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°r������Äª�����1®�ÖI¯�Ô�Õ�°Å��¤b¤������1�����Å�k��¤����}�ÃÏ§Ä �k¤b¤��}����� �:®£��k��� ¦m¨�������ª�©Ï§¢£�w���:�z�b¬£�}�bûZ�kÄ�������®
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¤�¢Cû����È���ª�r°Å���1�ªÄª�1����® �1���'�Ð�1¤b��}���zÄ �:¤�¤��}�R�k�1¦'�����ÈÏ§Ä �k¤b¤��}�-�����¡Ï§¢£�w��k�w��¬£�}�bûZ�kÄ�������®�ÊI�ª¤��u�7�����}����¤
����¦]¢£Äª®:�o¯

ÆÈ�ª�åÏ§Ä �k¤b¤�� b�:�:²î á=¾o¾0åÀ¸F¸_ð ß µ?½ î�V �1���·�ª�1���åèr�w��}���zÄ �:¤�¤��}�·¤��7�����������b�������åÆ§�:��}�����}�ÅÏ§¢£�i�
���:�z�b¬£�}�bûZ�kÄ�������®å�ª�«���������L�u�:����¤���b���w����}¯Z� ¸7µ?½o¼Â¶k½ ���`�1�C¨�k¤b���w������b� �������ZÄ�¨�:�b��}�/����¤ �u�k�1���}¤������
���c���C¨�:¤����w���ª���b���«��������� ���ª�1Ë���Ä������«Ï§¢£�w��k�w�o¯£ÆÈ���ZÏ§Äª�k¤�¤b��� þ ¸7à : á î �����°æ î ¸7´�ç�����Äª���}�À���ª�ZÏ§��¢k��}�
���}¤Å�u�:�����}¤¡�����R���ª�}�����R���}�6WÈ�b®w�k����¤�:���ª¢£�-���}� Ï©¢k�z��k�w��:¯b�:K:'î á=¾o¾0åÀ¸F¸_ðp¤���}ÄªÄ��²����� ÌI�������Ñ���¤���}ÄªÄª�L���}�5Ï§¢£�w��k�w��¬£�}�bûZ�kÄ�������®rË�� �1���É�k�1�����b��� �²����Äª�}�¥���}¤
Ì��=¤b������¤§Ë����B®L���b¦�¨�1®£����®�¯ ¨èr�7���È�1����WÈ��¤��}�b¬k���S�@�Ð�������k���ª¤b�À��¤å���ª�n��n�È��¤©�:�������b����WÈ��Xb�}�z�����º�������¨¢£®kÄª�ª���1�k���Ñ�oÊ=¤������d¬k¢£�f|t��¤b��k����¤o¨�k�����}�����1®£���R�ª� b�:�:²î á=¾o¾0åÀ¸F¸_ðº���w��}���b�ª���w��}�ÐË}�-Ä �k¤b¤����t¯ b�:Gè:'î á=¾o¾`åÀ¸F¸_ð#éR»Wáëê)¤���}ÄªÄ��L�1���������Â�kÄÑ� �1��¤O°Å���b��Ç£���1������¤ �ª�����ª�1���)±Â���1¤b��}� ���k��¯ b�:�:²î á=¾o¾0åÀ¸t¸7ð èéR»]áÃêü�?�}�=�I�Ë}�/�����=WÈ��¤b���b¬k���@�S�Ð�}���Â�k����¤��À��¤}Ê£��� ¤����������bË���¤���}ÄªÄª�}�FÊk���kÇÅ¤���}��¤/���}�/�k�w��1��ÄªÄ�� ���1�Â�kÄ��
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��Ä����ª�7���tÊtË�� ������¤��}�ì|?û �����f���b�1� b�:K:'î á=¾o¾0åÀ¸F¸_ð ß µ7½ î�V ¬£¢£� �����åÏ§Ä �:¤�¤�� 8 á î »W¼ÂàW»îíw¼ �5à]á_¯tÆÈ����¤b�
¤b����Ä�Ä��oÊwË}��¤�:�����������Ñ� �1���-Ï§Ä �:¤�¤��}� 8 ½C¸ î á7ÊÃïjáz¼ : á î �����°ð î »]½Cá î ���ª�1�����R�����Â�k�1�ª¤�� ��¤uË��1�ZëP�[�
�����k����¤��ª�}�����1®¥���}¤ °r�����}Ç£�������1��¤ZË}���O®L���b¦�¨�1®£����®�¯=ÆÈ����Ï©Äª�k¤�¤b��� 8 ½ î áz¼Â¹ 8 ½C¸ î á_Ê 8 ½ î áz¼Â¹ïjáz¼ : á î
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Ì=��b���w���� �R��¤b����� ±Â¢£���1�����1��® ÌI�}����� Ï§Ä �k¤b¤��[�Â�@�:���¢£�
W§�ÃXb���w� Ì=�ª��®£Ä��}��¢£� ���2h?¯Â���ª�1�§����¤b��k��Ëå�%hI�ª¤���ª�}�b� ÖkÓ ¤b��:���¤����
¿©������� <Z¢k�¤�7¢£¤��Ñ�� �Ð�}���b¦W�k���1�:�:�z����� Ö£æ ¤b��:���¤����
¿©������� <Z¢k�¤�7¢£¤��Ñ�� +��ª��¤b�����C¨�:���z����®�¬k¢£�·Ï©�k�w����� Öké ¤b��:���¤����
¿©������� <Z¢k�¤�7¢£¤��Ñ�� |Ø�=�zÄª��� Öké ¤b��:���¤����
¿©������� <Z¢k�¤�7¢£¤��Ñ�� +����b���ª���z�Â�:���k�}��� Öké ¤b��:���¤����
¿©������� <Z¢k�¤�7¢£¤��Ñ�� Ï§¢;���������}�Ð�}�ª���}��Ï§¢£�¤�7¢£���}�w�� Öké ¤b��:���¤����
¿©������� Ì=�����ª�kÄª��Ë��}� û'"�üëýkÊ�þ 1�ÿ�� "¡���z¬k���b¤ � × �Z�=�Â�k���ª¤b���² �}Ä �:���ª¢£� WÈ��¤b����¬£��� |t��¤����k���1¤bû ������¤b��Ä5û������¯����¢��Â�k®£�����b� � é �Z�=�Â�k���ª¤b���W§�ÃXb���w� � ¿§Äª�����������}���¤b���}Ä �:���ª¢£�-�:�1¦�WÈ��Xb�}�w���� 	;	 ���b�ª������Ñ¬W§�ÃXb���w� � WÈ��Xb���w�r�ª¤�� ÆÈ� ��Äª���@�:� 	;	 ���b�ª������Ñ¬W§�ÃXb���w� � WÈ�����z���1®£¤��b��Ä �@��ª¢k�Ð�:�1¦�WÈ��Xb�}�w���� 	� ���b�ª������Ñ¬
ë'��¤b��� � �ª¤������}�ªÄ����}��®£� 	£æ ���b�ª������Ñ¬
ë'��¤b��� � �ª¤���+�Äª�������w� 	£æ ���b�ª������Ñ¬
ë'��¤b��� � �ª¤��B�Ð���1®£� 	£æ ���b�ª������Ñ¬
ë'��¤b��� � ��¢k��û ���1���ª®£�{+�Äª�}���}�z��� 	£æ ���b�ª������Ñ¬
ë'��¤b��� � ���w���'¨�kÄ�� ���}����¤B+�Äª�}���}�z� 	£æ ���b�ª������Ñ¬
ë'��¤b��� � ÌI�c_=�1�����}� �ª¤���¤�¢£��������b� 	ké ���b�ª������Ñ¬
ë'��¤b��� � +�Äª�}���}�z� �}�ª�1¦�¨��®k��� 	ké ���b�ª������Ñ¬
ë'��¤b��� � +�Äª�}���}�z� �}�z�b¦]���b����� 	�� ���b�ª������Ñ¬
ë'��¤b��� � +�Äª�}���}�z� �}�ª��¤b�����C¨�k�1�k��� 1Ô ���b�ª������Ñ¬

�5�:�?�}ÄªÄª�§ÖI¯�Ô�Õ ®L����Ë}�����������ª¤����}� ±_¢k�����}������®k���
�������©�5�:�?�}ÄªÄª�Å���ª�§�������w��[�ÂË�����������R±Â¢£�b�����b����®£�}�Ð��¢=�������kÄª¤¡Ë}��¤�:�������F¯

Õk�����À±_¢k�����}������®�û��ª���Ð�ª�×����� ¦]¢£�b�p�kÄ��ª¤b�ª�����o¯1ÆÈ�ª�å�ª���1�ª��¤b��� ÌI�����b���b�È®£�}®£���7�����À±_¢k�����kÄª��¤��ª���
���1��®È�ª¤��/��¨¢£®£Ä��ª����¤��/�kÄ�Äª®£�}���}�ª�FÊ����Û�1�ª�Z°r�wûZ�}�����Â�k�b�k�}���O����¤��Ð��¤b�����b¤����ª���w���}�ª��Ë}��¤������o¨�k���:���F¯z±r¨�1�
������¤��}��|?û �����¥û��ª���«�}�ª���¡�}�bû ������������rÌ��=�w���2hÉ¦�¨�1�~������¬£����ûZ�}�����n�oÊ=���ª�u����Ïå�9��������Ä�Ó§�7��¤b�����������7���
û��ª�b�F¯|t�=Xb���1��� �Ð��¤�����r¦]¢£Äª®k� �}�ª�·°r��¤������1������Ê?�������}����k¤!�Ð�1¤b��}�§�k�1¦/�Â�k¤Å�:¢£���z���n��«ä���¢
Xb���w�©�k�i�
®£�nûu�k�1�1�uû��ª�b�F¯�+�¤ û �����1����Xb�}û ����Äª¤O�=�1�u���ª� Xb������®£���p±Â¢£�����}�����1®£���j�7���z�1��Ë}��Ê1�����r���p���}�Z�k¢k���z���}�����
ÌI�Ñ��Â�:���ª¢£�d�:�����Ð�7���P¨¢k���®k�¡ûZ�}�����}�F¯
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Singleton
 create(): Singleton

gibt  die   Instanz   zurueck
falls bereits eine existiert,
andernfalls  wird  eine  neue 
Instanz erzeugt.
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AddressBook
 new(): AddressBook

context AddressBook inv:
  AddressBook.allInstances.size <= 1

context AddressBook::new() post:
  AddressBook.allInstances@pre->forAll(e | 
    AddressBook.allInstances->include(e)) and
  AddressBook.allInstances->size = 1 and
  result = AddressBook.allInstances->
    asSequence->first
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Component
 isReachable(c:Component,p:Collection(OclAny)): Boolean
 isReachableType(c:Component,p:Collection(OclAny)): Boolean

Leaf Composite
 add(c:Component)
 remove(c:Component)
 link(child:Component,dest:Composite)
 duplicate(child:Component,dest:Composite)
 is_duplicate_tree(c:Component): Boolean

children
*

¢QL(L(#@)&:(0(%('�£$M Ä Ú�!D,.3C0JqD,C0(3":(+��QÛp-*m��W- �C#&,C+K/10(�2,.+�38�

[6\Hº6\8] _�`ba$cPdGe;`gf2h�i�jGk
��� �GÛp-*m��P-*�8#&,.+¿¥2/10J�8,.+�3�LP+��8SIU(3C+�#@LJ,�+�#@%(+�%�'*+�38#@SIUu,.+X,.+�%�³�3C� �(U(+�%VMV��� >�0�0(%u,.+�3C�8SIU(+�#&:(+�,�+���>�Y4#�¥
�CSIUJ+�% >�YZ+�#«A�)B� �8�C+�%1�*-*% �GLo�8+�qu,.+�%�M��GLo�8+�qu,C+s:(+�3QA�)B� �8�C+�z úDý�s 38+��(3 |� �C+�%u,.#@+�3C+�% N�%J:(�(0(%(qu,C+=#@m
³�3.� �(UJ+�%���¬p)Þ|�T,C,C+�3I�¿9u�GLo�8+�qD,C+Q:J+�3^A�)B� �8�C+ÇÆ öPû�üOö�R��7ù�ú 3C+��(3�|�T�C+�%u,C#@+�38+�%�#@%(%J+�3C+"A�%(- ,C+�%�:(+��Z³�3.�w¥
�(U(+�%VMu��-*%�#@U(%(+�%�qW|-*%J%(+�%�'*+�38#@SIUu,.+X,.+QAK�T%D,C+�%�� 0J5���LD�8+�qu,.+":(+�3ZA�)B� �8�C+�Æ öPû�üOö��bú.�Wù �*+�38YZ+�#@�8+�%�I~ È ��� � �.� � ¢Q�C�C- >�#B�w,.#@- %��XMP�G#@+�A�)B� �8�C+ÉÆ öPû�üOö��bú.�Wù #&�8,�:(#@+t'*+�m�+�#&%(�.� m�+=�GLP+�38qo)@� �C�8+��*- %�z úDý�s0(%(:pÆ öPû�üOö�R���ù�ú M�!o#@+r�2,.+�)@)&,t+�#&%¯'*+�m�+�#@%(�C� m�+���FH%u,.+�385R� S�+	>�0(3t��+�385I|0J'*0(%(' 0(%J: +�3C)@� 0(LJ,�:;� m�#&,
A�0(%(:(+�%(qD)B� �8�C+�%V9g- U(%(+�ª�|0JSIqo�8#@SIUu,=�T0J56:(#&+=q -*%Jqo38+�,C+�A�)B� �8�C+T9�� 0J54�GLo�8+�qu,.+�#@%(%(+�3CU;�T)@L :(+�3t³�3.�w¥
�(U(+�%(�8,C3C0(qu,C0(3�>�0(>�0('*38+�#&57+�%VM�¢QL(L(#&)@:(0(%J'	£$M Ä >�+�#@'T,G:;� �Q+�%u,.�8�(3C+�SIU(+�%J:(+rA�)@� �C�8+�%(:(#@� '*3C� m�m?M;NO#@%J+
� 0(�25¿|0(U(38)@#@SIUJ+�¬p+��8SIU(3C+�#@L(0(%J'�:(+��Q/10J�8,.+�3C�4§;%(:(+X,��8#@SIU?#@%�²´³Kµ�¶T��·u£¹¸©M

[6\Hº6\Hº »¼jG½¿¾^e;À�`�e�i�jGkZ`bj
ÊHË�Ì»Ë�ÌHË�Í y ú.u`��sÞý;÷+u��Jý��Wù�ú��
FH%(%(+�3CU;�T)@L�:(+���Ûp-*m��W- �C#&,C+s/?0(�8,C+�3C�GYZ+�38:(+�% >XYp+�#O/1+X,.U(-o:(+�% :J+�§;%(#&+�32,��C�����(����0J%(:¯�.�QÎ��+Ï �T�����XM
�G#@+���0J%(qu,.#@- % :J#@+��8+�3?/1+X,.U(-o:(+�%¼#&�8,�#@%u,C0(#&,C#&��qD)B� 3�9E� LP+�3	%(#&SIUD,�+�#@%(:J+�0J,C#@'(MpN���#&�8,�> M ¬�ME%(#&SIUu,
57+��2,.'*+�)@+�' ,�9JYp� �"LW+�#�m�+�U(385R�TSIU(+�m°NO#&%J5¿|0('*+�%1+�#@%(+����GLo�8+�qu,.+��"�;� �8�C#&+�3C+�%��8-*)@)�M

!$-	qw� %(%�m�� %�57- 3C:(+�3C%V9P:;� <�+��G%D0(3G+�#@%(+�AK�T%D,C+s>�Y4#&�CSIU(+�% >�YZ+�#OA�-*m��W- %(+�%u,.+�%�'*+�LW+�% :;� 385¦9
:VM´UVM�9P+�#@%?%(-oSIU(mr�T)@#@' +��ENO#@%$5¿|0('*+�%?+�#&%(+����GLo�8+�qu,C+��=|�T%(:(+�32,":(+�%�³�3C� �(U(+�%�%(#&SIUD,"m�+�U(3�M�Á^|� < ,"mr�T%
m�+�U(325R� SIU(+�A�� %u,.+�%?>�0V9(�8-�qw� %J%?m�� %�LP+�#�+�#@%J+�m �.�QÎ��+Ï �T���457-*38:(+�38%V9(:;�T<�� )@)&+GA�� %u,.+�%?>XY4#@�8SIU(+�%
:(+�%1LP+�,C3C-	ÐW+�%(+�% �GLo�8+�qD,C+�%1+�%u,C57+�3C%u,QYZ+�38:(+�%1-$:J+�3E%D0(3"+�#@%J+ M



Ã	Ñ Æ�ÇGÈOÉ�ÊgË�ÌÎÍDÏ1Ð�ÊJÇ�ÊbÉ2ÐVÑ�Ò�Ë®Ó^ÔEÕQÖ�Ë�Õ=×bØsÙ4Ë�Ø
ÊHË�Ì»Ë�ÌHË�Ì Ò ���]R�÷&u��.Óý��`�H�]���Ô_�ú���Õ1ý��Pù�ú.�
¬p+�#p:(+�3s¢�%uYZ+�%(:(0J%('�:J+���Ûp-*m��P-*�C#�,.+X¥¦/10(�2,.+�38�s#@�2,s+��sm�|- '*)@#&SIU�m�+�U(38+�3C+rlQ%u,.+�3CqD)B�T�C�C+�%Î�8-�Yp-*UJ)
�*- %ÖÆ öPû�üOö�R���ù�ú 9W� )@��� 0(SIU �*-*% z úDý�s >�0 :(+X§;%(#&+�3C+�%VMVFH% :(#&+��8+�m �P�T)@)�qw� %(% +���%J- ,HYp+�%(:(#&'	�C+�#&%
>�0�57-*3C:(+�3C%V9g:;� <1%(#@SIUu,=>XY4#@�CSIUJ+�% LP+�)@#&+�L(#&'*+�%�A�)B� �8�C+�%¯AK�T%D,C+�%¯' +�>�- '*+�%¯YZ+�38:(+�% qW|-*%(%J+�%VM�/1� %
L(3C� 0(SIUu,G�T)@�C-=+�#@%(+t/¯|- '*)@#&SIU(q +�#&,�9J:(#@+�A�� %u,.+�%1+�#@%(>�0(�CSIUJ3�|� %(qT+�%VM

ÊHË�Ì»Ë�ÌHË�× Ò ���¹ú.��÷+u¸Øbý����Pú.��ù
g®#@+�LW+�#p:(+�3=�;3.� ' +�%;�TSIU ¨ ÂoqD)@+�%V9b�8,.+�)@)�,s�C#&SIU U�|� 0J§('�:(#@+r�;3.� '*+�%;� SIU :(+�3=NO3C38+�#@SIUDL;�T3Cq +�#&,s� -*%
�GLo�8+�qu,C+�%VM���� >�0�Y4#@38:	'*+��(3 |0J5�,�9J-*L	+�#&%��O5R�T:�� -*%�+�#&%(+�m±'*+�' +�LP+�%(+�%��GLo�8+�qD,4>�0�:(+�m' +��C0JSIUD,C+�%
�GLo�8+�qu,Q+X�$#@�2,.#&+�38,�M

ÊHË�Ì»Ë�ÌHË¯Ù ÚNÛ ��øRú.�
NO#@%(+�U�|� 0J§;'�LP+�%�|-T,.#@'T,.+��;-*38:(+�380(%('�� %?³�3.� �JU(+�%�#@�2,E:(#&+�¨ Âoqo)&+�%J5738+�#&U(+�#�,�M(¬Z+�#V:(+�3E�G+�§(%(#&,C#@-*%r� -*%
¨ ÂoqD)@+�%?qW|-*%(%(+�%�>XYp+�#g'*380(%(:()&+�'*+�%(:(+Ü�|Â$�P+�%1�*-*%�¨ Â$qD)&+�%?0(%u,.+�38�CSIU(#&+�:(+�%�YZ+�3C:J+�%VM��GLo�8+�qu,.>QÂoqo)&+�%
+�%u,C�8,.+�U(+�%�9VYp+�%(%�+�#@%Ý��5R� :�� -*% +�#@%J+�m ��LD�8+�qu,t� 0J5��C#&SIU �C+�)&L(�8,�+¿�$#@�8,C#@+�38,�M��|Â$�J>ÞÂoqD)@+�%�+�%(�2,.+�U(+�%
LP+�3C+�#&,C��9(YZ+�%(%1+�#@%ß��5R� :��*-*%?+�#&%(+�m°��LD�8+�qu,">�0?+�#@%J+�m��GLo�8+�qD,Q'*)&+�#@SIUJ+�%��zÂo�(�"+X�$#&�8,.#&+�32,�M

ÊHË�Ì»Ë�ÌHË�Ê Õ1ö�ü]�Rú��¹ú.� ú.�à��ú���Õ?öPû�üOö��bú.�Wù�ú
NO#@%�N�)&+�m�+�%u,g>�0sqT-*�(#@+�3C+�%V9TU(�T,«#&%�+�#@%(+�m�³�3.�T�(U(+�%tm�+�U(3C+�3C+p¬p+�:(+�0J,.0J%('*+�%�M*�G#@+�+�#@%J5R� SIUJ�8,.+p�;-*3Cm
#@�2,�9(:(� <�:(� �"N�)&+�m�+�%u,"+�#&%J5R� SIU?>�0(��|�T,.>�)@#@SIU?#@%�:(#&+r~ È ��� � �.� � Á�#@�2,.+�:(+�3G¨�#&+�)&q -*m��W- %(+�%u,.+�+�#@%(' +�5¿|0(' ,
Y4#@38:VMW��� :(0(38SIU��*+�32Yp+�#@�8+�%�m�+�U(3C+�3C+=NO)&,C+�38%(q -*m��P-*%(+�%u,C+�%�� 0J5�:(#&+��8+�)@LP+=A�#@%J:(q -*m��P-*%(+�%u,C+ M�!o-*)@)
:(#&+��4�*+�38m�#&+�:(+�%1YZ+�38:(+�%V9Wms0(<�+�#@%J+�A�-*�(#&+�:(+���N�)&+�m�+�%u,.�"+�38>�+�0(' ,�YZ+�38:(+�%�MVA�-*%(�8+3áD0(+�%u,C+�38YZ+�#&�C+
m�|0(�C�8+�%®� LP+�3�� 0(SIU � -*% :(+�% A�#@%(:(+�3C%Î0(%(:®A�#@%(:J+��CqD#&%(:(+�38% :(+���NO)@+�m�+�%D,C�r38+�qD0(3C�8#&� + A�- �(#@+�%
+�38>�+�0(' ,=YZ+�3C:J+�%VM�l"m¡�8#@SIU(+�3C>�0J�8,.+�)@)&+�%V9�:(� <�:(#&+��C+�3â�O3C-*>�+�<�,.+�3Cm�#@%(#&+�32,�9�:;� 325Q+��=q +�#@%(+�% ¨ ÂoqD)@0J�
'*+�LW+�%V9;:(+�34�8-¹YZ-*U()�:;�T�">�01qT-*�(#&+�3C+�%(:(+tNO)@+�m�+�%u,�9;� )@�4�T0(SIU��8+�#@%J+tNO)�,.+�38%(q - m��P-*%(+�%D,C+�+�%u,.U |�T)&,�M

g®#@38:t�*- %�:(+�m�³�3.�T�(Ut� +�3C)@� %(' ,�9¹:;� <�+�3g>QÂoqo)&+�%J5738+�#o#@�2,�9¹�C-Qq�|- %(%(+�%ã��38-*L()&+�m�+^+�%u,.�8,C+�U(+�%V9 5R� )&)@�
:;� �sA�- �(#@+�3C+�%�:(0(3CSIU +�#@%J5R�TSIU(+���µ"#@%(>�0J5¿|0('*+�%¯+�#&%(+�3=A�� %u,C+r'*+��CSIU(#&+�Uu,�MOl"m¡:J#@+��t>�0¯� +�3Cm�+�#&:(+�%�9
ms0(<1#@%�+�#@%J+�3K+�%u,.�8�(3C+�SIU(+�%(:J+�%Î��- 3CLP+�:(#&%('*0(%('?'*+��(3T|0J5�,tYp+�3C:(+�%V9«- L¯:;� �t¢�%()&+�'*+�%�+�#&%(+�3t%(+�0J+�%
A�� %u,.+�+�#&%1¨ Â$qD)&0(�4+�3C>�+�0('T,�M

