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� 2�MD.WC12�I ,$.X0YCGI I ,$.ZUV( .K[�MD,:"�\^]`_5,$.aUV( .KMA[D)L4b4W2�,
( IX_�[D0GMD,:R�( IXUV( .W� 2c( 4`0YCGI I ,$.d)+8 2�,$MD,%.e)-,$Mf4K(*0gR
476K.W� 2�M�( I-_ (*0GMD,Z01C1I-C
I*�:MD,%.W2�,:"

h ,$.^CjiA< _-01�:MD,$.�k�CjCG_�_ ,T,32+4W8:MA� 2c� 2D01,%MA2DCY2�I
4W01C1@D@j,+lm( .76$Rn( I�k�C�!D�:.oMD,$.KUV( .bUp8:,%6a2*P*,cqr!�,$UV.7,FE
MA�:_s6W< .K,$.$"utv,%6Tlm,%6QP�MD,$.v2D�>69[�.W01C1I:k�C14eUV( .W� 2�MD.WC12�IDR
M�P�2D� )+C1_w( I�)+� 2�I ,x� 2�MD.K,-@j( 4WCG69Cyk*,L( .7MS"nz*[�lAC{E
=7]`!#/

| 2}�:UeMD,~[D)+C1MDMD,$01lA�:.K,cUV( .W� 2�MD.KCY2�I ,$.X,$.$R��>6
MD,$.�C+4W01[�692DCY2�I ,32��:U�01,$MD,%.K,32�CG_�_ ,�)-,$.K,�476W8:.
� CG,3014$Rj)-,32��wCGqF!D�:,$0�,30Y0G,$.v�`!�(*)+�:4$"jtv,%6v,$.OUV( .?E
MAC�R�MD,%6�2�[a,$.nMD,d2 P*,�qr!�,$UV.K,$MA�:_s6W< .K,$.$R>MD,$.�4K_�.WCGk*,%.
0G,$MD,$.K,32#R>( IvMD,%6�,$.�)X[D01C1I:kDCG4�,32aI (�Ma69CY2�ID"��
!*k*,%.76
Up� 0GM�Up8:. � CG,3014T)-,$.7,oUV.WCy69C1M

∗
"

t�[�U�6W,32��:U�lA0G(*)-476W,%.$R
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,32�I ,$2#"v�T,$I*2*lA[�,$.�)-,$MNI*[D0GM�UV( .w,$2�MD,32#"�ij[�I>E
0G,$_�k�C1MD.K,32�( I�lm< .K2�4ZI*0Y�:MD,-0Y�>6K6K,$.$"
��0G6o4W� )+)-,$2
!�< .K,%.OMD,%6vMD,32D2�,X4W)X[�_�_ ,a8:.K476WC1M�69C10gRu0YCGI ,$4K(*)�,F6
_�CY01( I .K� )�)+�>6$"�_�� 2*67E�@m( 476K,?=�!�< .K,$.e,32cUV.K( _ ( 476d69C10g"
h ,$.BC�iu< _�!D�:.~kDCvI ,32�( @�69�:I ,%6�,32��:UaMD,�476W( .�E
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q$,%.K,$MD,�� 2D)-,30GMD,30147,$.�k:]`01I ,>R�! k*( .�MA[+kDCY0uCY2�M�6W�:I ,
MAC12�UV.K( _ ( 4763"
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MA�:_s69C1(*2�,30n0YC12�=�,:"#�v2�MD,$.T69C1MA01C1I ,$.K,Z.K,$I*CY)L,$.OCniu< _
4W8Xk*( .K,$4T.K,$MA�:_�6WC1(*2�,30101,o0YCY2�=�,o4W8 01,%MD,$4v[�MS�
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6K,%6f( 4+UV( .$Rd�>6-k*,$.KMD,32�4W!�,%.K.K,$MD<*)+)L,%6~,$.c!�,$.K.7,FE
UV,%M�63R�( I¢MD,$.7UV( .�kDC10okDCaI ,%.W2�,J!D�3k*,}�u2�I .K,32�,�C
MD,F63"#�`CY0SMD,%6v47_>� 0#kDC
lD.W[�I ,b2�( I*0G,ZMD.W]elm,%.K.K( lm(:6�E
6K,$.a)-,%M£MD<�MD4W01�:4K,$.K,>"'\;C¤!D�:.Z,$2�MA�>69� 01( I*C12�< I*01,:R
4K8;kDCD_�� 2L4W)X[�6K6K,$.�(¡k*,$.�( Io4K2�[�@D@j,�2�( I*01,`.K( lm(:67E
6K,$.vUV.W�~¥`�:@D.K� 2DCg"j\;Cn)+� 2�I*01,%.OMD( If4769�:MAC1If2�( I*0G,
MD<�MD4W0Y�:47,$.K,:"�tv,$.KUV( .$� h k�C14XMA[�_�� 2¦47_>�>§m,B( 4x,32
U�P�4WC1_�2�< I*01,v( Ib,%6�_ ( .76d(¡k*,$.�U�P�4KC14K_+_�]`01MD,$.$R�,$.dMA[
k*( .7,$4¨lj,$MD476W,;k*,32#" � 8:.`k�CS!D�:.TUp8:,%6Tk*,$.KMD,32�4K!�,$.�E
.7,$MD<*)+)-,%6$R*k�CY0�kDCA4WCGMDMD,O@A8+©¡ª ª�"�,F69�:I ,OCAMD,%6e2 P*,
Cy67E�6W8:.W2#R3kDC ,$.�lA0G,%k*,%6�01(¡k*,%63"�tv,$.K( @D@m,%UV.W�O_>� 2Z)+� 2
47,-@A8fUV(*01_5Cu=7�:_�_ ,$4K]e63R
4K(*)«476W8:.;( I~4K,$.olm,%6QP�M�E
2DC12�I 4KUp[D01MD,X[�MS"

� ( I*0G,e!D�:.�4K@A[�.KI:6�( 4$R*! k*( .KUV( .�MD,$.¤,$.�6W(vqr!�,$UYE
.7,$MA�:_�6W< .7,$.$¬ � CG,3014�!D�:.vMA�c_�01�:.K,%6vMD,$2�6g=7� 2�4v�u2 6
� 0G,32�,:"�&�k>�:.K,%6n,$.nMD,F6�4WC1)-@A01,>R3�>6'MD,$.n,%.e­F®xqF!�,%UV.K,FE
MA�:_s6W< .`¯gMD,%6�,$.��wCGqF!D�:,$0�°�( I+­%®~� 2�47k>�:.K4W!D�3k*,32�MD,
¯�MD,%6v,$.��w� C10Y[D2�Mu°F"#&�8cC'UV.K,$)b6WC1MD,32#Rm2D8:.OMA[�4K_�� 0
!D�3k*,`Up�>6�C�qr!�,$UV.7,$MA�:_�6W< .7,32#R�4K_�� 0�MA[LUV< .7476¤69]T2�_ ,>�
± | .;=�,%I��:I I .K,$4K4KCGk�( I�kDCY0dlA� 2�_ ,¡²>4K�:I 4K< I ,�qr!�,$UYE
.7,$MA�:_�6W< .7,32�UV( .oiu< _� $³X�¨lm,$_�.W]`U�6K,32�MD,+Up� 01M�4K_�� 0
MA[J!D�¡k*,~Up�>6LCT�w� C10Y[D2�MS" | .XMD,%6LMD,$.WC1)-(�M�C1_�_ ,
6WCY01Up]`01MD,F63R¤4K_>� 0dMA[}69]T2�_ ,>� ± | .O=�,$I£,32¦476W( .KlA�:.?E
)L,%6ZlA0G(*2�MACY2�,:Rn4K(*)´,32�( .W)a6ZI ,%.W2�,Lk�CY0�4Kq$( .K,%49 $³
��lm,%_�.W]eU�6W,32�MD,�Up� 01Mf4K_�� 0mMA[f!D�3k*,vUp�>6`C#�wC1qr!D�:,30�"
&�k>�:.K,$.�MA[N2�,?=~69CY0vlj,$I I ,£4K@j< .KI 4W)+8 0�R`,%.�MD,%6�C
k�C1.K_ ,$0YC1I*!�,%MD,32£C1_�_ ,XqF!�,%UV.K,$MA�:_�6K< .K,32#R�MA[�kDC10�!D��E
k*,oUp�>6OC�Ru)-,32�µ
(:6K6W, h ,3CG4K,:"

&�(*)«4K(*0G,32�k*,%M£�:U�6W,32 69CGMD,LMA� 2�4K,%.o(¡k*,$.;!DCY)xE
)L,301,32�69C10nUp[�I*0G,$4W� 2�I~( I~.7,$476W,325�:U�2D�>69[�.K,32�4�@j(>E
0yP�UV(*2DC�R�,$.�k�Cj(¡k*,$.Klm,FkDC14�6W,v(*)�R��>6dMD,%6K6W,�2s[D)+)-,%.
�:U`iA< _�k�CY0¤MA� 2�4K,~CY2�M¦C^!�=�,$.�6W,%6X@A8�k*( .K,$4X)+� 2�E
I ,;6W.K( Up�:476K,Z01]`4K,%.K,:"utv,$.¨,$.T!�,$.e69� 01,;(*)�,%6TlA0Y�:M
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@D.W]`47,32*6K,$.K,$.�2�( I ,%6^�:UjMD,%6�P�@D@j,$.W01C1I 476W,`C12�MD,32LUV( .
4K_�.WCyk*,$_�[D2�4�6W,32�4�[D2DCGk*,$.K4��:Uu( @A01,%k*,$014K,$.�( I;)-,$MD.WC{E
k*,32�MD,�MD.W� )+�:,$.$"�\;CY0GMD,w_>� 2DC12�,$.~!�( @D@m,$.f.W[D2�M�6
@A8X,$2�I ,32~( IX4K@ACG4K,$.eI .W]e4d( IX� 2�MD.K,�,3[�UV( .WCG4K,$.K,32�E
MD,;4�6W(:§#,$.%"���8X4W� )+)L,�)+8:MD,vkDCY0ukDC#I ,$.W2�,;<*2�4K_ ,
MAC1IXI (�MfUV( .W2�<>=�,30G4K,;)-,$MfMD,%6K6W,>RDMD,%6eUV< .K476W,;2s[D)xE

)-,$.L�:U¨,32J2*P�4W0Y�:I 4LiA< _m"¤tv,%6+,%.L,%6+iu< _jR�4K(*)
,$.elA�:I:6O)L,$M�01C1I ,�MD,30G,o_�]`.K0YC1I*!�,%MB( IL!D8:lSRu2D]T2�E
4K(*)a6X.K< .76x4W� )+)L,32}[D2�MD,$.-)L(:6K6W(�,F63� ± tv,%6x4K_�� 0
k:]e.K,x0YCGI ,$4K(*)«C�MD,xI (�MD,:RSI*� )-01,bMA�:I ,:RSMA� h (:67E
MD( ILk>�:.¨qr!�,$UVlj( 4K4$" ³

��8L.K,%MA�:_�69CG(*2�,32�4Tk*,$I*2�,
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lD.K,$�>69!DCY2�If� 2�M�!DCG4O,%P*,$4v�:.7,aI*0Y�ah$,%MS"T�`!�,a(:69!�,%.
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2�(m^@^O!D�>6r %³
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��,nt�� 2#� ± ��!�,%.K,b�:.K,�P*(*[�UV.K(*)c %³
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69C10'�>6¨4WC1I ,a2�,?=`69CY0'!D� ) lA[D)-4K,32�2�,$MD,a@A8
lA� 2�,$I*8:.KMD,$2B2D]e476W,�I*� 2�IDR�!D� 2clj,$MD,$.e(*)
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������� ¿ � � t�CY2J�:.7lm,?=�MD4K4KCG69[D�>69CG(*2J4K,$.L[�M�6WCY0d�>6
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�����
	 À ����� �
¿ � ��R ª�¯ � 476W,3)-)-,$.9°F"X�T(*)+)-,32 69��E
.K,$.%� z ,$Io_ ,$2�MD,$.^CG_�_ ,`2�( I ,32#R MD,$.�69C10�MD.WCG_sE
_ ,o[�MS"

�;,32�,%.K,30Y0G,L_ (*)-)-,32 69�:.K,$.$�mz ,$I�)-� 2�I*01,$.O( .7MS" | 6
Up[D2�M�UV( .ZMD,c@m,32�I ,:"z]d< .o_ (*)+)-,L)-,$M ��@A� 2�(>E
MACY0d@A8�4KC1MD,32��:U¨_>�:.76K(*2�,32#"�\;C1.K_ ,301C1I5476QP�ID"$"3"�( I
kDCDk:�:.���� � � ­FR�MA�Zk�Cjlm,%I:PD2�M�6W,v@A8aMD,32#"D&�6W( .76e)+C{E
2�[�4%���o�:.�6W(*2�,32�0YCGI*2�,$.a,32�! kDCGM�kDC12#R�)-,$2£MD,%6b,$.
,32�.K<�M�kDC12#"
�o� � � � � À � � � � ��� � �

� �u� � � � bDR�ª�¯ �x476W,3)-)-,$.9°F"��¨(*)+)-,32 69�:.K,%.$�
+3

��� � ��� ��� � � � ��R�ªH¯�©5476W,$)+)-,¡°F"��¨(*)+)-,32 69�:.K,%.$�
µ'C1I ,$4K(*)�.K<�M�kDC12�,32�wf4K[�_m/

� � � � � bDR ª ¯�©¦476W,3)-)-,¡°F"��¨(*)-)-,32 69�:.K,$.$��iA( .
4K<�MS"

� �m� � ��� � ��R ªc¯�©¨476W,3)+)L,¡°F"��¨(*)+)-,32 69�:.K,%.$��iA( .
4K<�MS"

�����
	 À ����� �
¿ � bDR ª�¯�©Z476K,3)+)-,¡°r"
�;,32�,%.K,30Y0G,a_ (*)+)-,$2*69�:.7,$.$�Di�C12�E��u2#"
� À � �u�>��� � ��� �

� �u� � � � ��R�ª�¯�©o476W,3)-)-,¡°F"
��� � ��� ��� � � � ��R�ª�¯�©o476W,3)+)L,¡°F"
� � � � � ��R ª�¯�©;476W,3)+)L,¡°F"
� �m� � ��� � bDR ª�¯?©Z476W,$)+)-,¡°F"
�����
	 À ����� �
¿ � ��R ª�¯�©Z476K,3)+)-,¡°r"
�;,32�,%.K,30Y0G,a_ (*)+)-,$2*69�:.7,$.$�
� � �y���
	 �y�"��� � ���"��� ��� � �m� ��
���� ��� ��������� � �
�

∗ � 	5�%»�·���	 ���F·@
3ºN���p��·��  d·K»�·�� ¶ �¨·W»p��·U��¹�����·��Ú�B�¡¸�� ¶
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&�,30yk�UV<*01I ,$0YC1Iv47_>� 0�k�C�� 2D)-,$01MD,`� 0G63R�kDCs_ (*)+)-,$.
C
2D]e.W!�,$MD,32w�:U �
� �u� � � � �¨(*)+)-,$2*69�:.7,$.$�u&�( .763"
� � � ��� ��� � � � �¨(*)+)-,32 69�:.K,%.$�4]d.K]T2�M�63"
� � � � � �T(*)+)-,32 69�:.K,$.%�B]d.K]T2�M�63"
� �j� � ��� � �¨(*)+)L,32*6W�:.K,$.$�
©¡ª ª��
� � �
	 À ����� �
¿ � ª�R�ª�¯�©o476W,3)+)L,¡°F"
��,32�,$.K,30101,L_ (*)+)-,32 69�:.K,$.%��©¡ªB@m(*C12*6$"niu[D01M�6a!�[�4%"
&�[�lA01CY)a63" ��,%.KUV,$_�6`lj(*[�d�[�,%63"D&�6W( .e2D]`47,:"Az ,$IXlA0YCyE
k*,$.���­ � /
� +*��� �����
	 +'�
� 8:.~)+� 2�69]`2�_ ,$.~6WCY01lA�:I ,�@A8}kDCY2�4K)+�:I*2DCY2�I ,32#R
)+8Z)+� 2-_ (*2�_�01[�MD,$.K,:R��>6d)+� 2-UV( .)�"! ªa_�.^_�� 2cUp8
47P�k;)-,32D2�,$47_ ,$.�.K,F6�Up[D0GMD,:">tv,%6'kDC10:4WC1I ,>R��>6'@A�:@*kDC{E
2�,32�,TC�I ,32D2�,3)L4W2DCG6�_�� 2xI < .K, ��)-,32D2�,$47_ ,$.�Up[D0GMD,

UV( .�,32+!s[D2�MS"Dtv,%6K6W,`,$.�,32�MDMA�bCY2�_�0Y[�4WCyk*,¨lD.K<�M+( I
( 4�63" | .v)+� 2�CG_�_ ,o6WCY0nMD,$2�4K0Y�:I 4$Ru,$.¨k�Cn( @D@m,Z@A8�R
�>6 ��R �X@m,$.74K(*2�,$.O_�� 2BlA01CGk*,ZUp[D0GMD,ZUV( .T,32�!s[D2�MS"

\;C�_�� 2�( I 4W8c_ (*2�_�0Y[�MD,%.K,:R
�>6�\;CY2�(~�`CY2 6W(f,$.
k�C1.K_ ,$0YC1I}476QP�ID"et�,$2H0Y[�I:6K,$.fI .WCY)a63R�MD,$2¢4W)+�:I ,%.
I .KCY)a6c( I�,$.fCT� 0Y01,�� 2�MD.K,5!�,32�4K,$,32�MD,%.�.K,%6fUp]`0g"�;8�[�MD,32�(*) MD,32#" ]�(�MD,$I*�:4o��0Glm,$.�6W(�@A�:@*kDC12�,32#R
,$0Y01,%.^Up�:M�kDC12�,32#Rs4K(*) kDCD( I 4W8o_�� 01MD,%.^MD,32#R�!D�:.�4KCY2
,%I ,32�qr!D�:.W)-,>"
t�,$2�4W)+�:I ,%.oCG_�_ ,b4K@j,$q3CG,30G6oI (�M�63R
)L,32LMD,$.�,$.�2�[-2�( I ,%6�! P�I I ,$0YC1I:6¤k*,$M+�>6�6W�:@D@m,`,%6
I*01�:4T@A�:@*kDC12�UV.W�-,$2W�L01CG6W,$.74K@m( 4K,ZCS,32�@A�:@D_��:4K4K,:"

