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M=5,N=10,K=1,L=2
M=5,N=10, no selection
M=N=5, K=L=1
M=N=5, no selection

!/5QXSl.2gU}¿�3@pTpS3�î/×�ä>ÕSæ;ÒxÑOÑ|Ï>Ð;ÏIÑ<ÒxÓ�Ô}ÕIÖbÓ�ïSÛOðIÛ<Ô�ïSÕHÜwÛ'Ñmï;ÏHØ;ØSÛ<ÜPñTÙnò�ç;á�è

¿D3wÁD3Qp  O5@d;UI2m:V5@=�\i�O2<e�UI2

��=�FP6T:}6HLQ2�U>6TeD\Z`PUIU4?y:�=<6H=gU>ek�Ä¿;Â
	�6H?Ge�[.2g9>d;U>ek�Ä¿TÃ�	�=�FP6>=�=�F.UYeD5Qd;UI2<:�5@=�\i9T2<eDUI2�9>J	=�FAU8W;UI\DFA9SL@U
f<FP6H?.?AUIL�5B:�hi5@?�oP_ t�aZtm3Z��?a=�F.57:�:VU>fn=g5@9T?y�+UY[.2�9>d;UY=�FP6>=86>?D=gUI?.?P6�:VUILQU>fn=�5Q9S?�FP6T:}?.9Z5Qhi[P6Tfn=
9S?�=�F.U�eD5@d;U42<:V5Q=�\�9T2<eDU42}9HJO=gF.UYW;UI\DFA9SL@UYf<FP6>?.?.UILK3i�+F.Ui9Tl.=<6>XSUi[A2�9S`G6H`.5QL@5@=�\ZJ�9T2�=gF.UYW;UI\DFA9SL@U
f<FP6H?.?AUILE57:n1 � �4� o ÿ � ¶ �����`�©	Eÿ � ¶ �VLQ9SX�o�p¡h�u³R­t �$��	

ÿ � ¶ ��R©� ]���±�pu 	�ÿ�«�� µ ]��i±�pu · o�¿�3ÄÀ�¿ut

�	F.UI2gUr« � oWeNt�5B:+=gF.U8�� �!y9HJ�=gF.U�2<6H?GeD9Sh¼dT6H2g5B6H`AL@U�R�3��+F.UjeD5@d;UI2m:V5Q=V\89T2<eDU42'57:	eDUn�P?.Ure�6T:n1��ÿ L@5@h} ï�ð ±ZL@9TX � �4� o
L@9SXDu o�¿�3ÄÀTÀDt

=�FAUI2�UnJ�9T2�UY���;lP6H=g5@9S?�oK¿D3ÅÀ;¿ut%:Vl.XTXSU>:�=<:�=�FG6H=�=�F.UYe�5@d;UI2m:V5@=�\i9T2<eDU42�57:'U>�;lP6HLz=�9i=gF.U�U4~D[P9S?AUI?D=�9HJ
=�FAU	L@9>�+U>:�=�9S2meDUI2�=gUI2�hÈ5@?8=gF.UO6S:�\Dhi[A=�9S=g5Bf�UI~D[G6H?P:�5@9S?Y9HJb=�F.UA« ��o+ì.tEJ�9S2±:Vh�6>L@L�UI?.9SlAXSFÖì��	F.UI2gUìø�ÿ �
! ² &} C.5K3ÄU;3D« z��o8ìGt�ÿbì � h�);o+ì � t<3



À.p¼�½U¾�¿ÁÀ
¾�Â " \^�P¤�¥;¢��H¤|¯�«4¢@¡K°'©;¯g¥D¤|¯�©P��¡H�P¤�(�¤|°£�A©S @¤�ª3�A¦;§.§k¤< R�z¢@¡H�j¦;§�¡V¤|§A§.¦%«>¤< Q¤gªn¡�¢B©;§Y¢v«�hi5@?PoF_`t�a�t�Íó|§r�A¦;¯�¡K¢BªI�; N¦;¯ É ¡��P¤j©;�u¡K¦��D¤���¯�©;®<¦;®4¢@ N¢@¡�°r�z¢@¡H��¦;§�¡V¤|§A§.¦{«>¤< Q¤gªn¡�¢B©;§��A¦H«%¡H�P¤U�4©S @ N©���¢B§��Z¦H«4°T£?�P¡�©S¡K¢Bª
®n¤W�A¦��I¢B©;¯�ô � �4� o o+ì.t+*ÿ #$% $& ì � a÷�`_ì � a÷î`_ì � LQ9SXPo &% t a·ÿ�_
��?�9S2<e�UI2	=�9Y[.2�9>d;U��+FAUI9S2gUIhöÀY�+U�?.UIU>ei=gF.U�J�9SL@LQ9>�	5@?.XjL@UIhih{6D3

'¡¾�ÂkÂ � Ã ó|§Z¡��P¤j¦H«4°S£?�P¡K©S¡V¤%©P��«4£8¦S @ �ì��#¤A�A¦��H¤
( ð º ² x »�
*)� {¬,+ 
 & ��¬V*ÿ #$$$$% $$$$&

- x + {%/. 0 îÌ^±ZLQ9SX ì 0 ÿ ^Â
o@± 0 t 0 �Ì^ o�¿�3ÄÀ�_ut

Ò�À
¿-¿ÔÓ�Õ �´U�FP6Id;U;1 ( ð º ² x »�
 )� {¬ + 
 & ��¬�ÿ ]ì . } ý + o�] Ê ìGt o�¿�3ÄÀ�Áut

�	F.UI2gU ý + oWeNt'57:�=gF.Uihi9�eD5N�PU>ea$+U>:�:�UIL/J�l.?Gfn=�5Q9S?y9>JO=�F.U�:�U>fn9T?Pe´W�5@?Pe`�Å¿Sq
	�3�!G9T28:�h�6HLQLDÐ.C/=gF.U
J�9SLQL@9>�	5@?AXY6S:V\�hi[.=g9S=g5BfcJ�9T2�hYl.LB6>U'F.9TLBeao3�Ä¿Tq�	-[P6>XSU�¿uÂ>_�CE���;lP6H=g5@9T?Zq�3xÁ�3xÁD3QCPqD3wÁD3xÃ86>?PeZq�3xÁ�3xqD3Nt<1

ý + o+ÐDt *ÿ
#$$$$$$% $$$$$$&
&� Â o 0 t<o Ñ � t ² + 0 î�^±ZL@9TX Ñ � 0 ÿ�^&� Â oW± 0 t<o Ñ � t + 0 ��^

o�¿�3ÄÀ�ÂSt


'9>��LQUI= Ð�ÿ�] Ê ì.C�fn9ShY`.5@?A5@?.X����ulP6>=�5Q9S?�o�¿D3ÅÀ;Á;t�6H?Ge����;lP6H=g5@9S?�o�¿�3ÄÀ�ÂSt���UO6H2g2�5@d;U�6H=��#�;lP6>=�5@9T?
o�¿�3ÄÀ�_ut<3

Ò�À
¿-¿ÔÓ�¿'ÓT¼�½U¾'¿RÀ
¾�Â "ËÕ �´U�FP6Id;U
h�6H~� ¥ è ½ � o+lVt è � ¨ ª g Y½ � g �� ª g ½ � g �� o�¿�3ÄÀ�Ãut



À;]

F.UI?GfnU
L@9TX��Io�p¡hþu ÏR-t ª L@9TX��no�p�hþu3YR-t ª LQ9SX��Io�p�hþu³R-t o�¿�3ÄÀ�qut

�	F.UI2gU ÏRËÿ h{6H~� ¥ è ½ o o+l�t è � ¨�h�6H~� ¥ è ½ � o+lVt è � ¨Y RËÿ h�6H~� ¥ è ½ o o8lVt è � ¨ g Y½ � g ��RËÿ g ½ o g �� g ½ � g ��
�+F.57:+hiU>6H?G:+=�FP6>=+J�9S2�6HL@LUìX§�^D3 «�1� o+ì.t ª « z� o+ì.t ª « � o8ìGt o�¿�3x_T^ut

��=��	6T:�:VF.9>�	?y5Q?à�Ä¿SÃ
	�=�FP6>=�=gF.UYeD5Qd;UI2<:�5@=�\�9S2<e�UI2�9HJ�=�F.UYW;UI\�F.9SLQU8f<FP6H?A?.UIL	o�=�FP6>=}f|9S2�2gU>:V[P9T?Pe.:
=�9°R-t�5B:öhi5Q?PoP_ t�aZtm3#�aU'9T?.L@\Y?.UIUre�=�9j[.2�9>d;U�:V5@h�5@LB6>2�2�Ur:Vl.LQ=<:±J�9T2+=gF.U�L@9>��UI2�`k9Tl.?Pe�2 R/3z
'9S=gU
=�FG6H=32R¸fn9T2�2gU>:V[P9S?Ge.:�=g9�6>?D=gUI?.?P6�:VUILQU>fn=�5Q9S?a�	5@=gF ý ÿåa"ÿµpS3���?y9T=�F.U42}�+9T2<e.:|C�5@=j:Vl���fnUr:
=�9Y[.2g9Hd;U�=gFP6H=	J�9S2O=�F.UjW;UI\�F.9SLQU�f�FG6H?.?.U4L�CP:VU4L@U>fn=g5@?.Xj=�F.Uj`PU>:V=�6H?�=�UI?A?P6S:O6H=O`P9S=�F�=gF.U�=�2m6H?P:�hi5@=
6H?Ge�=gF.U'2gU>fnUI5Qd;U�:V5Be�U>:�[.2�9>d�5BeDU>:-J�l.L@LPe�5@d;UI2m:V5@=�\;3,2 Ri5B:/=gF.UO[.2�9�eDlGfn=�9HJ-=���9�5Q?PeDUI[PUI?GeDUI?�=/2m6H?PeD9Th
dT6H2g5B6H`AL@U>:42 R & ÿ�h{6H~ � ¥ è ½ o o8lVt è � ¨�6H?Ge52R � ÿ�h�6>~ � ¥ è ½ � o+lVt è � ¨OU>6Tf�Fj9HJ��	F.57f�F857:­=gF.U	UI~�=�2�U4hiU�dT6HLQl.U
9HJ±UI~D[P9T?.UI?�=�5B6>L@LQ\ieD57:V=g2�5@`Al.=�U>ei5Q?PeDUI[PUI?Pe�UI?D=	2m6H?Pe�9Sh¼dT6H2�576H`.LQU>:n3��'UI?GfnU�=�F.U�[�euJ�9>J62 R & 6H?Ge72 R �
o�e�UI?.9S=gU>ei`D\ø­ & oWeNt�6H?Pe�­ � oWevtmC.2�U>:�[PU>fn=�5Qd;UIL@\Ptz6H2gU�XT5@d;UI?�`D\­ & o+¬Et�ÿ�_ º ²È» o�pM±�º ²�» t � ² & o�¿�3x_�pHt­ � o8¬btzÿ�a©º ²�» ogp?±kº ²�» t � ² & o�¿�3x_T]ut

�+F.U�[�euJ�9>J82 R�f46H?Z`PUjfI6>LBfnl.L76H=gU>ei6S:+J�9SLQL@9>�O:n1­91� o8ìGtËÿ ( ð ­ & o+¬EtF­ � o ì¬ t ��¬¬ o�¿�3x_T¿ut

ÿ ( ð ­ � o+¬EtF­ & o ì¬ t ��¬¬ o�¿�3x_>ÀDt

: ��� ¾ ��;6< î>= Õ ��?�=gF.5B:	f46S:VU���U�lG:VUj���ulP6>=�5Q9S?yoK¿D3w_S¿ut­ 1��o8ìGt�ÿ�_�a ( ð º ² x »�
 )� { o�p�±�º ²�» t � ² & o�p�±�º ² )� t � ² & ��¬¬ o�¿�3x_T_ut



À;¿

��:�5@?.X8=gF.Uj�/6I\�L@9S2O:�UI2�5QU>:+UI~�[P6H?G:V5@9T?-C.�+U�UI~�[P6>?Pei=�F.U�UI~�[P9S?.UI?�=�576HL7:n1

o�p�±�º ²�» t � ² & o�p�±�º ² )� t � ² & ÿµ ¬�± ¬ �
] ° h e�e�e · � ² & µ ì¬ ± ì �

] ° ¬ � h`e�e�e · � ² &
ÿ ì � ² & ¬ � ² � Ü p¡h ³Ë/?  \ � | ËA@ Ë � ì Ë ¬ � Ý o�¿�3x_TÁut

$+U>fI6>lP:VUj=�F.Uj2�5QXSF�=	FP6H?Pe�:�5BeDUj9HJ����ulG6H=�5Q9S?�oK¿D3x_TÁut�5B:'LQU>:�:	=�FG6H?Z9T?.U;CE=gF.U�¥;©;£8¢B§A¦S¡V¤g¥�ª<©;§��H¤�¯�
�D¤|§Aªn¤�¡��P¤g©;¯�¤|£�6HL@LQ9>�O:±lG:±=g98fI6>LBfnlALB6H=gUO���ulP6>=�5Q9S?�oK¿D3x_T_ut�d�5B6�=�UI2gh,`D\j=�UI2gh,5@?�=�UIXT2<6>=�5@9T?�9>J-=gF.U
L@U|J�=+FP6>?PeZ:�5BeDU�9HJ#�#�;lP6>=�5@9T?ao�¿D3w_SÁ;t<3��'UI?PfnU

­ 1�.o8ìGtzÿ Q & o8ìGt-h Q � o8ìGt o�¿�3x_;ÂSt

�	F.UI2gU Q & o+ì.t�ÿ�_�a ì � ² & ( ð º ² x »�
 )� {¬ � ² � 
 & ��¬ o�¿�3x_TÃut

6H?GeEC Q � o8ìGt�ÿ _�a ³Ë/?  \ � | Ë @ Ë � ì � 
 Ë ² & ( ð º ² x »�
 )� {¬ � ² � ² � 
 & ��¬ o�¿�3x_Tqut

!.2�9Th �PUIh�h�6}pSC Q & o8ìGt *ÿ�ì � ² & �.6>LB:V98Ur6Sf<F�=gUI2�hÆ5@?i=gF.U�:�l.hº5Q?����ulG6H=�5Q9S?�¿�3x_Tq}5B:äojo8ì � 
 � ² & t
J�9S2j:�9ShiU�, ò ¥T^'tIp�t<]'t�eÅe�e�¨�3�
;5@?GfnU Q � o8ìGt�fn9T?Dd;U42�XSUr:nCE��UYfn9S?Pf|L@lPeDU8=gFP6H= Q � o+ì.t9*ÿ ì � ² &'=gFDlG:­91� o+ì.t *ÿ ì � ² & 3)�O?�=gF.UZ9T=�F.U42�FP6>?PeEC+lG:V5@?AXy=�F.Ua���x�'9�:V[.5Q=<6>L��x:}2gl.L@U���UZW�?.9>�ö=�FP6>=i5@?�=gF.U
6S:�\Dh�[.=�9T=�U�9>J�:Vh�6>L@L®ì «�1� o+ì.t *ÿ�ì�­91� o+ì.t o�¿�3xÁT^ut

�+F�lP:c�	FAUI?]_ î$a³C.�+U�FP6Id;U�« 1�uo+ì.t�*ÿ�ì � C.5K3ÄU;3�=�F.UjeD5Qd;UI2<:�5@=�\89S2meDUI2O5B:?a¼ÿ�hi5Q?PoP_ t�aZtm3: ��� ¾ �
��;B=÷î>< Õ ��?´=gF.5B:�f46S:VUY�+U8lG:VU��#�;lP6>=�5@9T?�oK¿D3w_HÀDtm3i��9S?P:�5BeDUI2g5@?.X�=gF.UY:V\�h�M
hiUI=g2�\89>J�=gF.U�U>�ulG6H=�5Q9S?��	5@=gFi2�Ur:V[PU>fn=	=g9~_ 6H?Ge[a³C.=�F.U�[.2g9S`.LQUIhÆ5B:+2�UreDlPfnU>eY=�9i��6S:�U8���	5@=gF_ 6>?Pe©a·5Q?D=gUI2<f<FP6>?.XSU>e�CD=�F�lP:+=gF.UjeD5@d;UI2m:V5Q=V\89T2<eDU42�6>X;6H5Q?Z57:?_ ÿ�h�5@?PoP_ t�aZtm3



ÀSÀ

0 2 4 6 8 10 12 14 16 18 20
10

-4

10
-3

10
-2

10
-1

10
0

SNR (dB)

S
E

R

M=N=2, Alamouti Code
M=N=2, K=L=1, Antenna Selection

!/5QXSl.2gU}¿�3@p4]D3�çSÔ;Ú�ó;Õ>ÜkÛ|×�×�ÕT×�×�ÏIÓVÛjåBç;î-è	ì/ñTÙ|ò/ç;á�è½Ö7ÕS×zë�ô/ç;õ

: ��� ¾ �
�
��; =·ÿ>< Õ ��:�5@?.XY�PUIhih�6�p�6>?Pei6H?{6H2�XTl.hiUI?�=�:�5@hi5QLB6H2�=�9Y��6S:�U��<Cu��U'FG6rd;U­ 1�uo+ì.t�*ÿ ì � ² &�L@9TXPo &% tm3��+FDlG:?« 1��o+ì.t+*ÿ`ì � ² &�LQ9SXPo &% t<3
« 1��o+ì.t�*ÿ #% & ì � a �$_ì � a î$_ì � L@9TXPo &% t÷a¼ÿ�_

$+l.=�=gF.5B:O5B:'UI~A6Sf|=�L@\�=gF.Ui:g6HhiU�6S:�=�FAUY6S:V\�hi[.=g9S=g5Bf�`PUIFG6rd�5@9T2�9HJT«���o@evt+J�9T2}6YXSUI?.U42<6HLzW;UI\DFA9SL@U
f<FP6H?.?AUIL��Å¿SÃ�	K3y��?y9T2<eDUI28��9S2me.:ø« 1��o+ì.t�*ÿ «��uo+ì.t<3a�+FDlG:����;lP6H=g5@9S?�oK¿D3x_T^ut�?.UrfnU>:�:�5@=m6H=�Ur:}=�FP6>=« z� o8ìGt�6>LB:�98FP6Id;U�=gF.Uj:�6>hiU�6S:�\Dh�[.=�9T=�5BfO`kU4FP6IdD5Q9S2O6H?Ge�=�FA5B:+[.2g9Hd;Ur:+=�F.U�=�FAUI9S2gUIh�3


'9T=�5Bf|U+=�FG6H=��	F.UI?~_ ÿ�a�C;=gF.UI?8=�FAUOeD5@d;UI2m:V5Q=V\�`kU4FP6IdD5Q9S2�fI6>?�?A9S=�`PUOeDU>:�f|2�5@`PU>e}`�\86>?
5@?�=�U4XSUI243�!.9S2O:�lPf�F{68fI6S:�U;C.=�F.U�W;UI\DFA9SL@U�f<FP6H?.?AUILE`PUIFP6Id;U>:+`PUI=g=�UI2�=�FP6>?�68f�FP6>?.?.UIL�9HJ±eD5@d;U42<:V5Q=�\
9S2meDUI2�af±�pTCk`Al.='5Q=<:+[PUI2�J�9S2�h{6H?PfnU�57:c?.9T=�6T:cXT9;9�e´6T:�6Yf�FP6>?.?.UIL-�	5Q=�F�eD5Qd;UI2<:�5@=�\�a³3	�+F.57:c57:
UI~A6Sfn=gL@\Y=�F.Uj:g6HhiU�2gU>:VlAL@=	9S`A=<6H5Q?.U>ei5@?��Å¿SÃ�	�3

�-9�eDUIhi9T?P:V=g2<6>=�U�=�F.U³eD5@d;U42<:V5Q=�\´9T2<eDUI2Y9HJj=gF.U�6>?D=gUI?.?P6a:VUILQU>fn=g5@9S?Ìf�FG6H?.?.U4L�C��+UZ2gUnJ�UI2
=�FAU82�U>6TeDUI2�=g9�!/5@XTl.2�UY¿�3@p4]DC-�	F.5Bf<F�e�UI[.5Bf|=<:'=gF.UY:V\�h�`P9TLB:	UI2�2g9S2�2m6H=�U89>J�6H?al.?Pfn9�eDUreZW;UI\DFA9SL@U



À;_

f<FP6H?.?AUILD�	5Q=�F�]c=g2<6H?G:Vhi5Q=�6>?Pe}]'2gU>fnUI5Qd;U�6H?�=�U4?.?P6S:�oP_ ÿ�a¼ÿ�]utm3/�aU	:VFA9H��=gF.U+[PUI2�J�9S2�h{6H?PfnU
9HJ±�'L76Hhi9Tl.=�5�fn9�eDU�lP:�5@?.XY]�í{]86H?�=�UI?A?P6S:|C.d.:|3�6H?�=�UI?.?G68:VUILQU>fn=�5Q9S?�:�\.:�=�UIhÆ=�FG6H=O6H=OU>6Tf�Fi[P9T5@?�=
5@?a=�5QhiU8:�UIL@Urfn=<:�eD9>�	?y=g9�6�
u�m
A�Æ:V\A:V=gUIh o�p�í²pHt<3�$+9S=gF´FG6rd;U�eD5Qd;UI2<:�5@=�\�=V��9.C�`.l.=��+U�6HL7:V9
:VU4U�=gF.Ui=gF.U�L@9SX�6H2g5@=�FAhi5Bf8[PUI?P6HLQ=�\´[.2gU>eD57fn=�U>ea`D\��Å¿SÃ
	O6H?Pe��+F.UI2g9;UIh¹ÀA3��'?D=gUI?.?P6�:VUILQU>fn=g5@9S?
[.2g9Hd�5Be�U>:']Ye.$�X�6H5Q?�9Hd;U42O�'LB6>hi9Sl.=g5�3��'?�=�UI?.?G6�:�UIL@U>f|=�5@9T?�2�U>�;l.5@2gU>:	6�J�UIUreD`P6Sf<Wi9>J�L@9TXÄ_ ÿ�p
`.5Q=<:'[PUI2'JK6TeD5@?AX�:V=m6H=�U�CE=�9�:�UIL@Urfn=	=�F.U8`PU>:�=�=�2m6H?P:�hi5@=�6H?�=�U4?.?P6D3}
�5@?PfnUj=�F.U�JK6SeD5Q?.X�:V=m6H=�Ur:'dT6H2�\
hYlPf�F�:VLQ9>�+UI2	=gFP6H?�=�FAU}:�\DhY`P9SL�=�2<6>?P:Vh�5B:�:�5@9T?�2m6H=gU;C.=�F.U�U>�;l.5QdS6>L@UI?�=#J�U4U>eD`P6Tf�WY2<6>=�U�5B:	:�h�6HLQL�3



�������#�	����À
�����+�����	��
���
��	���¸�����	���� �
���
)�����;�	����
�����
����+�����O&�


�+F.U8lP:�lP6HL�J�9S2�h{:c9>J	e�5@d;UI2m:V5@=�\i5Q?�:�5@?.XTL@UnMKlP:VU42�f�FG6H?.?.U4LB:	5@?PfnLQlPeDUj=�5@h�U;CuJ�2gU>�ulAUI?Pfn\;C�6H?Ge�:V[P6TfnU
eD5Qd;UI2<:�5@=�\;3a��?�6�hYl.LQ=�5vMKlP:�UI2�UI?Dd�5@2g9S?.h�UI?D=��	5@=�F�hYl.L@=g5@[.LQU85@?Pe�UI[PUI?PeDUI?�=}�	5Q2�UILQU>:�:�L@5Q?.W.:|C#5Q=}57:
F.5QXSF.LQ\´[.2g9S`P6>`.L@U�=�FP6>=Y6H=�6H?�\´XT5@d;UI?�[P9S5Q?D=85Q?y=�5QhiU;Cz6H=8L@Ur6S:V=89T?.U�9HJ�=gF.9;:�U�L@5@?AW.:�FP6S:8F.5@XTF
�;lP6HLQ5@=�\;3y�+FA5B:Y6SeDdT6H?�=<6>XSU�5B:8fI6>L@L@Ure�£8�u w¡�¢B�S«>¤|¯Z¥;¢��>¤|¯m«4¢@¡K°¸Í¸�'`�d�5@9SlG:VL@\�C�h�l.LQ=�5NM�lP:�UI2jeD5@d;U42<:V5Q=�\
2�Ur�ul.5Q2�U>:+=gF.U�`P6S:�UY:V=m6H=�5Q9S?�=�9YWD?.9>�)=gF.U8f<FP6>?.?.UIL�fn9;U|��fn5QUI?�=<:±J�9T2�6>L@L�lP:VU42<:nCP�	F.57f�F�5B:+lG:VlP6>L@L@\
U>:�=�5@h{6H=�Ure�6>='=gF.U�hi9S`.5QL@U>:�6>?Pe{J�U>ei`P6Tf�W�=�9Y=�F.U�`P6T:VUj:V=m6H=�5Q9S?-3

�+F.U�?.9T=�5@9T?�9HJ�hYl.L@=g5@lP:�UI2�eD5Qd;UI2<:�5@=�\8�	6T:+2<6>5B:VUre{`�\�&�?.9T[.[�6H?Pe��'l.hY`.L@UI=Ä�vpI]
	EJ�9S2	=gF.U
l.[.LQ5@?.W�CE�	F.U42�U8=�FAUI\ZhiU4?D=g5@9S?AU>ei=�FP6>=�=gF.U8`PU>:V=j:�=�2<6>=�UIXT\�5B:'=g9�6HL@��6I\.:�=�2m6H?P:�hi5@=O=�9�=gF.U8lP:VU42
�	5@=gF�=�F.U�`kUr:V=�f�FP6>?.?.UILK3��	:VU � À;^
		[.2�9>d�5BeDUre½:�5@hi5QLB6>2}2�Ur:Vl.LQ=}J�9S2Y=�F.U�eD9>�	?.LQ5@?.W�3�$+U4?PeDUI2�¤<¡
¦S nÍM�NpSp=		UI~.6>hi5@?AU>e´[.2m6Sfn=g5BfI6>L	6S:�[PU>fn=<:89HJ�eD9>�	?.L@5Q?.WyhYl.L@=g5vMKlP:VUI2jeD5Qd;UI2<:�5@=�\a5@?�=�F.U�fn9T?D=gUI~�=89HJ
��
SMsqS_��� ����":�=<6H?Ge.6H2meE3'(�57:V��6H?P6>=�F-C��	:VU�6H?Pe���6H2�9T5B6]�NpnÀ�	-UI~A6Hh�5@?.U>eY=�F.57:c[.2g9S`.LQUIhºJ�9T2'=gF.U
eD9>�	?.LQ5@?.W�6H?Ge�[.2gU>:VU4?D=gU>e�6{h�UI=�F.9�e�9HJ�9S[A[k9T2�=gl.?.5B:�=�57f}`kUr6Hh�J�9T2�hi5Q?.X8dD576�[AFP6S:�U�2m6H?PeD9Thi5@�r6rM
=�5Q9S?-3³�'9�f�F��	6>LBeECz��6H2g�IUI=�=m6�6H?Pe���6H2�9TWDF � À.p�	�5@?�d;U>:V=g5@X�6H=�U8=gF.Ui[.2g9S`.LQUIh�9HJ�:�f<F.U>e�l.L@5Q?.X�6H?Pe
2<6>=�U'J�U4U>eD`P6Tf�W85Q?�=gF.U�fI6T:VU�9>Jz���V�´�Ìf<FP6H?.?AUILB:|3+
;FP6H2g5vJ­6H?Pe���6T:�:V5Q`.5 �vp4_�	kXTUI?.UI2m6HLQ5@�IU>e8=�FAU'9T[DM
[P9S2g=�l.?.57:V=g5Bf�`PU>6Hh�J�9T2�hi5Q?.X}9>JM�NpnÀ�	-=�9Y=�F.UjfI6T:VU��	F.UI2gU�h�9S`.5QL@U>:�6HL7:V9YFP6Id;U�h�l.LQ=�5Q[.L@UO6>?D=gUI?.?P6T:n3


;9ThiU�9HJj=�F.Ur:VUZ��9S2gW.:if|9S?P:�5BeDUI2Y=�FAU��;l.U>:V=g5@9T?�9HJ�=gF.U�2�U>�;l.5Q2�U>e´J�UIU>e�`P6Sf<Wy2<6>=�U;C	`.lA=
=�9�9Sl.2�W�?.9>�	L@UreDXSU;CP9S?AL@\�� ÀAp�	�6>?Pek� À�]�	/UI~�[.LQ5Bfn5Q=�L@\Yf|9S?P:�5BeDUI2�=�F.U��ul.Ur:V=�5Q9S?�9>J��ulG6H?�=�5vJ�\�5@?AX�=gF.U
2�Ur�ul.5Q2�U>e	J�UIU>eD`P6Tf�W�3-�'9>��UId;UI2IC|=�F.U4\�eD9O?.9S=zfn9S?G:V5Be�UI2-fI6>[P6Sf|5@=�\�XS2g9>�	=�F}2m6H=gU>:nC>?.9S2-9T[.=�5Qhi5@�4U/=gF.U
�;lP6H?�=�5Q�>6H=g5@9S?�=�98hi5Q?.5@hi5N�IU�fI6H[G6Sfn5Q=V\YL@9�:�:|3��s?�=gF.5B:�f�FP6>[.=�U42+�+U�[.2gU>:VU4?D=4CuU|�EUrfn=�5Qd;UIL@\;C�6}9S?.UnMK`.5Q=
�;lP6H?�=�5Q�>6H=g5@9S?³:V=g2<6H=gUIXS\�6>?PeZ=�F.U�6S:g:V9�fn576H=�Ure�:�f<F.U>eDl.LQ5@?.XY6>L@XT9S2�5Q=�F.h¼=gFP6H=�XTlP6H2m6H?�=�UIUr:c9T[.=�5Qh�6HL
fI6>[P6Sfn5Q=�\´XT2�9>�	=�F¸2<6H=gU;3��+F.U�5Be�U>6Z9HJ�UI~�[.L@9T5@=�5Q?.X�hYl.L@=g5@lP:�UI2�X;6>5@?¸`D\aL@5Qhi5@=gU>e�J�UIU>eD`G6Sf<Wy�	6T:
�P2m:V=	[.2g9S[P9;:�U>ei5@?��NpI_�	K3���?�� À�]DCDÀ�¿�	P=�F.U�57eDU>6�9HJz=�F.2gU>:VF.9TLBeD5Q?.X�J�9T2	2�U>e�lPfn5@?AX�=gF.U'J�UIUreD`P6Sf<WYL@9;6Te

À;Á



ÀDÂ

2�Ur�ul.5Q2�U>eY=�98UI~�[.L@9T5@=�h�l.LQ=�5QlP:VUI2±eD5@d;UI2m:V5Q=V\8FG6S:	`kU4UI?�[.2�9T[k9�:VU>e�C.F.9>�+UId;UI24C.6T:+�	5@L@L�`PU}e�5B:�f|lP:�:�U>e
5@?a
;U>fn=g5@9T?�À.3x]�CE=�FAUI5@2�:�f<F.U>eDlAL@5@?AXi:gf�F.U4hiU�6H?Ge�=gF.U86>hi9Sl.?�=O9HJ�5@?DJ�9T2�h�6>=�5Q9S?�J�UreZ`P6Sf<W�=�9i=gF.U
`P6T:VUO:V=m6H=g5@9S?Y6>2�UOeD5N��UI2�UI?�=EJ�2�9Th�9Tl.2�:gf�FAUIhiU;3-��?j[P6H2g=�5Bf|l.LB6>2ICS9Tl.2�hiUI=gF.9�e�XSlP6>2<6>?D=gUIU>:/9T[.=�5Qh�6HL
XS2g9>�	=�FZ2m6H=gU}�	5@=gF�?Dl.hY`PUI2+9>J�lP:�UI2<:	dD576}9S?.U|M�`.5Q=c�G~DU>e;M�2m6H=�U�J�UIUreD`P6Sf<W�C.�	F.5@LQU�� À�]uC.À�¿�	-2�U>�;l.5Q2�U>:
6�dT6>2�5B6>`.L@U|M�2m6H=�UYJ�UIU>eD`P6Tf�W�9HJO2gU>6HLNM�dT6HLQl.U>e�?DlAh�`PUI2m:�6>?PeEC�=�9Z9Tl.2}lA?PeDUI2m:V=<6>?PeD5Q?.X.C�5Q=�FG6S:}?.9T=
`PUIUI?�[.2g9Hd;Ure{=g98XSlP6>2<6>?D=gUIU}9T[.=�5Qh�6HL�XS2�9>�	=gFZ2<6>=�U>:|3

À.3Qp 
;\.:�=�UIh �Z9�eDUIL

�aU8fn9T?P:V57eDUI2�6�hYl.L@=g5vMKlP:VU42	fnUILQL@l.L76H2	?.U4=V��9S2gWi�	5@=gF ¯ lP:�UI2<:	�	F.9i2gU>fnUI5Qd;U�e.6>=<6�J�2g9Sh¼=�F.Uj`P6S:�U
:V=m6H=g5@9S?b3��´U�6S:�:�l.hiUj=�F.Uj`.L@9�f<WiJK6SeD5Q?.Xihi9�eDU4L­J�9T2'U>6Tf�F�lG:VUI24�x:Of�FP6>?.?.UILK3O�+F.UYf�FG6H?.?.U4L�:�=<6H=gU
5@?�J�9S2�h{6H=�5Q9S?�9HJ	Ur6Sf<F�lP:VUI2�57:�6S:g:Vl.hiUreZ=�9i`PU8J�l.L@LQ\�W�?.9>�	?a=�9�=�FP6>=�lP:VUI24C-6H?Ge�5Q=�5B:�fn9T?P:V=m6H?�=
9>d;UI2�6�fn9SF.U42�UI?Pf|U85@?�=�UI2gdS6>L�9HJOLQUI?.XT=�FDC�38�aUi6T:�:VlAhiUi6�
���
.�ÆfI6T:VUY5@?a�	F.5Bf<Fa6HLQL�lP:VUI2m:�6H?Pe
6HL7:V9Y=�F.U�`P6T:VU�:V=<6>=�5Q9S?�6>2�UjU>6Sf<F�U>�ulA5@[.[PU>e��	5Q=�F�9S?.LQ\i9S?.U�6H?�=�UI?A?P6D3��'?PeDU42	=�F.U�`.LQ9�f�W;M�JK6TeD5@?AX
6S:g:Vl.h�[.=�5Q9S?-C.��U�FP6Id;U�=�F.U�J�9SLQL@9>�	5@?AX8hi9�eDUILPJ�9S2	2�UrfnUI5@d;Ure�:�5@XS?G6HL-J�9S2	U>6Tf�F�lP:�UI2I1

E ��o_^<t#ÿ Ê u�� æ �GF���o�^<t^h Ð£�Ko�^<t o�ÀA3@p>t

��?y=�FAUZ6>`P9Hd;U�hi9�e�UIL�C��+U�6T:�:VlAhiUi=�FG6H=HF � o_^�t ò8ô � 57:}=�F.Uid;Urfn=�9T2}9HJ�=�2m6H?P:�hi5@=g=�U>ea:V\�hY`k9TLB:
9HJ�=�F.UÖl oIp lP:VUI2%6H=}=g5@hiU�^��	5Q=�Fa[P9H��UI2jfn9S?G:V=�2m6H5Q?D=?�O� g F£�Ko�^<t g � 	+ÿICºC�6H?Pe E ��o_^<t òjô � 5B:'=gF.U
2�UrfnUI5@d;Ure8:V5@XT?P6HL�9HJz=�F.U�l4oIp'lP:VU42	6H=	=g5@hiUE^|C�Ð � o_^�t x bwö»o�^'t Q � t�5B:�=�F.U�5�3Ä5K3xeE3�fn9Thi[.LQUI~���6HlG:�:V576H?
?.9T5B:VU�C�æ��E57:#=�FAU�f�FG6H?.?.U4LEX;6>5@?i9>J�=gF.U�l oIp lG:VUI24CD�	F.57f�FY5B:�6S:�:�l.hiU>eY=�98`PU��IUI2g9}hiUr6H?�fn5@2mfnl.LB6>2�LQ\
:V\�hihiU4=�2�5Qf8fn9Thi[.LQUI~´��6HlG:�:V576H?¸2<6H?GeD9Sh¹dT6>2�5B6>`.L@U��	5Q=�Fyl.?A5@=}dT6>2�5B6>?PfnU�[PUI2YeD5QhiUI?P:�5@9S?b3��aU
6HL7:V9j6S:g:Vl.h�U	=�FP6>=#lG:VUI2m:±FG6rd;U	hYl.=glP6HLQL@\�5Q?PeDUI[PUI?Pe�UI?D=±f�FP6>?.?.UILAX;6H5Q?P:n3��Z9T2�UI9>d;UI2��+U�6S:g:Vl.h�UO6
F.9Thi9SXTUI?.UI9TlP:/?.UI=���9S2�W�5Q?8�	F.5Bf<F86>L@L.lP:�UI2<:�FP6Id;U+=�FAUO:�6Hh�Uc
u
���CT5�3ÄU�3^u � ÿ`uP3��´U�6HL7:V9j6S:g:Vl.hiU
=�FG6H=	J�9S2	U>6Tf�F�lP:�UI2'=gF.UI2gU�U4~D5Q=<:+68L@9>�+MK2<6>=�U�`.l.=O2�UILQ5B6>`.L@U�6>?PeZe�UILB6I\;M�J�2gUIU'J�UIU>e�`P6Sf<Wif<FP6>?.?.UIL-=g9
=�FAU�`G6S:VU|M�:�=<6H=g5@9T?-3



