
� �������	�
����
����
��������������������
! "�
#%$ ���	&��'
!���(�����*)

+-,/.1032�4�5768.96;:=<?>A@74�BC2�D7,%2�EGFIHKJLF/MIMIM

NPORQTS8UWVTS-XRY�NPORZ\[K[/]K^`_Ra�b\Udc�b�efagZ%S;hib`Vdj�_Rb�XKk	l%Ymb�XRnoNPe8b�pKkRYrq�Z`]%Y�Q1j
sutwvyxLz|{\v~}/�y�o���o�%�P���������W��1�!�A� }/��� �T� �������� xf� � ���P�Pv�v�vT{� � � }�� ���m� �m} ��� �m�%�o���y� �|� �W��1��� }`�9{/� ���m�m�i�i�3� ����� � �W�m} � �/� � {=� � ��}/  �¡�¢`£\¤¦¥�§�¤�¨�©fª�¡�¢\«�¬¦¬`­¦®`¯`¤�¬¦¨Lª±°¦¨%¤�²`³�¬%´m£\¤¦¥%µ1¶fª~·¦£¸�v~¹Pv~z|{ � }/��� �d� �����\��!º%� z��m}`� � �» � � ��º%� �;�3¼P½i�%������}%�¿¾�d�o� { �ÁÀ x À/� »m» �iÂ {R� �±�i�i� »i» zÃ�m}`� � �Ä  �9º\�dÅ�� {/� � �m}%  �Æ9Ç ´`¥¦Èi´¦¯7ª Ç «`¤�É`´m§fÊoËm©¦´�¨\³i¡`¯i´�°`Ì`©fª~Í�«m­`©¦£\Î�®�¤m£\¤�¨AªÏ°`¨%¤�²�³m¨\´�¨`§�©�¥7ª~·i£Ð ���o�wÑ ÒiÒ9Ó�Ó�Ó À �� d� � }/  � � À �%}/��� � }/�m}`� � � À Ô-� Ò���} Ô ½¦Ò�� �d� ��½¦Ò�� �d�o� ��} � }`�o�WÒ��=½i��Õ9���TÒ

Ö
Bf.1012�,I×m0iØrÙ �ÁÔ ½` 1�/�Ä½i}
� Ð � ��� �  1��ÚI 1���o��½i}�½ ÔC� � Å\�9º �yÛ\�y� �1� �?� Ð ���� d½i}`�W�m��}�y�W���o�� ���} ºuº Û%}/� � �� ������ �  d�o� À v�}�� �o� ����½i�/� �dÅ ���y�o��}/Ü
���/� � ½i�m  Ð � �1{%� Ð �ÃÔ ½ �o� �������}/Ý��3��} º  1½m}/�����y� � }/ TÛßÞ � ��Ó �1� }à� Ð � �y�W���o�� u��} º � Ð �áº Û%}/� � �� á�m��� �  T�o��� �o�� ��� Ð �d� }%½m� º%� Ú/} �9º {i½ �g� }% 1½ � �/�m��� �9º ÓÄ��� Ð ��}
������}/Üm� �PÔ-� � ��� Óg½ � Ý À\â ½ �o� ½�� �T� {��} � � Å\�9º �yÛ\�y� �1� �1{`� Ð �Ãº%� Ú/}/���o��½i}á½ Ô �y� � �/ d�o� � ��}%Ü3��} º �/}/� Ô ½ �o�ã���   Ð ��}/��� � �� �o� �m����½ �o�9ä �/� �o�9ºRÀfå � � �m�/� � ½¦��  Ð ��� � �!����Ý �1� �%��}/Üu� º �m�m}`�W�mÜ � ½ Ô � Ð � ���m} �Üm�I�mÜ � � º\�9º �� 9��� �9º �o½�Þ=½�� Ð �m��� �  d�o�PæÏ����Ü � Þ � �m�� P��� �  1��ÚI 9���o��½m}/� Ô ½ �gº ���W�Ã��Û\� � �1{��} º �y�W��� � � � �m}/�����o��½i} º ���mÜ � � � � Ô ½ �?º Û%}/� � �� gÞ � Ð �9�\��½m� �Tç Ó Ð ��� � � � ½���� º ��}/Ü���}�%} º%�T� ��Û\��}/Ü��%}/� Ô Û\��}/Ü Ô;� � ��� Ó(½ � Ýr�m 1 1½ � �I��}/� �9º Þ`Û3��}��m�%� � ½m� � ����� � � �1� �m}`�o�� � ½ º\� � Àfè Ð ���|�/} º\�d� ��Û\��}%Ü Ô-� � ��� Óg½ � Ý	���|Þ/�m� �9º ½m}à½i� � }%½m�o��½i}ß½ Ô!é9ê±ëTìLíoÀ v~}î ��ï Ó � � º%º\�o� ��� �9º � Ð �  1½ � �=½m�����o��½m}à½ Ô �m}`Ûð}�� � Þ �T� ½ Ô ��� � ÓÄ�|��}à�u d½ � �=½ ������o��½i} À ¼ �d�o� Ó � � º/º��o� ����� Ð � �y� � ½i}/Üñ����}/Ý��!� Ð ��� �TÅ ���y�|Þ � ��Ó �1� }ß�����g�m��� �  d�o�½ Ô �ñ����}/Üi� �  d½ � �=½i} � }`�9{L�m} º � Ð ���3�m���o½iÜ � � Ð �T� Þ/�/��� º ���o�rÜi��½mÞI�m�Ä� �1� ��}`�o�� d� À� Ô � �d� � �o� � � }`�o��}/Ü�� Ð � æ¿�y�W��� � �m} º � � ��}/�����o��½i} çfÔ ½ �o� �%���m�g��} º � Ð � � � � �1� ��}`�o�� d�1{Ó � � Ð ½9Ó Ð ½9Óò�o½
Üi��� � � Ð ��º ��ó �T�o� }`������� �  d�o�Ã�o½mÜ � � Ð �d� {K�m} º Ó � � �o� � � }`�Á� Ð ��o� � � � � �m�m�f½ Ô � Ð � Üm��½mÞI���A��� � Ó Ô ½ �  1½ � �=½i} � }`�o� À Ù � � � ½���� º%� Ð �d�o� �á} � Óô� � �½ ÔC� �/� � � Ô ½ � � Ð �!õ%èÄõ �I� � �Ä½ Ô ½m� � ��� � ÓÄ�1{%�W��Ý\��}%Ü3��}��o½r�m 1 d½i�/}`�Ä� Ð �  1½ � �=½m��� ��o��½i}�½ Ô �m���L����� �  d�o� À Ù � � Ð � }�Üm��� � � Ð ��Ô ½ �o� ����æ¿Üi��½iÞ/�m� ç � �1� ��}��o�� 1� Ô ½ � ���/  ÐÜm��½mÞI���A��� � ÓÄ� À Ù � �������%�y� � ��� � ½m� � �\� � Ó � ½ º%� �C½m}ö�
�I�����yÓg½ �Wº�� ��}I�mÜ �1��� }`��dÅ � � �/� �iÀ÷ 4�EKø|:/2mù7.i> � � Å\�9º ��� �  1��Ú/ 9���o��½i}%�1{=��� � Ó Ô ½ �o� ������� � {%Üi��½mÞI�m�w� �1� �m}`�o�� 1� À

ú û/üÁý=þRÿ������7ý��oÿÁü
� Y�	ÏZ=c�pKUÃZ\X VTORY�UT[wYic�S�
wc�b�VTS-Z\X Z�	�
uS��=YmkðUW]=UWVTY�
uUÁVTOwb`V�c�Z\X/V1b�S-X�UoV1b`VdS-crb�XKk�k=]IXKb�
uS8c
b\UT[wYic9VdUrb�Xwk�	ÏYmb�VTpRQdYáb�c�Y�QTVdb\S;Xàe-Y��%Y�e(Z�	Ác�Z�
u[Re;Y��=S�Vo]ðVTOKb�VrQdY��/pRS-QdYmU�VdORY�kRY�
KXRS;VTS-Z\X Z�	
UoVdQTpKc�VTpRQdS-X���
�Yic1OKb�XKS-U�
ñU��

� Y�pKUTY�V��ÃZñUoV1b�XKkRb\Qdk���b¦]=UPZ�	Äb\c1ORS-Y��IS-X��ñUoVdQTpKc�VTpRQdS-X��! "
�Z=k=pKe-b\QTS;Vo]uVTOKb�V|b�QdY\_=Z%X
VTORYöZ\XRYðOKb�Xwkf_AVdORYöY��IVTYmXKUWS-Z\X$#±b UTS%
�[Ke;Y&	ÏZ\Q'
 Z�	!S-XRORY�QdS;Vdb�Xwc�Y)(�_(b\XKk Z%X VTOKYðZ\VTORYmQ
OKb�XKkL_gVTORY	pRXRS-Z\X*#ÏZ%Quc�Z�
u[7Z%UTS�VdS;Z%X+(,�.-�ORYiUWYöV��ÃZ/
uYmb\XKUñc�Z�
�Y&	ÏQdZ�
 VTOKY	b\e��%Y�0RQ1b�S8c



UW[7Ymc�S�
wcmb`VdS;Z%X 	ÏZ\Q'
ñb�e-S-U�
ñU ������� b�XKkñOwb �\Y 07Y�YmX�b\kRb\[=VTYik�VTZáVTORY|Z�0��oYic9VPZ%QTS-Y�X/VdYmkñb�Xwb�e;n
]IUTS8U�b�XKk	k=YiUWS%�\X	c�Z%X%VdY��IV��
	 X VTORYðe-b%UoV 	ÏY�� ]\Yib�Q1U�_fVdORY�XKY�Ymk 	ÏZ\Q�b UWYm[Kb�Q1b`VdS;Z%XGZ�	!c�Z\Xwc�Y�QdXKU ��S�VdO QTY�	ÏY�QdY�XKc�Y

VTZßUWVdb`VdS-cub\XKk k=]IXKb�
uS8c�b%UW[7Ymc�VdU
b\[R[7Ymb�QdYmk � -�OKS-U�S8UdUWpRY ��b\U3b%kRk=QdYmUdUWYik S-X #ÏXRZ%XGY��In
OKb�pKUWVTS%�\Y�e;S8UWV (�

� -���� � ��� #���0KUWVTQ1b\c9V��rb`Vdb&-Á]I[7YmU3b�Xwk*N��=a  %N�N���(9_�����
 � ��� #�� 0=n
UoVdQdb%c9V��|b�Vdb -P]I[wYiU
b�XKk��/V1b`VTY" "-?Qdb\XKUTS�VdS;Z%X��|S-b��\Q1b�
ñU (9_Lb�XwkGb\e-UTZ�
�Z%QTYñQdYmc�Y�X/VTe-]ßS-X
b�[R[RQdZ%b%c1ORYmUrc�Z�
 0RS-XRS-X�� � b\XKkß[RQdZ=c�YiUTU3b�e%�\Y�0RQ1b\U #�N��=aÄn!��� ����"�� 	ÏZ\Q3Y��Rb�
�[Ke;Y (,� -�ORS-U
S-U�b�e8UTZ�QdY$#KYic9VdYmk S-X�Z�0��oYmc�V�Z\QdS;YmX%VdYmk b\XKb�e-]=UWS8UÃb�XKkðk=YmUTS��%Xðb\[R[RQdZ%b\c1OKYmUÃUWpKc1Oöb\U%��& -
Z\Q('�& 
 �)�+*�� ��ORY�QdY UoV1b`VdS-cñb\XKk k=]IXKb�
uS8cñb\UT[wYic9V1Uáb�QdYñk=Ymb\e�V ��S�VdO 0/]Gk=S),7YmQTYmX%V�k=S�n
b��\Q1b�
ñU #~c�e8b\UdU k=S8b��\Q1b�
ñUm_ÄS-X%VdY�Q1b\c�VTS-Z\X�k=S8b��\Q1b�
ñUm_ÄUoV1b`VdYmc1OKb\QWV1U'(��.-!Z"�ÃY��%Y�Qi_�S;X 07Z�VdO
b�[R[RQdZ%b%c1ORYmUm_%VTORY # 	ÏZ\Q'
ub\e (Ãe-S-X0/=U�b�XKk	c�Z%XKUTS-UWVTYmXKc�] 07Y�V��ÃY�YmX�VdORY3V��ÃZub%UW[7Ymc�VdU�b\QTY3XRZ\V
k=Y�
KXKYmkf_���OKS-c1O	e-S�
uS;VdU�VdORY�[wZ/UTUTS%0RS;e-S;VTS-YmU�Z�	gQdYmb\UTZ\XKS;X���Z\XöVTOKY ��ORZ\e-Y�c�Z�
u[7Z\XRYmX/V��
�IZ�
uY�b\[R[RQdZ%b\c1OKYmUgY�Xwc�Z�
u[Kb%UTU 0wZ\VTO�b%UW[7Ymc�VdU ��S�VdORS;Xðb
UWS-X��%e;Y�	ÏQdb�
�Y��PZ%Q1/C_`e-S)/%Y 	ÏZ%Q

Y��Rb�
u[Re-Y�
 -2� �)��3�� _=QdY���QdS;VTS-X���e-Z��%S-c �)�+45� _�-%
6� � "7� �
�|pRQÃb\[R[RQdZ%b%c1O b�S%
uUÃb`V�/\YmY�[RS-X���b\k �`b�X/V1b��\Y|Z�	LVdORYre-b\X��\pKb��\YiUÁk=Yik=S-cmb`VdYmkñVdZ 07Z�VdO

b\UT[wYic9VdU #18�9;:<9�b�e%�\Y�0KQdb\S-c�UT[wYic�S�
wc�b�VTS-Z\XKU 	ÏZ\Q?kKb`Vdb�Vo]/[7YmUm_¦b�XKk�UWVdb�VTY�VdQdb\XKUWS;VTS-Z\X
kRS-b��\Q1b�
ñU
	ÏZ\Qák=]IXKb�
uS-c�07Y�OKb �IS-Z\pRQ,(���ORS-e;Y [KQTZ"�IS8k=S;X �öb\XGpKXKk=Y�Qde-]/S-X��àpRXKS�	Ï]IS-X�� 	ÏQ1b�
uY��ÃZ\Q=/ßb\c�n
c�Z�
u[Kb\XRS-Ymk&0/]ðb�Xàb�[R[KQTZ%[RQTS8b`VdYrUTY�
ñb\X%VdS-c 
uZ=k=Y�e �
�|pRQ
UW[7Ymc�S�
7c�b`VdS;Z%X 	ÏZ\Q'
ub\e;S8U�
 #±cmb�e-e;Yik?>A@6BCBCDFE�G6H (rS-U
S;X/VTY��\Q1b`VdYmk*S;X/VTZßb�	ÏQ1b�
uY�n

�PZ%Q1/�	ÏZ\Q�UT]=UoVdY�
 UT[wYic�S�
wc�b�VTS-Z\X #�I(S��+� � (�� 	 X �)�+J _ ��K�� _ �PYñk=Y�
KXRYñb&
�Y�VTORZ=k=Z%e;Z��\]�	ÏZ%Q
Z\pRQñUT[wYic�S�
wc�b�VTS-Z\XKUáVTOKb�V 
ub�/\YiUápKUTY	Z�	|c�Z\XKkRS�VdS;Z%XKU�S;X Z\Q1k=Y�Q�VTZ 0RpRS-e8k b�0KUoVdQdb%c9VdS;Z%XKU
Z�	ÁUT]IUWVTY�
ñU�b�XwköVTOKb�V|S8U|b\[R[Re-S;Yik	VTZ �%Y�XRYmQdb�VTY(
L� -����öb�XKkM�0��
 UW[7Ymc�S�
wcmb`VdS;Z%XKU�b\XKk
�\Y�QdS�	Ï] VTORY�
�� 	 X �)�N�5� _ �PYöY��=[Re8b�S-X OKZ"� c�Z\Xwc�pRQdQTYmX/V�Z�0��oYmc�V�Z%QTS-Y�X/VTYik c�ZIkRY&
ñb¦] 07Y
�\Y�XKY�Q1b`VTYik 	ÏQdZ�
"Z\pRQ!UT[wYic�S�
wc�b�VTS-Z\XKU��

Method

theorem
proving

description

model
checking

animating

OO code

validation & verificationdocumentation

analysis

Larch Prover

CADP

CADP (XTL)xfig, sketch, dia

Java, Python, C++

implementation/prototypingspecification & design

Korrigan

state / trans.

printing

specifications

description
display and

problem

@Ä6PO7Ø�QIØ è Ð � ��� �  1��ÚI 9���o��½i} Ô-� � ��� Óg½ � Ý
��	¿VTYmQ?[KQTYiUWYmX%VdS;X ��Z\pKQ(c1ORZ%S-c�YmU 	ÏZ\Q?VTORYR/IS;XKk
Z�	Kc�Z�
�
ápRXRS8c�b�VTS-Z\X 07Y�V��ÃY�YmXáS8k=Y�X/VdS�
KYik

c�Z�
�
�pRXRS8c�b`VdS;X �ßc�Z�
u[7Z\XRYmX/VdUm_��ÃYñ[RQTYiUWYmX/VáYmb%c1OGZ�	�VTORY �IS-Y�� c�e8b\UdUTYmU�Z�	�Z%pRQ 
uZ=k=Y�e
#±b�Xwk VdORY
c�Z%QTQdYmUT[wZ%XKk=S-X���UT[7Ymc�S�
wcmb`VTS-Z\Xöe8b�X��%pKb��%Y)(,� � ORYmQTYib\UPS;X � J5� �PY�b%kRk=QdYmUdUWYikñVTOKY

K



c�Z�
u[7Z%UTS�VdS;Z%X�Z�	?b�XI]uXIp�
 07Y�Q�Z�	 �/S-Y��!Um_!�PY3b\kKk=QTYiUTUPORYmQTY�VTORY�UWVTQdZ\X���e;S-X0/=UPVTOKb�VÃY��IS8UWV
0wY�V��PYmY�X*b\e;egb\UT[7Ymc9V1U�Z�	Pb�UTS-X��\e-Y�c�Z�
u[wZ%XRY�X/Vi_7b\XKkàVdOKb`V�b�e;VTZ��\Y�VdORY�Q�0RpRS-e-k S�V1U �\e-Z�0Kb\e
UWY�
ub\X/VTS8c�U�� -�ORYmQTY�	ÏZ\QdY\_Pb�	¿VTYmQ�[RQdYmUTY�X/VTS-X�� VdORY 	ÏZ\Q'
ápRe8b\U #~b�XKk�VTORYmS;Q	UWY�
ñb�X/VTS8c�U (��ÃY
UWORZ"� ORZ"� VTZ �\e-pRY3VdORY
k=S),7YmQTYmX%Vrb\UT[wYic9VdUÃVdZ��%Y�VTOKY�Qi_Kb�XKk��ÃY�[RQdYmUTY�X/V�VTORY
QdY�VdQTS-Y��`b\efZ�	
VTORY �\e-Z�0wb�e �IS;Y�� 	ÏZ\Q!c�Z�
u[7Z\XRYmX%V1U�� � Y�[RQdZ"�/S8k=YrORY�QdY3b�XKY�� UTY�V�Z�	?QdpRe;YiU 	ÏZ\QÃVTOKY(� -2�
[Kb�QTV!Z�	�Z\pKQ �IS;Y��!U #±UTY�Y 07Y�e-Z"� ��Y�
KXRS;VTS-Z\X � (�_=Vdb�/IS;X��ñS-X/VTZ�b%c�c�Z\pRX/V�VTOKYác�Z�
�[7Z%UTS;VTS-Z\X
Z�	(b\e;efb%UW[7Ymc�VdU�� � YrVTOKY�X��\S%�\Y|VTORY 	ÏZ\Q'
ñb�e.# �%e;Z�0Kb�e (PUWY�
ub\X/VTS8c�U 	ÏZ\Q�UTpKc1O&�%e;Z�0Kb�e �IS;Y��!U��
� Y�S-e;e-pKUWVTQ1b`VdYrZ%pRQ��IS;Y�� 
uZ=k=Y�eAZ\Xàb�[Kb\UdU �ÃZ\Q1k 
ñb�Xwb��\Y�
uY�X/V�Y��Rb�
u[Re-Y��

� �������	��
�
�
 ÿÄþ ������ü����������AüPý����������! "�

-�ORYáUT]IUWVTY�
"S8U�c�Z�
u[7Z%UTYmköZ�	ÄUTY��\YmQdb\e 0Kb%UWS8c3pKUTY�Q1U�_7bu[RQTS%�IS;e-Y��%YmköpKUTY�Q #ÏQdZ/Z\V (�b\XKköVTOKY
[Kb\UdU �ÃZ\Q1k&
ub\XKb��%Y�Q)� -�ORY 0Kb\UTS-c3pwUWYmQdU�
ub¦]öc1OKb�X �\Y�VdORY�S-Q�[Kb%UTU��ÃZ\Q1k ��-�ORYá[KQTS%�IS;e-Y��%Ymk
pKUWYmQ�
ñb¦]ðb%c9V|b%U!b 0Kb%UWS8c�pKUTY�Q #±c1OKb\X��\S-X��ñS;VdU![wb\UdU �ÃZ\Q1k ( 0Rp=V�
ub¦]	b�e8UTZ c�QdYmb`VdY�[Kb\UdUWn
�PZ%QdkRU 	ÏZ%Q�XRY�� pKUTY�Q1U�b�XKköc1OKb�X �\Y3[Kb\UdU��PZ%QdkRU 	ÏZ\Q!b%c9VdpKb�efpKUTY�Q1U��

-�ORY c�QdYmb�VTS-Z\XGZ�	�b	[Kb\UdU �ÃZ\Q1kßS8U
k=Z%XRY b\U 	ÏZ%e;e-Z"�!U$# #ÏS (rVTOKYñpKUWYmQ
S8k*S8U�[RQdZ�
u[=VdYmkf_
VTORYmXàY�S;VTORYmQ #ÏS-S-b (ÃS�V�b\e;QdYmb%k=] Y��IS8UWVdU!b\XKkðb\X	Y�QdQTZ%QÃS8U!UTS��%XKb�e-YmkL_=Z\Q #±S;S%0+(ÃVdORY�[Kb\UdU��PZ%Qdk
S-UÃ[RQdZ�
u[=VdYmk�	ÏZ%Q��!-�ORY�QdYmb�	¿VTYmQ #±S�	AXKZ�YmQTQdZ\QÄZ=cmc�pRQdQTYik (9_%VTOKY|[Kb%UTU��ÃZ\Q1kuS-UP[RQdZ�
u[=VTYik 	ÏZ%Q
Z\XKc�Y�b��/b�S-Xßb�XKkßY�S;VTORYmQ�#±S;S-S8b�(�S�VrS-U3k=S),7YmQTYmX/V #±b\XKk b\XßY�QdQdZ\Q!S8U3UWS%�\XKb\e;Yik (9_7Z\Q #ÏS-S;S%0+(|S;V
S-U�VdORY
Udb�
uY�b�XKk�VTORY�[wb\UdU �ÃZ\Q1k 
Ke-Y3S-U 
�Z=k=S�
KYik �

-�ORY!c1OKb�X �\Y�Z�	Cb3[Kb\UdU �ÃZ\Q1k
S8UgVdORY!UTb�
uY�0Rp=V 	ÏZ%QgVTORY!k=S),CY�QdY�XKc�Y�VTOKb�V�#ÏS%��(?VTORY!pwUWYmQ
OKb\UrVdZàY��=S-UWV
b�XKk*VdOKb`V�VdORY #ÏZ%e-k (r[wb\UdU �ÃZ\Q1kßS8U�b\U1/\Yik 	ÏZ%Q #±b�Xwk �%Y�QdS�
wYmk (�07Y�	ÏZ\QdYuVTOKY
XRY�� [Kb\UdU��PZ%Qdkñ[wb�QTV #±S;S%0L_wS;S-S-b�Z%Q�S;S-S�0 (PVdb5/%YmU�[Re8b\c�Y��
&àZ\QdYrc�Z�
u[Re-Y��ðUT]=UoVdY�
ñUm_ ��S�VdOö[wb\UdU �ÃZ\Q1k QdYmUWVTQdS-c�VTS-Z\XKUm_!
ñb¦] Y��=S8UoV�0Rp=V��PY�k=ZuXRZ\V

Vdb5/%YrVTORY�
 S-X%VdZñb\c�c�Z\pRX/V�ORYmQTY��

% �����'& �"�(
)� ÿ����* 
+-,/. 81032 450168792;:8<>=(?@6BA 83C�:8?@D<9 � Y ��S-e;e(ORYmQTY�[RQTYiUWYmX/V!VTORYuk=S),7YmQTYmX/V��IS;Y��!U!VdOKb`V�c�Z�
�n
[wZ/UWY!Z%pRQ �IS-Y�� 
uZIkRY�e �<��U �PY|k=Ymb\e ��S;VTOñS8k=Y�X/VTS�
KYik c�Z�
 
�pRXRS8c�b�VTS-X��
c�Z�
�[7Z\XKY�X/VdUm_��ÃY

KQdUWV�[RQTYiUWYmX/VPZ\pKQ�c�Z�
�
ápKXRS-cmb`VdS;Z%X�c1ORZ\S8c�YiUPb\XKk Z%pRQÃXRZ�VdS;Z%X�Z�	(c�Z�
u[7Z\XRYmX/VÃS8k=Y�X/VdS�
KYmQ��
E�:BAFAHGI<J2;016B7K2;:B<LE�MN:82;0 8PON9 �|Ymb�e-S-X�� ��S;VTO�c�Z�
�
ápKXRS-cmb`VdS;X��|c�Z�
u[7Z\XRYmX/VdUm_mZ%XRYÁOKb%U 
KQ1UWV
VTZ 
ñb�/\Yác1ORZ%S-c�YmU���S;VTO*QTYiUW[7Ymc�V!VTZ�VTORY�c�Z�
 
�pRXRS8c�b�VTS-Z\Xßb�QdS;Vo]öb\XKk	VTOKY �`b�QdS;Z%pKU ��b¦]=U
VTZñY��=[RQdYmUdU�c�Z�
 
�pRXRS8c�b�VTS-Z\X # -(b�0Re-Y � (,�
�IS;Xwc�Y �PY3b�QdYrc�Z\XKc�Y�QdXRYmk 0wZ\VTO���S�VdOðZ�0��oYmc�VWnyZ\QdS;YmX%V1b`VdS;Z%X�b�XKk�QTYib\kRb�0RS-e;S;Vo]\_!�ÃY���S-e;e

QTYiUoVdQTS8c9VÄZ%pRQdUTY�e%�\YiU?VTZ�VdORY �RQ X c�Z�
�
ápRXKS-cmb`VTS-Z\X�Vo]I[wY��<
L� -����/n�e-SP/\Y 
ápRe;VTS%��b¦]�c�Z�
�n

ápRXRS8c�b�VTS-Z\X 
ñb¦]/07Y 
uZ%QTY Y��=[RQTYiUTUTS%�\Y�0Rp=V�e;YiUTUáYmb\UTS-e;]*pRXKk=YmQdUWVdb\XKkRb�0Ke;Y��6&àZ%QTYmZ"�\Y�Qi_
�PY���S-e;ewb�e-e;Z"� 07Z�VdOñY��=[Re-S-c�S�V�# ��S�VdOñZ\pRQ�[KQTZ=c�YiUTUgS8k=YmX%VdS�
wY�Q1U 0wYmS;X��
UTZ�
uY�/IS;XwkuZ�	 '|q2
 (
b�XKk	S%
u[Re;S8c�S;Vrc�Z�
�
ápKXRS-cmb`VdS;Z%X #ÏVTORQdZ\p �\OöVTORY�pKUTY�Z�	gVTORYTS/UBVNWIU�X /\Ym] �ÃZ\Q1kf_Rk=YmXRZ�VdS;X �
VTORY
UTY�XKkRY�Q�Z�	(VTOKY�e-b%UoV�
uYmUdUTb��\Y 0wYmS;X �ñQTYic�Y�S%�\Yik 0I]ñVdORY
c�Z�
�[7Z\XKY�X/V (��
Y3Z 83<J792 4 83?1ON9�� UWVTY�[*VTZ	Z�0��oYmc�VrZ%QTS-Y�X/Vdb�VTS-Z\X b\QTY�#ÏZ�0��oYmc�V (|S8k=Y�X/VTS�
KYmQdU��C&àZ\QdY�Z"�%Y�Qi_KZ\pKQ
c�Z�
�
�pRXRS8c�b`VdS;Z%X 
uYmc1Owb�XRS8U 
ñU�XRYmYmk c�Z�
u[7Z\XRYmX%VñS8k=Y�X/VdS�
KYmQdU�� 	 k=Y�X/VdS�
KYmQdUub\QTY	UWS%
u[Re-Y

J



� ,/Bf+-4 QIØ � ½ ��� �%}/�� 9���o��½m}�  Ð ½m��  � �

� � ����Û
������� æ ë�� 	
�Iå Þ�� �  d� ��åP� � � }`� �9º �;��}/Üm�I�mÜ � �1{ õ�
 t ç
����� }öæ¿��}��I� � �m��� � �7½ � �����3���o½ � �� �� �9ä � � }%  ��ç
� }�� }ðæ ë�� 	
� t å�èÄå�õá� �%���o��Óg�1Û��yÛ\}%  Ð � ½i}/��Õ9���o��½i} ç� � �%���� d���
� �/����}/Ü3��� �  1���m�7Ý � Û�Óg½ �Wº ��æ ë�� 	
� ¥m©�¨`Ì`©i£ ��} õ�
 t ç
� Þ�Ûá�y� � �% d�o� � ��}/Ür�m} º �=½i������Þ/��Û Ð � º ��}%Ü�æ ë�� 	
�Iõ�
 tA{/t å�èÄå�õ%ç�dÅ �/���� 1��� � ·¦£�«���� � � ½`  � ���P� º\� }`�o��Ú �d� æ¿� ç
� §�«�� � � ½`  � ���P� º%� }��o��Ú �d� æ¿� ç æ ë�� 	
�=õ�
 t ç

VTY�Q'
ñUrZ�	����8W	UWZ%QWV1U����Áb%c1O k=S),7YmQTYmX%V�c�Z�
u[wZ%XRY�X/V�c�e8b\UdU�OKb%UrS�V1Urb%UTUTZ=c�S8b`VdYmk����8W	UWZ%QWV)�
���8WñUTp�0KUTZ\QTVdU�c�Z\QdQTYiUW[7Z\XKk VTZuQdY�e8b`VTYik #ÏVTORQdZ\p �\OöS;XROKY�QdS�V1b�XKc�Y)(�c�Z�
u[wZ%XRY�X/V!c�e8b\UdUWYiU��

� YöOKb �\YðV��ÃZ*S%
u[wZ%QWV1b�X/V�QdY�e8b`VdS;Z%XKU�Z\X����8W #�:����N8 037A8��3GJ6
 2 7"!ðb\XKk :#�$�N81037 O 79? GJ0&%
7KGI?18�� ��0��oYmc�V�Y��/pKb�e-S;Vo]ñY��=[RQdYmUdUWYiUÄVdOKb`V�V��ÃZ�Z�0��oYmc�VdU ��S;VTOðVTORY�Udb�
uY|S8k=YmX%VdS�
wY�Q!k=YmXRZ�VdY
b\c9VdpKb�e-e-]ñVTORY
Udb�
uY3Z�00�oYmc9V #('�)+*,)
-/.10�243#*65(7+#8)�(�9:5(7 #�)
- (<;=)>9?)
- �
��0��oYmc�V	UWVTQdpKc9VdpRQdY*S8UöY��=[RQdYmUdUWYik 0I]ôVTORY 	±b\c�V	VTOKb�Vm_ ��ORY�XKY��\YmQàb�X Z�0��oYmc�V�0 S-U

c�Z�
u[7Z%UTYmkôZ�	�UTY��%Y�Q1b�e�UTp�0=nyZ�00�oYmc9V1U�_ÄVTORYmX�VTORY*Z�0��oYic9V�S8k=YmX%VdS�
wY�Q�S8Uöb [RQdY�
�� 	ÏZ\Qðb\e;e
UWp�0Rn�Z�0��oYmc�VdU�S8k=Y�X/VTS�
KYmQdU$#('�)@.BADC�2�)�2E3#FHG�IEJ #"0 (�*,KML #�N�5(7�O�5(7+#8)�(�9:5(7 #80 (�O L �

-�ORS-U���b¦]\_�S8k=YmX%VdS�
wY�Q1U 0RpRS-e-kôbGVdQTYmY�nyZ\Q1k=Y�QdYmk S-kInyS-XKk=Y��=YikòUWVTQdpKc�VTpRQdY	Z"�\Y�QuZ�0��oYmc�V
c�Z�
u[7Z%UTS�VdS;Z%X � Y$Z % 2 < Z 8,P/2 < :*S-U ��S-k=Yme;]ôpKUTYmk ��OKY�X k=Yib�e-S;X � ��S�VdO c�Z�
u[wZ%XRY�X/VdU 0RpRS-e�V
Z"�\Y�Q�Z\VTORYmQ #±UTp�0=n�(oc�Z�
u[wZ%XRY�X/VdU��

QSR8T U>VXW1Y[Z$\�W(]
W+^�_@`[Z�W(acb@d�egfhfhW(f

� Y�k=Y�
KXKY�b�X Y <J7 83? < 6
 , 79? GJ037KGI? 2 < :ji*2�8PC b�0KUWVTQ1b\c9VdS;Z%X #�I(S��+� K (�VdOKb`VrY��=[RQdYmUdUWYiU�VTOKY
	±b\c9V�VdOKb`Vi_/S-XöZ\Q1k=Y�QPVTZuk=YmUTS%�\Xðb\X�Z�0��oYmc�Vm_=S;V�S8UÃpKUTY�	ÏpReCVdZ 07Y�b�0Re-Y�VdZ�Y��=[RQTYiUTUPS;V�pKXKk=Y�Q
S�V1U|k=S),CY�QdY�X/V3b%UW[7Ymc�VdU #ÏORYmQTYáVTORYuUoV1b`VdS-c�b�XKkßkR]/Xwb�
uS-cáb\UT[wYic9VdUm_ ��S�VdO XRZðY��Rc�e-pKUTS;Z%XàZ�	
	ÏpRQWVdORY�Q|b\UT[wYic9VdUÃVdOKb`V 
ñb¦] 07Y�S8k=Y�X/VTS�
KYikðe8b`VdY�Q�Z%X+(,�

...Static View Dynamic View

Internal Structuring View

@Ä6POwØmFKØ v�}`� �d� }/�m�`�y� � �% d�o� � ��}/ÜÁ 1���m��� º �;��Ü � � �ôÔ ½ � � Ð � ��� � Ó � ½ º%� �=æ¿�/����}/ÜÁ� Ð �(��â tá}%½m�W���o��½m} ç
� Y*VTORYmQTY�	ÏZ\QdY OKb �%Y ORYmQTY b 
wQdUWV	UWVTQdpKc�VTpRQdS;X � e-Y��\Yme #"2 <J7 83? < 6
 RO 7K? GJ0379GI? 2 < :)( 	ÏZ%Q

Z�0��oYic9VdU����!XRZ\VTORYmQ!UoVdQTpwc9VTpKQTS-X���e;Y��\Y�eCS8UPVTORY 8,P�7 83? < 6� O 79? GJ0P79GI? 2 < : #�I?S%� � J (9_IY��=[RQdYmUdUTYmk
0/]uVdORY 	±b\c�V�VTOKb�V�b\X�Z�0��oYmc�V 
ñb¦] 07Y�c�Z�
u[7Z%UTYmk�Z�	(UTY��%Y�Q1b�e7Z�VdORY�Q�Z�00�oYmc9V1U�����XðZ�0��oYmc�V

ub¦]�VTOKY�X 07Y|YmS�VdORY�QÃb
UTS�
u[Re-Y�Z%XRY #±S;X/VTY��\Q1b`VdS;X��
kRS�,CY�QdY�X/VPS-X/VTYmQTXKb\ewUWVTQdpKc9VdpRQdS;X�� �/S-Y��!U
S;Xàb�X�2 <J7 8 :B? 68792;:8<lk 2�83C�(9_KZ%Q!buc�Z�
u[7Z%UTS�VdY3Z�0��oYic9V #@01:BA . : O 2 792;:8<mk$2�83C�(,�

�



Integration ViewStatic View Dynamic View

1 1

1..n
External Structuring View

Composition View

@Ä6POwØ � Ø�� Å � �d� }I���i�y� � �% d�o� � ��}/ÜÄ 1������� º ���mÜ � � � Ô ½ � � Ð � ��� � Ó � ½ º\� �/æ¿�%����}/Ü�� Ð �L��â t3}%½m�W���o��½m} ç
	 X%VdY��%Qdb�VTS-Z\X �IS;Y��!U&	ÏZ\e-e;Z"� b\X 83< 016 . O GM 68792;:8< . ? 2 < 032 .  )83#!VdORYGUWVdb�VTS8c [wb�QTV #~kRb`V1b

Vo]/[7Y)( 
ñb¦]uZ\XRe-]�0wY�b%c�c�YiUTUTYmkñVTORQdZ\p��%OñVTOKYrk=]IXKb�
uS-c|[Kb�QTV # 07Y�OKb �IS-Z\pRQ,(Äb\XKk S;VdUÃS8k=Y�X=n
VTS�
KY�Q #E�8W!(��

-�ORY ��ORZ\e-Y�c�e8b\UdU�k=S-b��\Q1b�
 	ÏZ%Q�VTORY �IS-Y��*
�Z=k=YmefS-U �\S%�\Y�XöS-X I(S%�\pRQdY � �

Integration View

View

Static View Dynamic View

1 1

1..n
Internal Structuring View External Structuring View

Composition View

@Ä6PO7Ø��7Ø è Ð � �\� � Ó � ½ º\� �R 1���m��� º ���mÜ � � � æ¿�/����}/Ü|� Ð ����â tö}/½��W���o��½i} ç

` Z�W(a�f#R 	 XðbápRXRS�	Ï]/S-X��ñb�[K[RQTZ/b\c1OL_��IS;Y��!UPb\QTY|pKUWYikñVdZ�k=YiUTc�QTS%07Y�VdORYrkRS�,CY�QdY�X/V�b\UT[wYic9VdU
Z�	�b�c�Z�
u[7Z\XRYmX%V #±S;X/VTYmQTXwb�eLb�XwkðY��IVTY�QdXKb\eLUoVdQTpKc�VTpRQdS-X�� (��
Y W��<^ Z�_ Z���^ T
	 ` Z8W(a��
R + �IS;Y���
�� :�� 6 01:8A . :8< 83<J7�� 2 OL6 7K? 2 .  )8 #�����*�� *���� (
C*M083?18�� � 2 O 7 M 8 Z 687 6 . 6B? 7�����2 O 6B< 6#� O 79?@6/037K2;:B< :���� 6B< Z � � 6 Z !8< 68AH2;0[ 6
!�83?
:
k�8P?�� � 9

-�ORYákRb�Vdbñ[Kb\QWVrb\kRk=QdYmUdUTYmU�VdORY 	ÏpRXwc9VTS-Z\Xwb�eAS8UdUWpRYiU�	ÏZ%Q!VTOKY�c�Z�
u[wZ%XRY�X/V #~k=Y�
KXKS�VdS;Z%X
Z�	LVdORY3Z\[7Y�Q1b`VTS-Z\X&�`b�e-pRYmUm_IS;X	b�Xöb�e%�\Y�0KQdb\S-c��Ãb¦]�(,�!-�ORY�b�0wUoVdQdb%c9VTS-Z\Xðk=Y�
KXKYmU�bá[7Z\S-X/V�Z�	
�/S-Y�� 	ÏZ%QÄVTOKY�c�Z�
�[7Z\XKY�X/Vm_/b�XKkuVdORY�k=]IXKb�
uS-c�e8b¦]\YmQÁb\kKk=QTYiUTUTYmU(VdORY�[7Z%UdUTS�0Re-Y�UTY��/pRYmXKc�YiU
Z�	gZ\[7Y�Q1b`VTS-Z\XwUÁVdORY
c�Z�
u[wZ%XRY�X/V�
ñb¦] [wYmQ 	ÏZ%Q�
��
Y W��<^ Z�_ Z���^! "	 ` Z8W(a
# eM_he%$<eM]H_��
R + kRb�Vdb�[Kb\QWV&� �(' 2 < 6 k 2�8PC O 7K? GJ037KGI?=8 #)� � *�� *�� � (+*
2 O�6B< 6
 : 8h�P?@6B2;0�O . 810P2 4 0168792;:8< C�2 7 M 7 M08,�P:
  :BC�2 < : 01:8A . :B< 83<J7KO #)��-"*�- *.
 *0/ � *���1 � * � (
C*M083?1832
4 ��- 2 O 6�ON8P7(:�� 2 A . :B? 7 8 Z �16 O 2;0�6
 :<8h�P? 682;0 O . 8 032 45016B7K2;:B<NO ' Z 6B7 6B78! . 8PO�C�2 7 MJ:8GI7/k 2�8PC�O5*�9
4 - 2 O 6 ON8P7�:��6�P:B? A 6� . 68? 68A 8P7 8P? 6� : 8 �3?@682;0FO . 810P2 4 0 6B7K2;:B<NON9

3



4 
 6B?18 . 68? 68A 8P7 8P?�k868? 2;6#�& P8 ON9
4 / � * � 1 ��68?=8 7 M08 O 2�:B< 6879GI?18 6B< Z 6 P�2;:8AFO ' 4�?1O 7 :8? Z 83? �P:8? AHGM 6 O5*��P:8?�� 9
4 � 6B?18!MI2 Z/Z 8P< ' :8? < :8< % 8,P . :B? 7 8 Z * : . 83?@68792;:8<JON9

� !8< 68AH2;0 O 2�:B< 6879GI?18PO�b�QdY�UTS��%XKb`VdpRQdYmU��\S%�\Y�X*S;X b 

� -����/nye-S)/%Y 	ÏZ\Q'
 � K7� _�2�9 8+9AY�X=n
QTS8c1ORYmk&��S;VTOàb�Q'�\p�
uYmX%V1U�c�Z\Xwc�Y�QdXRS-X���VTORY�Y��=[Re;S8c�S;V�c�Z�
�
ápRXRS8c�b�VTS-Z\XöUTc1ORY�
uY��

-�ORY�QdY|S8U�b�UTS%
�[Ke;Y�c�Z%QTQdYmUT[7Z\XKk=YmXKc�Y�0wY�V��PYmY�X	k=]IXKb�
uS8c|b\XKk pKUTpKb\e #~UoV1b`VdS-c)(PUTS%�\XKb�n
VTpRQdYmU$#
4��������	����

� S�����X ������
 ���8W#ÏQdYmc�Y�[=VdS;Z%XðZ�	gb 
uYmUdUTb��\Y � 	ÏQdZ�
 � Z\XðVTORY �/b`VTY ������� (c�Z%XKUWVTQdpKc9VdZ\Q ��������
������ S�� � ���8W Q �
4�������������

� S�� � � �!
 �#"8W#ÏY�
�S8UdUWS-Z\XöZ�	�b 
�YiUTUdb��%Y � VTZ � Z%XðVdORY �%b�VTY �����$� (c�Z%XKUWVTQdpKc9VdZ\Q ������� �%
�� Q �Z�0wUWYmQ��%Y�Q ������� � �&
�� Q � S��Z�0wUWYmQ��%Y�Q ������� � "8W 
'� Q ���8W

-�ORY��IS-Y�� k=]IXKb�
uS-c�e-b¦]%Y�QPkRYmUdc�QdS�07YmUPVTOKY|[7Z%UdUWS%0Re-Y|UTY��/pRYmXKc�YiUÁZ�	?b\c�VTS-Z\XKUÁVTORY3c�Z�
�n
[wZ%XRY�X/V�
ñb¦] [wYmQ 	ÏZ%Q�
���-�ORY 
ñb�S-XöS-k=Yib�S-UÃVdZukRY�
KXRY3Z%[wYmQdb�VTS-Z\XKUÃS-XðVdY�Q'
ñU�Z�	AVdORY�S-Q�Y�	¿n
	ÏYmc9V|Z\X	c�Z\Xwk=S�VdS;Z%XKU #)( (PVTOKb�V�0RpRS-e-kðVdORYác�Z�
u[wZ%XRY�X/V!b�0KUWVTQ1b\c�VTS-Z\X # �)�+J5� Y��=[Re8b�S-XKU�ORZ"�
VTORYiUWY	c�Z%XKk=S;VTS-Z\XKU�b�QdY�S8k=Y�X/VdS�
KYik (,� -�Y�XKc�Y\_ ��S;VTOòYmb\c1O Z\[7Y�Q1b`VTS-Z\XA_?S;VdU�[RQdYmc�Z\XKk=S;VTS-Z\XwU
b�XKkð[wZ/UoV1c�Z%XKk=S;VTS-Z\XKU���S-e-e 0wY
b%UTUTZ=c�S8b`VTYik �
Y W��<^ Z�_ Z���^?Q 	 ` Z8W(a #+*S^Xe-,jZ/.Bd�e0* W(] �HR + k=]IXKb�
uS-c3e8b¦]\YmQ���� ' 2 <�6 k$2�83C O 79? GJ0&%
7KGI?18 #�����* ��* ��� (5* 2 O 6 79G .  )8 #�5(7 *,0���* 0�� ( C*M083?18 2
4 5#7>2 O 68<>2 Z 83<J792 4 83? :�� O3:8? 7<N�5(7 �R9
4 0 � 2 OT6 ON837!:��T: . 8P? 68792;:8<NO ?=8,�3GI2 ?183A 83<J7KO ' �3GI2  7 :
k�8P? Z !8< 6BAF2;0TO 2�:/< 6879GI?18PO.� . ?18
68< Z . : O 7 01:B< Z 2 792;:8<JO5* �(S � Y���0 �21 ��F�3�465+768BN98�: C*M 8P?18 N 68?=8 . ?1810 :B< Z 2 7K2;:B<NO
68< Z : 6B?18 . : O 7 01:8< Z 2 7K2;:B<NON9

4 0�� ' �PGI2  7 :8< � *T68?=8!MI2 Z/Z 83<�A 83A � 83?1O :���0�� 9

-�ORY
[RQdYmc�Z\XKk=S;VTS-Z\XwU!b�QdY 
KQ1UoV|Z\Q1k=Y�Q�	ÏZ%Q�
�pRe8b\U�Y��I[KQTYiUTUTS;X �uVTORY
Z%[wYmQdb�VTS-Z\X	QdY��/pRS-QTY�n

�YmX/VdUöS;X VTYmQ�
ñUöZ�	�VdORY �¦b\e;pKYmUðZ�	
VdORY;( c�Z\Xwk=S�VdS;Z%XKU #�N=< (ðb�XKk Z�	
VdORY � F>3�4 5 7
b�Q'�\p�
uY�X/V1U #~k=Y�XKZ�VTYik�0/][N@?BA�(��
IRZ\QrY��Rb�
�[Ke;Y%_+�%S��%Y�X böUW[7Ymc�S�
7c 0Rp0,7YmQrZ%[wYmQdb�VTS-Z\XDC C I�#"J F�E)F�*�1 (�VTOKb�VrS8UrZ\XRe-]à[7Z%UWn

UWS%0Re-Y ��S�VdOàY��%Y�XàXIp�
 07Y�Q1Um_Kb�XKk���OKY�X	VTOKY 0Rp�,CY�Q|S-U�XRZ�V 	ÏpKe;e�_+�ÃY�OKb �%Y3VTORY 	ÏZ%e;e-Z"��S-X��
[RQTYic�Z%XKk=S;VTS-Z\XHGIF�C#EJELK F>M+F�N # 1 ( ��ORY�QdYOF�C#EJE!07Y�e-Z\X��/ULVdZP( #±ORY�XKc�YÄVdZ�N@< (9_¦b�XKk F>M+F�N # 1 (
0wYme;Z%X��%UÃVdZ N=?BA��

-�ORY�[wZ/UoV1c�Z\Xwk=S�VdS;Z%XKU�b�QdY�brUTY�V�Z�	 
KQ1UoV�Z%Qdk=YmQ 	ÏZ\Q'
ápRe8b\UOQ�: <+R)S Y��=[RQdYmUdUWS-X���	ÏZ\Q�Yib\c1O
Z\[7Y�Q1b`VTS-Z\X3VdORY �`b\e;pRYiU@( -/Z�	=VdORY!(ôc�Z\XKkRS�VdS;Z%XKU56��17 83?fVTOKYÁZ\[7Y�Q1b`VdS;Z%X�S-U?b�[R[Ke;S-Ymk�S-X�VdY�Q'
uU
Z�	KVdORY �`b�e-pRYmU(Z�	wVTORYT( c�Z\Xwk=S�VdS;Z%XKU #/: < (9_`Z�	7UWZ�
�Y�XRY��U(VE!WWe-S�
uS;VYXrc�Z%XKk=S;VTS-Z\XKU ^ #/: <+Z (
b�XKk�VTORY�� F>3�4 5 7 b�Q'�\p�
uY�X/V1U #~k=Y�XKZ�VTYik�0/]�:[?BA�(�� 8��P:B?18ÃVdORY�Z\[7Y�Q1b`VdS;Z%XðS8U�b�[R[Ke;S-Ymk �
s � Å � �d� � � }%  � � Ð ½9ÓÄ��� Ð ����� Ð � � � � �o�ð�o�9ä �/� �o�9º �o½ �dÅ � �o� ���á� Ð ��\  1½m} º ���o��½i}%�u�m�m��� � ����}�=½i�y�o 1½m} º ���o��½m}/� À

�



-?b�//S-X��áVTORY�Udb�
uY�C C IÄZ%[wYmQdb�VTS-Z\XL_Ib�Xwk S-X�VdORYrcmb\UTY���OKY�QdY!VTOKY 0Kp�,7YmQ�b�0KUWVTQ1b\c�VTS-Z\X
S-U�0RpKS;e;V�Z"�\YmQ (=9 QHF>4 C I � * F�C E/E S _ �PY	OKb �%Y�VdORYà[7Z%UWVdc�Z%XKk=S;VTS-Z\X Q�:��������
	 R *Y:��
��Z Z RLSb�XKk�:��������
	 R 9 F���E"J F(* :��
�>Z Z R�9�NSF 1 I�� C#EJE # 2�9 8+9KVdORY 0Rp�,CY�Q�S-U F�C#EJEAS�	o_ 07Y�	ÏZ%QTY|VTORY�C C I
Z\[7Y�Q1b`VTS-Z\XßVTZIZ�/à[Re8b\c�Y\_CS;V �ÃZ\pKe-k/0wYDF�C E/E�VdORY�XKY��IV3VTS%
�Y (,���|U|Z%XRYuc�b�XGUWYmY\_ �ÃY�OKb%k
VTZñpKUTY�b�e-S%
�S;V�c�Z%XKk=S;VTS-Z\X #�NSF 1 I�� C E/E (ÄVTZñY��=[RQdYmUdUPVTORY�[7Z%UWVdc�Z\XKkRS�VdS;Z%XðZ"�%Y�QTF�C E/E��

� pKUTYmUuVdORY c�Z\XKk=S;VTS-Z\X�[KQTYik=S-cmb`VdYmU)#/( (�VdZ k=Y�
KXKY Y��/pRS%�`b�e-Y�XKc�Yßc�e8b\UdUWYiU 	ÏZ\Q � �O(
0wYmS;X���
wXRS�VdY\_=VdORY�QdY3S-U�b 
wXRS�VdY�XIp�
 07Y�Q!Z�	?Y)�%pKS��`b�e-Y�Xwc�Y�c�e8b\UdUWYiU��
Y W��<^ Z�_ Z���^�� 	 ` Z8W(a e��Xf _ ]
e-.�_ Z)� ^6�HR + < b�0KUWVTQ1b\c9VdS;Z%X
� ' 2 < 6:k 2�83C O 7K? GJ0379GI?18
#���� *�� *���� (5* 2 O 6 79G .  )8 #/( * (VE4*�� *���� ( C*M083?18 2
4 ( 1 / � 2 O 6�4 <J2 7 8 ON837 :�� . ?18 Z 2;0 6B7 8PON9
4 (VE 1 / � 2 OF6�4�<J2 7 8 ON8P7�:����8 2 AH2 7�� 01:8< Z 2 792;:8<JO G O$8 Z 2 < . : O 7 01:B< Z 2 792;:8<JOF:�� : . 83?�%
68792;:8<JO$9

4 � 1 � 1 � 2 O 6 O$837�:��6�P:8? AHGM 68OF:
k�8P? A 8PA�� 8P?1O :���( ' k 6� 2 Z 01:BA �32 < 6B7K2;:B<NO5*�9
4 � � 1 ��1 � 2 O 6 �P:8? AHGM 6�:
k�8P? A 83A � 83?1O :���( ' 2 <J2 792;6
 k 6� G 8 O5*�9

-�ORY�UT]/X/V1b"� 	ÏZ%Q �IS;Y��!UÄS-X >A@6BCBCDFE G HðS-U �\S%�\Y�XuS-X I(S��%pRQTY 3 ��-�ORY ���"!�#��%$��&#(' � �*),+[Kb�QTVgc�Z\QdQTYiUW[7Z\XwkRULVdZ ���Á_¦VdORY-'/.0� �"1 '"# � �,),+�[Kb\QWV(VTZ �Á_�b\XKkáVTORY2)��"! 1 ' � �,)*+3��[wb�QTV?VdZ� � � -�OKY�QdY!S-UPXRZ
XKY�YmkñVTZáUWVdb�VTY�Y��=[Re;S8c�S;VTe-] 0 b\UÁS�V 
ub¦] 07Y�QdY�VTQdS-Y��\Yik�pKUWS-X�� � �!-�ORY�QdY
S-U�XRZ�S8k=Y�X/VdS�
KYmQ�YmS�VdORY�Q3UWS-XKc�Y
S-kRY�X/VTS�
KY�Q1U�UTOKb\e;e?Z\XRe-]öb\[R[7Ymb�Q���ORY�XßVTORY�c�Z�
u[7Z\XRYmX/V�S-U
pKUWYiköS;X	bñc�Z�
�[7Z%UTS;VTS-Z\X #ÏY��IVdY�QdXKb�eLUWVTQdpKc9VdpRQdS;X����IS-Y��!U (,�

465�7�8 �
9;: 7=<>5 @ 5?< Ö � 5A@CB

6EDGFL:I2�09.>HJI
OI4\<74�2�68×u:=<LK5\,/2�6-,/BC+-4\. M
NC68ùw4%. H:"Ff.2O,(Pw6-:3Dð.2H�Q

Ö6RS9 �>T Ö < � 5?@SB
×i:=<Cù76-096-:=<7. \+86EDö6;0�×m:=<CùC6-016-:=<C. \=Uø�6-0?NWV 68<C6-096;,I+8+-EXVZY

@ : 7 T Ö � 5A@SB 9
[J\
FC2�4=>0]
FL:=.10i>;^

@Ä6PO7ØmHRØ è Ð �`_`a;b�b�ced;f0g �yÛ\}��W� Å æ¿�\� � ÓÄ� ç
��U3Y��=[Re8b�S-XRYik*S-X � J5� _ �IS-Y��!U 
ñb¦] 07Y k=Y�
KXRYmkGpKUTS-X��	Y�S;VTORYmQ�VTORY b�0KUWVTQ1b\c9VdS;Z%X*b\XKk

Z\[7Y�Q1b`VTS-Z\X�[Kb�QTVdUÃZ\Q%�I]!
 07Z\e-S8c�-?Qdb\XKUTS�VdS;Z%X �I]=UoVdY�
ñU #�� -2� ( � 3 _ �+�5� � � VTQdS��IS8b�efb�0KUWVTQ1b\c�n
VTS-Z\X�b�XKkòZ%[wYmQdb�VTS-Z\Xò[Kb�QTVdU 
ñb¦] VdORY�X 07Yßk=YmQTS%�\Yik 	ÏQdZ�
 VTORY ��-2� �ÃNPZ\X!�%Y�Q1UWYme;]%_gb\X
� -2� 
ñb¦] 07Y!Z�0=V1b�S-XRYmk�S-X b�pRXRS �/pRY���b¦] 	ÏQdZ�
 VdORY�b�0KUoVdQdb%c9VdS;Z%Xub\XKk�Z\[7Y�Q1b`VdS;Z%X�[wb�QTVdU��
h Z�VdY!VdOKb`V%� -2�u[Kb\QWV1U�Z�	 �IS-Y��!UÁb\QTY��\S%�\Y�XñpwUWS-X��ák=]IXKb�
uS-c|UWS%�\XKb�VTpRQdYmU�#±UTY�Y��|Y�
KXKS�VdS;Z%X
b�07Z"�\Y)(�� -�ORY
c�Z%QTQdYmUT[wZ%XKk=S-X�� >A@6BCBCDFE�G6H UT]IX%V1b"� S8U �\S%�\YmXðS-X I(S%�\pRQdY � �g� �=b�
u[Re;YiUÃZ�	
�/S-Y�� UoVdQTpwc9VTpKQTYiU�S;XöVTOKY�S-Q�b�e;VTYmQTXKb�VTS%�\Y�	ÏZ\Q'
 b�QdY �\S%�\YmXðS-X I?S%�\pKQTY " #±UTY�Y�b�e8UTZ � J�� (,�
�|XRY!S-X%VdY�QdYmUWVTS-X��
[RQdZ\[7Y�QTVo]�S-UÁVTOKb�Vm_Ib\UPUTb\S-k�07Y�	ÏZ%QTY%_��IS-Y��!UÄpwUWYrb�X b�0wUoVdQdb%c9VTS-Z\X #)� (

VTZ k=YmUdc�QdS�07YöY��/pRS%�¦b\e;YmXKc�Yàc�e-b%UTUTYmU 	ÏZ\Q�VTOKYöc�Z�
u[wZ%XRY�X/V1U��.-�ORY � -2� OKb\U�Y��=b%c9Vde;] Z\XKY
UoV1b`VTY�[wYmQ3Y��/pRS%�¦b\e;YmXKc�Y�c�e8b\UdU�� -�ORY�X/p 
 07Y�Q3Z�	ÄY)�%pKS��`b�e-Y�Xwc�Y�c�e-b%UTUTYmU�07Y�S-X�� 
KXKS�VdY\_CVTOKY

"



465�7�8 �
9;: 7=<>5 @ 5?< Ö � 5A@CB

6EDGFL:I2�09.>HJI
OI4\<74�2�68×u:=<LK5\,/2�6-,/BC+-4\. M
NC68ùw4%. H:"Ff.2O,(Pw6-:3Dð.2H�Q

9 � 9
À � ��}/���o���m� õ �W��� ���½m� �   �9õ �W��� � � � � �m}%�����o��½m} � �W� � Ü � � õ �W��� �À�À�À

@Á6)O7Ø��KØ è Ð �`_`a0b�b�c d0f;g ����� �T� }I���o��� � �yÛ\}`�W� Å æ¿��� � ÓÄ� ç
� -2�ðS-U�b\e-UTZ 
KXRS;VTY��
	 X3VTORY 	ÏZ\e-e;Z"��S-X��K_��PYÁkRYmUdc�QdS�07Y�VTOKYÁUoV1b`VdS-cÄb\XKkrVTOKYPk=]IXKb�
�S8c.�IS-Y��!U�� 	 X�Z\pKQApRXRS�	Ï]IS;X �

b�[R[RQdZ%b%c1OL_Rk=]IXKb�
�S8c �IS;Y��!U�b\QTYrVTOKY�Udb�
uY
b\U!UWVdb�VTS8c �IS;Y��!U 0Rp=V�	ÏZ\Q�UTZ�
uY
k=S),7YmQTYmXKc�YiU3#
#ÏS (ÃXRZ�	ÏpRe-eAb�e%�\Y�0RQdb\S-crUT[wYic�S�
wc�b�VTS-Z\X #ÏZ\XKe;]öUWS%�\XKb�VTpRQdYmU 
ñb`VTVTYmQ (�b\XKkf_ #ÏS-S (ÃVTORY ��X ���  �� �Y�e-Y�
uY�X/VdU #±pKUTS;X���N�5(7�Vo]I[wYiU'(���-�ORS-U�UWVTY�
ñU 	ÏQTZ�
 VTORY 	±b%c9V�VTOKb�V!k=]IXKb�
uS8c��IS-Y��!U 	ÏZ=c�pKU
Z\XRe-] Z\XöVdORY
c�Z�
 
�pRXRS8c�b�VTS-Z\Xðb�0KUWVTQ1b\c9VdS;Z%X �

� _heM_ Z/.B` Z�W(a�f#R �/V1b`VdS-c �IS-Y��!U #���� (!kRYmUdc�QdS�07YrVTORYáUWVdb�VTS8c3b\UT[wYic9V!Z�	�bñc�Z�
u[wZ%XRY�X/V�� �
O17 68792;0�k 2�83C A 
 �GZ�	gb�c�Z�
u[7Z\XRYmX%V � S8U�b �/S-Y�� ��-�OKYr[wb\UdU �ÃZ\Q1k�
ñb�XKb��\Y�Q�UWVdb�VTS8c��IS-Y��
S-U��%S��%Y�XðS;X I(S��%pRQdY " �
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modify(u,p)
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add(u,p)

9 � Ö � 5A< 465�7�8 9K01,/0168×%:P,/.9.1ø|:/2mù��ò,I<7,<OI4�2	��9;:
���
90: 7 <>5 @ 5A< Ö � 5?@SB

6 DGFL:I2�09. � ½`½i� � �m}K{ � � �T� v º {/xf�m���yÓ(½ �Wº:(Ff.
�1� �%�~ÛñÑ � õ x â� º%º Ñ õ x â { � � �T� v º {%xf�����yÓg½ �Wº � õ x â� ½ º � Ô Û Ñ õ x â { � � �d� v º {Ixf�����yÓg½ �Wº � õ x â
º%�  d�;� �o�9º Ñ õ x â { � � �d� v º � � ½`½m� � �m} 1½ ���o�  d�!Ñ õ x â { � � �d� v º {%xf�m���yÓ(½ �Wº � � ½`½i� � �m},/P76;:3Dö. À�À�À

9 � 9
À � ��
�
� º/º�
 ��Ñ � � �d� v º�
 �ðÑIxf�����yÓg½ �Wº � �

�
� � ½ º � Ô Û 
 ��Ñ � � �d� v º�
 �öÑIxf�����yÓg½ �Wº � ��
� º\�  1��� �o�1º�
 ��Ñ � � �d� v º�� ÞöÑ � ½`½i� � �m} � ��
�
 d½ ���o�  d� 
 �ðÑ � � �d� v º�
 �öÑ/xf�m���yÓ(½ �Wº	� ÞðÑ � ½`½i� � ��} � �

@Ä6PO7Ø��RØ xf�����yÓg½ �Wº â ��}I��Ü �d� �y�W���o�� ���� � Ó æ õ x âñç

Y *S^Xe-,jZ/. ` Z�W(a�f#R ��]IXKb�
�S8c �IS;Y��!U #��
� (	kRYmUdc�QdS�07Y VdORY 0wYmOKb �IS;Z%pRQ1b�e3b\UT[wYic9V	Z�	
bGc�Z�
u[7Z\XRYmX%Vi_(VTOKb�V S-Uñb*[RQdZIc�YmUdU�#ÏZ\Qñb\Xòb%c9VTS%�\YöZ�00�oYmc9V,(,�.IKZ\Qñk=]IXKb�
�S8c��IS;Y��!U�_ �ÃY

*



c�Z\XwUWS8k=Y�Q�Z\XRe-] c�Z�
 
�pRXRS8c�b�VTS-Z\X [RQdZ�VdZ=c�Z\e8U #±Y�
uS-UdUTS;Z%XKU�b\XKk QdYmc�Y�[=VdS;Z%XKU�_(S-X VTYmQ�
ñU�Z�	
UWYmXKk=Y�Q1U�b�Xwk QdYmc�Y�S%�\Y�Q1U (�b\XKk XKZ�V3VTORY kRY�
KXRS;VTS-Z\X Z�	PZ\pRVT[Rp=V1U�S-X VdY�Q'
uU3Z�	ÃS-XR[RpRVdU�� 	 X
VTORS8U?UTY�XwUWY%_�S�V(S-UAQTYib�e-e;]rb�[Kb\QWVdS-b\e��IS;Y�� #~c�Z�
 
�pRXRS8c�b�VTS-Z\X
b�0wUoVdQdb%c9VTS-Z\X (7Z�	Rb!c�Z�
u[wZ%XRY�X/Vm_
��S�VdORZ\p=V�b\XI] �\e-Z�0Kb\efUWY�
ub\X/VTS8c�U��
� Z !8< 68AH2;0�k 2�83C � 
 � Z�	?bác�Z�
u[7Z\XRYmX%V � S8UPb �IS;Y�� ��ORY�QdY!VdORYrUTS%�\XKb�VTpRQdYmU�# / � (

b�QdYßk=]IXKb�
uS8cßb�XKk ��ORYmQTYßVTORY b��=S;Z�
 [Kb\QWV #)� 1 � (uS8U QdYmkRpKc�Yik VdZ � b�Xwk � � � -�OKY
[Kb\UdU �ÃZ\Q1k 
ñb�Xwb��\YmQrkR]/Xwb�
uS-c �IS;Y�� # �%Qdb\[RORS8c�b\e(QdY�[KQTYiUWYmX%V1b`VdS;Z%XàZ�	ÁVdORY � -2� [Kb�QTV (�S-U
�\S%�\Y�XöS-X I(S%�\pRQdY * �

getPwd ?p1:Pwd

getPwd ?p2:Pwd

from u:PIdUser
modify

from root:PIdRootUser
create ?u:PIdUser

from sender

from sender

mGp2

Wa

BeM BeC

Gp1

[not(CValid(u))]
errorUser
to sender

[not(MValid(u))]
errorUser
to sender [CValid(u)]

getPwd ?p0:Pwd
[MValid(u)]

from sender

getPwd ?p1:Pwd
[correct(u,p0)]

from sender

cValmVal
Val

from sender
getPwd ?p2:Pwd

[not(p1=p2)] errorCorresp
to sender

[p1=p2] ic

[not(correct(u,p0))] errorPwd
to sender

[p1=p2] im

cGp2

è Ð � �y�W��� � }I� ��� �	�y�W�m} º Ô ½ � � ´`¤�§\¤�¨�� æ 8 , ç {�� ©��\¤�¨1�I«mÌ\¤�·�¤¦Èi´m§\¤m«�¨ æ R�4 � ç {
� ©��\¤�¨òÈ�£`©`´m§\¤m«�¨ æ R|4 < ç { �`©i§G·\¤�£\¥�§*¬\´`¥¦¥ � «m£¦Ì æ�� F
Q ç { �`©i§ ¥m©�Èi«�¨¦Ì ¬\´`¥¦¥ � «m£¦Ì«�¨l�I«mÌ�¤�·\¤¦Èi´�§\¤i«�¨ æ D � FLF ç { �`©m§ ¥m©�Èi«�¨`ÌG¬\´`¥i¥ � «m£¦Ì «�¨ È�£`©`´�§\¤i«�¨ æ × � FLF ç {²�´¦¯`¤�Ì`´m§`© æ 4 ,I+ { D 4 ,/+ ½i} � ½ º ��ÚI 9���o��½m}ñ�m} º × 4 ,/+ ½i}�  �o� ���o��½m} çTÀ

@Ä6POwØ	�KØ xf�m���yÓ(½ �Wº â �m}/�mÜ �d��º Û\}I� � �� P�\� � Ó æ 
 x âñç


�� _hW#]
^Xegd � _ ]�
=.�_�
 ]
Z8^�� `[Z�W(a�f�R ��X	Y��IVTYmQTXKb\efUoVdQTpKc�VTpRQdS-X�� �IS-Y�� #8� � � ( 
ñb¦] c�Z\XRn
Vdb�S-X�Z%XRYrZ\Q 
�Z%QTY��\e-Z�0Kb\e7UTY�
ñb\X%VdS-cmU�c�Z�
u[7Z\XRYmX/VdU #"2�9 8�9RS-X/VTY��%Qdb�VTS-Z\X �IS-Y��!UÃZ\Q�c�Z�
u[wZ\n
UWS;VTS-Z\X��IS;Y��!U'(��g�.�IVTYmQTXwb�efUoVdQTpwc9VTpKQTS-X����IS;Y��!U�OKb �\Y�b �\e-Z�0Kb\efUWY�
ub\X/VTS8c�U��
Y W��<^ Z�_ Z���^��"	 
�� _ W(]
^ egd � _ ]�
@.�_�
 ]
Z�^�� `[Z�W(a �HR + <*Y��/VdY�QdXKb�eÃUoVdQTpwc9VTpKQTS-X�� �IS-Y��
� A 
 � :�� 6 01:8A . :B< 83<J7 � 2 O 6�79? 2 .  )8 #�����*�� *���� (HC*M083?18���� 2 O 68< : . 792;:8< 6
 Z 6B7 6
. 6B? 7���� 2 O 7 M08�� , i � :� G 8"� . 68? 7)� 68< Z ��� 7 M 8�� , i 01:8A . :8O 2 7K2;:B<  6�!�8P?N9

�



�IZ�
uYuXRY��'[Kb�Q1b�
uY�VTY�Q1U3b�XKk  ¦Z\Q 0Kb%UWS8cub�e%�\Y�0KQdb\S-c�kRb`V1bðVo]/[7YmU 
ñb¦] 07YuXRY�Yik=YmkGS-X
VTORY>�R� � �
Y W��<^ Z�_ Z���^�� 	 
 � ` # eg_ e $<eM]H_��
R + < � , ißkRb�Vdb�[Kb�QTV���� ' 2 <�68< � , i O 7K? GJ0379GI?18
#���� * � * ��� (+* 2 O A 6 Z 8FG . :��6�P:�  :8C�2 < : 01:8A . :B< 83<J7KO #)��-"*�- *.
 * ��( C*M083?1832
4 ��- 2 O 6�ON8P7(:�� 2 A . :B? 7 8 Z �16 O 2;0�6
 :<8h�P? 682;0 O . 8 032 45016B7K2;:B<NO ' Z 6B7 6B78! . 8PO�C�2 7 MJ:8GI7/k 2�8PC�O5*�9
4 - 2 O 6 ON8P7�:��6�P:B? A 6� . 68? 68A 8P7 8P? 6� : 8 �3?@682;0FO . 810P2 4 0 6B7K2;:B<NON9
4 
 6B?18 . 68? 68A 8P7 8P?�k868? 2;6#�& P8 ON9
4 � 6B?18!MI2 Z/Z 8P< ' :8? < :8< % 8,P . :B? 7 8 Z * : . 83?@68792;:8<JON9
� k=YiUTc�QTS%07YmU�ORZ"� VTORY
c�Z�
u[wZ%XRY�X/V1U�Z�	 �ãb�QdY �\e-pRYmköb�e;VTZ��\Y�VTORYmQ��

Y W��<^ Z�_ Z���^��"	 
 � ` ��d 
XW $<eM]H_��
R + < � , i �\e-pRYñ[Kb\QWV � ' 2 < 6B< � , i O 7K? GJ0379GI?18
#���� * � * ��� (+* 2 O 6 7KG .  )8 #�� 1�� *�� *�� *�����*	��( C*M083?18 2
4 � 1�� 6B?18	6 P�2;:8AFOT?18  68792 < : :/GJ68? Z O 68< Z : . 83?@68792;:8<JO�6/03?@:8O O Z 2 
�83?18P< 7 k$2�83C�O ' ON8=8
7 M 8���6 O1O C�:8? Z�
 68< 6+:<83? Y <J7 8 :/?@6B7K2;:B< i�2�83C 2 <	=�2�:/GI?18����.*�9

4 � 2 OT6 ' O17 687 8�*��P:B? AFGM 6l�3GI2  7!:�k783?�L 7 % 2 < Z 8,P 8 Z ( A 83A � 83?1O :�� 7 M 8 01:BA . :8< 8P< 7;O
k$2�83C�Ooj 9

4 � 2 O 6 ' 79?@68<JO 2 7K2;:B< * L 7 % 2 < Z 86P 8 Z �P:8? AHGM 6H?18  68792 < : ' :� GI2 < :�* 79?@68<JO 2 7K2;:B<NO �1?@:BA-ON8&kh%
8P? 6
 !01:BA . :8< 8P< 7;O ,��(, 9 � MI2 OL2 OL6 :<83< 83?@6� 2���8 Z �P:B? A :��	O�!8< 01M ?@:B<J2���8 Z . ?@: Z GJ0P7
k781037 :B?������$9

4 ���>2 OT6 ' O 7 687 8+*�L 7 % 2 < Z 8,P 8 Z �P:8? AHGM 6 86P . ?=8 O1O 2 < :>7 M08T2 <J2 792;6
 O 7 687 8 O :�� 7 M 8 01:8A %
. :B< 83<J7KO ' 2 7 O MJ:8GM Z � 8 01:$M 8P?=8P< 7�C�2 7 M 7 M08S����OH:�� 7 M 8 0 :BA . : O 2 792;:8<�01:BA . :8< 8P< 7;O.�
7 MJ687 2 O�� ������� ?! L 7 O ����##" ��� ?! (5*�9

4 � Z 8K4 < 8 O C*MN6B757 : Z : C�2 7 M < :8< %�:� G 8 Z 79?@6B<NO 2 7K2;:B<NO ' ON8=8 , 81037K2;:B<%$ *�9
��b�XKk&� b�QdYáS%
�[Ke;S8c�S;VTe-]àpRXRS%�\YmQdUdb�e-e;]��/pKb�X/VdS�
KYikàZ"�\YmQ!VdS�
uY�#"2�9 8�9 �ÃYáOKb �%Y('%��-C�

b�XKk���-)��(����òS-U �%S��%Y�Xub\UÄc�Z\pR[Ke;YiU*�?9 Q(+I? 9 #,+I?!-�*�+I?/.)( S _\b\XKk 
uYmb�XwU6��-0� ? +I?!- ;
+ ?/. � �'pKUTYmU�Y�X!�IS-QTZ%X�
uY�X/VdUm_=UoV1b`VTY
b\XKk�VTQ1b�XKUTS�VdS;Z%X 	ÏZ%Q�
�pRe8b\U��


 ^21SZ�]���^=,jW+^�_ f#R �!X	YmX �IS-QTZ%X�
uY�X/V43 0RS-XKkRU��`b�QdS8b�0Re-YmUPVTZñUWVdb�VTYmU�Z%Q�VTZuVdQdb\XKUWS;VTS-Z\XwU��
3 # 
 �03 Q #"A&��� � �65 ��7 ��8lA (

�/Vdb�VTY�b�XKk�VdQdb\XKUWS;VTS-Z\X 	ÏZ\Q'
ápKe-b%U(b\QTY�UTS�
u[Re-Y�Z\XKYmU$#¦VTORYmQTY�b�QdY�XRZ 
��=[wZ%S;X/VÄZ%QgUT[7Ymc�S8b�e

�Z=kRb\e;S;VTS-YmU!e;SP/\Y3S-X 
�Z%QTY3Y��I[KQTYiUTUTS��%Y�VdY�
u[7Z\Q1b�eLe-Z��%S-cmUÃUTpKc1Oàb\U�N -%
Á_:9+()7);ôZ\Q4< -%

� �5� � -�ORY 
ñb\S;X [7Z\S-X/V�ORYmQTYðS-U
VTOKb�V�VdORS-U�S8U
Y��=[RQdYmUdUTS��%Y Y�XRZ%p��\O VdZßY��=[RQdYmUdU�VdORY �%e;pKY
0wY�V��PYmY�X c�Z�
u[wZ%XRY�X/V1U�� &àZ\QdYác�Z�
u[Re-Y��	e;Z��\S8c�U 
ñb¦]�07Y�k=Y�
KXRYmk*b"	¿VdY�Q'�Ãb\QdkRU�VTZ �%Y�QdS�	Ï]
VTORY 
uZ=k=Y�e8U�[RQdZ\[7Y�QTVTS-YmU # 	ÏZ\e-e;Z"��S-X�� 	ÏZ\Q�Y��=b�
u[Re;YrVdORY � *5� b�[K[RQTZ/b\c1O+(��

� _heM_ W>=,� ]�, 
Xd�egf#R -�ORYáUWVdb`VdY 	ÏZ\Q'
ápKe-b%U �ôS;X/VTYmQT[KQTY�Vdb`VdS;Z%XökRZ�
ñb�S-XàS-U A&����� � _IVTOKY
� -2�öUWY�V!Z�	(UWVdb�VTYiU��

� # # 9:G@?�1&?#K 1 O � ^ ?HI
3HC�FA? F���E8JhFB?�G�� ^ ?&� ^ K � j ?�C>� ^ ?HL�O � ^
� UoV1b`VTY �%Y�QdS�
wYmU�bàc�Z%XKk=S;VTS-Z\X G #ÏS-XGVTORY'("UTY�V
Z�	�c�Z%XKk=S;VTS-Z\XKU �\S%�\Y�XGS-X VTORY �IS-Y��

UoVdQTpKc�VTpRQdY)(PS�	 G�S8U�VTQdpRY3S-X�J #±k=YmXRZ�VdYmk&0I] G�#"J)(�(,�
¸ è Ð ���C���f�/� �1º�Ô ½ �L�dÅ � � �/� � �o½ �dÅ � �o� ���gæ � �\�o�I��� ç=�dÅ  1���/����½m}|Þ � �~Ó �1� }��~Óg½Á 1½i} º ���o��½i}/�WÒ��y�W��� � �½ Ô �~Óg½ º ��ó �T�o� }`�Ä 1½ � �=½m} � }`�o� ÀD Ù Ð �T�o� � � º\� }/½�� � �FEy����Óg�1Û%�ÁÜi��½mÞI�m����Û�G À

��4



��������	� ��
�� N@7�0 N �
� UWVdb`VdY �%Y�QdS�
KYiU�1*S�	�1*S8U�07Z\pKXKkàVdZðb�UWVdb�VTY�Jh-AS-XßVdORY�YmX!�/S-QdZ\X�
uY�X/V�3�_Cb�XKkàS�	 J

b�XKkBJh-Lb�QdY�UWS%
uS;e8b�Q #"J�
 J - (,�+- �PZñUWVdb`VdYmU�b\QTYFO 2 AF2  6B?�S�	 '�G .6( O#G�#8J (<;=G�#"Jh- (��
������ � R���� �	� ����� R��� ��
 � 5�� � 8 � �

-�ORS-U 	ÏZ%Q�
�pRe-b�S8U�pKUWYik VdZ�0RS;Xwk �`b�QdS8b�0Re-YmUÁVTZñUWVdb`VdYmU��0�ãUoV1b`VTY>J �%Y�QdS�
KYiU K 1 O � ^ S�	gS;V�\Y�QdS�
KYmU=� ^ S-Xàb�XöY�X!�IS;QdZ\X�
uYmX%V���ORYmQTY 1àOKb%U 0wYmY�X�07Z\pRXKkðVdZ�J��
��� ������ � � � ��
��! �	� ��
�" ��# �! $ 5 8 � �

� �%Y�Qd] UoV1b`VdY �%Y�QdS�
wYmU I
3HC�F �
�	� ��
 �&%��&� ��7(' � �

� UWVdb�VTY �\YmQTS�
KYiU�G�� ^ S�	gS�V�kRZ/YiU�XRZ�V �%Y�QdS�	Ï]G� ^ ��	� �*)
��! ��� ��
,+-�! 8l0 � �
h ZñUWVdb�VTY �\YmQTS�
KYiU�F���E"J F �

�	� �*)
 ��. Z � � ����; A � �

� UoV1b`VdY��\YmQTS�
KYiU�� ^ K � j S�	?S�V �\Y�QdS�
KYmU 0wZ\VTOG� ^ b�Xwk � j �
��� ��
��! �/ �	� ��
���0�	� ��
��! �/-��0 ��8 � �

-�ORS-UÃUWVdb`VdY�	ÏZ\Q'
ápKe-b�e-S-X0/=UPUWVdb�VTY|b\XKkuVdQdb\XKUWS;VTS-Z\X�	ÏZ%Q�
�pRe8b\U��<� UoV1b`VTY J��%Y�QdS�
wYmU C4� ^S�	(VTORYmQTY�S8U�b�VTQ1b�XKUTS;VTS-Z\X[IPZ%p=V��%Z\S-X�� 	ÏQdZ�
 J3VTOwb`V �\YmQTS�
KYiU � ^ �
" �&1 �32C Q � R4� � � �	� � 
�5	 �	� ��
76!57 ��7 ��8lA

� UWVdb`VdY �\YmQTS�
KYiU>L�O � ^ S�	|S�V�OKb\U�b UTp�07c�Z�
u[7Z\XRYmX%V L�VdOKb`V �\YmQTS�
KYmU6� ^ � -�ORS8U
QdpRe-YY�XKb�0Re;YiU�pKU�VdZukRYmb�e ��S;VTOöVdORY
UW]=UWVTY�
"UWVTQdpKc9VdpRQTS-X�� #ÏS-XKk=Y��=S;X��!(,�
" ? # � R � � �8��� � R 
�9, ��� ��
 ? # 9, 5 8 � �;: �

U�]
eg^Xf Z�_ Z)� ^ = � ]�, 
 d8egf#R -�ORYGVTQ1b�XKUTS;VTS-Z\X$	ÏZ\Q'
ápRe8b\U � S-X/VTY�Qd[RQdY�V1b`VTS-Z\X k=Z�
ñb\S;X S-U
��7 ��8lA VTORY(� -2�öUTY�V!Z�	AVTQ1b�XwUWS;VTS-Z\XKU��

�'# # 9 � < � E � < - � ? 1 ?�K 1 O � ^ ?HI
3HC�F�? F���E8JhFF? G � ^ ? � ^ K%� j ?3= � ^ ?
L,O � ^
� I�VTQ1b�XKUTS�VdS;Z%X/�%Y�QdS�
KYiU J?> @�A4B Z AC> @ RA BC C:C:C C C Q Jh-gS�	PS;V3Owb\U3UWS%
uS;e8b�Q3Z�,7YmQdUm_7b\XKk*S�	 I �\pKb\QdkKU

S�
u[Re-]
VdORY 	ÏZ\Q'
ápRe8brZ\XRYiU���- �ÃZ3Z5,CY�Q1UIE 9;C�)�?Lb�XKk E �<92C0� )%�ED�b�QdY�UWS%
uS;e8b�Q #~k=Y�XRZ\VTYik 0I]
EF
 E ��(PS�	(VTORY�c�Z�
�
ápRXKS-cmb`VTS-Z\X&�%b�VTYmUÃOKb �%Y�VdORY�UTb�
uY|XKb�
uY�# C 9 C;��(9_=S�	AVTOKY�X/p 
 07Y�Q1U
Z�	KZ�,7YmQ([wb�Q1b�
uY�VdY�Q1U?b\QTYÁVTORY�Udb�
uY #�L<9�3 (�_�b�XKkáS�	wVTORYiUWYÃZ5,CY�Qg[Kb\Qdb�
uY�VTYmQdU(c�Z%QTQdYmUT[7Z\XKk
# '�L�O )�? 9:)%�&G�(��

�&1 �IH J A4K 2 A H J
RA KC C C:C:C C Q � R � Z � Z A � @�AMLN@ � @ RA LN@

R
�	� � 
 > @OB Z > @ R B

N@7�0 N �

� VTQ1b�XKUTS�VdS;Z%X��\Y�QdS�
KYmU 1ßS�	61ßS8U�0wZ%pRXKköVdZ b�VTQ1b�XKUTS�VdS;Z%XBI4-fS;X	VdORYB3 YmX!�/S-QdZ\X�
uY�X/Vi_
b�XKkðS�	XIÃb\XKk I4-Ab�QdYrUTS�
uS-e-b\Q�S;XðVTORYF3ãYmX!�/S-QdZ\X�
uY�X/V #$IP
 � I4- (9_=VdOKb`V�S8U�S�	�3�*6I�� I4-fb\XKk3�*6I4-�� I,�

���Q�� � R���� �	� � � � R�	� � 
 � 5 � � 8 ���

�<�



7�� � 7 T B Ö�� 9 �>T�� < ��� T 5�B � 465�7J8 �
9;: 7=<>5 @ 5?< Ö � 5A@CB

6EDGFL:I2�09.>HJI
OI4\<74�2�68×u:=<LK5\,/2�6-,/BC+-4\. M
NC68ùw4%. H

<S@ ��: @ 9 5 � 5A@SB��
68.

	�
 \ Ñ [
����\ î � \ ï,(Pw6-:3Dö.`H�Q��ø�6-0?NWV {�� 68<C6;096-,I+-+-EWV Y
@Á6)O7Ø��KØ è Ð �`_`a0b�b�c d0f;g �yÛ\}`�W� Å æ �dÅ � �d� }/�m�K�y� � �/ d�o� � ��}%Ür��� � ÓÄ� ç

-�ORS-U�	ÏZ%Q�
�pRe-b�S-UrpKUTYmkßVTZ�0RS-XKk/�`b\QTS8b�0Re-YmU�VTZðVTQ1b�XwUWS;VTS-Z\XKU�� � VdQdb\XKUWS;VTS-Z\X I �\YmQTS�
KYiU
K 1 O � ^ S�	gS;V �\YmQTS�
KYiU � ^ S;Xàb�XöY�X!�IS-QTZ%X�
uY�X/V���ORY�QdY 1àOKb\U 07Y�YmX�07Z\pKXKkðVTZ I,���� ���Q�� � � � � 
�5	 ��� � 
," �,# 5	 $ 5 8 � �

� �%Y�Qd]uVTQ1b�XKUTS;VTS-Z\X �%Y�QdS�
wYmU I
3HC�F �
��� � 
 �&%��&� ��7(' � �

� VTQ1b�XKUTS�VdS;Z%X �\YmQTS�
KYmU!G � ^ S�	AS;VÃk=ZIYiUÁXRZ\V �%Y�QdS�	Ï]�� ^ �
�	� � )
�5	 ��� � 
,+-57 8l0 � �

h Z�VdQdb\XKUWS;VTS-Z\X��\YmQTS�
KYiU�F���E"J F �
��� � )
 ��. Z � � ����; A � �

� VTQ1b�XKUTS�VdS;Z%X �\YmQTS�
KYmU � ^ KF� j S�	AS�V �\YmQTS�
KYmU 0wZ\VTO�� ^b\XKk%� j � ��� � 
�5  / �	� � 
�5 0�	� � 
�57 �/-5-0 ��8 � �
-�ORS-U�VdQdb\XKUWS;VTS-Z\X 	ÏZ\Q'
ápRe8bße-S;X /IU�VdQdb\XKUWS;VTS-Z\X b�XKk UoV1b`VTY&	ÏZ\Q'
ápKe-b%U��L�"VTQ1b�XKUTS�VdS;Z%XjI

�\Y�QdS�
KYmU =�� ^ S�	gS�V!Z%p=V��%ZIYmU 	ÏQdZ�
 bñUWVdb�VTY>J3VdZubuUWVdb�VTY Jh-fUWpwc1OðVdOKb`V Jh- �%Y�QdS�
KYiU � ^ ��&1 � 2C Q � R � �	� � R 
��! �	� � 
��!�! ����7 - � �
�òVTQ1b�XKUTS�VdS;Z%X �%Y�QdS�
wYmU<L�O � ^ S�	CS�VPOKb\U�b�UTp�0Cc�Z�
u[7Z\XRYmX/V LfVTOKb�V �\YmQTS�
KYmU*� ^ ��-�ORS8U�QdpRe-YY�XKb�0Re;YiU�pKU�VdZukRYmb�e ��S;VTOöVdORY
UW]=UWVTY�
"UWVTQdpKc9VdpRQTS-X�� #ÏS-XKk=Y��=S;X��!(,�

" ? # � RE� � ���	� � R 
��� ��� � 
 ? # �	 5 8 � �;: �
��UöpKUTpKb�e�_F? 9 
ub¦] 07Y k=Y�
KXKYmk 	ÏZ\QàUoV1b`VdYmU	b\UBJ ? 9 � S), Q S *,J�� ��_�b�Xwk 	ÏZ%Q

VTQ1b�XKUTS�VdS;Z%XKU�b\U I4? 9��òS),UQ S *EI�� � �
Y W��<^ Z�_ Z���^�� 	 
 � ` . � , $�� fhZ$_hZ���^�d�e0* W(] �HR + < � , iGc�Z�
u[7Z%UTS�VdS;Z%X	e-b¦]%Y�Q���� ' 2 <
6T01:8A . :8O 2 7K2;:B< k 2�8PC O179? GJ037KGI?18 #���� * � * ��� (+* 2 O 6 7KG .  )8 #�5(7 * " ��� ?! *65 ?! "( C*M083?1832
4 5#7>2 O 68<>2 Z 83<J792 4 83? :�� O3:8? 7<N�5(7 �R9
4 " �$� ?! 2 O�6mL 7 % 2 < Z 8,P 8 Z �P68AH2  ! :�� :����N810P7KO ' 2 < 7 8 :/?@68792;:8< k 2�8PC�O :8? 0 :BA . : O 2 792;:8<
k$2�83C�O5*�9 Y3Z 8P< 7K2 4R8P?1O �P:
  :8C 7 M08A8��PGJ6� 2 7"!T68< Z O 7K? GJ0379GI? 2 < : . ? 2 < 032 .  )8PON9

4 5 ?/ 68?18�L 7 % 2 < Z 8,P 8 Z O$837KO :�� 7 83? AFO!2 <JO17 68< 7K2;6B7K2 < : 7 M08H01:8A . :B< 83<J7KO . 68? 68A 8P7 8P?1ON9
-�ORY|UT]IX%V1b"� 	ÏZ\QÃY��IVTYmQTXwb�ewUWVTQdpKc�VTpRQdS;X � �IS;Y��!UÁS-X > @ BCBCDFE G H	S8U �%S��%Y�XñS-X I(S%�\pRQdY � �
-�ORY�QdY S8U�b*UWORZ%QWVdOKb�XwkGVTOKb�V 
ñb¦] 07YöpKUWYik S-X�� � �rU3#?VTOKY ?@6B< : 8áZ%[wYmQdb�VTZ%Q���-�OKY

?@68< :<8�Z%[wYmQdb�VTZ%QÃS8U�b�pRXRS%�\YmQdUdb�e �/pKb\X%VdS�
wY�Q�Z"�\YmQÃbñUTY�V�Z�	(S8k=Y�X/VdS�
KYmQdU��
IRZ\Q�Y��Rb�
u[Re-Y\_=VdZ�UWVTQdYmUdU�VTOKb�V|b ��� X�S8U�
ñb\k=Y
pK[àZ�	 	ÏZ\pRQ �"!JU U$#NSI_!�ÃYáUTOKb�e-e ��QdS�VdYS;X�VTOKY�c�Z�
�[7Z%UTS;VTS-Z\XuUWYic9VTS-Z\X L # ��� O O �5�&%('*) FhF�EEO L�#�+-, � � ;���-�ORY!UTb�
uYÃZ%[wYmQdb�VTZ%Q.
ub¦]

0wY3pKUTYmk�S;X�VTORY�� "���!u[Kb\QWV�Z�	LVdORS8U�UWYic9VTS-Z\X VTZ�Y��=[RQdYmUdUÄVdOKb`V!b�e-e(��!NU U$#NS|OKb �%Y!VdZ �%Z�S-X
VTORY�Udb�
uY�kRS;QdYmc�VTS-Z\X #ÏpwUWS-X�� 	ÏZ%QÄY��Rb�
u[Re-Y�V��ÃZ6W 
uZ"�IS;X �0X3b�XKk;WTQTYib�Q &àZ=k=Y>Xrc�Z%XKk=S;VTS-Z\XKU
	ÏZ\Q�VdORY.��!JU�U$#3c�Z�
u[7Z\XRYmX%V1U�_%b�XKkuUWVdb`VdS;X �3VTOKb�Vm_\pK[uVTZ3VTOKYmUTY�V��PZ
c�Z\XKkRS�VdS;Z%XKU�_%b�XI]
V��ÃZ
�"!JU U$#NS�b\QTY�UTS�
uS-e-b\Q��

�7K



5�B � 7 � T Ö � 5A@CB 4 5�7J8 �
9;: 7=<>5 @ 5?< Ö � 5A@CB

6EDGFL:I2�09.>HJI
OI4\<74�2�68×u:=<LK5\,/2�6-,/BC+-4\. M
NC68ùw4%. H

<S@ ��: @ 9 5 � 5A@SB��
68.

õ\è � è v � � Ñ [
����� î � � ï

�� z � â v � 
 Ñ [
� ��� î � � ï,(Pw6-:3Dö.`H�Q �ø�6-0?NWV {�� 68<C6;096-,I+-+-EWV Y

@Á6)O7Ø�Q�MwØ è Ð �`_2a0b�b�c d0f0g �yÛ\}`�W� Å æ¿��}`� � Ü � ���o��½i}u��� � ÓÄ� ç
5�B � 7 � T Ö � 5A@CB 4 5�7J8 :P,/.9.1ø|:I2�ù �ò,I<7,<OI4�2

<S@ ��: @ 9 5 � 5?@SB Ö�� @SB 7
68.

