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&'()*'+,+-&&./012+3�4510+67)((6),7'&)�
7'&),8'(9-:;',+-8*.6)<*',*1:-+&',)=':3

�&()6.60+-+>6)<*',49)?1,(@A.02.0@B'6'9)*0'�
0),)6'3 �,.54 /)(,)&',8 ,+-. -+&','7.&),8> *1?*.
9)9'6�,. .57)/.6 9.6A+*('7.&),8 ('-1 ,@?+(,'3 �
6)<*',4> .57)B+**4+ 071< 9 071<1 .0*.'6+**46'
A.-:()6'> .,,)-9'&):,(@3�(-' 7)(A.-.?',8 '2 *)
.A7+0+-+**.67)((,.@*''071<*)0071<.6>,.6)<*',�
*.+.,,)-9'&)*'+9)97)/(6.?+,17)&*.&+(',8('-1
,@?+(,'>'&+72*'C6)<*',/)&'(*+,*)0*'?*'63
�*.<'+A4,)-'(80+C(,&.&),8A.0.5*46.57)/.6>*.
*';+<. *+ A.-1;)-.(83 �)<*',4 9)9'6�,. .57)/.6
'/&.7);'&)-'(8&&./012+>.9)/4&)-'(8A.&+7*1,46'
071<9071<17)/*.'6+**46'A.-:()6''A7',@<'&)�
-'(83�*)D,.6&(+/)9)*;'&)-.(8E*'9)9.C-+&',)�
=''3�+A.6.<)+,'/)6+*).,,)-9'&):B+<.6)<*',)*)
=+-1:('(,+616)<*',.&>7)(A.-.?+**42*)A-.(9.(,'
'-'&A7.(,7)*(,&+>E'&D,.6(-1;)+0.5',8(@ /)&'()�
*'@*+10)+,(@3
�)/)-.(8>;,.-+&',)='@*+&./6.?*)3�D,.6154-.
6.B*.+,+.7+,';+(9.+A.0,&+7?0+*'+3
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�*07+@ �+C6) ��)<*+,'/6 0-@ &(+2� FGHHIJKK
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c,),+.7+6)54-)0.9)/)*))*<-'C(9'6(&@B+*'9.6>
6),+6),'9.6 ' d'/'9.6 �)61D-+6 �7*e.1 & �fYg
<.013 �*) '6++, A7.(,1: d.761-'7.&91> 97)('&.+
0.9)/),+-8(,&.'2.7.e.'/&+(,*)9)?0.61d'/'913
�*.<'+d'/'9'(;',)-'++)5(.-:,*46/)A7+,.66)<�
*',*.C-+&',)=''>*..9)/)-.(8>;,.(1B+(,&1:,.5�
2.0*4+A1,'3

��� *�!
9� 5������*

�);*+6(A7.(,.<.D9(A+7'6+*,)>9.,.74C*)A+7&4C
&/<-@0A7+0(,)&-@+,(.5.C*+5.-8e+;+6A)7.0':*)
6)<*',*1:-+&',)=':3�)7'(1*9+�&'0*40&)6)<*'�
,)>*)*'/)**4+*)0+7+&@*�
*4C(,+7?+*8>E.0'**+.�
0'6.&4C>071<.Cd+77',.�
&4C> *. D,. A.9) *+ ,)9
&)?*.3�-)&*.+>;,.6)<*'�
,4A.&+7*1,4071<9071<1
.0*.'6+**46'A.-:()6''
&/)'6*. .,,)-9'&):,(@ E
&+72*'C&'(',*)0*'?*'63
�.;+61D,.*+-8/@*)/&),8
-+&',)='+Ch�A.,.61>;,.
D,. /)&'()*'+ *+ @&-@+,(@
(&.5.0*46 E (&.5.0*.61
0&'?+*':&+72*+<.6)<*'�
,)A7+A@,(,&1+,0+7+&@**)@
A)-.;9)3�+,-'/0+(8A7.�
,'&.7+;'@(,+.7+6.C�7*�
e.1h�+,>A.,.61;,.97.6+
6)<*',*42 ' <7)&',)='.*�
*42('-*)&+72*'C6)<*',0+C(,&1:,1A71<'+('-4>
&./*'9):B'+ A7' +<. &/)'6.0+C(,&'' ( 0+7+&@**.C
A)-.;9.C3
�. &(+ *+ ,)9 A-.2.3 �7.0.-?'6 )*)-'/ *)e+<.
D9(A+7'6+*,)3�4(.,)/)&'()*'@&+72*+<.6)<*',)E
D,.,)&4(.,)>*)9.,.7.C0+C(,&1:B'+*)*+<.('-)
,@?+(,''6)<*',*)@('-)17)&*.&+e'&):,(@3�+51�
0+6(*'6),8&+72*'C6)<*',(A)-.;9'>)7)(A.-.?'6
+<.*)D,.C&4(.,+(,7.<.<.7'/.*,)-8*.'.,A1(,'63
�+<9. 15+0',8(@> ;,. & D,.6 (-1;)+ A.,+*=')-8*)@
D*+7<'@6)<*',)510+,16+*8e),8(@*+/)(;+,&+7,'�
9)-8*.<.A)0+*'@>)/)(;+,+<.A.&.7.,)&6)<*',*.6
A.-+3�(-'54*+0+7+&@**)@A)-.;9)>&+72*'C6)<*',
A.&+7*1-(@ 54 *) �f�∞  E (&.'6 A7.,'&.A.-.?*46
A.-:(.69*'?*+616)<*',1E'A7',@*1-(@9*+613
�)-.;9)A7+A@,(,&1+,D,.613
�(-'5410)-.(8/)6+*',8A)-.;91*);,.�,.6+*++
&+B+(,&+**.+>*.,.?+A7+A@,(,&1:B++A.&.7.,1>,.
&./6.?*.>A7.5-+6)-+&',)=''54-)547+e+*)3�9)�
/4&)+,(@>&D,.66.?+,A.6.;8<'7.(9.A';+(9'CDd�
d+9,3�6+**./)971,9)9.-8=+&.<.6)<*',)&.971<.('
6.?+,&.(A7+A@,(,&.&),8+<..A7.9'04&)*':'0)-8�
*+Ce+61A)0+*':3c,.E9-:;+&)@'0+@0-@,.<.,'A)
-+&',)=''>9.,.74C64.5(1?0)+63�.>&.�A+7&42>++
*+ ,)9 A7.(,. 7+)-'/.&),83 � &.�&,.742> 9)9 1?+
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<.&.7'-.(8>0-@++7+)-'/)='''6++,(@0.A.-*',+-8�
*.+A('2.-.<';+(9.+A7+A@,(,&'+&&'0+,+.7+64�7�
*e.13
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����i<.01)6+7'9)*(9'C'/.57+,),+-8
.C")77'�
<)* A.(-+ 6*.<.;'(-+**42 D9(A+7'6+*,.& /)(,)&'-
-+&','7.&),8&6)<*',*.6A.-+6)<*',*4C&.-;.93�
��fj<.01")77'<)*A.-1;'-A),+*,*)(&.+'/.57+,+�
*'+3�0)-8*+Ce+C(1085.CD,.<.'/.57+,+*'@(&@/)*)
=+-)@0+,+9,'&*)@'(,.7'@>*./0+(864*+510+6+:
/)*'6),8(@3�)9'-''*);+>*).(*.&+D,.<.'/.57+,+�
*'@54-)(./0)*)'<71e9)A.0*)/&)*'+6�
��	��>
9.,.7)@ A.-8/1+,(@ .<7.6*46 1(A+2.6 ' A7.0)+,(@
6'--'.**46','7)?)6'3
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�0*)'/A+7&42*)1;*42A15-'9)='C.0)**.6,'A+
-+&',)=''A7'*)0-+?','/&+(,*.61)*<-'C(9.611;+�
*.61>(A+=')-'(,1&.5-)(,'6),+6),';+(9.Cd'/'9'
�)C9-1!+77'3����i<.01.*.A15-'9.&)-(,),8:><0+
.A'()*),+.7'@0&'?+*'@6)<*',*.<.&.-;9)&6)<*',�
*.6 A.-+ FGHHIJKKLLL3IGM3kVON3WP3QlKIT\I`TK
kTVVMaR[KHGTaIWITVNKmTVVMg��3IS_b3 c,. 1A7.B+*�
*)@,+.7'@>*..*)2.7.e.(.<-)(1+,(@(7+/1-8,),)6'
9.*97+,*42D9(A+7'6+*,.&3�(,)�
,8+6*.<.6),+6),'9'>'64.<7)�
*';'6(@-'e8*+5.-8e'6'/&-+�
;+*'+6.,,10)F9(;)(,8:>!+77'
*)A'()-+B+'9.7.,9'CA.A1-@7�
*4C,+9(,>9.,.74C7)(A7.(,7)�
*@-(@&6+(,+('<71e9.CJGHHIJK
KLLL3IGM3kVON3WP3QlKIT\I`TK
k T V V M a R [ K H G T a I W I T V N K
mTVVMg�g3IS_b3
�9)/4&)+,(@> ;,. 0-@ 0)**.C
6)<*',*.C 5)/4 F5.-8e.<. 6)<�
*',)>*)2.0@B+<.(@&*'/1b'6)�
-+*89.<. 6)<*',)> 7)(A.-.?+*�
*.<.&*1,7'&.-;9)> (1B+(,&1+,
1/9'C0')A)/.*6)((&.-;9)>0-@
9.,.742 &./6.?*) -+&',)='@3
c,. ./*);)+,> ;,. *1?*. .;+*8
,.;*..,7+<1-'7.&),86)((1&.-�
;9)3�)A7)9,'9+D,.0.(,'<)+,�
(@ +<. A.(,+A+**46 1,@?+-+*'�
+6 ( A.6.B8: A-)(,6)((.&42
e)C5'-'7+/'*.&429.-+;+96)�
-.<. &+()3 �6+:,(@ (1B+(,&+*�
*4+ .<7)*';+*'@ .,*.(',+-8*.
(9.7.(,'&7)B+*'@&.-;9)'&4�
(.,4+<.A.-+,)3�1?+*.A7+0+�
-+**4C *)&49 0.(,)&9' &.-;9)
&,.;91-+&',)=''3�)9?+*+.5�
2.0'6.)9917),*.+<.7'/.*,)-8�
*.+ &47)&*'&)*'+ 6)<*',*.C
5)/43 �)9.*+=> D,' *)(,7.C9'
6.<1,6+*@,8(@&A7.6+?1,9+.,
.0*.<. /)A1(9) 0. 071<.<.3�+�
6107+*.> ;,. ")77'<)*1 A7'�

e-.(8 A7.@&',8 *+6)-.+ 1A.7(,&.> ;,.54 /)(,)&',8
&.-;.9-+&','7.&),83
�.64.,9-.*'-'(8.,,+.7''>&+7*+6(@9*+C3�
(&.+C(,),8+!+77'&4&.0',1A7.B+**1:d.761-10-@
A.,+*=')-8*.CD*+7<''6)<*',*.<.&.-;9)&6)<*',�
*.6A.-+>(./0)**.66)<*',*460'(9.67)0'1(.6�3
�(A.-8/1+,(@ ('(,+6) 9..70'*),> & 9.,.7.C .(8 /
*)A7)&-+*)&+7,'9)-8*.&&+72>).('!�'0�E<.7'/.*�
,)-8*.3�.(-+A+7+2.0)95+/7)/6+7*46&+-';'*)6J

> >
1 0 /

1 0 /
2 2 2

ξ η ζÆ = Æ = Æ =

'A.(-+(..,&+,(,&1:B'2A7+.57)/.&)*'C6)((4&.-;�
9)'+<.A.,+*=')-8*.CD*+7<''d.761-)0-@A.,+*='�
)-8*.CD*+7<''3A7'.57+,)+,(-+01:B'C&'0J

( )
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g g

� j g � gg g

f g n�

� f �
3 4

ξ η ζ
ζ

ζ ζ

+ -
= + +

+ +
>

<0+ �4  E A7'&+0+**)@ 5+/7)/6+7*)@ 6)(() &.-;9)3
�5./*);'6;+7+/ �ζ &4(.,1F7)&*.&+(*1:&4(.,1b>*)
9.,.7.C<7)&',)='.**)@'6)<*',*)@('-4>0+C(,&1:�
B'+*)&.-;.96)((.C �4 >9.6A+*('71:,071<071<)3
�+?01 �4 ' �ζ '6++,(@,)9.+(..,*.e+*'+J
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�/d.761-40-@A.,+*=')-8*.CD*+7<''(-+01+,>;,.
-+&',)='@&./6.?*),.-89.,.<0)>9.<0).,*.(',+-8�
*)@&4(.,)*)2.?0+*'@&.-;9) / 2ζ = /)9-:;+*)&
A7+0+-)2

g
�>n �>ijg

n

/

2
< < = …

�.<0)0')A)/.*0-@(..,&+,(,&1:B'26)((A.-1;)+,(@
,)9'6J

��>fn� �>f�f4> >… …
�4&'0'6>;,.D,'0')A)/.*4*)()6.60+-+0.(,),.;�
*.1/9'3
�-@A.-1;+**42,+.7+,';+(9'27+/1-8,),.&'6++,(@
2.7.e++ &'/1)-8*.+ A7+0(,)&-+*'+3 �) 7'(1*9+ g
A7+0(,)&-+*49)7,'*417.&*+CA.,+*=')-8*.CD*+7�
<''0-@7)/-';*42/*);+*'C7)&*.&+(*.C&4(.,4 �ζ >
) 6.?*. (9)/),8> ' 0-@ (..,&+,(,&1:B'2 /*);+*'C

7)&*.&+(*.C6)((4 ( )n gg
� � �j �4 = ζ + ζ 3�.7'/.*,)-8�

*)@.(8*)9)?0.69)07+ED,..(8 1 2ξ = >'01B)@
&0.-8 7)0'1() 0'(9.&.<. 6)<*',)> A7+0(,)&-@:B+<.
5)/13�+7,'9)-8*)@ .(8E D,. .(8 / 2ζ = 3$&+,)6'
A7+0(,)&-+*4/*);+*'@A.,+*=')-8*.CD*+7<''E.,
d'.-+,.&.<.0-@6'*'616)0.97)(*.<.0-@6)9('61�
6)3�)9)07)2., � �>ngζ = 0. � �>igζ = &'0*4d'.-+�
,.&4+ ,.;9' 6'*'616) A.,+*=')-8*.C D*+7<''> '2
.971?):,A.,+*=')-8*4+@64>'&5-'/'D,'2,.;+9
&.-;.96.?+,-+&','7.&),83�)97)C*'29)07)27)&*.�

&+(*4+ ,.;9' ( ) ( )��o �o �>Yfζ =  ' ( ) ( )��o �o �>iYζ =
*)2.0@,(@*)&+7e'*)2*+5.-8e'2<.7.9>'D,'7)&*.�
&+(*4+,.;9'*+1(,.C;'&43�A+7&.C'/*'2&.-;.9
(9),4&)+,(@&*'/>(.&,.7.CE&5.93
�)6+,'6>;,.,+.7+,';+(9.+.A'()*'+2.7.e.(.<-)�
(1+,(@(7+)-8*46'D9(A+7'6+*,)6'3�.,+6*+6+*++>
D,.&(+<.-'e8A7'5-'?+**)@6.0+-8>9.,.7)@.A'(4�
&)+,A.&+0+*'+54(,7.&7)B):B+<.(@&.-;9)3�(,),8+
!+77'+(,8'5.-++,.;*)@6.0+-8>9.,.7)@1(,)*)&-'�
&)+,0.A.-*',+-8*4+<7)*'=40-@(9.7.(,'1(,.C;'&.
&7)B):B+<.(@&.-;9)3�.D,.1?+0-@()6.(,.@,+-8*.�
<.;,+*'@3
�)D,.664/)9)*;'&)+6*)e+/),@*1&e++(@&(,1A-+�
*'+'A+7+2.0'69<-)&*.613

���
9*�
 ���*4
 �����

�.*+;*.>&4&(+<0)6.?+,+A.(6.,7+,8&'*,+7*+,+>
9)96.?*.0.5',8(@-+&',)=''&.-;9)3�.'(9*)(-.&.
pT[OHV\]0)(,<'<)*,(9.+9.-';+(,&.((4-.93�@7)(�
(9)?1.(&.+6.A4,+3
�9);+(,&+5)/4'(A.-8/.&)-'(8,7'9.-8=+&42d+7�
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�'5.+<.7+/9.A.057.(',&&+72>'.*.,-+,',&(,.7.*1
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