À;Ã

À.3w] 
�f�FAU>eDl.LQ5@?.XjdD576�
;5@?.XTL@UnMK`.5Q=O!GU4U>eD`P6Tf�W

�+F.U�`G6S:VU|M�:�=<6H=g5@9T?Z:�UI=<:�6�=gF.2�U>:�F.9SL7e~ýZJ�9S2	6>L@L�lP:VUI2m:n3���6Sf<FilP:�UI2�fn9Sh�[P6H2gU>:�=�F.U�6>`P:V9TL@l.=gU�dT6HLQl.U
9HJG=�F.UI5Q2�f<FP6>?.?.UIL;X�6H5@?8=g9�=�FA5B:-=�F.2gU>:VF.9TLBeE3���F.UI?.U4d;UI2E=gF.U	f<FP6H?A?.UIL�X;6H5Q?}UI~AfnUIUre.:E=�F.U�=�F.2gU>:VFA9SLBe�C
6¹"4pI���	5@LQL#`PUi=g2<6>?P:Vhi5Q=�=gU>eZ=�9�=gF.Ui`P6T:VU�:�=<6H=g5@9T?-�#9T=�F.U42��	5B:�U�6�"<^T�Z�	5@LQL#`PUi=g2<6>?P:Vhi5Q=�=gU>eE3©&
�+F.U�`G6S:VUj:�=<6H=g5@9T?�2gU>fnUI5Qd;U>:­J�UIUreD`P6Sf<W}J�2�9Th¼6HLQLPlP:VUI2m:	6H?Pei=gF.UI?i2m6H?PeD9ThiL@\8[A5Bf<W.:�6}lP:�UI2+�	F.9�:VU
J�UIU>e�`P6Sf<W�`.5@=O�	6T:�:VUI=�=�9i9T?.U}J�9S2�eA6H=<6i=g2<6H?G:Vhi57:�:V5Q9S?-3 � ��J�6HLQL/=gF.U}J�UIU>eD`G6Sf<Wi`.5@=m:'2�UrfnUI5@d;Ure{`�\
=�FAU�`G6S:VU|M�:�=<6H=g5@9T?a6H2�U��IU42�9.C�=�F.U4?�?A9i:�5@XS?G6HL�5B:+=�2m6H?P:�hi5@=g=�U>eY5@?i=gFP6H=O5@?�=�UI2gdT6HL�3 ÿ

�Ol.2Y�+9S2gW�57:�eD57:V=g5@?Pfn=}J�2g9Sh =�FP6>=i9HJ8�OU>:�`PUI2�=�6>?Pe��'LQ9Sl.5Q?.5�� À�]DC�À;¿�	O5@?�=gF.U�J�9TL@LQ9H�+M
5@?AX�h{6H?.?.U42I3Y��d;UI?�=�F.9Tl.XSF�=�F.UY5BeDUr6{9>J	=gF.2�U>:�F.9SL7eD5@?AX�=gF.UYlP:VUI2m:n��f<FP6H?.?AUIL+
�
����x:OFP6S:�`kU4UI?
hiUI?�=�5Q9S?.Ure�`�\��OU>:V`PUI2g=Y6H?Pe¸�'L@9Tl.5@?A5�C�=�FAU�2gU>�;l.5@2gUIhiUI?�=<:'J�9S28=gF.UI5Q2Y:�f<F.U>eDl.LQ5@?.X³:�f<F.UIhiU�6H2gU
fn9T?P:V57eDUI2<6>`.L@\²eD5v��UI2gUI?D=}J�2g9Sh 9SlA2<:n3���?�[P6H2g=�57fnl.LB6>2IC+=gF.UI5Q28hiUI=�FA9�e²2gU>�;l.5@2gU>:}=�F.U�lP:�UI2<:Y=�FP6>=
FP6Id;U8f<FP6>?.?.UIL-X�6H5@?G:�6H`P9>d;UY6�f|UI2�=m6H5@?�=�F.2gU>:VFA9SLBeZ=g9�2gUI[P9S2g=�=�F.9�:VUYf<FP6H?A?.UIL�X;6H5Q?P:'=g9�=gF.U8`P6S:�U
:V=m6H=g5@9S?b3��+F.5B:�2�U>�;l.5@2gU>:�6�J�UIU>eD`P6Tf�WYf<FP6>?.?.UILP9HJbdT6H2�576H`.LQUnMK2<6H=gU;CD`Al.=�hi9S2gU'5Qhi[P9S2�=m6H?�=�LQ\;CS6�J�UIU>euM
`P6Tf�W�f�FP6>?.?.UILA=�FP6>=#hYlP:�=�:�=�5@LQL.6TfIfn9Thihi9�e.6>=�U+=gF.U	=�2m6H?P:�hi5B:g:V5Q9S?89HJb2�U>6>LvMKdT6HL@lAU>e}dT6H2�576H`.LQU>:/`P6Tf�W
=�9�=�F.Uj`P6S:�Ui:�=<6H=g5@9T?-3}
;9iUId;U4?�=gF.9SlAXSFa5@?Z=gF.UI5Q2�:gf�F.U4hiU;CDJ�UI��UI2	[P6H2m6HhiU4=�UI2m:c=gFP6H?�`PUnJ�9T2�UY6H2gU
=�2m6H?P:�hi5@=g=�U>e�CD:�=�5QL@LE=gF.U�2<6>=�U}57:+fn9T?P:V57eDUI2m6H`.LQU;3���?Zf|9Shi[P6>2�57:V9S?bCD�+Uj6>2�U�5@?�=�UI2gU>:V=gU>e�5Q?Z68:�=�2g5Bfn=gL@\
L@5Qhi5@=gU>euMK2<6>=�U	J�UIU>eD`P6Tf�W�:�f|UI?P6H2g5@9A3

À.3w¿ �+F.U8
;l.h�Ms�'6>=�U8��6H[G6Sfn5Q=V\

�'[P9S?�2gU>fnUI5Q[.=+9>J�U>6Sf<F�:VUI=�9HJ�J�UIU>eD`P6Tf�WY`.5Q=ICD=gF.U�`P6T:VUnMs:V=m6H=g5@9S?�9S?.LQ\i=�2m6H?P:�hi5@=m:�=�98lP:�UI2<:+�	F.9�:VU
f<FP6H?.?AUIL�X;6>5@?a5B:�6>`P9Hd;U8=gF.U8=�FA2�U>:�F.9SL7e#ý�3��PUI= ,´ÿ � ¶ � è æ � è � î ý-	#ÿûº ² ü :V5@?GfnU8=�F.UYf<FP6>?.?.UIL
X;6>5@?P:j6H2gUY6HL@L�hYl.=�lG6HL@LQ\i5@?GeDUI[PUI?PeDU4?D=4C­=gF.U8[.2g9S`P6>`.5@LQ5@=�\Z9>J	FP6Id�5@?.X v J�UIU>eD`P6Tf�W�`.5@=m:'U>�;lP6HL�=g9)���<A7:,
9%2->@1�2:.�O�7:,
.�K
24.FEU>W13<�249SJ?C
B@BD2:7+1MBM249SB%.F<�7WVA *-,
.�2:>+,
.PL
K
B%9%<
NM74;�K
2:.FE42UQ-9%7:,?G61M?�;=E+13/
B%.U>+,�1�<
<
.FB%20JT1MB�13B%2:;�/�.D9%JMC
B%.FJ?.F<�7:.FLE?�9�1�E:;=K�<
LAE:;=/�9S<'V,��<A7:,
.B%;=<
N�E4K
<&O�/�;�7:,�74,
.F2:.¡2:74E81�7:.FN�9S.P2 ,�1M?=.�7:,
.�2813J?.D1M?=.FE+13N=.�7:,
E4;=K
N�,
C
K
70C�.FE0K
2:.PE@V�
0;3Q�.�?�.FE(O�74,
.DE:;�K
<
L�5�E:;�/
9%<?=.PE:2:9%;�<TJA1MB /�.�JM;�E:. 1�C
C�.@13B%9%<
N�GIE:;�Jà1�G6139%E4<
.F2:2-C�;=9%<�7-;3G�?�9S.PQDVK/��<�7:,�9S2Á>@1324.U7:,�.U/�1�2:.U24781�7:9%;=<�>@1�<M13B%2:;�E813<�L
;=J?BPB�C
9%>���1�K
2:.PERGI;�ERL�1�781�74E813<�2:JM9%242:9%;=<&O�13B%7:,
;�K
N=,�GI;�ERB�13E:N�.<�K
J�/�.FE�;�GÔK
24.FE:2�74,
9%2-,�132h?=1�<
9%2:,
9%<
N 1�L ?=13<�7+13N=.0;#?=.FE-<�;�7:E81�<
2:J?9%2:2:9%;�<�V



À;q

9S?AU�9T`PUI\.:O68`.5@?.9Thi5B6>LPLB6I��C.5�3ÅU;3 , � ÿ µ ¯ v · , � o�p�±ã,kt § ² � o�ÀA3x];t

�+F.U�UI2gXS9�eD57f}fI6>[P6Sfn5Q=�\�l.[P9T?Z2�UrfnUI5@d�5@?AX v 9S?.Ur:c`�\i=�FAU�`G6S:VU|M�:�=<6H=g5@9T?Z5B:|1s � ÿ
�³ ��´ & � ¶ � =�F.U�l oIp `PU>:V=OlP:VU42	5B:	:VU4L@U>fn=gU>e�	�s �

ÿ pv �³ �z´ & sD� o�ÀA3x¿;t

�	F.UI2gU�sD�EÿKJ ð L@9TXPo�p�h]u�¬EtL�'«-��o8¬bt±6H?Pe©«-��o8¬btz5B:�=�F.U}�� �!´9HJ�=gF.U�l oIp F.5QXSF.Ur:V=	6>`P:V9TL@l.=gU�dT6HLQl.U
9HJ­6HLQLPf�FG6H?.?.U4LDX�6H5@?G:n3���?89S=gF.UI2��+9T2<e.:�5vJU¥
¦ & t ÛÅÛ�Û t@¦r§'¨�57:�6�[PUI2�hYl.=<6>=�5Q9S?}9>J�¥ è æ & è � t ÛÅÛ�Û t è æ�§ è � ¨
:VlGf�F�=gFP6H=j^ ª ¦ § ª eÅe�e ª ¦ & C-=�F.U4?þ«-��o+¬Et'ÿ � ¶ ��¦r� � ¬ 	K3���FAUI?�=�F.UYf<FP6>?.?.UIL�X;6>5@?P:�6H2gU
5�3Å5�3weE3@CSJ�2�9Th¼���ulG6H=�5Q9S?�]D3ÅÀ���U�FP6Id;U;1

« � o+¬Et�ÿ �I² &³ M ´
 µ ¯ N�· oP«�o+¬Et�t § ² M o�p�±�«�o+¬Et�t M o�ÀA3ÄÀ�t

�	F.UI2gU¤«�o+¬Et�ÿ�pM±`º ²È» 5B:	=�FAU��� �!�9HJ è æ � è � J�9T2Al�ÿ,p�t Û�Û�Û t ¯ 3O�+F�lP:'=�FAU8:VlAh�M�2m6H=gU}f46H[P6Tfn5@=�\
9HJ±=�F.U�?.UI=���9S2�WY�	5@=gF�9S?.UnMK`.5Q=cJ�UIUreD`P6Sf<W�fI6H?�`PU�J�9T2�hYl.LB6>=�U>eY6S:|1

s & W � o ÿ §³ � ´ & , � s � o�ÀA3x_;t

À.3ÅÀ �+F.U8�'[A=�5@h{6HL-�+FA2�U>:�F.9SL7e

�+F.U�:�l.h�MK2<6>=�U�fI6H[P6Tfn5@=�\Y5B:�6�J�l.?Pf|=�5@9T?i9HJUuPCð,�6H?Pe ¯ 3+�O?i=�FAU�9S=gF.UI2+FG6H?Pei=�FAU�=�F.2gU>:VFA9SLBeÖý�57:
l.?.57�ulAUIL@\�eDUI=gUI2�hi5Q?.U>e8`D\°,iJ�2�9Sh¶=�F.U�J�9SLQL@9>�	5@?AX}J�9S2�hYl.L76DCý´ÿ�« ² & ogp?±ã,Pt o�ÀA3xÁ;t

!.9S2O�O6I\DLQUI5@XTF{JK6TeD5@?AXYf�FP6>?.?.UILKCD=gF.Ujf�FP6>?.?.UIL-h{6HXS?A5@=�lGeDU�:��;lP6>2�U>ei9S`PUI\A:O6H?ZU4~D[P9S?AUI?D=g5B6>LELB6I�ý´ÿ ±ZLQ9SX�, o�ÀA3vÂTt



_S^

��?�9T2<eDUI2�=�9´�P?Ge�=�F.U�9T[.=�5Qh�6HL	=gF.2�U>:�F.9SL7e��+U³f�F.9;9�:VUÎ,�:VlGf�F¸=�FP6>=i=�F.Ua:�l.h�MK2<6>=�U�f46H[P6Tfn5@=�\s & W � o 57:�h�6>~D5Qhi5@�|U>eE3��+F.U�fn9�:V=�J�lA?Pfn=�5Q9S?�s & W � o o-,kt�5B:j6Z�+UI5QXSF�=�U>ea:Vl.h�9HJ	J�lA?Pfn=�5Q9S?P:�9HJO=gF.U
J�9S2gh�, � o�p¡±Î,kt § ² � �	F.57f�F{6H2�Uj6>L@L-f|9S?PfI6Id;U�9>d;UI2�=�F.U�5Q?D=gUI2�dT6HL �Å^'tIp=	�CDFAUI?PfnU�s & W � o 57:	68fn9S?Pf46rd;U
J�l.?Pf|=�5@9T?y9HJó,¸6H?Pey5@=jFP6S:86ZlA?.5B�;l.Uih�6>~D5Qh�lAh 9>d;UI2j=�F.U�5Q?D=gUI2�dT6HLT�Å^'tIp=	�3a�­9�fI6>LBfnl.L76H=gU�=gF.U
dT6HLQl.U�9HJ�,i=gFP6H=Oh�6H~�5@h�5v�4U>:/=�FAU}:�l.h�MK2<6>=�UjfI6H[G6Sfn5Q=V\�CD�+U�hYlP:V=�:�9SL@d;UPORQ 2 S Ç Ú x � {O � ÿ�^�J�9T2;,ECP5�3ÅU;3@C§³ � ´ & o v ± ¯ ,PtÞ, � s � ÿ�^ o�ÀA3xÃ;t

��fnLQ9;:VUre�J�9T2�h,:�9SLQl.=�5Q9S?Y=�9�=�F.57:�U>�ulG6H=�5Q9S?857:±5Q?8XSUI?AUI2<6>Lk?A9S=�=�2m6Sfn=m6H`.LQU;3��'9>��UId;UI2ICT6�?DlAhiUI2�57fI6HL
:V9TL@l.=g5@9T?Z5B:+[P9�:�:V5Q`.L@U��	5Q=�Fãojo ¯ t�fn9Thi[.L@U4~D5Q=V\�3
À.3w_ ��:V\�hi[.=g9S=�57f'�O?P6HLQ\.:�5B:

��?y=�FA5B:8:VUrfn=�5Q9S?y��UiUI~�[.L@9T2�UY=�F.U�6T:V\�hi[.=g9S=�57f�`PUIFP6Id�5@9S2j9HJ�=�F.U{:Vl.h�MK2<6>=�U�f46H[P6Tfn5@=�\;3Z�aUilP:�U
�+F.UI9T2�UIh pI^aoV��FP6>[.=�UI2j];t<C-�	F.5Bf<F�:�=<6>=�U>:�=�FG6H=�5vJ�=�FAU�[.2g9S`P6>`.5@LQ5@=�\�hiU>6T:Vl.2gUY6S:�:�9�fn5B6>=�U>e��	5@=gF
=�FAUi2<6>?PeD9Sh dS6>2�576H`.LQU�¦r§�5B:��+UILQL+f|9S?PfnU4?D=g2<6H=gU>ey6>2�9SlA?Pe½5Q=<:�h�U>6H?adT6HL@lAU{J�9T2}L76H2�XTU ¯ C�=�FAUI?
RSUI?P:�UI?-�w:'5@?.Ur�ulP6>L@5Q=V\YJ�9S2�=gF.U�
;FG6H?.?.9T?´J�l.?Pf|=�5@9T?ZLQ9SXPo�pMhku�¬bt�5B:�6T:V\�hi[.=�9T=�57fI6HLQL@\Y=�5@XTFD=43�
'9S=gU
=�FG6H=M¦r§YfI6H?�`PU}UI5Q=�F.U42	6�¥;¢v«4ªI¯�¤<¡�¤�9S2�6�ª<©;§D¡K¢B§.�D©;�S«	2m6H?PeD9Th¼dS6>2�576H`.LQU;3

��F.UI?²f�FP6>?.?.UIL±:V=<6>=�Ui5Q?DJ�9S2gh�6H=g5@9T?´57:�J�lAL@L@\a6IdT6H5QLB6>`.L@UY6>=}=�FAUi`P6S:�U�:V=m6H=g5@9S?bC/=�FAUi`P6S:�U
:V=m6H=g5@9S?�9T?.L@\y=g2<6>?P:Vhi5Q=<:�=�9�=�FAUilP:VU428�	5@=�F�=�F.U�`PU>:V=Yf<FP6>?.?.UILKC�F.UI?PfnUY=�FAU�U42�XS9�e�5Bf�:Vl.hYM�2m6H=�U
fI6>[P6Sfn5Q=�\�9>J�=�F.U�?.U4=V��9S2gW�fI6H?�`PUjfI6HL7fnl.L76H=�Ure{`�\Y=�F.U�J�9SLQL@9>�	5@?AX}J�9S2�hYl.L76D1

s < � MTM QVU�W ÿ s & ÿ ( ð LQ9SXPo�p¡h�u�¬EtL�'« &
ÿ ¯ ( ð LQ9SXPogp¡hþu�¬EtWº ²�» ogp?±�º ²�» t § ² & ��¬

�PUI= Ø & ÿ J ð ¬X�'« & 6>?Pe Ù �& ÿ J ð o8¬]± Ø & t � �'« & C'=gF.UI?�5Q=�57:�WD?A9H�	?"oK���ulP6>=�5Q9S?»]D3xÁ�6H?Pe
���ulG6H=�5Q9S?P]�3vÂTt�=�FG6H=I1 Ø & ÿ � §��´ & & � 6H?Ge Ù �& ÿ � §�z´ & &� } C­=gF.UI2gUnJ�9S2gU Ø & õ ù 6H?Ge ¶ 2· 2 õ ^�6S:



_Dp

¯ õ ù�3�!.2�9Th¼�+F.UI9T2�UIh pI^DC.5Q=+J�9SLQL@9>�O:+=�FP6>=I1

sç< � MTM QVU�W *ÿ L@9TXPo�p�hþu Ø & t*ÿ L@9TXPo�LQ9SX ¯ t-hyLQ9SXDu Û o�ÀA3xq;t

�	F.UI2gU�*ÿ)5@?GeD5BfI6>=�U>:	6T:V\�hi[.=g9S=�57f'U>�;l.5@dT6>L@UI?Pf|U;C;6S:OeDUn�G?.U>eiU>6H2gL@5QUI2I3
�aUO6H2�U	5Q?D=gUI2�Ur:V=�Ure�=�9�5@?�d;U>:V=g5@X;6>=�U�=�F.U	`PUIFP6Id�5@9T2�9HJb=�F.UO:�l.h�MK2<6H=gU	fI6>[P6Sf|5@=�\�9HJ-=gF.U�p�MK`.5Q=

J�UIU>e�`P6Sf<Wi:gf�FAU>eDl.LQ5@?.X8[.2g9S[P9;:�U>eZ5@?�
;Urfn=�5Q9S?�À.3w]�5Q?�=gF.U86T:V\�hi[.=g9S=�U�9HJ�L76H2�XTU}?�l.hY`kU42#9>J�lP:�UI2<:|3
�+F.57:+5B:	6Sf4fn9Shi[AL@5B:�F.U>e�d�5B6}=gF.U�J�9SLQL@9>�	5@?.X82gU>:VlAL@=I3

¼�½U¾�¿ÁÀ
¾�Â Y \^�P¤�«4�D£�
�¯g¦S¡V¤�ª<¦��A¦;ªI¢@¡K°�©P��¦���¢B¯<¤< @¤�«<«c§k¤<¡8��©;¯�(q��¢@¡H�[Z

�®I¢@¡��>¤<¤g¥;®<¦;ª�(%¦;§.¥}©��P¡K¢B£8¦S 
ª��A©;¢Bªn¤�©P��¡��A¯�¤�«3�A©S N¥ É ®n¤W�A¦��>¤�«O¦H«�L@9TXPo�LQ9SX ¯ t3h�L@9SXDu É ¤WYT¦;ªn¡� N°�¡H�P¤�«4¦;£�¤�¦H«�¡��P¤�«4�D£�
s¯�¦S¡�¤�ª<¦��.¦;ª4¢@¡�°
©P�j¦?�4�; @ N°i¢B§3�4©;¯n£�¤g¥i§P¤<¡+�z©;¯�(�Í
Ò�À
¿-¿ÔÓ�Õ ���ulP6>=�5Q9S?yo�À.3wÃut�fI6>?Z`PU�2�UnMK�	2�5Q=�=�U4?Z6T:n1

s & W � o ÿ p¯ , §³ � ´ & v , � s � o�ÀA3@p4^ut

!.9S2O6�,Z:g6H=g5B:sJ�\�5@?AXY�#�;lP6>=�5@9T?yo�À.3@p4^ut��+U�FG6rd;U
s & W � o ÿ p¯ , §³ � ´ & v , � s �

ÿ p¯ , §³ � ´ & v , � Ü pv �³ ��´ & s � Ý
ÿ p¯ , §³ � ´ & �³ ��´ & , � sD�
ÿ

§³ �z´ & Ü p¯ , §³ � ´�� , � Ý s � o�ÀA3@pTpHt



_S]


'9T=�5Bf|U�=�FP6>= ¹ � ÿ &§ � � § � ´'� , � t?l�ÿ»p�t Û�ÛÅÛ t ¯ 57:	6}dS6>L@57e{[b3Äh�3 Jg3­`PU>f46HlP:�U � §��´ & ¹ � ÿ"pTC.F.UI?PfnU�1s & W � o ÿ
§³ ��´ & ¹ �4sD�

ÿ
§³ ��´ & ¹ � ( ð LQ9SXPogp¡hþu�¬EtL�'« �

ÿ ( ð L@9TXPo�p�hþu�¬EtL� Ü §³ ��´ & ¹ � « � Ý
ÿ ( ð L@9TXPo�p�hþu�¬EtL�'« º o�ÀA3@p4]ut

�	F.UI2gU]« º ÿ � §��´ & ¹ � « � 5B:Y6�hi5@~�=�l.2gU�[A2�9S`G6H`.5QL@5@=�\yh�U>6S:�l.2�Ui9>J�6HL@L	9T2<eDU42i:�=<6H=g5B:�=�5Bf4:}9HJ�=gF.U
UI~�[P9S?.UI?�=�576HLDJK6>hi5@LQ\;3-
'9>���+UO:�F.9>��=gFP6H=�« º :g6H=g5B:s�GU>:�=�F.U	2gU>�ulA5@2�Ure8fn9S?Pe�5@=�5Q9S?}J�9T2+�+FAUI9S2gUIh,_�3

Ø º ÿ
§³ �z´ & ¹ � Ø � o�ÀA3@p4¿ut

�	F.UI2gU Ø � ÿ J ð ¬,�'« � o8¬Et�5B:	=�F.U�hiU>6>?i9HJ±=�F.U�l oIp 9T2<eDU42O:V=<6>=�57:V=�57fI:	9HJ�=gF.U�UI~D[P9T?.UI?�=�5B6>LEJK6Hhi5QL@\;C
6H?Ge

Ù �º ÿ ( ð o+¬¤± Ø º t � �'« º o+¬Etÿ ( ð ¬ � �'« º o+¬Et-± Ø �º
ÿ

§³ ��´ & ¹ � ( ð ¬ � �'« � o8¬Et-± Ø �º
ÿ

§³ ��´ & ¹ � o Ù �� h Ø �� tU± Ø �º
ÿ

§³ ��´ & ¹ � Ù �� h §³ ��´ & ¹ � Ø �� ± Ø �º o�ÀA3@p|ÀDt

�	F.UI2gU Ù �� ÿ\J ð o+¬i± Ø ��t � �'«-��5B:�=�F.UidT6>2�5B6>?PfnUY9HJ�=�F.UÖl oIp 9T2<eDUI2�:V=m6H=�57:V=g5BfI:�9HJO=�FAUiUI~�[k9T?.UI?DM
=�576HL�JK6Hh�5@L@\�3i��=�5B:}6�WD?A9H�	?aJK6Sfn=Yo�U�3ÄX.3 �Å]S^�		
;U>fn=g5@9T?´ÀA3xÁut�=�FP6>=�J�9T2}UI~�[P9S?.UI?�=�576HL�eD57:V=�2g5@`.lA=�5@9T?«8o8¬Et�ÿ"p�±�º ²�» �+U�FP6Id;U



_S¿

Ø � ÿ §³ Ë ´'� pm ÿ�]�§�±^] �n² &
�	F.UI2gU_] � ÿa` � �Ë ´ & &Ë v î�^^ v ÿ�^ 6>?PeZ6>LB:�9.C

Ù �� ÿ §³ Ë ´'� pm � ÿKb § ±^bR�I² &
�	F.UI2gU b � ÿ ` � �Ë ´ & &Ë } v î¸^^ v ÿÌ^
�aU�FG6rd;U�=�9�:VF.9>�)=gFP6H=X¶Rc· c õ ^

Ø º ÿ
§³ ��´ & ¹ � Ø � ÿ §³ ��´ & ¹ � oL]�§�±^] �n² & t

ÿ ] § ± §³ ��´ & ¹ �d]��n² & �e] § ÿ Ø & o�ÀA3@p4_ut

5@=	57:+WD?A9H�	?�� ÀSÀ�	E=gFP6H=	J�9S2�6HLQL v §"pSC
LQ9SX v h±R¤h p

]Do v hÌpHt �>] � ��L@9TX v h±R¤h p
] v o�ÀA3@p4Áut

lP:�5@?.X�RSUI?P:�UI?-�x:+5Q?.U>�;lP6HLQ5@=�\8�+U�FP6Id;U

Ø º ÿ ]�§�± §³ ��´ & ¹ � ] �n² &î ]�§�± §³ ��´ & ¹ � ] �î ]�§�±]R~± §³ �z´ & ¹ � LQ9SX l-± p
]

§³ ��´ & ¹ �lî ]�§�±]R~±yLQ9SX Ü §³ ��´ & l ¹ � Ý ± p
]

§³ ��´ & ¹ �î ] § ±]R~± p
] ±yLQ9SX Ü §³ ��´ & l ¹ � Ý o�ÀA3@p>ÂSt



_HÀ

9S?�=�F.U�9T=�F.UI2	FG6H?Pe §³ ��´ & l ¹ � ÿ p¯ , §³ �z´ & l §³ � ´'� , �
ÿ p¯ , §³ � ´ & , � �³ ��´ & l
ÿ p¯ , §³ � ´ & , � µ v o v hÌpHt] ·
ÿ � § � ´ & v � , � h � § � ´ & v , �] ¯ ,
ÿ o ¯ ±�p>tÞ,] h�p o�ÀA3@p4Ãut

J�2�9ThËo�ÀA3@p4_ut<C�o�ÀA3@p>ÂSt�6H?Pe�o�ÀA3@p4Ãut��+U�XSUI=41]�§�±´LQ9SX�o ¯ ,�h²]q±ã,PtU±]R~±yL@9TXPo�] Ê ºIt � Ø º �>]�§ o�ÀA3@p4qut

`�\i5@?P:�[PU>fn=�5Q?.XY���ulG6H=�5Q9S?ao�ÀA3xÃ;t+��U}6>LB:�9�?.9T=�57fnU�=�FG6H=ç, � � o ÿVo � &§ � CD`PU>f46HlP:�U}5@?�9T2<eDUI2	=g9�FG6rd;U
U>�;lP6HLQ5@=�\;C�=�F.U8?�l.hY`kU42+9HJ�[P9;:�5@=g5@d;Uj6H?PeZ?AUIX;6>=�5@d;Uj=�UI2gh�:+5@?³���ulP6>=�5Q9S?�o�ÀA3xÃ;t	:�F.9Sl.L7eZ`PU89HJ�=gF.U
:�6>hiUY9S2<e�UI2}5Q?y=�F.U�6S:�\Dh�[.=�9T=�UY9HJ�LB6H2gXSU ¯ 3Z���;l.5@dT6>L@UI?�=�LQ\;C-=�F.UY9S[.=g5@h�6>L�=�F.2gU>:VF.9TLBeþý�:�f46HL@Ur:
L@9TX;6>2�5@=gF.hi57fI6HLQL@\Y5@?�=�FAUY6S:V\�hi[.=g9S=gU}9HJ�L76H2�XTU ¯ o�=gF.5B:	JK6Sfn=�f46H?a6HL7:V9i`PUY:�UIUI?�5@?a!�5@XSlA2�U}ÀA3@p}5Q?
�	F.57f�F�=�FAU��OM�6>~D57:+5B:+5@?�L@9SX�6H2g5@=�FAhi5Bf�:gfI6HLQUSt<3��+FAUI2�UnJ�9T2�U;C�o�ÀA3@pIq;t	:�l.XSXTU>:V=m:c=gFP6H=]�§�± Ø º ÿVo}ogpHt o�ÀA3x]T^ut

9S24C Ø º *ÿ Ø & *ÿ¸L@9SX ¯ o�ÀA3x]�pHt

6S: ¯ õ ù�3c�O?�=�F.U�9T=�F.UI2	FG6H?PeE1Ù �º ÿ
§³ ��´ & ¹ � Ù �� h §³ ��´ & ¹ � Ø �� ± Ø �º� Ù �& h Ø � & ± Ø �ºÿ Ù �& h�o Ø & h Ø º t<o Ø & ± Ø º t� Ù �& h�] Ø & o Ø & ± Ø º t o�ÀA3x]T]ut



_S_

�+Uj6>LB:V9Y?.9T=�5Bf|U�=�FP6>=fbR§���b�ðÍÿ º }¼ �¸]�o�F.UI2gU ¹ ÿ ¿ Û p|À.p4Á Û�Û�Û t�=�F�lP:|1Ù �º ��]Ah�] Ø & o Ø & ± Ø º t o�ÀA3x]T¿ut

F.UI?GfnU'J�2�9Th�o�À.3w]S^;t<C-o�ÀA3x]�pHt�6H?Peao�À.3w]S¿;t+��U�FG6rd;U�1

^ ª µ Ù ºØ º ·
� � ]Ø �º h�]

µ Ø &Ø º ·
µ Ø &Ø º ±�p · õ ^ o�ÀA3x]>ÀDt

6S: ¯ õ ù�3��+F�lP:i���ulG6H=�5Q9S?"o�À.3x]�pHtj5@hi[AL@5@Ur: ¶ c· c õ ^y6T: ¯ õ ù�3�
'9>�ö��U�fI6>?�6>[.[.L@\
�+F.UI9T2�UIh pI^Y6H?Pe��#�;lP6>=�5@9T?ao�À.3w]Dp>t+=g9i:�F.9>�)=�FP6>=I1

s & W � o ÿ ( ð LQ9SXPo�p�hþu�¬Etg�'« º*ÿ LQ9SXPo�p¡h�u Ø º t*ÿ LQ9SXPo�LQ9SX ¯ t-h�L@9TX¡u o�ÀA3x]T_ut

À.3wÁ 
;5@hYl.LB6>=�5Q9S?��cU>:�l.L@=m:

!/5QXSl.2gU#ÀA3x]O:VF.9>�O:/=gF.U�:Vl.hYM�2m6H=�U�fI6>[P6Sf|5@=�\�9HJk6%
���
.��?.UI=��+9T2�W�3���:E5@=zfI6H?�`PU	:�UIUI?j5@?�=�F.U��PXTl.2�U�C
9SlA2i[.2�9T[P9;:VUre�:gf�F.UreDl.L@5Q?.X.C	�	5Q=�F�9T?.L@\»p�MK`.5@=YJ�UIU>eD`P6Tf�W�C+FP6T:i=�F.U³:�6Hh�U�eD9Tl.`.L@U�LQ9SX�6H2�5Q=�F.h�5Bf
XS2g9>�	=�F�2<6>=�U�6T:�=�FAU�J�l.L@LQ\�5@?DJ�9T2�hiUreZ?.UI=��+9T2�W�3Z�+F.U{fI6H[P6Tfn5@=�\�LQ9;:�:�5B:�hi5@?.5Qh�6HLK3i
�f�FAU>eDl.LQ5@?.X
�	5@=gF�p�MK`.5@=}J�UIUreD`P6Sf<W�6>LB:V9af46H[.=gl.2�U>:8hi9�:V=}9>J�=gF.U�fI6H[G6Sfn5Q=V\�9HJ�=�F.UiJ�l.LQL@\a5@?DJ�9T2�hiU>ea?.UI=��+9T2�W
J�9S2�6��	57eDU�2m6H?.XTUi9HJ�
u
���C-=gFDlP:�=gF.U�:�f46HL@5Q?.X�LB6I��[A2�9>d;U>e�5@?��+F.U49S2�U4h�_�5B:�d;UI2g5v�PUreZ`D\�=gF.U
:V5Qh�lALB6H=g5@9T?-3�!/5@XTl.2�UOÀ.3Qp�:VF.9>�O:+=�FAU�9S[.=g5@h�6>L.=�FA2�U>:�F.9SL7e�J�9S2	dT6H2g5@9TlP:#9>J+
�
���dS6>L@l.Ur:n3���=	fI6>?i`PU
:VU4UI?�=�FP6>=�=�F.U�9T[.=�5Qh�6HL;=gF.2�U>:�F.9SL7e�:�fI6>L@U>:-L@9TX;6H2g5@=gF.hi5Bf46HL@LQ\	�	5@=gF}?�l.h�`PUI2�9HJPlG:VUI2m:#o�5@?j!/5@XTl.2�U�À.3Qp
=�FAU�~;Ms6H~�5B:+5B:+5Q?�L@9SX�6H2g5@=�FAhi5Bf�:gfI6HLQUSt<3



_SÁ

10
1

10
2

10
3

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5
Optimal Threshold

a

Number of users

SNR=20 dB
SNR=10 dB
SNR=0 dB 

!/5@XTl.2�U�ÀA3@pS3�÷	ÐSÓ�ÒNÚ�ÏIÜEÓgï;×�Û<ÙgïSÕ>Üxæ�ñTÙ|ò-ØSø;Ú�ó;Û|×#ÕIÖ­øSÙVÛ|×�Ù�ÖBÕT×/æ;ÒÅùPÛ|×�Û|ØHÓ	ç;á�è�ñ4ÏIÜNøSÛ<Ù

0 100 200 300 400 500 600 700 800 900 1000
0

1

2

3

4

5

6

7
Sum-rate capacity

S
pe

ct
ra

l e
ffi

ci
en

cy
 (

N
at

s/
bi

ts
/H

z)

Number of users

Full CSI, SNR=20 dB 
1-bit    , SNR=20 dB
Full CSI, SNR=10 dB 
1-bit    , SNR=10 dB
Full CSI, SNR=0 dB  
1-bit    , SNR=0 dB 

!/5QXSl.2gU�ÀA3x]D3�Î�ÕTÚ�Ð;Ï>×sÒwÙVÕTØiÕIÖ�Ùgø;Ú'úK×�ÏIÓVÛ�Ñ|Ï>Ð;ÏIÑ<ÒxÓ�Ô�Ö7ÕT×�ûmúKóSÒwÓ�Ï>ØSæ{ÖüøSÜxÜ�Î�ç;ý#Ù�ÑmïSÛ<æ�øSÜxÒNØSäiÖBÕT×	æ;ÒÄùPÛ|×�Û|ØHÓ
ñ4ÏrÜþøSÛ<Ù+ÕIÖ�ç;á�è



�������#�	���)_
���#�+�����	��
��m
u�	�m�¸$	������!����'����
��Ì���V�	�����������	�� 0!z�#�� �$	����&

��?´=gF.U�eD9>�	?.L@5Q?.W�9HJ�6ihYl.L@=g5@lP:�UI2������´�Æ:�\.:�=�UIh³CE5vJ�=�F.UY`P6S:�UnMs:V=<6>=�5Q9S?�[PUI2VJ�U>f|=�L@\�WD?A9H�O:�=gF.U
f<FP6H?.?AUIL�:V=m6H=�Ur:'9HJ�6>L@L�=�F.UjlP:VU42<:nCP=�FAUI?Z=gF.U8:�9HMsfI6HLQL@U>e�¥;¢B¯�¡K°��A¦��P¤|¯�ª<©>¥;¢B§���57:cW�?.9>�	?�=�9Y`PU}=gF.U
`PU>:V=O:�=�2m6H=�U4XS\�J�9T2	h�6H~�5@hi5Q�n5Q?.X�=gF.Uj:Vl.h�MK2<6>=�U�f46H[P6Tfn5@=�\[� À;_
	�3���?�6�J�2gU>�ulAUI?Pfn\�eD5@d�5B:�5@9T?�eDl.[.LQUI~
o�!z � �t�:�\.:�=�UIh,=gF.U�f<FP6H?A?.UIL�:V=m6H=�Ur:+6H2gU�9S?AL@\�6rdT6>5@LB6>`.L@U�6H=�=�F.U�2�U>fnU45@d;UI24CH=gF.UI2�U|J�9S2�UO5@?�9S2<e�UI2+=g9
[PUI2VJ�9T2�h¼e�5@2�=�\Y[P6H[PUI2�fn9�eD5Q?.X.CP6>L@L-lP:�UI2<:+hYlP:�=#J�UIU>e�`P6Sf<W�=gF.UI5Q2	fn9Thi[.L@U4~uMKdT6HL@lAU>e�f<FP6>?.?.UIL�:�=<6H=gU
h�6>=�2�57fnU>:�=�9Y=�FAU�`G6S:VU|M�:�=<6H=g5@9T?-CE6>?Pe�=gF.5B:	f46H?�5@hi[P9�:VUj6}FDlAXSU�9>d;UI2�F.Ur6Sei9S?�=�F.Uj:V\A:V=gUIh�3


