
 
 

E
S

E
A

R
C

H
R

E
P

R
O

R
T

I
D

I
A

P

���������	��
����
�������������������
� 
��������! "��#$�%�&���(')�
�%� � �* $�+���
�,�%�!�-�.� � /0�-�- 1�324��5 67598:
-;=<">0?@2
�A�-�9�!� /B�DC�2�EF�-� �%� �$2�GBH�� �JI��1�K� �-�1L
#%MN
0�N��OQP"RTSVU%WXSYWDUBRZW1W[R1R
� ��; OQP"RTSVU%WXSYWDUBRZW1W[R�U
��\�]^�1� �`_Na-bdc%aDe%fDc"g�fDe%hBgji"g�fNk�lJb�m
� �d�n�D�*�D���Tm%e1eDk�onp1pdq1q1q�l
gji"g�fNk�lJb�m

r s tvuwtvx y{z{| } x~y{|{�`��z�� ��t���y{u
� ������x~�`����tvx ���v���Xtvz ��������� �
��tvx � ��������� � ����t � z������^tvz

¡£¢Q¤4¥�¦¨§ª©4¢Q«d¬3­A®°¯ ±A¢Q­A²´³¶µ·­)¥�¸º¹ª¤@¦A»Y¢�¼½¯
¾B¿À¾-ÁÀÂ4ÃQÄÅÄvÆFÇ�ÈBÉ`Ê

¿ÀË`Ì`Ë�ÍVÎQËTÏ½ÐÑÆFÆFÇ
Ò0ÓTÔÑÕ×Ö+Ø�ØFÙ:Ú°Û&Ü`ÝßÞ:Ó�Ô�à�Öná�â�Ø�ÖnÜ`ã

¯åänæQäKçQè:é ê ¯Dë�ì�í.î1ï-ð é�ñ-ò í ì
ójôjë
õ,¯Dï"ö





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

$ %'&)(�&)* +�,.- /0*1+2-23�45,76 89&):;+�( <04>=?:1*73�@A6B&2* CED.=F3�&2,
G :1H.4>IJ4 C9&2* K0L;MN4>:;6 OP4>:Q&)R),.3S6T3�&2,

�U	WVX�Y�1Z\[]	�^_�X��� `�	���a#��b.���Y�dc�VX��e�	�f

g Ù�á�Ù�Õ×ÔÑÙ:Ý;hjikikl
Ò0ÓTÔÑÕ×Ö+Ø�ØFÙ:Ú°Û&Ü`Ý Þ:ÓTÔÑà�Öná�â�ØFÖnÜ`ã

mon�prqrs�t�uYqYvxw_y\z|{�}�~����
�j�����]��~�z|������z|{W���j�r{����S}��
���
�������r�
���W�r~����|}���z|�
�?�Y�S������z��|�r�r�
�YyW}�z|}��
y��F��z|{W�
�S�W~���}�z|{��|�r~��j����z�z|�o�
�T�Y�r�
�F��z��|}�� z��¡�!y�~��¢�
�|�?�!z|}��
y�~£�!y���}��?�
�Y�N�|�r~��
����z|}��Yy¤�Y���|}¥��z|}��Yy�~r¦£§�~¨�ª©W�j����z|���
�j�����«�!�|�?�
yW�r�N�W�r�ª�|���
~��r~���}¬z|{��
���r�ry�z|����z|�����j���|~��j�r�ªz|}��Y�N�
y����W�r���|�r�
~��N}�y��|�r~��Y����z|}��
y­¦]®��F}��F�W�|���¯���j�����
�«�!�|�?�
y����N�
y��?�|�Y�W��~�z|y���~�~r°��X�£���|�Y�j�
~��U�U~��ª{W�r�F��z|�±�«�W~��£�r�Y���!���!y����!�¡�Y�W}��ry�z��������
���W�r~����|}���z|�
�|~r¦]®X{�}�~
�
�W�W�|�¯�!�ª{o}�~��F�
z|}��Y��z|���F���Fz|{�����}�~����|}��F}�y��!z|}��¯���j���]�����
���r�Y���
��}�yo�?�
yW�²�?�
�W���Y�S���r��z³�|���r�Y�
y�}¬z|}��Yy­¦]®X{��
�W�|�
�����r�Q�
�k�r�
���
�]�¢���!z|���|����©Sz��¡�
��z|}��YyF}�~#�Y�W���|�r~�~����F�!~´�]�r�����!~#z|{��³���Yy�~�}������¡�!z|}��YyW~]�
y±z|{��³�«�W~�}��YyF�W�|�����r~�~
�
y���~�z|�r��~³z|��z��¡�!}�y�~��W�ª{µ�«��~�}��
y­¦]¶·�£��~����¹¸�º¨w�»��²¼�½
§¾���!z¡�!���!~��N�¢�
����©��j���|}��F�ry�z|~��
y��¹~�{�����y��?½Y¿.z|�
À�Á ¿B�|�r���!z|}��¯�£}��F�W�|���¯�r�F��ySz#��{��ry��r�Y�F���!�|���?��}�z|{�~�z¡�!z|���²�
�¥�Âz|{����Ã�!��z��!�¡�Y�W}��ry�z����!~��������r~����|}��Wz|�!�|~r¦



� � g �������	�
� ikl���
��

� ������������� �!�#"$���

%'&)(�*,+.-0/1-02435276�87(:9;6,<,=)-0>:(?6,+A@4(B9�27CD-1=E-1=)FA6G6,8HCI9;(;=.(BCJ-KCD*,=�(:C7CI(;=�2I-K*L/�9$6,MON	6,=.(:=�2D6LP!*Q&GR.MQ*L=AST(;=GUG-0876,=)M�(:=�2
-1=�2I(:87*V9�2I-16,=WR.=)FA(:87CX27*,=)FA-1=.< CX3ACX2I(;M YZ%'&)-1C[/1(:*VF.CD2I652I&.(�27*VCX\]6,P^6,+.@4(:9�2?87(:9;6,<,=)-_27-06V=�-0=`*aCX-02IR)*L2I-16,=W6LPb/16dc
87(:CI6,/1RA27-06V=a*,=)F�&)-0<V&a<V(;6VM�(;2I87-19DUd*L87-1*,+.-1/0-0243e6LPf2I&.(?6V+A@4(:9$2:g Ch*LN)Ni(B*L8�*L=)9;(,Y
j +.@4(:9�2O87(:9$6V<,=.-02I-16,=k9;*L=k+i( +)*VCX(BFl6V=kCI(;U,(:87*,/!*VCXN	(:9$27C�6LPD2I&.( 6V+A@4(:9$2:g C�87(;N)8I(BCX(:=V2�*d27-06V=l-0=m*L=m-0MQ*,<,(,n

CI&)*,Ni(ao �BpTq 9$6V/06V8Zo r q	sdptq N)*,8X2�Ch6,87<V*,=.-1>:*d27-06V=uo_v:w p *,MO6,=.<Q6,2I&.(:87C:YJxh/1/f2I&.(BCX(Z2I(:9�&)=.-1y�R.(BCJ&i*zU,(
CX2I876,=.<eN	6,-1=�27C
*,=)F?c!(:*,\�=)(:C7CX(BC�MO*,\G-0=.<h2I&.(:M{*,N.N.876,N.87-K*d2I(BFDP|6,8fF.-_}�(;87(;=�2�2�*,CI\GC:Y j =.(~2I(:9�&)=.-1y�R.(^2I&)*L2f&)*VC�CI&.6dc�=
CXRi9;9$(BCICXP|R./
87(:CIR./027CD9$6,=iCX-KC42�C�-1=]2I&.(�R)CI(
6LP~9$6V/0/1(:9$2I-16,=)Ch6LP�/06A9:*L/fF.(:C79$87-0NA276,8�Ch9$6VMON.RA2I(BF]*d2H-0=�2I(:8I(BC42hN	6,-1=�27C:Y��T2D&)*VC�+	(;(;=
RiCX(BF]-0=�2I&.(�N)*,CX2hP|(:c�3,(:*,87C�2I6�N	(;8IP|6,87M�8I(B9$6,<V=.-02I-16,= 27*VCX\ACDCXR)9�&�*VCJ-1MQ*L<V(
8I(;2I87-0(:Ud*L/bo0v s.q vz� p *,=)F /16G9:*d27-06V=
-KFA(:=V27-_�	9;*d27-06V=�o0v,v p YD%'&.876,R)<,& 2I&)(Z-1=V278I6AFARi9�2I-16,=E6LP~MO6,87(
<,(:6,MO($278I-K9?*L=iF�CI9:*L/1(
-1=�Ud*,8I-K*L=)9;(?2I&)(;3 &)*zU,(?/K*d27(;8
+	(;(:=]*,F.*,NA2I(BF�P|6V8�6,+A@4(B9�2�87(:9$6V<,=.-02I-16,=�o_vB� q vVv p Y
%'&)(:CI(DMO($27&.6AF.C�*L87(J+i*,CI(:Fe6V=�/16A9;*L/�-1=AP|6,87MQ*d27-06V=�9$6VM�N)RA2I(BF5*L2'*,RA2I6VMO*L2I-K9;*,/0/13eCX(:/0(B9�27(:Fe-1MQ*L<V(J/16G9:*d27-06V=

*,=)F�CX-1>;(VY��J6u($�A&)*LRiC427-0UV( C79;*,=.=.-1=.<u-KCQ=.(;(BFA(:F�Y���*L8I2I-K*L/'6A9;9;/0RiCX-16,=�6LPH2I&)(�6,+A@4(B9�2e-KCQ&)*,=)FA/1(:F�*,COP�*,8e*,C
(:=.6,R)<,&OFA($27(:9�27(:F�/16G9:*d27-06V=)C#*L87(b/1($P�2~R.=.St6A9;9;/0RiFA(:FOCI6J27&)*d2^*HN	6VCI-_27-0UV(bMQ*d2�9�&�-KC�N	6VC7CX-1+./1(,Y�%'&.(:CI('M�(;2I&.6AF.C^*L87(
-1=GUd*L87-1*,=V2b2I6�UG-0(:c�-0=.<O9$6V=)FA-02I-16,=)Cb/1-0\V(DN	6VCI( q /1-0<V&V27-0=)<�*L=iF�C79;*L/1(,Y j =.(H-1M�N	6,8I27*,=�2b-KCICIR.(Hc�-_27&e2I&)(:CI(HMO(;2I&.6AF.C
-KCb2I&.(DMQ*d279�&)-0=.<�N.876G9;(:C7C^c�&)-19�&e-KCb=.6L2'(:*VCX3O*L=)Fe8I(:/0-1(:Cb6,=e/16A9;*,/i<V8I(:3GC79;*,/0(�-1=AP|6V8IMQ*d27-06V=Eo0v:� q v,v p 27&)*d2'MO-0<V&V2
+	(�*LM�+.-0<VR.6,RiC;Yf��=Z27&.-1C#Ni*LN	(;8#cb(!N.876,N	6VCI(^276DRiCX('/16G9:*L/A9$6V/06V8�P|(B*d27R.8I(BCf2I6[-0=i9$87(:*,CI(~27&.(�FA-KCI9;8I-1MO-0=)*L2I-1U,(!Ni6dc!(;8
6,Pf27&.(?/16G9:*L/�FA(BCI9;8I-1NA276,8�C;Y
� 6V/06V8J-KCH\�=)6dc�=]2I6a+i(O*eN	6dc!(;8IP|R./�9$R.(ZP|6,8?FA-KC427-0=.<VR.-KCX&.-1=.<a*L=)FE8I(B9$6,<V=.-1>;-1=.<e6,+.@4(:9�2�C q (BCXN	(:9;-1*,/0/13 -0=E2I&.(

9:*,CI( 6LP[MO*,=ASTMO*VFA( 6,+A@4(B9�2�C�o sdp Y � 6V/06V8O-1CQ6,P�2I(:=mRiCX(BF�276lFA(:C79$87-1+i(a2I&)(�<,/16,+)*,/�9$6,=�27(;=�2e6LP?*WP|R./0/D-0MQ*,<,(,Y
�J-1CX2I6V<,8�*LMQCh*,8I(
*,=]($�.*LMON./1(?6LP~CIR)9�&�*Q<,(:=.(;8�*L/�P|(B*d27R.8I(VY��h6dc!(;U,(:8 q CXR)9�&]<V/06V+)*L/�P|(:*d27R.87(:C�MQ*z3a+i(ZF.-_�e9$R)/_2
276?*LN.N./13[2I6H27&.('8I(B9$6,<V=.-02I-16,=
6,Pi6,+.@4(:9�2�Cf2I&)*L2#6A9:9$R.N.-1(:C#6V=./13?N)*L8I2�6,P)27&.(�9$6,MON./1($27('-0MQ*L<V(,Y��b(BCX-KFA(BC q 27&.(;87(�*L87(
*,/1CI6
FA-0�e9$R./02I-1(:C#276?<V*L2I&.(:8^9$6V/06V8�-0=GUd*L87-1*,=)9$(!-1=e*L=O-0MQ*,<,(,Y#%f6
*,F.FA87(:C7C�2I&)(:CI(�-1C7CXR)(:C qV� *L27*,C#(;2:Y�*L/tY�N.8I6VNi6�CX(BF
27&.(]R)CI( 6LPD/16A9;*,/h9$6LST6A9;9;R.8I87(;=i9$(�6,PH9;6,/16,8ON)*L-18�C q 9$6,/16,8O+.-0STM�6AFA(BC]o r ptq <V*L2I&.(:8I(BF�-1=mCIMQ*L/1/�=.(;-1<,&G+	6,87&.6G6AF.C;Y
xJ/0/�/16G9:*L/1/03 9$6V/0/1(:9$2I(BF]+.-0StMO6AFA(:CD*L87(?2I&)(;=E9;/0R)CX2I(:8I(BF 2I65FA(;87-0UV(?2I&)(
�)=)*,/�CI($2D6LP~MQ*L-1=�<,/16,+i*L/�+.-0STM�6AFA(BCh27&)*d2
F.(:C79$87-0+	(?2I&)(
-0MQ*,<,(,Y'%'&.-KC��)=i*L/fCX2I(:N]MQ*L\,(BC'2I&)-1CJM�(;2I&.6AF�CIR)C79$(:NA2I-1+./1(?2I6QN	(;8IP|6,87MQ*L=)9;(?/06�CIC�-1= 2I&)(�9;*VCX(?6,P
&)(:*zUG3Q+)*,9�\G<V8I6VR.=)F�9;/0R.2X2I(:8:Y�x�CI(:9;6,=)F5FA87*zc�+i*,9�\O6LPf2I&.-KCh*LN)N.8I6�*,9�&e-KC!2I&i*d2'2I&.(?-1MQ*L<V(HCIN)*d27-1*,/�FA-KC4278I-1+.RA27-06V=
6,Pf27&.(?/16G9:*L/�+.-0STM�6AFA(HP|(B*d2IR)8I(BC'-1C�=)6L2h($�AN./16,-02I(BF�Y
��=E2I&.-KC[*L8I2I-K9$/1( q c!(�*L=i*L/13�>:(
27&.(�N	(;8IP|6,87MQ*L=)9;(
6LPb<,8�*,FA-1(;=�2D+i*,CI(:F]/16A9;*L/#FA(BCI9;8I-1NA2I6V8H*,N.N.876V*V9�&`o0v,v p c�-02I&

*,=.<,/1(O*L=)FW8I(BCX6V/0R.2I-16,=W9�&i*L=.<V(:CD6,=EMQ*,=AStMQ*VFA(�6V+A@4(:9$27C[R)CI-1=.<�27&.(e� j �4��STwGrLx�F)*d27*,+)*,CI(,Y��GR.87N.8I-KCI-0=.<V/03 q 2I&.(
MO(;2I&.6AFZF.6�(BC�=.6L2�Ni(:8XP|6V8IM�*,Cfc!(;/1/�*VC�87(;N	6,8I2I(BF?-0=
2I&.(!/0-02I(:87*L2IR.87(Do0v �zp Y��W(b2I&)(;=ZN)8I6VNi6�CX(^*,=
($�G27(;=)CI-06V=
+)*VCX(BF
6V=]P|R)CI-0=)<a9;6,/16,8D*,=)F]<V8I(:3GC79;*,/0(?-1=AP|6V8IMQ*d27-06V=E*d2D2I&.(�/16G9:*L/�/0(:U,(:/�Y[%'&.-KCJN.876A9$(BCICJ8I(BCXR./027CD-1=W*L=E-0MON.876dU,(:M�(:=�2
6,Pf27&.(?6dU,(:87*,/0/	87(:9$6V<,=.-02I-16,=587*L2I(VY
%'&)(bMO($27&.6AFZ-KC#FA(:C79$87-1+i(BF
-1=
2I&)(b=.(;�G2~�A(:9�27-06V= q c�&.-1/0('87(:CIR./027C�*L=)F�FA-1C79$RiCICI-06V=Z*L87(!N.8I6VNi6�CX(BF?-1=��G(B9�2I-16,= s Y

