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�_g &{g - e z �nw + c#uxw4d � z a]uxolj c�kva�oqu ghg ghghghg ghghg ghghghg ghg g g ghg ghghg $��
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&{g�& i kv| w �vkva8w z � � "
��� c#a]d�� z j��,� z � u��_uxoxwU| u %!|�c#a]c �{w4| w4a�o c�ulm6w � olu c#a8d
kva olwHj c � olk z a | z d8w��vu ghg ghg g g ghg ghghghg ghghg ghghghg ghg g g ghg ghghg �

&{g � �)uxw4j'�sm]j z � w4ulu!| c�oljlk � � z j � "
��� c#a]d � z j���� z ��u��_uxolw4| uVghg g g ghg ghghg �
&{g - " �]c#| m��nw � "
��� u��_uxolw4| u }:c#uxwUd z a o���mLw4u z �Mu � m]m z jlolkva�� olw � p]a z � z � knw4u g -
&{g � " �_w � � oqk z a wUa t_knj z a8| w4a�o � z j!d8w � w4a�oxj c��vk��Hw4d � z ���Tc�} z j c�olk z a u��_uxoxwU| u�g ghghg &4�
&{g(� � z a]uxolj � � oqk z a z �;d]k��LwHjlw4a�o � "
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d8kva:c�oqk z a c#a]d uxw � � jqkno���m z �vk � knw4u ghg ghghghg ghghg ghghghg ghg g g ghg ghghg &��
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�6g.! " �_a�o c�� � z j � z a]d]knolk z a d_w��]a]knoqk z a�ghg ghghghg ghghg ghghghg ghg g g ghg ghghg -  
�6g.$ " �_a�o c�� � z j j z �nw d8w��:a]knoqk z a g g g ghg ghghghg ghghg ghghghg ghg g g ghg ghghg  &
�6g�&4� " �_a�o c�� � z j j z �nw z mLwHj c�olk z a d8w��:a]knolk z a ghghg ghghg ghghghg ghg g g ghg ghghg  #�
�6g�& & " �{w��nw4o z a uxmLw � k�� � c�olk z a z � � z � jquxwbc � oqknt_kno � olw4| m��Tc�olw �)knoqpZj z �nw � z a]uxoxj c#kva�olu

� uqkva � m]u � wUd z � z d8w ghghg ghg g g ghg ghghghg ghghg ghghghg ghg g g ghg ghghg  2�
�6g�&U� " �{w��nw4o z a uxmLw � k�� � c�oqk z a z � � z�� jquxw c � olknt_kno��)olw4| m��Tc�olw �)knoqp z m6w4jqc�oqk z a]u � uqkva �

m]u � wUd z � z d8w ghg ghghghg ghg g g ghg ghghghg ghghg ghghghg ghg g g ghg ghghg  5$
�6g�&!- " o c�olk � c#uluqk��{a]| w4a�o z � z �)a8wHjqu kvafc#afc � olknt_kno���oxw4| m��Tc�oxw p]knwHj c�j � p�� g ghghg ! �
�6g�& � " w � � jlkno��&c#a8dZm]j z olw � oqk z aZd z |�c#kva]u z a&oqp8w z �!a8wHj p8knw4jqc�j � p]knw4uMd8wHjqknt#wUd �Cj z |

�>k�� � jlw �:g &!- ghg ghghghg ghg g g ghg ghghghg ghghg ghghghg ghg g g ghg ghghg ! -
�6g�&�� � j z oxw � olk z a d z |�c#kva]u z a oqp8w~oqp8w&oxj � uxoxwUd
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Real−time Conferencing

Application Sharing

Groupware

Virtual Worlds

Virtual Organization

Collaborative Design

Instant Messaging (IM)

Standalone Workflow

Workflow Automation

On−Demand Coalition

Decision Support Systems

Enterprise Application Integration (EAI)

Workflow−enabled Application

Office Automation 

CSCW

Management Infomation Systems (MIS)

Document Management

Web Services

B2B

Business Process Management(BPM)

Ad hoc Collaboration

Software Developement Environments

(80s)

( mid 70s)

(mid 60s)

(early 90s)

Organization Management

Project Management

Small Group

Intra−Enterprise Management

(2000 onward)
Inter−Enterprise Management

(mid − late 90s)

Web−based Interaction

User−User User−Process Process−Process
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kva�� � uxwHjqu)o z c#d]c�m]o�c � z ���Tc�} z j c�olk z a ulm6w � k�� � c�olk z aDr)�)p]k � p � � �������vu!oqp_wUknj � z�z jqd]kva]c�oqk z afc#a]d
ulw � � jlkno�� jlw�� � knjxwU|ZwUa oqu4g"� z jlw z t{wHjUr9oqp8w~uxmLw � k�� � c�oqk z a � c#a }6w � p]c#a��{w4d o z jlw#�]w � o)a8w#� � z �
z jqd]kva]c�oqk z a z j uxw � � jqkno ��jxw�� � knjlw4| w4a�olu4r_c#a]d a_w!�VuxmLw � k�� � c�oqk z a � c�a }Lw d8w4ulk�� a8w4d � z j c&a8w#�
ulwHo z � jlw�� � knjlw4| w4a�oqu4g)i p8w&uxmLw � k�� � c�oqk z a z � oqp_w&jxw�� � knjlw4| w4a�olubkvu)olwHjq|ZwUd � �
	 � � � � � g ` � z �$�
�Tc�} z jqc�oqk z a ulm6w � k�� � c�olk z a � z a�o c#kva8u oqp8jxwHw d]kvuxolkva � o o �9mLw4u z �Fm z �vk � knw4u % � z9z jld]kva:c�olk z aDr_c ��� w4ulu
� z a�olj z �sr8c#a]d | wHo c�� �nwHt{w��;c�d]| kva]kvuxoljqc�oqknt#w�m z �vk � knw4u4g

� a �>k�� � jlw &{g(-8rFolp8w �vk��Cw(� � � � �nw z � z�� j z � � z ���Tc�} z j c�oqk z aNu��_uxolw4| uhkvuhulp z �!aDg ` o " olwHm &{r
d8w4uqk��{a8wHjqu �{w4a8wHjqc�olwbc � z ���Tc�} z jqc�oqk z aZuxmLw � k�� � c�olk z a }6c#uxw4d z a c �{knt{w4a uxw4o z �Bulp:c�jlw4d z }'& w � olu
c#a]dNjlw�� � knjxwUd � z9z jld]kva:c�olk z a c�a]d uxw � � jqkno � m z �vk � knw4u4g �
c#a��
u � � p � z ���Tc�} z jqc�oqk z a
uxmLw � k�� � c��
oqk z a]u � c#a }Lw d8w4ulk�� a8w4d~c#a]d~uxo z jxwUd;r#c#u>uqp z �)a~kva " olwHm �8g/` o>j � a�olkv| w � " oxw4m -
 r � uxwHjqu>uxw �nw � o
c � z ���Tc�} z j c�olk z a ulm6w � k�� � c�olk z a }6c#uxw4d z a d8w4ulknjlw4d�uxw � � jqkno�� c#a]d � z9z jld]kva:c�olk z a jlw�� � knjxwU|ZwUa oqu
c#a]d jlwUc��vk��Hwhc � z ���Tc�} z j c�olk z a wUa t_knj z a8| w4a�oUg
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Policy−Driven

Middleware

Collaboration Environment
(based on policy 1) 

Shared Application 

and Resources

Coordination and Security

Coordination and Security
Policy (policy 1)

Policy (policy 2)

Collaboration Environment
(based on policy 2) 

�Mk�� � jlw &{g(�8g � z a]uxolj � � oqk z a z �Md]k��LwHjlw4a�o � ")��� w4a�t9knj z a]|ZwUa oqu }6c#uxw4d z a d]k�� wHjxwUa o � z�z jqd]k$�
a:c�oqk z afc�a]dfuxw � � jqkno � m z �vk � knw4u

i p8kvu(jlw4uxwUc�j � p z }E& w � oqknt#wbjxw � � knjlw4u c�� z jl|�c��6uxmLw � k�� � c�oqk z a�| z d8w�� � z j uxw � � jqkno�� c#a]d � z9z j��
d]kva:c�olk z a&m z �vk � knwUu4r�c#a8dZd8wHt{w�� z m:| w4a�o z �Lc�t#w4jlk�� � c�oqk z a~m8j z � w4uluMo z w4a]u � jlw oqp:c�o olp8w jlw�� � knjxw#�
| w4a�oqu � c#a$}Lw � z jljlw � o ���
w4a�� z j � w4d � knt{w4aPc uxmLw � k�� � c�oqk z a;g " w � � jlkno��Nm z �vk � knw4u uxmLw � k����Nolp8w
� z a]d]knoqk z a]ubolp:c�o�| � uxo�}LwZuqc�olkvu��]w4d �)p8w4a�u � }E& w � oqu�c ��� w4ulubjlw4u z�� j � wUu4gbiFj c#d]knolk z a:c��/c ��� w4ulu
� z a�olj z ��| z d8w��vu4r�u � � p&c#u c ��� w4ulu>|�c�oxjqk � � �bc�jljlkvu z a wHoMc��sgvr,&�$  5-
 z j 
 ��� � � ��� ��
 
 | z d_w � � " a
�/�
d8wHjUr &�$ !)&� r � c#a]a z o!ulm6w � k���� u � � p � z a]d]knolk z a]u4g

� a � z ���Tc�} z jqc�oqk z a�u��_uxolw4| u4r j z �nwb}6c#uxw4d | z d8w��vu � " c#a]d]p � wHo c��sgvr &�$�$ -
*�i kva��:r & $ ! !
* ��jxwUk��
c#a]d " c�jlkvaDr�&�$ !3 * � � m � c#a8d " � z |�c#aDr�&�$�$  * + c � z a wHo~c��sgvr/�#�#� �� �� z j � z�z jqd]kva]c�oqk z a c#a]d
ulw � � jlkno�� m z �vk � �huxmLw � k�� � c�oqk z a���c#kva8w4dhm z m � �Tc�jqkno���� z j>oqp_wUknj c�}:k��vkno���o z uxmLw � k����hm z �vk � knwUu �)knolp �
z�� o��_a z �!kva��holp8wbkvd8w4a�olknoqknw4u z � oqp_w � uxwHjqu��!p z �!k����8m6c�jxoqk � knm6c�oxw)c�o j � a oqkv| w g>`�j z �nw!d8w��:a8w4u
c ulwHo z � m]jqknt_k��nw��{w4u z j c ��� w4ulu��sjlk�� p�oluUg � a � z a�oxj c#uxoUr c � ulwHj �{j z�� mNkvu�d8w��:a_wUd�o z c � �{jxw���c�olw
c ulwHo z � � ulwHjlu � z j!wUc#uxw z �Mm z �vk � � uxmLw � k�� � c�oqk z a % p z � wHt{wHjUr_oqp8w~kvd_wUa oqknoqknw4u z �Moqp8w � uxwHjqubc�jlw
� u � c������ �_a z �)a }6w�� z jlw oqp8w �{j z�� m:kva��6g ` obc#a
�9olkv| w r]c � uxwHj)p]c#ubc����Boqp8w m]jlknt_k��nw��{w4u d8wHjqknt{w4d
�Cj z | p]kvu���p8wHj | w4|~}LwHjqulp]knm:u(kva d]k��LwHjlw4a�o(j z �nwUu4g�� a � z a�oxj c#uxoUr9c m]jlkv|�c�j�� c�d8t�c#a�o c �{w z �Dj z �nw
}6c#uxw4dR| z d8w��vu&kvu olp:c�o~jlw��Tc�olk z a]u z j � z a]uxolj c�kva�oqu � c�a$}Lw ulm6w � k��]w4dRc#| z a ��j z �nw4u4rMu z oqp:c�o
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Users

Resources

LEGEND

Collaboration Designer

1. Design of collaboration specifications

2. Store specifications

Repository of specifications

3. Realization of collaboration environments

Collaboration Execution Environment

Collaboration Execution Environment

�Mk�� � jlw &{g(-8g � k��Cw(� � � � �nw z �Md8w � wUa olj c �vk��4w4d � z ���Tc�} z j c�olk z a u �9uloxw4| u
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z a ��� u � }:uxwHoqu z � oqp8w j z �nw4u&c#ululk�� a8w4d$o z c � uxwHj � c�a$}Lw c � olknt#c�olw4dPc�oZc#a��9oqkv| w g � aPw	�8kvuxo��
kva�� �vknoxwHj c�o � jlw rLc�j z �nw~jxw4m8jlw4uxwUa oqu�c uxwHo z � m]jqknt_k��nw��{w4u4r6ulm6w � k�� � oqc#u�� � z | mLwHolw4a � � r uxmLw � k�� �
d � o��&c�uqulk�� a8| w4a�oUr�c � oqp z jlk��Uc�oqk z a;r�jlw4uxm z a8uqkn}]k��vknoqknw4u4r�c#a8d � c�m6c�}:k��vknoqknw4u � " c#a8d]p � wHo c��sgvr�&�$ $�-
*
+ c��vd)�!kvaDr &�$ $#�
 g
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� ����� � 	
i p_w � z c�� z � z�� j jlw4uxw2c�j � p kvu o z jxw2c �vk��4w d]kvuxoljlkn} � olw4d � "
��� u��_uxolw4| u �Cj z | olp8w4knj p8k�� p

�nw4t#w �Bulm6w � k�� � c�olk z a]u4g i p8w m]jlkv|�c�j � � z a�oljlkn} � olk z a z �/oqp8kvu)d8kvuquxwHjloqc�oqk z a kvu!o � z � z �vdDg
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��� � �D�	� � 9 �CB 1 ���G	 1 � � ��� 1 B � �G
 021 �3�4
5�6�87 � � � @ � �C
 ��� � �'����� � � �CBD���3� 1 	
`�u m6c�jxo z �Loqp8kvu d]kvululwHjxo c�olk z aDr{c�j z �nw }6c�ulw4d | z d8w��_o z uxmLw � k����~uxw � � jlkno��&c#a8d � z9z jqd8kva:c�oqk z a

m z �vk � knw4u~kvaPd]kvuxoxjqkn} � oxw4d � z ���Tc�} z jqc�oqk z a u �9uloxw4| u~kvu&d_w4t#w � z mLw4dDg�i p_w | z d8w�� kvu~d8wHt{w�� z mLw4d
}6c#uxw4d z a � a]k�� � w � z a olw	�_o uxw4a]ulknoqknt{w ulw � � jlkno�� jlw�� � knjxw4| w4a�oqu�oqp:c�o c�jxw m]jlw4uxw4a�ohkva � � jljxwUa o
d]kvuxoljqkn} � olw4d � z ���Tc�} z j c�olk z a�u �9uloxw4| u4g i p8wNj z �nwN| z d8w���d8wHt{w�� z mLw4d � c � k��vkno c�oxwUu uxmLw � k�� � c��
oqk z a z �bc#d]| kva8kvuloxj c�olknt{w �nwHt{w��(uxw � � jqkno � jlw�� � knjlw4| w4a�oqu~kvaRuxmLw � k����_kva��
uxw � � jqkno � m z �vk � knw4u � z j
d]kvuxoljqkn} � olw4d � z ���Tc�} z j c�olk z a�u��_uxolw4| u4g�i p8w�d8w�� � knw4a � knw4u kva'w	�8kvuxolkva��$j z �nwf}6c#uxw4d�uxw � � jlkno��
| z d8w��vu)c�jlwhd8kvu � � uluxw4d kva � p:c�m]oxw4j -

��� � � /N� � 1 
 ��
 � �E����� � ��� @ �CBDB��E�F�G
��E����� � 0	�F1 �3��
 � �'����� � 	
i p_w�m z �vk � ��uxmLw � k�� � c�oqk z a | wHoqp z d z � z � � kva � � � d_wUu d8wHt{w�� z m]| w4a�o z �>c t{wHjqk�� � c�oqk z a | z d_w �

o z w4a]u � jxw&oqp:c�o�oqp_wZuxmLw � k�� � c�olk z a u c�oqkvu��]w4u�uxw � � jqkno � jlw�� � knjlw4| w4a�oqu � � � a�oxwHj�wHo�c��sgvrL�#�{�{�
 g
i p8w � z � � u z � oqp8w&t#w4jlk�� � c�oqk z a m]j z � w4ulu�kvu z aNc |Zw4olp z d z � z � � � z j�uxw � � jqkno�� m z �vk � � uxmLw � k��)�
� c�oqk z a o z w4a]u � jlwboqp:c�o uxw4a]ulknoqknt#w�uxw � � jqkno �Zjlw�� � knjxwU|ZwUa oqu � c�a]a z o(}Lw�t_k z �Tc�olw4d }
� � a�oxj � uxoxwUd
m6c�jlolk � knm6c#a�olu kvaPd]kvuxoljlkn} � olw4d$|�c#a]c �{w4| w4a�o z � � z ���Tc�} z j c�oqk z a u��_uxolw4| u4gfi p8w z }'& w � oqknt{w z �
oqp8w t{wHjlk�� � c�oqk z a m]j z � w4ulubkvu)o z w4a]u � jxw oqp:c�o!oqp8w~uxmLw � k��]w4d � z a]uxoxj c#kva�olu)d z a z o)t_k z �Tc�oxw~c�a
�
d8w4uqknjxw4d � z9z jqd8kva:c�oqk z a c#a]d ulw � � jlkno�� m8j z mLwHjxoqknw4u4r8u � � pfc#u!%

	 �buxwHj)kva�oxwHj c � oqk z a]u � z ��� z � � z�z jqd]kva]c�oqk z a c#a]d o c#u��,��� z �Vjxw�� � knjlw4| w4a�olu!*
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	 e z �nwUu d z a z o!p:cUt{w � z a)�:k � oqkva�� z j!kva � z a]ulkvuxolw4a�o � z a]uxoljqc#kva�olu *

	 � z a �:d8w4a�oqkTc �;kva�� z jl|�c�oqk z a � c�a]a z o � z �Vo z � a:c � olp z jlk��4w4d � uxwHjqu!*

	 ` � olp z jlk��4w4d kva � z jq|�c�oqk z a � c#a }Lw~c ��� w4uluxwUd *

	 `�a
� olw4| m z jqc�� z j � z a]d]knolk z a:c�� � z a]uxoljqc#kva�olu z afc ��� w4uqulkva�� z }'& w � olu � c�a }Lw uqc�olkvu �8wUd *

	 y)z jlk�� p�olu � c�a }Lw �nwUc+�{w4d o z � a:c � oqp z jlk��HwUd � uxw4jlu4g

� a z � j t#w4jlk�� � c�oqk z aZc�m]m]j z c � pDr#u z | w z �6oqp8w d]kvuxoljlkn} � olw4dZulw � � jlkno�� d z |�c#kva8u � c#a&}Lw � a]d8wHj
oqp8w � z a�oxj z � z �Dc#d]| kva8kvuloxj c�o z jqu��!p z |�c � a z o(}Lwboxj � uxoxwUd;g i p8wb}Lw4p:cUt_k z j z �;olp8w � a�oxj � uxoxwUd
c#d]| kva]kvuxoxj c�o z jqu&kvuZ| z d8w��nw4dPo z t#w4jlk����$uxw � � jlkno�� m]j z mLwHjlolknw4uUg i p8w u z � � oqk z aPm]j z m z uxw4d � z j
c#d]| kva]kvuxoxj c�olknt{w m z �vk � � uxmLw � k�� � c�oqk z a kvu }6c#uxw4d z a oqp8w � c � o oqp]c�o)kva d8kvuloxjqkn} � olw4d � z ���Tc�} z jqc��
oqk z a w4a�t9knj z a]|ZwUa oqu4r_chm6c�jlolk � knm6c�oqkva � � uxwHj |�c � a z o }Lw�oxj � uxoxwUd kva jlw���c�jld o z | c#a:c �{w4| w4a�o
z � c����>oqp8w c�ulm6w � olu z � c � z ���Tc�} z jqc�oqk z a *Dp z �(wHt{wHjUr;olp8w�uqc#| w m6c�jloqk � knm6c�a�o | c ��}Lw oxj � uxoxwUd
o z |�c�a:c �{w u z | w uxmLw � k�� � c#uxmLw � oqu z j~w4a�olknoqknw4u z �)c � z ���Tc�} z j c�oqk z aDg � a z � j~uxmLw � k�� � c�oqk z a
| wHoqp z d z � z � � rBoqp_w m8j z }��nw4| kvu jxw��Tc�olw4d
o z kvd8w4a�olk����_kva�� olp8w j z �nw4u�olp:c�o � c#a8a z o }6w oxj � uxoxwUd
o z wUa � z j � w�m z �vk � knw4u(jxw �Tc�olw4d o z uxmLw � k�� � � z a � wHjqa]u z �/c&uxmLw � k�� � c�olk z a c#a]d d8wHolwHjl| kva]kva�� � ��� �
c#uluqk��{a]| w4a�oqu z � c#d8| kva]kvuxoljqc�oqknt{w�j z �nw4u4g

i p_w c�m]m]j z c � p oqc+�{w4ahkva oqp8w olp8w4ulkvuUr2kvuDo z | z d8w���c#d8| kva]kvuxoljqc�oqknt{w j z �nwUu4r �!p]k � p c�jxw oxj � uxoxwUd
wUa oqknoqknw4u o z | c#a:c �{w d]k�� wHjxwUa o � z ���Tc�} z j c�oqk z aPc#uxmLw � oqu z j&w4a�olknoqknw4u4r u � � p%c#u~j z �nw r z }'& w � oqu4r
c#a]d�c � olknt_kno��P|�c�a:c �{w4| w4a�o4g � z � wHt{wHjUr | z d8w��vkva�� z ��u � � p"olj � uxolw4d�w4a�olknoqknw4u p:c#u ulwHt{wHjqc��
� p]c����nw4a��{w4u!%

&{g �>kva]d�m6c�jxoqk � knm6c#a�olu �)p z c�jlw~olj � uloxw4d�o z }Lw c#ululk�� a8w4d�kvaNc#aNc#d8| kva]kvuxoljqc�oqknt{whj z �nw � z j
uxmLw � k�� � | c#a:c �{w4| w4a�o c#uxmLw � o4g

�8g � p:c�a��{w oqp8w c#d8| kva]kvuxoljqc�oqknt{w j z �nw�r�c#u � z ���Tc�} z j c�oqk z ahm]j z �{jxwUuluxw4u c#a8d&olp8w j z �nw kva]knoqkTc������
olj � uxolw4d � c#a]a z o!}Lw olj � uxolw4dfc#a�� � z a��{wHj � z j!uxmLw � k�� � |�c#a:c �#wU|ZwUa o!c#uxmLw � oUg
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Analysis and Verification Tools
1. Consistency of coordination and security constraints
2. Coordination dependency analysis
3. Security vs ownership conflicts

