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+%*8$1� +,$#%0"<'45� ‚k�nƒ�� ‚k�pƒ�� 	3%$1�� "&%3'&1� !+$ 9&()5.$!5� :'(� $� 7%=:,(8"$1� �y�

!+&,'&,&>�&5:1�/@&'()<�7+%$.��&5&'()$.��%=:,(8"$!�" &�'05�&?7>,&/0�+&,(+'N/&45�:+$!�'7�

9&9$"357�+&,(3@$!5�8:,!#$�‚k�nƒ��‚k�oƒ��

K'L'H  �2$!� !"*"1% %�
):5"/&�
7)(!�4175�jdEXW[JZB�_nEXD�� fW[D[}EW[>@k��

��7%=:,(8"$1��&%'(/'$+$>0/01��"*5$!1��4"7'(9>45�2OQ ^STAPW��eQ^Y�}gSTYT~QSTX\�s�O�}6�

&>57(�"(7� /@&'()<�537�)7(�7+$9$'()*�"38$9$1�#&%'(/' $+$>0/01�0�$+$>7�+,$'<80)&�7+:� '$!1�

yZW^dQ^S�)7(�rW\\Wc_�‚ Eƒ�)7(�/'05�/!53@&(7�"&%&'*80)&�7+:�+%*8$1�&,&!50'N5��+�@��‚  ƒ��

‚k��ƒ�� ‚k�kƒ�� �>57(� &"+5&!/"35$1� 7+:� '05� )$(545()*� /!"+&,(C$,<� '45� 7':"45� &5:1�

/"*5$!1�+'05N5�*�"(71�$"<971�;N45�'7�$+$>7�)(5$.5'7 (�"&�/)$+:�'05�7+:)'0/0�',$C*1����

/!"+&,(C$,<� '45� 7':"45� &+0,&<;&'7(� ':/$� 7+:� '05� +,$ 0=$."&50� &"+&(,>7� '$!1� :/$� )7(�

7+:�+%0,$C$,>&1�+$!�%7"#<5$!5�7+:�'05�$"<97��



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
kpE�

�'05� #7/()*� "$,C*� '$!� 7%=$,>8"$!�� !+$83'$!"&� :'(� $� +%08!/":1�7+$'&%&>'7(�7+:� p �

<'$"7�� 
<8&� <'$"$� )7'7%7"#<5&(� "(7� 83/0� )7(� )(5&>'7 (� "&� )<+$(7� '7@.'0'7�� �(� (9(:'0'&1�

7!'31� )78$,>;$5'7(� '05� @,$5()*� /'(="*� k � 7+:� '7� 75'>/'$(@7� 9(75./"7'7� 83/01� kx � )7(�

'7@.'0'71� kv �� �� 83/0� '$!� 7':"$!� d � /'05�&+:"&50� @,$5()*� /'(="*� 1k � � +,$).+'&(� 41�

&?*1-�

� 1 1
d d d
k k k� �� �x x v � 2n�l�o6�

:+$!� '$� @,$5():� 9(</'0"7� t+ � "&'7?.� '45� 9(7),('N5� @,$5()N5� /'(="N5� 3@&(� %0C8&>�

/!"#7'()<� >/$� "&� '05� "$5<97� N/'&� 57� &>57(� &+(',&+'3 1� $(� 7%=&#,()31� +,<?&(1� "&'7?.�

9(75!/"<'45�83/01�)7(�'7@.'0'71��	$�9(<5!/"7�'01�'7 @.'0'71�)78$,>;&'7(�7+:�'05�/@3/0-�

� � � � �1 1 1 2 2
d d d d g d
k k k k k kc r c r� � � � � �v v p x p x � 2n�l�E6�

:+$!-�

o d
kp �0�#3%'(/'0�+,$=&53/'&,0�83/0�'$!�7':"$!� d �'05�@,$5()*�/'(="*� k ��

o g
kp �0�#3%'(/'0�83/0�'45�7':"45�:%$!�'$!�/"*5$!1�'05�@, $5()*�/'(="*� k ��

o 1r �� 2r �'("31�'!@7>71�"&'7#%0'*1�"&�$"$(:"$,C0�)7'75$"*�/' $� 
 �0,1 ��

o 1 2, 0c c 0 �/!5'&%&/'31�'01�"&8:9$!��

�@&'()<� "&� '$!1� /!5'&%&/'31��$(� yZW^dQ^S� )7(� rW\\Wc_�+,$'&>5$!5� 1 2 2c c� � �� �&5()<��

:"41� &+(%3=&'7(� 1 2 4c c� G �� :+$!� 0� 75(/$'()*� /@3/0� "&'7?.� 1c � )7(� 2c � )78$,>;&(� '05�

/!"+&,(C$,<� '45� 7':"45�� •'75� 1 2c c1 � 0� /!"+&,(C$,<� '45� 7':"45� &>57(� +($� )$(545()*�

2RXATQP6�&5N�:'75�1 2c c0 �0�/!"+&,(C$,<�&>57(�+($�&=4(/'()*�2AXq\TST]W6���

�(� �dT� )7(� yZW^dQ^S� ‚  ƒ� +,:'&(575� '05� &(/7=4=*� &5: 1� ‹/!5'&%&/'*� 79,<5&(71Œ� w��

:+$'&�0�/@3/0�2n�l�E6�',$+$+$(&>'7(�41-�

� � � � �1 1 1 2 2
d d d d g d
k k k k k kw c r c r� � � � � �v v p x p x � 2n�l� 6�

�@&'()<�"&�'$5�/!5'&%&/'*�79,<5&(71��+,$'&>5&'7(� 0.8 1.4w1 1 ��&5N�3@&(�757C&,8&>�:'(�

0�7+:9$/0�'$!�7%=:,(8"$!�7!?<5&'7(�:'75�&C7,":;&'7( �/'79(7)*�"&>4/0�'$!� w�‚  ƒ��




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� kp �

�3,75� '45� +,$757C&,835'45�� 3@$!5� +,$'78&>� 9(<C$,$(� '&%&/'31� :+41� $�

‹+7,7%$=(/":1Œ�2A^Q~T\WRR6� ‚ Eƒ��$�&%('(/":1� ':/$� /'7�<'$"7�2WPTSW�gQ^STAPW6�:/$� )7(� /'05�

'7@.'0'7� 2WPTSW� ]WPXATS_6� ‚  ƒ�� 0� @,*/0� '01� #3%'(/'01� 83/01� gp � 0� $+$>7� 3@&(� )7'7=,7C&>�

=&5()<�/'$�/"*5$1�75'>�'01�#3%'(/'01�83/01� g
kp �+$!�)7'7=,<C&'7(�/'$�/"*5$1�'05�@,$5()*�

/'(="*� k � ‚k��ƒ�� 0� &C7,"$=*� <54� $,>$!� /'(1� '7@.'0'&1� '45� 7': "45� ‚k��ƒ�� 0� 9!57"()*�

"&>4/0� '$!� /!5'&%&/'*� 79,<5&(71� w� ‚k��ƒ�� 0� ‹/./C(?0Œ� 2AX\RS^TASTX\6� '45� "3=(/'45�

'7@!'*'45�‚k�lƒ�)�7��

�� "38$9$1�&>57(� (9(7>'&,7�+,$/C(%*1� '7� '&%&!'7>7�@,:5(7�9(:'(� /!59!<;&(�7+%:'0'7� )7(�

)7%*�7+:9$/0�� �:=4� '01� /@&'()*1�5&:'0'<1� '01��9&5�3 @&(�7):"0�+7=(48&>�)<+$(7�"$,C*�0�

$+$>7� 57� 8&4,&>'7(� ‹)%7/()*Œ� &5N� +7,7"35&(� &5� =35&(� 7/7C*1� 7):"0� )7(� $� "0@75(/":1�

%&('$!,=>71� '01� ‚k�Jƒ�� �+:� '05� <%%0� +%&!,<�� "&%3'&1� !+$9&()5.$!5� :'(� /!=),(5:"&5$1� "&�

'$5�7%=:,(8"$��y�2’n�l�E6�$�7%=:,(8"$1�O�}�+7,$!/(< ;&(�/0"75'()<�"&=7%.'&,0�&!7(/80/>7�

/'$!1�/!5'&%&/'31�)7(�!+$9&3/'&,0�7+:9$/0�=(7�357�" &=<%$�+%*8$1�+,$#%0"<'45�‚k�nƒ��

K'K �*� ,-*% %�/9� !+)25"/�2�2/5%!�,"3�#�."/�

K'K'F  <25�,+�

�'05� #(#%($=,7C>7� !+<,@&(� 357� +%*8$1� <,8,45� /@&'()N5� "&� '05� '7!'$+$>0/0� '45�

+7,7"3',45� '$!� +,$/$"$(N"7'$1�bXVAstW\�� �'05� /!53@& (7�+7,$!/(<;$5'7(� $(� )!,(:'&,&1�

&,=7/>&1�+<54�/'$�83"7��

K'K'G ˆEX�,(��aEDD>@c�jFHQPk�

�(� •Q^� )7(� €QYYX\c� ‚kkpƒ� +7,$!/>7/75� "(7� "38$9$� '7! '$+$>0/01� +7,7"3',45� '$!�

+,$/$"$(N"7'$1�bXVAstW\�0�$+$>7�#7/>;&'7(� /'05� "38$ 9$� {QVRRsvWeSX\�=(7� '05�&+>%!/0�

'45�&?(/N/&45� '01� "&8:9$!� '45�&%7@>/'45� '&',7=N545� 2’n�l��6�� ��&?>/4/0� '01� )>50/01�

9>5&'7(�7+:�'05�+7,7)<'4�/@3/0-�

� � � � � � � � � � �   m x t a x t b x t z t f t� � � ��� � � 2n�n�k6�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
ko��

:+$!��

o � �x t �0�"&'7':+(/0��

o � �f t �0�9.57"0�9(3=&,/01��

o a �$�=,7""():1�/!5'&%&/'*1�(?N9$!1�7+:/#&/01��"&�"$5< 9&1�9.57"0�+,$1�'7@.'0'7��

o b �0�/'78&,<�'$!�=,7""()N1�&%7/'()$.�&%7'0,>$!��"&�"$ 5<9&1�9.57"0�+,$1�"&'7':+(/0��

o z �0�!/'&,0'()*�9.57"0��

o m�0�"<;7�'$!�/!/'*"7'$1���

�0"&(N5&'7(� :'(� /'$� <,8,$� ‚kkpƒ� 0� "<;7� 8&4,*80)&� "$ 579(7>7�� �� !/'&,0'()*�

+7,<"&',$1�7)$%$!8&>�'05�+7,7)<'4�9(7C$,()*�&?>/4/0 �"&�"09&5()*�7,@()*�/!58*)0-�

� � � � � � � � � � � � � � �1
 

n n
z t A x t x t z t z t x t z t!  

�
� � �� � �� � 2n�n��6�

	$� 9(<5!/"7� '45� <=54/'45� +7,7"3',45� 9>5&'7(� 41� � �     
T

a b A n-  !� �� �:=4� '01�

"&8:9$!� !%$+$>0/01�� 7+7('&>'7(� "(7� )7%*� 7,@()*� &)'> "0/0� '$!� - �� �(7� 7!':5� '$5� %:=$�� 0�

'7!'$+$>0/0�+,7="7'$+$(&>'7(�/&�9.$�/'<9(7��

�'$�+,N'$�/'<9($�=>5&'7(�"(7�7,@()*�&)'>"0/0�'01�&) 8&'()*1�+7,7"3',$!� n ��3/'4� 0n ��0�

$+$>7� )7(� +7,7"35&(� /'78&,*�� �'05� /!53@&(7� &%7@(/'$ +$(&>'7(� 0� '("*� '01� 75'()&("&5()*1�

/!5<,'0/01� =(7� '(1� !+:%$(+&1� +7,7"3',$!1� a �� b � A��  �� ! �� �!'*� 0� 9(79()7/>7�

+,$L+$83'&(� "&� '05� /&(,<� '01� "(7� )7%*� 7,@()*� &)'>"0 /0� '$!� 9(75./"7'$1� '45� <=54/'45�

+7,7"3',45� � �    
T

a b A-  !�� ��0�$+$>7�+,7="7'$+$(&>'7(� "&�&)'>"0/0� '45� '("N5� '4 5� a ��

b ��

�'$� 9&.'&,$� /'<9($�� &%7@(/'$+$(&>'7(� 0� 75'()&("&5() *� /!5<,'0/0� )7(� =(7� '$!1� 3?(�

7=5N/'$!1��@,0/("$+$(N5'71�41�7,@():� - � '$� '&%():�7+$'3%&/"7� '$!�+,N'$!� /'79>$!� )7(�

'05� '("*� 0n �� �<5�9&5�+,7="7'$+$(08&>� /.=)%(/0� /'(1� /4/'31� '("3 1� '45�+7,7"3',45�� ':'&�

7!':�"<%%$5�$C&>%&'7(�/&�)7)*�7,@()*�&)'>"0/0�'01�& )8&'()*1�+7,7"3',$!� n��




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� kok�


&� #</0� '7� +7,7+<54�� 7%%<� )7(� '7� +7,79&>="7'7� +$!� + 7,$!/(</'0)75� ‚kkpƒ�� &>57(�

C75&,:� :'(� 0� "38$9$1� &>57(� (9(7>'&,7� &!7>/80'0� /'(1 � 7,@()31� &)'("*/&(1� '45� '("N5� '45�

+7,7"3',45� )7(�7+7('&>�&?$()&>4/0� )7(�35'$5$�+&(,7" 7'(/":�� �+(+%3$5��0�"0� /.=)%(/0� '$!�

7%=$,>8"$!�7+$'&%&>�/.508&1�C7(5:"&5$��

K'K'I  _CBV�BW�EZ'�jFHQQk�

�(� �VWR� WS� QP�� ‚kklƒ� +7,$!/>7/75� "(7� "38$9$� '7!'$+$ >0/01� +7,7"3',45� '$!�

+,$/$"$(N"7'$1�bXVAstW\�0�$+$>7�#7/>;&'7(�/'0�"38$9 $�&%7@>/'45�'&',7=N545�2’n�l��6��

��9.57"0�&+757C$,<1�9>5&'7(�7+:�'05�/@3/0-�

� � �  1  q a k u a k z� � � � 2n�n�J6�

:+$!-�

o k �0�7,@()*�9!/)7"B>7��

o a �$�%:=$1�'01�"&'&%7/'()*1�9!/)7"B>71�+,$1�'05�7,@() *��

o z � 0� !/'&,0'()*� "&'7':+(/0�� 0� $+$>7� 7)$%$!8&>� '05� +7, 7)<'4� 9(7C$,()*� &?>/4/0� "&�

"09&5()*�7,@()*�/!58*)0-�

�
1

 
n n

z A u u z z u z !�
� � �� � �� � 2n�n�l6�

:+$!-�

o A��  �� ! �� n �+7,<"&',$(�'$!�+,$/$"$(N"7'$1��

��&)8&'()*�+7,<"&',$1� n �8&4,&>'7(� /&�)<8&�+&,>+'4/0�=54/'*� )7(�9&5� '7!'$+$ (&>'7(��

�5'(83'41�� +,$'&>5&'7(� 0� 9(&53,=&(7� +%*8$!1� '7!'$+$ (*/&45� "&� 9(7C$,&'()*� '("*� '$!� n �

)<8&�C$,<��7+:� '(1�$+$>&1�87�+,$).B&(�0�)7%.'&,0�%. /0���+>/01��9&5�=>5&'7(�757C$,<�=(7�

'05� '7!'$+$>0/0� '01� +7,7"3',$!� a �� �?&'</'0)75� +,$#%*"7'7� '7!'$+$>0/01� '45� ',(N5�

+7,7"3',45� A��  �� ! �� '7� $+$>7� /'(1� +&,(//:'&,&1� +&,(+'N/&(1� &+(%.80)75 � &+('!@N1��

�+(+%3$5�� 9(&,&!5*80)&� )7(� 0� @,*/0� &5:1� ',$+$+$(0"3 5$!� +,$/$"$(N"7'$1� bXVAstW\� '$�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
ko��

$+$>$� 57� %7"#<5&(� !+:B0� C7(5:"&57� "&>4/01� '01� 75'$@*1� )7(� '01� 9!/)7"B>71�� �&� )<8&�

+&,>+'4/0�:"41��'$�+%*8$1�'45�<=54/'45�+7,7"3',45�9 &5�!+&,#7>5&(�'(1�'3//&,(1��"&�'(1�

!+:%$(+&1� +7,7"3',$!1� 57� 8&4,$.5'7(� =54/'31�� 	3%$1� � 9&5� &?&'</'0)&� '$� 83"7� '$!�

8$,.#$!�+$!�&"+&,(3@&'7(�/'7�+7,7'0,$."&57�9&9$"357 ��

K'K'L  …[@�,(��‰?E@`�jFHHLk�

�(� zT\� )7(� •dQ\q� ‚kkoƒ� @,0/("$+$>0/75� "(7� "38$9$� '7 !'$+$>0/01� +$!� #7/>;&'7(� /'$5�

7%=:,(8"$�yrw�2’n�l�l6����&?>/4/0�'01�)>50/01�+7>,5 &(�'05�"$,C*-�

�  gm x k z m u� � ��� �� � 2n�n�n6�

:+$!-�

o � �x t �0�"&'7':+(/0��

o m�0�"<;7��

o k �0�9!/)7"B>7��

o � �z t �0�!/'&,0'()*�"&'7':+(/0��0�$+$>7�7)$%$!8&>�'05�+7, 7)<'4�9(7C$,()*�&?>/4/0�"&�

"09&5()*�7,@()*�/!58*)0-�

�
1n n

z A x z z x z !�
� � �� �� � 2n�n�p6�

o � � � �$�'&%&/'*1�'01�+7,7=N=(/01�41�+,$1�'$5�@,:5$��

o A��  �� ! �+7,<"&',$(�'$!�+,$/$"$(N"7'$1��

�+:� '05� "$,C*� '01� &?>/4/01� 2n�n�n6� &>57(� C75&,:� :'( � 9&5� %7"#<5$5'7(� !+:B0�

C7(5:"&57�(?N9$!1�C./01�� �+(+%3$5��8&4,*80)&�=54/'* �0�+$/:'0'7� k m�&5N�'380)&�)7(�

1n � �� �� '7!'$+$>0/0� 7C$,$./&� ":5$� '(1� +7,7"3',$!1� A��  � )7(� ! �� �(7� 57�

75'("&'4+(/'$.5�+,$#%*"7'7�/.=)%(/01�@,0/("$+$(*80) &�"(7�=&5()*�&+757%0+'()*�"38$9$1�

"&� /!5'&%&/'31� #<,$!1� 2eWTqdSWc� qPXZQP� TSW^QSTX\� g^XAWcV^W6�� �&� +&,>+'4/0� 7+$!/>71�

8$,.#$!�� 0� "38$9$1� 757C3,80)&� :'(� 9&5� &>57(� (9(7>'& ,7� &!7>/80'0� /'05� &+(%$=*� '45�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� koJ�

7,@()N5� /!580)N5�� �&� )<8&� +&,>+'4/0�� 0� '7!'$+$>0/0� 7+7('&>� )<+$($� &%<@(/'$� &+>+&9$�

35'7/01�'01�9(3=&,/01�N/'&�'$�/./'0"7�57�&(/3%8&(�/ '05�"0�=,7""()*�+&,($@*�7+:),(/01��

K'K'K  sC@@EW?�BW�EZ'�jFHHPk�

�(� rV\\QSd� WS� QP�� ‚kkkƒ� +7,$!/>7/75� "(7� "38$9$� '7!' $+$>0/01� +7,7"3',45� 0� $+$>7�

#7/>;&'7(�/&�"(7�',$+$+$(0"350�&+757%0+'()*�"38$9$� {QVRRsvWeSX\��	$�+,$/$"$>4"7�+$!�

@,0/("$+$>0/75�+&,(%7"#<5&(�C7(5:"&57�"&>4/01�'01�75'$@*1��"&>4/01�'01�9!/)7"B>71�)7(�

/'354/01� '$!� 9(7=,<""7'$1�9.57"01� I� +7,7":,C4/01�� � '05�&5� %:=4� "38$9$�� 0� 9.57"0�

&+757C$,<1�9>5&'7(�41�&?*1-�

� � � � � � � � �  1   F t a k u t a k Z t� � � � 2n�n�o6�

:+$!-�

o � � � � � �1 2u t u t u t� � � 0� /!5$%()*� "&'7':+(/0�� 0� $+$>7� &)C,<;&'7(� 41� <8,$( /"7� '45�

"&'7'$+>/&45�%:=4�!/'3,0/01�2 1u 6�)7(�$%>/80/01�2 2u 6��

o k �0�7,@()*�9!/)7"B>7��

o a �$�%:=$1�'01�"&'&%7/'()*1�9!/)7"B>71�+,$1�'05�7,@() *��

o � �Z t �0�!/'&,0'()*�"&'7':+(/0��0�$+$>7�7)$%$!8&>�'05�+7, 7)<'4�9(7C$,()*�&?>/4/0�"&�

"09&5()*�7,@()*�/!58*)0-�

�
� �1

1

  sign
n

A Z u Z
Z u

6  !

7

� � � �	 ��� � � 2n�n�E6�

:+$!-�

o A��  �� ! �+7,<"&',$(�'$!�#7/()$.�+,$/$"$(N"7'$1��

o � � 1.0 k Tt S7 F� � �� � � 1.0 f Tt S6 F� � � /!57,'*/&(1� +$!� )78$,>;$!5� '05� &?3%(?0� '01�

"&>4/01�'01�9!/)7"B>71�)7(�'01�75'$@*1��75'>/'$(@7� �



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
kol�

o kS �� fS � +7,<"&',$(� +$!� )78$,>;$!5� '$5� ,!8":� "&>4/01� '01� 9! /)7"B>71� )7(� '01�

75'$@*1��75'>/'$(@7��

o � �1  T a k Z uF � � � ��

��"&'7':+(/0�%:=4�$%>/80/01�)78$,>;&'7(�7+:�'05�/@3 /0-�

�
� � 2

2 2

2
exp

2

mS

t bc

b b

Z S SS
u

S S

"
:

� ��
� �3 4

3 4	 �
� � 2n�n� 6�

:+$!-�

o " �0�+%7/'(":'0'7��

o cS �� bS �� mS �� tS �+7,<"&',$(�+$!�)78$,>;$!5�'05�/'354/0�'$!�9(7=,<"" 7'$1�9.57"01�I

+7,7":,C4/01��

�'05�&5�%:=4�"38$9$�3=(5&�9(7@4,(/":1� '45�+7,7"3',4 5� '$!�+,$/$"$(N"7'$1�/&�9.$�

)7'0=$,>&1�� �� +,N'0� )7'0=$,>7� +&,(%7"#<5&(� '(1� +7,7 "3',$!1� +$!� )78$,>;$!5� '05�

7+:),(/0� '$!� +,$/$"$(N"7'$1� /&� "$5$'$5()*� C:,'(/0�� &5N� 0� 9&.'&,0� )7'0=$,>7�

+&,(%7"#<5&(� '(1� +7,7"3',$!1� +$!� )78$,>;$!5� '05� 7+: ),(/0� /&� 757)!)%(;:"&50� C:,'(/0��

�+:� '(1� +7,7"3',$!1� '01� +,N'01� )7'0=$,>71� 8&4,*80)7 5� =54/'31� 290%79*� 9&5�

'7!'$+$(*80)756� $(� +7,<"&',$(� 1A � �� 0.05 � �� 0.95! � �� )78N1� )7(� 0� &)8&'()*�

+7,<"&',$1� 2n � �� �� '7!'$+$>0/0� '45� !+$%$>+45� +7,7"3',45� '01� +,N'01 � )7'0=$,>71�

+,7="7'$+$(&>'7(� "&�@,*/0�9&9$"3545� '7�$+$>7�75'(/' $(@$.5�":5$� /&� '$+()<� "3=(/'7� '45�

9!5<"&45���'05�/!53@&(7��=>5&'7(�?&@4,(/'<�0�'7!'$+ $>0/0�'45�+7,7"3',45�'01�9&.'&,01�

)7'0=$,>71��

�?&'</'0)75� 9(<C$,&1� +&,(+'N/&(1� '7!'$+$>0/01� "&� @, */0� +&(,7"7'()N5� 9&9$"3545��

�57C3,80)75�+,$#%*"7'7� /.=)%(/01� /&�7/.""&',7� /!/'* "7'7��90%79*� /&� /!/'*"7'7�"&�

9(7C$,&'()*� 9.57"0� 9(7,,$*1� /'05� 8&'()*� )7(� '05� 7,5 0'()*� )7'&.8!5/0�� �+>/01��

757C3,80)75� +,$#%*"7'7� 7,=*1� /.=)%(/01� '01� 7+%*1� "& 8:9$!� {QVRRsvWeSX\�� '7� $+$>7�

$9*=0/75� /'05� &(/7=4=*� ',$+$+$(*/&45� =(7� 57� &+('&!@ 8&>� )7%.'&,0� 7+:9$/0�� �&5�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� kon�

&?&'</'0)&�0�7),>#&(7�'01�"&8:9$!�"&�5$0'<�+&(,<"7' 7�/'7�$+$>7�$(�+,7="7'()31�'("31�'45�

+7,7"3',45� &>57(� =54/'31�� �+(+%3$5�� 9&5� &?&'</'0)&� 0� /!"+&,(C$,<� '01� "&8:9$!� /&�

+&,>+'4/0�9&9$"3545�"&�8:,!#$��

K'K'M �[�BW�EZ'�jFHHQk�

�(� vT� WS� QP�� ‚kkJƒ� +7,$!/>7/75� "(7� "38$9$� '7!'$+$>0 /01� '45� +7,7"3',45� '$!�

+,$/$"$(N"7'$1�bXVAstW\�0�$+$>7�#7/>;&'7(�/&�"(7�"3 8$9$�+&9>$!�/!@5$'*'45�2f^WUVW\A_�

cXYQT\�YWSdXc6����9.57"0�&+757C$,<1�9>5&'7(�7+:�'05�/@3/0-�

� � � � � � � r t b x t z t� � � 2n�n�k�6�

:+$!� � �z t �0� !/'&,0'()*�9.57"0��0�$+$>7�7)$%$!8&>� '05�+7,7)<' 4�9(7C$,()*�&?>/4/0�

"&�"09&5()*�7,@()*�/!58*)0-�

� � � � � � � � � � � � � � �1
 

n n
z t a x t x t z t z t x t z t !