�;-*3C:J+�3C0J%(' Ûp-*%(�8,C3.� #&%u,
/1+�U(385R� SIUJqT�T%D,C+�% £$M Ã M&¤Çä	£$M Ã M ¥
NO#@%(�8SIU(3�|�T%(qD0(%('r:J+�3"A�� %u,.+�% £$M Ã M Å
NO3C38+�#@SIUDL;�T3Cq +�#&, £$M Ã M Ñ 9;£$M Ã M&¤6å
¨ ÂoqD)@+�%$573C+�#&U(+�#�, £$M Ã M&¤ Ã 9�£$M Ã M&¤ Ä
A�-*�(#&+�3C+�%�+�#@%J+�34A�-*m��W-*%J+�%u,.+ £$M Ã M&¤ Å 9�£$M Ã M&¤�£



ÍDÏÄÃJÏ�ÑEÔ © ÈQÔ4Ð$É�ÊgË Ã ·
[6\Hº6\ÞÝ ßG¾^e�à±á�â2f2aJf2`�e�i�jGk
ÊHË�Ì»Ë�×HË�Í y ú.u`��sÞý;÷+u��Jý��Wù�ú��
�G0(38SIUÎ+�#@%J5R� SIUJ+çæQ� SIUDLW+�:(#@%J'*0(%('*+�% qw� %(%�+�#&%(:(+�0J,.#&'�57-*3Cms0J)@#@+�38,sYZ+�38:(+�%�9�Yp� ��LW+�#@m N�#&%J5 |0('*+�%
L(>XY�MJNO%u,C57+�3C%(+�%r�*-*%�AK�T%D,C+�%��;� �C�8#@+�3C+�%r�C-*)&)©Mul"m±/1+�U(325R� SIU(qw� %u,.+�%�� 0(�8>�0(�8SIU()@#&+�<*+�%�ms0(<6�8+�:(-oSIU
�C#&SIU(+�38'*+��2,.+�)@)&,EYZ+�38:(+�%�9W:;�T<�%D0(34:(0J3CSIU�:J#@+������(����/1+�,CU(-$:J+tA�� %u,C+�%?U(#@%(>�0('*+X5¿|0(' ,EYZ+�3C:J+�%VM

��� �ENO%u,.�2,.+�UJ+�%��*-*%1/1+�U(385R� SIUJqT�T%D,C+�%?qw� %(%	m�#&,p57- )@'*+�%(:(+�3¶æ�� SIUDLP+�:(#&%('*0(%J'��T0(�C'*+��CSIU()&-*�C�8+�%
YZ+�3C:J+�%VM«��� LW+�#Oms0(<=�8+�:(-oSIU�:(#&+�/�|-*'*)@#&SIU(q +�#&,K+�#&%(+���!$SIU(+�#&,C+�3C%J�s:(+���NO#@%J5I|0(' +�%(�KLW+�3T|0(SIqD�8#@SIUu,.#&' ,
YZ+�3C:J+�%VM
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�íïî�èbê�å�EHGI KJòDå}òVê�åJòDèYéPä	k�ê(ä*åJòDåDç(ò;õ

ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� \.)�)5��ÎöV÷uø��
÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���|M.M:��)�)!OQ;ëMß��
6*.,W
����&�.��PìM�µ�
�
����.�&�{üOö�R�ù��

"�"#"�" ) % 1�;�Z �����(��� b���1�)��&�Y-��(ÿ6���xn��&Z�1 S ��;6Z.-��	�.���&�>��1�7�� % ���
��s�O�1���� % �+�F? ù6�+�búíPÎù�u�ú.�îO½����� S 8B;�ZWÿ��&)�1��&� "�< ;�
 % �.�|OQ;.P#?>@�P
úoøàR�úï�	��� S 8B;6Z�ÿ��&)�1��	� "�< ;�
 % �.�|O½;�P#?5�	��� S 8B;6ZWÿ��	)�1��&��[�,�1�� "�< ;�
 % �.�zOQ;.P
ú.�]_`��s

�G#@+��C+�3OÛp-*%(�8,C3.� #&%u,OY4#@3Cqu,O�8#@SIU��8+�:J-$SIU=%D0(3�� 0$5W:(� ��NO#@%J5I|0(' +�%=m�#&,4�����(���Z�T0(��MD!o#@%(:�/1+�U(385R�TSIU$¥
qw� %u,.+�% '*3C0(%J:(��|�T,C>�)&#@SIU�� +�38LW- ,C+�%V9g�C-�qw� %J%¯:(#@+��s� 0JSIU :(0(3CSIU¯57- )@'*+�%(:(+�FH%D�T� 38#B� %u,C+�� 0(�8'*+�:J3 |0(SIqu,
YZ+�3C:J+�%VM
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ìBA îBð�LJä�±$é�L$òJæ2ñ;òDè�±(ä ç5³;ä*å ð(ò�C$è�Eoé ² C�òDé$åDçJòoå�õ

ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� þ.�	�/��ÎöV÷uø��
÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���#��� �!�

"�"#"�" -��(ÿ����qn��	Z�1 S ��;�Z.-��&�.���&�
�	��� S 8B;6Z�ÿ��&)�1��	� "�<�S 
	1�\����`OQ;ó^ô�	��� S 8B;6ZWÿ��	)�1��&� ".< ;�
 % ���|O½;.PY?a@�P

!$#@%J:	/1+�U(385R� SIUJqT�T%D,C+�%�+�3C)@� 0(LJ,�9u�C-�'*� 3.� %u,C#@+�32,^:(#@+E57-*)&'*+�%(:J+õæQ� SIUDLW+�:(#@%J'*0(%('(9D:;�T<�%;� SIU�:(+�m
µQ#&%(>�0$5 |0('*+�% +�#@%(+�3�A�� %u,.+s:J#@+s¢Q%(>�� UJ)�:(+�3GAK�T%D,C+�% 0(m¡¤=+�38U |-*Uu,�#@�2,�-o:(+�3Q:;� ��NO#@%J5 |0J'*+�% �8SIU(+�# ¥
,.+�38,C+ M
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ìjiÂî�èbê�å�EHGI KJòDå}òVê�åJòDèYéPä	k�ê(ä*åJòDåDç(òÂîBk�ê�ç{ð(ò�C$è�Eoé ² C�òDé$åDçJòoå�õ$õ

ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� \.)�) * % �+�Pÿ�,����/���ö�÷uø:�
÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���|M.M:��)�)!OQ;ëMß��
6*.,W
����&�.��PìM�µ�
�
����.�&�{üOö�R�ù��

��s�O�1���� % �+�F? ù6�+�búíPÎù�u�ú.�
O½�	��� S 8B;6ZWÿ��&)�1��&� "�< �	������;��|O�, ^´,(?F;.P "�< �$ÿ�7��Y?
����� S 8B;�ZWÿ��&)�1��&��[	,�1�� "�< �	������;+�zO�, ^â,F?(;.P ".< �oÿ�7��Yya@�P

úoøàR�ú
O½�	��� S 8B;6ZWÿ��&)�1��&� "�< �	������;��|O�, ^´,(?F;.P "�< �$ÿ�7��Y?
����� S 8B;�ZWÿ��&)�1��&��[	,�1�� "�< �	������;+�zO�, ^â,F?(;.P ".< �oÿ�7���Pú.�]_`��s



Ä å Æ�ÇGÈOÉ�ÊgË�ÌÎÍDÏ1Ð�ÊJÇ�ÊbÉ2ÐVÑ�Ò�Ë®Ó^ÔEÕQÖ�Ë�Õ=×bØsÙ4Ë�Ø
NO#@%(+G+�#@%J5R�TSIU(+�A�-*msL(#&%;�T,C#@-*%�:(+�3pLW+�#@:(+�%�æ�� SIUDLP+�:(#&%('*0(%(' +�%�qw� %(%	LP+�%D0J,.>X,EYp+�3C:(+�%V9(0(m±+�#&%

/��w�$#&ms0(m 5¿|0(3�:(#&+�¢Q%(>�� UJ)�:(+�3	A�� %u,.+�%®>�0 57-*3C:(+�3C%VMp��� LP+�#"3C+��J3�|� �8+�%u,.#&+�38, n�\�o :;� ��' +��C+X,.>X,.+
/��w�$#&ms0(m?M
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�r î�èbê�å�EHGI KJòDåFk�ê�ç5ö.±$òDè�KoèJòDå$ô$ò/EHGI è ð;ò�Coè�EDé ² C�òoéoåoçJòDåPõ

ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� \.)�) *W��05�n�\�o��Îö�÷uø��
÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���|M.M:��)�)!OQ;ëMß��
6*.,W
����&�.��PìM�µ�
�
����.�&�$üOö�R�ù��

"�"#"�" *�ÿ6�2n��&Z�1 S ��;6Z.-��&�.���&�
"�"#"�"�% ��)x*���0�ÿ�*�������1#÷��	�.���&��7��&ZW�
øRúuùã,�1�� ;�
 % �.�øMï4��.��������1(?5�	��� S 8{;6ZWÿ��&).1��&��[	,�1�� "�< ��������;��zO

,ù^â,F?(;�P "�< �oÿ+7��Y���
��s�O�1���� % �+�F? ù6�+�búíPÎù�u�ú.�

O½�	��� S 8B;6ZWÿ��&)�1��&� "�< �	������;��|O�, ^´,(?F;.P "�< �$ÿ�7��Y?
O:,�1�� ;�
 % ���(ya@�P]8�*Vÿ��zO�n�\.oWP�P

úoøàR�ú
O½�	��� S 8B;6ZWÿ��&)�1��&� "�< �	������;��|O�, ^´,(?F;.P "�< �$ÿ�7��Y?
,�1�� ;�
 % �.�ú.�]_`��s

��� �^NO%D,857+�38%(+�%��*-*%�A�� %u,.+�%�#@�2,�+�#@' +�%u,.)&#@SIU=%D0(3^LW+�#P/1+�U(325R� SIU(qw� %u,.+�%rm�+�U(38:(+�0$,.#@'JM�g®#@)@)$mr�T%
#@%?:(#&+��C+�m���� )@)�57- 3C:(+�3C%V9�:;� <�%;� SIU1+�#@%J+�m �.�QÎ��+Ï �T����� )&)@+�A�� %u,.+�%�'*+�)H|-*�8SIUu,��8#@%(:V9�qw� %(%�57-*)&'*+�%(:J+
æ��TSIUoLP+�:J#@%('*0J%('�LP+�%D0J,C>�,"Yp+�3C:(+�%VM
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ìCë î�è(åDç�E$òDè$å$òDå�ò�ê�å$òDè(é�ä	k�êJäuå$òDåoçJò îCé�L.Loò2é(éoåoçJòDåPõoõ

ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� ú��+*�
+û��5���ö�÷uø:�
÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���|M.Mü1��+*�
&û��9O½;øMß��
�*.,W
����	�.��P üOö�R�ù��

"�"#"�"xý �.� S ��1����&�/���.����1#÷��&�.���&�
�	��� S 8B;6Z�ÿ��&)�1��	� "�< �	������;��|O:, ^É,Y?5;.P "�< �oÿ�7��#?Yþ

!$-*)&)Z�8+�YZ+�#@)&��%o0J31+�#@%(+�A�� %u,.+�'*+�)Þ|-*�CSIUu,?Yp+�3C:(+�%V9"�C-�qT�T%(% m�� % 57-*)@' +�%(:(+ïæQ� SIUDLW+�:(#@%(' 0(%('
LP+�%D0J,.>�+�%VM
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ìB· î�è(åDç�E$òDè$å$òDå�ò�ê�å$òDè(é�ä	k�êJäuå$òDåoçJò î.òVê�å$ô$ò.Loå$òYé(éoåoçJò;õ$õ

ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� ú��+*�
+û�� �oÿ6�������5���ö�÷uø:�
÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���|M.Mü1��+*�
&û��9O½;øMß��
�*.,W
����	�.��P üOö�R�ù��

"�"#"�"xý �.� S ��1����&�/�(ÿ6����1#÷��&�.���
øRúuùã,�1�� ;�
 % �.�øMï4��.��������1(?5�	��� S 8{;6ZWÿ��&).1��&��[	,�1�� "�< ��������;��zO

,ù^â,F?(;�P "�< �oÿ+7��Y���
�	��� S 8B;6ZWÿ��	)�1��&� ".< �	������;��|O�, ^´,F?(;�P "�< �oÿ+7��#?

O:,�1�� ;�
 % ��� " @�P]8�*W��0!OBþ�P

�G#@+K-*L(#&'*+�% Ûp- %(�8,C3.� #&%D,C�QY40(38:(+�% %D0(3"5¿|0(3ÿÆ öPû�üOö�R���ù�ú 57-*3Cm�0()@#&+�38,�9;:;��� 0JSIU %o0J3G#@%ÝÆ öPû��
üOö�R���ù�ú :(#@+�~ È ��� � �.� � ¥H¢��8�C-*>�#B�T,C#@-*%K+X�$#&�8,.#&+�32,�MTlQm{+�#&%s'*+�m�+�#&%(�.�Tm�+��gFH%u,.+�385R� S�+p5¿|0(3«A�0J%(:(+�%Jqo)@� �C�8+�%



ÍDÏÄÃJÏ�ÑEÔ © ÈQÔ4Ð$É�ÊgË Ä ¤
>�0J3t��+�325¿|0('*0(%J'�>�0 �2,.+�)&)@+�%V9�q�|- %(%(+�% :J#@+	/?+�,.UJ-$:(+�%1�8+�:(-oSIU¯LP+�38+�#&,C��#&%VÆ öPû�üOö��bú.�Wù :J+�§;%(#&+�32,
YZ+�3C:J+�%VM$�G#@+4¬p+�U;� %(:J)@0(%('K+�#&%(+���+�%D,C�C�(38+�SIU(+�%(:(+�%?¢Q0J573C0$57�p� 0J<*+�38U;� )@L�+�#@%(+�3hÆ öPû�üOö�R���ù�ú A�)@� �C�8+
ms0(<��8-*m�#�,E+�%u,C�C�(38+�SIU(+�%(: � L('*+X5R� %('*+�%?YZ+�38:(+�%�M

ÊHË�Ì»Ë�×HË�Ì Ò ���]R�÷&u��.Óý��`�H�]���Ô_�ú���Õ1ý��Pù�ú.�
�G#@+tNO#@%(�8SIU(3�|�T%(qD0(%('	:(+�3GA�� %u,.+�%��R#@m���� )&)�:(+���+�/�� #&)�¥¦Ûp)@#@+�%u,.�4> M ¬�M�:(� <	³�3C0(�J�W+�%�q +�#@%(+=�;-*)&:(+�3
+�%u,CU;� )&,C+�%1:�|0(3857+�%��"qw� %J%��C-�YZ-*U()b�W-*�8#&,C#&�P9�� )@�Q� 0(SIU�%(+�'u�w,.#&�	57- 3Cms0()&#@+�38,6YZ+�38:(+�%VMWFHm�+�3C�2,.+�% ��� )@)
Y4#@38: +�#@%(+�/1+�%(' +1�*- %®A�)@� �C�8+�% � %('*+�'*+�LP+�%V9Z>�0 :J+�%(+�%®AK�T%D,C+�% ' +�>�- '*+�% YZ+�38:(+�% : |0(3857+�%VMpFHm
>�YZ+�#�,.+�%��P�T)@)*Y4#@38:�:(#&+6/?+�%('*+p:(+�3«A�)@� �C�8+�%�� %('*+�'*+�LP+�%V9T>�0s:J+�%(+�%=q +�#&%(+6A�� %u,C+�%s'*+�>�-*' +�%�YZ+�38:(+�%
: |0(3257+�%VM

lQm :(#&+��1� 0(�8>�0(:(3T|0(SIq +�%V9Gqw� %(%¼:(#@+�NO#@%(�8SIU(3�|�T%(qD0(%(' � -*% NO)@+�m�+�%u,.+�% #@% Ûp-*)@)&+�S�,C#@-*%J��9pY4#&+
�C#&+G#@m ��
��.����;��Pÿ�
�� 1�������1�ÿ�;��Pÿ�
�� �b+�m��()B�T,C+�:(+X§;%(#&+�38,4#&�8,K�7�C#&+�U(+G¢QL(�CSIUJ%(#&,8, Å M Ã M ·u�¿9$� +�38YZ+�%J:(+�,
YZ+�3C:J+�%VM

��|0(3K:;� ��57-*)&'*+�%(:J+�¬Z+�#@�8�(#@+�)�'*+�)�,.+ Ú9Æ öPû�üOö�R���ù�ú.� #@�8,t� LJ'*+�)&+�#&,C+�,��*- %VÆ öPû�üOö�R��7ù�ú�� Æ öPû��
üOö��bú.�Wù6� #@�8,"�TL('*+�)&+�#�,.+�,E� -*% Æ öPû�üOö���ú.�Wù M

g®#@38:�'*+X57-*3C:(+�38,�9b:(� <�A�� %u,.+�%¯>�Y4#&�CSIU(+�%��GLo�8+�qu,.+�%��*- m �|Âo�pÆ öWû�üOö R3�7ù�ú.� 0(%(:��8-*)@SIUJ+�%
�*- m �zÂo�ÝÆ öPû�üOö���ú.�Wù�� � 0(�C' +��CSIUJ)@-*�8�C+�%��C#@%J:1�8-�LP+�%D0J,C>�,Qmr�T%�57- )@'*+�%(:(+�%�¢Q0(�C:(380(SIq�Ú
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì��Âî��;ò�êwæ�ê�ê¹ò.L	�Ýè�ê�å(æ ² Coè»Géoå�ò$òDå/³;äuåYéJé$åDçJòoå�õ

��
�������;��Pÿ�
�� 1������.1�ÿ�;��Pÿ�
��h8.ÿ��������&��;oÿ&�����NOín��&,�
���������ìM���
�*.,W
.�oÿ�����\|XÔ;�
.��� M«;6ZWÿ��&)�1��&�¶X
��0�,�1������$ÿ�
�� M�
½; ^ô;98j
.;���4���÷Pÿ6��)� S OB��
6*.,W
+���&�.�.\�P�
.X
S ���	û�
&1 M�
��������	�Wÿ6û���
Ô�

P

g®#@)&)Wm�� %r57-*38:(+�38%V9(:;�T<s�*-*%?�GLo�8+�qD,C+�%��*-*m �zÂo� Æ öWû�üOö R3�7ù�ú.� %D0(34A�� %u,C+�%�>�0?�GLo�8+�qD,C+�%
�*- m �|Âo�#Æ öWû�üOö ��ú.�Wù�� +¿�$#@�8,C#@+�3C+�%Î:�|0(3257+�%V9^�C-¯m�0(< S ���	û�
	1 +�%u,C�C�(38+�SIU(+�%(: �T0J5 ,W
.�$ÿ6�Pÿ6û��� L(' +�L(#&)@:(+X,6Yp+�3C:(+�%VM

ÊHË�Ì»Ë�×HË�× Ò ���¹ú.��÷+u¸Øbý����Pú.��ù
�G#@+G��3C� '*+�:(+�3"N�383C+�#@SIUDL;� 38q +�#�,"+�#@%J+��Q�GLo�8+�qu,.+��"� -*%?+�#@%J+�m�!o,.� 38,C-*Lo�8+�qD,Q� 0J�") |� < ,E�8#@SIU?m�#�,4µQ#&)&57+
+�#&%(+�3¶�E#@+�57+�%(�C0JSIU(+�LW+�� %u,HYp-*32,.+�%VM;lQm±:;� LP+�#W%(#@SIUu,E#&%	+�#&%(+�m±+�,HYp� #@' +�%?¨ ÂoqD)@0(�6>�0	'*+�3C�T,.+�%V9Jm�0(<
:(+�3">�0(3 |0JSIqo' +�)@+�' ,.+���5R� :�Y |� U(3C+�%(:?:(+�3Q!$0(SIUJ+tm�#&,C'*+�5 |0(UJ38,6YZ+�38:(+�%VM

��|0(3�:(#@+1!$0JSIU(+�%;�TSIU +�#&%(+�m �8�W+�>�#&§(�CSIU(+�% ��LD�8+�qu,�L(#&+�,C+�,��C#&SIU �C- m�#�,�:J+�3�57-*)@'*+�%(:(+�� Æ�z�¥
¢�0J�C:(380(SIq?� %VÚ



ÄuÃ Æ�ÇGÈOÉ�ÊgË�ÌÎÍDÏ1Ð�ÊJÇ�ÊbÉ2ÐVÑ�Ò�Ë®Ó^ÔEÕQÖ�Ë�Õ=×bØsÙ4Ë�Ø

ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì��Âî�è(èoè$òVê ² C.±oé$è�ò$ò�ê�ç^îCã;ä	k�ê(ä$æWê�ç(ò�õ$õ
ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� ÿ���ú�����;�Z��&UW���/��

÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���|M.M.ÿ���ú��.��;6Z��&U����
O 
�U ' Mç��
6*.,W
����&�.�zXô,�����Z�Mç��
�������;��Pÿ�
��vOj��
6*.,�
����&�.� P�P Mßµ�
�
.�����&�{üOö�R�ù��

"�"#"�" ,�1Hc%�S �zXÝ
+U öWØ��V��1.1��(ÿ�;6Z.U���1nÿ����
1���� % �+�F?

� s�O:,��	��Z ".< ÿ���;�� % )�����OQ�	��� S P.Pù�u�ú.�qsÞý;ø�R�ú
úoø�R�ú

;�ZWÿ��&)�1��&� "�< ��0�ÿ����W�`O½; ^ô;p?F
�U ' P öW�
;�ZWÿ��&)�1��&� "�< ��0�ÿ����W�`O½; ^

;98.ÿ���ú�����;�Z��&UW���NO 
�U ' X�,��	��Z ".<	% �Wÿ�
+�zOCþ��	�W��	��� S ��P�P.Pú.�`_]� s

ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�� î�è(èoè$òVê ² C.±oé$è�ò$ò�ê�ç î��(òDé�E;õ$õ
ö�÷uø�ù�úoû�ügøRýJù�ú������ S ÿ���ú�����;6Z��	UW���a��

����� S M.M.ÿ���ú��.��;6Z��&U����
O 
�U ' Mç��
6*.,W
����&�.�zXô,�����Z�Mç��
�������;��Pÿ�
��vOj��
6*.,�
����&�.� P�P Mßµ�
�
.�����&�{üOö�R�ù��

"�"#"�" bPÿ�1�)TU��&�`c
+�Pÿ����vX % *Y)��	���������5� %�S2ý 1�1��(ÿ�;6Z�U���1�-��(ÿ6�
"�"#"�" ÿ��#)��&�Yµ��Wc�	������1��}
&1�)��	�.���$ÿ�;�Z�����1	*�ÿ6�Wÿ&��1��	�57 % �������	�&�
1���� % �+�F?xsÞý;ø�R�ú

g®#@)&)�mr� %1�(3T|0$57+�%V9P-*L�+�#@%���LD�8+�qu,G+�#@%(+�3Q�8�W+�>�#&§(�CSIU(+�%�A�)@� �C�8+t+�3C3C+�#@SIUDL;� 3Q#@�2,�9�ms0(<�:(+�3Q¢�0(�¦¥
:(380(SIq�Y4#@+G57-*)&' ,4� %J'*+��;�T< ,4Yp+�3C:(+�%VM
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�í�� îjèJèoèJò�ê ² C.±$éoè�òoò�ê�ç îCã(ä�k�ê(äoæPê�çJò � E GI è#é�Loé(æ$æuòDåPõoõ

ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� ÿ���ú�����;�Z��&UW��� �!�,��5��
÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���|M.M.ÿ���ú��.��;6Z��&U����"�#!�,��

O:�#!�,��|M���;����#!�,��NXç,��	��ZhMç��
�������;+�Pÿ�
��zOB��
6*.,W
+���&�.��P.P Mßµ�
�
������&�{üOö�R�ù��
"�"#"�" ,�1Hc%�S �zXÝ
+UF�(ÿ6���&U ' �	-��Yû�
6*$�#!�, ù Û üOú(��1�1��(ÿ�;6Z�U���1nÿ����
1���� % �+�F?

