
���

���������	
����
�������	�������	�	������	�������

���� �����		
� ������
� �����	�
� �����	�


�����������������������

��������	
����
����
����������
�����������������
�
�����������������������
��������������

��� ���������
�������������
���������� �!���

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

�������	)���"��	*��������	 ��� %�	++

,-./012	03/45367��87./01%95.

"#$#%&�'()#*'+,$�����������

-.+/&#$�0�'12$#+��3��������

���� �!"#

-.(4151/� $/$,+6� 78+))++� +� 9$,$/)$� '(#(0(4�"��� 81:5*� $#8();1.(<� +� '(41.=/()#%>� 41.=(4(?(
9(,(#$�>:/(#$1:/(<�6(/@�14.('1<)0(<�2$)#+��())++�5,&�,1#/+=�'1.+(5(4�����A�����??���681.1/+&
'(#(0(4�4@'(,/1/@�)�'1.+(5+2/()#%>��A���5/1<�81#(5(8�)#$#+21)0+=�0$81.�/$�#.1=�(5/(.(5/@=�'(
*),(4+&8� '(241//(B?.*/#(4(?(� *4,$:/1/+&� +� #+'*� .$)#+#1,%/(?(� '(0.(4$� 70)'1.+81/#$,%/@=� ',(B
C$50$=���$<51/@�)#$#+)#+21)0+�6/$2+8@1�.$6,+2+&�4�'(#(0$=�+�9$,$/)1�D���81:5*�.$6/@8+�70)'1B
.+81/#$,%/@8+�',(C$50$8+���)#$/(4,1/(
�2#(�(E1/0*�.(,+�9(,(#�4�9$,$/)1�"���)�$#8();1.(<�/1(9=(B
5+8(�'.(4(5+#%�)�*21#(8�'.()#.$/)#41//(<�/1(5/(.(5/()#+�9(,(#/@=�8$))+4(4�

$����
%�� ���
�&� 78+))+&� D��
� 9$,$/)� D��
� )(4.181//@1� 0,+8$#+21)0+1� +681/1/+&
� 41.=(4(1
9(,(#(
�>:/$&�#$<?$�

 (,(#$� 6$/+8$>#� 9(,11� 	�F
� $� 481)#1� )

