
���������
	���
���� ��	�����������
�� ��
���	���	���� ��� �� "! �#	$�%�&�'��()�
�*�+
��#� ,.-.�#/�0 
�12	$3.45	�16�
	�, 17�"8'	���/9��	 0 �),�	��

:<;
=)>@?
ACB�DFE%G�H5IKJMLON�IQP�A<R

SUT�VXWZY\[\]'T�^_[a`cb+de^QfKgKhi[\Y\jkWml�n�^Qopjq^CT�T�Y\jq^Qo
rU^KjtsmT�Y\h\jt[ ; WZ[$u6gQvwWmlt`

x [yWz[\T{rU^KjtsmT�Y\h\jt[ ; `cb�|$T�}�~�`mY\�

�7� T�h\jqh7h�g : ]Mjt[\[iT�f)[i`M[ � T�b�Wm��gQlt[ ; `mb�[ � T���YyWmfQg�WZ[\T x � � `<`pl
`mb�[ � T{rU^QjtscT�Y�h\jt[ ; `cb�u6gQvwWmlt`Mjq^)VXWzY\[�jkWZlwb@gQlt��lqlq]'T�^_[

`mb�[ � T"Y\T��<gQjtY\T�]'T�^_[�h6b�`cY7[ � T�fQT�ocY\T�T"`mb
�*WZh\[iT�Y7`cb x ��jtT�^���T

�KT :��m�c�m�
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�#gKlt[�jqhiT�^Khi`cY9S�Wz[yW#��gKh\jt`p^5fQT�Wmlqh{}�jt[ � ��`p] : jq^Kjq^Qo#f�WZ[�W.b�Y\`c]�hiT�^Khi`cY\h�hiVKYiT�Wmf5`zscT�Y9W
ocT�`cocY�WZV � jk��Wmlql ; fKjqhiV�T�Y�hiT�f�WZYiT�WK� �a� TUhiT�^Khi`cY�h�WZYiT$]'` : jqltT$Wm^Kf�� � Wm^QocT�lt`Q��WZ[�jt`p^�}$jt[ � [\jq]'Tp�
de^�`cY\fQT�Y�[i`���`plqltT���[�f�WZ[�W�WZ^Kf�VKY\`C��T�h\h�[ � T'fKWZ[yW�b�Y\`p]�[ � T�hiT�hiT�^Khi`cY�h��wWm^�T��<g�Wmlql ;)  T�¡Qj : ltT
^QT�[¢}�`cY\�9`cb£b@gKh\jt`p^ : T�fKh�¤e¥�lqgKhi[\T�Yy¦�T�WmfKh¨§�jqh�YiT��<gKjtY\T�f%��©Ulqh\`"[ � TUlqjq^C�Ch : T�[¢}6T�T�^'[ � T�hiT�^Khi`cY\h
Wm^Kfª��lqgKhi[\T�Y � T�WmfQh�WZY\T�VKY\`p^CTU[\`{T�^QT�] ; WZ[\[�Wc���MWm^Qf"«iWm]M]Mjq^Qo"`cY�b�`plqjkWZomT�T�v£T���[�h�]�W ; T�¡Cjqh\[��
de^�[ � jqh+}�`cY\�{}6T7fQT�scT�lt`cVMW"�#j¬¡CT�fMde^p[\T�ocT�Y�­%jq^QT�WZY
®
Y\`comYyWm]M]'jq^Qo�]'`CfCT�lC[i`�fQT�[\T�Y\]Mjq^QTa[ � T
`cVK[\jq]�WmlX��lqgQh\[iT�Y � T�Wmf�lt`Q��WZ[�jt`p^�hi[iYyWZ[iT�o ; [ � WZ[6]MWz¡Qjq]Mjt¯�T�h
[ � TUT�¡<V�T���[iT�f°fKWZ[yW9��`zscT�Y\T�fM`zsmT�Y
W�V�T�Y\jt`Cf#`cb
[\jq]'Tp� �7� T�]'`CfCT�lFjqhU[\T�Y�]�T�f�Wmh�S ; ^�Wm]'jk�9��n
±�¥6­F®²¤��*Wz¡Cjq]�gK]³n�¡CV�T���[\T�f
¥�`´scT�Y�jq^Qo)­µ`Q��WZ[�jt`p^*®
Yi` : ltT�]°§��"©�lqhi`�[ � T'^QT�[¶}6`cYi�.`cb���lqgQh\[iT�Y � T�WmfKh"��Wm^�Y\T�`cYio_Wm^KjqhiT�jt[�hiT�ltb
b�Y\`c]�[�jq]'T�[i`ª[\jq]'Tp� � }6`�ocYiT�T�f ; � T�gCY�jqhi[�jk��hUWZY\T�VKY\`mV�`phiT�f#[i`ªhi`pltscT�[ � T�S ; ^�Wm]'jk���*n+±U·
¥a­�®¸Wm^Kf�[ � T�jtY+}�`cY�hi[
��WmhiT : T � W�s<jt`cY+jqh�VQY\T�hiT�^p[\T�f%��©Ulqhi`�W"¥�`plqgQ]M^��UT�^CT�Y�WZ[�jt`c^9[\T�� � ^Kjq�<gCT
jqh�WZfQ`cVK[iT�f¹[\`*jq]'VQY\`zscTM[ � T � T�gCY�jqhi[�jk�Mh\`clqgQ[�jt`p^¸b�`cY���WmhiT�h{} � T�YiT°h\`clqgQ[�jt`p^¹�<g�Wmlqjt[ ; jqh�[ � T
VKY\jq]'T���`p^���T�Y�^µ��¥�`p]'V�gQ[�WZ[�jt`c^�Wml
T�¡CV�T�Y�jq]'T�^_[\h{h � `z}º[ � WZ[{[ � T�¥�`plqgK]M^»��T�^QT�YyWz[�jt`p^5WZVQ·
VKYi`_Wc� � jq^���`p^z«¼gK^���[�jt`p^{}�jt[ � [ � T � T�gQY\jqhi[�jk��hFV�T�Y\b�`cY\]Mh�]9g�� � : T�[i[\T�Y�[ � Wm^M¥a®�­Fn+±½jq^{[\T�Y�]'h
`cb�hi`plqgQ[�jt`c^�[�jq]�T_�+©Ulqhi`M[ � T"`cVK[\jq]�Wmlqjt[ ; o_WZV�jqh7ltT�h\ha[ � Wm^.¾p¿��
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d"}�`pgKlqfOlqjt�cT�[i`ÁT�¡<VKY\T�h\h'] ; h\jq^���T�Y\T)omYyWZ[\jt[�gKfQT�[i`¹] ; WmfQs<jqh\`mY�h���SUY��ÇÆUWz«iWm^OuaWZ[i[yW
Wm^Kf#SUY���Æ$WZ�cT�h � |�WZocjµb�`cY�[ � T�jtY���`p^Qh\[�Wm^_[�h�gCVKV�`cYi[��KocgKjqf�Wm^���T9WZ^Kf�V�WZ[�jtT�^���Tp��d6Wm]ÈY\T�Wmlql ;
[ � Wm^Q�<b@gKlFb�`cY�[ � T�jtY�fKjtY\T���[�jt`p^µ��fQT�sc`c[�jt`c^*Wm^Kf#T�^���`pgQYyWzocT�]'T�^_[U} � jk� � �cT�VK[�]'T�b�`Q��gKhiT�f#`p^
] ; }6`mY\�w�

dM}6`cgKlqf�Wmlqhi`Élqjt�cT*[\`O[ � WZ^Q�ÊS�Y��&ËpWm]'T�h.­%lqjq^�Wmh�Wm^QfÊ[ � TÇ¥�T�^_[\T�Y)b�`cY.�#gKlt[\jqh\`cgQYy��T
de^Qb�`cY\]�WZ[\jt`p^��KgKh\jt`p^)b�`cY7[ � T�jtY7T�¡<[\T�^KfQT�f�h\gQVKVX`cY\[UWm^Kf���`_`cV�T�YyWZ[\jt`p^%�

dU}�jqh � [\`.[ � Wm^Q�¸] ; b�Y�jtT�^KfKh"b�`mY{]�WZ�Cjq^Co.[ � TªlkW : Wm^Kf5r�uÌT�¡<V�T�Y�jtT�^���TªWm^¸T�^z«¢` ; W : ltT
`p^QTp�+©$sCjÍ«¼jt[��<© : � W ; �Q¦$Y\jqh � jt�cT�h � Wm^Kf��.` � WZ^�fQT�h\T�YiscT"W�hiV�T���jkWml�[ � WZ^Q�Chab�`cY6[ � T�jtYah\gQVKVX`cY\[
WZ[7T�scT�Y ; hi[yWzocT"`cb�] ; [ � T�h\jqh��

��jq^�Wmlql ; �Kd�}6`cgKlqf.lqjt�cT"[\`�[ � Wm^Q�)] ;�: Y\`c[ � T�Y���h\jqh\[iT�Yi·ejq^C·elkW�}��Kh\jqhi[\T�YUWm^Kf : Y\`c[ � T�Yi·ejq^C·elkW�}
b�`cY7[ � T�jtY�h�gCVKV�`cYi[�WZ^Kf�jq^KhiV�jtY�WZ[�jt`p^°}$jt[ � `pgQ[7} � jk� � d�}6`pgQlqf�^C`c[ � W�scT�Wc����`p]'V�lqjqh � T�f�[ � jqh��
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Ö�>�B�P Ã�×UØ >@Ù�GFJzA<B >ÛÚ

Ö�>�B�P Ã�×UÂ IKÜ�R@A<B Ú

Ý Þ Å£P�J Ã%ß G�àmP�> Ã ÅáI�Å ß Ö�>�P�A<J´IQP�GFJzA#â�Apã�>@Apä Ý
å � å de^p[\Y\`<fKg���[�jt`p^æ�"�{���{�������{�����{�������{���{�"�{���{�������{�����{������� å
å � � ­%jt[iT�Y�WZ[�gCY\T�Y\T�sCjtT�}�`cb
¥�`´scT�Y�jq^QoM�.`CfQT�lqhç�{���{�"�{���{�������{�����{������� ¾

å � � � å SUT�[\T�Y�]'jq^Kjqhi[�jk�"¥�`zscT�Y�jq^QoM�.`CfQT�lqh ���{�"�{���{�������{�����{������� ¾
å � � � � x [\`Q� � Wmhi[\jk��¥�`zscT�Y\jq^QoM�#`<fQT�lqh ���{���{�"�{���{�������{�����{������� è

å � � ­%jt[iT�Y�WZ[�gCY\T�Æ7T�s<jtT�}Ê`cb+S ; ^�Wm]'jk���#`CfCT�lqh ���{�"�{���{�������{�����{������� å �
å � � � å S ; ^�WZ]Mjk��®�lkWm^_[�­�W ; `pgC[$®
Y\` : ltT�] ���{�"�{���{�������{�����{������� å �
å � � � � x [\`Q� � Wmhi[\jk�"é�·¶�#T�fKjkWZ^.®+Y\` : ltT�] �{���{�"�{���{�������{�����{������� å�ê

å �ìë ­%jt[iT�Y�WZ[�gCY\T�Y\T�sCjtT�}�`p^°íÊjtY\T�ltT�h�hUîUï'ðQñ�ò�|�T�[¢}6`mY\�Ch �{�������{�����{������� � å
å �ÍëX� å |�T�[¢}6`mY\� � `mV�`plt`co ; �����{�������{���{�"�{���{�������{�����{������� � å
å �ÍëX� � �.` : jqlqjt[ ; `mYU­µ`Q��WZ[�jt`c^���Wm^�WZocT�]'T�^_[��{�"�{���{�������{�����{������� � ë
å �ÍëX� � Æ7`pgQ[\jq^Qo���Wm^�WzocT�]'T�^_[9���{�������{���{�"�{���{�������{�����{������� � ë
å �ÍëX�ìë ¥�lqgKhi[\T�Y�jq^CoM©�ltom`cY�jt[ � ]Mh �{�������{���{�"�{���{�������{�����{������� � ê

å �ó¾ �a� T�h\jqh�ô : «¢T���[\jtscT �{�������{�����{�������{���{�"�{���{�������{�����{������� � è
å � ê �a� T�h\jqh�ôUYio_Wm^Kjt¯�WZ[\jt`p^)�������{�����{�������{���{�"�{���{�������{�����{������� � è

õ N"J Ã Ü�R@A<H =�A<B�àcJz>@?FP�> Ã Å ö Ý
� � å de^p[\Y\`<fKg���[�jt`p^æ�"�{���{�������{�����{�������{���{�"�{���{�������{�����{������� � å
� � � ��n
±�¥a­�® �{�"�{���{�������{�����{�������{���{�"�{���{�������{�����{������� � ë

s



� � � ®+Y\` : ltT�]ÈS�T�h���Y�jtVK[\jt`p^�Wm^Qf#�Q`cY�]�gQlkWZ[�jt`p^¸�{���{�"�{���{�������{�����{������� � ê
� � � � å S ; ^�WZ]Mjk���*n+±�¥a­�®O}$jt[ � Æ�T�lt`Q��WZ[\jt`p^)�"�{���{�������{�����{������� �_÷
� � � � � S ; ^�WZ]Mjk����n
±�¥6­F®ø}�jt[ � Y\T�hi[\Y�jk��[\jt`p^�`c^*[ � T']�Wz¡Qjq]�gQ]Ñ^<gQ] : T�Y

`mb�YiT�lt`C��Wz[�jt`p^Kh6b�`cY7[ � T"T�^p[�jtY\T�[\jq]'T � `cY�jt¯�`p^ �{�������{�����{������� ë å
� � � � � S ; ^�WZ]Mjk���*n+±�¥a­�®O}$jt[ � lt`Q��WZ[�jt`p^�fQT�V�T�^KfQT�^_[�Y\T�lt`Q��WZ[\jt`p^)��`phi[ � ë �
� � � �ìë S ; ^�WZ]Mjk���*n+±�¥a­�®Ob�`cY�¥�lqgKhi[\T�Y�jq^Qo�}$jt[ � �#` : jqltT���Wc��jqlqjt[�jtT�h ����� ë �

� �ìë ¥ � WZVK[iT�Y x gK]']�WZY ; �������{�����{�������{���{�"�{���{�������{�����{������� ë<¾

ö ù Ã R�G�P�> Ã ÅáúÌApP�D Ã%ßFÃ R Ã ÙXÄ+û�ü�ý�ACGFJz>�B�P´>@à�ü°?�?�J Ã I�àZD þ£ÿ
� � å Æ7T�lt`Q��WZ[�jt`c^)¦$T�gQY�jqhi[\jk� �����{�����{�������{���{�"�{���{�������{�����{������� ë ÷
� � � |�`ªÆ7T�lt`C��Wz[�jt`p^)¦�T�gCY�jqhi[�jk� �{�����{�������{���{�"�{���{�������{�����{������� ¾ �
� � � S ; ^�WZ]Mjk�"®
Yi`cocY�Wm]M]Mjq^Qo�©UVQVKY\`_Wm� � �����{���{�"�{���{�������{�����{������� ¾ �
� �ìë ¥ � WZVK[iT�Y x gK]']�WZY ; �������{�����{�������{���{�"�{���{�������{�����{������� ¾zë

þ ù Ã R�G�P�> Ã ÅáúÌApP�D Ã%ßFÃ R Ã ÙXÄ+û�ü�� Ã R�G�H5Å��°A<ÅFA<J´IQP�> Ã Å½ü°?�?�J Ã I�àZD ��ÿ
ëX� å de^p[\Y\`<fKg���[�jt`p^æ�"�{���{�������{�����{�������{���{�"�{���{�������{�����{������� ¾ ê
ëX� � de^Qjt[�jkWml%u6Wmh\jk�"�KT�Wmh\j : ltT x `plqgQ[�jt`c^ �{�������{���{�"�{���{�������{�����{������� ¾ ÷
ëX� � ¥�`plqgK]M^#��T�^QT�Y�WZ[�jt`p^��Q`cY�]�gQlkWZ[�jt`p^<·¶dU¤ ¥��U·¶d¼§ �"�{���{�������{�����{������� ¾��

ë�� � � å ��Wmhi[\T�Y�®
Y\` : ltT�] ���{�����{�������{���{�"�{���{�������{�����{������� ¾��
ë�� � � � x g : ·¶®
Yi` : ltT�] �����{�����{�������{���{�"�{���{�������{�����{������� ¾mè

ëX�ìë ¥�`plqgK]M^#��T�^QT�Y�WZ[�jt`p^��Q`cY�]�gQlkWZ[�jt`p^ª·�did�¤e¥7�U·¶did¼§��{���{�������{�����{������� ê �
ë��ÍëX� å ��Wmhi[\T�Y�®
Y\` : ltT�] ���{�����{�������{���{�"�{���{�������{�����{������� ê �
ë��ÍëX� � x g : ·¶®
Yi` : ltT�] �����{�����{�������{���{�"�{���{�������{�����{������� êKå

ëX�ó¾ x [\YyWz[\T�opjtT�h �{�"�{���{�������{�����{�������{���{�"�{���{�������{�����{������� ê �
ë�� ¾Q� å x [\YyWz[\T�o ; d �{�������{�����{�������{���{�"�{���{�������{�����{������� ê �
ë�� ¾Q� � x [\YyWz[\T�o ; did7�{�������{�����{�������{���{�"�{���{�������{�����{������� ê �

ëX� ê x `pltsCjq^Qo�de^_[iT�omT�Y$��Wmhi[\T�Y$®
Yi` : ltT�] �������{���{�"�{���{�������{�����{������� ê ë
ëX� ÷ � T�Y\]Mjq^�WZ[\jt`p^.¥�Y\jt[\T�Y�jkW �����{�����{�������{���{�"�{���{�������{�����{������� ê ¾
ëX��� ¥ � WZVK[iT�Y x gK]']�WZY ; �������{�����{�������{���{�"�{���{�������{�����{������� êcê

s<j



� � Ã H5?�G�P�IKP�> Ã ÅFI�R	��Ú�?
A_JZ>@H5A<ÅwP�B�I�Å ß =�ApP�IX>�R�A ß�
 G�H5A_Jz>�àcI�R�ü°ÅFIXRÛÄ�B�>�B ÿ
�
¾Q� å de^CV�gQ[�®+WzYyWm]'T�[iT�Y\h�WZ^Kf x `cb�[¶}7WZYiT�de]'V�ltT�]'T�^_[�WZ[�jt`p^ �{�������{�����{������� ê �

¾C� å � å de^CV�gQ[U®+WZY�Wm]'T�[\T�Y�h»�{�����{�������{���{�"�{���{�������{�����{������� ê �
¾C� å � � x `cb�[¢}aWZY\T"de]'V�ltT�]'T�^_[�WZ[�jt`p^½�������{���{�"�{���{�������{�����{������� ê è

¾Q� � SUT�[yWmjqltT�f�©�^�Wml ; h�jqha`cb�W'h���T�^�WZY\jt`��{�������{���{�"�{���{�������{�����{������� ÷m�
¾C� � � å n+v£T���[7`cbFsmWzY ; jq^Qo��.`p^)[ � T�]'`CfQT�l : T � W�sCjt`mY �������{�����{������� ÷m�
¾C� � � � n+v£T���[7`cbFsmWzY ; jq^Qo�� `c^)[ � T�]'`<fQT�l : T � W�sCjt`cYÑ�������{�����{������� ÷ ê
¾C� � � � n+v£T���[7`cbFsmWzY ; jq^Qo��Á`p^)[ � T{]�`CfQT�l : T � W�sCjt`cY �������{�����{������� ÷ ê
¾C� � �ìë ¥6®�­�n
±Ìhi`plqgQ[\jt`p^�}�jt[ � jq^#¥��Ìh\`clqgQ[�jt`p^�[\jq]'T �������{�����{������� ÷c÷
¾C� � �ó¾ de]�VKY\`zsmT�]�T�^p[7jq^�hi`plqgQ[\jt`p^)�<gKWmlqjt[ ; gKh\jq^Qo°¥��Ì`zscT�Y$Æ$¦ÌWZ^Kf.|�Æ$¦ ÷c÷

¾Q� � ©U^�Wml ; h\jqha`cb���WzY�jkWm^���T �����{�����{�������{���{�"�{���{�������{�����{������� � �
¾C� � � å x ��YiT�T�^Qjq^Qo�n+¡CV�T�Y�jq]�T�^p[��+�KYyWm��[\jt`p^�Wmlµ��Wc��[\`cY\jkWmlµS�T�h\jtop^ ���{������� � å
¾C� � � � ®�WZYyWm]�T�[iY�jk��n�¡CV�T�Y�jq]'T�^_[{�{�������{���{�"�{���{�������{�����{������� �Zë
¾C� � � � S�jqh���gKh\h�jt`c^º�{�������{�����{�������{���{�"�{���{�������{�����{������� è �
¾C� � �ìë ¥�`p]'V�gC[yWZ[\jt`p^�WmlµÆ7T�h\gKlt[\hab�`cY�lkWZYiocT"h\jt¯�T�VKY\` : ltT�] ���{�����{������� èZë

¾Q�ìë Æ7T�ocY\T�[�©U^�Wml ; h\jqh ���{�������{�����{�������{���{�"�{���{�������{�����{������� èp¾
¾Q�ó¾ ¥ � WZVK[iT�Y x gK]']�WZY ; �������{�����{�������{���{�"�{���{�������{�����{������� è ÷

ÿ � Ã Å�àpR�G�B�> Ã ÅÉI�Å ß½Ø G�P´GFJ´A#âªA<B�A_IKJzàZD ���

sCjqj
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å � å � · [�jtT�Y$¦UjtT�YyWzYy� � jk��Wmlw|$T�[¶}6`cYi��©$Yy� � jt[iT´��[\gQY\T �{�"�{���{�������{�����{������� �c�
å � � ��lkWZ[$|�T�[¢}6`mY\�°©UY�� � jt[\T���[�gQYiT �����{�������{���{�"�{���{�������{�����{������� �m�

� � å � ; V�jk��Wml x ��T�^�WzY�jt` �{�������{�����{�������{���{�"�{���{�������{�����{������� � å
� � � ©Ìh\^�WZVKh � `c[�`cbF[ � T{^CT�[¶}6`cYi�������{�������{���{�"�{���{�������{�����{������� � �
� � � ©Ìh\^�WZVKh � `c[�`cbF[ � T{^CT�[¶}6`cYi�������{�������{���{�"�{���{�������{�����{������� ëcë

� � å ©U^�T�¡KWZ]'V�ltT"jqlqlqgKhi[\Y�WZ[�jq^Co�[ � T"}6`cY\h\[$��WmhiT : T � W�sCjt`pgCY7`cb+Æ$¦È�{�����{������� ë#�
� � � ©U^�T�¡KWZ]'V�ltT"jqlqlqgKhi[\Y�WZ[�jq^Co�[ � T"}6`cY\h\[$��WmhiT : T � W�sCjt`pgCY7`cb+|UÆU¦Ñ�����{������� ¾ å
� � � x [yWZ[iT{hiVXWm��T"fKjkWZocY�Wm]$�+S ; ^�Wm]Mjk��®
Yi`cocY�Wm]M]Mjq^Qo.�{���{�������{�����{������� ¾zë

ëX� å ¥�`plqgK]M^#��T�^QT�Y�WZ[�jt`p^���lt`z} �{�����{�������{���{�"�{���{�������{�����{������� ¾ ÷
ëX� � x [\YyWz[\T�o ; d&�{�"�{���{�������{�����{�������{���{�"�{���{�������{�����{������� ê �
ëX� � x [\YyWz[\T�o ; did��{�"�{���{�������{�����{�������{���{�"�{���{�������{�����{������� ê ¾
ëX�ìë x [yWZ[iT x VXWc��T{S�jkWZomYyWm]$��de^_[\T�ocT�Y$��Wmhi[\T�Y$®
Y\` : ltT�] ���{�������{�����{������� êcê

¾Q� å x `cb�[¢}aWZY\T�de]'VKltT�]�T�^p[yWZ[\jt`p^)��lt`z}Ì¥ � WzY\[Ì�{���{�"�{���{�������{�����{������� ÷ å
¾Q� � n+v£T���[7`cbFsmWzY ; jq^Qo%�.`c^)` : «¢T´��[\jtscT�b@gQ^���[�jt`p^�sZWmlqgQT³���{�������{�����{������� ÷ ë
¾Q� � n+v£T���[7`cbFsmWzY ; jq^Qo%�.`c^�hi`plqgQ[�jt`c^�[�jq]�T&���{���{�"�{���{�������{�����{������� ÷ ¾
¾Q�ìë n+v£T���[7`cbFsmWzY ; jq^Qo&�²`p^)` : «¢T���[�jtscT�b@gK^���[�jt`c^)sZWmlqgCT����{�������{�����{������� ÷c÷
¾Q�ó¾ n+v£T���[7`cbFsmWzY ; jq^Qo&�²`p^�hi`plqgQ[\jt`p^�[\jq]'T"b�`mY�fKjtv£T�YiT�^p[7sZWmlqgQT�ha`cb'� �{������� ÷ �
¾Q� ê n+v£T���[7`cbFsmWzY ; jq^Qo(�Á`p^�hi`plqgC[�jt`p^°[�jq]'T����{���{�"�{���{�������{�����{������� ÷ è
¾Q� ÷ ¥7�ÌsCh�¥a®�­Fn+±��KS�T�sCjkWZ[\jt`p^ �����{�������{���{�"�{���{�������{�����{������� �p¾
¾Q��� ¥7�ÌsCh�¥a®�­Fn+±�� � jq]'T*�����{�����{�������{���{�"�{���{�������{�����{������� � ê

sCjqjqj



¾Q� è ¥7� ��Wmjq^�n
v£T���[$®�lt`c[7b�`mY$S�T�sCjkWZ[\jt`p^ ���{���{�"�{���{�������{�����{������� � ÷
¾Q� å � ¥7� de^_[iT�Y�Wc��[�jt`p^�®�lt`m[7b�`cY$SUT�sCjkWZ[\jt`p^Ì�����{���{�"�{���{�������{�����{������� �)�
¾Q� åcå ¥7� ��Wmjq^�n
v£T���[$®�lt`c[7b�`mY x `plqgQ[\jt`p^ � jq]'T ���{�"�{���{�������{�����{������� �cè
¾Q� å � ¥7� de^_[iT�Y�Wc��[�jt`p^�®�lt`m[7b�`cY x `plqgQ[�jt`c^ � jq]'T ���{�"�{���{�������{�����{������� è �
¾Q� å � ¥6®�­�n
± ��Wmjq^�n
v�T���[$®
lt`c[7b�`mY$S�T�sCjkWZ[\jt`p^&���{�"�{���{�������{�����{������� è å
¾Q� å ë�¥6®�­�n
± de^p[\T�YyWc��[\jt`p^�®�lt`m[7b�`cY$S�T�sCjkWz[�jt`p^ ���{�"�{���{�������{�����{������� è �
¾Q� å ¾ ¥6®�­�n
± ��Wmjq^�n
v�T���[$®
lt`c[7b�`mY x `plqgQ[\jt`p^ � jq]'T �{���{�������{�����{������� è �
¾Q� å�ê ¥6®�­�n
± de^p[\T�YyWc��[\jt`p^�®�lt`m[7b�`cY x `plqgQ[\jt`p^ � jq]'TÉ�"�{���{�������{�����{������� è �

j¬¡
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¾Q� å Æ$Wm^QomT"`cbFVXWZY�Wm]'T�[\T�Y�h �����{�����{�������{���{�"�{���{�������{�����{������� ÷Z�
¾Q� � n+v£T���[7`cbFsmWzY ; jq^Qo%�.`c^)` : «¢T´��[\jtscT�b@gQ^���[�jt`p^�sZWmlqgQT³���{�������{�����{������� ÷Z�
¾Q� � n+v£T���[7`cbFsmWzY ; jq^Qo%�.`c^�hi`plqgQ[�jt`c^�[�jq]�T&���{���{�"�{���{�������{�����{������� ÷ ¾
¾Q�ìë ¥6®�­�n
±Ì` : «¢T���[�jtscT�b@gK^���[\jt`p^�smWZlqgQT"}�jt[ � jq^#¥��Ìh\`clqgQ[�jt`p^°[�jq]'T������{������� ÷ è
¾Q�ó¾ ¥�`p]'VXWzY�jqhi`p^ : T�[¶}6T�T�^.Æ$¦9�K|�Æ$¦ÌWm^Kf#¥��²hi`plqgQ[\jt`p^ �{�������{�����{������� � �
¾Q� ê �QYyWc��[\jt`p^�Wmlµ�XWm��[i`cY�jkWZl%SUT�h\jtop^/�
®+WZY�Wm]'T�[\T�Y0��WZlqgQT ���{�������{�����{������� � �
¾Q� ÷ �QYyWc��[\jt`p^�Wmlµ�XWm��[i`cY�jkWZl%SUT�h\jtop^/�
S�WZ[yW'��WZ[\Y\j¬¡¸¤ Æ$Wm^KfC`p]Mjt¯�T�f�§��{�����{������� � �
¾Q��� ®�WZYyWm]�T�[iY�jk��n+¡CV�T�Y\jq]'T�^_[��+�XWc��[i`cY$­µT�smT�lqh�WZ^Kf1��WmlqgQT �������{�����{������� �p¾
¾Q� è x jtop^Kjt�X��Wm^_[$��Wc��[\`cY\h�Wm^Kf.de^_[\T�Y�Wc��[�jt`p^Kh2��¥�� SUT�sCjkWZ[\jt`p^ �����{�����{������� � ÷
¾Q� å � x jtop^Kjt�X��Wm^_[$��Wc��[\`cY\h�Wm^Kf.de^_[\T�Y�Wc��[�jt`p^Kh2��¥�� � jq]'Tá���{�������{�����{������� �)�
¾Q� åcå x jtop^Kjt�X��Wm^_[$��Wc��[\`cY\h�Wm^Kf.de^_[\T�Y�Wc��[�jt`p^Kh2��¥a®�­�n
±²SUT�sCjkWZ[\jt`p^ �{�����{������� è �
¾Q� å � x jtop^Kjt�X��Wm^_[$��Wc��[\`cY\h�Wm^Kf.de^_[\T�Y�Wc��[�jt`p^Kh2��¥a®�­�n
± � jq]'T �����{�����{������� è å
¾Q� å � ¥�`p]'V�gC[yWZ[\jt`p^�WmlµÆ7T�h\gKlt[\h½���{�����{�������{���{�"�{���{�������{�����{������� èZë
¾Q� å ëøÆ$Wm^QomT"`cbFVXWZY�Wm]'T�[\T�Y�hab�`mY�Y\T�ocYiT�[$Wm^KWml ; h\jqh ���{�"�{���{�������{�����{������� è ê
¾Q� å ¾ ô : «¢T���[\jtscT�b@gK^���[\jt`p^�[yW : ltT �{�����{�������{���{�"�{���{�������{�����{������� è ê
¾Q� å�ê Æ7T�ocY\T�[7[�W : ltT �"�{���{�������{�����{�������{���{�"�{���{�������{�����{������� è ê

¡
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­µ`Q��WZ[�jt`c^�`cb
W'b�Wc��jqlqjt[ ; jqhUW���Y\jt[�jk��Wmlµhi[\YyWz[\T�opjk��V�lkWm^K^Qjq^QoªfQT���jqh�jt`c^�[ � WZ[$V�lkW ; hUWM�mT ; Y\`cltT{jq^
fQT�[\T�Y\]Mjq^Kjq^Qo°[ � T'h\g�����T�h\h�`cb�Wm^*jq^KfKgKhi[iY ; `mY�W°hiT�Y\sCjk��T�VQY\`zsCjqfCT�Y��{d [�jqh�Wmlqhi`�W���Y\g���jkWml�Wmh¼·
V�T���[�b�`cY7TDCª��jtT�^_[7gQ[�jqlqjt¯�WZ[\jt`p^ª`cb�YiT�h\`cgQYy��T�h�� x `p]'T���`c]M]'`p^°T�¡QWm]'V�ltT�h7`mb�b�Wc��jqlqjt[ ; lt`Q��WZ[\jt`p^
VKYi` : ltT�]Mh�T�^���`pgQ^_[\T�Y\T�f¸jq^ÁVKY�Wc��[�jk��TMWZY\T�W�Y\T�[yWZjql
� � Wmjq^Áh\jt[�jq^Qo.W)^QT�}Ô`pgQ[\ltT�[���W)]�Wm^_gQb�Wc�¨·
[�gCY\T�Y�lt`Q��WZ[�jq^CoMW�^QT�}�}7WzY\T � `pgKhiT"Wm^Kf.W���jt[ ; VKlkWm^K^QT�Y7fQT�[\T�Y�]Mjq^Qjq^Qo'lt`Q��WZ[�jt`c^Kh6b�`cY7h�� � `<`plqh��
T�]'T�Y\ocT�^�� ; b�Wc��jqlqjt[�jtT�h7lqjt�cT"�KYiT�hi[�WZ[�jt`p^Qh���Wm] : gQlkWm^���T : WmhiT�h��KT�[��m�6©�^�T2C���jtT�^_[$lt`Q��WZ[\jt`p^)`cb+W
b�Wc��jqlqjt[ ; jq]M]'T�^KhiT�l ; � T�ltV�h$W�hiT�YisCjk��T"VKYi`zsCjqfQT�Ya[\`MopWmjq^�WmfCsmWZ^_[yWZomT"`zscT�Y7jt[�h���`c]'V�T�[�jt[i`cY�h��

­µ`Q��WZ[\jt`p^¸VQY\` : ltT�]Mh�fKjqh���gKh\hiT�f¹jq^¹[ � T°lqjt[iT�Y�WZ[�gCY\T�WZY\T°��lkWmh\h\jt�KT�f¹Wc����`mY�fKjq^Qo.[i`.sZWZY�jt`pgQh
` : «¢T���[\jtscT�h�WZh�b�`clqlt`z}$h2�
å �U¥�T�^p[\T�Y$®
Y\` : ltT�]

� ���.T�fKjkWm^�®
Y\` : ltT�]

� �U¥�`zscT�Y�jq^QoM®+Y\` : ltT�]

�a� T�` : «¢T´��[\jtscT9`cb�[ � Tª¥�T�^p[\T�Y"®
Yi` : ltT�]Ñjqh�[\`�`cV�T�^¸WªopjtscT�^�^<gK] : T�Y�`cb�b�Wc��jqlqjt[�jtT�h�WZ^Kf
Wmh\h\jtop^¹T�Wc� � fQT�]�Wm^Kf5^Q`CfCTª[\`#T�¡KWc��[\l ; `p^QTª`mba[ � T�]�h\g�� � [ � WZ[{[ � T°]MWz¡Qjq]�gK]�fKjqhi[yWZ^���T
¤@}�T�jto � [\T�f�`cY�gK^_}�T�jto � [\T�f�§�b�Y\`p] Wm^ ; `mV�T�^Mb�Wc��jqlqjt[ ; [i`9WZ^ ; `cb�[ � T$fQT�]�WZ^KfM^Q`CfCT�h�Wmh\h\jtop^QT�f

å



[\`�jt[�jqh
]Mjq^Kjq]Mjt¯�T�f%�F­%`C��Wz[�jq^Qo�W��QY\T�T�¡C[�jq^QocgKjqh � T�Y
jq^�W�]�Wm^<gCb�Wc��[�gQY\jq^Qo�b�Wc��jqlqjt[ ; ��`p^Khi[�jt[\gQ[\T�h
W�b�Wc��jqlqjt[ ; lt`Q��WZ[�jt`c^�VKYi` : ltT�]&}$jt[ � ��T�^_[\T�Y7` : «¢T���[�jtscTp�

�a� TU` : «¢T���[�jtscT7`cbw[ � T��#T�fKjkWm^�®
Yi` : ltT�] jqh�[\`{lt`Q��WZ[\TUW"opjtscT�^M^_gK] : T�Y�`cbwb�Wc��jqlqjt[\jtT�h+h\g�� �
[ � WZ[�[ � T{h\gK]È`cb�[ � T�}�T�jto � [\T�f)fKjqhi[yWm^K��T�h�¤@`cY7[\YyW�scT�lw[�jq]'T�h¨§ : T�[¢}�T�T�^)fQT�]�Wm^Kf�^Q`CfQT�hUWZ^Kf
[ � T9��lt`phiT�hi[7b�Wm��jqlqjt[ ; jqh7]Mjq^Kjq]Mjt¯�T�f%�

de^�hi`p]'Talt`Q��WZ[\jt`p^{VQY\` : ltT�]Mh�hiT�ltT���[\jq^Qo�lt`Q��WZ[�jt`c^KhF} � jk� � ]Mjq^Kjq]Mjt¯�T�[ � T�W�scT�Y�WZocT6fKjqhi[yWZ^���T
[\Y�W�scT�lqltT�f'`cY�]�Wz¡Qjq]9gK]ºfQjqh\[�Wm^���T$[\YyW�scT�lqltT�f']�W ; ^Q`c[ : T�WZVKVKYi`cVKY�jkWz[\Tp� �7� T���Y\jt[�jk��WmlK^�WZ[\gQY\T
`cbµ[ � T�fQT�]�Wm^KfQh6jq^ªh\g�� � VKY\` : ltT�]Mh�Y\T��<gKjtYiTU[ � T�hiT�Y\sCjk��T$[\` : T�W�sZWmjqlkW : ltT$}�jt[ � jq^°W�VKYiT�hiV�T��¨·
jt�KT�f)[\jq]'T�`cY7[\` : T"}$jt[ � jq^.W�[ � Y\T�h � `plqf�fQjqh\[�Wm^���Tp� � `Mlt`Q��WZ[iT"h\g�� � b�Wc��jqlqjt[�jtT�h��_[ � T"VKY\jq]�WZY ;
jqh\h\gQT"jqhAE\��`zscT�YyWzocT2F���©çfQT�]�Wm^Kf)^Q`CfCT{jqh7h�Wmjqf°[\` : T{��`´scT�Y\T�f�jtb�jt[7lqjtT�h6}$jt[ � jq^�W�[ � Y\T�h � `plqf
fKjqhi[yWZ^���T¹¤@`cY�[\jq]'Tz§�`cb�WZ['ltT�Wmhi[�`p^QT)b�Wc��jqlqjt[ ; �¹­µ`Q��WZ[�jt`c^Ç`cb$T�]'T�Y\ocT�^�� ; b�Wm��jqlqjt[iT�h�lqjt�cT°�KY\T
T�^Qopjq^QT�ha`cY$Wm] : gQlkWm^���T�h7jqh�[ ; V�jk��Wmlql ; ]'`CfQT�ltT�f�Wmh$W'��`´scT�Y�jq^Qo�VKY\` : ltT�]��

¥�`zscT�Y�jq^Qo'lt`C��Wz[�jt`p^°VKYi` : ltT�]Mh�WZY\T���lkWZh�h\jt�KT�f)Wmh2�
å � x T�[$¥�`´scT�Y�jq^Qo�­%`C��Wz[�jt`p^�®+Y\` : ltT�]Ñ¤ x ¥a­�®6§G� �a� T�` : «¢T���[�jtscTU`cb%[ � T x ¥a­�®»jqh6[i`']'jq^Kj¬·
]Mjt¯�T�[ � TU[i`c[yWml�^_gK] : T�Y�`cbwb�Wm��jqlqjt[\jtT�h+[\` : T�lt`C��Wz[\T�f�h\g�� � [ � Wz[6WmlqlK[ � T�fQT�]�WZ^Kf�^Q`CfQT�h
WZYiTM}$jt[ � jq^¹W�[ � YiT�h � `plqf¹fQjqh\[�Wm^���TM`cb�[ � Tª��lt`ch\T�hi["b�Wm��jqlqjt[ ; � � `cYiT�opWmh�T�[{Wml �IH ê �KJ }7WZh
[ � T"�KY�hi[�[i`Mjq^_[\Yi`CfKg���T"[ � T x ¥a­�®��

� ����Wz¡Qjq]�WZl
¥�`zscT�Y\jq^Qo�­µ`Q��WZ[\jt`p^*®
Y\` : ltT�]2¤��¸¥6­�®6§G� �7� T�` : «¢T���[�jtsmT�`mb�[ � TM�Á¥a­�®Êjqh
[i`Á]�Wz¡Qjq]Mjt¯�T�[ � T)^<gQ] : T�Y�`mbUfCT�]MWm^Kf»^C`CfQT�h'��`zscT�Y\T�f5}$jt[ � W�lqjq]'jt[\T�f ^<gK] : T�Y�`cb
YiT�hi`pgCYy��T�h{¤@b�Wm��jqlqjt[\jtT�h�§¨�+¥ � gCYy� � Wm^Kf.Æ7T�smT�lqltTAH � ê J jq^_[iY\`CfQg���T�f�[ � T{�¸¥6­F®��

©�lql���`zsmT�Y\jq^QoªVQY\` : ltT�]Mh$T�^���`pgK^_[iT�YiT�f*jq^#[ � T�lqjt[iT�Y�WZ[�gCY\T9b�WZlqlFjq^�[ � T�ocT�^QYiT9`cb
T�jt[ � T�Y x ¥a­�®
`cYª�¸¥6­�®+�+©�lql�]'`CfCT�lqh���jt[\T�fájq^O[ � T#lqjt[iT�YyWZ[\gQY\T#WzY\T : Wmh\jk��Wmlql ; sZWZY�jkWZ^_[M`cb�[ � T x ¥a­�® `cY
[ � T��Á¥a­�®�� x ¥6­F®»Wm^Qf��Á¥a­�® � W�scT�Wmlqhi` : T�T�^���lkWmh\h\jt�KT�fªWc����`cY�fQjq^Qo{[\`{[ � T�fQT�[iT�Y\]Mjq^Kjqhi[�jk�
Wm^Kf)hi[\`C� � Wmhi[�jk��^�WZ[�gCY\T"`mbF[ � T�VKY\` : ltT�].� � `mY\T�o_WmhLH ê �MJ Wm^Kf#¥ � gCYy� � Wm^Kf�Æ�T�scT�lqltT�H � ê J fQT�Wml
}$jt[ � [ � TMfQT�[iT�Y\]Mjq^Kjqhi[�jk��scT�Y\h�jt`c^�`cb�[ � T x ¥6­F®æWm^Qf¹�Á¥a­�®øY\T�hiV�T���[\jtscT�l ; ��¥ � WZV�]�WZ^¹WZ^Kf
í � jt[iT�H �Z�NJ jq^_[\Yi`CfKg���T�f°[ � T�hi[\`Q� � Wmhi[\jk� x ¥a­�®É��`p^Qh�jqfCT�Y\jq^Qo�[ � T�gK^�W�smWZjqlkW : jqlqjt[ ; `mb�b�Wc��jqlqjt[�jtT�h
WZ[���T�Y\[�Wmjq^¹[�jq]'T�h���S�Wmhi�Cjq^OH � è J ��`p^Kh\jqfQT�YiT�f¹[ � TªVKY\` : W : jqlqjt[ ; `mb7b�Wc��jqlqjt[ ;�: T�jq^Qo*gK^KW : ltTª[\`
hiT�Y\scT#W¹fQT�]�WZ^Kfá^Q`<fQT*WZ[ªWmlqla[�jq]'T�h�Wm^Kfá]'`CfQT�ltT�fO[ � T��*Wz¡Cjq]�gK] n+¡CV�T���[\T�fø¥�`zsmT�Y\jq^Qo

�



­µ`Q��WZ[�jt`c^*®
Y\` : ltT�]2¤��*n
±�¥a­�®6§$Wmh�WªsZWZY\jkWm^_[U`cb�[ � T'�¸¥6­�®ø[\`�]�Wz¡Qjq]Mjt¯�T{[ � T�T�¡CV�T���[\T�f
fQT�]�Wm^Qf.��`zscT�Y\T�f%�

de^9[ � jqh�}�`cY\�w�ZW���Y\jt[�jk��Wml_h���T�^�WZY\jt`�T�^���`pgQ^_[\T�Y\T�f�jq^�W�]Mjqlqjt[yWzY ; WZVKVKlqjk��Wz[�jt`p^{jqh�]'`CfCT�ltT�f�Wmh
W�sZWZY�jkWm^p[+`cb�[ � TU�*Wz¡Cjq]�WmlK��`zsmT�Y\jq^Qo�lt`Q��WZ[�jt`p^�VQY\` : ltT�].� �7� T$WZVKV�lqjk��WZ[\jt`p^�fQT�Wmlqh+}$jt[ � opWZ[ � ·
T�Y�jq^Qo)jq^_[\T�lqlqjtocT�^���Tp�9ô�^QT�`cb�[ � T��cT ; [iT�� � ^Kjq�<gQT�h�[\`.Wc� � jtT�scT�jq^_[iT�lqlqjtocT�^���T�jqh"S�WZ[yW���gKh\jt`p^%�
S�WZ[yW9��gQh�jt`c^°fCT´WZlqh�}$jt[ � ��`c] : jq^Kjq^Qo9jq^Qb�`cY\]�WZ[�jt`c^Mb�Yi`p]ºsmWzY�jt`pgKh�hi`pgCYy��T�h�[\`�fQT�[\T�Y�]Mjq^CTU[ � T
h\jt[�g�Wz[�jt`p^°`cY7[ � YiT�WZ[$jq^�[ � T{h ; hi[iT�]��

S�WZ[yW���gKh\jt`p^M��Wm^ : T�b�`cY\]�Wmlql ; fQT���^QT�f�WmhLE\W�]�gQlt[�jqltT�scT�l �Z]�gQlt[�jtb�Wc��T�[\T�f9VKY\`Q��T�h\h�fQT�Wmlqjq^Co
}$jt[ � fQT�[\T���[�jt`c^%�£WZh�hi`Q��jkWZ[\jt`p^%����`cYiY\T�lkWZ[\jt`p^%��T�hi[�jq]�Wz[�jt`p^#Wm^QfÁ��`p] : jq^�WZ[�jt`c^.`cb�f�Wz[yW°Wm^Qf�jq^C·
b�`cY\]�WZ[�jt`c^�b�Y\`c] ]9gKlt[�jtV�ltTUhi`pgQY���T�h�[\`�Wc� � jtT�scTUYiT���^QT�f�hi[�WZ[\T�Wm^Kf°jqfQT�^_[�jt[ ; T�hi[�jq]�WZ[\jt`p^%�<WZ^Kf
��`p]'V�ltT�[iT�Wm^Kf)[\jq]'T�l ; Wmh\hiT�h�h\]'T�^_[\ha`cb�h�jt[\g�WZ[\jt`p^�Wm^Qf)[ � YiT�WZ[PFQH å J �

�a� T#��`p] : jq^KWZ[�jt`p^ `cb�f�WZ[�WÁb�Yi`p]2]�gQlt[�jtV�ltT)hiT�^Khi`cY�h'jqh'[iT�Y�]'T�fÉWmhM��gKlt[\j x T�^Khi`cYMS�WZ[yW
��gQh�jt`c^'®
Yi`Q��T�h�h�� �a� Tab@gKh\jt`p^9`mb�f�WZ[�WUb�Y\`c]²]�gKlt[\jtV�ltT6hiT�^Qh\`mY�h�b�Wc��jqlqjt[�WZ[\T�h�W : T�[\[iT�Y£«¼gKfCop]'T�^_[
`cb<[ � T�h���T�^�WzY�jt`�h\jq^���T
}6T
ocT�[%]�gKlt[\jtV�ltT�jq^CV�gQ[%[\`�scT�Y\jtb ; [ � T�WmgQ[ � T�^p[�jk��jt[ ; `cb_[ � T�jq^Qb�`cY�]MWZ[�jt`p^µ�
|$`´}º[ � T�h\TªhiT�^Khi`cY\h°¤�hi`pgQY���T�h"`cb7jq^Qb�`mY�]�WZ[\jt`p^�§���WZ^5lqjtT�jq^¹fKjtv£T�YiT�^p[�ocT�`cocY�WZV � jk��Wml+YiT�ocjt`p^Kh
`cY�WZ[�WªfKjqhi[yWm^���T9b�Y\`c] T�Wc� � `c[ � T�Y���de^�`cY�fCT�YU[\`°b@gKhiT�f�WZ[�WÁ¤@jq^Qb�`cY\]�WZ[�jt`c^�§ab�Yi`p]ÑWmlql�[ � T�hiT
hiT�^Khi`cY�h��C[ � T�f�WZ[�W � Wmh7[\` : T{hiT�^_[7[i`M[ � T�lt`Q��WZ[\jt`p^°} � T�YiT�jt[�jqh7oc`pjq^CoM[i` : T�b@gKhiT�f%�

de^�W�^C`p^C· }7WzY\[�jq]�Tah\jt[�g�Wz[�jt`p^{}$jt[ � Wmlql_[ � Tah\T�^Khi`cY\h : T�jq^Qo"hi[�WZ[�jk��Wm^Kf9[ � Tab@gQh�jt`c^�lt`Q��WZ[\jt`p^
�Q¡CT�f%�K[ � T{f�WZ[�W'[\YyWZ^Khib�T�YU��WZ^�[yWZ�cT"V�lkWc��T�[ � Y\`pgQo � }$jtYiT�f.^QT�[¢}6`mY\�Ch��6u�gQ[�fQgQY�jq^Qo�}7WZYi[�jq]'T
`cY�b�`cY : Wz[\[�ltT��KT�lqf�h\gQY\scT�jqlqlkWm^K��Tp�£Wmlql�[ � TMhiT�^Khi`cY�h�]�W ;.: T'�Q¡CT�f*`cY�]�` : jqltT'Wm^QfÁ[ � T�b@gKh\jt`p^
: T�fÉ¤ ��`p^Kh\jqhi[�hU`cb�b@gKh\jt`p^�VKY\`C��T�h\hi`cY�h��£} � jk� � jq^*]'`ch\[���WZh\T�h�jqh"WZ^Á©�jtY : `cY\^QT�íÇWzY�^Kjq^Qo�WZ^Kf
¥�`c^_[\Yi`pl x ; hi[\T�] ¤�©%íÁ©�¥ x §�[ � WZ[�V�T�Y\b�`cY\]Mh�[ � T�b@gKh\jt`p^#`cV�T�YyWZ[\jt`p^�§�jqh�Wmlqhi`�]�` : jqltTp� �a� gKh
[ � T#^QT�[¶}6`cYi� � WZhM[i`¹Y\T�l ; `p^O}$jtY\T�ltT�h\h�[iYyWm^Khib�T�Y'`cb�jq^Qb�`cY\]�WZ[�jt`c^%� x jq^���T�[ � T�YiT.T�¡Qjqhi[�h'^Q`
�Q¡CT�f)jq^Qb�Y�Wmhi[\Y�gK��[\gQY\T�`cYaVKY\T�fQT�[iT�Y\]Mjq^QT�f���`p^Q^QT���[\jtsCjt[ ;M: T�[¢}�T�T�^�hiT�^Qh\`mY�h�Wm^Kf�[ � T"©�í*©�¥ x �
[ � T�^CT�[¶}6`cYi�.��`pgKlqf : T���`c^Kh\jqfQT�Y\T�f�Wmh�W�}�jtY\T�ltT�h\h�RpïªðQñ�ò9^QT�[¶}6`cYi�w��îUïªðQñ�ò{^QT�[¢}�`cY\�<h�WZYiT
fQT�h���Y�j : T�f�jq^)fQT�[yWZjqlµjq^ x T���[�jt`p^ å)S ëX�

de^5[ � jqh�}6`cYi�w�F}6T�WZYiT : Wmh\jk��Wmlql ; jq^_[iT�Y\T�hi[\T�f5jq^5[ � T�lt`cocjqh\[\jk��h"`cb7b@gKh\jt`p^¹VKYi`Q��T�h\h2�'¦�`z}
[ � TÁf�Wz[yW5[\Y�Wm^Khib�T�Yªb�`cY°[ � T*b@gKh\jt`p^½VQY\`Q��T�h\h°}�jqlql : T¸��WZYiY�jtT�fá`pgQ[GT ©�^Kf½} � T�YiT*}�jqlql$[ � T
b@gKh\jt`p^�[�WZ�cT�V�lkWm��TMT¹ô�gCYU}�`cY\�)jqh�[\`�b�Wc��jqlqjt[�WZ[\T�[ � T�b@gKh\jt`p^�VKYi`Q��T�h\h :<; VKY\`´sCjqfKjq^QoªW'Y\` : gKhi[

�



WZY�� � jt[\T���[�gQYiT�b�`cY�VXT�Yib�`cY�]'jq^QoÁb@gKh\jt`p^µ� �7� T�fQT���jqh\jt`p^ÇsZWZY\jkW : ltT�h'WZY\T�[ � T�lt`Q��WZ[\jt`p^Kh9`cb$[ � T
b@gKh\jt`p^#VKY\`C��T�h\hi`cY�h��£h\g�� � WZh�©%íÁ©�¥ x h\gQYiscT�jqlqlkWm^���T�WmjtYy��Y�WZb�[�h$T�[��m�M¤�í¹T�}�jqlql�WmfKfQYiT�h\h�[ � T�]
Wmh$¥6lqgKhi[iT�Y7¦�T´WZfKh�� §9de^�W�h\jt[�g�Wz[�jt`p^°lqjt�mT�[ � jqh��<}�T��C^C`z}ø[ � WZ[7Wmlql�[ � T�T�^_[�jt[\jtT�h6`mY7hi`pgQYy��T�h6`cb
f�WZ[�W�¤@YyWZf�WZY�h��Qhi`p^KWZY�h��Qh\`clqfKjtT�Y�h��<T�[��m� §�WZYiT"]'` : jqltT�Wm^Qf � T�^���T"}6T�^CT�T�f.WZ^)T��<g�Wmlql ;�  T�¡Qj : ltT
WZY�� � jt[\T���[�gQYiT{jq^.`cY\fQT�YU[i`���`plqltT���[$f�WZ[yW'b�Yi`p]³WZlql%[ � T�hiT9hi`pgQY���T�h�� �7� T{V�`ph\jt[�jt`p^�`mY�lt`Q��WZ[\jt`p^
`cb�Wmlqlw[ � T"T�^p[�jt[�jtT�h7jqh�Wmh\h�gQ]'T�f)[i` : T"�C^Q`´}$^.WZ[$Wmlqlw[\jq]'T�h��

�a� TU` : sCjt`cgKh�]'T�fKjqgK] `mb%fKWZ[yW"[\YyWZ^Khib�T�Y�jqh�W�}�jtY\T�ltT�h�h���`c]M]�gK^Kjk��WZ[\jt`p^'^QT�[¢}�`cY\�w��íÊjtYiT�·
ltT�h\h7��`p]M]�gK^Qjk��Wz[�jt`p^�jqh�� � WZY�Wc��[\T�Y�jt¯�T�f :_; [\YyWZ^Kh\]Mjqh\h�jt`c^ªYyWm^CocTp�QW�sZWmjqlkW : ltT : Wm^KfQ}�jqfQ[ � �CT�[y�m�
x jq^���T�[ � TahiT�^Khi`cY�h�WZY\T6]�` : jqltT�[ � T ; ]�W ; ]'`´scT�`cgQ[�`cbKT´Wm� � `c[ � T�Y\hFYyWm^CocT�`cY�[ � T : Wm^QfQ}$jqfQ[ �
Y\T�hi[\Y\jk��[�jt`p^Kh�]Mjto � [9fKjqhiY\gQVK[9`mY9fKjqh���`c^K^QT���[{[ � T���`p]M]�gQ^Kjk��WZ[�jt`p^¸lqjq^Q� : T�[¢}6T�T�^¹[ � T�].�.de^
WmfKfQjt[�jt`p^9[\`�[ � jqh
W���`p]M]�gK^Qjk��Wz[�jt`p^9lqjq^Q�9jqh
Wmlqhi`�VQY\`p^QT7[i`�T�^QT�] ; WZ[\[�Wc���w��¦$T�^���T�W"��`p]M]9gC·
^Kjk��WZ[\jt`p^�lqjq^Q� � Wmh�Wm^¸WZh�hi`Q��jkWZ[iT�f#VKY\` : W : jqlqjt[ ; `mb�«iWZ]M]Mjq^QoX�Xb�WZjqlqgQY\Tp��`mY�[ � T�YiT']Mjto � [�T�¡Qjqhi[
W�b�`plqjkWZocTMU´[iT�Y\YyWZjq^ÁT�v�T���[�� �7� T°� � WmlqltT�^QocT � T�Y\T°jqh�[i`#T�^Qh�gCY\Tª[ � WZ[9^Q`�f�Wz[yW.jqh{lt`phi[�WZ^Kf jt[
: T���`p]'T�h$W : hi`plqgQ[\T�l ; ^QT���T�h\h�WZY ; [i`VE¼]�gKlt[�jtVKl ; ��`´scT�YPF�[ � T�hiT�^Qh\`mY�h��

� ; V�jk��Wmlql ; hi`pgCYy��T�h�`cb�jq^Qb�`cY\]�WZ[�jt`c^�h\g�� � Wmh�YyWZf�WZY�h��£hi`plqfKjtT�Y�h��XT�[��m�"lqjtT9`p^�[ � T�ocYi`pgK^Kf%�
`cYaWZY\T�gK^KfCT�Y6}7WZ[iT�Y6jq^ª[ � T"��WmhiT�`cb�hi`p^�WzY�h�� �a� T�b�Wc��jqlqjt[\jtT�h
}$jt[ � VKY\`Q��T�h\h\jq^Qo�V�`z}�T�Yah\g�� � Wmh
©%íÁ©�¥ x `cY6h\gQY\scT�jqlqlkWm^K��TUWmjtYy��YyWzb�[�h�WZY\T�WZ[7W � jto � T�YaWZlt[�jt[�gQfQTp��©�í*©�¥ x Wmlqhi`�Wm��[aWZhahi`pgCYy��T�h
`cb�jq^Qb�`cY\]�WZ[�jt`c^%�

�a� T*` : «¢T´��[\jtscT#`cb�[ � jqh°}�`cY\�ájqh°[i`OfQT�scT�lt`cVÊWm^½`cVK[\jq]�WmlUhi[\Y�WZ[\T�o ; Wm^QfÊhi`plqgC[�jt`p^áb�`cY
lt`Q��WZ[\jq^QoMW�opjtsmT�^�^<gK] : T�Y7`mb�©�í*©�¥ x ¤e¥�lqgKhi[\T�Y�¦$T�Wmf�§�h\g�� � [ � Wz[�]�Wz¡Qjq]�gQ]&jq^Qb�`mY�]�WZ[\jt`p^
��Wm^ : T"o_Wz[ � T�Y\T�f�Wm^Kf)VKYi`Q��T�h\hiT�f�b�Y\`p]&[ � T{hiT�^Khi`cY\h�gK^KfCT�Y � `ch\[\jqltT���`p^KfKjt[\jt`p^Kh��

��jtsmT�^�[ � T"W : `zsmT�]'`c[\jtsmWz[�jt`p^%�c}6T�]'`<fQT�l£[ � T�VKY\` : ltT�]&gK^QfQT�Y���`p^Kh\jqfQT�YyWZ[\jt`p^�WmhaW���`zs_·
T�Y�jq^Qo�VQY\` : ltT�]ÑfKgCT�[\`�jt[\h�jq^ � T�Y\T�^_[�h\[iY�g���[\gQY\Tp�£} � jk� � ]�Wz¡Cjq]Mjt¯�T�hU[ � T�T�¡CV�T���[\T�fÁfQT�]�WZ^Kf
��`zscT�Y\T�f"}$jt[ � W�opjtscT�^{^<gQ] : T�Y�`mbX��lqgKhi[iT�Y � T�WmfKh��F©ÉfKjqhi[�jq^���[\jtscT�� � WZYyWc��[iT�Y\jqhi[�jk�+`mbK[ � jqhFVKYi` : ·
ltT�] jqh�[ � WZ[{Wmlql+[ � TMT�^_[�jt[\jtT�h{WzY\T�]'` : jqltTp��©�fQfKjt[�jt`p^KWmlql ; [ � T�lqjq^Q�Ch : T�[¶}6T�T�^¸[ � TMb�Wc��jqlqjt[�jtT�h
¤e¥�lqgKhi[\T�Y � T�WmfKh¨§�Wm^KfOE¼fQT�]�Wm^KfWF�^Q`CfQT�h�¤�hiT�^Khi`cY\h�§�WzY\T{VKYi`p^QT9[i`ªb�WmjqlqgQY\Tp�6í¹T�jq^���`cYiV�`cYyWz[\T
[ � T�hiT�b�T�WZ[\gQY\T�h�jq^¹`pgQY9]�`CfQT�l�Wm^Kf � T�^���T�[ � jqh�}�`cY\�¸��Wm^ : T�sCjtT�}6T�f5Wmh9W)smWzY�jkWm^_["`cb6[ � T
}6`mY\�ª`cb�S�Wmhi�Cjq^XH � è J fKgQT"[\`'[ � T"b�`plqlt`z}�jq^Qo�YiT´WZh\`c^Kh2�
å ��S�Wmhi�Cjq^���`p^Kh\jqfQT�Y�hab�Wc��jqlqjt[ ; b�WmjqlqgQY\T"Wmh7`cVKVX`phiT�f�[\`Mlqjq^Q�ªb�WmjqlqgQYiT_�

ë



� ��S�Wmhi�Cjq^¹��`c^Kh\jqfQT�Y�h{W�hi[yWz[�jk�'h���T�^�WZY�jt`.Wmh�`mVKV�`phiT�f¹[i`�W�f ; ^�Wm]Mjk�'h���T�^�WZY\jt`X��j �ìT_�t�%[ � T
fQT�]�WZ^Kf�^Q`CfCT�h7}�T�YiT{��`p^Kh\jqfQT�YiT�f�[i` : T{hi[yWZ[\jt`p^�WZY ; �

de^M[ � TUb�`clqlt`z}$jq^Qo"hiT���[�jt`p^µ�_W���`c]'VKY\T � T�^Kh\jtscT7Y\T�sCjtT�}á`mbw[ � T���`zscT�Y�jq^Qo�lt`Q��WZ[\jt`p^�VKY\` : ltT�].�
}$jtYiT�ltT�h\hYRpï#ðQñ�òª^QT�[¢}6`mY\�Ch9Wm^Kf f ; ^�Wm]'jk�°WZ^KfÇhi[i`Q� � Wmhi[�jk�M]'`CfQT�lqh{T�^���`pgK^_[iT�YiT�f jq^ `m[ � T�Y
WZVKVKlqjk��Wz[�jt`p^Khalqjt�cT�V�lkWZ^_[�lkW ; `pgC[�Wm^Kf��K·e]'T�fKjkWm^�VKYi` : ltT�]ÈjqhaVKY\`´sCjqfQT�f%�
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¥�`´scT�Y�jq^QoÇlt`C��Wz[�jt`p^áVKY\` : ltT�] jqh)W5ocT�^QYiT*`cb�lt`Q��WZ[�jt`c^áVKY\` : ltT�] : WmhiT�f `p^½[ � TÁ^Q`m[�jt`p^½`cbE\��`zscT�Y�WZocT2F���©º^Q`CfQT'jqh�h�Wmjqf�[\` : T���`zscT�YiT�fµ�wjtb�jt[�lqjtT�h�}�jt[ � jq^ÁWm^ÁWc����T�VQ[yW : ltT�fKjqhi[yWZ^���T�`cb
WZ[�ltT�Wmhi[9`p^QT°b�Wc��jqlqjt[ ; `cY�jt[���Wm^ : T�h\T�YiscT�f }�jt[ � jq^ÇW#VKY\T�hiV�T���jt�KT�f [\jq]'Tp� �7� T��<g�WZlqjt[ ; `cb
[ � T�hiT�Y\sCjk��T$YiT��_gKjtY\T�f�`mY�[ � T���Y�jt[\jk��Wmlqjt[ ; `cbµ[ � T�h\T�YisCjk��TUoc`´scT�Y�^Kh�[ � TU[ � Y\T�h � `plqf�fKjqhi[yWm^K��T�¤�`cY
[�jq]�TZ§¨� �7� T°��`zscT�Y�jq^Qo.lt`Q��WZ[\jt`p^¸VQY\` : ltT�]�WmfKfQYiT�h\hiT�f5jq^¹[ � Tªlqjt[\T�YyWZ[\gQY\T�WZY\Tª]�WZjq^Kl ;*: WmhiT�f
`p^Á[ � TMb�`plqlt`´}$jq^Qo : Wmh\jk��]'`CfQT�lqh2�'¤ å § x T�[�¥�`zsmT�Y\jq^Qo�­µ`Q��WZ[�jt`c^¹®+Y\` : ltT�] ¤ x ¥a­�®6§�WZ^Kf½¤ � §
��Wz¡Qjq]�Wmlµ¥�`´scT�Y�jq^Qo'­µ`Q��WZ[\jt`p^�®
Y\` : ltT�]Ñ¤ �Á¥a­�®6§��Cde^ x ¥6­�®+�<[ � T�` : «¢T���[�jtscT�jqh6[\`M��`zscT�YaWmlql
fQT�]�Wm^Qf.}$jt[ � ltT�Wmhi[$^<gK] : T�Y$`cb+b�Wm��jqlqjt[\jtT�h��
í � T�YiT�WmhUjq^��Á¥a­�®��K[ � T{` : «¢T���[�jtscT�jqh�[\`���`zsmT�Y
]�Wz¡Cjq]�gK] fQT�]�WZ^KfM}$jt[ � W"Y\T�hi[\Y�jk��[iT�fM^<gK] : T�Y�`cbwb�Wc��jqlqjt[�jtT�h��Fde^ª]�Wz«¢`cY�jt[ ; `mbw[ � T�lqjt[\T�YyWZ[\gQY\T
: `c[ � fCT�]MWm^Kf�^Q`<fQT�hUWZ^Kf�VX`c[\T�^_[\jkWml£b�Wc��jqlqjt[ ; lt`Q��WZ[�jt`p^Qh�WZY\T�W'fQjqhy��YiT�[iT�hiT�[7`cb�V�`pjq^p[�h��

í¹T{��WZ^ : Y\`_WmfQl ; ��lkWmh\h\jtb ; [ � T�¥�`zscT�Y�jq^CoMlqjt[\T�Y�WZ[�gQYiT"jq^p[\`'[ � T"b�`plqlt`´}$jq^Qo�[¶}6`���WZ[\T�oc`mY�jtT�h2�
å ��SUT�[\T�Y�]Mjq^Qjqh\[\jk�"¥�`´scT�Y�jq^QoM�.`CfQT�lqh

� � x [i`Q� � Wmhi[�jk��¥�`zscT�Y�jq^CoM�#`CfCT�lqh

_a`cbd`e_ fhg/iWgkj�l-men�meo#ipmeqsrXt�uvgwj�menyx-z t|{yg�}eo
¥�`´scT�Y�jq^Qo�]'`CfQT�lqh���`p^Kh\jqfQT�Y\jq^QoMW�fQT�[\T�Y�]'jq^Kjqhi[�jk��h���T�^�WZY�jt`�} � T�YiT{Wmlql�[ � T"jq^QV�gQ[7V�WZYyWm]�T�[iT�Y�h
WZYiT"�C^Q`´}$^.��`p]'VQY�jqhiT�[ � jqh7hiT´��[\jt`p^%�

�a� T°T�WZY�lqjtT�hi[�}6`cYi�¹jq^5[ � T)WZY\T�W.`mb$��`´scT�Y�jq^Qo#jqh�fCT´WZlt[ :<; � `cY\T�o_WZh{T�[�Wml �~H ê �KJ � �a� T ;
]'`CfCT�l%[ � T�lt`Q��WZ[\jt`p^�`cb+T�]'T�Y\omT�^K� ; hiT�YisCjk��T{b�Wm��jqlqjt[\jtT�hUWZh�W�hiT�[���`zsmT�Y\jq^Qo�lt`Q��WZ[�jt`p^�VQY\` : ltT�]
}$jt[ � T��<g�Wml���`phi[\h�jq^#[ � T�` : «¢T´��[\jtscT9b@gK^K��[\jt`p^%��¦�T�Y\T�[ � T'WmgQ[ � `cY\h���`p^Kh\jqfQT�YU[ � T�]�Wz¡Cjq]�gK]

¾



fKjqhi[yWZ^���T'`cY�[�jq]'T�[ � WZ["hiT�V�WZYyWZ[iT�h�[ � T�fCT�]MWm^Kf¸^Q`CfQTMb�Yi`p] jt[�h"��lt`ch\T�hi["hiT�Y\sCjk��T�b�Wc��jqlqjt[ ; Wmh
W���Y\g���jkWml�VXWzYyWm]'T�[iT�Y��#­%`C��Wz[�jt`p^5`mb7�KY\T�hi[�WZ[�jt`p^Qh9jq^ÇW*��jt[ ; jqh9h\g�� � WZ^ T�¡KWm]�V�ltTp�ÁôU[ � T�Y
T�¡KWm]'VKltT�hªWzY\T#lt`Q��WZ[\jt`p^O`cb�`cY�fKjq^KWZY ; h\T�YisCjk��T.b�Wc��jqlqjt[�jtT�h'h�gK� � Wmh�h�� � `<`plqh��alqj : YyWZY\jtT�h�� �7� T
` : «¢T���[\jtscT�jqh6[\`�lt`Q��WZ[iT�]'jq^Kjq]�gK] ^_gK] : T�Ya`cb%b�Wc��jqlqjt[�jtT�h�h�gK� � [ � Wz[a[ � T�]�Wz¡Qjq]�gQ] Y\T�hiV�`p^KhiT
[�jq]�T�b�`cY�WZ[\[iT�^KfKjq^Qo»Wm^ ; fQT�]�WZ^Kfø^Q`<fQTÁjqh°ltT�h\hª[ � WZ^ÊW hiV�T���jt�KT�f½[ � YiT�h � `clqføWm^Qf T�scT�Y ;
fQT�]�Wm^Qf�^C`CfQT9}$jqlql : T�WZ[\[iT�^QfQT�f :_; Wz[�ltT�Wmhi[$`p^QT{b�Wc��jqlqjt[ ; � �7� T9hi`plqgQ[�jt`c^�[\`ª[ � jqh$VQY\` : ltT�]
jq^KfKjk��WZ[iT�h : `c[ � �Q[ � T�^<gK] : T�Y$Wm^Qf)[ � T�lt`Q��WZ[\jt`p^°`cbF[ � T"b�Wc��jqlqjt[�jtT�h�[ � Wz[7VKY\`zs<jqfQT�[ � T�fQT�h\jtY\T�f
hiT�Y\sCjk��Tp�5de^»[ � T�jtY�VXWZV�T�Y���[i`¹Wc� � jtT�scT)W : T�[\[\T�Y�VKYi` : ltT�] hi[iY�g���[�gCY\T)[ � T.WZgQ[ � `mY�hMWZh�h\gK]�T
[ � WZ[
[ � T$fQT�]�WZ^Kf'^Q`CfQT�h�Wm^Kf'VX`c[\T�^_[\jkWmlQb�Wc��jqlqjt[ ; lt`Q��WZ[�jt`p^Qh�WZYiT���^Qjt[\T�VX`pjq^_[�h
jq^MW�VKlkWm^QTUWZ^Kf
b�Wc��jqlqjt[�jtT�h
��Wm^M`p^Kl ;�: TUVKlkWc��T�f�WZ[�fQT�]�Wm^Qfª^Q`CfCT�lt`Q��WZ[�jt`p^Qh�� �a� T�WmgQ[ � `cY\h�Wmlqhi`�WZh�h\gK]�T$[ � Wz[
[ � TMfKjqhi[yWZ^���T�Wm^KfÁ]Mjq^Kjq]�gK]³YiT�h\VX`p^KhiT'[\jq]'T : T�[¢}�T�T�^*T�scT�Y ; VXWmjtY�`cb�VX`pjq^_[�h�jq^*[ � T'V�lkWm^CT
WZYiT��C^Q`z}�^%�+© hi[yWZ^Kf�WZY\f�lqjq^QT�WZY�VKY\`mocYyWm]']Mjq^Qo���`CfQT � Wmh : T�T�^�gQh\T�f°[i`'h\`cltscT�[ � T�VQY\` : ltT�]
}$jt[ � [ � T{WmfKfQjt[�jt`p^�`cb���gQ[�h�jq^.��WmhiT"`mb�b�Y�Wc��[�jt`p^�WZl£Y\T�h\gKlt[\h��

­�WZ[iT�Y�jq^ å è ÷ ëX�<¥ � gCYy� � WZ^KfªÆ7T�scT�lqltT�H � ê J lt`<`c��WZ[�[ � T���`zscT�Y�jq^Co�]'`CfCT�lKb�Yi`p] W"fKjtv�T�Y\T�^_[
V�T�Y�hiV�T���[�jtsmT�} � T�YiT�[ � T�Y\T�jqh6W�Y\T�hi[\Y�jk��[\jt`p^M`p^�[ � T�^<gQ] : T�Y6`cbwb�Wc��jqlqjt[�jtT�h
[\` : T�lt`Q��WZ[\T�f%� �7� T
` : «¢T���[\jtscT�`mb�[ � T�]'`CfQT�l�VKY\`cVX`phiT�f�jqh�[\`'��`´scT�Y6]�Wz¡Qjq]�gQ] ^_gK] : T�Ya`cb�fQT�]�Wm^Kf�^C`CfQT�ha}�jt[ �
lqjq]Mjt[iT�fMYiT�h\`cgQYy��T�h�¤��Q¡CT�f�^_gK] : T�Y6`mb%b�Wc��jqlqjt[�jtT�h¨§�h\g�� � [ � WZ[6[ � T���`´scT�Y\T�fª^Q`CfQT�jqh�}$jt[ � jq^�[ � T
fQT�h\jtY\T�f�hiT�Y\sCjk��T�fKjqhi[yWm^���T�¤ x §w`mbKjt[�hF��lt`phiT�hi[%b�Wc��jqlqjt[ ; � �7� T�WmgQ[ � `cY�h�fQT�h\jtop^�WZ[iT�[ � T�VQY\` : ltT�] Wmh
��Wz¡Qjq]�Wml%¥�`zscT�Y�jq^CoM­µ`Q��WZ[\jt`p^)®
Y\` : ltT�]�¤ �Á¥a­�®6§�� �7� T ; Wmlqhi`M��`p^Kh\jqfQT�Y�W�h�]MWmlql£sZWZY\jkWm^_[a`cb
[ � T{�Á¥a­�® :<; jq^_[\Yi`CfKg���jq^Qo�[ � T"]�Wm^Kf�Wz[\`cY ; ��lt`phiT�^QT�h�h7��`p^Khi[\Y�Wmjq^_[a[\`MWmfKfKjt[\jt`p^�Wmlql ; T�^Kh\gQY\T
[ � WZ[°^Q`»fQT�]�Wm^Kf ^C`CfQT*jqhªb�WZY\[ � T�Yª[ � Wm^øW5fKjqhi[yWm^���TI�{¤�� �9��§�[\`Çjt[�h���lt`phiT�hi[�b�Wc��jqlqjt[ ; �
�7� T�ltT�h\h\T�Y$[ � T�fQjtv£T�Y\T�^���T : T�[¢}�T�T�^ � Wm^Kf x ��[ � T{b�WmjtY\T�Y�[ � T9hi`plqgQ[�jt`c^.jqh$[\`ª[ � T�fCT�]MWm^KfKh
^Q`c[���`zscT�Y\T�fª}�jt[ � jq^ x �Kde^�[ � jqhaV�WZV�T�Y7[ � T�WmgQ[ � `cY\h�WmfC`cVK[7lqjq^QT�WZY6VKYi`cocY�Wm]M]M]Mjq^Co�hi`plqgQ[�jt`c^
[\T�� � ^Kjq�_gQT�hU}$jt[ � u�YyWm^K� � Wm^QfÁu�`cgK^Kf#[i`°ocT�[U`cVK[\jq]�Wml�jq^_[\T�ocT�YUhi`plqgQ[�jt`c^Kh�� � }�` � T�gCY�jqhi[�jk��h
��WmlqltT�f)��Y\T�T�f ; ©UfKfKjq^Qo�¤e��©�§�©�ltoc`cY\jt[ � ] Wm^Qf.��YiT�T�f ; ©UfKfKjq^Qo�}$jt[ � x g : hi[\jt[�gQ[\jt`p^¸¤ ��© x §
©�ltom`cY�jt[ � ]²WZYiT7Wmlqhi`�T�]'VKlt` ; T�f%� �7� TU��©á�QY�hi[�V�jk���Ch+WUb�Wc��jqlqjt[ ; } � jk� � ��`zsmT�Y\h�[ � T7]�Wz¡Cjq]�gK]
fQT�]�Wm^Qf%��[ � T�^"V�jk���Chµ[ � T�`p^QT�} � jk� � ��`zscT�Y�hµ[ � T�]'`phi[FfQT�]�WZ^Kf�^Q`c[F��`zscT�Y\T�f :_; [ � T�VKY\T�sCjt`pgQh
b�Wc��jqlqjt[�jtT�h{Wm^Kf»��`p^_[\jq^<gQT�h9gQ^_[�jql6Wmlql�[ � T°b�Wc��jqlqjt[\jtT�h{WZYiT�lt`Q��WZ[\T�f%� �7� jqh�WZltoc`cY�jt[ � ]�fQ`<T�h�^Q`m[
opg�WzYyWm^_[iT�T�Wm^�`cVK[\jq]�WmlChi`plqgQ[\jt`p^%�mh\jq^���Ta`c^���T7[ � T7b�Wc��jqlqjt[ ; jqh+hiT�ltT���[iT�f�jt[���Wm^Q^Q`c[ : T7YiT�V�lkWc��T�f%�

ê



�7� T7��© x : gKjqlqfKh�`p^���©Ç}$jt[ � [ � T�`p^Ql ; T�¡K��T�VQ[�jt`p^"[ � WZ[+��© x WZ[�T�Wc� � hi[\T�V�[\Y\jtT�h%[i`�jq]'VQY\`zscT
[ � T'h\`clqgQ[�jt`p^ :<; Y\T�V�lkWm��jq^Co°T�Wc� � b�Wc��jqlqjt[ ; ��`p^CTMWZ["W°[\jq]'Tp�£}$jt[ � W°b�Wc��jqlqjt[ ; Wz[�Wm^C`c[ � T�Y�b�YiT�T
h\jt[\Tp�Fd bXWZ^{jq]'VKY\`´scT�]'T�^_[�jqh�V�`ph\h\j : ltTp��[ � T�VXWmjtYF`mbQb�Wc��jqlqjt[ ; h\jt[\T�h�} � jk� � VQY\`zsCjqfCT�h%[ � T�ocY\T�WZ[iT�h\[
jq]'VKYi`zscT�]'T�^_[7jq^�[ � T"` : «¢T���[�jtsmT�b@gK^K��[\jt`p^�jqh�� � `phiT�^µ�

de^5`cY�fCT�Y9[i`�`zscT�Yy��`p]�T�[ � T�gQ^���T�Yi[yWmjq^Qjt[ ; `cb$W.b�Wc��jqlqjt[ ;*: T�jq^Qo�`mV�T�YyWZ[\jtscT�WZ[�Wmlql
[�jq]'T�h��
[ � Tª��`p^K��T�VK[�`cb�]�gKlt[�jtVKltTM��`´scT�YyWZocT'��`p]'T�h�jq^_[i`�[ � T'V�jk��[�gQYiTp��ô�^QT'`cb�[ � TMT�WZY\l ; }�`cY\�Ch�jq^
[ � jqh�WzY\T�W�jqh���jt[\T�f#jq^�¦$`co_WZ^*Wm^Kf*Æ7T�scT�lqltT9jq^�H � ¾ J ��de^�[ � jqhUVXWzV�T�Y���[ � T�WmgQ[ � `cY�h�jq^_[iY\`CfQg���T
[ � T)��`p^���T�VK[9`cb�]�gKlt[\jtV�ltT°��`zscT�YyWZomTªjq^ [ � T)��`p^_[iT�¡<[9`cb$��lkWmh\h\jk�ª��`zscT�Y\jq^Qo�]'`<fQT�lqh���[ � T�hiT�[
��`zscT�Y�jq^Co9lt`Q��WZ[�jt`p^MVQY\` : ltT�] Wm^Kfª[ � T�]�W´¡Qjq]�WmlX��`´scT�Y�jq^Qo9lt`Q��WZ[\jt`p^MVKYi` : ltT�].� �a� T�]�W´¡Qjq]�Wml
: Wc���CgCV ��`´scT�YyWZocT�VQY\` : ltT�]�jqh�]'`CfCT�ltT�f¹WZh9W)]�gKlt[\j+` : «¢T���[�jtscT�b�`cY�]�gQlkWZ[�jt`p^*jq^¸[ � jqh�}6`cYi�w�
�7� T�WZgQ[ � `mY�h�fQT���^QT : Wc���CgQVª��`zscT�Y�WZocT$Wmh+[ � T���`zsmT�Y�WZocTa`cb£fQT�]�Wm^Kf'V�`pjq^_[\h :<; [¢}�`"`cY�]'`cYiT
b�Wc��jqlqjt[�jtT�h{Wm^Kf [\YyWZfQT�`cvÉ[ � T)��`zscT�YyWzocT�Wmh�fQT���^QT�fÇjq^ x ¥a­�® Wm^Kf»�Á¥a­�® WZopWmjq^Khi[ : Wm�y�<gQV
��`zscT�YyWzocTp� � }�`Ç�.`CfQT�lqh���s<jt¯_� u6©�¥7ô�® å Wm^Kf½u6©U¥�ô�® � � W�scT : T�T�^áfQT�h���Y�j : T�f :<; [ � T
WmgQ[ � `cY\h��{de^¸u6©U¥�ô�® å �KY\hi[���`´scT�YyWZocT�jq^*]�WZ^Kf�WZ[i`cY ; b�`cY"Wmlql�^Q`CfQT�h�� : gQ[�[ � T�b�`Q��gKh�jqh�`p^
�KY\h\[�Y\T�fKgK^Qf�Wm^_[7��`zscT�YyWzocTU`mbFW9^C`CfQTp�
u6©�¥7ô�® � [\YyWZfQT�h�`cv��KY�hi[a��`´scT�YyWZocT�WZo_WZjq^Khi[ : Wm�y�<gQV
��`zscT�YyWzocTp� �7� T�jtY6]�Wmjq^�Y\T�h\gKlt[6jqh6[ � T�b�Wc��[�[ � WZ[6}$jt[ � `pgQ[6h\g : hi[�Wm^_[�jkWZl£lt`ph\h�`cb%�KY�hi[7��`zscT�YyWzocTp�
h\jtop^Kjt�X��Wm^p[�ltT�scT�lqh6`cb : Wc���CgQV#��`zscT�Y�WZocT�}$jt[ � jq^.W�h ; h\[iT�]���Wm^ : T{Wc� � jtT�scT�f%�

n�WzY�lqjtT�Y�}6`mY\�*jq^¹��`zsmT�Y\jq^Qo�lqjt[iT�YyWZ[\gQY\TMWmh\h\gK]'T�fÁ[ � WZ[�[ � T�fCT�]MWm^KfÁV�`cjq^_[�h�WZYiTª��`zsmT�YiT�f
jtb�W�h�jq^CopltTªgQ^Kjt[{`cb7hiT�Y\sCjk��T�jqh9W�sZWmjqlkW : ltT'}�jt[ � jq^¸[ � TªfQT�h\jtY\T�f5hiT�Y\sCjk��T�fKjqhi[yWm^���TM`cY{[�jq]�T�`cb
jt[�h9lt`Q��WZ[\jt`p^%�#de^ [ � T°VXWZV�T�Y$H åcå J �
uaWZ[\[�W.T�[�Wml �.Y\T���`p^Kh\jqfQT�Y\h9[ � T x ¥6­�® Wm^Qf [ � T��Á¥a­�®
}$jt[ � ]�gKlt[\jtV�ltT�gK^Kjt[�h�YiT��_gKjtY\T�f :<; [ � TMfQT�]�Wm^Kf¸^Q`CfQT�h�� �a� T�jtY"}�`cY\�*��Wm^ : TMsCjtT�}�T�f¸Wmh"W
ocT�^QT�YyWZlqjt¯´Wz[�jt`p^Á`cb7[ � T)��`p^���T�VK[9`cb : Wc���CgQV»��`zscT�YyWzocT :_; ¦�`co_Wm^ÇWZ^Kf»Æ�T�scT�lqltT�H � ¾ J �#¦$T�Y\T
[ � T�WmgC[ � `cY\h�]�`CfQT�l6hiT�VXWZY�WZ[\T°b�`mY�]�gKlkWz[�jt`p^Kh�b�`mY x ¥a­�®ÔWm^Qf»�¸¥6­F®��F©Ulqh\`¸WZ^Çjq]'V�`cYi[yWm^_[
��Y�jt[iT�Y\jt`p^���`c^Kh\jqfQT�Y\T�f�jq^ª]'`CfQT�lqjq^Qo�}7Wmh�[ � WZ[�[ � T�fQT�]�Wm^KfM} � jk� � Y\T��<gKjtYiT�h�ocYiT´Wz[\T�Y�^<gK] : T�Y
`cb�gK^Qjt[�h�[\`°YiT�hiV�`c^Kf*jqh�]'`cYiT���Y\jt[�jk��WmlFWm^Kf � T�^K��T9[ � T�]�`CfQT�lFY\T��<gKjtYiT�h�[ � T'��lt`ch\T�hi[�hiT�Y\sCjk��T
b�Wc��jqlqjt[ ; [\` : T���lt`phiT�Y�[ � Wm^9[ � T6`p^QT6} � jk� � Y\T��<gKjtYiT�h�ltT�h\h�gK^Kjt[\h�� �7� T�WZgQ[ � `mY�h��KY�hi[�[\Y�Wm^Khib�`cY\]
[ � T{VKYi` : ltT�]�jq^_[i`ªW � · å jq^p[\T�ocT�Y�VKYi`cocY�Wm]�Wm^Kf�[ � T�^#WZVKV�l ; jq]'V�lqjk��jt[aT�^<gK]'T�YyWz[�jt`p^ : Y�Wm^�� �
Wm^Kf : `pgK^Kf#WZltoc`cY�jt[ � ] [\`Mhi`pltscT�[ � T"VKY\` : ltT�].�

�a� T7�¸¥6­F® � WZh�}�jqfQTagQh\Tajq^9hiT�ltT´��[\jq^Qo�lt`Q��WZ[\jt`p^Kh�b�`cY�b�Wc��jqlqjt[�jtT�h���T�h\VXT´��jkWmlql ; b�`mY�VKY\` : ltT�]'h

÷



jq^_sc`cltsCjq^Qo°[ � T�V�g : lqjk��hiT���[\`cY�hiT�YisCjk��T�h��£h�gK� � Wmh��KY\Tp�wV�`clqjk��Tp�µWm] : gQlkWm^���TMWZ^KfÁT�fKg���WZ[\jt`p^�Wml
hiT�Y\sCjk��T�h��F©�^Mjq]'V�lqjk��jt[
Wmh\h\gK]'VQ[�jt`p^�`cb�[ � TU�¸¥6­�®5jqh+[ � WZ[��c[ � T$fQT�]�Wm^QfM^Q`CfQT�h�^Q`c[���`zsmT�YiT�f
:<; W$b�Wc��jqlqjt[ ; WZYiTa^Q`m[�h\T�YiscT�f%� �7� jqh�jqh�Wm^9jq]'VKYyWm��[\jk��Wml<Wmh\h\gK]'VQ[�jt`p^{T�hiV�T���jkWZlql ; jq^9T�]'T�YiocT�^�� ;
hiT�Y\sCjk��T�hiT���[\`cY\h��)¥ � gQYy� � T�[9Wml ��H � ¾ J `´scT�Yy��`p]'T'[ � jqh9Wmh\h�gQ]'VK[�jt`c^5Wm^Kf Wmlqhi`���`p^Qh�jqfCT�Y"[ � T
fKjqhi[yWZ^���T.[iYyW�scT�ltT�fO[\` ��`zscT�Y'[ � T�hiT�fQT�]�WZ^Kfá^Q`<fQT�h°jq^O[ � T�jtYMb�`cY�]9gKlkWZ[�jt`c^%� �7� T�WmgQ[ � `cY�h
b�`cY\]�gKlkWZ[iT�[ � T°VQY\` : ltT�]�Wmh�W�[¢}6`Z· ` : «¢T���[�jtsmTªlt`Q��WZ[\jt`p^ ��`zsmT�Y\jq^Qo#VQY\` : ltT�]�} � jk� � fKjtYiT´��[\l ;
��`p^Kh\jqfQT�Y�h�[ � T�[\YyW�scT�lpfKjqhi[yWm^���T�[ � Wz[�gK^���`zscT�YiT�f{fCT�]MWm^Kf9]9gKhi[F[\Y�W�scT�Y�hiT�[i`UY\T�Wc� � jt[�hF^QT�WZY\T�hi[
b�Wc��jqlqjt[ ; ��©²­�WZomYyWm^QocjkWm^°Y\T�lkWz¡KWz[�jt`p^�]'T�[ � `Cf)}aWmh�gKhiT�f)[\`Mhi`pltscT�[ � T�VQY\` : ltT�].�

�.`<`p^»Wm^Kfá¥ � WZgKf � Y ; jq^�H ë ê J jq^_[iY\`CfKgK��T)Wm^OWmfKfQjt[�jt`p^�WZlaWmhiV�T���[�[i`Á[ � T�hiT�[M��`zsmT�Y\jq^Qo
lt`Q��WZ[\jt`p^�VQY\` : ltT�]²`cbXVKYi`zsCjqfKjq^Co�W�h\T���`p^KfKWZY ; ��`´scT�YyWZocT6[i`�[ � T7b�Wc��jqlqjt[�jtT�hFVKY\`´sCjqfKjq^Qo�VKY\jq]�WZY ;
��`zscT�YyWzocT)[i`¹[ � T.fQT�]�Wm^QfÉ^Q`CfQT�h�� �7� T ; [\T�Y\] [ � T�VKYi` : ltT�] WZh�W¹��`p^QfKjt[�jt`p^KWml���`zsmT�Y\jq^Qo
VKYi` : ltT�]�¤e¥7¥a®6§¨� �7� T�¥�¥a®ÁYiT��<gKjtY\T�h�b�Wc��jqlqjt[�jtT�hF[\` : T�lt`Q��WZ[\T�f�h\g�� � [ � Wz[�WmlqlCfQT�]�Wm^Kf�^Q`CfQT�h
WZYiT6��`zscT�Y\T�f"}�jt[ � jq^9Wm^9Wm����T�VK[�W : ltT�fKjqhi[yWm^K��T�`cY�[�jq]'T�`mbQ[ � T�b�Wc��jqlqjt[ ; �µ©Ulqhi`�Wm^ ; [¢}6`$b�Wc��jqlqjt[�jtT�h
WZYiT�^Q`Mb�WZY\[ � T�Y$W�}7W ; [ � Wm^.W'hiV�T���jt�KT�f�fKjqhi[yWZ^���T_� �7� T{WmgC[ � `cY\h�]'`CfQT�lw[ � T"VKYi` : ltT�]�Wmh$Wm^
de^_[iT�omT�Y$®+Y\`cocY�Wm]�Wm^Kf�hi`pltsmT"[ � T�YiT�lkWz¡CT�f)lqjq^QT�WZY7VQY\`cocY�Wm]&}$jt[ � ��gQ[U��`p^Khi[iYyWmjq^_[\h��
­FWz[\T�Y�jq^
å è)� ÷ ��¥ � WmgQf � Y ; T�[UWml �|H �c�KJ VKY\`cVX`phiT�f)h\T�scT�^)omY\T�T�f ; � T�gQY�jqhi[�jk��hab�`cY�hi`plts<jq^Qo'[ � T�¥�¥a®��

Æ7T�scT�lqltT$T�[aWml ��jq^�H ¾ ê J T�¡C[\T�^Kf�[ � T�^Q`c[\jt`p^�`mb�¥7¥a®hH ë ê J � �7� T ; jq^_[iY\`CfQg���T�[ � Y\T�T�]'`<fQT�lqh
jq^�[ � T{VXWzV�T�Y�����Wz¡Qjq]�WmlF¥�`c^KfKjt[�jt`c^�Wml�¥�`´scT�Y�jq^Qo�®
Yi` : ltT�]�¤ �Á¥�¥6® d6Wm^Kf��Á¥�¥6® did¼§�WZ^Kf
�#gKlt[�jt` : «¢T���[�jtscT"¥�`p^KfKjt[\jt`p^�Wml%¥�`zscT�Y�jq^Qo�®
Y\` : ltT�]Ñ¤ �Áô�¥7¥a®6§¨� �a� T�` : «¢T´��[\jtscT�`cb��Á¥�¥6®Ojqh
[\`�lt`Q��WZ[iT{W�opjtscT�^)^<gK] : T�Y�`cb�b�Wc��jqlqjt[�jtT�h6[\`�]�Wz¡Cjq]Mjt¯�T�[ � T�b�Wc��jqlqjt[�jtT�h6} � jk� � WzY\T"[ � T�]MhiT�ltscT�h
��`zscT�Y\T�f :<; Wm^C`c[ � T�Y$b�Wc��jqlqjt[ ; }�jt[ � jq^#WMVKY\T�hiV�T���jt�KT�f#fKjqhi[yWZ^���T_��de^*�Á¥�¥6®½[ � T�h\gQVKVX`cY\[\jq^Qo
��`zscT�YyWzocT�jqh7^Q`m[�]�WZ^Kf�WZ[i`cY ; gK^Qlqjt�cT"jq^.¥�¥6®+� : gC[7[ � T�fQT�]�WZ^Kf)^Q`<fQT�h7fQ`'Y\T��<gKjtYiT�VKY\jq]�WZY ;
��`zscT�YyWzocTp� �a� T°�¸¥7¥a® da�p���D���D���e�ª[ � Tªh\gQVKVX`cY\[\jq^Qo.b�Wc��jqlqjt[ ; [\` : Tªlt`Q��WZ[iT�f¹WZ[�[ � Tªh�Wm]�T
lt`Q��WZ[\jt`p^%�
} � T�Y\T�Wmh��Á¥�¥6®ºdid�V�T�Y�]'jt[�h'[ � T.h\gQVKV�`mY\[�jq^Co¹b�Wc��jqlqjt[ ; [\` : T#hi[�WZ[�jt`p^CT�fOWZ['[ � T
h�Wm]'TU^C`CfQTp� �a� T��¸ô"¥�¥6®5YiT�lkWz¡CT�h
[ � T���`p^Khi[\Y�Wmjq^_[�[ � WZ[6WZlql�^Q`CfQT�h�h � `pgKlqf � W�scT�W"VKY\jq]�WZY ;
��`zscT�YyWzocTp�½�¸ô"¥7¥a®ºjqhªWÁ[¢}�`m· ` : «¢T´��[\jtscT)VKYi` : ltT�]2} � jk� � hiT�T�hM[ � T#[iYyWmfQT�`cv `cb�VKY\jq]�WZY ;
��`zscT�YyWzocT�[\`M[ � T{fQT�]�WZ^Kf.^Q`CfQT�hUWzo_Wmjq^Khi[7[ � T{hiT´��`p^Qf�WZY ; ��`zscT�YyWzocT�`mb�[ � T�b�Wc��jqlqjt[�jtT�h�� �a� T ;
]'`CfCT�l : `c[ � �Á¥�¥a®½Wm^Kf#�¸ô"¥7¥a®½Wmh�W�­%jq^QT�WZYUde^_[iT�ocT�Y�®+Y\`cocY�Wm]�Wm^Qf.h\`cltscT"[ � T{YiT�lkW´¡CT�f
­�®ágKh\jq^Qo�WMu�Y�Wm^�� � Wm^Kf.u�`pgK^Qf�VKYi`Q��T�fKgQY\Tp�

�



u�T�Y\]�Wm^ÊWZ^Kfh��YyWmh\h�H å ë J YiT�lkWz¡á[ � T¹Wmh\h\gK]'VQ[�jt`p^ ]�WmfQTÁjq^ [\Y�WmfKjt[\jt`p^�Wml��¸¥6­F® [ � Wz[
��`zscT�YyWzocT�`cb9WÇfQT�]�WZ^Kfø^Q`CfQTÁjqh : jq^�WzY ; ¤@j �ÍTp�t��T�jt[ � T�Y°b@gKlql ; ��`zscT�Y\T�f½`cY)^Q`m[���`zscT�YiT�føWZ[
Wmlql�§¨� �7� TªWmgQ[ � `cY�h�jq^_[iY\`CfKgK��T�W)ocT�^QT�YyWmlqjt¯�T�f*scT�Y�h\jt`p^Á`cba�¸¥6­�® ¤e���Á¥a­�®6§U}$jt[ � V�WZY\[\jkWml
��`zscT�YyWzocT�`cb
fCT�]MWm^Kf�^Q`<fQT�h�� �7� T ; Wmh\h\gK]'T{[ � WZ[Ub�`cY$T�Wc� � fQT�]�WZ^Kf#^Q`CfQTp�£W�]�gKlt[\jtV�ltT{hiT�[
`cb���`zsmT�Y�WZocT�ltT�scT�lqh��<}$jt[ � ��`cYiY\T�hiV�`p^KfKjq^CoM��`´scT�YyWZocT�YyWmfKjqjwWZY\T"hiV�T���jt�KT�f%� �a� T ; WZlqh\`MWZh�h\gK]�T
[ � WZ['[ � T.��`´scT�YyWZocT�ltT�scT�lajqhMW*fQT���YiT�Wmh\jq^Qo¸h\[iT�VOb@gK^���[�jt`c^»`mbU[ � T�fKjqhi[yWZ^���T)[\`Á[ � T.��lt`phiT�h\[
fQT�]�Wm^Qf�^Q`CfQTp� �7� T����¸¥6­F®Éjqh�h � `z}�^)[\` : T�T��<gKjtsZWmltT�^_[a[\`'[ � T{r$^���WZVXWc��jt[yWz[\T�f��XWc��jqlqjt[ ;
­µ`Q��WZ[�jt`c^ª®
Y\` : ltT�]³¤ rU�+­�®6§¨� x T�scT�YyWZl£de^p[\T�ocT�Ya®+Y\`cocY�Wm]M]Mjq^Co{b�`cY\]�gKlkWZ[\jt`p^Kh�WzY\T�fQT�scT�lt`cV�T�f
:<; [ � T�WmgQ[ � `cY\h���WZV�jt[�Wmlqjt¯�jq^Qo°`p^*[ � TMhiV�T���jkWml+hi[\Y\g���[�gQYiT'`cb�[ � T°���¸¥6­F®���¥�`p]'V�gC[yWZ[\jt`p^�Wml
Y\T�h\gKlt[\hUh � `z}æ[ � WZ[Uh\]�Wmlql%jq^Khi[�Wm^���T�h$`cb�[ � T{VKY\` : ltT�] WZYiT{[ � T{[\`cgQo � T�hi[$[\`ªhi`pltscTp�6¦$`z}�T�smT�Y
hi`pltsZW : jqlqjt[ ; jq]'VQY\`zscT�h6}$jt[ � jq^���Y\T�WmhiT"jq^�[ � T�^<gQ] : T�Y�`cb�fCT�]MWm^Kf�^Q`<fQT�h��

u�Yi`c[y��`cY\^QT6T�[+Wml �0H å � J fQT�scT�lt`cV9�KscT � T�gQY\jqhi[�jk��h�b�`cY+W�hiV�T���jkWmlC��WmhiT6`cbXlkWzY\ocT6h���WmltT7��`zsmT�Y\jq^Qo
lt`Q��WZ[\jt`p^°VQY\` : ltT�]Mh��<} � T�YiT�[ � T"hiT�[a`cb�fCT�]MWm^Kf�V�`pjq^_[7jqhafKjqh���YiT�[\T�Wm^Kf�[ � T"hiT�[a`cbFVX`c[\T�^_[\jkWml
lt`Q��WZ[\jt`p^Kh6b�`cY7[ � T"b�Wc��jqlqjt[\jtT�h6jqh$��`p^_[\jq^<gQ`pgKh��

_a`cbd`cb ��iWtdq'�y�ao#ipmeqsrXt�uvgkj�men�x-z t|{yg�}eo
�.`phi[6`cb%[ � T�lt`Q��WZ[\jt`p^�[ � T�`cY ; V�WZV�T�Y�halqjt�mTU[ � T�`c^QT�hafCT�h���Y�j : T�f�W : `´scT�fQT�Wml�}�jt[ � fCT�[iT�Y�]Mjq^C·
jqhi[�jk�ª��`p^KfKjt[\jt`p^Kh�� x [\`Q� � WZh\[\jk��¥�`zscT�Y\jq^Qo*®
Y\` : ltT�]'h9[�WZ�cT�h�jq^_[i`ÁWc����`pgK^_[9[ � T�gK^���T�Y\[�Wmjq^Kjt[ ;
`cbUW�b�Wm��jqlqjt[ ; }6`cYi�Cjq^QoÁ��`c^KfKjt[�jt`c^»Wm^Qf»]'`CfCT�lqh9[ � T���`´scT�Y�jq^Qo�VQY\` : ltT�] h\g�� � [ � WZ['W�]'`cYiT
Y\T�Wmlqjqhi[\jk��Wm^Kf)Y\T�lqjkW : ltT�h ; h\[iT�]�jqh�fQT�scT�lt`cVXT�fµ�

¥ � WZV�]�WZ^5Wm^Kf¸í � jt[\T�H �m�MJ }6T�YiT�[ � T��QY�hi[{[i`���`p^Kh\jqfQT�Y"[ � TªgK^KW�sZWmjqlkW : jqlqjt[ ; `cb6[ � T�b�Wz·
��jqlqjt[�jtT�h{��`´scT�Y�jq^Qo.[ � T°YiT�opjt`p^%� �7� T ; ��WZ]'T°gQVÇ}$jt[ � [ � TªVKY\` : W : jqlqjqhi[�jk��scT�Y�h\jt`p^¹`cb x ¥6­�®+�
�7� T�]'`<fQT�l�T�^Kh\gQY\T$[ � WZ[�[ � TUVKYi` : W : jqlqjt[ ; `cb%W�fCT�]MWm^Kf�^Q`CfCT : T�jq^Qo9hiT�Y\smT�f :_; WZ[�ltT´WZh\[
`p^QT
b�Wc��jqlqjt[ ; jqh7omY\T�WZ[\T�Ya[ � WZ^)`cY�T��<gKWmlµ[i`�W'hiV�T���jt�QT�f�Y\T�lqjkW : jqlqjt[ ; ltT�scT�l/���

­�WZ[iT�Y�S�Wmhi�Cjq^IH � è J jq^_[iY\`CfKgK��T�f�W"sZWZY�jkWm^p[�`cbw[ � T��Á¥a­�®¹[ � WZ[���`c^Kh\jqfQT�Y�h�[ � TUVX`ph\h�j : jqlqjt[ ;
[ � WZ[Ub�Wm��jqlqjt[\jtT�h7]�W ;�: T9gK^�W : ltT{[i`�Y\T�hiV�`p^Kf.[i`°fQT�]�Wm^Qf�WZ[�Wmlql%[\jq]'T�h��7de^ : `c[ � x ¥a­�®øWZ^Kf
�Á¥a­�®��Fjt[�}aWmh�Wmh\h\gK]'T�f5[ � Wz[�[ � T°b�Wc��jqlqjt[�jtT�h"}$jqlql : T)W : ltT°[i`*VKYi`zsCjqfQT°h\T�YisCjk��T°[i`¸WZlql�[ � T
fQT�]�Wm^Qf¸^C`CfQT�h"h�gK� � [ � WZ[�[ � T ; WZY\T�}�jt[ � jq^*[ � TMfQT�h\jtY\T�fÁfKjqhi[yWm^K��T x � �a� jqh�VXWZV�T�Y�Y\T�lkWz¡CT�h
[ � T°W : `zscTªWmh\h\gK]'VK[\jt`p^5Wm^Kf5Wmh\hi`Q��jkWZ[\T�h�W�VKYi` : W : jqlqjt[ ; `cb7W)b�Wc��jqlqjt[ ;#: T�jq^Qo#`mV�T�YyWZ[\jtscTp�°de^

è



��n
±�¥6­F®Ñ¤ ��Wz¡Qjq]9gK] n+¡CVXT´��[iT�f�¥�`zscT�Y�jq^Co»­µ`Q��WZ[�jt`p^ ®
Yi` : ltT�]°§��6T�scT�Y ; fQT�]�Wm^Kf ^Q`CfQT
}$jqlql � W�scT�V�`m[\T�^_[�jkWZlql ; ]'`cY\T�[ � WZ^ `p^CTªb�Wc��jqlqjt[ ; [\`*��`´scT�Y9jt[\h\T�ltb¼��de^5`c[ � T�Y9}6`mY�fKh���^Q`c[�Wmlql
b�Wc��jqlqjt[�jtT�h+}$jqlql : T�W : ltTU[i`9YiT�hiV�`c^Kf�[\`�fCT�]MWm^KfKh6WZ[aWZlql�[�jq]�T�h��_j �ìTp�q�c}6T�^QT�T�f�[\`���`p^Qh�jqfCT�Y�[ � T
VKYi` : W : jqlqjt[ ; `cb%W"YiT�ocjt`p^ : T�jq^Qo���`zscT�YiT�fµ��¦$T�YiTU[ � T�WZgQ[ � `mY6Wmh\h\gK]'T�h�[ � WZ[�[ � TUVKYi` : W : jqlqjt[ ; �
`cbwW�b�Wc��jqlqjt[ ; }�`cY\�<jq^Qo�jqh
jq^KfQT�V�T�^KfQT�^_[�`cb£`c[ � T�Y
b�Wc��jqlqjt[�jtT�h
Wm^Qf%�°jqh
h�Wm]'T�b�`mY�WmlqlQb�Wm��jqlqjt[\jtT�h��%©
h\jq^QopltT"^Q`<fQT{h\g : hi[�jt[\gQ[�jt`c^ � T�gCY�jqhi[�jk��Wmltom`cY�jt[ � ] }7WmhaVKY\`mV�`phiT�f)b�`cY�hi`pltsCjq^Qo�[ � T{��n
±�¥6­�®+�

­�WZ[iT�Y°jq^ å è)�cè5uaWZ[\[�W5T�[)WZl �-H å �MJ Y\T�lkWz¡<T�h�[ � Y\T�T�`cb"[ � T¸WZh�h\gK]�VK[�jt`p^Qh°]�WmfQT�jq^½[ � T
��n
±�¥6­F®�]�`CfQT�lpsCjt¯p��b�Wc��jqlqjt[\jtT�hµ`mV�T�YyWZ[iT6jq^KfQT�V�T�^KfQT�^_[\l ; �´b�Wm��jqlqjt[\jtT�h � W�scT�[ � T6h�Wm]�T�}�`cY\�Cjq^Co
VKYi` : W : jqlqjt[\jtT�h�Wm^Kf)[ � T�VQY\` : W : jqlqjt[�jtT�h�WZYiT{jq^psmWzY�jkWm^_[a}$jt[ � YiT�h\VXT´��[7[\`M[ � T�jtY$lt`C��Wz[�jt`p^Kh�� �7� jqh
VXWZVXT�Y+fKjqh���gQh�hiT�h�[ � YiT�Ta[\T�� � ^Kjq�<gCT�h�`cbXjq]'VKYi`zsCjq^Qo�gQV�`c^�[ � T7hi`plqgC[�jt`p^Kh�VKYi`cV�`phiT�f :<; S�WZh\�<jq^/�
å §£gKhiT�[ � T�V�`ch\[¼·¶d¶®*WZ^�Wml ; h\jqhµVKYi`Q��T�fQgQY\T�`p^{S�WZh\�<jq^/� h%YiT�h\gKlt[2� � §wgQh\T�[ � T6WmfZ«¼gQh\[iT�f{�*n+±�¥a­�®
¤�©��*n+±�¥a­�®6§�` : «¢T���[\jtscTMb@gK^���[�jt`p^¹jq^ S�Wmhi�Cjq^���h�®
Yi`Q��T�fKgQY\T��
Wm^Kf � §�gKhiTª[ � T � ; V�T�Y���g : T
`cVK[\jq]Mjt¯�WZ[�jt`c^°VKYi`Q��T�fKgQY\Tp�

�a� TM��`zsmT�Y\jq^Qo°lqjt[\T�YyWz[�gQYiT9} � jk� � ��`p^Kh\jqfQT�Y�hU[ � T�gK^�W�sZWmjqlkW : jqlqjt[ ; `cb���T�Yi[yWmjq^#b�Wc��jqlqjt[�jtT�h�b�`cY
hiT�Y\sCjk��T.fKgQT#[i`5b�Wc��jqlqjt[ ; b�WZjqlqjq^Qo¸`cYMb�Wc��jqlqjt[ ; hiT�Y\s<jq^Qo5hi`p]'T�`c[ � T�Yª��gKhi[\`p]'T�Y�jqhM[iT�Y�]'T�fáWmh
Æ7T�lqjkW : jqlqjt[ ; ¥�`´scT�Y�jq^Qo�®
Yi` : ltT�]2¤ Æ�¥a®�§��wuaWmlql�T�[�Wml �YHÍ¾ J ��`c^Kh\jqfQT�Y�[ � T�Æ�¥a®Êjq^Á} � jk� � [ � T
opjtscT�^¸Y\`pgQ[iT�h9hiT�Y\sCjk��T�sZWZY�jt`cgKh{hi[\`cV�h°¤@Tp�ìoX�q��jq^ W�[\Y�Wm^KhiV�`cYi[yWZ[\jt`p^5h ; hi[\T�]°§¨� �a� T ; WmfKfQYiT�h\h
Y\T�lqjkW : jqlqjt[ ; }$jt[ � Y\T�hiV�T���[a[\`�V�`ph\h\j : ltT�Y\`cgQ[\T�b�WZjqlqgQY\T�h6jq^�W���`´scT�Y�jq^Qo���`p^_[iT�¡<[�� �a� T�` : «¢T���[�jtscT
`cbF[ � T�jtY7}�`cY\�°jqh7[i`M��^Kf)[ � T�VQY\` : W : jqlqjt[ ; [ � WZ[UWZlqlµhi[\`cV�ha}$jqlql : T9��`zscT�Y\T�f :_; Wm^)`cVXT�Y�WZ[�jq^Co
Y\`cgQ[\Tp�popjtsmT�^'[ � WZ[�[ � TUY\`cgQ[\T�h�WZY\TUh\g : «¢T���[\T�fM[\`{b�WmjqlqgQYiTp� �7� T�WmgQ[ � `cY�h�h � `z}½[ � WZ[�[ � T�Æ�¥a®
jqh��#é�· � WzY�f�`p^ : `m[ � fKjtYiT´��[iT�f*Wm^Kf*gQ^KfKjtY\T���[\T�f*^QT�[¶}6`cYi�Ch�� x `c]'T�V�`pl ; ^Q`p]MjkWmlql ; hi`pltsZW : ltT
��WmhiT�h6WZYiT�fCT�smT�lt`mV�T�f :<; [ � T�WmgQ[ � `cY�h�} � T�^ªhi`p]'T�WmfKfQjt[�jt`p^�WZl�h\[iY�g���[\gQY\T�jqh�jq]'V�`phiT�fM`p^M[ � T
Y\`cgQ[\T�h7`mb�[ � T"[\YiT�T_�

uaWZlql+Wm^Kf¸­%jq^�H ë J ]'`CfCT�lqh�[ � T�T�]�T�YiocT�^�� ; hiT�YisCjk��T�scT � jk��ltT�lt`Q��WZ[\jt`p^#VKY\` : ltT�] WZh"W � · å
jq^_[iT�omT�YwVKY\`comYyWm]M]'jq^Qo7b�`mY�]�gKlkWz[�jt`p^%� �7� T�]'`CfQT�lmT�¡CVKlqjk��jt[\l ; ��WZVK[\gQY\T�h%[ � T�hi[i`Q� � Wmhi[�jk��^�WZ[\gQY\T
`cb+[ � T9VQY\` : ltT�] :<; [iY ; jq^Qo�[\`�`cVK[�jq]'jt¯�T"[ � T{Y\T�lqjkW : jqlqjt[ ; `mb+[ � T9h ; hi[\T�].��} � T�Y\T9[ � T9smT � jk��ltT
}$jqlqlw^Q`m[ : T9W�sZWmjqlkW : ltT�[i`'Y\T�hiV�`p^Kf)[\`�WmlqlwfQT�]�Wm^Qf.��Wmlqlqha}�jt[ � jq^°[ � T�hiV�T���jt�KT�f¹¤ Wc����T�VK[yW : ltTZ§
[�jq]�T_� �7� TUWmgC[ � `cY\h
VKYi`cV�`phiT7smWZlqjqfMjq^CT��_g�Wmlqjt[�jtT�h
WZh�W�VKY\T�VKYi`Q��T�h�h\jq^Qo"[iT´� � ^Qjq�<gQT7[\`{WmgCop]'T�^_[
[ � Tªd¶®��w© u�YyWZ^�� � Wm^Kf¹u�`pgK^KfÁVQY\`Q��T�fKgQYiT�jqh�gKhiT�fÁ[\`�hi`pltscT�[ � T�d¶®+� �7� T���`p]'V�gC[yWZ[\jt`p^�Wml

å �



Y\T�h\gKlt[\h�h � `z}�[ � WZ[�[ � T"VKY\T�VKYi`Q��T�h�h\jq^Qo'[iT´� � ^Qjq�<gQT�h$WZYiT � jto � l ; T�v�T���[�jtscTp�
��WZY�jkWZ^Q`zs5Wm^QfOÆ7T�smT�lqltT°jq^hH ë �NJ fQT�scT�lt`cV»W*�<gCT�gQjq^QoÁ]'`CfQT�l�b�`cY�[ � T�VKYi` : W : jqlqjqhi[\jk��hiT�[

��`zscT�Y�jq^Co�lt`Q��WZ[\jt`p^�VKYi` : ltT�] ��`p^Kh\jqfQT�Y�jq^Qo"[ � T$gK^�W�sZWmjqlkW : jqlqjt[ ; `cb£[ � T�b�Wc��jqlqjt[\jtT�h�[\`�YiT�hiV�`c^KfM[\`
fQT�]�Wm^Qf#¤@} � T�^'[ � T ; WzY\T$hiT�Y\s<jq^Qo�hi`p]'T7`c[ � T�Y���gKhi[i`p]'T�Y�§�WZ[���T�Y\[�Wmjq^�[\jq]'T�h�� �7� T$` : «¢T���[�jtscT
`cb�[ � T�]'`CfQT�lKjqh
[i`{]'jq^Kjq]Mjt¯�Ta[ � T�[\`m[yWmlK^_gK] : T�Y�`mb�b�Wc��jqlqjt[�jtT�h�Y\T��<gKjtYiT�f'[i`{��`´scT�Y�WmlqlKfQT�]�WZ^Kf
}$jt[ � Wª]Mjq^Kjq]�gQ]�Y\T�lqjkW : jqlqjt[ ; ��� �7� T9VXWZVXT�YUT�¡CV�lqjk��jt[�l ; ��`p^Kh\jqfQT�Y\hU[ � T�fCT�VXT�^QfQT�^���T�`cb+[ � T
VKYi` : W : jqlqjt[\jtT�h�`mb�b�Wc��jqlqjt[�jtT�h : T�jq^Qo : gKh ; �w} � T�^*[ � T'b�Wc��jqlqjt[�jtT�h�WZY\T'jq^*[ � TMh�Wm]'T�YiT�ocjt`p^%�9�Q`cY
T�Wc� � Y\T�opjt`c^#[ � T'WmgC[ � `cY�]'`CfQT�lqhU[ � T : T � W�sCjt`cgQY�Wmh�Wm^��¡ D�¡ ���·elt`ph\hU�<gQT�gKjq^Co)h ; hi[\T�] ¤�W
®�`pjqh\hi`p^.WZY\Y\jtsZWml �QT�¡CVX`p^QT�^_[�jkWZlql ; fKjqhi[\Y\j : gQ[\T�f.hiT�Y\sCjk��T�[\jq]'Tp�'�{hiT�YiscT�Y�h���lt`ch�h�h ; h\[iT�]°§�� �a� T ;
hi`pltscT�[ � T"Y\T�lkWz¡CT�f�­�®ágQh�jq^CoªW : YyWm^K� � Wm^Kf : `cgK^Kf�VKYi`Q��T�fQgQY\Tp�

��WZY�jkWZ^Q`zs�Wm^Kf x T�YiYyWIH ë å J ]'`CfCT�lµ[ � T�VKYi` : W : jqlqjqhi[\jk���¸¥6­F®É}$jt[ � W'YiT�h\[iY�jk��[�jt`c^)`c^�[ � T
]�Wz¡Cjq]�gK]Ô}7Wmjt[\jq^Qo{[\jq]'T$b�`cYaWZ^ ; fQT�]�WZ^Kf�`cY�[ � T�]�Wz¡Cjq]�gK]º�<gQT�gQT�ltT�^Qom[ � �+de^�[ � TUVXWzV�T�Y��
[¢}�`M]'`CfQT�lqh�WZYiT�VQY\T�hiT�^p[\T�f/�
å �£¢�gQT�gKjq^Qo°�*W´¡Qjq]�Wml�¥�`zscT�Y�jq^Qoª­µ`Q��WZ[�jt`c^C·e©�lqlt`Q��WZ[\jt`p^��#`<fQT�l6¤¤¢��.·¼¥6­�©��¸§[� �7� T{` : ·
«¢T���[�jtscTUjqh�[\`�lt`Q��WZ[iTa�)��T�^_[iT�Y�h�[i`�]�Wz¡Qjq]Mjt¯�T$[ � T�fCT�]MWm^Kf°^Q`<fQT���`´scT�Y\T�f%�p} � T�Y\T�T�Wc� �
��`zscT�YiT�fÁ^Q`CfQT�jqh"}$jt[ � jq^¹W)VKYiT�h\VXT´��jt�KT�f¸fKjqhi[yWm^K��T#¤@`cY"[�jq]�TZ§�Wm^Kf¹^Q`#fCT�]MWm^KfÁb�Y\`p]
[ � T{��`´scT�Y\T�f)^Q`<fQT

¤ Wp§ � Wmh7[\`'}aWmjt[�]�`cY\T�[ � Wm^�[ � T�]�Wz¡Cjq]�gK]&}aWmjt[�jq^Co�[�jq]'T�¥%�C`cY
¤ : §°jqh$Wc����`p]'V�Wm^KjtT�f :<; ]'`cY\T�[ � WZ^Q¦UfQT�]�Wm^Qf�jq^)[ � T{�_gQT�gQTp�
}�jt[ � WÁVKY\` : W : jqlqjt[ ; `cb�WZ[ªltT�Wmhi[&���ø¦�T�YiT.[ � T#^<gK] : T�Y�`mb�b�Wm��jqlqjt[\jtT�h�V�T�Y°��T�^_[\T�Y�jqh
YiT�hi[iY�jk��[\T�f�[i`'`p^QTp�

� �£¢���·¼¥a­%©�� }�jt[ � ��`m·elt`Q��WZ[\jt`p^°`cbw§ h\T�YiscT�Y�h7VXT�Y$��T�^p[\T�Y��
¦�T�YiT"T�Wc� � ��T�^p[\T�Y$��`p^Qh�jqhi[\h
`cbw§�hiT�Y\smT�Y\h��

�7� T ; ]'`CfQT�l�[ � T�VKYi` : ltT�] Wmh�W � · å jq^_[iT�omT�Y9VKYi`cocY�Wm] WZ^Kf � T�gQY\jqhi[�jk�ªhi`plqgQ[\jt`p^Kh�WzY\T)Wmlqhi`
VKYiT�hiT�^_[iT�fµ�

åcå



�.T�lkWc� � Y�jq^Q`cgKfKjqh�Wm^QfÉ¦�T�lkWm^KfQT�Y�jq^=H ë �KJ ��`c^Kh\jqfQT�Y�h�[ � T)VKYi` : ltT�]�`cbUlt`Q��WZ[�jq^QoÁW*h\jq^QopltT
b�Wc��jqlqjt[ ; `p^*WZ^*gK^QfKjtY\T���[\T�f.[\YiT�T9}�jt[ � �5^Q`CfQT�h�jq^#[ � T9VKY\T�hiT�^���T9`cb�gQ^QY\T�lqjkW : ltT{T�fQomT�h�� �7� T
T�fQocT�h{b�Wmjql�}$jt[ � W#VKYi` : W : jqlqjt[ ; `mb{¤ å%¨ ��©�§�� �7� T)WZgQ[ � `mY�h�Wmh\h\gK]'Tª[ � Wz[�[ � T°VKYi` : W : jqlqjt[ ;
`cb�b�WmjqlqgCY\T#`mb�[ � T�T�fQomT�h°WZYiT�jq^KfQT�V�T�^KfQT�^_[°`mb�T´Wm� � `c[ � T�Y�Wm^Kfá[ � T*^Q`CfQT�h�WzY\T�V�T�Yib�T´��[\l ;
Y\T�lqjkW : ltT_� �7� T"` : «¢T���[�jtsmT�`cb�[ � jqh7}6`cYi��jqh7[\`M��^Qf#WM^QT�[¶}6`cYi��lt`C��Wz[�jt`p^�[ � WZ[$]�Wz¡Qjq]Mjt¯�T�h6[ � T
T�¡CV�T���[\T�f�^<gK] : T�Y�`cbX^Q`<fQT�h�Y\T�Wc� � W : ltT :<; `cV�T�YyWz[�jt`p^�WZl_VXWZ[ � h�b�Y\`c] W�ocjtscT�^�hiT�Y\s<jk��T�b�Wc��jqlqjt[ ; �
© fCT´��`p]�V�`ph\jt[�jt`p^�b�`cY�]9gKlkW°jqh"fQT�scT�lt`cVXT�f :<; [ � TªWZgQ[ � `mY�h�� �7� T ; h � `´}Ô[ � WZ[�b�`cY�W)lqjq^QT�WZY
ocY�WZV � }$jt[ � T��_g�Wml�T�fCocT�VKYi` : W : jqlqjt[\jtT�h���[ � T�]'T�fKjkWm^á^Q`CfQT�}�jqlql : T�[ � T#`cVK[�jq]MWml�b�Wc��jqlqjt[ ;
lt`Q��WZ[\jt`p^%� �a� T{WmgC[ � `cY\h$Wmlqhi`�VKY\T�hiT�^_[7[¶}6`�V�`pl ; ^Q`c]MjkWml£[�jq]'T"Wmltoc`mY�jt[ � ]Mh6b�`cYa[ � jqhaVKY\` : ltT�].�
�7� T¸�QY�hi[�Wmltoc`cY\jt[ � ] jqh)WÇlkW : T�l���`cY\YiT���[\jq^QoÇVKYi`Q��T�fQgQY\Tp� : WmhiT�f `p^Ê]'`CfQjt�X��WZ[�jt`p^½[i`»[ � T
��lt` ; fC· í WZY\h � WmlqlCWmlql_VXWmjtY\h�h � `cYi[\T�hi[+V�WZ[ � Wmltoc`cY\jt[ � ]��Fd [ � Wmh+W�Y\gK^K^Kjq^Co�[\jq]'T6`cb
ªM¤���«�§�� �7� T
hiT���`c^Kf�Wmltoc`cY\jt[ � ]�jqh$`cbaªM¤��/¬�§a[ � WZ[�jqh : WmhiT�f#`c^*W�fQT�VK[ � · �QY�hi[�^Q`<fQT9[\YyW�scT�Y�h�WmlFWm^Kf.[yWz�cT�h
WmfQsZWm^p[yWZocT9`cb�[ � T�[\Y\T�T�hi[\Y�gK��[\gQY\Tp� �a� T�V�`pl ; ^C`p]MjkWml�Wmltoc`cY\jt[ � ]Mh�WZYiT�VX`ph\h�j : ltT : T���WmgKhiT�`cb
[ � TUgQ^Kjq�<gQT�^QT�h\h�`cb�VXWZ[ � h�jq^'[iY\T�T�h�Wm^Kf�Wmlqhi` : T´��WmgQh\T�[ � T$VKYi` : ltT�]Ôjqh
Y\T�hi[\Y\jk��[\T�f�[\`{lt`Q��WZ[\jq^Qo
W�h\jq^QopltT�b�Wc��jqlqjt[ ; � �a� T ; WZlqh\`�VQY\`zsCjqfCT"h\T�^Kh\jt[\jtsCjt[ ; Wm^�Wml ; h�jqh6YyWZ^QocT�h�Wm^Kf�Wm^�WZl ; [�jk��Wmlql ; fCT�Y\jtscT
]�WZYiopjq^�Wml£smWZlqgQT�h�b�`mY­��©�� �7� T9WZgQ[ � `mY�hU��`p^���lqgKfCT�[ � WZ[7b�`cY$]�gQlt[�jtV�ltT�b�Wc��jqlqjt[ ; lt`Q��WZ[�jt`p^Qh7jq^.W
� ; ��lqjk��^QT�[¢}�`cY\��[ � T"VKYi` : ltT�] : T���`c]'T�h7scT�Y ; ��`p]'VKltT�¡w�

©çfQT�[yWmjqltT�f�YiT�sCjtT�}�`p^���`´scT�Y�jq^Qo'lqjt[iT�Y�WZ[�gCY\T���Wm^ : T�b�`pgQ^Kf�jq^VH ë#�Q�X¾ZèK� ê ¾ J �
?A@P® \ 
��
	���/{�
����	 ¯ 	U8.
�	U� �(] À -.�#/�0 
�1°^ �),#	"���

de^�[ � jqh6Y\T�sCjtT�}{�_}6T�}�jqlqlw��jt[iT�hi`p]'T�`mbF[ � T�}6`cYi�°��`c^KfKg���[\T�f�jq^°`c[ � T�Y7lt`Q��WZ[\jt`p^°h\jt[�jq^Qo�VKYi` : ·
ltT�]Mh���} � T�YiT6f ; ^�Wm]Mjk�+`cY�hi[\`Q� � WZh\[\jk��WmhiV�T���[\h�WzY\T6��`p^Kh\jqfQT�YiT�f�[i`�jq^K��`mY\V�`cY�WZ[\T�[ � T�Y\T�Wmlc}6`cY\lqf
h���T�^KWZY�jt`X�.S ; ^�WZ]Mjk��]'`<fQT�lqh9jq^���`cYiV�`cYyWz[\Tª[ � T�fQT�[iT�Y\]Mjq^Kjqhi[�jk�M� � Wm^QomT�h�[ � Wz[�WZYiT°om`pjq^Qo#[\`
`Q����gQY�`zscT�YªW¸V�T�Y�jt`Cfá`mb�[�jq]'Tp�½í � T�YiT�Wmhªhi[\`C� � Wmhi[�jk�)]'`CfQT�lqh°��WZVQ[�gQYiT#[ � T�gK^���T�Y\[�Wmjq^Kjt[ ;
jq^_sc`cltscT�f5jq^5`p^QT°`cY�]'`mY\TªVXWZY�Wm]'T�[\T�Y�h{`p^5} � jk� � [ � T�]'`CfQT�lqh9fQT�V�T�^Kf%�*¦$T�Y\T�W�fQT�[�WmjqltT�f
Y\T�sCjtT�}½`cb%h\`c]'T�`cbw[ � T�f ; ^KWm]Mjk��WZ^Kf°hi[\`Q� � WZh\[\jk�$]�`CfQT�lqh6jq^�[ � T�b�`clqlt`z}$jq^Qo{WZY\T�Wmh�jqha��WZY\Y\jtT�f
`pgQ[��

å � �a� T{S ; ^KWm]Mjk��®�lkWm^p[$­FW ; `pgQ[�®
Y\` : ltT�]�Wm^Kf

å �



� � �a� T x [\`Q� � WZh\[\jk�"é�·¶�.T�fQjkWm^�®
Y\` : ltT�]

_a`¤±|`e_ fO²yny�al³meqµ´�}¶�anvi�·(�/²0t	¸£i�´�jpta¹�}¶g�l
u�T�b�`cYiT�jq^_[iY\`CfKgK��jq^CoM[ � T�f ; ^�WZ]Mjk��V�lkWZ^_[�lkW ; `pgC[7VKYi` : ltT�].�QltT�[�gKh�T�¡CV�lkWmjq^°[ � T�h\[�WZ[�jk��VKlkWm^_[
lkW ; `cgQ[7VQY\` : ltT�].�

�a� T x [yWz[�jk�$®�lkWm^_[�­�W ; `pgC[6®
Y\` : ltT�]³¤ x ®�­�®6§
��`c^Kh\jqfQT�Y�h�[ � WZ[�[ � T�]�WZ[\T�Y\jkWml   `z}øWZ]'`p^Qo
opjtscT�^»T�^_[�jt[\jtT�h'jqhMh�Wm]�T�b�`cYªWmlqlaVXT�Y\jt`CfKh�Wm^KfáWZ[\[iT�]�VK[�h'[i`5]Mjq^Kjq]Mjt¯�T�[ � T�[\`c[�Wml7]�WZ[iT�Y�jkWml
� Wm^QfKlqjq^Qo ��`phi[ :<; Wmh\h\jtop^Kjq^Co5WÁopjtscT�^O^<gK] : T�YM`mb�b�Wm��jqlqjt[\jtT�h�[\` W¸hiT�[M`cb�lt`C��Wz[�jt`p^Kh�� �7� T
x ®�­�®ájqha`cb�[\T�^�b�`cY\]�gKlkWZ[iT�f)WZhUW�¢�gKWmfQYyWz[�jk��©�h\h\jtop^K]�T�^p[$®
Yi` : ltT�].�

�a� T x ®�­�® � Wmh : T�T�^�b�`cY\]�gKlkWZ[iT�f�jq^.Æ�`ch\T�^ : lkWZ[\[ºH ¾ ÷KJ Wmh7b�`plqlt`z}�h2�
�#jq^Kjq]Mjt¯�TL»½¼w¾ ¿ÀÁÃÂ
Ä ¿ÀÅeÂ
Ä ¿ÀÆ Â
Ä ¿À Ç Â
ÄÉÈ Á�Å Æ ÇËÊ Á�Å Ê Æ Çx g : «¢T���[�[i`

¿ÀÁËÂ
Ä Ê ÁÌÅ ¾ å Í ¾ å)Î½Ï2ÏDÏKÎ � Î ¤ å � å §

¿ÀÅeÂ
Ä Ê ÁÌÅ ¾ å Ð ¾ å)Î½Ï2Ï2ÏKÎ � Î ¤ å � � §Ê ÁÌÅ Ñ Ò � Î�åNÓ Ô'ÐÕÎcÍ�Î ¤ å � � §

} � T�Y\TÊ Á�Å ¾ Ö å jtb�fQT�VXWZYi[�]'T�^_[ Ð jqh�Wmh\h�jtoc^QT�f�[\`Mlt`Q��WZ[�jt`p^ Í� `m[ � T�Y\}�jqhiT

È Á Æ Å Ç ¾ ÖO× Á Æ½Ø Å Ç jtb Ð£Ù¾�Úª`cY ÍQÙ¾hÛ× ÁÜÁ Ø ÅÝÅßÞ�àÕÁ�Å jtb Ð ¾=Ú�Wm^Kf Í ¾hÛ
àÕÁÌÅ ¾ ��`phi[7V�T�Y$gK^Kjt[7[�jq]'T�Wmh\hi`Q��jkWZ[\T�f�fKjtYiT´��[\l ; }$jt[ � Wmh\h\jtop^Kjq^Qo'fQT�VXWZYi[�]'T�^_[ Ð

[\`Mlt`Q��WZ[\jt`p^ Í �Ø Å Ç ¾ fKjqhi[yWm^K��T�b�Y\`p]&lt`Q��WZ[�jt`c^ Í [\`Mlt`Q��WZ[\jt`p^$Û6¤@[iYyW�smT�lµ��`phi[ : T�[¢}�T�T�^)lt`Q��WZ[�jt`p^Qh�§[�
} � T�YiT Ø ÅÝÅ ¾ � �KWm^Kf× Á Æ ¾ }6`cYi�   `z}�b�Y\`c]�fCT�V�WZY\[\]'T�^_[ Ð [i`�fQT�VXWZYi[�]'T�^_[yÚ£�

¥�`c^Khi[\YyWZjq^_[)¤ å)Sqå §�T�^Kh\gQY\T�h9[ � WZ[�`c^Kl ; `p^QT°fQT�VXWZY\[\]'T�^_[�jqh�Wmh\h�jtoc^QT�f5[\`*lt`Q��WZ[�jt`c^ Í �¸¥�`p^C·
hi[\Y�Wmjq^_[�¤ å)S � §+T�^Kh\gQYiT�h�[ � Wz[�[ � T�b�Wc��jqlqjt[ ; jqh6WZh�h\jtop^CT�fM[\`{`p^Kl ; `c^QT�lt`Q��WZ[�jt`c^%��Æ7`phiT�^ : lkWZ[i[%H ¾ ÷KJ
jq^_[iY\`CfKgK��T�f�[ � TMS ; ^�WZ]Mjk�9®�lkWm^_[�­�W ; `pgC[�®
Yi` : ltT�] ¤ S�®�­�®6§¨��} � T�YiT�[ � T�]�WZ[\T�Y\jkWml   `z}²jqh

å �



fKjtv�T�Y\T�^_[Ub�`cY�T�Wc� � V�T�Y�jt`Cf%� �7� T'WmgQ[ � `cY���`p^Kh\jqfQT�Y\T�f*WªfCT�[iT�Y�]Mjq^Kjqhi[\jk�"T�^psCjtY\`p^Q]'T�^_[U} � T�Y\T
[ � T{]MWZ[\T�Y�jkWZl   `z} jqha�C^Q`z}�^)b�`cY�T�Wc� � V�T�Y�jt`<f)`cb�[�jq]�T_����jtscT�^)[ � WZ[7[ � T{lt`C��Wz[�jt`p^Kh6`cb�b�Wc��jql¬·
jt[�jtT�h�jqh�Wmlqlt`z}6T�f.[\`�� � WZ^QocTp��[ � TMS�®�­�®Ê]'`CfQT�l���`c^Kh\jqfQT�Y�h�[iYyWmfQT�`cv : T�[¶}6T�T�^�[ � T�]�WZ[iT�Y�jkWml
� Wm^QfKlqjq^Qo���`phi[7Wm^Kf�[ � T�YiT�lt`Q��WZ[�jt`p^ª��`phi[���©æf ; ^�Wm]'jk�$VKYi`cocYyWZ]M]Mjq^Qo{b�`cY\]�gKlkWZ[\jt`p^�jqh6fCT�smT�l¬·
`cV�T�f)[i`�fQT�[\T�Y\]Mjq^QT�[ � T�`mVK[�jq]�WZlµlkW ; `pgC[7b�`cY7T�Wc� � V�T�Y�jt`<f)`cbF[ � T"[�jq]�T � `cY�jt¯�`p^µ�
­µT�[	á�¼ãâ Æ : T7[ � T7]�WZ[iT�Y�jkWml � Wm^KfKlqjq^Qo���`ch\[\h�b�`cY+lkW ; `pgQ[­ä Æ jq^9[�jq]'T6V�T�Y\jt`Cfå����¦$T�Y\T6[ � T�WZgQ[ � `mY
��^KfQh$[ � T : T�hi[yæ|¼�hi`plqgQ[�jt`c^Kh7b�`cY7T�Wc� � [�jq]'T�V�T�Y�jt`Cf1�ah\g�� � [ � Wz[yçè¾µá£éÉê ¨ á Á ¿Kë Wm^KfQæ|¼
jqh$opjtscT�^ :<; á�¼ìâ í�î ¨ á�¼ãâ Ä£ï ç2Wm^Kf�á�¼ãâ íðîìñ Ä ¨ á�¼ìâ Ä �=ç } � T�Y\T(á éÉê jqhUgQVKV�T�Y : `pgQ^KfÁWZ^Kfá Á ¿�ë jqh�[ � T°lt`´}6T�Y : `pgK^Kf5fQT�[\T�Y�]Mjq^CT�f :<; h\gK]']Mjq^Qo#[ � T°��`phi[�h�` : [yWmjq^QT�f :<; hi`pltsCjq^Co.[ � T
x ®�­�® jq^¸T�Wc� � V�T�Y�jt`Cf¸}�jt[ � `pgC[9��`p^Qh�jqfCT�Y\jq^Qo�YiT´WzY\YyWZ^QocT�]'T�^_[{��`phi[�� �7� T�VXWzV�T�Y9fKjqh���gKh\hiT�h
[\T�� � ^Kjq�_gQT�h7[\`MfQT�[iT�Y\]Mjq^QT"h�jq]�V�ltT"gQVKV�T�Y : `pgQ^KfKh :<; �
å �d��T�T�V�jq^Qo'[ � T�h�Wm]'T�hi`plqgC[�jt`p^°[ � Yi`pgQo � `cgQ[�[ � T"[�jq]'T � `cY�jt¯�`p^µ�C`cY
� ��SUT�[\T�Y�]Mjq^Qjq^QoM[ � T9h\`clqgQ[�jt`p^)` : [�Wmjq^QT�f :<; ��^KfKjq^Qo�[ � T{`mVK[�jq]�WZl%lkW ; `pgQ[�b�`cY�T´Wm� � [\jq]'T
V�T�Y\jt`Cf5gKh\jq^Qo x ®�­�®ÌWm^Kf WmfKfKjq^Qo#[ � T°��`ch\[{`mb7YiT´WzY\YyWZ^QocT�]'T�^_[�b�Yi`p] `p^QT°lkW ; `pgQ[�[\`
Wm^C`c[ � T�Y��

�7� T�WmgQ[ � `cYU�K^KfKhU[ � T : T�hi[%æd¼
h\`clqgQ[�jt`p^Qh :<; jq^p[\Y\`<fKg���jq^Qo°Wm^#WmfKfKjt[\jt`p^�Wml���`c^Khi[\YyWZjq^_[9¤ å)S ëC§
[\`'[ � T"VKY\T�sCjt`pgQh : T�hi[�h\`clqgQ[�jt`p^µ�

Àò Á â Åeóãô½õ�ö Ê Á�Å ¨ Àò Á â Åeóãô ê ö
Ê Á�Åyï � ¨ � ¤ å �ìëC§

} � T�YiTºä Æ ¾ Ò ¤ ÐÕÎ¤Í §0� Ê Á�Å ¾ åNÓ Wm^KfQ÷ Æ ¾ Ò ¤ ÐÕÎ¤Í §0� Ê Á�Å ¾ � Ó
¥�`p^Khi[\Y�Wmjq^_[�¤ å)S ë<§"b�`cYy��T�h�[ � T)^QT�}ÈlkW ; `pgQ[9[\`¸fQjtv£T�Y�b�Yi`p] [ � T)VKYiT�sCjt`pgKh�lkW ; `pgC[ :<; WZ[

ltT�Wmhi[$� � WZ^Qopjq^Qo'[ � T9WZh�h\jtop^Q]'T�^_[a`cb�[¶}6`'b�Wm��jqlqjt[\jtT�h��á�¼ãâ ¬ jqh�b�`pgK^Qf :<; WmfKfKjq^Co���`c^Khi[\YyWZjq^_[U¤ å)S ëC§�[\`{[ � T x ®�­F®5b�`mY�]�gKlkWz[�jt`p^�}$jt[ � hi`plqgQ[\jt`p^MhiT�[
`cb/á�¼ãâ Ä ��á�¼ìâ « jqh+b�`cgK^Kf :<; WmfKfKjq^Co{��`p^Khi[\Y�Wmjq^_[$¤ å)S ëC§F[i`"[ � T x ®�­�®¸b�`cY\]�gKlkWZ[\jt`p^9}$jt[ � hi`plqgQ[�jt`c^
hiT�[�`cbøá�¼ìâ ¬ Wm^Kf�h\`'`p^µ�
n�Wc� � [�jq]'T9V�T�Y\jt`CfVù��G��b�`cY�]'h�W$ùóh\[�WZocT�� � W�s<jq^Qoúæd¼�hi[yWZ[iT�h��XT�Wc� � hi[yWz[\T'��`cYiY\T�hiV�`p^KfKjq^Co°[\`)W

å ë



fKjtv�T�Y\T�^_[UlkW ; `pgQ[���u�`c[ � `cVQ[�jq]�WmlFWm^Qf � T�gCY�jqhi[�jk��hi`plqgQ[\jt`p^.VQY\`Q��T�fKgQYiT�h�WZY\T9fQjqhy��gKh\hiT�f�gKh\jq^Qo
f ; ^KWm]Mjk��VQY\`cocY�Wm]M]Mjq^CoX� �7� T{jqh\h\gQT�`cb�Yi`plqlqjq^Qo � `mY�jt¯�`p^)jqh$Wmlqhi`MWmfKfQYiT�h\hiT�f%�

uaWz[\[yWAHìè J T�hi[yW : lqjqh � T�h�W���lkWZh�h�`cb : T�hi[
V�`ph\h\j : ltT�gCVKV�T�Y : `cgK^KfKh
b�`cY+[ � T$S�®�­F®¸fQT�h���Y\j : T�f
jq^OH ¾ ÷KJ � �a� T�WmgC[ � `cY9h � `´}$h{[ � WZ[{jtba[ � T°h�Wm]'TªlkW ; `pgQ[{jqh{gKhiT�f5b�`cY9Wmlql
V�T�Y�jt`<fKh���[ � T�^¹[ � T
VKYi` : ltT�]ÈY\T�fKgK��T�h7[\`�hi`pltsCjq^QoMWMh\jq^QocltT x ®�­�®É} � T�Y\T�[ � T   `´}$h : T�[¢}�T�T�^.WZ^ ; [¢}�`Mb�Wc��jqlqjt[�jtT�h
b�`cY7T�Wc� � V�T�Y�jt`CfQhUWzY\T{WZfKfQT�f.gCV�[\`M` : [yWmjq^�[ � T"Y\T�h\gKlt[yWm^p[{¤���`mY\Y\T�hiV�`p^QfKjq^QoC§   `´}{�

uaWZlkWZ�<Y�jqh � ^KWm^°T�[$Wml �dH �NJ ��`p^Kh\jqfQT�Y�h6[ � T�f ; ^KWm]Mjk�UV�lkWm^_[7lkW ; `pgC[aVQY\` : ltT�]�¤ S�®�­�®6§�}�jt[ �
[ � T WmfQfKjt[�jt`p^KWml"��`p^Khi[\Y�Wmjq^_[)`p^Ê[ � T¹[i`c[yWml : gKfQomT�[�b�`cY�h � jtb�[�jq^CoÉb�Wc��jqlqjt[\jtT�h�� �a� T5WmgQ[ � `cY�h
[\T�Y\]�[ � T�VQY\` : ltT�] Wmh�¥�`p^Khi[\Y�Wmjq^QT�f5S ; ^�WZ]Mjk�M®�lkWm^p[{­�W ; `pgC[9®+Y\` : ltT�] ¤ ¥aS�®�­�®6§�� �a� T ;
b�`cY\]�gKlkWZ[iT�[ � jqh�VQY\` : ltT�] WZh
W�¢�g�WmfQY�WZ[�jk��©Uh�h\jtop^Q]'T�^_[+®
Y\` : ltT�]²h\jq]MjqlkWZYF[i`�[ � T x ®�­�®��z©�lqhi`
[ � T�WmgQ[ � `cY�h�]'`CfCT�lK[ � T�¥6S�®�­�® Wmh�W"h\jq^QopltT�¥�`p^Qh\[iYyWmjq^CT�f x � `cYi[\T�hi[6®�WZ[ � ®
Y\` : ltT�] ¤ ¥ x ®�§
Wm^Kf���`p]'V�WZY\T�[ � T�¥ x ®¸WZltoc`cY�jt[ � ]æ}�jt[ � [ � TaS ; ^KWm]Mjk��®
Y\`comYyWm]M]'jq^Qo�¤ S�®6§%WzVKVKY\`pWc� � gKhiT�f
jq^°VKYiT�s<jt`pgKh6}�`cY\�Ch6jq^°[ � jqh�WzY\T�WK� �a� T�YiT�h�gQlt[�hajq^°[ � T�V�WZV�T�Y7h � `z}�ha[ � WZ[ajq^�]'`phi[7��WmhiT�h�[ � T
¥ x ®½Wmltoc`cY\jt[ � ] VXT�Yib�`cY�]'h : T�[\[iT�Y�[ � Wm^)[ � T9S�®½Wmltom`cY�jt[ � ].�

�.`p^_[iY\T�gKjql�WZ^Kf ­FWzb�`cY\ocT�jq^OH ë<¾ J jq^���`cYiV�`cY�WZ[\TM[ � T�VKY\` : W : jqlqjqhi[�jk��^�Wz[�gQYiT�`cba[ � Tªb@gQ[\gQY\T
Y\T��<gQjtY\T�]'T�^_[�h$jq^.[ � T�S ; ^�Wm]'jk�{­�W ; `cgQ[�SUT�h\jtop^#]'`<fQT�l � �7� T�]'`<fQT�l�Y\T��<gKjtYiT�h$[ � T9gKhiT�YU[\`
jq^QV�gC[�[ � TMh���T�^KWZY�jt`�[iY\T�T�`cb�[ � T'VKY\` : W : ltT�b@gQ[\gQY\Tp���Q`cY�T�Wc� � b@gQ[\gQY\Tp�w[ � T�fCT�h\jtop^CT�Y � Wmh�[\`
hiV�T���jtb ; [ � TMh � WZV�TMYiT��<gKjtY\T�]'T�^_[\h�`mb�[ � T���T�lqlqh��£[ � T�]MWZ[\T�Y�jkWZl   `z} : T�[¢}�T�T�^Á[ � T���T�lqlqh"WZ^Kf
[ � T���`ch\[9`cb�Y\T�lt`Q��WZ[�jq^Co�[ � T�b�Wm��jqlqjt[\jtT�h{b�Y\`c]�[ � T���gQY\YiT�^p[�b@gQ[\gQY\T°[\`*[ � T�VQY\` : W : ltT�b@gC[�gQYiT_�
�7� T9WZgQ[ � `mY�h7b�`cY�]9gKlkWZ[\T�[ � T�VQY\` : ltT�]ÈWmh$W'lqjq^CT´WzY7VKYi`cocY�Wm].���`pgQsmT�lqjqhµT�[FWml �0H � è J Wmjq]Mh�WZ[FfQT�scT�lt`cV�jq^Qo7Y\` : gKhi[�lkW ; `pgQ[\h%b�`cY�h�jq^CopltT�Wm^Qf{]�gQlt[�jtV�ltT
V�T�Y\jt`Cf
lkW ; `cgQ[�V�lkWZ^K^Kjq^QoX� �a� T�WmgQ[ � `cY�h�VQY\`cV�`ch\T�Wmltoc`mY�jt[ � ]Mh�b�`cY�ocT�^QT�Y�WZ[�jq^Qo�Yi` : gKhi[
lkW ; `pgQ[+fCT�h\jtop^Qh
b�`cY : `c[ � h\jq^QopltT�Wm^QfÇ]�gKlt[�jtVKltTªV�T�Y�jt`<fKh�[�WZ�Cjq^Qo*gK^���T�Y\[�Wmjq^Kjt[ ; jq^ VQY\`CfKgK��[�]Mj¬¡ WZh�}�T�lql�Wmh
VKYi`CfKg���[�jt`c^�sc`clqgK]'T�h�jq^_[\`ª��`p^Qh�jqfCT�Y�WZ[�jt`c^%���K`cY$hi`pltsCjq^Qo'[ � T{h\jq^QocltT�VXT�Y\jt`Cf�lkW ; `pgQ[7VQY\` : ltT�]
W�h\jq]'VKltT�]'`CfKjt����Wz[�jt`p^#[\`�[ � T : Y�Wm^�� � WZ^Kf : `pgK^Kf*VKYi`Q��T�fKgQY\T'jqh�h\gQomocT�h\[iT�f%�w} � T�Y\T�Wmh�b�`cY
lkWZYiocT"]�gKlt[\j¬· V�T�Y�jt`Cf�f ; ^�Wm]'jk��lkW ; `cgQ[7fQT�h\jtop^�VKY\` : ltT�].�KW � T�gQY\jqhi[�jk��WZVKVQY\`_Wc� � jqh7VKY\`mV�`phiT�f%�

®+WZltT��ZWZY�T�[#Wml �ûH ëpè J fQT�Wmlqh�}$jt[ � [ � T¹f ; ^�Wm]'jk�ÁV�lkWZ^_[�lkW ; `pgQ[�VKY\` : ltT�] ¤�S�®�­�®6§ :<;
T�¡CV�lqjk��jt[�l ; ��WzVK[�gQY\jq^Qo�[ � T�hi[\`Q� � WZh\[\jk��^�WZ[\gQY\T�`cb�[ � T"fQT�]�Wm^Kf)jq^°[ � T�b@gQ[\gQY\T�V�T�Y�jt`CfQh�� �a� T ;
]'`CfCT�l�[ � T x [\`Q� � WZh\[\jk�ÁS ; ^KWm]Mjk�Á®�lkWm^_[�­�W ; `pgQ[�®
Y\` : ltT�] ¤ x S�®�­�®6§�} � T�YiT¸[ � T de^_[iT�Yi·

å ¾



fQT�VXWZYi[�]'T�^_[�Wmlw��lt`z}æ��WZ[\Y\j¬¡Á¤�d¶S����Á§6Wz[�Wm^ ; [\jq]'T�fQT�V�T�^KfKh7`p^°[ � T�VKYiT�s<jt`pgKhah\[�WZ[\T�h�� �7� T
]'`CfCT�l�]'jq^Kjq]Mjt¯�T�h$[ � T�T�¡CV�T���[\T�f�]�WZ[\T�Y\jkWml � Wm^KfKlqjq^Co)��`phi[�Wm^Kf#[ � T�Y\T�lt`Q��WZ[\jt`p^���`phi[�`mb
[ � T
b�Wc��jqlqjt[�jtT�h�b�`cY%[ � T
[�jq]�T � `mY�jt¯�`p^%� �a� T�WmgQ[ � `cY\hFWmlqhi`aVKY\`cVX`phiT�Wm^�T�¡KWc��[�Wm^Qf � T�gCY�jqhi[�jk��hi`plqgQ[�jt`c^
VKYi`Q��T�fQgQY\T"b�`cY�hi`pltsCjq^Co'[ � T x S�®�­�®��

de^sH �c÷KJ �U¥�`p^_}aW ; Wm^Kf��
T�^C�mWz[yWZY�Wm]�Wm^�WZ^ÉT�¡C[\T�^Kfá[ � T�}�`cY\�»`cb�Æ�`ch\T�^ : lkWZ[\[�H ¾ ÷KJ WZ^Kf
uaWmlkWz�<Y�jqh � ^�WZ^üH �NJ�:<; jq^_[\Yi`CfKg���jq^Qo�[ � T : gQfQocT�[���`p^Khi[\Y�Wmjq^_[�b�`cY�T�Wc� � V�T�Y\jt`CfÁjq^*[ � TM]�gKlt[\j¬·
V�T�Y�jt`<f�f ; ^�Wm]Mjk��V�lkWm^p[
lkW ; `pgQ[�VKYi` : ltT�].� �a� T�WmgQ[ � `cY\h�VKY\`mV�`phiT�WUocT�^QT�[�jk�6Wmltoc`cY\jt[ � ] : WmhiT�f
hi`plqgQ[\jt`p^�[iT´� � ^Qjq�<gQT"b�`mY7[ � T�]�gKlt[\j¬·¶��`p^Khi[\Y�Wmjq^QT�f)S�®�­F®��

~�Wm^Co9Wm^Kf�®FT�[iT�Y�hyH êcê J ]'`CfCT�lQ[ � T�S�®�­F®5��`p^Kh\jqfQT�Y\jq^Qo{W�Y\`plqlqjq^Co � `cY�jt¯�`p^�V�lkWZ^K^Kjq^Qo�[\jq]'T
}$jq^QfQ`z}�[\`5` : [yWZjq^ W¸Yi` : gKhi[°lkW ; `pgQ[�fQT�h\jtop^ájq^ W   T�¡Qj : ltT#]MWm^<gQb�Wc��[\gQY�jq^Qo5h ; hi[\T�].�Ê©�^
TDCª��jtT�^_[ � T�gCY�jqhi[�jk��hi`plqgQ[\jt`p^�VQY\`Q��T�fKgQYiT{jqh�Wmlqhi`'VKY\`cVX`phiT�fµ���`Q� �K� WzY�Wm^Kf�¦$T�Y�WZopg~H � � J VKY\`´sCjqfQT9WMocT�^QT�[�jk�"Wmltoc`cY\jt[ � ] : WmhiT�f � T�gQY�jqhi[\jk�"b�`cY�[ � T9f ; ·
^�Wm]'jk�'V�lkWZ^_[{lkW ; `cgQ["VKY\` : ltT�]�b�`mY�[¢}�`���`p^KhiT���[�gQ[\jtscTMV�lkWZ^K^Kjq^Qo.V�T�Y�jt`CfKh�� �a� T°Wmltoc`cY\jt[ � ]��
S ; ^�Wm]Mjk�6¦�T�gCY�jqhi[�jk��Wmlql ; ôUV�T�YyWz[\T�f'®
lkWc��T�]�T�^p[+n
sm`plqgQ[�jt`c^)¤�S�¦�ô�®�n6§FWZ[\[iT�]'VK[�h�[i`���^Qf�[ � T
lkW ; `cgQ[ab�`cYa[ � T"^QT�¡C[7V�T�Y�jt`<f%�CopjtscT�^°[ � T{��gQYiY\T�^_[�lkW ; `cgQ[6}$jt[ � [ � T"` : «¢T���[�jtscT�`mb�]Mjq^Kjq]Mjt¯�jq^Qo
[ � T�YiT�WZY\Y�Wm^QocT�]'T�^_[���`phi[$Wm^Qf�[ � T"[\`c[�Wmlµ]�WZ[iT�Y�jkWml � Wm^KfKlqjq^Coª��`phi[��

uaW ; �ZWmhi`coplqg�Wm^Qf���jq^Kf ; H å �KJ hi`pltscT�h�[ � T�S�®�­�®5VKY\` : ltT�] gKh\jq^Qo�W{h\jq]�gKlkWZ[iT�f�Wm^K^QT�Wmlqjq^Co
: WmhiT�f)VKYi`Q��T�fKgQY\Tp�

_a`¤±|`cb ��iWtdq'�y�ao#ipmeqµý$þ�z g�{%m¶�ßnè´�jpt	¹%}¶g�l
de^"[ � jqh�hiT���[�jt`p^%��hi`p]'T
`cb<[ � T�hi[i`Q� � Wmhi[�jk��]'`CfQT�lqh�WZVQV�lqjtT�f�[\`�[ � T���lkWmh\h\jk��WmlG�K·e]�T�fQjkWm^"lt`Q��WZ[\jt`p^
VKYi` : ltT�]�WZY\T�T�¡<V�lt`cY\T�f%�

�a� Tº�K·e]�T�fQjkWm^¹VKYi` : ltT�]�jqh9W#��lkWZh�h�`mb7lt`Q��WZ[�jt`c^¸VKY\` : ltT�]'h�} � T�Y\T�[ � T�` : «¢T´��[\jtscTªjqh�[\`
lt`Q��WZ[iT£�K· b�Wc��jqlqjt[\jtT�h{¤@]'T�fKjkWm^Kh¨§�h\g�� � [ � WZ[�[ � T�h\gK] `cb
}�T�jto � [\T�f#fQjqh\[�Wm^���T)¤@`cYU[\Y�W�scT�l�[�jq]�TZ§
: T�[¢}�T�T�^�fQT�]�Wm^Qf.^Q`CfQT�h�Wm^Kf�[ � T9��lt`ch\T�hi[�b�Wm��jqlqjt[ ; jqh$]'jq^Kjq]Mjt¯�T�f%� �a� Td�K·e]'T�fKjkWm^)VQY\` : ltT�]
}7WZh�jq^_[iY\`CfQg���T�f :_; ¦�WZ�Cjq]'j�H �c� � � ë J �{¦UWZ�Cjq]Mj�H � ë J VKY\`zsmT�fÁWZ^*jq]'V�`cYi[yWm^_[�VKYi`cV�T�Y\[ ; [ � Wz[
`p^QT�`cb�[ � T�`cVK[\jq]�Wmlµh\`clqgQ[�jt`p^�`cb�[ � T|�Q·e]'T�fKjkWm^)VKY\` : ltT�]���`p^Kh\jqhi[�`cb�lt`Q��WZ[�jq^CoM[ � T�b�Wc��jqlqjt[�jtT�h
`p^Kl ; `p^�[ � T�^Q`CfCT�h7`cb�[ � T�^QT�[¢}�`cY\�w�

�#jtYy� � Wm^Qf�Wm^Kj�WZ^Kf¸ô�fQ`p^Kj0H ë �NJ T�¡<[\T�^KfQT�f#[ � T£�K·e]'T�fKjkWm^.VKYi` : ltT�]�b�`cY�^QT�[¢}�`cY\�Ch$} � T�Y\T

å�ê



lqjq^Q�9[\Y�W�scT�Y�h�Wml<[�jq]'T$WzY\TUWZh�h\gK]�T�f�[\` : T�W�YyWZ^KfQ`p] sZWZY�jkW : ltT7}$jt[ � W��C^C`z}$^MfQjqhy��YiT�[iT7VKY\` : Wz·
: jqlqjt[ ; fKjqhi[\Y\j : gQ[�jt`c^9`zscT�Y
W���^Kjt[iT7hiT�[�`cbXsmWZlqgQT�h+jq^���lqgKfKjq^Qo�jq^Q��^Qjt[ ; Y\T�VKY\T�hiT�^_[�jq^Co�lqjq^Q��b�WmjqlqgQY\Tp�
x jq^���T�[ � T�Y\Tajqh�WU��^Kjt[iT7^_gK] : T�Y�`mbXjqfQT�^_[\jt�XW : ltT�VX`c[\T�^_[\jkWml_h�jt[iT�h�b�`cY�b�Wc��jqlqjt[ ; lt`Q��WZ[\jt`p^%�´[ � T7WmgC·
[ � `cY�h�b�`cY�]�gQlkWZ[\T$[ � T�hi[i`Q� � Wmhi[�jk��]�T�fQjkWm^ªlt`Q��WZ[\jt`p^MVKYi` : ltT�] WmhaWZ^°jq^p[\T�ocT�Y�lqjq^QT�WZY�VKYi`cocYyWZ].�
�7� T ; h � `z}º[ � T°T�¡Qjqhi[iT�^K��T�`cb$Wm^5`cVK[\jq]�Wml�h\`clqgQ[�jt`p^5gK^QfQT�Y'W.Y\T�Wmhi`p^KW : ltT°hiT�[9`mb$Wmh\h�gQ]'VQ·
[�jt`c^Kh2��Wm^Kf�[ � T�YiT :<; ��`cY\Yi` : `cY�WZ[\T�h$¦�WZ�<jq]Mj¤� h�H �c�MJ Y\T�h\gKlt[�� �7� T�WmgQ[ � `cY�h�b@gCY\[ � T�YUfQT�[\T�Y\]Mjq^QT
[ � WZ[�jtb+[ � T�gQ[\jqlqjt[ ; b@gK^���[�jt`p^.b�`cYU[\Y�W�scT�l�[�jq]�T9jqh���`p^pscT�¡�WZ^Kf�^Q`p^<·ejq^���Y\T�Wmh\jq^QoX��WZ[�ltT�Wmhi[$`p^QT
hiT�[�`cb$T�¡CV�T���[\T�fÇ`cVK[\jq]�WmldÚc·e]'T�fKjkWm^Kh�T�¡Qjqhi[�h�`c^»[ � T�^C`CfQT�h�`cbUWÁ^CT�[¶}6`cYi� ¤@`cY\jtT�^_[\T�fOWZ^Kf
^Q`p^<· `cY�jtT�^_[iT�fX§��

í¹T�W�scT�Y�WZ^KfO¥ � gQYy� � H ê ë J b�`cY�]9gKlkWZ[\TM[ � T�hi[i`Q� � Wmhi[�jk�%�K·e]�T�fQjkWm^5lt`Q��WZ[�jt`p^¸VKY\` : ltT�]�Wmh
b�`plqlt`z}�h2�

�#jq^Kjq]Mjt¯�T9ÿÀÆ Â
Ä ¿ÀÁÃÂ
Ä ¿ÀÅeÂ
Ä�� Æ È Á ÆDØ Á�Å Æ�� ÁÌÅ Æx g : «¢T���[�[\`