� s�O:,��	��Z ".< ÿ���;�� % )�����OQ�	��� S P.Pù�u�ú.�qsÞý;ø�R�ú
úoø�R�ú

;�ZWÿ��&)�1��&� "�< ��0�ÿ����W�`O½; ^ô;98j
.;���4���÷Pÿ6��)� S O��#!�,���P.P öW�
;�ZWÿ��&)�1��&� "�< ��0�ÿ����W�`O½; ^

;98.ÿ���ú�����;�Z��&UW���%�#!�,��9O��#!�,��NX�,��	��Z ".<&% �Vÿ�
��zOIþ��	�W������ S ��P.P.Pú.�`_]� s



ÍDÏÄÃJÏ�ÑEÔ © ÈQÔ4Ð$É�ÊgË Ä*Ä

ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�íoíïîjèJèoèJò�ê ² C.±$éoè�òoò�ê�ç î��(òoé�E �ÖE GI èYé�Loé(æoæDòDåPõoõ
ö�÷uø�ù�úoû�ügøRý$ù�ú&����� S ÿ���ú��.��;6Z��&U���� �#!�,��(��

÷*ö��Wù�ú���ù'����� S M.M.ÿ���ú��.��;6Z��&U����"�#!�,��
O:�#!�,��|M���;����#!�,��NXç,��	��ZhMç��
�������;+�Pÿ�
��zOB��
6*.,W
+���&�.��P.P Mßµ�
�
������&�{üOö�R�ù��

"�"#"�" bPÿ�1�)TU��&�`c
+�Pÿ����vX % *Y)��	���������5� %�S2ý 1�1��(ÿ�;6Z�U���1�-��(ÿ6�
"�"#"�" ÿ��#)��&�Yµ��Wc�	������1��}
&1�)��	�.���$ÿ�;�Z�����1	*�ÿ6�Wÿ&��1��	�57 % �������	�&�
1���� % �+�F?xsÞý;ø�R�ú

ÊHË�Ì»Ë�×HË¯Ù ÚNÛ ��øRú.�
�G#@+��;-*38:(+�380(%('Q%;� SIU=¨ ÂoqD)@+�%J573C+�#@U(+�#&,b)H|�T< ,��C#&SIU�m�#&,bµQ#&)&57+O:(+�3gLP+�38+�#�,.��:(#@�8qD0J,.#&+�38,C+�%�N�383C+�#@SIUDL;� 38q +�#�,
+�#&%J5R� SIU�57-*3Cm�� )&#@�C#&+�38+�%VM$���T5¿|0(3Ems0J<�%D0(34'*+X57-*3C:J+�38,4YZ+�38:(+�%V9�:;�T<�5I|0(3EqT+�#&% �GLo�8+�qu,"#@%J%(+�38U;� )@L�:(+��
³�3.� �(UJ+�%?+�#@%ß��5R� :?>�0?�C#&SIU1�8+�)@LJ�8,"+X�$#@�2,.#&+�38,�M
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�í+A î)(+*�ò�Loòoå�EDèJò�ê6C$ò�ê�ç îCé I EFö�±-,*ò�òuçJò.±$òoå$ò;õ$õ

ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� ;.!�;���� S 1��.�(��
÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���#��� �!�

"�"#"�" �&�.��Z`c���+�Y-��(ÿ���� $ !�-����&�øOB� %�S �&U ' �	-����	U��&����P
�bö;ù �	��� S 8.ÿ��+ú�����;6Z��&UW���9OQ�	��� S X ��
.������;��Wÿ�
������P

lQm ¨ Â$qD)&+�%J5738+�#@UJ+�#&,	� 0J5ÿ�zÂo�P+�LP+�%(+�>�0 57-*38:(+�38%V96:;�T385K+�%u,.�8�(3C+�SIU(+�%J: q +�#@%T��5R� :®>�0®+�#&%(+�m
�GLo�8+�qu,Q'*)@+�#@SIU(+�%��zÂo�(�"+X�$#@�2,.#&+�3C+�%VM
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�í�iÂî)(+*�ò�Loòoå�EDèJò�ê6C$ò�ê�ç îCé I E0/*�êoò.±$òDåJò;õ$õ

ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� �!�,�� ;�!�;���� S 1����F��
÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���#��� �!�

"�"#"�" �&�.��Z`c���+�Y-��(ÿ���� $ !�-����&�øOB� %�S �&U ' �	-����	U��&����P
�bö;ù �	��� S 8.ÿ��+ú�����;6Z��&UW���"�!�,��9O½����� S 8B
�;����!�,��NX ��
.������;��Wÿ�
������P

�G#@+�¬p+�� %u,HYp-*32,.0(%J' :(+�3���3C� '*+T9VY6� ��+�#@%�1w�GLo�8+�qu,=' )@+�#&SIU(+�%ï�|Â$�J�32	#@�2,�9�Y4#@38:�:;�TLW+�#Z�T0J5E:(#&+
�G+�§(%(#&,C#@-*%	:(+�3"N�383C+�#@SIUDL;� 38q +�#�,�|0(LW+�38,C3.� '*+�%VM

ÊHË�Ì»Ë�×HË�Ê Õ1ö�ü]�Rú��¹ú.� ú.�à��ú���Õ?öPû�üOö��bú.�Wù�ú
FH�8,4+�#@%	+�#@%J5R� SIUJ+��4µQ#&%(>�0$5¿|0('*+�%	+�#@%(+�34A�� %u,.+GU(#&%(3C+�#@SIU(+�%(:V9(�8-�qT�T%(%�57-*)@' +�%(:(+����b+�m��()B�T,C+GLP+�%D0J,.>X,
YZ+�3C:J+�%VÚ



Ä Å Æ�ÇGÈOÉ�ÊgË�ÌÎÍDÏ1Ð�ÊJÇ�ÊbÉ2ÐVÑ�Ò�Ë®Ó^ÔEÕQÖ�Ë�Õ=×bØsÙ4Ë�Ø

ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�í6r îjé�ä	k�êJäuå$òDåoçJòaòJä�ê�ê�òoè$òoå�õ
ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� �$ÿ3*.,W��� ;�
+,!¼ö�÷uø��

÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���|M.Mj�$ÿ��.- O½;6ZWÿ��	)øMß��
6*.,�
����&�.�vX )������ M���
6*.,W
.�$ÿ6����P
ü]�¹úW� �	��� S 8B;6ZWÿ��&)�1��&� "�< ÿ���;�� % )����`OQ;6ZWÿ��	)WPüOö�R�ù�� )����+�¶8B;6ZWÿ��&)�1��&� "�< ÿ���;�� % )����`OQ;6ZWÿ��	)WP

FH�8,K:;� ��+�#@%J5R� SIUJ+�N�#&%J5¿|0('*+�%�+�#@%(+�3�>�0(��|�T,.>�)@#&SIU(+�%�A�� %u,.+=%(#&SIUD,KU(#&%(3C+�#@SIU(+�%(:V9��8-?m�0(<�+�#@%��G0$¥
�()&#@qw�T,�:(+���>�0�q -*�(#&+�38+�%(:(+�%¯A�#@%J:(+���+�38�8,C+�)@)�,GYZ+�3C:J+�%VMg�G#@+���#@�8,�� -*3K� )@)&+�m :;� %(% :(+�3K�P�T)@)©9PYp+�%(%
:(+�3K³�3C� �(U +�#&% ¬6� 0(m #@�2,�M�FH% :(#&+��8+�m ��� )&)gqW|-*%(%u,C+=+�#@% +�#@%J5R� SIUJ+���µQ#&%(>�0$5¿|0('*+�% +�#@%(+�3�A�� %u,.+=:(#&+
¬6� 0Jm�+�#@'*+�%(�CSIU;�w5�,�>�+�38�8,�|-*3C+�%VM4¢�)@)&+�38:(#@%(' �r#@�2,�#@m ��� )@)&+�+�#&%(+��?¬6�T0(m�+��	:;� �?�G0(�()&#@>�#@+�38+�% +�#@%(+��
�b+�#@)&L;� 0(m�+��6� +�38U�|� )&,C%(#@�8m�|�T<*#@'s+�#@%J5R�TSIUV9(:;��q +�#@%(+t¨ ÂoqD)@+�%1� 0J5�,C3C+X,.+�%�M
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�íwë î�4 I ê�L�ê¹ô�ê�òoè$òoå�òVê�å$òoèYé�ä�k�ê(ä*å$òoåDç(ò;õ

ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
��oÿ6��� ) % ,W�$ÿ�;��	��� �.1��.�(���ö�÷uø��
÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���|M.Mü) % ,W�Jÿ�;	�	���øO½;6ZWÿ��&) Mß��
�*.,W
����	�.�zX )����+�øMß��
6*.,W
��oÿ6����P

ü]�¹úW� �	��� S 8B;6ZWÿ��&)�1��&� "�< ÿ���;�� % )����`OQ;6ZWÿ��	)WPüOö�R�ù�� )����+�¶8B;6ZWÿ��&)�1��&� "�< ��0�ÿ����W��O½;ù^ç;98.ÿ���~ % ,W�$ÿ�;��	���"�.1����9O½;6Z�ÿ��&)WP�P
FHm-*L(#&'*+�%?Ûp- %(�8,C3.� #&%D,pY40(3C:(+�:(#&+K/1+�,CU(-o:(+ � �)57698 � � ~C� �¦�+:J�I�I�T���4� +�32Yp+�%(:(+�,�M��G#&+��8+�/1+�,CU(-o:(+

�*+�3C'*)&+�#&SIUD,�>�YZ+�#p¬�|� 0(m�+ Mb�G+�3�57-*)&'*+�%(:J+�Ûp-*%J�8,.3C� #@%u,K57-*3Cm�� )&#@�C#&+�32,�:(#@+��;-*3C:J+�3C0J%('(9b:(#@+�� %¯+�#@%(+�%
�C- )@SIU(+�%?��+�3C'*)&+�#@SIU	' +��8,C+�)&)&,6YZ+�38:(+�%1ms0(<(M;�G#&+��8+�3"Ûp-*%(�2,.3C� #@%u,4LP+�%D0J,.>X,4Y4#@+�:J+�3C0Jm � �)57698 � � ~C� �¦�T���wM
!$-*m�#&,6ms0(<�Ûp-*%(�2,.3.�T#@%u, Å M�¤*M Ä �7�C#@+�U(+t!$+�#�,.+t£ ¥ �Z5I|0J3ÇÆ öPû�üOö���ú.�Wù #&%(�8,.� %(>�#@#@+�38,6YZ+�38:(+�%�M
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�í+· î{ð�LoòVê ² C.C$òVê�ç é I E2é�ä	k�êJäuå$òDåoçJòoå�õ

ö�÷uø�ù�úoû�ügøRýJù�úç��
6*.,W
+���&�.� ÿ�� ) % ,W�$ÿ�;	����� �.1����5���ö�÷uø��
÷*ö��Wù�ú���ù���
6*.,W
��oÿ6���|M.M.ÿ���~ % ,W�$ÿ�;	�����"�.1��.� OQ;�
6*., Mß��
6*.,W
����&�.��PìM�µ�
�
����.�&�
üOö�R�ù��

1���� % �+�F?(����� S 8.ÿ���~ % ,W�Jÿ�;	�	���NO½;�
6*.,¸P¼ý��`_
O½�	��� S 8j
.;���4���÷Pÿ���)� S Oj��
6*.,W
.�$ÿ�����P ý��`_#;�
6*.,�8j
�;���4���÷Wÿ���)� S Oj��
6*.,�
.�oÿ�����P�P
��û�ügø��Rú.RíO

�	��� S 8B;6ZWÿ��&)�1��&� "�<�S 
&1.\����`O�0 ^ç;�
6*.,�8{;6ZWÿ��&).1��&� "�< ��0�ÿ�������O�! ^
0v8.ÿ���~ % ,W�$ÿ�;��	���"�.1����9O�!WP.P�Pý��`_

;�
6*�,�8B;6ZWÿ��&)�1��&� "�<�S 
&1.\����`O�0 ^ç�	��� S 8{;6ZWÿ��&).1��&� "�< ��0�ÿ�������O�! ^
0v8.ÿ���~ % ,W�$ÿ�;��	���"�.1����9O�!WP.P�P

P

[6\Hº6\�� »¼j���`gjGÀ�i�jGk
lQm}:;� �^/10J�8,.+�3�� 0J5W+�#&%(+6q - %(qD3C+�,C+Q!$#&,C0;�T,.#&-*%=� %J>�0uYp+�%(:(+�%V9Dms0(<�� )&��+�38�8,.+���+�#@%J+6¢�L(LJ#@)@:J0(%('�:(+�3
q - %(qD3C+�,C+�%rA�)@� �C�8+�%�� 0J5P:(#&+E:(3C+�#;A�)B� �8�C+�%�:J+��Z/10(�2,.+�38�Q��Æ öPû�üOö��bú.�Wù 9.Æ öPû�üOö�R���ù�ú 0(%(:�z úoý�s �



ÍDÏÄÃJÏ�ÑEÔ © ÈQÔ4Ð$É�ÊgË Ä £

AddressBookEntry
 addMember(c:AddressBookEntry): Boolean
 isReachableEntry(obj:AddressBookEntry,path:Vector(AddressBookEntry)): Boolean
 removeMember(c:AddressBookEntry): Boolean
 linkEntry(child:AddressBookEntry,dest:ABEComposite)
 duplicateEntry(child:AddressBookEntry,dest:ABEComposite)
 removeEntry(c:AddressBookEntry)

ABEComposite

ContactFolder ContactGroup

ABELeaf

Contact

Composite

context ABEComposite::addMember(c:AddressBookEntry) post:
  if result = true then (self.entry->count(c) = 1) 
  else(self.entry->count(c) = self.entry@pre->count(c))
  endif
context ABEComposite::removeMember
  self.entry->select(p | p = c)->size = 0 
context ABEComposite::isReachableEntry(
    obj:Object, path:Vector(AddressBookEntry)) : Boolean post:
  result =
    if (path->includes(self)) then false
    else 
      entry->exists(c | c = obj) or
      entry->exists(c | 
        c.isReachableEntry(obj,path->union(Vector{self})))
    endif
context ABEComposite inv:
  not self.isReachableEntry(self,Vector(AddressBookentry){})

context ABELeaf::isReachableEntry(
    obj:Object, path:Vector(AddressBookEntry)) : Boolean post:
  result = false

¢QL(L(#@)&:(0(%('�£$M Å Ú(¢Q%uYp+�%(:(0(%('r:(+��QÛp-*m��W- �C#&,C+K/10(�2,.+�38���T0J59¦�§j¨�©«ª&¬�f® Ð

+�3257-*)@' +�%VMW��� )@)&�Qm�+�U(38+�38+�A�)@� �C�8+�% � 0$5 Æ öPû�üOö�R���ù�ú L(>�Y�MVz úDý�s � L(' +�L(#&)@:(+X,�YZ+�3C:J+�%V9�#&�8,�>�0(:(+�m
>�0�+�%D,C�CSIU(+�#@:(+�%V9�-*L�:(#@+��C+Z�8+XYp+�#@)@�E:J#@3C+�qu,4� )@�6A�#&%(:(+�36�*-*%«Æ öPû�üOö��bú.�Wù :(+X§;%(#@+�38,6YZ+�38:(+�%�9P-o:(+�3
-*L��C#&+��*-*%?+�#&%(+�34+�%u,C�C�(38+�SIU(+�%(:(+�%��GLP+�38qo)@� �C�8+�+�3CLP+�%1�C-*)&)@+�%VM

��|0(U(32,�m�� %�+�#@%(+6�GLW+�3CqD)B� �8�C+^5¿|0(3zÆ öPû�üOö��bú.�Wù ¥¦A�)B� �8�C+�%�+�#&%V9w�C-GqW|-*%(%J+�%=:(#&+Z+�%D,C�C�(38+�SIU(+�%(:(+�%
Ûp-*%(�2,.3C� #@%u,.��m�#&,Q:(#&+��C+�3K�GLW+�3CqD)B� �8�C+s� +�3CqD%«|0J�J5�,�Yp+�3C:(+�%VM�¢�%(:(+�3C%J5R�T)@)@�Qm�|0J�C�C+�% :(#@+�Ûp- %(�8,C3.� #&%D,C�
+�%u,C�C�(38+�SIU(+�%(: � %('*+��;� < ,40J%(:1m�#&,E� )@)&+�%ôÆ öPû�üOö��bú.�Wù ¥HA�)B� �8�C+�%	� +�3CqD%«|0J�J5�,�YZ+�38:(+�%VM

¢�%(�8SIU()@#&+�<*+�%(:ÎYZ+�38:(+�% :(#@+������(���I¥K0(%(:¼�.�QÎ��+Ï �T���I¥2/1+X,.U(-o:(+�%�#@:J+�%u,.#�§;>�#&+�38,�M9g�0(3C:(+�5¿|0(3�:(#&+
~ È ��� � �.� � ¥H¢Q�C�C- >�#B�w,.#@- %�+�#@%�� %(:J+�3C+�3Eª4-*)@)&+�%(%;�Tm�+4�*+�3C'*+�LW+�%V9(ms0(<=:J#@+��8+�36#&%�:(+�%?Ûp-*%(�8,C3.� #&%u,.�E+�%u,2¥
�C�J3C+�SIUJ+�%(: �T%('*+��(� < ,EYZ+�3C:J+�%VMP�G#@+��EqW|-*%(%u,.+�LP+�#�+�%u,C�C�(38+�SIU(+�%(:(+�3Ç�g-o-*)�¥HlQ%u,.+�3C�2,*|0J,C>�0(%('�� 0JSIU�� 0$¥
,.- mr�T,C#@�8SIU?' +��CSIUJ+�U(+�%VM

FHm 57- )@'*+�%(:(+�%ÎYp+�3C:(+�% %D0(% :J#@+?-*L(#@' +�%®Ûp-*%J�8,.3C� #@%u,C��q -*%Jqo38+�,C#@�C#&+�32,�9^0(m :J#@+��;-*38:(+�380(%('*+�%



Ä�¥ Æ�ÇGÈOÉ�ÊgË�ÌÎÍDÏ1Ð�ÊJÇ�ÊbÉ2ÐVÑ�Ò�Ë®Ó^ÔEÕQÖ�Ë�Õ=×bØsÙ4Ë�Ø
:(#&+=� % :;� ��¢Q:(3C+�<*L(0(SIU�'*+��8,.+�)@)�,�YZ+�3C:J+�%�>�0 57-*3Cm�0()@#&+�3C+�% �7�C#@+�U(+=¢�LJL(#@)&:(0(%('�£oM Å �¿MV�G#&+t57-*)&'*+�%(:J+
�g� LW+�)@)&+G'*#@L$,4:(#@+�¢QL(L(#@)&:(0(%('�:(+��"� L(�8,C3.� qu,C+�% /?-$:(+�)@)&�6#@%�:;� �t�O3C-¹�8+�qu,.m�-$:J+�)@)WY4#@+�:J+�3�Ú

/?0(�8,C+�3 � +�/�� #&)�¥2Ûp)&#@+�%D,
Æ öPû�üOö���ú��Pù ��_`_��wú.R�R3�söVöW� Ò �Wù6� Û; �+Î<8�� � � � � �£� �)=4�C�o~ ÈJ�?> � �T� � �)=4�C�o~ ÈJ�?> � �)@ � �R�BA$�

�">DCFE ; �+Î<8�� � � � �HG �">DCFE»�t��� �I� � � ¡Ç�6�6¢9@ � �R�IAJG
8J� � ÈKE ; � ��� �I~X� � � � �)LQ~ � � � A � � 8J� � È�ENMP�I~X�:�w�w� �t��� �I� � � ¡Ç�6�6¢9@ � �R�IA½� �

; �+Î<8�� � � � � �£� �)=4�C�o~ ÈJ�?> � �+:OA)8;�T� P
�DA)8;�QERLQ~ � :OA)8;�)G
8J� � ÈKE ; � ��� �I~X� � � � �)LQ~ � � � A � �

Æ öPû�üOö�R���ù�ú ��� Ò Æ öPû�üOö�R���ù�ú; �+Î<8��6� � �H� � �����(� �Ç¡R@ ; �+Î<8��6� � �H� � ������S��QÎT>X�X�w�
~QE ; �+Î<8�� � � � �¯�UE`¡��6� � �C� � ~VE»�t��� �I� � � ¡Ç�6�6¢9@ � �R�IA½�TE`¡��6� � �C� �

; �+Î<8��6� � �H� �£� ��� ¢$� �Ç¡R@ ; �+Î<8��6� � �H� �£� ��� ¢9@ � �R�IAJ�
~ È ��� �WE ; �+Î<8�� � � � �HG ~ È ��� �WE»�t��� �I� � � ¡Ç�6�6¢9@ � �R�IAJG
�o� �X�RE ; �+Î<8��6� � �H�)G �o� �X�XE»��¡R@ ; �+Î<8��6� � �H���

; �+Î<8��6� � �H� � �"698 � � ~C� �¦�T� �Ç¡R@ ; �+Î<8��6� � �H� � �"6J8 � � ~C� �H�)@ � ���IA$�
~ È ��� �WE ; �+Î<8�� � � � �HG ~ È ��� �WE»�t��� �I� � � ¡Ç�6�6¢9@ � �R�IAJG
�o� �X�RE ; �+Î<8��6� � �H�)G �o� �X�XE»��¡R@ ; �+Î<8��6� � �H���

; �+Î<8��6� � �H� � �.�QÎ��+Ï �T�8~7E ; �+Î<8�� � � � � � �Ç¡R@ ; �+Î<8��6� � �H� � �I�QÎ��+Ï �)S��QÎT>X�X�w�
~VE»�t��� �I� � � ¡Ç�6�6¢9@ � �R�IA½�

z úDý�s ��� Ò z úDý�s

ÊHË�Ì»Ë¯Ù�Ë�Í y ú.u`��sÞý;÷+u��Jý��Wù�ú��

FH% +�#&%(+�m �;-*)@:J+�3�L(>�Y�MZ+�#@%J+�3r³�380(�(�P+��C- )@)@+�% A�-*%u,I�TqD,C+�%D0(3r+�#@%J5R�TSIU �*-*38q -*m�m�+�%VMZ��� U(+�3
YZ+�3C:J+�%�:J#@+´�t���(���I¥40(%(:Y=4�QÎ��+Ï �T���I¥2/1+X,.U(-o:(+�% +�%D,C�C�(38+�SIU(+�%(: :(+X§;%(#@+�38,�MV¢�0(�tÛp-*%J�8,.3C� #@%u,t£$M Ã M�¤
0(%(:�£$M Ã M £=+�3C'*+�LW+�%��8#@SIU��C-*m�#&,E57- )@'*+�%(:(+KÛp-*%(�2,.3C� #@%u,.��Ú
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�íJ�Âî �����(��� E¸GI è ��_`_`�¹ú.R�R��sö�ö�� õ

÷*ö��Wù�ú��Vù´\�)�).1������+µ�
�
+- ý ���.1+!vM�M���)�)�n��&*.U���1|O½; M���
6*�,W
����&����P üOö�R�ù��
"�"2"." -��(ÿ6���xn��&Z�1 S ��;6Z.-��	�.���&�
� s�O�1���� % �+�F?®ù��&��úÖP�ù�u�ú��îO½�	��� S 8:�&�.�.1#! "�< ;�
 % �.�|O½;�P2?>@�P
úoø�R�úí�	��� S 8��&�.�.1+! "�< ;�
 % �.�|O½;.P#?F����� S 8:�	�.�.1+!.[�,�1�� "�< ;�
 % �.�zO½;.Pú.�`_]� s



ÍDÏÄÃJÏ�ÑEÔ © ÈQÔ4Ð$É�ÊgË Ä�Å

ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�íJ�Âî �.�QÎ��+Ï �T��� E GI è ��_`_`�¹ú.R�R��söVöW� õ
÷*ö��Wù�ú��Vù´\�)�).1������+µ�
�
+- ý ���.1+!vM�M�1��+*�
+û��&n��+*�U���1!OQ; Mß��
6*.,�
����&�.� P üOö�R�ù��

"�"2"."qý �.� S ��1����	�5)���12÷��&�.���
�	��� S 8 ý �.�.1+! "�< �	������;��|O�, ^´,F?(;�P "�< �oÿ+7��#?#þ

ÊHË�Ì»Ë¯Ù�Ë�Ì ÚNÛ ��øRú.�

��|0(3	:;�T�	¢�:(38+�<*L(0JSIU Y4#&3C: '*+X57-*3C:(+�38,�96:;� <�+��	qT+�#&%(+��GLo�8+�qu,.>QÂoqo)&+�%¼+�%u,.U�|�T)&,�M6lQm :J#@+��r>�0
57-*38ms0()@#&+�38+�%�Yp+�3C:(+�% :J#@+ Ûp- %(�8,C3.� #&%D,C��£$M Ã M Ñ 9Z£$M Ã M ·�0J%(:®£$M Ã M�¤ Ã #@%J�8,I�T%(>�#&#@+�32,�M���� 3C� 0(��+�3C' +�LP+�%
�C#&SIU?57- )@'*+�%(:(+KÛp-*%(�2,.3C� #@%u,.�E5 |0(3 ¦�§j¨�©«ª&¬�f® Ð Ú
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ì�í�� î � �)=4�C�o~ ÈJ�?> � �T��� E¸GI è ��� Ò Æ öPû�üOö�R���ù�ú õ

÷*ö��Wù�ú��Vù´\�µ ý ��
6*.,W
��oÿ6���|M.M.ÿ���ú��.��;6Z��&U���� ý ���.1#!
O 
+U ' Mç\�)�)�1������+µ�
.
+- ý �.��1+!|X«,�����ZóMWZ���;+��
&1!O�\.)�)�1����.�+µ�
�
+- ý �.�.1+!�P.P
M�µ�
�
����.�&� üOö�R�ù��

"�"2"." ,�1Hc%�S �zXí
�U öWØ[�w��1�1��(ÿ�;6Z�U���1nÿ����
1���� % �&�(?

