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+3M�jbC5{$d_C JZQ�+3J^ajCmQ�+8ltC\M[FNJfjtC,JjJk`GKLC5{*JGF,+_{[{=JZF&JZQ[C@)*FR{`C8-?g�+3MU{bKWTD{`C"#oM[C5{=KLM,`GC8-R+3JGKLFNM8JGFD+
4�+<`GJGKcEBc.-R+(`p)*FR{`C8-?gtKYMeJGQ[CwE"FNMRJGC0q`J�F(' JZQ[Cfa.c[K*-c{`KYM6dNc64/4.`GFRE C5TGT Ob�jQ�cUTp+N4�+<`GJZKWEBc.-R+(`Q)*FR{`C8-[aDK3-*-
Q�+8ltC@+_TGTnFRE K�+3JZC5{ aDKYJZQbKYJf+��0�SY(� �u��WoI��s�eg E FNMUTVKWTnJZKYM.dzF<'p4UFtTZTnK*a6-*j/),+5M$j9'e`GF_y,C,MbC5{$d_C5T"O

�jQ[C\TVK*)/4.-LC5TnJQ=%JZQ[F&c6dNQ*M[F_JjCB� E"KLC,M`JsA aG+8jzJZFzT�jPTnJZC8),+5JGKWE0+(-*-3j�a.c[K3-W{9c.4/a.-LFREur9)sFR{`C8-WT�'e`GF&)
+/dNK3ltC,M1TVC,JlF(' K*),+<dNCF-YKYMPCzTnC0d&)*C,MRJXTDKWT^JGF,cUTnC]+b{`C04[JGQ$�$#�`vTnJmTnC<+<`XEXQ1JGFbE FNMRJS`GF:-�JGQ[C9a.cPK*-W{RKYM.d
4.`ZFRE"C5TGT Op_xM=HtCfE"JGKLFNMD�`O } a C�aDK3-*-[aG`ZKYJGCw{`F5aDM,+5M,+(-3dNF&`ZKYJZQ.)�'$F&` {`C84PJGQz#�`XTVJDTnCE+(`XEXQ9'$F&`b)sFR{`C8-WTsg
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� TVJJ+5MU{.+(`v{ a2+8j F(' K3)/4.-YC0)&C,MtJZKYM.dP+*{`C84PJGQ$�$#�`XTVJ\TnCE+(`XEXQH+3Mo{ FNM[CeE"F_M$ltC;M[KYC,MRJb'$F&` {`C5TGEs`GK*aPKYM.d
JGQPC&Jm+NT�r +3J\Q�+5MU{�KcT JZF|cUTVC/+8TnJm+NEJr =�` }.acb AXO*BDC5E8+<-*-�JZQ�+3JP+ TVJJ+NEJr1KWT@+*#�`XTVJ�� KYM$�?-�+_TnJ�� F&cPJz{.+5JJ+
TnJk`ScUE JSc.`ZCtOp� F]4.-R+NE"CF+3M8KYJZC8) F_M JZQ[CmTnJJ+_Eur�g[ajCmTk+EjbJZQ�+3JDa Ced�f&��gbJGQPCgKYJZC8)�FNM JZF&JZQ[CmTnJm+NEJr O
� F|`GC0)*F<ltC]+3MuKLJGC8) 'e`ZF&) JGQPCbTnJm+NEJr{g ajCsTS+8j�JZQ�+3JmajC�d6YcduJZQ[CeKYJGC0) 'e`GF&) JGQPC*TVJJ+NEJrSO|��M�j
`GCfEBc.`XTVK*ltCQ+(-3dNF:`GKYJZQ.)
E8+3M9aUC aG`GKYJZJGC,MmM[FNM���`ZC5EBc.`vTnK*ltC0-*j�cUTVKYM.d +lTnJm+NEJr�hNKLM>4�+<`GJZKWEBc.-R+(`0gt{`C84[JZQ$�$#�`XTVJ
TnCE+(`XEXQsE8+3M]aUC�aG`ZKYJGJZC,M9cUTVKYM.dP+ TVJJ+_EurSO�h[F&`Q+\JS`GC;C@=�+\{`K*`ZC5E"JZC5{{gh+_EBj[Es-YKWEpd&`m+(4[Qi`kj b AJgNa ClE"F_MU{$cUE J
T�coEdQ,+zTVC<+(`vEdQsTnJm+(`ZJGKYM6d]+3JDJGQPC�`GFtF_Jf+NTDTnQPF3aDMbKLM,��-*d_F&`ZKYJGQ6) a O�l�+3JZC8`DKYMsJGQ[KcTjEXQ�+(4[JZC8`�ajClaDK3-*-
TnQPF3a +>4[KWE"Jkc.`GC\F<'�JZQ[KWTG+<-*dNF:`GKLJGQ.)�KYM�+_E"JGKLFNM O
~�Q[C,M TnCE+(`XEXQ[KLM.d|'$F&`]a.-YFREJr )*FR{RC8-WT�'e`GF&) +�TVC,JzF('wK*),+<dNC/-LKYM[C TnC8d:)*C,MRJXTBg�CE+NEXQ �6Y(^6msF('

JGQPC*TVC<+(`vEdQ JS`ZC,C*E FNMUTVKWTnJvT F<'f+�a6-YFREJr7)*FR{`C8-p+5MU{ +5M +NTZTnFRE"KR+3JGCf{ 'e`GF_y,C,MH-YKWTVJ,OD�jQ[C&#�`vTnJ\M[FR{`C
JGQ�+3JDajC@4.coTnQbFNMRJGFzJZQ[CmTnJJ+_EureKWTjJZQ[C\M[FR{`CmE"F_MUTnKcTnJGKLM.dzF(']JGQPC C0)/4[Jtj>)*FR{RC8-�g6+3MU{,+N'e`GF_y,C,M,-YKcTnJ
E"F_MUTnKcTnJGKLM.deF('Q+<-*- K*);+(dNC@-LKYM[C\TVC8d&)sC,M`JvT�= TnKYMoE"C\ajCgQ�+EltC\M[F_J�jtC;JDJS`GKLC5{*JGFD+N{[{�+3M�jbF('�JZQ[C8)9JZF
JGQPKWTlC8)/4[Jtj,)*FR{`C0-LAXOP�jQ[KWT\TnJm+(`ZJGKYM6d=MPFR{`C*KWTlJZQ[C�n TVC,C5{�n F<'f+<-*-�FNJZQ[C8`\M[FR{`C5Tsg 'e`ZF&) aDQ[KcEdQ1JZQ[C
{`C84PJGQ$�$#�`XTVJlTVC<+(`vEdQ,4.`ZF&)*KcTnC5T�JGFe{`C0-YK*ltC0`G+(-3-{4UFtTZTnK3a.-YCF)*FR{`C8-cT"O
_xM&F:c.` E8+NTVChgNJGQPC 'ec[MoE"JGKLFNM X�B6*.B8+ g5KYMD��-*d_F&`GKLJGQ.) a g`ajF:c.-W{9+_{[{&JZQ[CG)*FR{`C8-6+NTZTnFRE"KR+3JZC5{&aDKYJZQ

JGQPCgEsc.`S`ZC,M`J M[FR{`Chg[JZF/+/WZI��s�GY��FT9Y<^6mJW®�NU&Wo�omkUh^?prq8I��0I*�^mk^ {$c6`GKYM6dzJGQ[CmTnCE+(`XEXQ�gPTnFeJGQ�+5J�a ClQ�+8ltCF+
`GCfE"F&`v{&F(']JGQ[CfTnC�'$F&`f+5M�+(-3j[TVKWT"Op�f-WTnF6g[{$c6`GKYM6dzJGQ[C\E F&c.`vTnC\F(']JGQ[C TnC<+<`XEXQ�g`a ClaG+5M`JDJZF9rtC,C84D+/WoI��s�
Y�� T9U(V:I�T9U&W�XBWoY<[u\DT9Y<^6mJW®�^JGQ�+3JDQ�+8ltCwTnFN'?+<`baUC,C,M]'$F&c[MU{SOp� Fe{`FmJGQ[CwTnCfE"FNMU{eJJ+NTtr*ajC^M[C,Cf{|JZQ[C
M[F_JGKYF_M F<'p+eTnQ�+_{`F5ajC5{,)*FR{`C8- O
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� ��g6Uh^hY���mk^va.-YFREJrH)*FR{`C8-�KcT>+,a.-YFREJrv)sFR{`C8-�JZQ�+3JzKcTN+1Ttc.a$�?)*FR{`C8-�F<'i+|)*FR{`C8-p+<-*`ZC<+N{$j C,M$�
E"F:c[M`JZC8`GCf{ {$c.`ZKYM.dsJGQ[C TnC<+<`XEXQ O�xbj7��f�X��tT9Y<^6mJW�ajCF)*C<+5M JGQPCN'$F&-3-YF5aDKYM6d��Gxb-LFREur,)*FR{`C0-
� KWTi+
T�c6a$��)sFR{`C8-�F('��]g K�'kg aDQ[C;M +(-3- K3),+(d_CzC5{$d_C5T JZQ�+3JP+(`GCeKYM � +5MU{ +<`GC*M[F_JgKLM�� +(`ZC/`GC8)sF(ltCf{
'e`GF:) � JZFN'$F&`k) ���3gtJGQ[C;M�� KcT�JGQ[CwTS+<)*C�+_T ���3g.+_Tj{`C"#oM[C5{zKYMbHtC5E"JZKYFNMe�[O a O���c[J2+3M[F_JGQ[C8` aG+8jhg
��KWTb+mT�c.a���)*FR{RC8-UF(' �]gtK�' KYJ {`FtC5T�M[FNJ E"FNMRJJ+5KYM,+5M$jzK3),+(d_C�C5{�dNC5T�JGQ�+3J �
{RFtC5T M[F_J8g6+3MU{&Ko' JZQ[C
-�+<aUC8-*-LKYM.dzF<'jKLJXTDK*),+<dNClCf{$dNC5TDKWTDC��hc[K*l:+<-YC,MRJGc[MU{`C0`lTtj$)/)sC,JS`ZKYEG`GC0-�+(aUC8-3-YKLM.dzJGF*JZQ[C@-�+<apC0-*-YKLM.deF('
JGQPFtTnC TS+<)*ClK*);+(dNCwC5{$dNCfTjKYM �eO

_xMUTnJZC<+N{gF<' JZQ[KYM6r`KLM.d@+(aUF:c[J�aDQ[C,JGQPC8`�F&`]M[FNJp+�d_K*ltC,MFa.-YFREJr@)*FR{`C8-RKWT�TVQ�+N{RF3a C5{>a�j>+�rRM[F5aDM
a.-LFREur@)*FR{`C0-�g,KYJ�)sK*dNQRJ�aUCjC<+_TnKLC8`iJZF�cPMU{`C8`vTnJJ+5MU{gJGQPCDE"F_MUE"C84[J�a�j JZQ[KYM6r`KLM.dDF('
+(-3-h4UFtTGTVK*a.-LCGa.-YFREJr
)*FR{`C0-WT�JGQ�+5JG+>d_K*ltC,M]a.-YFREJr])*FR{`C8-UE0+3M8TnQ�+_{`F5a\O H c.4.4UFtTVC '$F:`jC8q6+()D4.-YCDJZQ�+3J ajClQ�+8ltCi+>a.-YFREJr
)*FR{`C0-�TtcUEdQ +NTlJZQ[CzFNM[CeKYM h K*d&c6`GCD�`O a +`O]�jQ[C,M1JZF*#UMU{1F&c[J\aDQ[KcEdQ7a.-LFREur�)*FR{`C8-cT�JGQPKWT�a.-YFREJr
)*FR{`C0-pQ�+NT JZQ[C�4UFNJZC,MRJGK�+<- JZFzTnQ�+N{`F5a@g[ajC T�jPTnJGC0),+3JZKWE8+<-*-*j@`ZC8)*F<ltCjK3),+(d_C�C5{�dNC5T Op�jQ$cUTQ+>a.-YFREJr
)*FR{`C0- aDKYJGQ��=K3),+(d_C Cf{$dNC5T^TnQ�+N{`F5a^T } � c[M[K��hc[C@a.-LFREur,)*FR{`C0-WT"O2�jQ[C5TnCP+(`ZCeTnQ[F5aDM1KYM8hiK3d&c.`ZC
�`O a abJGQ6`GF&c6dNQH=%F�A�'$F&`DJZQ[C�)*FR{RC8-UKYMbhiK3d&c.`ZC��RO a +`O���FNJZC@+(-cTnFgJZQ�+3JGa6-YFREJr[Tf=La{A]JGQ.`ZF&c.d_Qv=$F$A E8+5M
aUClE0+(-*-LC5{M��f�X��tT9Y<^6mJW®�^F(' JGQ[Cfa.-LFREurF)*FR{`C8-PTnQ[F5aDM*KLM,=�+hAXO 1 ' E"F&c.`vTnChgtJZQ[ClTk+()*C KWT�JS`kc[CDK�'
a.-YFREJr
=�+hAjKcTb`GC8-R+(aUC8-3-YC5{eT�j�)/)*C,Jk`GKcE8+(-3-�jIO

~�KYJZQzJGQ[KcT�{`C"#UMPKYJGKLFNMmKYMzQ�+5MU{{gNa C^E8+3MzM[F5a {`C5TZEB`GK3aUCjQ[F5a JZF�),+5KYMRJJ+3KLM\JGQ[CG-LKWTnJ F('�),+<q`K3),+(-
a.-LFREur/)sFR{`C8-WT O
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),+(qRK*);+(-ha.-LFREurF)*FR{`C8-cTBgtajCG)]cUTnJ�c.4S{.+3JZClJGQ[CG-LKWTVJ F<'�),+<q`K3),+(-
a.-LFREurPT aDQPC,M7l`KcTnKLJGKYM6dzC<+NEXQ M[FR{RCe{$c.`GKLM.d*JZQ[CzTVC<+(`vEdQ OG~ Cz{`FsJGQ[KcT�+NT '$F:-*-LF3a^T �D'�4UFNM7lRKWTVKYJZKYM.d
+zM[FR{`ChgUEXQ[C5EJrzJGFsTnC,C\Ko'�JZQ[CmEBc.`S`ZC,MRJb)*FR{`C0- KWTjC;KYJGQPC8` �

a ODJZQ[C\TS+<)*ChgtKWT TnQ�+_{`F5ajC5{/a�j/+5M$j])*FR{`C0-pKLM*JGQPC�-YKcTnJ�F('�),+(qRK*);+(-�)*FR{`C8-cT JGQ�+3Jja ClQ�+8ltClJZF
{.+5JGCtOF_L'�KYJwKWTBgUJGQPC,M {`FbM[FNJ +N{[{1KYJ^JGFbJGQPC>-YKcTnJ;O@_?' KLJ�KcT�M[FNJ0g JGQPC,MH+N{[{1KYJ^JGFbJZQ[C>-LKWTnJwF('
),+<q`K3),+(-6)*FR{`C8-cT"O

} O^TVQ�+N{`F5a^TQ+3M�jzF(' JGQPCG)*FR{`C8-cTiKYMeJGQ[Cf-YKcTnJ�F<'�),+<q`K3),+(-h)sFR{`C8-WTQ=%JGQPKWT�E8+3MeFNM6-*jzQ�+<4.4UC,M*K�'SKLJ
a2+NTb+_{[{`C5{eJGFgJZQ[Cf-YKWTVJ�F('�),+<q`K3),+(-�a.-YFREJrPTuAXO]h[F&`jC0ltC8`SjF)*FR{`C8-UJGQ�+3JjKLJ TnQ�+_{`F5a^TBg.`GC0)*F<ltC
JZQ�+3Jf)*FR{`C8-�'e`GF:)9JGQ[C@-LKWTnJ TnFeJGQ�+5J�a C@),+8j9),+3KLM`Jm+3KYMsJGQ[C@),+<q`K3),+(-.46`GF&4UC8`ZJtjtO
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F&-c{*FNM[C5T O
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-YKLM[CzTVC8d&)sC,M`JvTjajCeTVQ[F&c.-c{ JS`kj7+N{P{`KYM.dbJZFM'$F&`k) +&M[C;a�)sFR{`C8-xOi� F,d_C,J@+*EXQ[K*-c{�)*FR{RC8- 'e`ZF&) +
dNK3ltC,MbM[FR{`ChgUajCmM[C,C5{bJGFeJJ+<rtC>+5M1C5{$d_CN'e`GF:)�JGQ[C�'e`GF_y,C,M�-YKWTVJf+NTZTnFRE"KR+3JGCf{ aDKYJGQ8JGQ[KcT MPFR{`Chg�+3MU{
+N{P{|KLJ�KYM TnF&)sCDaG+8j\JGQ�+5J KcT�E"F_MUTnKcTnJGC;M`J�aDKLJGQzJZQ[CG)*FR{`C8-RF('SJZQ[CGdNK3ltC,MzM[FR{`CtO]h[F&`pa.-YFREJr>)sFR{`C8-WTsg
JGQPC8`GCP+(`GCFc.4 JZF a.- aG+8j[TDajC E8+3M8JS`kjv=0/&C5{$d_C5T�1 } {RK*`GCfE"JGKLFNMUTJAXOG� F/dNC;J�JZQ[CgM[C;a 'e`ZFNy,C;M|-YKcTnJ
+NTZTnFRE"KR+3JZC5{ aDKLJGQ1JZQ[KWTG)*FR{`C8-?gpa CgM[C;C5{ JGFb{RF*FNM[C9)sF&`GCmJGQ[KLM.d32bK3)/4UFtTVC9+3M1F:`X{`C0`GKYM6d*FNM1JZQ[C
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aDK*-3-[KYMRJS`ZFR{$cUE"CfjtC,Jp+5M[FNJZQ[C8` TnC<+<`XEXQ�g�+(-WTVFz{`C04pC;MU{`C,MRJ�FNMsJGQ[Cw{`C84[JZQ$�$#�`XTVJDTnCE+(`XEXQ�gtKYM � Q�+(4[JZC8`)�IO
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Maximum Epsilon Odds vs. Model Complexity for Block Model

Model Complexity (number of filled edges)
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KYM�ltF&-3ltC5T�`GC8)sF(lRKYM6d|+1M[FR{`C/'e`ZF&)�JZQ[C8TnJJ+_Eur�gQ+N{[{`KLM.dH+3M K*),+<dNC*Cf{$dNCbJGF1JZQ[C8E"F&`k`GC5Tt4UFNMU{`KLM.d
)*FR{`C0-�gQ+(-YJZC8`GKLM.d1JGQPC�'e`GF_y,C,Mw-YKWTVJ8gQ+3MU{rJGQ[C;M�4.-R+NE"KLM.d�JZQ[KWTzM[C,a�)*FR{`C8- FNM�JGQPC TVJJ+_EurSO�~�KYJZQ
4.`kc[M[KYM6d.g[JGQPCgFNM6-*j*JZQ[KYM.dzJZQ�+3JwEXQ�+3M.d_C5TDKWTjJGQ�+3JfapCs'$F&`GCF4.-�+_E"KYM6dzJGQ[C\M[C,a )*FR{`C0- FNM JZQ[CmTnJm+NEJr{g
ajC\#�`XTVJmEdQ[CfEur*JZFbTnC;CzK�'�KLJ\TS+5JGKWTx#UC5T�F:c.` ��+<-�'�� �7+(qAEB`GKLJGC8`ZKYFNM O��jQ�cUTBg a CzajF:c.-W{�+N{[{1FNM[C9-LKYM[C
JGFH�f-*dNF:`GKLJGQ.) a +_T|KcTzTnQ[F5aDM KYM ��-3dNF:`GKYJZQ.)��6g aDQ[C0`GC 7!,.C Z 
>,�� �SR?R!*�9�,0Q>=FRKDK@ KWT9+7aUFtF&-LC<+3M
'ec[MUE JGKYF_M,`GC,Jkc.`GM[KLM.dgaDQPC,JGQ[C0`DF&`DM[F_J�JZQ[C�)*FR{`C0-�+NTZTnFRE"KR+3JZC5{=aDKLJGQ ,0Q>=SR�D Q�+_TG+3Jf-YC<+_TnJ Q�+(-o'�JZQ[C
),+<q`K3)Mc.) 4UFtTGTVK*a.-LC\FR{[{[Tb'$F&`i+ a.-LFREur])*FR{`C0- aDKYJZQbJGQ[CmTS+<)*C\M$c6)MaUC8`�F('?C5{$dNCfT"O
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_xM HtC5E"JZKYF_M �`O � ajC1JJ+<-*rtC5{�+<aUF&c[JbQ[F5a E FNMUTVKWTnJZC,MUEBj F('P+ a.-YFREJr F:`�+(-*4PQ�+(aUC,J,)*FR{`C0-�Q�+_T,+
M[KcE"C,4.`GF:4pC0`GJtjuJGQ�+3JD+(-*-LF5a^T cUTzJGF TnCE+(`XEXQ�)sF&`GCsCB�bE KYC,MRJS-3j�h�a C {RKW{ MPFNJeM[C,C5{uJGF TnCE+(`XEXQ�+<-*-
4UC8`S)]c[Jm+3JGKLFNMUT ON~�QPC,M1ajCeTVJJ+(`ZJ@4.`Sc[MPKYM.dbJGQPCeTnC<+<`XEXQ1JS`GC;CzaDKYJGQ � ��g E8+3M JGQPCeTS+()sCgJGQPKYM.d,aUC
TS+5KW{ª}�� FD+3MUTVajC8`DJZQ[KWT �hc[C5TVJGKYF_MbajC\aDK*-3- M[F5a KLM`Jk`GFR{$cUE ClJGQ[C\M[F_JGKLFNM F<'Q+zT�c6aUTnC,J^KYMo{`C84UC,MU{`C;M`J
4.`ZF&4UC8`GJtjtO
� ��f�Xu�#mJ�DI��.^6m4d>ms�.^6mu�$�ed��kYcd>ms�u� p KcT|F_M[ChgDaDQ[KcEdQ�g K�'\JZQ[C|4.`ZF&4UC8`ZJ�j Q[F&-c{[T '$F:`,+3M�j )*FR{`C8-

=La6-YFREJr1F&`zFNJZQ[C8`ZaDKWTnC:AJgiJZQ[C,MuKLJgQ[F:-W{[T�'$F&`P+(-*- T�c.a���)*FR{RC8-WT9=L)sFR{`C8-WT�'$F:`S)*C5{7a�jv`ZC8)*F<l`KLM.dM'$F:`
C8q6+()/46-YC^K*),+<dNClC5{�dNC5TsgUT�cUEXQ�+NTDKYM8hiK*d:c.`GC �`O a AXO
�jQ$coTBgG+_T/+(-3`GC<+_{$j )*C,MRJGKLFNM[Cf{{g�E"FNMoTnKWTVJGC,MoEBjuF('P+7a.-YFREJr )*FR{RC8-DF&`D+(-34[Q�+(aUC,J])*FR{`C0-DKWT]+

T�c6aUTnC,J^KYMo{`C84UC,MU{`C;M`Jf4.`GF:4UC8`GJtjtOG�jQPC � � �i+(-�'�� �7+(qsFR{[{[T�4.`ZF&4UC8`ZJ�j8KWTjM[F_J,Oi_?'±+Ma.-LFREurD)*FR{`C8-
Q�+_T�)*F&`ZC\JGQ�+5M Q�+<-�'�JZQ[C>),+<q`K3)Mc6) 4pFITGTVK*a.-LCgFR{[{[TG'$F&`i+MdNK3ltC,MbM$c.)]aUC8`jF<' C5{$dNCfTBgUJGQ[KcT KcT>�.Y&�
M[C5E C5TGTk+(`GK3-*j8TnF]'$F&`mT�c.a���)*FR{RC8-WTDF(' JGQPKWT�a.-LFREur�)*FR{`C8- O � F_MUTnKc{`C8`lJZQ[C9a.-YFREJr,)*FR{`C8-cT KLM1hiK3d&c.`ZC
�`O a g[aDQ[C0`GC]=La{A�JZQ.`GF:c.dNQ =%F�AQ+(`GCF+<-*- T�c6a$��)sFR{`C8-WTjF<'�JZQ[C@)*FR{`C8- TnQ[F5aDMbKYMH=?+ AXODHtK3a.-YKLM.d>)*FR{RC8-WT
=%JZQ[FtTVClFRE,EBc6`S`GKLM.d9+5JjJZQ[C\TS+<)*Cw{`C84[JZQ&KLM*JGQ[CwTnCE+(`XEXQ*Jk`GC,C&A Q�+8ltCw{`K�nSC8`ZC,MRJ C04UTnK3-YFNMeFR{[{[T Ob�jQ�cUTsg
K�']ajC�'$F:-*-YF5a F_M.-*j E"C8`GJm+3KLM�4�+3JGQoT�KYMbJGQPCgTVC<+(`vEdQ8JS`ZC,Chg`a C9+<`GC\M[FNJid&c�+<`J+3MRJGC;C5{=JZF&C,Mo{;c64 aDKYJZQ
JGQPC*Tk+()*C9)*FR{RC8-WT@+NT\K�' ajCeQ�+N{ '$F:-*-LF3a C5{7+(-3-p4�+3JZQUTM=mILK�m8K,+(-3-�4UC8`S)]c[Jm+3JGKLFNMUTJAXOshoF:`gC8q6+()D4.-YChg
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+NE;E"F&`v{`KYM.dwJGFlJZQ[C ��+(-o'�� �7+<q�'ec[MUE"JZKYFNMeTVQ[F5aDM&KLMzhiK3d&c.`ZC j`O a g&)*FR{RC8-WTp=La{Amg.=x{�A�+3MU{,= 'sA KLMzhiK3d&c.`ZC
�`O a aDK3-*-�apC@4.`kc[M[C5{SO
�jQ[C*K3)/4.-YKcE8+3JZKYF_M1JGQ[KcT Q�+_TgFNMuF:c.`eTnC<+<`XEXQuKWT\JGQ�+5Jga C/)McoTnJ8g Ko'^ajCeaG+3MRJgJZF7cUTnCsJGQ[C � �

��+<-�' �7+(q74.`ZF&4UC8`ZJ�j1JZF,4.`Sc[MPChg�cUTnCeJGQ[CD+(-3-�4UC8`S)]c[Jm+3JGKLFNMUT\TVC<+(`vEdQ�g
��-*d_F&`GKLJGQ.) % OD_nTlJZQ[CM-LFtTZT
-�+<`Sd_C8`�JZQ�+3M1JZQ[C9dh+5KYM{} �lTDKYJ^JSc6`GMUT�F:c[J8g�'$F&`lJZQ[CgC8q6+()D4.-YC5T�ajC E"FNMUTVKW{`C0`8gUJGQ[CF4.`Sc[MPKYM.d/4UF5ajC0`
F(' � � ��+(-o' �7+(q 1 {P{[TjKWT TnFzCBnSC5E"JZK*ltChgtJZQ�+3JDKLJDE"F:)/4.-YC;JGC8-3jg{RF&)*KLM�+3JZC5T�JGQ[C\M[C,Cf{&JGF TnC<+<`XEXQ|+<-*-
4UC8`S)]c[Jm+3JGKLFNMUT O�~�CwE8+3M]),+<rtCjKYJ?{`F&)*KLM�+3JZCDC8ltC,M9)*F:`GC K�'SajCi+N{[{zFNMPC�-LKYJGJk-YC JnaDKcTnJ 2FrtC,C84zJk`J+NEJr
F('?JGQ[CmTnQ�+N{`F5ab� {`C84[JZQ O
�jQ[C>��g6Uh^hY����z^6m4d�� gsF('�+>)*FR{RC8-[KWTQ+ M�c.)]apC0`8g&`ZC84.`GCfTnC,MRJGKLM.d.gtQ[F5a�-YF_M.d.gRKYMeJGC8`k)bT�F(']{`C04[JGQ$�

#�`vTnJDTVJGC84oTBgtJGQ[KcT�)*FR{`C8-[Q�+NTOaUC,C;MbTnQ�+_{`F5ajC5{]a$jP+3M[F_JGQ[C8`Qr`MPF3aDMD)*FR{`C8-�=$FNM[C^JGQ�+3JjQ�+NTb+<-*`ZC<+N{$j
aUC,C,M�dNC,M[C0`J+3JZC5{ {�c.`GKLM.d*JGQPCzE"F:c.`XTVCgF(' JZQ[CzTVC<+(`vEdQ{AvO^hoF:`�C0q.+<)/4.-YC g`KYMAhiK*d:c.`GCP�`O } a�gUM[FR{`C a q A
Q�+_T�+zTVQ�+N{`F5ab� {`C84[JZQ F<' a =%KLJjKWTDTVQ�+N{RF3a C5{/a$jeM[FR{`C j Amg[aDQ[K*-LClM[FR{`C a,} AjQ�+NTG+eTnQ�+_{`F5ab�V{`C04[JGQ
F(' } =%KLJ KcTgTVQ�+N{`F5a C5{va�j1M[FR{`C5T a q A@+5MU{ j AkAXO�_ M hiK3d&c.`ZC/�RO } +�g�JGQ[C0`GCD+(`GC;+(-WTVF|)*FR{RC8-WTlaDKYJZQ
M[F_M$�xy;C8`GF TnQ�+_{`F5ab�V{`C04[JGQUTsg$'$F&`DC8q6+()D4.-YC M[FR{`C5T aFa Ap+5MU{ a,} AJg$a6c[JjJZQ[C8`GCi+(`ZC�'?+(`p'$C,ajC0` F<' JGQ[C0)1O
_L'�+>a.`J+5MUEdQbKLM*JGQ[C TnC<+<`XEXQ*JS`ZC,ClJGC0`S)*KLM�+3JZC5T�aDKYJGQ;+zTnQ�+_{`F5ajC5{/)*FR{`C0-�= T�cUEXQ�+NTjJZQ[C�a.`m+3MUEXQ

} � a q8� a;} KYMbhiK3d&c.`ZCF�`O } a�g[JGQPC,MbM[FNJZQ[KYM.deaDK*-3- Q�+8ltC@aUC,C,M,dh+5KYM[Cf{;a�j*C8q�4.-LF&`GKLM.dzJGQ�+3JGa.`m+3MUEXQ Op_xM
`GC;JS`GFIT�4UC5E"J0g ajC TnC,CmJGQ�+5J\KYJ^aG+NTi+&aG+_TnJGCzF<' JGK*)sCtOf_nTDJGQPC8`GCeTVF&)*C\aG+8j8JGF/4.`ZC5{`KcE"J�JZQ[KWTf+3QPC<+N{
F(' JGK*)sC&}��jQ[C8`GCbKcTgM[Fvd:c�+(`m+3MRJGC,Cf{�a2+8jhgOa6c[J&a CbE8+5M JJ+<rtC�+ d:c[C5TGT O��jQPC�-LFNM.d_C8`D+|)*FR{`C8-
KWTzTVQ�+N{RF3a C5{{gjJZQ[C,-YC5TZTP'e`ZC,C5{`F:)�KYJzQ�+NTzJGF {`K�nSC8`ZC,M`JZK�+5JGC*KLJXTnC0-�'G'e`GF:) JGQ[C8TnQ�+N{`F5aDKYM6d )*FR{`C8-?g
aUC5E8+<cUTnC^KYJ�Q�+NT�'$C,ajC0`p+3MU{>'$C,a C8`�'e`GF_y,C,MzC5{�dNC5T�+_TGTVFRE"K�+5JGC5{&aDKLJGQzKLJ,O��jQ�cUT�ajC^E0+3M]),+(rtCQ+�d&c[CfTGT
+NT>'$F&-3-YF5a^T��*Ko'@+7)*FR{`C0-jQ�+_TM+ TnQ�+_{`F5ab�V{RC84[JGQw-�+<`SdNC0`&JZQ�+3M TnF&)sC/),+(qRK*)]c.) TnQ�+_{`F5a�{`C84[JZQ
4�+<`J+()sC,JGC8`0g JGQPC,M�a C&aDK3-*-�MPFNJ@4.c.`vT�c[C*JZQ�+3J@a.`m+3MUEXQ +3M�j|'ec.`GJZQ[C8`,OD_xM74.`J+_E"JGKcE"Chg�a$jC+N{8yScoTnJGKLM.d
JGQPKWT94�+(`m+()*C,JZC8`ga C1E8+5M�+_EdQ[KLC8ltC,+7)McoEdQ )sF&`GCbCB� E"KLC,M`JmTVC<+(`vEdQ�g aDQ[K*-LC TVJGK3-*-DF&aPJJ+3KLM[KYM6d�JZQ[C
{`C5TVK*`ZC5{/)*FR{`C8-cT"Ob=?�jQ[KWTjaDK3-*-�apC TnQ[F5aDM8KYM*JZQ[C\M[C8qRJ^TnC5E"JZKYF_M O�A
~�Q�+3Js{`C,JZC8`S)sKYM[C5T^Q[F5a -R+(`Sd_C�+�TVQ�+N{`F5ab� {`C84[JZQ KcTgM[C,C5{`Cf{ª} l�+(`Sd_C8`sTnQ�+_{`F5ab�V{`C04[JGQUT]+(`ZC

M[C,Cf{`C5{�aDQ[C;MuJGQ[C TS+()sC*K*),+<dNCeC5{$d_C/4.-�+8jPT>+|`ZF&-YCsKYM ),+5M$j746-�+(coTnK*a6-YC7=?+NTz{`C,C0)*C5{|a�jhg�TS+8jhg
� � �i+(-�'�� �7+(q 1 {[{[TJAG)*FR{`C0-WT"Of�jQ[KcT KLM1JSc.`ZM KcT�`GC8-R+3JZC5{*JGF*JZQ[C9`GC5TVF&-3c[JGKLFNM F<' JGQ[CmK*),+<dNC]=xTVC,C
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HtC5E JGKYF_Mb�[O ��AJg�+<)*FNM.dzF_JGQ[C0`b'?+NE"JZF&`XT O
_L'�F_M[CmE"F&c.-c{&#UMU{|+>46`GF&4UC8`ZJtj=JZQ�+3JDKcTjCBnSC5E"JZK*ltC@+5Jj#�-YJZC8`GKLM.dzJGQ[C@d_FtFR{�'e`GF&)/JGQ[C@a�+_{=KYMRJGC0`��

4.`ZC,JJ+5JGKYF_MUTBg
Uh�.^&aG+_TDT�c.aoTnC,J KYMU{`C04pC;MU{`C,MRJ8gtJGQPC,M*FNMPC\E"F&c6-W{eEBc[JD{RF3aDM;+3MbC8ltC,M9-R+(`Sd_C8`b4UF:`GJGKLFNM
F(' JGQ[C^TVC<+(`vEdQeTt4�+NE CtO�_VT�T�cUEXQ]+\T�c.aoTnC,J�KLMU{`C84UC,Mo{`C,MRJ�4.`GF:4UC8`GJtj>-LK*rtC8-3jlJGF\C8qRKWTVJO} , K*ltC,MzJZQ�+3J�a C
aG+5M`J^F&c6`@+(-3dNF&`ZKYJZQ.)�JGF*a F&`SrbF_M1M[FNKcT�j7+5MU{ KYMoE"F&)/46-YC,JZCl{.+5JJ+�g ajC E8+3M74.`ZF&a�+<a.-*j�+5MUTna C8`lM[FPO
_xMzJGQ[CfdNC;M[C8`J+<-UE8+_TnChgtK*)D4pC0`�'$C5E"J {6+3JJ+]=JILK�m8K�)*KcTGTnKLM.d^C5{$dNCwTnC0d&)*C,MRJXTsg3K3)/4UC8`�'$CfE"J E"F(� JGC0`S)*KLM�+3JZKYFNM
F('±-YKYMPC\TnC8d:)*C,MRJXTsg$-YKLM[C\TVC8d&)*C;M`JvT M[F_J�C8q6+NE JS-*j]4.-R+NE"C5{b{$cPC JZF/+<-YKR+NTnKLM.dbO,O,OsAmE8+3M8FNM.-3j/aUC>a.c[K3-YJ
c.4C+&Tt),+(-3-{4.`ZF&4UF&`ZJGKYF_M1F('�a2+8j[TjJZF '$F:`S)�JGQ[CmE"F:`S`ZC5E"JG)*FR{`C0-�g[K�']ajC@),+5KYMRJJ+5KYM,+5J�C<+_EdQ8TVJGC848F('
JGQPC9a.c[K*-c{`KYM6d/4.`GFRE C5TGT@+/)*KYMPK*)9c.)�Es`GKYJZC8`GKLFNM8F(' n dNFtFR{`MPC5TGTNnYO���F5ajC8ltC0`8gUJGQ[C9aUC,JZJGC8`la C]+(`ZC/+5J
d&cPC5TGTVKYM.deaDQ[KWEXQ/a.`m+3MUEXQ[C5TDaDK*-3-{aUC@cUTnCs'ec.-�g[JZQ[C@-YC5TZT K*)D4pF:`GJm+3MRJDKYJDKWTjJZFg#UMU{8T�cUEXQ�+>4.`GF:4pC0`GJtjtO

�b)�� ���\@�.12N	 @/: � 	M� � � 0 � ��2�� 
 � ������� <V�

�jQ[C � � ��+(-o'�� �7+<q 1 {[{[T TnC<+<`XEXQzaG+_T±`kc[M�g�cUTnKLM.dF+ );+(qRK*)]c.) TVQ�+N{RF3ab� {`C84PJGQ*F<' } gtFNMeC<+NEXQeF('
JGQPCzTnK3qbK*),+<dNC5TjKLM ` } q b g{+5MU{ JGQ[CF`GC5Ttc.-YJvT�+<d&d:`GC8d +3JGCf{ OgHtF*JZQ�+3J^ajCF),+8jb{`C5TZEB`GK3apCmJGQ[CF`GC5Ttc.-YJvTBg
ajC\aDK3-*- MPF3a KYMRJS`GFR{�cUE"C@+>'$C,a )*F&`ZClJGC8`k)bT"O

B CfE8+(-3-±'e`ZF&) HIC5E"JGKLFNM �RO } JZQ�+3J {$c.`GKLM.d1JGQPCbTnC<+<`XEXQ�g�ajCDrtC,C84 +,-YKWTVJgF<'@+<-*-jF<'lJZQ[C/)*FR{RC8-WT
lRKWTnKLJGC5{�g�+NT�a C8-*-�+NT�+]-YKWTVJDF(' JGQPC>),+<q`K3),+(-�)*FR{`C8-cTO'$F&c[MU{SO )�c.`GKLM.d*JZQ[CzE"F:c.`XTVCzF('�JZQ[CeTnCE+(`XEXQ�g
TnF:)*C@)*FR{`C8-cTb+<`GC>lRKWTVKYJZC5{M)*F:`GC\JGQ�+5M F_MUE"CtOp~�CmE8+<-*- JZQ[C5TnC;^?f d�WZI�[JU&� mFT9Y<^6mJW®�P+3Mo{�),+<rtClM[FNJZC
F(' JGQ[KcT�KYM1F:c.`@-YKcTnJlF<'b)sFR{`C8-WTfl`KcTnKYJZC5{ O\h[F&`\C8q6+()D4.-YChg[KLM hiK*d:c.`GC]�RO } a�g M[FR{`C5T j Ai+5MU{ a;} Ai+(`ZC
{$c.46-YKWE0+3JGCfT"O�~�CDaDK3-*-RE8+<-*-RJGQ[CG-LKWTVJiF<'{)sFR{`C8-WT{lRKWTVKYJZC5{gE"F_M`Jm+3KLM[KYM.d^M[Fm{$c.46-YKWE0+3JGCfTBgYf$�.I���f�mfT9Y<^6mJW �sg
+3Mo{ JGQ[CzaDQ[F:-YCeTVC,J8gSE"FNMRJJ+5KYM[KLM.d/c[MPK��hc[C9+5MU{�{�c.4.-YKcE8+3JZC@)*FR{`C8-cTBgSTnK*)D4.-*j,+_T9U&W*W±T9Y(^6mmW®� O���FNJZC
JGQ�+3J^JGQ[C@-YKcTnJ F('p),+<q`K3),+(-6)*FR{`C8-cTjE"F_M`Jm+3KYMoTjM[F*{�c.4.-YKcE8+3JZC5T"O
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_xMuHtC5E"JZKYF_M �[O } O % g JGQ[C0`GCga C8`GC]�;/ } � /&� } c[M[K � cPC>)*FR{`C0-WTGl`KcTnKYJZC5{v=$F<ltC8`�+<-*-�TVK*q8K*),+<dNC5TJAXOl'wTnKYM6d
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_xM�F:`X{`C0` JZF8{`KWTZEBcUTGTlJZQ[C �hc�+<-YKYJtjbF(' JGQ[C]`GCfT�c.-LJXTBg a CzM[C,C5{1JGQ[CeM[F_JGKYF_M�F<'f+H���Nf�m XBWoY<[u\5OD� `kc[C
a.-LFREurPT2'$F:`�CE+NEXQ K*);+(dNC@cUTVC5{|+<`GCmJGQ[FITnC>a6-YFREJr�)sFR{`C8-WTD{RC,C8)*C5{]a$jbJGQPC9+(cPJGQ[F:`lJGFsE"F&`k`GC5Tt4UFNMU{
JGF]`GCE+(-�� ajF:`S-c{Ma.-YFREJrPT"Op�jQ[KcT KcTjKYMM'?+_E"J '?+<`G-YC5TZTDT�c.a�yGCfE"JGK3ltC�JZQ�+3M8KYJG)*K3dNQRJjTVC,C8)7g�+_T�+<d&`GC;C8)*C,MRJ
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, K*ltC,M*JZQ[KWT^{`C"#oM[KYJZKYFNM
g`JGQPC8`GC@+<`GC@'$F&c.`Da2+EjPTDJGF]+NTZTnC5TZT JZQ[C � c�+(-YKLJtj&F<'�JGQ[CmTVC<+(`vEdQ,`GCfT�c.-LJXT��

a O��
U&W®�#m (2Y(�0I*��I�q#m��fU&�^m 
 1 '^JGQPCMc[MPK��hc[CM)sFR{`C8-WTfl`KcTnKYJZC5{{g JGQPC/4UC8`XE"C;M`Jm+(dNCeJGQ�+3Jga C8`GCeM[F_J
C,KLJGQ[C0`DT�c6a$��)sFR{`C8-WTDF('O+|Jk`Sc[C@a.-LFREur/)sFR{`C8- F:`�C � c[K3l:+(-YC;M`J JGFD+|Jk`Sc[CFa.-YFREJr/)*FR{`C0-xOp�jQ[KcT
KcTzE8+(-cEBc.-�+5JGC5{ a�juC8q6+()*KLM[KYM6d JGQPC�-LKWTVJzF('@c[MPK��hc[C,)*FR{`C8-cTNlRKWTnKLJGC5{�g�EdQ[CfEurRKYM.d8C<+NEXQrFNM[CIO
=e~�CmE"F:)/4�+(`ZC5{&JZQ[KWTb)*CE+NT�c6`GChg�cUTnKLM.d9aUFNJGQ8JGQ[C@c[MPK��hc[C@)*FR{`C8-cTOlRKWTnKLJGC5{�g.+3Mo{�+<-*-�)*FR{RC8-WT
lRKWTVKYJGCf{{g.+5MU{M'$F&c[MU{,-YKLJGJS-LC\{`Kon C0`GC,MUE C)2*JZQ$coTjajC@cUTnC\F_M.-*j*JZQ[C\FNM[CIO�A

} O��6�cfKm (GY(�0I*�?I�q8m�� U&� m 
 �p+_EdQ K*),+<dNCmQ�+NTlC,KLJGQ[C8`^JGQ6`GC,CmF('b'$F:c.`lJk`Sc[C9a.-LFREurPT�KLM1KYJ9= TnC,C>'$F:`
C8q6+()D4.-YC�h K*d&c6`GC��[O / AXO��jQ[CG��`ScPC �iFITnKYJZK*ltC�Bf+3JZCjKcT JZQ[Cb`m+3JGKLF�F<'UJGQPCjM�c.)MaUC8`SF('UJk`Sc[CQa.-YFREJr
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% O��6�cfKm,Uh�6^ ,HU(V:I�T9U&W (2Y(�0I*��I�q8m �fU&�^m 
�_xM F:`X{`C0`>'$F&`zJGQPCbTnC<+<`XEXQrJGF7aUC,)*FtTVJ>cUTVCB'ec.-�g�a C
a F&c.-c{;-LK*rtCi+3JDJZQ[ClC,MU{*F<'�JZQ[C\TnCE+(`XEXQbJGF9-LFtF&r,+5JDJGQ[C9WZI��s�GY�� T9U(V:I�T9U&W�XBWoY<[u\8�@'$F&cPMU{{g[M[F_J
+5J/U&W3W JZQ[CeM[FR{`C5T�lRKWTnKLJGC5{SO@�jQ[C]� `kc[C �iFtTVKYJGK3ltCmB�+5JGCs{`FtC5TlM[FNJ\Jm+(rtCgJZQ[KWTlKLM`JZF,+NE,E F&c[MRJ,O
�jQ�cUT JZQ[Ci� `kc[C@+3Mo{ �7+(qRK*),+<-�� FtTnKLJGK3ltC^B�+5JGClKcT?JZQ[Cf`J+3JZKYFmF(' JGQPC�M�c.)]apC0`�F(' Jk`Sc[Cfa.-YFREJrPT
'$F:c[MU{�KLM1JGQ[C]),+(qRK*);+(-�-YKcTnJlJZF JZQ[C&JZFNJm+(-�M$c6)MaUC8`^F('^Jk`Sc[C]a.-YFREJrPT"O]_xJ KcTlE8+<-WEBc.-R+3JZC5{ a�j
C8q6+()sKYM[KLM.dgJZQ[C@-YKWTVJDF('p);+(qRK*),+<-.a.-YFREJrPTBg�+3Mo{{gpaDQPC,M a C C;MUE"F&cPM`JZC8`f+|Jk`Sc[C@a.-LFREurD)*FR{`C8-
=$F&`^C�� cPK*l:+(-LC,M`JsAJgtJGQPC,MbKYJDKWTDE F&c[MRJGC5{SO

�[O�(2Y(�0I*�?I�Yh�7Y����.�NfKm��GWoY<[u\8��
 ��F_JDFNM.-3j*KWTjJZQ[C>4.`ZC5TnC;MUE"C9=$F&`f-�+NEJreJGQ[C8`ZC,F('sA F('Q+gJk`Sc[CFa.-YFREJr
+5M=K3)/4UF&`ZJJ+3MRJjKcTGTtc[Chg.a.c[J^TVF&JZFtF&KcT aDQ[C0`GC\KYMbJGQPC�#UM�+<-�-YKWTVJDF('�),+(qRK*);+(-.a.-LFREurPTjJGQPClJS`kc[C
a.-LFREurPT�-LKYCtO�_L' � ��KWT KYMo{`C,C5{9+�d_FtFR{M)*C,Jk`GKcE&g,JGQ[C;MzK�'SajC F&`X{RC8`�JGQ[CQ-YKWTVJ�F('�),+<q`K3),+(-:a.-YFREJrPT
+_E,E"F&`v{`KYM6dzJGFeJGQ[C,K3`�� � FR{[{[TsgpJZQ[C\JS`kc[C@a.-YFREJr[TjaDK3-*-�-YKYCwM[C<+(`DJZQ[C\JGF:4 O

�jQ[Cl#�`XTVJ�JZQ.`GC;ClF('�JZQ[C5TVCNl:+<-*c[C5Tsg '$F:`�JZQ[C � � ��+(-o'�� �7+<q 1 {[{[TDTVC<+(`vEdQ�g�+<4.4UC<+(`^KYMbJZQ[Cl#�`XTVJ
`GF5a
F('f��+(a6-YC j`O } O � � -YC<+<`S-3j � � KcT #UMU{RKYM.dbJGQPCzJS`ScPC9a.-YFREJr[T�)*FITnJ^F(' JGQ[CeJGK3)*Chg�+3Mo{ KcT�+(-cTnF
#UMU{RKYM.dH),+3M�j1FNJZQ[C8`]a.-YFREJrPTBg�aDQ[KWEXQuKWT>`ZC<+NTVFNM�+<a.-YC�aUC5E8+(coTnC F<'lJZQ[CbC,M[F:`S)*F:cUTzTnC<+<`XEXQ T�4�+_E"C
=%F<'^E"F:c.`XTVCzajCza F&c.-c{|-YK*rtCmJGFb{RF�aUC,JZJGC8`sAXOF�jQ[C]4pFITnKLJGKYF_MUTlF(' JGQPCzJS`ScPC9a.-YFREJr[TwE8+3MHaUCeTnC,C,M1KLM
��+(a.-LC j`O % O@�jQ[C9-�+_TnJ\E F&-*c6)*MbF(' JGQ[CzJm+(a.-LCeTnQ[F5a^T�QPF3a ),+5M$j,),+<q`K3),+(-�a.-YFREJrPT�+<`GC>'$F&cPMU{ a�j
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JS`ZC8)*C,Mo{`F&cUTbd_K*ltC,M8JGQ[CmM$c6)MaUC8`DF<'jMPFR{`C5T�KLM1JGQ[C TnC<+<`XEXQ1T�4�+NE"Chg
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JGQ�+3JzTVC,C8)*KLM.d&-3jbC<+NTtjv4.`ZF&a.-LC8)bT�+<`GC*KLM '?+_E"J �hc[KLJGCeQ�+(`v{ O h[F:` JZQ[CbTt4pCfE"K #SE94.`ZF&a.-LC8) {`F&);+3KYM
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4 Collapsed Model Space for Block’s World
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F(']#�-*-LC5{*C5{$dNCfTBg.'$F&`^C<+NEXQbF('�JZQ[CgJZQ.`GC,CmTVC<+(`vEdQ[CfT"OQ�jQ[KWTDKWT^TnQ[F5aDM1KLM h K*d&c6`GC�j`O } Of� '$C,a 4UFNKLM`JvT
TnQPF&c.-c{�aUC\M[FNJZC5{ �

� ��d +3KLM�gpa CgM[F_JGCmJGQ�+5JlJGQ[CmM$c6)MaUC8` F(' M[FR{`C5Tfl`KcTnKYJZC5{/a$j � � � � KcT2'?+<`�-LC5TGTDJGQ�+5M1C,KYJZQ[C8`
F<' � �5q&F:` � - q`O � �5qeQ�+NTDJGQ[CF)*FtTVJDM[FR{`C5Tfl`KcTnKYJZC5{{g6+3MU{�+(-WTVF*Q�+_T JZQ[C>-R+(`Sd_C5TnJ0g{+<aUTnF:-*c[JZC
{$c64.-YKcE8+3JZKYFNM KYM M[FR{`CfT"O ��F5ajC0ltC8`8g JZQ[C9'e`J+NE JGKYF_M�F<'w{$c.4.-LKWE8+5JGCzM[FR{RC5TNlRKWTVKYJGCf{ KcT `ZF&c.d_Q.-*j
JZQ[CmTS+()sC�'$F&`^C<+NEXQ*F<'�JGQ[CmTVC<+(`vEdQ[CfTBg.+_T�E0+3M|aUCmTnC;C,MbFNM JZQ[C@-YF:d*TZE8+(-LCtO

� �jQ[C TnQ�+<4UC5T�F('?JGQ[CmEBc.`kltC5TO'$F&` � �5qD+3MU{ � - q&TVJS`GF_M.d&-3j,`GC5TVC8)Ma6-YC^JGQ[FITnCzKYM8hiK3d&c.`ZC\�[O - 2
JZQ[C8jeQ�+8ltC@+>-�+<`SdNCmE"F_MUE"C,MRJS`m+3JZKYFNMsF(' % +3MU{*�zC5{$d_C@)*FR{`C8-cT"O�_xMbE FNMRJS`J+_TnJ0g[JGQ[C � � EBc.`SltC
KcTO'?+(`j!�+5JGJGC0`8g�+3Mo{=KYM/'?+_E"JDQ�+NTG)*F:`GC@�9+5MU{
jzC5{$d_CN)sFR{`C8-WT�JGQ�+5M % +5MU{=�zC5{�dNC>)sFR{`C8-WT O

� �jQ�+5J � � � � '$F:c[MU{ )*F:`GCzM[FR{`CfT JGQ�+3M � �5q�+3MU{ � - q�'$F&`F)*FR{`C8-cT aDKLJGQH)*F&`ZCzJGQ�+5M j
C5{�dNC5TmE8+3MH-YK3rtC8-*j,aUC*C8q�4.-�+5KYM[Cf{|a$j JGQ[C9'?+NE J JZQ�+3J � � � � KWT@)*KWTZTnKLM.dM'?+(`@'$C,ajC0`lF('^JZQ[C
Jk`Sc[C@a.-LFREurPTjJGQ�+5M � �fqM+5MU{ � - q`Op~�C\aDK*-3- TVC,C\JGQ[KcTjKYMbJGQ[C\M[C0q`J^TVC5E"JGKLFNM O

���
�K� " $	� ��
�� ����� 	���" 	 "�$�� �

��+(a.-LCGj`O } +5MU{>��+(a6-YC5T'j`O % gFj`O �6g?j`O¨��TVQ[F5auQ[F5arJGQ[Cp)*CE+NT�c6`GC5T F<' � c�+(-YKLJtjlTVC,JiF:c[J KYM&HIC5E"JGKLFNM�j`O % O }
E"F:)/4�+(`ZC '$F:`DC<+NEXQ*F<'�JZQ[ClJGQ6`GC,C\TVC<+(`vEdQPC5T"O��l{[{`KLJGKYF_M�+(-3-*jhgRhiK3d&c.`ZC j`O �eTnQ[F5a^TjJZQ[C�a.`ZC<+(rP{`F5aDMbF('
'?+(-cTnC@4UFtTVKYJGK3ltC5TO'$F&`DCE+NEXQ=M�c.)]aUC8`�F('�#�-3-YC5{eC5{$dNCfT"ODHtF&)*CwK*)/4UF&`ZJJ+5M`JQ4pF_KYMRJXTb'$F&-3-YF5a��

� h.`GF:) ��+(a.-LC�jRO } g a CeTnC,CzJZQ�+3J � � ��� #UMU{[T�'?+<`�)*F&`ZCzF(' JGQPC&Jk`Sc[C9a.-LFREurPT�JZQ�+3M C,KYJZQ[C8`
� �fqgF&` � - q$g�+5MU{/+(-cTnFg#UMo{[TjTVK*dNMPK #SE8+5M`Jk-*j>'$C,a C8`�'?+(-cTnClJm+(`Sd_C,JXT Op_xM/-YK3dNQRJ F<' JGQ[Cf'?+NE"J JGQ�+5J
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� � ����C0q$4.-LF&`ZC5T�+3M F&`X{RC8`\F('f),+<dNM[KLJScU{`C>'$C;ajC8`\M[FR{`CfT JGQ�+3Mr{`F � �5q�+3MU{ � - q$g JGQ[C5TVC
`ZC5T�c.-LJXT�+<`GCf+<-*-[JZQ[CG)*F&`ZCDTVJS`GK3r`KLM.d[O 1 M[CG4UFNKYMRJ�F('SKYMRJGC0`GC5TVJiQ[C0`GCDKWT JGQ�+5J JZQ[Cf��`Sc[C �iFITnKLJGK*ltC
Bf+3JZC�+5MU{&JGQPC@� `kc[Ci+3MU{ �7+<q`K3),+(- �iFITnKYJZK*ltC^Bf+3JZC@+(`ZC�JZQ[ClTk+()*CG'$F&`QaUFNJGQ � �5q>+5MU{ � - q$g
a.cPJ MPFNJN'$F:` � � ���gO��jQ[KcT�)*C<+3MoT�JGQ�+5J � � ��� KWTlKYMoE"F&`k`GC5E"Jk-*j n®d&`ZF5aDKYM.dYniTVF&)*CzF<'DJZQ[C
Jk`Sc[Cfa.-YFREJrPTBg`aDQPK*-YC � �fq9+3MU{ � - q9+(`ZClM[F_J,Op_xM&F_JGQ[C0`jajF:`X{[Tsg`F_MUE"Ci+ JS`kc[C�a.-LFREur9)sFR{`C8-[KcT
'$F:c[MU{{g[JZQ[C8`GC +(`GC TnJGK3-*-SFNJGQPC8`jK3),+(d_C�C5{�dNC5TjJZQ�+3J^E8+5M,apC +N{[{`Cf{ JZFzJGQ[C@)*FR{RC8-�gtaDQ[K3-YCwTnJGK3-*-
Tk+3JGKcTz'ejRKYM.dzJZQ[C � � �i+(-�' �7+<q 1 {[{PTDEB`GKLJGC8`ZKYFNM
g`C8ltC,MeJGQPF&c.d_Q`JDJZQ[C8jb{`F_M�n J n Jk`Sc.-3j�nhaUC8-YF_M.d
JZF&JZQ[C@)*FR{`C8- O ��F5ajC0ltC8`8gtajCm{`FeM[C,Cf{&JGF]rtC,C84*KLM,)*KYMU{eJGQ�+5J � �fqM+5MU{ � - qM+<`GC #oMU{`KYM6d
'?+<`b'$C,ajC8`DF<'�JZQ[C\JS`kc[C@a.-YFREJr[TjJZF*TVJJ+<`GJ^aDKYJGQ
g.+3Mo{=JGQ�cUTjQ�+8ltC�'$C,a C8`jJZF
n d&`GF5a nLO

� ��+(a.-LC5Trj`O % gVj`O �.gGjRO��1TnQPF3a/JGQ[C,4UFtTVKYJGKLFNMUTzF('wJGQPC=Jk`Sc[C,a.-LFREurPTgKYM JGQ[C,-YKcTnJzF<'�),+<q`K3),+(-
a.-LFREurPT"O 1 ltC8`J+<-*-�g � � ����KWTi#UMU{RKYM.dF)*F&`ZC�F<' JGQPClJS`kc[C�a6-YFREJr[Tsg$+5MU{&KcTj{`F_KYM.dmM[Fga F&`XTVC�KLM
F:`X{`C8`ZKYM.deJGQPC8)1O �^FNJGC\JZQ�+3JG'$F&`^K*) � g$cUTVKYM.d � - q�g{+<-*- �]a.-YFREJrPTG+(`GC@'$F&c[Mo{{g[aDQ[K*-LC\M[C,KYJZQ[C8`
� � F&` � �5q #oMU{�JGQPC '$F:c.`GJZQ a.-YFREJrSO ��F5a KWT\KYJ@4UFtTZTnK*a6-YC*JZQ�+3J � - q;'$F:c[MU{va6-YFREJr[T\JGQ�+5J
� �fq={RKW{=MPFNJ8g�dNK*ltC;M JGQ�+3J � - q*TnQ[F:c.-W{=#�-YJGC0`�F:c[J�)*F:`GC@)*FR{`C8-cTu} �jQ[C]+5MUTna C8`�-YKLC5TjaDKYJZQ
JZQ[C\TnQ�+N{`F5ab� {`C84[JZQv=$aDQ[KWEXQeaG+NTDTVC,JjJZF } '$F:`G+(-3- F<' � �5q$g � - q9+3MU{ � � ���NAXO[HtF:)*C,aDQ[C0`GC
{$c6`GKYM6dlJGQ[C TnC<+<`XEXQ�g � �fq�)McoTnJ Q�+8ltCG+<a�+3Mo{`FNM[Cf{M+�4�+(`GJZKWEBc6-�+(`�4�+5JGQ]apCfE8+(cUTVCjJZQ[C^TnQ�+_{`F5ab�
{`C04[JGQ8F('Q+9)*FR{`C8-�aUC5E8+()sC JZFtFM-R+(`kdNCtO �^F3a C8ltC8`0g � - qeE"F:c.-W{,ltC8`Sj*a C8-*-SQ�+8ltCF+(`S`ZK*ltC5{,+5J
JZQ[KWT^TS+<)*C@)*FR{`C8- aDKLJGQ7+sT�),+<-*-YC0`DTnQ�+N{`F5ab� {`C84[JZQ�g{aUC5E8+<cUTnC � - qM),+8j*Q�+8ltCl#�-YJZC8`GCf{=F&cPJ
TVF&)*C\F(' JZQ[C9)*FR{`C8-cTjaDQ[KWEXQ1TVQ�+N{RF3a
JGQ[KcT )sFR{`C8-�g[aDQPKWEXQ � �5qb{`Kc{=M[F_J�#�-LJGC8`^F&c[J;O@�jQ$coT
JZQ[C^TnQ�+_{`F5ab�V{RC84[JGQeajF:c.-W{gQ�+EltCGaUC,C;MeT�),+<-*-YC0`8g<+3Mo{|a CDE"F:c.-W{gQ�+8ltC E"FNMRJGKLM$c[Cf{ JGF\C8q�4.-LF&`GC
JZQ[KWT�4�+3JGQ OM�jQPF&c.d_QrE"F&cPM`JZC8`�� KYMRJSc[KLJGK3ltC>+5J�#�`vTnJ8g�+5MU{ 46`GF&a�+(a.-3jH+;ltC0`Sj|`m+(`ZCzC8ltC,MRJ8gUJGQ[KcT
+_E"JSc�+<-*-3j/),+(rtCfT±4UC8`t'$C5E"J^TVC,MUTnCIO

� hiK3d&c.`ZC jRO � TnQ[F5a^T=QPF3a JZQ[C7'?+(-WTVCv4UFITnKYJZK*ltCH`J+5JGC EdQ�+5M.dNCfT;'$F&`,)*FR{RC8-WT*aDKYJZQ {RK�nSC8`GC;M`J
M�c.)]apC0`XTzF('z#�-3-YC5{ C5{�dNC5T O � � ��� Q�+NT�+5-LF5ajC8`/`m+3JZC�JZQ�+3M	{RF � �5qw+3MU{ � - q '$F&` %
+5MU{ �1C5{�dNCbKYMRJGC8`k4.`GC;JJ+3JZKYF_MUT"O �jQ[KcTgKWT9+ EB`ScoE"K�+<-b4UFNKLM`JeTVKYMUE"Cba CbTnQ[F5a C5{ JZQ�+3JzJZQ[KWTgKcT
aDQ[C0`GClJZQ[ClTVC<+(`vEdQ T�4�+_E"ClKWT�)*FITnJ {`C,MUTVChg�+3MU{*M[C,Cf{[T�JGQ[C�)sFtTnJp4.`kc[M[KLM.d[O�h[F&`2jgJGF / C5{$d_C
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h K*d&c6`GC jRO ��� h�+(-cTnC �iFtTVKYJZK*ltC\Bf+3JZC '$F:` �p+NEXQ ��c.)]aUC8`�F('?hiK*-3-YC5{ � {�dNC5T

)*FR{RC8-WTsg � �5q,+3Mo{ � - q=Q�+8ltC]+/-YF5ajC0`�'?+(-cTnC94UFtTVKYJGK3ltC9`J+5JGChg�a.c[JwajC])McUTVJ�rtC;C84 KLMv)*KLMU{
JZQ�+3J JGQ[C8j]+<`GClMPFNJ #oMU{`KYM6dN);+3M�jgF(' JZQ[C\E"F:`S`ZC5E"J�a.-LFREurPT+2 JGQ�cUT�ajCi+(`ZC�-YK3rtC8-*j\aDKYJZM[C5TZTnKYM6d
JZQ[C\JS`J+_{`CB� F(nHaUC,JVajC;C,M/'?+(-WTVC@4pFITnKLJGK*ltCfTb+3Mo{=JS`kc[C@4UFtTnKLJGK3ltC5T"O

�b)X( � . � � � ���

_xM JZQ[KWTbEXQ�+(4PJGC8`*a Cu{RC8)*FNMoTnJS`m+3JZC5{ JVajFrK*)/4UF:`GJJ+5M`JsKW{`C<+_T"O ~�C TnQ[F5a C5{ JZQ�+3J � ��E8+3M aUC
KYMoE"F&`k4pF:`J+5JGC5{uKYMRJGFC+|`GC8-R+3JZK*ltC8-3j M�+5K*ltCbTVC<+(`vEdQ +<-*d_F&`GKLJGQ.)Cg�+3Mo{546`GFR{$cUE C�46-YC<+_TnKYM6d|`GCfT�c.-LJXTBg�KLM
JGC0`S)bT\F('@aUFNJZQ�JGQ[C8M$c6)MaUC8`mF('\M[FR{RC5TMlRKWTnKLJGC5{�gp+3MU{ JZQ[C � c�+<-YKLJ�j F('\JZQ[C,`GC5Ttc.-YJvT"O HtCfE"FNMU{�-*jhg
ajCmTVQ[F5ajC5{bJGQ�+5J�� ��+_T�+94.`kc[M[KYM6d&Q[C0c.`GKcTnJGKcElE"F:)/4�+(`ZC5TbltC8`kj '?+8ltF&`m+(a.-3j*JGFeJGQPCgTVK*)/46-YC8` E"F<ltC8`
)*C<+_T�c.`ZCtOQ_ JflRKWTnKLJGC5{/`ZF&c.d_Q.-*j�+3M1F:`X{`C0`�F<'p),+(d_M[KYJkcU{`C�'$C,a C8`�MPFR{`C5TDJGQ�+5M1JGQ[C E"F<ltC8`G)*C<+_T�c.`ZChg
aDQ[K3-YC]+3JmJGQ[CsTS+<)*CzJGK3)*C>46`GFR{$cUE KYM.d8Q[K*d_Q[C8` � c�+(-YKLJtj�`ZC5T�c6-YJXT O/�jQ[KcTlKYMU{`KcE8+3JZC5TlJGQ�+5J � � KcT F_M
JGQPC�`ZK*dNQRJ�JS`m+NEJr{g�+3Mo{&JGQ�+5JjJZQ[ClTVK*)/46-YC8`]E"F<ltC8`�)*CE+NT�c6`GCw{`FtC5T MPFNJDTtc$� E"CtO�_xMeJGQ[C^M[C8qRJ EdQ�+(4[JZC8`8g
ajCm{`KcTGEBcoTGTjQ[F5a JZF9cUTnC � �rKYM�+9)*F&`ZC\TnF:4[Q[KWTVJGKcE8+3JZC5{bTnC<+<`XEXQ|+<-*d_F&`GKLJGQ.)AO
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_xMbJGQ[KcTDEdQ�+<4[JGC0`jajC\aDK3-*-{46`GC5TVC,M`J2+zTnC<+<`XEXQ�+(-*d_F&`ZKYJGQ6)9JGQ�+5JDajCmE8+<-*- � U(�0[JUh^6m ��mkUh�S[�gRO�hiK*`vTnJja C
aDK*-3-�)*F_JGK*l:+5JGCzKYJvT\{`C8ltC8-LF&4.)*C;M`J0g[JGQ[C,M ajCeaDK*-3-�C8q�4.-�+5KYM JGQ[CD+(-3dNF:`GKYJZQ.) KYM {`C,Jm+3K3-�g�+5MU{v-�+_TnJk-*jhg
ajC\aDK3-*-{46`GC5TVC,M`JDC0q$4UC8`ZK*)*C,MRJJ+<-.`GCfT�c.-LJXTjaDKYJZQ8{`KWTZEBcUTGTVKYF_M O

� ),+ � : 	 0 � � 	 0;:&6

xjFNJZQ�JZQ[CsTnC<+<`XEXQvcUTVC5{1KYM ` } q b g�+3Mo{�JGQ[C � � ��+<-�'�� �7+(q 1 {[{PTgTnCE+(`XEXQH4.`GC5TVC,MRJGC5{ KLM � Q�+<4[JGC0`
jMcUTVCzJGQ[C��i+(-�'�� �7+(q 1 {[{[TG'ec[MUE"JZKYFNM TVQ[F5aDM1KYM hiK3d&c.`ZCrjRO a O@�jQPF&c.d_QvaUFNJZQ�F<' JGQ[C5TVCzTVC<+(`vEdQ[CfT
ajF:`SrzC8qRJS`ZC8)*C8-3jlajC0-*-�g +3MU{M46`GF<ltCDJGQ�+5J � �uE8+5MMaUClCsn CfE"JGK3ltC8-*j�coTnC5{&aDKLJGQsTnC<+<`XEXQ�gtJGQ[C0j9+(`ZClM[F_J
KW{RC<+(-?g.+NTDajC\aDK3-*- MPF3a C8q$46-�+3KLM O

B CfE8+(-3- JGQ�+5J�KLM � Q�+<4[JGC8` % +5MU{ � Q�+(4PJGC8`^�*ajCmTVQ[F5ajC5{bQ[F5a�a6-YFREJr/)*FR{`C8-cTjJGQ�+5JlQ�+8ltCm{`K�'��
'$C8`ZC,M`J�M�c.)]apC0`XT F<' C5{$d_C5T #�-*-LC5{*E8+5M[M[F_JGapC E"F&)/4�+(`GCf{ '?+3K3`S-*jIO � FR{`C8-cT aDKLJGQ8{`K�nSC8`ZC,MRJjM�c.)MaUC8`vT
F(']#�-*-LC5{&C5{$d_C5T^EB`GC<+5JGCm{`Kon C0`GC,MRJ�n aDKYMU{`F5a^TNnpF<'�FR{[{PT>=xTVC,CmhiK*d:c.`GC\�[O �&AvOG�jQ[C\aG+8j*a CN);+(rtC�cUTVC
F(' JZQ[KWT�'?+_E"J�KYMeJGQ[C ��+(-o'�� �7+<q 1 {[{[T�TnC<+<`XEXQ&KLM � Q�+(4[JZC8`GjlKWT�JZF>cUTVC�+@4.`Sc[MPKYM.dF)*C<+NTtc.`GCDJZQ�+3J�KcT
{`C84UC,Mo{`C,MRJDFNM1JGQPCgM�c.)MaUC8` F('�Cf{$dNC5Tj#�-3-YC5{M'$F&`^JGQPC>)*FR{`C0- KYM � cPC5TnJZKYFNM O�Hh4UC5E"K #SE8+(-3-*jhgRajC TS+3Kc{
JGQ�+3JjKo'�+Nd_K*ltC,M/)sFR{`C8-[Q�+_{/-YC5TZT JGQ�+3M]n Q�+(-o' nRJGQ[Ci),+(qRK*)9c.)	FR{[{PTBg[JGQPC,M*ajC^ajF:c.-W{eM[FNJDC8q�4.-LF&`GC
JGQPCgTVC<+(`vEdQ,a.`m+3MUEXQ,`GFtF_JGC5{�+3J^JGQ[KcTb)*FR{`C8- O�~�Q�+5J n TDM[F_JDKW{`C<+<-�+(aUF&cPJ�JZQ[KWTJ}
�jQ[CM'?+_E"J\JGQ�+5JgajCeQ�+8ltCeJGF1{RC8`GK3ltC �5{`Cf{$cUE"CmJGQ[C ��+(-o'�� �7+<q 1 {[{[T 'ecPMUE"JGKLFNMuKcT@+�-YKLJGJk-YC9c[M$�

- q



���������
	�����������#8����!�	 ��	�������� -6a

4�+<-�+3Jm+(a.-LCtO]_L'ja CzaG+5M`JZC5{ JGF8TnCE+(`XEXQ7'$F&`@)*F&`ZCzE"F:)/4.-LC8q,)*FR{`C8-cTBgUF&`@),+3M�j1{RK�nSC8`GC;M`J�)sFR{`C8-WTsg
ajCsajF&c6-W{uKYMuCE+NEXQ E0+NTnCsM[C,C5{uJGF7`ZCB� {`C8`GK3ltC&JZQ[KWTN'ecPMUE"JGKLFNM O h.c.`ZJGQ[C8`k)*F&`ZChgiKLM � Q�+<4[JGC8`z�1a C
{`Kc{ M[F_J>cUTVC&C0q.+_E"JS-3j1Q�+(-o'DJGQPCM),+<q`K3)Mc6) 4UFtTGTVK*a.-LC&FR{P{[TBg�`m+3JGQPC8`8g ajCeJna C<+(rtCf{ KYJF+�-LKYJGJk-YC>'$F:`
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9-EDGE MODELS

1-EDGE MODELS

CASCADE SEARCH

hiK3d&c.`ZC!�IO a �?H EdQ[C0),+3JZKWEiF<' � +NTZE8+N{`C^HtC<+<`XEXQ 2 �jQ[C TnC<+<`XEXQgTVJJ+<`GJXT F(n]-YFtF:r`KLM.dG'$F&` a � C5{$dNCG)sFR{`C8-WTsg
TnJm+(`ZJGKYM6dN'e`GF:) JZQ[C^C8)/4[Jtj>)sFR{`C8-xO�_xJ {`FtC5TDTVF>cUTVKYM.dmM[F>4.`kc[M[KLM.dzEB`ZKYJZC8`GKR+�FNJZQ[C8`jJZQ�+3MsC,M$'$F&`vE"KYM6d
+3MrKLMUEB`GCE+NTnCsKYMuFR{[{PTBgQ+NTzC8q$46-�+3KLM[C5{1KYM HIC5E"JGKLFNM �IO % O �jQ[KcTN4.`ZFR{$cUE"C5T9+1TVC,JzF(' a �xCf{$dNC�`GC5Ttc.-YJ
)*FR{`C0-WT"Ow�jQ[C5TVC,`GC5Ttc.-YJ])*FR{`C8-cT>+<`GC|d:`GF:c.4UC5{�+3MU{ EBc.-3-YC5{�= ,�
g� AJgp+_T&C8q�4.-�+5KYM[Cf{�KYM HtC5E"JZKYFNM
�tO �.g.4.`ZFR{$cUE"KLM.d,+zTt),+(-3-YC8`Q-YKWTVJDF('�)*FR{`C8-cTjaDQ[KWEXQ�+(`ZC JZQ[C,M,cUTVC5{|+_T�TVC,C5{[T �5TnJm+(`ZJGKYM6dM)*FR{RC8-WTO'$F:`
JGQPC*M[C8qRJ>-LC8ltC8-�F<'wTnC<+<`XEXQ O ��F_JGC*JZQ�+3JP+3JzC<+_EdQ TnJm+(dNC g JZQ[Cb{`C84PJGQ$�$#�`XTVJzTVC<+(`vEdQuKcTN-LFtF&rRKYM.d|'$F:`
+(-3-�� �xCf{$dNC])*FR{`C8-cT 'e`GF:) +<-*-G= � � a AL� C5{$d_C/)*FR{`C0-WT"O*HtC0ltC8`J+<-�{`C84[JZQ$�$#�`XTVJzTnJZC84UT@),+8j�aUC*MPC,C5{`C5{
aUC5E8+<cUTnCmE"F:-*-YKLM[C<+<`DK*),+<dNCwTnC8d:)*C,MRJXTjE0+3M|aUCF+N{P{`C5{=JZFzC8qRKWTnJZKYM.d9)sFR{`C8- Cf{$dNC5T O

{`KcTGEBcUTZTnC5{SO
_xM|+_{[{`KLJGKYF_M JZFzJGQ[C@)*F_JGK*l:+5JGKYF_M8TnC,JDF:c[J�+5JDJGQ[C TnJm+(`GJDF<'�JGQPKWTDEXQ�+(4[JZC8`b'$F&` � +NTZE8+N{RCzTnCE+(`XEXQ�g

JGQPC8`GC]+<`GC]+M'$C,a )*F&`ZC>)*KLM[F&`^FNMPC5TBg TnJZC8)/)*K M.d>'e`ZF&) EdQ�+<`J+_E"JGC8`ZKWTVJGKWE;T F<'�� � � ��JGQ�+5J\E8+3MHaUC
K*)D4.`GF<ltC5{9c.4UFNM OQ~�C\aDK*-3- M[F5a	{`C8-3ltC�KLM JZFzJGQ[C5TVChg�+E'$JZC8`^aDQ[KWEXQ/4UFNKLM`J � +NTZE8+N{`C TnC<+<`XEXQ1TVQ[F&c.-c{
aUCmEB-YC<+<`DKYMbKYJvTjC,MRJGK*`ZC,JtjtO

� )�� 
 6 �t:r�j<^03687 �|6 �i61<G�M���z@'� 036 	M� � � 4141@

_L'la C|-LFtF&rw+3JeJGQ[C�aUFNJGJZF&)M�?)*FITnJ94.-LFNJeKYM hiK*d:c.`GC j`O } gDTVQ[F5aDKYM.d JGQ[C8M$c6)MaUC8`mF('@)*FR{RC8-WTN'$F:`
{`Kon C0`GC,MRJiM�c.)]aUC8`XT F('S#�-*-LC5{ C5{�dNC5T�`GCfT�c.-LJGKYM6d 'e`ZF&) � � ���>g3a CDM[FNJZCDJGQ�+5J�JGQ[CGd:`J+(4PQ*{`K34UT�{`F5aDM
+3J % � C5{$dNCf)*FR{`C0-WT�+3MU{gJZQ[C,MeEBc.`kltC5T�a�+NEJr@c.4�gh4UC<+(rRKYM.d +3Jp�8�xC5{�dNCf)*FR{`C8-cT aUCB'$F:`GC^{`K34.4[KYM6d\{`F5aDM
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+(d +3KLM O>~�Q�j KWT^JGQ[CzM�c.)]apC0`DF('G)sFR{`C8-WTb'$F&cPMU{ KLMUEB`ZC<+NTVKYM.dM'e`ZF&) JGQ[C % �xC5{�dNC])*FR{`C8-cT JZQ.`GF:c.dNQ
JGF JGQ[C��E� C5{$d_C7)*FR{`C8-cTu} ��+(`ZJ*F(' JGQ[C8C8q$46-�+3M�+3JGKLFNM Q�+NT&JZFu{RFuaDKYJZQ JGQPC1E"F:)Ma[KLM�+3JZF&`ZKWE,Tsgp+NT
C8q�4.-�+5KYM[Cf{ KYM HtCfE"JGKLFNM �[O } O } O,�jQ�+3JmKWTBg aDKYJZQ )*F&`ZCzK*),+<dNCzC5{�dNC5TsgiJGQPC8`GCD+(`ZC*KYMHdNC,MPC8`J+<-O)sF&`GC
aG+8jPT�JGF>a6c[K*-c{ a.-LFREurPT"O ��F5ajC8ltC0`8gh+@)*F&`ZCDKYMRJGC8`ZC5TnJZKYM.d�4�+(`GJ F(' JZQ[C�C0q$4.-R+3M�+5JGKLFNMeQ�+NT�JGFz{RFgaDKYJZQ
JGQPC ��+(-o'�� �7+<q 1 {P{[T�'ec[MUE"JZKYFNMza C�coTnCb'$F&`p4.`kc[M[KLM.d.gRTnQPF3aDMsKYMehiK3d&c.`ZC j`O a O�'lTnKLM.d\JGQ[KcT 'ec[MUE JGKYF_M
JGF�4.`ScPM[C*JGQPCbTnC<+<`XEXQ�Jk`GC,C]`GCfTnJS`ZKWE"JvT�cUTgJGF�)*FR{`C8-cT aDKLJGQ FR{[{[TgJZQ�+3J9-LKYC]+(aUF<ltC*JZQ[C ��+<-�'�� �7+(q
1 {[{[T EBc.`SltC^KYM hiK*d:c.`GC jRO a O ��F5ajC8ltC8`0gNQ�+8lRKYM.d TnQ[F5aDMbKYM,��+(a6-YC jRO % JZQ�+3J JS`kc[C�a.-LFREurPT Jtj�4[KWE8+<-*-3j
-YKLClKYMbJZQ[C\JGF&4,'e`J+_E"JGKLFNMbF('±+(-3-�a.-YFREJr*KYMRJGC0`S4.`ZC,JJ+5JGKYF_MUTBgRajCmE"F:c.-W{/4UFNJZC,M`JZK�+<-*-*js{`FeC8ltC,M/aUC,JZJGC8`;O
_xMUTnJZC<+N{bF('p`ZC5TnJk`GKWE JGKYM6dgJGQPCzTnCE+(`XEXQbJGFD+3M ms�$�?I��omFUh�omkU]+(aUF<ltC\JGQ[C EBc.`SltC g`ajC@)*K3dNQRJbaUCF+(a.-LC

JGF,`ZC5TnJk`GKWE JlJGQ[CsTnCE+(`XEXQ JGF�+HXJUh�.^v+<apF<ltCeJGQ[CsEBc.`kltChg JZQ[C8`GC0a$jAEBc[JGJZKYM.dsF&c[JmC8ltC,M|)sF&`GCzF<'DJZQ[C
TnCE+(`XEXQbTt4�+NE"CIO ��F5a E8+5MbajCm{`FzJGQPKWTjKYMRJGC0-*-YK3dNC,MRJS-oj�} � +3Mba CgTVK*)/46-*jzTVQ[K�'$JDJZQ[C ��+<-�'�� �7+(q 1 {[{PT
EBc.`kltC9c.4RaG+(`v{{giF:`ga2+(`S4 KYJ@c.4RaG+(`v{ª} ��F6giJGQPKWTlaDK*-3- MPFNJz{RF 28ajC*a F&c.-c{ -LK*rtC8-3j,4.`Sc[MPC/a.-YFREJr
Q�j$4UFNJZQ[C5TVC5TlJGQ�+5JgajCzMPC,C5{ Osh�c6`GJGQPC8`S)*F:`GChgUJGQPKWT�),+(rtCfT JZQ[C&aDQPF&-YC ��+<-�'�� �7+(q 1 {[{[T�'ec[MUE JGKYF_M
C8ltC,M )*F&`ZC Uh^]g6Y([sgjTVF&)*C,JZQ[KYM6d1ajCbajC8`ZCbJS`SjRKYM6d1JGF +EltF_KW{uKYMrJZQ[C*#�`XTVJM4.-R+NE"CIO ~�Q�+5J&F_JGQ[C0`
+(464.`GF +NEXQ|)*K3dNQRJjajCwJJ+(rtC:}

� FNMUTVKW{`C0`lJGQ�+5Jl{�c.`GKLM.d&JZQ[CzE F&c.`vTnCzF('?JGQ[C � � � � TnCE+(`XEXQ�gUajCF),+8j*E"F:)*CF+NEB`ZFtTZT�+&�(� C5{$d_C
)*FR{`C0- JZQ�+3JzQ�+NTzEB-LFtTnCsJGF1JGQPC/),+(qRK*)]c.) 4UFtTZTnK*a6-YC*FR{[{PT|F<' � $��8g�Tk+8jhg ���,OH�jQ[C,M
g�4.`GFRE"C;C5{`KYM6d
+(-LFNM.d8KYM JGQ[C � � � � TVC<+(`vEdQ�g ajC])*K*d_Q`Ji+N{P{uTnF:)*CMltC0`Sj n a�+N{�n K3),+(d_CzC5{$d_C5T JZF=JZQ[KWT@)*FR{`C8-?g
aDQ[K3-YCG),+5KYMRJJ+3KLM[KYM6dlJGQ[C^M[C5E C5TGTk+(`Sj ��+(-o'�� �7+<qeEB`GKLJGC8`ZKYF_M�gtTnKLMUE"CDa C�Q�+_{*T�coEdQzQ[K3dNQ*FR{P{[T JZFgTVJJ+<`GJ
aDKYJZQ O,�jQ�cUT�a.-YFREJr7)*FR{`C8-cTlJGQ�+5J>+<`GC,+_E"JSc�+(-*-3j � cPKYJGC9a�+N{ +<`GC/rtC84PJ@+(`ZF&c[MU{ +5MU{va.c[K3-YJ�c64pF_M�g
aDQ[C,M8KYM,'?+NE"J0g[ajCzE0+3M7+_E"JSc�+(-*-3jb{`C5{�cUE"C\JGQ�+5JlJGQPC8j,+(`ZC>a�+_{ OfxbjbTnK3)/4.-3j*TVJJ+3JZKYM.deJGQ�+3Jla C aDK3-*-
M[F_J>+_E,E"C84PJ@+*M[C,a�a6-YFREJr|)*FR{`C0-�c[M.-LC5TGT�KLJlQ�+_T Q[K3dNQ[C8`wFR{[{[T JZQ�+3M KYJvT�4�+(`ZC,M`Ji)*FR{`C8-?g ajCeE8+5M
Q[C8-341JGF8C8-YK3)*KYM�+5JGC\JGQPKWT�4�+(`ZJGKcEBc.-�+<`@4.`GF:a.-YC8)AO9_xM {`FNKLM.d JZQ[KWTsg a C&aDK3-*-�ltC0`Sj|-LK*rtC8-3j/`GCf{$cUE"CzJZQ[C
-�+<`Sd_C8`Q+(`GCE+ C8q�4.-YF:`GC5{]+(aUF<ltC^JGQ[C �i+(-�'�� �7+(q 1 {[{PT Esc.`SltChgtJZFgTVF&)*CwTnF:`GJ F('�a�+5MU{{g[TVJGK3-*-.aUF&cPMU{`C5{
+(aUF<ltC>a�j*JZQ[C>),+<q`K3)Mc6)�4UFtTZTnK*a6-YCzFR{[{[Tsg{+5MU{|aUC8-YF5a a�j*JZQ[C ��+<-�'�� �7+(q 1 {[{PT 'ec[MUE"JZKYF_M OG�jQ[KcT
+(-cTnFeQ[C8-34UTbcUTG+NEXQ[KLC8ltClF&c6`GdNFh+<-iF<'Q+eTnC8-o'��t+_{.+(4[JZKYM.d]+<-*d_F&`GKLJGQ.)AO
_L'�a ClC,M$'$F:`XE"CF+3MbKLMUEB`GCE+NTnCwKYMbFR{[{[Tsg{+_TD{`C5TGEs`GK*aUC5{�g`ajC\a F&c.-c{ QPF&4UCF+3JfapCfTnJDJGQ�+3JDJGQPCgTk+()*C
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M�c.)MaUC8`^F(' JS`kc[C9a.-YFREJrPT�ajF:c.-W{7aUC>'$F&c[MU{�g aDKLJGQH-YF5ajC0` '?+<-WTnC]4UFtTVKYJGK3ltC9`J+5JGC5T '$F:`@a.-YFREJr|)*FR{RC8-WT
aDKYJZQ )sF&`GC8JGQ�+5M % C5{�dNC5TsglaDQ[K*-LC7l`KcTnKYJZKYM.d7'$C,a C8`*M[FR{`CfT {$c.`ZKYM.drJZQ[C E"F&c6`XTnC F(' JGQ[C TnCE+(`XEXQ O
��F5ajC0ltC8`8gUTVKYMUE"CmajCzQ�+8ltCP+(-WTVFbEXQ�+3M.d_C5{ JGQPC9c[MU{`C8`k-*jRKYM.dsE"F_M`Jk`GF&- F(' JGQ[C TnC<+<`XEXQ1JGF,+sE8+NTZE8+N{`C g
ajC@),+8jzM[F_J�d_C,Jf+(-3- JGQ�+5J�a C\Q[F&4UCN'$F:`,Op_xM1HtC5E"JZKYF_M �IO��ga C aDK3-*- TnC,C\JGQPC F:c[JXE F&)*CtO

h[F&`lJZQ[C9`GC5Ttc.-YJvT�4.`ZC5TnC,MRJGCf{=KYM8JGQ[KcTlEXQ�+(4[JZC8`8gSajCgC;M$'$F&`vE"C5{7+3M1KLMUEB`ZC<+NTVCgKYM1C04UTnK3-YFNM1FR{P{[TlF('
+3Ji-YC<+_TnJi+M4UF3a C8`^F(' a Oi�jQ�+3JlKcTBg�dNK3ltC,M�+3M�j�4�+(`GJZKWEBc6-�+(`fa.-LFREur,)*FR{`C0-�g[ajCmFNM.-3j�+NE,E"C04[J�KLJ>=mILK�m8K
4.c.`vT�c[CeJGQPC9a.`J+5MUEdQH`GFtF_JGC5{ +3J\JGQ[KcT�)*FR{`C8-eAjKo'jKLJXTlC84UTVK*-LFNM1FR{[{[TF+(`ZC/+5JN-LC<+NTVJF+;4UF5ajC0` F<'DF_M[C
d&`ZC<+3JZC8`�JGQ�+5M*KYJvT�4�+(`ZC,M`Jp)*FR{RC8-[KYMeJGQPClTVC<+(`vEdQzJk`GC,CtO��jQ[KWT�Q�+NT�JZQ[C�Csn CfE"J�F('�+<-*-LF3aDKLM.d@cUT JZFF+N{[{
FNM6-*j*K3),+(d_ClC5{$d_C5TjJGQ�+5J �

a Of+<`GCsE"F&-3-YKYMPC<+(`\aDKYJZQ�F_M[C*F<'DJGQPC*KYMUTVJJ+5M`JZK�+3JZC5{7a.-YFREJr|)*FR{RC8-�C5{$dNCfT"O ��= h[F&`\C8q6+()/4.-LCzTVC,C
hiK3d&c.`ZC �tO } + A

} OG)*C;C,JiaDKLJGQeJGQ[Cf-YKLM[C^{`C"#oM[C5{9a$jzJZQ[C�a�+NTnC �5E"F<ltC8`�F(' F_M[C^F(' JGQPC�KLMUTnJm+3MRJGK�+5JGC5{9a.-LFREurF)*FR{`C8-
C5{�dNC5Tsg Ko' JZQ[C�K3),+(d_CG-YKLM[C�a C8`GCDJZF>aUClC8qRJGC;MU{`C5{ O�~ ClE0+(-*-UJZQ[KWTp+M� pod>m�� ms�.^cd6YhI��$�±Yh�;WZI��!mXO
= hoF:`DC8q6+()/4.-LClTVC,CmhiK*d:c.`GC �IO } a�A

% ODQ�+8ltC@+5MbC,MU{$4UFNKLM`J JGQ�+5JDKWT�FNMbJGQ[CwC8q`JZC,MU{`Cf{M-YKLM[Cl{RC"#UM[C5{/a�j&JZQ[C�a�+_TnC �fE"F<ltC8`jF<'�F_M[ClJZQ[C
KLMUTnJm+3MRJGK�+5JGC5{,a.-YFREJr,)*FR{`C8- Cf{$dNC5T O>= hoF:`�C0q.+<)/4.-YC TnC,C hiK*d:c.`GC �tO } E(AG~ CzE8+<-*- JZQ[KWT�+,� pod>m
� mu�.^cd6YhI��$�GYh�|WoI��>mXO

1 ']E"F&c6`XTnCF+>4UC8`t'$C5E"J n �rn�=eapC;Jna C,C,M*K3),+(d_C�Cf{$dNC@+5MU{/)*FR{`C8-UC5{�dNC&A�KcT C,KLJGQ[C8` E8+_TnC } F&` % OQ��-WTVF.g
ajCeQ�+8ltCD+;);+(qRK*)]c.) dh+<4 +(-3-YF5ajCf{C'$F:` JZQ[C*C,Mo{$4UFNKYMRJ\FNM -LKYM[CfT>=xhiK3d&c.`ZC �IO } a�g E(AvO l�+_TnJS-3jhgia C
+(-cTnFD+(-3-YF5a +5M$jsK*),+<dNClC5{�dNC\JGF]aUC>+_{[{`C5{bJGF]+5M C8)/4PJ�j9)sFR{`C8-xO
��� �Q��§<¦L�?�J§8�L�Z�u�e�t¥G£(�¨�8¡�¤b�f�8¥<�t�8�t¥<�B�s 8�{���f�k�u§2�����8¥<�t�<�t¥(�s���e©&�J���t���L©<�t¢{©:�J¦��J�����k�u¦e���B§<�����i�u�s��¦L�t�s���t§8�

�J¦L¦e���s§(�t¥��e�G���k 8�B¢��¨¦{­*«<��� �b¡t�B§<¦e�L¢?�J��§<��¥ � ��
 � 
ª©:�J¦�§<�O­3¢L�t�p�t§<¥(¬:�B�¨§8�L¦ �t²
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endpoint-on-line
image edge (type 1)
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4
endpoint-on-line
image edge (type 2)

� ¡ �hiK3d&c.`ZC �IO } � �±q6+()D4.-YC5T\F('\JZQ[CbFNM.-3juJGQ6`GC,CbJtj$4UC5TgF<'lK3),+(d_C*C5{$d_C5TzJGQ�+5JeE8+3MwapC�+_{[{`C5{rJGF +
EBc.`k`GC,MRJ�)*FR{RC8-[TtcUEXQzJGQ�+5J JZQ[C^KYMUEB`ZC<+NTVCDKYMzFR{[{PT?KcT�T�c$� E"KYC;M`J;OO=?+ A K*);+(dNC C5{$d_CDKWT�E"F&-3-YKLM[C<+(` aDKYJZQ
)*FR{`C0- C5{$d_C a =ea{Ab)sFR{`C8- Cf{$dNC �D=�+3Mo{{g[KYMUE KW{`C,MRJJ+<-*-3jhgh)*FR{`C8-SC5{$dNC a AjQ�+_T C;MU{$4UFNKLM`JDF_M K*);+(dNC
-YKLM[C�=xE(A^K*);+(dNCzCf{$dNC*Q�+NT C;MU{$4UFNKLM`JmFNM -LKYM[C>'$F:`S)*C5{|a�jH)*FR{`C8-�Cf{$dNCe� =?+3MU{{g�KLMUE"Kc{`C,MRJJ+(-3-*jhg
+
Jtj$4UC a C,MU{�4pF_KYMRJ�F_M,-YKYMPClaDKYJZQ|)*FR{`C0- C5{$d_C5TDq]+3MU{ } A
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BDC5E8+(-3-�JGQ�+5J&KLM HtC5E"JZKYF_M j`O } O a a C*JJ+<-*rtC5{ +(aUF&c[J]cUTVKYM.d1JZQ[C8TnQ�+_{`F5ab�V{`C04[JGQ JGF1C5TVJGK*);+3JGCeQ[F5a
'e`ScPKYJ�'ec6-p+�4�+<`GJZKWEBc.-R+(`@a.`m+3MUEXQuF(' JGQ[C TnC<+<`XEXQ�Jk`GC,C9)*K3dNQRJ�aUCtO � ~ CsTS+3Kc{�JGQ�+3JgJZQ[C]-�+(`kdNC8`\JZQ[C
TnQ�+N{`F5ab� {`C84[JZQ�g JGQ[C9-LC5TGT�coTnCB'ec.-±+;4�+(`GJZKWEBc6-�+(`fa.`m+3MUEXQ1ajF:c.-W{7-YK3rtC8-*jeJSc.`ZM�F:c[JlJZF�aUCtOFxjC5E8+<cUTnC
JGQPCgE FNMRJS`GF:-�46`GFRE"C5TZT�{�c.`GKLM.d&JZQ[C � +NTZE8+N{`CeTVC<+(`vEdQbKcTO'ec[MU{.+<)*C,MRJJ+(-3-*js{`K�nSC8`ZC,MRJ8g`a C9+<`GCF+(a.-LCgJZF
{`FP+gTnK3)*K*-R+(`�JZQ[KYM6d KLM,+��hc[KLJGCw{`K�nSC8`ZC,M`J]aG+8jhgtFNM[CwaDQ[KWEXQM-LC<+8ltC5T�)*F:`GCf`GFtF:) '$F:`jK*)D4.`GF<ltC8)eC,MtJ,O

� ������� � � ��� ���!� �)�
� ��
#" � %  ��)��� 
����  (�


��F_JGCjJZQ�+3J]{$c.`ZKYM.dwJGQ[C E8+NTZE8+N{`C TnC<+<`XEXQga C Q�+EltC2+(-3-tF('SJGQ[C � � C5{$dNCQ)*FR{`C8-cT JGQ�+5J�aDK*-3-haUCjC8q�4.-YF:`GC5{
{$c.`ZKYM.deJGQPCgTVC<+(`vEdQ
g`FNM8Q�+3Mo{|+3J^JGQPCgTk+()*CwJGK*)sC>=?+NTDF&4.4UFtTVC5{ JGF � � � � g`aDQ[KcEdQbKcTjKYMbC5TGTVC,MUE"C
{`C84PJGQ$�$#�`XTVJ8g�+3Mo{|Q�+_Tb+�-YKcTnJ�F<'�)*FR{RC8-WT�+3JQ+3M�jeTnJm+(d_C�F<' {`C8ltC0-YF&46)*C,MRJ�+3JQ+5M$j9d_K*ltC,MzJZK*)*C&AvO��jQ[KcT
KWT^JGQ[CeE8+_TnCFapCfE8+(cUTVC&a C9+<`GCeE8+_TGE8+_{`KYM.d/'e`ZF&) F_M[C9-YC0ltC8- JGF*JZQ[CzM[C8qRJ8gUFNM6-*j|)sF(lRKYM6dzFNM JGF*JZQ[C
TnCE+(`XEXQ|'$F&` � � C5{$d_CM)sFR{`C8-WTDaDQ[C,M ajCzQ�+EltC>'$F:c[MU{H+(-3-�F(' JGQPC|= � � a AL� C5{$d_CM)*FR{RC8-WT O>xjC5E0+(cUTVCzF('
JGQPKWT�'?+NE"J0gia C*E8+5MuTVK*)/46-*j8TnC,J\JZQ[CM);+(qRK*)]c.)�TnQ�+N{`F5ab� {`C84[JZQ 4�+(`J+<)*C,JZC8`lJGF8qRO,_ J\KcT aUC5TVJgJZF
JGQPKYM.reF(']JGQ[KcTjKYM,+5M KLMU{$cUE"JZK*ltC^aG+8j 2eM[FNJi+NTG+N'$F:`S),+<-{4.`ZFtF('kg.a.c[Jf+_T�+zE FNM�l`KLMUE"KYM6d9+(`kd&c.)sC,M`J �
_xM[KYJZK�+(-3-*jhg_ajC@+<`GC�-LFtF&rRKYM.d@'$F&` a � C5{$d_C�)*FR{`C0-WT�'e`GF:) JZQ[ClC8)/4PJ�jF)*FR{`C8- O��jQ[C8`GCwKWTjEs-YC<+<`S-*jzMPF

M[C,Cf{|JZFgQ�+8ltCi+ M[F_M$�xy;C8`GFeTVQ�+N{`F5a {`C04[JGQbTVKYMUE C�a Cl{`FmM[FNJDMPC,C5{ a � C5{$dNCi)*FR{`C8-cT?JZQ�+3J T�c.aoT�c.)*C
FNMPC|+5M[FNJZQ[C8`;Ov�jQPC,M�gp+NTZT�c.)sC*ajC,+<`GC/-LFtF&rRKYM.d|'$F:` � � a � C5{$d_C�)sFR{`C8-WTsg 'e`ZF&) +1T�c$� E"KYC;M`JmTnC;J
F(' � � C5{$d_C|)*FR{`C0-WTM=mILK�m8K JGQ[KcTgKWTgF&c6`&KLMU{$cUE"JZK*ltCD+NTZT�c.)/4PJGKYF_M 2ua Cb{`KW{uM[F_JM46`Sc[M[C�+5M$j lRKYJm+(-
)*FR{`C0-WTG+3J^JGQPC>4.`ZC8l`KLF&cUTG-YC0ltC8-LAvOp��dh+5KYM�gUKYJDKcT�EB-LC<+(`DJZQ�+3JwajCm{`F*M[F_J�MPC,C5{=JZF&Q�+EltCF+zM[FNM��xy,C0`GF
TnQ�+N{`F5ab� {`C84[JZQ�g TVKYMUE C�a Cg{RFzM[FNJDM[C;C5{*TnQ�+N{`F5ajCf{;)sFR{`C8-WT�K�' a C@+(`ZClFNM.-3j,+N{P{`KYM.d]+5JG)*FtTVJjF_M[C
C5{$d_CtO
_xM�F_JGQ[C8`\a F&`X{PTBg � � � ��M[C,Cf{[TlJGF.g E"F_MUE"C,K3l:+(a.-3jhg{d&cPC5TGT\K�'^TVF&)*C % �xCf{$dNC])*FR{`C8-?g aDQ[KcEdQ1KcT

TnQ�+N{`F5ajCf{|a$j8TnF:)*C\�(� C5{$d_C9)*FR{`C8-?g[F&`@�8�xC5{�dNC9)*FR{`C0-�g[aDK*-3-�-YC<+_{=JZF,+MaUC,JGJZC8`f)*FR{`C8- JZQ�+3M1JZQ[C
�(� C5{$d_ClF&`2�E� C5{$d_C�)*FR{`C8- O�_xMsE"FNMRJS`m+NTnJ0g � +_TGE8+_{`C\TnCE+(`XEXQ*M[C;C5{[T�JGFFd&c[C5TZT Ko']TnF&)sC % � C5{$dNCi)*FR{`C8-
��� ­:¡t�B«<¢e¦L���J§ ���e���f�.�{��¬<¢L«<§<�{�e©<�{¦e�S�J¢e¡�©G�L¢e�t����§Q�u§ ����� �0 S�{���J¢L�
�u�e�L�t�f¬<�L��§<���e���i�u¤s�.¦e«(¡?©G��¬(¢e�t¥<��¡t�L���s§�²
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aDK*-3-�-LC<+N{ JZF,+MaUC,JZJGC8`�)sFR{`C8- JGQ�+5MwYh�$W p=F_JGQ[C8` % � C5{$dNC9)sFR{`C8-WT O\B�+5JGQ[C0`lJGQ�+5M7cUTnKLM.d8TnQ�+_{`F5ab�
{`C84PJGQ JGF|);+(rtCgJZQ[KWT�d:c[C5TGTsgiKLJ KLMUTnJZC<+N{7cUTVC5T JZQ[C , `ZF&c.4[KLM.d7+5MU{ � c.-3-YKLM.d�+(-*d_F&`ZKYJGQ6) JGQ�+5J a C
aDK*-3- M[F5a C0q$4.-R+3KLM O

��FNJZC�JZQ�+3J�KLJ KcT�TnJZK*-3-.4UFtTGTVK*a.-LC '$F:`pcUT JZFN)sKWTGT]TnF&)sCDM[C,C5{`Cf{>)*FR{`C8-cT�a$j TnC,JZJGKLM.d\JGQ[CwTnQ�+_{`F5ab�
{`C84PJGQzJGF\y,C0`GF[O��jQ[KWT�KcT�aUC5E8+(coTnC^ajCG)*K3dNQRJiM[C;C5{zTnC8ltC0`J+(-P{`C84PJGQ$�$#�`XTVJ TnJGC04UT�KYM>'$F&`k)*KYM6d�+�= � � a Ae�
C5{$d_C�)sFR{`C8-$'e`ZF&) +��h�xC5{�dNCf)*FR{`C8-?gtTnKLMUE"C^E"F:-*-YKLM[C<+<`�C5{$d_C5T�E8+3M/aUCi+N{[{RC5{&JGFF+5M*C8qRKWTnJZKYM.di)*FR{`C8-
C5{$d_CtO ��F5ajC8ltC8`0g aDKYJZQuJGQPC&K3),+(d_C5T�cUTnC5{�giKYJmKWT�c[M.-LK*rtC8-3j�h KLM 4.`J+_E"JGKcE"Chg KYJ\KcT M[F_J9+ TVK*d_M[K #SE0+3MRJ
4.`ZF&a.-LC8)1O

� ������� � (�
 � ������� � �!� " ��%'%'�����

~�Q[C,M8ajCP+(`GC\#UM[KcTnQ[C5{8TnC<+<`XEXQ[KYM6d '$F:`�+<-*- � �xCf{$dNCF)*FR{`C8-cTBg[Q�+8lRKYM.d]cUTnCf{ JGQ[C n®aUC5TnJ�n�= � � a Ae�xCf{$dNC
)*FR{`C0-WT�+_TgTnC;C5{[TBg a C/+<`GC]-YCB'$J\aDKYJZQ +/d:`GF&c64 F<'G),+<q`K3),+(-
�h�xC5{�dNC/a.-LFREur�)*FR{`C8-cT"O � +(-3-�JGQ[C5TVC
)*FR{`C0-WTDJGQ[C � �xCf{$dNC���mS��f W¨�fT9Y(^6mmW®�,=xTVC,Czh K*d&c6`GC3�IO a AXO\klC,C848KYM7)*KLMU{*JGQ�+5JlajCmQ�+8ltC,�.Y&�fapC;C,M
cUTVKYM.dzJZQ[C ��+(-o'�� �7+<q 1 {[{[TDEs`GKYJZC8`GKLFNMeaDQ[C,M,a.c[K3-W{`KLM.dgJZQ[C@)*FR{`C8-cT�'e`GF&)/FNM[C@-YC0ltC8-[JGFeJGQPClM[C8qRJ8g
JGQPF&c.d_Q ajC\Q�+8ltC@aUC,C,MbC,M$'$F:`XE"KLM.d]+3MbKLMUEB`GCE+NTnC\KLM=FR{P{[T"O
xbj/d&`ZF&c.4PKYM.d*JZF&d_C,JGQ[C0` � � C5{$d_C>)*FR{RC8-WT�JGQ�+5J�+<`GCzTVK*)*K3-�+<`�=x{RC"#UM[KLJGKYF_MbJGF9'$F&-*-LF5a�AJg�+3Mo{=JGQPC,M

rtC,C84PKYM.dlF_M.-*jzJZQ[CfapCfTnJjF<' JZQ[C5TnCF=JILK�m0K�EBc6-*-YKLM.d\JGQ[Cfa�+_{|F_M[C5TuAmg.+_E,E"F&`v{`KYM6dgJGF\JZQ[C,K*` � ��FR{[{PTBg`a C
+(`ZCG4.`GCf{`KWE"JZKYM.dwaDQ[KWEXQ � � C5{$d_C�)sFR{`C8-WT aDK*-3-$aUCGcUTVCB'ec.-$'$F:`pa.c[K*-c{`KYM6d�c.4eJGQPCDJS`ScPCGa.-YFREJr[TsgNaDKYJZQ[F&cPJ
JGQPC MPC,C5{*JGF94.-R+8j,+(`ZF&c[MU{baDKYJZQ|+eTnQ�+N{`F5ab� {`C84[JZQ74�+(`m+()*C,JZC8`,O
~�CsaDK*-*- M[F5a 4.`GCfTnC,MRJgF:c.`eTnK3)*K*-R+(`GKLJtj {RC"#UM[KLJGKYF_M O7�jQ[C EBc.-*-LKYM.dC+3MU{ d:`GF&c64[KYM.dH+<-*d_F&`GKLJGQ.)

aDK*-3-ª'$F:-*-YF5a\O

� " & " � �K #"�$	� ����� �'"�$#" � � 
<�> ���� ���r� ��
���
 �����.��	

hiK3`XTnJk-*jhg JZQ[C*TVK*)*K3-�+<`GKYJtj/)sC<+NTtc.`GCzJm+(rtC5T@+�4�+(`J+<)*C,JZC8`8g E0+(-*-LC5{1JGQ[C,�0I�T9I*WoUh�sI*�4p��0�SUh[B�?I�Yh�`O/�jQ�cUTsg
ajCwTS+8jeJGQ�+5JDJVajF@a.-YFREJr])*FR{`C8-cT�+(`ZC�� � TnK*)sK*-�+<`8g('$F:` � � q�� - Ko' JGQPC8j/+<`GC - q � TnK3)*K*-R+(`p+_E,E"F&`v{`KYM6d
JGFmF&c.`^{RC"#UM[KLJGKYF_M O��jQPC\TnK3)*K*-R+(`GKLJtj KcT�a�+NTVKWE8+<-*-*j]+>)sC<+NTtc.`GCDF<' Q[F5a ),+5M$jmK*),+<dNCf-YKLM[C^TnC8d:)*C,MRJXT
JVajF9a.-LFREurD)*FR{`C8-cT Q�+8ltC\KYMbE F&)/)*F_M O
��F5a ajCwaDK*-*-�'$F&`k),+(-3-*js{`C"#UM[C � � TnK3)*K*-R+(`ZKYJtjtO
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lUC,J�� $ � � � $0$ � � $ � � � � �"� � $ ��� (7aUCbJGQ[C8K*),+<dNCbTVC8d&)*C;M`JvT JGQ�+3JeQ�+8ltC/aUC,C,M�+_TGTVK*dNMPC5{ JZF�F_M[C
a.-LFREur�g�� $ O HtK*)sK*-�+<`S-3jhgª-LC,J � � � � � � $ � � ��� � � � �%� � � ��� (,aUCeJGQ[CsK*),+<dNCeTnC0d&)*C,MRJXT^JGQ�+5JgQ�+8ltC]apC;C,M
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TnJm+3JZC5{*KYM � Q�+<4[JGC0`�j�g`JGQPKWTjKWTpaUC5E8+(coTnC@aUFNJGQC+(-3dNF&`ZKYJZQ.)bTb+<-*-LF3a�coTjJGFzKYMoE"F&`k`GC5E"Jk-*j9d:`GF5a a.-LFREurPTBg
4�+_TnJjJZQ[C\TVJJ+3JZC�aDQPC,M*JGQPC8j]+(`ZClJS`kc[C�a6-YFREJr[T O��jQ[F:c.dNQ,aUFNJZQ=F<' JGQ[Cf4UFtTVKYJGK3ltC�`m+3JZC5Tp+(`GCi-YF5ajC8`�'$F:`
� +NTZE8+N{RCzJGQ�+5M|'$F&` � � � � g[ajC TnQ[F:c.-W{|`ZC8)*C8)]aUC8`�JGQ�+5JlJGQPKWTl{`KonSC8`GC,MoE"CmE8+3M7aUCgC0q$4.-R+3KLM[C5{�a�j
)*KcTGTnKLM.dgF_M.-*jsJna F9a.-YFREJrPTBg[F<ltC8`G+<-*- }.a a.-LFREurPT"O

l�+NTVJS-*j gUhiK*d:c.`GC �IO % +&TVQ[F5a^T�+>a.`ZC<+(rP{`F5aDMbF(']JGQ[C\M�c.)]apC0` F<'�)sFR{`C8-WTsgha$j*M�c.)]aUC8`�F(']C5{$dNCfT
#�-3-YC5{{g.lRKWTVKYJZC5{/a$j,aUFNJZQ � +_TGE8+_{`C]+3MU{ � � � �uO��jQ[CzKLMUEB`ZC<+NTVC KLM|)*FR{RC8-WTb'e`GF:) % �xCf{$dNC9)*FR{RC8-WT
JGF;�E� C5{$dNC9)sFR{`C8-WTjJZQ�+3JwajCeT�4UF:rtC9+(aUF:c[JF+3JlJZQ[CzTVJJ+(`ZJlF(' JZQ[KWT � Q�+(4[JZC8`lQ�+_T�l:+3M[KcTnQ[C5{�g�+(d +3KYM
g
-YK3rtC8-*je{�c[C\JGFzJGQPC '?+_E"JDJGQ�+3JDajC�'$F:`XE"C5{*JZQ[C\FR{[{[TDJGFzKYMoEB`GC<+_TnCF+3JDC0ltC8`Sjs{`C84[JZQ$�$#�`XTVJ^TnJGC04 O���FNJZC
JGQ�+3J^JGQ[C8`ZCF+(`GCF)*F&`ZC } +3MU{ % C5{$d_CN)sFR{`C8-WTO'$F:c[MU{,a$j � +_TGE8+_{`CgJZQ�+3M7a�j � � � �uO.�jQPKWT^E"F&c.-c{
aUC/aUC5E8+<cUTnC*F<'^JGQ[Cs{`Kon C0`GC,MUE C&KLM�JZQ[CM46`Sc[M[KLM.d(� {$c.`ZKYM.d<�VTVC<+(`vEdQrJZQ�+3JmJGQ[CeJVajF7+<-*d_F&`GKLJGQ.) T�cUTnCIO
� � � � 46`Sc[M[CfT�{$c6`GKYM6deTnC<+<`XEXQ|cUTVKYM.deJGQ[C ��+<-�'�� �7+(qM'ecPMUE"JGKLFNM�g[aDQPK*-YC � +_TGE8+_{`Cz{`C0),+3MU{PTjJGQ�+5J
JGQPCzFR{[{[T KLMUEB`ZC<+NTVCtOzh[F&`�)sFR{`C8-WT^aDKYJGQ|'$C;ajC8`lJZQ�+3M % C5{$d_C5TBg KYJwKWT�`ZC8-�+5JGK*ltC0-*j*C<+_T�j1JZF=Q�+EltC]+5M
KYMoEB`GC<+_TnC^KYMeFR{[{[TO'e`ZF&) +N4�+(`GC;M`J0g`aDQ[K3-YCDQ�+8lRKYM.dF-YC5TZT?JZQ�+3MsJGQ[C^C84UTVK*-YF_M&FR{P{[Tb4.`GCfTGEB`ZK*aUC5{9a$jzJZQ[C
��+<-�'�� �7+(qM'ec[MoE"JGKLFNM O

� ) � � . � � � ���

�jQ[C\E FNMRJS`GF:-UF(']JGQ[Cfa.c[K3-W{`KLM.d@4.`GFRE"CfTGTjKYM � +NTZE8+N{RCgTVC<+(`vEdQ;+(-*-LF5a^T±coTjJGFgK3)/4.`ZF(ltCQc.4UFNM8TnF:)*C^F('
JGQPCN-LC5TGTD{RC5TnK3`J+(a6-YC�4.`ZF&4UC8`ZJGKYCfT F<' � � � �uO
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��+<a.-YC �tO a ���iFtTVKYJZKYFNMoTjF('Q��`Sc[CFxb-LFREurPTjh[F&cPMU{�cUTVKYM.d � +NTZE8+N{RC&HtC<+<`XEXQ
_�),+(d_C �iFtTVKYJZKYFNMoT F<' �wE"JSc�+<-���c6)MaUC8` �iFtTVKYJGKLFNMUTDF('

��`Sc[CFxb-YFREJrPT ��`Sc[CFxb-LFREurPT ��`ScPC>xb-LFREurPTD'lTVKYM.d
� � � ��HtC<+<`XEXQ

K*)*� � } � a j ( � � } � /�� aFa � (
K*),� � a � % �Z��( % � a � % �J��(
K*) � � a � } �m� ( � � a � % � a,} (
K*)�/ � a � } �m� ( % � a � } � a,} (
K3)b{ � a � } � % ( % � a � } � % (
K3)*C � a � } � a,} ( � � a � } � a q�� }_} (

=��jQ[C5TVCF+(`GC\JZQ[C@4pFITnKLJGKYF_MUTDF('�Jk`Sc[C@a.-LFREurPTO'$F&c[Mo{=KYMbJZQ[C@-YKWTVJjF<'iT9U(V:I�T9U&W�a.-YFREJrPTuA

��+<a.-YC �tO } ����c.)]aUC8`�F('���FR{RC5T��lKWTVKYJZC5{
HtC<+<`XEXQ �fc.)MaUC8`�F<'�'�MPK��hc[C���FR{`CfT��lKcTnKLJGC5{ � FNJm+(- ��c.)]apC0` �^FR{`C5T��lKWTVKYJGCf{
� +NTGE0+N{`C - � } �N� a0a � } �:�

� � ��+<-�' �7+(q 1 {[{PT ��� % �?j a0a �G�?j -

��+<a.-YC �tO % �p� `kc[C �iFtTVKYJZK*ltC@+5MU{ h�+(-cTnC �iFITnKYJZK*ltC\Bf+3JZC5TO'$F&` )�Kon C0`GC,MRJ�HtCE+(`XEXQ ��C8c.`ZKWTVJGKWE;T
HIC<+(`vEdQ ��C8c6`GKWTVJGKcE ��`ScPC�� FtTnKLJGK3ltC\B�+5JGC � `kc[CF+3MU{ �7+(qRK*),+<- h�+(-cTnC �iFtTVKYJZK*ltC\Bf+3JZC

� FtTnKLJGK3ltC\B�+5JGC
� +NTGE0+N{`C q`O - j q`O -6a qRO � j

� � ��+<-�' �7+(q 1 {[{PT q`O /&� q`O /Nq qRO � -
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hiK3d&c.`ZC �IO % � � +NTGE0+N{`CeHtC<+(`vEdQ B C5Ttc.-YJvT�=�+hA���c.)]apC0` F<'p)*FR{`C0-WT±'$F:`^{`K�nSC8`ZC,MRJjM�c.)MaUC8`vT F<'i#�-3-YC5{
C5{$d_C5T�=La�ADh�+(-cTnC@4UFtTVKYJGK3ltC�`J+5JGC�'$F&`w{`Kon C0`GC,MRJjM�c.)]apC0`jF(' #�-3-YC5{&Cf{$dNC5T O
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� ~ CgM[F,-LFNM.d_C8`�MPC,C5{ JGF E8+(-cEBc.-�+5JGCmJGQ[C ��+(-o'�� �7+<q 1 {[{PT 'ec[MUE"JZKYF_M TnKYMoE"C � +_TGE8+_{`CeTnC<+<`XEXQ
KcT*TnC8-o'��t+_{.+(4PJGKYM6d[O �jQ[KWT*KWT])*F&`ZC�46`J+NE JGKWE0+(-�aUC5E8+<cUTnC1JZQ[C8`ZC1KWTM-LC5TGTzF(' +�M[C,C5{ JZF 4.-�+8j
aDKLJGQ/4�+<`J+<)*C,JGC0`XTBg�+5MU{*JGQ[CF+(-3dNF:`GKYJZQ.)�Q�+NTjJZQ[C�4UFNJZC,M`JZK�+<- JGFeTZE8+(-LC�c.4,aUC,JGJZC8`jaDKLJGQ/)sF&`GC
)*FR{RC8-WT O�_xJDKWTG+<-WTnF])*F:`GClC8-LC8dh+5M`J;O

� )�cPC*JGF8JGQ[C9'?+NE"JmJGQ�+5JgaDKLJGQ � +_TGE8+_{`CbTnCE+(`XEXQua C&Q�+8ltCD+(-3- �h�xC5{�dNC/)*FR{RC8-WTlFNM Q�+3MU{ +5J
JZQ[C\TS+<)*CDJGK3)*ChgNa ClE0+3M,+<c[JGF:),+3JZKWE8+<-*-*jeTVC,J�JGQ[C TnQ�+_{`F5ab�V{`C04[JGQbJGFmy,C8`ZF.g`C0-YK*)sKYM�+5JGKYM6d�JZQ[C
M[C;C5{uJGF�#S{P{$-YCbaDKYJZQ�jtC,J]+5M[FNJZQ[C8`/4�+(`J+<)*C,JZC8`,O = 1 'mE"F:c.`XTVChgja C1{`Kc{�KLM`Jk`GFR{$coE"C7+|'$C,a
4�+<`J+<)*C,JGC0`XTjF(']F&c6`lF5aDM;'$F:` � +_TGE8+_{`ChgUM�+()sC8-*jhgRJGQ[CmTVK*)*K3-�+(`ZKYJtjN'e`m+NE"JZKYF_M�g{+5MU{=JZQ[C@d&`ZF&c.4
TVKYy,C&AvO

�l{[{`KLJGKLFNM�+<-*-*j g KLMU{`C84UC,Mo{`C,MRJ 'e`ZF&) JGQ[CsE"F_M`Jk`GF&-Q4.`GFRE C5TGT\F(' � +NTZE8+N{RC TVC<+(`vEdQ
giajCeJS`ZKYC5{1C,M$�
'$F&`vE"KYM6d,+3M1KLMUEB`GCE+NTnCmKYM8FR{[{[T\{$c.`ZKYM.d*JZQ[Cz{RC84[JGQ��%#�`vTnJ@4UF&`ZJGKYF_M1F(' JGQPCeTnC<+<`XEXQ O�~ CN'$F:c[MU{1JGQ�+5J
JGQPKWTjaG+_T coTnCB'ec.-�+5MU{�46`GFR{$cUE C5{*M[KWE"C@`ZC5T�c.-LJXT O
�jQ[CeC,MU{|`GCfT�c.-LJXT�F<' � +NTZE8+N{RC=HtCE+(`XEXQH+(`ZC]+(-3)*FtTVJlKW{`C;M`JZKWE8+<- JGFbJGQ[FITnCeF(' � � � �uO��jQ[F:c.dNQ

JGQPC>`GCfT�c.-LJXTG+(`ZC �hc[KYJZC@dNFtFR{{g JGQPC8`GC\KWTDTVJGK3-*-�)]cUEdQD`GFtF&) '$F&`^K*)/46`GF<ltC8)eC"MRJ�KYMbJGC8`k)bTjF('±dNC,JZJGKYM6d
EB-LFtTnC0`�JZF,+MdNC;M[C8`J+<-�4.c.`k4UFtTnCeTVC<+(`vEdQH+<-*d_F&`GKLJGQ.)AO �^F3a C8ltC8`0g � +NTGE0+N{`CeTVC<+(`vEdQ8KWT�+5M1K*)/4UF&`ZJJ+5M`J
TnJZC84gJZF5aG+(`v{ JZQ[Cbd_Fh+(-PF('�+_EdQ[KLC8lRKYM.df+5MzCB�bE KYC,MRJ8g CBnSC5E"JGK3ltChg<+3Mo{zTnC8-o'��t+_{.+(4[JZKYM.dwTnCE+(`XEXQ9+<-*d_F&`GKLJGQ.)
'$F&`f-YKLM[CB�?a�+NTVC5{&F:a�yGC5E"JG`GCfE"F&d_M[KYJZKYFNM,cUTVKYM.d �fc�+(-LKYJm+3JGK3ltC ��`ZF&a�+<a[K*-LKYJGKLC5T"O
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~ CgTtc.)/),+<`GKLy,CDJGQ[CmE"F_M`Jk`GK3a.c[JGKLFNMUTjF<'�JGQPKWTjJGQPC5TnKcTG+NTb'$F&-*-LF5a^T��

a OG~ C�C0q$4.-LF&`ZC5{gJGQ[C TnC<+<`XEXQ*Tt4�+NE"C^KYMo{$cUE"C5{9a�j �fc�+(-LKYJm+3JGK3ltC ��`GF&a�+(a[K3-YKYJZKYC5T�KLM/+�a.-LFREurza F&`S-c{
{`F:),+3KLM O�_ J\a2+NTN'$F&cPMU{�JGQ�+3JzJGQPC*FR{[{[TzE8+<-WEBc6-�+3JZC5{7cUTnKLM.d � � a C8`GC n aDKLMU{`F5ajCf{�n*g aDKYJZQ
JZQ[C8TnKYy;C|+5MU{ 4UFITnKYJZKYF_M F(' JGQ[C8aDKYMU{`F5a�{RC84UC,MU{`C,MRJzFNM Q[F5a ),+5M$jH)*FR{`C8- C5{$d_C5T|a C8`GC
+_E,E"F&cPM`JZC5{�'$F&`�a�j K3),+(d_C\C5{$dNCfT"Omh�c6`GJGQPC8`S)*F:`GChgUajCFdh+5KYM[C5{H+MaUC,JZJGC8`�cPMU{`C8`vTnJJ+5MU{`KLM.dbF('
Q[F5arJGQPCDE"F:)Ma[KLM�+3JZF&`ZKWE,TUF('�'$F&`k)*KYM.dGd_C,F&)sC,JS`ZKWE8+<-*-*jwE"F_MUTnKcTnJGC;M`J�)*FR{RC8-WT{'e`GF:) K3),+(d_C�C5{$dNCfT
KLM`JZC8`S4.-R+8j[T�aDKYJGQbJZQ[C � �rFR{[{[T�F<'�JZQ[CmE"F&`k`GC5Tt4UFNMU{`KLM.d])*FR{`C8-cT"O

} OG~ C*TVQ[F5ajC5{ JGQ�+5J�n�+_E,E"Kc{`C,MRJXTcn {`F Q�+<4.4UC,M�gp+5MU{rTnQ[F5ajCf{ JZQ�+3JmJGQ[C*M�c.)]aUC8`lF('w{RK�nSC8`GC;M`J
Jtj�4pCfT�=JILK�mXO�{`C0d&`GC;C F<'pdNC;M[C8`GKcE"KYJtj�A F('±+NE,E"Kc{`C,MRJXTjKcTDE"F&`k`GC5E"Jk-*j])*FR{`C8-LC5{9a$j � � O

% OG~ C*KYMoE"F&`k4pF:`J+5JGC5{ � � KYMRJGF7+1TVK*)/46-YCeTnCE+(`XEXQuJZF #UMU{ a.-YFREJrH)*FR{`C8-cT"O��jQ[CbTnCE+(`XEXQraG+_T
'$F:c[MU{&JZF>aUC�Csn CfE"JGK3ltCf+3MU{&Cs�bE"KLC,MRJ,O��l{P{`KYJZKYFNM�+(-*-3jhgNa ClE"F:)/4�+<`GC5{gJZQ[C�coTnClF<' � � KYMeJGQ[KcT
TVC<+(`vEdQ�gRJGFP+>)*F&`ZClTVJJ+3Mo{.+(`v{;)sC<+NTtc.`GC^F('�d_FtFR{`M[C5TZTBg�+ n E"F<ltC8`�n&)*C<+_T�c.`ZCtO�~ C�'$F&cPMU{*JGQ�+5J
� � KcTN+/)]cUEXQ1TnJk`GF_M.dNC8`@4.`ZC5{`KcE"JGF:` F<'Gd_FtFR{�KLM`JZC8`S46`GC,Jm+3JGKLFNMUT^JGQ�+5M�JZQ[C*E F(ltC0`�)*C<+_T�c.`ZCtO
�jQ�+5JDKWTsg[TnCE+(`XEXQ,cUTnKLM.d � � a2+NTO'?+(`G)sF&`GC^CB� E"KYC;M`J0gh+3MU{/4.`ZFR{$cUE"Cf{�aUC,JGJZC8`ba6-YFREJrM)*FR{RC8-WT

/&�
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JZQ�+3M8JGQ[CmE"F<ltC8`Q)*C<+NTtc.`GCIO

�[OfxG+_TnC5{bFNM1F&aoTnC8`kl&+5JGKLFNMUT�KLM a gpa Cz{`C5TVK*d_M[C5{|+eTnCE+(`XEXQ7+<-*d_F&`GKLJGQ.)�Jm+3K*-LF&`ZC5{=JZF/cUTnCmF(' � � O
�jQ[KcT�TVC<+(`vEdQC+(-3dNF&`ZKYJZQ.) {`FtC5TDM[FNJ�`ZC��hc[K*`ZCgE0+(-WEsc.-�+5JGKYF_MbF('Q+
n ��+(-o'�� �7+<q 1 {[{[TNn�'ec[MoE"JGKLFNM�g
+_TgJGQ[CbTVC<+(`vEdQ KYM % `ZC�� cPK*`GCf{ O|�jQPKWTN);+(rtC5T�'$F&`P+|)*F&`ZC&C0-YC8d +3MRJ9+3Mo{546`J+NE JGKWE0+(- TnC<+<`XEXQ
+<-*dNF:`GKLJGQ.)1O

�b)�� � 03@]<�.1@�@]0,:&6 �z614 � .�	�. �M� � 0����\<�	�0;:&61@

�jQ[C ajF:`Sr 4.`GC5TVC,MRJGC5{ KLM JZQ[KWTbJGQ[C5TVKWT*KWT*F_M.-*j�JZQ[CvaUC8d_KYM[MPKYM.d F('eQ[F5a � �9E8+5M aUCvcUTVC5{ JZF
+NEXQ[KLC8ltC&F:a�yGC5E"JF`GC5E"F:dNM[KLJGKLFNM O �7+3M�j +N{[{RKYJGKLFNMUT9+5MU{ C0q`JZC,MUTnKLFNMUTmE8+3MwaUC�);+N{`Chg�aUFNJGQ JGF1JZQ[C
� �5'e`m+()*C,a F&`kr{g�+NTDajC0-*-�+_TjJGFeJGQ[CmTVC<+(`vEdQM'e`m+()*C;ajF&`kr O�~�C\aDK3-*- MPF3a )*C,MRJGKLFNMD+P'$C;a@g$`J+5M.dNKLM.d
'e`GF:)	KWTGTtc[C5T �hc[KLJGC T�4UC5E"K #SE JZFlajF:`Sr@4.`ZC5TnC,MRJGCf{ KLMzJGQ[KcT JZQ[C5TVKWTBg5JGFwJGQ[FITnCG)*F:`GCp-YFtFITnC8-3j>+_TGTVFRE"K�+5JGC5{
aDKYJZQbKYJ,O

a Of�jQ[C , `ZF&c.4PKYM.d +3MU{ � c.-3-YKLM.d�'ec[MoE"JGKLFNM 4.`ZC5TnC;M`JZC5{�KYM � Q�+(4[JZC8`��baG+_T>cUTnCs'ec.-G+_T9+=#�`XTVJ
+5JGJGC0)/4[J8g�a.c[J^E"F:c.-W{,4UFNJGC;M`JZK�+(-3-*j]aUC>)]cUEdQeK*)D4.`GF<ltC5{9c.4UFNM O2�jQ[C>d:`GF&c64[KYM.d]4�+<`GJ^F('�JZQ[C
+<-*dNF:`GKLJGQ.) KWTl{`C04pC;MU{`C,MRJ�c64pF_M�JZQ[CzF&`v{`C8`lF<' JGQ[C9-LKWTnJ^F('Q)*FR{RC8-WTGdNK3ltC,M JZF=KLJ,Of~�Cza F&`Sr
+<`GF&cPMU{ JZQ[KWTGa�j=KLMUTnKcTnJZKYM.d*JZQ�+3JwJGQ[CF-YKWTVJ�KcT�KYM8F&`v{`C8`lF<'jMPFNM$� KYMUEs`GC<+_TnKYM6d*FR{[{[T O ��F5ajC8ltC8`0g
KLJDajF&c6-W{�aUC,JZJGC8`DKo'�JZQ[C@d&`ZF&c.4[KLM.dM'ec[MoE"JGKLFNMbaG+_T M[F_Jl{RC84UC,MU{`C,MRJDFNM1F:`X{`C0`,O B�+5JGQ[C8`0g[KYJDKcT
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