� ���;�Z�Z�~"��# ]¡ ¢¤£J¥f���~":¦5�#"$���

��=a27&.-1CJCX(B9�2I-16,=ac!(HN)8I(BCX(:=V2!2I&)(
FA-_}�(;87(;=�2JCX2I(:N)C'6LPf2I&.(
CX27*L2I($ST6LP�St2I&)($S�*L8I2!/16A9;*L/�F.(:C79$87-0NA276,8�*LN)N.8I6�*,9�&�*,=)F�2I&.(
N)8I6VNi6�CX(BF59;6,/16,8!P|R)CI-06V=�P|8�*LMO(;c!6,87\�Yf��([P|6A9$R)C'MQ*,-0=./13�6V=�27&.(
FA(;27*L-1/KC'6LP�27&.(
9$6V/06V8!P|R)CX-16,= -1MON./0(:MO(;=�27*L2I-16,=�Y
� 6,87([F.($27*,-0/�6,=52I&.(?/16A9;*L/�F.(:C79$87-0NA276,8'MO($27&.6AFA6,/16,<V3�9;*,=5+	([P|6,R.=iF5-1=uo_vVv p Y

§�¨X© ªV«b¬A­�®.­�¯V¬l° ±^²X«b¬�³´­�¬G­fµ	¬G±^®)¯u¶�«J·¹¸�­�²4ºb»b¼?±^®)»h±'±�·½³´­�¾H«D²�¬.²4±b«
��6A9;*L/fFA(:C79$87-0N.2I6,8�MO(;2I&.6AF.C�87(;/13�6V=a2I&.(
*,RA2I6VMO*L2I-K9?FA($27(:9$2I-16,= 6LP~CINi(B9$-0�i9[-0MQ*,<,([/06A9:*d2I-16,=O¿�CIR.878I6VR.=)FA(BF�+G3
*WCXN	(:9;-_�	9�-1MQ*L<,(a*L87(:*�À�ÁGYu%'&.(aCXN	(:9;-_�	9;*d27-06V=�*L=iFu($�G2I8�*,9$2I-16,=l6,Ph+i6,2I&�2I&.(a/06A9:*d2I-16,=k*L=)Fl*,8I(B*]MZRiC42�+i(
87(;N)8I6AFAR)9;-0+)/0( q 2I&i*d2J-KC q -0=GUd*L87-K*L=�2hR.=)FA(:8h<,(:6,MO($278I-K9?*L=iF N.&.6L276,MO($278I-K9H2I8�*L=iC4P|6V8IMQ*d27-06V=)C:Y~��= 2I&.-KCDc!*z3 q *L87(:*VC
*,8I6VR.=)Fa*�<,-1U,(;=aN	6,-1=V2hc�-1/1/�*L/1c!*z3AC�ÂI9;6dU,(;8�Ã?27&.(
C7*LMO( s,Ä 9$6V=�2I(;=�2ZÅ�Æf-1<)Y�vzÇ�Y
��=�27&.-1C~N)*LN	(;8�c!(�($�AN./16,-02I(BF
27&.(h�J*,8I87-1CXS�x��Q=.(�FA($27(:9$2I6,8ho0v,v q,Èdp Y�%'&)-1C~9�&)6,-K9$('c!*VC#MO6L2I-1Ud*d27(:F�+G3Z*L=)*,/03ACI-1C

27&)*d2!&)*zU,(hCI&.6dc�=O-02^2I6Z+i(J2I&.(DM�6�C42b8I(:Ni(B*d27*,+./1(h*L=)FQCX27*,+./0(J-0=Q27&.(hN.87(:CI(;=i9$(h6,P�<V(;6VM�(;2I87-19�*,=)FON.&.6,2I6VM�(;2I87-19
2787*,=)CXP|6,87MOC?o0v �zp Y



� g �������	�
� ikl���
�� s

Æ�-1<,R.87(Ov,n#��=GUz*,8I-K*L=�2�=.(:-0<V&�+	6,87&.6G6AF�*,8I(B*.Y

§'¨�§ �b¬A®��Jµ	¬��J®.¶����h­�¶�¬��J®.­�¯
�W([R)CI(:FeCX2I(:(;8�*L+./1(D�)/_27(;8�*,C!CX2I87R)9�27R.87*,/i-1=AP|6V8IMQ*d27-06V=�FA(BCI9;8I-1NA2I6V87C:Y#%'&.(:CI(HF.(:C79$87-0NA276,8�C^c!(;87(hP|6VR.=)Fe2I6�+i(D2I&.(
+i(BC42J9;6,MON.876,MO-1CI([+i(;24cb(:(;= 876,+.R)CX2I=)(:C7C�*L=)FaFA-1M�(:=)CI-06V=)*L/1-_243�o_v �Bp Yb��2I(:(;8�*L+./1(H�)/02I(;8�Ch*,8I([*Q9$/K*,C7C'6LP��)/02I(;8�C'-1=
c�&.-19�&5*?�)/02I(:8b6,P�*L87+.-_2787*,8I3�6,87-0(:=�27*d27-06V=Q-1C!CI3�=�27&.(:CI-0>:(:FQ*VCb*?/1-1=.(:*,8!9;6,MZ+)-0=)*L2I-16,=Q6,P�*ZCI($2b6,P�+)*,CI-KC��)/02I(:87CHo 	 p Y
%�6�+i( R)CI(:Fm*,C�/16A9;*L/�CX2I87R)9�27R.8�*L/�FA(:C79$87-1NA2I6V87C q CX2I(;(:87*,+./1(e�)/02I(:87CQ*,8I( *LN.N)/0-1(:Fl2I6�2I&.( /16A9;*L/�*,8I(B*E6,Ph2I&.(

-0MQ*L<V(JÀ Á (;��2787*V9�27(:FO-1=Q2I&.(DN.87(;UG-06VR)C^CX2I(:NEÅ�Æ�-1<)Y	vBÇ$Y#%'&)(J87(:CINi6V=)CX(BC^*L2b*
<V-0UV(;=Q=GR.MZ+	(;8b6LP�6V8I-1(;=�27*L2I-16,=)Cb*L87(
9$6,M�+.-1=.(:F5-0=�276e*�CI($2h6,P�FA-0}�(;87(;=�2I-K*L/�-1=GUz*,8I-K*L=�2�C?o 	 p c�-_27&a87(:CIN	(:9�2'276Q8I6,27*d27-06V=5*,=)Fa-0/1/0R)M�-1=)*L2I-16,=�Y

§'¨�
 �W±
�4±^®���­�¶f¬��J®.­�¯
��=lo r p�� *L27*,CJFA($�)=)(:Ch-1=�2I(:8I(BC42h/16A9;*d27-06V=)C'P|6V8h&.-KChMO($27&.6AF�*,C'27&.6VCI([2I&i*d2J&)*zUV(
*QMZR)/_27-_STMO6GF)*L/�9;6,/16,8JFA(:=)CI-_243
P|R.=)9�27-06V=�FA-KC4278I-1+.RA27-06V=�Y���6A9;*,/)MO6AFA(:C^c�&.(;87(h(;��2787*V9�27(:F�R)CI-0=.<�*?MO(:*L=.STCI&.-0P�2!*L/1<,6V8I-02I&)MaY�%'&.-KC^MO($27&.6AFO-1Cb=.6,2
-0=GUd*L87-1*,=�2�276
CI9:*L/1(�9�&)*L=.<V(:C�CI-0=i9$('2I&)(�c�-1FG27&Q6LP	2I&.(�\V(;87=.(;/)-0=�2I&)(�M�(B*L=AS�CI&.-_P�2^*,/0<V6,87-_27&.M c'*,C�CI($2b*HN.87-16,87-�Yf��=
6,R.8'9;*VCX( q c!(D87(;/13O6,=Q27&.(H($�G2I8�*,9$2I(:FeNi6V-0=�27C�¿a*L=)Fe2I&.([*,C7CX6A9;-1*L2I(:FQ*,8I(B*
À'Á.Y#��(H*VCICIR.MO(h27&)*d2!2I&.(BCX(H87(;<,-16,=iC
9$6,=�2�*L-1=a*L2'/1(:*VC42J*�+.-0STM�6AF.*,/�9$6V/06V8'F.(;=)CI-_243�P|R.=)9$2I-16,=]FA-KC4278I-1+.RA27-06V=�Y
%'&.(:CI(59;6,/16,8�M�6AFA(BCO*L87(59$6V/0/1(:9$2I(BFuR)CI-0=.<��HSTM�(B*L=)C�9$/1R)CX2I(:8I-1=.<E-1=������ CXNi*,9$(VYl�G(;UV(;8�*L/!($�ANi(:8I-1MO(;=�27C

c�&.(;87(eFA6,=)(Q6,=u*a2I8�*L-1=.-1=.<�CX(;2
6LP!2I&.(a� j �4��STwGrLx F)*d27*,+)*,CI(,Y��T2Zc!*VCHP|6,R.=iF�2I&)*L2Z(:CX2I-1MQ*d2I-1=.<]87(;/1-1*,+./13]2I&.(
=�R)MZ+	(;8!6LP�MO6GF.(:Cbc!*VC^FA-0�e9$R./02 q *L=iF�2I&)*L2^2I&)(DMQ*d@46V8I-0243Z6,P�=.(;-1<,&G+	6,87&.6G6AF.C�&)*VFe*?+.-0StMO6AF.*,/i9$6V=�2I(;=�2BY#%'&GR)C
cb(?*,C7CIR.MO(D27&.(?($�A-KC427(;=)9;(?6LP�6,=.([6,=)/03e+)-_STMO6GF.(
*d2�(:*V9�&5=.(:-0<V&G+i6V8I&.6G6AF�Y
�W(DMZR)CX2!=)6dcmRiCX(J2I&.(������ MO6AFA(:CbP|6,8b/06A9:*L/�FA(:C79$87-0N.2I-16,= q -0=a*L=ec'*z3�-0=GUd*L87-1*,=�2~2I6�Ni6�CICI-0+)/0(H9�&)*L=.<V(:C^6LP