¿ÀÅeÂ
Ä � Á�Å Æ ¾ å Ô Ð[Î Ú Î ¤ å �ó¾p§

¿ÀÅeÂ
Ä�� Å ¾ � Î ¤ å � ê §

� Á�Å Æ ï � Å Ô Ð[Î¤Í�Î Ú Î ¤ å � ÷ §
� Á�Å Æ Ñ Ò � Î�åNÓ Ô�ÐÕÎ¤Í#Î Ú Î ¤ å ���_§

� Å Ñ Ò � Î�åNÓ Ô Í�Î ¤ å � è_§

} � T�Y\TÈ Á Æ ¾ [ � T�fQT�]�WZ^Kf.WZ[�^Q`<fQT Ð jq^)h\[�WZ[\T�Ú*�
� Æ ¾ [ � T"VKYi` : W : jqlqjt[ ; `cb : T�jq^Qo�jq^)hi[yWZ[iTåÚ*�� ¾ [ � T�^<gQ] : T�Y7`cb�hi[yWZ[iT�h7`cbF[ � T�^QT�[¶}6`cYi�*�� ¾ [ � T�^<gQ] : T�Y7`cb�fQT�]�Wm^Qf�^Q`CfQT�h��Ø Á�Å Æ ¾ [ � T�fKjqhi[�Wm^���T�¤@[iYyW�scT�lw[\jq]'Tz§�b�Yi`p]È^C`CfQT Ð [\`M^Q`<fQT Í jq^)h\[�WZ[\T�Ú*�
� Á�Å Æ ¾ ��� �	 å jtb�fQT�]�Wm^Kf�^C`CfQT Ð jqh$Wmh\h\jtop^QT�f�[\`�W�b�Wc��jqlqjt[ ; WZ[�^C`CfQT Íjq^�h ; hi[\T�]Èhi[yWZ[iTåÚ

� `c[ � T�Y\}$jqhiT Î
� Å ¾ Ö å jtbF[ � T�YiT�jqh�W�b�Wc��jqlqjt[ ; lt`Q��WZ[\T�f)WZ[$^Q`<fQT Í� `m[ � T�Y\}�jqhiT_�

å ÷



�a� TM` : «¢T���[\jtscT'`mb6[ � T°W : `zscTMb�`cY\]�gKlkWZ[\jt`p^Ájqh�[\`.]�Wz¡Qjq]Mjt¯�T�[ � Tªh\gK] `cb�[ � TMT�¡CV�T���[\T�f
}6T�jto � [\T�f#fKjqhi[�Wm^���T{b�Y\`p]�b�Wc��jqlqjt[ ; [i`°[ � T�fQT�]�Wm^Kf#^Q`CfQT�h���¥�`p^Khi[\Y�Wmjq^_[�¤ å)S ¾p§aT�^Kh\gQY\T�hUb�`cY�W
opjtscT�^�hi[yWz[\Tp�p[ � T�fQT�]�Wm^Qfª^Q`CfCT Ð jqh�Wmh\h\jtop^QT�f�[i`9`p^Ql ; `p^QT�b�Wm��jqlqjt[ ; � �a� T�YiT�hi[iY�jk��[�jt`p^�`p^�[ � T
^<gK] : T�Y{`cbab�Wc��jqlqjt[�jtT�h�jqh�opjtscT�^ :<; ��`p^Khi[iYyWmjq^_[ª¤ å)S ê §��.¥�`p^Khi[\Y�Wmjq^_[°¤ å)S ÷ §�VKYiT�scT�^_[�h{fQT�]�WZ^Kf
^Q`CfCT�h7[i` : T{Wmh\h\jtop^QT�f�[\`�lt`Q��WZ[\jt`p^Kh6} � T�YiT{^C`Mb�Wc��jqlqjt[ ; jqh7V�lkWm��T�f%�

�a� TªWmgQ[ � `cY\h H ê ë J VQY\`zsCjqfCTª��`p]�V�gQ[yWz[�jt`p^�WZl�VKY\`C��T�fKgCY\T�h"b�`cY"h\`cltsCjq^Qo)[ � TMh\[i`Q� � Wmhi[�jk�£�K·
]'T�fKjkWm^°VQY\` : ltT�].��ô�^QT�`cb�[ � T"h\`clqgQ[�jt`p^ªVKYi`Q��T�fQgQY\T�[i`�ocT�^QT�YyWZ[iT�Wm^)WZVKVKYi`´¡Qjq]�Wz[\T�hi`plqgQ[�jt`c^
jqh"W°omT�^CT�Y�Wmlqjt¯�WZ[�jt`c^#`mb�[ � T�T�¡K� � WZ^QocT � T�gQY�jqhi[�jk�9fQT�scT�lt`cV�T�f :<; � T�jt[\¯'Wm^Kf¸uaWzY\[�H ê �MJ � �7� T
T�¡K� � Wm^QomT � T�gCY�jqhi[�jk��hi[yWZYi[�h�}$jt[ � WZ^�jq^Kjt[\jkWml<hi`plqgQ[\jt`p^�Wm^Qf�T�¡Q� � Wm^QocT�h+W�V�WmjtY�`cbX^Q`CfQT�h��Z`p^CT7jq^
[ � T���gQYiY\T�^_[�hi`plqgC[�jt`p^�WZ^KfM[ � T�`c[ � T�Y�^Q`c[�jq^M[ � T���gQY\YiT�^_[�h\`clqgQ[�jt`p^µ�c} � jk� � ; jtT�lqfKh�]�Wz¡Cjq]�gK]
jq]'VKYi`zscT�]'T�^_[�jq^O[ � T)` : «¢T���[�jtsmT)b@gK^���[\jt`p^OsZWmlqgCT_� �a� jqh'VKY\`Q��T�fKgQYiT.jqh'YiT�VXT´Wz[\T�fÉgK^_[\jql7^Q`
h\g�� � VXWZjtY�`cba^Q`CfQT�h{jqh"b�`pgK^Kf¹} � jk� � jq]'VKY\`´scT�h"[ � T�` : «¢T���[\jtscT'b@gK^���[�jt`c^¸smWZlqgQT*¤@hi`plqgQ[�jt`c^�§��
�7� TªWmgQ[ � `cY�h�Wmlqhi`�VKY\`cVX`phiTªW : `pgQ^KfKjq^Qo.]'T�[ � `<f : WmhiT�f¸`c^¹­�WZocYyWZ^QopjkWm^�Y\T�lkWz¡KWZ[\jt`p^*}�jt[ �
h\g : ocY�WmfKjtT�^_[a`cVK[\jq]Mjt¯�WZ[�jt`p^µ�+de^���WZh\T�[ � T�h\g : · ocYyWmfQjtT�^p[7VKY\`Q��T�fKgQYiT"b�Wmjqlqh6[\`'[iT�Y\]Mjq^�WZ[iT�}�jt[ �
Wm^�`cVK[�jq]MWml�hi`plqgQ[\jt`p^)b�`cY$[ � T{VKY�jq]�WZl �XW : YyWm^�� � Wm^Kf : `pgK^Kf*WZltoc`cY�jt[ � ]���Wm^ : T9gKhiT�f#}�jt[ �
­�WZocY�Wm^QopjkWm^°Y\T�lkWz¡KWz[�jt`p^ªb�`cY7` : [�Wmjq^Kjq^QoMlt`z}�T�Y : `pgK^QfKhUjq^Qh\[iT�Wmf�`cb�[ � T{­�®ÉY\T�lkWz¡KWz[�jt`p^%�

u�T�Y\]�Wm^�Wm^Kfçô�fQ`p^Kj�H å�ê J Y\T�lkWz¡CT�fø[ � T¹Wmh\h�gQ]'VK[�jt`c^Ê[ � WZ[�[ � T¹b�Wm��jqlqjt[\jtT�h � W�scTÁ[\` : T
lt`Q��WZ[iT�f�V�T�Y�]�Wm^CT�^p[�l ; WZ[�W"opjtsmT�^'lt`Q��WZ[�jt`p^MWm^QfªWmlqlt`z}6T�f�[ � T$b�Wc��jqlqjt[�jtT�h�[i` : TUYiT�lt`Q��WZ[\T�fMWZ[�W
��`phi[�}$jt[ � � � WZ^QocT�jq^�[ � T�^QT�[¢}6`mY\�Mhi[�WZ[\T�h�� �7� T"WZgQ[ � `mY�h�VQY\T�hiT�^p[�haW{]'`mY\T�YiT�Wmlqjqhi[�jk�7scT�Y\h�jt`c^
`cbF[ � T�VKYi` : ltT�] `cb�lt`Q��WZ[\jq^Qo�b�Wc��jqlqjt[�jtT�h�`p^�W�hi[\`C� � Wmhi[�jk��^QT�[¶}6`cYi��} � T�Y\T�[ � T�[\Y�W�scT�l£[\jq]'T�`p^
W)lqjq^Q�*jqh{W�YyWm^QfQ`p] smWzY�jkW : ltTMWm^Kf¸YiT�lt`C��Wz[�jt`p^*`cb�b�Wc��jqlqjt[\jtT�h�jqh{Wmlqlt`´}6T�f*`p^¹W)^QT�[¢}6`mY\�*jq^¹W
Y\T�Wc��[\jt`p^�[i`�[ � T'� � Wm^QomT�h�jq^�[ � T'h\[�WZ[\T9`cb�[ � T'^QT�[¶}6`cYi�w� � YyWm^Kh\jt[\jt`p^*Wm]'`c^Qo�[ � T�hi[yWZ[iT�h�`cb
[ � T)^QT�[¶}6`cYi� WZYiT)Wmh\h\gK]'T�f [\` : T���WZY\�m`zsCjkWm^%� x `p]'T°`cb�[ � T�WZh�h\gK]�VK[�jt`p^Qh�]�WmfQT°jq^ [ � T
VXWZVXT�Y$WZY\T��
å ��|�T�[¶}6`cYi� jqh���`p^K^QT���[\T�f»b�`cYMWmlqlah\[�WZ[\T�hMWm^KfO[iYyW�smT�Y\h�Wml6[�jq]�T)`cb�Wmlqla[ � T.lqjq^Q�<h'`mbU[ � T
^QT�[¶}6`cYi�ª[yWz�cT�h$W���^Kjt[iT�sZWmlqgCT"b�`cY$Wmlql£[ � T�hi[yWZ[iT�h��

� � � jq]'T�jq^_[iT�Y\sZWmlqh : T�[¢}�T�T�^�Wm^ ; � � Wm^QocT�jq^ª[ � T�hi[yWZ[iT�`cb%[ � T�^QT�[¢}6`mY\�ªWZYiT�]�g�� � lt`p^QomT�Y
[ � Wm^)[ � T�h\T�YisCjk��T�[�jq]'T�`p^)[ � T{^CT�[¶}6`cYi�w�

å �



� �7©Ulqlwb�Wc��jqlqjt[�jtT�h7WZYiT{W�sZWmjqlkW : ltT�b�`cY�hiT�Y\sCjk��T�} � T�^QT�scT�Y$W'fQT�]�Wm^Kf�`Q����gCY�h��

ëX� x WZ]'T�hiT�[a`cbFlt`C��Wz[�jt`p^KhaWZYiT"� � `phiT�^°T�scT�Y ; [\jq]'T�[ � T"^QT�[¶}6`cYi�ªjqhajq^)W{VXWZYi[�jk��gKlkWZY6hi[yWZ[iT�p��jq^KfCT�VXT�^QfQT�^_["`cb�[ � T'VKY\T�sCjt`pgQh�hi[yWZ[iT�h�`cb6[ � T�^QT�[¶}6`cYi�w�'­FWz[\T�Y�jq^Á[ � T'VXWZV�T�Y��µ[ � T
WmgC[ � `cY\h7VKYi`zsCjqfQT�WM��`pgK^_[iT�Y7T�¡QWm]'V�ltT�[i`M[ � jqh$Wmh\h\gK]'VK[\jt`p^%�

�7� T'WmgQ[ � `cY�h�h � `z}ç[ � Wz[�b�`cY�W°��WmhiT9`cb�lt`Q��WZ[\jq^Qo�Wªh\jq^QopltT{b�Wc��jqlqjt[ ; `p^*W�[iY\T�Tp��[ � T�VQY\` : ltT�]
Y\T�fKgK��T�h+[\`"�K^KfKjq^Qo�[ � T$]�T�fQjkWm^�`cbX[ � T7[\Y\T�T7b�`cY�Wm^ ; `p^CT�h\[�WZ[\T7`mb£[ � T$^QT�[¶}6`cYi�w�F© � T�gQY\jqhi[�jk�
Wmltoc`mY�jt[ � ] jqh6VKYi`cV�`phiT�f�b�`cY6��^KfKjq^Qo�[ � T�lt`Q��WZ[\jt`p^ª`cb�W9b�Wc��jqlqjt[ ; `p^)W9ocT�^QT�YyWml£^CT�[¶}6`cYi�w� �7� T
WmgQ[ � `cY\h6Wmlqhi`{fQT�scT�lt`cV�h�jq]�V�ltT : `pgK^KfQh�`p^M[ � TU`cVK[\jq]�WmlQsmWZlqgQTU`mbw[ � TU` : «¢T���[�jtsmT�b@gK^���[\jt`p^Mb�`cY
[ � T{]9gKlt[�jtb�Wc��jqlqjt[ ; WZ^Kf�]�gKlt[\jqhi[yWZ[iT�VKYi` : ltT�].�

­�WZ[iT�Y9u�T�Y�]MWm^ Wm^QfÇ­µT´u�lkWm^��IH å ¾ J fQT�scT�lt`cV�T�f W � T�gQY\jqhi[�jk�'b�`cY{hi`pltsCjq^Qo.[ � T°hi[\`C� � Wmhi[�jk��K·e]'T�fKjkWZ^OVKY\` : ltT�]2}�jt[ � YiT�lt`C��Wz[�jt`p^»`mb�b�Wc��jqlqjt[�jtT�h'Wmlqlt`z}�T�f»}$jt[ � � � Wm^QocT.jq^É[ � T#hi[yWZ[iT.`cb
[ � T'^QT�[¶}6`cYi�w� �a� T � T�gCY�jqhi[�jk�m��} � jk� � Y�gK^Qh�jq^�V�`pl ; ^Q`c]MjkWml�[�jq]'Tp�£fQT�[\T�Y�]'jq^QT�h�[ � T�`cVK[\jq]�Wml
lt`Q��WZ[\jt`p^°`mbFb�Wc��jqlqjt[�jtT�h�b�`mY7[ � T�]�gQlt[�j¬· b�Wc��jqlqjt[ ; �p]�gKlt[\j¬·ehi[yWZ[iT�VQY\` : ltT�].� �7� T{WmgQ[ � `cY\h$��`p]'VXWzY\T
[ � T � T�gQY\jqh\[\jk�6}$jt[ � lqjq^CT´WzY
VKYi`cocY�Wm]M]Mjq^Qo�b�`cY\]�gKlkWZ[\jt`p^�`mb£[ � T�VKYi` : ltT�] b�`mY�W"hiT�Y�jtT�h+`cb£h\]�Wmlql
[\T�hi[°VKY\` : ltT�]'h�� �Q`cY�lkWZY\ocT�Yª[\T�hi[°VKY\` : ltT�]���[ � TÁhi`plqgQ[�jt`c^½VKY\`zs<jqfQT�f :<; [ � T � T�gQY\jqhi[�jk�#jqh
��`p]'VXWzY\T�f�[\`MhiT�smT�Y�Wml : `cgK^KfKh��

­�WZ[iT�Y�u�T�Y\]�Wm^ªWm^KfªÆUW � ^�Wm]�W H å ÷�J T�¡C[\T�^KfM[ � TU}�`cY\��`cb%u�T�Y�]�WZ^ªWm^Kf)ô�fQ`c^Kj�H å�ê J }�jt[ �
[ � T�`c^Kl ; ]'`<fKjt�X��WZ[�jt`c^Ç[ � WZ[�[ � T)lt`Q��WZ[�jt`c^ `cbU[ � T��Ob�Wc��jqlqjt[�jtT�h9fQT�V�T�^KfKh'`p^Ç[ � T)VKY\T�sCjt`pgQh
hi[yWZ[iT�gK^Qlqjt�cT.Wmh\h\gK]'VQ[�jt`p^Çë½¤@]'T�^_[�jt`p^CT�f VKY\T�sCjt`cgKh\l ; §�`mb(H å�ê J � �a� T#WmgQ[ � `cY\h�VKYiT�hiT�^_[MWm^
Wmltoc`mY�jt[ � ] } � T�Y\T'��`p]�V�ltT�¡Qjt[ ; jqh�YiT�fQg���T�f :_; [yWZ�Cjq^Co)WmfQsZWm^_[�WZocT9`cb
[ � T�hiV�T���jkWZl�h\[iY�g���[\gQY\T
`cbF[ � T"VKYi` : ltT�].�

u�T�Y\]�Wm^)jq^XH å �MJ ]'`CfQT�lqha[ � T�lt`Q��WZ[\jt`p^°`cb�W�h�jq^CopltT�b�Wc��jqlqjt[ ; }�jt[ � [ � T"` : «¢T���[\jtscT�`cb�]'jq^Kj¬·
]Mjt¯�jq^Qo�[ � T"T�¡CV�T���[\T�f)YiT�hiV�`c^KhiT�[\jq]'T�}$jt[ � [ � T"b�`plqlt`z}�jq^Qo�gK^���T�Y\[yWZjq^_[ ; jq^_sc`pltscT�f/�
å � � Y�W�scT�l�[\jq]'T�h�`p^*[ � TMlqjq^Q�<h�`cb�[ � TM^CT�[¶}6`cYi��WZY\T'fQjqhy��YiT�[iT�YyWm^QfQ`p]ÑsZWZY\jkW : ltT�h�}$jt[ � W
�C^C`z}$^)VQY\` : W : jqlqjt[ ; fKjqhi[iY�j : gQ[\jt`p^%�

� ��SUT�]�Wm^KfKha`Q����gQY\Y\jq^QoMjq^)[ � T�^QT�[¶}6`cYi�ªb�`plqlt`z}�W � `p]'`cocT�^QT�`pgQh$®�`pjqh\hi`p^°VKY\`Q��T�h\h��

de^)[ � T"VXWZVXT�Y��Q[¶}6`M]'`CfCT�lqh � W�scT : T�T�^�fQT�scT�lt`cV�T�f/� å § x [\`Q� � Wmhi[\jk��n+¡CV�T���[\T�f.­µ`ph\h$�.T�fKjkWm^
å è



VKYi` : ltT�] ¤ x n�­F�Á§9Wm^Kf � § x [i`Q� � Wmhi[�jk�°n+¡CV�T���[\T�fü¢�gCT�gCT.�.T�fQjkWm^ÇVKYi` : ltT�] ¤ x nv¢��¸§¨�+de^
x n�­�� �£[ � TMfQT�]�Wm^QfKh�[ � WZ[�WZYiY�jtscT�} � T�^Á[ � TMhiT�Y\smT�Y�jqh : gKh ; WzY\T'lt`phi["WZ[�W°V�`ch�jt[\jtscT'��`ch\[��
í � T�Y\T�Wmh�jq^ x nv¢�� �Q[ � T�fQT�]�Wm^QfKh�[ � WZ[�`Q����gCY�} � T�^)[ � T{hiT�YiscT�Y$jqh : gKh ; WZY\T��<gCT�gCT�f#WZ^Kf
WZYiT�hiT�Y\scT�f�`p^.Wm^���¥6� x : WZh�jqh��

¥6WZY�hi`p^ÁWm^Kf¸uaWZ[i[yW�H å è J h � `z}²b�`cY�W���WmhiT�`cb�lt`Q��WZ[\jq^Qo�WZ^¸Wm] : gKlkWm^���T�jq^¸W)r$^KjtscT�Y�h\jt[ ;
[ � WZ[�W¹h\jtop^Kjt�X��Wm^p[°Wm]�`pgK^_[M`cb�hyW�sCjq^Qoph�jqhªWc� � jtT�smW : ltTp��} � T�^áYiT�lt`Q��WZ[�jt`p^O`mb�Wm] : gKlkWm^���T�h
jqhMWmlqlt`z}�T�f : WmhiT�fÇ`p^»[ � T�[\T�]'V�`mYyWml6sZWZY\jkWZ[�jt`c^Ç`cb�fQT�]�WZ^Kf%� �7� T)V�T�Yib�`cY�]�WZ^���T�]'T�Wmh\gQYiT
WmfQ`mVK[\T�f�jqha[\`�]Mjq^Qjq]Mjt¯�T�[ � T�h ; hi[\T�]�· }�jqfQT�W�scT�Y�WZocT�Y\T�hiV�`p^Qh\T"[\jq]'T�[\`�WM��Wmlql ���WmjtY�WZ�<[�WZYyWZ�<jqh�Wm^KfX��`pgQscT�lqjqh&H ê �NJ ]'`CfQT�l
[ � T å ·e]'T�fKjkWZ^¹lt`Q��WZ[�jt`p^*VKY\` : ltT�] `p^5W�[\YiT�T
^QT�[¢}�`cY\�9��`p^Kh\jqfQT�Y�jq^Co�[ � T�f ; ^�Wm]Mjk�6WmhiV�T���[\h�WZ^Kf'U´`cY+gK^���T�Y\[yWZjq^_[ ; jq^psc`pltscT�f�jq^�[ � T�fCT�]MWm^KfKh
`cb�[ � T$^Q`CfQTUWm^Kf'[ � TUltT�^Qom[ � `cb�[ � TUlqjq^C�Ch2�q� �7� T$^Q`CfCTUfQT�]�Wm^KfMWm^KfMlqjq^Q�Ch�ltT�^Qom[ � WZY\T7T�jt[ � T�Y
f ; ^KWm]Mjk�m�Uj �ìTp�q��W»lqjq^QT�WZY°b@gK^���[\jt`p^ø`cb{[\jq]'T*`cY�gQ^���T�Yi[yWmjq^ opjtscT�^ :<; WÇ��^Qjt[\T¸^<gK] : T�Y)`cb
h���T�^KWZY�jt`ph�� x T�smT�Y�Wmlw]'`CfQT�lqh � W�scT : T�T�^�VKYiT�hiT�^_[iT�f :<; [�WZ�Cjq^Qo�sZWZY�jt`pgQh���`p] : jq^�WZ[�jt`c^Kh�`cb¶� å §
­%jq^QT�WZY�fQT�]�Wm^Qf%� � § x [\`C� � Wmhi[�jk�7fCT�]MWm^Kf'}�jt[ � W_§�­%jq^QT�WZY�lqjq^Q��ltT�^Qoc[ � `cY : § x [\`C� � Wmhi[�jk�alqjq^Q�
ltT�^Qoc[ � � �a� T.WmgC[ � `cY\h�]'`CfQT�laWmlql�[ � T)VKYi` : ltT�]Mh9}$jt[ � [ � T�` : «¢T´��[\jtscTª`cbU]Mjq^Kjq]MWz¡5YiT�ocY\T�[
��Y�jt[iT�Y\jkW¹¤�]'jq^Kjq]Mjt¯�jq^Qo)[ � Tª]�Wz¡Qjq]9gK]�lt`ph\h¨§��°®�`pl ; ^C`p]MjkWml�[�jq]'TªWmltoc`mY�jt[ � ]Mh�b�`cY�T�Wc� � ��WmhiT
WZYiT{Wmlqhi`'VQY\T�hiT�^p[\T�f%�

©$scT�Y : WZ� � Wm^Kf»u�T�Y�]�WZ^�H �MJ ��`c^Kh\jqfQT�Y�[ � T å ·e]'T�fKjkWm^ VQY\` : ltT�]�}�jt[ � [ � T)gK^���T�Y\[�Wmjq^_[ ;
jq^_sc`cltscT�f¸jq^¸[ � TM}�T�jto � [�h�¤�fCT�]MWm^Kf�§�`mb6[ � Tª^Q`<fQT�h�`cb�[ � T�^QT�[¢}�`cY\�£� �7� TM}6T�jto � [�`cb6T�Wc� �
^Q`CfCT�jqh�WªY�Wm^KfQ`p]�smWzY�jkW : ltT{}�jt[ � WZ^*gK^C�C^Q`z}�^�VKY\` : W : jqlqjt[ ; fKjqhi[\Y\j : gQ[�jt`c^%�U©U^*jq^_[\T�Y\sZWml�jqh
�C^Q`´}$^ jq^ } � jk� � [ � Tª}6T�jto � [{`cb7T�Wc� � ^C`CfQT�lqjtT�h�� �7� T°` : «¢T´��[\jtscT�`cb7[ � T�]Mjq^K]�W´¡¹YiT�ocY\T�[
]'`CfCT�lFVQY\T�hiT�^p[\T�f*jqhU[\`�fQT�scT�lt`cVÁW°hi`plqgQ[\jt`p^.} � jk� � ]Mjq^Kjq]Mjt¯�T�h$[ � T�}6`mY�hi[���WmhiT�lt`ph\h�jq^#[ � T
` : «¢T���[\jtscT�b@gK^���[�jt`c^°b�`cYah�gK� � W�h���T�^�WzY�jt`X� �a� T�VXWZVXT�Y�Wmlqhi`�h � `z}$h6[ � Wz[a[ � T"]'jq^K]�Wz¡�YiT�ocY\T�[
]'`CfCT�lµjqh7VX`pl ; ^Q`p]'jkWmlql ; hi`pltsZW : ltT_�

¥�gQY\YiT�^p[MT�[ªWZl � H � � J WZVKVKYi`_Wc� � T�h�[ � T#f ; ^�Wm]Mjk�°b�Wc��jqlqjt[ ; lt`C��Wz[�jt`p^»VQY\` : ltT�] }$jt[ � gK^<·
��T�Y\[yWZjq^_[ ; jq^_sc`pltsmT�f*jq^�[ � T'[i`c[yWml�^<gQ] : T�Y�`cb�b�Wc��jqlqjt[\jtT�hU[i` : TMlt`Q��WZ[iT�fµ�9de^Á[ � T'VXWZV�T�Y��w[¢}�`
fKjtv�T�Y\T�^_[7` : «¢T���[\jtscT�h�WzY\T{��`p^Kh\jqfQT�Y\T�f�b�`cY$]�`CfQT�lqjq^Qo'[ � T��K·e]'T�fKjkWm^�VKYi` : ltT�]&}$jt[ � |�ô���r�|
¤ |$gK] : T�Y+ôUbK�XWc��jqlqjt[\jtT�h%rU^K��T�Yi[yWmjq^�§¨� �7� T ; WZYiT#� å §µ�#jq^Kjq]Mjt¯�WZ[\jt`p^�`cbCT�¡CV�T���[\T�f"`cVKV�`mY\[�gQ^Kjt[ ;
lt`ph\h{¤�n6ô�­�§��KWm^Qf � §¼�#jq^Kjq]�W´¡°Y\T�ocYiT�[��Cj �ÍTp�t�K]'jq^Kjq]Mjt¯�T�[ � T{]MWz¡Qjq]�gK]&lt`ph\h��
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�a� T�WZgQ[ � `mY�h�]'`<fQT�l�[ � T�n6ô�­.VQY\` : ltT�]ºWmh�W � · å jq^_[iT�omT�Y
VKY\`mocYyWm]']Mjq^Qo"VKY\` : ltT�].� �7� T
]Mjq^Kjq]MWz¡¹Y\T�ocYiT�[���Y�jt[iT�Y\jt`p^5b�`cY9[ � T�` : «¢T���[�jtscTªb@gK^K��[\jt`p^5smWZlqgQT�jqh�Wmlqhi`Á��`p^Kh\jqfQT�Y\T�f5b�`cY9[ � T
��WmhiT"} � T�Y\T"[ � T"VKYi` : W : jqlqjt[�jtT�h6`cbF[ � T"sZWZY\jt`pgKh�hi[�WZ[\T�h$WzY\T�^C`c[��C^C`z}$^%�

?A@�
 \ 
��
	���/{�
����	 ��	U8.
�	U� �M� � 
���	���	��+� 
 � �� �! � 	U���
�&�'��()�

de^¸Y\T���T�^_[ ; T´WzY�h���îUï�ðQñ�ò'^QT�[¢}�`cY\�<jq^Qo � Wmh"o_WZjq^QT�fÁT�^Q`cY�]�`pgKh"jq]'V�`cYi[yWm^K��TMjq^Á[ � T'�KT�lqf¸`cb
]'` : jqltT7��`p]'V�gC[�jq^QoX�F©U^$Rpï�ðQñ�ò6^QT�[¢}6`mY\��jqh
W�hiT�ltbÛ· `cY\opWm^Kjt¯�jq^Qo�]�gKlt[\j¬· � `cV9}$jtYiT�ltT�h\h�^QT�[¶}6`cYi�w�
} � jk� � Y\T�lqjtT�h�^QT�jt[ � T�Y�`p^9�Q¡CT�f�jq^Qb�YyWmhi[iY�g���[�gCY\T6^Q`cY�`p^9VKY\T�fQT�[\T�Y\]Mjq^QT�f���`c^K^QT���[�jtsCjt[ ; �%©�lql_[ � T
T�^_[�jt[\jtT�h�jq^ÁWm^¸Wmf � `Q��^CT�[¶}6`cYi�*��Wm^ : T']'` : jqltTp� �a� T���`p]']�gK^Kjk��WZ[\jt`p^ : T�[¢}�T�T�^Á^QT�[¶}6`cYi�
��`p]'V�`c^QT�^_[�h�jqh)��WZYiY�jtT�f½`zscT�Y)W }$jtYiT�ltT�h\h°]�T�fQjqgK] Wm^Qfø[ � T¸^CT�[¶}6`cYi�É[\`cVX`plt`co ; � � Wm^CocT�h
fQT�V�T�^KfKjq^Co�`p^�[ � T�^Q`CfCT�]'` : jqlqjt[ ; � �7� T�]MWmjq^°WmfQsZWm^_[�WZocTU`cb�h\g�� � ^QT�[¶}6`cYi�ChaWZYiT�[ � WZ[6[ � T ;
��Wm^ : TªYyWzV�jqfKl ; fQT�V�lt` ; T�f5WZ^Kf¹[ � T�Y\T�b�`cYiT°WzVKV�lqjk��WZ[�jt`c^Kh�`cba[ � T�hiT°WZYiTªjq^¹h\jt[�g�WZ[\jt`p^Kh"} � jk� �
T�jt[ � T�Y�lkWc�����Q¡<T�f*jq^Qb�YyWZh\[iY�g���[\gQY\T9`cY�WZYiTMWZ[ � jto � Y�jqhi���£T_�ìoX��jq^*]Mjqlqjt[yWZY ; ��`c]M]�gK^Kjk��WZ[\jt`p^Kh��
fKjqh�Wmhi[\T�Y�]�WZ^�WZocT�]'T�^_[��ClkW�}ÊT�^Qb�`cYy��T�]'T�^_[��CT�[��c�

�a� T�jqh�h\gQT�h7jq^VRpï'ðQñ�ò"^CT�[¶}6`cYi�ChºHÍ¾�� J ��WZ^ : T{��lkWmh\h�jt�QT�f)Wmh7b�`plqlt`z}�h��
å ��|�T�[¶}6`cYi� � `cVX`plt`co ;

� ��­µ`Q��WZ[\jt`p^���Wm^�WZomT�]�T�^p[

� ��Æ7`pgQ[\jq^Qo���Wm^�WZomT�]�T�^p[

_a`��y`e_ �=g/i��~taj����At���t	}¶t	xø²
de^ÉW � jto � l ; f ; ^�Wm]'jk�ªT�^psCjtY\`p^Q]'T�^_[�`cb�WZ^ÉWZf � `Q��^QT�[¶}6`cYi�w�+VKYi`cV�T�Y'fQT�h\jtop^Ç`mb�^QT�[¶}6`cYi�
WZY�� � jt[\T���[�gQYiT7jqh���Y\g���jkWml<[\`"]�Wm^ ; YiT�lkWz[\T�f�jqh\h\gQT�h+h�gK� � Wmh+Y\`cgQ[�jq^Qo�`cY
lt`Q��WZ[�jt`c^�]�Wm^�WzocT�]'T�^_[��
� ; V�jk��Wmlql ; �<[ � T�[i`cV�`plt`mo ; jq^�Wm^VRpï'ðQñ�ò"^CT�[¶}6`cYi�°jqhaT�jt[ � T�Y   WZ[7`cY � jtT�YyWZY�� � jk��Wml �
ý.>@A_J´I�JzàzD�>�àcI�R�üªJzàZD�>�P�A<àmP�GFJ´A
de^)W � jtT�YyWZY�� � jk��WZlX[i`cV�`plt`mo ; �<^Q`<fQT�h7WZY\T�VXWZY\[\jt[�jt`p^CT�fªjq^_[i`�ocYi`pgQV�h7��WmlqltT�f°àpR�G�B�P�A_JzBc�FíÊjt[ � jq^
T�Wc� � ��lqgKhi[\T�Y��<W{^Q`<fQT�jqh6� � `phiT�^�[i`9V�T�Y\b�`cY\] [ � TUb@gK^���[�jt`p^M`cb�W{àpR�G�B�P�A_J'DFA_I ß �+S�T�V�T�^KfQjq^Qo

� å



��jtocgQY\T å � å � � · [�jtT�Y$¦UjtT�Y�WZYy� � jk��Wmlw|�T�[¶}6`cYi�°©UYy� � jt[iT���[\gQY\T
`p^�[ � T�^<gK] : T�YF`cb � jtT�YyWzYy� � jtT�h��´h\g�� � ^QT�[¢}�`cY\�<h���Wm^ � W�scT�`p^QT�`cY�]�`cY\T���� ��!µ`mY#"$��%&�'" �+¥�lqgKhi[\T�Y
� T�Wmf'jqh
YiT�h\VX`p^Kh\j : ltT7b�`cY
�cT�T�V�jq^Qo�[\Y�Wc���9`cb£lt`C��Wz[�jt`p^Kh�¤ WZlqh\`���WmlqltT�f("tñ�òÕR&��� ñ�)+*AR�)
R-,.��*/��)0�Û§Fjq^
jt[�h���lqgKhi[iT�Y��a©�lqhi`X�KY\`cgQ[�jq^Qo : T�[¶}6T�T�^.[¶}6`ª^Q`CfCT�hUjq^#fKjtv�T�Y\T�^_[���lqgKhi[iT�Y\h�WZY\T9Wmlt}aW ; h�[ � Y\`pgCo �
[ � T�jtY+Y\T�hiV�T���[�jtscT$��lqgKhi[iT�Y � T�WmfKh���©Ê��lqgKhi[iT�Y � T�Wmf%�m`p^�ocT�[\[\jq^Qo"[ � T$]'T�h\h�WZocTab�Y\`p]²[ � T$hi`pgQY���T
^Q`CfCT_�ZVXWmh\hiT�h
jt[�[\`�W�^Q`CfQT7jq^�[ � T � jto � T�Y
ltT�scT�l �´} � jk� � �Zjq^�[�gCY�^%�mhiT�^QfKh
jt[�[i`"jt[�h+��lqgKhi[\T�Y � T�Wmf
¤�jtb+[ � T�]'T�h\hyWzocT�^QT�T�f#[\`°oc`°gQV<}7WzY�f�§a`cY�[i`)Wª^QT�jto � : `cY�jq^Qo°^Q`<fQT�jq^#[ � T�h�Wm]'T���lqgKhi[\T�Y�¤�jtb
[ � T�]'T�h�h�WZomTaYiT�]�Wmjq^Kh+jq^�[ � T�h�Wm]'T7ltT�scT�l<`cY�oc`"fQ`z}�^_}7WZY\f�§���Æ$Wm]�WZ^�WZ[ � Wm^'WZ^Kf x [iT�T�^Qh\[iY�gQVHÍ¾c¾ J VKYiT�hiT�^_[\h��#gKlt[\jq]'T�fKjkW�h\gQVKVX`cY\[�b�`mY��.` : jqltT{íÊjtYiT�ltT�h\h�|$T�[¢}�`cY\�Ch�¤��*��í�|�§ : WmhiT�f#`p^
� jtT�YyWzYy� � jk��Wml6hi[iY�g���[�gCY\Tp�»�*��í�|�jqh�W*]'`CfKgKlkWzY'h ; h\[iT�] `mb�fKjqhi[\Y�j : gQ[\T�f%��WmgQ[i`p^Q`p]'`cgKh\l ;
Wmf�WzVK[�jtscT�WZltoc`cY�jt[ � ]Mh6[ � Wz[U��`<`cV�T�Y�WZ[\T�[i`�h\gQVKV�`cYi[$fKjqhi[\Y�j : gQ[\T�f%�CYiT�Wml¬· [�jq]'T�]�gKlt[\jq]'T�fKjkW�WZVQ·
V�lqjk��WZ[\jt`p^Kh
jq^MlkWZY\ocTp�m]�gKlt[\j � `cV�]'` : jqltT7}$jtYiT�ltT�h\h�^CT�[¶}6`cYi�Ch���© [ ; V�jk��Wml � jtT�Y�WZYy� � jk��WmlQ^QT�[¶}6`cYi�
jqh�h � `´}$^�jq^.��jtoX� å�Sqå �

�a� T)VXWzV�T�YMfKjqh���gKh\hiT�h�[ � T)sZWZY\jt`pgKh�VKYi`Q��T�h\hiT�h'jq^_sm`pltscT�fÇjq^»[ � T.���.í�|�h�gK� � WmhM��T�lql
b�`cY\]�WZ[�jt`c^%� � jtT�YyWzYy� � jk��Wml$��lqgKhi[\T�Y�jq^QoÇWm^Qfø��lqgKhi[\T�Yªf ; ^�Wm]Mjk��h���© fQT�[yWZjqltT�fÉYiT�s<jtT�}�`mb�[ � T
T�¡Qjqhi[�jq^QoM��lqgKhi[\T�Y�jq^QoMWmltoc`cY\jt[ � ]'hajqh7VKY\T�hiT�^_[\T�f)jq^ x T���[�jt`p^ å)S ë S ë

�c�



��jtopgCY\T å � � �
��lkWZ[$|�T�[¢}6`mY\�°©UY�� � jt[\T���[�gQYiT
Ø R�IKPMü°JzàzD�>�P�ACàmP�GFJ´A
de^�W   WZ[�WzYy� � jt[\T���[�gCY\Tp�UWZlql�[ � T¸^Q`CfQT�h)WZY\T*T��_g�Wml�Wm^QføT�Wc� � `cb�[ � T�] Wc��[�Wmh)WÇYi`pgQ[iT�Y��
¥�`c^K^QT���[�jt`p^Kh�WZY\T�T�h\[�W : lqjqh � T�f : T�[¢}�T�T�^�^C`CfQT�h7} � jk� � WZYiT�jq^.��lt`phiT�VKYi`´¡Qjq]Mjt[ ; Wm^Qf)Y\`pgC[�jq^Qo
jqh9��`p^Khi[\Y�Wmjq^QT�f¸`p^Kl ;*:<; ��`p^Q^QT���[\jtsCjt[ ; ��`p^KfKjt[\jt`p^Kh{Wm^Kf¹V�`ph\h\j : l ;*:<; hiT���gQY�jt[ ; lqjq]Mjt[yWZ[\jt`p^Kh��
��jtoX� å)S � h � `z}$h$W�fKjkWZocY�Wm]&`mb+W   WZ[$^QT�[¶}6`cYi�w�

¦UWcWmh�Wm^Kf � W : Y\jt¯�j�H �c�MJ VKY\T�hiT�^_[�h�Wm^¸��`p]�VXWZY�jqhi`p^ : T�[¢}�T�T�^ � jtT�YyWZY�� � jk��Wml�WZ^Kf   WZ[�^QT�[i·
}6`mY\�Ch�� �a� T�WZgQ[ � `mY�h�b�W�sc`cYiT�h�[ � T   WZ[7WZY�� � jt[\T���[�gQYiT : T���WZgKhiT�`cb�[ � T�b�`plqlt`´}$jq^Qo�WmfCsmWZ^_[yWZomT�h2�
å ��de^*W   WZ[�^QT�[¶}6`cYi�w��[ � T9Y\`cgQ[�jq^Qoªjqh$`cVK[\jq]�Wml �XWZ^Kf#`cb�[iT�^.]'`cYiT{Y\T�lqjkW : ltT�h\jq^���T9gKh\g�Wmlql ;
]'`mY\T�[ � Wm^M`p^CT$V�WZ[ � T�¡Qjqhi[ : T�[¢}�T�T�^'h\`cgQYy��T�Wm^Qf�fQT�hi[�jq^KWZ[�jt`p^'^Q`<fQT�h���de^ � jtT�YyWZY�� � jk��WZl
^QT�[¶}6`cYi�Ch�� � `´}6T�scT�Y��<��lqgKhi[iT�Y � T�WmfKhaWZYiT�h\jq^QocltT�V�`pjq^p[�h�`cbµb�WmjqlqgQY\T�Wm^Kfª[ � T�Y\T�b�`cYiT�[ � T�hiT
Yi`pgQ[\T�h�WZY\T"]'`cY\T"h\gKh���T�VK[\j : ltT"[i`�WZ[\[�Wc���w�

� ��|�`CfQT�h9jq^   WZ[{^QT�[¢}6`mY\�*[\Y�Wm^Kh\]Mjt[9Wz[9W.h\jtop^Kjt����WZ^_[�l ; lt`z}6T�Y"V�`z}�T�Y�[ � WZ^5[ � T�[\Y�Wm^Kh¼·
]Mjqh\h\jt`p^ÁV�`z}�T�Y"`cb7��lqgQh\[iT�Y � T´WZfKh{jq^ � jtT�Y�WZYy� � jk��Wml+^CT�[¶}6`cYi�Ch�� �7� jqh�Y\T�h\gKlt[�h�jq^¹]'`cYiT
^QT�[¶}6`cYi�°��WZVXWm��jt[ ; �<ltT�h\h6T�¡CV�T�^KhiT"jq^°V�`z}�T�Y7Wm^Kf)lkWzY\ocT�YafQT�ocY\T�T�`cb�132�465.732�839&8;:�<=:?>.@2�ACB?DE>3F�70G�F�H.>I:�2�D�UJ132�4K5.7=2�8�9&8;:�<=:J>.@62�AKL3F&>�F=GM>N:�2�Dµ�

� �7©Ulqh\`��cjq^�W   Wz[�^QT�[¢}�`cY\�£�c^Q`"`zsmT�Y � T�Wmf'jqh�Wmh\hi`Q��jkWZ[\T�f'jq^'f ; ^�Wm]Mjk�7WmfQfQY\T�h\h\jq^QoX�p��lqgKhi[\T�Y
��Y\T�WZ[\jt`p^�WZ^Kf�]�Wmjq^p[\T�^�Wm^���T�Wm^Qf�]'` : jqltT"lt`C��Wz[�jt`p^�]�WZ^�WZocT�]'T�^_[��

ô�^#[ � T9`c[ � T�Y � WZ^Kf%�   WZ[�^QT�[¶}6`cYi�Ch�WZY\T9^Q`c[�hy��WmlkW : ltTp�$�.` : jqlqjt[ ; ]�Wm^�WzocT�]'T�^_[Ujqh�h\jq]�·
V�ltT�Y{jq^ÇW � jtT�YyWZY�� � jk��Wml
^QT�[¢}�`cY\�Áh\jq^���T�[ � T���lqgKhi[\T�Y � T�Wmf¹�cT�T�VKh�[ � Tªf�WZ[yW : WmhiT°��`p^_[yWZjq^Kjq^Qo
lt`Q��WZ[\jt`p^Kh6`cb+Wmlqlµ^Q`<fQT�h$jq^)jt[�h$��lqgKhi[iT�Y��

�m�



_a`��y`cb z t	¹%me}em i)² t	jO·�t|q���ipm¶tvnèz �any�ßxag�l g�nvi
�.` : jqlqjt[ ; `cY�lt`C��Wz[�jt`p^�]�Wm^�WzocT�]'T�^_[µfQT�Wmlqhµ}�jt[ � �cT�T�VKjq^Qo7[\Y�Wc���U`cb<lt`Q��WZ[�jt`p^Qhw`cbQWmlqlz[ � T�]�` : jqltT
^Q`CfCT�h$}�jt[ � jq^)[ � T9^QT�[¶}6`cYi�w� � `ª]�WZjq^_[yWmjq^���gQYiY\T�^_[Ult`Q��WZ[\jt`p^Kha`cb�T´Wm� � ^Q`CfCT9jq^#WM^QT�[¶}6`cYi�w�
jt[�jqh�^CT´��T�h\h�WZY ; [\`Á]�WZjq^_[yWmjq^ W�lkWZY\ocT°f�Wz[yW : WZh\T°}$jt[ � V�T�Y�jt`CfQjk��`cY'��`p^_[\jq^<gQ`pgQh�gQV£f�Wz[�jq^QoX�
­µ`Q��WZ[�jt`c^Á��Wm^�WZomT�]�T�^p["��Wm^ : T���lkWmh\h\jt�KT�f�`p^�[ � T : Wmh\jqh�`cb�[ � jqh�gCV£f�WZ[iT'jq^_[\`�ùwP�IQP´>@à�WZ^Kf
=°Ä�ÅFI�H >�à�hi[\YyWz[\T�opjtT�h��9de^¸h\[�WZ[�jk�9hi[\Y�WZ[\T�opjtT�h��w[ � TMlt`C��Wz[�jt`p^*jqh�gQV£f�WZ[iT�f¹WZ[�VKYiT�fCT�[iT�Y�]Mjq^QT�f
hiT�[
`cb�lt`Q��WZ[\jt`p^Kh��z} � T�YiT´WZh
jq^'f ; ^KWm]Mjk�6h\[iYyWZ[iT�opjtT�h��z[ � T�^Q`CfQT�h$¤@T�^KfC·egKhiT�Y�h¨§FfQT�[\T�Y�]'jq^QT7} � T�^
Wm^OgQV£f�Wz[\T.h � `pgKlqf : T�ocT�^QT�YyWZ[iT�f : WmhiT�fO`c^Éjt[�h']'`zscT�]'T�^_[�����WZh\T�Y�W¸Wm^KfáÆ$Wm]�Wm^KWZ[ � WZ^H �_÷�J ��`p^Kh\jqfQT�Y�hU[ � T�lt`Q��WZ[\jt`p^#]�Wm^�WZomT�]�T�^p[UVKYi` : ltT�]³jq^*W#ðO� ��! R�!\ò�ðO� òÕR&"P"RQ)ñ�!S,#R�)��$TJ��ï+*VU="W���YX
ðQñ[Z]\^�P!_�'"$�[`a`b);�'��\�ñ�!ac�} � T�Y\T�Wmlql�^C`CfQT�h)¤�hi}�jt[y� � T�h9Wm^Kf5T�^KfC·egKhiT�Y�h¨§�WzY\T°]�` : jqltTp��¥�lqgKhi[\T�Y
� T�WmfKh�}6`cYi�9WZh+lt`C��Wz[�jt`p^{]�Wm^�WZomT�Y\h�b�`cY�T�Wc� � ��lqgKhi[iT�Y�[\`�]MWmjq^_[yWZjq^{[ � T�WZh�hi`Q��jkWZ[\jt`p^9fKWZ[yW : WmhiT
Wm^Kf)V�T�Y\b�`mY�]È`c[ � T�Y�b@gK^K��[\jt`p^Kh�� �a� T�jtY�lt`Q��WZ[�jt`p^)]�WZ^�WZocT�]'T�^_[7]�Wmjq^Kl ; fQT�Wmlqha}$jt[ � "tñ�òÕR&��� ñ�)UJZKï�R&���P).,c�d"tñ�òÕR&��� ñ�)/e^)£ï��P).,�Wm^Kff`[\^�Y�eò�ðg*�ñOh��Y"R�Y��Qm�{­µ`Q��WZ[\jt`p^*gQV£f�Wz[\T�h�`Q����gCY�} � T�^Á`c^QT'`cb
[ � T�b�`clqlt`z}$jq^Qo�T�scT�^_[�h � WZVKVXT�^VH �_÷ �X¾c¾ J �
å ��n�^QfC·egKhiT�Y�Y\T�WNCMlqjkWZ[\T�h6[i`�hi`p]'T"`m[ � T�Y�hi}$jt[�� �
� � �a� T�h\}�jt[y� � [i`M} � jk� � [ � T"T�^QfC·egKhiT�YUjqh�WNC�lqjkWZ[iT�f�]'`zscT�ha[\`Mhi`p]'T�`c[ � T�Y$��lqgKhi[\T�Y
� �U¥�lqgKhi[\T�Y7Y\T�b�`cY\]�WZ[�jt`c^�h\g�� � Wmh$��lqgKhi[\T�Y�hiV�lqjt[i[�jq^Qo�`cY�]'T�Y\opjq^CoX�

de^ W   WZ[ª^QT�[¢}�`cY\�w� � `z}�T�scT�Y��6lt`Q��WZ[�jt`p^É]�Wm^�WzocT�]'T�^_[ªhiT�T�]MhªfQjÃCª��gKlt[ªh\jq^���T#[ � T�YiT�jqh
^Q`c[ � jq^Qo{} � jk� � jqh�T��<gKjtsZWmltT�^_[
[\`���lqgKhi[\T�Y � T�WmfKh��+¦$`z}�T�scT�Y��pjq^�H �p�KJ �C¦UWcWmh�Wm^Kf � W : Y�jt¯�j � W�smT
]�WmfCT{WM��WmhiT"b�`mY   WZ[$^CT�[¶}6`cYi�Cha}$jt[ � ¯�`p^QT�Y\`pgQ[\jq^Qo�Wmh�fCT�h���Y�j : T�f)jq^)[ � T�^QT�¡C[�hiT´��[\jt`p^%�

_a`��y`¤± i¡t	¸£ipmenyx-z �any�ßxag�l³gwn0i
de^ RpïUðQñ�ò
^QT�[¢}�`cY\�<h%[ � T�Yi`pgQ[\jq^Qo � Wmh%[\` : T�fCT�[iT�Y�]Mjq^QT�f"f ; ^KWm]Mjk��Wmlql ; Wm^Kf�[ � T�lqjt[iT�YyWZ[\gQY\T+b�`cY
Y\`cgQ[�jq^QoªVKY\`c[i`Q��`plqhUjqh�fKjtsCjqfQT�f�jq^p[\`�N"J Ã IXàmP�>�ã�A�`cY Â IKÜ�R@A¹=�Jz>�ã�A<Å�â Ã G�P�>�ÅFÙON"J Ã P Ã à Ã R¼�
â�A_IXàmP�>�ã�AÉ`mYkjMÅmly=�A<H5I�Å ß â Ã G�P�>�ÅFÙ N�J Ã P Ã à Ã R9WZ^KfÊý)Ä%Ü�Jz> ß N"J Ã P Ã à Ã R¼�7[ � T¸lkWmhi[
: T�jq^QoªW'��`p] : jq^�WZ[�jt`c^°`cb�[ � T"�KY�hi[�[¢}�`X�

� ë



N"J Ã IXàmP�>�ã�A.?�J Ã P Ã à Ã R
de^¸WªVKY\`pWc��[�jtscT9VKYi`c[\`Q��`pl ��[ � T�Y\`pgC[\T : T�[¢}6T�T�^�T�Wc� � VXWmjtY�`mb�^C`CfQT�h�jqh"��`p^p[�jq^<gQ`cgKh\l ; ]�Wmjq^C·
[yWZjq^QT�f¹jq^5W)[yW : gQlkWZY�b�`cY\]�WZ[�� �a� jqh�[�W : ltT�jqh�gQV£fKWZ[\T�f¹`p^5W.��`p^_[\jq^<gQ`pgKh : Wmh\jqh��%Y\T���`cY�fKjq^Co
[ � T�� � Wm^QocT�hMjq^É[ � T#^QT�[¢}6`mY\� [\`cV�`clt`co ; � �7� gKh�[ � T#fQT�lkW ; jq^áfQT�[\T�Y\]Mjq^Kjq^Qo¸[ � T.Yi`pgQ[iT#jqh
]Mjq^Kjq]MWml � : gC[�]�Wmjq^_[�Wmjq^Kjq^QoM[ � T9[�W : ltT{jqh�Wª��`phi[�l ; WzvµWmjtY�} � jk� � jqh$}aWmhi[\T�b@gKl%b�`cY : `c[ � [\jq]'T
Wm^Kf : Wm^KfQ}�jqfQ[ � � x `p]'T"`mb�[ � T"VKY\`c[i`Q��`plqh���jt[\T�f)jq^)[ � T{lqjt[iT�YyWZ[\gQY\T"WZY\T��
å ��SUT�h\[\jq^�WZ[\jt`p^C·ehiT��<gQT�^���T�f)S�jqhi[yWZ^���T�·¤�
T���[\`mY$Æ7`pgQ[\jq^Qo#¤�S x S���§%H ¾ �NJ
� �U¥�lqgKhi[\T�Y � T�Wmf#��Wz[\T�}7W ; x }$jt[�� � Æ7`pgQ[\jq^Qo#¤ ¥ x ��Æ�§%H � ë J
� �6íÊjtYiT�ltT�h\h�Æ7`pgQ[�jq^Co�®
Yi`c[\`Q��`pl
¤�í�Æ$®6§%H ë ÷KJ

â�A_IXàmP�>�ã�A#?�J Ã P Ã à Ã R
de^»W#Y\T�Wc��[\jtscTªVKYi`c[\`C��`cl ��Y\`pgC[\T�h�WZYiT�fQT�[\T�Y�]'jq^QT�f5`p^»W#^QT�T�f [i` : Wmh\jqh�� �a� WZ[�jqh���} � T�^»W
VXWc���cT�[ajqh6[\` : T"fQT�lqjtscT�Y\T�f°b�Yi`p]&hi`pgQY���T�^Q`CfCT�[\`'[ � T"fQT�hi[�jq^�Wz[�jt`p^°^Q`CfQTp�KW9Yi`pgQ[iT"fKjqh���`´scT�Y ;
VKYi`Q��T�fQgQY\T'jqh�jq^Kjt[�jkWz[\T�f*Wm^KfÁWªY\`pgC[\T�jqh�fQT�[iT�Y\]Mjq^QT�f#[ � Yi`pgQo � Wªoplt` : Wml�hiT�WZY�� � VQY\`Q��T�fKgQYiT_�
�7� jqh+}�`pgKlqf9Y\T�h\gKlt[+jq^�lkWZY\ocTafQT�lkW ; h
Wm^Kf'WZY\Ta[ � T�Y\T�b�`cYiT7gQ^�Wc����T�VQ[yW : ltTajq^'WZVKV�lqjk��WZ[\jt`p^Kh�} � T�Y\T
lt`p^QoªYi`pgQ[�jq^Co�fQT�lkW ; h���Wm^K^C`c[ : T�Wmlqlt`z}6T�f%� x `p]�T�`mb
[ � T9VKYi`c[\`Q��`plqh���jt[\T�f#jq^#[ � T�lqjt[\T�YyWZ[\gQY\T
WZYiT#�
å �7©Uf.¦$`Q�{ô�^C·¶SUT�]�Wm^Kf.S�jqhi[yWm^K��T%�
T���[i`cY�Æ�`pgC[�jq^Qo#¤�©Uô�Sd�"§%H ¾zë J
� ��S ; ^�Wm]'jk� x `pgQY���T{Æ7`pgQ[\jq^Qo#¤�S x Æ�§�H � ê J
� �7©Uh�hi`Q��jkWZ[\jtsCjt[ ; uaWmhiT�f.Æ7`pgQ[\jq^Qo#¤@©�uaÆ�§�H êKå J
ëX� � T�]'V�`mYyWmlql ; ôUY�fCT�YiT�f.Æ�`cgQ[�jq^Qo'©�ltoc`mY�jt[ � ] ¤ � ô�Æ$©�§%H ¾ �KJ

ý)Ä%Ü�Jz> ß ?�J Ã P Ã à Ã R
¦ ;_: Y�jqf#VKY\`m[\`Q��`plqh���`c] : jq^QT�hU[ � T'WmfCsmWZ^_[yWZomT�h$`cb : `c[ � YiT�Wc��[�jtscT�Wm^Qf�VKYi`_Wc��[�jtsmT9VKYi`c[\`Q��`plqh��
¦�WmWmh$H � å J VQY\`cV�`ch\T�fon�`p^CT�Æ7`pgQ[\jq^QoÁ®
Yi`c[\`Q��`pl�¤ nwÆ$®6§¨��W � ;<: Y\jqf VKY\`c[i`Q��`pl : WmhiT�f `c^ [ � T
^Q`c[\jt`p^'`cb£Y\`pgC[�jq^Qo�¯�`p^CT_��de^M[ � jqh�VKYi`c[\`Q��`pl �mT�Wc� � ^C`CfQT$VKY\`m·¶Wm��[\jtscT�l ; fQT�[iT�Y\]Mjq^QT�h
[ � T$Y\`pgQ[iT�h

� ¾



: T�[¢}�T�T�^Çjt[\hiT�ltb$WZ^Kf»^Q`<fQT�h�}$jt[ � jq^Çjt[\h�Yi`pgQ[�jq^Co*¯�`p^QTp� �a� gKh�} � T�^QT�scT�Y'W�fQT�]�Wm^Kf»WZY�jqhiT�h
}$jt[ � lqjt[\[\ltT�T�v£`cYi['[ � T.Y\`pgQ[iT���Wm^ : T#fQT�[\T�Y\]Mjq^QT�fáWm]'`p^Co¹[ � T#^Q`<fQT�^Q`m[�jq^É[ � T.Y\`pgC[�jq^Qo
¯�`p^QTp� x `p]�T�`mb�[ � T{WmfQsZWm^_[�WZocT�ha`cb^nwÆ$®½WZYiT#�
å ��d [aYiT��<gKjtY\T�h�`p^Kl ; W{Y\T�lkWZ[�jtsmT�l ; h\]�WZlql£^<gQ] : T�Ya`cb��<gQT�Y ; ]'T�h\hyWzocT�h��CWZh6[ � T�hiT�]'T�h\h�WZocT�h
WZYiT�Y\`pgQ[iT�f'`p^Kl ; [\`�VXT�Y\jtV � T�YyWZl�^Q`<fQT�h��c`p]Mjt[\[\jq^Qo{WZlqlK`c[ � T�Y�^Q`<fQT�h�}$jt[ � jq^'[ � T$Y\`pgC[�jq^Qo
¯�`p^QT�h��

� �7©Uh$[ � T�¯�`p^QT�YyWmfKjqgQhUjqh$h\jtop^Kjt�X��Wm^_[\l ; h�]MWmlqltT�Y�[ � Wm^�[ � T9^CT�[¶}6`cYi��Y�WmfKjqgKh��K[ � T���`phi[$`cb
gQV�f�WZ[�jq^Co°[ � T9Yi`pgQ[\jq^Qo°jq^Qb�`mY�]�WZ[\jt`p^)b�`cY$[ � T9¯�`p^QT{[i`cV�`plt`cocjtT�h�jqhUh�]MWmlqlF��`c]'VXWZYiT�f�[\`
W�oplt` : WmlwVKYi`_Wc��[�jtscT�]'T�� � Wm^Kjqh\].�

� �pn£ÆU® jqh�]�g�� � b�Wmhi[iT�Y"[ � Wm^ W)oclt` : Wml+YiT´Wm��[\jtscT'Y\`pgC[\T�fKjqh���`´scT�Y ; ]'T�� � Wm^Qjqh�]��FWmh"[ � T
^<gQ] : T�Y6`cb�^Q`CfQT�ha�<gQT�Y�jtT�f°jqh�scT�Y ; h\]�Wmlql£��`p]'VXWzY\T�fª[\`9[ � T�oplt` : WZl   `<`CfQjq^Qo�VQY\`Q��T�h\h��

ëX��d [�fKjqh���`´scT�Y�h7]�gKlt[\jtV�ltT�Y\`pgQ[iT�h7[\`'[ � T�fQT�hi[�jq^�Wz[�jt`p^%�

¾Q� �a� T"VXWZ[ � fQT�[\T�Y\]Mjq^QT�f :<; n£Æ$®½^QT�T�fKh$ltT�h\h�^_gK] : T�Y�`cb � `cV�hUWZ^Kf�[ � T�Y\T�b�`cYiT�jqh�]'`cYiT
hi[yW : ltTp�

_a`��y`�� r~}e¸�o#iWgkj�men�xrq�}¶xat	j�m ip��l-o
¥6lqgQh\[iT�Y�jq^Qo�`mb%^C`CfQT�h�jq^�Rpï{ðQñ�ò$^CT�[¶}6`cYi�Ch�WZYiTUfQ`p^CT�jq^M`cY\fQT�Y�[\`9gQh\T$[ � TU}�jtY\T�ltT�h�h
YiT�hi`pgCYy��T�h
TDCª��jtT�^_[�l ;):<; Y\T�fKg���jq^Qo)��`p^QocT�hi[�jt`c^*Wm^Kf�b�`cY�VKYi`cV�T�Y�lt`Q��WZ[\jt`p^�Wm^Kf�Yi`pgQ[�jq^Co�]�Wm^�WzocT�]'T�^_[����WZY\jt`pgKh�Wmltom`cY�jt[ � ]Mh � Wmh : T�T�^�VKY\`cVX`phiT�f*jq^�[ � T'lqjt[\T�Y�WZ[�gQYiT9b�`cY���lqgQh\[iT�Y�jq^Qo�jq^üRpï°ðQñ�ò9^QT�[i·
}6`mY\�Ch��
�.`phi[$��`c]M]'`p^°b�T´Wz[�gQYiT�h���`p^Kh\jqfQT�Y\T�f :<; [ � T{��lqgQh\[iT�Y�jq^QoMWmltoc`cY\jt[ � ]Mh7WZYiT#�
å � x [�W : jqlqjt[ ; � �7� T9^C`CfQT�]�` : jqlqjt[ ; h � `pgKlqf#^C`c[���WmgQh\T{b�YiT��<gQT�^_[�� � Wm^CocT�hUjq^#��lqgQh\[iT�Y � T�Wmf
Wmh\h\jtop^K]�T�^p[$Wm^Qf.��lqgKhi[\T�Y � T�Wmf)h � `pgQlqf : T{��`p]'VXWZY�WZ[�jtsmT�l ; ltT�h\h�]'` : jqltT_�

� ��­µ`_Wmf#uaWmlkWm^K��jq^Co�� �a� T���lqgKhi[\T�YUh � `pgKlqf.^QT�jt[ � T�Y : T�fQT�^KhiT�l ; V�`cV�gQlkWZ[\T�f#^Q`cYUh���WzYy��T�l ;
V�`mV�gKlkWZ[iT�fµ�

� ��uaWz[\[\T�Y ; ®F`z}6T�Y���¥6lqgQh\[iT�Y � T�Wmfª��`p^Qh�gQ]'T�h�]'`cYiT�V�`´}6T�Y�[ � Wm^'`c[ � T�Y�^Q`<fQT�h�� �7� gKh
[ � T
hi`plqgQ[\jt`p^)h � `cgKlqf�^Q`c[$��WmgKhiT"T�¡K��T�h\h�jtsmT"fQY�Wmjq^�WZomT"`cb�hi`p]'T�^C`CfQT�h7[ � Wm^�`c[ � T�Y\h��

� ê



ëX� � Y�Wm^Kh\]Mjqh\h\jt`p^»ÆUWZ^QocT.Wm^Kf x jtop^�Wml x [\YiT�^Qoc[ � �#¥�lqgKhi[\T�Y � T´WZfOh � `cgKlqf � W�smT.h\gÉC���jtT�^_[
[iYyWm^Kh\]Mjqh\h\jt`p^°Y�Wm^QocT�Wm^Kf�h�jtoc^�WmlwV�`´}6T�Y7[\`'Y\T�Wc� � Wmlqlw[ � T�^Q`CfQT�h�jq^�jt[\h$��lqgKhi[\T�Y��

�a� T7��lqgQh\[iT�Y�jq^Qo�Wmltoc`mY�jt[ � ]Mh���Wm^ : T : Y\`_WmfQl ; ��lkWmh\h\jt�KT�f�Wmh���YyWzV � : WmhiT�f�Wm^KfM��T�`cocY�WZV � ·
jk��Wml : WmhiT�f#��lqgKhi[\T�Y\jq^QoX�6��Y�WZV � : WZh\T�f � T�gQY�jqhi[\jk��h7sCjtT�}�[ � T{^CT�[¶}6`cYi�)WmhUW�ocY�WZV � �+í � T�Y\T�Wmh
��T�`cocY�WZV � jk��Wml : WmhiT�f � T�gQY\jqhi[�jk��h9gKhiT�hM��lt` : Wml�®�`ph\jt[�jt`p^Qjq^Qo x ; hi[\T�] ¤ ��® x §�[i`ÁWc����gQYyWZ[iT�l ;
fQT�[\T�Y\]Mjq^QTU[ � T�lt`Q��WZ[\jt`p^ªWm^Kf�scT�lt`Q��jt[ ; `mbµ[ � T�^Q`CfQT�h6jq^�[ � T�^QT�[¢}�`cY\�w��de^ªocT�^QT�YyWml �c[ � T�]'T�hi·
h�WZocTª��`phi[�`cba]�Wmjq^_[�Wmjq^Kjq^Qo.W.��lqgQh\[iT�Y{jqh : T�[\[iT�Y{b�`cY"ocYyWZV � · : WmhiT�f ��lqgKhi[\T�Y\jq^QoX�%} � T�Y\T�Wmh"[ � T
^<gK] : T�Y
`cb�^Q`<fQT�h
}$jt[ � `pgQ[
W"��lqgKhi[\T�Y � T´WZf�jqh
h\]�WmlqltT�Y�b�`cY+ocT�`cocY�WZV � jk��WmlQ��lqgKhi[iT�Y\jq^QoX����YyWzV � j¬·
��WmlQ��lqgKhi[\T�Y�jq^CoX� � `z}6T�scT�Y��Zjqh+]'`mY\T7h\gKjt[�W : ltT6} � T�^�^Q`<fQT�h � W�scTa}$jqfCT�l ; smWzY ; jq^Qo�[\Y�Wm^Kh\]Mjqh\h\jt`p^
YyWZ^QocT�h��

��J´IK?�DáÜ�I�B�A ß ��R@G�B�P�A<Jz>�ÅFÙ
x jq^���T$[ � T���lqgKhi[\T�Y � T�WmfMhiT�ltT´��[\jt`p^�jqh�Wm^ª|�®+· � WzY�f�VQY\` : ltT�]�H ÷KJ �CWmlqlKT�¡Qjqhi[�jq^Qo{hi`plqgQ[�jt`c^Kh�W�sZWmjql¬·
W : ltT�WZY\T : WmhiT�f)`p^ � T�gCY�jqhi[�jk��WZVQVKY\`_Wm� � T�h��

s ý.>@Ù�DFA<B�P =�A_ÙXJzA_Aøý�A<GFJz>�B�P�>�àKû*S�T�ocYiT�T)`cb�WÁ^Q`CfCT.jqh'fQT���^QT�fáWZh'[ � T�^<gK] : T�Y'`cb
^Q`<fQT�h�}$jt[ � jq^Ájt[\h�[iYyWm^Qh�]'jqh�h\jt`p^�Y�Wm^QocTp� �7� T'fQT�ocY\T�T : WmhiT�f � T�gCY�jqhi[�jk�9jqh"W�]'`<fKjt�KT�f
scT�Y\h�jt`c^Ç`cb�H ¾ å J � �a� T�^Q`CfQT)}�jt[ �O� jto � T�h\['fCT�omY\T�T)jqh'hiT�ltT���[iT�fÉWZhM��lqgKhi[\T�Y � T´WZfÉWZ^Kf
}�jt[ � Wmlql�[ � T"^Q`<fQT�ha}$jt[ � jq^�jt[�h6[\YyWZ^Kh\]Mjqh\h�jt`c^°Y�Wm^QocT�b�`cY�]'ha[ � T���lqgKhi[iT�Y�� �a� T�VKYi`Q��T�h\h
��`p^_[\jq^<gQT�h�gQ^_[�jql�Wmlqlµ^Q`CfCT�hUWZYiT9WZh�h\jtop^CT�f�[\`ªWM��lqgKhi[\T�Y � T�Wmfµ��­µ`_Wmf : WZlkWm^���jq^Qo�jqh7V�`<`mY
: gC[�[ � T{hi[�W : jqlqjt[ ; `mb�[ � T{��lqgQh\[iT�Y�jqh7oc`<`<f%�

s Ö Ã ä�A<B�P Þ = ý�A<GFJz>�B�P�>�àKû�n�Wm� � ^Q`CfQT � Wmh�Wm^�gK^Kjq�<gCT�jqfCT�^p[�jt�KT�Y���de^#[ � jqh � T�gQY�jqhi[�jk�m�
[ � T�^Q`CfQT9}$jt[ � lt`z}�T�hi[Ujqf#jqh�hiT�ltT´��[iT�f�Wmh���lqgKhi[\T�Y � T�Wmf�H �c�NJ Wm^Kf*WZlqlF^Q`CfQT�h�}�jt[ � jq^#jt[\h
[iYyWm^Kh\]Mjqh\h\jt`p^�YyWZ^QocT�b�`cY�]Mh�[ � T���lqgKhi[\T�Y�� �a� T�VKY\`Q��T�h\h���`p^p[�jq^<gQT�hagQ^_[�jqlwWmlql£^Q`CfQT�h � Wmh
W)fCT�h\jtop^KWZ[\T�f¹��lqgKhi[\T�Y � T�Wmf%�'®�T�Y\b�`cY\]�Wm^���T'jqh : T�[\[iT�Y�[ � Wm^ � jto � T�hi[i·efCT�omY\T�T � T�gQY\jqhi[�jk�H � ë J �
n+¡K��T�h\h�jtsmT"fQYyWmjq^KWZocT�`cb�lt`z}6T�Y7jqf)^Q`CfQT�h$jqhab�`pgK^Kf%�

s 
�Ã%ß Aut A<>@Ù�D£P�ý�A<GFJzB�>�P�>�àKû�de^#[ � jqh � T�gQY�jqhi[\jk�{uaWmh�WZop^KjvH ê J Wmh\h�jtoc^Kh�W�}6T�jto � [$`cb�·¤�
[i`ªW'^Q`CfCT�}$jt[ � W�h\VXT�T�f)`cb��°gK^Kjt[\h�� �a� T�h\T�ltT���[�jt`p^)��Y�jt[\T�Y\jkW�jqh�h�Wm]�T9WZh�[ � T � jto � T�hi[

�p÷



fQT�ocYiT�T � T�gQY\jqh\[\jk�m�º©�hi[yW : ltT¸hi`plqgQ[\jt`p^øjqh�` : [yWmjq^QT�f%�Uj �ìTp� ^_gK] : T�Y)`mb���lqgQh\[iT�Y � T�Wmf
YiT´WZh�h\jtop^Q]'T�^_[7jqh�h\]�WZlql �
|�`M`c[ � T�Y7b�T�WZ[\gQY\T�h�WZY\T���WzVK[�gQYiT�f�jq^�[ � T � T�gQY\jqh\[\jk�m�

s t A<>@Ù�D£Pwv9I�B�A ß ��R@G�B�P�A<Jz>�ÅFÙ ü�R@Ù Ã Jz>�P�D�Háûø¥ � WZ[i[\T�Y «¢T�T�T�[�Wml � H � å J VQY\`cV�`ch\T¸W
}�T�jto � [i· : WZh\T�fÉ��lqgKhi[iT�Y\jq^Qo5Wmltoc`cY\jt[ � ] } � T�YiT.[ � T.}�T�jto � ['`mb�T�Wc� � ^Q`<fQT#jqh�gCV£f�WZ[iT�f
V�T�Y\jt`CfKjk��Wmlql ; �É¦$T�Y\T�[ � T�WmgQ[ � `cY�h�Wmh\h\jtop^Kh'}�T�jto � ['[i`5T�Wc� � `mb�[ � T�b�T´Wz[�gQYiT#h\g�� � Wmh
­µ`_Wmf : WmlkWZ^���jq^QoX��uaWZ[\[iT�Y ; ®�`z}6T�Y�� x jtop^�WZl x [\YiT�^Coc[ � Wm^Qfá�#` : jqlqjt[ ; � �7� T.hi`plqgQ[�jt`c^
` : [yWmjq^QT�f�b�Y\`c]�[ � jqh�WZltoc`cY�jt[ � ] � Wmh�ltT�h�hµY\T�Wmh\h\jtop^K]'T�^_[w`cbK��lqgKhi[iT�Y � T�WmfKh�Wm^Kf   T�¡Qj : jqlqjt[ ;
`cb�� � Wm^Qocjq^Qo'}�T�jto � [7[i`MopjtscT"]�`cY\T�}�T�jto � [yWZomT�[i`ª��T�Y\[�Wmjq^�b�T�WZ[�gQYiT�ha[ � Wm^)`c[ � T�Y�h��

s úxjyv Þ � �9R�G�B�P�A_Jz>�ÅFÙ¸ü°R@Ù Ã JZ>ÛP´D�HÉû6uaWmh\g°T�[��
Wml �dH � J VKYi`cV�`phiT"W�fKjqhi[iY�j : gQ[iT�f)��lqgQhi·
[iT�Y\jq^Qo�WZltoc`cY�jt[ � ]&��WZlqltT�fgz|{~}#�J�*b�`mY�]'` : jqltT"Wmf � `Q��^QT�[¢}�`cY\�<h�¤ �#©�|�n � §�� �7� jqh7jqh
: WZh\T�f `p^ YiT�lkWZ[�jtscTª]�` : jqlqjt[ ; ]'T�[iY�jk�Mb�`cY���lqgKhi[\T�Y � T�Wmf5h\T�ltT���[�jt`p^µ��©Ulql6^Q`CfCT�h�hiT�^Kf»WE\¦�T�lqlt`�F�]'T�h\hyWzocT7[i`9WmlqlQjt[�h
^QT�jto � : `mY�h�WZ^Kf'T�Wc� � `cb£[ � T$^Q`CfQT���^QfKh�jt[
Y\T�lkWZ[\jtscT7]'` : jql¬·
jt[ ; ]�T�[iY�jk� :<; W{b�`cY�]9gKlkW�gKh\jq^Qo�[ � T�h�jtoc^�Wml�hi[\YiT�^Qoc[ � `cb%[ � T�YiT´��T�jtscT�fª]�T�h\h�WZocTp��n�Wc� �
^Q`<fQT9h � WzY\T�hUjt[\h$]'` : jqlqjt[ ; ]'T�[\Y\jk��}�jt[ � `c[ � T�YU^Q`CfCT�h$jq^.jt[�h�[\Y�Wm^Kh\]Mjqh\h\jt`p^�YyWm^CocT�WZ^Kf
[ � TM^Q`CfQTM}�jt[ � ltT�Wmhi["]'` : jqlqjt[ ; ]�T�[iY�jk��Wmh\h\gK]'T�h�[ � TMVX`ph\jt[�jt`p^*`cb6��lqgKhi[\T�Y � T�Wmfµ� �7� T
YiT�h\gKlt[\h�jq^�[ � T$VXWZV�T�Y�h � `z}$h�[ � Wz[�[ � T�WZltoc`cY�jt[ � ] � WZh �c� ¿ lt`z}6T�Y�Y�WZ[\T�`cb%��lqgQh\[iT�Y � T�Wmf
� � Wm^CocTp�

��A Ã ÙXJ´I�?�D�>�àcI�R�Ü�I�B�A ß ��R@G�B�P�A<Jz>�ÅFÙ
�7� jqh6Wmltoc`cY\jt[ � ] gQh\T�h7��® x ¤'��"tñOhPR&"=�7ñM`[�Y��� ñ�)��P).,��0QM`�����*�`\§�[\`9�K^Kf�[ � T�lkWZ[�jt[\gKfQTp�plt`p^Qopjt[\gKfQT
Wm^KfÁscT�lt`Q��jt[ ; `cb�[ � T�^Q`CfQT�h{WZ^Kf¹gKhiT�h"[ � T�hiT�jq^Qb�`cY\]�WZ[�jt`c^*[\`)b�`cY�] ��lqgKhi[iT�Y\h : WZh\T�fÁ`p^Á[ � T
hiVXWZ[\jkWml�fQT�^Kh\jt[ ; � �7� T���lqgQh\[iT�Y�hMlt`<`c�Çlqjt�cT�Y\T���[yWZ^QopgKlkWZY : `�¡CT�h�¤�fQT���^QT�f :<; ocY�jqfKh¨§�gQ^Klqjt�cT
[\Y�WmfKjt[\jt`p^�Wml���lqgKhi[iT�Y\jq^QoX� �7� T'��lqgKhi[iT�Y � T�Wmf#jqhUT�ltT���[\T�f*WZ]'`p^Qoª[ � T'��T�^p[\YyWZlql ; lt`Q��WZ[iT�f#]'T�]�·
: T�Y�h{`cbaT�Wc� � ��lqgQh\[iT�Y�� �7� T���lqgKhi[\T�Y{Y\T�b�`cY\]�WZ[\jt`p^¹jqh{jq^QT�sCjt[yW : ltT*¤@^QT���T�h\h�WZY ; §�fKgQTª[\`�^Q`CfQT
]'` : jqlqjt[ ; �

�a� T���lqgQh\[iT�Y�jq^Qo�Wmltoc`cY\jt[ � ] }6`cYi�Ch6gKh\jq^Qo�W � ·ehi[yWZomTUVKY\`Q��T�h\h�H �m�MJ �_} � T�Y\T�[ � T��KY�hi[ahi[�WZocTp��{A<ÅwP�J´IXR�NUA_Jz> Ã%ß >�àQ�9R�G�B�P�A_Jz>�ÅFÙ¹ü�R@Ù Ã Jz>�P�D�H2jqh�W�V�T�Y�jt`CfKjk��VQY\`Q��T�fKgQYiT�[i`'b�`cY\]���lqgKhi[\T�Y\h
: WmhiT�fª`p^ªh\V�WZ[�jkWmlXfQT�^Kh\jt[ ; b�`cY�[ � T�T�^_[�jtYiT�^QT�[¢}�`cY\�£� �7� jqh�hi[yWZocT�jqha��WzY\Y�jtT�fM`pgQ[ :_; W���T�^_[\Y�Wml

� �



oplt` : Wmlw]�Wm^�WZomT�Y�� �7� jqh7hi[yWZocT"jqh�fKjts<jqfQT�f�jq^p[\`

å ��u�`�¡#�UT�^CT�Y�WZ[�jt`c^/�
S�jtsCjqfQT�ha[ � T"Y\T�opjt`c^)jq^_[i`�h\]�WZlql : `´¡CT�h��
� ��u�`�¡ x jt¯�T�Æ�T���^CT�]�T�^p[���¥ � T´���Cha[ � T�h\jt¯�T"`cb : `´¡)Wm^Kf)YiT�hi[iY�jk��[7[ � T"YyWZ[\jt`'`cb�ltT�^Qoc[ � [\`
: YiT�WmfQ[ � `cb�[ � T : `´¡CT�h7[\` å)S ¾Q�

� ��|�`CfQTaSUT�^Qh�jt[ ; ©�fZ«¼gQh\[\]'T�^_[���Æ7T�]'`zscT�h : `�¡CT�hF}�jt[ � ^C`�^Q`CfCT�h�jq^{jt[�Wm^Kf9]'T�YiocT�h : `´¡CT�h
}�jt[ � ltT�h�h7^Q`CfQT�h$Wm^Kf�hiV�lqjt[�h : `´¡CT�h7}$jt[ �)� jto � ^Q`CfQT�fQT�^Kh\jt[ ; �

�7� T�hiT���`p^KfÁhi[yWZomT_���9R�G�B�P�A_J�úÌI�>�Å£P�A<ÅFI�Å�àcA.jqh�W�]�Wmjq^p[\T�^�Wm^���T'Wmltoc`cY\jt[ � ]³T�¡CT���gQ[iT�fÁlt`m·
��Wmlql ; }�jt[ � jq^#T�Wc� � ��lqgKhi[\T�Y : T�[¢}6T�T�^�[¢}�`°T�¡CT���gQ[�jt`p^Qh�`cb�[ � T�V�T�Y�jt`CfKjk��VKY\`c[i`Q��`pl � �7� T�`pgC[i·
��`p]'T�h$`cb+[ � T�Wmltoc`cY\jt[ � ]�jq^���lqgKfQT�h�� � Wm^CocT�hUjq^*��lqgKhi[iT�YU]'T�] : T�Y\h � jtV��£��lqgKhi[iT�Y � T�Wmf.YiT�h\VX`p^C·
h\j : jqlqjt[ ; �<]'T�Y\opjq^QoMWZ^Kf.hiV�lqjt[i[�jq^Qo : WmhiT�f�`p^�hiVXWZ[\jkWmlµfQT�^Kh\jt[ ; �CT�[��c�

?A@[� ��� 	��+
���� ��� 	�1a��
�8M	
�7� T$b�`Q��gKh
`cb£[ � T$[ � T�h\jqh�jqh+[\`{fCT�h\jtop^MW   T�¡Qj : ltT�^QT�[¢}6`mY\��WZYy� � jt[iT���[\gQY\T7[ � WZ[���Wm^'YiT�`mY\o_Wm^Qjt¯�T
jt[�hiT�ltb
[\`)��WZVK[\gQY\T�[ � T�f ; ^KWm]Mjk��h�`cb�h\T�^Khi`cY'¤�fQT�]�Wm^Qf*^Q`CfQTz§$]'`´scT�]'T�^_[�b�`cY�TDCª��jtT�^_[�fKWZ[yW
b@gKh\jt`p^%� �a� T"` : «¢T´��[\jtscT�ha`cbF[ � T�[ � T�h\jqh�jqh2�
å � � `"VKYi`cV�`phiTUW"]�WZ[ � T�]�WZ[\jk��WZlQ]'`CfCT�lQb�`cY
��^QfKjq^Qo�[ � T�`cVK[�jq]MWmlKlt`Q��WZ[\jt`p^'hi[\Y�WZ[\T�opjtT�h�b�`cY
[ � T{��lqgQh\[iT�Y � T�WmfKha`´scT�Y7[ � T"T�^_[�jtYiT�[�jq]'T � `cY\jt¯�`c^%�

� � � `M��WZVK[\gQY\T�[ � T"]'` : jqlqjt[ ; `cbFhiT�^Qh\`mY�h7Wm^Kf�[ � T�Y\T�lqjkW : jqlqjt[ ; jqh\h\gQT�h"¤@VKYi` : W : jqlqjt[ ; `cbFlqjq^Q�
b�WmjqlqgCY\Tz§�gKh\jq^QoªW'�#j¬¡CT�f�de^_[\T�ocT�Y$­%jq^QT�WZY$®
Yi`cocYyWZ]M]Mjq^Qo.¤��*d¶­�®6§�]'`<fQT�l �

� � � `#fQT�scT�lt`cV¹hi`plqgQ[\jt`p^¹]'T�[ � `<fKh�[ � WZ[9��Wm^¹V�T�Yib�`cY�]�}�T�lql
jq^¸[\T�Y�]'h�`cb : `m[ � hi`plqgQ[�jt`c^
�<gKWmlqjt[ ; Wm^Kf)[\jq]'Tp�

?A@_� ��� 	��+
����³���'/��*
��$/���
��M�
¥ � WZVK[\T�Y � jqh9��`p]�VKY�jqhiT�f¸`cbafQT�[yWmjqltT�f¸fQT�h���Y\jtVK[�jt`c^¸`cb6[ � T�VKY\` : ltT�]�b�`plqlt`´}6T�f :<; W.��j¬¡CT�f
de^_[iT�omT�Y)­%jq^QT�WZY)®
Yi`cocY�Wm] ¤��*d¶­�®6§Mb�`mY�]�gKlkWz[�jt`p^%� x T�scT�YyWml$smWzY�jkWm^_[\h°`mb�[ � TÁ]'`CfQT�l � W�smT

� è



: T�T�^ÁfQT�scT�lt`cV�T�f�[\`���WzVK[�gQYiT�sZWZY ; jq^Co�� � WZYyWc��[iT�Y\jqhi[�jk��hU`cb�[ � TMh ; hi[\T�].��de^5¥ � WzVK[\T�Y � �w[¢}�`
� T�gQY\jqh\[\jk��h�WZYiT{VKY\T�hiT�^_[\T�f%�7©Ulqh\`°WªS ; ^�Wm]'jk�{®
Yi`cocY�Wm]M]Mjq^Qo : WmhiT�f*WzVKVKY\`pWc� � jqh$T�¡CV�lt`cYiT�f%�
©2¥�`plqgK]M^ �UT�^CT�Y�WZ[�jt`c^�WZVKVKYi`_Wc� � jqh�fCT�smT�lt`mV�T�fÊ[i`áhi`pltscTÁ[ � T5S ; ^�Wm]Mjk�Á��n
±�¥6­�®Èjq^
¥ � WZVK[\T�Y�ëX��de^¹¥ � WZVK[iT�Y"¾M[ � T�hi`cb�[¶}7WZYiT9jq]'V�ltT�]'T�^_[�WZ[�jt`p^)b�`cYU[ � T�hi`plqgC[�jt`p^#]'T�[ � `CfQ`plt`co ;
jqh7fKjqh���gKh\hiT�f�Wm^Qf)[ � T"YiT�h�gQlt[�h�WZYiT�VKY\T�hiT�^_[\T�f%��¥�`p^���lqgKh\jt`p^)Wm^Kf)fKjtY\T���[�jt`p^Qh6b�`cYab@gQ[�gQYiT"}�`cY\�
jqh�fQjqhy��gKh\hiT�f�jq^#¥ � WzVK[\T�Y ê �

�c�
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��M�
©7[M[ � T.scT�Y ; `pgQ[\hiT�[���ltT�[MgKh�fQT�h���Y\j : T#W : WZ[\[\ltT��KT�lqfÉhy��T�^�WZY\jt`¸} � jk� � b�`cY�]'h'[ � T : Wmh\jqhM`cb
[ � jqh$}�`cY\�w�6de^*W : WZ[\[\ltT��QT�lqf)[ � T{T�^p[�jt[�jtT�h7`p^�[ � T{ocY\`cgK^Kf�WzY\T�YyWmf�WzY�h���h\`clqfKjtT�Y�h��Q[yWm^C�Ch���T�[y�m�
n�^_[\jt[�jtT�h'gQ^KfQT�Y�}aWZ[\T�Y'jq^���lqgKfQT.hi`p^�WzY�hMjq^Khi[�WmlqltT�f»`p^Éh � jtV�h���h\g : ]�WZY�jq^CT�h�T�[��m�O} � jk� � WZYiT
gKhiT�f :<; [ � T�]³[i`)lt`C��Wz[\T9[yWZYiocT�[�h���rU^K]�WZ^K^QT�fÁ©$T�Y\jkWmlw�
T � jk��ltT�h�¤ r$©w��h¨§�WZYiT�T�¡KWm]'VKltT�hU`cb
WmjtY : `cY�^CT9T�^_[�jt[\jtT�h$[ � WZ[�WZY\T9gKhiT�f�b�`cYU[ � T9V�gQYiV�`phiT�`cb�h\gQYiscT�jqlqlkWm^���Tp��©UlqlF[ � T�hiT�T�^_[\jt[�jtT�h�WZYiT
hi`pgQY���T�hM`cb�jq^Qb�`mY�]�WZ[\jt`p^»[ � WZ[ª��`pgKlqf : T.`cb"��Y�gK��jkWZl�jq]'V�`mY\[yWZ^���T#jq^áW¸}7WzY\[�jq]�T.h���T�^�WzY�jt`X�
�7� T�hiT"T�^_[�jt[\jtT�h�WZYiT"YiT�VQY\T�hiT�^p[\T�f.Wmh : lkWc���°fQ`c[�h7lt`Q��WZ[\T�f�`p^)[ � T�lt`z}6T�YaVKlkWm^QT�jq^���jto � � å �

���� ���� ���� ����  ¡¡¢¢££
¤¤¥¥¦¦§§ ¨¨©© ªª««

¬¬­­ ®®¯¯ °°±±²²³³
´´µµ

��jtopgQY\T � � å � � ; V�jk��Wml x ��T�^�WZY�jt`
­µT�[�gKh�fQT���^CT$[ � T�hiT�T�^_[�jt[\jtT�h�WZh¶`-��)3`�ñ�!a`Fb�`cY
b@gQ[\gQY\T�Y\T�b�T�Y\T�^���Tp� �a� TUjq^Qb�`mY�]�WZ[\jt`p^�ocT�^QT�Yi·

WZ[iT�f :<; Wmlql�[ � T�hiT�hiT�^Khi`cY\h�jqh�gKhiT�b@gQlX[\`{Y\T���`cop^Kjt¯�T$[ � TU[ � YiT´Wz[�h�[\`{[ � T�h ; hi[\T�] Wm^Qfª[i`�Wmjqf�jq^

� å



[ � TUV�gQY\VX`phiT�`cbµopWZ[ � T�Y\jq^Qo9]'jqlqjt[yWZY ; jq^_[\T�lqlqjtocT�^���Tp� �7� TUo_WZ[ � T�Y\jq^Qo�`cb%jq^Qb�`cY\]�WZ[\jt`p^'b�Y\`c] [ � T
hiT�^Khi`cY�h�jqh$Wm� � jtT�smT�f :<; [ � T"VKYi`Q��T�h\h7`cb�S�Wz[yW'��gKh\jt`p^µ� � ; V�jk��Wmlql ; [ � T�Y\T{WZY\T�[¢}�`�hi[iYyWZ[iT�ocjtT�h
[ � WZ[UWZYiT�gKhiT�f)b�`cY�fKWZ[yW�b@gQh�jt`c^/�
å �U¥�T�^p[\YyWZlqjt¯�T�f�f�Wz[yW�b@gKh\jt`p^

� ��SUT���T�^_[iYyWmlqjt¯�T�f°f�WZ[yW�b@gKh\jt`p^
de^�¥�T�^_[iYyWmlqjt¯�T�f�f�WZ[�W�b@gKh\jt`p^%�Qf�WZ[�W�b�Y\`p]�Wmlqlw[ � T{hiT�^Khi`cY\hUWzY\T"b@gQh\T�f.WZ[UW�h�jq^CopltT�VKY\`C��T�h¼·

hi`cY$Wm^Kf)[ � T�^�[ � T�jq^Qb�`cY\]�WZ[\jt`p^�jqh�h � WZYiT�f :<; Wmlql£[ � T�T�^_[\jt[�jtT�h6`cb�[ � T�h ; hi[\T�].��í � T�Y\T�Wmh��Qjq^
fQT���T�^_[\Y�Wmlqjt¯�T�fªf�WZ[yW{b@gKh\jt`p^%�Cf�Wz[yW9b�Y\`c]ÈW9ocYi`pgQV�`cbFhiT�^Khi`cY�h7��WmlqltT�f�W���lqgKhi[\T�Y�WZYiT�VKYi`Q��T�h\hiT�f
[\`mocT�[ � T�Y�WZ["`p^QT��KgKh\jt`p^¹®
Yi`Q��T�h\hi`cY"©UjtY : `cY\^QT'í WZY�^Qjq^Qo#Wm^Kf ¥�`c^_[\Yi`pl x ; hi[\T�] ¤�©%íÁ©U¥ x §
��WmlqltT�f°àpR�G�B�P�A_JZDFA_I ß WZ^Kf°[ � T�b@gKhiT�f°f�WZ[yW�¤�jq^Cb�`cY�]�Wz[�jt`p^�§�jqh6[iYyWm^Qh�]'jt[\[\T�f�[\`�`c[ � T�Y7��lqgKhi[\T�Yi·
� T�WmfKh��+d [ah � `pgKlqf : T�^Q`m[\T�f � T�Y\T�[ � WZ[6[ � T�hiT�^Qh\`mY�haWZY\T�^Q`c[6^QT���T�h\h�WZY�jql ; jq^°��lt`ch\TUVQY\`´¡Qjq]'jt[ ;
`cb$`c^QT.Wm^C`c[ � T�Y�� ¦�T�^���T�W*VXT�Yi[�jq^QT�^_[��<gQT�hi[�jt`c^»jqh2��} � T�YiT)h � `pgKlqfÇ[ � T�f�WZ[�W�b@gKh\jt`p^ [yWZ�mT
V�lkWc��TMT �a� jqh��<gQT�hi[�jt`p^ÉhiT�YiscT�hªWmhM[ � T#]'`c[�jtsZWZ[\jt`p^»`cb�[ � jqhM}6`cYi�w� ©Ulqh\`5jq^½W : WZ[\[\ltT��KT�lqf
h���T�^KWZY�jt`�[ � T"h\T�^Khi`cY\h$��`pgKlqf : T"V�`ch�h\j : l ; ]'` : jqltTp��©�^�jq]�V�lqjk��WZ[�jt`p^ª`cbF[ � jqhab�Wc��[�jqha[ � Wz[7[ � T
f�WZ[�W���`p]M]�gK^Qjk��Wz[�jt`p^#[�WZ�cT�h�V�lkWm��T�[ � Y\`pgQo � }$jtYiT�ltT�h\hUYyWz[ � T�Y�[ � Wm^*}�jtY\T�f*^QT�[¢}�`cY\�<h�� �7� jqh
opjtscT�haY\jqh\T�[\`�WmfKfQjt[�jt`p^�WZl%� � WmlqltT�^QocT�halqjt�cT"^CT�[¶}6`cYi�ªY\T�lqjkW : jqlqjt[ ; jq^�[ � T�h ; hi[\T�].�

�a� T¹b@gQh�jt`c^�jqh�[ ; V�jk��Wmlql ; ��WZY\Y\jtT�fø`pgQ[ :<; ©�jtY : `cY�^CT¸íÇWZY\^Kjq^QoáWm^Kfç¥�`p^_[iY\`pl x ; hi[\T�]
¤�©%íÁ©U¥ x §¨�Q©�í*©�¥ x WZYiT�[ ; V�jk��Wmlql ; WmjtY���Y�WZb�[�h�[ � Wz[aV�`ph\hiT�h�hab@gQh�jt`c^°VKYi`Q��T�h�hi`cY\ha[i`M��WZY\Y ; `pgC[
[ � T#f�Wz[yW*b@gKh\jt`p^OVQY\`Q��T�h\h�� �7� T�hiT.©%íÁ©�¥ x WZY\T�YiT�VKY\T�hiT�^_[\T�f :<; [ � T : lkWc���»fC`c[�h'`c^O[ � T
� jto � T�Y�VKlkWm^QT�jq^°��jtoX� � � å ��d [ah � `pgKlqf : T�^Q`c[\T�f�[ � WZ[6[ � `pgQo � [ � T�h\T�^Khi`cY\haWm^Qf°©�í*©�¥ x WZYiT
lt`Q��WZ[iT�f.`p^�[ � T�lt`z}6T�Y�WZ^Kf*gQVKV�T�Y�V�lkWm^QT9YiT�hiV�T���[�jtsmT�l ; jq^Á��jtoX� � � å ��[ � jqh�jqh�^Q`c[�^QT���T�h\hyWzY ; �
d [$jqh�«¼gKhi[�b�`cY7[ � T"V�gQYiV�`phiT�`cbFsCjqh\g�Wmlqjt¯�WZ[\jt`p^°`mb�[ � T"VKY\` : ltT�]Èh���T�^�WZY�jt`��

�a� T�` : «¢T���[�jtscTª`cb�[ � T�}�`cY\�5jqh{[\`Ált`Q��WZ[iT°[ � T�hiT�©�íÁ©U¥ x h\g�� � [ � Wz[']�W´¡Qjq]�gK]�fKWZ[yW
jqh�o_WZ[ � T�Y\T�fÇb�Y\`p] [ � T.hiT�^Khi`cY\h��Çde^O[ � jqh�}6`cYi�Çjt[ � Wmh : T�T�^ÉWmh\h�gQ]'T�f»[ � Wz['[ � T.©�í*©�¥ x
WZYiT"lt`Q��WZ[\T�f�Wz[�fKjqh���Y\T�[iT�V�`cjq^_[�h��
n�Wc� � ©�íÁ©U¥ x ��`zscT�Y�h7W�hiT�[7`cb�hiT�^Khi`cY�h7fCT�VXT�^QfKjq^QoM`p^)jt[\h
lt`Q��WZ[\jt`p^"Wm^Kf�[\Y�Wm^Kh\]Mjqh\h\jt`p^�YyWm^QomT_� �7� T�hiT�^Khi`cY�h���`zscT�YiT�f :_; WZ^�©%íÁ©U¥ x ��WZ^ : T���`p^Kh\jqfQT�Y\T�f
[\`.b�`cY�]�WÇò�"RU.`�����!�}�jt[ � [ � Tª©�í*©�¥ x Wmh9jt[\h�ò�"RU.`�����!¨ð3�PRpïm��¦�T�^���T�b�`mY\[ � }6TªgKhiT�[ � T�[\T�Y�]
��lqgKhi[\T�Y � T´WZf5¤ ¥a¦�§�`cY7b�Wc��jqlqjt[ ; jq^Khi[iT´WZf)`mb�©%íÁ©�¥ x �
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�a� T6f�WZ[�W�[\YyWZ^Khib�T�Y�[yWZ�cT�h�V�lkWc��T�[ � Y\`pgCo � }�jtY\T�ltT�h�h�]'T�fKjqgK] `cb���`p]M]�gQ^Kjk��WZ[�jt`p^µ� � ; V�jk��Wml
jqh\h\gQT�h�Y\T�lkWZ[iT�f{[i`�}�jtY\T�ltT�h�h���`p]M]�gK^Qjk��Wz[�jt`p^9WZY\T6[\Y�Wm^Kh\]Mjqh\h\jt`p^{YyWm^CocTp�cW�sZWmjqlkW : ltT : Wm^QfQ}$jqfQ[ � �
T�[y�m� x jq^���T�[ � T)hiT�^Khi`cY�h�WZY\T�]'` : jqltT°[ � T ; ]�W ; ]'`zscT°`cgQ[�`mb$[ � T�b�Wc��jqlqjt[�jtT�h2��¤e¥6¦�§"YyWm^QomT
`cY�[ � T : Wm^KfQ}�jqfQ[ � Y\T�hi[\Y\jk��[�jt`p^Kh�]Mjto � ['fKjqhiY\gQVK['`mY'fKjqh���`c^K^QT���[�[ � T.��`p]M]�gQ^Kjk��WZ[�jt`p^ lqjq^Q�
: T�[¢}�T�T�^#[ � T�]���de^ÁWmfKfKjt[\jt`p^#[\`�[ � jqh��wW���`p]M]9gK^Kjk��WZ[�jt`c^�lqjq^C�.jqh�VQY\`p^QT�[\`�T�^QT�] ; WZ[i[yWc���w�
¦$T�^���T#W¹��`p]M]�gK^Qjk��Wz[�jt`p^Çlqjq^Q� � WmhªWZ^áWmh\h\`C��jkWz[\T�f»VKYi` : W : jqlqjt[ ; `cb�«iWm]M]Mjq^Qo���b�WmjqlqgCY\Tp��`cY
[ � T�YiT#]'jto � ['T�¡Qjqhi[�WÁb�`pjqlkWZomT�T�v�T���[�� �7� gQh�jt[Mjqh'T�¡<[\Y\T�]'T�l ; fQT�h\jtYyW : ltT�[ � Wz[MT�Wc� � hiT�^Khi`cY
h � `pgKlqf � W�scT9]�gQlt[�jtV�ltT���`zscT�Y�WZocTp��j �ÍTp�7T´Wm� � hiT�^Khi`cY�h � `cgKlqf : T'��`zscT�Y\T�f :<; ]'`cYiT{[ � WZ^#`p^QT
��lqgKhi[\T�Y � T´WZf%� �a� jqh7T�^Kh\gQYiT�h7]�Wz¡Qjq]�gQ]&^QT�[¢}6`mY\��Y\T�lqjkW : jqlqjt[ ; jq^�[ � T"T�scT�^_[a`cb : YiT�WZ�CfQ`z}�^�`cb
[ � T���`c]M]�gK^Kjk��WZ[\jt`p^'lqjq^C� : T�[¢}6T�T�^ªW�hiT�^Khi`cY6Wm^Kf�jt[�h���lqgKhi[iT�Y � T�Wmf�fKgQTU[i` � `phi[�jqltT
«iWm]']Mjq^QoX�
}6T�WZ[ � T�Y���`p^KfKjt[\jt`p^Kh��mT�[y�m��de^ª��WmhiT�`cbwW���WZ[yWmhi[iY\`cV � jk�6b�WmjqlqgQY\T7`mbµW���`p]M]�gK^Qjk��Wz[�jt`p^�lqjq^Q�£�m[ � T
hiT�^Khi`cY�h���`cgKlqf)Y\T�[�Wmjq^�[ � T{��WzVXW : jqlqjt[ ; [\`Mhi}$jt[y� � [\`�W : Wc���CgQV#��lqgKhi[\T�Y � T�Wmf%�

�a� T : Wmh\jk�7` : «¢T���[�jtsmT$`mbµ[ � TU}6`mY\�'jqh�[\`�lt`C��Wz[\TU©%íÁ©�¥ x h�gK� � [ � Wz[�[ � T�]�Wz¡Qjq]9gK]ºfKWZ[yW
jqh$��`plqltT���[iT�f)b�Yi`p]&[ � T�h\T�^Khi`cY\h���©UfKfKjt[�jt`c^�Wmlql ; Wmlqlw[ � T{hiT�^Khi`cY\hUWzY\T9��WZVXW : ltT"`cb�]'`zsCjq^CoªWZ^Kf
[ � T ; ��Wm^»� � Wm^QocT°[ � T�jtY9V�`ch�jt[\jt`p^ }$jt[ � [�jq]'T°jq^ `cY�fQT�Y�[i`ÁV�T�Yib�`cY�]�[ � T�[�Wmhi� Wmh\h\jtop^QT�f [\`
[ � T�]�� x jq^���T�[ � T.h\T�^Khi`cY\h�WZYiT.]'` : jqltTp�
Y\T�lt`Q��WZ[\jt`p^Ç`cb�©%íÁ©�¥ x jqhM^QT���T�h\h�WZY ; [\` Wc� � jtT�scT
]�Wz¡Cjq]�gK] ��`zsmT�Y�WZocTa`cb£h\T�^Khi`cY\h�f�Wz[yWK��¦$`´}6T�scT�Y
[i`�T�^Kh\gQY\TUW"hi[�W : ltT$lt`C��Wz[�jt`p^�hi[\Y�WZ[\T�o ; `zsmT�Y
[ � T{T�^_[\jtY\TQE¼[�jq]�T � `cY�jt¯�`p^WFK�Q}6T�T�jt[ � T�Y7Y\T�hi[\Y\jk��[7[ � T{]�Wz¡Cjq]�gK]È^<gK] : T�Y�`cb�YiT�lt`C��Wz[�jt`p^Khab�`cY
[ � T�T�^_[�jtYiT�[�jq]�T � `cY�jt¯�`p^ª`mY7Wmh\hi`Q��jkWZ[\T�W���`phi[6b�`cY6T�scT�Y ; Y\T�lt`Q��WZ[�jt`c^�`cb�©%íÁ©�¥ x ¤@[iT�Y\]'T�f�Wmh
Y\T�lt`Q��WZ[\jt`p^*��`ch\[¨§�� �7� gKh�}6TM��`p^Kh\jqfQT�Y"W°[iYyWmfQT�`cv : T�[¢}�T�T�^*f�WZ[yW���`zscT�YyWZomT'Wm^Kf*Y\T�lt`Q��WZ[\jt`p^
��`phi[��»ô�gQY�` : «¢T´��[\jtscT�jqh�[i`¹Wc� � jtT�scT°[ � jqh�[\Y�WmfQT�`cvá`zscT�Y'W��Q¡CT�f»[�jq]�T�V�T�Y�jt`Cf%��WmfKfQYiT�h\hiT�f
VKYiT�s<jt`pgKh\l ; WZh6[�jq]'T � `cY�jt¯�`p^µ� �a� T�[\jq]'T � `mY�jt¯�`p^°jqhahiV�lqjt[agQV�jq^_[i`'fQjqhy��YiT�[iT�[�jq]�T�V�T�Y�jt`CfQha`cb
T��<g�Wml£ltT�^Qoc[ � �
Æ7T�lt`Q��WZ[�jt`p^M`cbF©%íÁ©U¥ x jqh�V�T�Y�]Mjt[i[\T�f°`c^Kl ; Wz[a[ � T : T�opjq^K^Kjq^Qo�`cb%[ � T�hiT�[\jq]'T
V�T�Y�jt`<fKh��

de^O`cY�fQT�Y'[\` Wm� � jtT�smT�[ � T�[\YyWZfQT�`cv : T�[¢}�T�T�^á��`zscT�Y�WZocT.WZ^KfÉYiT�lt`C��Wz[�jt`p^O��`phi['`zscT�Y'[ � T
T�^_[�jtYiT.[�jq]'T � `cY\jt¯�`c^½Wm^Kfá[\`5T�^Kh\gQYiT*^CT�[¶}6`cYi�»Y\T�lqjkW : jqlqjt[ ; ��}�T�]'`<fQT�l$[ � T#VKY\` : ltT�] WmhªW
��`zscT�Y�jq^Co5lt`Q��WZ[\jt`p^»VKY\` : ltT�]2}�jt[ � [ � T.` : «¢T���[�jtsmT�`cb�]�Wz¡Qjq]'jt¯�jq^Co¸[ � T.T�¡CVXT´��[iT�fáfQT�]�WZ^Kf
��`zscT�Y\T�f :<; lt`Q��WZ[\jq^Qo�W�opjtscT�^)^<gK] : T�Y7`cb�b�Wc��jqlqjt[�jtT�h�¤e¥6¦�§��

de^MlkWZ[\T�Y�hiT���[�jt`p^Kh��m}6T�b�`cY�]9gKlkWZ[\T7`cgQY�VKYi` : ltT�]ºWmh�Wm^Mjq^_[iT�omT�Y
VQY\`cocY�Wm].�ch\jq^���T�`pgQY�VKYi` : ·
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ltT�]�hi[\Y�gK��[\gQY\T���lt`phiT�l ; YiT�hiT�] : ltT�h�[ � T���Wz¡Qjq]�gK]�n+¡CVXT´��[iT�f*¥�`zsmT�Y\jq^Qoª­%`C��Wz[�jt`p^.®
Y\` : ltT�]
¤ ��n
±�¥a­�®6§UWmfKfQYiT�h\hiT�f*}�jqfQT�l ; jq^*[ � T°ô�Æ lqjt[\T�Y�WZ[�gQYiTp��ô�gCY�}6`cYi�#T�sc`pltscT�h�b�Yi`p]Ñ[ � T'[iYyWz·
fKjt[\jt`p^�Wml%��n
±�¥a­�®á]'`CfCT�l �
de^�[ � T"b�`plqlt`´}$jq^Qo'hiT���[�jt`p^%�<}6T"VKY\T�hiT�^_[UW�fQT�[yWmjqltT�f)fQT�h���Y\jtVK[�jt`c^
Wm^Kf�Wm^�Wml ; h\jqha`cbF[ � T9��n
±�¥a­�®��

ZY@[Z ^ ·¹¸�� \|º
�7� T�[\Y�WmfKjt[�jt`c^�WmlF�*W´¡Qjq]�Wml�¥�`´scT�Y�jq^Qo°­%`C��Wz[�jt`p^�®
Yi` : ltT�] ¤��¸¥6­F®�§$Wmh\h\gK]'T�f#[ � WZ[�[ � T�b�Wz·
��jqlqjt[�jtT�h�WZY\T�V�T�Y\b�T���[�l ; Y\T�lqjkW : ltT)WZ^KfÉWZYiT�W : ltT�[\`¸hiT�Y\scT)fCT�]MWm^KfKhMWZ['Wmlql6[\jq]'T�h��5u6gC['[ � jqh
Wmh\h\gK]'VK[\jt`p^�jqh�^Q`c[�VKYyWc��[\jk��WZl ��S�Wmhi�Cjq^ H � è J ]'`CfCT�ltT�f#[ � T'�*Wz¡Cjq]�gK]³n+¡CV�T���[\T�f¸¥�`zsmT�Y\jq^Qo
­µ`Q��WZ[�jt`c^»®
Yi` : ltT�] ¤��*n
±�¥a­�®6§���`p^Kh\jqfQT�Y�jq^Co*[ � T)gQ^�W�sZWmjqlkW : jqlqjt[ ; `cb$hiT�Y\scT�Y\h9[\`ÁhiT�Y\scT�Wmlql
fQT�]�Wm^QfKh6Wz[6WmlqlK[�jq]�T�h���de^°��n
±�¥6­F®��pS�Wmhi�Cjq^�Wmh\h\`C��jkWz[\T�h
T´Wm� � b�Wc��jqlqjt[ ; }$jt[ � W"VKYi` : W : jqlqjt[ ;��`cb : T�jq^QoMjq^Q`mV�T�YyWZ[\jtscTp� �a� T�]�`CfQT�l%Wmh\h\gK]'T�ha[ � WZ[7[ � T�VKY\` : W : jqlqjt[\jtT�h�`cb�[ � T�b�Wc��jqlqjt[�jtT�h6^Q`m[
}6`mY\�Cjq^QoMWZY\T"jq^KfQT�V�T�^KfQT�^_[�`cbFT�Wc� � `c[ � T�Y$Wm^Qf#WZYiT�h�Wm]'T�b�`cY$Wmlqlwb�Wm��jqlqjt[\jtT�h��

�a� T$` : «¢T���[\jtscT�`mbµ�*n
±�¥a­�®5jqh�[i`9]MWz¡Qjq]Mjt¯�T7[ � T$T�¡CV�T���[\T�f�fCT�]MWm^Kfª��`zscT�Y\T�f :<; lt`Q��WZ[¼·
jq^Qo�W{ocjtscT�^�^<gK] : T�Y�`cbµb�Wc��jqlqjt[�jtT�h��Fde^��*n+±�¥a­�®5[ � T�^<gK] : T�Y�`cbwb�Wc��jqlqjt[�jtT�h
}�`cY\�Cjq^Co{b�`plqlt`z}$h
W : jq^C`p]MjkWmlwfKjqhi[\Y\j : gQ[\jt`p^�Wm^Qf)[ � T"VKYi` : W : jqlqjt[ ; `cb+W�^Q`CfCT�Ú : T�jq^Qoª��`zsmT�YiT�f)jqh7ocjtscT�^ :<;¾ å ·6®
Yi` : ¤@^Q`CfQT�Ú�^Q`m[ : T�jq^Qoª��`zscT�Y\T�f�§¾ å ·6®
Yi` : ¤ã§Ñb�Wc��jqlqjt[�jtT�haWZY\T"^Q`c[�}�`cY\�<jq^QoC§¾ å�¨ �=»
} � T�YiT�§ jqh7[ � T{^_gK] : T�Y�`mb�b�Wc��jqlqjt[�jtT�ha��`´scT�Y�jq^Qo'^Q`<fQTåÚ£�

­µT�[(¼ Æ â » : T�[ � T�YyWm^QfQ`p] sZWZY�jkW : ltT#fQT�^Q`c[�jq^Co [ � T�^<gQ] : T�Yª`cb"fQT�]�Wm^KfQh�Wz[°^Q`CfCT�Ú
��`zscT�Y\T�f :<; W�}�`cY\�Cjq^Co'b�Wc��jqlqjt[ ; �_opjtsmT�^°[ � Wz[d§Ñb�Wc��jqlqjt[�jtT�h7WzY\T{��WZV�W : ltT�`cb���`zscT�Y�jq^Qo'^Q`CfQTåÚ£�
¦$T�^���T"}6T � W�scT��¼ Æ â » ¾ Ö Ø#Æ }$jt[ � VQY\` : W : jqlqjt[ ; å�¨ � »� }$jt[ � VKY\` : W : jqlqjt[ ; � » Î
Wm^Kf¾½ª¤ ¼ Æ â » § ¾ Ø�Æ ¤ å�¨ � » § Ô Ú Î § S
d b+[ � T9^<gK] : T�YU`mb
b�Wc��jqlqjt[\jtT�h���`zscT�Y�jq^Qo�^Q`CfCT�Ú)jq^���YiT´WZh\T�h$b�Yi`p] § ¨Êå [\`&§¹��[ � T���`cY\YiT�·

hiV�`p^KfQjq^Qo�jq^���Y\T�WmhiT"jq^)[ � T"T�¡CV�T���[\T�f.��`zscT�YyWzocT�`mb�^Q`<fQTåÚ�jqhaopjtscT�^ :<;¿ ½�¤ ¼ Æ â » § ¾ ½�¤ ¼ Æ â » § ¨ ½ª¤ ¼ Æ â »ÁÀ Ä §¾ Ø�Æ � »ÁÀ Ä ¤ å�¨ �£§ Ô § ¾ å)Î � ÎDS2SDS �
í¹T$^Q`z}áfQT���^QT�[ � T�sZWZY�jkW : ltT�h�Wm^Kf'[ � T�jtY���`cY\YiT�h\VX`p^KfKjq^Qo�jq^KfQjk��T�h��cgQ[\jqlqjt¯�T�f�jq^'[ � TU�*n+±U·

� ë



¥a­�®Éb�`mY�]�gKlkWz[�jt`p^ª`cb�H � è J ��Wmh7b�`clqlt`z}$h2�Ð ¾ jq^KfCT�¡°b�`cY7V�`c[iT�^p[�jkWml£b�Wc��jqlqjt[ ; lt`Q��WZ[\jt`p^Kh�� Ð ¾ å)ÎDSDSDS2Î �¹�Ú ¾ jq^KfCT�¡°b�`cY�fQT�]�Wm^Kf)^Q`CfQT�h�� ÚA¾ å)ÎDSDS2SDÎ �¹�� ¾ ^<gQ] : T�Y�`cb�fQT�]�Wm^Qf�^Q`CfQT�h��� ¾ ^<gQ] : T�Y�`cbFb�Wc��jqlqjt[�jtT�h�[\` : T�lt`Q��WZ[\T�f%�
Â ¾ [ � T�fKjqhi[yWm^���T : T ; `p^Kf)} � jk� � W'fQT�]�Wm^Kf)^Q`CfQT�jqh$��`p^Kh\jqfQT�Y\T�fEigQ^���`zscT�Y\T�fWF��
Â Á Æ ¾ fKjqhi[�Wm^���T : T�[¶}6T�T�^)VX`c[\T�^_[\jkWmlwb�Wc��jqlqjt[ ; lt`Q��WZ[\jt`p^ Ð Wm^Kf�fQT�]�WZ^Kf

^Q`<fQTåÚ£�
Ø#Æ ¾ fQT�]�WZ^Kf)`cb�^Q`CfQTåÚ£�� ¾ VKYi` : W : jqlqjt[ ; `cb�W�b�Wc��jqlqjt[ ; b�WmjqlqgQYiT�¤ �yÃ � Ã å §¨�

� Á Æ ¾ Ö å)Î jtbdÂ Á Æ Ã Â
� `c[ � T�Yi}$jqhiTp�

�7� T{fCT´��jqh\jt`p^°smWzY�jkW : ltT�ha`cbF[ � T�VQY\` : ltT�]�WZYiT#�� Á ¾ ^<gK] : T�Y�`cbFb�Wc��jqlqjt[�jtT�h�V�lkWc��T�f�WZ[$lt`Q��WZ[\jt`p^ Ð �
� Å Æ ¾ Ö å)Î jtb�fCT�]MWm^Kf�^Q`<fQTåÚ°jqh$��`´scT�Y\T�f :<; WZ[�ltT�Wmhi[ Í b�Wc��jqlqjt[�jtT�h� `c[ � T�Yi}$jqhiTp�
�7� T9��n
±�¥a­�®µH � è J jqh7b�`cY�]�gQlkWZ[\T�f)Wmh7b�`plqlt`z}�h2�
��Wz¡Qjq]Mjt¯�T ÄÀÆ Â
Ä ¿ÀÅeÂ
Ä ¤ å�¨ �£§ì� Å À Ä Ø�Æ � Å Æh\g : «¢T´��[7[\`

¿ÀÅeÂ
Ä � Å Æ ¨ ÄÀÁÃÂ
Ä � Á Æ�� Á�ï � Ô Ú�¾ å)ÎDSDSDS2Î � Î ¤ � � å §

ÄÀÁÃÂ
Ä � Á�ï � Î ¤ � � � §

� Á9Ñ á ñ Ô Ð ¾ å�Î2SDSDS2Î � Î ¤ � � � §

� Å Æ Ñ Ò � Î�åNÓ Ô Í ¾ å�Î2SDSDS2Î � Î Ú�¾ å)ÎDSDSDS2Î � S ¤ � �ìëC§

�a� Tª` : «¢T���[�jtscTMb@gK^���[�jt`c^ ]MWz¡Qjq]Mjt¯�T�h"[ � Tª[\`m[yWml�T�¡CVXT´��[iT�f ��`zscT�Y�WZocTp� �a� T°jq^K^QT�Y9h\gK]�·
]�WZ[\jt`p^)jq^�[ � T"` : «¢T���[\jtscT�b@gK^���[�jt`p^�YiT�VQY\T�hiT�^p[�h7[ � T�^<gK] : T�Y7`cb�fQT�]�Wm^KfKh7[ � WZ[UWzY\T{��`zsmT�YiT�f
:<; WZ[7ltT�Wmhi[ Í b�Wc��jqlqjt[\jtT�h�jq^�} � jk� � [ � T"[iT�Y�] ¤ å0¨ �w§ì� Å À Ä YiT�VQY\T�hiT�^p[�ha[ � T�}6T�jto � [�WZh�hi`Q��jkWZ[iT�f
}$jt[ � [ � T9^<gK] : T�Y$`cb
fCT�]MWm^KfKh���`zscT�YiT�f :<; WZ[�ltT�Wmhi[ Í b�Wm��jqlqjt[\jtT�hab�`cY�WZ^ ; fQT�]�WZ^Kf#^Q`<fQTAÚ£�

� ¾



�7� T�` : «¢T���[�jtscTUb@gQ^���[�jt`p^ªjqha��`p^K��W�scT�jq^ Í b�`cY6T�Wc� � Ú£�+d bF^Q`<fQTLÚ�jqh6��`´scT�Y\T�f :<; § b�Wm��jqlqjt[\jtT�h��
��`p^Khi[\Y�Wmjq^_[�¤ � Stå §�Wmh\h\jtop^Kh�T´Wm� � `cb6[ � T�sZWZY\jkW : ltT�h � Ä Æ Î � ¬ Æ ÎDSDSDS�Î � » Æ W)sZWmlqgQT'`cb å h�jq^K��T'[ � T` : «¢T���[\jtscT°b@gK^K��[\jt`p^Çjqh'W*]MWz¡Qjq]Mjt¯�WZ[\jt`p^¹b@gK^���[�jt`p^»��`p^p[yWmjq^Kjq^Co*[ � T)[iT�Y\] � Å Æ � ¥�`p^Khi[iYyWmjq^_[¤ � S � §�YiT�h\[iY�jk��[�h�[ � T°]�W´¡Qjq]�gK] ^<gK] : T�Y{`cb7b�Wc��jqlqjt[�jtT�h�[\` : T�lt`Q��WZ[\T�f%��¥�`p^Khi[\Y�Wmjq^_[°¤ � S � §�jqh
Wm^#jq^_[iT�omT�YU��`c^Khi[\YyWZjq^_[$b�`cYU[ � T�^<gQ] : T�YU`cb+b�Wc��jqlqjt[�jtT�h$Wmlqlt`´}6T�f�[i` : T�lt`Q��WZ[iT�f�WZ[�lt`Q��WZ[\jt`p^ Ð �
¥�`c^Khi[\YyWZjq^_[{¤ � S ëC§�jqh$W : jq^�WZY ; ��`p^Khi[iYyWmjq^_[��
ZY@P® º ��� � ��	�0 À 	���1���
�4.��
��'� /��*, Å.����0 �Á��/���
��'�

í¹T���`p^Kh\jqfQT�Y$[ � T9�*n
±�¥a­�®Éb�Y\`p]È[ � T{s<jtT�}7V�`pjq^_[7`cb
��`p]M]�gK^Qjk��Wz[�jt`p^�^QT�[¢}6`mY\�Ch��6de^���`p]�·
]�gK^Qjk��Wz[�jt`p^M^CT�[¶}6`cYi�Ch��cb�Wc��jqlqjt[\jtT�h�WZ^KfM[ � TUlqjq^Q�Ch : T�[¢}6T�T�^Mb�Wc��jqlqjt[�jtT�h
Wm^KfM[ � TUfQT�]�Wm^Kf�^Q`CfQT�h
WZYiT�VQY\`p^QT�[i`�b�WmjqlqgQYiT_��¦�`z}6T�scT�Y�jq^ª[ � jqh�}6`cYi�w�_}6T�Wmh\h\gK]'T�[ � Wz[6[ � T�b�Wm��jqlqjt[\jtT�h�WZY\T�V�T�Yib�T´��[\l ;
Y\T�lqjkW : ltT_�{¦$T�^���T'}�T���`p^Kh\jqfQT�Y�[ � T���`zscT�Y�WZocT�VKYi` : ltT�]Ñ}�jt[ � W°VKY\` : W : jqlqjt[ ; `cb�lqjq^Q�.b�WmjqlqgQY\Tp�
©�lqjt�mT�[\YyWZfKjt[�jt`p^KWml��Á¥a­�®��F��n
±�¥6­F®ÌWmlqhi`�Wmh\h�gQ]'T�h{[ � WZ[{[ � T°fQT�]�WZ^Kf ^Q`CfCT�h�WZYiT°hi[yWz[�jk�
Wm^Kf.[ � T�lt`Q��WZ[\jt`p^Kh�`mb�Wmlql�fQT�]�Wm^Kf.^Q`CfQT�h�WZY\T{�C^C`z}$^%��¦�T�YiT{}6T�Wmlqlt`´} [ � T�fCT�]MWm^Kf#^Q`CfQT�h
[\` : T�]'` : jqltT9WZ^Kf�Wmh\h\gK]'T�[ � WZ[U[ � T{scT�lt`Q��jt[ ; scT���[\`mY$`mb�WZlql�fQT�]�Wm^Qf#^Q`CfCT�hUjqh��C^Q`´}$^�WZ^Kf
� T�^���T{}6T � W�smTYRÆZN!�� ñ�![���C^Q`´}$ltT�fQocT9W : `pgQ[$[ � T{T�¡KWm��[$lt`Q��WZ[�jt`p^�`cb+fQT�]�Wm^Kf.^Q`CfQT�h�WZ[�Wm^ ;
opjtscT�^¸[�jq]'Tp���QY\`p]�[ � jqh9WmhiV�T���[{`cgQY9}�`cY\�¸��WZ^ : T°s<jtT�}�T�f Wmh9W#f ; ^�Wm]Mjk�'sZWZY�jkWm^p[�`cba[ � T
��n
±�¥6­F®Ç]'`<fQT�l�VKYi`cV�`phiT�f :<; S�Wmhi�Cjq^%� �7� T�]'`m[�jtsZWZ[�jt`c^Mb�`cY�[ � jqhaWmh\h\gK]'VK[\jt`p^°WZY\jqhiT�h�fKgQT
[\`Mh\jt[�gKWZ[�jt`p^QhaT�^K��`cgK^_[\T�YiT�f)jq^.W�]Mjqlqjt[yWZY ; h���T�^�WZY\jt`�Wmh�fQT�h���Y�j : T�f�jq^ x T���[�jt`p^Qh å)Stå Wm^Kf � Sqå �

©Ê[ � `cY\`cgQo � Wm^�Wml ; h�jqh�Y\T�scT�WmltT�fM[ � WZ[6gK^KfCT�YaW�opjtscT�^�hiT�[�`mb�Wmh\h\gK]'VK[\jt`p^Kh��_[ � T�` : «¢T���[�jtscT
b@gK^���[\jt`p^)hi[\Y\g���[�gQYiT�b�`cY7lqjq^Q��b�WmjqlqgQYiT�jqh7h\jq]MjqlkWZY6[\`�[ � T�` : «¢T���[�jtscT�b@gQ^���[�jt`p^�h\[iY�g���[\gQY\T�`cb�[ � T
��n
±�¥6­F®²]'`CfQT�l6} � T�YiT)b�Wc��jqlqjt[ ; b�WmjqlqgQY\T�jqh'��`p^Kh\jqfQT�Y\T�f%�5¦$T�Y\T�b�`plqlt`z}$h�Wm^ÉWZYiopgK]'T�^_[�[\`
h\gQVKV�`mY\[�[ � T{��lkWmjq].�

­µT�[+gKh�WZh�h\gK]�Ta[ � Wz[�W�b�Wm��jqlqjt[ ; Wm^Qf'W�fQT�]�WZ^Kf�^Q`CfQT$WzY\T7��`p^K^QT���[\T�f :<; WZ[+]'`ch\[
W�h\jq^QopltT
lqjq^Q�w��­%T�[k� : TU[ � T�VKYi` : W : jqlqjt[ ; `mb%b�WmjqlqgCY\T$`cb�W{lqjq^Q�w��í¹T"WZh�h\gK]�TU[ � WZ[�[ � T�VQY\` : W : jqlqjt[�jtT�h�`cb
lqjq^Q�ªb�WmjqlqgQYiT�WzY\T�jq^QfQT�V�T�^KfQT�^_[�`mb�T�Wc� � `c[ � T�Y$WZ^Kf.WZYiT�h�Wm]'T�b�`cY7T�scT�Y ; lqjq^C�w� �a� T"T�¡CV�T���[\T�f
fQT�]�Wm^Qf.��`zsmT�Y�WZocT�`mb+W�^Q`CfCTåÚ£�CopjtscT�^�[ � WZ[7[ � T�Y\T�T�¡Qjqhi[�h0§ lqjq^Q�<h7jqh7opjtscT�^ :<; Ø�Æ ¤ å0¨ � » §��
��gCY\[ � T�Y�jtb�}�TM��`p^Qh�jqfCT�Y�[ � T�b�Wc��jqlqjt[ ; b�WmjqlqgQYiT�VKYi` : W : jqlqjt[ ;gÇ �£opjtscT�^Q§ b�Wc��jqlqjt[\jtT�h$[ � WZ["��`zsmT�Y

� ê



fQT�]�Wm^Qf.^Q`<fQT�Ú£�Q[ � T�T�¡CVXT´��[iT�f�fQT�]�Wm^Qf#��`zscT�Y�WZocT"jqh Ø#Æ ¤ åd¨ Ç » §�� �a� gKh�}�T�` : hiT�Y\scT�[ � Wz[
[ � TUhi[\Y�gK��[\gQY\T$`cb£[ � TU` : «¢T���[�jtscT7b@gQ^���[�jt`p^Mjqh�h\jq]MjqlkWZY
gK^KfQT�Y�[ � T�Wmh\h�gQ]'VK[�jt`c^'[ � Wz[6WZlqlKb�WmjqlqgCY\T
VKYi` : Wmjqlqjt[\jtT�h�¤@lqjq^Q�°`cY�b�Wc��jqlqjt[ ; §�WZYiT{jq^KfQT�V�T�^KfQT�^_[�`cb�T�Wc� � `c[ � T�YUWm^Kf.h�Wm]'T"b�`cYUWmlqlµlqjq^Q�Ch9¤�`cY
b�Wc��jqlqjt[�jtT�h¨§��

í¹T�VKY\`mV�`phiT�hiT�scT�YyWml£]'`CfQT�lqhajq^���`cY\VX`cYyWZ[\jq^Qo�[ � T"f ; ^�Wm]'jk��^�WZ[�gCY\T"jq^_[i`'[ � T��*n
±�¥a­�®��
í¹TU[\T�Y�] [ � jqh�]'`CfQT�l�Wmh�[ � T�f ; ^�WZ]Mjk�U��n
±�¥a­�®�� �a� T : Wmh\jk�7` : «¢T´��[\jtscT�`cbµ[ � T�]'`CfQT�lXjqh�[\`
]�Wz¡Cjq]Mjt¯�T�[ � T�T�¡CV�T���[\T�f�fQT�]�WZ^Kf#��`zsmT�YiT�f :_; lt`Q��WZ[�jq^Co�W�opjtscT�^)^<gK] : T�Y7`cb�b�Wc��jqlqjt[�jtT�h6`zsmT�Y
Wªh\VXT´��jt�X��[�jq]'T � `cY�jt¯�`p^�Wmlqlt`z}$jq^CoªY\T�lt`Q��WZ[\jt`p^.`mb�b�Wc��jqlqjt[�jtT�h�b�Yi`p] `p^CT�[�jq]'T9V�T�Y\jt`Cf�[i`)^CT�¡<[
Wm^Kf)]Mjq^Kjq]Mjt¯�jq^Qo�Y\T�lt`Q��WZ[\jt`p^)��`phi[�h��
�7� T�b�`clqlt`z}$jq^Qo'Wmh\h\gK]'VK[\jt`p^Kh�WZY\T"]�WmfQT"jq^)`pgQY�]'`CfQT�l¤�
å ��­µ`Q��WZ[\jt`p^�`cbF[ � T{hiT�^Khi`cY\hUWzY\T"�<^Q`z}$^�WZ[$Wm^ ; ocjtscT�^)jq^Khi[yWZ^���T_�

� ��®�`m[\T�^_[�jkWZlµ��lqgKhi[\T�Y � T´WZf�lt`C��Wz[�jt`p^Kh7��`p^Khi[�jt[\gQ[\T�h�W'hiT�[�`mb�fKjqh���Y\T�[iT"V�`pjq^p[�h��

� ��Æ7T�lt`Q��WZ[�jt`p^°`mb�b�Wc��jqlqjt[\jtT�h�[�WZ�cT�h7V�lkWm��T�Wz[$fKjqh���Y\T�[\T�[\jq]'T�V�T�Y�jt`<fKh��

ëX� �a� T{��lqgQh\[iT�Y � T�WmfKh�WZY\T�V�T�Y\b�T���[�l ; Y\T�lqjkW : ltTp�

¾Q� �a� T"VKY\` : W : jqlqjt[ ; `mb�b�WmjqlqgCY\T�`cb�Wmlqlµlqjq^Q�<h�jqh7[ � T�h�Wm]'Tp�

b�`¤±|`e_ fO²yny�al³meqµz È¾É�rV·(´ ��m ip�Êi�g�}¶t|q���ipm¶tvn
í¹T�^Q`c[iT�[ � Wz[7[ � T"`cVQ[�jq]�Wml£lt`Q��WZ[�jt`c^°`cb�b�Wc��jqlqjt[�jtT�h�[ � WZ[�]�Wz¡Cjq]Mjt¯�T�h�[ � T"T�¡CV�T���[\T�f)��`´scT�YyWZocT
jq^ª`p^CT�[\jq]'TUV�T�Y�jt`<f°]�W ; ^Q`c[6^QT���T�h\h�WZY\jql ;�: T�`cVK[\jq]�Wml�jq^�[ � T�^QT�¡C[�[�jq]'TUV�T�Y\jt`Cf%� �7� T�YiT�lt`m·
��WZ[�jt`c^)`cb�b�Wc��jqlqjt[�jtT�hajq^���Y\T�WmhiT�h7[ � T{T�¡CVXT´��[iT�f.��`zscT�YyWzocT�[ � Wz[$}�`pgKlqf)`m[ � T�Y\}�jqhiT : T{` : [yWmjq^QT�f
}$jt[ � `pgQ[���`p^Kh\jqfQT�Y�jq^Qo�Y\T�lt`Q��WZ[\jt`p^�`cb£b�Wc��jqlqjt[�jtT�h��F¦�T�^K��T$jq^'[ � jqh�]�`CfQT�lK}6T$Wmlqlt`z}O[ � T$b�Wc��jqlqjt[�jtT�h
[\`"� � Wm^QomT7lt`Q��WZ[�jt`c^9}$jt[ � [\jq]'T�WZ[
Wm^'WmfQfKjt[�jt`p^KWmlQ��`phi[���¦$T�YiT�W�[\Y�WmfQT�`cv : T�[¢}�T�T�^9Y\T�lt`Q��WZ[\jt`p^
��`phi[$Wm^Kf)[ � T�jq^���Y\T�WmhiT�jq^���`zscT�Y�WZocT"Wc� � jtT�scT�f :<; YiT�lt`Q��WZ[�jq^Qo�[ � T"b�Wc��jqlqjt[�jtT�h6jqh$��`p^Kh\jqfQT�YiT�fµ�
í¹T�^C`z}øb�`cY\]�gKlkWZ[iTU[ � T�VKY\` : ltT�] `mb�fQT�[iT�Y\]Mjq^Kjq^Qo{[ � T�`cVQ[�jq]�WmlXlt`Q��WZ[\jt`p^Kh�`cbµb�Wc��jqlqjt[�jtT�h�}�jt[ �
Y\T�lt`Q��WZ[\jt`p^¸WZlqlt`z}6T�f¸Wz[�fKjqh���Y\T�[\T�[�jq]'T'V�T�Y\jt`CfKh��M­µT�[{gQh�fQT���^QTM[ � T'VXWZYyWZ]'T�[\T�Y�h"Wm^KfÁ[ � T�jtY
��`cY\YiT�h\VX`p^KfKjq^QoMjq^KfQjk��T�h�Wmh7b�`plqlt`´}$h2�
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ððññ Demand Node

Occupied Facility Location

Unoccupied Facility Location

Displacement Vector

��jtopgCY\T � � � �+©Ìh\^�WZVKh � `c[�`cbF[ � T{^CT�[¶}6`cYi�

¿ ¾ h\T�[7`cb�VX`c[\T�^_[\jkWml£b�Wc��jqlqjt[ ; lt`Q��WZ[�jt`p^Qh��
ò ¾ h\T�[7`cb�fCT�]MWm^Kf�^Q`<fQT�h��� ¾ ]�Wz¡Qjq]�gQ]&^<gK] : T�Y7`cb�b�Wm��jqlqjt[\jtT�h6[\` : T{lt`C��Wz[\T�f%�� ¾ ]�Wz¡Qjq]�gQ]&^<gK] : T�Y7`cb�[\jq]'T"VXT�Y\jt`CfKh�jq^�[ � T � `mY�jt¯�`p^)gK^KfQT�YU��`p^Kh\jqfQT�YyWz[�jt`p^%�
ó ¾ [ � T�fKjqhi[yWZ^���T : T ; `p^Qf)} � jk� � W'fQT�]�WZ^Kf�^Q`CfCT{jqh$��`p^Kh\jqfQT�YiT�fEigK^���`zscT�YiT�fÉF��
Â Á Æ ¼ ¾ fKjqhi[yWm^���T : T�[¢}6T�T�^�V�`c[iT�^p[�jkWmlwb�Wm��jqlqjt[ ; lt`C��Wz[�jt`p^ Ð Wm^Kf)fQT�]�Wm^Kf

^Q`CfQTåÚ�WZ[7[�jq]'T%���
Ø#Æ ¾ fQT�]�Wm^Kf)VXT�Y7V�T�Y�jt`Cf�`cb�^Q`CfQTåÚ£�� ¾ VKY\` : W : jqlqjt[ ; `mb+W'lqjq^C�°b�WZjqlqgQY\T�V�T�Y�V�T�Y�jt`Cf5¤ : T�[¢}�T�T�^�Wm^ ; b�Wc��jqlqjt[ ; Wm^Qf

fQT�]�Wm^Kf�^C`CfQTz§���¤ �yÃ � Ã å §

� Á Æ ¼ ¾ Ö å�Î jtbôÂ Á Æ ¼ Ã ó S
� `c[ � T�Y\}�jqh\Tp�� ¾ ��`ch\[7VXT�Y�gK^Kjt[$� � Wm^QocT"jq^)[ � T�^<gQ] : T�Y�`cbFb�Wc��jqlqjt[�jtT�haWZ[$Wm^ ; lt`Q��WZ[�jt`c^ Ð

¤@`p^QT�· � WZltbF`cbFY\T�lt`Q��WZ[�jt`c^)��`ch\[¨§��
�7� T{fCT´��jqh\jt`p^°smWzY�jkW : ltT�ha`cbF[ � T�VQY\` : ltT�]�WZYiT#�

� �



� Á ¼ ¾ Ö å)Î jtb�W�b�Wc��jqlqjt[ ; jqh7V�lkWc��T�f�WZ[$lt`C��Wz[�jt`p^ Ð WZ[7[\jq]'T��� `c[ � T�Y\}$jqhiTp�

� Å Æ ¼ ¾ Ö å)Î jtb�fQT�]�Wm^Kf)^Q`CfQTåÚ°jqh$��`zscT�Y\T�f :<; WZ[�ltT�Wmhi[ Í b�Wm��jqlqjt[\jtT�h7WZ[7[�jq]�T%�� `c[ � T�Y\}$jqhiTp�
õ Á ¼ ¾ VX`ph\jt[�jtscT"fKjtv�T�Y\T�^���T"jq^)[ � T�^<gK] : T�Y7`cb�b�Wm��jqlqjt[\jtT�h7Wz[$lt`Q��WZ[\jt`p^Ð : T�[¶}6T�T�^)[\jq]'T%� ¨ å Wm^Kf)[\jq]'T��
�7� T{f ; ^�Wm]Mjk���*n+±�¥a­�®O}$jt[ � Y\T�lt`Q��WZ[�jt`c^�jqh7b�`cY\]�gKlkWZ[iT�f)Wmh7b�`clqlt`z}$h2�
��Wz¡Qjq]Mjt¯�T öÀ¼ Â=÷ ÀÆ ô?ø ¿ÀÅeÂ
Ä ¤ å�¨ �w§ � Å À Ä Ø�Æ � Å Æ ¼ ¨ öÀ¼ Â
Ä ÀÁìô-ù � õ Á ¼i�
h\g : «¢T´��[7[\`��

¿ÀÅeÂ
Ä � Å Æ ¼ ¨ ÀÁìô-ù � Á Æ ¼ � Á ¼ ï � Ô ÚA¾ å)ÎDS2SDS2ÎJú ò ú Î �a¾ � Î2SDSDS2Î � Î ¤ � �ó¾p§ÀÁìô-ù � Á ¼ ï � Ô �a¾ � ÎDSDSDS2Î � Î ¤ � � ê §
õ Á ¼üû � Á ¼ À Ä ¨ � Á ¼ Ô Ð ¾ å)ÎDSDSDS2ÎJú ¿ ú Î �	¾ å)ÎDSDSDS2Î � Î ¤ � � ÷ §
õ Á ¼üû � Á ¼ ¨ � Á ¼ À Ä Ô Ð ¾ å)ÎDSDSDS2ÎJú ¿ ú Î �	¾ å)ÎDSDSDS2Î � Î ¤ � ���_§
� Á ¼ Ñ Ò � Î�åNÓ Ô Ð ¾ å)ÎDSDSDS2ÎJú ¿ ú Î �	¾ � ÎDSDSDS2Î � Î ¤ � � è_§
õ Á ¼üû � Ô Ð ¾ å)ÎDSDS2SDÎMú ¿ ú Î �a¾ å)ÎDSDSDS�Î � Î ¤ � � å � §

� Å Æ ¼ ï å Ô Í ¾ å)ÎDSDSDS2Î � Î Ú�¾ å)ÎDSDS2SDÎMú ò ú Î �a¾ � ÎDS2SDS2Î � S ¤ � � åcå §
�7� T�` : «¢T���[�jtscT9b@gK^���[\jt`p^*]�Wz¡Qjq]'jt¯�T�h$[ � T�T�¡CV�T���[\T�f*fQT�]�Wm^KfÁ��`zscT�Y\T�f*Wmlqlt`´}$jq^QoªY\T�lt`Q��WZ[\jt`p^
`cb�b�Wc��jqlqjt[�jtT�ha}�jt[ � [�jq]�T_�6d b
^C`CfQTAÚ�jqh���`zsmT�YiT�f :<; §�b�Wc��jqlqjt[�jtT�h�WZ[�[�jq]'TL���X��`c^Khi[\YyWZjq^_[9¤ � S ¾p§
Wmh\h\jtop^KhFT�Wc� � `mb�[ � T6sZWZY\jkW : ltT�h � Ä Æ ¼ Î � ¬ Æ ¼ ÎDSDSDS2Î � » Æ ¼�W$sZWmlqgQT6`mb å h�jq^K��T�[ � T�` : «¢T´��[\jtscT�b@gQ^���[�jt`p^jqh�W�]MWz¡Qjq]Mjt¯�WZ[\jt`p^¸b@gK^���[�jt`c^Ç��`p^_[yWZjq^Kjq^Qo#[ � Tª[\T�Y�] � Å Æ ¼i�¸¥�`p^Khi[\Y�Wmjq^_[�¤ � Sóê §�YiT�hi[iY�jk��[�h�[ � T]�Wz¡Cjq]�gK]�^<gK] : T�Y{`cb6b�Wc��jqlqjt[�jtT�h�[i` : Tªlt`Q��WZ[\T�f¸[\`$�áb�`cY{Wm^ ; [�jq]'TA���.¥�`p^Qh\[iYyWmjq^p[�hª¤ � S ÷ §
Wm^Kfá¤ � S �_§UfCT�[iT�Y�]Mjq^QT�[ � T'V�`ph\jt[�jtscT'fQjtv£T�Y\T�^���T : T�[¢}6T�T�^Á[ � TM^<gK] : T�Y�`cb�b�Wc��jqlqjt[�jtT�h�lt`Q��WZ[iT�f
WZ[�lt`C��Wz[�jt`p^ Ð : T�[¶}6T�T�^½[�jq]'TQ� ¨ å WZ^Kf¡��� ¥�`p^Khi[\Y�Wmjq^_[Á¤ � S è_§'jqh�Wm^ : jq^KWZY ; ��`p^Khi[iYyWmjq^_[
fQT�[\T�Y\]Mjq^Kjq^Qo.} � T�[ � T�Y�W.b�Wc��jqlqjt[ ; jqh�lt`C��Wz[\T�f WZ[9lt`Q��WZ[�jt`c^ Ð ��¥�`p^Qh\[iYyWmjq^p[�¤ � Sqå � §�jqh�W#^C`p^C·
^QT�o_WZ[\jtsCjt[ ; ��`p^Khi[\Y�Wmjq^_[��æ¥�`p^Khi[\Y�Wmjq^_[�¤ � Ståcå §9Y\T�hi[\Y�jk��[\hM[ � T#sZWZY\jkW : ltT � Å Æ ¼�[\`¹[yWZ�mT�W¹sZWmlqgCT: T�[¢}�T�T�^ � WZ^Kf å ��í5T�^Q`z}�VQY\T�hiT�^p[�[ � T�b�`clqlt`z}$jq^Qo9` : hiT�Y\sZWZ[�jt`c^Kh2�j'Ü�B�A_J�ãKIQP�> Ã Å Ý û

� è



de^ª[ � T�b�`cY\]�gKlkWZ[\jt`p^MsZWZY\jkW : ltT�h � Á ¼FWZY\TUY\T�hi[\Y\jk��[iT�fª[i`9[yWZ�cTU`c^Kl ;M: jq^�WzY ; sZWmlqgQT�h���¥�`p^Qh\[iYyWmjq^p[�h
¤ � S ÷ §�Wm^QfÊ¤ � S �_§�[\`comT�[ � T�Y9Y\T�VKY\T�hiT�^_[ õ Á ¼L¾ ú � Á ¼ ¨ � Á ¼ À Ä ú � x jq^���T � Á ¼�WZ^Kf � Á ¼ À Ä WZY\T : `c[ �
jq^_[iT�omT�Y\h õ Á ¼
Wmh\h�gQ]'T�h$Wm^�jq^p[\T�ocT�Y7sZWmlqgCT{WZ[7`cVQ[�jq]�Wmlqjt[ ; �j'Ü�B�A_J�ãKIQP�> Ã Å õ û
de^'[ � T7b�`cY�]�gQlkWZ[�jt`p^µ�ZsZWZY�jkW : ltT�h � Á ¼%Wmh\h\gK]'T7`p^Kl ;9: jq^�WzY ; sZWmlqgQT�h���¦$T�^���T�[ � T$[iT�Y�] ÀÁìô-ù � Á Æ ¼ � Á ¼jqhMWmlqhi`5Wm^Ojq^_[\T�ocT�Y'h\jq^���T1� Á Æ ¼�jqhMW¹��`p^Qh\[�Wm^_[�} � jk� � [�WZ�cT�hMW*sZWmlqgQT)`cb � `cY å WmhMfQT���^CT�f
T�WZY�lqjtT�Y�� �7� gQh�}�T � W�scT��¿ÀÅeÂ
Ä � Å Æ ¼ ï ÀÁìô-ù � Á Æ ¼ � Á ¼ Ô ÚA¾ å)ÎDSDS2SDÎMú ò ú Î �a¾ � ÎDS2SDS2Î � ¤ � � å � §

`cY�� ¿ÀÅeÂ
Ä � Å Æ ¼ ï § Ô ÚA¾ å)ÎDS2SDS2ÎJú ò ú Î �a¾ � Î2SDSDS2Î � ¤ � � å � §
} � T�YiT�§ jqh$Wm^�jq^p[\T�ocT�Y7b�`mY$Wm^ ; VXWzY\[�jk��gKlkWzYyÚ�WZ^Kf1���
�K`mYUW�opjtscT�^�sZWmlqgQT"`mb � Á ¼i�C[ � T�VQY\` : ltT�]&[�gCY�^Kh7`pgQ[7[\` : T
��Wz¡Qjq]Mjt¯�T öÀ¼ Â=÷ ÀÆ ô?ø ¿ÀÅeÂ
Ä È Å Ø#Æ � Å Æ ¼i�h\g : «¢T´��[7[\`�� ¿ÀÅeÂ
Ä � Å Æ ¼ ï § Ô Ú�¾ å)ÎDSDSDS2ÎJú ò ú Î �a¾ � ÎDSDS2S2Î � ¤ � � å ëC§

} � T�YiT È Å ¾Ô¤ å0¨ �w§ � Å À Ä Ô Í ¾ å)Î � Î½Ï2Ï2Ï�Î �+�
�K`mY�W¹VXWZY\[\jk��gKlkWZY�sZWmlqgQT�h�`cb�ÚÉWm^Kf����7[ � TÁW : `zscT#VKY\` : ltT�] jqhªh\T�VXWzYyW : ltT#jq^_[\`5�C^�WZV�h�Wc���
VKYi` : ltT�]Mh7`mb�[ � T"b�`plqlt`z}$jq^Co�b�`cY\]$�
��Wz¡Qjq]Mjt¯�T È Ä � Ä Æ ¼ Þ È ¬ � ¬ Æ ¼ Þ È « � « Æ ¼ Þ È�ý � ý Æ ¼ Þ Ï2ÏDÏ Þ È ¿ � ¿ Æ ¼h\g : «¢T´��[7[\`

� Ä Æ ¼ Þ � ¬ Æ ¼ Þ � « Æ ¼ Þ � ý Æ ¼ Þ Ï2Ï2Ï Þ � ¿ Æ ¼ ï § S ¤ � � å ¾p§

x jq^���T �þÃ � Ã å jt[�h�` : sCjt`pgKhM[ � WZ[ È Ä � È ¬ � È « � È�ý S SÃS SÃSÃS SÃS SÃS � È ¿ Wm^Kf � T�^���TÁWZ[`cVK[\jq]�Wmlqjt[ ; [ � T*�KY�hi[ § sZWZY�jkW : ltT�h*¤ � Ä Æ ¼ Î � ¬ Æ ¼ ÎDSÃS Î � » Æ ¼¶§M}�jqlql�Wmh\h\gK]'T*[ � TÁsZWmlqgCT*`cb å WZ^Kf[ � TªY\T�]�WZjq^Kjq^Qo$� ¨ § smWzY�jkW : ltT�hª¤ � » ñ Ä Æ ¼ Î2SÃSÃÎ � ¿ Æ ¼¶§"WZYiTªh\T�[{[i` � � �7� gQh{T�scT�^¹[ � `pgCo � [ � TsZWZY�jkW : ltT�h � Å Æ ¼$WZY\T°��`c^_[�jq^<gC`pgKh�sZWZY�jkW : ltT�h : T�[¶}6T�T�^ � Wm^Qf å ��WZ[{`cVK[\jq]�Wmlqjt[ ; � Å Æ ¼$Wmh\h�gQ]'T�h: jq^�WzY ; sZWmlqgQT�h��
ë �



b�`¤±|`cb fO²yny�al³meq z È¾É�rV·(´ ��m ip�°jpg�o�iWj�meq
ipm¶tvn9t	n9ip�yg5l �dÿymel ¸%lnd¸%l ¹�gkj¡t��újpgw}¶t|q��­ipm¶t	n�o��Gtaj�ip�ygsg�nvipm¶jpg=ipmel gs��taj�m��/tvn
de^É[ � jqhMsZWZY\jkWm^_['`cb�[ � T�S ; ^�Wm]Mjk����n
±�¥6­F®��+jq^Khi[\T�WmfÉ`mb � W�sCjq^Qo WÁY\T�lt`Q��WZ[�jt`c^É��`phi[���}�T
��`p^Kh\jqfQT�Y$W�YiT�hi[iY�jk��[�jt`p^°`p^)[ � T{]�Wz¡Cjq]�gK]È^_gK] : T�Y�`mb�b�Wc��jqlqjt[ ; Y\T�lt`Q��WZ[�jt`c^Kh�WZlqlt`z}6T�f�b�`mY7[ � T
T�^_[�jtYiT�[�jq]�T � `cY�jt¯�`p^%� �7� jqhMjqh�WÁVKY�Wc��[�jk��Wml�Wmh\h\gK]'VQ[�jt`p^%��h\jq^���T.]�Wm^ ; WZVKVKlqjk��Wz[�jt`p^Kh�]�W ;
Y\T��<gQjtY\T{W�hi[yW : ltT�hi`plqgQ[\jt`p^�} � jk� � VKY\`zs<jqfQT�h$W�oc`_`Cf.��`zscT�YyWzocT�b�`cY$W'lt`c^QocT�Y7VXT�Y\jt`Cf)`cbF[�jq]�T_�
í¹T�^Q`z}½b�`cY�]�gQlkWZ[\T$[ � T�f ; ^KWm]Mjk�$�*n
±�¥a­�® }�jt[ � Y\T�hi[\Y�jk��[\jt`p^Kh
`p^�[ � T�]MWz¡Qjq]�gK] ^<gK] : T�Y
`cbFY\T�lt`Q��WZ[\jt`p^Kh7Wmh7b�`plqlt`z}$h2�
��Wz¡Qjq]Mjt¯�T öÀ¼ Â=÷ ÀÆ ô?ø ¿ÀÅeÂ
Ä ¤ å�¨ �w§ � Å À Ä Ø�Æ � Å Æ ¼h\g : «¢T´��[7[\`

¿ÀÅeÂ
Ä � Å Æ ¼ ¨ ÀÁìô-ù � Á Æ ¼ � Á ¼ ï � Ô ÚA¾ å)ÎDS2SDS2ÎJú ò ú Î �a¾ � Î2SDSDS2Î � Î ¤ � � å�ê §ÀÁìô-ù � Á ¼ ï � Ô �a¾ � ÎDSDSDS2Î � Î ¤ � � å ÷ §
õ Á ¼üû � Á ¼ À Ä ¨ � Á ¼ Ô Ð ¾ å)ÎDSDSDS2ÎJú ¿ ú Î �	¾ å)ÎDSDSDS2Î � Î ¤ � � å �_§
õ Á ¼üû � Á ¼ ¨ � Á ¼ À Ä Ô Ð ¾ å)ÎDSDSDS2ÎJú ¿ ú Î �	¾ å)ÎDSDSDS2Î � Î ¤ � � å è_§

öÀ¼ Â
Ä ÀÁìô-ù õ Á ¼ ï � ¼ Î ¤ � � �m� §

� Á ¼ Ñ Ò � Î�åNÓ Ô Ð ¾ å)ÎDSDSDS2ÎJú ¿ ú Î �	¾ � ÎDSDSDS2Î � Î ¤ � � � å §
õ Á ¼üû � Ô Ð ¾ å)ÎDSDS2SDÎMú ¿ ú Î �a¾ å)ÎDSDSDS�Î � Î ¤ � � �c� §

� Å Æ ¼ ï å Ô Í ¾ å)ÎDSDSDS2Î � Î Ú�¾ å)ÎDSDS2SDÎMú ò ú Î �a¾ � ÎDS2SDS2Î � S ¤ � � �m� §
¥�`c^Khi[\YyWZjq^_[�¤ � S �m� §�Y\T�hi[\Y\jk��[\h%[ � T�]�Wz¡Cjq]�gK] Wmlqlt`z}aW : ltT
^<gK] : T�Y�`cbCYiT�lt`C��Wz[�jt`p^Khµb�`mYF[ � T�T�^_[\jtY\T
[�jq]�T � `cY�jt¯�`p^�[i`+¼¹�Q} � T�Y\T¼ ¾ � `c[yWZlµ^<gK] : T�Y7`cbFb�Wc��jqlqjt[�jtT�haWmlqlt`z}6T�f°[i`MYiT�lt`Q��WZ[\T�b�`cY7[ � T"T�^_[�jtYiT�[�jq]'T � `cY�jt¯�`p^µ�
�7� T$b�Wc��[\`cY � WzY�jqhiT�h : T���WmgKhiT$T�Wc� � YiT�lt`C��Wz[�jt`p^M��WmgKhiT�h�W{� � Wm^CocT$jq^M[ � TU^<gK] : T�Y�`mbwb�Wc��jqlqjt[�jtT�h
WZ[ � fQjtv£T�Y\T�^_[�lt`C��Wz[�jt`p^Khajq^.��`p^KhiT���gQ[�jtsmT�[\jq]'T"V�T�Y\jt`CfKh��

ë å



b�`¤±|`¤± fO²yny�al³meq�z ÈgÉOr~·(´��¡m ip� }¶tdq��­ipm¶t	n {�g ��g�n�{�gwn0iújpg�}¶t|q���ipm¶tvnq�tvo�i
¦$T�YiT_��}�T���`c^Kh\jqfQT�Y'WZ^ T�scT�^ ]'`cY\TªY\T�Wmlqjqhi[�jk�Mh\jt[�gKWZ[�jt`p^¹} � T�Y\T°[ � T°YiT�lt`Q��WZ[�jt`p^ ��`phi[9sZWZY�jtT�h
}$jt[ � [ � TMVXWmjtY"`cb6lt`Q��WZ[�jt`c^Kh : T�[¢}6T�T�^¸} � jk� � [ � T�opjtsmT�^Áb�Wc��jqlqjt[ ; � � Wm^QocT�h�jt[\h"V�`ph\jt[\jt`p^%�ªde^
[ � jqh{]'`CfQT�l ��}6T � W�scTªfKjtv�T�Y\T�^_[{jq^KfQjk��T�h"b�`cY�T´Wm� � `cb6[ � T�b�Wc��jqlqjt[�jtT�h�WZ^Kf¹}6T�T�¡KWc��[�l ; �<^Q`z}
} � jk� � b�Wm��jqlqjt[ ; jqh�lt`Q��WZ[\T�fÇWz[�} � jk� � lt`Q��WZ[\jt`p^%�*¦�T�YiT�}�T���Wm^ � W�scT°b�Wc��jqlqjt[\jtT�h�`mb$fKjtv�T�Y\T�^_[
� � WZY�Wc��[\T�Y�jqhi[�jk��h��
í¹T�^Q`z}5fCT��K^QT�hi`p]'T�WZfKfKjt[�jt`c^�WmlZVXWZY�Wm]'T�[\T�Y�hµgKhiT�f�jq^�[ � jqh�]�`CfQT�l �´Wm^Qf"[ � T�jtY���`cY\YiT�hiV�`c^KfKjq^Qo
jq^KfKjk��T�h$WzY\T{WZh7b�`plqlt`z}�h2�ÐÕÎ § ¾ jq^KfQT�¡�b�`cY7VX`c[\T�^_[\jkWmlwb�Wc��jqlqjt[ ; lt`Q��WZ[�jt`p^Qh�� ÐÕÎ § ¾ å)ÎDSDSDS�ÎJú ¿ ú �Û ¾ jq^KfQT�¡�b�`cY7b�Wm��jqlqjt[ ; � Û/¾ å)ÎDSDS2SDÎ �+�� Ç Á » ¾ ��`phi[7`cb�YiT�lt`Q��WZ[�jq^Qo�b�Wm��jqlqjt[ ; Û�b�Y\`p]&lt`Q��WZ[�jt`p^ Ð [\`Mlt`Q��WZ[�jt`c^ §¹�$¤Ý� Ç Á Á ¾ � §
�7� T{fCT´��jqh\jt`p^°smWzY�jkW : ltT�ha`cbF[ � T�VQY\` : ltT�]�WZYiT#�
� Ç Á ¼ ¾ Ö å jtbFb�Wc��jqlqjt[ ; Û�jqh�lt`Q��WZ[iT�f�WZ[�lt`Q��WZ[�jt`p^ Ð WZ[7[\jq]'T��� `c[ � T�Y\}$jqhiTp�

� Å Æ ¼ ¾ Ö å jtb�fQT�]�Wm^Kf�^C`CfQT�Ú°jqh���`zscT�Y\T�f :_; WZ[$ltT�Wmhi[ Í b�Wc��jqlqjt[�jtT�haWZ[�[\jq]'T%�� `c[ � T�Y\}$jqhiTp�
õ Ç Á » ¼�jqh°W5��`p^p[�jq^<gQ`cgKhMsZWZY�jkW : ltT : gC[ªjt[°Wmh\h�gQ]'T�hM`p^Kl ; jq^p[\T�ocT�YMsZWmlqgQT�h�¤@YiT�b�T�YM[\` x T���[�jt`p^
� S � Stå §6Wm^Kf�jqh7fQT���^QT�f.Wmh7b�`plqlt`z}$h2�
õ Ç Á » ¼ ¾ Ö � jtbFb�Wc��jqlqjt[ ; Û�jqhaY\T�lt`Q��WZ[iT�f°b�Y\`p]Èlt`Q��WZ[\jt`p^ Ð [\`Mlt`Q��WZ[\jt`p^Y§�WZ[7[�jq]'T%�

å `c[ � T�Y\}$jqhiTp�
�7� T¸S ; ^�Wm]'jk����n
±�¥a­�®º}$jt[ � lt`C��Wz[�jt`p^áfQT�V�T�^KfQT�^_[°Y\T�lt`Q��WZ[\jt`p^½��`phi[°jqhªb�`cY\]�gKlkWZ[iT�f½Wmh
b�`plqlt`z}�h2�
��Wz¡Qjq]Mjt¯�T öÀ¼ Â=÷ ÀÆ ô?ø ¿ÀÅeÂ
Ä ¤ å�¨ �w§ � Å À Ä Ø�Æ � Å Æ ¼ ¨ öÀ¼ Â
Ä ¿À Ç Â
Ä ÀÁ ô?ù À» ô-ù �

Ç Á » ¤ õ Ç Á » ¼ ¨ å §
h\g : «¢T´��[7[\`

¿ÀÅeÂ
Ä � Å Æ ¼ ¨ ÀÁ ô?ù ¿À Ç Â
Ä � Á Æ ¼ � Ç Á ¼ ï � Ô ÚA¾ å)ÎDSDS2SDÎMú ò ú Î �	¾ � ÎDSDSDS2Î � Î ¤ � � � ëC§

ÀÁìô-ù ¿À Ç Â
Ä � Ç Á ¼ ï � Ô �ß¾ � ÎDS2SDS2Î � Î ¤ � � � ¾p§ÀÁìô-ù � Ç Á ¼ ¾ å Ô Û/¾ å)ÎDSDS2SDÎ � Î �	¾ � ÎDSDSDS2Î � Î ¤ � � � ê §

ë �



¿À Ç Â
Ä � Ç Á ¼ ï å Ô Ð ¾ å�Î2SDSDS2ÎJú ¿ ú Î �a¾ � ÎDS2SDS2Î � Î ¤ � � �p÷ §
õ Ç Á » ¼üû � Ç Á ¼ À ÄkÞ � Ç » ¼ Ô Û Î¶Ð[Î § Î �a¾ å)ÎDSDSDS2Î � Î ¤ � � � �_§

� Ç Á ¼ Ñ Ò � Î�åNÓ Ô Û Î¶ÐÕÎ �a¾ � Î2SDSDS2Î � Î ¤ � � � è_§
õ Ç Á » ¼üû å Ô Û ÎeÐÕÎ § Î �ß¾ å)ÎDSDS2SDÎ � Î ¤ � � �c� §

� Å Æ ¼ ï å Ô5Í ¾ å�Î2SDSDS2Î � Î Ú�¾ å)ÎDSDSDS2ÎJú ò ú Î �a¾ � ÎDSDS2S2Î � Î ¤ � � � å §
�7� T�` : «¢T���[\jtscT�b@gK^���[�jt`c^"]�Wz¡Cjq]Mjt¯�T�h£[ � T�T�¡CV�T���[\T�f"fQT�]�Wm^Qf���`zscT�Y\T�f%��WZlqlt`z}$jq^Qo6Y\T�lt`Q��WZ[�jt`c^�`cb
b�Wc��jqlqjt[�jtT�hµ}$jt[ � [�jq]'Tp�´} � T�Y\T�[ � T6Y\T�lt`Q��WZ[\jt`p^{��`ch\[�fQT�V�T�^KfKh�`p^{[ � T6VXWZjtY�`cbKlt`Q��WZ[�jt`p^Qh : T�[¢}�T�T�^
} � jk� � W"b�Wc��jqlqjt[ ; ]'`zscT�h���d bµ^Q`CfQT�Ú�jqh���`zsmT�YiT�f :<; §Èb�Wc��jqlqjt[�jtT�h�Wz[�[�jq]'Td���<��`p^Khi[\Y�Wmjq^_[�¤ � S � ëC§
Wmh\h\jtop^KhFT�Wc� � `mb�[ � T6sZWZY\jkW : ltT�h � Ä Æ ¼ Î � ¬ Æ ¼ ÎDSDSDS2Î � » Æ ¼�W$sZWmlqgQT6`mb å h�jq^K��T�[ � T�` : «¢T´��[\jtscT�b@gQ^���[�jt`p^jqh"W�]MWz¡Qjq]Mjt¯�WZ[\jt`p^#b@gK^���[\jt`p^Á��`p^_[yWZjq^Kjq^Qo�[ � T�[\T�Y�] � Å Æ ¼i��¥�`p^Khi[\Y�Wmjq^_[M¤ � S � ¾p§�Y\T�hi[\Y\jk��[�h�[ � T]�Wz¡Cjq]�gK]�^<gQ] : T�Y�`cb6b�Wc��jqlqjt[�jtT�h�[i` : Tªlt`C��Wz[\T�f¸[i`$�Éb�`mY9WZ^ ; [�jq]'T(����¥�`p^Khi[\Y�Wmjq^_[ª¤ � S � ê §
Y\T�hi[\Y\jk��[�h�W�b�Wc��jqlqjt[ ; [\` : T$lt`Q��WZ[iT�fMWZ[
`c^Kl ; `p^QT$lt`C��Wz[�jt`p^'WZ[�Wm^ ; opjtscT�^�V�T�Y�jt`Cf(���
¥�`p^Khi[iYyWmjq^_[
¤ � S �p÷ §�Y\T�hi[\Y\jk��[�h�[ � T*]�Wz¡Cjq]�gK] ^<gK] : T�Yª`cb�b�Wc��jqlqjt[�jtT�h'[\` : TÁlt`C��Wz[\T�f WZ[�Wm^ ; VXWZYi[�jk��gKlkWZY
lt`Q��WZ[\jt`p^�[\` å �+d b�b�Wm��jqlqjt[ ; Û�jqh6lt`Q��WZ[iT�f�WZ[alt`C��Wz[�jt`p^ Ð WZ[6[�jq]'T£� ¨Oå � � Ç Á ¼ À Ä ¾ å � x jq]MjqlkWZY�l ; jtb
b�Wc��jqlqjt[ ; Û+jqhUlt`Q��WZ[iT�f#Wz[�lt`Q��WZ[\jt`p^1§�WZ[$[�jq]�Tº��� � Ç » ¼­¾ å ��uaWmhiT�f.`p^.[ � T�W : `zscTp�Xjtb�b�Wc��jqlqjt[ ;Û
jqhUY\T�lt`Q��WZ[iT�f*Wz[�[\jq]'T��7b�Y\`p] lt`Q��WZ[�jt`p^ Ð [\`�lt`Q��WZ[�jt`p^ú§¹�£��`c^Khi[\YyWZjq^_[�¤ � S � �_§aT�^Kh\gQYiT�h�[ � Wz[
õ Ç Á » ¼ û � � �a� T°lt`Q��WZ[\jt`p^¸fQT�V�T�^KfQT�^_[9YiT�lt`Q��WZ[�jt`p^¸��`ch\[{jqh{jq^���gQYiY\T�f¹`p^Kl ; jq^¹[ � jqh9��WmhiTp��Wmh
jqh�T�sCjqfQT�^_[�b�Yi`p]³[ � T�h\T���`p^Kf�h\gK]M]�Wz[�jt`p^#[iT�Y�]³jq^�[ � T�` : «¢T´��[\jtscT9b@gK^K��[\jt`p^#`cb�[ � jqh�]�`CfQT�l �
¥�`c^Khi[\YyWZjq^_[{¤ � S � è_§�jqh$W : jq^�WZY ; ��`p^Qh\[iYyWmjq^p[��
b�`¤±|`�� fO²yny�al³meq z ÈgÉOr~·(´ �[tajsrV}e¸%o�iWgwj�menyx �¡m ip� z ta¹�me}¶g��y�ßq/me}emcþipm¶g�o
de^ª[ � jqh�sZWZY\jkWm^_[�`cbw[ � T�S ; ^KWm]Mjk�U��n
±�¥6­F®��c}6TUY\T�lkWz¡'[ � T�Wmh\h\gK]'VQ[�jt`p^M[ � WZ[�[ � T�VX`c[\T�^_[\jkWml
lt`Q��WZ[\jt`p^#`cb���lqgQh\[iT�Y � T�WmfKh�¤@b�Wc��jqlqjt[�jtT�h¨§7WZYiT�fKjtv�T�Y\T�^_[�b�Y\`p] [ � T'lt`Q��WZ[\jt`p^.`cb�[ � T'hiT�^Khi`cY�h��"de^
[ � jqha]�`CfQT�l �<jq^Qh\[iT�Wmfª`cb%lt`Q��WZ[�jq^Co9b�Wc��jqlqjt[�jtT�h�Wz[6V�`c[iT�^_[�jkWmlXlt`Q��WZ[�jt`p^Qh��c}6T�T�ltT���[6hiT�^Qh\`mY�h�} � jk� �
Wc��[�Wmh$[ � T���lqgKhi[iT�Y � T�Wmf%� x jq^���T{[ � T9hiT�^Khi`cY\h�WZY\T9]'` : jqltTp�K[ � T9T�ltT���[iT�f#��lqgKhi[\T�Y � T�Wmf#jqh$jt[�hiT�ltb
W�hiT�^Qh\`mY�� �7� gQh���lqgKhi[\T�Y � T´WZfKh"WZY\TMWZlqh\`)]�` : jqltT'Wm^KfÁb�`plqlt`´}Ì[ � TMh�Wm]'T�[iYyWz«¢T´��[i`cY ; Wmh�[ � T ;
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��jtopgCY\T � � � �+©Ìh\^�WZVKh � `c[�`cbF[ � T{^CT�[¶}6`cYi�

í¹T�^Q`z}�Y\T�fQT���^CT{hi`p]�T"`cbF[ � T"VXWzYyWm]'T�[iT�Y\h�Wmh7b�`plqlt`z}�h��ò ¾ hiT�[�`mb�V�`m[\T�^_[�jkWZlwb�Wc��jqlqjt[ ; lt`Q��WZ[�jt`c^Kh��
ò ¾ hiT�[�`mb�fQT�]�WZ^Kf�^Q`CfCT�h��
Â Á Æ ¼ ¾ fQjqh\[�Wm^���T : T�[¶}6T�T�^)fQT�]�Wm^Kf�^C`CfQT Ð Wm^Kf�fQT�]�Wm^Kf

^C`CfQT�Ú�Wz[7[�jq]'T%���� ¾ ��`phi[7V�T�YU� � Wm^QomT�jq^�[ � T�hi[yWz[�gKh7b�Y\`c]³¥6¦ [i`�hiT�^Khi`cY7`cY7sCjk��T�scT�Y�h�W
í¹T9WZlqh\`�Y\T�fQT���^QT"[ � T�fQT���jqh\jt`p^�sZWZY\jkW : ltT�ha`mb�[ � T"VKY\` : ltT�]�Wmh7b�`plqlt`´}$h2�
� Á ¼ ¾ Ö å)Î jtb�fQT�]�Wm^Kf)^Q`CfQT Ð Wc��[�h�Wmh$WM��lqgKhi[iT�Y � T�Wmf�WZ[7[�jq]�T��� `c[ � T�Y\}$jqhiTp�

� Å Æ ¼ ¾ Ö å)Î jtb�fQT�]�Wm^Kf)^Q`CfQT"��jqh���`´scT�Y\T�f :<; WZ[�ltT�Wmhi[ Í b�Wm��jqlqjt[\jtT�h"¤ ¥a¦$h�§6WZ[�[\jq]'T%�� `c[ � T�Y\}$jqhiTp�

õ Á ¼ ¾ Ö å)Î jtb�W�fQT�]�Wm^Kf�^C`CfQT{j%� � Wm^QocT�h7jt[�h�hi[�WZ[�gKh7b�Yi`p]���lqgKhi[\T�Y � T�Wmf�[\`MhiT�^Qh\`mY�`cY7sCjk��T�scT�Y�h�WK�
� `c[ � T�Y\}$jqhiTp�

�7� T{f ; ^�Wm]Mjk���*n+±�¥a­�®Ob�`cY$��lqgKhi[\T�Y\jq^Qo'}�jt[ � ]'` : jqltT�b�Wm��jqlqjt[\jtT�hajqhab�`cY�]9gKlkWZ[\T�f)Wmh7b�`plqlt`´}$h2�
��Wz¡Qjq]Mjt¯�T öÀ¼ Â=÷ ÀÆ ô?ø ¿ÀÅeÂ
Ä ¤ å�¨ �w§ � Å À Ä Ø�Æ � Å Æ ¼ ¨ öÀ¼ Â
Ä ÀÁìô-ø � õ Á ¼

ëcë



h\g : «¢T´��[7[\`

¿ÀÅeÂ
Ä � Å Æ ¼ ¨ ÀÁìô?ø � Á Æ ¼ � Á ¼ ï � Ô Ú�¾ å)ÎDSDSDS2ÎJú ò ú Î �a¾ � ÎDSDS2SDÎ � Î ¤ � � �p� §ÀÁ ô?ø � Á ¼ ï � Ô �ß¾ � Î2SDSDS2Î � Î ¤ � � �c� §
õ Á ¼Êû � Á ¼ À Ä ¨ � Á ¼ Ô Ð ¾ å�Î2SDSDS2ÎJú ò ú Î �	¾ å)ÎDSDSDS�Î � Î ¤ � � � ëC§
õ Á ¼Êû � Á ¼ ¨ � Á ¼ À Ä Ô Ð ¾ å�Î2SDSDS2ÎJú ò ú Î �	¾ å)ÎDSDSDS�Î � Î ¤ � � � ¾p§
� Á ¼ Ñ Ò � Î�åMÓ Ô Ð ¾ å�Î2SDSDS2ÎJú ò ú Î �	¾ � ÎDSDSDS2Î � Î ¤ � � � ê §
õ Á ¼Êû � Ô Ð ¾ å)ÎDSDSDS�ÎJú ò ú Î �a¾ å�Î2SDSDS2Î � Î ¤ � � �_÷ §

� Å Æ ¼ ï å Ô Í ¾ å)ÎDS2SDS2Î � Î Ú�¾ å)ÎDSDSDS2ÎJú ò ú Î �a¾ � ÎDSDSDS2Î � Î ¤ � � � �_§
�7� T�b�`mY�]�gKlkWz[�jt`p^�jqh%h�jq]'jqlkWZYµ[\`�[ � T�`p^QT�fQT�h���Y�j : T�f�jq^ x T���[\jt`p^ � S � Sqå }�jt[ � [ � T�`p^Kl ; fKjtv�T�Y\T�^���T
[ � WZ[
[ � T�hiT�[+`cb�VX`c[\T�^_[\jkWmlCb�Wc��jqlqjt[ ; lt`Q��WZ[\jt`p^�jqh�h�Wm]'T�Wmh
[ � WZ[
`cbX[ � T�h\T�[+`cb£hiT�^Khi`cY�h���©�lqhi`�[ � T
` : «¢T���[\jtscT{jqhU[\`ªT�ltT���[���lqgQh\[iT�Y � T�WmfKh�Wm]'`p^Co°[ � T�hiT�^Qh\`mY�h�h\g�� � [ � WZ[U[ � T9T�¡CV�T���[\T�f�fQT�]�WZ^Kf
`cb7[ � T�hiT�^Khi`cY\h���`zscT�Y\T�f :<; T�Wc� � ��lqgKhi[\T�Y � T´WZf jqh�]�Wz¡Cjq]Mjt¯�T�fµ� �a� jqh9b�`cY\]�gKlkWZ[\jt`p^5��Wm^ : T
gKhiT�f�Wmh�W���lqgKhi[\T�Y�jq^QoM[\`_`pl�jq^�Wmf � `Q�{^CT�[¶}6`cYi�Ch�T�^Kh\gQY\jq^Qo°^QT�[¶}6`cYi��Y\T�lqjkW : jqlqjt[ ; �a¥�lqgKhi[\T�Y�jq^Co
jqh+fQ`c^QT7b�`mY+TDCª��jtT�^_[�]�Wm^�WZomT�]�T�^p[�`cb�[ � T7^QT�[¢}�`cY\�9Wm^Kf'Wmlqhi`�[i`�T�WmhiT7lt`Q��WZ[�jt`c^�]�Wm^�WzocT�]'T�^_[
Wm^Kf�Y\`pgQ[\jq^QoX�

ZY@�
 � � /94#�+	��A@)�*0 0 /9�
-

de^á[ � jqhª� � WZVK[iT�Y���}6T.VQY\T�hiT�^p[\T�f½W¹fQT�[yWZjqltT�fÉfCT�h���Y�jtVQ[�jt`p^O`cb�`pgQY�VKYi` : ltT�] h���T�^�WZY�jt`��Éí5T
hi[�gKfQjtT�f�[ � T���n
±�¥6­F®½Wm^Kf.jt[�h�b�`cY�]9gKlkWZ[�jt`c^ :<; S�Wmhi�Cjq^VH � è J jq^.fCT�[�Wmjqlqh�� �7� T�^�}6T{]'`CfCT�l
[ � T�VQY\` : ltT�] WZ[ � Wm^Kf�Wmh6W{sZWZY\jkWm^_[�`cb��*n
±�¥a­�® [\T�Y�]�T�f°Wmh6S ; ^�Wm]Mjk�U��n
±�¥6­�®+� �7� jqh�jqh
b�`plqlt`z}�T�f :<; Wm^�jq^QfQT�VK[ � h\[\gKf ; `cbw[ � TUsZWZY\jt`pgKh�sZWZY\jkWm^_[\h�`mbw[ � T�S ; ^�Wm]'jk�$�*n+±�¥a­�®��pWmlt`p^Co
}$jt[ � [ � T�jtY�Y\T�hiV�T���[�jtscT�VKY\` : ltT�]æb�`cY\]�gKlkWZ[\jt`p^Kh��wí5T6Wmlqhi`UT�hi[yW : lqjqh � [ � WZ[F[ � T6hi[iY�g���[�gCY\T�`cbQ[ � T
b�`cY\]�gKlkWZ[\jt`p^�YiT�]�Wmjq^Kh�gK^KWmlt[\T�Y\T�fÁjtb�lqjq^Q�#b�WmjqlqgCY\T�jqh���`p^Kh\jqfQT�Y\T�fÁjq^Khi[\T�Wmf*`cb�b�Wc��jqlqjt[ ; b�WmjqlqgQY\Tp�
de^.� � WZVK[\T�Y � �C}6T�VKY\T�hiT�^_[$W'hi`plqgQ[\jt`p^)]�T�[ � `CfQ`clt`co ; fCT�smT�lt`mV�T�f)b�`mY7`pgQY�VQY\` : ltT�].�
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de^¹[ � T�VKYiT�s<jt`pgKh{� � WZVK[\T�Y��FhiT�scT�YyWml+sZWZY\jkWm^_[\h"`cb6[ � Tªf ; ^�Wm]Mjk�'�*n
±�¥a­�®æ}6T�YiTMVKY\T�hiT�^_[\T�f%�
�7� TUopjtsmT�^M]'`CfCT�lqh���WZ^ : T�hi`pltscT�fMgKh\jq^Qo�W�hi[yWZ^Kf�WZY\fª��j¬¡CT�f�de^_[\T�ocT�Y6­%jq^QT�WZY�®
Yi`cocY�Wm]M]Mjq^Qo
¤ ��d¶­�®6§�hi`pltscT�Y�lqjt�cT'¥a®�­Fn+±��£u6gQ[�}$jt[ � jq^���Y\T�Wmh\jq^QoªVKY\` : ltT�]³h\jt¯�Tp��jt[ : T���`p]'T�h�]'`cYiT'WZ^Kf
]'`cYiT�fKjÃCª��gKlt[%[\`Uhi`pltscT�[ � T6��d¶­F®#gKh\jq^Qo"¥6®�­�n
±���­�WZYiocT�VKYi` : ltT�]MhF��Wm^K^Q`c[ : T�T�scT�^"Y\T�Wmf�jq^
[\`U[ � T$¥6®�­�n
±ÉT�^_s<jtY\`p^K]�T�^p[�Wm^Kf � T�^���Tahi`plts<jq^Qo�h\g�� � VQY\` : ltT�]Mh�jqh�^C`c[�V�`ph\h\j : ltT6jq^{[\`CfKW ; �Íh
��`p^_[iT�¡<[�� í¹T¸�C^Q`z}�b�Yi`p] [ � T¹lqjt[\T�YyWz[�gQYiT¸[ � WZ[#��`zsmT�Y\jq^QoOlt`Q��WZ[�jt`c^øVKY\` : ltT�]Mh�jq^���lqgKfKjq^Co
��n
±�¥6­F® WZYiT��#é ¨JI È � Ø VKYi` : ltT�]Mh�� x jq^���T�S ; ^�Wm]Mjk���*n
±�¥a­�®5jqh�W"sZWZY\jkWm^_[�¤@`mY6W"[\jq]'TT�¡C[\T�^Kh\jt`p^X§a`cb+[ � T�[iYyWmfQjt[�jt`p^�WZlF��n
±�¥6­F®��Xjt[Ujqh�WZlqh\`°Wm^��#é ¨KI È � Ø VKY\` : ltT�].�aí¹T��<^Q`z}[ � WZ[	�#é ¨LI È � Ø VKY\` : ltT�]'h�WZY\T7ocT�^QT�Y�Wmlql ; ��`p]�V�gQ[yWz[�jt`p^�WZlql ; jq^_[\T�^Kh\jtscT�Wm^Kf�[i`pgQo � [\`�hi`pltscTp��7� gKh�}6T�^QT�T�f.Wm^.Wmlt[iT�Y\^�WZ[\jtscT�WzVKVKY\`pWc� � [i`�hi`pltscT�[ � T{S ; ^�Wm]Mjk���*n+±�¥a­�®ÉTDCª��jtT�^_[\l ; �<jq^
`cY\fQT�Ya[\`�fQT�[\T�Y�]'jq^QT�[ � T�`cVQ[�jq]�Wml�b�Wm��jqlqjt[ ; lt`Q��WZ[\jt`p^Kh�� x jq^���T�}6T"WZYiT���`p^Qh�jqfCT�Y\jq^Qo'W�]Mjqlqjt[�WZY ;
h���T�^KWZY�jt`X�6fQT�scT�lt`cV�jq^CoÇW¹hi`plqgQ[�jt`c^½]�T�[ � `CfQ`clt`co ; }�jt[ � T�]'V � WZh�jqhM`p^½hi`plqgQ[\jt`p^É[�jq]'T#jqh�`cb
��Y�g���jkWml$jq]'V�`mY\[yWZ^���T_� ¦$`´}6T�scT�Y°jq^ W5VXT´Wm��T�[\jq]'T�hy��T�^�WZY\jt`X�6[ � TÁ�<gKWmlqjt[ ; `cb�[ � T*hi`plqgQ[�jt`c^
¤@` : «¢T���[�jtscT"b@gK^���[�jt`p^.sZWmlqgQTz§ajqhU]'`cYiT9jq]'V�`cYi[yWm^_[���`p]'VXWzY\T�f.[i`ª[ � T�hi`plqgC[�jt`p^�[\jq]'Tp�$¦�T�^���T_�
fQT�V�T�^KfKjq^CoÉ`p^Ê[ � T¹h���T�^KWZY�jt`X�Ujt[�}6`pgKlqf : T5^QT���T�h\hyWzY ; [i`½��`p^Kh\jqfQT�Y.WÇ[\YyWZfQT�`cv : T�[¢}�T�T�^
hi`plqgQ[\jt`p^°[\jq]'T"Wm^Qf)hi`plqgQ[\jt`p^��_g�Wmlqjt[ ; ��©U^Kf)jt[a}6`cgKlqf : T�W�fCT�h\jtY�W : ltT�VKYi`cV�T�Y\[ ; `cb�[ � T"h�Wm]�T
hi`plqgQ[\jt`p^)]'T�[ � `Cf)[i`M`cV�T�YyWz[\T�gQ^KfQT�Y�T�jt[ � T�Y�h\jt[\g�WZ[�jt`c^%�
de^#[ � jqh�� � WZVK[\T�YU}�T�fQT�scT�lt`cV#[¢}�`ªocYiT�T�f ; � T�gCY�jqhi[�jk��h$b�`cY�hi`pltsCjq^Coª[ � T'S ; ^�WZ]Mjk�{�*n+±�¥a­�®
Wm^Kf�Wm^�Wml ; ¯�T�[ � T�jtY�V�T�Y\b�`mY�]�Wm^K��T�h�� �7� T ; WZYiT��
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å ��Æ7T�lt`Q��WZ[�jt`p^)¦�T�gQY�jqhi[�jk�'¤�ÆU¦�§��KWZ^Kf

� ��|�`m·¶Æ�T�lt`Q��WZ[\jt`p^�¦$T�gQY�jqhi[\jk�M¤ |UÆU¦�§��

®ú@2? ¯ 	����)1�/���
��M� M 	��#��
�����
�1

Æ7T�lt`C��Wz[�jt`p^�¦�T�gQY�jqhi[�jk��¤ Æ$¦�§+jqh6W"ocY\T�T�f ; � T�gQY\jqh\[\jk�m�p} � jk� � V�jk���Ch�[ � T : T�hi[	�.lt`Q��WZ[�jt`p^Qh��m`p^QT
WZ[6W�[�jq]�T_�cb�`cY�T�Wc� � [�jq]'T�V�T�Y�jt`<f%� �a� T � T�gQY�jqhi[�jk�a[�WZ�cT�h�jq^_[i`���`p^Kh\jqfQT�Y�WZ[�jt`p^�[ � T�lqjq^Q��b�WmjqlqgCY\T
VKYi` : W : jqlqjt[\jtT�h6Wmh6}6T�lql£Wmh6[ � T�Y\T�lt`Q��WZ[\jt`p^°��`phi[7jq^K��gCY\Y\T�f°jq^�hi}�jt[y� � jq^Qo9b�Wc��jqlqjt[�jtT�h�lt`Q��WZ[�jt`c^Kh�jq^
[¢}�`�h\g�����T�h\h\jtscT�[�jq]'T�V�T�Y�jt`CfKh�� �7� T7fQT�[yWmjqltT�f{VKYi`Q��T�fQgQY\Ta`mb�[ � T�Æ$¦Éjqh�VKYiT�hiT�^_[iT�f�Wmh�b�`plqlt`z}�h2�
å �U¥6Wmlk��gKlkWZ[\T�[ � T{fCT�]MWm^Kf.��`zscT�YiT�f :<; T�Wc� � V�`c[iT�^p[�jkWmlµlt`C��Wz[�jt`p^%�

� � x T�ltT���[+[ � T�V�`c[iT�^_[�jkWmlQlt`Q��WZ[\jt`p^9}$jt[ � ]�Wz¡Qjq]9gK]Ô��`zscT�YyWZomT�WZ^Kf'V�lkWc��T�W�b�Wc��jqlqjt[ ; WZ[
[ � jqh
lt`Q��WZ[\jt`p^%� �7� jqh�V�`m[\T�^_[�jkWZl�lt`Q��WZ[\jt`p^*jqh�^Q`z}ÌVKY\T���lqgKfQT�f*b�Yi`p]³b@gQ[\gQY\T�V�lkWm��T�]'T�^_[U`cb�W
b�Wc��jqlqjt[ ; b�`cY7[ � jqh7V�WZY\[\jk��gQlkWZY7[\jq]'T�V�T�Y�jt`<f%�

� � x jq^K��T�[ � T�YiT)T�¡Qjqhi[�h'W*VQY\` : W : jqlqjt[ ; `cb$b�WmjqlqgQY\T°`cb$[ � T�lqjq^Q� ¤ �w§ : T�[¢}�T�T�^ [ � T)b�Wc��jqlqjt[ ;
V�lkWm��T�f*Wm^Kf�[ � T'fQT�]�WZ^Kf¸��`zscT�YiT�fµ�µWªb�Y�Wc��[�jt`p^.`cb�[ � T'fQT�]�WZ^KfÁjqh�Wc��[�g�WZlql ; ��`zscT�Y\T�f%�
�a� gKh�}6T�gQV£fKWZ[\T�[ � T)fQT�]�WZ^KfÇ`cb�[ � T)fQT�]�Wm^KfÇ^Q`CfQT���`zscT�Y\T�f :<; [ � jqh�b�Wm��jqlqjt[ ;Á:<;
]�gQlt[�jtV�l ; jq^Co»jt[ :_; �F� í¹T¹gKhiT¸[ � T¹gQV£f�Wz[\T�f�fQT�]�Wm^Kføb�`cY�b@gQ[�gQYiT5��Wmlk��gKlkWZ[\jt`p^ `cb
��`zscT�Y�WZocT�b�`cY7`p^Kl ; [ � jqh7[�jq]�T�h\lt`c[��

ëX��Æ7T�V�T�WZ[7[ � T{W : `zscT"[ � Y\T�T"h\[iT�V�h�gK^_[�jql%Wmlqlw[ � T"b�Wc��jqlqjt[�jtT�haWZY\T�V�lkWc��T�f%�

¾Q��Æ7T�V�T�WZ[7[ � jqhaVKY\`C��T�fKgCY\T"b�`cY$Wmlql£[�jq]�T�h\lt`c[�h��+de^�`mY�fQT�Y7[\`'[�WZ�cT{��WZYiT�`cbF[ � T"Y\T�lt`Q��WZ[\jt`p^
��`phi[���}6T6WmfKf � �Ì¤�h\jq^���T6WU� � WZ^QocT�jq^{^<gK] : T�YF`mbKb�Wm��jqlqjt[ ; WZ[�[¢}6`Ult`Q��WZ[\jt`p^KhF��`p^Khi[�jt[\gQ[\T�h
W"Y\T�lt`Q��WZ[�jt`c^M`cb%W�b�Wc��jqlqjt[ ; §F[\`9[ � T�[i`c[yWZl£��`zsmT�Y�WZocT�`cbµ[ � TUV�`c[iT�^_[�jkWmlXlt`Q��WZ[\jt`p^'b�`cY�[\jq]'T���Qjtb�[ � WZ[�lt`Q��WZ[�jt`p^°}aWmh�hiT�ltT���[\T�f)jq^)[ � T"VKY\T�sCjt`cgKh7[\jq]'T"V�T�Y\jt`Cf1� ¨ å �

�a� T � T�gQY\jqh\[\jk��VKY\T�[\[ ; ]9g�� � ��WZVK[�gCY\T�h�[ � T9lqjq^Q�ªb�WmjqlqgQY\T�VKY\` : W : jqlqjt[\jtT�h :_; gQV�f�WZ[�jq^Co�[ � T
fQT�]�Wm^Qf»`mb$[ � T)hiT�^Qh\`mY'^Q`<fQT�hMWZb�[iT�Y9V�jk���Cjq^Qo*T�Wc� � lt`Q��WZ[\jt`p^5b�`cY�VKlkWc��jq^Qo¸W�b�Wc��jqlqjt[ ; � �7� T
� T�gQY\jqh\[\jk��Wmlqhi`ÁopjtsmT�h�}�T�jto � [yWzocT�T��<gQjtsmWZltT�^p[�[\`¸YiT�lt`Q��WZ[�jt`p^»��`phi[�[i`¹lt`C��Wz[�jt`p^Kh�hiT�ltT´��[iT�fÇjq^
VKYiT�s<jt`pgKh
[\jq]'T7V�T�Y�jt`<fKh�jq^'`cY�fCT�Y
[i`9W�sc`cjqf�[\`<`{]MWm^ ; Y\T�lt`Q��WZ[\jt`p^Kh���Æ$¦ jqh+b�`pgK^Kf'[\`"V�T�Yib�`cY�]

ë ÷



��`p^Kh\jqfQT�YyW : l ; }�T�lql�b�`cY6]�`phi[�VKYi` : ltT�] jq^Khi[yWm^K��T�h��<Wmh�jqh�T�sCjqfQT�^_[�b�Yi`p]º[ � T�Y\T�h\gKlt[�h�fQjqhy��gKh\hiT�f
jq^�fQT�[�Wmjqlµjq^�� � WZVK[iT�YU¾C�

ô�^QT�}7W ; `cb�jq^_scT�hi[�jto_Wz[�jq^Qo � `z}Çoc`<`Cf{[ � T � T�gQY�jqhi[�jk��VXT�Yib�`cY�]'h+WmhFb�WZY+Wmh�hi`plqgC[�jt`p^{�<g�Wmlqjt[ ;
jqh{��`c^���T�Y\^QT�f5jqh"[\`.��^Qf � `z}ºVX`<`cY�l ; [ � T � T�gQY\jqh\[\jk����Wm^¸VXT�Yib�`cY�]�� �a� gKh�}6T°��WZYiY ; `pgC[9W
}6`mY�hi[{��WmhiT�WZ^�Wml ; h\jqh�b�`mY"[ � T � T�gQY�jqhi[\jk�c��de^¸`cY�fCT�Y�[\`�T�sZWmlqg�Wz[\T'[ � T � T�gQY\jqhi[�jk�m�µ}�TªWZ^�Wml ; ¯�T
jt[�hU}�`cY�hi[���WmhiT9T�YiY\`cY : `pgK^Kf�b�`cYU} � jk� � }�T9YiT��_gKjtY\T9[ � T'��`p^K��T�VK[U`cb�Wm^ONi·¶WzVKVKY\`�¡Qjq]�WZ[iT�Wml¬·
oc`cY\jt[ � ]�� �a� jqh�jqh7b�`cY\]�Wmlql ; fQT���^QT�f#WZh�b�`clqlt`z}$hajq^�®+WZVXWmfQjq]Mjt[\Y\jt`pg)WZ^Kf x [iT�jtoclqjt[\¯�H ¾ �MJ �
P �'�6î ha�&R�)Oñ[ZI���P*��$T�R&��� ñ�)RQ *��P)��P*V�$T�R&��� ñ�)Çñ�!V*�RTS&�P*��$T�R&��� ñ�)VU ZN!\ñOh'"$��* \^�Y�@ð ZKñM`[�Y���P%&�V�P)0X��� ,&! R&"7òyñM`��XWaUE)£ò���� ñ�) òZY�R�)£ï "$�'��} ha�QR�)OR&" ,_ñ�![�Y�@ðO* \+ðO� ò�ð[Yp,&�P%&��)�R�)]�P)3`��cR�)£ò[�/��ñ\W'î]Y!_�'��UE![)3`�R^W��PRM`[� h'"$�p`�ñ&"RU=��� ñ�) × ê ¤`_C§ba�ïO��)£ñ&��� �@ð3��ñ[ZI���P*�R&"0`�ñ&"RU=��� ñ�)�ñ\Wî� h�Qdc× ¤e_C§gfih%ð3��)(} � `
òÕR&"P"$��ï R�)jN?X¶R[Z�ZN!\ñTS&�P*AR&���ºR&" ,_ñ�!��Y�@ðO*kW�ñ�!UîRW�ñ�! `�ñ�*/�lNîû � �mWLR�)£ï�ñ�)0"RQb�mW

n ocò ëqp òsr ó ó À ocòTtë òsr ó ó no òTtë òsr ó ó ï N
W�ñ�!�R&"P";�P)3`��cR�)£ò[�[`p�uf
­µT�[$gKh$��`p^Kh\jqfQT�Y7[ � T�b�`clqlt`z}$jq^Qo9T�¡QWm]'V�ltT��

Demand = a

Node 1 at t = 0

Node 1 at t = T

Demand = a
Coverage Radius

Potential Location 1 Potential Location 2

��jtopgQYiT � � å �+©�^)T�¡KWm]'VKltT"jqlqlqgKhi[\YyWz[�jq^Qo�[ � T"}�`cY�hi[$��WmhiT : T � W�sCjt`pgQY7`cb�Æ$¦
de^)[ � T{W : `´scT"T�¡KWm]�V�ltT�}6T���`c^Kh\jqfQT�Y��
|UgQ] : T�Y�`cbFV�`c[iT�^_[�jkWml£b�Wc��jqlqjt[ ; lt`Q��WZ[�jt`p^$¾ �
|UgQ] : T�Y�`cbFb�Wc��jqlqjt[�jtT�h6[i` : T�V�lkWc��T�fQ¾ å
|UgQ] : T�Y�`cb�fQT�]�Wm^Qf�^Q`CfQT�h�¾ å

ë#�



SUT�]MWm^Kf)`cb�^Q`CfCT å ¾ È|UgQ] : T�Y�`cbF[�jq]�T�h\lt`c[�h£¾µ� Þ å
®
Yi` : W : jqlqjt[ ; `cb�lqjq^Q�ªb�WmjqlqgQY\Tº¾��
Æ7T�lt`C��Wz[�jt`p^)��`phi[y¾ ¦�¤¤¦|� È §�a� T � T�gQY\jqh\[\jk��hi[yWzY\[�h�}�jt[ � ��^QfKjq^Qo�[ � TaT�¡CV�T���[\T�f'��`zsmT�Y�WZocT�b�`cY
WZlql<[ � TaV�`c[iT�^_[�jkWml_b�Wc��jqlqjt[ ;
lt`Q��WZ[\jt`p^Kh�WZ[°[�jq]�T���¾ � WZ^Kfølt`Q��WZ[\T�h�W b�Wc��jqlqjt[ ; WZ[�[ � TÁlt`Q��WZ[\jt`p^ø��`zscT�Y�jq^QoÇ]�Wz¡Cjq]�gK]
T�¡CV�T���[\T�f)fQT�]�Wm^Kf�b�`cY7[ � WZ[7[\jq]'T�VXT�Y\jt`Cf%�
de^)[ � T�W : `zsmT�T�¡QWm]'V�ltTp�<V�`c[iT�^p[�jkWmlwlt`Q��WZ[\jt`p^ å jqh
hiT�ltT´��[iT�fÁb�`cY{lt`C��Wz[�jq^Qo#WZ[�[\jq]'TA�º¾ � }�jt[ � T�¡CV�T���[\T�f ��`zsmT�Y�WZocT'`cb"¤ å�¨ �w§wv�¤ È §�b�`mY�[ � Wz[[�jq]�T{V�T�Y�jt`Cf%� �a� T � T�gQY�jqhi[\jk�{WZo_Wmjq^#��`c]'V�gQ[iT�h$[ � T{T�¡CV�T���[\T�f�fQT�]�Wm^Qf*��`zscT�Y\T�f.b�`mY�Wmlql%[ � T
V�`c[iT�^_[�jkWml�b�Wc��jqlqjt[ ; lt`C��Wz[�jt`p^Kh�b�`cY"[ � T�^QT�¡C["[�jq]'T�V�T�Y�jt`Cf5Wm^Qf¸[ � T�^5��`c^Kh\jqfQT�Y�h�[ � T'[\YyWZfQT�`cv
: T�[¢}�T�T�^ hi}�jt[y� � jq^Qo [i`ÉWm^C`c[ � T�Y°VX`c[\T�^_[\jkWmlUlt`Q��WZ[�jt`c^%�Ìde^ [ � T*T�¡KWm]�V�ltT�b�`cY°[\jq]'T�V�T�Y\jt`Cf��¾ å �XV�`c[iT�^p[�jkWml�lt`Q��WZ[\jt`p^ � � WmhU[ � T�]�Wz¡Qjq]�gQ]�T�¡<V�T���[iT�f*��`zsmT�Y�WZocT9Wm]'`p^Co)WZlql�VX`c[\T�^_[\jkWml
lt`Q��WZ[\jt`p^Kh�� �7� gKhaÆ$¦���`p]'V�gQ[iT�h6[ � T�opWmjq^ªjq^���`zsmT�Y�WZocT :<; hi}$jt[�� � jq^Qo9[i`9V�`c[\T�^_[\jkWml�lt`Q��WZ[\jt`p^
� Wm^Kfªjt[\h�Wmh\hi`Q��jkWZ[\T�f���`ch\[�� x jq^���T$[ � T���`phi[�`mbµYiT�lt`Q��WZ[�jq^Qoª¤¤¦�§�T�¡K��T�T�fKh�[ � TUo_WZjq^�jq^ª��`´scT�YyWZocT
¤ È §¨�X[ � T � T�gQY\jqh\[\jk��fQT���jqfQT�h�^Q`c[U[i`°Y\T�lt`Q��WZ[iT�WZ^Kf#[ � gKhUb�`cYU[�jq]'T{VXT�Y\jt`CfQ��¾ å ��[ � T9b�Wc��jqlqjt[ ;
jqh{lt`Q��WZ[iT�f5Wz[9lt`Q��WZ[\jt`p^ å �)�K`cY9Wmlql�h\g : hiT��<gQT�^_[{[�jq]�T�V�T�Y\jt`CfKh��F[ � T � T�gQY\jqhi[�jk�M� � `<`phiT�h�[ � T
b�Wc��jqlqjt[ ; [i` : T�lt`C��Wz[\T�f�WZ[�lt`Q��WZ[\jt`p^ å �X[ � T�YiT :<; Wz[\[yWZjq^Kjq^Qo�Wª��`´scT�YyWZocT{`mbU¤ å|¨ �w§xv{¤ È v å §��u ; h�jq]�V�ltTU` : hiT�YisZWZ[�jt`p^'}6T���Wm^ªh�W ; [ � WZ[�[ � TU`mVK[�jq]�WZlXhi`plqgQ[\jt`p^�jqh�[i`9lt`Q��WZ[\T�[ � TUb�Wc��jqlqjt[ ; WZ[
V�`c[iT�^_[�jkWmlwlt`Q��WZ[�jt`p^ � b�`cY$Wmlqlw[\jq]'T�V�T�Y�jt`CfQh�}�jt[ � [i`c[yWZl%��`zscT�YyWZomT�`cb7¤ å0¨ �w§yv�¤ È v	��§¨��7� gKh7}6T � W�scTà ¤yc× ¤e_C§\§ø¾ ¤ å�¨ �£§yv"¤ È va��§aWm^Kfà ¤ × ê ¤e_C§\§ø¾ ¤ å�¨ �£§yv"¤ È v å §¦$T�^���T

n ocò ë p òsr ó ó À ocòTtë òsr ó ó no òTtë òsr ó ó ï N
`cY�� n ò Ä À{z ó}| ò�~ |eÄ¤ó À ò Ä À{z ó}| ò�~ | ö ó nò Ä À{z ó}| ò�~ | ö ó ï N

`cY�� ö À Äö ï N
�KYi`p]º[ � T�W : `zscT�T��<gKWZ[�jt`p^µ�<jt[6jqha��ltT�WZY�[ � WZ[�[ � T�Wmltoc`mY�jt[ � ]$� h�Y\T�lkWZ[\jtscT$T�YiY\`cY�}�jqlqlXsCjt`plkWz[\T�Wmlql
��`p^Khi[yWZ^_[ : `pgQ^KfKh�¤eN¨§$b�`mY"WZVKVKYi`cVKY\jkWZ[\T�jq^Khi[yWm^K��T�h�� �7� gKh�}6T'��`p^���lqgKfQT�[ � Wz[�[ � T � T�gQY\jqhi[�jk�

ë_è



jqh�^Q`m["Wm^�N¼·¶WZVKVKYi`´¡Qjq]�WZ[iT�Wmltom`cY�jt[ � ]�b�`cY�Wm^ ; å �dNº� � ��de^*`c[ � T�Y�}6`cY\fKh�[ � TMWZltoc`cY�jt[ � ]
V�T�Y\b�`mY�]Mh{WZY : jt[\YyWzY�jql ;�: WZf¹}$jt[ � jq^���Y\T�Wmh\jq^Qo.^<gK] : T�Y�`cb6[�jq]�T�h\lt`c[�h"b�`cY9W � jto � Y\T�lt`Q��WZ[\jt`p^
��`phi[��

®ú@[Z � � ¯ 	����)1�/���
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��F��
�1

|$`Z·¶Æ�T�lt`Q��WZ[\jt`p^°¦�T�gCY�jqhi[�jk��¤ |UÆU¦�§�jqh7Wmlqhi`'W9omY\T�T�f ; � T�gCY�jqhi[�jk�$} � T�YiT�[ � T�`cVQ[�jq]�Wml£hi[iYyWZ[iT�o ;
}$jqlql : T*[i`ÇV�lkWm��T#b�Wc��jqlqjt[\jtT�h�WZ[°lt`Q��WZ[\jt`p^Kh�} � jk� � ��`zsmT�Yª]�Wz¡Qjq]9gK] fQT�]�Wm^Kf½b�`cY�Wmlql$[\jq]'T
V�T�Y�jt`<fKh�� �7� T � T�gQY�jqhi[�jk��Wmlqhi`�[yWz�cT�h���WzY\T�`cb�lqjq^Q��b�WmjqlqgQY\T�VKY\` : W : jqlqjt[�jtT�h6jq^�W�h\jq]MjqlkWZY�b�Wmh � jt`p^
Wmh$Æ$¦ fQ`<T�h��
©ÌfQT�[yWmjqltT�f°VKY\`Q��T�fKgQYiT"`cb�[ � T{|�Æ$¦çjqh�Wmh7b�`plqlt`z}$h2�
å �U¥6Wmlk��gKlkWZ[\T"[ � T{[\`c[�WmlFfQT�]�Wm^Qf*��`zsmT�YiT�f :<; T�Wc� � V�`m[\T�^_[�jkWZlFlt`C��Wz[�jt`p^�b�`cY�Wmlql�[\jq]'T�V�T�·
Y\jt`CfKh��

� � x T�ltT���[�[ � T�VX`c[\T�^_[\jkWml�lt`C��Wz[�jt`p^.}$jt[ � ]MWz¡Qjq]�gK]³��`´scT�YyWZocT�WZ^Kf�V�lkWc��T9[ � T�b�Wc��jqlqjt[ ; WZ[
[ � jqh"lt`Q��WZ[�jt`p^�b�`cY{WZlql+[ � T'[�jq]'T'V�T�Y�jt`<fKh�� �7� jqh�V�`m[\T�^_[�jkWZl+lt`Q��WZ[�jt`c^¸jqh�VKY\T���lqgKfQT�fÁb�`cY
b@gQ[\gQY\T"V�lkWm��T�]'T�^_[��

� ��r�V£f�WZ[iT�[ � T�fQT�]�Wm^Kf�`cb�[ � T�fQT�]�WZ^Kf�^Q`CfCT�h$Wmh�fKjqh���gKh\hiT�f�jq^�[ � T{Æ$¦ T�WZY�lqjtT�Y��

ëX��Æ7T�V�T�WZ[7[ � T{W : `zscT�hi[iT�VKh$gQ^_[�jql%WZlqlw[ � T"b�Wc��jqlqjt[\jtT�haWZY\T�V�lkWc��T�f%�

|�Æ$¦ jqh�Wmlqhi`Çb�`pgK^Kfø[\`OVXT�Yib�`cY�] ��`p^Kh\jqfQT�Y�W : l ; }�T�lql�b�`cY)VQY\` : ltT�] jq^Khi[yWZ^���T�h°}$jt[ �Ê� jto �
Y\T�lt`Q��WZ[\jt`p^ ��`phi[�h��$WZh�fQT�h���Y�j : T�f jq^�¥ � WZVQ[\T�Y.¾C� |�`z}³}6T�}$jqlql�Wm^�Wml ; ¯�T#[ � T�}6`cY\hi[)��WmhiT
T�Y\Yi`cY : `pgK^Kf*b�`cY�[ � jqh � T�gCY�jqhi[�jk��WZh�}�T�fKjqf*jq^�[ � T�T´WzY�lqjtT�Y�hiT´��[\jt`p^%�{¥�`p^Kh\jqfQT�Y"Wm^�T�¡KWZ]'V�ltT
jqlqlqgKhi[\Y�WZ[\T�f�jq^.��jtoX� � S � }$jt[ � [ � T�b�`clqlt`z}$jq^Qo9VXWZYyWZ]'T�[\T�Y�h2�
|UgQ] : T�Y�`cbFV�`c[iT�^_[�jkWml£b�Wc��jqlqjt[ ; lt`Q��WZ[�jt`p^$¾µ� Þ �
|UgQ] : T�Y�`cbFb�Wc��jqlqjt[�jtT�h6[i` : T�V�lkWc��T�fQ¾ å
|UgQ] : T�Y�`cb�fQT�]�Wm^Qf�^Q`CfQT�h�¾ �
SUT�]MWm^Kf)`cb�^Q`CfCT å ¾ È ¤ È ���O¦�§SUT�]MWm^Kf)`cb�^Q`CfCT � ¾ ¦
|UgQ] : T�Y�`cbF[�jq]�T�h\lt`c[�h£¾µ� Þ å
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®
Yi` : W : jqlqjt[ ; `cb�lqjq^Q�ªb�WmjqlqgQY\Tº¾��
Æ7T�lt`C��Wz[�jt`p^)��`phi[{¤¤�{§d¾ �

Node 1 at t = 0

Node 2 at t = 0

Demand = a

Demand = b
Potential Location T+1

Node 1 at t = T

Demand = a

Potential Location X

Demand = b

Node 2 at t = T

Potential Location 1

��jtopgQY\T � � � �+©�^)T�¡KWm]'V�ltT"jqlqlqgQh\[iYyWZ[\jq^Qo�[ � T"}6`mY�hi[$��WmhiT : T � W�s<jt`pgQY7`cb�|�Æ$¦
|�Æ$¦ ��Wmlk��gKlkWZ[iT�h�[ � T�h�gQ]³`cb�[ � T�T�¡CV�T���[\T�f¸��`zscT�Y�WZocT9b�`mY�T�Wc� � V�`m[\T�^_[�jkWZl�lt`Q��WZ[�jt`p^.b�`cY�Wmlql
[�jq]�T�V�T�Y\jt`CfKh��mWm^Qf�hiT�ltT���[�h�WUlt`Q��WZ[\jt`p^�} � jk� �{� WmhF[ � Ta]�Wz¡Cjq]�gK] h�gQ]Ìb�`mY�lt`Q��WZ[\jq^Qo�W$b�Wc��jqlqjt[ ;
WZ[a[ � jqh7lt`Q��WZ[�jt`c^°b�`cY�Wmlql£[�jq]�T�V�T�Y\jt`CfKh���®�`m[\T�^_[�jkWZl£lt`Q��WZ[�jt`p^ Ê jqh7hiT�ltT���[\T�f :<; [ � T � T�gQY\jqhi[�jk�
b�`cY+lt`Q��WZ[\jq^Qo"W�b�Wc��jqlqjt[ ; b�`cY�Wmlql<[\jq]'T6V�T�Y�jt`CfQh+}$jt[ � [ � T$��`´scT�YyWZocT�sZWmlqgQTa`cb�¤ å
¨ �w§�v
¦�v�¤�� Þ å §��
de^#[ � jqhUT�¡QWm]'V�ltT�}6T���WZ^�hiT�T{[ � Wz[�fQT�]�Wm^Kf�^C`CfQT å ]'`zscT�h$}$jt[ � [�jq]'T{b�Yi`p]�[ � T���`´scT�YyWZocT
Y\T�opjt`c^°`cbF`p^QT�V�`c[iT�^p[�jkWml£lt`Q��WZ[�jt`p^°[i`�Wm^C`c[ � T�Y��
de^)`mY�fQT�Y7[\`']�Wz¡Qjq]'jt¯�T�T�¡CV�T���[\T�f���`zscT�YyWzocTp�
[ � T7b�Wc��jqlqjt[ ; h � `cgKlqf : T7YiT�lt`Q��WZ[\T�f9[\`�[ � T7V�`m[\T�^_[�jkWZlQlt`Q��WZ[\jt`p^���`zscT�Y�jq^Co�fQT�]�Wm^Kf�^C`CfQT å }�jt[ �
T�Wc� � [\jq]'T"V�T�Y�jt`Cfµ� �7� gKh�opjtscT�^.W'smT�Y ; lt`z}�Y\T�lt`Q��WZ[�jt`c^.��`phi[��Q[ � T�`cVK[\jq]�Wmlµh\`clqgQ[�jt`p^�[\`M[ � T
h���T�^KWZY�jt`{jqh�lt`Q��WZ[\jq^Qo{W"b�Wm��jqlqjt[ ; WZ[�V�`m[\T�^_[�jkWZl�lt`Q��WZ[\jt`p^ å Wz[a�ß¾ � Wm^QfM[ � T�Y\T�WZb�[iT�Y�Y\T�lt`Q��WZ[\jq^Qo
[ � T�b�Wm��jqlqjt[ ; [i`M[ � T�VX`c[\T�^_[\jkWmlwlt`Q��WZ[�jt`p^)��`zscT�Y�jq^Qo'fCT�]MWm^Kf�^Q`<fQT å jq^)[ � T{h\g : h\T��<gCT�^p[$[\jq]'T
V�T�Y�jt`<fKh�� �a� T�T�¡<V�T���[iT�f���`zscT�YyWZomT�WZ[i[yWmjq^CT�f :<; [ � T�hi`plqgQ[\jt`p^ªjqh�¤ åø¨ �w§�v È v7¤�� Þ å §$¤@h\jq^���T�µ¾ � � § �a� gKh7[ � T�}�`cY�hi[$��WmhiT"T�YiY\`cY : `cgK^Kf)`cb+|UÆU¦{�QopjtscT�^�[ � WZ[à ¤yc× ¤e_C§\§ø¾ ¤ å�¨ �£§yv È v�¤�� Þ å §aWm^Kf

¾ å



à ¤ × ê ¤e_C§\§ø¾ ¤ å�¨ �£§yvd¦wv�¤�� Þ å §�jqh
n ocò ëqp òsr ó ó À ocòTtë òsr ó ó no òTtë òsr ó ó ï N

`mY�� n ò Ä À{z ó}|q�`| ò ö ñ ÄÝó À ò Ä À{z ó}| ~ | ò ö ñ Ä¤ó nò Ä À{z ó}| ~ | ò ö ñ ÄÝó ï N
`cY�� ~ À �~ ï N
`cY�� å · �~ ï N

|$`m[\T�[ � WZ[|¦�v�¤ã� Þ å §v� È �Qh\jq^���T�V�`c[\T�^_[\jkWml£lt`Q��WZ[\jt`p^ Ê jqh7� � `phiT�^�Wmh6[ � T"h\`clqgQ[�jt`p^ :<; [ � T
� T�gQY\jqh�jt[\jk�m� �7� gQh7jq^°[ � T�}6`cY\hi[���WmhiTp�<[ � T � T�gQY\jqh\[\jk����Wm^°V�T�Y\b�`mY�]ÈWZY : jt[\Y�WZY�jql ;': Wmf°}$jt[ � [ � T
sZWmlqgQT�`cb È �L�s¦´�9¦�T�^���T�}6T'��`c^���lqgKfQT�[ � WZ[�[ � T�Y\T�lkWZ[\jtscT9T�Y\Y\`mY : `pgK^QfÁ`cb�[ � TMWZltoc`cY�jt[ � ]
}$jqlqlFsCjt`plkWZ[iT'Wmlql+��`p^Khi[yWZ^_[ : `pgK^KfKh�¤`N�§�b�`cY"Wm^¸WZVKVKYi`cVKY�jkWz[\T�jq^Khi[yWm^���T'Wmh"jqlqlqgQh\[iYyWZ[iT�f*jq^�[ � T
W : `´scT"T�¡KWm]�V�ltTp�

�a� gKh9}�T)��`p^���lqgKfQT°[ � WZ[9[ � T � T�gQY�jqhi[\jk�ªjqh9^Q`c[�Wm^�Ni·¶WZVQVKY\`´¡Cjq]�WZ[\T°Wmltoc`cY\jt[ � ]�b�`cY�Wm^ ;
å ��Nd� � �
®ú@P® À -.��/�0 
�1 º ���'����/�0 0 
��#� � 4�4*����/�1 �
© f ; ^�Wm]'jk��VKYi`cocY�Wm]M]Mjq^Qo)¤ S�®6§�WZVKVQY\`_Wc� ��� WZh�Wmlqhi` : T�T�^�T�¡CV�lt`cYiT�f�jq^°`cgQY7}�`cY\��[i`'hi`pltscT
[ � T�S ; ^KWm]Mjk�$��n
±�¥6­�®+� �7� T�]�`c[�jtsZWZ[\jt`p^�b�`cY�T�¡CV�lt`cY\jq^Qo�[ � T�S�®ÇWZVKVKYi`_Wc� � }7WZh�` : [yWmjq^QT�f
b�Y\`c] [ � T�lqjt[\T�YyWZ[\gQY\T9hi[\gKfKjtT�f*jq^#[ � T'WZY\T�W�`mb�S ; ^KWm]Mjk�9®�lkWm^_[�­�W ; `pgQ[�®+Y\` : ltT�].��Æ7T�b�T�YU[\`
[ � T�V�WZV�T�Y�h :<; Æ7`phiT�^ : lkWZ[i[�HÍ¾ ÷�J ��uaWZ[\[�W$HÍè J ��uaWmlkWZ�<Y\jqh � ^�Wm^°T�[$Wml �dH �NJ �

de^ø`cgQY���WmhiT*[ � T¸^<gK] : T�Y�`cb{[\jq]'TÁh\lt`c[�h°b�`mY�]Mh°[ � T¸^<gQ] : T�Y�`cb{h\[�WZocT�h)Wm^KfÊWmlqlU[ � T
b�T�Wmh\j : ltTMhi`plqgQ[�jt`c^Kh�`cb6T´Wm� � [�jq]�TMV�T�Y�jt`Cf¸b�`cY�] [ � Tªhi[yWz[\T�h�`mb6[ � Tªf ; ^�Wm]'jk��VKY\`mocYyWm]']Mjq^Qo
]'`CfCT�l � x jq^���T�[ � T"^<gQ] : T�Y6`cb%b�T�Wmh\j : ltT�hi`plqgQ[\jt`p^Kh�[\`�T´Wm� � [�jq]'T�V�T�Y�jt`<f�jqh7��`p] : jq^�WZ[i`cY�jkWml �pW
hi[\`cVQV�jq^Qo���Y�jt[\T�Y\jkWK�zj �ìTp�q�mW : `pgQ^KfKjq^Qo�[\T�� � ^Kjq�<gCT6jqh�Y\T��<gQjtY\T�f{[\`�jq^���lqgKfCT6[ � T : T�hi[�b�T�}Çb�T�Wmh\j : ltT
hi`plqgQ[\jt`p^Kh7jq^.W�f ; ^KWm]Mjk��VQY\`cocY�Wm]M]Mjq^CoMWZVKVKYi`_Wc� � T�^Qh�gCY�jq^QoM[ � WZ[7`cVQ[�jq]�Wmlqjt[ ; jqh$WZ[i[yWmjq^CT�fµ�

­µT�[ºá ¼» : T�[ � T�T�¡CV�T���[\T�f*fQT�]�Wm^Qf¸��`zscT�Y\T�f#}�jt[ � hi`plqgQ[\jt`p^�� » jq^�[�jq]'T�VXT�Y\jt`CfI����á ¼»
jqh'[ � T$§ ¼}� : T�hi[ªhi`plqgQ[\jt`p^»` : [yWZjq^QT�fÉjq^É[�jq]�T�V�T�Y�jt`Cf ��� ¦$T�Y\T�}6T.jq^_[iT�^QfO[\`5�K^KfÉ[ � T�ÛË¼
: T�hi[�h\`clqgQ[�jt`p^Qh�b�`cY�T�Wc� � [\jq]'T'V�T�Y\jt`Cf���h\g�� � [ � Wz[�^Q`�`mVK[�jq]�WZl+hi`plqgQ[�jt`c^¸jqh"lt`phi[�b�Yi`p]Ñ[ � T
hi[yWZ[iT�h\V�Wc��T�fKjkWZocY�Wm]³Wmh�h � `z}�^*jq^Á��jtoX� � S � `mb�[ � T�f ; ^�WZ]Mjk��VKY\`comYyWm]M]'jq^Qo°]'`CfQT�l � �7� T

¾ �



^<gK] : T�Y�`cb : T�h\["hi`plqgC[�jt`p^KhUb�`cY�T�Wc� � [\jq]'T�V�T�Y�jt`<fÁ[ � WZ[�h � `pgKlqf : TMjq^���lqgKfCT�f*jq^*[ � T'hi[yWZ[iT�·
hiVXWc��T�fQjkWZocYyWZ]���Wm^ : T"YiT�hi[iY�jk��[\T�f)gQh�jq^CoM[ � T"b�`plqlt`´}$jq^Qo�Y\T�h\gKlt[�h2�
â�A<B�G�R�P Ý HÍ¾ ÷KJ �ì·�d b­ÛË¼�jqh6opjtscT�^ :<; á ¼Ä ¨ á ¼Ç î ï á éÉê ¨ áw� ê Wm^KfQá ¼Ä ¨ á ¼Ç îìñ Ä �Oá éÉê ¨ á�� ê �
[ � T�^µ�µjq^ÁWm^ ; V�T�Y�jt`<fI���µ^Q`)hi`plqgQ[�jt`c^�}�jt[ � sZWmlqgQTAÛ0�sÛË¼�}�jqlql : T���`c]'T�V�WZY\[�`mb�[ � T�`cVK[\jq]�Wml
hi`plqgQ[\jt`p^%�
ô�^QT"`cbF[ � T"[\T�� � ^Kjq�_gQT�h7[\`'��^Qf#W�om`<`Cf�gQVQV�T�Y : `pgK^Kf.jqh�Wmh7b�`plqlt`z}$h2�
å � x gQ]M]Mjq^Qo�gQV)[ � T���`zscT�YyWzocT�` : [yWmjq^QT�f :<; [ � T : T�h\[�¤@`mVK[�jq]�WZl�§
h\`clqgQ[�jt`p^ª`cb%T´Wm� � [\jq]'T
V�T�Y\jt`Cf)}$jt[ � `pgQ[$��`p^Qh�jqfCT�Y\jq^Qo'[ � T"Y\T�lt`Q��WZ[\jt`p^)��`phi[�H ¾ ÷�J �

x `c]'T"`cbF[ � T�[iT�� � ^Kjq�<gQT�h7[i`'��^Kf#W�oc`<`Cf)lt`z}6T�Y : `pgK^Kf.WZYiT{Wmh7b�`plqlt`z}�h2�
å � �a� Tª��`zscT�YyWzocT�` : [�Wmjq^QT�f :<; hiT�ltT���[\jq^Qo)[ � T : T�h\[�hi`plqgQ[\jt`p^¸jq^ÁT�Wc� � [�jq]'T�V�T�Y�jt`Cf5WZ^Kf
h\g : [iYyWc��[\jq^Qo)b�Y\`p] jt[�[ � TMY\T�lt`Q��WZ[\jt`p^Á��`phi[�jq^���gQYiY\T�f¸fKgQT'[i`#� � Wm^QocTMjq^Á[ � TMhi`plqgQ[�jt`c^
b�Yi`p]&`p^CT�[\jq]'T�V�T�Y�jt`<f)[\`M[ � T�^QT�¡C[åHÍ¾ ÷�J �

� �d��T�T�V�jq^Qo�[ � T�h�Wm]'TUhi`plqgQ[\jt`p^M[ � Y\`cgQo � `pgC[�[ � TU[\jq]'T � `mY�jt¯�`p^�Hìè J � �7� jqh6��`pgKlqf : T�fQ`p^QT
:<; ��`c^Kh\jqfQT�Y�jq^Qo�[ � T7lt`C��Wz[�jt`p^KhF`mb�Wmlql<fQT�]�Wm^Qf�^Q`CfQT�h
WZ^Kf�[ � T�jtY+fQT�]�WZ^KfKh�b�`cY�fKjtv�T�Y\T�^_[
[\jq]'T�V�T�Y�jt`<fKh$Wmh7W�fQjqh\[\jq^���[7fQT�]�Wm^Qf�^C`CfQT"jq^�W�h\jq^QopltT�[\jq]'T�VXT�Y\jt`Cf�WZ^Kf)h\`cltsCjq^Qo�[ � T
��n
±�¥6­�®á]�`CfQT�lµ[i`'ocT�[$W'lt`z}6T�Y : `pgK^Kf�b�`cY7[ � T{S ; ^�Wm]Mjk��®
Yi`cocY�Wm]M]Mjq^Qo']�`CfQT�l �

â�A<B�G�R�P õ H �MJ ��d bøÛ ¼+jqhaopjtscT�^ :<; á ¼Ç î ûhá ¼Ä ¨ ë#�%�¸Wm^KfIá ¼Ç îãñ Ä Ã á ¼Ä ¨ ë����Á} � T�YiT� ¾ ¥�`phi[7V�T�Y$gK^Qjt[U� � Wm^QomT�jq^)[ � T�^<gK] : T�Y7`cb�b�Wm��jqlqjt[\jtT�h7Wz[UWm^ ; lt`Q��WZ[\jt`p^ Ð ��V¾²|$gK] : T�Y�`cbFb�Wc��jqlqjt[�jtT�h�[\` : T{lt`Q��WZ[iT�f%�
[ � T�^µ��Wm^ ; hi[yWZocT"jq^�[ � T�f ; ^�Wm]'jk��VKYi`cocYyWZ]M]Mjq^Qo�]'`CfQT�lw}$jqlql � W�smT�^Q`�]�`cY\T�[ � Wm^QÛË¼�hi[yWZ[iT�h
b�`cY7[�jq]'T"V�T�Y�jt`<fú����de^�`c[ � T�Y�}6`mY�fKh�[ � T�`cVQ[�jq]�Wmlµhi`plqgQ[\jt`p^)}$jqlqlw^Q`c[���`p^Kh\jqhi[�`mb�h\[�WZ[\T�h�}�jt[ �
Wm^)T�¡CVXT´��[iT�f)fQT�]�Wm^Kf.��`zsmT�Y�WZocT�ltT�h�ha[ � WZ^Iá ¼Ä ¨ ë����
�
�7� jqh�hi[\Y�WZ[\T�o ; }6`mY\�Ch : T�h\[7b�`cY$WM��WmhiT"} � T�Y\T�[ � T"Y\T�lt`Q��WZ[\jt`p^)��`phi[$jqhaY\T�lkWZ[�jtsmT�l ; lt`z}��

�a� T : T�hi[�hi`plqgQ[�jt`c^&� Ä }$jt[ � W"sZWmlqgQT$`cbwá ¼Ä b�`mY�T�Wc� � [\jq]'T|�
��Wm^ : TU` : [�Wmjq^QT�f :<; hi`pltsCjq^Co
[ � T"��n
±�¥a­�®Ç]'`CfQT�lXVKY\`cVX`phiT�f :<; S�Wmhi�Cjq^�H � è J �+de^°`mY�fQT�Y�[\`9ocT�[�[ � T�^QT�¡C[ : T�h\[ahi`plqgQ[\jt`p^%�
[ � T�b�`clqlt`z}$jq^Qo'WmfKfQjt[�jt`p^�WZl%��`p^Qh\[iYyWmjq^p[�jqh�WmfKfQT�f)[\`'[ � T{��n
±�¥6­�®á]�`CfQT�l¤�ÀÁ ô��Z� � Á�ï � ¨ å

¾ �



Stage i Stage i+1 Stage i+2

state a

state c

state b

state 1

��jtopgQYiT � � � � x [yWZ[iT�hiVXWc��T�fQjkWZocYyWZ]$�
S ; ^�WZ]Mjk��®
Y\`mocYyWm]']Mjq^Qo
} � T�YiT�� » ¾ Ò Ð � � Á � � Ó� » jqha[ � T�hiT�[�`cb � Á } � jk� � [�WZ�cT�W'^Q`c^Q¯�T�Yi`'smWZlqgQT�jq^)[ � T�§ ¼�� : T�hi[$hi`plqgC[�jt`p^�b�`cY7[\jq]'T%���
�7� gKh�}6TUocT�[dá ¼¬ :<; WmfKfKjq^Co�[ � T�VQY\T�sCjt`pgKh6��`p^Khi[\Y�Wmjq^_[�[i`�[ � T�hi`plqgC[�jt`p^�h\T�[�`cbwá ¼Ä � x jq]MjqlkWZY�l ;
:<; WmfQfKjq^Qo*[ � T�VKYiT�sCjt`pgKh���`p^Qh\[iYyWmjq^p[9[\`�[ � T)hi`plqgQ[\jt`p^ hiT�[�`cbyá ¼¬ �aá ¼« jqh9` : [�Wmjq^QT�fÇWm^KfÇhi`
`p^%�6ô�^���T9Wmlqlw[ � T{hi[yWZ[iT�h�b�`mYUWmlqlµhi[yWZocT�h$WZYiT�b�`cgK^Kf%�Q[ � T�YiT�lt`Q��WZ[�jt`p^���`phi[$jq^K��gCY\Y\T�f : T�[¢}�T�T�^
T�scT�Y ; hi[yWz[\T�h�jq^�[¶}6`���`p^KhiT���gQ[�jtscT$[�jq]�T$V�T�Y�jt`CfQhaWZYiT���WZlk��gQlkWZ[\T�f�Wm^Kf�[ � T�^�[ � T�lt`p^QocT�hi[�VXWZ[ �
Wmltoc`mY�jt[ � ]&jqh�gKhiT�f)[\`MfQT�[\T�Y�]Mjq^CT�[ � T"`cVK[\jq]�Wmlwb�Wm��jqlqjt[ ; lt`C��Wz[�jt`p^Kh��
í¹TUb�`pgK^KfªW{lkWZYiocTU^<gK] : T�Y�`cbwb�T´WZh�j : ltTUhi`plqgC[�jt`p^KhU¤�hi[yWZ[iT�h�§�b�`cY�T�Wc� � hi[yWZocT$}$jt[ � [ � T : `pgK^QfKh
fKjqh���gKh\hiT�f)VKYiT�s<jt`pgKh\l ; � x jq^K��T"}6T9WZYiT{hi`pltsCjq^Qo�WM�*d¶­�®½hiT�scT�YyWmlw[�jq]�T�h7[i`�ocT�[UWmlqlw[ � T{hi[yWZ[iT�h
`cb%[ � T"hi[yWz[\T�hiVXWc��T�fKjkWZocY�Wm].�p[ � T�WzVKVKY\`pWc� � : T���`p]'T�h7��`p]�V�gQ[yWz[�jt`p^�WZlql ; jq^_[iT�^Qh�jtsmT"WZh���`p]�·
VXWZYiT�fM[i`9hi`pltsCjq^Co�[ � T�S ; ^�Wm]'jk����n
±�¥6­F®¹gKh\jq^Qo'¥6®�­�n
±��p¦�T�^���T$}6T$fKjqfM^Q`c[�T�¡CV�lt`cYiT�[ � T
WZVKVQY\`_Wc� � Wm^ ; b@gQY\[ � T�Y��

®ú@�
 � � /94#�+	��A@)�*0 0 /9�
-

de^.[ � jqh�� � WzVK[\T�Y��K}6T{fQT�scT�lt`cV�T�f.[¶}6`�ocYiT�T�f ; � T�gQY�jqhi[\jk��h7[\`°hi`pltsmT{[ � T�S ; ^�Wm]Mjk���*n+±�¥a­�®
]'`CfCT�lFVQY\T�hiT�^p[\T�f*jq^ x T���[�jt`p^ � S � Sqå ��©�lqhi`°}6T�Wm^�WZl ; ¯�T�f.[ � T�}�`cY�hi[���WmhiT9T�YiY\`cY : `pgK^QfKh�b�`cY
T�Wc� �5� T�gQY\jqhi[�jk�MWm^Kf5h � `z}6T�f¸[ � WZ[ : `c[ � [ � T � T�gQY\jqh\[\jk��h9��Wm^¹V�T�Y\b�`mY�]�WzY : jt[iYyWZY\jql ;�: Wmf%��©
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f ; ^KWm]Mjk��VKYi`cocYyWZ]M]Mjq^Qo : WmhiT�f�WZVKVKYi`_Wc� � jqh�Wmlqhi`'fKjqh���gQh�hiT�f�[\`'h\`cltscT�[ � T�S ; ^�Wm]Mjk���*n+±U·
¥a­�®��
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de^�[ � T$VKYiT�sCjt`pgKh�� � WzVK[\T�Y�[¢}�` � T�gQY�jqhi[\jk��h
}�T�YiT�VKY\`cVX`phiT�fM[i`9hi`pltscT�[ � T�S ; ^KWm]Mjk���*n+±�¥a­�®
Wm^Kf�Wmlqhi`�[ � T�jtY6}6`mY�hi[7��WmhiT�T�Y\Y\`mY : `pgQ^KfKha}6T�YiT�VQY\T�hiT�^p[\T�f%� x jq^���T�[ � T�}�`cY�hi[a��WZh\T : T � W�sCjt`cY
`cb : `c[ � [ � T � T�gCY�jqhi[�jk��h�jqh�WzY : jt[iYyWZY\jql ;": Wmfµ�pWm^'Wmlt[\T�Y\^�WZ[�jtsmT7WZVKVQY\`_Wc� � jqh+^QT�T�fQT�f�[i`"h\`cltscT6[ � T
S ; ^�Wm]Mjk�
�*n+±�¥a­�®#jq^���`c^Z«¼gK^���[�jt`c^"}$jt[ � Æ�T�lt`Q��WZ[\jt`p^"¦$T�gQY\jqhi[�jk�$¤�ÆU¦�§µWm^Qf9|�`m·¶Æ�T�lt`Q��WZ[\jt`p^
¦$T�gQY\jqhi[�jk�°¤�|�Æ$¦�§¨� �a� gKh�[ � T�jqfQT�W � T�Y\T�jqhU[i`°ocT�[�[ � T�jq^Kjt[�jkWZlFhi`plqgQ[�jt`c^.b�Y\`c] [ � T � T�gQY\jqhi[�jk�
Wm^Kf�[ � T�^#jq]'VKYi`zscT"[ � T9h\`clqgQ[�jt`p^�gKh\jq^Qo�[ � T���`plqgK]M^�ocT�^QT�Y�WZ[�jt`p^5¤e¥7��§6[\T�� � ^Kjq�<gQT{jq^#��WmhiT�h
} � T�YiT"[ � T � T�gQY\jqh\[\jk��V�T�Y\b�`cY\]Mh : Wmf%�


Q@2? B ���
���),��*16��
��M�
¥�`clqgK]M^.omT�^CT�Y�WZ[�jt`c^ ¤e¥��"§ � T�gQY\jqh\[\jk��jqh�Wm^.TDCª��jtT�^p[�Wm^Kf#}�jqfQT�l ; gKhiT�f#[\T�� � ^Kjq�<gCT{[\`°hi`pltscT
lkWZYiocT�·ehy��WmltTMjq^_[\T�ocT�Y�VKY\`comYyWm]Mh��°í5T�WmfC`cVK[�W.]'`<fKjt�KT�fÇ��`plqgK]M^¹ocT�^QT�Y�WZ[�jt`p^5WZVKVKYi`_Wc� � [\`
hi`pltscTÁ[ � T5S ; ^�Wm]Mjk�Á��n
±�¥6­F®�� �7� T5��`plqgK]M^ ocT�^QT�YyWZ[\jt`p^øb�`cY\]�gKlkWZ[\jt`p^øjqh�` : [�Wmjq^QT�f :<;
fQT���`p]'V�`ch�jq^Co'[ � T"`cY\jtopjq^�Wmlw�*d¶­�® ¤ S ; ^�Wm]'jk���*n
±�¥a­�®O}$jt[ � Y\T�lt`Q��WZ[\jt`p^)��`phi[�§�fQT�h���Y\j : T�f
jq^ x T���[�jt`p^ � S � Sqå ��d ba[ � TªsZWZY�jkW : ltT�h � Á ¼e�Íh�WZY\T��<^Q`z}$^¹[ � T�^5[ � TªYiT�]MWmjq^Kjq^Qo.VKYi` : ltT�]�jqh�[\`
«¼gKhi[�T�sZWmlqg�WZ[iTU[ � TUsmWZlqgQT�h�`cb � Å Æ ¼¶� haWm^Qf õ Á ¼e�Íh�[\`�fQT�[\T�Y�]'jq^QTU[ � TUT�¡CV�T���[\T�fªfQT�]�Wm^Kf���`zsmT�YiT�f
Wm^Kf*[ � T�Y\T�lt`Q��WZ[\jt`p^Á��`phi[�jq^���gQY\YiT�f%� �a� gKh�}6T'fCT´��`p]�V�`phiT�[ � TM��d¶­�®Êb�`cY\]�gKlkWZ[\jt`p^�jq^_[i`�WE\��Wmhi[\T�Y�®
Y\` : ltT�](FMWm^Kf�W�E x g : ·¶®
Y\` : ltT�](F��
�7� T���Wmhi[\T�Y�®
Y\` : ltT�]�hiT�ltT���[�h{[ � T : T�hi['��`plqgK]M^ø¤@`cY�h\`clqgQ[�jt`p^X§�b�`cY9T�Wc� � [\jq]'TªV�T�Y�jt`Cf [\`
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]�Wz¡Cjq]Mjt¯�T�[ � T#` : «¢T���[�jtscT)b@gK^���[�jt`p^µ�½í � T�YiT*W¹��`clqgK]M^ç¤�`cYªW¹hi`plqgQ[\jt`p^�§�jqh�fQT���^CT�f½WmhªW
��`p]'V�ltT�[iT�hiT�[�`cb � Á ¼UsZWZY�jkW : ltT°sZWmlqgQT�h�b�`mY'W�VXWzY\[�jk��gKlkWzY�[\jq]'T°V�T�Y\jt`Cf%�Áí � T�YiT�Wmh�[ � T)h\g : ·
VKYi` : ltT�] gKhiT�h�[ � T¸fKgKWml�]9gKlt[�jtV�lqjtT�Y\hªb�Y\`p] [ � TÁ]�Wmhi[\T�Y�VKYi` : ltT�] WZ^KføocT�^QT�YyWz[\T�h)WÇ^QT�}
��`plqgK]M^�}�jt[ � W�b�W�sc`cgQYyW : ltT�YiT�fQg���T�f���`ch\[7b�`mY7T´Wm� � [\jq]'T"V�T�Y\jt`Cf1�6hiT�V�T�YyWZ[iT�l ; �
í¹T�^Q`z}ÉfQT���^QT�h\`c]'T$WZfKfKjt[�jt`c^�WmlCV�WZYyWm]�T�[iT�Y�h
Wm^Qf'sZWZY\jkW : ltT�h+gKhiT�f'jq^�[ � T�]�Wmhi[\T�Y+VQY\` : ltT�]

Master Problem

Sub Problem

Dual Multipliers

Columns

��jtopgQY\T�ëX� å ��¥�`plqgQ]M^#��T�^QT�YyWZ[\jt`p^���lt`´}
Wm^Kf)h�g : · VKY\` : ltT�]Èb�`cY7[ � T9��`plqgQ]M^�ocT�^QT�YyWZ[\jt`p^�WZVQVKY\`_Wm� � Wmhab�`plqlt`z}�h���/¼ ¾ h\T�[7`cb�b�T�Wmh\j : ltT�hi`plqgQ[\jt`p^Khab�`cY7[\jq]'T����

� ÿ Á ¼ ¾ smWZlqgQT"`cb � Á ¼+jtb�hi`plqgQ[�jt`c^$��jqh�hiT�ltT���[iT�f.Wz[7[�jq]'T%���
� ÿ Å Æ ¼ ¾ smWZlqgQT"`cb � Å Æ ¼+jtb�hi`plqgQ[\jt`p^$��jqh�hiT�ltT���[\T�f�WZ[7[�jq]'T%����7� T{fCT´��jqh\jt`p^°smWzY�jkW : ltT�ha`cbF[ � T�VQY\` : ltT�]�WZYiT#� ·

� ÿ ¼ ¾ Ö å jtb�h\`clqgQ[�jt`p^ú��jqh�hiT�ltT´��[iT�f)WZ[�[\jq]'T%�� `c[ � T�Y\}$jqhiTp�
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�7� TU¥�`plqgQ]M^M��T�^QT�YyWz[�jt`p^�¤ ¥���§�WzVKVKY\`pWc� � }6`cYi�Ch�jq^9[ � Tab�T�Wmh\j : ltTafQ`c]�Wmjq^%� �a� T$¥�� � T�gQY�jqh¼·
[�jk�$YiT��_gKjtY\T�h7Wm^°jq^Kjt[\jkWml : Wmh\jk�Ub�T�Wmh\j : ltT�hi`plqgQ[�jt`c^ª[\`�hi[yWZYi[a}�jt[ � �+d [7hi[yWzY\[�h�}$jt[ � [ � jqhahi`plqgQ[�jt`c^
Wm^Kf½�mT�T�V�hª`p^ jq]'VQY\`zsCjq^Co [ � T�` : «¢T���[�jtsmT�b@gQ^���[�jt`p^ásZWmlqgQT :<; omT�^CT�Y�WZ[�jq^CoÇ^QT�}Ñhi`plqgQ[\jt`p^Kh
[\T�Y\]'T�f#Wmh E\��`plqgK]M^QhPF�Wm^Kf.hiT�ltT���[�jq^Co�[ � T{`p^QT�[ � Wz[�jq]'VQY\`zscT�h�[ � T{` : «¢T���[\jtscT"b@gK^���[�jt`c^�[ � T
]'`phi[�� �a� T�T�v�T´��[\jtscT�^QT�h�ha`mb�[ � T�¥7�ÔWzVKVKY\`pWc� � jqh7T�^ � Wm^���T�f :_; [ � T{�<g�WZlqjt[ ; `cb�[ � T{jq^Qjt[�jkWml
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: Wmh\jk��b�T�Wmh\j : ltT�hi`plqgQ[\jt`p^%��¦$T�^���T9jt[$jqh$jq]'V�`cYi[yWm^p[$[i`ªfQT�scT�lt`cV#W'oc`<`Cf � T�gQY\jqhi[�jk��b�`cY�` : [yWmjq^C·
jq^Qo*Wm^ jq^Qjt[�jkWml : Wmh\jk�'b�T´WZh�j : ltTªh\`clqgQ[�jt`p^µ�.de^5`pgQY{}6`cYi�w�F}6T°hi[�WZY\[{}$jt[ � [¶}6` : Wmh\jk�Mb�T�Wmh\j : ltT
hi`plqgQ[\jt`p^KhUb�`mY�T�Wc� � [�jq]�T�VXT�Y\jt`Cf#ocT�^QT�YyWZ[iT�f :<; [ � T'ÆU¦ÔWm^QfÁ|�Æ$¦ÔfQjqhy��gKh\hiT�f�jq^#VKY\T�sCjt`pgQh
� � WZVK[iT�Y��
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Ä � Å Æ ¼ ¨ Àÿ ôgê î ÀÁìô-ù � ÿ ¼�� Á Æ ¼ � ÿ Á ¼ ï ë Ô Ú�¾ ä ÎDSDSDS2ÎJú ò ú Î �a¾ ë ÎDSDSDS2Î � ãÜì Ð ä ç¨ õ Á ¼ Þ Àÿ ôTê î}í{î � ÿ ¼ À Ä � ÿ Á ¼ À Ä ¨ Àÿ ôgê î � ÿ ¼ � ÿ Á ¼ ï ë Ô Ð ¾ ä Î2SDSDS2ÎMú ¿ ú Î �ß¾ ä ÎDSDSDS2Î � ãÜì Ð�ï ç¨ õ Á ¼ Þ Àÿ ôTê î � ÿ ¼ � ÿ Á ¼ ¨ Àÿ ôgê î�í�î � ÿ ¼ À Ä � ÿ Á ¼ À Ä�ï ë Ô Ð ¾ ä Î2SDSDS2ÎMú ¿ ú Î �ß¾ ä ÎDSDSDS2Î � ãÜì Ðñð çÀÿ ôTê î � ÿ ¼ ¾ ä Ô �a¾ ë ÎDSDSDS2Î � ãÜì Ð ì ç� ÿ ¼ Ñ Ò{ë Î ä Ó Ô � Î �a¾ ë ÎDSDS2SDÎ � ãÜì Ð�ò çõ Á ¼Êû ë Ô Ð ¾ ä Î2SDSDS2ÎMú ¿ ú Î �ß¾ ä ÎDS2SDS2Î � ãÜì Ðñó ç
� Å Æ ¼ ï ä Ô5Í ¾ ä Î½Ï2Ï2Ï�Î�ôøÎ Ú�¾ ä Î½Ï2Ï2ÏKÎJú ò ú Î �a¾ ë Î½Ï2Ï2ÏKÎ �ãÜì Ðsõ ç

Þq°�©¨«��J Z¡[Å�Á�¢µ° Ö �T°��g�b²{©¬´Ç¡[°�²�£³£��¨¡¾²§ b«öÈX©¬«��L¢¿²V¦\©¨�g�¤£��¨¡§ÂÆÅÇ�T¢A´�¦¤¦¨¡§ÅÇÍ§�T��²V¦¿²��\��Å}²ÔÌ±�T�
Å�´�°���²���£³�\¡ Ö �b²�¢÷�^´Ç©¬«i°�¡ªÂÆ´�°Æ²��\®× u¡§°³¦\©¨�b²�´�°¾©�¡[°i©¨«��ÕÍ�²��¬´}²�Â³ÅÇ��¦TÐøÑÕ«��^¢µ²V¦\©¨�g��£³�¨¡§Â³ÅÇ��¢Ò¦\©¬²��¨©¨¦
��´Ç©¨«ù²V°ú´�°³´Ç©¨´}²VÅ�ÂÆ²V¦¨´} iÎÜ��²V¦¨´ÇÂÆÅÇ�µ¦¨¡§Å�Á�©¬´Ç¡[°ûÐüÑÕ«±�¿Â�²V¦¨´} iÎýÁ³°Æ Z©¨´Ç¡[°þ¡§Îÿ©¨«��ü¢¿²V¦\©\�T�·£³�\¡§ÂÆÅÇ�T¢ ´�¦
©¨¡ ¦\�TÅÇ�� u©µ©¬«±�æÂ¥�T¦\©üÎÜ��²V¦¨´ÇÂÆÅÇ�À¦\¡[Å�Á�©¬´Ç¡§°�ÎÜ¡§�µ��²§ b«K©¨´�¢¤�À£¥�g�¬´Ç¡��R²�¢¤¡[° Ö ©¬«��J¦\�g©¿¡§ÎªÎÜ��²V¦¨´ÇÂÆÅÇ�
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³àmÃ � ¡[ÅÇÍ§�·©¨«���Þq°¾©¨� Ö �g��¶J²V¦\©¨�g��½w�\¡§ÂÆÅÇ�T¢E²V°��L¦\©¨¡§£yÐ

Þq°¿©¬«�´�¦ÿ¦\©¨�¬²�©¨� Ö ®iÎÜ¡§�Õº^Ý�ÃßÞbÈ < ¶O½ ¦\¡[Å�Á�©¬´Ç¡§°ü u¡§°¾Í§�g� Ö �T¦X©¨¡×²�Í�²VÅ�Á±�l�F,¾ÁÆ²VÅ�©\¡ ©¬«±�]¡V�¬´ Ö ´�°Æ²�Å£³�\¡§ÂÆÅÇ�T¢$�Ï¦lÅ�´�°���²��^£³�¨¡ Ö �b²V¢µ¢¤´�° Ö �¨�TÅ}²{Ì�²�©¬´Ç¡[°L´�°J²¤Í§�g�¨®jÎÜ�g�d´Ç©¨�g�b²�©¨´Ç¡[°³¦TÈÆ¦¨´�°Æ Z���ÿ� ¦\¡[ÅÇÍ§�·©¬«��

ó[ï



Solve Relaxed Master Problem

Initialize t = 0

the reduced
is

cost of the new 
variables generated

for all time < 0
Solve Integer Master Problem

and stop

Input a feasible solution

Pass Duals 

Solve Sub−Problem for time t

t = 0

Inc iteration #

Pass generated feasible solution

is

t = T 

Yes

Yes

No

inc t

Pass generated feasible solution

No

>�´ Ö Á��¨� ì Ð�ï±à � ©\�b²�©\� Ö ®jÞ

< ¶O½Ò²V°���Á±£Ó�Æ²�©\�j©¬«��É�³Á³²VÅ¼¢×Á³ÅÇ©¨´Ç£ÆÅ�´Ç�g�¬¦ ²�ÎÜ©¨�g�i¦\¡[ÅÇÍ±´�° Ö ©¨«��É¦¨Á�Â�ÃÄ£³�\¡§ÂÆÅÇ�T¢ ÎÜ¡§�×�Ô²V  « ©¨´�¢¤�
£¥�g�¬´Ç¡��öÐ¼­¯Á���©\¡¿©¬«���£³�\¡§ÂÆÅÇ�T¢ ¦¨´Çág�[È³¦\¡[ÅÇÍ±´�° Ö ©¨«�� < ¶O½�²�ÎÜ©¨�g��¦\¡[ÅÇÍ±´�° Ö ©¬«���¦¨Á�Â�ÃÄ£³�\¡§ÂÆÅÇ�T¢EÎÜ¡§�
��²§ b«ú©¬´�¢¤�¿£¥�g�¨´Ç¡±� ´�¦× Z¡[¢i£ÆÁ�©b²{©¬´Ç¡[°Æ²�Å�ÅÇ®�´�°¾©\�T°³¦¨´ÇÍ§�[ÐLÑÕ«�Á�¦ ©¬«��ü¦\¡[Å�Á�©¬´Ç¡§°ù©¨´�¢¤�¿©¨�T°³��¦ ©\¡æÂ¥�
£¥¡�¡V�^´�°�©¬«³´�¦Õ g²V¦\�¾ÐHG «��g�¨��²V¦lºÕÝlÃßÞ\Þw©¨�T°³�³¦¼©\¡i�ÿ¡§�6�ü¦¬Á�´Ç©b²�ÂÆÅÇ®µ��´Ç©¨«j©¨«³´�¦Õ¦\©\�b²�©\� Ö ®ü¦¨´�°Æ Z�]©¬«��
�ÿ¡V����ÅÇ¡¾²V�É´�¦Õ�gÍ§�T°³ÅÇ®ü¦¨«Æ²��¨�T�ÉÂ��T©ß�ÿ�g�T°L¢¿²V¦\©\�T�¼£³�\¡§ÂÆÅÇ�T¢E²V°³�É©¨«���¦¬Á±Â�ÃÄ£³�¨¡VÂÆÅÇ�T¢ÀÐ
�JI98KI9L MONQPSRTNQUHV0W;:X:
Þq° ©¬«�´�¦×¦\©\�b²�©\� Ö ®þ�ÿ��¦\¡[ÅÇÍ§�¿©¬«�� < ¶J½Ò²V°�� ©¨«��T°�¦¨¡§ÅÇÍ§�ü©¨«��j¦¨Á�Â³£³�\¡§ÂÆÅÇ�T¢ ÎÜ¡§� ©¨´�¢¤�ü£¥�g�¨´Ç¡±�
Y'Z ë ©¨¡ Y'Z\[  Z¡[°³¦\�� uÁ�©¬´ÇÍV��ÅÇ®¿¡§°���²�ÎÜ©¨�g��²V°�¡V©¬«��g��ÐwÑ¼«���²VÅ Ö ¡§�¨´Ç©¬«³¢ ´�¦^²V¦ÕÎÜ¡§Å�ÅÇ¡{��¦Tà

ó§ð



� ©\�T£ ä à Ã?>x´�°³�É©¬«±��´�°³´Ç©¬´}²�Å^]¼²V¦¨´} _>³��²V¦¨´ÇÂÆÅÇ� � ¡[Å�Á±©¬´Ç¡[°L²V°³�L´�°Æ uÅ�Á³���·´Ç©^´�°É©¬«±� < ¶J½�Ð � �g©lÞÄ©\�g�\Ã²�©¨´Ç¡[°B@ Z ë Ð
� ©\�T£æï�àmÃ�Þq°�´Ç©¬´}²VÅ�´Çág�]©¬´�¢¤� Y"Z ë ²V°��À´�°Æ Z�\��¢i��°[©�ÞÄ©\�T�¬²�©¬´Ç¡§°B@ Â�® ä Ð� ©\�T£Àð³àmÃ � ¡[ÅÇÍ§� < ¶J½�Ð� ©\�T£ ì àmÃDClÂ³©¬²V´�°É�³ÁÆ²VÅö¢ Á³ÅÇ©¬´Ç£ÆÅ�´Ç�g�¨¦ÿÎÜ¡§�Õ©¬´�¢i� Y ²V°³�j£�²V¦¨¦Õ©¨¡µ©¨«���¦¬Á±Â�ÃÄ£³�¨¡VÂÆÅÇ�T¢ÀÐ� ©\�T£þò�à Ã � ¡[ÅÇÍ§��©¬«��×¦¬Á±Â�ÃÄ£³�¨¡VÂÆÅÇ�T¢ ÎÜ¡V�¯©¬´�¢i� Y ²�°³�� g²VÅ} uÁ³Å}²{©¨��©¬«��×�\�T�³ÁÆ Z�T�O Z¡[¦\©¯¡§Îw©¨«��×°��g�
Í�²��¬´}²{ÂÆÅÇ� ã ¦\¡[Å�Á�©¨´Ç¡[° ç Ö ��°±�T�¬²�©¨�T�öÐ� ©\�T£Àó³àmÃ�Þq°³ u�\�T¢¤�T°¾© Y'Z\Ya` ä�b ´ÇÎ YDcd[ Ö ¡§©¨¡ � ©\�g£ ì ¡§©¨«��g�¨��´�¦\� Ö ¡V©¨¡ � ©¨�g£Oõ�Ð� ©\�T£�õ�àmÃ�ÞÄÎ�©¬«±���¨�T�³ÁÆ Z�T�æ Z¡[¦\©^¡§Îx©¬«���°��g�d¦\¡[Å�Á±©¬´Ç¡[°³¦ Ö �T°��g�¬²�©¨�T�ÉÎÜ¡§��²VÅ�Åè©¬´�¢¤�·£¥�g�¬´Ç¡��³¦ Y?Z ë©¨¡ Y"Ze[ ´�¦ÕÅÇ��¦¨¦¼©¬«Æ²V°jáT�g�\¡�È Ö ¡§©\¡ � ©¨�g£B
 b ¡§©¨«��g�¨��´�¦\� Ö ¡V©¨¡ � ©¨�g£ � Ð� ©\�T£ � àmÃ?>��g���É¦¨¡§Å�Á�©¬´Ç¡[°�¦ Ö �T°��g�b²�©\���jÎÜ¡§��²�Å�Åè©¬´�¢¤�ª£��T�¨´Ç¡±�³¦Õ©¨¡ < ¶J½K²V°³� Ö ¡V©¨¡ � ©¨�g£Jï±Ð� ©\�T£E
³àmÃ � ¡[ÅÇÍ§�·©¨«���Þq°¾©¨� Ö �g��¶J²V¦\©¨�g��½w�\¡§ÂÆÅÇ�T¢E²V°��L¦\©¨¡§£yÐ

Þq°É©¬«³´�¦^¦\©¨�¬²�©¨� Ö ®ü©¬«���¦\¡[Å�Á�©¨´Ç¡[°j©¬´�¢¤�·´�¦�ÅÇ�T¦¨¦\�g�l Z¡[¢¤£�²{�¨�T�j©¨¡ � ©\�b²�©\� Ö ®ÉÞbÈ³¦¨´�°Æ Z�·�ÿ��¦\¡[ÅÇÍ§�
©¬«±� < ¶O½d²{ÎÜ©¨�g��¦¨¡§ÅÇÍ±´�° Ö ©¨«��ü¦¨Á�Â³£³�\¡§ÂÆÅÇ�T¢ ÎÜ¡§��²VÅ�Åw©¨´�¢¤�µ£¥�g�¨´Ç¡±�³¦ Y ÐjÑ¼«�Á³¦·�ÿ�ü²§ b«³´Ç�gÍ§�¤©¬«��
¦\¡[Å�Á�©¨´Ç¡[°ú´�°úÅÇ�T¦¬¦\�g��©¨´�¢¤�¿Â³Á�©�©¬«��ü°¾Á³¢ Â¥�g��¡§ÎÕ´Ç©¨�g�¬²�©¬´Ç¡[°�¦�´�¦�Å}²{� Ö �g��Èö¦¬´�°³ u�µ�ÿ�ü�±¡J°�¡§©�«Æ²�ÍV�
Á�£Ó�³²�©¨�T�L�³ÁÆ²VÅö¢×Á�ÅÇ©¬´Ç£ÆÅ�´Ç�g�¬¦¼²�©Õ�gÍ§�g�¨®�¦\©¨�g£yÐ

Ñ¼«��] Z®� uÅÇ�^¡§Îè£�²V¦¨¦¨´�° Ö ©¬«��l�³ÁÆ²�Å¥¢ Á³ÅÇ©¬´Ç£ÆÅ�´Ç�g�¨¦�©¨¡�©¬«±�¯¦¨Á�Â³£��¨¡§ÂÆÅÇ�T¢ ²V°³�µ£�²V¦¨¦¨´�° Ö ²·ÎÜ��²V¦¨´ÇÂÆÅÇ�
¦\¡[Å�Á�©¨´Ç¡[°�©¨¡¤©¬«±��¢¿²V¦\©\�T�¼£³�\¡§ÂÆÅÇ�T¢E Z¡[°¾©¨´�°�Á��ªÁ³°¾©¨´�Åû°�¡µ¢¤¡§�\�·´�¢¤£³�¨¡ÔÍ§�T¢¤�T°¾©¼´�°É©¨«��·¡VÂ³ÙÚ�� Z©¬´ÇÍ§�
ÎýÁ³°Æ Z©¨´Ç¡[°�Í�²VÅ�Á±�L¡§Î¯©¨«��L�¨�TÅ}²{Ì±�T��¢¿²�¦¨©\�g�µ£��¨¡§ÂÆÅÇ�T¢A´�¦¤£¥¡[¦¨¦¨´ÇÂÆÅÇ�[Ð * ©¤©¬«��L�T°³��¡§Î¯Â�¡§©¬«�©¬«��
¦\©¨�¬²�©¨� Ö ´Ç�T¦TÈè�ÿ�µ¦\¡[ÅÇÍ§�i©¬«��üÞq°[©¨� Ö �g��¶J²V¦\©¨�g��½��¨¡§ÂÆÅÇ�T¢ ¦¨´�°Æ Z�¤�ÿ�¿²��¨�µ´�°¾©\�g�¨�T¦\©¨�T��´�°ú¦\�TÅÇ�� u©¨´�° Ö
¡[°³ÅÇ®ü¡[°±��Â���¦\©^¦¨¡§Å�Á�©¬´Ç¡[°�ÎÜ¡§�Õ��²§ b«j©¬´�¢¤�ª£¥�g�¬´Ç¡±�öÐ
fBg � @ �2�ih % � 1 j � #0� 1(� �lk !m4a#0� � º � �onp� � �
* ÎÜ©\�g�l£¥�g�\ÎÜ¡§�¬¢µ´�° Ö ¦\�gÍ§�g�b²VÅö´Ç©¨�g�b²{©¬´Ç¡[°³¦Õ¡§Î�¦¨¡§ÅÇÍ±´�° Ö < ¶J½�ÈÆ�^«��T°À©¬«���©\�T�¨¢µ´�°Æ²�©¨´Ç¡[°À Z�¬´Ç©\�g�¬´}²¤´�¦�¨��²§ b«��T�ü©¬«��]´�°¾©¨� Ö �g�¼¢µ²V¦\©¨�g�ÿ£³�\¡§ÂÆÅÇ�T¢ ã Þß¶J½ ç ´�¦¼¦\¡[ÅÇÍ§�T�öÐ�Ñ¼«���Þß¶J½�ÊÆ°³�³¦¼©¨«��ªÂ���¦\©¼ÎÜ��²V¦¨´ÇÂÆÅÇ�¦\¡[Å�Á�©¨´Ç¡[°OÎÜ¡§�·��²§ b«�©¨´�¢¤�¤£¥�g�¬´Ç¡±��ÎÜ¡§�·©¨«��µ¡{ÍV�T�¬²VÅ�Åx£³�¨¡VÂÆÅÇ�T¢ÀÐmGú�ü g²V°ú¢i¡±���TÅ�©¬«��¿Þß¶O½ ²V¦�²
»û¡[° Ö �T¦\©^½�²�©¬«É½w�¨¡VÂÆÅÇ�T¢ ã »y½ ½ ç ��´Ç©¨«j©¬´�¢i�ª£¥�g�¬´Ç¡±�³¦^²�¦^¦\©b² Ö ��²V°³�É¦\¡[Å�Á�©¬´Ç¡§°³¦¼ÎÜ¡V�Õ��²§ b«j©¨´�¢¤�

ó ì



Solve Integer Master Problem
and stop

Solve Relaxed Master Problem

Solve Sub−Problem for t=0
to t=T

Initialize t = 0

Inc iteration #
t=0

Pass generated feasible solutions

Input a feasible solution

Pass Duals 

is

<0

the reduced
cost of the new

variables generated
for all time

No Yes

>x´ Ö Á±�¨� ì Ðñð³à � ©¨�¬²�©¨� Ö ®�Þ\Þ

£¥�g�¬´Ç¡��þ²V¦]©¬«��¤¦\©b²{©¨�T¦]¡§ÎX©¬«��¤¦\©b²�©\�¤¦\£�²§ Z�¤�³´}² Ö �b²V¢LÐ�Ñ¼«��¿²��¬ ×ÅÇ�T° Ö ©¬«�¦]�\�T£��¨�T¦\��°[©ª©¨«�� Ö ²V´�°
´�°j�uÌ±£��Ô Z©\���É Z¡{Í§�g�b² Ö �ª´ÇÎy®§¡[Á�©¨�¬²�Í§�TÅÓ©¨«��¨¡§Á Ö «j©¬«Æ²{©�²��¬ VÐwÑ¼«�Á³¦Õ©¨«��·¦\¡[Å�Á�©¨´Ç¡[°�©¨¡i©¨«���ÅÇ¡[° Ö �T¦¨©
£�²�©¨«æ²VÅ Ö ¡§�¨´Ç©¬«³¢Û Z¡[°³¦¨´�¦\©¬¦Õ¡§Î�©\�b²�ÍV��Å�Å�´�° Ö ©¬«��\¡[Á Ö «É¡[°���¦\¡[Å�Á±©¬´Ç¡[°ÉÎÜ¡V����²§ b«É©¨´�¢¤�·£¥�g�¬´Ç¡±�ûÐ�ÑÕ«��
¦\¡[Å�Á�©¨´Ç¡[°ú©¨´�¢¤�¿ÎÜ¡§��¦¨¡§ÅÇÍ±´�° Ö ©¨«��jÞß¶J½ ���¬²V¦\©¬´} g²VÅ�ÅÇ®J�¨�T�³ÁÆ Z�T¦�Â¾®ú¦\¡[ÅÇÍ�´�° Ö ´Ç©�Â�®úÅÇ¡[° Ö �T¦¨©�£�²�©¨«
²VÅ Ö ¡V�¬´Ç©¬«�¢ÀÐ
fBgrq s � � � % � !$#"% ��� � �?%r#0� �?%3!
Þq°L©¬«±��£³�¨�gÍ±´Ç¡§Á³¦^¦¨�� Z©¬´Ç¡§°öÈ�©¨«���©\�T�¨¢µ´�°Æ²�©¨´Ç¡[°L Z�¬´Ç©¨�g�¨´Ç¡[°jÎÜ¡§�Õ©¬«�� < ¶O½K´�¦Õ©¨«���©¨�¬²V�³´Ç©¨´Ç¡[°Æ²VÅøºÕÝ©¨�g�¨¢µ´�°Æ²�©¨´Ç¡[°� Z�¬´Ç©¨�g�¨´Ç¡[°öÈÓ��«��g�¨�¤©¨«��¤�¨�T�³ÁÆ Z�T�ú Z¡[¦\©ª¡§Î ©¬«�� Ö �T°��g�b²{©¨�T�þ u¡§Å�Á³¢µ°³¦ª´�¦·ÅÇ�T¦¨¦ª©¬«³²V°
ág�g�¨¡ ã ²V¦¿�gÍ±´����T°¾©¿ÎÜ�\¡[¢ >x´ Ö Ð ìut ïù²V°��e>x´ Ö Ð ìut ð ç ÐkÑ¼«³´�¦ü´�¦¿©\�¬Á��æÂ¥�� g²VÁ³¦\��² ã °�¡[°¾ÂÆ²V¦¨´}  ç

ó[ò



Source Destination

t = 0 t = 1 t = T

Expected Coverage − Relocation Cost

1 1

22

Ft F0 FT

>x´ Ö Á±�¨� ì Ð ì à � ©b²�©\� � £�²V u��­¯´}² Ö �¬²V¢Àà�Þq°¾©\� Ö �g��¶O²V¦\©\�T��½��¨¡§ÂÆÅÇ�T¢

Í�²��¬´}²{ÂÆÅÇ�É�^´Ç©¬«�²þ°�� Ö ²{©¬´ÇÍ§�j�\����ÁÆ Z���K Z¡[¦\©i��´�Å�Å¼°��gÍ§�g�µ�T°¾©\�g�¤©¬«±�ÀÂ�²�¦¬´�¦i¡§Î]² < ¶O½Ò��´Ç©¨«�²
¢¿²{Ì±´�¢µ´Çá�²�©¬´Ç¡[°�¡§Â�ÙÚ�Ô Z©¨´ÇÍ§�æÎýÁ³°Æ Z©¬´Ç¡[°ûÐ÷Þq°  u�g�\©b²V´�°R g²V¦\��¦TÈ¼©¬«±�ùº^Ý «±��Á±�¬´�¦\©¬´} À�^´�Å�Å+�§�g�g£R¡[°
´Ç©¨�g�¬²�©¬´�° Ö �^´Ç©¬«�²æÍ§�g�\®ù¦¨¢¿²VÅ�Å ´�°Æ Z�¨��²V¦\��´�°ù©¬«���¡§Â�ÙÚ�Ô Z©¨´ÇÍ§�üÎýÁ³°³ u©¨´Ç¡[°ù¡§ÎÕ©¬«�� < ¶O½�ÐxÞq°�¦¨ÁÆ b« g²V¦\�T¦�È����� g²V°j©¨�g�¬¢¤´�°Æ²�©¨�]©¬«±�×º^Ý «��TÁ��¨´�¦\©¬´} ¯��«±��°j©¨«������T¦¬´Ç�\�T�É¦\¡[Å�Á�©¨´Ç¡[°v,�ÁÆ²VÅ�´Ç©ß®ü«Æ²V¦¼Â¥�g��°
¡§Â³©¬²V´�°��T� ã ´ÄÐm�[Ð�È[©¬«±�l¡§Â³ÙÚ�� Z©¬´ÇÍV��ÎýÁ³°Æ Z©¬´Ç¡§°µÍV²�Å�Á��l¡VÎû©¬«�� < ¶J½�´�¦X��´Ç©¬«�´�°�²  Z�g�¨©¬²V´�°µ£¥�g�b Z�T°¾©¬² Ö �¡§Îy©¬«±��Å�´�°���²��ÿ£³�\¡ Ö �b²�¢µ¢µ´�° Ö �\�TÅ}²{Ì³²�©¨´Ç¡[°ü¡§Îø©¨«��ª¡§�¨´ Ö ´�°Æ²VÅ¥£³�\¡§ÂÆÅÇ�T¢ ç ÐwÑ¼«³´�¦¼��´�Å�ÅÓ´�¢¤£��¨¡{Í§�¯©¬«��
¦\¡[Å�Á�©¨´Ç¡[°J©¬´�¢¤�×¡§Î ©¨«���ºÕÝØ²�£³£³�\¡¾²§ b«öÐ * °�¡§©¨«��g�ª£¥¡[¦¨¦¨´ÇÂÆÅÇ�i©\�g�¬¢µ´�°Æ²{©¬´Ç¡[°O Z�¬´Ç©¨�g�¨´Ç¡[°� g²V°OÂ¥�µ²
©¬«±�¨�T¦¨«�¡[Å�� ©¨´�¢¤�ÿ��´Ç©¬«�´�° ��«³´} b«i²¯¦\¡[Å�Á�©¨´Ç¡[° ´�¦��\��,�Á³´Ç�¨�T�öÐw]�¡[Á³°��×¡[°×©¨«��Õ°�Á�¢ Â¥�g��¡§Î�´Ç©¨�g�b²{©¬´Ç¡[°³¦
 g²V°L¦\�g�¨Í§��²V¦�² Ö ¡�¡±�É©\�g�¬¢µ´�°Æ²{©¬´Ç¡[°É Z�¬´Ç©\�g�¬´}²³Ð
fBg�x �zy !|{B#}�5�A@ �~� � !|�0�
Þq°�©¨«³´�¦i  «³²�£³©¨�g�TÈ��ÿ��£³�\¡§£¥¡[¦\�T� ²� Z¡[Å�Á³¢¤° Ö �T°��g�¬²�©¬´Ç¡[°úÂ�²V¦\�T� ¢¤�g©¬«±¡±��¡[ÅÇ¡ Ö ®þ©¨¡�¦\¡[ÅÇÍ§�ü©¬«��
­l®±°Æ²V¢µ´} ^¶O¸w¹¯º¼»y½ ¢¤¡±�±��Å³£³�¨�T¦\�T°¾©¨�T�¿´�°¿¦\�� Z©¬´Ç¡[°üï t ð t�ä Ð�ÑÕ«��]­l®±°Æ²�¢µ´} �¶J¸w¹]ºÿ»ø½ù¢¤¡±�±��Å´�¦����� Z¡[¢¤£¥¡[¦\�T�×´�°¾©\¡ª²]¢¿²�¦¨©\�g�x£³�¨¡§Â³ÅÇ��¢÷²V°��¤²¯¦¨Á�Â�ÃÄ£³�\¡§ÂÆÅÇ�T¢ÀÐ * Å�¦\¡]©ß�ÿ¡]�³´�
¥�g�¨�T°¾©�¦\©\�b²�©\� Ö ´Ç��¦
²��\�·£³�\¡§£¥¡[¦\�T�ÉÎÜ¡§�^¦\¡[ÅÇÍ±´�° Ö ©¬«±���±�Ô Z¡[¢i£¥¡[¦\�T�L¢¤¡±���TÅûÁ³¦¨´�° Ö  Z¡[Å�Á³¢µ° Ö �T°��g�b²{©¬´Ç¡[°�©¨�� b«³°³´7,�Á��[Ð

ó§ó



� � �z� �p��� �

� ��� � � �p�����w��� ��� � ��� �����}� ������� ��� �
� ���p���}�w��� � � � �����w� ��� ¡ � ���£¢����T�

Þq° ©¬«��¼£��¨�gÍ±´Ç¡[Á³¦� b«Æ²�£�©¨�g�¬¦TÈ{�ÿ�¼���T¦¬ Z�¬´ÇÂ¥�T� ©¨«��^­l®±°Æ²V¢µ´} �¶O¸�¹]º¼»y½O´�°×���g©b²V´�Å±²�°³�×£��¨�T¦\��°[©¨�T�
¦\�gÍ§�g�b²VÅ�ÎÜ¡§�¬¢×Á�Å}²�©¬´Ç¡[°�¦·ÎÜ¡§��©¬«��ü¦b²�¢¤�[ÐÉÞq°�º�«Æ²�£³©\�T� ðæ²V°³� ì Èø¦¨¡§Å�Á�©¬´Ç¡[°ú¢i�T©¨«�¡±��¡§ÅÇ¡ Ö ´Ç�T¦�²��\����gÍ§�TÅÇ¡§£¥�T�¤©¨¡ ¦\¡[ÅÇÍ§�^©¨«��]­l®±°Æ²�¢µ´} ^¶O¸w¹¯º¼»y½�Ð[Ñ¼��¡ «��TÁ��¨´�¦\©¬´} u¦w�ÿ�g�¨��£��¨�T¦\��°[©¨�T�¿´�°jº�«Æ²�£³©\�g�
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Generate RMP()

Solve RMP with CPLEX

Store Dual Multipliers

Add Column()
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Initial BFS()

Generate Data()

Sub−Problem() 
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Strategy II

Solve Integer Master Problem

Print Solution()
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Input Parameters

to C code
(n, p, C, U, etc. )
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