;l.`�M�9T[.=�5Qh�6HL�:gf�F.U4hiU>:�=�FP6>='U4~D[.LQ9S5Q=+[P6>2�=�576HLzf�FG6H?.?.U4LEW�?.9>�	L@U>eDXTU�J�9S2�eD9>�	?.L@5Q?.Wi=�2m6H?P:�M
hi57:�:V5Q9S?³6H2�U85Q?D=gUI2�Ur:V=�5Q?.X8J�2�9Sh 6i[.2<6Tfn=�57fI6HL�[P9S5@?�=�9>J	d�5@UI��3��+F.UY:gf�FAU>eDl.LQ5@?.Xih�U>f�FG6H?.57:VhÆUIh�M
[.LQ9H\;Ure�5@?ae�9H�	?AL@5@?AWZ=�2m6H?P:�hi5B:g:V5Q9S?afI6>?�dS6>2�\�J�2�9Sh ¡K¢B£�¤3
�«3�A¦;¯|¢B§���o�=g2<6H?G:Vhi5Q=�=�5Q?.XY=�9�9S?.LQ\Z9T?.U
lP:�UI2�6H=�6y=�5@h�U;C+U;3ÅX.3@C��NpnÀ.C�À.p�	�t�=�9»£8�u w¡�¢Bª<¦H«|¡K¢B§���CO5�3ÄU�3@C	=�2m6H?P:�hi5@=g=�5@?AX´=g9�:�UId;UI2m6HL�lP:�UI2<:�6>=
=�FAUY:�6Hh�U}=�5QhiUÖ�vp4_�	�3j��='FG6S:�`PUIUI?a:VFA9H�	? � À�Á�	�=gFP6H=�=�F.UY:�l.h�MK2<6H=gUYfI6H[G6Sfn5Q=V\�9>J+=g5@hiU|M�:�FP6H2g5@?.X
:�f<F.U>e�l.L@5Q?.X}57:+:VlA`DM�9T[.=�5Qh�6HLK3��'9>��UId;UI2IC;=gF.U>:VU%:�f<F.UIhiU>:�6>2�U�:�=�5@LQLE9>J�[.2m6Sfn=g5BfI6>LP5@?�=�UI2gU>:V=�`kUrfI6HlP:�U
9HJ±=�F.Uj:V5Qhi[.LQ5Bfn5N=�\}9>J�5@hi[AL@UIhYUn?�=<6>=�5Q9S?-3

�/UI2gFP6H[G:#9S?AU�9HJ�=gF.U'h�9S2�UO5@?AXSUI?.5Q9SlP:��	6I\A:±9>J�lP:V5Q?.X��	
u�±57:#9T[.[P9S2�=gl.?.57:V=�57f'`PU>6HhYJ�9S2�hYM
5@?AXi�vp|À�	P9HJz(�5B:��	6H?G6H=�F�UI=	6>L�3��+F.57:#hiUI=gF.9�ei6>[.[.L@5QU>:#=g986}hYl.L@=g5@lP:�UI2z:V\A:V=�U4h�C;�	F.UI2�U�=�F.U�lG:VUI2m:
U>:�=�5@h{6H=�U�6H?Ge�J�U4U>eD`P6Tf�W8=gF.UI5@2�5@?P:�=<6>?D=m6H?.UI9TlP:OeD9>�	?.L@5Q?.W�
u
�� =g98=�F.U�`P6S:�U}:�=<6>=�5@9T?-3��+F.UI?i=gF.U
`P6T:VU8:�=<6>=�5@9T?Z�	5QL@LE=g2<6>?P:Vhi5Q=+=g9�¡H�P¤j®n¤�«|¡-lP:�UI2I3�$+UrfI6HlP:�U�=�F.Ujf<FP6H?.?AUILB:+`PUI=��+U4UI?ilP:�UI2<:	6>?Pe�=gF.U
`P6T:VU�:V=m6H=�5Q9S?¸5B:}dT6H2g5B6H`AL@U;C�LQ9;9;:VU4L@\�:�[kUr6HW�5@?.XAC+U>6Sf<FylP:�UI282�UrfnUI5@d;Ur:�eA6H=<6��	F.UI?�=gF.UI5@2Yf<FP6>?.?.UIL�P¤g¦�(I«|3���?�9S2meDUI2'J�9T2�lP:VU42<:�=�9iFG6rd;Uj2�U>6T:V9T?P6H`.LQUie�UILB6I\;CP=�F.U4\�hYlP:�='?.9T=�`kU8h{6SeDUj=�9i��6H5@=�=�9;9
L@9T?.X.3Y�-9�5@hi[.2g9>d;U�=gF.U�eDUILB6I\�[.2�9>�PL@U��NpnÀ�	�[.2g9S[P9;:�U>:}6>?´5K3Ä5K3xeE3�2<6>?PeD9ShË[AFP6S:�U�9T?´9T?.U�9>J	=gF.U
=��+98=g2<6H?G:Vhi5Q=	6H?�=�U4?.?P6S:|Ck=gFDlG:	fn2�U>6>=�5Q?.XY6H?³6H2�=g5v��f|5B6HLPJK6S:�=cJK6TeD5@?.XA3

_uÂ



_SÃ

�+F.UI2gU�5B:O6HLB:�9i6>?.9S=gF.UI2O�	6I\i9>J�lP:V5Q?.X�f�FP6>?.?.UIL�:�=<6>=�U}5Q?DJ�9S2gh�6H=g5@9T?�5Q?�6�hYl.L@=g5vMs6H?�=�UI?A?P6
=�2m6H?P:�hi5@=g=�UI24C;?P6HhiU4L@\�o�eDUI=gUI2�h�5@?.57:V=�57frt�`PU>6>h�J�9S2ghi5@?.XA3�!G9T2'U4~.6>hi[.L@U�CS9S?.Ujh�6I\�lG:VUj6�f|9S?�d;UI?DM
=�5Q9S?P6>LP2�9SlA?Pe�2�9T`.5@?�:�f<F.U>e�l.L@5Q?.X�`kU4=V��UIUI?8lP:�UI2<:|C�6H?Pe��	FAUI?�Ur6Sf<F�lP:�UI2I�w:�=�l.2g?ifn9ThiU>:|CS=�2m6H?P:�hi5@=
6HLQ9S?.Xj=�F.UOUI5QXSUI?DMseD5Q2�U>fn=g5@9T?�9>J-=�FAU�f<FP6H?A?.UILP=�9j=�FP6>=+lP:�UI2Oo�UI5Q=�F.UI2��	5Q=�F�6Se.6>[.=�5Qd;U'[P9>�+UI2�fn9T?D=g2�9TL
9S28�	5Q=�F�6Te.6H[A=�5@d;U�2<6H=gU�fn9S?�=�2g9SL�tm3a�s=jFP6S:}`PUIU4?�:Vl.XTXSU>:�=�U>e �vp4¿�	�oK��~DUI2mfn5B:�U>:�t�=�FP6>=}5Q?�f|UI2�=m6H5@?
:�f|UI?P6H2g5@9�:nCD5Q?i=�U42�h�:/9>J�9>d;UI2m6HLQLk?AUI=��+9S2gW8=�F.2g9Sl.XTF.[.l.=4CPeDUI=gUI2�hi5Q?.5B:�=�57f#`PU>6HhYJ�9S2�h�5@?.X�57:#5Q?DJ�UI2�5Q9S2
=�9Y9S[A[k9T2�=gl.?.5B:�=�57f�o�2<6>?PeD9Sh�t�`kUr6Hh�J�9T2�hi5Q?.X.3

��6Sf<F�9HJ�=�FAU>:VU8hiU4=�F.9�e.:O?.9Shi5Q?P6HLQL@\i2gU>�;l.5@2gU}l.?.LQ5@hi5Q=�U>eY2�UILQ5B6H`AL@U�J�U4U>eD`P6Tf�W�3���?y��FP6>[DM
=�U42�ÀyoK6HLB:�9�5@?à�vp4Á�	�t	��Ui6Te.eD2gU>:�:�U>e�=gF.UY�;l.U>:V=g5@9T?´9>J	9S[A[k9T2�=gl.?.5B:�=�57f�:gf�F.UreDl.L@5Q?.Xi�	5Q=�FaL@5@h�5@=�Ure
J�UIU>e�`P6Sf<WEC�:�F.9>�	5@?.XY=�FP6>=	9S?.LQ\�9T?.U�`.5@=�9HJ�J�UIU>eD`G6Sf<W�[PUI2	lP:�UI2+57:	:VlD�{fn5QUI?D=�=g9YfI6H[.=gl.2�U�hi9�:V=�9HJ
=�FAU�X�6H5Q?Z9HJzhYl.L@=g5vMKlP:VUI2�eD5Qd;UI2<:�5@=�\;3z�'LB:�9.CD=gF.UI2gU�U4~D57:V=<:	6}XT9;9�e´6>hi9SlA?D=�9HJ���9S2�W�9S?��;lP6>?D=g5@�IU>e
`PU>6HhYJ�9S2�h�5@?.XYo�68?.57fnU�:VlAhih�6H2g\89HJ���9S2gWi5@?��;lP6H?�=�5Q�IU>e�`PU>6>h�J�9S2ghi5@?.X�57:+[.2�U>:�UI?�=�U>ei5@?�� ÀDÂ�	�t<3

��?�=�F.57:�f�FP6>[.=�U42��+UY:�F.9>��F.9>��hYl.LQ=�5@lG:VUI2OeD5Qd;UI2<:�5@=�\�6H?Pe�=�2m6H?P:�hi5@=�eD5Qd;UI2<:�5@=�\�fI6H?�fn9HM
UI~�5@=m:�=�9TXSUI=gF.UI2�¢B§¸¦ø��¯g¦;ªn¡�¢Bª<¦S �«4ªn¤|§A¦;¯n¢B©y©P�� N¢B£8¢@¡�¤g¥��>¤<¤g¥;®<¦;ª�(�Í���?y9S=gF.UI28��9S2<eA:nC��+U�6T:VWy=gF.U
J�9SLQL@9>�	5@?AX��;l.U>:V=g5@9T?-1�5Q?y=�F.U�[.2�U>:�UI?PfnU�9HJOL@5Qhi5@=gU>e�J�UIU>e�`P6Sf<WEC��	FP6H=Yf|9ShY`.5@?P6>=�5Q9S?a9HJ�=�F.Ui=���9
hiUI=gF.9�e.:�o�9T[.[P9S2�=gl.?.57:V=�57f}h�lAL@=�5NM�lG:VUI2�d.:|3�eDUI=�U42�hi5Q?.5B:�=�5Bf	`PU>6HhYJ�9S2�h�5@?.X�t�:VF.9Tl.LBeZ��U}lP:�U;CEF.9>�
fI6>?Z=�FA5B:Ofn9ShY`.5@?G6H=�5Q9S?�`PU86TfIfn9Sh�[.L@57:VF.U>e�C.6H?GeZF.9>�)�+UILQL�eD9;U>:'5Q=	[PUI2VJ�9T2�h�3	�	=	=�FA5B:	[k9T5@?�='��U
:VFA9Sl.L7ei6HL7:V9Y6SeAeD2�U>:g:#=gF.U�?.9T=�5@9T?i9HJzf<FP6>?.?.UIL�FP6H2meDUI?.5Q?.X}�	5Q=�FY5@?Pfn2gU>6S:�5@?.Xj?DlAh�`PUI2�9>J�=�2m6H?P:�hi5@=
6H?�=�U4?.?P6S:�� ÀAp�	�3�!/5@2m:V=4C.=�F.Ujf<FP6H?.?AUIL-FP6H2meDUI?P:	9S?AL@\�5@?�=�FAU86S:�\Dh�[.=�9T=�U�9HJ�L76H2gXSU�?DlAh�`PUI2�9HJ�6>?DM
=�U4?.?P6S:|3c
�U>fn9S?GeECD5Q=+FP6T:c2gU>fnUI?�=�LQ\8`kU4UI?�:VF.9>�	?�� À�Ã�	-=�FG6H=Of<FP6H?.?AUILEFP6>2<eDU4?.5@?.XYe�l.U�=�98hYl.L@=g5@[.LQU
6H?�=�U4?.?P6S:�5B:�?.9T=86HLQ�	6I\A:}eDUI=g2�5QhiUI?�=<6HL-=g9ZhYl.L@=g5vMKlP:VU42�eD5@d;U42<:V5Q=�\;Ck�	FA5Bf<F´57:�6>LB:�9�fn9T?D�P2�h�U>e�`�\
9SlA2'2gU>:VU>6>2<f<F-3

_D3Qp 
;\.:�=�UIh �Z9�eDUIL

�aUifn9T?P:V57eDUI2�6�?.UI=���9S2�W�9>J ¯ lP:VUI2m:�U>6Tf�FaFP6Id�5@?.X�a 6H?�=�U4?.?P6�J�9S2j2�U>fnU45@d�5@?.X�eA6H=<6�J�2g9ShË=gF.U
`P6T:VUnMs:V=m6H=�5Q9S?-3��+F.U�`P6T:VUj:V=m6H=�5Q9S?�FP6S:?_ 6H?�=�UI?.?G6S:n3�!.9T2 v oIp%lG:VUI2	��U�6S:g:Vl.hiU�=gF.U�L@5Q?.U>6>2+=�5QhiU



_Sq

5@?�dT6H2g5B6H?�=¡!�6>=+JK6SeD5Q?.X�h�9�eDUIL�1
c � o_^�tzÿ�d � e�g � o�^<t-h j � o�^<t

�	F.UI2gU c � o�^<t ò]ô � 5B:	=�F.U82gU>fnUI5Qd;U>ei:V5QXS?P6>L�6H?Ge]¬ � o�^<t ò±ô � ù & 57:c=gF.U8=�2m6H?P:�hi5@=g=�U>e�:�5@XS?G6HL/J�9T2
lP:�UI2 v 6H=�=�5@h�Uâ^|3j�+F.U8=�2m6H?P:�hi5@=	[P9>�+U42�5B:'LQ5@hi5Q=�U>eY`D\�uPCE5�3ÅU;3Ä�O� g g g � 	 ª uPC®j � o�^<t	57:�6�5�3Å5�3weE3
fn5Q2<fnl.L76H2gL@\�:V\�hihiUI=g2�5Qf/f|9Shi[.LQUI~���6>lP:�:�5B6>?8?.9S57:VU�eD5B:�=�2g5@`.l.=gU>e}6TfIfn9T2<eD5Q?.X'=g9Aj � o�^<t;xjbÌöÍo�^'t Q �	t
6H?Ge]d � 57:'6�6H?þa�í]_ f�FP6>?.?.UIL�h�6>=�2�5Q~i�	F.9�:VU�l4oIp�U4L@UIhiU4?D=4C'd � Ë \ � 2�UI[A2�U>:�UI?D=m:c=gF.U8f<FP6>?.?.UIL
X;6>5@?i`PUI=���UIUI?Öl4oIpc=g2<6H?G:Vhi5Q=+6>?D=gUI?.?P6j6H=�=�F.UO`P6S:�UnMs:V=<6>=�5Q9S?�6H?PeY=�F.U m�onpO2�U>fnU45@d;U	6>?D=gUI?.?P6�9HJ�=gF.Uv oIp�lP:VU42I3

�aUY6S:�:�l.hiUj=�F.UY6>?D=gUI?.?P6T:�6>=�=�FAU8`P6S:�UnM�:�=<6>=�5@9T?y6>2�U8?.9T=jfn9S2g2�UIL76H=�UreECE6>LB:�9���UY6S:g:Vl.hiU
f<FP6H?.?AUIL�h�6H=g2�5Bf|U>:�6Sf|2�9;:g:8eD5v��UI2gUI?�=}lP:�UI2<:j6H2�U�5@?PeDU4[kU4?PeDUI?�=I3��´U{6S:�:�l.hiUY=�FP6>=�J�9T2 v oIp�lP:VU42
=�FAU8f<FP6H?.?AUIL-h�6H=g2�5Q~id � 5B:	[PUI2VJ�Urfn=�LQ\iWD?A9H�	?a6>='=gF.U}2gU>fnUI5Qd;UI2+`Al.='?A9S=�?.UrfnU>:�:g6H2g5@L@\�WD?.9>�	?a6>=
=�FAU�`P6T:VUnMs:V=m6H=g5@9S?¸6>?Pe�J�9S2jU>6Sf<FalP:VUI2�=gF.UI2�UYUI~�5@=m:�6�J�UIUreD`P6Sf<Waf<FP6H?.?AUIL��	5@=gFyL@5Qhi5@=gU>ei2<6>=�Ui=g9
:VUrfnl.2�U4L@\�fn9S?�d;UI\Y=�F.Ujf<FP6H?.?AUIL-:�=<6H=gU}5Q?DJ�9S2gh�6H=g5@9S?�=�9Y=�F.U�`P6T:VUnMs:V=m6H=�5Q9S?-3

_D3w] 
�f�FAU>eDl.LQ5@?.Xj�	5@=�F��P5Qhi5@=gU>ei!.UIU>eD`G6Sf<W�9>J+�	
��

��?½��FG6H[.=gUI2�À.C­J�9T2�=�F.U�fI6S:�U��	FAUI2�UY=�F.U8`G6S:VU{:V=<6>=�5Q9S?yFP6T:�9S?.U�6>?D=gUI?.?P6�oF_ ÿûa ÿ¼pHtmC­��U
[.2g9S[P9;:�U�6>?Y6HL@XT9S2g5@=�FAh0J�9S2±eD9>�	?.L@5Q?.Wj:�f<F.U>eDl.LQ5@?.XO=�FG6H=�9T?.L@\j2�U>�;l.5@2gU>:E9S?AU	`.5@=�9HJPJ�UIU>e�`P6Sf<W�J�2�9Sh
U>6Tf�F�lP:VUI2�=�9Y=�F.U8`P6T:VUnMs:V=m6H=g5@9S?b3�!GlA2�=�FAUI2�hi9T2�U;C.��U}[.2g9>d;U>ei=�FP6>=�:Vl.`���Urfn='=g9���lPeD57fn5@9TlP:Of�F.9T5BfnU
9HJO=gF.Ui=gF.2�U>:�F.9SL7eEC/=gF.U�6H`P9>d;U�:�f<F.U>eDlAL@5@?AXZ6>L@XT9S2�5Q=�F.h�L@Ur6Se.:�=�9�=gF.U�:�6Hh�Ui:�l.h�MK2<6H=gUif46H[P6Tfn5@=�\
XS2g9>�	=�F�6T:c=gFP6H=O9HJ±6Y:�f<F.U>eDl.LQ5@?.Xj�	5@=gF{J�lAL@L-W�?.9>�	L@U>eDXTU�9HJ��	
��+6>='=gF.U�`P6S:�UnM�:�=<6>=�5@9T?-3

��?�6}:�L@9>�+M�JK6SeD5Q?.X}UI?�d�5@2�9T?.hiUI?�=ICT:�f<F.U>e�l.L@5Q?.X��	5@=�FYJ�l.L@L-�	
��	o�6>L@��6r\A:+f<F.9;9�:V5@?AX}=�FAU�lP:VU42
�	5@=gF�=gF.UOh�6H~�5@hYl.h"f<FP6H?A?.UIL.X�6H5@?�t�L@Ur6Se.:�=�9jUI~AfnU>:�:�5@d;U�eDUILB6I\A:n3z�+F.U}p<M�`A5@=	:gf�FAU>eDl.LQ5@?.X�:gf�FAUIhiU
FP6T:86�hYlPf�F�`PUI=g=�UI2�eDUIL76r\a6>?Pe�JK6>5@2�?AU>:�:�[.2�9>�PL@U�:�5@hi[AL@\Z`PU>f46HlP:�Ui5@?yUr6Sf<Fy=�5QhiU}5Q?D=gUI2�dT6HL�=gF.U
`P6T:VUnMs:V=m6H=�5Q9S?¸fI6>?�f�FA9;9;:VUYJ�2�9Sh 6�[P9;9TL+9HJY¤m N¢%�;¢B®n @¤��S«>¤|¯�«Yo�=gF.9;:�U�6H`P9>d;Ui=�FAU�=gF.2�U>:�F.9SL7ekt�=gFDlG:
=�FAU}`P6T:VUnMs:V=m6H=�5Q9S?afI6>?Z[.2g5@9T2�5@=g5@�IU�=gF.U�UIL@5QXS5@`AL@U�lP:�UI2<:O`P6S:�U>e�9T?�=�F.UI5Q2	[.2�U4dD5Q9SlP:	l.=�5QL@5Q�>6H=g5@9S?{6H?Pe



ÁS^

9S?³6Id;UI2<6>XSU�=�F.57:+L@U>6Te.:+=�98`PUI=g=�UI2+JK6>5@2g?.U>:�:|3

!/5QXSl.2gU8À.3x]�fn9Thi[P6>2�U>:'=gF.U�:Vl.h�MK2<6>=�UYfI6>[P6Sf|5@=�\Z9>J	=�FAU�p�MK`.5@=j:�f<F.U>e�l.L@5Q?.X�6H?Ge³J�l.LQL+�	
��
:�f<F.U>e�l.L@5Q?.X�:�f<F.UIh�U>:­J�9S2�eD5N��UI2�UI?�=�dT6HL@lAU>:�9HJ�
�
���3;�+F.U%fnL@9�:VUI?.Ur:�:�9HJb=�F.U�fnl.2gd;U>:�5@?�!/5@XTl.2�UOÀ.3w]
:VlAXSXSUr:V=<:�=�FP6>=��	F.UI?8=�FAUO6rdT6>5@LB6>`.L@U	2m6H=gU'5Q?8=�F.U+J�UIUreD`P6Sf<W8f<FP6>?.?.UIL�5B:�hi9T2�U+=gFP6H?Y9S?AU	`.5@=4CulG:V5@?AX
=�FAU�UI~�=�2m6�J�UIU>eD`P6Tf�W�`.5@=m:'J�9S2j�ulG6H?�=�5@�45@?.X�=�FAUif<FP6H?A?.UIL�X�6H5@?G:}eD9;U>:�?.9S=�LQU>6Se�=�9³6�:�5@XT?.5v��f46H?�=
fI6>[P6Sfn5Q=�\�5@hi[.2g9>d;UIh�U4?D=43�\^�P¤|¯<¤n�4©;¯�¤Y¢@¡%¢v«�¯<¤g¦H«4©;§.¦;®n @¤�¡�©a��«>¤{¦;§.°´¤WY>¡K¯�¦��>¤<¤g¥;®<¦;ª�( É ©��H¤|¯�¦;§.¥
¦;®<©��H¤�©;§k¤Y®I¢@¡ É �4©;¯j©S¡H�P¤�¯?���D¯+�A©H«>¤�«|3���:�5BeDU�J�2�9Th hYl.LQ=�5@lG:VUI2�eD5@d;UI2m:V5Q=V\�C.=�F.UI2gU86>2�U}9T=�F.U42��	6I\A:
9HJ�lG:V5@?AX}=�2m6H?P:�hi5@=�M�:�5BeDUOf<FP6>?.?.UILP:�=<6>=�U�5Q?DJ�9S2gh�6H=g5@9S?bCS[PUI2�FP6>[P:+=�FAU'hi9�:V=�9T`Dd�5@9TlP:#`PUI5Q?.X}`PU>6>h�M
J�9S2ghi5@?AXZoK6H2�2m6I\ZX;6>5@?Etm3��aU}[A2�9S[P9�:VUi=gFP6H=�6>?D\�UI~AfnU>:�:Of<FP6H?.?AUIL�:�=<6>=�U85@?�J�9S2�h{6H=�5Q9S?-CP9>d;UI2�6H?Pe
6H`P9>d;U�9S?.Uj`.5@=4C.fI6>?�`kUjlP:VUre{=g9�U4~D[.LQ9S5Q=+`PU>6HhYJ�9S2�h�5@?.X�X;6>5@?-3

�+F.UI2gU'U4~D57:V=<:�[.2�5Q9S2��+9T2�WY9S?i`PU>6>h�J�9S2ghi5@?AX��	5@=gFiL@5Qhi5@=gU>e'J�UIU>eD`P6Tf�W89>Jzf�FG6H?.?.U4LkW�?.9>�	LvM
U>eDXTU;3��	UnJ�UI2gUI?PfnU�� ÀDÂ
	P[.2g9Hd�5Be�U>:�6�f|9Shi[.2gUIF.UI?G:V5@d;U�:Vl.2gd;UI\89HJ-J�U4U>eD`P6Tf�WjhiUI=�FA9�e.:n3���F.UI?i=gF.UI2�U
6H2gU}hYl.L@=g5@[.LQU�6>?D=gUI?.?P6T:�6H=�=�F.Uj`P6S:�UnM�:�=<6>=�5@9T?-CE��U8:VlAXSXSUr:V=�=g9ifn9Th�`A5@?.U�9Tl.28p<M�`.5Q='9T[.[P9S2g=�l.?.57:sM
=�57fi:�f<F.U>e�l.L@5Q?.X��vpIÁ�	�6H?Pey`PU>6>h�J�9S2ghi5@?.X��	5Q=�FyLQ5@hi5Q=�U>e�J�UIUreD`P6Sf<Wà� À�qDCz_S^�	�3��aU�:VlAXSXSUr:V=Y=�FP6>=
6ifn9Th�`A5@?P6>=�5@9T?Z9>J+9Tl.28p<M�`.5Q=�hiUI=gF.9�e�6H?GeZ=�F.U8LQ5@hi5Q=�U>e�J�U4U>eD`P6Tf�Wi`PU>6>h�J�9S2ghi5@?AX8UI?>��9>\.:O`k9T=�F
=�FAUih�lAL@=�5QlP:VU42�eD5Qd;UI2<:�5@=�\�6>?Pe´=gF.Ui=�2m6H?P:�hi5@=jeD5Qd;UI2<:�5@=�\�6>?Pe´5Q=}FP6T:�`PUI=�=gUI2}[PUI2�J�9S2gh�6H?Pf|U�9>d;UI2
9S[A[k9T2�=gl.?.5B:�=�57fio�2<6>?PeD9ThZt�`PU>6Hh�J�9T2�hi5Q?.X.CA6S:g:Vl.hi5Q?.XY=�F.U�:�6Hh�U�2m6H=gU�J�UIU>e�`P6Sf<Wi5B:O6IdT6H5@L76H`.LQU�J�9T2
`P9S=gFZhiUI=gF.9�e.:|3

��F.UI?j=�F.U42�U	6>2�U�h�l.LQ=�5Q[.L@U�6>?D=gUI?.?P6T:�6H=�=�FAU+`P6T:VUnMs:V=m6H=�5Q9S?�6H?Pe}=gF.U+2m6H=gU+9HJ�=gF.U#J�UIUreD`P6Sf<W
f<FP6H?.?AUIL-5B:+LQ5@hi5Q=�U>e8=�9Y`PUia�`A5@=<:	[PUI2Of<FP6H?.?AUIL-2�U>6>L@5Q�>6H=g5@9S?bC.�+UjfI6H?�lP:VU�=gF.U�L@5@h�5@=�Ure�J�UIUreD`P6Sf<W
hiUI=gF.9�e.:}J�9S2iU4~D[.LQ9S5Q=�5@?AX´=gF.U�`PU>6Hh�J�9T2�hi5Q?.X�X;6>5@? � À�Â�	K3"� `PU>6HhYJ�9S2�h�5@?.Xafn9�e�UI`P9;9SWih ÿ¥kj & t�e�e�e-tlj �/m ¨Yo6j & t�e�e�eUtlj �/m 6H2�U�=�F.U�`PU>6>h�J�9S2ghi5@?AX�d;U>fn=g9S2<:<t�57:+:VFG6H2�Ure{`�\Y6HLQLElP:�UI2<:�6H?Pei=gF.U
`P6>=�UnMs:V=m6H=�5Q9S?-3��+F.U v oIp�lG:VUI2+�P?Ge.:c=gF.U�`PU>6Hh�J�9T2�hiU42 2j � =�FP6>=	L@U>6Te.:	=�98=�FAU�FA5@XSFAU>:V=	X�6H5@?bCk5K3ÄU;32j � ÿ�6H2gX+h�6>~n epo g d �Rq g �
=�FAUI?�5@=�fn9Sh�[P6H2gU>:c=gF.UYfn9T2�2�Ur:V[P9S?Pe�5@?.X�f<FP6H?.?AUIL/X�6H5Q?sr � ÿ g d � 2j � g � =g9�=gF.U}=gF.2�Ur:VF.9TLBeZdT6HLQl.U



ÁDpýy6TeDd;UI2�=g5B:�U>e�`�\Y=�F.U�`P6T:VUnMs:V=m6H=�5Q9S?-3���J�=�F.U%f�FP6>?.?.UIL�X;6>5@?��	6T:	6H`P9>d;U�=�F.U�=�F.2gU>:VF.9TLBeECP�+FAU�lP:VU42
:VU4?Pe.:	5@=<:ua-MK`.5@=+J�U4U>eD`P6Tf�WY5@?DJ�9T2�h�6>=�5Q9S?i=g9�=gF.U�`P6S:�UnM�:�=<6>=�5@9T?-CP9S=�FAUI2��	57:VU�5@=OeD9;Ur:+?.9S=O=�2m6H?P:�hi5@=
6H?�\�J�UIUreD`P6Sf<WY5@?DJ�9T2�h�6>=�5@9T?-3��+F�lP:+=gF.U�2�U>fnU4[.=�5Q9S?�9HJçay`.5Q=<:#J�2g9ShölP:�UI2 v `D\�=�F.U�`P6T:VUnMs:V=m6H=�5Q9S?
5@?GeD5BfI6>=�U>:�=�FP6>=

pS3O�+F.U�lP:�UI2 v 57:}¤< N¢%�;¢B®| @¤+J�9S2O=�2m6H?P:�hi5B:g:V5@9T?
]D3O�+F.UY`P6T:VUnMs:V=m6H=�5Q9S?�:�F.9SlALBe�lP:VUY=�F.UY`PU>6HhYJ�9S2�h�5@?.XYd;U>fn=g9S2 2j � ò hºJ�9T2�=�2<6>?P:Vh�5B:�:�5@9T?´=g9
lP:�UI2 v 3

!.9S2�:�f<F.U>eDlAL@5@?AX.C.=�FAU�`G6S:VU|M�:�=<6H=g5@9T?´2m6H?PeD9ThiL@\�:VU4L@U>fn=m:+9S?.Uj9HJ�=�FAU�U4L@5@XT5@`.LQU�lP:�UI2<:|3c��FAUI?Z=gF.UI2�U
5B:+?A9�UILQ5@XT5@`.LQU'lP:�UI2	5@?�=gF.U�?.UI=��+9T2�W�CD5@=Oe�9;U>:c?A9S=O=�2<6>?P:Vh�5@=+=g9i6>?D\�lP:VUI243¡&
_D3w¿ �'[A[k9T2�=gl.?.5B:�=�57f��-2<6>?P:Vh�5@=O�'?�=�UI?A?P6�
;U4L@U>fn=g5@9T?

��F.UI?�=�F.U�`PU>6>h�J�9S2ghi5@?AX�d;U>fn=g9S2�5B:�9HJz:V5Q�IU�_ o�F.U4?PfnU�ayÿ¸L@9TX � _)t�=�F.U4?i=�F.UO`PU>:V=Of<F.9T5BfnU	=gF.U
fn9�eDU|M�`P9;9SW�5B:+=g9�=m6HW;U q M �x:	6T:'fn9TL@l.h�?P:#9>J�5BeDU4?D=g5@=�\8h�6H=g2�5Q~~_"3

h�ÿ
#$% $& ½t¾ p

333
^
À	uÁ t�e�e�e-t ½t¾ ^

333
p
À	uÁev

$w$x
��?´=gF.5B:�fI6S:�U;C/`PU>6>h�J�9S2ghi5@?.XY5B:OU>�ulA5@dT6HLQUI?D=�=�9�6H?�=�UI?A?P6�:VUILQU>fn=�5Q9S?�5Q?´=gF.U�`G6S:VU|M�:�=<6H=g5@9T?�o�:�5@?PfnU
9S?AL@\a9S?.U�6H?�=�U4?.?P6�6H=Y6�=�5QhiU85B:86Tfn=�5Qd;USt<3a�PUI= ½ � \ � eDUI?.9T=�Ui=gF.U�l4oIpifn9TL@l.hi?a9HJ�=�FAUZf<FP6>?.?.UIL
h�6>=�2�5Q~�d � 3��+F.U�lP:�UI2 v �P?Ge.:c=gF.U�fn9TL@l.h�?�9>J�5Q=<:+f<FP6>?.?.UIL�h�6H=g2�5@~j�	5@=gF�=gF.U�h�6>~D5Qh�lAh0?A9S2�h

2l � ÿÌ6H2�X�h{6H~& | � | � g ½ � \ � g �
6H?Ge�=�F.U4?Yfn9Shi[G6H2�Ur: g ½ 1 � ! \ � g � �	5@=gF�=gF.UO=�F.2gU>:VF.9TLBe8dT6HL@lAUAý�6TeDd;UI2�=g5B:�U>e}`D\j=�F.UO`P6T:VU�:V=<6>=�5Q9S?-3���Jg ½ 1 � ! \ � g � îàý#CT=�F.UI?�=gF.U�J�UIU>eD`P6Tf�W�`.5@=m:~í & í � e�eÅe3í � o�=�FAU+`.5Q?P6H2g\�eD5@XT5@=m:E9HJ ÏlVt�6>2�U�=�2<6>?P:Vh�5@=�=gU>e'=g9)+*-,
.02:>+,
.FL
K�BS9%<
N¡7:;¡K
24.FE:20Q-9S74,¡G61M?=;�E81�/
B%.->8,�13<
<
.PBS2-JA1MB 13B%24;D/�.�9%JMC�BS.PJ�.F<�7:.FLc?�9z1OE:;=K�<
LAE:;=/�9S<'Vy��<?BS;�<
NE:K�<&O3/�;=7:,¡7:,�.F2:.02:7:E+1374.FN=9%.F2R,�1M?=.R74,
.-281�JM.�1M?�.FE81�N=.R74,
E:;�K
N=,
C�K
7RC�.FE�K
2:.FEWVz
U;3Q^.�?=.PE(O�7:,
.^E:;�K
<
L�5�E:;�/
9%<ç?�.FE:249S;�<JT1MB¡/�. J?;=E4. 13C�C�.@1�B%9S<�NDGIE4;=Jà1�G�139%E:<
.P2:2-C�;=9%<�7-;3G=?�9%.FQDV



ÁS]

=�FAU	`P6S:�U�:�=<6H=g5@9T?-C;9S=�FAUI2��	57:VU;C;?.9�J�UIU>e�`P6Sf<W�5B:�:�UI?D=43�
'9T=�U	=gFP6H= 2l � 5Q?PeD5Bf46H=�Ure�=�FAU	`kUr:V=�=�2m6H?P:�hi5@=
6H?�=�U4?.?P6�J�9S2Oe�9H�	?AL@5@?AW�=g2<6H?G:Vhi57:�:V5Q9S?i=g98=�F.U�lP:�UI2 v 3��'[P9S?Z2gU>fnUI5Q[.=�9HJz=�F.57:#5Q?DJ�9S2gh�6H=g5@9S?YJ�2�9Sh
UILQ5@XS5Q`.L@U�lP:VUI2m:nC.=gF.U}`P6T:VU�:V=<6>=�5Q9S?Z2m6H?Pe�9ShiLQ\�f�FA9;9;:VUr:c9T?.U}lP:�UI2	J�9S2	=�2m6H?P:�hi5B:g:V5Q9S?�J�2g9Sh¼6>hi9S?AX
6HLQLPlP:VUI2m:#�	F.9�:VU�J�UIU>e�`P6Sf<W}5Q?DJ�9S2gh�6H=g5@9S?YFP6T:#`PUIUI?�:�lPfIfnUr:�:sJ�lAL@L@\j2�U>f|UI5@d;U>e�3/��Jb=�F.U'J�U4U>eD`P6Tf�Wj`.5@=m:
J�9S2�:VU4L@U>fn=gU>eilP:VU42ICP6H2gUrí & í � e�e�e=í � Ck=gF.U�`P6S:�U8:�=<6H=g5@9T?�lP:VU>:	5@=m: Ïl�oIp}6>?D=gUI?.?P6}J�9S2O=�2m6H?P:�hi5B:g:V5Q9S?-C
�	F.UI2gU Ïl/ÿ í & í � e�eÅe�í � 3
_D3w¿D3Qp 
�l.h�Ms�'6>=�U}��6>[P6Sfn5Q=�\

�+F.U�U>�;l.5@dT6>L@UI?�=	f<FP6H?A?.UILEX�6H5Q?�J�9S2O=�FAU�lG:VUI2DmY5B:
r Ë ÿ h{6H~& | � | � g ½ � \ Ë g �

�'?Pe�UI2��O6I\DLQUI5@XTF�JK6TeD5@?.X{6S:�:�l.hi[.=g5@9T?-CkUr6Sf<Faf�FP6>?.?.UIL�X;6>5@? g ½ � \ � g � 5B:u� � eD57:V=g2�5@`Al.=�U>e��	5@=gFþa
eDUIXT2�UIUr:+9HJ�J�2gUIU>eD9Th�C;=�F�lP:+=�F.U8�� �!�9HJ{r Ë 57:

«8o+¬Et�ÿ o�p�±�º=�Oo+¬EtWº ²�» t � t o�_�3@p>t

�	F.UI2gU¤º=�Oo+¬Et+ÿ8� � ² &� ´
 » 0� " 3��PUI=ç,Zÿ)��2��Tr � î$ý-	�3�
;5Q?PfnU�=�FAU8f<FP6H?.?AUIL/X�6H5Q?P:'6>2�UY6>L@L-hYl.=�lP6>L@LQ\
5@?GeDUI[PUI?PeDU4?D=4C­=gF.Ui[.2g9S`P6>`.5@LQ5@=�\�9HJOFG6rd�5@?AX v J�UIUreD`P6Sf<W�`.5Q=<:�U>�;lP6HL�=�9Z9T?.Ui9T`kU4\.:j6Z`.5@?.9Thi5B6>L
LB6I��C.5K3ÄU;3 , � ÿ µ ¯ v · , � o�p�±ã,kt § ² � o�_�3x];t

�+F.U�UI2gXS9�eD57f}fI6>[P6Sfn5Q=�\�l.[P9T?ZFP6Id�5@?.X v lP:VUI2O6>`P9Hd;U�=gF.U�=�F.2gU>:VF.9TLBe�5B:n1s � ÿ
�³ ��´ & � ¶ � =�F.U�l oIp `PU>:V=OlP:VU42	5B:	:VU4L@U>fn=gU>e�	�s �

ÿ pv �³ �z´ & sD� o�_�3x¿;t

�	F.UI2gU©s � ÿ|J ð L@9TXPo�pAh`u�¬EtL�'« � o+¬Et�6>?Pe�« � o8¬Et�5B:}=gF.UZ�� �!)9>JO=�F.U�l4oIp�F.5QXSF.Ur:V=8U>�;l.5@dT6>L@UI?�=
f<FP6H?.?AUILEX�6H5@?b3+��?i9T=�F.UI2	��9S2me.:c5NJD¥
¦ & t Û�Û�Û tW¦ § ¨}57:	6}[kU42�hYl.=<6>=�5@9T?i9HJ ¥kr & t Û�Û�Û tlr § ¨�:VlPf<F�=�FP6>=