<,(;6VMO($2I87-K9h*L=)Fe/0-1<,&�2I-1=.<�9$6,=iFA-_27-06V=)C:Yf�T2'-1Cbc!(;/1/i\G=.6dc�=O27&)*d2!2I&.(BCX(J24cb6ZP�*,9$2I6,8�C q FA(BCI9;8I-1NA2I-16,=5*L=)FQ-1=GUd*L87-1*,=)9$( q
6,N.N	6VCI([(:*,9�& 6,2I&.(:8 q CI-0=i9$(?-1=)9$87(:*VCX-1=.<�-0=GUd*L87-1*,=)9$([87(:CIR./027C'-1=]-0=AP|6V8IMQ*L2I-16,=a/06�CIC?o � p Y~��=]*O9$6,=�278I6V/0/1(:F5(;=GUG-0876,=.S
M�(:=�2�Å�����������ÇJ9$6V/06V8hUd*L/1R.(:CJcb6VR./1F +	(
27&.(ZMO6�C42J(;}	(B9�27-0UV(?P|(:*L2IR.87(,Yh%'&.-KCD-1CJ&.6dcb(:U,(:8h=.6L2J2I&.(�9;*,CI(?-1=]2I&.(
N.8I(BCX(:=)9$([6,Pf-1/0/1R.MO-0=i*d2I-16,=]9�&)*,=.<,(BC;Y
%'&.-1C�/1(:*VF.C�2I6W2I&.(]9�&.6V-19;(56,PD*L=m*d�Q=.( -0=GUd*L87-K*L=�2�-1/0/1R.MO-1=)*d27-06V=kMO6AFA(;/ q c�&)(;87(5c!(a*VCICIR.MO(e27&)*d2Q/16A9;*L/

-0/1/0R)M�-1=)*L2I-16,=l9�&)*,=.<,(BC?*L87(OCI-1M�-1/K*L8?P|6V8?(:*,9�&`MO6AFA(e-1=�2I&.(e/16A9;*,/^*L87(:*)Ye%'&.-1CZ-1CZ* 8I(B*,CI6,=)*,+./0(O*,C7CIR.MONA2I-16,=)C
-0=mMO6VCX2Q*,N.N./1-19:*d27-06V=)C;Y��W(]*,F.6,NA27(:Fu27&.(]MO6AFA(;/'N.876,N	6VCI(:F�+�3 � *d2�*,C o r p Y�%'&.-KC�MO6AFA(:/�MO*,\,(BC�RiCX(a6LP[*
9�&.8I6VMQ*d2I-K9H9$6,/16,8�87(;N)8I(BCX(:=V2�*d27-06V= q 8I(;P|(;878I(BFQ2I6Q*VC�� �aCXN)*V9$(Vn

�"!�Å���!#���$!�����!LÇ&% � !
��!(')�$!*'+�,! � Å4vBÇ

�-!'Å��,!#���$!#����!dÇ
% � !
�,!('+�$!*')��! Å � Ç

Æ.6,8Z(:*,9�&�MO6AFA(/.0%½v-� � c!(e9$6,MON.R.2I(O2I&)(:CI(QP|(:*L2IR.87(:C
*,=)F`9$6VMZ+.-1=.(:FW27&.(;M c�-_27&`2I&.(�-0=�2I(:=)CI-_243�87*L2I-16
+i(;24cb(:(;=uMO6AFA(:C
2I6]6,+.27*L-1=`2I&)(e/06A9:*L/b9;6,/16,8
FA(BCI9;8I-1NA276,821dY]%'&.-KC?8�*d27-06]-KC
-1=GUz*,8I-K*L=�2ZCI-0=i9$(ec!(e*,C7CXR)M�(O27&)*d2



w � g �������	�
� ikl���
��

+	6L27&EMO6AFA(:CHR.=iFA(;87<,6Q27&.(OCI*,M�(�MZR./02I-1N./1-19:*d27-0UV(�-1/0/1R.MO-1=)*d27-06V=W9�&)*,=.<,(BC;YH%'&.(�9;6,MON./1($27(�9$6V/06V8HF.(:C79$87-0NA276,8D-1C
<V-0UV(;=a+G3	n

1(%�Å������ ��� �������-� ��� � ���BÇ ��c�-02I&	�����,%�
 ��� '+�
� '+���
� � ')� � '+� ��� Å s Ç

§�¨�� �W±~®.®.­f¯��?±b«J·h­f«Jµ�­�³´­�¬A­�®�� ²I«h¶�¬.²4±^«����E¶��X²I·h¶�¬.²4±^«� -1U,(:=E*�y�R.(:8I3 -1MQ*L<,(�9�&)*L8�*,9$2I(;87-1>;(:F +G3 -027CHCX(;2D6LPb-0=�2I(:8I(BC42HNi6V-0=�2�CD*,=)F P|(:*L2IR.87(:C���% Å ¿��� ������ Ç �! #"%$'&'&'&'$ (*) q cb(
/16G6,\]P|6V8H2I&.(O6,+.@4(:9�2?MO6AFA(;/,+ q 9�&)*L8�*,9$2I(;87-1>;(:F�+�3E-_2�C[/0-KC42?6,P^P|(:*L2IR.87(:C-+/%�Å_¿/.� ����.� Ç �0 1"2$'&'&'& $ (#3 q c�&.-K9�&W&)*VCD2I&.(
/K*L87<,(BC42�=GR.M�+i(:8�6LP�P|(B*d27R.8I(?MQ*L279�&.(BC'c�-_27&4�GY
� *d279�&)(:CH*L87(Z<V*L2I&.(:8I(BF]+)*VCX(BF�6,=�*�FA-KCX27*L=i9$(�+i(;24cb(:(;=�27&.(QFA(:C79$87-1NA2I6V87C:Y?%'&.(�6V+A@4(:9$2DP|(B*d27R.8I(5� .� 9;6,878I(;S

CIN	6,=)FA-1=.<O276O*Oy�R.(:8I3QP|(B*d27R.8I(-���� -1C'27&.(
9$/16VCI(:CX2�6,+A@4(B9�2'P|(:*L2IR.87(?*,C!P�*,8h*,C!2I&)(:CI([9;6,878I(BCXN	6,=iFA-0=)<ZP|(B*d2IR)8I(BC�*L87(
=)6L2�2I6QFA-KCX27*L=�2ZÅ76�8
9;:DÇ�Y � 6,87(DN.87(:9;-1CI(;/13�n

< � % *L87< � M�-1=>=?6 8 =�@BAC ��@BDEBF�FGIHKJML 1ON
ÅP@QACiÇ&%R��.�TS �#UWV>6�8^Å�@BAC �T@ DC ÇX9;:HKJML 1ON
ÅP@QACiÇ&% �
+ L NZY �?[\U^]?Y Å|w�Ç

��=W2I&)(O9:*,CI(�6,P!CX2I87R)9�27R.8�*L/�P|(:*L2IR.87(:C q 2I&.(QFA-KCX27*L=i9$(OR)CI(:F�+G3ECX27*L2I(;St6,P�S�27&.($S�*L8I2DMO($27&.6AF.C[-KCJ27&.( � *L&i*L/K*L=.6V+.-1C
F.-1CX27*,=)9$(Vn 6 8 _ Åa` C ��` E Ç&% o ` C/b ` E pdcfehg " o ` C/b ` E p Å��,Ç

c�&)(;87( e -1C�*O9$6dUd*,8I-K*L=)9;(DMQ*L2I87-_�59:*L/K9$R./K*d27(:F56,= *OCX(;2h6LP�2I8�*L-1=.-0=)<�-1MQ*L<V(:C'*,C'(;�GN)/1*,-0=.(BF�-1=uo_v �Bp Y
��=a27&.(
9;*VCX(H6LP�2I&.(
9;6,/16,8!P|(:*L2IR.87(:C'RiCX(BF5-1=a2I&.-KC'c!6,87\ecb([R)CI(H2I&.([P|6V/0/16dc�-1=.<QFA-1CX27*,=)9$(Qo r p n

