
���������
	����������������������	�� �!��"#�$�%��&'(	���)+*-,!,!���$	�� �!�.�0/21354������
�$�6�!�$	�,(7��8�:9.,;� �

<>=8?
@3A6B�CED�FGA6H�I8J�?
KL@
MONQPSRSTSUWVYX[Z8\!M^] _$`SMLabVc] d!RS`e d!fgNihLabXjd!PkalUQmon�U�XjfS`SaLd!h�pk\!qrd!PS\sdt NQMbTSqrPSuWabU�P�v8PSqrw�d!hLMbqracxy Pzd�{lhLUkU�|kqrPSu�M e hbqrw�d
p}a^]l~�U�`SqrM%�S� y2�W�S�^�W�%�c���W���

���
�s�^�i�g�Q�
���:�!�k�!���i���$�c�%��� �b���s�¡��¢i£��^��¤�¢s��¥6¦��L�b�6¤¡�k§i¤�¨%¤�§Q©}�s�������b�%��¤�¢!ª
���s�$«¬¯®�°��^±%�L���c�>«r�b�!°�£�¢s�����b�^£����c�%�������%²³¢!�k±���¦k�O²³�c�L��¨%�O�´��%�c��§#¢s�0²³�!�b±s¤¡���s�l£�¢^�c�c��µj¶·�c�^���#�s�¡��¢i£O�%��¤�¢s�(±!�b�s¸�¦#¤��
¤¡�����b¢i§i©k£��O§��^���l�c¢i¢s��¹¯¢s�º�!�k�!���i�L¤¡��±³£�¢s�����b�^£��»���%¸}����µº¼½�b�sª§i¤���¤�¢s���s�»��¤¡��±s���l�c�%����£O¢s�����b�%£O�c���!��¥6�!�i��¦k�!¨^�:�$��¦�¢s�b�»¸��%��¦
«¯�c��¾%©��L��£��8¢!¹º£�¢s�����b�^£��c�b°6�c¢³��¦��$¢s¸���¤�²³�s�º�c�^���¿�!�¡��¢i£��%��¤�¢!�´�©k�
�s��¬¯®�¸k�^��¦�²³�!�8��¢%�
��À%¤��c��Á�¢s�6¤��
²³�!�8��¢%��´}�$��¦k¢!�b��µ
�����!�k�!���i�����s�Â�s��±%¢!�c¤���¦k²Ã¹Ä¢s��ÅW��§Q¤¡��±[��¦�����¦k¢!�b�c���c��¬Æ®
¸��%��¦gµ
Ç��OÀi�»¥6��¤¡�����b¢i§i©�£���£L�¡©��c�c�L�º£�¢!�����b�%£��c��ÁÈ�c¥6�s¸���Á%�!�k§ ²É©�����¤¡ª
�%±^�L���»£�¢!�����b�%£��c��µ»Êº�%£c¦ ¢s¹���¦k�»¹¯¢s©��»£O¢s�����b�%£O�»���%¸S���»�!¨^¢s¤�§��
�c¢%² ����¢i£��s�Ë¢s¸���¤�²³�³��¦��%�
��¦k�l¢%��¦��L�b�
§W¢��k¢^��µ»Ê�¨^�L�¿¤¡¹º��¦��
¸��b¢%�c¢i£�¢!�»¤�����¾%©�¤¡¸W¸}��§j¥6¤���¦��!�¡�»¹¯¢s©��l���%¸S����Ák��¢i£O�s�º¢s¸���¤�²³���À%¤��c��µ�¼»¢��%�c�c�^£Ì�Í��¦�¤��8¸W�b¢!´W���O²¿Á6¥6��¤¡�����b¢i§Q©�£���Î$Ï
ÐQÑ¿ª
£�¢!�����b�%£��c�»¥6¦�¤�£Ì¦ £�¢%²$´�¤¡�k�
��¦���¤�§W�O�%�»´S�L¦�¤¡�k§³��¦���¹¯¢!©W�Ë���s�cª�¡¤��L����%¸S����¤¡���c¢¿�!�[�^�c¢%²8¤�£ £�¢s�����b�^£��$���%¸S�^µ�¬Ä¹º��¦��8¸��b¢%�c¢sª
£�¢!�W¤��º��¾%©�¤¡¸W¸S�O§�¥6¤���¦>Î$Ï
ÐiÑ¿ª£�¢s�����b�^£��c��Ái�s�����c��¾%©��L��£��
¢s¹¬Æ®(£�¢!�����b�%£��c�������^§W�l�c¢���¦k�$¢!¸k��¤�²³�!�º�c�%�����s�¡��¢i£��^��¤�¢s�#¤¡���
Å��W¤��c�³�i©�²É´S�b�³¢!¹
�c�c�L¸���Ò$�s�Í¢s�b�^£L���LÓ0¢s����¸}��£L©����%��¤�¢s��Ó#¤r�
��¢%�½������§���§8¹¯¢!�º£Ì¦�¢i¢%��¤¡��±8��¦��6¸k�^��¦¿«r��¢$��©�´k�c���»¢!¹gÎ$Ï
ÐQÑ¿ª
£�¢!�����b�%£��c����©�Ô�£�������¨^�L�Õ¥6¤���¦Õ�!�0¢s�b�%£b���!°LµÕ¼6¦W¤���²³�O�s���
��¦��%�»��¦��6²É©�����¤��%±^�L���6�c���!�b£Ì¦ §�¢i������¢%�½������§ �c¢o´��%£c�����b�%£c�Sµ
¼6¦W¤��
¤��$�8¸S¢!¥6�L�c¹Y©W�»�b����©����:¹Ä¢s�$�c² �s�¡�»¸��b¢s´�����²Ö¤¡���c�c�s��£�����µ
×k¢!�Ø���!�b±%�(¢s������Á>��¦k�(�s���i��¤�²³�Õ¹¯���^��©W�b�Õ¢!¹�¢s©��0²É©�����¤¡ª£�¢!�����b�%£���ª���%¸}���s��±^¢s�c¤���¦�²8Ó0¥6¤���¦-¸��b¢!¨s�!´W���3²³¢!�k¢^�c¢s��¤�£
¤�²8¸��b¢!¨%��²³�b���:¢!¹g���%£c¦��%±^�L����Ù �6�c¢s�¡©���¤�¢s��Ó#¤r�l²³¢s�b�6¤�²8¸S¢!�cª�c�s����µgÚ

Û�H:Ü}Ýz?$I�=�Þ½ÜSßL?
H
�[`zVYaLq¯Niu�dsP�a³MLx�MLabd!XjM�Nihbd¿à½d!\!U�XjqrPSu�qrPS\!hLd^NiMLqrPSu�Vrx#qrX�f½U�h �
a�NiPka[RS`Sd�abUáMbaLhbU�Pzu(abds\OTzPSU�VrU�uWxâfS`SMLTãNQPSRäNQfSfSVrqr\^NiaLqYUWP
fS`zVYVc]æå$Tzd(\^NQfgNiàSqrVrqracxäUQmèçÆhbd^éLNiVrVrU�\%NiabqrPSuêaONiML|kM(NiX�UWPSu
NQu�d!PkabM�qYM�Nj|�dsx[md^NQab`ShLd�qYPØMb`S\�TÕMbxkMLabd!XjM^]¿ëcP0X[NiPkx�RzU �
X[NiqrPSM^�:Mbqru�Pzq�ì½\^NiPka¿MON%wkqrPSu�M�\^NQPáàgd0NQ\�TSqrd!w�d!Ráàkx(hLd^NiVrVrU �
\^NQabqrPSujaONiML|kM�NiX�UWPSu�Niu�dsP�aLM^]$pkUWX�d�a�NiML|�M³NihLd qrPSTzd!hbd!PkaLVYx
MLx�Pzd!hbuWqY\W�SNiPSRjMbTSUW`SVrR�abTSd!hLd�mUWhbd³àgd8TgNiPzRSVrd!R�àkx�abTSd8MONiXjd

Ú ÐÈ©�¸�¸S¢s�b�c��§[´���ÇGÐQ×íÏ6¶�®
Ê�Êº®â�!¥6�s�b§#¬¯®l¬Äªîiï!ð%ñWò;ó%ó¿�!�k§Ç$Ði×á±s�b�!���³¬¯®l¬Äªî%ô�ò�ðWò;ó%óiµ[¶·¢s���Lª¯¸��%±%��¸S¢%�c�c�b��¢s�#��¦�¤���¥6¢s�c�
¥6�%�6¸�©W´��¡¤���¦���§j¤¡�#«Ði�s��§Q¦�¢s��²ÃòOî%îÈï%°Lµº¶:����À%¸S�L�c¤�²³�b���c�s� �s���s�¡ª�i��¤��³¢s¹l��¦����c��£�¢s�����b�^£������%¸S���$¤��8¸��b���c�L���c��§[¤¡�Õ«¯¶
�k§��L�b�c�c¢!�Õõ
ÐQ�!�k§i¦�¢s��²�ò�î^î%öW÷gò�î^îiï%°Lµ

NQu�d!Pka%] y PÕaLTSd�UWabTSdsh>TgNQPSRº��MbUWX�d¿aONiML|kM>TgN%wWd�PSd!ukNiabqrwWd
qrPkabdshONi\sabqrU�PSM%�kqrP>_$TSqr\�T�\%NiMbd8qra
qrM
àgdsababdshlaLU�NQVYVrUk\^NQabd�abTSd!X
aLU�RSqùøËdshbd!Pka NQu�d!PkaLM^]lúz`ShLabTSd!hLX�UWhbd��kRSqùø»d!hbdsP�a³NiuWd!PkabM$XÍN%x
T½N%w�d�RSqùø»d!hbdsP�a³hLd!MbUW`Shb\!dsM>_$TSqr\�T#Vrd^NQRSM�aLU�RSqùø»d!hbd!Pka³\^NQfgN �
àzqYVrqrabqrd!MºNQPSR�\!UWMbaLMºm�U�hºT½NiPSRSVrqrPSu$a�NiMb|kM%]ºå$TSqrM�fgNif½d!h6MbaL`SRSqrd!M
a�NiML|ÍNiVrVrUk\^NiaLqrU�P�NiXjU�PSu³MLd!Vùm � qrPkabdshbd!MLabd!R0NQu�d!PkaLM$qYPjabTSd8mUWV �
VrUi_$qrPSu8X�UkRSd!Vk_$TSqr\�T>\%NifSaL`Shbd!M�abTzdGNQàgUiwWdl\!UWPSMbqrRSdshONiaLqrU�PSM%]
ûjüWý
þ6ÿ�%ÿ��½þ������	� a�NiMb|ÕNiVrVrUk\^NiaLqrU�P�fShbUWàSVrd!X�
������������������ �������! "� � �$#%�'&)( � �����*�$ ��+ �����,�'-*( �/. �%���0 � � .�1
�2
3���54�687:9<;>= ?A@CB<DFE�G$HJI�
 . IK�L� � �2�M�N�OIP� . �%���
�I � � �Q+ �����SR�
3� . �	� � ��� I � ���UTO
3� +C��V�� � �2
 . � T � � � � � �����
�! /� � �$#W��X%( � ���Y�I��Z
3�P
3��
 � T � T3TO� .�� �2
3�[�C�$ /� � �$#W� ��\ ��� +��+ �����,��]�& 6^[6_` a�bbbOa & 6^[6_c decgf ("HhI�� � �"i 62j d & 6^�6O_6 k &)( � ���
& 6^�6O_6 l & 6^�6O_m kon  M� � � T3TpRrqkts�uhvxw
t d�`SMbd(N w�NQhbq¯NiPka[Uim�abTSdÕ\sU�Pkabh�Ni\!a#Pzd!a0NifzfShbUkNi\�T	y

_$TzqY\�T�qrM NjRSqrMbaLhbqràS`SaLd!R0Xjd!abTzU�RÂmU�h8X�`Sab`gNQVºMLd!Vrd!\!abqrUWP0UQm
\sU�Pkabh�Ni\!aLU�hbM$NiPzR>\!UWPkabhONQ\!abdsd!M�çpkXjqrabT �%����� é2yámUWhºMONQabqrMcì½\ �
qrPSu¿aONQMb|�ç¯hbd%ébNiVrVrUk\^NiaLqrU�Pº]
å$TSd�PSd�zka³Mbd!\!aLqrU�P#fShLd!MbdsP�aLM�abTzd>`SMLd>UQm
XÍNihLu�qrPgNQVg\!UWMbaLM

NQM�NØàgNQMbqrM�m�U�h�X[Ni|kqrPSu[qYPzRSqrw�qrRS`½NiVrVrxÍh�NiaLqYUWPgNiV³ç¯ë${8é³\!UWP �
aLhONQ\!abM%]6å$TSd!Pº�W\!V¯NiMLMbqr\l\sU�Pkabh�Ni\!aLM
UimgUWPSd�aONiML|>Nia
N8abqrXjdoNQhbd
MLab`SRzqYdsRº]}|Émabd!h$aLTgNia%�kabTShLd!d³PSd!_�\!U�PkaLhONi\sa$acx�f½d!M~y \sVY`zMbabdsh
\sU�Pkabh�Ni\!aLM^�SML_GNQfSM^�SNQPSR�X�`SVrabq¯NQu�d!Pkaº\sU�Pkabh�Ni\!aLM�yäNihLd qrPkabhLU �
Rz`S\!d!R·NiPSR�NiPgNQVYx	�!dsRº]2ú�qrPgNiVrVrx��:\!U�X�àzqYP½NiabqrUWPSM>UQm�abTSd!MLd
\sU�Pkabh�Ni\!aLM�acxkfgdsM NihLd³RSqrMb\!`SMLMbd!R�]

� A6Ý	��ßbH�A6K�Þ»?
BWÜ/�8A B	��I�Þ»?
H
ÜSÝSA6Þ½ÜSßbHr�
å$TzdÍUWhbqru�qrPgNQV
\!UWP�aLhONQ\!a�PSdsa#çpkXjqYaLT �%���W� é�VÄNQ\�|�d!RáN[mUWh �
X[NiVkX�UkRSdsVkmU�h6X[Ni|kqrPSu�àSqrRSRzqYPzu�NQPSR�N%_$NihbRzqYPzu�RSd!\sqYMLqrU�PSM%]
� ¼6¦W¤���§��LÅW��¤���¤�¢s�0±^�L�k�b�b�s�¡¤������ ¥o¦��%�$�!�b�³£��!�¡����§t��¼»�^���ÍÎ:�c¤¡ª�L���c��§/��¢%² �s¤¡�����á«¯®:¢^�c�L���c£Ì¦��L¤¡�äõ�����¢^���i¤¡�2ò�î%îQ�i°Lµ2Ð%¸S��£b¤¡ÅWª

£��s�¡���%Á�¥6���s�¡��¢!¥��%�c�i²³²³�O���c¤�£[£�¢%�c�¿¹Y©W��£���¤�¢s�����%²³¢!�k±0�%±%�b���c�«¯�%µ ±�µ»§i©k�$�c¢$§i¤��S�L�b�L���6�b���c¢!©W�b£O���b°Lµ6���
�s���c¢³�!�¡��¢s¥Õ¹¯¢!�6��¦��:¸S¢^��ª
��¤¡´W¤¡�¡¤������¦k�^���c¢^²³���^±%�L���º²³�!�8´S�6©��k�!´W���$�c¢$¦k�!�k§i���$�c¢%² �:�c�O�c�¢s¹º�c�%������µº¼6¦�¤��:¤��:�b�b¸W�b���c�b���c��§¿´����³£�¢%�c�
¢!¹»¤¡�WÅ��W¤���%µ� ¶:����¦�¢s©�±s¦�¥ �:�!�k�!���i���$��¦����c�c�%��¤�£l¨%�L�b��¤�¢!��¢!¹½��¦��:¸��b¢s´�����²¿Á
��¦k�³£O¢s�����b�%£O��¤¡�k±��c£Ì¦���²³� ��¦k�^�$¥6�8¥6¤¡�¡�6¸��b���c�L���$¥ ¢s�c���$��¨^�L�j¤¡¹�c�%�����6�!�k§8�b�O�c¢s©��b£�����«r�b���c¢!©W�b£O���6�M�}��£��º��¦k�
£�¢^�c��¹r©���£���¤�¢s���b°��s�b�
�%§�§W��§��!�k§¿�b�O²³¢!¨%��§�§��%�k�^²8¤�£��!�¡���%µ



pk`z\OT�N X�UkRSd!V�_�U�`zVYR·NiVrVrUi_�U�PzdÕabUáRSd!wWd!VrU�f·X�dsabTSUkRSM
aLTgNia$fShLUiw�NiàSVrx�Vrd^NQR�aLU>RSdsMbqrhONQàSVrd�aONQMb|�NQVYVrUk\^NQabqrU�PSM�NiX�UWPSu
NQu�d!PkabM%] t d�m�U�VrVrUi_·abTSd�NQfSfShbUkNi\�TÕUim�çpzNiPSRSTzU�VrX �%����� é!�
_$TSdshbd�\sU�Pkabh�Ni\!aLqYPzu Rzd!\!qrMbqrU�PzMlNihLd$àgNiMLd!R�U�P¿XÍNQhbu�qrPgNQVi\!U�MLa
\^NQVr\!`SV¯NiaLqYUWPSM^]ÉëcP#MbUjRSU�qrPSu�_�d�qrPkw�U�|Wd³abTSd�\sU�PS\!dsfSa�Uim 
3� 1
��
��Q
,� � � T � � ��
3��� � T
3� � U�P�N8f½d!h�\!U�Pkabh�Ni\!a�àgNQMbqrM^]J|â\!UWP�aLhONQ\!a
qrM³qrPSRSqrwkqYRz`gNiVrVrx�hONQabqrU�PgNQV$ç¯ë${�é8aLUÍNiPÕNiuWd!Pka³q�m�abTgNQa�NQu�d!Pka
qrM�à½d!aLabd!h³Uiø�_$qYaLT[abTSd�\sU�Pkabh�Ni\!a8abTgNQPÍ_$qraLTSU�`Sa$qra%]��0å$TSqrM
qrX�fzVYqrd!M»qrPSRzqYwkqrRS`gNQV�h�NiabqrUWPgNiVrqracx�UQmgMbd��k`SdsPS\!d!M$UQmg\!U�PkaLhONi\sabM^]
pkf½d!\!qùìg\^NQVrVYxk�
NØ\!U�Pkabh�Ni\!aLd!d��íNQ\!\!d!fSaLMÍNØ\!U�PkaLhONi\sa�q�m�qra

uWd!abM8fgNiqrR�XjU�hLd�abT½NiP[qrabM$XÍNQhbuWqYP½NiVS\!UWMba
�
	���� ç3&���� ^�_�� � � _�� &��Èé k 4��Sç3&���� ^[_�� � � _ @ &���é��/4��kç3&���é

UQm TgNQPSRSVrqrPSu#abTzdÍa�NiML|�M'& ��� ^[_�� � � _ Uim³abTSd[\!UWP�aLhONQ\!a^] å$TSd
X[NihbuWqrPgNiV½\!U�MLa³qYM8RSxkPgNiXjqr\�qrP[abTSd�MLd!PSMLd�abTgNQa�qra$RSd!f½d!PSRSM
UWPÍaLTSd�UWabTSd!h$a�NiML|�M & � abTgNQa$abTSd³\!UWP�aLhONQ\!abd!d�NiVrhLd^NiRSxjTgNiM%]
pkqrX�qrV¯NihLVrx�� N�\sU�Pkabh�Ni\!aLU�h��áqrM�_$qrVYVrqrPSu#aLU(NiVrVrUk\^NiaLdÍaLTSd

a�NiMb|kM & ��� ^[_�� � � _ mhbUWX qraLMl\!`zhbhbdsP�a8aONQMb|�Mbdsa &���abU¿abTSd³\!UWP �
aLhONi\sabd!d³qùmºqra T½NiM�abU�fgN%x¿abTzd$\!U�Pkabh�Ni\!aLd!d³Vrd!MbM�abTgNQP�qra
MON%wWd!M
àkx�PzU�a$TgNQPSRSVrqrPSu>aLTSd³aONQMb|kM & ��� ^�_�� � � _ qYaLMbd!Vùm 7
�
	 ���! �!" � ç3&���� ^�_�� � � _#� & � é k 4 � ç3& � é$��4 � ç3& � � &���� ^�_�� � � _ é b
ëcP·abTzdÕfShbUWabUk\!U�Vc��NQu�d!PkabMØabTSd!P·ML`Su�uWd!Mba�\!UWP�aLhONQ\!abM�abU

d^NQ\�TâU�aLTSd!h^�$NQPSRáXÍNi|Wd�aLTSd!qrh�Ni\!\sd!fSabqrPSu�%ihLd'&�d!\!aLqrPSu(RSds\!q �
MLqYUWPSM�àgNQMbd!RâUWP(aLTSd!MbdØXÍNihLu�qrPgNQV
\!U�MLa�\^NQVr\!`SV¯NiaLqYUWPSM^]�|�P
NQu�d!Pka6\^NiP�aONi|WdlUWP�à½U�abT�\!U�Pkabh�Ni\!aLU�hlNQPSR�\!UWPkabhONQ\!abdsd$hbU�Vrd!M%]
ëca$\^NQP#NiVrMbU�hLd!\!UWP�aLhONQ\!a�UW`Sala�NiML|�M$aLTgNia$qra�hbd!\sd!qrw�d!R#d%NihbVrqrd!h
wkq¯N(NQPSU�aLTSd!h�\sU�Pkabh�Ni\!a%]�å$TSd0ML\�TSd!X�dØRSUkd!M[PSU�a[NiMbML`SX�d
aLTgNia�NQu�d!PkabM�|kPSUi_áabTSd³a�NiMb|kM�U�h�\!U�MLa�m`SPS\sabqrU�PSM�UimºUWabTSdshbM^]
t qrabTØabTSqrM³RSU�X[NiqrP[qrPSRSd!f½d!PSRSdsP�a�\!U�Pkabh�Ni\!aLqrPSu[Mb\�TSd!Xjd��

aLTSd$aONQMb|>NQVYVrUk\^NQabqrU�P³\^NQP>UWPSVrx�qrX�fShLUiw�d
Nia�d^Ni\�T�MbaLd!fº]6å$TSqrM
\!UWhbhLd!Mbf½U�PSRzMlaLU TzqYVrV � \!VrqYX�àzq�PSu�qrP>aLTSdlMLfgNi\sd$Uim»aONiML|>NiVrVrUk\^N �
aLqYUWPSMº_$Tzd!hbd
aLTSd
TSdsqYuWTka � X�d!aLhbqr\ºUQm}aLTSd
TSqrVrViqrM»MbUk\!q¯NiVW_ldsV�mcNihbd
ç(�*) 62j d 4L6Oç,&p6cébés]ºå$TSd�mcNi\!a6abT½Nia
aLTSd$\!U�PkaLhONi\sabU�h:fgN%xkM aLTSd
\!UWPkabhONQ\!abdsd�MbU�Xjd�NiX�UW`SPkalà½d!ac_�d!d!P�abTSdsqYh8XÍNQhbu�qrPgNQVg\sU�MbaLM
çÆd�] ug]�TgNiVùmg_$N%x³àgd!ac_�d!d!P½é
\^NQ`SMbdsM
abTSd$à½d!PSd;ìga6mhLU�X·abTzd$qYX �
fShLUiw�d!R�aONQMb|0NQVrVYUk\^NQabqrU�P[aLUÍà½d¿RSqrw�qrRSdsR#MbU[abT½Nia�PzUÂNQu�d!Pka
qrM$_�U�hbMLd�Uiø�_$qYaLTÍN¿\!UWPkabhONQ\!a$abT½NiP[_$qrabTSUW`Sa$qra^]
+ ¼6¦W¤��»§i¤��S�L�b�½¹r�b¢^² ¸��!�%¢��¿² �%À%¤�²8¤��L¤¡��±��%±%�b���c�»¢s¹�±%�%² �6��¦k�bª

¢s�b�Õ«¯Ñ��%��ª Ï6¢s���b�¡�¯Á$�Ø¦�¤¡�k�c�c¢!�½ÁÉõ-,:�b���L�íò�î%î/.Q÷ ×W©k§��L�i´S�b�b±�õ¼6¤¡�b¢s����ò�î%î�ò!°Lµ Ð%©k£c¦��!���%±^�L���6²³�!�³�b�10c�O£��6�s��¬¯®Õ£�¢s�����b�^£��
�%µ ±�µ
¤¡¹$¤��³´S�L�¡¤���¨^���¿��¦��%�³¤���£�¢s©���§�´S��´S���c�c�L�>¢M�Õ´��#¥6�!¤���¤¡�k±�¹¯¢s�>�²³¢s�b�
´S�L���LÅ�£L¤��s�Ë£�¢s�����b�^£��6��¦��%�º£��s���k¢^��´S�l�%£�£��b¸k�c��§³¤¡¹Ë��¦k�6¹¯¢!�cª
²³�L��£O¢s�����b�%£O��¤�� �%£�£��b¸k�c��§(«¯�%µ ±Wµ#§i©k�>�c¢.�¡¤�²8¤��c�O§��b���c¢s©��b£����b°LµÐÈ¤�²�¤¡���s�c�Y�%Á6��©�£Ì¦Â�s�Í�%±%�b���8²³�!���^£�£��L¸��$�¿�k¢!�Wª ¬¯®ê£O¢s�����b�%£O�É¤¡�
�s����¤�£L¤¡¸��%��¤�¢%�Í¢s¹Ë�³�c�%���L�b±s¤�£����^�c�L�$£�¢!�����b�%£�� ��¦k�^�:¥6¤¡�¡�Ë²³�s�È����¦��
£�¢%²$´�¤¡�k�^��¤�¢s��´S�L���LÅ�£L¤��s�¯µlÎ:©�� �s¸�¸W�b¢^�%£c¦¿¤��º²³¢s�b�6¸��b�%£���¤�£��!�S´S�Lª
£��s©��c���O�%£c¦�£�¢s�����b�^£��º£��s�³´}�:² �%§��o´��$�O¨s�!�¡©k�^��¤¡�k±�0�©��c�»�$��¤¡��±s���
£�¢s�����b�^£��8«¯�O�%£c¦�£�¢!�����b�%£��6¸��s�b������¨!�!�¡©k�^��¤¡�k±>¢s�����k��¥(�c�%���>�c���b°
¤¡�k�c�c�O�%§�¢s¹�§W¢!¤¡�k±$�OÀ%¸S¢s���L����¤��s�S��¢i¢!�%�!¦k�O�%§8¤¡���c¢$��¦���¹r©���©W�b�^µºÎ:©W�§W�O¨%¤��%��¤�¢s��¹r�b¢^²�±%�^²³�$��¦���¢s�b��£�¢^²³���6�^�:��¦���£O¢%�c�6¢!¹»�k¢^��´S�L¤¡��±
�s´����¿�c¢��k¢!�b²³�%��¤�¨^�L���[±s©��s�b�!���c������¦k�^�$�¿�c�L�¡¹YªÆ¤¡���c�b�b���c�c��§#�%±^�L���¤��8´S���c� ¢M�#´��.¹Ä¢s�¡��¢!¥6¤¡�k±#��¦����c���b�^�c��±%�0«¯¢s¹
�^£�£��L¸���¤¡�k±Í�s���#¬¯®
£�¢s�����b�^£��c�b°:��¦��%�
¥6��¸��b¢s¸}¢%�c�%µ

å$TSd:Mb\�TSd!Xjd qrMºNQP � � � �2
 \ � � T + � � 
3�I \ 7g\sU�Pkabh�Ni\!aLqYPzu$\^NiP
à½d�abdshbX�qrPgNQabd!R�Nia�NiPkx[abqrX�dW�ËNQPSR�abTSd¿_lUWhbaLTíçÆfgN%xkX�d!PkabM
hLd!\!d!qrwWd!RÕmhLU�X�UWabTSd!hLM�X�qrPk`SM8\!U�MLa�UimlT½NiPSRSVrqrPSujaONiML|kMOé³UQm
d%Ni\�TâNiu�dsP�a32 M�MbUWVY`zabqrU�PÕqrPS\!hLd^NiMLd!M�XjU�PSUWabUWPSqr\^NiVrVrx�]jëca�mUWV �
VrUi_$M�aLTgNia�MbUk\!q¯NiV
_�d!Vùm NQhbd�qrPS\!hLd^NiMLd!M�X�UWPSU�aLU�PSqr\^NQVYVrx�] e d �
a�NiqrVrM�UWP0NiPÕNiMLx�Pz\OTzhbU�PzU�`SM³RSqrMbaLhbqràS`SaLd!R�\!U�Pkabh�Ni\!a³PSdsa�qrX �
fzVYdsX�d!PkaONQabqrU�PáàgNQMbd!R�U�P�XÍNQhbuWqYP½NiV�\!U�MLabM#\^NQPäà½dØmU�`SPzR
qrPÕçpzNiPSRSTzU�VrX �^�W��� é!]
40KbA6BkBkßbÞ�Þ»?
H
ÜSÝSA6Þ½ÜSB(?65Â?
H �âÜSA6B�73A�ÜíA·ÜSßL@��

8:9<; Þ»?:H
ÜSÝSA6Þ½ÜSB>=
ëcP X�UWMba�\!UWPkabhONQ\!a�PSd!a�qrXjfSVrd!X�d!PkaONQabqrU�PSM%�»d^NQ\OTá\!UWPkabhONQ\!a
hLd!u�NQhbRSMjU�PSVrxÕUWPSd[aONiML|âçpkXjqrabT �^�W���>? pkd!P �^�W���@?BA `DC
ëcMLTSqrRgN �^�W�FE é!] t d�PSUi_êmU�hLXÍNQVYq�!d$aLTSqrM$\!U�PkaLhONi\sa$acx�f½d[7
ûjüWý
þ6ÿ�%ÿ��½þ<G
H � yÉ� \!UWPkabhONQ\!a�
 � ����������� ��� �AV�� 
 �
]2& 61I m aKJ 61I m f ( HhI�� � � � & 61I m � k � u & 61I m 
�x�OIP�"� � �$# ���Q� G$
,� 1. T � ��
3� + �����)� � �~#LX��I � � ��+ ����� R + 
��Q�M� ��� �Q+ �Q�P� s ( � ��� J 61I m
 ���I�� . ����� � �[. � V � 
 . �S�I � � R VU��� ���2� s  �� � I � ���	T
3� + �OIP�
� � �$# ���Q� u

{t1},{t2},{}

{},{t1,t2},{}

|A|=3, |T|=2
v=|A||T|

e=(|A|-1)|T|v/2

T1, T2, T3
(=1's tasks, 2's tasks, 3's tasks)

{},{t2},{t1} {t1,t2},{},{} {t1},{},{t2}

{t2},{t1},{} {},{t1},{t2} {t2},{},{t1} {},{},{t1,t2}

ú�qru�`zhbd � 7ML � �$# � T3T� .�� �2
3��� + � ��V I u L I��N��� � ��
 . �M� � � V � �M�L�����
� � �$# � T3T� .�� ��
3���	��( � �P�S�I�� � � + �M� � � V � ��������� � 1$. �[�P� � �[. �3� u
úzU�h�NiPkx#fzhbU�àzVYdsX qrPSMba�NiPS\sd��6abTSd�UWfSabqrX[NiVºa�NiML|èNQVYVrUk\^N �

aLqrU�P[\^NiP[à½d³hbd^NQ\OTzd!R#wkq¯N yÉ� \!U�Pkabh�Ni\!aLMQ7
O��%��P}�»�sÿ�%ÿ��½þ��RQSO8�S�3TVUWH VU� �OI �$ � 1$. �[�P� � �[. �3� � TOH �[� �
��X�
���3�h � � \C� � � � � �$# � T,TO� . � ��
,�[�'�2���I�� � V �2
 \ � T �[��� u L IP�
T�Q� + �I"�! *�OIP�*�$IP� � �2�����e� � . I V�� �I"
 � � � \ �%��� � & � u
O��%� �@Y�Z å$TSd�fgNQabT�\^NiP�àgd�\!UWPSMbaLhb`S\!aLd!R2àkxáX�UiwkqrPSu
UWPSd�a�NiMb|#NQa N¿abqrXjd$mhLU�XÃabTSd>NQu�d!Pka8abTgNQa�qrPSqrabq¯NiVrVrx¿TgNiM8qYa
aLU0aLTSdÍNQu�d!Pka¿abTgNQa�TgNQM>qra�qrP(aLTSd�uWVrU�àgNQVYVrx[U�fzabqrXÍNQV a�NiML|
NQVrVYUk\^NQabqrU�P�]6[
å$TSqrMâXjd^NiPzMâabTgNQaäqùmíNQu�d!PkabM�\!UW`SVrR�\^NihLhbx�U�`zaâm`zVYV

VrUkU�|�NQTSd^NQR	yâ_$TSqr\OT�qrM�qrX�f½U�MbMLqràSVrd$qYP[NiVrV½àS`Sa$abTzd MLXÍNQVYVrd!MLa
fzhbU�àzVYdsX3qrPSMba�NiPS\!dsM�y yÉ� \!UWPkabhONQ\!abM8_lUW`SVrR�Mb`�\�\sd aLU>hLd^Ni\�T
aLTSd[U�fSaLqrXÍNiV:aONiML|íNQVYVrUk\^NQabqrU�P�àgds\^Ni`SMLd0NiuWd!PkabM�_�U�`SVrR àgd
_$qrVrVrqrPSu�abU[abdsX�f½U�hONQhbqrVrx[X�Uiw�d³aLUÍ_�U�hLMbd�a�NiMb|�NiVrVrU�\%NiabqrUWPSM
qrPáU�hLRSd!h[abU�ì½PgNiVrVrxÕhbd^NQ\�TâabTSd�U�fzabqrXÍNQV
U�PSdW]^]8Ui_ldsw�d!h%�
_$Tzd!PäNiuWd!PkabM�`SMLd#qrPSRSqrwkqrRS`gNiV�hONQabqrU�P½NiVrqracxèNQM�N�\!hbqrabdshbqrU�P
m�U�h
\!UWPkabhONQ\!abqrPSu½�iabTzd!x>_$qrVrVSPSUWa
Ni\!\!dsfSalaLTSd$abdsX�f½U�hONQhbx�Rzd �
\shbd^NQMbd¿qYPjMbUk\!q¯NiV»_�d!Vùm NQhbd�]6ëca$aL`ShbPSM$UW`Sa$abT½Nia$abTzqYM$Vrd^NQRSM$abU
VrUk\^NQVSU�fSaLqrXÍN�yâd!wWd!P�qùm»abTSd!hLd�_�d!hbd³NiP¿U�h�Ni\!Vrd�mUWh
\�TSUkU�MbqrPSu
aLTSd�MLd��k`Sd!PS\!d¿Uim6ë${â\sU�Pkabh�Ni\!aLMQ7



O³�%��P}�»�!ÿ��%ÿ��½þRGRQ���� P6�S�3T U�� ����� \ � 
3�	��� � � . ���S�! S� � �
� � �$# � T,TO� . � ��
,�[� V � � � TO� \ ( �P� V�� �I"�! ���8� 1$. ����� � �[. �,� ��X 1

���,�  � � \ �I�� 
3��
3�2
 � T � T,TO� . � ��
,�[�x���'�I�� � V ��
 \�� T ����� u L I��
T�Q� + �IZ�$ x�I��x�$IP� � �2����� ��� V�� �ING!
  S����� �SX�
���3�2X \ �[��� �+ � � � �2� � �OI � � � & � u
	 �[H}�3�Q� � (x�OIP���$I�� � ���M��� ��� V�� �IC
�
���3��� � T�[� + � � �OI � � � - � c ; c �áç � - � � � é � & � u��
pkqrPS\sdíaLTSd(Pk`SX�à½d!h#UQm�aONQMb|·NiVrVrU�\%NiabqrUWPSM#qrM � - � c ; c �¿abTSqrM
Xjd^NiPSM�abTgNQa PzU�a>NQVYV:aONiML|èNQVrVYUk\^NQabqrU�PzM \%NiPÕà½d�w�qrMLqYaLd!RÕU�P
aLTSd�MbTzU�hbaLd!Mba8ë${�fgNiaLT[abU¿abTSd�UWfSabqrX�`SX#]
����������������������! ����#"$�%�& %�('%)*�,+&���
t d#X[NiqrPSVrx�`SMbd#aLTSd#a�NiMb|âNQVYVrUk\^NQabqrU�P u�hONQfSTáabUáNiPgNQVYx	�!d
\!UWPkabhONQ\!a[acxkfgd!M%]
]�Ui_�d!wWd!h^�$qùm³abTSd#fzhbU�àzVYdsXæqYPzMbaONQPS\!d#qrM
PSUWa³w�d!hLxÍV¯NQhbu�dW�gaLTSd¿u�hONQfST�\^NiP0NQ\!ab`½NiVrVrxÍà½d¿\!U�PSMLabhL`S\!abdsR
NQPSR0`zMbd!R�abUj\OTzU�UWMbd�N�MLd��k`Sd!PS\!djUiml\sU�Pkabh�Ni\!aLM^]³å6UÍN%wWU�qrR
`SPzPSd!\!d!MLMONQhbx�PSd!u�UWabq¯NiaLqrU�PSM%�lqra�qrM�RSd!MLqrhONiàzVYdØabUÕX�qrPSqrX�q�!d
aLTSd�Pk`SX�à½d!h�UQmG\sU�Pkabh�Ni\!aLM>_$TSqrVrd�MLabqrVrV
hbd^NQ\�TSqrPSu[abTSd�UWfSabq �
X[NiVkaONQMb|>NQVYVrUk\^NQabqrU�Pº]�å$TSd�NifSfzhbU�NQ\�T>qrM6abU³ì½hbMba:RSd!abdshbX�qrPSd
aLTSd�UWfSabqrXÍNQV6aONiML|èNQVrVYUk\^NQabqrU�PØw�q¯N#NjVrqrPSd^NQh�fgNiMLM>aLTShbUW`Su�T
aLTSd�wWd!hbaLqY\sd!M^]�-�d�zka^�6àzhbd^NQRSabT � ìghLMba � Mbd%Nihb\�TâqrM�hL`SPÕU�PÕaLTSd
uWhONifzTâMba�NihbaLqrPSu�mhbUWX aLTSd#qrPSqrabq¯NQV$aONiML|âNiVrVrU�\%NiabqrUWPº]áå$TSd
UWPSVrx�RSqùøËd!hLd!PS\!d³qrM�abTgNQal_$TSdsPÍqrPSMLd!hbaLqrPSu>\�TSqrVrRShLd!P�qrPkabU�aLTSd
UWfgd!PjVrqYMLa^�WabTSd�NQVru�U�hLqrabTSXÖU�X�qraLMº\�TSqrVrRShbd!PjabTgNQa
TgN%wWd$VYUi_�d!h
MLU�\sqÄNQV
_�d!Vùm NihLd�abTgNQP0aLTSd�fgNihLd!Pka�ç¯aLTSd!MLd�\!UWP�aLhONQ\!abM¿_lUW`SVrR
PSUWa$àgd�ë${�é!] t TSd!P[abTSd�Mbd^NQhb\�T#hbd%Ni\�TSd!M³abTzd UWfSabqrX[NiV½aONiML|
NQVYVrUk\^NQabqrU�P[m�U�h�aLTSd¿ìghLMba³abqrX�dW�gaLTSd¿MbTSUWhbabdsMba�ë${ÖfgNQabT�TgNiM
à½d!d!P[m�U�`SPSR�]6ë�m abTzd�Mbd^NQhb\�T#aLd!hbXjqYP½NiabdsMl_$qrabTzU�`Sa$hLd^Ni\�TSqrPSu
aLTSd�U�fzabqrXÍNQVSw�d!hLabd�z»�½PSU¿ë${�fgNiaLT�d�zkqrMbaLM^]
ëca�qrM³|kPSUi_$P#aLTgNia8àShbd^NQRSabT � ìghLMba � MLd^NihL\OT hb`SPzM qrP/..ç1032

4%éjabqrX�d��:_$TSd!hLd50 qYMjabTSdØP�`zX�àgd!h�UQm�w�d!hLabqr\!d!M#NiPzR�4#qrM
aLTSd�Pk`SX�à½d!hlUQm d!Rzu�d!M8qYPjabTSd³uWhONifzTèç�n�U�hLX�d!Pº�k~»dsqYMLd!hbMLU�Pº�
C {$qrw�d!MLa �^�W��� é!]�63å$TSdshbd#qrM�UWPSd[w�d!hLabd�z�mUWh>d%Ni\�TáaONiML|
NQVYVrUk\^NQabqrU�Pº�½MLU70 k � - � c ; c ]�å$TSd¿Pk`SX�àgdsh�Uim$d!RSuWd!M³qrM aLTSd
M�NiX�d�Nia�d%Ni\�TäwWd!hbaLd�z 7 � & � ç � - � � � é!]�å$TSqrM�qrMjàgd!\%Ni`SMLd
qrP(NiP yÉ� \sU�Pkabh�Ni\!a%�
NiPkx0a�NiML|0\^NQPÕàgd�aLhONQPSMcmdshbhbdsRíaLU#NiPkx
NQu�d!Pka�d�zk\!d!fza�qrabM¿\!`ShLhbd!Pka�TzU�VrRSd!h%]ípkU½�84 k " v

� & � ç � - � �
� é!]Öå$TSd!hbd;mU�hLd���aLTSd�abU�a�NiV³hb`zPSPSqrPSuÕabqrXjdÍqrM9.�ç � - � c ; c 2c dec;: <=:
v

� & � ç � - � � � ébé?>�.�ç � & � � - � c ;A@ ` c é�>�.�çB0�C 0ké!]
D,�,+A"� E�A���� $ 9�AFHGJI�K����A��"$+AK��� 
å6U�u�d!a�NQPíqrPkab`zqYaLqrU�P(Nià½U�`za>aLTSd[Mbd^NQhb\�TâMbf½Ni\!d#qrP _$TSqr\OT
\!UWPkabhONQ\!abqrPSuÕUk\!\s`ShbM%�l_�d[MbTSUi_5abTgNQa>aLTSd[aONiML|(NiVrVrUk\^NiaLqYUWP
uWhONifzT(à½d!\!U�Xjd!M>NQhbàSqrabh�NihLqYVrx#MLfgNihLMbd#NiM�abTSdjfShbUWàSVrd!X�Mbq�!d
qrPS\!hLd^NiMLd!MQ7
O³�%��P}�»�!ÿ��%ÿ��½þML�N ��� � - ��O 9 � ��� � & ��O 9 uQP �[He(�R ��� + ����
,�* � T3T � . �[���P� . �2� � + � �LV I = �/� � � & � =>D � �
H}�MT3T � � HJI���� � - � = D u
S ÐQ¢^²³��¸��b¢i¢s¹¯�l�s�b�$¢%²�¤��c�c��§¿¹¯¢s� ´W�b��¨%¤���%µ
T ¼6¦W¤��º�%�c��©�²³���º��¦k�^�»��¦k� ±s�b�s¸�¦³©��c���º�s���^§ 0c�^£��L��£��$�¡¤��c���b�L¸�ª�b���c�L���c�^��¤�¢s�gµl¬Ä¹S�k¢^��Ái´W©�¤¡��§Q¤¡��±¿��¦�¤��6�b�L¸��b���c�L���c�%��¤�¢!��¹r�b¢%²ä�8§i¤���ª

�c�s��£���²³�%���c¤�À��b��¾%©W¤¡�b�O�VU8«1W � °6��¤�²³�%µ

O��%� �@Y�Z �X dsRSu�d!M8qrP�m`SVrVrx�\!UWPSPSd!\!aLd!R�u�hONQfST k
: Y=: : <�:Z c ; c\[3c dec\] `_^` Z�a `Z k c ; c\[,c dec\] `_^c dec : <b: ] ` ][å$TSqrM>NifSfzhbU�NQ\�TSd!M � _$TSd!P� - �cO 9 NiPSR � & � = D�]·ëca[NiVrMbUáNifSfzhbU�NQ\�TSd!M � _$TSd!P� & �$O 9¿NiPSR � - � = Dä] [

40KL=�BWÜ��ºÝáÞ»?
H:Ü}ÝzA Þ½ÜSB 8 4 ; Þ»?
H
ÜSÝSA6Þ½ÜSB>=
v8MbqrPSujU�PSd�a�NiML|Íf½d!h³\!UWP�aLhONQ\!a³qYM8qrPSMb`�\�\sqYdsP�a�7�abTSd�NiuWd!PkabM
X[N%x$u�d!a�MbaL`S\�| qrP�N$VrUk\^NQV�U�fzabqrX�`SX·ç¯qùmSabTSd:\!U�MLaºU�h�md^NQMbqràSqrV �
qracx8UimS\^NihLhbxkqrPSu$U�`za N�aONQMb|8RSd!f½d!PSRSM6U�P³aLTSd
\^NQhbhbxkqrPSu8U�`Sa»UQm
UWabTSdsh
aONQMb|kM^�iUWh
Niu�dsP�aLM6TgN%w�dlNQMbxkX�Xjd!abhLqr\ \sU�Mbaom`SPS\!aLqrU�PSM�é!]t d�PSUi_�mU�hLXÍNQVYq�!d�N.\!U�Pkabh�Ni\!a³acxkf½d>aLTgNia�NiRzRShbd!MLMbd!M�abTSqrM
fzhbU�àzVYdsX 7
ûjüWý
þ6ÿ�%ÿ��½þdL
H \!Vr`SMLabd!h#\sU�Pkabh�Ni\!aÕçn � \!UWP�aLhONQ\!aOé�
 � ��� 1
������� �Q� � VU� 
 � ]�& 61I m aKJ 61I m f ( HhI�� � � � &p61I m �fe � u & 61I m 
�*�OIP�
� � �$# ���Q�)�I � � ��+ ����� R + 
������S�2� ��+ ����� s ( � ��� J 61I m 
�'�OIP�. ����� � �[. � V � 
 . � �OI � �)R V��[� �"�2� s  �� � I � ���UTO
3� + �I�� � � �$#
����� u

Agent 2's tasks

t1
t2

Agent 1's tasks

ú�qru�`ShLd*9�7,g X �[\rV T���! �S. T � ����� � . �[��� � ��. � u
n � \!U�PkaLhONi\sabM�qrPSRz`S\!d�N�MLd!a�UQm d!Rzu�d!M8qYPjabTSd�aONiML|ÍNQVYVrUk\^N �

aLqrU�P�uWhONifzT�abTgNQa6qYM�RSqrM &�UWqrP�a½m�hbU�X·aLTSd�Mbd!a6UimSd!Rzu�d!M
qrPSRz`S\!d!R
àkx yÉ� \!U�PkaLhONi\sabM^] å$TSqrMÍVrd^NQRSM[abUân � \!U�Pkabh�Ni\!aLM0N%w�UWqrRSqrPSu
MLU�Xjd�Uim�aLTSd[VYUk\^NQV$U�fSaLqrXÍN[UQm yÉ� \sU�Pkabh�Ni\!aLM0ç yÉ� \!U�PkaLhONi\sa
NQVrMbU(N%w�UWqrR(MbUWX�djUim aLTSd#VrUk\^NiV$UWfSabqrX[N[Uim>n � \!U�Pkabh�Ni\!aLMOés]
å$TzqYM$qrMLMb`Sd�qrM:mU�hLXÍNQVYq�!dsR�VÄNQabd!h$qrP[å$TShLX � ]
å$TSdÖPSd!d!R-mUWhäV¯NQhbu�dshäaLhONiPzMcmd!hLM·qrMä_�d!VrV0|kPSUi_$P-qrP

\sd!PkabhONQVrqO�sd!R2qrabdshONiaLqrw�d�hbd�ìgPzd!X�d!Pka#UWfSabqrXjqO�%NiabqrUWPãç�~»qrP
C
h d!hLPSqru�TgNQP �%��iS�$? t NiaLd!hbM �^���$i és�ºàS`za>TgNQM�à½d!d!PáTSqrMbaLU�hbq �
\%NiVrVrx�qru�PSUWhbd!RØqYP�Ni`SaLU�XÍNQabd!RjPSd!uWU�abq¯NQabqrU�Pº] {Éd!\!d!PkabVrxk�½abTSd
å {r|�n y -kj6åÕMLx�MLabd!XÖd�zkabd!PzRSd!R�abTzd
\!U�PkaLhONi\sa Pzd!a6abU�T½NiP �
RzVYd¿aONQMb|#qrPkabdshONi\sabqrU�PSM�à�xØTgN%wkqYPzu�abTzd�NQPSPSU�`zPS\!d!h�\sVY`zMbabdsh
a�NiML|�M8qrP�aLU>MLd!abM³aLU�àgd³PSd!uWU�aLqÄNQabd!R#NQabU�Xjqr\^NiVrVrx�çpzNiPSRSTzU�VrX�%���W� é!] |�Vrabd!hLPgNiaLqrw�d!Vrxk�ºaLTSd�àSqrRSRSd!h�\!U�`SVrRÕTgN%wWd�RSU�Pzd�abTSd
\sVY`zMbabdshbqrPSu�àkx[\!UW`SPkabd!hLfShbUWfgUWMbqrPSug]$~�Niabdsh^�»N¿fShbUWabUk\!UWV _$NiM
fzhbd!MLd!Pkabd!RjabTgNQa
u�d!Pzd!hONQVYq�!dsM
abTSqrM6àkx>NiVrVrUi_$qrPSu$d!qrabTzd!h
fgNQhbacx
aLU³RSU³abTSd$\!Vr`SMLabd!hLqrPSu>Nia
NQP�x�MbaONQu�d$UQmËaLTSdlfzhbU�aLUk\!U�V6çpSNQPSR �
TzU�VrX C2~�d!MbMLd!h �^�W�FE és]
ëcP¿MbUWX�d�PSU�P � Ni`zabU�X[NiaLd!R�NiVrVrU�\%NiabqrUWP�Mbd!aLabqrPSuWM^�WabTSd$PSdsd!R

m�U�h¿\!Vr`SMbaLd!hbM�TgNQM>hLd!\!d!PkaLVYxÕà½d!d!PáhLd^NiVrq�!d!Rº]ÕúzU�h�dMz}NQX�fSVrd��
_$Tzd!P�abTSd$úzd!RSd!h�NiVgn�UWX�X�`SPSqr\^NQabqrUiPSMºn�UWX�X�qùMbMLqYUWP>ç�úºn$n$é
NQ`S\!aLqYUWPSM
Niqrhb_$N%w�d:àgNiPSRz_$qYRzabT³mUWh6hbd!MLabhbqr\!aLd!R�u�dsU�u�h�NifSTzqY\%NiV
NQhbd^NQM^��abTSd¿àSqrRSRSdshbM#2�w�NiVr`gNQabqrU�PzM�mU�h³abTzd�NQ`S\!abqrUWPSd!R�qYaLd!X�M
Rzd!fgdsPSR�U�P¿_$TgNia6UWabTSd!h6qrabdsX�MºaLTSd!x>NQhbd$N%_GNQhbRSdsRÍç��[\�|$m�d!d
C��[\^�ÂqYVrV¯NiP �^���W� és]ºúSUWh6d�zSNiX�fzVYdW�^MLU�XjdlàSqrRSRzd!hbM
_$NiPka6abU
hLd!\!d!qrwWd�N¿\!Vr`SMbaLd!h�UimlN%_$NihLRSM�aLTgNia³NiVrVrUi_$M$abTSd!X�aLU�d!MLaONQà �
VrqrMbT�PgNiaLqYUWPk_$qYRzd \sUiw�d!h�Niu�dW]6ëcP�abTSd$úºn$nÕNQ`S\!aLqYUWPSM^�Qd�zkfSVrqY\sqYa



\!Vr`SMLabd!hLqrPSu�_$NiM6PSU�a�`SMbdsRº��àz`Sa6abTSd$NiuWd!PkabM6\!U�`zVYR¿\!UWPSMbaLhb`S\!a
aLTSd�\!Vr`SMLabd!hLM¿mhbUWX qrPSRSqrwkqrRS`gNQVYVrx#Ni`z\!abqrU�Pzd!RÕqrabd!XjM^] |3Mbq �
X�`SVra�NiPSd!UW`SM�NiML\!d!PSRzqYPzuíNi`z\!abqrU�Pê_GNQM�`SMbd!R���_$TSdshbd�d^Ni\�T
NQu�d!Pka6Mbd!dsM
abTSd�U�aLTSd!h
NiuWd!PkabM32^àzqYRzM^]�å$TSd!hbd;mU�hLd���aLTSd$Niu�dsP�aLM
\!UW`SVrR(MLd!d[_$TSqr\OT \!Vr`SMbaLd!hbM�aLTSd!xÕ_�d!hbd[Vrqr|�d!Vrx�abU#uWd!a^��NiPSR
àSqrR�NQ\!\!U�hLRSqrPSu�Vrxk]»å$TSd�NQ`S\!abqrUWP>_$NiM6\^NQhbhbqrd!R�UW`Sa6qrP>MLaONiuWd!M^�
_$TSdshbd�d%Ni\�T�Mba�Niu�d�TgNQR�NN�k`gNQPkabqraONQabqrw�dlNQ\!abqrwkqracx³hb`SVrd�]6å$TSqrM
RSqrM�NiàSVrd!M�NQP�x¿àSqrRSRSdsh�mhbUWX MLaON%xkqrPSu¿U�`Sa$Nia:ìghbMLa^�SNQPSR�aLTSd!P
àSqrRSRzqYPzu0UWP(abTzd#V¯NiMba¿X�UWX�d!Pka³_$TSd!Páqra¿|�PzUi_$M�abTSd[U�aLT �
d!hLM#2½àSqrRSM%]6ë�m abTzd�V¯NiabaLd!h$_�d!hbd�f½U�MLMbqràSVrd��Wmds_ãNQu�d!PkabM8_lUW`SVrR
_$NiPka
aLU àzqYR�`zf�mhLU�Pka^]�å$TSd�NQ`S\!abqrUWP�abd!hLX�qrPgNiaLd!R¿_$TSd!P�PSU
NQu�d!Pka³_GNQPkabd!R�abU[hONQqrMbd¿qYaLM�àSqrRSM%]�å$TSd�Ni`z\!abqrU�PØRSd!MbqruWPSd!hbM
ML`SfSf½U�hbaLd!R[fShbUQìgaONQàSVrd�\!Vr`SMLabd!hLqrPSu>NiVrMLU�àkx�NQVYVrUi_$qrPSu³Niu�dsP�aLM
aLU#_$qrabTSRSh�N%_·mhLU�X-abTSd!qrh�àzqYRUy dW] u½]¿q�m�NiPÕNiuWd!Pka�RSqrR�PSU�a
uWd!a�abTSd[\!Vr`SMLabd!h�aLTgNia�qra¿MbaLhbqrw�d!R mU�h%]Õë�m�NQPíNQu�d!Pka¿_$qYaLT �
RShLd!_��8abTSd�qrabd!Xæ_$NiMjU�f½d!PSd!RêmU�h�hLd^Ni`z\!abqrU�PzqYPzug]·ë�m>aLTSd
PSds_·TSqru�TSd!MLa$àSqrR[_GNQM$VYUi_�d!h�abTgNQP[abTSd�UWVrR�U�Pzd��SaLTSd³_$qYaLT �
RSh�N%_$qrPSu�Niu�dsP�a6TgNQR�abU³fgN%x�abTSd�RSqùøËdshbd!PS\sd�]}|8VYaLd!hbP½NiabqrwWd!Vrx��
aLTSdlRzd!\!U�XjX�qrabaLqrPSu
f½d!PgNiVraLqYdsMº\!UW`SVrR�TgN%w�d:àgd!dsP�ìpzkd!R�_$TSd!P
aLTSd�qrabd!X-_GNQM�ì½hbMba¿Ni`S\!aLqrU�PSd!R�] e d!\!d!qracm�`SV
RSd!\sU�X�XjqrababqrPSu
MLabhONQabd!uWqrd!M>qrP�Mb`S\�TÕfShLU�aLU�\sU�VrM�TgN%wWd>à½d!d!PÕukNiX�d�abTSd!UWhbd!aLq �
\^NQVrVYx[NiPgNQVrx �sd!R�qrPÕçpSNQPSRSTSUWVrX C2~�d!MbMLd!h �%����� é!]
ëcP�u�d!PSdshONiVc�6N�\!Vr`SMLabd!h¿\^NQP0d!Pz\!U�XjfgNiMLM�NQPkx#Pk`SX�àgdsh�Uim

a�NiMb|kM%] � | aONQMb|äNQVrVYUk\^NQabqrU�P qrMÍ\%NiVrVrd!R�� � U�fSaLqrXÍNiV�qùm>PSU
à½d!PSd�ì½\!q¯NiV6\!Vr`SMbaLd!h³\!U�PkaLhONi\sa�Uim
NiPkx��ja�NiMb|kM8\^NiP[à½d�XÍNQRSd
à½d!ac_�d!d!P(NiPkxjac_lU�NQu�d!PkabM%]V-�Ui_���� � U�fSaLqrXÍNiVrqracx¿RSUkd!M³PSU�a
qrX�fzVYx�� � UWfSabqrXÍNQVrqYacx[_$TSdsP��
	��6](�[UWhbdjMb`ShLfShbqrMbqrPSuWVrx��
� � U�fSaLqrXÍNiVrqracx�RSUkd!M8PSU�a�qrX�fSVrx�� � U�fSaLqrXÍNiVrqracx�]
A VrU�à½NiV�UWfSabqrX[NiVrqracxäqrX�fzVYqrd!M� � UWfSabqrXÍNQVrq�acx�mUWhíNiVrV��»]

]8Ui_ld!wWd!h^�³aLTSd�hbd!wWd!hbMLdÕqYM[PSUWa�aLhb`Sd�]5ëca#NiVrMbUÕaL`ShbPSMØU�`Sa
aLTgNiaÕn � \sU�Pkabh�Ni\!aLM0X[N%xíPzU�a#Vrd^NQR·abUâaLTSd(UWfSabqrXÍNQV³aONiML|
NQVYVrUk\^NQabqrU�P	yâd!wWd!P(qùm�aLTSd!hbdØ_ld!hLd#NiP(UWhONQ\!Vrd�m�U�h¿\OTzU�UWMbqrPSu
aLTSd�fgNQabT[Uim
n � \!UWPkabhONQ\!abM8Uim
NiPkx�\!Vr`SMLabd!h8Mbq�!d[7
O³�%��P}�»�!ÿ��%ÿ��½þ�� Q�� �<P6�S�#TVU L IP� � � � � � 
3�	��� � � . ��� �$ 
�I��'� � �$# � T,TO� . � ��
,�[� V � � � T� \ HhIP� � ����� VU� �OI�G ��� � � ������X
�! �� 1$. ����� � �[. �,� T� � �%�0 � � \ �OIP�'
3��
3�2
 � Te� � �$# � T,TO� . � ��
,�[� ���
�I�� � V ��
 \ � Te�[��� u
O³�%� �>Y�Z pSN%x(aLTgNia¿abTSdshbd0NQhbd[ac_lUÕNiuWd!PkabM%�GNQPSR(UWPSd

a�NiMb|»]�pkqrPS\!d#aLTSd!hbdØqYM�UWPSVrx(UWPSd[aONiML|»�lPzU(n � \!UWPkabhONQ\!a�qrM
f½U�MLMbqràSVrd�]V]�Ui_�d!w�dsh^�SaLTSd>NQVYVrUk\^NQabqrU�PjqYM$PzU�a$U�fzabqrXÍNQVgqùm aLTSd
NQu�d!Pka
_$qrabT�aLTSd$TSqru�Tzd!h
\!UWMba�Uim»TgNiPSRzVYqrPSu³aLTSd$aONQMb|¿TgNiM
aLTSd
a�NiMb|»�½NiPSR[abTzd \sU�MbaLM�UQm TgNQPSRSVrqrPSu>PzU�aONiML|kM�Nihbd)�!dshbUg] [
|�PzU�abTzd!h6fShbUWàSVrd!X·qrM aLTgNia�_$qrabTSUW`Sa NQP�U�h�Ni\!Vrd��i\sU�Pkabh�Ni\!a �

qrPSu�X[N%x>uWd!a�MLab`S\�|[qrPÂN�VrUk\^NiV�U�fSaLqYX�`zX dsw�d!P[qùm
MbU�Xjd�ë${
fgNQabTjmhLU�X3aLTSd�qrPSqrabq¯NiV½NiVrVrU�\%NiabqrUWP�abU¿abTzd UWfSabqrX[NiV½U�PSd³d�z �
qrMbaLM�à½d!\^NQ`SMbd�aLTgNia$f½NiabT[X[N%x>PSUWa$àgd³\�TSUWMbd!Pº]

� ¼
®:¶lÏ
Î�Ç�Êº¼�©k�c�O§ê£b�¡©k�c�c�L�b�Í¢s¹�ó�¢s�#ñÕ�c�^�����j¸S�L�Í�s��ª
�k¢!©W��£���² �L����µ����b©W�c¤��c��¤�£�²³����¦�¢i§��É¹¯¢!��£Ì¦�¢i¢%��¤¡��±[��¦��³�c�%�������c¢£L�¡©��c�c�L���s��§j�c�O¾%©k�L��£L¤¡��±���¦k��§i¤��S�L�b�L���$£L�¡©��c�c�L����¤����O��¥6�L�b���s���c¢
�c��©k§i¤���§Sµ

F��0A�� Þ»?:H
ÜSÝSA6Þ½ÜSB 8 F ; Þ»?
H:ÜSÝSA6Þ½Ü}B>=
p}U�X�dsabqrX�d!M:abTSd!hLd�qrMlPzU>a�NiMb|jMbd!a$MLq�!d�Mb`z\OT[aLTgNia$aLhONiPzMcmd!h �
hLqrPSu�Mb`S\�T0N¿MLd!a$m�hbU�XÃU�Pzd�NQu�d!Pka8abU�NiPzU�abTzd!h>ç�n � \!UWPkabhONQ\!a
UWh yÉ� \!U�PkaLhONi\saOé�d!PST½NiPS\!dsM�abTzd�aONQMb|�NQVYVrUk\^NQabqrU�Pº]��ld!a�abTSd!hLd
X[N%x�à½d N³à½d!PSd�ì½\!q¯NiVe��H ��V Uimºa�NiML|�M�_$TSd!hLd³abTSdÉìghbMLaGNQu�d!Pka
ML`Sà½\!U�Pkabh�Ni\!aLM N�aONQMb|�aLU>aLTSd³Mbd!\sU�PSR0NQPSR�aLTSd³Mbd!\sU�PSR[Mb`zà �
\sU�Pkabh�Ni\!aLMGNQPSU�aLTSd!h�aONiML|>aLU³abTSdÉìghbMLa ç�pSNiPSRzTSU�VrX C�~»dsMbMbdsh�%���$E é!] t d³PSUi_ámUWhbX[NiVrq�!d$abTSqrM$\!UWPS\!d!fzaQ7
ûjüWý
þ6ÿ�%ÿ��½þ�� H Mb_$Nif[\!U�PkaLhONi\sa�çp � \!U�PkaLhONi\saOé 
� ��������������'���U1 � � V TO�)]2&p61I m a & m I 6 a�J 61I m a>J m I 6 f ( HhIP� � � � & 61I m � k � & m I 6 � k� u & 6'I m 
 ���I�� � � �~# ���Q�)G$
,� . T � �[
3� + �[���x� � �$#LX �I � � �Q+ �����
R + 
������S�2� �Q+ ����� s�u & m I 6'
���I��x� � �$#x�����*G$
,� . T � �[
3� + �����
� � �$#LX �I � � ��+ ����� s + 
����M����� �Q+ �Q�P� R u J 61I m 
���I�� ��\ � � ����I � �}R VU��� ���2� s ( � ��� J m I 6)
���I�� ��\ � � ��� �OI � � s V��[� ���2�R u

Agent 2's tasks

t1

Agent 1's tasks

t2

úºqruW`Shbd � 7,g X ��\ V TO� �$ � �LH ��V . ����� � �[. � u

p � \!UWP�aLhONQ\!abMjqYPzRS`S\!d#N�Mbdsa�Uim�d!Rzu�d!MjqYP abTSdØaONiML|íNQVYVrU �
\%NiabqrUWPÍuWhONQfST[abTgNQa$qYM$RzqYM &�U�qrPka:mhbUWX3abTSd³MLd!abM³Uim6d!RSuWd!M�qrP �
Rz`S\!d!R¿àkx yÉ� NiPSR¿n � \!UWPkabhONQ\!abM%]6å$TSqrM»Vrd^NiRSM6aLU�p � \sU�Pkabh�Ni\!aLM
N%wWU�qrRSqrPSuáMbUWX�dÕUQm�abTSd VYUk\^NQV>UWfSabqrX[N(aLTgNia y$� NQPSR n �
\sU�Pkabh�Ni\!aLM>\^NQPSPSUWa>hLd!MbUWVYwWd#ç yÉ� NQPSR(n � \!U�Pkabh�Ni\!aLM>qrPÕaL`ShbP
N%wWU�qrR�MbU�Xjd>UQm�abTSdjVrU�\%NiV
UWfSabqrXÍN.Uim�p � \!U�Pkabh�Ni\!aLMOés]0å$TzqYM
qrMLMb`Sd�qrM�mUWhbX[NiVrq�!d!R�V¯NiaLd!hlqrP[å$TShLX � ]
å$TSd fShbUWabUk\!UWVYMÕPzd!d!RSd!RÖmUWh0\sU�UWfgdshONiaLqrw�dâNiuWd!PkabM(NiPzR

aLTSU�MLd�PSdsd!RSd!R.mU�h6MbdsV�m � qrPkabd!hLd!MbaLd!R#NiuWd!PkabM
RSqùø»d!h^]6n�UkU�f½d!hON �
aLqrw�d NQu�d!PkaLM$\^NiPjàgd�NiMLMb`SXjd!R�abU¿aONQ|�d8\^NihLd UQm d^NQ\�T�U�aLTSd!hLM
a�NiML|�M�_$qrabTSUW`Saº\!UWX�f½d!PSM�NiabqrUWP _$Tzd!PSd!wWd!h6abTgNQa»qYM�àgdsPSd�ìg\!q¯NQV
m�U�h¿abTSdjMbUk\!qrd!acxÕUim NQu�d!PkaLM^]Õpkd!Vùm � qrP�aLd!hbdsMbabdsR NQu�d!PkaLM>PSdsd!R
MLU�Xjd�\!UWX�f½d!PSMONQabqrU�PjabU�a�Ni|�d³\^NQhbd�UQm MLU�X�d8U�aLTSd!h NQu�d!Pka32 M
a�NiML|Ë] å$TSqrM>\!UWX�f½d!PSM�NiabqrUWPÕ\^NiP àgdjU�hbukNiPSq�!dsR NQM>à½NihbaLd!h
aLhONQRSd[7
UWPSd NQu�d!Pka$a�Ni|�dsM$\^NihLd UQm MLU�X�d8Uim
NiPSUWabTSd!h�NQu�d!Pka32 M
a�NiML|�M6qùmSabTSd�V¯NiaLabd!h6Niu�dsP�a�aONQ|�d!M�\^NihLdlUQm}MLU�Xjd
UimSabTzd
mUWhbXjd!h
NQu�d!Pka32 M�aONiML|kM^]�{$NihLabd!h¿abh�NiRSd!M�abTgNQa�àgdsPSd�ìga�à½U�aLT(NiuWd!PkabM
çÆë${áRSd^NQVrMOé6RSU³PSUWalNiVr_$N%xkM dMz�qrMLa
d!w�dsP�q�m»qra
_�d!hbd$fShLUiìga�NiàSVrd
aLU[X�Uiw�d¿N�a�NiML|[mhbUWX�U�PSd�NQu�d!Pka³abU#NQPSU�aLTSd!h^]�pkds\!U�PSRzVYxk�
qrRSdsP�aLqùmxkqYPzu$àgd!Pzd�ìg\!q¯NiVkàgNQhbaLd!h6d�zk\OT½NiPSuWd!M
qrMºXjU�hbd6\!UWX�fSVrd�z
aLTgNiPjqrRSd!PkabqùmxkqrPSu³U�PSd8_GN%x¿abh�NiPSMÌmd!hLM$UimºaONQMb|kM�yâd!MLfgds\!q¯NiVrVrx
qrPÕN�RSqrMLabhbqràS`zabd!RÕMLd!abaLqYPzug]*|ÖìgPzd!h�hbdsMbU�Vr`SaLqrU�P#UQmG\!UkUWfgd!h �
NQabqrU�P[NiXjU�PSu�MLd!Vùm � X�U�aLqrw�NiabdsR�Niu�dsP�aLM�\^NQP[àgd�Ni\�TSqrd!wWd!R#àkx
NjXjU�PSd!a�NihLx#\!U�XjfgdsPSMONQabqrU�P#Xjd!\�TgNiPzqYMLX 7�NQPèNQu�d!Pka�f½N%x�M
NQPSU�aLTSd!h�NiuWd!Pka�abU#a�Ni|Wd�\^NihLd�Uim$MbUWX�d¿Uim�qrabM�aONiML|kM^][å$TSd
Pzd!d!R mU�h�Mb_$NifSM¿MbTSUi_$M¿abT½Nia¿fgN%xkX�d!Pka³àgNiMLd!R(dMz�\�TgNQPSu�dsM
\%NiPSPSUWa
hbdsfSV¯Ni\!d³NiVrVSàgNQhbabdshld�zk\�TgNQPSu�d!M%] t T½Nia6qrM
PSd!d!Rzd!R[qYM
aLTSd�XjU�PSd!a�NihLx�d�zk\�TgNiPzu�d�Xjd!abTSUkRÕç¯aLTgNia³NiVrVrUi_$MlqrPkì½PSqrabd!Vrx
RzqYwkqrMbqràSVrd8MbqrRSd � fgN%xkX�d!PkaLMOé�àS`Sa�NQVrMbU�N�VYqrPS|kqrPSu¿X�d!\�TgNQPSqrMbX



aLTgNia�NQVYVrUi_$M¿Mb_$NifSfzqYPzu0a�NiMb|kM[NiabUWX�qr\^NQVYVrx0NQX�UWPSu#Niu�dsP�aLM
ç�p � \sU�Pkabh�Ni\!aLMOé!]
|�VraLTSU�`SuWT>p � \!U�PkaLhONi\sabM
NihLdlPSds\!d!MbM�NihLx��WabTSdsx>NihLdlPSUWaºML`km �

ìg\sqYdsP�aÉmU�h�hbd%Ni\�TSqrPSu�abTzd�u�VrU�à½NiV½U�fSaLqYX�`zX 7
O³�%��P}�»�!ÿ��%ÿ��½þ � Q�� �<P6�S�#TVU L IP� � � � � � 
3�	��� � � . ��� �$ 
�I��'� � �$# � T,TO� . � ��
,�[� V � � � T� \ HhIP� � ����� VU� �OI�G ��� � � ������X
�! �� 1$. �[��� � ��. �,��T� � �%�  � � \ �I�� 
3��
3�2
 � T � � �$# � T3T� .�� �2
3�������
�I�� � V ��
 \ � Te�[��� u
O³�%� �>Y�Z ë�m MLU�Xjd�Niu�dsP�a¿TgNQM�NØRSqùøËdshbd!Pka�Pk`SX�à½d!h�Uim

a�NiMb|kM6qrP�abTzdlqrPSqrabq¯NQViaONiML|>NiVrVrUk\^NiaLqrU�P�aLTgNiP�_$TgNia�abTgNQaoNQu�d!Pka
_�U�`SVrR TgN%w�d[qrP(aLTSd[U�fSaLqYX[NiVlNQVrVYUk\^NQabqrU�P��ºaLTSd!PáabTSd[UWfSabq �
X[NiV NQVrVYUk\^NQabqrU�PØ\^NiPSPzU�a³àgd�hLd^Ni\�TSdsRº]�å$TSqrM³qrM à½d!\^NQ`SMbd[p �
\!UWPkabhONQ\!abM�fShLd!Mbd!hLw�d³abTzd$P�`zX�àgd!h6UQmºaONiML|kM
abTgNQa
d^NQ\OT�NQu�d!Pka
TgNQM^]V[
|�VrMLUg��d!wWd!P�qùmÂNiP�ë${ fgNiaLT�d�zkqYMLabM%��aLTSdâ\!UWP�aLhONQ\!abqrPSu

NQu�d!PkabM¿XÍN%x[`SMLd�MLU�X�d¿U�aLTSd!h¿fgNiaLTÕUim$ë${�\!UWP�aLhONQ\!abM�NiPSR
uWd!alMLab`S\�|¿qrP�N³VrU�\%NiVSUWfSabqrX�`SX#]½úS`ShLabTSdshbX�UWhbd��Wà½d!\^Ni`zMbd�p �
\!UWPkabhONQ\!abM�fShLd!Mbd!hLw�d³abTzd$P�`zX�àgd!h6UQmºaONiML|kM
abTgNQa
d^NQ\OT�NQu�d!Pka
TgNQM^�:abTSd!xÕ\%NiP(UWPSVrx0hLd^Ni\�TâN[wWd!hbx MbXÍNQVrV ML`SàSMLd!a�Uim³aONiML|
NQVYVrUk\^NQabqrU�PSM�7
O³�%��P}�»�!ÿ��%ÿ��½þ���N ��� � - � O 9 � ��� � & � O 9 u H � � & � =
DF( � � � - � =>DF( �I��) � �[. ��
,�[���$ � � �$# � T3TO� .�� �2
3�[�U�S�OI � �� � � � � �[. I ��� T�M�Q
 � � � � G ��� � � �P�[� X�� 1$. �[�P� � �[. �3�h � � \C� � �+ 
����Q� 
3��
3�2
 � T �Q� � �2�SX �LV[V � � �[. I��M����� � � u
å$TSqrM¿qrX�fSVrqrd!M�aLTgNia�abTSdj\OT½NiPS\!djUim$hbd^NQ\�TSqrPSu0aLTSd�U�fzabqrXÍNQV
a�NiMb|âNQVYVrUk\^NQabqrU�PÕwkq¯N0NQPkxäç¯dsw�d!PáU�Pzd#_$qrabTíNQPáU�hONQ\!VrdjmU�h
fSqr\�|kqrPSu�aLTSdlf½NiabT½éºTzqYVrV � \!VrqYX�àzq�PSu$p � \!U�Pkabh�Ni\!aLqrPSu NQVYuWU�hLqYaLTSX
w�NQPSqrMbTSd!M%]
� =8KcÜSßbAJ� ��H
Ü³Þ»?
H:Ü}ÝzA Þ½ÜSB 8 � ; Þ»?
H:ÜSÝSA6Þ½ÜSB@=

j6wWd!P¿q�mSPSdsu�U�aLq¯NiabqrUWPSM»TgN%w�d:hbd^NQ\OTzd!R�NÉVrU�\%NiV�UWfSabqrX�`SXá_$qrabT
hLd!Mbf½d!\!a#aLUÕX�`Sab`½NiV³ç yÉ� �$n � �$NiPSRâp � é¿\!U�PkaLhONi\sabM[Uim�NiPkx
MLqO�sd��$MbUWVr`SabqrU�PÕdsPSTgNiPz\!d!X�dsP�aLM�X[N%x#àgdØfgUWMbMbqràSVrdjq�m³aONQMb|kM
_�d!hbd�abhONQPSMcm�d!hbhLd!RèNQX�UWPSu�X�UWhbd8abTgNQP�ac_�U�Niu�dsP�aLM^]	�

 ÐQ�^��¦W¤}�s��§�×�¢sÀ��c��©�§Q¤���§���¦��6�b¢s����¢!¹g±s�b¢s©�¸�¤¡�k±8´�©��³�s��§³�c�L�¡�

´W¤�§��»¤¡���c¢$£��%�c£��^§W�O��¥6¦�¤�£Ì¦ ²³�!��¤¡��¨%¢!��¨%��²$©�����¤¡¸W���l�%±%�b���c�6«ÐQ�^��¦W¤
õ ×k¢!À¿òOî%ö%îÈ°Lµº¼o¦��L¤¡�
�c�O�c��¤¡�k±8¤�� ��¤�²8¸W���b�$��¦��s�>¢s©��b��¤¡����¦��%�º��¦��
¨!�s�¡©���¢!¹6��£�¢!�����b�%£��l�c¢¿�!���%±%�b���$§W¢i���
�k¢^�$§W�b¸S�L��§j¢!�[¥6¦�¤�£Ì¦
¢%��¦��L�$¢!�k�O�:¢!¹»��¦��$�%±^�L����Ù �6´�¤�§W�l±%��� �%£�£��b¸k�c��§Sµ
¬r��¢!©W�l�c���c��¤¡��±WÁ
�s���^±%�L����Ù �
¨s�!�¡©k�^��¤�¢s�#¢!¹º�³£�¢!�����b�%£��l§W�L¸}�L�k§��$��¤�±s��¤¡Å�£��s��������¢s�¥6¦W¤�£c¦>¢%��¦��L�6¢!�k�O�6¢s¹S��¦��
�%±^�L����Ù �»´�¤�§W�6±^���º�%£�£��b¸k�c��§�«¯²³�!�b±s¤¡���s�
£�¢%�c� §W�L¸}�L�k§��³¢!�#¥6¦W¤�£c¦0¢%��¦��L�³�c�^�����³��¦����^±%�L���$¦��%�b°Lµ�¼6¦��L¤¡��s��±^¢s�c¤���¦�²³�³�s���c¢�§i¤��S�L��¹r�b¢^²�¢s©��b��¤¡�[��¦��%�$��¦�����§�¢���¢%�$�!�¡��¢s¥
�b��£�¢!�����b�%£���¤¡��±³¢s��£��6�$£O¢s�����b�%£O�½¦k�^��´S�O�L��²³�^§W�%µË¼o¦����$¸W�b�O�c�L�����¦W�b�O�8¦k�b©W�c¤��c��¤�£>�s��±%¢!�c¤���¦k² �8¹¯¢s�G£Ì¦�¢i¢%��¤¡��±���¦k��¢s�b§��L�$¤¡�#¥6¦�¤�£Ì¦
�c¢¿��Ài�O£L©k�c�³¸S¢^�c��¤¡´W���>£�¢s�����b�^£��c��µ³¼6¦��³¢s�b§��L��¤���¤�²8¸S¢!�b�c�s���$´S�Lª
£��s©��c��¢s���8£�¢!�����b�%£��l£��s�>¸W�b�O£L�¡©k§��³�!�k¢^��¦k�L�l¤¡¹º��¦k����¥ ¢É¤¡��¨^¢s��¨%�
��¦k���!�¡��¢i£��%��¤�¢!�á¢!¹$��¦��¿�c�^²³�¿�b���c¢s©��b£��%µ��6��£O�s©��c�¿�b��£�¢s�����b�^£���ª
¤¡�k±�¤��$�k¢^�É©��c��§SÁ»��¦k�³¹¯¢!�b²³�L��£�¢!�����b�%£���£��!�W��¢%�$´S�³©W��§�¢s���¿�c¢
�s�¡��¢!¥â��¦k�$���%�c�c�b�cÓ��O¨%�L��¤¡¹6��¦��$���%�c�c�L�l¤���²³¢!�b��´S�L���LÅk£b¤��s�¯µ�¼6¦k�¦k�b©W�c¤��c��¤�£��º¹¯¢i£L©��½¢s��¦��s��§Q�¡¤¡��±$²³¢s�b� £�¢s���c���b�s¤¡����§8�b��¾%©����c�c�½Å��b�c��µ
¼6¦k����§�¢:��¢%�»±s©��s�b�!���c���
��¦k�^�»��¦k� ¢s¸���¤�²³�s���c¢s�¡©���¤�¢s�>¤��½�b���%£c¦k�O§zµÐQ¢^²³��¢!¹g��¦k�
�s��±^¢s�c¤���¦�²³�
�s�b�l§Q¤��c���c¤¡´�©k�c�O§¿¥6¦W¤¡���$¢^��¦k�b�b��¤¡��¨^¢s��¨%�
£��L�����b�!�¡¤�����§[²³�^�c£Ì¦�¤¡��±�¢!¹»´W¤�§���µ

ûjüWý
þ6ÿ�%ÿ��½þ � H X�`SVrabq¯NiuWd!Pka�\!U�PkaLhONi\sa#ç� � \!U�PkaLhONi\saOé 
�
����������� ����� V�� 
 � ]� a��hf �! � - ����� - � \ � � � 
 . �M��( HhIP� � � � �T� � ���h�I � � � �MTO� \ �Q���,� �! � � � � �P�[� 1 � \ V � � G$���OIP� � H}
��� �OIP
�
H�� � TO� � ��� � ��� ���[1$��+ ����� . �[�P� � �[. ��X%( � ���) �� � � T3T R � ��� s (� & 61I m ��� � u H �'�MTO� \ ������& 61I m 
� �I�� ���Q�J�$ � � �$#W���I � � �Q+ �����
R + 
 �Q�M���2� ��+ ����� s ( � ��� � ���MTO� \ ����� J 61I m 
�'�I�� ��\ � � ����I � � R V��[� ���2� sUu

Agent 2's tasks

t1

Agent 1's tasks

t2

Agent 3's tasks

t3

ú�qru�`ShLd � 7�g X ��\ V TO�'�! �S\ � TO�2
 �Q+ �Q�P� . �[��� � ��. � u
e d!\!dsP�aLhONQVYq�!dsR X�`zVYaLq¯Niu�dsP�a[\!UWPkabhONQ\!abM \^NiPÖàgdáqrX�fzVYd �

Xjd!Pkabd!R mU�h�d�zSNiX�fzVYd¿àkxÕ\!qrhb\!`zVÄNQabqrPSu#aLTSd[\!U�PkaLhONi\sa>Xjd!M �
M�NiuWd�NQX�UWPSu³abTSd8fgNihLabqrd!M�NiPzRÍNiuWhbd!dsqYPzu>aLTgNia�abTSd³\!UWPkabhONQ\!a
à½d!\!UWX�d!M[w�NQVYqrRáqùm�d!w�d!hLxäNiuWd!Pka�MLqYuWPSM^]3� � \!UWPkabhONQ\!abM[qrP �
Rz`S\!dÍNÂMbd!a¿Uim�d!Rzu�d!M¿qrPÕabTSdjaONiML|èNQVrVYUk\^NQabqrU�PØu�hONQfSTÕabT½Nia
qrM¿RSqrM &�UWqrP�a�mhbUWX aLTSd[Mbd!aLM�Uim³d!RSu�dsM�qYPzRS`S\!d!Ráàkx y$� �ln � �
NQPSRíp � \!UWPkabhONQ\!abM%]áå$TSqrM>Vrd^NQRSM�abUÕ� � \!U�PkaLhONi\sabM�N%w�UWqrRSqrPSu
MLU�Xjd UQm
abTSd�VrUk\^NQV»U�fSaLqYX[N�aLTgNia yÉ� �gn � �gNQPSR#p � \sU�Pkabh�Ni\!aLM
\%NiPSPSUWa³hbd!MLU�Vrw�d#ç y$� �ºn � �ºNiPzRèp � \!UWP�aLhONQ\!abM�qrP#aL`ShbP(N%wWU�qrR
MLU�Xjd$Uim»abTSd8VYUk\^NQVSU�fzabqrXÍNÉUim � � \!U�PkaLhONi\sabMOés]
å$TSqrM
qrMLMb`Sd8qYM
m�U�hbX[NiVrq�!d!R�V¯NiaLd!h$qrP[å$TShbX � ]
|8VYaLTSU�`zu�Tä� � \!UWP�aLhONQ\!abM#NihLd0Pzd!\!d!MLMONihLx��³aLTSd!xäNQhbd�PSU�a

ML`�\�\!qrd!PkaQ7
O��%��P}�»�sÿ�%ÿ��½þ��RQ � �<P6�S�3T U L I�� � � � � � 
3�	��� � � . �M� �! 
�I��'� � �$# � T3TO� .�� �2
3�[� V � � � TO� \ HhIP� � ���P� VU� �OI�G ��� � � �P�[� X
�! �� 1$. �[��� � ��. �,�*TO� � �%�} � � \ �I��'
3��
,��
 � Th� � �$# � T3TO� .�� �2
3�[�"�2�
�I�� � V ��
 \�� T �[�P� u
O³�%� �>Y�Z pSN%xÕabT½Nia�abTzd!hbd0NQhbd[ac_�UèNQu�d!PkabM%�$NiPSR U�PSd

a�NiML|Ë]
p}qYPz\!d$abTSdshbd NQhbd$UWPSVrx�ac_lU�NQu�d!PkabM%��PzU�� � \!UWPkabhONQ\!a�qYM
f½U�MLMbqràSVrd�]V]�Ui_�d!wWd!h^�zabTSd>NQVrVYUk\^NQabqrU�PjqrM$PSU�a$UWfSabqrXÍNQVSqùm
abTSd
NQu�d!Pka
_$qraLT�abTSd$TSqruWTSd!h
\!UWMba�Uim»TgNiPzRSVrqYPzu�abTzd�aONQMb|¿TgNiM:abTSd
a�NiML|Ë�½NiPSR[aLTSd³\!U�MLabM�UQm TgNQPSRSVrqrPSu¿PSU�aONQMb|kM�NihLd �sd!hbU½] [
|8PSU�aLTSd!h³fShbUWàSVrd!X�qrM�aLTgNia³\!UWP�aLhONQ\!abqrPSujXÍN%x�uWd!a³MbaL`S\�|

qrP>N�VrUk\^NQV�U�fzabqrX�`SXád!w�dsP�qùm}MLU�Xjd ë${�f½NiabT�mhbUWXäaLTSd
qrPSqrabq¯NiV
NQVrVYUk\^NQabqrU�P¿abU�abTSd$UWfSabqrXÍNQVkU�PSd$d�zkqrMbaLMlà½d!\^NQ`SMbd8abTSd³NiuWd!PkabM
X[N%x>\�TSUkUWMbd�MLU�X�d8U�aLTSd!h$fgNQabT[Uim
ë${ê\!U�Pkabh�Ni\!aLM^]
� �ºÝU�lßbHr�2ÜSJ �êÜ�� �*�ºB! 9 4ÕF�� ; Þ»?
H:Ü}ÝzA Þ½ÜSB

-8U³U�PSd�UimgaLTSd$fShLd!Mbd!PkaLd!R¿mU�`zh \sU�Pkabh�Ni\!a
acxkf½d!M6qrM ML`�\�\!qrd!Pka
m�U�h[hbd^NQ\�TSqrPSu(aLTSdÕu�VrU�à½NiV�UWfSabqrX�`SX w�q¯N ë${�\!UWP�aLhONQ\!abM~y
dsw�d!P q�m�aLTSd!hLd�_�d!hbd[NiP(UWhONQ\!Vrd¿mU�h�\�TSUkUWMbqrPSu#aLTSd�fgNQabTÕUQm
\sU�Pkabh�Ni\!aLM�yâàgds\^Ni`SMLd�PSU�ë${�fgNQabT[PSd!d!RØd�zkqYMLa�aLU�abTSd�UWfSabq �
X[NiVWaONiML|>NiVrVrUk\^NiaLqrU�Pº]�]�Ui_�d!wWd!h^�id%Ni\�T�UimgaLTSd:mU�`Sh6\!UWPkabhONQ\!a
acxkf½d!M�N%w�U�qrRSM³MLU�X�d¿Uim$abTzd�VrUk\^NiV
UWfSabqrX[N¿abTgNQa�abTSdjU�aLTSd!h
aLTShbdsd�RSU�PSUWaQ7
O��%��P}�»�sÿ�%ÿ��½þ#"%$ � � � �[. I'�! �I��  �� �	� . �[�P� � �[. �h� �!V �M��G � (
�e(&��( � �����'X%(}�I�� � �*��X[
 �L�0� � �$# � T,TO� . � ��
,�[�	�)HhI�� � �*�P� ���



. �[�P� � �[. � H}
,�OI �OIP�����OIP� � �I � � � . ����� � �[. �}� �!V �M� 
 � V �%����
 � T��(� � � � � ��� . ����� � �[. �0H}
3�Ix�OIP�  �� �	� �OIx� �!V ��
� u
O³�%� �>Y�Z å$TSdØmUWVYVrUi_$qrPSu#dMz}NQX�fSVrd[MbTzUi_$MÍaLTSqrM�mUWh yÉ�
\!UWPkabhONQ\!abM%]$~»d!a$aLTSd!hbd�àgd�UWPSd³aONQMb| � ` NQPSR[ac_lU�NiuWd!PkabMQ7 � �
9z] ~�d!a6abTSd�\!`ShLhbd!Pka6aONQMb|>NQVYVrUk\^NQabqrU�P³à½d}& ` k B � ` E���& v kZn ]~�d!a$abTSd8aONQMb|�T½NiPSRSVrqrPSu³\!UWMbabM$à½d*4 ` ç n é k � �	4 ` ç�B � ` EÈé k 9z�
4 v ç n é k � �p4 v ç�B � ` EÈé k � ]$å$TSd yÉ� \sU�Pkabh�Ni\!a³Uim�X�UiwkqrPSu � `
aLUS9¿_lUW`SVrR�RSd!\shbd^NQMbd¿abTSd�uWVrU�àgNQVg\!UWMba8à�x � ]e|$a$abTSd�MONiXjd
aLqYXjd��kPSU�n � �Sp � �zU�h�� � \!U�PkaLhONi\sa$qYM$f½U�MLMbqràSVrd�]
å$TSd[m�U�VrVrUi_$qYPzuÍdMz}NQX�fSVrdjMbTSUi_$M�aLTSqrM¿mU�h�n � \!U�PkaLhONi\sabM^]

~�d!a#abTzd!hbdÕà½dÕac_lUáa�NiMb|kM�7 � ` � � v �³NiPSR�ac_lUâNQu�d!PkabM�7 � �
9áç�úºqru½]}9�é!]�~»d!a�aLTSd#\!`zhbhbdsP�ajaONQMb|íNQVrVYUk\^NQabqrU�P àgdx& ` k
B � ` a � v E�� & v k n ]+~�d!aÕabTSdêaONiML|2TgNQPSRSVrqrPSu�\!U�MLabM(à½d
4 ` ç n é k � �}4 ` ç�B � ` EÈé k 4 ` ç~B � v Eié k � �}4 ` ç�B � ` a � v Eié k E �
4 v ç n é k � �}4 v ç�B � ` EÈé k 4 v ç~B � v Eié k 9z�}4 v ç�B � ` a � v Eié k � ]
pkU½�SaLTSd�\!`ShLhbd!Pka³u�VrUWàgNiV»\!UWMba8qYM E ]l�[UiwkqrPSu � ` abUS9._lUW`SVrR
qrPS\!hLd^NiMLd³abTSd³u�VrUWàgNiVS\sU�Mba�abU � ]6pkU¿_lUW`SVrR�X�UiwkqrPSu � v abU�9z]pkU½�SPSU yÉ� \!U�PkaLhONi\sa qrM$ë${�]�-�UÍp � U�h�� � \!UWP�aLhONQ\!a�qrM�f½U�MLMbq �
àSVrd>NQa NQVYVc]B]8Ui_ld!wWd!h^�½aLTSd>n � \!U�Pkabh�Ni\!a8Uim
X�UiwkqrPSu�à½U�aLT � `
NQPSR � v abU'9¿_lUW`SVrR�RSds\!hbd^NQMbd¿abTSd�u�VrU�àgNQVg\sU�Mba$aLU � ]å$TSdØmU�VrVrUi_$qrPSu#d�zSNQX�fSVrd[MbTSUi_$M[aLTSqrM�mUWhÍp � \!U�PkaLhONi\sabM^]
~�d!a�abTSdshbd[àgd[ac_�U#aONQMb|kMQ7 � ` � � v �
NiPSR ac_lUÕNiuWd!PkabM�7 � �}9
ç�úºqru½] � és]
~»d!a$aLTSd�\!`zhbhbdsP�a8aONQMb|ÍNQVrVYUk\^NQabqrU�Pjàgd)& `�k B � ` Ek�
& v k B � v E�]>~�d!a�aLTSd�aONQMb|#TgNQPSRSVrqrPSu�\sU�MbaLM�à½dS4 ` ç n é k � �
4 ` ç�B � ` Eié k 9z�p4 ` ç�B � v EÈé k � � 4 ` ç�B � ` a � v Eié k E � 4 v ç n é k � �
4 v ç�B � ` Eié k � �e4 v ç�B � v Eié k 9S�e4 v ç�B � ` a � v EÈé k E ]#pkUg�6aLTSd
\!`zhbhbdsP�a¿u�VrUWàgNiV�\!U�MLa qrM � ]³{�d!\^NQ`SMbdjd^Ni\�TÕNiuWd!Pka T½NiM�UWPSVrx
UWPSd�aONQMb|»�SPzU�n � \!UWPkabhONQ\!a�qrM8fgUWMbMbqràSVrd�]:{lds\^Ni`SMLd�abTSdshbd>NQhbd
UWPSVrx(ac_�U(Niu�dsP�aLM^��PSU(� � \!UWP�aLhONQ\!a�qrM�f½U�MbMLqràSVrd�]·�[UiwkqYPzu
� ` aLU 9j_lUW`SVrR#qrPS\!hLd^NiMLd�abTSd¿u�VrU�à½NiVº\sU�Mba³aLU E ]�pkU[_lUW`SVrR
XjUiw�qrPSu � v abU � ]»å$Tk`SMºPzU yÉ� \sU�Pkabh�Ni\!a6qrMºë${�]�]�Ui_�d!wWd!h^�iaLTSdp � \!UWP�aLhONQ\!a
Uim»X�UiwkqrPSu � ` mhbUWX � aLU 9³NQPSR>MLqrX�`SVraONiPzd!U�`SMLVrx
� v m�hbU�X89¿abU � _lUW`SVrR�RSd!\shbd^NQMbd¿abTSd�uWVrU�àgNQVg\!UWMba$aLUS9S]
å$TSd.mU�VrVrUi_$qrPSu�d�zSNQX�fSVrd�MbTzUi_$M>aLTSqrM�mUWh>� � \!U�PkaLhONi\sabM^]

~�d!a�abTzd!hbd�à½d�abTShLd!d�a�NiML|�M�7 � ` � � v � � w �6NiPSRØabTShLd!dÍNQu�d!PkabM�7� � 9S� � ç�ú�qYu½] � é!]·~»d!ajabTSd�\!`ShLhbd!Pka[aONQMb|âNiVrVrUk\^NiaLqrU�P(à½d
& ` k B � ` E�� & v k B � v E��*& w k B � w Ek] pSN%x�abTgNQa0aLTSd
a�NiMb|�TgNQPSRSVrqrPSu�\!U�MLabMâNihLdN4 ` ç n é k � �x4 ` ç~B � ` EÈé k 9z�
4 ` ç�B � v Eié k E � 4 ` ç�B � w EÈé k � �	4 ` ç�B � ` a � v EÈé k 4 ` ç�B � ` a � w Eié k4 ` ç�B � v a � w Eié k �^� �'4 ` ç�B � ` a � v a � w EÈé k �3E ��4 v ç n é k � �
4 v ç�B � ` Eié k � ��4 v ç�B � v EÈé k 9S� 4 v ç~B � w EÈé k E ��4 v ç�B � ` a � v Eié k4 v ç�B � ` a � w Eié k 4 v ç~B � v a � w EÈé k �%� � 4 v ç~B � ` a � v a � w EÈé k �3E �
4 w ç n é k � �)4 w ç�B � ` EÈé k E � 4 w ç�B � w Eié k 9S�)4 w ç~B � v Eié k� �"4 w ç�B � ` a � v Eié k 4 w ç�B � ` a � w EÈé k 4 w ç~B � v a � w Eié k �%� �
4 w ç�B � ` a � v a � w EÈé k �3E ]�pkU½��aLTSdÕ\!`ShLhbd!Pka#uWVYUWàgNiV³\!UWMba#qrM
9 2Y9 2Y9 k � ]ân � \!UWP�aLhONQ\!abM#NihLd[qYXjfgUWMbMLqYàzVYdjTSd!hLd#àgd �
\^NQ`SMbd[PSUÕNiuWd!Pka�TgNQM>XjU�hbd�aLTgNiPÕUWPSd�a�NiML|Ë] |8P�x�U�Pzd�Uim
aLTSd³Mbqz>f½U�MLMbqràSVrd yÉ� \!U�PkaLhONi\sabM$_�U�`SVrR�qrPS\!hLd^NiMLd uWVrU�àgNQVS\!U�MLa
aLU � 2x9A2 �%� k � 9z] |�Pkx¿U�PSd$UQmËaLTSd$abTzhbd!d8fgUWMbMbqràSVrd$ML_GNQfSM
_�U�`SVrRjqYPz\!hbd^NQMbd³u�VrUWàgNiVS\sU�Mba$aLU � 2�9,2 E k � ]6å$TSdshbd�mUWhbd��
PSU yÉ� �WU�h$p � \!U�PkaLhONi\sa$qYM:ë${�]$]�Ui_�d!w�d!h%�kabTSd³� � \!U�Pkabh�Ni\!a�Uim
XjUiw�qrPSu � ` mhbUWX � abU'9S� � v mhLU�X�9�aLU � �SNQPSR � w m�hbU�X � abU� _�U�`SVrRjRSd!\!hLd^NiMLd>aLTSd�u�VrUWàgNiV½\!U�MLa�aLU � ] [

v8PkmU�hLab`SP½NiabdsVYxk�8d!w�d!PÖqùm�aLTSdÕ\!U�PkaLhONi\sabqrPSuâfShLU�aLU�\sU�V¿qYM
d ��`zqYfzfgd!R�_$qraLT NQVYVÂmU�`SháUQmèaLTSd·\!U�PkaLhONi\saâacxkfgd!M%��abTSd
UWfSabqrX[NiV�a�NiML|ãNQVYVrUk\^NQabqrU�P�XÍN%xáPSUWaÍà½d(hLd^Ni\�TSdsR2wkq¯N(ë${
\sU�Pkabh�Ni\!aLM�yâd!w�dsP0_$qrabT[NiP[U�h�Ni\!Vrd[7��
O��%��P}�»�sÿ�%ÿ��½þ��DQ ��� P6�S�3TVU L I�� � � � � � 
3�	��� � � . �M� �$ 0�OIP�
� � �$# � T3TO� .�� �2
3�[� V � � � TO� \ HhIP� � �)��� ��� V�� �I) � � \ �I��*
3�P
 1
�2
 � T � � �$# � T3T� .�� �2
3�������x�I��S� V �2
 \ � T �����S��X[
 �L�,� � ��
3� + � 1. ����� � �[. �3��( � 1$. ����� � �[. �3��(&� 1$. �[�P� � �[. �3� � ��� � 1$. �[��� � ��. �,� u
O³�%� �>Y�Z å$TSqrPS|³UQm}N$Rzd^NiVW_$TSd!hbd�U�PzdoNQu�d!Pka�u�qrw�d!MºN�a�NiML|

aLUÍNQPSU�aLTSd!h NQu�d!Pka%�ËNQPSR#aLTSd�U�aLTSd!h�NiuWd!Pka�uWqYwWd!M$ac_�U�aONQMb|kM
aLU0aLTSd�ì½hbMba�NQu�d!Pka%]#å$TSqrM¿\^NiP àgdjXÍNiRzd�abU�àgdjabTSdjU�PSVrx
_�d!Vùm NQhbd[qrPS\!hbd%NiMbqrPSuÕRzd^NiV8à�xÕfzqY\�|kqrPSu�abTSd#\sU�Mba¿m�`SPS\!aLqYUWPSM
NQfSfShLU�fShLqÄNQabd!Vrxk]�]8Ui_ld!wWd!h^�:abTSqrM¿RSd^NQV$qYM�PSU�a¿fgUWMbMLqYàzVYdjwkqÄN
NQP y$� �Sn � �gp � �kU�h�� � \!UWP�aLhONQ\!a^] [
n�Vrd^NQhbVrx���PSU#Mb`zàSMbd!a¿Uim$abTzd�\!UWP�aLhONQ\!a>acxkf½d!M�ML`�\�\!d!M�d!q �

aLTSd!h�7
�)�½�%������z�
	t� Q���� P6�S�#TVU L IP� � � � � �t
3�U�L� � � . �M�/�$ ��OIP�
� � �$# � T3TO� .�� �2
3�[� V � � � TO� \ HhI�� � �t��� ��� V�� �It � � \ �OIP�

,��
3�2
 � T � � �$# � T3T� .�� ��
3���/�2���OIP�x� V �2
 \ � T �����"��X[
���,� � �L
,� +� � � VU� 
 � � � � � 
 V TO� �$ �OIP�  M�%T3T�[H}
3� +". �[��� � ��. �)� �!V �M��� � 1. ����� � �[. �3��( � 1$. ����� � �[. �3��(&� 1$. �[�P� � �[. �3� � ��� � 1$. �[��� � ��. �,� u
O³�%� �>Y�Z� hLU�f½U�MLqYaLqrU�P � MLTSUi_$M�aLTgNia³NiP[ë${·fgNQabT[XÍN%x

PzU�a�dMz�qrMLa$d!w�d!P�_$qrabT#NiVrV½mUW`Sh$\!UWP�aLhONQ\!a�acxkf½d!M^] {Éd!X�UiwkqrPSu
\sU�Pkabh�Ni\!a�acxkfgd!M�\^NQP�U�PSVrx�hLd!X�UiwWdld!Rzu�d!M:mhbUWX�abTSd$a�NiMb|�NiV �
VrUk\^NQabqrU�Pju�hONQfSTº]�å$Tk`SM^�zhbd!XjUiw�qrPSu³\!UWPkabhONQ\!a$acxkfgdsM$\^NiPSPzU�a
qrPkabhLUkRS`S\!d�Pzd!_äf½NiabTzM^] [
|8PSU�aLTSd!h6fShbUWàSVrd!X·qrMºaLTgNia6_$qrabTSUW`Sa NQP�U�h�Ni\!Vrd��Q\!U�Pkabh�Ni\!a �

qrPSu�X[N%x>uWd!a�MLab`S\�|[qrPÍN¿VrUk\^NiV�U�fSaLqrX�`SX2d!wWd!P#qùm
MbUWX�d�ë${
f½NiabT[d�zkqrMbaLM$àgds\^Ni`SMLd�abTzd NiuWd!PkabM$X[N%x�\�TSUkU�Mbd³MLU�X�d8U�aLTSd!h
ë${�f½NiabT�]
å6UÍNQRSRShLd!MbM¿abTSdsMbd�MLTSU�hLab\!UWX�qrPSuWM^�½Vrd!a�`SM�Rzd�ìgPSd�NjPSd!_

\sU�Pkabh�Ni\!a·acxkf½d�� � �&��� 1$. �[�P� � �[. ��ÕaLTgNia·\sU�X�àSqrPSd!MêabTSd
\�TgNQhONQ\!abd!hLqrMbabqr\!M³UQm yÉ� �½n � �Sp � �SNQPSR#� � \sU�Pkabh�Ni\!aLM�qrPkabU¿U�PSd
\sU�Pkabh�Ni\!a$acxkf½d�yâ_$TSd!hbd³aLTSd³qYRzd^NiM�UimºaLTSd8mU�`Sh:d^NihLVYqrd!h�\!UWP �
aLhONQ\!a6acx�f½d!M6\^NQP�àgd$NifzfSVrqYdsR�MbqrX�`SVraONQPSd!UW`SMbVrx�çNQabUWX�qr\^NiVrVrxSé!]
ûjüWý
þ6ÿ�%ÿ��½þ#�
H � y n$pS� � \!U�Pkabh�Ni\!a 
�*�[�2�}����� ���'�)V�� 
 �
]  a�� f �$ � - ���*� - � \ � � � 
 . ��� u H � �MTO� \ �Q��� & 61I m 
�)�OIP�)���Q��! �� � �$#W���I � � �Q+ �Q�P�}R + 
��Q�M���2� �Q+ �Q��� s ( � �P� � ���MTO� \ �����
J 61I m 
� �I�� �[\ � � ��� �I � � R V��[� �*��� sUu
y n$pS� � \!UWP�aLhONQ\!abM[qrPSRS`S\sd0NØm`SVrVrxÕ\!U�PzPSd!\!aLd!Räa�NiML|íNiV �

VrUk\^NQabqrU�PÕuWhONifzTº] y P abTSdjU�aLTSd!h�TgNQPSRº� yÉ� çú�qrug] � é!�
n � �
p � �»NiPzRÂ� � \!UWPkabhONQ\!abM³d^NQ\�T0qrPSRS`z\!d�RSqrM &;U�qrPka$Mbd!aLM UQm
d!RSu�dsM
_$TzqY\�TÕNihLd>MLabhbqr\!a�Mb`SàSMLd!abM¿Uim�abTSd�d!Rzu�d!M�UQmlabTzd¿m`SVrVrx�\!UWP �
Pzd!\!abdsR(u�h�NifST�]³å$TSd�`SPSqrU�PØUimlaLTSd�d!RSuWd>MLd!abM�qrPSRz`S\!d!RÕàkxyÉ� �ln � �lp � �lNQPSRí� � \!UWPkabhONQ\!abMjqrM�NØMbaLhbqr\!a�Mb`zàSMbd!ajUim³abTSd
dsRSu�d!M8Uim6abTSd³m�`SVrVYx¿\!UWPSPSd!\!aLd!R�u�hONQfSTº]
t dâ\sU�`SVrR3fShLUk\!d!d!R�aLU2MbTzUi_ abT½NiaíN fgNiaLT�NiPzR NQP

ë${ fgNQabT NQVY_$N%xkM(d�zkqrMba mhbUWXENiPkx3aONQMb|�NiVrVrUk\^NiaLqYUWP3abU
� ¼6¦k�$¢!¸k��¤�² �s�»�c�^�����!�¡��¢i£��%��¤�¢!�[£��!�¿´S���b�O�%£c¦k��§�¥6¤���¦���¦k���c�¹¯¢s©���£�¢!�����b�%£������%¸}���³¤¡¹$¢s���¿�!�¡��¢!¥:�>�.��¢s��ª ¬Æ®�¸��%��¦gµ�¼6¦�¤��³¤��

´S��£��!©k�c����¨%�b�ÍÎ:ª�£O¢s�����b�%£O�c�:�!��¢s���8��©�Ô�£��$¹¯¢!����¦��%�$«��»�b¢s¸gµ½ò;°Lµ



aLTSd0UWfSabqrX[NiV�U�PSd#qùm�abTzd#\!U�PkaLhONi\sabqrPSu(fzhbU�aLUk\!U�V³qrPS\!UWhbf½U �
h�NiabdsM y n$pS� � \!UWP�aLhONQ\!abM%] ]8Ui_ld!wWd!h^��_�d�MbTSUi_ÖMbU�Xjd!abTzqYPzu
MLabhbUWPSu�dsh^]6å$TSd6m�U�VrVrUi_$qYPzulfShLU�f½U�MLqYaLqrU�P³Mba�NiabdsM aLTgNia y n$pS� �
\!UWPkabhONQ\!abM�NQhbd³Mb`�\�\sqYdsP�a�m�U�h$hbd%Ni\�TSqrPSu�abTzd uWVrU�àgNQV»aONiML|ÍNQV �
VrUk\^NiaLqrU�P�U�fzabqrX�`SX2qrP�N8ì½PSqrabd�Pk`SX�à½d!h
UQmº\!U�PkaLhONi\sabM^]:å$TSd
hLd!Mb`SVra¿TSU�VrRSM�mU�h�NiPkx�Mbd��k`SdsPS\!d[Uim$ë${ y n$pS� � \!U�PkaLhONi\sabM^�
qc] d�]¿mUWh�NiPkx#TSqrVrV � \!VrqrX�àSqùPSu�NQVru�U�hLqrabTSX�aLTgNia�`zMbd!M y n$pS� �
\!UWPkabhONQ\!abM�7äNQPäUWhONi\sVYd�qrM[PSU�ajPSd!d!RSdsR·mUWh�\�TSUkU�MLqYPzuíaLTSd
fgNQabTº]�å$TSqrM�Xjd^NiPSM¿abT½Nia�m�hbU�X abTSd#f½d!hLMbf½d!\!abqrwWd!M#Uim�MLU �
\!q¯NQV$_ld!Vùm NQhbdjXÍN%zkqrX�q �^NiaLqrU�P0NQPSR(UQm qrPSRSqrwkqrRS`gNiV:hONiaLqrU�PgNQV �
qracxk��NQu�d!PkabM�\^NQPÍNi\s\!d!fSa8ë${á\!U�PkaLhONi\sabM�NiM�abTzd!xÍNQhbd�UQøËdshbd!Rº]
å$TSdsx�PSd!dsRÍPzU�a�_GNQqYaomU�h�X�UWhbd$fShLUiìga�NiàSVrd�UWPSd!M%�SNiPSRjabTSd!x
PSdsd!RâPSUWa>_�U�hLhbx(aLTgNia�NØ\!`ShbhLd!Pka�\!UWPkabhONQ\!a�X[N%x#XÍNQ|�d�N
XjU�hbd¿fShLUiìga�NiàSVrd¿m`SaL`Shbd�\sU�Pkabh�Ni\!a�`zPSfShbUQìgaONQàSVrd�] -�d!qrabTzd!h
RSUÕaLTSd!x PSd!d!RáabU(NQ\!\!d!fza�\!U�Pkabh�Ni\!aLM�aLTgNia�NQhbd[PSU�a¿ë${5qYP
NQP�aLqr\!qrfgNiaLqYUWPáUim�m`zab`ShLd#\!U�PkaLhONi\sabM#aLTgNiajXÍNi|Wd�aLTSd0\sU�X �
àSqrPgNQabqrU�Páà½d!PSd�ì½\!q¯NiVc]äúz`ShbaLTSd!hLX�U�hLd���abTSdsMbd�TSqrVYV � \!VrqrX>àSqrPSu
NQVYuWU�hLqYaLTSX�M:RSU�PSU�a$Pzd!d!R[abU�àgNQ\�|�aLhONQ\O|»]
O³�%��P}�»�!ÿ��%ÿ��½þt� � N �Q� � - � � ��� � & � � � ����
3�2� u �  Z�I��. �[�P� � �[. ��
3� + V � �[�2� . �WT � T3TO��He� � �&��� 1$. ����� � �[. �,� ( � � � I�
T,T 1. TO
 \ � 
3� +*� T + � � 
,�OI \ G$
 u � u � � �0V�� �I'�$ ��� . �[�P� � �[. �3�2X}�}���%�
�I�� + T� ��� T3T � � V �2
 \�� T}� � �~# � T3T� .�� ��
3��� 
,� � �}��
3�2�S� � \ � � �
�! )����� V ��G!H}
3�I�� � � ���[. #[� � ��. #�
3� + X u
O³�%� �>Y�Z |�P y n$pS� � \!UWP�aLhONQ\!a�\^NQPâX�UiwWd¿mhbUWX aLTSd

\!`zhbhbdsP�ajaONQMb|(NiVrVrUk\^NiaLqrU�P�abU0NQP�xÕUWabTSdsh>qrP(NØMbqrPSu�Vrd�MLabd!fº]
å$Tk`SM8abTSd�UWfSabqrX[NiV½aONiML|ÍNQVYVrUk\^NQabqrU�Pj\^NiP#à½d�hLd^Ni\�TSd!RÂmhbUWX
NQP�x¿aONQMb|�NiVrVrUk\^NiaLqYUWPh7»aLTSd!hbd³NihLd�PSU�VrUk\^NQVSU�fSaLqrXÍNS]»n�Vrd^NQhbVrx
aLTSd�X�UiwWd�abU#NiP�U�fzabqrXÍNQV»aONiML|èNQVrVYUk\^NQabqrU�P[qrM³ë${Öàgd!\%Ni`SMLd
NQP�U�fzabqrXÍNQV�aONQMb|�NQVYVrUk\^NQabqrU�P¿TgNiM:TSqru�TSd!h�_�d!Vùm NihLd$abTgNQP�NiPkx
UWabTSd!h%]
å$Tk`SM8abTSd³TSqrVrV � \!VrqrX�àSqùPSu�NiVru�UWhbqrabTSX�RSUkd!M8PSU�a$Pzd!d!R
aLU�àgNi\�|kabh�Ni\�|�qrP[U�hLRSd!h�aLU>hLd^Ni\�T#aLTSd³U�fSaLqrX�`SX0]
{�d!\^Ni`zMbdÍNQu�d!PkaLM�U�PSVrx[XÍNQ|�d�ë${ \!U�PkaLhONi\sabM^�6dsw�d!hLx0\!UWP �

aLhONi\sa�ç¯MLabhbqr\!aLVrx}é8qrX�fzhbUiw�dsM$MbUk\!q¯NiV
_�d!Vùm NQhbd�]³å$TSdshbd�mUWhbd���PSU
a�NiMb|·NiVrVrUk\^NiaLqrU�PâqrM#wkqrMbqrabdsRäXjU�hbd�abT½NiP·U�Pz\!d�]-{ld!\%Ni`SMLd
aLTSd!hbd¿Nihbd�N�ìgPSqrabd8Pk`SX�àgdshlUQmºaONiML|kM &äNiPSR[NiuWd!PkabM ->�kaLTSd
Pk`SX�à½d!h�UQm
aONiML|#NiVrVrU�\%NiabqrUWPSM ç � - � c ; c é$qrM$ì½PSqrabd�]�ëca$m�U�VrVrUi_$M
aLTgNia8abTSd³u�VrUWàgNiV½U�fSaLqrX�`SX�qYM$hLd^Ni\�TSdsR#qrPÂN�ìgPSqraLd Pk`SX�à½d!h
UQmoMLabd!fzM^] [y n$pS� � \!U�PkaLhONi\sabM�NihLd�NiVrMbUØPSd!\!d!MLMONQhbx 7�PzU#_ld%Ni|�dsh>MLd!a
UQm \!UWP�aLhONQ\!a$acxkfgd!M$ML`�\�\!d!M~yâd!w�d!P[qùmºabTzd!hbd�_�d!hLd�NQP�UWhONi\sVYd
aLU�\OTzU�UWMbd�aLTSd³U�hLRSd!h�qrPj_$TSqr\OT[aLU�NifSfSVrx�aLTSd!X 7
O³�%��P}�»�!ÿ��%ÿ��½þt�p� �  �OIP� � � 
�0��� \ � � �&� � 1$. ����� � �[. �e�OI � �
�I�� V � ����� . �%T}�[���M������� � T3TO��He(��I�� � � � � �'
3�U�L� � � . �M�'�$ '�I��
� � �$# � T3TO� .�� �2
3�[� V � � � T� \ HhI�� � �x��� ��� V�� �It�SX�
���3�  � � \
�I�� 
3��
3�2
 � T � T3T� .�� �2
3���"��� �OIP��� V �2
 \ � T ����� u
O³�%� �>Y�Z ë�m�MbUWX�d y n$pS� � \!U�Pkabh�Ni\!ajqrM�X�qrMLMbqrPSug�6aLTSd
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VrU�PSu³NiM6abTSdshbd$qrM6abqrX�d��iNQPSR>aLTSd!P
T½N%w�d#N#MLU�Vr`SaLqYUWP(hLd^NiRSx 7[aLTSd#NiPkxkabqrX�d�\�TgNQhONi\sabd!hjUim UW`Sh
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aLTSd�XjU�hbd�\!U�XjfSVrd�z[U�PSd!M�q�m�NjVrU�\%NiV
UWfSabqrX�`SXÃqrM hLd^Ni\�TSdsR
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úz`Sab`ShLd
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UWh NiPkx y n$pS� � \!U�PkaLhONi\saOé8\^NiPØàgd>NQ\!\!UWX�fSVrqrMbTSdsRÍàkx#N¿Mbd �
�k`Sd!Pz\!d>UQm y$� \!UWP�aLhONQ\!abM8q�m
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PSU yÉ� \!UWPkabhONQ\!a�qrM�ë${��½abTSd�NiuWd!PkabM³\^NiP�Mbd �
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qrPSu�N�f½d!hLXÍNiPzd!Pka$VYUWMbM�qrP�\^NQMbd³abTSd³UWabTSd!h³NiuWd!Pka^ç¯M�é�RSU¿PSU�a
NQu�hbdsd�abU�abTzd�VÄNQabd!h¿\!UWP�aLhONQ\!abM¿abTgNQa�NQhbd�PSdsd!RSd!RáabUØXÍNi|Wd
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\!UWPkabhONQ\!abM�fShbUQìgaONQàSVrd�]�å$TzqYM8hbqrMb|Ø\^NiP#à½d
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TgNQfSf½d!Pº�kabTzd�Niu�dsP�a:\^NiP�RSds\!U�XjX�qra»mhLU�XÖabTSd$d^NQhbVrqrd!h�U�PSd!M%]
úz`Sab`zhbdá_lUWhb|·MLTSU�`SVrRÖX�U�hLdÕ\!VrU�MLd!Vrx NiP½NiVrx	�!d(TSUi_ àgd!MLa
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