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xi
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P�IKEFEF:=GOJ+IK<SUª8;<SÐ´?OI
{xi,1, ..., xi,K}

RK<SU
h̄
Ü'8i?FC RT696�Ô�IKEF:,Ð5EOIK4S<SUMI5<7:=G=@$P�I5EOEF:=GOJ+IK<SUª89<7Ð

?OI
{xi,K+1, ..., xi,K+K̄+1}
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P�IKÓ�ÒS8;<7:]U�Ó�IªUª:,6�Ú�+�:�?

θ={µ, Σ, π}
Uª:=<7IT?F:º?OCS:°ÖK:]Po?OI5E±IKÔ�RK6;6$47<7Ïx<7I�Ü'<tG,Úªß¼C7:�î +

:=GH?O89Ó�RT?O:
θ̃
8½G¼ÐK89ÖK:,<
ÒNÕBè

θ̃ = arg max
θ
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log
∑

x

p(u,f ,x |θ)
} ó�ãNô

Ü'C7:,EF:
p(u,f ,x | θ) = p(u,x | θ)p(f ,x | θ)
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f
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θ̃ = arg max
θ

{

log
∏

i

∑

xi

p(ui, li, fi, xi |θ)
} ó �Kô
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Ô�IKEs?OC7:
69RT?O:,<N?³ÖkRTEF8½RTÒ769:¼:�òªJ+:=P�?FRk?F8;I5<SG
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bt+1
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1

N
πk

1
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N (li;µ

t
k, Σt

k)h(fi |vi)
ó��5ô

bt+1

i,k=K+1...K̄
=

1

N
πkN (ui;µ

t
k, Σt

k)h̄(fi | v̄i)
ó��Tô

bt+1

i,K̄+1
=

1

N
πK+K̄+1

1

2563
h̄(fi | v̄i) ,

Ü'C7:,EF:
N =

∑

k bt+1

i,k

<SIKEFÓ�RK6;8½GO:=G�?OC7:�Ò+:,698;:,Ô�G
bt+1

i,k

?OIíIK<7:5Ú�ß¼C7:´ïSEQGd?»6989<7:�89< � �+Ú �
P�IKEFEF:=GOJ+IK<SU7Ga?FI
?OC7:�Ò+:=6;89:�Ô�G/?OCtRk?�?OC7:

kth
<7IKEFÓ�RT6�Uª89GH?OEF89Ò74ª?O89IK<ÑIKÔD?OC7:�896;6947Ó�89<SRk?F8;I5<

ÒSRKPQÏxÐKEFIK47<SU¿Ó�IªUª:=6'89G´RKPo?F8;ÖK:
Ô�IKE�J78;òx:=6
i
ÚDLx89Óµ896½RTEF6;Õ5@�?FC7:¯IK?OC7:=Eµ?dÜDI 698;<7:]GMó � �tÚ �Kô
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& � �	��" 		� ñ°89ÖK:,<¾?OC7:MÒ+:=6;89:�Ô�G
bt+1

i,k

@V?OC7:Ãî¯Û�Gd?F:,J¾Ó�RTòx89Ó�89GO:=Gµ?OCS:M6;I5ÐTÛ�6;89ÏK:,698;CSIxIªU¿ÒNÕ
EO:=J769R5P�89<7Ð»?OCS:�Ò78;<SRKEOÕ´6½Rk?F:,<N?'ÖTRTEF89RKÒ769:=G

xi,k

ÒxÕ´?OC7:=8;Es:�òªJ+:]Po?O:]U�ÖkRK6;4S:
bt+1

i,k

Ú

µt+1

k =

{

1

Nk

∑N

i=1
bt+1

i,k li
8;Ô
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1

Nk

∑N

i=1
bt+1

i,k ui

IT?FC7:,EFÜ'89GO: ,
ó��5ô

Ü'C7:,EF:
Nk =

∑N

i=1
bt+1

ik

ÚtLx89Ó�8;6½RTEF6;Õ5@ªÜD:�IKÒª?QRT89<Xè

Σt+1
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{

1

Nk

∑N

i=1
bt+1

i,k (li − µk) (li − µk) T
8iÔ

k ≤ K
1

Nk

∑N

i=1
bt+1

i,k (ui − µk)(ui − µk)T
IT?FC7:,EFÜ'8½GH: ó��5ô

πt+1

k =
Nk

∑

k Nk

ódÝ "5ô

és6;?O:=EO<SRT?O89<7Ð �ÑRK<SU�î"GH?O:,JtG�:=<SGH4SEO:±P,IK<NÖK:=EOÐ5:,<SP,:V?FI°Rº6;IªP=RT6NÓ�8;<S8;Ó�47Ó¯ÚTésÔ¶?O:=EVP�I5<NÖK:=EHÛ
ÐK:,<tP�:K@ªÜ±:�P,RK<¯P�IKÓ�J747?O:/?OC7:�GO:,Ð5Óµ:=<5?FRT?O89IK<
ÒNÕ�GH4SÓµÓ�89<7Ðµ?FC7:�Ò+:,6989:�Ô�GsP�I5EOEF:=GOJ+IK<SUª89<7Ð
?OI�?OCS:/Ô�IKEF:,Ð5EOI547<SU�RT<tU�?FC7:�ÒtRKPQÏNÐ5EOI547<SU�Ó�IªUª:=6�ÚSß¼C7:�J7EOI5ÒSRTÒ789698i?dÕ�ITÔVRµJ78;òª:,6XÒ+:=:,89<7Ð
Uª:=GFP�EF8;Ò+:]U�ÒxÕ´?OC7:�ÒSR5PFÏxÐ5EOIK4S<SU´Ó�IªUª:=6$8½G±?FC7:,EF:�Ô�I5EO:/ÐK89ÖK:,<
ÒNÕBè

p(vi | θ̃,u) =

K
∑

k=1

bi,k .
ódÝ5Ý]ô

��<
?OC7:�<7:,òx?sGO:=P�?O89IK<X@ªÜ±:�Uª8½GOP,4SGFG¼8;Ó�J769:,Ó�:=<5?FRT?O89IK<MRT<SU�J+:=EHÔ�I5EOÓ�RK<SP�:°8½GOGO47:=G=Ú
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ADIKEFEF:,6½Rk?O89IK< RT<SUÑ?O:�òx?F47EO:]Uª<7:=GFG�89Ó�RTÐ5:=G=@XR5G�J7EF:=GO:,<5?F:=UÑ89<¿GO:=Po?F8;I5< 17Úzáª@�RTEF:´P�IKÓµÛ
J74ª?O:]UØÔ�EOI5Ó GO8;<7Ð56;:¯PQCSRT<7<S:,6¼89Ó�RTÐK:]G,Ú�õí:¯4SGO:�?OCS:
Ð5EO:=:,< PQCSRT<7<S:,6¼I5<769ÕK@�Ò+:=P=RT4SGO:�8;?
89G°ÓµI5EO:»EO:=J7EO:]GH:=<5?F:=UMIK<íR�Î¼R]ÕK:=EºJSRk?O?O:,EF<XÚ$ß¼C7:µP�I5EOEF:,6½Rk?F8;IK<MÜ'89<SUªIkÜ 89G/R�G��N4SRTEF:�ITÔ
25 × 25

J78iòª:=69G=@7P,EOI5J7J+:=U
Rk?'89Ó�RTÐK:/Ò+IKEQUª:,EQG=Ú
WSIKE�RT696T:,òªJ+:,EF8;Ó�:,<N?FG$JSEO:]GH:=<5?O:]U°89<°?FC7:�JSRTJ+:=E=@

K = 2
RT<tU

K̄ = 2
Ú=ß¼C7:�C78½Gd?FIKÐ5EFRKÓ�G

h
RT<tU

h̄
CSR�ÖK:�Ò+:=:,<ðP,IKÓ�J74ª?F:=UÃIK<769Õ
IK<SP,:K@SÔ�EFIKÓ ��JtRT89EFGaITÔ�8;Ó�RKÐK:=G»ó�RTÒ+I54ª?

2 × 106?OEQRT89<789<7Ð/J78;òª:,6½GFô�ÚKß�EQRT89<789<7Ð/8;Ó�RKÐK:=G�UªI�<7IK?³P�I5<5?QRT89<�RK<NÕ�JtRk?H?F:,EF<�IKE�ÒSRKPQÏxÐKEFIK47<SU»4SGH:]U
8;<
?O:]Gd?s:�òªJ+:=EO89Ó�:,<5?QG,Ú

ß¼C7:�Ô�47<SPo?F8;I5<
li
R5G$JSEO:=GO:,<N?O:]U°89<�JSEO:=ÖN89IK4tGXGH:]Po?O89IK<�8½G�GH:=<SGO8i?F8;ÖK:V?FIs6;89Ó�8i?F:=U�UªÕx<SRTÓ�8½P

EFRK<7ÐK:�RK<SU
?FI�6;89Ó�8i?F:=UMJSEO:]P�8½GH89IK<M8;<Ã69IkÜ 8;<N?O:,<SGO8;?�Õ¯ÖTRT6947:=G=ÚtÎ±IT?OCMÔ�IK696;IkÜ'89<7Ð�Ô�47<SPo?F8;I5<SG
RKGFGH47Ó�:°?OC7:�GFRTÓ�:/EFIK69:°Ü'8;?OC¯Ó�IKEF:°EFIKÒ74SGH?O<S:=GOG'RT<SU
ÐK89ÖK:°Ð5IxIªU�EO:]GH476;?]è

lai (ui) =

[

arctan

(

ui,r

mi,r

)

arctan

(

ui,g

mi,g

)

arctan

(

ui,b

mi,b

)]T

lci (ui) =

[

ui,r + c

mi,r + c

ui,g + c

mi,g + c

ui,b + c

mi,b + c

]T

Ü'C7:,EF:
c
8½G'RT<¯RKEOÒS8i?FEFRKEOÕ�J+I5GO8i?F8;ÖK:�P�I5<SGH?FRT<N?=Ú ��<¯IK4SE¼:,òxJ+:=EO89Ó�:,<N?FG=@ªÜD:�4SGH:

c = 64
Ú

� %'&��xË (�Ç	�

��<Ø?FC78½G�GH:]Po?O89IK<�@�ÜD:MGHC7IkÜ EO:]GH476;?FGµI5< 89<SUª8;Öx8½Uª4SRK6¼Ô¶EQRTÓ�:]GµITÔºÖx8½Uª:,I GO: �N47:,<tP�:=G»?FCSRk?
Ô�:=Rk?F47EF:
Ò+IT?OCÙGO4SU7Uª:,<¾896;6947Ó�89<SRk?F8;I5<¾PQCSRT<7Ð5:=GµRK<SU GOCSRKU7I�ÜsGµP=RKGH?�ÒNÕ¿IªP=P�694SUª89<7ÐÑIKÒªÛ
Þd:=Po?QG,Ú7õÑ:�RK69GOIµP,IKÓ�JSRKEO:º?OC7INGH:/EO:]GH476;?QGD?FI»?FC7I5GO:/J7EOIªU74SP�:]U�ÒNÕ�Gd?QRk?O:,Û�IKÔ¶Û�?FC7:�Û�RTEO?D?O:]PFCªÛ
<78��N47:]G�à;Ý5@,ÝKÝ,ä�Ú+õÑ:�GO47J7J769ÕÃ?OC7:�IKEF8;Ð58;<SRK6�Öx89U7:,I5G�RT<SUÑP�I5EOEF:=GOJ+IK<SUª89<7Ð�EO:]GH476;?FG�RKG�GH4SJªÛ
J76;:=Ó�:,<5?QRTEFÕ´Ó�Rk?F:,EF89RK6�Ú

� ��
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õí:ðÒ+:,ÐK89<ÙÒxÕØ?FC7:ðGO: �N47:=<SP�:ÃITÔ�W�89ÐSÚ � 89< Ü'C789PQC RT< RTEFÓ 8½G´Ü±R�ÖK:=U¾89<ÙÔ�EOI5<5?�IKÔ�R
P�694ª?H?F:,EF:=U¯Ü¼RT696�Útß¼CS:�RTEFÓ P,R5Gd?QGaR�GOCSR5UªI�Ü�@SÜ'C78½PFCðRkåB:=Po?QG'?FC7:»GOP,:,<7:�� GsEQRKUª89I5GO8;?�Õ�RK<SU
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����� £��+£ wK^Q§=©�^Qfkcdg_fN§ÃcdeN^�� �����
	������	����ðcd^Qu�c´g_©�q=§=^Qu�«9pd[]© ��� � �� ��q�� ¹ q=ZH¦T§=pd[=jNfxnØ©�[Tn5^Q\¶
�¶¥�� � ^Fu�c°g_©�q=§]^= �¶Z�� ¤ q,fTjxq,\i\zb¯u�^F§]©�^Qfkcd^on�§=pd[=jNfxn�c�pdjKcdet���n�� � eN^�[=j5cd¬5j5ca[,«��ªg_²K¦][�²Kg_Z�� u
©�^OcdeN[Tn ��� �� �¶^���Â³^Qu�j5\_c�¬5jN¥5\ig_u�e5^on�gif�� � ����vxj5u�g_fN§/q=f�q=¬5¬5pd[]q=ZHeµ¥xq=u�^Qn»[]fµ\_[kZoq=\t¥Ng_fNq,p�b�¬xq�c�¨
cd^OpdfNuQ �½« � �±jKpDpd^Qu�jN\zcov7[=¥5cHq=g_f5^on´u�[=\_^Q\zb�¥kbµZQ[]©�¬Nq,pdg_fN§ ��q��Dq,fxn �¶¥��O��DfN\_g_¦�^scdeN^a[,cdeN^Fp±c�y�[
©�^OcdeN[Tn5uQvTy�^sj5u�^on»fN[/q]n5n5gzcdg_[]fNq=\t²Tgin5^Q[º«9pHq,©�^QuQ

P,RT4tGH:]G'?OC7:µP,RKÓ�:,EQRµ?OI�RK4ª?OI5Ó�Rk?O8½P,RK6;69Õ
R5U7RTJª?º8;?FGº6;47Ó�89<7I5GO8;?�ÕMGH:,?H?F8;<7ÐNG,Útõ 8;?OCíUª:,Ô�RT476;?
JSRTEQRTÓ�:�?F:,EQG,@�?OC7:aRK6;Ð5IKEF8i?FC7Ó ITÔ�à9Ý�äSEF:=R5Po?QG�?OI/?FC789G�ÒxÕ»GO69I�Ü'69Õ»RKU7RKJª?O89<7Ð/8;?FG�ÒSR5PFÏxÐKEFIK47<tU
ÓµI7Uª:,6�Ú$ìsIkÜD:=ÖK:,E]@t?OC78½G/R5U7RTJª?QRk?F8;I5<ðP=RT<7<7IK?/P,IKJ+:»Ü'8;?FCð?OC7:�EQRTJ78½Uª69Õ¯Ó�I�Öx89<7Ð
GOCSRKU7I�Ü
RT<SUMJ7EFIªUª4SP,:=Gs?OC7:»J+IxIKEaEF:=GO476;?ºITÔ³W�8;ÐtÚ �7ó�R5ô�Ú+ß¼C78½GºP,RK<MÒ+:»J7EO:=ÖK:,<N?O:=UMÒxÕ
89<SP,EO:]RKGO8;<7Ð
?OC7:»EFRT?O:�RT?ºÜ'C78½PFCM?FC7:�ÒtRKPQÏNÐ5EOI547<SU¯RKUSRTJª?QG,@tÒ74ª?]@BRKGºGHC7IkÜ'<M89<ðW�89ÐSÚ �7ó�Òtôo@+8;?ºEF:=GO476;?FG
8;<
?FC7:�GO6;:=:,ÖK:/Ò+:=8;<SÐ�69I5GH?=ÚSÎ±Õ�P�IK<N?OEQRKGH?=@ªÒxÕ�:�òªJ7698½P�8;?O69Õ�EF:,:,ÖTRT694SRk?F8;<7Ð»?FC7:�896;6947Ó�89<SRk?F8;I5<
JSRTEQRTÓ�:�?F:,EQGVRT?³:=ÖK:,EFÕ�Ô�EQRTÓ�:5@KIK4SE³RK6;Ð5IKEF8i?FC7Ó P,IKJ+:]G�Ó�4SPFC´Ò+:,?H?O:=EDÜ'8i?FC�?OC78½GDGH8;?F4SRk?F8;I5<X@
RKGaGHC7IkÜ'<¯89<ÃW�89ÐSÚ �Só�P]ôoÚ+ß�I�P�I5ÓµJtRTEF:°?FC7:=GO:�?dÜDI´Ó�:�?OCSIªU7Gs89<SUª:=J+:,<SUª:=<5?O69Õ¯ITÔ�GHJ+:]P�8;ïtP
JSRTEQRTÓ�:�?F:,E¼PQC7I589P,:=G=@xÜD:�P�IKÓ�J747?O:=U�?FC7: "6��A P�47EFÖK:°ITÔ�W�8;ÐtÚ0�Só�USô�ÚªõÑ:°?QRTÏK:°J7EF:=P,89GO89IK<
?OI�Ò+:»?OC7:µ<N4SÓ�Ò+:,E/ITÔ³J78;òx:=69G/P�IKEFEF:=Po?F6;Õ�?QRTÐ5ÐK:=UÃRKGaÔ�I5EO:=ÐKEFIK47<SUMU78;Öx8½Uª:=UðÒNÕ¯?OC7:»?FIT?FRK6
<N47Ó�Ò+:=E»ITÔsJ78;òª:,6½G�Ó�RTEFÏK:=UÀRKG�Ô�IKEF:,Ð5EOIK47<tU RT<SUÀEF:=P=RT696�?OIðÒ+:´?FC7:�<N47Ó�Ò+:=E»ITÔsJ78;òª:,6½G
?FRTÐ5ÐK:]U�RKG±Ô�I5EO:=ÐKEFIK47<SU�Uª89ÖN8½Uª:]U�ÒxÕ´?OCS:�<N47Ó�Ò+:=EsITÔ�Ô�I5EO:=ÐKEFIK47<SU�J78;òª:,6½G¼89<
?OC7:�Ð5EOI547<SU
?OEF4ª?OCXÚkß¼C7:¼P�47EFÖK:³8½G�IKÒª?QRT89<7:=U�ÒNÕ�Ò78;<tRTEF8 �=8;<7Ða4tGH89<7Ð°Uª8iåB:,EF:,<N?�?FC7EO:]GHCSIK6½U7GXÔ�IKE�?FC7:DJ7EFIKÒ7Û
RTÒ7896;8;?dÕµITÔ � �+ÚtÝKÝ5ÚKõí:ºRK69GOI�EF:,JSEO:]GH:,<N?DUª8iåB:,EF:,<N?DEF47<SG�IKÔVà9Ý�ä+ÒNÕ�P,EOINGOGO:=G�P�I5EOEF:=GOJ+IK<SUª89<7Ð
?OI´Uª8iåB:,EF:,<N?aPQC7IK8½P�:]G¼ITÔ�8i?QG'69:=RTEF<789<7ÐµEQRk?F:�RT<SU�?OC7:�Uª:=P,89GO8;I5<�?OC7EF:=GOC7I569U$ÚSéaG':,òªJ+:=Po?F:=U$@
IK47E'Ó�:�?FC7IªU�:,òªC78;ÒS8i?QG'Ó�4SPFC¯Ò+:�?O?O:=E'EFIKÒS4SGd?F<7:=GFGD?FI�Ü¼RTEQU7G±896;6947Ó�8;<tRk?O89IK<¯:�åB:=Po?QG=Ú

W�8;ÐtÚ�ÝµUª:=J78½Po?FG�R�GO: �N47:,<tP�:»Ü'8;?OCÑ:,ÖK:,<íÓ�IKEF:»U7EFR5Gd?F89P�896;6947Ó�89<SRk?F8;I5<íPQCSRK<7ÐK:]Gs?FCSRk?
IªP,P,47E»Ü'C7:=<¿?FC7:¯GH4SÒxÞd:]Po?µ?O4SEO<SGµIK<ØI5<7:�6;89ÐKCN?�RTÔ¶?O:,Eµ?OC7:
IK?OC7:=E=Ú�ß¼C7:Mñ/îÃî ÒSRKGO:=UxÛ
Óµ:,?OC7I7U�à9Ý�äx89ÓµÓ�:]Uª89RT?O:=6;Õ/EF:=R5Po?QGXÒxÕ�P�6½RKGFGO8iÔ�Õx89<7ÐsÓ�I5GH?�IKÔª?FC7:D89Ó�RKÐK:DRKGXÔ�I5EO:=ÐKEFIK47<SU$Ú]Î±Õ
P�IK<N?OEQRKGH?=@TI547EDRT69ÐKIKEF8;?OC7Ó P,IKEFEO:]Po?O69Õ»P�I5ÓµJtRTEF:=G�?OC7:a<7:,ÜÙ89Ó�RTÐ5:=GVÜ'8;?OC�?OC7:aÒSR5PFÏxÐKEFIK47<tU
8;Ó�RTÐ5:K@x?FRKÏK:,<�?FI�Ò+:°?FC7:�R�ÖK:,EQRTÐK:ºIKÔ�?OC7:/ïSEQGH?aá ��Ô�EFRKÓµ:]G¼ITÔ�?OCS:�GH: �54S:,<SP�:5Ú

W�8;ÐtÚ�ãíGOC7IkÜsG�?FC7: 
�� 0������ � ��� ���ØÒ+:=<SPFCSÓ�RKEOÏÑIKÔ�à;Ý �kä�Ú�õÑ:
RTÐNRT89< Ò74S8;6;?»?FC7:�ÒSRKPQÏNÛ
ÐKEFIK47<SUÙEF:,J7EF:=GO:,<N?FRk?F8;I5<ÙÒNÕ R�ÖK:,EQRTÐK89<7Ð¿á �ÀP�IK<tGH:]P�4ª?F8;ÖK:MÔ�EQRTÓ�:]G�GOC7IkÜ'8;<7ÐÀ?FC7:íEOIxI5Ó
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����� £��S£ wT^Q§]©�^Ffkcdgif5§³cdeN^�exq,fxna[=«7lBg_§5 � �¶¥��O ��q��+ÂD^Fu�jN\zc�[,« � � �5y�eN^Qfºcde5^�¥xq,ZO¦T§=pd[=jNfNnº©�[TnK^Q\
q=n���jNu�cduscd[k[�u�\_[oy�\_b
cd[�exq,fxnK\i^�q�hkjNg_ZO¦´g_\i\_j5©�gifNq,cdg_[]f¯ZHexq,fN§=^] �¶¥��±®Àe5^Qf�cdeN^�¥Nq=ZH¦K§,pd[]j5fxn
©�[TnK^Q\Bq=n���j5u�cduD«½q=u�cd^Fpo ��n ��Â�� �¿ZQjKpd²�^'«½[,p¼[]j5p±©�^OcdeN[Tnµ[]¥KcHq=g_fN^on�¥kbµ²]q�p�bKgif5§�q/cde5pd^Qu�e5[]\in
[=f»cde5^±¬5pd[]¥Nq=¥5gi\_gzc�b»[,« � hx0� �] � e5^¼ZFpd[]u�u�^Fu�pd^Q¬Kpd^Qu�^QfkcVpd^Qu�j5\zcdu�[]¥KcHq=g_fN^Qn»¥kb �����S«9[=pDnKg_¸7^Opd^Qfkc
ZHe5[]g_ZQ^Qu³[=«$\_^oq�pdfNg_fN§°pHq,cd^sq,fxnµn5^FZQg_u�g_[]f�cdeKpd^Qu�e5[]\inS

Ü'8i?FC´?OC7:°6;89ÐKCN?±GOÜ'8;?FPQC7:=U´ITå�ÚNõÑ:ºIKÒª?QRT89<´ÐKIªIªU�EO:]GH476;?FGDÜ'C7:,<�P�I5Ó�JSRTEF8;<SÐ�8i?D?FI»RK<´89Ó»Û
RTÐK:'Ü'CS:,EF:¼?FC7:a6;89ÐKCN?³8½GV?O4SEO<7:]U�IK<�:,ÖK:=<�?OC7I547ÐKCX@547<7698;ÏK:s?OC7:aIT?FC7:,EDRK6;Ð5IKEF8i?FC7Ó�G¼à9ÝK@,Ý5Ý�ä�@
ÜD:s4tGH:ºR�GO8;<7Ð569:¼Ô�EQRTÓ�:a8;<SGH?O:]RKU�IKÔ$69IxIKÏx89<7Ð�Rk?³?OC7:ºÜ'C7IK69:sÖx8½Uª:,ISÚNß�I�Ô�IKEF:,ÐKEFIK47<SUµEF:=P=RT696
ITÔ �5á�� ?FCSRk?'RTJSJ+:=RTEQG³8;<íà;Ý5Ý�ä+:=<5?QRT8969G±R�J7EF:=P,89GO89IK<´ITÔ�IK<S6;Õ´á ����@NÜ'C7:,EF:=R5G³IK47E±Óµ:,?OC7I7U
RKPQC78;:=ÖK:=G'ã.��� Ô�I5E'?OC7:�GFRTÓ�:�EO:]P,RT696�Úªõ 8;?OCÃUª:,Ô�RT476;?aJSRTEQRTÓ�:,?O:,EQG=@N?FC7:�RT69ÐKIKEF8;?OC7Ó IKÔ¼à;Ý,ä
P,RT<S<7IT?DCSRK<SUª69:a?OC78½G±RTÒSEO47Jª?±698;Ð5C5?¼PFCtRT<7ÐK:ºRK<SU�Õx89:,6½U7GDR�J7EO:]P�8½GH89IK<´ITÔ�Ý 1�� Ô�I5E±R�EF:=P=RT696
ITÔ ��"���Ú

W�8;<tRT696;Õ5@+RKGºGHCSI�Ü'<Ã8;<íW�89ÐSÚ��7@tÜD:�EQRT<MIK4SEºRT69ÐKI5EO8;?OCSÓ"IK<ÃIK<7:�ITÔV?OC7:»>��³ßsLíá&"." �
ÖN8½Uª:=IíGO: �N47:=<SP�:]G�?FCSRk?µÔ�:=RT?O47EF:=GµRK< RTÒSRK<SUªIK<S:=UÀ6947ÐKÐNRTÐ5:�?OIÑUª:=Ó�IK<SGH?OEQRk?F:´?OCtRk?�IK47E
?O:=PQC7<78 �N47:°89GD89<SUª:=:=U�RKJ7J7EFIKJ7EF8½Rk?O:'Ô�I5E±GO47EFÖK:,896;6½RK<SP�:ºRTJ7J7698½P,Rk?F89IK<SG³Ò+:]P,RT4tGH:a8;?'UªIx:=GD<7IK?
6;INGH:/IKÒªÞd:=P�?FG'ÒNÕ�47<SU7476;Õ�Ó�:,EFÐK89<7Ð»?OC7:=Ó 89<
?OC7:�ÒSR5PFÏxÐ5EOIK4S<SU$Ú
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����� £��S£ ` �)� w � � � �	� q,cHq=u�^Oco ��q�����f5g_cdgiq,\7«9pHq=©�^±[=«+cdeN^±²KginK^Q[5vKjNu�^on»q=uV¥xq,ZO¦T§=pd[=jNfNn�©�[Tn5^Q\¶
�¶¥���l5pHq=©�^³fTj5©°¥ª^Fp ��� � �K �¶Z�� � eN^D¥Nq=ZH¦T§=pd[]j5fxn�u�j5¥5c�pHq,ZFcdg_[]f�[=«)����� 
 � eN^±q,¥xq=fNn5[=fN^on�¥Nq=§ag_f
cde5^a©�gin5n5\_^s[,«�cdeN^su�ZQ^FfN^aexq,u±©�g_u�cHq=¦]^QfN\zbµ¥ª^Q^Ff´g_fkcd^Q§,pHq,cd^on�g_fkcd[�cde5^a¥Nq=ZH¦T§=pd[]j5fxn7 ��n�� �±j5p
©�^OcdeN[Tn�ZQ[,p�pd^QZFcd\zb�u�^Q§]©�^Qfkc�cde5^D¥xq,§5vTcde5^D¬ª^Fpdu�[]f�y�eN[a\i^O«9c�q,«9cd^FpVu�gzc�cdgif5§º[]f�cdeN^³¥7[,c�cd[]©ê\i^O«9c
ZF[=pdfN^Opovxq=fNn�cdeN^¼ZHexq,g_p�cdexq�c³eNq=u�¥ª^Q^Qf»pd^F©�[�²�^on�[=fµcde5^±pdgi§=ekco
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����� £��7£ �±ZQZF\ij5u�g_[]f»u�^Q§=©�^QfkcHq,cdg_[]f�[=fµqs©�[�²Tgif5§s[]¥ ��^QZFco ��q�����fN¬NjKc�«9pHq,©�^Dgif�y�e5giZHe�cdeN^DZQq,pHn
g_uXc�pHq=ZH¦�^on7 �¶¥�� � pHq]nKgzcdgi[=fxq,\x¥xq=ZH¦T§=pd[=jNfNn°u�jN¥Kc�pHq=ZFcdg_[=f�¬5pd[�²Tgin5^Vj5fNudq,cdg_u�«;b5g_f5§'pd^Fu�jN\zcdu�¥ª^QZQq=j5u�^
[,«Xcde5^'u�exq]nK[oy¾Zoq,u�c±¥kb�cdeN^'eNq=fxn7vxq,fxnµ¥ª^QZoq,jNu�^sgzcD\_^oq,pdf5^onµcde5^��NfN§=^Fpdu³eNgin5g_f5§/cde5^s¥ª[,c�cd[]©
\_^F«;c�ZF[=pdfN^Op�q=u�¬xq�p�c�[,«7cdeN^�¥Nq=ZH¦T§=pd[=jNfxn7 �¶Z�� 
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