�;8:.c)+� 2J,$U�6K,$.+I (�M�4K)+�:IDR¤4K_>� 0T)+� 2�!D�3k*,
I*� 2�I�C¨,32�@A�:@A! kDC1M�k�CY2#Rd4K@j,$q3CG,30G6~MD,32�.K,%6fM�P�.K,
��CY2D�:.KMq]d0Y� 2�q^_>� 2X� 2*lm,$Up� 0G,$4$" k ) MD,%6�k>�:.�UV( .KMAC�R
MD,F6Ok:�:.`MD,32�4WCGMD476W,:RAkDCS4W)-�:I:6W,o@A8�Ru( I-k�C
MD,%.KUV( .
k>�:.�,32L4W)X[D0G,`47,3014K_��:lm,$0YC1I:6�(¡k*,$.K.WCG4W01,$MD,>Rs,$0Y01,%.�UV( .?E
MAC�MD,$2LUp�:_�6WC14K_bCG_�_ ,�k>�:.¤.K,%6�Up]T0�R:4K_�� 0DC1_�_ ,d_�[D2D2�,
4KC1I ,$4$R�)-,$2}k�C�)-,32�,$.%R¤�>6LMD,F6Lk>�:.XMD,32�@A�:@*kDC12#R
MD,%.o4W)-�:I:6W,X)+CY2�MD4�6oI .KCY)a63" ��8cMD,32�� 2�MD,32�4WCGMD,
_�� 2�)+� 2�Up8�,$2�[�MD,3)+]e.K_ ,%6X! kDCGM�kDCY2£UV( .oMD,����
_�.TMD,$2D2�,a@A�:@sk�CY2�_ ( 4�6W,$MD,:"

²:!�,$47,30gRulm(*0G,%6K6W,:Ru2D�:.K_ (DR
��010Y� 2#RA�;CY)�Ru!�(:6WMD( I�� )?^

	x!�)�
16
7 6 �K�@� ��|��òj�=BGÒ<�=BGð>Yj$TUA`W�QíI1QfL~��[I1Q�Gí8;Q�Tw< �BI1Q �¼>Uj$TUARW�Q�T 
l:BVx~ �
IHQ�GÝ8;Q�To< ��IHQ �¼>Uj$TUARW�Q�T 
@:�Vx> �[W1A �
IHQ�TYQB���9VKI1Q�LPQ�TcW1AD>XL�I1Q�< �BI1Q�TfS�I1Q�T
Q�Tf�
	x!�)�
16
798;:$<Ï=�> � � sBCFCRQ�S©?4J
	�	
������
 �çJuE
Q�T«> �øCDAFCDCRQ�S�=�Lð8BW1A`>ðI(E j;G;Q�~H~*Qf�
IHQí}�A`TYj�Q�CDAFG;Q�S©> �Ýj$E(GHG1Q^8$EHGðA`j$j�Q
<pk�TUj�Q�I1QfL �
	x!�)�
16
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>�A`I(I1Q�T�r(=�TXQ@:BV�C`QfVBQ�T�<�Q�I � Q�T�>YQ�C`W*�
	x!�)�
16
m0� sBTYjû\9=�<�<�Q�T � ����	a�Þh-:�TXQ�CDk�>YQ�T�
 �
��QfV�hys�CRQ�Td<�ARV�AÏ=�h¥<Ï=�V�Lî<�Q�IúQ�G
hi=BjBLU:BT �1�
	x!�)�
16
�]z$VB=B=�TUI �¼L�ADC � =BTUC � TUEHj�:�� 
 ���
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� �´��	 ����	��N��� � 	 �f� � � ����	��

� ��%�
 �'12� ��1 �
	 ��� -/1 %�
'��%
tv,$.�_ (*)�!�,30G,����o0G< 4W2DCY2�I ,%.�@A8�( @DI*�3k*,$.W2�,e4WC1MD4�6W,
I*� 2�I$w;)-,32;MD,$47k>]`.7.K,�k>�:.nMD,%.�CY2�I ,$2Z�:U�MD,3)BR3MD,$.
k>�:.LUp[D0GMD4769]`2�MAC1I:6+6WCY01UV.7,$MD4K4769C10Y0G,32�MD,w01< 4�63".]d,%I I ,
( @DI*�3k*,$lm,%47k:�:.7,$.K,vC12�MD.K<*)+)-,$MD,T2�,3)+01C1IoUV.WCGk�CY0Y01C1I:6
�>6`!D�3k*,�lD.W[�I:6`2*P�)-(�MD,$2�4`.7,$MD4K_��:lm,$.d69C10#01< 4W2DC12�I
�:U'MD,32B4KC1MD476W,�( @DI*�3k*,_w+MD,;lD.W[�I:6W,�lj,$I I ,�,32B4W8�E
_�� 01M�6 ± 01(*)+)L,$.K,$I*2�,$.?³W"�tv,32�4W01�:I 4cI*8:.c)+8:4K_ ,wC
�w�>63"1© © R#)-,32�!�,$.;C��w�:MD4;iA< _�4769C10Y0G,$.OkDCn!�<:=�,%.K,
_�.W�¡kx69C10j( @DI*�3k*,$lm,$4�k:�:.K,$014K,$.K2�,:/A�v2�I MD(*)+)-,32c2s[
69C10jMA�:I 4$RA� 0y6W4W8�/Dt��akDCuk:�:.dlj< .W2#RA01< 476K,OkDCmU =�,$.7MD,FE
I .W�:MD4K0YC1I*2DC12�I ,$.T6WCY0S)-( .KI ,$2D)+�:MD,32#/

��,32 MD,32 lj,$47k>�:.K,30147,:R�MD,$. _ (*) 69]d6K6W,$4�6
@A8 MD(*)-)-,$.K@A� 2�,30G,%6W4�( @�6WCY)+� 0G,�0G< 4W2DCY2�IDR~lA01,%k
� � � � ¿ � À � � � ¿ � � ¿ lm,$47k>�:.K,30G4K,:Re4K(*) kDC¨k�C14K,%.
!�,$.K[D2�MD,$.$"#�v2�MD47_�PD0GMSR ��,%6W,$.$"
�f� � �}��� � � �p� 
 � 
�À ��� �
tv,$.w,$_�4WC14�6W,$.K,$.w,$2�01CY2�,3]e.�4W� )-)-,32D!D]`2�I¢)L,30yE
0G,3) @A�:@AC1.K0Y]`2�I MD,32�( I¦�:.K,$� 01,%6~�:U�@A�:@AC1.7.W[D0Y0G,32�4
,32�MD, �u�:MD,:" � 8:.;.W[D0Y0G,32�,$.oUp[D01MSR�,%.Z�:.K,$� 01,%6

A =
π(502

− 302)
Rc( I @A8�2s[�k:]e.K,32�MD, 69C1MD4K@A[D2�_s6

,$.��:.K,3� 0G,%6
A1 = π(402

− 302)
"v\;CX!D�:.�MA��R

�>6B.K,$476W0Y]`2�I MD,32�,$.
656A1/A = 287

)�"`��,$M��R ��) @D.$"�I:P�2�I ,3!�,$476XlA01CGk*,$.bMD,%.a69CY0G476W.W]e_�_ ,301C1I:6
69C10

287/3, 5 = 82
!�,%476W,:¬u)-,32~4W8L47_>� 0#MD,$.¨!�,30Y0G,$.

CG_�_ ,;4K_>]e.K,$4T4K_�]ek�6¨4W8-)-,$I ,%6`4K(*) ,$,32�I*� 2�ID/

�f� � �}����� � � � ¿n� �w� � ¿n� � � ��� ��� � � ���
&�k>�:.K,%6��:Up!D]T2�I ,$.��:U�476W,32�,$2�4�lm,$4K_��>§#,$2D!�,$MS" h kDCG4
MD,%.v,$.¨69� 0G,a(*)�,32�I .K� 2DCG67EKRm@m( .7U�P�.�E�,30Y0G,$.v� 2�MD,32
4�6W,32�¯½! k:�:M}Up� 2�MD,32�k*,$MB=�,$Is �°a)-,$M})+�:474K,$U�PD0GMD,
> 1

R�kDC10Tk>� 2�MD4769� 2�MD,32HUp� 0GMD,:"e�v.KI*[D)-,32 6W,%6~,$.%R
�>6a)-,32�4a4�6W,32�,32}0YCGI I ,$.aC¤lA8:MD,32#Rn@A8:47698:.a�v.Kqr!DC{E
)L,$MD,$4$Rj�>6¨MD,$2�UV( .76W.W]`2�I ,$.T0YCGI ,o4W8L)-,$I ,%6`k>� 2�MSR
47(*)�MD,32ak*,?=�,$.`¯½! kDC101_ ,%6�kDCY0s!D�3k*,d476W< .K.K,^.W[D)-Up� 2�I
,$2�M�476K,32�,32A°F" � 8:.a4�6W,32�,32},$.b4W)+CGM�6b(¡k*,$.alm( .7MSR
UV( .�6W.W]`2�I ,$.�MD,32XMD,$.WCY)L(�Ma_�[D2bk>� 2�MX47k>�:.K,32�MD,d69CY0
4KCG6x.W[D)-Up� 2�ID"V]d8:MD,32}k*,?=�,$.x( I�UV( .76K.W]T2�I ,%.LMD,$.?E
)L,$Mw!�,30G,o69CGMD,32�MD,%6T4W� )+)-,>"

h k�C14�MD,$.WC1)-(�M�476W,32�,32�,$.o,$2�@ACY)L@D476W,32�,$0Y01,%.
� 2�MD,$25476K,32D�:.76;)-,$M�)-�:4K4K,$U�P�01MD,

< 1
RjkDC10
k>� 2�M�E

4�69� 2�MD,32�k>]`.K,o[�UV( .W� 2�MD.K,F63RmCGMD,%6TMD,$.¨CSlj,$I I ,;6WCY0yE
Up]`01MD,`lA01(:6�UV( .76K.W]T2�I ,%4�4W8;)-,$I ,F6�k>� 2�MSR 4K(*)�476W,rE
2�,$2�k*,?=�,$.$"

\^� 2�MD4769� 2�MD,32£k�CY0Y0G,+C¤<�k�.WC1I:6Z4769CGI ,:R�! kDCG4a476W,rE
2�,$2�k:�:.�01,%676W,$.K,�,32�M 0Y[�U�63R�,32�)x[D01C1I*!�,$M )+� 2
CG_�_ ,cUp[D0GMD4769]`2�MAC1I54K_>� 0�[�MD,30Y[�_�_ ,:"¡"$"�z ,$I5)-,$2�,$.
lA01� 2�M�6¤� 2�MD,%6¤�>6�!D�3k*,�4K,%6�Up]T2�(*)-,$2�,%6�lm,%4K_�.K,Fk*,%6
CSMD,%6TkDCGMD,32�4K_��:lm,301C1I ,Z47_�.WCGU�6 ± �`CY2 69C12�4 | k*,$2*6QP�.?³W"

�f� � �}��� ¿n��À �u��� �n� À � ��� 
 ���
t�� )+2#"%"3"�69!�,d69!DC12�I 4�P*(*[XMD(;UV( .�Up� )-,:/>z ,$I;k>� 01I>E
6K,�[�M¢(¡k*,$.+MD,�@A8B=�,$.K,$4c6W,%I*2DCY2�I¦� 2�UV< .76W,�k>]`.?E

¿¡À ����� �
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MAC1,$.~�>6BCY2�MDUV< .K,5,32�k:�:.WC1�:lm,30
0 < a < 1

RdMD,$.
4K_>� 0
UV( .K476W8:4O@A8+MD,32w)+8:MD,:Rj�>6O4�69C1I ,$.K2�,a_�.7P�MD4K,$.
!DCY2D� 2�MD,32

ax
)-,%6W,$.�UV.W�~k*,32�476W.K,-!�[�4K)x[�.%R�! kDCY0{E

_ ,%6`)-,$MDUV< .K,%.$RA�>6eMD,$.eUV.W�x!�[�4K,$2�,$4OUp[D2�MA� )-,32 6W,$.
69CY0v_�.�P�MD4K,%6�,$.�4769CGI ,$.w�:UX01]T2�I MD,�!D! k#"

20a
( I

30(1 − a)
"

\;Cd!D�:.LMA�5UV( .xMD,F6L6W.7,$_>� 2 6W,$MD,��:.K,3� 0d[D2�MD,$.
4769C1I ,%.W2�,;6K( ��P�69!D�:I ( .W�:4�E 0YCGI*2DCY2�I ,$.$�

(20a)2 = 100 + (ax)2( ID�

(30(1 − a))2 = 100 + (x(1 − a))2

!*k�CY01_ ,F6�k*,$M+C14K(*0G,$.WCY2�Ia�:U
x
I*CGk*,%.^,32-U =�,%.KMD,$I .W�:MD4�E

0YC1I*2DC12�ID�

5a4
− 10a3 + 5a2

− 2a + 1 = 0

t�,$2D2�,aI .W[�Up[D01MD,X01C1I*2DC12�I+!D�:.OC'CY2 6W,$.�k:� 0101,%6
(0, 1),$,32�.K(�MS�

a = 0, 634466¯ ]d�:.K,�.K(*01C1Ijwd=�,$Io!D�:.¤C1_�_ ,�lm,32 P�676W,%6�2�( I ,32bUV( .W)
UV( .Z� 2D� 0yP�69CG4K_ ,xk>]e.K_�6W<>=�,$.�69C10�MD,%6K6W,,w�0Y]`2�I ,-0G,FE
k*, ± �;.W�:@A!DC12�I�¥`� 0Gq3[D0Y�>6W( .?³?°F"`t��

x2 = 400 −

100a−2
Up8:4T,32�I:P�MD,%lD.K,$MDMD,b@A8��

x = 12, 31186m

�

� ��%�
 �*1��
\;C�!D�:.�Up8:,%6�UV<*01I ,$2�MD,T01]`47,$.KlD.K,%kbk�CY�¨k*( .K,%4¤!�=�,3)xE
)-,$4WCGMD,TUV.W�o,32 | .WCG_L�w( .74WCY2�ID" | 6�!�[�.�69C1I:6^( @D4W0Y�:I
@A8s��(�( I*0G,T�:UV4K01< .K,$.%R �>6¤MD,$.�!�<>=�476�4W� 2�MD47PD2D01C1I:6�,$.
69� 01,�(*)�,32~UV( .KUp�>6K6W,$.%RuMD,%.TlA0�" ��"A!D�:.`4K_�.K,Fk*,%6`lm<>E
I ,$.¨4K(*) ± ]�,$47< I+UV.W�-.W[D)-)-,%67³;( I ± &�@ACY0GM�6�0YCyk�³uw
( I+C1_�_ ,Z,32#RuMD,$.v2�<�M�k*,32�MAC1I:k�C14`k*,$MSR#! k:�:M5�w�:MD4
iu< _;,$I ,32 690YCGI�,$.$" tv,%6�47_>� 0�2D�>6W[�.W0YCGI:kDC14�C1_�_ ,^476W( @�E
@m,;( 4¨UV.W�L�>6¨I < .K,;I .WC12�)-,$M�!D� ) !�,%.$�
� � � � ¿n� ��� À � � À � � ��À ����� � � À � ¿¡À ����� � ���������� ����� Àp¿¡À � � ¿�
 ����� � À � ���
�¨MAC1474K,L69CGMD,$.;)-,$M�CY2�4WCGMD,$.W!D� 2�MD,30�Rn47k�CY2�MD,30�R
@A0Y�>6
( I+_ (*2�_�[�.K47,$.$Rm4�PD2�,$4O,$25C12*k*,%476W,$.WC12�IfCn�:_s69C1,%.O�>6
k:]e.K,5,32H.WCG4WC1_��:lm,30��>§#]`.K,>"O&�(*) CY2 k*,$476K( .�� 2�,$.
)+� 2�CG_�_ ,:R
(*)´)+� 25,$.Z(:§m,$.oUV( .olm(*2�MD,$Up� 2�I ,%.WCgR

2D8:.`)+� 2~_ < lj,$.`�:_�69CG,$.W2�,:"u&�]`01I ,%.`4KC1MDMD,$.¨)+8:4K_ ,
CY2�MD,�)-,%Mc,32+kDC1MD,$2f(*)BR��>6e�:_s69C1,%.W2�,OUp8aMA�:I ,v,$UYE
6W,$.�!D� 2�MD,301,$2-,$.¤k:]e.KMACY0G< 4K,:R*UV( .KMACA!D� 2-!D�:.�_ ,32�M�E
4K_��:l�69C10�UV( .W!�(*01M�(*)-_�.WC12�IwkDC1.7_�4K(*)+!�,%MD,32#R�4K(*)
MD,32 � 0Y)+C12�MD,30YCGI ,�C12*k*,%476W( .wCG_�_ ,£!D�:.%"O��,32NMD,%6
)-(�MD4K�>6K6W,X_>� 2�( I 4W8c69]`2�_ ,$4$" | 25_ < lm,$.vk*,$MSR
�>6
,%6¤4K_�.W� 2*6K,32�MD,d�A.W)+�¨kDC10�lA01CGk*,d( @D_ < l�6¤( I�[�MA2 P�67E
6W,$.'4WCY2�kDCGMD,32o69C10 �>6n47_>�>§m,^4WCGIO�:_�6WC1,$.Sk*,30:kDCGMD,32�MD,:R
�>6bMD,c_ ( .76o69C1M},$U�6W,%.akDCY0¤4769CGI ,cC�_�[�.K4$"�t�,F6K6W,c,$.
( I 4W8-C12�4WC1MD,%.W!D� 2�MD,30g"

��� 2�_ ,32w)-,$M��:_�69CG,3)+�:.K_ ,$MD,F6¨,$.%Rm�>6O� 0Y01,olm< .
!D�¡k*,`01C1I ,�kDC101_�8:.�k*,$Mx,32L!D� 2�MD,$0gRs)-,32bMD,%6�,$.¤_�[D2
,%6x6W,$( .K,%6WC14K_}( I�[�( @A2D8:,30YCGI:6c)+8 0�"���01,32�,~MD,$.KUV( .
( I�UV( .KMAC¤2�( I*0G,-!�,30y6b0G,$I*� 0G6;,$.;lm,$MD.7,+4769C10Y01,F6o,$2�M
� 2�MD.K,:Rnlm< .a)-� 2£!�(*01MD,+4KC1IwUV.W���>6Z_ < lm,c�:_s69C1,%.$R
)-,32~MD,$.¨,$._�-[D2�M�69�:I ,$014K,$.%�

© "-�w� 2B<*2�4K_ ,%.O�:_�6WC1,3)+��=�( .WCy6W,%6W,$2#"
��"-�w� 2¦<*2�47_ ,$.X(*) C1_�_ ,B�:_s69C1,$)+��=�( .WCG6W,F6W,32

4W85MD( I£,32�k>]`47,32*6W0YC1I£CY2�M��DP�MD,$014K,:R�MD,%6K6W,
_�� 2�[D2�MD,$.76WC1MD,32 ( @A2D8:45k*,$M��>6�,?=�,JUV.W�� ª����:U��:_s69C1,$.K2�,:"

��"-�w� 2J69�:I ,$.L,32�qr!D� 2�q$,w( I£_ < lm,%.c2�<�MA01CyE
MD,32�MD,}�:_s69C1,$.%R`MS" k#" 4$"¨�:_s69C1,%.B69C10�,$2N)-,FE
I ,%6a0Y�3k�_�[�.K4$R�! k*( .K,$U�6K,$.X)+� 2£!D8:lj,$.a@A8�R
�>6ckDCG.K_�47(*)+!�,$MD,32�kDC10Tk*( _�4K,�( I¦I*CGk*,�,%6
I (�M�6c[�MDlsP�6K6W,�,30Y0G,$.c,32�476W( .cUV( .�6g=�,32�,$476K,
@A8L_�[�.K4K476WC1I*2DCY2�I ,%.$"

��� 0Y01,¨� 2�MD.K,O69C101Up]`01MD,Olj< .d)+� 2+!�(*0GMD,v4WC1IaUV.K�b�:_sE
69C1,%.v( IBCn476W,$MD,%6;4K< I ,X� 2�MD.7,LC12*k*,%476W,$.WC12�I 4K( l�=�,$_sE
6W,$.$R¡UV( .',$_�47,3)-@m,$0%=�( .7MSR�Up�:4�6�,?=�,$2�MD(*)�R�( lA01C1I*�>69CG(>E
2�,$.$RA_�[D2�4�63Ru� 2*69CG_�k�CG6W,%6K,$.`)�" )�"�t�,F6¨4WCGMD476W,;_�.W]�E
k*,$.`MD( I+,%6T4K(*0YCGM�6¨_ ,32�MD47_>�:l�69C10S( l�=�,%_�6W,$.K2�,:"

��8�lA�:I I .W[D2�M �:UbMD,%65!�,$.�4K�:I:6W,:R¨_�� 2N)+� 2
)-,$MfI (�Mc.7,%6elm,%6K.W�:I:6W,�CY2 k*,$476K,$.WCY2�IxC#�:_s69C1,%.�4K(*)
,%6Z01(:6K6W,%.WCgR
! k*( .oMD,%.o,$.;.WCG4WC1_ (BUV( .o4W83k*,30�I ,%k�CY2�476
4K(*) 6W�:lS"���,32£4W8:MA� 2}!D�:.aMD,%6b2�[}� 0G6WC1M�k>]`.7,%63"]d01(:6�,$.^6W,32�MD,$2�4K,32+69CY0uCY2�4KC1MD,$.W!D� 2�MD,$0mlA01,%k*,F6dUV( .�E
< I ,%6�C*MD,�4K,32�,$4�6W,e)+8 2�,$MD,$.%R�CG_�_ ,�)+CY2�MD4�6�,$U�6K,$.��>6
4W8XUV( .KMA[D)-4e4K(*0YCGMD,O�A.W)+�:,$.d47(*)x]e�:,%.WCY2�I 4j]d� 2�_
C | 2�I*0Y� 2�MSR | 2�.K(*2a( I ��( .W01Mu¥d(*)�)�" �
"�C*�a"{&m"��b"1R
( I+!�,$.K!�=�,3)+)-, h �:Up2DCY��RuI*C1_c_ (*2�_�[�.74O)-,$M�476W( .K,
69�:lb69CY0�UV<*01I ,dUV( .¤MD,32x� 0Y)+C12�MD,30YCGI ,eCY2 k*,$476W( .$">��MD,%6
UV<*01I ,32�MD,T4K_�� 0Dk�C�4K,T@A8�R*!*k*( .7k�C1M�6�MD,%6^lm,%69� 0G,$.¤4WC1I
�>6a4K@D.7,$MD,+4WC12�CY2 k*,$476W,$.KCY2�IDR'4K(*) MD,F6ak:�:.K)b6Z� 2�E
lm,$Up� 0G,$4OUV.W�-)+� 2�I ,Z4WCGMD,$.$"m�w� 2�lm,3!�<¡k*,$.OlA0G(:6O�>6
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69�:4�6W, ± 4K@D.K,$MD,¨CY2 k*,$476W,%.WCY2�I ,32�³¨CDUV( .�,$_�4K,$)-@m,30D4K<>E
I ,3)-�:4K_�C12�,32c��k>�:4WC1.$Rs( Ib,%6e[�6W� 0j�:U
!�=�,3)-)-,$4WCGMD,$.
_ (*)+)L,$.^UV.K,$)�R�! k*( .eCY2 k*,$476W,%.WCY2�I 47�A.K)+�:,$.dk:�:.K)b6
� 2*lm,$Up� 0G,$.$R'�>6;)+� 2�C1_�_ ,X2�<>=�,$4Z)L,$M�_�[D2��>6�_ <>E
lj,f�:_�69CG,$.bC^,%6X,$2�_ ,30G6b�A.W)-��" ± �w� 2}lm< .a47@D.K,$MD,
.WCG4WC1_ (�,32�³WRu!�,$MDMD,%.vMD,%63RA( Ic)-,32DC12�I ,32�,$.T4K,30yk�UV<*0yE
I ,301C1I��>6LUp8£476W< .7476c)X[D0YCGI ,�I ,$l*P�.7,$.c[�M��:UO_�[D2�E
MD,32#"��wCY2DCY)X[D)-47I ,$lsP�.K,%6b@A8�6QP�@AC14K_�©�cy�B_�.K(*2�,%.
4K_�� 0 lm,%6W� 01,$4nUV( .�! k*,$.76��:_�69CG,$4K,30G4K_>�:lSR�)+� 2�k:]`01I ,%.
�>6¨CY2 k*,$476W,%.K,bCgRA2D8:.¨CY2 k*,$476W,%.WCY2�I ,32�,%.¨lm,%I .W]T2�47,%6
69C10#2�( I*01,;Up8x6W[�4WCY2�MD,o_�.K(*2�,$.%"u�w,$2�! k:�:M�MA]e_�_ ,%.
lj,$I .K,$lj,%6 ± �`6-4K@D.K,$MD,�.KC14WCG_ (�,32�³~(¡k*,$.9 ��vlD4K(*01[�6
C12�I ,32*6WCY2�ID/Tt�,F6�,$.~,%6�[�M�6W.7P�_¢[�MD,$2�.K,$,30y6�C12�M�E
!�(*0GMSR�UV( .e[D� 2�4K,%6e(*) )+� 2+_ < lm,$.��:_�69CG,$.�UV( .�4WC12�,
4K@A�:.7,$@m,32�I ,�Ce,%63R�6W(£,30101,$.-C �A,%.K,w4K,30G4K_>�:lj,$.$R�4W8
,$.x)+� 2}01C1I ,fI (�M�6X,30101,$.x01C1I ,fMA8:.W0YCGI:6X4769C10Y01,F63R�� 0G6
,$U�6K,$.;6K,3)-@m,%.W� )-,32 63"'�w� 2�Up8:.o� 0G6W4W8~C1_�_ ,-2�( I ,F6
[�M��:U¤�>6¨4K@D.K,$MD,b.WCG4WC1_ (�,32#R*=7�-C'kDCG.K_ ,301C1I*!�,$MD,32�,%.
MD,%6ZUV( .7k*,32 6W,$MD,c4W01[�6WUp�:q3Cy6bMD,%6a4K� )+)-,:" h ,$.o4K_>� 0
k�C
47,o@A8M�X69CY0GUp]T0GMD,:�

© " h � 2�4K,32 !D�:.W��" ª ª ª�_�.K(*2�,$.%" h � 2�_ < lm,%.
�:_�69CG,$.�Cv�A.W)+�:,%6w&�@A�:. k @N�;² &HUV( .�� 0Y0G,
@m,32�I ,32�,>R'( Ick�C�4K_�� 0�4K,X@A8B!D� 2�4�UV( .7k*,$2�E
6W,$MD,o[�MDlsP�6K6W,o�:U�C12*k*,$4�6W,$.WC12�I ,32#�ut�,F6¨_�� 2
2�[�47_ ,;,F6O�:U'UV<*01I ,32�MD,o,$U�6W,$.e69CGMD,32

t
¯gMD,32

69C1MSR�MD,$.cUV( .W01< lj,$.$RdC12�M�69CY0T!D� 2�.K,3� 0YCG4K,$.K,%.
�:_�69CG,$.W2�,¡°F" h � 2�4xUV( .7k*,32 6W,$MD,BUV( .76g=�,32�,%476W,
@A8-MD,?��"�ª ª ªx_�.$"A4W]e676W,$.ekDC#69CY0

F
"

�b"L&�@A�:. k @ �;² &�I*8:.�_ (*2�_�[�.K4�)L,$M
4W� 2�MD47P�2D0YC1I*!�,%MD,32

p
R>!D]`2�MD,30147,

H1

"
]O"L&�@A�:. k @Z�;² &o(�k*,%.W01,%k*,%.�)-,$Ma4K� 2�M�E

47PD2D01C1I*!�,$MD,$2
1 − p

Rm!D]`2�MD,30147,
H2

"
��2�MD.K,+)X[D0YCGI*!�,$MD,$.�,$.;MD,$.oC1_�_ ,>RS( IBMD,$.?E
UV( .b,$.X!D]T2�MD,$014K,$.K2�,�C12�MDlsP�.KMD,$4XMAC14�=7[D2�_*E
6W,�¯gMD,�[�MD,$0Y[�_�_ ,%.w!DCY2D� 2�MD,32A°rRO( I�4W[D)xE
)-,32Z�:U�4W� 2�MD47P�2D0YC1I*!�,%MD,$.W2�,�,$.n0YCGIo© " h � 2�E
4K,32�4aUV( .7k*,$2*6W,%MD,c[�MDlsP�6K6W,L,$.ZCGUV<*01I ,L)+C1M�E
MD,30Gk>]`.7MAC14W]d692DCY2�I ,$2+0YCGID�

0∗p+F ∗(1−p)0YC1I
F ∗ (1− p)

RDC1MD,F6¨!D� 2BC1_�_ ,vUp8:.T2�( I ,F63R
!*k�C14a�A.W)+�:,F6aI*8:.a_ (*2�_�[�.K4$"z]�,3)-]`.K_jR'�>6
4W� 2�MD47PD2D01C1I*!�,$MD,$2

p
_>� 2£k>]`.K,~ª�R�©~,$0Y01,%.

,%6-69� 0dMD,$.KCY)-,30101,3)B" | .
p
4K@m,$q$C1,30y6f0YCGI

1

24K,$4$R��>6 h � 2�47,32�_�� 2NUV( .7k*,32 6W,}MD,%65!D� 0yE
k*,L�:U�UV( .76g=�,$2�,$476W,32#"���,3252�( .W)+� 0G6;01C1I I ,$.
4W� 2�MD47PD2D01C1I*!�,$MD,$2}UV( .;,32�_ (*2�_�[�.K4oC¤I ,$2�E

2�,3)-4W2DCy6d[D2�MD,$.v©O@D.7(*)+CY0101,:"���,32+69C1MD,%.W2�,
,$.¨CG_�_ ,o2�( .W)+� 0G,:"

��" k 0147,32�k>]T0GI ,$.5,$U�6W,$.�CY2 k*,$476W,%.WCY2�I 4K47,3014K_���E
lm,%6W4�k>�:.W)-,´� 2*lm,$Up� 01CY2�I �>6 C12�MD4K_�P�MD,
© " �:ª ª}_�.$"eC;&�@A�:. k @H�;² &�( I¢© " �:ª ª}_�.$"
Cut�CG4Kq$(*[D2 6d�;² &m" h ,$.^,$.^2�[L,32c�:U#UV<*01I ,$2�E
MD,�b+)X[D01C1I*!�,$MD,$.a¯�69C1014769� 2�MD,3°e,$U�6K,$.T69CGMD,32
t
�
�b"L&�@A�:. k @ �;² & I*8:. _ (*2�_�[�.74 ( I

t�C14Kq%(*[D2*6~I*8:.c_ (*2�_�[�.74$R�4W� 2�MD47P�2�E
0YCGI*!�,$M

p2
¯½tv,$.�,$.�CY2�I ,$2a@D.W]`UV,%.K,32�E

q$,�UV( .`�>6`]T2�MD.7,;@A8X4W� 2�MD47P�2D0YCGI*!�,FE
MD,$.W2�,3°F"

]O" | 6 �:U �A.W)+�:,%.W2�,«I*8:.�_ (*2�_�[�.K4%R
4W� 2�MD47P�2D0YCGI*!�,$M

p(1 − p)
"

¥�"q]�,$I I , �A.W)+�:,$. I*8:. (�k*,$.K01,%k*,$.%R
4W� 2�MD47P�2D0YCGI*!�,$M

(1 − p)2
"

k 0147,32�4bUV( .7k*,32 6W,$MD,~[�MDl*P�6K6W,�¯½)-�>69!�,3)+��E
69C1q3� 0D,nt�@m,$qF69�>69C1(*2A°�,$.$�

0∗p2 + 1

2
F ∗ (p−

p2) + F ∗ (1 − p)2
ROMD,$.w.K,$MA[�q%,$.K,$4�69CY0

F ∗(1−p)
R>� 0G6W4K8;MD,%6�4W� )-)-,d4K(*)�C h � 2�E

4K,32�4¨69C101Up]`01MD,:"
��" ��,%6W,$.K47,32�4W�>6W4K,$.c© "�ª ª ª�_�.%"n@A8�! k*,$.b�:U;�

4K,30147_>�:lj,$.$RSUV( .;2�,3)+!�,$MD4o4K_�P�01M�_�� 01MD,$.vkDC
MD,3) �bR ]�( IB¥�"S�w,%M�lAC12�(*)+CY� 0GUV( .W)+01,$2
( I ���:4Kq3� 0G4o6W.K,%_>� 2 6~¯gI:P�)+2D�:4WC1,rEO( I h inE
476W( U7°~C12H)-,32 6W,5Up8:4�!¦)X[D0YCGI*!�,$MD,$.�,$0Y01,%.
I ,32�,$.K,30y6

2n
)x[D01C1I*!�,$MD,%.¨UV( .

n > 1
�

•
� _ (*2�_�[�.K4K,$.%Rx4K� 2�MD47PD2D01C1I*!�,$M

p3
R

k>]`.KMAC'ªL_�.K(*2�,$.$R
©Z)x[D01C1I*!�,$MS"
•

�¨(*2�_�[�.K4K,$. @A8���kDCG.K_�47(*)+!�,$MD,$.$R
4W� 2�MD47P�2D0YCGI*!�,$M

p2
∗ (1− p)

RR�a)X[�E
0YCGI*!�,$MD,$.$"

•
�¨(*2�_�[�.K4K,$.L@A85,32¦,32�_ ,30y6-�:UekDCG.K_sE
4K(*)+!�,%MD,$.W2�,:Rf4W� 2�MD47P�2D0YCGI*!�,$M

p ∗

(1 − p)2
RB�-)X[D01C1I*!�,$MD,$.%"

•
�?2�I ,32�_ (*2�_�[�.K47,$.$RZ4K� 2�MD47PD2D01C1I*!�,$M
(1 − p)3

R
©a)X[D01C1I*!�,$MS"
&�8 MD,%6�4W� )+01,%MD, UV( .7k*,32 6W,$MD, [�MDlsP�6K6W,
¯½)+C1MDMD,$0Gk>]`.KMACG,32A°-lA0YCyk*,$.$�

F ∗ p2
∗ (1 −

p) + 2 ∗ F ∗ p ∗ (1 − p)2 + F ∗ (1 − p)
R

MD,$.OCGI ,32B_�� 2�.K,$MA[�q%,$.K,$4O69C10
F ∗ (1 − p)

"
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� � � � � � ¿¡À � � � �v� 2�4K,%6`(*)�)+� 2+k>]T0GI ,$.`�>6`CY2�E
k*,$476W,$.7,d4WCY2X_>�:@ACy69� 0

K
Cm© R��v,$0Y01,%.¤C��¨kDCG.K_�4K(*)-!�,FE

MD,$.$RA4W8L,%.T,32�4TUV( .7k*,32 6W,$MD,b[�MDl*P�676W,aMD,%6T4W� )+)-,>R
( IZMD,%6d_ ( .7.K,$_�6K,O)+8 0DUV( .^MD,F6K6W,v[�MDl*P�6K6K,O,$.^I*Cyk*,%6
k*,$M�(¡k*,32D2D]dkD2 6W,aUV( .W)-,$0g"

��� 2¦_>� 2}69CY010YCGI ,+kDC147,:R¤�>6O=�( �A,$.7,B4K,$014K_��:lm,$.
)+� 2�C12*k*,%476W,$.K,%.-C�R�MD,$476W(�)-CY2�MD.K,flA0YCyk*,$.x4K@D.K,$M�E
2DCY2�I ,32#RA)+8 0y6e4K(*) ∑

j((xj − u)2 ∗ f(xj))
"Dtv,%6

,$.XUp�:_�69CG4K_�MD,%6L)-(�MD4K�>6K6W,~�:U R¤!*k>�:M�)-� 2¦Up8:.x�>6
kDC1MD,o�:U ± ,$_�4K@j,$.76W,%.W2�,F³ ∗ "t�,F6¨,$.TCS476W.WCGM�)-,%MB4W83k*,30
)+�:.K_ ,%MD4KUV< .WCY2�I 4K01(>E
k*,32�4��3©X4W83k*,30n47(*) �:U�69� 0G,301(¡k*,32�4�����© R1©X�>6v� 2*lm,FE
Up� 01,�_�[D2�MD,$.W2�,��>6+CY2 k*,$476W,$.7,�4WCY2�,�@m,32�I ,�C �A,$.K,
,32�M�,%6;�:_�69CG,$4K,30G4K_��:lSR#! kDC14vUV( .K)+8 01,%6O,$.v�>6�0G( _�_ ,
,$_�476K.W�aI ,$l*P�.K,$.`[�MB�:U
_�[D2�MD,32#" k IxUV( .e2s[~�>6e4W0Y8
MD,%6x!�,30G6xUp�:476$����� 2},$.XCG_�_ ,clm,%MD.K,B4�69CY0101,%63R�!*k�C14
)+� 2BC12*k*,%476W,$.K,%.vCS,$,%6T4K,30147_>�:lwUV.K,$)-UV( .¨C �A,$.7,:"

² | .WCG_~��( .K4WCY2�IDRuUV( .KUp�>6K6K,$.$RA,ntD� )B" )+�>69!#"
� ��� � � � 
 ��� � � �
k @DI*�3k*,32�,$.o4WCY)-@j,30¤)-,32�(*2�MS�ni�CY2�M�4K8�)+� 2�I ,
UV,?=70nCSMD,%6¨(�k*,$2�47698:,32�MD,b01]`47,$.KlD.K,%kB4K(*) )X[D0YC1I:6$"
� ��%�
 �*1 �
i�CY2�M£4W8w)-� 2�I ,-I .W[D2�MD,+47(*) )X[D0YCGI:6o69C10gR'�>6b� 0{E
69CY2�I;k:�:.�lm,$MD.7,OCDI*� )+01,eMA�:I ,:Rs( IZ47@m,$q3Cy�A_�6��>6^MD,

I*� )+01,vqr!�,$UV.7,$MA�:_�6W< .7,$.`k>�:.`)-,$I ,%6elj,$MD.K,;,32�M�MD,
2*P*,>"

� 12� � 
$� 1 � � 12�
�T,$I*0G,$.W2�,�,$.�lsP�.K, d�[�,$476�0Y�3k*,%6�0YCGM�6�(*)B���w� 2
_ (*)+)-,$. )-,$M C MD(*)+)-,$.7@A� 2�,301,%6K4 lm,%6K.W�:I:67E
2DCY2�IDRX! kDCG4�)-� 2�C12�MD4K,32�MD,$.�,32�lj,$47k>�:.K,30147,�69C10��� �U��� � 	 ����� � � � ��� � �a� CY2�MD,$2�UV.K,$MA�:I�©�²�© ©%E �:ª ª"�
_�0�" �a��" �ai�" �ai�¯½� 0G6W4K8fq$C1.K_��~,$2�[�I ,X,$U�6W,$.o[�MDI*CGk*,$0yE
4K,$4KMA�>6K(�,32A°F"

i�0YC1MSR
!s[D)-( .;( I~k�C1MD,32�6W.W]e_�_ ,$.�( @S"'��.W[�4K01,$.
( I�2D]eI:6W,30G4K,c�:U^lj,$4769CG_�_ ,30G4K,L6K.W]`_�_ ,$.o2�,$MS" h k�C14
2�( I*01,¨�:USlm,$47k>�:.K,30G4K,$.W2�,v,%.�0YCGI ,¨I (�MD,:Rs6K.W]`_�_ ,$.�k�C
01(�MBlA01� 2�M�6OMD,3)�"At��x( @DI*�¡k*,$.K2�,ZMD,32D2�,oI*� 2�I-,$.
.K,%6X4K@j,$q3CG,30Y0G,:R�69CY010Y�:MD,$.ak�C�I .W[�@D@j,FE lj,$47k>�:.K,30G4K,$.Yw
( Ia4W8Z,%.�MD,%6'=�(b!�,301MACGI:63R��>6^@D.W]`)+CG,32-,$.�,%6�I*�3k*,FE
_ ( .76b69C10^��,3)+C147_�iu.7,$MA�:I 4KlA�:.b@A8�,%67E ,$0Y01,%.�EQ� 2�MD,%6
� 2*6W� 0T<*0gR�4K(*) kDC`C1_�_ ,�_>� 2�!s[�4K_ ,�! k:�:M�,$.$" !* 
©¡ª* B�b! k*,$.76LUp� 01MJ2�( I ,%63R¤MD,$.x_>� 2¦MD,301,$4xlA0Y� 2�M�6
�A,$.K,:RA6W.K( .ekDCS2�( _j"
�;(�M�UV( .W2�<>=�,30147,:"

² k @DI*�3k*,$@A� 2�,30G,%6X¯�4K(*) )+8:4K_ ,;lm,$476W8:.O�:U�,$2
,30101,$. �A,$.K,Z6WC1MA0YCGI ,$.K,;qr!�,$UV.K,$MA�:_s6W< .K,$.9°

� � � � �c� 
 ��� � 	 ���
	 ���´	

t;�+MD,F6v_ (*) MD,32wqr!�,$Up� 2�47k>�:.K4W!D�3k*,32�MD,+( Icqr!�,$UYE
.K,$MA�:_�6K< .K,32-UV( .�< .7,:R��>6�kDCA!D�3k�MD,vUp8:,%6^<*01lACY0101,%676W,$.
69CY0���,3)+CG4K_�iA.K,$MA�:I 4KlA�:.x4K(*) @D.W]`)+CG,$.$R�k>�:.X.K,FE
MA�:_�69CG(*2�,32

†
C1_�_ ,Z4K,32�6WCY0
�>6v[�MD4K_�.WCGk*,o,32�lm(*2s[�4�E

_ (*2�_�[�.K.K,$2�q$,:"k @DI*�3k*,32�I*8:.-4WC1)-@m,$0G6-!�,32�[�M�@A8�R^�>6-)+� 2
4K_>� 0}k:]e.K,�qr!�,$Up� 2�4�k:�:.K4K!D�¡k*,32�MD, ,30Y0G,$. qr!�,$UV.K,FE
MA�:_�6W< .+UV( .B�w�:MD4~iu< _j"$]�,$47k>�:.K,30G4K,$.f4K,32�MD,%4~69C10

��� �U��� � 	 ����� � � � ��� � �a� "u�o[D2�qr!�,$Up� 2�47k>�:.K4W!D�3k*,32�E
MD,o( IXqr!�,$UV.K,%MA�:_�6W< .K,%.¨UV( .T�w�:MD4TiA< _c_�� 2~MD,30y69��E
I ,fC�_ (*2�_�[�.K.K,32�q$,$2#"�\;C�lj,301<*2D2�,$.XMD,+6W(wlj,$MD476W,
lm,$4�k:�:.K,$014K,$.`)-,%MB!D� 0yk�MD,30G,32f�:UnMD,v<*0GlACY0101,%6K6K,$.$R�k�C
!D�:.TUp8:,F63"

²:)?^

∗ � 
!�+����)4) 
���
!�+
�
�
��'
�� 
,��
$�4. �(� ��) � /��$&61 
�.���� 
�� 
,�7) ���#. 
%.���
 &6������� 
�. �("�&6. 13� 13� 8�
��(&���
$13� 8 x = 5
� 8��


�� x 6= 5
�����'/2�#9 �4.�� 
�. ���$�%�4.
����"3� � �6. 
%� & ) ) 
 � & ) �!�6��8�"�
 )4) � � 
�� �!&08���� 8,
,) 1!�7���0&$) �"�#� &�.$
+&��-)* ���7�&%0&$� 9�'�'!�


��7�!���%"$
��%�)( ���68*� 8,
 ) 1���� ��
,��
��,+.-�-%
0/�
�� 
�� �+
%�1
+&����!�6��� & ) ����
,� 932�
�/2�%���-
%��
�.
�+
#9
† ·W¹{¹�·�����·K¹�·9�r¾P��·W»

¿¡À ��� � �



� ��� �'� ¿ ��� À �

¿¡À ��� �DÁ



�c� � � � ���

� �c���S� 	�
 � 	}������� � ���
	 ���
���
����������� � ��� ��� �����
�
∗

h � k"!$#&%(')#+*-,/.+02143536!&7 �98;: * �9< !&.>=@?A*CBEDGF 8 . �H2I !JDK7+B53 H"IML !&#C!JD�*-! < !N7�35OQPRP/!&.$S L !$. 8UT . LMI .V!NW.V!9SYX[Z\36!^]_35B < 0M! LA`ba
64m2

Bc=
1

2

a . 8 . � ] � Dd1 � .X9e/e/fCgh*i1435B <j8UT .+3EOkD < !$3E#V!�lmFMn T L #_7V!J*CD4B5D < BDk"!$3oW0 T 3 L 7 T/< 7+. �qp PR#r7+,q]r#7k �9< !^]r!JD L T *�7sOt7�k"! L : * � W< !$. H . T/<"� L !�u H T 143E!%k � . L FwvwDM!$. < B6.+1 L !$.)0M!J36!�k"!^]xW!JDy.V14D L 7JF{z I 7 H � L !%kqO{._!J3E#V!|*-! L #+1 ` !$.�# � D4BoW7+!&7 T/<}< 143yk�k � .+*-!9S </T L 7-P/,/PRP/!JD~g ` � .VP/!&7 < 143ykbl*�u <"� # T kMDGS�P/,"3�u 8 . I # T/< k � #_P/!J* � #VPRB5DM!9SQ0M,q]^77sB53�3 T/8 7�B�# T k"!%kqO{.V!$3E#V!&7j*�u�D I �98 0M,¡k436!&7 < 143Gk T/<� T 7�k4BED L 1M!$# ` � ._7+BRB"#_7s1M!t*-! L �98 0M,�kM3E!&7 < 143GkGF@� !$.!$.�B5D L4H"I </< !&7w#VP � H !(B436!^]_35B < 0M! L !JDGSd3 T/8 7+#_.+14*�S � L W<"� D < 7sBE3�� I P/!J3EP[Ok3 L !$. T/<�< a . L � ._! � 3�S L !&.�!$.�14DdWL !$.)P T DM#_7 � D/7 8UT . H ! L .+BED < Fkn�. � 7sB6#C7 � 3E!N7sB L *-! L� 353E!�D � H T !$.+DM! † F� Ot7 `ba�� 0M.+B6#_7sB � DM#V0 � kMDM#�Z T 3 L g < .V,"D/7ml T/<� 0M.+B6#_7sB � D4B � g H .V14D"7mlmS�?�*CBEDGF�7sBE3�� � D4* � ._PR#

#_7sOQ.VP/!$#_7V! L �9< 3EB < k � .V!$P[O L !$.&SjX@W�f�*-B5DGFc7sBE3 h �PMD21 L ! ` 14DMPd7;����!N7+. T�T/< =�e�*-B5DGFG� I P/!J367+1M.�7sBE3� a9L 021M# ` 3 � L #_!JD T/<��(T D < !JDM#Yz I 7 T .�kGFqn T L ! H BE3oW35B < !�# ` BE#V!$#r7+! L !$. T/< � �98 !$!$.kB T *-. a9L !&7$Fb� L 3�F�3E!^]r!PR.$FG�/e/e/eMS�WQBEDMPM3�F 8UT . H .+1 <�� P T D"7 T F n�.+14D L4` � PRP/!0 T # � � � P � H !J3oWh7Kk�P � D T k"!$._7 �9< !$#$F¡ DM#VP/!$#&%¢'�# � *C*-! ` !$.+B T L !�!JD�=&W^X�kqO{.V!$3E#V!$#f/e[W^?9��*�X�3E!^]_3EB < 0M! L B¢£ .+021M# � g � 367+!$.VD � 7sBGk¤7+OQ7`ba � � D4* � .VPd#�¥ T 1M.+D � 3EBE#_7 h ,q]r#VP T 3E!�lG7sBE3/* �q¦ FJPd.$Ff/e/e/eMS�W§B5DMPR3�F 8UT . H .+1 < Ft¨M14D L ! H T/8 Ok3E3E!$#V#_P � H # � DdW` � ._7+!$.{!$. T/< # a k"!J36P T *CDM!9F
'^D"7+!&.V!$#V#V!&.V!&7m©ª¨ a #VPd.+BGk ` . T * ` 7+!9«
��k40GF
¨d7+!%k"!JD : �m04B � *�¬�­d®$¯b°[­�±R²9³2´[µd¶@·R´[µ¹¸�º9»

∗ ¼G½¿¾NÀmÁ¢Â6Ã$½¿ÄqÅdÆ@ÅRÇ[½�ÅÉÈ@ÀNÊV½�¾&ËÌÁ
† Í¢ÎrÏqÐ4Ñ �(Ò&ÓÔÏ�Õ
Ò&Ó
Î+Ö{×$ÖVÓ�ÎVØRÕhÎ+Ö_Î+Õ"��� �1��ÙJØiØM×JÖ ��Ù@ÚÛÕ
Õ�Ù�Ú6Î �&ÖrÙJÕUÓUÜ ��Î_ÏcÜrÓ�Ø4Î�ØMÙ[Ý_×$ÎVÖQ×$Ò@Î+ÖrÙ�ÚÛÕhÞ�ßiÙ$Ø-ÜràJÙ�ÚbÝ_Ù$Ö_ÎÖVÓ�Ø��@Îwá��kâ ��Ö+ÜrÕ¿Þ

ã�äÔå�æèçMé



��� ã$æ������@æ��

	 
 �
� 	 ���A�A� � 	
� � ������
 ��� � ���A� 	 �
��� 
�� ��� � �
	�� �

���� 	 � 	 � ����
~� 	 
 �

��� 1���� � �"!$#�%'&(�)#�*�*+#,#�%-�/.0.1# 1 .2%+#�31#�* �547698 .;:=<?> 1 # � 31<1! 3@�A<�B � �/# � *
�/.0.1#DC � %E#�FG!$#�F9�HFI>,<1! FJ<?>?#�*': 1LK 1�M FJ# 1 3@�N: � * 4 <O% 4P� *�*+#�%+#�F 1 CJ< �HQ@R
FI�"FJ>?#�%�#�%S#T*S>O< Q * � %+>1UI!$#�FV* 4 <O% 1�W=X F Q #�*�% 85Y #�%Z<?>$>1UI![![� � # �"� #�%

' � ZcW � k4BE#_!JD T DM# L �9< L !JD�XRF L F *�F2! 8 7+!$.+3 I #_7V!�*CBoWD4B6#_7+!$.V!$D </T L !CB L !$!$.j7sBE3 H !$# ` � .V!$3E#V!$.&S L !$.§!%k"!$DdW7s1M!$367�PM14D4DM! 1 L *-,"D/7+!$#�B�#VP � 7V7+!$3E!&7V7V!J3E#V!&.$F ��B5D4BoW#_7V!$.V!JD T ` 8UT . L ._! L ! H ! 8UT 3EPMD4BED < !JD>7sBE3 � 7jP T *C*-!*-! L </T L !)B L !&!$.$S T/< L !&7i!&. L !JD4DM! T ` 8UT . L .+BED < S# T *�]r! < .V! �9< !$.V!&. `ba %� !JD 8 ,/.V#_7V! 8UT .+1 L #+Ot7sD4BED <�8UT . � 7¢# ` � ._!�!JD L T/<* � D < ! ` !JD < ! `ba 35B L 7;35O{D < !$.V! #+B < 7�gh*-!JD T/< # a`ba P T ._7V!$.V!c#+B < 7JSd0*kMBE#Q* � D-._! �9< !$.V!$.�0d1M._7+B < 7ml�kMB53
kqO{._! � 7{PR.+Odk"!�D T/< !&7 �98 L ! 8UT 3EP/!%k � 3 < 7V!9Fv 8 7V!$.�*-B5D
*-!JD4B5D < P � D * � D
BEPRP/! 0 � k"!� D � 3 8Ô� H !&7+!&.�7sB53 � 7�#_7 I .V! � *§7+#V. a9L S H2I . a9L T/<;8UT 3oWP/!&7+B5D < S�# a !&7nk4B6#_7¢*-B5D4B5*i14* �98 PR14D L #VP � H !$. H 1M.^WL !`k9OQ.V! T H 3EB <"� 7 T .+B6#VP S"D a .w* � D H !$PM3EO L !&.w!&7 T/8 W8 !JD/7s3EB < 7;!J* H ! L !9S¢0M!&.+14D L !$.§7 � H 1M.V!N7V7+!$.+DM!)B 8UT 3oWP/!&7+B5D < !&7JF�� !&7§# � *C*-!ªPR.+Odk"!$.�* � D)] T�� 3E3E! � DdWL .V!-#_7+! L !$.&F¢¥ � S�* � D|PM14D4DM!)* a #VP/! # ` ,/. < ! T **CBED4BE#_7V!$.V!JD}k4B53E3E! H . IML !�#+B <|T * � 7 � DM#+Ot7V7+!�!JDP T D/7 T .V�m0M! 8 *-! L PM14D ` T #_77k9OQ#+DM!&7+#k35BE3536! � H ! ` ._,qW
k"! B H �9<"�9< !JDb©-'xPRP/!i!&7 T D L 7 T . L T * L !JDGF � !JD!$.¹#+B6PRP/!$.r7 8UT .r7+.+B5D43EB < 7sBE3 L !&7JS L !JDª#VP � 3 H .+1 < !&#�7sBE3�F� � D < ! 8 !^]_3 H !$#+3E1R7sD4B5D < !&. T/< W�0 � D L 35BED < !$.*-! L #_7 T .V! T * P T #_7sD4B5D < !&.�7sBE3 8 ,"3 < !ªPM14D4DM! 14D L W< a #$S[0 k4BE#'k4B/# T *~!$PR#_!J* ` !$32Pd.+Oek"!&.¢*CBED4B5*i14* !JD</T L #_7s1 L !JD/7+!$.V!&PR# � *-!$D �98 k T .V! ` T 35Bo7sBEP/!$._!9FYZ�B#V!&.$S 0*k T . L � D L !&7 < a .�B � D L .V! 3 � D L !qS�D a . L BE#_#V!.V! < !$.V!$# �98(� D � 3 8Ô� H !&7V!$.$S #V!JDM!&#_7CB�'x. � D T/< 'x. � P F\ kMB L !JD40M! L !$. L !$D�#_7V,/#_7+! a .V# �9< 7+B53�Pd.+B < ! T/< 1dW. T 3EB < 0M! L !&.$F: 367 8UT .�7sB67w0M,/.V!$.�k4Bb1 L 7 � 3E!$3E#V!$. 8 . � ` T 35B67+BEP/!$.V!# T *�%^]^¥ � «4� !&7QPR14D4DM!;kMB 0 � k"! < ] T ._7 H ! L .V!9Sb0 k4B6#
kMB40 � k L !{7sO{DMPd7 T # T *;_VS/!J3536!$.']�Z�B40 � .�D T Pi# T k"!N7BG7sBE*-!JDGF`_¥/! < k4BE3 `ba #_7 a S � 7i* � D}B6PRP/!�0 � .§# T k"!&7ªB¹7sBoW*-!$DGS T/< * � DCPM14D4DM!�B6PRP/!(7sO{DMP/!�#+B < H ! L .V! T *�F� � Dª0 � . <"� DM#_P/!{!$DMP/!J367YBEPdP/!Q0 �98 7 L !JD 8UT .VDM, L DM!T/< P T .V.V!$P27+!�0@]r!$.+DM!J* � #V#V!$#_7V.+1MPd7s1M.§g�!J3E3E!$. L !JD�!&.H"I </< !&7 8UT .VP/!$._7 T ` l�7+B53 � 7§PM14D4DM! T k"!$.V#VPR1M! T ` W<"� k"!$.+DM!9S T/< L !&7c!$.¢] T L � B5D < !JD�#_P � *�FLat3 T 7(* a

