QK BMTmi �M/ QmiTmi H�v2`b- *LLb BM+Hm/2 ?B//2M H�v2`b bm+? �b +QMpQHmiBQM
H�v2`b- TQQHBM; H�v2`b- Q` 7mHHv +QMM2+i2/ H�v2`bX h?2 +QMpQHmiBQM H�v2` +QMpQHp2b i?2
BMTmi 72�im`2b rBi? /Bz2`2Mi F2`M2Hb Q` }Hi2`b iQ T`Q/m+2 i?2 QmiTmi 72�im`2bX �
TQQHBM; H�v2` i?2M bm#b�KTH2b i?2 BMTmi 2Bi?2` 7Q` 7m`i?2` +QMpQHmiBQM�H H�v2`b Q`
2p2Mim�HHv pB� � 7mHHv +QMM2+i2/ H�v2` iQ i?2 QmiTmi H�v2` U.Q 2i �HX- kyRNVX h?2 mb2
Q7 +QMpQHmiBQMb �M/ }Hi2`b bm;;2bib i?�i i?Bb T`BM+BTH2 +�M ?�p2 � TQbBiBp2 BM~m2M+2
QM i?2 7Q`2+�biBM; T2`7Q`K�M+2 7Q` iBK2 b2`B2bX

jXjXe ai`2M;i?b �M/ GBKBi�iBQMb Q7 J�+?BM2 G2�`MBM; J2i?Q/b

�7i2` BMi`Q/m+BM; i?2 7mM/�K2Mi�H T`BM+BTH2b �M/ +QM+2Tib Q7 K�+?BM2 H2�`MBM; K2i?@
Q/b BM i?2 T`2pBQmb b2+iBQMb- i?Bb b2+iBQM rBHH /Bb+mbb i?2B` bi`2M;i?b �M/ HBKBi�iBQMb
BM iBK2 b2`B2b 7Q`2+�biBM;X JG@#�b2/ K2i?Q/b ?�p2 T`Qp2M bm++2bb7mH QM b2p2`�H Q+@
+�bBQMb BM i?2 `2+2Mi T�biX "�M/�`� 2i �HX UkyRNV /2b+`B#2 i?2 bm++2bb7mH �TTHB+�iBQM
Q7 GQM; a?Q`i@h2`K J2KQ`v L2irQ`Fb iQ b�H2b /2K�M/ 7Q`2+�biBM; BM 2@+QKK2`+2X
AM i?2B` rQ`F- GahJb /2HBp2` +QKT2iBiBp2 `2bmHib 2p2M +QKT�`2/ iQ bi�i2@Q7@i?2@�`i
bi�iBbiB+�H K2i?Q/bX �T�`i 7`QK /2K�M/ 7Q`2+�biBM;- _LLb �M/ *LLb ?�p2 b?QrM
iQ #2 T`QKBbBM; BM bmTTHv +?�BM TH�MMBM; U"�M/�`� 2i �HX- kyRNVX �b b?QrM #v
.Q 2i �HX UkyRNV- LL@#�b2/ KQ/2Hb 7m`i?2`KQ`2 �`2 +�T�#H2 Q7 7Q`2+�biBM; ?B;?Hv
/vM�KB+ i`�{+ /�i�X >2r�K�H�;2 2i �HX UkyRNV +QM+Hm/2 i?�i _LLb +�M /B`2+iHv
KQ/2H b2�bQM�HBiv- r?B+? K�F2b /2b2�bQM�HBx�iBQM `2/mM/�MiX

h?2 K�DQ` bi`2M;i? Q7 K�+?BM2 H2�`MBM; K2i?Q/b Bb i?2B` ~2tB#H2 MQMHBM2�` KQ/2HBM;
+�T�#BHBiv �b i?2v �`2 +�T�#H2 Q7 mMBp2`b�HHv �TT`QtBK�iBM; �HKQbi �Mv 7mM+iBQMX h?2
KQ/2H Bb �/�TiBp2Hv 7Q`K2/ #�b2/ QM i?2 72�im`2b T`2b2Mi2/ 7`QK i?2 /�i� Uw?�M;-
kyyjVX h?2`2#v- JG �H;Q`Bi?Kb B/2MiB7v +QKTH2t MQMHBM2�` T�ii2`Mb �M/ 2tTHQ`2
mMbi`m+im`2/ `2H�iBQMb?BTb rBi?Qmi ?vTQi?2bBxBM; i?2K 7Q`2?�M/X >2M+2- K�+?BM2
H2�`MBM; K2i?Q/b �`2 MQi HBKBi2/ #v �bbmKTiBQMb �M/ �HHQr i?2 /�i� iQ bT2�F 7Q`
Bib2H7 UaKvH- kykyVX
ai�iBbiB+�H K2i?Q/b +QK2 rBi? i?2 /Bb�/p�Mi�;2 Q7 i`2�iBM; 2�+? iBK2 b2`B2b b2T�@
`�i2Hv �M/ 7Q`2+�bi i?2K BM �M BbQH�i2/ K�MM2`X 6Q` BMbi�M+2- BM /2K�M/ 7Q`2+�biBM;-
i?2 2z2+ib Q7 `2H�i2/ T`Q/m+ib i?�i b?Qr bBKBH�` b�H2b /2K�M/ T�ii2`Mb �`2 M2;H2+i2/
#v i?2 T`2b2Mi2/ K2i?Q/b U"�M/�`� 2i �HX- kyRNVX 1tTHQBiBM; i?Bb +`Qbb@b2`B2b BM7Q`@
K�iBQM Bb `272``2/ iQ �b +`Qbb@H2�`MBM; �M/ ;Qi BM+`2�b2/ �ii2MiBQM BM i?2 `2+2Mi T�biX
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h?2 #�bB+ T`BM+BTH2 Bb bBKBH�` iQ i?2 +QM+2Ti Q7 i`�Mb72` H2�`MBM;- r?2`2 i?2 i`�Mb72`
Q7 FMQrH2/;2 7`QK �M �H`2�/v bm++2bb7mHHv H2�`M2/ i�bF i`�Mb72``2/ iQ � M2r i�bF
�+?B2p2b �M BKT`Qp2K2Mi UhQ``2v �M/ a?�pHBF- kyRyVX *`Qbb@H2�`MBM;Ƕb mM/2`HvBM;
+QM+2Ti Bb i?�i BMbi2�/ Q7 2t+HmbBp2Hv /2p2HQTBM; QM2 KQ/2H 7Q` 2�+? iBK2 b2`B2b BM i?2
b2iiBM;- � ;HQ#�H KQ/2H Bb /2p2HQT2/ #v 2tTHQBiBM; BM7Q`K�iBQM 7`QK K�Mv iBK2 b2`B2b
bBKmHi�M2QmbHv U>2r�K�H�;2 2i �HX- kyRNVX *QMb2[m2MiHv- K�Mv b2`B2b �`2 miBHBx2/
7Q` i`�BMBM; � bBM;H2 KQ/2HX >Qr2p2`- KQ`2 2zQ`i BM i?2 T`2T`Q+2bbBM; Bb `2[mB`2/ iQ
H2�`M T`QT2`Hv �+`Qbb K�Mv iBK2 b2`B2b UaKvH- kykyVX

.�i� Bb � 7mM/�K2Mi�H +?�HH2M;2 7Q` K�+?BM2 H2�`MBM; K2i?Q/bX �b T`2b2Mi2/ BM
a2+iBQM jXjXR- iBK2 b2`B2b ?�p2 iQ #2 7`�K2/ BMiQ � bmT2`pBb2/ H2�`MBM; b2iiBM;X h?Bb
BM+`2�b2b i?2 /�i� T`2T`Q+2bbBM; `2[mB`2K2Mib �M/ `2~2+ib i?�i MQM2 Q7 i?2 TQTmH�`
JG �H;Q`Bi?Kb r2`2 +`2�i2/ 7Q` iBK2 b2`B2b 7Q`2+�biBM; UaKvH- kykyVX 6m`i?2`KQ`2-
i?2 2pB/2M+2 i?�i K�+?BM2 H2�`MBM; KQ/2Hb bi`m;;H2 iQ ;2M2`�HBx2 r2HH 7`QK bK�HH
/�i�b2ib Bb `2;�`/2/ �b � HBKBi�iBQM +QKT�`2/ iQ bi�iBbiB+�H K2i?Q/b U*2`[m2B`�
2i �HX- kyRNVX q?BH2 K�+?BM2 H2�`MBM; K2i?Q/b ?�p2 i?2 mMB[m2 bi`2M;i? iQ mMB@
p2`b�HHv �TT`QtBK�i2 �HKQbi �Mv 7mM+iBQM- i?2v ?�p2 iQ H2�`M 2�+? `2H�iBQMb?BT BM
i?2 iBK2 b2`B2b i2/BQmbHv 7`QK i?2 T`2b2Mi2/ /�i�X h?Bb 2zQ`i Bb � b?Q`i+QKBM; Qp2`
i?2 bi�iBbiB+�H K2i?Q/b- r?2`2 i?2 BM+Q`TQ`�iBQM Q7 � T`BQ`B FMQrH2/;2 bBKTHB}2b
i?2 7Q`2+�biBM; i�bFX h?mb- LL@#�b2/ KQ/2Hb M22/ H�`;2 �M/ �TT`QT`B�i2 /�i� b2ib-
2bT2+B�HHv 7Q` /22T �`+?Bi2+im`2b rBi? MmK2`Qmb H�v2`b iQ 2Mbm`2 i?2 �++m`�+v Q7 �
7Q`2+�bi U.Q 2i �HX- kyRNVX A7 i?2 +?�`�+i2`BbiB+b Q7 � iBK2 b2`B2b ?�p2 +?�M;2/ Qp2`
iBK2- 2p2M � HQM; iBK2 b2`B2b K�v MQi +QMi�BM 2MQm;? `2H2p�Mi /�i� iQ }i � +QKTH2t
KQ/2H U>2r�K�H�;2 2i �HX- kyRNVX �b /�i� �p�BH�#BHBiv Bb Q7i2M HBKBi2/ �M/ `2;`2b@
bQ`b �`2 MQi �p�BH�#H2 BM ivTB+�H iBK2 b2`B2b 7Q`2+�biBM; T`Q#H2Kb- i?2 T2`7Q`K�M+2 Q7
K�+?BM2 H2�`MBM; K2i?Q/b- i?2`27Q`2- i2M/b iQ #2 #2HQr 2tT2+i�iBQMb UJ�F`B/�FBb
2i �HX- kyR3#VX
�b 2H�#Q`�i2/ BM i?2 T`2pBQmb b2+iBQMb- LLb ?�p2 K�Mv /2bB;M T�`�K2i2`b i?�i +�M
#2 �/�Ti2/- bm+? �b i?2 +QM};m`�iBQM Q` i?2 ivT2 Q7 �+iBp�iBQM 7mM+iBQMX �HH Q7 i?2K
Kmbi #2 imM2/ iQ �+?B2p2 i?2 #2bi T2`7Q`K�M+2 7Q` � T�`iB+mH�` /�i�b2i- r?B+? +�M
`2bmHi BM ?B;? imMBM; 2zQ`i U.Q 2i �HX- kyRNVX �b �M LLǶb T2`7Q`K�M+2 /2T2M/b QM
p�`BQmb 7�+iQ`b- Bi +�M MQi #2 ;2M2`�HBx2/ i?�i /22T LLb �`2 #2ii2` i?�M QM2b rBi?
72r2` H�v2`b- K�BMHv #2+�mb2 i?2 �KQmMi Q7 `2H2p�Mi /�i� Bb Q7 bm+? +`m+B�H BKTQ`@
i�M+2X
6m`i?2`KQ`2- K�+?BM2 H2�`MBM; K2i?Q/b �`2 +`BiB+Bx2/ 7Q` i?2B` #H�+F@#Qt M�im`2-
r?B+? K�F2b i?2 2tTH�BM�#BHBiv Q7 i?2 7Q`2+�bi `2bmHib KQ`2 /B{+mHi UJ�F`B/�FBb
2i �HX- kyR3#VX ai�iBbiB+�H K2i?Q/b T`QpB/2 � KQ`2 bi`�B;?i7Q`r�`/ �M/ +QKT`2?2M@
bB#H2 T`Q+2/m`2 U>2r�K�H�;2 2i �HX- kyRNVX
6BM�HHv- K�+?BM2 H2�`MBM; K2i?Q/b �`2 +QKTmi�iBQM�HHv /2K�M/BM;- 2bT2+B�HHv +QK@
T�`2/ iQ bi�iBbiB+�H K2i?Q/b UJ�F`B/�FBb 2i �HX- kyR3#VX .Q 2i �HX UkyRNV `2TQ`i i?�i
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i?2 i`�BMBM; Q7 /22T LLb 7Q` H�`;2@b+�H2 i`�{+ M2irQ`F +�M `2[mB`2 b2p2`�H r22FbX �b
J�F`B/�FBb 2i �HX UkyR3#V bi�i2- BM Q`/2` iQ �/p�M+2 iBK2 b2`B2b 7Q`2+�biBM;- K�+?BM2
H2�`MBM; K2i?Q/b M22/ iQ #2+QK2 KQ`2 �++m`�i2- `2[mB`2 H2bb +QKTmi�iBQM�H iBK2-
�M/ #2 H2bb Q7 � #H�+F@#QtX

h?2 F2v K2bb�;2 Q7 i?Bb +?�Ti2` Bb i?�i K�+?BM2 H2�`MBM; K2i?Q/b +�M #2 mb27mH
BMbi`mK2Mib 7Q` iBK2 b2`B2b 7Q`2+�biBM;X lM7Q`imM�i2Hv- i?2v #`BM; b2p2`�H HBKBi�iBQMb
iQ i?2 i�#H2 i?�i BM?B#Bi 2t+2HH2Mi T2`7Q`K�M+2X h?2 7QHHQrBM; +?�Ti2` b22Fb iQ }M/
� bQHmiBQM iQ i?2b2 HBKBi�iBQMb �M/ �M BKT`Qp2K2Mi BM 7Q`2+�biBM; �++m`�+vX
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9 >v#`B/ J2i?Q/b 7Q` hBK2 a2`B2b 6Q`2+�biBM;

aQ 7�`- i?Bb i?2bBb /Bb+mbb2/ irQ /BbiBM+i �TT`Q�+?2b 7Q` iBK2 b2`B2b 7Q`2+�biBM;X h?2
7QHHQrBM; +?�Ti2` Bb /2pQi2/ iQ � +Q`2 iQTB+ Q7 i?Bb rQ`F- r?B+? Bb i?2 ?v#`B/ �T@
T`Q�+?X 6B`bi- �M BMi`Q/m+iBQM iQ i?2 iQTB+ Bb T`2b2Mi2/ i?�i /2}M2b i2`KBMQHQ;v �M/
TQBMib Qmi TQi2MiB�H #2M2}ibX �7i2` � HQQF �i `2H2p�Mi `2b2�`+?- Bi 2H�#Q`�i2b QM �
bm++2bb7mH 2t�KTH2 i?�i �ii`�+i2/ +QMbB/2`�#H2 �ii2MiBQMX

9XR 1bb2MiB�Hb Q7 >v#`B/ J2i?Q/b

>v#`B/ K2i?Q/b ?�p2 iQ #2 /BbiBM;mBb?2/ 7`QK 2Mb2K#H2 K2i?Q/bX 1Mb2K#H2 K2i?@
Q/b �`2 bBKTHBbiB+ +QK#BM�iBQMb Q7 7Q`2+�bibX h?2 7Q`2+�bi +QK#BM�iBQM Bb /2}M2/
#v

u =
NX

m=1

wmu (m),

r?2`2 u (m)- m = 1, ..., N - �`2 i?2 N 7Q`2+�bib iQ #2 +QK#BM2/ U�iBv�- kykyVX h?2
p�`B�#H2 wK /2MQi2b � +QK#BM�iBQM r2B;?iX h?2 mM/2`HvBM; T`BM+BTH2 Bb bBKBH�` iQ `BbF
/Bp2`bB}+�iBQM- �b i?2 +QK#BM�iBQM Q7 7Q`2+�bib +QM/m+i2/ #v b2p2`�H KQ/2Hb ?2/;2b
�;�BMbi i?2 `2bmHiBM; BM�++m`�+v U�iBv�- kykyVX 6m`i?2`KQ`2- E`Q;? �M/ o2/2Hb#v
URNN8V b?Qr i?�i 2Mb2K#HBM; b2p2`�H `2;`2bbBQM bvbi2Kb bB;MB}+�MiHv BKT`Qp2b i?2
;2M2`�HBx�iBQM Q7 �Mv `2;`2bbBQM bvbi2KX h?2 b�K2 +QM+2Ti }M/b mb2 BM Qi?2` �`2�b
bm+? �b _�M/QK 6Q`2bibX _�M/QK 6Q`2bib i�F2 i?2 QmiTmi Q7 KmHiBTH2 /2+BbBQM i`22b
�M/ +QMbQHB/�i2 i?2B` QmiTmib BMiQ � bBM;H2 QM2 U"`2BK�M- kyyR�VX

AM i?2 7Q`2+�biBM; +QMi2ti- ?v#`B/ K2i?Q/b �`2 mM/2`biQQ/ �b � bQT?BbiB+�i2/ +QK@
#BM�iBQM Q7 bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; K2i?Q/b i?�i BMi2`�+i rBi? 2�+? Qi?2`X
h?Bb +QK#BM�iBQM Bb � /Bz2`2Mi �TT`Q�+? i?�M +QMbQHB/�iBM; BbQH�i2/ 7Q`2+�bib �M/
b2T�`�i2b ?v#`B/ K2i?Q/b 7`QK i?2 2Mb2K#H2 K2i?Q/bX

�b *?�Ti2`b jXkXd �M/ jXjXe /2KQMbi`�i2/- bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; K2i?Q/b
?�p2 /BbiBM+iBp2 bi`2M;i?b BM iBK2 b2`B2b 7Q`2+�biBM;X lM7Q`imM�i2Hv- M2Bi?2` Q7 i?2b2
K2i?Q/b Bb ~�rH2bbX h�#H2 k bmKK�`Bx2b i?2 bi`2M;i?b �M/ HBKBi�iBQMb Q7 #Qi?
�TT`Q�+?2bX
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ai`2M;i?b GBKBi�iBQMb

ai�iBbiB+�H K2i?Q/b
Y aBKTHB+Biv- +QKT`2?2MbB#BHBiv
Y � T`BQ`B FMQrH2/;2
Y 1z2+iBp2M2bb rBi? HBKBi2/ /�i� �p�BH�#BHBiv

@ �bbmKTiBQM Q7 HBM2�`Biv
@ JBbbBM; +`Qbb@H2�`MBM;

J�+?BM2 H2�`MBM; K2i?Q/b
Y LQ �bbmKTiBQM Q7 HBM2�`Biv
Y lMBp2`b�H �TT`QtBK�iBQM
Y *`Qbb@H2�`MBM;

@ .�i� `2[mB`2K2Mib
@ *QKTmi�iBQM�H 2zQ`i

h�#H2 k, ai`2M;i?b �M/ HBKBi�iBQMb Q7 bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; K2i?Q/b

h?2 7mM/�K2Mi�H B/2� Q7 ?v#`B/ K2i?Q/b Bb i?�i i?2 +QK#BM�iBQM Q7 bi�iBbiB+�H �M/
K�+?BM2 H2�`MBM; K2i?Q/b +QKT2Mb�i2b 7Q` i?2 HBKBi�iBQMb Q7 QM2 �TT`Q�+? rBi? i?2
bi`2M;i?b Q7 i?2 Qi?2`X 6Q` BMbi�M+2- i?2 2z2+iBp2M2bb rBi? HBKBi2/ /�i� �p�BH�#BHBiv Q7
bi�iBbiB+�H K2i?Q/b +�M +QmMi2`�+i i?2 2ti2MbBp2 /�i� `2[mB`2K2Mib Q7 K�+?BM2 H2�`M@
BM; K2i?Q/bX �T�`i 7`QK i?�i- i?2 +QMbB/2`�iBQM Q7 � T`BQ`B FMQrH2/;2 +�M bBKTHB7v
i?2 2tT2+i2/ 7Q`2+�biBM; i�bF �M/ /2+`2�b2b i?2 +QKTmi�iBQM�H 2zQ`iX 6m`i?2`KQ`2-
?v#`B/ K2i?Q/b +�M BM+Q`TQ`�i2 +`Qbb@H2�`MBM;- � +�T�#BHBiv i?�i i?2 T`2b2Mi2/ bi�@
iBbiB+�H K2i?Q/b H�+FX 6BM�HHv- i?2 ?v#`B/ K2i?Q/b T`QpB/2 � bQHmiBQM 7Q` i?2 /BH2KK�
Q7 i?2 �bbmKTiBQM Q7 HBM2�`BivX _2�H@rQ`H/ iBK2 b2`B2b K�v #2 Tm`2Hv HBM2�`- Tm`2Hv
MQMHBM2�`- Q` Q7i2M +QMi�BM � +QK#BM�iBQM Q7 i?Qb2 irQ T�ii2`Mb US�MB;`�?B �M/ "2@
?2`�- kyRdVX �Hi?Qm;? �LLb bm++2bb7mHHv Qp2`+QK2 i?2 /`�r#�+F Q7 �_AJ� KQ/2Hb
BM MQMHBM2�` `2H�iBQMb?BTb- i?2v ?�p2 T`Q/m+2/ KBt2/ `2bmHib 7Q` Tm`2Hv HBM2�` iBK2
b2`B2bX h?mb- M2Bi?2` �_AJ� MQ` �LLb �`2 bQH2Hv bm{+B2Mi iQ KQ/2H � `2�H@rQ`H/
iBK2 b2`B2b UE?�M/2Hr�H 2i �HX- kyR8VX *QMb2[m2MiHv- ?v#`B/ K2i?Q/b T`QKBb2 iQ
+QK#BM2 i?2 #2bi Q7 #Qi? rQ`H/b iQ �/p�M+2 iBK2 b2`B2b 7Q`2+�biBM;X

>v#`B/ K2i?Q/b r2`2 bim/B2/ BMi2MbBp2Hv BM T�bi v2�`b- �M/ � bm#bi�MiB�H MmK#2` Q7
T�T2`b r2`2 Tm#HBb?2/X h?2 7QHHQrBM; b2+iBQM T`2b2Mib `2H2p�Mi `2b2�`+? #v /Bb+mbbBM;
b2H2+i2/ KQ/2Hb �M/ /2KQMbi`�i2b ?Qr i?2 KQ/2Hb `2�HBx2 i?2 ?v#`B/Bx�iBQMX

9Xk _2H2p�Mi _2b2�`+?