ÁS¿

^ ª ¦r§ ª Û�Û�Û ª ¦ & CP=�F.UI?�« � o8¬Et+ÿ � ¶ ��¦ � ��¬�	�3	��F.U4?Z=�FAU8f<FP6H?.?AUIL-X;6>5@?P:�6>2�U85K3Ä5�3weE3@C
5@=Of46H?�`PU8:VFA9H�	?�=�FP6>=��Ä]T^�	�1

« � o+¬Et�ÿ �I² &³ M ´
 µ ¯ N · oP«�o+¬Et�t § ² M o�p�±�«�o+¬Et�t M o�_�3ÄÀ�t

�+F�lP:+=�F.Uj:�l.h�MK2<6H=gU�fI6>[P6Sfn5Q=�\�9>J�=�F.U�?.UI=��+9T2�Wi�	5Q=�FiLQ5@hi5Q=�U>e�J�UIUreD`P6Sf<W�fI6H?�`PU�J�9T2�hYl.LB6>=�U>eY6S:|1

s;l Æ ÿ §³ � ´ & , � s � o�_�3x_;t

��fIf|9S2<e�5@?.X8=g9Y�#�;lP6>=�5@9T?yo�À.3@p4]utmC^s l Æ fI6H?�`PU}UI~�[.L76H5@?AU>ei6S:+J�9SLQL@9>�O:s l Æ ÿ ( ð L@9TXPo�p�hþu�¬EtL�'« º o�_�3xÁ;t

�	F.UI2gU]« º ÿÄ� §��´ & ¹ � « � 5B:Y6�hi5@~�=�l.2gU�[A2�9S`G6H`.5QL@5@=�\yh�U>6S:�l.2�Ui9>J�6HL@L	9T2<eDU42i:�=<6H=g5B:�=�5Bf4:}9HJ�=gF.U
JK6Hh�5@L@\8�	5Q=�F�[P6>2�UI?�=��� �!b«�o Û t�6H?Ge ¥ ¹ � ¨ §��´
 57:	68eD5B:gfn2�UI=gU�[.2�9T`P6H`.5QL@5Q=V\YhiU>6T:Vl.2gU�eDUn�G?.U>:	6S:¹ � ÿ p¯ , §³ � ´'� , � t l�ÿ"p�t Û�Û�Û t ý o�_�3vÂTt

_D3w¿D3w] �O[.=g5@h�6>L��+F.2�U>:�F.9SL7e

�+F.U�:VlAh�M�2m6H=gUZf46H[P6Tfn5@=�\y57:86³J�l.?Gfn=�5Q9S?�9HJTuPC7,¸6H?Pe ¯ 3���:8UI~�[.LB6>5@?.U>ea5@?�
;U>fn=g5@9T?½ÀA3xÁ�C#=gF.U
2�U4LB6H=g5@9T?�`PUI=���UIUI?i=gF.U�=�F.2gU>:VF.9TLBe�ýy6H?Pe�=�F.U�[.2g9S`P6>`.5@LQ5@=�\°,�57:+XS5@d;U4?i`D\ý´ÿ�« ² & ogp?±ã,Pt o�_�3xÃ;t

�+F.U�5@?�d;UI2<:�U­J�l.?Gfn=�5Q9S?}9>J.=gF.U'�� �!�XS5Qd;UI?�`�\8o�_�3@p>tE5Q?�XTUI?.UI2m6HL�fI6>?}?.9T=/`PU�UI~D[AL@5Bf|5@=�LQ\	fI6>LBfnlALB6H=gU>eE3
��F.UI?�lP:�UI2<:	FP6Id;U�9T?.L@\i9T?.U}2gU>fnUI5Qd;U�6>?D=gUI?.?P6ioFa¼ÿ"pHtmC.F.9>�+UId;UI24Cý´ÿ�±ZL@9TX . pM±�o�p�±ã,Pt 2} 4 o�_�3xq;t

��?}9T2<eDUI2�=�9	�P?Pe}=gF.U�9S[.=g5@h�6>L;=�F.2gU>:VFA9SLBe��+U�f�F.9;9�:VU ,8:VlPf<F�=�FP6>=�=�FAU	:VlAh�M�2m6H=gU+f46H[P6Tfn5@=�\s;l Æ 5B:�h�6H~�5@hi5Q�nUreE3-�+F.U�f|9;:V=�J�l.?Pfn=g5@9T?©s;l Æ o-,kt�57:+6��+UI5QXSF�=�U>eY:Vl.hÆ9HJ�J�l.?Pf|=�5@9T?P:#9>J�=�F.UOJ�9S2�h



ÁHÀ, � o�pR±�,kt § ² � �	F.5Bf<F86>2�UO6HLQL.f|9S?PfI6Id;U�9Hd;U42-=�F.U	5Q?D=gUI2�dT6HL��Å^'tIp=	�CSFAUI?PfnU�s;l Æ 5B:�6�f|9S?PfI6Id;U�J�l.?Pf|=�5@9T?
9HJÍ,E3��+F.UI2gUnJ�9S2gU�5@=	FG6S:	68l.?.5B�;l.U�h{6H~�5@h8l.hÈ9Hd;U42+=�FAU�5Q?D=gUI2�dT6>L��Å^'tIp=	�3��-9if46HLBf|l.LB6>=�U�=gF.U�dT6HLQl.U
9HJá,i=�FP6>='h�6>~D5Qhi5N�IU>:/=gF.Uj:Vl.hYM�2m6H=�UjfI6>[P6Sf|5@=�\;CD��U�h�lP:�=�:V9SLQd;UPO~Q mR� x � {O � ÿ�^�J�9T2c,�C.5�3ÅU;3@C§³ � ´ & o v ± ¯ ,PtÞ, � s � ÿ�^ o�_�3@p4^ut

��fnLQ9;:VUre�J�9T2�h,:�9SLQl.=�5Q9S?Y=�9�=�F.57:�U>�ulG6H=�5Q9S?857:±5Q?8XSUI?AUI2<6>Lk?A9S=�=�2m6Sfn=m6H`.LQU;3��'9>��UId;UI2ICT6�?DlAhiUI2�57fI6HL
:V9TL@l.=g5@9T?Z5B:+[P9�:�:V5Q`.L@U��	5Q=�Fãojo ¯ t�fn9Thi[.L@U4~D5Q=V\�3
_D3w¿D3w¿ ��:V\�hi[.=�9T=�57f'�'?G6HL@\A:V57:

��?8=�F.57:/:�U>fn=g5@9S?8��U	:�F.9>��=�FAU	[.2�9T[k9�:VU>e89S[A[k9T2�=gl.?.5B:�=�57f	:�f<F.UIhiU�FP6T:±=gF.U	:g6HhiU�fI6H[G6Sfn5Q=V\�XT2�9>�	=�F
9HJ±ª<©��P¤|¯<¤|§D¡�©����A©;¯<¡���§.¢v«|¡K¢Bª'®n¤g¦;£��4©;¯|£8¢B§�����¢@¡H� �4�u Q �¨0��óE�	FAUI2�U	=gF.U+`P6T:VUnMs:V=m6H=g5@9S?YFP6T:­J�l.L@LAf<FP6H?DM
?.UILzWD?.9>�	LQU>eDXSUY9HJc6HLQL#lG:VUI2m:�6>?Pe�=�F.UYlP:VU42<:��	5@=gF´=gF.U�FA5@XSFAU>:V=jf<FP6H?.?AUIL�?.9T2�hË5B:�:�UIL@U>f|=�U>e�J�9T2
=�2m6H?P:�hi5B:g:V5Q9S?-3z�+F.Uj:Vl.h�MK2<6>=�U�f46H[P6Tfn5@=�\89HJz=�FA5B:	:�f<F.UIh�U	[.2�9>d�5BeDU>:�6H?�l.[.[PUI2	`P9Tl.?Pei9S?�=�FAU}6>L@L
9S[A[k9T2�=gl.?.5B:�=�57fc`PU>6>h�J�9S2ghi5@?.XOhiUI=gF.9�e.:�=�FG6H=�lP:VU42#[G6H2�=g5B6>L.WD?A9H�	LQU>eDXTU'9>J-=�FAU�f<FP6H?A?.UIL�3�!.9S2�=gF.U
:V5Qhi[.LQ5Bfn5Q=�\�9HJO6>?P6HLQ\.:�5B:��+U8�P2<:�=}6T:�:�l.hiUY=�FP6>=�lG:VUI2m:�FP6Id;UY9S?.LQ\�9S?.U�6H?�=�UI?A?P6´oFa ÿ pHt<3�!.9T2
=�FA5B:	:�f<F.U>e�l.L@5Q?.X8:gf�F.U4hiU;C;=�F.Uj:�l.h�MK2<6H=gU�fI6>[P6Sfn5Q=�\i5B:+9T`.=<6>5@?�6T:�J�9TL@LQ9H�O:|1

s Æ � MTM QzU�W ÿ��O� L@9TX.ogpÄh�u�h�6H~& | � | § g ½ � g � t+	 o�_�3@pTpHt

�	F.UI2gU ½ � 5B:+=gF.UYp}í]_ f<FP6H?A?.UILEd;Urfn=�9T2+9HJ±lP:VUI2 v 3
¼�½U¾�¿ÁÀ
¾�Â � \^�P¤+«4��£�
�¯�¦S¡�¤Oª<¦��A¦;ªI¢@¡K°�©P��ª<©��P¤|¯�¤|§�¡�©����A©;¯<¡���§.¢v«|¡K¢Bª�®n¤g¦;£��4©;¯n£8¢B§�����¢@¡��M�4�u Q /¨0�Ôó
¦��I¦;¢@ N¦;®| @¤8¦S¡�¡H�P¤j®<¦H«>¤�
�«|¡�¦S¡K¢B©;§�«4ª<¦S @¤�«�¦H«

s Æ � M�M QzU�W *ÿ�L@9TX#LQ9SX ¯ hyL@9TXDu
Ò�À
¿-¿ÔÓ�Õ �+F.U	2<6>?PeD9ShÈdT6H2�576H`.LQU�� � ÿ g ½ � g � 5B:�eD57:V=g2�5@`Al.=�U>e�6TfIfn9S2meD5@?AX�=�9`� �� � 3���:�5@?.X�f|LB6S:g:V57fI6HL
2�Ur:Vl.LQ=<:	5@?ZU4~D=g2�UIhiU�dS6>L@l.Uj=�F.U49S2�\�Ck5Q='57:':�F.9>�	?´5Q?k�ÄÃ�CEq
	/=gFP6H=�=�F.UjhiU>6H?�6>?PeZ=�F.UjdT6H2�576H?Pf|U89HJ



ÁS_

Ê ú�ÿ�h�6H~ & | � | úP� � FG6rd;U�=gF.U�J�9SL@LQ9>�	5@?.X�6S:V\�hi[.=g9S=g5Bf'`PUIFP6Id�5@9T2Ø § ÿ �O� Ê §
	°*ÿ�LQ9SX ¯ hyL@9TX µ ¯ � ² &oP_ ±�pHt ° · h]R o�_�3@p4]ut

Ù �§ ÿ �Z«üo Ê §�±#� � Ê §�	�t � ¬9*ÿ ¹ �Á o�_�3@p4¿ut

�	F.UI2gU�R]TÈ^ Û _uÂTÂY5B:'=gF.U8��l.LQUI2VMs��6S:gf�F.U42�9S?A5�fn9T?P:V=m6H?�=I3��+F.U42�UnJ�9T2�U Ø §~õ ù 6H?PeS¶ '· ' õ ^�6S:¯ õ ù =�F�lP: Ê � :�6H=g5B:��PU>:	=�F.Ujfn9T?PeD5@=g5@9T?�5Q?��+F.UI9S2gUIhËp4^�6>?Pei�+U�FP6Id;Us Æ � M�M QzU�W ÿ �O� L@9TX.ogpÄh�u Ê § t+	*ÿ L@9TXPo�p¡hþu��O� Ê § 	�t*ÿ L@9TX µ p¡hþuPo�LQ9SX ¯ hyL@9TX µ ¯ � ² &oP_ ±�pHt ° · h]R-t ·*ÿ L@9TX#LQ9SX ¯ hyL@9TXDu Û o�_�3@p|ÀDt

�+F.U8?.U4~D=O=�F.U49S2�U4h U4~D[.L76H5Q?P:c=gFP6H=�=gF.U8:�l.h�MK2<6H=gU8fI6>[P6Sf|5@=�\iJ�9S2�9Tl.2�[.2g9S[P9;:�U>e´:gf�FAUIhiU
o����;lP6H=g5@9T?�_D3wÁut�6>LB:V9YFP6T:c=gF.Uj:�6Hh�U�fI6H[G6Sfn5Q=V\�XS2�9>�	=gF�6S:+=gF.Uj:�f<F.U>eDlAL@5@?AX8�	5@=�FiJ�l.LQL/�	
��<3

¼�½U¾�¿ÁÀ
¾�Â � \^�P¤8«4�D£�
s¯�¦S¡�¤iª<¦��A¦;ªI¢@¡K°�©P�{©����.©;¯<¡K�D§.¢v«|¡K¢Bªi¡�¯g¦;§u«4£8¢@¡�¦;§D¡�¤|§.§A¦�«>¤m @¤gªn¡K¢B©;§²«4ª<¦S @¤�«
¡��P¤�«4¦;£�¤�¦H«�«4ª��P¤g¥;�; N¢B§�����¢@¡H�T�4�u Q +¨0��óÖáKª<©��P¤|¯�¤|§�¡+®n¤g¦;£��4©;¯|£8¢B§���â É ¢4ÍB¤�Í

L@5Qh§�ï�ð s;l Æs Æ � M�M QVU�W ÿ"pÒ�À
¿-¿ÔÓ�Õ !.2�9Sh �#�;lP6>=�5@9T?yoK_D3xÁ;t��+U�FP6Id;Urs;l Æ ÿeJ ð L@9TXPo�p�hþu�¬EtL�'« º �	F.UI2gU« º ÿ §³ � ´ & ¹ §'« �
6H?Ge¹« � �x:�6>2�UY=�F.UY[.2�9T`P6H`A5@L@5Q=�\ZhiU>6T:Vl.2gU>:�6T:�:V9�f|5B6H=gU>e´�	5Q=�Fa9S2<e�UI2j:V=<6>=�57:V=�57fI:��	5@=gF�=�F.UY[P6H2gUI?�=
eD57:V=�2g5@`.lA=�5@9T?`«8o+¬Et8ÿ o�p�±�º ²�» t � 3y5vJT¦ 5B:86Z2<6>?PeD9Th dT6>2�5B6>`.L@U�eD57:V=g2�5@`Al.=�U>e�6TfIfn9S2meD5@?AX´=g9«8o@evtmCu��U�e�Un�P?.UO=�F.UOJ�l.?Pfn=g5@9S?_��oWeNt�:�lPf�FY=�FG6H=¡¦Ëÿ^��o���tz�	F.UI2�U��057:�6H?�UI~�[k9T?.UI?�=�576HL.2m6H?PeD9Th
dT6H2g5B6H`AL@U;3��aU�FP6Id;U«8o8¬btzÿ���2
��¦ �`¬�	Eÿ���2
� ��o���t �`¬�	Eÿ �±2£��� ��� ² & o+¬Et+	�ÿ"p?±kº ²����32 x » {



ÁSÁ

=�F�lP: E ÿ^� ² & o8¬bt�ÿ ±�L@9SXPogp�±�«8o8¬btgt o�_�3@p4_ut

�aUiFP6Id;U Ey� ÿ < x » {& ² Æ x » { îÆ^Z=gFDlP:f� ² &|o+¬Et�6>?PeyF.UI?PfnUH��o+¬Et�6>2�U�:�=�2�57fn=�LQ\�5@?Pf|2�U>6T:V5@?AX�J�l.?Pf|=�5@9T?
�	F.57f�F�hiUr6H?P:8=�F.U4\�[.2gU>:VUI2gd;U�9S2meDUI2I3��+F.UI2�U|J�9S2�U�5NJ�^ � ¦r§ ª e�e�e ª ¦ & 6>2�Ua=�F.U�9T2<eDU42
:V=m6H=g5B:V=g5BfI:	�	5@=gF�[P6H2gUI?�=�eD57:V=g2�5@`Al.=�5Q9S?-C-«8o@evt<C�^i�K��§ ª e�e�e ª � & �	5@=gF�� � ÿ�� ² &|o:¦ � tO6H2gU}=gF.U
9S2meDUI2O:�=<6H=g5B:�=�5Bf4:+9HJ�=gF.U�UI~D[P9T?.UI?�=�5B6>L-eD57:V=g2�5@`Al.=�5Q9S?-3s;l Æ ÿ §³ � ´ & ¹ � �D� L@9TX.o�p�hþu�¦ � t+	Eÿ §³ � ´ & ¹ � �O� L@9TX.ogpÄh�u���o�� � t+	
�+F.57:	fI6H?�`kU��	2g5@=�=gUI?�6S: s;l Æ ÿ ( ð L@9TXPo�p¡hþu�e~��o+¬Etgty� 0 º o+¬Et�	F.UI2gU 0 º ÿV� § � ´ & 0 � 5B:+=�FAU}hi5Q~D=gl.2�UO[.2�9T`P6H`A5@L@5Q=�\�eD5B:�=�2g5@`.l.=g5@9T?�9>J�6HL@L-9T2<eDU42�:�=<6H=g5B:�=�5Bf4:+9HJ�=gF.U
UI~�[P9S?.UI?�=�576HLbeD5B:�=�2�5Q`.l.=g5@9S?b3 0 � o8¬bt�57:+=�F.U8�� �!y9>J�� � 6>?PeZf46H?�`PU}f46HLBf|l.LB6>=�U>e�6S:+J�9SLQL@9>�O:

0 � o+¬Et�ÿ � ² &³ M ´
 µ ¯ N · º ² M » o�p�±�º ²�» t § ² M
��?�=�F.U�[.2g9;9HJ�9>J��+F.UI9T2�UIh¼_�C.�+Uj:VFA9H��U>ei=�FP6>= · c x + {· 2 x + { 6>?Pe ¶ c x + {· c x + { õÉ^DCP6S: ¯ õ ù �	F.UI2gU

Ø & o 0 t�ÿ ( ð ¬,� 0 & o+¬Et�ÿ��O��� & 	Eÿ §³ � ´ & pv t Ø º o 0 t#ÿ ( ð ¬X� 0 º o8¬btzÿ §³ � ´ & ¹ � �O��� � 	
6H?Ge

Ù �& o 0 t�ÿ ( ð o8¬¤± Ø & o 0 tgt � � 0 & o8¬Et�ÿ §³ � ´ & pv � t Ù �º o 0 t�ÿ ( ð o+¬�± Ø º o 0 tgt � � 0 º o+¬Et

'9>����Ui:�F.9>�º=gFP6H=j=�F.U8J�l.?Pf|=�5@9T?���o@evt�`kU4L@9S?AX;:�=g9���oKeDUn�P?AU>e�5Q?y=�FAUi6>[.[PUI?PeD5Q~y�}C� 'U|�P?.5vM
=�5Q9S?³¿ut<C�=�F�lP:c��U8fI6>?a6H[.[AL@\��+F.UI9T2�UIh�pI¿i=g9i:�F.9>�0=gFP6H=�s l Æ :gfI6HLQU>:c=gF.U8:g6HhiU�6S:qs Æ � M�M QzU�W 3
�	U>fI6HLQL4��o@evt�5B:�:�=�2g5Bfn=gL@\�5@?Pf|2�U>6T:V5@?AXi6>?Pe�� ² & o�^utOÿû±ZLQ9SXPo�pM±`«8o�^;t�t	ÿÈ^�FAUI?PfnU���o�^utOÿÈ^D3��-9
:VFA9H�È=�FP6>=���oWevtO57:�fn9S?GfI6Id;U;CE�+UY:�F.9>� E ÿ�� ² & o8¬Et�ÿf±�L@9SXPogpA±�o�pA±$º ²�» t � tO57:�fn9S?�d;UI~�Ck��U
FP6Id;U8pM±�º ²�� ÿ"ogp?±kº ²�» t � F.UI?GfnU

E � º ²�� ÿ _�º ²�» o�p�±�º ²�» t � ² &



ÁuÂ

E � � º ²�� ±�o E � t � º ²�� ÿ�_�º ²�» o�p�±�º ²�» t � ² � oP_ º ²È» ±�p>t
6rJ�=gUI2O:V9ThiU�6>L@XSU4`.2<68�+U�XSU4=Ey� �E � º ²�� ogp�±�º ²�» tËÿ _�º ²�» ±�o�p�±�ogp?±kº ²�» t � t

ÿ _�º ²�» ±�º ²�» � ² &³ ��´
 o�p�±�º ²�» t �
ÿ º ²�» � ² &³ ��´
 o�p�±�ogp�±�º ²È» t � t¡îÌ^

�+F.UiL76H=g=�UI2�5@?AU>�ulG6HL@5Q=�\�h�U>6H?P:�=gFP6H= E�� � îÆ^�J�9T286>L@L ¬�îÆ^DC�F.UI?PfnU_� ² &�57:�f|9S?�d;UI~EC-=gF.UI2�U|J�9S2�U� ò �c3�!.l.2g=�F.U42	hi9S2gU;C;�+U�[.2�9>d;U�LQ5@h » ï�ð � �32 x » {» ÿ"pSC

L@5Qh» ï�ð � ² &|o+¬Et¬ ÿ L@5@h» ï�ð ± LQ9SXPo�pM±�ogp?±�º ²�» t � t¬
ÿ L@5@h» ï�ð ± LQ9SX°�<p?±�ogp�±�_�º ²�» h8� � � � º ² � » h e�e�e�hÌoW±}p>t � º ² � » t �¬
ÿ L@5@h» ï�ð pÄh L@9TX��W_ ±8� � � � º ²�» h`e�e�e�h�o@±}p>t � º ² x � ² & { » �¬
ÿ p

�aU}6>LB:�9�FP6Id;U�LQ5@h » ï�ð�� ² &|o+¬Et�ÿ¸L@5@h » ï�ð���o+¬Et�ÿ�hqù�C.LQUI= E ÿi��o+¬Et
LQ5@h» ï�ð ��o+¬Et¬ ÿ�LQ5@h� ï�ð E� ² & o E t ÿ"p

=�FAUI2�UnJ�9T2�U���oWeNt�:�6>=�5B:��PU>:	6>L@L-=�FAU}f|9S?PeD5Q=�5Q9S?P:+9>J��+F.UI9T2�UIhËp4¿DCPF.UI?Pf|Us l Æ ÿ ( ð LQ9SXPo�p�hþu�¬Etg�'« º o+¬Etÿ ( ð LQ9SXPo�p�hþu���o8¬Et�tL� 0 º o8¬bt*ÿ LQ9SXPo�p¡h�u���o Ø º o 0 t�t�t*ÿ LQ9SXPo�p¡h�u Ø º o 0 tgt*ÿ LQ9SXPo�p¡h�u Ø & o 0 tgt*ÿ LQ9SXPo�p¡h�u�L@9SX ¯ t*ÿ LQ9SX�L@9TX ¯ hyLQ9SXDu



ÁSÃ

�+F�lP:�J�2g9Sh¼�+FAUI9S2gUIh¼Á}�+Ujfn9T?PfnLQlPeDU

s;l Æ *ÿ sç< � MTM QzU�W
_D3ÅÀ Ê'lG6H?�=�5@�4U>e��O[.[P9S2g=�l.?.57:V=g5Bf�oK�'6>?PeD9ThZt�$+U>6>h�J�9S2ghi5@?AX

�	U>fI6HLQL.=�FG6H=+=gF.UOh�6H5Q?8[.2�UIh�5B:VU	9>J-9Tl.2+[.2g9S[P9;:�U>eihiUI=gF.9�e�57:�6�`P6>LB6H?GfnUSÇI=g2<6TeDUI9H�³`PUI=��+UIUI?8=���9
h�6>5@?8hiUI=gF.9�e.:�9HJblP:V5Q?.X}=g2<6>?P:Vhi5Q=+�	
��<C;5@?Y=�F.UOL@5Qhi5@=gU>e'J�UIU>eD`G6Sf<W}2�U4XS5@h�U;3��'?AU'9>J-=�FAUIh,5B:�eDUnM
=�U42�hi5Q?.5B:�=�5Bf�`PU>6Hh�J�9T2�hi5Q?.X.C�6>?Pei=�F.U�9T=�F.U42+5B:+=gF.U�9T[.[P9S2�=gl.?.57:V=�57f�`kUr6Hh�J�9T2�hi5Q?.X�9HJz(�57:V�	6>?P6H=gF
UI=Y6>Lr�NpnÀ�	K3��+FAUI2�U�UI~D57:V=m:8:V9Sh�Ui�+9T2�W�9S?¸=�F.U³�ulP6>?D=g5@�>6>=�5Q9S?�9HJ�J�U4U>eD`P6Tf�W�J�9S2�eDUI=gUI2�hi5Q?.5B:�=�57f
`PU>6HhYJ�9S2�h�5@?.XACE`.l.=j=�9�9Sl.2jWD?A9H�	LQU>eDXTU;C/LQ5@=�=gL@Uj�+9S2gW´U4~D57:V=<:�5Q?´=gF.U�[Al.`.L@57f�MseD9Sh�6>5@?�LQ5@=�U42<6H=gl.2�U
9S?�=gF.U8�;lP6>?D=g5@�>6>=�5@9T?ZUn��U>f|=<:	5@?Z9T[.[P9S2g=�l.?.57:V=g5Bf�`PU>6>h�J�9S2ghi5@?AX.3	��:O6�`P6T:VUILQ5@?.U�J�9T2�fn9Sh�[P6H2g5@?.X
9SlA2�6>L@XS9T2�5Q=�F.h�:|CD5Q?�=gF.5B:	:�U>fn=g5@9S?���U}e�UId;UIL@9T[�68L@5@h�5@=�UreuM�J�U4U>eD`P6Tf�W�o��;lP6H?�=�5Q�IU>ektzd;UI2<:�5@9S?�9>J�=gF.U
9S[A[k9T2�=gl.?.5B:�=�57f�`PU>6HhYJ�9S2�h�5@?.XA3

��?´9T[.[P9S2g=�l.?.57:V=g5Bfi`PU>6Hh�J�9T2�hi5Q?.X.C�U>6Sf<F´lG:VUI2�:VUI?PeA:�`P6Tf�W�=g9�=�F.UY`P6S:�U�:V=m6H=g5@9S?�5Q=<:�5@?DM
:V=m6H?�=<6>?.UI9SlG:+2�U>fnU45@d;U�
�
���3.!.9T2+=�FAU��ulG6H?�=�5@�4U>e�9S[A[k9T2�=gl.?.5B:�=�57f'`PU>6Hh�J�9T2�hi5Q?.X.CT9S?.LQ\i68eD57:�fn2gUI=�U
5@?GeDUI~�f46H?a`kU�=�2<6>?P:Vh�5@=�=gU>eE38�+FAUifI6>LBfnlALB6H=g5@9T?�9HJO9S[A=�5@h{6HLz�ulP6>?D=g5@�>6>=�5Q9S?�J�9S2�=�F.57:�[.l.2�[P9�:VUi57:
5@?�=�2m6Sfn=m6H`.LQUie�l.U�=g9Z=gF.Uif|9Shi[.LQ5BfI6>=�U>e�UI2�2g9S2�J�l.?Pfn=g5@9S?a5@?�d;9SLQd;U>eECEFA9H��UId;UI24C­[A2�U>fn57:VUY�;lP6H?�=�5Q�>6rM
=�5Q9S?�57:'?.9S=%fn2�5Q=�5Bf46HL-`PU>fI6>lP:VU8=gF.U8`P9Sl.?PeA6H2�5QU>:�9HJ�=�FAUY�ulP6>?D=g5@�>6>=�5Q9S?Z`A5@?P:�6>2�U85Qhi[P9S2�=m6H?�='9T?.L@\
=�9�=gF.U8UI~�=�UI?�=�=�FG6H=�=gF.UI\�XS5Qd;U}=gF.UY:�6>hiU89S2meDUI2�5Q?.X�9HJ�=�FAU�lP:�UI2<:�6S:�XT5@d;UI?�`D\�9S[.=g5@h�6>L��;lP6>?DM
=�5Q�>6H=g5@9T?-3+�+FAUI2�UnJ�9T2�Uj682�U>6T:V9S?G6H`.LQU}`.l.=O6>[.[.2g9H~�5@h{6H=�U%�ulP6>?D=g5@�>6>=�5Q9S?Z[PUI2�J�9S2gh�:#��UIL@L��	5@=�F�F.5@XTF
[.2g9S`P6>`.5@LQ5@=�\;3

�+F.U�6H[.[A2�9>~D5Qh�6H=gU8�;lP6H?�=�5Q�>6H=g5@9T?´=gFP6H=��+U�eDUId;U4L@9S[PU>e�J�9T2�9Sl.2j:V5Qh�lALB6H=g5@9T?P:�6H?Ge´fn9Th�M
[P6>2�5B:�9S?�[.l.2�[P9�:VU>:'57:	f�FA9;:VU4?Z:�9�=gFP6H=O=�FAU}�;lP6>?D=g5@�>6>=�5@9T?�5@?PeDU4~i=<6>W;U>:	6HLQL-[k9�:�:�5@`.LQU}dT6HLQl.U>:+�	5@=gF
U>�;lP6HL-[A2�9S`G6H`.5QL@5@=�\;3� 'UI?.9T=�U}=gF.U8�� �!�9HJ�
�
��)6T:q«���o8¬btm3+�aU}f|9S?P:�5BeDUI2�a¸�;lP6H?�=�5Q�>6H=g5@9S?�`.5@=m:nC



ÁSq

0 10 20 30 40 50 60 70
2.8

3

3.2

3.4

3.6

3.8

4

4.2

4.4

number of users

su
m

�r
at

e 
ca

pa
ci

ty

Coherent Opp. (CO)

Opp. Ant. Sel.

Quant. Sel. (QS)

Opp. Beam. (OB)

Quant. Opp. (QO)

!/5QXSl.2gUj_D3@pT3+��9Shi[G6H2�57:V9T?�9>J�=�FAU�=gF.2�9Tl.XSFA[.l.=O9HJ�dT6H2g5@9TlP:ch�UI=�F.9�eA:	6H=�
�
���ÿjpI^Te.$

=�F�lP:	] l �;lP6>?D=g5@�>6>=�5@9T?�L@UId;UIL7:n3��+F.Uj�;lP6H?�=�5Q�>6H=g5@9S?�`.5Q?P:	6H2gU8eDU|�P?.U>ei`�\
«�� µ��

] l · ª R]��«�� µ{� h�p] l · � ÿ ^'t Û�ÛÅÛ t<] l ±�p
_D3w_ ��9Shi[P6>2�57:V9S?G:
_D3w_D3Qp �+FA2�9SlAXSF.[.lA=

!/5QXSl.2gU}_�3@p�:�F.9>�O:'6Yfn9Sh�[P6H2g5B:V9T?i9HJ±=�F.U�=�FA2�9SlAXSF.[.lA='9>J�dT6H2g5@9TlP:ch�UI=�F.9�eA:	fn9S?P:�5BeDU42�U>e�5Q?�=�F.57:
f<FP6H[.=gUI2I3��+F.U�`PU>:V=8[PUI2�J�9S2�h{6H?PfnU�5B:�=gFP6H=Y9HJ%fn9TF.UI2�U4?D=j9S[.[P9S2g=�l.?A5B:V=g5Bfi`PU>6HhYJ�9S2�h�5@?.XaoV�	��tmC
�	F.UI2gU�=�F.UihYl.LQ=�5@[AL@UnMs6H?�=�UI?A?P6i=�2<6>?P:Vh�5@=�=gUI2�FP6S:}J�l.LQL+W�?.9>�	L@U>eDXTUi9HJ%=�F.U�o�d;U>fn=g9S2nt%f�FG6H?.?.U4L	9HJ
6HLQL+lP:�UI2<:|C+6>?Pe½5Q?yU>6Tf�F�=�5QhiU85@?�=�U42�dT6HL�`kUr6Hh�J�9T2�h�:�=�9>��6H2<eA:�=gF.U�`kUr:V=8lP:�UI2I3��'L@=gF.9Sl.XTF�=�F.57:
:V=g2<6>=�UIXT\yFP6S:8=�FAUi`PU>:V=89>d;UI2m6HL@L�=gF.2�9Tl.XSF.[Al.=IC+5Q=8:�lD��UI2<:85@?y=���9��	6I\.:|1��P2m:V=4C�5@=82�Ur�ul.5Q2�U>:�=gF.U
F.5QXSF.U>:�=Y6Hhi9Tl.?�=89HJOJ�UIU>eD`P6Tf�W²fn9Shi[G6H2�Ure´�	5@=gF½9T=�F.U42�hiU4=�F.9�e.:|C�U>:V[PU>f|5B6HLQL@\�fn9Sh�[P6H2gU>e´�	5@=gF
=�FAU�[A2�9S[P9�:VU>e�L@5@h�5@=�UreuM�J�U4U>eD`P6Tf�W�hiUI=�FA9�e.:n3�
;U>fn9T?PeEC�5@?�=�UI2gh�:�9>J'JK6>5@2g?.U>:�:85@=j5B:}9T?.UZ9>J�=gF.U
�+9T2<:�='=gU>f�FA?.5B�;l.U>:|CD6T:':�F.9>�	?Z5Q?�=gF.U�?.UI~�=	:�l.`P:VUrfn=�5Q9S?-3



Â>^

4 8 16 32 64
0

10

20

30

40

50

60

70

80

90

100

U
til

iz
at

io
n 

P
er

ce
nt

ag
e

number of users

Opportunistic (OB)
Quant. Opp. (QO)
Quant. Selection (QS)
Coherent opp. (CO)

!/5QXSl.2gU}_�3x]�3+
'9T2�h�6>L@5Q�IU>e}JK6H5@2g?.U>:g:

��5@=gFy6�:�L@5@XTFD=�LQ9;:�:�9HJ�=�F.2g9Sl.XTF.[.l.=4C�9S?.UYh�6I\�lP:VUi9T[.[P9S2g=�l.?.57:V=g5BfY6H?�=�UI?.?G6Z:VU4L@U>fn=g5@9T?-C
�	F.UI2gU	UId;UI2g\D=gF.5@?.XO5B:�LQ5@W;U�=�F.UO[.2gUIdD5Q9SlP:zfI6S:�U;C;UI~.f|UI[.=�5@?P:�=�U>6Te�9>JkJ�lAL@L.`PU>6>h�J�9S2ghi5@?.XACH=gF.U	=�2m6H?P:�M
hi5Q=�=�U42+:�UIL@Urfn=<:+9T?.U}9>J�=�F.Uj6>?D=gUI?.?P6T:n3	��?Z9T=�F.U42	�+9S2me.:nCP�	5@=gFZ=gF.U�WD?.9>�	LQU>eDXSU�9>J�lP:VU42}o�d;U>fn=�9T2nt
f<FP6H?.?AUILB:|CE=�F.U8=g2<6>?P:Vhi5Q=�=gUI2	[.5Bf<WA:c=gF.U8`PU>:V=�=�2m6H?P:�hi5@=�6H?�=�U4?.?P6i6>?Pe�lG:VUI2�6>hi9S?AX�6HLQL�[P9;:�:�5@`.LQU
:VlGf�F�[P6>5@2<:|3

�O[.[P9S2g=�l.?.57:V=g5Bf�`PU>6>h�J�9S2ghi5@?AXioV��$'t�6S:�:�l.XSXTU>:V=gU>eZ`�\i(�5B:��	6>?P6H=gF�UI=�6>L��NpnÀ�	/FP6T:'[PUI2VM
J�9S2gh�6H?GfnU�`PUIL@9>��=�FP6>='9>J�9T[.[P9S2g=�l.?.57:V=g5Bf}6>?D=gUI?.?P6Y:VU4L@U>fn=g5@9T?-3

!/5Q?P6HLQL@\;CSUr6Sf<Fi9HJ�=gF.U�LB6T:V=�=V��98fI6T:VU>:�fI6H?�`kUj�;lP6H?�=�5Q�IU>eEC�6S:+UI~�[.LB6>5@?.Ure�UIL7:VUI�	FAUI2�U;C;U>6Tf�F
2�Ur:Vl.LQ=�5@?AX�5Q?y:�9ShiU8LQ9;:g:�9HJ�=�F.2g9Sl.XTF.[.l.=43Z�+FAUi�;lP6H?�=�5Q�IU>e�d;UI2<:�5@9T?P:�:VFA9H�	?�5Q?a!/5@XTl.2�U�_D3Qpi6H2gU
eD9T?.U��	5Q=�Fa9S?.LQ\Z9T?.U�`A5@=�[PUI2�lP:VUI24C-=�FP6>=}:�UIL@Urfn=<:'=gF.UY`kUr:V=j6H?�=�UI?A?P6�J�9S2�=�FP6>=�lP:VUI2438�´UY?.9S=gU
=�FG6H=}lG:V5@?AX�=gF.5B:�9T?.Ui`.5Q=�6S:j6H?�=�UI?.?G6Z:VU4L@U>fn=g5@9T?�5B:�9S?.LQ\aeDl.UY=�9�=�FAU�JK6Tfn=�=�FP6>=}�+UYFP6Id;U8lP:�U>e
=��+98=g2<6H?G:Vhi5Q=	6H?�=�U4?.?P6S:|3+�+FAU�h�9S2�U�XSUI?.U42<6HL�f46S:VU�57:cUI~�[.L76H5@?AU>e�`PUIL@9>��3



Â;p

_D3w_D3w] !P6>5@2�?AU>:�:

�+F.UY:�5@hi[.LQU>:V=+J�9T2�hµ9HJ�:�f<F.U>eDlAL@5@?AX�5Q?a6�h�lAL@=�5NM�lG:VUI2O:�\.:�=�UIh¼5B:�6ieDUI=gUI2�hi5Q?.5B:�=�57f'2�9Tl.?PeZ2�9T`.5@?bC
�	F.57f�F�5@?ZJK6Sf|=�FP6S:�=gF.U8`PU>:V=�e�UILB6I\�[.2�9>�PL@U�1'UId;UI2g\ilP:�UI2�5B:	XSlP6>2<6H?�=�U4U>e´6�:VL@9T=��	5@=�FA5@?�6��P?A5@=�U
=�5QhiU;3E��FAUI?�=�F.UI2gU�5B:^!PUI~�5@`.5QL@5@=�\�9S?YeDUIL76I\;CnJ�9S2�UI~A6Hhi[.LQU/5Q?je.6H=m6�fn9Sh�h�l.?A5Bf|6H=�5Q9S?-C|9S=gF.UI2�hi9�eDU>:
9HJc:�f<F.U>eDlAL@5@?AX�fI6H?a`PU�lG:VU>e�=�FP6>=}2gU>:Vl.LQ=�5@?aF.5QXSF.UI2�=�F.2g9Sl.XTF.[.l.=4C/J�9S2�UI~A6Hhi[.LQU}9T[.[P9S2�=gl.?.57:V=�57f
`PU>6HhYJ�9S2�h�5@?.XA3-��d;UI?85@?j=�F.UOfI6T:VU	9>J�6'�	5Q?.?.UI2�M�=m6HW;UnMs6HLQL.:�=�2<6>=�UIXT\;C;F.9>�+UId;U42IC>9S?.UOeD9;Ur:±?A9S=���6H?�=
=�9�L@9�:VU�:�5@XSF�=}9>JO=�F.U�eDUIL76I\�9HJOlP:�UI2<:��	F.9aeD9Z?A9S=©"g�	5@?P�Z=gF.U�fn9Shi[PUI=g5@=g5@9S?�J�9S2j=�F.U�f<FP6H?.?AUIL�C
6H?GeZ=�F.57:cFP6T:'`PUIUI?³6Se.eD2gU>:�:�U>e{J�9T2�UI~A6Hhi[AL@UO5@?k�NpnÀ�	K3	��?Z=�FA5B:O:VU>fn=g5@9T?-C.�+U�eDUn�P?.U�6�h�UI=�2g5BfcJ�9T2
JK6H5Q2�?.Ur:�:+6>?Peifn9Thi[P6>2�U	=�FAU�hiUI=gF.9�e.:�9HJb5@?�=�UI2gU>:V=Oo�5Q?�=gF.UOL@5@h�5@=�Ure%J�UIU>e�`P6Sf<W}2gUIXS5QhiUSt�6TfIfn9S2meD5@?AX
=�9Y=�FA5B:+hiUI=g2�57fS3

��:g:Vl.hiU�=�FP6>='��U}6>[.[.LQ\�9T[.[P9S2g=�l.?.57:V=g5Bf�`PU>6>h�J�9S2ghi5@?AX¤a��+=g5@hiUr:#=�9�68XS2�9Tl.[Z9>J�lP:�UI2<:|3
��?�=�2<6TeD5@=g5@9T?P6HL-9T[.[P9S2�=gl.?.57:V=�57f�`PU>6>h�J�9S2ghi5@?.XAC;�	F.UI?�=�F.U�UI~A6Sf|=�
�
���9>J�6HLQLElP:�UI2<:	5B:+W�?.9>�	?�6>=
=�FAU8`P6S:�Ui:�=<6H=g5@9T?-C/9T?.L@\�9S?.UYlP:VU42�o��	5@=gF�=�F.UYF.5@XTF.U>:�=}
�
���t	5B:�UILQ5@XT5@`.LQU�J�9S2�=g2<6H?G:Vhi57:�:V5Q9S?-3j��?
=�FAU}L@5Qhi5@=gU>euM�J�UnUreD`P6Sf<W8d;UI2m:V5@9T?P:nC.h�9S2�U�=�FP6>?�9S?.UjlP:VUI2	h{6r\�`kUjUIL@5QXS5Q`.L@U	J�9S2O2�U>f|UI[.=�5Q9S?-CP6>hi9S?AX
UILQ5@XS5Q`.L@UOlP:�UI2<:	9S?.U�h�6I\�f�FA9;9;:VUj2<6>?PeD9Sh�L@\Y9S2O6Sf4fn9S2meD5@?.XY=�989T=�F.U42�6>L@XS9T2�5Q=�F.h�:Oo�U;3ÅX.3QCD�	F.9;UId;U42
FP6T:c`PUIUI?���6H5@=g5@?.X8=gF.U�L@9T?.XSU>:�=IC.UI=mfS3vt

!.9S2�9Sl.2�hiUI=�2g5BfSC>5@?YU>6Tf�FY2�U>6>L@5Q�>6H=g5@9S?Y9HJ�=gF.U�f�FP6>?.?.UILKC;�+UO?.9S=gU�=�F.UO5@?AUIL@5QXS5@`AL@U+lG:VUI2m:n3���?
6}:�UI?P:�U'=gF.U>:VU�6H2gU'9Tl.2���§.¥D¤|¯+��¯|¢��I¢@ @¤:�D¤g¥'lP:�UI2<:|3+
;5@?GfnU'=gF.U�eDU>fn57:V5@9T?89HJ�[.2g5@d�5@LQUIXSU>ePÇIl.?.[A2�5@d�5@LQUIXSUre
5B:�6�`.5@?P6>2�\aeDUrfn5B:�5@9S?bC­��Uif46H?yhi9�e�UIL�5@=��	5Q=�F�6Z^rMmp�$+UI2g?.9Sl.LQL@5�2m6H?Pe�9Sh�dS6>2�576H`.LQU;3i�cJ�=gUI2ra��
=�2m6H?P:�hi5B:g:V5Q9S?P:|Ck��U}L@9;9TW�6>=�=�F.Ujhi9;:�='lA?PeDUI2�M�[.2g5@d�5@LQUIXSU>eilP:�UI2jo�=�FAU89S?.Uj�	F.9��	6S:OUIL@5QXS5@`AL@U�=gF.U
L@Ur6S:V=�?Dl.hY`PUI2O9HJ�=�5QhiU>:�t�6>?PeafI6HL7fnl.LB6>=�Uj=�F.U8UI~�[PU>fn=gU>eZdT6HL@lAU89HJ�=�F.U8?�l.hY`PUI2'9>J�=�5@h�U>:c5Q='FG6S:
`PUIUI?iU4L@5@XT5@`.LQU;3 � �+F.57:+5B:�6}hiU>6T:Vl.2gU	9HJz=�F.UOl.=g5@L@5Q�>6H=g5@9T?�9>J�=gF.U'��9S2m:V=	lP:�UI2I3��´U�=gF.UI?i?A9S2�h{6HL@5Q�IU
=�FAU}l.=g5@L@5Q�>6H=g5@9T?{JK6Tfn=�9T2�6>`P9Hd;Uj`D\�=gF.U}l.=g5@LQ5@�>6>=�5@9T?�9HJ�2g9Sl.?PeZ2g9S`.5Q?�:gf�F.UreDl.L@5Q?.X.C.=g9i2�U4hi9>d;U'=gF.U
Un��U>fn=m:+9HJ�a��	6H?Pe�=�F.U�?�l.hY`kU42+9HJ±lP:VUI2m:n3��´U�:VF.9>�"6Yfn9Thi[P6H2g5B:�9S?�9HJ�=gF.U�JK6H5Q2�?.U>:g:c9>J�dT6>2�5@9TlP:AP*-,
9%2R9%2�1�<�;=E:L�.FE�24781�7:9%2:749S>-Q-,�9S>+,�9%2RL
9��M>FK�BS7Á7:;D>@1�B%>FK
B�1374.-9S<�>PBS;�2:.FL¡Gn;=E:J�OW/�.F>W13K
24. 74,
.UE+13<
L�;=J]?=13E49z1�/
B%.F2>F;�E:E:.P2:C�;=<
L
9%<
N?7:;�L
9tÓ�.FE:.P<Å7-K�2:.FE42O1�E:.�L
.FC�.F<
L�.F<�7(O�/
K
7-9%7->@1�<T/�.�>@13B%>FK�Bz1�7:.FLA<�K
J?.FE:9%>@1�BSB@B�V



Â>]

hiUI=gF.9�e.:+5Q?Z!�5@XSlA2�U�_�3x]D3

�+F.U'J�9Tl.2	hiUI=gF.9�e.:�fn9Shi[G6H2�Ure�F.UI2gU�6H2gU�9S[.[P9T2�=�lA?.5B:�=�5Bf�`PU>6>h�J�9S2ghi5@?.X��	5@=�F�l.?AL@5@h�5@=�Ure
J�UIU>e�`P6Sf<W}o���$'t<C>�;lP6H?�=�5Q�IU>e�9S[.[P9T2�=�lA?.5B:�=�5Bf�`PU>6Hh�J�9T2�hi5Q?.XOoVÊ���t<CI9Tl.2/LQ5@hi5Q=�U>e+J�UIU>e�`P6Sf<W�:gf�FAUIhiU
oVÊ�
.tmCI6>?Pe}fn9TF.UI2gUI?D=�9S[.[P9T2�=�lA?.5B:�=�5Bf�`PU>6>h�J�9S2ghi5@?.XOo��	��tP�	FAUI2�U�=gF.U�`P6S:�U�:V=<6>=�5Q9S?}W�?.9>�O:-6HLQLS=gF.U
o�d;Urfn=�9T2ntbf�FP6>?.?.UIL�X;6>5@?P:�9HJb6HLQL.lP:VU42<:nC�6H?Pe86>=�U>6Sf<F8=�5QhiU�5Q?D=gUI2�dT6HLAeDUI=gUI2�h�5@?.57:V=�57fI6HLQLN\'`PU>6>h�J�9S2gh�:
=�9>��6H2<eA:c=gF.U�`kUr:V=	lP:�UI2I3

��:-9S`P:�UI2�d;Ure�5@?�!/5@XTl.2�U�_D3w]DCS5Q?}=�U42�h�:E9>J.JK6H5Q2�?.U>:g:�6HLQ9S?.U�CD��$´6>?Pe}5@=m:/�;lP6H?�=�5Q�IU>e�d;UI2<:�5@9S?
Ê���[kU42VJ�9S2gh¼�;l.5@=gU��+UILQL�C�6S:+��UIL@L�6T:+9Sl.2	hiU4=�F.9�e�Ê�
P3A 'UI=gUI2�hi5Q?.5B:�=�57f+`kUr6Hh�J�9T2�hi5Q?.X�eD9;U>:	?.9T=
eD9�6S:���UIL@LKCkU>:�[PU>fn5B6>L@LQ\i�	F.UI?a=�F.U8?�l.hY`PUI2	9HJ�lP:VUI2m:�5B:'F.5QXSF-3j�+F.UY:�h�6HLQL/dT6H2g5B6>=�5@9T?P:�`PUI=��+UIUI?
��$,6H?Pe�Ê��jC/��Ui`PUIL@5QUId;U;C�6H2gUZe�l.Ui=�9�=gF.U��P?A5@=�U��	5@?PeD9>�ÆUn��U>fn=�6H?Pey[P9;:g:V5@`AL@\�6HLB:�9�=�9�=gF.U
:�6>hi[.LQU�:V5Q�IU�9HJ±=�F.Uj:V5Qh�lALB6H=g5@9T?-3



�������#�	���)Á
�����+�����	��
���
��	���¸�����	���� �
���
0�����;�	����
�����$	�'�O�� �$	��
� �
��#�+�����'&}


�+F.UI2gUi5B:�UId;UI2�M�5Q?Pfn2�Ur6S:V5Q?.X�eDUIh�6>?PeZJ�9S28F.5QXSF.UI2�e.6H=m6Z2<6>=�U>:}5Q?y=�F.U�?.UI~�=�XTUI?.UI2m6H=g5@9S?��	5Q2�UILQU>:�:
:V\A:V=gUIh�:|3/��?�6�h�lAL@=�5QlP:VU42/UI?�d�5@2�9T?.hiUI?�=IC>�	F.UI2gU�6�LB6>2�XSU�?Dl.hY`PUI2�9>J�lP:VUI2m:+:�FP6H2gU�=�F.U%:�6Hh�U	hiUnM
eD576�J�9S2	f|9ShihYl.?.57fI6H=g5@9S?bCHUn�{fn5QUI?D=�`.2g9;6TeD`P6H?Ge�=�2m6H?P:�hi5B:g:V5Q9S?i=gU>f�FA?.5B�;l.U>:�=�FG6H=	[.2g9Hd�5Be�U'F.5QXSF.U42
:V[PU>f|=�2<6>L�Un�{fn5@U4?Pfn\YFP6Id;U}`PUIUI?�=gF.UY:Vl.`���Urfn='9>J�5@?�=�UI?P:�U}2gU>:VU>6>2<f<FZ5Q?Z=�FAU8[P6S:�=%J�U4�)\;U>6H2m:n3}�O2VM
=�FA9SXS9T?P6HL.J�2gU>�ulAUI?Pfn\jeDUId�5B:�5@9T?}hYl.L@=g5@[.LQUI~D5N?.X�o���!� ��´t�5B:/9T?.U	9HJb=�F.U��+UILQLDW�?.9>�	?8h�lAL@=�5NM�f46H2�2g5@UI2
=�Urf�F.?A5B�;l.U>:k=g9�f|9ShY`P6H=b�m
u�E6H?Ge�5B:E?A9H��6H?j5@?�=�UIXT2<6>L;[P6H2g=/9>JP�	5@2gUIL@U>:g:E:�=<6H?Ge.6H2me.:�:VlGf�Fj6S:�ÃS^T]D3QpSpI6
6H?GeZ���������%����
�Ç>]D3

��?y6�?.UI=��+9T2�W�9>JO�	5@2�U4L@U>:g:'lP:VU42<:nC�h�lAL@=�5NM�lG:VUI2�eD5@d;U42<:V5Q=�\�fI6>?´`PUiUI~�[.LQ9S5@=gU>eZ=�9�[.2�9>d�5BeDU
F.5QXSF.UI2�:�[kUrfn=�2m6HLPUn�{fn5@UI?Gfn\j6H?PeY�ulG6HL@5Q=�\}9HJz:�UI2�d�5Bf|U��vp4]�	K3+�'?AU	�	6I\8=�9�UI~�[.L@9T5@=�hYl.L@=g5@lP:�UI2�eD5@d;U42VM
:V5Q=�\ZX;6>5@?y57:�=�F.2g9Sl.XTFy9S[.[P9T2�=�lA?.5B:�=�5BfY:�f<F.U>e�l.L@5Q?.X��vp4]�	F�NpnÀ�	K3Y�±2gUId�5@9SlG:%��9S2gW�9S?y9T[.[P9S2�=gl.?.57:V=�57f
:�f<F.U>e�l.L@5Q?.X}FP6T:c`PUIU4?�h�9S2�UOJ�9�fnlP:VUre�9S?�=gF.U�J�2�U>�;l.UI?Pf|\�!�6>=cJK6TeD5@?AX8hi9�eDUILO�vpI]
	F�NpnÀ�	 �vp4_�	�3��O9H�+M
UId;UI24CS5@?�6�?.UI=��+9T2�W89>J���!� ��¼lP:VUI2m:nC;9S?AL@\Y6%J�U4���+9T2�WA:�FP6Id;U	l.=�5QL@5@�4U>e}9S[.[P9T2�=�lA?.5B:�=�5BfO:�f<F.UIh�U>:
=�9Y5@?Gfn2�U>6T:VU�=gF.UjfI6H[G6Sfn5Q=V\�9HJz=�F.Uj:V\A:V=gUIh�3

�O?.Ua9HJ8=gF.U�h�6I��9T2i[.2g9S`.LQUIh�:�5Q?�UIhi[.LQ9H\�5@?AXy6>?�9T[.[P9S2�=gl.?.57:V=�57f´:gf�FAUIhiUZ5Q?)��!� ��
?.UI=���9S2�W�5B:E=�FAU#L76H2gXSU	6>hi9SlA?D=-9>JDJ�UIUreD`P6Sf<W�2gU>�ulA5@2�Ure'=�9O[P6S:g:/=�9	=gF.U+`G6S:VU|M�:�=<6H=g5@9T?-3�!.9S2-UI~A6Hhi[AL@U
5@?�ÃS^T]D3QpSpI6ZUr6Sf<F�lP:VUI2�FP6T:}Á>À�:VlA`Ef<FP6>?.?.UIL7:�6>?Pey6i?.UI=���9S2�W�9>J�p4^S^�lG:VUI2m:�2�Ur�ul.5Q2�U>:O=�F.UY`P6S:�U
:V=m6H=g5@9S?a=�9�fn9TL@LQU>fn=�ÁHÀ;^T^�2gU>6HL�?�l.hY`PUI2<:+J�2�9Th�6HL@Lz=�F.U8lP:�UI2<:|3Y!GlA2�=�FAUI2�hi9T2�U;CP=�FA5B:'5Q?DJ�9S2gh�6H=g5@9S?
:VFA9Sl.L7e�`PU�2�U>fnU45@d;U>e8UI2�2g9S2+J�2gUIUj6H?Pe��	5@=�F�?.9�eDUIL76I\;3��-9i6Te.eD2gU>:�:	=�F.57:+5B:g:Vl.U;CU�Å_Dp=	-[.2�9T[k9�:VU>e�6>?
9S[A[k9T2�=gl.?.5B:�=�57f�:gf�FAUIhiUO5@?��	F.5Bf<F�6TeI�<6SfnU4?D=O:�l.`�f�FP6>?.?.UIL7:	6H2gU}f|L@lP:�=�UI2gU>e�5@?�=�9jXS2g9Sl.[P:�6H?Pei=�FAUI?
9S?AL@\a=�F.U�6Id;UI2<6>XSUZ
u
�� dT6>L@l.Ui9>J�Ur6Sf<F�fnL@lG:V=�U42}5B:�J�U>e´`P6Tf�Wa=�9�=gF.Ui`P6T:VU�:V=m6H=g5@9S?b3y$+l.=j=�F.57:
:V=g5@LQL#2gU>�;l.5@2gU>:'J�UIU>eD5Q?.XZ`P6Tf�W�:VU4d;UI2<6>L#2gU>6HL�?DlAh�`PUI2m:%=g9Z=gF.Ui`P6T:VUnMs:V=m6H=�5Q9S?¸�	F.5Bf<F´h{6r\�?A9S=8`PU
6r��9T2<e.6>`.L@U;CPU>:�[kUrfn5B6>L@L@\Y5@?�l.L@=g2<68�	5BeDUnMK`P6>?Pe�6H?PekÇ49S2'JK6T:V=�M�JK6TeD5@?.X�:�f|UI?P6H2g5@9�:n3

Â>¿



ÂIÀ

��?�=�F.57:'f<FP6H[A=�UI2	��U�[A2�9S[P9�:VUY6Y:V5@h�[.L@U�:Vl.`�f<FP6H?A?.UILz6HL@LQ9�fI6H=g5@9T?�:�f<F.UIh�U'5Q?��	FA5Bf<F�9T?.L@\
9S?AU�`A5@=8[PUI2Y:VlA`Ef<FP6>?.?.UIL�o�9S2YfnLQlP:V=gUI2nt�5B:�J�U>ey`P6Tf�Wa=�9a=�F.U�`P6T:VU�:V=m6H=g5@9S?b3��+FDlP:}�	FAUI?�U>6Tf�F
lP:�UI2+FP6T:Äa :Vl.`�f<FP6H?.?AUILB:|CD9S?AL@\~aºJ�U4U>eD`P6Tf�W8`.5Q=<:�[PUI2+lG:VUI2�6H2gU�2�Ur�ul.5Q2�U>e�3­�aU�:�F.9>��=�FP6>=+UId;UI?
=�FA5B:�L@5Qhi5@=gU>ecJ�UIU>e�`P6Sf<W8fI6>?�5Q?Pfn2gU>6S:�U	=�F.U�fI6H[G6Sfn5Q=V\j=�9�hi9T2�U+=gFP6H?�=V�	57fnU+=gF.U�fI6H[P6Tfn5@=�\j9S`.=m6H5@?AU>e
`�\a�	 ����}3���:V5Q?.X�6>?P6HLQ\D=g5BfI6>L�=�U>f<F.?.57�ul.Ur:�eDUId;UILQ9S[PU>e�5@?���FP6H[A=�UI2m:}]Z6>?PeyÀ.C��+U�:VF.9>�Æ=�FP6>=
=�FAU�XT2�9>�	=�F�2m6H=gU�9>J�?.UI=���9S2�W²fI6H[P6Tfn5@=�\y57:}5BeDU4?D=g5BfI6>L+=�9a9S[A=�5@h{6HL+9T[.[P9S2g=�l.?.57:V=g5BfZ:�l.`�f�FG6H?.?.U4L
6HLQL@9�fI6>=�5Q9S?i�	5Q=�F8J�l.L@L�f<FP6H?.?AUILP5@?DJ�9T2�h�6>=�5@9T?i6>=+=gF.U'`G6S:VU%:V=<6>=�5Q9S?-3�!.l.2g=�F.UI2ghi9S2gU	�+UO5@?�d;U>:V=g5@X�6H=�U
=�FAU'Un��U>f|=�9HJ­fn9S2g2�UIL76H=�5Q9S?�6Hhi9T?.Xjf�FG6H?.?.U4L.=<6>[P:#=g9}:�F.9>��=�FP6>=�UId;UI?8�	F.UI?Y=�FAUI2�U	57:#f|9S2�2gUILB6>=�5Q9S?-C
:V5QXS?.5N��fI6>?D=	X�6H5@?�5@?i=gUI2�h{:#9HJ#:Vl.h�MK2<6>=�U�f46H[P6Tfn5@=�\�fI6>?�`kUj6Tf�F.5QUId;U>e�`�\i9Tl.2	[.2�9T[P9;:VUre�:�f<F.UIhiU;3

�+F.U�9S2�X�6H?.5Q�>6H=g5@9T?�9HJ%=�F.U�f<FP6H[.=gUI2Y5B:86S:}J�9SLQL@9>�O:nC�5@?�
;U>fn=g5@9T?�Á�3@p��+U�5@?�=�2g9�eDlPfnU�=gF.U
:V\A:V=gUIh hi9�eDUILK3 
�U>fn=�5Q9S?¸ÁD3w]´=<6>L@WA:�6>`P9Sl.=i=gF.U�:�l.h�MK2<6>=�U�fI6H[G6Sfn5Q=V\²6H?Pe�5Q=<:}J�9S2�hYl.L76H=�5Q9S?y5Q?
��!� �� ?AUI=��+9S2gW.:|3���?�
;U>fn=g5@9S?¸Á�3x¿�9Sl.2Y[.2�9T[P9;:VUre�L@5@h�5@=�Ure³J�UIUreD`P6Sf<W�eD\�?P6>hi5Bfi:�l.`�f�FG6H?.?.U4L
6HLQL@9�fI6>=�5Q9S?�6>L@XS9T2�5Q=�F.hË57:}eD57:�fnlP:g:VU>e�3Z
;U>fn=g5@9S?�ÁD3ÅÀ�fn9T?D=m6H5Q?P:�=gF.U�2gU>:VlAL@=<:�6>`k9Tl.=8=�FAU�:Vl.hYM�2m6H=�U
fI6>[P6Sfn5Q=�\}XS2g9>�	=�FY5@?Y=�F.UO6T:V\�hi[.=�9T=�U	9>J�LB6H2gXSU	?�l.hY`kU42/9>J�lP:VUI2m:n3z�s?�
;U>f|=�5@9T?YÁD3w_%��U	5@?�d;U>:V=g5@X�6H=�U
=�FAU	[kU42VJ�9S2gh�6H?GfnU+9>JE9Tl.2�6HLQXS9S2g5@=gF.h��	F.U4?8=�F.UI2gU	5B:/=gUIhi[P9S2m6HLAfn9S2g2�UIL76H=g5@9S?j`PUI=��+UIUI?8Ur6Sf<F}lP:�UI2I�w:
f<FP6H?.?AUILE=m6H[P:|3

ÁD3Qp 
;\.:�=�UIh �Z9�eDUIL

!.9S2YU>6Sf<F�lP:VU4285@?�=�F.U�?.U4=V��9S2gWEC��+U�fn9T?P:V57eDUI2Y6ZJ�2�U>�;l.UI?Pf|\y:�UIL@U>f|=�5@d;UYL@5Q?.U>6>2}=�5QhiUi5Q?DdT6H2g5B6>?D=
hi9�eDU4L E o \ � ÿ +³ ��´
 æ � \ � ¬ o ²�� \ � h�� o \ � o�Á�3@p>t

�	F.UI2gUM¬ o \ � 6H?Pe E o \ � 6H2�U	=gF.U	5@?A[.l.=�6>?Pe�=gF.U	9SlA=�[.l.=�J�9T2#=gF.U v oIp+lP:�UI2Oo v ò ¥�p�t ÛÅÛ�Û t ý ¨;t�6H=�=�5QhiU^+2gU>:V[PU>f|=�5@d;U4L@\;Cy�)5B:	=�F.Uj6Te.eD5@=g5@d;U��	FA5@=�U�fn9Sh�[.L@UI~i��6>lP:�:�5B6H?�?A9S5B:�U86>?Pe�l.?Gfn9S2g2�UIL76H=�Ure�6>hi9S?AX
=�FAU�lG:VUI2m:}�	5@=�F��IU42�9�hiU>6>?�6H?Ge½dT6H2g5B6H?GfnU Ù �: Cçæ � \ � 5B:}=�FAUil4oIp�f�FP6>?.?.UIL	=m6H[�J�9S28lP:�UI2 v 6H?Pe
5B:�eD57:V=g2�5@`Al.=�U>ea6S:`bÌö»o�^�tIpHt��	F.5Bf<Fa5B:�6S:g:Vl.hiUre�=g9Z`PU�lA?Pfn9S2g2�UIL76H=gU>e´6>hi9S?AX�eD5N�EU42�UI?�=�lP:�UI2<:|C
6HLQ=�F.9Tl.XSFaJ�9S2}Ur6Sf<F´lP:�UI2IC�f<FP6H?A?.UIL�=<6>[P:�h�6I\�9S2�h�6I\Z?.9T=}`PU�fn9S2g2�UIL76H=�UreE3 0 57:�=�F.UYhiUIhi9T2�\



Â>_

9HJ%=�F.U³f�FP6>?.?.UIL�6H?Ge�5@=85B:Y6S:g:Vl.h�U>e½=g9´`PU�=�FAU�:�6>hiUiJ�9S2�6HLQL'lP:�UI2<:|3��´U³6S:�:�l.hiU�=�FP6>=�=gF.U
`P6T:VUnMs:V=m6H=�5Q9S?alP:VUr:���!� �� J�9T2�e.6>=<6i=�2m6H?P:�hi5B:g:V5@9T?�=�9iUr6Sf<F�lP:VUI243}$+\�6>[.[.L@\�5@?AX�fn\AfnL@57f%[A2�Un�P~
6H?GeZ�� �!���C.lP:�UI2 v �w:	f�FP6>?.?.UIL�5B:	eD5QdD57eDU>e�5Q?D=g9~aËe�5v��UI2�U4?D=�:Vl.`DMsf<FP6H?.?AUILB:�] § \ � :�lPf�F�=gFP6H=41]�§ \ � ÿ pÊ a +³ o ´
 æ o \ � º ² Ë } c ' Ú¿ o�Á�3x];t

�aU}6>LB:�9i6T:�:VlAhiU�=�FG6H=O=�F.U�=�9T=<6>L/=g2<6H?G:Vhi57:�:V5Q9S?i[P9>�+U42	5@?�=�F.U�?.U4=V��9S2gWi5B:+LQ5@hi5Q=�U>e}`�\ � ÇhÈJÉ 3
ÁD3w] 
;l.h�MK2<6>=�U}��6>[P6Sfn5Q=�\

��F.UI?Ì6HLQL	lP:VUI2m:�:�FP6H2gUZ=gF.U�:�6Hh�Ui`P6H?GeD�	5BeD=gF-CO6H?Pe�=�F.U�`P6T:VUnMs:V=m6H=g5@9S?�FG6S:}J�l.L@L	5Q?DJ�9S2gh�6H=g5@9S?
6H`P9Tl.='U4d;UI2�\8lP:�UI2I�w:	:Vl.`�f<FP6H?A?.UILB:|C.=�F.U4?i5@?�9S2meDUI2	=g98h�6H~�5@hi5N�IU	=gF.U�:�l.h�MK2<6H=gU�fI6>[P6Sfn5Q=�\�9>J�=gF.U
?.UI=���9S2�W�C>=�F.U	[.2g9S`.LQUIh"9HJ­:Vl.`�fI6>2�2�5QUI2z6H?Pe8[P9H��UI2�6>L@L@9�f46H=�5Q9S?8=g9�eD5v��UI2gUI?�=/lP:�UI2<:�5@?8=�FAU	?.UI=��+9T2�W
hYlP:V=	`PU8:�9SLQd;U>e}��9T5@?�=�L@\�3'�O9H��UId;UI24CD=�FA5B:	5@hi[P9;:�U>:O6�FDlAXSU8f|9Shi[.lA=<6H=g5@9T?P6HL�fn9Thi[.LQUI~D5Q=�\i6>='=gF.U
`P6T:VU�:V=m6H=�5Q9S?-3���:�[kUrfn5B6>L@L@\a5vJO=gF.Ui�	5Q2�UILQU>:�:jf�FP6>?.?.UIL	dT6>2�5@Ur:}�;l.5Bf<WDLQ\;C-=�F.U4?½=gF.UI?�`P6T:VUnMs:V=m6H=�5Q9S?
2�Ur�ul.5Q2�U>:�6H?�UI?.9T2�hi9TlP:+f|9Shi[.lA=<6H=g5@9T?P6HL�[k9>��UI2	=�982m6H[.57eDL@\�fn9Sh�[.l.=�U�=�F.U�9T[.=�5Qh�6HLb:V9TL@l.=g5@9S?iJ�9T2
[P9>�+UI2O6>?Pe�:Vl.`�f<FP6H?.?AUIL�6HLQL@9�fI6>=�5@9T?�6Hh�9S?.X8=gF.U�lP:�UI2<:|3+�Z9T2�UI9>d;UI2�=�FAU�9S[.=g5@h�6>L-eD\�?P6>hi5Bf-��9T5@?�=
[P9>�+UI2Y6>?Pe�:Vl.`�f<FP6H?.?AUILO6HLQL@9�fI6>=�5@9T?�2�U>�;l.5@2gU>:%JK6T:V=�6H?Pey2gUIL@576H`.LQU�J�UIU>euM�J�9S2g�	6>2<e�6H?Pe´J�UIUreD`P6Sf<W
f<FP6H?.?AUILB:�J�9S2	UI~Af�FG6H?.XT5@?.Xj5@?DJ�9T2�h�6>=�5@9T?i`PUI=��+UIU4?i=�F.U�lP:VUI2m:	6H?Pei=gF.U�`P6T:VUj:V=m6H=�5Q9S?-3���:V[PU>fn576HLQL@\
�	5@=gF�LB6>2�XSU�?DlAh�`PUI289>J}lG:VUI2m:�5@?¸=�F.U�?.U4=V��9S2gWEC	:�UI?PeD5Q?.Xy=gF.5B:85@?DJ�9T2�h�6>=�5Q9S?�`G6Sf<W�6>?Pe�J�9S2�=gF
`PUI=��+UIU4?�=�F.UYlP:VU42<:}6>?Pe�=�F.UY`P6S:�U�:V=m6H=g5@9S?²fI6HlP:�U>:�6�F�l.XSUY9>d;UI2�FAU>6Se�J�9T2}=�FAU�?.U4=V��9S2gWE3Y�+F.57:
hi9T=�5@dT6>=�U>:�6�LQ9H�+Msfn9Thi[.L@U4~D5Q=V\�:Vl.`�M�9T[.=�5Qh�l.h¶6HLQXS9T2�5@=gF.h�3

�O?.U8h�6I\�6Sf<F.5@U4d;U}U>fn9T?.9ShY\�9HJ�fn9Thi[.l.=m6H=�5Q9S?a6>?Pe´f|9ShihYl.?.57fI6H=g5v9T?�=�F.2g9Sl.XTF�:VUI[G6H2<6IM
=�5Q9S?a9HJ�:�l.`�f�FP6>?.?.UIL�6>?Pe´[P9>�+UI2j6HLQL@9�fI6>=�5Q9S?-3��s=�57:%[P9�:�:V5Q`.L@UY=�9��P2<:�=j:VUILQU>fn=�:�l.`�f�FP6>?.?.UIL7:�6H?Pe
=�FAUI?´[PUI2�J�9S2gh¾��6H=�U42VM��PL@LQ5@?.X�6Hh�9S?.X³6HL@L�:�UIL@U>f|=�U>e�:�l.`�f�FP6>?.?.UIL7:nC�`.l.=}=gF.5B:�6>X;6H5Q?�2�U>�;l.5@2gU>:'=gF.U
`P6T:VU8:�=<6>=�5@9T?Z=g9i:�UI?Pe�`G6Sf<Wi=�F.U�9T[.=�5Qh�6HL-[P9>�+UI2O6>L@LQ9�fI6H=g5@9S?�d;U>fn=g9S2	=�9�6HLQL-=�F.U�lP:�UI2<:|Ck=g9SXTUI=�F.U42
�	5@=gF�=gF.U�5@?PeD57fnU>:}9>J�=�F.U45@2�:VUILQU>fn=�Urey:Vl.`�f<FP6H?A?.UILB:|3�*#U4=Y6H?.9T=�F.UI2�:VlA`k9T[.=�5Qh�6HLO:gf�FAUIhiUi57:�=g9
U>�;lP6HLQL@\�6HL@LQ9�fI6H=gU>e�=gF.U�=�9T=<6>LE[P9>�+UI2�6Hh�9S?.X�6HL@L�:�l.`�f�FP6>?.?.UIL7:+6>?Pe�=�FAUI?i[PUI2VJ�9T2�hÆ=�F.U�:VlA`Ef<FP6>?DM
?.UIL�6>L@LQ9�fI6H=g5@9S?�6>hi9S?.XY6>L@L-lP:�UI2<:��Ä_T]�	K3��´Uj6Se�9S[.=O=�F.U�L76H=�=gUI2O6H[A[.2�9�6Sf<FZ5@?�=�F.57:c[P6>[PUI2I3



Â>Á

��:g:Vl.hi5Q?.X�J�l.LQL�f<FP6>?.?.UIL�W�?.9>�	L@U>eDXTUY6H=�=�FAU8`P6S:�U�:V=m6H=�5Q9S?-C-h�6>~D5Qhi5@�|5@?AX8=�F.U�:Vl.hYM�2m6H=�U
fI6>[P6Sfn5Q=�\´9>J�=gF.U�?.UI=��+9T2�Wa2�U>eDlGfnU>:}=�9a6>L@LQ9�fI6H=g5@?.Xa:�l.`�f�FP6>?.?.UIL	=g9�lP:VU42<:8=�FP6>=8FP6Id;Ui=�F.U�`PU>:�=
f<FP6H?.?AUIL�fn9S?GeD5@=g5@9S?G:n3���?j9S2<e�UI2-=�9�6Id;9T5Be�5@?�=�UI2�M�f46H2�2g5@UI2�5@?�=�UI2�J�UI2�U4?PfnU���U+6>L@LQ9�fI6H=gU+U>6Tf�F�J�2�Ur�ul.U4?Pfn\
`.5Q?8=�9�6�:�5@?.XTL@U�lP:VUI243��'?GeDUI2�=�F.57:�fn9S?GeD5@=g5@9S?bCSh�6H~�5@hYl.h�:�l.h�MK2<6H=gU	fI6>[P6Sf|5@=�\��	5@=�F8Ur�ulP6>LD[P9>�+U42
:V[AL@5@=g=�5Q?.XY6Hhi9T?.X8=�FAU�:Vl.`�f<FP6H?A?.UILB:	5B:	6Tf�FA5@UId;U>e8�	F.UI?iJ�9T2'U>6Tf�FYJ�2�U>�;l.UI?Pf|\�`.5Q?��+Ujf�FA9;9;:VU�=gF.U
lP:�UI2��	F.9�:VUOfn9T2�2�Ur:V[P9S?Pe�5@?.X�:�l.`�f�FG6H?.?.U4L.X;6>5@?85B:-h�6>~D5Qh�l.h��	5Q=�F.5Q?}=gFP6H=/J�2gU>�;l.UI?Pfn\�`P6H?Pe�3��+F.U
:VlAhö2<6>=�UjfI6H[G6Sfn5Q=V\�5@?�=�F.57:	fI6S:�U�5B:+XS5Qd;UI?�`D\

s < � MTM QzU�W ÿ �³ § ´ & L@9TXPo�p�h�
�
��keIh�6>~� è ] § \ � è � t o�Á�3x¿;t

�	F.UI2gU�
�
��0ÿ��	�y� �� ¶ }¡ 5B:O=�F.UY
�
��)[PUI2�:VlA`Ef<FP6>?.?.UILK3��+F.57:�:Vl.`�f<FP6H?A?.UILz:VUILQU>fn=�5Q9S?³:�f<F.UIhiU�57:c5Q?
JK6Sf|=86ZXSU4?.UI2<6>L@5Q�>6H=g5@9S?a9HJ�=�FAUi9S[.[P9T2�=�lA?.5B:�=�5Bf�:�f<F.U>eDl.LQ5@?.X�5@?]!�6H=�M�JK6TeD5@?AX´hYl.L@=g5@lP:�UI2O?.UI=��+9T2�WA:�vp4]�	-9>d;UI2MaËeD5N��UI2�UI?�=�!k6H=	JK6SeD5Q?.Xi:�l.`�f�FG6H?.?.U4LB:+[.2g9Hd�5Be�U>ei`D\Z��!� ��y3
ÁD3w¿ 
;l.`�f�FG6H?.?.U4L��'L@LQ9�fI6H=g5@9S?��	5Q=�F��P5@hi5Q=�U>eY!.UIU>eD`G6Sf<W