70(,(?+21)0+� 9,+60+8+� +� '.()#.$/)#41//(

#.*5/((#51,+8@8+�81,0((#(.;(4$//@8+�6$B

9(,(21//@8+�618,&8+�G#(.;�H����)8I�A�9(B

,11� ���� #1..+#(.++� �())++� J�(8'1.)0+<� +

5.�
�����
�����K���,+8$#(.1?*,+.*>C+1�;*/0B

E++�9(,(#/@=�70()+)#18�)4&6@4$>#
�'.1:51

4)1?(
� )� '(?,(C1/+18� *?,10+),(?(� ?$6$� +6

$#8();1.@�+�5(,?(4.181//@8�51'(/+.(4$/+B

18�*?,1.(5$�4�#(.;&/(<�6$,1:+��"(4.181/B

/@1� +681/1/+&� ?,(9$,%/(?(� 0,+8$#$
� 0(#(B

.@1�L�M���(9N&)/&1#�.()#(8�4�$#8();1.1

'$./+0(4@=�?$6(4�$/#.('(?1//(?(�'.(+)=(:B

51/+&�J�OPOQOR�ST�UP�
�����K
�4@64$,+�4�V�B1�??�

WW�4�� 4)',1)0�+)),15(4$/+<
� /$'.$4,1//@=

/$�(E1/0*�.(,+�'.+.(5/@=�70()+)#18�4�0$21B

)#41� )#(0(4� G+)#(2/+0(4I�'$./+0(4@=� ?$6(4


$�#$0:1�(E1/0*�(#0,+0$�?$6((981/$�"���/$

+681/1/+1�4/1X/+=�;$0#(.(4�+
�'.1:51�4)1B

?(
�81#1(.(,(?+21)0+=�41,+2+/��L/(?(2+),1/B

/@1�+)),15(4$/+&
�'.(4151//@1�/$�9(,(#/@=

8$))+4$=�.$6,+2/(?(�#+'$
�'(0$6$,+
�2#(�)(B

(#/(X1/+1�+�+/#1/)+4/()#%�'(#(0(4�*?,1.(5B

)(51.:$C+=� ?$6(4� /$� ?.$/+E1� .$651,$� '(B

41.=/()#%�A�$#8();1.$�6$4+)+#�(#�#+'$�9(B

,(#$
�4(5/(B#1.8+21)0(?(�.1:+8$�9(,(#/@=

70()+)#18� +� =$.$0#1.$� +=� #.$/);(.8$E++

'.+�$/#.('(?1//(8�4(651<)#4++�+,+�=(6&<B

)#41//(8� +)'(,%6(4$/++� J�,$?(,14
� ����K�

�5/$0(� 8/(?((9.$6+1� #+'(4
� *),(4+<�;(.B

8+.(4$/+&� +� ;*/0E+(/+.(4$/+&� 9(,(#/@=

70()+)#18�/1�'(64(,&1#�)2+#$#%�7#$'�/$0('B

,1/+&�70)'1.+81/#$,%/@=�5$//@=�(�'(#(0$=

*?,1.(5$�81:5*�'(41.=/()#%>�9(,(#�+�$#8(B

Y �4$/(4������
��4+,(4������
��*.9$#(4$������
�����



���

);1.(<�6$41.X1//@8���$64+#+1�)(4.181//@=

2+),1//@=�8(51,1<
�('+)@4$>C+=�'.(E1))@

46$+8(51<)#4+&�$#8();1.@�+�51&#1,%/(<�'(B

41.=/()#+� 9(,(#/(<� #(,C+
�8(:1#� ()/(4@B

4$#%)&�+)0,>2+#1,%/(�/$�.16*,%#$#$=�'(,1B

4@=� 70)'1.+81/#(4� J�$4.(4
� �*.9$#(4$


����K����(#)*#)#4++�.1?*,&./(<�)1#+
�()*C1B

)#4,&>C1<�/$9,>51/+&� 6$� '(#(0$8+�5+(0B

)+5$�*?,1.(5$�/$�()/(41�15+/(<�81#(5+0+�/$

9(,(#/@=�8$))+4$=
�'(B'.1:/18*�5+)0*))+B

(//@8+� ()#$>#)&� 81#(5+21)0+1� 4('.()@

(.?$/+6$E++�+681.1/+<�+�+/#1.'.1#$E++�'(B

,*21//@=�.16*,%#$#(4�J�,$?(,14
�Z+,+''(4


����K�

��/$)#(&C1<�.$9(#1�.$))8$#.+4$>#)&�()(B

91//()#+�'.()#.$/)#41//(B4.181//(<�+681/B

2+4()#+�()/(4/@=�'(#(0(4�5+(0)+5$�*?,1.(B

5$� 81:5*� $#8();1.(<� +� 41.=(4@8� 9(,(#(8

G'+#$/+1�9(,(#�41.=(4(?(�#+'$�()*C1)#4,&B

1#)&� $#8();1./@8+� ()$50$8+I�[1/#.$,%/(B

�1)/(?(� ?()*5$.)#41//(?(� '.+.(5/(?(� 9+(B

);1./(?(�6$'(415/+0$�G[��- \I���(8',10)B

/@1� +)),15(4$/+&� ?$6((981/$� /$� 9(,(#/@=

8$))+4$=� ()(9(� (=.$/&18@=� #1..+#(.+<
� 4

*),(4+&=�(#)*#)#4+&�'.&8(?(�$/#.('(?1//(B

?(�4(651<)#4+&
�8(?*#�),*:+#%�()/(4(<�5,&

(E1/0+�9*;1./(<�.(,+�9(,(#�4�*),(4+&=�)(B

4.181//@=�0,+8$#+21)0+=�+681/1/+<�

�$9,>51/+&�6$�'(#(0$8+�*?,1.(5$�/$�()B

/(41�0$81./@=�81#(5(4
�4@'(,/1//@1�4�.$8B

0$=�(#51,%/@=�70)'1.+81/#(4�J]^RST_�ST�UP�


����`�ab^cUTOdU� ST� UP�
� ���	
� ���V
� ����K� /$

#1..+#(.++�[��- \
� '(0$6$,+� )*C1)#41/B

/*>�'.()#.$/)#41//*>�/1(5/(.(5/()#%�'(#(B

0(4�5+(0)+5$�*?,1.(5$�4�>:/(#$1:/@=�70(B

)+)#18$=��"������?��/$�41.=(4(8�9(,(#/(8�8$)B

)+41� [��- \� '.(4(5&#)&� '1.+(5+21)0+1

/$9,>51/+&�6$�'(#(0$8+�"���/$�()/(41�81B

#(5+0+�)#$#+21)0+=�0$81.���16*,%#$#@�+681B

.1/+<�'(64(,+,+�'(,*2+#%�(E1/0+�78+))++�+

9$,$/)$�"���81:5*�'(41.=/()#%>� 9(,(#$� +

$#8();1.(<�/$�*.(4/1�8+0.(,$/5X$;#(4
�$

#$0:1� (E1/+#%� .(,%� 4/1X/+=� ;$0#(.(4� 4

;(.8+.(4$/++�4.181//(<�+681/2+4()#+�'(B

#(0(4�"���

'� (�"�)�"�'( �*+

[��- \�.$)'(,(:1/�4�>?(B6$'$5/(<�2$)B

#+��$,5$<)0(<�4(64@X1//()#+�G��°��′A�V′�e��X�`
��°�V′A��°��′�4��5�I�4�(9,$)#+�*81.1//(?(�0(/B

#+/1/#$,%/(?(�0,+8$#$��".15/1?(5(4$&�#18B

'1.$#*.$� )()#$4,&1#� 3
�� °"
� ).15/1?(5(4(1
0(,+21)#4(� ()$50(4� A� ���� 88� G'(� 5$//@8

81#1(.(,(?+21)0(<�)#$/E++�[��- \
�'1.+(5

/$9,>51/+<��V��A�����??�I��!1..+#(.+&�6$B

'(415/+0$�=(.(X(�+6*21/$�+�('+)$/$�4�8/(B

?(2+),1//@=� '*9,+0$E+&=� J�$.'(4
� �V	�`

�9.$:0(
� �VV	`� L+/$14$
� f$'(X/+0(4


�VVV`�-*6$21/0(
����	K��M0)'1.+81/#$,%/@1

/$9,>51/+&� 6$� '(#(0$8+� *?,10+),(?(� ?$6$

4@'(,/&,+)%� 4� (=.$//(<� 6(/1� 6$'(415/+0$

/$�41.=(4(8�9(,(#1�"#$.()1,%)0+<�8(=�G'(5B

.(9/(1� ('+)$/+1� 9(,(#$� '.+4151/(� 4� JL+B

/$14$�+�5.�
��VV�`�ab^cUTOdU�ST�UP�
�����`��(B

41/0(
� ����KI�

�$9,>51/+&�6$�'(#(0$8+�"���'.(4(5+,+�4

+>/1�A�$4?*)#1�����A�����??��)�'1.+(5+2/(B

)#%>� 3A��� 5/1<�� �681.1/+&� 4@'(,/&,+� /$

21#@.1=�70)'1.+81/#$,%/@=�*2$)#0$=g�4�)()B

/&01�0*)#$./+20(4(B);$?/(4(8�G"�"I
�)()/&B

01�()(0(4(B);$?/(4(8�G"�"I
�/$�?.&5(4(B8(B

2$:+//(8�0(8',10)1�G(#51,%/(�/$�?.&5$=�+

8(2$:+/$=I���$�0$:5(8�+6�/+=�4������?��.1B

?+)#.$E+&�'(#(0(4�"���()*C1)#4,&,$)%�4���B

0.$#/(<� '(4#(./()#+
� 4� ���3
� ����� ??�� A� �B

0.$#/(<���681.1/+&�'(#(0(4�5+(0)+5$�*?,1B

.(5$�'.(4(5+,+�/$�()/(41�8(5+;+0$E++�81B

#(5$�)#$#+21)0+=�6$0.@#@=�0$81.�J�,$?(,14


Z+,+''(4
� ����K�� -(#(0� 5+(0)+5$� *?,1.(5$

('.151,&,+�'(�+681/1/+>�0(/E1/#.$E++�"��
4�0$81.1���������?��+)'(,%6(4$,+�/1'.(6.$2B

/*>�0$81.*�E+,+/5.+21)0(<�;(.8@�+6�'(B

,+=,(.4+/+,$�4@)(#(<����+�5+$81#.(8��V�)8


4� ���3
� ����� ??�� A� 0$81.*
� $/$,(?+2/*>� '(

;(.81� +� .$681.*
� /(� 4@'(,/1//*>� +6� )41B

#('.(/+E$18(?(�8$#1.+$,$���(65*=�+6�0$81B

.@� '(5$4$,)&� /$� 51#10#(.� +/;.$0.$)/(?(

?$6($/$,+6$#(.$�hiB	���GhiBDO^��Re�
�"f�I�)

'(8(C%>�/$)()$�jkl�	���Gajm�jSbcS^nS^


�Re�
�f41<E$.+&`� )0(.()#%� '(#(0$� 4(65*=$

� ,�8+/I���(/E1/#.$E+&�"���.1?+)#.+.(4$,$)%

)�2$)#(#(<����E
�4.18&�70)'(6+E++�)()#$4,&B

,(��	�A����)���$81.@�*)#$/$4,+4$,+�/$�()/(B

4$/+&
�'.154$.+#1,%/(�G6$��A���5/1<�5(�/$B

2$,$�70)'1.+81/#$I�4.16$//@1�4�#(.;&/*>

6$,1:%�/$�?,*9+/*����)8���.1',1/+1�0$81B

.@�0�()/(4$/+>�()*C1)#4,&,+�21#@.%8&�6$B

:+8$8+���,&�8+/+8+6$E++�4,+&/+&�51&#1,%B

/()#+�/$9,>5$#1,&�/$�.16*,%#$#@�70)'1.+B

81/#$�4)1�()/(4$/+&�.$)'(,$?$,+�45(,%�51B

.14&//@=�/$)#+,(4��-$.$,,1,%/(�)�'(#(0$B



���

8+�"���;+0)+.(4$,+�#18'1.$#*.*�'(24@�/$

?,*9+/1����)8�Go��V	��V�D_SepTSQq��`�oURR$

iRrT^bQSRTr
�"f�I�+�*.(41/%�9(,(#/@=�4(5

G4�)'1E+$,%/(�(9(.*5(4$//@=�)04$:+/$=�/$

9(,(#/(8�8$))+41�0$0�2$)#%�8(/+#(.+/?(4@=

/$9,>51/+<�/$�#1..+#(.++�6$'(415/+0$I���1B

?+)#.$E+>�.16*,%#$#(4�+681.1/+<�4@'(,/&B

,+� /$� '(.#$#+4/(8� 0(8'%>#1.1
� )(15+/1/B

/(8� )� ?$6($/$,+6$#(.(8
� /$� ()/(41� '.(B

?.$88/(?(� (91)'121/+&� shiB	��� D��� tUr

UR$PuvS^� rOwTxU^S
� yS^riOR� �z� GhiBDO^� �Re�


"f�I�

�$)21#�'(#(0(4�"���()/(4@4$,+�/$�('.1B

51,1/++� )0(.()#+� +681/1/+&� 0(/E1/#.$E++

5+(0)+5$�*?,1.(5$�4�0$81.1��!.1/5�0(/E1/#B

.$E++�"���$''.(0)+8+.(4$,+�70)'(/1/E+$,%B

/(<� ;*/0E+1<� G�I� /$� ()/(41� '.(?.$88/(?(

(91)'121/+&�{UcPS�Db^dS��
g

�� � �

�
� � �

/ : :