6 8i Å7jlk���jlm	Ç&% MO-0=Bnpo0o 1Oq b 1Or�o0o 8 ��o!o 1Oq b 1Orts�o!o 8vu Å�	VÇ

c�&)(;87(/1 r sD8I(:N.8I(BCX(:=�27C?27&.(59;6,/16,8�P|(:*L2IR.87(�UV(:9�276,8�c�-_27&l2I&)(56V87FA(:8Z6,P�2I&.(a-0=iFA($�A(:CaÅ�U � < Ç�CIc�-_2�9�&.(:F�Y`%'&.-KC�-1C
=)(:9$(BCIC7*L873eFAR.([276ONi6�CICI-0+)/0(?Ud*L87-K*d2I-16,=iCb-1=a2I&.(?6V87F.(;8'-0= c�&.-K9�&52I&.(?MO6AFA(:CJ*L87(HCX2I6V8I(BF�Y
�T2H-1CJ(:*VCX352I6e=)6L2I-K9$(Z2I&)*L2h2I&)(�CI-0MON./1(�9;6,R.=�2I-1=.<e6,P�P|(:*L2IR.87(
MQ*d2�9�&.(:CD9;*L=]+	(�F.6,MO-0=i*d2I(BF +G35P�*,/1CI(Z9;6,878I(;S

CIN	6,=)FA(:=)9$(BCH2I&)*L2?MZR)CX2
CX6VM�(:&.6dc�+	(�N)8IR.=)(:F�Y�%'&.-1C[-KC?FA6V=.(�&)(;87( q *VCDN)8I6VNi6�CX(BF]+G3�MO6VCX2[CX27*L2I($ST6LP�St2I&)($S�*L8I2
MO(;2I&.6AF.C q +G3�2I&.(JR)CX(�6,P�<,(;6VMO($2I87-K9bMO6AFA(:/i9$6V=)CX2I8�*L-1=V2�Cho0v,v p Y�x�CX(;2~6LP�9$6V8I87(:CIN	6,=)FA(:=)9$(BC#-1C~Uz*,/0-KF.*L2I(:FO-0P�2I&.(:8I(
(;�A-1CX27C�*�Ud*L/1-1F�<,(;6VMO($2I87-K9h2787*,=)C4P|6V8IMQ*L2I-16,=EÅ�&.6,MO6,<V87*,N.&G3�6V8'(;N.-1Ni6V/1*,8'M�6AFA(:/KÇb+	($24c!(;(:=e2I&)(H/16A9;*L2I-16,=)C!6LP�2I&.(
N	6,-1=�27C�-1=l2I&)(ay�R.(:8I3`-1MO*,<,(a*L=)Fl2I&.(:-08OMQ*d2�9�&.(:C�-0=�2I&.(aMO6AFA(;/'-1MO*,<,(VY�%'&.-KCOCX6V/0R.2I-16,=lMQ*L\V(:C�R)CI(56,P�2I&.(
*VCICIR.MONA27-06V=e2I&i*d2'2I&.([6V+A@4(:9$2!-KC!8I-1<,-KF�Y�xh/02I&.6VR.<,&aU,(:8I3O(;}	(B9�2I-1U,([-KC!-1C'*�U,(;873e9$6VMON.RA2I(:8'-0=�2I(:=)CI-0UV(H*,N.N.876V*,9�&�Y

§�¨7w �(�J¯G²4±b«

Æ)R)CI-06V=Q6LP�FA(:C79$87-1NA2I6V87C~9:*L=Q+	(hMQ*,FA(J-0=eM�R./02I-1N./0(Dc!*z3AC�*,=)FQ*d2bCI(;UV(;8�*L/)CX27*,<,(BC#6LP�*?9$/K*,C7CI-_�i9:*d27-06V=�N)8I6A9$(BCICJo � p Y
Æ)6,8f2I&.(!N.876,+./1(;M�*L2�&)*,=)F?c!(b9�&.6�CX(^P|(:*L2IR.87(b9;6,=)9:*d2I(:=)*d27-06V=
*,C�2I&.(bP|R)CI-06V=�*,N.N.876V*,9�&�Y�%'cb6JP|(:*d27R.87(^U,(B9�276,8�C1V �
*,=)F 1 � *,8I(?9$6V=)9;*L2I(:=)*d27(:F5-0=�2I6e*QCI-1=.<,/1([P|(:*L2IR.87([U,(:9$2I6V8�� � % Å7V � ��1 � Ç!2I&i*d2h-KC'2I&.(:=]R)CI(:F5P|6,8J9;6,878I(BCXN	6,=iFA(;=)9;(
F.($2I(:8IMO-1=)*d27-06V=�Y�xJCQFA(BCI9;8I-1+i(BF�+	($P|6V8I( 9$6V8I87(:CIN	6,=)FA(:=)9$(aFA($27(;87MO-0=)*L2I-16,=m-1CO+i*,CI(:Fl6V=m*�FA-KC42�*L=)9;( M�(B*,CIR.87(
+	($24c!(;(:=e27&.(?FA(:C79$87-0N.2I6,8�C~6,P�(:*V9�&�N	6,-1=�2:Y�%'&.([FA-1CX27*,=)9$(H-1=e2I&)([9;6,=)9:*d27(;=)*L2I(:FQP|(:*d27R.87(HCIN)*,9;(J-KCb2I&.(:=5FA(;�)=.(:F
*VC;n 6 8 _ Åa@ C ��@ E Ç
%R6 8_ Å7` C �T` E Ç 'yx#6 8i Å7j C ��j E Ç ÅtrLÇ

c�&)(;87(Xx -KC�*DM�-0�A-0=)<pzzc!(;-1<,&�27-0=.<JP�*,9$2I6,8�27&)*d2~*L/1/16dchC�276H9;6,=�2I876,/�27&.('-0=�{iR.(;=)9;('6LPi(B*,9�&�CX6VR.879;(^6V=Z27&.(�FA-1CX27*,=)9$(
*,=)F52I&GR)C�6V=a2I&.(?�i=)*L/�87(:9;6,<V=.-_27-06V=587(:CIR./02:Y^%'&)(?($�.*,9$2hUz*,/0R)(?6LP�2I&.(?MO-0�G-1=.<QN)*,87*,MO($2I(:8hxuMZRiC42J+	([2I8�*L-1=.(BF
CI-1=)9$(D-_2�C~Ud*L/1R.(JFA(:Ni(:=)F.Cb6,=O27&.(JR.=)\�=)6dc�=Q-0MON	6,8I27*L=i9$(J*,=)FO8I(:/0-K*L+)-0/1-_243�6LP�(B*,9�&Q6LP�27&.(hP|R)CI(:FQP|(:*d27R.87(:C�6V=O2I&.(
F.($�)=.-02I-16,= 6,P#*,=56V+A@4(:9$2hM�6AFA(:/�Y



� g �������	�
� ikl���
�� �

� �¹£h¥#�]���#¥

%'&.(EFA(BCI9;8I-1+i(BF�MO($2I&)6GF�c'*,CQ2I(:CX2I(BF´6,=m27&.(�� j �4��S � wVx½F.*L27*L+i*,CI(]c�&.-19�&´-KC�*�CXR.+iCX(;2�6LP[2I&)(W� j �4��STwGrLx
F.*d2�*L+)*VCX(�o0v pTq FA(:C79$87-0+	(:F`-1= o w p Y�%'&.-KC�CIR.+)CI($2Z-KCZ9;6,MON	6VCI(:F`6LP � w]-0MQ*,<,(:C
6LPJ9$6V/06V8XP|R)/ q N./K*L=)*,8 q &.6,RiCX(:&.6,/KF
6,+A@4(B9�27C���CX(:(eÆ�-0<iY � P|6,8ZC7*LMON./1(Q-1MO*,<,(BC;Y j +.@4(:9�2�*L87(�87(;N)8I(BCX(:=V27(:FW+G3E-1MO*,<,(BC?6LP�*LN.N)8I6z�A-1MO*L2I(:/03 �V� �L� �V� �
N.-_�A(:/1Cb*d2~P|R./1/�CX-1>;(VY#%'&)-1CbF.*d2�*L+)*VCX(�c'*,Cb9$87(:*d27(:F�c�-02I&Q27&.(JN.R)8IN	6VCI(�6LP�(:Uz*,/0Ri*d2I-1=.<[27&.(DFA(:<,8�*,F.*L2I-16,=O6LP�6V+A@4(:9$2
8I(B9$6,<V=.-02I-16,=�MO($27&.6AF.CHc�-_27&W87(:CIN	(:9�2H2I652I&)(�9�&)*,=.<,(�6LP^UG-1(;c�-1=.< *L=.<V/0(VY?��=�2I&)-1C[c'*z3 cb(�6,+A2�*L-1=�2I&)(�6dUV(;8�*L/1/
+i(:&)*zUG-06V8~6LP�27&.(DCI3AC427(;M 2I6Z*
Ni6�CICI-0+)/0(D87*,=)FA6,M�Ni6�CX-02I-16,=)-0=.<Z6LP�6,+.@4(:9�2�C;Y#��(J&)*zUV(hCXR)+ASTC7*LMON./1(:F�27&.(J6V8I-1<,-1=)*,/
F.*d2�*L+)*VCX(D2I6O&)*,/_P�8I(BCX6V/0RA27-06V=5CI-0=i9$([6,+A@4(B9�2�C'-0=a&GR.MQ*L=a-0=�2I(:87*V9�27-06V=5C79$(;=)(:C'c�-1/0/�+	(
CXMQ*,/0/1(;8!2I&i*L=52I&.(?6V=.(:C!-1=
2I&.(?6V8I-1<,-1=)*L/�F.*L27*,+)*,CI(,Y