�+F.U�9S[A[k9T2�=gl.?.5B:�=�57fZ:�f<F.UIh�U�hiU4?D=g5@9S?AU>e�5Q?�=�F.U�[.2gUIdD5Q9SlP:8:�U>fn=g5@9S?¸6>?Pe½hi9�:V=j9HJ�=gF.U�:V5@h�5@LB6>2
:VlA`Ef<FP6>?.?.UIL�6HLQL@9�fI6>=�5Q9S?�:gf�F.U4hiU>: �Ä_S]�	P2gU>�ulA5@2�U+J�lAL@L.W�?.9>�	L@U>e�XSUO9HJ�=�FAU�:�l.`�f�FP6>?.?.UILP5Q?DJ�9S2gh�6H=g5@9S?
=�9�`PU�6rdT6>5@LB6>`.L@Ua6>=Z=gF.U�=�2m6H?P:�hi5@=g=�UI243,�'9>�+UId;U42IC#J�2g9Sh 6y[.2<6Tfn=�57fI6HL�[k9T5@?�=�9HJ8d�5@U4� =gF.5B:i57:
?.9T=Z6I��9S2<eA6H`.LQU´`PU>fI6>lP:VU�6�:Vl.h =�9T=<6HL�9>J ý a [P9;:�5@=g5@d;U�2�Ur6HL�?�l.hY`kU42<:Y:VF.9Tl.LBe�`PU�2�UILQ5B6H`AL@\
=�2m6H?P:�hi5@=g=�U>e8=�98=gF.U�`P6S:�UnMs:V=<6>=�5Q9S?Z�	FA5Bf<F�57:+?.9S=O6I�E9T2<e.6>`.L@Uj5@?i[A2<6Sf|=�5Bf|U83+
;d;U>eDh{6H?YUI=I3A6HLD�Å_Dp=	
[.2g9S[P9;:�U86H?�6>L@=�U42�?P6>=�5@d;U��	F.UI2�U�CD5@?G:V=�Ur6Sei9HJ�J�UIU>eD5Q?.X}`G6Sf<Wi=�F.U�X;6H5Q?Z9>J�U>6Tf�F{:Vl.`�f<FP6H?.?AUIL�C.U>6Tf�F
lP:�UI2I�w:�:Vl.`�f<FP6H?A?.UILB:�6>2�UYeD5QdD57eDU>e�5Q?D=g9�fnLQlP:V=gUI2<:�6>?Pe�5@?�U>6Tf�FafnLQlP:V=gUI2�=gF.U8h�6H~�5@h8lAhödT6HL@lAU89HJ
=�FAUifnLQlP:V=gUI2�5B:'J�U>e´`G6Sf<W�=�9Z=gF.UY`P6S:�UnM�:�=<6>=�5@9T?-3��+F.5B:�2�U>eDlGfnU>:�=�F.UY?�l.h�`PUI2�9HJO2�Ur6HL�dT6HL@lAU>:�=g9ý a¸6S:g:Vl.h�5@?.X8=gFP6H=O=�F.U42�U86>2�U�a¸fnLQlP:V=gUI2<:|3+$+l.=O=�FA5B:	:V=g5@LQL-2�U>�;l.5@2gU>:±J�U4U>eD5@?AX�`P6Tf�W{:VUId;UI2m6HL�2�U>6>L
?�l.h�`PUI2m:�=�9Z=gF.Ui`P6T:VU�:V=m6H=g5@9S?��	5Q=�F.9Tl.=Y6H?�\´U42�2�9T286>?Pe�eDUILB6I\��	F.57f�F�5B:}:�=�5QL@L�?.9S=Y6>=�=g2<6Sf|=�5@d;U
J�2�9Th¼6H?�5@hi[AL@UIhYUI?;=<6>=�5Q9S?Y[k9T5@?�=	9HJ�d�5@U4��3



ÂSÂ

�aU}[.2g9S[P9;:�UY6i:V5Qhi[.L@U�:�f<F.UIh�U��	F.UI2gU;Ck5Q?P:V=gU>6Se�9HJ�J�U4U>eD5@?AX8`P6Sf<W�=�F.U�J�l.L@L-5Q?DJ�9S2gh�6H=g5@9S?
9HJb=�F.UO:�l.`�f�FG6H?.?.U4LB:nC;9T?.L@\89T?.UnMK`.5@=�9HJb5@?DJ�9T2�h�6>=�5Q9S?}[PUI2�:�l.`�f�FP6>?.?.UIL�o�9S2�fnL@lG:V=�U42nt-57:­J�U>e}`P6Tf�W8=g9
=�FAU8`P6S:�UY:V=<6>=�5Q9S?ZJ�9S2j:�l.`�f�FP6>?.?.UILz6HLQL@9�fI6>=�5Q9S?-3j!.9S2�lP:�UI2 v C�=�F.U ¯ oIp :Vl.`�f<FP6H?A?.UIL�X�6H5@? è ] § \ � è �
5B:�fn9Thi[P6>2�U>e�=�9³6�=�FA2�U>:�F.9SL7e#ý-§.C�5vJ	=gF.U�:Vl.`�f<FP6H?.?AUIL�X;6H5Q?y5B:j6H`P9>d;U�=gF.UY=�F.2gU>:VF.9TLBey6a¢LZz£�57:
=�2m6H?P:�hi5@=g=�U>ei`P6Tf�W�=g9�=gF.U}`G6S:VUY:�=<6>=�5@9T?�9S=gF.UI2��	57:VUY6�¢L¤z£�5B:'=g2<6H?G:Vhi5Q=�=�UreE3A&´
;9�9S?.LQ\ a `.5@=m:
[PUI2�lP:�UI2O5B:'2gU>�ulA5@2�Ure{5Q?�J�UIUreD`P6Sf<W�3 � �O[k9T?�2�U>f|UI5@[.=O9HJ�6>L@L-J�UIU>eD`P6Tf�W�`.5@=m:cJ�2�9Th =gF.U8lP:�UI2<:|Ck=gF.U
`P6T:VU>:�:�=<6>=�5@9T?i6>L@LQ9�fI6H=gU>:­Ur6Sf<F8:VlA`Ef<FP6>?.?.UIL.=g9�9S?AU	9HJ�=�F.U�lP:VU42<:/�	F.9�:VUOfn9T2�2gU>:V[P9S?GeD5@?.X�J�UIUreD`P6Sf<W
`.5Q=+5B:�¢LZz£|3��+F.57:+6T:�:V5QXS?.h�UI?D=�fI6>?�`kU%eD9S?.U�dD576�2<6>?PeD9Th¼:VUILQU>fn=g5@9S?Y9S2�2�9Tl.?Pei2�9T`.5@?�:gf�FAU>eDl.LQ5@?.X
6Hh�9S?.X8UILQ5@XT5@`.LQU�lP:VU42<:n3	�Ol.2�fnLB6>5@hÆ5B:	=�FP6>='`�\���lPeD57fn5@9TlP:	f<F.9S57fnU�9HJ±=�F.U�=�FA2�U>:�F.9SL7e�L@U4d;UILB:�¥�ýË§�¨
hi9�:V=�9>JE=gF.UOh�l.LQ=�5QlP:VUI2�f46H[P6Tfn5@=�\�X;6>5@?Y5B:/[.2gU>:VU42�d;U>eE3��+F.U�f<F.9S57fnU+9>JUý § �w:­J�9S2�U>6Tf�FY:�l.`DMsf�FG6H?.?.U4L
fI6>?�`PU�eD9S?.Uj6TfIfn9S2meD5@?AX�=g9i
;U>fn=g5@9S?�ÀA3ÄÀ.3

ÁD3ÅÀ ��6H[P6Tfn5@=�\Z
�f46HL@5Q?.X

��F.UI?²f�FP6>?.?.UIL�=m6H[P:j6H2�U�l.?Pfn9T2�2�U4LB6H=gU>eEC�5�3ÄU�3��O�tæ o \ � æ,¥� \ � 		ÿ§¦ o ² �<C/��U�fI6>?´lP:�Ui=�FAU�6H?P6>L@\�=�57fI6HL
J�2<6>hiUI��9S2�WYe�UId;UIL@9T[PU>e�5@?���FP6>[.=�U42	À}J�9S2�eDUI=�U42�hi5Q?.5@?.X�=�F.U�9S[A=�5@h{6HLP=�F.2gU>:VFA9SLBeidT6HLQl.Uj6H?Pei=gF.U
UIdT6HLQlP6H=g5@9T?�9>J.=gF.U�:Vl.hYM�2m6H=�U�fI6>[P6Sf|5@=�\;3E�aU�?.9S=g5BfnU�=gFP6H=�l.?Pe�UI2-=�F.U±6S:�:�l.hi[.=g5@9T?�9>J.lA?Pfn9S2g2�UIL76H=gU>e
f<FP6H?.?AUILD=m6H[P:|CS=�FAU	:VlA`Ef<FP6>?.?.UIL�X;6>5@?P:�¥ è ]�§ \ � è � ¨O6>2�U+5K3Ä5K3xeE3E2m6H?Pe�9Sh�dT6>2�5B6>`.L@Ur:/�	5@=gF}UI~�[P9S?.UI?�=�576HL
eD57:V=�2g5@`.lA=�5@9T?-3��'UI?GfnU�=�FAU�U42�XS9�e�5Bf�:Vl.hYM�2m6H=�UjfI6>[P6Sf|5@=�\��	5Q=�FiJ�l.LQL/�	
��	6>=	=�F.U�`P6T:VU8:�=<6>=�5@9T?Z57:n1sç< � MTM QzU�W ÿ$a��O� L@9TXPo�p¡h¸
�
��·h�6>~� è ]�§ \ � è � t+	 o�Á�3ÄÀ�t

�	F.UI?�:�l.`�f�FP6>?.?.UIL7:'6>2�U�l.?Pf|9S2�2gUILB6>=�U>e�CP:V5@h�5@LB6>2�=�9Y�+F.UI9T2�UIh _���U}f46H?�:VF.9>�)=gFP6H=

¼�½U¾�¿ÁÀ
¾�Â ¨ \^�P¤+«4��£�
�¯�¦S¡�¤Oª<¦��A¦;ªI¢@¡K°�©P�+«4ª��P¤g¥;�; N¢B§��Ö��¢@¡H��©;§P¤3
�®I¢@¡^�P¤|¯+«4��®�
�ª��A¦;§.§P¤< k«4ª<¦S @¤g«O¡H�P¤
«4¦;£�¤j¦H«�¡��P¤jª<¦��A¦;ªI¢@¡�°Y©P�j©����A©;¯<¡���§.¢v«|¡K¢Bª%«4ª��P¤g¥;�; N¢B§�����¢@¡��q�4�; @ �¨0��óÅÍ)�>i,
.P<r7:,
.ÄGI.F.FL
/�13>��r>+,�13<
<�.FB�9%2D>P;=<�7:.F<�749S;�<�5�/�1324.FLÖ1�<
Lr2:,�1�E:.FL~13J?;=<
NA13B%BRK
24.FE:2MOR7:,�.F<�9%<r>@1�2:.T1�2:K
/�5>+,�13<�<
.FB�9%2�/�.FB%;3Qi74,
.�7:,
E4.F2:,
;�B%LMB%.�?=.PB O�<�;DGI.P.FL
/�1�>���L�13781OGI;�E�74,�137^2:K
/�>+,�13<�.FB�9%2^7:E81�<
2:J?9%7:7:.PL&O=74,
9%2�B%.@1�L
2^7:;�1/�.F7:74.FEUK
749%BS9ª©@1�7:9%;=<?;3G�7:,
. 1M?=1�9%Bz1�/
B%.�/�13<
L
Q-9%L
74,A;=<M74,
.�GI.P.FL
/�1�>��?>+,�13<
<�.FB�VA/«0<
.�>@13<A13B%2:;�K
2:.�7:,�. 9%L
.W1D;�GÔ>FB%K
247:.FE49S<�N 74,
.�2:K
/�>+,�13<
<�.FB%2-7:;¡E:.FL
K�>F.D7:,�.O1�JM;�K
<�7Ô;�G�GI.P.FL
/�1�>��?7:;EØr/
9%742C�.FEUK
24.FE@V



Â>Ã

0 100 200 300 400 500 600 700 800 900 1000
0

1

2

3

4

5

6

Number of users

S
pe

ct
ra

l E
ffi

ci
en

cy
 p

er
 s

ub
�c

ha
nn

el
 (

B
its

/S
ec

/H
z)

Normalized sum�rate capacity, SNR=10 dB

Full CSI, r =0  
 1−Bit ,   r =0  
 TDMA , r =0    
Full CSI, r =0.8
 1�Bit ,   r =0.8 
 TDMA , r =0.8    

!�5@XSlA2�UjÁD3QpS3+
;l.hYM�2m6H=�UjfI6>[P6Sf|5@=�\Zo�?.9S2gh�6HLQ5@�IUre�`�\�
�t�dA:n3�?�l.hY`kU42#9>J�lP:�UI2<:Ò�À
¿-¿ÔÓ�Õ 
;5Q?PfnU�=�F.U³:Vl.`DMsf<FP6H?.?AUILB:i6>2�U�l.?Gfn9S2g2�UIL76H=�UreEC+J�9S2iU>6Tf�F�:�l.`DMsf�FG6H?.?.U4L��+U³fI6H?�6>[.[.L@\
�+F.UI9T2�UIh _�=g9Y:VF.9>�)=gFP6H=

L@5QhúDï�ð s & W � os < � MTM QVU�W ÿ"p Û
ÁD3w_ 
;l.`�f�FG6H?.?.U4L���9S2�2gUILB6>=�5Q9S?

��?�=gF.5B:�
;U>fn=g5@9S?Y�+UO6T:�:�l.hiU	=�FG6H=#J�9T2�U>6Sf<F8lP:VU42#=gF.U�f�FP6>?.?.UILA=<6H[G:+6H2gU�f|9S2�2gUILB6>=�U>e�CS`.l.=�=�FAUI2�U	57:
?.9�e�UI[PUI?PeDUI?GfnU�`kU4=V��UIUI?jeD5N�EU42�UI?�=/lG:VUI2m:n�Tf�FP6>?.?.UIL7:n3��+F.U�fn9S2g2�UIL76H=�5Q9S?jhi9�eDUIL;=gFP6H=���U�fn9S?P:�5BeDU42
5B:	6>?ZUI~�[P9S?.U4?D=g5B6HLbeDU>fI6I\�5@?.X8h�9�eDUIL-e�U>:�fn2g5@`PU>e�`�\

�O� æ o \ � æ ¥� \ � 	Eÿ`u,¬ o ² � ¬ o�Á�3x_;t

�+F.57:'hi9�eDUIL��+U4L@L�eDU>:gfn2�5Q`PU>:'=�FAU8fn9T2�2�U4LB6H=g5@9T?afI6HlP:�U>eZ`�\Z6Y[.l.LB:�UnMs:VFP6>[.5@?.Xi�PLQ=�UI2O=�FG6H=�UI~�5@=m:c5Q?
h�6>?D\Y[.2<6Tfn=�57fI6HLbfn9Sh�h�l.?A5BfI6>=�5@9T?P:�:V=m6H?Pe.6>2<e.:O:VlGf�F�6S:���
��y3

�PUI=*r�§ \ � `PU+=gF.U+[P9>�+U42/9>JE=gF.U ¯ oIp+:VlA`Ef<FP6>?.?.UIL�9HJ�=�FAU v onp+lG:VUI2��	F.5Bf<FjfI6H?8`PU�fI6HL7fnl.LB6>=�U>e



Â>q

6S:|1

r § \ � ÿ �O� è ] § \ � è � 	
ÿ pa �j� Ü � ² &³ o ´
 æ o \ � º ² Ë } c Ú '¿ Ý Ü � ² &³ � ´& æ,� \ � º ² Ë } cl­ '¿ Ý ¥ �
ÿ pa �j� � ² &³ o ´
 � ² &³ � ´
 æ o \ � æ ¥� \ � º ² Ë } cl® Ú � ­°¯ '¿ �
ÿ pa � ² &³ o ´& � ² &³ � ´
 u,¬ o ² � ¬%º ² Ë } c '¿ x o ² � {

`�\�f�FG6H?.XTU�9>J�:VlAhihi5@?AX�5@?Pe�UI~i=�9 q ÿS^�±DF}�+U�XTUI=
r�§ \ � ÿ

� ² &³�=´Á² x � ² & { o�p�± è q èa t8u,¬ � ¬ º ² Ë } c '¿ �
ÿ ±A¥ 6Á§�¨T±�p o�Á�3xÁ;t

�	F.UI2gUc6R§}ÿ &» � � � ² &� ´ & í � º ² Ë } c '¿ � 57:­=gF.U	eD57:�fn2gUI=�U�!.9Sl.2g5@UI2-=g2<6H?G:sJ�9S2ghöoK �!��'t-9>JE=gF.U	:�U>�;l.UI?PfnUí � ÿµo�Ê a�± �» � t8u � 3Z��:g:Vl.h�5@?.Xiu �³² pTC�6rJ�=gUI2j:V9Sh�Ui6>L@XSU4`.2<6Z��U�9T`.=<6>5@?�=�F.U8J�9SLQL@9>�	5@?AX
UI~�[.2�Ur:�:V5Q9S?iJ�9S2´r
§ \ � 1r�§ \ � T p�±þu �

p�h�]
u�fn9;:,µ�§?h�u � h ]�u�fn9;: µ�§?hyÀ�u � h²]�u ÿ fn9;:,µ�§a³o�p�h�]
u+f|9;:,µ�§?hþu � t � o�Á�3vÂTt

�	F.UI2gUPµ£§aÿ � º §� 3�
'9S=g5BfnUY=�FG6H=8J�9S2Y6ZXS5Qd;UI? ¯ CÄ¥�]�§ \ � ¨��x:j6H2gU�5K3Ä5K3xeE3�6Tfn2�9�:�:YeD5v��UI2gUI?�=}lP:�UI2<:|C
F.UI?GfnUHr § \ � eD9;U>:�?.9S=jeDUI[PUI?Ge�9T? v 3Y�+F�lP:�fn9S2g2�UIL76H=g5@9S?�`PUI=���UIUI?�=<6>[P:�L@U>6Te.:�=�9�:VlA`Ef<FP6>?.?.UIL7:
�	5@=gFye�5v��UI2�U4?D=��;lP6>L@5@=g5@U>:|3��O?´=gF.U89S=gF.UI2�FP6>?Pe´UI~A6Sfn=%fI6HL7fnl.LB6>=�5Q9S?a9HJ	=gF.U89S[A=�5@h{6HL�=gF.2�U>:�F.9SL7e
J�9S2�=gF.5B:if46S:VU�57:�?.9T=�h{6H=�FAUIh�6H=g5BfI6>L@LN\a=�2<6Tfn=<6>`.L@U�3 
;9���U�[.2�9T[k9�:VU�6�:Vl.`P9S[A=�5@h{6HL�:�9SL@lA=�5@9T?
J�9S2j�;lP6H?�=�5Q�I5@?AXi=�F.U�:VlA`Ef<FP6>?.?.UIL7:%�	5Q=�F�9T?.U�`A5@=I3Y!.9S2�=gF.U ¯ oIp}J�2�U>�;l.UI?Pf|\Z`.5Q?-CE�+U�eD5QdD57eDU}=gF.U
:VlA`Ef<FP6>?.?.UIL-X�6H5@?G:+`D\[r § \ � 6H?Ge{=gF.UI?�f|9Shi[P6>2�U�=gF.U�?.9T2�h�6>L@5Q�IU>e8f<FP6H?.?AUILEX�6H5@?�`�\�=gF.U�9T[.=�5Qh�6HL
=�FA2�U>:�F.9SL7e�f46HLBf|l.LB6>=�U>ei5@?�
;Urfn=�5Q9S?iÀA3ÄÀ.C.5NJ è ]�§ \ � è �r�§ \ � § ý-§
=�FAU%J�U4U>eD`P6Tf�WY`.5@=	57:	:VUI=	=g9#"4pI��Ck9T=�F.UI2g�	5B:�U�5Q=	5B:	:�UI=	=�9]"m^S�D3



ÃS^

!/5QXSl.2gU�ÁD3Qp�5B:+=�FAU�:V5Qh�l.L76H=g5@9S?Y2�Ur:Vl.LQ=+`P6T:VU>ei9S?�=�F.U�[.2�9T[k9�:VU>e�6HLQXS9S2g5@=gF.hºJ�9S2�
u
��%ÿjp4^
e.$�3;��:�fI6H?8`PU�:VUIU4?85@?8=�FAU+�PXSl.2gU+J�9S2�`P9S=gF�l.?Gfn9S2g2�UIL76H=�Ure86H?PeYfn9S2g2�UIL76H=gU>e8fI6S:�U>:nC;=gF.UO:Vl.hYM�2m6H=�U
fI6>[P6Sfn5Q=�\�XT2�9>�	=�F89>JP9SlA2�:�f<F.UIhiUz5B:/=gF.U	:g6HhiU�6S:�=�F.U	9T[.[P9S2�=gl.?.57:V=�57f+:�l.`�f�FP6>?.?.UILG:VUILQU>fn=�5Q9S?��	5@=gF
J�l.LQL#5Q?DJ�9S2gh�6H=g5@9T?y6IdT6H5QLB6H`AL@U�6H=}=gF.Ui`P6T:VU�:�=<6>=�5@9T?-3��Z9T2�UI9>d;UI2�=gF.U�fI6>[P6Sf|5@=�\a6Sf<F.5@U4d;U>eZ`D\a9SlA2
:�f<F.UIh�U	5B:�h�lGf�F8F.5QXSF.U42#=gFP6H?��	 �����:�f<F.U>e�l.L@5Q?.Xj6H?Pei9S?AL@\�:VL@5QXSF�=�LQ\}L@9>��UI2�=�FP6>?�=gF.U	J�l.L@L-�	
��
:VlAh�M�2m6H=gU�fI6H[G6Sfn5Q=V\�3



�������#�	���0Â
�	��
��	����
�����
)��
� 0!z���	���O�½�����O&

��?�=gF.5B:}�P?P6>L�f<FP6H[A=�UI2Y�+U�:VlAhihiUI2g5@�IUY=�F.U³fn9S?�=�2g5@`.lA=�5@9T?P:}9HJj=gF.5B:YeD5B:g:VUI2g=<6>=�5@9T?�6>?Pe�eD5B:gfnlP:g:
:VU4d;UI2<6>L-6Id;UI?�l.U>:±J�9T2cJ�lA=�l.2gU�2gU>:VUr6H2<f<Fi5Q?�=gF.Uj6H2gU>6�9>J�9T[.[P9S2g=�l.?.57:V=g5Bf}f|9ShihYl.?.57fI6H=g5v9T?P:n3

Â;3Qp ��9S?�=�2�5Q`.l.=g5@9S?G:

¶ ¨�¦��A¦;ªI¢@¡K°Z¦;§.¦S þ°r«4¢v«{©P��¦;§D¡�¤|§.§A¦�«>¤m @¤gªn¡K¢B©;§Áôi��?�
�U>fn=�5Q9S?�¿D3w¿Z�+U�:V=�lGeD\y=�FAUi`PUIFP6IdD5Q9S2j9HJ
=gF.Uif46H[P6Tfn5@=�\Z9>JO`P9S=�F�=�2<6>?P:Vh�5@=�6>?Pe´2�UrfnUI5@d;U�6H?�=�UI?A?P6Z:�UIL@U>f|=�5@9T?�5@?a=�F.U�6S:�\Dh�[.=�9T=�UY9HJ
L76H2�XTUZ?�l.hY`kU42}9HJ�6H?�=�UI?.?G6S:n3���?�FA5@XSF�
�
��¼:�f|UI?P6H2g5@9AC+=�F.U�fn9T?PfnUI[A=�9>J�ª<¦��A¦;ªI¢@¡�°i�;¦;¢B§
57:�e�UId;UIL@9T[PU>eE3��aUYUIdT6HL@lG6H=�UY=�FAUifI6>[P6Sf|5@=�\�X;6>5@?´J�9T2}=�FAU�l.?A5@?DJ�9T2�hiU>eZ=g2<6>?P:Vhi5Q=�=gUI28o�?A9
�	
��Y6H=�=�F.U�=�2<6>?P:Vh�5@=�:V5Be�USt<C#J�lAL@L@\�5Q?DJ�9S2ghiU>e�o���6H=�U42VM��PL@LQ5@?.X�t86>?Pe [G6H2�=g5B6>L@L@\�5Q?DJ�9S2ghiU>e
=g2<6H?G:Vhi5Q=�=�U42�o�6H?�=�U4?.?P6y:�UIL@U>f|=�5@9T?Et<3¸�´U�[kU42VJ�9S2gh =gF.U�:g6HhiU�6H?G6HL@\A:V57:�J�9S=�=�F.U>:�UZ=gF.2�UIU
fI6T:VU>:+lG:V5@?AX�=gF.Ujfn9S?Pf|UI[.=	9HJcª��A¦;§.§P¤< -�;¦;¢B§85@?�=�F.U�LQ9H�+Mg
�
���:�f|UI?P6H2g5@9A3

¶ éb¦H«|¡�¦S Ú�;©;¯|¢@¡H�A£�«U�4©;¯4·4©;¢B§D¡�¡K¯�¦;§u«4£8¢@¡:
�¯<¤gªn¤|¢��H¤'«>¤m @¤gªn¡K¢B©;§Áô��s?�
;U>fn=g5@9S?{¿D3x_}��U�[.2g9S[P9;:�U�=���9
6>L@XS9T2�5Q=�F.h�:#J�9T2���9S5Q?D=O=�2m6H?P:�hi5@=�M�2gU>fnUI5Qd;U�6>?D=gUI?.?P6>L�:�UIL@Urfn=�5Q9S?��	5@=gFa�ulP6TeD2<6>=�57f}6H?GeZL@5@?AU>6H2
fn9Thi[.LQUI~D5Q=�5QUI:io�5@?�?�l.h�`PUI2Y9HJ�6>?D=gUI?.?P6T:�tY=�FP6>=�[kU42VJ�9S2gh 6>L@hi9�:V=�6T:{��UIL@L�6S:i=gF.U�F.5@XTF
fn9Thi[.LQUI~D5Q=�\8:VU4L@U>fn=g5@9T?i=�F.2g9Sl.XTFZUI~�FP6>lP:V=g5@d;U�:�U>6H2mf�F-3

¶^¸ ¤|¯n�4©;¯n£8¦;§Aªn¤j©P�8¦;§�¡V¤|§A§.¦�«>¤< @¤gªn¡K¢B©;§a¢B§[(;¤�°£�A©S @¤�ª��A¦;§.§k¤m Ä«
ôO��?´
;U>f|=�5@9T?�¿D3xÁ�Ck��U}UI~�[.LQ9S2�U
=gF.U	[PUI2VJ�9T2�h�6>?PfnU	9HJ­6H?�=�UI?A?P6�:VUILQU>fn=�5Q9S?85Q?8W;UI\DFA9SL@UOf<FP6>?.?.UIL7:n3-�´U�:VFA9H�¸=�FP6>=+l.?GeDUI2�=gF.U
W;UI\�F.9TL@U�fn9S?Pe�5@=�5Q9S?-C�:�UIL@U>f|=�5@?AX}9S?AL@\Y9S?.U�6>?D=gUI?.?P686>=+=g2<6H?G:Vhi5Q=+:�5BeDU%6H?Pe�6%J�U4��6H?�=�UI?.?G6S:
6>='2gU>fnUI5Qd;U�:�5BeDU�LQU>6SeA:c=g9Y6H?ZUr�ul.5QdT6HL@U4?D=�L@9>�+M�9T2<eDU42�
����´�":V\A:V=gUIhö=gFP6H=OFP6S:O6HLQhi9;:�=+=gF.U
fI6>[P6Sf|5@=�\�9>J�=gF.U�F.5@XTF�9S2<e�UI2	W;UI\�F.9SLQU�f<FP6H?A?.UILE�	5Q=�F�?.9Y:�UIL@U>f|=�5@9T?-3��Z9T2�UI9>d;UI2��+U�[A2�9;9>d;U
=gFP6H=�=�F.U�e�5@d;UI2m:V5@=�\j9HJ�=�FAU�:�\.:�=�UIh¶6H?�=�UI?A?P6}:�UIL@U>f|=�5@9T?�57:#=gF.U�:g6HhiUO=�FAU�`P6S:�UIL@5Q?.U�:V\A:V=�U4h�3

ÃDp



ÃS]

¶ ��ª3�P¤g¥;�u N¢B§��#�z¢@¡H�DZ

�®I¢@¡j¨0��óD�>¤<¤g¥;®<¦;ª�(�¢B§a£8�; x¡�¢B�S«>¤|¯���óW�án,§k¤<¡8��©;¯W(I«
ôO��?y��FP6H[.=gUI2�Ài��U
[.2g9S[P9;:�U�6�:V5@h�[.L@UY:gf�F.UreDl.L@5Q?.X�6>L@XT9S2�5Q=�F.h�=�FG6H=89S?AL@\a2�U>�;l.5@2gU>:�9S?.U|M�`.5Q=}9>J�5Q?DJ�9S2gh�6H=g5@9S?
:�UI?D=�`�\�=�F.UYlP:�UI2<:�=�9�=�F.U�`P6S:�UnM�:�=<6>=�5@9T?-3��´U�6HL7:V9Z[A2�9>d;U8=�FP6>=8:�l.`���U>fn=�=�9³6���lPeD5Bf|5@9SlG:
f<F.9S57fnU�9HJ�=�F.2gU>:VFA9SLBe�C'9SlA2�h�UI=�F.9�e�FP6T:{=gF.U�:�6Hh�Ua:Vl.h�MK2<6>=�UafI6>[P6Sf|5@=�\�XT2�9>�	=�F»6S:�9HJ
:gf�F.UreDl.L@5Q?.X}�	5Q=�FiJ�l.LQL��	
��#5Q?DJ�9S2gh�6H=g5@9S?b3

¶ n0���A©;¯<¡���§.¢v«|¡K¢BªZ®n¤g¦;£��4©;¯|£8¢B§��þ�z¢@¡H�¸ N¢B£8¢@¡�¤g¥�¨0��óM�>¤<¤g¥;®<¦;ª�(�ô���?���FP6>[.=�UI2�_DC��+U�UI~�=�UI?Pe
=gF.U8:gf�F.UreDl.L@5Q?.XYhiUI=�FA9�e�[.2g9S[P9;:�U>e�5Q?y��FP6H[A=�UI2�À�=�9i=gF.U8fI6T:VU8�	F.U42�U}=gF.U8`P6T:VUnMs:V=m6H=�5Q9S?
6>?PekÇI9T2�=�F.U�lP:VUI2m:i6H2gUZU>�;l.5Q[.[PU>e½�	5Q=�F�hYl.L@=g5@[.LQUi6>?D=gUI?.?P6T:n3��aU�[.2g9S[P9;:�Ua6H?�9S[A[k9T2VM
=gl.?.5B:�=�57f%`PU>6>h�J�9S2ghi5@?AX8�	5@=�F�L@5Qhi5@=gU>e{�	
u�#J�UIU>eD`P6Tf�W�=�FP6>=�UI~�[.L@9T5@=<:+`P9T=�Fa=�F.Ujh�l.LQ=�5QlP:VUI2
eD5Qd;UI2<:�5@=�\�X;6>5@?�6>?Pe´=�FAU�6H2g2<6I\�X;6>5@?y9>JOh�l.LQ=�5Q[.L@U�6H?�=�UI?.?G6{=g9Z5Qhi[.2�9>d;Uj=�F.Ui9>d;UI2m6HLQL�fI6rM
[P6Tfn5@=�\;3j�´U8[.2g9>d;U8=�F.U89T[.=�5Qh�6HLQ5@=�\�9HJ	=gF.UYfI6>[P6Sfn5Q=�\ZXS2g9>�	=�Fa9HJ	9Tl.28:gf�FAUIhiUj6H?Pea:VFA9H�
5Q=<:	:VlA[kU42�5@9T2'[PUI2�J�9S2gh�6H?Pf|U�9>d;UI2	fn9T?Dd;U4?D=g5@9S?G6HLE`PU>6>h�J�9S2ghi5@?AX�h�UI=�F.9�eA:n3

¶ n0���A©;¯<¡���§.¢v«|¡K¢Bª�«4��®�
�ª��A¦;§.§P¤< Y¦S @ N©>ª<¦S¡K¢B©;§ ��¢@¡H�� þ¢B£8¢@¡V¤g¥)¨0��ó��>¤<¤g¥;®<¦;ª�(~�4©;¯]n�é è�� §k¤m¡4
��©;¯W(I«
ô��s?y��FG6H[.=gUI2�Á���U}UI~�=�UI?Ge{=gF.UY:�f<F.U>e�l.L@5Q?.XY:�f<F.UIhiU�[.2g9S[P9;:�U>e�5@?´��FG6H[.=gUI2�À�J�9T2
��!� �� ?.UI=���9S2�WA:n3��aUZ[.2g9S[P9;:�Ua6´:gf�F.UreDl.L@5Q?.Xa6HLQXS9T2�5@=gF.h¾J�9T2ieD\�?P6>hi5Bfi:�l.`DMsf�FG6H?.?.U4L
6>L@L@9�f46H=�5Q9S?y�	5Q=�Fyh�5@?.5Qh�6HLEJ�UIUreD`P6Sf<W�2�Ur�ul.5Q2�UIh�UI?D=�6H?Ge²[A2�9>d;U�=gFP6H=jhi9;:�=�9HJ�h�l.LQ=�5QlP:VUI2
eD5Qd;UI2<:�5@=�\8X;6>5@?³fI6H?�`PU8fI6>[.=�lA2�U>ei`�\�=gF.5B:	hiUI=gF.9�eE3

¶ ç §.©��H¤m �£8¦S¡H�P¤|£8¦S¡K¢Bª<¦S ��4¯g¦;£�¤=��©;¯W(D�4©;¯�¦H«4°���£}¡K©S¡�¢Bª�ª<¦��A¦;ªI¢@¡K°8¦;§.¦S N°I«4¢v«j©P��©����A©;¯<¡���§.¢v«|¡K¢Bª
«4°I«|¡V¤|£�«
ô���?Y�'[A[kU4?PeD5@~j�}CT�+U+[A2�9>d;U+=gF.UI9S2gUIh�:-9S?8=gF.U	=�5QXSF�=�?.U>:g:/9HJbRSUI?G:VUI?-�w:/5@?AU>�ulG6HL@5Q=�\
J�9T2Z6yL76H2�XTUyf|LB6S:g:i9HJ8J�l.?Pf|=�5@9T?P:n3Æ�+F.2g9Sl.XTF.9SlA=Z=�FA5B:i=�F.Ur:V5B:i��UZJ�2�U>�;l.UI?�=�LQ\½lG:VUa=�F.U>:�U
=gU>f�FA?.5B�;l.U>:�J�9S2�6S:V\�hi[.=g9S=g5Bf�6>?P6HLQ\.:�5B:	9HJ�=gF.U8fI6>[P6Sf|5@=�\�9>J�:V\A:V=gUIh�:|3+�+F.UjeD9Th�6H5Q?�9HJ�=gF.U
6>[.[.L@57fI6H=g5@9T?�9>J�=gF.U>:�U�2gU>:VlAL@=<:+5Q?PfnLQlPeDU>:	6}L76H2�XTU8:�[kUrfn=�2gl.hö9HJz[.2g9S`.LQUIh�:n3



ÃS¿

Â;3w] !GlA=�l.2gU��a9S2gW

�+F.UI2gUj6H2�U�6�dT6H2g5@UI=�\Y9HJ�2�U>:�U>6H2mf�F�eD5Q2�U>f|=�5@9T?P:#J�9S2	J�l.=gl.2�U��+9T2�W�9S?�9T[.[P9S2g=�l.?.57:V=g5Bf}f|9ShihYl.?.57fn6IM
=�5Q9S?P:	6>='`P9T=�FZ=gF.U�L@5Q?.W�L76Id;UIL-6>?Pe�=gF.U�?.UI=��+9T2�WYL@UId;UILK3

¶ ç §D¡�¤|§.§A¦ø�-¤< Q¤gªn¡�¢B©;§�3
�+F.U42�U�6>2�U�h�6>?D\jl.?P:�9SL@d;Ure�[.2�9T`.L@U4h�:�5@?Y=�F.U�6>2�U>6}9>Jz6H?�=�UI?A?P6}:�UIL@U>f|=�5@9T?-3#��FG6H?.?.U4LEU>:�=�5vM
h�6>=�5Q9S?8J�9S2O6H?�=�U4?.?P68:VU4L@U>fn=g5@9T?�57:+6H?�5Qhi[P9S2�=m6H?�=	:�l.`���U>fn=�J�9S2#J�lA=�l.2gU�2�U>:�U>6H2mf�Fb3��'?P6HLQ\.:�5B:
6>?Pe�fn9�eDU³eDU>:V5QXS?�J�9S2�6>?D=gUI?.?P6a:VUILQU>fn=g5@9S?¸:�=�5@LQL	2�U>�;l.5Q2�U>:}hi9T2�U�5@?�d;U>:�=�5@X�6H=g5@9S?b3��/UI2�J�9S2VM
h�6>?PfnU�U4dS6>L@lP6>=�5Q9S?Z9>J�6H?�=�U4?.?P6Y:VUILQU>fn=�5Q9S?�6>L@XT9S2�5Q=�F.h{:+�	F.UI?Z=gF.Ujf�FG6H?.?.U4L-h�6H=g2�5@~Y5B:	?.9T=
[PUI2�J�U>fn=�LQ\8WD?A9H�	?{6H=+=gF.U�2gU>fnUI5Qd;UI2�5B:�6}:�UIUIhi5Q?.XSLQ\}5@h�[k9T2�=m6H?�=#\;U4=#2gUILB6>=�5Qd;UIL@\jl.?.UI~�[.L@9T2�U>e
[.2g9S`.LQUIh�3���9ShY`.5Q?P6H=g5@9S?Y9HJ­6H?�=�UI?A?P6}:�UIL@U>f|=�5@9T?��	5Q=�F�:V[P6TfnUnMK=�5QhiUO:V5QXS?P6>L@5@?AX8:�f<F.UIh�U>:­FG6S:
`PUIUI?�?.9S=gU>e�`�\�:�UId;UI2<6>L-5@?�d;U>:V=g5@X�6H=�9T2<:|C.`.l.=	hYlPf�F��+9S2gW�2�UIh�6>5@?P:�5@?�=�F.57:	6H2�Ur6i6H?Pe�5@=	57:
68�+9T2�=�F�\�:�l.`���U>fn=�9HJ�J�l.=gl.2�U�2gU>:VU>6>2<f<F-3

¶ n0���A©;¯<¡���§.¢v«|¡K¢Bªq��ª��P¤g¥;�; N¢B§�����¢@¡���¬±¢B£8¢@¡�¤g¥Z¨0��ó
��=+57:#5Q?P:V=g2�lPfn=g5@d;U	=g986H?G6HL@\��IU�=gF.U�eDU4LB6I\uMK=�FA2�9SlAXSF.[.lA=	=�2<6TeDUnMK9H��J�9S2+9Tl.2	[.2g9S[P:�U>e�:�f<F.UIhiU;3
�)5@?�=�U42�U>:�=�5@?AX}2�Ur:VU>6>2<f<F�eD5@2gU>fn=g5@9S?�57:+=�98UI~�=�UI?Ge{9Tl.2	hiUI=gF.9�e�J�9S2	hYl.L@=g5BfI6T:V=�:�f<F.U>e�l.L@5Q?.X.3
��2g9;:�:}L76I\;UI2�[.2�9T`.L@UIh{:%2gUILB6>=�U>e�=�9�9Tl.28[.2g9S[P9;:�U>e�:�f<F.UIhiUYfI6>?�fnUI2g=<6>5@?.LQ\�`kU{6�J�2�l.5Q=VJ�l.L
6>2�U>6cJ�9T2�2�Ur:VU>6>2<f<F-�S=�FAU	9S?.UnMK`.5Q=#�	
��EJ�UIU>e�`P6Sf<WjfI6H?8?.9T=�9S?AL@\�5@hi[A2�9>d;U�=�F.U�[.FD\A:V57fI6HL�LB6I\;UI24C
`.lA=O6HLB:�9if46H?Z`PU�lP:�U>ei5@?�=�2m6H?P:�[k9T2�=�L76I\;UI2#J�9T2Ofn9S?.XTU>:V=g5@9T?�fn9T?D=g2�9SLK3



�������#
� ����



��������
� ����"�
��
;*������'���	�m�Ì�	�������	
��+
.
���!½R;��
�
u�#
j�v
Y��
��+Ê����������+*

��?8=�F.57:/6>[.[PUI?PeD5Q~}��U	[.2�9>d;U+2gU>:VlAL@=<:�=�FP6>=�6H2gU	lP:VU>e}5Q?86T:V\�hi[.=�9T=�57f+fI6>[P6Sfn5Q=�\}6>?P6HLQ\.:�5B:|3�RSUI?P:�UI?-�w:
5@?AU>�ulG6HL@5Q=�\}5B:�6}lP:VU|J�l.LE=g9;9SL-5@?�=�F.U�6>?P6HLQ\.:�5B:�9HJz=�F.U�f46H[P6Tfn5@=�\85@?{fn9ShihYl.?.57fn6>=�5Q9S?P:�:�\.:�=�UIh[�G�PU4=��1�¹»ºõ¼¹�`PUj6�hiUr6S:VlA2<6H`AL@U�fn9T?PfI6Id;U'J�l.?Gfn=�5Q9S?�6H?Pe�L@UI=�¦Ë`PU�6}2<6H?GeD9Sh¼dT6H2g5B6H`AL@U;C.=gF.UI?

� � ��o4¦´t8	 ª ��oH�O��¦�	�t
�+F.U�[.2g9;9HJ�9HJ�RSUI?P:�UI?-�x:Y5@?.U>�;lP6>L@5@=�\�f46H?�`PUZJ�9Sl.?Ge 5Q?�:V=m6H?PeA6H2<e�=�UI~�=�`P9;9SWA:�9T?�[.2g9S`P6>`.5@LQ5@=�\
=�FAUI9S2g\�U�3ÄX.3U�Å_S¿
	�3	�+F.UjU>�;lP6HLQ5@=�\�FA9SLBeA:c5NJ�6H?Pe�9S?.LQ\�5vJz=�F.U�J�l.?Pfn=g5@9S?½��oWeNt�5B:O6H?a6r��?.U�J�l.?Pf|=�5@9T?
9S2O=�FAU}[.2g9S`P6>`.5@LQ5@=�\�h�U>6S:�l.2�Uj6S:g:V9�fn576H=gU>e��	5Q=�FZ=gF.U�2<6>?PeD9ShµdT6H2�576H`.LQU�¦¾57:'6Yfn9S?GfnUI?�=�2<6>=�U>e�6>=
6�:V5Q?.XSLQU'[P9S5Q?D=4C;5�3ÄU�3�«-ÆOo+¬Et�ÿ�¦Do+¬A±�¬  t<3�!.9T2+6�JK6Hhi5QL@\�9HJb2<6>?PeD9ShÆdT6H2g5B6H`AL@U>:¡¥
¦r§'¨ ð§ ´ & C;�+U�6H2gU
5@?�=�U42�U>:�=�U>e�=�9�:�UIU8�	F.UI?aRSUI?G:VUI?-�w:'5@?AU>�ulG6HL@5Q=�\i`PU>fn9Sh�U>:c=g5@XTFD=43��'UIl.2g5B:V=g5BfI6>L@LQ\;C.5vJ�=gF.U}J�l.?Pf|=�5@9T?��oWeNt�57:}:VLQ9>�	L@\adS6>2�\�5@?.X�o�F.UI?Pf|U�LQ9�fI6HLQL@\aL@5@?AU>6H2|t�6H?Ge´=�F.U�[.2�9T`P6H`.5QL@5Q=V\�h�U>6S:�l.2�Ui«-Æ ' o@evt�57:���UIL@L
fn9T?PfnUI?�=�2m6H=�Ure86H2�9Tl.?Pe�=gF.U	hiU>6>?}dT6HLQl.UO5@?8=�FAUO6S:V\�hi[.=g9S=gU	9HJ-L76H2gXSU ¯ CS=gF.UI?Y�+U	UI~�[PU>fn=�=g9�FG6rd;U
6�=g5@XTFD=�`P9Sl.?Ge{`�\�RSUI?P:VU4?-�x:�5@?AU>�ulG6HL@5Q=�\;3��s?Y9S2meDUI2�=�9}5Q?Dd;Ur:V=�5QX;6>=�U	=�FAU�6S:�\Dhi[A=�9S=g5Bf+=g5@XSF�=�?AU>:�:�9HJ
RSUI?P:�UI?-�w:+5@?.U>�;lP6>L@5@=�\8��U�?AUIU>e�:V9ThiU�[.2gUIL@5Qhi5@?P6>2�\j2�U>:�l.L@=m:n1

'¡¾�ÂkÂ � ñ é-©;¯�¦S Q ^¬-t E §�^]�#¤A�A¦��H¤Åôè LQ9SXPo�p�hþu�¬Et®±yL@9SXPogpÄh�u E t è�ª L@9TXPo�p¡hþu è ¬¤± E è t
Ò�À
¿-¿ÔÓ�Õ 
;5@?Pf|U¾��o8¬btjÿÆL@9SXPogpAh`u�¬Et�5B:j6H?y5Q?Pfn2gU>6S:�5@?.X�J�l.?Pfn=g5@9S?bC/�	5@=gF.9SlA=8L@9;:g:�9>JOXSUI?.U42<6HLQ5@=�\
�+U�fI6>?�6S:g:Vl.hiUø¬j§ E §Æ^D3��+F.U42�UnJ�9T2�UY�+UiFP6Id;U�u � E o8¬~± E t°§ö^�=�F.57:�5Q?.U>�;lP6HLQ5@=�\�fI6>?y`PU
2�U|M��	2g5@=�=gUI?�6S: & 
 } »& 
 } � ª p�hþuPo+¬�± E t�`�\i=<6>WD5Q?.X�=gF.U}LQ9SX�6H2�5Q=�F.hÆJ�2�9Sh¼`P9S=gFa:V57eDU>:	�+Uj6H2g2�5@d;Uj6>=
=�FAU}e�U>:V5Q2�U>ei5@?AU>�ulG6HL@5Q=�\;3

ÃS_



ÃSÁãi¾¸ä jUåHæ
å ¿ j ñ \^�P¤-�4¦;£8¢@ N°Y©P�%¯�¦;§.¥;©;£ê�I¦;¯|¢B¦;®n @¤g«A¥
¦r§'¨{¢v«'«4¦;¢B¥8¡K©i®n¤���§.¢ �4©;¯|£} N°8¢B§D¡�¤:�;¯�¦;®n Q¤�¢ �
L@5@h� ï�ð L@5@h�:�l.[§ ( ð� ¬��'« ¬ Æ ' ¬ o+¬Et�ÿ�^

�'?.5NJ�9S2ghº5Q?D=gUIXS2m6H`.5QL@5@=�\857:+=�F.Uj:Vl���fn5QUI?�=	fn9T?PeD5@=g5@9T?{J�9T2�f|9S?�d;UI2�XTUI?PfnU�5Q?ihiU>6>?-3

¼�½U¾�¿ÁÀ
¾�Â ¿ ón� ¦r§a¢v«j¦��D§A¢ �4©;¯n£} N°Y¢B§D¡�¤:�;¯�¦;®| @¤8¯g¦;§.¥;©;£f�I¦;¯|¢B¦;®n @¤j¦;§A¥��O�Ú¦©	-�$ù É ¡��P¤|§�ª<©;§'
�H¤|¯:�D¤|§.ªn¤�¢B§´¥;¢v«|¡K¯n¢B®4�u¡K¢B©;§ É ¢B£?�P þ¢�¤�«Yª<©;§��>¤|¯4�D¤�§.ªn¤�¢B§�£�¤g¦;§ É ¢4ÍB¤�Í É ¢ �A¦r§ �ÁÀ � À±^õ ¦ ¡H�P¤|§¤�O��¦r§�	0õ�O��¦�	WÍ
Ò�À
¿-¿ÔÓ�Õ 
;UIUÖ�Ä_>À�	K3

�+F.U}J�9TL@L@9>�	5Q?.XiL@U4hih�6�[A2�9>dD57eDU>:�6>?y6>L@=gUI2�?P6>=�5Qd;U���6I\Z=�9�[.2g9>d;U}=�FAU8l.?.5vJ�9T2�hµ5@?�=�UIXT2<6rM
`.5QL@5@=�\;3

'¡¾�ÂkÂ � µ ón�0�O� è ¦r§ è 	-��ù �4©;¯	¦S @  ¯ É ¡��P¤|§i¡H�P¤O¯g¦;§.¥;©;£ �I¦;¯|¢B¦;®n @¤�¦r§{¢v«O��§.¢ �4©;¯n£} þ°�¢B§�¡V¤:�;¯g¦;®n @¤
¢ �

LQ5@h� ï�ð LQ5@h�:VlA[§ ( ð� ��2
� è ¦r§ è îj^F	 �3^�ÿ�^
Ò�À
¿-¿ÔÓ�Õ !.9S2OUId;UI2�\ ¯ 6H?Ge @ îÌ^���U�FP6Id;U

@ o�pM±�« ¬ Æ ' ¬ o @ t�t ª ( ð� ¬��'« ¬ Æ ' ¬ o8¬Et ª � � è ¦r§ è 	®�$ù
F.UI?GfnU�L@5Qh�� ï�ð @ o�pM±�« ¬ Æ ' ¬ o @ t�t�ÿ�^�3���:V5Q?.X85@?�=�UIXT2<6>=�5@9T?�`D\;M�[G6H2�=O�+U�FP6Id;U

^ ª ( ð� ¬P�'« ¬ Æ ' ¬ o+¬EtËÿ ±T¬­ogp�±�« ¬ Æ ' ¬ o+¬Et�t è ð� h ( ð� �±2£� è ¦r§ è î`¬�	Â��¬
ÿ ± @ ogp�±�« ¬ Æ ' ¬ o @ t�t-h ( ð� ��2
� è ¦r§ è î ¬ 	Â��¬ª ( ð� ��2
� è ¦r§ è îà¬�	Ã��¬

6H?Ge�=�FA5B:+[.2g9Hd;Ur:+=�F.U�L@U4hihi6�3



ÃuÂ

'¡¾�ÂkÂ � " ón��¦r§ �ÁÀ � À±^õ ^³¦;§.¥�ì�§�õ ^ É ¡��P¤|§ É ì�§Ae�¦r§ �ÁÀ � À±-õ ^

Ò�À
¿-¿ÔÓ�Õ !.9S2�UId;U42�\] =tl¦ & tl¦ � îÈ^DC-=�FAUI2�UjUI~D5Q=<:qa & :VlPf<F´=gFP6H=�J�9T2�6HLQL/J�9S2j6HLQL ¯ î a & �+U8FG6rd;Uè ì § è �e¦ & 3	�OLB:V9Y=�FAUI2�UjUI~D5Q=<:?a � :VlPf<FZ=gFP6H=	J�9S2%6HL@L ¯ î�a � CE��2
� è ¦ § è î ¢Ä 2 	0�Å¦ � CP=�F�lP:+J�9S2�6>L@L¯ î$a¼ÿ�hi5Q?�¥�a & t�a � ¨�C� ¶ � è ì § ¦ § è î$ F	�ÿ���2
� è ¦ § è î  è ì�§ è 	 ª ��2
� è ¦ § è î  ¦ & 	 ª ¦ �
=�F�lP:�ì�§
¦r§ �ÁÀ � À±-õ ^D3


'9>�ö��U�[A2�9>d;U�=�F.U�J�9SL@LQ9>�	5@?.Xa=�F.U49S2�U4h�:%J�9T2�6S:�\Dhi[A=�9S=g5Bf�=g5@XTFD=g?.U>:�:89HJ�RSUI?P:VU4?-�x:85@?DM
U>�;lP6HLQ5@=�\;C

¼�½U¾�¿ÁÀ
¾�Â ÃyÆ ¬�¤<¡D¥
¦r§'¨�®n¤8¦A�4¦;£8¢@ N°i©P�A�A©H«4¢@¡K¢��H¤j¢4ÍQ¢4ÍQ¥'Í�¯�¦;§.¥;©;£��I¦;¯|¢B¦;®n @¤��z¢@¡H�°��§.¢@¡�¤Y£�¤g¦;§Ø §³¦;§.¥i�I¦;¯|¢B¦;§.ªn¤ Ù �§ É ¦S Ä«4© Ø §rõ ù ¦;§.¥ñ¶ '· ' õ ^�¦H« ¯ õ ù É ¡H�P¤�§q�4©;¯�¦S Q ÁuÖî�^]�#¤A�A¦��>¤�O� LQ9SXPogp¡hþu�¦r§Dt8	
LQ9SXPo�p�hþu��O�Ú¦ § 	�t ±^õ p Û o��}3QpHt

Ò�À
¿-¿ÔÓ�Õ ��:V5Q?.X8=�FAU���FAUI`D\A:VFAUIdE�w:+5@?.Ur�ulP6>L@5Q=V\}J�9T2O6HLQL� �î¸^���U�FG6rd;U�1
�±2õ� ÅÅÅÅ p¡h�u�¦r§p¡hþu Ø § ±¸p ÅÅÅÅ î$ �	 ÿ ��2�� ÅÅÅÅ ¦r§�± Ø §pû¡�u�h Ø §óÅÅÅÅ î$ �	

ª � �vo:¦r§�± Ø §�t � 	  � o�p ¡�u�h Ø §�t �
ÿ p  � µ Ù §Ø § · �

F.UI?GfnU & 
 } Æ '& 
 } · ' �ÇÀ � À±^õ p�3���:V5@?AX8=�F.U�ª<©;§D¡K¢B§.��©;��«�£8¦�����¢B§��i¡��P¤g©;¯�¤|£}C��+U�FP6Id;U
L@9TX µ p¡hþu�¦r§pÄh�u Ø § · �ÁÀ � À±^õÉ^ Û

�O?�=�F.U�9S=gF.UI2iFP6>?Pe Ø §�õ ù�C	F.UI?GfnU &����� x & 
 } · ' { õ ^y6>?Pe��+U³fI6H?�5Q?Dd;9TW;U��PU4hih�6ZÀy=g9
fn9T?PfnL@lGeDU

LQ9SX . & 
 } Æ '& 
 } · ' 4
LQ9SXPogpÄh�u Ø §Dt ÿ L@9TXPo�p�hþu�¦r§Dt

LQ9SXPogp¡hþu Ø §�t ±�p �ÁÀ � À±^õÉ^



ÃSÃ

�+F�lP:
L@9TXPo�p¡h�u�¦ § t
L@9SXAo�p�hþu Ø §Dt �ÇÀ � À±Ëõ p Û

�aU}:�F.9>�)=�FG6H=O=�F.U�2<6>?PeD9ThödT6H2�576H`.LQU Ê §8ÿ ����� x & 
 } Æ ' {����� x & 
 } · ' { ±�p�57:+l.?.5vJ�9T2�hiLQ\85@?�=�UIXT2<6>`.L@U;3Q ÿ ( ð� ��2 � ÅÅÅÅ L@9SXPogp¡hþu�¦r§�tLQ9SX.ogpÄh�u Ø §�t ±�p ÅÅÅÅ îj^ 	 �3^ÿ ( ð� ��2 � è L@9SXPogpÄh�u�¦r§DtU±yLQ9SXPo�p¡h�u�L@9SX Ø §�t èL@9TXPo�p¡h�u Ø § t îj^ 	 �3^
ª ( ð� ��2�� LQ9SXPogpÄh è ¦r§�± Ø § è t

L@9TXPo�p¡hþu Ø §Dt î�^ 	È�3^ lP:�5@?.X��PUIhih{6�]

ÿ ( ð� ��2 « u è ¦ § ± Ø § è î>É o§ ±�p ¬ �3^
�	F.UI2gUÊÉ?§}ÿ"p¡h�u Ø §.3���:V5@?AXi��F.UI`�\.:�F.UId��x:+5@?AU>�ulG6HL@5Q=�\8�+U�FP6Id;UQ ª ( ð� ��2 «%u è ¦r§�± Ø § è î>É o§ ±�pC¬Â�3^ ª u � Ù �§ ( ð� �3^

o�É o§ ±�pHt �
�aU�lG:VUjf�FG6H?.XTU�9>J�dT6H2g5B6H`AL@U q ÿËÉ?o§ ±�pTC,�3^+ÿ �+������ xªÌ ' {�x ��
 & { CÔýË§8ÿeÉ �§ ±�pQ ª u � Ù �§ p

L@9TXPo�É?§;t ( ðü ' � qq � o q h�p>tª u � Ù �§ p
L@9TXPo�É?§;t ( ðü ' � qq �

ÿ u � µ Ù §Ø § · � É �§
L@9TXPo�É?§;tmo�É?§ � ±�pHt Û


;5Q?PfnU Ø §�õ ù�C,É?§�õ ù =�F�lP:#J�9T2O6HL@L @ îÌ] Ì } '���J� xÍÌ ' {HxÍÌzÎ' ² & { õ¹^�3+�OLB:V9ã¶ '· ' õ ^DC.F.U4?PfnU Q õÉ^
6H?Ge Ê § ÿ ����� x & 
 } Æ ' {���J� x & 
 } · ' { ±¸p�5B:#lA?.5vJ�9T2�hiLQ\}5@?�=�U4XS2<6>`.L@U�3��+F.UI2gUnJ�9S2gU'J�2�9Th¼�+F.UI9T2�UIh¶q}�+U%fn9S?Pf|L@lPeDU�O� L@9SXAo�p�hþu�¦r§�t+	

LQ9SXPo�p�hþu Ø §Dt ±-õ p

6S: ¯ õ ù�3
�+F.Ua
;FP6H?A?.9S?�J�l.?Pfn=g5@9T?8��o+¬Et�ÿËL@9TXPo�p�h�u�¬Et}57:�?.9T=i=�FAU�9S?.LQ\²J�lA?Pfn=�5Q9S?�J�9S2i�	F.57f�F

RSUI?P:�UI?-�w:+5@?.U>�;lP6>L@5@=�\857:	6S:V\�hi[.=g9S=g5BfI6>L@L@\8=g5@XTFD=43��´U�5@?�=�2g9�eDlPfnU%6�L76H2�XTUI2OfnL76S:�:+9>J�J�l.?Pf|=�5@9T?�=�FP6>=
FP6Id;U�=gF.5B:	[.2�9T[PUI2�=�\;3



ÃSqãi¾¸ä jUåHæ
å ¿ j µÐÏ ¤�¥D¤-��§k¤Ñ�)¦H«O¡��P¤c«>¤m¡+©P��£�¤g¦H«4��¯�¦;®| @¤-�4�D§.ª|¡�¢B©;§u«���1�¹ 
 ºõ¼¹ 
 ¡��A¦S¡�¦;¯�¤O®<©S¡��
¢B§.ªI¯<¤g¦H«4¢B§���¦;§.¥iª<©;§Aª<¦��H¤r�z¢@¡H�_��o�^;t�ÿ�^ÁÍ

��ÿ$¥	�{1�¹ 
 ºõÒ¹ 
 è Ó ¬~î�^'t6� � o+¬Et î�^'t6� � � o8¬bt �¸^'tÔ��oK^ut�ÿ�^�¨
��?�=�F.U�J�9SLQL@9>�	5@?AX8=�F.UI9T2�UIh¶�+U�UI~�[.LQ9S2�U�=gF.U�[.2�9T[kU42�=�5QU>:+9HJzJ�l.?Pfn=g5@9S?�5Q?½�	3
¼�½U¾�¿ÁÀ
¾�Â ÃRÃ �$�A¦H«�¡��P¤��4©S @ N©���¢B§��¤��¯�©��P¤|¯<¡�¢�¤g«

Z�Í��"¢v«jª| N©H«>¤g¥��D§.¥D¤�¯O�4��§.ªn¡K¢B©;§´ª<©;£?�A©H«4¢@¡K¢B©;§ÁÍ
Õ Í0�4©;¯}¤=�H¤�¯n°�� ò � É � x » {» ¢v«�¦i¥D¤gªI¯<¤g¦H«4¢B§��Ä�4��§.ªn¡K¢B©;§
Ö ÍÔ� ò �"¢v«j¦�«4�D®=
�¦;¥;¥;¢@¡�¢��>¤��4��§.ªn¡K¢B©;§ É �P¤|§.ªn¤

Ó ¬-t E î�^�t è ��o8¬bt®±×��o E t è ����o è ¬�± E è t
Ò�À
¿-¿ÔÓ�Õ !.9S2�[P6>2�=Op	�+UO?.9S=gU	=�FP6>=+5NJX��t�­ ò �´=�F.U4?3�BØ®­/o8¬bt�ÿ^��o8­/o8¬btgt�5B:�eDU|�P?.U>e85@?3¹ 
 3z�'LB:�9
oÙ�ÊØ ­­t � o+¬Et�ÿ�­ � o8¬btd� � o+­/o8¬Et�t î�^Æ6H?PeaoÙ�_Ø ­­t � � o+¬Et�ÿ�­ � � o+¬Et�� � o+­�o+¬Et�t-hÌo+­ � o+¬Etgt � � � � o8­/o+¬Etgt¡�Ì^
=�FAUI2�UnJ�9T2�U3�_ØT­ ò �	38!.9T2�[.2�9>d�5@?.X�[P6>2�=�]�C-�+U8lP:�U�=gF.UYfn9S?GfI6IdD5Q=V\�9>JÔ��o@evtm38!.9S2j6HLQLD¬-t E îÈ^
6H?Ge©ý ò oK^'tIp>t<C ýÂ��o8¬Et0hÌo�p�±ký�t���o E t ����o8ý0¬¤hÌo�p�±ký�t E t
L@U4= E ÿ,^�C­=gF.UI?�ý���o+¬Et��K��o+ýU¬Et<38�+F.57:�fI6H?a`PU��	2g5@=�=gUI?a6S: � x » {» � � x ü » {ü » �	F.57f�F�h�U>6H?P:O=�FP6>=��oWeNt	5B:�6ie�U>fn2�Ur6S:V5Q?.XiJ�l.?Pfn=g5@9T?-3}��?�[P6>2�=j¿DC-��U}�P2<:�=�[A2�9>d;U}=gFP6H=���oWeNtO5B:�:�l.`DMs6Se.eD5Q=�5Qd;U;3}��:V5@?AX
[P6>2�=�]DCDJ�9S2O6>L@LU¬-t E î�^���U�FP6Id;U � x »�
�� {»�
�� � � x » {» F.UI?PfnU�3¬¬rh E ��o+¬rh E t ����o8¬bt
:V5Qhi5@L76H2gL@\}��U�XSUI= E¬�h E ��o+¬�h E t �»��o E t



qS^

$+\�6Te.eD5@?AX�=�F.U>:�U�=V��9�5@?.Ur�ulP6>L@5Q=�5@Ur:nC��+U{6H2�2g5@d;U�6H=3��o8¬�h E tÖ�³��o+¬EtDh>��o E t<C��	F.57f�F�hiUr6H?P:��oWeNtY5B:�6�:�l.`DMs6Se.eD5Q=�5Qd;UZJ�l.?Pfn=g5@9S?b3º��5@=gF.9SlA=�LQ9;:g:�9HJ�XSUI?AUI2<6>L@5@=�\¸�+U�6S:�:�l.hiU�¬U§ E § ^�C
=�FAUI2�UnJ�9T2�U3��o8¬btOÿÚ��o E h)o8¬~± E t�tT�Û��o E tUh»��o+¬i± E t	F.U4?PfnU3��o+¬EtD±»��o E tT�Û��o8¬~± E tm3}$+lA=è ��o8¬EtU±×��o E t è ÿ^��o8¬Et-±×��o E t�`PU>fI6>lP:VU���oWevt�57:+5@?Pf|2�U>6T:V5@?AX.3��+F�lP:è ��o+¬EtU±���o E t è �8��o è ¬�± E è t Û

�+F.U	J�9SLQL@9>�	5@?.X�=�F.UI9T2�UIhÈU>:V=m6H`.LQ5B:�F.U>:/=gF.U�f|9S?PeD5Q=�5Q9S?P:/lA?PeDUI2��	F.57f�FYRSUI?G:VUI?-�w:/5@?AU>�ulG6HL@5Q=�\
J�9S2�6H?�\�J�l.?Gfn=�5Q9S?�� ò ��5B:	6T:V\�hi[.=�9T=�57fI6HLQL@\8=�5QXSF�=I3
¼�½U¾�¿ÁÀ
¾�Â Ã�ñ ¬�¤<¡D¥
¦ § ¨�®n¤8¦A�4¦;£8¢@ N°i©P�A�A©H«4¢@¡K¢��H¤j¢4ÍQ¢4ÍQ¥'Í�¯�¦;§.¥;©;£��I¦;¯|¢B¦;®n @¤��z¢@¡H�°��§.¢@¡�¤Y£�¤g¦;§Ø §¸¦;§A¥#�I¦;¯|¢B¦;§.ªn¤ Ù �§ É «4©�¡��A¦S¡ Ø §�õ ù ¦;§.¥�¶ '· ' õ ^�¦H« ¯ õ ù É ¡��P¤|§ø�4©;¯i¤=�H¤�¯n°Ü� ò �
«4¦S¡K¢v«��4°S¢B§��i¡��P¤jª<©;§.¥;¢@¡K¢B©;§�L@5@h�» ï�ð � x » {» ÿ ý îÌ^ É �#¤��A¦��H¤�D� ��o4¦r§;t+	��oH�O��¦r§
	�t ±^õ p Û o��}3w]ut

Ò�À
¿-¿ÔÓ�Õ ��:8:VF.9>�	?�5Q?�=�F.U�[.2g9;9HJj9HJj�+FAUI9S2gUIh pI^�C�¶ '· ' õ ^Z5@hi[AL@5@Ur: Æ '· ' õ pS3¸��:�5@?.X�=gF.U
��F.UI`�\A:VF.UId�5@?.U>�;lP6>L@5@=�\Y6>?PeZ�+F.U49S2�U4h¼¿io�[P6>2�=�¿ut�J�9T2'UId;U42�\Öì¤î�^8�+U�FG6rd;U

��2�� ÅÅÅÅ ��o4¦ § t��o Ø §Dt ±�p ÅÅÅÅ î ì 	 ÿ ��2°� ÅÅÅÅ ��o4¦ § tU±×��o Ø § t��o Ø §;t ÅÅÅÅ î`ì3	ª ��2°� ��o è ¦r§�± Ø § è t��o Ø §Dt î`ì3	ª ��2�« è ¦ § ± Ø § è î»� ² & o8ì���o Ø § t�t[¬ª µ Ù §Ø § · � e µ Ø §� ² & o+ì���o Ø §Dtgt · �
�aU�FP6Id;U Ø § õ ù 6T: ¯ õ ù�3��'LB:�9�=gF.U�fn9S?Pe�5@=�5Q9S?aL@5Qh » ï�ð � x » {» ÿ ý î,^�C/5Qhi[.L@5QU>:	=�FP6>=��o+¬EtDõ ù 6S: ¬�õ ù�3�� ² &�5B:�6H?i5Q?Pfn2�Ur6S:V5Q?.X8f|9S?�=�5@?�l.9TlP:±J�l.?Gfn=�5Q9S?Y=�F.UI2gUnJ�9S2gUÝ� ² &|o8ì���o Ø §;t�tDõù�C.=�F�lP:

L@5Qh§�ï�ð Ø §� ² & o+ì���o Ø §Dtgt ÿ L@5Qh§Åï�ð ��oÙ� ² &|o8ì���o Ø §Dtgtì�� ² & o+ì���o Ø §utgt ÿ ý ì



qDp


;5Q?PfnU ¶ '· ' õ ^�J�2�9Th��}3x¿i�+UYf46H?�fn9S?Pf|L@lPeDUY=�FG6H= � x Æ ' {� x · ' { �ÁÀ � À±-õ pS3��aUY?.UIU>e�=�9�:VFA9H�,=gFP6H=�=gF.U
2<6>?PeD9Th¾dT6H2g5B6>`.L@U Ê § ÿ � x Æ ' {� x · ' { ±)p�57:�l.?.5NJ�9S2ghiL@\�5@?�=�U4XS2<6>`.L@U�3i��:�5@?.Xa�PUIhih�6Y¿Z6>?Pey�}3w¿{��U
FP6Id;U Q § ÿ ( ð� ��2�� ÅÅÅÅ ��o4¦r§�t��o Ø §;t ±�p ÅÅÅÅ î�ì3	���ìª Ù �§Ø �§ ( ð� Ø �§ ��ì

oÙ� ² & o8ì���o Ø §;t�tgt �
�aU�lP:�U�=gF.U�f�FP6>?.XSUY9HJ�dT6H2�576H`.LQU q ÿ�� ² &4o+ì���o Ø §;t�t<CÃ��ì´ÿ � � x � {� x · ' { � q CUýË§�ÿÞ� ² &|o @ ��o Ø §Dtgt<C�6HL7:V9
�+U�?.9T=�U�=�FG6H=�� � oWeNt�5B:	6YeDU>fn2gU>6S:�5@?.X}J�lA?Pfn=�5Q9S?�=�F�lP:#J�9T2 q ò o+ý-§'t=ù�t��+U�FP6Id;U�� � o q t¡��� � o8ýË§;tmC
F.UI?GfnU Q § ª µ Ù §Ø § · � e Ø �§ ( ðü ' � � o q tq � � q��o Ø §Dt� µ Ù §Ø § · � e Ø �§ � � o8ýË§�t��o Ø § t ( ðü ' � qq �

ÿ µ Ù §Ø § · � e Ø �§ � � o8ýË§�t��o Ø §Dt ( ðü ' � qq �
ÿ µ Ù §Ø § · � e p@ e Ø §��o Ø §�t e ��o+ý § tý-§ e~� � o+ý-§Dt

$+\Z���w�'9;:�[.5@=m6HL��w:+2�l.LQU;CDLQ5@h » ï�ð�� � o+¬Et�ÿ�LQ5@h » ï�ð � x » {» ÿ ý 3��'L7:V9 Ø §rõ ù 5@hi[AL@5@Ur:�ý-§rõ ù�C
=�FAUI2�UnJ�9T2�U�L@5Qh §�ï�ð · '� x · ' { e � x ü ' {ü ' e�� � o+ý § tiÿ ý C+FAUI?PfnUiLQ5@h §Åï�ð Q § ÿ ^Z�	F.5Bf<F�hiU>6>?P: Ê § ÿ� x Æ ' {� x · ' { ±�p�57:+l.?.5vJ�9T2�hiLQ\85@?�=�UIXT2<6>`.L@U�=�F�lP:��O� Ê §
	-±-õ ^

= ¿ æ ¾RÕ ��?�=gF.UO6H`P9>d;UO=�F.UI9T2�UIh³CH5NJELQ5@h�:�l.[ Ù §r�$ù =�F.U4?8=�F.U�fn9S?GeD5@=g5@9S?8LQ5@h » ï�ð � x » {» ÿý îÌ^8fI6H?�`kU���U>6HW;UI?AU>e�=�9YL@5Qhr» ï�ð ��o+¬Et�ÿ�h�ù�3
�+F.U�J�9SLQL@9>�	5@?AX8=�F.UI9T2�UIh fn9ShY`.5@?AU>:�=�F.U�2�Ur:Vl.LQ=<:#J�2�9Th¼�+F.UI9T2�UIh pI^Y6H?Pe��+F.UI9S2gUIhËp4]D1

¼�½U¾�¿ÁÀ
¾�Â Ã&µ|ß §A¥D¤|¯�¡��P¤j¦H«<«4�D£?�P¡K¢B©;§u«j©P��\^�P¤g©;¯<¤|£àZ Õ �#¤A�A¦��H¤� � LQ9SXPogp¡hþu���o4¦r§.tgt+	
LQ9SXPo�p�hþu���o��O��¦r§
	�t ±^õ p



qS]Ò�À
¿-¿ÔÓ�Õ �+F.U�[.2�9;9>J�5B:	:V=g2<6>5@XSF�=VJ�9T2���6H2<e�6H?Pe�d;UI2�\�:V5Qhi5@L76H2�=�98=gF.U�[.2�9;9>J�9HJ±�+F.UI9S2gUIhËp4^D3



�O��!����'��
����+
�Np�	8
P3P
�6H?P6I\;UI5b6H?Pe��}3A
'9;:�2<6>=�5@?A5B6DCA"m�'?�=�UI?.?G6}:VU4L@U>fn=g5@9T?i5@?������´��:�\.:�=�UIh{:nCx�]óWXDXDXÈ¨�©;£�

£8��§.¢Bª<¦S¡�¢B©;§;«���¦��;¦��4¢B§k¤<CPd;9SLK3DÀ�]DC.?.9A3/p4^DC.[.[-3PÁTÃ9áAÂ>¿DC���f|=I3.]T^S^>À.3�Å]�	j�}3;!�3S�Z9TL@5B:gf�FbCS�y3�â�3>��5@?bCD6>?Pe8R.3;�}3>��5@?�=�U42<:nCM"n��6>[P6Sfn5Q=�\89HJb�����´�¸:V\A:V=�U4h�:­�	5Q=�FY6>?DM
=�U4?.?P6i:�UIL@U>f|=�5@9T?-Cx�a5@? ¸ ¯g©Hª
Í^ó|§D¡�¤|¯|§.¦S¡K¢B©;§.¦S 	¨�©;§��>¤|¯<¤|§.ªn¤�©;§y¨�©;£8£8�D§A¢Bª<¦S¡�¢B©;§u«|C��'UIL7:V5Q?.WD5KC
!/5Q?.LB6>?PeECPRSl.?.Uj]T^S^DpTCk[A[-3P_uÂr^9á�_;ÂIÀA3�Å¿�	j�<3�$	6HFPf|U>fn5�Cz��3��y3� 'lAh�6H?-C�6H?Ge½*83z�'L@=gl.?D`G6S:�6>WEC "<�O?D=gUI?.?P6�:�UIL@U>f|=�5@9T?´J�9S28hYl.LQ=�5@[AL@UnM
6H?�=�U4?.?P6�=�2m6H?P:�hi5B:g:V5@9T?Y:V\A:V=gUIh�:n1�[kU42VJ�9S2gh�6H?GfnUO6H?P6>L@\A:V57:�6H?PeYfn9�eDU�fn9T?P:V=g2�lPfn=g5@9T?-Cx�#ó@X�XDX\A¯�¦;§u«
Í�©;§�ó�§��4©;¯|£8¦S¡�¢B©;§k\^�P¤g©;¯n°>CDd;9SLK3DÀ�qDC.?.9A3/p4^DC.[.[-3P]TÁSÁTq¾á�]TÁSÃ�pSC-��f|=I3.]T^S^T¿D3� À�	j�}3/�O9T2�9SW�F.9>d�Cþ"<�'?�=�UI?A?P6�:VUILQU>fn=�5Q9S?³6HL@XT9S2g5@=�FAh�:'J�9S2j������=�2<6>?P:Vh�5B:�:�5@9T?a:V\A:V=�U4h�:nCw�Í5Q?¸ ¯�©>ª�Í^ó@XDX�X`ór¨ ç �Ô� ¸ CE�'2gLB6>?PeD9.C�!#��CP��6I\�]S^S^T]DCE[A[-3P]SÃ;Â>_9áu]SÃTÁS^D3�Å_�	j�y3/�OFP6>2<6IdD5NM��OL@W�FP6H?P:g6H2g5�6H?Pea�}3-�O2�U>:�F.h�6H?bC�"m!k6T:V=j6H?�=�U4?.?P6i:�UIL@U>f|=�5@9T?�5@?³���V�´��:V\A:sM
=�U4h�:nCw�ö¡�©�¦����P¤g¦;¯8¢B§y¡H�P¤ró@X�XDX \A¯�¦;§u«
Í�©;§#��¢%�;§A¦S  ¸ ¯g©Hª
Í�«F�k¤gª4¢B¦S �¢v«<«4�G¤�©;§´«F�A¦;ªn¤3
�¡K¢B£�¤
ª<©;£8£8��§.¢Bª<¦S¡�¢B©;§�CP]S^S^T¿D3�ÅÁ�	j�}3.�O9S2g9SW�F.9>dEC� }3��}3.�O9S2gU;C�6H?Pei�j3;R.3���6Hl.LQ2<6I�ICA"m�cUrfnUI5@d;U�6H?�=�UI?A?P6}:�UIL@U>f|=�5@9T?}J�9S2������´�
:V[G6H=�576HL�hYl.LQ=�5@[AL@UI~;5Q?.X.1��+F.U49S2�\�6>?Pe�6HLQXS9S2g5@=gF.h�:nCw��óWXDXDX�\.¯g¦;§u«
Í�©;§©��¢%�;§.¦S  ¸ ¯g©>ªn¤�«<«4¢B§��SC
[.[-3P];Â>qTÁ¾á�]TÃS^uÂ�C-
'9>d�3.]S^T^S¿�3�xÂ�	8
P3�
�6>?P6I\;UI5j6H?Pe)�j3	
'9;:�2<6>=�5@?A5B6DC "<��:�\Dhi[A=�9S=g5Bf�fI6H[P6Tfn5@=�\�X�6H5@?»9HJ8=g2<6>?P:Vhi5Q=�6H?�=�UI?.?G6
:VU4L@U>fn=g5@9T?-Cx�Z5Q? ¸ ¯g©Hª
Í Ï ¤8¨�ã$��°T£?�A©H«4¢B�D£}CA�'lP:V=g5@?-CA�+�8CE��fn=I3A]S^T^S¿D3�ÅÃ�	8
P3/
u6H?P6I\;UI5z6H?Pea�}3�
'9;:�2<6>=�5@?A5B6DCi"<��:V\�hi[.=�9T=�57f�f46H[P6Tfn5@=�\�6H?P6>L@\A:V57:'9HJ�=�2<6>?P:Vh�5@=�6H?�=�UI?.?G6
:VU4L@U>fn=g5@9T?-Cx� 5Q? ¸ ¯�©>ª�Í�©P�]ó@X�XDXfó�§D¡�¤|¯n§A¦S¡�¢B©;§.¦S A��°T£?�A©H«4¢B�D£ ©;§bó|§��4©;¯|£8¦S¡K¢B©;§ \^�P¤g©;¯n°>C
��F.57fI6HXT9.C��m��CPRSlA?.Uj]S^S^>À.CP[-3P]HÀApS3

qS¿



qHÀ�Åq�	8
P3S
�6>?P6I\;UI5;6>?Pe}�j3I
'9�:V2<6>=�5Q?.5B6�CA"n��6H[G6Sfn5Q=V\�9HJG���V�´��f<FP6H?A?.UILB:E�	5Q=�Fj6H?�=�U4?.?P6	:VU4L@U>fn=g5@9T?-Cx�
]S^T^S_�C	:Vl.`Ahi5@=g=�U>e�=g9Y���#�����-2<6>?P:n3.9T?���?DJ�9.3P�+FAUI9S2g\;3�vp4^�	8
P3P
�6H?P6I\;UI5�6>?Pe��}3�
'9;:�2<6H=g5@?.576DCA"|��6H[P6Tfn5@=�\Yh�6H~�5@hi5N�I5Q?.X�6HL@XT9S2g5@=�FAh�:/J�9S2-��9T5@?�=+=g2<6H?G:Vhi5Q=VM
2�UrfnUI5@d;U±6H?�=�UI?.?G6�:VUILQU>fn=g5@9S?bCx��5Q? ¸ ¯�©>ª�ÍA©P��¡H�P¤ ç «4¢@ N©;£8¦;¯O¨�©;§��>¤|¯�¤�§.ªn¤O©;§���¢%��§.¦S Ä« É ��°r«|¡�¤|£�«
¦;§.¥�¨�©;£?���;¡V¤|¯�«|C.�z6Sfn5N��f}�'2g9>d;U;Ck���}CP
O9Hd�3.]T^S^>À.3�vpTp�	j�/3�$+UI?Pe�UI2IC���3�$+LB6Sf<W�C��y3+�'2g9S`-CO��3���6Se�9HdT6>?.5�C	
j3#
;5Q?PeDF�lP:VFP6I\�6>?P6DC	6>?Pe��j3�(�5@=gUI2�`.5KC"n�� �����Ç>�� ���1�6�`P6>?PeD�	5Be�=�FZU|��fn5QUI?�=+F.5QXSFDMs:V[PUIU>eZ�	5Q2�UILQU>:�:	eA6H=<6�:VUI2gdD57fnU�J�9S2O?.9Sh�6TeD5Bf
lP:�UI2<:|Cx�þóWXDXDXÈ¨�©;£8£8�D§.¢Bª<¦S¡K¢B©;§u«��a¦���¦��4¢B§k¤<C.[.[-3EÂr^9áAÂSÂ;CbRSl.L@\�]T^S^T^D3�vp4]�	j��3E&�?.9T[.[�6>?Pe��/3��'l.hY`.L@U4=ICA"<��?DJ�9T2�h�6>=�5Q9S?�fI6H[G6Sfn5Q=V\�6>?Pe�[P9>�+UI2�fn9T?D=g2�9SL�5@?³:V5Q?.XSLQU8fnUILQL
hYl.L@=g5@lP:�UI2�fn9ShihYl.?.5QfI6>=�5Q9S?P:|Cx��5Q? ¸ ¯g©Hª
Í�ó�§D¡V¤�¯n§.¦S¡K¢B©;§.¦S �¨�©;§��>¤|¯<¤|§.ªn¤�©;§i¨�©;£8£8��§.¢Bª<¦S¡�¢B©;§;«|C