* � D�# a p D L ! � D L !JD H !$#_PqO 8 7sB < !$3E#V!9SY# T * * � D* �9< 7+!$.$F: 3o7 8UT . T/8 7+!-#_!$.okMB�S � 7 Tcb !JD/7s35B < ! � D43EO < # � .^WH !^] L !$. T k"!$.V#VPd.+B L !&. H 1 L < !&7V7V!&7Qg�7+OkDMP 8UT .�!&PR#V!J*iW` !J3 `ba *-!N7+. T !$DblNS T/< � 367 8UT . T/8 7+!)* a P T *C*i1dWD � 36.V, L4L !&.+DM! < ac`ba 3 a DM!J* � .VP/! L !&7JS 8UT . L B L !QBEPdP/!P � D�.V! < DM!j!J3E3E!$. H � .V!j._! < DM! L !JD�1 L F¨ a B < !JDG« � .+Oek�!&7`k4B6#_7(*CB5D4BE*ª14* �98 1 L4L � DdWDM!$3E#V! �98 k T .V! 8UT 3EP/!%k � 3 < 7+!qS L !&7�# ` � .V!$.�#+B < #V!J3ykBED L * � D < ! <"� D < !9Fd < 0 k4BE#(* � D�Dd1 8 .V!$*-#+Ot7V7+!$.k1 L # �9< DM!&7J%]x¥ � S¢*-!JDè#V!)D21�0 k T . L � D L !&7 < BEP|B�i � .+14*�«d < 0M!&.�0 � k L ! H T . < *-!&#_7+!$.V!$D !JD L4L � !$D </T L 1 L WL � D4DM!$3E#V!9Se_;# a kMBE#V!&. L !&7 H � .V!qS � 7�* � D�BEPRP/!j0 � .8UT ._#_7 a !&7cD T/< !&7JF� � D P � D�BEPdP/! < !JDM!$. � 3EBE#V!$._!-1 L 8 . � !&7�!JDMP/!J3o7g�*-!JD�BED L .V,"*C*-!N7J% � .+B6#_7mlt!$PR#V!$* ` !J3�F¥/! < 0 � . !JDK.+OQPRP/! � D L .V! </T L !}g�._! � 35B6#_7sBE#_P/!T/< < !JD4DM!J* 8 ,/.V35B < !Jl{B L !$!$.Q7sB53 H !$# ` � .V!J36#V!$. �98 *-!NW._!�P T DMPR._!&7 � ._7$S H 3 � D L 7 � D L !&7 8UT .V!$#+3 a .�]r! < S � 7
kMB4#VPqOQ.V!$.wBb143 � D L # H B6#_7 � D L !JD)*-! L !&7 H !J36, H #7k � W._!JD L !;7sB53 L !&7JSuk4B�*-BE#_7+!&. `ba 7 I k"!$.VBE!$. 8 . � L ! `ba W< O{3 L !$D L !|3 � D L !$# H T . < !$.V!9Fw��!N7�!$. L !JD�!JDM!&#_7+!* a9L !9S:k4BMP � D 8 a�L BE#V#V!k3 � D L !&#w.V! < !&.+B5D < !$.¹7sBE3R#V!J3yk� 7 < ,/.V!jD T/< !&7Tk"! L¤` . T H 3E!$*-!&7JFv�PR#V!J* ` !J3�%gf � L T #i#+B < !qS � 7 L !$. #r7�]_Ok36!$# 8UT .
x
PR. T DM!&. L � DM#_P/! H BE3E!$.{Bih T 36!JD>g�# T * L !$.�] T kMB67_W7V!$.+35B < 7 < ,/.slmSY3 � L T #C!JD L kMB L !$._! � D"7 �9< !qS � 7 L !$.H ! < a #�.V,�k"!&.+BE!$.�0M!&.jB¢3 � D L !&7JS T/< # a �98 ` T 3 � PRP/!$.$F¨ a .V! < DM!$.ek4B H !$3E, H !N7c1 L !Fk"!JD"7+1M!J367 `baCa .V# H � #+B6#g�*-! L .V!JD/7+!$. T/< H , L !$.sl T/< L !$.V! 8 7V!$.�7V.+O{PdP/!$.�k4B4B#r7+,97V7+!JDC7sBE3 L !&7_7+!�3 � D L S L !N7dk9OQ.V! #+B < v \ W�#r7+,97V7+!9SD a . L !(P T *C*-!$.wB5D L Buk � .+*-!$DC!J3536!$. � D L !JD�#_7+,97rW7V!9S 8UT .(!$Pd#V!J* ` !J3G7sB53 ` . T ]r!$P27+!$.$F
h kMBE#�k4B2#VP � 3M# ` � .V!9S/!$.�kMBRDM, L 7�7+B53 � 7 < a 1R7+. � WL Bo7sB T DM!$367 7sBE3'kqO{.VPd#$S L � D4OQ#_7+!JD � 3536! � D L .V!i*i1dW3EB < 0M! L !&.(!$.k!JD L !%k"!JD L 7JF

v�.+BEP�� T .V#VB5D <

ã�äÔå�æèçLj



���������
	 æ��
��æ��

� 
 ������� ��� � �A��� 	 ��� �
	�� � ���

k � 3 <��98 0 T 7V7+!&#_7+!��t! H #VB67+! L !JD4DM! <"� D < !$. f
! </T W�k"!$._#+B T DM!JD �98 L !JD T ` .VB5D L !J3EB < !�¨d7 � .��� .V#rWh7+.+B T 3 T/< B `ba %
�������������������! #"�$%"'&)(+*-,�"/.0$%1/.2$435�/��6879";:=<9�9:)�+,5>�?9.2$%���@7

z T/< 3E!�*-!JD4DM!$#_P/!$.(0 � . 8UT .k*-! < !&7Q7sB L Fb��!$D H .+1dW< !$. L ! `ba *COQ.VP/!J35B < !§7sB5D < B¢#_7+! L !&7 8UT . � 7�35OQ#V!� � 7$F5=/= T/< L d8A # T/< L !$Dj#+3 �9< # T `4H2I </< !J35B < !Y7sBED < FB !J3 L B < A BE# 8UT . T #�35O </< !$. L !|.V!$#+143o7 � 7+!&7 �98 L !NW.V!$# T H #V!$#_#+B T DM# `ba DM!&7V7+!N7JSG# a * � D¤P � D 8 a #�] T A !.V!$#+143o7 � 7+!$.$Sk0 A BE# * � D 8 F !$Pd#$F(#_, < !$.�1M#+O L A � D43EBoW< !�P T * H BED � 7sB T DM!$. �98 T . L ¬ 8 FÌ!$PR#&F ]x�J1M._7 � B5DM#H_ T/<]x. � H4H Bo7+#H_�!J3E3E!$.?] </T"� 7+#/_ T/< ]x#_! ¦ _VF� a DM! L !JDM# 35BEDMP L !JD4DM! <"� D < 8 .V!$*-P T *�1 L �98#V, < !$P T * H B5D � 7sB T DM!JD ]/f
! </T _ T/< ]^¨d7 � . ��� ._#H_�¬!JD < 1R7�B�¥ � ` � D 0 � .c!JD <"� D < BY=DCEC/�C# � 7 #+B < DM! LT/< 8UT 7 T/< . �98 !$.V!N7 � 3536!�#V�$!JDM!&.+DM!(B L !�7+.V! T ` .VB5D L !J3EBoW< !�¨d7 � . ��� .V#^W p 35* ¬ ._!$P T DM#_7+.+1M!&.V!&7kBif
! </T FM� !&77 T/< 0 � * X/?9e/ec7sBE*-!$.¹B � 3o7�¬ A B H .+B5D < !$.�DM! L !$D 8UT .

!&7 ` � .(!$Pd#V!J* ` 36!$. 8 . � D T/< 3E! �98 DM, < 3E!mW�#V�$!$DM!$.+DM!9F��!Q* ! L 8 ,"3 < !JD L !{�JBo7 � 7+!$. `ba #+Bo7+!&7¹!$. L T/<�T/8 7+!14D L !$.+3EB < 7 8UT ._P/!$._7+!9S�# a 0M!$.�!&.�* � D�DM, L 7�7sB53 � 7 �98 W# ` B53E3E! p 35*-!JD�B5D L !;B 0 T A ! L !&7 # � *§7sB L B < 7(*-! L T/<� 1R7 T * � 7sB6#VP�1 L #VPMB 8 7+! L B � 3 T/< !$Dª* ! LiL !JDª.VB < 7sB < !9FB A B6#§* � D>!&.§!JD}.+B < 7+B < DM,/. L}H 1M. L ! L !&7V7+!)B6PRP/!A OQ.V!�D T/< !&7 ` . T H 3E!J*�S¹*-!JD 8UT . � 3536! � D L .V!¤0 � .A BG# T *�!JD�!$PR#_7V. � #_!$. A B6�$! � 353E!&.V! L ! < ] T ._7 L !&7V7+!�B8 !J*�1 L �98 #V!$Pd# �98 L ! A � 3 < 7+!�!$PR#_!J* ` 3E!&.$Fn�Ot7(B , A .+B < 7Q#V!$3 A SM0 A � L�L !$.Q#VP/!&.$Sb0 A BE#{* � DP T * H B5DM!$.V!&. T . L !$DM!I]/f
! </T _ T/< ]�#V! ¦ _qF�F$F
u BcT 7 L T/<

FHG�IKJML IKJ�NPORQTS-U VXWZY [X\^]�W

_ `�acb-deagfihkjlfEmnmod5jparqsmnmut�vwqxvwdemofyjzv|{%}n~Djzv�acf�� _ �l��m�f�h�j��Dacb@~=��v�jsjz��m�q�tEag��jxjsa��Rm_ ��mud�agf�h�jxfemnm�d@jsa�q�m�m8t�v�q�v�d�mofyj�v�{R}�~Djzv�agfi� ~rq�jpay����j���aEag�Rm��z�_ �xtEm�qsm^~y��m8fEa�jxj�tem^d���acv�d�q��Dacb�h��sm8��aEay�Evwfe�)��ay��� _ �
te~�j��u�Kt��n����jztEmub�f�v���ay���#�_ �xtEm�qsm^~y��m8fEa�jxj�tem^d���acv�d�q���myh ��mu��aEay�Ev�fE�¡��ay��� ¢zh£�¥¤¦be�
mH§E�y�c�¨~y�w�
m����_ ©�m8}n~yf5��a�~��RacbEjlt�v�ql�ªbeqpv�fEmoqsqn� ¢zh£�¥tem���m^jsa���moqs}obEm���agb��_ `�acb-}n~yf#��a=~��RacbEj��Dagb����ªbeqpv�fEmoqsqn�_ «@a�¬Dmu~y��agfE�ª�_ «@a�¬Dmu~y��agfE�ª��«@a�¬Dm¡~y��agfe���

ã�äÔå�æèç�­



�4�¦�����;	 æ��
��æ��

F)G¦IKJML IKJ�N QTS ��� W���� ]	��J4W F)G�J
��� WxN�
 I����

_ ©�m jpag�wd-�¡m �Dacb-�cv��w��m�d@t�vw�5� _ ��a�����a�����a��_ ��a��ª¢¨~y�¥�Dacbe�x� ~Dj�tem����_ ��a�����a��ª��te~�j�h qxfea�jxjp�pbem�����te~�j�h q�vw�)�Rayqpqpv��ª��m��_ §gmo~��p}zt#�Dagb��x� m�mo��vwfE�gqn�e`�agb-�EfEa�� v�j�jsa=�Rm�j��pbEmg�

F)G¦IKJML IKJ�N Q O S�� W�G��5J
� \��+G � W �)W"!#�

_ ¢ j�h q�~yf@ac��demo��}naedem�$�qpvw�%$��ªbEj�v�jl}�tEm�}z�cqxagbej�� _ �
t�~'& �lte~(& �xt�~Djoh�q�t�~����Rmof�v�fE�)�¢��¨~�ql~y�RagbEj�jsa=}���m�~y�Zj�temo�5�R§Et�~y����¢�teag��d@j�temo��� ��t*�%�Kt+$ªdem�~y�%�%��t+��� �n�_ ��a��R¤�mo~o¬Dm8j�tEm�� jpa��¡my�¢��lvw�w��demo~y���xv�jzt#jztEm��¥� �Eq�m���� �
,#-�.%/10
©�m���mof�~3254�mnjH�ª��m76 mo�¡~Dj)¬'8���m:9<;>=�$d�m��x��vwqs�
mo�@?5�)v�f@��vw����m�����ag�n�z�n�
,#-�.%/10A5B �x©C2ED ag��mnjsjpm�$ m�� d�mnj tEm�fedem�¡m�d ���s�Eq�jsm�tEac��demo�z�
,#-�.%/10
©�ac�w�um�f F j�vw� mof qsmo�)~yfyj�vw�G&��ag��mo�H8Zq�f�vwfe�JIK2�©�ao¬L$Rq��efyjp~y�cq%�M�

NOPQR S
TUVW

SXY
Z[\\\]^_T^`TaUbc db^

eVfgVdcb\\\

NOPQR hij
k[lmVncao_ppcUcaqUcb r
cUk^]]^\\\

ã�äÔå�æèç*s



� 	�� æ��Ôå�æ���ã$æ

� ��� � � ��� � �)� 
�� � 	 
��i��� 
 ��� �
� � � 	 � �
������� ��� ��� �

' 8 ,"3 < ! d 3EB A B6!$.¢� � D A I # .V!$PM3 � *-!$.¢#_PM143536!Q35B < !QDM!&7_WT ` L !JD4DM! 8UT .V!J35OQ#+D4BED < B L d8A # A OQ.V! !$Pd#_7+. �# ` OkD L !$D L !9S L � � � I !&.¤n T 3 L4H !&. < #_PM143536! 8UT .V!NW35OQ#V! T * � T * ` BE3E!$. T ` 7sBE*-!$.+BED < F \ D L !$._7+! < DM! L !8 ,"367+!c#VB <;8 .+B6#_7+!&7 T/<;< B6Pª7+B53 8UT ._!J35OQ#+D4B5D < !$DGF4� !&7V7+!!$.(*-B5D H !$.V!&7+D4B5D < %��T .V!$35OQ#+D4B5D < !JD #_7 � ._7+! L ! <"� DM#_P/! 8 .V! L !J35B < 7 T/<�98 #+3 � `4` !&7�*-! L !JDy#V*ª1436!�04BE#_7 T .VBE! T * #_7 � PdP/!9ST/< 0 A � L~L !&7¤35B < ! A � .&S L !$. A � .�# a 1R7+. T 3EB < 7�#rW* � ._7{*-! L�L !J*�F B !$.V! 8 7+!$. H ! A O < ! L !;� � I !$.k#+B <A B L !&.V!�7+B53 8 . � *-!$# T/<>8 . � *-! ` T BED"7V!$.V!¤B 8UT .V�&!$.V!&77+!J* ` T�T/<§8UT .r7 � 367+! T * � 3536! L !$._!$#t3 I PR# � 3EB < 0M! L !&.$S# a # T * .V!$PR1M.V#+B T D T/< ! b !$Pd7+B A Bo7+!&7JF '^D L 7sBE3¹Dd1># I WDM!$#�]r! < S � 7¹]r! < ! < !JD"7+35B < 7 0 � A L !;0M,/._7 T *�D T/< !&735B < DM!$D L ! 8 ,/.$SR# a 8UT .V#_7 a !J36#V!JD A � .�B5D L 7+B53�Dd1)0M!J3o7QB7 T ` F d < # a(L � � � I !$.�.+14D L ! L ! 8UT .V#VP/!$3535B < ! T ` !$. � W7sB A # I #_7V!J*-!$.$S T/< 0 A T . L � D L ! H .+1 < !&. 8 . � *-!$# T/<#_7 � PRP/!qS A � .�]r! <}<"� DM#VP/! </T L 7C*-! L S T/< P/! L ! L !*CB < PM14D�!JD�#+*i143E!qF��!$D)# a #+3 T/< � � I !$.w7sBE3�#V351R7 T * B D T/< !N7Q*-! L0 � 3E!NW¿.V!$PM1M._#+B T D T/< � D L ._!�7sBED < S4# T * ]r! < A BE#r7sD T PH 1M. L ! 8UT .V#_7 a S *-!JD � 3E35B < ! A !J3�B6PRP/! A � . 0M!J3o7�*-! L`ba F � !$#+143o7 � 7+!&7 A � . � 7M]r! < S@B"0 A !$.r7 8Ô� 3 L B/!JD L !$3 �988UT .V!J35OQ#+D4BED < !JDGS/#_7 T L 0M!$367 �98bT/< A !JD L 7+! L !$# ` !$. � 7T ` *CO{._PR# T *C0M! L !JD�! 8 7V!$.c!JD < . � 7sBE# � A B6#$F B !J3 L B < W

A B6#(0 � A L !t]r! < A O{._!&7c# a 8UT .+1 L #V!$!$D L ! � 7c0M!J3 <"� .rWL !$.V!i*CB < A ! L � 7�*-! L4H .VB5D < ! Hba9L !i*-!&7V. T�� ` .V!$#T/< ¥^h�£ .+021M#$F � T�< . � 7sBE# � A B6#V!$.c#_!JDM!$.V! A � . 8UT .V!NW35OQ#+D4B5D < !$D¤#_7 � L B < B <"� D < S T/< P/! L # T *C0M! L !$D H !NW< I D L 7+! 8UT . � 3 A T . � 7�#+OQ7_7+!èBED L Fc�¤!JD ]r! < A � .7 A 14D < !N7 7sB53 � 7 H 35B A ! L !$.$S L � ]r! < A � . B�35OQ#V!$.+DM!$#7�]r!JDM!$#r7+!9St# a ]r! < * a 7V7V!ª] T 0 T 3 L !�1 L .V!$#_7V!JD �988UT .V!J3EO{#+D4BED < !JDGFvwDª7+B5D < A ! L 8UT .V!J3EO{#VD4B5D < !JDGS L !$. � H # T 351R7 A � .<"� DM#VP/!�1R7sB53 < B A !J3EB < 7JS A � . L ! � 367 8UT .ªP T ._7+! ` � 1dW#V!$.$Fw' 36, H !&7 �98 0M!$3E! 8UT .V!J3EO{#VD4B5D < !JD p P A BkPM14D� � F�X9e¤*CB5D21R7V7+!&.V# ` � 1M#V!qS¢0 A B536P/!&7�!$.;*CBED L #_7-=�e*CB5D21R7V7+!&. 8UT .i35B L 7$F � !$.i!$.i*i1435B < A BE#;D T/< 36!9S L !$.A � . < 3 � L ! 8UT . L ! 8UT .VP T ._7+! L ! ` � 1M#V!$.$Sq*-!JD{]r! < # I WDM!$# H !$#_7V!J*§7jB6PRP/! L !&7 A � .�D T/< !N7j04Bo7JSG# a)L !$. 8UT .7+.+OQPRP/!$. ` � 1M#V!$.VDM!;DM! L F��!N7JS L !$.t7+.+OQPRP/!$. H ! L ,"*C*-!$3E#V!JD �98 8UT .V!J35OQ#rWD4B5D < !JD T ` S2!$.Q� � I !$.V# </T L ! 0214*-,/.$S T/< L !&7 8Ô� P2W7s14*�S � 7 ]r! < ! < !$D"7s3EB < 7 8UT .V#_7 T L�L !&7c*-!$#_7+!qF: 367wB � 3o7 8 a . 8UT ._!J35OQ#+D4B5D < !$DC!&7 � T 7�# I A 7 � 3 `ba7+.V!&7_7+!JDM#VP � 3 � !JDGF
� !$._!$# 1 L #V!JD L 7V!� BE* acF�z BE!$3E#V!JD

ã�äÔå�æèç��



��� å���� ����ã	�¢ä 	�


ã�äÔå�æèç
�



� 	�� æ��Ôå�æ���ã$æ
� � � ���
�����
��� 
�� �Z� ��
 � � � �
� ���

��!N7�!$.�] T * � D < !$DA!JD�.+1M# 8UT .+14D L 7 � 7�#+B L4L ! B: 1 L Fqv�7sB53 8UT .V!$35OQ#+D4B5D < Fq��!$D4DM! < 35O L !wP � D;* � DdW< ! O{3 L ._! #_7+1 L !$.V!JD L !�BE*CB L 36!$._7sB L BEPRP/! L !J36!-* !NW.V!	� L ! � !&#_7+! �98 A T .V!$# 8UT .V!J35OQ#+D4BED < !$.-!$. � I 7_7+!&77sB53 *CBED L .V! 8Ô� #+04B T D � H 36!;3 T P � 7sB T DM!&.$F��!&. 8 . � 0 � . 14D L !$._7+! < DM! L !CD � 7s1M.V35B < A BE#$S *-! L!JD hw143EB67�
$!&. ` .+BE# 8UT .¤,q]r!9S(# T * L !$.V!$# 0M!$D < B A DM!.V! ` T .r7+!$.V! H !$#V351R7V7+!N7 T # 8UT . � 7 � D4* !J3 L !�B5D/7+!&7*CB5D L .V!�!JD L ]xvwD L �9< B : 1 L F vg_+F
��
��
��! L !JD 8 ._!J*C*-, L ! ` . T �&!JD"7 `ba D4OQ#_7+!JD T A !$.�?9e���98 L !c1 L #_!JD L 7+! .V! ` T ._7+!$._!;g ` 3E1M#w!&7 ` � . 8UT . A BE.V._!NWL !t0d14* � D4BE#_7+!&.slNS@#_7 � ._7+!&. L �9< !JD `bacL !&7_7+! 8UT .�]_Ot7_W7+! L !C#_7V! L F : 1 L F�v 3EB < DM!$.�#+B < #_!J3 A 8 . � L !�D I 35BÉW< !i0M!JD <"� D < DM! L �9< !qS 0 A T .�v H4H ! � 021M!i#_7 T L T/<` .+O L B6P/! L ! T *�PqO L !$.V! < !J3E!JD T/<-� D L ._!�._!J3 � 7+!&.V!NWL !j!J*CDM!&.$Fv�7¤P A � .r7+!$.�B5D L !}B 8UT .V!$35OQ#+D4B5D < !JDGSkPM3 T PRP/!JD
830
Sd*-, L !$.w.V!&#_7+!JD �98 L !c1 L #V!JD L 7+! T ` F"Z�Bb!&.tDd18 143 L 7 � 3E35B < ! T/< #_7 � L B < A ! L </T L 7c* T L F4Z�B�BED L #V!$.7sB L 3EB < 7JS � 7 L !&7(!$.k!$D¤*-! < !&7 < B A 7sB <ª8UT .V!J3EO{#VD4B5D < S# T *�S A BE3 L !&7(#V!JDM!$.V! A BE#_!�#VB < S�0 � . A OQ#V!JD/7s35B < � !NW.V!i.V!J3E! A � D/7+! ` T B5D/7+!$.�!JD L � � 7JF

α
F
v¹7 ` . T H 36!J*A ! LjL !JD4DM! 8 ,/.V#_7+! 8UT .V!J3EO{#VD4B5D < !&. L !&7�.+BED < ! 8 .V!$*ªW*-, L ! T/<C� 7c3 I #_!&7 L !$. 8UT .c0M!J36!j7sB L !$D�#+351MPdP/!$. `ba< .+14D L �98 * � D < 36!JD L ! H ! A O < !J36#V!9FQvY353E!&.�D T/< !N7JF��!N7Q# I DM!$# A B !$.Q.V!&7 Lba .V35B < 7$S T/< L !&7Q!$.{D T/< !&7 L !� DM# A � .V35B < !�* a 7 �9< !�7sB53 ! 8 7+!&.V.V!&7sD4BED < F vYD <"� D < F't!JD L , L�` !$.+B T L !§14D L !$. 8UT ._!J35OQ#+D4B5D < !$D L B6#rWPM1R7+!$._!$. A B"B5D L4H"I . L !$# 8UT . L !J3E! T/< 143E!J* ` !$. A ! L � 7A OQ.V!-7 � ` * !$#_7+!$. `ba !&7 H . I </< !$.+B�F�� !$.§!&.;B5D < !JD143E!J* ` !$.$F2�¤!JD A B A ! L B6PRP/!{0 A B536P/!JD-1 L4L � D4DM!$3E#V!9S* � D¤#VP � 3�7 �9< ! 8UT . � 7 H 35B A !ªP A � 3EB p �$!&.V!&7�D T P�7sBE3!JD�# a9L � D 8 O{3536!$#k7+B5353EB L # ` T #_7JFz T/< 3E! �98 L ! 8 .V!J*C*-, L 7+! H B T 3 T/< !$.$S�0M!$.+14D L !$.B5D L 7sBE3�� ` B < !$.$St#_7+BE.V.V!&.�#+14367+!$D"7 `ba L !|1 L #V!JD L W7+!è.V! ` T ._7+!$._!9S(7+. T L # L !&7 .V!J36! A � D"7+! 8Ô� P27s14* � 7� � 7$F ��� D"7JF����	� a9H !JD/7 `ba L !JD4DM!�7sB L �98 L , < DM!&7JFB !JD�* T L #V351R7sD4BED < !JD �98t8UT .V!J35OQ#+D4BED < !JD H !NW< I D L !$. L !&7 � 7k#r7+.V,"*C*-! 7sBE3 *-! L *-!JD4DM!$#_P/!$. T/<` B < !$.¤g � !$#_7 ` B < !$.$SY0 A B536P/!&7C!$. </T L 7 T/< !JD </T L

< .+14D L 7sBE3 � 7ª7 �9< !�� � 7JF
α
lNFY� !�O A 3E!&. T *�S � 7� 1 L B67 T .VBE!&7(!$.��������! t7 T *§7JF�� !j#_7sB6.V.V!$.(B < !JD�#+143oW7+!JD/7 `ba T #$F Z�B¢*-!$DM!$.$S � 7 A B¢!$.�.V!N7 </T L !ª7+B53 � 77 T 3EP/! L !JD�#V3 �9< #(#VB < D � 3E!&.$%���! A BE3 0 � A ! T #$«��!&. < a .ª!JDA#VP I 8UT . # T 3E!JDGS T/< ` 3E1 L #V!J3EB < !$.#+O L !&7 8UT . � D T # B6PRP/!;*-!&.V!§36! L B < 7JF�Z�B
7 � 3E!$. T *�S� 7¢* � D�B6PRP/!�* a .V,/.V! A ! L 0 A � 36!$.$S 8UT .�# a A BE3 L !$.V!$#* T .{BEPdP/!j0 � A !§D T/< !&7c*-! L�L !J* � 7 < ,/.V!�*-!$.V!qF

��
#"%$
' L �9< !JDM# � D L !JD 8UT .V!J3EO{#VD4B5D < 0 � . A B�� � 7JF

α
S T/< W# a P/!$D L 7j# T * ] B !^]�* � 7V!J* � 7sB6P _ A ! L : F �(T �sP F� !&7�!$.c# T .r7 �98 *-!JD4DM!$#VP/!&. T/< ` B < !$.&�G� � 7$F
α
!$.a9H !JD H � ._7c*-! < !&7 ` T ` 143EO{._7 H 3 � D L 7 ` B < !$. ∗¨ T * A B � 353E!&.V! L !§0 � .{#V!&7 `ba-L �9< !JDM#(1 < !$#V! L WL !J3�S@0 � D L 36!$. L !JD4DM!w#V! � DM�$! T * 3EB5DM!JOQ.V!w35B < D4BED < #rW# I #r7+!J*-!$.&F�� !&7�!$.�*-! < !&7jB5D/7+!$._!$#V# � D/7 T/< # ` OkDdWL !JD L !9Sd# a A B H !$#+3E1R7V7+!$. T # 8UT . � 7 L .VBEPRP/! `ba ]x* � W7+.+B ¦ _+F: F �(T �mP�#VD � PRP/!$. T *�!&7Q!$353E!&. � D L !&7 8 . � #+B L W#_7+! 8UT ._!J35OQ#+D4B5D < FM��!N7t!$. A BE#_7tD T/< !&7Q*-! L PqO L !$.rW! < !J36!JDGF B � D-#VD � PRP/!$. T/< # a T * !$D

g ◦f(u)
S2*-!$DA B A ! L B6PRP/!Y0 A B536P/!JD;n �g\ S@0 � D�7 � 367+! T *�F@¨ a #VP � 3A B¹#+D � PRP/! T * D T/< !&7i*-!&.V! � H #_7+. � Pd7JF ��T 36P < .VBoWDM!$. 8 143 L #_7sO{D L B < #+B5D L #_# I < 7'� L !§# I DM!$# a9H !$D H � ._7� 7 L B b !$.V!$D"7sB � 7sB T Dè!&.;*-! < !&7 � H #_7+. � P27JF$F$F�� !C!$.] TCT/< # aª` B < !$.$F�z T/< 36! �98 L !J*�F: F �(T �sP}0 � .§P T D/7+. T A !$.V#+B6!J3536!�*-!JD4BED < !$. T *A T ._7{#+*i1MPRP/! L � DM#VP/!§� T L !$.V#+* �/� 3�F B � D�*-!JDM!$.8�¦ S � 7 L !&7 H 1M. L !�0M! L4L ! ]x¥/! <�< a ! L ! _�B{#_7+! L !&78UT .']^¥/! <j< B6P _�g�!J3536!$.'] <"� P^_^lNF/� !&7�!$. A B6#_7�BEPdP/!{0M!J367L !&7JS L !$. A � .¹0 � DM#w*-!$D4B5D < S"*-!JDi# a9L � D;7 T 3EP/!&. A BL !&7 T/< 7 �9< !$.¢!N7 T . L !JD/7s35B < 7 L . �9<��98 P ��b !&P T `4` !JDGSB L !&7 : F �(T/< 7c#VB < !$.?]^* � 7V.+B ¦ _+F¨ a #+D � PRP/!&. : F �(T �m0CD T/< !N7 T * D T/< !&7t* � 7V!NW* � 7sB6P F B � D H ! A BE#_!$. 8�¦ !JD�BED"7V!$.V!$#V# � D"7�#+Ot7sD4BED <A ! L 0@]_O{3 ` �98 !JD(�������!  35B H !$. � 3 8UT .r7 T 3EPRD4B5D <c�98 B5DdWL 1MPd7sB T DG% ]xz 1�0 � . A B A BE#r7 #+Ot7sD4B5D < !JD 8UT .
(1, 2)

ST/< # a < Ok3 L !$. L !JD T/< # a 8UT .
(n, m)

_+F B � Dy7 � W3E!$. T/< # a T * !JD ]x*-! < !&7)B6PRP/!NWh7+.+B A BE!$3{#+Ot7sD4BED < _+S# T *�#VP � 3 H ! A B6#V!$# A ! L 0@]_O{3 ` �98 ]�!&7-35B53E3E!�*CB6. � WP/!J3 _
†
F2Z�Bb#V!$. T/< # a g L T/< 1 L !JD H ! A B6#slY#+Ot7sD4B5D < !$D

∗ )+* Æ&Ê_Ä-,GÄ[Ê^Á Ä[½hÊ+È�À&Ê!.2È * ½�,�/�Á * ½�È@Ê_Ä[ÊtÅdÇ+0NÊ+È Ã&À{ÂEÃ&½1/12mÀ&ÊV½�¾mÁ3/14^Ã$½hÊ65�/ * /¿Å À(¾sÁ87 ¾sÁ�9 α Ê_½:/hÊ<;ÔÁ�9
† ,ÔÈ[Ä=/1>GÁ@?@Ê_½�AdÈ@ÀNÊV½hÆ@Å ÂoÁ�Ê+ÈCBEDGÃJÃJÃ&F

ã�äÔå�æHGJI



� 	�� æ��Ôå�æ��Ôã$æ

−I + I = 0
F� ��: F �(T �m0GS
# T *\PM3 T PRP/!JD�D4OQ.+*-!$.�#+B < =/=/SH ! A O < !$.�#VB < * T L !JD L !JDGS H ! < I D L !&.�7sB L !JD � 7 < a*-! < !&7�3 � D < # T *§7JF9Z�BbB5D/7+. T L 1M�$!$.V!$. L !$. 8UT .�!&7 H !mW< .V! H S/# T * A BE3 A OQ.V!QP/!JD L 7 �98 L !9S L !$.�0 � . T A !$.+3E!mWA !&7 !JD �(T * ` 3E!&PR# 8UT .V!J35OQ#+D4BED < %[vYD 8Ô� #_7 8UT .�� � . L WPRD � ` F

� D � `4` !JD # I DM!&# L T/< 140M!J3 L B < A BE# � 7ª* � D < 36!C!JDA O{#_!JD"7+35B < L !J3 �98 L !JD 8UT . A !JD/7+! L ! 8 14DMPd7+B T D � 35Bo7+!&7JF� � 7+.+B ¦ FacF �(T �sP � DM#V!$.¹B5*-B L 3E!&._7sB L T . L !&7Y* � 7+.+B ¦ # T *A O{._!JD L ! A B < 7+B < 7 8UT . 8UT .V!$35OQ#+D4B5D < !JDM# H 1 L #VP � H ST/< L !&7 H 3EB A !$.�*-!$.V! T/< *-!$._!>0 a . L 7 � 7¤D a � 7L .+B6PRP/! �98 P ��b !$P T `4` !JDGF
"%$:
#" "
' ` � 1M#V!JDª*-!J3E3E!J* L !�7 T * ! < !&7

� ∗ 8UT .V!J35OQ#+D4BED < #rW7sBE*-!$.$S A BE#_P/!$. : F2n T/< 0 7 � A 36!JD .V!$DGF B � D < a .�B5D L7sBE3{#r7+.+B L !$D�*-! L !JDA!$DM!$. < B�SY# T * !$353E!&.V#CPM14DA!&.T H #V!&. A !$.V!&7(0 T # H ! L #r7+! 8Ô� .kv H4H ! � 0d1M!9h T 143E#V!$DGF� !&7k!$. ` T #+B67+B A 7jg�!$353E!&.(3EB < e"lmF

� !JD � D L !JD�7sB5*-!jB5D L 36! L !$#�*-! L � 7 : F � T �mPT * 7 � A 3E!&.+DM!c#+B < !$.$%c]^z 1�0 � . ]r! < 3EB L 7w#_7+,/.V.V!(# ` B53ÉW36!$.+14*�Fe_�� !&7�0 � .�0 � D�# a F B � D 8UT .r7+#+Ot7V7+!$. # a * ! L3 � D < !iB5D A B6PM3E! L !;#+OQ7+D4B5D < !$.$S # T * A B�0 � .�1 L4L . � W< !N7k!&#V#V!JDM#V!$D �98 % ] H 3 � 0 H 3 � 0 H T 353E! _+S ] < D4B b !&. < D �98 W8 !&. ` T 7V!JDM#H_+S?]^0 T * T B L4L !$. H 35B L4L !$.H_VF � � 7JF
α
!$.* ! < !&7(B5D/7+!$.V!$#_# � D"7 T/< B5D A T 3 A !&.V!JD L !9FG� � 7V.+B ¦ FZ�B�!$. A ! L � 7 H 35B A !�#+143o7sDM!9S T/< L !N7-0@]_O{3 ` !$.B6PRP/! � 7

α
F �kT �sP�7 � 3E!$. T *

x
S L !N7¤1 H !$P/!JD L 7+!* a 367sB L F � !&7(!$. a9H !JD H � .r7�3E,/#+D4BED < !JD�7sBE3 !JD¤!$353E!&.� D L !$D < 1 L # 8UT .V3 � L 7k35B < D4B5D < F B � D 8UT .r7sOk3E3E!$. T/< # a� 7{36,/#+D4B5D < !$D�7+B53 !$D�3EB < D4B5D < !&.t!&7Q#VPR. a9` 3 � DGSR# T *L !&# A OQ.V.V!§35B </< !&.(1 L !JD 8UT . � 1 L B67 T .+BE!&7$FZ T .V!$# 8UT .V!J36, H B < !�P T DMPM351M#VB T D�!&. � 7C� � 7JF

αA B5D L !$. * ! < !&7 A ! L !JD ` . T *CBE3536!>#VP � . ` 7 #_7+,/._.V!!$D L
0.99999997

F2� !&7 A � . L !$.tB�0 A !$._7 8Ô� 3 L !JDGFJFJF* � D L FJF$Fd# T *�F$FJF2P T * T/<§8UT ._7 � 367+! T #&FJF$F4� � 7+.+B ¦ FB A T . 8UT .k1 L 8 ,/.V!$.c* � D � 3 L .+B < 7+!$.+*-B5D T 3 T/< B5© †Z�B/0M,/.V!&. T * !JD�#+OQ7+D4B5D < S 8UT . 0 A B53EP/!$D H ! A BE#_!&7B6PRP/! �98 04O{D < !$. �98
m
T/<

n
F � !$. 8UT . 0M! L4L !$.�#+OQ7rWD4BED < !JD ¨MOQ7+D4B5D < =/F¢¨ T * : F � .+1M�sP>#+B < !$.$%T]x� !&7!&.k3EB L 7{*-!&.V! # T9p #_7sB6P/!$.V!&7$S 8UT .Q0M!$.QP � D�* � D)BEPdP/!DM,q]r!$#Q* ! L � 7 � L4L !$.V!qS4* � D-#VP � 3 T/< # a �����  � �	� ������NF`_j� !&7k# I DM!$# A B T/< # a 3 IML !&.(# A O{.r7JF� �c8UT .V!J3EO{#VD4B5D < !JDi#+351R7_7+!$.$S[PM3 � `4` !$. 8UT 3EP/!N7 T/<` B < !$.+DM! `ba A T .V!$# 8UT . � D43E! L D4BED < H ! < !^]r#_7V.V!&7JSM# T *A B53E3E! L !j#+B < !@]^� � 7V.+B ¦ _+F� ,"3 < *-! L B§D4OQ#_7+!�D214*C*-!$. �98 � ,/P Sc0 A T .._!$#_7+!JD �98 L �9< !$D � D4*-!$3 L !$#$F B ,/. H 3 � D L 7 � D L !&7T * A T .V!$# T ` 3E! A !J36#V!$. 14D L !&.c!JDª]_1M. �98UT .V!$35OQ#+D4B5D <# � *;7 !$D � D4*-!$3 L !J36#V! �98 � 0 T .+DM!J0 � A !$#>1 L 35O < WD4BED <��98 � H # T 3E1R7(P T D A !$. < !$DM#$F

	�
 �! �
�  < � ���������  �� ��� � ���6�
�
�
�
u9D � .VP T � *��

,#-�.%/10A5B�� ¢ 2	4lm�j
m�� ~y��jzv�d0femo� j $@f�����)~yf �Eb�f te~y�9mof ����v���~Dj��R�cjsjsm�¡m�d �
,#-�.%/10
� 6 mo����m�2���m��9qp��~y�xt 6 mo��a�� ��~o¬Dm��'&¬�mo��qsm���v�demnj�tEm���m��©��y���gf+2��
mn�¡�
m�fed�m��Zv��c�
m �cb��sqsmnjZdJ&©�m���m
�

NOPQR �b _[�bm!ac"h
ecTbVcb#Td!mVd d$a%

&nbg_UbccaUpm`'

NOPQR
(_T$Vca[Xc!dT)

`^U!fgbcqT! r
$acb_mUcb_m`qpcaUc!Ucbfg`
!m_fg``mUcb*c`mddc'

∗ ,ÔÈ@Ä=/ > Á3/hÊVË Æ�¾&Ä ;�Ê,+&Á^Å Æ
† - ÊrÁ /�Á�Ã�Ä�Ä[Ê_½¢ÅRÆNÃ$½hÊ / È@ÃmÁ�ÊV½ 5qÃ&ÀkÄq¾QÆ@ÅRÊV½:> ½�ËÉÅ ÀNÊ�½hÊ,.9Ã$½�Á¿ÊV½hÊ65�//++¾$ËMÄ@ÊrÁ�;�Ã10�Ê_ÄjÅR¾N½�Á^Å2+�Ë ÊVÈ�9

ã�äÔå�æHG�3



� ��� � 
�� ��� �4�¦�
¨ ` ,/. < ��.&F � ,/P !$. !JD H .V! A P � #V#_! 8UT . � 3E3E!�35OQ#V!$._! �98� � L # � ,/P F|� .$F � ,/P�0 � .�# A � . `ba � 367 * !J3536!J* 04BE*ªW* !J3 T/< ] T . L F�'^D L #V!$D L
L BEDM!�# ` ,/. < #+* a 3 !JD/7+!JD A ! L � 7� � ! A !$.V! L !N7 B � ,/Pd# ` T #_7+P � #V#V! `ba � � 7+!J* � 7+BE#VP�'^D 8UT .rW* � 7sB T DM#VP T D/7 T .$S�!J3E3E!$. A ! L � 7è#V!JD L ! !NW ` T #_7}7sBE3ªº����	�/´[»2²±M­qº�
��	�/´[»¹¸�º9»bF : 3E3E!�# ` ,/. < #+* a 3;#VP � 3 A OQ.V! 8UT .V# I DM!N7}*-! LD � A D T/< � L ._!$#V#V!9S)* !JD H .+BED < !$# 14D L !$.y*COQ.VP/! 0M!$. `ba#VB L !JDGFiZ�B 8UT . H !J0 T 3 L !$. T # .V!&7 7sBE3 � 7 8UT .VP T .r7+! H ._! A !JDM!9F


 � � ��� ��� � � �

�����������! !"$#&%('*)�%()+ � � �-, �
� 	/.�0 �1 �32��! � � � 2� 54C�� 62��!�87:9;2��� 1��< 
 � � � 2 �>= 2#� � �! 0 � � ��� � 
 �?7 �6�A@	�!� �CB 
 �D7 �  � � �FE
� !JD¤14D L .V!$D L !

� OQ.V! \ D L ._!JD L !¥ � S L !&7�!$. #VP � *�# � D L 7YD T P F/� !&7�!$. # a9L � DªD T/< !&7*-! L;H .+1 < !$. < .+OkDM#_! � � L !$.$S2# a 8UT . � 7 8 ,"3 < !tPR1M.V#V!&7#VP � 3 L 1 T ` 7sB53 � BE.VPR1M# L � 7 � 3 T/< !$.+DM!§B £ H T 3 � D L F
, �
� 	/.	0G �/HI)KJML!#+ � � �-, �
� 	/.�0 �1 �I2��! � � � 2� 54:�� � �ON 
 �6�(�� � 
 � � 0 
 �  
 ���! P7:9 �(� � ��6� �� � 0 � 0�0 �Q@	�R2 �S@ �S2UT �S2 � 	/.�0 �6�:E

� !JD¤B5D 8UT .V* � 7sB T DM#V0d14D < .V!$D L !
� OQ.V!j'^D 8UT .+* � 7sB T DM#�]_14DMPRBE!¨ a9L � D�!JD `ba #_7 � D L P � D|� .$F � ,/Pª] T D � 7s1M.+3EB < A BE#BEPRP/!i3 � L ! A OQ.V!-1 �98 ` ._, A !&7$S # a ]r! < #V!JD L 7+! !JD �98*CB5DM!�*-! L � . H !^] L !$._! T `�`ba BED 8UT .+* � 7sB T DM#VP T D/7 T W.V!&7 8UT . � 7 p D L !ª1 L �98 S T * L !&. A � . 0 T 3 L B L !JDdWDM!j0M!J3o7k1M# � D L # I D43EB < ! T/< . I #_7+!JD L ! `ba #_7 � D L F \ W7+. T 35B < 7;# T * L !&7ª!JD L P � D�3 IML !9S A � . L !$.ª0 T 3 L B`ba #_7 � D L !JDGF '�0 A !$._7 8Ô� 3 L !JD �98 *-! L � . H !^] L !$.+DM!P/!JD L 7+!�BEPRP/! 7sBE3
� � L # � ,/P S4#V!$3 A T * H 3 � L !&7 T/< # a!$.tP/!JD L 7 T/< H !$. I < 7+!&7 `ba � D L .V!jBEDM#_7sBo7s1R7V7+!$.&F d <L !(P � 3 L !$.Y#+B < #_!J3 A 8UT .w!&7�B5D 8UT .+* � 7sB T DM#VP T D/7 T .$F&F$F

, �
� 	/.	0VXW(Y[Z ' Y HI�/#\��L�' Y '+ � � �-, �
� 	/.�0 �] @ 
 � N 
 � �6�62��6�  
 � � � @ �	� � ���^@�� � 2�� B � � N ���R2�� 0 � . � �6��E ¥ T 1M.+D � 35B6#_7+!JD

� OQ.V!j¥ T 1M.VD � 35BE#r7��1>7 �9< !$.;0M!J3o7 8 !^]_3�F¢� !$.§!$.jPM14Dè!JD � DM# A � .V#+0 � WA !JD L !{�N0M! 8 .V! L � Pd7V,/.$F2n�.+14D L !$D 7sB53 � 7 L !$.¹#_7 a .¢7 TD � A DM!9SR!&. � 7 H ! </< !c!$. <"� DM#VP/!(#+* a S2# a D a .t* � D#+Ot7V7+!$. L !J* T A !JD `ba 04B5D � D L !JD < B A !$. L !&7 !$D0M!J3b�N0M! 8 .V! L � Pd7V,/.$FR� !$#V1 L !JD�!$.t��BE�m0 � !J3 � !$#r7+!$.rW<"�/� . L � DM# A � ._#+0 � A !$D L ! T/< � � B53E14D L !$.ª�m0M! 8 .V!NWL � Pd7+,/.t¬�!J3E3E!$. T * A !$D L 7JF : 3o7cB � 367 < B A !$. L !&7c!$D0M!J3 � DM# A � ._#+0 � A !$D L !;�N0M! 8 .V! L � Pd7V,/.$F
, � � 	/.	0

G Y H_� YP`+ � ���a, �
� 	/.�0 �] @ 
 �b2�� � � <E�c@ed � � 7 �6�gf � 
 � � � � ���R2*<E�6� � NT �S2 � 	/.	0 � ���R2�� 0  � 
 � �ih8�H�	@ 
 �b2�� � � < � @	�6�-j&���
� �k<l@ � �R2m<E�!�nE

¥ T 1M.+D � 3EBE#_7V# ` BE.V!$D
� OQ.V!§¨ ` BE.V!¥ T S � � # ` !$. A � .KB L !JD�0M!J3 L B < ! #+B67+1 � 7sB T DGS � 70 � D H 36! A B5D A Bo7+!$.V!N7�*-! L B(.V! L � P27sB T DM!JDGF{n T L 7D T P�7+. T ! L !è0 � DGS � 7�0 � D�# �9< L !)] � 7+B53 � 7�# ` BoW#V! 8 . T P T #_7§* ! L !&7 ` � . � D L ._! 8 . � ._! L � Pd7sB T DM!JDGS*-!JD A B !$PR#_7V. � ` T 36!$.V! L !�0 � DM#Q] � 7sB53 !&7Q] � 7sB53 � 7A OQ.V! * ! L 3E!J* �98 .V! L � Pd7+B T DM!JDGFR��.&F � ,/P � D H ! 8Ô� W3E!$. L B <�� 7 H 35B A ! </T L ! A !JD4DM!$.i*-! L !&7§!$353E!&. � !NW.V! �98 L ! � D L .V!�.V! L � P27sB T DM#+* ! L 3E!J*-*-!$. T/< H"I WL ! `ba ,"3�S *-B L4L �9< ! T/< 35B < DGF ¨ a #VPM143E3E! L !&. A OQ.V!!JD </T L �m0 � DM�$! 8UT . � 7 L 1 P � D 8 a 3 T A 7sBE3 � 7 A O�W.V!ª*-! L F : 3o7+!$.+D � 7sB A 7�P � D L 1�#V!JD L ! !JD|* � B53�7sBE3�2´qº2­[»/µ4°o�@·R´@·d²@±M­qº�
��	�/´[»¹¸�º9»bF

, � � 	/.	0
ã�äÔå�æHGGç



� ��� � 
K� ��� �4�¦�
�U����� "��+ � ���a, � � 	/.	0 �] @ 
 � N 
 � � � � ���6��� 
 2����	� �
	 < � �6�! 
 7#�>7J� . 2^@ � � � �
� 9 � � � � �!�c< � �	 &2S9	�>< � �= >E

� !JD L !$.V!JD
� O{._! � !JD"7¥ � S L !&7�P T * T/< # a # T * !&7c�N0 T P 8UT . � .$F � ,/P T/<.V!&#_7+!JD �98 .V! L � P27sB T DM!JDGS L � L !$. H 36! A �98 0 T 3 L 7 L !JD#_7 T .V! a .+35B < ! ` � ` A B5DM#V#V* �9< D4B5D < 0M!$. 8UT .¹D I 35B < F h a7+. T L # �98 S � 7 L !$. A � .�0M!J3E! 8 !J*�3EB67+!$. � 7 H ! L ,"*ªW*-!qS A � . L !$.§BEPRP/!-D T/< !JD L !J3o7 �9< !$.V!9S L !$.§# I D"7V!$#T * L !$D4DM! A BEDGF � B53 < !JD < O{3 L A � . L !$.¹!JD !J3E3E!$. � !mW.V! ` 3 � D"7V!$.$S L !$.QDM, L </T L 7 �98 A BEDM!JDGFM'Y0 A !$.r7 8Ô� 3 LA � . L !N7 L !&7�!JDM!$#r7+! A O{#_P/!9S L ! 0 � . 8 a !&7§B¹D T/< 36!* a DM! L !$.$F d < #V!J3 A ! 8 7+!$.w!$D </T L L !J3 �98G� D L .V! A BoWDM! T/< !$D 8 143 L 0M! L # 8Ô� P27 T . `ba 0M,q]NS A � . L !JD4DM! A BED#_7 � L B < !$3E!JD L B < FbZ�B A � . 8Ô� Pd7sB6#VP)BG7 A B A 3 T * L !JD¤BL !&7 0M!J3E!§7 �9< !N7 D T/< !JDM#+BED L !ª0 � A L !;#V!&7 !JD¤.VB < 7sB <A B5D L .+1M!9F4Z�BG!$. T/< # a <"� DM#VP/!j#+B6PR.V! `ba S � 7 L !&7c!&.L !JD4DM! A B5DGS L !&. <"� A T #Q0 T A ! L4` BEDM!$. L �9< !JD�! 8 7+!$.&S# a¤L !&. H 1M. L !)*-! L 8 ,"3 < !C!&7 < 3 � #jP T L B5* �9< D I 36!$.$F��� Pd7sB6#VP 0 � .�.V! L � Pd7+B T DM!JDè*-BE#_7sO{DMPd7 A B5D ` . T L 1dW�$!$D"7+!$D 8UT . � 7jP T DM# ` BE._!$.V!)*-! L *-! L BE�$B5D � 3 H . � DdW�m0M!JDGS T/< � .$F � ,/P A BE3�B¢D4OQ#_7+! D214*C*-!$. 8UT ._#V, < !� 7 �98 L O{PdP/! L !&7_7+! 8UT . L OQPd7V! 8UT .V!N7 �9< !JD L !9F

, � � 	�.	0

� '*��� � Y ` Y '+ � � �Q, � � 	/.	0 �
 ��� �#�	� 2��& < � 2� � @ � �6 ���R2 � � � � �k<l@ 
 �  � ��� ����6�  � <J�� ��� � 0�0 � ���R2 � � 7 �A= 0 
 < 
 � � + � � �6�(� B �� j � < 7 �-� � �FE
Zw. �9< !N7

� OQ.V!�ZY. �9<¥ � S
# T * H !$P/!JD L 7§P � D|!$* � �$#w] T D4OQ#_7+!JD � 367 T/<T/< # a H . I </< !�P ��b !�*-! L !&7 ` � #_#V!JD L !§#V�&.+B ` 7JF���1#_P � 3 H 3 T 7¢7+. I PRP/! � 367_W ¦jT/< #VPR.+B A ! L T �N7 T . T/< 7+. I P2WP/!�!JD/7+!$.$Sb# a !$. L !$.kP A � 3EB p �$!&.V!&7 ` # I P T 3 T/< 0@]_Ok3 ` F
, �
� 	�.	0

G �/):#&"�� Y '+ � � �Q, � � 	/.	0 �] @ 
 � N 
 �-�6� �(� � 0 � � �6� � �\7�9C2�� � � � �����  �� � �S<  � 2

 7  1� ���R2���E

� 1M#�� !JD
� OQ.V! � ] T 36#� !&7�!$. 8UT . L B�S L !&.j!$.�3 � A !&7�!JD|#V1 H 35B5* ` 3 � D435O < WD4BED < S L !$. < ,/.$S � 7 L !&7�#_7 T .V! ` . T ]r!&Pd7 B L d^A #$SL h � ¨4¨ T/< L '^D"7 hY. T/< #_7 T ._7t#V!&7 8Ô� 3 L !$.t# � *§7sB L B < 7JFd < # a !$.t.+1M#V#_!$.+DM!$# � . H !x] L ! a9H !JD H � ._7 A B < 7sB < !$._!!$D L � 3E3E! � D L ._!$#$S # aCL !;0 � . T PRPR1 ` !$._!&7 � . I PRP/!NW.VBE!&7Q* ! L .V!&7Y7sB53 � 7�#V*CB L ! � 3E3E! � D L .V! A O{P F � 0 � 7B6# � � �S2�7s04BED < F

, �
� 	�.	0
,#-�.%/10
�xty�c�smn�yaed*2�� � dem�j+��� ~�j ¬(8Z��mqs¬Dm�dªv�� v8qp�g��v�d�jsmnj $xf �����¡~gf�v��c�
m¬�m�d�ty¬Dmo�#$ A5B mo�pfem mo�z�
,#-�.%/10
�¦ag�pfEm�te~o¬Dm F ac�'mof ��m��Eb��sqpv�¬�jp~g��� �y� &�ym'IK2 «-~gf ��~gf�j 8�f��
m#� � dem�j^qsag�m�j�jsa(& jp~g� $gdem���qsjp~y�H�umo�%2yjsa�$gjpa�$yjsa�$jpa���� �
,#-�.%/10
��� 2)4lm�j���~yf-v��c�
m^¬(8Z�sm
�3$e��ay��demnjmo���G& j�~��Rmo����m�f+$c¬ev¦qpfe~y�c�
m��xag�5�
,#-�.%/10
� b�fem�2e«-~yf5te~���6 a)vw�g�Dm���~�jsjsmo�pf�q�vD�mnjp~��

NOPQR �
_bm]rj

^
r_
ca�T]r[�^�q!rm

VmV
Tam]c#^bp$_T\�rm

V#^bp$_Tc��
e_TmaVcfcb"!rma

`\

NOPQR �Tb!cdj_ma[ifcb
"!
rma

`mVcT�
V"\\\m#"^$!rmad

T�^$!m!\\\#^b
T�

rm_
c\\\

NOPQR
km]dcbV[Xcbd^ppcbT_!mUca
!T�T^`caem`c!m_\ �
^!U^`[�T\i__cbUc!fm_Vm`cq*c` r
Tbd$a

eb fc!Uc!pcUca!T�T\

ã�äÔå�æHGJG



� ä � � ã � � ��æRå¢ãN�¹æMã � 


� � ����� 
 � �������	��

�

������������������� �"!$#%�'&)(��+*�,.-/#10$-2� �43657,/*�,.-18���-/#%9�-7#1:��&<;�=",>���?(A@CBED+FHG�5I(�*$��="JK;��?���������+L�M'&ON$�P5>*Q-�RC�?�G�5>(S*$��="JT;��U��������� ���V���?,I36��� �?(W&)X",>� �������4G�5I(�*$��="J�Y;��?���?(?Z
• [ � ��&)= ���+FE! \
•

F�&)�]- &)= (_^`�?��5>8?57����* � N��P5I*aYcb�(P;/d��CBe="JfYJ�d�����;�= ��L�5g36� ,
• h � ,>��= (eiA= L���Xj�aFE! \
•

iA�?*$��=",>= �"5I��*lkm���S365I3Pd$3
• n (�d�����&)= �+FE! \
•

iA�?(�JT�fFE! \

•
iA= L��P5>,o\$��JT5>8U="����d�8U3P= (�^p�q3P�U(P57� ,I�eFE! \

•
D�BEisre�?���?��(�8t;puvkm����=%G��q3P5>="��FE! \

F�,7,I�_G�5>(�*j��="JT;��?���?(o����,g36��� �?(wJV�?�x���a�S36� ���y5 � NjY�P5>�S*yBa� � 365>����- [ �?�Pd������T;�=",I���?(zG�5I(�*$��="JK;��?���?(P���L�MK��*$5>&O3e= L�,7{|�T5]&ON��P5I��*}� d���5I3P= (�57d�J�-
[ �U(eG�5>,~G�{|(��x&)= (S&)(P5>��*$��57��� �?(e3657,]���x�Q�?��X � ���jY����5cJK�?�S���?="JK(PM�����3��
h =",>��Xq����JK�?��L�,>��*q�q3P�U(�L�M�Gq{4� � ��= ��= L$Y�P,7��� ��36�%G�,>�?(U-

RE5]���?�?�
D�5>86* =",7�����'��5I3P�S8�;`\$8�;���86*L"Gq��-Q@WBaD+F

� �]� ���l��� � �����l� ���	�
� �W� � � 
��V� � � �V������� � �������
��� � �`� 
 ��� �����

¡�¢�£_¤W¢�¥_¦ §6£_¢�¨�©m¢«ªj¬�¥­¤¯®±°W²±³_³~´"µw®W®±µ
#�¶�-·� �¸km�"3�(�=$��d�*/365>="��3P57,zF�(P,7�º¹«=j=$���a��="J»G�5>(�*"Y��="JT;��U�}��� Jy3|(S�?*$(Pd$3S3P�?(P5>��� ���	��&AJK�U����(�Y�¼�½�����?(��G�! ^`�U3S3P� h =j�?86*�BE,7� d��S���~¾QF�*¿������JT5IX * =qY��="J À JK�U(�* ="��="J 5}LQ�?(���="��� ,I��d���G�5I*/Y,75>����-zF����P�q3V��="J h r|YÁ* ="����d�,>��� 3	5�B'="�jY8?�?(�� h ra-
#�¶�-20��
r'd�����G�5>�P��5>���TG�! ^`�U3�3�� h =j�?86*�BE,7� d����?�
#�¶�-2:��
Âz� d����
#1:$Z·� ��^p���"5>�S3�(��x5]kmi±Y>��= �Ã;�= �'F�(�,7�f¹«=j=$���?ZG�!qF���3P(P5>�ÅÄc="d�5>����^Ãd���*Q¾VÆ4� ���]-·JT����-�5(Pd�����5>��*�Ç½���������S�ÉÈ���5IG"�?(S�P5I3P��3tÊ}= ����� JfY&<d�������&<����Ç.b�(P;/d��+È���5gG"�?(��P5g3P�U3tÊtZ¹«���S36� ���P�q3±;�= �CF�(P,>�x¹�=$=$���U¾/kmi±YmÆ���� 3P�?(��U3= ��G�!�Ë"� ����5>�ÅÂw�?���?(��S���~¾ÌÆ|� ���]-2JK����-p5*�5>���?�P5I��*Ì= �ÍJT�������U* ="JTJ�d���5>*¿�q365>="�ÎÇÏ�/djYGq{4(��?������JK�?��5>��G�5>���?����*q���«Ê
&)(��»b�(�;jd��

È���5IG"�U(��P5I3��U3�Z¹«���S36� ���P�q3 ;�= � F�(P,7� ¹�=$=$���U¾ k�i±YÆ����"3��?(��U3�-
#1:$-Ð¶/:¸Âz� d����
#1:$-2: :
^p���"5>�S3�(��x5]kmi±Y>��= �p;�= �eF�(P,7�V¹«=j=$���?ZG�!qF������ ^`�U3S3P� ��(����"; ¹«(��U���?(P5>*j�����~¾Æ|� ���]-2JT����5|ÄÑ5g3�3P�?(P�q3Pd�(P;�5>�S3�= (P5>�}= �É^`��Y��5>��G�5>���?����*q���p&)(��Vb�(P;/d��+È���5gG"�?(��P5g3P�U3�ZF����P�q3e��="J�k�� 3P(P� ����3P* ="���Pd�,>�?�"3E;�= �eF�(P,7�¹�=$=$���
#%9�-Ð¶/:¸iw��*l&)= ('5~�����

RE5>(�*j��="JT;��?�����Q�?��X � �U3É��(�(P� ��� �?(��U�É5V�P� JK��(�Y�¼�m������JK�?��F�(�,7�K¹�=$=j���?-F�(�(P� ��� ��JK�?�"3P��3
&)= (��U�"M�(
;�= �¸F�(P,7�Ò¹«=j=$���� Jy����¾K\$*¿� �����?(��Q= (���RW�m��0 Ó Ó$¾fÔ"0�9 �ÕRE5I�/NÅË�-��d��P,75>��5>�?(P���C:$¾ #1:�= �+: 0�* X (��?(o,75I� �z3657,q��X (S���~-1ie5>,gYJK��,I��57����L�MÎÖ Öq×qØ Ù�Ú1Û1Ü�ÖqÝ�Þ Ú�ßjàq×záÁâ�ãH�������?�S3Ã���?���# -�= *j3P= �Q�?(?-

ä%å<æAç�è�é



��� æ����

ä%å<æAç�è��



���������
	����
���

���������������������! �"�# $&%('�)+*!%-,.�0/1�(���2���23�4657��'�/98;:<��4
8
=>8?�(�<@�%�'A��/��CB&�<46/D�����<4;'A�E���GF�HI4J86���0/�F��D8?'�)K�MLN4?4;���
5O�D86:(8J4?4?8;�I�

PQ3���������������R��! �"�# $&%('�)S*!%Q,��0/T�I%U'D)<��4Q/98?4Q$WVYX>=�,I@�:(8;'>�I%Z@����T@�%�'�)[��/T��/>\2�<4;���]�I8;�^/98J4_��LN4?4;���D'
���
�(��/>57F��T'A�<*�/W*!%Q�

X>8;�D'��I�0��������`��Y a"�# LcbdVe%(��57F����I�A���>fg���D4�hi/98?4Q�0/&�(jY'A/D�18lkcF(��jYma����'D@I8?*Y���
n *('D�����o����p�"!�! �"�# Lcf�qTrs�05_@YF!4;�����t:(8?��)!'AF!\^@Y����'D���0�Eu�v�57jY'D8;)K�
����������������w!�! � �# x<y y[z�{�|<} }a~<� �(�[� { x
u��9�t'���*�/����A���W���������I�If>F!\�F��o'9\1���ouIv�����*�*�j!5O��4?�I*(�>��%I46��'9*Y���
PQ3�������������`!�! � �# B&�a/l���C4;3��D�����I,�F��g��%2@(���l���a/C��v��D4J86��/M�a57/D���l�0/.@���:������9%()!)[�a/C��46/�57F��C\^��*(���M��%�46��3�4

F��e4?3�HK��/W*�30����*����<*�*(��\�\�8;�(/9H�j0��*Q��r&4J4?8;���a:���4l'�)<��4��I%�F���'DvS�05O'A/D����8l��57/���*Q,K57F��
�(�<46/D�����<4;'A�]���>F�HI4J86���0/�F��D8?'�)K�

X>8;�D'��I�0������ [���Y � �# h.����HK�<*]beF�����*('���*�F��]VY%�'���*�*Y��kN3Y�I)[���l\2�<4;�(���Q'986�&/98J40HKF(�(jYm�����'9@�8J*Y�>8��I8?m�8?uI4?8J*Y�<*
�����(���>u�vo/98?�Q�

n *('D�����o���� �w��! � �# VY8?��'A/D��/�8?4J\2��4?�I8J*Y�2/98J4Q����*ev��94?86���]F!\2����*Y�SkcF(�(jYma�D��'9@�8?*(�I�
n *('D�����o������"!�! � �# x<y y[z�{�| } } ~ � � �[� {�xE��5O@(F�4?�(����kcF(�(jYm�����'9@�8J*Y�I��B&�a/D/��N���lv����a/9'Q/�8?4?4?3�HI'�'A/�jY)!)[��,�F��T:[��*(�������

@(��4?46�<*�HI4?8;:0���M�<*(�I*!%���*�����*(�T57j(4;��/�/98J4�HI�D8?'A/���uI%I*()�/���/���BW��46/9�0����4;'��c���MF�HI4J86���0/�F��D8?'�)
57F��g����'DuK���TX>@(F�\1'���*Q�

���������������������! � �# =t������)�/�86F!*Y��*
F�5O�A���2'986��57F���4?�t'����9*Y�UF����05_@YF!4;�(���2�(�<*�'A/�F��A�G��%�4;��3�4;'�uI��3�:0��'D\1���0�
*�8J*Y��'D)[F�*�)Y%(������*�m����IB&��4;/D�0����4?'A�g����F�HI4?8;����/�F��98;'D)�57F��W�
��'�uK����XT@YF�\^'A�<*-�

���������������� �p��! ��(# b���8?4J%�*���/98?4?H�j!�����2��/1/D�����Z@<���<\�\2������*�@(�������Z\2���+��*+'�/�F��2'AF���/^4?���(���_�A��)!)[�
F����<*+\2F�/DF��Dm�jY)[��4
@(F�4?�(��*��(�S%(����*(5�F��a��b���8J4?%�*���HI4?8;:0���1@(�����a57/�����'94;v��a/18?@[���<4Nu�v
��4?'�)[�<*('T���9%('AF!\^\1�G\^v��(���tF��E8?�(��*�/�8���m������a/t:(@�����BgqTr>��u��D3�:0�����

������������������"!�! ��(# x<y y[z�{�|<} }a~ � � �[� {�x�@(F�4;��������%�46��57��'A/��. W4_,l'Du��D%(/GF���H����A�U����\2���28
@(F�HK�a/9��4¢¡ n �d'Dv����
�(����F���'�vo�A��:!jK¡

������������������"!�! ��(# b�8;m�@(����4�£���'A/D�������������eF�u��I�0�����t�0/W@(��*Z8Q:(8;��)0��4?8;��@(���(�<*E���>�a/T���<*Y��/98;'D)o��)!'�uK���D8��
\2�<*�/�,M:0���+��/G@���*
HI4J86:0���G8J*(��57��*Y���a/��M���D��*�%
��5�/98J4;HI�D8?*(�����]b�8;m�@(����4./98;����*
8c��*
'A/DF��T)��9%()!)[�1\2����5�F��D\^��4?8J*-,�%���'�/98?4J46��/�u�vUqT�0/�%(�D@I8;'�/�F��98;'D)ob�%('���%I\S�

X>8;�D�������Q�K�[¤(�! ��(# q&%
���G�(����)Y%I*��<*�%Y���E/�8?4N�0/G:(8N��4?4;�o'D)<��4����98;)!)[�EF�'2�986��/986��/]5_%�4?�(�EF��o��F�*(��4;���A�
�D%I*(�(/W\2���e)!�9%(�(/��I¥�3�:Y�986��/T���&���a/TF���'Dvo8M��5�/D��*e�0/T��*�\1��'�'��2\���*��e)Y4?���(���>'986�
%(��8Q�D3Y�(/t/93[�tF���57F��D'�3������>�0/T�a57/����D4J86��*(�W��*Z57����\1��*���\1���Z��*e�(jYH�4?�0/D/�����F�����*
57F���)[���D4?8;��@(���U57F��&'9\1voH�3��D*Q�

X>8;�D'��I�0������p� <�Y ��<���0"�"��(# q>j�/9v��D'��057/D��*-�[rW4J46�t46F<:0���.@�8J*(��*��(�<*]�<*1@Y�<4Y\1��'�'A��/98?*(�I,<�(������4J4?86���a:0�<4���4;�I�D8;�&H�4?8;:0���
/98J4-*YF����a/��(¥�'���\^\2�Gv�*��e4;F�:���������*S����\�46�]m�@(�a5O�A������)�/93���q&86�<4;'�,��0/T*��t'�/���v���'D)<��4
@(��*e@���:��G�0¦���:0�����a/&'D8;/T'DuK��m�8?��4;���

n *('D�����o����p� <�! ��<���0"�"�p(# q>j�/9v��D'��057/D��*-�[rW4J46�t46F<:0���.@�8J*(��*��(�<*]�<*1@Y�<4Y\1��'�'A��/98?*(�I,<�(������4J4?86���a:0�<4���4;�I�D8;�&H�4?8;:0���
/98J4-*YF����a/��(¥�'���\^\2�Gv�*��e4;F�:���������*S����\�46�]m�@(�a5O�A������)�/93���q&86�<4;'�,��0/T*��t'�/���v���'D)<��4
@(��*e@���:��G�0¦���:0�����a/&'D8;/T'DuK��m�8?��4;���

¥�V�VYq�#M �p�`�`<��w���R0"