�
� � �� � �� � 2n�n�kk6�

	$� 9(<5!/"7� '45� 7=5N/'45� +7,7"3',45� +,$1� '7!'$+$>0/ 0� 9>5&'7(� 41�

� �    
T

b a n !�y �� �?&'</'0)75� +&,(+'N/&(1� 7+:),(/01� +$!� 75'(/'$(@$. 5� /&� 7,"$5()31�

9(&=3,/&(1�"&�k�*�E�).)%$!1�C:,'(/01�)7(�9(<C$,7�&+ >+&97�8$,.#$!���>5&'7(�(9(7>'&,0�"5&>7�

=(7�'$�;&.=$1�'45�+7,7"3',45�  �)7(� ! ���!"+&,7>5&'7(�:'(��&C:/$5�'$�<8,$(/"<�'$!1�&>57(�

>/$� "&� '05� "$5<97��$(�&+("3,$!1� '("31�9&5�3@$!5� /0" 75'()*�&+>9,7/0� /'05�7+:),(/0�� �+:�

7!'*5� '05�355$(7��75� )7(� '7�7+$'&%3/"7'7� '01� '7!'$+ $>0/01�7!'N5� '45�9.$�+7,7"3',45�

"+$,&>� 57� 9(7C3,$!5� /0"75'()<� 7+:� '(1� +,7="7'()31� ' ("31�� &5'$.'$(1� 0� '7!'$+$>0/0�

8&4,&>'7(� &+('!@*1�� 	3%$1�� +,7="7'$+$(*80)&� "(7� 75< %!/0� &!7(/80/>71� '45� +7,7"3',45�

)7(� 3=(5&� &C7,"$=*� '01� "&8:9$!� /'05� +&,>+'4/0� /!/'0 "<'45� /&(/"()*1� ":54/01� "&�

)7%N9(7�2eT^WsAQZPW�TRXPQSX^R6�"&�()75$+$(0'()<�7+$'&%3/"7'7��

�0"&(N5&'7(� :'(� 0� 7+7>'0/0� /@&'()<� "&� '$� <8,$(/"7� ' 45� +7,7"3',45�  � )7(� ! �

/@&'>;&'7(� "&�'05� /!53+&(7� '$!� +,$/$"$(N"7'$1� 7+:� C!/()*1� <+$B01 �� )<'(� '$� $+$>$�3@&(�

757%!8&>�/'05�’l�������5'>8&'7��0�"(),*�&+>9,7/0�'4 5�&+("3,$!1�'("N5�'45�+7,7"3',45�  �



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
kop�

)7(� ! � /'05� 7+:),(/0� $C&>%&'7(� /'05� "(),*� &!7(/80/>7� '$!1 �� 0� $+$>7� $C&>%&'7(�� "&'7?.�

<%%45��)7(�/'05�9(3=&,/0�+$!�@,0/("$+$(&>'7(���

K'K'P  s]fX[E@>C�BW�EZ'�jGRRFk�

�(� r_g^TQ\XV� WS� QP�� ‚k��ƒ� +7,$!/>7/75� "(7� "38$9$� '7 !'$+$>0/01� +7,7"3',45� '$!�

+,$/$"$(N"7'$1� bXVAstW\� +$!� #7/>;&'7(� /'$5� 7%=:,(8" $� �(7C$,()*1� �?3%(?01� ‚ oƒ�� ��

7%=:,(8"$1� +7,$!/(<;&'7(� /!5$+'()<� /'05� ’n�l�E�� �(� &?(/N/&(1� )>50/01� )7(� 9.57"01�

&+757C$,<1�"&'7',<+0)75�/&�"$,C*�RSQSWsRgQAW�41�&?*1-�

� � �
1 2

2 2

2
2 2 2

 

z z

z f c z z m

z a z z z z z A z 

�

� � �

� � � �

�

�

�

� 2n�n�k�6�

:+$!-�

o � �1z t �0�"&'7':+(/0��

o � �2z t �0�'7@.'0'7��

o � �z t �0�!/'&,0'()*�9.57"0��

o � �f t �0�9.57"0�9(3=&,/01��

o m�0�"<;7��

o c �$�=,7""():1�/!5'&%&/'*1�(?N9$!1�7+:/#&/01��

o A�� a ��  �+7,<"&',$(�'$!�+,$/$"$(N"7'$1��


&�#</0�'05�/@3/0�2n�n�k�6�&>57(�C75&,:�:'(�0�&)8&' ()*�+7,<"&',$1�8&4,&>'7(�=54/'*�

)7(� >/0� "&� ��� �!5&+N1�� '$� 9(<5!/"7� '45� <=54/'45� +7, 7"3',45� 9>5&'7(� 41�

� �P     
T

m c a A � �� �0"&(N5&'7(� :'(�� /&�7!'*� '05�+&,>+'4/0��0�+7,<"&' ,$1� a � 9&5�&>57(�$�

%:=$1�'01�"&'&%7/'()*1�9!/)7"B>71�+,$1�'05�7,@()*�9 !/)7"B>7��&5N�7/!5*801�&>57(�)7(�0�

'7!'$+$>0/0�'01�"<;71�'$!�/!/'*"7'$1��




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� koo�

�(7� '$5� +&,($,(/":� '45� +7,7"3',45� "3/7� /&� )<+$(7� &+ (',&+'<� :,(7� =>5&'7(� @,*/0�

)7'<%%0%45� /!57,'*/&45� +$(5*1� 2gW\QPS_� fV\ASTX\R6���?&'</'0)75� +,$#%*"7'7�

'7!'$+$>0/01� +7,7"3',45� "&� @,*/0� ‹)787,N5Œ� 9&9$"354 5� )78N1� )7(� 9&9$"3545� +$!�

+&,(3@$!5�8:,!#$�� �'05� +&,>+'4/0�+&(,7"7'()N5�9&9$" 3545��+,$'<80)&�0�9(&53,=&(7� '01�

'7!'$+$>0/01� /&� 9.$� /'<9(7�� �'$� +,N'$� /'<9($� @,0/(" $+$(&>'7(� "(7� 9(3=&,/0� "(),*1�

35'7/01� =(7� 57� '7!'$+$(08$.5� )7'<� 79,:� ',:+$� $(� +7, <"&',$(� +$!� )78$,>;$!5� '05�

=,7""()*�7+:),(/0���,0/("$+$(N5'71�41�7,@()*�%./0�' $�7+$'3%&/"7�'$!�+,N'$!�/'79>$!��

/'$�9&.'&,$�/'<9($�@,0/("$+$(&>'7(�"(7�9(3=&,/0�"&= <%01�35'7/01�=(7�57�'7!'$+$(08$.5�$(�

+7,<"&',$(�+$!�)78$,>;$!5�'05�"0�=,7""()*�7+:),(/0� '$!�+,$/$"$(N"7'$1��

K'K'Q ‰?E@`�BW�EZ'�jGRRGk�

�(� •dQ\q� WS� QP�� ‚kknƒ� +7,$!/>7/75� "(7� "&%3'0� /@&'() *� "&� '05� '7!'$+$>0/0� '45�

+7,7"3',45� '$!� ‹=&5()&!"35$!� +,$/$"$(N"7'$1� 9(7C$,( )*1� !/'3,0/01Œ� 2qW\W^QPT~Wc�

YXcWP� Xf� cTffW^W\STQP� d_RSW^WRTR6� '$� $+$>$� +7,$!/(<;&'7(� /!5$+'()<� /'05� ’J�n�� 	$�

+,$/$"$>4"7� 7!':� #7/>;&'7(� /'$� bXVAstW\� 7%%<� @,0/(" $+$(&>� kJ� +7,7"3',$!1� "&� '(1�

$+$>&1� "+$,&>� 57� %<#&(� !+:B0� 9(<C$,7� C7(5:"&57� "&>4/01� '01� 75'$@*1�� "&>4/01� '01�

9!/)7"B>71�)7(�/'354/01���0"&(N5&'7(�:'(��:+41�)7(� /'$�7+%:�+,$/$"$>4"7�bXVAstW\��">7�

&)� '45�+7,7"3',45�&>57(�+&,(''*� ‚kk�ƒ��)<'(� '$�$+$> $�9&5�&>@&�&+(/0"758&>�'05�&+$@*�+$!�

+7,$!/(</'0)&�'$�<,8,$�‚kknƒ��

�(7� '05� '7!'$+$>0/0� '45� <=54/'45� +7,7"3',45� @,0/("$ +$(*80)75� ',&(1� "38$9$(-� 0�

"38$9$1� �TYgPWi�� 0� "38$9$1� {W\W^QPT~Wc� xWcVAWc� {^QcTW\S� 2{x{6� )7(� 0� "38$9$1� yrw�

2’n�l�l6�� �(7� '05� "38$9$� yrw� =>5&'7(� @,*/0� "(71� =&5 ()*1� &+757%0+'()*1� "&8:9$!� "&�

/!5'&%&/'31�#<,$!1�)78N1�)7(�&/4'&,()$>�+&,($,(/"$> ���&�)<8&�+&,>+'4/0��41�75'()&("&5()*�

/!5<,'0/0�&+(%3@80)&�'$�<8,$(/"7�'45�'&',7=N545�'45 �%78N5�'01�@,$5$G/'$,>71�'$!� z� ��

:+$!� z � 0� !/'&,0'()*� "&'7':+(/0�� �(� "38$9$(� �TYgPWi� )7(� {x {�� &5� 75'(83/&(� "&� '05�

/!=)&),("350� "38$9$� yrw�� 9&5� "+$,$.5� 57� 9(7@&(,(/'$ .5� 7+$'&%&/"7'()<� 9&9$"357� +$!�

+&,(3@$!5� 8:,!#$�� �!5&+N1�� 7+7('&>'7(� "(7� +,$&+&?&, =7/>7� '45� 9&9$"3545� "&� C>%',7�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
koE�

7+$"<),!5/01�8$,.#$!��	7�@7,7)'0,(/'()<�'45�C>%',45 ��)7(�(9(7>'&,7�0�#3%'(/'0�9(</'7/0�

'$!� ‹+7,78.,$!Œ� 75<%!/01�� 9&5� &>57(� =54/'<� )7(� 87� + ,3+&(� 57� +,$).B$!5� 7+:� /@&'()*�

9(&,&.50/0�� �� "38$9$1�{x{�757C3,80)&�41�0�%(=:'&,$� /'78&,*�9(:'(�+7=(9&.&'7(�&.)$%7�

/&� '$+()<� #3%'(/'7� +$!� "+$,&>� 57� &>57(� 7+3@$!5� +$%.� 7+:� '$� $%():� #3%'(/'$�� �� "38$9$1�

�TYgPWi� &>57(� +($� /'78&,*� )7(� %(=:'&,$� &!7>/80'0� /' 05� 7,@()*� &)'>"0/0� '45� <=54/'45�

+7,7"3',45�� �� "38$9$1� yrw� &>57(� /@&'()<� 7,=*� 7%%<� & >57(� )7(� 0� +%3$5� /'78&,*� :'75� '7�

9&9$"357�+&,(3@$!5�8:,!#$��

K'K'H aE�BW�EZ'�jGRRKk�

�(� €Q�WS�QP�� ‚k�kƒ� 2���n6�@,0/("$+$>0/75�357� ',$+$+ $(0"35$�+,$/$"$>4"7�bXVAstW\�

=(7� '05� +&,(=,7C*� '01� 7+:),(/01� +(&;$0%&)',()N5� /'$ (@&>45� 2gTW~XWPWAS^TA� WPWYW\S� s� Oy6��

�(7� '05�'7!'$+$>0/0�'45�+7,7"3',45�@,0/("$+$(*80)&� "(7�+,$/7,"$;:"&50�&+757%0+'()*�

"38$9$1� +$!� +,$'<80)&� 7+:� '$!1� �dQRRTQjXR� WS� QP�� ‚kJnƒ�� �!/'!@N1�� 0� "38$9$1� 9&5�

757C3,80)&� :'(� "+$,&>� 57� '7!'$+$(*/&(� '7!':@,$57� '0 5� "<;7�� '05� 9!/)7"B>7�� '$5�

/!5'&%&/'*� (?N9$!1�7+:/#&/01� )78N1� )7(� '$5�+(&;$0%& )',():� /!5'&%&/'*�� �� '7!'$+$>0/0�

'45�&5�%:=4�+7,7"3',45�7!'N5�3@&(�(9(7>'&,0�+,7)'() *�/0"7/>7�‚kk ƒ��

K'K'FR  bE�BW�EZ'�jGRRMk�

�(��Q�WS�QP��‚kk�ƒ�+7,$!/>7/75�"(7�"&%3'0�/@&'()*�" &�'05�'7!'$+$>0/0�'45�+7,7"3',45�

'$!� ‹=&5()&!"35$!� +,$/$"$(N"7'$1� 9(7C$,()*1� !/'3,0/ 01Œ� 2’J�n6�� �� "38$9$1�

'7!'$+$>0/01�#7/>;&'7(�/'$5�7%=:,(8"$��y�2’n�l�E6��

�57C3,80)75� +,$#%*"7'7� )7'<� '05� '7!'$+$>0/0� )<+$(45 � +7,7"3',45� "&� "(),*�

&!7(/80/>7�� H'/(�� +,7="7'$+$(*80)&� "(7� 75<%!/0� &!7( /80/>71� 7+:� '05� $+$>7� +,$3)!B75�

',&(1� +7,<"&',$(� 2&)� '45� k�6� 41� $(� %(=:'&,$� &!7>/80 '&1�� �'05� /!53@&(7�� +,$'<80)&� 0�

+,7="7'$+$>0/0�'01�'7!'$+$>0/01�)7'<�/'<9(7�N/'&�57 �&+('&!@8&>�#&%'>4/0�'01�7+:9$/01��

�&5� &?&'</'0)&� 0� +&,>+'4/0� '7!'$+$>0/01� "&� 9&9$"357 � '7� $+$>7� +&,(3@$!5� 8:,!#$��

�0"&(N5&'7(� $� 7%=:,(8"$1� �y� 3@&(� 757C&,8&>� :'(� 9&5�+7,$!/(<;&(� )7%*� 7+:9$/0� /'05�

+&,>+'4/0�.+7,?01�8$,.#$!��+�@��‚k�nƒ��‚k�oƒ��




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� ko �

�1�&C7,"$=*��&)'&%3/'0)&�"(7�/&(,<�+&(,7"<'45�"&�?. %(5&1�/!593/&(1�"$,C*1�‹aŒ��	7�

7+$'&%3/"7'7� @,0/("$+$(*80)75� 7CM� &5:1� =(7� '05� '7!' $+$>0/0� '45� +7,7"3',45� '$!�

+,$/$"$(N"7'$1� )7(� 7CM� &'3,$!� =(7� '05� &+().,4/*� '$! �� �� &+().,4/0� &+('!=@<5&'7(� "&�

/.=),(/0� '01� +,$#%&+:"&501� 7+:),(/01� '$!� '7!'$+$(0" 35$!� /!/'*"7'$1� "&� 7!'*� '45�

9$)(">45�:'75�7!'<�!+$#<%%$5'7(� /&�9(7C$,&'()*�C:,' (/0�7+:�7!'*�+$!�@,0/("$+$(*80)&�

=(7�'05�'7!'$+$>0/0���57C3,80)&�:'(��/&�=&5()31�=,7 ""31��0�+,:#%&B0�&>57(�&C()'*�7%%<�0�

7),>#&(<�'01�"&(N5&'7(�)78N1�7!?<5$5'7(�$(�#%<#&1�/'05�)7'7/)&!*��

K'K'FF  aE�BW�EZ'�jGRRMk�

�(� €Q� WS� QP�� ‚kk ƒ� 7/@$%*80)75� "&� '05� '7!'$+$>0/0� ' 45� +7,7"3',45� &5:1�

+,$/$"$(N"7'$1�bXVAstW\�+$!�757+7,(/'<�'05�!/'&,0'( )*�7+:),(/0�&5:1�+(&;$0%&)',()$.�

"0@75(/"$.� )>50/01� 2gTW~XWPWAS^TA� QASVQSX^6�� �,0/("$+$>0/75� "(7� +7,7%%7=*� �&5&'()N5�

�%=$,>8"45�"&�7+M�&!8&>71�)49()$+$>0/0�+,7="7'()N5� "&'7#%0'N5�/@&9(7/"$.�2xWQPsAXcWc�

{|� I� x{|6� )7(� /!53),(575� '05� /@&'()*� 7+:9$/0� '$!� 7% =$,>8"$!� "&� @,*/0� 9(7C:,45�

75'()&("&5()N5�/!57,'*/&45���57C3,80)75�()75$+$(0'( )<�7+$'&%3/"7'7�'7!'$+$>0/01�7%%<�

+,$'<80)&� 0� @,*/0� 75'()&("&5()N5� /!57,'*/&45� +$!� 9& 5�+&,(3@$!5� +7,7=N=$!1� !B0%$.�

#78"$.��

K'K'FG �?EXEZEDfEg[V�,(��s>CD>CV[V�jGRRMk�

�(� �dQ^QPQYgQjTR� )7(� rXVYXVRTR� ‚k� ƒ� &C<,"$/75� '$5��&5&'():� �%=:,(8"$� �QeSXXSd�

‚k�Jƒ� =(7� '05� '7!'$+$>0/0� '45� +7,7"3',45� '$!� +,$/$" $(N"7'$1� bXVAstW\�� �� 7+:9$/0�

'01�"&8:9$!�*'75�+7,:"$(7�"&�7!'*�'$!�YTA^Xs{|�2’n� l�o6�)7(�/&�)<8&�+&,>+'4/0�75N'&,0�

7!'*1� '$!� �SQ\cQ^cs{|� 2’n�l�p6�� �7,M� :%7� 7!'<�� 0� "3 8$9$1� 79!57'$./&� 57� &5'$+>/&(� '(1�

+,7="7'()31� '("31� '$!� +,$/$"$(N"7'$1� %:=4� '$!� /@&'( )<� "&=<%$!� "*)$!1� '$!�

@,4"$/N"7'$1��

�+(+%3$5��+7,7'0,*80)&�:'(�/'05�+&,>+'4/0�+$!�9&5�& C7,"$/'$.5�$(�+&,($,(/"$>�'45�

+7,7"3',45� '$!� +,$/$"$(N"7'$1�2’l����6�� 0� '7!'$+$>0 /0�$90=$./&� /&� /@&9:5�#3%'(/'&1�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
kE��

%./&(1�$(�$+$>&1� *'75�&5'&%N1�9(7C$,&'()31� "&'7?.� '$!1�� �(7�+7,<9&(="7��75�8&4,*/$!"&�

357� /./'0"7� "&� "<;7� 2.86m� � !+:� '05� /&(/"()*� 9(3=&,/0� '$!� yP� �W\S^X�� '7� +35'&�

)7%.'&,7�7+$'&%3/"7'7�+$!�+,$3)!B75�7+:� "(7�75<%!/0 � )78N1� )7(�$(� +,7="7'()31� '("31�

'45�+7,7"3',45�/!5$B>;$5'7(�/'$5�75'>/'$(@$�+>57)7� 2�>57)71�n�n�k6��

�

vX^YQPT~Wc�
��y�2F6� A�  � ! � n � a �

yF �


 �kN �

yu �


 �m �

c �

kNs
m

� �
3 4	 �

�

�,7="��'("31� � k����� � ��k��� � �� ��� � ������ � ��k��� � ��Ep�� � ��kkk� � n�kn�o �

����op�J� � ��Epn� � ���p�l � ��oo � � ��k nJ � ���JpJ � k�E np � ��koEE � n��JlJ �

����opoE � no�pn p � ��Jk�n � �� Ell � k� lnl � ��Ek�n � k�  oo � �� ��� � n�kEpE�

���� JJEE � p��nJon � ��Jkll � �� pnE � ���Ek� � ��EpkJ � ��o� p � k����� � n��JlJ �

��� plJpo � E��o�oo � ���Jk� � ��lkE � ��kJ � � �� �op � ��Ekl� � ��ol�l � n�klpl �

��k�n�nEp � �k�npE � ���Jnk � ���noE � ��� np � ��olE� � k�lklE � ��JJ o � n��lkp �

�15(,(&�K'K'Fi��(�+)2!�"��*�" ")"�;)(!"&�07�1&�*2�� "�� )"3&��
j*�(.)(!�,#&�,(��!(/!"*"�%)#52&�!�)#&k�


&� '05�&?7>,&/0� '$!� /!5'&%&/'*� c � '01�&?>/4/01� )>50/01�� $�$+$>$1�7C$,<� '05� (?N90�

7+:/#&/0�)7(� '7!'$+$(*80)&�&+('!@N1�/&�:%&1�'(1�+&, (+'N/&(1��+7,7'0,&>'7(� :'(�#,380)75�

&5'&%N1� 9(7C$,&'()$>� /!59!7/"$>� +7,7"3',45� $(� $+$>$ (� 9>5$!5� C7(5$"&5()<� &?7(,&'()<�

7+$'&%3/"7'7�7+:�<+$B01�'7!'$+$>0/01���

�!/'!@N1�:"41��0�&+().,4/0�'$!�+,$/$"$(N"7'$1�2YXcW P�]QPTcQSTX\6�7+$9&()5.&(�:'(�0�

'7!'$+$>0/0� *'75� 75&+('!@*1�� �(7� +7,<9&(="7�� 8&4,N5 '71� '$� 9&.'&,$� 7+$'3%&/"7� '01�

'7!'$+$>0/01� 2�>57)71� n�n�k6�� 0� 7+:),(/0� '$!� +,7="7 '()$.� )7(� '$!� '7!'$+$(0"35$!�

/!/'*"7'$1� +,7)'()<� /!"+>+'$!5� =(7� '05� /&(/"()*� 9(3 =&,/0� '$!� yP� �W\S^X� 0� $+$>7�

@,0/("$+$(*80)&� =(7� '(1� 75<=)&1� '01� '7!'$+$>0/01� 2� ():57� n�n�k76�� •"41� 0� '("*� '01�

75'()&("&5()*1� /!5<,'0/01� 7!?<5&'7(� )7'<� ',&(1� '<?& (1� "&=38$!1� =(7� '05� +&,>+'4/0� "(71�

7+%*1� 0"('$5$&(9$.1� C:,'(/01�� �� %:=$1� &>57(� :'(�� /' 05� 9&.'&,0� +&,>+'4/0�� '$� /./'0"7�

&(/3,@&'7(� 35'$57� /'05� "&'&%7/'()*� +&,($@*� 2�():57� n�n�k#6�� •"41�� $(� +7,<"&',$(� +$!�

&%3=@$!5� '$5� /)&%&':� '$!� 75'>/'$(@$!� 9(=,7""()$.� +, $/$"$(N"7'$1�� *'$(� $(� +7,<"&',$(�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� kEk�

yF �� yu � )7(� a ��3@$!5� '7!'$+$(08&>�%7587/"357�� 	$�+7,7+<54�+7,<9& (="7�7579&()5.&(�"&�

',:+$� /7C*� '$!1� )(59.5$!1� +$!� &%%$@&.$!5� %:=4� '01� 7 $,(/'>71� '45� +7,7"3',45� '$!�

+,$/$"$(N"7'$1�2’l����6���

�

��,-5(�K'K'Fi��*-,�� %�*�(.)(!�,"3�,(��!(/!"*"�%)#5 "/� / !:)(!"&�/*-�j(k�!%5� 2� )�,:�
4�#.2� %�!"/��Z��B@WX>�j8k�(*$:�%)�!"5"2�4:�9-�!� % �)2�t DE{ yFR�g��,(��	yGK�V�

�

vX^YQPT~Wc�
��y�2F6� A�  � ! � n� a �

yF �


 �kN �

yu �


 �m �

c �
kNs
m

� �
3 4	 �

�

�,7="��'("31� � k����� � ��k��� � �� ��� � ������ � ��k��� � ��Ep�� � ��kkk� � n�kn�o �

������kp� � k����� � ���p�n � �� Jon � ���nlo � ��k� l � ��El� � ��kk�E � n�kpkk �

������o�o � k����� � ��k�kk � ��E E � ��k nJ � ��k�E � ��pn�J � ��k�J� � n�k nJ �

�����k�EE � k����� � ���lp � �� nJk � ��k�n� � ��kl�p � ��pokk � ��k�J � n�kko� �

�����kJpJ � k����� � ���En� � ��oklE � ���E E � ��kkp� � ��nnno � ��� Ek � n�k nJ �

�����kl�o � k����� � ���l  � ��on�k � ��k�ol � ��k�n� � ��npE� � ���  � � n�k nJ �

�15(,(&�K'K'Gi��(�+)2!�"��*�" ")"�;)(!"&�)2�*2��"��  )"3&��
j*�(.)(!�,#&�,(��!(/!"*"�%)#52&�!�)#&k�


&'<� '05� &C7,"$=*� '45� +&,($,(/"N5� 1A  !� � � �� :%7� '7� 7+$'&%3/"7'7� '01�

9(79()7/>71� '7!'$+$>0/01� /!=)%>5$!5� /'(1� +,7="7'()3 1� '("31� 2�>57)71� n�n��6�� �� 79!57">7�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
kE��

&.,&/01� '45� +,7="7'()N5� '("N5� $C&>%&'7(� /'05� "38$9$ � '7!'$+$>0/01�� )<'(� '$� $+$>$�

75'("&'4+>/'0)&�&+('!@N1�/'7�+%7>/(7�'01�+7,$./71�9 (7',(#*1��

K'K'FI  ˆB�,(���E@`�jGRRPk�

�(� •W� )7(� tQ\q� ‚k��ƒ� +7,$!/>7/75� "(7� "&%3'0� '7!'$+$ >0/01� &5:1� +,$/$"$(N"7'$1�

bXVAstW\�"&�@,*/0�'$!�7%=:,(8"$!�O�}�2’n�l� 6����&? >/4/0�)>50/01�9>5&'7(�41-�

� � �2 22   1n n nx x a x a z u; K K K� � � � ��� � � 2n�n�kJ6�

:+$!-�

o � �x t �0�"&'7':+(/0��

o � �u t �0�&?4'&,()*�9.57"0��

o ; �'$�+$/$/':�(?N9$!1�7+:/#&/01� � �0 1;� � ��

o nK �0�B&!9$sC!/()*�+&,>$9$1�'$!�/!/'*"7'$1��

o a �$�%:=$1�9!/)7"B>71� � �0 1a� � ��

o � �z t � 0� !/'&,0'()*� "&'7':+(/0� +$!� 7)$%$!8&>� '05� +7,7)<'4 � 9(7C$,()*� &?>/4/0� "&�

"09&5()*�7,@()*�/!58*)0-�

�
1n n

z x z z x z A x!  �
� � � �� � �� � 2n�n�kl6�

:+$!-�

o A��  �� ! �� n�+7,<"&',$(�'$!�+,$/$"$(N"7'$1� � �1n � ��

�� "&%3'0� 757C3,&(� ()75$+$(0'()<� 7+$'&%3/"7'7� '7!'$+ $>0/01�� �!=),(5:"&50� "&� "(7�

+7,7%%7=*��&5&'()N5��%=$,>8"45�+$!�@,0/("$+$(&>�+,7="7'()$.1�7,(8"$.1��0�"38$9$1�O�}�

7+$9&()5.&'7(� 75N'&,0� /'05� +&,>+'4/0� 7+$!/>71� 8$,.# $!�� •'75� '7� 9&9$"357� +&,(3@$!5�

8:,!#$��$� �&5&'():1� �%=:,(8"$1�+7,$!/(<;&(�)7%.'&,0 �7,@()*�7+:9$/0�7%%<�$�7%=:,(8"$1�

O�}�)7'7%*=&(�/&�+($�)7%31�'&%()31�%./&(1��




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� kEJ�

K'K'FL  sn>g�BW�EZ'�jGRRPk�

�(� reXj� WS� QP�� ‚kkEƒ� @,0/("$+$>0/75� 357� 7/.""&',$� + ,$/$"$>4"7� bXVAstW\� =(7� '05�

+&,(=,7C*� '01� 7+:),(/01� "7=50'$,&$%$=()N5� 7+$/#&/'* ,45� 2YQq\WSX^dWXPXqTAQP� fPVTc�

cQYgW^R�I��x�cQYgW^R6���(7�'05�'7!'$+$>0/0�'45�+7,7 "3',45�@,0/("$+$>0/75��&5&'()$.1�

�%=$,>8"$!1� 2’n�l�p6� /'$!1� $+$>$!1� $(� '&%&/'31� 9(7/ '7.,4/01� )7(� "&'<%%7?01�

+,$/7,":;$5'7(� 7!':"7'7� "&� #</0� '05� +$(:'0'7� '45� %. /&45� +$!� +&,(3@$5'7(� /'$5�

+%08!/":�� �+(+%3$5�� @,0/("$+$(*80)&� 357� /'7'(/'():� ),('*,($� '&,"7'(/"$.� '$� $+$>$�

#7/>;&'7(� /'05� +7,7'0,$."&50� "&>4/0� '01� 7+:9$/01� '$ !� 7%=:,(8"$!�� �57C3,80)75�

()75$+$(0'()<�7+$'&%3/"7'7�'7!'$+$>0/01�"&�#</0�+&( ,7"7'()<�9&9$"357��

K'M �2�"52,!:)(!(�/9� !+)2575�)2h-475�

�+:� '05� &+(/):+0/0� '$!� !C(/'<"&5$!� &,&!50'()$.� 3,=$ !� &>57(� C75&,:� :'(� 7+$!/(<;&(�

"(7� "38$9$1� 0� $+$>7� 57� /!59!<;&(� )7%*� 7+:9$/0� )7(� / '78&,:'0'7�� �'(1� +&,(//:'&,&1�

"&8:9$!1�!+<,@&(�35'$5$�'$�&59&@:"&5$�'$!�&=)%4#(/" $.�'$!�7%=$,>8"$!�/&�!+$s#3%'(/'&1�

%./&(1� 2RVZsXgSTYQP� RXPVSTX\R6�� '$� $+$>$� /!5*841� $C&>%&'7(� /&� %7587/"350� &+(%$=*� '45�

7,@()N5� /!580)N5�� �(� 9!/)$%>&1� '7!'$+$>0/01� &5'$+>; $5'7(� )!,>41� /'05� &)8&'()*�

+7,<"&',$� n�'$!�+,$/$"$(N"7'$1���!'31�&>'&�75'("&'4+>;$5'7(�"& �35'$5$�+&(,7"7'(/":�"&�

9(7C$,&'()31�7,@()31�/!58*)&1��&>'&�7+$C&.=$5'7(�&5'&%N1�"&�'05�8&N,0/0�:'(�0�&)8&'()*�

+7,<"&',$1�&>57(�&)� '45�+,$'3,45�=54/'*��+�@�� ‚k��ƒ �� ‚kkkƒ�� ‚kkoƒ�� �+(+%3$5�� /&�+$%%31�

"&8:9$!1� +,$'&>5&'7(� 0� '7!'$+$>0/0� 75<� /'<9(7�� +�@� � ‚kkpƒ�� ‚kk�ƒ�� �'$� +,N'$� /'<9($�

+,7="7'$+$(&>'7(� +7=>4/0� )<+$(45� <=54/'45� +7,7"3',4 5� /&� ‹/!5*8&(1Œ� '("31� )7(�

'7!'$+$($.5'7(� )7'<� 79,:� ',:+$� $(� !+:%$(+&1� +7,<"&' ,$(�� �'$� &+:"&5$� /'<9($�

&5&,=$+$($.5'7(�:%&1�$(�<=54/'&1�+7,<"&',$(���� '7!' $+$>0/0�75<�/'<9(7�=&5()<�#&%'(N5&(�

'05�7+:9$/0�7%%<�'7!':@,$57�)78$,>;&(��/&�"(),:�*�" &=<%$�#78":��'$�'&%():�7+$'3%&/"7���

�+(+%3$5��)$(5:�@7,7)'0,(/'():�:%45�'45�+,$/&==>/&4 5�&>57(�:'(�&/'(<;$!5�/'05�"38$9$�

'7!'$+$>0/01� )7(� +,7)'()<� 7=5$$.5� '7� +7,7'0,$."&57� 9&9$"357�� �+<,@&(� $"$C45>7� /'$�

:'(� '7� 9&9$"357� 7!'<� 87� +,3+&(� 57� +&,(%7"#<5$!5�� /& � +$($'():� &+>+&9$�� :%7� '7�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
kEl�

@7,7)'0,(/'()<� '$!�+,$/$"$(N"7'$1�+$!�+,:)&('7(�57� '7!'$+$(08$.5�� �7,M�:%7�7!'<��9&5�

3@&(�+,7="7'$+$(08&>�)<+$(7�/!/'0"7'()*�3,&!57�+<54 �/'$�83"7��H'/(��'$�C!/():�/./'0"7�

!+$#<%%&'7(�/&�"(7�7,"$5()*�*�/&(/"()*�9(3=&,/0�"&� )<+$(7�@7,7)'0,(/'()<��)7(�8&4,&>'7(��

@4,>1�&?3'7/0��:'(�'7�+7,7'0,$."&57�9&9$"357�+&,(3@ $!5�:%0�'05�7+7,7>'0'0�+%0,$C$,>7�

=(7�'(1�75<=)&1�'01�'7!'$+$>0/01��•+41�87�9&(@8&>�: "41��0�+%0,$C$,>7�+$!�+&,(3@&'7(�/'7�

+7,7'0,$."&57�9&9$"357�7+$'&%&>�)78$,(/'():�+7,<=$5 '7�:@(�":5$�=(7�'05�7+:9$/0�7%%<�

7):"0�)7(�=(7�'05�&+('!@>7�'01�2$+$(7/9*+$'&6�"&8:9 $!�'7!'$+$>0/01��

	3%$1��/0"&(N5&'7(�:'(�/0"75'():�+,:#%0"7�=(7�'05�9 (79()7/>7�'7!'$+$>0/01�7+$'&%&>�0�

"&=<%0�9(7C$,$+$>0/0� /'05�&!7(/80/>7� '45�+7,7"3',45 � '$!�+,$/$"$(N"7'$1�bXVAstW\��

�� /@&'()*� &!7(/80/>7� &?7,'<'7(�� +3,75� 7+:� '05� >9(7� '05� "780"7'()*� 9(7'.+4/0� '$!�

+,$/$"$(N"7'$1� )7(� 7+:� '05� 9(3=&,/0� 0� $+$>7� @,0/("$+$(&>'7( �� �(7� +7,<9&(="7�� =(7� "(7�

(/@!,*� 9(3=&,/0� 0� $+$>7� $90=&>� '$� /./'0"7� 35'$57� "3 /7� /'05� "&'&%7/'()*� +&,($@*�� 0�

/@&'()*� &!7(/80/>7� '45� +7,7"3',45� +$!� )78$,>;$!5� '$ 5� /)&%&':� '$!� 75'>/'$(@$!�

9(=,7""()$.� +,$/$"$(N"7'$1� &>57(� "&=<%0�� H'/(�� +$%% 31� "38$9$(� 79!57'$.5� 57�

'7!'$+$(*/$!5� '(1�%(=:'&,$�&!7>/80'&1�+7,7"3',$!1�� :+41� '!+()<�&>57(�$(�+7,<"&',$(�  �

)7(� ! ��

K'P ��"!2�5-)25%�5#(�)#h"4"&��

K'P'F  �5!�,2�)25�,:� /5+�!% %������ )-&�*�"8$:)(!"&�82$!�  !"*"1% %&�

�� +,$'&(5:"&50� "38$9$1� '7!'$+$>0/01� +7,7"3',45� @,0/ ("$+$(&>� 41� 75'()&("&5()*�

/!5<,'0/0�'$� r75$5()$+$(0"35$�
3/$�	&',7=45():��C<%"7 �2vX^YQPT~Wc��WQ\��UVQ^W�y^^X^�

I� ��y6� '01� +,$#%&+:"&501� @,$5$G/'$,>71� � �ˆ |y t p � /&� /@3/0� "&� '05� +7,7'0,$."&50�

@,$5$G/'$,>7� � �y t �� �&4,N5'71� :'(� 0� +7,7'*,0/0� '$!� C7(5$"35$!� =>5&'7( � /&� 9(7),('31�

@,$5()31�/'(="31��0�75'()&("&5()*�/!5<,'0/0�"+$,&>� 57�=,7C'&>�41-�

� � �
� � � �� � 2

1
2

ˆ |

 

N

i i
i

y

y t y t
OF

N 9
�

�
�

5 p
p � 2n�o�k6�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� kEn�

:+$!-�

o p �'$�9(<5!/"7�'45�+7,7"3',45�'$!�+,$/$"$(N"7'$1�bXVA stW\��

o 2
y9 �0�9(7/+$,<�'01�+7,7'0,$."&501�@,$5$G/'$,>71��

o N �'$�+%*8$1�'45�@,$5()N5�/'(="N5�+7,7'*,0/01��

�,0/("$+$(&>'7(� 0� @,$5$G/'$,>7� '01� "&'7':+(/01� )7(� '01� &C7,"$;:"&501� &?4'&,()*1�

9.57"01� =(7� +&(,<"7'7� &%&=@:"&57� "&� '05� 9.57"0� 2fX^AWsAX\S^XPPWc6� )7(� '05� "&'7':+(/0�

2cTRgPQAWYW\SsAX\S^XPPWc6��75'>/'$(@7��

K'P'G ��� )-&�*�"8$:)(!"&�82$!� !"*"1% %&�

	$�+,:#%0"7�#&%'(/'$+$>0/01�"+$,&>�57�$,(/'&>�41�0� &%7@(/'$+$>0/0�'01�75'()&("&5()*1�

/!5<,'0/01� :'75� '$� 9(<5!/"7� '45� +7,7"3',45� !+:)&('7 (� /'$!1� +7,7)<'4� +%&!,()$.1�

+&,($,(/"$.1-�

� min max� �p p p � 2n�o��6�

:+$!�� minp �)7(� maxp �&>57(�9(75./"7'7�'7�$+$>7�)78$,>;$!5�'7�)7'N'&,7�) 7(�'7�75N'&,7�

&+(',&+'<�:,(7�'("N5�'45�+7,7"3',45��75'>/'$(@7��

K'P'I  �*1$/ %�2N� ; 275�

�� "780"7'()*�9(7'.+4/0� '$!� "$5$#<8"($!�+,$/$"$(N"7' $1�bXVAstW\�+7,$!/(</'0)&�

/'05� ’l���k�� �� &?>/4/0� )>50/01� &5:1� "$5$#<8"($!� /!/ '*"7'$1� "&� =,7""()*� (?N90�

7+:/#&/0�9>5&'7(�7+:�'05�/@3/0-�

� � � � � � � � � m u t c u t F t f t� � ��� � � 2n�o�J6�

:+$!-�

o � �u t �0�"&'7':+(/0��

o m�0�'7%75'$."&50�"<;7��"&�"$5<9&1�9.57"0�+,$1�&+('<@ !5/0��



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
kEp�

o c �$�=,7""():1�/!5'&%&/'*1�(?N9$!1�7+:/#&/01��"&�"$5< 9&1�9.57"0�+,$1�'7@.'0'7��

o � �f t �0�9.57"0�9(3=&,/01��

o � �F t �0�9.57"0�&+757C$,<1��0�$+$>7�9>5&'7(�7+:�'05�/@3/0 �2l���k6��

o � � � �$�'&%&/'*1�+7,7=N=(/01�41�+,$1�'$�@,:5$��

�5'()78(/'N5'71�'05�&?>/4/0�2l���k6�/'05�2n�o�J6�+, $).+'&(�0�/@3/0-�

� � � � � � � � � � � � �1y
y

y

F
m u t c u t a u t a F z t f t

u
� � � � ��� � � 2n�o�l6�

�(�/@3/&(1�2n�o�l6�)7(�2l����6�"&'7',3+$5'7(�/&�"$, C*�RSQSWsRgQAW�41�&?*1-�

�

� � � �
� � � �
� � � �

1

2

3

x t u t

x t u t

x t z t

� � @
� �

�� A
� ��� B

� � 2n�o�n6�

�

� �
� �
� �

� �

� � � � � � � � � �

� � � � � �� �� �� � � �

2

1

2 2 1 3

3

3 2 3 2

1
1

1
 

y
y

y

n

y

x t
x t

F
x t c x t a x t a F x t f t

m u
x t

A x t sign x t x t x t
u

!  

� @
� �
� �� @
� �� �� � � �� � � � � �3 4� A � A

3 4� � � �	 �
� B � �

� �� �� �3 4	 �� �� B

�

�

�

� 2n�o�p6�

	$�+7,7+<54�/./'0"7�',(N5�"0�=,7""()N5�/!5*845�9(7C $,()N5�&?(/N/&45�"+$,&>�57�

&+(%!8&>�"&�'$5�zT]W^YX^W�RSTff�}�y�T\SWq^QSX^�‚k� ƒ��*�"&�'05�"38$9$�xV\qWsrVSSQ�l01�I�n 01�

'<?01�‚pnƒ����+,N'0�"38$9$1�&>57(�+($�7),(#*1�)7(�" +$,&>�57�@,0/("$+$(08&>�=(7�7,(8"0'():�

3%&=@$�� &5N� 0� 9&.'&,0� &>57(� +($� =,*=$,0� )7(� /!5&+N1� )7'7%%0%:'&,0� =(7� /'$@7/'()31�

"&8:9$!1�#&%'(/'$+$>0/01��

�0"&(N5&'7(� :'(� $(� +&,($,(/"$>� 1A  !� � � � 7+$'&%$.5� 7+7,7>'0'0� +,$L+:8&/0� =(7�

'05� &+('!@>7� '01� 9(79()7/>71� '7!'$+$>0/01�� :+41� 757 %.80)&� /'(1� ’l����� )7(� ’n�n�k���

�!5&+N1��/'$�+7,:5�)&C<%7($�8&4,&>'7(�:'(�(/@.$!5�@ 4,>1�+&,7('3,4�757C$,<��




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� kEo�

K'P'L  �N2$�,!�,-&�($.-��h)"&�

�(�&?&%()'()$>�7%=:,(8"$(�2y]XPVSTX\Q^_�|PqX^TSdYR�I�y�R6��&>57(�7%=:,(8"$(�&"+5&!/"35$(�

7+:� '05� C!/()*� &+(%$=*� )7(� '05� #($%$=()*� &?3%(?0� '4 5� &(9N5�� �(� 7%=:,(8"$(� 7!'$>�

@,0/("$+$($.5'7(� /&� +,$#%*"7'7� #&%'(/'$+$>0/01� "&� " &=<%0� &+('!@>7�� �'05� +&,>+'4/0�

/!5&@N5� 75'()&("&5()N5� /!57,'*/&45� "&� +,7="7'()31� " &'7#%0'31� /@&9(7/"$.� +$%%$>�

&,&!50'31� +,$'("$.5� &?&%()'()$.1� 7%=$,>8"$!1� +,7="7 '()N5� "&'7#%0'N5�� :+41� $�

7%=:,(8"$1��y�2’n�l�E6�*�$�7%=:,(8"$1�O�}�2’n�l� 6� ��7,M�:%7�7!'<��"&%3'&1�!+$9&()5.$!5�

:'(�':/$�$�7%=:,(8"$1��y�:/$�)7(�$�7%=:,(8"$1�O�}�3 @$!5�!+$9&3/'&,0�7+:9$/0�/&�/@3/0�

"&�3575�/@&'()<�7+%:��&5&'():��%=:,(8"$�/&�+&,>+'4/ 0�+$!�'7�9&9$"357�+&,(3@$!5�8:,!#$�

‚k�nƒ�� ‚k�oƒ�� �>57(� :"41� /7C31� :'(� /'05� +&,>+'4/0� + &(,7"7'()N5� 9&9$"3545�� 0� .+7,?0�

)<+$($!� &+>+&9$!� 8$,.#$!� +,3+&(� 57� 8&4,&>'7(� 9&9$"3 50�� �+(+%3$5�� $(� 7+%$>� �&5&'()$>�

�%=:,(8"$(� "&� 9!79()*� )49()$+$>0/0� "+$,$.5� 57� &5/4" 7'N/$!5� +$%.� &.)$%7� 3575�

7%=:,(8"$� '$+()*1� #&%'(/'$+$>0/01� 2PXAQP� XgSTYT~W^6�� �!'$.� '$!� '.+$!� $(� !#,(9()$>�

&?&%()'()$>� 7%=:,(8"$(� 2€_Z^Tc� y|R6� %3=&'7(� :'(� 75*)$!5� /'05� )%</0� '45� 
("0'()N5�

�%=$,>8"45�2�WYWSTA�|PqX^TSdYR6�‚kl�ƒ�)7(�+7,$!/(<;$!5�#&%'(4"350�7+:9$/0�/&�/@3/0�"&�

)<8&�357�7+:�'7�/!/'7'()<�'$!1�"3,0�=(7�357�"&=<%$� &.,$1�+,7)'()N5�&C7,"$=N5�‚ kƒ����

%:=$1� &>57(� :'(� @,0/("$+$($.5� &?&(9()&!"350� +%0,$C$,>7�� /@&'()*� "&� '$� /!=)&),("35$�

+,:#%0"7�+$!�75'("&'4+>;&'7(�� $.'41�N/'&�57�+7,7)<" B$!5� '$�%&=:"&5$�vX�w^WW�zV\Ad�

adWX^WY�‚klJƒ�/."C457�"&� '$�$+$>$�0�"3/0�7+:9$/0�:% 45�'45�7%=$,>8"45�"&�#</0�'$5�

@N,$�:%45�'45�9!57'N5�+,$#%0"<'45�&>57(�>9(7��

�!5&+N1�� $� !#,(9():1� &?&%()'():1� 7%=:,(8"$1� '01� +,$ '&(5:"&501� "&8:9$!� 7+$'&%&>'7(�

7+:�'7�&?*1�"3,0-�

o 	$5��&5&'():��%=:,(8"$��QeaXXSd�$�$+$>$1�+7,$!/(</' 0)&�+,:/C7'7�‚k�Jƒ��

o 	$5� 7%=:,(8"$� '$+()*1� #&%'(/'$+$>0/01� {^WWc_� |RAW\S� €TPP� �PTYZT\q� 2{|€�6� $� $+$>$1�

&C7,":;&'7(�"3@,(�'05�&.,&/0�'$!�'$+()$.�#3%'(/'$!� ‚ kƒ��



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
kEE�

�� �QeaXXSds{|�@,0/("$+$(&>� "&'7#7%%:"&5$� "3=&8$1� +%08!/"$.� )7(� +&,($9()*� "&,()*�

7,@()$+$>0/0� '$!� +%08!/"$.� =(7� 57� &+('.@&(� 7.?0/0� ' 01� 7+:9$/01�� �7,$!/(<;&(� )7%*�

7+:9$/0� /!=),(5:"&50� "&� '$5� �SQ\cQ^cs{|� 2’n�l�p6� 7% %<� )7(� <%%$!1� 7%=$,>8"$!1� +$!�

@,0/("$+$($.5�"&,()*�7,@()$+$>0/0�'$!�+%08!/"$.��:+ 41�$�
TA^Xs{|�2’n�l�o6���."C457�"&�

'$5� �QeaXXSds{|�� '$� "3=&8$1� '$!� +%08!/"$.� 7)$%$!8&> � 357� +,$)78$,(/"35$� /@39($�

"&'7#$%*1� 2�():57� n�o�k6� '$� $+$>$� @7,7)'0,>;&'7(� 7+ :� "3/$� +%08!/":� mN �� 0"(&.,$1�

"&'7#$%*1�+%08!/"$.� mD N1 �)7(�+&,>$9$�"&'7#$%*1�T ��
&�#</0�'7�/!"+&,</"7'7�"(71�

/&(,<1� +7,7"&',()N5� "&%&'N5� "&� +%*8$1� +,$#%0"<'45� ' :/$� "$579()$.� #3%'(/'$!�

2V\TYXcQP� g^XZPWYR6� :/$� )7(� +$%%7+%N5� '$+()N5� )7(� $%()N5� #3%'(/'45� 2YVPSTYXcQP�

g^XZPWYR6��3=(5&�C75&,:� :'(�0�35'$50�7,@()$+$>0/0� '$!�+%08!/"$.��90%79*�"&=<%&1�'("31�

'$!�%:=$!� 1mD N 1 ��&!5$&>�'05�7+:9$/0�'$!�7%=$,>8"$!��

�

��,-5(�K'P'Fi��N#$�N%�*$%h/ )"3�<252!�,"3��$."�1h)" /�_Ene>>W?�

�(7�'(1�757%./&(1�&+(%3@80)&�=&5&'()*�9(7/'7.,4/0�&5:1�/0"&>$!�2RT\qPWsgXT\S�A^XRRX]W^6�

"&� +(875:'0'7� ��o�� �,0/("$+$($.5'7(� 9.$� '&%&/'31� "& '<%%7?01�� *'$(� $� 7+%:1� '&%&/'*1�

"&'<%%7?01� 2hVYg� YVSQSTX\6� "&� +(875:'0'7�1 P � )7(� $� '&%&/'*1� 3,+$!/71� "&'<%%7?01�

2A^WWg�YVSQSTX\6�"&�+(875:'0'7�c pL N P��:+$!-�

o P �&>57(�'$�',3@$5�"3=&8$1�'$!�+%08!/"$.���




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� kE �

o cL �&>57(�'$�"*)$1�'$!�@,4"$/N"7'$1�/&�9!C>7��

o pN �&>57(�'$�+%*8$1�'45�<=54/'45�+7,7"3',45�+,$1�'7!'$ +$>0/0��


&'<�'05�3%&!/0�/!=)&),("35$!�+%*8$!1�=&5&N5��0�)7% .'&,0�%./0�+$!�+,$).+'&(�7+:�

'$5� 7%=:,(8"$� �QeaXXSd� =>5&'7(� 7,@()*� %./0� 2RWWc6� =(7� '$5� 7%=:,(8"$� '$+()*1�

#&%'(/'$+$>0/01� {|€��� �� 7,@()*�%./0� #&%'(N5&'7(� /!5 &@N1� "&�&57%%7=*� )78&5:1�&)� '45�

9!C>45� '$!� @,4"$/N"7'$1� 7+:� �� /&� k� )7(� 75'>/',$C7�� ��&57%%7=*� =>5&'7(� 7'3,"$57� "&�

)7'&.8!5/0�7+:� 7,(/'&,<�+,$1� '7�9&?(<� )7(�0� )7%.'&, 0�%./0�9(7'0,&>'7(�41�#</0�=(7� '$�

&+:"&5$�#*"7�� •'75�$%$)%0,N5&'7(�3571�+%*,01� ).)%$1 �&57%%7=N5�@4,>1�#&%'>4/0�� ':'&�

'$�'$+():�#3%'(/'$�3@&(�#,&8&>�‚ kƒ��

K'P'K  
/��1,57 %�!"/�0;�"/�!75�$3 275�j�>C@c[@`k��

�(7� '05�#&%'>4/0� '01�7+:9$/01��0�+,$'&(5:"&50�"38$9 $1�+&,(%7"#<5&(�3575�"0@75(/":�

/!,,>)54/01� '$!�@N,$!� '45�%./&45�$�$+$>$1�#7/>;&'7( �/&�/'7'(/'()*�75<%!/0�9&(="<'45�

7+:� '$+()<� #3%'(/'7�� �� /!,,>)54/0� '$!�@N,$!� '45�%./ &45�3@&(�757C&,8&>� :'(� #&%'(N5&(�

/0"75'()<�'05�7+:9$/0�7%%<�)7(�'05�7),>#&(7�'45�7+$ '&%&/"<'45�‚kJEƒ��

�&4,$."&� :'(� 0� "&'7#%0'*� 1.. pi N� � 7C$,<� '(1� <=54/'&1� +7,7"3',$!1� +,$1�

'7!'$+$>0/0�� �&� )<8&� #*"7� #&%'(/'$+$>0/01� j �� $� !#,(9():1� &?&%()'():1� 7%=:,(8"$1�

&C7,":;&'7(� =(7� rM � 75&?<,'0'&1� C$,31� &5N� )<8&� 75<%!/0� &?&%>//&'7(� =(7� %>=&1� ":5$5�

=&5&31���(�757%./&(1�7!'31�"+$,$.5�57�+,7="7'$+$(08 $.5�+7,<%%0%7�/&�357�9>)'!$��`���"&�

7+$'3%&/"7� '05� 9,7/'()*� "&>4/0� '$!� !+$%$=(/'()$.� @, :5$!�� �(� %./&(1� '7?(5$"$.5'7(� "&�

#</0� '05� '("*� '01� 75'()&("&5()*1� /!5<,'0/01� )7(� $(� @&(,:'&,&1� tM � 7+$,,>+'$5'7(�� �'(1�

!+:%$(+&1� r tM M M� � �%./&(1�+,$/7,'N5'7(�/!5'&%&/'31�#<,$!1�41�&?*1-�

�
� �max kk

k
k

OF
w

OF
� � 2n�o�o6�

:+$!��

o 1..k M� �"&'7#%0'*�+$!�7C$,<�'(1�%./&(1�+$!�7+$"35$!5��



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
k ��

o kw �'$�#<,$1�'01�%./01� k ��

o kOF �0�'("*�'01�75'()&("&5()*1�/!5<,'0/01�'01�%./01� k ��

�."C457� "&� '05� /@3/0� 2n�o�o6�� 0� @&(,:'&,0� %./0� %7"# <5&(� '("*� #<,$!1� >/0� "&� '05�

"$5<97����/'78"(/"350�"3/0�'("*� im �'01�+7,7"3',$!� i �!+$%$=>;&'7(�7+:�'05�/@3/0-�

�

� �

� �
1

1

 
M

k ik
k

i M

k
k

w p
m

w

�

�

�
5

5
� 2n�o�E6�

:+$!�� ikp �0� '("*� '01�+7,7"3',$!� i � '01�%./01� k �� �� /'78"(/"350� '!+()*�7+:)%(/0� is �

'01�+7,7"3',$!� i �!+$%$=>;&'7(�7+:�'05�/@3/0-�

�
� �� �

� �

2

1

1

M

k ik i
k

i M

k
k

w p m
s

w

�

�

�
�

5

5
� 2n�o� 6�

�(� 9$)("7/'()$>� +%&!,()$>� +&,($,(/"$>� '01� +7,7"3',$ !� i � /'$� &+:"&5$� #*"7� 1j � �

!+$%$=>;$5'7(�41�&?*1-�

�
, 1

, 1

 

 
i j i i

i j i i

u m q s

l m q s
�

�

� �

� �
� 2n�o�k�6�

:+$!� q � 3571� /!5'&%&/'*1� +$!� 757+7,(/'<� '$� *"(/!� '$!� &.,$! 1� '01� +7,7"3',$!� /&�

:,$!1�/'78"(/"3545�'!+()N5�7+$)%>/&45��	&%()<��$(�+ %&!,()$>�+&,($,(/"$>�'01�+7,7"3',$!�

i �/'$�&+:"&5$�#*"7� 1j � �+,$).+'$!5�41�&?*1-�

� , 1 , 1 , 1 , 1, , ,i j i j ij ij i j i jl u l u l u� � � �� � � � � ��	 � 	 � 	 �� � 2n�o�kk6�

�0"&(N5&'7(� :'(�� "&�#</0� '05� /@3/0�2n�o�kk6��$�@N,$ 1� '45�%./&45�9&5�&+(',3+&'7(�57�

"&=&8!58&>���5�"(7�/!=)&),("350�+7,<"&',$1�3@&(�"() ,*�&!7(/80/>7��':'&�'7�7+$'&%3/"7'7�

'45� 757%./&45� 87� &>57(� 9(7/)$,+(/"357� /@&9:5� $"$(:" $,C7� /'$� &+(',&+:"&5$� 9(</'0"7�

'("N5� '01�� �C:/$5� '$� "3=&8$1� '$!� /'7'(/'()$.� 9&>="7 '$1� &>57(� &+7,)31�� 0� /'78"(/"350�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� k k�

'!+()*� 7+:)%(/0� 87� &>57(� /0"75'()*� )7(� 3'/(� '$� 9(</ '0"7� '45� &+(',&+'N5� '("N5� '01�

+7,7"3',$!�87�+7,7"&>5&(�7"&'<#%0'$��H'/(��0�+,$'&( 5:"&50�"38$9$1� 75'>�57�&=)%4#>;&'7(�

/&� '$+()<� #3%'(/'7�� 757/'3%%&(� '05� /!,,>)54/0� '$!� @ N,$!� '45� %./&45� 75<� +7,<"&',$�

:'75� 0� /'7'(/'()*� 75<%!/0� '45� 7+$'&%&/"<'45� 9&5� 9() 7($%$=&>� +,:$9$�� 
&� 7!':5� '$5�

',:+$�7579&()5.&'7(�357�"3',$� /@&'()*1�&!7(/80/>71� '45�+7,7"3',45��0�$+$>7�&?7,'<'7(��

"&'7?.�<%%45��)7(�7+:�'$�+&>,7"7�"&�'$�$+$>$�=>5&'7 (�0�'7!'$+$>0/0��

H57�<%%$�/0"75'():�@7,7)'0,(/'():�'01�+,$'&(5:"&501 �"&8:9$!�&>57(�:'(�&>57(�7/C7%*1�

:'75� 0� #3%'(/'0� '("*� "(71� +7,7"3',$!� )&>'7(� )$5'<� / '$� 357� <),$� '$!� 9(7/'*"7'$1� '45�

&+(',&+'N5� '("N5�� ��%:=$1�&>57(�:'(��=&5()<��0�/'78 "(/"350�"3/0�'("*�87�)&>'7(�)$5'<�/'$�

>9($� <),$�� �C:/$5� '$� 53$� &.,$1� '("N5� $,>;&'7(� /!""& ',()<� )7(� &)7'3,48&5� '01�

/'78"(/"3501�"3/01�'("*1��0�#3%'(/'0�'("*�+7,7"35&( �&5':1�'$!�@N,$!�'45�%./&45��

K'P'M S$2.0"&�!75� /5!2$2 !;5�!%&�)2h-4"/�!(/!"*"1% %&�

�(7� '05� #&%'>4/0� '01� 7+:9$/01�� ),>80)&� 7+7,7>'0'0� 0 � &(/7=4=*� &5:1� "0@75(/"$.�

&%3=@$!� '45� /!5'&%&/'N5� '01� +,$'&(5:"&501� "&8:9$!� ' 7!'$+$>0/01� $� $+$>$1� #7/>;&'7(�

/'05�+,:$9$�'01�9(79()7/>71���'$�&?*1��=(7�%:=$!1�7 +$C!=*1�/.=@!/01��87�@,0/("$+$(&>'7(�

$� :,$1� ‹/!5'&%&/'*1Œ� 757C$,()<� "&� '$!1� /!5'&%&/'31� '01� "&8:9$!� '7!'$+$>0/01� )7(� $�

:,$1� ‹+7,<"&',$1Œ� 757C$,()<� "&� '(1� +7,7"3',$!1� '$!� +,$/$"$(N"7'$1� bXVAstW\� +,$1�

'7!'$+$>0/0��

�(/<=&'7(� 0� 355$(7� '$!� %:=$!� &.,$!1 � 41� 9&>)'0� +,$:9$!� '01� '7!'$+$>0/01� "(71�

+7,7"3',$!���57C$,()<�"&�'05�+7,<"&',$� i ��$�%:=$1�&.,$!1�/'$�#*"7�#&%'(/'$+$>0/01� j �

9>5&'7(�7+:�'05�/@3/0-�

�
ij ij

ij
i i

u l
a

U L

�
�

�
� 2n�o�k�6�

:+$!��

o iju �� ijl �&>57(�'$�<54�)7(�)<'4�:,($�'$!�&.,$!1�'("N5�/'$�#* "7� j ��75'>/'$(@7��



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
k ��

o iU �� iL �&>57(�'$�7,@():�<54�)7(�)<'4�:,($�'$!�&.,$!1�'("N5 ��75'>/'$(@7��

��%:=$1�&.,$!1�&>57(�8&'():1�7,(8":1��3@&(�7,@()*�' ("*�>/0�"&�'05�"$5<97�)7(�"&(N5&'7(�

)78N1� /!,,()5N5&'7(� '$� 9(</'0"7� '45� &+(',&+'N5� '("N 5� '01� /!=)&),("3501� +7,7"3',$!��

�1� /!5$%():� %:=$� &.,$!1 � /'$� #*"7� j � $,>;$!"&� '$5� "3=(/'$� %:=$� &.,$!1� :%45� '45�

+7,7"3',45-�

� � �maxj iji
a a� � 2n�o�kJ6�

�!5&+N1��"&�#</0�'05�/@3/0�2n�o�kJ6��$�3%&=@$1�'45� /!5'&%&/'N5�=>5&'7(�"&�#</0�'05�

+7,<"&',$�+$!�3@&(�+7,$!/(</&(�'05�"(),:'&,0�+,:$9$ �'7!'$+$>0/01���

�� "&'7#$%*� '45� '("N5� '45� /!5'&%&/'N5� =>5&'7(� "&'7?. � "(71� 7,@()*1� )7(� "(71� '&%()*1�

'("*1���'05�+&,>+'4/0�/!5'&%&/'N5�+$!�&>57(�+,7="7' ()$>�7,(8"$>��0�'("*�'$!1�9>5&'7(�7+:�

'05�/@3/0-�

�
� � 1

1
1

1

,  1
1

,  

j r
e s e r r

r

e r j

a a
r r r a a

ar

r a a

� �% &
� � 0 �� ' (�� � ) *

� 0�

� 2n�o�kl6�

:+$!��

o sr �� er �&>57(�0�7,@()*�)7(�0�'&%()*�'("*��75'>/'$(@7��'$!� /!5'&%&/'*��

o 1ra � "(7� /'78&,<� "&� '!+()*� '("*� 31.0 10�� �� 0� $+$>7� 757+7,(/'<� '$5� /!5$%():� %:=$�

&.,$!1�=(7�'$5�$+$>$�0�'7!'$+$>0/0�3@&(�+,7)'()<�$% $)%0,48&>��

�'05� +&,>+'4/0� /!5'&%&/'N5� +$!� &>57(� 7)3,7($(� 7,(8" $>�� 0� '("*� '$!1� 9>5&'7(� 7+:� '05�

/@3/0-�

� � � 1
1

1

1

,  1

int ,  1
1

,  

s j

j r
e s e c j r

r

e j r

l a

a a
l l l l l a a

a

l a a

� �
�

% &�% &�
� � � � 0 �' (� ' (' (�) *) *�

� 1�

� 2n�o�kn6�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� k J�

:+$!��

o sl �� el �&>57(�0�7,@()*�)7(�0�'&%()*�'("*��75'>/'$(@7��'$!� /!5'&%&/'*��

o � �int � �0�/!5<,'0/0�+$!�&+(/',3C&(�'$�7)3,7($�"3,$1�&5:1�7 ,(8"$.��

o cl � "(7� /'78&,<� +$!� &?7,'<'7(� 7+:� '$� 75� $� /!5'&%&/'*1� 7!?<5&'7(� *� "&(N5&'7(� )7(�

9>5&'7(�7+:�'05�/@3/0-�

�

1,  

1,  

0,  

e s

c e s

e s

l l

l l l

l l

1�
�

� � 0�
� ��

� 2n�o�kp6�


&� #</0� '7� +7,7+<54�� 0� "&'7#$%*� '45� /!5'&%&/'N5� '01 � +,$'&(5:"&501� "&8:9$!�

'7!'$+$>0/01�+7>,5&(�'05�"$,C*�+$!�C7>5&'7(�/'05��( ):57�n�o����

1 ra11ra2ra

,  l r

,  s sl r

,  e el r

,  l r

,  s sl r

,  e el r

1ra2ra ra

�

��,-5(�K'P'Gi�S$2.0"&�j(k�9h15"5!(�j8k�(3N"5!(� /5! 2$2 !:�2N2$�,!�,"3�($."�1h)"/�

K'P'P  
/5h:,%�!2�)(!� )"3�

��/!5$%():1�%:=$1�&.,$!1� ja �+$!�+7,$!/(</'0)&�/'05�’n�o�p�"+$,&>�57�7+$'&%3/&( �"(7�

(9(7>'&,7�+,7)'()*� /!58*)0�'&,"7'(/"$.� '01�9(79()7/ >71� '7!'$+$>0/01���'05�+,$'&(5:"&50�

"38$9$�� 0� /!58*)0� '&,"7'(/"$.� &>57(� 57� C'</&(� $� /!5 $%():1� %:=$1� &.,$!1� ja � '05� '("*�

4
2 1.0 10ra �� � �� H'/(�� :'75� ()75$+$(08&>� 0� /!58*)0� '&,"7'(/"$.�� '$ � 9(</'0"7� '45�

&+(',&+'N5� '("N5� :%45� '45�+7,7"3',45�&>57(� '$�+$%.� >/$�"&� '$�357�9&)<)(1�@(%($/':� '$!�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
k l�

75'>/'$(@$!� 7,@()$.� 9(7/'*"7'$1�� 
&� <%%7� %:=(7�� '$� <54� )7(� )<'4� :,($� '45� &+(',&+'N5�

'("N5�:%45�'45�+7,7"3',45�+,7)'()<�'7!'>;&'7(���

	$� +%&$53)'0"7� 7!'*1� '01� /!58*)01� '&,"7'(/"$.� &>57( � :'(� $,>;&'7(� /&�

‹"7),$/)$+()$.1Œ� :,$!1� '("N5� +7,7"3',45� )7(� 3'/(� &> 57(� 75&?<,'0'0� 7+:� '7� (9(7>'&,7�

@7,7)'0,(/'()<�'$!�+&(,<"7'$1�+$!�@,0/("$+$(&>'7(�� �57%%7)'()<��"+$,&>�57�@,0/("$+$(08&>�

41�/!58*)0�'&,"7'(/"$.�)<+$(7�'("*�)7'4C%>$!�'01�75 '()&("&5()*1�/!5<,'0/01��)<'4�7+:�

'05� $+$>7� 8&4,&>'7(� :'(� 0� '7!'$+$>0/0� &>57(� &+7,)*1 �� �&� 7!'*5� '05�+&,>+'4/0� :"41�� 87�

+,3+&(� )<8&� C$,<� 57� =>5&'7(� 9(&,&.50/0� =(7� '$5� )78$ ,(/":� '01� )7'<%%0%01� '("*1�

)7'4C%>$!��

K'Q 	(/!"*"1% %�*(�()#!�75�

K'Q'F <25�,+�

�� 7+:9$/0� $+$(7/9*+$'& � "&8:9$!� '7!'$+$>0/01� +7,7"3',45� &?7,'<'7(� /&� "&=<% $�

#78":�7+:� '05�+%0,$C$,>7�+$!� !+<,@&(� /'7�9&9$"357�& (/:9$!� I�&?:9$!�� �!'<�+,3+&(�57�

+&,(%7"#<5$!5� :%7� '7� @7,7)'0,(/'()<� +$!� +,:)&('7(� 5 7� '7!'$+$(08$.5�� �'05� /!53@&(7�

9(&,&!5<'7(� 0� /@&'()*� 7+:9$/0� '01� +,$'&(5:"&501� "&8 :9$!� /&� /!5<,'0/0� "&� '05�

+%0,$C$,>7� +$!� +&,(3@&'7(� /'7� 9&9$"357� )78N1� )7(� '0 5� &59&@:"&50� +7,$!/>7� (?N9$!1�

7+:/#&/01��

K'Q'G 
3 !%)(�07�1&��N;4%�(*- 82 %�

�7,7'0,*80)&� :'(� 0� '7!'$+$>0/0� &5:1� /!/'*"7'$1� @4,> 1� (?N90� 7+:/#&/0� "+$,&>� 57�

&+('&!@8&>�"&�357�":5$�+&>,7"7�7,"$5()*1�9(3=&,/01�)7(�%>=$!1�).)%$!1�C:,'(/01���&�7!'*5�

'05�+&,>+'4/0��0�(?N901�7+:/#&/0�&>'&�7=5$&>'7(�&>'&�8&4,&>'7(�:'(�&>57(�=54/'*���

�57%.80)75� ',&(1� +&,(+'N/&(1� +&(,7"<'45� &%&=@:"&545� "&� '05� "&'7':+(/0�

2cTRgPQAWYW\SsAX\S^XPPWc6�� *'$(� k7� 41� k=�� "&� "3=(/'0� "&'7':+(/0� >/0� "&� ��n�� ���� )7(� o���

C$,31� '05� ‹+7,7":,C4/0� 9(7,,$*1Œ� yu �� 75'>/'$(@7� 2�():57� n�E�k6�� �&� )<8&� +&,>+'4/0��

+,7="7'$+$(*80)75� ',&(1� +%*,&(1� ).)%$(� C:,'(/01�� �+ (+%3$5� 7!'N5�� 757%.80)&� 41�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� k n�

+&,>+'4/0� k9� 0� 7+:),(/0� '$!� 7=5N/'$!� /!/'*"7'$1� !+: � '05� /&(/"()*� 9(3=&,/0� '$!� yP�

�W\S^X� ‚k�pƒ�� �� '7%75'$."&50� "<;7� &>57(� >/0� "&� 228.6kNs m� &5N� 0� "3=(/'0� &97C()*�

&+('<@!5/0� 2OWQj� {^XV\c� |AAWPW^QSTX\� I� O{|6� &>57(� >/0� "&� 0.319g �� "&� 7+$'3%&/"7� 0�

+7,7'0,$."&50�"3=(/'0�"&'7':+(/0�57�&>57(�+&,>+$!�> /0�"&� 2 yu ���

�

��,-5(�K'Q'Fi��2��+)(!(�2*�8($$-)25%&�(�)"5�,:&�)2! (!-*� %&�

�� �>57)71� n�E�k� +7,$!/(<;&(� '(1� +,7="7'()31� '("31�� '$!1� 7,@()$.1� +%&!,()$.1�

+&,($,(/"$.1� )7(� '(1� '7!'$+$(0"35&1� '("31� '45� +7,7" 3',45� '$!� /!/'*"7'$1�� 	7�

7+$'&%3/"7'7�7!'<�&>57(�$(�"3/&1�'("31�7+:�k��75&?< ,'0'&1�757%./&(1���+(+%3$5��0��():57�

n�E���9&>@5&(�'05�/@&'()*�7+:9$/0�'01�+,$'&(5:"&501 �"&8:9$!�=(7�'(1�'3//&,(1�+&,(+'N/&(1�

+&(,7"<'45�k7�I�k9��

�

� ! � n � a � yF �‚jvƒ� yu �‚Yƒ� c �‚jvR`Yƒ�

�,7="7'()31�'("31� � �� ��� � ������ � ��k��� � ��Ep�� � ��kkk� � ������ �

�,@():�)<'4�:,($ � ������ � k����� � ������ � ��k��� � ���k�� � s�

�,@():�<54�:,($ � k����� � k������ � k����� � k������ � k����� � s�

k7�2VYQi �ˆ���n�V _6� ��EEnp� k� np� � ��k�on � ��E Eo � ��kk�J � s�

k#�2VYQi �ˆ�����V _6� ��E  k � k�  Ep � ��k��� � ��En o � ��kkk� � s�

k=�2VYQi �ˆ�o���V _6� ��Epop � k� ��� � ��� Eo � ��Enn� � ��k� J � s�

k9�2yP��W\S^X6� �� ��� � ������ � ��k��� � ��Ep�� � ��kkk� � s�

�15(,(&�K'Q'Fi���(.)(!�,#&�,(��!(/!"*"�%)#52&�!�)#& �*(�()#!�75�07�1&��N;4%�(*- 82 %���



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
k p�

�(� /!5'&%&/'31� '01� +,$'&(5:"&501� "&8:9$!� "&� '$!1� $+ $>$!1� +,7="7'$+$(*80)75� $(�

757%./&(1�&>57(�$(�&?*1-�

o �%*8$1�75&?<,'0'45�757%./&45� 40rM � ��

o �%*8$1�%./&45�+$!�7+$,,>+'$5'7(� 10tM � ��

o �!5'&%&/'*1�'!+()*1�7+:)%(/01� 3.0q � ��

o 
3/$�"3=&8$1�+%08!/"$.��QeaXXSds{|� 25mN � ��

o �"(&.,$1�"&'7#$%*1�+%08!/"$.��QeaXXSds{|� 20D � ��

o �&,>$9$1�"&'7#$%*1�+%08!/"$.��QeaXXSds{|� 5T � �=&5&31��

o �(<,)&(7�&C7,"$=*1��QeaXXSds{|� 3TK � �+&,>$9$(��*'$(� 3 5 15� � �=&5&31��

o 
*)$1�=$5(9>$!� 10gL � �9!C>7��

o �%*8$1�<=54/'45�+7,7"3',45� 5pN � ��

o �!5$%():�"*)$1�@,4"$/N"7'$1� 5 10 50cL � � � �9.C(7��

�

��,-5(�K'Q'Gi�
02!�,:�(*-4" %�*�"!2�5-)25%&�)2h-4"/ �07�1&��N;4%�(*- 82 %��

�'05� +&,>+'4/0� '$!� +&(,<"7'$1� "&� '05� /&(/"()*� 9(3=& ,/0� 2+&,>+'4/0� k96�� 0�

'7!'$+$>0/0� '45� +7,7"3',45� *'75� ‹7),(#*1Œ�� *'$(� &+( '&.@80)&� 7),>#&(7� '&//<,45�

9&)79()N5� B0C>45�� •/$5� 7C$,<� '7� 0"('$5$&(9*� +&(,<"7 '7�� 0� 7+:),(/0� '01� +,N'01�

+&,>+'4/01�2+&,>+'4/0�k76�&>57(�/@&9:5�=,7""()*�)7( �/!5&+N1�9&5�+&,(3@&(�+%0,$C$,>7�=(7�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� k o�

'05� "&'&%7/'()*� +&,($@*� '$!� /!/'*"7'$1�� �1� 7+$'3%&/ "7�� 0� 9(79()7/>7� '7!'$+$>0/01�

7+$'!=@<5&(�57�+,$@4,*/&(�+3,7�7+:�)<+$($�/0"&>$�2� ():57�n�E��76���'05�+&,>+'4/0�k=��0�

7+:),(/0� &>57(� 35'$57� "0� =,7""()*� )7(� +7,7'0,&>'7(� 0� )7%.'&,0� 7,@()*� 7+:9$/0� /'05�

'7!'$+$>0/0�� �!':� $C&>%&'7(� /'$� :'(� '$� "&=7%.'&,$� " 3,$1� '01� +%0,$C$,>71� 7C$,<� '05�

"&'&%7/'()*� +&,($@*�� �1� /!53+&(7�� $(� +7,<"&',$(� $(� $+$>&1� )78$,>;$!5� '$5� 75'>/'$(@$�

9(=,7""():� /)&%&':� '01� 7+:),(/01�� *'$(� $(� +7,<"&',$ (� yu �� yF � )7(� a �� '7!'$+$($.5'7(�

=,*=$,7�� •"41�� =(7� '$5� 75'>8&'$� 7),(#N1� %:=$�� 0� &!7 (/80/>7� '45� +7,7"3',45� +$!�

)78$,>;$!5�'05�"&'<#7/0�"&'7?.�'45�)%<945�'01�7+:), (/01��*'$(�$(�+7,<"&',$(� ! �)7(� n ��

&>57(� "(),*�� �'05� +,$'&(5:"&50� "38$9$�� 0� /!58*)0� '& ,"7'(/"$.� $,>;&'7(� "&� #</0� '05�

/!,,>)54/0� '$!�&.,$!1� '45�&+(',&+'N5�'("N5�:%45� '45 �+7,7"3',45�)7(� :@(�"&�#</0�"(7�

+,$)78$,(/"350�'("*�)7'4C%>$!�'01�75'()&("&5()*1�/! 5<,'0/01��H'/(��0�)7%.'&,0�7+:9$/0�

"&'7?.� '45� +&,(+'N/&45� k7� I� k=� +7,7'0,&>'7(� =(7� '05 � +&,>+'4/0� k#�� /'05� $+$>7� '$�

/./'0"7� ":%(1� &(/3,@&'7(� /'05� "&'&%7/'()*� +&,($@*� ) 7(� 0� &!7(/80/>7� :%45� '45�

+7,7"3',45�&>57(�'01�>9(71�'<?01�"&=38$!1�2�():57�n �E��#6��

K'Q'I  
3 !%)(�)2��N;4%�(*- 82 %�

•'75�0�(?N901�7+:/#&/0�8&4,&>'7(�<=54/'0��0�9(79()7 />7�'7!'$+$>0/01�"&�@,*/0�&5:1�

":5$� +&(,<"7'$1� 7+%*1� 7,"$5()*1� 9(3=&,/01� &5>$'&� 7+ $'!=@<5&(� +,$#%3+$5'71� '("31� '$!�

/!5'&%&/'*� (?N9$!1� 7+:/#&/01� "&=7%.'&,&1� '$!� +,7="7 '()$.�� �!':� /!"#7>5&(� 9(:'(�� !+:�

7+%*� 7,"$5()*� 9(3=&,/0�� 0� 7+:/#&/0� 7+$9>9&'7(� +($� & .)$%7� /'$5� /!5'&%&/'*� (?N9$!1�

7+:/#&/01�+7,<�/'05�!/'&,0'()*�7+:/#&/0�'$!�+,$/$"$ (N"7'$1���0"&(N5&'7(�:"41�:'(�0�

(?N901� 7+:/#&/0� &?7,'<'7(� 35'$57� 7+:� '05� /!@5:'0'7� )7(� '05� 35'7/0� '01� 7,"$5()*1�

9(3=&,/01� ‚k�oƒ�� H'/(�� '$� +,:#%0"7� 7!':� 75'("&'4+>; &'7(� 7+$'&%&/"7'()<� /!59!<;$5'71�

9.$�+&(,<"7'7�9(7C$,&'()*1�35'7/01�*`)7(� /!@5:'0'71 ��+�@��/!59!<;$5'71�'(1�+&,(+'N/&(1�

k#�)7(�k=�� �&�7!'*5� '05�+&,>+'4/0��41�75'()&("&5()* � /!5<,'0/0�"+$,&>�57�%0C8&>�0�"3/0�

'("*� '45� 75'()&("&5()N5� /!57,'*/&45� )<8&� !+$s+&,>+' 4/01�� 
&� 7!':� '$5� ',:+$��

+7,7'0,&>'7(�:'(�0�9(79()7/>7�'7!'$+$>0/01�&>57(�+< 5'7�&+('!@*1��



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
k E�

�,$1�!+$/'*,(?0�'45�+7,7+<54��8&4,$."&�',&(1�+&,(+' N/&(1�/!/'0"<'45�"&�<=54/'0�

(?N90� 7+:/#&/0�� *'$(� '(1� +&,(+'N/&(1� �7� I� �=�� �!'31 � &>57(�� 75'>/'$(@7�� "(7� 7+$'!@0"350�

7+:+&(,7�@,0/("$+$(N5'71�'05�+&,>+'4/0�k#�":5$��$�/ !59!7/":1�'45�+&,(+'N/&45�k#�)7(�

k=� )7(� '3%$1�� 0� 7+:),(/0� '$!� 7=5N/'$!� /!/'*"7'$1� !+ :� '$5� yP� �W\S^X� ‚k�pƒ�� �� �>57)71�

n�E��� +7,$!/(<;&(� '(1� +,7="7'()31� '("31�� '$!1� 7,@() $.1� +%&!,()$.1� +&,($,(/"$.1� )7(� '(1�

'7!'$+$(0"35&1� '("31� '45� +7,7"3',45� '$!� /!/'*"7'$1� � 	7� 7+$'&%3/"7'7� 7!'<� &>57(� $(�

"3/&1� '("31� 7+:� k�� 75&?<,'0'&1�757%./&(1�� �� =,7""() :1� /!5'&%&/'*1� (?N9$!1�7+:/#&/01�

&>57(�>/$1�"&�'$�k�F�'01�),>/("01�'("*1���

�

� ! � n � a � yF �‚jvƒ� yu �‚Yƒ� c ‚jvR`Yƒ�

�,7="7'()*�'("*� � �� ��� � ������ � ��k��� � ��Ep�� � ��kkk� � n�l� � �

�,@():�)<'4�:,($ � ������ � k����� � ������ � ��k��� � ���k�� � ������ �

�,@():�<54�:,($ � k����� � k������ � k����� � k������ � k����� � k������� �

�7�2VYQi �ˆ��V _6� ��p�kk � k�nJ o � ��koJp � ��nnl� � ��k�kJ � p�lEJn �

�#�2VYQi �ˆ��V _��oV_6� �� ��� � ������ � ��k��� � ��Ep�� � ��kkk� � n�l� � �

�=�2yP��W\S^X6� �� ��� � ������ � ��k��� � ��Ep�� � ��kkk� � n�l� � �

�15(,(&�K'Q'Gi���(.)(!�,#&�,(��!(/!"*"�%)#52&�!�)#& �*(�()#!�75�)2��N;4%�(*- 82 %�

�(�9(7C$,31�'45�/!5'&%&/'N5�'01�"&8:9$!�/&�/@3/0�"& �'05�’n�E���&>57(�$(�&?*1-�

o �%*8$1�<=54/'45�+7,7"3',45� 6pN � ��

o �!5$%():�"*)$1�@,4"$/N"7'$1� 6 10 60cL � � � �9.C(7��

�� �():57�n�E�J7�9&>@5&(�'$5�!/'&,0'():�#,:@$�'01�+& ,>+'4/01��7�/!=),(5:"&5$�"&�'05�

+,7="7'()*�7+:),(/0�'$!�/!/'*"7'$1���'(1�+&,(+'N/&( 1��#�)7(��=��$(�<=54/'&1�+7,<"&',$(�

'$!�/!/'*"7'$1�2/!"+&,(%7"#75$"35$!�)7(�'$!�=,7""() $.�/!5'&%&/'*�(?N9$!1�7+:/#&/01�

c 6� '7!'$+$($.5'7(�‹7),(#N1Œ��*'$(�"&�7),>#&(7�'&//<, 45�9&)79()N5�B0C>45���0"&(N5&'7(�

:"41� :'(� 0� +&,>+'4/0� '$!� /!59!7/"$.� '45� +&(,7"<'45� k#� )7(� k=� +7,$!/(<;&(� @$59,()<�

',&(1�C$,31� )7%.'&,0�7+:9$/0� /&� /@3/0� "&� '$�+&>,7"7 � "&� '05� /&(/"()*�9(3=&,/0�2�():57�

n�E�J#6��




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� k  �

�

��,-5(�K'Q'Ii�
02!�,:�(*-4" %�*�"!2�5-)25%&�)2h-4"/ �)2��N;4%�(*- 82 %��

K'Q'L  �-�/8"&�

�� +,$'&(5:"&50� "38$9$1� @,0/("$+$(*80)&� =(7� '05� '7!' $+$>0/0� &5:1� <=54/'$!�

/!/'*"7'$1� "&� +7,7'0,$."&57� 9&9$"357� +$!� +&,(3@$!5� 8:,!#$�� 	7� +7,7'0,$."&57�

9&9$"357�+,$3)!B75�7+:�357�5$0':�+&>,7"7�&5N�$�8:,! #$1�+,$/'380)&�&)� '45� !/'3,45�

/."C457�"&�'05�7):%$!80�/@3/0-�

� � � � � � �1  i i iy t r y tF� � � 2n�E�k6�

:+$!-�

o ir � &>57(� "(7� 9(79$@*� 7,(8"N5� '!@7>71� "&'7#%0'*1� "&� $"$(:"$,C0� )7'75$"*� /'$�

9(</'0"7� � �1,1� ��

o F � &>57(� $� %:=$1� '01� /'<8"01� '$!� 8$,.#$!� +,$1� '05� /'< 8"0� '$!� /*"7'$1� 2vXTRW� SX�

�Tq\QP�xQSTX�I�v�x6��

�?&'</'0)75�',&(1�+&,(+'N/&(1�&+(+39$!�8$,.#$!��*'$ (�$(�+&,(+'N/&(1�J7�I�J=��"&�v�x�

>/$�"&�kF��nF�)7(�k�F��75'>/'$(@7���(7�'(1�757%./&( 1�@,0/("$+$(*80)&�0�/&(/"()*�9(3=&,/0�

'$!� yP� �W\S^X� ‚k�pƒ� &5N� 0� '7%75'$."&50� "<;7� *'75� >/ 0� "&� 228.6kNs m�� �(� 7,@()$>�

+%&!,()$>�+&,($,(/"$>�)7(�$(�+,7="7'()31� '("31� '45� +7,7"3',45� '$!�/!/'*"7'$1�&>57(�>9($(�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
����

"&� '05� +&,>+'4/0� '01� ’n�E�J� 2�>57)71� n�E��6�� �� (?N9 01� 7+:/#&/0� 8&4,&>'7(� <=54/'0�

+7,<"&',$1�+,$1�'7!'$+$>0/0��

�� �>57)71� n�E�J� /!5$B>;&(� '(1� "3/&1� '7!'$+$(0"35&1� '("31� '45� +7,7"3',45� +$!�

+,$).+'$!5�7+:�k��75&?<,'0'&1�757%./&(1���>57(�C75& ,:�:'(��"&�9&9$"350�'05�.+7,?0�'$!�

8$,.#$!��0� '7!'$+$>0/0�*'75�7+:%!'7�&+('!@*1���0"&( N5&'7(�:'(�9&5�&C7,":/'0)&�)<+$($�

C>%',$�7+$"<),!5/01�8$,.#$!�+,(5�'05�@,*/0�'45�9&9$ "3545��

�

� ! � n � a � yF �‚jvƒ� yu �‚Yƒ� c ‚jvR`Yƒ�

�,7="7'()*�'("*� �� ��� � ������ � ��k��� � ��Ep�� � ��kkk� � n�l� � �

J7�2v�x�ˆ�kF6� �� �k� � k�   E � ��k��� � ��Ep�E � ��kkk� � n�l�pk �

J#�2v�x�ˆ�nF6� �� �k � ���� p � ��k��k � ��Enp � ��kkk� � n�lJp �

J=�2v�x�ˆ�k�F6� ��E  J � k�  nJ � ���  n � ��Epl� � ��kkkk � n�l�kl �

�15(,(&�K'Q'Ii�	(/!"*"�%)#52&�!�)#&�*(�()#!�75�j424 ")#5(�)2�h-�/8"k�

�

��,-5(�K'Q'Li�
/��1,57 %�0;�"/�$3 275�*(�()#!�"/�.� j424")#5(�)2�h-�/8"k�

�+(+%3$5�� 0� �():57� n�E�l� +7,$!/(<;&(� '05� +,:$9$� '01 � /!,,>)54/01� '$!� @N,$!� '45�

%./&45� '01� +7,7"3',$!� ! � /&� /!5<,'0/0� "&� '$� #*"7� #&%'(/'$+$>0/01� j �� 	$� =,<C0"7�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� ��k�

#7/>;&'7(� /&� "3/&1� '("31� k�� 75&?<,'0'45� 757%./&45�� �� +7,<"&',$1� ! � &+(%3@80)&� 9(:'(�

'!+()<�&>57(�"&'7?.�'45�%(=:'&,$�&!7>/80'45�+7,7"3' ,45�'$!�+,$/$"$(N"7'$1�bXVAstW\��

•+41� *'75� 757"&5:"&5$�� +7,7'0,&>'7(� :'(� 0� /!,,>)54/ 0� '$!� @N,$!� '45� %./&45� &>57(�

'7@.'&,0�/'05�+&,>+'4/0�@7"0%:'&,01�/'<8"01�8$,.#$! ��

K'Q'K 	(/!"*"1% %�)2�*�(.)(!�,+�*2��()(!�,+�424")#5(�

�� +,$'&(5:"&50� "38$9$1� "+$,&>� 57� @,0/("$+$(08&>� =(7 � '7!'$+$>0/0� '45� +7,7"3',45�

&5:1� /!/'*"7'$1� bXVAstW\� "&� #</0� 9(783/("7� +&(,7"7' ()<� 9&9$"357�� +�@�� ‚kllƒ�� �5�

+,$)&("354�� '$� /./'0"7� +,$1� '7!'$+$>0/0� 757+7,(/'<� "(7� "&'7%%()*� /.59&/0� 9$)$.� I�

!+$/'!%N"7'$1�� 	$� +&>,7"7�� /!=)&),("357� '$� +&>,7"7� vX��n��&)'&%3/'0)&� /&�+,7="7'()*�

)%>"7)7�7+:� '$!1�y��OXgX]�)7(�x���SWgdW\�/'$�bW^jWPW_�'$�k o�� ‚k�Eƒ���57C3,&'7(�/&�"(7�

9$):�tw��l�i�op�2+$(:'0'71��Jp6�0�$+$>7�*'75�/!59&9 &"350�"&�7)%:50'$�!+$/'.%4"7��	7�

+3%"7'7� '01�9$)$.� *'75� /!=)$%%0"357� /'$� !+$/'.%4"7� &5N�$� )$,":1� *'75�)$@%(4"35$1�

"&� &+'<� )$@%>&1� o`E†� 2�():57� n�E�n76�� 	$� &%&.8&,$� <),$� '01� 9$)$.� !+$#%*80)&� /&� "(7�

&+(#&#%0"350� 757)!)%(;:"&50� "&'7':+(/0�� �� /.59&/0� + 7,$!/>7/&� )787,*� !/'&,0'()*�

7+:),(/0�@4,>1�C7(5:"&57�"&>4/01� '01�75'$@*1��"&>4/ 01� '01�9!/)7"B>71�*�/'354/01�'$!�

9(7=,<""7'$1�9.57"01�I�+7,7":,C4/01��

�

��,-5(�K'Q'Ki�	(/!"*"1% %�)2�0�: %�*�(.)(!�,;5�*2�� ()(!�,;5�424")#575�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
����

�(� 7,@()$>� +%&!,()$>� +&,($,(/"$>� )7(� $(� '7!'$+$(0"3 5&1� '("31� +7,$!/(<;$5'7(� /'$5�

/@&'():�+>57)7�2�>57)71�n�E�l6�� �0"&(N5&'7(� :'(�9&5 �3=(5&�)7">7�+,$/+<8&(7�&)'>"0/01�'45�

+,7="7'()N5� '("N5�� �!=)&),("357�� $(� +%&!,()$>� +&,($ ,(/"$>� '45� +7,7"3',45� yF � )7(� yu �

&+(%3@80)75�"&�"(7�7+%*�"7'(<�/'$�9(<=,7""7�9.57"01 �I�+7,7":,C4/01����@,0/("$+$>0/0�

7):"0�"&=7%.'&,45�9(7/'0"<'45�9&5�&+0,&<;&(�/0"75'( )<�'05�7+:9$/0�'01�"&8:9$!��9(:'(�

$(�"0�,&7%(/'()31�'("31�7+$,,>+'$5'7(�7+:�'7�7,@()< �/'<9(7�'01�'7!'$+$>0/01��

�

� ! � n � a �  [kN]yF �  [m]yu �

�,@():�)<'4�:,($ � ������ � k����� � ������ � ������ � ����k� �

�,@():�<54�:,($ � k����� � k������ � k����� � k�������� � ��k��� �

	7!'$+$(0"350�'("* � k����� � k�J�lE � ���onp � l����nEo � ���kl� �

�15(,(&�K'Q'Li���0�,"1�*$2/��,"1�*2��"�� )"1�,(��!( /!"*"�%)#52&�!�)#&�j*�(.)(!�,+�424")#5(k�

�7,7'0,&>'7(� :'(�0�7+:),(/0� '$!� '7!'$+$(0"35$!� /!/' *"7'$1�&>57(� /&�)7%*� /!"C45>7�

"&� '7� +&(,7"7'()<� 9&9$"357� 2�():57� n�E�n#6�� �1� 359& (?0� '01� /'78&,:'0'71� '01�

+,$'&(5:"&501�"&8:9$!��/0"&(N5&'7(�:'(�&)'&%3/'0)75 �+%*8$1�75&?<,'0'45�757%./&45�)7(�

'7� '&%()<� 7+$'&%3/"7'7� *'75� /@&9:5� +75$"$(:'!+7�� �� '&%()*� '("*� '01� 75'()&("&5()*1�

/!5<,'0/01� 290%79*� 0� '&%()*� '("*� '$!� 
75$5()$+$(0"3 5$!� 
3/$!� 	&',7=45()$.�

�C<%"7'$16�*'75�+&,>+$!���nkF���7,M�:%7�7!'<��0�'(" *���n F�&+('&.@80)&�)7'<�"3/$�:,$�

"&'<� 7+:� n���� ":%(1� 757%./&(1�� �0"&(N5&'7(� &+>/01� : '(� '7� +&(,7"7'()<� 9&9$"357�

+7,$!/(<;$!5�"(7�"(),*�7/!""&',>7���!':� '$�@7,7)'0, (/'():�9&5�"+$,&>�57�75'("&'4+(/8&>�

"&�'$�/!""&',():�+,$/$"$>4"7�bXVAstW\�+$!�@,0/("$+$ (*80)&��

K'Q'M �(�()2!��,#&�)2$#!2&�

�(7� '05� 75<9&(?0� '$!� "0@75(/"$.� +>/4� 7+:� '05� +,$'&( 5:"&50� "38$9$� '7!'$+$>0/01��

/!5'<@80)&� "(7� /&(,<� +7,7"&',()N5� "&%&'N5�� �� �>57)7 1� n�E�n� )7(� $� �>57)71� n�E�p�

+7,$!/(<;$!5� '05�9(7":,C4/0� '$!� !#,(9()$.� &?&%()'() $.� 7%=:,(8"$!� )7(� '$!� "0@75(/"$.�

/!,,>)54/01� '$!� @N,$!� '45� %./&45�� 75'>/'$(@7�� �'05� +&,>+'4/0� "&'7#7%%:"&545�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� ��J�

/!5'&%&/'N5�2/."C457�"&�'05�’n�o�p6��+7,$!/(<;$5'7( �':/$�0�7,@()*�:/$�)7(�0�'&%()*�'("*�

'$!�/!5'&%&/'*�@4,(;:"&5&1�"&�'$�/."#$%$�‹`Œ���(7�: %&1�'(1�757%./&(1�@,0/("$+$(*80)&�0�

/&(/"()*�9(3=&,/0�'$!�yP��W\S^X�‚k�pƒ�&5N�0�'7%75'$ ."&50�"<;7�&>57(�>/0�"&� 228.6kNs m��

�� '("*� '$!� /!5'&%&/'*� (?N9$!1� 7+:/#&/01� &>57(� >/0� " &� '$� k�F� '01� ),>/("01� '("*1� )7(�

8&4,&>'7(� <=54/'0�+7,<"&',$1�+,$1� '7!'$+$>0/0�� �(� 7 ,@()$>�+%&!,()$>�+&,($,(/"$>� )7(�$(�

+,7="7'()31�'("31�'45�+7,7"3',45�'$!�/!/'*"7'$1�&>5 7(�>9($(�"&�'05�+&,>+'4/0�'01�’n�E�J�

2�>57)71�n�E��6��

�(7� %:=$!1� /.=),(/01�� 0� "3/0� 7+:9$/0� '01� +,$'&(5:"& 501� "&8:9$!� !+$%$=>;&'7(� /&�

)<8&�+&,>+'4/0�41�"3/0� '("*�k��75&?<,'0'45�757%./&4 5����7+:9$/0�+,$).+'&(�"&�#</0�

'$� +%*8$1� '45� 757%./&45� 2fV\ASTX\� W]QPVQSTX\R6� =(7�357� /!=)&),("35$� &+>+&9$� '("*1� '01�

75'()&("&5()*1�/!5<,'0/01��	7�'&%()<�7+$'&%3/"7'7�' 01�'7!'$+$>0/01�9&5�+7,$!/(<;$5'7(��

7C$.�/&�)<8&�+&,>+'4/0�"(7�'("*�'01�75'()&("&5()*1� /!5<,'0/01�)$5'<�/'$� 1010� �/0"7>5&(�

:'(�$(�<=54/'&1�+7,<"&',$(�3@$!5� '7!'$+$(08&>�‹7),( #N1Œ��90%79*�"&�7),>#&(7� '&//<,45�

9&)79()N5�B0C>45��

�(�+&,(+'N/&(1� |k� 41� |l� 2�():57�n�E�p76�7579&()5.$! 5� '05�&+>9,7/0� '01�+&,(:9$!� T �

'$!� �QeSXXSds{|� /'05� /!5$%()*� 7+:9$/0�� �5� )7(� +,$'& >5$5'7(� '("31� '$!� %:=$!� mT N �

)$5'<� /'$� 0.50� ‚k�Jƒ�� /'05� +,$'&(5:"&50� "38$9$� 7):"0� "(),:'&,&1� ' ("31� '01� +&,(:9$!�

&!5$$.5� '05� 7+:9$/0�� �!':� !+$90%N5&(� :'(� 0� 7,@()$+$ >0/0� '$!� +%08!/"$.� &>57(�

+&,(//:'&,$� /0"75'()*� 7+:� '05� 9(7/'7.,4/0� '45� %./&4 5�� �!'*� 0� /!"+&,(C$,<�

!+$#$08&>'7(�7+:�'05�/@&'()<�79,*�9(7),('$+$>0/0�'$ !�@N,$!�'45�%./&45��

�(� +&,(+'N/&(1� bk� )7(� bl�� /!=),(5:"&5&1� "&� '(1� 75'> /'$(@&1� +&,(+'N/&(1� |k� )7(� |l��

7+$9&()5.$!5�:'(�9(7C$,&'()$>�/!59!7/"$.�'$!�"3/$!� +%08!/"$.� mN �)7(�'$!�+%*8$!1� TK �

'45� +&,(:945� '$!� �QeSXXSds{|� +7,$!/(<;$!5� +7,:"$(7� 7+:9$/0� 2�():57� n�E�p#6�� �(7�

+7,<9&(="7�� ':/$� 0� +&,>+'4/0� |k� :/$� )7(�0� bk�+&,(%7 "#<5$!5� Jon�757%./&(1��&5N� )7'<�

'05� 9(<,)&(7� '01� 7,@()$+$>0/01� &(/<=$5'7(� /'$5� +%08 !/":� k�n� )7(� k�J� '!@7>&1� %./&(1��

75'>/'$(@7��



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
��l�

�'05�+&,>+'4/0�+$!�0�'("*�'$!�"3/$!�+%08!/"$.� mN �8&4,08&>�/'78&,*�)7(�>/0�"&��n��

$(�+&,(+'N/&(1��k�)7(����!+$9&()5.$!5�:'(�%>=&1�+&, >$9$(�'$!��QeSXXSds{|�&>57(�&+7,)&>1�=(7�

57�9N/$!5�"(7�)7%*�7,@()*�%./0�=(7�'$5�7%=:,(8"$�'$ +()*1�#&%'(/'$+$>0/01�{|€��2�():57�

n�E�p=6��

�(� +&,(+'N/&(1� �k� 41� �J� 2�():57�n�E�p96�7579&()5.$! 5� '05�&+>9,7/0� '$!� "*)$!1� '$!�

@,4"$/N"7'$1�/'05�/!5$%()*�7+:9$/0�'01�"&8:9$!���+$ 9&()5.&'7(�:'(�+$%.�"(),:�*�+$%.�

"&=<%$� "*)$1� @,4"$/N"7'$1� $90=&>� /&� "&(4"350� 7+:9$/ 0�� �'05� +,N'0� +&,>+'4/0�

2+&,>+'4/0� �k6� &!8.5&'7(� 0� 75&+7,)*1�9(7),('$+$>0/0 � '$!�@N,$!� '45�%./&45�&5N� /'05�

9&.'&,0� +&,>+'4/0� 2+&,>+'4/0� ��6� &!8.5&'7(� '$� "&=<% $� +%*8$1� '45� 757%./&45� +$!�

7+7('&>� $� 7%=:,(8"$1� {|€�� =(7� 57� &5'$+>/&(� '$� '$+() :� #3%'(/'$�� �� @,0/("$+$>0/0�

"&'7#7%%:"&5$!� "*)$!1�@,4"$/N"7'$1�9&5�C7>5&'7(�57� 7!?<5&(� '05�7+:9$/0�2+&,>+'4/0�

�J6��

�(� +&,(+'N/&(1� yk� )7(� y�� 2�():57� n�E�p&6� 7579&()5.$ !5� '$5� 7+$C7/(/'():� ,:%$� +$!�

+7>;&(� $�7%=:,(8"$1� '$+()*1� #&%'(/'$+$>0/01� {|€�� /' 05� /!5$%()*�7+:9$/0�� ��+&,>+'4/0�

yk�&>57(�+75$"$(:'!+0�"&� '05�+&,>+'4/0� |k�20�$+$>7� 7+$'&%&>�#</0�757C$,<16�@4,>1� '$5�

7%=:,(8"$�{|€���&5N�0�+&,>+'4/0�y��+&,(%7"#<5&(�9.$ �&+(+%3$5�+&,(:9$!1�'$!��QeSXXSds

{|� $(� $+$>&1� 75'(/'78">;$!5� @$59,()<� '(1� &+(+%3$5� 757%./&(1� +$!� 7+7('$.5'7(� %:=4� '$!�

{|€���

�(� +&,(+'N/&(1� wk� )7(� w�� 2�():57� n�E�p/'6� 7579&()5. $!5� '05� &!&,=&'()*� &+>9,7/0� '01�

7+:,,(B01� '45� @&(,:'&,45� %./&45�� �7,7'0,&>'7(� :'(� 7 ):"0� )7(� :'75� 7+$,,>+'&'7(� "(),:�

+$/$/':�'45�%./&45�2+&,>+'4/0�w�6��0�7+:9$/0�7!?<5& '7(�/0"75'()<��

�� /!5'&%&/'*1� q � &>57(� 3571� 7+:� '$!1� +%3$5� /0"75'()$.1� /!5'&%&/'31� '01�

+,$'&(5:"&501� "&8:9$!� '7!'$+$>0/01�� 
78N1� 0� '7!'$+$ >0/0� +,$$9&.&(�� 0� /'78"(/"350�

'!+()*� 7+:)%(/0� is � =>5&'7(� /'79(7)<� /!=),>/("0� /&� "3=&8$1� "&� '$� $%$35 7� /!,,()5$."&5$�

9(</'0"7� &+(',&+'N5� '("N5�� �!5&+N1�� &>57(� +,$'(":'& ,$� 57� @,0/("$+$(&>'7(� "(7� /@&'()<�

"&=<%0�'("*�'$!�/!5'&%&/'*� q �/'05�7,@*�'01�9(79()7/>71��3'/(�N/'&�57�9(7/C7%(/' &>�:'(�0�

#3%'(/'0�'("*�87�+7,7"&>5&(�&5':1�'$!�@N,$!�'45�%./ &45���'05�/!53@&(7��$�/!5'&%&/'*1� q �




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� ��n�

"+$,&>� 57� "&(48&>� /'79(7)<� N/'&� 57� &+('7@!58&>� 0� 9(79()7/>7� /.=)%(/01�� 	7� +7,7+<54�

+7,$!/(<;$5'7(� /'(1� +&,(+'N/&(1� {k� )7(� {�� 2�():57�n �E�p;6�� /'(1� $+$>&1�0� '&%()*� '("*� '$!�

/!5'&%&/'*� q �&>57(�>/0�"&�2.5�)7(� 2.0�75'>/'$(@7��

	3%$1��0�7+:9$/0� '01�+,$'&(5:"&501� "&8:9$!�&>57(�<" &/7� /!59&9&"350�"&� '$� "3=&8$1�

'$!� /'7'(/'()$.� 9&>="7'$1�� *'$(� "&� '$5� /!5'&%&/'*� rM �� �!':� +7,$!/(<;&'7(� /'(1�

+&,(+'N/&(1� €k� )7(� €�� 2�():57� n�E�p06�� /'(1� $+$>&1� '$� /!5$%():� "3=&8$1� '$!� 9&>="7'$1�

+&,($,>;&'7(�/&� 30�)7(� 20�'$+()<�#3%'(/'7��75'>/'$(@7��

•%&1�$(�757%./&(1�+$!�+7,$!/(</'0)75�/'05�+7,<=,7C$ �7!'*�/!53)%(575�"&�7/C<%&(7�

/'(1�+,7="7'()31�'("31���7,M�:%7�7!'<��&>57(�+,$C75 31�:'(�"(),31�'("31�'$!�/!5'&%&/'*� q �*�

75&+7,)31� "3=&8$1� 9&>="7'$1� rM � "+$,&>� 57� $90=*/&(� !+:� +&,(+'N/&(1� /&� 7+$'!@>7� '01 �

"&8:9$!�� �!':� '$� &59&@:"&5$� &?7,'<'7(� 7+:� '05� 9(3=& ,/0� )7(� '(1� 7,@()31� '("31� '45�

+%&!,()N5� +&,($,(/"N5� '45� +7,7"3',45�� �5� )7(� +7,$!/ (<;&'7(� 357� +&,($,(/"35$� +%*8$1�

757%./&45�� '7� /!"+&,</"7'7�+$!�+,$3)!B75�7+:� '(1�+7 ,7"&',()31�"&%3'&1�#7/>;$5'7(�/&�

357�+$%.�"&=7%.'&,$�+%*8$1�757%./&45���

�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
��p�

�

�&,>+'4/0� v Y� �� a� r a� zq� {|€��

|k� �n� ��� n� J� k�� �7(�

|�� �n� ��� k�� J� k�� �7(�

|J� �n� ��� kn� J� k�� �7(�

|l� �n� ��� ��� J� k�� �7(�

bk� kn� k�� n� n� k�� �7(�

bl� kn� k�� ��� n� k�� �7(�

�k� �n� ��� n� �� k�� �7(�

��� �n� ��� n� l� k�� �7(�

�k� �n� ��� n� J� E� �7(�

��� �n� ��� n� J� kn� �7(�

�J� �n� ��� n� J� kn`k�� �7(�

yk� �n� ��� n� J� k�� •@(�

y�� �n� ��� n� n� k�� •@(�

w�s�€� �n� ��� n� J� k�� �7(�

�15(,(&�K'Q'Ki���()-�97 %�/8��4�,"3�2N2$�,!�,"3�($. "�1h)"/�

�

�&,>+'4/0� � ^� � S� U�

|�s�y� l�� k�� J���

wk� J�� �� J���

w�� Jn� n� J���

{k� l�� k�� J��`��n�

{�� l�� k�� J��`����

€k� J�� E� J���

€�� ��� n� J���

�15(,(&�K'Q'Mi���()-�97 %�)%0(5� )"3� /��1,57 %&�!" /�0;�"/�!75�$3 275�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� ��o�

�

��,-5(�K'Q'Mi��(�()2!��,#&�)2$#!2&�*�"!2�5-)25%&�)2 h-4"/�!(/!"*"1% %&��



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
��E�

K'Q'P 
3.,�� %�)2�_WE@cEXc�‡T�,(��b[JX>�‡T�

�(7� '05� 75<9&(?0� '45�+%&$5&)'0"<'45� '01�+,$'&(5:"&5 01� "&8:9$!��+,7="7'$+$(*80)&�

"(7� /!=),('()*� "&%3'0� "&� '$!1�7%=$,>8"$!1� �SQ\cQ^cs {|�2’n�l�p6�)7(� �TA^Xs{|�2’n�l�o6�� ��

/.=),(/0� 7C$,<� ':/$� '05� "3/0� 7+:9$/0� '$!� 7%=$,>8"$! � :/$� )7(� '05� 7),>#&(7� /'05�

'7!'$+$>0/0�'45�+7,7"3',45��

�,7="7'$+$(*80)&� '7!'$+$>0/0� '45� +7,7"3',45� '$!� !/' &,0'()$.� /!/'*"7'$1� '01�

"$5:+7)'01� 9$)$.� 2’n�E�n6� "&� '$5� �SQ\cQ^cs{|� "&� &%( '(/":� )7(� 9.$� +&,(+'N/&(1�

+%08!/"$.�� *'$(� 25P � � )7(� 50P � �� �,0/("$+$(*80)75�75'>/'$(@&1�"&� '05�+,$'&(5:"&50�

"38$9$�,!8">/&(1��41�&?*1-�

o 
*)$1�=$5(9>$!� 10gL � �9.C(7��

o �%*8$1�<=54/'45�+7,7"3',45� 5pN � ��

o �!5$%():�"*)$1�@,4"$/N"7'$1� 5 10 50cL � � � �9.C(7��

o 	&%&/'*1�9(7/'7.,4/01�"$5$.�/0"&>$!�"&�+(875:'0'7� 0.7��

o 	&%&/'*1�7+%*1�"&'<%%7?01�"&�+(875:'0'7�1 P ��

o 	&%&/'*1�3,+$!/71�"&'<%%7?01�"&�+(875:'0'7� c pL N P��

o �%('(/":1��

�+(+%3$5�� 3=(5&� '7!'$+$>0/0� '45� <=54/'45� +7,7"3',45 � "&� '$5� �TA^Xs{|�� �(�

/!5'&%&/'31�'$!�7%=$,>8"$!�3@$!5�41�&?*1-�

o �%08!/":1� 5P � �<'$"7��

o 
*)$1�=$5(9>$!� 10gL � �9.C(7��

o �%*8$1�<=54/'45�+7,7"3',45� 5pN � ��

o �!5$%():�"*)$1�@,4"$/N"7'$1� 5 10 50cL � � � �9.C(7��

o 	&%&/'*1�9(7/'7.,4/01�"$5$.�/0"&>$!��




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� �� �

�� "3/0�7+:9$/0�� 0�$+$>7�+,$3)!B&�7+:� J�� 75&?<,'0'&1 �757%./&(1�� 9&>@5&(� :'(�=(7� '$�

/!=)&),("35$�+,:#%0"7�0�+,$'&(5:"&50�"38$9$1�!+&,'& ,&>�2�():57�n�E�o6��

�

��,-5(�K'Q'Pi�
3.,�� %�*�"!2�5-)25%&�)2h-4"/�)2�_WE @cEXc�‡T�,(��b[JX>�‡T��

�57C$,()<� "&� '05� 7),>#&(7� '7!'$+$>0/01�� 0� +,$'&(5:" &50� "38$9$1� !+&,3@&(� 9(:'(� $�

@N,$1� '45� &+(',&+'N5� %./&45� /!,,()5N5&'7(� /!5&@N1�� �!5&+N1�� &>57(� &C()'*� 0�

'7!'$+$>0/0� '45� +7,7"3',45� "&� :/0� ‹7),>#&(7Œ� &>57(� &+(8!"0'*�� )<'(� '$� $+$>$�

&+(#&#7(N5&'7(� "&�@,*/0�5$0'N5�+&(,7"<'45� /'7�$+$>7 �$(�7),(#&>1� '("31� '45�+7,7"3',45�

&>57(�=54/'31���!'*�0�9!57':'0'7�9&5�7+75'<'7(�/'$! 1�7%=$,>8"$!1��SQ\cQ^cs{|�)7(��TA^Xs

{|�7C$.�� /&�7!'31� '(1�+&,(+'N/&(1�� ':/$� '$�"3=&8$1� :/$�)7(�0�9(7),('$+$>0/0� '$!�@N,$!�

'45�%./&45�+7,7"35$!5�/'78&,<�)78M�:%0�'05�9(79()7/ >7��

K'Q'Q 
3.,�� %�)2�d_��

�(7� '05� 75<9&(?0� '45� +%&$5&)'0"<'45� '01�+,$'&(5:"&5 01� "&8:9$!�� +,7="7'$+$(*80)&�

"(7� /!=),('()*� "&%3'0� "&� '$5� 7%=:,(8"$� O�}� 2’n�l� 6 �� �(7� '(1� 75<=)&1� '01� /!=),('()*1�

"&%3'01�� +,7="7'$+$(*80)&� '7!'$+$>0/0� '45� +7,7"3',4 5� '$!� !/'&,0'()$.� /!/'*"7'$1�

'01� "$5:+7)'01� 9$)$.� 2’n�E�n6�� �,0/("$+$(*80)75� 9.$ � &)9:/&(1� '$!� 7%=:,(8"$!� O�}�� ��

+,N'0�3)9$/0��0�$+$>7�"+$,&>�57�8&4,08&>�‹#7/()*Œ�� $,>;&'7(�41�&?*1-�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
�k��

o �%08!/":1� 20p � �<'$"7��

o �!5'&%&/'*1�&=4(/'()*1�/!"+&,(C$,<1� 1 2c � ��

o �!5'&%&/'*1�)$(545()*1�/!"+&,(C$,<1� 2 2c � ��

o �!5'&%&/'*1�79,<5&(71� 0.8w � ��

��9&.'&,0�3)9$/0��0�$+$>7�"+$,&>�57�8&4,08&>�‹+,$0= "350Œ��@,0/("$+$(&>�357�+%*8$1�

'&%&/'N5�$(�$+$>$(�3@$!5�757C&,8&>�:'(�7!?<5$!5� '05�7+:9$/0�� �� !%$+$>0/0�#7/>;&'7(�/&�

"&%3'0� '45� wXV^TW� )7(� {^XW\eXPc� ‚k��ƒ�� $(� $+$>$(� /!53),(575� '05� "38$9$� O�}� "&� '$5�

�&5&'():� �%=:,(8"$� '$!� �Q^XPP� ‚k�Eƒ� )78N1� )7(� "&� "( 7� 9()*� '$!1� !%$+$>0/0� �&5&'()N5�

�%=$,>8"45��	7�7+$'&%3/"7'<�'$!1�!+$9&()5.$!5�:'(�$ �7%=:,(8"$1�O�}�&"C75>;&(�)7%.'&,0�

7+:9$/0�=(7�357�+%*8$1�'!+$+$(0"3545�+,$#%0"<'45�#& %'(/'$+$>0/01���(�/!5'&%&/'31�'01�

"&8:9$!�%*C80)75�41�&?*1�‚k��ƒ-�

o �%08!/":1� 20p � �<'$"7��

o �!5'&%&/'*1�&=4(/'()*1�/!"+&,(C$,<1� 1 0.5c � ��

o �!5'&%&/'*1�)$(545()*1�/!"+&,(C$,<1� 2 1.6c � ��

o �,@():1�/!5'&%&/'*1�79,<5&(71� 0 1.40w � ��

o 
3=(/'$�+%*8$1�/!5&@:"&545�#0"<'45�@4,>1�#&%'>4/0� 3h � ��

o �!5'&%&/'*1�"&>4/01�79,<5&(71� 0.99a � ��

o �!5'&%&/'*1�"&>4/01�"3=(/'01�'7@.'0'71� 0.95 � ��

o �!5'&%&/'*1�7,@()*1�"3=(/'01�'7@.'0'71� 0.4! � ��

o �!5'&%&/'*1�‹+7,7%$=(/"$.Œ� 0.22crP � ��

o �%('(/":1�/'7�<'$"7�2WPTSW�gQ^STAPW6��

o �%('(/":1�/'05�'7@.'0'7�2WPTSW�]WPXATS_6��

o �!5'&%&/'*1�&%('(/"$.�'7@.'0'71� 3 1.30c � ��

:+$!-�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� �kk�

o �� 7,@()*� "3=(/'0� '7@.'0'7� '45� 7':"45� '$!� /"*5$!1� %7 "#<5&'7(� '3'$(7� N/'&� /&� 357�

@,$5():�#*"7�)<+$($�<'$"$�57�"+$,&>�57�9(75./&(�357 �/!=)&),("35$�+$/$/':�'$!�@N,$!�

'45�%./&45-�

� � �max
0 UB LB!� �v x x � 2n�E��6�

:+$!�� UBx �)7(� LBx �&>57(� '7�9(75./"7'7�+$!�75'(/'$(@$.5�/'(1�75N'&,&1 �)7(�)7'N'&,&1�

&+(',&+'31�'("31�'45�+7,7"3',45��75'>/'$(@7��

o �5� 0� #3%'(/'0� %./0� +$!� 3@&(� +7,7'0,08&>� =&5()<� /'$� /"*5$1� 9&5� #&%'(48&>� =(7�h �

/!5&@:"&5&1�@,$5()31�/'(="31��':'&�8&4,&>'7(�:'(�$( �'7@.'0'&1�'45�7':"45�&>57(�!B0%31�

)7(�9&5�&+(',3+$!5�/'$5�7%=:,(8"$�57�&5'$+>/&(�'(1� #3%'(/'&1�%./&(1�2X]W^RdXXST\q6���(7�

'$5�%:=$�7!':�=>5&'7(�"&>4/0�':/$�'$!�/!5'&%&/'*�79 ,<5&(71�:/$�)7(�'$!�9(75./"7'$1�

"3=(/'01�'7@.'0'71�41�&?*1-�

� � � � � max max
1 1If  ,   g g k k k kk k h

OF OF w a w  � ��
� L � �p p v v � 2n�E�J6�

o 
7'M� 75'(/'$(@>7� "&� '05� "&'<%%7?0� '45� �&5&'()N5� �%=$,>8"45�� $� '&%&/'*1�

‹+7,7%$=(/"$.Œ� +,$/9>9&(� /&� )<+$($� <'$"$� 357� '!@7>$ � 9(<5!/"7� '7@.'0'71�� "&�

7+$'3%&/"7�7!':�57�7+$"7),!58&>�7+:�'$�/"*5$1�)7(�5 7�#,&8&>�/&�+&,($@31�'$!�@N,$!�

'45�%./&45�+$!�+(875:'7'7�9&5�3@$!5�&?&,&!508&>���� '&%&/'*1�&C7,":;&'7(�"&�)<+$(7�

"(),*�+(875:'0'7� crP �41�&?*1-�

� max
1 1 1If randomly assign  with   particle cr k k kr P d� � �1 L 1 � �v 0 v v � 2n�E�l6�

:+$!� r �&>57(�"(7�'("*�'!@7>71�"&'7#%0'*1�"&�$"$(:"$,C0�)7 '75$"*�/'$�9(</'0"7� 
 �0,1 ��

o 
7'M�75'(/'$(@>7�"&�'$5�&%('(/":�'45��&5&'()N5��%=$ ,>8"45��&C7,":;&'7(�&%('(/":1�':/$�

/'05� 83/0� :/$� )7(� /'05� '7@.'0'7�� H'/(�� '$� <'$"$� '$! � /"*5$!1� '$!� $+$>$!� 0� 83/0�

75'(/'$(@&>� /'05� %(=:'&,$� &.,4/'0� %./0� "&'7'>8&'7(� )7(� )7'7%7"#<5&(� '05� #3%'(/'0�

83/0�+$!�3@&(�+7,7'0,08&>�=&5()<�/&�$%:)%0,$�'$�/"* 5$1-�

� pe
g�x p � 2n�E�n6�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
�k��

�+>/01��75�0�'7@.'0'7� d
kv �&>@&�41�7+$'3%&/"7�'05�#&%'>4/0�'$!� gp ��':'&��

� 1 3  d pe
k g c r� � �x p v � 2n�E�p6�

:+$!�� pe d
k�v v �� 3c � &>57(� 3571� /!5'&%&/'*1� '01� "&8:9$!� )7(� r � &>57(� "(7� '("*� '!@7>71�

"&'7#%0'*1�"&�$"$(:"$,C0�)7'75$"*�/'$�9(</'0"7� 
 �0,1 ��

�� "3/0� 7+:9$/0� :%45� '45� 7%=$,>8"45� !+$%$=>/'0)&� "&� #</0� J�� 75&?<,'0'&1�

757%./&(1��	7�7+$'&%3/"7'7�2�():57�n�E�E6�9&>@5$!5�:'(��=(7�'$�/!=)&),("35$�+,:#%0"7��0�

+,$'&(5:"&50�"38$9$1�&>57(�75N'&,0�'01�‹#7/()*1Œ�3) 9$/01�O�}�)7(�&!8341�75'7=45(/'()*�

"&�'05�‹+,$0="350Œ�3)9$/0���0"&(N5&'7(�:'(�/'7�9&9$ "357�'$!�/!=)&),("35$!�+&(,<"7'$1�

9&5�+,$/'380)&�8:,!#$1�/."C457�"&�'05�’n�E�l��&5N�3 @&(�757C&,8&>�:'(�$�7%=:,(8"$1�O�}�

75'("&'4+>;&(�+,$#%*"7'7�"&�'05�.+7,?0�8$,.#$!�/'7� 9&9$"357�‚k�nƒ��

�

��,-5(�K'Q'Qi�
3.,�� %�*�"!2�5-)25%&�)2h-4"/�)2�!"5 �($.-��h)"�d_��

K'Q'H ��"!2�5-)252&�!�)#&� /5!2$2 !;5�

�(� /!5'&%&/'31� '01� +,$'&(5:"&501� "&8:9$!� +$!� 75'(/' $(@$.5� /'05� +&,>+'4/0� �k�

2�>57)71�n�E�n�)7(��>57)71�n�E�p6�"+$,$.5�57�8&4,08 $.5�/!5'0,0'()$>�=(7�)<8&�+,:#%0"7�




&C<%7($�n�-�	7!'$+$>0/0��7,7"3',45�
�

�
� �kJ�

+7,:"$(71�+$%!+%$):'0'71�� �!'31�$(� ,!8">/&(1�@,0/(" $+$(*80)75�=(7� '(1� ).,(&1�757%./&(1�

+$!� +7,$!/(</'0)75� /'05� ’n�E��� )7(� '05� ’n�E�J�� �(� , !8">/&(1� +$!� 75'(/'$(@$.5� /'(1�

+&,(+'N/&(1� {�� )7(� €�� +7,$!/(<;$!5� 7!?0"350� 7+:9$/0 � )7(� @,0/("$+$(*80)75� =(7� '05�

+&,>+'4/0� 9&9$"3545� "&� 8:,!#$� 2’n�E�l6� )7(� '05� +&,> +'4/0� '01� "$5:+7)'01� 9$)$.�

2’n�E�n6��75'>/'$(@7��

�(7� +,$#%*"7'7� "&� +&,(//:'&,&1� +7,7"3',$!1�� ':/$� 0� &?&,&.50/0� '$!� @N,$!� '45�

%./&45� :/$� )7(� 0� 9&(="7'$%0B>7� '$+()N5� #3%'(/'45� 87 � +,3+&(� 57� &>57(� +($� 35'$50�� �(�

+,$'&(5:"&5&1�'("31�'45�/!5'&%&/'N5�3@$!5�41�&?*1-�

o 
3/$1�+%08!/":1� mN �'$!�7%=:,(8"$!�=&5&'()$.�7%=$,>8"$!��QeSXXSd�>/$1� "&�J�F�41�

n�F�'$!�"*)$!1�@,4"$/N"7'$1� cL ��

o �"(&.,$1�"&'7#$%*1�+%08!/"$.� D �'3'$($�N/'&�0�9(7C$,<� mN D� �57�&>57(�>/0�"&�k�41�

n��

o 
3=&8$1� /'7'(/'()$.� 9&>="7'$1� rM � '$� +$%.� >/$� "&� 2
pN �� :+$!� pN � '$� +%*8$1� '45�

<=54/'45�+7,7"3',45��

o �%*8$1�%./&45� tM �+,$1�7+:,,(B0�>/$�"&�nF�341���F�'$!� rM ��

�0"&(N5&'7(� :"41� :'(� )<8&� +,:#%0"7�+7,$!/(<;&(� '7� 9 ()<� '$!�&==&5*�@7,7)'0,(/'()<��

�!5&+N1�� /&� )<8&� +&,>+'4/0� 7+7('&>'7(� )<+$($1� +&(,7 "7'(/":1� "&� '(1� ,!8">/&(1� '01�

+,$'&(5:"&501�"&8:9$!��

�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
�kl�

�

‚
����������ƒ�

�

�

�

�

�



�

�

�

M�
��(N"5�,:��+)O%�

)2���" ")"�;)(!(��5;5�
�

M ��(N"5�,:��+)O%�)2���" ")"�;)(!(��5;5�

yUVQSTX\��dQgSW^�2vWiS6��WASTX\���






&C<%7($�p�-��(7?$5()*�
<"B0�"&��,$/$"$(N"7'7��5N5��
�

�
� �ko�

M'F �� (.7.:�

�'$� )&C<%7($�7!':�+,$'&>5&'7(�"(7�537�"38$9$1�75<%! /01� '!@7>45�9(7'$"N5�"&�@,*/0�

+,$/$"$(4"<'45� (5N5� 2fTZW^� YXcWPR6�� �� "38$9$1� "+$,&>� 57� @,0/("$+$(08&>� =(7� '$5�

)78$,(/":� 9(7=,7""<'45� ,$+N5s)7"+!%$'*'45��9(7=,7"" <'45�7%%0%&+>9,7/01� )78N1� )7(�

&+(C75&(N5�7/'$@>71�� �+(+%3$5��"+$,&>�57�!+$%$=>/&(� '05�+7,7"$,C4"350�)7'</'7/0�"(71�

'!@7>71� 9(7'$"*1� !+:� 9&9$"350� &?4'&,()*� 35'7/0�� 	3% $1�� +7,$!/(<;&'7(� "(7� /&(,<�

&C7,"$=N5� $(� $+$>&1� 7579&()5.$!5� '7� +%&$5&)'*"7'7� ' 01� +,$'&(5:"&501� "&8:9$!� 3575'(�

'45�!+$%$>+45�'01�#(#%($=,7C>71��

M'G ��" ")"�;)(!(��5;5�

	7�+,$/$"$(N"7'7�(5N5�#7/>;$5'7(�/'05�8&N,0/0�:'(�3 57�"3%$1�"(71�)7'7/)&!*1�"+$,&>�

57� )7'7'"08&>� 7CM� &5:1� /&� )7'<� "*)$1� '"*"7'7� 2RWqYW \SR6� '7� $+$>7� @4,>;$5'7(� 7+:�

9(7'$"31�&%3=@$!��)7(�7CM�&'3,$!� /&�>5&1�2fTZW^R6�/&�&+>+&9$�9(7'$"*1�&%3=@$!�‚kn�ƒ��
<8&�

>57� )<8&� &5:1� '"*"7'$1� /!"+&,(C3,&'7(� "&� #</0� "(7� / !=)&),("350� /@3/0� '</01� I�

+7,7":,C4/01��75<%$=7�"&�'$�!%():�)7(�'05�83/0�'01� 2�():57�p���k6��

	7� +,$/$"$(N"7'7� (5N5� 8&4,$.5'7(� 8&"&%(N90� 2fV\cQYW \SQP6�� %:=4� '01� @,*/01�

,&7%(/'()N5� /@3/&45� '</&45� I� +7,7"$,CN/&45� '45� !%() N5�� $(� $+$>&1� "+$,&>� 57�

%7"#<5$!5� !+:B0� +%*8$1� C7(5$"3545� :+41� +&,>/C(=?0�� +7,7"$,C4/(7)*� ),<'!5/0� )�7��

‚kn�ƒ�� �+(+%3$5�� '7� +,$/$"$(N"7'7� (5N5� 7+$'&%$.5� /* "&,7� '05� +($� $,8$%$=()*� "38$9$�

75'("&'N+(/01� 8&"<'45� :+41� 0� 9(7?$5()*� )<"B0� "&� '7! ':@,$50� 7?$5()*� 9.57"0�� 0�

9(75&"0"350�+%7/'():'0'7�� 0� /'354/0� '$!� 9(7=,<""7'$ 1� ,$+N5� I� )7"+!%$'*'45� )�7�� 	$�

).,($� "&($53)'0"7� '45� +,$/$"$(4"<'45� 7!'N5� /!5>/'7' 7(� /'$� &?7(,&'()<� 7!?0"35$�

!+$%$=(/'():� ):/'$1� '$� $+$>$� "+$,&>�� !+:� +&,(+'N/&( 1�� 57� $90=*/&(� /&� 7,(8"0'()31�

7/'<8&(&1�� �+(+%3$5�� 9&5� %7"#<5$5'7(� !+:B0� 83"7'7� / @&'(;:"&57� "&� 75&%7/'()31�

9(7'"0'()31�+7,7"$,CN/&(1��7%%0%&+>9,7/0�$,8N5�)7(� 9(7'"0'()N5�'</&45�)�%�+��‚kn�ƒ��



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
�kE�

�

��,-5(�M'G'Fi��5+$/ %�)#$"/&� 2�!):)(!(�,(��4�(!"); 5�2$#.0"/� 2�152&�wFKRx�

M'I  ��(!3*7 %�!"/�*�"8$:)(!"&�

�'7� +%7>/(7� '01� +7,$./71� 9(7',(#*1�� ),>80)&� 757=)7> 7� 0� &5/4"<'4/0� '01�

/!//4,&!"3501� =5N/01� =.,4� 7+:� '7� +,$/$"$(N"7'7� (5N5 �� �7,$!/(</'0)&� "(7� 537�

"38$9$1� 75<%!/01� '!@7>45� 9(7'$"N5� 0� $+$>7� 75'("&'4+ >;&(� "&� &5(7>$� ',:+$� '7�

"&($5&)'*"7'7� '45� !+7,@:5'45� "&8:945� '01� #(#%($=,7C >71�� �+N'&,$1� /)$+:1� *'75� 0�

9!57':'0'7�7+:)'0/01�/0"75'()N5�+%0,$C$,(N5�/&�83"7 '7�:+41�'7�9(7=,<""7'7�,$+N5�I�

)7"+!%$'*'45�� 0� "3=(/'0� 75'$@*�� '7� 9(7=,<""7'7� 7%%0 %&+>9,7/01� )�7�� @4,>1� '05�

9(&53,=&(7� +&(,7"<'45�� 
&� @,*/0� )7'<%%0%45� 9(79()7/(N5� '7!'$+$>0/01�� $(� $+$>&1�

+7,$!/(<;$5'7(� /'$� 
&C<%7($�n��$(�+%0,$C$,>&1�7!'31 �@,0/("$+$(*80)75�=(7�'05�&)'>"0/0�

'45�+7,7"3',45�'45�+,$/$"$(4"<'45�bXVA�I�tW\���(�+% 0,$C$,>&1�7!'31�"+$,$.5�&+>/01�

57� 7?($+$(08$.5� /&� +,$/$"$(N"7'7� '.+$!� bXVAstW\� +$! � %7"#<5$!5� !+:B0� 9(7?$5()*�

7%%0%&+>9,7/0��+�@��‚klnƒ��




&C<%7($�p�-��(7?$5()*�
<"B0�"&��,$/$"$(N"7'7��5N5��
�

�
� �k �

M'L �(�(4"0#&�

�&5()<�� '7� +,$/$"$(N"7'7� (5N5� 8&4,$.5� "(),31� +7,7"$ ,CN/&(1� )7(� #7/>;$5'7(� /'05�

+7,79$@*� yVPW^� I� bW^\XVPPT� /."C457� "&� '05� $+$>7� $(�&+>+&9&1� 9(7'$"31� +7,7"35$!5�

&+>+&9&1�"&'<� '05�+7,7":,C4/0�� �!5&+N1��75�8&4,*/$! "&� :'(�$�<?$571� X � /!"+>+'&(�"&�

'$5�9(7"*)0�<?$57� '$!�"3%$!1�� '$�+&9>$�'45�$,8N5�+7 ,7"$,CN/&45�/&�&+>+&9$�9(7'$"*1�

9>5&'7(�7+:�'05�/@3/0�‚kn�ƒ-�

� � � 0,   Z Yy z y zF F� � / � / � 2p�l�k6�

:+$!-�

o Y/ �� Z/ �$(�)7"+!%:'0'&1�=.,4�7+:�'$!1�<?$5&1� Y �)7(� Z ��75'>/'$(@7��

o 0F �0�+7,7":,C4/0�/'05�7,@*�'45�7?:545�2 0y � �� 0z � 6��


&�&C7,"$=*� '45�9(7=,7""<'45�'</&45�I�+7,7"$,CN/&45 �'45�9(7C:,45�!%()N5�� '$�

+&9>$� '45� $,8N5� +7,7"$,CN/&45� "&'7',3+&'7(� /&� +&9>$ � $,8N5� '</&45�� �� $%$)%*,4/0�

'$!� +&9>$!� '45� $,8N5� '</&45� $90=&>� /'$5� !+$%$=(/":� '45� /!5(/'7"3545� 9!5<"&45��

90%79*� '01� 7?$5()*1� 9.57"01� XN � )7(� '45� 9.$� ,$+N5� YM �� ZM � +$!� 75'(/'$(@$.5� /'05�

/!=)&),("350�+7,7"$,C4/(7)*�)7'</'7/0��


7'<�'05�75<%!/0�/&�&+>+&9$�9(7'$"*1�9&5�&>57(�/!5* 801�+,7)'()*�0�9(7),('$+$>0/0�/&�

"(),31�>5&1���5'>8&'7��0�75<%!/0�/!5*841�#7/>;&'7(� /'7�+&,(=,<""7'7�+$!�)78$,>;$!5�'05�

83/0� )7(� '05� "$,C*� '45� 9(7C:,45� !%()N5� "3/7� /'05� 9( 7'$"*�� �� %:=$1� =(7� 7!'*5� '05�

&+(%$=*�&>57(�:'(�"&(N5&'7(�/0"75'()<�'$�!+$%$=(/'( ):�):/'$1��

•+41�87�757%!8&>�/'05�/!53@&(7��)7'<�'05�$%$)%*,4/0 �'$!�+&9>$!�'45�$,8N5�'</&45�

&>57(� (9(7>'&,7� 9(79&9$"350� 0�@,*/0� '$!� 8&4,*"7'$1� '$!� {^WW\� ‚kppƒ�� "&�#</0� '$� $+$>$�

&>57(� 9!57'*� 0� "&'7',$+*� &+(C75&(7)N5� $%$)%0,4"<'45 � /&�&+()7"+.%(7�� �5� 8&4,*/$!"&�

"(7� &+>+&90� &+(C<5&(7�D � "&� +&,>=,7""7� D2 �� ':'&� /."C457� "&� '$� 8&N,0"7� '$!� {^WW\�

‚kppƒ-�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
����

� � � � �, ,
D D

g f
f y z dy g y z dz dydz

y z2

% &2 2
� � �' (2 2) *

$ $$� � 2p�l��6�

�57%%7)'()<�� 0� +7,7+<54� /@3/0� "+$,&>� 57� =,7C&>� +($� /!5$+'()<� "&� @,*/0�

9(75!/"7'()$.�%$=(/"$.��41�&?*1-�

� � �
D D

d d
2

� � M � �$ $$F s F a� � 2p�l�J6�

��7+%$./'&,0�&C7,"$=*� '$!�8&4,*"7'$1� '$!�{^WW\�&>57 (�$�!+$%$=(/":1� '$!�&"#79$.�

"(71�&+(C<5&(71��•'75�0�&+(C<5&(7�D �#,>/)&'7(�/'7�7,(/'&,<�)78N1�+&,(=,<C&'7(�7+:�'05�

)7"+.%0� D2 ��':'&�'$�&"#79:5�'01�9>5&'7(�7+:�'05�/@3/0-�

�
1

  
2 D

A x dy y dx
2

� �$ � 2p�l�l6�

�'05�+&,>+'4/0�+$!� '$�+&,>=,7""7� D2 �9>5&'7(�+7,7"&',()<�41� � � � �� �,x t y t �� ':'&� '$�

&"#79:5�9>5&'7(�7+:�'05�/@3/0-�

� � �1
  

2
A x y y x dt� �� �$ � 2p�l�n6�

M'K �*� ,-*% %�/9� !+)25"/�2�2/5%!�,"3�#�."/�

M'K'F <25�,+�

•+41� 7+$9&()5.&'7(� 7+:� '$� +%*8$1� '45� +,:/C7'45� &,=7 /(N5� +<54� /'$� 83"7�� 0�

75<%!/0� '!@7>45�9(7'$"N5�"&�+,$/$"$(N"7'7�(5N5�3@&( � /!=)&5',N/&(� '$�&59(7C3,$5� '45�

&,&!50'N5�� �� )!,(:'&,$1� %:=$1� &>57(� :'(� +$%%31� 9(7' $"31� +$!� @,0/("$+$($.5'7(� &!,341��

:+41� =(7� +7,<9&(="7� $(� 9(7'$"31� "$,C*1� ‹zŒ�� 9&5� &>57(� /!""&',()31� )7(� 3'/(� 0� 75<%!/*�

'$!1�9&5�&>57(�'&',(""350��
&�'05�3%&!/0�'45�/.=@,$ 545��`��3=(5&�9!57'*�0�75<%!/0�'45�

&5�%:=4�9(7'$"N5� "&�@,*/0� '45�+,$/$"$(4"<'45� (5N5�� �'05� /!53@&(7�+7,$!/(<;$5'7(�$(�

)!,(:'&,&1�&,=7/>&1�+<54�/'$�83"7��




&C<%7($�p�-��(7?$5()*�
<"B0�"&��,$/$"$(N"7'7��5N5��
�

�
� ��k�

M'K'G v>cX[`CB}�,(��TX[VW[}EUEZ��J?>E�jFHHHz�GRRFk�

�(� xXc^TqVW~� )7(� |^TRST~QZQPs}AdXQ� ‚knpƒ� +7,$!/>7/75� )%&(/'31� %./&(1� =(7� '$5�

!+$%$=(/":�'45�/!5(/'7"3545�9!5<"&45�"&�@,*/0�'01�" &8:9$!�$%$)%*,4/01�'$!�{QVRR����

"38$9$1�'$!1�&C7,":;&'7(�/&�+$%!=45()31�9(7'$"31�)7 (�/!5&+N1�'!@$./&1�)7"+.%&1�7)"31�

87�+,3+&(�57�+,$/$"$(48$.5�"&�+$%!=45()31�=,7""31��

�

��,-5(�M'K'Fi��5+$/ %�!/0(1(&�4�(!"):&�,(!+�v>cX[`C B}�,(��TX[VW[}EUEZ��J?>E�wFKMx�

�(7� '05� 757%!'()*� $%$)%*,4/0� '$!� +&9>$!� '45� '</&45� � 0� "38$9$1� #7/>;&'7(� /&�

/!=)&),("35&1�"$,C31�9(7=,7""<'45�'</&45�I�+7,7"$,C N/&45�'45�!%()N5�2�():57�p�n�k6��

�!=)&),("357��=(7� '$�8%(#:"&5$� /)!,:9&"7�=>5&'7(�@, */0� "(71�+7,7#$%*1�)7(� "(71�&!8&>71�

=,7""*1�&5N�=(7�'$5�@<%!#7�@,0/("$+$(&>'7(�"(7�+$%!=45()*�=,7""*����9(7"*)01�$+%(/":1�

8&4,&>'7(� :'(� 7+$'&%&>'7(� 7+:� 79(</'7'&1� >5&1� 2/0"&>76�� �(7� '05� &.,&/0� '01�

+7,7"$,C4"3501� )7'</'7/01� '01� 9(7'$"*1� @,0/("$+$(&> '7(� "(7� $($5&>s�&!'N5&(7� 2UVQRTs

vWeSX\6� "38$9$1�� :+41� 7!'*� +7,$!/(</'0)&� 7+:� '$!1� b ^X\cVYsvTWPRW\� ‚kloƒ� )7(� •W\�

‚ko�ƒ��

�(� xXc^TqVW~� )7(� |^TRST~QZQPs}AdXQ�� /&� "&'7=&53/'&,0� &,=7/>7� '$!1� ‚knoƒ�� #&%'>4/75�

'05� "38$9$� '$!1� 3'/(� N/'&� 57� %7"#<5&(� !+:B0� C7(5:"& 57� +7,7"$,C4/(7)*1� ),<'!5/01��

&,+!/"$.�)7(�/!/'$%*1�?*,75/01��



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
����

M'K'I  �?B@�BW�EZ'�jGRRFk�

�(� �dW\�WS� QP�� ‚kl ƒ� @,0/("$+$>0/75� "(7� $($5&>s�&!' N5&(7� "38$9$�=(7� '$5� !+$%$=(/":�

'01� 7),(#$.1� 83/01� '$!� $!93'&,$!� <?$57� "(71� '!@7>71 �+$%!=45()*1� 9(7'$"*1�� �� "38$9$1�

7!'*�&>@&�@,0/("$+$(08&>�+,$0=$!"3541�7+:�'$!1�b^X\ cVYsvTWPRW\�‚kloƒ�)7(�•W\�‚ko�ƒ���5�

)7(� 0� "38$9$1� +7,$!/(<;&(� &?7(,&'():� ,!8":� /.=)%(/0 1�� +7,7'0,*80)&� :'(� 9&5� /!=)%>5&(�

+<5'7� :'75�&C7,":;&'7(� /&� 9(7'$"31� "&�35'$57�3))&5' ,0�83/0�$+%(/"$.� )7(�&59&@$"3541�

9$"()$.� @<%!#7� ‚kl ƒ�� �(� �dW\� WS� QP�� +,:'&(575� '05� @,*/0� '$!� +%7/'()$.� )35',$!� '01�

9(7'$"*1� 41� 7,@*� '45� 7?:545� =(7� 57� 75'("&'4+(/'&>� ' $� &59&@:"&5$� "0� /.=)%(/01� '$!�

7%=$,>8"$!���

�

��,-5(�M'K'Gi��5+$/ %�!/0(1(&�4�(!"):&�,(!+��?B@�BW �EZ'�wFLHx�

�'05� &5� %:=4� "38$9$�� '$� 9(<=,7""7� '</&45� I� +7,7"$,C N/&45� '$!� 8%(#:"&5$!�

/)!,$93"7'$1� 7+$'&%&>'7(� 7+:� "(7� +7,7#$%*� )7(� "(7� & !8&>7� =,7""*� &5N� 9&5� %7"#<5&'7(�

!+:B0� 0� &C&%)!/'()*� 75'$@*� '$!� /)!,$93"7'$1� 2�():57 �p�n��6�� ��@<%!#71�8&4,&>'7(� :'(�

7)$%$!8&>� 357� 7+%:� 9(=,7""():� 9(<=,7""7� '</&45� I� +7 ,7"$,CN/&45�� 
&� #</0� 7!'<� '7�

/'$(@&>7�� +7,$!/(</'0)75� 757%!'()31� &)C,</&(1� =(7� ' 05� $%$)%*,4/0� '$!� +&9>$!� '45�

'</&45� /&� +$%!=45():� @4,>$� 7%%<� )7(� /&� )!)%()*� 9(7' $"*�� �5'>8&'7�� $� 9$"():1� @<%!#71�

9(7),('$+$(&>'7(� /&�>5&1�&5N�$�9(7"*)01�$+%(/":1�8&4,&>'7(� :'(�7+$'&%&>'7(�7+:�79(</'7'&1�

>5&1�2/0"&>76��




&C<%7($�p�-��(7?$5()*�
<"B0�"&��,$/$"$(N"7'7��5N5��
�

�
� ��J�

M'K'L tE^[W[V�jGRRFk�

�� wQfTSTR� ‚knJƒ� +7,$!/>7/&� "(7� "38$9$� =(7� '$5� !+$%$=(/":� 9(7=,7""<'45�

7%%0%&+>9,7/01�9(7'$"N5�$+%(/"35$!�/)!,$93"7'$1�+$! �!+:)&(5'7(�/&�9(7?$5()*�)<"B0�)7(�

7?$5()*� 9.57"0�� �� "38$9$1�#7/>;&'7(� /'$�8&N,0"7� '$! � {^WW\� ‚kppƒ�=(7� '05�$%$)%*,4/0�

'$!�+&9>$!� '45�'</&45�/'05�8%(#:"&50�+&,($@*�'$!�/) !,$93"7'$1���'05�&5�%:=4�"38$9$��

&59&@:"&57� )&5<� "3/7� /'05� 9(7'$"*� /!593$5'7(� "&� '05 � &?4'&,()*� +&,>"&',$� "3/4�

C75'7/'()N5�'$"N5�2fTASTSTXVR�AVSR6�2�():57�p�n�J6��

�

��,-5(�M'K'Ii��5+$/ %�!/0(1(&�4�(!"):&�,(!+�tE^[W[V �wFKIx�


&� $%$)%*,4/0� )7'<� {QVRR� "&� ',>7� /0"&>7� ‚kpoƒ�� 0� &5 � %:=4� "38$9$1� 9>5&(� 7),(#&>1�

%./&(1� /'05� +&,>+'4/0� +$!� @,0/("$+$($.5'7(� +$%!N5!" 7� "3@,(� ',>'$!� #78"$.� =(7� '05�

+&,(=,7C*� '01� /@3/01� '</&45� I� +7,7"$,CN/&45� '45� !%( )N5�� �!':1� $� +&,($,(/":1�

()75$+$(&>'7(� /'05�+&,>+'4/0�'45�/@3/&45�+$!�@,0/(" $+$($.5'7(� ':/$�/'$!1�)75$5(/"$.1�

'$!��!,4)N9()7���‚kpEƒ�:/$�)7(�'$!�|YW^TAQ\��X\A^WS W��\RSTSVSW�2|��6�‚kp ƒ���

�'7�+%&$5&)'*"7'7�'01�"&8:9$!�+&,(%7"#<5&'7(�0�(9(7 >'&,7�7+$9$'()*�$%$)%*,4/0�'$!�

+&9>$!� '45� '</&45�� �0"&(N5&'7(� :"41� :'(� 0� $%$)%*,4/ 0� 7C$,<� '05� +&,>"&',$� '$!�

8%(#:"&5$!� /)!,$93"7'$1�� 0� $+$>7� &?7,'<'7(� 7+:� '05� ',3@$!/7� +7,7"$,C4"350�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
��l�

)7'</'7/0�'01�9(7'$"*1��H'/(��+,(5�7+:�)<8&�$%$)%*, 4/0�87�+,3+&(�57�)78$,>;&'7(�&)�53$!�

0�+&,>"&',$1�'$!�8%(#:"&5$!�/)!,$93"7'$1��)<'(�'$�$ +$>$�7!?<5&(�'$5�!+$%$=(/'():�C:,'$��

�+(+%3$5�/0"&(N5&'7(�:'(�0�"38$9$1�&C7,":;&'7(�/&�7 !/'0,<�+$%!=45()31�9(7'$"31�&5N�9&5�

75'("&'4+>;$5'7(� +&,(+'N/&(1� &=)(#4'(/"3545� 9(7'$"N 5� 9$"()$.� @<%!#7� *� +$%%7+%N5�

&+(+3945�+&,(/C(="35$!�/)!,$93"7'$1����9(7"*)01�$+% (/":1�8&4,&>'7(�:'(�7+$'&%&>'7(�7+:�

79(</'7'&1� >5&1� 2/0"&>76� "&� /!=)&),("35$� &"#79:5�� � (7� 57� 75'("&'4+(/'&>� '$� 83"7� '$!�

&"#79$.� '$!� 9(7"*)$!1� $+%(/"$.� +$!� %7"#<5&'7(� !+:B0 � 41� &+(C<5&(7� /)!,$93"7'$1�� 0�

75'>/'$(@0�9.57"0�  s cA f �7C7(,&>'7(�)7'<�'45�!+$%$=(/":�'45�/!5(/'7"3545�9! 5<"&45�+$!�

9,$!5�/'05�9(7'$"*��

M'K'K _^Eg[E@Eg[V�jGRRGk�

�� �fQjTQ\QjTR� ‚kn ƒ�+7,$!/>7/&� "(7� (9(7>'&,0� "38$9$ �0�$+$>7�@,0/("$+$(&>� '7�=,7C()<�

'45� �`�� 41� !+$%$=(/'():� &,=7%&>$�� �� 9(7'$"*� /@&9(<; &'7(� /'05� $8:50� *� /'05� "5*"0� '$!�

�`�� )7(�0�757=5N,(/0� '45�9(7C:,45� !%()N5�7+:� '7�$+$ >7�7+$'&%&>'7(�=>5&'7(� "&�#</0� '$�

@,N"7� '45� &()$5$/'$(@&>45� 2gTiWPR6�� �!5&+N1� !+<,@&(� +%*,01� &%&!8&,>7� /'05� @,*/0� "0�

)75$5()N5� 9(7'$"N5�� &=)(#4'(/"3545� 9(7'$"N5� 9$"()$. � @<%!#7�� $+N5�� +$%%7+%N5�

/',N/&45�/)!,$93"7'$1�"&�9(7C$,&'()<�&+>+&97�+&,>/C (=?01�)�%�+���

�� /@&9>7/0� /'05� "5*"0� '$!� �`�� "+$,&>� 57� =>5&(� "&� #< /0� ,$!'>5&1� +$!� +7,3@$!5� '7�

/.=@,$57� %&('$!,=()<� /!/'*"7'7� "&� =,7C():� +&,(#<%%$ 5�� :+41� '$� tT\cXeR� |ggPTAQSTX\�

O^Xq^QYYT\q� �\SW^fQAW� 2|O�6� '45� �TA^XRXfS� tT\cXeR—�� 
78$,>;&'7(� 357� +%3="7� 2q^Tc6�

&()$5$/'$(@&>45� /!=)&),("3545� 9(7/'</&45� '$� $+$>$� 7 +$'&%&>� 357� ‹)7"#<Œ�� �+>/01�

)78$,>;$5'7(� =,7C()<� 75'()&>"&57� :+41� ‹"$%.#(Œ�� ‹+( 53%$Œ� )�7�� "&� 9(<C$,7� @,N"7'7� )7(�

+<@0� =,7""*1�� �� /@&9>7/0� +,7="7'$+$(&>'7(� "&� &+(%$=*� '$!� )7'<%%0%$!� =,7C()$.�

75'()&("35$!� /'$5� ‹)7"#<Œ� )7(� &C7,"$=*� "&8:945� :+41 � ‹/@&9>7/0� =,7""*1� 7+:� /0"&>$�

˜k�� •k� /&� /0"&>$�˜��� •�Œ�*� ‹/@&9>7/0�).)%$!�"&�)35' ,$� ˜k�� •k�)7(�7)'>57��kŒ�� 
&�7!':�

'$5�',:+$�&>57(�9!57'*�0�/@&9>7/0�'!@7>45�9(7'$"N5� 2�():57�p�n�l6��




&C<%7($�p�-��(7?$5()*�
<"B0�"&��,$/$"$(N"7'7��5N5��
�

�
� ��n�

 