Specification of Collaboration Environment

1. Object access control
2. Event subscription and notification
3. Role management policies
4. Meta-policies: ownership, policy updates

1. Generic managers & secure interaction protocols

3. Integration of policy objects with generic managers

Derivation of Policy Templates

Middleware

2. Runtime creation of activity specific policy objects
from policy templates

Design Tools

Execution Environment

�Mk�� � jlw &{g  9g " oxw4m]u)kva } � k��vd]kva�� c d]kvuxoljlkn} � oxwUd � z ���Tc�} z j c�olk z a
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Task based security policies

Well formed transactions

Workflow

Unobtrusive coordination

Short−term credentials

Fine−grain access control

Anonymous service

Privacy agreement

Usage control

Chinese Wall security policies

Seperation−of−duties

Privacy in presence awareness

CSCW

Contex−sensitive access control
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�Mk�� � jlw �6g &#g `�a c � oqknt_kno ��olw4| m��Tc�oxwhc#a]dfc#afc � olknt_kno�� kva]uxoqc#a � w z �>oqp_whoxw4| m��Tc�oxw

| z d8w�� � z j�c#d]| kva]kvuxolj c�oqknt{w jlw�� � knjlw4| w4a�oqu)kva � z ���Tc�} z j c�oqk z a w4a�t9knj z a]|ZwUa oqu)kvu)m]jlw4uxw4a�olw4d kva
" w � olk z a �6g(�8g � a " w � oqk z a �6g(-8r8olp8w � z a � wHm]oqu z �Muxw � � jqkno � d z |�c#kva;r8m]j z olw � oqk z a d z |�c#kvaDr]c#a]d
olj � ulo!d z |�c�kvafc�jlwhd_w��]a8w4dDg

� �D�	� ������� � � �87�� 1<= � B��'� 1
� a z�� j � z ���Tc�} z jqc�oqk z a�| z d8w��sr_c#a c � oqknt9kno�� d_w��]a8w4u p z ��c �{j z�� m z � � uxw4jlu � z9z mLwHjqc�olw4u(o z �

� c�jld�u z | w � z | | z a z }E& w � oqknt#wUu }
� � z a]d � � oqkva��holp8w4knj kva]d8knt_kvd � c��8o c�u��9u z a c uxw4o z �;ulp:c�jlw4d
z }E& w � oqu4g � aRc#aRc � olknt_kno�� r � uxwHjqu&c�jlw�jlwHm]jxwUuxw4a�oxwUd }
�Nolp8w4knj j z �nw4u4rMc#a8d$j z �nw4u~c�jxw c#ululk�� a8w4d
m]jqknt_k��nw��{w4u o z m6w4j�� z jq| � wHjloqc#kva oqc#u��_u4g
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| � �noqknm �nw z j���c#a]k��Uc�olk z a]u4g "��8kvuxolkva�� j z �nw4u~c#a8dPa8w#� j z �nw4uhm6c�jloqk � knm6c�olw�kva$olp8w4uxw c � oqknt9knoqknw4u4g
` �Tc�j �{w � z ���Tc�} z jqc�oqknt{w wUa t_knj z a8| w4a�o~|�c � u z | wHoqkv|ZwUu a_w4w4d$o z }6w uxolj � � o � jlw4dPp]knwHj c�j � p]k$�
� c ������g ` � z ���Tc�} z jqc�oqk z a�uxmLw � k�� � c�oqk z a�a_w4w4d]u o z u � m8m z jlo d8w � z | m z ulknolk z a z �ho c#u��_u kva�o z
c � oqknt_knolknwUu���u � } � c � oqknt_knolknwUu c#a]d m��Tc#a]a8kva��Zp z � u � � p c � olknt_knoqknw4u � c�a }Lw�mLwHj � z jl| w4dDg ` � oqknt_kno �
d8w � z | m z ulknoqk z afc#a]d m��Tc�a]a]kva�� c�jlw2�)kvd8w���� � uxw4dfkva � z ���Tc�} z jqc�oqk z a u��_uxolw4| u4r:uxmLw � k�� � c������ kva
� z j���� z �Vw4a�t_knj z a]| w4a�olu�� � z ���vkva�� u�� z jloqp;r8�#�{���  g
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��9r z � olp8w
olw4| m��Tc�oxw �����������~kvu&m]jlw4uxw4a�olw4dDg$i p8w � ��
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�����
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	 � �����Zg � a c#aNw��8c#| kva:c�olk z aNc � oqknt9kno�� rBolp8wHjlw � c�aN}Lw�|�c�a
�
w��8c#| � uxw4uqulk z a c � oqknt_knolknw4uUg
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����� 	 �!c � olknt_kno�� r{c#a]d�c#a z�� oxwHj c � oqknt_kno �&kva]uxo c�a � w)kvu � c����nw4d c � ��� � 
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�� c � oqknt_kno �~kva]uxo c#a � w!kvu c � p]k��vd;r c#a]d oqp8w z�� oxwHj
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���c � oqknt9kno�� kva]uxo c#a � w&kvu�olp8w&m6c�jlw4a�o4g i p8wHjlw � c�a�}Lw | c#a
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}6c#uxw4d z aNolp8w uqc#| w a8w4uxolw4d c � oqknt9kno�� oxwU|Zm��Tc�olw/*;p z � wHt{wHjUr olp8wHjlw � c#a
}Lw z a ��� z a8wZm6c�jxwUa o
c � oqknt_kno � kva]uxo c#a � w�� z j)c � p]k��vdDg

� � /N� 9 �CB 1
� a z�� j | z d8w��sr{c�j z �nw!d_w��]a8w4u c uxwHo z � � � � � ��
�����
 � g/`bu m6c�jlo z �Bc#a z mLwHjqc�oqk z a�� � � � � ��� ����
 �

c�jlw �{jqc#a�oxwUd&o z mLwHj � z jl| oqp_w j z �nw uxmLw � k�� � o c�u��9u `�j z �nw z mLwHj c�oqk z aZp:c�u c�m8jlw � z a]d]knolk z a&oqp:c�o
| � uxo!}Lwhuqc�olkvu �8wUd0�!p8w4a c#a z mLwHj c�olk z a kvu!kva�t z �{w4dDg

e z �nw4ubc�jlw~d_w��]a8w4d�kvafolp8w � z a�oxw	�_o z � c�a
c � olknt_kno�� g %b}E& w � oqu � c#a }Lw~m6c�uquxw4d kva�o z a_wUuxoxwUd
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User Join Parameter Objects

Legend: Static Role Assignment(Role Reflection) Dynamic Role Assignment
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Users’ runtime context
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§ �\��rQ|\� i �4365����U| « i }5��l&r�¬z�k­W9\�9vw��r�l&m j r = (87:9 i s�v���r�pXl&r:y"vwm3l�yA|\��mcª~|�rCl m3� vw��r�vwm3� j rC�3r j
¨;$
��E2-�C�y3p�v i � i v©u i |�swv�yA|*p�rQsQ��«�m3l�y"|9u�|�rQs&vwrQ�=<,>�? 7@? A-?�# ? $+A i |�swv�yA|*p�rQsQ�Rv���r � A"-A#\E#���B#%$+E�lwm j r
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LEGEND: Activity Template Object TypeRole

ExamSession

Owner = Creator = Candidate

BulletinBoard
Instructor

Course

Examintaion

Outside Domain
Owner Adm2

Examiner Grader

Checker Candidate

ExamineeApprover

StudentAssistant Instructor

after Submit: Owner Checker
AnswerBook

Instructor

Owner = Creator = Examinee

Owner = Creator = Adm1

Owner =

ExamPaper
Instructor
Owner = Creator = Owner = Creator =

« i }3��lwr?¬z�k­W9\� h v�ycv i p�y"s�s i }5|�x�rQ|9v mA�¶mcª~|�rCl�s i |�y"|�y3p�v i � i v u�vwrQx�� j ycvwr�� i rCl�ycl�p��9u
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i | pXm jkj y"��m3l�y"v i m5|ns&u�s&vwrQx{s�x�yQu�|�m3v���r�s&v�y"v i p3�\v��*y"v i sQ�*v���r-mcª~|�rCl i | i v i y jkj u�v&l��\s&v&r:�
�$m3l�y s&��r:p i�� pqvwlw�\s&v{p j y"s�sQ��x�y:ug|�m3v���r�vwlw�\s&vwrQ�0v&m rQ|��$m3l�p�r�sw�zr7p i�� pq�zm jki p i r:s�yAs�y
p�m jkj y"��m3l�y"v i m3| y3p�v i � i v u �\l&m3}3lwrQsws&rQs:� �U| sw�*p��gpCyAs&rQsQ� v���r{mcª�|�rQl?�$m3l�vw��r{rQ|9v i v©u x�y:u
|�rCrQ��vwm{�zr-p��*y"|�}3rQ�n�\��l i |�}{vw��r pXm jkj y"��m3l�y"v i m5| �
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« i }3��lwr?¬z�k­ � ����l��\s&v~��m5x�y i | �$m3l rQ|��$mAl�p i |�}�l&m j r�x�rQx-��rClws�� i �n�zm jki p i r:s

h r:pX��l i v u ��m5x�y i | i s�y"| m3l&}9yA| i�� y"v i m5|*y j p�m5|\pXrC�\v�v��*y"v�rX� i s&v�s��zrQ�$mAlwr�y pXm jkj y"��m3l�y"v i m5| i s
��rQs i }3|�rQ�`� ��lwm3v&r7p�v i m5| ��m5x�y i | lwrC�\l&rQswrQ|9vws?vw��r�rX��r:pX��v i m3| rQ|9� i l&m5|\x�rQ|9v i | ��r:p�rQ|9vwl�y jki�� rQ�
x�yA|*y"}Ar:x¸r:|5v m3�¶y�p�m jkj y"��m3l�y"v i m3|`�
����rQswr?pXm3|*p�rQ��v�s�l&rT�9� i lwr?p�m5|\s i ��rCl�ycv i m5|�ª���r:|�y"s�s&m�p i y"v .
i |�} v&l��\s&v�p j yAsws&rQs�ª i v�� �zy"lwv i p i �zyA|9vws�mA��v���r�mcª�|�rQl�l&m j rQs:� 3�r � | i |�}�vwl���swv���m3x�y i |\s i s�vw��r
lwrQs&��m5|\s i � ikjki v unm3��vw��r{p�m jkj y"��m3l�y"v i m3| ��r:s i }5|�rQlQ�t� ��r���rQs i }3|�rCl�pCyA| �3rCl i �$u y p�m jkj y"�zm3l�y"v i m5|
sw�zr7p i�� pCy"v i m5| �*yAs&r:��m5|�� i�� rClwrQ|9v vwlw�\s&v�yAsws i }5|\x¸r:|5v�sQ�

�U|�m5��l rX�\yAx¸� j r5� i |�v���r�swr:pX��l i v©u{��m5x�y i |{ª i v���mcª�|�rQlwsw� i ��� i rCl�y"l�p��9u��\|���rCl��
	���
9�5rQ|9v i .
v i rQs¶vwl���swv
vw��r i l
mcª~|�rCl¶lwm j rQs¶�$m3l¶�\l&m3��rCl
r:|��$m3l�p�rQx�rQ|9v¶m3�*l&m j r�x�rQx-�zrQlwsw� i ��lwr j y"v&rQ�-�zm jki p i r:sQ�
��mcª rQ�ArQlQ��vw��rClwr i s-ynx���vw�*y j � i swv&l��\s&vt��rCv©ª rQrQ| ��� 7:9 yA|\� ��� 7 � l&m j rqx¸r:x ��rCl�s�m3��vw��r
v©ª�mnswr:pX��l i v©u ��m5x�y i |\sQ�{«\m3l��3rCl i�� pCy"v i m5| �*��l&��m5s&r5��vw��r{rQ|9v i v i rQs��\|\��rQl�v���r ��� 7:9 mcª~|�rCl
� i rCl�y"l�p��5un�$mAl�x{s�y�v&l��\s&v���m5x{y i |��$m3l�rQ|��$m3l�p�rQx�rQ|9v�m3��lwm j r-x�rQx-��rCl�sw� i � lwr j y"v&rQ� �zm jki p i r:sQ�
yAs~s���mcª�| i |�« i }5��l&r�¬z��­ � ����|\��rCl~v���r s�yAx¸rtm7ª�|�rCl�sw� i �n� i rCl�y"l�p��9u�m3� ��� 7�9 ���zy"l&v i p i �zyA|5v�s
m3�~vw��r���# �	��C8A #�lwm j r�yclwr |�mAv�v&l��\s&v&r:� �9u m3v���rClws-vwm rQ|��$m3l�p�r yA|9u¦m3���©r:pXv¸y3pCp�rQsws-�zm jki p i r:sQ�
�U|0« i }5��lwr ¬z��­����¶ynvwlw�\s&v-��m5x�y i | i st�\lwrQs&rQ|9vwrQ� v��*ycv rX�\p j �\��rQstvw��rqrQ|9v i v i rQstvw�*y"v-pCyA| ��r
x�yA|*y"}Ar:���Ru-v���r �zy"l&v i p i �zyA|9vws�mA��v���r���# �	��C8A #Rlwm j r5� h �*p���y"s�s i }5|�x�rQ|9v�m3��vwlw�\s&v���m5x�y i |��$mAl
r:|5v i v i rQs yclwr?��v ikjki�� rQ�qvwm¸�ArQl i �$uqs&r:pX��l i v u���lwm3��rCl&v i rQs�ª~��rQ|ny jkj vw��r��\s&rCl�s i |�y¸p�m jkj y"�zm3l�y"v i m5|
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« i }3��lwr?¬z�k­ ������l��\s&v~��m5x�y i | �$m3l rQ|��$mAl�p i |�}�mA�"�©r:p�v�yApQp�rQsws ��m jki p i rQs

pQy"|\|�m3v��zr vwl���swv&rQ�nvwm�rQ|��$m3l�pXrts&��r:p i�� p?��m jki p�u5��� � i s #\E���-A# ��$ 7 ? ? A�p�m5|*p�rC�\v i s���v ikjki�� rQ� i |
m5��l~�ArQl i�� pCy"v i m3| x�rCv���m���m j m3}3u��\lwrQs&rQ|9vwrQ� i | v���r |�rC�Rv 1��\y"�\vwrClQ�

Q ¯ � ¯q° ODM H"��O���� � ��� ) ³ � M\M H��;� ��H�� 
�� � �	� M�
���
�� K O���
����
H�� 
�� �	� H ��
 �)H�
JO�µ

��y"l i m5�\s�s&��r:p i�� pCy"v i m5| vwr:p��\| i �9��rQs yclwr��\s&rQ�¦vwm�s&��r:p i �$u�1 h 1�	 vwmRm j s?�$m3l��"y"l i m5�\s?�*��l .
��m5s&rQs�
`vwm��$m3lwx�y jki�� r�yA|��-lwr:yAs&m5|-y"��m5��v¶v���r�s&u�s&vwrQx{sQ�7vwm��\lwrC�3rQ|9v
��r7y"� j m�p0/�s
yAx�m3|�}?pXm9m3l�� i .
|*y"v i |�}¸�\s&rCl�sQ�Rv&m{yA��vwm5x�ycv i pCy jkj u�lwr:y jki�� r�v���r���rQs i l&rQ� s&u�s&vwrQx���y"|\��v&m¸rQ|��$mAl�p�rQx�rQ|9v �"y"l i m5��s
��m jki p i rQs:�

«\mAl�x�y j 3�rQs�p�l i �\v i m5| ��r:p��\| i �9��rQs / « 3�� s.5 /���y i yA|\��� i l�y3p�� i rC�$�zy"vwv�yA|*y\�`­ ���3! 5��*r5� }z���zrX�D.
vwrQ|\��rQ� � | i vwr s&v�y"vwr x�y3p�� i |�r �*yAs&r:�´·�swv&r jkj r yA|\� h 3�����v&rQx���m3l�y j�j m3} i p��zyAs&rQ� x�mR��r j s:�
�\lwm�p�rQswsny j }ArQ��l�y �*yAs&r:��� ��� � h rCv�pA� y"l&r ª i ��r j u /�|�mcª~| �$m3l ��lwm3v&m�p�m j �3rCl i�� pQycv i m5|�m3�
� i s&vwl i �\��vwrQ�¦yA|\�¦|�rQv ª�m3l /3rQ� s&u�s&vwrQx�� § j vw��m5��}3� vw��rQs&rq« 3�� sty jkj mcª�l&r7y"swm3| i |�}�y"|\� �3rCl i .
� pCy"v i m5| � vw��rCu y"lwr��*y"l�� v&m���|\��rCl�s&v�y"|\�`� yA|\� « 3?� �zyAs&rQ� sw�zr7p i�� pCy"v i m5|\s�y"l&r�ª~l i vwvwrQ| �$mAl
swuRswv&rQx j rC�3r j r:|5v i v i rQsQ��s��\p��gyAs ��lwm�p�rQswswrQsQ������rQs&r « 3?��s�y"l&rq|�m3v�p�m5|9�Ar:| i r:|5vtv&m s&��r:p i �$u
�\s&rQl j rQ�Ar j pXm jkj y"��m3l�y"v i m5|¦��m jki p i rQsQ� h ��r:p i�� pQycv i m5| m3��y sw�*y"l&rQ�0��l�y:ª i |�} v&mRm j 	 r . R rCv i |
� ��� � h�i s �\lwrQs&rQ|9vwrQ� i |�/ 	 rW/3rCl�s~yA|\� h �\l i |�/��R� i�� rQ|�.��?��uR��rClQ�`­ ��� 9 5�������r-yA��vw��m3lws�x�rQ|�.
v i m5|�rQ�-v��*ycv�� ��� � h s&��r:p i�� pQycv i m5|\s
y"lwr��*y"l��-vwm?��rC�3r j m3��y"|\� i |9vwrCl&�\lwrCv:��� ��� � h lwr��R� i l&rQs
rC�R� jki p i v�s&��r:p i�� pQycv i m5|�m3�Jp�m5x{x���| i pCy"v i |�}?pXm3x���m5|�rQ|9vwsQ�5yA|\�{x�y i | j u-�\s&rQs�s&u�|*p���l&m5| i�� y"v i m3|
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m3��rCl�y"v&m3l�s�vwmqyQ�3m i � ��r:yA� j m�p6/qm3l mAv���rCl���| i |9vwrQ|\��r:��s i vw�*y"v i m5|\sQ�

��lwr jkjki s@/(«*��lw��v�y yA|�� h vwm3v&v�sQ�
­ ��� ¬ 5 i s?y p�m j mAlwrQ� v i x¸r:� |�rCv / 1��	� 5��zrC�RvwrQ|\��rQ� �$m3lwx m3�
�¶rCvwl i �~rQvQ���*yAs&r:�np�m jkj y"�zm3l�y"v i m5| p�mRm3lw� i |*y"v i m5| s&��r:p i�� pCy"v i m5|��(yAp ikjki v u5�9ª~� i p����\s&rQs�y¸x�m���r j
p���r7p0/ i |�} s&u�s&v&r:x¤�$m3l��3rCl i�� pCy"v i m5| � §�
 mRm3l p�m5|5vwlwm j p�mRm3lw� i |*y"v i m5|¸ª i v��{�9uR��rCl .avwrX��v p�m5x¸��m�.
s i v i m5| i s��\l&rQswrQ|9v&rQ�t�zyAs&rQ� m5|-��l&r jkjki sQ���av
y3p�� i rC�3rQs�s&r j r:p�v i �3r�� i s&� j y:u�m3��rQ�Ar:|5v�s / r5� }*���*��vwvwm3|\s
yAswswm�p i ycvwrQ��ª i vw�qy?vwl�yA|\s�y3p�v i m3|�5¶�\s i |�}-y"vwv&l i �*��v&rc�7�"y j ��r �zy i l yAsws&m�p i y"v&r:�¸ª i v�� 1��	�:� s�rQ|9v i .
v i rQsQ�Rs��\p���yAs � j y3p�r5�9v&l�yA|\s�y3p�v i m5|`�Ry"l�pA�9m3l v���r�ª���m j r 1��	�-� 	 m3l /{�\lwrQs&rQ|9vwrQ� i |�v�� i s v���r:s i s
i |�|�m3v jki x i v&r:� vwm 
 mRmAl�p�m5|9v&lwm j p�mRmAl�� i |*ycv i m5|¸yA|\��v���r~s&r:pX��l i v u ��m jki p i rQs
�ArQl i�� rQ��v�y+/3rQs i |9vwm
y3pCpXm3�\|9v vwlw�\s&v i swsw��rQs�yAx¸m5|�}�p�m jkj y"��m3l�y"v i |�}��\s&rCl�sQ�

� � h
� /���y"v�y jki r h � ��j yA|*p�rny"|\� ��y"l&rQs�p�� i � ­ ����� 5 i s{y l�� j r �zyAs&rQ��}Al�yAx{x{y"l��$m3l¸�\l&m�.
pXrQsws&rQs:�Jª�� i p��¦��swrQstp�m5|\s&vwl�y i |9vws�vwmnrX���\l&rQs�s���rC��rQ|\��r:|\p i rQstyAx�m3|�}�lwr j y"vwrQ�¦y3p�v i � i v i rQs?yA|\�
��m�pX�\x�rQ|9vws:� ��| jki /3r�mAv���rCl��\l&m�p�r:sws{}3l�yAx�x�y"l�sQ� � � h
� i s{��m3vw� y3p�v i � i v u�.am3l i r:|5vwrQ�`� yA|\�
��m�pX�\x�rQ|9v .am3l i rQ|9v&r:��yA|���vw��rCuqy"lwr��\�\y j s m3�`r:y3p��qm3v���rQlQ�;1 m3|9vwl�yAs&v�vwm-m3v���rCl ª�m3l / 
 mcª´s&u�s .
vwrQx�� i v?vwl i }3}3rCl�s�v�yAs /�s?�zy"swrQ� m3|¦��m�pX�\x�rQ|9v�s&v�y"v&r:sQ� h rC�3rCl�y j � i rCª�s�m3� v���r�s�yAx¸r��\l&m�p�r:sws
pQy"|���r s&rCrQ|`���$mAl rC��yAx�� j rty�v�y"s /q� i rCª �\y�v i x¸r�� i rCª �Rm3l�y¸lwm j r?� i rCª �

§ R � � � / 3�yA| i r j s&m5| yA|\� ��y"| /3m
/3r .  �yc�zy"v � �`­ �3!3! 5 y3p�v i � i v©u�x�m���r j �(y3p ikjki v�ycvwrQs~�\l&r:��r � .
| i v i m5|qm3��}3rQ|�rCl i p�p�m5x{x-�\| i pCy"v i m3|q��lwm�p�rQsws���rQs�pXl i �\v i m3|`�Rv&rQlwx�rQ� ���B# ?���? #('A�
«\m3lwx�y j s&u�|9v�yc�
m3� § p�v i � i v©u i |*p j �\� i |�} i vws�p�m5x���m5|�r:|5v�sQ� sw�*p�� yAs�lwm j rQsQ�Jx�rQsws�y"}3r�m3���©r7p�vws:��� �\|*p�v i m5|�s:� yA|\�
l�� j rQs�yclwr~��lwrQs&r:|5vwrQ� (5��mcª rQ�ArQlQ�"v���r�x¸m���r j\i s�|�m3v�vwrQs&vwrQ�¸ª i vw��y"|9u-�\lwm3v&m3v©u9��r i x�� j r:x¸r:|5v�yY.
v i m5|`������r��\l i x�yclwuq}3m9y j m3��v�� i s~x�mR��r j`i s vwm�rC�R�\lwrQsws v���rt}Alwm5����pXm3x{x��\| i pCy"v i m5|��\l&m�p�r:sws
�$m3l�p�mRm3l�� i |*y"v i m3|`�

1 � h R � h /�3�m jkjki x¸m3lwr yA|\� 	 ikj �*��l:��­ �3!�� 5�sw���\��m3l&v�s�pXm3| � }5��l�y"� j r�yAs&u�|\p���lwm5|�m3�\s�}3lwm3���
i |9vwrCl�yApXv i m5|\styA|\�¦�\lwm7� i ��rQs yns�p�l i �\v j y"|�}5�*y"}Ar{ª i v��gp�m5|*pX��l&lwrQ|*p�u¦p�m5|\s&vwlw�*p�v�sQ�  �y"swrQ�¦m5|
v�yAs /�yA|*y j u�s i sQ�\y�s&rCv~mA�
s�p�l i �\v�s vwrClwx�rQ��y3p�v i � i v u i s~��r � |�rQ�`� ��m7ª�rC�3rCl:��lw�\|9v i x�rtx�m�� i�� pCyY.
v i m5|nm3�
v���rQs&r-s�p�l i ��v�s�yA|\��ª~l&m5|�}q��rQs i }5| pCyA|�l&rQs�� j v i | ��r:yA� j m�p0/�sQ� § ��l i x�y"l&u�� i�� rQl&rQ|*p�r
��rCv©ª�rCrQ|¸vw��rQs&r~lwrQs&r:y"l�p���yA|���vw��r~l&rQswr:y"l�p����\lwrQs&rQ|9vwrQ� i |¸vw� i s�v���rQs i s i s�v��\y"v�ª r~�*y:�3r~��rQ�Ar j .
m3��rQ� y�l&m j r?�zyAs&rQ�ns&r:pC��l i v©uqx�m���r j vwm�rX���\l&r:sws~y¸ª i ��r�l�yA|�}3r?m3�¶swr:pX��l i v©uql&r��R� i lwrQx�rQ|9vws i |
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� i s&vwl i �\��vwrQ�{p�m jkj yc��m3l�ycv i m5|�s&u�s&v&r:x�s�ª���rClwr�p�m jkj yc��m3l�ycv i |�}?��swrClws�x�y:u�|�m3v�v&l��\s&v�r:y3p��¸mAv���rCl:�

�U|&/ � r j rClw|9vwrCl y"|\�41�y"l&l i rClwm*�\­ ��� ® 5��5s i }5| i�� pCyA|*p�r~m3�`p�mRm3lw� i |*y"v i m5| j yA|�}5�\y"}3r~m3�J�\� ikj � i |�}
yAs&u�|*p���lwm3|�m5�\s�rQ|\s&r:x � j rQs:� i � r5�k��y�p�m jkj r:pXv i m5| mA� yAs&u�|*p���l&m5|�m5��s y3p�v i � i v i rQs?v��\y"v pXm3x{x��\| i .
pQycvwr{y"l&r�� i s�pC��s�s&rQ�`� �avty"l&}5��rQs��$mAltp�mRm3lw� i |*y"v i m5| j yA|�}5�*yc}3rQs:��r9� }z��� � i |\�*y\�J�$m3l���m3lwv�y"� ikjki v u
yA|\�¦��rCvwrClwm3}Ar:|�r i v u5� R m5s&rQs:/ R i |\s /Ru yA|�� ��|�}3��lwr:yA|R� ��­ �g� � 5�yA�\��l&r:sws&rQs?v��*y"v � i |\�\y jki /3r
s��\y"lwrQ��.Us&�zy3p�rtpXm9m3l�� i |\y"v i m5| x�r:p��*yA| i swx{s���m�|�m{s�pCy j r?ª�r jkj ���av~��v ikjki�� rQs y{p�m5|9vwl&m jkj rCl i |9vwrCl .
��m5s&rQ�q��rCv©ª rQrQ|qy-p jki rQ|9v�yA|\��vw��r�|�rCv ª�m3l /J� R rQsws�y"}3rQs�v&m¸yA|��q�$l&m5x vw��r?p jki rQ|9v y"l&r�p���r7p0/3rQ�
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y"�\� jki pCy"v i m5|\sQ� �av-s&��r:p i�� r:s-p�mRm3l�� i |*y"v i m3|¦�zyAs&rQ�gm3| x¸r:x ��rCl�sw� i � p�m5|\� i v i m5|\stm3���\s&rQlws�� i |
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x�rCv�y�.Usw�zr7p i�� pCy"v i m5|\sQ�Rs&��r:p i�� pCy"v i m5|�s:��yA|�� i |�swv�yA|9v i y"v i m5|�s:�
����r
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x�rQ|9v�sQ���\s i |�}�v���r0¨;$ ��E2-�C�rX�\yAx�� j r5� ��yAs&v j u5��vw��r�s&r:pX��l i v u ��m5x�y i |`����lwm3v&r7p�v i m5| ��m5x�y i |`�
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��r:pXrQ|9v&l�y jki�� rQ��yA�\x i | i s&vwl�ycv i m5|�m3�
p�m jkj y"��mAl�y"v i m5| s&u�s&v&r:x�s:�



� � ��� ���	� 


�����
����� � �	����� �����������

�U|qv�� i s�p��*y"�\v&rQlQ�5ª�r���lwrQs&r:|5v�y x�rCv���m���m j m3}Au¸�$m3l �ArQl i�� pCy"v i m3|{m3� swr:pX��l i v©u¸��m jki p�u�s&��r:p i�� pCyY.
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�©m i | i |�} ¨���ª~� i p���pCyA|�|�m3v~�zr s�y"v i s � rQ�`�
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i s�yAswsw�\x�rQ��ª���rQ|�y x�rCv���mR�ql&rCv���lw|\s�yA|5u{�"y j ��r:sQ�Ry"|\� 7 E ? # C i s�yAswsw�\x�rQ��ª���rQ| y"|9u��"y j ��rQs
y"lwr��*yAswswrQ�{�\��l i |�}-x¸rQvw��m�� i |9�3m�pCy"v i m5|¸mAl�mA�"�©r:p�v p�lwr:y"v i m5|`� ��|�r�pCyA|qy j swm�l&r j u-m5|{rX��� jki p i v
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�B# ��l&rC�\lwrQs&rQ|9v�s�y�� i v i |nv���r �3rCl i�� pCy"v i m5|�x�m���r j �\ª~� i p��
s i }3| i�� rQs�vw�*y"v�vw��r�$ �$� C
�B#Jp�m5|9vwrQ|9v��*y"s��zyAsws&r:��vwm¸v���r@-�� �$� C
�B#JyA|�� C � C8A #�� C � C8A # � #(' � C �
��-�C8E �
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� ��r¸lwr��R� i l&r:x¸r:|5v i s?s&��r:p i�� r:� �Ru |�rC}9y"v i |�} v���r¸�(y3p�v?vw�*y"v�rC�3rQ|9v��*y jkj u �\s&rCl � /�|�mcª�s�vw��r
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' �U| m5��l i | i v i y j l���|`�
ª i vw� i | i v i y j yAsws i }5|\x¸r:|5v m3�~�\s&rCl�s � yA|\� �Lv&m ��# �	��C8A # ��¨�v&m
� -2- ? -A#�?+A # ��yA|\� ; yA|�� <�vwm � A"-A#\E��	�B#%$+E�y"|\� � � � E $ � C8E���y p�m5�\|9v&rQl .arX�\yAx�� j r�ª yAs
�$m5�\|\� � �U|�v���r vwl�y3p�r9� v���r�<�>�? 7 ? A�C8E j r7yY/3rQ��vw��r�<�>�? 7 #�? � C8E¸vwmgv���r rX�\yAx i |�rCrQs
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v��*ycv�s��\p��{yA|{y3p�v�ª�m5� j �¸|�m3v���r~��rClw�$mAl�x�rQ�¸�9u-v���r <�>�? 7 ? A�C8E��Aª r �\lwmc� i ��rQ�¸v���r~�(y3p�v
vwm�v���r�x¸m���r j yAsty�v���� j r�� 7 E ? # C�� <,>�? 7@? A�C8E � <�>�? 7 #�? � C8E � � ��� ��C # ? A � $T?+E � �"� ª~� i p��
x�r:yA|9v
v��\y"v <�>�? 7 ? A�C8E`ª�m5� j ��|�m3v 7 E ? # C,<�>�? 7 #�? � C8E
p�m5|9v&rQ|9v
v&m?v���r � ��� ��C # ? A � $T?+E �A�

' �U|�v���r�s&r:p�m5|\�{l���|`�Rs i x ikj ycl�s i v��*ycv i m5|�ª yAs��$m5�\|���ª���rQl&r�vw��r � E ? ��C8E
lwm j r j r7yY/3rQ�{vw��r
<�>�? 7 #�? � C8E?vw��lwm3��}5�gvw��r � ��� ��C # ? A �	$T?+E �A����mcª rC�3rCl:� � E ? ��C8E�� i �g|�m3v-�*y:�3rq� i lwr:p�v
y3pCp�r:sws�vwm�v���r <�>�? 7 #�? � C8EqyA|\�´v���r i |��$mAl�x�y"v i m5| ª y"s j r:y+/3rQ� �$l&m5x rX�\y"x i |�rCr �
v���l&m5��}5� }3l�y"��rCln¨ vwm rX�\y"x i |�rCr ��� § �(y3p�v�v��*y"v � E ? ��C8E~ª�m5� j � |�m3v���rClw�$m3lwx s��\p��
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' � ��r�|�rX��v��3rCl i�� pCy"v i m5|?lw�\|t�$m5�\|\� yA|�mAv���rCl¶p�m5��|9vwrCl .arX�\y"x�� j r�sw��mcª i |�}�v��\y"v�rC��yAx i |�rCr
��ª�yAs¸y"� j r�vwm j r:y+/¦vw��r�pXm3|9vwrQ|9v-m3� v���r=<�>�? 7 #�? � C8E�v���l&m5��}5� vw��r � ��� ��C # ? A �	$T?+E �
��rC�$m3lwr?�\s&rCl�� �*y"��s&v�y"l&vwrQ� � i s��c��rCl�mcª~|=<,>�? 7 � C.-2- ? $+Az����m��\lwrQs&rClw�3r�v�� i s��\l&m3��rClwv u
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 mcª ��ª�r i |9�3rQs&v i }9y"v&rQ��v���r��$m jkj mcª i |�}�v ª�m{s&m j ��v i m3|\sQ�

'�� « i lwswv h m j ��v i m3| 
�� � ��r���# �	��C8A # l&m j r�� s-�\l i � ikj rC}3rQs-m5| � ��� ��C # ? A � $T?+E ��ª�rCl&r lwrC�3m
/3rQ�
�\��l i |�}�v���r <�>�? 7 ? A-?�# ? $+A¸yApXv i � i v©u5�¶� � i s ª y"s�y3pCp�m5x�� jki sw��rQ�{�RuqyA�\� i |�}�y�p�mRm3lw� i |*yY.
v i m5|tpXm3|\s&vwl�y i |9v`m5|�v���r�m3��rCl�ycv i m5|\s m3��v���r ��# �	��C8A #"l&m j r y3pCp�r:sws i |�}~v���r?� ��� ��C # ? A � $T?+E �A�
��mcª rC�3rCl:��vw� i s{ª y"s{�3rCl&u0lwrQs&vwl i p�v i �3r�yAs{v���r�rX�\y"x i |�rCr5��ª���m �*yA��|�mAvqs&v�yclwvwrQ��yA|
rX�\yAx .Us&rQsws i m3|`�Rª yAs |�m3v�yc� j r�v&m���swr�vw��r��*� jkj rCv i | ��m9ycl��`�

'�� h r7p�m5|�� h m j ��v i m5| 
���	 r rQ|\sw��l&rQ�¸v��\y"v�v���r rC��yAx i |�rCr�ª���m i | i v i y"v&r:��yA|�rX�\yAx .Us&rQsws i m3|
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lwm j r5��y �zy"lwv i p i �zyA|9v m3��v���r���# �	��C8A #�lwm j r�p�m5� j ��y3pCp�rQs�s-v���r � ��� ��C # ? A �	$T?+E �A� § �\� i .
v i m5|\y jkj u5�*yA| H m3��rCl�y"v i m5|*y j s&rC�zy"l�y"v i m3|�m3���\��v i r:s K p�m5|\s&vwl�y i |9v~ª yAs~sw�zr7p i�� rQ�nvw�*y"v�yA|
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' � ��r{�3rCl i�� pQycv i m5| m3��vw��r�p�m5| � ��rQ|9v i y jki v©u ��lwm3��rCl&v©u �(y ikj rQ� y"s�rX�\yAx i |�rCr �¤ª�yAs y"� j r
vwm{ª�y i v��$m3l�p�m5x�� j rCv i m3|�m3�¶rX�\y"x i |�rCr ��� s~rX�\y"x .Us&r:sws i m5|�yA|��nª�yAs�y"� j r?vwm�sw�*y"l&r�vw��r
<�>�? 7 #�? � C8E vw��lwm3��}5��vw��r � ��� ��C # ? A �	$T?+E �A�

' ��mg�\l&rC�3rQ|9v{v�� i s:��ª�r yA�\��rQ� ygp�m5|\s&v&l�y i |9v�vw�*y"v{v���r�rX�\yAx .UswrQsws i m5|<pXm3� j �<m5| j u0��r
s&v�y"l&vwrQ�¦y"�$v&rCl�yq�\lwrQ��r � |�r:� v i x�r5� <�>�? 7 ��#�?+E # � ?�7 CX� R m3lwrCmc�ArQlQ��v���r�sw���*x i v?m3��vw��r
� A"- 7 C8E�� $�$���pXm3� j ��|�m3v��zrn��rClw�$m3lwx�rQ���$m3l{y �zrQl i m��0<�>�? 7�� $ ? A ; ��E ?�# ? $+Az���\��l i |�}
ª�� i p�� m3vw��rCl�rC��yAx i |�rCrQsnpXm3� j � i | i v i ycvwr vw��r i l�rC��yAx .Us&rQs�s i m5|�s:� ��m i |\p j ����r¦v���r:s&r
lwrQs&vwl i pXv i m5|\sQ��ª r l&rT�9� i lwrQ�<l&r:y j v i x�rnrC�3rQ|9v�sQ� �~mcª�rC�3rClQ� h � � � ��m9r:s�|�m3vqsw���\�zm3lwv
�3rCl i�� pCy"v i m5| l&r j ycvwrQ�¦v&m�lwr:y j v i x�r5� § stv���r��\l&m3��rCl �\��l�ycv i m5|¦m3��vw��rQswr{rC�3rQ|9v�s�ª�rCl&r
|�m3v�|�r:p�rQsws�yclwu-�$mAl��3rCl i�� pCy"v i m5| �"ª r�x�mR��r j r:��v©ª m?rQ�Ar:|5v�sQ�Aª�� i p��¸s i }3| i�� rQ�¸vw��r~rC�3rQ|9vws
<�>�? 7 ��#�?+EA# � ?�7 C�y"|\� <,>�? 7�� $ ? A ; ��E0?�# ? $+Az� ����rQs&r rQ�Ar:|5v�s�ª�rCl&r-x�mR��r j r:�n�zyAs&rQ��m5|
v���r � C #$#�? � C8E-rC�3rQ|9v�yA|��<v���r � � �A7 ? #�rQ�Ar:|5v{m3��v���r � lwswv{rX�\yAx i |�rQr5��l&r:s&��r:p�v i �Ar j u5�
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�B# � E0C0?�# ? $+AtyA|�� �"'+A-? 7 ? � ? � � C.-2-��2$+A #\E $��Q��m jki p i rQs
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y3p�v i � i v u9� § jkj vw��rQs&r ��m jki p i rQs¶y"lwr��zyAs&rQ� m3| rC�3rQ|9v�s�lwr j y"v&rQ�tvwm�mA��rCl�y"v i m5| i |5�3m�pCy"v i m3|-yA|�� lwm j r
x�rQx-��rCl�sw� i ������� i s�l&rT�9� i lwrQs�vw�*y"v�rC�3rQ|9v�sty"l&r�s&r:|5vtv&m�m3| j u¦y"��v���mAl i�� rQ� sw���*s�p�l i �zrQlws yA|\�
lwr:p�r i �Ar:� m5| j u��$l&m5x �"y jki � |�m3v i�� rQlwsQ�:�U| �\|9v&l��\s&v&r:� mcª�|�rQl�x�m���r j � rQ|9v i v i rQs�mcª~|�rQ� �Ru�vw��r
�\|9vwlw�\s&vwrQ��mcª�|�rClws�pCyA| ��r 7@? - � C.* ? ��? ADB3����m���rCl i �3r?�3rCl i�� pCy"v i m5|�x¸m���r j s �$m3l~x i s&��rQ�*y:� i |�}
r:|5v i v i rQsQ�Rv���r�� i m j y"v i m5|�mA��y"�zmc�3r��zm jki p i r:s i s�pCy"v&rC}3m3l i�� rQ� i |9v&m{v ª�m¸v©uR��rQs 
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��mcª�rC�3rClQ� i v��(yAp ikjki v�y"vwrQs�s&��r:p i�� pCy"v i m5| vwmql�yA|\��m5x j u�s&r j r:pXv�yA| rC�Rr7pX��v i m5| �zycv�� ª���rQ| x�� j .
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�����������������	� � ����
����
����
���
�������
���� ­3­�9

pXm3|\s&vwl�y i |9v�sQ������r�lwm j rQs�v��*y"v~��m�|�m3v��\y:�3r y"|9u��\l&rQl&r��R� i s i vwr�x�rQx-��rCl�sw� i ��p�m5|\s&vwl�y i |9vws~y"lwr
vwrCl�x�rQ� ? A ? # ? ?���? -2- ? B�A 7 C8A # E $���C.- yA|�� x�y"l /3rQ�nª i v��n��m5��� j rW. p i l�p j rQs i | y ��-�C8E ��� $ 7 B�E0? � *R�
�U|�« i }5��lwr ��� ¬z�Rvw��r?l&m j r 569 i s y"| ? A ? # ? ?�� ? -2- ? B�A 7 C8A #�E $���CX���U|�v�� i s�rX�\yAx�� j r9� i ��ª rtyAsws i }5|
­t�\s&rCl~vwm{vw��r 569 l&m j r5�*y jkj v���r��zy"v���s��$m3l~��swrClws�yAsws i }5|\x�rQ|9vws vwm�v���r 569 yA|\� 5 � lwm j rQs~y"lwr
s�ycv i s � rQ�`�B	 r�lwrC�\l&rQswrQ|9v�v�� i s ��-�C8E � ? -2- ? B�A 7 C8A #\yAs�� 	 ­A�z­��R� i � r5�k�z­~�\s&rCl i s yAsws i }5|�rQ��vwm 	 ­3�

F<G"HJILKNM>O �J) �U| vw��r-�$m jkj mcª i |�}�rX�\yAx¸� j r5�*vw��rClwr�y"l&r v ª�m�l&m j rQs:�zyA|�� vw��r�x¸r:x ��rCl�m3� 569
lwm j rtpQy"|\|�m3v��©m i | vw��r 5 � l&m j r5�

+ ,�. � V*^ ;gf
+ ,�. � V�# ; ¢ I�� � � � � ,�D���,�D�� ��@CB,� D � � � S 8 S
U 872 M PcZ\V"Y�d\Y7872! 2V*^"[gf

R2R1

« i }3��lwr ��� ��� ��s&rCl . 
 mcª }3l�yc�*���zyAs&rQ��m5|n·��\yAx�� j r ®
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Op1 Op2

1 +1

« i }3��lwr ��� � � ��s&rCl . p�m5��|9v }3l�yc�*���zyAs&rQ��m5| m3��rCl�y"v i m5|���rQ�zr:|���rQ|*p�u i |�·
�\yAx�� j r �

�U|nv���r ��-�C8E � �2$ ��A #NB�E ? � * m3��·��\yAx�� j r ��i s~�\lwrQs&rQ|9vwrQ� i | « i }5��lwr ��� � ��ª rt�$m jkj mcª v���rt��r .
��rQ|\��rQ|*p�u-�zy"v���yA|\� i |*p�l&r:x¸r:|5v���swrCl�p�m5��|9v��$m3l�r:y3p��-m3��rCl�ycv i m5|`�!�U|¸vw� i s
rX�\yAx�� j r9� i | i v i y jkj u
ª�r y"s�s i }5|�­{m5| � � 9 yA|\� �$m jkj mcª vw��r���rC��rQ|\��rQ|*p�u¦}3l�y"�*� vwm lwr:y3p��¦v���r��3rClwvwrX� �$m3l � � � �
 �yAs&rQ��m5|�vw��r��\l&r:pXm3|\� i v i m3|qm3� � � � �Rª r i |*p�lwrQx�rQ|9v�vw��r?�\s&rCl~p�m5�\|5v�l&r��R� i lwrQx�rQ|9v �9u ­3���U|
v�� i s�pCyAs&r5��v���r�l&m j r 569 |�rCr:��s�ycv j r:yAs&v v ª�m{�\s&rCl�s vwm i |9�Am
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pC��lwlwrQ|9v?y3p�v i � i v i r:s�v&m lwrC�$rClwrQ|*p�r-r:y3p�� m3vw��rCl:� ��| j unª y:unrQ|9v i v i r:s i | p�m5|*pX��lwl&rQ|9v?y3p�v i � i v i r:s
pQy"| i |5vwrCl�y3p�v i s�v���lwm5��}3�nsw�*yclwrQ� m3���©r:p�v�sQ��«\m3l~p�m5|*pX��l&lwrQ|9v~y3p�v i � i v i r:s�v��*ycv�pQy"|��*y:�Artp��\yA|�.
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r:|�s���lwrQs�vw��r�rC�Rr7pX��v i m5|��zycv��\s�ª���rCl&r��\s&rCl�s��$lwm5x p�m5|*pX��lwl&rQ|9v y3p�v i � i v i r:s�x{y:u j r:y+/ i |��$m3l�x{yY.
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��yAs&v j u5��ª�rq|�rCr:�gvwm s���mcª�|gv��*ycv-�$m3l�y s&��r:p i�� p�l&r��R� i lwrQx�rQ|9vQ��v���r |9�\x-��rCl-mA� ? A � $��
C8E
� E6C
��C8A # ? ?�� - �$m3l�vw��r���rCl i �3rQ� x i | i x�y j |R�\x-��rClQ�JlwrQx�y i |\s�s�y"x�r¸�$mAl�yA|9u j y"l&}3rCl�|R�\x-��rCl�m3�
�zy"lwv i p i �zyA|9vws:� ��i �3rQ|�vw�*y"v v���rt��rCl i �Ar:��x i | i x�y j |R�\x-�zrQl i s	�L�$mAl�y�s&��r:p i�� p?l&r��R� i lwrQx�rQ|9v
m3��yA|¦y3p�v i � i v u�vwrQx�� j ycvwr{��� «\mAl � / � � � 5�|R��x-��rCl�m3� �\s&rCl�s?�zy"l&v i p i �zy"v&r i |¦yA| y3p�v i � i v©u
i |\s&v�yA|*p�r5�3yAsws���x�r vw�*y"v�vw��r~s&rCv�m3� ? A � $��
C8E � E0C
��C8A # ? ?�� - i s 1���	 r~|�rCrQ�¸v&m�s���mcª v��\y"v�vw��r~s&rCv
1 lwrQx�y i |\s�s�y"x�r�ª~��rQ| � I ­��\s&rCl�s��*y"lwv i p i �*y"vwr i |qyA| i |�swv�yA|*p�r�m3����� § s v���r�y j }3m3l i v��\x v&m
� |\��y�x i | i x�y j |9�\x-��rCl
m3| j ut��rC��rQ|\�\s
m5| v���r�s&��r:p i�� pCy"v i m5| �7v���r i |*p�lwrQx�rQ|9v�m3�\�zy"l&v i p i �zyA|9v
pXm3�\|9v?��m9r:s�|�m3v��*y:�3r�y"|9u�r � r:p�v�m5| v���r¸x i | i x{y j |9�\x-��rCl:�6 �y"swrQ� m5| i |\�\�*p�v i m5|`�JyAs�vw��r
? A � $��
C8E � E0C
��C8A # ? ?�� -�swrCv!1<lwrQx�y i |\s�s�yAx�r��$m3l�yA|9u{|R��x-��rCl�m3�`�*y"lwv i p i �*yA|9v�s j yclw}3rCl�v��*yA| �-�
§ s¶v���rCl&r rC� i swv
y�x i | i x�y j |R�\x-��rCl¶m3���zy"lwv i p i �zyA|9vws��$m3l�r:y3p��-s&��r:p i�� p�v©u9��rQs¶m3�\l&r��R� i lwrQx�rQ|9vQ�
v���rClwr¸rX� i s&v�y x i | i x�y j |9�\x-��rCl?m3���*y"lwv i p i �*yA|9v�s��$m3lty�s&rQv�m3��l&r��R� i lwrQx�rQ|9vwsQ�@1 m5|9�ArQlws&r j u5�
�a��vw��rClwr rX� i s&v�x i | i x�y j |R��x-��rCl¸�$m3l�y jkj v���r l&rT�9� i lwrQx�rQ|9vws�vw�*yA|0v���rCl&r rC� i swvwsQ��v���r:|0vw��r
|R�\x-��rCl i s�y j swm�x i | i x�y j �$mAl r7yAp�� m3��v���rtl&r��R� i lwrQx�rQ|9vwsQ�
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 �y3p0/R}Alwm5�\|��¦� i s�pX�\sws i m5| m5|¦s&r:pX��l i v u x�mR��r j styA|\� �$m3lwx�y j �3rCl i�� pCy"v i m5| m3� sw�*p�� x�mR��r j s
y"lwr��\l&rQswrQ|9v&rQ� i | 1��\y"�\vwrCl 9\� 	 r:s&r:y"l�p���rQlwsQ�`r5� }z��� / «�m�pCy"l�� i y"|\� � m3lwl i rCl i ��­ ��� � ( h p��\|�r i .
��rCl:��­ ����� ( ��m j �*yA|�m0yA|\� h x i v��`��® �����"(�« i |�r5��­ ����� ( hRi x¸m5|�rCv:��® ���3®�( R y"lwv i |�r jkjki � ­ �g�3! 5
�*y:�3r���v ikjki�� rQ� �$m3lwx�y j x�rCvw��m��\s-�$mAl-�3rCl i�� pQycv i m5|¦m3�~s&r7pX��l i v©u �\l&m3��rClwv i r:sQ�
x{y i | j u m3� �"y"l i .
m5�\s?v uR��rQs?mA��p�m5| � ��rQ|9v i y jki v©un�\l&m3��rClwv i r:s / � y+/ i |5v�� i |�m3s�yA|�� � rQr5�
­ ��� � 5�� ��mcª rQ�ArQlQ� v���r:s&r
y"�\�\l&m9y3p���rQs�yAswsw�\x�r�vw�*y"v vw��r��3rCl i�� rQ�q��lwm3}3l�yAx{s�ª ikjkj l���|��\|\��rCl vwl���swv&rQ��sw���"�©r:p�v�sQ���U|q��r .
pXrQ|9v&l�y jki�� rQ� y"�\x i | i s&vwl�y"v i m3|nm3��s&u�s&v&r:x�s:�z��lwm3}3l�yAx{s�y"l&r-v©uR��r . p���r:p0/3rQ���zy"swrQ� m5| yAsws i }5|�rQ�
H vwlw�\s&v K /���lw���[/qyA|�� ��y j s&��rClw}*��­ ��� � 5
m3l j y"��r jki |�}-�*y"v�y4/ R uArQlws�yA|\� � i s /3mc� ��®������ 5.(R��m7ª�.
rQ�ArQlQ��vw��rnrX��r:pX��v i m5|�rQ|9� i l&m5|\x�rQ|9v i s�y"s�sw�\x¸r:��vwm �zr�rQ|9v i lwr j ugvwl���swv&rQ�`� �U| v�� i s�vw��rQs i s:�
ª�r �\y:�3r ��v ikjki�� rQ� � | i vwr s&v�ycvwr��zyAs&rQ� x�mR��r j p���r:p0/ i |�} v&m �ArQl i �$u s&r:pX��l i v u��\l&m3��rClwv i r:s i |
pXm jkj y"��m3l�y"v i m5| s&u�s&vwrQx{sQ�[�U|nm5��l��3rCl i�� pCy"v i m5|ny"���\lwm9yAp�� �\swm3x�rtm3�¶v���r � i s&vwl i �*��vwrQ�ns&r7pX��l i v©u
��m5x�y i |�s�pQy"|���r��\|\��rCl�vw��r�p�m5|9v&lwm j m3�`yA�\x i | i s&vwl�ycvwm3lws�ª���m-x�y:u�|�m3v���r�v&l��\s&vwrQ�`�RyA|\��vw��r
��rQ�*y:� i m3l mA�
�\|5vwl���swv&rQ� yA��x i | i s&vwl�y"vwm3lws~yclwrtx¸m���r j rQ��v&m��3rCl i �$u�s&r:pX��l i v uq�\l&m3��rClwv i rQs:�

1 m3x��zy"l&r:�?v&m�m3v���rQl`lwrQs&r:y"l�p�� i | � | i v&r�swv�y"vwr��zyAs&rQ� x¸m���r j p���r:p0/ i |�}*�7sw�*p�� y"s��ArQl i�� pCy"v i m3|
m3��ª�mAl / 
 m7ª �\lwm�pXrQsws&rQs&/ ·�sw�R� i sqy"|\� 	 i rQl i |�}9y\��® ���5® (��5yA|\sws&rQ|<rQvqy j ���~­ ���3! 5����\lwm3}Al�yAx
yA|*y j u�s i s / 1 m3l&��rCvwv rCvny j ��� ® ������5�yA|\�´��lwm3v&m�p�m j �3rCl i�� pQycv i m5| / R y"}3} i yA|\� hRi s&vwmz��® ���5®�5��
m5��l��ArQl i�� pCy"v i m3| m3��lwm j r��zyAs&rQ��s&r7pX��l i v©ugsw�zr7p i�� pCy"v i m5|\s¸|�rCrQ�\s{y ��m5�\|�� m5|0v���rn|R�\x ��rCl
m3�~�zyclwv i p i �zy"|9v�s �$m3l¸y��3rCl i�� pCy"v i m5| vwm v�y3p0/ j rqswv�y"vwr�sw�*y3p�r�rX��� j m5s i m5|`� �U|0vw� i s-vw��rQs i sQ�¶ª�r
�\lwmc� i ��r��zy"swrQ� m5|¦pCyAs&r{s&v���� i rQs:�`y��$l�yAx�rCª�m3l /�vwm � |\�¦sw�*p��¦y �zm5�\|\� m5| v���r{|R��x-��rCl?m3�
�zy"lwv i p i �zyA|9vws:�

� ¯�� ¯ � �!I ILH ��


�U| v�� i s�p��\y"�\vwrClQ� ª�r{�*yQ�3r��\l&rQswrQ|9v&rQ� y��3rCl i�� pCy"v i m5| x�rCv���mR��m j m3}3u��$m3l y�p�m jkj y"�zm3l�y"v i m5|
sw�zr7p i�� pCy"v i m5|`��« i lws&v:��� i�� rCl&r:|5v v©uR��rQs m3��p�mRm3lw� i |*y"v i m5|ny"|\��s&r:pX��l i v uq�\lwm3�zrQl&v i rQs vw�*y"v~|�rCr:�
vwm���r �3rCl i�� rQ�¸yclwr � i s�pX�\sws&rQ��yA|���p j y"s�s i�� rQ�`� h r:p�m5|\�`� � | i v&r s&v�y"v&r��zyAs&rQ��x�m���r j p���r:p0/ i |�} i s
��v ikjki�� rQ���$m3l�v���r �3rCl i�� pCy"v i m5|-m3��vw��r~��lwm3��rCl&v i rQsQ� § |�� j yAs&v j u5�3p��*y jkj rQ|�}Ar:s i |�x�m���r j p���r7p0/ i |�}
swr:pX��l i v©uq��m jki p i rQs i |npXm jkj y"��m3l�y"v i m5|�s&u�s&vwrQx{s~y"lwr�� i s�pC��s�s&rQ�`�\yA|\�ns&m j ��v i m5|\s~yclwr���lwrQs&r:|5vwrQ�`�



� � ��� ���	� �

� ��� ��� � ��� � � �
	 ������
 � ������� � � � ��� ���

��� � 	���� � ���

�U|�vw��r����wrC�����5��s�p��\y"�\vwr��ws:�5ª�r��*y:�3r����ks�pX�\swswrQ��y s&��r:p�� � pQycv����5|�x�����r! yA|�� y-x�rCv������"�# ��3}Au
v$� s&��r:p%���$u p%�& ' y"�(�&��y"v����5| rQ|9�����)�5|\x�rQ|9vws:� �U|gv����ks-p��\y"�\vwr��Q�¶vw��r���rQs$��}5|*�3��y�x+�k�\�� �rCª y,�wr
v��*y"v-�ks-�kx¸�. �rQx�rQ|9vwrQ��yAs�y����)�/�3�.�3��p0�5|*p�rC�\v
�1�&��p%�3|\s&v$���\pXv$�k|�}�p0�# ' y"�2�&��y"v$���5| rQ|9�/���$�5|\x¸r:|5v�s
�ks����&rQswrQ|9v&rQ�`�2�U|3�5�"�?x��R��r! a� yq�2�# '� p�u�.U�"�����Ar:| p0�# ' y"�2�&��y"v$���5| s&u�s&v&r:x��ks4�wr:y5 '� � rQ�3�k| vw�"�wrCr
swv&rC�*s�yAs~s����cª�|6�k|n«���}5�"�&r � ��­3�

Runtime Environment

Specification 

Collaboration

Environment

Policy Driven

Protocols and

Distributed
Middleware

Services

of a 
Modules from

of Policy

Derivation

Specification

«7��}3�"�wr � �k­A� ���3r��w����rCª8�A�¶v���rtx+�k�\�" �rQª�y9�wr��1�&�~���ks&v)�����*��v&rQ��p0�# ' yc�(�&��ycv����5|�s&u�s&vwrQx{s

� ��r?���$�kx�y9�&u�� �\|\pXv$���5|:�3��v���r�x+�k�\�� �rCª y,�wr;�ks�v)�¸rX��r:pC��vwr�y¸p%�& ' y"�(�&��y"v����5|�rQ|9�����)�5|\x�rQ|9v
­:® �
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��������� ��� ��� �!��"#�%$���&'$��(�������)�(�*���+���$�$���',-� ���/."�����0�1�0.2�3�*45�%6 � ���$�+�-� �+�/��� � ��� ���7�!���8$9,"�$���:6
�"��45�5�+�-�%;=<>.��+� ����?@,���� ���A�0.2�3�1�0.-�B4��+�2�� ��DC>�9���5"��$�8E��+�-���A"��$�F���%$9�����G�9HI�%$D,I�������G���7E/���$����.
4J���7�0�4�+�=���+���$�$���',-���%�=�"�@�-���	K1�&�L���-K1�&�M$���4J���7� ��KN"(�# '�O$%������; �P,"�P4��F�$��E3�3�������6�+�L�$�Q���-K1�&�0$��
���� �6B$0�/�&�0�"�+�'�3�����F�R���2�S���%$9,"������6Q"(�# '�O$%������;� �������� ���B� .-�T� "��8$%��&�$D�3�$�����R4 �I�-�! VU@�0.-�W"(�# '�O$�6
����"#�%$9� � � �! O�3���%�X�)�Y���%$9,"������67UI$0�/�&�0�"�+�'�3�����F�ZU-���-�S4*���0�Y.����24��+���+���$�M�(����EF�	"(�& '�O$������>�,� ��[F���-��� .
�5 '� � �%�*,2�2�-�����0."�����\���7�$���������+�!�F$��$��E����:6�U9�)�# ���U����-�5� .'�9�������A�"�:�%$�� �AK1�&��"��$��"#���]���-K1�&�0$9��4J���7�
�FKL�=$%�& ' O�"�(�&�0�3�������^��"#�%$%��&�$D�3�������_;  �������� ��� �F,"�!���24+�+�"�+� �)�M�3�$��EF�54��@�-�! VU`� .-� �8CL�-���0� �FK
�0.-���������7�����$���%���9� ���)�0,2��� ���XK1�&�>���-K1�5�M$���4J���7� �FKa� "��8$%��&�$P"2�# '�O$�6X����"#�%$9� � �FK`�J$0�# ' O�"�2�&�M�3�$�����
� "��8$%��&�$D�3�$�����Z;

bc�d�0.I�*�-�9HI�����%$��������ZU�Ce�!"����%�����7�P�0.I�*�-���$��[��f$M.'�9 ' ��%�I[F��� �FK ��,���"2�# '�O$�6g�"����E��%�d4+�+�2�" ��W.
C>�9���7;S<>.I�Q�9HI�%$9,-�������^���7E����$�F�24J���7� �FK ��,"�14+�+�2�� ��DC��9� � �+�'$% +,2���+�-[=4+�+�2�� ��DC��9� �Q$0��4*"(��.
�-���7�0�J���2�)�0.-� �0,2�����+4J�B�'�3�0�f���)�0,'$��0,�� �S�9���B"�� �������7� ��� �+��h7�%$������F� � ;jiI;/bc��h7�%$9�$����� � ; 9
���2�)h7�%$�������� � ;lk'UZ� .-�5�-���$��[�� ��Km4+�+�2�� ��DC>�,� �J����� E��O$����T���-�^� .-�YKn,2�'$��$�����'�5 N�-���$��[�� �FKe� .-�
4+�+�2�� ��DC>�,� �T$0��4J"(�F�-���7�0�\�9� �W���+�0$D,-�0�����ZU�� ����"#�%$�����EF�! �6�;
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��rq �)H M\M O���
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���
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 ���!M O�+ H ��O

<>.I�1���+���$�����2,-� ���d�,�M$M.���� �%$��0,�� �1���-�=���%$D,������:6S$0���-���+�I�!�0�3�����F�2� �FKN� .-�A"(�# '�O$�67uc������EF���S4+�+�Iu
�� ��DC>�9��� �+4J"(�F� �]����E��!�0�5 F�-���$��[��A$M.'�9 ' ��%�I[F���%;Zv��&���0,2�����+4J���%��E����$���-4J���7����KI�0.-�w4+�+�2�" ���C��9� ��U
�0.-��4+�+�2�� ��DC��9� �P�-�D�%�-�m�$�*� ,-"2"(�&���\���! ��%$�������� �FKx� �%$9,"�����$��� ���e�0.'�3�>$D���q�#���$� ,2��� ���QK1�&�m"(�# yu
�O$965���-K1�5�M$���4J���7�%;NzNEF���7� �+�m�0.-�?�',"�' +���+�-[¸�. ��-$0{5K1�&��45�5�+�7�0�5�+���+�-[J$0���-���+�����%����E/����C\�\�34����-[
�0.-�5���+���$�$���',-� ���|$0��4J"(���I�%���0� �FKe�0.-�Y� 6@� ����4g;Xh7�%$9,"� �Y�DEF���7�T����� E��O$��JK1�&� �+�7����[5�����:6�UZ$0���-&Iu
�-���7���O�5 '����6�U}���-�^�%E3�5�' O�"���' '���:6:�FK]�DEF���7� �;�+���Q"����+45�,� 6g�-���$��[��~$0���'$����0�Z; � ���+45�,� 6S�0����{ �FKw�
$%�& ' O�"�(�&�0�3�������5��6I��� ��4 �+�e�$�J$0�/�&�0�"�+�'�3� �	�0.-�W$0�# ' O�"�(�5�M�3�$�+�-[1,2�����0��; R �5�+�7�0�5�+���+�-[!$0���2�$�+��� ���7�
$%� �&�0���+�2�3�������T���M�3�������+�`�P$M.'�5 ' ����-[��wK1�5�`���+���$�$���',-� ���T���7�$��������� �FK-�0.I�m4+�+�2�� ��DC>�,� ��; R �&�����(EF���%U
�0.-�!4+�+�2�" ���C��9� �A.'���	�)�XK���$��' '���0�3� �T����� �����F�2�	K1�&�P,-� ��� �%�.�+�7� ���M��$9�$�����2�\C ��� . ���0.-���P,2�����0�����2�
�0.2�9� ���*�A�"�:�%$��0�A�3�2� � ���)��,"�0$9����; �x������ �6�U_K1�&�1�R"(�# '�O$�6~������EF���|4+�+�2�" ���C��9� ��U_�-������[F� �FKm� .-�
4+�+�2�� ��DC>�,� ���-�D�%�-�>�$���#� 
 �9H"���. ����)�Q�3�'�3"2�>C ���0.B� .-�A$M.'�3�-[F��� �FKa�0.-��"(�# '�O$�6Q��"#�%$���&'$��(�������
4��I�-�! V;�<>.I�%��� � ��?@,"��� ��4J���7�0�\�,� �T�"�+�M$9,2� �����6�+�B�0.-�WK1�# ' ��8C �+�-[*� ,��'���%$9�$�����2��;
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�� O�3� ���>���M�3[F� �FKa�0.-�WC �5� { 
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R<>.-� �+�-K1�5�045�3�$����� 
 �(C � ."�$�F,-[�.��0.I�g��E��%���0�Y�-�D���2�Y�)� �#�
���8$9,"�����Z; R �5� ���(EF���%U �+�-K1�&� 45�3�$�����Q� ."��," +�B�"�F� 
 �8C �)�J,2�'��,I�0."�&�$� � �%�X,2�����0��; 1e�����M�5�+�
�+�-K1�&� 45�3�����F�6�&�P�3���$�����2,-� � �FK����g��E��%���P45��6S�-�D���g�$�q���*�I�  ��D���%�g�-�D"#���2���+�-[ ���g� .-�
� �%$��!��EF���0� �FK � .-�1�DEF���7�P��$�$0�&� ���+�-[Y�$�X�F$D$9��� �	$0���7�)�$�# Z"(�& '�O$96�;�zNEF���7�P�2�3�M�Y45��6R�-�D�%�
�$�1$D�9�$��6*"'����,2�"�F�76I4Y� �+�2��� �%�����FKZ��$9� ,'�5 .�+�-���7�$���:6 �&�  ��I$��(������� �FK}��E��%���0����"',��. '�+� .-��� �%;

' v��+�-� � �M�5�+� �P$�$���� � 1 ���7�)�$�# 
w<>.-�T[&�0���@,� O�9�$���:6 �FK��F$D$����0�L$%�F�7�$�)�# ���g� .-�T��E��%���P$D���
�#�P&2�-�P[&�M�5�+�I�%�_;Nv"�&�w�DH-��4J". ���U�� .-�;�+�-���7�$���:6 �FKx� � �DE����DCm���e45��6J�-�D�%�5�)�-�#�����%$D,�� ���
CL.-���g.-�T"',��� '�+�0.I�%�\.��+� � �DE����DC\�\�)� ���0.-��� � �DE����DCm��� �%;wbVKN� ,'$M.=���=��$9�$��E����:65[F���-���M�3�����
���R�DEF���7��UI�0.-� �+�-���7�$���:6X�3� �)�����',-��� �FKa�0.I�T�DEF���7�>"2,��. '�+� .-���L�-�D���2�>�$���#�T.��+�2�-���RK1�$��4
�F�0.I�!� � �DE����DCm��� �%;
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Host UCI Name Registry User’s Interaction

   Security Doamin SD1    Security Doamin SD2
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User A
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LEGEND Trusted Server
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Specification Model

Runtume Data−Structure

in XML Schema

Managers

Policy Modules

* Addition of new constuct

* Addition of predicate for condition specification

utilizing runtime infomation on the XML Dom tree

* Changes in existing specification model

* Changes in corresponding policy module

* Introduction of new policy modules if required

* Changes in runtime XML shema to reflect
changes in the specification model

* Changes in mangers to enforce new policies
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Activity Manager

manage object sessioncreate object instances

Activity Template Manager Object ManagerObject Type ManagerRole Manager

event  management

perform operations

create activity instances load new activity templatemanage role membership

query role membership

Manager

update policy (Owner)
create entity (Owner)

list activity instances update policy (Owner)list roles/activity templates
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X_ObjectType Manager

5. generate start event (if required)

method1(tkt, ..)

UCI

Object Interface

7. authenticate & construct an UI 
by extending an exisitng UI for 
ticket verification  

1. Invoke opeation

6. provide session ticket

8. method1(tkt, ..)

10. end object session

X_ObjectManager
method1(tkt, ..)

11. end session, genrate 
end event

3. Invoke object session

4. Check precondition

Role Manager

2. check role membership

Trusted Server

ObjectX
method1(..)
method2(..)

9. invoke method
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