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nox_]saz�#��w2]\g�[�]_^#`ba�v�cP�2{ok�}e]
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ab�2}Aab`�g�^2x_]�c��=`bw2]pq!]saba�g�[�]�u#}A�2`\gB{oabc�`icr`iw2]�`My#d~]�c��=`bw2]pq!]saba�g�[�]��
��w2]sfb]$gBfi]j}~c�`iw�}2no^eg�fby�gB^2k ^#�bgBfby�xsc�q!q��A^2noxzgB`in�cB^�d2fbcP`bc#x_c�{oa.�0Z }2no^eg�fby�d2fbcP`bc#x_cP{
no^
tPc�{ot�]sa g;abno^2[P{�]pai]_^2k2]_fpgB^2k$g�ain�^A[�{o]\fi]_x_]_not�]sfzu~v�w2]_fi]zgBapgB^|^#�bgBfby"d2fbcP`bc#x_cP{Rno^#t�c�{otP]_a�g
abno^2[P{�]�ab]s^2k2]_frg�^2k�q��2{o`bnod2{o]pfb]_x_]sn�tP]_fba 7�aic�q"]_`bnoq!]sa�xzgB{o{o]_k�}2fbc#gBk2xzg�ab`�cPfpq��2{o`bnoxzgBai`�:s�2Z
d2fbcP`bc#x_cP{Rnoa�aide]sx_n¡�e]_k�}
y!g�k~gB`�g;ab`ifb�2xs`b�2fi]�v�n�`iw!`iw2]p��cP{�{ocBv�no^2[��etP]\�~]_{ok2az¢
*�� ai]_^2k2]sf
,2� fi]_x_]_notP]_f+7Ya�:
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Ae� ]_^2x_c#k2no^2[!g�^2k|k2]_x_c#k2no^2[����2^2x_`in�cP^2a
G2� gBx_`inoc�^2a�`icr}~]�`�g���]_^|}#y!`iw2]pfb]_xs]_not�]_f;7�a�:s�
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�#d~c���]s^�w#�2q|gB^?x_c�q"q��2^2noxzg�`bnoc�^ n�a"�2ab]skgBa|`bw2]�q!c#k2]s{���cPfjxsc�q!q��A^2n�xzg�`bnoc�^?gBq"c�^2[
x_c�q"d2�2`hgB`bnocP^egB{�gB[P]_^#`ba.�\Z decPd2�2{�gBf�}egBain�a ��c�flg�^egB{oy#�_no^2[?w#�2qjg�^�xsc�q!q��A^2noxzgB`in�cP^?n�a
��� % %��
	 "��
� ��	�% ���'& D"*Pu ?� Ib� �#d~]_]_xhw g�x_`l`iw2]_cPfby�t
no]_v�a�w#�2qjg�^�^eg�`b�2fhgB{�{ g�^2[��~gB[�]�gBa
"��
�! ���� �_u.ab�2xhw�gBa�fb]B#�2]_ai`ba.uBab�2[P[�]_ai`bnoc�^AazuBx_cPq!q"n�`bq�]s^
`iazu_g�^2kpfb]_d2{ono]_a.� �Ac�f�]_m2gBq"d2{o]�uhv�w2]_^
y�cP�lfi]B#�2]_ab`�abcPq!]_`iw2no^2[eu~yPc��lg�fb]�^2cP`�ainoq!d2{oy!q|gB�#no^2[!g"ab`hgB`b]sq!]_^#`zu }2�2`px_fb].gB`bno^2[�`bw2]
fb]B#�2]sab`�no`bai]_{¡���B��w2]s^!g=¦h�2fiyrk2]sx_{�gBfb]sa gpkA]h��]_^2k~gB^#`=[��An�{o`My#u.`bw2]_fi]\noa�g�^!gBx_`in�cP^�`�g���]_^R¢�`bw2]
k2]h��]s^2kegB^#`
	 a�abc#x_n�gB{�ai`�g�`b�2a�n�a�xhweg�^2[�]skR�
Z�abd~]_]_xhw g�x_`�weg�a�`bw2fi]_]rgBaide]sx_`ba.¢

*�� ��c#x_�2`inoc�^Ru#`iw2]pd2w#y
ainoxzgB{��2`b`i]_f�g�^2x_]�}#y!`iw2]�aide]zg���]_f
,2� � {o{�c#x_�A`bnoc�^RuP`bwA]�no^
`i]_^2k2]skjq"]zgB^An�^A[�cB�0`bw2]��A`b`b]sf�gB^Ax_]�}#y!`iw2]�abd~]zg���]_f
?2� £ ]_fb{oc#x_�2`in�cP^Ru#`bwA]rgBx_`inoc�^!`iwegB`�fi]_ab�A{�`ia���fic�q�`iw2]�{oc#x_�2`in�cP^R�
�2cPf=]_m2gBq"d2{o]�u��Pc�w2^�q"n�[Pw#`Ra�g.y�`bc � gBfiy
u8J £ {o]zgBai]\x_{ocPab]\`iw2]�v�no^2k2cBv�� Lp��w2noa�gBxs`�x_cP^2abnoai`ba
cB��`bwA]$d2w#y#abnoxzgB{�aic��2^Ak2a![P]_^2]_fhgB`b]sk�}#y���cPw2^ 7�cPf!`bwA]jxhweg�f�g�x_`b]_f|ai]B#�2]_^2x_]saj`My#d~]_k�}#y
��cPw2^ :_u���cPw2^ 	 a�n�^#`i]_^#`p��c�f;`bw2]"q!]_aia�gB[P]!gBarg fb]B#�2]_ai`�c�frg x_c�q"qjgB^AkRueg�^2k�n¡��g�{�{�[�c#]_a
v�]s{�{Mu#`iw2]�v�no^2k2cBv�}~]_no^2[�abw#�2`.�
� ^!x_cPq!q��2^2noxzg�`bnoc�^�gBq!cP^2[pw#�2qjg�^2azuP`bw2]pno^#`b]_^#`�c��R`bw2]pq!]saba�g�[�]�n�a�^Ac�`�gB{ov g.y#a=].gBabno{oy
nok2]_^#`bn¡�e]_k����2cPf!]_m2g�q!d2{o]�u J � gBq xsc�{okRu L�xzgB^�}~]lt#no]_v�]_k g�a$gB^�g�abab]sfb`bnocP^Ru\g�fi]B#�2]_ai`
��c�f|g�aiv�]zg�`b]_f.u�c�f|g�k2]sqjgB^Ak?��c�f!g�^�no^2x_fi]zgBai]�n�^ fbc#c�q `b]_q"de]sf�gB`i�2fb]P��5\cBv�]_t�]sfzu���c�f
x_c�q"q��2^2noxzg�`bnoc�^�gBq"c�^2[rg�[�]_^#`iazu2v�]�v�gB^#`�`bc�no^2ab�Afb]�`iwegB`�`iw2]_fb]�noa�^2c�k2cP�2}2`\gB}~c��A`�`bw2]
`My#de]�c��Iq"]_abahgB[�]P�
�#de]s]_xhw g�x_`p`bw2]_cPfby|�2ai]_a�`bwA]�`b]_fiq��%����'���'� "��) ��
%�`bc"nok2]_^#`bn¡��y"`bw2]�no{�{oc#x_�2`inoc�^eg�fby���cPfbx_]
cB�r`iw2noa|abd~]_x_n�gB{�xs{ g�aba|cB���2`b`i]_f�g�^2x_]����0m2gBq"d2{o]$de]sfM��cPfbqjg�`bnot�]|tP]_fb}2a�n�^Ax_{o�2k2]���� ���  ��'%��
� %�� ���'����� ��� �  #� � %��  #� �' ��'��� �)% �#�!�"� %�# � % �(��uzg�^2k%$�% � "��&$P� � {o{oc
xs�2`bnoc�^~gBfby���c�fix_]�xzgB^�}e]�}2fbc#gBk2{oy
x_{�gBaiabn¡�e]_kg�algBaiab]_fi`bnot�]_a 7�ai`�g�`b]_q"]_^#`ba$c��r�,g�x_`�:su�k2nofb]sx_`bnot�]sa 7Yx_c�q"qjgB^Ak2a�no^ g qjg�ab`i]_fM�
ab{�g.t�]�ab`ifb�2xs`b�2fi]+:_u#x_cPq!q"n�aiabnot�]sa(7�x_cPq!q!no`iq�]_^#`ba�:suhk2]_x_{�g�f�gB`inot�]_a 7Yab`hgB`b]sq!]_^#`ba�cB�2�,g�x_`�:su�gB^Ak
]_m#d2fb]sababnotP]_a 7�]_m#d2fi]_abain�cP^2apcB�0]_q!cP`bnoc�^ :s�
£ ]sfM��cPfbqjg�`bnot�]sa!gBfb]��2ai�egB{o{oy�fi]_d2fb]sab]_^#`b]skno^?`bw2]�ab`My#{ono�_]_k�aiy
^#`hgB`bnox���c�fiq J � w2]_fi]_}#y
`b]_{o{M�o�o� L�c�fEJ � wA]_fb]_}#y�fi]B#�2]_ai`z�o�o� L ¨ ]_xzg��2ab]�d~]_fM��cPfbq|gB`bnotP]_a�weg.t�]|`iw2]$abd~]_x_n�g�{�dAfbc�d~]_fi`My
`bweg�` Jia�g.y#no^2[�no`�qjgB�P]_a�no`�abc~u L�^Ac�`\gB{o{�t�]_fi}2a�g�fb]�d~]_fM��c�fbq|gB`in�tP]_az� �2cPf�]_m2gBq"d2{o]�u#ab`hgB`bno^2[
`bweg�`CJ � w2]_fi]_}#y!aic�{ot�]�`iw2noa�d2fic�}2{o]_q Lpk2c#]_a�^2c�`�x_fi]zgB`i]�`iw2]\aic�{o�2`in�cP^R�PZ\{o`bw2cP�2[�w�`iw2]\`i]_fbq
abd~]_]_xhw�noa��2ab]_k no^�`bwAn�a�k2noabxs�2abain�cP^Ru�abd~]_]_xhw�gBxs`ba�weg.tP]�`bc�k2c$v�no`bw x_c�q"q��2^2noxzgB`inocB^$no^
��c�fiq!a�c�`iw2]_f�`bw~gB^|`bw2];abd~c���]s^jv�c�fikR�
� ^�ab�Aq!qjg�fby#u~abd~]_]_xhw�gBxs`�`bw2]_cPfby w2]_{od2a�k2]h�~^2]|`bw2]|`My#de]|c���q!]saba�g�[�]"}
y��Aabno^2[�`bw2]
x_c�^Ax_]_d2`�cB�I`iw2]pno{�{oc#x_�2`inoc�^eg�fby;��c�fix_]�u2v�wAn�xhw"x_c�^2ai`bfhgBno^2a\`iw2]pab]_q|gB^#`bnox_a�cB�0`bw2]px_cPq!q��2^An��
xzgB`inoc�^�gBx_`pno`bai]_{¡���~��w2]rai]_^2k2]sf 	 arno^#`b]s^2k2]_k�x_c�q"q��2^2noxzg�`bnoc�^|gBx_`pnoapx_{o]zgBfi{�y|k2] �e^2]_kRu0gB^Ak
`bw2]pfi]_x_]_not�]sf\weg�a�^2c�k2cP�2}2`\gBa�`bc�`bwA]�`My#d~]pcB�Rq!]saba�g�[�]�ab]_^#`z�A��w2noa�xsc�^2ai`bf�g�no^
`�abnoq"d2{on��~]_a
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`bw2]pk2]sabno[�^|cB�=cP�2f�abc���`Mv g�fb]pgB[�]s^
`iaz�
��w2]�q!]saba�g�[�]|x_cP^
`hgBno^2]_k �  #� 	 #��`iw2]$d2fic�`ic
xsc�{pqjg.y�}~]lgBq�}An�[P�2c��Aazu0qjg.y�w~g.t�]|^2c
abnoq!dA{�]�fb]_aidecP^2ab]Pu�c�f�q|g.yrfi]B#�2nofb]�k2]_x_cPq!d~c�abno`in�cP^jg�^2k|`bw2]rg�abain�ai`�g�^2x_]�c��7cP`bw2]sf�gB[P]_^#`ba �
w2cBv�]_t�]_f.u\`iw2]�xsc�q!q��A^2noxzgB`in�cP^?d2fbcP`bc#x_c�{�no`bai]_{¡�jabwAc��2{ok�x_{o]zg�fb{oy�nok2]s^
`in¡��y�`iw2]�`My#d~]�c��
q!]_aia�g�[�]\}~]_no^2[�ai]_^#`z�
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Z ���A^2kegBq"]_^#`�g�{\k2]_xsn�ainoc�^?��cPf!`iw2]lno^#`b]sf�gBxs`bnoc�^�cB�rgB[P]_^#`ba|noa!`ic ai]_deg�f�gB`i]l`iw2]�ab]_q|gB^#�
`bnox_a�c��I`bwA]�xsc�q!q��A^2noxzgB`in�cP^rdAfbc�`ic#x_c�{(7Yv�w2nox�w|q��2ai`�}~]pk2c�q|gBno^�n�^Ak2]_d~]_^2k2]_^#`#:���fbc�q�`bw2]
ab]_q|gB^#`bnox_a�cB�=`bwA]r]_^Ax_{oc�ab]sk�q!]_aia�gB[P] 7�v�wAn�xhw$q|g.y�k2]_d~]_^2k�cP^$`bw2]�k2cPqjgBno^ :s�#��w2]�x_c�q��
q��2^2noxzg�`bnoc�^�d2fbcP`bc#x_cP{Rq��2ai`�}~]��2^2notP]_fbahgB{o{oy�abweg�fb]_k$}#y!g�{�{Rg�[�]_^#`iaz� � `�aiw2c��A{�k|}~]px_c�^2xsn�ai]
gB^2k|weg.tP]\cP^2{oy!g�{�noq"n�`i]_k�^#�2q�}~]_f�c��Id2finoq!no`bnot�]�xsc�q!q��A^2noxzgB`in�cB^�gBxs`baz�
��w2] �#^2cBv�{o]_k2[�]EB#�2]sfby�gB^2k�q|gB^2nod2�2{�g�`bnoc�^?{�gB^2[P�egB[P] 7��
	 � � :$noalg?dAfbc�`ic#x_c�{;��c�f
]_m#xhwegB^2[Pno^2[!no^#��cPfbq|gB`bnocP^jgB^Akl�#^2cBv�{o]_k2[P]�u�gBapno{o{��Aab`bfhgB`i]_k$no^ ��no[��Afb] ,2�F,2�A��w2]r]s{�]s[
gB^Ax_]
cB����	 � �?noap`bweg�`¤g�{o{Ino^#��c�fbq|gB`in�cP^"��c�f��2^2k2]_fiab`hgB^2k2no^2[�`bw2]�x_cP^#`b]_^#`�c�� `iw2]rq"]_abahgB[P]rnoa
no^2x_{o�2k2]_k�no^�`iw2]\x_cPq!q��2^An�x.gB`bn¡c�^pno`bai]_{¡������wA]�}egBain�x�d2fbcP`bc#x_cP{enoa=k2] �e^2]_k"}
y�`bwA]���cP{�{ocBv�no^2[
ab`ifb�2x_`i�2fb]P¢

KQML KQML

Agent Agent
Application
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�c�	!j(���� 
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 ��	 � �ªnoalg?d2fic�`bc#x_cP{p��cPf$x_c�q"q��2^2noxzg�`bnocB^2ajg�q!cP^2[�}ecP`bwg�[�]_^#`ba�gB^2k
gBd2dA{�noxzg�`bnoc�^�dAfbc�[Pf�g�q!a

7��
	 � �~�Md~]_fM��cPfbq|gB`bnotP]
¢ ai]_^2k2]_f �v�cPfbk��
¢ fi]_x_]_not�]sf �v�cPfbk��
¢ {�gB^A[��eg�[�] �v�cPfbk��
¢ cP^
`ic�{oc�[Py �v�cPfbk��
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y�cPfbk2]sfz�2��wA]
��	 � �~�Mde]sfM��cPfbqjg�`bnot�]sa g�fb]�q"c
kA]_{o]_k�c�^
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no^2k2]_d~]_^2k2]s^
`.u2v�w2no{o]�`bwA]\ab]sqjgB^~gB`bnox_a�cB�R`bwA]\q!]saba�g�[�]�n�a�k2]h�e^2]skj}#y�`bw2]��e]_{ok2a ���������	�
���
7�`iw2]�q!]saba�g�[�]�no`iab]_{¡� :su ��������������	� 7Y`bw2]�{�g�^2[
g��2[�]�n�^|v�w2noxhw$`iw2]pq!]_aia�gB[P]�noa�]_m#d2fb]sabab]sk :_u
gB^2k ���������������� 7Y`bw2]�t�c#xzg�}2�2{�gBfiy|cB�=`bw2] Jbv�c�fik2a9L"no^$`bw2]�q!]saba�g�[�]+:s� � ^$]h��]_x_`zu��
	 � �
Jbv�fhgBd2aML g q!]_aia�g�[�]�no^g �'� �'� �
�!� � %$`bw~gB`�xzgB^ª}~]��2^2kA]_fbai`bc#c#k }#yg�^
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Synchronous:  a blocking query waits for an expected reply

Asynchronous:  a nonblocking subscribe results in replies

Server maintains state; replies sent individually when requested
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¦hc�no^#`b{oy�x_c�q"q!no`b`i]_kRuhno`=gB{oabc�^2]_]_k2a�`bcpfb]zg�abai]_aba�no`ba0cBv�^rd~c�aino`bnoc�^�v�no`iwrfi]_abd~]_x_`�`bcp`bwA]G¦hcPno^
`
gBx_`inoc�^R�#��w2]sab]�`iw2fb]_];}egBain�x�g�abab�Aq!d2`in�cP^2a�gBfb];]_^2x_c#k2]_k�n�^|g�x_c�^#tP]_^#`bnoc�^|`bw~gB`�fb]_d2fi]_ab]s^
`ia
`bw2]pq"n�^An�q��2qDfb]B#�2nofb]sq!]_^#`���cPfG¦hcPno^
`�x_cPq!q!no`iq�]_^#`bazuPgBa�abwAcBv�^j}~]_{ocBv��
� �� � ��� � � 	 �  ��� ��� ��	�����	�� � 	 ��� ��	
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 �c�q!q"n�`iq�]_^#`ba�gB^2k�xsc�^#t�]_^#`in�cP^2ajg�fb]�`bw2]�x_cPfb^2]_fiab`ic�^2]_a�cB�rx_c#cPfbk2no^eg�`bnoc�^R¢�x_c�q"q!no`M�
q!]_^#`ia�d2fbcBt#nok2]�`iw2]�^2]_xs]_abahgBfby�ab`bfi�2x_`i�2fb]���cPf�d2fb]sk2nox_`�g�}2{o]�no^
`i]_f�g�x_`bnocP^2azu~gB^2k$aic#x_n�gB{Rxsc�^#�
t�]_^#`in�cP^2a�d2ficBt
nok2]p`iw2]p^2]_x_]_aia�g�fby$k2]s[�fb]s]rc��Iq��2`i�egB{~ab�2dAdecPfb`z�
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Z}eg�abnoxpab`if�gB`i]_[�y�abweg�fb]_k$}#y"qjgB^#y�c��7`iw2]�d2fic�`ic
xsc�{oa���c�f�xsc
cPde]sf�gB`inoc�^$noa�`bc"k2]_x_cPq!d~c�ai]
gB^2k�`iw2]_^�k2noai`bfbno}2�A`b]�`�g�ab�#az� �#�2xhw!g�k2not
nok2] � g�^2k#�Mx_c�^ B#�2]sf7g�d2d2fic
gBxhw�xzg�^rfi]_k2�2xs]\`bwA]�x_c�q��
d2{o]_m#no`My!cB��g;`�g�ab��¢2aiqjgB{o{o]_f�ab�2}A`�gBai�#a\fb]�B
�An�fi]�{o]_aba�xzgBd~gB}2{o]�gB[P]_^#`ba�g�^2k"��]_v�]_f\fi]_abcP�2fbxs]_az�
5\cBv�]_t�]sfzu�`bw2]"aby#ab`i]_q(q��2ai`\k2]_xsn�kA]jgBq"c�^2[|gB{o`b]sfb^eg�`bnot�]�k2]sx_c�q"decPabno`bnoc�^Aazu~n¡��g.t�g�n�{�g�}2{o]�u
gB^2k�`bw2]�kA]_x_c�q"decPabno`bnocP^!d2fic
xs]_abapq��2ai`�x_c�^2ainok2]_f\`iw2]�fi]_abcP�2fbx_]sargB^2k�xzgBdeg�}2no{on�`ino]_a�c��=`bw2]
gB[P]_^#`baz�~Z�{�aiceuA`bw2]_fi]rq"no[�w#`=}~]�no^
`i]_f�g�x_`bnocP^2a�g�q!c�^A[�`bw2]�ab�A}2`�g�ab�#a�g�^2k$x_cP^��enox_`bapgBq"c�^2[
`bw2]�gB[�]s^
`iaz�
�7g�ab��k2]_x_cPq!d~c�ain�`inoc�^�xzgB^�}~]\k2cP^2]\}#y�`bw2]�aby#ab`i]_q�k2]sabno[�^2]sfzu#v�w2]_fi]_}#y�k2]_x_cPq!d~c�ain�`inoc�^
noaRd2fic�[�fhgBq"q!]_k�k2�2fbno^2[�noq!d2{o]_q"]_^#`�gB`inocB^RubcPfR}#yp`bw2]�gB[P]_^#`ba��2abno^2[�w2no]_f�g�fbxhw2noxzgB{#d2{�g�^2^2no^2[eu
c�f�no`jq"no[�w#`!}~]�no^2w2]sfb]_^#`�n�^�`iw2]�fi]_d2fi]_ab]_^#`hgB`bnocP^cB�!`iw2]�dAfbc�}A{�]sqlu�gBa$no^g�^�Z�, § �

 ¥ [�f�g�d2wR���7g�ab��k2]sx_c�q"decPabno`bnoc�^ q!no[�w#`�}~]|k2c�^A]$abdeg�`bn�gB{o{oy#u�}egBai]_k�cP^ `iw2]${�g.y�cP�2`�c��
no^#��c�fiqjg�`bnoc�^|abcP�2fbxs]_arcPfpk2]_x_noabnocP^ld~c�no^#`ba.u�c�f����2^Ax_`bnoc�^~gB{o{oy
u~gBx_x_cPfbk2no^2[|`icj`iw2]�]_m#d~]_fb`in�ai]
cB��g.t�gBno{�gB}A{�]�gB[P]_^#`ba.�

\^Ax_]�`�g�ab�#a�gBfb]�k2]_xsc�q!d~c�ai]_kRu~`bwA]_y$xzg�^l}~]�k2noab`ifbno}2�2`i]_k g�x_x_cPfbk2no^2[|`bc"`bw2];��cP{�{ocBv�no^2[
x_fbno`i]_fbn�g D�*;?�I ¢
Z�t�cPn�k"cBt�]_fi{oc
gBkAn�^A[�x_fbno`in�x.gB{Rfi]_abcP�2fbxs]_a
Z�abain�[P^|`�gBai�#a�`bc!gB[P]_^#`ba�v�no`bw|q|gB`bxhw2no^2[;xzgBdeg�}2no{on�`ino]_a
� gB��]�g�^ g�[�]_^#`�v�no`bw$g�v�nok2]\t#no]_v�gBabaino[�^|`�g�ab�#a�`bc�cP`bw2]_f\g�[�]_^#`ia
Z�abain�[P^|cBt�]_fi{ g�d2d2no^2[�fb]_aidecP^2abno}2no{ono`bno]_a�`ic�g�[�]_^#`ba�`bc�gBxhw2no]_tP]�x_c�wA]_fb]_^Ax_]
Z�abain�[P^lwAn�[Pw2{oy$no^#`b]_fik2]_d~]_^2k2]_^#`�`�g�ab�#a�`bc$g�[�]_^#`bapno^�abdeg�`bn�gB{=cPfpab]_q|gB^#`bnox�d2ficBm#n�q"no`My
�
��wAn�a�q"no^2noq�n��s]_a=x_cPq!q��2^2noxzg�`bnocB^�gB^2k|aby#^2xhw2fic�^2no�zg�`bnoc�^|x_cPab`ia
¥ ]zgBaiabno[�^|`hgBab�#a�n¡�I^A]_x_]_aia�gBfiy|��cPf�x_c�q"d2{o]_`bno^2[��Afb[�]s^
`�`hgBai�
a.�
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��w2]¤��c�{o{ocBv�no^2[pq!]_xhweg�^2noabq!a�gBfb]px_cPq!q"c�^2{oy��2ai]_k|`bc�k2noai`bfbno}2�A`b]�`hgBab�#a.¢
� g�fb��]s`�q!]_xhweg�^2noabq"az¢2`hgBai�
a�gBfb]�q|gB`ix�wA]_kl`ic$gB[�]s^
`ia�}#y$[�]s^2]_f�g�{on��s]_k�gB[Pfb]_]_q"]_^#`pc�f
q��2`i�egB{~ab]_{o]_xs`bnoc�^ 7�gB^eg�{oc�[�cP�2a�`bc�d2fbnox_no^2[�x_cPq!q"c
kAn�`in�]_a#:
 �c�^#`if�gBxs`\^2]_`.¢eg�^2^2c��A^2x_]�uA}2nokRu2gB^2k|g.v g�fbk|x_y#x_{o]_a
� �2{o`in g�[�]_^#`0d2{�gB^A^2no^2[e¢sd2{�gB^2^2no^2[\g�[�]_^#`iaIw~g.t�]�`bw2]�fb]_aidecP^2abno}2no{ono`Myp��cPfR`�g�ab�rg�abain�[P^2q!]s^
`

�fb[#gB^2no�zg�`bnoc�^eg�{�ab`ifb�2x_`i�2fb]P¢Gg�[�]_^#`ia\weg.tP]��em#]_k$fi]_abd~c�^Aabno}2no{on�`ino]_a���c�f�deg�fb`bnox_�A{ g�f�`�g�ab�#az�

��n�[P�2fb]�,2�FG;n�{o{o�2ai`bf�g�`b]_a�`Mv�c�cB�I`iw2]pq!]_`iw2c#k2a�cB�I`hgBai�!k2noab`ifbno}2�2`inoc�^R� § ]_`�g�n�{oa�cB�=gBk2k2no`in�cP^egB{
q!]_`iw2c#k2a�gBfb];k2]_abxsfbno}e]sk$no^j`iw2]pab]_xs`bnoc�^2a�`bweg�`���c�{o{ocBv��

Spatial decomposition by information source or decision point:

Functional decomposition by expertise:

Pediatrician

Internist

Psychologist

Neurologist

Cardiologist

Agent 1

Agent 2

Agent 3

�c�	!j(����h
� � ��v�c�x_cPq!q!cP^2{oy��Aab]_k�q!]_`iw2c#k2a~��cPfRk2noab`ifbno}2�2`ino^2[�`�g�ab�#a=gBq!cP^2[�x_c#c�d~]_f�g�`bnot�]
gB[P]_^#`ba
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��I`bwA]¤g�}ecBtP]\q"]_xhwegB^2noaiq!azu�`bw2]p}~]_ab`��#^2cBv�^|gB^2k|q!cPab`=v�nok2]s{�y�gBdAd2{on�]sk!noa�`iw2]px_c�^#`if�gBxs`
^2]_`�d2fbcP`bc#x_c�{ D A>Aeu �Ib�2��w2]�xsc�^#`bfhgBx_`�^2]_`pd2fbcP`bc#x_cP{Rnoa�g�^jno^#`b]sf�gBxs`bnoc�^$dAfbc�`ic#x_c�{ ��c�f�x_c#cPd#�
]_f�g�`bnot�]�d2fbcP}2{o]_qªabcP{�t#no^2[�gBq"c�^2[�g�[�]_^#`ba.� � `�noa=q!c#k2]s{�]skrcP^!`bwA]\x_cP^
`if�g�x_`bno^2[�q"]_xhwegB^An�aiq
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�2ab]sk$}#y�}2�2abno^2]sabab]sa�`ic�[�cBtP]_fb^"`bw2]�]sm
xhweg�^2[�]pc��I[�c#c#k2a\g�^2k!ai]_fbt#nox_]_a.�e��wA]�x_c�^#`if�gBxs`�^2]_`
d2fbcBt#nok2]_a|g�abcP{��A`bnoc�^ ��cPf�`bw2]$aicB�MxzgB{o{o]_k � ����%�� �) #��� ��� ��� � %
��¢��e^2k2no^2[�g�^�gBd2dAfbc�dAfbn�gB`i]
gB[P]_^#`=`bc�v�c�fi��c�^!g¤[�not�]_^�`�g�ab��� �Rno[P�2fb] ,A� ��no{�{o�2ai`bfhgB`b]sa=`bw2]�}egBainox�ab`b]sd2a�no^�`bw2noa=dAfbc�`ic#x_c�{M�
Z\^jg�[�]_^#`�v g�^#`bno^2[rg;`�g�ab��abcP{ot�]_k"n�a�xzg�{�{o]_k"`bw2]�� "��"
$�% � �2g�[�]_^#`ba�`bw~gB`�q!no[�w#`0}e]�g�}2{o]
`bc|abcP{ot�]�`iw2]r`hgBai�lgBfi]rxzg�{o{�]skld~c�`i]_^#`bn�gB{ � ������ "�� �)���(� ��� �2fic�q g�qjgB^~gB[�]sf 	 a�de]sfbabd~]_x_`inot�]�u
`bw2];d2fbc#x_]_aiapn�a
Z�^2^2cP�2^2x_]rg;`�g�ab�"`bweg�`�^2]_]_k2ap`icr}~]�d~]_fM��cPfbq"]_k
¥ ]_x_]_notP]¤g�^2k|]_t�gB{o�eg�`b]p}2nok2a���fic�q�d~c�`i]_^#`bn�gB{�xsc�^#`bfhgBx_`ic�fba
Z�v g�fbk$g;x_c�^#`bfhgBx_`�`bc!g;ab�2no`hgB}2{o]px_c�^#`if�gBxs`bc�f
¥ ]_x_]_notP]¤g�^2k|aby#^#`bw2]sabno�_]�fb]_ai�2{o`baz�

� �2fic�q g�xsc�^#`bfhgBx_`ic�f 	 a�d~]_fbaide]sx_`bnot�]Pu�`bw2]pd2fic#x_]_abapnoa
¥ ]_x_]_notP]�`hgBai�jgB^A^2c��2^Ax_]_q!]s^
`ia
�7t�gB{o�egB`i]\q�y�xzg�degB}An�{ono`My�`bc�fb]sabd~c�^2k
¥ ]_abd~c�^Ak 7Yk2]_x_{ono^2]�uA}2nok :
£ ]_f ��c�fiq `iw2]p`�g�ab�!n¡�0q�y�}2nok!noa\gBx_xs]_d2`b]sk
¥ ]_d~c�fb`�q�y�fb]sab�2{o`ba.�
��w2]\fic�{o]_a�cB�IgB[P]_^#`ba�gBfi]\^2cP`=abd~]_x_n¡�e]_k|no^!gBkAt�gB^2x_]P�#Z\^#y�g�[�]_^#`�xzgB^!g�x_`�gBa�gpqjg�^egB[P]_f
}#y$qjg��
no^2[�`�g�ab�lg�^2^2cP�2^2x_]_q"]_^#`ba �Gg�^#y g�[�]_^#`pxzg�^ g�x_`�gBa�g�x_cP^#`bf�g�x_`bcPf�}#y|fb]_aidecP^2k2no^2[
`bc�`hgBab�?gB^2^Ac��2^2xs]_q!]_^#`iaz�=��wAn�a��~]_m#n�}An�{ono`My�gB{o{ocBv�a���cPf����2fi`bw2]_f"`�g�ab��kA]_x_c�q"decPabno`bnocP^R¢Ig
x_c�^#`if�gBxs`bc�f���cPf\g�aide]_xsn��~xr`hgBab�|q|g.y!gBx_`pgBa�g�q|gB^eg�[�]_f�}#y"abc�{onox_no`bno^2[�`iw2]�w2]s{�d�cB�=c�`iw2]_f
gB[P]_^#`ba�no^!aic�{ot#n�^A[�degBfi`ba�c��R`bweg�`�`�gBai������w2]pfi]_ab�2{o`in�^A[rq|gB^eg�[�]_f �,x_cP^#`bf�g�x_`bcPf�{ono^2�#a���c�fiq g
x_c�^#`ifbc�{�w2no]_f�g�fbxhw#y���cPf�`�g�ab�!aiwegBfino^2[�g�^2k|fb]_ai�2{o`\aiy
^#`iw2]_abnoa.�
��w2]px_c�^#`bfhgBx_`�^A]_`�cB��]_fba�`bw2]�g�k2t�gB^#`�g�[�]_a�cB�0[�fhgBx_]h���2{Rd~]_fM��c�fbq|gB^2xs]\k2]_[Pf�g�kegB`in�cP^R� � �7g
x_c�^#`if�gBxs`bc�f�noa��2^~gB}2{o]p`bc�d2fbcBt#nok2]pg�a�gB`inoaM�,g�x_`bcPfby�abcP{o�2`bnoc�^�u�`iw2]�qjg�^egB[P]_f=xzg�^!ai]_]_�|c�`iw2]_f
decP`b]_^#`in g�{Rx_cP^#`bf�g�x_`bcPfba���c�f�`bw2];`�gBai���
��w2]lai`bfi�2x_`b�Afb]�c���g�`hgBai��gB^2^Ac��2^2xs]_q!]_^#`|no^2x_{o�2k2]sajai{oc�`ba"��cPf "�$�$�� %'� �'% %zu % �  $� ��
 ��  ��!&

��� %��
 � � "��) #���Au �!" � � "��'�'��� "��
�) #���2u��
 �$2���%��  � � "��! ����2u#gB^2k %	� �  �� "��) #��� �) #��%.�B��w2]�`�g�ab�#a�q|g.y
}e]|gBk2kAfb]_aiab]_k `bc|c�^2]�cPf�q!cPfb]�d~c�`i]_^#`bn�gB{�x_c�^#`bfhgBx_`ic�fiarv�w2c|q��2ai`pq!]_]_`p`iw2]�x_fbno`i]_fbn�g|c��
`bw2]"]_{ono}2no}2no{�no`My|abd~]_x_n¡�ex.gB`bnocP^R�0��w2]!`hgBai��gB}2ai`bf�g�x_`bnocP^RuIg }2fbno]h�\k2]sabx_fin�dA`bnoc�^ cB�\`bwA]!`�g�ab��u
noa��2ab]_k }
y x_c�^#`if�gBxs`bc�fia!`ic�f�gB^A��`�g�ab�#a���fbc�q ab]_tP]_f�g�{�`hgBai� gB^A^2c��2^Ax_]_q!]s^
`iaz����w2]|}2nok
abd~]_x_n¡�exzg�`bnoc�^?`i]_{o{�a�d~c�`i]_^#`bn�gB{�x_cP^
`if�g�x_`bcPfba!v�w~gB`�n�^¬��c�fiqjgB`inoc�^$q��2ai`�}~]jdAfbcBt#nok2]_k�v�no`iw
`bw2]|}2nok�� fb]_`i�2fb^2]sk�}2nok�abd~]_x_n¡�exzg�`bnoc�^Aar[Pn�tP]�`bw2]|q|gB^eg�[�]_f�g|}eg�abnoa;��c�f�xsc�q!d~gBfbno^2[|}2nok2a
��fbcPqªk2n¡�G]_fi]_^#`�decP`b]_^#`in g�{exsc�^#`bfhgBx_`ic�fba.�2��w2]�]_m#d2nof�g�`bnoc�^"`bnoq!]�noa gpkA]zgBk2{ono^2]���c�f=fi]_x_]_not#no^2[
}2nok2az�
�=gBxhw!d~c�`i]_^#`bn�gB{~x_cP^
`if�g�x_`bcPf�]_t�gB{o�eg�`b]_a��2^2]_m#d2nofi]_k!`hgBab�!g�^2^2cP�2^2x_]_q"]_^#`ba�`bc�k2]_`i]_fbq"n�^A]
n¡�7no`�noa�]_{ono[�no}2{o]\`ic�cB��]_f�g�}An�k��#��w2]�x_cP^
`if�g�x_`bcPf\`bwA]_^$xhw2c#c�ai]_a\`iw2]�q!cPab`�gB`i`bf�g�x_`bnotP]�`�g�ab�
7�}eg�ab]_k�c�^|abcPq!]\xsfbno`b]_fin�g>:�gB^Akjc��G]sfba�g;}2nok|`bc�`iw2]px_c�fifb]_aidecP^2k2no^2[!q|gB^eg�[�]_f.�
Z qjgB^~gB[�]sfrfi]_x_]_not�]sa g�^2k?]_t�gB{o�eg�`b]_a"}2nok2a���cPf�]zgBxhw�`hgBab�?gB^2^Ac��2^2xs]_q!]_^#`.�=Z\^#y }2nok
k2]_]_q"]_k?a�g�`bnoaM�,g�x_`bcPfby�q|g.y$}e]$g�x_x_]_d2`i]_k�}~]h��cPfb]|`bw2]|]_m#d2nofhgB`bnocP^�`bnoq!]�c���`bwA]j`hgBai��gB^#�
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A manager announces the existence of tasks via a (possibly selective)
multicast

Agents evaluate the announcement.  Some of these agents submit bids

The manager awards a contract to the most appropriate agent

The manager and contractor communicate privately as necessary
�c�	!j(�����
� � ��w2]\}eg�abnoxpab`i]_d2a�no^!`iw2]\x_cP^#`bf�g�x_`�^2]_`.u2gB^"n�q"decPfb`hgB^#`=[�]s^2]_fbnoxpd2fic�`bc#x_cP{~��c�f
no^
`i]_f�g�x_`bnocP^2a\gBq"c�^2[�xsc
cPde]sf�gB`inot�]�gB[P]_^#`ba
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gBfi]�}A�2aby�v�no`bw"c�`iw2]_f�`�gBai�#azu87=,6:�g;d~c�`b]s^
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���'&Bu  #��%'�� $� �'��%zuBcPf�� � #��)% � % �(�)%�$C7Y`�g�ab��f�gB^A��]_k"`bc#c�{ocBv���cPf=x_cP^
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`ia�no^�no`ba�`hgBab��d2{�gB^�� �2cPf�]_m2gBq"d2{o]�u~`bw2]"qjg�^egB[P]_f
xzgB^|v�gBno`��2^#`bno{Rg;}2�2aiy!d~c�`b]s^
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¨ {�g�x��#}~c
g�fbk#�M}egBai]_k!dAfbc�}A{�]sq aic�{ot#no^2[pn�a�cB��`i]_^�d2fb]sab]_^#`b]sk$�2abno^2[;`bw2]���c�{o{ocBv�no^2[�q!]_`hgBd2wAc�fz¢
J � q|gB[�no^2]\g�[PfbcP�2d|cB�Iw#�2q|gB^"c�f\gB[P]_^#`�abd~]_x_n�gB{onoab`ia�ab]zg�`b]_k�^2]_m#`�`ic!g�{ g�fb[P]�}A{ g�xh�
}~c
g�fbkR�
��w2]pabd~]_x_n�gB{onoab`ia\gBfi]�v�c�fi�#n�^A[�x_c#c�d~]_f�g�`bnot�]s{�y�`icraic�{ot�]pg�dAfbc�}A{�]sqluB�2aino^2[r`iw2]p}2{�gBxh�#}ec#gBfik
gBa|`bwA]$v�cPfb�#d2{�gBxs]|��c�f"k2]_tP]_{oc�d2no^2[ `bw2]$aic�{o�2`in�cP^R� £ fbc�}A{�]sq abc�{ot#no^2[�}~]_[�no^2a|v�w2]_^ `bw2]
d2fbcP}2{o]_q�gB^2k�no^2no`bn�gB{#keg�`�g�g�fb]�v�fin�`i`b]_^�cP^#`bcp`bw2]�}2{�gBxh�#}ec#gBfikR�B��w2]�aide]_xsn g�{on�ai`ba=v�gB`ixhw�`bw2]
}2{�gBxh�#}ec#gBfikRu~{�c#cP�
no^2[���c�f�gB^$cPd2d~c�fb`i�2^2no`My|`bc$gBdAd2{oyj`iw2]_nofp]_m#de]sfb`bnoai]!`bc"`bw2]�k2]_tP]_{oc�d2no^2[
abcP{��A`bnoc�^R�A��w2]_^�g�abd~]_x_n�gB{onoab`��e^2k2a�ab��4!x_no]_^#`�n�^¬��c�fiqjgB`inoc�^�`bc"qjg���]�g�xsc�^#`bfin�}A�2`bnoc�^�u2w2]
fb]_xsc�fbkAa�`iw2]�xsc�^#`bfin�}A�2`bnoc�^;c�^�`bw2]�}2{�gBxh�#}ec#gBfikR�.��w2noaIgBkAk2no`bnoc�^eg�{�no^#��cPfbq|gB`bnocP^\qjg.y�]s^egB}2{o]
c�`iw2]_f�aide]_xsn g�{on�ai`ba�`ic$gBd2d2{oy$`iw2]_nof�]_m#d~]_fb`inoab]�����w2noapd2fbc#x_]_aiarc���g�k2k2no^2[|x_cP^
`ifbno}2�2`inoc�^2ap`bc
`bw2];}2{�gBxh�#}ec#gBfbk"x_c�^#`in�^#�2]sa\�2^#`bno{�`iw2]pd2fbcP}2{o]_q w~gBa�}~]_]_^$aic�{ot�]_k�� L
��w2noa=q!]_`hgBd2wAc�f=xzg�d2`b�Afb]_a\gp^#�2q�}~]_f=c��G`iw2]\noq"decPfb`�g�^#`Ixhweg�f�g�x_`b]_finoab`bnox_a�c��R}2{�gBxh�#}ec#gBfik
aby#ab`i]_q!a.u2]zg�xhwjc��=v�w2nox�w"noa�k2]_abxsfbno}e]skl}~]_{ocBv��
�h9=<�1
H�1
9=<�1#9=+B1 /�/\1���H=1#@BFz*M:s1e5 ��w2]�abd~]_x_n�g�{�noai`baC7YxzgB{o{o]_k|�#^2cBv�{o]_k2[P]_a\aic��2fix_]_apc�f � �¬a�:
gBfi]�^2cP`$`bfhgBno^2]_kD`bc�v�c�fi��aic�{o]_{oy�v�no`iw�`bweg�`$abd~]_x_n¡�ex?[�fic��2d�c��!abd~]_x_n�gB{onoab`iaz���=gBxhwDn�a
gB^�]_m#d~]_fb`�c�^�abcPq!]lg�abd~]_x_`ia�cB��`bw2]�d2fic�}2{o]_q%gB^2k�xzg�^�x_c�^#`bfino}2�2`b]�`ic?`bw2] abc�{o�2`inoc�^
no^2k2]_d~]_^2k2]s^
`i{oyjc��I`iw2]�deg�fb`bnox_�A{ g�f�q"nomrc��7cP`bw2]sf�abd~]_x_n�gB{onoab`ia\no^!`iw2]�fbc#cPql�
� *=1~1#@�:_*�F_C$*�9?HI@�/ �03�1 3��_:/~3	1�*�9 0|Fz12+.-090*��~8012:�5G� ^�}A{ g�xh�
}~c
g�fbk�aiy
ai`b]_q"azuP`bw2]�no^
`i]_fb^~gB{
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t#n�]sv��
	�3�1���* �03�1"@B1
H0@B12:s1
9�Fz/AF_*=/~9 // �03�/e+ � �(/~/2@�<�*�9 /9/e@ 3�/2F.*2/e9�5 ��wA]�}2{�gBxh�#}~c
gBfik�q!c#k2]_{
k2c#]_a!^Ac�`�d2{�gBx_]$gB^#y�d2finoc�f�fb]sab`bfinox_`bnoc�^Aa!c�^ v�wegB`�no^#��c�fbq|gB`in�cP^lx.gB^�}~]$d2{�g�x_]_k?c�^ `bw2]
}2{�gBxh�#}ec#gBfikR�
. / 3 3E/~9�*�9�Fz1#@B/e+�Fz*�/e9�3�/29�0e80/0~1~5 ���#a0no^�}A{ g�xh�
}~c
g�fbkpaby#ai`b]_q"aIq��Aab`~}e]�gB}2{o]=`ic�x_c�f �
fb]_xs`b{oy!no^#`b]_fid2fb]s`�`bw2]pno^#��cPfbqjg�`bnoc�^;fb]_x_cPfbk2]sk$c�^"`bw2]p}2{�gBxh�#}~c
gBfik�}#y�c�`bwA]_f ���#az� � ^"d2f�g�xh�
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]_m#noab`bno^2[�n�^¬��c�fiqjgB`inoc�^R� ¥ gB`bwA]_f�`bw~gB^�weg.t#no^2[|]zgBxhw � ��aixzgB^ `bw2]�}A{ g�xh�
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4"1
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y�`bfino[�[�]sfb]_k � �¬az����w2]_^
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 #" � � ����!%	����no^!v�w2noxhw|`bw2]�gB[P]_^#`ba�n�^#`i]_f�g�x_`z�
�#c#x_n�g�{rgB[P]_^2x_y�no^
tPc�{ot�]sa g�}2ab`if�g�x_`bnoc�^Aa|��fbcPq aic
xsn�cP{oc�[�y�g�^2k�c�fi[
gB^An��.gB`bnocP^egB{p`bwA]_c�fiy
`bc�q"c
kA]_{�aic#x_no]_`bno]_a"cB�¤g�[�]_^#`iaz���¬n�^Ax_]$gB[�]s^
`iajg�fb]|cB��`i]_^?}e]sab`!ai`b�2kAn�]sk g�a�q!]_q�}~]_fiarc��
q��2{o`bn�gB[P]_^#`!aiy
ai`b]_q"azu�`bw2noa$t#no]_v cB�jg�[�]_^Ax_y�noa�noq!d~c�fb`hgB^#`jg�^2k�[
g�no^2no^2[?fb]_x_cP[�^2no`in�cP^R�
�#c#x_n�gB}2no{ono`My�noaI]sabab]s^
`in�gB{#`bcpx_c#c�d~]_fhgB`bnocP^Ru.v�w2nox�w;n�`iab]_{¡�enoa�]_abai]_^#`bn�gB{#��c�fRq"cBt#n�^A[�}~]_y�cP^2k�`bw2]
abcPq!]_v�weg�`\fin�[Pnokjxs{�no]_^#` �,ai]_fbtP]_f�deg�f�gBkAn�[Pq cB��`ic#keg.y|`bc$g�`ifb�2]�d~]_]_f �,`icB�Mde]_]sfrk2noai`bfbno}2�A`b]_k
gB^2k �e]_m#no}2{o]=degBfhgBk2no[Pq�`bweg�`0q!c#k2]_fi^¤g�d2d2{onoxzgB`inoc�^2a�xzg�{o{B��cPfzuzg�^2k�v�w2]sfb]�gB[�]s^
`�`b]_xhw2^Ac�{oc�[Py
�e^2k2a�no`ia�[�fb].gB`b]sab`\d~g.y�cB��az�
Z�{�`iw2c��A[�w�q!]_^#`�g�{#d2fbnoq!no`in�tP]_azusab�2xhw!g�a=}e]s{�no]h��azuBk2]sabnofb]_a.u2gB^2k�no^#`b]_^#`bnocP^2azu�g�fb]\g�d2d2fbcPd2fbn¡�
gB`i]���cPf�gp^#�2q�}~]_f=cB�Ig�d2d2{onoxzgB`inoc�^2a=gB^Ak!abno`i�egB`in�cP^2azu�`bw2]_y!g�fb]�^2c�`�ab�2no`hgB}2{o]�no^�`bw2]sq!ab]s{�tP]_a
��c�f��2^2kA]_fbai`�gB^Ak2no^2[ g�{o{ g�abd~]_x_`ba"cB�pabc#x_n�gB{�no^
`i]_f�g�x_`bnocP^2az� �A�2fb`iw2]_f.u=]_x_cP^2c�q"nox�q!c#k2]_{oa�c��
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DFG;I�c�f�x_c�^#`b]sm
`ia D A *MIb���¬c
xsn g�{�xsc�q!q"no`bq�]_^#`ba�gBfi]jg �e]_m#no}2{o]!q!].gB^2a�`iw2fbcP�2[�w�v�wAn�xhw `bw2]
}e]sweg.t#n�cPf�cB�rgB�A`bc�^Ac�q!cP�2a�gB[�]s^
`ia�noa�x_c�^2ai`bfhgBno^2]_kR��Z�^�noq!d~c�fb`hgB^#`�x_cP^2x_]_dA`jnoa�`iwegB`�c��
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7 � ������(����� � �$#87(��#8;� � � � � :�� 7<�"���(� ��� : #
� 7��"�(#���� � ��: #
7��"�(#���� � ��: #
7M7 ����#8��� ��� � : � � �"! �$#%��&-���2� � � :

`bweg�`�noa.u2gB[�]s^
` � kA]_de]s^2k2a\cP^jg�[�]_^#` � v�no`bw"fb]_[#gBfik!`bc�gBxs` �;��cPf�fi]zgB{ono�_no^2[�ai`�g�`b] � uPv�w2]_^
� noa\g�[Pc
gB{�c�� � g�^2k � n�a��A^egB}2{o]p`bc�fb].gB{ono�_] � v�w2no{�] � noa\gB}A{�]p`ic�k2craice�
�#c#x_n�gB{0k2]_d~]_^2k2]s^2x_]|xzgB^�}~]rtPc�{o�2^#`�g�fby|v�w2]_^�`iw2]�g�[�]_^#`iargBk2cPd2`\`iw2]�fbcP{o]_ap`bweg�`�}An�^Ak
`bw2]sq `bc x_]_fi`�gBno^�x_c�q"q!no`bq�]s^
`iaz�)5�cBv�]_tP]_fzu�no`!noa|gB^�cP}�¦hx_]_`in�tP]lfi]_{�gB`in�cP^2abwAn�d�u�no^�`iwegB`
no`jwAc�{ok2a!no^2kA]_de]s^2k2]_^#`b{oy�cB�r`iw2]�gB[�]s^
`ia 	\g.v�gBfi]_^2]_aia|cB�rno`z� 
���x_c��2fiab]�u�`bw2]_fi]�qjg.y }e]
x_c�^Aab]B#�2]_^Ax_]_a�`bweg�`\c#x_x_�2f�v�w2]_^�`bw2]�gB[�]s^
`ia\}~]_x_cPq!]rg.v�gBfi]�c��=n�`.u2ai�2xhw g�a � q"n�[Pw#`=`bfiy
`bc�no^��e�A]_^2x_] � `bc�d2�2fiab�2] � �
�#c#x_n�gB{~k2]_d~]_^2k2]_^Ax_no]_apqjg.y�}~]px_c�q"decP�2^2kR� �2cPf�]sm¬g�q!d2{o]�u�q��2`b�eg�{2k2]_d~]_^2kA]_^2x_]�c#x_x_�2fia
v�w2]_^ � gB^2k � kA]_de]s^2k�c�^$].gBxhw�c�`iw2]_f���c�f�fb]zg�{on��sn�^A[jg�xsc�q!q"c�^"[�c
g�{ � uev�wAn�xhw$x.gB^�}e]
gBxhw2no]_tP]_k|}
y!g�dA{ g�^!no^2x_{o�2kAn�^A[rgB`�{o]zgBai`�`Mv�c�k2n¡�G]sfb]_^#`�g�x_`bnocP^2azu#ai�2xhwj`iwegB` � k2]sde]_^Ak2a\cP^
� k2cPno^2[ �
	�gB^2k � k2]sde]_^Ak2apc�^ � k2c�no^2[��
�eu2gBa
� � 7M7 � ����<�(����� � ��#87(�$#8�� � � � 	 � : # 7 � ����<��� ��� � ��#87(�$#8�� � � � � � :9:
 �c
cPde]sf�gB`inoc�^|noa g;��cPfbq�c��Iai�2xhw$q��2`b�~gB{~k2]_d~]_^2k2]_^Ax_]��
¥ ]_x_nod2fic#xzgB{0k2]_d~]_^2kA]_^2x_]"c
xsx_�2fbapv�w2]s^ � gB^2k � kA]_de]s^2klcP^$]zg�x�w�c�`iw2]_f���cPf�fb]zg�{�no�_no^2[
k2n¡�G]sfb]_^#`\[Pc
g�{�a.u � � ��c�f � g�^2k � 	 ��c�f � u�gBa
� � �� � 	 7M7 � ����<�(����� � ��#87(�$#8�� � � �
	 � �>: # 7 � ����<�(����� � �$#87��$#8�� � � ��� � 	>:9:
�#c#x_n�gB{�]_m#xhwegB^A[�]�noa�g;��c�fiq�cB�0ab�2xhw$fi]_x_nod2fbc#xzg�{Rk2]sde]_^Ak2]_^2x_]P�
��no`bw!`iw2noa\gBa\g�}eg�abnoazu2g�[PfbcP�2d!c���g�[�]_^#`ia���c�fiq g�x_c#c�d~]_f�g�`bnot�]p`i]zgBq©v�w2]_^
Z�{o{RgB[�]s^
`ia�abweg�fb]rg�xsc�q!q"c�^�[�c#gB{M�
��gBxhw$gB[�]s^
`�noa�fi]B#�2nofb]_k�`bc�k2crno`ia�abweg�fb]p`bc�gBxhw2no]_tP]�`iw2]px_c�q"q!cP^�[�c#gB{�}#y�`bw2]p[Pfbc��Ad
no`iab]_{¡�=c�f�g�ab�2}A[�fbcP�2dR�
��gBxhw$gB[�]s^
`\g�k2c�dA`ba\g�fb]�B
�A]_ab`�`bc�k2c�no`ba�abw~gBfb]P�

¨ ]sy�c�^Ak!abc#x_n�g�{ek2]sde]_^Ak2]_^2x_no]_a.u2aic
xsn g�{2{�g.v�a=qjg.yp[PcBt�]_fi^�`bw2]�}e]_w~g.t
nocPfba=c��G{�gBfi[�]�^#�2q�}~]_fba
cB��gB[P]_^#`ba�no^jg�aic#x_no]_`My
���¬]_] DF?�A;I���c�f�g�`bfi]zgB`iq!]_^#`�cB�=`bw2noa�x_cP^2x_]_dA`z�
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