�

��,-5(�M'K'Li�
0241( %�!/0(1(&�4�(!"):&�,(!+�_^Eg[E @Eg[V�wFKHx�

	$� ).,($� "&($53)'0"7� '01� "&8:9$!� &>57(� :'(� $(� 9(7/' </&(1� '$!� +%3="7'$1� +$!�

7+7('$.5'7(� =(7� 57� &+('&!@8&>� )<+$(7� /!=)&),("350� 7 ),>#&(7� 9&5� &>57(� =54/'*� &)� '45�

+,$'3,45�� �+(+%3$5�� '7� &()$5$/'$(@&>7� 3@$!5� '&',<=4 50� "$,C*� 0� $+$>7� 9&5� "+$,&>� 57�

+,$/$"$(</&(�&+7,)N1�)7"+.%&1�=,7""31���!':�'$�"&($ 53)'0"7�"+$,&>�57�75'(/'78"(/'&>�/&�

)<+$($� #78":�� "&� @,*/0� )7'<%%0%7� 9($,84"35$!� &"#79$ .� =(7� '7� '&',7=45()<�

&()$5$/'$(@&>7�+$!�757+7,(/'$.5�'$5�9(7"*)0�$+%(/": ���+(+%3$5��/'$5�7%=:,(8"$�=>5&'7(�&)�

'45�+,$'3,45�0� !+:8&/0� :'(� 0� 7/'$@>7� '01�9(7'$"*1�$ C&>%&'7(� /'$� /)!,:9&"7�� '$�$+$>$�

C'<5&(� '05� "3=(/'0� &+(',&+:"&50� 8%(+'()*� +7,7":,C4/ 0� cuF �� 
&� 7!':5� '$5� ',:+$�

&+('7@.5&'7(� 0� &.,&/0� '01� "3=(/'01� 75'$@*1� '01� 9(7' $"*1�� �� !+:8&/0� 7!'*� /!5*841�

&+7%08&.&'7(� /&� )75$5()<� $+%(/"35&1� 9(7'$"31�� :"41� !+$#78">;&(� '05� =&5():'0'7� '$!�

7%=$,>8"$!���+(+%3$5��9&5�&>57(�9!57':1�$�!+$%$=(/":1�'45�&59(<"&/45�+7,7"$,C4"3545�

)7'7/'</&45��90%79*�'$!�9(7=,<""7'$1�,$+N5�I�)7"+!% $'*'45��

M'K'M �>@BW�BW�EZ'�jGRRLk�

�(�bX\WS�WS�QP��‚klpƒ�+7,$!/>7/75�3575�7%=:,(8"$�$%$)%*,4/01�'$!�+&9>$!�'45�'</&45�

+$!� #7/>;&'7(� '05� )7'<'"0/0� '01� 9(7'$"*1� /&� /',N/&( 1� 2SdTAj� PQ_W^R6�� �(� /',N/&(1� &>57(�

'&',<+%&!,7� '7� $+$>7� /'05� /!53@&(7�757%.$5'7(� )7'<� (/$9.57"$� ',:+$� /&�<%%7�+%*,0� *�

)&5<�$,8$=N5(7�+7,7%%0%:=,7""7�*�',>=457�2�():57�p� n�n6���



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
��p�

�

��,-5(�M'K'Ki��5+$/ %�4�(!"):&� 2� !�; 2�&�,(!+��>@ BW�BW�EZ'�wFLMx�

�>5&'7(� 9(<),(/0� "&'7?.� 9.$� &(9N5� +&9>45� '</&45-� '$ � )!%(59,():� +&9>$�� /'$� $+$>$� 0�

'</0�&>57(�$"$(:"$,C0�)7'<�"(7�9(&.8!5/0��)78N1�)7( �'$�"0�)!%(59,():���&�)<8&�+&,>+'4/0��

0�"38$9$1�&C7,":;&'7(�/&�7!/'0,<�+$%!=45()31�9(7'$" 31���(7�'05�$%$)%*,4/0�'$!�+&9>$!�

'45� '</&45�=>5&'7(�@,*/0� '01�7,(8"0'()*1�"&8:9$!�{Q VRRszWqW\c^W��H'/(��0�7),>#&(7� '45�

7+$'&%&/"<'45� &?7,'<'7(� 7+:� '$� +%*8$1� '45� /0"&>45� { QVRR� +$!� %7"#<5$5'7(� !+:B0�

/'$!1�!+$%$=(/"$.1��	3%$1��3=(5&�/.=),(/0�'01�7+:9$ /01�'45�7%=$,>8"45�/&�/@3/0�"&�'05�

"38$9$�'$!�wQfTSTR�‚knJƒ���

M'K'P ‰CfE@�,(��_EŠB�jGRRKk�

�(� •VgQ\� )7(� �QhW� ‚kpkƒ� @,0/("$+$>0/75� '$� 8&N,0"7� ' $!� {^WW\� ‚kppƒ� =(7� '05�

$%$)%*,4/0� '$!� +&9>$!� '45� '</&45� "(71� +$%!=45()*1� 9 (7'$"*1�� �,0/("$+$>0/75�

/!=)&),("35&1� 757%!'()31� &)C,</&(1� =(7� '7� 9(7=,<""7 '7� '</&45� I� +7,7"$,CN/&45� '45�

!%()N5���'05�/!53@&(7��/!53),(575�'05�7+:9$/0�'$!�7 %=$,>8"$!�"&�@,*/0�':/$�757%!'()N5�

:/$� )7(� 7,(8"0'()N5� "&8:945�$%$)%*,4/01� '$!� +&9>$!� '45� '</&45�� 	$� /!"+3,7/"7� '01�

/.=),(/01� 7!'*1� &>57(� :'(�� /&� /!=)&),("35&1� +&,(+'N /&(1�� &+7,)N1� 7),(#&>1� 7,(8"0'()31�

"38$9$(� "+$,&>� 57� 7+7('$.5� 41� ',&(1� C$,31� +&,(//:'& ,$!1� !+$%$=(/"$.1� /&� /@3/0� "&�

757%!'()31�"&8:9$!1 �� �+(+%3$5��7,(8"0'()31�"38$9$(�$%$)%*,4/01�@7"0%$. �#78"$.�"+$,&>�

57�9N/$!5�7+$'&%3/"7'7�"&�75&+>',&+'7�"&=<%$�/C<%"7 ���




&C<%7($�p�-��(7?$5()*�
<"B0�"&��,$/$"$(N"7'7��5N5��
�

�
� ��o�

M'K'Q _>CVE�,(��bC@[}�jGRRPk�

�(� �XVRQ� )7(� �V\T~� ‚kp�ƒ� &+>/01� +7,$!/>7/75� "(7� "38 $9$� 0� $+$>7� @,0/("$+$(&>� '$�

8&N,0"7� '$!� {^WW\� ‚kppƒ�� �� "38$9:1� '$!1� &C7,":;&'7( � /&� +$%!=45()31� 9(7'$"31� )7(�

@,0/("$+$(&>� +$%%7+%31� +$%!45!"()31� &)C,</&(1� =(7� '05� /@3/0� '</01� I� +7,7":,C4/01�

'45�!%()N5�2�():57�p�n�p6��

�

��,-5(�M'K'Mi��5+$/ %�4�(!"):&�,(!+�_>CVE�,(��bC@[} �wFMGx�

�� &5� %:=4� "38$9$1� &C7,":;&'7(� /&� 7!/'0,<� +$%!=45()3 1� 9(7'$"31� &5N� =>5&'7(� 0�

8&N,0/0�:'(�$�9(7"*)01�$+%(/":1�7+$'&%&>'7(�7+:�79( </'7'&1�>5&1�2/0"&>76��

M'K'H v>VEW[�BW�EZ'�jGRRQk�

�(�xXRQST�WS�QP��‚kpnƒ��#7/(;:"&5$(�/&�+7%7(:'&,0�&,=7/>7�'45��W�mT]X�)7(�xXRQST�‚kplƒ��

+7,$!/>7/75� "(7� $"<97� 7%=$,>8"45� =(7� '$5� !+$%$=(/": � '01� "3=(/'01� 75'$@*1� '!@7>45�

+$%!=45()N5� *� )!)%()N5� 9(7'$"N5� $+%(/"35$!� /)!,$93" 7'$1�� $(� $+$>&1� !+:)&(5'7(� /&�

9(7?$5()*� )<"B0� )7(� 7?$5()*� 9.57"0�� �(� 7%=:,(8"$(� # 7/>;$5'7(� /&� "&8:9$!1� '3"5$!/71�

2RWAQ\S�YWSdXcR6�=(7� '$5� !+$%$=(/":� '$!� "0',N$!�9!/ )7"B>71�+$!�@,0/("$+$(&>'7(� /'05�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
��E�

&+757%0+'()*�"38$9$�=(7�'05�&+>'&!?0�(/$,,$+>71���� 9(7'$"*�757%.&'7(�/&�&+("3,$!1�@4,>7�

'7�$+$>7�%7"#<5$5'7(�!+:B0�"&�8&'():�*�7,50'():�+,: /0"$�2�():57�p�n�o6��

�

��,-5(�M'K'Pi��5+$/ %�4�(!"):&�,(!+�v>VEW[�BW�EZ'�w FMKx�

�'05� &5� %:=4� "38$9$�� '$� 9(<=,7""7� '</&45� I� +7,7"$,C N/&45� '$!� 8%(#:"&5$!�

/)!,$93"7'$1� 7+$'&%&>'7(� 7+:� "(7� +7,7#$%*� )7(� "(7� $ ,(;:5'(7� &!8&>7� =,7""*� &5N� $�

@<%!#71�8&4,&>'7(�:'(�7)$%$!8&>�&%7/'()*�I�7+$%.'41�+%7/'()*�/!"+&,(C$,<��

M'K'FR �*�*$#"5�(5(9"�#&�

�'05� #(#%($=,7C>7� !+<,@&(� 357� +%*8$1� +7%7(:'&,45� *� 5&N'&,45� <,8,45� +$!�

/!59!<;$!5� *� !%$+$($.5� )<+$(&1� 7+:� '(1� "&8:9$!1� +$! � +,$757C3,80)75�� �'05� /!53@&(7��

+7,7'>8&5'7(�&5�/!5'$">7�'7�#7/()<�@7,7)'0,(/'()<�' 45�<,8,45�7!'N5��

�� xXSSW^� 2k En6� ‚knEƒ� &+()&5',N80)&� /'05� )7'7/)&!*� 9(7=,7""<'45� ,$+N5� I�

)7"+!%$'*'45�&C7,":;$5'71�'$�8&N,0"7�'$!�{^WW\�‚kpp ƒ��

�(� reQ\� )7(�zTQVe�2k En6� ‚knlƒ�753%!/75� '!@7>&1�9(7 '$"31�"&�@,*/0� '$!�8&4,*"7'$1�

'$!�{^WW\�‚kppƒ�)7(� /!=)&),("35&1�(9(:'0'&1�!%()N5� � �%$+$>0/75�"(7�&+757%0+'()*�"38$9$�

=(7� 57� )78$,>/$!5� '05� +7,7"$,C4"350� )7'</'7/0� '01� 9 (7'$"*1� +$!� #,>/)&'7(� /&�




&C<%7($�p�-��(7?$5()*�
<"B0�"&��,$/$"$(N"7'7��5N5��
�

�
� �� �

(/$,,$+>7� "&� '7� &?4'&,()<� C$,'>7�� �59&@:"&5&1� $+31� /'05� 9(7'$"*� 75'("&'4+>/'0)75� "&�

C75'7/'()31� '$"31�+$!�&5N5$!5� '$� &?4'&,():� +&,>=,7" "7� "&� '7�&/4'&,()<�+&,(=,<""7'7�

'45�$+N5��

�(�aRQX�)7(�€RV�2k  J6�‚kp�ƒ�753%!/75�!+$/'!%N"7'7� "$,C*1�‹zŒ�/&�9(7?$5()*�)<"B0�

"&�'7!':@,$50�7?$5()*�9.57"0���,0/("$+$>0/75�'05�"3 8$9$�'45�+&+&,7/"3545�9(7C$,N5�

=(7� 57� !+$%$=>/$!5� '(1� "&'7'$+>/&(1� +$!� ()75$+$($.5 � '(1� &?(/N/&(1� (/$,,$+>71�� �+>/01��

+,7="7'$+$>0/75� "(7� /&(,<� +&(,7"<'45� )7(� #,*)75� ()7 5$+$(0'()*� /!"C45>7� "&� '(1�

8&4,0'()31�757%./&(1�/&�"$5$'$5()*�C:,'(/0��

�(� �V\cQ^�)7(� �QdT\�2k  J6� ‚kn�ƒ�&+>/01�@,0/("$+$>0 /75� '$�8&N,0"7� '$!�{^WW\�‚kppƒ�

)7(�'05�"38$9$�vWeSX\sxQgdRX\�=(7�57�&+('.@$!5�/.=) %(/0��

�� OQ^AdW� 2����6� ‚koJƒ� &C<,"$/&� +%*,0� 9(7),('$+$>0/0 � '01� 9(7'$"*1� /&� >5&1� )7(�

&C<,"$/&� "$5$7?$5()31� /@3/&(1� '</&45� I� +7,7"$,CN/&4 5� /&� )<8&� ">7� 7+:� 7!'31�� 	7�

7,(8"0'()<� 7+$'&%3/"7'7� +7,$!/>7/75� )7%*� /!"C45>7� " &� '7� +&(,7"7'()<� 9&9$"357� ':/$�

/&�"$5$'$5()*�:/$�)7(�/&�757)!)%(;:"&50�C:,'(/0��

•"$(7��$(�rTY�)7(�zWW�2����6�‚kolƒ�+,$@N,0/75�/&�+% *,0�9(7),('$+$>0/0�'01�9(7'$"*1�

/&� >5&1�� �+(+%3$5�� +,$@N,0/75� /&� 9(&?7=4=*�+&(,7"<'45� "&� kp�9$)>"(7� '&',7=45()*1� )7(�

$,8$=45()*1� 9(7'$"*1�� �� 9(7?$5()*� )<"B0� &+('&.@80)& � "&� 3))&5',0� 7?$5()*� C:,'(/0� '45�

9$)(">45�� 	7� 7,(8"0'()<� 7+$'&%3/"7'7� +7,$!/>7/75� )7 %*� /!"C45>7� "&� '7� +&(,7"7'()<�

9&9$"357��

�(� bX\WS� WS� QP�� 2���p6� ‚kpJƒ� +7,$!/>7/75� "(7� "38$9$ � !+$%$=(/"$.� 9(7=,7""<'45�

7%%0%&+>9,7/01�$,8$=45()N5�)7(�)!)%()N5�9(7'$"N5�$+%(/"35$!� /)!,$93"7'$1���+(+%3$5��

/!53),(575� '05�7+:9$/0� '$!�7%=$,>8"$!� "&�@,*/0� ':/$ �757%!'()N5� :/$� )7(�7,(8"0'()N5�

"&8:945�$%$)%*,4/01��

M'M �2�"52,!:)(!(�/9� !+)2575�)2h-475�

�!5$%()<�� $(� !C(/'<"&5&1� "38$9$(�+7,$!/(<;$!5� /!=)& ),("357� "&($5&)'*"7'7� '7�$+$>7�

/!5$B>;$5'7(�41�&?*1-�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
�J��

o �@&9:5�:%$(�$(�7%=:,(8"$(�@,0/("$+$($.5�"(7�/!=)&), ("350�"$,C*�9(7=,7""<'45�'</01�

I�+7,7":,C4/01�'45�!%()N5��

o �@&9:5� :%$(� $(� 7%=:,(8"$(� 3@$!5� &C7,"$=*� /&� +$%!=45()31� 9(7'$"31�� �>=&1� "38$9$(�

75'("&'4+>;$!5�)!)%()31�9(7'$"31�"&�757%!'()31�/@3/ &(1�‚kl ƒ��‚kpJƒ���

o �$%%$>�7%=:,(8"$(�@,0/("$+$($.5� '$�8&N,0"7� '$!�{^WW \�‚kppƒ�=(7� '05�"&'7',$+*� '45�

&+(C75&(7)N5�$%$)%0,4"<'45�/&�&+()7"+.%(7��+�@��‚knEƒ��‚knJƒ��‚kpkƒ��‚kp�ƒ���5�)7(�0�

"38$9$1�&>57(�=,*=$,0��$(�9(<C$,&1� !+$+&,($@31� '01�9(7'$"*1�� :+41�=(7�+7,<9&(="7�0�

"0� ,0="7'4"350�+&,($@*� '$!� /)!,$93"7'$1�+,3+&(�57� ! +$%$=>;$5'7(�&)�53$!�+,(5�7+:�

)<8&�$%$)%*,4/0�'$!�+&9>$!�'45�'</&45��

o 
<+$($(�7%=:,(8"$(�@,0/("$+$($.5� "&8:9$!1�7,(8"0'() *1�$%$)%*,4/01� '$!�+&9>$!� '45�

'</&45� =(7� '(1� $+$>&1� 7+7('&>'7(� 3%&=@$1� '01� 7),>#&(71� '45� 7+$'&%&/"<'45�� 
&%3'&1�

!+$9&()5.$!5�:'(�&+7,)N1�7),(#&>1�7,(8"0'()31�"38$9 $(�"+$,&>�57�&>57(�',&(1�C$,31�+($�

7,=31� /&� /@3/0� "&� 757%!'()31� "&8:9$!1�� &5N� 3571� @7"0%:1� #78":1� 7,(8"0'()*1�

$%$)%*,4/01�"+$,&>�57�9N/&(�75&+>',&+'7�"&=<%7�%<80�‚kpkƒ��	$�/0"75'():'&,$�:"41�

&>57(� :'(� $� 7+7('$."&5$1� #78":1� 7,(8"0'()*1� $%$)%*,4/01� =(7� 5 7� &+('&!@8&>� 357�

9&9$"35$�&+>+&9$�7),>#&(71�9&5�&>57(�=54/':1�&)�'45�+,$'3,45 ��

o �'(1�+&,(//:'&,&1�+&,(+'N/&(1��$(� ,<#9$(� '$!�9(7"*) $!1�$+%(/"$.�75'("&'4+>;$5'7(�41�

"&"$54"35&1� 79(</'7'&1� >5&1� )7(� /!5&+N1� '$� &"#79:5� '$!1� 8&4,&>'7(� :'(�

)7'7%7"#<5&'7(� 7+:� /)!,:9&"7�� 	$� >9($� +,:#%0"7� +7,$ !/(<;&'7(� )7(� /'05� +&,>+'4/0�

&=)(#4'(/"3545�9(7'$"N5�@<%!#7��

o 
&,()$>�7%=:,(8"$(�&>57(�&!7>/80'$(� /'05�&+(%$=*� '0 1�7,@*1� '45�7?:545�)7(� "+$,&>�57�

"05�/!=)%>5$!5��(9(7>'&,7�/'05�+&,>+'4/0�"&=<%45�8% (+'()N5�C$,'>45�‚kloƒ��‚ko�ƒ��

�'7�+%7>/(7�'01�+7,$./71�9(7',(#*1�757+'.@80)&�"(7� 537�"38$9$1�0�$+$>7�75'("&'4+>;&(�

)7'<� &5(7>$� ',:+$� :%7� '7� +,$757C&,835'7� 83"7'7�� �� " 38$9$1� @,0/("$+$(&>� 7),(#*�

757+7,</'7/0� '!@7>45� 9(7'$"N5� "&� &!8&>&1� *� )7"+.%&1 � 7)"31� &5N� 0� $%$)%*,4/0� '$!�




&C<%7($�p�-��(7?$5()*�
<"B0�"&��,$/$"$(N"7'7��5N5��
�

�
� �Jk�

+&9>$!� '45� '</&45� =>5&'7(� "&�757%!'():� ',:+$�� 	3%$1 ��0� !%$+$>0/0�3=(5&� /&�357�+%*,41�

=,7C():�+&,(#<%%$5�"&�3"C7/0�/'05�/'78&,:'0'7�)7(�' 05�7),>#&(7�'45�7+$'&%&/"<'45��

M'P ��"!2�5-)25%�5#(�)#h"4"&�

M'P'F �2��.�(9:�!"/�*�"8$:)(!"&�

�&4,$."&� 357� +,(/"7'():� "3%$1� '$!� $+$>$!� 0� /!"+&,(C $,<� &>57(� /!"#7'*� "&� '05�

!+:8&/0�bW^\XVPPTsyVPW^��/."C457�"&�'05�$+$>7�$(�9(7'$"31�+7,7"35$!5�&+>+&9&1�"&'<�'05�

+7,7":,C4/0���!5&+N1��8&4,&>'7(�:'(�9&5�!+<,@&(�/@& '()*�$%>/80/0�"&'7?.�'45�9(7C:,45�

!%()N5�� �� 9(7'$"*� '$!� "3%$!1�3@&(� '!@7>7� "$,C*� )7(� "+$,&>� 57�7+$'&%&>'7(� 7+:� 9(<C$,7�

!%()<�� 9(7"*)0� $+%(/":�� &=)(#4'(/"35&1� 9(7'$"31� @<% !#7�� $+31� )�%�+�� 2�():57� p�o�k6��

�+(+%3$5�� "+$,$.5� 57� )78$,(/'$.5� )7(� +&,($@31� /)!,$ 93"7'$1� "&� 9(7C$,&'()<� &+>+&97�

+&,>/C(=?01��

�

��,-5(�M'P'Fi�	/0(1(�4�(!"):�/*-�2N#!( %�

	7�+,$#%*"7'7�+$!�75'("&'4+>;$5'7(�7+:�'05�+,$'&(5: "&50�"38$9$�&>57(-�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
�J��

k6 ��!+$%$=(/":1�'$!�+%*,$!1�9(7=,<""7'$1�,$+N5�I�)7"+ !%$'*'45��

�6  �� !+$%$=(/":1� '01� "3=(/'01� 75'$@*1� '01� 9(7'$"*1�� $� $+$>$1� +&,(%7"#<5&(� '05�

)7'7/)&!*�':/$�9(7=,7""<'45�7%%0%&+>9,7/01�:/$�)7(� &+(C75&(N5�7/'$@>71��

J6 ��)78$,(/":1� '01�+7,7"$,C4"3501�)7'</'7/01� '01�9(7' $"*1�!+:�9&9$"357�&?4'&,()<�

C$,'>7��

M'P'G �#.� !%�(5!"0:�

�+:� C!/()*1� <+$B01�� 0� "3=(/'0� 75'$@* � "(71� 9(7'$"*1� &+('!=@<5&'7(� :'75� &+(+%3$5�

&+(#7%%:"&50� +7,7":,C4/0� $90=&>� /&� "&(4"350� 7+:),(/ 0�� �� &+(C<5&(7� 7/'$@>71� "(71�

9(7'$"*1�"+$,&>�57�$,(/8&>�41�$�=&4"&',():1�':+$1�' 45�/0"&>45�'$!�',(/9(</'7'$!�@N,$!�

'45� /!5(/'7"3545� 9!5<"&45� +$!� 75'(/'$(@$.5� /&� "3=(/ '0� 75'$@*� ‚kn ƒ�� �� &+(C<5&(7�

7/'$@>71�&>57(�"(7�)%&(/'*�&+(C<5&(7�0�$+$>7�&?7,'<'7(�7+:�'05�=&4"&',>7�'01�9(7'$"*1�)7(�

'7� 9(7=,<""7'7� '</&45� I� +7,7"$,CN/&45� '45� !%()N5� ‚k plƒ�� �!5&+N1�� 9&5� "+$,&>� 57�

+&,(=,7C&>�7+:�757%!'()31�/@3/&(1�2+7,<�":5$�+,$/&= =(/'()<��+�@��‚kokƒ6�)7(�87�+,3+&(�57�

)7'7/)&!7/'&>�/0"&>$�+,$1�/0"&>$��

�3,75� '01�&+(C<5&(71�7/'$@>71��"+$,&>�57�$,(/'&>�)7(�0� /!"#7'()*�&+(C<5&(7�7/'$@>71 ��

�&5()<�� 0� &+(C<5&(7� 7!'*� 3@&(� '05� >9(7� "$,C*� "&� '05 � &+(C<5&(7� 7/'$@>71� <%%7� &>57(�

"(),:'&,0� /&� "3=&8$1� ‚kn ƒ� )7(� )7'7/)&!<;&'7(� "&� !+ $%$=(/":� /0"&>45�+$!� 75'(/'$(@$.5�

/&� /!"#7'()*�"3=(/'0�75'$@* �� �&�7!'*� '05�+&,>+'4/0��0� /!"#7'()*�7/'$@>7 �&+('!=@<5&'7(�

:'75� )<+$($�7+:� '7� !%()<� '01�9(7'$"*1�C'</&(� )<+$(7 �+,$)78$,(/"350�"3=(/'0�8%(+'()*�*�

&C&%)!/'()*�+7,7":,C4/0��

�(�+,$757C&,8&>/&1�&+(C<5&(&1�7/'$@>71�@,0/("$+$($.5'7(� /!@5<�@4,>1�9(<),(/0�)7(�$(�

+&,(//:'&,$(� 7%=:,(8"$(� !+$%$=>;$!5� '05� /!"#7'()*� & +(C<5&(7� 7/'$@>71�� �+(+%3$5�� /&�

"&,()$.1� 7%=$,>8"$!1� =>5&'7(� &)� '45� +,$'3,45� 0� !+:8 &/0� :'(� 0� 7/'$@>7� $C&>%&'7(� /'$�

8%(#:"&5$�/)!,:9&"7��'$�$+$>$�C'<5&(�"(7�+,$)78$,(/ "350�'("*�+7,7":,C4/01� cuF �‚kl ƒ��

‚kn ƒ�� �>57(� :"41� /7C31�:'(�0� /!"#7'()*�7/'$@>7�'01 �9(7'$"*1�"+$,&>�57�/!"#&>�)7(�%:=4�

'$!� @<%!#7� '$!� 9(7"*)$!1� $+%(/"$.�� �?M� <%%$!�� 0� "3= (/'0� 75'$@*� "(71� 9(7'$"*1� &>57(�




&C<%7($�p�-��(7?$5()*�
<"B0�"&��,$/$"$(N"7'7��5N5��
�

�
� �JJ�

9!57':5�57�&+('&!@8&>�+,(5 � '05� /!"#7'()*�7/'$@>7�)7(� :@(� '$�75'>/',$C$�� �!':� "+$,&>�57�

/!"#&>� :'75� )<+$($1� 8&4,*/&(� 9(7=,<""7'7� '</&45� I� + 7,7"$,CN/&45� "&� 35'$50�

+7,7"$,C4/(7)*� @7%<,4/0�� :+41� /'05� +&,>+'4/0� "0� +&, (/C(="35$!� /)!,$93"7'$1� *�

9(7"*)$!1�$+%(/"$.�+$!�&>57(�&+(,,&+*1� /&�%!=(/":�% :=4�75&+7,)N5� /!59&'*,45�� �&5()<�

+<5'41�� 0� /!"#7'()*� 7/'$@>7� /!"#7>5&(� +,(5� '05� &+>' &!?0� '01� "3=(/'01� 75'$@*1� '01�

9(7'$"*1� :'75� @,0/("$+$($.5'7(� '7� /!5*80� 9(7=,<""7' 7� '</&45� I� +7,7"$,CN/&45� +$!�

!+$9&()5.$!5�$(�)75$5(/"$>�:+41�$��!,4)N9()71���‚kp Eƒ�*�$�|���‚kp ƒ���

�&� )<8&�+&,>+'4/0�+<5'41��0�+,$'&(5:"&50�"38$9$1�!+ $%$=>;&(� '05�"3=(/'0�75'$@*�"&�

#</0�'7�+%*,0�9(7=,<""7'7�,$+N5�I�)7"+!%$'*'45��H'/ (��41�"3=(/'0�75'$@*�%7"#<5&'7(�0�

9!/"&53/'&,0 � &)� '01� /!"#7'()*1� )7(� +,7="7'()*1� "3=(/'01� 75'$@*1 �� &5N� "&� @,*/0�

&?&(9()&!"3545�'&@5()N5�&+('!=@<5&'7(�0�&%7@(/'$+$>0/0�'$!�!+$%$=(/'()$.�):/'$!1��

M'P'I  �#h"4"��/*"$".� )"3�!%&�2*�9+52�(&�( !"01(&�

�'05� +,<?0�� 0� &+(C<5&(7� 7/'$@>71� "(7� 9(7'$"*1� "+$,& >� 57� )7'7/)&!7/'&>� "&� '3//&,(1�

).,(&1�"&8:9$!1-�

k6 
&� +$%%7+%<� 9(7=,<""7'7� 7%%0%&+>9,7/01� =(7� 9&9$"35$� %:=$� )7"+'()N5� ,$+N5�

Y ZM M ��

�6  
&�+$%%7+%<�9(7=,<""7'7�7%%0%&+>9,7/01�=(7�9&9$"35$�7?$5():�C$,'>$� XN ��

J6 
&�+$%%7+%<�/0"&>7�+$!�+,$).+'$!5�"&�&+3)'7/0�'!@7> 45�&!8&(N5�/'$5�',(/9(</'7'$�

@N,$�'45�/!5(/'7"3545�9!5<"&45��

l6  
&� +$%%7+%31� (/$=45()31� ',(/9(</'7'&1� )7"+.%&1� +$!� +,$).+'$!5� =(7� 9&9$"350�

9(&.8!5/0�$!93'&,$!�<?$57� - ��

�(� +7,7+<54� "38$9$(� +7,$!/(<;$5'7(� =,7C()<� /'05� �() :57� p�o���� �'(1� +,N'&1� 9.$�

+&,(+'N/&(1�� 0� 7),(#*1�83/0� '$!�$!93'&,$!�<?$57� )78 $,>;&'7(�7+:�9.$�+7,7"3',$!1��=(7�

+7,<9&(="7�7+:�'05�9(&.8!5/0�'$!�$!93'&,$!�<?$57� - �)7(�'$�#<8$1�'01�8%(#:"&501�;N501�

nd �� 
&�7!':� '$5�',:+$�+,$).+'$!5�',&(1�/!;&!="35&1�"0 �=,7""()31�&?(/N/&(1�(/$,,$+>71��



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
�Jl�

=(7�'05�&+>%!/0�'45�$+$>45�7+7('&>'7(�"(7�&+757%0+'()*�9(79()7/>7��:+41�=(7�+7,<9&(="7�0�

$($5&>�I� �&!'N5&(7�"38$9$1�+$!�+,$'<80)&�7+:� '$5�•W \� ‚ko�ƒ�� 	3'$($!� '.+$!�7%=:,(8"$(�

9&5� &>57(� &.)$%7� !%$+$(*/("$(� )7(�� /&� "&,()31� +&,(+'N/&(1�� &>57(� &!7>/80'$(� /'05� &+(%$=*�

'$!�/0"&>$!�'01�7,@*1�'45�7?:545�757C$,<1���1�7+$'3 %&/"7��&593@&'7(�57�+7,$!/(</$!5�

7/'<8&(&1�/'05�+&,>+'4/0�"&=<%45�8%(+'()N5�7?$5()N5 �C$,'>45� ‚kl ƒ�� �?M�<%%$!��0� ',>'0�

"38$9$1�@,0/("$+$(&>�&+757%0+'()31� "&8:9$!1� '.+$!� ' 3"5$!/71�2RWAQ\S�YWSdXcR6�=(7� '05�

&+>%!/0�'$!�"0�=,7""()$.�/!/'*"7'$1�'45�&?(/N/&45�( /$,,$+>71�‚kplƒ��

�

��,-5(�M'P'Gi��#h"4"��/*"$".� )"3�!%&�2*�9+52�(&�( !"01(&�

�+:� '05� <%%0� +%&!,<�� 0� '3'7,'0� "38$9$1� '45� (/$=45() N5� )7"+.%45�� 0� $+$>7�

@,0/("$+$(&>'7(� /'$5�+,$'&(5:"&5$�7%=:,(8"$��&>57(� +($�<"&/0� )7(� /'78&,*�� ��%:=$1�&>57(�

:'(�">7�&)� '45�+7,7"3',45�+$!�)78$,>;$!5�'05�+7,7"$ ,C4"350�)7'</'7/0�'01�9(7'$"*1��

*'$(� 0� 9(&.8!5/0� '$!� $!93'&,$!� <?$57�� &+(%3=&'7(� &?M� 7,@*1� 7+:� '$5� 7%=:,(8"$� )7(�

+7,7"35&(� /'78&,*� )78M� :%0� '05� 9(79()7/>7� )7'7/)&!* 1� '$!� 9(7=,<""7'$1� ,$+N5� I�

)7"+!%$'*'45�� �1� /!53+&(7� '01� "&>4/01� '45� +7,7"3',4 5�� 7+7('&>'7(� 0� .+7,?0� "(71�

9&!'&,&.$!/71�)7"+'()*1�,$+*1�N/'&�57�+,$).B&(�0�9& 9$"350�+7,7"$,C4"350�)7'</'7/0�

'01� 9(7'$"*1�� 
&� '05� &?7>,&/0� &(9()N5� +&,(+'N/&45� / !""&',()N5� 9(7'$"N5�� 7!'*� 0�

9&!'&,&.$!/7� )7"+'()*� ,$+*�&>57(� "0� "09&5()*��H'/(� � '7� /0"&>7� /'05�&+(C<5&(7�7/'$@>71�




&C<%7($�p�-��(7?$5()*�
<"B0�"&��,$/$"$(N"7'7��5N5��
�

�
� �Jn�

7)$%$!8$.5� "(7� ',(/9(</'7'0� )7"+.%0� =,7""*�+$!� 9&5� 75*)&(� /&� )<+$($�&+>+&9$�2�():57�

p�o��6��

M'P'L �(�()"�97)#5%�,(!+ !( %�

�(7� '05� 75<%!/0� "(71� '!@7>71� 9(7'$"*1� /&� 9&9$"350� + 7,7"$,C4"350� )7'</'7/0�

7+7('&>'7(�57�&>57(�=54/':�'$�+&9>$�'45�+7,7"$,CN/& 45���(7�'(1�+&,(//:'&,&1�+&,(+'N/&(1�

+,7)'()$.� &59(7C3,$5'$1�� 0� !+:8&/0� bW^\XVPPT� I� yVPŴ� &>57(� 7+$9&)'*� ‚kplƒ�� �+7('$.5'7(�
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TIME T=  7.62360 SEC : BEAM ELEMENT 5 YIELDED AT FI RST  END 
TIME T=  7.62860 SEC : BEAM ELEMENT 6 YIELDED AT FI RST  END 
TIME T=  7.63200 SEC : BEAM ELEMENT 3 YIELDED AT FI RST  END 
TIME T=  7.63860 SEC : BEAM ELEMENT 4 YIELDED AT FI RST  END 
TIME T=  7.96860 SEC : BEAM ELEMENT 6 YIELDED AT SE COND END 
TIME T=  7.98060 SEC : BEAM ELEMENT 5 YIELDED AT SE COND END 
TIME T=  8.19040 SEC : BEAM ELEMENT 2 YIELDED AT FI RST  END 
TIME T=  8.19180 SEC : BEAM ELEMENT 1 YIELDED AT FI RST  END 
TIME T=  8.59740 SEC : BEAM ELEMENT 2 YIELDED AT SE COND END 
TIME T=  8.60540 SEC : BEAM ELEMENT 1 YIELDED AT SE COND END 
TIME T=  8.61160 SEC : BEAM ELEMENT 4 YIELDED AT SE COND END 
TIME T=  8.61400 SEC : BEAM ELEMENT 3 YIELDED AT SE COND END 

�15(,(&�P'I'Ii���(4"0:�4�(��";5�)2$;5�(�0�,"3�*�" " )"�;)(!"&��>CJ��B@�

�

TIME T=  5.37060 SEC : BEAM ELEMENT 1 YIELDED AT FI RST  END 
TIME T=  7.61960 SEC : BEAM ELEMENT 5 YIELDED AT FI RST  END 
TIME T=  7.62460 SEC : BEAM ELEMENT 6 YIELDED AT FI RST  END 
TIME T=  7.62860 SEC : BEAM ELEMENT 3 YIELDED AT FI RST  END 
TIME T=  7.63340 SEC : BEAM ELEMENT 4 YIELDED AT FI RST  END 
TIME T=  7.95860 SEC : BEAM ELEMENT 6 YIELDED AT SE COND END 
TIME T=  7.96740 SEC : BEAM ELEMENT 5 YIELDED AT SE COND END 
TIME T=  8.18040 SEC : BEAM ELEMENT 2 YIELDED AT FI RST  END 
TIME T=  8.22160 SEC : COLUMN ELEMENT 4 YIELDED AT FIRST  END 
TIME T=  8.22440 SEC : COLUMN ELEMENT 1 YIELDED AT FIRST  END 
TIME T=  8.22440 SEC : COLUMN ELEMENT 7 YIELDED AT FIRST  END 
TIME T=  8.59520 SEC : BEAM ELEMENT 2 YIELDED AT SE COND END 
TIME T=  8.59840 SEC : BEAM ELEMENT 4 YIELDED AT SE COND END 
TIME T=  8.59860 SEC : BEAM ELEMENT 3 YIELDED AT SE COND END 
TIME T=  8.60140 SEC : BEAM ELEMENT 1 YIELDED AT SE COND END 
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xWg��vX��yyxzsE s�J��yQ^SdUVQjW�y\qT\WW^T\q�xWRWQ^Ad�zQZ����QPTfX^\TQ��\RSTSVSW�Xf�

aWAd\XPXq_��OQRQcW\Q���|��

‚oEƒ� �gQAX\W�y����TQYgT��m���OdTPTggXV��w����2k  �6�…|�bWQY�yPWYW\S�fX^��WTRYTA��QYQqW�

|\QP_RTR†��xWg��vX��[�b`yyx�s �`�o��yQ^SdUVQjW�y\qT\WW^T\q�xWRWQ^Ad��W\SW^��

[\T]W^RTS_�Xf��QPTfX^\TQ��bW^jWPW_��

‚o ƒ� tX\q����t����vT��•�“���rX��‘����2k  l6�…�SWQc_ s�SQSW�}RATPPQSTX\�Xf�€_RSW^WSTA�

�TffW^W\STQP��XcWP����-�OW^fX^YQ\AW�|\QP_RTR†��‘XV^\QP�Xf�y\qT\WW^T\q��WAdQ\TAR��

k��2kk6-��  s�J�n��

‚E�ƒ� �QRATQST��w��2k E 6�…�SXAdQRSTA�c_\QYTAR�Xf�d_RSW^WSTA�YWcTQ†���S^VASV^QP��QfWS_��

p-�n s�p ��

‚Ekƒ� �QRATQST��w���wQ^Q]WPPT��z����T\qd����O��2k Ep6�…vX\sPT\WQ^�RS^VASV^QP�^WRgX\RW�Q\c�

YXcWPT\q�V\AW^SQT\S_�X\�R_RSWY�gQ^QYWSW^R�Q\c�RWTRYTA�WiATSQSTX\†��O^XA��ESd�y�yy��

zTRZX\��p�J��gg��lkslE��

‚E�ƒ� mQPQ\TR��r����2k Ek6�…}\�SdW�RVZRSQ\AW�Xf�xT]PT\MR�^WYQ^jR�X\�SdW�W\cXAd^X\TA�

SdWX^_†���\S��‘���XPTcR��S^VASV^WR��ko-�l I�pn��

‚EJƒ� �QRQ\T������OXgX]��y�O��2���k6�…�WTRYTA�W\W^q_�cTRRTgQSX^R�fX^�x��OQ\WPR-�|\QP_STAQP�

RSVcTWR†��|��y�‘XV^\QP�Xf�y\qT\WW^T\q��WAdQ\TAR��k�o2E6-EJnIElJ��
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‚Elƒ� OQATfTA�WQ^SdUVQjW�W\qT\WW^T\q�^WRWQ^Ad�AW\S^W�2Oyyx6���S^X\q�q^XV\c�YXSTX\�

cQSQZQRW����p–�dSSg-``gWW^�ZW^jWPW_�WcV`���

‚Enƒ� �dQ^QPQYgQjTR��|�y���rXVYXVRTR��m�r��2��� 6�…|�bXVAstW\�YXcWP�AXYgQSTZPW�eTSd�

gPQRSTATS_�gXRSVPQSWR†��‘XV^\QP�Xf��XV\c�Q\c�mTZ^QSTX\��T\�O^WRR��

cXT-k��k�kp`h�hR]����E�kk��ko��

‚Epƒ� rQSRQ^QR����O���OQ\QqTXSQjXR��a�b���rXPTQR��b��2���E6�…xWRSX^T\q�AQgQZTPTS_�Xf�ZTPT\WQ^�

d_RSW^WSTA�RWTRYTA�TRXPQSTX\�R_RSWYR†��yQ^SdUVQjW�y\qT\WW^T\q�Q\c��S^VASV^QP�

�_\QYTAR–�Jo-nnoInon��

�

�29+$(�"�K�

‚Eoƒ� zhV\q��z��…�_RSWY�TcW\STfTAQSTX\-�adWX^_�fX^�SdW�VRW^†��RWAX\c�WcTSTX\��O^W\STAW�€QPP�

Oax��k   ��

‚EEƒ� {XPcZW^q����y��…{W\WSTA�|PqX^TSdYR�T\��WQ^Ad��}gSTYT~QSTX\�Q\c��QAdT\W�zWQ^\T\q†��

|ccTRX\stWRPW_��xWQcT\q���|��[���|���k E ��

‚E ƒ� €XPPQ\c��‘�€��…|cQgSQSTX\�T\�vQSV^QP�Q\c�|^STfTATQP��_RSWYR†��adW�[\T]W^RTS_�Xf�

�TAdTqQ\�O^WRR��|\\�|^ZX^������k on��

‚ �ƒ� �TSAdWPP�����…|\��\S^XcVASTX\�SX�{W\WSTA�|PqX^TSdYR�2�XYgPWi�|cQgST]W��_RSWYR6†��

adW���a�O^WRR��k  E��

‚ kƒ� yTZW\��|�y����YTSd��‘�y��…�\S^XcVASTX\�SX�y]XPVSTX\Q^_�|PqX^TSdYR†���g^T\qW^�����J��

‚ �ƒ� rXVYXVRTR��m�r��2k  n6�…|ggPTAQSTX\�Xf�{W\WSTA�|PqX^TSdYR�T\�}gSTYQP��S^VASV^QP�

cWRTq\�g^XZPWYR†���\c�tX^jRdXg�Xf�SdW�yV^XgWQ\�{^XVg�fX^��S^VASV^QP�y\qT\WW^T\q�

|ggPTAQSTX\R�Xf�|^STfTATQP��\SWPPTqW\AW�2y{s�y|s|�6��bW^qQYX���SQP_��k  n��

‚ Jƒ� rXVYXVRTR��m�r���|^RW\TR����‘���mQRTPXqPXV��m�b��2k  J6�…�WSQTPWc��WRTq\�Xf�xWT\fX^AWc�

�X\A^WSW�bVTPcT\qR�VRT\q�zXqTA�O^Xq^QYYT\q†��O^XAWWcT\qR�Xf�SdW�J^c��\SW^\QSTX\QP�



�5&%7/'()*��!57"()*��5<%!/0�u$,345�"&��,$/$"$>4/0�)7'< �bXVAstW\�
�

�
JlE�

�X\fW^W\AW�X\�SdW�|ggPTAQSTX\R�Xf�|^STfTATQP��\SWPPTqW\AW�T\��T]TP�Q\c��S^VASV^QP�

y\qT\WW^T\q��ycT\ZV^qd��k  J��

‚ lƒ� rXVYXVRTR��m�r���{WX^qTXV�O�{��2k  �6�…{W\WSTA�QPqX^TSdYR�T\�cTRA^WSW�XgSTYT~QSTX\�Xf�

RSWWP�S^VRR�^XXfR†��O^XA��Xf�SdW�kRS��X\fW^W\AW�Xf��XYgVSQSTX\QP��WAd��|RRXA��Xf�

{^WWAW��|SdW\R��k  ���

‚ nƒ� OX\SW^XRRX�O���wTRdeTAj�x�‘���wXi������‘���zTV��˜�z���bWqq����t��2����6�…�QRX\^_�Q^Ad�

AXPPQgRW�PXQcR�Q\c�YWAdQ\TRYR�Z_�dWV^TRSTAQPP_�RWWcWc�qW\WSTA�QPqX^TSdY†���XYgVSW^�

�WSdXcR�T\�|ggPTWc��WAdQ\TAR�Q\c�y\qT\WW^T\q��k �2Esk�6-k�JJsk�lJ��

‚ pƒ� �*"$!����
��2���l6�…�3%'(/'$1��@&9(7/":1�
7'7/ )&!N5�"&��&,($,(/"$.1��?($+(/'>71�

)7(�@,*/0��5'7=45(/'()N5��&5&'()N5��%=$,>8"45†���(9 7)'$,()*��(7',(#*���
���

‚ oƒ� �SX^\��x���O^TAW��r��2k  o6�…�TffW^W\STQP�y]XPVSTX\�I�|��TYgPW�Q\c�yffTATW\S�€WV^TRSTA�fX^�

{PXZQP�}gSTYT~QSTX\�X]W^��X\ST\VXVR��gQAWR†��‘XV^\QP�Xf�{PXZQP�}gSTYT~QSTX\��kk-Jlks

Jn ��

‚ Eƒ� rW\\Wc_��‘���yZW^dQ^S��x����2k  n6�…OQ^STAPW�ReQ^Y�XgSTYT~QSTX\†��O^XA��yyy��\S���X\f��

vWV^QP�vWSeX^jR��OW^Sd��|VRS^QPTQ��k l�Ik lE��

‚  ƒ� �dT��•�€���yZW^dQ^S��x����2k  E6�…|�YXcTfTWc�gQ^STAPW�ReQ^Y�XgSTYT~W^†��O^XA���\S��

�X\f��X\�y]XPVSTX\Q^_��XYgVSQSTX\��gg��p IoJ��

‚k��ƒ� wXV^TW��O�����{^XW\eXPc��|�|��2����6�…adW�gQ^STAPW�ReQ^Y�XgSTYT~QSTX\�QPqX^TSdY�T\�

RT~W�Q\c�RdQgW�XgSTYT~QSTX\†���S^VAS���VPSTcTRA��}gSTY����J-�n I�po��

‚k�kƒ� �AdVSSW��‘�w���{^XW\eXPc��|�|��2���J6�…�T~T\q�cWRTq\�Xf�S^VRR�RS^VASV^WR�VRT\q�gQ^STAPW�

ReQ^YR†���S^VAS���VPSTcTRA��}gSTY����n-�pkI�p ��

‚k��ƒ� wXV^TW��O�����{^XW\eXPc��|�|��2����6�…OQ^STAPW�ReQ^YR�T\�RT~W�Q\c�RdQgW�XgSTYT~QSTX\†��

O^XA��tX^jRdXg�X\��VPSTcTRATgPT\Q^_��WRTq\�}gSTYT~QSTX\��O^WSX^TQ�������� osk�p��
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‚k�Jƒ� �PW^A������rW\\Wc_��‘�2����6�…adW�OQ^STAPW��eQ^Y yigPXRTX\���SQZTPTS_��Q\c�

�X\]W^qW\AW�T\�Q��VPSTcTYW\RTX\QP��XYgPWi��gQAW†���yyy�S^Q\RQASTX\R�X\�

W]XPVSTX\Q^_�AXYgVSQSTX\��p2k6-nEsoJ��

‚k�lƒ� �PW^A�����2k   6�…adW�ReQ^Y�Q\c�SdW�UVWW\-�aXeQ^cR�Q�cWSW^YT\TRSTA�Q\c�QcQgST]W�

gQ^STAPW�ReQ^Y�XgSTYT~QSTX\†��O^XA���X\q^��y]XPVSTX\Q^_��XYgVSQSTX\��mXP��J��

tQRdT\qSX\�����k   ��k nkIk no��

‚k�nƒ� mWRSW^RS^XY��‘���adXYRW\��x��2���l6�…|�AXYgQ^QST]W�RSVc_�Xf�cTffW^W\STQP�W]XPVSTX\��

gQ^STAPW�ReQ^Y�XgSTYT~QSTX\��Q\c�W]XPVSTX\Q^_�QPqX^TSdYR�X\�\VYW^TAQP�ZW\AdYQ^j�

g^XZPWYR†���X\q^WRR�X\�y]XPVSTX\Q^_��XYgVSQSTX\���y����l���-k E�s�k Eo��

‚k�pƒ� OQSW^PT\T������r^T\j��a��2���p6�…�TffW^W\STQP�W]XPVSTX\�Q\c�gQ^STAPW�ReQ^Y�XgSTYTRQSTX\�T\�

gQ^STSTX\QP�APVRSW^T\q†���XYgVSQSTX\QP��SQSTRSTAR����QSQ�|\QP_RTR��n�-k����I�k�lo��

‚k�oƒ� r^T\j��a���wTPTgTA��b���wXqWP��{�b��2���l6�…vXTR_�XgSTYT~QSTX\�g^XZPWYR�s�Q�gQ^STAVPQ^�

AdQPPW\qW�fX^�cTffW^W\STQP�W]XPVSTX\¡†���X\q^WRR�X\�y]XPVSTX\Q^_��XYgVSQSTX\��

�y����l��k-JJ�s�JJ ��

‚k�Eƒ� �Q^^XPP����z��2k  p6�…�dWYTAQP�PQRW^�YXcWPPT\q�eTSd�qW\WSTA�QPqX^TSdYR†��|�||�‘��Jl��

JJEIJlp��

‚k� ƒ� |PQ\�����…}�ygQAj��Q��_RSWYT~Wc��XPPWASTX\�Xf�}�y�RXP]W^R†��T\-�x������SWgPWYQ\�WS�QP��

2WcR�6��€T\cYQ^Rd��ATW\STfTA��XYgVST\q��vX^Sds€XPPQ\c��|YRSW^cQY��k EJ��

‚kk�ƒ� �X\RSQ\ST\XV������|c\Q\W����|���…�_\QYTAR�Xf� RXTPsZQRWsTRXPQSWc�RS^VASV^W�R_RSWYR-�

W]QPVQSTX\�Xf�SeX�YXcWPR�fX^�_TWPcT\q�R_RSWYR†��xWgX^S�SX�v�|w���WgQ^SYW\S�Xf�AT]TP�

W\qT\WW^T\q���^WiWP�[\T]W^RTS_��OdTPQcWPgdTQ��O|�k Eo��

‚kkkƒ� rV\\QSd����r����Q\cW^��‘�b���wQ\q��z��2k  o6� …OQ^QYWSW^�TcW\STfTAQSTX\�fX^�cWq^QcT\q�

Q\c�gT\AdWc�d_RSW^WSTA�RS^VASV^QP�AX\A^WSW�R_RSWYR†��y\qT\WW^T\q��S^VASV^WR��

k 2J6-��ls�J���
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‚kk�ƒ� �Q��w���vq����€���|hQ]QjXY��v��2���p6�…}\�R_R SWY�TcW\STfTAQSTX\�Q\c�^WRgX\RW�

g^WcTASTX\�Xf�cWq^QcT\q�RS^VASV^WR†���S^VAS���X\S^XP�€WQPSd��X\TS���kJ-JloIJpl��

cXT-k��k���`RSA�k����

‚kkJƒ� vT��•�“���rX��‘�����tX\q����t��2k  E6�…�cW\ST fTAQSTX\�Xf�\X\sPT\WQ^�d_RSW^WSTA�TRXPQSX^R�

f^XY�gW^TXcTA�]TZ^QSTX\�SWRSR†��‘XV^\QP�Xf��XV\c�Q\c�mTZ^QSTX\���ko2l6-oJosonp��

‚kklƒ� �VWR��x�€����QV����a���tW\��•��2k EE6�…�_RSWY �TcW\STfTAQSTX\�Xf�cWq^QcT\q�d_RSW^WSTA�

^WRSX^T\q�fX^AWR†��‘XV^\QP�Xf�y\qT\WW^T\q��WAdQ\TAR��kkl2n6-EJJsElp��

‚kknƒ� •dQ\q��€���wXPTW\SW��{�����•Q\q��•����Q��w��2 ����6�…OQ^QYWSW^�TcW\STfTAQSTX\�Xf�

T\WPQRSTA�RS^VASV^WR�V\cW^�c_\QYTA�PXQcR†��yQ^SdUVQjW�y\q\q���S^VAS���_\���

Jk2n6-kkkJskkJ���

‚kkpƒ� •Q^������€QYYX\c��‘�r��2k Eo6�…OQ^QYWSW^�WRSTYQSTX\�fX^�d_RSW^WSTA�R_RSWYR†��

‘XV^\QP�Xf��XV\c�Q\c�mTZ^QSTX\��kko2k6-kpksko���

‚kkoƒ� zT\��‘��I���•dQ\q��•��2k  l6�…vX\PT\WQ^�RS^VASV^QP�TcW\STfTAQSTX\�VRT\q�WiSW\cWc�

rQPYQ\�fTPSW^†���XYgVSW^R�Q\c��S^VASV^WR��n�2l6-onosopl��

‚kkEƒ� reXj��v�����€Q��“�O���vqV_W\����a���zT��‘���� QYQPT��b��2���o6�…bXVAstW\�YXcWP�

gQ^QYWSW^�TcW\STfTAQSTX\�fX^�Q��x�fPVTc�cQYgW^�VRT\q�AXYgVSQSTX\QPP_�WffTATW\S�{|†��

��|�S^Q\RQASTX\R��lp-kposko ��

‚kk ƒ� €Q��‘�sz���rV\q��•�s����wV\q��x�sw���€RTW\��� �I���2���p6�…|�AXYgQ^TRX\�Xf�fTS\WRR�

fV\ASTX\R�fX^�SdW�TcW\STfTAQSTX\�Xf�Q�gTW~XWPWAS^TA�d_RSW^WSTA�QASVQSX^�ZQRWc�X\�SdW�^WQPs

AXcWc�qW\WSTA�QPqX^TSdY†���W\RX^R�Q\c�|ASVQSX^R�|��kJ�-plJspn���

‚k��ƒ� r_g^TQ\XV��|���tX^cW\��r���OQ\WS�����2���k6�… �cW\STfTAQSTX\�Xf�d_RSW^WSTA�R_RSWYR�

VRT\q�SdW��TffW^W\STQP�y]XPVSTX\�QPqX^TSdY†��‘XV^\QP�Xf��XV\c�Q\c�mTZ^QSTX\��

�lE2�6-�E sJkl��

‚k�kƒ� €Q��‘�sz��wV\q��x�sw���•Q\q����s���2���n6�…€_ RSW^WRTR�TcW\STfTAQSTX\�Q\c�c_\QYTA�

^WRgX\RWR�Xf�SdW�TYgQAS�c^T]W�YWAdQ\TRY†��‘XV^\QP�Xf��XV\c�Q\c�mTZ^QSTX\���EJ- lJs

 np��
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‚k��ƒ� •W������tQ\q��˜��2���o6�…OQ^QYWSW^�WRSTYQSTX\�Xf�SdW�bXVAItW\�d_RSW^WRTR�YXcWP�

VRT\q�gQ^STAPW�ReQ^Y�XgSTYT~QSTX\†���YQ^S��QSW^TQPR�Q\c��S^VASV^WR��kp-�Jlks�Jl ��

‚k�Jƒ� rXVYXVRTR��m�r���rQSRQ^QR����O��2���p6�…|��QesaXXSd�{W\WSTA�|PqX^TSdY��XYZT\T\q�

SdW�yffWASR�Xf�mQ^TQZPW�OXgVPQSTX\��T~W�Q\c�xWT\TSTQPT~QSTX\�SX�y\dQ\AW�OW^fX^YQ\AW†��

�yyy�a^Q\RQASTX\R�X\�y]XPVSTX\Q^_��XYgVSQSTX\��k�2k6-k s�E���

‚k�lƒ� {XPcZW^q����y��2k E 6�…�T~T\q�gXgVPQSTX\R�fX^�RW^TQP�Q\c�gQ^QPPWP�qW\WSTA�QPqX^TSdYR†��

O^XAWWcT\qR�Xf�SdW�SdT^c��\SW^\QSTX\QP��X\fW^W\AW�X\�{W\WSTA�|PqX^TSdYR�2��{|�E 6��

gg�o�so ��

‚k�nƒ� r^TRd\QjVYQ^��r��2k E 6�…�TA^XsqW\WSTA�QPqX^TSdYR�fX^�RSQSTX\Q^_�Q\c�\X\RSQSTX\Q^_�

fV\ASTX\�XgSTYT~QSTX\†��O^XA���O�y��\SWPPTqW\S��X\S^XP�|cQgST]W��_RSWYR��k l�sk lE��

‚k�pƒ� �dXg^Q��|�r��…�_\QYTAR�Xf��S^VASV^WR-�adWX^_�Q\c�|ggPTAQSTX\R�SX�yQ^SdUVQjW�

y\qT\WW^T\q†��2�\c�ycTSTX\6��O^W\STAW�€QPP��������

‚k�oƒ� ‘W\\T\qR��O����2k pl6�…OW^TXcTA�xWRgX\RW�Xf�Q�{W\W^QP�•TWPcT\q��S^VASV^W†��‘XV^\QP�Xf�

SdW�y\qT\WW^T\q��WAdQ\TAR��T]TRTX\�|��y�� �2y��6-kJkIkpp��

‚k�Eƒ� OXgX]��y�O����SWgdW\��x����2k o�6�…�_APTA�zXQcT\q�Xf�wVPPs�T~W��SWWP��X\\WASTX\R†��

[�b`yyx�so�`�J��

‚k� ƒ� �dQ^QPQYgQjTR��|�y���rXVYXVRTR��m�r��2���p6�…OQ^QYWSW^�yRSTYQSTX\�Xf�bXVAstW\�

€_RSW^WSTA��_RSWYR�VRT\q��QeSXXSd�{W\WSTA�|PqX^TSdY†��O^XAWWcT\qR�Xf�SdW�wTfSd�

�\SW^\QSTX\QP��X\fW^W\AW�X\�y\qT\WW^T\q��XYgVSQSTX\QP�aWAd\XPXq_��zQR�OQPYQR�cW�

{^Q\��Q\Q^TQ���gQT\��

‚kJ�ƒ� �dQ^QPQYgQjTR��|�y���rXVYXVRTR��m�r��2���E6�…�cW\STfTAQSTX\�Xf�bXVAstW\�d_RSW^WSTA�

R_RSWYR�Z_�Q�d_Z^Tc�W]XPVSTX\Q^_�QPqX^TSdY†��‘XV^\QP�Xf��XV\c�Q\c�mTZ^QSTX\��

Jkl-noksnEn��cXT-k��k�kp`h�hR]����E��k��kE��
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‚kJkƒ� �Y_Sd��|�t����QR^T����w����dQRRTQjXR��|�{���� QVqdW_��a�r��2k   6�…}\sPT\W�gQ^QYWS^TA�
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