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©^«�¬�Í@¬�Û$µ�´¶°!Í8¬�µ}©±ÍÆÓd®�¬�µ±Ù'Õ�Ù�²�«�´�o%SVU�X%U^_!�I��°�«¶µ�È�´¶°!µ�´��Ý©±Írµ±Ù�´�®�¬�µ±Ù���¬�Í8Îdb�YaST`'U�_#c�\e�ÝÛò¬<«¶µ�È�´¶°!µn´��Ý©±Í�µ±Ù�´
®�¬�µ±Ù��r¬�°�´HÞ¶²<µ�Ù�Í;²<µL«a¬�µBØÆ°T¬�µ�´VÎ�Þ��%�üàKa�ced

{�¸�|5þÿÁ���Á��ÿÁ��ÿÁ���Áa�L�lU�\éQ�_¨Q�c�X%`�Ya_,bVU^_�X»��Q9b�hämFU�bVhÇSVYa\T�íYe�eb�b�o»bVh�YÝ`'Q9b���h�U�_�XrQ�_��äbVh�YÝX%S�Q9��h
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Q�\Tp b�h�Y��o%s^s�o�mFU^_�XJ.#c�Ye\Tb�U�o%_�U�_�\TbVY�Q��¤¦[]s�b�h�o%c�X%hr')��';¸·C�'�·o'AF%þHG'U^\�Q�\Vcwv��aU�Ya_,b¦�ao%_���U�b�U�o%_ä��o%SHQ
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��UªÅ�É�SVQ���hEÊFYa��c��eb�U�o%_���o%S ë YaQ�SV��h�U�_�XR�ö�9�

,�o%_�\TU^��YeS½b�h�Yé��o%s�s^o�mFU^_�XÉ��SVo%��s^Ya`�\FQ�\½`�o�b�Uòç9Q9b�U�o%_!
QH¡<�SRgú}�Æù � �Vtvu�¡y¡9{�u�~õ��£y¤ÁW±³]Õ�´½Ù�¬�È�´d¬b��Í�©±µn´F«�´¶µ�²�³�Ó�©±°!Û «]Õ�Ù�²<Ü�´V¬ÆË�ÙÝÙ�¬�È�´½«�´¶È�´¶°V¬�Û8Þ¶²H��³!°!©5´¶Í8Î<«�7
ØÆÍ8ÎÆ´¶°HÕ�Ù�¬�µïË�²<Í8Î�©±µ}©5²<Í�«¯ËV¬�Í�´V¬ÆË�Ù'Ó�©±°!ÛOÜ�¬�°!°���²<Í;´Ý²�³]Ù�´¶°ÉÞ¶²H��³!°!©5´¶Í8Î<«�Ñ�¬<«�«¶ØÆÜÝ©±ÍÆÓ'µ�Ù�¬�µ�Í;²ÉÓ�©±°!Û�ËV¬�Í
Ü�¬�°!°��'Ü�²<°�´�µ±Ù�¬�Í�²<Í;´¦Þ¶²H��Ò�àKa�c�d
QH¡<�SRgú}�Æù : ��Q��#¡<�a�8|g|ð�Æú-Ë ¹ u���Ìk���a��{}~8|�ù��Æ|íw�£y¤BW¶Í@¬¦ÙÆ©òÓ<ÙÝ«�Ë�Ù�²�²<ÛÍ7�Î2µ�´V¬ÆË�Ù�´¶°�«PÏ0À¶ÁXÏõÂ�Á�ÃaÃ�ÃaÁXÏ�Ä
¬�°�´H¬�È<¬�©±Ûò¬,ÞaÛ^´�³�²<°�Î×Ë¶Ûò¬<«�«�´�«�ÐÆÀ!ÁXÐ�ÂaÁaÃ�Ã�ÃaÁXÐ9Äs7ï´V¬ÆË�Ù�µn´V¬ÆË�Ù�´¶°HÞ¶´¶©±ÍÆÓ6_aØ�¬�Û$© �ï´VÎµ�²µn´V¬ÆË�ÙR²<Í;´É²<°�Ü�²<°�´É²�³
µ±Ù�´�«�´»Ë¶Ûò¬<«�«�´�«aà¶Ñ�¬�ÍÔ¬�Û±Û�²�³µ�Ù�´µn´V¬ÆË�Ù�´¶°�«'Þ¶´�¬<«�«¶©òÓ�Í;´VÎÌÑT²<Í;´d®�´¶°�Ë¶Ûò¬<«�«nÒrµ�²äË¶Ûò¬<«�«�´�«ï³�²<°ÝÕ�ÙÆ©5Ë�ÙÇµ�Ù�´��
¬�°�´%_aØ�¬�Û$© �ï´VÎ!Ò%a�ced
�n_�Y�Q���hro��ObVh�Ya\TYé��SVo���s^Ye`'\�b�h�YeSVY�Q�STY]bnm�o���U^\TbVU^_��¶bïX%STo%c���\½·0Àdº�X%U^STs^\aZ,bVY�Q���h�YeSV\�¼ïQ�_���·�ÂHº}�8oyìÆ\eZ

�as^Q�\V\TYa\�¼]�íY¶bnm�YeYa_ÇmFh�U^��h bVh�YaSTYÝQ�STY%�%STYasWQ<b�U^o�_�\Vh�U���\X�'��Ya\T�aSTU^�8Ya�ä�,ìR��Q�U^ST\dU^_ä·0ÀKÓ�·�Â�¸ýÏ ºBQ9_�� U�b
��oÆYa\T_! öb¦`'Q�p�Y�\VYe_�\VY�b�o�h�Q�ç%Y�STYas^Q9b�U�o%_�\Vh�U^��\éU�_�·;À`ÓÐ·;À�º}Q9bHs^Y�Q9\TbH_�o�b�mFU�bVh�o%c�bH�8o%s^Uòb�U���Q�s�Q��ebVU^o%_õ¼
o%S�U�_¨·õÂBÓ�·�Â¶¼¶ê ë U�bVc�Q9bVU^o%_�\]\Vc���hÌQ�\dbVh�Ya\TY��Q�_Ç�8Y¯`'oÆ��Yes^Ya�ä�,ì Q»\V�8Ya�aU^Q�sAp#U^_��äo���X%S�Q���h0Z0mFh�YaSTY
��Y�Q9\VU^��s^Y�\Vo%s�c�b�U�o%_�\½b�ob�h�Ya\VY¦��SVo���s^Ye`'\]Q�SVY�`'Q9b���h�U^_�X%\eê½q�U�_���U^_�X�`'Q<èÿU^`'Q�s0\To%s^cÿb�U^o�_�\½b�o�`�Q9bV��h�U^_�X
��STo%��s^Ye`'\l��o%SV`Éc�sWQ9bVYa� U�_Rb�h�U^\dm�Q�ì mFU^s�s���SVo�ç%Y`¯c���hÇYaQ�\VU�YaSdbVh�Q�_ ��_���U^_�X»bVh�o%\VY¯Q�\V\Toÿ�eUWQ9bVYa� mFU�bVh
Q�ST��U�bVS�Q�S
ì»X%SVQ���h�\eê
���,�A|�{�w�{}�8|rÔÔ�XÈÝ{�¢gu�¡�wy{±w��  �¡yu�¢gz��<£y¤¦¥ ��U^��Q9STb�Uòb�Y'X%S�Q���h�©^«�¬@Ó�°T¬¶®�ÙÇ§ ¸ º5·;ÀP£2·�Â�Á�ÏÉ¼�«¶Ø�Ë�Ù
µ±Ù�¬�µF´V¬ÆË�Ù ´VÎ�ÓÆ´H©±Í»Ï Ù�¬<«¯²<Í;´Ý´¶Í8Î'©±Í�·;À¦¬�Í8Î'µ±Ù�´Ý²<µ±Ù�´¶°H©±Í�·õÂrÑ�¬�Í8Î¯·;À!´ ·�Âï¸<Õ9Ò�à
÷døOu�ù�¢�ú��/: �X�DÈÝ{}¢�u�¡�wy{±w��ä �¡yu�¢gzL£y¤Éûð´¶µ

·;ÀL¸ý¾#�%Á!þÿÁ���Á���Å ·�Âï¸I¾HÖõÁ�×yÁ�Ø<Á�Ù�Á�æ�Å

Ïý¸I¾ÿº
��Á�ÖÆ¼¶Áyº��%Á�×¶¼¶ÁyºBþÿÁ�ÖÆ¼¶Á�º5þÿÁ�×¶¼!Áyº5þÿÁ�Øa¼!Áyº5þÿÁ�æy¼¶Áyº���Á�Øe¼¶Áyº���Á�ÙÆ¼¶Áyº���Á�Øe¼¶Á�º}��Á�æy¼!Å

Õ�ÙÆ©5Ë�Ùr©^«ÉÎÆ´n®8©5Ë¶µn´VÎ»Þ���µ�Ù�´�³�²<Û±Û^²<ÕL©±ÍÆÓ�®8©5Ë¶µBØÆ°�´aà
[�`'Q9b���h�U^_�X�o%_2Q���U^��Q9STb�Uòb�YX%SVQ���h�U�\É��Y¶��_�Ye�2_�oR��Uª©;YeSVYe_#bVs�ìäbVh�Q�_���o%S¦Q�_�Q�SV��Uòb�SVQ�STìÇX%SVQ���h0ê

&½h�YH`�Q<b���h�U�_�X

� ¸ý¾ÿº
��Á�ÖÆ¼¶ÁyºBþÿÁ�×¶¼¶Áyº���Á�Øe¼!Å

U^\ðQ9s^\VoFU�s^s^c�\Tb�SVQ9b�Ye�éU^_éb�h�Y���o�s^s^o�mFU�_�Xï��U^Q�X%S�Q9` Q�\T\VoÆ�aUWQ<b�Ya�émFUòb�hHå�è�Q9`'��s�YP��ê�jlo�b�YLbVh�Q9bOb�h�U^\OY¶è�Q�`���s�Y
��oÆYa\F_�o�blQ9��`'UòbFQ�íYeST��Ya�¶bl`�Q9bV��h�U^_�X�Z�Q�_�����c�S
b�h�YeSV`�o%SVY�bVh�Q9b`� U�b�\TYasò�gU�\½_�o�bl`'Q<èÿU^`'Q�s5ê

�
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#�Yd_�o�m×��SVoÆ��c��eY�\VY¶ç%YaSVQ�sOQ�s�X%o%STU�b�h�`'U���b�Ye��h�_�U�.#c�Ye\ï��o%S���_���U^_�XÉ`'Q<èÿU^`'Q�s�`�Q<b���h�U�_�X%\�o%_»��U���Q�SgÅ
b�Uòb�Y�X�S�Q���h�\�M�b�h�YaSVYe�,ì���SVoÆ��c��eU^_�XÉ\Tb�SVQ9b�YeX%U^Ye\ïb�o¯��_���`�Q<èÿU�`�Q�sõ\To%s^c�bVU^o%_�\�b�oQ�\T\VU�X%_�`�Ya_,b½��STo%��s^Ye`'\
º}s�U^p9Ydb�h�Yéo�_�Ya\lQ��8o�ç%Y�¼!ê�[d\FQ�s�SVY�Q9��ì»`�Ya_,b�U�o%_�Ye�0ZÿbVh�Yé��SVo���s^Ye`�Ya\T\VYe_#bVUWQ�s�s�ì'SVYe��c��aYe\lbVoÝo%_�Y�o��ð��_��¿Å
U^_�X'Q9c�X%`�Ya_,b�U�_�XÝ��Q9bVh�\aê � c�S½��SV\
b]`�YebVh�oÆ�rmFU�s^síc�\VY�b�h�U�\½\TbVS�Q9bVYaX�ì�êP#×Uòb�hr\Vo%`�Y�`'oÆ��Uò����Q9bVU^o%_;ZÆm�Y
\Vh�Q�s^s8�íY�Q���s^YFb�oÉX%Ya_�YeS�Q�s�U�teY]b�h�U^\�\
b�SVQ9b�YeX�ì'bVoÉ��_���`'Q<èÿU^`'Q�s�`'Q9b���h�U^_�X%\�U^_�Q9SV��Uòb�S�Q9STìX%SVQ���h�\eêÚ&½h�Y
\VYe�ao%_�� `�YebVh�oÆ�ÐmFU^s^s�Ya`���s�oyì¨U�\ÝQRb�Ye��h�_�U�.#c�Y»mFh�U^��hÔU^_,ç%o�s�ç%Ye\ Û¦´¶µ}Õ�²<°��0LÛ^²<Õ�«¶ê/&½h�U^\¯bVYa��h�_�Uu.#c�Y
X%Ye_�YaSVQ�s^UutaYa\½_�U^�aYes�ì'b�o�\Vo%sòç%Yéb�h�Y»²�®8µ}©±Ü�¬�Ûíº�m�YaU^X�h#bVYa�õ¼½��U���Q�STbVU�bVY�`�Q<b���h�U�_�XÝ��SVo���s^Ye`@ê
��ú�~8�õ¡<{±wyzgù �2��Ü;�#u�¡<x9z ¹ ¡<�#�Æ�]�Ö�õ¡"ÈÝ{�¢gu�¡�wy{±w���tvu�wyx<zg{}|ð~í�y£y¤EÝïØÿ°[��°�«¶µ�µn´�Ë�ÙÆÍ�©�_aØõ´H©^«¯¬»È<¬�°!©}¬�Ê
µ}©5²<Í ²�³¬ÇË¶Ûò¬<«�«'²�³ésWQ9�íYesªÅn\TYebTb�U^_�X¨¬�ÛöÓÆ²<°¶©±µ±ÙÆÜÉ«%<Í;²<ÕLÍÐ¬<«é��STY�Q��ÿb�h�Å5��SV\
b¦\TY�Q�ST��hðàkUR´ÕL©±Û±Û�Ë�Ù�²�²�«�´�¬
«¶µ5¬�°¶µ}©±ÍÆÓ�Í;²aÎÆ´ÚÞ�ãÇ·;À�Õ�ÙÆ©5Ë�Ùr©^«�ØÆÍ�«a¬�µ}Øÿ°T¬�µn´VÎ�Þ��'µ±Ù�´ÝË¶Øÿ°!°�´¶Í�µ�Ü�¬�µ�Ë�ÙÆ©±ÍÆÓO� ÑÖ©±Í�©±µB©}¬�Û±Û��1� ¸<Õ9Ò�¬�Í8Î
¬�µ}µ�´¶Üd®8µ�µ�²[��Í8Î¦¬�Í�¬�Ø%Ó�Ü�´¶Í�µ}©±ÍÆÓ½®�¬�µ±Ù�µn²�«�²<Ü�´�²<µ±Ù�´¶°lÍ;²aÎÆ´$ßÝãÇ·�Â�Þ��¯´��e®8Û^²<°¶©±ÍÆÓÉ¬�Û±Û9®�²�«�«¶©}ÞaÛ^´!ÞEàµß
®�¬�µ±Ù,«�7���ß¯ãÇ·�Â�7�Þ��ÉÜ�¬�©±Í�µÖ¬�©±Í�©±ÍÆÓ¬H\TY�Q�ST��h»b�STYaY,à1ÝïÍ;Ë�´�¬�ÍR¬�Ø%Ó�Ü�´¶Í�µ}©±ÍÆÓd®�¬�µ�Ù�©^«�³�²<ØÆÍ8ÎH7LÕ�´�®8°�²�Ë�´�´VÎ
Þ��É¬�Ø%Ó�Ü�´¶Í�µ}©±ÍÆÓ�� ¬<«l©±Í�ûð´¶ÜÝÜ�¬O4,àbW±³FÕ�´á��Í8Î¦Í;²é«¶ØõË�Ùé®�¬�µ±Ùs7gµ�Ù�´¶Í�µ±ÙÆ©^«lÈ�´¶°!µ�´��'ËV¬�Í�Í;²<µ�Þ¶´éË�²<È�´¶°�´VÎ
Þ���¬»Ûò¬�°BÓÆ´¶°HÜ�¬�µ�Ë�ÙÆ©±ÍÆÓH7�¬�Í8Î'«�²�Õ�´¦µB°��r¬rÎ�© â�´¶°�´¶Í�µSÞäãÌ·0Àaà+W�³HÕ�´É¬�°�´ÉØÆÍ�«¶Ø�Ë�Ë�´�«�«�³!ØÿÛð©±ÍO��Í8Î�©±ÍÆÓ�¬�Í
¬�Ø�Ó�Ü�´¶Í�µB©±ÍÆÓ�®�¬�µ±Ù�³!°�²<Ü ¬�ÍY�-ÞRãÇ·;À�µn²�¬�ÍY�1ßÉãÇ·õÂ�7Lµ�Ù�´É¬�ÛöÓÆ²<°!©±µ±ÙÆÜ µ�´¶°!ÜÝ©±Í8¬�µn´�«aàKaf4gd
Ü;�Æu�¡9x<z ¹ ¡y�#�Æ���
º	ÉéU�ç�Ya_�Q¦_�oÆ��Y[Þ�m�YdY¶èÿ��s�o%SVY qVQ�sòb�YeSV_�Q9bVU^_�Xã�H��Q9b�h�\dº}�eSVYaQ9b�U�_�X¯Q�_ ¬�Û$µ�´¶°!Í8¬�µ}©±ÍÆÓ¯µB°�´�´V¼LU^_�\VY�Q9SV��h»o��OQ�_
Q�c�X�`'Ye_#bVU^_�XÝ��Q9b�h0ê ¼

[d\Ém�Y»Y!è���s^o%STY'b�h�Y�X%SVQ���h�m�Y»`'Q�U^_,b�Q9U^_äbnm�oä\TYebV\aZLo%SHsWQ��8Yas�U^_�X�\�¯Ïßº���o%SHYeç�Ya_õ¼!Z�Q�_���äßº���o%S
oÆ���õ¼¶óg��o%S¦_�oÿ��Ye\¦\TYaYe_2\Vo@�}Q9Saê #ÌY�STYe��YaS�b�o�b�h�Y�_�oÆ��Y1ÞÐQ�\�b�h�Y�°�²�²<µ�o���b�h�Y�b�STYaY�ê�[ º}�aQ���bVc�SVYe�õ¼
_�oÆ��YB�gU^_�bVh�Ydb�STYaY�U�\�s^Q��íYes^Ye�¨´¶È�´¶ÍÝo%S�²aÎ,Îd��Ya�8Ya_���U^_�XÝo%_'mFh�YebVh�YaSïbVh�Y�_#c�`¯�8YaSïo9��Q�SV�e\���SVo%`°Þ»bVo
b�h�U^\ïç%YeSTbVY¶èE��o%_�b�h�Yé��Q9b�h�ÞEàµ�LU�_»b�h�YHQ�sòb�YeSV_�Q9bVU^_�X¦b�SVYeYéU^\½Y¶ç%Ya_�o%S½oÆ���0êÚ&½h�U�_�p#U^_�Xo��gQ�s�s;o���b�h�Y
��Q9bVh�\�U^_ bVh�Y¯b�STYaY�Q�\�b�h�YÝ�íYeX%U^_�_�U^_�X�o���Q�_ÇQ�c�X%`'Ye_,b�U^_�X���Q9b�h;Zðm�YÝmFU^s�s�Q�s�\Vo�h�Q�ç�Y�bVh�Q9b�`'Q9b���h�Ye�
Ya��X%Ya\�X%o���STo%`koÆ���ÝsWQ9�íYes^Ya�¯ç�YaS
b�U^�eYa\Lb�oéY¶ç%Ye_'s^Q��íYes^Ye�¯ç%YaS
b�U��aYa\eê[Ç]_��aQ���bVc�SVYe�'_�oÆ��Ye\�Q�SVY½c�_�sWQ��8Yas�Ya�0ê

�



&½h�Y�Q�s^X%o�SVU�bVh�` `�Q�U�_,b�Q�U�_�\�Q�s�U^\
b¸å o��ïs^Q��íYes^Ye�Cº�s^Y�Q<��¼d_�oÆ��Ye\¦��SVo�` mFh�U^��h¨m�Y�mFU^s�sAY¶èÿ��s�o%SVY�_�Y¶èÆbaê
�n_�Uòb�UWQ9s^s�ì

Ï ¸æå2¸I¾�Þ0Å Q�_�� äI¸¡Õ�ê

���,�A|�{�w�{}�8|�ç �X�JÂ¿èau�x%�Æ|gxãék��{B�ew��<£y¤10�²<°�´V¬ÆË�Ù"�lã · Ñ�· ¸ ·0Àá£Ç·õÂ�© ³¯µ±Ù�´HÓ�°T¬¶®�Ùä©±Í�Þa© ®�¬�°!µB©±µn´nÒ
Û^´¶µ�µ�Ù�´]Q��yîVQ��aYe_��eìrs�U^\Tb�³�²<°-�éÞ¶´

ê º��n¼�¸I¾��j8º��VÁ=�ÿ¼�ã Ï�Åÿà

 �¡y�¿ë�{}|ð~Ìwyzð��Ü;�#u�¡<x9z ¹ ¡y�#�õ��º}[]s^X%o�SVU�bVh�` �H�eo%_,b�U�_Æc�Ya�0êòê ¼

ì ,�h�oÆo%\TY¦Q9_#ì»_�oÿ��Y¸��ã/å º}U^_�U�b�U^Q�s^sòì��g¸¦Þ8¼!ê

ì �Ö��º��éã Ï¯¼Á¼ \V��Q9_ ê º��n¼éQ�_��ÌQ9\V\VU�X%_¨oÿ���Çs^Q��íYes^\d��o�S�b�h�o%\TY¸�¨ã ê º��Ö¼�_�o�bHQ�s�SVY�Q9��ì s^Q��íYes^Ye�
ºª��FãÇÏ�£[ä¯¼!ê�º�i�ìéU�X%_�o%STU^_�X½Q9s^SVYaQ���ìdsWQ��8Yas�Ya�-�Y \Om�Y�`'U�\V\O_�o�bVh�U^_�X½��c�bðSVYe��c�_���Q�_,bAQ�sòb�YeSV_�Q9bVU^_�X
��Q<b�h�\eê ¼k�Ö�$� U^\�_�o�bH\�Q<b�c�SVQ9b�Ye�Ð�,ì¶� ZgbVh�Ya_oÞ¦à �RU^\HQ�_�Q�c�X%`�Ya_,b�U�_�Xr��Q9bVh0Z�Q9_��Ìm�Y��aQ�_
º�\Vc��e�aYa\T\T��c�s�s�ì�¼lbVYaSV`�U^_�Q9b�Y�b�h�Y¦\VYaQ�SV��hä��SToÿ�eYa��c�SVY�ê � b�h�YeSTmFU^\TY�Z8m�YÝQ9��� Y�Q9��hE��bVo"ä¹Q�_��RbVo
å½ê

ì Yes^\VY9Z0U��dº��]ã(äÉ¼B¼ Y¶è�Q�`�U^_�YHç%YaS
b�Y!è��X ö\éc�_�Uu.Æc�YÝ`�Q9bV��h�Ya�¨Q�ST�rº��TÁf�Æ¼�ã¦� ºª�@U^\]_�Ya�eYa\T\�Q�STU^s�ì
c�_�sWQ��8Yas�Ya�õ¼!êA[d���j�'bVojä Q9_���bVo6åFê���oÝ_�o9b�h�U�_�XU��g\Vc���hRQ�_�Q�SV����oÆYa\F_�o�bFY!èÿU^\Tbaê

ì #ÌY�b�h�Ye_ SVYe`'o�ç�Yo�é��STo%`·å º�\VU^_��aY�U�bÝU�\�_�oÌs�o%_�X%YeSQÇs�Y�Q9��¼¶ê��Ö�Bå�¸íÕ�Zdº}c�_�\Vc��e�aYa\T\T��c�s�s�ì�¼
bVYaSV`�U^_�Q9b�YdbVh�U^\½\TY�Q�ST��h0ê � bVh�YaS
mFU^\TY�ZõSVYe�íYaQ9b�ê

�Ö�LQ9_@Q9c�X%`�Ya_,b�U�_�X��Q9b�hrm�Q�\]_�o�b½��o%c�_��;Z�m�YH��h�oÆo%\VY¦Q�_�o�bVh�YaSFc�_�\�Q9bVc�S�Q9bVYa����ãä·¹Q�_��@STYa�8Y�Q9bFb�h�Y
Q��8o�ç%Y���SVoÆ�aYe��c�STY�Zõc�_,b�U�s0_�o�\Vc���h@c�_,b�SVU�Ya�o�LSVYe`�Q�U�_0ê

&½h�Y���o%s�s^o�mFU^_�X¦SVYe\Vc�sòbï\Vh�oymF\½bVh�Q9b½Uò��Q9b½Q�_,ì'b�U^`�Yd��c�SVU�_�XÉb�h�YéQ��8oyç�Y�Q�s^X�o%SVUòb�h�`üm�Y��}Q�U^sõb�o¦��_��
Q�_'Q�c�X%`�Ya_,bVU^_�X���Q9bVh���STo%` Q�_,ìÝ_�oÿ��Y-��ãÇ·'Z,m�YlmFU�s^s�_�Yeç%YeS�Q9X,Q�U^_Ý��_���Q�_'Q�c�X�`'Ye_#bVU^_�X���Q<b�h��SVo%`
�]º�mFUòb�hrSVYe\V�8Ya�eblb�os^Q9b�YeS½`�Q9bV��h�U^_�X%\�¼!ê
¹ zð�#�õ¡<�Æù � ��îk�Æú}ú�ï�ð¡HÂ��#¡y�¿Âk�J�ð~8ù��Æ|íwy{}|�~�Q�u�wyz��<£y¤OñõØ�®,®�²�«�´Hµ±Ù�¬�µïµ�Ù�´¶°�´¦©^«¦Í;²»¬�Ø%Ó�Ü�´¶Í�µ}©±ÍÆÓ
®�¬�µ±ÙR«¶µ5¬�°¶µ}©±ÍÆÓ�³!°�²<Üª¬�Í�ØÆÍ�«a¬�µBØÆ°T¬�µ�´VÎ@È�´¶°!µn´��j�lã¦òÐºB§¦¼¯©±Í2¬�ÍÐ¬�°aÞa©±µ}°T¬�°���Ó�°T¬¶®�Ù»§ ÕL©±µ�Ù °�´�«n®�´�Ë¶µ½µn²
¬�Ü�¬�µnË�ÙÆ©±ÍÆÓ6�üàOW�³B{ ©^«�¬�Í�¬�Ø�Ó�Ü�´¶Í�µB©±ÍÆÓÉ®�¬�µ�Ù Õ�Ù�²�«�´'´¶Í8Î¶®�²<©±Í�µ±«Ý¬�°�´¯ØÿÍ�«a¬�µ}ØÆ°V¬�µn´VÎ6óðÁ�¿ôl¸}�lã ·�7
µ±Ù�´¶Íäµ�Ù�´¶°�´HÕL©±Û±ÛðÞ¶´�Í;²�¬�Ø�Ó�Ü�´¶Í�µ}©±ÍÆÓ�®�¬�µ�Ù�³!°�²<Ü��]ÕL©±µ�Ù�°�´�«n®�´�Ë¶µ�µn²%�<;�¸¡� ¢ Ï�º�{¦¼Ý´¶©±µ±Ù�´¶°eà�ag¨�d
¬�°�²�²�³eà`,�o%_�\TU^��YeS+��Q�_��3{ Q�\lQ��8o�ç%Y9ZíQ9_��@\Tc����8o%\VY»º���o%SïbVh�YH\�Q�p9Y¦o����ao%_,bVS�Q���U��ebVU^o%_õ¼�bVh�Q9bFb�h�YaSVY�U�\
Q�_�Q�c�X�`'Ye_#bVU^_�X��Q<b�hoõk��SVo%`®�AmFU�b�h�SVYe\V�8Ya�¶blbVo"� ¢ Ï�º�{¦¼¶ê$#ÌYH�eo%_�\TU^��YeSFbnm�o���Q�\TYa\�

U5ê®õvh�Q�\�_�o¦_�oÿ��YlU^_��ao�`'`�o%_ÝmFU�bVh {ê$�n_'bVh�U^\��aQ�\VY9Zö�<;�¸¡�Ä¢ÇÏ�º�{¦¼A��h�Q�_�X%Ye\�_�o9b�h�U�_�XÉQ9\
�}Q�SlQ�\+õ U^\l�ao%_��aYaST_�Ya�;ZímFh�U���hR`�Y�Q�_�\Fb�h�Q9bBõ `¯c�\Tb]h�Q�ç%YÉ�8YaYe_äQ�_RQ�c�X%`�Ya_,b�U�_�X��Q9bVh@mFU�bVh
STYa\V�8Ya�¶b]bVoj� ê[&½h�U^\F�ao�_#bVS�Q���U^�ebV\Fo%c�SFQ�\T\Vc�`���b�U�o%_0ê

÷



U^UBêøõvh�Q�\�Q9b�s^YaQ�\Tb�o%_�Y]_�oÆ��Y]U�_'�eo%`�`'o%_mFU�bVh {êLñlYaSVY9Z�s�YebIõI¸�|���¸ ¿,À!Á�¿<Â�Á�Ã�ÃaÃeÁ�¿H���LmFh�YaSTY
��Q�_���¿H��Q�STYdc�_�\VQ9b�c�S�Q9bVYa�r�,ìJ� ê�q�c�S
b�h�YeSV`�o%SVY9Zÿs�Yebbóÿâ½�8Ydb�h�Yd��SV\
bïç%YeSTbVY¶è»mFh�U^��hJõýh�Q�\ïU�_
�eo%`'`�o%_ÝmFU�bVh"{ê*&½h�YeSVY¶��o%SVY9ZOº}¿õÁ�óÆâ¶¼�ã�� ê�jlo�b�YFb�h�Q9bïQ9_#ìYe��X%Y]U^_jõ�ZÆ��c�b�_�o�bb{�Z,mFUòb�h'Q�_
Ye_��»Q�\[óÆâï`¯c�\
b��íYFc�_�`'Q9bV��h�Ya�0ZÆ\VU�_��aYlo%_�Ylo��8b�h�YlYa_���\�o9�!óÆâïU^_6{ U^\L\VQ9b�c�S�Q9bVYa�»Q9_��"{�U�\�Q�_
Q�c�X%`'Ye_,b�U^_�X���Q9bVhRmFU�bVhRSTYa\V�8Ya�¶b�b�oJ� ê � _�Y¦o��Lb�h�YHbnm�o�\Tc���ÅÖ��Q9b�h�\�U^_,b�o�mFh�U^��h3óÿâé��UòçÆU^��Ye\
{ `¯c�\
béYa_��ämFUòb�häQ�_äYe��X%Y�º�¿8ÁXóÿâ!¼jFã¦� ¢×Ï»º�{É¼!êÁ�OYebÁ{íâH��Ye_�o�bVY¯b�h�U�\��ío�STb�U�o%_Ro9�b{Z0Q9_��
õlâ���Ya_�o�b�Y�b�h�YH�8o%STbVU^o%_�o��$õü��SVo%`ø��c���b�o6óÆâyêIi�c�blb�h�Ya_rb�h�YH�ao%`É��U^_�Ye�@��Q9b�h�õ]â�ùL{íâºgù�U�\
bVh�YÝ�ao%_���Q9bVYa_�Q9bVU^o%_Ro%�íYeS�Q9bVU^o%_�¼lU^\�Q�_ÇQ�c�X%`�Ya_,bVU^_�X»��Q9b�hä��SVo�`n��mFUòb�häSTYa\V�8Ya�¶b�b�oo� º}\TU^_��eY
�8o�b�hrYe_���\lo��${ým�YeSVYHc�_�\�Q<b�c�SVQ9b�Ye��mFUòb�h�SVYa\T�íYe�ebFb�o � ¼!êP&½h�U^\FU^\FQÝ�ao�_#bVS�Q���U^�ebVU^o%_;ê

&½h#c�\]m�YH�ao%_��es^c���YHbVh�Q9blU���b�h�YeSVYHU^\F_�o'Q�c�X%`�Ya_,bVU^_�X��Q9bVh@��STo%` QÝç%YaS
b�Y!è3��ãÌ·�º}§É¼�b�h�YaSVYH��Q9_R�8Y
_�o�Q�c�X�`'Ye_#bVU^_�X��Q<b�h���SVo%`®��U�_r§kmFU�bVh�STYa\T�íYe�eblb�oj� ¢CÏ�º�{¦¼¶ê

�n_���c��¶b�Uòç%Yasòì2���9�BZ;m�Y¯h�Q�ç%Y¯bVh�Q9b�Uò��Q9bd\Vo%`�YÉ\
b�Q�X%Y¦b�h�YeSVY¯U�\d_�o�Q9c�X%`�Ya_,b�U�_�X���Q<b�h ��SVo�` Q'_�oÿ��Y
��ã/òÌZ%bVh�Ya_b�h�YaSVYïmFU�s^sÆ_�Yeç�YaS��8YFQ�_�Q�c�X%`�Ya_,b�U�_�X���Q<b�hÝ��SVo%`À�VêAj]o�bVU^�aY�b�h�Q9bLbVh�YFQ��8o�ç%Yïm�Q�\�\Vh�o�mF_
��o%SlQ�_@Q�SV��U�b�SVQ�STì�X%S�Q9��hR§Z���U���Q�STbVU�bVY�o%SF_�o�b�ÆP#ÌYémFU^s^síb�Q�p9YÉQ��ÿç�Q9_#b�Q�X%Y�o��gb�h�U�\lSTYa\Tc�s�blsWQ<b�YaSïmFh�Ya_
m�Y¦�eo%_�\VU���YaS½��_���U^_�X�Q�c�X%`'Ye_,b�U^_�XÝ��Q9b�h�\lU�_�Q�SV��Uòb�SVQ�STì�X%S�Q���h�\aê
÷døOu�ù�¢�ú��3yC�X��ú�~8�õ¡<{±wyzgù ��úeúBú����ew�¡yu�wy{��8|L£y¤�0�²<°½µ�ÙÆ©^«�´��#¬�Üd®8Û^´FÕ�´lµ5¬H,´lµ�Ù�´½«a¬�Ü�´�Ó�°T¬¶®�ÙH§�¬�Í8Î
Ü�¬�µnË�ÙÆ©±ÍÆÓo� ¬<«�©±Í(2*�#¬�Üd®8Û^´ 5#à°
0Ù�´�²<Í�Û�� ØÆÍ�«a¬�µBØÆ°T¬�µ�´VÎäÈ�´¶°!µ�´��Ç©±Í�·0À�©^«`Þ ¸û��àô\�´¶Û^²<ÕI©^«»µ±Ù�´
ÙÆ©^«¶µn²<°���²�³�µ±Ù�´�«�´¶µ�«+å½Á�Ï�Á�ä]7�¬�Û^²<ÍÆÓ'ÕL©±µ�ÙR¬H®8©5Ë¶µn²<°!©}¬�Û0°�´n®8°�´�«�´¶Í�µÖ¬�µ}©5²<ÍÌ²�³�µ±Ù�´�«�´V¬�°�Ë�Ù�µB°�´�´aà

Ï�À�¸ý¾#�9Å å�ÀL¸ý¾H�ÿÅ ä¦ÀA¸¡Õ
ÏFÂï¸ý¾#�9Å åLÂ�¸ý¾HØ<Á�Ù�Å ä�Â�¸ý¾HØyÁ�Ù�Å
Ï-~ï¸ý¾#��Á���Å åÚ~�¸ý¾HÙ�Á���Å äB~�¸ý¾HØyÁ�Ù�Å
ÏKü½¸ý¾#��Á���Å å$üï¸ý¾y��Å ä`ü�¸ý¾HØyÁ�Ù�Å Ñ±Ï'Á�ä ØÆÍ;Ë�Ù�¬�ÍÆÓÆ´VÎ¶Ò
Ï-ýï¸ý¾#��Á���Å åÚý�¸ý¾<æ�Å äBý�¸ý¾HØyÁ�Ù�Å
Ï-þï¸ý¾#��Á���Å åÚþ�¸ý¾y��Å äBþ�¸ý¾HØyÁ�Ù�Á�æ�Å ÑW�Oà æ»©^«É¬�Ø%Ó�Ü�´¶Í�µ}©±ÍÆÓ¶Ò


0Ù�´½Í�ØÆÜ�Þ¶´¶°�«[��©±Í�«¶©}ÎÆ´½µ±Ù�´FÈ�´¶°!µB©5Ë�´�«ï©±Í»µ�Ù�´½µB°�´�´F©±Í8Î�©5ËV¬�µn´½µ±Ù�´�Ë�²<°!°�´�«n®�²<Í8ÎÆ´¶Í;Ë�´FÞ¶´¶µ}Õ�´�´¶Í�µ±Ù�´FÈ�´¶°�«¶©5²<Í�«
²�³�µ±Ù�´�«�´¶µ�«]Ï½ánÁ�åAá�7�¬�Í8Î%ädá�à
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��SToÿ��c��aYa\Fb�h�Y���o�s^s^o�mFU�_�X¯`'Q<èÿU^`'Q�sí`'Q9bV��h�U^_�X
� ¸ý¾ÿº
�%Á�Öÿ¼!Áyº5þÆÁ�×¶¼¶Áyº���Á�Øe¼¶Áyº���Á�æy¼!Å

mFh�U���h U^\F��Ye��U^�¶b�Ya�R�íYes^o�m�ê�&½h�U�\]`'Q9b���h�U^_�X�U^\l`�Qyè�U�`�Q9s;�8Ya��Q9c�\VYÉbVh�YaSTYÉQ9SVYH_�o�s�o%_�X%YeS]Q9_#ì�c�_�\�Q9bgÅ
c�SVQ9b�Ye��ç�YaSTbVU^�eYa\lU^_@·0À�ê$#�Y���SToyç�YHbVh�U^\½X�Ya_�YeS�Q�sOSTc�s^Yé�8Yas�oym�ê
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¹ zð�#�õ¡<�Æù :0¤H¥dÛöÓÆ²<°!©±µ�ÙÆÜ 4 Ë�²<°!°�´�Ë¶µBÛ���«�²<Û$È�´�« µ�Ù�´ÇÞa© ®�¬�°¶µ}©±µn´äÜ�¬�µnË�ÙÆ©±ÍÆÓä®8°�²�ÞaÛ^´¶Ü ²<ÍCÓ�°T¬¶®�ÙÔ§ ¸
º5·;À!£ ·�Â�Á�Ï¯¼�©±ÍJä»º�'�·;À�'�ùö' Ïo'�¼éµ}©±Ü�´aàKag¨�d
ä»º�'�·;Àe'�ù�' Ïo'�¼ð�aQ�_�íYïU�_,b�YaST��SVY¶b�Ye�¯b�oé`�Y�Q�_¯bVh�Q9b�bVh�YaSTY½Y¶èÿU^\
b�\�Q��eo%_�\Tb�Q�_,bPØ�\Tc���hb�h�Q9b�b�h�Y½Q9s^X%o%STU�bVh�`
b�Q9p�Ya\l_�o`�o%SVY�bVh�Q�_�Ø?'�·0À�'��1'�ÏE',\TbVYa��\eê
¬�°�²�²�³eà�&½h�Y�Q9s^X%o%STU�bVh�` b�YeSV`�U^_�Q<b�Ya\HmFh�Ya_2Uòb¦��_���\ÉbVh�Q9bÉbVh�YaSTY»U^\H_�oäQ9c�X%`�Ya_,b�U�_�XR��Q<b�h���STo%` Q�_
c�_�\VQ9b�c�S�Q9bVYa�»ç%YeSTbVY¶è�U�_�·;À]º�bVoÝQ�_�o9b�h�YeS�_�oÆ��Yd_�Ya�aYe\V\VQ�SVU�s�ì�U^_»·õÂ¶¼!ZÆmFUòb�h»STYa\V�8Ya�¶bïb�o¯Q¦`'Q9b���h�U�_�X��ýê
&½h�YeSVYe��o�SVY�Zõ�,ìJ&½h�Yeo%SVYe` �ém�YH�ao%_��as^c���Yéb�h�Q9b+� U^\½`'Q<èÿU^`'Q�s5ê

�n_Ço%SV��YeSdb�o�Ye\Tb�Q���s^U�\VhRbVh�Y¯b�U�`'Y¦�ío�c�_��0Z0_�o�b�YÉbVh�Q9b�Q»`'Q<èÿU^`'Q�sð`'Q9b���h�U�_�X»�aQ�_äh�Q�ç%Y_�o�`�o%SVY
b�h�Q�_³'�·;À�',Ye��X%Ya\eê�q�o%S�b�h�U�\ïSVYaQ�\Vo�_rbVh�Y�Q�s�X%o%SVUòb�h�` _�YaYa��o%_�sòì�\TY�Q�ST��h���o%S½Q9b½`�o%\
bO'�·;À�'#Q�c�X%`'Ye_,b�U^_�X
��Q9bVh�\aê q�U�_���U^_�X�Q�_ Q�c�X%`�Ya_,bVU^_�XÌ��Q9b�h ��SVo%` Q¨��Q�STbVU^�ec�sWQ�Sc�_�\�Q9bVc�S�Q9bVYa� ç�YaS
b�Y¶èôÞkã¹·;ÀÝ`�U^X�h#b
�8o�b�Ye_#bVUWQ�s�s�ì¨Y¶è�Q�`�U^_�Y�Yeç%YeSTì Ya��X%Yro���Ï�ºB§¦¼¶ê�&½h�YeSVY¶��o%SVYrb�h�Yr\TY�Q�ST��h ��SToÿ�eYa��c�SVY�Z�U^_2b�o9b�Q�s���o�SQ�s^s
ÞOZ0b�Q�p�Ye\HbVU^`�Y¯U^_�ä�º�'�·;Àe'ãù�' Ïo'�¼!êO&½h�Yo%�8YaSVQ9b�U�o%_äo���Q�c�X%`�Ya_,b�U�_�Xo� º}Ya\T\VYe_#bVUWQ�s�s�ì@�íYeST��o%ST`'U�_�X»b�h�Y
o%�8YaSVQ9b�U�o%_Ðo��F\
ìÿ`�`�Yeb�STU^�'��Uu©íYaSTYa_��eY�¼É`�U^X%h,bÉQ�s^\To Y¶è�Q�`�U^_�Y'Y�Q���hÔYe��X%Y�o��lÏ�Z�Q�_��2\VU�`'U�sWQ�STs�ì@b�h�U�\
�ao�c�s^��b�Q9p�Yéb�U�`'YéU�_Eä»º�'�·0Àe'�ùö'�ÏE'�¼¶êÚ&½h�YHbVh�Yao%STYa`���o�s^s^o�mF\eê

j]o�bVY¦bVh�Q9bdQ'`�o%SVYH�as�Yeç%YeS]ç�YaSV\TU^o%_Ro��Lo%c�SdQ�s^X�o%SVUòb�h�`¹m�o%c�s^�@��SV\Tbd��YebVYaST`'U�_�YHmFh�U^��h o���·0ÀlQ9_��
·�Â�m�Q�\�bVh�Yds^Q�SVX%YeSaZ#Q�_�����U���pÁÞ���SVo�`üb�h�U�\�\TYeb�ê$#×Uòb�hb�h�U�\�`�oÆ��U����aQ9b�U�o%_¯b�h�YdQ�s�X%o%STU�b�h�` m�o%c�s^��b�Q�p9Y
b�U�`'YdU^_oä»º�`'U�_8¾Y'�·0À�' Áã'�·�Â8' Å`ù�'�Ïo'�¼¶êl���9�
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[d_äQ9s�b�YeSV_�Q<b�U�ç�YHQ�����STo,Q���h@bVo'bVh�YHbVYa��h�_�U�.#c�Y¯��Ye\V�eSVU^�8Ya� Q��ío�ç�YH��o%SF��_���U^_�X�Q�c�X%`�Ya_,b�U�_�X��Q9bVh�\
º}o9�;s^Q��íYes^U�_�X%\�oÆ���0Z#Y¶ç%Ya_;ZÿY¶b���¼AU�_#ç�o%s�ç�Ya\�Qé��SVYe��SVoÆ�aYe\V\TU^_�X¦\Tb�Ye�0ê$&½h�Yl��STYa��SToÿ�eYa\V\TU^_�XH\TbVYa��Yas�U^`�U^_�Q9bVYa\
b�h�Y»_�YaYe�2��o%S¦bVh�SVYeY»��Uu©íYaSTYa_,bÝs^Q��íYes^U�_�X%\�o��½ç%YeSTbVU^�aYe\Ý�,ìÐ�ao�_#ç�YaS
b�U^_�Xä��U^��Q9STb�Uòb�Y'§ U�_,b�oäQ ��U�SVYe�eb�Ye�
X%SVQ���h�mFU�bVh@STYa\V�8Ya�¶bFb�ob�h�Y��ac�SVSVYe_,b]`'Q9bV��h�U^_�Xj� ê
���,�A|�{�w�{}�8|�� �V�r{}¡y�Æx�w��¿Â× »¡yu�¢�z��<£y¤¦¥ ��U^SVYe�ebVYa�RX�S�Q���h×ÑT²<°¯Î�©±Ê}Ó�°T¬¶®�Ùs7�ÕL°¶©±µ}µn´¶Í�� ¸ ºB·�Á ê ¼nÒ'©^«
¬'®�¬�©±°»²�³«�´¶µ±«¯· ¸ ·'º���¼H¸ ¾y¿,À¶Á�¿<Â�Á�Ã�Ã�ÃeÁ�¿yÄÿÅÐ²�³�È�´¶°!µB©5Ë�´�«�¬�Í8Î ê ÑT²<° ê ºB§¦¼nÒÇ²�³'¬�°�Ë�«�«¶Ø�Ë�ÙÌµ�Ù�¬�µ
µ±Ù�´»´¶Û^´¶Ü�´¶Í�µ�«�²�³ ê ¬�°�´��
	����	���R®�¬�©±°�«»²�³'´¶Û^´¶Ü�´¶Í�µ�«»²�³¦«�²<Ü�´É«¶Ø�Þ¶«�´¶µ�²�³H· ÑT´aà$Ó º}¿yáÖÁV¿aâ¶¼¦ã ê ³�²<°
¿yáÖÁ�¿eâ¯ãÔ·ªÕ�ÙÆ©5Ë�ÙÇÎÆ´�«�Ë¶°!©}Þ¶´�«Ý¬�ÍÐ¬�°�Ë¯Õ�Ù�²�«�´�²<°!©òÓ�©±ÍÌ©^«�¿yád¬�Í8Îrµn´¶°!ÜÝ©±Í�Ø#«¯©^«�¿eâ�Ò�à/
0Ù�´¯°�´¶Ûò¬�µ}©5²<Í�«�ÙÆ© ®�«
Þ¶´¶µ}Õ�´�´¶Í È�´¶°!µB©5Ë�´�«ÉÎÆ´�«�Ë¶°!©}Þ¶´VÎ�Þ���µ±Ù�´É¬�°�Ëé«�´¶µ�¬�°�´�µ��!®8©5ËV¬�Û±Û���¬<«��9ÜÝÜ�´¶µ}°!©5Ëaà
#�Y¦�ao%_�\Tb�STc��eb]b�h�Y¦��U^STYa�¶b�Ya�@X%S�Q9��h�� ¸ ºB·�Á ê ¼F��STo%` ��U���Q�STbVU�bVY¦§ ¸¹º5·;Àá£ä·�Â�Á�ÏÉ¼lQ�\F��o%s�s^o�mF\aê

�OYebd·�º���¼�¸�·;À¶ê�q�o%SFQ�s^sí��Q�U�SV\Fo��g_�oÿ��Ya\F¿#À�Á��vã¨·0À�Z�s^Y¶b¦º}¿,À¶Á��é¼�ã ê º���¼�Uò�AQ9_��ro%_�s�ì�U����v��Q�_��8Y
SVYaQ���h�Ye����STo%` ¿,À�b�h�SVo%c�X�h�U�_,b�YaST`'Ye��UWQ<b�Yd_�oÿ��Yd¿9ÂlãÇ·�Â]Q9_��¨º}¿<Â�Á��é¼�ã/�üºB§¦¼¶ê�q�c�S
b�h�YeSV`�o%SVY9Z�p�YeYa�
b�SVQ���p»o���b�h�o%\VYH¿�ãÇ·�º���¼�mFh�U���hRQ9SVY�Q��<îVQ9�aYa_,blb�oc�_�`'Q9bV��h�Ya�rç%YeSTb�U��aYe\]U�_rbVh�Y�o%SVU�X%U^_�Q�s0·�ºB§¦¼¶ê
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Problem 4, on Exercise 5: Transshipment

ConstrainedMax
e 12 a e 13 a e 15 b e 15 a e 53 a e 54 a e 56 b e 56 a e 64 a e 62 ,c subject to cc mass balance constraints cb e 12 b e 15 b e 13 d d b 9,
e 13 b e 23 a e 42 a e 62 d d 4,
e 13 a e 23 a e 43 a e 53 d d 17,b e 43 b e 42 a e 64 a e 54 d d 1,
e 15 b e 53 b e 54 b e 56 d d b 5,
e 56 b e 64 b e 62 d d b 8,c capacity constraints c
e 12 e d 0, e 12 f d 2,
e 13 e d 0, e 13 f d 10,
e 15 e d 0, e 15 f d 10,
e 23 e d 0, e 23 f d 6,
e 42 e d 0, e 42 f d 8,
e 43 e d 0, e 43 f d 9,
e 53 e d 0, e 53 f d 6,
e 54 e d 0, e 54 f d 10,
e 56 e d 0, e 56 f d 6,
e 64 e d 0, e 64 f d 8,
e 62 e d 0, e 62 f d 7 ,c tell mathematica which variables c
e 12 , e 13 , e 15 , e 23 , e 42 , e 43 , e 53 , e 54 , e 56 , e 64 , e 62

22, e 12 g 2, e 13 g 2, e 15 g 5, e 23 g 6, e 42 g 8, e 43 g 3, e 53 g 6,
e 54 g 4, e 56 g 0, e 64 g 8, e 62 g 0

ex5_trans.nb 1

Printed by Mathematica for Students
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Problem 5, on Exercise 5: Maximum Flow

ConstrainedMax
e 12 a e 13 a e 15 b e 15 a e 53 a e 54 a e 56 b e 56 a e 64 a e 62 ,c subject to cc mass balance constraints cb e 12 b e 15 b e 13 f d 0,
e 13 b e 23 a e 42 a e 62 e d 0,
e 13 a e 23 a e 43 a e 53 e d 0,b e 43 b e 42 a e 64 a e 54 e d 0,
e 15 b e 53 b e 54 b e 56 f d 0,
e 56 b e 64 b e 62 f d 0,c Total Ouflow cb e 12 b e 15 b e 13a e 15 b e 53 b e 54a e 56 b e 64 b e 62c Must Equal Total Inflow ca e 13 b e 23 a e 42 a e 62a e 13 a e 23 a e 43 a e 53b e 43 b e 42 a e 64 a e 54 d d 0c capacity constrints c
e 12 e d 0, e 12 f d 2,
e 13 e d 0, e 13 f d 10,
e 15 e d 0, e 15 f d 10,
e 23 e d 0, e 23 f d 6,
e 42 e d 0, e 42 f d 8,
e 43 e d 0, e 43 f d 9,
e 53 e d 0, e 53 f d 6,
e 54 e d 0, e 54 f d 10,
e 56 e d 0, e 56 f d 6,
e 64 e d 0, e 64 f d 8,
e 62 e d 0, e 62 f d 7 ,c tell mathematica which variables c
e 12 , e 13 , e 15 , e 23 , e 42 , e 43 , e 53 , e 54 , e 56 , e 64 , e 62

35, e 12 g 2, e 13 g 2, e 15 g 0, e 23 g 0, e 42 g 8, e 43 g 9, e 53 g 6,
e 54 g 10, e 56 g 0, e 64 g 8, e 62 g 7

ex5_maxflow.nb 1

Printed by Mathematica for Students
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Example 6: Maximum Flow for Bipartite Matching

ConstrainedMax
e s1 a e s2 a e s3 a e s4 ,c subject to cb e s1 b e s2 b e s3 b e s4 f d 0,
e at a e bt a e ct a e dt a e et e d 0,c mass balance constraints c
e s1 b e 1 a b e 1 b d d 0,
e s2 b e 2 a b e 2 b b e 2 c d d 0,
e s3 b e 3 c b e 3 d d d 0,
e s4 b e 4 c b e 4 e d d 0,
e 1 a a e 2 a b e at d d 0,
e 1 b a e 2 b b e bt d d 0,
e 2 c a e 3 c a e 4 c b e ct d d 0,
e 3 d b e dt d d 0,
e 2 e a e 4 e b e et d d 0,c Total Outflow Must Equal Total Inflow cb e s1 b e s2 b e s3 b e s4 a e at a e bt a e ct a e dt a e et d d 0,c capacity costraints, non b infinite c
e s1 e d 0, e s1 f d 1,
e s2 e d 0, e s2 f d 1,
e s3 e d 0, e s3 f d 1,
e s4 e d 0, e s4 f d 1,
e at e d 0, e at f d 1,
e bt e d 0, e bt f d 1,
e ct e d 0, e ct f d 1,
e dt e d 0, e dt f d 1,
e et e d 0, e et f d 1,c infinite constraints c
e 1 a e d 0, e 1 b e d 0, e 2 a e d 0, s 2 b e d 0,
e 2 c e d 0, e 2 e e d 0, e 3 c e d 0, e 3 d e d 0, e 4 c e d 0, e 4 e e d 0 ,c tell mathematica which variables c
e s1 , e s2 , e s3 , e s4 , e at , e bt , e ct , e dt , e et ,
e 1 a , e 1 b , e 2 a , e 2 b , e 2 c , e 2 e , e 3 c , e 3 d , e 4 c , e 4 e

4, e s1 g 1, e s2 g 1, e s3 g 1, e s4 g 1, e at g 1, e bt g 1, e ct g 1,
e dt g 1, e et g 0, e a g 0, e b g 1, e 2 a g 1, e 2 b g 0, e 2 c g 0,
e 2 e g 0, e 3 c g 0, e 3 d g 1, e 4 c g 1, e 4 e g 0

bipartite_flow.nb 1
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mFU^s�s;h�Yes^��\Tb�Q�STbFc�\Foã©gê
���,�A|�{�w�{}�8|��õ�2���»¡9xJúe|gx%¡y�Æù��Æ|íwy�y£y¤�W!Í�¬rÑ�Î�©±°�´�Ë¶µn´VÎ¶ÒHÍ;´¶µBÕ�²<°�]§v¸kº�ò@Á ê ¼�7gÕL©±µ±Ù�ËV¬¶®�¬ÆË¶©±µ��Ë�²<Í�Ê
«¶µ}°V¬�©±Í�µ±«¸ó¦ êE�  7lÕ�´�ÎÆ´���Í;´Ýµ�Ù�´�U�_��aSTYa`�Ya_,bO��ºgù ¼F³�²<°�´V¬ÆË�Ù»®�¬�©±°�²�³Í;²aÎÆ´�«'º�Ö�Á�×¶¼Éã�òµÓ¶ò ¬<«
³�²<Û±Û^²<Õ�«

4,à ��º�Ö�Á�×¶¼�¸<ógº�Ö�Á�×¶¼*�³Ïgº�Ö�Á�×¶¼�7õ³�²<°Éº�Ö�Á�×¶¼½ã ê �@ËV¬�Û±Û^´VÎ»¬H��o�STm�Q�SV�@Q�SV�'©±Í;Ë¶°�´¶Ü�´¶Í�µÖà
� à ��º�×�Á�ÖÆ¼½¸±Ïgº�Ö�Á�×¶¼�7;³�²<°¯º�ÖõÁ�×e¼lã ê �RËV¬�Û±Û^´VÎr¬ÝSVYeç�YaST\VYÝQ�ST��©±Í;Ë¶°�´¶Ü�´¶Í�µ�7�«¶©±Í;Ë�´¦©±µFÎÆ´n®�´¶Í8Î<«Ý²<Í
µ±Ù�´[Zl²<ÕÚ²<Íäµ�Ù�´F��o%S
mïQ9SV�@Q�SV��º�Ö�Á�×¶¼aà
5#à ��º�Ö�Á�×¶¼�¸æÿ¨²<µ±Ù�´¶°!ÕL©^«�´aà
� _�Y��aQ�_ÌbVh�U^_�pRo��ïb�h�Y'U�_��aSTYa`�Ya_,bÉo9�½Q�_�Q�SV�jÖ�ã ê Q�\¦�8YaU�_�X�Y�.#c�Q�s�b�orb�h�Y�Q�`�o%c�_,bHo���ô�o�m

mFh�U���h���Q9_Ì\
b�U^s�sA�8Y'Q9c�X%`�Ya_,b�Ye��Q�s�o%_�X�b�h�U^\�º���o�STm�Q�SV�õ¼éQ�ST�]��º�ÖÆ¼!Z�Q�_��¨bVh�Y�Q9`'o%c�_#b�o9��ô�o�mkmFh�U^��h
��Q9_��íYlb�Q�p9Ya_�Q�mïQ�ì���STo%` U�baZÿo%S�Q�c�X%`�Ya_,bVYa�»U�_�b�h�Ydo�b�h�YeS�º}STYeç�YaSV\TY�¼���U�SVYe�eb�U�o%_0ê$�Ö��Q9_�Q�SV�Ýº���o%S
mïQ�ST�
o%S�SVY¶ç%YeSV\VY�¼H��oÆYa\�_�o9b¦Y!èÿU^\TbH�8Yebnm�YaYe_2Q���Q�U^S�º�ÖõÁ�×e¼ÉãkòµÓôò¨Z�bVh�Ya_ÌU�bV\éU^_��eSVYa`�Ya_,bHU^\�teYaSTo�êj�ÖbHU�\
U^`��8o%STb�Q�_,b�h�YaSTY'b�o@_�o�bVY�bVh�Q9b1��º�×�Á�ÖÆ¼�U^_Çb�h�Y'��Ye��_�U�b�U�o%_ÌQ��ío�ç�Y�U^\�_�o9bÉU�_#bVYa_���Ya��bVoRSVYe��SVYe\VYe_#bÝQ�_
Q�ST�¦Q9�eb�c�Q�s^sòì�U�_ ê ê�ñ]o�m�Yeç%YeSaZõm�YH��Q9_rbVh�U^_�p»o���b�h�Y�U^_��aSVYe`'Ye_,bFo��AQ9_RQ�ST��º�Ö�Á�×¶¼½Q�\FSVYe��sWQ��eU^_�XÝYaQ���h
º���o�STm�Q�SV�¨Q�ST��¼dmFU�bVhÇbnm�o@Q�_,b�UªÅÖ��Q�SVQ�s^s�Yas�Q�SV�e\émFh�o%\VY���Q9��Q��aUòb�U�Ya\éQ�STY]��º�Ö�Á�×¶¼�¸@ógº�Ö�Á�×¶¼P�¦Ïgº�Ö�Á�×¶¼º}U�_
b�h�Y]��o%S
mïQ�ST����U^STYa�¶b�U^o�_õ¼LQ�_��"��º�×�Á�ÖÆ¼�¸²Ïgº�Ö�Á�×¶¼�º�U^_'bVh�YdSTYeç�YaSV\TY�¼!êP#ÌY�h�Q�ç%Yd��c�`�`Éì6taYaSTo¯U^_��aSVYe`'Ye_,b
Q�ST�a\F��o%SF��Q�U^ST\Hº�Ö�Á�×¶¼lã�òDÓ/ò ��c�b¯º�Ö�Á�×¶¼OFã ê êïjlo�b�YHQ�s�\VoÝb�h�Q<bdo%c�Sl��Ye��_�Uòb�U�o%_ro��AU�_��aSTYa`�Ya_,bl\Tb�U�s^s
`'Q�p�Ye\l\TYa_�\TY¦mFh�Ye_�bVh�YaSTYHQ�SVYHQ�s�SVY�Q9��ì�Q�_,bVUªÅn��Q�S�Q�s�s^Yes;Q�ST�a\FU^_�§ê�ñ]o�m�Yeç%YeSaZ8U�b½��oÿYe\V_! �bd`'Q�p9Yé`¯c���h
\VYe_�\VY�b�o�h�Q�ç%Y�ô�o�m o�_��8o�bVhRQ�ST�a\FU^_rQ9_RQ�_,bVUªÅn��Q�S�Q�s�s^Yesí��Q9U^Saê
���,�A|�{�w�{}�8|��¿�C�6h�àviBúe|gx%¡y�Æù��Æ|íwy{}|�~�Q�uÿwyzg�y£y¤H¥ ®�¬�µ±Ù/{ ¸D|�hr¸ ¿#À¶Á�¿<Â�Á�ÃaÃ�ÃaÁ�¿yÄ ¸�i��»©^«»¬�ÍhÁàviFU^_��eSVYe`'Ye_#bVU^_�X��Q<b�hÐ© ³K��º}¿yánÁ�¿yá��íÀT¼�¾�ÿH³�²<°H¬�Û±ÛY��ãÌ¾#�%Á!þÿÁ�ÃaÃ�ÃeÁXÎJ� ��Åÿà

�n_ro�b�h�YeSïm�o�SV��\eZíQ9_�U^_��eSVYa`�Ya_,bVU^_�XÝ��Q<b�hrU^\ïo�_�Y�mFh�U^��hrm�Yé��Q�_r\VYe_��rô�o�mvQ�s�o%_�XÉbVo�STYas^Q<è»\To%`�Y
\Vc�����s�ìRQ9b�bVh�Y¯\To%c�SV�eY�ZðQ�_��ÇQ�\Vo%`�Y¯��Ye`�Q9_��ÇQ9bdbVh�YÝ\VU�_�põêB#�YÉ��Q�_ bVh�U^_�p�o��LbVh�Y¯b�Q�\Tp@o9�L��_���U�_�X
U^_��aSVYe`'Ye_,b�U^_�X���Q9b�h�\HQ�\és�oÿo�pÆU�_�X»��o%Sé��Q<b�h�\�U^_¨Q�_¨Q�cÆè�U�s^U^Q�STì@_�Yebnm�o%STpÇ§ ¸ º�ò@ÁX��º ê ¼V¼!ZðmFh�YaSVYb�h�Y

þã�



Q�ST�a\ ê Q�STYéSVYa��sWQ��eYa�r�,ì»��Q�U�SV\½o���U�_��aSTYa`�Ya_,b�U�_�XQ�_,b�U�Ån��Q�SVQ�s^s�Yas8Q�ST�a\FQ�\½��Ye\V�eSVU^�8Ya�rU�_r��Ye��_�Uòb�U�o%_ �%�%ê
ñ]o�m�Yeç�YaSaZí_�o�bVYHbVh�Q9b+��º ê ¼FU�\FSVY�Q9s^s�ì»Q�s^\To�QÝ��c�_��¶b�U�o%_@o9�Ab�h�Y�ô�o�m±Ïðê�&½h�YaSVY¶��o%SVY¦U^_��eSVYe`'Ye_#bV\lm�o%c�s��
_�YeYa�@bVo�íY�SVYe�ao%`���c�bVYa�rmFh�Ya_�Yeç%YeS+ÏR��h�Q�_�X%Ye\aê

�Ö�Lm�YH��_��äQ9_ U^_��eSVYe`'Ye_#bVU^_�X���Q9bVh/{Zõm�Y¯�aQ�_äQ�c�X�`'Ye_#b]_�o'`'o%STYHô�oymvbVh�Q�_RbVh�YÉ\T`�Q9s^s^Ye\Tb]Q�ST�
U^_��aSVYe`'Ye_,b½U^_J{êLq�o%S�Q�_,ì�Q�ST��U^_��eSVYe`'Ye_#bï�ao%STSVYa\T�ío�_���U^_�XÉb�oQÉSTYeç�YaSV\TYHQ�SV��U�_J{kQ9c�X%`�Ya_,b�U�_�X¦ô�o�m
Q�s�o%_�X�b�h�U�\ïQ�ST�]STY�Q�s�s�ì�ao�SVSVYe\V�8o%_���\�b�oÉSTYa��c��aU^_�XÉô�o�mÚo%_'bVh�Yd�eo%SVSTYa\V�8o%_���U^_�XÝQ9_#bVUªÅÖ��Q�S�Q9s^s^Yes���o%S
mïQ�ST�
Q�ST��ê�&½h�YaSTYe��o%STY�Z;m�Y¯��Y¶��_�YÉbVh�YÉU�_��aSTYa`�Ya_,bdo9��Q'��Q9bVhV��º�{É¼!Z8mFh�YaSVYO{ü¸�|�h¦¸I¿#À�Á�¿9Â�ÁaÃ�Ã�Ã¶Á�¿<Ä¸�i��eZ
b�o�8Y

��º�{¦¼L¸ `�U^_À��#á*�#ÄH��À ��º}¿yánÁ�¿yá��íÀT¼!ê
q�SVo%`vbVh�YïmïQ�ì¦m�Y½��Y¶��_�Ye�'Q9SV�ïU�_��aSTYa`�Ya_,b�\eZ,U���m�YFQ�c�X%`�Ya_,bÚ��º�{¦¼gQ�s�o%_�X�{ ºBQ9����U^_�Xdô�o�mÔb�o���o%S
mïQ�ST�
Q�ST�a\lo��[{ Q�_���b�Q�p#U�_�X»Q�m�Q�ìrô�o�mv��STo%` SVY¶ç%YeSV\VY¯Q�SV�e\�¼FbVh�YHSVYa\Tc�s�bVU^_�X'Q�c�X�`'Ye_#bVYa�Rô�oym�mFU^s^sO\VQ9b�U�\T�±ì
b�h�Y'�aQ���Q��eU�bnìÇ�ao�_�\TbVS�Q�U�_#bV\aê»[]\¯Q�s�SVYaQ���ìä`�Ya_,b�U�o%_�Ye�0Z�Q<�±b�YaS�b�h�Y�Q�c�X%`'Ye_,b�Q9bVU^o%_0ZObVh�Y'U�_��aSTYa`�Ya_,bHo��
b�h�Y¦Q9SV�a\lQ�s�o%_�X]{ mFU�s^síh�Q�ç%Y�b�o��íYéc��8��Q9bVYa�rb�o'Q��a�eo%c�_,bF��o%Sïb�h�YH_�Yem ô�o�m�ê

#�Y'_�o�m h�Q�ç%Y'b�h�Y'Q�STbVU^s�s^YaS
ì _�Ye�aYe\V\�Q9STì¨b�oR��Ya\V�eSVU��íY�b�h�Y'q�o%SV��Ånq�c�s^p9YaSV\To%_ÌQ�s^X%o�SVU�bVh�`�êj�n_¨b�h�U�\
��Ye\V�aSTU^��bVU^o%_Ìm�Y�Q9\V\Vc�`'Y�bVh�Q9b¦b�h�YeSVY�Q�STY�_�o Q�_,b�UªÅÖ��Q�SVQ�s^s�Yas�Q�ST�a\¯U�_Ð§ª¸ º�ò@Á ê ¼¶êV&½h�U�\ÉU�\É`�o%\TbVs�ì
��o%S'�ao%_,ç%Ye_�U^Ye_��aY9ZdQ9_�� �íYe��Q�c�\VY o%c�S'b�SVQ�_�\
��o%SV`'Q9b�U�o%_Ô��SVo%` Q���U���Q�S
b�U�bVYrX%S�Q���h mFU^s�sl��SVoÆ��c��aYR_�o
Q�_,b�U�Ån��Q9S�Q�s�s^YasíQ�ST�a\aê[&½h�YHQ�s�X%o%STU�b�h�` U�\½Y�Q�\TU^s�ì'X%Ye_�YaSVQ�s^UutaYa�;ê ë YaY����9�ðQ�_����ö�<�5ê
��ú�~8�õ¡<{±wyzgù �C�6�O�õ¡HÂmï��á�gú�Ìõ�Æ¡<�a�8|A£y¤JÑ�²<Í�«¶©}ÎÆ´¶°rµ±Ù�´RÍ;´¶µ}Õ�²<°�@§ ¸ º�ò@Á ê ¼�7ÕL©±µ±Ù ËV¬¶®�¬ÆË¶©±µ��ÔË�²<Í�Ê
«¶µ}°V¬�©±Í�µ±«¸ó¦ ê��  àz
0Ù�´ï³�²<Û±Û^²<ÕL©±ÍÆÓ�µn´�Ë�ÙÆÍ�©�_aØõ´»Ë�²<Üd®8ØÆµn´�«�¬@Ü�¬e�%©±ÜÝØÿÜ}Zl²<Õ�Ï×ÕL©±µ±ÙÇÈ<¬�Û$Ø�´nyÚ©±Í
§'à

ì Û^´¶µáÏr¸¡ÿ�à6
0Ù�¬�µ�©^«�7�«�´¶µ�µ±Ù�´[Zl²<Õ�²<Í¨´V¬ÆË�Ù@¬�°�Ë-Ïgº�Ö�Á�×¶¼�¸¡ÿ¿7�³�²<°¦¬�Û±Û�º�Ö�Á�×¶¼�ã ê ºB§¦¼aà

ì Û^´¶µx��º�ÖõÁ�×e¼�¸æógº�ÖõÁ�×e¼H¬�Í8Î%��º�×�Á�ÖÆ¼�¸<ÿ¦³�²<°¦¬�Û±Ûðº�Ö�Á�×¶¼ïã ê ºB§¦¼

ì Û^´¶µ�yr¸¡ÿ¿7�µ±Ù�´Hµ�²<µ5¬�Û�¬�Ü�²<ØÆÍ�µ�«�²<ØÆ°�Ë�´VÎ�¬�µ�h�²<°�«¶©±Íw,´VÎ»¬�µ�ieà
ì U�ÙÆ©±Û^´Hµ�Ù�´¶°�´¯´��%©^«¶µ±«É¬�Í>hÁàvi�©±Í;Ë¶°�´¶Ü�´¶Í�µB©±ÍÆÓé®�¬�µ�Ùj{

� ¬�Ø�Ó�Ü�´¶Í�µx��º�{¦¼éØÿÍ�©±µ±«²�³$Zl²<ÕÚ¬�Û^²<ÍÆÓ�µ�Ù�´É¬�°�Ë�«¯²�³�{ ¬<«�³�²<Û±Û^²<Õ�«
Ïgº�ÖõÁ�×e¼� ¸<Ïgº�Ö�Á�×¶¼m§(��º�Ö�Á�×¶¼ © ³Hº�ÖõÁ�×e¼¦ÎÆ´¶Í;²<µ�´�«É¬F³�²<°¶Õ�¬�°TÎ»¬�°�ËH©±ÍE{
Ïgº�×yÁ�Öÿ¼� ¸<Ïgº�×�Á�ÖÆ¼*����º�Ö�Á�×¶¼ © ³Hº�ÖõÁ�×e¼¦ÎÆ´¶Í;²<µ�´�«É¬�°�´¶È�´¶°�«�´¦¬�°�ËH©±ÍE{
Ïgº�ÖõÁ�×e¼� ¸<Ïgº�Ö�Á�×¶¼ ²<µ±Ù�´¶°¶ÕL©^«�´

� °�´�Ë�²<Üd®8ØÆµ�´Hµ±Ù�´H©±Í;Ë¶°�´¶Ü�´¶Í�µ�«A³�²<°éµ�Ù�´HÍ;²aÎÆ´½®�¬�©±°�«¦º�ÖõÁ�×e¼ïã/{'à
� y/ ¸�y�§¦��º�{¦¼aà

ì ÑT´¶Í8Î�ÊnÕ�ÙÆ©±Û^´nÒJÝïµ�Ù�´¶°!ÕL©^«�´�7A«¶µn²�®;à-^F´¶µBØÆ°!Í�yAà
�n_,b�c�Uòb�U�ç�Yasòì%Z�b�h�Y�ô�o�m�yäSVYe\Vc�sòb�U^_�X���STo%` [ds�X%o%STU�b�h�` þÝU^\F`�Qyè�U�`¯c�` �íYe��Q�c�\TY¯Q9bFbVh�Y¦Ye_��@bVh�YaSTY

m�YaSVYH_�o`�o%SVY�hÁàviïU�_��aSTYa`�Ya_,b�U�_�X��Q9bVh�\aê[�n_rX%Ya_�YaS�Q9s5Z�m�YHh�Q�ç�Y
y ¸ '� 0�1���3 � 5;)<8 Ïgºkh%Á�×¶¼ ¸ '

� 0�1 � 3 ��57)�8 Ïgº�ÖõÁjiT¼ º ÷ ¼

þ9�



mFh�YeSVY�héU^\�bVh�Y�\Vo�c�SV�eY�Q�_���i�U^\�bVh�Y�\TU^_�põê[&½h�U^\�U^\���c�Y�b�o¯ô�o�mÚ�ao�_�\VYeSTç9Q9b�U�o%_¨º
��¼¶Z�Q9_��»b�h�Y�m�Q�ì�m�Y
��Y¶��_�Y�b�h�Yéç9Q�s^c�Yéo��gbVh�Yéb�o�b�Q�s;ô�o�m�Z`ygê

�n_�o%SV��YaS�bVo¯��SVo�ç�Y�b�h�Q9b�[ds�X%o%SVUòb�h�`¹þ�ìÿU�Yas���\ïQÉ`'Q<èÿU^`'Q�s�ô�o�m×m�Y]mFU^s^s8_�YeYa��\Vo�`'Y�`�o%STY]��Y¶��_�U�Å
b�U�o%_�\eê
���,�A|�{�w�{}�8|��¿:C�6h�àviéxs�Owy�<£y¤¦ûð´¶µ�?�Arò «¶ØõË�Ù'µ±Ù�¬�µ�µ±Ù�´]«�²<ØÆ°�Ë�´�h¦ã~?Ú¬�Í8Î¯µ�Ù�´F«¶©±Íwzi1Fã�?là½û�´¶µB ¸}òû��?¹Ñ*idã�B½Ò�àH¥dÍ�h%à id�ac�b©^«Ý¬�«�´¶µ]²�³Ý¬�°�Ë�« ê º�?�Á6Bd¼»ÑT²<° ê º�BFÁ�?�¼nÒ�²�³É¬�°�Ë�«º�ÖõÁ�×e¼H«¶Ø�Ë�Ù
µ±Ù�¬�µ*Ö�ã�?ý¬�Í8Î1×dã�B Ñ�Ö�ã�B�7x×dã�?gÒ�à6
0Ù�´ÉËV¬¶®�¬ÆË¶©±µ���²�³H¬�Ë¶ØÆµ¥ógºk?�ÁjB�¼é©^«

ógºk?�ÁjB�¼L¸ '1 � 3 � 57)�8O1�FG3 HQ5 ógº�ÖõÁ�×e¼eà
ñõ©±ÜÝ©±Ûò¬�°!Û��L7Lµ�Ù�´[ZF²<Õ�²<ÍÇ¬�Ë¶ØÆµxÏgº�?�Á6Bd¼H©^«

Ïgº�?�Á6Bd¼�¸ '1 � 3 � 57)�8O1�FG3 HQ5 Ïgº�Ö�Á�×¶¼aà
�n_ X%Ye_�YaSVQ�s5Z�m�YÉ��Q9_RmFSVUòb�Y ê º��RÁ/�¯¼ïb�o'��Ya_�o�b�YHb�h�Y¦\VYeb]o���Q9SV�a\l��SVo%` _�oÿ��Ye\dU�_J� b�o�_�oÿ��Ye\dU�_�'Z,mFh�YeSVYs� Á����rò�ºB§¦¼¶ê$&½h�Y½ô�o�m�ZÆQ�_�����Q9��Q��aUòbnì¯��c�_��¶b�U�o%_�\Lo�ç%YeS ê º�� Á��¯¼AQ�STYl��Ye��_�Ye��\TU^`�U^sWQ9SVs�ì

Q�\lQ��8o�ç%Y�ê
���ÿù�ù�u¶�C�j�»�Æú�u�wy{}|�~��%�ðw��Ýw����½ú���ë'�<£y¤JÑ�²<Í�«¶©}ÎÆ´¶°@¬�Í×¬�°eÞa©±µ}°T¬�°���h�à i Ë¶Øÿµ ê º�?�Á6Bd¼R¬�Í8Î2¬
ZF²<Õ³ÏÔÕL©±µ�Ù�È<¬�Û$Ø�´Cy ©±ÍÇ¬�Í;´¶µ}Õ�²<°�H§I¸üº�ò@Á ê ¼�7�µ±Ù�´¶Íoa�ced

yr¸<Ïgº�?�Á6Bd¼*�³Ïgº�BFÁ�?�¼ º
��ÿ,¼

¬�Í8Î

yV><Ø9ºk?�Á6Bd¼aà º
�%�y¼

�n_»o�bVh�YaS�m�o�SV��\eZÿb�h�Ylç9Q�s�c�Y]o9�;b�h�Y]ô�o�m yrU^\�Y�.#c�Q�sõb�oHb�h�YFb�o9b�Q�s�ô�o�m×o%c�b�o���?½Z8ÜÝ©±Í�Ø,«Ab�h�YlbVo�b�Q�s
ô�o�mIU^_,bVox?vº}o�c�bdo9��Bd¼¶êlq�c�STbVh�YaST`'o%STY�ZVy¨U�\dQ9s�m�Q�ìÆ\]s^Ya\T\]bVh�Q�_ o%SlY�.#c�Q9s�bVo'b�h�Y¦b�o9b�Q�sð��Q9��Q��aUòbnìro��
b�h�Y¦Q9SV�a\FX%o�U^_�X¯��STo%`¡?ÔbVoYB¦ZÿmFh�YaSTY ê ºk?�Á6Bd¼ïU^\FQ�_�hÁàviï�ec�b�ê
¬�°�²�²�³eà ë U�_��aYéô�o�m o�_�s�ì�Y¶èÿU�bV\FbVh�Y�\Vo%c�SV�aYnh%Z�Q�_����,ìÌº ÷ ¼

Ïgº�¾�h�Å#Á�òR¼�¸¢y Q�_�� Ïgº�ò�Áa¾�h�Å9¼�¸<ÿ
º�ò ¸øòÐº}§É¼T¼¶ZgbVh�Y�_�oÿ��Y�\VY¶b!¼émFh�U^s�Y�Z��,ìÇô�o�m �ao�_�\VYeSTç9Q9b�U�o%_ º��y¼¶Z���o%Séç%YeSTb�Y!è2¿ mFh�U���h�U�\¦_�o9bÉb�h�Y
\Vo�c�SV�eY¦o%SïbVh�Y�\VU�_�pÇº�bVh�Yéb�o�b�Q�s0U�_�ô�o�m�`Éc�\TblY�.#c�Q9s0b�o�b�Q�s0o%c�bTô�o�m]¼

Ïgº�¾y¿�Å#Á�òR¼L¸<Ïgº�ò�Áa¾y¿�Å9¼¶ê

&½h#c�\aZ���o%SFQ9_#ì�hBà£i��ac�b ê ºk?�Á6Bd¼�m�Y�h�Q�ç�YHbVh�Q9b
Ïgºk?�Á�òR¼Ú�³Ïgº�ò@Á�?�¼�¸ ' ¤ )GF Ïgºn¾y¿õÅ#Á�ò ¼*�ôÏgº�ò@Áa¾y¿�Å9¼L¸�y º
�yþ%¼
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Q�\½b�h�YH\Tc�`�bVYas^Ye\V�eo%�íYe\aê�åÚ.Æc�U�ç9Q�s^Ye_,b�s�ì�Z�m�YH�aQ�_rmFSVU�bVY

Ïgºk?�Á�òR¼�¸rÏgºk?�Á�?�£JBd¼L¸<Ïgºk?�Á�?�¼m§�Ïgºk?�Á6Bd¼
Q�_���\VU�`'U�sWQ�STs�ì

Ïgº�ò@Á/?�¼L¸rÏgº�ò�£JBFÁ�?�¼L¸<Ïgº;BFÁ�?�¼m§(Ïgºk?�Á/?�¼!ê
,�o%`¯��U^_�U�_�X¯b�h�U�\ïmFU�bVh�º��yþ%¼�ìÆU^Yes^��\

y ¸ Ïgºn¾y¿õÅ#Á�ò ¼*�³Ïgº�ò�Áa¾y¿�Å9¼
¸ Ïgº�?�Á�?�¼m§(Ïgºk?�ÁjB�¼$�×º�Ïgº�BFÁ�?�¼m§�Ïgºk?�Á�?�¼V¼
¸ Ïgº�?�Á6Bd¼*�³Ïgº�BFÁ�?�¼

b�h#c�\'\Vh�o�mFU�_�X×º
�eÿ,¼¶ê×jloym�Z½\TU^_��eYRo%c�S'�aQ���Q��eU�bnìÔ�ao�_�\TbVS�Q�U�_#bV\'bVYas^sFc�\�b�h�Q<b'��o%S�Y�Q9��hIº�Ö�Á�×¶¼ ã ê Z
Ïgº�Ö�Á�×¶¼�><Ø�º�Ö�Á�×¶¼�m�YH`¯c�\
bdQ9s^\VoÝh�Q�ç�YHbVh�Q9b-Ïgºk?�ÁjB�¼b>²ógº�?�Á6Bd¼¶Z�mFh�U���h@\Th�o�mF\]bVh�Q9b

y ¸ Ïgº�?�Á6Bd¼*�³Ïgº�BFÁ�?�¼
> Ïgº�?�Á6Bd¼
> ógºk?�ÁjB�¼

b�h#c�\lYa\
b�Q���s^U^\Th�U^_�X�º
�%�y¼!ê
ë U^_��aYïb�h�Y½�ac�b ê ºk?�Á6Bd¼�m�Q�\�Q�SV��U�b�SVQ�STìHU�_¯b�h�YFQ��8o�ç%Y½s�Ya`�`�Q�Z�º
�%��¼g\Vh�o�mF\�c�\AbVh�Q9bAm�YF`¯c�\Tb�h�Q�ç�Y

b�h�Q9bïb�h�Y�ô�o�m�ç9Q�s^c�Y¥yRU^\ïs�Ya\T\ïb�h�Q�_�bVh�Yé��Q���Q��aUòbnì�o��gQ�_,ìJhBà¦i��acÿb¦º}U^_���Q�STbVU^�ac�sWQ�SeZÆbVh�Yé`'U�_�U^`Éc�`
��Q9��Q��aUòbnì»�ec�b!¼!êP&½h�YaSVY¶��o%SVY9ZõQ�Ü�¬e�%©±ÜÝØÿÜ<Zl²<Õ¨U^\FQ¯ô�o�m<ÏRmFU�bVh»ç9Q�s^c�Y�y s�Ya\V\ïbVh�Q�_ro%S½Y�.Æc�Q�s0b�oÝb�h�Y
`�U^_�U�`¯c�`ª�aQ���Q��eU�bnì%êo&½h�Y���o�s^s^o�mFU�_�X�&½h�Yao%STYa` Ya\Tb�Q���s�U^\Vh�Ya\¦bVh�Y»STYa\Vc�s�bÉbVh�Q9bHb�h�Y�`�Q<èÿU�`¯c�` ô�o�m
`¯c�\
b�h�Q�ç%Y½ç9Q�s^c�YïY�.#c�Q�sÿb�oéb�h�Y½�aQ���Q��eU�bnìÉo��íQ�`'U�_�U^`¯c�`v�ac�baêFº�&½h�U�\LU^\�mFh�YaSVY½bVh�Y½\TbVo%����U�_�X��aSVUòb�YeSVUWQ
o���b�h�YHq�o%ST��Å�q�c�s�p�YaST\Vo%_r[]s^X%o%STU�bVh�` �eo%`�Ya\½U^_;ê ¼
¹ zð�#�õ¡<�Æù � �TtIuÿø¤ï/�½ú���ëJ§LtI{}|mïI�%�ðw9£y¤Éûð´¶µO§v¸üº�ò@Á ê ¼�Þ¶´�¬¯Í;´¶µ}Õ�²<°�¯ÕL©±µ±Ù«�²<Øÿ°�Ë�´sh'¬�Í8ÎÉ«¶©±ÍwiÝ©±Í3ò�7]¬�Í8ÎrÕ�Ù�²�«�´¬�°�Ë�«�¬�°�´¬<«�«�²�Ë¶©}¬�µ�´VÎ�©±Í�µ�´5Ó�°T¬�Û�ËV¬¶®�¬ÆË¶©±µ��RË�²<Í�«¶µ}°T¬�©±Í�µ�«Bó� ê¨�  à¶
0Ù�´¶Í¨µ�Ù�´¶°�´
´��%©^«¶µ±«É¬'Ü�¬e�%©±ÜÝØÿÜæZl²<Õ³ÏÔÕL©±µ±Ù�È<¬�Û$Øõ´©yÔ«¶ØõË�Ù�µ±Ù�¬�µ

y@¸×`'U�_í¾Lógºk?�ÁjB�¼b ê ºk?�ÁjB�¼FU^\FQ�_�h�à£i��ec�b�Å º
���,¼

²<°�©±ÍÌ²<µ±Ù�´¶°HÕ�²<°TÎ<«�7mÏ ©^«�Ü�¬e�%©±Ü�¬�Ûòàba�c�d
&½h�U^\]SVYe\Vc�sòb�U^\]Q9bTb�SVU���c�bVYa�@��o�S`�OYa\
b�YeSéq�o%SV�RQ�_��/ÊlQ�ìRq�c�s�p�YeSV\Vo�_0Z;Q<�±b�YaSlmFh�o%` [ds�X%o%STU�b�h�` þ�U�\

_�Q�`�Ya�;ê6#ÌY��Y�Q�sLo�_�s�ì mFUòb�h¨U^_,b�YeX%S�Q9sA��Q���Q��aUòb�U^Ye\�Q�_��¨ô�o�mF\¦h�YeSVY9ê�ñloym�Yeç�YaSeZ�b�h�Y�X%Ye_�YaSVQ�sLSVYe\Vc�sòb
U^\é\Th�o�mF_Ì\TU^`�U^s^Q�SVsòìÌºBQ�sòb�h�o%c�X%h b�h�Yq�o%ST��Å�q�c�s�p�YeSV\Vo�_ÌQ9s^X%o%STU�bVh�` _�YaYe�Ì_�o9b��ao%_,ç%YeSVX%Y�¼¶ê]&½h�U�\H��SVoÆo��
c�\TYa\l[ds^X�o%SVUòb�h�` þÿZ�Q9_��r\Vo�Q�s^\To\VYaS
ç%Ye\lbVh�Y���c�SV�8o%\TYéo���\Th�o�mFU^_�XÝbVh�Q9b½b�h�Y�ô�oym�SVYe\Vc�sòb�U^_�X¯��SVo%`¹U�bV\
o%�8YaSVQ9b�U�o%_�\½U^\½U�_���YeYa��`�Q<èÿU�`�Q�sBê
¬�°�²�²�³eà`,�o%_�\TU^��YeS�Q�_,ì@ç9Q�s�U^��ô�o�mÀÏÇmFUòb�h ç9Q�s^c�YYygê��OY¶b�?×�8YÉbVh�Y¯\VY¶béo���_�oÆ��Ye\¥ª�ã(òß\Tc���häb�h�Q<b
YaUòb�h�YeSzª¯¸�h,Z�o�Sïb�h�YeSVY�Y¶èÿU^\
b�\]Q�_rU^_��eSVYe`'Ye_#bVU^_�X��Q<b�h���SVo%`«h�b�ooª�êP�OYebFc�\l�ao�_�\VU���YaS½bnm�o'�aQ�\VYe\�

þ��



U5ê &½h�Yé\VU�_�poi�ã~?ïê$�n_�b�h�U�\ï��Q9\VY�Zÿb�h�U�\ï`'YaQ�_�\�bVh�Q9bïbVh�YaSTY�`¯c�\
bFY¶èÿU^\
bFQ�_�U�_��aSTYa`�Ya_,b�U�_�X¯��Q9bVh
{k��STo%`¬hHb�oiïmFU�bVh@STYa\T�íYe�eb�bVo�bVh�Y¦�ec�SVSTYa_,bdô�oym°ÏðêK&½h�YaSVY¶��o%SVY1��º�{É¼s® ��ê��n_Rb�h�U^\F��Q�\TY¦m�Y
�aQ�_�U^_��eSVYaQ�\VY�bVh�Y�ç9Q�s^c�Y]o���yR�,ì�Q�c�X�`'Ye_#bVU^_�X¦ô�o�m ��STo%`�h�b�oli�Q�s�o%_�X�{ Q�\ïU�_�[ds^X�o%SVUòb�h�`¹þÿZ
��SToÿ��c��aU�_�X»Q'ô�oymvmFh�o%\VY¯STYa\Tc�s�bVU^_�X�ç�Q9s^c�YHU^\ry §z��º�{¦¼¶ê-#�Y¦��Q�_RSVYa�8Y�Q<bdb�h�U^\l��SVoÆ�aYe\V\�ºBQ9\]U�\
��o�_�YéU^_�[]s^X%o%STU�bVh�` þ%¼�c�_,b�U�s;b�h�YeSVYéU�\½_�ohÁàvi�U�_��aSTYa`�Ya_,b�U�_�XÝ��Q9bVh0ê[&½h�U^\½��STU^_�X�\ïc�\½b�oÝo%c�S
_�Y!èÆb]�aQ�\VY9ê
U^UBê®&½h�Y�\TU^_�p�i»ã�B ¸nòÃ��?ïZ�Q�_��2m�Y�h�Q�ç�Y�b�h�Q9b ê ºk?�ÁjB�¼ÉU�\ÝQ�_|h�à iÉ�ec�b�ê�j]o�m�Z��#ì
bVh�Yr��Ye��_�U�b�U�o%_Ôo��q?½Z���o%SQ�_,ì¦Ö ã¯?IbVh�YaSTY@U�\Q�_ U�_��aSTYa`�Ya_,b�U�_�Xä��Q9bVh�h¶à Ö�êk,�o%_�\TU^��YeS
bVh�Ya_0Zí\Vo%`�YO×HãmBHê`�Ö�]º�Ö�Á�×¶¼dã ê Z8b�h�Ye_3Ïgº�Ö�Á�×¶¼F¸°ó�º�Ö�Á�óí¼¶ê � bVh�YaS
mFU^\TY�ZíbVh�YaSTYÉm�o%c�s^�R�íYÉQ�_
U�_��aSTYa`�Ya_,b�U�_�X»��Q9bVhmh6à ×�ZO�ao%_,b�SVQ���U��eb�U�_�X�bVh�Q9bÁ×�Fã|?ïê¦[]s�bVYaSV_�Q9b�Uòç%Yasòì%ZíU��dº�×�Á�ÖÆ¼éã ê Z;b�h�Ya_
Ïgº�ÖõÁ�×e¼]¸�ÿ�ê � bVh�YaS
mFU^\TY�Zm��º�×�Á�ÖÆ¼¸¾�ÿ�ZOQ9_��¨Q�X,Q�U�_@b�h�YaSVYÝm�o%c�s��ä�íYQ�_äU�_��aSTYa`�Ya_,b�U�_�X>hjà ×
��Q<b�h¿M»Q�X,Q9U^_���SToÿ��c��aU^_�X'Q�ao�_#bVS�Q���U^�ebVU^o%_;êÚi�c�bFb�h�U^\½\Vh�oymF\Fb�h�Q9b

Ïgº�?�Á6Bd¼�¸<Ø�º�?�Á6Bd¼ Q�_�� yAº�BFÁ/?�¼L¸<ÿ
q�SVo�`ø�OYa`�`�QþÉm�Y¦h�Q�ç�YHbVh�Q9b

yr¸æógºk?�Á6Bd¼¥�(ÿH¸æógº�?�Á6Bd¼
Q�\F��Ye\VU�SVYa�;ê

&½h�YeSVYe��o�SVY�ZímFh�Ya_Ç[ds�X%o%STU�b�h�` þ'��Q�_�_�o�b���_��ÇQ�_ U^_��aSVYe`'Ye_,b�U^_�X»��Q9bVh0ZíbVh�YÉç9Q�s^c�YYyÌo��LbVh�Y¯�ec�SVSTYa_,b
ô�o�m¡ÏR`¯c�\
b]�8Y�Y�.#c�Q�s0bVo�Q�_�hBà¦i��ac�baZ8Q�_��rU^\ïbVh�YaSTYe��o%STY¦`'Q<èÿU^`¯c�`@ê

#�YÇ_�o�m h�Q�ç%YÌQ�_�o�bVh�YaS»m�Q�ìCb�oÔ\To%s�ç�Y b�h�Yä��U���Q�S
b�U�bVY `'Q9b���h�U�_�X2��STo%��s^Ye`@ZFc�\TU^_�X2bVh�YÇq�o%SV��Å
q�c�s^p9YaST\Vo%_RQ�s^X%o�SVU�bVh�` ��o%S½��_���U�_�X'`'Q<èÿU^`Éc�`�ô�o�mF\aêb&½h�YÉSTc�_�_�U�_�X�bVU^`�Yéo��A[]s^X%o�SVU�bVh�` þÝ��Ye�íYe_���\
h�YaQ�çÆU�s�ìCo�_×bVh�Yä��h�o%U��aYäo��Hb�h�YäSVo%c�bVU^_�Yäc�\VYa�×��o%S���_���U^_�X \Th�o%S
b�Ya\
b���Q9b�h�\aê ë U�_��aY m�YÇh�Q�ç%Y¨Q�\�Å
\Vc�`'Ye� b�h�Q9bb�h�Y���Q���Q��aUòb�U^Ye\�Q�SVYrU^_,bVYaX%SVQ�s5Z�Y�Q���h Q�c�X%`�Ya_,b�Q9b�U�o%_Ôo��dô�o�m Q9s^o%_�X¨Q�_ U^_��aSVYe`'Ye_,b�U^_�X
��Q9bVhÌU�_��aSTY�Q�\TYa\�b�h�YÝô�o�m ç�Q9s^c�Y�,ìÇQ9bHs^YaQ�\Tb��ê6&½h�YaSVY¶��o%SVY9ZgbVh�Y�Q�s^X%o�SVU�bVh�` `�Q�p9Ya\�_�o�`'o�SVY¯b�h�Q�_yäQ�c�X%`�Ya_,b�Q9b�U�o%_�\aê�jlo�b�U��aY�bVh�Q9bFU���b�h�Y¦Q9SV����Q���Q��aUòb�U^Ye\ïm�YeSVY¦Q�s^s�o�m�Ye�»b�o��íYéSVQ9b�U�o%_�Q�sBZ�Q�_���mFUòb�h�o%cÿb
\V�8Ya�eU��±ìÆU^_�X�Q�s^o�m�YaS��8o%c�_�� o%_ÇQ�s�sðô�oym Q�c�X%`'Ye_,b�Q9bVU^o%_�\eZ;UòbdU�\d�8o%\V\TU^��s�Y¦b�h�Q9bdbVh�YÝQ�s�X%o%SVUòb�h�`�_�Yeç�YaS
��_�U�\Vh!Æ��Ö��m�Ys�Yeb°?Ú{�º}§É¼d��Ya_�o�bVYÝb�h�Y�Q�`�o%c�_,b�o���b�U�`'Y¯Uòb�b�Q9p�Ya\�b�o���_���Q�_¨U^_��aSVYe`'Ye_,b�U^_�XJh"à i
��Q9bVhÇU^_RbVh�YÝ_�Yebnm�o%STpÇ§ ¸ º�ò@Á ê ¼¶Z;bVh�Yq�o%SV��Ånq�c�s^p9YaSV\To%_ÇQ�s�X%o%SVUòb�h�` STc�_�\éU�_�ä»ºkyEùX?Ú{'ºB§¦¼V¼¶ê ë YeY
Q�_,ìÇo��é� ���5Z��&�e�5Z����<�5Z��öþ<�5ZgQ�_��¨`'Q�_,ìäo�b�h�YaSV\���o%Sé`�o%SVYU�_���o%SV`'Q9bVU^o%_äQ9�ío%cÿb¦��Q9b�h�Å5��_���U�_�XrSVo%cÿb�U^_�Ya\aê
[ `'oÆ��Uò��Ya��\F°�´V¬,Î�µ±Ù³0�©±°�«¶µ¸ñ0´V¬�°�Ë�ÙR��Q�_ �íYrc�\TYa�CU�_Ôo%c�S���Q�\TY�bVoÌX%Y¶bb�h�Q9bbVh�YRq�o%ST��Å�q�c�s�p�YeSV\Vo�_
Q�s�X%o%SVUòb�h�` SVc�_�\�U^_3ä»ºky"ùY' ê '�¼!ê+&½h�U�\lç�YaS
ìR�es^o%\TY¦b�o�b�h�Y¦�íYe\Tb�m�YÉ�aQ�_ ��o�U^_RX�Ya_�YeS�Q�sBê]jlo�b�U��aY�b�h�Q<by¨`'Q�ì�_�o�b]�íY¦�ío%sòìÆ_�o%`�UWQ�s0U�_z' ò¦'ÿo%Sj' ê ' êlñloym�Yeç�YaSeZ;mFh�Ya_ÇQ9SV�É�aQ���Q��eU�bVU^Ya\]Q�STY¦c�_�U�b�Z8U^_@o%c�Sl��Q�\TY
o��g\Vo%sòçÆU^_�XÝb�h�YH��U^��Q�S
b�Uòb�Y�`'Q9b���h�U^_�XÝ��STo%��s�Ya`�Z�U�bFU�\aê
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ð¢�w�{Bù�u�úbÈÝ{�¢gu�¡�wy{±w���tvu�wyx<zg{}|ð~í�9�
åL�eo%_�o%`�U^�é[]\V\VU�X%_�`�Ya_,bÉ���<�n�$�a�BZ8P@U^_�U^`¯c�`ø,�o%\TbdPRQyè�U�`¯c�`�q�s^o�mF\H�$�a�n���9�BZS�OU^_�YaQ�SFfLSVo%X%SVQ�`�`'U�_�X

ÊFYeçÆU^\TU�b�Ye�Ì� �9�Ö���9�5Z ë c��a�eYa\V\TU�ç�Y ë h�o�STb�Ye\Tb]f�Q<b�h�\l[ds�X%o%SVUòb�h�`R�$�!�

�n_�b�h�U^\�\VYa�¶b�U�o%_�m�Y��ao%_�\VU^��YaS�b�h�Y]��U^��Q9STb�Uòb�YF`'Q9b���h�U�_�XÉ��SVo%��s�Ya`�Z,mFh�YaSTYdb�h�YlYa��X%Ya\ïo9�0b�h�Y]X%S�Q9��h
h�Q�ç%Y�Q¯�eo%\TbFo�S�m�YaU^X�h#blQ9\V\VoÆ�aU^Q9b�Ye�»mFU�bVh�b�h�Ye`@êP,�o�_�\VU���YaSïbVh�Yd��o%s�s^o�mFU^_�XH��STo%��s^Ye`'\ïQ�\ï`�o�b�Uòç�Q<b�U^o�_0ê
QH¡<�SRgú}�Æù � ��ð¢ðwy{BùÌu�úI���a��{}~8|�ù��Æ|íw�£y¤�¥ Ó�°T¬,Î�Ø�¬�µn´Ì«�Ë�Ù�²�²<Û�©^«�®8°�´n®�¬�°�´VÎCµn² ´¶Í�°�²<Û±Û�Î Ë�²<Û±Û^´5ÓÆ´
Ó�°T¬,Î�Ø�¬�µn´�«HÕ�ÙÆ©5Ë�ÙrÕL©±Û±ÛN��Û±ÛöÎ¦^½¥ Ñ�^F´�«�´V¬�°�Ë�Ù'¥�«�«¶©^«¶µ5¬�Í�µ$Ò�¬�Í8Î¶
#¥ Ñ�
í´V¬ÆË�ÙÆ©±ÍÆÓÉ¥d«�«¶©^«¶µ5¬�Í�µ&Òé®�²�«¶©±µ}©5²<Í�«aà
\]¬<«�´VÎH²<Í¦Ó�°T¬,ÎÆ´�«�7ð¬¶®8µ}©±µ}Ø�ÎÆ´�µ�´�«¶µ±«�7�¬�Í8Î�Û^´¶µ}µ�´¶°�«F²�³�°�´�Ë�²<ÜÝÜ�´¶Í8Î,¬�µB©5²<Íw7Æ®�¬<«¶µ�´��e®�´¶°!©5´¶Í;Ë�´�7ð´¶µ�Ë�70µ�Ù�´LÓ�°T¬,Î�Ê
Ø�¬�µ�´é«�Ë�Ù�²�²<ÛõÙ�¬<«É¬<«�«¶©òÓ�Í;´VÎ�¬¦c�bVU^s�U�bnì�U^_���Y¶è�ó�á�âï³�²<°H¬<«�«¶©òÓ�Í�©±ÍÆÓÝ«¶µ}Ø�ÎÆ´¶Í�µx�dµn²z±�²�Þb�8àj
0Ù�´¯²�Þ�±�´�Ë¶µ}©±È�´é©^«
µn²é©}ÎÆ´¶Í�µ}© ³��É¬�Í»¬<«�«¶©òÓ�Í�Ü�´¶Í�µ0µ±Ù�¬�µOÜ�¬e�%©±ÜÝ©�²<´�«ïµ±Ù�´½µn²<µÖ¬�Û�Øÿµ}©±Û$©±µ��¯²<È�´¶°F¬�Û±Û#«¶µBØ�ÎÆ´¶Í�µ�.³±�²�Þd¬<«�«¶©òÓ�Í�Ü�´¶Í�µ±«aà�af4�d

���9��fLSToÿ��c��eb�U�o%_É��sWQ�_�_�U^_�XFU^_HX%Ye_�YaSVQ�s#SVY�.#c�U�SVYe\g��_���U^_�Xl\Vo%s�c�b�U�o%_�\Ob�olm�YeU^X%h,bVYa�ÝQ�\T\VU�X%_�`�Ya_,b���SVo%�¿Å
s^Ye`'\eZ0Y�êöX�ê¦�ao%_,b�SVQ��ebV\�Q�SVYQ9\V\VU�X%_�Ye�ÇbVo�\Vc��¿Ån�ao�_#bVS�Q��¶b�o%ST\aZðU^_���U�çÆU^��c�Q�sðm�o%STp�YeSV\HQ�SVYQ9\V\VU�X%_�Ye�Çb�Q�\Vp#\eZ
`'Q���h�U^_�Y¦b�oÆo%s�\]Q9\V\VU�X%_�Ye�äs^oÆ��Q9bVU^o%_�\eZõX%oÿoÆ��\]Q�SVY¦\TbVo%SVYe�äU^_ Q9\V\VU�X%_�Ye�RmïQ9SVYah�o%c�\VYÝs�oÿ�aQ9b�U�o%_�\eZ8Y¶b��9êB�n_
X%Ye_�YaSVQ�s5Z#��STo%��s^Ye`'\�o��íb�h�U�\�bnìÆ�8Y]STYa��c��aY]bVo¦bVh�Y]��SVo%��s�Ya`üo9�;��_���U^_�XHb�h�Y]Q�\V\TU^X%_�`'Ye_#bV\�o9�0s^YaQ�\Tb��eo%\TbaZ
o%S½s^Q�SVX%Ye\Tb½m�YaU�X%h,b�h9c�bVU^s�U�bnì%ê

&½h�Ya\TY�Q9\V\VU�X%_�`�Ya_,b���SVo���s^Ye`'\»�aQ�_Ú�íYäYaQ�\VU�s�ì mFSTU�bTb�Ya_ÚQ�\���U^��Q�S
b�Uòb�Y `'Q9b���h�U^_�X2��STo%��s�Ya`�\�o%_
X%SVQ���h�\§ ¸ ºB·0À[£2·õÂ�Á�Ï¯¼¶ZLmFUòb�hÔQ m�YeU^X%h,bÝ��c�_��eb�U�o%_��D�Ï �  ê�ñ]YeSVY�m�Y�m�Q�_,bb�o ��_��Ôb�h�Y
`'Q9b���h�U�_�X@mFh�U^��h2`'Q<èÿU^`�U�taYe\éb�h�Y�m�YaU�X%h,b�ê � bVh�YaS
mFU^\TY�ZAm�Y�Q�\V\Toÿ�eUWQ9bVY»QR�eo%\Tb�Øo�Ï �  Z�mFh�YaSTY
m�Y»Q�STY�U�_,b�YaSTYa\
b�Ya��U^_Ç��_���U�_�X Qr`�Q<b���h�U�_�X�mFh�U^��h�`�U^_�U^`�U�taYe\db�h�Y'�eo%\Tbaê"&½h�Y'bnm�oR\TU�bVc�Q9b�U�o%_�\HQ�STY
Ya\T\VYe_#bVUWQ�s�s�ì'U^��Ye_,b�U^�aQ�s5ê*�Ö��´ U^\ïX�SVY�Q<b�YaSïbVh�Q�_rQ�_,ìx�¯º��TÁf�Æ¼���o%SFQ�s�sAº��VÁf�Æ¼ïãäÏ�Z�b�h�Ye_�m�Y���Q9_��eo%_�\TU^��YeS
b�h�Y¯�ao%\
b�Ø9º��TÁf�Æ¼½¸¨´ ���Ýº��VÁf�Æ¼!ê`�n_RbVh�U^\]��Q�\TY�Z0`�U^_�U�`'UutaU�_�XÉb�h�Y¯�ao%\
b�U�\]b�h�YÉ\�Q9`'YÉQ�\�`'Q<èÿU^`�U�taU�_�X
b�h�Y�m�YaU�X%h,b�ê�[dsòb�YeSV_�Q9bVU�ç�Yas�ì'm�Y��aQ�_@�eo%_�\TU^��YeS©�¯º��TÁf�Æ¼L¸ � �(Ø9º��TÁf�Æ¼¶ê
���,�A|�{�w�{}�8|��sy×�/�É�8ù�¢gú��#w���ÈÝ{�¢�u�¡�wy{�w��ä »¡yu�¢�z��<£y¤¦¥ �ao%`���s�Yeb�Yr��U���Q�S
b�U�bVY�X%S�Q9��h § ¸ º5·;ÀI£
·�Â�Á�Ï¯¼�©^«�¬»Þa© ®�¬�°!µB©±µn´lÓ�°T¬¶®�Ù�©±Í@Õ�ÙÆ©5Ë�Ù»Õ�´]Ù�¬�È�´éµ±Ù�¬�µðÏý¸ ·0ÀÚÓ�·õÂyà]
0Ù�¬�µ�©^«�7�³�²<°¦´V¬ÆË�ÙÝ¿,À�ãÇ·0À�¬�Í8Î
¿<Â]ãÇ·�Â�7�Õ�´éÙ�¬�È�´�µ±Ù�¬�µ�º}¿,À¶Á�¿9Â�¼½ã Ï»à

[Ip�Yeìro���\VYeSTç9Q9b�U�o%_�mFh�U^��hrmFU^s�s0X%STY�Q9bVs�ì»\TU^`���s^Uò�±ì�o%c�S½��U�\V�ac�\V\VU�o%_�U^\ïb�h�Q9b½b�h�Y�c�_���YaSTs�ìÆU^_�Xo%�ÿb�UªÅ
`�U�t�Q<b�U^o�_¯��SVo���s^Ye` U�\Lc�_���h�Q�_�X%Ya�'U��õm�YF�eo%_�\VU���YaSLo�_�s�ì�Ë�²<Üd®8Û^´¶µ�´g��U���Q�STbVU�bVY�X%SVQ���h�\eêLq�o%S�Q���U^��Q�STbVU�b�Y
X%SVQ���hr§I¸kºB·0À9£�·�Â�Á�ÏÉ¼�m�Yé��Q�_rU^_,bVSVoÆ��c��aYdYa��X%Ye\FU^_,b�oÝ§ý�íY¶bnm�YeYa_ ·0À�Q�_��R·�ÂïmFh�U���hrm�YaSTY�_�o�b½U�_
§üQ�_���\TYebFb�h�YaU^S�m�YeU^X%h,b½b�o]teYaSVo�ê�q�c�S
b�h�YeSV`�o%SVY9Z�Uò��'�·0Àe'¤l¸@'�·�Âã' Zÿm�Y���Q9_@Q9���r_�oÿ��Ya\½b�oo%_�Y�º�o%Sïb�h�Y
o�bVh�YaS�¼]�ao%_�_�Ya�¶b�U^_�X»b�h�Ye` bVo»_�oÆ��Ya\éU�_Rb�h�YÉo�b�h�YeS���Q�S
b�Uòb�U^o�_�mFUòb�h mFU�bVhVtaYeSVo»m�YaU�X%h,b�Q�SV�e\aZ0\To»b�h�Q<b
b�h�Yé��Q�STbVU�bVU^o%_�\ïQ�SVYéY�.Æc�Q�sOU^_�\TU�taY9êP,�s^YaQ�SVsòì%Z�bVh�Yéc�_���YeSVsòìÿU�_�Xo%��bVU^`�U�t�Q<b�U^o�_'��STo%��s�Ya`�U�\ïc�_���h�Q�_�X%Ye�0ê
&½h�YeSVYe��o�SVY�Z#��o%S�bVh�YFSVYe`�Q�U�_���YeSLo��õb�h�U�\L\VYa�¶b�U�o%_�m�YF��Y�Q9s�mFU�b�ho%_�s�ì¯�eo%`���s^Y¶b�Yï��U���Q�S
b�U�bVYïX%SVQ���h�\eZÿQ9_��
�ao�_�\VU���YaS½��_���U^_�X�QÝ`�Q<b���h�U�_�XÝmFh�U^��h�`�Qyè�U�`'UutaYe\�b�h�Yém�YaU�X%h,b�ê

&½h�Y½_�Y!èÿbA\Tb�Ye�Ý`'U�X%h,b��8Y�bVod��o%SV`Éc�sWQ9bVY�bVh�Y � ��bVU^`'Q�s,[d\T\VU^X�_�`'Ye_,bL��SVo���s^Ye` Q9\LQ�j]Y¶bnm�o�SVp¯qgs^o�m
��STo%��s^Ye`�gU^_,b�SToÿ��c��aYl_�YemÚ\To%c�SV�eY�Q�_��»\VU�_�p_�oÿ��Ya\aZÿ��Q���Q��aUòb�U^Ye\�Q9_����eo%\TbV\½Q�\V\Toÿ�eUWQ9bVYa��mFU�b�h'U�bV\�Q�ST�a\eZ
YebV��ZðQ�_��ä\Vo%sòç%Y¯mFh�Q9b�U^\��aQ�s^s�Ya�äQ�µR©±Í�©±ÜÝØÿÜ Ñ�²�«¶µ�µä¬e�%©±ÜÝØÿÜû0�Û^²<Õ(�ðf ��STo%��s^Ye`@êB#×h�U^s^YHm�Y¯mFU�s^s
��U�\V�ac�\V\Fb�h�U�\l��SVU^Y¶ô�ìrsWQ<b�YaSeZ�b�h�YÉQ��8o�ç%Y¦Q�\V\Tc�`���b�U�o%_�Q�s^s�oymF\½c�\lbVo'\TpÆU��@STU^X%h,b½bVo�Q\VU�`'��s�Y�Q�s^X�Ya��SVQ�U^�
��o%ST`¯c�sWQ<b�U^o�_»o���b�h�Y � ��b�U�`�Q9s;[d\T\VU�X%_�`�Ya_,bF��SVo���s^Ye`�mFU�bVh�o%c�bFU�_#bVSVoÆ��c��eU^_�XQÝ_�Y¶bnm�o%STpõê

,�o%_�\TU^��YeSd§ ¸ º5·;Àá£R·õÂ�Á�ÏÉ¼¶Z�mFh�YeSVY1Îä¸ '�·;À�'%¸ '�·�Âã'ÿQ�_��@s^Yeb-Ïgº��VÁf�Æ¼½�íYHQ'\TYeb]o���ç9Q�STUWQ���s^Ya\ï��o�S
�g¸ý�%ÁaÃ�Ã�ÃaÁXÎÇQ�_��j�¯¸ �%ÁaÃ�Ã�Ã¶Á�Î�ê�ñ]YeSVY�Ïgº��TÁf�Æ¼�¸ý��`'YaQ�_�\½b�h�Q9b½b�h�Y�Ye��X%Y'º}¿,À�¶nÁ�¿<Â�·a¼�¸ý��U�\½U^_��es^c���Ye�
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U^_'b�h�Y�`'Q9bV��h�U^_�X�ZÆmFh�YeSVYaQ�\FU��!Ïgº��VÁf�Æ¼�¸¡ÿÉUòbïU^\�_�o�baêP,�s^Y�Q9SVs�ìbVh�Ya_0Zÿm�Y�mFU�\Vh»b�oÉ\Vo%sòç%YdbVh�Y���o%s^s�o�mFU^_�X
�n_,b�YeX%YaS]fLSVo%X%SVQ�`�`'U�_�XÉ��STo%��s�Ya`�ê

`�Qyè�U�`'UutaY
'( 1 á*3 âj5 �¯º��VÁ=�ÿ¼¸�bÏgº��VÁf�Æ¼ º
���#¼

\Vc��ÆîTYa�¶b]bVo
Ä'
âj¹íÀ Ïgº��VÁf�Æ¼�¸ � ��o�SK��¸ý�%Á�Ã�Ã�Ã¶Á�Î º
�L�%¼

Ä'
á:¹íÀ Ïgº��VÁ=�ÿ¼�¸I� ��o%S[�Ý¸ý��Á�Ã�Ã�ÃeÁ�Î º
���,¼

Ïgº��VÁ=�ÿ¼{®rÿ º
�L�%¼

&½h�U^\�U�\¦Q9�eb�c�Q�s^sòì QrX%SVYaQ9b���YaQ�s�\VU^`���s�YaSdbVh�Q�_Çb�h�Y'PRQ<èÿU�`¯c�` q�s�o�m ��o%ST`¯c�s^Q9b�U�o%_Ôº}�"Å`�,¼�Æ�[]_
Y¶è�Q�`���s�Y���o%s^s�oymF\eê
÷døOu�ù�¢�ú���ÔÔ��ð¢ðwy{}ù�u�úP������{�~í|�ù��Æ|íw�£�¤é¥�Ó,¬�©±Íw7�Õ�´lØ,«�´]µ�Ù�´½«a¬�Ü�´dÞa© ®�¬�°!µ}©±µ�´�Ó�°T¬¶®�Ù�¬<«]©±Í 2*�#¬�ÜÝÊ
®8Û^´¸587�ÕL©±µ±Ù�µ�Ù�´�³�²<Û±Û^²<ÕL©±ÍÆÓÕ�´¶©òÓ<ÙÆµ�«H¬<«�«¶©òÓ�Í;´VÎ'µ�²�©±µ±«Ý´VÎ�ÓÆ´�«aà

�Ýº��%Á�ÖÆ¼A¸±� �¯º
�%Á�×e¼L¸ þ �ÝºBþÿÁ�ÖÆ¼A¸ � �Ýº5þÆÁ�×¶¼L¸æ� �ÝºBþÿÁ�Øe¼A¸¡� �¯º5þÿÁ�æy¼L¸���Ýº���Á�Øe¼A¸ � �¯º���Á�Ùÿ¼L¸<� �Ýº���Á�Øe¼A¸ þ �¯º}��Á�æy¼L¸¡�
ÛH²aÎÆ´©ºÉ¬�Í8Îéµ±Ù�´�Ñ�¬�Ø8�%©±Û$©}¬�°���ÒHÎ,¬<«�Ù�´VÎÉ´VÎ�ÓÆ´�«�ÕL©±µ�Ù¥²<´¶°�²dÕ�´¶©òÓ<ÙÆµOÕ�´¶°�´F¬,Î,ÎÆ´VÎéµn²dÙ�¬�È�´l¬ÉË�²<Üd®8Û^´¶µn´�Ó�°T¬¶®�Ù
ÕL©±µ±Ù('�·;À�'8¸D'�·õÂ8'&àJW¶Í�µ�Ù�´F³�²<Û±Û^²<ÕL©±ÍÆÓ¯®8©5Ë¶µ�²<°!©}¬�ÛL°�´n®8°�´�«�´¶Í�µÖ¬�µ}©5²<ÍÐµ±Ù�´�Õ�´¶©òÓ<ÙÆµ�«'¬�°�´�Û^´�³!µé²�â µn²�°�´VÎ�Ø�Ë�´
Ë¶Û$ØÆµBµn´¶°eàj
0Ù�´��'ÕL©±Û±ÛðÞ¶´H©±Í;Ë¶Û$Ø�ÎÆ´VÎ'©±ÍR«�²<Û$ØÆµB©5²<ÍäÎ�©}¬�Ó�°V¬�Ü ³�²<Û±Û^²<ÕL©±ÍÆÓ,à
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#�Y�c�\VY�K
L�RXSQP�TOL�R`UXW�L�b�o]X%Yebgb�h�Y�o%��bVU^`'Q�s,Q�\T\VU^X�_�`'Ye_,b�b�h�Q9bg��o�s^s^o�mF\�º}s�Y�Q�çÆU^_�X]o%c�b�b�h�Y�Q�cÿèÿU^s�UWQ�S
ì
Ya��X%Ya\]Q�_��r_�oÆ��Ya\�¼¶ê ë YeYHbVh�Yé��o%s^s�oymFU�_�X¯��Q9X%Y���o%Sïb�h�Y¦Q9�eb�c�Q�s»KQL�RXSQP�T
L�R`UXW�L»U^_���cÿbdQ9_��ro%c�b���c�b�ê
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[d\FQ�s�SVYaQ���ì'`'Ye_#bVU^o%_�Ya�0ZÆm�Yé�eo%c�s^���eSVYaQ9b�Y�Q�_rQ9cÿèÿU^s^U^Q�STì_�Yebnm�o%SVpõZõQ�_��r\To%s�ç�YéQP@U^_�U^`¯c�` ,�o%\
b
PRQ<èÿU�`¯c�`vq�s�o�m×º5P3,½PRqL¼O��SVo%��s^Ya`�êð[d\ðmFU�bVhHbVh�Y���U^��Q�S
b�Uòb�YL`'Q9b���h�U�_�Xl��SVo%��s^Ya`�Z�b�h�U�\O��o%SV`¯c�sWQ9bVU^o%_
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mFU^s�s�Q9s^s^o�mýc�\�bVo�c�\VY\Vo�`'YÉç�YaS
ìÇ�ío�m�YaST��c�sLQ�s^X�o%SVUòb�h�`�\l��o�S�\Vo%sòçÆU^_�X»bVh�Y�PV,½PRq×��SVo���s^Ye` bVo»��_��
Q�_Ço%��bVU^`'Q�s�`'Q9bV��h�U^_�X À ê � _�Yo���b�h�Ye\VY'Q�s^X%o�SVU�bVh�`�\¯º}Q�s^\To���c�YÝb�o�q�o%SV�¨Q�_��Ìq�c�s^p9YaST\Vo%_õ¼dU�\é��Q�s�s^Ye�
b�h�Y6¬�°!©±Ü�¬�Û$Ê	T�Ø�¬�Û�µ¨´¶µ�Ù�²aÎ�êl[ ç9Q�STUWQ9bVU^o%_ro%_@b�h�U�\dQ�s�X%o%STU�b�h�`@Z��aQ�s^s�Ya�<
0Ù�´�¼dØÆÍÆÓ,¬�°¶©}¬�Í�µ¨´¶µ�Ù�²aÎÉ�aQ�_
�8Y'c�\TYa��bVo@\To%s�ç�Y�bVh�Y � �ÿb�U^`'Q�sA[]\V\TU^X%_�`�Ya_,bÉfLSVo%��s�Ya` ��U�SVYe�eb�sòì%êj�n_�`'Q�_,ì mïQ�ìÆ\ÉbVh�Y�ñlc�_�X,Q9SVUWQ9_
P@Y¶b�h�oÆ��Q�s^\To�SVYe\VYa`É��s^Ye\�bVh�Yï\TY�Q�ST��h�ÅÖbVSVYaY½bVYa��h�_�Uu.#c�Y½m�Y½��U�\V�ec�\V\TYa��YaQ�SVs�U^YeSg��o%Sg\Vo%sòçÿU�_�X�b�h�Yï��U^��Q�STbVU�b�Y
`'Q9b���h�U�_�XÐ��STo%��s�Ya`�ê°Ç]_���o�STb�c�_�Q9b�Yes�ì�ZFbVh�Ya\TYäb�Ya��h�_�U�.#c�Ye\rQ�SVY �8Yeì�o%_�� b�h�Yä\V�ao��íYäo��ébVh�U^\���Q��8YaSaê
&½h�YeSVYäQ�STYRYe_#bVU^STY@ç%o�s^c�`�Ya\�o���bVY¶èÆb���Ye��U^�aQ9b�Ye� b�oÌ\Vo%sòçÿU�_�XÌbVh�Ya\TYäQ�_�� o�b�h�YeS'\TU^`�U^s^Q�SÝ��SVo���s^Ye`'\fM
mFh�U���h Q�STYÌ�eoyç�YaSTYa� U�_2îTc�\
b Q9�ío%cÿbRQ9s^s�o��¯o%c�SrSVY¶��YaSVYe_��aYe\aê q�o%Sr`�o%SVYÇU^_ÿ��o%SV`'Q9b�U�o%_ Q��8o%c�b�b�h�Y
ñ]c�_�X,Q�STUWQ�_@P@Y¶b�h�oÆ�@Y!èÿ��s^U��aU�bVs�ì�\VYeY»������Q�_������9�Bê

j]o�bVYÉQ9s^\VoÝbVh�Q9bFb�h�YHSVYeX%c�s^Q�S½��U^��Q�STbVU�b�Yé`'Q9bV��h�U^_�X��STo%��s�Ya` º�\Vo%`�YebVU^`�Ya\½��Q9s^s^Ye��b�h�Y»ËV¬�°TÎ�©±Í8¬�Û$©±µ��
Þa© ®�¬�°!µB©±µn´]Ü�¬�µ�Ë�ÙÆ©±ÍÆÓl®8°�²�ÞaÛ^´¶ÜH¼�U�\Ab�h�Yl\�Q�`�YlQ�\Lb�h�Y � ��b�U�`�Q9s�[d\T\VU�X%_�`�Ya_,b���SVo%��s�Ya`kmFh�YaSVY©�Ýº��VÁf�Æ¼L¸
�d��o%S�Q�s^sgº��VÁf�Æ¼�ãÇÏ»º}§É¼!ê$&½h�YeSVYe��o�SVY�Zÿm�Y��aQ�_rQ�s�\Vo¯Q9��Q���b�b�h�YdbVYa��h�_�U�.#c�Ya\½��Ya\V�eSVU��íYe�rQ��ío�ç�Y�b�o¯\To%s�ç�Y
b�h�Y1i�U^��Q�S
b�Uòb�Y�PRQ<b���h�U�_�X��SVo%��s^Ya` Q�\½m�Yes^s5ê½/¾¿¾ÁÀ:ÂIÃ�ÄÆÅ³Ç�È{É³ÊËÄIÌjÍ�Î³ÄVÏGÐ�ÑÆÑÆÄjÒkÒ�ÓËÔIÄ`Ï�Î�ÂIÃ�Í�ÄjÒ�ÍÁÕ
Ç/ÍkÎ�Ò
Ö4Ï�ÏGÕV×XÇIÊ¿ØÙÂIÃkÓÚÍkÎ³È>À:ÂÙÃÁÒ�ÂIÊËÔ<ÓËÛ³Ø¸Ç�Ô/Ç�ÃkÓËÇ�Í�ÓËÂIÛ�Â�À�Í�Î�Ä`ÜÁÃ�Ç�Û�Ò�Ò�Î³ÓËÉ³È{ÄÆÛ<ÍÕOÃkÂIÝ�Ê¿ÄjÈ�Þ�ß¸Î³ÓàÑ�Î�ÓàÒQÔIÄÆÃkáâÒ�ÓËÈ{Ó¿ÊàÇ�ÃãÍkÂ-ÍkÎ³Ä¸ä³ÂIÃ�å�æ;ä³Ð³ÊËçIÄjÃkÒ�ÂIÛ�Ç�ÊËØIÂIÃkÓ¿Í�Î³Èq¾�è7Í
ÓËÛ<ÔÙÂIÊËÔIÄ6Ò[Ò�ÄÆÛ�å³Ó¿Û³Ø�é�Â/ßÇIÊ¿ÂÙÛ³Ø�Ò�Î³ÂÙÃ�ÍkÄjÒ�ÍãÉ�Ç�Í�Î�ÒÝ�Ä9Í�ß»ÄÆÄÆÛ{ÍkÎ³Ä-ÄÆÅ³Ñ9ÄjÒkÒOÇIÛ�åsåGÄ9ê�Ñ9Ó¿Í`Û³ÂGåGÄ�É�ÇIÓ¿Ã�ÒOÇIÛ�å{ÈsÇ�ÓËÛÙÍ�Ç�ÓËÛ�ÒOÉ�Â�ÍkÄÆÛ<Í�ÓàÇ�ÊàÒ`Ç�Í`ÄjÇÙÑ�Î{Û³ÂGåGÄ�ß¸Î³ÓàÑ�ÎsÉ³ÃkÂ�å³Ð�Ñ9Äzë�Ã�Ä6åGÐ�ÑÆÄjå{Ç�Ã�ÑÑ9Â<Ò�Í�Ò�ì{ÃkÄÆÉ�Ã�Ä6Ò�ÄjÛÙÍkÓ¿Û�Ø�ÍkÎ³ÄíÐGÍkÓ¿ÊËÓ¿Í�áCÂIÀ
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Exercise 7: Optimal Assignment

ConstrainedMax
5 c e 1 a a 2 c e 1 b a 4 c e 2 a a
3 c e 2 b a 3 c e 2 c a 6 c e 2 e a 1 c e 3 c a 3 c e 3 d a 2 c e 4 c a 5 c e 4 e ,c subject to cc V_ 1 vertices can only have one edge matched c
e 1 a a e 1 b a e 1 c a e 1 d a e 1 e d d 1,
e 2 a a e 2 b a e 2 c a e 2 d a e 2 e d d 1,
e 3 a a e 3 b a e 3 c a e 3 d a e 3 e d d 1,
e 4 a a e 4 b a e 4 c a e 4 d a e 4 e d d 1,
e 5 a a e 5 b a e 5 c a e 5 d a e 5 e d d 1,c V_ 2 vertices can only have one edge matched c
e 1 a a e 2 a a e 3 a a e 4 a a e 5 a d d 1,
e 1 b a e 2 b a e 3 b a e 4 b a e 5 b d d 1,
e 1 c a e 2 c a e 3 c a e 4 c a e 5 c d d 1,
e 1 d a e 2 d a e 3 d a e 4 d a e 5 d d d 1,
e 1 e a e 2 e a e 3 e a e 4 e a e 5 e d d 1,c non b negrativity constraints c
e 1 a e d 0, e 1 b e d 0, e 1 c e d 0, e 1 d e d 0,
e 1 e e d 0, e 2 a e d 0, e 2 b e d 0, e 2 c e d 0,
e 2 d e d 0, e 2 e e d 0, e 3 a e d 0, e 3 b e d 0,
e 3 c e d 0, e 3 d e d 0, e 3 e e d 0, e 4 a e d 0,
e 4 b e d 0, e 4 c e d 0, e 4 d e d 0, e 4 e e d 0,
e 5 a e d 0, e 5 b e d 0, e 5 c e d 0, e 5 d e d 0,
e 5 e e d 0 ,c tell mathematica which variables c
e 1 a , e 1 b , e 1 c , e 1 d , e 1 e , e 2 a ,
e 2 b , e 2 c , e 2 d , e 2 e , e 3 a , e 3 b , e 3 c , e 3 d , e 3 e ,
e 4 a , e 4 b , e 4 c , e 4 d , e 4 e , e 5 a , e 5 b , e 5 c , e 5 d , e 5 e

16, e a g 1, e b g 0, e c g 0, e d g 0, e e g 0, e 2 a g 0, e 2 b g 0,
e 2 c g 1, e 2 d g 0, e 2 e g 0, e 3 a g 0, e 3 b g 0, e 3 c g 0, e 3 d g 1,
e 3 e g 0, e 4 a g 0, e 4 b g 0, e 4 c g 0, e 4 d g 0, e 4 e g 1, e 5 a g 0,
e 5 b g 1, e 5 c g 0, e 5 d g 0, e 5 e g 0
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[I\Vc���X�S�Q���h�s^U�p�YdbVh�Y�o%_�Yé\Th�o�mF_ Q��8o�ç%Y�U^\½�aQ�s^s�Ya�rQ�ÞaÛ^²�«�«�²<ÜÝê ë o%`�YebVU^`�Ya\eZÿb�h�Y�ç%YaS
b�U��aYa\l¿»Q9_���ÉZðQ9_��Ço�b�h�YeSV\émFh�U���hÌ`'Q�ìRoÆ�a�ec�SHQ�s^o%_�XrQ»��h�Q�U^_¨o���Q�sòb�YaST_�Q9bVU^_�X»`'Q9bV��h�Ya�ÌQ�_Çc�_�`'Q9b���h�Ya�¨Ya��X%Ye\
��STYa�aYe��U^_�X¦¿ÝQ9SVYFSVY¶��YaSVSTYa��b�o¦Q�\Lb�h�Yé«¶µ�´¶ÜÝêAPRQ�_,ìÝb�Y!èÆb�\�STYe��YeS�bVh�YF��s^o�\V\Vo�` Q�_���\Tb�Ye`üb�o%X�Yeb�h�YaS�Q�\�Q
ZF²<Õ�´¶°¶ê�ñlo�m�Y¶ç%YaSeZ�\VU�_��aYdbVh�Yé`�o%\Tb�U^_,b�YeSVYa\
b�U�_�X¯��Q�S
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��YebVYa�ebVU^_�X ��s�o%\V\To%`'\�U�\�_�o�brb�oÆoÔ��Uuv��ec�s�baê��Ö�¯Q9b�Q�_,ì b�U�`'YRU^_ b�h�Y¨\VYaQ�SV��h ��SVoÆ�aYe��c�STY�Z�b�h�Y
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