
HAL Id: inria-00073050
https://inria.hal.science/inria-00073050

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Dynamic Optimisation of a Long Term Growth Rate for
a Mixed Portfolio with Transaction Costs. The

Logarithmic Utility Case
Marianne Akian, Agnès Sulem, Michael I. Taksar

To cite this version:
Marianne Akian, Agnès Sulem, Michael I. Taksar. Dynamic Optimisation of a Long Term Growth
Rate for a Mixed Portfolio with Transaction Costs. The Logarithmic Utility Case. [Research Report]
RR-3626, INRIA. 1999. �inria-00073050�

https://inria.hal.science/inria-00073050
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Dynamic optimisation of a long term growth rate for a
mixed portfolio with transaction costs. The logarithmic

utility case.

Marianne Akian , Agnès Sulem , Michael I. Taksar

No 3626

Février 1999
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t^x | 	LD}p¦{ | i��.x4i | ¬O~ 9E�Rk <�´�É »�r.tRu�pwv=x4{�9��=�=Èq�¢�4È �HOH<ýpqh�z4sw~yu�f.t^u�u�f4iZ©Er4x4�]u�pwv=x�� � {�t^u+p¦{��.i]{
� � ���c P /1032454 676�9�8 �� � . � /  L�

ª�pwu�f

8 �� � . � /  P P L N ���
& � b � # P � D �"+8 � G + i =e /afA5 	;/ N ���

& � b � # G&. /��"+8 2 �
ª�f4i'��i�u�f4i�{�r4z.��i'h�r.h pw{}u�t=^i]x�v^�=i'�ltRs¦s!�KJ | s�JR�yz.��v��]i]{+{�i]{ � . � /  �{+r4��f¸u�f.t^u D �N+8 ���i'h¨t^pwx4{lpwx � ©Ev��Zt^sws+�z '4´!nOpqh�pws·tC��sw~=È.r4{�pwx4��9��&GH<aÈ=u�f4iZi'���=v | pw�}z.��v=¬4swi'h[9E�H<§pw{l��i | r4�]i | u�v/1032454 676�9 8 � � . � /  
ª�pwu�f

8 � � . � /  P �����>�������� �  b 5 P L N �& P � D �"+$ � G + i =e / fA5 	;/ . /8�   2 :
� � l�� ü



���������
	���������������
������������	�������� �"!��$#%������� �&���'�$�(��)�+*��,���.-/����01���2	��3�4#�	��������5#��"����� �'�

.�vXª�i]�=i'�aÈ�pwxL9E�4�"<]È4u�f4i�z.��v | r4�]u D /�"+$ G&. D7�"+$ �pw{}pwsws �±z�v={�i | ª�f4i]x . D¹pw{ | pw{��]v=xOu�pwxOr4v=r4{'´ % x¸v�� | i'��u�v | i��.x4i
pwx9t���pw�=v=r.��v=r4{�ª�t¢~¸u�f4iyz.��v | r4�]u D /1�N+8 G). D �"+8 aÈ!v=x4i-x4i]i | {¨u�v���i]pwx�u���v | r4�]i-u�f4iyz.��vO�]i]{�{)|	�"+8 �ª�f4p¦��fApw{
z.��i]�]pw{�i]sw~8u�f4iI»Or.t^xOu�pwu�~ u+f.t^u�ª�i-ª¥tRx�u�u�v®�=i]u¨��p | v^©�´��Ov���u�f4pw{j��i't^{�v=x1È3ª�i¨����{�u�{�u�t^u�i¨u�f4i-�XtC��pqt^u�pwv=x.t^s
pwx4i]»�r.tRs¦pwu�~-{�t^u�pw{��.i | ¬O~ 
 � 9Ee�f4i]vO��i'h d4´ k <]´;7¸i}u�f4i]xyvC¬4u�t^pwxIu+f4i}Ë(%3{�tRu�pw{��.i | ¬�~ � � ¬�~-z.i'�ê©Ev���hjp¦x4��u�f4i
��f.t^x4�=i�v^©��^t=��pqt^¬4swi]{�tRx | ��i | r4�]p¦x4��u�f4i | pqh�i]x4{�pwv=x¨v^©�u�f4i�z.��v=¬4swi'h | pq��i]�]u�sw~�v=x�u�f4ilt^{+{�v��]pqt^u+i | �XtC��pqt^u�pwv=x.t^s
pwx4i]»�r.tRs¦pwu�~i9V{�i]i"!�v���v=sws·tC��~Wd4´ �+<]´

����� � ���� "����� #�� ������� # �������
 �i]u�r4{�����{�u���i]�'tRs¦s�u�f4i | i��.x4p¦u+p¦vCxAv^©���pw{��]v={+p¦u�~�{+v=swr4u�pwv=x4{'´-!�vCx4{�p | i'�«tÌx4v=x4swpwx4i't=��i]s¦swpwz4u�pw�®{+i]�]v=x | �±v�� | i'�
z.t=��u+p·tRs | p³²�i'��i]x�u+p·tRs1i]»�r.tRu�pwv=xIvR©�u�f4iZ©Ev���h

�)� , *�� � u  9� , � � u  9� � � u  � u  P ' pwx
	]� 9E�=�+<
ª�f4i'��i�� pw{}t¨�=pw�=i]xÌ©¶r4x4�]u+p¦vCx®pwx!(��������������	[9Vx4v=u�x4i]�]i]{�{�t=��pwsw~y�]v=x�u+p¦xOr4v=r4{�<aÈ�(���pw{lu�f4i�{�z.t^�]i�v^©
{�~4h¨h�i]u���p¦����� �0h¨t^u���pw�]i]{'È�	�p¦{Zt�{�r4¬4{�i]u�v^©@� � È.tRx | ��{�t^u�pw{��.i]{�u+f4i}i]s¦swpwz4u�pw�]pwu�~®�]v=x | pwu�pwv=xt�

�)��� � �A� � � u  Qz��)���)� �A� � � u  p³©�� z��T��� ��� �\( � ���\��� � � � ���]� u ��	]: 9E�=�+<
¾�{�z.i]�]pqt^s1�'tR{�i}v^© 9E�C�H<§p¦{��=pw�=i]xy¬�~

�)�/!� �g� � � u  P ���������� 4 � 9 S R¿ �e/ 6 D�fg5 C /EDm� u � 	  )/ED0I �e /afA5 ?A/1� u � 	  ��'/ i � � u � 	� � I �B� u ��	� <Uc�
ª�f4i'��ib9E�=�H<�pw{«{�t^u�pw{��.i | ª�f4i]x�u�f4iIh¨t^u���pw� � C /ED � u ��	� � Zpw{�{�~ h�h�i]u���pw��x4v=x�x4i]��tRu�pw�=i�©Ev��}t^xO~ u ��	
t^x |	��"! � u  ]´ 8§i]swsqh¨t^x-i]»�r.tRu�pwv=x4{�t=��i��]swi't=��s¦~�i]»�r.t^u+p¦vCx4{cv^©1u�f4pw{cu�~Oz.i=ÈCª�f4i'��i't^{!�^t=��pqt^u�pwv=x.t^s4pwx4i]»Or.t^swpwu�pwi]{��'t^x
t^sw{�v�¬.i�©¶v��+h�r4sqt^u+i | pwxIu+f4p¦{§©Ev���h�¬O~�r4{�pwx4�«t | pw{��'��i]u�i��]v=xOu���v=sOª�f4pw��fI{�i]swi]�]u�{§u�f4i�i]»Or.t^u�pwv=x¨ª�f4p¦��f-{�t^u�pw{��.i]{
u�f4i�h¨tR��pqh�r.hy´

 Li]u � ¬�ilt^xO~}{�r4¬4{�i]u!v^©�� � ´!e�f4i�r4z4z.i'�3{+i'h�p³�±�]v=x�u+p¦xOr4v=r4{ct^x | u�f4i�swvXª�i'�ý{�i'h�p³�±�]v=xOu�pwx�r4vCr4{!i]x��=i]swv=z�i]{
v^©�t«©¶r4x4�]u�pwv=x �T} � � �(t=��i}��i]{�z�i]�]u�pw�=i]sw~ | i��.x4i | t^{� K � u  P ����� /1032#%$'&

#)(+*

�����* 9�
� K � u  P �����������#)$'&

#%(+*

�����c 9:
 �i]u"!�( �3� �w b9E��i]{�z1´-,Y( ��� �w 2< | i]x4v=u�i®u+f4i {+i]uyv^©«r4z4z�i'��9E��i]{�z1´�swv^ª�i'�2<�{�i'h�pw�]v=xOu�pwx�r4v=r4{�©Er4x4�]u�pwv=x4{
� } � � �IÈ^u+f.t^u�p¦{Zu�f4iZ©Er4x4�]u�pwv=x4{ � {�r4��fyu�f.t^u � P � K 9E��i]{�z1´ � P � K <a´c�Ov=swswvXª�p¦x4��E³�=�=È1�C�XÈ O"I�È4ª�i | i��.x4i
u�f4i}x4v=u+p¦vCxIv^©!�Op¦{+�]v={�pwu�~I{�vCs¦r4u+p¦vCx4{¥tR{�©¶vCs¦swv^ª�{'´
.-Á�/ � � ���VÅ �10$#&%�#  Li]u2	�¬.i�t�swv��'tRs¦sw~��]v�h�z.t^�]u�{+r4¬4{�i]u�v^©@� � ´�¾�©¶r4x4�]u�pwv=x � �3!�( �3�4	w �pw{}t���pw{��]vC{�pwu�~
{�r4¬4{�vCs¦r4u+p¦vCx�v^© 9 �=�H<�p ©�©¶v��Zt^sws�) * �E©¶r4x4�]u+p¦vCx '8pwx t-x4i]pw�=fO¬.v���f4v�v | v^©5	IÈ3p³© u �6	 pw{�tyswv��'tRsch¨t^�Op·h�r.h
z.vCp¦xOu�v^© � i '6ÈOv=x4i}f.tR{

� K � , * '@� u  L� , '6� u  9� � � u  <� u  Qz '_:
¾ ©¶r4x4�]u�pwv=x � ��,q( ���7	w pw{lt���pw{��]v={+p¦u�~¨{+r4z.i'��{�vCs¦r4u+p¦vCxIv^©%9E�C�H<!p³©3©¶v��§t^sws0) *��E©Er4x4�]u�pwv=x�'ypwx®t�x4i]pw�=f�¬�v^�

��f4vOv | vR©8	IÈ4p³© u �9	:pw{¹tjs¦vO�'t^s1h�pwx4pqh�r.h�z.v=pwxOu�v^© � i '3È4vCx4i}f.t^{
� K � , * '@� u  9� , '@� u  9� � � u  � u  @x '': 9E�^k3<

¾��]v=x�u+p¦xOr4v=r4{§©Er4x4�]u�pwv=x � vCx:	�pw{lt���pw{��]vC{�pwu�~-{�v=swr4u�pwv=xyvR© 9E�=�H<§p³©!p¦u�p¦{�¬.v=u�f®tj{�r4¬O��t^x | t�{�r4z.i'��{�v=swr4u�pwv=x
v^© 9 �=�H<]´

l;l �%m #�%�n!%



�]k � 	�����	����?���JA ��	������T�H���4�g>��3� ���	� � ��#�0 	H����
����	 A&�4	��

¾Zx¸i]»�r4pw�^t^swi]x�u | i��.x4p¦u+p¦vCx�v^©c�Op¦{+�]v={�pwu�~®{�v=swr4u�pwv=x4{}ª�f4p¦��f�pw{}r4{�i�©Er4s3©¶vO��z.��v^�Opwx4�yr4x4p¦»Or4i]x4i]{�{���i]{�r4swu�{}pw{
u�f4iZ©Ev=swswvXª�p¦x4�b9V{�i]i Eq�&dOÈ.nOi]�]u�pwv=x®�"I�<9�
.-Á�/ � � ���VÅ �10$# �$#�¾<©Er4x4�]u�pwv=x � �"!�( ���7	w §pw{lt��Opw{��]v={�pwu�~I{+r4¬4{�v=swr4u�pwv=xyv^© 9 �=�H<§p³©

� K ��[� �g� � � u  9� u  �z ' � � �g�.  Y� � * 6 �� � � u  9� �>u ��	]:
¾<©¶r4x4�]u�pwv=x � � ,q( �3�7	v §p¦{}t���pw{��]vC{�pwu�~-{�r4z�i'��{�v=swr4u�pwv=xyv^©g9E�=�H<§p³©

� K ��[� �g� � � u  9� u  Qx ' � � �g��t Y� � * 6 b� � � u  9� �>u ��	]:
.�i'��i=ÈOu�f4i}{�i]�]vCx | v�� | i'� ��{�r4z.i'�ó��i]u�{�½¹t^x | u�f4i]pq�����]swv={�r.��i]{�½lv=x®t�{+r4¬4{�i]u5	 vR©�� = t=��i | i��.x4i | ¬O~>�� * 6 �� � � u  P S � �g�.  � � � �\( � ������ /1032#)$'&

#)(�� 1 � ���* i � � u  i �  ��� itu  i R
¿  ��� itu   ��� itu  / � � itu � b * x 'cU*�� * 6 �� � � u  P S � �g�.  � � � �\( � ���g� u =>� �'='��)=* ��9	-�\� � �!( � �

� �'= ��)=B �� � * 6 �� � � u =* �t^x | � u =�� � � u =B 9� �'= ��)=B � � u � � � u  L� �g� t ýª�f4i]x ¯ � - U
t^x | � * 6 b� � P i � * 6 �� � i �  9� � * 6 b� � P�i � * 6 �� � i �  ]´4 ���
	��2A��B���*� %ExbEq�=�^È O"I�È=u�f4iZ{�i]u 	 pw{�{+r4z4z.v={�i | u�v�¬.i}i]pwu�f4i'��t^x¨v=z�i]xI{+i]u�vO�!u�f4iZ�]swv={�r.��iZv^©6t^x-v=z.i]x-{�i]u'´
nOpwx4�]i¨u�f4i�x4v=u�pwv=x¸v^©c�Opw{��]v={�pwu�~®{+v=swr4u�pwv=x¸p¦{�t6��swvO�'t^s³½¨z.��v=z.i'��u�~=È��]v=x | pwu�pwv=x4{}v=x"	 x4i]i | v=x4sw~®u�v-¬.i¨swvO�'t^sE´
.�i'��i=È4ª�i«t^{+{�r.h�i}u�f.t^u5	 pw{Zswv��'t^swsw~®�]vOh�z.t^�]u�{�v�u�f.t^u�r4x4pw»Or4i]x4i]{�{¹tRx | {�u�tR¬4p¦swpwu�~yz.��v=z�i'��u�pwi]{�v^©!��pw{��]vC{�pwu�~
{�v=swr4u�pwv=x4{��'t^x�¬.iZz.��v^�=i | ©Ev��1���=vOv | ½�©Er4x4�]u�pwv=x4{5� 9V{+i]i:Eq�"d�I�<]´6e�f4i�{�i]u
�A;cS ' U�p¦{�swvO�'t^sws¦~-�]v�h�z.tR�]u'´5% x | i]i |
t�©¶r4x4�]u+p¦vCxIpw{lt��Op¦{+�]v={�pwu�~59V{�r4¬O��ÈC{�r4z.i'�ê�f<§{�vCs¦r4u+p¦vCxIv^©g9E�=�H< p¦x)�
;cS 'cUZp³© t^x | v=x4sw~¨p³©!p¦u�pw{lt��Op¦{+�]v={�pwu�~59V{�r4¬O��È
{�r4z�i'�ê�f<�{�v=swr4u�pwv=xyvR© 9E�=�H<§pwx®t^xO~I{+r4¬4{�i]u�v^© �
;cS 'cU}v^©3u�f4iZ©¶vO��h S u �)� �
	wx ~ � u  <U�È=ª�p¦u+f�	 { ' ´
���� �
	�������%)��� #&��������� �����������0��� #&������� �$%�� � �0����� �
���3ÁOÅ. 'Á � 0$# � # >���� 
 � � u  P 
 � � u  i ��"$# ~ � u  P � � � � � u  � �&���)u � �
;cS 'cU ��� 0 � �F�3�?#�������� 
 � � �
��0 � � �����9���K*��H�3�?!H��! #����������'���H�H� �9� �?#����$��� ��� �
;cS 'cU -�0 ��#�0Q�,�1	 �&� �4#�� �����U�=�4��� �3�������k�j�F��0 � � 	����$	����$���?	��
���?���L� 	��'���U�

�)� , * 
 � u  9� , 
)� u  9� � 
)� u  9� u  P ' ��� �
;cS 'cUB� 9E�Hd+<
-�0 ���)�

�)� , * 
�� , 
�� � � u  P � ��� S � 
 i � I P � � � u  � 9� �g&H� , 
�� u  <UQ� 9E�=�+<

� 
 P R
¿

=e/ 6 D1fA5 C /ED u / u D�� * 
� u / � u D I
=e /afg5 ?A/ u /�� 
� u / Is4 u & � 
� u & �

� & � , 
�� u  P /10324 , 6  A9 =e /afA5 1 ��� R�itk /� % / i � R I�n'/N �� /p � 
� u & I ���a/ i % /� � 
� u / i �a/ n / I k /~ � u  /
P /10324 , 6  A9 =e /afA5 1 �a/"! , / 
 i n'/ I k /~ � u  $# I % /�%l/ 
 / � 9E�HX+<

, / 
 P i � R I�n /  � 
� u & I � 
� u / �%t/0
 P � R�itk /� � 
� u & i � 
� u / �

� � l�� ü



���������
	���������������
������������	�������� �"!��$#%������� �&���'�$�(��)�+*��,���.-/����01���2	��3�4#�	��������5#��"����� �&d

	��?! ��0��(�����)���v� � ��� 9 �HXH< � �D�@	"AH���F��� ���D	���� � P ���R59��:�:;:��8� =B 	��?! %.P � % 59��:;:�:�� % =* �� #40W��0 	�� � /8� % /�z
''� � =/afA5 ��� / I % /� P\R ���a/ i % /6z ' � �Mu / P ' 	��?! � =/afg5 �O� R�itk /N % / i � R I�n /� �� /p �z ' � �Mu & P ' �

e¥f4ilz.��vOv^©6vR© e�f4i]vO��i'h.d4´Þk�pw{�z.v={+u�z.v=x4i | tRu�u+f4i}i]x | v^©�u+f4i}{�i]�]u�pwv=x1´4 ���
	��2A��B��B� É!»Or.t^u�pwv=x19 �HdH<�pw{!{�t^u+p¦{��.i | r4z�u�vZu�f4i§¬.v=r4x | t=��~�v^© �
;cS 'cU�{�pwx4�]i�u�f4i�z.��v��]i]{+{6( �"+8 ýpw{ct^sws¦v^ª�i |
u�v��=v�i]�=i'��~Oª�f4i'��i�pwx)�A; S 'cU�ÈOt^x | u+f4i}v=z4u�pqh¨t^s�z.i'�ê©Ev���h¨tRx4�]i 
 � | i]z�i]x | {lvCxIu�f4iZi]xOu�pq��ilu���t'�+i]�]u�v���~}vR©6(�´
¾�u}t^xO~yu�pqh�i=È1t^sws6u+f4i«�]vCx�u���v=sw{lt=��i�t^sws¦v^ª�i | È�i]�O�]i]z4ulu�f4vC{�i�ª�f4pw��f¸¬.��pwx4�yu�f4i�pwxO�=i]{�u�v�� � {�z.vC{�pwu�pwv=x¸v=r4u�{�p | i�A; S 'cU�´®e¥f4p¦{���i]{�u���p¦�]u+p¦vCx�v=x8u�f4i¨�]v=xOu���v=sw{�p¦{�i]�Oz.��i]{�{�i | p¦xAu+f4i¨v=z4u�pqh�pwµ't^u�pwv=x8�XtC��pqt^¬4swi]{ � �$� %  | i��.x4p¦x4�
� & ´�e�f4i�»�r.tRx�u�pwu�pwi]{�� /ct^x | % /���i]z.��i]{�i]x�uZu�f4i�z.��v=z�v���u�pwv=x4{�v^©�¬4r4~¸t^x | {�tRs¦i�v^©�{�u�vO� �2§ª�pwu�f���i]{+z.i]�]u}u�v
u�f4i}u�vCu�t^s.t=h�vCr4x�u�v^©6u���t^x4{�t^�]u+p¦vCx4{J9Et^u§i't^��fyu�pqh�i�+!©Ev��§u�f4iZz.v={�pwu�pwv=x[(M�"+ b  <]´6e�f4iZ©Er4x4�]u�pwv=x.t^s'�&{�t^u�pw{��.i]{
� K P ��È

� K � , * 
�� , 
�� � � u  P � ��� 3 � 
 i � I P � � � u  � 9� � ���5 S / S = ! , / 
 i n'/'I k /
~ � u  # � � � �5 S / S = %l/0
����

t^x | � P � K P � K p¦x�u�f4i}pwx�u+i'��pwv��§v^© � 9¶{�pwx4�]i«t^sws1u�f4iZ�]v=xOu���v=sw{�t=��i�tRs¦swv^ª�i | <]´6nOpwx4�]i � K z��� P �� K ª�pwu�f
��]� , * 
�� , 
�� � � u  P � ��� �� � � 
 i � I P � � � u  O 9� �������� � � �&��	�
 � ! , / 
 i n / I k /

~ � u  $# � � ������ � � �& � �
 � %l/ 
�� � �
t^x | �� K P � K È.t���pw{��]v={+p¦u�~-{�v=swr4u�pwv=xyv^©g9E�HdH<§pw{�x4i]�]i]{�{�tC��pws¦~®t��Opw{��]v={�pwu�~I{+v=swr4u�pwv=xyv^©

�� � , * 
�� u  9� , 
)� u  9� � 
)� u  9� u  P ' p¦x)�
;cS 'cUc: 9E�HO+<

%Ex¨t |4| pwu�pwv=x1È=t��Op¦{+�]v={�pwu�~�{�v=swr4u�pwv=x�v^©N9E�HO+<�pw{!x4i]�]i]{�{�t=��pwsw~«tZ{+v=swr4u�pwv=x�v^© � K � , * 
]� u  9� , 
)� u  9� � 
)� u  9� u  Yz '
pwx �A; S 'cU�È^t^x | tZ{�v=swr4u�pwv=x�v^© � K � , * 
 � u  9� , 
)� u  9� � 
)� u  9� u  qx 'Zp¦x�u�f4i�p¦xOu�i'��pwv�� ����� � �j 3vR© �l´!e�f4i]{�i�u�ª�v�]v=x | pwu�pwv=x4{ | i��.x4i�u�f4i�x4v=u+p¦vCx«vR© ���]v=x4{�u���t^pwx4i | ½��Opw{��]v={�pwu�~�{�vCs¦r4u+p¦vCx¨v^© � K � , * 
]� u  9� , 
)� u  9� � 
)� u  9� u  P '
pwx��A;cS ' U�È�tR{�pwx�u���v | r4�]i | pwx E �^k4È��+d�ID9V{�i]i�t^sw{�v�Eq�&dCÈ��+O"I$<]´ !�v=xO�=i'��{�i]sw~=È.t��]v=x4{�u��+t^pwx4i | �Op¦{+�]v={�pwu�~y{�v=swr4u�pwv=x
v^©�u�f4i�z.��i]�Op¦vCr4{Ii]»Or.t^u�pwv=xApw{yx4i]�]i]{�{�tC��pws¦~#t¸�Op¦{+�]v={�pwu�~A{�v=swr4u�pwv=x9vR©19E�HdH<]´ % x | i]i | È��]v=x4{+p | i'�-t�{�v=swr4u�pwv=x
v^© � K � , * 
�� u  L� , 
)� u  9� � 
)� u  9� u  [x '�pwx ����� � �j �´ ¾ |4| pwx4� 	 � / ��� 5� � u�v 
�ÈZª�pwu�f���� S�''��:;:�:$� ¯ U�È
t^x | z.t^{�{+p¦x4�Au+vAu�f4i¸s¦pqh�pwu¸ª�f4i]x 	A�=v�i]{-u�v '4ÈZv=x4i¸v=¬4u�t^pwx4{i9E�^k <j©¶vO�It^xO~ u � � � ª�pwu�f�� P SH2t�S ''�;:�:;:8� ¯ U*� u / P 'cUO´(.�i]x4�]i=È�u�f4i�u�f.��i]i�©¶vO��h�r4s·tRu�pwv=x4{lt=��i�i]»�r4pw�^t^swi]x�u'´ 7 i���f4vOv={�i�©¶v��+h�r4sqt^u+p¦vCxi9E�HdH<§©Ev��
pwu�{��]v=xOu���vCs.pwx�u+i'��z.��i]u�t^u+p¦vCx1´
��Å� 'Å7232V¡4 'Â 0 #�� # �;0��/�9�3�?#�������� � � � �c��0 � � �����9��� �&� �4#�� �����U� �4��� � �������b�j����0 � � 	�����	����$���?	��;���?���L� 	��'���U�

�!� , * 
]���c 9� , 
)���c 9� � 
)���c 9� �c P ' ��� ��� 9E�=�+<

l;l �%m #�%�n!%



�'� � 	�����	����?���JA ��	������T�H���4�g>��3� ���	� � ��#�0 	H����
����	 A&�4	��

-�0 ���)�

�!� , * 
�� , 
�� � � �c P � ��� � � 
 i � I P ���c 9����&�� , 
�� �c � '� 9Vk G+<
� ���* P !q���c C !q���c � �
� 
 P R

¿
=e/ 6 D1fA5 � /ED7���c � * 
� ��/ � �LD I

=e /afg5 + /8���c � 
� �;/ � 9Vk.�"<

��&*� , 
����* P /10324�� 6 �X9 =e /afA5 � � / �R� / 
 i 	 /  AI � /�� / 
  9� 9Vk��+<

�A/ 
 P 	;/
=e D�fg5 �9D � 
� �LD I � 
� ��/ � 9Vk��+<

� /0
 P i � 
� ��/ � 9Vk=k3<

! 	��?! + 	��2�F!H� � �?��!F��� 9E�=�4È³�HGH<]È.tRx | u�f4i¨{�r4z.��i'h�r.h)pwx_9Vk��H<�pw{�u�t=^i]x¸v^�=i'�}t^sws � P � � 5 ��:;:�:�� � =  9� �ZP� � 5��;:�:�:$� � =* 3{�r4��f«u+f.t^u/�_/8� � /�z ''� � =/afg5 �"�'/�I � /  P\R �+�'/ i � /@z 'Zp³© �;/ P '}t^x | � =/afA5 � � / i � R I 	;/� ��'/� �z '
p³© � =/ fA5 �;/ P\R ´) �2�"�j�L� nOpwx4�]i-' } u � �
;cS 'cU � � ~ � u  9� � � u  � �� � ''�<I -  � � pw{�t
) � | p³²�i]vOh�v���z4f4pw{�hyÈ�e�f4i]v^�
��i'h d4´Þk¸pqh�z4swpwi]{yu�f.t^u�u�f4i-©Er4x4�]u�pwv=x 
 � ��' b 5 pw{¨u�f4iyr4x4pw»Or4i®¬.vCr4x | i | �]v=xOu�pwx�r4vCr4{«�Opw{��]v={�pwu�~8{�v=swr4u�pwv=x
v^© �)� , *B�0
 ��'� ���' b 5 � ~ � �c � 9� , �0
 ��'� ���' b 5 � ~ � �c � 9� � 
v� ~ ���* L� ' b 5 � ~ ���* � P '�pwx � '_�I -  ���y´/8§~I�Opq��u�r4i
v^©��§��v=z�v={�pwu�pwv=x®�4´Þk


 � ��' b 5 � ~ � �c P 
 � ��' b 5 � R � �c P � � ���* � � ~ ���* Y� � '_�I -  �����
u�fOr4{�� � pw{Iu�f4i�r4x4pw»�r4i¸¬.vCr4x | i | �]v=xOu�pwx�r4vCr4{I�Opw{��]v={�pwu�~º{+v=swr4u�pwv=x9v^©�9E�=�H<+´(nOpwx4�]i �%pw{-�]v�h�z.t^�]u'È�t^xO~
�]v=xOu�pwx�r4vCr4{c©Er4x4�]u�pwv=xyv=x�� p¦{�¬.v=r4x | i | È�{�v�u�f4i}¬.vCr4x | x4i]{�{��]v=x | pwu�pwv=x�v=x � � h¨t¢~¨¬.i���i'h�v^�=i | ´
) �2�"�j� �f� �;0������2��� d ´Þk.´�e�f4i§© t^�]uýu�f.t^u 
 � pw{ct��Opw{��]v={�pwu�~}{�v=swr4u�pwv=x�v^©N9E�Hd+<�©¶vCs¦swv^ª�{ý© ��v�h#u�f4i§ª�i'tC | ~Ox.t=h�pw�
z.��v=�O��t=h¨h�pwx4��z.��pwx4�]p¦z4swi=È�ª�f4pw��fy�'tRxy¬.i�z.��vX�Ci | ¬O~¨r4{�pwx4�-u�f4i}r4x4p³©¶v��+h:�]vCx�u�pwxOr4pwu�~-v^© 
 � �

 � � u  P /�0324�576 8:9 P L N��& � b � # P � D �"+8 � G + i =e /afA5 �Wn'/*I k /� N��	�& � b � # |	�"+8 b 5 � G Xq/��"+8 �I � b � � 
 � �R(M� � b  � 2

9Vk d+<

©Ev��}t^xO~ {+u�v=z4z4pwx4�®u�pqh�i ��´¸e�f4i¨z.��v�v^©�pw{«{+u�t^x | t=� | t^x | ª�i�v�h�pwu�pwu�f4i'��i=´Z7¸i°��i�©Ei'�}u+viE �=�CÈ6�HX Icª�f4i'��i
u�f4i}z.��vOv^©6pw{Z�=pw�=i]xypwx®u�f4i}�'tR{�i}v^©���i]�Cr4s·tC��{�u�vO��f.tR{�u�pw�l�]vCx�u���v=s.z.��vC¬4s¦i'hj{'È4t^x | u�vKE �+G=È7!�f.tRz4u�i'�§Ë(%&%&%�Ict^x |
EÞk.�^È4�HO�I1ª�f4i'��iZu�f4iZz.��v�vR©Lpw{��Cp¦�Ci]x¨©Ev��§u�f4iZ{�t=h�iZu�~�z�ilv^©1{�pwx4�=r4sqt=�¥{�u�vO��f.t^{+u�pw���]v=xOu���v=s4z.��vC¬4s¦i'h&©Ev�� ¯FP\R ´

e¥f4icr4x4pw»�r4i]x4i]{+{���i]{�r4swu�{3©±��v�h u�f4i§©¶v=swswv^ª�pwx4�}�]v�h�z.t=��p¦{+v=x«��i]{+r4s¦u!ª�f4p¦��f�z.��vOv^©.pw{!v=¬4u�t^pwx4i | ¬�~�t | t^z4u�pwx4�
u�f4i % {�f4pwp�u�i]��f4x4pw»Or4i:9V{�i]i¥©¶v�� pwx4{�u�t^x4�]i�E³�=�OÈ4�&d"I$<!t^{§pwx5EÞkO��ÈC¾lz4z�i]x | pw�¨¾gI�È�EÞk G�ILt^x | EÞk"I�È�t^x | ¬�~�r4{�pwx4��{�v�h�i
p | i't^{�v^©gEq�&GOÈ�O"I�´���3ÁOÅ. 'Á � 0$#�
�# 
 � 
 � �:	��[���H�?��� *��H�3�?!H��!
�"�,��#��"�����U� �<� *4�4��� � �������i	��?! 
 � �,�:	Z�,��- ����*��H�3�?!H��!
�"�,��#��"�����U�
��������2�4��� �3���������j� 9E�HdH< � ��0 ��� 
	x�
 � ��� ��� � � �j �

� � l�� ü



���������
	���������������
������������	�������� �"!��$#%������� �&���'�$�(��)�+*��,���.-/����01���2	��3�4#�	��������5#��"����� �&X

� ���)��������� � �


 � � u  P �V���������#)$'&
#)(�� �������
	 
 � ���c �>u � � �
;cS 'cUc� 9Vk��+<

��0 ��� 
	x�
 � ��� �A;cS�'cU �) �2�"�j�L� �ýpq��{�u'ÈCª�i¥��i | i��.x4i 
 � pwx � �
;cS 'cU�¬O~19Vk��+<]´1¾ z.��pwv���p�
 � pw{§v=x4sw~jtZ{+r4z.i'��{�vCs¦r4u+p¦vCx¨v^© 9 �HdH<ýp¦x ��� � � �j �È¬4r4ucr4{+p¦x4�¨��i'h�t=�� d4´Yd4È^pwu�pw{�p¦x | i]i | t^sw{�v¨t}{+r4z.i'��{�vCs¦r4u+p¦vCx¨pwx)�A;cS ' U�´6e�f4iZ��i]{�r4swucv^©1u�f4iZu�f4i]v���i'h���i | r4�]i]{
u�v 
 x�
 � pwx �A;cS ' U�©Ev���u�f4pw{�x4i]ª#©Er4x4�]u�pwv=x 
 � ´

nOi]�]vCx | È!ª�iI�]v=x4{+u���r4�]u«t�z�i'��u�r.��¬.t^u+p¦vCxºv^© 
 � È!ª�f4pw��fAp¦{-t®{+u���pw�]u�{�r4z.i'��{+v=swr4u�pwv=xºvR© 9E�HdH<�t^x | u�i]x | {
u�vtI - ª�f4i]x u �Cv�i]{¨u+v pwxO�.x4pwu�~Av��*'4´ !�v=x4{�p | i'��u�f4iy©Er4x4�]u�pwv=x-�@� u  P 4 I�� � 9�" i ��"$# ~ � u  �©Ev�� - { '
t^x | � P ��� & �;:�:;:����<=B �ª�pwu�f�� & P R ���</ P R I�� � b� �* � 2 P R �;:�:;:�� ¯ ´ 8§~ºt^{�{�r.hjz4u�pwv=x 9¶{�i]iy{�i]�]u�pwv=x#�&<]È
� / { R i k / { '_��2 P R ��:;:�:�� ¯ È.u�f4i]x '�y ~ � u  x�� 7u ©¶v��Zt^sws u �!�:; S 'cU�´�e¥f4i�©Er4x4�]u�pwv=x ��p¦{ ) � pwx�A; S 'cU�t^x | {�t^u+p¦{��.i]{��

,@/�� i n'/*I k /
~ � u  P %l//� P i ��� ;u  " b 5 �Wn'/ I k /  ¿ y ''�

� �vI P � � � u  � P ��� ;u  " �� -vi R
¿

=e/ 6 D1fA5 C /ED �;/��9DqI =e/ 6 D1fA5 ��?A/ i 4H ��;/ Is4�WY!�
ª�pwu�f
�;/ P �</ u /

� �u �)2 P R ��:;:�:�� ¯ ´ %¶© - x 5* È!u�f4i]x�� ��I P � � � u  � ]x��s��� *u  " ©Ev���{�v�h�i¨�]vCx4{�u�t^xOu��pwx | i]z.i]x | i]xOulvR© - ´!�yvO��i]v^�=i'�]È
�6� u  P ��� 9u  "- ! R�i - ��"$# ~ � u  ��� �u  " # z ��� �u  "- ! R�i - ��"$# ��� �u  ��� �u  " # z ��� 9u  "- ! R�i R

� # z '':
.�i]x4�]i=È � �vI P � � � u  � �x - � � � ©¶vO�c{+v�h�i}v=u�f4i'�§�]v=x4{+u�t^xOu�� � t^x |

� � i	� �vI P � � � u  � Yx � - � � i �  .�[y '
©Ev�� - {�h¨t^sws3i]x4v=r4�=f1´}�Ov��Z{�r4��f - È1��pw{�t¨{+u���pw�]ul{+r4z.i'��{�vCs¦r4u+p¦vCx®v^©J9E�+dH<�pwxºt^xO~yv=z.i]x¸{�r4¬4{+i]u���v^© �
;cS 'cU
9Vv=z�i]xyª�pwu�f®��i]{�z�i]�]u�u�v �A; S 'cU < ª�pwu�fy�]v�h�z.t^�]u��]swv={�r.��i=È�u+f.t^u�p¦{ ��pw{¹t�{�r4z�i'��{�v=swr4u�pwv=xyv^©

�)� , * 
3� u  9� , 
)� u  9� � 
)� u  9� u  P i�� y ' pwx�� :
nOpwx4�]i � K pw{��]v=x��Ci]��ª�pwu�fA��i]{�z.i]�]u�u�v � , * 
�� , 
�� �  �È�©¶v���t^xO~ {+r4z.i'��{�vCs¦r4u+p¦vCx � vR© 9E�HdH<aÈ6t^x | 	s� � ''� R r�È� R�i 	B � I�	 �)pw{¹t�{�u���pw�]u�{�r4z.i'��{�v=swr4u�pwv=xyv^© 9 �HdH<!pwx��I´

 Li]u}r4{Z�.x.t^sws¦~¸z.��v^�=i�u�f4i�u�f4i]v���i'h ¬O~®�]v=xOu���t | pw�]u�pwv=x1´ 7 i�{�r4z4z.v={+i«u+f.t^ulu+f4i«{+r4z.��i'h�r.h v^©.
 i 
 �
pwx��A;cS ' U«pw{}z.vC{�pwu�pw�=i=´ 7 i���f4vOv={�i 	3{ '�{�r4��f¸u�f.t^u�u�f4i�{�r4z.��i'h�r.h v^© K P 
 i 
 � � pw{}z�v={�pwu�pw�=i=È�ª�f4i'��i
 � � P � R�i 	B 
 � I 	 �3´AnOp¦x4�]i K pw{¨r4z4z.i'�j{�i'h�pw�]v=xOu�pwx�r4v=r4{¨t^x | u�i]x | {�u�v i.- ª�f4i]x u �=v�i]{�u�v '¸v��
u�v-pwxO�.x4p¦u�~=Èýu�f4i�{�i]u}¾¹����h¨t^� K � u  �pw{�x4v=x4i'hjz4u�~®tRx | �]vOh�z.t^�]uZp¦x��
;cS 'cU�´ %Eu}pw{�pwx4�]swr | i | pwx�{+v�h�i�vCz.i]x
{�r4¬4{�i]u�� vR© �
;cS 'cU�ÈOª�pwu�f��]v�h�z.t^�]u��]swv={�r.��i=´
.�i]x4�]i=È�pwx®v�� | i'�¥u�v¨�=i]ultj�]v=x�u���t | pw�]u�pwv=x1ÈOpwulpw{Z{�r�I�]pwi]x�uZu�v
z.��v^�=i(
 x 
 � � pwx��-´�7¸iIt=��i�u�f4i]x���i | r4�]i | u+vIz.��v^�=i�t-�]v�h�z.t=��p¦{+v=x ��i]{+r4s¦uZ©Ev��Zt-{�u���pw�]uZ{�r4z.i'��{�v=swr4u�pwv=x
 � � t^x | t¨{�r4¬4{+v=swr4u�pwv=x 
�v^© 9E�+dH<�pwxºt^x�v=z.i]x¸{�r4¬4{�i]u���v^© �A; S 'cU�ª�pwu�f¸�]v�h�z.t^�]u��]swv={+r.��i �-È1t^{�{�r.h�pwx4�
u�f.t^u�u�f4iy{+r4z.��i'h�r.h0v^© 
 i 
 ��� pw{yt^u�u�tRp¦x4i | pwx � v=x4sw~=´ e�f4pw{-pw{Iz.��v^�=i | ¬O~ºr4{�pwx4�+%E{�f4pwp � {-u�i]��f4x4p¦»Or4i
t | t^z4u+i | t^{}pwx Eq�&G�Icv�� EYOOÈ1e�f4i]v���i'h k.´ � I1©¶vO��u�f4i�¬�v=r4x | t=��~y�]v=x | pwu�pwv=x4{¢´ V v=u�i�u�f.t^u ��pw{}�]v=x�u+p¦xOr4v=r4{Zpwx
u�f4i�p¦xOu�i'��pwv���v^© �Z´le�f4i]x1È�v=x4i��'tRx®z.��v^�=i}u�f.tRu'È.ª�f4i]x®pwulpw{}z�v={�pwu�pw�=i=È�u�f4i¨h¨t^�Op·h�r.h�vR© K p¦{}t^u�u�t^pwx4i | t^u

l;l �%m #�%�n!%



�&O � 	�����	����?���JA ��	������T�H���4�g>��3� ���	� � ��#�0 	H����
����	 A&�4	��

u�f4i�¬.v=r4x | t=��~yv^© �ZÈ.r4{+p¦x4�yu+f4i�{�u�tRx | t=� | %E{�f4pwp!u�i]��f4x4pw»�r4i=È�u�f.t^u�pw{}�]v=x4{+p | i'��p¦x4�yu+f4i«h¨t^�Opqh�r.h�z.v=pwxOu�{Zv^©K " � u ���* P 
�� u  i 
 ��� ���c i " * � u i � � * ´ 7¸i�vOh�pwu!u�f4pw{cz.��vOv^©�f4i'��i�{�pwx4�]i�pwucpw{cpwx4�]swr | i | pwx | i]i | pwx¨u+f4i�z.��vOv^©¬.i]swv^ª#�]v=x4�]i'��x4pwx4��¬�v=r4x | t=��~�z�v=pwx�u�{¢´�nOr4z4z�v={�iZu�f.t^u��u �y¾}����h¨t^� K � u  �� � �At^x |-| i]x4v=u�i %.P-K ���u  §t^x |� P S72@�[S '_��:�:;:�� ¯ U*���u / P ' U�´!�4��v�h 9Vk��H<aÈ=u�f4i'��i}i]�Opw{�u�{ltj{�i]»�r4i]x4�]i ��� "  �pwx ��� � � �� �� ����� ���w §�]v=xO�=i'���=pwx4�u�v��u ÈO{�r4��fyu�f.t^u 
 ��� �0� "  §u�i]x | {�u�v(
 � � ���u  !ª�f4i]x - �=vOi]{�u+v�pwxO�.x4pwu�~=´  �i]u 	 " P � � " i �u � ÈOª�f4i'��i �  � | i]x4v=u�i]{
u�f4i}i]r4�]swp | pqt^x¸x4v���hyÈOt^x | {�i]u K " � u � �c P 
3� u  i 
 ��� ���* i	� � u � �c 
ª�pwu�f

� � u ���* P � uTi � � *¿�	 " I R

 e / � � !

�;/ i u /� "/ i R # � I R

 � uvi �u � � :

e�f4i�©¶r4x4�]u+p¦vCx K " pw{�r4z4z�i'��{�i'h�pw�]v=xOu�pwxOr4v=r4{cpwx)� ;�S�'cU �,� ; S 'cU}t^x | ��pw{��]vOh�z.t^�]u'´3e�f�r4{¢È�u+f4i'��i�i]�Op¦{+u�{� u " � � "  �� � � � {�r4��fºu�f.tRu K " � u " � � "  P % " P /�032 4 � 6 � 9 � �� � K " � u � �c ]´ �Ìv���i]v^�=i'�]È3u�f4i'��iIi]�Opw{�u�{¨t{�r4¬4{�i]»Or4i]x4�]i}v^©M� u " � � "  ]È.t^sw{�v | i]x4v=u+i | � u " � � "  ]È4�]v=xO�=i'���=pwx4��u�v\� u � �c q� � � �I´!nOpwx4�]i% " z K " ���u ��� "  P 
����u  i 
 ��� �0� "  i 	 "¿ �" � � 
����u  i 
 ��� ���u  P % �
t^x | 
�t^x |\i 
 ��� t=��i�r4z4z.i'��¬.v=r4x | i | ÈOª�i | i | r4�]i�u�f4i�¬.v=r4x | i | x4i]{�{§v^©�� �  b �  � ��  È=f4i]x4�]i u
P ��´!�yv���i]v^�=i'�aÈ

'vx �V��� /1032" � � � � u " ��� "  P ����� /1032" � � �0
 � u "  i 
 � � ��� "  i % "  �x�
 � u  i 
 � � � u  i % x ''�
u�fOr4{'È u P �u ��� �  b �  � ��  � ' tRx | � � b � �� � � R ©¶vO�«tRs¦s�2]����È!ª�f4i]x - �=vOi]{�u�v¸p¦xO�.x4pwu�~=´ % xAz.t=��u�pw�]r4sqt=�]È� "/ { u "/ z 'Z©Ev��@2@� ��t^x | - sqt=���Ci�i]x4v=r4�=f1´3nOp¦x4�]iZª�f4i]x V"� ��È � "D u+i]x | {cu�v	�u D +P '}t^{ - �=vOi]{!u�v�pwxO�.x4pwu�~=È
ª�i | i | r4�]i�u�f.tRu � " � ��� � � �j §©Ev�� - sqt=���=i}i]x4v=r4�=f1´c�Ìv���i]v^�=i'�]ÈO{�pwx4�]i��u ����t^x | � pw{lv=z�i]xyª�pwu�f®��i]{�z�i]�]u
u�v �lÈ u " ��� " ����©Ev�� - sqt=���=i}i]x4v=r4�Cf1´

¾Zz4z4sw~�pwx4�QEq�&dOÈ6e�f4i]vO��i'h
�4´ �"I�È.ª�i¨v=¬4u�t^pwx u+f.t^u'È�©Ev��}t^xO~ {+i]»�r4i]x4�]i!� 	 � "  �v^©�z�v={�pwu�pw�=i¨xOr.h�¬.i'��{¢È1u�f4i'��ii]�Op¦{+u� " � � " �\( =7�A5 {�r4��fyu�f.t^u � � " �� "  �� � * 6 �� 
 � u "  9�H� � " � � "  �� � * 6 b� 
 ��� ��� "  �t^x |!  " '
' i � " # x , * � � u " ��� "  gI�	 � " � , * � � u " ��� "  O * � 9Vk X+<

ª�pwu�f

� " P�i�, � � � u " ��� "  P u " i � "	 " i ! R / � �� "/ � � "/ itu "/� "/ i R   # �
� " P , � � � u " � � "  P � " I��m� u "/ i �u /  �� �

t^x | ª�f4i'��i R��8| i]x4v=u�i]{�u�f4i}pwx | pw�'t^u�vO�§©¶r4x4�]u+p¦vCx1´!¾�©Eu�i'�§�]v�h�z4r4u�t^u�pwv=x1È=ª�iZv=¬4u�t^pwx
, * � � u � �c P ! , " � u ���* �IsP " � u  i�, " � u � �c i�, " � u � �c , " � u � �c #

ª�f4i'��i , " � u � �c ct^x | P " � u  �t=��i}u�f4i)� ¯ I R  �s� ¯ I R  | pqt^�=v=x.tRsLh�t^u���pw�]i]{�ª�pwu�f | pqt^�=v=x.tRs.i]xOu���pwi]{
� , " � u � �c � $/ / P R	 " I��

R / ������ "/  * !
�;/ i u /� "/ i R # * � ��P " � u  � $/ / P � � u / i �u /� * :

� � l�� ü



���������
	���������������
������������	�������� �"!��$#%������� �&���'�$�(��)�+*��,���.-/����01���2	��3�4#�	��������5#��"����� �'�

e�f4i]x1Èg� , * � � u " ��� "  � �*�pw{�¬�v=r4x | i | pwxyx4v���h&¬�~ ��� � ��� / ��� � "/  b � 9V{�pwx4�]i 	 " z�� "/ <�t^x | ��f4vOv={�pwx4� 	 � " {�h¨t^swsi]x4v=r4�=f1È3ª�i-v=¬4u�t^pwx�u�f.tRu�	 � " � , * � � u " � � "  � * u�i]x | {�u�v '�ª�f4i]x - �=vOi]{�u�v®pwxO�.x4pwu�~=´�.�i'��iIt^x | ¬.i]swv^ª �| i]x4v=u�i]{�t�z�v={�pwu�pw�=i}�]v=x4{+u�t^xOu'´
/�{�pwx4�WUZi��.x4pwu�pwv=xKd4´³��vR©6��pw{��]vC{�pwu�~-{�v=swr4u�pwv=x4{Zt^x | u�f4i�© t^�]u�u�f.t^u � " � ����� � �j �È4ª�i}�=i]u��

� K �� " � � " � � 
]� u "  9� u "  z ''�
� K � � " � � " � � 
 � � ��� "  9��� "  x i�� 	)y '':

nOpwx4�]i � K& � �A� u  §pw{  �pwz4{���f4pwu�µ��]vCx�u�pwxOr4v=r4{�ª�pwu�f®��i]{�z�i]�]u�u�v��\� � =7�A5 t^x |\u ���IÈOª�i}�=i]u
� K& � � " � u "  x � K& � � " � � "  �I �3� � u " i �u �  I � u " i � " �  x i�� 	 I �3� � u " i �u �  I � u " i � " �  � i�� 	oª�f4i]x - � - :

e�f4i'��i�©Ev���i=ÈR©¶vO� - sqt=���=i}i]x4v=r4�Cf1È�u+f4i�h¨t^�Op·h�r.h�pwxyu�f4i | i��.x4pwu�pwv=x®v^©�� K �� " � � " � � 
 � u "  9� u "  �pw{}t^u�u�tRp¦x4i |pwx®u�f4i | p³²�r4{�pwv=x®z.t=��u¥tRx |

')y � 	 x R
¿

=e/ 6 D1fA5 C /EDm� u "/ u "D  "/ED i � "/ � "D � "/ED  gI =e / f & ?A/ u "/ � u "/ i �u /� 

I
=e /af & ?g/�� u "/ i � "/  � "/ i � ��
 � u "  i 
 ��� ��� "  � gI P � u "  i P ��� "  9�

ª�f4i'��iv? & P 4H:.nOpwx4�]i 
�� u "  i 
 ��� ��� "  z % " { '�©Ev�� - s·tC���=i�i]x4vCr4�=f1È u " � � " � �u � � �  b �  � ��  � '4È�t^x |
� � b � �� � � R È!t^swscu+f4i¨u�i'��h�{}vR©�u�f4iI��p¦�Cf�u�f.t^x | {�p | i-v^©�u�f4i-t^¬.v^�=i�pwx4i]»�r.tRs¦pwu�~=È!i]�O�]i]z4u�z�i'��f.t^z4{�u+f4i�����{�u
v=x4i=È4f.t¢�=i}t�swpqh�pwulswv^ª�i'�§u�f.t^x-'�ª�f4i]x - �=vOi]{�u+v¨pwxO�.x4p¦u�~=´��Ov���u�f4iZ����{�u�v=x4i=È4r4{�pwx4�It�{+»�r.t=��i���v�vCu�vR©6u�f4i
h¨t^u���pw� C tRx | t^z4z4sw~�pwx4�59Vk3XH<]È=ª�i}v=¬4u�t^pwxg�

=e/ 6 D1fA5 C /ED � u "/ u "D  "/ED i � "/ � "D � "/ED  x � =e /afA5 � , " � u " ��� "  � $/ /8� u "/ i � "/  * I�� � R  
P � E � u " i � " � *	 " I � e / � � �

u "/ i � "/� "/  * � � "/ itu "/� "/ iLR  * GdI��'� R  
ª�f4pw��fIu�i]x | {�u�v*'�ª�f4i]x - �Cv�i]{§u�v�p¦xO�.x4pwu�~=´ce�f4pw{�swi't | {�u�v�t��]v=x�u���t | pw�]u�pwv=xIt^x | �.x4pw{�f4i]{�u�f4iZz.��vOv^©1v^©1u�f4i
�]v�h�z.tC��pw{�v=xy��i]{�r4swu'´

� 79$����9�� �	�����	+������ 6���� �};�����	��O� �'� <��$����� ���},«	�� � ��Z�� ���]�A � �«���!�
%Ex�u�f4pw{�{�i]�]u�pwv=xyª�i | i'��pw�=i}u�f4i}i]»Or.t^u�pwv=x-©Ev��§u�f4i}swpqh�pwu�pwx4�Ii'���Cv | pw�}z.��v=¬4swi'h tRx | {�f4v^ª u+f.t^u�u�f4il{+v^�±�'t^swswi |
¼]z�v=u�i]xOu�pqt^s4©Er4x4�]u�pwv=xO½Z©¶v��§u�f4i}i'���=v | pw�}z.��vC¬4s¦i'h �'t^xy¬.i}v=¬4u�t^pwx4i | © ��vOh:u+f4iZ©¶r4x4�]u�pwv=x4{ � � ª�f4i]x � � '4´
�Z 'Å��!Å����V��� Å�� � # %�#(' ���	� � ���c P � � ���* i � � � 'B 9: 	 ���F	��3�=�4� �9�����?#��(� = �@���?!����H� �@� ' �c��0 ���2�F� 	��,�����1	
���*��4� �9�����?#�� 	�� �4�Z!H���?���@��! � = �%	F#����3���@	�����
C	��?!F	Z#����������'���H�+�/�F�3�?#�������� � ��� � ���#�0F��0 	�������= � � � = � � � ���* P�
 �3��� �&�����:���
��� � � 9Vk O+<

l;l �%m #�%�n!%



�HG � 	�����	����?���JA ��	������T�H���4�g>��3� ���	� � ��#�0 	H����
����	 A&�4	��

�����= � � � � � ���c P �����c �3��� �&����� �V� ��� � : 9Vk��+<

� 0 � �F�3�?#�������� � �,�:#����?#�	�� �;�Y
2�T�,��	
�"�,��#��"�����U� ����� � ���������j����0 ����	�����	��������?	�� 
2�?���L� 	��'���U�
�!� , * �����* L� , �^���* 9� 
 ���* P ' ��� ��� 9�dHG+<

-�0 ���)� � � ��!H� � �?��!
��� 9Vk G+< �) �2�"�j�L� % x¨�Op¦i]ª v^©D9E�4�&<�È^u�f4i�©Er4x4�]u�pwv=x � � � pw{c¬�v=r4x | i | pwx��y´!e�f4i'��i�©Ev���i=Èa©Ev��!t^xO~}{�i]»�r4i]x4�]i � =��]v=xO�=i'���=pwx4�
u�v '4È^u+f4i'��i�i]��pw{�u�{ctZ{+r4¬4{�i]»�r4i]x4�]i�t^sw{�v | i]x4vCu�i | � = t^x | t��]v=x4{�u�t^x�u 
 {�r4��f�u�f.t^u � = � � � � 'B � 
 :H8§~��Opq��u�r4i
v^©6�c��v=z.v={+p¦u+p¦vCx¨k.´q�=È � � � � ���* i � � � 'B � x � � � � �^©Ev��!t^sws1�)���y´!nOpwx4�]i���pw{��]v�h�z.tR�]u'È^u�f4i}t^¬.v^�=i�pwx4i]»�r.tRs¦pwu�~
pqh�z4swpwi]{lu�f.tRu � = � � � ���* §�]v=xO�=i'���=i]{§u�v 
 r4x4p³©¶vO��h�sw~Ipwx � t^x | 9Vk O+<3©Ev=sws¦v^ª�{¢´

/�{�pwx4�I�§��v=z.vC{�pwu�pwv=xIk�´q�=È=ª�iZ�]v=x4�]swr | i�u�v�u�f4i}i]»Or4pw�]v=xOu�pwx�r4pwu�~IvR©6u�f4iZ©±t=h�pwsw~Iv^©ý©¶r4x4�]u�pwv=x4{ � � ´!e�f4i'��i��
©Ev���i=È4¬O~I¾Z{��]v=swp � {}e�f4i]v���i'h�t^x | r4{�pwx4� � � � 'm P '4È.u+f4i'��i}i]��pw{�u+{lt¨{+r4¬4{�i]»�r4i]x4�]i�v^© � =.È�tRs¦{+v | i]x4v=u�i |"� =.È
t^x | t��]v=xOu�pwx�r4vCr4{�©¶r4x4�]u+p¦vCx��Apwx ��{+r4��fyu�f.tRu 9¶k��H<!f4vCs | {¢´cnOr4¬4{�u�pwu�r4u�pwx4� � � I � � � 'B §u�v � � pwxM9 �=�H<]ÈCª�i
�'t^xy{�i]i}u+f.t^u � � {�t^u�pw{��.i]{�9Vpwxyu�f4i}�Opw{��]v={�pwu�~-{�i]x4{�i&<§u�f4iZ©Ev=sws¦v^ª�pwx4�¨i]»Or.t^u�pwv=x

�!� , * � � ���c 9� , � � ���* L� � � � ���c 9� �c P ' pwx ��:
8§~I�Opq��u�r4i}v^©g9Vk OH<]È � = � � � ���* �u+i]x | {�u�v 
 r4x4p ©Ev���hjs¦~-pwx �]��� tR{ ¯ �=vOi]{�u�v�pwxO�.x4pwu�~=´�e�fOr4{'È�����>������ � � � 6 � � � �K6 = � ��� 6 � � � � � K ��� � � � � � � = � � � ��� �  L� � �  �zs� K ��� � �g� 
 ���c 
t^x | ����� /1032� � � � 6 � � � �K6 = � ��� 6 � � � � � K ��� ��� � �"� � = � � � �����  9� ���  �xs� K ��� � �A� 
 ���* <:
nOpwx4�]i � � � �]vCx��=i'���=i]{lu+v��/r4x4p³©Ev���h�sw~¸pwx �yÈ1ª�i¨�'tRx �]vCx4�]s¦r | i-u�f.t^u ��pw{«t-�Opw{��]v={�pwu�~®{�vCs¦r4u+p¦vCx�v^©19�dHG+<
ª�pwu�f 
 tR{�pwx 9Vk OH< 9V{�i]i
E �HX�I�©Ev��§�]v=x�u+p¦xOr4v=r4{�� t^x | E³��È O�Iý©¶v�� | pw{��]v=xOu�pwxOr4v=r4{��W<]´

e¥f4il�]v=x4�'t¢�Opwu�~�v^© � � pqh�z4swpwi]{}u�f4i}�]v=x4�'t¢�Opwu�~�v^© � � t^x | �Z´
e�f4iZ©Ev=swswvXª�p¦x4��u�f4i]v���i'h���i]sqt^u�i]{�u�f4i}�^t^swr4i 
 pwxM9Vk3OH<!u�v�u�f4ilvCz4u�pqh¨t^s�����v^ª�u�f-��t^u�i=´
���3ÁOÅ. 'Á � �$# �$# 	 ����	��3� �&� �4#�� �����U� �4��� � ������� � �j� 9�dHG+< � - � 0 	����


KP /10324�576 8 9 ����"XM� Z  �>u �)�
;cS 'cU*:
��Å� 'Å7232V¡4 'Â � # ! # �;0�� �F�3�?#�������� � � � #������������ �4�q� ��� �&����� ���c��� � �@��- 	��2!"�g��0 � � ������� 	�� �+�)��-/��0:�2	��@� !H� � �?��!
��� 9E�H< -�0 ��#�0Z�,�:#����3���@	���� �
) �2�"�j�L� 8§~¨�Opq��u�r4iZv^©6�c��vCz.v={�pwu�pwv=x-�4´q�=È^u�f4i�©Er4x4�]u�pwv=x��A�Cp¦�Ci]xI¬O~K9Vk��H<3pw{�t���pw{��]v={+p¦u�~�{�v=swr4u�pwv=x-v^©6É!»Or.t^u�pwv=x
9�dHG+<�ª�pwu�f 
 �=pw�=i]x�¬O~M9Vk O+<]´«e¥f�r4{'È1e¥f4i]v���i'h
�4´ ��pqh�z4swpwi]{«u+f.t^u�t^xO~®swpqh�pwu 
 vR©¥t-�]v=xO�=i'���=pwx4�y{�i]»Or4i]x4�]i� = � � � ���* ¥ª�pwu�f � =�� '�pw{li]»Or.t^s1u+vIu�f4i}vCz4u�pqh¨t^s1����vXª�u�f°�+t^u�i | i��.x4i | pwxL9E�H<�´
.�i]x4�]i=È.u+f4p¦{Zv=z4u�pqh¨tRs6��t^u�i
pw{¹tj�]v=x4{�u�t^xOu 
 tRx | � � � ���c �� 
 ª�f4i]x � � ' ´��Ìv���i]v^�=i'�]ÈO¬O~yu�f4i}{�t=h�i�tC���=r.h�i]xOu�{�t^{�pwx®u+f4i�z.��vOv^©!v^©
�c��v=z.v={+p¦u+p¦vCx°�4´ó�=ÈOu�f4pw{��]v=xO�=i'���=i]x4�]iZpw{�r4x4p³©¶v��+h�pwx�� � �y´
%ExyvO� | i'��u�v�z.��v^�=i}e�f4i]v���i'h �4´ �4ÈOª�iZx4i]i | u�f4iZ©Ev=swswvXª�p¦x4�¨t^r4�Opwswp·tC��~®��i]{�r4swu'´

� � l�� ü



���������
	���������������
������������	�������� �"!��$#%������� �&���'�$�(��)�+*��,���.-/����01���2	��3�4#�	��������5#��"����� �4�

�Z 'Å��!Å����V��� Å�� � #�� #(' ��� � *���	 �&� �4#�� �����U� �4��� � �������b�j� 9�dHGH< � 	 ����	���� 'vx +jx  � - �c0�	�� �/10324�576 8 9 P�� ��"$# | �   gI ��� D �   � i 
   P P�� ��"$# |	�"+ b  gI ��� D �"+ b  O i 
 +8 L� 9�d4�"<

-�0 ���)�Z��0�� �����)���v� � �,�W�@	 A���� �������W	����%	+!�� �,�2���$*�� � �?���'�$#��$�4� �"X � Z  ����� ��0 �Z����������	���?�"�������$��� ( �"+ b  	��
����� � + �) �2�"�j�L�  Li]u  ¬�i��.�Oi | tRx | swi]u 
 P � � � ª�pwu�f � | i��.x4i | pwx 9 �HXH<]´��Ov��Zt�z.��v��]i]{+{^( {�t^u�pw{�©E~�pwx4��9���� �+<
t^x | ( �"+ b  P-u È ª�iZ�]v=x4{�p | i'��u+f4iZ©¶v=swswv^ª�pwx4�¨z.i'��©¶v��+h¨t^x4�]i�©¶r4x4�]u�pwv=x.tRsN�� �# 6 � �"X � Z  P P&% ��"$# | �   i ��"$# |	�"+ b  AI 
3�R(M�   O i 
 �  i +8 (

P P L N �# � P � D ��	� O i 
  G 	 i =e /afA5 �Wn'/*I k /  N �# |	��	  b 5 � G Xq/���	  gI 
���(M�   � 2 �
ª�pwu�fyv=z4u+p·h�r.h v^�=i'��t^sws6t | h�pw{�{+p¦¬4swi}z�v=swp¦�]pwi]{ �"X � Z  9�


 � �"+<� u  P /�0324�576 8:9 � �# 6 � �"X � Z  9:
É!»Or.t^u�pwv=x\9�d4�&<jp¦{�i]»�r4pw�^t^swi]x�uyu�v8u�f4i¸i]»Or.t^swp¦u�~ 
 � �"+<� u  P 
3� u  j©¶v��-t^sws +�´�nOp¦x4�]i 
0pw{y¬.v=r4x | i | 9 �
pw{I�]vCx�u�pwxOr4v=r4{It^x | �%pw{-�]v�h�z.t^�]u�<]È�
 � pw{°t�¬.vCr4x | i | �Op¦{+�]v={�pwu�~A{�v=swr4u�pwv=xAv^©�u�f4i-©Ev=swswv^ª�pwx4�ºz.t=�+t^¬.v=swpw�
�XtC��pqt^u�pwv=x.t^s�pwx4i]»�r.tRs¦pwu�~


 �)� , * 
 � �N+� u  9� , 
 � �"+� u  9� 
)i � 
 �� + �"+� u  9� u  P ' pwx � ''�   � � �A;cS�'cU7 9�
� � �  � u  P 
�� u  9� 9�d=�+<

ª�pwu�f � | i��.x4i | p¦x 9E�=�H<a´6nOpwx4�]i � pw{lt��Opw{��]v={�pwu�~¨{�v=swr4u�pwv=xyvR©(9�d+GH<]È=u+f4i]x 
:pw{ltj��pw{��]v={+p¦u�~¨{+v=swr4u�pwv=xyv^©

�)� , * 
�� u  9� , 
)� u  9� 
 � u  P ' pwx �A; S 'cU*: 9�d=�+<

.�i]x4�]iw�"+� u  �� 
�� u  3pw{�t^sw{�v�t}�Op¦{+�]v={�pwu�~�{�v=swr4u�pwv=x�v^©%9�d=�H<]´1e¥f4i'��i�©¶vO��i=È^v=x4�]i�u�f4i�r4x4pw»Or4i]x4i]{�{�v^©Lt�{�v=swr4u�pwv=x
u�v�9�d=�H<�pw{�i]{�u�t^¬4swp¦{+f4i | È�u�f4i�{�u�t^u�i'hji]x�u�vR©�u�f4i�z.��v=z�v={�pwu�pwv=x�©Ev=sws¦v^ª�{¢´�8§r4u}u�f4i�r4x4p¦»Or4i]x4i]{�{�v^©¥t���pw{��]vC{�pwu�~
{�v=swr4u�pwv=xyvR©(9�dC�H<!pw{�z.��v^�=i]x-¬O~°t | tRz4u�pwx4�«u+f4i %E{�f4pwp3u�i]��f4x4pw»Or4i�t^{�pwxyu�f4i}z.��vOv^©6vR© e�f4i]vO��i'h.d4´YX4´) �2�"�j� �f� �;0������2��� � ´ �4´� �i]u���¬.i�t��Opw{��]v={�pwu�~}{�v=swr4u�pwv=x�v^©N9�dHG+<]´� Li]u u �)�A; S 'cU�È'�"XM� Z  �¬.i�t^x«t | h�pw{�{�pw¬4swi
z.vCs¦pw�]~-©Ev�� u È.tRx | (M�"+$ c¬�i�u�f4iZ{�v=swr4u�pwv=xyvR©(9�� � �H<]´1�§��v=z.vC{�pwu�pwv=x®�4´Þk�p·hjz4s¦pwi]{

P h ��"$# |	�   AI �^� D �   O i 
  r�x ��"$# ~ � u  >I ��� � � u  O 9:
nOpwx4�]i � pw{�¬.vCr4x | i | 9 � pw{l�]vOh�z.t^�]u�<§t^x | � �"+$ ����ÌÈ�ª�i}�=i]u;�

P ��"$# | �    x 
 I �V"�# ~ � u  �I ��� � � u  � �I � � � � �
ª�f4i'��i � � � � | i]x4v=u�i]{�u�f4i , � x4v���h v^© �l´�7 f4i]x  �=vOi]{�u�v�pwxO�.x4pwu�~=È4ª�i}v=¬4u�t^pwx�V��� /1032��� ��� P �V"�# |	�    x 


l;l �%m #�%�n!%



�=� � 	�����	����?���JA ��	������T�H���4�g>��3� ���	� � ��#�0 	H����
����	 A&�4	��

©Ev���t^sws u �)�
;cS 'cU�t^x | �"X � Z  �t | h�pw{�{+p¦¬4swi=´ .�i]x4�]i
/�0324�576 8:9 �����>�������� ��� P ��"$# |	�    x 
 :

%ExyvO� | i'�§u�v�z.��v^�=i�u�f4i���i]�Ci'��{�i�pwx4i]»Or.t^swp¦u�~=È4ª�i��.�  & { ''� 	w{ '�t^x |\u � �A;cS ' U�´!�4��v�h��c��vCz.v={�pwu�pwv=xy�4´Þk�È
u�f4i'��i}i]�Opw{�u�{�t^x®t | hjp¦{+{�pw¬4s¦i�z.v=swpw�]~ �"X � Z  ©¶vO�cu+f4i}p¦x4pwu�pqt^sýz.v={�pwu�pwv=xs� R ��''��:9:9:���'B !{+r4��fyu�f.tRu

P h ��"$# | �  &  gI ��� D �  &  � i 
  & r6z ��� 'B i 	':
UZr4iZu�v�u�f4ilswpwx4i't=��pwu�~-v^© 9����4�H<]È^u�f4i�©¶vCs¦swv^ª�pwx4��pwx4i]»�r.t^swpwu�~If4vCs | {¥©¶v��§u�f4iZz.��vO�]i]{�{�(8ª�pwu�f-z.v=swpw�]~ � ~ XM� ~cZ  
t^x | pwx4pwu�pqt^s1z�v={�pwu�pwv=x � ~ ��''��:9:9:���'B 9�

P h ��"$# |	�  &  gI ��� D �  &  � i 
  & r�z ��"$# ~ I ��� 'B i 	 : 9�d^k3<

 �i]uw�NX K � Z K  �¬.i | i��.x4i | t^{�©Ev=sws¦v^ª�{;�
3 X K/ �N+8 Pd~ � u  $Xq/8�N+8 9�Z K/ �"+8 P-u / I ~ � u  Z /8�"+$ 9�

©Ev���'vxs+jy  & È4t^x |
3 X K/ �"+8 P X K/ � -  b&  gIs|	� -  b&  $XY/1�N+ i -  b&  �� � " � ���  Z K/ �"+$ PoZ K/ � -  b&  gI�(�/8� -  b&  >I�| � -  b&  Z /1�"+ i -  b&  �� � " � ���  L�©Ev�� -  & xJ+�y � - I R   & � -
P R ��¿_��:�:9:�´�.�i'��i � # pw{}t^xyv=z�i'��t^u�v�� v=x\�<{�r4��fyu+f.t^u�u�f4i:8���v^ª�x4pqt^xyh�v=u�pwv=x

{�t^u+p¦{��.i]{ K � D  �� �9# �  P-K � D Il+8 �� �  i!K �"+$ �� �  9:Oe�f4i}�]v=xOu���v=s��"X K � Z K  §�]v=x4{+p¦{+u�{�v^©�t^x-pwx4{�u�t^xOu�t^x4i]v=r4{§{�t^swi
v^©c{�u+v��]={Zt^u�i't^��f®u�pqh�i�z.��v=z�v���u�pwv=x.t^s�u�v  & È ©Ev=sws¦v^ª�i | ¬O~®t^x 	¢�±v=z4u�pqh¨t^s1z�v=swpw�]~ vCx h -  & �7� - I R   &  ]´ 8c~
�]v=x4{�u���r4�]u�pwv=x1È=u+f4i | pw{�u���p¦¬4r4u+p¦vCx4{�vR© D �"+�I -  &F �t^x |�� 4 # � " � � 9� 4 " � �� 9 ©¶vO�@+�� h ''�  &< | v�x4v=u | i]z.i]x | v=x - ´ /�{�pwx4�9�d^k3<ct^x | u�f4i}¬�v=r4x | x4i]{�{�vR© �ZÈOª�i}�=i]u��

P h ��"$# |	� -  b&  i ��"$# ~ � u  Wr P " b 5e
, f & P h �V"�# | ��� �*I R   b&  i �V"�# |	���  b&  Wr

z " b 5e
, f & P h 
  & I ��� 'B i ��� D ��� �*I R   &  � i 	;r

z 
�-  & i - ��	�IA¿ � � � �v 9:
UZpw��p | pwx4�-¬�~ -  & t^x | u�t==pwx4��u�f4i}swpqh�pwulª�f4i]x - �=v�i]{�u�v�p¦xO�.x4pwu�~=È�ª�iZv=¬4u�tRp¦xg������>�������� ��� 6 � f " � � P ��"$# | �  b   z 
�i 	MIA¿ � � � � & :
%V© -  & x  y � - I R   & ÈZr4{�pwx4�9u�f4i�z.��i]��pwv=r4{y�]vOh�z4r4u�t^u�pwv=x4{yt^x | u+f4i®©±t^�]uyu�f.tRu'È�ª�f4i]x  {  � ÈP�� ��"$# |	�   i ��"$# | �  �  O �x����  i  �  | r4i�u�vK9�OH<�t^x | 9��¢�H<]È=ª�iZv=¬4u�t^pwx

P�� ��"$# |	�   i ��"$# ~ � u  � zJP�� ��"$# | �O� - I R   b&  i ��"$# ~ � u  � i P�� ��"$# | �O� - I R   b&  i �V"�# |	�   � z 
 � - I R   & i � - I R  ;��	jI9¿ � � � �  i �  &z 
  i � - I R  ���	jI9¿ � � � �  i �  & :
� � l�� ü



���������
	���������������
������������	�������� �"!��$#%������� �&���'�$�(��)�+*��,���.-/����01���2	��3�4#�	��������5#��"����� �=�

UZpw��p | pwx4�-¬�~  ÈOª�i}�=i]u��
P ��"$# | �    z 
 I ��"$# ~ � u  i �  & i � - I R  - � 	 I9¿ � � � �   & :

79f4i]x  �=vOi]{�u�v�p¦xO�.x4pwu�~yª�pwu�f  & t^x | 	��.��i | ÈOª�i}�=i]u - � I - t^x |

�������������� ��� P �V"�# |	�    z 
�i � 	 I9¿ � � � �   & :
.�i]x4�]i /10324�576 8 9 �������������� ��� P ��"$# |	�    z 
�i ��	 IA¿ � � � �v  & :
nOpwx4�]i�u�f4i}t^¬�vX�Cilpwx4i]»Or.t^swp¦u�~-f4v=s | {�©Ev���t^sws  & { '�t^x | 	){ '4ÈOª�i | i | r4�]i}u+f4i}{�u�t^u�i'hji]x�u!v^©3u�f4i}u�f4i]v���i'hÌ´
e�f4i]v���i'h��4´ �Zpqh�z4swpwi]{�u+f4i�r4x4pw»�r4i]x4i]{�{�v^©�u�f4i��]v=x4{+u�t^xOu 
 {�r4��f�u�f.t^uct}�Opw{��]v={�pwu�~�{+v=swr4u�pwv=x��8v^© 9�dHGH<3i]�Opw{�u�{'´
%Ex | i]i | È p¦x-u�f4i�©¶vCs¦swv^ª�pwx4��swi'h¨h¨t4ÈOª�i�z.��v^�=i | pq��i]�]u+s¦~-u�f4iZr4x4pw»�r4i]x4i]{�{�v^©3u�f4il�]vCx4{�u�t^xOu 
 p¦xi9 d=�H<3¬O~¨r4{�pwx4�
u�f4i)%E{�f4pwp!u�i]��f4x4pw»�r4i=´}e�f4pw{Zp·hjz4s¦pwi]{�u�f4i�{�tCh�i}r4x4pw»�r4i]x4i]{�{���i]{�r4swu�©Ev��ZÉ!»Or.t^u�pwv=xi9�dHG+<]ÈO©±��v�h�u�f4i�© tR�]u�u�f.t^u
��� � p¦{Zt19¶{�r4¬O��ÈO{�r4z.i'�ê�f<§{�vCs¦r4u+p¦vCxyv^© 9�d=�+<!p³© tRx | v=x4sw~-p³© � p¦{ZtK9V{�r4¬O��ÈC{�r4z.i'�ê�f<¥{�v=swr4u�pwv=x-v^© 9�dHG+<]´5.�i]x4�]i=È
e�f4i]v���i'h(�4´³�}h¨t¢~}f.t'�Ci�¬�i]i]x¨z.��v^�=i]x�ª�pwu�f¨u�f4i���i]{�r4swu!v^©1�c��vCz.v={�pwu�pwv=x¨�4´ k�©Ev��3v=x4i ��v=x4sw~=´N8§r4u§u�f4pw{c��i]{�r4swu
�'t^x¸¬.i�v=¬4u�t^pwx4i |¸| pq��i]�]u�sw~y©Ev��Zt^x�~�swp·hjp¦u �/vR© � � P � � i � � � 'B �¬�~�z.t^{�{�pwx4�yu�v-u�f4i�swp·hjp¦u�pwx�u�f4i�ª�i't=
| ~Ox.t=h�pw�}z.��v=���+t=h¨h�pwx4��z.��p¦x4�]pwz4swiK9Vk dH<a´ !Á � �º¡ �$# 0$#(' ��� 
 � 
 � ��� �Q
'� 
 � �J	 *��H� �?!+��! �"�,��#��"�����U� �� *4�4��� �3���$���b�j� �)� , * 
�� u  L� , 
)� u  9� 
 � u  P '
��� �
;cS 'cU 	��?! 
 � �,�W	K*��H�3�?!H��!F�&� �4#��"�����U�Z�������� �4��� �3���$���M�j� �)� , * 
 � � u  9� , 
 � � u  L� 
 � � u  P ' ��� �A;cS ' U �
��0 ��� 
 x 
 � �) �2�"�j�L� 7¸iAt=���=r4i�¬�~ �]v=xOu���t | pw�]u�pwv=x1´�nOr4z4z.v={+i u+f.t^u 
 { 
 � ´ e�f4i]x1È�u�f4i'��i i]�Opw{�u � { ''� �H��� � �	�
{�r4��f#u�f.t^u 
 z � �0
 I �9 { � ��
 � I � �  z 
 � pwx �
;cS 'cUO´ %Ex | i]i | ÈZv=x4i¸�'t^x#u�t=Ri � ���H��� � {�r4��f#u�f.t^u
� P � � i /1032 
���� � P � �� i ����� 
 � t^x | � �0
 � i 
 i ����� 
 � I /1032 
  y 
si 
 � ´:e�f4i'��i�©¶v���i=È.
 I �
pw{°t ��pw{��]v={+p¦u�~8{�r4¬4{�v=swr4u�pwv=x#t^x | 
 � I � � p¦{yt¸�Opw{��]v={�pwu�~º{+r4z.i'��{�vCs¦r4u+p¦vCx9v^©W9E�HdH<a´9e�f4i]v���i'h d4´ X¸pqh�z4swp¦i]{
dI6� x�
 � I6� � pwx ����� � �j �t^x | ª�il�=i]u�t��]vCx�u��+t | pw�]u�pwv=x1´

 Li]u 
�¬�i«t�{�v=swr4u�pwv=xyv^©:9�dC�H<�´NUZi��.x4i}u+f4iZ©¶v=swswv^ª�pwx4�¨{�r4¬4{�i]u+{�vR© �
;cS 'cU*�
� / P S u �)�A; S 'cU*�3, / 
]���* P n /'I k /

~ � u  U*� 9�dHd+<

� / P S �)�)�
;cS 'cU*� %l/ 
 ���c P 'cU*� 9�d=�+<
��� / P � �A;cS ' U7 ; � ��� � � � /  � ��� � � � /  $ 9� 9�dHX+<

��� P
=
�/afA5 ��� / � 9�dHO+<

ª�f4i'��i�p¦xOu�i'��pwv���{¥tC��il��i]sqt^u�pw�=i�u�v �
;cS 'cU�´3nOr4z4z.v={+ilu�f.tRucu�f4iZ¬.v=r4x | tC��pwi]{�vR©Lu+f4i]{�il{+i]u�{�t=��i�{�r4��fIu�f.tRucu�f4i'��i
i]�Op¦{+u�{�t���i�Ê.i]�]u�i |�| p ²�r4{�pwv=x\( K �"+$ cpwx ��� {�v=swr4u�pwv=x-v^©%9���� �H<3ª�f4i'��i Z /1t^x | Xq/6t=��i�u�f4i�swvO�'t^s�u�pqh�i]{�t^u§u�f4i
¬.vCr4x | t=��pwi]{cª�pwu�f
� /1t^x | (�/���i]{�z.i]�]u+p¦�Ci]s¦~=´§e�f4i]x¨t^x¨v=z4u�pqh¨tRs�{�u�t^u�pwv=x4x.t=��~}pwxO�=i]{�u�hji]x�u3z.v=swpw�]~�©Ev��ýz.��v=¬4swi'h
9E�H<¥p¦{Zv=¬4u�tRp¦x4i | tR{�©Ev=swswvXª�{'´�e¥f4i}{�i]u ��� pw{lu+f4i}x4vIu��+t^x4{�t^�]u�pwv=xy��i]�=pwv=x1´��Zr4u�{�p | i ��� È.tRx®pwx4{�u�t^xOu�t^x4i]vCr4{
u���tRx4{�t^�]u�pwv=xy¬.��pwx4�={Zu�f4i�z.vC{�pwu�pwv=xt(M� 'B ¥u�vIu+f4i�¬.vCr4x | t=��~yv^© ��� ��¬4r4~�{�u�vO� �2§pwx � /�È.{�i]sws!{�u+v��]�2§p¦x � /�´

l;l �%m #�%�n!%



�^k � 	�����	����?���JA ��	������T�H���4�g>��3� ���	� � ��#�0 	H����
����	 A&�4	��

¾�©¶u�i'�§u�f4i�pwx4p¦u+p·tRs6u��+t^x4{�t^�]u�pwv=x1ÈCu�f4i�t^�=i]xOu�z.v={+p¦u+p¦vCx!(M�N+8 ���i'h�t^pwx4{�pwx ��� t^x | ©Er.��u�f4i'�¥u���t^x4{�tR�]u�pwv=x4{cvO�]�]r.�
v=x4sw~�t^uZu�f4i�¬.v=r4x | t=��~=´¨e�f4i�v=z4u�pqh¨t^s3z.v={+p¦u+p¦vCx�z.��vO�]i]{�{ (M�"+$ ��]vCp¦x4�]p | i]{�ª�pwu�ft( K �"+$ }pwx ��� 9V{�i]iFEq�¢��I!©Ev��
u�f4i}v=x4i�� | pqh�i]x4{+p¦vCx.t^s1z.��v=¬4swi'h
<a´

e¥f4p¦{yCp¦x | v^©«n4^v=f4vO��v | z.��v=¬4swi'hyÈ�x.tCh�i]sw~Au�f4iyi]��pw{�u+i]x4�]i vR©�t���i�Ê.i]�]u�i |9| p³²�r4{+p¦vCx1È�pw{y{�u�r | pwi | ©Ev��
i]�4t=h�z4swi}pwx nOv=x4i'��t^x | nOf.��i]�Ci
E �=�OÈ4�4� I�t^x | UZr4z4r4pw{�� %E{+f4p¦pTEq�&O4I�´

� �:��	��};��!���3�.�A��¸��$�� ������!�Z��	���� � ;����1��	���
 �i'h¨h�tI�4´ d¨{�f4v^ª�{Zu�f.t^uZu�f4i�{�u�tRx | t=� | % {�f4pwp!u�i]��f4x4p¦»Or4i¨swi't | {}u�v-u�f4i�r4x4pw»�r4i]x4i]{+{�v^©�tI��tRu�i 
 {�r4��f¸u�f.t^u
t�{�v=swr4u�pwv=x 
 v^©J9�d=�H<¥i]��pw{�u�{¢È.¬4r4uZx4v=u�u�v-u�f4i�r4x4p¦»Or4i]x4i]{�{}v^©cu+f4i�z.vCu�i]x�u+p·tRs�©¶r4x4�]u+p¦vCx 
-´l�Ìv���i]v^�=i'�]È4p³© 

pw{¹t�{�v=swr4u�pwv=x�v^©J9�d=�+<�tRx | ��pw{¹t��]v=x4{�u�tRx�u'ÈOu�f4i]x"
dI � pw{�t^sw{�vIt�{�v=swr4u�pwv=x®vR©J9�d=�H<]´�nOv¨u�f4i�r4x4pw»�r4i]x4i]{�{
v^© 
��'tRx vCx4s¦~�¬.i�i]�Oz.i]�]u�i | ª�pwu�f4pwx�t^x t |4| p¦u+p¦�Ci«�]vCx4{�u�t^xOu'´ % x Eq�'�OÈ.��f.t^z4u�i'� %&%�I�È�u+f4i�r4x4pw»�r4i]x4i]{+{}ª�pwu�f4pwx
t^x�t |4| pwu�pw�=i��]v=x4{�u�t^x�u�v^©�t¨{+v=swr4u�pwv=x 
�v^©¥tRx®i'���=v | pw�*.lt=hjp¦swu�vCxO����t^�]v=¬4p³�f8§i]sws·h�t^x¸i]»�r.t^u+p¦vCx vR©cu�f4i}©Ev���h� ��� �������	� ���v��	  
-I1�B��	� O @I 
 P 'Ìpw{«z.��vX�Ci | ª�f4i]x �v��	� �pw{�{�u���v=x4�=sw~¸r4x4p ©Ev���hjs¦~¸i]swswpwz4u�pw�®pwx u t^x | 	ý´
%Ex | i]i | È§p³©¹u+f4p¦{��]v=x | pwu�pwv=xApw{�©Er4s³�.sws¦i | È�u+f4i]x�©Ev���t^xO~¸©¶i]i | ¬.tR� ¸z�v=swpw�]~ 	Q� u  ]È u�f4i°tR{�{�vO�]p·tRu�i | �]v=xOu���v=swswi |
z.��vO�]i]{�{�pw{�i'���Cv | pw�=È4u�f4i]x®t | h�pwu�{�t�z.v={+p¦u+p¦�Ci]s¦~yswv^ª�i'�§¬.v=r4x | i | pwxO�Xt=��pqt^xOulh�i'tR{�r.��i=ÈOª�f4pw��fypqh�z4swpwi]{Zu�f.t^u�t
{�v=swr4u�pwv=x 
&v^©6u�f4iZswpwx4i't=��i]»Or.t^u�pwv=x��w��	  
JI �B��	  >I 
FP '�pw{�r4x4pw»Or4i}ª�pwu�f4pwx®t^x®t |4| pwu�pw�=iZ�]v=x4{�u�tRx�u'´3e�f4i
z.��vOv^©�vR©¥u+f4i]{�i°��i]{�r4swu�{�pw{ | v=x4i¨¬O~¸r4{�pwx4� �^t=��pqt^u�pwv=x.tRs!u�i]��f4x4pw»Or4i]{��¨t^x�pwxO�Xt=��p·tRx�u�h�i't^{�r.��i�p¦{¨tÌ{�v=swr4u�pwv=x
v^©�t | r.t^sci]»Or.t^u�pwv=x�t^x | u�f4i¨r4x4pw»Or4i]x4i]{�{�pw{�z.��v^�=i]x¸¬�~8¼'h�r4s¦u+p¦z4sw~Opwx4�.¼¨u�f4i�i]»�r.t^u+p¦vCx {�t^u�pw{��.i | ¬O~ 
 ¬�~
u�f4i�pwx��^t=��pqt^xOu�h�i't^{�r.��i=´�ËZpw{��]v={�pwu�~¸u�i]��f4x4pw»Or4i]{ | v®x4v=u}t^swswv^ª t^xO~®v^©cu+f4i]{�i¨u�ª�vI{�u+i]z4{}ª�f4pw��f¸u�f4i]x�f.t¢�=i
u�v¨¬�i«��i]z4sqt^�]i | ¬�~-u�f4i�r4{�i�v^©!u�f4i�h¨tR��pqh�r.h�z.��pwx4�]pwz4swi«�]vCx4�]i]z4u'´��Ìv���i]v^�=i'�]È4É »�r.t^u+p¦vCxi9�d=�H<§pw{lx4vCu�i]�=i]x
r4x4p³©¶vO��h�sw~¨i]swswp¦z4u+p¦�=´
.�v^ª�i]�=i'�]È^p³©�i]�Ci'��~�u+f4p¦x4��¬.i]f.t¢�=i]{�t^{�pwxyu�f4i | p¦{+�]v=r4x�u+i | �'t^{�i
9V{�i]i Eq�'�OÈOk&I�<]ÈOv=x4i¹hjp¦�Cf�u
i]�Oz.i]�]u�u+f.t^uZ©¶vO�}u�f4i¨vCz4u�pqh¨t^s!z.vCs¦pw�]~=È!u+f4i'��i�i]��pw{�u�{�ty�]swv={�i | �]v=x4x4i]�]u�i | {�r4¬ | v�h�t^pwx ��� v^©.�
;cS 'cU¨{�r4��f
u�f.t^u¢È^p¦x-pwu�{��]v�h�z4swi'h�i]xOu�t=��~ ��� I ÈOu���t^x4{�tR�]u�pwv=x4{6vO�]�]r.�§pwx4{�u�t^xOu�t^x4i]v=r4{+s¦~�t^ucu+p·hji '�t^x | ¬.��pwx4��u+f4ilz.��vO�]i]{�{(M�N+8 3v=x�u�f4i�¬.vCr4x | t=��~}v^© ��� È=ª�f4i'��i't^{6pwx ��� È^u�f4i�z.��vO�]i]{�{@(M�"+$ 3p¦{�t | p³²�r4{�pwv=x°��i�Ê.i]�]u�i | t^u!u�f4i�¬.v=r4x | tC��~
9V¬O~�u���t^x4{�tR�]u�pwv=x�v=z.i'��tRu�pwv=x4{�<]´�.�i]x4�]i=ÈOz.vC{�pwu�pwv=x4{�p¦x ��� I t=��i�u���t^x4{�pwi]xOu�t^x | u�f4i�z.��v��]i]{�{���i]{+u���pw�]u�i | u�v ���
pw{�i'���=v | p¦�=´�7 f4i]xIu�f4pw{�pw{�u�f4i��'t^{�i=È4t^{ | i]u�t^pwswi | pwxbE ��I�È=vCx4il�'t^x-t^sw{�v�i]�Oz.i]�]u�u�f4iZr4x4pw»�r4i]x4i]{�{�v^©6t�{�v=swr4u�pwv=x
�v^©J9 d=�H<�ª�pwu�f4pwx�t^x¸t |4| pwu�pw�=i��]v=x4{�u�t^xOu'´T7¸i�z.��v^�=i}¬.i]swv^ª�u�f4pw{}��i]{�r4swu�©Ev�� ¯bP R v=x4sw~i9Vv=x4i�{+u�v��]3<�t^x |
©Ev��lÉ »�r.tRu�pwv=xM9�d+GH<�pwx4{�u�i't | v^©�É »�r.tRu�pwv=xM9�dC�H<]È4ª�f4pw��f¸p¦{}i'tR{�pwi'�Z{�pwx4�]i �)pw{}�]v�hjz.t^�]u'´ 79f4i]x ¯ z�¿4È ���
h¨t¢~¨f.t¢�=i}t�x4v=x®��i]�Cr4s·tC�c¬�v=r4x | t=��~=ÈOª�f4pw��fy~�pwi]s | {}t^x®t |4| pwu�pwv=x.t^s | p �I�]r4swu�~=´

7¸i�����{�u�{�u�t^u�i}{�v�hji}z.��v=z.i'��u�pwi]{l��i]sqt^u�i | u�v ��� 9V{�i]i��ýp¦�Cr.��iI�&<a´�e�f4i}z.v=pwxOu�{ � t^x | � | i��.x4i | p¦x�u�f4i
©Ev=sws¦v^ª�pwx4��swi'h¨h¨t�t=��i�{�r4��f¨u�f.tRu ���iP h � � �7rLp³©��8pw{��]v=x4�'t¢�=i=´��Zu�f4i'��ª�pw{�i=È h � � �;r1pw{�u+f4i��]v=xO�=i]��f�r4sws�v^© ���v=x4sw~=´ !Á � �º¡ 
�#&%�#(' ���6¯FP\RH��
C*��g�H��� ���K*T�\� 0 �����2��� �4´³�«tRx | �9¬�i�t�{�v=swr4u�pwv=xyvR©(9�d+GH<]´5 Li]u

� P /1032 S �)� h ''� R r8� �����B P ��"$# � R I�	m5 �* �I ��� 'm <U*� � � P � R I�	m5 ��
R I�	m5 � �� P ����� S �)� h ''� R r$� �����* P �^� R  <U*:

e�f4i]x1È � t^x | � | v�x4v=u | i]z.i]x | vCxyu�f4i}{�v=swr4u�pwv=x�� v^© 9 dHGH<�t^x |
P ���c �x 
FP P ��� �  � �)� h ''� � � r8� 9�d=�+<P ���c qx 
FP P � �B � �]� h �'� R r$: 9E�HG+<

� � l�� ü



���������
	���������������
������������	�������� �"!��$#%������� �&���'�$�(��)�+*��,���.-/����01���2	��3�4#�	��������5#��"����� �Hd

'

� � Ø
�������

� � Ø �� ���

�
	�������������

'
�

�������

�

�1pw�=r.��i¨�m�ce�f4i}��t^u�i 
 t^x | u�f4i}z�v=u�i]xOu�pqt^s�©¶r4x4�]u+p¦vCx��A{�v=swr4u�pwv=xyvR© 9 dHGH<�È ©¶v�� ¯FP\R ´

) �2�"�j�L� 7¸i�����{�u�z.��v^�=i
9E�HGH<�t^u�swi't^{�u�©Ev��§{�v�hjil{�z�i]�]pqt^s ��È4u�f4i]xyª�i | i | r4�]iF9�d=�H< ¬�~-{�~4h¨h�i]u���~=´
�OvO� ¯WP R È.É!»Or.t^u�pwv=x�9�dHG+<!ªl��pwu�i]{;�

� ��� ��� 
 i 
 I P ���c 9�O� & � G 
G � ���* � P ' pwx�� P h ''� R rN� 9E�4�"<

ª�pwu�f

� 
 P C 5�5
¿ � * � Rji �c * G * 
G � * I
��� R�i �c ���? 5 i 4 i C 5�5 �c G 
G � �P ���c P 4YI ��? 5 i 4H �� i R

¿ C 5O5�� * �
� & � �g���* P

���
�� ����� �O��	m5�� I R  � i 	m5H� i �� p³© �]� � ''� R  O�
� i 	 5 p³© � P '_�
i � p³© � P\R �

ª�f4i'��i}u+f4ili]�Oz.��i]{�{�pwv=xyvR©�� & � �g���* �©¶vO� � P '�t^x |5R f.t^{�¬.i]i]xy{+p·hjz4s¦p³�.i | �]v�h�z.tC��i | u+v«u+f.t^u�v^© !�v���v=sws·tC��~
d4´ ��t^{�{�r4�=�=i]{+u�i | ¬O~º��i'h¨t=�+5d ´Yd4´��4��v�h u�f4pw{¨i]»Or.t^u�pwv=x1È3ª�iI{�i]i-u�f.t^u �&p¦{¨t��Op¦{+�]v={�pwu�~�{�r4z.i'��{�v=swr4u�pwv=x
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� �& � �g� �c P ���
�� � ��� � �g� i 	B5 i �Q� R I�	m5 i 	m5 �* � p © �]� � ''� R  9�
� p © � P ''�
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