Æf-1<,R)8I( � n��~�A*,MON./0(BCZ6,PD�G6,-1/0S � wVx 6V+A@4(:9$2�-1MQ*L<,(BC�*L2OF.-_}�(;87(;=�2Q*L=.<V/0(BC�Å���*L=iFuw��EFA(;<V8I(:(:C�Ç
*L=iFlFA-0}	(:8I(:=V2
8I(BCX6V/0RA27-06V=)C[Å4vB�,��� *L=)F �L����Ç$Y

Æ.6,8#2787*,-0=)-0=.< q -1MQ*L<,(BC�6LP�w?($�G2787*[6V+A@4(:9$27C#=.6,2^+i(:/06V=.<,-1=.<[276[2I&.(D� j �4��S � wVx�F.*L27*,+)*,CI('cb(:8I(hCI(;/1(:9$2I(:F�P|876,M
2I&.( � j �4��STwGrLx F.*d2�*L+)*VCX(VY xJ/0/!&G3GNi(:8XSTN)*L8�*LMO(;2I(;8�CHcb(:8I(�(:CX2I-1MO*L2I(BF`R)CX-1=.<]27&.-KC
2787*,-0=.-1=.<ECI($2BY]��=lÆ�-0<VR.8I( s
cb(
N)8I(BCX(:=V2�27&.(
2787*,-0=)-0=.<Q<V87*,N.&aP|6,8�27&.(ZNi*L8�*LMO($27(;8hx�2I&)*L2Jcb(:-0<V&�27C'27&.(�FA(BCI9;8I-1NA276,8�C;gGP|R)CI-16,=�Yh%'&.(Z6,NA27-0MQ*L/
Uz*,/0R)(5c'*,C��.Y �]P|6V8ZP|R./1/�87(:CI6,/1RA2I-16,=u-1MQ*L<,(BC�*,=)F vVY � P|6,8�&)*L/0PJ87(:CI6,/1RA2I-16,=�-0MQ*L<V(:C:Yu%'&.-1CO9;R.8IUV(5CI&.6dchC?27&)*d2
9$6,/16,8!-1=�{)R.(:=)9$(H-1C!MO6,87(D*V9;9;(;=�2IR)*L2I(BFe-1=e2I&)(D/16dc 87(:CI6,/1RA2I-16,=�9:*,CI(,Y#%'&.-KCb-KC!-0/1/1R)C42787*L2I(BFe+G3e*Z<V8I(B*d27(;8^87(;/K*d27-0UV(
-0MON.876dU,(:M�(:=�2b6LP�2I&.(HNi(:8XP|6V8IMQ*,=)9$(H*d2!2I&.([6,N.2I-1MO*,/iUd*,/0R.(H-1=�27&.(J2787*,-0=)-0=.<�CX(;2:Y~�J6dcb(:U,(;8 q *L2b27&.(?CI*,MO(h2I-1MO( q
2I&.(�Ni(:8XP|6V8IMQ*,=)9$(�FA8I6VN)CJP�*,CX2I(;8[*,CDc!(ZMO6dU,(�*zc!*z35P|8I6VM�2I&.-KCHUz*,/0R)(,Y?%'&.-KCDN)&.(;=.6VMO(;=.6V=E9;*,=E+	(�(;�GN)/1*,-0=.(BF
+�3 27&.(�P�*,9�2D2I&)*L2 q 27&.(�F)*d27*,+)*,CI(Z-KCD\�=)6dc�=]2I6 9$6V=V2�*L-1=ECI(;U,(:87*,/�6V+A@4(:9$27CDc�-_27&EU,(:8I3]CI-0MO-1/1*,8H9;6,/16,8�CZo w p Y
%'&.-1C
8I(BCXR./027CH*L/KCI6e-0=W*L=�R.=)($�ANi(B9�27(:F�<V8I(B*d27(;8J9;6,=AP|R)CI-16,=]-1=�2I&)(ZMQ*d2�9�&.-0=)<�N.876A9$(:C7CZÅ	�^y	Y w�Ç'-1=�27&.(Z/16dc�8I(BCX6V/0R.2I-16,=
9;*,CI(,Y
�~UV(;=]*eCIMQ*L/1/�CX6VR.8�9$(?6LP~9;6,=AP|R)CI-16,=]9;*,=�FA($27(;87-06V87*L2I(H2I&.(�8I(BCXR)/_2�C�6LP#2I&)-1CJM�(;2I&.6AF�CI-1=)9$(?6V=./0352I&)(
+i(BC42
MO*L279�&�-1C#9;6,=)CI-1F.(;87(:FZ*VC�Ni6�CICI-0+)/0(VYf�TP�9$6,/16,8#MQ*L\V(:C�CX(:U,(:87*,/VMQ*d2�9�&.(:C#&i*zU,(bCI-1M�-1/K*L8�FA-KC42�*L=)9;(:C�2I&)(;=�2I&.('MO($27&.6AF
+i(B9$6,MO(BC'M�6V8I([N.876,=)(D276O(;878I6V87C:Y
%f*,+./0(`v]CI&.6dchC�2I&.(]87(:CIR./027CO6,PD27&.(]MO($2I&)6GFmc�&.(:=´*LN.N./1-1(:F�2I6`2I&)(E� j �4��S � w�x F.*L27*,+)*,CI(,Y ��278IR)9$2IR.8�*L/

P|(:*d27R.87(:C�N.876AFAR)9;(
U,(:8I3e<V6G6GFa87(:CIR./027Ch6V= =.(:*,8�P|8I6V=�27*L/f*L=.<V/0(BC�+.RA2DCX27*,8X2�276e+.87(:*,\5FA6dc�=]*d2h&)-0<V&�*L=.<V/0(BC;Yb��=
2I&.-KC
9;*VCX(Q*L2Z*L=.<V/0(BC[&.-0<V&.(;8[27&)*L=`wG�5F.(;<,87(;(BC[FA(;<V87*VF.*d27-06V=E-KC?U,(:8I3�&)-0<V&�Y��h=./1-1\,(Q87(;N	6,8I2I(:FE2I&)(eC4278IR)9$2IR.8�*L/
P|(:*d27R.87(:CHFA-1FE=.6L2[&.6V/1FENi(:8XP|6V8IMQ*L=i9$(�*,+i6dUV(2	,��� MO*L279�&.-1=.<5Ni(:8XP|6V8IMQ*L=i9$(ZR)N�2I6 	,�5FA(;<V8I(:(:CJ6LP^UG-1(;c *L=)<,/1(
9�&)*L=.<V(Do0v �Bp �d27&.-1C�MQ*z3H+i('FAR.(b2I6H&.-1<,&.(:8�-1MO*,<,(b8I(BCX6V/0RA27-06V=
6LPA27&.(!-0MQ*L<V(:Cf-0=ao_v �Bp Å|6,+.@4(:9�2�C�c�&.(;87(^87(;N.87(:CI(;=�27(:F
+�3�-0MQ*L<V(:C'c�-02I& �,�V�d��	Lw��
N.-0�A(;/KC7Ç$Y



	 � g �������	�
� ikl���
��

0 0.4 0.8 1.2 1.6 2

0.35

0.4

0.45

0.5

0.55

Fusion Weight Parameter Value

R
ec

og
ni

tio
n 

P
er

fo
rm

an
ce

 50% Scale
100% Scale

Æ�-1<,R.87( s n�Æ.R)CI-16,= cb(:-0<V&�2!2787*,-0=)-0=.<Q9;R.8IUV(:C:Y

�´&)(;=�*,N.N./1-0(BF´276l2I&)(`� j �4��S � wVx 2I&.-KC 9$6,/16,8�P|R)CI-06V= CI9�&)(;MO(WN)8I6AFAR)9;(:F´6dUV(;8�*L/1/J+	($2I2I(;8 87(:CIR./027C�2I&)*,=
<V87*VFA-1(;=�2J+)*VCX(BF P|(:*L2IR.87(:CH*L/16,=.(VY � -1UG-0=.<]r ��*,=)Fuv:��� 6,P^87(;/K*d2I-1U,(Z-0MON.876dU,(:M�(:=�2J-0=E8I(:/1*L2I-16,=]276e2I&)(�R)CI(Z6,P
6V=./13 CX2I(:(;8�*L+./1(?�)/02I(:87CJP|6,8DP|R./1/�*L=)F]&i*L/0P~8I(BCX6V/0RA27-06V=]8I(BCXN	(:9$2I-1U,(:/03VYD�h6dc!(;UV(;8 q *L2D/16dcb(:8J87(:CI6,/1RA2I-16,=)ChP|6,8HCX6VM�(
UG-1(;c�-1=.<W*,=.<,/1(:C
2I&.(5Ni(:8XP|6V8IMQ*,=)9$(e-KC�FA($27(;87-06V87*L2I(:F�YE%'&.-KC�9:*L=u+	(aFAR)(e2I6E2I&.(a9$6VMZ+.-1=.(:Fl-0=�{iR.(;=)9;(�6,P�2I&.(
N)8I(:U�-16,RiCX/13eMO(;=�2I-16,=)(:Fa-0=�278I6AFAR)9;(:Fa9$6V=AP|R)CI-06V=a*,=)F52I&.([P�*V9�2�2I&i*d2�2I&)(?cb(:-0<V&V27-0=)<�Ni*L8�*LMO($27(;8'c!*VC'6,NA27-0MO-1>;(BF
P|6V8'2I&.([2787*,-0=)-0=.<QCI($2BY

� � ��� �h�;� ¥#"$���

��=O27&.-KC~9$6V=V278I-1+.RA27-06V=Ocb(�&)*zUV(!2I(:CX2I(BFOC42�*d2I(;St6,P�S�27&.($S�*L8I2 q <,8�*,FA-1(;=�2�+)*,CI(:F q /16G9:*L/.FA(BCI9;8I-1NA276,8�6,+.@4(:9�2~87(:9;6,<V=.-_27-06V=
*,N.N./1-0(BFW2I6 &.6,RiCX(:&.6,/KFE6V+A@4(:9$27C?*L2[87(:F.R)9$(BFE87(:CI6,/1RA2I-16,=iC;YO%'&.(Q87(:CIR./_2�C[&)*zU,(OCI&.6dc�=E27&)*d2?-1=`/06dc�8I(BCX6V/0RA27-06V=
9:*,CI(:C'/16A9;*L/�F.(:C79$87-0NA276,8�C!M�(;2I&.6AF.CJC42�*L8I2!276O&)*zU,([N.876,+./1(;MQC�FA(B*L/1-0=)<�c�-02I& UG-1(;c�*,=.<,/1(?9�&)*L=)<,(:C:Y
��(H&)*zU,(h-1=�2I876AFAR)9$(BFe9$6V/06V8^/16A9;*L/�FA(BCI9;8I-1NA2I6V87C^-0=a*?P|R)CI-16,=eP|8�*LMO(:cb6V8I\Z2I6O*L-KFQ-0=�2I&.(H87(:9$6V<,=.-02I-16,=O2�*,CI\�Yf�T2

c'*,CJP|6,R)=)F 2I&i*d2HP|R)CX-1=.<a9$6,/16,8H*L=)F�<,8�*,FA-1(;=�2JP|(B*d27R.8I(BCh-1=)9$87(:*VCX(BC�27&.(�N	(;8IP|6,87MQ*L=)9;(
6LP^2I&.(�8I(B9$6,<V=.-02I-16,= 27*VCX\�Y
�J6dcb(:U,(:8 q 2I&.([87(:9;6,<,=)-_27-06V=�-1M�N)8I6dUGMO(;=�2'6,+A2�*L-1=.(:F�c!*VCb/16dc!(;8b2I&)*,=5(;�GN	(:9$2I(BF�Y~%'&.-KCb-KC�FAR.(H276�27&.(HP�*,9$2!27&)*d2
-1=e27&.-KCbF.*L27*,+)*,CI( q FA-0}	(:8I(:=V2!-0MQ*,<,(:C^&)*zU,(DCX-1MO-0/K*L8!9�&)*L8�*,9$2I(;87-KC427-19�9;6,/16,8�C q -0=�2I876AFAR)9;-0=.<�CX6VMO(J9$6V=AP|R)CI-06V=e-0=e2I&.(
MQ*L279�&.-1=.<ON.876G9;(:C7C'6LP�/06A9;*,/�P|(:*L2IR.87(:C:Y
��(O=.(;(BFW2I6 8I(BCX(B*L8�9�&]P|R.8I2I&.(:8[2I&.(Q-KC7CXR.(BC[87*,-1CI(:FE+G3]2I&.-KC?CX2IR)FA3E2I6 R.=)F.(;8�C42�*L=)FW+i(;2X27(;8[2I&)(QNi6dc!(;8?*L=iF

/1-1M�-027*L2I-16,=)C
6LP'/06A9;*,/^FA(BCI9;8I-1NA2I6V87CD27&)*d2
-1=)9$/1R)FA(59$6,/16,8BYQÆ.R)CI-16,=`6LP�9$6V/06V8
*d2?6L27&.(;8
/1(;UV(;/KC[6LP!2I&.(Q87(:9;6,<V=.-_27-06V=
N)8I6A9$(BCIC^*L=)FOMO($27&.6AF.C�27&)*d2!*L/1/06dck2I6[2�*L\,(J-0=�2I6
9;6,=)CI-KFA(;8�*d27-06V=OCI(;UV(;8�*L/AN	6VC7CX-1+./1(�MQ*d279�&)(:C~*,8I(hFA-187(:9�27-06V=)C�27&)*d2
c�-1/1/�+i(?N	(;8�CIR.(:F�Y

� � ���5� ���½�$£h�]��¡ £J���#¥

%'&)-1C'c!6,87\Oc!*VCb9:*L878I-1(:FQ6VRA2'-0=52I&.(HP|8�*LMO(;c!6,87\�6LP�27&.(
�Gc�-1C7C'�J*L2I-16,=)*,/ � (:=�2I(;8'6,P � 6,MON	($2I(:=)9$([-1=	��(BCX(B*L8�9�&
Å�� ��� �JÇh6,= ��=�2I(:87*V9�2I-1U,( � R./_27-0MO6AF.*,/���=AP|6V8IMQ*d27-06V= � *L=)*,<,(:M�(:=�2?Å�� � Ç � Y!%'&)(Z� ��� �{-KChMQ*L=i*L<,(BF�+G3�2I&.(
�Ac�-1C7Ch�J*L2I-16,=)*,/��A9$-1(;=i9$(?Æ.6VR.=)F.*L2I-16,= 6,=a+i(:&)*L/0P#6LP�27&.(
Æ.(BFA(;8�*L/�xJRA2I&)6,87-_27-0(BC;Y

�¹£�
L£h��£J� ��£h¥

o_v p &V2I2IN�n�z�zdc�c�c?Y (:(,Y CXR)8I87(;3VY *V9LY R.\�zz87(:CI(:*L8�9�&/zdUGC7CIN/zzFA(:M�6�C%zd9$6,/16LR.8�zzCI6,-1/0wGr�z�Y
o �dp ��Y.�!(;/16,=.<V-0( q�� Y � *,/0-1\ q *,=)F � Y.�^R.>;-K9�&)*.Y � *d2�9�&.-1=.<QCX&)*,Ni(BC;Y���=�
������������������ � q N)*L<V(:C!w��Lw"!�w 	 s)q�� �V�.vVY
o sLp �#Y � &)*,=.<e*L=)F � Y �[8IR.MOM Y j +A@4(:9$2J87(:9$6V<,=.-02I-16,= c�-02I&E9;6,/16,8J9;6G6G9:9$R.87(;=i9$(?&.-KC4276,<V87*,MOC:Y^��=#
��������$��%�%�%

�&��
('*)+) q v È,ÈVÈ Y



� g �������	�
� ikl���
�� r

§�y��Y��� ¸�z¡�
y��W�!�¡�µ¸�� ¸�������~����?��}¬z|{¹�r�Y���!�
ÀrÁYÁ ¿ � Á ¿ ÀrÁYÁ ¿ � Á ¿

��� Á Á ¦ Á Á ¦ Á À�� ¦ � Á ¦ Á
��	 À ¼�¦ � Á ¦ Á ¼�¦ � 	S¦ �
�_½ � 	S¦ � ¼W¦ � 	S¦ � À�� ¦ �
��
Y� � �S¦ Á À�� ¦ � � �S¦ Á À�� ¦ �
���!¼ �
��¦ � �
Á ¦ 	 �Y½S¦ � À 
�¦ ½
�²¼
� ¼ À ¦ ½ �¯½S¦ � ��	�¦ � �
��¦ �
�Ã��
 ½���¦ � 
 � ¦ � � À ¦ ½ ��	�¦ �
� � ½ � À ¦ ½ 	Y��¦ � ÀrÁYÁ 	Y½S¦ �
� À 	 ÀrÁYÁ 	¯½S¦ � ÀrÁYÁ � À ¦ ½
��� ÀrÁYÁ ���S¦ 	 ÀrÁYÁ ���S¦ 	
� ÀrÁYÁ ���S¦ 	 ÀrÁYÁ ���S¦ 	
À 	 ÀrÁYÁ ½��S¦ Á ÀrÁYÁ ½���¦ �
� ½ ÀrÁYÁ 	Y��¦ � ÀrÁYÁ ½���¦ �
��
 � À ¦ ½ ��	�¦ � � À ¦ � 
�
�¦ ½
¼�� 
�
�¦ ½ À 
�¦ ½ ½��S¦ Á �Y½S¦ �
��¼ �
��¦ � 	�¦ � �
��¦ � À�� ¦ �


� À 
�¦ ½ 	�¦ � À 
�¦ ½ À 
�¦ ½
½ � 	S¦ � Á ¦ Á 	S¦ � 	S¦ �
	 À Á ¦ Á Á ¦ Á ¼�¦ � ¼�¦ �
� Á Á ¦ Á Á ¦ Á ¼�¦ � Á ¦ Á
���¯���¡�!�Y� � Á ¦ Á �¯½S¦ � �!��¦ � ¼ À ¦ À

%f*,+./0(�v,n���(;2I87-0(:Uz*,/iN	(;8IP|6,87MQ*L=)9;(J6V=Q2I&.(
� j �4��S � wVx F)*d27*,+)*,CI( q *d2bP|R./1/�*L=)FQ&i*L/0P�8I(BCX6V/0R.2I-16,=�Y'Å��AÆ�C42�*L=)F.C^P|6,8
��2I(:(;8�*L+./1(H�)/_27(;8�C7Ç

o w p � Y � *L27*,C Ä Y �[6,R.+)*,8I6VR./1-1CD*L=)F � Y �[-_2I2I/1(;8BY �~Ud*L/1R)*d27-0=)<59$6V/06VR.8ISt+)*VCX(BF 6,+A@4(B9�2[8I(B9$6V<,=.-02I-16,=�*,/0<V6,87-_27&.MQC
R)CI-0=.<�27&.(
CX6V-0/0STwGrGY���= 
���������� � ��� qi� (;/1+i6VR.87=.( q � *L=GR)*,8I3 � �,� � Y

o � p � Y��[-02X27/0(:8h($2BY.*L/tY j =a9;6,M�+.-0=)-0=.<Q9;/1*VCICI-_�i(;8�C;Y(��%�% % 
���� � qi� �iÅ s Ç$n �V� 	"! �LsVÈ.q,� *L8�9�&Wv È,È �)Y

o 	 p ��YB%[YzÆ.87(;(:MQ*L=
*L=iF �hYz�
YzxJFA(:/1CI6,=�YV%'&.(bFA(BCX-1<,=
*,=)F?R)CI(~6,P)C427(;(;8�*L+)/0(#�)/02I(:87C:Y � %�%�%#
���� � q v s Å È Ç�n � È v !
È �-	 q v ÈVÈ v,Y

o r p
Ä Y �[6,R)+)*L876,R./1-KC � Y � *d2�*,CJ*,=)F � Y �[-02X27/0(:8:Yh%'&.(ZMZR./02I-0StMO6AF.*,/�=.(:-0<V&�+	6,87&.6G6AF]CX-1<,=i*d2IR)8I([P|6V8JMO6AFA(;/1-0=)<
6,+A@4(B9�2�9;6,/16,8
*,N.Ni(B*L8�*L=)9;(e*L=)F`*,N.N./1-19:*d2I-16,=iC
-1=u6,+A@4(B9�2Z87(:9;6,<,=)-_27-06V=�*,=)F`-0MQ*,<,(Q87($2I87-1(;Ud*L/tY ����������� � �
�"!$#�! �
%'&
%�( ���)&�*+�-,.%�(�� �/#/�0&
%�(
!1%2* q �-�.n1v ! �Ls.qA� �V� � Y

o � p � Y � *,=AS � *L87\a*,=)F ��(:-0=`9;*,=WFA(:=W�!6G6,MO<V*V*L8�F�Y � 6,/16,8H-0=GUd*L87-1*,=)9$(VY ��%�%�% 
��3� � q��Ls Å4v � Ç�n1v sVs � !�v s w È.q
Ä (B9$(:MZ+	(;8 � �V�.vVY

o Èdp %[Y���-1=)FA(:+i(:8I<�*,=)F � Y � *L8�FA-0=)<)Y5�G&i*LN	($S�*,F.*,NA2I(BF�CIMO6G6L2I&)-0=.<]-1=u(:CX2I-1MQ*d27-06V=�6,P s STF`CI&)*LN	(e9$R)(:C[P|876,M
*d�Q=.(
FA(;P|6,87MQ*d2I-16,=iC�6LP�/16G9:*L/ � STFa+.87-1<,&�2I=.(BCICJC4278IR)9$2IR.87(,Y ���)&�*+�4&
%�( �.!$#/! ��% �(����������!1%2* q vB�.n wivB� !�w s w q
v ÈVÈ rGY

o_vB� p
Ä Y � Y���6dc!(,Y j +A@4(B9�2J87(:9;6,<V=.-_27-06V= P|8I6VM /16A9;*,/�C79;*,/0(;St-1=GUz*,8I-K*L=�2'P|(:*L2IR.87(:C:Yh��= 
 ������� �"� ��� q N)*L<V(:C
vVvB�,� !
v,vz�Vr q v È,È,È Y

o_vVv p �OY � -1\,6V/1*L@X9$>:3�\�Y657���0� ����! �
% �98�: ���/&
:;8��/&
��� �<��#=!1%?>
&"��!@&
%A�4� �B&9CD%E�F� �<&
%?#18 �����4&���! ��%G#�Y��^& Ä 2I&.(BCX-KC q
��=)CX2I-02IRA2J�D*d2I-16,=i*L/��#6,/13�2I(B9�&.=.-KyVR)([F.( � 87(;=)6,+./1( q � R./13 � �V� � Y

o_v �zp �OY � -1\,6,/K*d@X9;>;3G\]*L=)F � Y��A9�&)M�-KF�Yex N	(;8IP|6,87MO*,=)9$(O(:Uz*,/0Ri*d2I-16,=W6LP'/06A9:*L/�FA(:C79$87-1NA2I6V87C:Y���= 
�� �����(��%�% %
��� 
(' q � R.=.( � �,� s Y



� � g �������	�
� ikl���
��

o0v sLp ÆbY~�A9�&i*d}�*L/1-_27>;\G3l*L=)Fkx
Y��	-KCICI(;87MQ*L=�Y � R)/_27-_STUG-0(:c MQ*d279�&)-0=.<WP|6,8�R.=.6V87F.(;87(:Fl-1MQ*L<V(:C�CX(;27C:Yu��= 
��������
%&� �&� q N)*,<,(BCbwiv;w�!�w s v,Y

o0v;w p �
Yf�A9�&)=.(;-KFA(;87MQ*L=u*L=iFW%[Y �?*,=)*,F.(,Ye�~876,+i*L+.-1/0-KCX2I-K9ZMO6AFA(;/1-1=.<]6LP'/06A9:*L/^*,N.Ni(B*L8�*L=)9;(�*,=)F`CXNi*d2I-K*L/�87(;/K*dS
2I-16,=)CI&.-1N)C!P|6,8h6V+A@4(:9$2�8I(B9$6,<V=.-02I-16,=�Y���= 
�������� � %�%�% ����
('*)�� q N)*,<,(BCbwG��!.�Av q v È,È �)Y

o0vB� p %[Y~%�RA27(;/K*,*,87CO*L=iFm�^Y��~*L= � 6G6,/tY � 6V=�2I(;=�2ISt+)*VCX(BFl-1MQ*L<,(a87($2I87-1(;Ud*L/'+)*VCX(BF�6V=k/16A9;*L/h*L�Q=.( -0=GUd*L87-1*,=�2
8I(:<,-16,=)C:Yf��= 
�� ������� ��� ,��	�()+)�
���
 ��� ��� ��� q N)*,<,(BCbw È,s !A�L�V� q v È,ÈVÈ Y