��s�O�,��	��Z "�< ÿ�� ;�� % )�����O½�	��� S P�Pù�u�ú��qs©ý;øàR�ú
úoøàR�ú ý �.�.1+! ".< ��0�ÿ��+�W��O½; ^ô;�?Y
�U ' PÎöW�

ý �.�.1+! ".< ��0�ÿ��+�W��O½; ^
;98.ÿ���ú�����;�Z��&UW��� ý �.�.1+!|O 
�U ' X�,��	��Z ".<&% �Vÿ�
��zOIþ��	�W������ S ��P.P.Pú.�]_`��s

ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ìBA#� î � �)=4�C�o~ ÈJ�?> � �T��� E¸GI è ��� Ò z úDý�s õ
÷*ö��Wù�ú��Vù´\�µ ý ����� S M.M.ÿ���ú��.��;6Z��&U���� ý �.��1+!

O 
+U ' Mç\�)�)�1������+µ�
.
+- ý �.��1+!|X«,�����ZóMWZ���;+��
&1!O�\.)�)�1����.�+µ�
�
+- ý �.�.1+!�P.P
M�µ�
�
����.�&� üOö�R�ù��

"�"2"." bPÿ�1.)TU��&��c
+�Pÿ+���zX % *F)��&�0�������5� %�S2ý 1�1��(ÿ�;6Z�U���1�-��(ÿ��
"�"2"." ÿ��()��&�(µ��Wc�	�.����1��}
&1.)��&�.���Jÿ�;6Z�����1�*�ÿ��Wÿ&��1��&�57 % ���������&�
1���� % �&�(?TsÞý(øàR�ú

ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ìBAPíïî)(+*�ò�Loòoå�EDèJò�ê6C$ò�ê�ç�E¸GI è5Doé(æTl�DoèJò�°q± I�² C�õ
÷*ö��Wù�ú��Vù´\�µ ý ��
6*.,W
.�$ÿ6���Y��� �!�

"�"2"." �&�.��Z�c���+�(-��;ÿ���� $ !�-����	� O{� %�S �&U ' �	-.���&U��&����P
��ö;ù �	��� S 8Iÿ���ú�����;6Z��&UW��� ý �.�.1#!!O½�	��� S X\Z���;��W
&1!O�\�).)�1������&µ�
�
+- ý �.�.1+!WP/���P



Ä�Ñ Æ�ÇGÈOÉ�ÊgË�ÌÎÍDÏ1Ð�ÊJÇ�ÊbÉ2ÐVÑ�Ò�Ë®Ó^ÔEÕQÖ�Ë�Õ=×bØsÙ4Ë�Ø
ÊHË�Ì»Ë¯Ù�Ë�× Ò ���]R�÷&u��.Óý��`�H�]���Ô_�ú���Õ1ý��Pù�ú.�

NO�pY4#@38:r'*+X57-*3C:(+�38,�9$:;�T<�³�380(�(�P+�%�qT+�#&%	�;-*)@:(+�3�+�%u,.U;�T)&,.+�%�:«|0(3257+�%V9J� %(�8-*%(�8,C+�%	�8#@%(:	�T)@)@+"A�� %$¥
,.+�%1+�3C)@� 0(LJ,�M�!$-*m�#&,E#&�8,4+�#@%(+�%(+�'u�T,C#&�*+K�;-*38ms0()@#&+�380(%('s:(+�3"N�#&%(�CSIUJ3�|� %(qD0(%J'�� %(' +�L(3C� SIUu,�M
ã(äuå(æ*ç$èoé�ê�åoç�ë�ìBA�ìBA.A îB] �¹ö ��ü òoåDç�C»Gé�LDç/òoòVê�å$ò�^ öPø�_bú�� õ

÷*ö��Wù�ú��Vù'_�1�
 % ,5��� �!�
ø7úuù�;�
+� S 
&1	*/?Y�&�.�.1#! "�< ;�
.������;��zO½; ^ô;98j
.;���4���÷Pÿ���)� S O�`�
��&)���1�P�P "�< ���*þ��	���à�

;�
+� S 
&1	*/? þ��	�W�sÞý;ø�R�úÖ�



a bdc egfihkj l

m n � bpo e�qirÉü h ý þ*ÿ�� hXÿ�� � �sh��

t���
 �	�vu^xws��3y"�Nu
��� �6!$+�38#B� )&#@>�+�3Z/10(�8,C+�36LP+��8SIU(3C+�#@LJ,6+�#@%���+�325R� U(3C+�%	0(m �GLo�8+�qu,8¥¦!o,.380(qu,.0(38+�%�>�0	)&#@%(+�� 3C#&�C#&+�3C+�%V9u0(m
�C#&+�>TM ¬�M�#@%�+�#@%(+s���T,.+�#g>�0 �CSIU(38+�#@LP+�% 0(%J: � %(�CSIUJ)@#@+�<*+�%J:�Y4#@+�:J+�3�� 0J�G:(+�3�)@#@%J+�� 38#@�C#&+�32,.+�%���+�38�C#&-*%
3C+�q -*%J�8,.380(#@+�3C+�%�>�0?q |-*%(%(+�%VM

zE\8]^\8] _�`ba$cPdGe;`gf2h�i�jGk
NO#@%�>�+�%D,C3.� )&+�3�¢��8�W+�qu,r:(+���/?0(�8,C+�3C��#@�2,�:(#@+?NO%u,.q - �(�W+�)@0(%J'�:(+�3�>�0 )&#@%(+�� 3C#&�C#@+�3C+�%(:(+�%Î�GLo�8+�qD,C+
�*- %r:(+�%	³�+�'*+�LW+�%(U(+�#�,.+�%r:(+��Z+¿�$,C+�38%(+�%?!$�P+�#&SIU(+�38��Mo�G#@+4>�0�)&#@%(+�� 3C#&�C#@+�3C+�%(:(+�%��GLo�8+�qD,C+��8-*)@)&+�%�q +�#&%
g®#@�8�C+�% |0(LP+�3^:(#@+4¢Q38,^:(+��p!$�P+�#&SIU(+�38�pLP+�% |- ,C#@'*+�%V9D� LP+�3^� 0(SIU�:(+�3p!$�P+�#&SIU(+�3^�C-*)&);q +�#@%âg®#@�C�8+�% |0JLW+�3
:(#&+�!o,C3C0(qu,.0J36:(+�3Z>�0	)&#@%(+�� 3C#&�C#@+�3C+�%(:(+�%��GLo�8+�qu,.+�LW+�% |- ,.#&'*+�%�MJ�G#&+��p+�3Cm |-*'*)&#@SIUu,^+�#@%J+�% g�+�SIU(�8+�)V:(+��
!$�P+�#&SIU(+�32,�Â$�J��9w+�LP+�%(�8-QY4#@+�+�#@%(+ |¢�%(:J+�3C0J%('�:(+�3�>�0�)&#@%(+�� 3C#&�C#&+�3C+�%(:(+�%�!D,.3C0JqD,C0(3b#@%�+�#&%J5R� SIU(+�3`g�+�#&�C+ M

lQmÂ:J#@+���>�0�+�3C38+�#@SIUJ+�%V9VYZ+�38:(+�%i{ úDý�_bú�� 0(%(:}| �+��ù�ú�� A�)@� �C�8+�% :(+�§(%(#@+�38,�9�:J#@+=:;� ��g®#&�C�8+�%
Y4#@+Q�(3C#&m�#�,.#��*+h�|Â$�P+�%��8-¹Y4#&+��GLo�8+�qD,C3C+X57+�3C+�%(>�+�%�)@#@%J+�� 38#@�C#&+�32,OYp+�3C:(+�%?LP+�UJ+�3CLP+�38'*+�%�M(��� LP+�#�'*+�)&,.+�%
� )&)@+�A�)B�T�C�C+�%V9;:(#&+�%(#@SIUu,4�*-*% � ú.�+�7ý;ø���~uý�Øgø7ú �TL('*+�)&+�#�,.+�,4�8#@%(:�9;� )@�E�J3C#@m�#&,C#&�PM

NO#@%(+ � ú��+�Rý;ø���~uý�Ø«ø7ú A�)B�T�C�C+Z�8,C+�)@)�,«:J#@+E/?+�,.UJ-$:(+�%	�.�C�����V�{�+Î����O0J%(:�¤O� � �¦�+:��$����>�0(3g��+�385I|0J'*0(%('(M
!$#&+Z+�3CU;� )�,.+�%�+�#&%Q{ úDý�_�ú�� L(>�Y�M�| �+��ù�ú�� �GLo�8+�qu,�9TYZ+�)@SIUJ+���:;�T�O¨�#@+�)u:(+�3«Á�#@%(+�� 3C#&�C#@+�3C0(%J'Q38+��(3�|� �C+�%$¥
,.#&+�32,�M

¨�0	�C+�3C#B�T)@#@�8#@+�3C+�%J:(+�A�)@� �C�8+�%	+�38LW+�%��*-*% � ú��+�Rý;ø���~uý�Ø«ø7ú 0(%(:¯|0JLW+�3C�CSIUJ3C+�#&LW+�%�-*L(#@' +�/1+X,.U(-o:(+�%�M
FH%s:(#&+��8+�%=/?+�,.UJ-$:(+�%=#@�2,g:(� �]g®#&�C�C+�%�|0(LP+�3g:(#@+p!o,.380(qu,.0(3g:(+�3gA�)B� �8�C+Z3C+��J3�|� �8+�%u,.#&+�38,�MTFH%t#@U(%J+�%tYZ+�3¦¥
:(+�%�� )&)@+G�P+�38�C#&�8,.+�%u,.+�%1¢6,C,C3C#@LJ0J,.+�:(+��G�GLo�8+�qu,.+��Q� %�:(+�%�| �+�7ù�ú�� '*+��8SIU(#@SIqu,�9PLJ>�Y�M(�*- mp{ úDý�_bú��+�32573.� 'T,�M

�G+�3F{ úDý�_�ú.� �2,.+�)@)&,�5 |0(36�8+�:J+�%¯�(38#@m�#&,C#&�*+�%Ý�zÂo�Ô�n+�#@%(+�/1+X,.U(-o:(+��.�C����:^���s>�0(3K��+�385 |0J'*0(%('(9
:(#&+G:;� �6% |� SIU(�8,C+K�GLo�8+�qu,4�*-*m �|Â$�ß�®>�0(3 |0(SIq�'*#&LJ,�MJ¨�0(� |�T,.>�)@#@SIU�Y4#@3C:	:J#@+�/?+�,.UJ-$:(+=�.�C���OL�>DC��I~X�8���
:(+X§;%(#@+�38,�9�m�#�,�:(+�38+�%�µQ#@)�57+��GLo�8+�qu,.+��*- mø�zÂo� � ú��+�Rý;ø���~uý�Ø«ø7ú '*+�)&+��C+�%�YZ+�38:(+�%�M«��� >�0�Y4#&3C: +�#&%
%(+�0(+��^�GLo�8+�qD,�+�3C>�+�0(' ,�0J%(:�� %(�8SIU()@#&+�<*+�%(:=LW+�#J:(#&+��8+�m�:J#@+��.�C�������{�+Î����I¥2/1+X,.U(-o:(+Z� 0J57'*+�3C0J57+�%V9*0(m
:;� �Q�GLo�8+�qD,Qq - 3C3C+�qu,Q>�01#&%(#&,C#B� )&#@�8#@+�38+�%VM

�G+�3�| �+�7ù�ú.� �8,.+�)@)�,p:(#&+�#&%D� +�38�C+�%�/1+X,.U(-o:(+�%	:J+���{ úDý�_�ú�� >�0(3p��+�385¿|0('*0J%('(M(�Q|0(3��8+�:(+�%��(38#@m�#�¥
,.#��*+�3��zÂo�ß�¼' #@LJ,p+��E+�#&%(+K/1+X,.U(-o:(+ ¤O� � �¦�+:^���w9oYp+�)@SIU(+�+�#@%?�GLo�8+�qu,E� -*mî�|Âo�ç� )@#&%(+�� 38#@�8#@+�32,^0(%(:

Ä ·



Å å Æ�ÇGÈOÉ�ÊgË�Ì��uÏ?ÖU��ØQÇ © É2ÐVÑ�Ò�Ë Ó^ÔEÕQÖ�Ë�Õ=×bØsÙ4Ë�Ø

aClient aSer:Serializable aSer2:Serializable aWriter:Writer

writeTo(aWriter)
writePrimitive(primitive)

writeObject(aSer2)
writeTo(self)

writePrimitive(primitive)

¢�LJL(#@)&:(0(%(' ¥ M�¤*Ú;���T��!o+�3C#@� )@#&>�+�3E/10(�2,.+�3�Ú�¢�L()@� 0J5g+�#&%(+�34Á�#@%J+�� 38#@�C#&+�380(%('

:(+�m!o,C3C+�� mï�T%J5¿|0(' ,�MJ�G#&+G/1+X,.U(-o:(+ ¤O� � �H�.L�>DC��I~X�C���4:J#@+�%u,p>�0(3EÁ�#&%(+�� 38#@�8#@+�380(%('K�*-*% � ú��&�7ý;ø���~uý�Ø«ø7ú�GLo�8+�qu,C+�%VMg!$#&+sLW+�%D0J,.>X,t+�%u,.�C�J3C+�SIUJ+�%(: :(#&+ ¤O� � �¦�+:��$���I¥2/1+X,.U(-o:(+s0JmÂ:;� � � ú��&�7ý;ø���~uý�Ø«ø7ú ��LD�8+�qu,
>�0��*+�3.� %J)B� �8�C+�%1:(#@+�Á�#&%(+�� 38#@�8#@+�380(%('=>�0�|0(LP+�38%(+�UJm�+�%VM

FH%�¢QL(L(#@)&:(0(%(' ¥ M�¤�#@�8,K+�#@%�+X�$+�m��()B�T3C#@�8SIU(+�3K¢�LJ)B� 0J5^5 |0(3�:(#&+�Á�#&%(+�� 38#@�8#@+�380(%('�+�#&%(+�3�+�#@%J5R� SIUJ+�%
!o,C3C0(qu,.0J3"' +�'*+�LW+�%VM

FHm !$+�3C#B�T)@#@>�+�3¦¥2/10(�2,.+�3tY4#@38:�0(3C�8�(3T|0(%J'*)@#&SIU�qT+�#&%(+	+X�$�()&#@>�#�,.+r��+�3CL(#&%(:(0(%J'�>XY4#@�8SIU(+�%�{ úDý�_bú��0(%(:�| �+��ù�ú�� U(+�3C'*+��8,C+�)@)�,�M��G#&+��C+���+�38L(#@%J:(0(%('�Y4#@3C:=�8+�:(-oSIU�LP+�%�|- ,.#&' ,�9;0(m57+��8,C>�0(�2,.+�)&)@+�%�Yp+�)@SIU(+�3
| �&��ù�ú�� >�0 +�#@%(+�m q -*%(qD38+�,.+�%�{ úDý�_�ú.� ' +�U�|-*32,�M^��� U(+�3�Y4#&3C:Î+�#@%J+ � ù�öW�¹ú A�)B� �8�C+?+�#@%J'*+�5I|0(UJ38,�M
�G#@+��C+�+�%u,CU |� )&,p�8+�+�#@%(+�ª4+�57+�38+�%(>�� 0J5Z+�#&%(+�%�{ úDý�_�ú�� 0(%(:�+�#@%J+�%}| �+��ù�ú�� 0J%(:��2,.+�)&)&,�:(� m�#�,�:(#&+
LP+�% |- ,C#@' ,C+Q��+�3CL(#&%(:(0(%('=UJ+�3�MJ¢�L(L(#&)@:(0J%(' ¥ M Ã >�+�#@' ,p+�#@%�A�)@� �C�8+�%(:(#@� '*3C� m�m 5 |0J36:(#@+Q'*3C0J%(:()@+�'*+�%J:(+
!o,C3C0(qu,.0J3E:(+��4!o+�3C#@� )@#&>�+�36/10J�8,.+�3C��M�N�#&%(+�� 0J�85¿|0(U(38)@#&SIU(+G¬p+��CSIU(38+�#&L(0(%('�:(+��E/10(�8,C+�38�4§(%(:(+�,4�8#@SIU	#&%
²´/�ªQ¬p· Ñ ¸�M

zE\8]^\Hº »¼jG½¿¾^e;À�`�e�i�jGkZ`bj
�G#@+�>�+�%u,.3C� )@+���- 3C:(+�3C0(%('�� % +�#@%(+�% !$+�3C#@� )@#&>�+�3=#&�8,�9^:(� <��8#@SIU :(#&+?Á�+��C+¿¥=0(%(: !$SIU(3C+�#@LP-*�P+�3.�w,.#@- %
#@%u� +�3C�K>�0J+�#@%(� %(:(+�3K� +�3CU(� )&,C+�%VMHg®#&3C: +�#&%(+���LD�8+�qu,8¥¦!o,.380(qu,.0(3t)@#@%J+�� 38#@�C#&+�32,G0(%(:�� 0(�K:(#&+��C+�3�)@#@%J+��w¥
3C#&�C#&+�38,C+�% ��+�38�C#&-*%�Y4#&+�:(+�3�+�#@%(+1�GLo�8+�qD,2¥2!o,C3C0(qu,C0(3�' +�YZ-*%(%(+�%V9Z�8-��8-*)@)p:(#@+��C+?m�#�,=:(+�m �G38#@'*#&%;� )
|0(LP+�38+�#@%J�8,.#&m�m�+�%�M

lQm :(#@+��C+��;-*3C:(+�3C0(%J'	>�0 57-*3Cm�0()@#&+�3C+�%�L(3C� 0(SIU(+�%�Y4#@3�+�#@%J+�/1+�,CU(-$:J+=:(#@+s57+��8,.�2,.+�)@)&,�9�-*L >XYp+�#
�GLo�8+�qu,2¥2!o,C3C0(qu,.0J3C+�%'1;|0(LP+�3C+�#@%(�2,.#&m�m�+�%[2*M*����LW+�#(:(+�3Zª4+��2,I� 0J3C#@+�3C0(%J'K:J+�3Z�GLo�8+�qu,8¥¦!o,.380(qu,.0(3^%(+�0(+
�GLo�8+�qu,C+E+�3C>�+�0('T,�Yp+�3C:(+�%V9*#&�8,�:J#@+v��3T|0J570(%('�:J+�3�FH:(+�%u,.#&,�|�T,«� -*%��GLo�8+�qu,C+�%�%(#@SIUu,�� :�|�	áD0;�T,�9 �8-*%(:(+�3C%
:(+�3�FH%(U;�T)&,K:(+�3s�GLo�8+�qu,.+�ms0(<?�*+�38'*)@#&SIU(+�%�Yp+�3C:(+�%VM�NO%u,.�8�(3C+�SIU(+�%J:��2,.#&m�m�+�%��GLo�8+�qu,.38+�57+�3C+�%J>�+�%
:;� %J%�|0(LP+�38+�#&%V9(Yp+�%(%�:J#@+�3C+X57+�38+�%(>�#@+�32,.+�%��GLo�8+�qD,C+?|0JLW+�3C+�#&%(�8,C#@m�m�+�%VM



�uÏfe*Ï1ÐJË�Õ"ÉHÇ�Ì�É��VË�Õ Å ¤

Client

Serializable
 readFrom(r:Reader)
 writeTo(w:Writer)
 equals(o:Serializable): Boolean

ConcreteElement

Store

ConcreteStore

Reader
 readPrimitive(): Primitive
 readObject(): Serializable

ConcreteReader

Writer
 writePrimitive(p:Primitive)
 writeObject(o:Serializable)

ConcreteWriter

�<�O���������O�O�T��������N�"��� x¡��¢�.����£x 3¡R¤¥�O��¦� 3¡

§ �i���� 3�� 3¨ª©[�O�«�"¨T¨T 3�O¬��.�O�&����¦N�"�O)¬��O�� ¯®°�?¦« 3¡���)¬O x���O���O�K£B±�����)¬� 3�i¦�¡«�"������ x�?¦« 3���O�O�}²� 3¡´³
���µ��¦� 3�?¦« x���R¦�¦«¡����O��¦� 3��±��µ)¬+¦����O�[�N�¶�+�O¡N²� 3¡�������¦« 3�?¦� ¯�R¦�¦«¡����O�¦« ·�� 3�¸�O 3¡7¹g���� º�"¡������µ 3¡��O�O�¶�� 3¡.»�O)¼%³
���µ)¬?¦«���.¦R±� x¡��O x��½�¼�»¾ �O�O x���"�O)¬&�+�O¡R� ¾ ��)¬O N�µ�W�O 3�À¿	 x¡��%�µ 3��)¬À�� 3¡�Áv�#Â� x¼+¦�³��#¦�¡��O¼?¦��O¡� x�¥ x���O�% x¬O 3�[��N�"¨T�µ¦¯¬ »�"�O�"¦U�O�µ ��v xÃ��O�Ä¦«� ¾ �Y�O 3¡TÅ�ÆN�� 3�µ)¬O¬O x�µ¦3Ç&���O¨'�Ä¦�¦� 3���O�"¡·¨T�µ¦¯�O x¨ ®�¨UÈ��"�O�}�O x¡'¹g�µ�O º�"¡��Ä³
���µ 3¡��O�O�¶£x�O�«�.¨'¨T 3����É¸ x¡�������¦� 3�?¦« Q�R¦�¦«¡����O�¦« Q¼ »¾ ���O 3�K±X 3�Ä¦« x¡<���"�O�")¬��O�?¦« x¡���)¬O�� x�O 3�Ê±X 3¡��� 3��½ ¾ ����µ °Ë ¾ �KÌ[Í#Î�Ï�Ð�Ñ�Ï ~ ÐOÒ¸Ñ�Í·�"�O�" 3�� x�µ¦� x¦X���������#É¸ 3¡����µ��¦« x�?¦« N�R¦�¦�¡��µ�O��¦« .½���� °�O��)¬?¦�Ë ¾ �¥Ì[Í+Î.Ï�Ð�Ñ�Ï ~ Ð�ÒÓÑ�Í¯�"�³�% x�� 3�Ä¦« B¦N���µ�O��½�±X 3¡��O 3��Ë ¾ ¨Ô� 3¡��¢�"�µ��£3 x¡<�% x� ¾ ���O 3¡�¦7�� x¬��"�O�O x�µ¦3½����À�O�� x�� ¯�O�µ)¬?¦7���Ê�O x¡7¹Õ�.�% ¯���µ�O���¬�¡� �¹g���� º�"¡������µ 3¡��O�O�N�� x���O��¦	£3�T��¦� 3�O x¡���� § ¨Ö±� x�µ¦« x¡� x�T¿	 x¡��¢�.��È-±� x¡��O x�¶� ¾ ��)¬O �×	Ø#²� x�W�"�µ��²O¡��µ¨'�Ä¦«�ÄË�� 3£3 x��)¬O�� x¦º�

�v�� <Ù	�?¦���)¬O x���O�O���O½�±��"�R²O¡���¨T�µ¦«�ÄË% °×ÚØ#²� 3�&���µ�O��½#����¦��"�O¬ »�"�O�%�µ�VË ¾ �À�O 3¨Û¼ ¾ ��¼#¡� x¦� 3�¥É	¡ ¾ Â� 3¼?¦3�Ü »�O¡<×ÚØ#²� 3��½g�O�µ ·���Ê�� 3¡7©[�µ 3����²O¡«�.)¬O ·�� 3¡� x�µ¦��7�"����²O¡��µ¨'�Ä¦«�µË" Q×	Ø#²� x���µ¨'²��� 3¨T 3�?¦��� 3¡�¦<�����O�[½�����¦v�O�µ 
©[� ¾ ¡��O�+�O�O�Y¼+�¢�.¡3½Ú� ¾ )¬��� 3¡� 3�Ä¦«�&�#¦�¡��µ�O�%�¶�����O� »�O�O���µ)¬O 3¡�±� x���� }�"���¶Ý7���"���� 3���µ¨'²��� 3¨T 3�?¦��� 3¡�¦T�O�O�
±X 3¡��� 3�K� ¾ ¨T�µ¦ »�O�� 3¡�Áv�#Â� x¼+¦�¡� BÈ� 3¡� x�O£3 x�Ê¡� BÈ� 3¡� x�O£3�µ 3¡�¦º�Ù �+¦���²O¡� 3)¬O x�O���O x¨s¤¥�O��¦« x¡°¨ »�O���� 3� { Í+Ð�Þ�Í+ÎQ�O�O� | Î�Ï�ß9Í+Î7²O¡���¨T�µ¦«�ÄË% °×ÚØ#²� 3� ¾ ¬O�O v±X 3�Ä¦« 3¡� à �µ�µÈ� Ú���µ�O º�"¡������� 3¡� 3�V¼ »¾ �O�O 3�U�O���¯� ¾ ¨T�µ¦¸�O 3¡� 3�'�#¦�¡��O¼?¦«��¡�¼" x�O�O 3�[�+á���)¬?¦�³â²O¡���¨T�µ¦«�ÄË% Ú×ÚØ#²� 3�U¨ »�O���� 3���¨�ÆN 3�% x�O�«�.¦�£	���"£3�7���.�ÓÌ�Í+Î�Ï�ÐOÑDÏ ~ ÐOÒ¸Ñ�Í § �?¦« x¡�È��"x Ú�µ¨'²��� 3¨T 3�?¦��� 3¡� 3��½B�O¨0�µ���O 3�"¡��µ���µ 3¡��O�"¡�£x�N±� x¡��O x���

Ü ¾ ¡��O 3¡��O�O� ã ¾ ����¦«¡��"���?¦
ä«å�æ?çOèµé ½�ê äBëHìâå.èµé �µ�?Ë% 3¡�� ���Äí%�ïî



ð � ñNòvó ô3õ¸ö	÷�ø?ù�úUû�ü�òNý�ô�þ�ÿ��<ö�������úNö��
	Õü���ö	ü
�������� ������������������ !��"$#�%
&('*)�',+('*) -/. Ð�Î�Ð�0[ß9Í+Î�Ï21xß9Ï*0
Ü »�O¡<�O�� QÉ	¡ »��È��O�O�&�O x¡7ÆN�� 3�µ)¬O¬O x�µ¦v¨Q�43VÂ� 3�O x¨ �R¦�¦«¡��µ�O��¦<�O�O�¶Â� 3�O x¡v�<��� ¾ £x�¢�.¦�� ¾ �Ê�� 3¡v£x���� 3¡��¢�"�µ�Ä³���µ 3¡� 3�O�O x��ÝN�¢�.���� x�& 3���� F x���O�� 3��¦����% Fã�¬��.¡«�"¼?¦« x¡��µ��¦«�µ¼¶£x�O�%  ¾ ¡��O�O B¦�±X 3¡��O 3�[�
5468749;:=<?>A@B7?:DC�EGF!EGFIHJ5=K?>?<=>=LM:�NM<A@O9;:A@PLRQ(ST <VU?:=:=<A@BW T :�N T 7?XVU�9?9=6uôY@P>M:!@O6;7�NM7[Z

\A] ÑHß9Í?^`_¸Ñ�Ð�ßºÍbaMc;d�egf�h=eji=fgk[h;c lPm4f8d=f�ljn�c8d�e8ojn[eMlqp8r \A] Ñts
];\[u ßºÍMv[ßwaMc;d�egf�h=eji=fgk[h;c�xMxJljm4f;d=f�lOn�c;d�e8oOnye8l!z{f;nMn x|a;n?d�eB}=~[��xba�n?d[eB}=~V_ \ 1xß8sÑ�Í?ß�f�nMn?d[eBkM�?n�c4o�x|aMc;n�pga�n?d�eP}=~�r��

a?c;d�egf=h�eji=fgk�h8c��tf�nMn=d�eBkM�?n4c�o��?���M}ye8�O}�z
a?c;d�egf=h�eji=fgk�h8c��tf�oMoM�?l?egf�nye;�j}=�M}=��o=�0Ï uÏ���z{f�nMn?d�ePkM�?n�c�o;�M�4eB}[lMhj�=�=c�o�zJf�nMn[�=� ß . Í u
a?c�n�p!���=d[eG�YePn[ej��c��M�q���4c;d�o?eMojn�cg}?n��M�q��n?d�fg}[o?egc�}?n���r
�M�4eP}[l8hj�=��c�o!z�d=c4oP��hOn[�

Í#Ñ*13Íbd=c�oP�[hOnq���M�
Í u Þ¸Ï��

&('*)�',+(',� � Ñ�Í#Ï ] .�. Í#ÏHß
�<��¬ »�"�O�%�µ�NË ¾ �'�O 3¡Xã�¬��"¡��"¼?¦« x¡�����¦«�µ¼Q±���¡��T�� 3¡��\ x¡�¦Ú�O 3¡	 x���O£x 3���� 3�T�R¦�¦«¡����O�¦« ��O�O�T�<��� ¾ £x�¢�.¦�� ¾ �O x��O�µ¡� 3¼?¦ ¾ �O 3¡�¡� 3¼+�O¡����µËWË" 3¡��%���µ)¬O 3���§ ¨ Ü ¾ ���% x�O�O x�T±��µ¡��T 3���� v�)¬O�"�O� ¾ �O °È)»��¡Ú x���O x�¶ x�+¦���²O¡� 3)¬O x�O�O x�Kã ¾ �O��¦�¡«�"�µ�+¦X�% x�% 3�� 3���#�N�"�� 3�¨·�43�È)»�O¡�Â� x�O 3�Õ²� x¡�������¦� 3�?¦« X�R¦�¦�¡�������¦��O�O��Â� 3�O 	²� 3¡�������¦« 3�?¦� ��<��� ¾ £x�¢�.¦�� ¾ �F�"�7 x�+¦���²O¡� 3)¬O x�O�O x¡Ú�#¦« x����  3�µ�O V©[ 3�µ�� v x���O�% BÈI»�O�"¦�±X 3¡��O 3���
5468749;:=<?>A@B7?:DC�EGF!EJ��HJ�� ?NY@j¡MK=K=NY@B:[Z

\A] ÑHß9Í?^`_¸Ñ�Ð�ßºÍbaMc;d�egf�h=eji=c;d c8¢��4f=h=o£p8r \(] Ñ�s
];\[u ßºÍMv[ßwaMc;d�egf�h=eji=fgk[h;c�xMxtcM¢��4f=h?o�z��jk4¤¥x|¦4l8hg§;}=¨[�©_ \ 1Bß8s
�M�£�M�«ª�h;c4eMlPmMm4c4ejn¬�(ePn�=cO�¯®�Mk4c;dM~�cgk4cg}4c�}D¦gk4¤Mc�°?n
d=c4oP��hOnq�
o�c=hg±²���?l8hO³=¨;�4c��jk4¤����=l8hO³?¨;��c�Ð u ÞÑ�Í?ß�f;nMn?d�eBk?�?n�o�x´a?c�n�pga�n?d[eB}=~�rµ�«a?c;d�egf=h�eji=fgk�h8c��tf�nMn=d�eBkM�?n4c�o��?���M}ye8�O}�z
a?c;d�egf=h�eji=fgk�h8cM�M�Mf�o?o8�?l?egf;n[e;�O}=�8}=��o=�M�$Ï u

f�nMn?d[eBkM�?n�c4o¶��� \ ÎJÍ+Ð ] . z·f�nMn¥¸
] Ð�13Í£zJaMc;d[egf=h=eji�fgk�h;c��{lPm4f;d=f4ljn�c;d�e?ojn[e8l¹zJf�nMnY�£�µ�4c;d�o?e8ojn�c�}?n[�ß . Í u o;c=hg±��tf;nMn²�tc8¢;�4f=h?o!zº�jk4¤��tf;nMn[�0Í u Þ ] Ð�1xÍ
] Ð�13Í£zJaMc;d[egf=h=eji�fgk�h;c��{lPm4f;d=f4ljn�c;d�e?ojn[e8l¹zJf�nMnY�£�µ�=d�eB�YePn[eP�4c4�ß . Í u o;c=hg±��tf;nMnq��jk�¤��tf�nMn$Í u Þ ] Ð�13Í

�



ø?ù¼»%ù¥þ�ö��°ôâò<÷�ô�½�ö�� ð î

aClient aStore:Store aSer:Serializable

writeRead(aSer)
writeTo(writer)

readFrom(reader)

���O�O�µ���O�O���'���î�� à ���ÄÈ���¨T x¦�¬ ¾ �� ·ê äIëHì´å�¾�å�æ?ç

&('*)�',+(',+ ¿ Î.ÏHß9ÍMÀWÍ+Ð�ÞÂÁ�Í?ß . \ Þ�Í
®�¨Û�O�µ  Ü ¾ ¡��� 3¡����O�O½��O��3Wê äIëHì´åMÃ[Äèµé �O�O� ä«å�æ?çOÅ[ä�ÄOÆ&èµé ���?Ë% x¡���£x�O 3�µ���"�O�O x¡R���µ�O�À£3�WÈ ¾ ¡�¨'�"���µ���� x¡� x��½±���¡��U 3����  à ���ÄÈ���¨T x¦«¬ ¾ �O ��O xÃ����� 3¡�¦º½%���� � 3�µ�ÀÌ[Í+Î�Ï�Ð�Ñ�Ï�Ç?ÐOÒÓÑ�ÍVÁv�#Â� 3¼?¦X¨'�Ä¦�¦« x���Xê äBëHìâåMÃyÄèµé ���µ�O º�.¡������� x¡�¦�O¨��"����)¬O�µ�� G3" 3�O�·�O�"�ÓÙ ¡��% 3�O�����Õ¨'�Ä¦ ä«å�æ?çOÅ[ä{ÄOÆ&èµé ±��µ 3�O x¡¸�µ�V x���O �Áv�#Â� 3¼?¦«��¦«¡��O¼?¦«�O¡���¨'£x�+±��"�O�� 3���[�¿ ¾ � �O�µ 3�� x¡U�O 3�O x��Áv�#Â� x¼+¦���¦�¡��O¼?¦«��¡¶¼��"�O� �+�O� �" xÈ ¾ ¡��O 3¡�¦¯±� x¡��O x��½X�O��3}���� À¨T�µ¦·�O 3¨ Áv¡����%�µ���"�
»�O�� 3¡� 3������¦«�µ¨'¨V¦º�

�v 3¡��<�O���"��È��� 3¡ à ���ÄÈ���¨T x¦«¬ ¾ �O N±��µ¡����µ�K 3�µ�O 3¨ �# GÈ+�O 3��£3 3���O�¢�"�"¡«�"¨T¨ È� x��¦��% 3�µ 3�"¦�É����� 3¬� Q�<�#³
�O�µ���O�O���K���ïî8ÊI�Ó¤��µ¦F�O 3¨ÔÈ ¾ �µ�% 3���O 3� ã ¾ �O��¦�¡«�"�µ�?¦V±��µ¡�� �.�O��)¬O�µ�� Ë3% 3�O�\�O�� ¶Æ7�µ 3�µ)¬O¬O 3�Ä¦7�O 3¡V�� x���O x�Áv�#Â� 3¼?¦���¦«¡��O¼?¦«�O¡� 3���" xÈ ¾ ¡��O 3¡�¦º�
5468749;:=<?>A@B7?:DC�EGF!E�ÌÍHtÎ�<(@G:4N T 7=X£Ï4N?>?XD9y@B7?X¯@B7MÐ4NM<�9�Z

\A] ÑHß9Í?^`_¸Ñ�Ð�ßºÍbaMc;d�egf�h=eji=c;d Ñ=d�ePn�c Ò�c?f;� eB}?��c;d�o�cÓp8r \A] Ñts
];\[u ßºÍMv[ßwa�n��gd=c�xMxÕÔ?d�ejn�c�Ò�cMf8�ÖzºoÍx|aMc;d�e�f=h=eji=f�k�h;c4�µ_ \ 1Bß8s
�M�£�M�¬d=cMf;�?×Md4�P��zË�Ø�?}=�£Ô?d�ePn�c;³���zÙ�£o?eB}��DeP}?��c;d�o
ogÚ;�=d=c��tcM¢��4f=h?o�zºo?�

&('*)�',+('ÜÛ Ý Í+ÎO� ÍÏ u Í#ÎOÞ u�ß
�v��  ¾ �O���%  Ü ¾ ¡��O 3¡��O�O�F¼��"�O�W�.��È� x����È��")¬� 3¡�  Ü ¾ ¡��� 3¡����O�% 3�T¬O x¡��O�?¦« x¡��% x�O¡ ¾ )¬O x�W±� x¡��O x����Ù �?¦«��²O¡� I³)¬O x�O�U�O 3¨Ó� ������ 3��½.���"������ R�� x¦� 3���µ���"¦� 3�VÝN�¢�"���� 3�¯�� 3¬� 3¡��� 3¡��% 3�[½"±���¡��·Ë ¾ �
ÀWÍ+Ð�Þ�Í+Î����O� ¿ Î�ÏHß9Í+Î
�% BÈ ¾ ¡��O x¡�¦3½%����3N���.�	¹� x�� x�'�O���W�)¬�¡� 3�µ�� x�¯Ë ¾ �T×ÚØ#²� 3�T���?Ë% x¡��	£3�� 3���O�"�O�O x¡ ����¦3�.¿ ¾ �WÌ[Í+Î.Ï�Ð�Ñ�Ï*Ç?Ð�ÒÓÑ�Í±���¡��&�% xÈ ¾ ¡��O 3¡�¦º½����g3T���� F�#¦�¡��O¼?¦«��¡�¼ ¾ ¡�¡� 3¼?¦�±��� 3�� 3¡�¬� 3¡��" 3��¦� 3�µ�µ¦�±���¡����

� ��  ¾ �� x�}È »��¡N���"�F�)¬O¡� 3�µ�� x�����O��¹� x�� x��Ë ¾ � Ì�Í+Î�Ï�ÐOÑDÏ�Ç?ÐOÒ¸Ñ�Í�Áv�#Â� x¼+¦� 3��½g±X 3¡��O 3���+�O���"�O)¬È »�O¡'²O¡��µ¨'�Ä¦«�µË" &×ÚØ#²� 3� à �µ�µÈ���¨T x¦�¬ ¾ �O 3�� 3�����% xÈ »�O¬�¡�¦º½Ú�O�µ K 3�µ�O 3��²�¡���¨T�µ¦��µË" 3� ×ÚØ#² ��)¬O¡� 3�µ�� x���O�O�
�"�O��)¬O���µ G3% x�O�\±��µ 3�O x¡V x���O�µ 3�� x���Õ�<�O�O�µ���O���O�K�� ð £3 3�µ�"¦V 3���� W�)¬O�"�O� ¾ �O 'È »�O¡F�O�µ ' x�+¦���²O¡� 3)¬O x�O�O x�� ËÈ#�� 3�O£x 3�O�O���"�%¡��"¨'¨T "�



ð%ð ñNòvó ô3õ¸ö	÷�ø?ù�úUû�ü�òNý�ô�þ�ÿ��<ö�������úNö��
	Õü���ö	ü

aClient aStore:Store aStore.writer:Writer

writeReadX(x:X)
writeX(x:X)

readX():X

y:X
y:X

aStore.reader:Reader

�<�O�O�µ���O���O�U��� ð � à �µ�µÈ���¨T x¦�¬ ¾ �O ·ê äIëHì´å�¾�å�æ?çBà

¤¥�µ¦¶�O 3¨ È ¾ �µ�% 3�O�� 3� ã ¾ ����¦«¡��"���?¦'±���¡����"�O��)¬����� Ë3% 3�����O�� �Æ7�µ 3��)¬�¬O 3�Ä¦¶�O x¡¶�� 3�µ�O 3� Áv�#Â� x¼+¦� 
�% BÈ ¾ ¡��O x¡�¦3�
5468749;:=<?>A@B7?:DC�EGF!E�á

\A] ÑHß9Í?^`_¸Ñ�Ð�ßºÍbaMc;d�egf�h=eji=c;d Ò�cMf;� Ñ=d�ejn�c f�nMn?d�ePkM�?n�c eB}=��c;d�o�câp8r \A] Ñ�s
];\[u ßºÍMv[ßwa�n��gd=c�xMxÕÔ?d�ejn�c�Ò�cMf8�MãÖzºoäxåã��¯xåã«_ \ 1xß8s
�M�£�M�¬d=cMf;�?ãÖzÙ�Â�M}=�«Ô?d�ePn4c;ãÖzÙ�£o?eB}��âeB}=��c;d�o
d=c4oP��hOn²��c8¢��4f=h=o!zºogÚ���d=c4�

É¸ x¡ § �O���O¼?¦«� ¾ ��¼��"�O� �% x£3 3�µ�"¦¯±X 3¡��� 3��½	����3��� 3���µ 3�O�µ�% wæX� »¾ )¼. �Ë ¾ � �N��¦« 3� �µ���O 3�"¡��µ���� x¡�¦Q�O�O�
�"�O��)¬O���µ G3% x�O�U±��� 3�� 3¡Ú¡� 3��¦)�"��¡��� x¡�¦	±X 3¡��� 3�W¼ »¾ �O�� 3���#�N�"£x�'¨·��3V�.���� x¡��O�µ�O�%������)¬O x¡��% x��¦� 3���Ä¦	±� x¡��O x��½����3U�O�µ N�R¦�¦�¡�������¦« 7���&�O x¡��%�� x��)¬O x�|ç� 3�µ¬O 3�È ¾ ���% <�% 3�µ 3�� x��±X 3¡��O 3�[½�±��µ N���� 7�% x��)¬O¡��� x�� x��±��O¡��O 3�[�

É ¡�����£3��²��� 3�µ�%¼��"�O�·�� 3¡Õ�<�O���"��È�Ë ¾ �U¤¥ B¦«¬ ¾ �O x�·���·� GÈ+�O x�O£3 x�O�O�¢�.�%¡«�"¨T¨T 3�Q�O�"¡��% x��¦� 3���Ä¦�±� x¡��O x���Ù ����É ¡ ¾ ���� 3¨ ���}�O�µ 3�� 3¨Ô©[���«�"¨T¨' x�O¬��"���À����¦3½�����3��# GÈ+�O 3��£3 3���O�¢�"�"¡«�"¨T¨' .½[±��� U�.����  § �?¦« 3¡��"¼?¦«� ³
¾ �O���O�¢�.�%¡«�"¨T¨T "½"�+�O¡	 ºè� x¨'²��¢�"¡�����)¬� ����O� »�"�È� ����"¡���¦« x���� x���?Ù ���T� ¾ ��)¬O x���v���"�%¡«�.¨'¨� 3¡�¬O 3�¦�¼. 3���� 3�
�<����²O¡��O)¬\�.��È������µ�% 3¨T 3�µ�O¬O 3�Ä¦º�-á°��¨T¨Q¦v¨'�"�TÂ� x� ¾ )¬� 3�µ�O ·� ¾ ��)¬O ¯�����µ�% 3¨T 3�µ�O¬O 3�Ä¦v�.��½[� ¾ ¼ »¾ ���+¦� �"��È��O x¡XÆ7¡��O�O�O���"�% XË ¾ �¶� GÈ+�O x�O£3 x�O�O�¢�.�%¡«�"¨T¨T 3�¯È »�O¡ ä«å�æ?çOÅ[ä�ÄOÆ&èµé ���O�&ê äBëHìâåMÃyÄèµé �O�µ  Ü ¾ ¡��� 3¡����O����")¬��%�µ 3��)¬� 3¡��<�È ¾ ���% N�� 3¡°¹g 3�� I³X�O£x±7���)¬O¡� 3�µ��  ¾ ²� x¡«�.¦�� ¾ �� 3�ÀÈ ¾ ¡�¨Q�O���µ 3¡�¦X±� x¡��O x���

������*é ê«#ìë` ¹#�íî"$#�%

�<���% 3�� 3¬O x��Ë ¾ �Ê�O 3¡N���O�O�µ���O�O���W�O 3¡vÝ7���"���� 3�Ê�O����¤¥ x¦�¬ ¾ �� 3��½��µ��¦N�� 3�µ¨ � 3¡��¢�"�µ��£3 x¡v¤��O��¦� 3¡N�O�µ 
Ü  3��¦«�� x�%�O�O�Q�O 3¡Rã�¬��"¡«�.¼+¦� 3¡�����¦���¼|É�²� 3¡����µ��¦« x�?¦º½¦�¡«�"������ x�?¦º½�²�¡���¨T�µ¦��µË" PÊÓ�O x¡R�R¦�¦�¡�������¦« ��O�O�W����� ¾ £3�¢�J³¦«� ¾ �O x�¥�.���� x¡�Ë ¾ �}Ì[Í+Î.Ï�Ð�Ñ�Ï*Ç?Í+ÎF�"�O�" 3�� x�µ¦� x¦« x��Ý7���"���� 3�&Ë ¾ ���� 3� ¾ �O�O 3¡� 3¡ïæ� 3�� 3��¦��O�O�O�

�v�� 7È ¾ ���" 3�O�O V×Ó�.�� x���� F�%�µ��¦<���� Q���O�O�µ���O�O���W�O 3�v�"�O��¦�¡«�"¼?¦� 3��¤ ¾ �O 3�µ���°�����O�"�vÉ ¡ ¾ Â� 3¼?¦«¨ ¾ �� 3���±��� x�O 3¡x�



ø?ù¼»%ù¥þ�ö��°ôâò<÷�ô�½�ö�� ðMð

¤¥�O��¦« x¡ ñ  9¤¥�"��� ³�ã����µ 3�?¦
Ì[Í#Î�Ï�Ð�Ñ�Ï*Ç?ÐOÒ¸Ñ�Í Ì[Í#Î�Ï�Ð�Ñ�Ï*Ç?ÐOÒ¸Ñ�Í
ò åBäIë�æ�ó ë¼ô9æ8õGó�åGö ê äIëHì´åMÃ[Äè ä$÷$øÀäBëHìâåBä é ù°ç?ç"ä)å�ú�ú�ûüÄPÄPýPþ²ÿ�ì�ä��;ö ê äIëHìâåMÃyÄè äî÷$øÀäIëHì´åBä é
ò åBäIë�æ�ó ë¼ô9æ8õGó�åGö�ä«å�æ?çOÅ�ä{ÄOÆ&è ä$÷A¾°å�æ?ç#åBä é ù°ç?ç"ä)å�ú�ú�ûüÄPÄPýPþ²ÿ�ì�ä��;ö�ä«å�æ?çOÅ[ä{ÄOÆ&è ä$÷�¾�å�æ?ç#åBä é
ò åBäIë�æ�ó ë¼ô9æ8õGó�åGö�å����Oæ�ó ú.è�Ä�õ���÷	��
Ùó ùüÿ��)é ù°ç?ç"ä)å�ú�ú�ûüÄPÄPýPþ²ÿ�ì�ä��;ö�å�����æ�ó ú.è�Ä�õ��î÷	� õ��ºå
Bì é
ò åBäIë�æ�ó ë¼ô9æ8õGó�åGö�
��æ"ä�æ�
Bì´åBäIë úBì�ë�
.è ù°ç?ç"ä)å�ú�ú�ûüÄPÄPýPþ²ÿ�ì�ä��;ö�
��æ"ä�æ�
BìâåBäIë úBìDë�
.è
æ"ì�ì�÷ ò ìDäIë ÿ��Bé æ"ì�ì�÷ ò ìDäIë ÿ��Bé

- \[u¹] ÎJÍ?ß9Í��NÑ�Í=^iÍ u ß ����� - \ ^ \ 1ºÏHß9Í
- \[u¹] ÎJÍ?ß9Í��NÑ�Í=^iÍ u ß �������	Í+Ð4�
- \[u¹] ÎJÍ?ß9Í��NÑ�Í=^iÍ u ß �ÀÞÕÞÕÎJÍ?1B1�� \(\ 0�� u ß9Î��Ì�ß \ Î�Í Ì�ß \ Î�Í
ò ì�Ä�ä)åGö ê äIëHìâå�¾�å�æ?çOè�
G÷ ò åBäIë�æ�ó ë¼ô9æ8õGó�åâé ò ì�Ä�ä)åGö�ìâå�úBìGø&äIëHìâå�¾°å�æ?ç� ºÿ�!"åBä{ú9å.è�
G÷ ò åBäIë�æ�ó ë¼ô9æ8õGó�åâé
- \[u¹] ÎJÍ?ß9ÍOÌ[ß \ ÎJÍ - \[u¹] ÎJÍ?ß9ÍOÌ[ß \ ÎJÍ
¿ Î.ÏHß9Í+Î ¿ Î.ÏHß9Í+Î
øÀäBëHìâåBäËö ê äIëHì´å"XäIë Æ¯ëHìDë#!"å.è%$Y÷&"XäIë Æ¯ëHì�ë#!"åâé øÀäBëHìâåBäËö ê äIëHì´å"Xä{Ä$�åBäIì��è%$Y÷&"Xä�Ä$�åBäIì��Ié
øÀäBëHìâåBäËö ê äIëHì´å'� õ��ºå
Bì�è%$Y÷ ò åBäIë�æ�ó ë¼ô9æ8õGó�åâé øÀäBëHìâåBäËö ê äIëHì´å'� õ��ºå
Bì�è%$Y÷ ò åBäIë�æ�ó ë¼ô9æ8õGó�åâé
- \[u¹] ÎJÍ?ß9Í ¿ Î�ÏHß9Í+Î - \[u¹] ÎJÍ?ß9Í ¿ Î�ÏHß9Í+Î
ÀWÍ+Ð�Þ�Í+Î ÀWÍ+Ð�Þ�Í+Î
¾�å�æ?ç#åBäËö�ä)å�æ?ç("XäIë Æ¯ëHì�ë#!"å.èµé�÷)"XäIë Æ¯ëHìDë#!"å ¾�å�æ?ç#åBäËö�ä)å�æ?ç("Xä{Ä$�åBäIì��èµé�÷*"Xä{Ä$�åBäIì��
¾�å�æ?ç#åBäËö�ä)å�æ?ç+� õ��ºå
Bì�èµé�÷ ò åBäIë�æ�ó ë¼ô9æ8õGó�å ¾�å�æ?ç#åBäËö�ä)å�æ?ç+� õ��ºå
Bì�èµé�÷ ò åBäIë�æ�ó ë¼ô9æ8õGó�å
- \[u¹] ÎJÍ?ß9ÍMÀWÍ+Ð�Þ�Í#Î - \[u¹] ÎJÍ?ß9ÍMÀWÍ+Ð�Þ�Í#Î

Ü »�O¡Ê�O�µ  Ü  3��¦«�� x�%�O�O���� 3¡�ã�¬��"¡��"¼?¦« x¡�����¦«�µ¼ ¨ »�O���� 3�Ö£3�O� »�.¦«£x���µ)¬O  ã ¾ �O��¦«¡«�.���?¦«�Ê x¡���¦� 3�µ�µ¦K±X 3¡´³�O x��� § ¨ Ü �"�µ�� À�O x������� - \ ^`_ \ 1ºÏ�ßºÍi±���¡�� �O�µ  åÙÿ�ì�ä�� ����� ¾ £3���.¦«� ¾ � �.���T²� x¡����µ��¦� 3�?¦W)¬��.¡«�"¼?¦« I³
¡��µ���µ 3¡�¦3�%�N�"�,�����-�ÚÍ+Ð4�Õ��²� 3�µ)¬O 3¡�¦X x���O x�TÝ ¾ �+¦«�"¼?¦º�+�v�µ ��N�.¦« x�U 3���� 3�ÚÝ ¾ �?¦)�"¼?¦«� ±X 3¡��O 3�'���U 3�µ�O 3¨. Î \ _ Í+Î9ß��[³�Áv�#Â� x¼+¦��% x��²� 3��)¬� 3¡�¦3½[�O�µ 3�� 3�<±��µ¡��K�µ�K�O�µ 3�� 3¨ ©[�O�«�.¨'¨T 3�O¬O�"�O�W�.���°²O¡��µ¨'�Ä¦«�µË¶)¬��"¡��"¼%³
¦« x¡��µ���� x¡�¦3�gÙ�Ë% 3�?¦��O 3�µ�� U±� x�µ¦« x¡� T�R¦�¦�¡�������¦« U�O�O�i�<��� ¾ £x�¢�.¦�� ¾ �O x��±X 3¡��O 3�\�O��)¬?¦7±� x�µ¦� 3¡F�� B¦«¡«�.)¬+¦� x¦3�� ¾ ¨T�µ¦R 3¡��" 3�� 3������)¬��O�µ vÈ ¾ ���% x�O�O x�¥�� 3�µ�O 3�¥ã ¾ �O��¦«¡��"���?¦«�x�

5468749;:=<?>A@B7?:DC�EGF!E�/�HJ5=K?>?<=>=LM:�NM<A@O9;:A@PLRQ(ST < ����� - \ ^`_ \ 1ºÏHß9Í Z
];\[u ß9Í8v�ß §�08�214�P�?���?o=ePn�c�xMx{lPm4f;d=f4ljn�c;d�eMojnye8l�zJf;nMn xba�n?d�eB}�~�� _ \ 1xß;sÏ���zJf;nMnV� ��cg}?n=dM¨��º��ß . Í u

d=c4oP��hOnq�����4c;d�o?eMojn�cg}?n��
Í#Ñ*13Í
d=c4oP��hOnq���?�

Í u Þ¸Ï��



ð � ñNòvó ô3õ¸ö	÷�ø?ù�úUû�ü�òNý�ô�þ�ÿ��<ö�������úNö��
	Õü���ö	ü

aClient aStore:Store aSer:Serializable

testWriteReadInverse(aSer:Serializable)
writeTo(writer)

readFrom(reader)

���O�O�µ���O�O���'�� ð � à ���ÄÈ���¨T x¦�¬ ¾ ��  ì´å�úBìGøÀäBëHìâå�¾�å�æ?ç� Ùÿ�!"åBä{ú9å.èµé

5468749;:=<?>A@B7?:DC�EGF!EJC�HJ5=K?>?<=>=LM:�NM<A@O9;:A@PLRQ(ST < �������	Í+Ð4� Z
];\[u ß9Í8v�ß §�08��3�cMf;±�xMx{lPm4f;d=f4ljn�c;d�eMojn[e8l!z{f�n?n x|a;n?d�eB}=~[�©_ \ 1Bß8sÏ���zJf;nMnV� ���=d4�O�4c;d8n?¨��º��ß . Í u

d=c4oP��hOnq�����=d�eG�Yejn[eP��c��
Í#Ñ*13Í
d=c4oP��hOnq���?�

Í u Þ¸Ï��

¤¥�µ¦ ¾ �O�µ�% 3¡��v xÃO�O�µ¦�� ¾ �&È »�O¡°�O�� Qã�¬��"¡��"¼?¦« 3¡�����¦«��¼À¼��"�����+�O�}ã ¾ �O��¦«¡��"���?¦N��µí%���UÈ »��¡����.�<�<��¡� G3�³�O�O)¬¥���O��¦)�"��£3���µ 3¡�¦R±� x¡��O x����Ù �° x¡��% x�� x�K����)¬��O�� vÈ ¾ �µ�% 3���O 3�&�� 3���� 3�Kã ¾ �O��¦�¡«�"�µ�?¦«�3�
5468749;:=<?>A@B7?:DC�EGF!E�4ÍHJ�� ?NY@j¡MK=K=NY@B:RQ(ST < ����� - \ ^`_ \ 1ºÏ�ßºÍ Z

];\[u ß9Í8v�ß §�08�51��P�?���=o?ePn�c�x?xtc8¢��4f�h?o!z��jk�¤¥x|¦gk4¤Mc4ljn[� _ \ 1xß8s
�M�«�?�µª�h;c�e8lPmMm4c�ePn£�YePnV�=cO��®�Mk4c8dM~=cgk4c�}4cg}D¦gk4¤?c�°Mn
d=c�oP��hgn�
o�c�hg±����?lMhO³?¨;�4cV�q�jk4¤����?l8hO³=¨;�4c�Ð u Þ
o�c�hg±��tcg}=n?dM¨��tcM¢��4f=h?o�z��jk4¤���cg}?n=d?¨��

5468749;:=<?>A@B7?:DC�EGF!E�6ÍHJ�� ?NY@j¡MK=K=NY@B:RQ(ST < �������	Í#Ð�� Z
];\[u ß9Í8v�ß §�08�23=cMf;±�x?xtc8¢��4f�h?o!z��jk�¤ xb¦gk4¤Mc�lOn[� _ \ 1xß;s
�M�«�?�µª�h;c�e8lPmMm4c�ePn£�YePnV�=cO��®�Mk4c8dM~=cgk4c�}4cg}D¦gk4¤?c�°Mn
d=c�oP��hgn�
o�c�hg±����?lMhO³?¨;�4cV�q�jk4¤����?l8hO³=¨;�4c�Ð u Þ
o�c�hg±��2�=d��j�4c;d8n=¨Ó�V�jk�¤��2�=d4�O�4c;d8n?¨

�<�O���������O�O�'��� ð £3 x���"¦� x���¥�"�O�% x²���3"¦� 3�<� GÈ+�O x�O£3 x�O�O���"�%¡«�.¨'¨ È »�O¡°�O�µ ¯ê äBëHìâå�¾�å�æ?çOèµé ¤¥ B¦«¬ ¾ �O .�¤¥�Ä¦ à �µ�µÈ� ¶���� 3�� 3¡T¤¥ B¦«¬ ¾ �O À¼��"�O�Y�+�O� �O�O¡�)¬ § �O��¦«�"�O£3�µ�� x¡��O�O��Ë ¾ � ã ¾ �O��¦�¡«�"�µ�?¦U���Äí%��î��" xÈ ¾ ¡��O 3¡�¦
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AddressBook

Serializable
 readFrom(r:Reader)
 writeTo(w:Writer)
 equals(obj:Object): Boolean

AddressBookEntry

Store
 testReadWriteInverse(s:AddressBookEntry)

StreamStore

Reader
 readPropertie(): Propertie
 readObject(): Serializable

StreamReader

Writer
 writePropertie(p:Propertie)
 writeObject(o:Serializable)

StreamWriter
ABELeaf

 propertie: Propertie

ABEComposite

entry
0..*

context Store::testReadWriteInverse(
    s : AddressBookEntry) post: 
  s@pre.equals(s)

context ABEComposite::equals(obj: Object) post:
  result = 
    self.colType = obj.oclType and
    self.entry.equals(obj.entry)  

context ABELeaf::equals(obj:Object) post:
  result = 
    self.oclType = obj.oclType and
    self.property = obj.property

=?>+>5@BABC5D+E+FHG5I8G5J+=�E+±LK�E5C+D+E+FMC5K�N?O2K�P�@¢�QA%@BR�KSPUTVD5N�WXKSP�N<�QD�ÈZY�[�\�ý^](_B`ba#þ

c K�P�C5K�E�½dC���3 ä«å�æ?çOÅ�ä{ÄOÆ&èµé D+E5Ciê äIëHìâåMÃyÄèµé È »D+PUC��QN:=?C5P�KG3Q>+D+efg@%E?ËhK�P�N�N�@BE+CiI
5468749;:=<?>A@B7?:kj�EGF!E�l�HtÎ�<(@G:4N T 7=X£Ï4N?>?XD9y@B7?X¯@B7MÐ4NM<�9�Z

];\[u ßºÍMv[ßwa�n��gd=c�xMxÕn�c�oOnMÒ�cMf;�8Ñ=d�ePn�c�mB}?��c;d�o;c¶zºo xå§M�M�Md=c4oMo(04�M�g°M�8}?n?d?¨��¬_ \ 1xß8s
�M�£�M�¬d=cMf;�?×Md4�P��zË�Ø�?}=�£Ô?d�ePn�c;³���zÙ�£o?eB}��DeP}?��c;d�o
ogÚ;�=d=c��tcM¢��4f=h?o�zºo?�

=?>+>5@BABC5D+E+F�G5InG:R�KS@BFQW&C��'N&P�K�N�D+A%W�@BK�P�K�E+C5K�Ý�A¢�'N�N�KSE+C+@��QFhP«�'opoqE��Qefr=�E c KSE+C+D+E+F�C5K�NsO2K�P�@¢�QA%@BR�KSPutTVD+NuWXKSP�N��QD�ÈvC5@BK7Ý�whExW)�QyxW�ËhK�P c �'A%WXD5E+F+I

z|{�} ~����s�-�������
� �QNÚÁ->+N�K�P�ËQK�P�TVD+NuWXK�P,@%N�W È��D+P�O2@bWXD��(WX@BwQE+K�EQËQwhP�FQK�N�KSf+K�Ei�2@%E�C+K�E+KSEWÁ->#Â�KSyxWXKH�D+>�KSP��iD+N�W«�QE+C+N���QE+C+K�t
P�D5E+FhK�EV�QE+C5K�P�KSP�Á->#Â�KSyxWXK�@BE�È�whP�op@%K�PuW c KSP�C+KSEro��D+N�N�K�E�I'O2wQABef+KLO2@bWXD��'W�@BwhE5K�E�WXP�KSWXKSEQ�'D�È�� c KSE+ErR'I æ�IC+KSP���E+f��QAbW�K�@%E+K�N � �'W�K�E+wQ>#Â�K�yxWXN�@%E�K�@%E+K�o Ü KSE+N�W�K�P�C��'P�FhKSN�WXKSABAbW c K�P�C5K�E�N�whA%A�I �=?E+C+KSP�W�N�@%ef�C��QN � �(tWXKSE+wh>#Â�KSyxW��dN�w�N�whA%A�N�@%efVC5@BK�N�K �=?E+C+KSP�D+E5F¶�QD5efg@Bo�K�ExW�N��+P�K�ef+KSE+C+K�E Ü K�E5N�WXKSP c @BC+KSP�N��5@BK�FQK�ABEiI

����ì��� �  ��2������ ¹�u�$"$#�%
� �QN�Á->+N�K�P�ËhK�P?TVD+NuWXKSP�KSP�È�D+A%A%W�opKSf+P�KSP�K�=?EÈ�whP�C+KSP�D+E5FhK�E��5C+@BK7�QDÈ#WXP�K�WXKSE�y��whE5E+K�E�� c K�E5E�Á->#Â�KSy�W�KËhwQo �iD5N�W)�'E+C �QE5C+K�P�K�P¯Á->#Â�KSyxWXKW�'>+f*��QE+FQK�E�IZO2wVK�P�A��QD+>5W¡K�NS�*>�KSAB@BKS>+@BFÀË�@BKSABK'Á->#Â�K�yxW�K¢�D+>�K�P£K�@BE5K
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Subject
 attach(o:Observer)
 detach(o:Observer)

ConcreteSubject
 notify()

Observer
 update(s:Subject)
 isConformTo(s:ConcreteSubject): Boolean

ConcreteObserver
 setState(s:SubjectState)

SubjectState
state
1

observers
0..*

=?>+>5@BABC5D+E+F�G5I < JdO�W�P�D+yxWXD5P�C5K�N<Á�>5N�K�P�ËhKSP-TVD5N�WXKSP�N

�iD+NuW)�QE+C5N���QE+C5K�P�D5E+F�R�Dp@BE�È�whP�op@%K�P�K�E�I��iDp@BE�È�whP�op@%K�P�K�E+C+K�Á->#Â�KSy�W�K?y��whE+E5K�EVÂ�K�C5K�P�RSK�@bW�f+@%E+R�D5FhKxÈ�D+F'W
w�C+K�PUKSE�W�È�K�P�E�W c K�P�C5K�E�I=?A%N�FQP�D+E+C5ABK�FQK�E+C+KQÝ�A¢�QN�N�K�E�C+KSNNÁ->+N�KSP�ËQK�P�T�D+N�W�K�P�N c KSP�C+KSEiÌ(ÞÕÒi¥3Í ] ß�D+E+C§¦UÒ¶1xÍ#Î�¨�Í+Î�C+KxÃ2tE+@%K�P�W�I-Ì(Þ�Ò�¥3Í ] ß£>�KSN�@bWXRSW	K�@BE5K-=?N�N�whRS@¢�'W�@BwhEpR�D+P�Ý�A¢�'N�N�K©¦UÒ¹13Í+Îª¨�Í+Î�I � @BKSN�K�=?N�N�whR�@��'WX@%whEMP�K��+P���QN�KSE2tWX@%K�PuW:C+@BK£TVKSE+FhK£C+K�P�Á->#Â�KSy�W�KQ�dC+@%K7ËQwhE�K�@BE5K�o«�iD+NuW)�QE5C+N c K�ef+N�K�Av>�KSW�P�wQ¬�K�E�N�@%E+C�I � >�KSP:C+@BK¡TVK�tWXf5w2C+KSE æ"ìDì æ�
��èµé D+E+C ç#åBì æ�
��èµé @BNuW-KSN�o^�whFQAB@BefKÁ->+N�KSP�ËQK�Put´Á->#Â�K�yxWXKHf+@%E+R�D5R�D�È�D+FQK�E§>+R c IiR�D�K�ExWutÈ�K�P�E+K�EiI � @%K�TVKSW�f+w2C5K ÿYÄ�ì�ë ®���èµé c @BP�C¯@Bo Ü �QA%ABK�KS@BE+KSN��iD+NuW)�QE5C+N c K�ef+N�K�A%NU�QD�È�FhKSP�D�È�KSE¢D+E+C¯C+@BKSExWC��QRSD��iC5@BK�N�K�E}�QE}�'ABABKF�QN�N�whRS@B@%K�P�W�K�E�Á->+N�K�P�ËQK�P�RSD��+P�wh�O�QFh@BKSP�KSE�I � �'R�D c @BP�C^>�K�@-Â�KSC+K�o Á->+N�KSP�ËQK�P
C+@%K£TVKSW�f+w2C5K ��$�ç?æ"ì´å.èµé �QD�È�FQK�P�DÈ�K�E�I� @BK�=?N�N�whRS@¢�'W�@BwhE úBì æ"ìâå N�WXKSABAbWsC+KSEH�iD+NuW)�QE+C�C5K�N,O2D5>#Â�K�yxWXN�@%ErFhKSK�@%FhE+KSW�K�P Ü whP�o°R�D+P¸¿,K�P�È �D5FhD+E+F+I� � - \[u�] Î�Í?ß9ÍOÌ(ÞÕÒi¥3Í ] ß�D+E+C - \[u�] ÎJÍ+ßºÍ�¦¯Ò¶13Í+Î�¨�Í+Î�CO�Q>�KS@ZD5E�W�K�P�N�ef+@%K�C+A%@Bef+K¯Ý�A��QN�N�K�E^N�@BE+CVD+E+CN�wQop@bW¡D5E�W�K�P�N�ef+@%K�C+A%@Bef+KM�iD+N�W«�QE+C+N�opKSE+FhK�E¢f��Q>�K�E��*y��QE+E¯C��Q>�K�@�E+@BefxW¡C+@BP�K�yxWrC5@BK���C+K�ExWX@bWª��'W¡C+KSP
�iD+NuWª��QE+C5K¡FhKBÈ�whP�C5K�P�W c K�P�C5K�E�I-¿-@%K�ABo�K�f5PUo�D43�K�@BE5K ç:K�A��'WX@%whE|C+K�P�>�K�@BC5K�E��iD5N�W)�'E+C+N�o�K�E5FhK�EVf+K�P�tFhKSN�WXKSABAbW c K�P�C+K�Ei�ZC+@%K§�D+>�KSP¡C5@BKTÝ�whE�È�whP�op@bWª��'W�R c KS@BKSP��iD+NuWª��QE5C+K±=�D+N�y�D+E�È#W¡Fh@%>5W�I � �QRSD c @%P�C¯@Bo¦UÒ¹13Í+Î�¨�Í+Î�C5@BK£TVK�WXf+w�C+K ë ú'²�ÄOÿ�®BÄ�äÙÆ Ã[Äèµé C+KxÃ+E+@BKSP�W�IÙ�@BE Ý�A¢�QN�N�K�E5C+@¢�QFQP«�Qo�o È�D5P�C+@BKSN�KVO�WXP�D+yxWXD+PH@%N�WH@BE³=�>+>+@%ABC+D+E5F¯G2I < FhKSFhK�>�K�E�I � �'N�O2KGÈ�D+KSE2t
R�KSE+C+@��QFhP«�'opo @BE´=?>+>+@%ABC+D5E+FµG5I ¤ RSK�@BF'WMC+KSE¶=�>��QP�>�KS@%WXD5E+FµK�@%E+K�N ÿYÄ�ìDë ®��èµé I�Ù�@%E+KÊ�QD+N�È��D+f+P�AB@Bef5K
æ�KSN�ef+P�K�@B>5D+E+F±C5K�N?TVD+N�W�K�P�N°Ã�E5C+KSW�N�@%efV@%E¯·ïÆ à-¸ ¿-¹ ð(º I

����ì��� ê«#-»º����í$ !��"$#�%� �#
� @BK¡R�KSE�W�P«�QA%K Ü whP�C+KSP�D+E5F�@Bo Á->+N�KSP�ËhKSP¡TVD+N�W�K�P©@BNuW���C���3�E��'ef�KS@BE+KSo ÿYÄ�ì�ë ®���èµé �QA%ABKV�QN�N�whR�@%@BKSP�WXKSE¦UÒ¹13Í+Î�¨�Í+Î7�QyxW�D��QAB@%N�@%K�P�WvN�@BE5C��xC�Ixf�IxC��'NL@%f+P��iD+N�W«�QE+CpyQwhE�È�wQP�o¼o�@%W�C5K�o��iD+NuW)�QE+CpC+K�N�Ì(ÞÕÒi¥3Í ] ß�N@BNuW�I
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aSubject:ConcreteSubject aObserver:ConcreteObserver aObserver2:ConcreteObserver

notify()
update(self)

setState(state)

update(self)

setState(state)

