
HAL Id: inria-00070188
https://inria.hal.science/inria-00070188

Submitted on 19 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Towards a Concurrent Model of Event-based
Aspect-Oriented Programming

Rémi Douence, Jacques Noyé

To cite this version:
Rémi Douence, Jacques Noyé. Towards a Concurrent Model of Event-based Aspect-Oriented Pro-
gramming. [Research Report] RR-5838, INRIA. 2006, pp.11. �inria-00070188�

https://inria.hal.science/inria-00070188
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
58

38
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


Thème COM

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Towards a Concurrent Model of Event-based
Aspect-Oriented Programming

Rémi Douence — Jacques Noyé

N° 5838

Février 2006





Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 Rennes Cedex (France)

Téléphone : +33 2 99 84 71 00 — Télécopie : +33 2 99 84 71 71

���������
	��
�������������
�
����������	��������! #"������%$'&����(��	*)+�-,.���/�%$%01�324�����(��	
5 �3��67�3�98:8;24��6

<>=@?BA�C�DFE3G@H3IJG
∗ KMLON I@PQE3GJRTS�DVUF= ∗

WYX'Z\[^]9_�`badcfehgVikjlZ\[^]mion4pq[^[�r's'tun\vws@jxi
y{zlpw|k]4j}`}~�vJi�n\p

��vw����pJz�j��V]�zl]mnxX']mzlnxX']�sF�3�w�J�q�.cf�
�\�hzlt�]mz��w�q�J�7c��q����vq�q]�i

���
�m�\���'�q�q� WYX']{ /�q]\s@j�¡¢~�vJi�]���£oi���]�n¤j�¡�`}zlt�]msJjl]m�by{zlpq�Jzlvq[¥[^t¦s'�Y[^ph�']\§�¨© /£o`}y�ªQ[^vq«q]�i%t¬j(��p@i�i�t�~�§�]3jlpo�V]4­�s']{�Fpqt¦sJjxn4rVjxi
t¦sTj�]mz�[�iYpw®Mi�]m¯@r']\s�n4]miYpq®
]m�q]msJjxi�]\[^t�j�jl]m��~hg>j�X�]�~�vqi�]��'zlpq�qzxvw[T°MWYX']�n\r'z�zl]\s@jY®±pqzl[�vw§¦t�²�v�jlt�pJs�pq®(jlX']7[^ph�']\§Qzl]\§¦t�]�iYpqs
v�[^pqs'pJ§�t�j�X�t¦n¥]\s@jlt¬jkgJ³Qj�X�]�[¥pJs't�j�pqz�³Q´�X'tunxXµpq~�i�]\zl�q]�i�jlX']�]4¶V]mn\rVj�t¦pqsµpw®�j�X']�~�vqi�]¥��z�pJ�qzxvw[·vws��.]4¶V]�n4rVjl]mibj�X�]>vqn¤jlt�pJs�i
vJi�i�pVn4tuv�j�]��.j�p¸jlX']�[�v�jxnxX't¦s'�¹�Fpqt¦sJjxn4rVj�°ºWYX'tui�[^pV�V]\§�t¦i9s'pwj¥t�s@jlz�t¦s�i�t¦nmvw§¦§�gµi�]�¯Jr�]\s@j�tuvw§�~'rVj�t�jli�n4r'zlzl]\s@j�®±pqzl[�vw§¦t�²�v�jlt�pJs
®©v»�Jpqzxi-voi�]m¯@r']ms@j�tuvw§@��pJt�s@j3pw®'�ht�]m´7°(¼½s�j�X'tui
��vw�F]\z�³�´�]��'zl]mi�]\s@j
vos']\´�®±pJz�[�vq§�t¦²mvwj�t¦pqs7pw®� /£o`}y.vJiQ­�s�t¬jl]¾i�jlvwj�]¾�'z�pVn\]mili�]�i\°
WYX'tui�s�]\´¿®±pqzl[�vw§¦t�²�v�j�t¦pqs���v»�J]mi¾j�X�]�´¾v»g�j�p�zl]mvJi�pJs't�s��^vq~�pJrVjovqi��F]mn¤jxi�t¦s¹v�n4pJs�n4r'zlzl]\s@j�i�]\j�j�t¦s'��vqs���j�p�jlX']9�V]\­�s't�j�t¦pqs
vqs���t�[^�'§¦]\[^]\s@jxv�j�t¦pqs�pw®Mn4pJs�n4r�z�zl]\s@jY /£o`}yÀ§¦vqs'�qr�vq�q]�i\°
Á¸Â@ÃOÄ�Å�Æ ��Ç
�q� �'zlpq�Jzlvq[¥[^t¦s'�È§uvws'�Jr�vw�J]mim³�i�]m��vwzxv�jlt�pJsÉpw®¥n4pqs�n4]\zls�im³�]\�J]\s@j�¡Ê~�vJi�]��Évqi���]�n¤j�¡¢pJz�t¦]\s@j�]��À�'zlpq�qzxvw[^[^t¦s'��³
n\pqs�n\r'z�]ms@jY��z�pJ�qzxvw[^[^t�s'��°

∗ Ë�ÌkÍ¤ÎÐÏMÑ»ÏkÒ
Ó�ÔÐÕ�Ï�ÒQÑ»Ï{Ö(×xÕ\ØÙÏkÒ



� �Y�3� ��� 8;��	����\� �¾���������(�3������	�� �\�;,��3��67�3�98:8;���(2\��� ,T�7�����-,.���/�(�
� " � ����8;�����(24���\�

��� ���	� � ��
 v^�'z�pJ�qzxvw[^[�v�jlt�pJs>��vwz�vJi��F]mn4jliY�m�q�\s�]\[^]\s@j�t¦]\§ui7¨± �£o`}y�ª¾��]mz�[^]\j�§¦v^�V�\­�s't�j�t¦pqs¸�V]�n4pJr'�F]miY]\s�jl]\zl[¥]�i��V]
i��m¯@r']ms�n4]�i��
� �\�q�ms']\[^]msJjxi��\[^tui�]�i���vqz�§�]���z�pJ�qzxvw[^[^]b�V]7~�vqi�]q° 
 v¥®±pqzl[�vw§¦t¦ilv�jlt�pJs�vJn¤j�r�]\§¦§�]��VrT[^pV�VZ\§¦]�zl]\�FpJi�]7i�r'zor's']
]msJjlt¬jl�}[^pJs'pq§¦t¬jlX'tu¯Jr�]q³h§�]b[^pqs't�j�]mr'z�³h¯@r'tFpq~�i�]mz��J]�§�� ]4¶V��n4rVjlt�pJs��Vr��'z�pJ�qzxvw[^[^]��V]b~�vqi�]o]\j¾]\¶h��n4rVjl]}§¦]mi¾vqn4j�t¦pqs�i¾vqili�phn\t��m]mi
vqrV¶��Fpqt¦s@jlib�V]�n\pqr'�F]mi}�V�4jl]mn4j��mim°b_�]�[¥pV�VZm§�]9s�� ]�ikjb��vqiot�s@jlz�t¦s�i�Zm¯@r']\[^]msJjbi���¯Jr�]\s@j�t¦]\§¢³�[�vqt¦i}i�v^®±pJz�[�vq§�tui�vwj�t¦pqs¸vqn4j�r']m§�§¦]
®©v»�Jpqzlt¦i�]^r'sÈ�Fpqt¦sJj^�V]>�hr']�i��m¯@r']ms@j�t¦]\§¢°��}vqs�i9n\]4j¥vqz�jlt¦n\§�]J³(s�pqr�i9�'z���i�]ms@j�pqs�i7r's']>s�pqr'�J]\§¦§�]�®±pJz�[�vq§�tui�vwj�t¦pqs��
�  /£o`}y��
§�� vqt¦�']��V]��'zlpVn4]mili�r�i��^�4jlvwjliY­�s't¦im°Y_�]\j�jl]�s'pqr��q]\§¦§¦]}®±pJz�[�vq§�tui�vwj�t¦pqs�pqr'�hzl]�§¦v¥�qpJt�]��¥§�� �\j�r��']9�V]miovqi���]�n¤jlio�'vws�i�r's¸n\vq�'z�]
n\pqs�n\r'z�zl]\s@j�³'vwt¦s�i�tQ¯@r�� �¥§¦v^�V�\­�s't�j�t¦pqsT]4j�§uv¥[^t¦i�]7]\s�ph]\r'�hzl]��']7§¦vqs'�Jvq�q]mi� /£o`}y#n4pJs�n4r�z�zl]\s@jlim°
� Æ �m� Ä ��� � �¹� §uvws'�@vw�q]�i��V]¥�'zlpq�qzxvw[^[�v�jlt�pJsQ³�i��\��vwzxv�j�t¦pqs¸�V]�ib�'z��mpVn\n4r���v�jlt�pJs�i\³��'zlpq�qzxvw[^[�v�jlt�pJsT��vwz�vqi���]�n¤jxio�m�q�\s�]4¡
[^]\s@jlt�]m§¦im³'�'zlpq�Jzlvq[¥[�vwj�t¦pqs�n\pqs�n\r'z�zl]\s@jl]q°



���������
	�	
������������� �

�������(�����(�

����� �m� Æ Ç �
�w��� Æ � �

�! Â#" � Â � �$�Ù� �&%}�('() *

�  Â#" � Â � �$�Ù� �&%}�('()+� � �µ� Æ � ���-�»� Â � �(,¢�»� � Â@Å9Æ �.- /

*!0 ÆhÅ �V��Ç
�21 Æ � � �(�»� Â � �(%b�('3) 4

/ ��Â �Ù�V� Â Ç Å9Æ �.- 5

6 1 Æ � ��� �
�$� Æ � �
7

8 9 ���-�3��	����/�(24���

WYX'] �;:������=<?>A@.BC�ADE��BGFH�A���G<��&	�IJ�����K�ADL�;	M�
NO	M@OPQPRIS�TN ¨± �£o`}y�ª{[^pV�V]m§�´Yvqi/t�s't�j�tuvw§¦§¦g¥��z�]�i�]msJjl]m�^t¦sVUXW$YOvqs��^®±r'z�j�X�]\z/zl]4­�s']m�
t¦sZU [�³'��Y¢°3¼½s�j�X'tui¾[¥pV�V]m§Ù³Vt¦s��V]m��]ms��V]msJjY®±zlpq[ vqs@g>i��F]mn4t�­�nb�'zlpq�Jzlvq[¥[^t¦s'��§uvws'�Jr�vw�J]q³Jj�X']b�Fpqt¦sJjxiYpw®-t¦s@j�]mz�]�ikjYpw®(v�¨±~�vqi�]�ª
�'zlpq�Jzlvq[ ]4¶V]mn\rVj�t¦pqs¿¨±pqzL\ �OIS�]F^�OIS�H�=B t�s`_�ikjxvws��'vqzl�#a�£o`}y j�]mz�[^t¦s'pq§¦pq�Jg'ª9vqz�]�vw~�i�j�zxvqn4j�]m�Bvqi ��:��C�H�=B ]\[^t¬j�j�]��!�'r'z�t¦s'�
�'zlpq�Jzlvq[+]4¶V]mn\rVj�t¦pqsQ°¥WYX']^«q]mgT®±]mv�jlr'zl]�pq®/j�X�]¥[^pV�V]m§Mt¦i}j�X�v�j�vws�vqi���]�n¤j7n\vqsµvJi�i�pVn4tuv�j�]¥vwsµvqn¤jlt�pJs!¨Ùvqn4j�r�vq§�§¦g¹v�i�]\zlt¦]mi
pq®�vJn¤jlt�pJs�ilª}jlp¹v BC�
bC�H�C�c�A�2�?de�C:.�C�H�=B ³(zxv�jlX']\z�jlX�vws�jlp¹vws�t�s��Vt��htu�Vr�vq§/]\�J]\s@jm°�WYX'tui�[�vw«J]mi�t�j9��p@i�i�t¦~'§�]^jlp¸~'r't¦§¦���J]\zlg
]\¶h��z�]�i�i�t��J]�vqi���]�n¤jo§uvws��qr�vq�q]mi¾jlX�v�j�n\vqsTjlvw§¦«Tvw~FpqrVj�jlX']9X�t¦i�j�pJz�g�pw®3j�X�]9~�vJi�]7�'zlpq�Jzlvq[
]\¶h]�n4rVjlt�pJs¸~�]mgqpJs���j�X']¥vq�TX'pVn
fOg^hTiOj �Fpqt¦s@jln\rVjo�V]miln4zlt¦�Vj�pJzli¾pw®3£oi���]�n¤jAk�°
£o§¬jlX'pqr'�JX�j�X']�r�i�]{pw®hj�X�]Mj�]mz�[l_�]\�q]ms@jma
[�v»gb§�]�vq�bjlp�j�X']{j�X'pJr'�qX@jQjlX�v�j(j�X']{[^pV�V]m§JtuiQ´¾]\§¦§¬¡½vq��vw�Vjl]m�}j�p�jlX']�n\pqs�n\r'zlz�]msJj

vqs��¸�Vtuikjlz�t¦~'rVjl]m�¸´¾pqzl§¦�Q³'j�X�t¦iot¦ios'pwj}¯@r't�j�]9j�X']�n\vqi�]q°Y¼½s��']\]m�Q³�jlX']9[�v�jxnxX't¦s'��pw®{]m�q]\s@j���vwj�jl]\zls�i�tuio�V]�i�n\z�t¦~F]m�Tt¦s¸j�]mz�[�i
pq®bv.[¥pJs'pq§¦t�j�X'tun�[^pJs't¬jlpqz�³{´�X'tunxX X�vqi^vº�J§�pJ~�vw§¾�ht�]m´ pw®}j�X']T�'zlpq�Jzlvq[ ]\¶V]mn4r'j�t¦pqs ¨©t�snUXW�YÊ³/ /£o`}y t¦i¥zl]4®±]mz�zl]m��jlp�vqi
o ����IS�K�O	�<?>A@.BC�AD(�Q��� ª¤°OWYX']�[^pqs't�j�pJzozl]mn\]\t¦�q]mi�j�X']�]\�q]ms@jli�]m[^t¬j�j�]m�¹~@g�jlX']9~�vJi�]9�'z�pJ�qzxvw[
vqs��T]4¶V]�n4rVjl]mioj�X']¥vqi���]�n¤jlim°
WYX'tui�t�s�n\§�r��V]mi�[�v�jlnxX�t�s'�.~'rVj^vw§ui�p¹]\¶V]mn4r'j�t¦s'�¸j�X�]�vJi�i�pVn4tuv�j�]���vqn¤jlt�pJs�im°qp�]mz�]J³{n4pqs�n4r'zlz�]ms�n4g.t¦i�]4¶V�'§¦tun4t�j�§¦gµzl]mi�j�zltun¤j�]��sr
jlX']9~�vJi�]7��z�pJ�qzxvw[ n\vqs's'pqjo�'zlphn\]\]���´�X�]\sTj�X�]�[^pqs't�j�pJz�t¦i}vqn4j�t¦�q]q³�vw§�j�X'pJr'�qXTjlX']\gTvwzl]7n\vqi�]mi�´�X']\zl]�j�X'tui}z�]�ikjlz�tun¤jlt�pJs�tui
n\§�]�vwzl§�g>s�pwj�s']mn\]mili�vqz�g¹¨©§�]\j�r�i�n\pqs�i�t¦�']\z�v^i�t¦[^�'§�]�vJi��F]mn4jYj�zxvqn4t¦s'�¥j�X�]7]\�q]ms@jliYpw®(j�X']7~�vqi�]b��z�pJ�qzxvw[>ª¤°

`}s�jlX']�pJs']�X�vws��%³{vq§�§�j�X�t¦i¥[�vw«J]mi�t�j��Vtut>n\r'§¬j�j�p�n4pJ[9~'t¦s']> /£o`}y vws��Bn4pqs�n4r'zlz�]ms�n4gJ³Mv�j9jlX']�[^pV�V]m§¾§¦]\�J]\§¢³Mvws��
vµ®±pJz�jlt�pJz�t�vwj>j�X']¸t¦[^�'§¦]\[^]\s@jlvwj�t¦pqs#§¦]\�J]\§¢° £oi�v�z�]�i�r'§�jm³Yvw§¦§�jlX']¹ /£o`}y t¦[^�'§�]m[^]\s@jlvwj�t¦pqs�ivU �'³���Y}i�p�®©vwz>X�v»�q]T~�]m]\s
i�]m¯@r']msJjlt¦vq§Ù°ÈWYX�t¦i�t¦i¥r's'®±pqz�j�r's�vwj�]Tvqi�[�vwshg�t�s@jl]\zl]mi�j�t¦s'�.vq�'�'§¦t¦nmv�j�t¦pqs�i9pq®}£o`}y vqz�]�n4pqs�n4r'zlz�]ms@jm°�£�n¤j�r�vw§¦§�g�jlX']\gÈvqz�]
]m�q]\s¹�'t¦i�j�zlt�~�rVj�]��%³ ��wxNTw ³O�'t¦i�j�zlt�~�rVj�]��¸n4pq[^�Fpqs']ms@jliovqs��T´¾]\~¹i�]\zl�@tun4]�i\°¾¼½sTj�X�t¦ibn4pJsJjl]4¶hjm³�t¬jbt¦iot�s@jl]\zl]mi�j�t¦s'�^j�p>~F]9vq~'§�]�j�p
n\pqs�i�t¦�']\zYj�X�]�~�vqi�]7�'zlpq�Jzlvq[ vqi�v�n4pJ§�§¦]mn4j�t¦pqsTpw®Mn4pJs�n4r�z�zl]\s@j �A��P�F^�O�c�C�H�=B ³�´�X']\zl]7]mvJnxX�n\pq[^��pJs']\s@j�tui��V]�i�n\z�t¦~�]���~@g�t¬jxi
i�jlvwj�tunovws��>�Vghs�vw[^tun�t¦s@j�]\z�®©vqn\]mim³qt¢° ]J°�³@jlX']}i�t��Js�v�jlr'zl]mi{pq®Qt¬jxi/zl]m¯@r't¦zl]m��vws��^�'z�p��htu�V]m��i�]\zl�ht¦n\]mim³wjlpq�q]\j�X']mz/´�t�j�X�v7�'zlpwj�pVn\pq§
�V]�i�n\z�t¦~'t¦s'��³ht¦s>jl]\zl[^i¾pq®(i�]mz��htun4]}z�]�¯Jr�]mi�jli¾vws���z�]m�'§�t¦]mim³Jj�X']�t¦sJjl]\zxvqn4j�t¦pqs>pq®Qj�X']�n4pJ[^��pJs']\s@jY´�t¬jlX�t�jli¾]\sh�ht�zlpqs�[¥]ms@jb¨©i�]\]J³
®±pJz�t�s�i�jlvqs�n4]J³yU¦�m�V³^z�³Q����Y±ª¤°

`}s�jlX']opqj�X']mz�X�vws��%³Jj�X�]\zl]}vwzl]�[�vwshg�i�t�[^t¦§¦vqz�t�j�t¦]mi/~�]\jk´�]m]\s�jlX']} �£o`}yÈ[^ph�']\§%vws���vws>vqi�ghs�nxX'zlpqs'pJr�i{n\pqs�n\r'z�zl]\s�n4g
[^pV�V]\§¢°|{YvJi�tun\vq§�§¦gq³�j�X']mz�]¥vwzl]�~�pqj�X¹t¦s@j�]mz�]�ikjl]m�¸t¦s¹]4¶V]�n4rVjlt�pJsTj�zxvqn4]�i\°}£�n¤j�r�vw§¦§�g�j�X']¥[^pV�V]\§¦t�s��>pw®MjlX']9]\¶h]�n4rVjlt�pJs¹pw®MjlX']
~�vJi�]���z�pJ�qzxvw[�vJi{v7i�]�¯@r']\s�n\]�pw®%]\�J]\s@jli/�Vt�zl]mn4j�§¦g9§¦]mvJ�'i3j�p�j�X']�zl]\��z�]�i�]msJjxv�jlt�pJs�pq®FjlX'tui{�'zlpq�Jzlvq[ vqi{vbjlzlvqs�i�t�j�t¦pqs�i�gVikjl]\[T°
£o§¦i�p�³�vqi��F]mn¤j>n\pq[^��p@i�t�j�t¦pqs#vqs��B��v�j�jl]\zls#n4pq[^�FpJi�t¬jlt�pJs!vqz�]T]\¶h��z�]�i�i�]m� r�i�t�s'��pJ��]mzlvwj�pJzli�¨©i�]m¯@r']ms�n4]J³YnxX�pqtun4]q³���vwzxvw§¦§¦]\§
n\pq[^��p@i�t�j�t¦pqsFª¾´�X't¦nxX�§¦p@pJ«>�q]mz�g�[�r�nxXT§�t¦«q]7n\pqs�n\r'z�zl]\s�n4g�pq�F]\zxv�jlpqzxi\°

WYX'tui�i�j�zlpqs'�J§�gÈi�r'�q�J]mi�jli�j�pÈn\pqs�i�tu�V]\z^zl]mn\vJikjlt�s��ºjlX']¸ /£o`}y1[^ph�']\§�t¦sBjl]\zl[�i^pw®7vwsÀvqi�g@s�nxX'z�pJs'pqr�i�n\pqs�n\r'z�zl]\s�n4g
[^pV�V]\§¢°{WYX'tui�´¾pqr'§u��X�v»�q]�v�shr'[�~�]mz�pw®
~�]ms']4­�jli$r

} ehr�nxXºv�[^ph�']\§¢³O�']4­�s']��¹r�i�t¦s'��v�´�]m§�§�¡¢«hs'p�´�sT®±pJz�[�vq§�tui�[T³F´�pJr'§u�¸~�]¥]mvJi�t¦]\zoj�p��qzxvqi��¹vws��¸]\¶hj�]\s��%³O®±pqz}t�s�i�jlvqs�n4]J³
z�]m§¦vw¶Vt�s'��i�pq[^]¸pw®bj�X']¹i�ghs�nxX'zlpqs't¦²mvwj�t¦pqsÀn4pJs�ikjlzlvqt�s@jxi�~F]4jk´¾]\]ms!j�X']¹~�vqi�]���z�pJ�qzxvw[ vws��BjlX']¹vqi��F]mn¤jxi>n4pJr'§u� ~F]
n4pJs�i�tu�V]mz�]��%°

} ¼Êj}´¾pqr'§u��~�]���p@i�i�t¦~'§�]�j�p�vq�'�'§¦g�v���vqz�t¦]4jkg�pw®{ikjxvws���vwzx��j�phpq§ui�vws���j�]mnxX�s't¦¯@r']�i9¨Ùvws't¦[�v�j�t¦pqs-³�[^pV�V]\§�¡½nxX']mnx«ht¦s'��°m°\°lª
j�p^ /£o`}yÀ[^pV�V]\§ui\°

} WYX']b[¥pV�V]m§O´�pJr'§¦�>�qt¦�q]o�Jr'tu�V]\§¦t�s�]mi/®±pqz¾~'r't¦§¦�Vt¦s'�^n4pJs�n4r'zlzl]\s@j}¨©vqs����'t¦i�j�zlt�~�rVj�]���ª�t�[^�'§¦]\[^]\s@jxv�j�t¦pqs�i/pq®Qj�X']b[^pV�V]\§¢°
WYX'tui¥��vw�F]\z^�V]�i�n\z�t¦~�]�i9pJr'z�­�zli�j¥vwj�jl]\[^�Vj^j�p��Vp.i�p�°�¼Êj�n4pJs�i�tu�V]mzli�j�X']�~�vqi�tun� /£o`}y [^ph�']\§�vqi¥�V]miln4zlt¦~�]���t�s~U [�Y

vqs��¹i�X'p�´�i�X'p�´¿jlX']�~�vqi�]��'zlpq�qzxvw[�im³Vj�X�]¥vJi��F]mn4jlim³Fvqs��Tj�X�]9[^pqs't�j�pJz}nmvws¹~F]9]ms�n4pV�V]��¸t�s.v�i�t�[^�'§¦]9�'zlpVn4]�i�i}n\vw§un4r�§�r�im°
WYX'tui7�'zlpVn4]�i�i7nmvw§un4r'§¦r�i�tui�vTi�r'~�i�]\j�pw®¾�Mehy ¨Ù�
t�s't�j�]�e@jlvwj�]�y{zlpVn4]mili�]mixª�U¦�m��Y¢³(´�X't¦nxX�[^]mvqs�ibj�X�v�j7j�X�]>vqili�pVn4tuv�jl]m�¹j�phpq§¢³

��� �H�������
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 vw~F]\§¦]m�µW(zlvqs�i�t�j�t¦pqs�ehgVikjl]\[d£os�vw§¦gh²\]mzxª}n\vqs.�Vt¦z�]�n¤jl§�g¹~F]^r�i�]m�¸jlp¸vws't¦[�v�j�]�j�X�]¥[^pV�V]m§¦im³Q[^pV�V]\§�¡ÊnxX�]mnx«Tj�X�]\[T³
vqs��Tn4pq[^�'r'j�]bj�X']�n\pqzlz�]�i��Fpqs��Vt�s���§uvw~F]\§¦]m��j�zxvws�i�t�j�t¦pqsTi�gVi�j�]\[�im°

WYX']o��vw�F]\z�t¦i�ikjlz�r�n4j�r'zl]m��vJiM®±pJ§�§¦p�´�i\°3eh]mn4j�t¦pqs��7�']miln4zlt�~F]mi/pqr'z/i�jlvqz�jlt�s�����pJt�s@j�³@v7~�vqi�t¦n�_�i�]�¯@r']\s@j�tuvw§ua� /£o`}yÈ[^pV�V]\§¢°
eh]�n¤jlt�pJsº��i�X'p�´�i�X'p�´ ¨©~�vqi�]�ª��'z�pJ�qzxvw[�i�vqs��¹vqi��F]mn¤jxi�]\¶h��z�]�i�i�]m�Tr�i�t¦s'��j�X�t¦ib[^pV�V]\§3n\vqs¸~�]�]\s�n\ph�']m�¸t¦s@j�p>­�s't¬jl]�i�jlvwj�]
�'zlpVn4]�i�i�]mim°Beh]mn4j�t¦pqs [.´¾]mvq«q]\s�i�jlX']¸i�ghs�nxX'zlpqs�t�²�v�j�t¦pqs�t¦[^��p@i�]��B~hg�jlX']���z�]m�@t¦pqr�i�]ms�n4pV�Vt¦s'�µt�s pqzx�V]\z�j�p��J]4j�v¹®±r'§¦§¦g
n\pqs�n\r'z�zl]\s@j��q]mzli�t¦pqs>pq®
 /£o`}y3°�eV]mn¤jlt�pJs¹���'t¦iln4r�ili�]miYzl]\§uv�j�]���´¾pqzl«>vws���i�]mn4j�t¦pqsT�¥n\pqs�n\§�r��V]mim°
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WYX']�pJz�t¦�qt¦s�vw§��q]mzli�t�pJs>pw®( /£o`}y!n\pqs�i�tu�V]\zxi/i�]m¯@r']msJjlt¦vq§O�'z�pJ�qzxvw[�i{pJs'§¦gq°M£ i�]m¯@r']ms@j�tuvw§F�'z�pJ�qzxvw[ n\vqs>~F]b[^pV�V]m§�]��>~hg�t¬jxi
i�]4j�pq®-j�zxvqn\]miYt¦s�j�X']�®±pJ§�§¦p�´�t�s��¥i�ghsJjxv�¶sr

S ::= µs.(e1 → S1| . . . |en → Sn)
| s
| Stop

£ i�]m¯@r']msJjlt¦vq§Q�'zlpq�Jzlvq[ t¦i�n\pq[^�FpJi�]m��pw®Mi�]�¯@r']\s�n\]miYpq®
]\¶h]�n4rVjlt�pJsT]\�q]ms@jli
e → S

³'~�zlvqs�nxX']mi
e1 → S1|e2 → S2

³�vws��
§¦phpq��i

µs.(e → S) � °¹£ i�]�¯@r']\s�n\]��V]\­�s't�j�t¦pqsÈ]ms��'i�~hg�|kr'[^�'t¦s'�¹jlp¸j�X']�~�]m�qt¦s's't¦s'�¹pq®�v¹§�phpq�É¨©tÙ° ]q°¦³Mv¸§uvw~F]\§
s
pq®¾jlX']

zl]mn\r'zli�t¦pqs�pJ��]mzlvwj�pJz
µ
ª¾pJz�~hg>X�vw§�j�t¦s'�¸¨±t¢° ]q°¦³

Stop
ª4°

��pqz�t¦s�i�jlvws�n4]q³(§�]\j9r�i�n\pqs�i�tu�V]\z9v¸i�]m¯@r']ms@j�tuvw§M�'zlpq�Jzlvq[·j�X�vwj�[^ph�'t¬­�]�i7­�§¦]mi�¨©vqi9i��F]mn\t¬­�]���~hg¹j�X�]>]4¶V]mn\rVj�t¦pqs�]m�q]\s@j
j�������� ª4³-]\t�j�X�]\z�´�t�j�X't¦s�pqz9pqrVjxi�tu�V]>pq®¾´¾pqzl«ºi�]mili�t¦pqs�i�¨Ù�V]\§¦t¦[¥t�j�]���~hg h i������ vws�� hTi��^i���� ª4°�ehr�nxXÈvT�'zlpq�Jzlvq[dn\vqsµ~F]
[^pV�V]\§¦]m�TvJiCr

µs1. (login→ µs2.(write → s2|logout→ s1)
|write→ s1)

 {t�j�X�]\z}j�X']mz�]�t¦ibv>i�]mili�t¦pqs�j�X�v�jbn\pqs@jlvqt�s�i�­�§¦]9[^pV�Vt�­�n\vwj�t¦pqs�i�¨ ­�zxikjb§�t¦s']»ª¤³Fpqz�jlX']\zl]�vqz�]�­�§�]�[¥pV�Vt�­�nmv�j�t¦pqs�i�pqr'jli�t¦�V]�pw®/v
i�]mili�t¦pqs-°3WYX�]mi�]}jk´¾p^��v�j�j�]mz�s�i�nmvws�~�]7zl]\�F]mvwj�]���vqs��Tvw§�j�]\zls�vwj�]m��vwsTvwzl~'t�j�zxvwzlg^s@r�[9~F]\z�pq®-j�t¦[^]mim°

 /£o`}yBt¦i¾v�i�]m¯@r']\s@jlt¦vq§�[^pV�V]\§�®±pqz�vJi��F]mn4j�¡Êpqzlt�]ms@j�]m�^��z�pJ�qzxvw[^[^t�s'��~�vJi�]��^pqs�]\¶h]�n4rVjlt�pJs>]\�J]\s@jlim°3WYX']�~�vJi�]���z�pJ�qzxvw[
]\¶h]�n4rVjlt�pJs�]\[^t�jli�]\�q]ms@jlim°
£}i��F]mn4jli{[^pJs't¬jlpqz/j�X']�~�vqi�]��'zlpq�qzxvw[�]4¶V]mn\rVj�t¦pqs>vqs��¥j�zlt��J�q]mz{vq�V�htun4]�]\¶h]�n4rVjlt�pJs�´�X']\s>v��qt¦�q]\s
i�]m¯@r']ms�n4]�pw®3]\�J]\s@jliYtui��V]\j�]mn4j�]��%°M /£o`}y#�'zlp��ht¦�V]�iYv¥i��F]mn4tuvw§¦t¦²\]m��§uvws'�Jr�vw�J]

A
jlp^�']4­�s']�vJi��F]mn4jli$r

A ::= µa.(e1 . S1; A12 . . . 2en . Sn; An)
| a
| Stop

WYX']�ikjlz�r�n4j�r'zl]�pq®/vws¹vqi��F]mn¤j}t�s
A
�V]4­�s�]mibi�]�¯Jr�]\s�n\]mi�pq®{]4¶V]mn\rVj�t¦pqs¸]m�q]\s@jxi�j�p�~�]�[^vwjlnxX']��%³�X�]\s�n\]�n4§¦pJi�]\§¦g>®±pJ§�§¦p�´�i

jlX']>ikjlz�r�n¤j�r�z�]^pw®�vTi�]�¯@r']\s@j�tuvw§M��z�pJ�qzxvw[·t¦s
S
³Q´�t¬jlX�z�]�n4r'zxi�t�pJsQ³Qi�]�¯@r']\s�n\]mi�¨©pq�F]\zxv�j�pJz

;
ª4³(nxX'pJt¦n\]mi�¨±pJ��]mzlvwj�pJz

2
ª¤³(vqs��

X�vq§¬jlt�s��>¨±pq�F]\zxv�jlpqz
Stop

ª¤°3£#s']\´ ®±]mvwj�r'zl]Yt¦iMj�X�vwj�vws^vq�V�htun4]
Si

³@´�X't¦nxX^tuiMvws�vwzl~'t�j�zxvwzlt�§¦g�n4pJ[^�'§�]\¶¥i�]m¯@r']msJjlt¦vq§V�'zlpq�qzxvw[T³
tui�vqili�phn\t¦vwj�]���j�p^]�vqnxX�]\�q]ms@j

ei

³Vr�i�t�s'�¥jlX']7pq�F]\zxv�jlpqz
.
°{WYX']�t¦s@j�r't�j�t¦�q]7[^]mvqs't¦s'�^pw®

ei . Si

t¦iYjlX�v�j�t�®
ei

[�vwjlnxX']�i\³hjlX']\s
jlX']�vq�V�htun4]

Si

i�X'pqr�§¦��~F]7��]mz�®±pJz�[^]m�Q°
£��V�htun4]�i

Si

vwzl]9vwzl~'t�j�zxvwzlt�§¦g�n\pq[^�'§¦]4¶¸i�]�¯@r']\s@j�tuvw§(�'zlpq�qzxvw[�iYjlX�v�j�n\vqs¸phnmn4r'zbv�jb]\�q]mz�gTi�j�]\�ºpw®Mj�X�]�i�]m¯@r']\s�n4]mim°o��pqz
t¦s�i�jlvws�n4]q³V§¦]4j�r�i�n\pqs�i�tu�V]\zYv¥~�vqnx«hr'��vqi���]�n¤j¾j�X�vwj�n\pq[^[^t¬jY­�§¦]�[^ph�'t¬­�nmv�jlt�pJs�i¾t�sTv¥�q]\zxi�t�pJs't�s��9i�gVi�j�]m[ ~'rVj�pqs�§�g>´�t�j�X�t�s
v�i�]mili�t¦pqs-°
WYX'tui�vJi��F]mn4j�nmvws�~�]��']4­�s']��Tvqi¾®±pq§¦§¦p�´�iCr

µa1. (login . Stop; µa2. (write . cvs  ci → Stop; a2

2logout . Stop; a1))

�
t¦zli�jm³�j�X�]/vqi���]�n¤j-´Yvwt�jli%®±pqz%jlX']{~F]\�qt¦s's't¦s'��pq®'v�i�]�i�i�t�pJs�¨±t¢° ]J°�³�vws�]m�q]\s@j hTi������ ª4°"!#X']\s�jlX'tuiQX�vq�'��]ms�im³mjlX']/n\pqzlz�]�i��Fpqs��'t�s'�
]m[¥�'jkg9vq�V�htun4]

Stop
tui
]4¶V]mn\rVj�]���vqs��7jlX']¾vJi��F]mn4j
s�p�´È´¾vqt¬jxiQ®±pJz3]\t�j�X']mz3vo­�§¦]�[^pV�Vt�­�n\vwj�t¦pqs�¨±t¢° ]J°�³qvqs9]m�q]\s@j j��#���$� ªOpqz
jlX']

]ms��Tpw®3j�X�]9i�]�i�i�t¦pqs�¨±t¢° ]J°�³OvwsT]\�J]\s@j hTi��
i���� ª¤°%!#X�]\s¹v¥­�§¦]�tui�[^ph�'t¬­�]��%³'jlX']9n\pqzlz�]�i��Fpqs��'t�s'��vJ�V�ht¦n\]q³
cvs  ci → Stop

³
�J]\zxi�t¦pqs�ioj�X�]�­�§�]J³%j�X']msµj�X']�vqi��F]mn¤j�´Yvwt�jli}®±pqzbj�X�]�s']4¶hj7[^ph�'t¬­�nmv�jlt�pJsºpqzbjlX']^]\s��.pw®�j�X']�i�]mili�t¦pqsQ°&!#X']\s.j�X']�i�]mili�t¦pqs
]ms��'im³Vj�X']�vJi��F]mn4j�´¾vqt¬jxi¾®±pqzYj�X�]7s']4¶hj�pqs�]q°

WYX'tui
vqi���]�n¤j(�J]\zxi�t¦pqs�i%[^ph�'t¬­�nmv�jlt�pJs�i%jlX�v�j3pqs'§¦gbphnmn4r'z3�Vr'zlt¦s'�ovoi�]mili�t�pJsQ°-�'pJz-t¦s�i�jlvws�n4]q³�§¦]4j
r�i
n4pqs�i�tu�V]\z-j�X']/®±pq§¦§�p�´�t¦s'�
]\¶h]�n4rVjlt�pJs�j�zxvqn4]bpw®Mv¥~�vqi�]��'zlpq�qzxvw[ r

login→ write→ write→ logout→ write→ Stop
')( ÕoØ+*�Ï%,�Í¤ÎÐÎÐÍ.--ÔÐÕ�/�01,�Í32QØ4*»Ï{ÒÊ×65¤ÏMÍ6,$2©Ï�×xÑ�×67»ÔÐÎÐÔ Ø98:0;-%ÏMÒÙÔ=<�>»ÎÐÔ ,?8 µs.S ØÙÍ S -@*»ÏkÕ s Ñ»Í\Ï�Ò-Õ»ÍxØ(ÍmÌkÌBA�2�,C2©ÏkÏMÔÐÕ S D
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t¦�qr'zl]�� r 
 W�e�®±pqzYj�X�]E{¾vJi�]by{zlpq�Jzlvq[����

WYX']�j�X�t�zx�È[^pV�Vt�­�n\vwj�t¦pqs ¨©tÙ° ]q°¦³ j������$� ]\�J]\s@jxª��Vph]mi¥s'pqj¥pVnmn4r'z¥~�]\jk´�]m]\s!v hTi��#��� vws�� v hTi��^i���� ³Mi�p.t¬j�´�t¦§�§Ys'pqj¥~F]
zl]\�Jt¦i�j�]mz�]��ot¦s�j�X']/�q]\zxi�t�pJs't�s��¾i�gVikjl]\[T°@!#X']msbj�X'tui%jlX't�zx��[^pV�Vt¬­Fn\v�jlt�pJs�X�vw�'�F]\s�i\³mj�X']�vqi���]�n¤jQtui%´¾vqt¬jlt�s��Y®±pqz%jlX']M~�]m�qt¦s's't¦s'�
pq®3v¥s']m´¿i�]mili�t¦pqsµ¨±t¢° ]J°�³ h i������ ª¤°

{Yvqi�tun\vw§¦§¦gq³/ �£o`}y t¦i>i�]m¯@r']ms@j�tuvw§¢°É¼Êj��'zlp��ht¦�V]�i^v�n4pqzlpqr'j�t¦s't�s��µ[^]�nxX�vws'tui�[ ~F]4jk´¾]\]\s!jlX']¸]4¶V]mn\rVj�t¦pqsÀpq®}jlX']¹~�vJi�]
�'zlpq�Jzlvq[ vws���j�X']Y]4¶V]�n4rVjlt�pJs�pq®'j�X']�vJi��F]mn4jlim°-¼ÊjliMi�]\[�vqsJjlt¦nmi
X�vqi
~F]\]\s^�V]\­�s']m��t¦s2U [�Y'~�vJi�]���pqs^vbi�[�vw§¦§Vikjl]\�¥pq�F]\zxv�jlt�pJs�vw§
i�]\[�vws@jlt¦nmi�pw®YjlX']>~�vJi�]>��z�pJ�qzxvw[dvqs���v¹i�]m¯@r']\s@j�i�gVikjl]\[ t�s�pJzl�']\z7jlp¹§�]\j9jlX']>[^pqs't�j�pJz9t¦s@j�]\zl§¦]mv»�q]�vJ�V�ht¦n\]>]4¶V]mn\rVj�t¦pqs
´�X']ms�v¸i�]�¯Jr�]\s�n\]¥pq®Yi�[�vw§¦§{ikjl]\��i�t¦i7[�vwjlnxX']��%°>WYX'tui7�'zl]\�ht�pJr�i�´¾pqzl«T®±phn\r�i�]mi7pJsµvJi��F]mn4jli7t¦s@j�]\zxvqn4j�t¦pqsµ�V]4jl]mn¤jlt�pJs�vws��
zl]mi�pq§¦rVj�t¦pqs r(´�X']ms�jk´¾p9vqi���]�n¤jxi/[�v�jxnxX�j�X�]}ilvw[^]}i�]m¯@r']ms�n4]J³qjk´¾p9vq�'�@tun4]�i/[�r�i�j�~F]ot¦sJjl]\zl§�]�v»�q]��^´�t¬jlX�j�X']b~�vJi�]���z�pJ�qzxvw[
vwjoj�X�]9�q]mz�g�i�vq[^]�]4¶V]mn\rVj�t¦pqs¸�Fpqt¦s@jm°�¼½s¹j�X'tui}nmvqi�]q³�j�X']¥i�]�¯Jr�]\s@j�tuvw§
n4pq[^�FpJi�t¬jlt�pJs¸pw®3j�X�]�vq�'�@tun4]�i�tuios�pqsV¡½�V]4jl]\zl[^t�s'tui�j�tunw³
´�X'tunxXTz�]�¯@r't�zl]mi�i�r'�'�Fpqz�j�®±pqz�]\¶V�'§�tun4t�jon4pJ[^��p@i�t�j�t¦pqs�~�]mgqpJs���pqzx�V]\zlt�s���° !.]9s'p�´É®±pVn4r�i�pqs¸n4pJs�n4r�z�zl]\s�n\g>vws��Ti�X'p�´ X�p�´
i�]m¯@r']msJjlt¦vq§O /£o`}y nmvws�~F]�]\s�n\pV�V]m��t�s�v�n\pqs�n\r'z�zl]\s@j¾´�pJz�§u�%°3WYX't¦i¾��v»�J]mi/j�X']b´Yv»g�jlp¥i�j�r��Vght�s'�^n4pJs�n4r�z�zl]\s@j��J]\zxi�t¦pqs�i{pw®
 /£o`}yÀ~hg�zl]\§¦]mvJi�t¦s'�^i�pJ[^]�i�ghs�nxX'zlpqs't¦²mvwj�t¦pqsQ°
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!µ]�s'p�´ ]\s�n4pV�V]�i�]m¯@r']\s@jlt¦vq§Q /£o`}y#t¦s¹v>i�t¦[^�'§¦]7�'z�pVn\]mili�n\vq§¦n\r'§�r�iCr¾�3eVy ¨©�
t�s�t¬jl]¥e@jxv�j�]9y{z�pVn\]mililª�U¦�m�.YÊ°Y£ «q]mg>®±]�v�j�r�z�]
pq®¾�Mehy t¦i}jlX�v�j��Mehy i��F]mn\t¬­Fn\v�jlt�pJs�ib�q]ms']\zxv�jl]�� �HIS� � 
 vw~F]\§¦]m�µW-zxvws�i�t�j�t¦pqs�ehgVikjl]\[�i^¨ 
 W�e'ª4°-�
t�zxikj�´¾]¥[^pV�V]m§3j�X']^~�vJi�]
�'zlpq�Jzlvq[T°3£ ~�vqi�]��'z�pJ�qzxvw[ i���]�n4t�­�n\vwj�t¦pqsTt¦s

S
³�vqi��V]\­�s']���t¦sTj�X�]7�'z�]m�ht�pJr�i�i�]�n¤jlt�pJsQ³�n\vqs�~F]9�Vt¦zl]mn¤jl§�g>j�zxvws�i�§¦vwj�]���t¦s@j�p

vqsµ�Mehy �'zlt¦[¥t�j�t¦�q]^�'zlpVn4]�i�im³%r�i�t�s'��jlX']�i�]�¯Jr�]\s�n\]
	��Tvqs��µnxX'pqtun4]�
Ypq�F]\zxv�jlpqzxi\°� /vqnxXµ]\�J]\s@j�n4pJz�zl]mi���pJs��'ioj�X']msµj�p¸vws
�Mehy ¨Ùv�j�pJ[^t¦n�ª�vJn¤jlt�pJsµ¨Ùvws���j�p>v¥§uvw~F]\§%pq®(jlX']�n4pJz�zl]mi���pJs��Vt¦s'� 
 W�e�ª¤°

��pqz�t¦s�ikjxvws�n\]q³h®±pJz

µs1. (login→ µs2.(write → s2|logout→ s1)
|write→ s1)

´¾]��q]4j�r
������� hTi���� � 	�������
 j������$� 	����������
������� j�������� 	�������
 hTi��
i���� 	����������

WYX']7n\pqzlz�]�i��Fpqs��'t�s'� 
 W�eO³'�J]\s']mzlvwj�]m��r�i�t�s'� 
 W�eV£9³'tuiY�qt¦�q]\s�t�s¸�
t¦�qr'zl]��J°M¼Êj�[^vq«q]�i¾n\§�]�vwzYjlX�v�j�v�­�§¦]b[^pV�Vt�­�n\vwj�t¦pqs
nmvws¸X�vq�'��]ms¸pqrVjxi�tu�V]7pq®Mv�i�]mili�t�pJs�¨ j��#���$� t¦s¹ikjxv�jl]9�Jª¾pJz�´�t¬jlX't¦s¹v>i�]�i�i�t¦pqs�¨ j������$� t¦s¹i�jlv�jl]>��ª4°;pop�´�]m�q]mzYj�X'tuioi�t�[^�'§¦]
jlzlvqs�i�§uv�jlt�pJs tui^s'pqj>]\s'pJr'�qX!t�s!pqzx�V]mz^j�p�[^ph�']\§oi�]m¯@r']msJjlt¦vq§� /£o`}y·¨±t¢° ]J°�³Yn4pJz�pJrVj�t¦s't¦s'��~�]\jk´�]m]\s!~�vqi�]¸vws��!vqi��F]mn¤jxilª4°
¼½s��']\]m�Q³}]�vqnxXÉjlt�[^]�vws ]4¶V]mn\rVj�t¦pqs ]\�q]ms@j

ei

t¦i��q]ms']\zxv�jl]m�%³oj�X']µ~�vJi�]µ�'zlpq�qzxvw[ [9r�ikj¸i�r�i��F]\s�� t�jli�]4¶V]mn\rVj�t¦pqs r's@j�t¦§
vJ�V�ht¦n\]mi�X�v»�q]}~�]m]\s�]\¶V]mn4r'j�]m�.¨±t¢° ]J°�³Vr�sJjlt�§FjlX']\g��J]\s']mzlvwj�]}vqs>]4¶V]�n4rVjlt�pJs�]\�J]\s@j

retei

®±pqz�_kzl]4jlr'z�s>®±z�pJ[
ei

akª4°MWYX't¦iYi�t�[^�'§¦]
t¦s�i�j�zlr'[^]\s@jlvwj�t¦pqsTn\vwsT~F]��V]4­�s']m��vqi¾jlX']�®±pq§¦§�p�´�t¦s'�^�'zlpq�Jzlvq[ jlzlvqs�i�®±pqzl[^vwj�t¦pqsyr

T1 :: S → S
T1[[µs.(e1 → S1| . . . |en → Sn)]] =

µs.(e1 → rete1 → T1[[S1]]| . . . |en → reten → T1[[Sn]])
T1[[s]] = s
T1[[Stop]] = Stop

��pqzYj�X�]7�'z�]m�ht�pJr�iY~�vqi�]��'zlpq�qzxvw[1]\¶Vvq[^�'§�]�´¾]��q]4j�r

µs1.(login→ retlogin→
µs2.(write→ retwrite→ s2
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 W�e�®±pqzYjlX']7¼½s�i�j�zlr'[^]\s@j�]�� {¾vJi�]by{zlpq�Jzlvq[����

|logout→ retlogout→ s1)
|write→ retwrite→ s1)

WYX']�n\pqzlz�]�i��Fpqs��Vt�s�� 
 W�e�t¦i$r
������� hTi���� � 	�� �����HhTi��#��� 	���� �


 j��#���$� 	�� �$���Tj������$� 	 ���������
� ����� j�������� 	�� �����Tj������$� 	���� �


 hTi��^i���� 	�� �$���^hTi��^i���� 	����������
 /vJnxX¸j�zxvws�i�t�j�t¦pqs¸pq® ��X�vqi}~�]m]\sº�']mn4pJ[^��p@i�]��Tt�s@j�p�v>i�]m¯@r']\s�n4]9pq®Mjk´�p>j�zxvws�i�t¬jlt�pJs�i9¨Ùi�]m]9vw§ui�p��
t��Jr'z�]¥�qª¤°} M¶hj�zxv>t¦s@j�]\z�¡
[^]m�'t¦vwj�]�i�jlv�jl]mi�vqz�]^�J³��V³^[>vqs��¸�V°/WYX�]�jk´�p�pqj�X']mz�ikjxv�j�]�i���vws�����n\pqzlz�]�i��Fpqs���j�p^jlX']9i�jlvwj�]mi���vqs��µ�7t�s�jlX']�pqzlt¦�qt¦s�vw§

 W�eO°


 ]4j�r�i¥n\pqs�i�tu�V]\z¥v¹~�vJi�]��'z�pJ�qzxvw[
S
vws��Bt¬jxi�vJi��F]mn4jli

A1

³�°m°\°m³
An

°�WYX']�i�]\[�vqsJjlt¦nmi9pq®�j�X']Tn4pJ[^�'§�]\j�]�i�gVi�j�]\[ tui
�V]\­�s']���vJi{jlX']}��vwzxvw§¦§�]m§Fn\pq[^��p@i�t�j�t¦pqs�pw®(v9�'z�pVn\]mili/zl]\�'zl]mi�]\s@jlt�s'��j�X']b~�vqi�]o��z�pJ�qzxvw[1vws��>j�X']b�'zlphn\]mili�]�i/n\pqzlz�]�i��Fpqs��'t�s'�
jlp>vqi���]�n¤jli$r

T1[[S]]||(T2[[A1]] α(a1))|| . . . ||(T2[[An]] α(an))
{¾g��V]4­�s�t¬jlt�pJs�pw®¾j�X']>��vwzxvw§¦§�]m§{n4pq[^�FpJi�t¬jlt�pJs�pq�F]\zxv�j�pJz

||
³(j�X']�i�]>��z�pVn4]�i�i�]mi7i�ghs�nxX'zlpqs't¦²\]¥jlpq�q]\j�X']mz�~hgºzl]\s��']\²4¡Ê�qpJr�ibpqs

i�X�vwzl]m��]\�J]\s@jlim°�p�]\zl]q³
T2

tui�v���z�pJ�qzxvw[ j�zxvws�i�®±pqzl[�v�jlt�pJs>j�X�v�j��q]ms']\zxv�jl]mi¾v���z�pVn4]�i�iY�V]\­�s't�j�t¦pqsTt¦s
S
®±pqz�]�vqnxX�vJi��F]mn4j�t�s

A
vqs��

α
n4pq[^�'r'j�]mi¾jlX']�vw§¦�'X�vq~�]\j9¨±t¢° ]J°�³�z�]m§�]m�»vqs@j¾]m�q]\s@jxilª/®±pqz}vwsTvqi���]�n¤j�vqi¾®±pJ§�§¦p�´�iCr

α :: A → 2Evt

α(µa.(e1 . S1; A12 . . .2en . Sn; An))
=

⋃n

i=1
{ei} ∪ α(Ai)

α(a) = ∅
α(Stop) = ∅

vqs��

T2 :: A → 2α → S
T2[[µa.(e1 . S1; A12 . . . 2en . Sn; An)]] αA

= µa. (e1 → S1[rete1 → T2[[A1]] αA/Stop]
| . . .
|en → Sn[reten → T2[[An]] αA/Stop]
|e → rete → a)
∀e in αA − {e1, . . . , en}

T2[[a]] αA = a
T2[[Stop]] αA = Stop

WYX']7zlpq§¦]�pw®(j�X']�jlzlvqs�ik®±pJz�[�vwj�t¦pqs
T2

tuiYjk´�pq®±pq§u�sr
} �
t�zxikj�³qt�j/t¦sJjlz�pV�Vr�n4]miMj�X']oi�ghs�nxX'zlpqs't¦²mvwj�t¦pqs�s']mn\]mili�vqz�g7jlp7t�[^�'§¦]\[^]msJj/j�X']on\pqzlpqrVjlt�s�t�s'��~F]4jk´¾]\]ms^j�X']�~�vJi�]���z�pJ�qzxvw[
vws���jlX']9vJi��F]mn4jlim°�WYX']�]\s��

Stop
pw®{]�vqnxX¸vq�V�htun4]�¨Ù�V]4­�s']m�Tt¦s

S
ªYtui�zl]\��§¦vJn4]m��~hg�j�X']�]\�q]ms@j

retei

j�X�vwjozl]mi�r'[^]mi
j�X']�~�vqi�]¥��z�pJ�qzxvw[+]4¶V]mn\rVj�t¦pqs-³Q®±pq§¦§¦p�´�]��º~hg¸jlX']�z�]�ikj7pq®�jlX']^j�zxvws�i�®±pqzl[^]m�.�V]4­�s�t¬jlt�pJsQ°�WYX'tui�t¦i9�V]\s'pqj�]��º~hg¹jlX']
i�r�~�ikjlt¬jlrVj�t¦pqs

E[e/c]
³V´�X't¦nxXTn4pJz�zl]mi��Fpqs��'i�jlp�jlX']�i�r'~�i�j�t�j�rVjlt�pJs�pq®

e
®±pqz

c
¨±X']mz�]

Stop
ª¾t�s�j�X�]7]4¶V�'zl]mili�t¦pqs

E
°

} eh]mn\pqs��Q³J]�vqnxX>nxX'pJt¦n\]���pJt�s@j¾t¦i¾n4pJ[¥��§�]\j�]m�>´�t¬jlX>]\[^�Vjkg^~'zxvws�nxX�]miM®±pJz�vq§�§�]\�q]ms@jli/j�X�vwj/j�X�]}vqi��F]mn¤j¾t¦i/s'pwjYn4r'zlzl]\s@j�§¦g
]4¶V�F]mn¤jlt�s���°9WYX'tui�n\vqsº~F]^i�]\]ms.vJibvqs.vJn¤j�t¦�q]¥´Yvwt�j�t¦s'��§¦phpq�Q°�¼Êj7tuibz�]�¯Jr�t�zl]m�¹i�p�j�X�vwjbjlX']^vqi���]�n¤jbj�zxvws�i�§¦vwj�]��ºvqi�v
�'zlphn\]miliY�Vph]mi¾s'pwj�t¦s@j�zlph�'r�n4]7v¥�V]mvJ�V§�pVnx«O°3 {t�j�X']mzYj�X']�vJi��F]mn4j¾tuiYt�s@jl]\zl]mi�j�]m��t¦s�jlX']7n4r'zlz�]ms@j¾~�vJi�]��'zlpq�Jzlvq[1]\�q]ms@jm³
pqz�t�j�t¦iYs�pwjovws���´Yvwt�jli¾®±pJzYj�X']7s']\¶hj�]\�q]ms@jm°
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�
t¦�qr'zl]7�^r 
 e'W#®±pqzYjlX']7¼½s�i�j�zlr'[^]\s@j�]��T£oi���]�n¤j����

�(t¦�qr�z�]L[Hr 
 W�e>®±pqzYjlX'] !µp��q]\s�y{zlpq�Jzlvq[����

WYX']�zl]mi�r'§�j�pw®-jlX']�j�zxvws�ik®±pJz�[�v�jlt�pJs�pJs�pJr'z�~�vqnx«hr'�Tvqi��F]mn¤j�tuiYj�X�]�®±pq§¦§�p�´�t¦s'�Hr

µa1. (login → retlogin→
µa2. (write→ cvs  ci → retwrite→ a2

|logout→ retlogout→ a1

|login→ retlogin→ a2)
|write→ retwrite→ a1

|logout→ retlogout→ a1)

WYX�vwj�t¦im³'t¦sTn\pqs�n\z�]\j�]��MehyÉi�ghs@jlvw¶sr
������� hTi���� � 	�� �����HhTi��#��� 	������


 j��#���$� 	�� �$���Tj������$� 	 �����

 hTi��^i���� 	�� �$���^hTi��^i���� 	����������

������� j�������� 	�� f��
	#f�� 	�� �$��� j������$� 	������

 hTi��^i���� 	�� �$���^hTi��^i���� 	������

 hTi������ 	�� �$���Hh i������ 	 ����� ���

WYX']^n4pJz�zl]mi��Fpqs��Vt¦s'� 
 W�e¹t¦ib�Jt��J]\s¹t¦s.�
t¦�qr'zl]¥�'° !µvqt¬jlt�s'��§¦p@pJ��i�vw�'�F]mvqzos�vwj�r'zxvw§¦§¦gTvJi�ikjxv�j�]9j�zxvws�i�t�j�t¦pqs�ib��¡x�4¡½�'³O��¡k�»¡½�'³
vqs�� [w¡½��¡K[�°

WYX']��Mehy pq®/j�X�]�~�vqi�]^�'z�pJ�qzxvw[ ����vws��¹jlX']>�Mehy pw®¾j�X']�vqi��F]mn¤j����^i�X�vwzl]�vw§¦§3j�X']>vJn¤jlt�pJs�i^¨±]q° ��° hTi���� � ³ j�������� ³
°m°\°lª�~'r'j f��
	�
^f�� °-WYX�]\g>i�g@s�nxX'z�pJs't¦²\]o~hg�zl]\s��']\²4¡Ê�qpJr�i{pJs>jlX']mi�]bi�X�vqz�]��>vqn4j�t¦pqs�im°{ehp9jlX']�n4pq[^�'§¦]4jl]�´�p��J]\s��'zlpq�Jzlvq[ tui
�V]\­�s']���vJiCr
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WYX']�n\pqzlz�]�i��Fpqs��Vt�s�� 
 W�e�t�s¸�
t¦�qr'zl]L[^i�X'p�´�i¾X'p�´ ­�§�]7�J]\zxi�t¦pqs�t�s'� f��
	�

f�� X�vJiY~�]m]\sT´�p��J]\s�t�s�i�tu�V]�i�]�i�i�t¦pqs�im°

WYX'tuibi�]m[^vqs@j�tun\i}[^vq«q]�i�t�jb]�vqi�g�jlp>®±pJz�[�vw§¦§¦g��'zlp��q]9�'z�pJ��]mz�jlt�]�i\°��'pJzot¦s�i�jlvws�n4]q³O´¾]�nmvwsºi���]�n4t�®±g¸t�sµ�MehyÉjlX']¥ilv�®±]\jkg
�'zlpq�F]\z�jkg�jlX�v�j _��Vr'zlt�s��¥i�]mili�t¦pqs�i/­�§�]7[^pV�Vt�­�n\vwj�t¦pqs�i�vqz�]��q]mzli�t¦pqs']��Ta}vqi$r
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 j������$� 	����������
������� j�������� 	�� f��
	#f�� 	������ 
 h i��^i���� 	 ���������

WYX'] 
 eVW pw®¾j�X'tui���z�pJ��]mz�jkgJ³-�qt¦�q]ms.t¦sÈ�
t��Jr'zl]��h³(t¦s@j�zlpV�Vr�n4]�i�vws�]mz�zlpqz7i�jlv�jl]
−1

j�X�vwj9[9r�i�j�s']m�q]\z7~F]>zl]mvJnxX']m�%°�WYX']
�'zlpq�F]\z�jkg^n\vws�~F]}nxX�]mnx«q]��¥~@g�n\pq[^��p@i�t¦s'�7t�j�´�t�j�X�jlX']o´¾p��q]ms^�'z�pJ�qzxvw[ 
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]\¶VvJn¤jl§�g¥j�X�] 
 W�e�pq®%j�X']}´�p��J]\s��'zlpq�Jzlvq[�¨Ù�(t¦�qr�z�]|[Jª{´�X�]\zl]�j�X']b]\zlzlpqz/i�jlvwj�]}�'p@]�i/s�pwj�pVnmn4r'z�r-jlX']b�'z�pJ��]mz�jkg¥tui�ilv�jlt¦i�­�]m�
~hg>jlX']7´¾p��q]\s��'zlpq�qzxvw[T°
	opwj�]¥jlX�v�j�j�X�t¦ibjlzlvqs�i�§uv�jlt�pJsºt¦sµ�Mehy¿�'zlp��ht¦�V]�i�v�i�§�t¦�qX@jl§�g¸§¦]mili7i�]�¯@r']\s@j�tuvw§Mi�]\[�vws@jlt¦nmiojlX�vws.j�X�]¥pJs']¥t�s@j�zlpV�Vr�n\]m�.t�s

U [OYÊ°�¼½s��V]\]��%³%t¦s¸j�X'tuib�'zl]\�ht�pJr�i}´�pJz�«O³F´�X']\sµi�]m�q]\zxvw§(vq�V�htun4]mibvwzl]�jlp�~F]�]\¶V]mn4r'j�]m�.v�j}j�X']^i�vq[^]9]4¶V]�n4rVjlt�pJs¹��pJt�s@j�³Oj�X']mg
vqz�]^]4¶V]�n4rVjl]m�.pqs']�v�® jl]\z�jlX']�pwjlX']\z7t¦sµv�s'pJsV¡½�V]4jl]\zl[¥t¦s'tuikjlt¦n¥pJzl�V]mzm°>`}r'z�jlzlvqs�i�§uv�jlt�pJsº]ms�i�r�z�]�ibj�X�vwj7vq§�§�vq�V�htun4]mib~F]\�Jt�s
´�t�j�X

e
vws���­�s't¦i�X¸´�t�j�X

rete
~'rVj�vw§¦§�p�´�i¾jlX']\[ j�p�~F]9t¦s@j�]mz�§¦]mv»�J]m�µ¨±pqzo]4¶V]mn\rVj�]��Tt�s¸��vqzlvq§�§¦]\§ ª¤°¾¼½sTj�X�]�s']4¶hj}i�]mn4j�t¦pqs¸´¾]

i�X'p�´ X�p�´Éj�p¥jxvw«q]7vJ�V��vws@jlvq�q]bpw®
j�X']�n\pqs�n\r'z�zl]\s@j¾®±zlvq[^]\´¾pqzl«F°
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a¸pV�Vt�®±ght�s��^j�X']���z�]m�@t¦pqr�i¾j�zxvws�i�®±pqzl[�v�j�t¦pqs�t�s¸pJzl�']\z¾j�p��'zlp��ht¦�']�v¥®±r�§�§¦g�n\pqs�n\r'zlz�]msJjY�q]mzli�t¦pqs�pw®3 /£o`}y#t¦io¯Jr�t¬jl]�i�t¦[^�'§�]J°
�
t¦zli�jm³'´¾]7n4pJs�i�tu�V]mzYn\pqs�n\r'zlz�]msJj�~�vJi�]��'zlpq�Jzlvq[�i/t¦s

B
r

B ::= S1|| . . . ||Sn

£ ~�vqi�]7�'z�pJ�qzxvw[ �V]\­�s't�j�t¦pqs¸t¦s
B
t¦i}v^��vwzxvw§¦§¦]\§Qn4pJ[^��p@i�t�j�t¦pqsTpw®Mi�]m¯@r']\s@jlt¦vq§Q�'zlpq�qzxvw[�i

Si

°�¼½s�®©vqn4jm³
B
t¦iov�i�r'�F]\zxi�]4j�pw®

S
°{WYX�]�j�zxvws�i�®±pqzl[�v�j�t¦pqs

T1

tui�i�j�zxvwt¦�qX@j�®±pJz�´Yvwzx�V§¦g¥]\¶hj�]\s��V]m��j�p
B
vJi¾®±pq§¦§�p�´�i$r

T1 :: B → B
T1[[S1|| . . . ||Sn]] = T1[[S1]]|| . . . ||T1[[Sn]]

eh]�n4pJs��%³Ft�s
T1

vws��
T2

³�jlX']9]m�q]\s@jxi
rete

]ms�i�r�z�]9j�X�vwjoj�X�]9~�vJi�]���z�pJ�qzxvw[
tui���vwr�i�]m�¹vqs��T´Yvwt�jlio®±pqz�jlX']9]ms��¸pq®/vq�V�htun4]
]\¶h]�n4rVjlt�pJsT~�]\®±pqzl]7z�]�i�r'[^t¦s'��° !#X']\sTjlX']mi�]7]\�J]\s@jliovwzl]�i�r'�'��z�]�i�i�]m��®±zlpq[ jlX']7jlzlvqs�i�§uv�jlt�pJs�ilnxX']m[¥]�i\³'j�X']�~�vqi�]b��z�pJ�qzxvw[
vqs���j�X']�vJ�V�ht¦n\]miYn\vqs�~F]�]4¶V]mn\rVj�]���t�sT��vqzlvq§�§¦]\§¢°

��pqz�t¦s�ikjxvws�n\]q³V§¦]4j�r�ion4pqs�i�tu�V]\z¾jlX']7~�vqi�]��'zlpq�qzxvw[1´�t�j�X'pJrVj�j�X�]�i�ghs�nxX'zlpqs�t�²�v�j�t¦pqs�]\�J]\s@jli
rete

r
������� hTi���� � 	�������
 j������$� 	����������
������� j�������� 	�������
 hTi��
i���� 	����������

vqs��!j�X'].n4pqs�n4r'zlz�]ms@j�vJi��F]mn4j��V]4­�s't¬jlt�pJs#´�t¬jlX'pqr'j>j�X'].i�ghs�nxX'zlpqs�t�²�v�j�t¦pqs!]\�J]\s@jlim³Y~'rVj�i�j�t¦§¦§o´�t�j�X��¤´Yvwt�j�t¦s'��§¦p@pJ��i
��®±pqz
hTi��^i���� vws�� j������$� t¦s¸ikjxv�jl]��¥vqs�� h i������ t�s¸i�jlvwj�]^��r

� ������� hTi������ 	�� � ���

 j��#���$� 	�� � ���

 hTi��^i���� 	�� � �������

� ������� j��#���$� 	�� f��
	#f�� 	 � � ���

 hTi��^i���� 	�� � ���

 hTi������ 	�� � ��� ���

WYX']>n\pqzlz�]�i��Fpqs��Vt�s�� 
 W�e.t¦i��qt¦�q]\sµt¦s��
t¦�qr'zl]��V°�WYX']^´¾p��q]ms.�'zlpq�Jzlvq[+t¦i7[^pV�V]m§�]��.~hg¸jlX']���vqzlvq§�§¦]\§{n\pq[^��p@i�t�j�t¦pqs

 
 � ������� ��� 
 
 � �����h°^WYX']�zl]mi�r'§¬jlt�s�� 
 W�e.t¦s��
t¦�qr'zl]eW���]mz�®±pJz�[�i f��
	 
^f�� v�® jl]\z7]mvJnxXº­�§�]^[^pV�Vt¬­Fn\v�jlt�pJs.´�t�j�X�t�sÈv
i�]mili�t¦pqs-°�	�pqj�]�j�X�v�j^j�X'tui�i�t�[^�'§¦]T]4¶'vw[^�'§¦]��'p@]�i^s'pwj>�Vtui��'§¦v»g�[�r�nxXB��vwzxvw§¦§�]m§�tui�[�pJ�'�Fpqz�j�r's't�jkgq°!WYX']Tz�]�vqi�pqsÈtui¥j�X�v�j

( Ö � (9E
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������������� z

�
t¦�qr'zl]7�^r 
 W�e>®±pqzYj�X�]�_�pqs�n\r'z�zl]\s@j�£oi���]�n¤j � ���

�(t¦�qr�z�]�W#r 
 W�e>®±pqz�j�X']9_�pqs�n4r'zlz�]ms@j !µp��q]ms�y{zlpq�Jzlvq[ � ���

�(t¦�qr�z�]7�^r 
 W�e>®±pqz�j�X']9_�pqs�n4r'zlz�]ms@j !µp��q]ms�y{zlpq�Jzlvq[ � ���

jlX']�vJi��F]mn4jot¦iot�s@jl]\zl]mi�j�]m�Tt¦sºvq§�§-j�X']�]m�q]msJjxi��'zlpV�Vr�n\]m�T~hg�jlX']�~�vJi�]9�'z�pJ�qzxvw[
vqs��T[^pqzl]\p��J]\z�[�v�jxnxX']mio�q]\zlg�n\§�p@i�]m§�g�t¬jxi
~F]\X�v»�ht¦pqr'z�°


 ]4j�r�i�n\pqs�i�tu�V]\z�v¸i�§�t¦�qX@jl§�gº�'t��O]\zl]\s@j9vqi��F]mn¤j�³-´�X'tunxX�n4pJ[¥[^t�jli7]�vqnxXµ´�z�t�j�]�[^pV�Vt�­�n\vwj�t¦pqs�t¦s��V]\�F]\s��V]\s@j�§¦g¹®±zlpq[ t¬jxi
pVn\n\r'zlz�]ms�n4]�´�t�j�X't¦s¸v¥i�]mili�t�pJsyr

µa.(write . cvs  ci; a)
WYX']}vw§¦�'X�vw~F]4j�pw®Oj�X'tui/vJi��F]mn4jm³

{write}
³qtui/v�i�j�zlt¦n4j�i�r'~�i�]4j/pq®FjlX']oi�]4j/pq®%]\�q]ms@jlim³

{login, write, logout}
³J]\[^t¬j�j�]��

~hg>jlX']7~�vJi�]b�'zlpq�qzxvw[T°3WYX']�vqi��F]mn¤j�nmvwsTikjlzlvqt��JXJj�®±pqzl´¾vqzl�'§�g^~F]�j�zxvws�i�§¦vwj�]��>t¦sJjlp^j�X']�®±pJ§�§¦p�´�t¦s'����z�pVn4]�i�i$r
� ������� j��#���$� 	�� f��
	#f�� 	 � � ��� ���

WYX'] 
 W�eTzl]mi�r'§¬jlt�s��>pw®MjlX']�´¾]mv»�ht¦s'� 
 
 � ����� � ��� 
 
 � ��� ��t¦i}�qt¦�q]ms¸t�s.�(t¦�qr�z�]9��°�`}s']¥n\vqs¹i�]m]�j�X�v�jm³OX']mz�]J³�jlX']
§uvqi�jb´�zlt�j�]9pq®�v�i�]mili�t�pJs¹n\vwsº~�]^n4pJ[¥[^t�j�jl]m�¹]mt¬jlX']\z�~F]4®±pJz�]�pqz�v�® j�]mz}§¦pq�JpqrVj�³OtÙ° ]q°¦³Fj�X'tuib§¦vJikjb´�z�t�j�]^vws��¹§�pJ�qpqr'jbn\vqs¸jlvq«q]
�'§uvqn\]�t�sT��vqzlvq§�§¦]\§¢°M£�§ui�p�³hj�X']7§uvqi�j�´�z�t�j�]7~F]4jk´¾]\]ms�jk´¾p�i�]�i�i�t�pJs�iYn\vqs�~F]�n4pJ[¥[^t�j�jl]m��]\t�j�X']mz�~F]4®±pqzl]�pqz�vw® j�]\z�§¦pq�Jt�s-°

ehr�nxX�v�§�php@i�]{i�ghs�nxX'zlpqs't¦²mvwj�t¦pqsbt¦i%s�pwj
vq§�´Yv»gViO´�X�v�jQtuiQzl]m¯@r't¦zl]m�%°-��pqz(t�s�i�jlvqs�n4]J³mpJr'zQ~�vJnx«hr'��vqi���]�n¤jQjlX�v�j
n4pq[^[^t�jli%jlX']
n\r'z�zl]\s@jY�q]mzli�t�pJs�pw®(v9­�§¦]}zl]m¯@r't¦zl]mi/j�X�vwj�jlX']�~�vqi�]}��z�pJ�qzxvw[1�Vph]mi�s'pwj�[^pV�Vt¬®±g^jlX']b­�§¦]}~F]4®±pJz�]}j�X']�n4r�z�zl]\s@j�[^pV�Vt�­�n\vwj�t¦pqs
X�vJi^~�]m]\sÉn\pq[^[^t¬j�j�]m�Q° !#X']\s!j�X�]¸~�vqi�]T�'z�pJ�qzxvw[��F]\z�®±pqzl[�i¥j�X']¹i�]m¯@r']ms�n4]

write → compress
zxv�j�X�]\z^j�X�vwsµ|kr�i�j

write
³�j�X']9~�vqi�]�®±r's�n4j�t¦pqs f�i�� ���$� 	 	 vws���j�X�]9vq�V�htun4] f��
	�

f�� ~FpwjlX¸[¥pV�Vt�®±g�j�X']7­�§�]9vqs��Ti�X�pqr'§u�Ts'pwj�~F]�]\¶h]�n4rVjl]m�Tt¦s

��vqzlvq§�§¦]\§¢°�¼½s¹�J]\s']mzlvq§Ù³�´�X']\s¸jlX']�vJ�V�ht¦n\]�vqnmn4]mili�]mi�pJz�[^pV�Vt¬­�]mioj�X']�~�vqi�]��'zlpq�Jzlvq[
ikjxv�jl]q³�j�X'tui}i�jlvwj�]¥i�X'pJr'§u�T~�]�§�pVnx«q]��%°
WYX'tui>i�ghs�nxX'zlpqs't¦²mvwj�t¦pqsBnmvws!~�]¹�Vt¦zl]mn¤jl§�gB]4¶V�'zl]mili�]��Èt¦s jlX']¸n4pJs�n4r'zlzl]\s@j�®±zxvw[^]m´�pJz�«�´�t�j�XÀ]4¶hjlzlvµi�X�vwzl]m�È]m�q]msJjxi\°#��pqz
t¦s�i�jlvws�n4]q³
´¾]^nmvws�t¦sJjlz�pV�Vr�n4]>v hTi^f�� ]m�q]msJj�t¦sµj�X']�~�vqi�]��'z�pJ�qzxvw[

write → lock → compress
vqs��.t�s�jlX']>vqi���]�n¤j

vJ�V�ht¦n\]
write . cvs  ci → lock → Stop

t¦sTpqzx�V]\zYjlp>i�ghs�nxX'zlpqs�t�²m]ojlX']7jk´¾p�®±r�s�n¤jlt�pJs�i\°¾WYX'tui�]\�J]\s@j�t¦ioi�t¦[^t�§uvwzYjlp�pqr'z
rete

]\�J]\s@jliYt¦s�j�X']7��z�]m�@t¦pqr�i¾i�]mn4j�t¦pqsQ°

	 
 ���\���(��	 �������

WYX']mz�]7vqz�]�s'p�´ s@r�[¥]mz�pJr�i¾�'zlpq�FpJilvw§ui/®±pJz�£o`}y3³'~'rVj�jlX']\zl]�t¦i�§¦t�j�j�§¦]7´¾pqzl«>�V]\�Jpwj�]��>jlp>n4pJs�n4r'zlzl]\s@jY£o`}y3°

��� �H�������



��� ��� PQI��R���H�C�c�A�����
@��AbC�H��B
	���� �

¼½sµ£oi���]�n¤j
k�³Oj�X�]�~�vJi�]¥�'zlpq�Jzlvq[�tuib��vwr�i�]m�º´�X']\sµvwsµvq�V�htun4]¥t¦ib]4¶V]�n4rVjl]m�%°9a¹pqzl]\p��q]mzm³F£oi���]�n¤jAk��'p@]�ibs'pwj��'zlp��@tu�V]
]\¶h��§�tun4t�j�i�r'����pJz�j}®±pqz7n4pJs�n4r'zlzl]\s@jo�'zlpq�Jzlvq[^im°7ehp�³Fj�X�]¥vJ�V�ht¦n\]mi}[9r�i�j7]4¶V�'§¦t¦n\t¬jl§�g¹n\z�]�v�j�]9j�X'zl]mvJ�'ibvws��TjlX']^�'zlpq�qzxvw[^[^]\z
[�r�ikj�[�vqs@r�vw§¦§�g��']mvw§%´�t�j�X¸i�ghs�nxX'zlpqs't¦²mvwj�t¦pqsQ°

WYX']���pJt�s@jxn4rVj
[¥pV�V]m§Jpq®'£oi���]�n¤j
kbn\vqs�~F]/]4¶hjl]\s��V]��7´�t�j�X7jlzlvJn4]{[�v�jxnxX't¦s'��t¦s�pqzx�V]\zQj�p}�']4­�s']¾i�]�¯@r']\s�n\]mi-pw®»|kpqt¦s'�Fpqt¦sJjxi
¨©tÙ° ]q°¦³V]4¶V]mn\rVj�t¦pqs�]\�J]\s@jlixª U¦��YÊ°�kqpJt�s���pJt�s@jli�t¦s�v¥i�]�¯Jr�]\s�n\]}�V]\­�s't�j�t¦pqsTn\vws�i�X�vqz�]}��vwzlt¦vq~'§�]�i}¨©tÙ° ]q°¦³Vpq~'|k]mn¤jYzl]4®±]\zl]\s�n4]mixª¤°3WYX'tui
vq§�§¦p�´�iM[�v�jxnxX't�s��9i�]m�q]mzlvq§'i�]�¯Jr�]\s�n\]mi/vwj{j�X�]}ilvw[^]Yj�t¦[^]ot¦s�v�i�]m¯@r']\s@jlt¦vq§HkJv»��v��'zlpq�Jzlvq[T°(W(zlvJn4]�[�v�jxnxX't�s���vw§ui�p���z�p��htu�V]mi
i�r'�'�Fpqz�j�®±pqz7n4pJs�n4r'zlzl]\s@j}~�vJi�]¥�'zlpq�Jzlvq[^im°�£�s�vqi��F]mn¤j�nmvwsº[�vwjlnxX¹jlX']¥j�zxvqn\]�pq®¾v�i�t¦s'�q§¦]�j�X'zl]mvJ�B¨©vJi7i��F]mn\t¬­�]m�¹~hg¸jlX']
� ���������$����� «q]mg@´¾pqzx��ª4³�pJzojlX']¥n\pq[^�'§¦]4jl]�j�zxvqn\]�¨©tÙ° ]q°¦³Oj�X']¥t¦sJjl]\zl§�]�v»�q]���j�zxvqn4]�i�pq®�vw§¦§-jlX'zl]mvq��ilª4°�£os.vJ�V�ht¦n\]9tuio]\¶h]�n4rVjl]m�
t¦s¸j�X�]�j�X�z�]�vq�¸n4pJz�zl]mi��Fpqs��Vt¦s'�¥j�p�j�X']9§¦vJikjb]\�q]ms@jopw®{v>i�]m¯@r']ms�n4]�¨©tÙ° ]q°¦³�j�X']�~�vqi�]��'zlpq�Jzlvq[ t¦i}��vqr�i�]���ª¤° pop�´�]m�q]mzm³VjlzlvJn4]
[�v�jxnxX't¦s'�È�Vph]mi�s�pwj>�'zlp��ht¦�V]T]\¶h��§�tun4t�j�i�r'�'�Fpqz�j�®±pqz�n\pqs�n\r'z�zl]\s@j>vqi��F]mn¤jxi¹¨©vJ�V�ht¦n\]mi^[�r�ikj�n4zl]mv�jl]�j�X'zl]mvJ�'i�]4¶V�'§¦tun4t�j�§¦gVª4°
£��V�htun4]�i¾vqz�]bvw§ui�p¥i�t¦[^�'§¦]\z¾j�X�vqs�t¦s�pJr'z¾[¥pV�V]m§=r3jlX']\zl]bt¦iYv¥i�t¦s'�q§¦]}vJ�V�ht¦n\]}�F]\z�vJi��F]mn4jm³Vv�j¾j�X']�]ms��>pq®-j�X�]bn\pqzlz�]�i��Fpqs��'t�s'�
i�]m¯@r']ms�n4]J°

y{zlpVn4]�i�ibvw§¦�q]m~'zlvJi�X�v»�J]�vq§�zl]mvJ�Vg�~F]\]ms.r�i�]��¸j�p�[^pV�V]\§M£o`}y UÐ�.YÊ°Ep�p�´¾]\�J]\z�³�jlX'tui�z�]m§¦vwj�]m�¹´�pJz�«¸�Vph]mi}s'pqj�n\pqs�i�t¦�']\z
n\pqs�n\r'z�zl]\s@j7£o`}y ~'r'j7i�X'p�´�ibX'p�´ jlp�]ms�n4pV�V]�i�]m¯@r']msJjlt¦vq§M£o`}y t¦sµv��'zlphn\]mili�n\vw§un4r�§�r�im°�¼Êj�®±pVn4r�i�]mibpJsµn\pqzlz�]�n¤j�s�]mili�pw®
vJi��F]mn4j�¡Ê´�]�v»�@t¦s'��vq§��Jpqzlt¬jlX'[�i{vws����'t¦iln4r�ili�]mi/�'t��O]\zl]\s@j/s'pqj�t¦pqs�i/pw®Q]�¯Jr�t���vw§¦]\s�n4]q°3WYX']9¨©s'pqsFªÊ¡¢j�]\zl[^t�s�v�j�t¦pqs�pq®%j�X']}´�]�v»�ht�s'�
vq§��Jpqzlt¬jlX'[ tui��Vt¦iln4r�i�i�]m�%°

_�pJs�n4r'zlzl]\s�n\g¸X�vqi�vq§¦i�pT~�]m]\s�n4pJs�i�t¦�V]mz�]��ºt¦s�v¸�Vpq[�vqt�s�n4§¦pJi�]¥j�p¹£o`}y r-z�]���]mn4j�t¦pqsQ°>WYX']>vqrVj�X�pqzxi�pw®LU��J��Y¾n\z�t�j�tun4t¦²\]
jlX']¥i�jlvqs��'vqzl�¹vq�'�'zlpJvJnxX¸pw® F�	M�$�A�AD��
	
@	� zl]
��]mn¤jlt�pJsQ³O´�X']\zl]\~hg�j�X�]�~�vJi�]�§�]m�q]m§(tuib~'§�pVnx«J]m�T´�X']ms¹j�X�]�[^]4jxvw§¦]\�J]\§
t¦i�vqn4j�t¦�q]
vqs���i�r'�J�q]�ikj�j�X�v�j9~FpwjlXµ§¦]\�J]\§ui�i�X'pqr'§u�µn4pq[^[�r's'tun\v�jl]��ht¦vTvqi�ghs�nxX'zlpqs'pJr�ib]\�J]\s@jlim°�WYX']���vq��]mz9i�«q]4jxnxX']mi�v�®±zxvw[^]\´¾pqzl«
t¦[^�'§�]m[^]\s@j�t¦s'�Tj�X�t¦i9t¦�V]�v�j�pq�J]4jlX']\z7´�t�j�X�t�jli7t¦[^�'§¦]\[^]\s@jlvwj�t¦pqs�t¦s]k@v»��v'³Qr�i�t¦s'�Vkh�� {  vws�� k@aºeO°(WYX']\zl]^t¦i7s�pTi�r'�'�Fpqz�j
¨©§¦vqs'�qr�vq�q]bpqz�[^pV�V]\§ ª�j�p�zl]mvJi�pJs�vw~Fpqr'joi�ghs�nxX'zlpqs�t�²�v�j�t¦pqs�vws��Tn4pJ[^��p@i�t�j�t¦pqs�t¦ili�r']mim°

� ���������4���-2\���

{¾r't¦§¦�'t�s'�¸pJs.��z�]m�@t¦pqr�i} �£o`}y¿´¾pqzl«O³%´�]�X�v»�q]¥�'z�]�i�]ms@j�]m�µvTi�t¦[^�'§¦]¥[^pV�V]m§{pw®Yn4pqs�n4r'zlz�]ms@j�vJi��F]mn4jli�~'r't¦§�j9pqs.j�pJ�.pq®Yv
�'zlpVn4]�i�i�nmvw§un4r'§¦r�im°�£o§¬jlX'pqr��qXµj�X']�[^ph�']\§{tui9vqs�]4¶hj�]ms�i�t¦pqs�pq®�jlX']�t¦s't�j�tuvw§/ �£o`}y [¥pV�V]m§Ù³
t�j�tui�v¹i�t�[^�'§¦t¬­Fn\v�jlt�pJs�pw®�t¬j�°
¼½[^�Fpqz�jlvws@j7®±]�v�j�r�z�]�i7i�r�nxX�vJi��@tui�t�~'§¦]>vqi��F]mn¤jxi>¨©v�° «O° v'°>vJi��F]mn4jli7pq®YvJi��F]mn4jlixª}vqs���vqi���]�n¤j9n\pq[^��p@i�t�j�t¦pqsµzl]m¯@r't¦z�]¥®±r'z�j�X']mz
t¦sh�q]mi�j�t¦�Jvwj�t¦pqs�im°�WYX�]¥tuili�r']^X']mz�]^tuibj�pT�'zlp��ht¦�V]�j�X�]¥r�i�]mz7´�t¬jlX.jlX']^z�t¦�qX@j7§¦]\�q]m§3pw®¾vq~�i�j�zxvqn¤jlt�pJsQ³%´�X'tunxXµ�'p@]�i�s'pwj�i�]\]m[
jlp�~�]9vwj�j�X']9§�]m�q]\§%pq®3j�X']7�'zlpVn4]�i�i�nmvw§un4r'§¦r�im°/�'pJz�t�s�ikjxvws�n\]q³�n\pq[^��p@i�t¦s'�^pqr�z�~�vqnx«hr'�Tvqi��F]mn¤j�´�t�j�X¹v��'t¦i�«�pJ�Vj�t¦[^t�²�v�j�t¦pqs
vJi��F]mn4jm³w´�X'tunxX¥²\t¦��i
­�§¦]mi3pqs�n4]�j�X']mg�X�v»�q]¾~F]\]\s¥´�zlt¬j�j�]\s-³wt¦i3s�pwj{v}i�t¦[¥��§�]Y��vqzlvq§�§¦]\§Vn4pJ[^��p@i�t�j�t¦pqsQ°(¼½s��V]m]m�%³qn\pq[^[^t¬j{i�X'pqr�§¦�
pVn\n\r'zb~�]\®±pqzl]�j�X�]9­�§¦]9tuib²\t¦�'�F]m�%°7ehr�nxXµv�n4pJs�i�j�zxvwt¦sJjbn\vws�s'pwjb~�]�]4¶V�'zl]mili�]��¸t�s.v�i�t�[^�'§¦]¥n\pq[^�FpJi�t¬jlt�pJs�vw§([^vqs's']mz¥¨©tÙ° ]q°¦³
´�t�j�X'pJrVj�zl]\´�zlt¬jlt�s'�¥jlX']7�'zlphn\]mili¾�q]\zxi�t�pJs�i¾pw®-jlX']7~�vJnx«@r���vqs���²\t¦��vJi��F]mn4jlixª¾r�i�t¦s'���Mehy3°

¼½s#i��'t¬jl]�¨©vws�� ~F]mnmvwr�i�]�ª�pq®bt�jli�i�t�[^�'§¦tun4t�jkgq³Y´�]�­�s��BjlX�v�j�jlX'tui^[¥pV�V]m§��'zlp��ht¦�V]�i^vws!t�s@j�]mz�]�ikjlt�s��µ~�vqi�t¦i¥®±pJz�~�]\j�j�]mz
r's��V]\zxikjxvws��'t�s'�.j�X�]�zl]\§uv�jlt�pJs�i�X�t��È~F]4jk´¾]\]msB�'zlpVn4]�i�i�]mim³{n4pJ[¥�Fpqs�]\s@jlim³{vws�� vqi���]�n¤jxi\³M®±pJz^z�]�vqi�pqs't¦s'�ºvq~�pJrVj^n\pqs�n\r'zlz�]msJj
vJi��F]mn4jlim³�vws���®±pqz��']mi�t��Js't�s��^vqs���t�[^�'§¦]\[^]\s@jlt�s'�>n\pqs�n\r'zlz�]msJj�vqi��F]mn¤j�§uvws'�Jr�vw�J]mim°
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