;U>6>=�=gL@U;C��a�}C.RSl.?AUipIqTqS_�3�vp4¿�	j }3-�	:�U86>?Pe´��3k(�5B:V��6H?P6>=�F-C�éb�D§.¥;¦;£�¤�§D¡�¦S Å«�©P� Ï ¢B¯<¤< @¤�«<«{¨�©;£8£8�D§A¢Bª<¦S¡�¢B©;§DC���6HhY`.2�57eDXSU
�'?.5Qd;UI2<:�5@=�\Y��2�U>:g:nCP]T^S^S_�3�vp|À�	j�/3>(�57:V�	6>?P6H=gF-CT }3x
}3N�O3>�	:VU;CT6H?Ge}��3u��6>2�9S576DCA"|�'[A[k9T2�=gl.?.5B:�=�57f#`PU>6HhYJ�9S2�h�5@?.X�lP:V5Q?.X�e�l.h�`
6H?�=�U4?.?P6S:|Cx�þóWXDXDX \A¯�¦;§u«
ÍA©;§�ó|§��4©;¯|£8¦S¡�¢B©;§]\^�P¤g©;¯|°HCId;9SLK3HÀ�ÃDCS?A9.3;Á�CS[.[-3�pI];ÂSÂ~áGpI]TqHÀ.CPRSlA?.U
]S^T^S]�3�vp4_�	j�y3S
;FP6>2�5NJ�6H?Pej$�3>��6S:g:V5Q`.5�CM"n�O?}=gF.U�fI6H[P6Tfn5@=�\�9>J������´�y`.2g9;6Te.fI6S:�=�f<FP6H?.?AUIL;�	5@=gF�[G6H2�=g5B6>L
:V57eDU	5@?�J�9S2�h{6H=�5Q9S?-Cw� ó@X�XDX \A¯�¦;§u«
ÍG©;§�ó|§��4©;¯|£8¦S¡K¢B©;§#\^�P¤g©;¯n°>CHd;9TL�3T_DpTCu?A9.3�]DC;[.[-3�_S^SÁ	á�_T]S]DC
!.UI`-3P]T^S^S_�3�vp4Á�	8
P3E
�6>?P6I\;UI5-6>?Pe��}3.
O9;:V2m6H=g5@?.576DCA"<��~�[.L@9T5@=g5@?.X8hYl.L@=g5@lP:�UI2�eD5Qd;UI2<:�5@=�\8�	5@=gF�9S?.LQ\Zp<M�`.5Q=+J�UIU>euM
`P6Tf�W�Cx�Ë5@?`óWXDXDX Ï ¢B¯<¤< @¤�«<«�¨�©;£8£8�D§.¢Bª<¦S¡K¢B©;§�¦;§A¥Z¤}¤m¡+��©;¯W(T¢B§���¨�©;§��>¤|¯<¤|§.ªn¤þá Ï ¨�¤8¨ÁâTC

'UI�"�O2�LQU>6H?P:|CE���}C.��6>2<f<F�]S^S^T_D3�vp>Â�	8�O3	�	3'
;FG6H?.?.9T?-C "m�·h�6H=gF.UIh�6>=�57fI6HL�=�F.UI9T2�\¸9HJYf|9ShihYl.?.57fn6>=�5@9T?P:nCw� ä�¤< @ A��°I«
Í~\P¤gª��RÍå ©;�D¯|§.¦S xC.d;9TL�3.];Â;CP[.[-3P¿;Â>q9á�À;]T¿DC-ÁT]S¿9áuÁS_TÁDC�pIq>À;ÃD3



qS_�vp4Ã�	j�<3.�	3��­U4LB6H=m6H24Cq"|��6H[P6Tfn5@=�\Y9HJ�hYl.L@=g5vMs6H?�=�UI?.?G6���6HlP:g:V5B6>?�f<FP6H?A?.UILB:|Cx�#X���¯�©��P¤g¦;§#\A¯�¦;§u«
Íb©;§\P¤< @¤gª<©;£8£8��§.¢Bª<¦S¡�¢B©;§�Ckd;9TL�3Ep4^DCP[.[-3P_TÃS_9áu_SqT_DC�
'9>dE3�pIqTqSqD3�vp4q�	j�	3�$+5@XSLQ5@UI2g5�C>R.3;��2g9;6HW�5B:|C.6>?Pe{
G3D
;FP6>h�6H5KC?"<!P6TeD5@?.Xjf<FP6H?A?.UILB:|1/5Q?DJ�9S2gh�6H=g5@9S?�M�=gF.UI9S2gUI=�57f�6H?Pe
fn9Thih�lA?.5BfI6>=�5Q9S?P:�6S:�[PU>fn=<:|Cx�¹ó@XDX�Xû\A¯�¦;§;«
Í�©;§~ó|§��4©;¯|£8¦S¡K¢B©;§�\^�P¤g©;¯n°>CDd;9SLK3DÀTÀ.CP?.9.3�ÁDC.[.[b3
]SÁ�pIq¾á{]SÁTqS]�C­��fn=43EpIqTqSÃ�3�Ä]T^�	j$�3	�O3+�'2g?.9SL7eEC	
}3�$	6HL76HW�2�57:VF.?P6>?-C	6>?Pe��}3�
}3�
�6HX�6H2m6I�<6DC ç é�¢B¯�«|¡�¨�©;��¯�«>¤�¢B§ n	¯g¥D¤|¯�P¡K¦S¡�¢v«|¡K¢Bª�«|C�RS9SF.?���5@LQUI\i6>?Pe�
�9S?P:|C/p4qSqS]�3�Ä]�p�	j�}3P�}3A �6IdD57eEC�n	¯g¥D¤|¯?�P¡�¦S¡K¢v«|¡K¢Bª�«|C#��5QL@UI\�Ckp4qSÃ�pS3�Ä]T]�	j�}3��i×UI?D\�5�CM"n�O?i=gF.U�=�FAUI9S2g\�9>J�9T2<eDUI2�:V=m6H=�57:V=g5BfI:|Cx� ç ª|¡�¦'ÍP�a¦S¡�� ç ª<¦;¥'ÍÁ�kªI¢4Í�æ%�D§���ÍNC.d;9SL�3;ÀAC
pIqT_S¿�C�pIq�p�Ms]S¿DpT3�Ä]T¿�	jR.3E��6HL76HhY`k9�:nC ç «4°S£?�P¡K©S¡�¢Bª©\^�P¤g©;¯|°8©P�Xn	¯g¥D¤|¯?�P¡K¦S¡�¢v«|¡K¢Bª�«|C�&%2g5@UIXTUI2O��l.`-3E��9A3@C-pIqTÃuÂ�3�Ä]>À�	8�j3�R.3�!.9;:�f<F.5Q?.5	6>?Pe��y3zR.3+��6>?P:nC "n�O?�L@5@h�5@=<:�9>J��	5@2gUIL@U>:g:}fn9ThihYl.?.5Bf|6H=g5@9T?´5Q?²JK6TeD5@?AX
UI?�dD5Q2�9T?.hiUI?�=��	F.UI?�lP:V5Q?.X�h�lAL@=�5Q[.L@U�6H?�=�UI?A?P6S:|Cx� Ï ¢B¯�¤< Q¤�«<« ¸ ¤|¯�«4©;§.¦S O¨�©;£8£8��§.¢Bª<¦S¡�¢B©;§�C
d;9SLK3.Á�Ck[.[b3P¿DpSplá�¿T¿S_DCb��6H2<f<FapIqTqSÃD3�Ä]T_�	j��3u
P3T$+L@lAh"6H?Pe8R.3T�}3I��5Q?D=gUI2<:|C?"n�O?89T[.=�5Qh�l.h»�����´���	5@=gF86H?�=�U4?.?P6O:VUILQU>fn=�5Q9S?-Cw� ó@X�XDX
¨�©;£8£8��§.¢Bª<¦S¡�¢B©;§;«�¬z¤<¡�¡V¤|¯�«|CDd;9TL�3PÁ�C.[.[-3P¿S]T]9áu¿S]HÀAC-�'l.XA3P]S^T^S]D3�Ä]TÁ�	j }3+�O9S2gU;C	��3��'Ur6H=�FbC+6>?Pe��}3z��6HlAL@2<64�IC "m�­2m6H?P:�hi5@=Y:�UIL@U>f|=�5@9T?y5@?¸:�[P6H=g5B6HL	hYl.LQ=�5@[AL@UI~�5@?.X
:V\A:V=gUIh�:|Cx�#óWXDXDXÈ¨�©;£8£8��§.¢Bª<¦S¡�¢B©;§;«�¬z¤<¡�¡V¤|¯�«|CDd;9TL�3AÁDC.?.9A3/pTC.[.[-3.À;q�pçá�À;qS¿�C-
'9>d�3P]S^S^T]D3�Ä];Â�	j�}3.�O9S2g9SW�F.9>dEC� }3��}3.�O9S2gU;C�6H?Pei�j3;R.3���6Hl.LQ2<6I�ICA"m�cUrfnUI5@d;U�6H?�=�UI?A?P6}:�UIL@U>f|=�5@9T?}J�9S2������´�!�6>=VM�JK6SeD5Q?.X�f<FP6H?.?AUILB:|1/�+FAUI9S2g\}6>?Pe}6>L@XT9S2�5Q=�F.h{:nCx�]óWXDXDX�\A¯�¦;§;«
Í.©;§�ó|§3�4©;¯n£8¦S¡K¢B©;§©\^�P¤g©;¯n°>C
[.[-3P]TÁSÃ;Â3á�]TÁSqSÁ�C/��fn=I3A]S^T^S¿D3



qSÁ�Ä]TÃ�	j�}3;�P9S�>6>?.9.C��}3T�-l.L@5Q?.9.C;6>?Pe�
P3>(�UI2<eDlbC?"<�O5@XSF�M�
�
��²[P9>�+U42�9H�b:VU4=�5@?jh�l.LQ=�5NM�6>?D=gUI?.?P6	fn9Th�M
hYl.?.5Bf46H=�5Q9S?-Cw�)5@? ¸ ¯�©>ª�Í±©P�róWXDXDX�ó|§D¡�¤|¯|§.¦S¡K¢B©;§.¦S ���°T£?�A©H«4¢B�D£µ©;§ ó|§��4©;¯|£8¦S¡K¢B©;§$\^�P¤g©;¯n°>C
��F.57fI6HXT9.C��m��CPRSlA?.Uj]S^S^>À.CP[-3P]SÃTÃD3�Ä]Tq�	j }3P$+LQ5B:�:|C�&�3A!.9S2<:�\D=gF.U;CA�}3.�'U42�9.CA6H?Pe��}3�*�UIXSl.L76HLQ[-C?"m�±?�d�5@2�9T?.hiUI?�=<6>LP5B:�:�l.U>:�J�9S2O�����´�
fI6>[P6Sfn5Q=�\;Cx�]óWXDXDX \.¯g¦;§u«
ÍA©;§��k¢%�;§.¦S  ¸ ¯�©>ªn¤�«<«4¢B§��SCHd;9TL�3>_T^DCS?.9A3;qDCT[.[-3T]DpI]TÃ9áu]DpnÀ�]DCE
;U4[.=�UIhYM
`PUI2�]S^S^T]D3�Ä¿T^�	8
P3E(�UI2meDl-C~"|
;[PU>fn=�2m6HL�U|��fn5QUI?Pfn\�5@?Z�	57eDUI`P6>?Pe�2�UIXT5@hiU;Cw�bó@X�XDX�\A¯�¦;§;«
Í�©;§©ó|§3�4©;¯n£8¦S¡K¢B©;§\^�P¤g©;¯|°HCDd;9TL�3�À;ÃDCP?.9A3PÁDC.[.[-3-p4¿Dp4q9áPp4¿HÀ�¿.C-RSl.?.U�]S^S^T]D3�Ä¿�p�	8�j3-&]×UI2�5KC¤"m�+F.Ui
;F.UI2gh�6H?�M��Z9T2�5B:g:V9T?�J�9S2gh�lALB6}J�9S2�=gF.U8eDU4=�UI2ghi5@?P6>?D=O6>?PeZ5@=m:'6>[.[.LQ5BfI6>=�5@9T?
J�9S2O9S[A=�5@h�5@�I5Q?.X�=�F.Uj�;lP6SeD2m6H=g5Bf'J�l.?Pfn=g5@9T?P:+9S?³fn9S?Pe�5@=�5Q?.9;:	:�UI=<:	XS5Qd;UI?i`�\iUI~�=�2gUIhiUOXSUI?.U42<6rM
=�9T2<:|Cx��5@?În0�P¡K¢B£8¢��4¦S¡�¢B©;§]\^�P¤g©;¯n°�ô0Þ�¤gªn¤|§D¡^è8¤=�>¤< N©���£�¤|§D¡B«-�4¯�©;£���ß¦S¡K¯�¦���ß¦��4¦SC>!+3S�O5B6>?.?.U>:g:V5KC
�/3P�z6H2<eA6HL@9�:nC�6H?Pe���3P�'6>[�fI:	è6>WECP��e.:|3E&�L@l��+U42IC�]S^T^DpS3�Ä¿T]�	8�j3D�O\Dh{6H?-C;��3;�}3T
�6>`P6H24CD�j3;$+9SL7fI:VW;UI5KC>6H?PeY�}3;R.3���6Hl.LQ2<6I�ICA"|��FP6H2m6Sfn=gUI2�5Q�I5@?AX�=�F.UO:�=<6>=�5B:�M
=�57fI6HLz[.2�9T[kU42�=�5QU>:'9>J	hYl.=�lP6>L-5@?DJ�9T2�h�6>=�5Q9S?�5@?a�����´�Èf<FP6H?A?.UILB:|1���?P:�5@XSF�=<:O5@?�=�9�eD5Qd;UI2<:�5@=�\;M
hYl.L@=g5@[.LQUI~D5N?.X�=g2<6TeDUI9H�zCw� ó@X�XDX \A¯�¦;§;«
Í�©;§`��¢%�;§.¦S  ¸ ¯g©Hªn¤g«<«4¢B§��SC'd;9TL�3�_DpTC�?.9.3�pSpTC'[.[b3
]uÂrÃHÀ�á�]uÂrqS_.C�
'9>d�3.]S^T^S¿�3�Ä¿T¿�	8
P3+�OUIh�6>?-C�"<�öLQ5@hi5Q=�=gF.UI9T2�UIhËJ�9S2Y=�F.U�?.9S2gh 9>J�=gF.U�2<6>?PeD9Sh h�6>=�2g5BfnU>:|Cx� ç §.§.¦S Ä«³©P���¯�©;®<¦;®4¢@ N¢@¡�°>CDd;9TL�3PÃDC.[A[-3P]S_T]9á�]TÁDpTC�pIqTÃS^D3�Ä¿>À�	j }3-��F.5@�4F.5@W�Ck�j3�R.3E!.9;:gf�FA5@?.5KC.�y3PR.3-��6>?P:nC�6H?Ge���3P�}3.(�6>L@UI?.�4l.UILB6�Cq"m&�UI\DFA9SL@Ur:nCPfn9T2�2�U4LB6rM
=�5Q9S?P:|C�6H?PeYfI6H[G6Sfn5Q=�5@Ur:­9>JEhYl.LQ=�5vMKUILQUIh�U|?�=E=�2m6H?P:�hi5@=z6H?Ge�2gU>fnUI5Qd;U+6>?D=gUI?.?P6T:nCw�#óWXDXDX \A¯�¦;§;«
Í
©;§ Ï ¢B¯<¤< @¤�«<«�¨�©;£8£8�D§.¢Bª<¦S¡K¢B©;§u«|C.d;9TL�3EpTCk?A9.3P]DC.[A[-3P¿SÁ�pçá�¿TÁSÃ�C/�O[.2�5QL-]S^T^S]�3�Ä¿T_�	j�}3	
;F.5Q?�6H?Ge�R.3��}3+�PUIU;C�"n��6>[P6Sf|5@=�\�9>J�h�lAL@=�5Q[.L@U|M�6>?D=gUI?.?P6iJK6SeD5Q?.X�f<FP6H?.?AUILB:|1´:�[P6H=g5B6>L
JK6Se�5@?.X³fn9S2g2�UIL76H=�5Q9S?-C�eD9Tl.`.LQUi:gfI6H=g=�UI2g5@?.XAC/6>?Pe�W;UI\DFA9SL@U�Cx� ó@XDX�X \A¯�¦;§u«
Í±©;§ ó|§3�4©;¯n£8¦S¡K¢B©;§\^�P¤g©;¯|°HCDd;9TL�3�À;qDCP?.9A3-pI^DC.[A[-3P]SÁT¿SÁ9áu]SÁ>À.Â;C���fn=I3A]S^S^T¿D3



quÂ�Ä¿TÁ�	j�y3�â�3n��5Q?j6H?PejR.3>�}3n��5Q?D=gUI2IC�"<�O?P6HLQ\.:�5B:E9HJGFD\�`.2�57e�:VU4L@U>fn=g5@9T?EÇIh�6>~D5Qhi6>LvMK2<6>=�5@9�fn9Th�`A5@?.5Q?.X
5@?a2<6I\�L@UI5QXSF�JK6SeD5Q?.X.Cw� ó@XDX�X \A¯�¦;§u«
Í�©;§¸¨�©;£8£8�D§.¢Bª<¦S¡K¢B©;§u«|C�d;9SL�3�ÀDÂ;C�?A9.3�pI]�C�[.[-3�pHÂTÂ>¿9á
pHÂTÂ>Á�C- 'U>fS3�pIqTqSqD3�Ä¿;Â�	j }3-�OU>:V`PUI2g=ICP�}3P$+9TLBfI:�W;UI5�C� }3��}3k�O9T2�U;C�6H?Pe��}3PR.3P��6>l.L@2m6I�ICq"|�Ol.=<eD9;9T2������´�)�	5Q2�UILQU>:�:
f<FP6H?.?AUILB:|1#hi9�e�UILB:�6H?Pe�[kU42VJ�9S2gh�6H?GfnU�[.2�U>e�5Bfn=g5@9S?bCx�#óWXDXDXò\.¯g¦;§u«
Í�©;§y¨�©;£8£8��§.¢Bª<¦S¡�¢B©;§;«|C
d;9SLK3._T^DCP?.9.3-p4]DCP[.[-3-pIqT]SÁ	áPpIqT¿HÀAC/ OU>fS3P]S^T^S¿�3�Ä¿TÃ�	8
;FP6>FP6H`�
�6H?P6I\;UI5G6H?PeY�'2�576�
'9�:V2<6>=�5Q?.5B6�CA"n
;[P6TfnUnMK=�5QhiU	fn9�e�U>:�5@?YW;UI\DFA9SL@U�f�FG6H?.?.U4LB:n1��'?G6HLvM
\A:V5B:�6H?PeaeDU>:�5@XS?�57:�:�l.U>:nCw� 5Q? ¸ ¯�©>ª�Íz©P��ó@X�XDXéã	 N©;®<¦S M\P¤< @¤gª<©;£8£8��§.¢Bª<¦S¡�¢B©;§;«�¨�©;§��>¤�¯�¤|§.ªn¤mC
 �6>L@LB6T:nCP�+�8CP OU>fS3.]T^S^>À.CEd;9TL�3.Á�C.[.[-3P¿;Â>ÁSÃ_á�¿;ÂSÂ>]�3�Ä¿Tq�	j�y3;�'`A2<6Hh�9H�	5Q=���6H?Ge8�}3;�<3u
�=�UIXTl.?-CBæ%¦;§.¥;®<©>©�(�©P�	��¦S¡H�P¤|£8¦S¡K¢Bª<¦S �é-��§.ªn¡K¢B©;§u«|C�
'UI��*�9S2gWEC
 '9>d;UI24CEpIq;Â>]�3� À�^�	j }3��	:VU�Cþ"n�O[.=�5Qh�6HLz[k9>��UI2j6HL@LQ9�fI6H=g5@9T?y9>d;UI2�[P6>2<6HLQL@UIL	��6HlG:�:V576H?�f<FP6>?.?.UIL7:nCx��5Q? ¸ ¯g©Hª
Í�©P�óWXDXDXkó|§D¡�¤|¯|§.¦S¡K¢B©;§.¦S Á��°T£?�A©H«4¢B�D£,©;§�ó�§��4©;¯|£8¦S¡�¢B©;§#\^�P¤g©;¯|°HC��'L@h�C;�OUI2�h{6H?�\;CSRSlA?.U}p4qSq;Â;3� ÀAp�	j$�3-�'9�f<F��	6HL7eEC-��3/��3b��6H2��4UI=�=m6DC�6H?Pe�(83��/6>2�9TWDF-C�"<�Zl.LQ=�5NM�6>?D=gUI?.?P6if<FP6>?.?.UIL�FG6H2<e�UI?.5@?AX
6H?Ge}5@=<:-5@h�[.L@57fI6H=g5@9S?G:GJ�9S2�2<6>=�U+J�UIUreD`P6Sf<W�6>?Pe8:�f<F.U>eDlAL@5@?AX.Cx�]óWXDXDX�\A¯�¦;§;«
Í.©;§�ó|§3�4©;¯n£8¦S¡K¢B©;§\^�P¤g©;¯|°HCDd;9TL�3A_S^DCP?.9A3PqDC.[.[-3-p4ÃSqT¿¾á�p4qS^TqDC-
;UI[.=43P]S^S^>À.3� À�]�	j }3��OU>:V`PUI2g=�6>?PeÍ
G3'�OL@9SlA5@?.5KC "<�'9>�·hYlPf<F½J�UIUreD`P6Sf<W�57:ih�l.LQ=�5NM�lP:�UI2�eD5@d;UI2m:V5Q=V\�2gU>6HLQL@\
�+9T2�=gF-Cx��5@? ¸ ¯g©>ª�Í'ó�§D¡V¤�¯n§.¦S¡K¢B©;§.¦S �¨�©;§��>¤|¯<¤|§.ªn¤O©;§�¨�©;£8£8�D§.¢Bª<¦S¡K¢B©;§u«|C���6>2�5B:|C;!.2<6>?PfnU;C;RSlA?.U
]S^T^HÀA3� À�¿�	j }3D�OU>:�`PUI2�=�6>?Pe�
j�'LQ9Sl.5Q?.5�CM"n
;UILQU>fn=g5@d;U�hYl.L@=g5@lP:�UI2-e�5@d;UI2m:V5@=�\;Cw�i5@?�¢B§ ¸ ¯g©>ª�ÍA©P�¡ó|§�¡� nÍ��k°S£?�-Í
©;§���¢%�'Í ¸ ¯�©>ª�Íb¦;§.¥¤ó|§3�4©'Í�\k¤gª3�A§ÁÍ?á�ó@��� ¸ ó�\'âTCP �6>2�h�:�=<6TeD=ICP�'U42�h�6>?D\;C� 'Urf�]T^S^T¿D3� ÀTÀ�	j�	3���3/��F.5Q=�=m6HW;UI2�6H?Pe��j3�
}3/��6H=m:V9T?-C ç ¨�©;�D¯�«>¤�©P�i�a©>¥D¤|¯|§ ç §.¦S N°r«4¢v«|C���6HhY`.2�57eDXSU
�'?.5Qd;UI2<:�5@=�\Y��2�U>:g:nC.ÀT=�FZUreD5@=g5@9S?bCEpIqTqSÁ�3



qSÃ� À�_�	8
P3E(�5B:VF��	6>?P6H=gF-C�
}3-RS5Q?Pe.6HLKC-6H?Ge´�}3��'9TLBe.:�hi5@=gF-Ci"< 'lP6>L@5Q=V\�C/6Tf�FA5@UIdT6H`AL@U}2m6H=gU>:�6H?Pea:Vl.h
2<6>=�U�f46H[P6Tfn5@=�\}9>J���6HlP:g:V5B6>?����V�´�¸`.2g9;6SeAfI6S:�=Of�FP6>?.?.UILKCx�]óWXDXDXê\A¯�¦;§u«
Í�©;§¤ó|§3�4©;¯n£8¦S¡K¢B©;§\^�P¤g©;¯|°HCDd;9TL�3�À;qDCP?.9A3-pI^DC.[A[-3P]SÁT_SÃ9áu]SÁTÁ;ÃDC���fn=I3A]S^S^T¿D3� À�Á�	j$�3���6S:g:V5@`A5�6>?Pe��y3	
;FP6>2�5NJgC "|
�fI6HLQ5@?.X�LB6I�O:�9>JY:�l.h 2<6H=gU�lP:V5Q?.Xy=g5@hiUnMs:VFG6H2�5Q?.X.C� ��+�OC
6H?GeZ`kUr6Hh�J�9T2�hi5Q?.X}J�9S2������´�»`.2�9�6Se.fI6T:V=jf<FP6H?.?AUILB:|Cx�½5Q? ¸ ¯�©>ª�Íz©P��óWXDXDX�ó�§D¡V¤�¯n§.¦S¡K¢B©;§.¦S ��°T£?�.©H«4¢B��£ö©;§�ó�§��4©;¯n£8¦S¡K¢B©;§¹\^�P¤g©;¯|°HC.��F.57fI6HXT9.C�����3@C.RSlA?.Uj]uÂ}M�RSlAL@\�]8]T^S^HÀACE[-3-p>Â>_D3� À�Â�	jR.3/�P9>d;U;C���3P�"3-�'Ur6H=�F³RS2I3QCk�"3/
u6H?�=�5@[G6Sf<F-CE6>?Pe��y3/��3��'9S?A5@X.C~"g��FP6H=�57:'=�F.UjdT6HL@lAU89HJ
L@5Qhi5@=gU>e}J�UIU>eD`P6Tf�W8J�9S2������´�»f�FP6>?.?.UIL7:çêTCx�þóWXDXDX�¨�©;£8£8�D§.¢Bª<¦S¡K¢B©;§u«��a¦���¦��4¢B§k¤<C.d;9SLK3.À;]�C
?.9A3/p4^DC.[.[-3P_>À�áu_SqDC���f|=I3.]T^S^>À.3� À�Ã�	j�¼&�9S`P6I\�6S:�F.5�C��}3;��6H5Q2�U;C�6H?PeY }3;�'Ur:V`PUI2�=4CA"<�'?�=�U4?.?P6�eD5Qd;UI2<:�5@=�\Od.:|3HhYl.L@=g5@lP:�UI2�eD5Qd;UI2<:�5@=�\E1
�;lP6H?�=�5NJ�\D5Q?.X�=�FAU'=g2<6Se�UI9H�b:nCw��5Q?�ó�§D¡�¤|¯n§A¦S¡�¢B©;§.¦S ���°T£?�A©H«4¢B�D£È©;§Öó�§��4©;¯|£8¦S¡�¢B©;§#\^�P¤g©;¯|°�¦;§.¥
¢@¡B« ç ���P N¢Bª<¦S¡K¢B©;§u«|CP��6>2�h�6�C.��=<6>L@\;CP��f|=�9S`PUI2�]S^T^HÀA3� À�q�	j }3�R.3/�P9>d;U;C���3­�"3b�'U>6H=gFyRS243@C-6>?Pey��3�
;=g2�9SFAhiUI2IC�"n�O2<6T:�:Vh{6H?.?.576H?y`PU>6>h�J�9S2ghi5@?AX�J�9T2
hYl.L@=g5@[.LQUnM�5Q?.[.l.=8hYl.LQ=�5@[AL@UnMK9Sl.=g[.l.=Y�	5@2gUIL@U>:g:i:V\A:V=gUIh�:|Cx� óWXDXDX \A¯�¦;§u«
Í%©;§bó|§3�4©;¯n£8¦S¡K¢B©;§\^�P¤g©;¯|°HCDd;9TL�3�À;qDCP[.[-3P];Â>¿T_9á�];ÂIÀ�Â;C���fn=I3A]S^S^T¿D3�Ä_T^�	j&83;&83S�ZlAWDWT6IdD5QL@LQ5�C>�}3;
�6H`AFP6H2g�	6HLKC.�	3T�±2gWD5Q[-C;6>?Pe�$�3T��6>�IFP6H?AX.CA"n�O?Y`PU>6Hh�J�9T2�hi5Q?.X	�	5@=gF
�P?.5Q=�U�2<6>=�U�J�UIU>eD`P6Tf�Wa5@?¸h�lAL@=�5Q[.L@UY6>?D=gUI?.?P6a:V\A:V=gUIh�:|Cx� ó@X�XDX \A¯�¦;§u«
Íc©;§ ó|§3�4©;¯n£8¦S¡K¢B©;§\^�P¤g©;¯|°HCDd;9TL�3�À;qDCP[.[-3P]T_SÁT]9á�]T_uÂrqDC���fn=I3A]S^S^T¿D3�Ä_�p�	j�/3.
;d;UreDh�6H?bCu
P3�&�3T��5@LB:�9S?-C.��3.��5@h�5@?.5KC>6H?PeY$�3D�O=�=gUI2<:�=�UI?-CM"<��:V5Qhi[.L@5N�PU>e'J�UIU>e�`P6Sf<Wj6H?Pe
:�f<F.U>e�l.L@5Q?.Xi:gf�FAUIhiU'J�9T2}��!� ��yCx��5Q? ¸ ¯�©>ª�ÍTZk¤@�A¢BªI�u þ¦;¯ \P¤gª��A§.©S N©3�;°�¨�©;§��>¤�¯�¤|§.ªn¤mC-�Z5@L76H?-C
��=<6>L@\;CA��6r\{]S^S^>À.3�Ä_T]�	��"3��cF.U4U}6>?PeZR.3��y3E��5@9>��C�"<��?Pfn2gU>6S:�U}5@?�fI6>[P6Sf|5@=�\i9HJ±h�l.LQ=�5QlP:VUI2O��!� ���:V\A:V=�U4h lG:V5@?AX
eD\�?P6Hh�5Bf8:VlA`Ef<FP6>?.?.UIL�6HLQL@9�fI6>=�5Q9S?-Cw�º5@? ¸ ¯�©>ª�Í�ZP¤W�A¢BªI�; N¦;¯þ\k¤gª��A§A©S N©3�;°y¨�©;§��>¤|¯<¤|§.ªn¤<C���6I\
]S^T^S^�CEd;9SLK3.]DC.[A[-3-pI^TÃS_9áGpI^TÃSqD3



qSq�Ä_T¿�	��"3-!.UILQL@UI24C ç § ó�§D¡K¯�©>¥;�Dª|¡�¢B©;§�¡�© ¸ ¯�©;®<¦;®I¢@ N¢@¡K°þ\^�P¤g©;¯n°�¦;§.¥�ó<¡B« ç ���P N¢Bª<¦S¡K¢B©;§u« É ZA©S N�D£�¤½Z>C
��5@LQUI\;C�pIquÂ�pS3�Ä_>À�	j��3PR.3E
;UI2P!G5@?.XAC ç ����¯g©�YT¢B£8¦S¡�¢B©;§k\^�P¤g©;¯�¤|£�«%©P����¦S¡H�P¤|£8¦S¡K¢Bª<¦S ^�P¡K¦S¡�¢v«|¡K¢Bª�«|C���5@LQUI\;CEp4qSÃT^D3



(%�V���


;FP6>FP6H`"
�6>?P6I\;UI5��	6T:�`P9S2g?)9S?�!.UI`.2glP6H2g\�À�onp;C�pIq;Â>¿�C�5@?���6S:�FP6Se�C���2<6>?-C�:�9S?�9HJY
�6H2m6�6H?Pe
�O6HF.h�6>?�
�6H?P6I\;UI5K3��'U�2�UrfnUI5@d;Ure´F.5B:8$�3N
�fS3�e�UIXS2gUIU�5@?�UIL@Urfn=�2g5BfI6>L+UI?.XT5@?.U4UI2�5Q?.XZJ�2�9Th 
�FP6H2g5vJ
�'?.5Qd;UI2<:�5@=�\i9>JO�-U>f�FA?.9SLQ9SXS\�C-�­U4F.2<6>?-C��s2m6H?-C-5Q?�pIqSqT_Z6>?Pe´F.57:��y3v
P3beDUIXS2gUIU85@?�U4L@U>fn=g2�57fI6HL-UI?AXS5vM
?.UIU42�5@?AX%J�2g9Sh��c57fnUO�'?.5Qd;UI2<:�5@=�\;CT�'9SlP:�=�9T?-C��+�8C;5@?�]S^S^T]D3�!.2�9Sh¶pIqTqHÀ8=�9Yp4qSquÂ�FAU'��6S:��	5@=gF�=gF.U
��?D=gUIL@LQ5@XTUI?D=�
�\.:�=�UIh�:'��6>`P9S2<6>=�9T2�\y5Q?´
;FP6>2�5NJO�'?.5Qd;UI2<:�5@=�\Y9HJO�-U>f<F.?.9TL@9SXT\;3�!.2�9Th¹pIqTquÂ�=�9�]T^S^S^
F.U��	6T:'6>?��´ë� ÍU4?.XS5Q?.UIUI2��	5@=�F��-9>�	�I5@?���L@U>f|=�2�57f���9.3QCP�­U4F.2<6>?-CP��2<6H?b3c
;5Q?PfnU}
�UI[PUIh�`PUI2�]T^S^S]
F.U�FP6T:}`kU4UI?��	5@=�F�=gF.U�eDUI[P6>2�=�h�UI?D=�9>J�UILQU>fn=g2�5Bf46HL�UI?.XT5@?.UIU42�5@?AX�6H=8=gF.U��'?.5Qd;UI2<:�5@=�\�9HJ%�­U4~.6T:
6H=% �6HLQLB6S:|C-�	F.UI2�UjF.U8FP6T:%`PUIU4?��+9S2gWD5Q?.Xi9T?�F.5B:���FP ,e�UIXS2gUIU85@?�UIL@U>f|=�2�57fI6HL-U4?.XS5Q?.UIUI2g5@?.XA3��'5B:
2�Ur:VU>6>2<f<F�5@?�=�UI2gU>:V=m:'5@?Pf|L@lPeDU������´�,:�\.:�=�UIh�:|C/
;5QXS?P6>L+��2g9�fnU>:�:�5@?.XAC�
;=�9�f<FP6S:�=�57f���2�9�f|U>:�:�U>:�6H?Pe
��?DJ�9S2gh�6H=g5@9T?��+F.UI9T2�\;3