_2b2�`+? QM ?v#`B/ K2i?Q/b Bb MQi � MQp2Hiv- �b i?2 rQ`F #2;�M �H`2�/v �HKQbi
ir2Miv v2�`b �;QX h?2 #�bB+ B/2� r�b /2p2HQT2/ #v w?�M; UkyyjV- r?Q T`QTQb2/ �
?v#`B/Bx�iBQM Q7 �_AJ� �M/ JGSX h?2 mM/2`HvBM; T`BM+BTH2 Bb i?�i i?2 JGS H2�`Mb
i?2 /2pB�iBQM Q7 i?2 �_AJ� T`2/B+iBQM 7`QK i?2 �+im�H p�Hm2 �M/ b22Fb iQ �/Dmbi
Bi iQ Q#i�BM � KQ`2 �++m`�i2 `2bmHiX h?Bb K2i?Q/QHQ;v Bb TH�mbB#H2 #2+�mb2 � iBK2
b2`B2b Bb +QKTQb2/ Q7 � HBM2�` �miQ+Q``2H�iBQM bi`m+im`2 �M/ � MQMHBM2�` +QKTQM2Mi-
r?B+? +�M #2 /2b+`B#2/ �b 7QHHQrb Uw?�M;- kyyjV,

yt = Lt +Nt

Li i?2`2#v /2MQi2b i?2 HBM2�` +QKTQM2Mi- �M/ N i /2MQi2b i?2 MQMHBM2�` +QKTQM2MiX
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h?2 �_AJ� Bb }ii2/ iQ +�Tim`2 i?2 HBM2�` +QKTQM2Mi- bQ +QMb2[m2MiHv- i?2 `2bB/m�Hb
7`QK i?2 HBM2�` KQ/2H �++QmMi 7Q` i?2 MQMHBM2�` `2H�iBQMb?BT Uw?�M;- kyyjVX h?2
`2bB/m�Hb ei �`2 +QKTmi2/ #v bm#i`�+iBM; i?2 �_AJ� T`2/B+iBQMb L̂i 7`QK i?2 �+im�H
p�Hm2b yi Uw?�M;- kyyjV,

et = yt � L̂t

AM i?2 M2ti bi2T- i?2 JGS i�F2b i?2 T�bi `2bB/m�Hb �b BMTmi iQ H2�`M � 7mM+iBQM
f(ei@R, ei@k, ..., ei@M) i?�i +�M #2 mb2/ iQ 7Q`2+�bi i?2 `2bB/m�HbX N̂ i /2MQi2b i?Bb T`2@
/B+iBQMX 6BM�HHv- i?2 ?v#`B/ 7Q`2+�bi ŷi Bb Q#i�BM2/ #v �//BM; i?2 T`2/B+iBQMb Q7 #Qi?
KQ/2Hb Uw?�M;- kyyjV,

ŷt = L̂t + N̂t

w?�M; UkyyjV b?Qrb i?�i i?2 ?v#`B/ 7Q`2+�bi vB2H/b T`QKBbBM; `2bmHibX h?2 �T@
THB+�iBQM iQ i?`22 `2�H@rQ`H/ iBK2 b2`B2b /2HBp2`2/ +QMbB/2`�#Hv #2ii2` 7Q`2+�biBM;
�++m`�+B2b +QKT�`2/ iQ i?2 BbQH�i2/ KQ/2HbX >Qr2p2`- �b i?Bb KQ/2H /Q2b MQi /2@
THQv ;2M2`�H /B�;MQbiB+ bi�iBbiB+b 7Q` MQMHBM2�` `2H�iBQMb?BTb- Bi KB;?i biBHH MQi #2
�/2[m�i2 BM KQ/2HBM; MQMHBM2�` `2H�iBQMb?BTb �TT`QT`B�i2Hv Uw?�M;- kyyjVX

"�b2/ QM i?2b2 7QmM/�iBQMb- b2p2`�H �mi?Q`b ?�p2 T`QTQb2/ KQ/B}+�iBQMb �M/ 2t@
i2MbBQMb iQ i?Bb KQ/2HX E?�M/2Hr�H 2i �HX UkyR8V b22F iQ i�+FH2 i?2 H�+F Q7 /B�;MQb@
iB+ bi�iBbiB+b 7Q` MQMHBM2�` `2H�iBQMb?BTb #v /2THQvBM; � .Bb+`2i2 q�p2H2i h`�Mb7Q`K
U.qhV iQ i?2 �_AJ�@JGS ?v#`B/Bx�iBQMX h?2 .qh b2T�`�i2b i?2 iBK2 b2`B2b BMiQ
HBM2�` �M/ MQMHBM2�` +QKTQM2MibX h?2M- i?2 �_AJ� Bb }ii2/ iQ i?2 HBM2�` T�`i- �M/
7Q`2+�bib �`2 +QKTmi2/X �7i2` i?�i- i?2 JGS Bb }ii2/ iQ i?2 +Q``2bTQM/BM; `2bB/m�Hb
iQ;2i?2` rBi? i?2 MQMHBM2�` T�`i T`QpB/2/ #v i?2 .qhX 6BM�HHv- i?2 ?v#`B/ 7Q`2+�bi
Bb Q#i�BM2/ #v �//BM; i?2b2 irQ 7Q`2+�bib UE?�M/2Hr�H 2i �HX- kyR8VX h?2 �mi?Q`b
b?Qr i?�i i?2B` �TT`Q�+? QmiT2`7Q`Kb i?2 bi�M/�HQM2 KQ/2Hb �b r2HH �b i?2 7Q`K2`
KQ/2H #v w?�M; UkyyjVX
.QKBM;Qb 2i �HX UkyRNV �HbQ TB+F mT i?2 #�bB+ T`BM+BTH2 #mi 7Q+mb QM i?2 r�v i?2 HBM@
2�` �M/ MQMHBM2�` T`2/B+iBQMb �`2 DQBM2/X h?2`27Q`2- i?2v mb2 � /�i�@/`Bp2M �TT`Q�+?
�M/ � K�+?BM2 H2�`MBM; KQ/2H iQ ;2M2`�i2 i?2 }M�H QmiTmiX h?2 7mM/�K2Mi�H T`BM@
+BTH2 Bb iQ }M/ i?2 KQbi bmBi�#H2 7mM+iBQM- r?B+? /2b+`B#2b i?2 `2H�iBQMb?BT #2ir22M
i?2 7Q`2+�bi Q7 i?2 iBK2 b2`B2b �M/ i?2 7Q`2+�bi Q7 i?2 `2bB/m�H b2`B2bX amTTQ`i o2+iQ`
_2;`2bbBQM Uao_V- �MQi?2` bmT2`pBb2/ K2i?Q/ 7Q` MQMHBM2�` K�TTBM;b- /2HBp2`2/ i?2
KQbi T`QKBbBM; `2bmHib U.QKBM;Qb 2i �HX- kyRNVX

�MQi?2` KQ/B}+�iBQM Bb iQ +?�M;2 i?2 +QKTQM2Mib i?�i 7Q`K i?2 KQ/2HX S�MB;`�?B
�M/ "2?2`� UkyRdV �H`2�/v T`QTQb2/ � ?v#`B/Bx�iBQM Q7 2tTQM2MiB�H bKQQi?BM; �M/
JGS- #mi i?2 #`2�Fi?`Qm;? r�b � KQ/2H BMi`Q/m+2/ #v aKvH UkykyVX >Bb +QK#B@
M�iBQM Q7 2tTQM2MiB�H bKQQi?BM; �M/ GQM; a?Q`i@h2`K J2KQ`v L2irQ`Fb +�mb2/
� ;`2�i biB` �KQM; 7Q`2+�bi2`bX h?2 M2ti b2+iBQM Bb /2/B+�i2/ iQ ?Bb KQ/2H �M/
/Bb+mbb2b Bi BM /2i�BHX



9 >u"_A. J1h>P.a 6P_ hAJ1 a1_A1a 6P_1*�ahAL: jd

9Xj aH�r2F aKvHǶb >v#`B/ J2i?Q/

h?2 T`2b2Mi2/ KQ/2H r�b i?2 rBMMBM; bm#KBbbBQM iQ i?2 J9 *QKT2iBiBQM UJ�F`B@
/�FBb 2i �HX- kyR3�VX "27Q`2 /Bb+mbbBM; i?2 KQ/2H BM /2i�BH- i?Bb b2+iBQM #`B2~v /2@
b+`B#2b i?2 +QMi2bi �M/ Bib i2`Kb �M/ +QM/BiBQMbX

h?2 J9 *QKT2iBiBQM Bb � 7Q`2+�biBM; +QMi2bi �M/ 7QHHQrb QM 7`QK i?2 i?`22 T`2pBQmb
J +QKT2iBiBQMbX h?2B` Tm`TQb2 Bb iQ H2�`M 7`QK 2KTB`B+�H 2pB/2M+2 ?Qr 7Q`2+�biBM;
�++m`�+v +�M #2 BKT`Qp2/- �M/ ?Qr i?2b2 H2�`MBM;b �/p�M+2 i?2 i?2Q`v �M/ T`�+iB+2
Q7 7Q`2+�biBM; UJ�F`B/�FBb 2i �HX- kykyVX
h?2 +QKT2iBiQ`b /2p2HQT2/ �M/ bm#KBii2/ KQ/2Hb iQ 7Q`2+�bi i?2 J9 /�i�b2iX h?Bb
/�i�b2i +QMbBbib Q7 Ryy-yyy BM/BpB/m�H iBK2 b2`B2b 7`QK /Bz2`2Mi /QK�BMb- bm+? �b
KB+`Q2+QMQKB+- }M�M+B�H- Q` /2KQ;`�T?B+ #�+F;`QmM/bX �T�`i 7`QK i?�i- i?2 iBK2
b2`B2b BM i?2 /�i�b2i b?Qr /Bz2`2Mi iBK2 BMi2`p�Hb #2ir22M i?2 bm++2bbBp2 Q#b2`p�@
iBQMbX >2M+2- i?2 /�i� ?�b #Qi? ?B;?@7`2[m2M+v /�i�- HBF2 r22FHv- /�BHv- ?Qm`Hv- �M/
HQr@7`2[m2M+v /�i�- bm+? �b v2�`Hv- [m�`i2`Hv- KQMi?Hv UJ�F`B/�FBb 2i �HX- kykyVX
h�#H2 j b?Qrb i?2 /QK�BMb �M/ `2bT2+iBp2 7`2[m2M+B2b �M/ ;Bp2b �M Qp2`pB2r Q7 i?2
/Bbi`B#miBQM Q7 i?2 J9 /�i�b2iX

6`2[m2M+v JB+`Q AM/mbi`v J�+`Q 6BM�M+2 .2KQ;`�T?B+ Pi?2` hQi�H
u2�`Hv e-8j3 j-dRe j-Nyj e-8RN R-y33 R-kje kj-yyy
Zm�`i2`Hv e-yky 9-ejd 8-jR8 8-jy8 R-383 3e8 k9-yyy
JQMi?Hv Ry-Nd8 Ry-yRd Ry-yRe Ry-N3d 8-dk3 kdd 93-yyy
q22FHv RRk e 9R Re9 k9 Rk j8N
.�BHv R-9de 9kk Rkd R-88N Ry ejj 9-kkd
>Qm`Hv y y y y y 9R9 9R9
hQi�H k8-RkR R3-dN3 RN-9yk k9-8j9 3-dy3 j-9jd Ryy-yyy

h�#H2 j, LmK#2` Q7 J9 iBK2 b2`B2b T2` /�i� 7`2[m2M+v �M/ /QK�BM- `2T`BMi2/ 7`QK
J�F`B/�FBb 2i �HX UkykyV

h?2 T2`7Q`K�M+2 Q7 i?2 7Q`2+�bib Bb 2p�Hm�i2/ �++Q`/BM; iQ i?2 Pp2`�HH q2B;?i2/
�p2`�;2 UPq�V Q7 irQ �++m`�+v K2�bm`2b- J2�M �#bQHmi2 a+�H2/ 1``Q` UJ�a1V
�M/ i?2 bvKK2i`B+ J2�M �#bQHmi2 S2`+2Mi�;2 1``Q` UbJ�S1VX h?2 `2bT2+iBp2 +�H@
+mH�iBQM Bb /2b+`B#2/ BM �TT2M/Bt �XRX
h?2 `2bmHib Q7 i?2 J9 *QKT2iBiBQM b?Qr2/ bQK2 `2K�`F�#H2 `2bmHibX 6B`bi- Bi +QM@
}`K2/ i?�i 2Mb2K#H2 K2i?Q/b QmiT2`7Q`K2/ �TT`Q�+?2b `2HvBM; bQH2Hv QM bi�iBbiB+�H
Q` K�+?BM2 H2�`MBM; K2i?Q/bX 1bT2+B�HHv 2Mb2K#H2b Q7 bi�iBbiB+�H K2i?Q/b r2`2
�KQM; i?2 iQT@T2`7Q`KBM; bQHmiBQMb UJ�F`B/�FBb 2i �HX- kykyVX 6m`i?2`KQ`2- i?2 `2@
bmHib bmTTQ`i2/ i?2 ?vTQi?2bBb i?�i bi�i2@Q7@i?2@�`i K�+?BM2 H2�`MBM; K2i?Q/b /Q MQi
QmiT2`7Q`K bi�iBbiB+�H K2i?Q/bX h?2 bm#KBii2/ Tm`2 JG@#�b2/ K2i?Q/b /2HBp2`2/
� TQQ` T2`7Q`K�M+2- rBi? QMHv QM2 #2�iBM; i?2 b2�bQM�H M�Bp2 #�b2HBM2 UJ�F`B/�FBb
2i �HX- kykyVX h?2 bm`T`BbBM; rBMM2` r�b aH�r2F aKvH- r?Q T`QpB/2/ � ?v#`B/ bQ@
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HmiBQM i?�i QmiT2`7Q`K2/ �HH Qi?2` K2i?Q/b UJ�F`B/�FBb 2i �HX- kykyVX >Bb bm++2bb
/2KQMbi`�i2b i?2 2MQ`KQmb TQi2MiB�H Q7 ?v#`B/ K2i?Q/b 7Q` iBK2 b2`B2b 7Q`2+�biBM;X

AM ?Bb K2i?Q/- aH�r2F aKvH +QK#BM2b 2tTQM2MiB�H bKQQi?BM; �M/ _2+m``2Mi L2m`�H
L2irQ`Fb iQ � ?v#`B/ >q@GahJ KQ/2HX �M GahJ T`Q/m+2b � i`2M/ 7Q`2+�bi 7Q`
i?2 2tTQM2MiB�H bKQQi?BM;- r?B+? Bb � bB;?iHv KQ/B}2/ >QHi@qBMi2`bǶ J2i?Q/ UaKvH-
kykyVX

AM ;2M2`�H- i?2 K2i?Q/ Bb � ?v#`B/ �M/ ?B2`�`+?B+�H K2i?Q/X Ai Bb ?v#`B/- �b Bi DQBMb
bi�iBbiB+�H rBi? K�+?BM2 H2�`MBM; K2i?Q/bX h?2 >QHi@qBMi2`bǶ J2i?Q/ ?�M/H2b i?2
b2�bQM�HBiv Q7 i?2 iBK2 b2`B2b- r?BH2 i?2 GahJ +�`2b 7Q` i?2 MQM@HBM2�`Biv �M/ K�F2b
mb2 Q7 +`Qbb@H2�`MBM; UaKvH- kykyVX
>B2`�`+?B+�H /2b+`B#2b i?2 7�+i i?�i i?2 KQ/2H ?�b HQ+�H �M/ ;HQ#�H T�`�K2i2`bX
h?2`2#v- HQ+�H T�`�K2i2`b `2~2+i i?2 #2?�pBQ` Q7 � T�`iB+mH�` iBK2 b2`B2b- r?2`2�b
;HQ#�H T�`�K2i2`b `2H�i2 iQ � #`Q�/ b2i Q7 iBK2 b2`B2b UaKvH- kykyVX GQ+�H +QMbi�Mib
�`2- 7Q` BMbi�M+2- i?2 bKQQi?BM; +Q2{+B2Mib Q7 i?2 >q Q` i?2 BMBiB�H b2�bQM�H +QK@
TQM2MibX �T�`i 7`QK HQ+�H +QMbi�Mib- i?2`2 �`2 HQ+�H bi�i2b bm+? �b i?2 H2p2H Q`
b2�bQM�H +QKTQM2MibX h?2b2 HQ+�H bi�i2b `2~2+i i?2 #2?�pBQ` Q7 � bBM;H2 iBK2 b2`B2b-
#mi +QMi`�`v iQ HQ+�H +QMbi�Mib- +?�M;2 Qp2` iBK2X PM i?2 Qi?2` ?�M/- �M 2t�KTH2
Q7 � ;HQ#�H +QMbi�Mi Bb i?2 r2B;?ib Q7 i?2 _LL- r?B+? �`2 H2�`M2/ �+`Qbb � #`Q�/ b2i
Q7 iBK2 b2`B2b UaKvH- kykyVX

�T�`i 7`QK i?2 2tTQM2MiB�H bKQQi?BM; �M/ _2+m``2Mi L2m`�H L2irQ`F- 7m`i?2` 2H2@
K2Mib +QKTH2i2 i?2 ?v#`B/ K2i?Q/X 6B;m`2 RR pBbm�HBx2b i?2 �`+?Bi2+im`2 �M/ +QM@
i2tim�HBx2b i?2 K2i?Q/Ƕb K�BM 7Qm` +QKTQM2MibX
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6B;m`2 RR, �`+?Bi2+im`2 Q7 aH�r2F aKvHǶb ?v#`B/ >q@GahJ KQ/2H

6B`bi- i?2 /�i� TQBMib Q7 i?2 iBK2 b2`B2b �`2 72/ BMiQ i?2 +QKTQM2Mi i?�i /2THQvb i?2
>QHi@qBMi2`bǶ JmHiBTHB+�iBp2 J2i?Q/- r?2`2 2�+? iBK2 b2`B2b Bb ?�M/H2/ /Bz2`2MiHv
/2T2M/BM; QM Bib 7`2[m2M+vX h?2`2 �`2 i?`22 ivT2b Q7 KQ/2Hb, MQM@b2�bQM�H KQ/2Hb
7Q` v2�`Hv �M/ /�BHv /�i�- bBM;H2 b2�bQM�HBiv KQ/2Hb 7Q` KQMi?Hv- [m�`i2`Hv- �M/
r22FHv /�i�- �M/ /Qm#H2 b2�bQM�HBiv KQ/2Hb 7Q` ?Qm`Hv /�i� UaKvH- kykyVX h?2
+Q``2bTQM/BM; 7Q`KmH�b 7Q` 2�+? +�b2 �`2 /2}M2/ #v UaKvH- kykyV,

LQM@b2�bQM�H KQ/2H,
lt = ↵yt + (1� ↵) lt�1

aBM;H2 b2�bQM�HBiv KQ/2H,
lt = ↵

yt

st
+ (1� ↵) lt�1

st+K = �
yt

lt
+ (1� �) st
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.Qm#H2 b2�bQM�HBiv KQ/2H,

lt = ↵
yt

stut
+ (1� ↵) lt�1

st+K = �
yt

ltut
+ (1� �) st

ut+L = �
yt

ltst
+ (1� �) ut

yt Bb i?2 p�Hm2 Q7 i?2 iBK2 b2`B2b �i iBK2 t- r?2`2�b lt- st- �M/ ut �`2 i?2 H2p2H-
b2�bQM�HBiv- �M/ b2+QM/ b2�bQM�HBiv +QKTQM2Mi- `2bT2+iBp2HvX K /2MQi2b i?2 MmK#2`
Q7 Q#b2`p�iBQMb T2` b2�bQM�H T2`BQ/- 7Q` BMbi�M+2- Rk 7Q` KQMi?Hv Q` 8k 7Q` r22FHv
/�i�X 6BM�HHv- L Bb i?2 MmK#2` Q7 Q#b2`p�iBQMb T2` b2+QM/ b2�bQM�H +QKTQM2Mi BM
?Qm`Hv /�i�- Re3X 6Q` �HH KQ/2Hb �TTHB2b st- ut � 0 �M/ ↵, �, � 2 [0, 1]X h?2
bKQQi?BM; +Q2{+B2Mib �`2 }ii2/ #v a:.X h?2b2 7Q`KmH�b �HHQr 7Q` i?2 2biBK�iBQM Q7
i?2 H2p2H �M/ b2�bQM�HBiv +QKTQM2Mib 7Q` �HH TQBMib Q7 i?2 b2`B2b �M/ 7Q`K � p2+iQ`
Q7 T2`@b2`B2b T�`�K2i2`bX h?Bb p2+iQ` Bb T`Q+2bb2/ BM i?2 b2+QM/ +QKTQM2Mi UaKvH-
kykyVX

h?2 b2+QM/ +QKTQM2Mi Bb `2bTQMbB#H2 7Q` /2b2�bQM�HBx�iBQM- �/�TiBp2 MQ`K�HBx�iBQM-
�M/ b[m�b?BM;X Ai T`Q+2bb2b i?2 BMTmi rBM/Qr �M/ QmiTmi rBM/Qr p�Hm2b- r?B+? �`2
72/ iQ i?2 _LL bi�+FX hQ /Q bQ- Bi i�F2b i?2 p2+iQ` Q7 i?2 T2`@b2`B2b T�`�K2i2`b
�b BMTmiX h?2 /2b2�bQM�HBx�iBQM �M/ �/�TiBp2 MQ`K�HBx�iBQM Q7 i?2 p2+iQ`Ƕb b+�H�`
+QKTQM2Mib �`2 `2�HBx2/ #v i?2 7QHHQrBM; 7Q`KmH�b UaKvH- kykyV,

LQM@b2�bQM�H KQ/2H,
xi =

yi

lt

aBM;H2 b2�bQM�HBiv KQ/2H,
xi =

yi

ltsi

.Qm#H2 b2�bQM�HBiv KQ/2H,
xi =

yi

ltsiui

h?2`2#v yi Bb i?2 p�Hm2 Q7 i?2 iBK2 b2`B2b BM i?2 BMTmi rBM/Qr �i i?2 TQBMi i- lt

i?2 H�bi p�Hm2 Q7 i?2 H2p2H Q7 i?2 BMTmi rBM/Qr- �M/ si �M/ ui �`2 i?2 b2�bQM�HBiv
+QKTQM2Mib �i i?2 iBK2 iX
h?2 /BpBbBQM Q7 yi #v i?2 `2bT2+iBp2 b2�bQM�HBiv +QKTQM2Mib /2b2�bQM�HBx2b i?2 /�i�X
h?2`27Q`2- QMHv i?2 i`2M/ +QKTQM2Mi �M/ i?2 2``Q` `2K�BMb BM xiX "v 7m`i?2` /BpB/BM;
yi #v i?2 H�bi p�Hm2 Q7 i?2 BMTmi rBM/Qr- i?2 /�i� Bb MQ`K�HBx2/X aKvH UkykyV TQBMib
Qmi i?�i i?Bb �/�TiBp2 MQ`K�HBx�iBQM vB2H/b irQ bB;MB}+�Mi �/p�Mi�;2bX 6B`bi- Bi
Qp2`+QK2b i?2 b?Q`i+QKBM; i?�i r?2M � b2`B2b Bb ;HQ#�HHv MQ`K�HBx2/- bQK2 p�Hm2b
�`2 B;MQ`2/X 6Q` 2t�KTH2- i?2 T�`ib Q7 i?2 b2`B2b rBi? bK�HH p�Hm2b rBHH #2 M2;H2+i2/
7Q` iBK2 b2`B2b i?�i +?�M;2 K�bbBp2Hv BM p�Hm2 Qp2` i?2B` HB72bT�MX 6m`i?2`KQ`2-
BM7Q`K�iBQM QM i?2 i`2M/Ƕb bi`2M;i? Bb HQbiX 6Q` BMbi�M+2- irQ iBK2 b2`B2b Q7 i?2 b�K2
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H2M;i? �M/ bBKBH�` b?�T2b- #mi QM2 /2p2HQTBM; 7`QK Ryy iQ RRy �M/ �MQi?2` 7`QK Ryy
iQ kyy HQQF p2`v bBKBH�` �7i2` i?2 MQ`K�HBx�iBQM iQ �M [0, 1] BMi2`p�H UaKvH- kykyVX
h?2 7QHHQrBM; `mH2 /2i2`KBM2b i?2 bBx2 Q7 i?2 BMTmi rBM/Qr, 7Q` b2�bQM�H b2`B2b- Bi
b?QmH/ +Qp2` �i H2�bi QM b2�bQM�H T2`BQ/X 6Q` 2t�KTH2- BM i?2 +�b2 Q7 KQMi?Hv /�i�-
�i H2�bi Rk T�bi p�Hm2b �`2 T�`i Q7 i?2 BMTmi rBM/QrX 6Q` MQM@b2�bQM�H b2`B2b- i?2
bBx2 Q7 i?2 BMTmi rBM/Qr Bb #�b2/ QM i?2 7Q`2+�biBM; ?Q`BxQMX h?Bb `mH2 `2bmHib BM i?2
BMTmi �M/ QmiTmi p�Hm2b #2BM; +HQb2 iQ R- `2;�`/H2bb Q7 i?2 Q`B;BM�H �KTHBim/2 Q7 i?2
b2`B2b Q` Bib ?BbiQ`v UaKvH- kykyVX
h?2 �TTHB+�iBQM Q7 � b[m�b?BM; 7mM+iBQM +QKTH2i2b i?Bb b2+QM/ +QKTQM2MiX h?2
7mM+iBQM Q7 +?QB+2 Bb � HQ;�`Bi?KX h?2 HQ;�`Bi?K T`2p2Mib TQi2MiB�H QmiHB2`b 7`QK
?�pBM; �M Qp2`Hv /Bbim`#BM; 2z2+i QM H2�`MBM; UaKvH- kykyVX 6m`i?2`KQ`2- i?2 ?v#`B/
KQ/2H rBHH MQi 7Q`2+�bi �M �+im�H p�Hm2 #mi i?2 /Bz2`2M+2 #2ir22M +QMb2+miBp2 p�Hm2bX
h?mb- i?2 Qp2`�HH 7Q`KmH�b �`2 /2}M2/ �b 7QHHQrb UaKvH- kykyV,

LQM@b2�bQM�H KQ/2H,
xi = log

✓
yi

lt

◆

aBM;H2 b2�bQM�HBiv KQ/2H,
xi = log

✓
yi

ltsi

◆

.Qm#H2 b2�bQM�HBiv KQ/2H,
xi = log

✓
yi

ltsiui

◆

AM +QM+HmbBQM- i?2 p�Hm2b Q7 xi 7Q`K Xi- r?B+? Bb � p2+iQ` Q7 MQ`K�HBx2/- /2b2�bQM�H@
Bx2/- �M/ b[m�b?2/ p�Hm2bX h?Bb p2+iQ` Bb i?2 BMTmi 7Q` i?2 _LL bi�+FX

�b T`2pBQmbHv K2MiBQM2/- i?2 _LLǶb i�bF Bb iQ 7Q`2+�bi � i`2M/ i?�i Bb KQbi HBF2Hv
MQM@HBM2�` UaKvH- kykyVX h?2 _LL �`+?Bi2+im`2 Bb #mBHi mT Q7 /BH�i2/ GahJ@#�b2/
bi�+FbX �b bi�i2/ BM a2+iBQM jXjX9- /BH�i2/ GahJb 2M/2�pQ` iQ BKT`Qp2 HQM;@i2`K
K2KQ`v T2`7Q`K�M+2X h?2 bi�+Fb �`2 7QHHQr2/ #v � HBM2�` �/�Ti2` H�v2`- r?B+?
�/�Tib i?2 bBx2 Q7 i?2 bi�i2 Q7 i?2 H�bi H�v2` iQ i?2 bBx2 Q7 i?2 7Q`2+�biBM; ?Q`BxQM
UaKvH- kykyVX
h?2 bi�+Fb �`2 +QKTQb2/ Q7 b2p2`�H #HQ+FbX h?2b2 #HQ+Fb �`2 � b2[m2M+2 Q7 QM2 iQ
7Qm` H�v2`b i?�i #2HQM; iQ QM2 Q7 i?`22 ivT2b Q7 /BH�i2/ GahJbX h?2 i?`22 ivT2b
�`2 � bi�M/�`/ /BH�i2/ GahJ U*?�M; 2i �HX- kyRdV- /BH�i2/ GahJ rBi? �M �ii2MiBQM
K2+?�MBbK UZBM 2i �HX- kyRdV- �M/ � bT2+B�H `2bB/m�H /BH�i2/ GahJ UEBK 2i �HX-
kyRdVX
h�#H2 9 ;Bp2b �M Qp2`pB2r Q7 i?2 /2THQv2/ _LL �`+?Bi2+im`2 �M/ b?Qrb i?�i � /B7@
72`2Mi bi�+F Bb mb2/ 7Q` 2�+? 7`2[m2M+vX h?2 MmK#2` Q7 #`�+F2i T�B`b BM/B+�i2b i?2
MmK#2` Q7 #HQ+Fb- r?2`2�b i?2 [m�MiBiv Q7 MmK#2`b BMbB/2 i?2 #`�+F2i /2MQi2b i?2
MmK#2` Q7 BM/BpB/m�H H�v2`bX h?2 p�Hm2 Q7 i?2 `2bT2+iBp2 MmK#2`b b?Qrb i?2 /BH�iBQM
Q7 i?2 H�v2` UaKvH- kykyVX AM i?2 +�b2 Q7 [m�`i2`Hv /�i�- i?2 �`+?Bi2+im`2 UR-kV@U9-3V
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ai�M/�`/ Bb mb2/X ai�M/�`/ bi�M/b 7Q` i?2 bi�M/�`/ /BH�i2/ GahJ r?BH2 UR-kV@U9-3V
`2~2+ib irQ #HQ+FbX h?2 irQ #HQ+Fb 2�+? +QMbBbi Q7 irQ H�v2`b rBi? /BH�iBQM Q7 R �M/
k- �M/ 9 �M/ 3- `2bT2+iBp2HvX h?2 H�bi T�`i Q7 i?2 2Mi`v BM/B+�i2b r?2i?2` i?2 _LL
bi�+F �TTHB2b i?2 2Mb2K#H2 Q7 bT2+B�HBbibX h?Bb i2+?MB[m2 Bb T`2b2Mi2/ BM /2i�BH H�i2`
BM i?Bb b2+iBQMX

6`2[m2M+v �`+?Bi2+im`2

u2�`Hv UR-eV �ii2MiBp2- 2Mb2K#H2 Q7 bT2+B�HBbib
Zm�`i2`Hv UR-kV@U9-3V ai�M/�`/- bBKTH2 2Mb2K#H2
JQMi?Hv URV@UjV@UeV@URkV _2bB/m�H- bBKTH2 2Mb2K#H2
q22FHv UR-8kV �ii2MiBp2- 2Mb2K#H2 Q7 bT2+B�HBbib
.�BHv UR-jV@Ud-R9V ai�M/�`/- 2Mb2K#H2 Q7 bT2+B�HBbib
>Qm`Hv UR-9V@Uk9-Re3V ai�M/�`/- 2Mb2K#H2 Q7 bT2+B�HBbib

h�#H2 9, Pp2`pB2r Q7 i?2 _LL �`+?Bi2+im`2- �/�Ti2/ 7`QK aKvH UkykyV

h?2 /BH�iBQM BM/B+�i2b i?2 TQBMi BM iBK2 r?Qb2 ?B//2M bi�i2 Bb +QMbB/2`2/X AM i?2
+�b2 Q7 /BH�iBQM Q7 k- i?2 KQ/2H i�F2b i?2 ?B//2M bi�i2 7`QK t�2 �b BMTmi �M/ T�bb2b
Bib mT/�i2/ ?B//2M bi�i2 iQ t + 2X aKvH UkykyV +?QQb2b i?2 /BH�iBQMb +QMbBbi2Mi
rBi? i?2 b2�bQM�H T2`BQ/b Q7 i?2 7`2[m2M+v Q7 i?2 iBK2 b2`B2bX 6Q` BMbi�M+2- 7Q`
KQMi?Hv /�i�- i?2 /BH�iBQMb �`2 j- e- �M/ RkX h?2b2 /BH�iBQMb `2~2+i i?`22 TQbbB#H2
b2�bQM�HBiv T2`BQ/b, QM2 Q7 i?`22 KQMi?b- QM2 Q7 ?�H7 � v2�`- �M/ � 7mHH@v2�` b2�bQM�H
T2`BQ/X h?Bb T`Q+2/m`2 2KT?�bBx2b i?2 `2H2p�M+2 Q7 i?2 H�;;2/ p�Hm2b �M/ BMi2M/b iQ
#2ii2` bmTTQ`i i?2 _LL BM H2�`MBM; i?2 b2�bQM�H 2z2+ibX *QMb2[m2MiHv- Bi +`2�i2b �M
�`iB}+B�H r2B;?i2/ �p2`�;2 bi�i2 i?�i �HHQrb i?2 _LL iQ 7Q+mb QM � T�`iB+mH�` ;`QmT
Q7 T�bi bi�i2b /vM�KB+�HHv UaKvH- kykyVX
6B;m`2 Rk b?Qrb 2t2KTH�`BHv i?2 bi`m+im`2 Q7 i?2 _LL bi�+F- r?B+? Bb mb2/ 7Q`
i?2 [m�`i2`Hv iBK2 b2`B2bX h?2 bQHB/ ;`2v #Qt 2M+HQb2b QM2 bi�+F- r?BH2 i?2 /�b?2/
;`2v #Qt `2T`2b2Mib i?2 `2bT2+iBp2 #HQ+FbX h?2 b?Q`i+mi #2ir22M i?2 irQ #HQ+Fb
Bb � _2bM2i@bivH2 b?Q`i+mi �M/ �//b QM2 #HQ+FǶb QmiTmi iQ i?2 M2ti UaKvH- kykyVX
�//BiBQM�HHv- �M �Hi2`M�iBp2 `2T`2b2Mi�iBQM Q7 i?Bb _LL bi�+F Bb ;Bp2M BM �TT2M/Bt
�XkX
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6B;m`2 Rk, .BH�i2/ GahJ bi�+F, UR-kV@U9-3V ai�M/�`/ 7Q` [m�`i2`Hv iBK2 b2`B2b-
�/�Ti2/ 7`QK aKvH UkykyV

h?2`2 Bb QM2 H�bi i2+?MB[m2 aKvH UkykyV �TTHB2b BM i?2 _LL bi�+F, �M 2Mb2K#H2 Q7
bT2+B�HBbibX h?Bb i2+?MB[m2 r�b T`2b2Mi2/ � 72r v2�`b 2�`HB2` UaKvH- kyRdV �M/ Bb T�`i
Q7 ?Bb rBMMBM; bm#KBbbBQM iQ i?2 J9 *QKT2iBiBQMX
h?2 �mi?Q` bi�i2b i?�i r?2M � /�i�b2i +QMi�BMb � H�`;2 MmK#2` Q7 iBK2 b2`B2b 7`QK
mMFMQrM bQm`+2b- r?B+? Bb i?2 +�b2 BM i?2 J9 *QKT2iBiBQM- i?2 b2`B2b +�M #2 ;`QmT2/
BMiQ bm#b2ibX *QMb2[m2MiHv- BM/BpB/m�H KQ/2Hb +�M #2 �TTHB2/ iQ i?2b2 bm#b2ib- BM@
bi2�/ Q7 mbBM; � bBM;H2 KQ/2H 7Q` i?2 r?QH2 /�i�b2i- r?B+? H2�/b iQ BKT`Qp2/ Qp2`�HH
7Q`2+�biBM; �++m`�+v UaKvH- kykyVX qBi? i?Bb +QMi2ti BM KBM/- i?2 7mM/�K2Mi�H B/2�
Q7 i?2 2Mb2K#H2 Q7 bT2+B�HBbib Bb iQ i`�BM b2p2`�H KQ/2Hb +QM+m``2MiHv �M/ 7Q`+2 i?2K
iQ bT2+B�HBx2 BM � bm#b2i Q7 i?2 b2`B2b UaKvH- kykyVX
hQ /2THQv �M 2Mb2K#H2 Q7 bT2+B�HBbib- M KQ/2Hb �`2 +`2�i2/ }`bi- �M/ � bm#b2i Q7
i?2 /�i�b2i U2X;X- ?�H7 Q7 BiV Bb `�M/QKHv �HHQ+�i2/ iQ 2�+? KQ/2HX � bBM;H2 i`�BM@
BM; Bb i?2M 2t2+mi2/ QM i?2 �HHQ+�i2/ /�i�b2i- �M/ i?2 BM@b�KTH2 T2`7Q`K�M+2 Q7
2�+? KQ/2H Bb `2+Q`/2/X AM i?2 M2ti bi2T- i?2 KQ/2Hb �`2 `�MF2/ BM i2`Kb Q7 i?2B`
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T2`7Q`K�M+2 7Q` 2�+? b2`B2b BM i?2 /�i�b2iX 6BM�HHv- 2�+? iBK2 b2`B2b Bb �HHQ+�i2/ iQ
i?2 iQT #2bi N KQ/2HbX h?Bb T`Q+2/m`2 +QMiBMm2b mMiBH i?2 2``Q` QM i?2 p�HB/�iBQM
b2i Bb BM+`2�bBM;X h?2 }M�H 7Q`2+�bi 7Q` � T�`iB+mH�` iBK2 b2`B2b Bb +�H+mH�i2/ #v i?2
�p2`�;2 Q7 i?2 7Q`2+�bib +QM/m+i2/ #v i?2 iQT N KQ/2Hb UaKvH- kykyVX h?2`27Q`2-
i?Bb i2+?MB[m2 Q7 +Hmbi2`BM; i?2 iBK2 b2`B2b BM i?2 /�i�b2i �M/ K�TTBM; i?2K iQ i?2
#2bi T2`7Q`KBM; KQ/2Hb Bb �M mMbmT2`pBb2/ H2�`MBM; i�bFX
�b h�#H2 9 b?Qrb- i?2 K2i?Q/ /Q2b MQi �TTHv i?2 2Mb2K#H2 Q7 bT2+B�HBbib 7Q` 2p@
2`v 7`2[m2M+v /m2 iQ +QKTmi�iBQM�H `2�bQMbX 6Q` KQMi?Hv �M/ [m�`i2`Hv /�i�- i?2
K2i?Q/ �TTHB2b � bBKTH2 2Mb2K#H2 UaKvH- kykyVX Aib mM/2`HvBM; T`BM+BTH2 Bb #QQi@
bi`�T �;;`2;�iBM; Q` b?Q`iHv i2`K2/ #�;;BM;X "�;;BM; KB;?i MQi #2 �b bQT?BbiB+�i2/
�b i?2 2Mb2K#H2 Q7 bT2+B�HBbib #mi Bb biBHH �/2[m�i2 iQ BKT`Qp2 7Q`2+�biBM; �++m`�+v
U"`2BK�M- RNNeVX

6BM�HHv- i?2 K2i?Q/Ƕb H�bi +QKTQM2Mi T2`7Q`Kb i?2 `2p2`b2 i`�Mb7Q`K�iBQM- r?B+?
BM+Hm/2b `2b2�bQM�HBx�iBQM �M/ /2MQ`K�HBx�iBQM �M/ Q#i�BMb i?2 �+im�H 7Q`2+�biX h?2
7QHHQrBM; 7Q`KmH�b `2p2`b2 i`�Mb7Q`K i?2 i`2M/ 7Q`2+�bi 7`QK i?2 _LL bi�+F `2bT2+@
iBp2 i?2 7`2[m2M+v Q7 iBK2 b2`B2b UaKvH- kykyV,

LQM@b2�bQM�H KQ/2H,
ŷt+1..t+h = exp (NN (x)⇥ lt)

aBM;H2 b2�bQM�HBiv KQ/2H,

ŷt+1..t+h = exp (NN (x)⇥ lt ⇥ st+1..t+h)

.Qm#H2 b2�bQM�HBiv KQ/2H,

ŷt+1..t+h = exp (NN (x)⇥ lt ⇥ st+1..t+h ⇥ ut+1..t+h)

NN (x) /2MQi2b i?2 QmiTmi p2+iQ` Q7 i?2 _LL bi�+F- r?2`2�b h Bb i?2 7Q`2+�biBM;
?Q`BxQM �M/ lt i?2 H�bi p�Hm2 Q7 i?2 BMTmi rBM/QrX h?2 2tTQM2MiB�H 7mM+iBQM `2p2`b2
i`�Mb7Q`Kb i?2 b[m�b?BM;X

aH�r2F aKvHǶb ?v#`B/ >q@GahJ K2i?Q/ +�mb2/ � b2Mb�iBQM #v rBMMBM; i?2 J9
*QKT2iBiBQM- �M/ bQK2 `2b2�`+?2`b �`2 +QM}/2Mi i?�i ?v#`B/ K2i?Q/b ?�p2 � ;`2�i
7mim`2 UJ�F`B/�FBb 2i �HX- kyR3�VX �7i2` T`2b2MiBM; i?2 K2i?Q/ BM /2i�BH- i?2 +Q`2
[m2biBQM i?�i `2K�BMb mM�Mbr2`2/ Bb r?v Bi rQ`Fb bQ r2HHX h?2 K2i?Q/ �TTHB2b
bQT?BbiB+�i2/ /22T H2�`MBM; i2+?MB[m2b- #mi i?2 >QHi@qBMi2`bǶ J2i?Q/ �++QmMib 7Q`
� bB;MB}+�Mi T�`i Q7 i?2 rQ`FX � TQbbB#H2 ?vTQi?2bBb Bb i?�i i?2 >q bmTTQ`ib i?2
GahJ iQ TH�v Bib bi`2M;i?b KQ`2 2z2+iBp2HvX h?2 T`2b2Mi2/ bi`2M;i?b Q7 K�+?BM2
H2�`MBM; K2i?Q/b- 2bT2+B�HHv +`Qbb@H2�`MBM; �M/ MQMHBM2�`Biv- `2bmHi BM �M 2t+2HH2Mi
KQ/2HBM; TQr2`X >Qr2p2`- i?Bb KQ/2HBM; TQr2` +QK2b �i i?2 +Qbi Q7 `2[mB`BM; �TT`Q@
T`B�i2 /�i�X h?2 >q +QmH/ `2/m+2 i?2 i`�BMBM; 2zQ`i #v i�FBM; Qmi i?2 b2�bQM�HBiv
�M/ H2�pBM; i?2 GahJ � KQ`2 bi`�B;?i7Q`r�`/ i�bF- r?2`2 i?2 /�i� `2[mB`2K2Mib �`2
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KBiB;�i2/X AM �//BiBQM iQ i?2 `2b2�`+? [m2biBQM- i?2 7QHHQrBM; 2tT2`BK2Mi�H /2bB;M
b22Fb iQ }M/ 2pB/2M+2 iQ bmTTQ`i i?Bb ?vTQi?2bBb �M/ �BKb iQ 2p�Hm�i2 i?2 KQ/2HǶb
bmT2`BQ` T2`7Q`K�M+2 BM i?2 J9 *QKT2iBiBQM BM �MQi?2` b2iiBM;X
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8 1tT2`BK2Mi�H a2imT

h?2 7QHHQrBM; +?�Ti2` /2b+`B#2b i?2 /2bB;M Q7 i?2 2tT2`BK2Mi�H b2imTX Ai bi�`ib #v
2t?B#BiBM; i?2 Qp2`�HH T`Q+2bb �M/ i?2M T`2b2Mib i?2 +QMbB/2`2/ iBK2 b2`B2b rBi? i?2B`
/BbiBM;mBb?BM; +?�`�+i2`BbiB+bX 6m`i?2`KQ`2- Bi 2H�#Q`�i2b QM i?2 miBHBx2/ K2i?Q/b
�M/ �++m`�+v K2�bm`2bX h?Bb +?�Ti2` +HQb2b rBi? /2i�BHb QM i?2 2tT2`BK2MiǶb BKTH2@
K2Mi�iBQMX

8XR *Qm`b2 Q7 AMp2biB;�iBQM

h?2 2tT2`BK2MiǶb Q#D2+iBp2 Bb iQ +QMbB/2` p�`BQmb iBK2 b2`B2b rBi? /Bz2`2Mi +?�`�+i2`@
BbiB+b BM Q`/2` iQ BMp2biB;�i2 i?2 BM~m2M+2 Q7 i?2b2 +?�`�+i2`BbiB+b QM i?2 T2`7Q`K�M+2
Q7 i?2 7Q`2+�biBM; K2i?Q/X h?2 BMp2biB;�iBQM Bb /BpB/2/ BMiQ i?`22 bi2Tb- r?B+? 6B;@
m`2 Rj /BbTH�vbX h?2 }`bi bi2T Bb iQ B/2MiB7v b2p2`�H iBK2 b2`B2b rBi? /BbiBM;mBb?BM;
+?�`�+i2`BbiB+b �M/ }M/ K2�MBM;7mH +Hmbi2`bX h?2M- BM/BpB/m�H 7Q`2+�bib �`2 +QM@
/m+i2/ �TTHvBM; /Bz2`2Mi K2i?Q/bX �T�`i 7`QK bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM;
�TT`Q�+?2b- i?2 ?v#`B/ >q@GahJ K2i?Q/ Bb mb2/X 6BM�HHv- i?2 7Q`2+�bib �`2 2p�H@
m�i2/ rBi? `2H2p�Mi 2``Q` K2i`B+b iQ �bb2bb i?2B` T2`7Q`K�M+2 QM i?2 /Bz2`2Mi iBK2
b2`B2bX

6B;m`2 Rj, *Qm`b2 Q7 BMp2biB;�iBQM

h?2 ;Q�H Q7 i?Bb +Qm`b2 Q7 i?2 BMp2biB;�iBQM Bb iQ 2p�Hm�i2 i?2 T`2b2Mi2/ bi`2M;i?b
�M/ HBKBi�iBQMb Q7 #Qi? bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; K2i?Q/bX 6m`i?2`KQ`2-
Bi 2M�#H2b i?2 p�HB/�iBQM Q7 i?2 Qmibi�M/BM; T2`7Q`K�M+2 Q7 i?2 ?v#`B/ >q@GahJ
K2i?Q/ BM �MQi?2` b2iiBM; �M/ �HHQrb 7Q` i?2 +QM+HmbBQM Q7 i?2 `2b2�`+? [m2biBQMX
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8Xk A/2MiB}+�iBQM �M/ *Hmbi2`BM; Q7 hBK2 a2`B2b

h?Bb b2+iBQM /2b+`B#2b i?2 B/2MiB}+�iBQM Q7 `2H2p�Mi /�i�b2ib �M/ i?2 +Hmbi2`BM;X �b
i?2 iBK2 b2`B2b 2t?B#Bi /Bz2`2Mi +?�`�+i2`BbiB+b- � /2i�BH2/ �M�HvbBb Q7 2�+? Bb M2+2b@
b�`v iQ mM/2`bi�M/ i?2 2tT2`BK2MiǶb BMTmi i?Q`Qm;?HvX
h?2 +QMbB/2`2/ mMBp�`B�i2 iBK2 b2`B2b �`2 `2+Q;MBx2/ BM i?2 HBi2`�im`2 �M/ Q#i�BM2/
7`QK 7`22Hv �p�BH�#H2 bQm`+2bX h?Bb b2+iBQM �M�Hvx2b i?2 iBK2 b2`B2b `2;�`/BM; i?2
7QHHQrBM; +?�`�+i2`BbiB+b, bi�iBQM�`Biv- ?QKQ;2M2Biv Q7 p�`B�M+2- i`2M/- b2�bQM�HBiv
�M/ +v+H2- �M/ i?2 MmK#2` Q7 Q#b2`p�iBQMbX

hQ �M�Hvx2 i?2 bi�iBQM�`Biv Q7 i?2 2HB;B#H2 iBK2 b2`B2b- i?2 �m;K2Mi2/ .B+F2v@6mHH2`
h2bi U�.6V Bb mb2/X �b b2i Qmi BM a2+iBQM jXRXR- Bi i2bib �;�BMbi i?2 MmHH ?vTQi?2bBb
Q7 i?2 T`2b2M+2 Q7 � mMBi `QQi BM i?2 /�i�X AM i?2 }`bi `mM- i?2 �.6 BMp2biB;�i2b
r?2i?2` i?2 iBK2 b2`B2b Bb bi�iBQM�`vX q?2M i?2 `2bmHi b?Qrb MQMbi�iBQM�`Biv- i?2
iBK2 b2`B2b Bb /Bz2`2M+2/- �M/ i?2 �.6 Bb �TTHB2/ �M2r iQ /Bb+Qp2` B7 i?2 iBK2 b2`B2b
Bb i`2M/ bi�iBQM�`vX A7 i?2 b2+QM/ �.6 `2p2�Hb i?2 T`2b2M+2 Q7 � mMBi `QQi- i?2 iBK2
b2`B2b Bb +QMbB/2`2/ MQi bi�iBQM�`vX lbBM; /Bz2`2M+BM; BMbi2�/ Q7 /2i`2M/BM; ?�b i?2
�/p�Mi�;2 i?�i MQ T�`�K2i2`b M22/ iQ #2 2biBK�i2/ BM i?�i QT2`�iBQM �M/ Bb `2�bQM@
�#H2 iQ +Q2`+2 i?2 /�i� iQ #2 bi�iBQM�`v Ua?mKr�v �M/ aiQz2`- kyRdVX
h?2 G2p2M2Ƕb h2bi 7Q` 2[m�H p�`B�M+2b `2p2�Hb B7 � iBK2 b2`B2b Bb ?QKQb+2/�biB+ Q`
?2i2`Qb+2/�biB+X �b i?2 i2bi +QKT�`2b bm#b2ib Q7 � iBK2 b2`B2b BM i2`Kb Q7 i?2B` /Bb@
im`#�M+2 i2`KǶb p�`B�M+2- i?2 #`2�F/QrM BMiQ i?2 `2bT2+iBp2 bm#b2ib BM~m2M+2b i?2
i2bi `2bmHiX h?2`27Q`2- i?2 iBK2 b2`B2b Bb bTHBi BMiQ irQ- i?`22- 7Qm`- }p2- �M/ i2M
bm#b2ib- �M/ i?2 `2bmHib Q7 2�+? i2bi �`2 +QMbQHB/�i2/X
h?2 2tT2`BK2Mi T2`7Q`Kb � /2+QKTQbBiBQM �M/ 2t�KBM2b i?2 iBK2 b2`B2b BM i2`Kb Q7
i`2M/- b2�bQM�HBiv �M/ +v+H2- �M/ `2bB/m�HbX �b i?2 �TTHB+�#BHBiv Q7 i?2 /2+QKTQbBiBQM
K2i?Q/b /2T2M/b QM r?2i?2` � KmHiBTHB+�iBp2 `2H�iBQMb?BT mM/2`HB2b � iBK2 b2`B2b-
irQ �TT`Q�+?2b �`2 T`�+iB+2/X q?2M2p2` i?2 a2�bQM�H �M/ h`2M/ .2+QKTQbBiBQM
mbBM; GQ2bb UahG /2+QKTQbBiBQMV Bb �TTHB+�#H2- Bi Bb i?2 K2i?Q/ Q7 +?QB+2X >Qr2p2`-
r?2M � iBK2 b2`B2b +H2�`Hv b?Qrb KmHiBTHB+�iBp2 #2?�pBQ`- i?2 ahG /2+QKTQbBiBQM
+�M MQi #2 �TTHB2/- �M/ � +H�bbB+�H /2+QKTQbBiBQM Bb 2t2+mi2/X �T�`i 7`QK i?2 /2@
+QKTQbBiBQM- i?2 �miQ+Q``2H�iBQM Q7 � iBK2 b2`B2b Bb �M�Hvx2/ pB� i?2 �miQ+Q``2H�iBQM
6mM+iBQM U�*6VX h?2 �*6 pBbm�HBx2b i?2 �miQ+Q``2H�iBQM �M/ T`QpB/2b BM7Q`K�iBQM
QM i?2 +Q``2H�iBQM #2ir22M T�`iB+mH�` H�;;2/ p�Hm2bX

AM iQi�H- MBM2 `2�H@rQ`H/ iBK2 b2`B2b �`2 B/2MiB}2/ �b bmBi�#H2 �M/ +QMbB/2`2/ BM i?2
2tT2`BK2MiX h?2 7QHHQrBM; T�`�;`�T?b BMi`Q/m+2 i?2b2 iBK2 b2`B2b BM /2i�BH �M/
b?Qr i?2 `2bmHib Q7 i?2 +QM/m+i2/ i2bibX 6Q` i?2 #2ii2` `2�/�#BHBiv Q7 i?Bb b2+iBQM-
i?2 BHHmbi`�iBQMb Q7 i?2 /2+QKTQbBiBQM �`2 HQ+�i2/ BM �TT2M/Bt �Xj �M/ i?2 �*6
THQib BM �TT2M/Bt �X9X 6m`i?2` /2i�BHb QM i?2 `2bmHib Q7 i?2 �.6 �M/ i?2 G2p2M2@
h2bi- �b r2HH �b i?2 }`bi@Q`/2` /Bz2`2M+2- �`2 BM+Hm/2/ BM �TT2M/Bt �X8- �TT2M/Bt



8 1sS1_AJ1Lh�G a1hlS 93

�Xe- �M/ �TT2M/Bt �Xd- `2bT2+iBp2HvX

h?2 �B`HBM2 S�bb2M;2`b /�i�b2i /2b+`B#2b KQMi?Hv T�bb2M;2`b QM �M �B`HBM2 �M/ +QM@
bBbib Q7 R99 Q#b2`p�iBQMbX h?2 �.6 BM/B+�i2b +H2�`Hv i?�i i?2 iBK2 b2`B2b /Q2b MQi
7QHHQr � bi�iBQM�`v T`Q+2bbX 6m`i?2`KQ`2- i?2 G2p2M2@h2bi b?Qrb ?2i2`Qb+2/�biB+BivX
�b 6B;m`2 R9 /2TB+ib- i?2 �KTHBim/2b BM+`2�b2 Qp2` iBK2- r?B+? bm;;2bib � KmHiBTHB+�@
iBp2 `2H�iBQMb?BTX h?2`27Q`2- � KmHiBTHB+�iBp2 +H�bbB+�H /2+QKTQbBiBQM Bb T2`7Q`K2/X
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bm#b�KTH2b H2�/b iQ i?2 7�+i i?�i i?2 p�`B�M+2 ?�b iQ #2 2[m�H 7Q` KQ`2 bm#b2ib +QM@
+m``2MiHv- Bib `2bmHi iBTb i?2 b+�H2b �M/- i?2`27Q`2- _QbbK�MM aiQ`2 a�H2b Bb `2;�`/2/
�b ?2i2`Qb+2/�biB+X 6B;m`2 ky `2p2�Hb irQ T2�Fb BM i?2 /�i� i?�i `2~2+i i?2 *?`Bbi@
K�b #mbBM2bbX �b i?2 iBK2 b2`B2b Bb HBF2Hv iQ mM/2`HB2 b2p2`�H BM~m2M+BM; 7�+iQ`b- i?2
ahG /2+QKTQbBiBQM ?�b /B{+mHiB2b ;BpBM; � T`2+Bb2 TB+im`2 Q7 i`2M/ �M/ b2�bQM�HBivX
AM i2`Kb Q7 `2bB/m�Hb- ?Qr2p2`- Bi BM/B+�i2b � MQBbv #2?�pBQ`X 6Q` i?Bb iBK2 b2`B2b- Bi
Bb rQ`i?r?BH2 iQ �M�Hvx2 irQ �*6 pBbm�HBx�iBQMb iQ +QMbB/2` b?Q`i@i2`K �M/ HQM;@
i2`K `2H�iBQMb?BTbX �Hi?Qm;?- i?2b2 �M�Hvb2b ?�p2 iQ #22M b22M BM i?2 HB;?i Q7 i?2
`2KQp2/ p�Hm2bX h?2 `2KQp2/ p�Hm2b +�mb2 i?2 �+im�H T2`BQ/b iQ �TT2�` b?Q`i2` BM
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i?2 ;`�T?B+ i?�M BM `2�HBivX h?mb 7Q` i?2 HQM;@i2`K �*6- i?2 TQbBiBp2 +Q``2H�iBQM
Q7 � T�`iB+mH�` p�Hm2 rBi? p�Hm2b �`QmM/ i?`22 ?mM/`2/ /�vb �;Q BM/B+�i2b � v2�`Hv
b2�bQM�HBivX h?2 �*6 7Q` b?Q`i@i2`K `2H�iBQMb?BTb `2p2�Hb 7m`i?2` bB;MB}+�Mi TQbBiBp2
+Q``2H�iBQMbX �HH BM �HH- i?Bb bm;;2bib KmHiBTH2 Qp2`H�vBM; b2�bQM�HBiB2b �M/ T`2b2Mib
� /B{+mHi i�bF 7Q` i?2 7Q`2+�biBM; K2i?Q/bX
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h?2 amMbTQi /�i�b2i /2b+`B#2b i?2 �MMm�H �+iBpBiv Q7 bTQib pBbB#H2 QM i?2 bmM �M/ Bb
Q7 T`�+iB+�H BKTQ`i�M+2 iQ ;2QT?vbB+Bbib- 2MpB`QMK2Mi�H b+B2MiBbib- �M/ +HBK�iQHQ;Bbib
U>BT2H �M/ J+G2Q/- RNN9VX 6B;m`2 kR /BbTH�vb i?2 k3N Q#b2`p�iBQMb i?�i `�M;2 7`QK
Rdyy iQ RN33X h?2 /�i� Bb `2;�`/2/ �b MQMHBM2�` BM i?2 HBi2`�im`2 �M/ mb2/ iQ
2p�Hm�i2 i?2 2z2+iBp2M2bb Q7 MQMHBM2�` KQ/2Hb Uw?�M;- kyyjVX q?BH2 i?2 iBK2 b2`B2b
Bb ?2i2`Qb+2/�biB+- i?2 �.6 QM i?2 }`bi@Q`/2` /Bz2`2M+2 2t?B#Bib i`2M/ bi�iBQM�`BivX
>Qr2p2`- �*6 BM/B+�i2b � +v+H2 Q7 �TT`QtBK�i2Hv RR v2�`bX aBKBH�` iQ AM/mbi`B�H
S`Q/m+iBQM- i?Bb /Q2b MQi +QMi`�/B+i i?2 i`2M/ bi�iBQM�`v T`Q+2bb Q7 i?2 iBK2 b2`B2bX
AM i2`Kb Q7 MQBb2- i?2 ahG /2+QKTQbBiBQM `2p2�Hb � KQ/2`�i2 H2p2H Q7 MQBb2 BM i?2
/�i�X h?2 iBK2 b2`B2b Bb #`Q�/Hv mb2/ BM i?2 HBi2`�im`2 �M/ r�b Q#i�BM2/ 7`QK :Bi>m#
U:Bi>m#- M/#VX
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h?2 T`2b2Mi2/ �M�HvbBb Q7 i?2 MBM2 iBK2 b2`B2b bm;;2bib i?2 /BpBbBQM BMiQ i?`22 +Hmb@
i2`b, bi�iBQM�`v- i`2M/ bi�iBQM�`v- �M/ MQMbi�iBQM�`v iBK2 b2`B2bX h�#H2 8 b?Qrb i?2
+H�bbB}+�iBQM �M/ `2pB2rb i?2 +?�`�+i2`BbiB+b Q7 i?2 iBK2 b2`B2b 2H�#Q`�i2/ BM i?Bb
b2+iBQMX

*Hmbi2` hBK2 b2`B2b 6`2[m2M+v G2M;i? >QKQ;2M2Biv
Q7 p�`B�M+2

h`2M/ a2�bQM�HBivf
*v+HB+Biv

_2bB/m�Hb

ai�iBQM�`v AM/mbi`B�H S`Q/m+iBQM JQMi?Hv 39 >QKQb+2/�biB+ LQM2 *v+H2b Q7
�TT`QtX e KQMi?b

JBMBK�H
MQBb2

h`2M/ bi�iBQM�`v
:"S la. .�BHv
1t+?�M;2 _�i2

.�BHv 8Ndd >2i2`Qb+2/�biB+ LQM2 LQM2 JBMBK�H
MQBb2

amMbTQi u2�`Hv k3N >2i2`Qb+2/�biB+ LQM2 *v+H2b Q7
�TT`QtX RR v2�`b

JQ/2`�i2
MQBb2

LQMbi�iBQM�`v

�B`HBM2 S�bb2M;2`b JQMi?Hv R99 >2i2`Qb+2/�biB+ SQbBiBp2-
�HKQbi HBM2�`

u2�`Hv
b2�bQM�HBiv

JBMBK�H
MQBb2

*�M�/B�M GvMt u2�`Hv RRk >QKQb+2/�biB+ LQM2 *v+H2b Q7
�TT`QtX Ry v2�`b

aBM;H2
QmiHB2`b

.�BHv JBMBKmK
h2KT2`�im`2b J2H#Qm`M2

.�BHv je8y >2i2`Qb+2/�biB+ LQM2 u2�`Hv
b2�bQM�HBiv

JQ/2`�i2
MQBb2

.�BHv hQi�H 62K�H2
"B`i?b *�HB7Q`MB�

.�BHv je8 >QKQb+2/�biB+ LQM2 q22FHv
b2�bQM�HBiv

ai`QM;
MQBb2

_QbbK�MM aiQ`2 a�H2b .�BHv 3y3 >2i2`Qb+2/�biB+ LQM2 JmHiBTH2
b2�bQM�HBiB2b

JQ/2`�i2
MQBb2

_�M/QK q�HF .�BHv Ryyy

h�#H2 8, A/2MiB}2/ �M/ +Hmbi2`2/ iBK2 b2`B2b

8Xj 6Q`2+�biBM; J2i?Q/b

h?Bb b2+iBQM /2b+`B#2b i?2 7Q`2+�biBM; K2i?Q/b- r?B+? �`2 i?2 +Q`2 Q7 i?2 2tT2`B@
K2MiX h?2 2tT2`BK2Mi i?2`2#v BM+Hm/2b bi�iBbiB+�H- K�+?BM2 H2�`MBM;- �M/ ?v#`B/
�TT`Q�+?2b �b r2HH �b #�b2HBM2 K2i?Q/bX h�#H2 e ;Bp2b �M Qp2`pB2r Q7 i?2 T�`iB+mH�`
7Q`2+�biBM; K2i?Q/bX

*�i2;Q`v J2i?Q/

"�b2HBM2
L�Bp2 �TT`Q�+?

GBM2�` `2;`2bbBQM

ai�iBbiB+�H K2i?Q/b
>QHi@qBMi2`bǶ J2i?Q/

�_AJ�

J�+?BM2 H2�`MBM; K2i?Q/b
JmHiBH�v2` S2`+2Ti`QM

GQM; a?Q`i@h2`K J2KQ`v L2irQ`F

>v#`B/ K2i?Q/b aH�r2F aKvHǶb >q@GahJ K2i?Q/

h�#H2 e, Pp2`pB2r Q7 7Q`2+�biBM; K2i?Q/b
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6B`bi- irQ bBKTH2 7Q`2+�biBM; K2i?Q/b �`2 mb2/ �b � #�b2HBM2 iQ +QKT�`2 i?2 Qi?2`
K2i?Q/b �;�BMbiX �b a2+iBQM jXkXR /2b+`B#2b- M�Bp2 �TT`Q�+?2b �`2 � mb27mH iQQH BM
i?�i 2M/2�pQ`X 6Q` i?�i `2�bQM- i?2 }`bi #�b2HBM2 Bb i?2 M�Bp2 �TT`Q�+? i?�i b2ib
�HH p�Hm2b iQ i?2 H�bi Q#b2`p�iBQMX �b � b2+QM/ #�b2HBM2 K2i?Q/- � HBM2�` `2;`2bbBQM
KQ/2H Bb mb2/X Ai Bb +?�`�+i2`Bx2/ #v Bib bi`�B;?i7Q`r�`/ ?�M/HBM; �M/ T`QpB/2b �M@
Qi?2` `2�bQM�#H2 #�b2HBM2X
AM i2`Kb Q7 bi�iBbiB+�H K2i?Q/b- i?2 2tT2`BK2Mi +QMbB/2`b irQ r2HH@2bi�#HBb?2/ K2i?@
Q/bX Ai �TTHB2b i?2 >QHi@qBMi2`bǶ J2i?Q/ 7`QK i?2 +H�bb Q7 2tTQM2MiB�H bKQQi?BM;
K2i?Q/b �M/ i?2 �_AJ� +H�bb Q7 �miQ+Q``2H�iBQM KQ/2HbX *QMb2[m2MiHv- i?2 2tT2`@
BK2Mi mb2b irQ bm++2bb7mH K2i?Q/b rBi? /Bz2`2Mi +?�`�+i2`BbiB+b i?�i ?�p2 T`Qp2M
i?2B` +�T�#BHBiB2b bm++2bb7mHHv BM p�`BQmb +QMi2tibX
6`QK i?2 T`2b2Mi2/ K�+?BM2 H2�`MBM; K2i?Q/b- i?2 2tT2`BK2Mi BM+Hm/2b � JmHiB@
H�v2` S2`+2Ti`QM �M/ � GQM; a?Q`i@h2`K J2KQ`v L2irQ`FX h?2 JGS `2T`2b2Mib �M
2Mi`v@H2p2H K2i?Q/- r?BH2 i?2 GahJ ?�b � KQ`2 bQT?BbiB+�i2/ �`+?Bi2+im`2X h?mb-
irQ K2i?Q/b Q7 /Bz2`2Mi +QKTH2tBiv �`2 +QMbB/2`2/ �M/ +QKT�`2/ BM i?2 2tT2`BK2MiX
6BM�HHv- aH�r2F aKvHǶb ?v#`B/ >q@GahJ K2i?Q/ `2T`2b2Mib i?2 ?v#`B/ K2i?Q/b BM
i?2 2tT2`BK2MiX h?2 7Q`2+�biBM; `2bmHib Q7 i?2 ?v#`B/ �TT`Q�+? �HHQr 7Q` i?2 2t�K@
BM�iBQM Q7 r?2i?2` Bi +�M QmiT2`7Q`K Bib +QMbiBim2Mi T�`ib Q` i?2 BbQH�i2/ K2i?Q/b
+�M T`QpB/2 #2ii2` `2bmHib i?�M i?2B` ?v#`B/Bx�iBQMX

qBi? i?Bb b2H2+iBQM- i?2 2tT2`BK2Mi +Qp2`b � #`Q�/ `�M;2 Q7 iBK2 b2`B2b 7Q`2+�biBM;
K2i?Q/bX L2p2`i?2H2bb- � `2K�`F Kmbi #2 K�/2 QM i?2 +QKT�`�#BHBiv Q7 i?2 K2i?@
Q/bX h?2b2 K2i?Q/b �`2 T2` b2 /Bz2`2Mi BM i?2B` �TT`Q�+? iQ iBK2 b2`B2b 7Q`2+�biBM;X
6Q` BMbi�M+2- bQK2 K2i?Q/b �TTHv � `2+m`bBp2 7Q`2+�biBM; bi`�i2;v r?BH2 Qi?2`b /2@
THQv � KmHiB@BMTmi KmHiB@QmiTmi bi`�i2;vX >Qr2p2`- i?Bb 2tT2`BK2Mi 7Q+mb2b MQi
QM 7Q`2+�biBM; bi`�i2;B2b #mi i?2 +QKT�`BbQM Q7 7Q`2+�biBM; K2i?Q/bX >2M+2- i?2
7Q`2+�biBM; K2i?Q/b �`2 mb2/ �++Q`/BM; iQ i?2B` `2bT2+iBp2 M�im`2X hQ K�F2 i?2K
KQ`2 +QKT�`�#H2 �M/ i?2 +QKT�`BbQM 7�B` 7Q` �HH K2i?Q/b BMpQHp2/- 2p2`v K2i?Q/ Bb
imM2/ iQ �+?B2p2 i?2 #2bi 7Q`2+�biBM; T2`7Q`K�M+2X qBi? i?Bb 2zQ`i- 2�+? 7Q`2+�biBM;
K2i?Q/ T`Q/m+2b i?2 #2bi `2bmHi Bi Bb +�T�#H2 Q7 �M/ b?Qrb Bib 7Q`2+�biBM; TQi2MiB�HX
h?2`27Q`2- Bi b22Kb 7�B` i?�i i?Bb #2bi TQi2MiB�H Bb +QKT�`2/ 7Q` i?2 Tm`TQb2 Q7 i?Bb
i?2bBbǶb 2tT2`BK2MiX

8X9 1p�Hm�iBQM Q7 6Q`2+�bib

h?2 2tT2`BK2MiǶb }M�H bi2T Bb iQ 2p�Hm�i2 i?2 T`2/B+iBQMb +QM/m+i2/ #v i?2 7Q`2+�bi@
BM; K2i?Q/bX a2+iBQM jXRXk T`2b2Mi2/ b2p2`�H �++m`�+v K2�bm`2b rBi? i?2B` `2bT2+iBp2
�/p�Mi�;2b �M/ /Bb�/p�Mi�;2bX

AM i?2 2tT2`BK2Mi- irQ b+�H2@/2T2M/2Mi 2``Q` K2i`B+b 2p�Hm�i2 i?2 T2`7Q`K�M+2 Q7 i?2
7Q`2+�biBM; K2i?Q/bX h?2 J�1 �bb2bb2b i?2 7Q`2+�biBM; K2i?Q/Ƕb T2`7Q`K�M+2 QM �
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T�`iB+mH�` /�i�b2iX Aib �/p�Mi�;2 Bb Bib BMi2`T`2i�#BHBiv- �b i?2 J�1 �HHQrb 7Q` /B`2+i
bi�i2K2Mib �#Qmi i?2 �++m`�+v Q7 � K2i?Q/X >Qr2p2`- �b i?2 2tT2`BK2Mi BMi2M/b iQ
TmMBb? QmiHB2`b �M/ b2`BQmb 7Q`2+�biBM; 2``Q`b- i?2 _Ja1 Bb i?2 /2+BbBp2 2``Q` K2i`B+X
.2bTBi2 #2BM; KQ`2 +?�HH2M;BM; iQ BMi2`T`2i- i?2 _Ja1 Bb rB/2bT`2�/ BM T`�+iB+2 �M/
Bb +QKKQMHv mb2/ iQ +QKT�`2 i?2 /Bz2`2Mi K2i?Q/b QM i?2 b�K2 /�i�b2iX h?2`27Q`2-
i?2 K2i?Q/b �`2 `�MF2/ �++Q`/BM; iQ i?2 _Ja1- �M/ i?2 `2H�iBp2 BKT`Qp2K2Mi Qp2`
i?2 #2bi #�b2HBM2 Bb +�H+mH�i2/X
lbBM; i?2 T2`+2Mi�;2 2``Q` J�S1 rQmH/ #2 �TT`2+B�i2/- �b Bi Bb 2�bv iQ BMi2`T`2i
i?2 `2bmHiX >Qr2p2`- �b bi�i2/ BM a2+iBQM jXRXk- i?2 J�S1 Bb MQi /2}M2/ 7Q` yt = 0X
h?Bb KBbbBM; /2}MBiBQM Bb T`Q#H2K�iB+ �b i?2 p�Hm2b Q7 bQK2 iBK2 b2`B2b bm+? �b i?2
.�BHv JBMBKmK h2KT2`�im`2b J2H#Qm`M2 +�M i�F2 i?2 p�Hm2 0 �M/ 2t+Hm/2 i?2 mb2
Q7 i?2 J�S1X hQ mb2 �++m`�+v K2�bm`2b i?�i �TTHv iQ 2�+? iBK2 b2`B2b- i?2 J�1
�M/ _Ja1 �`2 i?2 2``Q` K2i`B+b Q7 +?QB+2 7Q` i?2 2tT2`BK2MiX

h?2 2p�Hm�iBQM Q7 7Q`2+�bib BM i?2 2tT2`BK2Mi 7QHHQrb i?2 +QM/BiBQMb Q7 i?2 J9 *QK@
T2iBiBQMX �b i?2 J9 *QKT2iBiBQM b2iiBM; /Q2b MQi BMi2M/ � r�HF@7Q`r�`/ p�HB/�iBQM-
Bi Bb MQi �TTHB2/ BM i?2 2tT2`BK2MiX h?mb- i?2 2``Q` Bb +�H+mH�i2/ QM+2 7Q` i?2 2MiB`2
7Q`2+�biX

8X8 AKTH2K2Mi�iBQM

h?Bb +?�Ti2` +HQb2b rBi? �M 2H�#Q`�iBQM QM i?2 2tT2`BK2MiǶb BKTH2K2Mi�iBQMX 6B`bi-
i?Bb b2+iBQM T`2b2Mib i?2 `2[m2bi2/ 7Q`2+�biBM; ?Q`BxQMb 7Q` 2�+? 7`2[m2M+vX h?2M Bi
;Bp2b � ;2M2`�H Qp2`pB2r Q7 i?2 /2THQv2/ i2+?MQHQ;B2b �M/ }M�HHv 2H�#Q`�i2b QM i?2
T�`iB+mH�` BKTH2K2Mi�iBQM Q7 2�+? 7Q`2+�biBM; K2i?Q/X

h?2 2tT2`BK2Mi mb2b i?2 b�K2 7Q`2+�biBM; ?Q`BxQMb �b i?2 J9 *QKT2iBiBQMX h?2v
/2T2M/ QM i?2 7`2[m2M+v Q7 i?2 iBK2 b2`B2b- �b h�#H2 d b?QrbX h?2b2 7Q`2+�biBM; ?Q`B@
xQMb �`2 /2i2`KBM2/ #�b2/ QM i?2 M�im`2 Q7 i?2 /2+BbBQM i?�i 2�+? /�i� 7`2[m2M+v
Bb KQbi HBF2Hv iQ bmTTQ`i rBi?BM � +QKT�Mv Q` Q`;�MBx�iBQMX u2�`Hv /�i� ivTB+�HHv
bmTTQ`ib HQM;@i2`K /2+BbBQM K�FBM; QM � bi`�i2;B+ H2p2H #2ir22M QM2 �M/ }p2 v2�`b
�?2�/X JQMi?Hv 7Q`2+�bib �`2 7`2[m2Mi 7Q` #m/;2iBM; Tm`TQb2b p�`vBM; 7`QK � 72r
KQMi?b iQ irQ v2�`b- �M/ /�BHv 7Q`2+�bib mbm�HHv #�+F QT2`�iBQMb �i b?Q`i@i2`K H2p2Hb
mT iQ � 72r r22Fb �?2�/ UJ�F`B/�FBb 2i �HX- kykyVX

6`2[m2M+v u2�`Hv JQMi?Hv .�BHv

6Q`2+�biBM; >Q`BxQM e R3 R9

h�#H2 d, Pp2`pB2r Q7 7Q`2+�biBM; ?Q`BxQMb
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h?2 2MiB`2 T`QD2+i Bb BKTH2K2Mi2/ BM Svi?QM jXd mbBM; r2HH@2bi�#HBb?2/ HB#`�`B2b bm+?
�b a+BSv- bi�ibKQ/2Hb- �M/ b+BFBi@H2�`M Ua+BSv RXy *QMi`B#miQ`b 2i �HX- kykyc a2�#QH/
�M/ S2`FiQH/- kyRyc S2/`2;Qb� 2i �HX- kyRRVX h?2 M2m`�H M2irQ`Fb 7Q` i?2 K�+?BM2
H2�`MBM; K2i?Q/b �`2 /2p2HQT2/ rBi? E2`�b `mMMBM; QM � h2MbQ`~Qr #�+F2M/ U*?QH@
H2i- kyR8c �#�/B 2i �HX- kyR8VX 6BM�HHv- i?2 BKTH2K2Mi�iBQM Q7 i?2 ?v#`B/ K2i?Q/
mb2b i?2 QT2M@bQm`+2 K�+?BM2 H2�`MBM; 7`�K2rQ`F SvhQ`+? US�bxF2 2i �HX- kyRNVX

h?2 M�Bp2 �TT`Q�+?Ƕb BKTH2K2Mi�iBQM Bb bi`�B;?i7Q`r�`/X h?2 7Q`2+�bi Bb b2i iQ #2
i?2 H�bi FMQrM p�Hm2- r?B+? Bb i?2 H�bi p�Hm2 Q7 i?2 p�HB/�iBQM b2iX 6Q` i?2 HBM2�`
`2;`2bbBQM- i?2 +Q``2bTQM/BM; b+B@FBi H2�`M KQ/mH2 }ib i?2 `2;`2bbBQM T�`�K2i2`b QM
i?2 i`�BMBM; �M/ p�HB/�iBQM b2i �M/ i?2M T`2/B+ib i?2 p�Hm2b 7Q` i?2 i2bi T2`BQ/X

h?2 BKTH2K2Mi�iBQM Q7 i?2 >QHi@qBMi2`bǶ J2i?Q/ Bb �++QKTHBb?2/ rBi? i?2 /2bB;@
M�i2/ bi�ibKQ/2Hb KQ/mH2X h?2 >QHi@qBMi2`bǶ �//BiBp2 J2i?Q/ Bb mb2/ 7Q` 2�+? iBK2
b2`B2b 2t+2Ti 7Q` i?2 �B`HBM2 S�bb2M;2`b- r?B+? `2[mB`2b i?2 >QHi@qBMi2`bǶ JmHiBTHB+�@
iBp2 J2i?Q/X �b i?2 >q BM+Q`TQ`�i2b T2` b2 � `2+m`bBp2 QM2@bi2T@�?2�/ 7Q`2+�biBM;
bi`�i2;v- Bi Bb bmb+2TiB#H2 iQ 2``Q` �++mKmH�iBQMX
h?2 BKTH2K2Mi�iBQM 2tT2+ib i?2 bT2+B}+�iBQM Q7 � b2�bQM�H +QKTQM2MiX h?Bb b2�@
bQM�H +QKTQM2Mi r�b Q#i�BM2/ 7`QK i?2 �*6- r?B+? +QMbB/2`2/ i?2 i`�BMBM; �M/
p�HB/�iBQM b2i �M/ BM/B+�i2/ i?2 H�; iQ i?2 p�Hm2 rBi? i?2 KQbi bB;MB}+�Mi +Q``2H�@
iBQMX h?2`2#v i?2 H�bi Q#b2`p�iBQM Bb QKBii2/X AM i?2 +�b2 Q7 i?2 �B`HBM2 S�bb2M;2`b-
i?2 �*6 rQmH/ bm;;2bi � b2�bQM�H +QKTQM2Mi Q7 k #2+�mb2 Q7 i?2 bi`QM; +Q``2H�@
iBQMX �b i?Bb +QMi`�/B+ib i?2 bi`QM; v2�`Hv b2�bQM�HBiv- i?2 b2�bQM�HBiv Qp2``mH2b i?2
�*6- �M/ i?2 b2�bQM�H +QKTQM2Mi Bb b2i iQ RkX h?Bb K�Mm�H BMi2`p2MiBQM T`QpB/2b
� T`�+iB+�H 2t�KTH2 Q7 � T`BQ`B FMQrH2/;2 BM+Q`TQ`�i2/ BM i?2 7Q`2+�biBM; K2i?Q/X

hrQ HB#`�`B2b �`2 BM +QMbB/2`�iBQM 7Q` i?2 BKTH2K2Mi�iBQM Q7 i?2 �_AJ�X �b Sv6Hmt
`2[mB`2b �M QH/2` p2`bBQM Q7 Svi?QM Uh�vHQ`- M/V- bi�ibKQ/2Hb Bb i?2 HB#`�`v Q7 +?QB+2X
h?2 �_AJ� +�M /2THQv #Qi? /B`2+i Q` `2+m`bBp2 7Q`2+�biBM; bi`�i2;vX �b i?2 /B`2+i
bi`�i2;v `2[mB`2b KQ`2 T`2T`Q+2bbBM; Q7 i?2 /�i� �M/ bi�ibKQ/2Hb /Q2b MQi M�iBp2Hv
BM+Hm/2 Bi- i?2 `2+m`bBp2 7Q`2+�biBM; bi`�i2;v Bb BKTH2K2Mi2/X �b i?2 �_AJ� KQ/2Hb
BM i?2 J +QKT2iBiBQMb mb2 � `2+m`bBp2 bi`�i2;v- i?Bb T�`iB+mH�` T`Q+2/m`2 Bb +QMbB/@
2`2/ `2�bQM�#H2 UJ�F`B/�FBb 2i �HX- kyR3#VX
�_AJ� `2[mB`2b i?2 bT2+B}+�iBQM Q7 i?2 T�`�K2i2`b p- d- �M/ qX AM i?�i 2M/2�pQ`- �
;`B/ b2�`+? ?vT2`T�`�K2i2` imMBM; Bb T2`7Q`K2/ QM i?2 i`�BMBM; b2i iQ }M/ i?2 QTiB@
K�H T�`�K2i2` +QK#BM�iBQMX �b i?2 +QKTmi�iBQM iBK2 BM+`2�b2b rBi? i?2 KQ`2 p�Hm2b
BM+Hm/2/- � i`�/2@Qz #2ir22M QTiBKBx�iBQM �M/ +QKTmiBM; iBK2 Bb 7QmM/X >2M+2- i?2
;`B/ b2�`+? +QMbB/2`b QMHv T`QKBbBM; +QK#BM�iBQMb Q7 i?2 ?vT2`T�`�K2i2`bX h?2b2
T`QKBbBM; p�Hm2b `2~2+i i?2 #2?�pBQ` Q7 i?2 iBK2 b2`B2b BM i2`Kb Q7 7`2[m2M+v- b2�@
bQM�HBiv- �M/ +v+H2bX AM +�b2 Q7 i?2 bi`QM; v2�`Hv b2�bQM�HBiv BM i?2 KQMi?Hv �B`HBM2
S�bb2M;2`b /�i�b2i- i?2 2HB;B#H2 p�Hm2b 7Q` i?2 �miQ`2;`2bbBp2 �M/ KQpBM; �p2`�;2
+QKTQM2Mi �`2 i?2 BMi2`p�H 7`QK y iQ Rk �M/ �//BiBQM�HHv k9X h?mb- k9 KQMi?b Q`
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BM Qi?2` rQ`/b- irQ b2�bQM�H T2`BQ/b �`2 mb2/ iQ }i i?2 �_AJ� ?vT2`T�`�K2i2`bX
AM i2`Kb Q7 /Bz2`2M+BM;- i?2 ;`B/ b2�`+? +QMbB/2`b i?2 Q`B;BM�H iBK2 b2`B2b �M/- �/@
/BiBQM�HHv- i?2 }`bi@Q`/2` �M/ b2+QM/@Q`/2` /Bz2`2M+2X h?2 T�`�K2i2`b �`2 p�HB/�i2/
7Q` i?2 Ja1 QM i?2 p�HB/�iBQM b2i- r?B+? ?�b i?2 b�K2 H2M;i? �b i?2 i2bi b2iX h?2
Ja1 Bb #`Q�/Hv mb2/ BM T`�+iB+2 �M/ T`QpB/2b � `2�bQM�#H2 K2�bm`2X PM i?2 r?QH2-
i?Bb �TT`Q�+? 2Mbm`2b � `2HB�#H2 7Q`2+�biBM; T2`7Q`K�M+2 Q7 i?2 �_AJ�X

h?2 JmHiBH�v2` S2`+2Ti`QM +QMbBbib Q7 i?`22 H�v2`b, �M BMTmi H�v2`- QM2 ?B//2M H�v2`-
�M/ QM2 QmiTmi H�v2`X Ai mb2b � _2Gm �+iBp�iBQM 7mM+iBQM- �M �/�K QTiBKBx2`- �M/
�M Ja1 HQbb 7mM+iBQMX h?Bb �`+?Bi2+im`2 Q7 i?2 JGS BKTHB2b � KmHiB@BMTmi KmHiB@
QmiTmi 7Q`2+�biBM; bi`�i2;vX
h?2 b�KTH2b �`2 7`�K2/ �++Q`/BM; iQ i?2 bmT2`pBb2/ H2�`MBM; b2iiBM; /2b+`B#2/ BM
a2+iBQM jXjXR- �M/ bTHBi BMiQ i?2 `2bT2+iBp2 b2ibX h?2`2#v- i?2 i2bi b2i +QMi�BMb �b
K�Mv Q#b2`p�iBQMb �b i?2 BMTmi rBM/Qr �M/ i?2 7Q`2+�biBM; ?Q`BxQM +QK#BM2/X 6Q`
BMbi�M+2- B7 i?2 BMTmi rBM/Qr ?�b bBt p�Hm2b �M/ i?2 `2[m2bi2/ 7Q`2+�biBM; ?Q`BxQM Bb
R3 p�Hm2b- i?2 i2bi b2i ?QH/b k9 p�Hm2bX hQ 2Mbm`2 �/2[m�i2 /�i� 7Q` i?2 p�HB/�iBQM Q7
i?2 LL i`�BMBM;- i?2 p�HB/�iBQM b2i +QMi�BMb irB+2 �b K�Mv Q#b2`p�iBQMb �b i?2 i2bi
b2iX 6BM�HHv- i?2 `2K�BM/2` Q7 Q#b2`p�iBQMb Bb mb2/ 7Q` i`�BMBM; �M/ Bb +QMb2[m2MiHv
BM i?2 i`�BMBM; b2iX
� ;`B/ b2�`+? /2i2`KBM2b i?2 bBx2 Q7 i?2 BMTmi rBM/QrX AM i?�i 2M/2�pQ`- i?2 LL Bb
i`�BM2/ QM i?2 i`�BMBM; b2i �M/ p�HB/�i2/ QM i?2 p�HB/�iBQM b2iX h?2 T2`7Q`K�M+2 Q7
/Bz2`2Mi BMTmi rBM/Qrb Bb +QKT�`2/ 7Q` i?2 Ja1- �M/ i?2 #2bi BMTmi rBM/Qr bBx2
Bb mb2/ iQ +QM/m+i i?2 �+im�H 7Q`2+�biX h?2 2HB;B#H2 p�Hm2b i2bi2/ BM i?2 ;`B/ b2�`+?
/`�r 7`QK i?2 +?�`�+i2`BbiB+b Q7 i?2 iBK2 b2`B2b- bBKBH�` iQ i?2 T`Q+2bb /2b+`B#2/ 7Q`
i?2 ?vT2`T�`�K2i2` imMBM; Q7 i?2 �_AJ�X �b i?2 AM/mbi`B�H S`Q/m+iBQM /�i�b2i ?�b
iQQ 72r Q#b2`p�iBQMb- i?Bb T`Q+2bb +�M MQi #2 �TTHB2/ iQ i?�i iBK2 b2`B2bX AMbi2�/-
i?2 BMTmi rBM/Qr bBx2 Bb b2i iQ j +QM+2`MBM; i?2 �*6X

h?2 GQM; a?Q`i@h2`K J2KQ`v L2irQ`FǶb mM/2`HvBM; �`+?Bi2+im`2 +QMbBbib Q7 �M BM@
Tmi H�v2`- b2p2`�H ?B//2M H�v2`b- �M/ �M QmiTmi H�v2`X Ai mb2b � _2Gm �+iBp�iBQM
7mM+iBQM- �M/ i?2 HQbb 7mM+iBQM Bb i?2 Ja1X h?2 E2`�b hmM2` T2`7Q`Kb i?2 ?vT2`@
T�`�K2i2` imMBM; �M/ QTiBKBx2b i?2 MmK#2` Q7 ?B//2M H�v2`b �M/ M2m`QMb T2` H�v2`X
6m`i?2`KQ`2- Bi �M�Hvx2b r?2i?2` /`QTQmi H�v2`b �`2 BMb2`i2/X h?2 QTiBKBx2` �bbQ@
+B�i2/ Bb �/�K rBi? H2�`MBM; `�i2b Q7 yXyR- yXyyR- �M/ yXyyyRX h?2b2 H2�`MBM; `�i2b
�`2 #`Q�/Hv mb2/ �M/ 2Mbm`2 i?�i i?2 a:. }M/b � KBMBKmKX h?2 2biBK�iBQM Q7
i?2 BMTmi rBM/Qr bBx2 �M/ b�KTH2 bTHBi Bb +�``B2/ Qmi �M�HQ;QmbHv iQ i?2 JGSX S2`
/2}MBiBQM- i?2 GahJ 7QHHQrb � `2+m`bBp2 7Q`2+�biBM; bi`�i2;vX

AMBiB�HHv- aH�r2F aKvHǶb ?v#`B/ >q@GahJ K2i?Q/ Bb BKTH2K2Mi2/ BM *YY- K�FBM;
Bi mM�p�BH�#H2 iQ i?2 2tT2`BK2MiǶb Svi?QM TBT2HBM2X _2// 2i �HX UkyRNV ;2M2`�HBx2
i?2 K2i?Q/ �M/ T`QpB/2 � SvhQ`+? BKTH2K2Mi�iBQMX h?2 mM/2`HvBM; +QM+2Ti Q7 i?2
?v#`B/ >q@GahJ K2i?Q/ Bb i?2 b�K2 BM #Qi? BKTH2K2Mi�iBQMb �M/ 7QHHQrb � `2@
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+m`bBp2 7Q`2+�biBM; bi`�i2;vX h?2 KQ/2H BM+Q`TQ`�i2b +`Qbb@H2�`MBM;- �b Bi mb2b i?2
J9 *QKT2iBiBQM /�i�b2i 7Q` i?2 i`�BMBM; Q7 i?2 GahJbX
>Qr2p2`- i?2`2 �`2 bQK2 KQ/B}+�iBQMb iQ i?2 `2bT2+iBp2 BKTH2K2Mi�iBQMbX h?2 K�BM
QM2 Bb i?2 �`+?Bi2+im`2 Q7 i?2 GahJX q?BH2 aKvH UkykyV /2THQvb i?2 bi�+F2/ �`+?Bi2+@
im`2 /2b+`B#2/ BM a2+iBQM 9Xj- _2// 2i �HX UkyRNV miBHBx2 � /BH�i2/ GahJ �`+?Bi2+im`2
T`QpB/2/ #v w�H�M/Q _2b2�`+? Uw�H�M/Q _2b2�`+?- M/VX Ai mb2b bBKBH�` /BH�iBQMb �M/
Bb bmBi�#H2 7Q` mb2 BM i?2 ?v#`B/ �`+?Bi2+im`2- �Hi?Qm;? Bi H�+Fb i?2 2Mb2K#H2 Q7 bT2@
+B�HBbibX h?Bb KQ/B}+�iBQM BM~m2M+2b i?2 +QKTmi�iBQM iBK2 7Q` i?2 #2ii2`- �b _2//
2i �HX UkyRNV /2b+`B#2 � i`2K2M/Qmb /2+`2�b2 BM `2[mB`2/ +QKTmi�iBQM iBK2X
h?2 SvhQ`+? BKTH2K2Mi�iBQM QMHv T`QpB/2b �++m`�+v K2�bm`2b Qmi Q7 i?2 #QtX
h?2`27Q`2- i?2 +Q/2 Bb 2ti2M/2/ 7Q` mb2 BM i?2 2tT2`BK2MiX �M �/Dmbi2/ /�i� HQ�/2`
2M�#H2b i?2 +QMbB/2`�iBQM Q7 7m`i?2` iBK2 b2`B2b- �M/ i?2 i`�BMBM; T`Q+2bb r�b �/�Ti2/
�++Q`/BM;HvX 6m`i?2`KQ`2- i?2 7Q`2+�bib r2`2 2ti`�+i2/ 7`QK i?2 KQ/2H �M/ #`Qm;?i
iQ � +QKT`2?2MbB#H2 QmiTmi 7Q`K�iX

q?BH2 i?2 �TTHB2/ #�b2HBM2 �M/ bi�iBbiB+�H K2i?Q/b T`QpB/2 � /2i2`KBMBbiB+ `2bmHi- i?2
`2bmHi Q7 i?2 LL@#�b2/ K2i?Q/b Bb biQ+?�biB+X h?Bb ~m+im�iBQM Bb #2+�mb2 i?2 LLb
/2THQv i`�BMBM; K2i?Q/b bm+? �b aiQ+?�biB+ :`�/B2Mi .2b+2Mi- .`QTQmi G�v2`b- �M/
_�M/QK a2�`+? i?�i H2�/ iQ mMbi2�/v `2bmHib 7Q` i?2 b�K2 BMTmiX h?2 JGS- GahJ-
�M/ >q@GahJ T2`7Q`K i2M `mMb iQ Qp2`+QK2 i?Bb b?Q`i+QKBM;- �M/ i?2 �p2`�;2 Q7
i?2 `mMb /2i2`KBM2b i?2 }M�H 7Q`2+�biX h?2 ~m+im�iBQM Q7 2�+? 7Q`2+�biBM; K2i?Q/
Bb HBbi2/ BM �TT2M/Bt �XNX



e _1alGha eR

e _2bmHib

h?Bb +?�Ti2` T`2b2Mib i?2 `2bmHi Q7 i?2 2tT2`BK2MiX Ai Bb /BpB/2/ BMiQ irQ b2+iBQMb �M/
T`2b2Mib i?2 Q#b2`p�iBQMb �M/ i?2B` BKTHB+�iBQMbX h?2b2 BKTHB+�iBQMb `2p2�H r?2i?2`
i?2 2tT2`BK2Mi +QM}`Kb i?2 TQi2MiB�H Q7 ?v#`B/ K2i?Q/b T`QKBb2/ #v i?2 HBi2`�im`2-
�M/ 2p�Hm�i2 i?2 T2`7Q`K�M+2 Q7 i?2 ?v#`B/ >q@GahJ K2i?Q/ BM �MQi?2` b2iiBM;X
6BM�HHv- i?Bb +?�Ti2` �Mbr2`b i?2 `2b2�`+? [m2biBQMX

eXR P#b2`p�iBQMb

h?2 2tT2`BK2MiǶb Qmi+QK2 Bb i?2 7Q`2+�bi Q7 i?2 �TTHB2/ K2i?Q/b QM i?2 B/2MiB}2/
�M/ +Hmbi2`2/ iBK2 b2`B2bX h?Bb b2+iBQM �M�Hvx2b i?2 7Q`2+�bib 7Q` 2�+? iBK2 b2`B2b BM@
/BpB/m�HHv �M/ Bb bi`m+im`2/ �++Q`/BM; iQ i?2 B/2MiB}2/ +Hmbi2`bX Ai rBHH bQH2Hv BM+Hm/2
b2H2+i2/ THQib iQ 2Mbm`2 � TH2�b�Mi ~Qr Q7 `2�/BM;X 6Q` +QKTH2i2M2bb- �TT2M/Bt �X3
BM+Hm/2b 2p2`v THQi 7Q` 2�+? iBK2 b2`B2b �M/ 7Q`2+�biBM; K2i?Q/X

h?2 }`bi +Hmbi2` Q7 bi�iBQM�`v iBK2 b2`B2b BM+Hm/2/ i?2 AM/mbi`B�H S`Q/m+iBQM /�i�b2iX
h?2 T2`7Q`K�M+2 Q7 i?2 7Q`2+�biBM; K2i?Q/b Bb T`2b2Mi2/ BM h�#H2 3X �T�`i 7`QK
i?2 J�1 �M/ _Ja1- i?2 i�#H2 2t?B#Bib i?2 BKT`Qp2K2Mi Qp2` #�b2HBM2 UAP"VX h?2
AP" `2H�i2b i?2 �++m`�+v K2�bm`2/ #v i?2 _Ja1 Q7 � T�`iB+mH�` 7Q`2+�bi iQ i?2 #2bi
#�b2HBM2 �M/ Bb /2MQi2/ BM T2`+2MiX h?2 `�MF Bb #�b2/ QM i?2 AP" �M/ BM/B+�i2b i?2
T2`7Q`K�M+2 +QKT�`2/ iQ i?2 Qi?2` 7Q`2+�biBM; K2i?Q/bX

hBK2 b2`B2b 1``Q` L�Bp2 GBM2�`
_2;`2bbBQM

>q �_AJ� JGS GahJ >q@GahJ

AM/mbi`B�H
S`Q/m+iBQM

J�1 dXjdj dX98y kXykR kXdNR jXNyR RyXyyR jXyNj
_Ja1 3XjjN 3X8d8 kXeyd jX9ye 9Xejd RkXkkd jX8dd
AP" Y e3-d8W Y 8NXReW Y 99XjNW @ 9eXekW Y 8dXRRW
_�MF 8 e R k 9 d j

h�#H2 3, _2bmHib +Hmbi2` bi�iBQM�`v iBK2 b2`B2b

h?2 �++m`�+v K2�bm`2b b?Qr i?�i >q- �_AJ�- JGS- �M/ >q@GahJ �+?B2p2/
2t+2HH2Mi T2`7Q`K�M+2 QM i?2 bi�iBQM�`v iBK2 b2`B2bX aQH2Hv i?2 GahJ Bb r2HH #2?BM/
i?2 Qi?2`b �M/ Bb MQi �#H2 iQ bm`T�bb �Mv #�b2HBM2 K2i?Q/X
h?2 AM/mbi`B�H S`Q/m+iBQM /�i�b2i T`QpB/2/ � +?�HH2M;BM; i�bF 7Q` i?2 7Q`2+�biBM;
K2i?Q/b �b Bi QMHv +QMi�BMb 39 Q#b2`p�iBQMbX h?Bb bK�HH MmK#2` Q7 Q#b2`p�iBQMb
+2`i�BMHv +QKTHB+�i2/ i?2 H2�`MBM; T`Q+2bb 7Q` i?2 LLbX h?Bb +QM+2`M Bb `2~2+i2/
BM i?2 `2bmHib- �b #Qi? bi�iBbiB+�H K2i?Q/b Q#i�BM2/ #2ii2` `2bmHib i?�M i?2 K�+?BM2
H2�`MBM; K2i?Q/bX >q �M/ �_AJ� �+?B2p2/ bmT2`BQ` `2bmHib �M/ bm`T�bb2/ i?2
#2bi #�b2HBM2 #v e3Xd8W �M/ 8NXReWX h?2 >q@GahJ K2i?Q/ r�b +HQb2 #2?BM/ i?2



e _1alGha ek
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iBK2 b2`B2b /m2 iQ i?2 +QK#BM�iBQM Q7 +?�`�+i2`BbiB+bX
A7 i?2 +?�HH2M;BM; iBK2 b2`B2b .�BHv JBMBKmK h2KT2`�im`2b J2H#Qm`M2 �M/ _�M/QK
q�HF �`2 M2;H2+i2/- i?2 7Q`2+�bib Q7 i?2 JGS r2`2 �++m`�i2 QM �HH Qi?2` iBK2 b2`B2b
2t+2Ti 7Q` i?2 �B`HBM2 S�bb2M;2`bX �b h�#H2 8 BM a2+iBQM 8Xk b?Qr2/- i?Bb /�i�b2i Bb
i?2 QMHv iBK2 b2`B2b i?�i 2t?B#Bib � i`2M/ BM i?2 MQMbi�iBQM�`v iBK2 b2`B2b +Hmbi2`X
>2M+2- irQ }M/BM;b �`2 2pB/2Mi BM i?Bb +Hmbi2`X 6B`bi- i?2 JGS T2`7Q`Kb r2HH QM
MQMbi�iBQM�`v iBK2 b2`B2b rBi?Qmi i`2M/X a2+QM/- �b � i`2M/ BM � iBK2 b2`B2b `2[mB`2b
i?2 7Q`2+�biBM; K2i?Q/b iQ 2ti`�TQH�i2- i?Bb `2bmHi bmTTQ`ib i?2 ?vTQi?2bBb i?�i LL@
#�b2/ K2i?Q/b bm+? �b i?2 JGS ?�p2 /B{+mHiB2b 2ti`�TQH�iBM;X *QMb2[m2MiHv- i?2
7Q`2+�bib QM iBK2 b2`B2b 2t?B#BiBM; i`2M/ �`2 MQi `2HB�#H2X

h?2 `2b2�`+? [m2biBQM iQ #2 �Mbr2`2/ Bb r?B+? +?�`�+i2`BbiB+b Q7 � iBK2 b2`B2b /2@
i2`KBM2 i?2 bmT2`BQ`Biv Q7 2Bi?2` bi�iBbiB+�H- K�+?BM2 H2�`MBM;- Q` ?v#`B/ 7Q`2+�biBM;
�TT`Q�+?2bX "�b2/ QM i?2 Q#i�BM2/ `2bmHib- Bi Bb BKTQbbB#H2 iQ K�F2 � ;2M2`�H �bb2bb@
K2Mi �M/ �Mbr2` i?2 `2b2�`+? [m2biBQM +QM+HmbBp2HvX h?2 +?�`�+i2`BbiB+b mM/2`HvBM;
2�+? �M�Hvx2/ iBK2 b2`B2b �`2 bQ BMi2`irBM2/ i?�i MQ +QM+HmbBQM +�M #2 /`�rM r?B+?
+�i2;Q`v Q7 7Q`2+�biBM; K2i?Q/b rBHH #2 bmT2`BQ`X h?2`27Q`2- Bi Bb BKTQbbB#H2 iQ �b@
b2bb r?2i?2` bi�iBbiB+�H- K�+?BM2 H2�`MBM;- Q` ?v#`B/ K2i?Q/b rBHH ?�p2 � bmT2`BQ`
T2`7Q`K�M+2 BM i?2 }`bi TH�+2X >Qr2p2`- r?2M 7Q+mbBM; QM i?2 T�`iB+mH�` K2i?Q/b
rBi?BM i?2 `2bT2+iBp2 �TT`Q�+?2b- i?2 2tT2`BK2MiǶb `2bmHib �HHQr 7Q` b2p2`�H +QM+Hm@
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bBQMb r?B+? 7Q`2+�biBM; K2i?Q/ T`QKBb2b � `2HB�#H2 7Q`2+�bi BM � T�`iB+mH�` b2iiBM;X

h?2 `2bmHib 2t?B#Bi i?�i i?2 >QHi@qBMi2`bǶ J2i?Q/ T`QKBb2b `2HB�#H2 T`2/B+iBQMb
r?2M i?2 T2`BQ/B+Biv Q7 � iBK2 b2`B2b +�M #2 T`2+Bb2Hv bT2+B}2/X 6Q` i?2 �B`HBM2
S�bb2M;2`b /�i�b2i- i?Bb `2bmHi2/ BM � bmT2`BQ` T2`7Q`K�M+2X >Qr2p2`- i?2 >q
7�+2b /B{+mHiB2b r?2M i?2 T2`BQ/B+Biv +�M MQi #2 2tTHB+BiHv /2i2`KBM2/- Q` b2p2`�H
Qp2`H�vBM; b2�bQM�HBiB2b �`2 BMpQHp2/- r?B+? r�b i?2 +�b2 7Q` i?2 _QbbK�MM aiQ`2
a�H2b /�i�b2iX PM i?Bb T�`iB+mH�` /�i�b2i- i?2 >q r�b MQi �#H2 iQ T`QpB/2 � ;QQ/
7Q`2+�biX PM i?2 Qi?2` ?�M/- i?2 �_AJ� �M/ JGS ?�M/H2/ i?Bb iBK2 b2`B2b p2`v
r2HHX h?Bb �/p�Mi�;2 +QmH/ #2 /m2 iQ i?2B` �miQ`2;`2bbBp2 �TT`Q�+? iQ 7Q`2+�biBM;
i?�i K�F2b i?2K H2bb bmb+2TiB#H2 iQ Qp2`H�vBM; b2�bQM�HBiB2bX
q?2M +QKT�`BM; i?2 irQ K�+?BM2 H2�`MBM; K2i?Q/b- Bi Bb 2pB/2Mi i?�i i?2 GahJ
`2[mB`2b KQ`2 BMTmi /�i� i?�M i?2 JGSX "2+�mb2 Q7 Bib bQT?BbiB+�i2/ �`+?Bi2+im`2-
i?2 GahJ M2+2bbBi�i2b �M �TT`QT`B�i2 /�i�b2i iQ bmTTQ`i i?2 H2�`MBM; T`Q+2bbX 6Q`
i?2 AM/mbi`B�H S`Q/m+iBQM /�i�b2i- i?2 H2M;i? Q7 i?2 iBK2 b2`B2b /B/ MQi �HHQr 7Q` �M
2H�#Q`�i2 2biBK�iBQM Q7 i?2 QTiBKmK BMTmi rBM/Qr #27Q`2?�M/- �M/ bQ i?2 7Q`2+�bi
r�b 2tT2+i2/Hv TQQ`X h?2 iBK2 b2`B2b b22Kb iQ #2 iQQ b?Q`i 7Q` i?2 GahJ iQ
T`Q/m+2 �M �++m`�i2 7Q`2+�biX PM i?2 Qi?2` ?�M/- i?2 /�i� b22Kb iQ #2 2MQm;?
iQ i`�BM i?2 KQ`2 bBKTHBbiB+ JGS- r?B+? /2HBp2`2/ � `2HB�#H2 T`2/B+iBQMX h?2b2
+QM+HmbBQMb +QM}`K i?2 ?vTQi?2bBb i?�i bi�iBbiB+�H K2i?Q/b T2`7Q`K #2ii2` i?�M
K�+?BM2 H2�`MBM; K2i?Q/b r?2M i?2 �p�BH�#H2 /�i� Bb HBKBi2/X

h?2 T2`7Q`K�M+2 Q7 i?2 ?v#`B/ >q@GahJ K2i?Q/ r�b KQ/2`�i2X �Hi?Qm;? Bi
T`Qp2/ Bib 7Q`2+�biBM; +�T�#BHBiv BM i?2 J9 *QKT2iBiBQM- i?2 `2bmHib 7Q` i?2 iBK2
b2`B2b +QMbB/2`2/ BM i?2 2tT2`BK2Mi r2`2 K2/BQ+`2X h?2 `2bmHib bm;;2bi i?2 ?vTQi?@
2bBb i?�i i?2 >q@GahJ Bb � bQHB/ �HH@`QmM/2` i?�i /2HBp2`b QM �p2`�;2 �++m`�i2
T`2/B+iBQMb r?2M �TTHB2/ iQ K�Mv iBK2 b2`B2b bBKmHi�M2QmbHv #mi `�`2Hv T`Q/m+2b
Qmibi�M/BM; `2bmHib QM � bBM;H2 iBK2 b2`B2bX �b i?2 MmK#2` Q7 +QMbB/2`2/ iBK2 b2@
`B2b BM i?Bb 2tT2`BK2Mi Bb bK�HH +QKT�`2/ iQ i?2 J9 *QKT2iBiBQM- i?Bb ?vTQi?2bBb
`2[mB`2b 7m`i?2` BMp2biB;�iBQMX
h?2 ?vTQi?2bBb `�Bb2/ BM a2+iBQM 9Xj i?�i i?2 >q bmTTQ`ib i?2 GahJ iQ TH�v Bib
bi`2M;i?b KQ`2 2z2+iBp2Hv r?2M ?v#`B/Bx2/ iQ i?2 >q@GahJ K2i?Q/ +�M #2 KQbiHv
+QM}`K2/X q?2M M2;H2+iBM; i?2 iBK2 b2`B2b :"S la. .�BHv 1t+?�M;2 _�i2- .�BHv
JBMBKmK h2KT2`�im`2b J2H#Qm`M2- �M/ _�M/QK q�HF i?�i #�`2Hv �HHQr 7Q` � `2�@
bQM�#H2 7Q`2+�bi- i?2 >q@GahJ Q#i�BM2/ �M �++m`�i2 7Q`2+�bi- r?2M2p2` i?2 >q
Q#i�BM2/ �M �++m`�i2 7Q`2+�biX h?Bb +QM+Q`/�M+2 Bb i?2 +�b2 7Q` i?2 AM/mbi`B�H S`Q@
/m+iBQM �M/ i?2 �B`HBM2 S�bb2M;2`b /�i�b2iX oB+2 p2`b�- r?2M i?2 >q r�b MQi �#H2
iQ +QM/m+i �M �++m`�i2 7Q`2+�bi- 7Q` BMbi�M+2- 7Q` *�M�/B�M GvMt �M/ amMbTQi- i?2
7Q`2+�bi Q7 i?2 >q@GahJ r�b MQi �++m`�i2X >2M+2- � iBK2 b2`B2b r?Qb2 T2`BQ/B+Biv
+�M #2 T`2+Bb2Hv /2i2`KBM2/ 7�pQ`b i?2 >QHi@qBMi2`bǶ J2i?Q/Ƕb T2`7Q`K�M+2 �M/-
+QMb2[m2MiHv- i?2 T2`7Q`K�M+2 Q7 i?2 ?v#`B/ >q@GahJ K2i?Q/X h?2`27Q`2- i?2 �+@
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+m`�+v Q7 i?2 >q QM � T�`iB+mH�` iBK2 b2`B2b +�M #2 �M BM/B+�iQ` Q7 i?2 >q@GahJ
K2i?Q/Ƕb �++m`�+vX
>Qr2p2`- 7Q` i?2 .�BHv hQi�H 62K�H2 "B`i?b *�HB7Q`MB� /�i�b2i- i?2 >q@GahJ Qmi@
T2`7Q`Kb i?2 7Q`2+�bib Q7 Bib `2bT2+iBp2 +QMbiBim2Mi T�`ibX h?2 7�+i i?�i i?2 LL@#�b2/
K2i?Q/b `�MF i?2 }`bi i?`22 TH�+2b QM i?Bb T�`iB+mH�` /�i�b2i T`QpB/2b 2pB/2M+2 i?�i
i?Bb iBK2 b2`B2b KB;?i BM+Q`TQ`�i2 bm#bi�MiB�H MQMHBM2�`BivX h?Bb MQMHBM2�`Biv 7m`@
i?2`KQ`2 bm;;2bib i?�i � MQMHBM2�` `2H�iBQMb?BT BM � iBK2 b2`B2b KB;?i +QKT2Mb�i2
7Q` i?2 r2�F T2`7Q`K�M+2 Q7 i?2 >q �M/ biBHH �HHQr i?2 >q@GahJ iQ +QM/m+i �
`2HB�#H2 7Q`2+�biX

GBF2 i?2 `2bmHi Q7 �Mv Qi?2` 2tT2`BK2Mi- i?2 `2bmHi Q7 i?Bb 2tT2`BK2Mi Kmbi #2 b+`m@
iBMBx2/X h?2 M2ti +?�Ti2` Tmib i?2 T`2b2Mi2/ Q#b2`p�iBQMb �M/ BKTHB+�iBQMb BMiQ
+QMi2ti �M/ T`QpB/2b � +`BiB+�H �M�HvbBbX
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d *`BiB+�H _2pB2r

h?Bb +?�Ti2` T`2b2Mib � +`BiB+�H `2pB2r Q7 i?2 2tT2`BK2MiǶb `2bmHibX 6m`i?2`KQ`2-
Bi 2H�#Q`�i2b QM i?2 +QKT`QKBb2b K�/2 BM i?2 +Qm`b2 Q7 i?2 BMp2biB;�iBQM �M/ i?2
HBKBi�iBQMb Q7 i?Bb i?2bBbX

h?2 `2bmHib /2KQMbi`�i2/ i?�i i?2 ?v#`B/ >q@GahJ +�M MQi K22i i?2 ?B;? 2tT2+i�@
iBQMb �M/ /Q2b MQi `2T2�i i?2 bmT2`BQ` T2`7Q`K�M+2 �+?B2p2/ �i i?2 J9 *QKT2iBiBQMX
h?Bb b?Q`i+QKBM; +QmH/ #2 /m2 iQ i?2 KQ/B}+�iBQMb K�/2 #v _2// 2i �HX UkyRNVX
�b i?2 BMBiB�H BKTH2K2Mi�iBQM #v aKvH UkykyV r�b MQi �TTHB+�#H2 BM i?2 2tT2`BK2Mi
/m2 iQ Bib BKTH2K2Mi�iBQM BM *YY- i?2 KQ/B}2/ p2`bBQM r�b i?2 QMHv QTiBQM iQ
BMp2biB;�i2 i?2 >q@GahJ K2i?Q/X
h?2 �#b2M+2 Q7 i?2 2Mb2K#H2 Q7 bT2+B�HBbib b22Kb iQ BM?B#Bi i?2 /BH�i2/ GahJ bi�+FǶb
7Q`2+�biBM; TQi2MiB�HX *QMb2[m2MiHv- i?Bb H2/ iQ � /2+`2�b2 BM i?2 2{+B2M+v Q7 i?2
?v#`B/ K2i?Q/X >Qr2p2`- i?2 >q@GahJ biBHH T`QpB/2/ �M �++m`�i2 T2`7Q`K�M+2 BM
bQK2 +�b2bX h?2`27Q`2 i?2 2tT2`BK2Mi biBHH T`Qp2b i?2 +QM+2Ti Q7 i?2 ?v#`B/ K2i?Q/
r?2M iBK2 b2`B2b K22i i?2 bT2+B}2/ T`2`2[mBbBi2bX � 7m`i?2` BMp2biB;�iBQM �TTHvBM;
�//BiBQM�H iBK2 b2`B2b b?QmH/ `2pB2r i?Bb T`QQ7 Q7 +QM+2Ti BM /2Ti?X

h?2 b2H2+i2/ iBK2 b2`B2b r2`2 � +Q`2 T�`i Q7 i?2 2tT2`BK2MiX h?2 `2b2�`+? 7Q` }M/BM;
i?2b2 T`2b2Mi2/ � MQi�#H2 +?�HH2M;2X �b iBK2 b2`B2b BM?B#Bi � +QK#BM�iBQM Q7 /Bz2`2Mi
+?�`�+i2`BbiB+b �i i?2 b�K2 iBK2- QMHv � 72r r2`2 B/2MiB}2/ bmBi�#H2 7Q` i?2 2tT2`@
BK2Mi �M/ TQi2MiB�HHv ?2HT7mH iQ �Mbr2` i?2 `2b2�`+? [m2biBQMX h?2 [m2bi }M�HHv
`2bmHi2/ BM MBM2 T`QKBbBM; iBK2 b2`B2b- r?B+? /Q MQi `2T`2b2Mi � H�`;2 b�KTH2X
>Qr2p2`- i?2 �TT`Q�+? Q7 i?Bb i?2bBb Bb iQ BMp2biB;�i2 `2�H@rQ`H/ +�b2bX h?2`27Q`2-
2tTH�BM�#H2 iBK2 b2`B2b #�b2/ QM `2�H@rQ`H/ +B`+mKbi�M+2b r2`2 T`272``2/ Qp2` H�`;2
/�i�b2ib bm+? �b i?2 J9 *QKT2iBiBQM /�i�b2iX �b /2b+`B#2/ BM a2+iBQM 9XR- i?Bb
/�i�b2i +QMi�BMb Ryy-yyy iBK2 b2`B2b 7`QK /Bz2`2Mi /QK�BMbX L2p2`i?2H2bb- �b MQ 7m`@
i?2` BM7Q`K�iBQM Bb T`QpB/2/ �#Qmi i?2 BM/BpB/m�H iBK2 b2`B2b- i?2 J9 *QKT2iBiBQM
/�i�b2i T`2b2Mib �M �MQMvKQmb /�i�b2i �M/ Bb MQi +QMbBbi2Mi rBi? i?2 Q#D2+iBp2b Q7
i?Bb i?2bBbX

h?2 K2i?Q/b +QM/m+i2/ � QM2@iBK2 KmHiB@bi2T 7Q`2+�bi BM i?2 2tT2`BK2Mi iQ 7QHHQr
i?2 +QM/BiBQMb Q7 i?2 J9 *QKT2iBiBQMX h?Bb b2iiBM; /B/ MQi BMi2M/ � r�HF@7Q`r�`/
p�HB/�iBQM- �M/ +QMb2[m2MiHv- Bi r�b MQi �TTHB2/ BM i?2 2tT2`BK2MiX >Qr2p2`- i?2
r�HF@7Q`r�`/ p�HB/�iBQM T`QKBb2b iQ 2Mbm`2 � KQ`2 �++m`�i2 2``Q` 2biBK�iBQM i?�i
+QmH/ BKT`Qp2 i?2 �bb2bbK2Mi Q7 i?2 2tT2`BK2MiǶb `2bmHiX

6BM�HHv- i?2 +?QB+2 Q7 +QMbB/2`2/ 7Q`2+�biBM; K2i?Q/b ?�b iQ #2 +`BiB+�HHv `2pB2r2/X
h?2 2tT2`BK2Mi BM+Hm/2b i?2 ?v#`B/ K2i?Q/- r?B+? Bb � +Q`2 BMi2`2bi Q7 i?Bb i?2bBb-
�M/ Bib +QMbiBim2Mi T�`ibX �T�`i 7`QK i?Qb2 K2i?Q/b- i?2 �_AJ� `2T`2b2Mib �MQi?2`
bi�iBbiB+�H K2i?Q/ 7QHHQrBM; � /Bz2`2Mi 7Q`2+�biBM; �TT`Q�+? i?�M i?2 >qX AM i2`Kb
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Q7 K�+?BM2 H2�`MBM; K2i?Q/b- i?2 JGS Bb +?Qb2M �b � KQ`2 bi`�B;?i7Q`r�`/ K2i?Q/
i?�M i?2 GahJX �Hi?Qm;? i?Bb Bb � `2�bQM�#H2 b2H2+iBQM rBi? }p2 /Bz2`2Mi 7Q`2+�biBM;
K2i?Q/b- � p�`B2iv Q7 K2i?Q/b r2`2 MQi +QMbB/2`2/ BM i?2 2tT2`BK2MiX �//BiBQM�H
7Q`2+�biBM; K2i?Q/b- bm+? �b a�_AJ�- h.LLb- Q` *LLb- +QmH/ �bb2bb i?2 `2b2�`+?
[m2biBQM 7`QK � /Bz2`2Mi T2`bT2+iBp2X
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3 *QM+HmbBQM �M/ PmiHQQF

h?Bb K�bi2` i?2bBb 2t�KBM2/ iBK2 b2`B2b 7Q`2+�biBM; 7`QK /Bz2`2Mi TQBMib Q7 pB2rX
Ai bQm;?i �Mbr2`b iQ i?2 +H�b? Q7 i?2 irQ +mHim`2b �M/ BMp2biB;�i2/ r?2i?2` ?v#`B/
K2i?Q/b +QK#BM2 i?2 #2bi Q7 #Qi? rQ`H/b iQ �/p�M+2 iBK2 b2`B2b 7Q`2+�biBM;X AM
Bib +Qm`b2- Bi `2pB2r2/ `2H�i2/ rQ`F �M/ H�B/ i?2 i?2Q`2iB+�H 7QmM/�iBQMb 7Q` i?Bb
i?2bBbǶb +Q`2 bm#D2+ibX Ai �M�Hvx2/ #Qi? bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; K2i?Q/b
�M/ 2H�#Q`�i2/ QM i?2B` `2bT2+iBp2 bi`2M;i?b �M/ HBKBi�iBQMb 7Q` i?2 7Q`2+�biBM; /Q@
K�BMX h?2`2#v i?2 i?2bBb 2KT?�bBx2/ i?�i #Qi? �TT`Q�+?2b ?�p2 T`QT2`iB2b i?�i
+�M +QKTH2K2Mi 2�+? Qi?2`X h?2 +QKT2Mb�iBQM Q7 2�+? Qi?2`Ƕb r2�FM2bb2b Bb i?2
7QmM/�iBQM mTQM r?B+? ?v#`B/ K2i?Q/b �`2 #mBHiX h?Bb i?2bBb BMp2biB;�i2/ ?Qr i?Bb
bQT?BbiB+�i2/ mMB}+�iBQM Q7 bi�iBbiB+�H �M/ K�+?BM2 H2�`MBM; Bb `2�HBx2/ �M/ T`QpB/2/
� /2i�BH2/ 2t�KBM�iBQM Q7 aH�r2F aKvHǶb ?v#`B/ >q@GahJ K2i?Q/X
h?2 +QM/m+i2/ 2tT2`BK2Mi �BK2/ iQ ;�BM }M/BM;b 7Q` i?2 `2b2�`+? [m2biBQMX >Qr@
2p2`- Bi im`M2/ Qmi i?�i i?2 `2b2�`+? [m2biBQM +�M MQi #2 �Mbr2`2/ /2}MBiBp2HvX h?2
`2bmHib /B/ MQi �HHQr 7Q` �M �bb2bbK2Mi Q7 r?B+? +?�`�+i2`BbiB+b Q7 � iBK2 b2`B2b /2@
i2`KBM2 i?2 bmT2`BQ`Biv Q7 2Bi?2` bi�iBbiB+�H- K�+?BM2 H2�`MBM;- Q` ?v#`B/ 7Q`2+�biBM;
K2i?Q/bX L2p2`i?2H2bb- i?2 `2bmHib T`QpB/2/ mb27mH BMbB;?ib QM i?2 bmT2`BQ`Biv Q7
bT2+B}+ K2i?Q/b BM T�`iB+mH�` b2iiBM;bX

h?2 �`iB7�+i Q7 i?Bb i?2bBb Bb i?2 2tT2`BK2Mi�H /2bB;M BKTH2K2Mi2/ BM Svi?QMX Ai
�HHQrb 7Q` i?2 �M�HvbBb Q7 iBK2 b2`B2b rBi? /Bz2`2Mi 7Q`2+�biBM; K2i?Q/b /m2 iQ Bib
KQ/mH�` TBT2HBM2 bi`m+im`2 �M/ 2M�#H2b i?2 bi`�B;?i7Q`r�`/ �M�HvbBb Q7 �//BiBQM�H
iBK2 b2`B2b BM i?2 7mim`2X h?2`27Q`2- Bi vB2H/b � p�Hm�#H2 +QMi`B#miBQM iQ iBK2 b2`B2b
�M�HvbBbX
�T�`i 7`QK 7m`i?2` iBK2 b2`B2b- K�Mv `2H2p�Mi `2H�i2/ �`2�b b?QmH/ #2 BMp2biB;�i2/ BM
i?2 7mim`2 �M/ +QMM2+i2/ rBi? i?2 i?2bBbX q?BH2 i?2b2 `2H2p�Mi �`2�b rQmH/ BKT`Qp2
i?2 mM/2`bi�M/BM; Q7 iBK2 b2`B2b 7Q`2+�biBM;- i?2v �`2 r2HH #2vQM/ i?2 b+QT2 Q7 i?Bb
i?2bBb �M/ +QmH/ MQi #2 BM+Hm/2/ BM i?2 T�T2`X 6Q` BMbi�M+2- i?2 �M�HvbBb Q7 MQMHBM@
2�`Biv BM � iBK2 b2`B2b Bb � `2H2p�Mi `2b2�`+? iQTB+X �b w?�M; UkyyjV bi�i2b- i?2`2 �`2
+m``2MiHv MQ ;2M2`�H /B�;MQbiB+ bi�iBbiB+b 7Q` MQMHBM2�` `2H�iBQMb?BTb �p�BH�#H2X h?2
�#BHBiv iQ bT2+B7v i?2 +QKTQbBiBQM Q7 � iBK2 b2`B2b T`2+Bb2Hv BM i2`Kb Q7 HBM2�` �M/
MQMHBM2�` T�`ib rQmH/ T`QpB/2 bB;MB}+�Mi T`Q;`2bb BM mM/2`bi�M/BM; � iBK2 b2`B2b
#2ii2`X �M 2M?�M+2/ mM/2`bi�M/BM; Q7 � iBK2 b2`B2b iQ #2 7Q`2+�bi T`QpB/2b 2t+2HH2Mi
TQi2MiB�H 7Q` �M �/p�M+2/ b2H2+iBQM Q7 i?2 7Q`2+�biBM; K2i?Q/X
6m`i?2`KQ`2- K2i�@H2�`MBM; Qz2`b mMB[m2 TQi2MiB�H iQ �/p�M+2 iBK2 b2`B2b 7Q`2+�bi@
BM;X Ai T`QpB/2b � 7`�K2rQ`F 7Q` i?2 B/2MiB}+�iBQM Q7 i?2 KQbi bmBi�#H2 7Q`2+�biBM;
K2i?Q/X h?2`2 ?�p2 #22M T`QKBbBM; �TT`Q�+?2b #v h�H�;�H� 2i �HX UkyR3V- r?B+?
/2p2HQT2/ � 7`�K2rQ`F 7Q` �H;Q`Bi?K b2H2+iBQM #�b2/ iBK2 b2`B2b 72�im`2b miBHBxBM;
M2m`�H M2irQ`FbX
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�T�`i 7`QK i?2 7Q`2+�biBM; K2i?Q/ b2H2+iBQM- i?2 iQTB+ Q7 mM+2`i�BMiv [m�MiB}+�iBQM
Bb Q7 2t+2TiBQM�H BMi2`2biX lM+2`i�BMiv [m�MiB}+�iBQM �BKb iQ Q#i�BM �M �bb2bbK2Mi Q7
?Qr bm`2 �M �H;Q`Bi?K Bb BM Bib T`2/B+iBQMX �b � K2`2 T`2/B+iBQM Bb BM2z2+iBp2 rBi?Qmi
�M 2biBK�iBQM Q7 Bib `2HB�#BHBiv- i?Bb `2b2�`+? �`2� 7Q+mb2b QM ?Qr 2bT2+B�HHv K�+?BM2
H2�`MBM; K2i?Q/b +�M ;Bp2 � `2�bQM�#H2 2biBK�i2 Q7 i?2B` mM+2`i�BMivX *QMbB/2`BM;
i?2 +`BiB+Bx2/ #H�+F@#Qt M�im`2 Q7 K�+?BM2 H2�`MBM; K2i?Q/b- i?Bb `2�bQM�#H2 2biB@
K�i2 Q7 mM+2`i�BMiv Bb bB;MB}+�Mi T`Q;`2bb BM i?2 2tTH�BM�#BHBiv Q7 K�+?BM2 H2�`MBM;
K2i?Q/bX

AM i?2 +QMi2ti Q7 iBK2 b2`B2b 7Q`2+�biBM;- i?2 MQ 7`22 HmM+? i?2Q`2K /2b+`B#2b i?2
+B`+mKbi�M+2 i?�i MQM2 Q7 i?2 2tBbiBM; 7Q`2+�biBM; K2i?Q/b Bb mMBp2`b�HHv #2ii2`
i?�M �Mv Qi?2` K2i?Q/X 1�+? 7Q`2+�biBM; i�bF ?�b iQ #2 2t�KBM2/ b2T�`�i2Hv- �M/
i?2 KQbi bmBi�#H2 K2i?Q/ ?�b iQ #2 b2H2+i2/ UqQHT2`i �M/ J�+`2�/v- RNNdVX
h?Bb i?2bBb +HQb2b rBi? � bi�i2K2Mi K�/2 #v "QMi2KTB UkykyV i?�i i�F2b mT i?Bb
i?2Q`vX h?2 �mi?Q` bi�i2b i?�i i?2 iQT@T2`7Q`KBM; K2i?Q/ BM � +QKT2iBiBQM Q` �Mv
/�i� b+B2M+2 +QMi2bi Bb MQi M2+2bb�`BHv i?2 #2bi QM2 bBM+2 i?2`2 +�M MQi #2 � bBM;H2
#2bi K2i?Q/X h?2b2 +QKT2iBiBQMb �bb2bb i?2 mb27mHM2bb Q7 p�`BQmb iQQHb 7Q` bQHpBM; �
bT2+B}+ T`Q#H2KX h?2 7�+i i?�i QM2 bT2+B}+ iQQH 7mH}HHb i?2 i�bF #2ii2` i?�M Qi?2`b
`2p2�Hb Km+? KQ`2 �#Qmi i?2 M�im`2 Q7 i?2 i�bF i?�M �#Qmi i?2 mb27mHM2bb Q7 i?2
b�K2 iQQH BM � 7mim`2 i�bFX 6Q` BMbi�M+2- mbBM; � }b? FMB72 Bb p2`v mb27mH 7Q` 2�iBM; �
i`Qmi #mi KB;?i MQi #2 mb27mH r?2M T�bi� Bb QM i?2 K2Mm U"QMi2KTB- kykyVX qBi?
i?Bb BM KBM/- i?2 i?2bBb b?Qrb i?�i ?v#`B/ K2i?Q/b 7Q` iBK2 b2`B2b 7Q`2+�biBM; /Q
MQi ;2M2`�HHv K�F2 bi�iBbiB+�H Q` K�+?BM2 H2�`MBM; K2i?Q/b Q#bQH2i2- #mi +�M #2 �
p�Hm�#H2 iQQH BM i?2 7Q`2+�bi2`Ƕb iQQH#QtX
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� �TT2M/Bt

�XR 1``Q` *�H+mH�iBQM BM i?2 J9 *QKT2iBiBQM

h?2 7Q`KmH�b 7Q` bvKK2i`B+ J2�M �#bQHmi2 S2`+2Mi�;2 1``Q` UbJ�S1V �M/ J2�M
�#bQHmi2 a+�H2/ 1``Q` UJ�a1V �`2 /2}M2/ #v UJ�F`B/�FBb 2i �HX- kykyV,

bJ�S1 =
2

h

n+hX

t=n+1

���Yt � Ŷt

���

|Yt|+
���Ŷt

���

J�a1 =
1

h

n+hP
t=n+1

���Yt � Ŷt

���

1
n�m

nP
t=m+1

���Yt � Ŷt�m

���
,

rBi?,

Yt = p�Hm2 Q7 i?2 iBK2 b2`B2b �i TQBMi t

Ŷt = 2biBK�i2/ 7Q`2+�bi
h = 7Q`2+�biBM; ?Q`BxQM
n = MmK#2` Q7 /�i� TQBMib �p�BH�#H2 BM@b�KTH2
m = iBK2 BMi2`p�H #2ir22M bm++2bbBp2 Q#b2`p�iBQMb- 2X;X Rk 7Q` KQMi?Hv Q` k9 7Q`

?Qm`Hv

h?2 Pp2`�HH q2B;?i2/ �p2`�;2 UPq�V Bb +�H+mH�i2/ �b 7QHHQrb UJ PT2M 6Q`2+�biBM;
*2Mi2` UJP6*V- kyRdV,

Ç .BpB/2 bJ�S1 �M/ J�a1 #v i?2 2``Q` Q7 i?2 b2�bQM�H M�Bp2 #2M+?K�`F iQ
Q#i�BM i?2 `2H�iBp2 bJ�S1 �M/ `2H�iBp2 J�a1- `2bT2+iBp2HvX

Ç *QKTmi2 i?2 Pq� #v �p2`�;BM; i?2 `2H�iBp2 bJ�S1 �M/ `2H�iBp2 J�a1X

h?2 Pq� Bb i?2`27Q`2 /2}M2/ #v,

Pq� =
`2H�iBp2 bJ�S1 + `2H�iBp2 J�a1

2



� �SS1L.As de

�Xk .BH�i2/ GahJ ai�+F lM7QH/2/ BMiQ hBK2

h?Bb b2+iBQM �BKb iQ ;Bp2 �MQi?2` T2`bT2+iBp2 QM i?2 /BH�i2/ GahJ bi�+F i?�i aKvH
UkykyV mb2b BM i?2 ?v#`B/ >q@GahJ K2i?Q/X h?2 /2TB+i2/ �`+?Bi2+im`2 Bb i?2 UR-kV@
U9-3V ai�M/�`/ �`+?Bi2+im`2 mb2/ 7Q` iBK2 b2`B2b Q7 [m�`i2`Hv 7`2[m2M+vX AM �M�HQ;v
iQ 6B;m`2 3- 6B;m`2 kN Bb i?2 mM7QH/2/ `2T`2b2Mi�iBQM Q7 i?2 7QH/2/ KQ/2H /2TB+i2/
BM 6B;m`2 RRX
h?2 bQHB/ �``Qrb `2~2+i i?2 +m``2Mi iBK2 bi2T t- r?BH2 i?2 /�b?2/ �``Qrb BM/B+�i2 �
7mim`2 iBK2 bi2TX h?2 #H�+F �``Qrb �HHQr i?2 b?Q`i+mi rBi?BM � bi�+F- �M/ i?2 #Hm2
�``Qrb `2T`2b2Mi i?2 /BH�iBQMX

6B;m`2 kN, .BH�i2/ GahJ UR-kV@U9-3V ai�M/�`/ mM7QH/2/ BMiQ iBK2- �/�Ti2/ 7`QK
_2// 2i �HX UkyRNV
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�Xj 1tT2`BK2Mi @ hBK2 a2`B2b .2+QKTQbBiBQM

h?2 /2+QKTQbBiBQM Q7 i?2 iBK2 b2`B2b Bb +QM/m+i2/ rBi? i?2 bi�ibKQ/2Hb KQ/mH2 7Q`
+H�bbB+�H /2+QKTQbBiBQM �M/ ahG /2+QKTQbBiBQM Ua2�#QH/ �M/ S2`FiQH/- kyRyVX h?2
QmiTmi /2TB+ib 7Qm` ;`�T?b Q`/2`2/ 7`QK iQT iQ #QiiQK, Q#b2`p2/ iBK2 b2`B2b- i`2M/-
b2�bQM�H +QKTQM2Mi- �M/ `2bB/m�HbX AM i?2 +�b2 Q7 �//BiBp2 /2+QKTQbBiBQM- i`2M/-
b2�bQM�H +QKTQM2Mi �M/ `2bB/m�Hb �`2 �//2/ iQ Q#i�BM i?2 Q#b2`p2/ iBK2 b2`B2b �M/
7Q` KmHiBTHB+�iBp2 /2+QKTQbBiBQM KmHiBTHB2/- `2bT2+iBp2HvX h�#H2 RR /BbTH�vb i?2 mb2/
/2+QKTQbBiBQM K2i?Q/ 7Q` 2�+? iBK2 b2`B2bX

hBK2 b2`B2b .2+QKTQbBiBQM K2i?Q/

�B`HBM2 S�bb2M;2`b JmHiBTHB+�iBp2 *H�bbB+�H .2+QKTQbBiBQM
*�M�/B�M GvMt ahG .2+QKTQbBiBQM
.�BHv JBMBKmK h2KT2`�im`2b J2H#Qm`M2 ahG .2+QKTQbBiBQM
.�BHv hQi�H 62K�H2 "B`i?b *�HB7Q`MB� ahG .2+QKTQbBiBQM
:"S la. .�BHv 1t+?�M;2 _�i2 ahG .2+QKTQbBiBQM
AM/mbi`B�H S`Q/m+iBQM ahG .2+QKTQbBiBQM
_QbbK�MM aiQ`2 a�H2b ahG .2+QKTQbBiBQM
amMbTQi ahG .2+QKTQbBiBQM

h�#H2 RR, Pp2`pB2r Q7 �TTHB2/ K2i?Q/b 7Q` iBK2 b2`B2b /2+QKTQbBiBQM
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�X9 1tT2`BK2Mi @ �miQ+Q``2H�iBQM 6mM+iBQM

h?2 THQi Q7 i?2 �miQ+Q``2H�iBQM 6mM+iBQM U�*6V Bb +QM/m+i2/ rBi? i?2 bi�ibKQ/2Hb
KQ/mH2 Ua2�#QH/ �M/ S2`FiQH/- kyRyVX h?2 QmiTmi b?Qrb i?2 H�;b QM i?2 ?Q`BxQMi�H
�tBb �M/ i?2 +Q``2H�iBQMb QM i?2 p2`iB+�H �tBbX h?2 p�Hm2b QmibB/2 i?2 `2/ �`2� �`2
bi�iBbiB+�HHv bB;MB}+�Mi- rBi? bB;MB}+�M+2 H2p2H ↵ = 0.05X
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�X8 1tT2`BK2Mi @ _2bmHib �m;K2Mi2/ .B+F2v@6mHH2` h2bi

h?2 �m;K2Mi2/ .B+F2v@6mHH2` h2bi U�.6V Bb T2`7Q`K2/ rBi? i?2 /2bB;M�i2/ bi�ibKQ/@
2Hb KQ/mH2 Ua2�#QH/ �M/ S2`FiQH/- kyRyVX Ai i2bib i?2 MmHH ?vTQi?2bBb i?�i i?2`2 Bb �
mMBi `QQi- rBi? i?2 �Hi2`M�iBp2 i?�i i?2`2 Bb MQM2 T`2b2MiX A7 i?2 +�H+mH�i2/ p p�Hm2
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�XN 1tT2`BK2Mi @ ai�M/�`/ .2pB�iBQM Q7 LL@#�b2/ K2i?Q/b

�b /2b+`B#2/ BM a2+iBQM 8X8- i?2 LL@#�b2/ K2i?Q/b Q#i�BM mMbi2�/v `2bmHib 7Q` i?2
b�K2 BMTmiX hQ ;Bp2 �M Qp2`pB2r Q7 i?2 ~m+im�iBQM `2+Q`/2/ BM i?2 i2M `mMb- i?2
J�1 �M/ _Ja1 �`2 +�H+mH�i2/ 7Q` 2�+? T�`iB+mH�` `mMX h?2 2Mi`B2b BM h�#H2 R9
/2MQi2 � imTH2- r?2`2 i?2 }`bi p�Hm2 Bb i?2 K2�M Q7 i?2 `2bT2+iBp2 �++m`�+v K2�bm`2
7Q` �HH `mMb- �M/ i?2 b2+QM/ p�Hm2 BM/B+�i2b i?2 �bbQ+B�i2/ bi�M/�`/ /2pB�iBQMX

hBK2 b2`B2b 1``Q` JGS GahJ >q@GahJ

�B`HBM2 S�bb2M;2`b
J�1 U9jX9Njc RXdy9V URy9Xj89c kRXe3RV Ue9Xdy9c kXyNNV
_Ja1 Uk-NR8Xy9ec Rd9Xe38V URe-NeeX3Ryc 8-3NNX8dRV U8-83kXyd3c jjyXkdNV

*�M�/B�M GvMt
J�1 U9keXjN8c j9XeekV UedyXNydc RNRX3ddV Uk-yyRX89dc ekXddkV
_Ja1 Uk9y-edNX3d3c j8-R3NXjNkV Ueed-9ekXk98c jjk-eydXjj8V U9-8dk-kjkXje8c 9ydXjN8V

.�BHv JBMBKmK
h2KT2`�im`2b J2H#Qm`M2

J�1 URXjNdc yXRdkV URXekjc yXR88V UkXj8yc yXyN9V
_Ja1 UjXyyRc yX8yNV U9Xyyyc yX8kkV UdXRNjc yX899V

.�BHv hQi�H 62K�H2
"B`i?b *�HB7Q`MB�

J�1 U9Xed9c yX99yV U8X9kec yXkR9V U9X98dc yXR3eV
_Ja1 UkNXRykc 9XedjV U9kX8dyc RXNkeV UjRX3dyc kXe8NV

:"S la. .�BHv
1t+?�M;2 _�i2

J�1 UyXykec yXyykV UyXyk3c yXyyRV UyXy8Rc yXyRyV
_Ja1 UyXyyRc 2.168⇥ 10�19V UyXyyRc 2.168⇥ 10�38V UyXyy9c yXyyRV

AM/mbi`B�H S`Q/m+iBQM
J�1 UjXNy3c yXRRkV URyXRjNc yXeeeV UjXRR8c yX9d8V
_Ja1 UkRXdy8c RXRN9V UR89X9jkc R3X3k8V URjXjjdc jXeRNV

_QbbK�MM aiQ`2 a�H2b
J�1 UjkyX3ddc jeXy99V UeRNX3NRc deXj8yV Ud3dX8ekc kNXdyNV
_Ja1 Ukkk-kd3XRyjc 98-88yX9k3V Uek8-y9RXj8jc R89-j8kX83jV UNRk-8NRXed8c e9-9e8X9eeV

amMbTQi
J�1 UkRXjRyc yXNNjV UR8XNR8c kXd9NV U3dX388c kX3N8V
_Ja1 UNykXeyNc 8yXe3jV UeRNXk9dc RjRX8NjV U3-3djXedyc 8RRXNe8V

_�M/QK q�HF
J�1 URXydRc yXkdNV URXy8Nc yXR8kV UjXkRNc yXNyRV
_Ja1 URXd3jc yX3NyV URXdk9c yX999V UR3XRNyc 3XRkeV

h�#H2 R9, ai�M/�`/ /2pB�iBQM Q7 i?2 LL@#�b2/ K2i?Q/b
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�#�/B- JX- �;�`r�H- �X- "�`?�K- SX- "`2p/Q- 1X- *?2M- wX- *Bi`Q- *X- *Q``�/Q-

:X aX- .�pBb- �X- .2�M- CX- �M/ .2pBM- JX UkyR8VX h2MbQ`~Qr, G�`;2@b+�H2 K�+?BM2
H2�`MBM; QM ?2i2`Q;2M2Qmb /Bbi`B#mi2/ bvbi2KbX �`sBp,ReyjXy99edX

�/v�- JX- *QHHQTv- 6X- �`Kbi`QM;- CX aX- �M/ E2MM2/v- JX UkyyRVX �miQK�iB+ B/2M@
iB}+�iBQM Q7 iBK2 b2`B2b 72�im`2b 7Q` `mH2@#�b2/ 7Q`2+�biBM;X AMi2`M�iBQM�H CQm`M�H
Q7 6Q`2+�biBM;- RdUkV,R9jĜR8dX

�iBv�- �X 6X UkykyVX q?v /Q2b 7Q`2+�bi +QK#BM�iBQM rQ`F bQ r2HH\ AMi2`M�iBQM�H
CQm`M�H Q7 6Q`2+�biBM;- jeURV,RNdĜkyyX

"�M/�`�- EX- a?B- SX- "2`;K2B`- *X- >2r�K�H�;2- >X- h`�M- ZX- �M/ a2�K�M- "X
UkyRNVX a�H2b /2K�M/ 7Q`2+�bi BM 2@+QKK2`+2 mbBM; � HQM; b?Q`i@i2`K K2KQ`v
M2m`�H M2irQ`F K2i?Q/QHQ;vX �`sBp, RNyRXy9yk3X

"�``Qr- .X EX �M/ *`QM2- aX 6X UkyReVX *`Qbb@p�HB/�iBQM �;;`2;�iBQM 7Q` +QK#BMBM;
�miQ`2;`2bbBp2 M2m`�H M2irQ`F 7Q`2+�bibX AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;-
jkU9V,RRkyĜRRjdX

"2M;BQ- uX- aBK�`/- SX- �M/ 6`�b+QMB- SX URNN9VX G2�`MBM; HQM;@i2`K /2T2M/2M@
+B2b rBi? ;`�/B2Mi /2b+2Mi Bb /B{+mHiX A111 h`�Mb�+iBQMb QM L2m`�H L2irQ`Fb-
8UkV,R8dĜReeX

"Q�`/ Q7 :Qp2`MQ`b Q7 i?2 62/2`�H _2b2`p2 avbi2K UlaV UMX/XVX AM/mbi`B�H S`Q/m+@
iBQM, 1H2+i`B+ �M/ ;�b miBHBiB2b (AS:kkRR�kL)X _2i`B2p2/ 7`QK 6_1.- 62/2`�H
_2b2`p2 "�MF Q7 aiX GQmBbc ?iiTb,ff7`2/XbiHQmBb72/XQ`;fb2`B2bfAS:kkRR�kLX

"QMi2KTB- :X UkykyVX *QKK2Mib QM J9 +QKT2iBiBQMX AMi2`M�iBQM�H CQm`M�H Q7
6Q`2+�biBM;- jeURV,kyRĜkykX

"QMi2KTB- :X- "2M h�B2#- aX- �M/ G2 "Q`;M2- uX@�X UkyRkVX J�+?BM2 H2�`MBM; bi`�i2@
;B2b 7Q` iBK2 b2`B2b 7Q`2+�biBM;X AM 1m`QT2�M #mbBM2bb BMi2HHB;2M+2 bmKK2` b+?QQH-
T�;2b ekĜddX aT`BM;2`X

"Q`QrBF- :X- q�r`xvMB�F- wX JX- �M/ *B+?Qbx- SX UkyR3VX hBK2 b2`B2b �M�HvbBb 7Q`
+`BK2 7Q`2+�biBM;X AM kyR3 kei? AMi2`M�iBQM�H *QM72`2M+2 QM avbi2Kb 1M;BM22`BM;
UA*a1M;V- T�;2b RĜRyX A111X

"`2BK�M- GX URNNeVX "�;;BM; T`2/B+iQ`bX J�+?BM2 G2�`MBM;- k9UkV,RkjĜR9yX

"`2BK�M- GX UkyyR�VX _�M/QK 7Q`2bibX J�+?BM2 G2�`MBM;- 98URV,8ĜjkX

"`2BK�M- GX UkyyR#VX ai�iBbiB+�H KQ/2HBM;, h?2 irQ +mHim`2b UrBi? +QKK2Mib �M/ �
`2DQBM/2` #v i?2 �mi?Q`VX ai�iBbiB+�H a+B2M+2- ReUjV,RNNĜkjRX



_161_1L*1a NN

"`Q+Fr2HH- SX CX �M/ .�pBb- _X �X UkyReVX AMi`Q/m+iBQM iQ iBK2 b2`B2b �M/ 7Q`2+�biBM;X
aT`BM;2` AMi2`M�iBQM�H Sm#HBb?BM;X

"`QrM- _X :X URN8NVX ai�iBbiB+�H 7Q`2+�biBM; 7Q` BMp2MiQ`v +QMi`QHX J+:`�rf>BHHX

"`QrMH22- CX UkyRdVX AMi`Q/m+iBQM iQ iBK2 b2`B2b 7Q`2+�biBM; rBi? Tvi?QM, ?Qr iQ
T`2T�`2 /�i� �M/ /2p2HQT KQ/2Hb iQ T`2/B+i i?2 7mim`2X J�+?BM2 G2�`MBM; J�bi2`vX

*2`[m2B`�- oX- hQ`;Q- GX- �M/ aQ�`2b- *X UkyRNVX J�+?BM2 H2�`MBM; pb bi�iBbiB+�H
K2i?Q/b 7Q` iBK2 b2`B2b 7Q`2+�biBM;, bBx2 K�ii2`bX �`sBp, RNyNXRjjReX

*?�M;- aX- w?�M;- uX- >�M- qX- um- JX- :mQ- sX- h�M- qX- *mB- sX- qBi#`Q+F-
JX- >�b2;�r�@CQ?MbQM- JX- �M/ >m�M;- hX aX UkyRdVX .BH�i2/ `2+m``2Mi M2m`�H
M2irQ`FbX �`sBp, RdRyXykkk9X

*?2M;- >X- h�M- SX@LX- :�Q- CX- �M/ a+`BTTb- CX UkyyeVX JmHiBbi2T@�?2�/ iBK2 b2`B2b
T`2/B+iBQMX AM S�+B}+@�bB� *QM72`2M+2 QM EMQrH2/;2 .Bb+Qp2`v �M/ .�i� JBMBM;-
T�;2b de8Ĝdd9X aT`BM;2`X

*?Q- EX- p�M J2``B2M#Q2`- "X- :mH+2?`2- *X- "�?/�M�m- .X- "Qm;�`2b- 6X- a+?r2MF-
>X- �M/ "2M;BQ- uX UkyR9VX G2�`MBM; T?`�b2 `2T`2b2Mi�iBQMb mbBM; _LL 2M+Q/2`@
/2+Q/2` 7Q` bi�iBbiB+�H K�+?BM2 i`�MbH�iBQMX �`sBp, R9yeXRyd3X

*?QHH2i- 6X UkyR8VX E2`�bX _2i`B2p2/ 7`QK ?iiTb,ffF2`�bXBQfX

*H2p2H�M/- _X "X- *H2p2H�M/- qX aX- J+_�2- CX 1X- �M/ h2`T2MMBM;- AX URNNyVX ahG,
� b2�bQM�H@i`2M/ /2+QKTQbBiBQMX CQm`M�H Q7 P{+B�H ai�iBbiB+b- eURV,jĜdjX

*QHHQTv- 6X �M/ �`Kbi`QM;- CX aX URNNkVX _mH2@#�b2/ 7Q`2+�biBM;, .2p2HQTK2Mi �M/
p�HB/�iBQM Q7 �M 2tT2`i bvbi2Kb �TT`Q�+? iQ +QK#BMBM; iBK2 b2`B2b 2ti`�TQH�iBQMbX
J�M�;2K2Mi a+B2M+2- j3URyV,RjN9ĜR9R9X

*QQHb- JX- JQQMb- 1X- �M/ q2ib- :X UkyyNVX AMp2biB;�iBM; i?2 p�`B�#BHBiv BM /�BHv
i`�{+ +QmMib i?`Qm;? mb2 Q7 �_AJ�s �M/ a�_AJ�s KQ/2Hb, �bb2bbBM; i?2 2z2+i
Q7 ?QHB/�vb QM irQ bBi2 HQ+�iBQMbX h`�MbTQ`i�iBQM _2b2�`+? _2+Q`/- kRjeURV,8dĜeeX

.� o2B;�- *X SX- .� o2B;�- *X _X SX- *�i�T�M- �X- hQ`i�iQ- lX- �M/ .� aBHp�-
qX oX UkyR9VX .2K�M/ 7Q`2+�biBM; BM 7QQ/ `2i�BH, � +QKT�`BbQM #2ir22M i?2 >QHi@
qBMi2`b �M/ �_AJ� KQ/2HbX qa1�a h`�Mb�+iBQMb QM "mbBM2bb �M/ 1+QMQKB+b-
RRURV,ey3ĜeR9X

.�;mK- 1X "X �M/ "B�M+QM+BMB- aX UkyReVX a2�bQM�H �/DmbiK2Mi K2i?Q/b �M/ `2�H
iBK2 i`2M/@+v+H2 2biBK�iBQMX aT`BM;2` AMi2`M�iBQM�H Sm#HBb?BM;X

.B2#QH/- 6X sX �M/ J�`B�MQ- _X aX UkyykVX *QKT�`BM; T`2/B+iBp2 �++m`�+vX CQm`M�H
Q7 "mbBM2bb � 1+QMQKB+ ai�iBbiB+b- kyURV,Rj9ĜR99X
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.Q- GX LX LX- h�?2`B7�`- LX- �M/ om- >X GX UkyRNVX am`p2v Q7 M2m`�H M2irQ`F@#�b2/
KQ/2Hb 7Q` b?Q`i@i2`K i`�{+ bi�i2 T`2/B+iBQMX qBH2v AMi2`/Bb+BTHBM�`v _2pB2rb,
.�i� JBMBM; �M/ EMQrH2/;2 .Bb+Qp2`v- NURVX

.QKBM;Qb- aX /X PX- /2 PHBp2B`�- CX 6X- �M/ /2 J�iiQb L2iQ- SX aX UkyRNVX �M
BMi2HHB;2Mi ?v#`B/Bx�iBQM Q7 �_AJ� rBi? K�+?BM2 H2�`MBM; KQ/2Hb 7Q` iBK2 b2`B2b
7Q`2+�biBM;X EMQrH2/;2@"�b2/ avbi2Kb- Rd8,dkĜ3eX

.Qm;?2`iv- *X UkyRRVX AMi`Q/m+iBQM iQ 2+QMQK2i`B+bX Pt7Q`/ lMBp2`bBiv S`2bbX

6�+2#QQF PT2M aQm`+2 UMX/XVX S`QT?2iX _2i`B2p2/ 7`QK ?iiT,ff7�+2@
#QQFX;Bi?m#XBQfT`QT?2ifX

6`B2/K�M- CX- >�biB2- hX- �M/ hB#b?B`�MB- _X UkyyRVX h?2 2H2K2Mib Q7 bi�iBbiB+�H
H2�`MBM;X aT`BM;2`X

:2`b- 6X �X- a+?KB/?m#2`- CX- �M/ *mKKBMb- 6X UkyyyVX G2�`MBM; iQ 7Q`;2i, *QMiBM@
m�H T`2/B+iBQM rBi? GahJX L2m`�H *QKTmi�iBQM- RkURyV,k98RĜk9dRX

:Bi>m# UMX/X�VX *�M�/B�M GvMtX _2i`B2p2/ 7`QK ?iiTb,ffpBM+2Mi�`2H#mM@
/Q+FX;Bi?m#XBQf_/�i�b2ibf+bpf/�i�b2ibfHvMtX+bpX

:Bi>m# UMX/X#VX amMbTQiX _2i`B2p2/ 7`QK ?iiTb,ffpBM+2Mi�`2H#mM@
/Q+FX;Bi?m#XBQf_/�i�b2ibf+bpf/�i�b2ibfbmMbTQiXv2�`X+bpX

:M2BiBM;- hX �M/ _�7i2`v- �X 1X UkyydVX ai`B+iHv T`QT2` b+Q`BM; `mH2b- T`2/B+iBQM- �M/
2biBK�iBQMX CQm`M�H Q7 i?2 �K2`B+�M ai�iBbiB+�H �bbQ+B�iBQM- RykU9ddV,j8NĜjd3X

:QQ/72HHQr- AX- "2M;BQ- uX- �M/ *Qm`pBHH2- �X UkyReVX .22T H2�`MBM;X JAh S`2bbX
_2i`B2p2/ 7`QK, ?iiT,ffrrrX/22TH2�`MBM;#QQFXQ`;X

:Qv�H- SX- S�M/2v- aX- �M/ C�BM- EX UkyR3VX .22T H2�`MBM; 7Q` M�im`�H H�M;m�;2
T`Q+2bbBM;X �T`2bbX

:`2z- EX- a`Bp�bi�p�- _X EX- EQmiMőF- CX- ai2mM2#`BMF- "X _X- �M/ a+?KB/?m#2`- CX
UkyRdVX GahJ, � b2�`+? bT�+2 Q/vbb2vX A111 h`�Mb�+iBQMb QM L2m`�H L2irQ`Fb
�M/ G2�`MBM; avbi2Kb- k3URyV,kkkkĜkkjkX

:mTi�- .X UkyR3VX �TTHB2/ �M�HviB+b i?`Qm;? +�b2 bim/B2b mbBM; a�a �M/ _, AKTH2@
K2MiBM; T`2/B+iBp2 KQ/2Hb �M/ K�+?BM2 H2�`MBM; i2+?MB[m2bX �T`2bbX

>�``Bb- _X AX .X URNNkVX h2biBM; 7Q` mMBi `QQib mbBM; i?2 �m;K2Mi2/ .B+F2v@6mHH2`
i2bi, aQK2 Bbbm2b `2H�iBM; iQ i?2 bBx2- TQr2` �M/ i?2 H�; bi`m+im`2 Q7 i?2 i2biX
1+QMQKB+b G2ii2`b- j3U9V,j3RĜj3eX

>�`p2v- �X *X URNNjVX hBK2 b2`B2b KQ/2HbX >�`p2bi2` q?2�ib?2�7- kM/ 2/BiBQMX
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>2pM2`- �X _X UkyydVX � i?`22 +v+H2 pB2r Q7 /2bB;M b+B2M+2 `2b2�`+?X a+�M/BM�pB�M
CQm`M�H Q7 AM7Q`K�iBQM avbi2Kb- RNUkV,dX

>2r�K�H�;2- >X- "2`;K2B`- *X- �M/ "�M/�`�- EX UkyRNVX _2+m``2Mi M2m`�H M2i@
rQ`Fb 7Q` iBK2 b2`B2b 7Q`2+�biBM;, *m``2Mi bi�imb �M/ 7mim`2 /B`2+iBQMbX �`sBp,
RNyNXyy8NyX

>BT2H- EX qX �M/ J+G2Q/- �X AX URNN9VX hBK2 b2`B2b KQ/2HHBM; Q7 r�i2` `2bQm`+2b
�M/ 2MpB`QMK2Mi�H bvbi2KbX 1Hb2pB2`X

>Q+?`2Bi2`- aX �M/ a+?KB/?m#2`- CX URNNdVX GQM; b?Q`i@i2`K K2KQ`vX L2m`�H *QK@
Tmi�iBQM- NU3V,Rdj8ĜRd3yX

>QHi- *X *X Ukyy9VX 6Q`2+�biBM; b2�bQM�Hb �M/ i`2M/b #v 2tTQM2MiB�HHv r2B;?i2/
KQpBM; �p2`�;2bX AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;- kyURV,8ĜRyX

>m- JX uX- w?�M;- :X- CB�M;- *X sX- �M/ S�imrQ- "X 1X URNNNVX � +`Qbb@p�HB/�iBQM
�M�HvbBb Q7 M2m`�H M2irQ`F Qmi@Q7@b�KTH2 T2`7Q`K�M+2 BM 2t+?�M;2 `�i2 7Q`2+�biBM;X
.2+BbBQM a+B2M+2b- jyURV,RNdĜkReX

>vM/K�M- _X CX �M/ �i?�M�bQTQmHQb- :X UkyR3VX 6Q`2+�biBM;, T`BM+BTH2b �M/ T`�+@
iB+2X Ph2tib- kM/ 2/BiBQMX _2i`B2p2/ 7`QK ?iiTb,ffQi2tibX+QKf7TTkfX

>vM/K�M- _X CX �M/ �i?�M�bQTQmHQb- :X UkyRNVX 6Q`2+�biBM;, T`BM+BTH2b �M/ T`�+@
iB+2X Ph2tib- j`/ 2/BiBQMX _2i`B2p2/ 7`QK ?iiTb,ffQi2tibX+QKf7TTjfX

>vM/K�M- _X CX �M/ EQ2?H2`- �X "X UkyyeVX �MQi?2` HQQF �i K2�bm`2b Q7 7Q`2+�bi
�++m`�+vX AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;- kkU9V,edNĜe33X

C�Mmb+?QrbFB- hX- :�bi?�mb- CX- q�M;- uX- a�HBM�b- .X- 6HmMF2`i- oX- "Q?HF2@
a+?M2B/2`- JX- �M/ *�HHQi- GX UkykyVX *`Bi2`B� 7Q` +H�bbB7vBM; 7Q`2+�biBM; K2i?Q/bX
AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;- jeURV,RedĜRddX

E�;;H2 UMX/X�VX �B`HBM2 S�bb2M;2`bX _2i`B2p2/ 7`QK ?iiTb,ffrrrXF�;;H2X+QKf`�F�M@
MBK2`f�B`@T�bb2M;2`bO�B`S�bb2M;2`bX+bpX

E�;;H2 UMX/X#VX .�BHv JBMBKmK h2KT2`�im`2b J2H#Qm`M2X _2i`B2p2/ 7`QK
?iiTb,ffrrrXF�;;H2X+QKfT�mH#`�##�Mf/�BHv@KBMBKmK@i2KT2`�im`2b@BM@
K2H#Qm`M2O/�BHv@KBMBKmK@i2KT2`�im`2b@BM@K2X+bpX

E�;;H2 UMX/X+VX .�BHv hQi�H 62K�H2 "B`i?b *�HB7Q`MB�X _2i`B2p2/ 7`QK
?iiTb,ffrrrXF�;;H2X+QKf/Qm;+`2bbr2HHf/�BHv@iQi�H@72K�H2@#B`i?b@BM@+�HB7Q`MB�@
RN8NX

E�;;H2 UMX/X/VX :"S la. .�BHv 1t+?�M;2 _�i2X _2i`B2p2/ 7`QK ?iiTb,ffrrrXF�;@
;H2X+QKfi?2#�bbbf+m``2M+v@2t+?�M;2@`�i2bX
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E�;;H2 UMX/X2VX _QbbK�MM aiQ`2 a�H2bX _2i`B2p2/ 7`QK ?iiTb,ffrrrXF�;@
;H2X+QKf+f`QbbK�MM@biQ`2@b�H2bf/�i�X

E?�M/2Hr�H- AX- �/?BF�`B- _X- �M/ o2`K�- :X UkyR8VX hBK2 b2`B2b 7Q`2+�biBM; mb@
BM; ?v#`B/ �_AJ� �M/ �LL KQ/2Hb #�b2/ QM .qh /2+QKTQbBiBQMX S`Q+2/B�
*QKTmi2` a+B2M+2- 93URV,RdjĜRdNX

EBK- CX- 1H@E?�Kv- JX- �M/ G22- CX UkyRdVX _2bB/m�H GahJ, .2bB;M Q7 � /22T
`2+m``2Mi �`+?Bi2+im`2 7Q` /Bbi�Mi bT22+? `2+Q;MBiBQMX �`sBp, RdyRXyjjeyX

EQH�bb�- aX �M/ a+?Ƀix- qX UkyydVX �/p�Mi�;2b Q7 i?2 J�.fJ1�L `�iBQ Qp2` i?2
J�S1X 6Q`2bB;?i, i?2 AMi2`M�iBQM�H CQm`M�H Q7 �TTHB2/ 6Q`2+�biBM;- UeV,9yĜ9jX

E`Q;?- �X �M/ o2/2Hb#v- CX URNN8VX L2m`�H M2irQ`F 2Mb2K#H2b- +`Qbb p�HB/�iBQM-
�M/ �+iBp2 H2�`MBM;X �/p�M+2b BM M2m`�H BM7Q`K�iBQM T`Q+2bbBM; bvbi2Kb- T�;2b
kjRĜkj3X

G2*mM- uX- "2M;BQ- uX- �M/ >BMiQM- :X UkyR8VX .22T H2�`MBM;X L�im`2-
8kRUd88jV,9jeĜ999X

G2p2M2- >X URNeyVX G2p2M2 i2bi 7Q` 2[m�HBiv Q7 p�`B�M+2bX *QMi`B#miBQMb iQ T`Q#�#BHBiv
�M/ bi�iBbiB+b- T�;2b kd3ĜkNkX

J PT2M 6Q`2+�biBM; *2Mi2` UJP6*V UkyRdVX J9 *QKT2iBiBQM @ +QKT2iBiQ`Ƕb ;mB/2,
T`Bx2b �M/ `mH2bX _2i`B2p2/ 7`QK, ?iiTb,ffrrrXK9XmMB+X�+X+vfrT@+QMi2MifmT@
HQ�/bfkyR3fyjfJ9@*QKT2iBiQ`b@:mB/2XT/7X

J�F`B/�FBb- aX UkyRdVX h?2 7Q`i?+QKBM; �`iB}+B�H BMi2HHB;2M+2 U�AV `2pQHmiBQM, Aib
BKT�+i QM bQ+B2iv �M/ }`KbX 6mim`2b- Ny,9eĜeyX

J�F`B/�FBb- aX- aTBHBQiBb- 1X- �M/ �bbBK�FQTQmHQb- oX UkyR3�VX h?2 J9 *QKT2@
iBiBQM, _2bmHib- }M/BM;b- +QM+HmbBQM �M/ r�v 7Q`r�`/X AMi2`M�iBQM�H CQm`M�H Q7
6Q`2+�biBM;- j9U9V,3ykĜ3y3X

J�F`B/�FBb- aX- aTBHBQiBb- 1X- �M/ �bbBK�FQTQmHQb- oX UkyR3#VX ai�iBbiB+�H �M/ K�@
+?BM2 H2�`MBM; 7Q`2+�biBM; K2i?Q/b, *QM+2`Mb �M/ r�vb 7Q`r�`/X SHQa QM2- RjUjVX

J�F`B/�FBb- aX- aTBHBQiBb- 1X- �M/ �bbBK�FQTQmHQb- oX UkykyVX h?2 J9 *QKT2iB@
iBQM, Ryy-yyy iBK2 b2`B2b �M/ eR 7Q`2+�biBM; K2i?Q/bX AMi2`M�iBQM�H CQm`M�H Q7
6Q`2+�biBM;- jeURV,89Ĝd9X

J+*mHHQ+?- qX aX �M/ SBiib- qX URN9jVX � HQ;B+�H +�H+mHmb Q7 i?2 B/2�b BKK�M2Mi
BM M2`pQmb �+iBpBivX h?2 "mHH2iBM Q7 J�i?2K�iB+�H "BQT?vbB+b- 8U9V,RR8ĜRjjX

JB+?2Hm++B- lX UkyR3VX �TTHB2/ /22T H2�`MBM;, � +�b2@#�b2/ �TT`Q�+? iQ mM/2`bi�M/BM;
/22T M2m`�H M2irQ`FbX �T`2bbX
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LB2Hb2M- JX �X UkyR8VX L2m`�H M2irQ`Fb �M/ /22T H2�`MBM;- pQHmK2 kyR3X .2i2`KB@
M�iBQM T`2bbX

PH�?- *X UkyR8VX lM/2`bi�M/BM; GahJ M2irQ`FbX _2i`B2p2/ 7`QK, ?iiTb,ff+Q@
H�?X;Bi?m#XBQfTQbibfkyR8@y3@lM/2`bi�M/BM;@GahJbfX

S�HBi- �X EX �M/ SQTQpB+- .X UkyyeVX *QKTmi�iBQM�H BMi2HHB;2M+2 BM iBK2 b2`B2b
7Q`2+�biBM;, i?2Q`v �M/ 2M;BM22`BM; �TTHB+�iBQMbX aT`BM;2` a+B2M+2 � "mbBM2bb
J2/B�X

S�MB;`�?B- aX �M/ "2?2`�- >X UkyRdVX � ?v#`B/ 1ha@�LL KQ/2H 7Q` iBK2 b2`B2b
7Q`2+�biBM;X 1M;BM22`BM; �TTHB+�iBQMb Q7 �`iB}+B�H AMi2HHB;2M+2- ee,9NĜ8NX

S�bxF2- �X- :`Qbb- aX- J�bb�- 6X- G2`2`- �X- "`�/#m`v- CX- *?�M�M- :X- EBHH22M- hX-
GBM- wX- :BK2Hb?2BM- LX- �MiB;�- GX- .2bK�BbQM- �X- EQT7- �X- u�M;- 1X- .2oBiQ-
wX- _�BbQM- JX- h2D�MB- �X- *?BH�KFm`i?v- aX- ai2BM2`- "X- 6�M;- GX- "�B- CX- �M/
*?BMi�H�- aX UkyRNVX SviQ`+?, �M BKT2`�iBp2 bivH2- ?B;?@T2`7Q`K�M+2 /22T H2�`MBM;
HB#`�`vX AM q�HH�+?- >X- G�`Q+?2HH2- >X- "2v;2HxBK2`- �X- /^�H+?û@"m+- 6X- 6Qt- 1X-
�M/ :�`M2ii- _X- 2/BiQ`b- �/p�M+2b BM M2m`�H BM7Q`K�iBQM T`Q+2bbBM; bvbi2Kb jk-
T�;2b 3ykeĜ3yjdX

S2/`2;Qb�- 6X- o�`Q[m�mt- :X- :`�K7Q`i- �X- JB+?2H- oX- h?B`BQM- "X- :`Bb2H- PX-
"HQM/2H- JX- S`2ii2M?Q72`- SX- q2Bbb- _X- .m#Qm`;- oX- o�M/2`TH�b- CX- S�bbQb-
�X- *Qm`M�T2�m- .X- "`m+?2`- JX- S2``Qi- JX- �M/ .m+?2bM�v- 1X UkyRRVX a+BFBi@
H2�`M, J�+?BM2 G2�`MBM; BM Svi?QMX CQm`M�H Q7 J�+?BM2 G2�`MBM; _2b2�`+?-
RkU38V,k3k8Ĝk3jyX

S2;2Hb- *X *X URNeNVX 1tTQM2MiB�H 7Q`2+�biBM;, bQK2 M2r p�`B�iBQMbX J�M�;2K2Mi
a+B2M+2- T�;2b jRRĜjR8X

S`B2biH2v- JX "X URN33VX LQM@HBM2�` �M/ MQM@bi�iBQM�`v iBK2 b2`B2b �M�HvbBbX MHMbX

S`m/āM+BQ- _X "X �M/ Gm/2`KB`- hX "X Ukyy9VX J2i�@H2�`MBM; �TT`Q�+?2b iQ b2H2+iBM;
iBK2 b2`B2b KQ/2HbX L2m`Q+QKTmiBM;- eR,RkRĜRjdX

ZBM- uX- aQM;- .X- *?2M- >X- *?2M;- qX- CB�M;- :X- �M/ *Qii`2HH- :X UkyRdVX � /m�H@
bi�;2 �ii2MiBQM@#�b2/ `2+m``2Mi M2m`�H M2irQ`F 7Q` iBK2 b2`B2b T`2/B+iBQMX �`sBp,
Rdy9XykNdRX

ZBm- sX- w?�M;- GX- _2M- uX- am;�Mi?�M- SX LX- �M/ �K�`�imM;�- :X UkyR9VX 1M@
b2K#H2 /22T H2�`MBM; 7Q` `2;`2bbBQM �M/ iBK2 b2`B2b 7Q`2+�biBM;X AM kyR9 A111
bvKTQbBmK QM +QKTmi�iBQM�H BMi2HHB;2M+2 BM 2Mb2K#H2 H2�`MBM; U*A1GV- T�;2b RĜeX
A111X
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_�K�+?�M/`�M- SX- wQT?- "X- �M/ G2- ZX oX UkyRdVX a2�`+?BM; 7Q` �+iBp�iBQM 7mM+@
iBQMbX �`sBp, RdRyXy8N9RX

_2//- �X- E?BM- EX- �M/ J�`BMB- �X UkyRNVX 6�bi 1a@_LL, � :Sl BKTH2K2Mi�iBQM
Q7 i?2 1a@_LL �H;Q`Bi?KX �`sBp, RNydXyjjkNX

_2B/- .X CX URNdkVX � +QKT�`BbQM Q7 7Q`2+�biBM; i2+?MB[m2b QM 2+QMQKB+ iBK2 b2`B2bX
6Q`2+�biBM; BM �+iBQMX PT2`�iBQM�H _2b2�`+? aQ+B2iv �M/ i?2 aQ+B2iv 7Q` GQM;
_�M;2 SH�MMBM;X

_B+2- CX _X URNdeVX h?2 �H;Q`Bi?K b2H2+iBQM T`Q#H2KX AM �/p�M+2b BM +QKTmi2`b-
pQHmK2 R8- T�;2b e8ĜRR3X 1Hb2pB2`X

_Qb2M#H�ii- 6X URN83VX h?2 T2`+2Ti`QM, � T`Q#�#BHBbiB+ KQ/2H 7Q` BM7Q`K�iBQM biQ`�;2
�M/ Q`;�MBx�iBQM BM i?2 #`�BMX Sbv+?QHQ;B+�H _2pB2r- e8UeV,j3eX

_mK2H?�`i- .X 1X- >BMiQMi- :X 1X- �M/ qBHHB�Kb- _X CX URN3eVX G2�`MBM; `2T`2b2Mi�@
iBQMb #v #�+F@T`QT�;�iBM; 2``Q`bX L�im`2- jkjUey33V,8jjĜ8jeX

a�H2?BM2D�/- >X- a�MF�`- aX- "�`72ii- CX- *QH�F- 1X- �M/ o�H�22- aX UkyR3VX _2+2Mi
�/p�M+2b BM `2+m``2Mi M2m`�H M2irQ`FbX �`sBp, R3yRXyRyd3X

a+BSv RXy *QMi`B#miQ`b- oB`i�M2M- SX- :QKK2`b- _X- PHBT?�Mi- hX 1X- >�#2`H�M/- JX-
_2//v- hX- *Qm`M�T2�m- .X- "m`QpbFB- 1X- S2i2`bQM- SX- q2+F2bb2`- qX- "`B;?i- CX-
p�M /2` q�Hi- aX CX- "`2ii- JX- qBHbQM- CX- JBHHK�M- EX CX- J�vQ`Qp- LX- L2HbQM-
�X _X CX- CQM2b- 1X- E2`M- _X- G�`bQM- 1X- *�`2v- *X CX- SQH�i- AX- 62M;- uX- JQQ`2-
1X qX- o�M/2`SH�b- CX- G�t�H/2- .X- S2`FiQH/- CX- *BK`K�M- _X- >2M`BFb2M- AX-
ZmBMi2`Q- 1X �X- >�``Bb- *X _X- �`+?B#�H/- �X JX- _B#2B`Q- �X >X- S2/`2;Qb�- 6X-
�M/ p�M JmH#`2;i- SX UkykyVX a+BSv RXy, 7mM/�K2Mi�H �H;Q`Bi?Kb 7Q` b+B2MiB}+
+QKTmiBM; BM Svi?QMX L�im`2 J2i?Q/b- RdUjV,keRĜkdkX

a2�#QH/- aX �M/ S2`FiQH/- CX UkyRyVX ai�ibKQ/2Hb, 1+QMQK2i`B+ �M/ bi�iBbiB+�H KQ/@
2HBM; rBi? Tvi?QMX AM S`Q+22/BM;b Q7 i?2 Ni? Svi?QM BM b+B2M+2 +QM72`2M+2- T�;2b
NkĜNeX

a?+?2`#�FQp- JX oX- "`2#2Hb- �X- a?+?2`#�FQp�- LX GX- hvmFQp- �X SX- C�MQpbFv-
hX �X- �M/ E�K�2p- oX �X UkyRjVX � bm`p2v Q7 7Q`2+�bi 2``Q` K2�bm`2bX qQ`H/
�TTHB2/ a+B2M+2b CQm`M�H- k9Uk9V,RdRĜRdeX

a?mKr�v- _X >X �M/ aiQz2`- .X aX UkyRdVX hBK2 b2`B2b �M�HvbBb �M/ Bib �TTHB+�iBQMb,
rBi? _ 2t�KTH2bX aT`BM;2` AMi2`M�iBQM�H Sm#HBb?BM;X

aB`2;�`- "X- "mi�`@"mi�`- AX �X- _�?K�i- _X- �M/�v�MB- lX- �M/ 6�?KB- 6X UkyRdVX
*QKT�`BbQM Q7 2tTQM2MiB�H bKQQi?BM; K2i?Q/b BM 7Q`2+�biBM; T�HK QBH `2�H T`Q@
/m+iBQMX CQm`M�H Q7 S?vbB+b, *QM72`2M+2 a2`B2b- 3yRURVX
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aKvH- aX UkyRdVX 1Mb2K#H2 Q7 bT2+B�HBx2/ M2m`�H M2irQ`Fb 7Q` iBK2 b2`B2b 7Q`2+�biBM;X
_2i`B2p2/ 7`QK ?iiTb,ff#BiXHvfj7DkQr_X

aKvH- aX UkykyVX � ?v#`B/ K2i?Q/ Q7 2tTQM2MiB�H bKQQi?BM; �M/ `2+m``2Mi M2m@
`�H M2irQ`Fb 7Q` iBK2 b2`B2b 7Q`2+�biBM;X AMi2`M�iBQM�H CQm`M�H Q7 6Q`2+�biBM;-
jeURV,d8Ĝ38X

aM2/2+Q`- :X qX �M/ *Q+?`�M- qX :X URN3NVX ai�iBbiB+�H K2i?Q/bX �K2b, AQr�
ai�i2 lMBpX S`2bb AQr�- 89,dRĜ3kX

aQ`D�K��- �X �M/ G2M/�bb2- �X UkyyeVX hBK2 b2`B2b T`2/B+iBQM mbBM; .B`_2+ bi`�i2;vX
1b�MM- e,R9jĜR93X

a`Bp�bi�p�- LX- >BMiQM- :X- E`Bx?2pbFv- �X- amibF2p2`- AX- �M/ a�H�F?mi/BMQp- _X
UkyR9VX .`QTQmi, � bBKTH2 r�v iQ T`2p2Mi M2m`�H M2irQ`Fb 7`QK Qp2`}iiBM;X h?2
CQm`M�H Q7 J�+?BM2 G2�`MBM; _2b2�`+?- R8URV,RNkNĜRN83X

ai�M UMX/XVX ai�MX _2i`B2p2/ 7`QK ?iiTb,ffK+@bi�MXQ`;fX

h�B2#- aX "X- "QMi2KTB- :X- �iBv�- �X 6X- �M/ aQ`D�K��- �X UkyRkVX � `2pB2r �M/
+QKT�`BbQM Q7 bi`�i2;B2b 7Q` KmHiB@bi2T �?2�/ iBK2 b2`B2b 7Q`2+�biBM; #�b2/ QM i?2
LL8 7Q`2+�biBM; +QKT2iBiBQMX 1tT2`i avbi2Kb rBi? �TTHB+�iBQMb- jNU3V,dyedĜdy3jX

h�B2#- aX "X- "QMi2KTB- :X- aQ`D�K��- �X- �M/ G2M/�bb2- �X UkyyNVX GQM;@i2`K
T`2/B+iBQM Q7 iBK2 b2`B2b #v +QK#BMBM; /B`2+i �M/ JAJP bi`�i2;B2bX AM kyyN
BMi2`M�iBQM�H DQBMi +QM72`2M+2 QM M2m`�H M2irQ`Fb- T�;2b jy89ĜjyeRX A111X

h�H�;�H�- hX aX- >vM/K�M- _X CX- �M/ �i?�M�bQTQmHQb- :X UkyR3VX J2i�@H2�`MBM; ?Qr
iQ 7Q`2+�bi iBK2 b2`B2bX JQM�b? 1+QMQK2i`B+b �M/ "mbBM2bb ai�iBbiB+b qQ`FBM;
S�T2`b- e,R3X

h�vHQ`- _X UMX/XVX Sv6HmtX _2i`B2p2/ 7`QK ?iiTb,ffTv~mtX`2�/i?2/Q+bXBQf2MfH�i2bifX

h�vHQ`- aX CX �M/ G2i?�K- "X UkyR3VX 6Q`2+�biBM; �i b+�H2X h?2 �K2`B+�M ai�iBbiB+B�M-
dkURV,jdĜ98X

hQ``2v- GX �M/ a?�pHBF- CX UkyRyVX h`�Mb72` H2�`MBM;X AM >�M/#QQF Q7 `2b2�`+? QM
K�+?BM2 H2�`MBM; �TTHB+�iBQMb �M/ i`2M/b, �H;Q`Bi?Kb- K2i?Q/b- �M/ i2+?MB[m2b-
T�;2b k9kĜke9X A:A ;HQ#�HX

o2x?M2p2ib- �X aX- PbBM/2`Q- aX- a+?�mH- hX- >22bb- LX- C�/2`#2`;- JX- aBHp2`- .X- �M/
E�pmF+mQ;Hm- EX UkyRdVX 62m/�H M2irQ`Fb 7Q` ?B2`�`+?B+�H `2BM7Q`+2K2Mi H2�`MBM;X
�`sBp,RdyjXyRReRX

q�M;- sX- aKBi?@JBH2b- EX- �M/ >vM/K�M- _X UkyyNVX _mH2 BM/m+iBQM 7Q` 7Q`2+�bi@
BM; K2i?Q/ b2H2+iBQM, J2i�@H2�`MBM; i?2 +?�`�+i2`BbiB+b Q7 mMBp�`B�i2 iBK2 b2`B2bX
L2m`Q+QKTmiBM;- dkURy@RkV,k83RĜk8N9X
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q2`#Qb- SX URNNyVX "�+FT`QT�;�iBQM i?`Qm;? iBK2, r?�i Bi /Q2b �M/ ?Qr iQ /Q BiX
S`Q+22/BM;b Q7 i?2 A111- d3URyV,R88yĜR8eyX

qBHH2`- >X- JQ2bFQTb- "X- "mb�++�- 1X- �M/ .2 G� o2;�- LX UkyRNVX P`;�MB+ BM
2m`QT2, `2+2Mi /2p2HQTK2MibX AM h?2 rQ`H/ Q7 Q`;�MB+ �;`B+mHim`2X ai�iBbiB+b �M/
2K2`;BM; i`2M/b kyRN- T�;2b ky3ĜkReX

qBMi2`b- SX _X URNeyVX 6Q`2+�biBM; b�H2b #v 2tTQM2MiB�HHv r2B;?i2/ KQpBM; �p2`�;2bX
J�M�;2K2Mi a+B2M+2- eUjV,jk9Ĝj9kX

qQHT2`i- .X �M/ J�+`2�/v- qX URNNdVX LQ 7`22 HmM+? i?2Q`2Kb 7Q` QTiBKBx�iBQMX
A111 h`�Mb�+iBQMb QM 1pQHmiBQM�`v *QKTmi�iBQM- RURV,edĜ3kX

u�z22- _X �X �M/ J+:22- JX UkyyyVX �M BMi`Q/m+iBQM iQ iBK2 b2`B2b �M�HvbBb �M/
7Q`2+�biBM;, rBi? �TTHB+�iBQMb Q7 a�aȉ�M/ aSaaȉX 1Hb2pB2`X

w�H�M/Q _2b2�`+? UMX/XVX SvhQ`+? .BH�i2/ _2+m``2Mi L2m`�H L2irQ`FbX _2i`B2p2/
7`QK ?iiTb,ff;Bi?m#X+QKfx�H�M/Q`2b2�`+?fTviQ`+?@/BH�i2/@`MMX

w?�M;- :X SX UkyyjVX hBK2 b2`B2b 7Q`2+�biBM; mbBM; � ?v#`B/ �_AJ� �M/ M2m`�H
M2irQ`F KQ/2HX L2m`Q+QKTmiBM;- 8y,R8NĜRd8X
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