
HAL Id: inria-00071831
https://inria.hal.science/inria-00071831

Submitted on 23 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.

Probabilistic Cluster Unfoldings for Petri Nets
Stefan Haar

To cite this version:
Stefan Haar. Probabilistic Cluster Unfoldings for Petri Nets. [Research Report] RR-4755, INRIA.
2003. �inria-00071831�

https://inria.hal.science/inria-00071831
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
47

55
--

F
R

+
E

N
G

appor t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Probabilistic Cluster Unfoldings for Petri Nets

Stefan Haar

N˚4755

Mars 2003

THÈME 4





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

,'-/.10325476"28259;:

<�=?>A@CBEDCFHGJIK@#LNMKOQPRIKS1T�B�PUS1V?PRIK@CIXWYO�PRIKS1T
Z B�WR[\W]PY>^@_BAW�`�Sa@_V?MbB^c\BAW
dfeYSQg]B^PYWUGJh3iEjlknm

oUO1V?V5S1eRP Z B�eRB;`p=?B^ep`p=?BqT#r1DJsQtatlFHjuO1eYWvmQwaw1x�FHx1xCVNO1y1BAW

z|{�}A~^���?�1~1� <�=?IXW�O1e3PYIK`^MbB"IbT�PYeRS Z LN`^BAW��5�R�a�Y�a�������X�p�����l�^���J�����������R�Q�5�p�J���J�|�5�R�;�p���p�^������OlV?eYS1�NO1�?IbMKIXW]PYIK`�LNT\� S1M Z IKT?y
WRB^@�OQT�PYIK`AW&� S1evL?T�PRIK@_B Z d(B�PReYI�T?B^PYW�¡vIbPR=�T?S�W3PReYLN`�PYL?eYO1M8S1evWROQ� B�P][|OaWRWRL?@_V\PYIbSaTNW^¢£<�=?BEL?T?� S1M Z IbTNyCIXWU`^S1TNW3PReYLN`�PYB Z
�J[¤MKSJ`AOQM�`p=?S1IX`�B;W�SaT¥BAOa`p=¥`�MKLNW3PRBAe�¦§`�S1T?¨NIK`�P_`^MbS�W3B Z WRL?�?T?B^Pp©���¡v=?IbMKB"PR=?B�OQL\PY=?S1eYIKªAO�PYIbSaT«� S1e_`�MKLNW3PRB^e_O1`�PRIKS1TNW�IXW
yaS�¬1B^eYT?B Z �J[�O|W3PRS\`p=NOaW]PYIK`­PYeYOa`�B1�®PR=NB��N�������^¯�¢­<�=NB#V?eYS1�NO1�?IKMbIXW]PYIK`�@CS Z BAM'� SaeUPY=?IKW­WRB^@�OQT�PRIX`^W°[JIbBAM Z W°V?eYS1�NO1�?IbMKIbP][
@_BAOaW3LNeRB;W�� Saev`�S1T®`�L?eYeRBAT�P±eYL?TNWA¢£²³BEIKTaPYeRS Z L®`�BEOQT Z `p=NOQepO1`�PRBAeRIKª^B°W3PRSaV?V?IKT?y�PRIK@CB;W&� S1e�PY=?IKW�@_S Z BAM§�?O1T Z V?eYS�¬1B­O
W3PReYS1T?y�juOQeY´1S�¬"V?eYS1V5B^eRP][1¢­d(O1e3PYIK`^L?MXOQeYMb[µO Z BA¶�LNO�PYB#V?eYS1�®OQ�?IKMbIbP][�@CB;O1WRL?eYBAW°� S1enPR=?B_`p=?S1IX`�B�SQ��W3PRBAVlIKT³O|`^MbL®W]PYB^e;�
OaWn¡&B^MKM£O1Wn� S1e­PY=?B_V®SaMbIX`�[a�'OQeYB#Sa�\PYO1IbT?B Z �J[u`�SaTNW3PReYLN`�PYIbT?y�juO1eR´aS�¬�·�IKB^M Z W­� eRSa@�W3LNI�PpOQ�?MKB�@�O1eR´JIKT?yQ¸ Z B^V5B^T Z B^T�P
i­IK�?�NWvV5SQPYB^T�PRIXOQMXWA¢
¹µº�»8¼R½�¾ ��¿�}1� d�eRSa�NOQ�?IKMKIKW3PRIX`E@_B�PR=NS Z W^�5À±SaTN`�LNeReYB^TN`^[1�\d(B�PYeRI'T?B�P°LNT\� S1M Z IKT?yaWA�N`�MKLNW3PRBAeUW3BA@_O1T�PRIX`^WA� Z IXW]PYeRIK�?L\PYB Z
WR[\W]PYB^@�W^¢

ÁXÂ�Ã3ÄÆÅ;Ç&ÃvÈ�ÉXÄÆÊ§Ë�Ì

Í�Î^Ï/Ð/ÐQÑ�Ò�Ó§Ô]Õ"Ö�×CÓ§Ø/ÔnÙEÚ�Û(Ü'Ú�ÝEÐ/Ò§ÑYÞ§Ô]ß�ÓRà5á'â�á\ã£ä?å�Ô]ÔvÓ�Ø/Ô°å�æ Ó§Ô]å&ç�è�èpéNê ë�ëRì�ì�ìNíXè�î�ïpî^ðpñ�ò8íXó^ñRô�õ?íXö�÷AëY÷pø^÷�è^ëAù3ø�ú�îpûAüRø^î�è?íKç�èRòþýpÿ/Õ
ç�è�èpéNê ë�ëRì�ì�ìNí�ò��pó�ú��\í�î�ïAù��^î�ï\íXè3ò�íXö�÷��bÑ�Ò��vÑ�Ò§Ô�æ ÿ	�KÑ�Ò
�UýYÓ§æ Ñ�ÿ��

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

Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71



������
�	���!��v���"�(��������	^
�	���
��v��� ��
�����
����(�$ ��v�	�
�v���v�����H �� �
�&
'��	

��� }���� � � À±B^PnOQeRPRIX`�MKBEIbT�PYeRS Z L?IbP°MKBAW&�8�R�;�Y���p���J�±�8�R�1�p�a�������X���������1�_���Y���5�p�?�������®���N�����^���J���������®L?T?B�W��^@�OQT�PRIX¶�L?B
VNeRSa�NOQ�?IKMKIKW3PRB Z B Z �^V?MKIKO1y1BvV5S1L?e±e��;W3B;OQL\c Z BUd(B�PYeRI®T?S1TCPRBA@_V®SaeRIXW��;W^��WRO1TNW£e��AW3PReYIK`�PRIKS1T Z B°W3PReYLN`�PRL?eYBvS1L_�5S1eYT?I�PYL Z Ba¢
�'B Z �AV?MbIXOQyaB�WRB�`�SaTNW]PYeRLNI�P��UVNOQeRPRIKe Z B;W'`p=?SaI�cEMKSJ`AOQL\c�WRL?e�`p=NOa¶�L?Bf`�MKLNW3PRB^e&¦�WRS1LNW3¸Æe��;W3B;OQL­� B^eY@���W3SaLNW'`^S1T\¨®I�P�©��;PYO1T Z IXW
¶�L?B±M! OQL?PRS1eYIXWROQPRIKS1T Z  O1`�PRIKS1T Z B�`�MKLNW3PRBAe�B;W]P�V?IbMKSQP��^B±VNOQe�L?T?B±PRepO1`^B�W]PYS\`p=NO1W3PRIX¶�L?B1�/MXO��N���������#"��N�^¢%$USaLNW'IKT�PReYS Z L?IXW3SaTNW
B^P�`^O1eYOa`�P��^eYIKWRS1TNW8MKBAW�PRBA@CV®W Z  OQeYe�&�P�V5S1L?e�`�BAW'@_S Z >^MKBAW'�'B�@_S Z >^MKBfV?eYS1�®OQ�?IKMbIXW3PRB£V5S1L?e�`�B�PRPRB&W��A@_O1T�PRIX¶aLNB Z S1TNT?B Z B;W
@_B;W3L?eYBAW Z B�V?eYS1�®OQ�?IKMbIbP���V5S1L?e(MKBAW(B^c(�;`�L\PYIbSaTNW(VNO1eYO1MbMK>^MKBAWA¢'$USaLNW(IKTaPYeRS Z LNIKWRS1TNW�B^P�`^OQepO1`�P��AeRIXW3SaTNW�MKBAW�PYB^@_VNW Z  OQeYe�&�P
V5S1LNe�`^BE@CS Z >AMbBEB^PUV?eRSaL?¬1SaTNW±L?T?BEV?eYS1V?eYIbB^P�� Z B�juOQeY´1S�¬C� Sae3PYB1¢%)°B;Wv@_BAWRL?eYBAW Z BEV?eYS1�NO1�?IbMKIbP��­VNOQeRPRIX`�L?MKIK>^eYB^@_B^T�P
O Z OQV?P��^B;W�OQL�`p=?SaI�c Z Bv�����Æ� Z O1TNW�LNT�`�MKLNW]PYB^e;�;O1IbT®W3I1¶�L* OQL�`p=NS1Ibc Z BfMXOvV5S1MKI�PYIK¶�L?Ba�;W� Sa�\PRIKB^TNT?B^T�P'VNO1e�MXOv`�S1T®W]PYeRLN`�PRIKS1T
Z BE`p=®OQ@_VNW Z B�juO1eR´aS�¬+��V®OQeRPRIKe Z B�V®S1PRBATaPYIbBAMKW Z B#i­Ib�?�®WUO Z O1V\P��;W^�?¶�L?I Z �^V5B^T Z BAT�P Z L�@_O1eY¶�LNO1y1Ba¢
,�¾ ~;} ¼ �.- � � d�eRSa�NOQ�?IKMKI�P��1�\d£OQepOQMKMb>AMbIXWR@CBa�/)0�AV?MKIKO1y1BAWA�\W��A@�OQT�PRIX¶�L?B Z B�`�MKLNW3PRB^epWA�?W3[\W3PR>^@_B;W�eRBAVNOQeRPRIXW^¢



�&�Y�1�p�1�^�����X���§�����������Q� �����J��� x

������
��v��
��

���	� ~A� ¾ ¿����Q~�
 ¾ � �


�� º ~A��
�� º ~�� º �*� � ~�
��a} �
m?¢�����OaW3IX` )nB	�®T?I�PYIbSaTNW ¢E¢�¢E¢�¢E¢�¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢�¢­¢�¢�¢E¢�¢E¢�¢E¢�¢�¢E¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢ �
m?¢ m��°T\� S1M Z IKT?y|GJBA@_O1T�PRIX`^W ¢E¢�¢E¢�¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢�¢­¢�¢�¢E¢�¢E¢�¢E¢�¢�¢E¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢ �
m?¢ x d(SaMbIX`�[�)nIKeRB;`�PRB Z �UT\� SaM Z IKT?y�W�¢�¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢�¢­¢�¢�¢E¢�¢E¢�¢E¢�¢�¢E¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢��^D

�! #" º � � ¾ {��\{$
#-%
�}A~�
§� , ¾ ¿ º - �'&
xN¢�� <�=NB�G\VNO1`^B�SQ��oUL?TNW�¢�¢E¢�¢E¢�¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢�¢­¢�¢�¢E¢�¢E¢�¢E¢�¢�¢E¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢���(
xN¢ m G�PRSaV?V?IKT?y <�IK@CB;WvOQT Z <�IKMbB^¸ÆoUBAWRV®B;`�PRIKT?y_dfeYB	�?c\B;Wµ¢E¢�¢­¢�¢�¢E¢�¢E¢�¢E¢�¢�¢E¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢ m'�
xN¢ x dfeYS1�NO1�?IbMKIbPRIKBAWvSaT�<�IKMbB^¸ÆoUBAWRV®B;`�PRIKT?y_dfeYB	�?c\B;W ¢E¢�¢E¢�¢­¢�¢�¢E¢�¢E¢�¢E¢�¢�¢E¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢ m1m
xN¢ D jlOQeY´1S�¬_dfeYS1V5B^eRP][ ¢E¢�¢E¢�¢E¢�¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢�¢­¢�¢�¢E¢�¢E¢�¢E¢�¢�¢E¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢ mQx

��) 
 � ¿*
 �*+-, -!��}A~ º � , º �?} ��� º }a�n~ " º/. 
 {�{�} , ¾ � }A~^� ���1~�
 ¾ � 
10
D®¢�� jlOQeY´1S�¬�·�IbBAM Z W°OQT Z À±MbL®W]PYB^eUjµB;O1WRL?eRB;W%¢E¢�¢�¢E¢�¢E¢�¢­¢�¢�¢E¢�¢E¢�¢E¢�¢�¢E¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢ m1t
D®¢ m!2fc\O1@_V?MbB;W ¢�¢�¢E¢�¢E¢�¢E¢�¢E¢�¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢�¢­¢�¢�¢E¢�¢E¢�¢E¢�¢�¢E¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢ mas
D®¢ x juS Z I�� [JIKT?y_d�S1PRBATaPYIKO1MKWv<�S32fTNWRL?eYB�juO�c\IK@_O1M�d£OQepOQMKMbBAMbIXW3@ ¢�¢E¢�¢E¢�¢E¢�¢�¢E¢�¢­¢�¢E¢�¢E¢�¢�¢E¢�¢E¢ m4(

0�) 
 � �/- �|º �*�?��5�}_� � ¿76+��~�- ¾�¾ 5 �18

á�á ÿ:9<;<=?>@>



D �®��� ���Q���#�a���

� � ��
'�(�� ��"��
�	����

lo
ca

l t
im

e

3

s5

s

s

s

4

2

1

s A

A

A

F

FF F

F

A

F

A

A

F

A

AF

Sensor

·�IKy1LNeRB ��� �'B���P�� )°IXW]PYeRIK�?L\PYB Z�Z IXOQyaT?SaWRIKW�O1eY`p=?IbPRB;`�PYL?eRB	�\eRIKy1=�P���V5SaWYWRIb�?MKB�WR`^B^TNO1eRIKSC¡vI�PY=�O1MKO1eR@ V®O�P3PYB^eYT ¦�
 s
��©
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