õ\è � è v � � Ñ õ x â

�� z � â v � 
 Ñ 
 x â,(Pw6-:3Dð.
ºRÀ â�� ����� º æ¿�1{ � ç���� � À º\�  1��� �o�1º æ¿�1{ � çºRÀ �(� ����� º æ¿�1{ � ç���� }/½m��æ¿� À º\�  1��� �o�9º æ¿�1{ � ç�ç
ºRÀ  1½ ���o�  T��æ¿�1{ �K{ � ç	��� � À  d½ ���o�  d��æ¿�1{ �K{ � çø�6-0AN � � � � { Ææ ºRÀ æ î � � � �dï � �áç {\� À æ � ½ º � Ô Ûwæ ºRÀ �w{ ºKÀ � � ç�ç�ç {æ ºRÀ æ î � � � �dï ��  ç {/� À æÏ� º%º æ ºRÀ �K{ ºKÀ � � ç�ç�çÎ68<C6;096-,I+-+-E � � � �

@Ä6POwØ�Q QIØ xf�m���yÓ(½ �Wº�â �m}/�mÜ �d� ��}`� � Ü � ���o��½i}u��� � Ó

 ^�_ W � ]Heg_ Z���^ ` Z8W(a f#R 	 X/VdY��\Q1b`VdS;Z%X/�IS-Y��!U�# 	 � (|b\QTY�pKUTYmk VTZ	k=YmUdc�QdS%0wYuZ�00�oYmc9V1U|VTOKb�V
OKb �\YÁb��\e-Z�0Kb\e%UTY�
ñb�X/VdS-cmU #"2�9 8�9¦VdORYÁS-X/VTY��\Q1b`VTS-Z\X�Z�	Kb�e-e\VdORYÃZ�0��oYic9V?b%UW[7Ymc�VdU (,� 	 X%VdY��%Qdb�VTS-Z\X
�/S-Y��!U�b\QTY3buUW[7Ymc�S-b\e /IS-XKkðZ�	?Y��IVTY�QdXKb\eCUWVTQdpKc�VTpRQdS;X � �IS-Y��!U #±Udb�
uY�UoVdQTpwc9VTpKQTY ( ��S;VTOöVTOKY
c�Z\XwUoVdQdb\S;X/V�VTOKb�V!S�V!S8U!c�Z�
u[wZ/UWYik�Z�	(Y��Rb\c9Vde;]�Z\XRY �IS-Y�� [wYmQ!b\UT[wYic9V!Z�	(VTOKY
c�Z�
u[7Z\XRYmX/V
# 	ÏZ\Q|VTOKY 
uZ�
uY�X/Vi_KZ\XKY�UWVdb`VdS-cáb�XKkàZ%XRYák=]IXKb�
uS-c �/S-Y���_wS-kRY�X/VTS�
KYmk QTYiUW[7Ymc�VTS%�\Yme;]�0I]BJ
b�XKk[7 (��

-�ORYrUT]IX/Vdb"��	ÏZ%QPS-X/VTY��%Qdb�VTS-Z\X �IS-Y��!UÃS-X > @ BCBCDFE G HàS8U �\S%�\YmX S;X I(S��%pRQTY �+4 _/b\XKk S;VdU
b�[R[Re-S8c�b`VdS;Z%X�VdZ�VTORY
cmb\UTY3UWVTpwk=]�S-X I?S%�\pKQTY ��� �

b%� , $ ��fhZ$_ Z)� ^ ` Z�W(a�f#R ��c�Z�
u[wZ/UWS;VTS-Z\X �IS-Y�� #yN � (�S-U	b\X Y��IVTYmQTXwb�e3UoVdQTpKc�VTpRQdS-X��
�/S-Y�� VTOKb�V 
ñb¦]ßc�Z\X/Vdb\S;X*Z\XRY�Z\Q 
uZ\QdY �%e;Z�0Kb�egUTY�
ñb�X/VTS8c�U3c�Z�
u[wZ%XRY�X/V1U # 2�9 8+9?S-X/VTY��%Qdb�n
VTS-Z\X �IS-Y��!U�Z\Quc�Z�
�[7Z%UTS;VTS-Z\X �IS-Y��!U (,� �"c�Z�
u[7Z%UTS�VdS;Z%X c�Z%QTQdYmUT[wZ%XKkRU
VTZ*VTORYöpRXRS-Z\X Z�	
UWp�0Cc�Z�
u[wZ%XRY�X/VdU�� 	 VdUáUWVTQdpKc�VTpRQdYðb\XKkGVTORYöc�Z%QTQdYmUT[wZ%XKk=S-X�� > @ BCBCDFE G HôUT]IX%V1b"� S-UáVTOKY
UTb�
�Y�b%U 	ÏZ\Q�Y��IVdY�QdXKb�eLUWVTQdpKc9VdpRQdS;X����IS-Y��!U��

� ��
  Wÿ����� �� ������üPý�� � 
��1ÿÄþ & �"� 
 



�� _hW#]
^Xegd � _ ]�
@.�_�
 ]HZ8^��j` Z�W(a�f
-�ORYmUTY �/S-Y��!U�Owb �\Y3b �%e;Z�0Kb�efUTY�
ñb�X/VdS-cmUPS-XöVTORY�UTY�XKUTYrVTOKb�V�VTORYm]�UT[wYic�S�	Ï]�Z�00�oYmc9V1U ��S�VdO
b�e-eÃb%UW[7Ymc�VdU #±S;X/VdY�QdXKb�e�UoVdQTpwc9VTpKQTS-X�� ( �PYme;e�k=Y�
wXRYmk �LI(S;Q1UWV�Z�	�b\e;e�_��ÃY�Owb �\YñVdZßY��=[Re8b�S-X

��J



ORZ"� �PY�
ñb¦]�Z�0=V1b�S-X b �IS;Y��ôUWVTQdpKc�VTpRQdY #±UTpKc1O�b �IS-Y��ôS-U �\e-Z�0wb�e 	ÏZ%Q�VTORYrUTb�
uY!QTYib\UTZ\XKU (
	ÏZ\Q �R� � � -�ORY�XA_��ÃY!UWOKb\e;e+�\S%�\Y�S;VdUPUWY�
ub\X/VTS8c�U����!XRZ\VTORYmQ ��b¦]�c�Z\pRe8kuOKb �\Y�07Y�YmXuVTZ �%S��%Y
k=S;QdYmc�VTe-]�bñUTY�
ñb�X/VTS8c�U 	ÏQdZ�
 VTORY>�R� � UoVdQTpKc�VTpRQdY��


 � ` ` Z�W(a � _ ]�
=.�_�
 ]
W+f � W(_ ]
Z�W 1gegdER �R� � �IS;Y�� UWVTQdpKc9VdpRQTYiU�b�QdYrbuUT[wYic�S8b�eC/IS-XKköZ�	
�/S-Y�� ��OKY�QdY|UWVdb`VdYmU #ÏQdYmUT[ ��VdQdb\XKUTS�VdS;Z%XKU'(Áb�QdY 0RpRS-e;V�b%UPb\X S;Xwk=Y��=Ymk�c�Z�
u[7Z\pRXwkñZ�	AUWVdb�VTYmU
#¿VTQ1b�XwUWS;VTS-Z\XKU (,� -�ORS8U S-XKk=Y��=S-X�� YmXKb�0Re-YmU�pKUñVdZ?/\YmY�[ôVdORY*UT]=UoVdY�
 S;X/VTYmQTXwb�e|UWVTQdpKc�VTpRQdY
��ORS;e-Y�W �\e-pRS-X��0Xác�Z�
u[7Z\XRYmX/VdUÁVTZ��%Y�VdORY�Q)� -�OKS-U �\e-pRS-X��áS8UÃpKUTYmk S-X�Z%QdkRY�QÄVdZ�UT[7Ymc�S�	Ï]ñORZ"�
VTORY
UWVdb�VTYmU�b\XKkðVTQ1b�XKUTS;VTS-Z\XKUÃZ�	(VTOKY
UoV1b`VTS8c3b�XKk	k=]IXKb�
uS-c3b\UT[7Ymc9V1U�b�QdY3QTYme-b�VTYmk �

� Y�
ñb¦]��PZ%Q1/	VdORQTZ%p��\OßVTORYuZ�0RVdb�S-XRS-X��öZ�	Ãb&�IS;Y�� UWVTQdpKc9VdpRQTY 	ÏZ\Q�b\Xm�R� �'YmS�VdORY�Q
S;XòS�V1U #���� * ��* ��� ( 	ÏZ\Q'
	_�Z\QuS�V1U #�����*�A&� A ( 	ÏZ\Q'
 # ��S;VTO:A&� A 9 #8A<*�A��(*���(�(,� � Y
UWOKb\e;e �ÃZ\Q=/ Z\X VdORY	QTY�VTQdS;Y��`b�eÃZ�	rb #���� *�A&� A (�UoVdQTpwc9VTpKQTY 	ÏQTZ�
 VTORY�� ����UWVTQdpKc�VTpRQdY
#���� * � * ��� (�_Kb\U �ÃZ\Q=/IS;X ��Z%X � -2�ðS8U�Ymb%UWS-Y�Q)�

� #ÏS-X � ��� UoVdQTpwc9VTpKQTYiU�_ ��Y�
KXRS;VTS-Z\X " (.�%S��%YmU.�%e;pRY|QTpKe;YiU.	ÏZ\Q 0wZ\VTOöUoV1b`VTYiUÁb\XKkuVTQ1b�XRn
UWS;VTS-Z\XKU�� � Y3UTORZ\pRe8k�b\e-UTZ�kRY�
KXRY ��OKb�VPVdZ�k=Z ��S�VdOöb\XI]�VdQdb\XKUTS�VdS;Z%XñVTOKb�VÃOwb\UÃXRZ�VÃVTZ 07Y
Y��=[Re-S-c�S�Vde;]��\e-pRYmk #"O 7 6B< Z % 6� :8< 8 79?@68<JO12 792;:8<!(,� -�ORS-U�S-U!VTORY�QTZ%e;Y�Z�	gVTORY���c�Z�
u[7Z\XRYmX%V|Z�	
� � � Y�[KQTZ%[wZ/UWYrVTOKQTYmY3kRS�,CY�QdY�X/V![7Z%UdUWS%0RS-e;S;VTS-YmU$#
4�� !(!+� #Ãb\X/]�UWVdb\XKkIn�b�e-Z\XRY	VdQdb\XKUWS;VTS-Z\X 
ñb¦]òOKb�[K[wYmX b�e-Z\XKY # �%e;pRYik ��S;VTO UTZ�
uY��
VTQ1b�XKUTS;VTS-Z\X+(PZ\Q��%e;pKYmk&��S�VdOßb�XI]ñZ�VdORY�Q!UWVdb\XKkIn�b�e-Z\XRYrVTQ1b�XwUWS;VTS-Z\X �

4 '���),+"! #Kb%UPS-X 

� -����C_Rb\XI]�UoV1b�XKk=nyb\e;Z%XRY�VdQdb\XKUTS�VdS;Z%XðOKb%UÃVTZñOKb\[R[7Y�Xàb�e-Z\XRY��
4 �3)()(�/! #KUWVdb\XKkIn�b�e-Z\XRY|VTQ1b�XKUTS;VTS-Z\XKU�b�QdY�k=S8UTcmb�Q1k=Ymk #±k=Y�	±b�pRe;V (��
-�ORY�XL_ �ÃY�OKb �%Y�VdORY 	ÏZ\e-e;Z"��S-X��uQdY�VTQdS-Y��`b�eCQdpRe;YiU #ÏS%
u[Re;Y�
uY�X/VTYik	S;X �)���$� (,�
	 XRS�VdS-b\e(UWVdb�VTYiU�b�QdY 0RpKS;e;V�	ÏQdZ�
 c�Z\pR[Re-YmU�Z�	ÄS-XKk=Y��IYikàS-XRS�VdS-b\e(UWVdb�VTYiU�Z�	�VTORY�k=]IXKb�
uS8c

b�XKkðVTOKYáUoV1b`VdS-c �IS-Y��!U #~k=Y�XRZ\VTYik�0/]�� J#O J � -
	�7 O J � .�� (ÃVdOKb`V �%Y�QdS�	Ï]�VTORY6� b\XKkX���ác�Z�
�n
[wZ%XRY�X/VdU!Z�	AVdORY>� ��� UoVdQTpKc�VTpRQdY��

J � - .�A � #"0�243 � (�*�J � . .BA � #80�243  (&*
�SJ#O J � -
	
7 O J � . �4? 9 �6KG� �
�SJ#O J � -
	�7 O J � .�� .�A � 5 8l5 �

-�ORYÃUTY�VgZ�	CUoV1b`VdYmU(S-U 0RpKS;e;V 	ÏQTZ�
ãVTORY�S-XRS�VdS-b\e=UoV1b`VTYiU #8A&����� � �ÃQTpKe;Y (Ab\XKk�VdORYÃVdb�Q'�\Y�V
UoV1b`VTYiU�Z�	(VTORY3VdQdb\XKUTS�VdS;Z%XKU #8A&����� � ^ QdpRe;Y (,�

J>.BA �
J>.1A A&����� � � J>.1A���*�J ZC Q J -S. �

Jh-/.�A A&��� � � ^

� c�Z\pR[Ke;YöZ�	|VTQ1b�XKUTS�VdS;Z%XKU�#ÏZ%XRY�	ÏQTZ�
 VTORYàUWVdb�VTS8c&�IS-Y���_gVdORY	Z�VTOKY�Q 	ÏQTZ�
 VTOKY	kR]%n
XKb�
uS8c �IS-Y���(!VTOKb�V
UTb�VTS8U�
KYiU3UWZ�
�Yuc�Z%pR[Re-YuZ�	ÄVdQdb\XKUWS;VTS-Z\X/	ÏZ\Q'
ápRe8b\U�	ÏQdZ�
�VdORY �'c�Z�
�n
[wZ%XRY�X/V|Z�	�VTORY � � � UoVdQTpwc9VTpKQTY�b�QdY �\e-pRYmk	S-X/VTZöb c�Z�
�[7Z%UTYmkàVTQ1b�XKUTS�VdS;Z%X #±k=YmXRZ�VdYmk 0I]
�>J�O J � 	
7 O J  �� >�� � # @ -��  # @ .�� B�� � # Z�-��  # Z�.�� >�� � # @ ?BA	-��  # @ ? A .�� BC C:C C:C:C:C C:C:C:C C:C:C:C:C C:C:C:C C:C:C:C:C C:C:C Q �>J#O Jh- � 	�7 O Jh-  � (�S�	�VTOKY	c�Z\QdQTY�nUW[7Z\XKkRS;X��*c�Z�
u[7Z%UTYmk # �\e-pRYmk 	ÏQdZ�
 VTORY V��PZàVdQdb\XKUTS�VdS;Z%X UTZ\pKQdc�Y UoV1b`VTYiU'(
UWZ%pRQdc�Y UoV1b`VdY
#���J#O J � 	�7 O J  �� (�S-U�b��¦b\e;S8k UWVdb`VdY b�XKkGS�	�VTORY�c�Z\QdQTYiUW[7Z\Xwk=S;X �	c�Z�
u[7Z%UTYmk*Vdb\Q��%Y�V
UoV1b`VdY
#�� J#O J - � 	�7 O Jh-  ��(ÁUdb`VdS-U 
KYmUPVdORY � c�Z�
u[7Z\XRYmX/VÃZ�	LVTORY��R� � UWVTQdpKc�VTpRQdY��!-�ORY�c�Z�
�[7Z%UTS;VTS-Z\X
Z�	�UoV1b`VTYiU�b�XKk�VTQ1b�XwUWS;VTS-Z\XKU�pwUWYiU�S;XKkRY��=S;X ��S-X	Z\Q1k=Y�Q�VdZ /\Y�Ym[�VdORY
UT]IUWVTY�
 UWVTQdpKc9VdpRQTY��
� è Ð ���Ä��� �o�9º �/} º �m}`�gÓÄ��� Ð � Ð ����� H� "! H \�� � [  � �/� � � À

�+�



I � 9 J � > @ - B Z�- > @ ?BA - BC C:C:C:C C:C:C Q Jh- � . � #"0�243 � (�*
I  9 J  > @ . B Z . > @ ? A . BC C:C:C:C C:C:C Q Jh-  . � #80�2E3  (�*
K #,+ ? -
*	+ ?/. ( . + ?HIEJB? 9�+ ? - *DI47%? 9�+ ?/. *
J 9��SJ#O J � 	
7 O J  �&*,Jh- 9 �SJ#O Jh- � 	�7 O Jh-  ��*< 9��SJ#O < � 	
7 O <  ��* < L ) 9�� J#O < L ) � 	
7 O < L )  ��*YES9��SJ#O E � 	
7 O E  ��*J�.1A�*�Jh- ? 9 �

J > @OB Z > @ ?BA BC C:C:C C:C Q J - . �
��7 ��8 A6�P( ��5+0)8��

# �3)()(�/! (

- �PZ�Z�VdORY�Q�QdpRe-YmUÃVdb�/\Y3S-X%VdZ b\cmc�Z\pKX%VÃVTOKY
UW[7Ymc�S�
wc � !"!+� b�XKk '��3),+(!ñUTY�
ñb�X/VdS-cmU��
-�ORY 
KQ1UWVPZ\XKY|S8UÁpwUWYikñS;Xöc�Z%X��opRXKc�VTS-Z\X ��S;VTO�VTORY �3)")/�/!�QTpRe-Y!VdZáV1b5/%Y�S-X%VdZ�b%c�c�Z%pRX/V

VTORY � !"!+� UWY�
ub\X/VTS8c�U��
I � 9 J �

Z�-C Q Jh- � . � #"0�243 � ( 5 Q � S *
I  9 J  Z�.C Q Jh-  . � #"0�243  ( 5 Q � S *
� K # + ? -�*�+ ?!. ( . + ?HI � ? 9�+ ? -
*
� K #,+ ? -
*�+ ?/. ( . + ?HI  ? 9�+ ?/. *

J 9 � J#O J � 	�7 O J  �&*,Jh- 9 �SJ�O Jh- � 	
7 O Jh-  ��* ES9 �SJ#O E � 	�7 O E  �&*J�.1Aj*�Jh- ? 9 �
J ZC Q Jh-S. �

��7 ��8lA6� ( ��5+0)8��
# � !"!(� (

-�ORYÄUWYic�Z%XKkrZ\XRY�S8ULpKUTYmk3S-X�c�Z%X��opRXKc�VTS-Z\X ��S;VTO3VTOKY �3)()(�/!!QdpRe-YgVTZ�V1b5/\Y�S-X/VTZ!b%c�c�Z%pRX/V
VTORYC'��3),+(! UTY�
ñb\X%VdS-cmU��

I � 9 J �
Z -C Q Jh- � . � #"0�243 � ( 5 Q � S *

I� �9 J  Z�.C Q Jh-  . � #"0�243  )( 5 Q � S *
� K # +I?!-�*�+I?!."( . + ?HI � ? 9�+I?/-
*
� K #,+I?/-
*�+I?/."( . + ?HI� F? 9�+I?/.(*

J 9 � J#O J � 	�7 O J  ��*�Jh-�9 �SJ�O Jh- � 	
7 O Jh-  ��* ES9 �SJ#O E � 	�7 O E  �&*J�.1Aj*�Jh- ? 9 �
I � 9 ��� I  9 �
J ZC Q Jh-S. �

��7 ��8lA6� ( ��5+0)8��
#
'��3),+"! (

-�ORY3QTpRe-YmU 	ÏZ%Q�VTORY � � 9 #���-8*�- *.
 *0/ � * � 1 � * � (Ã[Kb\QWV # 	ÏQdZ�
 � J5� (�b\QTY�#

4 ��-�9 ��- # � A 
 ( 5 5	��G�
 ? ��- #80�2E3>? # � A 
 (�(9_ 5��FG 0wYmS;X��ñS-XKUWVdb\X%VdS-b�VTS-Z\XKU 5 ?gZ�	
- #80�243�? # � A 
 (�(

4 - 9 
 ? L�O - #80�243 ? # � A 
 ( (�_RQTY�
uZ"�/S-X���S;XwUoV1b�X/VTS8b`VdYmkB5 ? Z�	 - #80�2E3 ? # � A 
 (�(
4 
 9 
 ? L�O 
 #"0�243 ? # � A 
 (�(9_wQTY�
�Z"�IS-X���S;XKUWVdb\X/VTS8b`VTYik 5 ? Z�	6
 #80�2E3 ? # � A 
 (�(
4 / �l9

 ? L,O /�#80�2E3>?�# � A 
 ( (
4 � 1 � 9 � 1���
 ? L�O ��1 #80�2E3>? # � A 
 (�(,� �IZ�
uY QdY�Xwb�
uS;X �ßb�XKk S-XKk=Y��IS-X��ßOwb\U�VdZ 07Y
k=Z\XKY�Z\XðVTORY
b��IS-Z�
ñU #±UTY�Y � J�� (,�

4 � 9 � 
 ? � #"0�243 ? # � A 
 (�(

-�ORYmUTY3QTpRe-YmU�pwUWY3S-XKk=Y��=S-X��uVTZ�0RpKS;e8k	bu[RQTZ=k=pwc9V #±UWVdb�VTS8c�(PVo]I[wY 	ÏZ%Q ��� �

�73




 � ` � W�,je ^�_ ZJ.#f�R -�ORYáUTY�
ñb�X/VdS-cmU�S-U��%S��%Y�X	S-X	b\X	Z\[7Y�Q1b`VTS-Z\Xwb�eLb�XwkðQdY���QdS;VTS-X����Ãb¦]��
-�ORY�UTY�
ñb\X%VdS-c 	ÏpRXKc�VTS-Z\X [KQTZ�
Ke;Y�S-U$# ��F�3�4 8 398lA&����� � 8 � 
 � 8 � Q ��F�3�4�8
3	8lA&��� � � ��ORYmQTY � 
 � 8 � S-Urb�c�Z�
�
ápKXRS-cmb`VdS;Z%XßY��%Y�X/V #�
L� -����/nye;SP/\Y
Z�,7YmQ (�� 	 V
S-U ��QdS�VTVTY�X�# �� ��I�* 3�*�J �C Q � � ��I4-8*	3 -8*,Jh-.�0-!YmQTYrY�X!�IS-QTZ%X�
uY�X/VdU # 3 ( 0KS;XKk�VTYmQ�
ñUPVTZ �`b�QdS-b�0Re-YmU��

NPZ�
u[wZ%XRY�X/V1U!b�QdY3S;XRS;VTS8b�e-e-]ðS-XKUWVdb�X/VdS-b�VTYmk � -�ORS8U�S-U|k=Y�XKZ�VTYik�0/]�VTORY�b�[R[Re-S8c�b`VdS;Z%X	Z�	
UWZ�
�Y % �%Y�XRYmQdb�VTZ\Q!VTZ � I VTY�Q'
ñU�� -!YmQTY � M k=YmXRZ�VdYmUrb �%Ymc9VdZ\QPMðZ�	�VTY�Q'
ñU|b\XKk � � � �� #$I (
VTORY�XRZ%Q�
ñb\e 	ÏZ\Q'
 Z�	?VTY�Q'
 I9_KpKUWS-X���VTOKY � 1ßb"�=S-Z�
ñU�S-XðVdORYF3ãY�X!�IS-QTZ%X�
uY�X/V��

Z�� � J � 	�J  � .�A�� _hV W+^ � �	� � �C C:C Q�
� 
�� � 7� # � I (�* Q S *
�/J � 	�J  �
-�ORY�XL_(VdQdb\XKUWS;VTS-Z\XwU 
ñb¦] OKb\[R[wYmX ��� kRY�XRZ\VTYmU�VdORY	Z"�\Y�QdQdS-k=S-X��ßpKXRS;Z%X Z�	|Y�X!�IS-QTZ%X=n


�YmX/VdUgb�XKk C N/LLF � S-Ugb 	ÏpRXKc9VdS;Z%XáVdOKb`VgpRXRS�
KYiUAV��ÃZ!VdY�Q'
ñU?b\XKk
QdY�VdpRQTXwU?b\XáY�X!�IS-QTZ%X�
uY�X/VS;X���ORS8c1O&07Z�VdOöVTY�Q'
ñU�b�QdY|Y)�/pKb�e #~UWp�0wUoVdS�Vdp=VTS-Z\X+(�� I(S-XKb�e-e;]%_ G# �k=YmXRZ�VdYmUÃVdORY�Y��%Y�X/V�VTOKb�V
c�Z\QdQdYmUT[wZ%XKkRU�#¿VdORQdZ\p��%Ouc�Z�
�
ápKXRS-cmb`VdS;Z%X+(?VTZ>G# �� � Y!pwUWY!UTp����=YmUgVdZák=Y�XKZ�VTY�S-XR[RpRVdU�#�� (
b�XKkðZ\p=Vd[Rp=V1U #�)�(�b\XKkðS;XKkRS-c�YmU�VdZukRY�XRZ\VTY
UWVdb`VdS-c�#EO � (�b\XKk	k=]IXKb�
uS8c�#4O  )(Ã[wb�QTVdU��

Z��
� J � 	�J  � >��,@ -�� @ .�� B � � - � � - �A -�� � . �� . �A	. � >���@ ?BA -�� @ ? A . � BC�C:C C C:C:C:C:C C:C C:C C:C:C:C:C C:C C:C C:C:C:C:C C C Q �SJh- � 	�J -  � . �� �������&��9:C N/LLF � #�G( � �/ �)  �* G( ���� ��()�(�K � �������*� �9��

� � �  9:C N/L
F � #8G � � � � �) � * G  ��  �)  (�K � � �  �9��
3 - 9 3�� � �������&� � � � �  � � 7 � � R� # < � ( K

� � 7 � � R� # <  (IK
� R � � R� # < L ) � (IK

� R � � R� # < L )  (
_ VXW+^

�
�

�
�I * 3 * �SJ � 	�J  � � . �. � �. AC�C:C:C C Q 
� 
�� � 7 � � R� #8G � #$I�* � � � * �) � ( ( * 3 -/* �SJh- � 	�Jh-  �

-�ORS-UÃQdpRe-YrY��=[RQTYiUTUTYmUÁVTOwb`Vm_ ��OKY�XRY��\Y�Q�báVTQ1b�XKUTS;VTS-Z\X VdOKb`V�OKb%UPVTORY�c�pKQTQdY�X/V�UoV1b`VTY�b%U
S�V1U�UWZ%pRQdc�YrUWVdb�VTY 
ñb¦] 0wY�b\[R[Re-S;Yik VdORY�X	S;V�S8U�b�[K[Re;S-YmkL_=Z�0=V1b�S-XRS;X ��XRY�� #~c�pRQdQTYmX/V (ÁVTYmQ�

b�XKkðY�X!�IS;QdZ\X 
�YmX/V���-�ORY
k=Y�
KXRS;VTS-Z\X	Z�	gb�[R[Ke;S8c�b�0RS;e-S;Vo] S-U$#
4 VTORYmQTY�S8U�b�XöY��%Y�X/V�VTOKb�V!pRXRS�
KYmU ��S�VdOðVdORY3VTQ1b�XwUWS;VTS-Z\X"!
4 b"	¿VdY�Q�pRXRS�	Ï]IS;X � UoV1b`VTS8c�b�Xwkðk=]IXKb�
uS-crVdQdb\XKUWS;VTS-Z\XwU�_=b�e-e �%pKb�Q1kRU�b�QdY�VdQTpKY��

# $*ÿPü��  �R
!�oÿÁü
� Yö[RQdYmUTY�X/VTYik ORY�QdY VdORY	k=S�,CY�QdY�X/V��IS;Y��!U
VdOKb`Vñc�Z�
�[7Z%UTY�Z%pRQ 
uZ=k=Yme � 	 X Z%pRQ�pRXRS�	Ï]%n
S;X��	b�[K[RQTZ/b\c1OL_ �IS;Y��!U|b\QTY�pKUTYmkßVTZ	k=YmUdc�QdS�07Y�VTORYñk=S),7YmQTYmX/V3b%UW[7Ymc�VdUrZ�	Pböc�Z�
u[wZ%XRY�X/V��
-!Y�Xwc�Y\_(VdORY�QdYðb\QTYöUoV1b`VTS8c�b\XKk kR]/Xwb�
uS-c �IS;Y��!U�� -�ORS8U�c�Z\QdQTYiUW[7Z\XwkRU�VdZ*b 
wQdUWVuUWVTQdpKc�n
VTpRQdS;X �ñe;Y��\Y�eAVTOKb�V��ÃY
c�b�e-eAS-X/VTYmQTXKb\eAUWVTQdpKc9VdpRQTS-X�� �IS-Y�� � � 
uZ%QTY
c�Z�
u[Re-Y��àUoVdQTpKc�VTpRQdS-X��
e;Y��\Y�e7S8UÄVdORY|Y��IVTY�QdXKb\e7UWVTQdpKc9VdpRQdS;X�� �IS;Y���_/k=Yib�e-S;X � ��S;VTOðc�Z\e-e;Yic9VdS;Z%XKUÄZ�	?c�Z�
 
�pRXRS8c�b�VTS-X��
c�Z�
u[7Z\XRYmX/VdU�� � Y 	ÏZ%Q�
ñb�e-e-]�k=Y�
wXRY
b�e-eCVTORYiUWY
c�Z\XKc�Y�[=V1U��

-�ORY �\Z/b�eRZ�	CVTORS8UÁ[wb�[7Y�QÄS8UÄVdZák=Y�
KXRY�b �%e;Z�0Kb�ewUWY�
ub\X/VTS8c�U.	ÏZ%QÄY��IVdY�QdXKb�e7UoVdQTpKc�VTpRQdS-X��
�/S-Y��!U�� �!XßY��/VdY�QdXKb�egUWVTQdpKc9VdpRQTS-X�� �IS-Y�� 
ñb¦]àc�Z%X%V1b�S-XàZ\XRY�Z\Q�
�Z%QTY �\e-Z�0Kb\e?UTY�
ñb�X/VdS-cmU

���



c�Z�
u[7Z\XRYmX/VdU #"2�9 8�9?S;X/VdY��\Q1b`VdS;Z%X/�IS-Y��!U3Z\Q�c�Z�
u[wZ/UWS;VTS-Z\X �IS;Y��!U'(����!X � ��� Owb\U�bökRb`V1b
[Kb�QTVm_Kb �%e;pRY�[wb�QTV�b�XKk	bñc�Z�
u[wZ/UWS;VTS-Z\Xöe-b¦]%Y�Q)��-�ORY �\e-pRY�[Kb\QWV�S8U!b�VTQdS-[Re;Y�Z�	 	ÏZ%Q�
�pRe8b\U$#
b�UWVdb`VdY 	ÏZ%Q�
�pRe-bK_7b VTQ1b�XKUTS;VTS-Z\X�	ÏZ\Q'
ápKe-bðb�XKkßbðUoV1b`VdYáS-XRS�VdS-b\e 	ÏZ\Q'
ápRe8b�� -�ORY�QdY�	ÏZ%QTY%_ �ÃY
k=Y�
KXKY e-Z��\S8c�b\e�QdpRe-YmU 	ÏZ%Qðb UWVdb�VTY*Z\Qðb VTQ1b�XKUTS�VdS;Z%XôVTZ �\Y�QdS�	Ï]òb 	ÏZ%Q�
�pRe8b�� -�OKY � ���
c�Z�
u[7Z%UTS�VdS;Z%Xðe8b¦]\YmQ�S-U�b\XöS-XKk=Y��=Ymk 	±b�
uS;e-]�Z�	(Z�0��oYmc�VdU �IS-Y��!U��

-�ORYñk=Y�
KXKS�VdS;Z%XGZ�	�b��%e;Z�0Kb�eÄUTY�
ñb�X/VdS-cmU 	ÏZ\Q
UTpKc1OGb\X � � � S8U
k=Z\XKY�S-XGV��PZàUWVTYm[KU��
I?S-Q1UoVi_��PYáY��=[Re8b�S-XöOKZ"�$�ÃY 
ñb¦] Z�0=V1b�S-Xßb��IS;Y�� UWVTQdpKc9VdpRQdY 	ÏQTZ�
"b�X��R� � ��� � � �IS-Y��
UoVdQTpKc�VTpRQdYmUÃb�QdY|b�UT[wYic�S8b�e /IS;XKk�Z�	��IS-Y�� ��OKY�QdY|UWVdb`VdYmU #ÏQdYmUT[ �/VTQ1b�XwUWS;VTS-Z\XKU (Äb\QTY�0RpRS-e�V!b%U
b�X S-XKk=Y��=YmkGc�Z�
u[7Z\pRXwkßZ�	ÃUoV1b`VTYiU�#¿VTQ1b�XwUWS;VTS-Z\XKU (,� -�ORS8U3S-XKk=Y��=S-X��öY�XKb�0Re;YiUrpKU|VTZ /\Y�Ym[
VTORY!UT]=UoVdY�
 S-X/VTY�QdXKb\eRUoVdQTpKc�VTpRQdY ��ORS-e;YDW��\e-pRS;X �0Xrc�Z�
u[7Z\XRYmX/VdU(VTZ��\Y�VTORYmQ���-�ORS8U �\e-pRS-X��3S-U
pKUWYikuS;XñZ%QdkRY�QgVTZ
UT[7Ymc�S�	Ï]�ORZ"� VdORY�UWVdb�VTYmUÁb�XKk�VdQdb\XKUWS;VTS-Z\XwU�Z�	7VTORY|UoV1b`VTS8c!b\XKkuk=]IXKb�
uS8c
b\UT[wYic9VdUgb\QTYPQTYme-b�VTYmk � -�OKY�XL_ �ÃY �%S��%YÄVTOKY�UTY�
ñb\X%VdS-cmU(S;X�b�XáZ%[wYmQdb�VTS-Z\XKb\e/UWVo]Ie;Y%_ 0Kb\UTYmk�Z%X
QTY���QTS;VTS-X��áZ"�%Y�QPVTORY3UWVdb`VdYrb\XKkñVdORY�k=]IXKb�
uS8c�[wb�QTVdU��!-�OKY�
ñb�S-X�QdpRe-YrUWVdb�VTYiUPOKZ"��_�	ÏQdZ�

b �\S%�\Y�X UT]=UoVdY�
 UoV1b`VTY #±b�UWVdb`VdY\_/b3VTYmQ�
 b�XKkñb\XñY�X!�IS;QdZ\X�
uYmX%V,(9_\b\XuY��\YmX/VÁQTY���QTS;VTYiUgVTOKY
UW]=UWVTY�
 UoV1b`VdY�����XRZ�VdORY�Q �Ãb¦]ác�Z\pRe8k�OKb �\Y 07Y�YmXuVTZ �\S%�\Y!kRS;QdYmc�VTe-]�b�UTY�
ñb�X/VTS8c�U.	ÏQTZ�
 VTOKY
� � � UWVTQdpKc9VdpRQdY��
IRp=VdpRQTY �ÃZ\Q=/ ��S;e-eRk=Ymb\e ��S�VdO�br[RQdZIZ�	RVdOKb`VgVdORY�UWY�
ub\X/VTS8c�Ugk=S8b��\Q1b�
 c�Z�
�
ápRVTYmUgb\XKk

VTORY�k=Y�
KXRS;VTS-Z\XöZ�	(b\Xðb%k=Y��/pKb�VTY 
�Z=k=Yme�n�c1ORYic //S-X���[RQTZ=c�Ymk=pRQdY 	ÏZ%Q�Z\pRQ �IS;Y�� UWVTQdpKc9VdpRQdYmU��

� � � �AþN�Aü�� �*

� À � } º�� �� � � }/½m� ºKÀ�����í����ë
	
ëTí��`ë
�������%íoê��¿ê����%í����/ê8í|ë
��í��ë
	������¿ê�� �/ë��`ëTí"!#���%$WëTíoí���í�$���	�	
�'&

�%ê�$������¿íoÀ � �o� º%� � � � �o�   Ð �d�   Ð � � � }u��} Ô ½ �o� ���o� ä � �iÀ/â �m����½m}w{ � �i� » À» À!è ½ ��� �m��½ � ½i��½iÜm} � ���K�m} º � º��?� ��}%Ý\� � � À v�}`� � ½ º �% d�o��½i}3�o½�� Ð � v õ%å õ � �  1��ÚI 1���o��½i}át7��} �Üm�I��Ü � t å�èÄå�õRÀ)(*��	+!��'�~ë
�*,�ë
�¿ì-����.�í/���#�102�'34,5�6�mí��~ë
	rí { � � æ � ç Ñ »87:9\» � { � �m}��I� � Û � �mÂiÂ�À�\À�� Ð � ���y�o��} ��� Ð ½m�/�`Û`{\xf�m�� 9���fxC½i��Õ9���9{=��} º��m� �m} �y� ����� º%� ¹Á½9Û �d�9À?� ½m}�� � ½m�7��} º 
 ���W����Û\� � ��%����}/Ü�� Ð �Ä� � � Ó �C½ �o� ������� �uÀ ¹ � � � � �   Ð ¹ � �=½ � � � ÂiÂ {\v�¹Áv�z|{ � �m�i��À Ò��I�m� �T� �WÒ ��� � ÂmÂ\À �/� À ÜmÕ��}�xC½i��Õ9���%; �ÁÓ � Þ��I�mÜ �iÀ�%À!� �m} � ������Þ �d� Ü �d� { 
 � � � �d� ¼P½iÜ �o�TÔ8� {���} º � � � �Wº%� ½ õ � �o� � À6�'31<>=�?����2	��8@#A/B�C�ë�$ ��&D���Wê±ë
�6�~ë��
<*����	��6��	`ë-E:���F(*��	
	��G�/ê�$2���¿ê���	�����í2�~ë
	|íoÀ x �o� }`�o��  �d� ¼������¿{ � �i�8H�À

7 À�âðÀ ¼ � }/} � ���yÛu��} º ¼ À tK��} Àgõ Û � Þ=½m����  � ����� � �/�����o��½i}%� À�I�J%ë����oë
�¿ê�$��8@�(*��	4!#�G�~ë
���K$dê±ë
�#$Të {
� �iÂ æ » ç Ñ � 7 � 9 �mÂi� { � �i� 7 À

L À v õ/å Ò�v � �PÀ t å�èÄå�õ Ñ � �%½ �o� �m� 
Ã� ��  � ���%�o��½i} è7�   Ð }%� ä � � Þ/�m� �9º ½i} � Ð �rè7�1� �=½ � �m� åP���
º\�d� ��}/Ü|½ ÔLå Þ%� �d� �m���o��½i}/�m� �(� Ð ������½i� �9À v õ%å Ò�v � � ÂmÂi��H {/v~}`� �d� }I���o��½m}I��� åP� Üi�m}%��Õ1���o��½i} Ô ½ �õ �W�m} º � �Wº ��Õ9���o��½i}K{ � �iÂm�\À

H�À t � ����� � t7� � �=½ � � Àfè Ð ��è7�1� �=½ � �m�Ktw½mÜi�� !½ Ô �  d�o��½i}%� ÀNMO(QPRI������%í
��$ �¿ê����%íO���TS/�U�4	�����	�&
	|ê���	O<Q���
	��6��	`ëTíO���K������í��~ë
	rí { � L æ �¦ç Ñ Â8H »%9 � » � { � �m�m�%ÀÂ\À ¹P� º � â ��� �d� �� 1� ÀWV��ë
�Wê �N$����¿ê����X�`ëTí�!#���2!#�TêY�ë
�'�ëTí4�~ë
	4!'���oë @�@�ëTí+�`ëTí�!#�U�4	�����	
	
ëTí*!'�����8@Z@ �ë @�ëTíWÀx Ð 
 � Ð � �����1{%v�}/�y�o���o�\�Äz����o��½m}I�m�7xC½i��Û�� �   Ð }/� ä � ��º%� � �o� }%½iÞ%� � { � �m�iÂ�À�\À ¹P� º � â ��� �1� �� 1���m} º ¼Ã�%Þ �d� �Ã��� � �9� � � À � è tAÑ � â�� �W� � tw�m}%Üi�I��Ü � �m} ºñè ½`½i� Ô ½ �Ãè7�1�3��=½ � �m�Átw½mÜi��  â ½ º%� � ��� Ð �  TÝ���}/Ü À v~} 02�6�~ë
�
�#���¿ê����#�8@\[]����.�íUJ6�
!^���5�#�UE
�¿ì-����ë_I��%�8@ í+E:���
I=ë�$2JY�K�8@`�4	��aI��U���/íbE9ë
�W�QI/I/IWc d8e { � �m�iÂ\À

� �\À!� ½i�����â�� � � Üi� �d�9À ¹ � Ó � ���o��}%ÜÄ��½mÜi�� ����C��� �1� �m}`�o��  Ô-� � ��� Óg½ � Ý Ô ½ �  1½i}% 1� ���o� }% dÛRÑ9�Ä� � ½mÜ �o� ����o� �=½ � � À v�} (/A-,�(Wfhgic d�jk=1(*���K$ �G�2�oë
�#$ �_I�J/ë����
� {w�¦½i��� ��� �h� � � ½ Ô"<?ë�$ ���'��ëF,W���~ëTírêZ�
(*��	+!#�G�~ë
�W�K$dêÏë
�K$Wë {I�/�mÜ � � �m� � 9 ��H » {KxL���o��{Iv±�W�m��Û`{ � �i� L À

� � À ���Yl� �Cz �9º%� � �  m{ â � � � � ��� � xf�m�%������½m}w{ � Ð � ���y� � ��� � xL� �9º ��}%½i� � �1{K�m} º �PÓ � } õ �m���#l�%} ÀÃ� t � xÄÑ� � ��������tw��Þ � � � Û Ô ½ � � �%�o½ � ���W�u��}ßxLÛ�� Ð ½i} À â �m�y� �d� ; �r� Ð � �����1{ � �m�i�\À	� t � x À Ð � � �A��}xC½m��Õ9���%; �ÄÓ � Þu�/�mÜ �iÀ
��"



� » À xf���� 9�m� xC½i��Õ9���9{ � Ð � ���y�o��} � � Ð ½i�/�`Û`{ ��} º �i� �m} ��� �;��� º\� ¹P½9Û �T�9À � } ���/�%�=½ � �� �� � Ð ½ º ½m��½iÜi� ä � � �=½i� � �;�|���g��  1��Ú/ 9���o��½i} º%� �yÛ\�y�1¾�1��� �)E � � Å � � ��G À ¹ � � � � �   Ð ¹ � �=½ � � � Âi� {v~¹Pv~z|{�zP½�� �1� Þ �o� � �m�iÂ�À Ò��I�m� �T� �WÒ ��� � Âm�\À �/� À ÜmÕr��}ñxC½i��Õ9���%; �ÁÓ � Þu�I��Ü �iÀ
� �\À xf���� 9�m�7xC½i��Õ9���9{ � Ð � ���y�o��} �|� Ð ½m�/�`Û`{%�m} ºu�i� ��} ��� ���m� º\� ¹P½9Û �d�9À(� ½m}/ 1� ���o� }/ dÛ��m} º 
 ���W�

è Û\� � �1Ñ � õ � �  d��Ú/ 9���o��½m} â�� � Ð ½ ºKÀ � } � Å � � �/� � ÓÄ��� Ð t å�èÄå�õ=À v�} �%À �C��� º\� � � ½%{ �9º ���o½ � {
gÄë�$Wë
���FI6�oë
�K��í3ê�� M4@ 	`ë:B �U�mê�$�3|ëTémë @`�
!#	�ë
����IRë�$2JG�/ê�� �/ëTí � �Rë @�ë�$ �~ë��iS"�
!%ë
�Wí\�UE��ZJ/ë����8�ZJ
02�6�~ë
�
�#���¿ê����#�8@4[i����.�íUJ6�
! ���iM4@ 	`ë:B ���mê�$W3|ëTémë @`�2!#	
ë
�6�WIRë�$2JG�/ê�� �IëTíi[WM13\IWc d8e {\�¦½i��� ���
� 7 Âm� ½ ÔK<(ë�$ ���G�oë/,W���~ëTígê��i(*��	+!#�G�~ë
�/�#$dê±ë
�K$Wë {��I��Ü � � » H L 9�» � � {`tK����Þ=½m}w{mxC½ � �o�%Ü¦���Ï{ � �m�i��Àõ � � ��}/Ü �d���±�Ã�d� ����Ü À

� �%À xf���� 9�m�IxC½i��Õ9���9{ � Ð � ���y�o��} ��� Ð ½i�%��Û`{i�m} º��i� ��} ��� ���m� º\� ¹Á½9Û �d�9À � � ½ � v�} Ô ½ �o� ���/¹ �9ä �/� �o�d���� }��o�A�o½ ��å�å x�Ñ%� � ½m}/ 1� ���o� }`� � �\�o½ � ���W� � �/� � ½i�m  Ð À v�} �%À âðÀ Ù ��}%Ü%{ �%À Ù ½`½ º  1½` WÝR{��} º|�%Àh
 ����� � �1{ �9º ���o½ � �1{ ?�P c d�dW&)?Q���2	��8@YPöë
�ZJ6�%�mí � [i���
@`�F(*����	���ëTíWí4����?Q���
	F�8@GPöë
�ZJG&
�%��írê�� �ZJ/ë
3|ëTémë @`�2!#	
ë
�6���UEi(*��	4!#�G�¿ê���	k����í2�~ë
	|í {C�¦½m��� ��� � Hm�i� ½ Ô1<Cë�$ ���G�oë�,W���~ëTí3êZ�
(*��	+!#�G�~ë
�W�K$dêÏë
�K$Wë {I�/�mÜ � � �m�i� 9 � Li» { è ½m�/��½i�%� � {I� � �m}/  � { � �i�i��ÀRõ � � ��}/Ü �d���±�Ã�d� ���mÜ À

� 7 À �Ã����}/}I�ñ¹ � ÜiÜm��½ð��} º â �m� � ½�t7� � ½m�o� À � Ü � ��� Ð �� á}/½��W���o��½i} Ô ½ �rÔ ½ �o� �m�(��� �  1��ÚI 9���o��½i}/�½ ÔAº Û\}I� � �� ��yÛ%�y� �d� � À v�} � ½ Ð } �C���oÕdÜ �d� ��� º { � ����ó �PÀI� ½i} � �1{R�m} º x � � �d� tw�% 9�m�1{ �9º ���o½ � �1{
?�P��\c d��8='02�K����í����Tê��8@GMN!�!K@ ê�$����¿ê����/í"���K�W�����oë
�
	��ZJ/ë
�Rë���?Q���'�#�����¿ê����/í1�UE-?Q���2	��8@�Pöë
�ZJ6�%��í
� S����%$&�
	'�ZJ]02����@ � ����	+!'�míoê��G	 �UE ?Q���
	F�8@)Pöë
�ZJ6�%��í����G���
!%ë �
� ����� � M1��í����Tê�� � �Rë !��~ë
	�BWë
�
��d�d���� {%�¦½i��� ��� � � � � ½ Ô�<Cë�$ ���G�oëW,W���~ëTí�êZ�>(*��	+!��'�~ë
�W�#$dê±ë
�K$Wë {%�I��Ü � � �i� 9GL � À=õ � � ��}%Ü �d����A�d� ���mÜ\{ õ�� �%� �d� Þ �d� � �i�8H�À v õ%� z ��� 7 �¦��� L � 7 �m��� 7 À

� L À�� � ��� ½i} õ Ð �m}%Ý\����} º { â �%ó=Û è Ð ½ � ���1{R�m} º � º �?� ��}/Ý�� � � À�õ Û � Þ=½i����  � ����� � �/�����o��½m} Ô ½ ��C�%���Rt å�èÄå�õRÀ v�} M4@ 	`ë:B ����ê�$ Pðë
�ZJ6�%���8@`�4	�� ���#���K�UE2�¿ìN���oë I=ë�$2JY�K�8@`�4	��
M1P]M+� IWc d�� {��¦½i� �� ��� � �m�¦� ½ Ô-<Cë�$ ���G�oëW,W���~ëTí�ê�� (*��	4!#�G�~ë
���K$dê±ë
�#$Të {/�I��Ü � � �YH�� 9 �¦�i��Àwõ � � ��}%Ü �d���±�P�d� ���mÜ À
� H�À � � � �1���Ãõ\� ��� Ð À � õ\�1� ��}`�o�� Äv~}�� � Ü � ���o��½m}�½ Ôfå Þ�� �  T� ��� ��} ºá��õ x Ô ½ � � Ð �Ãõ � �  1��ÚI 9���o��½m}½ Ôw� ½i}% 1� ���o� }`� õ Û\�y� �1� � À v�} �%À �C���oÕ1Ü �d� �m� º { �PÀ �ÁÀ`� ½m} � �1{���} º x À tw�% 9�m�1{ �9º ���o½ � �1{ ?����
	F�8@

Pðë
�ZJ6�%�mí����'�U�
!%ë � ?�P���c d���� {f�¦½m��� ��� � � � � ½ Ô+<?ë�$ ���G��ë\,����~ëTí�êZ� (*��	+!#�G�~ë
� �K$dê±ë
�#$Të {�/�mÜ � � L¦»%9 Â � ÀKõ � � ��}%Ü �d���±�P�d� ���mÜ%{ � �m��H`À
� Â\À ¹P���o��½m}I�m� õ ½ Ô �~Ó�� �o�mÀ � }/��Ú �1ºGâ ½ º\� ����}%Üßt7��}/Üi�/�mÜ � { �A�d� ����½i} � À � À è7�   Ð }%�� 9�m� �o� �=½ � �9{¹P���o��½m}I�m� õ ½ Ô �~Ó�� �o�|� ½ � �w{ Ð ���o�KÑ ÒiÒ�Ó�Ó�Ó À � ���o��½m}I��� À  1½ � Ò�� � �Ï{ õ�� �%� �d� Þ �d� � �i�8H�À
� �\À�â � � �o��} Ù � � ����}%Ü À M4@ 	`ë:B �U�mê�$ �8!%ë�$dê �-$����¿ê���� {P�i½i��� ����� ½ Ô������#��B��%� .5�UE_I�J/ë����oë
�¿ê�$��8@

(*��	+!#�G�~ë
�O�K$dê±ë
�#$Të {R  Ð ���%� �d� � � {R�I��Ü � � L H 7:9 H�ÂiÂ\À � ��� � ��� �d� { � �m�i��À�� ��} � ��} t �1� �`Ó � }w{
� º ���o½ �9À

��*



� �����'����
 
�
GÿÁþ ������ü���� �Lþ � � ��� � � � �(ý �WÿÁü
� Y �\S%�\Y|S;X�VTORS8U�b�[R[7Y�Xwk=S��ñVdORY�	ÏpRe;e�> @ BCBCDFE G H UW[7Ymc�S�
wcmb`VdS;Z%X Z�	LVdORY3[Kb\UdU��PZ%Qdk 
ñb�X=n
b��\YmQ�c�b\UTY�UoVdpKk=]��

� R�T U>VXW � _ eM_hZJ.[` Z8W#a � � _hV W�� egfhf a%� ] #�� eg^Xe ��W(]
-�ORY�UoV1b`VTS8c �IS;Y�� Z�	KVTOKY�[Kb\UdU �ÃZ\Q1k 
ñb�Xwb��\YmQgS;X > @ BCBCDFE G H�S-U �%S��%Y�X�S;X I(S��%pRQTY �7K � � Y
OKb �\Y 
ñb\k=YáORY�QdY3VTORY�c1ORZ\S8c�YrVTZðk=Y�
KXKY
S�V'W�	ÏQdZ�
 Udc�Q1b`V1c1O X��0��XRZ�VdORY�Qrb�[R[RQdZ%b%c1Oðc�Z\pRe8k
OKb �\Y�0wYmY�XðVTZuk=Y�
KXKYrS;V!b\U�b�XðS;XwUoV1b�X/VTS8b`VdS;Z%X�Z�	(UoV1b`VTS8c �IS;Y�� Z�	?UTY�V1U #±UTY�Y � J5� b�[R[7Y�XKkRS��
	ÏZ\Q!b�XöY��Rb�
�[Ke;Y�Z�	AVTOKS-U (,�

9 � Ö � 5?< 4 5�7J8 9K01,%0968×%:Á,I.9.1ø�:I2�ù �ò,/<7, OI4�2 ��9;:
���
9;: 7=<>5 @ 5?< Ö � 5A@CB

6EDGFL:I2�09. � ½`½i� � ��}w{ � � �d� v º {%xf�m���yÓg½ �Wº:"Ff.
�d� �%��ÛñÑ � õ x â� º/º Ñ õ x â { � � �d� v º {%xf�m���yÓ(½ �Wº � õ x â� ½ º � Ô Û�Ñ õ x â { � � �d� v º {%xf�m���yÓ(½ �Wº � õ x âº\�  1��� �o�1º Ñ õ x â { � � �d� v º � � ½`½i� � ��} d½ ���o�  d��Ñ õ x â { � � �d� v º {/xf�����yÓg½ �Wº � � ½`½m� � �m},(Pw6-:3Dð.

� ½ º � Ô ÛKæ �1� �\��Û`{ �w{ � ç ��� � º%º æ �1� �\��Û`{ �w{ � ç��æ¿� � � » ç	� � ½ º � Ô ÛKæÏ� º%º æ¿��� � { � » { � » ç { �K{ � ç ��� � º/º æ¿��� � { �w{ � ç��}/½���æ¿� � � » ç	� � ½ º � Ô ÛKæÏ� º/º æ¿��� � { � » { � » ç { �K{ � ç ��� � º%º æ � ½ º � Ô ÛKæ¿��� � { �w{ � ç { � » { � » ç��º%�  d�;� �o�9º æ �d� �%��Û`{ � ç ��� Ô ����� �
�æ¿� � � » ç	� º\�  1��� �o�1º æÏ� º%º æ¿��� � { � » { � » ç { � ç ��� � � � ���}/½���æ¿� � � » ç	� º\�  1��� �o�9º æÏ� º%º æ¿��� � { � » { � » ç { � ç ���ôº%�  d�;� �o�9º æ¿��� � { � ç�� 1½ ���o�  d��æ �1� �%�~Û`{ �w{ � ç ��� Ô �m��� ���æ¿� � � » ç��  1½ ���o�  T��æÏ� º/º æ¿��� � { � » { � » ç { �K{ � ç ��� æ¿� � � » ç��}/½���æ¿� � � » ç��  d½ ���o�  d��æÏ� º/º æ¿��� � { � » { � » ç { �w{ � ç ���  1½ ���o�  T��æ¿��� � { �w{ � ç��
9 � 9

À � ��
�
� º%º�
 �öÑ � � �d� v º�
 �ðÑ/xf�m���yÓ(½ �Wº � ��

� � ½ º � Ô Û 
 �ðÑ � � �T� v º�
 �öÑ/xf�m���yÓ(½ �Wº � ��
� º%�  d�;� �o�9º�
 �ðÑ � � �T� v º � ÞöÑ � ½`½m� � �m} � ��
�
 1½ ���o�  d� 
 �ðÑ � � �d� v º�
 ��ÑIxf�����yÓg½ �Wº	� ÞðÑ � ½`½m� � �m} � �

@Ä6PO7Ø�Q\FRØ è Ð � �y�W���o�� !��� � Ó ½ Ô � Ð � xf�m���yÓ(½ �Wº�â �m}/�mÜ �T�
I?S%�\pKQTY �+J �\S%�\YiU�b �\Q1b�[RORS8c�b\eCQTYm[RQTYiUWYmX/Vdb`VdS;Z%X 	ÏZ%Q�� -2�ð[Kb�QTV�Z�	AVdORY
UWVdb`VdS-c �IS-Y�� Z�	

VTORY�[Kb%UTU��ÃZ\Q1k 
ñb�XKb��\YmQ��

� R  U>VXW1Y'*S^ e-,�ZJ. ` Z�W(a � � _ VXW�� egf f a%� ] #�� eg^Xe ��W#]
-�ORY�k=]IXKb�
uS8c �IS-Y�� Z�	KVdORY�[Kb\UdU��PZ%Qdk 
ñb\XKb��%Y�Q(S-U 
ñb\kRYÃpK[�Z�	KV��ÃZ3kRS-UWVTS-XKc9VÄb%c9VTS%�IS�VdS;YiU3#
c�QdYmb`VdS;Z%X b�Xwk 
uZIkRS�
wcmb`VdS;Z%X Z�	|[Kb\UdU �ÃZ\Q1kRU�� I(S��%pRQdY �N� �\S%�\YiU�b/�\Q1b�[RORS8c�b\ePQdY�[KQTYiUWYmX=n

���



declared(u)correct(u,p)

modify(u,p)

X

add(u,p)
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CreateModify

a b

c

true

d
Wa

a modify
from u:PIdUser

b create ?u:PIdUser
from root:PIdRoot

truec

d
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to sender
errorUser

from u:PIdUser
*

getPwd ?p0:Pwd
from sender

[not(correct(u,p0))]

errorCorresp
to sender

from sender
getPwd ?p2:Pwd

from sender
getPwd ?p1:Pwd im

BeM

Gp1

mGp2 mVal

[correct(u,p0)]

[MValid(u)]

[p1=p2]
[not(p1=p2)]

[not(MValid(u))]

errorPwd
to sender
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to sender
errorUser

getPwd ?p2:Pwd

[p1=p2] [not(p1=p2)]
ic errorCorresp

to sender

root:PIdRootUser
from
* ?u:PIdUser

getPwd ?p1:Pwd
[CValid(u)]

from sender

BeC

cGp2 cVal

from sender

[not(CValid(u))]
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-�ORYñUWYic�Z\Xwk*b��IS-Z�
 S-UrVdORY c�Z%pRX/VTY�Qd[Kb\QWV3Z�	PVTORY�
KQ1UWV�b��=S;Z�
 b\U 	±b�Q
b%UrpKUWYmQ
c�QdYmb�VTS-Z\X
S-U�c�Z\XwUWS8k=Y�QdYmk ��-�ORY XRY�� pKUWYmQ 
ápwUoVáXKZ�V 07Y�k=Yic�e8b�QdYmkGS;X VdORY�UWVdb�VTS8cñ[Kb�QTV�� -�ORY e8b\UWV
b"�=S;Z�
 UoV1b`VTYiU!VdOKb`V|VTORYuc�Z%XKk=S;VTS-Z\XßZ�	Pc�Z%QTQdYmc�VTXRYiUTU # 07Y�V��ÃY�Y�X*pKUTY�QrS-k=YmX/VTS�
wc�b�VTS-Z\X b\XKk
pKUWYmQ�[Kb%UTU��ÃZ\Q1k (PpKUWYik	S;XßVTORYákR]/Xwb�
uS-c
[Kb�QTV|c�Z%QTQdYmUT[7Z\XKkRUÃVdZñVTOKYáZ\XKYák=Y�
wXRYmk	S-XàVTOKY
UoV1b`VTS8c3[Kb\QWV)�

-�ORY�UTYmc�Z%XKk��\e-pRY|[Kb�QTVÁS8UPk=Y�
KXRYikñS;X VTORY��#"��"!�c�e-b\pKUTY�� 	 VÃQTZ%e;Y�S-UÁVTZ �%e;pKY!VTOKY #ÏOKS-kIn
k=Y�X+(rk=]IXKb�
uS-c�Z\[7Y�Q1b`VdS;Z%XKUH" � b\XKk2" � ��S�VdO #±QTYiUW[7Ymc�VTS%�\Yme;]�(!VTORYñUWVdb`VdS-c 
uZ=k=S�
7c�b`VdS;Z%X
b�XKkôc�QdYmb�VTS-Z\XòZ\[7Y�Q1b`VdS;Z%XKU�� -�OKYßc�Z\QdQdYmUT[wZ%XKk=Y�Xwc�Y�0wY�V��PYmY�Xô[Kb�Q1b�
uY�VTY�Q1U�S-U�b\c1ORS-Y��%Ymk
VTORQdZ\p��%O�VdORY �\e-pRY��
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getPwd ?p1:Pwd

getPwd ?p2:Pwd

from u:PIdUser
modify

from root:PIdRootUser
create ?u:PIdUser

from sender

from sender

mGp2

Wa

BeM BeC

Gp1

[not(CValid(u))]
errorUser
to sender

[not(MValid(u))]
errorUser
to sender [CValid(u)]

getPwd ?p0:Pwd
[MValid(u)]

from sender

getPwd ?p1:Pwd
[correct(u,p0)]

from sender

cValmVal
Val

from sender
getPwd ?p2:Pwd

[not(p1=p2)] errorCorresp
to sender

[p1=p2] ic

[not(correct(u,p0))] errorPwd
to sender

[p1=p2] im

cGp2
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