=?>+>+@%ABC+D5E+FHG5I ¤ J�TVD+NuWXK�P�Á->+N�K�P�ËQK�PSJ�=�>��QP�>�K�@bWXD+E5F�KS@BE+KSN ÿYÄ�ìDë ®��èµé

Ù�@BE�È��Qef5K�P�K Ü whP�C+KSP�D+E5FhK�E¡yi�wQE+E+K�E�o�@%W*C5K�E�P�K�N�W�AB@%ef+K�E�TVKSW�f+w2C5K�EQËQK�P�y�Es�D5��È#W c K�P�C5K�E�IhO2w�orD43
��$�ç?æ"ì´å.èµé C5K�E��iD+NuW)�QE+CrC+K�NL¦¯Ò¶13Í+Î�¨�Í+Î�t´Á->#Â�K�yxWXKSNv@BE¡K�@%E+K�E�y'whE�È�whP�opKSEH�iD+NuW)�QE+Cr>+P�@%E+FhK�EiI � ��E�D+PÈ��D+P�K�@BE5K�yQwhE5y�P�KSW�K�=?E c KSE+C+D+E5F�È�KSN�WXFQK�ABKSFQW c K�P�C+K�E§y��QE+Ei� c �QE+E§R c K�@,�iD5N�Wª��'E+C+K�y'whE�È�whP�o½N�@BE+C��
A¢�'N�N�KSEMN�@%efÀ�QEpC+@BK?TVKSW�f+w�C+K ë ú'²�ÄOÿ�®BÄ�äºÆ ÃyÄèµé R�D±C+@BKSN�K�o¾�iKS@%WX�5D+E+yxW�y'K�@%E+K Ü whP�C5K�P�D5E+FhK�EpN�W�K�ABA%K�E�I

� @BKHT�KSWXf5w2C+KSE æ"ì�ì æ�
��èµé D5E+C ç#åBì æ�
��èµé N�W�K�A%ABK�E æ?ç?çOèµé >+R c I ä«åÙÆ Ä(!"å.èµé Á���K�P��'WX@%whE+KSE�È��D+P-C+@%KTVKSE+FhK�C+KSPv�QN�N�whRS@B@%K�P�W�K�E§¦UÒ¶1xÍ#Î�¨�Í+ÎpCO�QP�I � �pKSN���>�KS@Zo�K�f+P�È��Qef+KSo Ù�@%E�È��D+FhKSE^K�@%E+K�N©¦UÒ¶1xÍ#Î�¨�Í+Î�t
Á->#Â�K�yxW�K�N±f5@BE+P�K�@Bef5K�E+C¿@BN�W�� c KSE+EÀC+@%K�N�K�P�E�D5PpKS@BE+o'�QAU@BEÁC+KSP±Â)@%N�WXK�K�P�N�ef+KS@BExW�� c @BP�C¿C5@BK æ?ç?çOèµéTVK�WXf+w�C+KH@BE§C+KSP£KSExWXN��5P�K�ef5K�E+C+KSE³=?D+N��+P���'FhD+E+FK�QABN Å Ù�@%E�È��D+FhKSE¯@%E�KS@BE+K�T�K�E+FhKbÉ�O�KSWºÊIÇHR�D+P©=?E�t
c K�E+C+D5E+F±FhKS>+P«�'ef�W�É�N�@BKSf+K©=?>+N�ef+E+@%W�W < IÄÃ�I < Ê�I

Ü whP�C+K�P�D+E+F ã�wQE+N�W�P«�Q@%E�W
 ��C��(WXKF�QABA%K�P�Á->+N�K�P�ËhK�P G2IÄÃ2IÄí

����ì��� ������������������ !��"$#�%

 o¾N�@%ef+K�P�R�D+NuWXK�A%ABKSE��+C���3U�'ABABK<Á->+N�KSP�ËQK�P�ËhwhE|C+KSP �=?E+C5K�P�D5E+FTá�wQW�@BR?FQK�E+who�o�K�E�f��Q>�K�Ei�5o�D43·È�D5P
Â�K�C5K�EµFhKSA%W�K�E��*C���3VK�P£N�@%efµ@BE�K�@%E+K�EÁ�iD5N�W)�'E+C¢>�KxÃ�E5C+KSWr@BE¢C5K�o ë ú'²�ÄOÿ�®BÄ�äºÆ ÃyÄèµé Fh@BAbW�I  oÅC+@BKSN
R�D}È�whP�C+K�P�E���o�D43|RSD+N���'W�R�A%@Bef§FhK�AbWXKSE���C���3|N�@Bef�C+K�P£�iD+NuW)�QE5C¯C+KSN - \[u�] ÎJÍ+ßºÍ�Ì(Þ�Ò�¥3Í ] ß c ��Qf+P�KSE+CC+KSN ÿYÄ�ìDë ®��èµé E5@BefxW���QE+C5K�P�W�I Ü whP�C5K�P�D5E+FhK�E��QE�C5@BK ë ú'²�ÄOÿ�®BÄ�äºÆ ÃyÄèµé f*��QE+FhKSEÊËhwhE§C+KSoÆyQwQE+y�P�KSW�K�E
É�P�w�Â�KSyxWv�Q>iI
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5468749;:=<?>A@B7?:kj�EJ��EGFIH�È�ÉMX?>?:�NÓ>= ? =NM<ËÊ?W498N?<MÐ4NM<�Z
\A] ÑHß9Í?^`_¸Ñ�Ð�ßºÍMÌ?�=�=f�n4c;§4hMhqp8r \A] Ñ�s
];\[u ßºÍMv[ß±1��j}[lOd�c�n�cMag�?k4¤Mc�ljnìxMx2}��Onyej±M¨ÖzÙ�V_ \ 1xß8s
�M�£�M��}4f�lPmÓc4eB}�cO� ÿYÄ�ìDë ®��èµé ��®�[oMo�c�}qf=h?h;cVf�oMo8�gi[eMegc;d8n4cg}
�M�£�M�°¦UÒ¹13Í+Î�¨�Í#Î¬eB}Óc4eB}4cg�°��j}=±4�gd;��cg}ÎÍg�[ojn4fg}=�Ro�c4eP}
�jk[o�c8d8��c;d�o;�M�;±4�gd?§4hMh�z��¥¸´�Ö�{e8o'1��O}=±4�gd���³���zºo�c�hg±��Jojn4f�n�c4�=�

Ð u Þ
�M�£�M�ÐÏ�c;d°Íg�[ojn4fg}=�£Ô[ejdM�¬k4c4ePk4cgm4f=hgn�cg}
o�c=hg±²�Jojn�f�n4c8Ú��=d=cq�qo�c�hg±��Jojn4f�n�c

� @BKvÈ�whA%FhK�E5C+K�E Ü whP�C5K�P�D5E+FhK�E�>�K�N�ef5P�K�@%>�KSEgC+@%K�=?P�>�KS@%WXN c KS@BN�K£C5K�P�P�K�NuWXA%@Bef+KSEgT�KSWXf5w2C+KSE�I

5468749;:=<?>A@B7?:kj�EJ��EJ��H�È�ÉMX?>?:�NâNY@B7�N�9£N(@B72Ñ=N? ?7=NM7kÊMW�98NM<?Ð�N?<49�Z
\A] ÑHß9Í?^`_¸Ñ�Ð�ßºÍMÌ?�=�=f�n4cqp8r \(] Ñ�s
];\[u ßºÍMv[ßw¦gk[o�c;dM��c;d�xMxÕ�M�=�=f�n4c¶zºoP�Mk x�14�j}[lOd=c;n�cMag�Mk�¤Mc�ljn[�¬_ \ 1xß;s
�M�£�M��}4f�lPmÓc4eB}�cO�qÌ=�=�=f�n�câe8oOn£�=c8dË¦UÒ¹13Í+Îª¨�Í+ÎÒÍg�[ojn�f�}=�
�M�£�M�µ°��j}=±��gd��V�YePnV�=cO�ÎÍg�[ojn4fg}=�V�=c�o Ì(ÞÕÒi¥3Í ] ß;o
o�c�hg±��{e8oQ1��j}=±4��d��=³���zÙoP�Mkì�JoOn�f�n4c��

5468749;:=<?>A@B7?:kj�EJ��E�Ì
\A] ÑHß9Í?^`_¸Ñ�Ð�ßºÍ´§8nMn�f�ljmRp8r \(] Ñ�s

�M�£�M�ÓmB}[ojn4fg}=i£���j}Ë1��MhMh8c�ljn[e;�O}Ó§M�M�
1��?hMh;c�ljnye;�j} f;�?�8��h;cO��cg}?n²�{eP}[ojn�fg}yl?egf�n�c�z
Ô fg�[p
f�1�h;f�oMo xbag�Mk4¤?c�ljn��·f�³?¨8�4cÍx´¦gk[o;c;d8��c;d��
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Observable
 attach(o:Observer)
 detach(o:Observer)

AddressBook
 notify()

Observer
 update(s:AddressBook)
 conforms(s:AddressBook): Boolean

AddressBookView

observers
0..*

context Observable::attach(o : Observer) post:
  self.observers->includes(o)
context Observable::detach(o : Observer) post:
  self.observers->excludes(o)

context Observer::update(s : AddressBook) post:
  self.conforms(s)

context AddressBook::notify() post:
  observers->forAll(o| o.conforms(self)) and
  self@pre = self
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`bk3Z3\u`!�f�g���õm � ZX_[`g\z��\z`r�¤qsku��qst�t�`bR��+Æ�ifkªorqskut � _aY[ZuY[`bkuiPRf�nmfYa`gZu`bkªorqskumf`gkuifRP���hYak3m �bif`gkuZ9\�`bYaRP`
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�F`bY[\u`bk3`!orifRf�y\zY[qsR � iP¥l��`ußjif`bRf�g`bR�mf`��rRfYa`gk3\b�Ê§@Y[`bZ3`-orifRf�y\uYaqsR�_aYa`�¥¨`bk9\�mPYa`���`�ßjif`gRf�¢mf`gk�QSRfmPYa�b`gZ
� _[_a`bk1�¤qsku��qst�t�`bRU`bY[Rf`bZ�£	_a`gt�`gRy\z`bZg�;§ � �bi �hYak3m�`gYaRf`���`ußjif`bRf� � _a_[`bk@QSRPmfYa�g`bZ�`bku�g`bif��\ªifRPm � R�¬
ZucedP_aYa`g�s`bRPm-m � k � ifZ4mfYa`hQSRfmPYa�b`gZFZ3`b_[`b�y\zY[`bk3\b� � R�mP`bku`gRÃàÊq�ZuY[\uYaqsR�m � ZF�s`gZuifcedy\u`+£	_a`bt�`bRy\4`bk3Zucedf`gYaRy\��

f®y¯f°s±�²N³�´�¯N±�µ4¶:9¤¶�eô¹���®s²=Ef®�ü=üP¼j¯�¼�´#¯�¼P° ;f»N¼?üP¼N¯j±P¼f°PÀ
Á�ÂyÃÅÄ#ÆNÇÉÈÊÃÌË�Ä#Æ ffïjÖjÖsÐPÑ¿Ò�âsï}ã â#ã=G�âyÑ�Ðf×7ØyÙÚÁ�ÂyÃ9Û

ÂsÁ�Ü?Ä�ÆjÝ�Ä!÷jÐyÓ�ÔfÐ�ã�Ñ�Ðõò=ÿ?ö�I?Izâ�ãCG�âyÑ�ÐP×�òuÐ I¢ÿ�ö Ix÷NÐyÓ�ÔfÐ�ã?Ñ�Ðõò�ç�ã�ÒPÐ�h�Ðsð�ö
ð�Ðf×#Ô�Ö¿Òåä ÷NÐyÓ�ÔfÐ�ã?Ñ�ÐPØ�û¸æjæz×�Ð�Ö�ê�èNîP×NâWÊ�ÐfÙ�èjîP×�ÐfÖsÐPÑ}ÒFò�â ó�×�Ð�Ö�êFæ=Õ�Ò¤ògâjö ä Ðfö
èjè7èjè¡V�â�Ð ç�ã=G�âXÊ�ÐP×øÕ�ã G�Ð�ãfÐ�ã G�ÕP× Í�ÎfÏNÐ��jÒ Ð
èjè7èjè â�ã GPÐsð ÷NÐyÓ�ÔfÐ�ãCÊ Ðsðr×jÑ��rÐfâ�ãNÒHæ

¦�`g\u�g\@� � RPR��s`�¥¨qskumf`gk3\p�H`gkumf`gR���m � �-`bY[RxZ3~?`g�bY{�rZucedf`gk@mfY[`bZu`gk^QSRfmPYa�b`gZ^`gRj\3¥¨`bk3Rj\p�hYak3m��?��qs_a_¸m � Z
`bk3Z3\u`w�¤qsk3��qst�t�`gRÉ`gRj\3¥¨`bk3Rj\��H`gkumf`gR��õZ3q�tXiP� H�ïN×�â#Ò�âsï}ã � i�¥ ê�â¿ðr×}Ò �s`bZ3`g\u�g\ª�F`bk3mf`bR��+Äpt m � Z
_a`�\z��\z`
�¤qsku��qst�t�`gR¢�bi�`gRy\u¥¨`bk3Rf`bR����hY[kum H�ïN×�â#Ò�âsï}ã � iP¥ ÖsÕP×}Ò �s`gZu`g\u�g\b�

f®y¯f°s±�²N³�´�¯N±�µ4¶:9¤¶��
Á�ÂyÃÅÄ#ÆNÇÉÈÊÃÌËPÄ�Æ#fPïjÖjÖsÐfÑ}Ò�âsï}ã ð�Ð¿ú�ï¿ìfÐ�irÖsÐ¿ú ÷NÐyÓ�ÔfÐ�ã?Ñ�Ð�Ø"H�ïN×Nâ}Ò�âsï}ã�ÙDÁ�ÂyÃ=Û

ÂsÁ�Ü?Ä�ÆjÝ�Ä!ÕgfPÖsÕP×N×�I?IBð�Ð�ú�ï¿ìPÐ�i�ÖsÐ¿ú òzÐ�ÖsÐ¿ú IxÕsÿNù�HfÐfö
È	Á�þgÄyÛ¤èjèøèNè,i�â#ã�	rï�ð��rï#újú�Ð�ãåìrï}ã Ð�ÖsÐ¿ú Ð�â}ð'GßÐ�ãNÒNê�ÐsðyãNÒHæ
Ã¨ÆyÄnâXG7ä ×�Ð�Ö�êHæuÑyïjÖjÖ�É�H�ð�ÐjèNîfâ�ã=G�âjÑ�ÐP×ßÞÌÜ
âWG�èjîf×NâWÊ�Ð î��øÞàÇ�ÈõÃÌÞÌÆNþ
×sÐ�Ö�êFæuÑjïjÖjÖsèjîf×NâWÊ�Ðßä ×�Ð�Ö�êFæuÑyïjÖNÖ�É�H�ð�ÐNèjîP×NâWÊPÐ è�û

ËrÜ5�
×sÐ�Ö�êFæuÑjïjÖjÖsèjîf×#ÔjÎf÷jÐjÓ�ÔfÐ�ã�ÑsÐõòbû�ü�âWG�èNî�H�ïN×�â}Ò�âsï¿ã è�ûsö�ä
×�Ð�Ö�êFæuÑyïjÖNÖ�É�H�ð�ÐNèjîP×#ÔjÎr÷jÐyÓ�ÔfÐ�ã?Ñ�Ðõò�û�ü�âWG�èjî�H�ïN×Nâ#Ò�âyï}ã�è ûyö

ËrÜ5�
×sÐ�Ö�êFæuÑjïjÖjÖsèjîf×#ÔjÎf÷jÐjÓ�ÔfÐ�ã�ÑsÐõò�âXGPèjî�H�ï�×Nâ#Ò?âyï}ãFü�×�Ð�Ö�êHæuÑyïjÖjÖyèjîP×NâWÊPÐfö ä
×�Ð�Ö�êFæuÑyïjÖNÖ�É�H�ð�ÐNèjîP×#ÔjÎr÷jÐyÓ�ÔfÐ�ã?Ñ�Ðõò
âWG�èjî�H�ïN×Nâ#Ò�âyï}ã ï�û�üU×�ÐPÖ�êFæuÑyïNÖjÖsèjîP×�âWÊ�Ð ï�ûsö

¡ _{\z`bk3R � \uY[v��biPtw�f_[qs�s`gR!£	Ry\u¥¨`bk3Rf`bR¢mP`bZM£	_a`gt�`gRy\zZ � ifZHmf`gk8�Hqs_[_a`bc�\zY[qsR�� � RfR � ifced¢m � ZH`m�P~P_aY{¬
�bY{\z`�d4|qsZ3cedf`bRxmf`bZl£	_a`gt�`gRj\uZM�s`g¥¨q�kumf`gk3\M�F`bkumP`bR���QSR(mfYa`gZu`bt o � _a_�tU|ifZ3Zu`gRxZ3`b_a�PZ3\uv�`bk3Z3\}|� Rfmf_aY[ced � _[_a`
�¤qsk3��qst�t�`gRnmf`bZl£	_a`gt�`gRj\uZhYaRnmf`bk1�Hqs_[_a`gcg\zY[qsR¢`bRy\3¥¨`bkuRy\l�H`gkumf`gR��
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f®y¯f°s±�²N³�´�¯N±�µ4¶:9¤¶�� ¹�� û®N°y½N¾�¼N¯�¼�´#¯�¼f°B;f»�¼güP¼N¯j±�°PÀ
Á�ÂyÃÅÄ#ÆNÇÉÈÊÃÌËPÄ�Æ#fPïjÖjÖsÐfÑ}Ò�âsï}ã G�Ð�ÖsÐ�ÒfÐ�irÖsÐ¿ú ØyÙÚÁ�ÂyÃ9Û

ÂsÁ�Ü?Ä�ÆjÝ�Ä!ÕgfPÖsÕP×N×�I?IKG�ÐPÖsÐ�ÒPÐ�i�ÖsÐ¿ú òzÐ�ÖsÐ¿ú IxÕsÿNù�HfÐfö
È	Á�þgÄyÛ
èjè7èjè,VfÕP× Í�ÎfÏjÐ��jÒ ây×¿Òøã?âjÑ��NÒøúrÐ���ð�â�ã�G�Ðsð�fPïjÖjÖsÐfÑ}Ò�âsï}ã�Ð�ãNÒ��fÕ�Ö�ÒPÐ�ã
×�Ð�Ö�êHæuÑyïjÖjÖyèjîjÐsërÑjÖ}Ô=G�ÐP×;òuÐ�ÖsÐ¿ú�ö7ËrÜ��
èjè7èjè,VfÕP× Í�ÎfÏjÐ��jÒ Ðsë�ây×}Ò�â�ÐyðyÒ7ã?âyÑ��NÒ úrÐ���ð
Õ�ÿNù�HrÐ¤æ=Õ�ÖjÖPç�ã�×}ÒPÕ�ã�Ñ�ÐP×�èNîjÐsërÑyÖ¿ÔCG�ÐP×ÊòuÐ�ÖsÐ�ú�ö

/10��10�� � 6=85  8;GHA 8;:3Ga£�<�>a�ñ¾¤G@OF8;G
� � RPcedf`_�Hqs_a_[`bc�\zYaq�RfZÊm |ifk3¥¨`gR�RNiPk¤£¤_[`bt�`bRy\z`F`bRy\zd � _[\u`bR���mfYa`F`bYaRP`1�?`gZ3\uYat�tª\z`F�H`bmPYaRf�siPRf�+`bk9¥ |if_a_[`bR��
£	YaRf`(Zuq�_acedf`�£¤Y[RfZucedPk#|� Rf�jifRP� � � RfR�Z3q}�Fqsdf_p~?q�ZuY[\uY[v � _aZ � ifcedDRf`g� � \uY[v ¥¨qsk3tXif_[Ya`bk9\��H`gkumf`gR��1QSt
`bk3Z3\u`bR�o � _a_	�hY[kumÉ`gYaRÚT-VXW ¡ iPZumfk3ifce�É�s`g�s`b��`bR��õmf`gk�¥¦|ifk � _a_[`-£	_a`gt�`gRy\z`-`gk3¥e|if_[_[\�Zu`gYaR tªif�f�;Yat
�g�F`bY{\z`gR o � _a_?`bY[R ¡ ifZumPkuifce����mf`bkM¥¦|ifkM��`bYaRx£	_a`gt�`gRj\h`gk3¥e|if_[_[\MZ3`bY[Rxm � k3¥=�

QSt �Hqst�~�qsZ3Y[\z`1�xiPZ3\z`gkF�hY[kum�mfYa`p£	YaRfZ3cedfk#|� RP�NiPRf�ªvsq�R¢£	_a`bt�`bRy\u`bR-��`bRjiP\u�g\Hift¢� � Ry\z`bR-�g�hY{¬
ZucedP`bR�`gYaRf�g`b_[Rf`bR��Hqst�~?qsRP`bRy\3¬���_ � ZuZ3`bR � ifZ3�bifZ3cedf_aY[`b�s`gR �¨ZuYa`gdf` � �ëÍ��ëê��ÎÍ��¦�
f®y¯f°s±�²N³�´�¯N±�µ4¶:9¤¶3µ ¹�;r»N¼güf¼j¯N±P¼ ¼�´�¯r°y½j¾�²cû³�¯=EN¼N¯�À

Á�ÂyÃÅÄ#ÆNÇÉÈÊÃÌËPÄ�Æ#fPïjÖjÖsÐfÑ}Ò�âsï}ã ð�ÐP×}Ò�âjÑ}Ò�âsï}ã Ø�Ðyë�H�ð�ÐP×N×Nâsï}ãFü êrÖsÕ�ìrï�ð�Ù�Á�ÂyÃ=Û
ÂsÁ�Ü?Ä�ÆjÝ�ÄófPÖsÕP×j× ÞÌÜ?á	Û
ÃÌÆyÄ¢Ñyï}ã�êrï�ð�ú�äåÑjïjÖjÖsèjîfÑyïjÖjÖsÐfÑ}Ò¤òuÐsëgH�ð�ÐP×j×�âsï}ã?ö�è�îjÕP×y÷jÐ�Ò ÞÌÜ
ÂsËrþgÆ7ò9êrÖsÕ�ìrï�ðßä þKH�ïN×�â#Ò�â#ìPÐ�þ¦öDÄ��¸ÆNÜ
Ñjï}ã�êfï�ðsú ä ÷jÐ�Ò�Ø#Ä"j��¸ÆÉÙ

ÆNÃÌþbÆ
Ñjï}ã�êfï�ðsú ä ÷jÐ�Ò�Ø�� ËrÃàþgÆÉÙ

ÆNÜ5�ÊÂsËrþgÆ
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ì Ya`�Z3Yaced��s`g�b`bY[��\�d � \b���?|qsRfRf`gRUvNY[`b_a`Xo�q�kumf`gkuifRf��`bRUmfYak3`b�y\�YaRÉT!VªW � iPZu�s`gmfk�|ifce�y\��H`gkumf`gR��5Äpt
�3`bmPq�ced(mfYa`�orqsk3mf`bk3ifRf��YaR¢`gYaRf`gk � _a_[�s`bt�`bY[Rf`bR!o�q�kut �¨ifR � �Pd¸|� Rf�sY[�XvsqsR(mf`gkl��qsRf�jku`�\z`gR ��Y{\zi � \uYaqsR
YaR(`bY[Rf`btÿà	kuq}�3`b�y\m�M�bi�¥¨q�kutXif_[Ya`gku`bR��ftXif�nT!VªW `gk3�F`bY{\z`bk9\^�F`bk3mf`bR���§ � ��`bY��hYak3m�`gYaR � �fZ3\uk � �y\z`gZ
�xqNmf`b_[_¤�s`b�s`g�?`gR��¸�H`g_acedf`gZXmfYa`���Y{\zi � \zYaq�R���`bZ3cedfku`gYa�P\ªYaRUmf`bk�`bYaRP`-orqsk3mf`bk3ifRf� � iP¥Å\zk3Y[\u\b�¸�H`bY4mf`gk|Äp��`bk9\zk � �sifRf��mf`gk^orqsk3mf`bk3ifRf� � iP¥.mfY[`���qsRf�jk3`g\z`���Y[\ui � \zY[qsR!�hYak3m�m � Z � �PZ3\zk � �y\z`§�xqNmf`b_[_ � iP¥	m � Z
�xqNmf`b_[_õmf`gk@��q�Rf�jku`g\u`bR ��Y[\ui � \zY[qsR � �f�s`b�PYa_amP`g\��ËÆ�ifZ�|� \z�g_aYaced �F`bk3mf`bR��+qsRfZ9\zkuiP�j\u`�`bY[Rf�s`g¥e|iPdfk3\b��mfY[`
`bY[Rf`X£	Y[R-,rif�sR � dft�` � i�¥¤mfYa`ªo�q�kutXif_[Ya`gkuifRf���giftLÆ�`gY[\u~fifRf�y\@mP`bk |Äl�?`gkuZ3`g\z�gifRf�n`bk3_ � iP�?`gR � ÂsËfþbÆ �
�BÁkj}ÆjËrÂ�� ���§@Ya`��s`�¥¨ifRfmf`gRf`bR�orqsk3mf`bk3ifRf�s`gRÉ� |qsRfRf`gR �biÉ`bYaRP`btô�sk3qs�s`bR�©Ê`gYa_¤t�Y[\�£	Ry\S�hifk3¥¨Z3tXifZ3\u`bk3R vs`bk=¬
�jR |if~P¥Å\H�H`gkumf`gR��r§ � ��`bY��hYak3m!m � Z � �fZ3\uk � �y\z`
�xq�mP`b_a_�¥ |ifk1mPYa`po�q�kumf`gkuifRf��`bR¢mfifk3cednm � ZM£	Ry\S�hifk3¥¨Z=¬
tXifZ9\z`gk1�s`b��`b��`bR��P§@Ya`1�¤`gku�jRõ|if~�¥¨ifRf��mf`bk1o�q�kumf`gkuifRf��`bR¢t�Y[\F£	Rj\S�hiPk3¥¨ZutªifZ3\u`bkuR(�fY[`g\z`�\M�biPZ#|� \u�b_aY[ced
mfY[`)� |qs�s_[Yacedf��`bY[\Mv�`bk9� � RPmP\z`ªo�q�kumf`gkuifRf��`bR(�bifZ � t�t�`bRP�biP¥ � Z3Zu`gR��

ì Ya`hZuY[ced��s`b�g`bYa��\Fd � \��sZ3YaRfm@�3`bmPq�ced�RfYacedy\ � _[_a`M£	Ry\S�hifk3¥¨Z3tXifZ9\z`bkFm � �gi��s`g`bY[�sRf`g\¤Z3Yaced�YaR�qs�fY[�s`bk
ì�`bYaZ3`F¥¨qsk3t � _aYaZ3Ya`gku`bR+�giX_ � ZuZu`gR�����q@�b`gYa��\u`FZ3YacedX�gift �H`bY[Zu~fY[`b_y¥¦|ifk;m � Z�à¤k3q"�=Ö7�xifZ9\z`gkb��m � �^mfY[`F`gYaR�¬
�b`g_aRf`gRªorqsk3mf`bk3ifRf�s`gR���mfY[`	Yat Æ�ifZ � t�t�`bRfd � Rf�Mt�Y[\�mfY[`bZ3`btT�xiPZ3\z`gk � iP¥Å\zk3`g\u`bR��#�gi�iPRj\u`bk3ZucedfY[`bmf_[Yaced
ZuY[Rfm��¸ift m � ¥e|iPk�`gYaRf` � _[_a�s`gt�`gYaRf`�orqsk3tXif_aY[`bk3ifRf�¢�bi��rRfmf`gR��.�Nq�mfY[`bRy\ªm � Z7à	kuq"�'Ö��xifZ9\z`bk��bift
�H`gYaZu~PYa`b_¸mf`gt vs`bk3�y|qs��`bk3\u`bR £	Y[Rf_a`gZu`bRxvsqsR�§ � \z`gR���mf`bk^«l`g~fk#|� Z3`bRy\ � \zYaq�Rxvsq�R RfYacedy\u_aqs� � _[`bR(§ � \z`gR
qNmf`bk � ifcednmf`bk8Æ�iP�skuYéÇ�Z3��qsRy\zk3qs_a_[` � i�¥õ§ � \z`bR��f§@Ya`pZuY[ced¢m � k � ifZ1`bk3�s`b��`bRPmf`bRxorqskumf`gkuifRP�s`bRn_ � ZuZu`gR
ZuY[ced�RPYacedy\¤ZuY[RfRyvsqs_[_ft�Y{\z`gYaR � RPmf`bkõv�`bk3�fYaRfmP`bR��?Ält�m � Z2à	kuq"�'Öw�xifZ9\z`gk¤\ukuq�\u�bmf`gt��bi�¥¨qsk3t � _[YaZ3Ya`bk3`bR
tU|if��\z`+`gZhYaRn©Ê`gYa_[tXifZ3\u`bk1¥e|ifkhmfY[`+`bY[Rf�b`g_aRf`gR ¡ ifZu~Pk#|� �siPRf�s`bRxifRy\z`gk3\z`gYa_{\M�H`gkumf`gR��

QSR�mPYa`bZ3`bt¢Æ�iPZ � t�t�`gRfd � RP�+YaZ3\ � ifced��bi�`bk3��|� dfRf`bR��ym � ��mfYa`horqsk3t � _aYaZ3Ya`gkuifRf�lmfY[`hoõ_a`m�PY[�fYa_[Y[\#|� \
YaR��s`g�hY[ZuZu`gt � � �s`ª`gYaRfZ3cedfk#|� RP�j\b���xY{\+£	Ry\S�hifk3¥¨Z3tXifZ3\u`bk3R�Z3YaRfm q�¥Å\ � _[\u`bk3R � \zY{vs`�d4|qsZuifRP�sZ � RPZ#|� \u�b`
qNmf`bk�� � k3Y � \uYaqsRf`gR�mf`bk��xqNmf`g_a_aY[`bk3ifRf�+�s`g�s`b��`bR��N§@ifk3ced�mPYa` ¡ �Pd |� Rf�sY[�s��`gY[\¤mf`gkHorqsk3tXif_[Ya`bk3ifRf�^v�qsR
mf`gt mf`bt¥�(ifZ3\u`bk¸�bif��kuifRfmP`b_aY[`b�s`gRfmf`gR4�xqNmf`b_[_ �g� |q�RfRf`bR)� � kuY � \zY[qsRf`gR@mfYa`	mPYa`bZ3`bZ��xqNmf`b_[_s�?`�\zk3`uÇ?`bR
RjifkhZucedy�F`bk^iPRj\u`bk3Z3\�|i�\z�g\p�H`gkumf`gR��

�N\ � \zYaZ3cedf`�orqskumf`gkuifRP�s`bRn`bY[�sRf`gR(Z3Yacedn��`bZuq�Rfmf`bk3Zp��iP\h�bifkhorqsk3t � _aYaZ3Ya`gkuifRf��YaR�T!VªWh�fmCÖNR � t�Y{¬
ZucedP`�ZuYaRPm Zucedy�H`gku`gk��gi ¥¨qskut � _[YaZuY[`bk3`bR��rQSRfRP`bkud � _a� v�qsRÉT!VªW � � RfR��bifk+orqsk3t � _aYaZ3Ya`gkuifRf��Zuq�_acedf`gk
orqskumP`bkuiPRf�s`bRÉRNiPk � iP¥1m � Z/.�ù ¶P°)�+qsRPZ3\zk3if�y\X�gifk�|ifce�j�s`g�skuYéÇ�`gR �H`gkumf`gR��Ê�F`b_[cedf`bZ�Y[RfRf`gkud � _[�Uv�qsR
� � cedN��`bmPYaRf�siPRf�s`bR�mfYa`��H`b�gif�sR � dft�` � iP¥õmf`bRyÆ�`bY[\u~fifRf�y\pmf`bZ ¡ iP¥¨k3iP¥¨Zl`bYaRP`bk��x`g\udfq�mP`�`gku_ � if�P\��
Äpt �b`bY{\z_[Yacedf` ¡ �f_S|� i�¥¨`¢�bi���`bZ3cedfku`gYa��`bR��¤�?|qsRfRP`bR��3`gmfqNced1032åW	¬S§@Y � ��k � t�t�`��?`gRjiP\z��\��F`bk3mf`bR

� ê
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� �N`�ßjif`bRP�b`bRN¬M�f��� �+qs_a_ � ��qsk � \uYaqsRPZumfY � �sk � t�t�`F�¦�
Äpt�`bYaRx¥¨qskut � _aY[ZuY[`bk3\u`bZl£	Ry\S�hifk3¥¨Z3tXifZ3\u`bk � iP¥¤`gYaR ��q�Rf�jku`g\u`bZ)à	kuq¿�3`g�y\ � Rf�biy�F`bRfmP`bR��¸tU|ifZuZ3`bR

Yatw�H`gZu`bRy\u_aYacedP`bR `bY[Rf` ¡ �f�fY[_amfiPRf��mP`bZ � �fZ3\uk � �y\z`gRè�xqNmf`b_[_aZhYaR(m � Zl��q�Rf�jku`g\u`Ú�xqNmf`b_[_�¥¨`bZ9\z�s`g_a`b��\
ifRfm�`gvs`gRy\zif`g_a_lt�Y{\��H`gY[\z`gku`gR,à � k � t�`g\z`gkuR�§@`bZuY[�sRf`gRj\uZucedf`gYamfiPRf�s`bR k3`7,r`g�y\zYa`gk3\��H`gkumf`gR��1§@ifk3ced
m � ZX¥¨q�kut � _a`©�xifZ3\u`bk�ZuY[Rfm�mfYa`¢�gifk�orqskut � _[YaZuY[`bk3ifRf�(`bk3¥¨q�kumf`gku_aY[cedf`bR]�HqsRPZ3\zk � YaRy\uZ��s`b�s`g�?`gR��¤§@Ya`|Äp��`bk3Zu`�\z�biPRf�+mf`bk+�HqsRfZ9\zk � YaRy\zZõ¥e|iPkÊm � Zõ��q�Rf�jku`g\u`8à	kuq¿�3`g�j\õ� � RfRXm � RfR��¿t�Y{\õ�lYa_{¥¨`4mP`bkõ¥¨`gZ3\z��`b_a`g��\z`gR
¡ �P�fYa_[mfifRf� � iP\uqst � \zY[Zuced¢`bk9¥¨qs_a��`bR��
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Äpt mfYa`�dfY[`bk+��`bZucedPkuYa`g�?`gRf`w�¤q�ku�s`gdf`bRfZ9�H`gYaZ3`�RjiP\u�b�fk3YaRf�s`gRfm � Rf�biy�F`bRfmf`gR��õtU|if��\u`�`bY[Rf`�£¤Y[Rj�fYaR�¬
mfifRP��Y[R `bYaR�~ � ZuZu`gRfmf`gZ©� ¡ �P£õ¬S©;q�qs_M`gk3¥¨qs_[�s`bR��	§ � ZÚ� ¡ �P£õ¬S©;q�qs_MZ9\z`g_a_[\Xm � RfR�m � Zr�xqNmf`g_a_1mf`gZ
ku` � _a`gR4à	kuq¿�3`g�y\z`bZõ�bifk��¤`gk3¥e|if��ifRf�f��Æ�ifZ#|� \z�b_[Yaced�tU|if��\z`H`gYaRf`Horqskut � _aY[ZuY[`bkuiPRf�1¥¦|ifkõ`gYaRf`FdfYaRPku`bY[cedf`bRPmf`
¡ RP� � df_�vsqsRn£	Ry\S�hifk9¥¨ZutXifZ9\z`gkuR�`gk3¥¨qs_[�s`bR���§@Y[`bZ4��|ifkumf`+mP`bt ¡ Ry�H`gRfmf`gkl`gku_ � if��`bR��N`bY[R!~ � Z3Zu`bRPmf`bZ
¥¨qsk3t � _[`bZ)�xiPZ3\z`gk�¥ |ifk�`bY[R�à	k3q¿�3`b�y\X�gi�� |� dP_a`bR�ifRfm�m � Z§�xq�mP`b_a_	mP`bZ4�(ifZ3\u`bkuZ � iP¥Mm � Z���qsRf�jku`¦¬
\z`ò�xqNmf`b_[_ � �P�bif�fY[_amf`gR��F§ � t�Y{\�� |qsRfRy\z`gRøY[R�`gYaRP¥ � cedP`bkwì�`bY[Zu` Z3YaRfRyv�qs_a_[`xifRPmD¥¨qskut � _M��q�kuku`g�y\z`
�HqsRfZ9\zk � YaRy\zZhY[R(m � Z_à¤k3q¿�3`b�y\l`bY[Rf�s`�¥ |if��\M�F`bkumP`bR��

QSt �H`gY[\u`bku`gRx��|� k3` � ifcedxv�qsR �H`gmf`bi�\zifRf�P�?mf`gR �H`gRjiP\z�g`bk^��`bY¸mf`gk/�¤`bk3¥¨`gYaRf`gkuifRP�-ifRfmx©Êk � RfZ=¬
¥¨qsk3t � \uYaqsRUmf`gZ�§@`bZ3Ya�sRfZ�Zuq �gi ifRy\z`gkuZ3\�|iP\z�g`bR��õm � � mfY[`©�+qsk3ku`b�y\udf`bY{\ªvsq�R �HqsRfZ3\uk � Y[Ry\zZª`gkud � _[\z`gR
�f_[`bYa��\���£	YaRf`�§@YaZ3�jifZuZ3YaqsR�|if��`bkl��qsk3ku`b�y\u`X©Êk � RfZ9¥¨qskut � \zY[qsRf`gRn¥e|iPkA032åW	¬S§@Y � ��k � t�t�`p�rRfmf`�\@ZuY[ced
�biPt �H`bY[Zu~fY[`b_�Y[R · d¸�Åâ È �Cä �

£	YaR4Æ�Y[`b_jmf`gk��¤`bk9�H`gRfmfifRP�@¥¨qskut � _a`gk��x`g\udfq�mP`bRXY[Z3\ÊmfYa`2�¤`bk3Y[�r� � \uYaqsR�vsqsRX£¤Y[�s`bRPZuced � ¥Å\u`bR�`gYaRf`gZ
�'ÖNZ3\u`bt�Zb�y§@iPkuced�mfYa`��¤`bk3�F`bRPmfifRf��mf`bk	dPYa`bkÊ~fkuq�~ � �sY[`bk3\u`bRX¥¨qsk3t � _a`bR7�xifZ9\z`bk	�hY[kum�YaRª`bkuZ9\z`gk2d¸Y[RfYa`
mfY[` orqskutXiP_aYa`gkuifRP�Uv�qsRøo�q�kumf`gkuifRf��`bR YaRD`gYaRf`gk¢orqskut(�4mfYa`xmfYa`gZu` mf`gkó�¤`bk3Y[�r� � \uYaqsRD�gif��|� RP�s_aY[ced
t � cedy\���`bk3_a`bY[cedy\z`bk9\���§ � �3`bmfqNced��giftÿÆ�`bY{\z~fiPRf�y\pmP`bZ@£	Ry\S�hifk9¥¨Z^`bY[Rf`bZh¥¨qsk3t � _[`bR#�xifZ9\z`gkuZ^Z3q#�HqsdP_
mfY[` � �fZ9\zk � �j\u`�o�q�kut mf`bkhorqsk3mf`bk3ifRf�f� � _aZ � iPcedò�Hd � k � �y\z`gkuY[Z3\zY[� � mf`bkMQSt�~f_a`gt�`gRy\zYa`gkuifRP�X�?`g� � RfRy\
ZuY[Rfm��#�?|qsRfRy\u`bRªt�Y[\�mf`bt¥�(ifZ3\u`bk � ifcedª�N\zk � \z`g�sYa`gR�¥e|iPk�`bYaRP`bR��H`g�F`bY[ZÊmf`gk;o�q�kumf`gkuifRf�hY[t7��q�Rf�jku`g\u`bR
à	kuq¿�3`g�y\pv�`bku�jRõ|iP~P¥Å\p�F`bk3mf`bR��
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· �/�/� á â � ä �+`gRj\-�H`gce���H«lq�R,�HkuqNce��`gkb�H]�`gk � k3m,�x`gZu� � kuqsZg�/¦ � t�`bZó�Hqs~f_[YaR��+d¸i�\z� §@q�t�Y[RfYace���
ork � Rfcb`gZ
à � if_aY[Zud�� � Rfm ¦�q�dfRò�@_[YaZuZ3ZuY[mf`bZg�^QSRfmfiPZ3\zk3Y � _;`���~�`bk3Ya`bRPcb`X�hY[\ud mf`gZuYa��R ~ � \3¬
\u`bk3RfZb�¤©;`bcedfRfY[c � _�k3`b~�qsk3\b�ã�Fâ�â � �

· �/��«_ácâ � ä oF���FifZucedft � RfR��s«����(`bifRfY[`bkg������«hqsdfRf`gk3\b��à;�s��q�t�t�`bk3_ � m�� � RfmÚ�����N\ � _ �=·Bª�çWª�Ó�°ML
µ%´�ùCö�ÓÔÓ�°�¶m¬CªON�ùCö�ÓÔÓ�°�¶m¬�µX¶�¨Õ°�¬SÓ�°:åÚªFµ%´mÓ®Ì�ö�¶P°�ö�¶PÑQP'¨¹Ó%°ÒÑ�Ó®¯=¶P°���ì Ya_[`uÖ��c�Fâ�â � �

· §8ìBâ È ä §@`gZut�qsRfm §SR���qsif� �Y� Rfm ¡ _ � RÞì Y[_a_[Zb�UT+VXW"°ÒÑ�Ó¹ªQY ² µZL�ùSµX¬Ë°�¬SÓ¹ªòö�¬ åJ[Ë¶Nö�Ló°�ÌJµX¶]\Fª^Ã¨¹Ó_P]«"`ba+õa÷cPS° ² ö�ÓKö�¸ çFª�¨�ª1·Jùgù ¶Òµ�ö'ÑQPN� ¡ mfmfY[ZuqsR�¬ÕìÉ`gZu_[`uÖs�ã�"â�â È �
· £��Åâ � ä ¡ RfmCÖ�£.v � RfZ � Rfm�©Êq�R?Öw�H_ � ku����o�q�ifRfm � \uYaqsRPZ	q�¥�\udf`_ÄpRfY{�r`bmó�xqNmf`b_[YaRf�)d � Rf�si � �s`��

QSRJd�¶PµFÑfe8µ%´4Ó_PS°hgg¬ åÃæ ²ji Nk['· ²jiHl µX¶�Ó_PS°�¶m¬H[5µX¶MLrö�¸m`�°�Ó_PSµ�åXªH^�µX¶]\FªQPSµÒùnYpo�¸q\X¸�°�ç�Y
«crsYtgvu�Nwg�x i °�ù Ó�°MLhV�°�¶Oy�z�z|{��c�Fâ�â � �

· ]���¦��
â � ä ] � t�t � ���l`b_[tx��¦�qsdfRfZ3qsR�� � Rfm4�@_aY[ZuZ3Yamf`gZb�~}7°Òª�¨���¬�d/ö�Ó®Ó�°�¶�¬Cª��J¸�°MLó°�¬SÓ¹ªaµ%´��8°�¯gª�ö�V�¸�°
T+VXW"°ÒÑ�Ó�N�TÅ¶m¨Õ°�¬SÓ%°:å i µ%´mÓÔÌ�ö�¶P°�� ¡ mfmfYaZ3qsR�¬ÕìÉ`gZu_a`�Ös� � � ZuZ � cedNiPZu`g\3\zZg���Fâ�â � �

· d;�Jâ È � ä �+`�v�Y[R)d � Rfq � Rfm7¦�i � Rª�FYac � kuku`g�sifYà�sorqskut � _[YaZuY[Rf�¤\zdf`�Äa��d�YaR�Z3\ukuifc�\zifk3`bm�\u`bt�~?q�k � _
\udf`bq�kuYa`gZb� QSR�� � Yat �+Ya_[q}v � Rfm��H`bk3Rfd � k3m�«lift�~�`��;`bmfY{\zqsk3Zb�td�¶PµFÑÒ°Ò°:å�¨¹¬��Xª i °ÒÑÒµX¬ å� ² TsTpd�^�µX¶]\FªQPSµÒù µX¬�dJ¶P°ÒÑ�¨�ªF°wæa°QPCö��F¨ÕµX¶Nö�¸ i °MLrö�¬SÓ®¨ÕÑÒªy±KÌ�¨¹Ó_P]ö�¬���L�ùnPCöXª�¨�ª µX¬TsT æ8¯gª�¨¹¬Ë°ÒªÒª i ùS°ÒÑ�¨ �ÅÑ:ö�ÓÔ¨ÕµX¬Cª�²¿�#~ � �s`bZ�� �g��� �FÍ=�s�#©;`bcedfRfY[Zucedf`8ÄlRfY[v�`bk3ZuY[\ |� \2� |ifRfcedf`gR��©8Ä��n¬SQ%â È �FêP�c�"â�â È �

· d;�Jâ È �Cä �+`�v�Y[R�d � RPq � Rfmò¦�i � R��HYac � kuk3`b�sifYà�JÄ���d ku`��rRf`bt�`bRy\ � Rfm � �fZ3\uk � c�\zY[qsRx\uk � RfZ9¥¨qsk9¬
t � \uYaqsRfZg�.©;`bcedfRfY[c � _�k3`b~�qsk3\b�ã�Fâ�â È �

· �ò�Åâ�â�ä d�ifY[Z4� � Rfmf`b_ � Rfm � � k��� � �@Yac�\zqsk3Y � �H`bRf� � ku_[`����@R \zdP`!`���~fk3`bZuZ3Y[v�`(~�q#�H`gkXq�¥h\zdP`q��N�3`bc�\McbqsRPZ3\zk � YaRy\H_ � Rf��i � �s`@�)�Åd	�;©Ê`gcedfRfY[c � _�k3`b~�qsk3\b�Porqsk3ZucedjifRf��ZuYaRPZ3\zY{\ziP\H¥¦|ifk � R�¬
��`g� � RfmP\u`ª�Nq�¥Å\S� � ku`�¬B©Ê`gcedfRfqs_[qs�sY[`ó�Ìo ¡ ��©7`��»�ª�Î�¦�ã�Fâ�â�âP�

· ��«p�Jâ È ä «hqs��`bk9\/�^�¿� � k3\uYaR���§@Yak3��«lY[`bdf_[`�� � Rfm!o�k � Rf���HifZ3cedft � RfR��<dÅö�ÓÔÓ�°�¶m¬bacö�¬���¯¿ö��'°Òª)µ%´
d�¶Pµ���¶Nö�L�}7°Òª�¨���¬r� ¡ mfmfY[ZuqsR�¬ÕìÉ`gZu_[`uÖs�ã�"â�â È �

· �¿����à á â�âXäª« � \uYaqsR � _-�Nq�¥Å\S� � ku`��4�xYacgkuqsZ3q�¥Å\��ª�p`g�h_[`g\3\3¬%à � ce� � kum����@k � cg_a`��ª�N\u`bku_[YaRf�ß��q�¥Å\S� � ku`��
���HQ1�'ÖNZ9\z`bt�dfqsiPZu`�� ÄlRfYaZ�Ö�Zg�fQ��M�
�T�Hqst�~fiP\zY[Rf�f��QSRj\u`b_[_aY¹�Hq�ku~��NYcd�qs�sY��?�PQ=�/���r�+�N¬
�3`gcb©MY[t�`��ãà	_ � \uYaRjift ©;`bcedPRfqs_aq���Ös�5à.\z`gced��¸© � Z3��qsR��Ê«h`bY[ced�©;`bcedPRfqs_aq��sYa`gZb� � RfmÉ��q�¥ ¬

�g�
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\u` � t(�Ã«�¬S¨ �Å°:å�`�µ�å'°�¸ ¨¹¬���acö�¬���¯¿ö��'°w±���°�¶Pª�¨ÕµX¬Hy�e�uu²¿�M« � \zY[qsR � _;�Nq�¥Å\S� � ku`4�Hq�ku~�qsk � ¬
\uYaqsR��S¦�ifRf`r�Fâ�â�âP�


