
HAL Id: hal-00097566
https://hal.science/hal-00097566

Submitted on 30 Oct 2007

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.

Verification of UML Model Elements Using B
Ninh Thuan Truong, Jeanine Souquières

To cite this version:
Ninh Thuan Truong, Jeanine Souquières. Verification of UML Model Elements Using B. Journal of
Information Science and Engineering, 2006, 22, pp.357-373. �hal-00097566�

https://hal.science/hal-00097566
https://hal.archives-ouvertes.fr


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

.0/21�3�4�57683
9;:=<?>A@CBD@FEHGAIJE�>LKHGM<?NFE�>POM:CEAQSRTGMUVBDWYXZEHGM<\[7K*B�OM<?R8]^RTQ`_PacbdU�ReI=E�WfE�W?E�U�EH]eOM>Pg=>L<?]Ch

ijBDN=>kOLGlBDKHO�UVBTKm:=<?]CE�>�n^o
E%>kOMgCIJp^OM:=E%_qacb#U�EHOlBDU�ReIJE�W;RDQ�K�WrBD>L>VIJ<rBDhDGlBTU�>�s;K�RDW\t
WrBTNFRDGlBTOM<?RD]uI=<rBDhTGlBDU�>�BT]7I)>kOlB�OMEHtvKm:CBTGLOAIJ<wBThDGlBTU�>�BD>Px;E�W?W�BD>POM:CEH<?Gyx;E�W?W\tzQSRDGMU�E�I=]CEH>L>
GMg=W?E�>�n�{YBDKl:|E�W?E�U�E�]}OfRTQ7_qacb%U�ReI=EHWr>2x~:=<?Km:�<r>�BT]|<?]C>kOlBT]CK�E�RDQ�B"U�EHOlBDK�WrBT>L>�sZ<?>2OLGlBD]=>kt
Q�RDGMU�E*IV<?]}OMR|B�i�BDN=>kOLGlBDKHO~UVBTKm:=<r]=E8nY9;:CE�GME�WrBTOM<?R8]=>L:C<?@�NFEHO�x;E�EH]cBDN=>kOLGlBDKHO~UVBTKm:=<?]CE�>
<?>;RTGMhZBT]C<?>LE*I%g=>L<?]Ch�OM:CEqBTNC>kOLGlBTKHO`>kpJ]}OlBT��RTQ2_Pacb�K�WrBD>L>~IJ<rBDhDGlBTU�RDQ�OM:CE�_Pacb U�EHOlBTt
U�ReIJE�W�n�i�>L@FE�K�<\[7K*B�OM<?R8]C>�BTGME�@=GMR�XZE*I|N}p�BAiu@JGMRTX8EHG�x~:=<?Km:Vh8EH]CEHGlB�OME�>`BDgJOMR8UVB�OM<rK�BDW?W\p
@JGMR}RDQ�R8N=Wr<?h8BTOM<?R8]=>�s7BTWrW?R*x~<?]Ch�_Pacb U�ReI=E�WCE�W?E�U�E�]}OM>YOMRANFE"XZEHGM<\[7E*I�n�9;:CE"K�RTGLGME�KHOM]CEH>L>
RTQ�OM:=E�_qacbdU�ReIJE�W2E�W?E�U�EH]eOM>�<?>qE�]C>LgJGME*I�Nep%OM:CEAx;E�W?W\tzQSRDGMU�E�I=]CEH>L>yGMgCW?E�>yx~:=<?Km:)BTGME
OLGlBT]C>kQ�RDGMU�E*I�OMRAid<?]eXDBTGM<rBD]}OM>�nfo^E"<?W?Wrg=>kOLGlBTOME�R8g=G;BD@=@=GMRZBTKm:0N}p�BP>L<?U�@CW?E"K*BD>LE�>kOMg7IJp}s
OM:=Eq@=GM<?]}OM<?]Ch�>kp=>kOMEHUcn
���T�J�P�J�*�C���`i�U�EHOM:=ReI�s=_Pacb
U�ReIJE�W?>�s7_qacb^U�EHOlBDU�ReIJE�W�s=Q�RDGMUVBDW�XZEHGM<\[7K�BTOM<?R8]�s

x�E�W?W\tvQ�RDGMU�E*IJ]CE�>L>`GMg=WrEH>

� ���c���`�����^�y�`���%�

 q¡�¢ £e¤�¤�¥w¦S§T£e¨m¦�©Jª�©J«"«z©=¬m­ £e¥;­c¢�¨H¡�©F®�¯c° ±e²"£e¥�¥w©}³�¯A¨m¡�¢�¬H¦�´J©J¬H©Jµ�¯A®F¢T¶�ª�¦w¨m¦�©Jª�£eª�®·£eª�£J¥w¸F¯m¦�¯�©e«
¨m¡�¢�«zµ�ª�§*¨H¦w©=ª�£e¥�¦r¨M¸%£eª�®0¨m¡�¢q¹º¢T¡�£Z»7¦�©Jµ�¬�©e«2£�¯l¸F¯l¨m¢T­^¼;½C¨H£J¬l¨H¦wª�´|«z¬H©J­¾¬H¦w´=©J¬H©Jµ�¯�¯m¤�¢8§�¦w¶�§T£e¨m¦�©Jª�¯D¿
«z©J¬H­ £e¥�­c¢�¨m¡�©7®�¯�§T£eª·¹�¢�µ�¯m¢D®d«z©J¬�¨m¡�¢ ®F¢D¬m¦�»}£}¨H¦w©=ªd©e«"¨m¢D¯l¨�§T£J¯m¢D¯D¿2©J¬|«z©J¬�£À»Z£J¥w¦S®�£e¨m¦�©Jª·£Jª�®
»J¢D¬m¦w¶�§D£}¨m¦�©JªÁ¨m¢8§�¡�ª�¦SÂ=µ�¢^£J¦w­c¢8®Ã£e¨ ¤�¬m©}»7¦�ª�´·¨m¡�£e¨�¨H¡�¢�¯m¤�¢8§�¦w¶�§T£e¨m¦�©JªÄ¯m£e¨m¦S¯M¶�¢8¯�¨m¡�¢^¬H¢DÂCµ�¦�¬m¢TÅ
­c¢TªC¨H¯D¼

 q¡�¢VÆAª�¦r¶�¢D®^Çu©F®F¢T¥�¥�¦wª�´ È�£eª�´=µ�£e´=¢�É�ÆAÇ�È�Ê�° ËJ²�¦�¯�£�³P¦S®F¢T¥�¸À£=§T§�¢D¤F¨m¢8®À­c©F®F¢D¥w¥�¦wª�´ ¥�£Jª�´Jµ�£J´J¢
¨m¡�£}¨�§T£JªÀ¹º¢�µ�¯l¢8® ¨H©�»7¦S¯lµ�£e¥�¦�¯m¢J¿F¯m¤�¢8§�¦w«z¸J¿�§�©=ª�¯l¨m¬Hµ�§*¨�£eª�®À®F©F§�µ�­�¢DªC¨y¨H¡�¢�£e¬m¨m¦w«v£J§�¨H¯y©e«;£%¯m©e«�¨mÅ
³q£e¬H¢|¯m¸F¯M¨H¢T­^¼~Ìk¨�¡�£=¯q¹�¢D¢Tª�£J§D§�¢D¤F¨m¢8®)£=¯P£ ¯M¨�£eª�®�£J¬H®À©J¹FÍM¢8§*¨mÅÎ©=¬m¦�¢TªC¨m¢8®À­c©F®F¢D¥w¥�¦wª�´ ¥�£Jª�´Jµ�£J´J¢
¹7¸cÏ|ÇdÐÑ°wÒTË}²k¿=£Jª�®�¦�¯`¹º¢D§T©J­c¦�ª�´�¨m¡�¢�®F©J­c¦�ª�£eªC¨~­c©F®F¢T¥�¥w¦�ª�´�¥S£eª�´=µ�£e´=¢�¦�ªc¨m¡�¢�¦wª�®Fµ�¯l¨m¬H¸J¼; q¡�¢
¯m¸CªC¨�£}Ó·£Jª�®�¯l¢D­c£JªC¨m¦S§T¯�©e«�¨m¡�¢Àª�©e¨�£}¨m¦�©Jª�¯�¤�¬m©}»7¦S®F¢D®d¦wª#Æ�Ç�ÈÔ£e¬H¢ ®F¢�¶�ª�¢D®Õ¦wª�¨H¢T¬H­ ¯�©e«q¦r¨�¯
­c¢�¨�£e­c©F®F¢T¥Î¼�ÌLª0¨m¡�¢PÆ�Ç�È
­�¢T¨H£J­�©F®F¢D¥f°rÒDË}²Î¿J­�©F®F¢D¥w¥�¦�ª�´|§T©Jª�¯l¨m¬Hµ�§�¨H¯�£e¬H¢y®F¢T¶�ª�¢8®Vµ�¯m¦wª�´A¨H¡�¬m¢D¢
®F¦S¯M¨H¦wª�§*¨A»7¦�¢T³�¯DÖ�£eªu£J¹�¯M¨H¬H£=§*¨A¯m¸7ª=¨�£}Ó
¦wªuÆAÇdÈ×§�¥S£J¯H¯�®F¦S£e´=¬H£J­c¯D¿�¯l¨H£}¨H¦�§0¯l¢D­c£JªC¨m¦S§T¯P¢Dª�¯lµ�¬m¦�ª�´
¨m¡�£}¨�£e¥�¥fÆAÇ�È�§�©=ª�¯l¨m¬Hµ�§*¨�¯�£J¬m¢�¯M¨�£}¨H¦�§D£e¥�¥w¸c³y¢T¥�¥2«z©J¬H­�¢8®�¦�ª^Ï�ØyÈÃ° ÙJÚZ²k¿�£eª�®
®F¸7ª�£e­c¦S§�¯m¢T­ £JªFÅ
¨m¦S§T¯A¯l¤º¢D§T¦r«z¸7¦�ª�´�¨m¡�¢�­c¢D£Jª�¦�ª�´c©e«�¨m¡�¢V§T©Jª�¯l¨m¬Hµ�§*¨�¯T¿F­ £J¦wª�¥�¸�¦�ªuÛ~ª�´=¥w¦S¯l¡Y¼

 q¡�¢ ®F¢D¬m¦�»}£}¨m¦�©Jªd«z¬m©=­ÜÆAÇdÈÃ¯m¤º¢D§�¦w¶�§D£}¨m¦�©Jª�¯�¦�ªC¨m©
¨m¡�¢cÝ¾«z©J¬H­c£J¥;­�¢T¨m¡�©F®Ä°wÒ*²~¦�¯�§T©Jª�¯m¦S®F¢T¬H¢D®
£J¯0£eª�£e¤�¤�¬H©J¤�¬m¦S£}¨H¢�³q£Z¸u¨H©cÍM©J¦�ª=¨H¥w¸·µ�¯m¢�ÆAÇ�ÈÞ£Jª�®�Ý�¦�ª�¤�¬H£=§*¨H¦�§D£e¥Î¿Yµ�ª�¦w¶�¢8®Õ£Jª�®Õ¬m¦�´J©=¬m©=µ�¯
¯m©e«�¨M³q£e¬H¢À®F¢T»=¢T¥�©J¤�­c¢Dª=¨8¼# q¡�¢À¨H¬H£Jª�¯l«z©J¬H­c£e¨m¦�©Jª�«z¬H©J­ßÆ�Ç�Èj®�¦�£J´J¬�£e­ ¯�¨H©ÕÝà¯m¤�¢8§�¦w¶�§T£e¨m¦�©Jª
¡�£Z»=¢�¹�¢D¢Tªd§T©Jª�¯m¦�®�¢T¬H¢D®
¦wª×° á�¿�ÒDâF¿fã8²kä�¨H¡�¢D¯m¢0£J¤�¤�¬H©=£J§�¡�¢D¯q¤�¬H©}»7¦�®F¢V£�­0µ�¥w¨m¦wÅÎ»7¦�¢T³�«z¬�£e­c¢T³y©J¬Hå
«z©J¬�¨H¡�¢u¯l¤º¢D§T¦r¶�§D£}¨H¦w©=ªÁ©e«�£·¯m¸F¯M¨H¢T­ß¹�µF¨�®F©·ª�©e¨�£e¥�¥w©}³à¨H¡�¢u§�©=­�¤�¥w¢T¨m¢^»J¢D¬m¦w¶�§T£e¨m¦�©Jª×©J«A¨H¡�¢
¤�¬H©J¤º¢T¬m¨m¦�¢D¯q©J«;Æ�Ç�È#¯l¢D­ £eªC¨m¦S§T¯D¼" q¡�¢�¨H¬H£Jª�¯M«z©=¬m­ £e¨m¦�©JªÀ©J«�¨H¡�¢VÆAÇdÈ#­c¢�¨H£J­c©7®�¢T¥f¨H©c«z©J¬H­c£J¥
­c¢�¨H¡�©F®�¯�ÉkÏ�¹FÍM¢D§�¨lÅlæ�¿=ÝPÊ;¡�£J¯~¹º¢T¢DªÀ§�©=ª�¯m¦�®F¢D¬m¢8®�¹C¸cçc¼C½F©C©=ªFÅLç�¸J¢T©=ª�´�¿7Ø�¼=è|£Z»C¦S®c¦�ªd°rÒ8ÚZ²º£Jª�®

Ò



��¼`ÈY£J¥w¢8£eµ�¿��y¼��;©J¥S£J§�å·¦wª °wÒJÒ�²Î¼���©}³y¢T»=¢T¬8¿�¨H¡�¢D¯m¢)£J¤�¤�¬H©=£=§�¡�¢D¯�©=ª�¥�¸�§T©Jª�¯m¦S®F¢T¬0¨m¡�¢^¯l¤º¢D§T¦r¶�Å
§T£e¨m¦�©JªÕ¤�¬H©7§T¢D¯H¯A¹�µF¨0®F©^ª�©e¨V£J¥w¥�©}³¾¨m¡�¢c§�¡�¢D§�å7¦wª�´)©J«yÆAÇdÈ ­c©F®F¢D¥~¢T¥�¢T­c¢TªC¨�¯�³P¦r¨H¡Õ¯mµ�¤�¤º©J¬m¨
¨m©7©=¥�¯D¼PØy£Z»}£J¬m¬�£��	��

�?¼�° �8²�¹�µ�¦w¥S®�£�«z¬�£e­c¢T³y©J¬Hå ¨H©c¨m¬�£eª�¯l«z©J¬H­(Æ�Ç�È#­c¢�¨�£e­c©F®F¢T¥�£eª�®uÆ�Ç�È
­c©F®F¢T¥S¯�¦�ª=¨H©���½FÇ-É��A¹�¯l¨m¬�£J§*¨%½7¨H£}¨H¢�Ç�£J§�¡�¦wª�¢8¯HÊ�° Ù8²"¹�µ�¨�¨m¡�¢ »=¢T¬H¦r¶�§D£}¨H¦w©=ªd©e«y¨m¡�¦�¯�³y©J¬Håu¦S¯
ª�©J¨|¤�¬H¢D¯m¢TªC¨H¢D®f¼�Ø�©=ª�§�¢D¬mª�¦wª�´À¨m¡�¢c»}£e¥�¦S®�£}¨H¦w©=ªd©e«yÆAÇ�ÈÃ­c©F®F¢T¥S¯�£eª�®�Ï�ØyÈ §T©Jª�¯l¨m¬�£e¦�ªC¨H¯D¿2Ç×¼
�P¦S§�¡C¨m¢T¬��	��

�?¼
°rÒ��8²`¤�¬H¢D¯m¢TªC¨�£Jª·£J¤�¤�¬H©=£J§�¡u¹�£J¯m¢D®�©=ª·£Jª�¦w­ £e¨m¦�©Jª�¼V q¡�¢D¸�®F¢T»=¢T¥�©J¤º¢D®�£À¨m©7©=¥
§T£J¥w¥�¢D®dÆ�½FÛ ÉvÆ�Ç�ÈfÅk¹�£J¯m¢D®·½7¤�¢8§�¦w¶�§T£e¨m¦�©JªÕÛ~ª7»7¦w¬H©Jª�­c¢Dª=¨*Êq³P¡�¦S§�¡d¦S¯�£eªd£Jª�¦w­ £e¨m©J¬A«z©J¬�¯l¦�­0µ�Å
¥S£}¨m¦�ª�´ ÆAÇdÈ�­�©F®F¢D¥�¯A£eª�®
£eª�Ï�ØyÈ�¦wªC¨H¢T¬H¤�¬m¢T¨m¢D¬�«z©=¬�§�©=ª�¯M¨H¬H£J¦wªC¨�§�¡�¢8§�åC¦�ª�´�¼

 q¡�¢�¤�µ�¬m¤º©=¯m¢ ©e«P©=µ�¬V³y©J¬Håd¦S¯�¨m©uµ�¯l¢ÀÝ ¯mµ�¤�¤º©J¬m¨V¨m©7©J¥S¯�¨H©d§�¡�¢D§�åÕÆAÇ�ÈÞ­�©F®F¢D¥"¢D¥w¢D­�¢DªC¨H¯D¼
�Õ¢c¨m¬�£eª�¯l«z©J¬H­ ­c¢�¨H£eÅk§T¥�£=¯m¯m¢D¯�©e«P£eª�ÆAÇdÈÃ¯m¤º¢D§�¦w¶�§D£}¨m¦�©JªY¿�©J¹FÍM¢8§*¨�¯�©e«"¨H¡�¢D¯m¢�§�¥S£J¯H¯m¢D¯cÉz³P¡�¦S§�¡
£e¬H¢|¢T¥�¢T­c¢TªC¨H¯q©J«;Æ�Ç�ÈÕ­c©7®�¢T¥S¯HÊq£Jª�®À³y¢T¥�¥wÅ�«z©=¬m­c¢D®�ª�¢D¯H¯y¬mµ�¥�¢D¯q©J«�Æ�Ç�È�¯l¢D­c£JªC¨m¦S§T¯q¤�¬H©J¤º©=¯m¢D®
¹7¸#Ï|Ç·ÐÜ°wÒTË}²y¦wªC¨H©dÝÑ£J¹�¯l¨m¬�£J§*¨V­ £=§�¡�¦wª�¢D¯D¼
 q¡�¢)§�©J¬H¬H¢D¯m¤�©=ª�®F¦�ª�´
Ý ¯m¤�¢8§�¦w¶�§T£e¨m¦�©Jª#¦S¯�¨m¡�¢Dª
¤�¬H©}»J¢8®�¹7¸À¯mµ�¤�¤º©J¬m¨P¨m©7©J¥S¯q³P¡�¦S§�¡)´=¢Tª�¢D¬H£e¨m¢�£eµF¨H©J­ £}¨H¦�§D£e¥�¥w¸ ¤�¬m©7©e«�©J¹�¥�¦�´=£}¨H¦w©=ª�¯D¼
 q¡�¢�¨m¬�£eª�¯l«z©J¬H­ £}¨H¦w©=ª�©e«�¨H¡�¢0Ø�©J¬H¢A¤�£=§�å}£e´J¢|£eª�®�¨m¡�¢�»=¢T¬H¦r¶�§D£}¨H¦w©=ª�©e«�§T¥�£=¯m¯q®F¦S£e´=¬H£J­ ¯~¦S¯q¤�¬m¢TÅ
¯m¢TªC¨m¢8®�¦�ªÕ°wÒDáZ²k¼~ q¡�¢�¨m¬�£eª�¯l«z©J¬H­ £}¨H¦w©=ª�©e«�¹�¢D¡�£Z»7¦w©=µ�¬H£J¥º®�¦�£J´J¬�£e­ ¯~¦S¯q¤�¬H¢D¯m¢TªC¨m¢8® ¦wª�°wÒD±Z²k¼~ q¡�¦S¯
¤�£J¤�¢D¬|¦�ªC¨m¢D´J¬�£}¨m¢8¯�¨H¡�¢D¯m¢c®F¢T¬H¦w»}£e¨m¦�©Jª�¯�¦wª�£
§�©J­c­c©Jª·£e¤�¤�¬H©=£=§�¡u¨m©
»J¢D¬m¦w«z¸uÆAÇ�ÈÃ­c©F®F¢T¥;¢D¥w¢TÅ
­c¢TªC¨H¯�©e«�®�¦��2¢T¬H¢TªC¨A®F¦S£e´=¬H£J­c¯D¼

 q¡�¢c¤�£J¤�¢D¬�¦�¯�©=¬m´C£eª�¦S¯l¢8®�£J¯|«z©=¥w¥�©}³�¯D¼�½7¢8§*¨m¦�©Jª×ÙÀ¤�¬H©}»C¦S®F¢8¯A¨H¡�¢ ¹�£=¯l¦S§%§T©Jª�§T¢T¤F¨�¯�©e«y©Jµ�¬V£J¤FÅ
¤�¬H©=£=§�¡�¼)½7¢8§*¨m¦�©Jª×â^¤�¬m¢8¯l¢Dª=¨�¯�£u§T£=¯l¢�¯l¨mµ�®�¸d¨H©u¦w¥�¥wµ�¯M¨H¬H£e¨m¢c¨m¡�¢ ¨m¬�£eª�¯l«z©J¬H­ £}¨H¦w©=ªÕ£Jª�®Õ»J¢T¬H¦w¶�Å
§T£e¨m¦�©Jª�¼u½7¢8§*¨m¦�©Jª�Ë�¤�¬m¢8¯l¢Dª=¨�¯�©Jµ�¬0¤�¬m¦�ª�§T¦w¤�£J¥"§�©=ªC¨m¬H¦w¹�µ�¨m¦�©Jª�ä`³y¢�§�©=­�¤�£e¬H¢%¨H¡�¢À®F¦��2¢T¬H¢Tª�§T¢�©e«
³y¢T¥�¥rÅÎ«z©J¬H­c¢D®Fª�¢8¯m¯�¬Hµ�¥w¢8¯q¹�¢T¨M³�¢D¢Tª)¤�£J§�å}£e´=¢D¯y£eª�®)¤�¬H©J¤º©=¯m¢|£%´J¢Dª�¢T¬�£e¥2¤�¬H¦�ª�§�¦�¤�¥�¢A¨H©%¨H¬H£Jª�¯l«z©J¬H­
¨m¡�¢�ÆAÇ�È^­c¢�¨�£e­c©F®F¢T¥F¦�ªC¨m©�Ý|¼eÌLª%¨m¡�¢q¨H¡�¬m¢D¢qª�¢�Ó7¨"¯m¢D§*¨H¦w©=ª�¯D¿e³�¢q¤�¬H¢D¯m¢TªC¨;¨m¡�¢q¨m¬�£eª�¯l«z©J¬H­ £}¨m¦�©Jª
©e«f¨H¡�¢|­�¢T¨H£J­�©F®F¢D¥2©e«Y§�¥S£J¯H¯y®F¦�£J´J¬�£e­ ¯D¿=§�©=¥w¥S£e¹º©J¬�£}¨H¦w©=ª ®F¦�£J´J¬�£e­ ¯"£Jª�®�¯l¨H£e¨m¢D§�¡�£e¬m¨y®F¦S£e´=¬H£J­c¯D¿
¦�ª=¨H© Ý�¼��Õ¢�¦�¥w¥�µ�¯l¨m¬�£}¨m¢|¨H¡�¢�¨m¬�£eª�¯l«z©J¬H­ £}¨H¦w©=ªÀ©e«�³�¢D¥w¥wÅÎ«z©J¬H­�¢8®Fª�¢8¯m¯y¬Hµ�¥w¢8¯y¨m© ÝÔ¦�ª7»Z£J¬m¦S£eªC¨�¯y£Jª�®
¨m¡�¢%¤�¬H©7©e«~©J«�ÆAÇ�È ­c©F®F¢T¥;¢T¥�¢T­c¢Dª=¨�¯Aµ�¯l¦�ª�´)Ý¾¯mµ�¤�¤º©J¬m¨A¨H©7©J¥S¯T¼V½7¢8§*¨m¦�©JªÕá�¢Dª�®�¯�³P¦r¨H¡Õ¯m©J­c¢
§�©=ª�§�¥�µ�®F¦�ª�´c¬H¢T­ £e¬HåF¯T¼

� �������� 0�`���u�^�

ÌLª�¨m¡�¦S¯`¯m¢D§*¨H¦w©=ª�¿e³y¢q¦wªC¨m¬H©F®Fµ�§T¢�¨H¡�¢�Ý#­c¢�¨H¡�©F®f¿e¨H¡�¢PÆAÇ�È^­c¢T¨H£e­c©F®F¢D¥�£eª�®�¦w¨H¯;¬H¢T¥S£}¨m¦�©Jª%³P¦r¨H¡
ÆAÇdÈ�­�©F®F¢D¥�¯D¼

!#"%$ &('�)+*-,.)0/1'�243
ÝÜ°wÒJ¿�Ò65Z²�¦�¯�£#«z©J¬H­c£J¥�¯l©J«�¨M³y£J¬m¢u®F¢D»J¢D¥w©=¤�­c¢TªC¨�­c¢�¨m¡�©7®�¿P©J¬H¦w´=¦wª�£J¥w¥�¸×®F¢D»J¢T¥�©J¤º¢D®Ã¹7¸87�¼9�V¼
��¹�¬m¦S£e¥Î¼� q¡�¢%Ýjª�©J¨H£}¨H¦w©=ªu¦�¯�¹�£=¯l¢8®^©Jª�¯m¢�¨�¨H¡�¢T©=¬m¸=¿�¨H¡�¢V¥S£eª�´=µ�£e´=¢�©e«~´J¢Dª�¢T¬�£e¥�¦S¯l¢8®
¯mµ�¹�¯l¨m¦w¨mµ�Å
¨m¦�©Jª�¯~£eª�®�¶�¬H¯l¨~©J¬�®F¢T¬"¥w©=´J¦S§e¼YÌk¨�¦�¯"©Jª�¢P©J«º«z¢D³Ã«z©J¬H­c£J¥�­c¢�¨H¡�©F®�¯`³P¡�¦S§�¡ ¡�£J¯~¬m©=¹�µ�¯l¨D¿=§T©J­c­c¢T¬mÅ
§�¦S£e¥�¥�¸^£Z»}£J¦w¥S£e¹�¥�¢%¯mµ�¤�¤º©J¬m¨|¨m©7©J¥S¯�«z©=¬|¨m¡�¢�¢TªC¨m¦�¬H¢�®F¢D»J¢D¥w©=¤�­c¢TªC¨�¥�¦r«z¢TÅk§T¸F§�¥�¢0«z¬H©J­ ¯m¤�¢8§�¦w¶�§T£e¨m¦�©Jª
¨m¡�¬m©=µ�´J¡·¨m©u§�©F®F¢c´=¢Tª�¢D¬H£e¨m¦�©Jª °wÒZã8²Î¼À½7¤º¢D§T¦r¶º§T£}¨H¦w©=ª�¯�£e¬H¢ §�©=­�¤º©=¯m¢D®·©e«q£e¹�¯l¨m¬�£J§�¨�­c£=§�¡�¦�ª�¢D¯D¿
¯m¦w­c¦�¥�£J¬�¨m©�­c©F®Fµ�¥�¢D¯�©=¬V§�¥S£J¯H¯l¢8¯T¼�Û�£J§�¡�£e¹�¯l¨m¬�£J§�¨V­ £J§�¡�¦�ª�¢ §�©=ª�¯l¦S¯l¨H¯�©J«q£u¯m¢�¨V©J«y»}£e¬H¦S£e¹�¥�¢D¯D¿
¦�ªC»}£J¬m¦S£eªC¨q¤�¬m©=¤�¢D¬l¨H¦w¢8¯q¬m¢D¥�£e¨m¦�ª�´�¨m©�¨m¡�©=¯m¢�»Z£J¬m¦S£e¹�¥w¢8¯y£Jª�®)©J¤º¢T¬�£}¨m¦�©Jª�¯T¼
:~£e¬H¦S£e¹�¥�¢D¯Y©e«�Ý�¯l¤º¢D§T¦r¶�§D£}¨H¦w©=ª�¯Y£J¬m¢~¯l¨m¬H¦�§�¨m¥�¸|¨M¸C¤º¢D®�¼� �¸C¤º¢"©J«F»Z£J¬m¦S£e¹�¥w¢8¯�¦S¯�ª�©J¨�´J¦�»J¢Dª�¢�ÓF¤�¥�¦�§T¦r¨H¥w¸
£J¯"¦wªÀ¨m¡�¢�­ £}ÍM©J¬H¦w¨M¸%©J«�¥�£Jª�´Jµ�£J´J¢�¤�¬m©=´J¬�£e­c­c¦wª�´�¹�µF¨�¦S¯"¤�¬m¢8¯l¢Dª=¨H¢D® ¦�ª ¨H¡�¢�¦�ª7»}£e¬H¦�£Jª=¨�¯"§T¥�£Jµ�¯l¢=¼
 q¡�¢q¯M¨�£}¨H¢�©J«�¨m¡�¢q¯m¸7¯l¨m¢D­^¿}¦�¼ ¢J¼�¨m¡�¢q¯m¢�¨;©e«�»}£e¬H¦S£e¹�¥�¢"»}£e¥�µ�¢8¯T¿}¦S¯�©Jª�¥�¸�­c©7®�¦r¶�£J¹�¥�¢�¹7¸�©J¤º¢T¬�£}¨H¦w©=ª�¯
³P¡�¦S§�¡^­0µ�¯l¨P¤�¬m¢8¯l¢D¬m»=¢�¦w¨H¯�¦wª7»}£e¬H¦�£JªC¨H¯D¼
�Ô¦w¨m¡^¨m¡�¢V¬m¢T¶�ª�¢D­�¢DªC¨A­c¢D§�¡�£Jª�¦�¯m­^¿�£eªu£J¹�¯M¨H¬H£=§*¨�¯m¤�¢8§�¦w¶�§T£e¨m¦�©Jª�§T£Jª^¢T»J©=¥w»=¢|¨m©�£c­c©J¬H¢V§�©=ªFÅ
§�¬H¢�¨H¢%¯m¤�¢8§�¦w¶�§T£e¨m¦�©Jª�¿º¹7¸u£J®�®F¦�ª�´)ª�¢T³�®�£e¨H£À©J¬A©=¤�¢D¬H£e¨m¦�©Jª�¯D¿�£J¥w¥�©}³P¦�ª�´ ¨m¡�¢%¹º¢T¡�£Z»7¦�©Jµ�¬A©e«~¨H¡�¢

Ù



£e¹�¯M¨H¬H£=§*¨"¯m¸7¯l¨m¢D­ ¨H©V¹º¢�� ¯l¦�­0µ�¥S£}¨H¢D®��=¹7¸0¨H¡�¢A¬H¢�¶�ª�¢D® ¯m¸7¯l¨m¢D­^¼ �y¨y¢T»J¢D¬m¸�¯M¨�£e´=¢P©e«2¨m¡�¢|¯l¤º¢D§T¦r¶�Å
§T£e¨m¦�©Jª�¿C¤�¬H©7©e«2©J¹�¥�¦w´C£}¨H¦w©=ª�¯`¢Tª�¯lµ�¬H¢P¨H¡�¢A¤�¬H¢D¯m¢T¬H»}£}¨H¦w©=ª�©J«2¨m¡�¢|¯l¸F¯l¨m¢T­ ¦�ªC»}£J¬m¦S£eªC¨D¼� q¡�¢D¯m¢A¤�¬m©7©e«
©J¹�¥w¦�´=£e¨m¦�©Jª�¯q£e¬H¢�´J¢Dª�¢T¬�£}¨H¢D®À£JµF¨m©=­ £}¨m¦S§T£J¥w¥�¸ ¹7¸)¯mµ�¤�¤º©J¬m¨q¨m©7©J¥S¯q¥w¦�åJ¢ �y¨H¢T¥�¦w¢D¬HÝ�°wÒZã8²Î¿�Ý�ÅL Y©7©=åC¦w¨
° â}²y£Jª�®#ÝyËe«z¬H¢T¢�° 5}²k¼ ��ª�£J¥w¸F¯m¦wª�´�¤�¬H©C©J«y©=¹�¥�¦w´C£}¨m¦�©Jª�¯�³P¦r¨H¡ÁÝ ¯lµ�¤�¤�©=¬l¨V¨H©7©J¥S¯V¦S¯0£eª#¢���§�¦�¢TªC¨
£eª�®À¤�¬�£J§�¨m¦S§T£J¥�³q£Z¸c¨m© ®F¢T¨m¢D§�¨P¢T¬H¬m©=¬H¯�¢Tª�§T©Jµ�ªC¨H¢T¬H¢D®À®�µ�¬m¦�ª�´%¨m¡�¢�¯m¤�¢8§�¦w¶�§T£e¨m¦�©Jª^®F¢T»=¢T¥�©J¤�­c¢Dª=¨8¼
Ý ¤�¬m©}»7¦S®F¢D¯`¯l¨m¬Hµ�§�¨mµ�¬H¦wª�´V¤�¬H¦w­c¦w¨m¦�»J¢D¯~¥w¦�åJ¢�Ì���ØyÈYÆ�è�Ûy½2¿JÌMÇ �qÏ �; �¿JÆ�½FÛy½c£eª�®�½�Û"Û�½�£J¥w¥�©}³qÅ
¦�ª�´uµ�¯m¢T¬�¯�¨m©�§T©J­c¤�©C¯l¢�£J¹�¯l¨m¬�£J§*¨V­ £=§�¡�¦wª�¢D¯D¼) q¡7µ�¯D¿�¥S£e¬H´J¢ ¯m¸7¯l¨m¢D­ ¯V§T£JªÕ¹º¢À¯m¤�¢8§�¦w¶�¢D®�¦�ª#£
­c©F®Fµ�¥S£e¬y³y£Z¸ £eª�®À§T£JªÀ¹º¢�¬H¢Tµ�¯l¢8®f¼;ÌLª�¨m¡�¦�¯q¤�£J¤�¢D¬D¿7³y¢A³P¦�¥w¥2µ�¯m¢�¨m¡�¢8¯l¢�£J®F»}£Jª=¨�£e´=¢D¯�©e«�¨H¡�¢|Ý
­c¢�¨H¡�©F®À¨H©�¯l¤º¢D§T¦r«z¸)ÆAÇ�È�­c©F®F¢T¥Y¢T¥�¢T­c¢TªC¨H¯A£eª�®À¨m©�§�¡�¢8§�åc¨m¡�¢D­ ³P¦w¨m¡�Æ�Ç�È�¯l¢D­c£JªC¨m¦S§T¯D¼

!#" ! �	��
 ,.)0/
��,.243�)�������3�� /
��� )���� /�� 2������ /�'��	��
 , 243�)����
 q¡�¢qÆAÇ�ÈÀ­c¢�¨H£J­c©7®�¢T¥f°rÒDË}²�®F¢�¶�ª�¢D¯Y¨m¡�¢q§�©=­c¤�¥w¢T¨m¢y¯l¢D­c£JªC¨m¦S§T¯Y«z©J¬�¬m¢D¤�¬m¢8¯l¢DªC¨m¦�ª�´�©J¹�ÍM¢D§*¨�­c©7®FÅ
¢T¥S¯�µ�¯l¦�ª�´�ÆAÇdÈ~¼8Ìk¨Y¦�¯�®F¢�¶�ª�¢D®�¦�ª0£q­c¢�¨�£J§�¦�¬�§�µ�¥S£e¬�­ £Jª�ª�¢T¬8¿8µ�¯l¦�ª�´A£P¯mµ�¹�¯m¢�¨�©e«�ÆAÇ�ÈÀª�©e¨�£}¨H¦w©=ª�¯
£eª�®u¯l¢D­c£JªC¨m¦S§T¯q¨H©À¯l¤º¢D§T¦r«z¸
¦w¨H¯m¢T¥w«M¼yÌLª^¨H¡�¦S¯�³q£Z¸�¨m¡�¢0ÆAÇ�È×­�¢T¨H£J­�©F®F¢D¥Y¹º©7©e¨H¯l¨m¬�£e¤�¯P¦r¨�¯l¢D¥r«~¦�ª
£u¯m¦w­c¦�¥�£J¬�³y£Z¸u¨H©�¡�©}³ £u§�©J­c¤�¦�¥�¢T¬V¦S¯�µ�¯m¢D®·¨m©�§T©J­c¤�¦�¥w¢ ¦w¨H¯m¢T¥w«M¼^ q¡�¢�ÆAÇ�ÈÞ­�¢T¨H£J­�©F®F¢D¥~¦S¯
®F¢T¶�ª�¢D®d£J¯�©=ª�¢V©J«`¨m¡�¢0«z©Jµ�¬mÅÎ¥S£Z¸J¢D¬P­c¢�¨H£J­c©7®�¢T¥�¥w¦�ª�´À£J¬H§�¡�¦w¨m¢8§*¨Hµ�¬m¢=Ö � �	� 
"!#� �	� 
"�%$'& �	�?¿(� � � 
)!
�*$+& � �?¿,�*$+& � �J£Jª�®.-0/	�21 $4365	�87	�9/*¼���¦w´=µ�¬H¢�Ò�¯l¡�©}³�¯`£Jªc¢�Ó�£e­c¤�¥�¢P©e«2¨m¡�¢�¬m¢D¥�£e¨m¦�©Jª�¹�¢T¨M³�¢D¢Tªc¨H¡�¢
ÆAÇdÈ�­c¢�¨�£e­c©F®F¢T¥2£eª�® ¨m¡�¢|ÆAÇ�È·­c©7®�¢T¥º©e«f¨m¡�¢A¤�¬H¦wªC¨H¦wª�´�¯l¸F¯l¨m¢D­
¼ �j­�©F®F¢D¥�¦S¯y£eª ¦�ª�¯M¨�£eª�§T¢
©e«º¨m¡�¢AÆAÇ�È�­�¢T¨H£J­�©F®F¢D¥�¿=¢D£=§�¡�¢D¥w¢D­c¢TªC¨~©e«º¨m¡�¢�ÆAÇ�Èu­c©F®F¢D¥�¦�¯�£eªc¦�ª�¯M¨�£eª�§T¢P©e«f£�­c¢�¨H£=§�¥S£J¯H¯
©e«Y¨m¡�¢|­c¢�¨H£J­c©7®�¢T¥Î¿7«z©J¬y¢�Ó�£e­c¤�¥�¢J¿C¨m¡�¢�:;$
�=< >8?A@ � 

�=-0/=É�Ê"©J¤º¢T¬�£}¨H¦w©=ª�©e«Y¨m¡�¢.BC$)�ED,-�� �210§T¥�£=¯m¯�¦S¯
£eª
¦�ª�¯M¨�£eª�§T¢�©e«�¨m¡�¢GFHD �21 
 �I<9$":d­c¢�¨�£J§T¥�£=¯m¯y©e«�¨m¡�¢VÆAÇ�È�­c¢�¨�£e­c©F®F¢T¥Î¼

PrintServer
1..* 0..*

QueuePrinter

1..*

UML metamodel

0..*

"instanceOf"

+ createComputer(hostName,IPAdress,userName)
+ notifyStatus()

Computer

"instanceOf"

UML model

name: String
visibility: VisibilityKind

+ hostName: String
+ IPAdress: String
+ userName: String
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:Computer :PrintServer

:Queue

:Printer

1.1.print(file)

1.2.store(file)
[Printer busy]

[Printer free]

1.3.notifyStatus

1.print(file)

UML models

UML metamodel

ClassifierRole

name : String
multiplicity: Mult

name: String *
*

predecessor

successor

* 0..1

activator

sender

*receiver

*

"instanceOf" "instanceOf"

Interaction

1..*

Message
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<Transition>
<Guard>
</Guard>
<CallAction>
</CallAction>

</Transition>

<CompositeSate>
<State>
</State>

</CompositeState>

</Class>

<StateMachine>

<Class> Class

Guard CallAction State

CompositeStateTransition

StateMachine

</StateMachine>
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