: ; ;
< < < < =

−= + − G�I

?51��:�A�0(/E1/#.$E+&�D��� G808(,%
�8(,%
A�

+,+� qqQI� 4� 0$81.1� 4� 8(81/#� 4.181/+� : G)I`

�;�A�0(/E1/#.$E+&�D��� 4� 0$81.1� 4�8(81/#

(0(/2$/+&� +681.1/+&`���� A� /$2$,%/$&� 0(/B

E1/#.$E+&�D���4�0$81.1`�/�A�0(/)#$/#$`�:��A

4.18&� /$2$,$� +681.1/+&� G)I�� �/$,(?+2/$&

;(.8*,$�+)'(,%6*1#)&�'.+�.$)21#1�'(#(0(4

/$� ()/(41� $4#(8$#+21)0(<� )+)#18@� 5,&� +6B

81.1/+&�78+))++�"���Jh�B	���]
�����K�

�,&�$''.(0)+8$E++�+)'(,%6(4$,+�/1�4)1

.16*,%#$#@�+681.1/+<�(5/(<�)1.++��-.+�6$B

0.1',1/++�0$81.@
�+6B6$�81=$/+21)0(?(�4(6B

51<)#4+&� /$� #(.;&/*>� 6$,1:%
� /$� '1.4@=

)10*/5$=�+681.1/+&�/$9,>5$,)&�/1*)#(<2+B

4@<�'(#(0�"����"#$9+,+6$E+&�4(65*X/@=�'(B

#(0(4� 4� 0$81.1� )()#$4,&,$� (#� �� 5(� ���� )� +

9(,11��|1�4.18&�('.151,&,+�/$�()/(41�(E1/B

0+� (#0,(/1/+<� GΔ"��I� 81:5*� .16*,%#$#$8+
+681.1/+<� +�;*/0E++� G�I�� �6� 5$,%/1<X1?(

.$))8(#.1/+&� +)0,>2$,)&� '1.+(5� )� Δ"��


'.14@X$>C+8+�}�σ�.&5$�Δ"���5,&�0$:5(<
)1.++�+681.1/+<�

�,&�.$)21#$�)0(.()#+�+681/1/+&�0(/E1/#B

.$E++�"���4�0$81.1�+)'(,%6(4$,+�'.(+64(5B

/*>�;*/0E+>�G�I�'(�4.181/+g

−∂
= −

∂
�� � �

�
� � �

� � ��

�

�
� � � �

�

G�I

-.+�:�~�:�

∂
= −

∂ �
� ���

�

�
� � �

�

G�I

�$)21#�'(#(0$�G8?�D���8
A��⋅�2A�I�()*C1)#4B

,&,+�'(�;(.8*,1

>GD��I�~�∂�:�∂:�GG	
��3�×�G���
�����?9@IIA��×
× A/:.�×�B9@	×�C�×�����
 G3I

?51�	
��3�A�*/+41.)$,%/$&�?$6(4$&�'()#(&/B

/$&�G�:�G8(,%A�� ⋅�aA�II`�?9@�A�).15/&&�#18B

'1.$#*.$� 4(65*=$� 4/*#.+� 0$81.@� 6$� 4.18&

70)'(6+E++�G°"I`�A/:.�A�$#8();1./(1�5$4,1B
/+1�G0-$I`�B9@�A�4@)(#$�0$81.@�G8I`�C�A�8(B

,&./$&�8$))$�D���G?�⋅�8(,%A�I`������A�0(,+21B
)#4(�)10*/5�4�2$)1�

�/)#.*81/#$,%/$&� 9$6$
� +)'(,%6*18$&� 4

�����?��'(64(,+,$�(E1/+#%�#(,%0(�78+))+(/B

/@1�'(#(0+�D���GD"��
I
�)4&6$//@1�)�'.(E1)B

)$8+� 51)#.*0E++� (.?$/+21)0(?(� 41C1)#4$� +

$4#(#.(;/@8� 5@=$/+18
� $� 4� ���3A����� ??�

4@'(,/1/@�(E1/0+�78+))++�+�9$,$/)$�'(#(B

0(4�"���81:5*�'(41.=/()#%>�9(,(#$�+�$#8(B

);1.(<���,&�(E1/0+�78+))++�4����3�+������??�

0$81.$�6$#1/&,$)%�)41#(/1'.(/+E$18@8�21=B

,(8�� $,$/)�"���GE"��
I�'(24@�+�/$'(241//(?(

.$)#+#1,%/(?(�'(0.(4$�'.15)#$4,&1#�.$6/()#%

81:5*�78+))+1<�"���+�51'(/+.(4$/+18�5+B

(0)+5$�*?,1.(5$�4�'.(E1))1�;(#()+/#16$���#B

.+E$#1,%/@<� 6/$0� 9$,$/)$� )((#41#)#4(4$,

'(?,(C1/+>�"���+6�$#8();1.@
�#��1��'.1(9,$B

5$/+>�'.(E1))(4�51'(/+.(4$/+&�/$5�'.(E1)B

)$8+
�('.151,&>C+8+�78+))+>�"���

�*8*,&#+4/@1� 78+))+(//@1� '(#(0+� 6$

,1#/+<�'1.+(5�.$))2+#@4$,+�+6�)*88�).15B

/181)&2/@=�'(#(0(4
� *8/(:1//@=�/$�0(,+B

21)#4(�5/1<�4�81)&E1�

�E1/0$�+681/2+4()#+�81#1(.(,(?+21)0+=

=$.$0#1.+)#+0�'1.+(5$�+681.1/+<�+�0,+8$B

#+21)0+=�).15/+=�4@'(,/1/$�/$�()/(41�5$/B

/@=�81#1()#$/E++�[��- \
� $� #$0:1� $4#(B

8$#+21)0(<�81#1()#$/E++
�.$)'(,(:1//(<�4

E1/#.1� ?.&5(4(B8(2$:+//(?(�0(8',10)$�

�(,-). � +

��/���%��0���
�1������������������2��

#$9,����'.+4151/$�)16(//$&�5+/$8+0$�).15B

/181)&2/@=�#18'1.$#*.�4(65*=$�GF�I�+�)*8B

8$./@=� ()$50(4� G(I��F�� 4� ,1#/+1� '1.+(5@

����A����� ??�� (0$6$,$)%� 4@X1� ).15/18/(?(B

,1#/1<� /(.8@� G.$))2+#$//(<� 5,&� '1.+(5$

�V��A�����??�I�/$��
3A�
3�°"�������3�?��$#8(B
);1./(1� *4,$:/1/+1� '.+9,+:$,()%� 0� 8/(B

?(,1#/1<�/(.81�G6$�+)0,>21/+18�+>,&
�0(?B



���

5$�)*88$./@1�()$50+�)()#$4+,+���
��88�81)

'.+�).15/18/(?(,1#/1<�/(.81�V�
��88�81)I�

������ ?��0(,+21)#4(�()$50(4�4�,1#/1B()1//+<

'1.+(5�(0$6$,()%�/$���A3V�F�81/%X1�).15B

/18/(?(,1#/+=�6/$21/+<�4�#121/+1�4)1?(�'1B

.+(5$�/$9,>51/+<��"$8@8�6$)*X,+4@8�)#$,

����� ?�
� 4� #121/+1� +>/&� +� $4?*)#$� 0(,+21B

)#4(�()$50(4�4@'$,(�/$��	A	��F
�$�4�+>,1 A

/$��3�F�/+:1�).15/18/(?(,1#/1<�/(.8@���+B

/$8+0$�*.(4/&�9(,(#/@=�4(5�G� �I�+�#18'1B

.$#*.@�'(24@�G?GI�4�#121/+1�,1#/+=�'1.+(B

5(4�#.1=�,1#�6$81#/(�.$6,+2$,+)%���,+#1,%B

/(1�(#)*#)#4+1�()$50(4�'.+4(5+,(�0�6$81#B

/(8*�('*)0$/+>�� ��5(���A���)8
�$�/$?.14

'(24@�/$�?,*9+/1���)8�*41,+2+4$,)&�5(���A

�3 °"����E1,(8
�8(:/(�=$.$0#1.+6(4$#%�'(B
?(5*�,1#/1?(�)16(/$������?��0$0�)*=*>�+�:$.B

0*>
����3 ?��A�:$.0*>�)�*4,$:/1/+18
�'.+B

9,+:1//@8�0�8/(?(,1#/1<�/(.81
�$������?��A

:$.0*>�+�)+,%/(�6$)*X,+4*>�

3�����1�4�
2��16*,%#$#@�/$9,>51/+<�'(5B

#41.5+,+
�2#(�5,&�78+))+(//@=�'(#(0(4�"��
/$� 41.=(4(8� 9(,(#1� =$.$0#1./$� '.()#.$/B

)#41//(B4.181//$&�+681/2+4()#%�G.+)���I���5B

/(;$0#(./@<�5+)'1.)+(//@<�$/$,+6�'(0$6$,

6/$2+8@1�)#$#+)#+21)0+1�.$6,+2+&�G>�~���
�`

>0.~��
��I�81:5*�78+))+1<�"���/$�4@9.$/B

/@=�70)'1.+81/#$,%/@=�*2$)#0$=��-(�40,$B

5*�4�(9C*>�78+))+>�"���8+0.(,$/5X$;#@

41.=(4(?(�9(,(#$�8(?*#�.$/:+.(4$#%)&�),1B

5*>C+8�(9.$6(8g�8(2$:+/@�A�"�"�A� ?.&B

5@ A�"�"��".15/+<�5,&�4)1?(�'1.+(5$�+681B

.1/+<�D"���
G.+)�� �I� /$� 8(2$:+/$=� )()#$4+,

����8?�D���8
A�� ⋅�2A��G��	�8?�D���8A� ⋅ 2A��A�4

����� ?�
� ��	� A� 4� ���3� ?�
� �3�� A� 4� ����� ?�I`� 4

"�" A 3���8?�D���8
A� ⋅ 2A��G����8?�D���8A� ⋅ 2A��A

4������?�
��	��A�4����3�?�
��V	�A�4������?�I`�/$

?.&5$=�A���3�8?�D���8
A� ⋅ 2A��G��3�8?�D���8

A� ×
× 2A�� A� 4� ����� ?�
� ���� A� 4� ���3� ?�
� 3	� A
4� ����� ?�I`� 4� "�"� A� ���� 8?� D��� 8

A� ⋅ 2A�

G�33�8?�D���8
A� ⋅ 2A��A�4����3�?�
�����A�4������?�I�

�$9,>51/+&�/1�4@&4+,+�.$6,+2+<�4�)1B

6(//(8�=(51�78+))++�D���81:5*�8+0.(,$/5B

X$;#$8+� 9(,(#$
� $� #$0:1�21#0(� 4@.$:1/B

/(<�4/*#.+)16(//(<�+681/2+4()#+�D"���
G)8�

.+)���I���������?��+/#1/)+4/()#%�78+))+(//@=

'(#(0(4�4�E1,(8�4(6.$)#$,$�(#�+>/&�0�$4?*B

)#*
�4����3�?��)�'1.4(<�510$5@�+>/&�'(�'1.B

4*>� 510$5*� +>,&� 78+))+&� "��� *81/%B

X$,$)%
�6$#18�)(�4#(.(<�'(�#.1#%>�510$5*

(/$� .160(� 4(6.$)#$,$� +� .$4/(81./(� )/+B

:$,$)%�0�0(/E*�$4?*)#$`�4������?��)�/$2$,$

+>/&�5(�)1.15+/@�+>,&�78+))+(//@<�'(#(0

'()#1'1//(� 4(6.$)#$,
� $� 6$#18� '()#1'1//(

*81/%X$,)&�

�$9,>51/+&�'(5#41.5+,+�/$,+2+1�/$+9(B

,11�&.0(�4@.$:1//(<�81:?(5(4(<�+681/2+B

4()#+� 4� 0*8*,&#+4/@=� 78+))+(//@=� '(#(B

0$=�D���5,&�4)1=�8+0.(,$/5X$;#(4�9(,(#$

6$�+)0,>21/+18�8(2$:+/� G#$9,�� �I���� #121B

!�$�9�,�+�E�$���

 �������0���
���0���5�
�
67��0�����%���������5�6���0��
��8�������%��
���5-9:6�������������������

�������������/���������������1

������ �$#$ F�
� °D A
�88� ⋅�81)A� � �
� )8

�>/%����� ��
��G�
�I� ��
� A	�G�
3I

���3 ��
V�G3
�I 	�
3 A��
��G�
�I

���� ��
��G�
�I �3 A�
��G3
3I

".15/11� 8/(?(,1#/11� ��
��G��
�I ��
��G�3
�I A

�>,%����� �	
��G�
�I ��
� A�
V�G�
VI

���3 ��
	�G�
�I ��
� A��
��G�I

���� ��
	�G�
	I �	
� A��
��G3
�I

".15/11� 8/(?(,1#/11� ��
��G��
�I V�
��G3�
�I A

�4?*)# ���� ��
��G�
�I 3�
V A�3
��G�
�I

���3 �	
3�G3
VI 	3
	 A��
3�G�
�I

���� �	
��G�
VI ��
� A��
��G�I

".15/11� 8/(?(,1#/11� ��
��G��
�I 	�
��G3	
�I A

����$))2+#$/(�'(�5$//@8�+681.1/+<�81#1(.(,(?+21)0(<�)#$/E++�[��- \�4��V��A�����??�

�����)0(90$=�'.+4151/@�)#$/5$.#/@1�(#0,(/1/+&�



���

(��%	�%�M8+))+&�D���)�'(41.=/()#+�.$6,+2/@=�8+0.(,$/5X$;#(4�41.=(4(?(�9(,(#$�4�,1#/+1�'1.+(5@

�����G�I
����3�G�I�+������??��G"I



���

/+1�,1#/1?(� '1.+(5$� )(?,$)/(� /$9,>51/+&8

78+))+&�D��� )� 8(2$:+/� +681/&,$)%� (#� ���

5(� ���� ?� D�� ⋅ 8A�
� /$� ?.&5$=� A� (#� ��3�� 5(
�����?�D�� ⋅ 8A�
��4��"�"�A�(#��	����5(������?
D�� ⋅ 8A�
�4�"�"�A�(#����3�5(������?�D�� ⋅ 8A��

9������������
�4�
�����0���
�������8�

��������� �����;����2��E1/0+�9$,$/)$�D��
'(0$6$,+
� 2#(� 41.=(4(<� 9(,(#/@<� 8$))+4

8(:1#�5+;;1.1/E+.(4$#%)&�'(�.(,+�(#51,%B

/@=� 8+0.(,$/5X$;#(4� 4� 5$//(8� 9$,$/)1

G.+)� �I�������3�?��4�#121/+1�,1#/1?(�'1.+(5$

(/	4�"�"�+�?.&5$=�&4,&,)&�'(,(:+#1,%/@8


#��1��78+))+(//@1�'(#(0+�'.14@X$,+�51'(B

/+.(4$/+1�"���4� '.(E1))1�;(#()+/#16$
� 6$

+)0,>21/+18�54*=�)1.+<�+681.1/+<�4�0(/B

E1�+>/&�+�$4?*)#$
�$�/$�8(2$:+/$=�+�"�"

9$,$/)� D��� (0$6$,)&� (#.+E$#1,%/@8
� 6$

+)0,>21/+18� #.1=� )1.+<�+681.1/+<� 4� '1.B

4(<�'(,(4+/1�$4?*)#$����*),(4+&=�)+,%/(�6$B

)*X,+4(<�+�:$.0(<�'(?(5@������?��4�).15/18

9$,$/)�D���/$�4)1=�8+0.(,$/5X$;#$=�'(,(B

:+#1,1/��|?(�).15/+1�6/$21/+&�4����3�?��/$

8(2$:+/$=� +� 4� "�"� )()#$4,&,+� A��� +

A��V� 8?� D��� 8
A� ⋅ 2A�� 
� $� 4� ����� ?�� ��� +

���� 8?� D��� 8
A� ⋅ 2A��)((#41#)#41//(� G.+)�� 3I�

L$0)+8$,%/@1�'(,(:+#1,%/@1�6/$21/+&�9$B

,$/)$�D��	(#8121/@�4�'1.4(<�510$51�$4?*)B

#$�/$�?.&5$=�G3���8?�D���8
A� ⋅ 2A�I�+�4�"�"

G�����8?�D���8
A� ⋅ 2A�I���������?��4�'1.4*>�51B

0$5*�+>/&�/$�4)1=�8+0.(,$/5X$;#$=
�0.(B

81�"�"
�51'(/+.(4$/+1�'.14@X$,(�78+))+>�

"(�4#(.(<�510$5@�+>/&�5(�0(/E$�$4?*)#$�4

"�"�+�?.&5$=�78+))+&�'.14@X$,$�51'(/+.(B

4$/+1�"��
�$�6/$0�9$,$/)$�D���4�"�"�+�8(B

2$:+/$=� /1� &4,&,)&� *)#(<2+4@8
� +681/&,B

)&�81:5*�)1.+&8+�+681.1/+<�+�#(,%0(�4�$4B

?*)#1�)#$,�*)#(<2+4(�'(,(:+#1,%/@8�

(��%	�%�".15/+1�6/$21/+&�78+))++�D���)�'(41.=B

/()#+� .$6,+2/@=� 8+0.(,$/5X$;#(4� 41.=(4(?(

9(,(#$�4�+>/1�A�$4?*)#1�����A�����??���1.#+0$,%B

/@1�,+/++�A�5(41.+#1,%/@<�+/#1.4$,

!�$�9�,�+�E�$���

4��������1��%���������1�������
��	
�5�/��	
��
<
�⋅⋅⋅⋅⋅��<=6

"�" "�" �.&5@ L(2$:+/@

�����?� 																														D

�>/% A 3�	 ��� ���

�>,% A ��� V�3 ���

�4?*)# A �3� ���� 3V	

�*8*,&#+4/@1� '(#(0+� A ���	 ���� ���

���3�?� D E D E D E D E

�>/% 3�� ��	 ��	 A�V� 3�� ��� ��� A���

�>,% �V� �V� 3�3 A�3� ��� ��� ��� A��V

�4?*)# 	�� ��� 3�� A�� ��3 ��� ��	 A�

�*8*,&#+4/@1� '(#(0+ ���� ���	 	�� A�V	 ���� 33� �3� A���

�����?� D E D E D E D E

�>/% ��� �V� ��3 VV 3�� ��� ��� AV3

�>,% 	�� �V� 3�� �	 ��� ��� ��V �3

�4?*)# ��� ��� ��� �		 3V	 �� 33� �V�

�*8*,&#+4/@1� '(#(0+ ���� ���� V�� ��3 ���� ��3 ��� �	�

���*8*,&#+4/@1�'(#(0+�6$�,1#/+<�'1.+(5
�?�D���⋅ 8A��



���

:��1���� � ��������0���>
��������%�

0���
������?�����������������	
2�-(,*21B

/@�)#$#+)#+21)0+�6/$2+8@1�0(7;;+E+1/#@

0(..1,&E++� GHI� 81:5*� #18'1.$#*.(<� 41.=B

/1?(�),(&�#(.;$�+�78+))+1<�D���G#$9,���I���/+

)()#$4,&>#��
���5,&�.16*,%#$#(4�/$9,>51B

/+<�4�"�"�+��
�VA�
3	�5,&�()#$,%/@=�8+0B

.(,$/5X$;#(4�

\/$2+#1,%/(1� 4,+&/+1� +681/1/+&� *.(4B

/&�9(,(#/@=�4(5�/$�78+))+>�"���(#8121/(

#(,%0(�5,&�� ��/1�/+:1����)8���),(4+&�4@B

)(0(<� (94(5/1//()#+� )((#41#)#4*>#�"�"�+

8(2$:+/$8
�0(7;;+E+1/#@�0(..1,&E++�81:B

5*�� ��+�D"���
.$4/@��
��5,&�"�"�+��
�V�A

5,&�8(2$:+/���,&�"�"�+�?.&5�4�*),(4+&=


'.+� 0(#(.@=� � �� /$=(5+#)&� /+:1� ��� )8


81:5*�� ��+�D"��
�(/+�6/$2+#1,%/(�/+:1 A

�
�	�+��
3��

"#$#+)#+21)0+� 6/$2+8@1� 0(7;;+E+1/#@

0(..1,&E++�G)8��#$9,���I�81:5*�#18'1.$#*.(<

(��%	+%� $,$/)�D���4�.$6,+2/@=�8+0.(,$/5X$;#$=�41.=(4(?(�9(,(#$�4�,1#/+1�'1.+(5@����3�G�I

+������??��G�I



��	

'(24@� +� 9$,$/)(8�D��� *)#$/(4,1/@� #(,%0(

5,&�"�"�GH�~��
	3I�+�?.&5�GH�~��
��I
�$�81:5*

*.(4/18�9(,(#/@=�4(5�+�9$,$/)(8�D���A�5,&

?.&5�GH�~��
��I�+�8(2$:+/�GH�~��
33I�

�94-@*(�"(

�E1/0+�9$,$/)$�+�78+))++�"��
�'(,*21/B

/@1� 4� /$)#(&C18� +)),15(4$/++
� (0$6$,+)%

)('()#$4+8@�)�(E1/0$8+�'(#(0(4�"���/$�41.B

=(4@=�9(,(#$=�4�14.('1<)0(<�2$)#+��())++

+�\$'$5/(<�"+9+.+��M8+))+&�D���/$�8(2$B

:+/$=� +� ?.&5$=� \$'$5/(54+/)0(?(� ,1)(9(B

,(#/(?(�)#$E+(/$.$��/)#+#*#$�,1)(4151/+&

����4�!41.)0(<�(9,��J�,*=(4$�+�5.�
����3K�4

,1#/+1�'1.+(5@�����A�����??��)()#$4+,$��3�

+�����8?�D���8
A��⋅�2A��)((#41#)#41//(��M8+)B

)+&�"���)�8(2$:+/�(0$6$,$)%�/$��	�F�81/%B

X1
�$�)�?.&5�/$����F�9(,%X1
�218�/$�+)),1B

5*18(8�/$8+�9(,(#1���$�#(8�:1�)#$E+(/$.1

JL(,2$/(4
�����K�(E1/0+�51'(/+.(4$/+&�D��
4�'*X+E14(B);$?/(4(8�)()/&01�(0$6$,+)%�4

�
� .$6$�/+:1
�218�4�"�"�/$�41.=(4(8�9(,(B

#1�[1/#.$,%/(B�1)/(?(� 6$'(415/+0$�

"(?,$)/(�(E1/0$8�$4#(.(4�78+))+&�D���4

"�"�9@,$�4��A3�.$6$�4@X1�'(�).$4/1/+>�)

(E1/0$8+�D"��
�4�'(5(9/(8�8+0.(,$/5X$;#1

>:/(#$1:/(<�6(/@�\$'$5/(<�"+9+.+�J�(,(B

4$E0$&
��>0$.14
�����K��-(#(0+�DD��
�/$�8(B

2$:+/$=�816(B(,+?(#.(;/(?(�9(,(#$�).15/1<

#$<?+�14.('1<)0(<�2$)#+��())++�JL+?,(41E�+

5.�
� ����K� (0$6$,+)%� /$� ��A���F� /+:1
� 218

'(,*21//@1�$4#(.$8+�(E1/0+�D"���
5,&�8(2$B

:+/����#(�:1�4.18&�4@51,1/+1�D���/$�8(2$B

:+/$=�+�"�"�9,+60(�0�41,+2+/$8
�'(,*21/B

/@8��������$*8(4@8�)�)($4#��J����K�/$�(,+?(B

#.(;/(8�9(,(#1�).15/1<�#$<?+�\$'$5/(<�"+B

9+.+�

��(#,+2+1�(#�(E1/(0�9$,$/)$�"��
�'.+41B

51//@=�4�.$9(#1� JL+?,(41E�+�5.�
� ����K� 5,&

816(B(,+?(#(.(;/(?(� 9(,(#$� ).15/1<� #$<?+


?51�9$,$/)�/$�?.&5$=�4�+>/1�(#.+E$#1,%/@<

G)#(0�"��I
�$�4�+>,1�+�$4?*)#1�A�'(,(:+#1,%B

/@<
�/$�+)),15*18(8�41.=(4(8�9(,(#1�?.&5@

4�#121/+1�4)1?(�,1#/1?(�'1.+(5$�&4,&,+)%�'(B

)#(&//@8�+)#(2/+0(8�"�����*8*,&#+4/(1�6/$B

21/+1�9$,$/)$�D���5,&�?.&5�+)),15*18(?(�9(B

,(#$� 5,&� #.1=� ,1#/+=�81)&E14� 4� �A�
�� .$6$

'.14@)+,(�(E1/0+�9$,$/)$�D���5,&�?.&5�816(B

(,+?(#.(;/(?(�9(,(#$�).15/1<�#$<?+�� $,$/)

"���/$�8(2$:+/$=�#(?(�:1�9(,(#/(?(�8$))+B

4$�JL+?,(41E�+�5.�
�����K�(0$6$,)&�'()#(&//(

(#.+E$#1,%/@8� G)#(0I
�$�0*8*,&#+4/@<�)#(0

4� 3
�� .$6$� '.14@X$,� (E1/0+� 0*8*,&#+4/(?(

9$,$/)$�D���5,&�8(2$:+/���#.+E$#1,%/@<�9$B

,$/)�/$�?.&5$=�+�8(2$:+/$=�/$9,>5$,)&�#$0B

:1� /$� 41.=(4(8� 9(,(#1�W$/#@BL$/)+<)0(?(

���+�)()#$4,&,�A��V�+�A����8?�D���8
A��⋅�2A�

)((#41#)#41//(�JlSPi�ST�UP�
�����K�

�)),15(4$/+&�'(#(0(4�"��
�4@'(,/1//@1

4� '(),15/+1� ?(5@� /$� 9(,(#$=� .$6,+2/(?(

#+'$
� '(5#41.:5$>#� 415*C*>� .(,%� � �� +

#18'1.$#*.@�41.=/1?(�),(&�#(.;&/(<�6$,1B

:+�'(24@�4�;(.8+.(4$/++�'.()#.$/)#41//(B

4.181//(<�+681/2+4()#+�78+))++�+�9$,$/)$

"�����$+9(,11�/+60+<�� ��(#812$1#)&
�0$0

(��%	I%�".15/+1�6/$21/+&�9$,$/)$�D���4�.$6,+2B

/@=�8+0.(,$/5X$;#$=�41.=(4(?(�9(,(#$�4�+>/1A

$4?*)#1����3A�����??���1.#+0$,%/@1�,+/++�A�5(B

41.+#1,%/@<� +/#1.4$,

!�$�9�,�+�E�$���

$�?;;�A����%�������1A���������
��	
���
��B����;������


"�" "�" �.&5@ L(2$:+/@

?G�GDI �
�� �
3	 �
�V �
3�

� ��GDI �
�	 �
�� �
3� �
�V

?G�GEI �
	3 A�
�V �
�� �
��

� ��GEI �
�� A�
�� �
�� �
33



��


'.$4+,(
�4�6$,1)1//@=�G"�"�+�"�"I�2$)#&=

41.=(4@=� 9(,(#� +� /$� ?.&5$=� ?.&5(4(B8(2$B

:+//(?(�9(,(#$���'*)0$/+1�� �
�)�(5/(<�)#(B

.(/@
� (91)'12+4$1#� 9(,%X11� '.(?.14$/+1

41.=/1<�2$)#+�#(.;&/(<�6$,1:+
�$�)�5.*?(< A

9(,%X*>� ?,*9+/*� $7.+.*18(?(� ),(&� J]iQ

ST UP�
� �VVVK�

�$'.+81.
�4�.$9(#1�J�^cUROdU�ST�UP�
�����K

0(..1,&E+&�81:5*�78+))+1<�+�*.(4/18�9(B

,(#/@=�4(5�/$�?.&5$=�+�8(2$:+/$=�)()#$4+B

,$��
�3A�
��
�'.+�7#(8�81:5*�9$,$/)(8�D��
+�� ��(/$�&4,&,$)%�/16/$2+#1,%/(<�+,+�(#B

)*#)#4(4$,$����+)),15(4$/+&=�|������(,(4$EB

0(<�)�)($4#��J����K�4�/+60(8�.&81�/$�41.=(B

4(8� 9(,(#1� !(8)0(<� (9,�� (#8121/(
� 2#(� 0(B

7;;+E+1/#@�0(..1,&E++�81:5*�#18'1.$#*B

.(<�'(24@�+�78+))+1<�"���4�,1#/+1�81)&E@

4$.%+.*>#�(#��
���5(��
��
�$�4,+&/+1�*.(4B

/&�9(,(#/@=�4(5�/$�78+))+>�"���4@.$:1/(

),$9(�GH	~�A�
��I���@)(0$&�0(..1,&E+&�GH�~

~ �
��I�81:5*�78+))+1<�"���+�#18'1.$#*.(<

#(.;$�*)#$/(4,1/$�5,&�)()/&0$�);$?/(4(B21.B

/+2/(?(�4� ).15/1<�#$<?1�14.('1<)0(<�2$)#+

�())++�J�)+'(4
�����K�

,�$)CD(�"(

-.(4151//@1� /$9,>51/+&� 6$� 78+))+1<� +

9$,$/)(8�D���/$�41.=(4(8�9(,(#1�>:/(#$1:B

/(<�6(/@�14.('1<)0(<�2$)#+��())++�'(5#41.B

5+,+�'.()#.$/)#41//*>�+�4.181//�>�+681/B

2+4()#%� ;*/0E+(/$,%/(<� .(,+� (#51,%/@=

8+0.(,$/5X$;#(4�9(,(#$�4�;(.8+.(4$/++�9$B

,$/)$�"���)�$#8();1.(<���6B6$�/1(5/(.(5/(B

)#+�?+5.(#1.8+21)0(?(�.1:+8$�+�.$)#+#1,%B

/(?(� '(0.(4$� 8+0.(,$/5X$;#@� 41.=(4(?(

9(,(#$�8(?*#�&4,&#%)&�0$0�)#(0(8
�#$0�+�+)B

#(2/+0(8� "��� 5,&� $#8();1.@��  $,$/)� "��
81:5*�'(41.=/()#%>�9(,(#$�+�$#8();1.(<�/$

?.&5$=�+�"�"�4�#121/+1�,1#/1?(�)16(/$�4)1B

?5$�'(,(:+#1,%/@<��|?(�6/$0�+�41,+2+/$�/$

8+0.(,$/5X$;#$=�G8(2$:+/@
�"�"I�)�4@)(B

0+8�*.(4/18�9(,(#/@=�4(5�('.151,&1#)&�'(B

?(5/@8+� *),(4+&8+� '1.+(5$� /$9,>51/+<�

�,+#1,%/@1�'1.+(5@�(#)*#)#4+&�()$50(4�'.+B

4(5&#� 0� '(/+:1/+>�� �� +� #.$/);(.8$E++

;*/0E+(/$,%/(<�.(,+�41.=(4@=�9(,(#
�4�E1B

,(8�+6�)#(0$�4�+)#(2/+0�"���
�)),15(4$/+1�4@'(,/1/(�'.+�'(551.:01���Z

G'.(10#��� �3B��B�����I`� (9(.*5(4$/+1� 5,&� '.(B

4151/+&�70)'1.+81/#$,%/@=�/$9,>51/+<�2$)#+2B

/(� '.+(9.1#1/(� '.+� '(551.:01� �ZZ�� G'.(10#

���3B��B��V��$I�+�?.$/#$�-.(?.$88@�;*/5$81/B

#$,%/@=�+)),15(4$/+<�-.16+5+*8$�����s +(.$6B

/((9.$6+1�'.+.(5/@=�)+)#18z�

)" (�� -��

�9.$:0(��������(5/@<�.1:+8�)((9C1)#4�1,(4@=�,1)(4

G)+/70(,(?+21)0+1� +)),15(4$/+&Ig� $4#(.1;�� 5+)�� ���

5B.$�9+(,��/$*0��"-9�
��VV	��3��)�

�(8'1.)0+<�"��M�
�"+.+/������
�"$,%/+0(4�������+�5.�

�E1/0$� ',(C$5+� 9(,(#/@=� +� 6$9(,(21//@=� ,1)(4

�())++�����1)(4151/+1�������������"���A���

�(8'1.)0+<� "�� M�
� "+.+/���� ��
� [@?$/(4$� ��� -�� +� 5.�

 (,(#$�+�6$9(,(21//@1�618,+��())++g�'('@#0$�$/$B

,+6$� '.()#.$/)#41//(?(� .$)'.151,1/+&� +� .$6/((9B

.$6+&�����64�������"1.��?1(?.$;�������������"���VA

���

�,$?(,14�L�� ���  (,(#((9.$6(4$#1,%/@<� '.(E1))�� �(,%

9(,(#� 4� 0.*?(4(.(#1� "��� +� "�3�� !(8)0g� !(8�� ?()�

*/B#
�����������)�

�,$?(,14�L�
�Z+,+''(4�����681.1/+1�'(#(0(4�'$./+B

0(4@=� ?$6(4� 4� 9(,(#/@=� 70()+)#18$=��W$/#@BL$/B

)+<)0g��?(.)0��?()��*/B#
�����������e�

�,*=(4$�!����
��(8'1.)0+<�"��M�
��(4$,14�������M8+))+&

"��� )� '(41.=/()#+� (,+?(#.(;/@=� 9(,(#� >:/(B#$B

1:/(<�6(/@�14.('1<)0(<�#1..+#(.++��())++�)�*21B

#(8�8+0.(.1,%1;$����-(24(4151/+1�����3�������"� 3	A

���JtPbp_OdU�{��y�
�yOQqS^rpu������
�aOdUPSd�]��t�

�QirriOR�Ow�D���w^OQ�T_S�rb^wUeS�Ow�OPinOT^Oq_ie�cOnr

xiT_��bS�UeeObRT�wO^�T_Si^�Qie^O^SPiSw�iR�T_S�rObT_S^R

TUinU�Ow��b^OqSUR��brriU�����b^UriUR��OiP��ei�����3�

yOP��3�
�j�����l������A��	�K�

�(,(4$E0$&�|����
��>0$.14�|������,+&/+1�;$0#(.(4�).1B

5@� /$� 78+))+>� "��� )� '(41.=/()#+� (,+?(#.(;/@=

#(.;&/@=�'(24�\$'$5/(<�"+9+.+����!$8�:1�������

�����"����	A����JtOPOdUTrpUuU����]�
�
ubpU^Sd����]�

{_S� iRwPbSReS� Ow� SRdi^ORQSRTUP� wUeTO^r� OR� T_S� D��
SQirriOR� w^OQ� T_S� rb^wUeS� Ow� OPinOT^Oq_ie� qSUT� rOiPr

iR��SrT��icS^iU� ��� �ci��� ������yOP�� 3�
�j����l�� �		A

�V�K�

�$.'(4�������Z$0#(.@�.1?*,&E++�70()+)#18�1,(4@=�,1B

)(4����g��$*0$
��V	�������)�

�$4.(4�"����
��*.9$#(4$�������L$#18$#+21)0(1�8(51B

,+.(4$/+1� #1',(4,$?((981/$�+�'(#(0(4�"���/$�'(B

41.=/()#+� 41.=(4(?(� 9(,(#$� ����64�� �����Z+6+0$

$#8();1.@�+�(01$/$��������{��3�
������D�����A�33�

L+?,(41E�L����
�L+=$<,(4������
�\$?+.(4$�"������1.#+B

0$,%/@1�'(#(0+�"�3�+�"���4�.$)#+#1,%/@=�)((9C1B

)#4$=� 816((,+?(#.(;/(?(� 9(,(#$� ).15/1<� #$<?+� ��

�64��"$8$.��/$*2��E1/#.$������������"���V�A�V��

L+/$14$�!����
�f$'(X/+0(4�|��"��W$.$0#1.+)#+0$�.1B

?+(/$� +� '.+.(5/@1� *),(4+&� [1/#.$,%/(B�1)/(?(

9+();1./(?(� 6$'(415/+0$� ��� "*0E1))+(//@1� '.(B

E1))@�4�6$'(415/+0$=��())++�+�'.(9,18@�)(=.$/1B

/+&�9+(,(?+21)0(?(�.$6/((9.$6+&��"-9�g�� �
��VVV�

D���V�A�VV�

L+/$14$� !����
� �,*X0(4���� ��
� �()(4$�L��  �
� "#$.(B

5*9E14$������
��*.$14$�|����
��(,0(4$�|��L���21.0

9(,(#� [1/#.$,%/(B�1)/(?(� 6$'(415/+0$� ��� �(8'B

,10)/@1� +)),15(4$/+&� 4�[1/#.$,%/(B�1)/(8� ?()*B

5$.)#41//(8�'.+.(5/(8�9+();1./(8�6$'(415/+01g�+=



���

'.(X,(1
� /$)#(&C11� +� 9*5*C11g� 8$#B,@� )(41C�� �

!.*5@�[1/#.$,%/(B�1)/(?(�6$'(415/+0$��!*,$g��.+;

+��°
�������!��3��"�����A�V��
L(,2$/(4��������$6((981/�);$?/*8$�'.+�.$6,+2/@=�*.(4B

/&=�'(41.=/()#/@=�?.*/#(4@=�4(5����M0(,(?+&�������

�����"���	�A�		� JkOPe_UROd�]��t��tUr�S�e_URnS� iR

rq_UnRbQ�QOrrSr�UT��iwwS^SRT�RSU^Brb^wUeS�n^ObR�B

xUTS^�PSdSPr��������yOP��3�
�j����l�����A���K�

�$*8(4������
��()@=����-�
�L+.(/@214$B!(0$.14$����-�


-$.X+/$�|������?,1.(5/@<�9$,$/)�4�9(,(#/@=�70(B

)+)#18$=� \$'$5/(<� "+9+.+� ��� "+9�� 70(,�� :*./�

�����������"�����A��V�

�(41/0(� |����� �+/$8+0$� ,1)/@=� 70()+)#18�>?$� �$,B

5$<)0(<� 4(64@X1//()#+� 4� '(65/18� ',1<)#(E1/1� +

?(,(E1/1��L�g��|�"
�����������)�

�)+'(4����Z��M8+))+&�5+(0)+5$�*?,1.(5$�)�'(41.=/()B

#+�'(24@�)()/&0$�21./+2/(B);$?/(4(?(�).15/1<�#$<B

?+� ��� -(24(4151/+1�� �������� ��� "�� ��VA���� J�riB

qOd�]��m��DU^cOR��iO�i�S�SQirriOR�w^OQ�T_S�rOiP�rb^wUeS

iR� U� ciPcS^^uBrq_UnRbQ� qiRS� wO^SrT� Ow� T_S�ki��PS

{UinU�����b^UriUR��OiP��ei��������yOP��3�
�j����l�����A

��	K�

-*6$21/0(��������$/5X$;#/@1�+)),15(4$/+&�4�[1/#B

.$,%/(B�1)/(8�6$'(415/+01����[1/#.$,%/(B�1)/(<

6$'(415/+0� A� 40,$5� 4� (#121)#41//*>� +� 8+.(4*>

/$*0*g�8$#B,@
�'()4&C����B,1#+>�[1/#.$,%/(B�1)B

/(?(� ?()*5$.)#41//(?(�'.+.(5/(?(� 9+();1./(?(� 6$B

'(415/+0$��-()��\$'(415/@<
����	��"���A�	�

]iQ� ��
� �UUQiO� ��
�jupURSR�o�� ST� UP���iRTS^�D��
� Do3

UR��j���wPb�Sr�OR�rOQS�cO^SUP�RUTb^UP�UR���^UiRS�

qSUTPUR�r�����iOnSOe_SQirT^u���VVV��yOP��33��l�����A

�	��

]^RST_�]�
�ab^cUTOdU���
�aOPPS����ST�UP��DOQqU^UTidS�SeOB

rurTSQBUTQOrq_S^S�S�e_URnS�Ow�SRS^nu�UR��QUrr�iR

�b^OqSUR��brriUR�UR��eSRT^UP��icS^iUR�cOn�������RTS^B

rSUrORUP�UR��iRTS^URRbUP�dU^iUciPiTu�Ow �D���wPb�Sr���

{SPPbr��������yOP���3�
�j����l����3A����

ab^cUTOdU���
�{UTU^iROd�m�
�kOPe_UROd�]��ST�UP��lU^TiTiORB

iRn�Ow�SeOrurTSQ�^Srqi^UTiOR�iR�U�qUPb�iwiS��r_UPPOxB

qSUT�rq^beS�wO^SrT�iR�T_S�rObT_S^R�TUinU�Ow��b^OqSUR

�brriU�����Rdi^OR���Sr��hSTT��������yOP��	���3���	�GV�qI�

ab^cUTOdU� ��
�]^RST_�]�
�yunO�rpUuU�j�� ST� UP��DOQqUB

^UTidS�SeOrurTSQBUTQOrq_S^S�S�e_URnS�Ow�SRS^nu�UR�

QUrr�iR�U��b^OqSUR��brriU�UR��U�eSRT^UP��icS^iUR�cOn�

����RTS^rSUrORUP�UR��iRTS^URRbUP�dU^iUciPiTu�Ow �SRS^nu

UR�� PUTSRT� _SUT� wPb�Sr� �b^iRn� rROxw^SS� qS^iO�� ��

{SPPbr��������yOP���3�
�j����l��3V�A����

ab^cUTOdU���
�hi�D�
�yU^PUniR�]�� ST� UP��kO�SPiRn� eU^cOR

�uRUQier�iR�TxO�U��UeSRT�rq^beS�wO^SrTr�xiT_��iwwS^SRT

rOiP�eOR�iTiORr�iR��brriU�����iOnSOreiSReSr�����	��yOP� ��

l��V�VAV	��

ab^cUTOdU���
�hi�D_�
�{UTU^iROd�m��ST�UP��kO�SPiRn�Ow�T_S

eU^cOR��iO�i�S�wPb�Sr�iR��b^OqSUR��brriU�qSUT�cOn���

�Rdi^OR���Sr��hSTT�����V��yOP��3��3�����G��q�I�

h�B	���]�]bTOQUTS�� rOiP� D��� wPb�� rurTSQ��� h�B	���

kbPTiqPS�S^� iRrT^beTiOR�QURbUP�� h�BD��� �Re�
 � ��]


������l���V3�

lSPi���
 �DvOcSP��v�
 �jUnu���
 �aO^ORUTOdU�j��t�
 �aOrup_�j��l�

DOQqU^irOR� Ow� ciOQUrr� UR�� eU^cORBwPb�� �UTU� eORriB

�S^iRn�T_S�^OPS�wbReTiORUP�n^Obqr�UR��rqSeiSr��idS^riTu

iR� TxO� TuqieUP��SrT��icS^iUR�qSUTPUR�r�����SrT��iB

cS^iUR�lSUTPUR�r�UR��DU^cOR�DuePSg�lUrT�UR��l^SrSRTg

l^Oe��Ow�T_S��SeOR���RT��miSP���uQq��a_URTuBkURriurp


������l����	A�3��

�OPOQOR���
��iR�
�
�kURRiRn�k��ST�UP���lDD
�����g�DPiQUTS

D_URnS�����g�{_S�l_urieUP��eiSReS��Urir��DORT^icbTiOR

Ow��O^piRn�t^Obq���TO�T_S�mOb^T_�]rrSrrQSRT��SqO^T

Ow� T_S� �RTS^nOdS^RQSRTUP�lURSP� OR�DPiQUTS�D_URnS�

DUQc^i�nS
� �RiTS��aiRn�OQ� UR��jSx��O^p
� ��]�

VV��q�

�^cUROdU���
�lieSp�{�
�{biTTiPU
�����SRriTidiTu�Ow�eU^cOR

nUr�wPb�Sr�TO�xSUT_S^�dU^iUciPiTu�OR�q^irTiRS
��^UiRS�

UR��^SxSTTS��TSQqS^UTS�cOnr����ki^Sr�UR��lSUT�������

yOP����
�U^T��3��l���A�3�

�	
�EFGHIJ�KL�MNI�OKGMN�PQRSQ�TKS�RL�MNI�UGVKWIQL�XQVM

KY�ZGJJRQ�RL�OG[[IV


��t�� �y]j�y
�y��a��]y�h�y
��b��]��a���]{�y]

J%	K%	L�3�H:G53	M4G:0:N:�	5O	,95157P	/46	,351N:054�	DJL

�������	C5G95Q�	R�404GSP	/3�%�	++

,-./012	03/45367��87./01%95.

�rTiQUTiORr�Ow�D���SQirriOR�UR��RST�SeOrurTSQ�S�e_URnS�Gj��I�cSTxSSR�UTQOrq_S^S�UR��cOn�rb^wUeS
xS^S�QU�S� iR� rObT_� TUinU� Ow� �b^OqSUR��brriU� wO^� rbQQS^� rSUrORr� Ow� ����A������ mPb��QSUrb^SQSRTr
xS^S� eU^^iS�� ObT� cu� rTUTie� e_UQcS^�QST_O�� SdS^u� �A��� �Uur� OR� �� _OQOnSRSObr� iR� rOiP�QOirTb^S� UR�
dSnSTUTiOR�TuqS�S�qS^iQSRTUP�riTSr���TUTirTieUPPu�rinRiwieURT��irTiReTiORr�Ow�j���UR��D���wPb�Sr�xS^S�wObR�
cSTxSSR� �iwwS^SRT� S�qS^iQSRTUP� riTSr�� �T� _Ur� cSSR� SrTUcPir_S�� T_UT� cOn� rinRiwieUReS� iR� D���cUPUReS� TO
UTQOrq_S^S�r_ObP��cS�UrrSrrS��xiT_�^SnU^��TO�T_S�rqUTiUP�_STS^OnSRSiTu�Ow�cOnr�

\I]�^KV_J&�D���SQirriOR
�j��
�ePiQUTS�e_URnSr
�cOn
�rObT_�TUinU�


