
�����������
	��
��������������������� ������ �!"����#

$&%('*)�%(+,'*+,'�-.$&/�-�01+32�01+5476
8:9<;<=,> ?@> A<BDC1E5FG?@BIHJF�KML�NO9<PQL7?@9<P@E
8:9<HSR,T5?@BIP�C5U
> BI=VU
B�W�BIRVL�PX?@HSBI=Y?

Z =,> A<BIPQFX> ?GE[9�\]8^L�_ > \`9<P@=,>aL,b,K&9YFdc�=,;<BI_ BeFIbf8^chg<i<iYj7k
l@monqp(r7s,t,mouVv<wQrJxOy�zo{I| uVz
} r<|~wQv7u

�.���<�5�,���O�

� B�R,P@9<RO9YFXB�Lh=,BI��HSB
?@�,95��9�\��5>aF@U
97A<BIP@> =,;
UIL�TVF@L�_�FG?@P@TVUo?@T,P@BeFIb�NVL<FXBe��9<=�?@�,B��5B
?@BeUo?@> 9<=
9�\�_ 95UIL�_qb�FXRO9<=Y?QL�=,BI9<TVF�UQ�VL�=,;<BeF*> =�?@�,B�T,=5�
�5BIP@_ E1> =,;h�,L7?QL7��;<BI=,BIPQL7?@> =,;�HS95�5BI_q� � B�L�=VL7�
_ E1�IB�?@�,BSU
_aL<F@FXBeF�9�\:FG?@P@TVUo?@T,P@BeF�?@�VL7?�L�P@B"Be�YT,> AY�
L�_ BI=Y?�P@BI_aL7?@> A<B
?@9�L�FG?@P@BeL�H�9�\ �5>aFG?@P@> N,T5?@> 9<=VF
R,P@95�5TVU
Be��N1E�_ 95UIL�_]UQ�VL�=,;<BeFIb&L�=V���5BIA1>aFXBJL�_ ;<9��
P@> ?@�,HJF:?@�VL7?�9<T5?@R,T5?d;<PQL�R,�,>aUIL�_OP@BIR,P@BeFXBI=Y?QL7?@> 9<=VF
9�\:?@�,BeFXBSBe�YT,> A7L�_ BI=VU
BJU
_aL<F@FXBeFI� � BSR,P@BeFXBI=Y?DB
¡1�
ROBIP@> HSBI=Y?QL�_5P@BeFXT,_ ?QFIb�TVFX> =,;DFX> H"T,_aL7?@Be���,L7?QL,b<L�=V�
B
¡,L�HS> =,B�?@�,B�BIP@P@9<PQF^L<F@FX95U
>aL7?@Be�J��> ?@� �5B
?@BeUo?@> 9<=
9�\�UQ�VL�=,;<BeFdL�=V�¢P@BeU
97A<BIP@ES9�\�FG?@P@TVUo?@T,P@BeFI�

£ ¤Y¥ �5�,¦�§�¨��O�,©G¦ ¥

ª =«P@BeU
BI=Y?¬E<BeL�PQFIb­FXBIA<BIPQL�_�;<PQL�R,�5��NVL<FXBe�®L�_ ;<9<P@> ?@�,HJF
�VL¯A<B°NOBIBI=±�5BIA<BI_ 9<ROBe�²\`9<P­?@�,B³R,T,P@RO9YFXB³9�\´> =5\`BIPX�
P@> =,;�UIL�TVF@L�_¢FG?@P@TVUo?@T,P@BeF�\`P@9<H®BIHSR,> P@>aUIL�_¢�,L7?QL,�«C19<HSB
L�P@B�NVL<FXBe�±9<=µ�5B
?@BeUo?@> =,;�RVL7?X?@BIP@=VF¶9�\·U
9<=V�5> ?@> 9<=VL�_
> =V�5BIROBI=V�5BI=VU
B­P@BI_aL7?@> 9<=VFX�,> RVF¹¸ º�BeL�P@_»L�=V�½¼�BIP@HJL,b»¾eg<g,¾7b
C1R,> PX?@BeF w
n�r7} | bM¾eg<g<¿eÀ�b&L�=V��FX9<HSBSL�P@B"NVL<FXBe��9<=3ÁdL¯E<BeFX>aL�=
L�R,R,P@9YL<UQ�,BeF³¸ Â�BeUQÃ<BIP@HJL�= w
ndr7} | bM¾eg<g1Ä<b�8:919<ROBIPeb»¾eg<g<geÀ��
Å �,BeFXB[�5>aF@U
97A<BIP@E HSB
?@�,95�,F�L<F@FXT,HSB[FG?QL7?@>aUSBI=1A1> P@9<=,HSBI=Y?eb
?@�VL7?�>aFIb�L�?@> HSB
��> =1A7L�P@>aL�=Y?��5>aFG?@P@> N,T5?@> 9<=�L�=V�ÆLÇ?@> HSB
�
> =1A7L�P@>aL�=Y?��,L7?QL7��;<BI=,BIPQL7?@> =,;JHS95�5BI_qb»���,> _ BSL7?X?@BIHSR5?@> =,;¢?@9
> =5\`BIP½FG?@P@TVUo?@T,P@BeFJ?@�VL7?¢BI=VU
95�5B3�5E1=VL�HS>aU�L<FXROBeUo?QFJ9�\D?@�,B
BI=1A1> P@9<=,HSBI=Y?ebS\`9<P�B
¡,L�HSR,_ B<b[�,97�ÈR,P@9<NVL�N,> _ > ?@> BeF��^9<T,_a�
UQ�VL�=,;<B�L<FJL3P@BeFXT,_ ?J9�\�> =Y?@BIP@A<BI=Y?@> 9<=VFI� Å �,>aFS?@PQL�=VFX> ?@> 9<=&b
\`P@9<HÉFG?QL7?@>aU�?@9S�5E1=VL�HS>aU�> =5\`9<P@HJL7?@> 9<=&b5U
9<=VFG?@> ?@T5?@BeFdL"HJL7�
Ê 9<P&> =5\`BIP@BI=Y?@>aL�_<_ BeL�R&b¯L�=V��>aFMFXBIA<BIP@BI_ E�_ > HS> ?@Be�DN1E�?@�,B:> =,�,BIPX�
BI=Y?�> =V�5>aFG?@> =,;<T,>aFX�VL�N,> _ > ?GEÌË`9<P�Be�YT,> A7L�_ BI=VU
B¯Í�P@BI_aL7?@> 9<=�?@�VL7?
;<97A<BIP@=VF^ÁdL¯E<BeFX>aL�=¢=,B
?G�^9<P@Ã5F�¸ ¼�BIP@HJLSL�=V�½º�BeL�P@_qbf¾eg<g<ieÀ��
Î�=,B*�dL¯E�9�\�97A<BIPQU
9<HS> =,;�?@�,>aF�NVL<FX>aUÌ_ > HS> ?QL7?@> 9<=�>aF�?@9
L�T,;<HSBI=Y?½?@�,B��,L7?QL���> ?@��RVL�PX?@>aL�_DUIL�TVF@L�_�Ã1=,97��_ Be�5;<B<b�> \
FXTVUQ�Æ>aF*L¯A7L�> _aL�N,_ B<�Ï¸ C1R,> PX?@BeF w
ndr7} | bM¾eg<g<¿eÀ�b�\`9<P�B
¡,L�H��
ÐÑ�ÒYÓ Ô�Ó Ô�Õ1Ö
×ÙØÙÚ(Û]ÜIÝ]Ö�ØqÞ�ÜIÚ(Õ1Ö
×ÙØ�Õ1ÖIÕ5ß@×�ÔÙàYáYâDÓ ØÙØGßoãSØGÜ�ädå:Û(Ú

æ�çeè:é Ö
×ÙØÙÚ(ÛÙÛ�Ó Ô^ßQê7ØGÓ ØGë ßoã,ì]í�ÖIàYÔGÖIëfîdÓ ÔÙïQÜ
ð¯ß@×Ùñ�Ý ×GÜeâ�í�Ò1ÖIêYòeßQÔQì]Ö
ó�ÖQñ7ßQÔÙÓ ÖIêJå:ÕYÕ<×GÜ¯ÖIïXÒ è

R,_ B<b��5>aF@U
TVF@FXBe��?@�,B TVFXB 9�\�B
¡5ROBIP@> HSBI=Y?QL�_��,L7?QL�?@9�>a�5BI=5�
?@> \`E�UIL�TVF@L�_�P@BI_aL7?@> 9<=VFX�,> RVFI��¸ 8:919<ROBIP�L�=V�[ô]919Vb&¾eg<g<geÀ��5>aFG�
U
TVF@FXBe��L½ÁdL¯E<BeFX>aL�= HSB
?@�,95��9�\^UIL�TVF@L�_��5>aF@U
97A<BIP@E½\`P@9<H�L
HS> ¡1?@T,P@BD9�\�9<NVFXBIP@A7L7?@> 9<=VL�_»L�=V�¢B
¡5ROBIP@> HSBI=Y?QL�_&�,L7?QL,�
� B�R,P@9<RO9YFXB�L[=,BI��HSB
?@�,95��9�\:�5>aF@U
97A<BIP@> =,;¢UIL�TVF@L�_MP@BI_aL7�
?@> 9<=VF�> =��,L7?QL,bMNVL<FXBe��9<=�?@�,B[�5B
?@BeUo?@> 9<=�L�=V��> =Y?@BIP@R,P@B
?QL7�
?@> 9<=½9�\�_ 95UIL�_&FXRO9<=Y?QL�=,BI9<TVFdUQ�VL�=,;<BeF^> =¢?@�,BDBI=1A1> P@9<=,HSBI=Y?e�
� �,> _ B�R,P@BIA1> 9<TVF]HSB
?@�,95�,F^L�P@B�NVL<FXBe�J9<=[FG?QL7?@>aU�FG?QL7?@>aFG?@>aUIL�_
\`BeL7?@T,P@BeFD9�\d?@�,B½�,L7?QL,b�9<T,P�R,P@9<RO9YF@L�_]L�> HJF"L7?"B
¡5R,_ 9<> ?@> =,;
�5E1=VL�HS>aU¢UQ�VL�=,;<BeFD> =�?@�VL7?S�,L7?QL,�3C1TVUQ�
UQ�VL�=,;<BeF�L�P@B¢L�_ �
�dL¯E5F�R,P@BeFXBI=Y?]> =¢L�=1E�P@BeL�_ >aFG?@>aU��59<HJL�> =S?@�VL7?:>aF:BIH"NOBe�,�5Be�
> =�L½_aL�P@;<BIPDNVL<UQÃ1;<P@9<T,=V��9�\��5E1=VL�HS>aUIL�_ _ E3UQ�VL�=,;<> =,; U
9<=5�
�5> ?@> 9<=VFI��õ,9<PJB
¡,L�HSR,_ B<b^=VL7?@T,PQL�_��5>aF@L<FG?@BIPQFIb^L�P@HSBe�.U
9<=5�
öV>aUo?QFIb�BIR,>a�5BIHS>aUIFIb�_aL�NO9<P½�5>aFXR,T5?@BeFIb�L�=V�*BIA<BI=*H"T,=V�,L�=,B
�5BeU
>aFX> 9<=VF�N1ED9�?@�,BIP�L�;<BI=Y?QFIb7L�P@B^T,=,B
¡5ROBeUo?@Be�"BIA<BI=Y?@TVL�_ > ?@> BeF
?@�VL7?SL�P@BJ=,9�?�=VL7?@T,PQL�_ _ E3UIL�R5?@T,P@Be��> =
�5>aFG?@P@> N,T5?@> 9<=�\`T,=VUo�
?@> 9<=VFI� Å �,B�95UIU
T,P@P@BI=VU
B�9�\�FXTVUQ�¢BIA<BI=Y?@TVL�_ > ?@> BeF]?@BI=V�J?@9 r7} ÷
nÙw
ø ?@�,B^�5>aFG?@P@> N,T5?@> 9<="T,=V�5BIP�FG?@TV�5EDL�=V�DE1> BI_a��UQ�VL�=,;<BeF»?@�VL7?
L�P@B�HJL�P@Ã<Be�5_ E"�5> ùfBIP@BI=Y?]\`P@9<H�9<PQ�5> =VL�P@E"FG?QL7?@>aFG?@>aUIL�_5öVTVUo?@T5�
L7?@> 9<=VFI� � �,BIP@BeL<F]FG?QL7?@>aU�L�=VL�_ E5FX>aF�A1> BI��F�?@�,BeFXB�UQ�VL�=,;<BeF]L<F
=1T,>aF@L�=VU
B<bfL�=V� L7?X?@BIHSR5?QF�?@9½L<� Ê TVFG?�L�=V� U
9<HSROBI=VF@L7?@B�\`9<P
?@�,BIH�b^�^B���> _ _�A1> BI�É?@�,BIH°L<FSL�FX9<T,PQU
B½9�\�> =5\`9<P@HJL7?@> 9<=
L�NO9<T5?�?@�,B �,L7?QL7��;<BI=,BIPQL7?@> =,;�R,P@95U
BeF@FI��cÆU
9<=Y?@P@9<_ _ Be��B
¡1�
ROBIP@> HSBI=Y?QL�_�FG?@TV�5E�HJL¯E½NOB�?@�,9<T,;<�Y?�9�\:L<F�L[FXROBeU
>aL�_�UIL<FXB
9�\O?@�,BeFXB�BI=1A1> P@9<=,HSBI=Y?QL�_,UQ�VL�=,;<BeFIb����,BIP@B^?@�,B�B
¡1?@BIP@=VL�_5> =5�
öVT,BI=VU
B½> =1A<9<_ A<BeF�ú,¡5> =,;3L3�5BeFX> ;<=VL7?@Be��A7L�P@>aL�N,_ B[?@9�FX9<HSB
R,P@Be�5B
?@BIP@HS> =,Be�DA7L�_ T,B<� ª =�;<BI=,BIPQL�_qb¯�,97�^BIA<BIPeb
?@�,B^B
¡1?@BIP@=VL�_
> =5öVT,BI=VU
B[HJL¯E3NOB[HS> _a�5BIPeb�HSBIP@BI_ E3UQ�VL�=,;<> =,;�?@�,B½U
9<=V�5> �
?@> 9<=VL�_1R,P@9<NVL�N,> _ > ?GED9�\fL�A7L�P@>aL�N,_ B<b7;<> A<BI="> ?QF�UIL�TVFXBeFI��û 9<P@B
�
97A<BIPeb7> =SHJL�P@Ã<Be�"U
9<=Y?@PQL<FG?�?@9�U
9<=Y?@P@9<_ _ Be��B
¡5ROBIP@> HSBI=Y?QFIb��^B
HJL¯E"=,9�?:Ã1=,97�Ì> =[L<�5A7L�=VU
B�?@�,B�=VL7?@T,P@B�9�\f?@�,B�UQ�VL�=,;<B<b<> ?QF
_ 95UIL7?@> 9<=&b¯9<PMBIA<BI=����,B
?@�,BIPM> ?�?@919<Ã�R,_aL<U
B<ü7?@�,BeFXB:HJL¯E�=,BIBe�
?@9SNOBD> =5\`BIP@P@Be�¢\`P@9<H�?@�,B��,L7?QL�> ?QFXBI_ \G�
Å �,B�NVL<FX>aUd>a�5BeL��VL<F�> ?QF]P@919�?QF�> =S?@�,B�BeU
9<=,9<HS>aUd_ > ?@BIPQL7?@T,P@B<�
Å �,B�BeU
9<=,9<HS>aFG?�ý�BIA1> = Â�9197A<BIP�ËG¾eg<g<iYÍ^L7?X?@BIHSR5?@Be��?@9J> =5�
\`BIP�?@�,B��5> P@BeUo?@> 9<= 9�\:UIL�TVF@L�_M> =5öVT,BI=VU
BeF�L�HS9<=,;[BeU
9<=,9<HS>aU
A7L�P@>aL�N,_ BeF�Ë`B<� ;V� b<BIHSR,_ 97E1HSBI=Y?^L�=V��HS9<=,BIESFXT,R,R,_ E,Í�N1E�9<N5�
FXBIP@A1> =,;¢?@�,BJUQ�VL�=,;<BeF�?@�VL7?�FXTV�,�5BI=�HS95�5> úOUIL7?@> 9<=VF�> =3?@�,B
BeU
9<=,9<H"EÌË`B<� ;V� b�?QL7¡�P@B
\`9<P@H�b�_aL�NO9<P��5>aFXR,T5?@B¯ÍD> =V�5TVU
Be��> =
?@�,B"FG?QL7?@>aFG?@>aUIF�9�\�?@�,BeFXB�A7L�P@>aL�N,_ BeFI�]Â�9197A<BIP�L<F@FXT,HSBe�¢?@�VL7?
?@�,B�U
9<=V�5> ?@> 9<=VL�_5R,P@9<NVL�N,> _ > ?GE�9�\&L�=SB
ùfBeUo?];<> A<BI=S> ?QF]UIL�TVFXBeF

In Proceedings of the Seventeenth Converence on Uncertaintiy in Artificial 
Intelligence, San Francisco, CA: Morgan Kaufmann, 512-521, 2001 

TECHNICAL REPORT 
R-280

June 2001



P@BIHJL�> =VF�> =1A7L�P@>aL�=Y?"?@9�UQ�VL�=,;<BeF"> =
?@�,B HSBeUQ�VL�=,>aFXH�?@�VL7?
;<BI=,BIPQL7?@BeFd?@�,B�UIL�TVFXB<bV���,> _ B�?@�,B"U
9<=V�5> ?@> 9<=VL�_MR,P@9<NVL�N,> _ > ?GE
9�\�LSUIL�TVFXB�;<> A<BI=¢?@�,B�B
ùfBeUo?��^9<T,_a�¢=,9�?�P@BIHJL�> =½> =1A7L�P@>aL�=Y?
T,=V�5BIP:FXTVUQ�JUQ�VL�=,;<BeFI� Å �,>aF]L<FXE1HSHSB
?@P@E"HJL¯E�NOB�TVFXB
\`T,_V> =
�5>aFG?@> =,;<T,>aFX�,> =,;JUIL�TVFXBDL�=V�½B
ùfBeUo?e�
Å 95�,L¯E.�^B3T,=V�5BIPQFG?QL�=V�*HS9<P@B�R,P@BeU
>aFXBI_ EÌ?@�,B�U
9<=V�5> ?@> 9<=VF
T,=V�5BIPd���,>aUQ��FXTVUQ�½L<FXE1HSHSB
?@P@> BeF:�^9<T,_a�[R,P@BIA7L�> _»L�=V�¢�,97�
?@9[> =Y?@BIP@R,P@B
?�FXTVUQ��L<FXE1HSHSB
?@P@> BeF�> =�?@�,B"U
9<=Y?@B
¡1?�9�\�_aL�P@;<B<b
H"T,_ ?@> ��A7L�P@>aL7?@B:FXE5FG?@BIHJFI� � �,BI=,BIA<BIPM�^B]9<N5?QL�> =DP@BI_ >aL�N,_ B]> =5�
\`9<P@HJL7?@> 9<=�Ë`B<� ;V� b1\`P@9<H��,>aFG?@9<P@>aUIL�_O9<Pd> =VFG?@> ?@T5?@> 9<=VL�_fÃ1=,97��_ �
Be�5;<B¯Í½?@�VL7?3L�=�L�N,P@T,R5?�_ 95UIL�_"UQ�VL�=,;<B��VL<F ?QL�Ã<BI=hR,_aL<U
B
> =�L�FXROBeU
> úOUJHSBeUQ�VL�=,>aFXH¹?@�VL7?"U
9<=VFG?@PQL�> =VFDL�;<> A<BI=�\(L�H��
> _ E�9�\�A7L�P@>aL�N,_ BeFIb:�^B UIL�=ÌTVFXB½?@�,B 9<NVFXBIP@A<Be�
UQ�VL�=,;<BeF�> =
?@�,B�HJL�P@;<> =VL�_^L�=V�ÌU
9<=V�5> ?@> 9<=VL�_^R,P@9<NVL�N,> _ > ?@> BeFSFXT,P@P@9<T,=V�1�
> =,;�?@�,9YFXB^A7L�P@>aL�N,_ BeFM?@9D�5B
?@BIP@HS> =,B^?@�,B��5> P@BeUo?@> 9<="9�\fUIL�TVF@L�_
> =5öVT,BI=VU
BeF^> =[?@�,BD�59<HJL�> =&� Å �,B�FG?QL7?@>aFG?@>aUIL�_V\`BeL7?@T,P@BeF:?@�VL7?
P@BIHJL�> =Ì> =1A7L�P@>aL�=Y?JT,=V�5BIP[FXTVUQ�*UQ�VL�=,;<BeFIb^L<FS�^BI_ _�L<F�?@�,B
UIL�TVF@L�_fL<F@FXT,HSR5?@> 9<=VF:T,=V�5BIP@_ E1> =,;�?@�,>aF^> =1A7L�P@>aL�=VU
B<b1L�P@B�BI=5�
U
95�5Be��> =�?@�,B.UIL�TVF@L�_S�5>aL�;<PQL�H L7?��VL�=V�»bJL�=V��UIL�=�NOB
TVFXBe�J?@�,BIP@B
\`9<P@B�\`9<P^?@BeFG?@> =,;�?@�,B�A7L�_ >a�5> ?GEJ9�\�L�;<> A<BI=¢FG?@P@TVUo�
?@T,P@B<�hK&> Ã<BI��>aFXB<b�U
9<=5öV>aUo?QF[NOB
?G�^BIBI=*9<NVFXBIP@A<Be�.L�=V�.R,P@B
�
�5>aUo?@Be�"UQ�VL�=,;<BeF&UIL�=�NOB^TVFXBe��\`9<P�L�T5?@9<HJL7?@>aU�P@BeFG?@P@TVUo?@T,P@> =,;
9�\�?@�,B�?@9<RO9<_ 9<;<EJ9�\M?@�,B�FG?@P@TVUo?@T,P@BDL7?��VL�=V�»�

� ��¨��Y�����¬¦�§����X��� ¥ §	�
�M����� ¥ ©X��

� ��� ¥�� �

K&B
?�9<T,P�R,P@9<N,_ BIH��59<HJL�> =ÇNOB�L�FXB
?�9�\ �5>aF@U
P@B
?@BÌPQL�=5�
�59<H A7L�P@>aL�N,_ BeF���� l ����������������� x � � B�L<F@FXT,HSB3?@�VL7?
L zQr7u1{Ir7}����ev<w
} 97A<BIP�� >aF
L�RVL�> P� !�#"%$&�('*)�+Db
���,BIP@B,$¹>aFSL3W�c�-�97A<BIP&�Jb^UIL�_ _ Be�
L zQr7u1{Ir7}�v7p(r�.�ø@r/� b
L�=V�0'*)�>aF¢L�FXB
?½9�\DR,P@9<NVL�N,> _ > ?GEÌRVL�PQL�HSB
?@BIPQFI� � B3L<FG�
FXT,HSB�?@�VL7?�BeL<UQ��A7L�P@>aL�N,_ B1��2[UIL�=�?QL�Ã<B�A7L�_ T,BeF�\`P@9<H L
úV=,> ?@B��59<HJL�> =&b43�5�Ë6��2�Í,� l87 29�/��������� 7 2 :<; x bd���,BIP@B,=82D>aF
?@�,B�=1T,H"NOBIP 9�\JFG?QL7?@BeF�9�\���2X� � B�TVFXB?>A@�2�?@9.P@BIR,P@B
�
FXBI=Y?J?@�,B�FXB
?[9�\�RVL�P@BI=Y?QFS9�\B��2D> =*L�UIL�TVF@L�_��5>aL�;<PQL�HC$
L�=V�D3�5�ËE>A@�2�Í�?@9�P@BIR,P@BeFXBI=Y?J?@�,B�FXB
?[9�\�FG?QL7?@BeFJ9�\B>A@�2G�
K&B
?�F/GH;6I J8K(;(� 7 2&LM3�5�Ë6��2ÙÍ(�ENO@�2&LM3�5�ËE>A@�2�Í"�5BI=,9�?@B½?@�,B
H"T,_ ?@> =,9<HS>aL�_SRVL�PQL�HSB
?@BIP3U
9<P@P@BeFXRO9<=V�5> =,;.?@9�?@�,B.U
9<=V�5> �
?@> 9<=VL�_^R,P@9<NVL�N,> _ > ?GEP>JË 7 2�Q NO@�2�Ío� � B¢��> _ _dTVFXB[?@�,B¢\`9<_ _ 97�d�
> =,;3=,9�?QL7?@> 9<=VF�RTSF�J8K(;�� l F/GH;6I J8K(;�Q 7 2&LU3�5�Ë6��2ÙÍ x �CV*2B�
W J8K(;YX[Z%\^] _�K(;a` SF�J8K(;(� '*)b� W �2 cd� V*2G� c�F@FXT,HS> =,;
?@�,B38^L�TVF@L�_�û�L�P@Ã<97A�U
9<=V�5> ?@> 9<=�¸ C1R,> PX?@BeF w
n�r7} | bM¾eg<g<¿eÀ�b^L
UIL�TVF@L�_]HS95�5BI_4 #�	"%$&�('*)�+Ç;<BI=,BIPQL7?@BeF�L�R,P@9<NVL�N,> _ > ?GE
�5>aFG?@P@> N,T5?@> 9<=

>JË 7 Íe�0f 2 F/GH;gI J8K(;�� ËG¾¯Í

c�R,P@9<NVL�N,> _ > ?GES�5>aFG?@P@> N,T5?@> 9<=h>JË6�"Í�>aF^F@L�>a�S?@9�NOB z��/��iVr7nqp~÷
j } w ��> ?@�½L�UIL�TVF@L�_f�5>aL�;<PQL�Hk$h> \l>JË6�"Í:UIL�=¢NOB�;<BI=,BIPQL7?@Be�
N1E¢FX9<HSBDUIL�TVF@L�_»HS95�5BI_d m�n"%$&�('*)�+��
Å �,BS\(L<Uo?@9<P@> �eL7?@> 9<=3> =1o:�O�:ËG¾¯Í�9<N5?QL�> =VF�UIL�TVF@L�_]UQ�VL�PQL<Uo?@BIP
?@�,P@9<T,;<��?@�,B�L<F@FXT,HSR5?@> 9<= 9�\ ���ev7u5} r7øop~n6p ü»BeL<UQ�½\(L�HS> _ E�> =
?@�,B�UIL�TVF@L�_,�5>aL�;<PQL�HhP@BIR,P@BeFXBI=Y?QF�L�=JL�T5?@9<=,9<HS9<TVF�R,�1E5FX>aUIL�_
HSBeUQ�VL�=,>aFXH·L�=V��>aFDFXT,N Ê BeUo?@Be��?@9 UQ�VL�=,;<B���> ?@�,9<T5?�> =5öVT5�
BI=VU
> =,;[9�?@�,BIP�HSBeUQ�VL�=,>aFXHJFI� � B�\`9<P@HJL�_ _ E��5B
úV=,B"HSBeUQ�VL7�

=,>aFXH�UQ�VL�=,;<B�L<F^\`9<_ _ 97��FI�
q½0sr�'�%ate%EuO'Uv1w<x�0�y�z�+,'�%E{8|~}�z�+,'d�O0���� HSBeUQ�VL�=,>aFXH
UQ�VL�=,;<B nY�[r[zQr7u1{Ir7}����ev<w
}  ~�M"%$&�('*)�+ r7ndr&�7r7øop(r j } w
��2 pa{dr�nqø@r7s,{a���7ø(�Jr7nqpE�7s��<�  na�,r7n[iføH�ev7uVzQwo{�r�sfw������ev<w
} t
 ���;%�n"%$&�('*�) + t%�d�,w
ø@w '*�) �UV*�2�W Ëg'*)���V*2qÍ r7sfv V*�2
pa{�rJ{Iw
n��<�4iVr7ø@r/�Jw
nÙw
øQ{��,r/�ep~s�. v7p ��w
ø@w
sVn4�7r7} uVwo{B��p~na� na�,w
iVr7ø@r/�Jw
nÙw
øQ{Dp~s V*2 |
� BDL<F@FXT,HSB�> =¢?@�,>aFdRVL�ROBIP^?@�VL7?d?@�,BDRVL�P@BI=Y?�FXB
?�>A@�2��591BeF
=,9�?�UQ�VL�=,;<BJ> =�L HSBeUQ�VL�=,>aFXH�UQ�VL�=,;<B<��c�=�> =Y?@BIP@A<BI=Y?@> 9<=
?@�VL7?�ú,¡5BeFA��2^?@9 L¢RVL�PX?@>aU
T,_aL�P�A7L�_ T,BS>aFDL½FXROBeU
>aL�_�UIL<FXB�9�\
L�HSBeUQ�VL�=,>aFXHÈUQ�VL�=,;<B<��K&B
?�>JË6�"Í�NOB ?@�,B��5>aFG?@P@> N,T5?@> 9<=
;<BI=,BIPQL7?@Be�½N1E, ÇbOL<F�> =�o:�O�MËG¾¯Ío� Å �,BI=�?@�,B"�5>aFG?@P@> N,T5?@> 9<=
;<BI=,BIPQL7?@Be�[N1E, ���;:>aFd;<> A<BI=½N1E

>���;
Ë 7 Íe�TF �GH;6I J8K(; f
�/�c�2
F/G��(I J8K��/� Ëqj<Í

� B���> _ _»UIL�_ _�ËE>4�H>���;@Í:L nqø@r7s,{op~nqpE�7s�iVr7p~ø&������� L�=V����2M?@�,B���ezQr7}��7r7øop(r j } w 9�\O?@�,B^?@PQL�=VFX> ?@> 9<=&��c�F@FXT,HSBd?@�VL7?]L�FXBIP@> BeF�9�\
HSBeUQ�VL�=,>aFXH­UQ�VL�=,;<BeF�95UIU
T,P@P@Be�3FXTVUIU
BeF@FX> A<BI_ E ?@9�L�UIL�TVF@L�_
HS95�5BI_% ���"%$&�('^�) +Db&L�=V��_ B
?B���´Ë6��29 /������������2¢¡<Í��5B
�
=,9�?@B:?@�,B�U
9<P@P@BeFXRO9<=V�5> =,;�FXBe�YT,BI=VU
B^9�\,\`95UIL�_1A7L�P@>aL�N,_ BeFI� � B
TVFXBA>d£�¤h��ËE>��[�H> � ���������H>B¥7Í:?@9[�5BI=,9�?@B�?@�,B�FXBe�YT,BI=VU
B�9�\
�5>aFG?@P@> N,T5?@> 9<=VF�;<BI=,BIPQL7?@Be��N1E�FXTVUQ��L�FXBIP@> BeFIb&L�=V��UIL�_ _�?@�,B
RVL�> P�ËE>d£�¤��H��Í^L nqø@r7s,{op~nqpE�7s {Iw�¦
uVw
sfzQw�����§[� �
c�F�9<PQL<U
_ BeF�\`9<PDUIL�TVFXB
�ÙL�=V�1��B
ùfBeUo?�P@BI_aL7?@> 9<=VFIb&UIL�TVF@L�_�HS95�1�
BI_aF:UIL�=[R,P@Be�5>aUo?]?@�,B�B
ùfBeUo?QF�?@�VL7?dL�=1E�B
¡1?@BIP@=VL�_V9<P^FXRO9<=Y?QL7�
=,BI9<TVFDUQ�VL�=,;<BeF��VL¯A<B�9<=�?@�,BJ�5>aFG?@P@> N,T5?@> 9<=VFI�[8:9<=1A<BIPQFXBI_ E<b
N1E¢�5B
?@BeUo?@> =,;S�,97��R,P@9<NVL�N,> _ > ?GE[�5>aFG?@P@> N,T5?@> 9<=VF�UQ�VL�=,;<B�T,=5�
�5BIP�A7L�P@> 9<TVFMHSBeUQ�VL�=,>aFXHhUQ�VL�=,;<BeFIb¯�^B^9<N5?QL�> ="> =5\`9<P@HJL7?@> 9<=
9<=�?@�,B"FG?@P@TVUo?@T,P@BD9�\�?@�,B�HS95�5BI_�;<BI=,BIPQL7?@> =,;�?@�,9YFXB"�5>aFG?@P@> �
N,T5?@> 9<=VFI� ª =¢?@�,>aFdRVL�ROBIPeb1�^B�L<F@FXT,HSB�?@�VL7?��^BDL�P@B�;<> A<BI=¢L
Å C½ËE>d£�¤��H��Í�U
9<P@P@BeFXRO9<=V�5> =,;�?@9�FX9<HSB�UIL�TVF@L�_,�5>aL�;<PQL�H¨$Sb
L�=V�"9<T,P�?QL<FXÃD>aF�?@9�P@BeU
97A<BIPl$S� � Bd��> _ _1?@�,BI=JL<F@FXT,HSB:?@�VL7?
�^B"�VL¯A<B"L½FXBe�YT,BI=VU
B"9�\:�,L7?QL<FXB
?QF^©�£�¤ª� l 3��[���������H3�¥ x b
���,BIP@BDBeL<UQ�«3 2 >aF�L[FXB
?�9�\�PQL�=V�59<H´F@L�HSR,_ BeFd\`P@9<H�LJ�5>aFG�
?@P@> N,T5?@> 9<=?> 2 b�FXTVUQ��?@�VL7?�BeL<UQ�3RVL�> P[ËE> ��¬ � �H> � Í�>aF�L Å º
��> ?@�[\`95UIL�_OA7L�P@>aL�N,_ B*��2 ��b5L�=V�[9<T,P]?QL<FXÃS��> _ _fNOB�?@9�P@BeU
97A<BIP
LJUIL�TVF@L�_&�5>aL�;<PQL�H·Ë`9<P�LJFXB
?�9�\��5>aL�;<PQL�HJFQÍ]?@�VL7?�UIL�=�;<BI=5�
BIPQL7?@BA©�£�¤:��õ�> PQFG?ebO�^B�FG?@TV�5E����VL7?�UIL�= NOB�_ BeL�P@=,Be�¢\`P@9<H
L Å Cf�

­ ¤Y¥ §�©X�<�,© ¥�� ¨�©X��������©��X©Ù�¯®�¦%° � ��¨��Y���
± ©G� � �,��
��

Å �,B�FG?QL7?@>aFG?@>aUIL�_�> =5\`9<P@HJL7?@> 9<=Ì9�\DL�=1E�UIL�TVF@L�_��5>aL�;<PQL�H¬>aF
U
9<HSR,_ B
?@BI_ E[BI=VU
95�5Be�½> =½?@�,BD> =V�5BIROBI=V�5BI=VU
BDP@BI_aL7?@> 9<=VFX�,> RVF
L�HS9<=,;.?@�,B�A7L�P@>aL�N,_ BeFI� Å �,BIP@B
\`9<P@B<bDBIA<BIP@E��5>aFG?@P@> N,T5?@> 9<=
U
9<HSRVL7?@> N,_ B���> ?@� L�UIL�TVF@L�_»�5>aL�;<PQL�H�$���>aF�L�_aFX9SU
9<HSRVL7?@> �
N,_ B���> ?@�½L�=,9�?@�,BIPd�5>aL�;<PQL�H²$A³�> \�L�=V�J9<=,_ ES> \l$���L�=V��$A³
L�P@B p~sfv<wgiVw
sfv<w
sfzQw�w�¦
u5p9�7r7} w
sVn b�>q� B<� b7?@�,BIEDBI=VU
95�5B:?@�,B�F@L�HSB
�5BIROBI=V�5BI=VU
E�´¯> =V�5BIROBI=V�5BI=VU
E�> =5\`9<P@HJL7?@> 9<=&� Å �^9.UIL�TVF@L�_
�5>aL�;<PQL�HJFDL�P@B[FG?QL7?@>aFG?@>aUIL�_ _ E�> =V�5>aFG?@> =,;<T,>aFX�VL�N,_ B[;<> A<BI=39<=,B
FG?QL7?@>aU��5>aFG?@P@> N,T5?@> 9<=S> \»L�=V��9<=,_ E"> \O?@�,BIE�L�P@Bd> =V�5BIROBI=V�5BI=VU
B
Be�YT,> A7L�_ BI=Y?e� Å �,B�;<PQL�R,�,>aUIL�_,U
9<=V�5> ?@> 9<=VF�\`9<P�> =V�5BIROBI=V�5BI=VU
B
Be�YT,> A7L�_ BI=VU
BDL�P@B�;<> A<BI=½N1EJ?@�,B�\`9<_ _ 97��> =,;"?@�,BI9<P@BIH��



)Bz�0�uV470�| v�w��
'�-�0��:01'�-�01'dy<0����»/�%	�,+,6(01'dy<0�� ���e�
zQr7u1{Ir7}[v7p(r�.�ø@r/�"{*r7ø@w.p~sfv<wgiVw
sfv<w
sfzQw�w�¦
u5p9�7r7} w
sVn p �.r7sfv
�7sV} p�p ��na�,w�pB�,r/�7w�na�,w�{Ir/�Jw�{�
<w
} w
nY�7s,{Dr7sfv"na�,w�{Ir/�Jw�{Iw
n({
�<�A7O÷�{onqøouVz
nqu5ø@wo{Qt�na�,r7n�pa{Qt�n6�e��z��7s��7w
ø6.�p~s�.�r7øoøH�/��{��d���¯{Iw
nÙr7p~} {"r7ø@w�s��7n�z��7sVsfwQz
nÙwQv j p¢r7s�r7øoøH�/� Ë`¼�BIP@HJLSL�=V��º�BeL�P@_
¾eg<g<iYÍ |

� 97�ÌL<F@FXT,HSB:?@�VL7?��^Bd�VL¯A<BdL Å º���c.UIL�TVF@L�_5�5>aL�;<PQL�H $�>aF
F@L�>a�[?@9JNOB z��/��iVr7nqp j } w���p~na��rJnqø@r7s,{op~nqpE�7s�iVr7p~ø ËE>4�H>���;XÍd> \
>�UIL�=¢NOB�;<BI=,BIPQL7?@Be�JN1E[L�UIL�TVF@L�_fHS95�5BI_� ~�M"%$&�('*)�+
L�=V�1>���;DUIL�=�NOB¢;<BI=,BIPQL7?@Be�3N1E�L�UIL�TVF@L�_]HS95�5BI_� ���;��
"%$&�('*�) +�P@BeFXT,_ ?@Be�¢\`P@9<H�LSHSBeUQ�VL�=,>aFXH�UQ�VL�=,;<B�?@9� ®L7?
��2X� � 9�?@BJ?@�VL7?�L UIL�TVF@L�_:�5>aL�;<PQL�H·U
9<T,_a�3NOB¢U
9<HSRVL7?@> N,_ B
��> ?@�½NO9�?@�,>�L�=V��>���;:N,T5? s��7n U
9<HSRVL7?@> N,_ B���> ?@�¢?@�,B Å º
ËE>4�H>���;@Ío�*c�HS9<=,;3?@�,9YFXB½> =V�5BIROBI=V�5BI=VU
B
��Be�YT,> A7L�_ BI=Y?¢�5>aL7�
;<PQL�HJF]U
9<HSRVL7?@> N,_ B���> ?@�[NO9�?@��>hL�=V��>���;ob1L Å º�ËE>4�H>���;@Í
UIL�=*�5>aFG?@> =,;<T,>aFX�Ì?@�,9YFXB�?@�VL7?¢UIL�=.;<BI=,BIPQL7?@B,>���;"\`P@9<H >
��> ?@��L {op~s�.�} w HSBeUQ�VL�=,>aFXH·UQ�VL�=,;<B�\`P@9<H�?@�,9YFXB�?@�VL7?"UIL�=
=,9�?e� Å �^9[UIL�TVF@L�_&�5>aL�;<PQL�HJF4$���L�=V�h$A³�L�P@BDUIL�_ _ Be� nqø@r7sV÷
{op~nqpE�7s?iVr7p~ø�w�¦
u5p9�7r7} w
sVn ��> ?@�.P@BeFXROBeUo?J?@9�L Å º���> ?@�Ì\`9��
UIL�_VA7L�P@>aL�N,_ B*��2XbY9<P4��2 ÷Ùnqø@r7s,{op~nqpE�7s w�¦
u5p9�7r7} w
sVn b1> \&BIA<BIP@E Å º
ËE>4�H>���;@Í�U
9<HSRVL7?@> N,_ B½��> ?@�D$��[>aFJL�_aFX93U
9<HSRVL7?@> N,_ B���> ?@�
$A³<� Å �^9.UIL�TVF@L�_��5>aL�;<PQL�HJF½L�P@B3FG?QL7?@>aFG?@>aUIL�_ _ E*> =V�5>aFG?@> =5�
;<T,>aFX�VL�N,_ BS;<> A<BI=�L Å º�ËE>4�H>���;@Í�> \�L�=V�39<=,_ E�> \d?@�,BIE3L�P@B
��2`�q?@PQL�=VFX> ?@> 9<=½Be�YT,> A7L�_ BI=Y?e�
)Bz�0�uV470�|�
DwG):47+,'d{e%ate%EuO'*2�+,%`4����»/�%	�,+,6(01'dy<0�� ���e�
zQr7u1{Ir7}�v7p(r�.�ø@r/�"{ $�� r7sfv $A³ r7ø@w ��2 ÷Ùnqø@r7s,{op~nqpE�7s*w�¦
u5p9�7r7÷
} w
sVnDp � r7sfv?�7sV} p3p �½na�,w�p��,r/�7w na�,w¢{Ir/�Jw½{�
<w
} w
nY�7s,{Qt"na�,w
{Ir/�Jw�{Iw
n({*�<���e÷�{onqøouVz
nqu5ø@wo{Qt�r7sfv"na�,w�{Ir/�Jw�{Iw
n({*�<�liVr7ø@w
sVn({
���7ø ��2 |
�^øH�8�<��� K&B
?�$���NOBSU
9<HSRVL7?@> N,_ B���> ?@�3L Å º�ËE>4�H>���;XÍo�*$A³
H"TVFG?��VL¯A<B�?@�,B"F@L�HSB�FXÃ<BI_ B
?@9<=VF�L�=V�½?@�,B"F@L�HSB�FXB
?QF�9�\�AY�
FG?@P@TVUo?@T,P@BeF�L<F�$���?@9�NOB½U
9<HSRVL7?@> N,_ B[��> ?@�1>�Ë(L�=V�1>���;XÍ
N1E Å �,BI9<P@BIH¹¾<� � BD�VL¯A<B�?@�,B�\`9<_ _ 97��> =,;S�5BeU
9<HSRO9YFX> ?@> 9<=�R
������������������� �! #"� ��$

%�&' �
����� % � �! #"% �����������(� �! �)� ��$%�&' �

����� % � �! �)% �(*
�	+,�

���,BIP@B&>A@ �2 L�=V��>A@ ³2 L�P@B�RVL�P@BI=Y?QF�9�\���2d> =P$���L�=V��$A³
P@BeFXROBeUo?@> A<BI_ E<�h$��S>aF�U
9<HSRVL7?@> N,_ BJ��> ?@��?@�,B Å º�ËE>4�H>���;@Íob
�,BI=VU
BdUIL�=�;<BI=,BIPQL7?@Be>���;»\`P@9<Hn>*N1EDL�HSBeUQ�VL�=,>aFXHhUQ�VL�=,;<B
L7?^��2HR

>���;
Ë 7 Íe�T>���;
Ë 7 2�Q NO@ �2 Í�f
�/�c�2
>JË 7 � Q NO@ �� Í(� Ë`k1Í

º]_ T,;<;<> =,;�?@�,B·B
¡5R,P@BeF@FX> 9<=°\`9<P.- �/�c�2 >JË 7 � Q NO@ �� ÍÇ\`P@9<Ho:�O�&Ë(¿YÍ^> =Y?@9�o:�O�&Ë`k1Íob,�^B��VL¯A<B

>���;
Ë 7 Íe� >���;
Ë 7 2�Q NO@ �2 Í >JË 7 2�Q NO@
³2 Í

>JË 7 2�Q NO@ �2 Í f�/�c�2
>JË 7 � Q NO@ ³� Í(� Ë0/<Í

$A³�>aFdL�_aFX9"U
9<HSRVL7?@> N,_ B���> ?@�[?@�,B�?@PQL�=VFX> ?@> 9<=[RVL�> P�ËE>4�H>���;@Í
> \�L�=V�½9<=,_ E[> \

>���;
Ë 7 Íe�T>���;
Ë 7 2�Q NO@ ³2 Í�f
�/�c�2
>JË 7 � Q NO@ ³� Í(� Ë21YÍ

B C

A

D E

(a)

B C

A

D E

(b)

B C

A

D E

(c)

B C

A

D E

(d)

B C

A

D E

(e)

B C

A

D E

(f)

B C

A

D E

(g)

B C

A

D E

(h)

õ�> ;<T,P@B�¾[R Å C.Be�YT,> A7L�_ BI=VU
B<��c�F@FXT,HS> =,;�Ë(LYÍJ>aF[?@�,B3L<Uo�
?@TVL�_»UIL�TVF@L�_f�5>aL�;<PQL�H��dË(LYÍ��oË(�VÍ:L�P@B�> =V�5BIROBI=V�5BI=VU
B�Be�YT,> A7L7�
_ BI=Y?e�^Ë`B¯Í��oË`;1Í&L�P@B43D�q?@PQL�=VFX> ?@> 9<=DBe�YT,> A7L�_ BI=Y?e��c�HSBeUQ�VL�=,>aFXH
UQ�VL�=,;<B�9<=65h�5B
?@BIP@HS> =,BeF�L�T,=,>a�YT,B�UIL�TVF@L�_&�5>aL�;<PQL�H¹Ë`�OÍo�

o:�1FI�&Ë0/<ÍdL�=V�3Ë21YÍ^_ BeL<�[?@9

>���;
Ë 7 2�Q NO@ �2 Í >JË 7 2(Q NO@
³2 Í

>JË 7 2(Q NO@ �2 Í �T>���;
Ë 7 2(Q NO@
³2 Í(� Ë�Ä�Í

���,>aUQ�h�,9<_a�,F�\`9<P�L�=1E��5>aFG?@P@> N,T5?@> 9<=n>³L�=V�M>���;�> \[L�=V�
9<=,_ EÇ> \�$��.�VL<F�?@�,B�F@L�HSB�RVL�P@BI=Y?
FXB
?�\`9<PD��2�L<F1$A³
ËE>A@ �2 � >A@ ³2 Íoü]> \^$��S�VL<F"L��5> ùfBIP@BI=Y?"RVL�P@BI=Y?�FXB
?�\`9<P&��2
��> ?@��$A³<bso:�O�,Ë�Ä�Í���> _ _,> HSRO9YFXB�FX9<HSB�U
9<=VFG?@PQL�> =Y?QF�NOB
?G�^BIBI=
>�L�=V�T>���;ob�L�=V�.��> _ _�=,9�?¢�,9<_a�Ì\`9<P¢L�P@N,> ?@PQL�P@E�RO9YF@FX> N,_ B
?@PQL�=VFX> ?@> 9<=½RVL�> P�ËE>4�H>���;@Ío� 7

c Å C�>aF�FX> HSR,_ E�L½FXBIP@> BeF�9�\ Å º98 FI�Dc�UIU
9<PQ�5> =,;<_ E<bf�^BSF@L¯E
?@�VL7?"L�UIL�TVF@L�_��5>aL�;<PQL�H�>aF z��/��iVr7nqp j } w���p~na��r nqø@r7s,{op~nqpE�7s
{Iw�¦
uVw
sfzQw >d£�¤���ËE>��[�H> � ���������H>B¥7Í(��� ��Ë6��29 /������������2¢¡<Í
> \�> ?�>aF�U
9<HSRVL7?@> N,_ B���> ?@� BeL<UQ� Å ºhËE> ��¬ � �H> � Íd> =�?@�,B�FXB
�
�YT,BI=VU
B<��K&> Ã<BI��>aFXB<bY?G�^9SUIL�TVF@L�_f�5>aL�;<PQL�HJF $���L�=V��$A³�L�P@B
UIL�_ _ Be� nqø@r7s,{op~nqpE�7s {Iw�¦
uVw
sfzQw�w�¦
u5p9�7r7} w
sVn ��> ?@��P@BeFXROBeUo?d?@9JL
Å C�ËE>d£�¤��H��Íob:9<P�� ÷Ùnqø@r7s,{op~nqpE�7s�w�¦
u5p9�7r7} w
sVn b^> \�BIA<BIP@E Å C
ËE>d£�¤��H��Í�U
9<HSRVL7?@> N,_ BS��> ?@�P$���>aF�L�_aFX9½U
9<HSRVL7?@> N,_ BS��> ?@�
$A³<� Å �^9.UIL�TVF@L�_��5>aL�;<PQL�HJF½L�P@B3FG?QL7?@>aFG?@>aUIL�_ _ E*> =V�5>aFG?@> =5�
;<T,>aFX�VL�N,_ B";<> A<BI=�L Å C�ËE>d£�¤��H��Í�> \^L�=V� 9<=,_ E > \�?@�,BIE�L�P@B
���q?@PQL�=VFX> ?@> 9<=¢Be�YT,> A7L�_ BI=Y?e�
)Bz�0�uV470�|;:TwG):47+,'d{e%ate%EuO'=<&0!�»/�01'dy<0����»/�%	�,+,6(01'dy<0�����e��zQr7u1{Ir7}¢v7p(r�.�ø@r/�"{�r7ø@w � ÷Ùnqø@r7s,{op~nqpE�7s´w�¦
u5p9�7r7} w
sVn�p �
r7sfvD�7sV} pÌp ��na�,w�p?�,r/�7w�na�,w�{Ir/�Jw3{�
<w
} w
nY�7s,{Qt[na�,w3{Ir/�Jw
{Iw
n({��<���e÷�{onqøouVz
nqu5ø@wo{Qt�r7sfv na�,wJ{Ir/�Jw[{Iw
n({��<�*iVr7ø@w
sVn({����7ø
�7r7øop(r j } wo{"p~s � |
Å �,BI9<P@BIHÇ¿�F@L¯E5F�?@�VL7?^L Å CS�5B
?@BIP@HS> =,BeF�?@�,B��5> P@BeUo?@> 9<=VF�9�\
?@�,BDBe�5;<BeF^NOB
?G�^BIBI=¢?@�,B�\`95UIL�_»A7L�P@>aL�N,_ BeFdL�=V�[?@�,BI> P�=,BI> ;<�5�
NO9<PQF�Ë(L�HS9<=,;�?@�,B FXB
?J9�\�> =V�5BIROBI=V�5BI=VU
B
��Be�YT,> A7L�_ BI=Y?[�5>aL7�
;<PQL�HJFQÍo��õ�> ;<T,P@BD¾�FX�,97��F�L�=SB
¡,L�HSR,_ B�9�\ Å C"Be�YT,> A7L�_ BI=VU
B<�



Î�T,P�L�N,> _ > ?GE�?@9�P@BeU
97A<BIPMUIL�TVF@L�_Y�5>aL�;<PQL�HJF»>aF�_ > HS> ?@Be��N1E�?@�,B
FG?QL7?@>aFG?@>aUIL�_�> =V�5>aFG?@> =,;<T,>aFX�VL�N,> _ > ?GE*9�\"UIL�TVF@L�_�HS95�5BI_aF½��> ?@�
;<> A<BI=��,L7?QL,� -�> A<BI=�L Å Cfb�?@�,B
HS9YFG?3�^B
UIL�=�B
¡5ROBeUo?
?@9
P@BeU
97A<BIP¢>aF½L
FXB
?�9�\"UIL�TVF@L�_��5>aL�;<PQL�HJFJ?@�VL7? L�P@B Å CY�
Be�YT,> A7L�_ BI=Y?eb<L<F��5B
úV=,Be�"N1E Å �,BI9<P@BIH�¿,� � BdHJL¯E�úV=V�"?@�,>aF
Be�YT,> A7L�_ BI=VU
BSU
_aL<F@F�N1E��5B
?@BeUo?@> =,;½> =V�5BIROBI=V�5BI=VU
BSP@BI_aL7?@> 9<=VF
L�=V�½�5>aFG?@P@> N,T5?@> 9<= UQ�VL�=,;<BeFI�

� � �&��� ¥ © ¥�� � ��¨��Y���,©G¦ ¥ � ® ± �»� �M�O�,© ¥��
� ��� ¥�� �M�

ª =�?@�,>aF:FXBeUo?@> 9<=&b��^B�>a�5BI=Y?@> \`E"?@�,B�UIL�TVF@L�_5> =5\`9<P@HJL7?@> 9<=�?@�VL7?
UIL�=�NOB�_ BeL�P@=,Be��N1E��5B
?@BeUo?@> =,;.A7L�P@> 9<TVF�UQ�VL�=,;<BeF¢> =�?@�,B
R,P@9<NVL�N,> _ > ?GE[�5>aFG?@P@> N,T5?@> 9<=VFIb1> =½RVL�PX?@>aU
T,_aL�Peb5UQ�VL�=,;<BeF:> =¢?@�,B
HJL�P@;<> =VL�_:R,P@9<NVL�N,> _ > ?GE39�\�BeL<UQ��A7L�P@>aL�N,_ B<� Å �,B[\`9<_ _ 97��> =,;
?@�,BI9<P@BIHÉ>aF�9<N1A1> 9<TVFI�

)Bz�0�uV470�|��¨� �JwQz��,r7sVpa{(�¹z��,r7s�.YwSr7n�r��7r7øop(r j } w���nY�
r[zQr7u1{Ir7}����ev<w
}  m�n"%$&�('*)�+ �Jr/p[r7} nÙw
ø�na�,wA�Jr7ø6.�p~sfr7}
iføH� j r j p~} p~nqp(wo{B�<��na�,wDv<wo{IzQw
sfv<r7sVn({��<���Èp~s $ r7sfvSzQr7s�s��7n
r7} nÙw
øDna�,wB�Jr7ø6.�p~sfr7} { �<��s��7sfv<wo{IzQw
sfv<r7sVn({��<���Ì|
ª ?:>aF]RO9YF@FX> N,_ B�9�\&U
9<T,PQFXB^?@�VL7?eb<\`9<P:FX9<HSB�ROBeU
T,_ >aL�P:RVL�PQL�HSB
�
?@BIP�UQ�VL�=,;<BeFIb¯?@�,BdHJL�P@;<> =VL�_YR,P@9<NVL�N,> _ > ?@> BeF�9�\fFX9<HSBd�5BeF@U
BI=5�
�,L�=Y?QF�9�\ � �^9<T,_a��=,9�?^UQ�VL�=,;<B<� � �,BI=JP@BeU
97A<BIP@> =,;�UIL�TVF@L�_
> =5\`9<P@HJL7?@> 9<=�\`P@9<HÆ�5>aFG?@P@> N,T5?@> 9<=VL�_�UQ�VL�=,;<BeFIbV�^B�> HSRO9YFXB"L
P@BeFG?@P@>aUo?@> 9<=½9<=�L Å C½UIL�_ _ Be� p~s	�^uVw
sVnqp(r7} p~n6p �
q½0sr�'�%ate%EuO' 
ªwG%('�
�/�01'�te%(+,6(%at
�d�P� ��� ËE>4�H>��DÍ .Yw
sfw
øo÷
r7nÙwQv j p¢r¢zQr7u1{Ir7}����ev<w
} "%$&�('*)�+ pa{�{Ir7p(v[nY� j w > =5öVT,BI=5�
?@>aL�_ p �d���7øDw��7w
ø(pJv<wo{IzQw
sfv<r7sVn��	�<���Èp~s $ t�na�,w*�Jr7ø6.�p~sfr7}
v7pa{onqøop j u5nqpE�7s >��SË � Í pa{�v7p ��w
ø@w
sVn��QøH�/� >JË � Í | � ��§*pa{
> =5öVT,BI=Y?@>aL�_ p ��w��7w
ø(pP����p~s�na�,wD{Iw�¦
uVw
sfzQw�pa{Dp~s	�^uVw
sVnqp(r7} |
c�F@FXT,HS> =,;D> =5öVT,BI=Y?@>aL�_ > ?GE<bY�^B�UIL�=S9<N5?QL�> =[UIL�TVF@L�_5> =5\`9<P@HJL7�
?@> 9<=�N1E¢�5B
?@BeUo?@> =,;[UQ�VL�=,;<BeF^9�\�HJL�P@;<> =VL�_»R,P@9<NVL�N,> _ > ?@> BeFI�
-�> A<BI=�L Å ºÉËE>4�H>��DÍob�L�=V��L<F@FXT,HS> =,; ?@�VL7?"�^B¢UIL�=�?@BeFG?
BeL<UQ�JA7L�P@>aL�N,_ B�\`9<P:HJL�P@;<> =VL�_O�5>aFG?@P@> N,T5?@> 9<=¢UQ�VL�=,;<B<b<�^B�UIL�=
�5PQL¯��?@�,B�\`9<_ _ 97��> =,;
> =5\`BIP@BI=VU
BeFI� ª \�?@�,B3HJL�P@;<> =VL�_�9�\"L
A7L�P@>aL�N,_ B � �VL<FDUQ�VL�=,;<Be�»b&�^BJU
9<=VU
_ TV�5B�?@�VL7? � >aFDL��5B
�
F@U
BI=V�,L�=Y?J9�\ � � ª \�?@�,B HJL�P@;<> =VL�_d9�\�L3A7L�P@>aL�N,_ B��´�VL<F
=,9�?�UQ�VL�=,;<Be�»b&�^BJU
9<=VU
_ TV�5B�?@�VL7?���>aFDL½=,9<=V�5BeF@U
BI=V�,L�=Y?
9�\ � � � B�?@�1TVF�U
9<=VU
_ TV�5B�?@�VL7?��U" � " � FX�,9<T,_a�¢NOB�L
UIL�TVF@L�_V9<PQ�5BIP^U
9<=VFX>aFG?@BI=Y?^��> ?@�J?@�,B�UIL�TVF@L�_O�5>aL�;<PQL�H�� � B
¡1?
�^B��5>aF@U
TVF@F:�,97�*?@9�R,> BeU
B�?@9<;<B
?@�,BIP^9<PQ�5BIP@> =,;"> =5\`9<P@HJL7?@> 9<=
9�\�?@�,>aFdÃ1> =V�»bVL<Fd9<N5?QL�> =,Be�¢\`P@9<H´L Å Cf�

���Ev 2�+54�te%ate%EuO'�%('d�Pt8z�06�,+547%(+���6(0�{
-�> A<BI=[L Å C&>d£�¤��e�n�hË6��29 /������������2¢¡�ÍobYBeL<UQ�SA7L�P@>aL�N,_ B�UIL�=
NOB UQ�VL�PQL<Uo?@BIP@> �IBe��N1E�L3FXBe�YT,BI=VU
B½9�\"¾�8 FSL�=V�
i 8 FIb:L�?QL�;
@������������H@ ¥ b����,BIP@Bh@�2�P@B
öVBeUo?QF"���,B
?@�,BIP�?@�,B½HJL�P@;<> =VL�_]9�\?@�VL7?�A7L�P@>aL�N,_ B�UQ�VL�=,;<Be��ËE@�2 ��¾¯Í�9<P�=,9�?JËE@�2 �hiYÍ�> =�?@�,B
� ?@�D?@PQL�=VFX> ?@> 9<=D9�\5?@�,B^FXBe�YT,BI=VU
B<� � 9<=5�q\`95UIL�_<A7L�P@>aL�N,_ BeF»?@�VL7?
L�P@B^;<> A<BI=�?@�,B�F@L�HSB:?QL�;YF�UIL�=,=,9�?�NOB��5>aFG?@> =,;<T,>aFX�,Be�"N1ED?@�,B
Å C
Ë~?@�,P@9<T,;<�3�5B
?@BeUo?@> =,;½HJL�P@;<> =VL�_�UQ�VL�=,;<BeFQÍob&L�=V��=,9½> =5�
\`9<P@HJL7?@> 9<=¢UIL�=[?@�,BIP@B
\`9<P@B�NOB�B
¡1?@PQL<Uo?@Be�¢L�NO9<T5?^?@�,BI> PdP@BI_aL7�

?@> A<B�UIL�TVF@L�_M9<PQ�5BIP�> =�?@�,BSUIL�TVF@L�_��5>aL�;<PQL�H�� � B�HJL¯E½R,T5?
L�_ _MFXTVUQ��A7L�P@>aL�N,_ BeF^> =Y?@9[LSN,TVUQÃ<B
?�_aL�NOBI_ Be����> ?@�½?@�,B"F@L�HSB
?QL�;Vb5�5BI=,9�?@Be�¢N1E�3�K� �� � � K�¡1�^8:_ BeL�P@_ E<b5FX> =VU
B��^B��VL¯A<B�=,9�> =5�
\`9<P@HJL7?@> 9<=�9<=3UIL�TVF@L�_�P@BI_aL7?@> 9<=VF�L�HS9<=,;½A7L�P@>aL�N,_ BeF���> ?@�,> =
?@�,B�F@L�HSB3N,TVUQÃ<B
?eb�L�_ _�A7L�P@>aL�N,_ BeF[> =�L�N,TVUQÃ<B
? FG?QL�=V��> =
?@�,BJF@L�HSB�9<PQ�5BIP@> =,;¢P@BI_aL7?@> 9<= ?@9 L�_ _�A7L�P@>aL�N,_ BeF�> =�L�=,9�?@�,BIP
N,TVUQÃ<B
?e��õ,95UIL�_^A7L�P@>aL�N,_ BeF�=,BIBe�
FXROBeU
>aL�_:?@P@BeL7?@HSBI=Y?SFX> =VU
B
?@�,BIE¢UIL�P@P@ESHS9<P@B�> =5\`9<P@HJL7?@> 9<=&b,L�=V�[�^B���> _ _»R,T5?�BeL<UQ�[\`9��
UIL�_�A7L�P@>aL�N,_ B�> =Y?@9ÌL�=�> =V�5> A1>a�5TVL�_�N,TVUQÃ<B
?�UIL�_ _ Be��L ���ezQr7}
j uVz 
<w
n bV�5BI=,9�?@Be�¢N1E 3��K� �� � � K�¡ �
� B�U
_aL<F@FX> \`E3A7L�P@>aL�N,_ BeF"> =Y?@9�N,TVUQÃ<B
?QF���> ?@��?@�,B¢\`9<_ _ 97��> =,;
L�_ ;<9<P@> ?@�,H��
� 6E�OuV47%at8zd| v1wG2�+54�te%ate%EuO'�%('d� �D+547%(+���6(0��
! s/ifu5n ��r���§ >d£�¤��*�n��Ë6��29 �������������2¢¡�Í |
" u5n ifu5n � � {Iw
nB�<� j uVz 
<w
n({Qt�wQr<z��Ìr¯{Q{��ez
p(r7nÙwQv���p~na�Ìr�nÙr�.
@��d�����H@ ¥ tdr7sfv¢wQr<z���z��7sVnÙr7p~sVp~s�.½rS{Iw
n4�<�A�7r7øop(r j } wo{I|
�^u5ndr7}~}��7r7øop(r j } wo{"p~s�r j uVz 
<w
n 3 |
# �7øDna�,w � na�h�JwQz��,r7sVpa{(�¹z��,r7s�.Ywot � ��¾[���������
$ t
# �7ø"wQr<z�� j uVz 
<w
n 3�K� 
� � � K(;&%�  p~sfz
} uVv7p~s�.*���ezQr7} j uVz 
<w
n({
p �Jp~n�z��7sVnÙr7p~s,{Jna�,w � na�&���ezQr7} �7r7øop(r j } wot ifu5n�p~n�p~s*r���ezQr7} j uVz 
<w
n 3��K� �� � � K(;&%� H� |ifu5n4�7na�,w
ø�z��,r7s�.�p~s�.��7r7øop(r j } wo{"p~s 3�K� 
� � � K(;&%� �� |ifu5n:s��7sV÷Xz��,r7s�.�p~s�.��7r7øop(r j } wo{"p~s 3�K� �� � � K(;&%�  � |

� B�FX�,97��?@�,BDRVL�PX?@> ?@> 9<=,> =,;SR,P@95U
BeF@FdN1E¢L�=½B
¡,L�HSR,_ B<�]c�FG�
FXT,HSB�?@�VL7?Ì?@�,B�L<Uo?@TVL�_�UIL�TVF@L�_½�5>aL�;<PQL�H®>aF�?@�,B�W�c�-
FX�,97��=h> =�õ�> ;<T,P@BÌj,Ë(LYÍ L�=V��?@�VL7?3�^B
L�P@B�;<> A<BI=�L Å C
ËE>4�H>�� �H>('^Ío� ª =�?@�,B�úVPQFG?�?@PQL�=VFX> ?@> 9<=&bV��> ?@� � L<F�?@�,BD\`9��
UIL�_MA7L�P@>aL�N,_ B<b�>JË � Í��591BeF�=,9�?�UQ�VL�=,;<B<b,�,BI=VU
B 3 � � l)�Sx ü>JË � Í(�H>JË*��Í(�H>JË,+hÍ(�H>JË,-�Í[�59ÌUQ�VL�=,;<B<b��,BI=VU
B3�^B \`9<P@H
3A�&� l ���
+P�
- x b 3��� � l	��x � � 9�?@BS?@�VL7?�L¢\`95UIL�_]A7L�P@> �
L�N,_ B¢>aF�R,T5?S> =Y?@93L�=�> =V�5> A1>a�5TVL�_dN,TVUQÃ<B
?e� ª =�?@�,B�FXBeU
9<=V�
?@PQL�=VFX> ?@> 9<=&b���> ?@� � L<F�?@�,B^\`95UIL�_5A7L�P@>aL�N,_ B<b[>JË � Í�UQ�VL�=,;<BeFIb
;<> A1> =,; 3��� � � l)�Sx ü*>JË*��ÍJL�=V�T>JË,+hÍJUQ�VL�=,;<B<bd;<> A1> =,;
3A�H��� l ���
+ x ü >JË,-�Í:L�=V��>JË � Í:�59�=,9�?�UQ�VL�=,;<B<b1;<> A1> =,;
3A� � � l - x L�=V� 3��� � � l	��x ��c�F�L�P@BeFXT,_ ?eb1?@�,BDA7L�P@>aL�N,_ BeFL�P@B�RVL�PX?@> ?@> 9<=,Be��> =Y?@9½\`9<T,PDN,TVUQÃ<B
?QF�R�3��� � � l	��x ��3��� � �l)�Sx ��3A� � � l - x ��3A�H�4� l ���
+ x �
����
 �/.�tI47+�y¯te%('d�1y<+,/d{e+,6d%('�0guV4/|�+ te%EuO'
� B"FX�VL�_ _&=,97���5>aF@U
TVF@F����VL7?�UIL�TVF@L�_»> =5\`9<P@HJL7?@> 9<=��^B�UIL�=
B
¡1?@PQL<Uo?�\`P@9<H·?@�,B[?QL�;YF�L7?X?QL<UQ�,Be�3?@9�N,TVUQÃ<B
?QFI�38:9<=VFX>a�5BIP
L�=1E�?G�^9�N,TVUQÃ<B
?QF 3�K� 
� � � K�¡�L�=V� 3�1Y �� � � 1g¡1� ª \�?@�,BIP@B[B
¡5>aFG?QF
L�N,> ?�FXTVUQ��L<F�@�2«"32(2[Ë`>q� B<� b*@�2��¶i�L�=V�42(2h�³¾¯Íob�> ?
H"TVFG?"NOB[?@�VL7?eb�> =�?@�,B � ?@��?@PQL�=VFX> ?@> 9<=&bM?@�,B¢HJL�P@;<> =VL�_aF�9�\
A7L�P@>aL�N,_ BeF^> = 3�K� �� � � K�¡��5>a�½=,9�?�UQ�VL�=,;<B�L�=V�[?@�,B�HJL�P@;<> =VL�_aF
9�\�A7L�P@>aL�N,_ BeF�> = 3�1Y 
� � � 1g¡½�5>a�»� Å �,BIP@B
\`9<P@B<bM=,9 A7L�P@>aL�N,_ BJ> =
3�K� �� � � K�¡D>aFdL��5BeF@U
BI=V�,L�=Y?d9�\�L�=1EJA7L�P@>aL�N,_ B�> = 3�1Y 
� � � 1g¡1�:Î�=
?@�,B¢9�?@�,BIP��VL�=V�»b�> \�?@�,BIP@B¢B
¡5>aFG?QF�L�=,9�?@�,BIP"N,> ?SFXTVUQ��?@�VL7?
@ � +52 � ËE@ � ��¾[�
2 � ��iYÍob5?@�,BI= =,9JA7L�P@>aL�N,_ B�> =63�1Y �� � � 1g¡�>aFL[�5BeF@U
BI=V�,L�=Y?�9�\]L�=1E½A7L�P@>aL�N,_ BD> =�3�K� �� � � K�¡1bO���,>aUQ� HSBeL�=VF
?@�VL7?½?@�,BIP@B3B
¡5>aFG?QF½=,9Ì�5> P@BeUo?@Be��RVL7?@�&b�> =�RVL�PX?@>aU
T,_aL�P¢=,9
Be�5;<B<b:NOB
?G�^BIBI=ÌL�=1E�A7L�P@>aL�N,_ B½> = 3�K� �� � � K�¡�L�=V�
L�=1E�A7L�P@> �
L�N,_ B�> = 3�1Y �� � � 1g¡1� Å �,B"Be�YTVL�_ > ?GE,@�2e�62(2<� � ��¾[���������
$�UIL�=



9<=,_ E[�VL�R,ROBI= > \�9<=,B�9�\�?@�,BDN,TVUQÃ<B
?QF�>aF�L�\`95UIL�_»N,TVUQÃ<B
?eb,> =
���,>aUQ�3UIL<FXB�?@�,B"\`95UIL�_�A7L�P@>aL�N,_ B">aF�L�=�L�=VU
BeFG?@9<P�9�\^L�_ _�?@�,B
A7L�P@>aL�N,_ BeF&> =�?@�,B^9�?@�,BIPMN,TVUQÃ<B
?e� ª ="FXT,HSHJL�P@E<be?@�,B^P@BI_aL7?@> 9<=
NOB
?G�^BIBI=D?G�^9�N,TVUQÃ<B
?QF 3�K� �� � � K�¡dL�=V� 3�1Y 
� � � 1g¡d>aF��5B
?@BIP@HS> =,Be�
L<F^\`9<_ _ 97��F�R
¾<��@�2 � 2(2�� � ��¾[���������
$�L�=V�����[�H@ � "62 � R�A7L�P@>aL�N,_ BeF�> =3�K� �� � � K�¡^L�P@B�=,9<=V�5BeF@U
BI=V�,L�=Y?QFf9�\5A7L�P@>aL�N,_ BeFf> = 3�1Y �� � � 1g¡1b
�5BI=,9�?@Be�½N1E�3�K� �� � � K�¡B" 3�1Y �� � � 1g¡1�

j5��@�2�� 2(2�� � �­¾[���������
$�L�=V�����[�H@ � + 2 � R�3�1Y 
� � � 1g¡P"3�K� �� � � K�¡Y�
¿,� Å �,BIP@B�B
¡5>aFG? ?G�^9*N,> ?QF �	��
��FXTVUQ��?@�VL7?�@�2?"�2(2
L�=V�?@ � + 2 � R�?@�,BIP@B¢UIL�=�NOB¢=,9��5> P@BeUo?@Be��RVL7?@��NOB
�?G�^BIBI=½L�=1EJA7L�P@>aL�N,_ B�> = 3�K� 
� � � K�¡�L�=V�¢L�=1EJA7L�P@>aL�N,_ B�> =
3�1Y 
� � � 1g¡Y�

kV��@�2�� 2(2<� � �±¾[���������
$fb"9<=,B
9�\J?@�,B
N,TVUQÃ<B
?QFIb�F@L¯E
3��K� �� � � K�¡ bV>aF�L�\`95UIL�_&N,TVUQÃ<B
?8R^L�_ _&A7L�P@>aL�N,_ BeFd> =�3�1Y �� � � 1g¡
H"TVFG?�NOBÇ�5BeF@U
BI=V�,L�=Y?QF�9�\�?@�,B�\`95UIL�_�A7L�P@>aL�N,_ B�> =
3��K� �� � � K�¡YbV���,>aUQ��>aF�LSFG?@P@9<=,;<BIP�P@BI_aL7?@> 9<=¢?@�VL�=½?@�VL7?�> =
¾�L�=V��j3N,T5?¢��> _ _�FG?@> _ _�NOB��5BI=,9�?@Be�.N1E 3��K� 
� � � K�¡D"
3�1Y 
� � � 1g¡Y�

Å �,B�\`95UIL�_ N,TVUQÃ<B
?QF*U
9<=1A<BIE�HS9<P@B�> =5\`9<P@HJL7?@> 9<=&� K&B
?
3�K� �� � � K�¡3NOB�L�\`95UIL�_�N,TVUQÃ<B
?½U
9<=Y?QL�> =,> =,;�?@�,B�\`95UIL�_�A7L�P@> �
L�N,_ B^��2 �d\`9<P�?@�,B���?@�S?@PQL�=VFX> ?@> 9<=&� Å �,BI=S> \�2 � ��¾<b<�^B��VL¯A<B?@�VL7?�L�_ _<A7L�P@>aL�N,_ BeF&> = 3�1Y �� � � 1g¡dL�P@B:�5BeF@U
BI=V�,L�=Y?QF&9�\���2 �:FX> =VU
B
?@�,BI> P[HJL�P@;<> =VL�_aFSUQ�VL�=,;<Be�
> =.?@�,B���?@�.?@PQL�=VFX> ?@> 9<=&� Å �,>aF
P@T,_ B�>aF�U
9<=VFX>aFG?@BI=Y?���> ?@� ?@�,B"L�NO97A<BDP@T,_ BeF�¾
�Ù¿,b,�,BI=VU
B"> ?�>aF
L�R,R,_ > Be��9<=,_ E�> =�?@�,B[P@T,_ BJk ���,BI=�?@�,B[P@T,_ BeFJ¾
�Ù¿ UIL�=,=,9�?
�5B
?@BIP@HS> =,B�L�P@BI_aL7?@> 9<=&��Â�97�^BIA<BIPeb<> =¢R,PQL<Uo?@>aU
B<b5�5T,B�?@9"> H��
ROBIPX\`BeUo?�FG?QL7?@>aFG?@>aUIL�_Y?@BeFG?QFIb¯?@�,BIP@B^HJL¯E�NOBdU
9<=5öV>aUo?QF�NOB
?G�^BIBI=
?@�,BIH���õ,9<P"B
¡,L�HSR,_ B<b��^B[HJL¯E��5B
?@BIP@HS> =,BJ?@�VL7?"?@�,BIP@B[>aF
=,9DBe�5;<B�NOB
?G�^BIBI= 3�K� �� � � K�¡�L�=V� 3�1Y 
� � � 1g¡�N1E"?@�,B�P@T,_ B�¿DL�=V�
> =�?@�,B�F@L�HSB�?@> HSB 3�K� 
� � � K�¡">aF�LS\`95UIL�_&N,TVUQÃ<B
?�\`9<P�?@�,B
��?@�
?@PQL�=VFX> ?@> 9<= L�=V� 2 � ��¾<� Å �,BeFXB"U
9<=5öV>aUo?QF�FX> ;<=VL�_&HS>aFG?QL�Ã<BeF> =Ì?@�,B�FG?QL7?@>aFG?@>aUIL�_�?@BeFG?QFIbdL�=V�Ì���,BI=,BIA<BIP�?@�,BIP@B�L�P@B U
9<=5�
öV>aUo?QFIb»�^B"��> _ _��5BeU
_aL�P@B�?@�,B�P@BI_aL7?@> 9<=�L<F��XT,=,Ã1=,97��=��,� � B
FXT,HSHJL�P@> �IB:?@�,B�L�NO97A<Bd�5>aF@U
TVF@FX> 9<=VFM��> ?@��?@�,B^\`9<_ _ 97��> =,;�L�_ �
;<9<P@> ?@�,H��

� 6E�OuV47%at8zd|�
ªw��/.�tI47+�y¯te%('d���¢016(+ te%EuO'��
! s/ifu5n ��n6�e� j uVz 
<w
n({ 3�K� 
� � � K�¡ r7sfv 3�1Y 
� � � 1g¡ |
" u5n ifu5n ��na�,wDø@w
} r7nqpE�7s j w
n6�:wQw
s�na�,w�n6�e� j uVz 
<w
n({Qt^z��7u5} v j w
� "�� t � s��7÷Xv7p~ø@wQz
nÙwQv7÷ iVr7na�P��������� � t �7ø � u5s#
7s��/��s � |
� | @�2 � 2(2<� � �­¾[���������
$ r7sfv ���[�H@ � " 2 � ��p � 3�1Y �� � � 1g¡pa{Sr^���ezQr7} j uVz 
<w
n����7ø"na�,w��Gna� nqø@r7s,{op~nqpE�7s�r7sfv @��l��¾
na�,w
s � u5s#
7s��/��s � t]w
} {Iw 3�K� 
� � � K�¡B" 3�1Y 
� � � 1g¡ |

� | @�2 � 2(2<� � �·¾[���������
$ r7sfv ���[�H@ � + 2 � � p � 3�K� �� � � K�¡pa{Sr����ezQr7} j uVz 
<w
n����7ø�na�,w
�Gna��nqø@r7s,{op~nqpE�7s�r7sfv 2!���Ç¾
na�,w
s � u5s#
7s��/��s � t]w
} {Iw 3�1Y 
� � � 1g¡�" 3�K� 
� � � K�¡ |

" |h���,w
ø@w½w$#<pa{on�n6�e� j p~n({ �%��&� {ouVz��3na�,r7n @�2*" 2(2 r7sfv@ � + 2 � ��p � 3�1Y 
� � � 1g¡ pa{�r����ezQr7} j uVz 
<w
n ���7ø na�,w'�Gna�nqø@r7s,{op~nqpE�7s�r7sfv @��d��¾ �7ø 3�K� 
� � � K�¡ pa{�r^���ezQr7} j uVz 
<w
n

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (( ( ( ( ( ( ( ( ( (((((((((((
((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((( ((((((((((( ( ( ( ( ( ( ( ( (

(((((((((((((((((((((((((((((((((((((((((((((((((((((( ((((((((((( ( ( ( ( ( ( ( ( (

( ( ( ( (( ( ( ( (( (( ( ( ( ( (( (

) *

+

,

-

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (( ( ( ( ( ( ( ( ( (((((((((((
((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((( ((((((((((( ( ( ( ( ( ( ( ( (

(((((((((((((((((((((((((((((((((((((((((((((((((((((( ((((((((((( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (((((((((((

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (( ( ( ( ( ( ( ( ( (((((((((((
((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((( ((((((((((( ( ( ( ( ( ( ( ( (

(((((((((((((((((((((((((((((((((((((((((((((((((((((( ((((((((((( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( (((((((((((

.0/  

1  6  '32547698;:

<   /

'325=>:1   /

? @5A ? BCA ? D9A

.0/  

1  6  '325476E8;:

<   /

'325=>:1   /
F F

õ�> ;<T,P@BSj R"Ë(LYÍ�cÇUIL�TVF@L�_��5>aL�;<PQL�H�ü�Ë`NOÍ Å �,B�9<PQ�5BIP�;<PQL�R,�
\`9<Pd?@�,B Å C3ËE>4�H>�� �H>('^ÍoüMË(UeÍ Å �,BDHJL�P@Ã<Be�[9<PQ�5BIPd;<PQL�R,�&�

���7øDna�,w��Gna�¢nqø@r7s,{op~nqpE�7s�r7sfv 2!����¾ na�,w
s � u5s#
7s��/��s � t
w
} {Iw � ����� � |

G | @�2d�42(2�� � �h¾[���������
$ �^p � j �7na� j uVz 
<w
n({dr7ø@w����ezQr7} j uVz 
7÷
w
n({ na�,w
s � u5s#
7s��/��s � tJw
} {Iw�} w
n�na�,w����ezQr7} j uVz 
<w
n j w
3��K� �� � � K�¡ t]na�,w
s 3��K� �� � � K�¡ " 3�1Y 
� � � 1g¡ |

8:9<=VFX>a�5BIP�?@�,B�N,> =VL�P@E"P@BI_aL7?@> 9<=H��"I��9<=S?@�,B�FXB
?:9�\»N,TVUQÃ<B
?QF
L<F��5B
úV=,Be� > = ?@�,B�c�_ ;<9<P@> ?@�,H�j5� � B"�VL¯A<B�?@�,B�\`9<_ _ 97��> =,;
?@�,BI9<P@BIH��
)Bz�0�uV470�|KJ ���,w j p~sfr7ø(p.ø@w
} r7nqpE�7s � "�� �7s�na�,w3{Iw
n��<�
j uVz 
<w
n({Dpa{"r*iVr7øonqp(r7}l�7ø@v<w
øI|
�^øH�8�<��� Å �,BDP@BI_aL7?@> 9<=�>aF�?@PQL�=VFX> ?@> A<B<� ª \ 3�K� 
� � � K�¡ " 3�1Y �� � � 1g¡
L�=V� 3�1Y 
� � � 1g¡ " 3
L< �� � � LY¡Yb��^B��VL¯A<BP@�2 � 2(2 �NM 2<� � �
¾[���������
$f�
¾<�I���[�H@ � " M � � ª \ 3
L< �� � � LY¡�>aF�=,9�?�LJ\`95UIL�_MN,TVUQÃ<B
?ebO?@�,BI=�^B¢�VL¯A<B 3�K� 
� � � K�¡P" 3
L< �� � � LY¡Y� ª \�3
L< �� � � LY¡½>aF�L�\`95UIL�_
N,TVUQÃ<B
?�\`9<P�?@�,B � ?@��?@PQL�=VFX> ?@> 9<=JL�=V�&@����h¾<b�?@�,BI= 2!���
¾�FX> =VU
B&@�� � 2!� �OM �Ùb»���,>aUQ�3U
9<=Y?@PQL<�5>aUo?QF 3�1Y �� � � 1g¡�"
3
L< �� � � LY¡Y�

j5��@�2,� M 2�� � ��¾[���������
$f� Å �,BI=U@�2h� 2(2h� M 2�� � �
¾[���������
$fb<L�=V��?@�,BI= 3�K� �� � � K�¡��VL<FM?@9�NOB�L�\`95UIL�_1N,TVUQÃ<B
?
L�=V� 3�1Y �� � � 1g¡3>aFJ=,9�?¢9<=,B > =*9<PQ�5BIPJ?@9��VL¯A<B�?@�,B�P@B
�
_aL7?@> 9<=�3�K� �� � � K�¡�" 3�1Y 
� � � 1g¡1bM���,>aUQ�3?@�,BI=�U
9<=Y?@PQL<�5>aUo?QF
3�1Y 
� � � 1g¡B" 3
L< �� � � LY¡Y�

Å �,B�P@BI_aL7?@> 9<=Ì>aFJL�=Y?@>aFXE1HSHSB
?@P@>aU�� ª \ 3�K� �� � � K�¡ª".3�1Y �� � � 1g¡
L�=V� 3�1Y �� � � 1g¡¨" 3�K� 
� � � K�¡Yb�?@�,BI=n@�2�� 2(2<� � �²¾[���������
$f�
C1> =VU
B�?@�,BIE
UIL�=,=,9�?JNO9�?@�.NOB�\`95UIL�_�N,TVUQÃ<B
?QFIb]?@�,BIE
H"TVFG?
NOB�?@�,B�F@L�HSB�N,TVUQÃ<B
?e� 7

c�RVL�PX?@>aL�_ _ EJ9<PQ�5BIP@Be�¢FXB
?�UIL�=½NOB�P@BIR,P@BeFXBI=Y?@Be�[N1E¢LSW�c�-��
� B�U
9<=VFG?@P@TVUo?¢L3;<PQL�R,�Ì��> ?@�*NO9�?@�*�5> P@BeUo?@Be�.L�=V�ÌT,=V�5> �
P@BeUo?@Be�3Be�5;<BeFIb�UIL�_ _ Be�3L�= �7ø@v<w
ø .�ø@rHi��T� "
P � bML<F�\`9<_ _ 97��F�R
L"=,95�5B�P@BIR,P@BeFXBI=Y?QF^L"N,TVUQÃ<B
?eüY\`9<PdBeL<UQ�[RVL�> Pd9�\MN,TVUQÃ<B
?QF 3
L�=V��3��qbO?@�,BIP@B">aF�L¢�5> P@BeUo?@Be� Be�5;<B 3RQ>S 3���> \ 3 " 3��(ü
?@�,BIP@B�>aF�L�=3T,=V�5> P@BeUo?@Be��Be�5;<B 3
T 3���> \:?@�,BSP@BI_aL7?@> 9<=�NOB
�
?G�^BIBI=J?@�,BIH�>aF��XT,=,Ã1=,97��=��,� ª \M�^B��VL¯A<B�L"ROBIPX\`BeUo?�FG?QL7?@>aFG�
?@>aUIL�_f?@BeFG?d\`9<P��5>aFG?@P@> N,T5?@> 9<=VL�_»UQ�VL�=,;<BeFIb5L�=�Î�-�>aF�LSW�c�-��
õ,9<P�?@�,B�UIL�TVF@L�_��5>aL�;<PQL�HÆFX�,97��= > =�õ�> ;<T,P@BSj,Ë(LYÍ�L�=V��?@�,B
Å C3ËE>4�H>�� �H>('^Íob5?@�,BD>a�5BeL�_�Î�-h>aF�;<> A<BI=½> =�õ�> ;<T,P@B�j,Ë`NOÍo�
ª =�L�=�Î�-�b»���,BI= 3Æ>aFDL[\`95UIL�_�N,TVUQÃ<B
?ebML��5> P@BeUo?@Be��Be�5;<B
3UQ>S 3��1L<F@FXBIPX?QF»?@�VL7?�?@�,BIP@B^B
¡5>aFG?QF�L��5> P@BeUo?@Be��RVL7?@�D\`P@9<H



?@�,BJ\`95UIL�_]A7L�P@>aL�N,_ B[U
9<=Y?QL�> =,Be��> = 3Æ?@9�L�_ _�?@�,B[A7L�P@>aL�N,_ BeF
> =�3��(�dÂ�BI=VU
B<bO> \�?@�,BIP@BD>aF�=,9J9�?@�,BIP ��p #1wQv½v7p~ø@wQz
nÙwQv�iVr7na� b
L�RVL7?@�¢?@�VL7?�U
9<T,_a�½U
9<=Y?QL�> =½T,=V�5> P@BeUo?@Be�¢Be�5;<BeFdN,T5?�=,9J�5> �
P@BeUo?@Be�.Be�5;<BeF[> =.?@�,B�P@BIA<BIPQFXB��5> P@BeUo?@> 9<=&bd\`P@9<H 3�?@9 3��
> =�?@�,BJÎ�-�bO?@�,BIP@B"H"TVFG?�NOBSL�=�Be�5;<B�\`P@9<H.3É?@9½L7?�_ BeL<FG?
9<=,B½A7L�P@>aL�N,_ B¢> = 3��d> =�?@�,B UIL�TVF@L�_��5>aL�;<PQL�H�� � B�HJL�P@Ã
?@�,>aF"?GE1ROB¢9�\�Be�5;<BeF�L<F 3 �Q>S 3��qb�?@93�5>aFG?@> =,;<T,>aFX��?@�,BIH
\`P@9<HÆ?@�,9YFXB"?@�VL7?D9<=,_ E P@BIR,P@BeFXBI=Y?�RO9�?@BI=Y?@>aL�_�Be�5;<BeF�> =�?@�,B
UIL�TVF@L�_]�5>aL�;<PQL�H�� Å �,>aFD> =5\`9<P@HJL7?@> 9<=�>aFDTVFXB
\`T,_:���,BI=�?@�,B
UQ�,> _a�ÌN,TVUQÃ<B
? 3���U
9<=Y?QL�> =VFS9<=,_ E�9<=,B A7L�P@>aL�N,_ B<ü��^B�?@�,BI=
L<F@FXBIPX?�?@�VL7?:?@�,B�Be�5;<B 3UQ>S 3 � H"TVFG?^B
¡5>aFG?:> =J?@�,B�UIL�TVF@L�_
�5>aL�;<PQL�H�� � B���> _ _�UIL�_ _�L�=�Î�-·��> ?@�*HJL�P@Ã<Be�ÌBe�5;<BeFJL�Jr7ø�
<wQvP�7ø@v<w
ø .�ø@rHi�� Ë(û3Î�-DÍoü�L�=�B
¡,L�HSR,_ B[>aF"FX�,97��=�> =
õ�> ;<T,P@B�j,Ë(UeÍo�
c�=�L�_ ;<9<P@> ?@�,HÉ\`9<P�U
9<=VFG?@P@TVUo?@> =,;¢L[û3Î�-Ç>aF�;<> A<BI= > = ?@�,B
\`9<_ _ 97��> =,;V�

� 6E�OuV47%at8zd|;:DwH}�uO'd{�tI47/dy¯te%('d�?x����«�
! s/ifu5n ��r7s�p~s	�^uVw
sVnqp(r7} ��§���p~na� 
7s��/��s����ezQr7}��7r7øop(r j } wo{I|
" u5n ifu5n ��r��Jr7ø�
<wQvh�7ø@v<w
ø^.�ø@rHi��,|
� |*�^u5ne�7r7øop(r j } wo{"p~sVnY� j uVz 
<w
n({�u1{op~s�. � } .s�7øop~na��� � |
� |�� #<nqø@r<z
nqp~s�.�ø@w
} r7nqpE�7s,{Ìr/���7s�. j uVz 
<w
n({�u1{op~s�. � } .s�7÷
øop~na��� � |

" |��Mw
ndwQr<z�� j uVz 
<w
n j w"r[s��ev<we|
G | # �7ø"wQr<z�� iVr7p~ø �<��s��ev<wo{ 3 r7sfv 3��
! � 3k" 3�� t^r<v<v½r7s�wQv�.Yw 3UQ>S 3�� |
! � 3���" 3 t^r<v<v½r7s�wQv�.Yw 3�� Q S 3 |
! �:na�,w^ø@w
} r7nqpE�7sJpa{ � u5s#
7s��/��s � t»r<v<vDr7s[wQv�.Yw 3	� 3�� |


 | # �7ø"wQr<z��B���ezQr7} j uVz 
<w
n 3 � r7sfv¢wQr<z����<�Dp~n({�z��1p~} v 3
! ��na�,w
ø@w�pa{�s�� �7na�,w
ø^��p #1wQv�v7p~ø@wQz
nÙwQv�iVr7na���QøH�/� 3 �
nY� 3 t%�Jr7ø�
Jna�,w�wQv�.YwSr¯{ 3 � �Q>S 3 |

ª =�FXT,HSHJL�P@E<b&?@�,BJ> =5\`9<P@HJL7?@> 9<=�U
9<=1A<BIE<Be��N1E3L û3Î�-É>aF
L<F^\`9<_ _ 97��F�R
¾<��c�=�T,=,HJL�P@Ã<Be��Be�5;<B 3 Q>S 3��6R�c�_ _�A7L�P@>aL�N,_ BeF�> = 3
UIL�=
NOB 9<PQ�5BIP@Be��NOB
\`9<P@B�L�_ _�A7L�P@>aL�N,_ BeF"> = 3���> =
?@�,B
UIL�TVF@L�_]�5>aL�;<PQL�H�bM> =�9�?@�,BIP��^9<PQ�,FIb»?@�,BIP@B[L�P@BJ=,9��5> �
P@BeUo?@Be��RVL7?@�VF�\`P@9<H¹A7L�P@>aL�N,_ BeF�> =�3���?@9�A7L�P@>aL�N,_ BeF�> =
3[� � �,BI= 3É>aF�LS\`95UIL�_MA7L�P@>aL�N,_ B<bV?@�,BIP@B�B
¡5>aFG?QF�L[�5> �
P@BeUo?@Be� RVL7?@� \`P@9<H 3�?@9¢BeL<UQ� A7L�P@>aL�N,_ B�> = 3 � > = ?@�,B
UIL�TVF@L�_&�5>aL�;<PQL�H��

j5��c�HJL�P@Ã<Be�SBe�5;<B�3 �Q S 3��ER Å �,BIP@B�B
¡5>aFG?QF^L��5> P@BeUo?@Be�
RVL7?@�3\`P@9<H 3´?@9�BeL<UQ�3A7L�P@>aL�N,_ B�> =�3��(� ª =�?@�,B[UIL<FXB
?@�VL7?"NO9�?@� 3¹L�=V� 3��^U
9<=Y?QL�> =�9<=,B¢FX> =,;<_ BJA7L�P@>aL�N,_ B<b
?@�,BJBe�5;<B 3 Q S�3���H"TVFG?�B
¡5>aFG?D> =3?@�,B[UIL�TVF@L�_]�5>aL7�
;<PQL�H��

¿,� � 9½Be�5;<B"NOB
?G�^BIBI= 3ÆL�=V� 3 � R�?@�,BIP@B�>aF�=,9��5> P@BeUo?@Be�
RVL7?@�&b,> =½RVL�PX?@>aU
T,_aL�Pd=,9SBe�5;<B<b5NOB
?G�^BIBI= L�=1EJA7L�P@>aL�N,_ B
> = 3�L�=V�"L�=1EDA7L�P@>aL�N,_ B:> = 3��1> ="?@�,B�UIL�TVF@L�_5�5>aL�;<PQL�H��

��� :��:%E|�%ate+ te%EuO'ªu 0�-�0ste0�y¯te%('d�P|�+54/�O%('�+,6 y�z�+,'d�O0�{
8^L�=*�^B�\`T,_ _ EÌP@BeU
97A<BIP[L�UIL�TVF@L�_��5>aL�;<PQL�H¶N1E.�5B
?@BeUo?@> =,;
HJL�P@;<> =VL�_M�5>aFG?@P@> N,T5?@> 9<=�UQ�VL�=,;<BeF�L�_ 9<=,B�
 Å 9J\`T,_ _ E�P@BeU
97A<BIP
L"UIL�TVF@L�_f�5>aL�;<PQL�H�b<�^B�H"TVFG?dU
9<=VFG?@P@TVUo?dL�û3Î�-�> =¢���,>aUQ�
BeL<UQ�[N,TVUQÃ<B
?dU
9<=Y?QL�> =VF:9<=,_ ES9<=,B�A7L�P@>aL�N,_ B�L�=V�JBIA<BIP@ESBe�5;<B
>aF�HJL�P@Ã<Be�»� Å �,>aF�HJL¯E*=,9�?eb�> =�;<BI=,BIPQL�_qb�NOB�L<UQ�,> BIA<Be�»�
8:9<=VFX>a�5BIP@> =,;�L�UIL�TVF@L�_"�5>aL�;<PQL�Hm$�U
9<=Y?QL�> =,> =,;�L*RVL7?@�
� Q>S �NQ>S � b�> ?�>aF¢U
_ BeL�P[?@�VL7?½�^B3UIL�=*=,BIA<BIP½�5B
�
?@BIP@HS> =,B½> \�?@�,BIP@B½>aFSL�=�Be�5;<B � Q S � > =D$Sb:FX> =VU
B�L�_ _
HJL�P@;<> =VL�_�UQ�VL�=,;<BeF¢R,P@95�5TVU
Be��N1EÌ?@PQL�=VFX> ?@> 9<=VF¢�^9<T,_a��NOB
?@�,B�F@L�HSB�L7\~?@BIP�L<�,�5> =,;�?@�VL7?�Be�5;<B<� � �VL7?�>aF^?@�,BDNOBeFG?��^B
UIL�=½;<B
?�?@�,BI=�N1E¢�5B
?@BeUo?@> =,;JHJL�P@;<> =VL�_»UQ�VL�=,;<BeF�

-�> A<BI=JLDW�c�-U$Sb<> \»�^B�P@BIHS97A<BdL�=SBe�5;<B � Q>S � ���,BI=5�
BIA<BIPd?@�,BIP@B�>aF�LJ�5> P@BeUo?@Be�¢RVL7?@�½\`P@9<H � ?@9 � bV�^B�;<B
?�?@�,B
nqø@r7s,{op~nqp9�7wSø@wQv7uVz
nqpE�7s 9�\e$S� Å �,B"?@PQL�=VFX> ?@> A<B"P@Be�5TVUo?@> 9<=�9�\
L¢W�c�-k$�>aF�?@�,B�;<PQL�R,��$ � ��> ?@��?@�,B"\`BI�^BeFG?�Be�5;<BeF�FXTVUQ�
?@�VL7?d?@�,B nqø@r7s,{op~nqp9�7w"z
} �¯{ou5ø@w 9�\l$A�f>aF^Be�YTVL�_f?@9"?@�,B�?@PQL�=VFX> �
?@> A<B�U
_ 9YFXT,P@B�9�\e$S� Å �,B�?@PQL�=VFX> ?@> A<B"U
_ 9YFXT,P@B�9�\^L[W�c�-k$
>aF�?@�,B�;<PQL�R,�&$A� �VFXTVUQ�"?@�VL7?^L�=�Be�5;<B � Q>S � >aF�> =�$A� �,> ù
?@�,BIP@B�>aFdL"�5> P@BeUo?@Be�JRVL7?@�[\`P@9<H � ?@9 � > =h$S�]Á^EJ�5B
?@BeUo?X�
> =,;3HJL�P@;<> =VL�_dUQ�VL�=,;<BeF"> = Å C 8 FIb]?@�,B½NOBeFG?J�^B�UIL�=
�,9<ROB
?@9�;<B
?�>aF�?@�,B�?@PQL�=VFX> ?@> A<B�P@Be�5TVUo?@> 9<=�9�\:?@�,BJL<Uo?@TVL�_�UIL�TVF@L�_
�5>aL�;<PQL�H���C1> =VU
B�?@9�HJL�P@Ã[L�=¢Be�5;<B � Q>S � b � H"TVFG?�NOB
L�\`95UIL�_&A7L�P@>aL�N,_ B<b5> ?�\`9<_ _ 97��Fd?@�VL7?�BIA<BIP@E[=,95�5BDB
¡,U
BIR5?�_ BeL7\
=,95�5BeF"H"TVFG?SNOB�L \`95UIL�_dA7L�P@>aL�N,_ B[> =
9<PQ�5BIP�?@93HJL�P@Ã�BIAY�
BIP@E[Be�5;<B�> =½?@�,B�?@PQL�=VFX> ?@> A<B�P@Be�5TVUo?@> 9<=½;<PQL�R,�&� Å 9�\`T,PX?@�,BIP
HJL�Ã<B�BeL<UQ�JN,TVUQÃ<B
?:U
9<=Y?QL�> =J9<=,_ E�9<=,B�A7L�P@>aL�N,_ B<b<BIA<BIP@E"_ BeL7\
=,95�5B½�VL¯A1> =,;�?@�,B F@L�HSB�FXB
?S9�\�RVL�P@BI=Y?QFSL<FSL�=,9�?@�,BIP�_ BeL7\
=,95�5BDH"TVFG?�NOB�L�\`95UIL�_»A7L�P@>aL�N,_ B<�
ª =°U
9<=VU
_ TVFX> 9<=&b�N1E¬�5B
?@BeUo?@> =,;­HJL�P@;<> =VL�_.�5>aFG?@P@> N,T5?@> 9<=
UQ�VL�=,;<BeFIbY?@�,B�NOBeFG?��^BDUIL�=½_ BeL�P@=¢>aF:?@�,B�?@PQL�=VFX> ?@> A<B�P@Be�5TVUo�
?@> 9<=�9�\:?@�,B[UIL�TVF@L�_]�5>aL�;<PQL�H�b&L�=V�3�^BJUIL�=�L<UQ�,> BIA<B�> ?�N1E
L Å C3> =����,>aUQ��BIA<BIP@E�A7L�P@>aL�N,_ BJ�VL<F��VL<�3> ?QF"HSBeUQ�VL�=,>aFXH
UQ�VL�=,;<Be�»�

� � ¦e
h��© ¥ © ¥���� �5���,©X�*� ¥ § ± ® ¥ ��
�©X�
¤Y¥ °Q¦]��
Ç���,©G¦ ¥

ª =½C1BeUo?@> 9<=[kVbY�^B��5>aF@U
TVF@FXBe�J�,97�Ì?@9"B
¡1?@PQL<Uo?^UIL�TVF@L�_V> =5\`9<PX�
HJL7?@> 9<=";<> A<BI="L Å CDN1E��5B
?@BeUo?@> =,;��5>aFG?@P@> N,T5?@> 9<=VL�_1UQ�VL�=,;<BeFI�
ª ="?@�,>aF�FXBeUo?@> 9<=&b��^BdN,P@> B
öVE��5BeF@U
P@> NOBd�,97��?@9DU
9<H"N,> =,B^?@�,>aF
> =5\`9<P@HJL7?@> 9<=½��> ?@�½?@�VL7?�\`P@9<HÉ> =V�5BIROBI=V�5BI=VU
B�?@BeFG?QFI�
-�> A<BI=��,L7?QLÇ\`P@9<HµL�FG?QL7?@>aUhL�=V�ÆFG?QL�N,_ B��5>aFG?@P@> N,T5?@> 9<=&b
�^B�UIL�=�P@BeU
97A<BIP�Ë`RVL�PX?@>aL�_ _ E��5> P@BeUo?@Be�VÍ�UIL�TVF@L�_"�5>aL�;<PQL�HJF
N1E�TVFX> =,;´U
9<=V�5> ?@> 9<=VL�_�> =V�5BIROBI=V�5BI=VU
B�?@BeFG?QFI� C1BIA<BIPQL�_
FXTVUQ��L�_ ;<9<P@> ?@�,HJF �VL¯A<B�NOBIBI=��5BIA<BI_ 9<ROBe�»b�> =VU
_ TV�5> =,; ª 8
L�_ ;<9<P@> ?@�,H ¸ º�BeL�P@_qb,j�i<i<i1b FXBeUo?@> 9<=�j5� /¯À�Ë`> =,> ?@>aL�_ _ E�> =Y?@P@9��
�5TVU
Be��> =.¸ º�BeL�P@_»L�=V�½¼�BIP@HJL,b»¾eg<g,¾QÀ`Í�L�=V�3ºd8�L�_ ;<9<P@> ?@�,H
¸ C1R,> PX?@BeF w
n�r7} | bM¾eg<g<¿eÀ�� Å �,BÆ9<T5?@R,T5?�9�\�?@�,BeFXB�L�_ ;<9��
P@> ?@�,HJF¢>aF½L�RVL�PX?@>aL�_ _ EÌ9<P@> BI=Y?@Be�.;<PQL�R,�*P@BIR,P@BeFXBI=Y?@> =,;�L�=
> =V�5BIROBI=V�5BI=VU
B
��Be�YT,> A7L�_ BI=VU
BÌU
_aL<F@F�L<F3�5B
úV=,Be�hN1E Å �,BI9��
P@BIH¹¾<�
Å 9�P@BeU
97A<BIPML�UIL�TVF@L�_1�5>aL�;<PQL�H�\`P@9<HhL Å Cfb¯�^B]úVPQFG?�B
¡1?@PQL<Uo?
UIL�TVF@L�_^> =5\`9<P@HJL7?@> 9<=
N1E��5B
?@BeUo?@> =,;��5>aFG?@P@> N,T5?@> 9<=ÌUQ�VL�=,;<BeF



L<FD�5BeF@U
P@> NOBe�3> =�C1BeUo?@> 9<=�kVb»?@�,BI=�P@T,=�?@�,B ª 8�L�_ ;<9<P@> ?@�,H
TVFX> =,;�?@�,B�UIL�TVF@L�_»> =5\`9<P@HJL7?@> 9<=�L<FdR,P@> 9<PdÃ1=,97��_ Be�5;<B<�
� B�HJL¯E�9<N5?QL�> =�?@�,P@BIB¢?GE1ROBeF�9�\�UIL�TVF@L�_^> =5\`9<P@HJL7?@> 9<=ÌL<F
FX�,97��=�> =�C1BeUo?@> 9<=3k�R�UIL�TVF@L�_�9<PQ�5BIP�L�HS9<=,;½U
BIPX?QL�> =�A7L�P@> �
L�N,_ BeFIb,=,9JBe�5;<BeF�NOB
?G�^BIBI= U
BIPX?QL�> =�A7L�P@>aL�N,_ BeFIb,L�=V� U
BIPX?QL�> =
�5> P@BeUo?@Be�JBe�5;<BeFI� Å �,B�_aL<FG?:?G�^9D?GE1ROBeF:9�\&> =5\`9<P@HJL7?@> 9<=�Ë`=,9��
Be�5;<B�L�=V���5B
?@BIP@HS> =,Be�1��Be�5;<B¯Í�UIL�=�NOB�> =VU
9<P@RO9<PQL7?@Be���5> �
P@BeUo?@_ E<��8^L�TVF@L�_d9<PQ�5BIPJ> =5\`9<P@HJL7?@> 9<=ÌUIL�=ÌNOB TVFXBe�
?@9�P@B
�
FG?@P@>aUo?�?@�,B�FXBeL�PQUQ��9�\»UIL�=V�5>a�,L7?@BdU
9<=V�5> ?@> 9<=VL�_,FXB
?QF�L�=V��?@�1TVF
P@Be�5TVU
B�?@�,B�U
9<HSR,_ B
¡5> ?GES9�\»?@�,B ª 8ÌL�_ ;<9<P@> ?@�,H��]8^L�TVF@L�_V9<PX�
�5BIP:> =5\`9<P@HJL7?@> 9<=[UIL�=[L�_aFX9DNOB�TVFXBe��?@9"9<P@> BI=Y?]HS9<P@B�Be�5;<BeF�R
L�=1EST,=V�5> P@BeUo?@Be�JBe�5;<B � T � UIL�=[NOB�9<P@> BI=Y?@Be�JL<F � S �
> \ � >aF�L��,BeL<��9�\ � > =3?@�,B¢UIL�TVF@L�_�9<PQ�5BIPe� Å �,BeFXBJHSB
?@�5�
95�,F]9�\&> =VU
9<P@RO9<PQL7?@> =,;�NVL<UQÃ1;<P@9<T,=V��Ã1=,97��_ Be�5;<B��VL¯A<B�NOBIBI=
�5>aF@U
TVF@FXBe�¢> =�¸ C1R,> PX?@BeF w
ndr7} | bM¾eg<g<¿1bOC1BeUo?@> 9<=6/5� kV� /¯À��
c�\~?@BIP�> =VU
9<P@RO9<PQL7?@> =,;�?@�,BeFXB�UIL�TVF@L�_&> =5\`9<P@HJL7?@> 9<=�L<F�NVL<UQÃY�
;<P@9<T,=V��Ã1=,97��_ Be�5;<B<b�?@�,B�9<T5?@R,T5? 9�\"?@�,B ª 8Æc�_ ;<9<P@> ?@�,H
�^9<T,_a��NOB�L RVL�PX?@>aL�_ _ E39<P@> BI=Y?@Be��;<PQL�R,��P@BIR,P@BeFXBI=Y?@> =,; ?@�,B
Å C3Be�YT,> A7L�_ BI=VU
B¢U
_aL<F@F�L<F"�5B
úV=,Be��N1E Å �,BI9<P@BIH�¿,� Å �,>aF
>aF��5T,B¢?@93L ?@�,BI9<P@BIH­> =�¸ û BIBIÃfb»¾eg<g�/IÀ����,>aUQ�
F@L¯E5FD?@�VL7?
?@�,B�9<P@> BI=Y?QL7?@> 9<=JP@T,_ BeF^> =[?@�,B ª 8.L�_ ;<9<P@> ?@�,H�L�P@B�U
9<HSR,_ B
?@B
BIA<BI=½��> ?@��P@BeFXROBeUo?�?@9�?@�,BDNVL<UQÃ1;<P@9<T,=V�[Ã1=,97��_ Be�5;<B<�

� ����� �&�V©�
 � ¥ �5�����D�M�1¨^�Ù�,�
� B�TVFXB	� ³ ?@BeFG?^?@9S�5B
?@BeUo?��5>aFG?@P@> N,T5?@> 9<=½UQ�VL�=,;<BeFI��K&B
?�3 �
L�=V�&3 ³ NOBd?G�^9D�,L7?QL<FXB
?QFIb<U
9<=VFX>aFG?@> =,;�9�\�
&�^L�=V��
�³�UIL<FXBeF
P@BeFXROBeUo?@> A<BI_ E<��K&B
?�
&��
�L�=V��
�³�
"NOB�?@�,B�=1T,H"NOBIPd9�\�UIL<FXBeF
> =�3 � L�=V�&3 ³ P@BeFXROBeUo?@> A<BI_ E"> =J���,>aUQ�[LDA7L�P@>aL�N,_ B � ?QL�Ã<BeF
?@�,B�A7L�_ T,B��M� Å 9�?@BeFG?S?@�,B½�1E1RO9�?@�,BeFX>aF"?@�VL7? � �VL<F"?@�,B
F@L�HSB��5>aFG?@P@> N,T5?@> 9<=J> =J?@�,B�?G�^9��,L7?QL<FXB
?QFIb<�^B�U
9<HSR,T5?@B�?@�,B
�YTVL�=Y?@> ?GE

� ³ ��
&��
�³�� 

¾
&��
���
�³�
 Ë 
&��

&� Q 
�³�

�³ Í ³ �3Ë��YÍ

���,>aUQ��>aF�L<FXE1HSR5?@9�?@>aUIL�_ _ E�L�� ³ �5>aFG?@P@> N,T5?@> 9<=���> ?@��=�
;Q.¾
�5BI;<P@BIB�9�\&\`P@BIBe�59<H�b1���,BIP@B^=�
�>aF:?@�,B�=1T,H"NOBIPd9�\�FG?QL7?@BeF:9�\
� ��K&B
?:?@�,B�FX> ;<=,> úOUIL�=VU
B�_ BIA<BI_VNOB��:� ª \�� ³ + � ³ ! ?@�,BI=[�^B
�5BeU
>a�5B �@UQ�VL�=,;<B �,bYBI_aFXB��^B��5BeU
>a�5B �X=,9��ÙUQ�VL�=,;<B �,�
cÇHSBeUQ�VL�=,>aFXH·UQ�VL�=,;<B�L7?�L¢A7L�P@>aL�N,_ B���2d>aFDFX> H"T,_aL7?@Be�3L<F
\`9<_ _ 97��FI�´8:9<=VFX>a�5BIP½RVL�PQL�HSB
?@BIPQF[> = SF�J8K(;o� ª \�F/GH;¢ HI J8K(; �
i�� /�?@�,BI=
_ B
?&F �GH;¢ HI J8K(; � F/GH;¢ HI J8K(;"�$#1b]BI_aFXB¢_ B
?&F �GH;¢ HI J8K(; �F/GH;¢ HI J8K(; Q #1bM���,BIP@B%#¢>aFDL�RVL�PQL�HSB
?@BIP�\`9<P�L<� Ê TVFG?@> =,;�?@�,B
UQ�VL�=,;<B�HJL�;<=,> ?@TV�5B<� Å �,B�P@BeFG?d9�\M?@�,BDRVL�PQL�HSB
?@BIPQF:> = SF�J8K(;
L�P@B3UQ�VL�=,;<Be��> =�R,P@9<RO9<PX?@> 9<=VL�_�?@9
?@�,BI> P 9<P@> ;<> =VL�_�A7L�_ T,BeF
L<F�R�F[�GH; ��I J8K(; �&��F/GH; ��I J8K(;(� ����j ����������=82XbM���,BIP@B%� �ÆËG¾�Q
F[�GH;¢ HI J8K(; Í�'5ËG¾>Q�F/GH;¢ �I J8K(;XÍo� � �,BI=S�^BdFX> H"T,_aL7?@B�L�HSBeUQ�VL�=,>aFXH
UQ�VL�=,;<BJL7?���2XbM�^B[UQ�VL�=,;<B�RVL�PQL�HSB
?@BIPQF�> =¨SF�J8K(;�L<FDL�NO97A<B
\`9<P�BeL<UQ� NO@�2lL«3�5�ËE>A@�2qÍo�
ª =É9<T,PÌB
¡5ROBIP@> HSBI=Y?QFIb½�^B�TVFXBe�É�,L7?QLh;<BI=,BIPQL7?@Be�Ç\`P@9<H
L·Ã1=,97��=¶=,B
?G�^9<P@Ãfb*?@�,B � } r7ø(� ÁdL¯E<BeFX>aL�=¬=,B
?G�^9<P@Ã �
")( ß�àYÔÙßoã�ØGÒYß�ð¯ß@×GÔÙÓ Üeê¢ã<ÜoÞ]êYë Ü¯Öeã<ßoãSÝ ×GÜeâ�ØGÒYß�Þ�ßQá[ÔÙÓ ØGß�ÜIÝ*^ÜI×GÔ�ñ<Ô,+�ÜIÝ ØqÞ�Ö
×Gß�í�ÜI×GÕ5ÜI×XÖ
ØGÓ Üeê.-1Ò7ØÙØGÕVì /�/oÞ�Þ�Þ è êYÜI×GÔ�ñ<Ô è ïQÜeâ è

0
0.05

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

pe
rc

en
ta

ge
 o

f e
rr

or

α

Alarm

Sample size = 500

NC2C δ = 0.1
NC2C δ = 0.3
NC2C δ = 0.5

C2NC δ = 0.1
C2NC δ = 0.3
C2NC δ = 0.5

0
0.05
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

pe
rc

en
ta

ge
 o

f e
rr

or

α

Alarm

Sample size = 5000

NC2C δ = 0.1
NC2C δ = 0.3
NC2C δ = 0.5

C2NC δ = 0.1
C2NC δ = 0.3
C2NC δ = 0.5

Ë(LYÍ Ë`NOÍ

õ�> ;<T,P@BD¿�R Å E1ROB ª L�=V� Å E1ROB ªXª BIP@P@9<PQF^9�\�� ³ FG?QL7?@>aFG?@>aUIFI�

¸ Á^BI> =,_ >aUQ� w
n�r7} | bM¾eg0�<geÀ�� � BDTVFXBe�½Be�YTVL�_MF@L�HSR,_ B�FX> �IBeFd\`9<P
L�_ _d�,L7?QL<FXB
?QF�> =
L Å CfbM?@�VL7?S>aFIb�L�F@L�HSR,_ B¢FX> �IB�
³P@BIR,P@B
�
FXBI=Y?QF]?@�VL7?1
¹UIL<FXBeF]�^BIP@B�;<BI=,BIPQL7?@Be��\`9<P:BeL<UQ�¢�,L7?QL<FXB
? 3 2
> =,©�£�¤�� l 3��[���������H3�¥ x �

2 �Ev ��4¯4/uV4/{J%('*-�0ste0�y¯te%('d�Py�z�+,'d�O0�{
Å �,BIP@B�L�P@B�?G�^9�?GE1ROBeF:9�\&BIP@P@9<PQF�> =½�5B
?@BeUo?@> =,;�UQ�VL�=,;<BeF�R^Ë`>~Í
HS>aFG?QL�Ã1> =,;'�X=,9��ÙUQ�VL�=,;<B �:\`9<P�L �@UQ�VL�=,;<B �,bIÃ1=,97��=�L<F»?GE1ROB ª
BIP@P@9<P^L�=V�[�5BI=,9�?@Be� � 8djY8�b1L�=V��Ë`> >~Í]HS>aFG?QL�Ã1> =,; �@UQ�VL�=,;<B �
L<F �X=,9��ÙUQ�VL�=,;<B �,bMÃ1=,97��=�L<FD?GE1ROB ªXª BIP@P@9<P�L�=V���5BI=,9�?@Be�
8dj � 8���K&B
?&$ÆNOB¢?@�,B½UIL�TVF@L�_^�5>aL�;<PQL�H­TVFXBe��\`9<P";<BI=,BIPX�
L7?@> =,;�F@L�HSR,_ BeFI� � �,BI=�L�HSBeUQ�VL�=,>aFXH·UQ�VL�=,;<BJ95UIU
T,PQFDL7?
L�A7L�P@>aL�N,_ Bh��2Xb�> \�9<T,P"?@BeFG?SFG?QL7?@>aFG?@>aUIF">aF"ROBIPX\`BeUo?eb]L�_ _���2(8 F
�5BeF@U
BI=V�,L�=Y?QF�> =�$�FX�,9<T,_a��NOB�>a�5BI=Y?@> úVBe�JL<F3�@UQ�VL�=,;<B ��L�=V�
��2(8 F�=,9<=V�5BeF@U
BI=V�,L�=Y?QF�L<F �X=,9��ÙUQ�VL�=,;<B �,�:K&B
?*3�3 M 2�NOB�?@�,B
=1T,H"NOBIP�9�\d�5BeF@U
BI=V�,L�=Y?QF�9�\���2^> =P$´L�=V�4
�3�3 M 2^NOB�?@�,B
=1T,H"NOBIP�9�\"=,9<=V�5BeF@U
BI=V�,L�=Y?QF¢9�\ ��2X�ÉK&B
? M j65 M 2�NOB3?@�,B
=1T,H"NOBIP^9�\��5BeF@U
BI=V�,L�=Y?QF:9�\d��2�>a�5BI=Y?@> úVBe�¢L<F �X=,9��ÙUQ�VL�=,;<B �
N1EJ?@�,B�� ³ ?@BeFG?ebVL�=V�[_ B
?75 M j M 2MNOB�?@�,B�=1T,H"NOBIP�9�\�=,9<=V�5B
�
F@U
BI=V�,L�=Y?QFM9�\���2O>a�5BI=Y?@> úVBe�"L<F��@UQ�VL�=,;<B �,��5 M j M 2OL�=V� M j65 M 2
P@BIR,P@BeFXBI=Y?D?@�,B¢=1T,H"NOBIP�9�\�?GE1ROB ª L�=V�3?GE1ROB ªXª HS>aFG?QL�Ã<BeF
HJL<�5B�N1E�?@�,B7� ³ FG?QL7?@>aFG?@>aUIFI� ª =JL�=1E"9<=,BdP@T,=&bY�^B�FX> H"T,_aL7?@B
L"HSBeUQ�VL�=,>aFXHÉUQ�VL�=,;<B�L7?dBeL<UQ�¢=,95�5BA��2�� � ��¾[���������85�b5P@BI_ �
L7?@> A<B�?@9�?@�,B �7øop .�p~sfr7} =,B
?G�^9<P@Ãfb1L�=V�½U
9<HSR,T5?@B�?@�,B"8dj � 8
BIP@P@9<P�PQL7?@BJL<F�9 2 M j65 M 2)'"9 2 3�3 M 2�L�=V��?@�,B � 8djY8hBIP@P@9<P
PQL7?@BJL<F 9 2 5 M j M 2)' 9 2 
�3�3 M 2G� � B¢U
9<HSR,T5?@Be��L�=�L¯A<BIPX�
L�;<B�BIP@P@9<P^PQL7?@B�97A<BIP9/"P@T,=VFI�
� B½A7L�P@> Be��?@�,B�UQ�VL�=,;<B¢HJL�;<=,> ?@TV�5B�#1b]?@�,B�F@L�HSR,_ B½FX> �IB<b
L�=V�S?@�,B�FX> ;<=,> úOUIL�=VU
B�_ BIA<BI_:�:b,L�=V�S?@�,B�P@BeFXT,_ ?QF^L�P@B�FX�,97��=
> =�õ�> ;<T,P@B�¿,� � B�FXBIB�?@�VL7?½?@�,B � 8djY8­Ë~?GE1ROB ª Í[BIP@P@9<P
PQL7?@B�>aF¢=,BeL�P@_ EÌ?@�,B3F@L�HSB3L<FJ?@�,B;��A7L�_ T,B�\`9<P��5> ùfBIP@BI=Y?
UQ�VL�=,;<B:HJL�;<=,> ?@TV�5BeF�L�=V��F@L�HSR,_ BdFX> �IBeFIb7L<FMB
¡5ROBeUo?@Be�»� Å �,B
8dj � 8�Ë~?GE1ROB ªXª Í:BIP@P@9<PdU
9<T,_a�[NOB�_aL�P@;<B����,BI=[?@�,B<��A7L�_ T,B
>aFDFXHJL�_ _�9<P�?@�,BJUQ�VL�=,;<B�HJL�;<=,> ?@TV�5BS>aFDFXHJL�_ _q� Å �,>aFDFXT,;��
;<BeFG?QF»?@�VL7?��^B:FX�,9<T,_a��U
9<=VFX>a�5BIPMTVFX> =,;�L�?G�^9��q?QL�> _ Be�	� ³ ?@BeFG?
¸ C1> _ A<BIPQFG?@BI> = w
n�r7} | bOj�i<i<ieÀV?@9�U
9<=Y?@P@9<_Y?@�,B�8dj � 8�BIP@P@9<Peb7BeFG�
ROBeU
>aL�_ _ E����,BI=�?@�,B[F@L�HSR,_ BJFX> �IBS>aF�=,9�?D_aL�P@;<B<� ª =�L¢?G�^9��
?QL�> _ Be�4� ³ ?@BeFG?ebM�^BSTVFXBJL�=,9�?@�,BIP�?@�,P@BeFX�,9<_a�=�d� +>�*FXTVUQ�
?@�VL7?��^B��5BeU
>a�5B �X=,9��ÙUQ�VL�=,;<B ��9<=,_ E����,BI=?� ³ "$� ³ !0@ bON,T5?
�^BJ�VL¯A<B�?@9��5BeU
>a�5B �XT,=,Ã1=,97��=��½���,BI=A� ³ ! @ ">� ³ ">� ³ ! �
� BD��> _ _&=,9�?��5>aF@U
TVF@Fd?@�,>aFdHSB
?@�,95��> =¢?@�,>aF�RVL�ROBIPe�



2 ��
 ��4¯4/uV4/{J%('TuV47-�0Y4��V47+#�lzd{
ª =�L�=�Î�-�bfL�=�Be�5;<B 3RQ S 3��MP@BIR,P@BeFXBI=Y?QF�?@�VL7?�L�_ _�A7L�P@> �
L�N,_ BeF[> = 3ÈUIL�=�NOB3UIL�TVF@L�_ _ EÌ9<PQ�5BIP@Be�.NOB
\`9<P@B�?@�,B�A7L�P@> �
L�N,_ BeF�> = 3��(� � B½UIL�_ _]?@�,>aF�?GE1ROB¢9�\�> =5\`9<P@HJL7?@> 9<=&�X9<PQ�5BIP
U
_aL�> HJF$�,� � 9�Be�5;<B NOB
?G�^BIBI= 3¬L�=V� 3���P@BIR,P@BeFXBI=Y?QF"?@�,B
L�NVFXBI=VU
Bd9�\f�5> P@BeUo?@Be�"RVL7?@�VFIb�> =SRVL�PX?@>aU
T,_aL�P�Be�5;<BeFIb�NOB
?G�^BIBI=
A7L�P@>aL�N,_ BeF�> = 3¹L�=V��?@�,9YFXBJ> = 3��qü�?@�,>aF�> =5\`9<P@HJL7?@> 9<=���> _ _
NOB½UIL�_ _ Be�&�X=,9��Ù�5> P@BeUo?@Be�1��RVL7?@�*Ë � W�º^Í"U
_aL�> HJF$��L�=V�&�X=,9��
Be�5;<B�U
_aL�> HJF$��P@BeFXROBeUo?@> A<BI_ E<��c�=JBe�5;<B 3
T 3 � 9<=,_ E"FX> ;<=VL�_aF
HS>aFG?QL�Ã<BeF�> =J?@�,B�FG?QL7?@>aFG?@>aUIL�_,?@BeFG?QF:L�=V�S��> _ _ONOB�UIL�_ _ Be�H�XT,=5�
Ã1=,97��=ÌU
_aL�> HJF$�,� � B�ROBIPX\`9<P@HSBe��?@�,B�\`9<_ _ 97��> =,;3B
¡5ROBIP@> �
HSBI=Y?QF�R¢\`9<PSU
BIPX?QL�> = #1b,�:b^F@L�HSR,_ B�FX> �IB<b^L�=V��\`95UIL�_dA7L�P@> �
L�N,_ BeFIb��^B¢;<BI=,BIPQL7?@B¢�,L7?QL<FXB
?QFIb�U
9<=VFG?@P@TVUo?SL�=ÌÎ�-�b�U
9<T,=Y?
?@�,B�U
_aL�> HJFIb�L�=V��UQ�,BeUQÃDL�;YL�> =VFG?�?@�,B^?@P@T,B^=,B
?G�^9<P@Ã�?@9DU
9<H��
R,T5?@BDROBIPQU
BI=Y?QL�;<B�BIP@P@9<PQF:\`9<P�BeL<UQ�¢?GE1ROBD9�\�U
_aL�> HJFI� ³
Å �,B¢P@BeFXT,_ ?QF�L�P@B¢FX�,97��=�> = Å L�N,_ B�¾[\`9<P"A7L�P@> 9<TVF"F@L�HSR,_ B
FX> �IB�
�b7=1T,H"NOBIP�9�\V\`95UIL�_1A7L�P@>aL�N,_ BeF $fb�HSBeUQ�VL�=,>aFXH�UQ�VL�=,;<B
HJL�;<=,> ?@TV�5B #1b&L�=V��FX> ;<=,> úOUIL�=VU
B"_ BIA<BI_ �:�"õ,P@9<H Å L�N,_ B¢¾<b
�^B�FXBIB�?@�VL7?^?@�,B � W�ºÌU
_aL�> HJF:�VL¯A<B�L��,> ;<�¢ROBIPQU
BI=Y?QL�;<B�9�\
BIP@P@9<PeüO�,97�^BIA<BIPebV> \�?@�,9YFXB�U
_aL�> HJF�L�P@B�> =Y?@BIP@R,P@B
?@Be��L<F�P@BIR5�
P@BeFXBI=Y?@> =,;[=,9���Be�5;<B�9<=,_ E<bO?@�,BI=�?@�,B"BIP@P@9<P�PQL7?@BeF�L�P@B�H"TVUQ�
_ 97�^BIPe��c�F�B
¡5ROBeUo?@Be�»bO?@�,B"BIP@P@9<P�PQL7?@BeF�L�P@B�_ 97�^BIP����,BI=4#1b
?@�,B�UQ�VL�=,;<B�HJL�;<=,> ?@TV�5B<bf>aF�_aL�P@;<BIPebOL�=V��L Å C���> ?@��HS9<P@B
\`95UIL�_»A7L�P@>aL�N,_ BeFdR,P@95�5TVU
BeFdHS9<P@B�=,9���Be�5;<BDU
_aL�> HJFI�

� � ¦ ¥ ���X¨��1©G¦ ¥
Å �,B�HJL�> =*L<�5A7L�=Y?QL�;<B�9�\�TVFX> =,;�_ 95UIL�_�UQ�VL�=,;<BeFJL<F[U
_ T,BeF
\`9<P¢P@BeU
97A<BIP@> =,;�UIL�TVF@L�_�FG?@P@TVUo?@T,P@BeF[_ > BeF[> =*?@�,B�RO9�?@BI=Y?@>aL�_
9�\MB
¡1?@PQL<Uo?@> =,;"UIL�TVF@L�_O> =5\`9<P@HJL7?@> 9<=J?@�VL7?d>aF:T,=V�5B
?@BeUo?@Be�[N1E
FG?QL7?@>aU�HSB
?@�,95�,FI� Å �,>aFJRO9�?@BI=Y?@>aL�_�>aFJ_ > HS> ?@Be�ÌN1EÌFXBIA<BIPQL�_
\(L<Uo?@9<PQFIbe?@�,B:HS9YFG?�FX> ;<=,> úOUIL�=Y?�L�P@B]A1> 9<_aL7?@> 9<=D9�\,> =5öVT,BI=Y?@>aL�_ �
> ?GE�Ë`> =�_aL�P@;<BD=,B
?G�^9<P@Ã5FQÍdL�=V�½?@�,B"P@BI_ >aL�=VU
B�9<= N,P@9YL<��FXB
?QF
9�\»\`95UIL�_VA7L�P@>aL�N,_ BeFI� � B�NOBI_ > BIA<B�?@�VL7?:?@�,B�\`9<P@HSBIP:R,P@9<N,_ BIH
UIL�=�NOBS97A<BIPQU
9<HSB�N1E P@BeFG?@P@>aUo?@> =,;¢?@�,BS9<PQ�5BIP�> =5\`9<P@HJL7?@> 9<=
B
¡1?@PQL<Uo?@Be��?@9�U
_ 9YFXB:=,BI> ;<�1NO9<P@�,9195�,FM9�\5?@�,B^\`95UIL�_YA7L�P@>aL�N,_ BeFI�

�D��°��&��� ¥ ���M�
¸ Á^BI> =,_ >aUQ� w
n�r7} | bM¾eg0�<g7À ª �Yc��<Á^BI> =,_ >aUQ�&bYÂ����V�YC1T,BIP@HS9<=V�1?eb
� �¯û��<8:�VL¯A<BI�<b7L�=V��8:919<ROBIP�-��7õ^� Å �,B^c�KMc � û´HS9<=5�
> ?@9<P@> =,;SFXE5FG?@BIH,R]c�UIL<FXBDFG?@TV�5E[��> ?@�½?G�^9SR,P@9<NVL�N,> _ >aFG?@>aU
> =5\`BIP@BI=VU
Bd?@BeUQ�,=,>a�YT,BeF�\`9<P]NOBI_ > B
\&=,B
?G�^9<P@Ã5FI� ª = �^øH�ezQwQwQv7÷
p~s�.7{��<��na�,w�{IwQz��7sfv �^u5øH�HiVwQr7s�z��7s8�
w
ø@w
sfzQwA�7s � øonqp �^z
p(r7}
! sVnÙw
}~} p .Yw
sfzQw�p~s���wQv7p(z
p~sfw bM¾eg0�<g,�

¸ 8:919<ROBIP�L�=V�[ô]919Vb&¾eg<g<g7ÀA-�� õ^�[8:919<ROBIP�L�=V�´8�� ô]919V�
8^L�TVF@L�_D�5>aF@U
97A<BIP@EÌ\`P@9<H LÌHS> ¡1?@T,P@B�9�\SB
¡5ROBIP@> HSBI=Y?QL�_
L�=V�¢9<NVFXBIP@A7L7?@> 9<=VL�_»�,L7?QL,� ª = �^øH�ezQwQwQv7p~s�.7{�� � ! b&¾eg<g<g,�

¸ 8:919<ROBIPeb»¾eg<g<g7ÀB-�� õ^�»8:919<ROBIPe�^c�= 97A<BIP@A1> BI��9�\�?@�,B�P@BIR5�
P@BeFXBI=Y?QL7?@> 9<=SL�=V�J�5>aF@U
97A<BIP@ED9�\&UIL�TVF@L�_,P@BI_aL7?@> 9<=VFX�,> RVF�TVFG�
) í�ë ÖIÓ âDÔdÖ
×Gß�ïQÜeàYê7ØGßoã�á5ß@ØqÞ�ßQßQêSÕ1ÖIÓ ×GÔ:ÜIÝMðeÖ
×GÓ ÖIáYë ßQÔ:êYÜIØ:á5ß@Ú

ØqÞ�ßQßQêJÕ1ÖIÓ ×GÔ:ÜIÝ&áYàYï
	¯ß@ØGÔ è *^àYâ�á5ß@×GÔ�ðeÖ
×Ùñ"Þ]Ó ØGÒSØGÒYßdÝaÜ7ïoÖIëfðeÖ
×GÓ Ú
ÖIáYë ßQÔ�ÕYÓ ï
	¯ßoã -VÒYßQêYïQß�Þ�ß�ã<Ó ã çoæeæ ×GàYêYÔ -OßoÖIïXÒ½ØGÓ âDß�×XÖIê1ã<ÜeâDë ñ
ÕYÓ ï
	�Ó êYò�Ö½ÔÙß��7àYßQêYïQß�ÜIÝ�
�ðeÖ
×GÓ ÖIáYë ßQÔ"ÖIÔDÝaÜ7ïoÖIë^ðeÖ
×GÓ ÖIáYë ßQÔ -]ÖIê1ã
ïQÜeâDÕYà<ØGßoã"Öoð¯ß@×XÖIòeß�ê�àYâ�á5ß@×GÔ è

Å L�N,_ B�¾[R�o]P@P@9<PQFf> =�9<PQ�5BIP&;<PQL�R,�VFI��$�Rf?@�,B:=1T,H"NOBIP�9�\1\`95UIL�_
A7L�P@>aL�N,_ BeFI�45�R^?@�,B"=1T,H"NOBIP�9�\�N,TVUQÃ<B
?QFI�����¯R^ROBIPQU
BI=Y?QL�;<B
BIP@P@9<P"9�\�9<PQ�5BIPSU
_aL�> HJFI��� J�R¢ROBIPQU
BI=Y?QL�;<B¢BIP@P@9<P"9�\ � W�º
U
_aL�> HJFI������R�ROBIPQU
BI=Y?QL�;<B BIP@P@9<PS9�\D=,9���Be�5;<B U
_aL�> HJFI���dR
=1T,H"NOBIP�9�\�T,=,Ã1=,97��=�U
_aL�> HJFI�

� ��� æeæ
ÜI×Xã<ß@×]ïQë ÖIÓ â *^î é ïQë ÖIÓ â


 � � � � � � � �"! �$#&%
� æ(' ç±æ(' æ�ç )+*-, � æ(' ç + + , æ(' + æ(' æ/.10 æ
� æ(' ç±æ(' æ � çeç +1�-� æ(' ç2* )-)µæ(' + * æ(' æ + 0 +
� æ(' � æ(' æ�ç çoæ + ,/0 æ(' æ + )/. æ(' + ç±æ(' æ1*-, ç
� æ(' � æ(' æ � ç2* + 0�ç æ(' æ +-3 çeçeç æ(' + æ(' æ + �
çoæ æ(' ç±æ(' æ�ç ç � +1� . æ(' ç + ç + , æ(' + æ(' æ/.-. ç
çoæ æ(' ç±æ(' æ � *7ç +�+1� æ(' çeç4*2.<ç æ(' + æ(' æ/.-. çeç
çoæ æ(' � æ(' æ�ç ç�) +-3 æ æ(' æ1*5*Iæ 3 æ(' + æ(' æ1*-, �
çoæ æ(' � æ(' æ � * + + * + æ(' æ1* 3 *-,2. æ(' */0µæ(' æ + * ç�0

� �6� æeæeæ
ÜI×Xã<ß@×]ïQë ÖIÓ â *^î é ïQë ÖIÓ â


 � � � � � � � �"! �$#&%
� æ(' ç±æ(' æ�ç çoæ +-3 0 æ(' æ/.-. )eæ æ(' + æ(' æ1* � *
� æ(' ç±æ(' æ � ç2* + 0 + æ(' æ � ç çoæ-0 æ(' + æ(' æ + ç �
� æ(' � æ(' æ�ç çoæ7.¯æeæ æ(' æ�ç8. ,/)µæ(' ç�0µæ(' æ�ç � *
� æ(' � æ(' æ � ç2*4.¯æ 3 æ(' æ1* 3 çoæ/. æ(' * 3 æ(' æ1*-, ,
çoæ æ(' ç±æ(' æ�ç ç�0 +-3 . æ(' æ1*-,+*Iæ1,µæ(' */) æ(' æ1* 3
çoæ æ(' ç±æ(' æ � * + +�+ . æ(' æ1*/09* 3 æ æ(' */)µæ(' æ +�+ *Iæ
çoæ æ(' � æ(' æ�ç ç�0 + ,-, æ(' æeæ-)�ç ç�0�ç«æ(' * � æ(' æ1* 0
çoæ æ(' � æ(' æ � * + +�+ . æ(' æ�ç�)9* 31� æ(' * 3 æ(' æ + *-*

> =,;[ÁdL¯E<BeFX>aL�=¢=,B
?G�^9<P@Ã5FI� ª =�-�_ E1HS9<T,P�8��OL�=V��8:919<ROBIP
-�� õ^� b<Be�5> ?@9<PQFIb;: �/��ifu5nÙr7nqpE�7s,t : r7u1{Ir7nqpE�7s,t�r7sfv���pa{Iz��/�e÷
w
ø(p b&¾eg<g<g,�5c�c�c ª º]P@BeF@FdL�=V��û ªGÅ º]P@BeF@FI�

¸ Â�BeUQÃ<BIP@HJL�= w
n�r7} | bM¾eg<g1ÄeÀ�W"��Â�BeUQÃ<BIP@HJL�=&b<8��7û BIBIÃfb�L�=V�
-��M8:919<ROBIPe��cÇÁdL¯E<BeFX>aL�=�L�R,R,P@9YL<UQ�½?@9�UIL�TVF@L�_��5>aF@U
97AY�
BIP@E<� Å BeUQ�,=,>aUIL�_ � BIRO9<PX?3û�C � � Å<� �Ùg1Äe�Ùi�/5b�û >aU
P@9YFX9�\~?
� BeFXBeL�PQUQ�&bf¾eg<g1Ä1�

¸ Â�9197A<BIPebf¾eg<g<i7ÀDýS� W"�<Â�9197A<BIPe� Å �,B�_ 9<;<>aU^9�\»UIL�TVF@L�_5> =5\`BIPX�
BI=VU
B<� ��z��7s��/��p(zo{�r7sfv&�%�1p~} �¯{��Hi���p b 1�R j�i1Ä/=,j�¿�kVbV¾eg<g<i,�

¸ û BIBIÃfb&¾eg<g�/¯À�8��dû BIBIÃf�Ç8^L�TVF@L�_�> =5\`BIP@BI=VU
B3L�=V�*UIL�TVF@L�_
B
¡5R,_aL�=VL7?@> 9<=.��> ?@�*NVL<UQÃ1;<P@9<T,=V�
Ã1=,97��_ Be�5;<B<� ª = �^øH�7÷
zQwQwQv7p~s�.7{�� � ! b»¾eg<g�/5�

¸ º�BeL�P@_»L�=V�¢¼�BIP@HJL,b&¾eg<g,¾
À>�V��º�BeL�P@_�L�=V� Å �d¼�BIP@HJL,�Éc
?@�,BI9<P@ES9�\�> =5\`BIP@P@Be�¢UIL�TVF@L7?@> 9<=&� ª = �^øH�ezQwQwQv7p~s�.7{�?>@BA C � �

¸ º�BeL�P@_qb,j�i<i<i7ÀD�V�fº�BeL�P@_q�E: r7u1{Ir7} p~n6p��F���ev<w
} {Qt$@�wQr¯{��7sVp~s�.7t
r7sfv ! s8�
w
ø@w
sfzQw �Æ8^L�H"N,P@>a�5;<B Z =,> A<BIPQFX> ?GE�º]P@BeF@FIb � ô�b
j�i<i<i,�

¸ C1> _ A<BIPQFG?@BI> = w
n�r7} | bOj�i<i<i7À"8��µC1> _ A<BIPQFG?@BI> =&b Cf� Á^P@> =&b
� �dû 9�?G�dL�=,>qb�L�=V�G�V� Z _ _ HJL�=&��C5UIL�_aL�N,_ B ?@BeUQ�,=,>a�YT,BeF
\`9<P�HS> =,> =,;�UIL�TVF@L�_[FG?@P@TVUo?@T,P@BeFI� ��r7nÙr�� p~sVp~s�.Çr7sfv
?"s��/�d} wQv�.Yw
��pa{Iz��/�7w
ø(p bVkOËqjs´7¿YÍ(R ¾�1<¿1=f¾egYj5bYj�i<i<i,�

¸ C1R,> PX?@BeF w
n�r7} | bM¾eg<g<¿7À�º��*C1R,> PX?@BeFIb�8��T-�_ E1HS9<T,Peb�L�=V�
� �DC5UQ�,BI> =,BeFI�H: r7u1{Ir7nqpE�7s,t«�^ø@wQv7p(z
nqpE�7s,t�r7sfvT§»wQr7ø@z�� �
C1R,P@> =,;<BIPX��¼�BIP@_aL�;Vb � BI��ô]9<P@Ãfbf¾eg<g<¿,�

¸ ¼�BIP@HJLSL�=V��º�BeL�P@_qbf¾eg<g<i7À Å ��¼�BIP@HJL®L�=V�5�V��º�BeL�P@_q�
o:�YT,> A7L�_ BI=VU
B�L�=V�JFXE1=Y?@�,BeFX>aF�9�\&UIL�TVF@L�_,HS95�5BI_aFI� ª = �^øH�7÷
zQwQwQv7p~s�.7{�� � ! b»¾eg<g<i,�




