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pfe�5�i�� ehg �% �p�pfe�5Me����
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� ��� �.�de �?���2�ji����.adijq1 �g��de����dehgde� Hadg �3� q l �2�ne('
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�Mg �m�dqM�M�,� lvl i  f� � 7 goao�,�%� adinq1 mg 6
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� ��� �.�de�goq � a � �.�de%! 7 kfa�ijg��de � qM� l k����.aoehp cfe��de
aoq3�%��� q lvl q�p��.aoe�k2 �� e��da��Mi� � q1 �aoe('9a i  � qM� l �.adinq1 6 � cfe�goe�� q1 �p l q9pfe�� ! � cmi��Uc�gdk �2�BqM�Uadg
�Uc�q@i�� e � l q1 f�@goa �%�naoe��  ��.adi 5Me �%� adinq1 �g 7 �Mgoehp�q1 !adcfe � q1 Haoe('�a �% �p ���Ue � e��de� 2� ehg�q � adcfe�k�goe��
� aoe�� l ehp 7 �,�% �� c�i� f��� !�ijg�k� �i ��kfe�aoq adc�ijg adcfehgdi g�! �% �p ijg�pfe�5Me��nq%� ehp�i� � q1 �
dk� �� adinq1 � ijadc �
 fq#5Me��2���Ue � e��de� 2� e l q�pfe����ji� �� �?���m�dq1�%�Uc5adc��.a��%� �nq-� g�k�goe��Ug�aoq�e��Mgdi�� 8 e(')���dehgdg��% �p3� q l 7 i� fe
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� �-���.�Ue
g 8 goaoe l g�!
� c�i �Uc � q l�7 i� fehg^aoq9q1� �9ija^gUk ��� qM�da � qM��adcfe�a ��q ���dqM�M�,� lvl i� f� l q9p�e��jg � inadc$goq � a � �.�de$� q l �
� q1 fe� �adg>adc2�.a �Be�� � qM� l �1�.adcfe��Ui  f�+�% �p ���dq)� ehgdgdi� f��q � � q1 �aoe('9a�i� � qM� l �.adinq1 � �Uq l �*5?�.�Uine�a 8
q � goq@kf�,� ehg�!��% �p l �% ��.�Me l e� Ha�q � 7 qMadc9� q1 �aoe('9a �% �p4���Ue � e��de� 2� e4i� � qM� l �.adinq1 6

� i� ��%� � 8 !�adc�e adc�ehgdijg����dehgoe� �adg � ���Mgoe4goadk�p 8 adc2�.a�e�5 �%�jk2�.aoehg � �<�.�dadi��%�Bi l �2�ne l e� Ha��.adinq1 
q � adcfe �.� �Uc�inaoe�� adk��de �% �p inadg&k� mpfe��,� 8 i� f� � q1 �� e���adk��%� � q@k2 �p��.adinq1 �g 6 � c�i gvi� 5Mq1� 5Mehgvadcfe
pfe�5Me��nq%� l e� Ha5q � � � q1 �aoe('9a
� �-���.�Ue � q lvl k2 �i����.adinq1 �2���.a � qM� l adc��.a!gdk ��� qM�dadg � cfq@i�� e q �
� q lvl k� �i����.adijq1 �Uc��% 2 fe��jg � qM� i� �aoe��,�%� adinq1 mg 7 e�a � e�e� Ek�goe�� g 7 �MgoehpEq1 radcfe � q1 �aoe('9adg �% �p
���de � e��de� �� ehgzq � adc�e �2�.�dadi���i �<�% Hadg 6 � cfe ���Mgoe�goadk�p 8 5 �%� ijp��.aoehg adcfe �.� �Uc�inaoe�� adk��de%!.adcfe � q1 Haoe('�a
�% �p ���Ue � e��de� 2� e l q9pfe�� �ji� f� �?�2���dq1�%�Uc�ehg �% �p�adcfe 7 �,�% 2�Uc�i� �� l q�pfe��&!/�% �pri ���jk�goao� �.aoehg adcfe
���dq)� ehgdg �% mp ijgdgdk�ehg�i� 5Mq1��5Mehp i� �adcfe4pfehgUin�1 q � � q1 Haoe('�a
� ��� �.�de goq � a � �.�de 6
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e� �p��jehgdg��Mq�q�p�gde� �goe%!fadc��.a�e� 2� 7 �nehp l e4aoq � q l e �Mg � �.�$�Mg � c��-5Me 6

� 8 �Mgdgdq"��i��.aoe3�Mp�59ijgdqM��! 	 �4`  �pf� 8�� �?�MqMaoq1 �in�,�Mi  8 !/� �Mg+�%�jgoq4�% �i� 5 �%�jk2� 7 �ne l e� �aoqM��!
�% �p ���Ugda i� mg �min�dehp l�8 i  Haoe��dehgda�i  � q1 �aoe('9a
� �-���.�Ue� fehgdg 6 � � l e('�ao�de l e�� 8 �M� �.aoe � k��Baoqvc�i l !
 fqMa$q1 �� 8 � qM� goe�aoadi� �� l e!q1 0adcmijg �<�.adc/! 7 kfa �%�jgoq � qM� c�ijg
c�� 7 ina
q � � c��%���ne� f�@i  f� l e 798
�Mg ��i� f� adcfe p�i�� ��k��ja �9kfehgoadinq1 mg 6

� � q@k��jp �ji �Me$aoq
adc��% � adcfe � � �b� qM��
  �aoe������ ijgoe 	 ijgoao�Ui 7 kfaoehp ; 8 gdaoe l g � e��Uc� fq1�jqM� 8
� 	 ; � � � � qM�����dq#59i p�i� f� l e � inadc �MgUgdijgoa��% �� e i� l �% 8 � qM� l g�! 7 kfa�ehg��Be���i �%��� 8 � qM� e� �� 7 �ji  f�
l e aoq 7 e �2�.�Ua q � � � �Uije� �p�� 8 �% �p�gdk �2�BqM�Uadi 5Me �dehgde��.�,�Uc�e� 59ij�dq1 l e� �a pmkf�Ui� f� l�8 goadk�p�inehg 6
� � l i� �pfe 7 aoehp$aoq l �% 8�	 ; � � gda����4�% mpvgoadk�pfe� �adg � qM��adcfehin� �Mp�59i�� e �% mp e� �� q@kf�,�.�Me l e� Ha
q-5Me�� adcfe 8 e��.�Ug 6

� �% 8 � e�q%�2�ne ���dq#59i pfehp � e�ehp 7 �%��� q1 re��.�,� 8 pf�,� � adg�q � adc�ijg adcfehgUijg 6 � � q@k��jp �2�.�dadi���k��
���.�,� 8 �ji �Me$aoq9�%���) fq#�$�nehpf�Mevadc�e
adc�q@kf�@cHa � k�� � q1 �ao�Ui 7 k�adinq1 �g q � � �Mp � in�1� �  �p�k��jg�� �)! `  �pf� 8
� �?�MqMaoq1 min�,�Mi� 8 ! � �.aoa 8�e� f�Ui��,�9goe� ��% �p � ehp � � � �Mp�pfe� 6

� q l 8 � e����nq#�-goadkmpfe� Hadg �% �p � � ine� �p�gzi  ���� ;9q@k�adc/!6i  ����jk�p�i  f� � i��,� 8 ! � � i� Haoq1 ! : e��ji� mp��
�% �p � 8 �% /! � � q@k��jp9�ji��Me�aoqve('"�m�dehgdg l 8 adc��% ��g � qM� �%��� adcfe � c��.adg�! �Mp 59i � e �% �p9���Mk��@cHaoe�� 6
� cfehgde
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< 6 @ 6 = : �,�% 2�Uc�i� �� l q9pfe�� 6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � >%>

< 6 U � c�e+���de � e��de� �� e � 7 goao� �%� adinq1 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � >1@
< 6 U 6 � �*5Me���59ije�� �% �p �de
�9k�in�de l e� Hadg 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � >1@
< 6 U 6 = ���de � e��de� �� e l q�pfe�� 6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � >�<
< 6 U 6 @ � q l�7 i  �i� f� ���de � e��de� �� ehg 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � >�>
< 6 U 6 U ���dqM�M�,� lvl i� f� � inadc ���Ue � e��de� 2� ehg 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 ��� =
< 6 U 6 < � e��.�, �i� �� �m�de � e��Ue� �� ehg 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 ���Ib

< 6 < ;�k lvl �.� 8 q � � q1 �ao�Ui 7 k�adinq1 �g 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 ��� >
< 6 a 	 ijg���kmgdgdinq1 �% �p � kfadkf�Ue+��qM��� 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 ��� �

� � ��� � �
	 � � ��������� ��� 	 � ��	���� �"!���
 � � � � ��� � ��� ��������������� � �
��� � � �
a 6 � `  9�.�,� c�inaoe�� adkf�de � qM�$� q1 �aoe('�a
� ��� �.�de g 8 gdaoe l g 6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � = �

a 6 � 6 � � q1 Haoe('�a��1�.adcfe��Ui  f�3��� 8 e�� 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � =%=
a 6 � 6 = � q1 Haoe('�a��de�� e���adijq1 9��� 8 e�� 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � = U
a 6 � 6 @ � q1 Haoe('�a l �% ��.�Me l e� Ha ��� 8 e�� 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � =�<
a 6 � 6 U ��kfe�� 8 � � 8 e�� 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � = a
a 6 � 6 < ` p��?��a��.adijq1 9��� 8 e�� 6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � = b
a 6 � 6 a ` ���2� i����.adinq1 ��� 8 e�� 6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � = �
a 6 � 6 b ;fk lvl �.� 8 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � @?>

a 6 = 	 ijg���kmgdgdinq1 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � @?>
a 6 = 6 � ` kfaoq1 fq l 8 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � @%@
a 6 = 6 = 	 8  �� l i��+� q l �mkfadi� f�$e� 59ij�dq1 l e� �adg 6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � @%@
a 6 = 6 @ 	 8  �� l i���kmgoe����de
�9k�in�de l e� �adg 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � @ U
a 6 = 6 U ; ���%��� 7 i��jija 8 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � @�<
a 6 = 6 < � ehgoq@kf�,� e � i l ina��.adinq1 mg 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � @ a
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a 6 @ `  i l �2�je l e� Ha��.adijq1 �q � adc�e �.�,�Ucminaoe�� adkf�de 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � @ b
a 6 @ 6 � � �U�1�% �ijg��.adinq1 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � @ b
a 6 @ 6 = � l �2�ne l e� Ha��.adinq1 q � adcfe � q1 Haoe('�a l �% 2�.�Me l e� Ha ��� 8 e�� 6 6+6 6 6+6 6 � @ �
a 6 @ 6 @ � l �2�ne l e� Ha��.adinq1 q � adcfe ��kfe�� 8 ��� 8 e�� 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 ��U >
a 6 @ 6 U � l �2�ne l e� Ha��.adinq1 q � adcfe �Mp��?��a��.adinq1 ��� 8 e�� 6 6 6+6 6 6 6+6 6 6+6 6 ��U_�
a 6 @ 6 < � l �2�ne l e� Ha��.adinq1 q � adcfe �?���2�ji����.adijq1 4��� 8 e�� 6 6 6+6 6 6 6+6 6 6+6 6 ��U_�

a 6 U 	 ijg���k�gUgdinq1 4�% �p � kfadkf�Ue � qM��� 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 ��U =
� 
 � ��� ������
���� 
 	���� �"!���
 � � � � � ��	 � � � ����� � ����	�� � 	 �

b 6 � �  Hao�dq�p�k�� adijq1 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 ��Uia
b 6 = � 7 
oe�� adi 5Mehg 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 ��Uia
b 6 @ � e
�9k�in�Ue l e� Hadg$�% ��%� 8 gdijg 6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 ��U�b
b 6 U 	 ehgdin�1 � q1 �gdijpfe�� �.adinq1 �g 6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 ��U >

b 6 U 6 � ` kfaoq1 fq l 8 �% �p9� q1 �ao�dq1� 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 ��U >
b 6 U 6 = ���Ui 5?�%� 8 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 ��U �

b 6 < 	 ehgdin�1 ����dq)� ehgdg 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � <?>
b 6 a � qM�de � k� 2� adinq1 ��%�jina 8 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � <?>

b 6 a 6 � � 5Me��,59ine�� 6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � <%=
b 6 a 6 = ;)� q%� e 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � <%=

b 6 b � q1 �aoe('9a
� �-���.�Ue 7 ehc��-59ijq@kf� 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � <%@
b 6 > � q1 �aoe('9a l q�pfe����ji� �� 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � <�<
b 6 � ���Ue � e��de� 2� e l q�pfe����ji� �� 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � <�>
b 6 � > 8 in�@c � �ne�5Me��zp�ehgdin�1 6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �$a =
b 6 ��� � l �2�ne l e� �a��.adinq1 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �$a @
b 6 � = 	 ijg���k�gUgdinq1 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �$a�U
b 6 � @ � q1 ���� k�gdinq1 �g �% �p � kfadk��de+��qM�,� 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �$a�b

� � � ���"����� ��	�� � ��
 ��	���� ����� ��	���� � � �
> 6 � ;�k l&l �.� 8 q � � q1 �ao�Ui 7 k�adinq1 �g 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �$a �
> 6 = � kfadk��de � qM��� 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �Ib =

> 6 = 6 � � q1 �aoe('�a l �% ��.�Me l e� Ha 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �Ib =
> 6 = 6 = 	 ehgdin�1 �aoq�q1� g �% �p l e�adc�q9pfq1�jqM�@inehg 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �Ib =
> 6 = 6 @ 
 5 �%�jk2�.adinq1 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �Ib @

� � ����� � ! � ��
 ����� � ������� � 	 � �
	�� � � ��� � ����	���������� ��� � ����	�� � � �
` 6 � ; 8  Ha�� ' 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �Ib <
` 6 = ;9e l �% �adi���g 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �Ib0a
` 6 @ � q l � q@gdijaoe4gdinadk��.adinq1 mg 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �Ib �
` 6 U � cfe�e('�aoe� �pfehp
gdinadk��.adijq1 4� 7 goao�,�%� adinq1 6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � >?>
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� 6 � � q l �Bq1 �e� Hadg�q � adcfe � q1 2� e���adk��%� � �,� l e�� qM���4�% �p i� � �,�Mgoao� k�� adkf�de 6 6 6 6+6 a
U 6 � � q1 �aoe('�a l q�pfe����ji� �� �?���m�dq1�%�Uc kmgoehp i� �adc�i g�adcfehgdijg 6*6+6 6 6+6 6 6+6 6 6 6+6 U >
U 6 = � � � � l q�pfe����ji� ���e(' � l �2�ne 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 U�U
U 6 @ � q1 �aoe('�a$�����Mgdgdi	�2���.adinq1 �e(' � l �2�nehg 6�6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 U �
U 6 U � e l � qM�,�%� � �%� a�a 8 � e4e(')� l �2�ne 6	6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 <%=
U 6 < `  � fqMa��.adinq1 q � � � �%� a a 8 � e+� ijadc ��k��%� ina 8 i� �p�i ���.aoqM�Ug 6 6 6 6+6 6 6+6 6 6 6+6 <�<
U 6 a ` �naoe��, ��.adi�5Me � �%� a�a 8 � e4e(' � l �2�je 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 < b
U 6 b � �%� a pfe�� e� �pfe� �� 8 e(')� l �2�ne 6$6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 < �
U 6 > ;�k lvl �.� 8 q �  fqMa��.adijq1 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 a >
U 6 � � e����.adinq1 ��%� l �?�2�mi� f�$e(' � l �2�ne 6 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 a�a
U 6 � > � �?���mi� �� �&pfe��Ui 5Mehp � �%� a�a 8 � e4aoqvadcfe��de����.adinq1 ��%� l q9pfe�� 646+6 6 6+6 6 6 6+6 a >
U 6 ��� � �?���mi� �� �vaoe l � qM�,�%� � �%� a�a 8 � e�aoqvadcfe4�de�� �.adinq1 ��%� l q�pfe�� 6 6 6 6+6 6 6 6+6 a �
U 6 � = � �?���mi� �� �9k��%�jija 8 �% � fqMa��.adinq1 �g�aoqvadcfe4�de�� �.adinq1 ��%� l q�pfe�� 6 6+6 6 6+6 6 6 6+6 b >
U 6 � @ � �?���mi� �� �% ��%�naoe��, ��.adi 5Me � �%� a�a 8 � e4aoq&adcfe4�de����.adijq1 ��%� l q�pfe�� 6 6+6 6 6 6+6 b9�
U 6 ��U � �?���mi� �� �&pfe�� e� �pfe� �� 8 aoqvadcfe��de����.adijq1 ��%� l q�pfe�� 6 6+6 6 6+6 6 6+6 6 6 6+6 b @
< 6 � ` � q1 Haoe('�a l q9pfe�� � qM��adc�e � q1 Haoe('�a
� ��� �.�de � q lvl k� �i����.adinq1 �g�� e� ��.�Uinq 6/6 6+6 > b
< 6 = 
 ')� l �<�ne�gdinadk��.adinq1 �m�dehp�i����.aoehg 6 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 >�>
< 6 @ ;9a��.aoe�ao�,�% �gdinadijq1 �g � qM� �vgdinadk��.adijq1 �� 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � >
< 6 U 
 ')� l �<�ne ao�Uin�M�Me��Ug 6�6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � > �
< 6 < 
 ')� l �<�ne*���de � e��de� �� ehg 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � > b
< 6 a 
 ')� l �<�ne*���de � e��de� �� e�goe�adg 6�6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � > �
< 6 b 
 ')� l �<�ne+� q l � q@gdinaoe+���de � e��de� �� ehg 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 ��� @
< 6 > ` ���de � e��de� �� e4c�ije��,�.�,�Uc 8%6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 ����U
< 6 � ;9e��je�� aoehp l e�adcfq�p�g�q � � ���dqM�M�,� lvl i� f� aoq�q1���9ina�adc��.a�i l �2�ne l e� �adg^adcfe ; : :
l q�pfe�� 6 6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 ��� <

a 6 � `��,�Ucminaoe�� adkf�de 6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � =%@
a 6 = 
 ')� l �<�ne ��kfe�� inehg 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � =�>
a 6 @ � �U�1�% �ijg��.adinq1 �q � adcfe �m�dqMaoqMa 8 � e 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 � @�>

')5
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b 6 � � cfe l �Mi� 4� i� mpfq-� q � adcfe � e��,��kf� 8 k�goe���i  Haoe�� � �%� e 6 6 6+6 6 6 6+6 6 6+6 6 � < �
b 6 = `�e�� �9kfe�� 8 p�i��%�nqM� 6	6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � < U
b 6 @ `�e�� i� �aoe��,�%� adinq1 pmi��%�nqM� 6 6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � < U
b 6 U � c��% 2 fe�� goe��ne�� adinq1 �p�i��%�nqM� 6/6 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � < U
b 6 < � c��% 2 fe�� goe��ne�� adinq1 �p�i��%�nqM� !�gdc�q-� i� ��3� pf�dq%����pfq#�$ 9�ji goa�q � q%��adijq1 �g 6 6 6+6 6 � < U
b 6 a � c��% 2 fe��/ fe��MqMadi��.adinq1 ����dqMaoq)� q1� 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � <�<
b 6 b � cfe4p�e�a��Mi��nehp9� q1 �aoe('9a l q�pfe�� 6 6+6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � < b
b 6 > � e��,��kf� 8 � g$� qM�de goe�a�q � gdinadk��.adinq1 9���dehp�i����.aoehg 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 � < �
b 6 � � e��,��kf� 8 � g pfe � �Mk��na�i� minadi��.aoqM� �% �p �Ue���i �mine� �a ���de � e��de� �� ehg 696 6 6 6+6 6 6+6 6 �$a >
b 6 � > � e��,��kf� 8 � g��Me� fe�� i��+�% �p9� q l � q@gdijaoe+���de � e��de� �� ehg 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �$aL�
b 6 ��� 8 in�@c9�ne�5Me��zp�ehgdin�1 q � adcfe ���UqMaoqMa 8 �Be 6 6 6 6+6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 �$a @
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= 6 � � 8 �Fi����%� ���dq%� e��dadinehg�q � � q1 �aoe('9a i� � qM� l �.adinq1 6�6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 �$a
U 6 � 
 ')� l �<�ne�i� �goa��% �adi��.adinq1 q � adcfe\JL���WM��v.$+'#��K�~�Z�9Bnh'#�� � �%� a a 8 �Be 6 6 6 6 6+6 U <
U 6 = 
 ')� l �<�ne�i� �goa��% �adi��.adinq1 q � adcfe5# 	�#K+A�?�(#��t.0� � �%� a�a 8 � e 6 6 6+6 6 6+6 6 6 6+6 U <
U 6 @ 
 ')� l �<�ne�i� �goa��% �adi��.adinq1 q � adcfe\JL���z�9�A#�� � �%� a a 8 � e 6 6 6 6+6 6 6+6 6 6 6+6 U <
U 6 U 
 ')� l �<�ne�i� �goa��% �adi��.adinq1 q � adcfeC�9�$#1
]h�}������ )'�v.0B������Q�m. � �%� a�a 8 � e 6�6+6 6 6 6+6 U <
U 6 < � q l&l q1 �9k��%�jina 8 �2�.�,� l e�aoe��Ug 6 6 6 6 6+6 6 6+6 6 6 6+6 6 6+6 6 6+6 6 6 6+6 < U
U 6 a 
 ')� l �<�ne�i� �goa��% �adi��.adinq1 q � adcfe � �%� a�a 8 � e4gdcfq#�$ i� � in�@k��de U 6 < 6 6 6 6 6+6 <�<
U 6 b 
 ')� l �<�ne�i� �goa��% �adi��.adinq1 q � adcfe � �%� a�a 8 � e4gdcfq#�$ i� � in�@k��de U 6 a 6 6 6 6 6+6 < b
U 6 > 
 ')� l �<�ne�i� �goa��% �adi��.adinq1 q � adcfe&�q��Ti�IT�#1
o%'� �Ue����.adinq1 6 6 6 6+6 6 6+6 6 6 6+6 boU
U 6 � 
 ')� l �<�ne�i� �goa��% �adi��.adinq1 q � adcfe��".$+K���(#1
I�����de����.adinq1 6 6 6 6+6 6 6+6 6 6 6+6 boU
U 6 � > 
 ')� l �<�ne�i� �goa��% �adi��.adinq1 q � adcfe��".$+K���(#1
I���Ekw#^M?#���
�#��Z�*�
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� q1 �aoe('9a
� �-���.�Ue� fehgdg �%� goq c2�Mg � q l �Be�� �ji� f��kmgoehg � inadc�i� Eadcfe�pfq l �Mi� [q � i� � qM� l �.adijq1 E�de �
ao�Uine�5?�%� 6 � q1 �aoe('9a
��p�e��Be� mpfe� Ha�i� � qM� l �.adinq1 v�de�ao� ine�5 �%� c��Mg 7 e�e� !goadk�p�inehp 7 qMadc!i  � �Me� fe��,�%�
goe� �gde � U >"! U � � !"�% �p �Mg � 7 �Mgdijg � qM��adcfe � q1 �gdao�Uk�� adinq1 $q � �*5 �.�Uije�a 8 q � � q1 Haoe('�a
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adc��.a�e��%� c  �qMaoe ijg �.aoa��%�Uc�ehp&aoq �4�@i 5Me� 3� q1 �aoe('9a��% �p ���dehgde� Haoehp aoq�adcfe i� �aoe� �pfehp$�de���i��mine� �a



� > 
 � � � � 	 ����� � � � � ��� � 
�� � ���
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� c2�?��aoe�� a pfe�5Me��nq%�mg �Eg 8 goaoe l �.�,�Uc�ijaoe�� adkf�de � qM� � q1 �aoe('�a
� ��� �.�de �?���2�ji ���.adinq1 �g adc��.a
i� �aoe��M�,�.aoehg�adcfe l q9p�e����ji� f� �% mp ���UqM�M�,� lvl i� �� �?�����dq1�%� cfehg�pfe�5Me��nq%� ehp!i� � c2�?��aoe��Ug U �% �p
< 6 � cfe5pfehgUin�1 �q � adcmijg �.�,� c�inaoe�� adkf�Ue!ijg i� �g �Fin�dehp 798 adcfe �25Me � c��%���ne� f�Mehg
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� c�e ���Mgoe goadk�p 8 pfe�5Me��jq%�mg�adcfe � q1 �aoe('9a
� �-���.�Ue*� q l&l k� mi����.adinq1 3�?���<�ji����.adinq1 $pfehg�� � i 7 ehp
i� ;9e�� adinq1 � 6 <�aoq�pfe l q1 �goao� �.aoe%!@i� � � q1 �� �de�aoe l �% � fe���!.adcfe�5 �.� ine�a 8 q � goq � a � �.�de�e� f�@i� fe�e����
i� f�$ijgdgUkfehg�i  5Mq1� 5Mehp�i� 5adcfe�pfe�5Me��nq%� l e� Ha q � � q1 �aoe('�a
� ��� �.�de goq � a � �.�de%!2�% mp&adcfe+� q l 7 i� fehp
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� i� ��%� � 8 ! � c��?�maoe��l>�gdk l&l �.�Uijgoehg^adc�e$� q1 Hao� i 7 kfadinq1 mg^q � adc�e�adcfehgdijg �% �p q@kfa��ji  fehg^aoq%�mi���g
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i� f� !Fijg�k�gdk2�%��� 8 k � p��.aoehp � �de
�9kfe� �a�� 8 i� �dehg � q1 �gde�aoq � q1 Hadi  �kfq@kmg�qM�$� e��Uijq9p�i ��goe� mgoqM� q@kfa
�
�mkfa 6 � a4ijg*���dq1 �e
aoq i  ��%����kf�,�%��inehg �Mg ���dehgdk��ja q � goe� �gUi� f�!e��d�dqM�Ug�! �% �p �.a4adi l ehg l � 8�7 e
� q l �2�je�aoe�� 8 k� �) fq-�$ !@q-� i  f�4aoq gde� �goqM� � �Mi��jk��dehg�!1 fe�a ��qM���vpmijg�� q1 � fe�� adijq1 �g�qM� �ji l ina��.adijq1 �g
i� �c�e��de� Ha � inadc�i  �adcfe�goe� �gdi  f��aoe�� c� fq1�nqM� 8 � 6 �  �Mp�p�inadijq1 /! � cfe� [adcfe � q1 �aoe('�avijg � c��% f� �
i� f�[�,�?�mijp2� 8 !�adc�e
pfe���� 8 g�i� �ao�dq�p�k�� ehp 798 p�ijgdao�Ui 7 kfadijq1 ��% �p adc�e
i� �aoe������de�a��.adijq1 ���Uq"� ehgdg
adc��.a
ao�,�% �g � qM� l g adcfe�goe� �goqM�
q@kfa �mk�a i� �aoq cmin�@c � �ne�5Me���� q1 Haoe('�avi� � qM� l �.adinq1 ���% �je��MpEaoq
goa��%�ne� �ehgdg 6

� goe�����gdk����2�jinehp0� q1 Haoe('�a&i� � qM� l �.adinq1 0���% 7 e �2�.�dadinadijq1 fehp[i  Haoqrgoa��.adi�� �% �p0p 8  �� l i �
i� � qM� l �.adijq1 6 �  Hadkminadi 5Me�� 8 !\goa��.adi��&i  � qM� l �.adinq1 �pfehg,� �Ui 7 ehg+� e��Ugdijgdaoe� Ha+���Uq%�Be��Uadinehg4gdk�� c �Mg
adcfeva 8 � evq � �9� q l �Fkfadi� f� pfe�5�i�� e qM� � q lvl k2 �i����.adinq1 � c��% � fe�� 6 `Dcmin�@crpfe��M�de�evq � � q1 �
�mpfe� 2� e ���% 7 e3�Mgdgdij�1 fehp�aoq adcmijg�a 8 � evq � i� � qM� l �.adinq1 6 �  0� q1 Hao� �Mgoa�!�p 8  2� l i�� � q1 Haoe('�a
i� � qM� l �.adijq1 /!#��c�i��Uc ijg>�de � e��U�dehp�aoq i� �adc�ijg>adcfehgdijg �Mg"M���. � �r#K
$i� � qM� l �.adinq1 ! ���% $gdk � e�� � �dq l
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� � 7 �ne = 6 � � � 8 �mi����%� ���dq%� e��dadinehg q � � q1 Haoe('�a�i  � qM� l �.adinq1 6
, �r���K�~.�) NO#��'�'�Q���(#A��+'# � �_�0� ����}n�Q�K���Z#�� |�.0�L�v+'#��&.�)z�*����+'+A�L���i+A}
�*�$)�.��'BC�����=.0�
;9e� �gdehp � q-� � � 8 7 e i� 2�%����kf�,�.aoe%!

k� �) fq-�  �qM� goa��%�ne
;9e� �gUi� f�ve��d�UqM�Ug�� goe� �goqM� � �Mi��jkf�dehg
qM�  �e�a � qM���4p�ijg�� q1 2 fe�� adinq1 �g��.pfe �
��� 8 gti� �ao�dq9pmk�� ehp 798 pmijgoao�Ui 7 k �
adinq1 �% �p adcfe i� Haoe��,���de�a��.adinq1 
���dq)� ehgdg

;9a��.adi�� � qM�de�5Me�� ��gUk��%��� 8  fq1 fe 8 k l �% e��d�UqM�
���Uq��2�nehp � q�pfe��,�.aoe ���dq1 �e�aoq&goa��%�ne� fehgUg � l i gdgdinq1 !q � k�goe���aoq&k � p��.aoe�i� 

�dehg � q1 �gde�aoq �Uc��% ��Mehg
	 e��Ui 5Mehp V �.� i�� 7 �ne ;�k 7 
oe�� a\aoq e��U�dqM�Ug �% �p

i� ��%����kf� �%��inehg
� l � e�� � e�� a i� �mkfadg � k�goe q � �
� �Uk�p�e�qM�\q-5Me��UgUi l �2�ji	��ehp�pfe�� i 5 � �
adinq1 l e��Uc��% �i g l

goa��%�ne� �ehgdg �Mg$�v�dehgdk��na�q �  fe��1�ne�� a�q1 �adcfe+�2�.�da�q � adcfe4kmgoe���aoq&k � p��.aoe�adc�e4i� � qM� l �.adinq1 4�Mg
ina � c��% f�Mehg 6 �  ��jehgdg q 7 a��Mi� fehpEk�gdi� f��i� �pmin�de�� a l e��% �g � e 6 � 6 ! � �dq l g�� cfehp�k�� i� f� �% �prqMadcfe��
�?���2� i����.adinq1 �g�� !@ija�ijg�k�gdk��%� � 8 k� f�Ue��Mgoq1 �� 7 �ne�aoq ���?�madkf�de ���Uq%�Be��Uadinehg^adc��.a �Uc2�% f�Me q1 3��p��Mi�� 8
qM��e�5Me� � e�e��"� 8 7 �Mgdijg �Mg ���Uq��2�nehp
i� � qM� l �.adinq1 /! 7 e����Mk�goe�q � adc�e 7 kf�Upfe� adc�ijg �2���%� ehg\q1 $adcfe
k�goe�� 6 ���dq��2�nehp � q1 Haoe('�a�ijg 7 ehgda�k�goehp5aoq � c��.�,�%� aoe��Ui goe l qM�de e� mp�kf�Ui� ��+���dq%� e��dadinehg�!9gdk�� c �Mg
�Mgdgoq)��i��.adinq1 mg 7 e�a ��e�e� 0k�goe�� g �% �p � q lvl k� �i ���.adinq1 0� c��% � fe�� g�!^qM�
�Ue����.adinq1 �gdcmi �mg 7 e�a � e�e� 
� e�q%�2�ne 6

� c�e �Uc2�.�,�%� aoe��Uijgoadi ��g�q � pfe��Ui 5Mehp � q1 Haoe('�a�i� � qM� l �.adinq1 �.�de � �.�d�Me�� 8 pfe�aoe�� l i� fehp 798 adcfe
���dq%� e��dadijehg�q � adc�e�i� �mk�a p��.a�� �% �p q � adcfe�pfe�� i 5 �.adijq1 l e��Uc��% mijg l46 	 e��Ui�5Mehp�i� � qM� l �.adijq1 
k�gdk2�%��� 8 �de�a��Mi  �g � �% �p gdq l e�adi l ehg�e�5Me� l �.�1 �i��mehg����% 8 i� 2�%����kf�,�%��inehg �m�dehgoe� �a � inadc�i� !adcfe
i� �Fkfa�p��.a�� 6 ` p�p�inadinq1 2�%��� 8 !@adcfe k�goe�q � 7 �Uinaoa��ne�cfehkf�Uijgdadi���g�qM� adcfe �de�� i��% �� e�q1 � �Uk�pfe�goe� �goqM�
i� �Fkfadg�aoqvi  � e���c�ij�@c � �ne�5Me�� � q1 Haoe('�a�i  � qM� l �.adinq1  ��.adkf�,�%��� 8 �ne��Mp�aoq � kf�dadcfe�� � qMaoe� Hadi �%� � qM�
e��d�dqM� 6

� c�e�a 8 �mi����%� ���dq%� e��dadijehg�q � adcfe � q@kf� a 8 � ehg q � � q1 Haoe('�a�i� � qM� l �.adinq1 9�.�Ue
gdk lvl �.�Uijgdehp
i� � � 7 �ne = 6 � 6

�9������� �&�!$'+ 0�
� �"��/
 �

V �.�Uinq@kmg�goq@k��,� ehg q � i� ��%����kf� �%� 8 �% �p
e��d�dqM� ��e��de � c��.�,�%� aoe��Uijgdehp i  adcfe ���de�5�inq@k�g goe�� adinq1 6
8�e��de%! adcfe ���dq 7 �je l q � i l � e�� � e�� a � q1 �aoe('9a4i  � qM� l �.adinq1 ijg*�Mp�pf�dehgdgdehp l qM�de � qM� l �%� � 8%6 � a
���% 7 e �2�.�dadinadinq1 �ehpti  Haoq �.a9�ne��Mgda � q@kf� p�i goadi� �� a�gdk 7 �m�dq 7 �ne l g 6 `  
�.aoao�Ui 7 kfaoe�q � adcfe
e� 59in�Uq1 l e� �a*� q#5Me��dehp 798 adc�e � q1 �aoe('�a l q�pfe���� gdk��Uc �Mg4adcfe �nq"���.adijq1 �q � ���@i 5Me� � e��Ugoq1 
�.a$�vg��Be���i	��ehp�adi l e � ijg$�

� �L�?D���.��/� � cfe� � fqvi� � qM� l �.adinq1 4� 7 q@kfa�adc2�.a$�Mg � e�� a ijg �-5 �Mi�� � 7 �ne �
� ��BChA��T��_.0�9� � cfe� �goe�5Me��,�%�zpmi �Be��Ue� Ha��de�� qM�dadg � 7 q@kfa�adcfe �.aoao�Ui 7 kfaoe e('�i goa � � qM��e(' � l �
�<�ne%!/� cfe� a � q�p�i goadi� �� a �de��Mp�i� ��@g �.�Uevgdk ���2� inehp 798 goe��<�.�,�.aoe � q@gdinadinq1 �i  f�5pfe�5�i�� ehg��
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adc�ehgoe��de��Mp�i� f�@g l in�@c�a � q1 � i�� a�!$� qM�d�dehg��Bq1 mp aoq-q-5Me��,� �?���mi� f�[�de��@inq1 �g�!�qM��gUi l �2� 8
p�ehg�� �Ui 7 e adcfe�g�� l e �nq)���.adinq1 9�.a p�i �Be��de� �a �ne�5Me��jg�q � �M�,�% 9k����.� ina 8 � �

� �*BOM��1#1+A�Q�A#9� cfe� Eadcfe&�Ue��BqM�UaoehpEgoa��.aoe ijg ��� qM�d�de�� a 8 e�a i� fe(' �%� a �?���m�dq�'fi l �.adinq1 Eq �
adc�e ao�Ukfe goa��.aoe�� � qM� e(')� l �<�ne%! � cfe� -adcfe9�jq"���.adinq1 -q � �% -q 7 
�e�� avi g �) fq#�$ 0aoq 7 e
��inadc�i� ���@i 5Me� ,�Ue��@inq1 /! 7 kfa$adcfe4���de���ijgde � q9qM�Up�i  ��.aoehg$q � adc�e q 7 
�e�� a � inadc�i� [adc�ijg
�Ue��@inq1 9���% � fqMa 7 e+�Fi� � q@i� �aoehp � ��qM�

� #A�'�v.0�2#K.0�9� � cfe� 
adcfe��de i g � l ijg l �.a��Uc 7 e�a ��e�e� adcfe �%� adk��%�^goa��.aoe$q � adcfe
e� 5�in�dq1 ��
l e� Ha �% �pradcfev�Ue��BqM�Uaoehp�q1 fe � �Mg � qM�4e(')� l �2�ne%! � cfe� � kmgoe�� 7 e�� q l ehg
goe��2�.�,�.aoehp
� �dq l cmijg c cfe�� � q@gdinadijq1 �i� f�$pfe�5�i�� e � 6

� a � i ���  fqMa �%� � � 8 g 7 e � q@gdgdi 7 �jevaoq�q-5Me��,� q l e adc�ehgoe � q@kf� �����Mgdgoehg
q � i l � e�� � e�� a � q1 Haoe('�a
i� � qM� l �.adijq1 � qM��e�5Me� &aoq pfe�aoe�� a i� �goa��% �� ehg�q � adc�e � q@k��dadc3�����Mgdg � �9cfq#��e�5Me��-!)� q1 �aoe('�a
� ��� �.�de
g 8 goaoe l g ���% l i� �i l ijgoe adc�e4i l �2�%� a�q � i l � e�� � e�� a�i  � qM� l �.adinq1 !q1 4�?���2�ji ���.adinq1 �g 7�8 k�gdi  f�
�?�����Uq%���Ui��.aoe � q1 �aoe('�a l q9pfe�� �ji� f� �% �p l �% ��.�Me l e� �a^aoe��Uc� mi	��k�ehg 6 � c�e�gdkf�,5Me 8 ���dehgoe� �aoehp i  
adcfe � q1���jq-� i� ��*� c��?��aoe���pfe l q1 �gdao�,�.aoehg�adc2�.a�q1 �� 8 �4g l �%����gdk 7 goe�a�q � adcfe ���de�5�inq@k�g��dehgde��.�,�Uc
i� 4� q1 �aoe('9a
� �-���.�Ue� fehgdg �Mp�pf�dehgdgdehg�e�5Me� .0�2#�q � adcfe �����Mgdgoehg�!��% �p/! l qM�de�q#5Me���!�adc��.a  fq1 fe q �
adcfe�gUkf��5Me 8 ehp9� q1 �aoe('9a l q�pfe����ji� �� �?���m�dq1�%�Ucfehg �Mp�pf�dehgUgoehg �%��� � q@kf� 6
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;9e�� adinq1 = 6 = 6 � i� �ao�dq�p�k�� ehp �% i l � qM�da��% Ha p�i goadi� �� adinq1 7 e�a � e�e� gda��.adi�� � k�goe�� ��gdk ���2� inehp �
� q1 �aoe('9a�i� � qM� l �.adijq1 /!<�% �p
p 8  �� l i�� � gde� �goehp/! ���dq��2�jehp qM� pfe��Ui 5Mehp ��i� � qM� l �.adinq1 6 � cfe� 
pfe��%�ji  f�$� ijadc�adcfe ���.aoaoe���!1�?�2�2�ji����.adinq1 mg l � 8  fqMa 7 e�goq1�ne�� 8 i� Haoe��Uehgoaoehp$i� �adc�e���kf�U�de� Ha^goa��.aoe%!
7 kfa+�%�jgdq i� � kfadk��de$qM� �2�Mgoa�goa��.aoehg�!>qM� �Uc2�% f�Mehg�i� �goa��.aoe&q-5Me���adi l e 6 �  �adc�ijg adc�ehgdijg�! adcfe
�de�� qM�Up�q � �% �.aoao�Ui 7 kfaoe 7 e��nq1 ��@i� f��aoq��9� q1 �aoe('9a l q�pfe��^q-5Me��
adi l evijg aoe�� l ehp � c�i goaoqM� 8
� �de��1�.�Up2�nehgdg�q � � cfe�adc�e�� ina � q-5Me��Ug �2�Mgoa�goa��.aoehg�! � kfadkf�Ue gda��.aoehg qM� 7 qMadc � 6

� c�e4k�goehg�q � c�ijgdaoqM�Ui����%� � q1 Haoe('�a i� � qM� l �.adinq1 �i� ���� k�pfe adcfe � q1���nq-��i� f�?�
� Nq�v#K
0�=+$���=.0� � � c�i g5ijg 7 �Mgdehp�q1 e('�ao�,�?� q1���.adinq1 � �dq l �2�Mgoa 7 ehc��-59inq@k�� � �%���jq-� i� �� !
� qM� e(')� l �<�ne%!2�&kmgoe�� � g$�jq"���.adinq1 ���5Me l i� �k�aoehg�cfe� �� e aoq 7 e��@kfehgdgoehp � �dq l ���Ue�59inq@kmg
l q-5Me l e� �adg�� 6 ;9q l e k�goe � k����?���2�ji ���.adinq1 �g q � c�ijgdaoqM�Ui����%� i� � qM� l �.adinq1 -i� �Mp��?��adi� ��
�Fpfe��jina 8 � � qM��e(')� l �2�ne%! �9k��%�jina 8 q � i l �.�Me��de� mpfe��Ui� f�$i� ��M�,�?�Fc�i���g �?���2� i����.adinq1 �g�� ! �%� �
� qM� p�i� f�
aoq$�dehgoq@kf�,� e*��5?�Mi���� 7 i��jina 8 !"�.�de�pfehg,� �Ui 7 ehp 798 ` �.�,� 8 �% ��% e�a �%� 6 � b @ � 6 ; �%� 7 e��
�% mp-` 7 q-� p � boU � pfehg�� � i 7 e � k��dadcfe��$k�goehg�!�gdk2�Uc �Mg$adcfe!i pfe� Hadi	�2���.adinq1 [q � � q lvl q1 
i  Haoe��dehgdadg 7 e�a � e�e� �k�gde��Ug 7 �Mgoehp q1 � e 7�7 �Uq-� gdi  f� c�ijgoaoqM� 8%6

� kw#$�(#1+$���=.0� .�)4+�J9����T�#�� � � cfe
i  5Mq)���.adinq1 �q � �Mp��?��a��.adinq1 �%� adinq1 �g�i� ,�Uehg � q1 �goe aoq
� q1 �aoe('�a � c��% f�Mehg � ���%� �nehp ao�Uin�M�Me�� i� f��� ijg � ��ijpfe�� 8 e(')�2�nq@ijaoehp aoe��Uc� mi	��k�e4i� �adcfe+���dq �
�M� � lvl i� f�&q � � q1 �aoe('�a
� ��� �.�de&goq � a � �.�de%! �Mg pfehg�� � i 7 ehp i� ;9e�� adijq1 � 6 U 6 = 6 8 ijgoaoqM�Ui����%�
� q1 �aoe('�a�i� � qM� l �.adinq1 ijg �de
�9k�in�dehp i� 
qM�Upfe�� aoq pfe�aoe�� a l �% 8 � q1 �aoe('�a �Uc��% f�Mehg � � qM�
e(' � l �2�je%!��$aoe l � e��,�.adkf�de+�Uc2�% f�Me4q � l qM�de�adc��% �adcf�Ue�e4pfe��M�de�ehg � e�� gdijk�g�� inadc�i  &adcfe
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�<�Mgoa adcmin�da 8[l i� 9kfaoehg�!^qM�$adcfe l q-5Me l e� �a q � � k�goe�� � �dq l cfq l e5aoq adcfe�q�� � e 59i��
�.� 7 inao�,�.� 8 i� �aoe�� l ehp�i��.aoe4p�ehgoadi� ��.adinq1 mg�� 6

� � 	�M��r.0���m�����=.0� .�)WM2���0�Z�2#1
]+'.0�Z�(#
	i� � � cfe� ���5?�Mi���� 7 �ne%!�i  � qM� l �.adinq1 4� 7 q@kfa�k�goe�� g � � k��
adk��de*�2���% �g����% �goe���5Me+�Mg �$k�goe � k��ma 8 � e q � � q1 �aoe('9a�i  � qM� l �.adinq1 6 � qM��e(' � l �2�ne%!�adcfe
�%� adi�59inadijehg�q � � k�goe���i  �adcfe  fe('�a4c��%� � cfq@kf��! �Mg�i� �pmi����.aoehp 7�8 adcfe&kmgoe�� � g4g�� cfehp�k����
i  f��goq � a � �.�de%! ���% �MgUgdijgoa �9� q lvl k� �i����.adinq1 0�.�Me� Ha$i� [pfe�aoe�� l i� mi� f� � cfe�adcfe��
ina�ijg
�?�2���dq%���Ui �.aoe�aoq �Mp l ina �% 
i� �� q l i� ��
aoe��je��mcfq1 fe ���%��� 6

�  �qM� pfe��^aoq gdk���� qM�da�adcfehgde�a 8 � ehg\q � 7 ehc���5�inq@kf�-!)aoe�� c� �i	�9kfehg � qM� l q�pfe���� i� f� �% �p ��k�e�� 8 �
i� f�vcmijgoaoqM�Ui����%� � q1 �aoe('9a i� � qM� l �.adinq1 4�.�Ue4�de
�9k�in�dehp 6
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�%�jgoq 7 e k�gde � k�� 6 � cfe
e('9ao�,�%� adijq1 
q � � q1 Haoe('�a�i� � qM� l �.adinq1 �q1 �� 8 � �dq l 5�ine�� ehp
p�q"��k l e� Hadg
ijg ���ne��.� � 8 �9k�inaoe��dehgoao�Ui � adi 5Me 6 � adcfe��3�?�����dq1�%� cfehg �% 2�%� 8 gde �%��� ehgUg3�2�.aoaoe��, mg$aoq��Me� fe��,�.aoe
���dq��<�nehg�q � k�goe�� i� Haoe��Uehgoadg�!2��c�i��Uc����% 7 e�k�goehp�i� 9� q1 �
dk� �� adinq1 �� inadc adc�e ��kf�d�de� �a 7 �Uq-� g
�
i� f� goa��.aoe�i� �qM�Up�e�� aoq�gdk ��� qM�da ���Ui �Ucfe�� � qM� l q � � q1 �aoe('9a
� �-���.�Ue� fehgdg � > bA� 6 : �dq-�$ �% �p
� q1 �ehg � U >"! U � !(>�> � i� 5Mehgdadin�1�.aoe�adcfe k�goe q � adcfe*� e���5 �MgUi 5Me � q l �Fkfadi� f�  fqMadinq1 !q � � q1 �aoe('9a�aoq
� kf�dadcfe�� e� �c��% �� e i� � qM� l �.adijq1 v�de�ao�Uije�5 �%� 6 � c�e 8 pfehg�� �Ui 7 e�adcfe k�goe q � � q1 Haoe('�a�i� � qM� l �.adijq1 
� i� ���� k�p�i� f��goe� mgoehp&p��.a�� �de����.aoehp5aoq �<�.�,� l e�aoe��Ug�gdk�� c �Mg �nq)���.adinq1 �% mp&aoe l � e��,�.adk��de � �% �p
� q1 �aoe('9a ao� in�M�Me��Ug!aoq<gdk ��� qM�da5i� Haoe�� �%� adi 5Me � k�goe�����p��Ui 5Me� � �% �p ���dq1�%� adi 5Me � �Mkfaoq1 �q l q@k�g�!
� q1 �aoe('9a
��pf� i 5Me� ��p�q"��k l e� Ha��de�ao� ine�5 �%� 6

� a�ijg ���ne��.� � �dq l adc�ijg 7 �Uine � gdkf��5Me 8 adc2�.a e��%�Uc q � adcfe
pfehg�� �Ui 7 ehp�pfq l �Mi� �g c��Mg�k2 �i	�9kfe
�de
�9k�in�de l e� Hadg�i  aoe�� l g�q � adcfe�a 8 � ehg�q � � q1 �aoe('�a�adc��.a �.�de��Ue��ne�5 �% �a�!<�% mp adcfe4aoe�� c� �i	�9kfehg
adc��.a �.�de �?���m�dq%���Ui��.aoe � qM� �%� �9k�ijgUinadinq1 �% �p l q�pfe����ji� ��
q � � q1 �aoe('9a�i� � qM� l �.adijq1 6 ` g �
�dehgdk2�na�!�adcfe+5 �.� inq@k�g��dehgoe��.� �Uc aoq%�Fi���g �.�de ���.�U�Me�� 8 i� mpfe�� e� �pfe� �a�q � q1 fe �% fqMadcfe�� � �%�nadcfq@kf�@c
adcfe��de�ijg>q-5Me�� ���?� 7 e�a � e�e� $adcfe�` � �me��jp�g>q � l �%� c�i� fe �ne��.�, �i  f� !#�) fq#�$�nehpf�Me �%� �9k�ijgdinadijq1 �% �p
�de��Mgoq1 mi� f��� ! �% �p �.�de �ji �Me�� 8 aoq
�Ue l �Mi� �goq i� !adcfe � k�adkf�de 6 � cfe �dehgoe��.�,� c4���dehgde� Haoehp i� 5adc�ijg
adcfehgdi g l �?�Mehg$ fq3�.aoaoe l ��a aoq �%� in�1 inadgoe�� � � inadc�adcfehgde+�2�.�,�%���ne�� i  5Mehgoadij�1�.adinq1 �g�q � � q1 Haoe('�a 6
8�q-� e�5Me���!"�Mg�p�e l q1 �goao�,�.aoehp 798 : �dq#�$ �% �p � q1 �ehg�!@adcfe ���dq 7 �ne l q � i� � qM� l �.adijq1 ��de�ao� ine�5 �%�
�de����Uehgoe� Hadg �% �i  Haoe��dehgdadi� f� �?���<�ji����.adinq1 9�.�Ue��&aoq � c�i�� c adcfe �Be��,5 �Mgdi�5Me � q l �mkfadi  f�  fqMadinq1 
� q1 �aoe('9a
� �-���.�de� �ehgdg+���% 7 e �?���2�jijehp 6
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� c�i g$�Uc2�?��aoe��+���dehgoe� �adg*�5pmijg���k�gdgUinq1 9�% �p � �Uinadi����%�>e�5?�%�jk��.adinq1 
q � � 5 �.� ine�a 8 q � aoq�q1�jg adc��.a
���% 7 e k�goehp�aoq!gUi l �2�ji � 8 adcfe � q1 mgoao�Uk�� adinq1 �q � � q1 �aoe('9a
� �-���.�de �Be��,5 �Mgdi�5Me � q l �mk�adi� f� �?���
�2�ji ���.adinq1 �g 6 � a � q-5Me��Ug goq � a � �.�de i� � �,�Mgoao� k�� adkf�dehg �% �p0�.� �Uc�inaoe�� adk��dehg�! � q1 �aoe('9a l q�pfe���� i� f�
aoe��Uc2 �i	�9kfehg�! ���dqM�M�,� lvl i� f�9� 7 goao� �%� adinq1 �g �% �p�aoq9q1� ��inadg�! �Mg � e���� �Mg
goq � a � �.�de!p�ehgdin�1 �?���
���dq1�%� cfehg 6 � cfe��de��Ue��ne�5 �% �a�!�adcfe
gUkf��5Me 8 �Mgdgoehgdgdehg&adcfe
pfe��M�de�e�aoq0� c�i�� c,adcfe goq1�jkfadinq1 mg
�%��� q lvl q�p��.aoe!adcfe&a 8 � ehg�q � � q1 Haoe('�a
i  � qM� l �.adinq1 �ijp�e� Hadi��mehpri� 0;9e�� adinq1 = 6 ="!�i� ����jkmp�i� f�
k� �� e��Ua��Mi� �i� � qM� l �.adijq1 /!�c�ijgdaoqM�Uinehg+�% �p�p�e��Be� mpfe� ���inehg 6 � a �%�jgdq�c�in�@c�� in�@cHadg adc�e3���Ui� 2��i �2�%�
�.�de��Mg�i� � c�i�� c5adc�e4goq1�jkfadinq1 mg � �%��� gdc�qM�da�q � �de
�9k�in�Ue l e� Hadg�! l qMadi 5 �.adi  f�$adcfe��dehgoe��.�,� c4���de �
goe� �aoehp�i� �adc�e � q1� �nq-� i  f� � c��?��aoe��Ug 6

� c�e�gUkf��5Me 8 ijg\qM�d�1�% �ijgoehp �Mg � q1���jq-� g 6 ;9e�� adinq1 3@ 6 � � q)��k�goehg�q1 $aoq9q1� ��inadg �% �p i� � �,�Mgoao� k�� �
adkf�dehg
adc��.a$c��-5Me 7 e�e� 0���dq%� q@goehpEaoq � �%��i��jina��.aoe!adcfe �%� ��kmijgdinadinq1 Eq � � q1 Haoe('�avi� � qM� l �.adijq1 
� �dq l goe� �goqM�Ug 6 ;9e�� adinq1 
@ 6 = �Uc2�.�,�%� aoe��Uijgoehg � 5?�.�Uine�a 8 q � c�in�@c � �je�5Me��$� q1 �aoe('9a l q�pfe���� i� f�
goq1�jk�adinq1 �g�!�aoqM�Me�adcfe�� � inadc�adcfehij��gdk ��� qM�dadi� ��
goq � a � �.�de
i� � �,�Mgoao�Uk�� adk��dehg�!"� c�i�� c�e� �� 7 �ne �?���
�2�ji ���.adinq1 �g�aoq � qM� l k����.aoe ��kfe�� inehg � 7 q@kfa�adc�e$� q1 Haoe('�a 6 ;9e�� adijq1 @ 6 @�e('"�2�jqM�dehg �4g l �%����goe�a�q �
���dqM�M� � lvl i� f� � 7 goao�,�%� adinq1 �g�adc��.a�c2��5Me 7 e�e� vp�e�5Me��nq%� ehpvaoq gUi l �2�ji � 8 adcfe i l �2�je l e� Ha��.adijq1 
q � � q1 Haoe('�a
� ��� �.�de�goq � a � �.�de%! ��c�i��ne�;9e�� adinq1 @ 6 U ���Uehgoe� Hadg5goq l e aoq9q1�jg&adc��.a �MgdgUijgoa3� ijadc
pfehgdij�1 va��Mg ��g�!�i� ����jk�pmi� f� adcfe � cfq@i�� e q � �?�����dq%�m�Ui��.aoe�a 8 � ehg�q � goe� �goqM� �% �pvadc�e e(')�2�nqM�,�.adinq1 
�% �p ���dqMaoqMa 8 �Fi� f��q � �Uk��ne � 7 �Mgoehp � q1 �aoe('9a
��gde� �gdinadi 5Me 7 ehc��-59ijq@kf� 6 ;9e�� adinq1 4@ 6 < �Uc��.�,�%� aoe�� ijgoehg
� 7 �dq1�Mpvgoe�a�q � �m�de � e��Ue� �� e l q�pfe����ji� �� gdq1�jkfadinq1 �g�!1�% �p 7 � ine � 8 �% 2�%� 8 gdehg�adcfehin� �?�2�2�ji���� 7 i �jina 8
aoq�� q1 Haoe('�a
� ��� �.�de-goq � a ���.�Ue 6 � i� ��%��� 8 ! ;�e�� adinq1 
@ 6 a gdk lvl �.� ijgoehgvadc�e ��k��d�de� �a!goa��.aoe ��q � �
adcfe � �.�da i� adcfe ��e��jp�q � � q1 Haoe('�a
� ��� �.�de� fehgUg�!�c�in�@c��jij�@cHadg*� 5?�.�Uine�a 8 q � gdcfqM�da�� q l i  f�@g�!.�% �p
� q@gdinadinq1 mg�adcfe � q1 Hao� i 7 kfadinq1 mg�q � adc�i g�adcfehgdijg�i  ��de����.adinq1 aoq&adcfehgoe 6
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� cfevp�e��Ui 5?�.adinq1 rq � k�goe � k��&!zc�ij�@c � �ne�5Me�� � q1 �aoe('9a
i� � qM� l �.adinq1 � �dq l goe� �goqM�Ug�ijg�q1 fevq � adcfe
l q@goa � k� �p�� l e� �a��%�����dq 7 �ne l g�i� Eadcfe!p�e�5Me��nq%� l e� �a q � � q1 Haoe('�a
� ��� �.�de�goq � a � �.�de � � q1 �goe �
�9kfe� Ha�� 8 !@adc�ijg � �Mg �*�Me 8 � q"��k�g�q � l k��Ucvq � adcfe�e��.� � 8 �Uehgoe��.�,�Uc5i� $adcfe���e�� p 6 � 5Me���adcfe �2�Mgoa
pfe����Mpfe%!Madc�e � q"��kmg>c��Mg^gdcmi � aoehp��M�,�Mp�k��%� � 8 � �dq l adcfe � 7 goao�,�%� adijq1 q � i� � qM� l �.adinq1 � �dq l gdi l �
�2�ne�cfq l qM�Me� fe�q@k�g�gde� �gdi� f�4i  � � �Mgoao�Uk�� adkf�Uehg � ��c�i��Uc l qM�de�q � aoe� adc��%  �qMa ��e��de � q1 �� e��, fehp
� inadc �nq"���.adijq1 �p��.a�� � ="! a ! U_� !'> �  � U � � !^aoq l qM�dev�Me� fe�� �%��aoe��Uc2 �i	�9kfehg � qM��e('�ao�,�%� adi� f�
�Ui��Uc
a 8 � ehg�q � i  � qM� l �.adinq1 � �dq l pmi 5Me��Ugoe � �% �p&p 8  �� l i ���%��� 8 �Uc��% f�@i  f��� � q1���je�� adinq1 �g�q � gde� �goqM�Ug 6
� c�i g�gdkf��5Me 8 � q)��k�goehg�q1 goq1�jkfadijq1 �g�q � adc�e ���.aoaoe�� a 8 � e 6

� c�e � q1 �aoe('9a � q�q1���9ina�!�pfe�5Me��jq%�Behp 798 	 e 8 e�a �%� 6 � = � ! � < � ! ���dq#59ijp�ehg ���UqM�M�,� lvl �.adi��
gdk �2�BqM�Ua � qM�4adcfevp�i goao�Ui 7 k�aoehp �%� �9k�ijgdijadinq1 q � � q1 �aoe('9a i� � qM� l �.adinq1 � �dq l goe� �gdqM�Ug�!zi� �adcfe
� qM� l q � adc�e � q1 �aoe('9a � q l � q1 fe� �a � 7 goao�,�%� adinq1 6 � cfe&aoq9q1� ��ina p�e �2 fehg4adc�e � q1���nq-��i� f��� 7 �
goao�,�%� a � q l � q1 fe� Ha a 8 �Behg � � < � �

� �/�=
$T9#A�*� !<� c�i�� c � k2 �� adinq1 4�Mg�goq � a � �.�de ���,�?��� e��Ug � qM� goe� �gdqM�Ug��

� �*�Z�(#A�mM��1#A�(#A�K� ! � c�i �Uc �,�Mijgde adc�e �ne�5Me���q � � 7 goao�,�%� adinq1 �q � � q1 �aoe('9a i� � qM� l �.adinq1 taoq
7 e�aoaoe�� l �.a�� c �?�2�2�ji����.adinq1 ��de
�9k�in�de l e� �adg � � qM�^e(')� l �2�ne%!.ao�,�% �g � qM� l i  f���,�-� �nq)���.adinq1 
� q9qM�Up�i  ��.aoehg�aoq � 7 k�i��jp�i  f� �% �p �dq�q l  �k l 7 e�� � � �% �p

� �ITIT��1#mT����m.0�'� !<� c�i�� c � q l 7 i� �e pmi �Be��Ue� Ha�a 8 � ehg�q � � q1 �aoe('9a�i� � qM� l �.adinq1 !�de����.aoehp�aoq3�
gUi� f�1�ne e� �adina 8%6

: 8 pf�,����i� f� k � q1 �goa��% �p��.�Up �ji 7 �,�.� inehg q � �dehkmg�� 7 �ne � q l � q1 fe� �adg�adc��.a�i  �goa��% �adi��.aoevadcfehgoe
adcf�de�e�� 7 goao�,�%� a\a 8 � ehg�!#�m�dqM�M�,� lvl e�� g ���% �e��MgUi�� 8 i� �� qM��� qM�,�.aoe � q1 �aoe('�a>�1�.adcfe�� i� f� � k� �� adinq1 ��
�%�jina 8 i� �aoq �?�2�2�ji����.adinq1 mg4aoq�e� �� 7 �ne � q1 �aoe('9a
� �-���.�de 7 ehc���5�inq@kf� 6 � cfe � 7 i��jija 8 aoq � q1 � fe�� a
� q l � q1 fe� �adg�i� Haoq � q l �2�je(' �.�d�,�% f�Me l e� Hadg��@i 5Mehg�adc�e � q l � q1 fe� �a l q9p�e�� � q1 �gUijpfe��,� 7 �je
� e('fi 7 i�� ina 8 �% �p9�Bq#��e�� 6 � cfe4kfadi �jina 8 q � adc�e l q9p�e�� ijg �%�jgoqvp�e l q1 �goao�,�.aoehp 7�8 adcfe �.�d� � 8 q �
���dqMaoqMa 8 �Fi����%�2�?���<�ji����.adinq1 �g�adc��.a�c��-5Me 7 e�e� 7 kmi��na�k�gdi� ���adcfe�aoq9q1� �9ija���adcfehgde i� ����jkmpfe ��gdi l �
�2�ne �jq"���.adinq1 �� ��� �.�de� fehgdg aoq9q1�.���%���nehp adcfe �  c � kfa : q1�.�Up � = ��� ! � � q1 Haoe('�a
� ��� �.�devi� �aoe��,� q l
� qM��adcfe�cfq l e � ����� �% �p9�$�Ue l i� �pfe���aoq9q1�!� �$a5� 6

� ijpf�Me�adg�i� 2� qM��� qM�,�.aoe�c�ijgoaoqM�Ui ���%� � q1 �aoe('9a�i� � qM� l �.adinq1 $k�gdi  f� �de�� �.adinq1 ��%��p��.a�� 7 �Mgoehg � qM�
� e��Ugdijgdaoe� Ha^goaoqM�,�.�Me%!"�% �p$i l �2�ne l e� Ha �% i� � qM� l �.adinq1 l q�pfe��&! 7 �Mgoehp$q1 $gdi l �2�ne��.aoao� i 7 kfaoehg�!
adc��.a �%���nq-��g � q1 �goa��% �a 5?�%�jkfehg�aoq 7 e��de����dehgde� Haoehp �%�nq1 f�@gdijp�e4goe� �goehp
p��.a�� 6 8 q#��e�5Me���! ���dq �
�2�nehp�i� � qM� l �.adinq1 �ijg+ fqMa�gdk ��� qM�daoehp ! �% mp�adcfe �de����dehgde� Ha��.adinq1 �q � k� �� e��Ua��Mi� � q1 Haoe('�a�i� ��
� qM� l �.adinq1 �ijg� fqMa e('"�2� i���ina�� 8 �Mp�pf�dehgUgoehp � �%�jadcfq@kf�@c ��k2�%�jina 8 i  � qM� l �.adinq1 ���% 7 e ���?��adkf�dehp
798 �Mp�pminadinq1 ��%�/�.aoao�Ui 7 kfaoehg�!�i � �de
�9k�in�dehp � 6

� � � 8 �% �p ;)�%� 7 e�� � � a5� ���dq%� q@goe � �de �2 fe l e� �a^q � adcfe � q1 �aoe('9a�� q l � q1 fe� Ha � 7 goao�,�%� adinq1 
adc��.a �m�dq-5�ijpfehg�i l ���dq-5Mehp&gdk ��� qM�da � qM��i l � e�� � e�� a � q1 Haoe('�a�i� � qM� l �.adinq1 6 � cfe 8 �Ue��2���%� e�adcfe
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adcf�de�e+� 7 gdao�,�%� a � q l � q1 fe� Ha a 8 � ehg�� inadc � gdi  f�1�ne �Me� �e��Ui���a 8 �Be adc��.a�!�i� �Mp�p�ijadinq1 vaoq goa��% �
p��.�Up p��.a���i� �Fkfa �% mp,q@kfa �mkfa3� c��% � fe�� g�! i  �� qM��� qM�,�.aoehg � q1 �ao�dq1�&! �%� adinq1 �% mp l e�a��Mp��.a��
�Uc2�% � fe��jg 6 � cfe � q1 Hao�dq1� �Uc��% � �e��\i g kmgoehp aoq gdk ��� qM�da p 8  2� l i�� �de�� q1 ����@kf� �.adinq1 q � � q l �
� q1 fe� �adg�! � c�i��je adcfe �%� adinq1 4� c��% � fe�� � e�� � qM� l g �de
�9k�in�Uehp5q%� e��,�.adijq1 �g�q1 �adcfe�e� 59in�Uq1 l e� �a
� � qM��e(' � l �2�ne%!9k�gdi� f�+�%� adk��.aoqM� g�� 6 � e�a��Mp��.a�� � c��% � fe�� g ���.�d� 8 �de��ne�5?�% �a�i� � qM� l �.adinq1 � 7 q@kfa
adcfe �9k��%�jija 8 �% mp goq@kf�,� e�q � adcfe � q1 Haoe('�a�i� � qM� l �.adinq1 6

;)� c l ijp�a�e�a �%� 6 � =%@"! � b ! � > � pfehg�� �Ui 7 e �5gdi l �2�je ��� 8 e��dehp �.�,� c�inaoe�� adkf�de � c�i�� c adcfe 8 e l �
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� �-���.�de$g 8 goaoe l g
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adc�e k�gde�� 798
�de l q#59i  f�3�% 8 adk��2�ne adc��.a ijg~
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�?���2� inehp&aoq adc�ehgoe*���dq 7 �ne l g��Mg � q1���nq#� g 6 	 q"��k l e� Hadg$�% �p k�goe�� ���de � e��de� �� ehg �.�Ue e��%� c �de����
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i� � qM� l �.adinq1 /!<� c�i��je �.a�adc�e
g�� l e adi l e ��� qM�Up�i� ��
�3� q1 �gUijpfe��,� 7 �je p�e��M�de�e4q � ao�,�% �g �2�.�Ue� �� 8 �% mp k�goe��$� q1 �ao�dq1� 6

� ��� � � � � ��� � � � � � � ����� ����� �����
� e�� e� �a �dehgde��.�,�Uc i� � q1 �aoe('9a
� �-���.�Ue� fehgdg�c��Mg4���.�d�Me�� 8 � q)��k�goehp q1 adc�e�p�e�5Me��nq%� l e� �a q �
goq � a � �.�de�i� � �,�Mgdao�Uk�� adkf�dehg
adc��.a �Be�� � qM� l a��Mg ��gvgdk2�Uc �Mg adc�e9�%� ��k�i gdinadinq1 -q � � q1 Haoe('�a5i� ��
� qM� l �.adinq1 � �dq l gde� �goqM�Ug�!�� e��Ugdijgoaoe� �a goaoqM�,�.�Me
q � adc�e i� � qM� l �.adinq1 � ijadc�i� -goe���5Me��Ug�! �% �p
p�ijgUgoe l i� ��.adijq1 aoq �?���2�ji����.adijq1 �g�k�gUi� f� 7 qMadc!g 8  ��Ucf�Uq1 fq@k�g ��kfe�� inehg��% mp �Mg 8  �� cf�dq1 fq@k�g  fq �
adi��2���.adijq1 �g 6 � cfehgoe i� � �,�Mgoao�Uk2� adkf�dehg�gde���5Me �% �i l �BqM�Ua��% Ha��Uq1�ne%!fgdc�i � adi� f� l k��Uc!q � adcfe*� q l �
�2�ne(' � k� �� adinq1 ��%� ina 8 � �dq l �?���2�ji����.adijq1 �g q1 Haoq
adcfe l i p�p��ne�� �.�de%!.�% �p�adcfe��de 798 gUi l �2�ji � 8 i� f�
adcfe � q1 �goao� k�� adinq1 �q � �dq 7 k�goa*�?���2� i����.adinq1 �g�! e�5Me� �i  
adc�e � �%� e q � �% �e�5Mq1� 59i  f� goe� �gdi� ��!i� ��
� �,�Mgoao�Uk�� adk��de � � @�< � 6

8�q-� e�5Me���!
adcfehgoeEgoq1� kfadinq1 �g e('fc�i 7 ina4� 5?�.�Uine�a 8 q � gdc�qM�da�� q l i� f�@g 6 � in�Ugoa�! l q@goa �.�de
� q@k� �pfehp
q1 q-5Me��Ugdi l �2�ji��mehp l q�pfe��jg�q � � q1 �aoe('9a4adc2�.a � �Mi��>aoq � k���� 8 �%��� q@k2 Ha � qM� adcfe �Uc��%���
�ne� f�Mehg i� mcfe��de� �a i� 
q 7 a��Mi� mi� f� �%����k��,�.aoe3� q1 Haoe('�a�i� � qM� l �.adinq1 � � �dq l goe� �gdqM�Ug�! k�goe��Ug*�% �p
goq � a � �.�de �.�Me� Hadg�� ! �% �p � qM�5adcfe
�Ue
��k�ij�de l e� �avq � l �% 8 �?���2�ji����.adijq1 �g � qM�5�Ui �Uc<a 8 � ehg5q �
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i� � qM� l �.adijq1 /!�i� ����jkmp�i� f�$c�ijgoaoqM� inehg �% �p9� q1 �aoe('�a pfe�� e� �p�e� ���inehg 6 ;�e�� q1 �p/!madc�e 8 ij�1 fqM�de�i l �
� qM�da��% �a3� q1 Haoe('�a l �% ��.�Me l e� Ha � k� �� adijq1 �g�!�gdk2�Uc��Mg3� q1 � i�� a pfe�aoe�� adinq1 �% �p0�Uehgoq1�jkfadinq1 !
e� � qM�,� e l e� �a�q � i� �aoe��M�Uina 8 � q1 �goao�,�Mi  Hadg�!)�% �p�i l �<�ne l e� �a��.adinq1 vq � ���Ui 5?�%� 8 � q1�ji���inehg 6 � c�ij�Up/!
l q@goa�q � adcfe ���dq%� q@goehp i� � �,�Mgdao�Uk�� adkf�dehg � q)��k�g ���Ui l �.� i�� 8 q1 
adcfe �%� �9k�ijgUinadinq1 q � i� � qM� l � �
adinq1 � �dq l goe� �goqM� g�!�qM��q1 5adc�e i gdgdkfehg q � gdaoqM�,�.�Me �% �p p�ijgUgoe l i� ��.adijq1 ��Hadcfe��Ue i g�adc�e��de � qM�Ue*�
 fe�ehp � qM� gdq1�jkfadinq1 �g�adc��.a�goe�� l �jehgdg�� 8 � q l 7 i� fe
adcfehgoe � k� �� adinq1 2�%�jinadinehg�i� Haoq �!gdi� f�1�ne%! � q l �
���dehc�e� �gdi 5Me
i� � �,�Mgoao�Uk�� adk��de 6 � q@kf�dadc !Badc�e � 7 goao� �%� adinq1 �g ���dq#59ijp�ehp 798 adcfe
i  � � �Mgoao�Uk�� adkf�Uehg
� qM�$� q1 Haoe('�a pfehg�� �Ui �madinq1 �% �p �9kfe�� 8 i� f� �.�de  fqMa �%����� 8 g adcfe 7 ehgoa�q1 fehg � qM� ���UqM�M�,� lvl i� ��
� e('fi 7 �ne+�% �p �dq 7 k�goa�gdq � a ���.�de 6 � cfe4kfadi �jina 8 q � c�in�@c � �ne�5Me�� �m�dqM�M�,� lvl i  f� l q9p�e��jg �% �p9� 7 �
goao�,�%� adijq1 �g�ijg ��e�� ���de�� qM�1 mijgoehp/! 7 k�a�adcfe � e�� ���dq%� q@g��%�jg�adc��.a�c��-5Me e l e��d�Mehpri� adc�ijg �.�de��
�de l �Mi  �Uk�p�i l e� Ha��.� 8 �% �p q � aoe� �ji l inaoehp$i� vadcfehin� �?���<�ji���� 7 i�� ina 8%6 � cfe��de ijg �% vkf�d�Me� �a  fe�ehp
� qM�  �e�� aoe�� c� �i	�9kfehg � qM� pfehg,� �Ui 7 i� �� ! �% �p0���dqM�M� � lvl i� f� � inadc/! � q1 �aoe('9avi� � qM� l �.adinq1 [i  
c�in�@c2� 8 � 7 goao� �%� a4aoe�� l g�! �Mg+� e���� �Mg4goq1�jk�adinq1 �g � qM� ���de � e��de� �� e l q�pfe���� i� f� �% mp�e��ji���ina��.adinq1 
adc��.ave� 2� 7 �ne goq � a � �.�de aoq 7 ehc��-5Me9�Mkfaoq1 fq l q@k�g,� 8 ��inadcfq@kfa l �.aoe��Ui �%��� 8 p�i l i� �ijgUc�i� f� adcfe
k�goe�� � g�goe� �goe�q � � q1 �ao�dq1� 6

�  4�Mp�p�inadijq1 /!fi� � �,�Mgoao�Uk�� adk��,�%�Fgdq1�jkfadinq1 �g 798 adc�e l goe�� 5Mehg�gUk ��� qM�da q1 �� 8 adc�e4i l �2�ne l e� �
a��.adinq1 �mc��Mgoe q � adcfe&goq � a � �.�de �ji � e�� 8 ���ne 6 ` g4adcfe3�% 2�%� 8 gUijg+�% �p�pfehgUin�1 �a��Mg ��g �Mgdgoq)��i��.aoehp
� inadc � q1 Haoe('�a
� ��� �.�de gdq � a ���.�de����dehgde� Ha  fq-5Me��"�Uc2�%���ne� f�Mehg>adc��.a �.�de� fqMa �Mp�pf�Uehgdgoehp 798 ao�,�Mp�i��
adinq1 ��%��e� ��@i� fe�e��Ui� �� l e�adcfq9p�q1�nqM�@inehg�!MqMadcfe�� l q9p�e����ji� f��aoe��Uc� mi	��k�ehg �% �p$aoq9q1�jg �.�de��de
�9k�in�Uehp 6
� q@kfa�� � �% �p � e 8 � ����U � ���dq%� q@goe�adcfe k�gde�q � � q1 �aoe('9a l q�pfe��jg adc��.a ���% 7 e4�de �2 �ehp�i� �� �Ue �
l e� �a��%��� 8 aoq�gdk ��� qM�da\adcfe�e� �adin�de�goq � a � �.�de�e� f�@i� fe�e��Ui  f� � i � e�� 8 ���ne 6 8 q#��e�5Me��-!9�Ue�� e� Ha�e � qM�dadg
aoq&pfe�5Me��jq%�
gdk�� c9� l q�pfe��&!��% �p qMadcfe�� pfehgdij�1 aoq�q1� g�!�c���5Me 7 e�e� i� ��Mpfe
�9k��.aoe 6

� a ijg�adc�ehgoe4q 7 goe��,5 �.adinq1 mg�adc��.a l qMadi 5 �.aoe adcfe4�dehgde��.�,�Uc����dehgoe� �aoehp�i� adc�ijg�adcfehgdi g 6 � c�e
� q1���nq-��i� f��� c��?��aoe��Ug
pfe�5Me��nq%��� � �,� l e�� qM��� � q l �m�UijgoehpEq � �% [i� �aoe��M�,�.aoehp0goe�a
q � � q1 �� e����
adk��%� l q�pfe���� i� f� aoe�� c� �i	�9kfehg�!1�% mp �+� qM�d�dehg � q1 �p�i  f��goq � a � �.�de$�.� �Uc�inaoe�� adk��de �% �p i� � �,�Mgoao� k�� �
adkf�de%! adc2�.a4gdk ��� qM�da�adcfevpfe�5Me��nq%� e�� adcf�dq@kf�@c�q@kfa adcfe goq � a ���.�Ue �ji � e�� 8 ���je 6 � c��?��aoe�� U �% �p
adcfeve��.� � 8 goe�� adinq1 �g�q � � c��?��aoe��~<4�Mpmpf�dehgdg�adc�e  fe�ehp � qM� � q1 �aoe('�a l q�pfe����ji  f��aoe��Uc� �i ��kfehg
adc��.a ���?��adkf�de�adcfe � i��Uc �Uc��.�,�%� aoe�� ijgoadi���g q � � q1 �aoe('9a�i� � qM� l �.adijq1 vpfehg�� �Ui 7 ehp&i� ;9e�� adijq1 = 6 = 6
� c��?�maoe�� U �m�dehgoe� �adg � � qM� l �%�&!>�M� �?�mc�i����%� l q9p�e����ji� f��aoe�� c� �i	�9kfevadc��.a
gdk ��� qM�dadg4adcfe5pfe �
gdin�1 �e�� i� &adcfe a��Mg �vq � e(')�2�nqM�Ui  f� �% �p!g � e���i � 8 i� f��adcfe � q1 �aoe('9a��Ue
��k�ij�de l e� �adg�q � � � q1 Haoe('�a
�
��� �.�de �?���2� i����.adinq1 6 �  �Mp�p�inadinq1 !Fina pfehg�� �Ui 7 ehg adcfe l �?���mi� f�&q � adcfe
�M�,�?�mc�i����%� l q�pfe��zaoq
�r�de�� �.adinq1 ��%���de��m�dehgoe� �a��.adinq1 <adc��.a5ijg � e�����gdk�ijaoehp � qM�!k�goe i� ,adc�e�i l �2�je l e� Ha��.adijq1 0q � �
� q1 �aoe('9a l �% ��.�Me l e� �a�g 8 goaoe l46

� c2�?��aoe��t<!�dehg � q1 �p�g aoq adcfe3��k��d�de� �a*� �%��� q � ���UqM�M�,� lvl i� ��5aoq9q1�jg+�% �p � 7 gdao�,�%� adinq1 �g
gdk�ijaoehp � qM� kmgoe4i� 4� q1 �aoe('9a
� �-���.�de g 8 goaoe l g 7�8 ���dq%� q@gdi� �� �vcmin�@c � �ne�5Me�� l q�pfe�� q � � q1 Haoe('�a�!
a � q9� q l �2�je l e� Ha��.� 8 ���dqM�M� � lvl i� f�5aoe��Uc� mi	��k�ehg�!/�% �p �% 
e(')�2�ji ��ina$���Ue � e��de� 2� e l q�pfe���� i� f�
�?�����Uq1�%�Uc adc2�.a$�.�de �%��� � q@k� �p�ehp k � q1 �adcfe � q1 Haoe('�a l q9pfe��zq � � c2�?��aoe�� U 6

� c2�?��aoe�� a �Mp�pf�dehgdgdehgzadcfe� fe�ehp � qM� � q l ���dehcfe� �gUi 5Me�i� � �,�Mgoao� k�� adkf�dehg � qM� � q1 �aoe('�a
� ��� �.�de
g 8 goaoe l g 7�8 i� �aoe��M�,�.adi� f� adcfe l q9p�e����ji� f��goq1�jk�adinq1 �g q � � c��?��aoe��Ug U �% �p <�i� �aoq��9� � 8 e��dehp
�.�,� c�inaoe�� adkf�de adc��.a^i� �� qM��� qM�,�.aoehg � q1 �aoe('9a �%� �9k�ijgdijadinq1 �% �p l �% ��.�Me l e� �a�!1���Ue � e��de� 2� e l �% �



@�> 
 � � � � 	 � � � � 	�� �	� 	�� � � � �

�.�Me l e� �a �% mp�gdk ��� qM�da � qM��adcfe ���dqM�M�,� lvl i� f� l q�pfe��jg4i� �adcfe � qM� l q � �4���dqM�M� � lvl e�� � g
aoq9q1� �9ija 6

� i� ��%� � 8 ! � c��?��aoe�� b pfe l q1 mgoao�,�.aoehg�! 798 e(')� l �<�ne%!.adcfe�k�gde�q � adcfe l q�pfe����ji� �� aoe�� c� �i	�9kfehg
�% �p gdq � a ���.�de
i� � �,�Mgoao�Uk2� adkf�de q � � c��?��aoe��Ug U aoq a aoq&gdk �2�BqM�Ua adc�e4goq � a ���.�Ue �ji � e�� 8 ���ne 6
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� cfe ���de�5�inq@k�g � c��?��aoe��$pfe l q1 �goao� �.aoehpEadc��.a ��kf�d�de� �a � q1 �aoe('9a
� �-���.�Ue g 8 gdaoe l g �.�Ue 7 �Mgoehp
q1 l q�pfe��jg
q � � q1 Haoe('�avadc��.a3�.�Ue q � aoe� <i l �2�ji���ija �% �p,i� � qM� l �%�&! �% �p,i� ����?�<� 7 �ne!q � ���?���
adkf�Ui  f�3�%���zq � adc�e �Uc2�.�,�%� aoe��Uijgoadi ��g q � � q1 �aoe('9a adc��.a ��e��Ue�q@kfa��ji  fehp i� � c��?��aoe�� ="! gdk�� c��Mg
aoe l � qM�,�%� �% �p �9k��%�jija 8 �Mg��Be�� adg 6 � c�ehgoe l q9p�e��jg+�.�de3�%�jgoq i� 2�?�����dq%��� i��.aoe � qM��gdk �2�BqM�Uadi� f�
� q1 �aoe('9a
���de�� �.aoehp�a��Mg��9g5adcf�dq@kf�@c�q@kfa adcfe
gdq � a ���.�de �ji � e�� 8 ���je%! � �dq l �% 2�%� 8 gUijg$q � adcfe � q1 �
aoe('�a��de
��kmin�de l e� �adg q � �% 4�?���2� i����.adinq1 5adcf�dq@kf�@c!aoq i l �2�je l e� Ha��.adijq1 /!9i  �goa��% �adi��.adinq1 !q � adcfe
� q1 �aoe('9a l q�pfe��&! �% mp 7 e 8 q1 �p 6 � c�ijg+� c��?��aoe�� ���dehgoe� �adg � � q1 Haoe('�a l q9p�e����ji� f�4�?���m�dq1�%�Uc/!
aoe�� l ehp adcfe � q1 �aoe('9a � q�pfe����ji� �� � �% f�@k��.�Me � ��� � � !madc��.a�ijg�pfehgdij�1 fehp�aoqvcfe�� � q#5Me��,� q l e
adcfehgoe�gdc�qM�da�� q l i� f�@g 6 � ��� q � e��Ug � l q9p�e����ji� f�  �qMa��.adinq1 !adc��.a�ijg�gUk�� ��ine� �a�� 8 � 7 goao� �%� a�aoq
�%���nq#� pfe�5Me��jq%�Be�� g�aoq&e(')�2�nqM�de �% mp����?��adkf�Ue4adcfe � q1 �aoe('9a �de
�9k�in�de l e� Hadg�q � �% �?���2�ji����.adijq1 
i� �  2�.adkf�,�%�<��� 8 !"��c�i��ne$�.a�adcfe g�� l e adi l e 7 ehi� f� � qM� l �%�Fe� fq@kf�@c5aoq gdk ��� qM�da�� goao� �Min�@cHa
�
� qM�����.� p l �?���mi� f�!aoq4� � q1 Haoe('�a l �% ��.�Me l e� Ha4i� � �,�Mgdao�Uk�� adkf�de adc��.a ���% rgdk �2�2� 8 � q1 Haoe('�a
i� � qM� l �.adijq1 5aoq �?���<�ji����.adinq1 �g �.a��Uk2 ��adi l e 6 �  �qM� pfe���aoq l e�e�a�adcfehgoe��de
�9k�in�Ue l e� Hadg�! ��� �
�ne�5Me��,�.�Mehg �% 9�?���m�dq1�%�Uc adc2�.a ijg � e���� ehgoa�� 7 �ji gdcfehp�i� �adcfe4pfehgUin�1 �q � i� � qM� l �.adinq1 �g 8 goaoe l g�!
� c�i �Uc �de�� qM�1 mijgoehg gde�5Me��,�%��p�i goadi� �� a l q�pfe���� i� f� �ne�5Me��jg � � q1 2� e���adk��%�&!2�jqM�@i����%�.�% �p9�mc 8 gdi����%� �
adc��.a �.�de�p�ijgoadi� ��@k�ijgdcfehp 798 adcfehin�$pfe��M�de�e!q � pfe�a��Mi����% �p � 7 goao�,�%� adijq1 6 � cmijg � c��?��aoe�� � q �
��k�goehg�q1 vadcfe l q9p�e����ji� f� q � � q1 �aoe('9a �.a�adcfe � q1 �� e���adk��%�<�% �p �nqM�@i ���%���ne�5Me��jg 6 � c�e � q1� �nq-� i  f�
goe�� adinq1 mg�pfe �2 fe�goq l e q � adcfe aoe�� l i� �q1�nqM� 8 k�gdehp!i  5adcmijg �Uc��?��aoe��-!fq@kfa��ji� fe adcfe l qMadi�5 �.adinq1 
7 ehc�i� �p-adcfe p�e�5Me��nq%� l e� �avq � ����� ! �% �p,adcfe� �Uc��.�,�%� aoe�� ijgoe ��� � � g �?�����dq1�%� c<aoq ���?���
adkf�Ui  f� adcfe5g��Be���i �%� � e��.adkf�Uehg�q � � q1 �aoe('9a$i� � qM� l �.adijq1 � �dq l adcfe � q1 2� e���adk��%� �% mp �nqM�@i����%�
� e��Ug � e�� adi 5Mehg 6
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� c�i g �Uc2�?��aoe�� �Mp�pf�dehgdgdehg�adcfe � q1 �aoe('9a l q�pfe����ji  f�4���dq 7 �je l � �dq l a ��q � e��Ug � e�� adi 5Mehg 6 � q
���de�5Me� �a$� q1 � k�gdijq1 /!�adc�ijg�goe�� adinq1 ��Uc��.�,�%� aoe�� ijgoehg�adc�e4�de����.adinq1 mgdc�i � 7 e�a � e�e� adcfe�a ��q 59ine�� �
� q@i� �adg �% �p pfe �2 �ehg�goq l e � q lvl q1 aoe�� l g k�goehp 798 e��%� c 6
` +'.0�Z�(#
	i�WBC.$
i#���ijg$�% � 7 goao�,�%� a 8 e�a � qM� l �%��pfehg�� � i ��adinq1 q � �Ue��ne�5 �% �a*�Mg � e�� adg q � adcfe

@ �



U > 
 � � � � 	 � � � 
 ��� � 	 � � � ��� 	�� ��� � 


Conceptual Modelling

Logical Modelling

Conceptual Context Model

Logical Context Model

produces expressed using

expressed using
Relational Model

CML

maps to

produces

� in�@kf�Ue U 6 � � � q1 �aoe('9a l q9p�e����ji� f� �?�����Uq1�%�Uc�kmgoehp i� �adc�ijg�adcfehgdijg 6

�de��%��� � qM�,�jp � q1 �aoe('9a q � q1 fe5qM� l qM�Ue �?�2�2�ji����.adinq1 mg 6 � c�e ���.aoaoe�� �.�de goq l e�adi l ehg
aoe�� l ehp
+K.��Z�(#
	i�t+K.0�_�'�LBn#��'� ! ��c�i��nevadc�e �Mg � e�� adg$q � adc�e � qM�,�jp[adc��.a � l q9p�e����de � e�� adg �.�de�q � aoe� 
� q1���ne�� adi�5Me�� 8 �de � e��d�dehp!aoq3�Mg�adcfewBC.$
i#A�Q�j#1
5�1#1��� ����} 6 ` � q1 �aoe('�a l q�pfe�� ���% 7 e pfehg�� � i 7 ehp5i� 
�4c�ij�@c�� 8 � 7 goao�,�%� a � �Mgdc�inq1 &i� $aoe�� l g�q � � +K.0��+�# M2���_�0�2BC.$
i#A� adc��.a�ijg�p�ehgdin�1 fehp$aoq 7 e�e��MgUi�� 8
k� �p�e��Ugoaoq9q9p 7�8 � e�q%�2�ne 6 ` �naoe��, ��.adi 5Me�� 8 !�ija ���% 7 e e(')���dehgdgoehp i  5aoe�� l g�q � �5�r.1T��=+K��� BC.$
i#��
adc��.a � q)��k�goehg l qM�Ue�q1 �adcfe�gdao�Uk�� adkf�de �% mp��de����dehgde� Ha��.adinq1 �q � i  � qM� l �.adinq1 /!-�% mp4ijg �Me� fe�� �%��� 8
pfehgdij�1 fehp�aoq 7 eve��Mgdi�� 8 i l �2�ne l e� �aoehp c i� �gda��% Hadi��.aoehp 6 ` qMaoe!adc��.a ���nq@goe � q l �2�.�Uijgdq1 �g ���% 
7 e!p��,���$ 7 e�a ��e�e� 0adcfe9� q1 2� e���adk��%� �% �p��nqM�@i ���%� l q9pfe�� g q � � q1 Haoe('�a&p�i g���k�gdgoehp-i� -adc�ijg
�Uc2�?��aoe��$�% �p adc�e � q1 �� e���adk��%� �% mp4�nqM�@i����%� g�� cfe l �Mg�i� 4� � 8 e��dehp p2�.a�� 7 �Mgoe l q�pfe��jg�gdk2�Uc9�Mg
adc��.a^pfehg�� �Ui 7 ehp 7�8 8 �%� �Fi� � � @ a5� 6 � c�ehgoe�gdi l i����.�Uijadinehg �.�de  ��.adkf�,�%� 7 e����Mk�goe adcfe � q1 �� e���adk��%�
l q�pfe����ji  f��aoe��Uc� �i ��kfehg ���dehgoe� �aoehp c�e��de�pfe��Ui�5Me � �Uq l � � � !-� l q�pfe����ji� ����?���m�dq1�%�Uc � �de��.aoehp
aoq&gdk���� qM�da�adcfe4pfe�5Me��nq%� l e� Ha�q � � q1 �� e��madk��%�zg�� cfe l �Mg � qM� i� � qM� l �.adinq1 g 8 goaoe l g 6

� c�e �?�����Uq1�%�Uc
aoq � q1 �aoe('9a l q�pfe���� i� f� ���dq%� q@goehp
i� adc�ijg adcfehgdijg�ijg i ���jk�goao� �.aoehp i� � in� �
kf�de U 6 � 6 � c�ijg �Uc��?�maoe��+���Ui l �.� i�� 8 � q)��k�goehg q1 l q�pfe���� i� f� �.a�adcfe � q1 �� e��madk��%� �ne�5Me���k�gdi  f�
��� � !2�  fq-5Me�� l q�pfe����ji  f� �?�����dq1�%� c9� c�i �Uc q � e��Ug �v�M�,�?�mcmi����%�  fqMa��.adinq1 �% �p��% �%��� q l �
�2�% 8 i  f� l q�pfe����ji� �� l e�adc�q9pfq1�jqM� 8 � qM�&pfehg,� �Ui 7 i� �� � q1 �aoe('9a�i� � qM� l �.adijq1 6 � cfe9� c��?��aoe��
�%�jgoq 7 �Uine � 8 pfehg�� �Ui 7 ehg adcfe l q9pfe�� �ji� f� q � � q1 �aoe('�a�i� � qM� l �.adijq1 �.a adcfe �nqM�@i����%�.�ne�5Me��zk�gdi  f�
adcfe �Ue����.adinq1 ��%� l q9pfe�� !�� cmi��Uc,c��Mg 7 e�e� �� ijpfe�� 8 �dehgoe��.� �Ucfehp �% �p i l �2�ne l e� �aoehp 7�8 adcfe
i� � qM� l �.adijq1 g 8 gdaoe l g � q lvl k� �ina 8%6
` l q�pfe����ji  f� ���Uq"� ehgdg i� 5Mq1��59i� ��
adc�e � q1� �nq-� i  f� goaoe��mg�ijg �MgUgdk l ehp6�
� 6 � q1 mgoao�Uk�� adinq1 q � � � q1 �� e���adk��%� l q9pfe�� q � � q1 �aoe('9a��de
�9k�in�de l e� �adg�k�gdi  f� ����� �
= 6 l �?���mi� f�$q � adcfe � q1 �� e��madk��%� l q�pfe�� aoqvadc�e4�de����.adinq1 2�%� l q9p�e�� � �% �p
@ 6 �Me� �e��,�.adinq1 q � � � q1 �aoe('9a l �% 2�.�Me l e� Ha i� � �,�Mgdao�Uk�� adkf�de 7 �Mgoehptq1 tadcfe �de����.adinq1 ��%�
l q9pfe�� 6


��%�Uc q � adcfehgoe$goaoe��mg ���% 7 e �.a �ne��Mgda$�2�.�dadi �%��� 8 �Mkfaoq l �.aoehp 6 � cfe �m�Ugoa goaoe�� �de
�9k�in�dehg
gdk 7 goa��% Hadi �%�Hi� �Fkfa � �dq l c9k l �% mg�! 7 kfa ���% 7 e�gUk ��� qM�daoehp 798 �?�����Uq%���Ui��.aoe l q9p�e����ji� f��aoq9q1�jg
adc��.a �Mgdgdijgoa$� inadc adcfe pf�,����i� f� �% �p95 �%�ji p��.adinq1 q � l q�pfe��jg 6 � cfe ���.aoaoe���a ��q5a��Mg ��g ���% 7 e
���.�d�Me�� 8 �Mkfaoq l �.aoehp 6 8 q#��e�5Me���!�adc�e&pfe�5Me��nq%� l e� Ha4q � adcfehgde � qM� l g�q � aoq9q1��gdk �2�BqM�Ua � �%���jg
q@kfadgdi pfe�adcfe�g�� q%� e q � adcmijg�adcfehgdi g 6 � cfe � q1 �� e���adk��%� l q9p�e��jg�gdcfq#�$ i� adc�ijg � c��?��aoe�� ��e��de
���dq�p�k�� ehp0k�gUi� f��gdi l �2�je!pf� ��� i� �� aoq9q1�jg�!��% �p,c��% �p�� l �?��� ehp-aoq ���de����.adinq1 2�%���Ue����dehgoe� �
a��.adinq1 6 ` �Me� fe�� i��4� q1 Haoe('�a l �% ��.�Me l e� Ha&i  � � �Mgoao�Uk�� adkf�Ue&adc��.a3���% 7 e4��k�goaoq l i goehp � qM�
i� �pmi 59i p�k��%�2� q1 �aoe('�a l q�pfe��jg�c��Mg 7 e�e� �i l �2�ne l e� Haoehp4�% �p i g�pfehg�� �Ui 7 ehp�i� � c��?��aoe�� a 6



� � � � � � � � � �	� � � � � � � � � � � � ��
 � U_�

` � q1 �aoe('9a l q�pfe�� ijg � q%�mk�� �.aoehp/!�qM��i� �gda��% Hadi��.aoehp !2�.a��Uk� ���adi l e+� inadc4�&goe�a�q � �de����.aoehp
i� � qM� l �.adijq1 4� 7 q@k�a�adcfe l q�pfe����nehp!�de��%� ina 8 !��Ue � e��d�Uehp�aoq �Mg$�H+'.0�Z�(# 	��l�Q�?���m�0��+�# 6

� ��� � ����������������� � � � � ����������� �
` g�pfehg�� �Ui 7 ehp i� 
adcfe ���de�5�inq@k�g �Uc��?��aoe��-!zadcfe��de ijg*��kf�d�Ue� Ha�� 8 � � �%����q � k� �pfe�� goa��% �p�i� ��vq �
adcfe goq � a ���.�Ue�e� f�@i  fe�e��Ui� f��a��Mg �9g��Mgdgoq)��i��.aoehp � inadc3� q1 �aoe('�a
� ��� �.�de� fehgdg�!<�% �p �% � 7 goe� �� e�q �
gdk�ija�� 7 �ne$pfehgdin�1 aoq9q1�jg 6 � c�ijg �Uc��?�maoe�� �Mp�pf�dehgUgoehg adcfe$�de
�9k�in�de l e� �a�ijpfe� �adi���ehp i� ;9e�� adinq1 
@ 6 U 6 = � qM��gdk�ija�� 7 � 8 �Me� fe��,�%� � q1 Haoe('�a l q�pfe����ji� �� aoe�� c� �i	�9kfehg�adc��.a�gdk ��� qM�da�adc�e e(')�2�nqM�,�.adinq1 
�% �p�g��Be���i	�2���.adinq1 �q � �% �?���2� i����.adinq1 � g+� q1 �aoe('9a �de
�9k�in�de l e� �adg 6 � c�e3� q1 Haoe('�a l q�pfe���� i� f�
�?�����Uq1�%�Uc-pfe�5Me��nq%� ehpEcfe��Ue&ijg�qM�dadc�qM�Mq1 ��%���% mp � q l �2�je l e� Ha��.� 8 aoq
adcfe5i  � qM� l �%��pfehgdin�1 
� �,� l e�� qM���
q � � �de 8 �% �p ;)�%� 7 e���! i� �ao�dq�p�k�� ehp�i� ;9e�� adinq1 @ 6 U 6 � ! � c�i�� c�gdk ��� qM�dadg pfehgdin�1 
a��Mg ��g i� ��Ue����.adinq1 aoq �$#��?�$#1
 � q1 Haoe('�a�i� � qM� l �.adinq1 !Fi� ���� k�p�i� f�$adcfe$ijpfe� �adi��2���.adijq1 q � � q ;
�de
�9k�in�de l e� Hadg �% mp�q � gUk�ina�� 7 �ne�goe� mgoqM�Ug 6

��� � e� �� 7 �nehg �?���2�ji ���.adinq1 �pfe�5Me��nq%� e��Ug�aoq � q1 �gdao�Uk�� a � qM� l �%� l q�pfe��jg4q � � q1 �aoe('9a$�de �
�9k�in�de l e� �adg adc��.a � i � ���?��adkf�de+�%���Fq � adcfe+� q1 �aoe('9a � c��.�,�%� aoe��Ui goadi���g�pfehg�� � i 7 ehp5i� � c��?�maoe�� =
�% �p � iji � � qM� l �  ��.adkf� �%� 7 �Mgdi g � qM��adcfe
g � e���i��2���.adinq1 �q � � q1 Haoe('�a
� ��� �.�de 7 ehc��-59inq@k���k�gdi  f�
adcfe&gUinadk��.adinq1 �% �p ���de � e��de� �� e3� 7 goao� �%� adinq1 �g4pfe�5Me��jq%�BehpEi� �adcfe � q1���nq#� i� f� �Uc��?�maoe�� 6 �* �e
q � adcfe3 fq-5Me��jadinehg�q � ����� ijg adc��.a�ina�pf� ��� g q1 radc�e ��e��%�nadc�q � �dehgoe��.� �Uc � q1 2� e��, fehp � ijadc
i� � qM� l �.adijq1 l q�pfe����ji  f�4adc��.a�c��Mg 7 e�e� ���.�d� inehp&q@k�a i� 5adcfe ��e��jp5q � i� � qM� l �.adijq1 &g 8 goaoe l g 6
� cfe��Ue �.�de  9k l e��dq@k�g �dehgoe��.� �Uc-aoq%�mi���g$i� [i� � qM� l �.adinq1 -g 8 goaoe l g
adc��.a
q-5Me��,���?� � ijadcEadcfe
� q1 �aoe('9a l q9pfe�� �ji� f� ���dq 7 �ne l96 ` � k����\gdkf��5Me 8 q � adcfehgoe aoq%�Fi���g � �%� �jg q@k�adgdijpfe$adcfe g�� q%� e$q �
adc�ijg adc�ehgdijg��^i� �goaoe��Mp !.� � e�� q � adc�e l q@goa4�Ue��ne�5 �% �a �.�de l e� Hadinq1 �ehp�cfe��de aoq i� �p�i����.aoe$adcfe
e('�aoe� Ha q � q-5Me�� ���?� 7 e�a ��e�e� 5adcfe �dehgoe��.�,� c �.�de��Mg 6 � cfe � q1 2� e���adk��%� l q9p�e����ji� f� q � aoe l � qM�,�%�
�Mg � e�� adg�q � i� � qM� l �.adijq1 !c2�Mg 7 e�e� � ijpfe�� 8 �dehgoe��.�,� cfehp6� � gUkf��5Me 8 q � goq l e4q � adcmijg ��qM�,�!ijg
���dq#59i pfehp 798 � �de��Me��Ugoe� �% �p � e� �goe� � � @ bA� 6 ;�i l i����.�,� 8 !�adcfe � q1 �� e���adk2�%� l q�pfe���� i� f� q � i  � qM� �
l �.adinq1 ��k2�%�jina 8 �Mg � e�� adg ijg�pfehg�� � i 7 ehp 7�8 � �% f� e�a��%� 6 � � @�> � �% �p ;9aoqM�de 8 �% �p � �% �� � � @ � � !
�% �p0adcfe9� q1 mgoao�Uk�� adinq1 <q � i� � qM� l �.adinq1 0g 8 gdaoe l g 7 �Mgoehp0q1 goe� �goqM����p�e��Ui 5Mehp,i� � qM� l �.adijq1 
k�gdi  f����� q l 7 i� 2�.adinq1 Eq � � q1 2� e���adg � �dq l �de��%����adi l e%! �%� adi 5Me �% mpEaoe l � qM�,�%��p��.a�� 7 �Mgoehg$ijg
pfehg�� � i 7 ehp 7�8 	 �.aoa���� ��U > � 6 � i� ��%��� 8 !madcfe �m�dq 7 �ne l q � i� �� q l �2�je�aoe�i� � qM� l �.adinq1 
c��Mg 7 e�e� 
� ijp�e�� 8 goadkmp�inehp � ��U_�  ��Uia5� 6 � a l k�goa 7 e3 fqMaoehp !\cfq#��e�5Me��-!\adc2�.a4adcfehgoe �.�de��Mg4q � �dehgde��.�,�Uc
c��-5Me 7 e�e� 9���.�U�Me�� 8 ���.�d�Uinehp�q@kfa i� �% �ijgoq1� �.aoehp � �Mgdc�inq1 /!��% mp adc��.a�adcfe��de i g � q1 �goe
�9kfe� �a�� 8
 fq!gdi� f�1�ne i� � qM� l �.adinq1 l q9pfe�� �ji� f� �?�����Uq1�%�Uc
adc��.a i g$�Mpfe
�9k��.aoe � qM��e('"���Uehgdgdi� f� �%���zq � adcfe
�Mg � e�� adg4q � � q1 �aoe('9a
i� � qM� l �.adinq1 6 � c�ijg+� c��?��aoe�� p�ehg�� �Ui 7 ehg+� goe�a�q � i  Haoe��M�,�.aoehp0� q1 Haoe('�a
l q�pfe����ji  f�9� q1 �� e���adg
adc��.a � q l 7 i� fehg �% �p[e('9aoe� �pmg��de��je�5 �% �a
i  � qM� l �.adinq1 l q9pfe�� �ji� f� �de �
goe��.�,� c 6 � c�e�i� �aoe��M�,�.adinq1 �q � adc�ehgoe � q1 2� e���adg�i� �aoq � � q@cfehgdi�5Me l q9pfe��Bijg� fq1 ��ao�Ui�59i��%�m�.� cfe� 
� q1 �gdi pfe��dehp-i� 0ijgoq1���.adinq1 !\aoe l �BqM� �%���Mg��Be�� adg�!�i� �� q l �<�ne�aoe� fehgdg �% �p � l�7 in�@k�ina 8 c���5Me adcfe
� qMaoe� Hadi �%� aoq �je��Mp�aoq3� q l �2�ne('�i� � qM� l �.adinq1 l q�pfe��jg�! 7 kfa�� cfe� !adcfehgoe+�m�dq 7 �ne l g��.�de � q1 �
gdijp�e��dehp!aoqM�Me�adcfe���!fadcfe��de �.�Ue gUk 7 a��ne i� Haoe�� �%� adinq1 �g�adc��.a l k�goa 7 e ao�Ue��.aoehp4� inadc5�M�de��.a ���.�de 6
� qM� e(')� l �2�ne%! ��cfe� &c�i goaoqM�Ui����%��i  � qM� l �.adinq1 ijg l q9p�e����nehp/!%���Uq%�Be��Uadinehg�q1 vadc�e�i� � qM� l �.adijq1 



U = 
 � � � � 	 � � � 
 ��� � 	 � � � ��� 	�� ��� � 


� gUk��Uc �Mg � q1 �goao�,�Mi� �adg �*�MgdgUk l e5pmi �Be��Ue� Ha�gde l �% Hadi ��g
p�e��Be� mp�i� f��q1 � cfe�adcfe�� adcfe 8 �.�de
�?���2� inehp�aoq&i� �pmi 59i p�k��%�mg, ��?�mgdcfqMadg�!faoq&e� �adin�de�c�i goaoqM�Uinehg�!�qM��aoq&goq l e4qMadc�e�� �ne�5Me���q � �M� �% �k �
���.�Uija 8%6 � cfe l q�pfe����ji  f� �?�����dq1�%� c9���dehgde� Haoehp
cfe��de�ijg pfehgdin�1 fehp��Mg � l i� �i l �%� gdq1�jkfadinq1 �aoq
adcfehgoe ���dq 7 �ne l g�adc2�.a�q1 adcfe4q1 fe4c2�% �p�e� �� q l �2�MgUgoehg �%��� q � adcfe+�Me 8 � e��.adkf�dehg�q � � q1 Haoe('�a
i� � qM� l �.adijq1 /! �% mp q1 
adcfe�qMadcfe���cfe����mg�aoq�g �<�.�de�adc�e pfehgUin�1 fe�� � �Uq l adc�e 7 k��Upfe� 4q � ��qM�,�9i� ��
� inadc4�% �k� �p�k�� 8 cfe���5 8 goe�a�q � l q�pfe����ji� �� � q1 �� e��madg 6

�  �inadi��%� � 8 !Fadc�e3� q1 Haoe('�a l q�pfe����ji  f� � q1 �� e���adg ��e��de � qM� l k����.aoehpri� mpfe�� e� �pfe� �a�� 8 q � �% 8
gdi� ��1�ne�i� � qM� l �.adinq1 l q9pfe�� �ji� f� �?�����Uq1�%�Uc/!.gdk�� c �Mg � � � � ��U�bA� qM�>adc�e 
  �adina 8 � � e�� �.adinq1 �gdc�i��
l q�pfe�� � 
 � � � ��U > � 6 � c�ijg$��� qM�Upfehp
adcfe � e('�i 7 i��jina 8 aoq!e(')���dehgdg�adcfe � q1 2� e���adg i� adcfe l q@goa
 ��.adkf� �%� ��� 8%6 � cfe��dehgdk��jadg$q � adc�ijg i  �inadi��%��e('"�<�nqM�,�.adinq1 ��.�de4�m�dehgoe� �aoehp<i� � U > � 6 ;�k 7 gde �
�9kfe� Ha�� 8 ! �
pfe���ijgdinq1 ���Mg l �Mpfevaoq �de � qM� l k����.aoevadcfe l q�pfe����ji� �� � q1 �� e��madg �Mg e('�aoe� �gdinq1 �g
aoq
adcfe[� 7 
�e�� a
� � q1�ne � q�pfe��ji� �� �m� � � � �?�����dq1�%� c6� ��U � � !mp�e�5Me��nq%� ehp � qM� adc�e l q�pfe����ji  f��q �
i� � qM� l �.adijq1 5g 8 goaoe l g 6 � � � ���Mg �Uc�q@goe� i� ���de � e��de� �� e aoq qMadcfe�� l q�pfe����ji  f� �?�����dq1�%� cfehg
� gdk�� c �Mg�adc�e l qM�Ue � q%�mk�� �.� 
 � l q�pfe�� � 7 e����Mkmgoe q � inadg �Ue����.adi 5Me � qM� l �%�jina 8 �% mp�e(')���dehg
�
gdi 5Me� �ehgdg�!.�% �p�adc�e3���nq@goe3� qM�d�dehg��Bq1 mpfe� �� e 7 e�a � e�e� �inadg � �%� a c �de����.adinq1 �gUc�i �ra 8 � ehg �% �p�adcfe
�Mgdgoq)��i��.adinq1 0� 7 goao�,�%� adijq1 �adc��.a � qM� l ehp�adcfe 7 �Mgdijg � qM��adcfe5qM�Uin�@i� 2�%� l q9p�e����ji� f� �?�����Uq1�%�Uc 6
�* fe�q � adcfe �2�.�Uadi���k����.� gdao�de� f�Madc�g q � � � � !Fi� �� q1 Hao�,�Mgda�aoq 7 qMadc 
 � �% �p � � � !Bijg�adc��.a
ina � q"��k�gdehg�q1 ��de����.adinq1 mgdc�i �!a 8 � ehg �Mg l k��Uc4�Mg�q1 q 7 
�e�� a�a 8 � ehg�! l �?�9i� ��$ija e��Mg 8 aoqvg��Be�� �
i � 8 � q l �2�ne(' � q1 �goao� �Mi� Hadg �% �p0�% � fqMa��.adinq1 �g q1 ��Ue����.adinq1 �gdcmi �mg 6 � cfe&i l �BqM�Ua��% �� evq � adc�ijg
� e��.adkf�devijg+�?���<�.�de� Ha4i  ;9e�� adinq1 U 6 U !^i� � c�i�� c � 5 �.�Uije�a 8 q � g � e���i��%�^�Ue����.adinq1 �gdcmi �
a 8 � ehg�!
�% � fqMa��.adijq1 �g �% �p9� q1 mgoao�,�Mi� �a�a 8 � ehg �.�de�i  Hao�dq�p�k�� ehp � qM�$� q1 �aoe('9a l q�pfe����ji� �� 6

� c�evpfe���ijgdinq1 �aoq �%�jin�1 �adcfe l q9pfe�� �ji� f� � q1 �� e���adg � inadc � � � � q1 � e��Ug�goe�5Me��,�%��gUin�1 �i � �
i����% �a 7 e� fe ��adg 6 � ij�Ugoa�!>ija ���dq#59ijp�ehg adcfevq%��� qM�dadk� mina 8 aoq e(')�2�nq@ina ��� ijpfe 5?�.�Uine�a 8 q � � q1 �
goao�,�Mi  Ha�a 8 � ehg�q �Be��dehp 798 � � � adc��.a��.�Ue�i l � qM�da��% �a�i� �� 7 kfa  fqMa�g��Be���i	�2��aoq���adc�e$� q1 Haoe('�a
l q�pfe����ji  f� �m�dq 7 �ne l !>gdk��Uc0�Mg�k� mi	��k�e� fehgdg�! 5?�%�jkfe3�% mpEgdk 7 a 8 �Be3� q1 mgoao�,�Mi� �adg 6 � qM�de�q#5Me���!
798 7 �Mgdi� �� ��� � k � q1 4� � � ! ina ijg$� q@gdgUi 7 �ne4aoq �ne�5Me��,�.�Me adc�e
goao� �Min�@cHa � qM��� �.�Up l �?���mi  f�
� �dq l � � � aoq adc�e e('9aoe� �gUi 5Me�� 8 i l �2�ne l e� Haoehp��de�� �.adinq1 ��%� l q�pfe�� 6 � c�i g l �?�Mehg�ina*� q@gdgdi��
7 �ne�aoq
gdaoqM�de � q1 �aoe('�a�i  �goa��% �� ehg�� inadc�i  vgoa��% �p��.� p&�de�� �.adinq1 ��%�mp2�.a�� 7 �Mgoe g 8 gdaoe l g�!�e� �� 7 �ji  f�
e('�ao�de l e�� 8 e � ��ine� �a �9kfe�� 8 i� f�rq � � q1 �aoe('9a i� � qM� l �.adinq1 ,k�gdi� �� � ijpfe�� 8 �" �q-�$ �p��.a�� 7 �Mgoe
�9kfe�� 8 ���% f�@k2�.�Mehg�! gdk��Uc �Mg ; � � 6 � i� ��%��� 8 !2� � � c��Mg 7 e�e� � ijpfe�� 8 kmgoehp � l �Mi  �� 8 � inadcmi� 
�dehgoe��.� �UcEgde�aoadi� f�@g�� �Mg � 7 �Mgdijg � qM� � q1 �� e���adk��%��p��.a�� 7 �Mgoe&p�ehgdin�1 /!/� ijadc�adcfe3� q1 �goe
�9kfe� �� e
adc��.a ija�q �Be��Ug � l �.adkf�de%!2��e�������k� �pfe��Ugdaoq�q�p �% �p4� e�������pfq)��k l e� �aoehp l q�pfe����ji� �� �?���m�dq1�%�Uc 6

� c�e � q1���jq-� i� �� goe�� adijq1 ����dehgoe� �adg3� 7 �Uine � q#5Me���59ije�� q � � � � ! � c�i��je5adcfe��de l �Mi� �p�e��
q � adcfe � c��?��aoe��!p�ijg���k�gUgoehg adcfe e('�aoe� �gdijq1 <q � � � � aoq �%��� q lvl q�p��.aoe
adc�e9�Me 8 � q1 Haoe('�a
�Uc2�.�,�%� aoe��Uijgoadi ��g e� �k l e��,�.aoehpri� � c��?��aoe��+= 6 � cfe ���.aoaoe��4p�ijg,��k�gdgdinq1 � q)��k�goehg ��� goa�q1 adcfe
� q1 �goao� k�� adinq1 0q � � 7 goao�,�%� a3� q1 �aoe('9a l q9pfe�� g �.a adc�e9� q1 �� e���adk��%� �ne�5Me�� ! �% �p0adcfe� 0q1 0adcfe
�de����Uehgoe� Ha��.adijq1 ��%�zijgdgUkfehg�q � adcfe �nqM�@i����%� �je�5Me�� 6



� � � � � � � � ��� � 
�� � ��� � � � � � U @
� ��� � � ����� � ��� ��� ��� ������� �
� � � ijg+��� q1 �� e���adk��%� l q9pfe�� �ji� f� �?�����dq1�%� c/!>p�e�5Me��nq%� ehp 7�8 `�i 
ogdgde� �% �p 8 �%� �mi� �� � <?> � !
adc��.a$ijg � q@k� mpfehprq1 ��p��.a�� l q�pfe�� i� � cmi��Uc[i� � qM� l �.adinq1 � 7 q@kfa q 7 
oe�� adg ijg4e l 7 q9p�ijehp
i� � �%� adg 6 � a � q l ���Uijgoehg 7 qMadc � �M�,�?�mc�i����%� l q�pfe����ji  f�� fqMa��.adinq1 ��% mp �% ��%��� q l �2�% 8 i� f�
pfehgdij�1 l e�adcfq�pfq1�nqM� 8 ��adcfehgoe �.�Ue4adcfe4gdk 7 
�e�� adg�q � adcfe � q1���nq#� i� f�$a ��q!goe�� adinq1 �g 6

� � � c2�Mg. 9k l e��dq@k�g 5?�.�Ui��% �adg��6adcfe � q1���nq#� i� f��goe�� adinq1 mgzpfehg�� �Ui 7 e � qM� l �%��� � � � � � � � � !
� c�i �Uc0c��Mg 7 e�e� -adcfe gdk 7 
oe�� a$q � goe�5Me�� �%� 7 q�q%��g � ��U �  � < ��� ! �% �p,ijg �.�d�@k�� 7 � 8 adcfe l q@goa
� ijp�e�� 8 �Mpfq%�maoehp9�% �p e('�aoe� �gdi 5Me�� 8 pfq)��k l e� �aoehp45?�.�Ui��% �a�q � � � � 6

:���3���� � � 
�+-=%=�"��!* $'���4$'+ (�
�2

� � � � � g � q1 �� e���adk��%�>g��Uc�e l �Mg$� q l �m�Uijgoe�adcfe � q1���nq#� i� f�$adcf�Ue�e � q l � q1 fe� Hadg$�
� gdaoqM�dehp � �%� a�a 8 � ehg��
� � q1 mgoao�,�Mi� �adg��2�% �p
� p�e��Ui 5?�.adinq1 ��Uk��nehg 6
� c�e�gdaoqM�dehp � �%� a a 8 � ehg pfehg,� �Ui 7 e�adcfe �����MgUgoehg�q ��� �%� a adc��.a9�?��� e��.� i� �0p��.a�� 7 �Mgoe

i� �gda��% �� e 6 � �%� a a 8 � ehg � q1 �gdijgda q � q1 fe5qM� l qM�de!pmijgoadi� �� a �dq1�nehg�� adcfe  �k l�7 e��$q � �dq1�nehg$ijg
�de � e��d�dehp aoq �Mg�adcfe �.� ina 8%6 
 �%�Uc��dq1�ne4ijg$�Mgdgoq)��i��.aoehp9� ijadc4�% q 7 
oe�� a adc��.a i g �Uc��.� �%� aoe��Uijgoehp
798 �9 2� l e3�% �p ���de � e��de� �� e l q9p�e%!zadcfe ���.aoaoe����de � e�� adi� f��adcfevp��.a�� 7 �Mgoe&�de����dehgoe� �a��.adinq1 
q � adcfe�q 7 
oe�� a � � qM��e(' � l �2�ne%! 798  �� l e�qM�$ 9k l e��Ui ���%� ijpfe� �adi���e�� � 6

� q1 mgoao�,�Mi� �adg �2���%� e��dehgoao�Ui � adinq1 �g q1 �Bq%�Fk����.adinq1 �g�q � � �%� a a 8 � ehg�! �% �p-�de � e�� a$adcfe goe �
l �% �adi���g
q � adcfe l q9p�e����nehp��Ue��%�jina 8%6 � � � � gdk �2�BqM�Uadg l �% 8 a 8 � ehg q � � q1 �goao�,�Mi� �adgA� a ��q
e(' � l �2�nehg��.�de�k2 �i	�9kfe� fehgdg � q1 mgoao�,�Mi� �adg � e 6 � 6 ! � e��%� c � e��Ugoq1 &c2�Mg�q1 �� 8 q1 �e�p��.aoe q � 7 in�dadc-� �
�% �p l �% �p2�.aoqM� 8 �dq1�jehg � e 6 � 6 ! � e�5Me�� 8 � e��Ugdq1 l k�goa�c��-5Me3�!p2�.aoe
q � 7 in�dadc-� � 6 �  �i	�9kfe� fehgUg
� q1 �goao� �Mi� Hadg �.�de ��� �Mgdgoehp��Mg�i� �aoe��, ��%� qM��e('9aoe��, 2�%� �madcfe � qM� l e�� i� 5Mq1� 5Me�q1 �e4qM� l qM�Ue��dq1�nehg
q � �Egdi  f�1�ne � �%� a5a 8 � e%!���cfe��de��Mgvadc�e����.aoaoe���g �2�% ,�dq1�jehg q � l k2�nadi �2�ne � �%� a&a 8 � ehg 6 � cfe 8
e � e�� adi 5Me�� 8 ���?��adkf�Ue � a 8 � e4q � )'�L��+I����.����0� 
�# M?#A��
i#��2+A} adc��.a pmi�� a��.aoehg adc2�.a�adcfe � q l 7 i� �� �
adinq1 !q � q 7 
�e�� adg �2�.�Uadi���i �2�.adi� �� i� !adcfe �dq1�nehg � q#5Me��dehp 798 adcfe+� q1 �goao�,�Mi  Ha�ijg�k� �i ��kfe q-5Me��$�%���
� �%� adg�q � adcfe �@i 5Me� �a 8 � e � g�� 6 ;9a��.aoehp i  �$p�i �Be��de� �a���� 8 !��
k2 �i	�9kfe� fehgdg�� q1 �goao�,�Mi� �a�i l �2� inehg
adc��.a�! � q1� �ne�� adi 5Me�� 8 !�adc�e5q 7 
oe�� adg �2�.�dadi ��i �2�.adi� f� i� [adcfe5�Uq1�nehg
q � adcfe4� q1 �goao�,�Mi  Ha$k� �i	�9kfe�� 8
pfe�aoe�� l i� fe+�.a l q@goa�q1 fe � �%� a�i� !adcfe+���Mgoe�q � �% i� Haoe��  ��%� k� �i	�9kfe� fehgdg�� q1 �goao�,�Mi  Ha � !fqM��q1 fe
� q l 7 i� ��.adinq1 �q � � � �%� adg i� �adcfe ���Mgoe
q � �% e('�aoe��, ��%�\k� �i	�9kfe� fehgdg � q1 mgoao�,�Mi� �adg�adc��.a g �2�% �g
� � �%� a�a 8 � ehg 6 � �% �p��.aoqM� 8 �Uq1�ne$� q1 �goao� �Mi� Hadg p�i � e���i� &adc��.a�adc�e 8 �Mq#5Me��, !adcfe$�<�.�dadi���i �2�.adijq1 
q � i� mp�i 5�ijp�k��%�9q 7 
oe�� adg�i� v�Uq1�nehg 6 ` l �% �p2�.aoqM� 8 �dq1�ne*� q1 �goao� �Mi� Ha�q1 �% 5q 7 
�e�� a a 8 � e�� �% �p
�dq1�ne	� i l �2�jinehg�adc��.a �% 5q 7 
�e�� a�q � a 8 � e
� adc��.a��2�.�dadi���i �<�.aoehg i  �% 8 �dq1�ne q � �% 8 � �%� a�a 8 �Be
l k�goa  fe�� ehgdg,�.�Ui�� 8 �2�.�dadi���i��2�.aoe �.a$�ne��Mgoa�q1 2� e�i� �� 6

	 

�����X���`%���%�����^���5��`���V�����LW7�!._���������$)[%������`���������D)�����%���������%��h02�":4���g@



U�U 
 � � � � 	 � � � 
 ��� � 	 � � � ��� 	�� ��� � 


PID

executes on

(address)
Device

u

Time
(timestamp)

used by...from...to

Communication
Agent

(id)

has process number

has user

Person
(name)

� in�@kf�Ue U 6 =9� � � � � l q9p�e����ji� f�
e(' � l �2�ne 6

� i� ��%� � 8 !Mpfe��Ui 5?�.adinq1 �Uk��nehg^pfehg�� � i 7 e�adcfe ���dq�p�k�� adijq1 �q � �Mp�p�inadinq1 2�%� � �%� a�a 8 � ehg � �dq l adcfe
7 �Mgoe � �%� a�a 8 � ehg � � qM��e(')� l �<�ne%! adcfe3��5Me�� �.�Me5g��%���.� 8 q � � p�e��2�.�da l e� �a � �dq l adc�evg��%���.�Uinehg
q � i� �p�i�59ijpmk��%�fe l �2�jq 8 e�ehg�� 6

� q1 2� e���adk��%� l q�pfe��jg �.�de4� q1 �goao�Uk2� aoehp,p�i��.�M�,� lvl �.adi����%��� 8 k�gUi� f� adcfe4 fqMa��.adinq1 ,i���� k�g
�
ao�,�.aoehp i� � in�@k��de U 6 = 6 � �%� a a 8 � ehg �.�de ���?��adk��dehp��Mg goe
�9kfe� �� ehg�q � �dq1�ne 7 q-'9ehg�!<� inadc�e��%�Uc
7 q�' �.aoa��%�Ucfehp5aoq �% q 7 
�e�� a�a 8 � e 6 
 �%� c � �%� a�a 8 � e�c��Mg � � � 7 e�� � e 6 � 6 !�J9���/M2��.$+�#��'�O�_�LBnhK#A� !
#
	9#1+$�L�(#��].���!YJL���]���$#�� � adc��.avpfehg�� � i 7 ehg
ijadg goe l �% �adi���gvi�  ��.adkf� �%� ���% f�@k��.�Me 6 	 q@k 7 �ne �
cfe��Mpfehp0�.�d�dq#� g �.�Ue �2���%� ehpEq-5Me��$�dq1�nehg i� � � �%� a a 8 � e&aoq
i  �p�i����.aoe&i  Haoe��, 2�%��k� �i	�9kfe� fehgUg
� q1 �goao� �Mi� Hadg�! � c�i��ne&e('9aoe��, 2�%� k2 �i	�9kfe� fehgdg � q1 �goao�,�Mi� �adg �.�de i� �p�i ���.aoehp 798 �% -e� ���in�,���nehp �

oq@i� fehp 798 pfqMaoaoehp �ji� fehg aoq&adcfe
�dq1�nehg$�2�.�dadi���i��2�.adi� f�&i  adcfe � q1 �goao�,�Mi� �a 6 
 ')� l �<�nehg�q � adcfe
� qM� l e�� �.�de adcfe�a ��q � q1 �gdao�,�Mi� �adg�q#5Me���adcfe �dq1�nehg�q � adcfe~J9���[�9�A#A� � �%� a a 8 � e�i� � in�@kf�Ue U 6 = 6
� cfehgdevi l �2� 8 adc2�.a4e��%�Uc0�.�Me� Ha
c��Mg+� k� �i ��kfe$k�goe�� �% mpre��%�Uc[k�goe��4c��Mg � k2 �i	�9kfe �.�Me� �a 6
`  re('9aoe��  ��%��k� mi	��k�e� fehgdg*� q1 �goao�,�Mi  Ha�i g+���dehgoe� �a 7 e�a � e�e� Eadc�e]J9����M��v.$+�#��K�5�_�LBnhK#��4�% �p
#
	9#1+$�L�(#��[.�� � �%� a�a 8 � ehg���adc�ijg ���?��adkf�dehg�adc�e � q1 �goao�,�Mi� �a�adc��.a�!fq1 4�
�@i 5Me� pfe�5�i�� e%!��.a l q@goa
q1 fe �.�Me� �a i g �Mgdgdin�1 �ehp �% 8 �@i 5Me� ���dq)� ehgdg4ijp�e� Hadi��me�� 6 � �% mp��.aoqM� 8 �dq1�ne � q1 mgoao�,�Mi� �adg �.�de
���?��adkf�Uehp 7�8 �2� �%��i� f�+�4pfqMa �.a�adcfe�q 7 
oe�� a�gdijp�e q � adcfe �ji� fe adc��.a � q1 � �e�� adg�adcfe�q 7 
�e�� a�a 8 �Be
aoq4adcfe l �% �p��.aoqM� 8 �dq1�ne ��adcf�de�e�e(' � l �2�nehg ���% 7 e � q@k� �p �.aoa��%� cfehp5aoq4adcfen,/.0BwBw�L�_��+'�����=.0�
�lT�#����zq 7 
oe�� a�a 8 � e���adcfehgoe�i� mp�i����.aoe adc��.a^e�5Me�� 8 �.�Me� �a l k�goa 7 e �Mgdgoq)��i��.aoehp � ijadc � ���dq)� ehgdg
ijpfe� �adi���e��-!)�&pfe�59i � e �% �p9� k�goe�� 6

� 7 
�e�� a�a 8 �Behg �.�de �de����dehgoe� �aoehp �Mg e���� i �mgoehg � q1 �a��Mi� �i  f� �  �� l e �% mp��% 
q%��adinq1 ��%���de � �
e��de� �� e
g��Uc�e l e �2� �%� ehp4� inadc�i  �2�.�de� �adcfehgoehg 6 � 7 
oe�� a a 8 � ehg�adc2�.a �.�de�gUi l �2�ne*5?�%�jkfe4a 8 � ehg
� gdk�� c9�Mg�adcfe~Nl%vkDq 7 
oe�� a�a 8 � e i  � in�@k��de U 6 ="!�� c�i�� c pfehgdin�1 2�.aoehg ���dq)� ehgdg�ijpfe� �adi���e��Ug ��pfq
 fqMa��Ue
��k�ij�de+�$�de � e��Ue� �� e�g�� cfe l e �% �p��.�de�gdcfq#�$ 9�Mg�p2�Mgdcfehp e���� i �mgoehg 6

� � � � �%�jgoq[gdk ��� qM�dadg � 5 �.�Uije�a 8 q � �Mp 5 �% 2� ehp � q1 �goao� �Mi� Ha5a 8 � ehg�!�i� ����jk�pmi� f��5?�%�jkfe%!
gdk 7 a 8 �Be%!\q)����kf�d�de� �� e � �Ue
��kfe� 2� 8 !>�Ui  f���% �pE�de����.adi 5Me ���nq@gdkf�de � q1 �goao�,�Mi� �adg 6 ` pmijg���k�gdgUinq1 
q � adcfehgoe � �%��� g�q@kfadgdijp�e�adcfe�g�� q%� e4q � adc�i g�adcfehgdijg 6 � qM� � k��dadcfe�� i� � qM� l �.adinq1 /!fadcfe4�Ue��Mpfe���ijg
�de � e��d�dehp aoq6� ��U � � 6

� q1 2� e���adk��%� l q9pfe�� g�!Hgdk�� c �Mg�adc��.a�gdc�q-�$ vi  � in�@kf�de U 6 ="!�pfehg�� � i 7 e��Me� fe��Ui�� � �%� a�a 8 � ehg
�% �p4� q1 �gdao�,�Mi� �adg�k � q1 �adcfehgoe 6 `  i� mgoa��% Hadi �.adinq1 �q � � � q1 2� e���adk��%� l q�pfe�� � q%�mk�� �.aoehg�e��%�Uc



� � � � � � � � ��� � 
�� � ��� � � � � � U <

� � 7 �ne U 6 � � 
 ')� l �<�ne i  �goa��% �adi��.adinq1 �q � adcfe J9��� M��v.$+'#��K�4�_�LBCh'#�� � �%� a�a 8 � ergdcfq-�  ti  
� in�@kf�de U 6 = 6
,/.0BwBw�L�_��+'�����=.0�
�lT�#����

N�%vk
� ` >1@%@%@%= � a � b
� ` > � =?> U � >%@ U
� ` >1@ U�U�U � @%@�<
� � 7 �ne U 6 =9� 
 ' � l �2�ne4i� mgoa��% Hadi �.adinq1 �q � adc�e5#
	9#1+A�?�(#��z.�� � �%� a a 8 � e4gdc�q-�$ i  � ij�@kf�de U 6 = 6
,/.0BwBw�L�_��+'�����=.0�
�lT�#����

kw#�Po��+�#
� ` >1@%@%@%= � @?> 6 � >1= 6 �Ib0a 6 @ a
� ` > � =?> U � @?> 6 � >1= 6 �Ib0a 6 � � =
� ` >1@ U�U�U � @?> 6 � >1= 6 �Ib0a 6 � � =
� � 7 �ne U 6 @9� 
 ' � l �2�ne�i� �gda��% Hadi��.adijq1 q � adc�e\J9���z�9�A#A� � �%� a�a 8 � e4gdc�q-�$ i  � ij�@kf�de U 6 = 6
,/.0BwBw�L�_��+'�����=.0�
�lT�#����

NY#A�K�A.0�
� ` >1@%@%@%= � i��Ucfe�� �ne � i���� i�� l g
� ` > � =?> U 
 l&l � � � 8
� ` >1@ U�U�U � �.��� 	 �.� � 8

� � 7 �ne U 6 U � 
 ' � l �2�ne�i� �gda��% Hadi��.adijq1 q � adcfe[�9�A#K
whA}������ )��v.0B������E�m. � �%� a�a 8 � e�gdc�q-�$ i� � in�@kf�Ue
U 6 = 6
kw#�Po��+�# NY#A�K�A.0� |Z�m�0���[u �*Bn# �W�2
4u �*Bn#
� @?> 6 � >1= 6 �Ib0a 6 @ a � i��Ucfe�� �ne � i���� i�� l g 	 e�� � � >L� ��U � @ U =?>%>1= 	 e�� � ��U � @�<9� � = =?>%>1=
� @?> 6 � >1= 6 �Ib0a 6 @ a 
 l&l � � � 8 	 e�� � ��U � < a � U @ =?>%>1= 	 e�� � �Ib � @%=9� < a =?>%>1=
� @?> 6 � >1= 6 �Ib0a 6 � � = � �.��� 	 �.� � 8 	 e�� � > b � @ U � > � =?>%>1= 	 e�� � �$a � <�<9� @%= =?>%>1=
� @?> 6 � >1= 6 �Ib0a 6 � � = � i��Ucfe�� �ne � i���� i�� l g 	 e�� � � <9� � <9� U @ =?>%>1= 	 e�� � � <9� @%@9� @ U =?>%>1=

q � adcfe � �%� a�a 8 �Behg � inadc � � q1 �� �de�aoe goe�a�q � � �%� adg 6 
 ')� l �<�ne i� �gda��% Hadi��.adijq1 �g�q � adcfe � q@kf� � �%� a
a 8 � ehg gdc�q-�$ i� � in�@k��de U 6 =3�?��� e��.� i  � � 7 �jehg U 6 � � U 6 U 6

:���3���� � � 
�+-=%=�"��!* �#+ 
 ��� 
!��=1�	*	�

� � � � pfe �2 fehg  fqMa�q1 �� 8 � l q�pfe����ji  f�  fqMa��.adijq1 7 kfa �%�jgoq � �Me� �e��Ui�� l q�pfe����ji  f� l e�adc�q9pfq1���
qM� 8 adc��.a ���% 7 e*�?���2� inehpvaoq � q1 �goao� k�� a � q1 �� e���adk��%� l q�pfe��jg 6 � c�ijg l e�adcfq�pfq1�nqM� 8 !�aoe�� l ehp
adcfe � q1 �� e���adk��%� ;)� cfe l � 	 ehgdij�1 ���dq"� ehpmkf�de � � ; 	 � ��ijg�pfehg�� �Ui 7 ehp�i� pfe�a��Mi�� 7�8 8 �%� �mi  
i� �� � < ��� !<�% mp 7 �Uine � 8 gUk lvl �.�Ui goehp5c�e��de 6 � cfe*���Uq"� ehp�k��de � q l ���Uijgoehg adcfe � q1���nq#� i� f�$goe�5Me� 
goaoe��mg$�

� |��(# MR:�� � pfe� �adi � 8 e��ne l e� �a��.� 8 � �%� adg 7 �Mgoehp�q1 � � l i��ji �.� e(')� l �<�nehg�!?�% �p �?���<� 8 �9k��%�jija 8
� cfe�����g�aoq35Me��Ui � 8 adc2�.aA�

�

q 7 
�e�� adg c���5Me �?�����dq%��� i��.aoe4ijpfe� �adi���e��Ug �"�% �p



Uia 
 � � � � 	 � � � 
 ��� � 	 � � � ��� 	�� ��� � 


�

� �%� adg ���% � fqMa 7 e pfe�� q l � q@goehp�i� �aoq
a ��q qM� l qM�Ue g l �%���ne�� � �%� adg � adc2�.a�i g�! � �%� adg
i  5Mq1� 5�i� f� � e���e����dq1�nehg�����inadcfq@kfa �nq@gdg�q � i  � qM� l �.adinq1 6

� |��(# MG	 � 	 �,��� adcfe � qM�d�Uehg � q1 �p�i� f� � �%� a�a 8 � ehg �% �p0�?���2� 8 �4� q%�mk����.adinq1 � cfe����raoq
e� mgdkf�de�adc��.a � �%� a�a 8 � ehg �.�de � q l �2�.adi 7 �ne+� inadc�e(' � l �2�nehg 6

� |��(# M � � � c�e���� � qM� �<�Min�Ug�q � q 7 
�e�� a a 8 � ehg�adc2�.a ���% 7 e � q l 7 i� fehp��Fadc�ijg�gdcfq@k��jp 7 e
p�q1 fe ��cfe� &e� �adinadinehg q � adcfe�a ��q$a 8 � ehg ���% 7 e l e��% mi� f� � k���� 8 � q l �2�.�dehp 6 � cfe���� � qM�
�.� inadc l e�adi��$pfe�� i 5 �.adijq1 �g*�% �p�e� �gdkf�Ue
adc2�.a4pfe��Ui 5Mehpri� � qM� l �.adinq1 �ijg �de����dehgde� Haoehp 798
p�e��Ui 5?�.adinq1 ��Uk��nehg�� �.adcfe���adc��% 
goaoqM�dehp � �%� a�a 8 � ehg 6

� |��(# M e � `�p�p�i� �aoe��, ��%� �% �p e('9aoe��  ��%��k2 �i	�9kfe� fehgdg � q1 �gdao�,�Mi� �adg 6 `$�2�2� 8 �% �.�Uina 8
� cfe����[aoq � �%� a�a 8 � ehg�! �% �p-g �2� ina � �%� a
a 8 � ehg ��cfe� fe�5Me��
adc�ijg ���% 7 e&pfq1 fe � inadcfq@k�a
�jq@gdg�q � i� � qM� l �.adinq1 6 �  ��Me� fe�� �%�&! � � �%� a�a 8 � e4gdcfq@k�� p 7 e g �2�jina i � ina�c��Mg �% i� �aoe��, ��%�
k2 �i	�9kfe� fehgdg � q1 �goao�,�Mi� �a adc��.a�g �2�% �g � e�� e�� adc��% ��� � �Uq1�nehg�! � cfe��de �-i g adcfe �.�Uina 8
q � adcfe � �%� a a 8 � e 6

� |��(# M�����` p�p l �% �p��.aoqM� 8 �dq1�ne � q1 mgoao�,�Mi� �adg�aoq adcfq@goe!�dq1�nehg adc��.a l kmgoa 7 e �<��� 8 ehp
798 adcfe�e� �adin�de��Bq%�Fk����.adinq1 0q � adcfe � qM�d�dehg � q1 �p�i  f��q 7 
�e�� a5a 8 � e 6 � cfe���� � qM� �nqM�@i��
���%� pfe��Ui 5?�.adinq1 �g �% �p0e� �gUkf�de�adc��.avi� � qM� l �.adijq1 [adc2�.a ���% 7 e4�nqM�@i����%��� 8 pfe��Ui 5Mehp,ijg
�Ue����dehgoe� �aoehp 798 p�e��Ui 5?�.adinq1 ��Uk��nehg�� �.adcfe���adc��% gdaoqM�dehp � �%� a�a 8 � ehg 6

� |��(# M�� ��` p�p 5 �%� kfe � q1 �goao�,�Mi� �adg � cfe��Ue��de��je�5 �% �a^aoq4g � e���i � 8 adcfe l e l�7 e��Ug\q � �*5 �%�jk�e
a 8 � e%!fehinadc�e�� 798 e� 9k l e��,�.adijq1 �qM��kmgdi� f� �de��@k����.��e(')���dehgdgdijq1 �g 6 `�pmp!gde�a � q l �2�.�Uijgoq1 
� q1 mgoao�,�Mi� �adg aoq ���?��adk��de �Ue����.adinq1 �gdcmi �mg 7 e�a � e�e� �adcfe � q%�mk2���.adinq1 �g�q � �dq1�nehg � gdk 7 goe�a�!
e
�9k��%�jija 8 qM��e(')���jkmgdinq1 � 6 � i� ��%��� 8 !zg��Be���i � 8 gUk 7 a 8 �mi� �� � q1 �gdao�,�Mi� �adg�aoq����?��adkf�Ue$g��Be �
��i �%�jijg��.adinq1 mg�q � q 7 
oe�� a a 8 � ehg 6

� |��(# M�� ��` p�prqMadcfe�� � q1 �goao�,�Mi� �adg�!\i� ����jk�pmi� f�&q)����kf�d�Ue� �� e � �de
��k�e� �� 8 !��Ui  f�4�% �p��de����
�.adi�5Me3���nq@gdkf�de � q1 �gdao�,�Mi� �adg 6 �\e�� � qM� l �2 2�%� � cfe�����g4aoq e� mgdkf�de$i� �aoe��, ��%� � q1 �gdijgdaoe� �� 8
� adc2�.a�e��%�Uc!�dq1�je goe
�9kfe� �� e$���% 7 e � q%�mk����.aoehp i� &goq l e�gda��.aoe � !9e('�aoe��, ��%�<� q1 �gdijgdaoe� �� 8
� adc2�.a
adc�e � q1 �� e���adk2�%� g,�Ucfe l � ijg  fqMa i  � q1 � i � a � ijadc��de
�9k�in�de l e� Hadg �% �pEe(' � l �
�<�ne�p��.a�� � !<���%�,�5q � �dehp�k2 �p��% �� 8 � adc��.a$ fq e��ne l e� Ha��.� 8 � �%� a$���% 9�?��� e��.��a � i�� e � �% �p
� q l �2�ne�aoe� fehgdg � adc��.a�adcfe g��Ucfe l �3���?��adkf�dehg$�%���/�Mg � e�� adg�q � adcfe��de
�9k�in�Ue l e� Hadg � 6

� cfe� l q�pfe����ji  f�5g l �%���^pfq l �Mi� �g�!Badc�e$gde�5Me� �goaoe��mg+�.�de a 8 �Fi����%��� 8 ���.�U�Uinehp�q@kfa q1 �� e%!
i� �goe
��k�e� �� e 6 � qM�4���.�d�Me���pfq l �Mi  �g�! �% �ijaoe��,�.adi 5Me ���dq)� ehgdg l � 8<7 e��?���2� inehp/!�i� 5Mq1� 59i  f�
adcfe!pfe�� q l � q@gdinadinq1 �q � adc�e5pfq l �Mi  �i� �aoq�g l �%���je���gdk 7 ��p�q l �Mi� �g�!�adcfe l q�pfe���� i� f�!q � e��%�Uc
q � adcfehgoe!gdk 7 ��pfq l �Mi� �g�i� �p�e��Be� mpfe� Ha�� 8 k�gdi� ��!adc�e&goe�5Me� � ; 	 � goaoe��Fg�! �% mp/! �2 2�%��� 8 !zadcfe
�de ��i� �aoe��M�,�.adinq1 �q � adc�e �2�.�dadi��%� g,�Ucfe l �Mg�i� �aoq q1 fe4�1�nq 7 �%��g��Ucfe l � 6



� � � � 
 ��� � 	�� � � � � 	��
� � ��
 
 ��� 
 	 � � � U�b
� ��� � ��� � 
�� � � � � 
 � ������� � � ����
 � ���
8 ��5�i� f��i  Hao�dq�p�k�� ehp � � � � i  �adcfe �m�de�59ijq@k�gzgoe�� adinq1 !)adc�i g�goe�� adinq1 pfehg�� �Ui 7 ehg.� goe�a>q �  fq-5Me��
l q�pfe����ji  f�$e('9aoe� �gUinq1 �g � �% �p �MgUgoq"��i �.aoehp � q1 �aoe('9a l �% 2�.�Me l e� Ha ijgdgUkfehg�� adc��.a*�Mp�pf�Uehgdg�adcfe
�Uc2�.�,�%� aoe��Uijgoadi ��g�q � � q1 �aoe('9a�i� � qM� l �.adinq1 $pfehg�� � i 7 ehp i� 3;9e�� adijq1 3= 6 = � cfe�aoe��dqM�Me� fehina 8 !9i l � e����
� e�� a i  � qM� l �.adinq1 /!Bc�ijgoaoqM�Uijehg$�% �p�pfe�� e� �pfe� 2��inehg�� 6 � c�e �dehgUk��nadi� f� l q9p�e����ji� f�3�?�2���dq1�%�Uc�ijg
�de � e��d�dehp&aoq �Mg ��� � 6 � cfe�e('�aoe� �gdinq1 mg��.�de � qM� l k�� �.aoehp5gdk2�Ucvadc2�.a k �"� �.�Up�g � q l �2�.adi 7 i�� ina 8
ijg ���dehgde���5Mehp � adc��.a4ijg�! adc��.a adcfe$qM�Uin�@i  ��%��g 8  �a�� ' �% �p�goe l �% Hadi���g q � � � � � � g l q�pfe���� i� f�
� q1 �goao� k�� adg$�.�de��de�a��Mi� fehp � 6

:��;:!��� � =1 �2 2 " � $' 
�"1�/� � � �  �$ 
 
 ��( +-2

;9e�� adinq1 �= 6 = 6 � p�ijg,��k�gdgoehpEadcfe ��ijpfe35?�.�Ui��.adinq1 [adc��.a ���% 7 e ���dehgoe� �a$i� � goe�a$q � � q1 Haoe('�a
i� � qM� l �.adijq1 /! ���Mk�goehp9���.�U�Me�� 85798 adcfe�p�i 5Me�� goe+�Uc��.�,�%� aoe�� ijgoadi���g q � adc�e4goq@kf�,� ehg � �dq l ��c�i��Uc
adcfe i� � qM� l �.adinq1 [i g
p�e��Ui 5Mehp 6 � c�ijg 5 �.� i��.adinq1 l �% �i � ehgoadg$inadgoe�� � i� 0p�i � e��Ui� f� � e��Ugdijgoaoe� 2� e
�% �p,e��U�dqM�3�Uc��.� �%� aoe��Uijgoadi���g�!�� ijadc0adcfe �dehgdk��ja
adc2�.a&p�i � e��de� �a$gda 8 �nehg q � l �% ��.�Me l e� �a �.�de
gdk�ijaoehp[aoqrp�i �Be��de� �a$a 8 � ehg$q � � q1 �aoe('9avi� � qM� l �.adinq1 6 �  [qM� pfe��$aoq �%��� q lvl q�p��.aoe adcfehgoe%!
��� � p�i goadi� f�@k�i gdcfehg � q@kf� �����Mgdgoehg�q � � q1 �aoe('9a i� � qM� l �.adinq1 6

: �dq1�Mp�� 8 ! � q1 �aoe('9a
i� � qM� l �.adinq1 tijg �����Mgdgoehp
�Mg gda��.adi�� qM� p 8  2� l i�� 6 : qMadc a 8 � ehg�q �
i� � qM� l �.adijq1 ���% 7 e ���?��adkf�Uehp 798 � � � � ! 7 k�a�adcfe 8 ���% 2 fqMa 7 e!p�i � e��de� Hadi �.aoehp 6 ��� �
i� �ao�dq�p�k�� ehg � 5?�.�Uine�a 8 q �  fe����M� �?�mc�i����%�/ fqMa��.adijq1 �g�aoqvq#5Me��,� q l e
adc�ijg �ji l ina��.adinq1 6

;9a��.adi ��i� � qM� l �.adijq1 �de����dehgde� Hadg �Mg � e�� adg q � adcfe l q9p�e����nehp �de��%� ina 8 adc��.a �.�de i� 5?�.�Ui��% �a�!
gdk�� c �Mg�adcfe�a 8 � e�qM�>i pfe� Hadi	��e��zq � � � q l �mk�adi� f��pfe�5�i�� e 6 �  � ��� !hadc�ijg ��� �Mgdgzq � i� � qM� l �.adijq1 
ijg*���?��adkf�Uehp 798 goa��.adi � � �%� a a 8 � ehg 6 � c�e� l q9p�e����ji� f� adc�ehgoe%! adcfe l q�pfe����ne�� l k�gda g��Be���i � 8
�rgoe�avq � �dq1�nehg$aoq � c�i�� c[adc�e e('�ijgdaoe� �� e q � � �%� avi� mgoa��% �� ehg3�.�de adijehp�� � q1���ne�� adi 5Me�� 8 ! adcfehgoe
�dq1�nehg �.�de4�de � e��d�dehp aoq �Mg�adcfe 7 �Mgoe goe�a 6 
��%�Uc
�dq1�ne�i  �adcfe 7 �Mgde�goe�a�i g �% � fqMa��.aoehp � inadc4�% 
� ! �Mg4gdcfq#�$ ri� adcfe$e(')� l �2�ne$q � � in�@k��de U 6 @�� � � 6 � � q9� q1 �goao� �Mi� Hadg+�.�Uevi l �2�jijehp 798 adc�ijg
�% � fqMa��.adijq1 6�

� � �%� a�i  �goa��% �� ehg�q � �vgoa��.adi � � �%� a a 8 �Be ���% � fqMa 7 e l q�p�i���ehp�� �% �p
� � � �%� a$i  �goa��% �� e ���% Eq1 �� 8r7 e!pfe��ne�aoehp � �Uq l � � q1 Haoe('�avi� �goa��% 2� e � cfe� 0�% Eq 7 
�e�� a
�<�.�dadi���i �2�.adi  f� i� �q1 fe4q � inadg 7 �Mgde4�dq1�nehg�i g�gdi l k��na��% fe�q@k�g,� 8 pfe��ne�aoehp 6
`  8 � �%� a&a 8 � e
adc��.a&ijg  fqMa&goa��.adi��
ijg&p 8  �� l i�� 6 	 8  �� l i�� � �%� a&a 8 � ehg �.�de � kf�dadc�e��

���.aoe��MqM�Uijgdehp9�Mg ���dq��2�jehp/!9gde� �goehp!qM��pfe��Ui 5Mehp !�p�e��Be� mp�i� f�4q1 �adc�e gdq@kf�,� e�q � adc�e � �%� adg � ijadc
� c�i �Uc�adcfe4a 8 � e4ijg �Bq%�Fk����.aoehp 6

���dq��2�nehp � �%� a�a 8 � ehg ���?��adkf�de i� � qM� l �.adijq1 &gdk �2�2�jinehp 798 k�gde��Ug 6 � c�ijg������Mgdg q � i� � qM� l � �
adinq1 !ijg��Me� fe��,�%��� 8 g��jq-�$� 8 � c��% f�@i� �� �% �p5�de��ji�� 7 �ne 6 � ��� pfe� fqMaoehg����Uq��2�nehp � �%� a a 8 �Behg�� ijadc
�3��in� ��k����.� �% � fqMa��.adijq1 /!2�Mg�gdc�q-�$ i  � ij�@kf�de U 6 @ � 7 � 6

;9e� mgoehp�� q1 �aoe('9a �de��m�dehgoe� �adg i� � qM� l �.adijq1 q 7 a��Mi� �ehp � �dq l c��.� p ���.�Ue4qM� gdq � a ���.�de$goe� �
goqM�Ug 6 `  5e(')� l �2�ne q � adc�ijg������Mgdg�q � � q1 Haoe('�a�ijg��nq)���.adinq1 5i  � qM� l �.adinq1 &p�e��Ui 5Mehp � �dq l �%� adi 5Me
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7 �.adg � = � qM� ��� ;!pfe�5�i�� ehg 6 � in�@kf�de U 6 @ � � � i�� �jk�goao�,�.aoehg�adcfe+�% � fqMa��.adijq1 �q � � � �%� a�a 8 �Be+�Mg �
goe� �gdehp a 8 � e 6

� 8 �Fi����%��� 8 !�goe� mgoehp � q1 Haoe('�a&ijg$c�in�@c2� 8 p 8  �� l i��?! �% �p-adcfe��Ue � qM�de ���Uq1 fe5aoq�gda��%�ne� fehgdg 6
` p�p�inadinq1 2�%��� 8 !fi� � qM� l �.adinq1 �q � adcmijg�a 8 � e�ijg�q � aoe� �i  ��%����kf�,�.aoe%!Fe��d�dq1 fe�q@k�g qM��k� ��" fq#�$ 9�Mg
���dehgdk2�na q � � �Uk�pfe� �ehgdg
q � adcfe4�-5 �Mi�� � 7 �ne goe� �gdi  f� l e��Uc��% �i g l g�!�gde� �goqM� � �Mi �jkf�dehg
qM� �1�?�mg
i� 
adcfe � q-5Me��,�.�Me5q � goe� mgoqM�Ug 6 ��� � ���Uq-5�ijpfehg�a � q a 8 �Behg q � gdk ��� qM�da � qM��adc�ehgoe ���dq 7 �ne l g
� c�i �Uc � i�� � 7 e4pfehg,� �Ui 7 ehp�i� 4���.aoe�� goe�� adijq1 �g 6

	 e��Ui 5Mehp � �%� a�a 8 � ehg ���?��adk��de�i� � qM� l �.adinq1 adc��.a ijg � q l �mk�aoehp � �dq l q1 fe�qM� l qM�Ue qMadcfe��
� �%� ava 8 � ehgvi� -adcfe9� q1 �aoe('9a l q9p�e�� 6 � c�ijg �����Mgdg q � � �%� ava 8 � e ijg �%�n�de��Mp 8 gdk ��� qM�daoehp 798
� � � � !"�% �p3� �Mg l e� Hadijq1 fehp 7 � ine � 8 i  ;9e�� adinq1 U 6 @ 6 � 6 � � � � � g� fqMa��.adinq1 � qM���de����Uehgoe� Ha
�
i� f� pfe�� i 5Mehp � �%� a�a 8 � ehg�ijg�i���� k�goao�,�.aoehp�i� � in�@kf�Ue U 6 @ � p � 6 � cfe��Ue �.�de4a � q � q l � q1 fe� �adg�aoq
adc�ijg��Ue����dehgoe� �a��.adinq1 6�

� � � k��ne�adc��.a�pfehg�� � i 7 ehg>adc�e ���dq�p�k�� adinq1 
q � pfe��Ui 5Mehp � �%� adg � �dq l qMadcfe�� l q�pfe����jehp � �%� adg��
�% mp

� �$goe
�9kfe� �� e q � �dq1�je 7 q�'�ehg�!fpf�,�-�$ �Mg � qM��qM�Up�i� ��.� 8 � �%� a�a 8 � ehg 7 k�a l �.�,�Mehp ��inadc �% 
�Mgdaoe��Uijg � 6

� cfe3� �.aoaoe��
ijg q%�madinq1 ��%�&! 7 kfa4i� r�Me� �e��,�%��gdcfq@k2�jp 7 e&i� ����jkmpfehp � qM� ��� �.�Uina 8 �% �p�aoq�e� �� 7 �je
�Mp�p�ijadinq1 ��%�\i� � qM� l �.adinq1 �% �p � q1 �gdao�,�Mi� �adg q1 �adcfe � �%� a�a 8 � e$aoq 7 e
�de����dehgoe� �aoehp/!�gUk��Uc �Mg
adcfe$aoe l � qM�,�%�&! �9k��%�jija 8 qM� �%�naoe��  ��.adi 5Me3�% � fqMa��.adijq1 �g adc��.a+� i�� � 7 e ���dehgoe� �aoehpri� ;9e�� adinq1 �g
U 6 U 6 ="! U 6 U 6 @ �% �p U 6 U 6 U !B�dehg � e�� adi 5Me�� 8%6

� e� �e��,�%��� 8 !4adc�e-pfe�� i 5 �.adijq1 ��Uk��jehg k�goehpbi� �ao� �Mp�inadinq1 ��%��p��.a�� 7 �Mgoe,g 8 goaoe l g ���?��adkf�de
goao�,�Mij�@cHa � qM��� �.�Up �nqM�@i ���%��qM� �.� inadc l e�adi���pfe��Ui 5?�.adinq1 �g 6 �  � q1 Hao� �Mgoa�!$� q1 �aoe('9a
� �-���.�de�g 8 g
�
aoe l g � �de
�9kfe� �a�� 8 �de�� 8 q1 l qM�de goq%�mcmijgoadi����.aoehp��% �p-e��d�UqM��� ���dq1 fe pfe�� i 5 �.adijq1 �%�j�MqM�Uinadc l g
adc��.a goe���5Me aoq
ao�,�% �g � qM� l �nq-� � �ne�5Me��mi� � qM� l �.adinq1 vgdk �2�2�jinehp 798 goe� �goqM�Ug�i� �aoq l qM�de � 7 goao�,�%� a
�% �p k�goe � k��.� q1 �aoe('�a4i� � qM� l �.adinq1 6 � c�ijg$���dq)� ehgdgdi� f� ���% 
q)����kf� 7 e � qM�Ue � q1 �aoe('9a4i� � qM� l � �
adinq1 �i g4i� �goe��Uaoehp�i� �aoq9�9� q1 Haoe('�a$i� �goa��% �� e%!\i� � c�i �Uc ���Mgoe5adcfev�dehgUk��na��% �a4i� � qM� l �.adinq1 rijg
���?��adkf�Uehp 7�8 q1 �e
qM� l qM�de goe� �goehp � �%� a�a 8 �Behg �.�%�naoe��, ��.adi�5Me�� 8 ! adcfe 7 �Mgoe � �%� adg ���% 7 e
i� ��
���jk�p�ehpEi� [adcfe � q1 Haoe('�a l q�pfe��&! �% �p[adcfe!p�e��Ui 5?�.adinq1 ���?��adk��dehp 7�8 � pfe��Ui�5Mehp � �%� a$a 8 �Be 6
� cfe �Ucfq@i � e�� i�� ��k�gdk��%� � 8 �Uehgoa&q1 �adcfe
k�adi��jina 8 q � adcfe 7 �Mgoe � �%� adg!aoq[adcfe � q1 mgdk l e��Ug&q �
� q1 �aoe('9a�i� � qM� l �.adijq1 6 � � adcfe �ne�5Me��zq � � 7 goao�,�%� adinq1 q � adcfehgoe � �%� adg ijg�goq �jq-� �Mg aoq!�de� �pfe��
adcfe l k�goe��jehgdg aoq � q1 �aoe('�a
� ��� �.�de �?���<�ji����.adinq1 �g�!Fadcfe 8 gdcfq@k��jp
�Me� fe��,�%� � 8 7 e q l ijaoaoehp � �dq l
adcfe l q�pfe�� 6 �  �%� l q@gda �%��� ���Mgoehg�! �.a �ne��Mgoa$goq l e ���dq)� ehgdgdi� ���q � goe� mgoqM�$q@kfa �mkfa � i���� 7 e
 fe�� ehgdg,�.� 8 ���UinqM��aoq&ijadg�i� �goe��dadijq1 i� Haoq3� � q1 Haoe('�a�i� mgoa��% �� e �Mg�q1 �e4qM� l qM�de � �%� adg 6

� c�e ��� �Mgdgdi��2���.adijq1 q �B� �%� a�a 8 �Behg �Mg�goa��.adi��?!1���Uq��2�nehp/!Mgoe� �gdehp$qM��pfe��Ui 5Mehp ���% vgdk���� qM�da �
5?�.�Uine�a 8 q � � q1 Haoe('�a l �% ��.�Me l e� �a�a��Mg��9g�!9a � q$q � adcfe l q@goa��m�dq l i� fe� �a 7 ehi� f���Uehgoq1�jkfadinq1 &q �
i� �� q1 mgdijgoaoe� �� 8 �% �pvk � p��.aoe l �% 2�.�Me l e� Ha 6 � cfe� &i� �� q1 �gdi goaoe� �� 8 i g�pfe�aoe�� aoehp&i  � � q1 Haoe('�a
i� �gda��% �� e%!�ina+���% �goq l e�adi l ehg 7 e$�dehgoq1� 5Mehp 798 � q l �2�.�Ui� ��!adc�e3�����Mgdgdi��<���.adinq1 �g q � adc�e � �%� a
a 8 � ehg i� ��kfehgdadinq1 6 ;9a��.adi�� � �%� a a 8 �Behg ���% 7 e �de��1�.�Upfehp �Mg c�in�@c2� 8 �de��ji�� 7 �ne%! ���dq��2�jehp



� � � � 
 ��� � 	�� � � � � 	��
� � ��
 
 ��� 
 	 � � � U �

Person

(id)(name)

Person Device

(name)

Person

(name)

Location

Device Type

(code)(id)

Device

(name)

                                      and l1 = l2

located near

*

permitted to use

s

is of type

located at

located at

located at

                                      and located at (d, l2)

located near(p,d) iff located at(p, l1)

(a)

(b)

(c)

(d)

(id)

Device

(name)

Location

� �� �

*
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� 7 ��` ���dq��<�nehp � �%� a a 8 �Be 6
� � ��`bgoe� �gdehp � �%� a a 8 �Be 6
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� q1 �aoe('9a goq l e�� c��.a �jehgdg�goq !2�% �p gde� �goehp p��.a��$�Me� �e��,�%��� 8 k� f�de�� i�� 7 �ne �% �p c�in�@c�� 8 ���dq1 fe aoq
goa��%�ne� �ehgdg 6 `  
i� �� q1 �gUijgoaoe� �� 8 7 e�a � e�e� 
a � q q � adcfehgoe���� �Mgdgoehg ���% 7 e��dehgoq1� 5Mehp 798 � �-5Mq@kf�Ui� f�
adcfe�i� � qM� l �.adinq1 7 e��jq1 f�@i� f��aoq4adcfe l qM�de��de�� i�� 7 �ne �����Mgdg 6 �  �� q1 �gdijgdaoe� �� 8 i� 5Mq1� 5�i� f� pfe��Ui 5Mehp
� �%� a a 8 � ehg ���% 2 fqMa q)����kf�$�m�dq-5�ijpfehp adc2�.a adcfe
p��.a��&ijg$ fqMa e(')�2�ji���ija�� 8 goaoqM�Uehp/! 7 k�a i� �goaoe��Mp
� q l �mk�aoehp q1 �pfe l �% �p/!fqM� ���Uq-5�ijpfehp�adc��.a i  �goa��% �� ehg�q � pfe�� i 5Mehp � �%� a�a 8 � ehg �.�de�k � p��.aoehp
i lvl ehp�i��.aoe�� 8 k � q1 � c��% f�Mehg�aoqvadcfe4�Ue��ne�5 �% �a 7 �Mgoe � �%� adg 6

� cfe� l �% ��.�@i� f�5k � p��.aoehg�aoq � q1 Haoe('�a i  � qM� l �.adinq1 /!mgda��.adi�� �% �p
p 8  �� l i�� � �%� a�a 8 � ehg
�de
�9k�in�de p�i �Be��de� �adi��.aoehp,ao�Ue��.a l e� Ha 6 �$� p��.aoehgvaoqEgoa��.adi��9� q1 �aoe('�a l k�goa 7 e goao�Ui�� a�� 8 � q1 �
ao�dq1���jehpri� �%��� qM�Up��% 2� e � inadc�adc�eva � q � q1 �gdao�,�Mi� �adg4pfehg�� �Ui 7 ehp�e��.� �jine�� 6 � c�e �Uk��nehg+�Mgdgdq"��i��
�.aoehp � inadc�adcfe adc��de�e�a 8 � ehg q � p 8  �� l i�� � q1 Haoe('�a+�.�de �jehgdg � in�@ijp��mc�q-� e�5Me���! e��%�Uc �de
�9k�in�dehg
g � e���i��%�ji goehp l �% ��.�Me l e� �a�gUk ��� qM�da 6 ;9e� mgoehp�� q1 �aoe('9a � q@goehg�goe�5Me�� �%� � c��%���ne� f�Mehg 6 � cfe � �de �
�9kfe� �� 8 ��inadc ��c�i��Uc0goe� mgoehp � q1 Haoe('�a ���% ��Uc2�% f�Me9�% �p-adcfe g����%�ne�q � � e���5?�Mgdi 5Me�g 8 goaoe l g
i l �<� 8 adc2�.a cmin�@c�� 8 e � ��ine� �a �m�dq"� ehgUgdi� f�5q � k � p��.aoehg i g �de
�9k�in�Uehp 6 ` p�p�inadinq1 2�%��� 8 !mgdk���� qM�da
l k�goa 7 e �m�dq-5�ijpfehp � qM� adcfe i� Haoe��M� �.adinq1 ,q � i  �mkfa � �Uq l l k��jadi �2�ne!goe� �goqM�Ug$i� �aoq ��gdi� f�1�je
� �%� a�a 8 � e%!2�% �p � qM� ���dq)� ehgdgdi  f�$q � adc�e�i� �mk�a���� inqM��aoq&i� �gde��dadinq1 i� �aoq3�3� q1 �aoe('9a i� �goa��% �� e 6
���Uq��2�nehp � q1 Haoe('�a i g+�nehgdg*���dq 7 �ne l �.adi��?! 7 k�a l � 8 �de
��kmin�de �%��� ehgdg � q1 �ao�dq1��aoq e� mgdkf�de$adc��.a
� q1 �aoe('9a i� � qM� l �.adijq1 Eijg�q1 �� 8 �%��� e���aoehp � �dq l �Mk�adcfqM�Uijgoehp-k�goe�� g 6 �$� p��.aoe l �% ��.�Me l e� Ha
� qM� pfe�� i 5Mehp9� q1 �aoe('9a l � 8 qM� l � 8  fqMa 7 e��de
��kmin�dehp 6 � c�ijg pfe�� e� �p�g�q1 � cfe�adcfe�� pfe��Ui 5Mehp
� �%� adg �.�Ue e(')�2�ji���ija�� 8 goaoqM�dehp
qM� e�5?�%�jk��.aoehp�p 8  �� l i ���%��� 8 q1 p�e l �% �p 6 �  l �% 8 p��.a�� 7 �Mgoe
g 8 goaoe l g�!9adcfe ���.aoaoe�� �?�����dq1�%� c5ijg ���de � e��d�dehp 7 e����Mkmgoe�ina�q 7 5�i��.aoehg adcfe  fe�ehp&aoq
e� �gdk��de�adc��.a
pfe��Ui�5Mehprp��.a�� ijg �Me���a � q1 �gdi goaoe� Ha+��inadc adcfe �de l �Mi� mpfe�� q � adcfe p��.a�� 7 �Mgoe 6 8 q#��e�5Me���!\adc�ijg
�?�����Uq1�%�Uc�i g  fqMa � e���� gdk�ijaoehp aoq � q1 �aoe('9a
� �-���.�de g 8 goaoe l g�!mi� 4� cmi��Uc4� q1 �aoe('9a i� � qM� l �.adijq1 
�Me� fe��,�%� � 8  fe�ehp�g aoq 7 e q 7 a��Mi� fehp �% �p �%� aoehp�k � q1 i� �!adi l e�� 8 � �Mgdc�inq1 /! �% �p�pfe��Ui�5 �.adinq1 
l e�� c��% �ijg l g3���% 7 e9� q l �2�je(' �% �p � q l �mkfa��.adinq1 2�%��� 8 i  Haoe� �gUi 5Me 6 � e� fe�� �%��� 8 ! adcfe l q@goa
�?�����Uq%���Ui��.aoe+�Uc�q@i�� e l k�goa 7 e4pfe�aoe�� l i� fehp�q1 9�3���Mgde � 7�8 � ���Mgoe 7 �Mgdijg 6 � � � � q �Be�� g$�3 fq �
a��.adinq1 raoq pmi �Be��Ue� Hadi��.aoe pfe�� i 5Mehp � �%� a�a 8 � ehg�adc2�.a �.�de e('"�<�ji���ina�� 8 gdaoqM�dehp � �Uq l adcfq@goe adc��.a
�.�de � q l �mkfaoehp
q1 �pfe l �% �p � adc�e � qM� l e��*�.�de l �.���Mehp � inadc �5pfq@k 7 �ne �Mgoaoe�� ijg � ! ����� � ! �% �p
adcfe � �.aoaoe�� � inadc4�vgUi� f�1�ne+�Mgoaoe��Ui g �<! ��� � 6
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� cfe ���dq 7 �ne l q � l q9p�e����ji� f��adcfe aoe l � qM�,�%�<�Mg��Be�� adg�q � i� � qM� l �.adinq1 5c��Mg 7 e�e� &e('�aoe� �gdi�5Me�� 8
�dehgoe��.� �Ucfehp � inadcmi� <adcfe ��e��jp q � aoe l � qM�,�%� p��.a�� 7 �Mgoehg 6 `�a�adcfe � q1 �� e���adk2�%� �je�5Me��&!�adc�ijg
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� Hadija 8 � e����.adinq1 �gUc�i � l q9pfe���adc��.a
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goe� �gdqM�Ug�� gUk ���2� 8 l k��nadi �2�je%!#� q1 � i � adi� f� �mije�� ehg�q � � q1 �aoe('9a�i� � qM� l �.adinq1 6 � � adcfehgoe ���% � fqMa 7 e
�dehgoq1��5Mehp k� �� l 7 in�@kfq@kmg�� 8 !�adcfe � q1 � i�� adi� f�vi� � qM� l �.adinq1 ijg�goaoqM�dehp �Mg$�vgde�a�q � �%�naoe��, ��.adi 5Me
� �%� adg 6

� c�e$gde l �% Hadi ��g4q � adcfe3�%�naoe��, ��.adi�5Me3� q1 �goao�Uk�� a �.�Ue3�Mg � q1���nq-��gA� �% �%�naoe��, ��.adi 5Mevgde�a4q �
� �%� adg�! � � � ������� � � 
 � ! ijg �de��1�.� pfehp �Mg �%����k��,�.aoe�� adc��.a4ijg�! � �Minadc � k��zaoq�adcfe l q�pfe����nehp��de��%�jina 8 �
i � e(')�%� a�� 8 q1 fe � �%� a � � i� � � � ������� � � 
 � cfq1�jpmg�i� �adcfe l q�pfe����nehp��Ue��%�jina 8%6� a!gUcfq@k��jp 7 e  fqMaoehp adc2�.a!ina!ijg  fqMa&adcfe �mkf�,�Bq@gde q � adcfe �%�naoe��, ��.adi 5Me � q1 �goao� k�� a&aoq
���?��adkf�Ue l k��nadi��2�ne �Ue����dehgoe� �a��.adinq1 �g�q �  fq1 � � q1 � i�� adi� f�$i� � qM� l �.adinq1 � e 6 � 6 !2�jq"���.adinq1 i  � qM� �
l �.adinq1 ��.a5p�i � e��de� Ha �ne�5Me�� g$q � �M�,�% 9k����.� ina 8 � 6 ` �naoe��, 2�.adi 5Me��de����dehgoe� �a��.adinq1 �g �.�de i� �goaoe��Mp
���?��adkf�Uehp 798 l k��nadi �2�je � �%� a!a 8 � ehg � e 6 � 6 ! 798 goe��2�.� �.aoe J9�0���fNW| +'.$.0�v
0�*�����(#�� �% �p7JL���
h��L�*��
��Q��T]�_�LBCh'#�� � �%� a a 8 �Behg i� �adcfe ���Mgoe$q � �nq)���.adinq1 i� � qM� l �.adinq1 � 6 � c�ijg �?�2���dq1�%�Uc e� �
gdkf�Uehg4adc��.a e��%�Uc[�dq1�ne&i� Ee��%�Uc � �%� a
a 8 � ehg�c��Mg ��gdi  f�1�ne%!.� e�������p�e �2 fehpr�de��m�dehgoe� �a��.adinq1 �qM�
�de � e��de� �� e l q9pfe 6

� q i� �p�i ���.aoe
adc2�.a �%�naoe��, ��.adi 5Mehg+���% 7 e ���Uehgoe� Ha�i� adcfevi  �goa��% �adi��.adinq1 q � ���@i�5Me� rp 8 �
 �� l i � � �%� a�a 8 �Be%!�adcfe$�%�naoe��  ��.adi 5Me �% 2 fqMa��.adinq1 /! � � � !9ijg �2���%� ehp 7 ehgdijpfe�adcfe�a 8 � e 6 `�qMaoe adc��.a
adc�ijg �% � fqMa��.adinq1 ���% � fqMa 7 e �?�2�2�jinehp�aoq goa��.adi�� � �%� a�a 8 � ehg 6 
 �%� c0�%�jaoe��, ��.adi 5Me � �%� a a 8 �Be
c��Mg�e(' �%� a�� 8 q1 feH�0���(#����������*P0# �v.0�j# � c�i�� c ���% �a��?�Me&q1 � goe�a�q � �%�naoe��, 2�.adi 5Me 5 �%� kfehg�!.�% �p
�% ���{�(#A�'�������QP�#R�L�_� �A�Z#��2#��K�n+K.��?�����v�0�*�Z�4adc��.a
g �2�% �g �%�����dq1�jehg4q � adcfe � �%� a�a 8 � e � inadcradcfe
e(' � e���adinq1 [q � adcfe �%�naoe��, 2�.adi 5Me&�dq1�je 6 � �%� adg �.�de&�de��1�.� pfehp �Mg �%�naoe��, ��.adi�5Mehg i � �% �pEq1 �� 8 i �
adcfe
q 7 
oe�� adg �<�.�dadi���i �2�.adi  f�vi� e��%� c�q � adcfe
�dq1�nehg � q-5Me��dehp 798 adcfe �%�naoe��, ��.adi 5Me
k� �i	�9kfe� fehgUg
� q1 �goao� �Mi� Ha �.�de4ijpfe� �adi����%� 6

� c�e �%�naoe��, 2�.adi 5Me5k� mi	��k�e� fehgdg � q1 �gdao�,�Mi� �a�q � �% �%�naoe��, ��.adi 5Me � �%� a�a 8 � e5�Uehgoe l�7 �nehg �% 
qM�Up�i  ��.� 8 k� mi	��k�e� fehgdg*� q1 �goao�,�Mi  Ha�! 7 kfa�a��?�Mehg4adcfe � qM� l q � � p��Mgdc�ehp/!z�,�.adcfe���adc��% �goq1�ji p/!
�.�d�dq#� 6 `  &e(')� l �2�ne�q � adc�ijg  fqMa��.adijq1 �?��� e��.�Ug�i  � ij�@kf�de U 6 a !"� c�i�� c$e('9aoe� �pmg�adcfe �9k��%�jija 8
e(' � l �2�ne�q � adcfe ���de�5�inq@k�g^goe�� adinq1 $aoq �%���nq-�0e��%� c3� e��Ugoq1 
aoq�c��-5Me l qM�de�adc��% $q1 �e��de�� qM�Upfehp
�nq)���.adinq1 6
`  $e(')� l �2�ne � q%�mk����.adinq1 q � adcfe[��.I+K���(#K
\��� � �%� a�a 8 � e�ijg^i���� k�goao�,�.aoehp
i� � � 7 �ne U 6 b ! � inadc

�9k��%�jina 8!l e��MgUkf�dehg�q l ijaoaoehp � qM��gdi l �2� i���ina 8%6 � c�e*�%�jaoe��, ��.adi 5Me�k2 �i	�9kfe� fehgdg � q1 �goao� �Mi� Ha q-5Me��
adcfe � � � ��� �r�Uq1�ne�i� � ij�@kf�de U 6 a i l �2�jijehg�adc��.a � �%� adg*�.�de �%�naoe��, 2�.adi 5Mehg$��cfe� adcfe 8 � e��da��Mi� 



� � � � 
 ��� � 	�� � � � � 	��
� � ��
 
 ��� 
 	 � � � < b

Freshness Accuracy

located at

Person

(name)

Location

(name)

(nr)+(duration)+
Time to liveProduction

(timestamp)
 time

a

Probability

� in�@kf�de U 6 a ��`  �%�naoe��, ��.adi 5Me � �%� a�a 8 � e � inadc �9k��%�jija 8 �% � fqMa��.adinq1 mg 6 � q)���.adinq1 �<�.�dadi���i �2�.aoehg
i� �% �%�naoe��, ��.adi 5Me$�dq1�je���adc��.a�ijg�! � qM�+�!�@i 5Me� � e��Ugoq1 /! goe�5Me��,�%� � q@gdgdi 7 �ne �nq)���.adinq1 �g ���% 7 e
�de�� qM�Up�ehp 6

� � 7 �ne U 6 b � 
 ')� l �2�ne4i� �gda��% Hadi��.adijq1 �q � adc�e � �%� a�a 8 � e�gUcfq-�$ �i� � in�@kf�de U 6 a 6
NO#��'��.0� �".$+K�����=.0�
� i��Uc�e����ne � i����ji�� l g b > � � =%@
� i��Uc�e����ne � i����ji�� l g b > � � =%=

 lvl � � � 8 � > � � =%=
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 lvl � � � 8 U < � =%@ U
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aoq adcfe5g�� l e � e��Ugoq1 6 � cfe��de � qM�de%!zadcfe��de �.�de adcf�de�e �%�jaoe��, ��.adi 5Me&gde�adg4i� �adc�ijg�i� �goa��% �� e�� �
a � q � l e l 7 e���goe�a � q1 �gUijgoadi� f�
q � adcfe � �%� adg gdcfq-�  i� !adcfe ���Ugoa�a ��q �dq#� g�!��$adcf�Ue�e � l e l�7 e��
goe�a*� q1 �gdijgdadi� f�vq � adc�e � q1���nq-��i� f�vadcf�Ue�e � �%� adg�!/�% �p �5gdi� f�1�je�aoq1 
goe�a � q1 �gdijgdadi� f�vq � adc�e ���Mgoa
� �%� a 6

�  ,goq l e9���Mgoehg�!�ina ijg$pfehgdij�,� 7 �ne!aoq � q l�7 i� fe4�%�naoe��, ��.adi�5Me9�% �p-aoe l � qM�,�%� � �%� a a 8 � ehg 6
�  �adc�ijg i� �goa��% 2� e%!>adcfe �%�naoe��, ��.adi�5Me!k� mi	��k�e� fehgdg+� q1 �goao� �Mi� Ha l � 8r7 e5ehinadcfe�� � �ji � e�adi l e qM�
g� ��?�FgdcfqMa � q1 �gdao�,�Mi� �a 6 � cfe �m�Ugoa ���Mgoe!ijg4goao� �Min�@cHa � qM��� �.�Up/! 7 kfa�adcfe&gde�� q1 �pEc��Mg g��jin�@c�a�� 8
g � e���i��%� goe l �% �adi���g�! �Mg$adi l e � q l ehgvi� �aoq �2� � 8 � c�e� -p�e�aoe�� l i� �i  f�9� cfe�adc�e��
�@i�5Me� � �%� adg
�.�de �%�naoe��  ��.adi 5Mehg 6 � ��q � �%� adg � � �% �p � � 7 e��nq1 ��@i� f�
aoq3�% 4�%�naoe��, ��.adi 5Me � �%� a�a 8 � e adc��.a�c��Mg� g� ��?�FgdcfqMa �%�naoe��, ��.adi�5Me4k� �i	�9kfe� fehgdg�� q1 �goao� �Mi� Ha �.�de��Ue��1�.�Upfehp4�Mg �%�naoe��  ��.adi 5Mehg �.a �$�@i 5Me� 
adi l e 	 i � �% �p q1 �� 8 i � �
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	 � � � 	 � � �.�de adcfe�adi l ehgoa�� l �mg�MgUgoq"��i �.aoehp9� inadc � � �% mp � � !m�dehg � e�� adi 5Me�� 8 ���% �p

� adc�e�q 7 
�e�� adg$�2�.�dadi���i��2�.adi� f�$i� !e��%�Uc�q � adcfe��dq1�jehg � q-5Me��dehp 7�8 adcfe4g� ��?�FgdcfqMa �%�naoe��, �� �
adi�5Me�k� �i	�9kfe� fehgUg�� q1 mgoao�,�Mi� �a$�.�de�i pfe� Hadi ���%� 6
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	 e�� e� �pfe� ���inehg�c��-5Me 7 e�e� � ijpfe�� 8 gdadk�p�inehp�i� !p��.a�� 7 �Mgoe�adc�e�qM� 8 !��2�.�dadi ��k����.�,� 8 i� � q1 �
dk� �� �
adinq1 � ijadc�adcfe �de����.adinq1 2�%� l q9p�e�� 6 � cfe 8 �.�Ue3� q1 �� e��, fehp � inadc ���?��adkf�Ui  f�4� q1 �goao�,�Mi� �adg�q1 
adcfe 5?�%�jkfehg
q � �.aoao�Ui 7 kfaoehg � � q1�jk l  mg��4i  E�de�� �.adinq1 �g�� 6 ` � q l&l q1 0e(')� l �2�ne�ijg
adcfe � k� 2� �
adinq1 ��%�\pfe�� e� �pfe� 2� 8 !<� cmi��Uc
c��Mg 7 e�e� l e� �adinq1 fehp�i� 9�<�Mgdgdi� f�!i� adc�e ���Ue�� ehp�i� f�!goe�� adinq1 �g 6
� qM� l �%��� 8 !<� � k2 �� adinq1 ��%�zp�e��Be� mpfe� �� 8 !2� �Uinaoaoe� ������ !Be(')���dehgdgoehg � � q1 �gdao�,�Mi� �a adc��.a � qM�
���@i�5Me� �goe�a!q � �.aoao�Ui 7 kfaoehg	� �% �p �Egoe�a!q � �.aoao�Ui 7 kfaoehg
� !�adcfe�5?�%�jkfehg&q � � k� �i	�9kfe�� 8
pfe�aoe�� l i� fevadcfq@gde5q � � 6 � cfe5e� � qM�,� e l e� �a q � gdk2�Uc-pfe�� e� �pfe� ���inehg�cfe�� �mg�aoq�e� �gdk��de&adcfe
i� �aoe��M�Uina 8 q � i� � qM� l �.adijq1 goaoqM�dehp i� 4�&p��.a�� 7 �Mgoe 6

� c�e a 8 � e
q � � q1 Haoe('�a4pfe�� e� �pfe� 2� 8 p�ehg�� �Ui 7 ehp�i  �adc�i g�goe�� adijq1 pmi �Be�� g � �dq l goa��% �p��.�Up
p��.a�� 7 �Mgde pfe�� e� �pfe� ���ijehg�i� �.a��ne��Mgda�a � q�i l � qM�da��% �a � � 8 g 6 � in�Ugoa�! � �%� a�p�e��Be� mpfe� ���inehg ���?���
adkf�de��Ue����.adinq1 �gdcmi �mg 7 e�a � e�e� e� �adin�de � �%� adg��,�.adc�e���adc��% 7 e�a � e�e� goe�adg�q � �.aoao�Ui 7 k�aoehg c �dq1�nehg 6
;9e�� q1 �p !�adcfe 8 pfq  fqMa e('"���Uehgdg � q1 �goao� �Mi� Hadg adc��.a$���% 7 e�� in�@ijp�� 8 e� � qM�,� ehp i� adc�e l �% � fe��
q � ao�,�Mp�inadinq1 2�%�\p2�.a�� 7 �Mgoevpfe�� e� �pfe� 2��inehg 6 � �.adcfe���!zadcfe 8 ���dq#59i pfe
cmi� Hadg adc2�.a ���% �Mgdgdijgda*�
� q1 �aoe('9a l �% ��.�Me l e� �a4g 8 gdaoe l i� ���dehgoe���5�i� f�5adcfe � q1 �gdijgdaoe� �� 8 q � � � q1 �aoe('�a�i� �goa��% 2� e
i� 
���Mgoehg�i� � c�i�� c�adcfe4e� � qM�,� e l e� �a�q � �vgoao�Uq1 f�Me��$� q1 �goao� �Mi� Ha�ijg  fqMa � q@gdgdi 7 �ne 6
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 � �%� adg�i  �p�i����.aoehg^adc��.a�adcfe goa��.aoe�q � adc�e ���Ugoa � �%� a�! � � !9ijg �2�.�Uadi��%��� 8 p�e�aoe�� l i� fehp798 adc��.a q � adcfe$goe�� q1 �p/! � � 6 � e� �e��,�%��� 8 ! �Uc��% ��Mehg�i� adcfe$goa��.aoe$q � � � � i���� 7 e � q1���jq-� ehp 798
� qM�d�dehg��Bq1 mp�i� f� �Uc��% ��Mehg�i� �adc�e4goa��.aoe�q � � ��
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� adc�e�i� �goe��Uadinq1 !q � �  fe�� � �%� a��

� adc�e l q�p�i��2���.adinq1 �q1 �e�qM� l qM�de��Uq1�nehg�q � � � �%� a��FqM�

� adc�e�pfe��ne�adinq1 �q � � � �%� a 6
� �%� a�pfe�� e� �p�e� ���inehg �.�de l q�pfe����nehp ��cfe� vadcfe  ��.adkf�de q � adcfe �de�� �.adinq1 �gdc�i�� 7 e�a ��e�e� !adcfe

� �%� adg i g�i l ���Ue���ijgoe�� 8 �" �q-�$ ��FqMadcfe���� i goe%! � � � q@k2�jp�gdi l �2� 857 e pfe �2 fehp �Mg �5pfe��Ui 5Mehp � �%� a 67  fq#�$�nehpf�Me!q � gdk2�Uc � k � �hi � 8 ��p�e �2 fehp��Ue����.adinq1 �gdcmi �mg4ijg l �Mpfe!�de��ne�5?�% Ha 798 adcfe  ��.adkf�de!q �
� q1 �aoe('9a
� �-���.�de*� e���5?�Mgdi 5Me�g 8 goaoe l g�!1� c�i�� c/!Hk� 2�ji �Me adcfe pfq l �Mi  �g^ao�,�Mp�inadijq1 ��%��� 8 � q1 mgdijpfe��dehp
798 adcfe$p��.a�� 7 �Mgoe � q lvl k� �ina 8 ! i� 5Mq1��5Me � �.�d�Me 5Mq1� k l ehg q ��� �de
��k�e� Ha�� 8 � c��% f�@i� ��!i� � qM� l � �
adinq1 /!�� � �.�d�Me gdk 7 goe�a
q � ��c�i��Uc-ijg  fqMa ���de���i goe�� 8 �) fq-�  /! 7 kfa$i� �goaoe��Mp-ehgoadi l �.aoehp<k�gdi  f�
goe� �gdqM�Ug 6 �  �gdk2�Uc�g 8 goaoe l g�!\ina4i g4i l � q@gdgdi 7 �ne
aoq e('"� e�� a �Be�� � e�� a � q1 �gUijgoaoe� �� 8 q � � q1 Haoe('�a
i� � qM� l �.adijq1 6��� l qM�de �de��Mgoq1 �� 7 �ne �Mq1�%�\ijg�aoq l �% ��.�Me � c��% f�Mehg aoq ���dq l qMaoe
adcfe �M�de��.aoehgoa
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Location

(name)

Person

(name)

Device

(id)

located near(p,d) iff located at(p, l1)

                                      and located at (d, l2)

(a)

(b)

def(LocatedNear) =

SELECT PersonLocatedAt.Person, DeviceLocatedAt.Device

FROM PersonLocatedAt, DeviceLocatedAt

WHERE PersonLocatedAt.Location = DeviceLocatedAt.Location

PersonLocatedAt(Person, Location)

DeviceLocatedAt(Device, Location)

LocatedNear(Person, Device)

located at

located at*
located near

                                      and l1 = l2

*
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Freshness Accuracy

located at

Person

(name)

Location

(name)

(nr)+(duration)+
Time to liveProduction

(timestamp)
 time Probability

(a)

(b)

LocatedAt(Person, Location, ProductionTime, TimeToLive, Probability)
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Location

engaged in(p1,a) dependsOn located at(p2,l) iff p1 = p2

(name)

Activity

(name)

Person

(name)
Location

(a)

(b)

EngagedIn(Person, Activity)

LocatedAt(Person, Location)

FROM EngagedIn, LocatedAt

WHERE EngagedIn.Person = LocatedAt.Person

LocatedAtDependents(FactID, dependentID)

def(LocatedAtDependents) =

SELECT LocatedAt.ID, EngagedIn.ID

engaged in

located at
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(name)

Person Device

(id)

engaged in

permitted to use

located near

*

NonProfessionalRelationship(Person1, Person2)

RequiresDevice(Channel, Device)

Synchronous(CommunicationMode)

LocatedNear(Person, Device)

LocatedAtDependents(FactID, DependentID)

HasType(Device, DeviceType)

HasMode(Channel, CommunicationMode)

DeviceLocatedAt(Device, Location, Probability)

WorksWith(Person1, Person2)

PermittedToUse(Person, Device)

has channel

iff p1 = p2

engaged in(p1,a) dependsOn located at(p2,l)located near(p,d) iff located at(p, l1)

                            and located at (d, l2)

                            and l1 = l2

s

s

s

has mode

PersonLocatedAt(Person, Location, Probability)

located at

located at

(name)

Location

has typea

a

[ ]

(b)

EngagedIn(Person, Activity, StartTime, EndTime)

requires device

Communication

(a)
synchronous

Certainty

relationship with
has nonprofessional

Mode (name)

HasChannel(Person, CommunicationChannel)

SupervisedBy(Person, Supervisor)

Device Type

(name)

works with

supervised by Probability
(nr)+

*

Activity
(name)

Communication

Channel (id)
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agent
Recipient 2’s

agent
Recipient 3’s

Recipient 1’s
agent

Initiator’s
agent

(1)

(2) (3)

(2)

(3)

(2) (3)

(4)

(5)

(6)

(6)

(6)

Initiator

(1) Request for new interaction
(2) Request for n channel proposals (parameters: n, initiator name, dialogue type, priority) 
(3) Proposed channels (tailored to recipient’s context and preferences) 
(4) Proposed channels (merged from (3); culled and sorted using initiator’s preferences)
(5) Channel selection
(6) Request for new interaction via selected channel
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(name)

synchronous

Certainty

relationship with
has nonprofessional

Mode (name)

has channel

iff p1 = p2

engaged in(p1,a) dependsOn located at(p2,l)located near(p,d) iff located at(p, l1)

                            and located at (d, l2)

                            and l1 = l2

s

s

s

has mode
Communication

Person Device

(id)

engaged in

permitted to use

located near

* located at

located at

(name)

Location

has typea

a

[ ]

requires device

Communication

Channel (id)

Device Type

(name)

works with

supervised by

Activity
(name)

Probability
(nr)+

*
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