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èoé0èoéÆú ê¼ë»ìîû:ü�òþý�û óIô õ ý�ì{ÿ�ì��������Jì õ	��
Võ ÿ����� õ �Jì õ	�

4Ú·ã ��� ò�� � óIô õ Ý/ãFç|ãIü¡ß|ú·â�ãFØ/Ù Ü � Ü�ÙHãFâ àIß|ØsÜ�ÛKÜ�Ù�Ü4ß¦ëpÜ�ãFçZãFê�è�ü>ÙHß/ßDüKÜ`Û¡Øsà�ü¨ásÝZÛ¡ØSæ
� èýæZê�èDú·Ú/ÛKà�ã�ÝZÛ¡ÙHß|ê	�·äÿÚ/Û à�ÚÞàFè¦Ø(÷sãdásÜ�ã�ÝËë�ß|ê#æ|ê�è¦ú·Ú/Û àFèhü§ü � Ý/ã�ÜHàIê�Û¡÷/Û¡Ø·æ(è�Ü�úsã�à�Û~ûkàFèDÙ�Û¨ßZØo�
� è�à�Ú·ã�à�|ãFê	�/ä#Ú/ÛKàHÚ,ç|ãFê�Û~ûsã�ÜÿÙHÚ·ã àIß|ØsÜ¥Û Ü�ÙHãFØsà � ßDë�èWÙ�ã��uÙHásèhüUúsèDêHÙ4ßDë�èMì#î#ï�îñð`ò²óIô õñÜ�úsã�à�Û~ûkàFèDÙ�Û¡ß|Øo�
� è�Ü¥Û¨âýá/üKèDÙHßZê	�/ä#Ú/ÛKàHÚ�è�ü~ü¨ßDäñÜÿÙHß�Ü�Û¡âýá/üKèDÙHãWÙ�Ú·ãWð¢ãFÙHê�ÛÆù � ü¨æZãF÷·ê�è�ÛKà²Ø·ãFÙ�ÜÿÙHÚsèDÙ#àIß|âËúsß�Ü�ãýèýÜ�úsã�à�Û~ûkàFèDÙ�Û¡ß|Øo�
� èýçZãFê�Û~ûsãFê	�·ä#Ú/ÛKà�ÚÑÛKÜñè¦÷/ü¨ãdÙHßýú·êHßDç|ãWÜ�ß|âËã²ÙHãFâ�úsßZê�è�ü>ú·êHß|úSãFêHÙ�Û¡ã�Ü#ß¦ëpè�Ü�úsã�à�Û~ûkàFèDÙ�Û¡ß|Øo�
� è � Ý·èMÙHê�èDØsÜ¥ü è¦ÙHß|ê	�Sä#Ú/ÛKàHÚ�ÙHê�èDØsÜ�üKèDÙ�ã�Ü � Ý·èMú·êHßZæ|ê�èDâ<Ü Û¡Ø�Ù�ß�ì#î#ï�îñð�ò²óIô õdèDØsÝ�è�ü~ü¡ßhä�Ü�ß|Ø·ã�ÙHßÑèDØsè�ü � �FãÜ�ásà�ÚÑú·êHß|æZê�èDâ<ÜpÛ¡Ø(ÙHÚ·ãËì#î#ï�îñð�ò�óIô õÿë�ê�èDâ�ãFä4ß|ê���
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Ü�ß|á·ê�àIãì#î#ï�îñð`ò²óIô õ ì�Ú·ã�à�|ãFê
� ê�èDú·Ú/ÛKà9]�ÝZÛ¡ÙHß|ê

� Ý·èËÙHê�èDØsÜ�üKèDÙ�ß|ê

� Û¨âýá/üKèDÙHßZê
�nãFê�Û§ûsãFê


>êIèDØsÜ�ë�ß|êHâ�ãFê
�,× ��� ì�ß|â�ú/Û~ü¡ãFê
ðnèDê�è�ü~ü¡ãIüYàIß·Ý/ã� Ý·è�Ü�ß|á·êIàIã

��Ü�ãFê
��Ü�ãFê

�ÁÛ¡æ|á·êHã Y � Y�� � Ø,ßhçZãFêHç|Û¡ãFä$ß¦ëYÙHÚ·ã ��� ò�� � óIô õ²Ý/ãFç|ãIü¡ß|ú·â�ãFØ/Ù Ü � Ü�Ù�ãFâP�
� èËÙHê�èDØsÜ�ë�ß|êHâMèDÙ�Û¡ß|ØÑÙHß/ßDü5�säÿÚ/Û à�Ú�àFèDØ�÷sãýásÜ�ã�Ý-�bä4Û¡ÙHÚ,Û¡Ù�Ü�è|àFàIß|â�úsè¦Ø � Û¡Ø·æMü§Û¡÷·ê�è¦ê � �bë�ß|ê#ÙHêIèDØsÜ�ë�ß|êHâýÛ¡Ø·æÑèDØèD÷sÜ�Ù�ê�è|àIÙ#Ü�úsã�à�Û~ûkàFèDÙ�Û¨ßZØ(Û¡Ø/ÙHß<èýâËß|êHãWàIß|ØsàIêHãFÙ�ã²ß|Ø·ã��
� èDØsÝÑè��,×�� �.àIß|â�ú/Û~ü¡ãFê	�Sä#Ú/ÛKàHÚ,ú·êHß·Ý/ásàIã�Ü#úsèDêIè�ü~ü¨ãIü�àIß·Ý/ã²ë�êHß|â àIß|ØsàIêHãFÙHãËì#î#ï�îñð�ò�óIô õ²Ü�úSã�à�Û~ûkàFèDÙ�Û¡ß|ØsÜ��
�ÁÛ¡æ|á·êHã Y � Y æDÛ¡ç|ã�ÜýèDØ�ßDç|ãFê�ç|Û¡ãFä ß¦ë Ù�Ú·ã�êHãIüKèDÙ�Û¡ß|ØsÜ�Ú/Û¡úsÜý÷SãFÙ�äåãFãFØ�ÙHÚ·ã<ÝZÛ��>ãFêHãFØ/ÙW÷sè|Ü¥Û àËÙHß/ßDüKÜWàIß|âËúsß�Ü�Û¡Ø·æÙHÚ·ã²àIß|êHã²ßDëUÙ�Ú·ã ��� ò�� � ó\ô õ#ãFØ/ç|Û¡êHßZØ·â�ãFØ�Ù�� � Ü�úSã�à�Û§ûkàFè¦Ù�Û¡ß|ØÞàFèDØÑ÷Sã²ä#ê�Û¡ÙHÙHãFØM÷ � â�ã�è¦ØsÜ�ß¦ëYèDØ � ÙHã��·Ùåã�ÝZÛ¡ÙHßZêß|ê�÷ � â�ã�èDØsÜpßDëkÙHÚ·ã�æ|ê�è¦ú·Ú/Û à ã�ÝZÛ¨Ù�ß|ê4ßDëkÙHÚ·ã�ãFØ/ç|Û¡êHß|Ø·âËãFØ�Ù	�:
4Ú·ãdì�Ú·ã�à�|ãFênÛKÜpß|Ø·ãñß¦ëkÙHÚ·ã#âMè�Û¡Ø<ú/Û¡ã�àIã�Ü`Û¡ØMÙHÚ/ÛKÜú·á&���Iü¡ã��bÛ¡Ù²ç|ãFê�Û~ûsã�Ü²Ù�Ú·ã àIß|ØsÜ�ÛKÜ�Ù�ãFØsà � ß¦ëåèÑÜ�úsã�à�Û~ûkàFèDÙ�Û¡ß|Ø�ä#ê�Û¡ÙHÙHãFØ�÷ � â�ã�èDØsÜ�ßDë�ÙHÚ·ãýæ|êIèDú·Ú/ÛKàWã�ÝZÛ¡ÙHßZê²ß|ê è¦Ø �ÙHã��·Ù²ã�ÝZÛ¨Ù�ß|êWèDØsÝ�ú·êHßDçZÛKÝ/ã�ÜWè�ü~ünÛ¡Ø/ëeßZêHâ<èDÙ�Û¡ß|Ø�êHã	¬Zá/Û¡êHã�Ý�÷ � ÙHÚ·ãýß|ÙHÚ·ãFê²ÙHß/ßDüKÜ��V
4Ú·ãýásÜ�ãFêWâ<è � Û¡Ø/ÙHãFê�è|àIÙdä4Û¡ÙHÚãFç|ãFê � ÙHß/ßDü>ß|ê#ú·êHßDçZÛ Ý/ãdÙHÚ·ãFâ ä4Û¡ÙHÚ(èZÝ·ÝZÛ¨Ù�Û¨ßZØsè�üUÛ¡Ø/ë�ß|êHâ<è¦Ù�Û¡ß|ØMÛ¡Ø(ß|ê�Ý/ãFêÿÙHß<è|ÜHÜ¥Û Ü�Ù#ÙHÚ·ã²ÙHß/ßDüKÜ��

èoé5èfé�� ñ�� ô-õ ��� � ë»ì�ý���� ÷ �§ì õ	�

4Ú/ÛKÜ²Ý/ßuàIá·âËãFØ�ÙÿÛKÜ²ÝZÛ¨çZÛKÝ/ã�Ý,Û¡Ø�Ù�ß<ÙHãFØ�â<èhÛ¨Ø,úsèDêHÙ�Ü��#ðnèDêHÙ Y �SÙHÚ/ÛKÜÿúsèDêHÙ	�bàIß|êHêHã�Ü�úsß|ØsÝ·ÜÿÙHßÑè<Ü�Ú·ßZêHÙ4Û¡Ø�Ù�êHßuÝ/ásàIïÙ�Û¡ß|Ø�ßDë4ÙHÚ·ãÑì#î#ï�îñð`òñó\ô õ²üKèDØ·æZásèDæ|ã<èDØsÝ,ÙHÚ·ã ��� ò�� � óIô õýÝ/ãFç|ãIü¡ß|ú·â�ãFØ/ÙWãFØ/ç|Û¡êHßZØ·â�ãFØ�Ù��<ðnèDêHÙ9\ÑèDØsÝ�_Ñè¦êHãêHãIüKèDÙHã�Ý ÙHßMì#î#ï�îñð�ò²óIô õÿä#Ú/Û~ü¡ãWÙHÚ·ãdß|ÙHÚ·ãFê�Ü4èDê�ãWÝ/ã�ÝZÛ àFè¦ÙHã�ÝÑÙHßMèý÷·ê�Û¡ãIëpÝ/ã�Ü�àIê�Û¡ú·Ù�Û¡ß|Ø�ßDëYã�èZàHÚÑÙHß/ßDübÛ¡â�ú/ü~ÛKàFèDÙHã�ÝÛ¡Ø ��� ò�� � óIô õ��Yðnè¦êHÙç\ Û¨Ø/ÙHêHß·Ý/ásàIã�Ü`ÙHÚ·ãdì#î#ï�îñð�ò�óIô õ`üKèDØ·æ|ásè¦æ|ãñ÷ � â�ã�èDØsÜ`ßDëUÜ�Û¡â�ú/ü¡ã²ã��sèDâ�ú/ü¡ã�Ü`ä#Ú/Û~ü¨ã��SðnèDêHÙ
_dú·êHßDç|ÛKÝ/ã�Ü4Ü�ãFç|ãFê�èhükã��sèDâ�ú/ü¡ã�Ü`ä#Ú/ÛKàHÚMÛ~ü~ü¡ásÜ�ÙHê�èDÙ�ã²ÙHÚ·ã#ë�ã�èDÙHá·ê�ã�Ü�ú·ê�ãFç|Û¡ß|ásÜ�ü � Û¡Ø�ÙHê�ßuÝ/ásàIã�Ý-��ðnè¦êHÙ»kýÙHß Y �WàIß|ê�êHãFïÜ�úsßZØsÝ-�|êHã�Ü�úSã�àIÙ�Û¡ç|ãIü � �/ÙHß²ÙHÚ·ã#àHÚ·ã�à�|ãFê`ÙHß�ß¦ü¡�DÙ�Ú·ã Ü¥Û¨âýá/üKèDÙHßZê	�|ÙHÚ·ã4ç|ãFê�Û§ûsãFê��|ÙHÚ·ã4ÙHê�è¦ØsÜ�ëeßZêHâ<èDÙ�Û¡ß|ØdÙHß/ßDü5�|ÙHÚ·ã � Ý·èÙHê�èDØsÜ¥ü è¦ÙHß|êñèDØsÝ,ÙHÚ·ãV�,× ���+àIß|â�ú/Û~ü¡ãFê	���,ß|êHãFßDç|ãFê���Ù�ä4ß<èDú·úSãFØsÝZÛ��uã�ÜdèDêHãWú·ê�ßhçZÛKÝ/ã�Ý-�9
4Ú·ã²ë�ß|êHâ�ãFê²àIß|ØsÜ�ÛKÜ�ÙIÜßDë#â<èDØ � Ü�ÙIèDØsÝ·èDê�Ý�è¦÷sÜ�ÙHê�è|àIÙWÝ·è¦Ù�èÑÙ � úsã�ÜWè¦ØsÝ�ÙHÚ·ãýüKèDÙHÙ�ãFêWæDÛ¡ç|ã�ÜdÙHÚ·ãýü¡ã��/ÛKàFè�üñè|Ü�úsã�àIÙIÜ²ßDë#ÙHÚ·ãÑìÿî#ï�îñð�ò²óIô õüKèDØ·æ|ásèDæ|ãWèZÜ4ä4ãIü§ünè|Ü`Û¡Ù�Ü�}åò��¢ïAü~Û�|ãWæ|êIèDâ�â<èDê��
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4Ú·ãdì#î#ï�îñð�ò²ó\ô õ#àIß|ØsàIá·êHêHãFØ/Ù#Ü�úsã�à�Û~ûkàFèDÙ�Û¨ßZØÑüKèDØ·æ|ásèDæZã#ÛKÜ`÷sè|Ü�ã�ÝMß|ØM÷sßZÙHÚÌèhü¨æZãF÷·ê�è�ÛKà²Ü�úsã�à�Û~ûkàFèDÙ�Û¨ßZØsÜ#èDØsÝMè�ü¡ïæ|ãF÷·ê�èhÛ à`ð¢ãFÙHê�Û|Ø·ãFÙ�Ü�ëeßZêHâ<è�ü~ÛKÜ�â<Ü��R
4Ú·ãnë�ß|êHâËãFêbëeßZêHâ<è�ü~ÛKÜ�â$êHãFú·ê�ã�Ü�ãFØ�Ù¢ÙHÚ·ã4Ý·èDÙ�è4Ü�ÙHêHásàIÙ�á·êHã�ÜUèZÜ�úsã�àIÙ�Ü���ä#Ú/Û~ü¡ã4ÙHÚ·ãüKèDÙHÙHãFê�Ü�Ù�èDØsÝ·Ü`ë�ß|ê4ÙHÚ·ã²÷SãFÚsè�çZÛ¡ß|ê�è�ünèDØsÝ(àIß|ØsàIá·ê�êHãFØ�Ù�è|Ü�úsã�àIÙIÜ4ßDënÙHÚ·ãWÜ � Ü�ÙHãFâ<Ü��¢×�Ø(ß|ê�Ý/ãFêÿÙHß<Ý/ã�è�ü>ä4Û¡ÙHÚ ü è¦êHæ|ãÜ�úSã�à�Û§ûkàFè¦Ù�Û¡ß|ØsÜ�Ü�ß|âËã<Ü�ÙHêHásàIÙ�á·ê�Û¡Ø·æ àFè¦úsèD÷/Û~ü§Û¡Ù�Û¡ã�ÜËÚsè�ç|ã�÷sãFãFØ�Û¡Ø�Ù�êHßuÝ/ásàIã�Ý-��
4Ú·ãMß|÷·ø�ã�àIÙHï�ß|ê�Û¡ãFØ/ÙHã�Ý�úsèDêIè|ÝZÛ¡æ|âÚsè|Üd÷sãFãFØèZÝ/ß|ú·ÙHã�Ý-�nä#Ú/ÛKà�Ú7â�ã�èDØsÜdÙHÚsèDÙ�è ì#î#ï�îñð�ò²óIô õËÜ�úsã�à�Û~ûkàFèDÙ�Û¡ß|Ø2ÛKÜ�è�àIßDü~ü¨ã�àIÙ�Û¨ßZØßDëñßZ÷·ø¥ã�àIÙIÜ²ä#Ú/ÛKà�ÚÛ¡Ø�Ù�ãFê�è|àIÙñàIß|ØsàIá·ê�êHãFØ�Ù�ü � ��ì`ß�ß|úSãFê�èDÙ�Û¡ß|ØÑ÷SãFÙ�äåãFãFØ,ÙHÚ·ãWßZ÷·ø¥ã�àIÙIÜ`ÛKÜñè|à�Ú/Û¡ãFç|ã�ÝÑ÷ � â�ã�èDØsÜÿßDëpèËÜ � Øsà�Ú·êHß|Ø/Û���èDÙ�Û¨ßZØâ�ã�à�ÚsèDØ/ÛKÜ�âP�ZÛ5� ã��nã�è|à�ÚMß|÷·ø�ã�àIÙåãFçZãFØ�Ù`â<è � êHã	¬Zá·ã�Ü�Ù4ÙHßW÷SãWÜ � Øsà�Ú·êHß|Ø/Û��Fã�ÝMä4Û¡ÙHÚÑÜ�ß|âËãñâ�ãFÙ�Ú·ßuÝ·ÜÿöyúsèDêIèDâ�ãFÙHãFêHïÛ��Fã�ÝÑãFç|ãFØ/Ù�ÜIù`ßDëYßZØ·ã²ß|êñèýæ|ê�ß|á·úÑßDëUúsèDê�ÙHØ·ãFê�Ü4÷ � âËã�èDØsÜ4ßDë�è�Ü � ØsàHÚ·ê�ß|Ø/Û���èDÙ�Û¡ß|Ø(ã��·ú·êHã�ÜHÜ¥Û¨ßZØo�òÿß|Ù²è�ü~üYÙ�Ú·ã ßZ÷·ø¥ã�àIÙ�ï�ß|ê�Û¡ãFØ�Ù�ã�Ý(Ø·ßZÙ�Û¡ß|ØsÜ²èDêHãdú·êHã�Ü�ãFØ/Ù�Û¨Ø�ÙHÚ·ãMì#î#ï�îñð`ò óIô õ üKèDØ·æZásèDæ|ã��9�·ß|êÿÛ¡ØsÜ�Ù�èDØsàIã��ÁÙHÚ·ãà�üKè|ÜHÜ`Ø·ß|Ù�Û¡ß|ØËÛKÜ`âýÛKÜHÜ�Û¡Ø·æ��·èDØsÝ Û¨Ù`ÛKÜpÛ¡Ø�Û¡ØMÙHÚ/ÛKÜåÜ�ãFØsÜ�ãñÙ�ÚsèDÙ�ÙHÚ·ãÿüKèDØ·æ|ásèDæZã àIß|á/üKÝË÷sã²ÜHè�ÛKÝËÙHßW÷Sãñß|÷9ø¥ã�àIÙHï�÷sèZÜ�ã�Ý-�
� ìÿî#ï�îñð�ò²óIô õdÜ�úsã�à�Û~ûkàFèDÙ�Û¡ß|Ø�àIß|ØsÜ�ÛKÜ�Ù�Ü�ßDëåèMàIßDü~ü¡ã�àIÙ�Û¡ß|Ø�ßDë�Ù�äåßMÝZÛ �>ãFêHãFØ/Ù²â�ß·Ý/á/ü¡ã�Ü � ÙHÚ·ã#"%$'&)(+*,"�-.(0/�"�(+"(+13254�6879/�:%;<4=&ñèDØsÝÑÙHÚ·ã>7%$@?)4'-.(0687./�:A;<4)&���
4Ú·ãýèD÷sÜ�ÙHê�èZàIÙñÝ·èDÙ�èýÙ � úsãýâ�ß·Ý/á/ü¡ã�Ü²àIß|ØsàIãFêHØ�ÙHÚ·ã Ý·è¦Ù�è�Ü�ÙHê�ásàIÙHá·êHãàIß|â�úSß|Ø·ãFØ/Ùåß¦ë�Ù�Ú·ãñÜ�úsã�à�Û~ûkàFèDÙ�Û¨ßZØsÜ��kè¦ØsÝýâ<èDØ � ïyÜ�ß|êHÙHã�Ý�èhü¨æZãF÷·ê�è�ÛKàñÜ�úsã�à�Û~ûkàFèDÙ�Û¡ß|ØsÜ�èDêHã#ásÜ�ã�Ý�ä#Ú·ãFØÑÝ/ã�ÜHàIê�Û¡÷/Û¡Ø·æÙHÚ·ã�Ü�ãÑâËßuÝ/á/ü¡ã�Ü����9á·êHÙHÚ·ãFêHâËß|êHã��nÙHÚ·ãÑßZ÷·ø¥ã�àIÙýâ�ß·Ý/á/ü¡ã�Ü�ê�ãFú·êHã�Ü�ãFØ/Ù�ÙHÚ·ãÑàIß|ØsàIãFú·Ù<ß¦ëñãFØsàFèDúsÜ�á/üKèDÙHã�Ý2ãFØ�Ù�Û¨Ù�Û¨ã�ÜÙHÚsèDÙnúSß�ÜHÜ�ã�Ü�Üåè¦ØýÛ¡Ø�ÙHãFê�Øsè�ü�Ü�ÙIèDÙHã#èDØsÝýú·êHßDçZÛKÝ/ãñÙHÚ·ãÿã��uÙHãFê�Û¨ßZê�ä4Û¡ÙHÚMçhèDê�Û¨ßZásÜ�Ü�ãFêHçZÛKàIã�Ü��»�9ß|ê�ÙHÚ/ÛKÜ4Ü�ã�àIß|ØsÝËÜ�ß|êHÙnßDëâ�ß·Ý/á/ü¡ã�Ü��·èDØ�è�ü¡æ|ãF÷·ê�è�ÛKà4Ø·ãFÙ¢ë�ß|êHâ<èhü§ÛKÜ�â+ÚsèZÜ¢÷sãFãFØÑè|Ý/ß|ú·ÙHã�Ý-� � ü¨æZãF÷·ê�è�ÛKà4Ø·ãFÙ�Ü��|è�ZÛ¡ØsÝ�ß¦ësÚ/Û¨æZÚýü¡ãFç|ãIükØ·ãFÙ�Ü��|èDêHãèMæ|êHã�è¦Ù#Û¡â�ú·êHßDç|ãFâËãFØ�Ù²ßDç|ãFê²ÙHÚ·ã�ð¢ãFÙHê�ÛYØ·ãFÙ�Ü��bÛ5� ã��ýð¢ãFÙHê�Û�Ø·ãFÙ�Ü�ÙHß�|ãFØsÜ²èDêHãýêHãFú/üKè|àIã�Ý�ä Û¨Ù�Ú Ý·èDÙ�èMÜ�ÙHêHásàIÙ�á·êHã�Üä#Ú/ÛKà�Ú èDêHã�Ý/ã�ÜHàIê�Û¡÷sã�Ý ÷ � â�ã�èDØsÜMßDë�è�ü¡æ|ãF÷·ê�è�ÛKà�èD÷sÜ�Ù�ê�è|àIÙÑÝ·èDÙ�è�Ù � úsã�Ü����9ß|ê<âMèDØsèDæDÛ¡Ø·æ7çZÛ Ü¥Û¨÷/Û~ü~Û¡Ù � �W÷Sß|ÙHÚèD÷sÜ�Ù�ê�è|àIÙñÝ·èDÙIè�Ù � úsãýâ�ß·Ý/á/ü¨ã�Ü²è¦ØsÝ(ßZ÷·ø¥ã�àIÙÿâ�ßuÝ/á/ü¡ã�ÜdèDêHã àIßZâ�úsß�Ü�ã�Ý(ß¦ëåèDØCB@D�(+49*FE)"�-'4Wö�ä#Ú/ÛKàHÚ�è�ü~ü¡ßDäñÜñÜ�ß|â�ãß|úSãFê�èDÙ�Û¡ß|ØsÜþÙHßÑ÷sãMç|ÛKÜ�Û¡÷/ü¡ãMë�êHß|â ÙHÚ·ãMß|á·Ù�Ü�ÛKÝ/ãDù²èDØsÝ�èC$37./G1�öyäÿÚ/Û à�Ú�â<è�Û¡Ø/ü � ãFØsàFèDúsÜ�á/üKèDÙHã�ÜdÙHÚ·ãËß|úsãFê�è¦Ù�Û¡ß|ØsÜú·êHß|úSãFêHÙ�Û¡ã�Ü²èDØsÝ�Ü�ß|âËãWß|úSãFê�èDÙ�Û¡ß|Ø�ä#Ú/ÛKà�Ú è¦êHãWásÜ�ã�ÝÞëeß|êÿ÷·á/Û§üKÝZÛ¡Ø·æ�ÙHÚ·ãdâ�ß·Ý/ãIüeù��²×yØ�ÙHÚ·ãýàFè|Ü�ãýßDë�ÙHÚ·ãýß|÷·ø�ã�àIÙ�Üâ�ß·Ý/á/ü¡ã�Ü��sÙ�Ú·ãWÜ�Ù�èDÙHãWè¦ØsÝMÙHÚ·ã²÷sãFÚsè�çZÛ¨ßZêñßDënÙHÚ·ã²ß|÷9ø¥ã�àIÙ�Ü êHãFâ<è�Û¡Ø(àIß|ØsàIã�è�ü¡ã�Ý,ä4Û¡ÙHÚ/Û¡Ø(Ù�Ú·ã²÷sß·Ý � Ü�ã�àIÙ�Û¡ß|Øo�òÿßDä äåã²èDêHã²æZßDÛ¡Ø·æ�ÙHßdÛ¡Ø/ëeß|ê�â<è�ü~ü � Ý/ã�ÜHàIê�Û¡÷sãýÙHÚ·ãWÜ � Ø/Ù�è|àIÙ�ÛKà²è|Ü�úSã�àIÙ�Ü4ßDë¢ÙHÚ·ãýì#î#ï�îñð�ò²ó\ô õ4üKèDØ·æ|ásè¦æ|ãWèDØsÝä4Û~ü~ü ásÜ�ã(Ü�ß|â�ãÑä4ãIü~ü¡ïÆ�Ø·ßDä#ØíêHá·Ø·Ø/Û¡Ø·æ ã��sèDâ�ú/ü¡ã�Ü Û¨Øíß|ê�Ý/ãFê�Ù�ß�æDÛ¡ç|ã(èDØ7ßDç|ãFêHçZÛ¡ãFä ßDë²ÙHÚ·ãMüKèDØ·æ|ásèDæZã���
4Ú·ãÛ¡Ø�Ù�êHßuÝ/ásàIÙ�Û¨ßZØÑÛKÜñàIßZâ�úsß�Ü�ã�ÝÑßDënÙ�äåß�Ü�Ù�ãFúsÜ��ç�ÁÛ¡ê�Ü�Ù	�/ÙHÚ·ã è|Ü�úsã�àIÙ�Ü4ê�ãIü è¦ÙHã�ÝÑÙHßËÙHÚ·ã è�ü¡æ|ãF÷·êIè�ÛKàWÜ�úSã�à�Û§ûkàFè¦Ù�Û¡ß|ØsÜ�÷ �â�ã�èDØsÜ�ß¦ëåÜ�ß|â�ãýà�ü èZÜHÜ�ÛKàFè�üåèD÷sÜ�Ù�ê�è|àIÙ²Ý·èDÙ�èËÙ � úsã�Ü²Ü�ásàHÚ�è|ÜÿÙHÚ·ãý÷sß/ßDü¡ã�èDØsÜ��bÙHÚ·ãýØsèDÙ�á·ê�è�ünØ�á·âý÷sãFêIÜ²èDØsÝ�èýû·ë�ßßDëUâËã�ÜHÜHèDæ|ã�Ü4èDê�ã�Û¨Ø/ÙHêHß·Ý/ásàIã�Ý-�n×�Ø(ÙHÚ·ã²Ü�ã�àIß|ØsÝ ú·Úsè|Ü�ã²ßDëUÙ�Ú·ã#Û¡Ø/ÙHêHß·Ý/ásàIÙ�Û¡ß|Ø(ÙHÚ·ã²âMèDø�ß|ê�Û¡Ù � ß¦ëUÙHÚ·ã�Ü�ãWèD÷sÜ�ÙHê�è|àIÙÝ·èDÙ�è Ù � úsã�ÜÿèDêHã²ãFâ�ú/ü¡ß � ã�ÝËÛ¡Ø(ÙHÚ·ãdã��9è¦â�ú/ü¡ã�Ü#êHãIüKèDÙ�ã�ÝMÙHß�ÙHÚ·ã²ß|÷9ø¥ã�àIÙ#úsè¦êHÙ	�



� S�TVU�TXW#MÞó\ô õ�bnÕ-c-doebÕ&d�g
!±×H! IKJML�ÛoÜ�Nwà:ÛPOKN¾Û�NRQTSVU#W0L
� ÜÁÚsè|Übú·ê�ãFç|Û¡ß|ásÜ�ü � ÷sãFãFØýâ�ãFØ/Ù�Û¡ß|Ø·ã�Ý-�|è�ìÿî#ï�îñð�ò²óIô õnÜ�úSã�à�Û~ûkàFèDÙ�Û¡ß|Ø�àIß|ØsÜ�ÛKÜ�Ù�ÜÁßDëkè#àIß¦ü§ü¡ã�àIÙ�Û¡ß|ØËßDëuÙ�ä4ßñÝZÛ��>ãFêHãFØ/Ù
|Û¡ØsÝ·Ü`ßDëbâ�ßuÝ/á/ü¡ã�Ü � ÙHÚ·ã

Adt
ó â�ßuÝ/á/ü¡ã�Ü��/ä#Ú/ÛKà�Ú<èDêHãÿêHãIüKèDÙHã�ÝýÙHß²Ù�Ú·ã Ý·è¦Ù�è²Ü�ÙHêHásàIÙ�á·êHã#úsèDêHÙnß¦ë�è²Ü�úSã�à�Û§ûkàFè¦Ù�Û¡ß|Øo�èDØsÝýÙHÚ·ã

Object
âËßuÝ/á/ü¡ã�Ü��/ä#Ú/ÛKà�Ú<èDêHãñÝ/ã�ÝZÛKàFèDÙ�ã�Ý�ÙHß²Ù�Ú·ãñÝ � Øsè¦âýÛKà#è|Ü�úSã�àIÙ�ÜnßDëbÙHÚ·ãñÜ � Ü�ÙHãFâ���}`ß|Ù�Ú ß¦ë�Ù�Ú·ã�Ü�ãâ�ß·Ý/á/ü¨ã�ÜËèDêHã<àIß|âËúsß�Ü�ã�Ý�ßDë è¦Ø

Interface
èDØsÝ�è

Body
Ü�ã�àIÙ�Û¡ß|Øè|ÜþäåãIü~üñè|Üdè(Ù�Ú/Û¨êIÝ àIß|âËúsß|Ø·ãFØ/ÙýÙHÚ·ãâ�ß·Ý/á/ü¨ã²Ú·ã�èZÝ/ãFê	�n×yØMÙHÚ·ãÿûsê�Ü�Ù4÷sè|Ü�ÛKàÿã��9è¦â�ú/ü¡ã�Ü��·ÙHÚ·ã�Ú·ã�è|Ý/ãFê#àIß|ØsÜ�ÛKÜ�Ù�Ü`ßDëUèýÝ/ã�à�üKèDê�èDÙ�Û¨ßZØÑßDë>ÙHÚ·ãñâËßuÝ/á/ü¡ã²Ù � úSãö

Adt
ß|ê
Object

ù���ëeßDü~ü¡ßDä4ã�ÝW÷ � Ù�Ú·ãåâËßuÝ/á/ü¡ã�ØsèDâ�ã��UòÿãFç|ãFêHÙ�Ú·ãIü¨ã�Ü�Ü��|ä#Ú·ãFØËæ|ãFØ·ãFê�ÛKà�Û¡Ù � ÛKÜ�àIßZØsÜ�ÛKÝ/ãFêHã�Ý-�|Ú·ã�è|Ý/ïãFê�Ü`â<è � æ|êHßDä÷/Û¡æ|æ|ãFê#èDØsÝMàIß|Ø/Ù�è�Û¡ØËÛ¨Ø/ë�ß|êHâMèDÙ�Û¡ß|ØÑÜ�ásàHÚ(èZÜnÙHÚ·ã�â�ß·Ý/á/ü¨ã²Ù � úsãdö
Generic

ßZê
Parameter

ùØ�ÙHÚ·ã�ë�ß|êHâ<è�ü>ß|ê�è|àIÙHásè�ü>úsèDê�è¦â�ãFÙHãFê#â�ß·Ý/á/ü¡ãWØsèDâËã�Ü#è|Ü4ä4ãIü~üYè|Ü4Ù�Ú·ãWè|ÜHÜ�ß·à�ÛKèDÙHã�Ý(àIßZêHêHã�Ü�úSß|ØsÝ/ãFØsàIã�Ü��î#Øýß|Ø·ã4ÚsèDØsÝ-�ZÙHÚ·ã
Interface

Ü�ã�àIÙ�Û¡ß|Ø<àIßZâ�ú·ê�ÛKÜ�ã�Ünè�ü~üsÙHÚ·ã#àIß|â�úSß|Ø·ãFØ/Ù�Ünè|àFàIã�ÜHÜ�Û¡÷/ü¡ãÿëeêHßZâ ÙHÚ·ã4ß|á·ÙIÜ�ÛKÝ/ã��
�ñÜ�ásè�ü~ü � èÿü~ÛKÜ�Ù�ß¦ë�Ü�ß|ê�Ù�Ünö�Ù � úsã4ØsèDâËã�ÜIùbëeß¦ü§ü¡ßDäñÜ¢ÙHÚ·ã

Sorts
ö¥Ü¥Û¨Ø·æZá/ü è¦ê�ß|ê¢ú·á·ê�è�ü�ù>ûsãIüKÝ-�·èDØsÝýÜ�ß|âËãåßZúsãFê�èDÙ�Û¨ßZØsÜèDêHãWÝ/ãIûsØ·ã�Ý á·ØsÝ/ãFêñ÷Sß|ÙHÚ

Generators
èDØsÝ

Operations
ûsãIüKÝ·Ü��¾
4Ú·ã�Ü�ãWßZúsãFê�èDÙ�Û¨ßZØsÜ#èDêHã²àIß|á·ú/ü¡ã�Ý,ä4Û¡ÙHÚÙHÚ·ãIÛ¡ê<ú·ê�ßDû·ü¡ã��.î#ØÙHÚ·ã,ß|ÙHÚ·ãFê�ÚsèDØsÝ-�4Ù�Ú·ã(ß|úSãFê�èDÙ�Û¡ß|Øíú·êHß|úsãFê�Ù�Û¡ã�Ü�ã��·ú·êHã�ÜHÜ�ã�Ý2÷ � âËã�èDØsÜýßDëWã	¬ZásèDÙ�Û¡ß|ØsÜýßZêè��/Û¨ßZâ<Ü`êHãFâ<è�Û¡Ø(àIß|ØsàIã�è�ü¡ã�ÝËÛ¡ØÑÙHÚ·ã

Body
Ü�ã�àIÙ�Û¡ß|Øo�»
4Ú·ã�Ü�ã²ã	¬ZásèDÙ�Û¡ß|ØsÜpü~Û¡ãWá·ØsÝ/ãFê#Ù�Ú·ã

Axioms
ûsãIüKÝ,èDØsÝ<è¦êHãã�Ü�Ù�èD÷/ü~ÛKÜ�Ú·ã�Ý�è|Ü`ë�ßDü~ü¡ßDäñÜ �

â�XY7�D�/
=>
ä�ZY[ 2\* ó

=
Z�[ 2\*^]

;

]`è|àHÚ(è<��Û¡ß|â ÛKÜ²èDØ(ã	¬ZásèDÙ�Û¡ß|Ø,ä#Ú/ÛKàHÚ�êHãIüKèDÙHã�ÜÿÙ�ä4ß ã��·ú·êHã�ÜHÜ¥Û¨ßZØsÜ�� Z�[ 2\* ó Z�[ 2\* ] �9ä#Ú/ÛKàHÚ�èDêHãýàIß|ØsÜ�ÙHê�ásàIÙHã�Ýëeê�ß|â ÙHÚ·ã�â�ß·Ý/á/ü¡ã�Û¨Ø/ÙHãFê�ëyè|àIã��·èDØsÝMÜ�Ù�èDÙ�ã�ÜnÙHÚsèDÙ4÷Sß|ÙHÚMã��uú·êHã�Ü�Ü�Û¡ß|ØsÜ4Ý/ãFØ·ß|ÙHã²ÙHÚ·ã²ÜHèDâ�ãÿçhè�ü¡á·ãDö¥ÜIù�� � ØMß|ú·Ù�Û¡ß|ØsèhüàIß|ØsÝZÛ¡Ù�Û¡ß|Øo�8X�7�D_/-��â<è � ÷sã(è|Ý·Ý/ã�Ý-�#Ý/ãFÙ�ãFêHâýÛ¡Ø/Û¡Ø·æ ÙHÚ·ã�àIß|Ø/ÙHã��uÙdÛ¡ØäÿÚ/Û à�Ú è¦Øè���Û¡ß|â Ú·ßDüKÝ·Ü�ÙHê�á·ã�� � ßZâ�ãèDá*�/Û§ü~ÛKèDê � ú·ê�ß|úsãFêHÙ�Û¨ã�Ü â<è � ÷sã²â�ãFØ/Ù�Û¡ß|Ø·ã�ÝMá·ØsÝ/ãFê#Ù�Ú·ã�ûsãIü Ý
Theorem

�»�9êHß|â ÙHÚ·ã�ásÜ�ãFê#úSßDÛ¡Ø�Ù#ß¦ëUç|Û¡ãFä��9ÙHÚ·ãÙHÚ·ãFß|êHãFâMÜñèDê�ãWü¡ß|æ¦Û àFèhüåàIß|ØsÜ�ã	¬Zá·ãFØsàIã�Ü²ßDë�ÙHÚ·ã�è��/Û¡ß|â<Ü��bÙ�Ú·ã � â<è � ÷sãýásÜ�ã�ÝÞëeß|êÿÛ¡â�ú/ü¡ãFâ�ãFØ/Ù�èDÙ�Û¡ß|Ø�ú·á·ê�úsß�Ü�ã�Ü��î4ëpàIßZá·ê�Ü�ã��·çDèDê�ÛKèD÷/ü¡ã�Ü²èDêHãWè�çhèhÛ§üKèD÷/ü¡ãýä#Ú·ãFØ·ãFç|ãFê�Ý/ãIûsØ·ã�Ý(á·ØsÝ/ãFê�ÙHÚ·ã
Where

ûsãIüKÝ-�
�ÁÛ¡æ|á·êHã¼\&� Y Ý/ãFú/ÛKàIÙ�Ü ÙHÚ·ã�ä4ãIü~ü¨ïÆ/Ø·ßDä#Ø7÷sß/ßDü¡ã�èDØsÜ)`nèDØsÝ ØsèDÙHá·ê�è�ü4Ø�á·âý÷SãFê�Ü)`UÜ�úsã�à�Û~ûkàFèDÙ�Û¡ß|Øo���ÿØsÝ/ãFêHØ·ã�èDÙHÚÙHÚ·ãýÙ�äåß ûsãIü Ý·Ü

Operations
èDØsÝ

Generators
�Sü~Û¡ã�ÙHÚ·ãWßZúsãFê�èDÙ�Û¨ßZØÞú·ê�ßDû·ü¡ã�ÜÿÛ¨Ø�ä#Ú/ÛKà�Ú�ÙHÚ·ãdá·ØsÝ/ãFê�ÜHàIß|êHãàHÚsè¦ê�è|àIÙHãFê�a

_ b æDÛ¡ç|ã�ÜÿÙHÚ·ãýúsß�Ü�Û¡Ù�Û¡ß|Ø�ßDë�êHã�Ü�úSã�àIÙ�Û¡ç|ã<èDêHæZá·â�ãFØ�ÙIÜ��9
4Ú/ÛKÜ86VB [.ced�[ Ø·ßZÙ�èDÙ�Û¡ß|Ø�è�ü~ü¨ßDäñÜ�ßZúsãFê�èDÙ�Û¨ßZØsÜÙHßÑ÷sãMÝ/ãIûsØ·ã�Ý�Û¡Ø èMâ�ßZêHãýØsèDÙHá·ê�è�ünä#è �\f Û¨Ø�úsèDêHÙ�ÛKàIá/üKèDê	��Û¨Ùýè�ü~ü¡ßhä�Üÿëeß|ê²ú·ê�ãFïAû&�¹�Áúsß�Ü�Ù�ïAû&�¹��Û¨Ø·ïAû&�7è|Ü�ä4ãIü§üåèZÜß|á·ÙHïAû&��ö¥è|Ü`Û¡Ø
{_}

Û¡Ø�Ü�Û¡Ø·æDü¡ãFÙHß|ØÞÜ�ãFÙ4ëeßZêHâ<èDÙ�Û¡ß|Øbù��
� ásÜ�ãIë�á/ü�ëeã�èDÙ�á·êHãÑë�ß|êMâ<è�ZÛ¨Ø·æ7Ü�úSã�à�Û§ûkàFè¦Ù�Û¡ß|ØsÜÑã�è|Ü¥Û¨ãFêÑÙ�ß�á·ØsÝ/ãFê�Ü�Ù�è¦ØsÝ7ÛKÜg7�h94.*';<7."�/�B@D%i��.î#ç|ãFê�ü¡ß�è|ÝZÛ¡Ø·æè�ü~ü¡ßhä�Ü�ß|Ø·ã,ÙHß è|Ü�Ü�Û¡æ|Ø7ÙHÚ·ãÞÜ�èDâ�ãÑÛKÝ/ãFØ/Ù�Û~ûsãFêÑÙHß ÝZÛ��>ãFêHãFØ/Ù<ÙHÚ/Û¡Ø·æ�Ü��·�9ß|ê�ã��sèDâ�ú/ü¡ã��#÷Sß|ÙHÚ

Bool
è¦ØsÝ

Natâ�ß·Ý/á/ü¨ã�ÜËßDë^�ÁÛ¡æ|á·ê�ã \&� Y Ý/ãIûsØ·ã(ÙHÚ·ãÑú·ê�ã�ÝZÛ àFè¦ÙHãja
_ = _ b ä4Û¡ÙHÚíã�è|àHÚ7Úsè�çZÛ¡Ø·æ è�ÝZÛ �>ãFêHãFØ/Ù�ú·êHß¦û·ü¨ã��î}�ßZÙHÚÙHÚ·ã�Ü�ã²ú·êHã�ÝZÛKàFèDÙ�ã�Ü#êHãIë�ãFê#ÙHßËã	¬|ásè�ü~Û¡Ù � �s÷·á·ÙÿÙHÚ/ÛKÜ4ÛKÜÿÙHß�èDØÑã	¬|ásèhü§Û¡Ù � ÷sãFÙ�ä4ãFãFØ(ßZúsãFê�èDØsÝ·Ü ßDëpÝZÛ��>ãFêHãFØ/ÙñÜ�ß|ê�Ù�Ü��

� Û¡ØsàIã<è�ü¡æ|ãF÷·êIè�ÛKà�Ü�úsã�à�Û~ûkàFèDÙ�Û¨ßZØsÜWèDêHã�ÝZÛ¡çZÛ Ý/ã�Ý Û¡Ø�Ù�ßÑâ�ßuÝ/á/ü¡ã�Ü��¢è�âËßuÝ/á/ü¡ã�â<è � Ø·ãFã�ÝÞÜ�ß|â�ã�àIß|â�úSß|Ø·ãFØ�ÙIÜëeê�ß|â èDØ·ß|Ù�Ú·ãFê�â�ß·Ý/á/ü¨ã��J��ãÞàFèhü§ü²ÙHÚ·ã�Ü�ã,â�ß·Ý/á/ü¨ã�Ü��#êHã�Ü�úSã�àIÙ�Û¡ç|ãIü � �ñèk:�&)4.*dâ�ß·Ý/á/ü¡ã è¦ØsÝèk:�&)4l/ â�ßuÝ/á/ü¡ã��

4Ú·ãÑásÜ�ãFêýâ�ß·Ý/á/ü¡ã(ã��·ú·êHã�ÜHÜ�ã�ÜýÙ�Ú/Û ÜX|Û¡ØsÝ7ß¦ë Ý/ãFúsãFØsÝ/ãFØsà � ÷ � âËã�èDØsÜýßDëñÙ�Ú·ã

Use
ûsãIüKÝ-�`ëeß¦ü§ü¡ßDä4ã�Ý�÷ � ÙHÚ·ãü~Û Ü�Ù<ßDëWè�ü~üñÙHÚ·ãÑâËßuÝ/á/ü¡ã�ÜËÛ¡Ù�Ø·ãFã�Ý·Ü�� �·ß|êËã��9èDâËú/ü¨ã��4âËßuÝ/á/ü¡ã

Nat
â ásÜ�Ù Ý/ã�à�üKèDê�ã(Û¡Ø2Û¨ÙIÜdÛ¡Ø�ÙHãFê�ëvè|àIã�è

UseûsãIüKÝýÛ¡ØMä#Ú/ÛKàHÚÑèDú·úsã�è¦ê�Ü`ÙHÚ·ã#â�ß·Ý/á/ü¡ã
Bool

�¾
4Ú/ÛKÜ¢ÛKÜ`÷sã�àFè¦ásÜ�ãñÙ�Ú·ã#ß|úsãFêIèDÙ�Û¡ß|Ø�a
_ = _ : nat nat ->

boolb ßDë#â�ß·Ý/á/ü¡ã Nat Ý/ã�è�üKÜýä4Û¡ÙHÚ�ÙHÚ·ã<Ü�ßZêHÙ
bool

Ý/ãIûsØ·ã�Ý�Û¡Ø�â�ß·Ý/á/ü¨ã
Bool

��
4Ú�ásÜ��Yè ásÜ�ãFêýâ�ß·Ý/á/ü¨ãÛKÜ²è�ü~ü¨ßDä4ã�ÝÑÙ�ßÌÝ/ã�è�ünä4Û¡ÙHÚ�è�ü~ünÙHÚ·ã àIß|âËúsß|Ø·ãFØ/Ù�Ü²Ý/ã�à�üKèDêHã�Ý Û¡Ø�ÙHÚ·ãýásÜ�ã�Ý,â�ßuÝ/á/ü¡ã�Ü)`SÛ¡Ø/ÙHãFê�ëyè|àIã�Ü��Sä#Ú/Û~ü¡ã��Uè�ü~ünÙHÚ·ãàIß|â�úSß|Ø·ãFØ�ÙIÜ²ßDë#ÙHÚ·ãM÷sß·ÝZÛ¡ã�ÜýêHãFâ<è�Û¡Ø�Û¡Øsè|àFàIã�Ü�Ü�Û¡÷/ü¨ã,ë�êHß|â ÙHÚ·ãMß|á·Ù�Ü¥Û Ý/ã����#ßDä4ãFç|ãFê	�bÙHÚ·ã
Use

ûsãIüKÝ�Úsè|Ü²Ù�ä4ßÝZÛ���ãFê�ãFØ�Ù4â�ã�èDØ/Û¡Ø·æ�Ü��sÝ/ãFúsãFØsÝZÛ¡Ø·æÑß|ØMä#Ú·ãFêHã�ÙHÚ·ã
Use

Ý/ã�à�üKèDêIèDÙ�Û¡ß|Ø(èDú·úSã�èDê�Ü��:� Ú·ãFØÑÙHÚ·ã
Use

ûsãIüKÝ,èDú·úsã�èDêIÜÛ¡ØÞÙ�Ú·ãWÛ¡Ø/ÙHãFê�ëyè|àIã Ü�ã�àIÙ�Û¡ß|Øo�bÙHÚ·ãýásÜ�ãFê�â�ßuÝ/á/ü¡ã�` ÜÿÛ¡Ø/ÙHãFê�ëyè|àIãdÛKÜ�ãFØ·ê�ÛKàHÚ·ã�Ý�ä Û¨Ù�ÚÞÙ�Ú·ãWásÜ�ã�Ý,â�ß·Ý/á/ü¡ã�Ü)`SÛ¡Ø�ÙHãFê�ëvè|àIã�Ü��×yØ�ß|ÙHÚ·ãFê�ä4ß|ê�Ý·Ü��9Û~ë èËâ�ß·Ý/á/ü¨ã�m�ódásÜ�ã�Ü#Ù�ä4ß�â�ß·Ý/á/ü¡ã�Ünm ] èDØsÝgmpo��säÿÚ·ãFêHã�m ] ásÜ�ã�Üqmpo��bÙHÚ·ãFØgm óýÝ/ß/ã�Ü
r �n�|�²l¢���|��{§���ç6/���¡�d�������²�¢�����D�#�������y�H�01���z��M�y�ý�y�Z�ñ���H�y�H��}���� �U���¥�D�4���U�y�|�²�¡��z|���������	@4�n�Z�H�y�²���H�y�H��}���� �U���¥�D��F���åzZ�����H���y�#���Hz|�y{~��{§}��#�Fz��ý�H��z�6/�#��{§zZ���|�¡�F�¢���:1Z�|�¥���
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Adt Bool;
Interface
Sort bool;
Generators
true, false : -> bool;
Operations
not _ : bool -> bool;
_ or _ : bool bool -> bool;
_ and _ : bool bool -> bool;
_ = _ : bool bool -> bool;

Body
Axioms
not true = false;
not false = true;

true or x = true;
false or x = x;

true and x = x;
false and x = false;

(true=true) = true;
(true=false) = false;
(false=true) = false;
(false=false) = true;
Theorem
not(x and y) = (not x)or(not y);
Where
x, y : bool;

End Bool;

t

u

v

w

Adt Nat;
Interface
Use Bool;
Sort nat;
Generators
0 : -> nat;
succ _ : nat -> nat;
Operations
_ + _ : nat nat -> nat;
_ = _ : nat nat -> bool;

;; x F°²±²I«A¬¦±�® Hy¦±�®¥©\«{zAF¯ x
Body
Axioms
0+n = n;
(succ n)+m = succ(n+m);

0=0 = true;
(0=succ n) = false;
(succ n=0) = false;
(succ n=succ m) = n=m;

;; ©F¯%|þ«A¬¦±3z¡®#© x,x l}3zK©\«v±,|W©�~�zAF° x
Where
n, m : nat;

End Nat;

�ÁÛ¡æ|á·êHã�\{� Y�� 
4Ú·ãýìnüKè|ÜHÜ¥Û àFèhü�}`ß/ßDü¡ã�èDØsÜ)`sèDØsÝ,òñè¦ÙHá·ê�è�üUòÿá·â ÷SãFê�Ü)` � ÷sÜ�ÙHêIè|àIÙ(�²èDÙ�èV
 � úSã�Ü
Ø·ß|ÙdØ·ãFã�Ý�ÙHß�Ý/ã�à�üKèDêHãÑÙHÚ·ã�ásÜ�ã<ßDëqmpo��N
4Ú/ÛKÜWú·ê�ß|úsãFêHÙ � Ý/ß/ã�ÜWØ·ßZÙWÚ·ßDüKÝ�ä#Ú·ãFØ Ù�Ú·ã

Use
ûsãIüKÝ7Ý/ã�à�üKèDê�èDÙ�Û¨ßZØèDú·úSã�èDê�Ü`Û¡Ø(Ù�Ú·ãW÷sß·Ý � Ü�ã�àIÙ�Û¡ß|Øo�� 49D�49*lB@-.B@(+1�ÛKÜWèDØ·ßZÙHÚ·ãFêñä#è � ßDë4â<è�ZÛ¨Ø·æ(Ü�úsã�à�Û~ûkàFèDÙ�Û¡ß|ØsÜþâ�ß|êHã�àIß|Øsà�ÛKÜ�ã�ä Û¨Ù�Ú·ß|á·ÙWÜHè|àIê�Û~ûkà�Û¡Ø·æ(Ù�Ú·ãIÛ¨êþü¡ãFæDÛ¡ï÷/Û~ü~Û¨Ù � � � ãFØ·ãFê�ÛKà�èD÷sÜ�ÙHêIè|àIÙWÝ·èDÙ�èËÙ � úSã�Ü²èDêHã�Ý·èDÙ�èÑÜ�Ù�êHásàIÙHá·êHã�Üÿä#Ú/ÛKàHÚ�Ý/ãFúsãFØsÝ·Üdß|Ø�Ü�ß|â�ãdë�ß|êHâ<èhüYúsèDêIèDâ�ãFÙHãFêâ�ß·Ý/á/ü¡ã�Ü���
4Ú·ãýÚ·ã�è|Ý/ãFê²ßDëåèMæZãFØ·ãFê�ÛKà Ý·è¦Ù�è�Ù � úsãýâýásÜ�Ù�÷sãFæDÛ¡Ø�ä4Û¡ÙHÚ�ÙHÚ·ã

Generic
Zã � ä4ß|ê�Ý-�9ë�ßDü~ü¨ßDä4ã�Ý,÷ �ÙHÚ·ãýâ�ß·Ý/á/ü¡ã�ØsèDâ�ã�èDØsÝ�Ù�Ú·ãWü~ÛKÜ�ÙdßDënÛ¡Ù�ÜÿëeßZêHâ<è�ünúsèDê�èDâËãFÙHãFêñâËßuÝ/á/ü¡ã�Ü�� � Ø�ã��9èDâËú/ü¨ãËßDëåèMæ|ãFØ·ãFê�ÛKàdûsê�Ü�ÙHïAÛ¡Ø·ïûsê�Ü�Ù�ï�ß|á·ÙñÝ·èDÙ�èdÙ � úsã²ÛKÜ Û~ü§ü¡ásÜ�Ù�ê�èDÙHã�ÝÌÛ¨Ø��ÁÛ¡æ|á·êHã�\{�=\&�:�,ßuÝ/á/ü¡ã

Elem
àIßZêHêHã�Ü�úSß|ØsÝ·Ü#Ù�ß Ù�Ú·ã²ë�ß|êHâ<è�ü>úsèDêIèDâ�ãFÙHãFêâ�ß·Ý/á/ü¡ã���äÿÚ/Û à�ÚËÛ ÜpêHãFú/üKè|àIã�ÝM÷ � èDØ<èZàIÙHásè�üsâ�ß·Ý/á/ü¡ãWÝ/á·ê�Û¡Ø·æWÙHÚ·ã4Û¡ØsÜ�ÙIèDØ�Ù�Û è¦Ù�Û¡ß|Ø<ú·ê�ßuàIã�ÜHÜ���
 Ú·ã

Elem
â�ß·Ý/á/ü¡ãâýásÜ�Ù²÷sã�Ý/ãIûsØ·ã�Ý�è|Ü²è

Parameter
â�ß·Ý/á/ü¡ãÌèZÜ4ÛKÜWÜ�Ú·ßhäÿØ(Û¡Øþ�ÁÛ¡æ|á·ê�ãX\{�=\&����èDê�Û¨ßZásÜ�Û¡Ø/ëeßZêHâ<èDÙ�Û¡ß|Ø�àFèDØ�÷SãÝ/ãIûsØ·ã�Ý�Û¡Øè,úsèDê�èDâ�ãFÙ�ãFêWâ�ß·Ý/á/ü¡ã(è|ÜdäåãMä4Û~ü~üñÜ�ãFã����#ßDä4ãFç|ãFê	��Û¡Ø/ëeß|ê�â<èDÙ�Û¡ß|Ø7è|ÜdÙHß(Ù�Ú·ã(Ü�ß|êHÙýÝ/ãIûsØ/Û¨Ù�Û¨ßZØ�Û Üã�ÜHÜ�ãFØ/Ù�ÛKè�ü�÷Sã�àFèDásÜ�ãýÙHÚ/ÛKÜ²Ü�úsã�à�Û~ûkàMÜ�ß|êHÙÿÛKÜ�ásÜ�ã�Ý üKèDÙHãFê�Û¡Ø�ÙHÚ·ãýæ|ãFØ·ãFê�ÛKàýâ�ß·Ý/á/ü¡ã��Wò#ßZÙHãýÙHÚsèDÙ�ÙHÚ·ã²Û¡â�ú/ü~ÛKà�Û¡Ù�ásÜ�ãÝ/ã�à�üKèDê�èDÙ�Û¨ßZØ�ßDë

Elem
Û¡Ø�ÙHÚ·ã

Fifo
â�ß·Ý/á/ü¡ã<èDØsÝ�Ù�Ú·ã â Û �·ïAû&�ÞØ·ßZÙ�èDÙ�Û¡ß|Ø,Û¡Ø�ÙHÚ·ãýß|úSãFê�èDÙ�Û¡ß|ØsÜ�a

add _ to
_ b èDØsÝ�a empty? _ b �»�,ß|êHãFßDç|ãFê	�DÙ�Ú·ã èD÷sÜ�ãFØsàIãñßDëUè��/Û¡ß|â<Ü`êHãIüKèDÙHã�ÝËÙHßdÙHÚ·ãñßZúsãFê�èDÙ�Û¨ßZØsÜ�a next emptybèDØsÝ�a

remove emptyb Û¡â�ú/ü~Û¡ã�Ü²èDØÑá·ØsÝ/ãIûsØ·ã�Ý,çhè�ü¡á·ã��
 Ú·ã�Û¡ØsÜ�Ù�è¦Ø�Ù�ÛKèDÙ�Û¨ßZØ7â�ã�àHÚsè¦Ø/Û Ü�â Úsè|ÜdÙHß�÷sãMÛ¡Ø/ç|ß�|ã�Ý�Û¡Ø7ß|ê�Ý/ãFêýÙHß�ß|÷·ÙIè�Û¡ØéèDØèZàIÙHásè�üåâËßuÝ/á/ü¡ãÑë�êHß|â èæ|ãFØ·ãFê�ÛKàMâ�ß·Ý/á/ü¡ã��nä#Ú·ãFêHãËÙHÚ·ã�ë�ß|êHâMè�ü�úsèDê�èDâËãFÙHãFêWâ�ß·Ý/á/ü¡ãMÛKÜWê�ãFú/ü èZàIã�Ý�ÙHÚ·ß/Ü�ã<äÿÚ/Û à�Ú7èDêHã<è|àIÙ�ásè�ü5�P
4Ú/ÛKÜþÛ Üè|àFàIß|âËú/ü§ÛKÜ�Ú·ã�Ý ÷ � Ý/ãIûsØ/Û¡Ø·æ<èdØ·ãFä â�ß·Ý/á/ü¨ã²äÿÚ/Û à�ÚÑÜ�úsã�à�Û~ë � ÙHÚ·ã�æ|ãFØ·ãFê�ÛKà�â�ß·Ý/á/ü¡ã��·è�ü~ü�Ù�Ú·ã è|àIÙ�ásè�ükúsèDêIèDâ�ãFÙHãFêâ�ß·Ý/á/ü¡ã�Ü4ØsèDâ�ã�Ü��/ÙHÚ·ã²àIß|êHê�ã�Ü�úsß|ØsÝ/ãFØsàIã�Ü ÷sãFÙ�ä4ãFãFØ<ÙHÚ·ã²Ü�ß|ê�Ù�Ü¢ßDëUÙHÚ·ãÿë�ß|êHâ<è�üsúsè¦ê�èDâ�ãFÙHãFê`â�ß·Ý/á/ü¨ã�ÜÿèDØsÝ�Ù�Ú·ß�Ü�ãßDë4ÙHÚ·ã�è|àIÙHásè�ü�úsèDêIèDâ�ãFÙHãFê�â�ß·Ý/á/ü¨ã�Ü��YèZÜ�äåãIü~üåè|Ü²èMê�ãFØsèDâýÛ¡Ø·æÑßDë Ü�ß|â�ãdÛKÝ/ãFØ�Ù�Û~ûsãFê�Ü�� 
4Ú/ÛKÜ²âËã�àHÚsèDØ/ÛKÜ�â àFèDØ



  S�TVU�TXW#MÞó\ô õ�bnÕ-c-doebÕ&d�g
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Generic Adt Fifo(Elem);
Interface
Use Bool;
Sort fifo;
Generators
empty : -> fifo;
add _ to _ : elem fifo -> fifo;
Operations
empty? _ : fifo -> bool;
next _ : fifo -> elem;
remove _ : fifo -> fifo;

Body
Axioms
empty? empty = true;
empty? add e to f = false;

remove add e to empty = empty;
remove add e to add e’ to f =
add e to remove add e’ to f;

next add e to empty = e;
next add e to add e’ to f =
next add e’ to f;

Where
f : fifo; e,e’ : elem;

End Fifo;
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Parameter Adt Elem;
Interface
Sort elem;

Body
End Elem;

�ÁÛ¡æ|á·êHã�\&�3\ � 
4Ú·ã � ãFØ·ãFê�ÛKà��ÁÛ¡ê�Ü�ÙHï�×�Ø·ï5�ÁÛ¡ê�Ü�ÙHï�î#á·Ù � Ý/Ù�èDØsÝËÛ¡Ù�Üñðnè¦ê�èDâ�ãFÙHãFê(�,ß·Ý/á/ü¨ã��
÷sã�úSãFê�ë�ß|êHâ�ã�Ý�äÿÚ·ãFØ�ÙHÚ·ã<è|àIÙ�ásè�ü�úsèDê�èDâËãFÙHãFê²â�ß·Ý/á/ü¨ã�ÜýÜHè¦Ù�ÛKÜ�ë � ÙHÚ·ã�ú·êHßZúsãFêHÙ�Û¡ã�ÜþßDë#ÙHÚ·ãdëeß|ê�â<è�ü�úsèDê�è¦â�ãFÙHãFêâ�ß·Ý/á/ü¨ã�Ü��u�ÁÛ¡æ|á·êHãP\&�3_,Û~ü§ü¡ásÜ�Ù�ê�èDÙHã�ÜMÙHÚ·ã Û¡ØsÜ�Ù�èDØ/Ù�ÛKèDÙ�Û¡ß|ØíßDëþè�ÙHÚ·ãÑæ|ãFØ·ãFê�Û à,â�ß·Ý/á/ü¡ã

Fifo
÷ � ÙHÚ·ã,â�ß·Ý/á/ü¨ã

Nat
�9Û¡ØÞßZê�Ý/ãFê#ÙHß�ßZ÷·Ù�è�Û¡Ø(èýûsêIÜ�ÙHïAÛ¡Ø·ïAûsê�Ü�ÙHï�ßZá·ÙñÝ·èDÙ�èýÙ � úsãd÷sè|Ü�ã�ÝMß|Ø,ØsèDÙHá·ê�è�ü>Ø/á·âý÷sãFê�Ü��¾
4Ú·ãdØ·ãFäu|ã � ä4ß|ê�Ý

As
â�ã�èDØsÜËÙHÚsèDÙ�Ù�Ú·ãÑØ·ãFä6â�ß·Ý/á/ü¡ã

FifoNat
àIßZâ�ú·ê�ÛKÜ�ã�ÜMè�ü~üñÙHÚ·ãÞàIßZâ�úsß|Ø·ãFØ/Ù�ÜËßDë²ÙHÚ·ãÑæ|ãFØ·ãFê�ÛKà,â�ß·Ý/á/ü¨ã

Fifo
�·ä#Ú·ãFê�ã#ë�ß|êHâ<èhüsúsèDê�èDâ�ãFÙ�ãFê�Ü�èDê�ã Ü�á·÷sÜ�Ù�Û¡ÙHá·ÙHã�ÝË÷ � Ù�Ú·ã#â�ß·Ý/á/ü¨ã

Nat
�ç
 Ú·ã

Morphism
ûsãIüKÝMú·êHßDç|ÛKÝ/ã�Üè�àIß|êHê�ã�Ü�úsß|ØsÝ/ãFØsàIã,÷sãFÙ�ä4ãFãFØ7ÙHÚ·ã(Ü�ß|ê�Ù�Ü

elem
èDØsÝ

nat
ä#Ú/Û~ü¨ã�ÙHÚ·ã

Rename
ûsãIüKÝ7Ù�èå|ã�Ü�à�ÚsèDêHæ|ãMßDë²ÙHÚ·ãêHãFØsèDâýÛ¡Ø·æMßDëUÙHÚ·ãýÜ�ß|êHÙ

fifo
Û¡Ø/ÙHß�ÙHÚ·ã²Ø·ãFä+Ü�ß|êHÙ

fifonat
�(�#ãFê�ã��s÷Sß|ÙHÚÑÙHÚ·ã�Ü�ã²Ù�ä4ßdûsãIüKÝ·Ü²èDêHã�ã�ÜHÜ�ãFØ/Ù�ÛKè�ü5�
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Adt FifoNat As Fifo(Nat);
Morphism elem -> nat;
Rename fifo -> fifonat;
Interface
Body
End FifoNat;

�ÁÛ¡æ|á·êHã�\{�=_ � � �ÁÛ¡ê�Ü�ÙHï�×yØ·ï5�ÁÛ¡ê�Ü�Ù�ï�î#á·Ù � Ý/Ù#ßDë�òñè¦ÙHá·ê�è�üUòÿá·â ÷SãFê�Ü��
� Ø·ß|ÙHÚ·ãFê�ã��9è¦â�ú/ü¡ã�êHãFæ�èDêIÝZÛ¨Ø·æMÙHÚ·ãdÛ¡ØsÜ�Ù�èDØ/Ù�ÛKèDÙ�Û¡ß|Ø�ßDë4ÙHÚ·ã

Fifo
â�ß·Ý/á/ü¡ãdÛ ÜdÜ�Ú·ßDä#ØÑÛ¡Ø��ÁÛ¡æ|á·êHã�\&�¦k4�^[�ãFÙ

Message
÷SãWèWâËßuÝ/á/ü¡ã�ë�ß|êåÝ/ã�ÜHàIê�Û¨÷/Û¡Ø·æÑÜ�ß|â�ã�â�ã�ÜHÜ�èDæ|ã�Ü��:
4Ú·ã²ß|úSãFê�èDÙ�Û¡ß|ØsÜ4èDØsÝËÙHÚ·ã²â�ã�Ü�ÜHèDæ|ã�ÜpÙHÚ·ãFâ<Ü�ãIü¡ç|ã�ÜèDêHãËÛ¡êHêHãIü¡ãFçhèDØ/Ù	��
4Ú·ãFê�ãIëeß|ê�ã<ä4ã�ß|Ø/ü � Ý/ãIûsØ·ãÑÙHÚ·ãÑÜ�ß|êHÙ

message
èDØsÝ ü¡ã�è�çZãÌè�ü~ü#ÙHÚ·ãMß|ÙHÚ·ãFêþûsãIü Ý·Ü ãFâ�ú·Ù � �


4Ú·ã<Ý/ãIûsØ/Û¡Ù�Û¡ß|Ø7ßDë#èMûsê�Ü�ÙHïAÛ¡Ø·ïAûsê�Ü�ÙHï�ß|á·ÙýÝ·èDÙ�èMÙ � úsã�ßDë#â�ã�Ü�ÜHèDæ|ã�ÜÿÛKÜdêHã�è�ü~Û��Fã�Ý�Û¡Ø�ÙHÚ·ã<ÜHè¦â�ãýâ<èDØ·Ø·ãFê èZÜ²ä#è|Üú·êHãFçZÛ¨ßZásÜ�ü � ÙHÚ·ãWàFè|Ü�ã��



a\s h T Ð���g·ÖDÓ�Ò ¨
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Adt Message;
Interface
Sort message;

Body
End Message;

t

u

v

w

Adt FifoMessage As Fifo(Message);
Morphism elem -> message;
Rename fifo -> fifomessage;
Interface
Body
End FifoMessage;

�ÁÛ¡æ|á·êHãV\&�¦k � � �ÁÛ¡ê�Ü�ÙHï�×�Ø·ï5�ÁÛ¨êIÜ�ÙHï�î#á·Ù � Ý/Ù#ß¦ë��,ã�ÜHÜHè¦æ|ã�Ü��
î#á·êdüKè|Ü�Ùdã��9è¦â�ú/ü¡ã(èD÷sß|á·Ùýæ|ãFØ·ãFê�Û à�Û¡Ù � ÛKÜýÙHÚ·ãMÜ�úsã�à�Û~ûkàFèDÙ�Û¡ß|ØíßDë#ÙHÚ·ãMæ|ãFØ·ãFê�ÛKàÑàFèDêHÙHã�Ü¥Û è¦Ø ú·êHß·Ý/ásàIÙ	��ö � ãFã

�ÁÛ¡æ|á·êHã9\&� ~ �¨ù^
4Ú/ÛKÜ4ã��sèDâ�ú/ü¡ãÿÛ§ü~ü¡ásÜ�ÙHêIèDÙHã�Ü#èdæ|ãFØ·ãFê�ÛKàÿâ�ß·Ý/á/ü¨ãWàIßZâ�úsß�Ü�ã�Ý�ßDë¢Ù¥ä4ßWÝZÛ��>ãFêHãFØ/Ù�ë�ß|êHâMè�ükúsèDêIèDâ�ãFÙHãFêâ�ß·Ý/á/ü¡ã�ÜÿÛ¨Ø,ä#Ú/ÛKàHÚ,ÙHÚ·ãWßZúsãFê�èDÙ�Û¨ßZØCa
_ = _ b âýásÜ�Ù#÷sãýÝ/ãIûsØ·ã�Ý-�4×yØsÝ/ãFã�Ý-�>Ü�Û¡ØsàIãdÙHÚ·ãWã	¬Zásè�ü~Û¡Ù � ßZúsãFê�èDÙ�Û¨ßZØMÛ ÜÝ/ãIûsØ·ã�ÝËß|Ø�÷sßZÙHÚ<Ü�ß|ê�Ù�Ü

elem1
èDØsÝ

elem2
Û¡ØMâ�ßuÝ/á/ü¡ã

CP
�Z÷sß|Ù�Ú�ßDëkÙ�Ú·ã#úsèDê�èDâËãFÙHãFê�â�ß·Ý/á/ü¡ã�Ü`â ásÜ�Ù�Ý/ãIûsØ·ãÙHÚ/ÛKÜ²ßZúsãFê�èDÙ�Û¨ßZØ ä4Û¡ÙHÚ·ßZá·Ù²â�ãFØ�Ù�Û¨ßZØ/Û¨Ø·æ�ÙHÚ·ãËú·êHß|úsãFê�Ù�Û¡ã�ÜWê�ãIü è¦ÙHã�Ý�ÙHß,ÙHÚ·ã�ã	¬Zásè�ü~Û¨Ù � ßDë#ÙHÚ·ã�úsè¦ê�èDâ�ãFÙHãFê9` Ü²Ý·èDÙ�èÜ�ÙHê�ásàIÙHá·êHã�Ü��N�ÿßhä4ãFç|ãFê��UÜ�Û¡ØsàIãÑÙHÚ·ãÑÝ·èDÙ�èÑÜ�Ù�êHásàIÙHá·êHã�ÜþßDëñÙHÚ·ãýë�ß|êHâMè�ü�úsèDê�èDâËãFÙHãFê�ÜWè¦êHã�ú·êHã�Ü�ãFØ/Ù�ü � á·Ø&/Ø·ßDä#Øo�Ø·ß è��/Û¡ß|â àFèDØ7÷sã,ú·êHßDç|ÛKÝ/ã�Ý-� 
4Ú·ã�Ü�ã(ú·ê�ß|úsãFêHÙ�Û¨ã�ÜËä4Û~ü~ü ÷Sã(ú·êHßDçZÛKÝ/ã�Ý7÷ � ÙHÚ·ã�è|àIÙHásè�ü#úsèDêIèDâ�ãFÙHãFê	�î
4Ú·ãFØo�ÙHÚ·ã²ú·êHßZúsãFêHÙ�Û¡ã�ÜÿßDënÙHÚ·ã²ã	¬|á/Û¡çDè�ü¡ãFØsàIã�êHãIüKèDÙ�Û¡ß|Ø,ßDëUÙHÚ·ã²ã	¬Zásè�ü~Û¡Ù � ú·ê�ã�ÝZÛ àFè¦ÙHã��·Û5� ã��pêHã�æsã���Û¡çZÛ¡Ù � �SÙHê�è¦ØsÜ�Û¡Ù�Û¡ç|Û¡Ù � èDØsÝÜ � â�â�ãFÙHê � �nâýásÜ�Ù�÷sãÑã��·ú·êHã�ÜHÜ�ã�Ý7÷ � â�ã�è¦ØsÜýßDëñÙHÚ·ã

Theorems
ûsãIüKÝ-�$ö � ãFãP�ÁÛ¨æZá·êHãP\&� | �¨ù 
4Ú·ã

Elem2â�ß·Ý/á/ü¡ã��bä#Ú/ÛKàHÚ Û Ü9¬Zá/Û¡ÙHã Ü¥Û¨â Û§üKèDêWè¦ØsÝ(Ý/ãIûsØ·ã�Ü�ÙHÚ·ã
elem2

Ü�ß|êHÙ��/ÛKÜ#Ø·ß|ÙÿæDÛ¡ç|ãFØ�Ú·ãFêHã��(�ÁÛ¡æ|á·êHã�\{��mWæDÛ¡ç|ã�ÜÿÙHÚ·ãÛ¡ØsÜ�Ù�èDØ/Ù�ÛKèDÙ�Û¡ß|ØÑß¦ëUÙHÚ·ã
CP

â�ßuÝ/á/ü¡ã��9Û¡ØÑß|ê�Ý/ãFê4ÙHßýß|÷·Ù�è�Û¡ØÑÙHÚ·ãWàFè¦êHÙHã�Ü�ÛKèDØMú·êHß·Ý/ásàIÙ#÷sè|Ü�ã�ÝMß|ØÑÙ�Ú·ãñ÷Sß�ßDü¡ã�èDØ�èDØsÝØsèDÙHá·êIè�üUÜ�ß|êHÙ�Ü��
t
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Parameter Adt Elem1;
Interface
Use Bool;
Sort elem1;
Operation
_ = _ : elem1 elem1 -> bool;

Body
Theorems ;; equivalence relation properties
x=x = true; ;; reflexivity
(x=y = true) => (y=x = true); ;; symmetry
(x=y = true) and (y=z = true) => (x=z = true); ;; transitivity
Where
x,y,z : elem1;

End Elem1;

�ÁÛ¡æ|á·ê�ã�\&� |�� 
 Ú·ãWðnèDê�èDâ�ãFÙ�ãFêi�,ß·Ý/á/ü¡ã�Ü#ßDënÙHÚ·ã � ãFØ·ãFê�ÛKàýìåèDê�ÙHã�Ü�ÛKèDØ(ðnê�ßuÝ/ásàIÙ	�
!�×,� ��Jn��W¾à:Û�L

4Ú·ã�ú·êHãFçZÛ¨ßZásÜåÜ�ã�àIÙ�Û¡ß|Ø�Û¡Ø/ÙHêHß·Ý/ásàIã�Ü`ÙHÚ·ãñÝ·èDÙ�èdÜ�ÙHêHásàIÙ�á·êHã#ß|ê4Ü�Ù�èDÙ�ÛKà#èZÜ�úsã�àIÙ�Ü ö¥èD÷sÜ�Ù�ê�è|àIÙ�Ý·èDÙ�èþÙ � úSã#â�ß·Ý/á/ü¨ãDùnßDëÙHÚ·ãÿì#î#ï�îñð�ò²óIô õnÜ�úsã�à�Û~ûkàFèDÙ�Û¡ß|ØsÜ�� � Ù>ÙHÚ/ÛKÜ¢Ù�Û¡â�ã`äåã`â<è � Ý/ã�Ü�àIê�Û¡÷sã#ÙHÚ·ãÿö¥àIß|ØsàIá·êHê�ãFØ�ÙFùS÷sãFÚsè�ç|Û¡ß|êIè�üußZêUÝ � Øsè¦âýÛKàè|Ü�úSã�àIÙ�Ü`ßDë>ÙHÚ·ã²Ü�úsã�à�Û~ûkàFèDÙ�Û¡ß|ØsÜ���×�Ù�ÛKÜ`Ú·ßDä4ãFç|ãFê�Ø·ã�àIã�ÜHÜ�èDê � ÙHßdêHã�àFè�ü~ükÙ�ÚsèDÙ�÷SãFÚsè�çZÛ¡ß|ê�è�üUè|Ü�úsã�àIÙ�Ü4èDêHã�Ý/ã�ÜHàIê�Û¡÷sã�Ý÷ � âËã�èDØsÜdßDëñè(Ü�ã�àIß|ØsÝ ZÛ¨ØsÝ�ß¦ë âËßuÝ/á/ü¡ã��:/Ø·ßDä#Ø è|ÜþÙHÚ·ã<ßZ÷·ø¥ã�àIÙdâ�ß·Ý/á/ü¨ã�Ü�� 
4Ú·ãËá·ØsÝ/ãFê�ü � Û¡Ø·æ�ëeß|ê�â<è�ü~ÛKÜ�âè|Ý/ß|ú·Ù�ã�Ý�ë�ß|êbÙHÚ·ã�Ü�ã�âËßuÝ/á/ü¡ã�ÜÁÛKÜ>Ù�Ú·ã � ü¨æZãF÷·ê�è�ÛKà�ð¢ãFÙHê�Ûuò#ãFÙIÜ��FÛ5� ã��¢ð¢ãFÙHê�Û�Ø·ãFÙIÜSÛ¡Ø äÿÚ/Û à�ÚWÙ�Ú·ã�ÙHß�ZãFØsÜ>èDêHã�èD÷sÜ�ÙHê�è|àIÙÝ·èDÙ�è�Ù � úsã�Ü¢ã��·ú·êHã�ÜHÜ�ã�Ý ÷ � â�ã�èDØsÜnß¦ëkè�ü¡æ|ãF÷·ê�è�ÛKà�Ü�úsã�à�Û~ûkàFèDÙ�Û¡ß|ØsÜ��n×yØ<è²Ü¥Û¨â Û§üKèDê4â<è¦Ø·Ø·ãFê�è|Ü¢ä4Û¡ÙHÚ�ÙHÚ·ã#è�ü¡æ|ãF÷·êIè�ÛKàÜ�úSã�à�Û§ûkàFè¦Ù�Û¡ß|ØsÜ��sÜ�ßZâ�ãñÜ�ÙHê�ásàIÙHá·ê�Û¡Ø·æ àFèDúsè¦÷/Û§ü~Û¡Ù�Û¡ã�ÜÿÚsè�çZã#÷sãFãFØËÛ¡Ø�ÙHê�ßuÝ/ásàIã�ÝËÛ¡Ø/ÙHßWÙHÚ·ã²è�ü¡æ|ãF÷·ê�èhÛ àÿØ·ãFÙ�ÜYëeß|ê�â<è�ü~ÛKÜ�â
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Generic Adt CP(Elem1, Elem2);
Interface
Use Bool;
Sort cp;
Generators
pair : elem1 elem2 -> cp;
Operations
fst : cp -> elem1;
snd : cp -> elem2;
_ = _ : cp cp -> bool;

Body
Axioms
fst (pair x y) = x;
snd (pair x y) = y;

(pair x y=pair u v) = (x=u and y=v);
Theorems ;; equivalence relation properties
a=a = true; ;; reflexivity
(a=b = true) => (b=a = true); ;; symmetry
(a=b = true) and (b=c = true) => (a=c = true); ;; transitivity
Where
x,u : elem1; y,v : elem2; a, b, c : cp;

End CP;

�ÁÛ¡æ|á·êHãV\&� ~�� 
4Ú·ã � ãFØ·ãFê�ÛKàýìåèDê�ÙHã�Ü�ÛKèDØ(ðnê�ßuÝ/ásàIÙ	�
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Adt CPBoolNat As CP(Bool, Nat);
Morphisms elem1 -> bool;

elem2 -> nat;
Rename cp -> cpboolnat;
Interface
Body
End CPBoolNat;

�ÁÛ¡æ|á·êHã�\{��m � � Ø,×yØsÜ�ÙIèDØ�Ù�Û è¦Ù�Û¡ß|ØÑßDënÙHÚ·ãýìåèDêHÙ�ã�Ü�ÛKèDØ(ðnêHß·Ý/ásàIÙ	�
Û¡Ø�ß|ê�Ý/ãFê�ÙHßÑàIß|úsã�ä Û¨Ù�Ú(üKèDê�æ|ã�Ü�úsã�à�Û~ûkàFèDÙ�Û¡ß|ØsÜ���
4Ú/ásÜ��bÙHÚ·ã

Object
â�ßuÝ/á/ü¡ã�Üþú/ü è � ÙHÚ·ãdÛ¨âËúsß|êHÙIèDØ�Ù�êHßDü¡ãýßDëãFØsàFèDúsÜ�á/üKèDÙHã�Ý,ãFØ/Ù�Û¡Ù�Û¡ã�Ü��bãFØ/Ù�Û¡Ù�Û¡ã�Ü�ÙHÚsèDÙ�úsß�ÜHÜ�ã�ÜHÜñè¦ØÑÛ¡Ø�Ù�ãFêHØsè�ü�Ü�Ù�èDÙHãýèDØsÝÑú·ê�ßhçZÛKÝ/ãýÙHÚ·ãWã��·ÙHãFê�Û¡ß|ê�ä4Û¡ÙHÚ(çDèDê�Û¡ß|ásÜÜ�ãFêHçZÛKàIã�Ü��»�·á·ê�ÙHÚ·ãFêHâ�ß|ê�ã��uèdÜ � ØsàHÚ·êHßZØ/Û¤��è¦Ù�Û¡ß|ØÑâ�ã�à�ÚsèDØ/ÛKÜ�â ÛKÜ4ú·êHßDçZÛ Ý/ã�ÝËÛ¡ØMÙHÚ·ã�ë�á·êHÙHÚ·ãFê�èDØsàIã�ßDë�ö�àIß|ØsàIá·êHêHãFØ/ÙFùß|÷·ø�ã�àIÙ4Û¡Ø�Ù�ãFê�è|àIÙ�Û¡ß|ØsÜ��¾
4Ú/ÛKÜ�â�ã�à�ÚsèDØ/ÛKÜ�â Û Üÿ÷sè|Ü�ã�Ý á·úsß|Ø,úsèDê�èDâËãFÙHãFê�Û��Fã�ÝÑãFç|ãFØ/Ù�Ü��{�Ø·ßDä#Ø(è�üKÜ�ßÑè|Ü4âËãFÙHÚ·ßuÝ·Ü��èDØsÝ�Ü � Øsà�Ú·êHß|Ø/Û���èDÙ�Û¡ß|ØMã��uú·ê�ã�ÜHÜ�Û¡ß|ØsÜ��n×�Ø�ß|ÙHÚ·ãFê`ä4ß|ê�Ý·Ü��|èDØ � ß|÷·ø�ã�àIÙnâ<è � è|Ü? Ù�ß²÷sã²Ü � Øsà�Ú·êHß|Ø/Û��Fã�ÝËä4Û¡ÙHÚ<Ü�ßZâ�ãßDëkÙ�Ú·ãåâËãFÙHÚ·ßuÝ·Ü¢ß¦ëkß|Ø·ã4ß|ê�è�æ|ê�ß|á·úWßDëbúsèDêHÙHØ·ãFêIÜnèDØsÝ-�Dâ�ß|êHãFßDç|ãFê���Û¨ÙnâMè � Ü�ãIü¨ã�àIÙIÜnÙHÚ·ã`Û¡Ø�Ù�ãFê�è|àIÙ�Û¡ß|Ø�ú·ê�ßuàIã�Ý/á·êHã÷ � â�ã�èDØsÜ ßDëpèËÜ � Øsà�Ú·êHß|Ø/Û���èDÙ�Û¨ßZØ(ã��·ú·êHã�ÜHÜ�Û¡ß|Øo�


4Ú·ãÿß|÷·ø�ã�àIÙ�â�ß·Ý/á/ü¡ã�Ü�úSß�ÜHÜ�ã�Ü�Ü�èDØ
Interface

�/è
Body

èDØsÝËè²Ú·ã�è|Ý/ãFê#Ü�ã�àIÙ�Û¡ß|Øo�Zä#Ú/ÛKàHÚMú/üKè � ÙHÚ·ãñÜHè¦â�ãêHßDü¡ã(è|ÜdÙHÚ·ã(èD÷sÜ�ÙHê�è|àIÙ�Ý·èDÙ�è,Ù � úsã�Üýâ�ß·Ý/á/ü¡ã�Ü�÷·á·ÙËä#Ú/ÛKàHÚàIß|Ø/Ù�è�Û¡ØÝZÛ��>ãFêHãFØ/ÙýÛ¡Ø/ëeß|ê�â<èDÙ�Û¡ß|Øo��
4Ú·ãMÛ¡Ø/ÙHãFê�ëyè|àIãÜ�ã�àIÙ�Û¡ß|ØÑàIß|â�ú·ê�ÛKÜ�ã�Ü`â<èhÛ¨Ø/ü � ß¦ë�Ù�Ú·ã#â�ãFÙHÚ·ß·Ý·Ü4öyúsè¦ê�èDâ�ãFÙHãFê�Û¤�Fã�ÝËãFç|ãFØ/Ù�ÜIù>ú·êHßDçZÛKÝ/ã�Ý�÷ � ÙHÚ·ãñâËßuÝ/á/ü¡ã��/ä#Ú/Û~ü¡ã²ÙHÚ·ãÜ�Ù�èDÙ�ãåèDØsÝdÙHÚ·ã4ß|úSãFê�èDÙ�Û¡ß|Øsè�ükèZÜ�úsã�àIÙ�Ü¢ß¦ëkÙHÚ·ã4ß|÷·ø�ã�àIÙ¢êHãFâ<è�Û¡Ø�àIß|ØsàIã�è�ü¡ã�ÝËä4Û¡ÙHÚ/Û¡Ø�ÙHÚ·ã4÷sß·Ý � Ü�ã�àIÙ�Û¡ß|Øo�nò#ßZÙHã4ÙHÚsèDÙØ·ßÌàIßZïyÝ/ß|â<è�Û¡ØÑÛKÜÿú·êHßDç|ÛKÝ/ã�Ý Û¡Ø(ÙHÚ·ãdâ�ãFÙHÚ·ß·Ý·Ü)`·ú·êHß¦û·ü¨ã�� � Û¡ØsàIã Ù�Ú·ã�Ü�ãWúsèDêIèDâ�ãFÙHãFê�Û��Fã�Ý ãFç|ãFØ�ÙIÜ#Ù�èå|ã²úsèDêHÙ4Û¡Ø�èÜ � ØsàHÚ·êHßZØ/Û¤��è¦Ù�Û¡ß|Ø�Ø·ßÑçhè�ü¡á·ãdÛKÜ�êHãFÙHá·êHØ·ã�Ý,÷ � ÙHÚ·ã�Ü�ãýãFç|ãFØ/Ù�Ü��ñòÿãFç|ãFêHÙ�Ú·ãIü¨ã�Ü�Ü��SÛ¡Ø/ëeß|ê�â<èDÙ�Û¡ß|Ø�â<è � ÷sãýã��sàHÚsè¦Ø·æ|ãÝ/á·ê�Û¡Ø·æ�è(Ü � ØsàHÚ·ê�ß|Ø/Û���èDÙ�Û¡ß|Øo�P
4Ú·ãËß|÷·ø�ã�àIÙ Ü�Ù�è¦ÙHãdÛ ÜdêHãFú·ê�ã�Ü�ãFØ�Ù�ã�Ý-�YèZÜ²ásÜ�ásè�ü5�ÁÛ¡Øéð¢ãFÙ�ê�Û�Ø·ãFÙ�Ü²÷ � â�ã�èDØsÜdßDë#è



a\s h T Ð���g·ÖDÓ�Ò �

àIßDü~ü¡ã�àIÙ�Û¡ß|Ø(ß¦ë�ú/üKè|àIã�Ü ö�Û5� ã��nâýá/ü¡Ù�Û¡ïyÜ�ãFÙ�Ü`ßDëYè�ü¡æ|ãF÷·êIè�ÛKà#çDè�ü¡á·ã�ÜIùØ�¾
4Ú·ãñßZ÷·ø¥ã�àIÙ4Ü�Ù�èDÙ�ãñàFèDØM÷sã²â�ß·ÝZÛ~ûsã�ÝM÷ � âËã�èDØsÜßDë²Ù�äåß�|Û¡ØsÝ·ÜËßDë²ãFç|ãFØ�ÙIÜ � ÙHÚ·ãÑâ�ãFÙHÚ·ß·Ý·ÜMöyä#Ú/ÛKà�Ú àIß|ê�êHã�Ü�úsßZØsÝ�ÙHß�ÙHÚ·ãÑã��·ÙHãFêHØsè�ü#ß|÷9ø¥ã�àIÙ<Ü�Ù�Û¡â á/ü~Û�ù�èDØsÝ�ÙHÚ·ãÛ¡Ø�Ù�ãFêHØsè�ükÙ�ê�èDØsÜ�Û¡Ù�Û¡ß|ØsÜ öyä#Ú/ÛKàHÚÑèDêHã4Ú/ÛKÝ·Ý/ãFØMÛ¡Ø<Ù�Ú·ã#÷sß·Ý � èDØsÝýê�ãFú·êHã�Ü�ãFØ/Ù�ÙHÚ·ãñÜ�úsß|Ø/Ù�èDØ·ãFß|ásÜpß|÷·ø�ã�àIÙ�êHã�èZàIÙ�Û¡ß|ØsÜIùØ�
� ß|â�ãFÙ�Û¨âËã�Ü�ä4ã(àFè�ü~ü²ÙHÚ·ã�Ü�ã(Ù�ä4ß�Ù � úSã�Ü�ßDë²ãFç|ãFØ/Ù�ÜýÙHÚ·ã,ß|÷sÜ�ãFêHçDèD÷/ü¡ã(ãFç|ãFØ/Ù�Ü öyâ�ãFÙHÚ·ß·Ý·ÜIù è¦ØsÝ�ÙHÚ·ãÑÛ¡Ø/ç|ÛKÜ�Û¡÷/ü¡ããFç|ãFØ/Ù�Ü�ö�Û¡Ø/ÙHãFêHØsè�ü¢ÙHê�èDØsÜ�Û¡Ù�Û¡ß|ØsÜ\ùØ�

 Ú·ãåãFçZãFØ�Ù�Ü=`�ã��>ã�àIÙ�Ü��DÝ·èDÙ�èiæsßDäèDØsÝýÜ � ØsàHÚ·êHßZØ/Û¤��è¦Ù�Û¡ß|ØýêHã	¬|á·ã�Ü�Ù�Ü��|èDêHã#Ý/ã�ÜHàIê�Û¨÷Sã�Ý�÷ � â�ã�èDØsÜ¢ß¦ë�$�4=�%"�h.B@7�*,"�;" [ B�7�6�&4ä#Ú/ÛKàHÚ�èDêHã²ã�Ü�ÙIèD÷/ü~Û Ü�Ú·ã�ÝÞèZÜ`ëeß¦ü§ü¡ßDäñÜ �

â�X�7GD�/
=>
ä�Z h94.D_(�â

with � 1^D�- ä��#� *,4 -> � 7^&�(Û¡Ø�ä#Ú/ÛKà�Ú�X�7�D_/²ÛKÜWèMàIß|ØsÝZÛ¡Ù�Û¡ß|Ø�ßDë�ÙHÚ·ã�è�ü¡æ|ãF÷·ê�èhÛ à çhè�ü¡á·ã�Ü²ß¦ëåÙHÚ·ã�è��/Û¡ß|âP� Z h94.D_(bÛKÜWèDØ,Û¡Ø/ÙHãFêHØsè�ü�ÙHêIèDØsÜ�Û¡Ù�Û¡ß|ØØsèDâ�ãýß|ê²èMâ�ãFÙHÚ·ß·Ý,ä4Û¡ÙHÚ�úsèDêIèDâ�ãFÙHãFê�Ü�èDØsÝ � 1^D_-#ÛKÜ²èDØ�ß|ú·Ù�Û¨ßZØsè�üåÜ � ØsàHÚ·êHßZØ/Û¤��è¦Ù�Û¡ß|Ø�ã��·ú·êHã�ÜHÜ�Û¡ß|Ø�Û¡Ø/ç|ßDü¡çZÛ¨Ø·æÜ�ß|âËã úsè¦êHÙHØ·ãFê.` Üÿâ�ãFÙHÚ·ß·Ý·Ü²èDØsÝ,ÙHÚ·ãýÙHÚ·êHãFãýß|úSãFê�èDÙHßZê�Ü � a
.. b ��a // b èDØsÝTa + b ëeßZê Ü�ã	¬Zá·ãFØsàIã��UÜ¥Û¨âýá/ü¡Ù�èDØ·ãIÛ¡Ù �èDØsÝ,Ø·ß|Ø·ïyÝ/ãFÙHãFê�âýÛ¡Ø/Û Ü�âP�¢êHã�Ü�úsã�àIÙ�Û¨çZãIü � ��
 Ú·ã

With
|ã � äåßZê�ÝÑú/üKè � Ü�Ù�Ú·ã ê�ßDü¡ã�ßDëåèM÷sãFÚsè�çZÛ¡ß|ê�è�ü�èD÷sÜ�ÙHêIè|àIÙ�Û¡ß|Øä#Ú/Û~ü¡ã � *,4 è¦ØsÝ � 7�&�(4àIß|êHêHã�Ü�úsß|ØsÝ-�·ê�ã�Ü�úsã�àIÙ�Û¡ç|ãIü � �bÙHßËä#ÚsèDÙ4ÛKÜ�àIß|ØsÜ�á·â�ã�Ý,èDØsÝMÙHß�ä#Úsè¦Ù4ÛKÜ#ú·êHß·Ý/ásàIã�Ý(è¦Ù#ÙHÚ·ãÝZÛ��>ãFêHãFØ�Ùÿú/ü èZàIã�Ü�ä4Û¡ÙHÚ/Û¡Ø(ÙHÚ·ã²Ø·ãFÙ�Ü��×�Ø(ß|êIÝ/ãFêñÙHßMã��·ú/ü èhÛ¨Ø�ÙHÚ/ÛKÜ²Ü�ã�àIßZØsÝNZÛ¨ØsÝ ßDëYâËßuÝ/á/ü¡ã�â�ßZêHã²ú·êHã�à�ÛKÜ�ãIü � �>ä4ã²ûsêIÜ�Ùñú·ê�ã�Ü�ãFØ�Ù�ÙHÚ·ãdäåãIü~ü¡ïÆ/Ø·ßhäÿØã��sèDâ�ú/ü¡ãWßDënÙHÚ·ã²ú·êHß·Ý/ásàIãFêHïyàIß|ØsÜ�á·â�ãFê è¦ØsÝÑÙHÚ·ãFØMÛ~ü~ü¡ásÜ�ÙHê�èDÙ�ã ÝZÛ��>ãFêHãFØ/ÙñÜ � ØsàHÚ·ê�ß|Ø/Û���èDÙ�Û¡ß|ØÞÜ�àHÚ·ãFâ�ã�Ü��

�ÁÛ¡æ|á·ê�ã�\&�=�&�*\&� � èDØsÝN�ÁÛ¡æ|á·êHã�\&� Y �þÛ§ü~ü¡ásÜ�ÙHêIèDÙHãWÙ�Ú·ãWÜ�úsã�à�Û~ûkàFèDÙ�Û¡ß|Ø�ßDënèýú·êHß·Ý/ásàIãFêñèDØsÝÑè�àIß|ØsÜ�á·â�ãFê#ä#Ú/ÛKà�Úã��sàHÚsèDØ·æZã Ü�ß|â�ãWâËã�ÜHÜHèDæ|ã�ÜÿÙHÚ·êHßZá·æ|ÚÞèË÷·á*�>ãFêñ÷sè|Ü�ã�Ý(ßZØ è û·ë�ß<ßDë�âËã�ÜHÜHèDæ|ã�Ü��kè|Ü�Ü�úSã�à�Û§ûsã�Ý�ß|Ø,úsèDæ|ã ~ � � Øß|á·Ù�ü~Û¡Ø·ã�è|àFàIß|â�úsè¦Ø/Û¨ã�Üÿã�è|à�Ú(ÙHã��·ÙHásè�ü>êHãFú·ê�ã�Ü�ãFØ�ÙIèDÙ�Û¡ß|Ø(ß¦ëYÙHÚ·ãdß|÷·ø�ã�àIÙ�Ü��ZÛ¡Ø�ä#Ú/ÛKàHÚ,ÙHÚ·ã²Û¡ØsÜ�ÛKÝ/ã�Ü�ßDënÙHÚ·ãWãIü~ü~Û¡úsÜ�ã�ÜÛ¡Øsà�ü¡ásÝ/ãÑÙHÚ·ã�ãFØsàFèDúsÜ�á/üKèDÙ�ã�Ý�ãIü¡ãFâ�ãFØ/Ù�ÜËöy÷sß·Ý � Ü�ã�àIÙ�Û¡ß|ØbùØ�ÁÙHÚ·ã<à�Û¡ê�à�ü¡ã�ÜþÛ¡ØsÝZÛ àFè¦ÙHãÑÙHÚ·ã�ú/üKè|àIã�Ü��nèDØsÝ ÙHÚ·ã�èDêHêHßDäñÜêHãFú·êHã�Ü�ãFØ�Ù²ÙHÚ·ãýÝ·èDÙ�èXæsßDä���×yØ�ÙHÚ·ã�àFè|Ü�ãdßDë�ÙHÚ·ãýêHã�àIÙ�èDØ·æ¦ü¨ã�Ü��bÙHÚ·ß�Ü�ãdä#Ú/ÛKàHÚ è¦êHã Ý·èDê�MÛ¨ØsÝZÛKàFèDÙ�ã�ÙHÚ·ãýâ�ãFÙHÚ·ß·Ý·ÜèDØsÝMÙHÚ·ß/Ü�ã²ä#Ú/ÛKàHÚ�èDêHã²ä#Ú/Û¡ÙHãýàIß|êHêHã�Ü�úsß|ØsÝ ÙHßýÙHÚ·ã�Û¡Ø�ÙHãFê�Øsè�üUÙHê�è¦ØsÜ�Û¡Ù�Û¡ß|ØsÜ��
t
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w

Object Buffer;
Interface
Use Message;
Methods
get _ , put _ : message;

Body
Use FifoMessage;
Place buffer _ : fifomessage;
Initial buffer empty;
Axioms
put m : buffer b -> buffer (add m to b);

is b empty? = false =>
get (next b) : buffer b -> buffer (remove b);
Where
m : message; b : fifomessage;

End Buffer;

add m to b

bb

remove b

buffer

Buffer

get (next b)put m

�ÁÛ¡æ|á·êHã�\{�=� � 
4Ú·ã
Buffer

î#÷·ø�ã�àIÙ	�/Û¡Ù�Ü�
>ã��·ÙHásè�ü��4ãFú·ê�ã�Ü�ãFØ�ÙIèDÙ�Û¡ß|ØÞè¦ØsÝMÛ¡Ù�Ü�î#á·Ù�ü~Û¡Ø·ã
� Ü#Ü�Ú·ßDä#ØMÛ¡Ø��ÁÛ¡æ|á·êHãV\&�=�&�/ÙHÚ·ã

Buffer
ß|÷·ø�ã�àIÙ#úsß�Ü�Ü�ã�ÜHÜ�ã�ÜÿÙ�äåßýâ�ãFÙ�Ú·ßuÝ·Ü�àFè�ü~ü¡ã�Ý

put
èDØsÝ

get
ä#Ú/ÛKà�ÚèDêHãMã	¬Zá/Û¨ú·úSã�Ýíä4Û¡ÙHÚéè,úsèDêIèDâ�ãFÙHãFêýßDë Ü�ß|êHÙ

message
ä#Ú/ÛKàHÚíêHã�Ü�úSã�àIÙ�Û¡ç|ãIü � è�ü~ü¨ßDäñÜdÙHÚ·ãÑ÷·á*�>ãFêýÙHß,Û¡â�úsßZêHÙèDØsÝ�ã��·úsßZêHÙ è â�ã�ÜHÜHèDæZã<övûsãIü Ý

Methods
ùØ� 
 Ú·ã�â�ã�ÜHÜHè¦æ|ã�Ü²ä4Û~ü~ü#÷sã<èZÝ·Ý/ã�Ý èDØsÝ êHãFâ�ßDç|ã�Ý,ë�êHß|â!èÌû·ëeßÑßDëâ�ã�ÜHÜ�èDæ|ã�Ü#Ü�Ù�ß|êHã�ÝËÛ¡Ø(ÙHÚ·ã²ú/üKè|àIã

buffer
â�ãFØ/Ù�Û¡ß|Ø·ã�ÝÑá·ØsÝ/ãFê�ÙHÚ·ã²ûsãIüKÝ

Place
�¾
4Ú·ã

Initial
ûsãIüKÝ,æDÛ¡ç|ã�ÜÙHÚ·ãMÛ¡Ø/Û¡Ù�ÛKè�ü²â á/ü¡Ù�Û¡ïyÜ�ãFÙËçhè�ü¡á·ãÑë�ß|êýã�è|à�Ú ú/üKè|àIã,ä4Û¡ÙHÚ7ÙHÚ·ã(Ý/ãIëyèDá/ü¡Ù�çhèhü¨á·ã�è|ÜdÙHÚ·ãÑãFâ�ú·Ù � âýá/ü¡Ù�Û¡ïyÜ�ãFÙ	��×yØíÙHÚ/ÛKÜàFè|Ü�ã��/ÙHÚ·ã Û¨Ø/Û¡Ù�ÛKè�ü¢çhè�ü¡á·ã²ßDë>ÙHÚ·ã#ú/üKè|àIã

buffer
Û Ü4èDØËãFâ�ú·Ù � û·ë�ßýßDë>â�ã�ÜHÜHè¦æ|ã�Ü��:
4Ú·ã#÷SãFÚsè�çZÛ¡ß|ê�è�üUè��/Û¡ß|â<Ü`èDêHã
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ü~Û Ü�ÙHã�Ý�á·ØsÝ/ãFêWÙ�Ú·ãýûsãIüKÝ

Axioms
�¢èDØsÝ,Ú·ãFêHã�ÙHÚ·ã � ß|Ø/ü � ã��uú·êHã�Ü�Ü�ÙHÚ·ã�Ý·èDÙ�èjæsßDä ß¦ëåÙHÚ·ãýâ�ãFÙHÚ·ß·Ý·ÜWÜ¥Û¨ØsàIãËØ·ßÜ � ØsàHÚ·êHßZØ/Û¤��è¦Ù�Û¡ß|Ø�ÛKÜ�êHã	¬Zá·ã�Ü�ÙHã�Ý-�V
4Ú·ãý÷sãFÚsè�ç|Û¡ß|êIè�üåè��/Û¨ßZâ è|Ü�Ü�ßuà�ÛKèDÙ�ã�Ý(ä Û¨Ù�Ú�ÙHÚ·ãýâ�ãFÙHÚ·ß·Ý

put
â�ã�è¦ØsÜ�ÙHÚsèDÙèýû·ë�ß

b
Û Ü�ÙIè�|ãFØÑë�êHß|â ÙHÚ·ã

buffer
ú/üKè|àIã��>è¦ØsÝ(Ù�Ú·ãFØÞÙ�Ú·ã ê�ã�àIãIÛ¨çZã�Ý(âËã�ÜHÜHèDæ|ã

m
ÛKÜ²è|Ý·Ý/ã�Ý,ÙHß

b
ä#Ú/ÛKà�Ú(ÛKÜÙHÚ·ãFØMú·á·Ù4Û¡Ø�ÙHßdÛ¡ØÑÙHÚ·ã

buffer
ú/üKè|àIã��`×yØÑß|ÙHÚ·ãFê`ä4ß|ê�Ý·Ü��ZÙHÚ·ã�û·ëeßýßDë>ÙHÚ·ã�÷·á*�>ãFê#ß|÷·Ù�èhÛ¨ØMß|Ø·ã�â�ß|êHã�â�ã�ÜHÜ�èDæ|ã��


4Ú·ã�è��/Û¨ßZâ ßDëåÙHÚ·ã
get

â�ãFÙHÚ·ß·Ý,ß|úsãFê�è¦ÙHã�Ü4Û¡Ø�Ù�Ú·ã Ü�èDâ�ãýâ<èDØ·Ø·ãFê²ã��sàIãFú·Ù²ÙHÚsèDÙ�ß|Ø·ã�â�ã�Ü�ÜHèDæ|ãþÛ Ü�ê�ãFâ�ßDç|ã�ÝèDØsÝËã��uúSß|êHÙHã�Ý-��òÿß|ÙHã�ÙHÚ·ã²àIß|ØsÝZÛ¡Ù�Û¡ß|ØÑä#Ú/ÛKà�ÚÑã��uú·êHã�Ü�Ü�ã�Ü`ÙHÚsèDÙ4ÙHÚ·ã
get

ãFç|ãFØ/ÙåàFèDØÑßZØ/ü � ßuàFàIá·ê#äÿÚ·ãFØ<ÙHÚ·ãÿû·ë�ßÛKÜ�Ø·ß|ÙñãFâËú·Ù � ���,ß|êHãFßDç|ãFê	�·÷Sã�àFèDásÜ�ã�Ù�Ú·ã
FifoMessage

â�ß·Ý/á/ü¡ãdÛ Ü�Ø·ßZÙñásÜ�ã�Ý Û¡Ø�ÙHÚ·ãdß|÷·ø�ã�àIÙ#Û¡Ø/ÙHãFê�ëyè|àIãdÛ¡ÙàFèDØÑ÷sãýÝ/ã�à�üKèDêHã�Ý Û¡Ø(ÙHÚ·ã²÷SßuÝ � Ü�ã�àIÙ�Û¨ßZØo�
t

u

v

w

Object Producer;
Interface
Method send;

Body
Use Message, Buffer;
Place container _ : message;
Initial
container m1, container m2, container m3;
Axioms
send With put mes : container mes -> ;
Where
mes, m1, m2, m3 : message;

End Producer;

container

Producer

container mes

send with put mes

�ÁÛ¡æ|á·êHãV\&� ��� 
4Ú·ã
Producer

î#÷9ø¥ã�àIÙ
�9ß|ê#ÙHÚ·ãWÜHèå|ã²ßDëåÜ�Û¡â�ú/ü~ÛKà�Û¡Ù � �bä4ãýÝZÛ Ý Ø·ß|Ù#â�ß·Ý/ãIünÙHÚ·ã àIêHã�è¦Ù�Û¡ß|ØÑßDë�â�ã�ÜHÜ�èDæ|ã�Ü`Û¡Ø(Ù�Ú·ã

Producer
ß|÷·ø�ã�àIÙÜ�úsã�à�Û~ûkàFèDÙ�Û¨ßZØö¥Ü�ãFã��ÁÛ¡æ|á·êHã�\&� � ùØ�#×�ØsÜ�ÙHã�è|Ý-�ÁäåãýÜ�Û¡â�ú/ü � æ�è�ç|ã èDØ Û¡Ø/Û¨Ù�Û èhüåçhèhü¨á·ã ëeß|ê�ÙHÚ·ã

container
ú/üKè|àIã��ä#Ú/ÛKàHÚíÛKÜÑè�â á/ü¡Ù�Û¡ïyÜ�ãFÙÑß¦ëWÙHÚ·êHãFã�â�ã�ÜHÜHè¦æ|ã�Ü�ê�ãFú·êHã�Ü�ãFØ/ÙHã�Ýí÷ � ÙHÚ·ã�ÙHÚ·ê�ãFãÑë�êHãFã�çhèDê�ÛKèD÷/ü¡ã�Ü

m1
�
m2

èDØsÝ
m3
�

�·êHãFãýçDèDê�ÛKèD÷/ü¡ã�Ü²â<è � èDú·úSã�èDê�Û¡Ø�ÙHÚ·ã
Initial

ûsãIüKÝ�èDØsÝ,êHãFú·ê�ã�Ü�ãFØ�ÙWè¦Ø � çDè�ü¡á·ã�ßDëåÙ�Ú·ãWâ�ãFØ/Ù�Û¡ß|Ø·Ø·ã�Ý�Ü�ßZêHÙ	�

4Ú/ásÜ��/ÙHÚ·ã

send
â�ãFÙHÚ·ß·Ý<è|Ü?uÜ`ÙHßd÷sãWÜ � ØsàHÚ·ê�ß|Ø/Û��Fã�ÝMä4Û¡ÙHÚ<Ù�Ú·ã

put
â�ãFÙHÚ·ß·Ý�ßDë¢ÙHÚ·ã

Buffer
ß|÷·ø�ã�àIÙ	�:
4Ú·ãÜ � ØsàHÚ·êHßZØ/Û¤��è¦Ù�Û¡ß|ØÑâ�ã�à�ÚsèDØ/ÛKÜ�â á·Ø/Û§ûsã�Üÿ÷sßZÙHÚ<Ù�Ú·ã�a

put m b èDØsÝ�a put mes b ã��uú·ê�ã�ÜHÜ�Û¡ß|ØsÜ��·èDØsÝËÛ~ëUÙHÚ·ã putãFç|ãFØ/ÙYàFèDØdßuàFàIá·ênÙ�Ú·ã Ü � Øsà�Ú·êHß|Ø/Û���èDÙ�Û¡ß|ØdÛKÜ¢ÙHÚ·ãFØdúsãFê�ë�ß|êHâ�ã�ÝýèDØsÝdè#âËã�ÜHÜHèDæ|ãpÛKÜ¢ÙHê�èDØsÜ�â Û¨Ù�ÙHã�Ý²÷ � ÙHÚ·ã�ú·ê�ßuÝ/ásàIãFêÙHß²ÙHÚ·ã#÷·á*�>ãFê	�:�ÁÛ¡æ|á·êHã�\&� Y�Y Ü�á·âËâ<èDê�Û��Fã�ÜnÙ�Ú·ãñÜ � ØsàHÚ·êHßZØ/Û¤��è¦Ù�Û¡ß|Ø<ê�ã	¬|á·ã�Ü�ÙIÜnä#Ú/ÛKà�Ú<àIß|Ø·Ø·ã�àIÙ4ÙHÚ·ã#ÙHÚ·ê�ãFã#ß|÷·ø�ã�àIÙ�ÜÛ¡Ø�ç|ß¦ü¨çZã�ÝdÛ¡Ø<è�ú·êHß·Ý/ásàIãFêHïyàIß|ØsÜ�á·â�ãFê4Ü � Ü�ÙHãFâP�R
4Ú·ãñèDêHê�ßhä�ÜbêHãFú·êHã�Ü�ãFØ/Ù�Ù�Ú·ã Ý/ãFúSãFØsÝ/ãFØsà � êHãIüKèDÙ�Û¡ß|ØsÜ�Ú/Û¨úo�*/Ø·ßDä#Øè�üKÜ�ß<è|Üÿà�ü§Û¡ãFØ/ÙHïyÜ�Ú/Û¡ú�êHãIüKèDÙ�Û¨ßZØo�·÷·á·Ù#Ø·ß|Ù#Ù�Ú·ãWÝ·èDÙ�è#æsßDä��
t

u

v

w

Object Consumer;
Interface
Method receive;

Body
Use Message, Buffer;
Place container _ : message;
Axioms
receive With get m : -> container m;
Where
m : message;

End Consumer;

container

receive with get m

container m

Consumer

�ÁÛ¡æ|á·êHã�\&� Y � � 
4Ú·ã
Consumer

î#÷·ø�ã�àIÙ
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Producer

send with put _

Buffer

get _put _

Consumer

receive with get _

�ÁÛ¡æ|á·êHã�\&� Y�Y�� � Ø�î#á·Ù�ü§Û¡Ø·ã�ß¦ëUÙHÚ·ã ðpêHß·Ý/ásàIãFêHï�ì�ß|ØsÜ�á·âËãFê ��� Ü�ÙHãFâ
� Ü`ä4Û¡ÙHÚ(è�ü¡æ|ãF÷·ê�èhÛ à²Ü�úsã�à�Û~ûkàFèDÙ�Û¡ß|ØsÜ��Sæ|ãFØ·ãFê�ÛKà�Û¡Ù � ßDç|ãFê�ß|÷9ø¥ã�àIÙ�ÜpÛKÜ#è�ü~ü¡ßDä4ã�ÝM÷·á·Ù	�·Ø·ãFç|ãFêHÙ�Ú·ãIü¨ã�Ü�Ü��·ÙHÚ·ãÿëeßZêHâ<è�üúsèDê�è¦â�ãFÙHãFê�Ü�àFè¦Ø÷sã�ãIÛ¡ÙHÚ·ãFê(èD÷sÜ�ÙHê�è|àIÙ<Ý·è¦Ù�è�Ù � úSã(â�ß·Ý/á/ü¡ã�ÜÑß|êËß|÷·ø�ã�àIÙ<â�ß·Ý/á/ü¡ã�Ü��u�ÿãFêHã�ä4ãÑß|Ø/ü � æDÛ¡ç|ã�èâýÛ¡Ø·ß|ê4ã��sèDâ�ú/ü¡ãñß¦ëYè²æ|ãFØ·ãFê�Û à�ßZ÷·ø¥ã�àIÙ`ä#Ú/ÛKàHÚÑÝ/ãFúsãFØsÝ·Ü á·úsß|Ø(èDØ � �9
2â�ßuÝ/á/ü¡ã��`×yØN�ÁÛ¡æ|á·êHã9\&�=�²ä4ã#æ/è�çZã#ÙHÚ·ãÜ�úSã�à�Û§ûkàFè¦Ù�Û¡ß|Ø<ß¦ësÙHÚ·ã4÷·á*��ãFê¢ß|÷·ø�ã�àIÙ	�D÷sè|Ü�ã�ÝWá·úSß|ØýÙHÚ·ã#Ü�úsã�à�Û~ûkàFèDÙ�Û¨ßZØ�ßDë�è û·ë�ßñßDëbâ�ã�ÜHÜHè¦æ|ã�Ü��o��ãåØ·ßDä�ú·êHß|úSß�Ü�ãÙHÚ·ã<Ü�úsã�à�Û~ûkàFèDÙ�Û¡ß|Ø�ßDë èÑÜ¥Û¨â Û§üKèDê��U÷·á·ÙýÜ�Û¡â�ú/ü¡ãFê	�>ßZ÷·ø¥ã�àIÙ²ásÜ¥Û¨Ø·æ�æ|ãFØ·ãFê�Û à�Û¡Ù � � 
 Ú·ã àIßZØsÜ�ÛKÝ/ãFêHã�Ý�æZãFØ·ãFê�ÛKà�ß|÷9ø¥ã�àIÙÛKÜ²è�çDèDê�ÛKèDØ/Ùñß¦ë�ÙHÚ·ãý÷·á*��ãFê��·Û¡Ø�ä#Ú/ÛKàHÚ�ÙHÚ·ãdû·ë�ßÌÝ·è¦Ù�è<Ü�ÙHêHásàIÙHá·êHãþÛKÜ²Ü�Û¡â�ú/ü � êHãFâ�ßDç|ã�Ý-�w��ã�àFè�ü~üYÙ�Ú/Û Ü�æZãFØ·ãFê�ÛKàß|÷·ø�ã�àIÙ

Bag
�>è|Ü`ÛKÜñÜ�Ú·ßhäÿØÑÛ¡Ø �ÁÛ¡æ|á·êHãV\&� Y \{�·÷sã�àFèDásÜ�ã²Û¡Ù#ÛKÜ�÷sè|Ü�ã�ÝÑã��sà�ü¨ásÜ¥Û¨çZãIü � á·úSß|Ø(ÙHÚ·ãþÛ¡â�ú/ü~Û à�Û¡Ùdâ á/ü¡Ù�Û¡ïyÜ�ãFÙÜ�ÙHê�ásàIÙHá·êHã�Ü`ßDëUÙHÚ·ã�ú/üKè|àIã�Ü��¾
4Ú·ã�â á/ü¡Ù�Û¡ïyÜ�ãFÙ�Ý·èDÙ�èýÜ�ÙHêHásàIÙ�á·êHã#Û¡ØsÝ/ásàIã�Ü�Ü�ß|â�ã²ÝZÛ��>ãFêHãFØ�Ù#àIß|ØsàIá·ê�êHãFØ�Ùÿ÷sãFÚsè�ç|Û¡ß|êIÜ��è|Ü4ä Û§ü~üU÷Sã Ü�ãFãFØ Û¡ØÑÙHÚ·ã�ëeß¦ü§ü¡ßDä4Û¡Ø·æMã��9èDâËú/ü¨ã�Ü��#î#÷·ø�ã�àIÙ

BagMessage
êHãFú·êHã�Ü�ãFØ/Ù�Ü4Ù�Ú·ã�Û¨ØsÜ�Ù�èDØ/Ù�ÛKèDÙ�Û¡ß|ØÑßDënÙHÚ·ã

Bag
æ|ãFØ·ãFê�ÛKàdß|÷·ø�ã�àIÙ4÷ � â�ã�èDØsÜ4ß¦ëYÙHÚ·ã²âËßuÝ/á/ü¡ã

Message
�


 Ú·ãýëeß¦ü§ü¡ßDä4Û¡Ø·æ�ã��9è¦â�ú/ü¡ã�Ü²Û~ü~ü¡ásÜ�ÙHê�è¦ÙHãÌÜ�ß|â�ã�ÙHêIèDØsÜ�Û¡Ù�Û¡ß|Ø-ù�â�ãFÙ�Ú·ßuÝ,ûsê�Û¨Ø·æ/ÜWèDØsÝ�Ü�ãFç|ãFê�èhüåÜ � Øsà�Ú·êHß|Ø/Û���èDÙ�Û¨ßZØÜHà�Ú·ãFâ�ã�Ü`ä#Ú/ÛKàHÚ�èDêHã#âËß|êHã²àIß|â�ú/ü¡ã��ÌÙ�ÚsèDØ<Ù�Ú·ß�Ü�ã�ú·êHãFç|Û¡ß|ásÜ¥ü � ú·ê�ã�Ü�ãFØ�Ù�ã�ÝýÛ¡ØÑÙHÚ·ã²ú·êHß·Ý/ásàIãFêHïyàIß|ØsÜ�á·â�ãFê#ã��sèDâ�ïú/ü¡ã�� �ÁÛ¡æ|á·ê�ãÃ\&� Y _(Ý/ãFú/ÛKàIÙ�ÜýÙ�Ú·êHãFã�ß|÷·ø�ã�àIÙ�Üþä#Ú/ÛKàHÚ7Úsè�ç|ã<Ü�ß|â�ãÑÜ�ü~Û¨æZÚ�Ù�ÝZÛ��>ãFêHãFØsàIã�Ü���
4Ú·ã�ü¡ãIë�Ùýß|÷·ø�ã�àIÙ
Obj1Ü�Ú·ßDäñÜpÙ¥ä4ßþÛ¨ØsÝ/ãFúSãFØsÝ/ãFØ�Ù�â�ãFÙHÚ·ß·Ý·ÜpÛ¡ØÑä#Ú/ÛKàHÚ(Ü � Øsà�Ú·êHß|Ø/Û���èDÙ�Û¡ß|ØsÜ`â<è � ßuàFàIá·ê Û¨ØsÝ/ãFúSãFØsÝ/ãFØ�Ù�ü � �bØsè � �/Ü�Û¡â á/ü¡Ù�è¦ïØ·ãFß|ásÜ�ü � �

Obj2
êHãIë�ãFê�Ü`ÙHß�ÙHÚ·ãWÜ�úSß|Ø/Ù�èDØ·ãFß|ásÜ4ê�ã�è|àIÙ�Û¡ß|ØÑßDë�èDØÑß|÷·ø�ã�àIÙ	�¢×yØsÝ/ãFã�Ý-�9Û¡Ø�Ù�ãFêHØsè�üUÙHêIèDØsÜ�Û¡Ù�Û¡ß|ØsÜÿ÷sãFÚsè�ç|ãÝZÛ��>ãFêHãFØ�Ù�ü � ëeêHßZâ+â�ãFÙHÚ·ß·Ý·Ü��ZÛ¨ØMÙHÚ·ãñÜ�ãFØsÜ�ãñÙ�ÚsèDÙ¢Û¡Ø�ÙHãFê�Øsè�ükÙHêIèDØsÜ�Û¡Ù�Û¡ß|ØsÜ��ZÛ~ë>ÙHÚ·ã � àFèDØ<÷Sã#ûsê�ã�Ý-��èDêHã ûsêHã�Ý<è¦Ù�èDØ �Ù�Û¡â�ã��:�·ßZêUã��sèDâ�ú/ü¡ã��DÛ~ëUè�Ü � Øsà�Ú·êHß|Ø/Û���èDÙ�Û¨ßZØýÛKÜnêHã	¬Zá·ã�Ü�ÙHã�Ýþë�ß|êUâËãFÙHÚ·ßuÝ

m1
ßDëbÙHÚ·ã4ß|÷·ø�ã�àIÙ

Obj2
�/ÙHÚ·ãFØ�è�çDè�ü¡á·ãä4Û~ü~ü�÷sãdú·á·Ù#Û¡Ø/ÙHß<Ù�Ú·ãWú/üKè|àIã

p1
èDØsÝÌÛ¡â�â�ã�ÝZÛKèDÙHãIü � Ù�ê�èDØsÜ�ë�ãFêHã�ÝMÛ¡Ø/ÙHßMÙHÚ·ãWú/üKè|àIã

p2
��
4Ú/ÛKÜ�ú·Ú·ãFØ·ß|â�ãFØsèËä4Û~ü§üØ·ß|Ù4èDú·úsã�èDê`Û¡ØÑÙHÚ·ã#ßZ÷·ø¥ã�àIÙ

Obj3
�·÷Sã�àFèDásÜ�ã²ÙHÚ·ãÿÛ¡Ø�ÙHãFê�Øsè�ükÙHêIèDØsÜ�Û¡Ù�Û¡ß|Ø

t
Úsè|Ü`÷sãFãFØMêHãFú/üKè|àIã�ÝM÷ � è²âËãFÙHÚ·ßuÝ

m
�


4Ú·ãýÜHèDâ�ã²êHãFâMèDê7MÚ·ßDüKÝ·Ü4ë�ß|ê��ÁÛ¡æ|á·êHãV\&� Y kdÛ¡Ø(äÿÚ/Û à�Ú(Ù�Ú·ã²Û¡Ø�Ù�ãFêHØsè�üUÙHêIèDØsÜ�Û¡Ù�Û¡ß|Ø
t
ßDëYÙ�Ú·ã²ß|÷·ø�ã�àIÙ

Obj4
è|Ü�·ÜÙHß²÷SãñÜ � ØsàHÚ·êHßZØ/Û¤�Fã�ÝËä4Û¡ÙHÚ<è�âËãFÙHÚ·ßuÝ

m
�Zä#Ú/Û~ü¡ãñä4Û¡ÙHÚ/Û¡ØMÙHÚ·ã4ß|÷·ø�ã�àIÙ

Obj5
ÙHÚ·ãñÜ � ØsàHÚ·ê�ß|Ø/Û���èDÙ�Û¡ß|ØýÛKÜnê�ã	¬|á·ã�Ü�Ù�ã�Ý÷ � è â�ãFÙHÚ·ß·Ý

m’
�<×�Ø�ß|ÙHÚ·ãFêdä4ß|ê�Ý·Ü�ÙHÚ·ã<Ü � Øsà�Ú·êHß|Ø/Û���èDÙ�Û¡ß|Ø�êHã	¬Zá·ã�Ü�ÙWß¦ë

Obj4
Û ÜþúsãFê�ë�ß|êHâ è|Ü²Ü�ß/ß|Ø è|ÜþÙHÚ·ã

t

u

v

w

Generic Object Bag(Elem);
Interface
Methods get _ , put _ : elem;

Body
Place bag _ : elem;
Axioms
put e : -> bag e;
get e : bag e -> ;
Where
e : elem;

End Bag;

t

u

v

w

Object BagMessage As Bag(Message);
Morphism elem -> message;
Interface
Body
End BagMessage;

�ÁÛ¡æ|á·êHã�\{� Y \ � 
4Ú·ã � ãFØ·ãFê�ÛKà��nãFê�Ü�Û¡ß|Ø,ßDënÙHÚ·ãýî#÷·ø�ã�àIÙ
Bag

èDØsÝËÛ¡Ù�Üÿ×yØsÜ�ÙIèDØ�Ù�Û è¦Ù�Û¡ß|Ø



K&a S�TVU�TXW#MÞó\ô õ�bnÕ-c-doebÕ&d�g
ÙHê�èDØsÜ¥Û¨Ù�Û¨ßZØ

t
àFèDØÑ÷sãþûsêHã�Ý-�·ä#Ú/Û~ü¡ãýÙHÚsèDÙ#ß¦ë

Obj5
ÛKÜñÝ/ãFúSãFØsÝ/ãFØ�Ù²á·úSß|Ø(èDØ(ã��·ÙHãFêHØsèhü�ãFçZãFØ�Ù	�

p2p1

m1 _ m2 _

Obj1

m2 _m1 _

p1 p2

t

Obj2

m1 _ m2 _

p1 p2

m

Obj3

�ÁÛ¨æZá·êHã�\&� Y _ � �,ãFÙHÚ·ß·ÝN�ÁÛ¡ê�Û¡Ø·æ��nãFêIÜ�ásÜ�
Áê�èDØsÜ¥Û¨Ù�Û¨ßZØP�ÁÛ¨ê�Û¨Ø·æ

p

t

m

Obj4

p

Obj5

m’

m

�ÁÛ¡æ|á·êHã�\&� Y k � ]R�·ÙHãFêHØsè�üUèDØsÝ ×yØ/ÙHãFêHØsè�ü ��� Øsà�Ú·êHß|Ø/Û���èDÙ�Û¡ß|ØsÜ
�ÁÛ¡æ|á·êHã�\&� Y	| Û~ü~ü¨ásÜ�ÙHê�èDÙHã�ÜþÙ�äåßÑÜ�Û¡â�ú/ü¡ã<Ü � Øsà�Ú·êHß|Ø/Û���èDÙ�Û¡ß|Ø�ê�ã	¬|á·ã�Ü�ÙIÜ��ýî#Ø�ÙHÚ·ãdü¡ãIë�Ù	�bâ�ãFÙHÚ·ß·Ý

m1
ß¦ëåß|÷·ø�ã�àIÙ

O1
è|Ü�·Ü¢ÙHß²÷Sã Ü�Û¡âýá/ü¡Ù�èDØ·ãFß|ásÜ¥ü � Ü � Øsà�Ú·êHß|Ø/Û��Fã�ÝMä4Û¡ÙHÚËâ�ãFÙHÚ·ß·Ý·Ü

m2
èDØsÝ

m3
ßDëk÷Sß|ÙHÚ�ß¦ë�Ù�Ú·ãñÝZÛKÜ�Ù�Û¡ØsàIÙ4ß|÷·ø�ã�àIÙ�Ü��

O2
è¦ØsÝ

O3
�n÷ � â�ã�èDØsÜdßDëñÙ�Ú·ã<ã��·ú·êHã�ÜHÜ�Û¡ß|Ø�a

m1 with m2 // m3 b ��
4Ú/ÛKÜWã��·ú·êHã�ÜHÜ¥Û¨ßZØ7â ásÜ�ÙW÷sãÑê�ã�è|Ýè|Ü`ë�ßDü~ü¡ßhä�Ü � â�ãFÙHÚ·ß·Ý
m1

÷SãFÚsè�çZã�Ü#ÙHÚ·ãýÜHèDâ�ãýè|Ü4ÙHÚ·ãd÷sãFÚsè�çZÛ¨ßZêñßDë�Ù�Ú·ãWÜ�Û¡â á/ü¡Ù�è¦Ø·ãFß|ásÜ�ã��uã�àIá·Ù�Û¨ßZØÞß¦ë
m2

èDØsÝ
m3

ú/ü¡ásÜWÜ�ßZâ�ãýü¡ßuàFèhü àIß|ØsÝZÛ¡Ù�Û¡ß|Ø�ß|Ø
O1
�,î#Ø�ÙHÚ·ã�ê�Û¡æ|Ú/Ù	�ÁÙHÚ·ã<Ü � ØsàHÚ·ê�ß|Ø/Û���èDÙ�Û¡ß|Ø�Û¨Ø/ç|ßDü¡ç|ã�ÜþÙHÚ·ã<ÜHè¦â�ã�ß|÷·ø�ã�àIÙÙ�ä4ÛKàIã ÷ � â�ã�èDØsÜ�ß¦ë�ÙHÚ·ãWã��·ú·êHã�ÜHÜ�Û¡ß|Ø�a
m1 Withm2 .. m3 b �bä#Ú/ÛKàHÚ�àIß|ê�êHã�Ü�úsßZØsÝ·Ü�ÙHß<Ù�Ú·ã ã��·ã�àIá·Ù�Û¡ß|Ø�ßDë

m2
ëeß¦ü§ü¡ßDä4ã�ÝM÷ � Ù�Ú·ã²ã��uã�àIá·Ù�Û¡ß|Ø,ßDë

m3
�

�ÁÛ¡æ|á·êHãN\&� Y�~ Ý/ãFú/ÛKàIÙ�ÜMè�Ü � ØsàHÚ·êHßZØ/Û¤��è¦Ù�Û¡ß|Ø7êHã	¬Zá·ã�Ü�ÙýÛ¡Ø�çZßDü¡ç|Û¡Ø·æ�ÙHÚ·ãÑÙHÚ·êHãFãÑÜ � ØsàHÚ·êHßZØ/Û¤��è¦Ù�Û¡ß|ØsÜ�ßZúsãFê�èDÙ�ß|ê�Üä#Ú/ÛKàHÚ�èDêHã²ú·êHßDçZÛKÝ/ã�ÝÑ÷ � ÙHÚ·ã�ë�ß|êHâMè�ü~Û Ü�âP�4î#ØsàIã è¦æ�è�Û¡Øo�·ÙHÚ·ãýÜ � Øsà�Ú·êHß|Ø/Û���èDÙ�Û¨ßZØ(ã��·ú·êHã�ÜHÜ�Û¡ß|Ø
m1 Withm2 // ((m3 .. m4) + m5)âýásÜ�Ù4÷sãWê�ã�è|ÝÑè|Ü`ë�ßDü~ü¡ßhä�Ü � â�ãFÙHÚ·ß·Ý

m1
÷sãFÚsè�ç|ã�Üpø¥ásÜ�Ù#è|ÜÿÜ�Û¡â á/ü¡Ù�è¦Ø·ãFß|ásÜ#âËãFÙHÚ·ßuÝ·Ü

m2
èDØsÝMÙHÚ·ãWè�ü¡ÙHãFêHØsè¦Ù�Û¡ç|ãàHÚ·ß¦Û àIãd÷sãFÙ�ä4ãFãFØ

m3
ë�ßDü~ü¡ßhä4ã�ÝM÷ �

m4
ßZê

m5
�

O1

O2 O3

m2 m3

m1 with m2 // m3

//

O1

m1 with m2 .. m3

..

m2 m3

O2

�ÁÛ¡æ|á·ê�ã�\&� Y	|�� Ù�ä4ß ��� Øsà�Ú·êHß|Ø/Û���èDÙ�Û¡ß|Ø � àHÚ·ãFâËã�Ü



a\s h T Ð���g·ÖDÓ�Ò K h

O1

O2

O3

O4

O5

m2

m3

m4

m5

//

+

..

m1 with m2 // ((m3 .. m4) + m5)

�ÁÛ¡æ|á·êHãV\&� Y	~�� î#Ø·ã��,ß|ê�ã²×yØ/ç|ßDü¡ç|ã�Ý ��� Øsà�Ú·êHß|Ø/Û���èDÙ�Û¡ß|Ø � àHÚ·ãFâ�ã
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� � � F������ �P�£D��¥ACB � � � � � ¡»F I

¢¼Ä¤£:Å�¥¾Î»Î�¥�ÐjÄV¦k¥çÈ�§�£`Ï½ÁÃÂ{ÄÆÅ»Ä5ÇoÈÊÉ9Ä5Ë�ÇfÈ:Ì�Í�Ç¹Ä5Î
��×ØÖ Ù-Ú�Û¹ÜfÝ�Þ¼ß�à�ÛRáØÝ9Ú

4Ú/ÛKÜËúsèDêHÙ�ú·êHã�Ü�ãFØ�Ù�ÜËÜ�ß|â�ãÑã��sèDâ�ú/ü¡ã�ÜËä#Ú/ÛKàHÚíÛ~ü~ü¨ásÜ�ÙHê�èDÙHã,ÙHÚ·ã(ásÜ�ãÑßDë ìÿî#ï�îñð�ò²óIô õMÜ�úsã�à�Û~ûkàFèDÙ�Û¨ßZØsÜ��²èDØsÝ�Û¡ØúsèDêHÙ�Û àIá/üKèDê�ÙHÚ·ãýÜ � Øsà�Ú·êHß|Ø/Û���èDÙ�Û¨ßZØÞâËã�àHÚsèDØ/ÛKÜ�â��sÙHÚ·ãdásÜ�ãWß¦ëYÙHÚ·ã

Interface
�
Body

úsèDêHÙ�Ü��sè|Ü4ä4ãIü~üpèZÜ4ÙHÚ·ãÛ¡ØsÜ�Ù�èDØ/Ù�ÛKèDÙ�Û¡ß|ØsÜÿúsß/ÜHÜ�Û¡÷/Û~ü§Û¡Ù�Û¡ã�ÜdèDØsÝMÙHÚ·ãWásÜ�ã²ßDëUÛ¡Ø/û&�(Ø·ß|ÙIèDÙ�Û¡ß|ØMë�ß|ê#ÙHÚ·ã²ØsèDâËã�Ü��

 Ú·ã<ã��sèDâ�ú/ü¡ã�Üdú·êHã�Ü�ãFØ/ÙHã�Ý�Ú·ãFêHãÑàIß|ØsÜ�ÛKÜ�ÙýßDë � ö Y ù�ÙHÚ·ã � ü¡ÙHãFêHØsèDÙ�Û¨Ø·æ�}nÛ¡Ù�ðnê�ß|ÙHß·àIßDü�ä#Ú/ÛKàHÚ7ãFØsè¦÷/ü¨ã�Ü Ù¥ä4ßãFØ/Ù�Û¡Ù�Û¡ã�Ü�ÙHß�ã��sàHÚsè¦Ø·æ|ãÑâ�ã�ÜHÜHè¦æ|ã�Üýè|àIêHß�ÜHÜdá·Ø·êHãIü~ÛKèD÷/ü¡ã�àHÚsè¦Ø·Ø·ãIü Ü f ö \/ù²ÙHÚ·ãËëyè�Û¡ê [SÛ~ëeÙ���ä#Ú/ÛKà�Úú·êHß·àIã�ÜHÜ�ã�ÜËàFè�ü~ü Üë�êHß|â+Û¡ØsÜ�ÛKÝ/ãýèDØsÝ4ù�ß|ê`ß|á·Ù�Ü�ÛKÝ/ã²èWàFèD÷/Û¡ØÑä4Û¡ÙHÚ·ß|á·Ù#àFèDásÜ¥Û¨Ø·æýásÜ�ãFêIÜ�Ù�ßWä#è�Û¡ÙåèDØËÛ¡Ø/ûsØ/Û¡ÙHã èDâËß|á·Ø�Ùnß¦ëUÙ�Û¡â�ãÿëeß|ê`ÙHÚ·ãü~Û~ëeÙ f ö _/ùnÙHÚ·ã�� Û¡ãFê�èDê�à�Ú/ÛKàFè�ü»�4ß|á·Ù�Û¡Ø·æMä#Ú/ÛKàHÚ Û Üÿ÷sè|Ü�ã�ÝMÚ·ãFê�ãWá·úsßZØÞèdÙ�äåßZïAü¨ãFçZãIüUêHß|á·Ù�Û¡Ø·æ�Ú/Û¡ãFê�è¦ê�àHÚ � �
� ãIü¨ãFçDèDØ/ÙWì#î#ï�îñð`ò óIô õ Ü�úsã�à�Û~ûkàFèDÙ�Û¡ß|ØsÜÿë�ß|ê#Ù�Ú·ã�Ü�ã²ã��9è¦â�ú/ü¡ã�ÜñèDê�ãWàIßDü~ü¨ã�àIÙ�ã�ÝÑÛ¡Ø � ã�àIÙ�Û¡ß|Ø _&� | �

��×,! I©¨7ÛªW¾ÜRÚ8N¾ÛRá�ÚV«R¬uá7Û®�ÜoÝwÛ¹Ý#à»Ý¯¨

4Ú·ã�°¯;±(+49*lD_"�(+B@D%i>²³B@( � *,7�(+79-l7�;Áö � }4ð4ùñè�ü~ü¡ßDäñÜ�Ù�äåß(àIßZâ�âýá·Ø/Û àFè¦Ù�Û¡Ø·æ(ãFØ/Ù�Û¡Ù�Û¡ã�Ü²ÙHßÑã��sàHÚsè¦Ø·æ|ã�â�ã�ÜHÜ�èDæ|ã�Ü�è�ü¡ïÙHãFêHØsè¦Ù�Û¡ç|ãIü � è|àIêHß�Ü�Ü è¦Ø á·Ø·êHãIü~ÛKèD÷/ü¡ã(Ù�ê�èDØsÜ�âýÛKÜHÜ¥Û¨ßZØ â�ã�ÝZÛ¡á·âP��×yØ�ÙHÚ/ÛKÜýú·êHß|Ù�ßuàIßDü5�¢â�ã�ÜHÜ�èDæ|ã�ÜýàFèDØ�÷sãMü¡ß�Ü�Ùdß|êè�ü¡ÙHãFêHã�Ý-�:
4Ú·ãÿã���ÛKÜ�ÙHãFØsàIãÿßDë�èDØ�è�ü¡ÙHãFê�ã�ÝWâËã�ÜHÜHèDæ|ã#Ý/ãFÙHã�àIÙ�Û¨ßZØ�â�ã�à�ÚsèDØ/ÛKÜ�â+ÛKÜnè|ÜHÜ�á·â�ã�ÝýèDØsÝ�è²à�üKè|ÜHÜ�ÛKà4Ù�Û¨âËãFï�ß|á·ÙêHãFÙHêIèDØsÜ�âýÛKÜHÜ�Û¡ß|Ø�â�ã�àHÚsè¦Ø/Û Ü�â ÛKÜ�ásÜ�ã�Ý,ë�ß|êWàIß|ú/Û¡Ø·æ(ä Û¨Ù�Ú�ÙHÚ·ãýú·êHß|÷/ü¡ãFâ!ß¦ë�ü¡ß�Ü�Ù²â�ã�Ü�ÜHèDæ|ã�Ü��#� Ú·ãFØ èDØ�ãFØ/Ù�Û¡Ù �êHã�àIãIÛ¡ç|ã�Üýè(àIßZêHêHá·ú·ÙHã�Ý�âËã�ÜHÜHèDæ|ã��ÁÛ¡Ù²ÛKÜdêHã�ø�ã�àIÙHã�Ý-�¢ÙHÚ/ásÜ²êHã�Ý/ásà�Û¡Ø·æ�ÙHÚ·ãMú·êHß|÷/ü¡ãFâ ßDëñàIß|êHêHá·ú·ÙHã�Ý â�ã�ÜHÜHèDæZã�Ü²ÙHßÙHÚsèDÙ4ßDë¢ü¡ß�Ü�Ù#âËã�ÜHÜHèDæ|ã�Ü��
� ü¡ÙHÚ·ß|á·æ|Ú�ÙHÚ·ãËß|ê�Û¡æDÛ¡Øsè�ü � }åð ä èZÜ²Ý/ã�Ü�Û¡æ|Ø·ã�Ý�ÙHß(è|à�Ú/Û¡ãFç|ã�êHãIü~ÛKèD÷/ü¡ãËëeá/ü~ü¡ïyÝ/á·ú/ü¡ã��2Ý·èDÙIèMÙHê�èDØsÜ�ë�ãFê�Ü��Sä4ã�è|Ü�ïÜ�á·â�ã�ÙHÚ·ã�ã��/ÛKÜ�ÙHãFØsàIã�ßDëWßZØ/ü � ß|Ø·ã�Ü�ãFØsÝ/ãFê��#ä#Ú·ßÜ�ãFØsÝ·ÜMâËã�ÜHÜHèDæ|ã�ÜMÙ�ß ß|Ø/ü � ß|Ø·ã�êHã�àIãIÛ¡ç|ãFê	��ä#Ú·ß�Û¨Ø ÙHá·êHØè|à��Ø·ßDä4ü¡ã�Ý/æ|ã�Ü`ÙHÚ·ãÿâ�ã�ÜHÜHèDæZã�Ü¢Û¡Ù4êHã�àIãIÛ¡ç|ã�Ü#àIß|êHê�ã�àIÙ�ü � ����ã è�üKÜ�ß�è|Ü�Ü�á·â�ã#ÙHÚsè¦Ù�ÙHÚ·ã�ÙHê�èDØsÜ�âýÛKÜHÜ�Û¡ß|Øýü~Û¡Ø·ã�ÜñàIßZØsÜ�ÛKÜ�ÙßDënÙ�äåßýá·Ø·êHãIü~ÛKèD÷/ü¡ã��¢× �pîu¬|á·ãFá·ã�Ü��
]`è|à�Ú7Ù�Û¡â�ã(ÙHÚ·ã(Ü�ãFØsÝ/ãFêMÛ¨Ø/Û¡Ù�ÛKèDÙ�ã�ÜMÙHÚ·ãÑÙHê�èDØsÜ�âýÛKÜHÜ�Û¡ß|Øß¦ëþè�âËã�ÜHÜHèDæ|ã��`Û¡Ù<èZàIÙ�Û¡çhèDÙHã�ÜMè�Ù�Û¡â�ãFê��4ä#Ú/ÛKàHÚ2Û ÜØ·ß|Ùýâ�ß·Ý/ãIü¡ã�Ý�Û¨Ø ìÿî#ï�îñð�ò�óIô õý÷·á·Ù<è|Ü�Ü�á·â�ã�Ý�ã��uÙHãFê�Øsè�ü5�(×vë Ø·ß�è|à7/Ø·ßDä4ü¡ã�Ý/æ|â�ãFØ/ÙdÛ Ü êHã�àIãIÛ¡ç|ã�Ý�ä4Û¡ÙHÚ/Û¡Ø7ÙHÚ·ãæDÛ¡ç|ãFØíÙ�Û¡â�ãÑü~Û¡âýÛ¡ÙÑ÷ � ÙHÚ·ã�Ü�ãFØsÝ/ãFê	�4ÙHÚ·ãÑâ�ã�Ü�ÜHèDæ|ãMÛKÜËêHãFÙHê�èDØsÜ�âýÛ¡ÙHÙHã�Ý-�í×yÙýÛKÜËÙHß�÷sã�Ø·ß|Ù�ã�Ý�ÙHÚsèDÙ�ÙHÚ·ãÑÙ�Û¨âËãFïß|á·Ù²â�ã�à�ÚsèDØ/ÛKÜ�â àFèDØ�æ|ãFØ·ãFê�è¦ÙHã<Ý/á·ú/ü~ÛKàFèDÙHã�Ý�â�ã�ÜHÜHèDæZã�Ü²èDÙ²ã�è|à�Ú Ü�ÛKÝ/ã�ßDë#ÙHÚ·ãýÙHê�è¦ØsÜ�âýÛKÜHÜ�Û¡ß|Ø�âËã�ÝZÛ¨á·â'Û~ë#ÙHÚ·ãÙ�Û¡â�ãFï�ß|á·Ù�Ý/ãIü è � ÛKÜ�Ü�ãFÙ#ÙHß/ß�Ü�Ú·ß|êHÙ	�×�Ø ßZê�Ý/ãFêWÙHß�à�Û¡ê�àIá·âýç|ãFØ�ÙýÙHÚ·ãMú·êHß|÷/ü¡ãFâ ßDëñÝ/á·ú/ü~ÛKàFèDÙ�Û¡ß|Øo�`â�ã�ÜHÜHèDæZã�Ü è¦êHã�Ø/á·â ÷SãFêHã�Ý�Ü�ã	¬|á·ãFØ/Ù�ÛKè�ü~ü � ä4Û¡ÙHÚâ�ß·Ý/á/ü¡ß|ï5\ÑÜ�ã	¬Zá·ãFØsàIã�Ü���ì`ß|ØsÜ�ã	¬Zá·ãFØ�Ù�ü � �bã�è|à�Ú�â�ã�ÜHÜHè¦æ|ã��kè¦úsèDêHÙÿëeêHßZâ àIß|Ø/Ù�è�Û¡Ø/Û¡Ø·æÑãFêHêHßZê Ý/ãFÙHã�àIÙ�Û¨ßZØ�Û¡Ø/ëeß|ê�â<èDïÙ�Û¡ß|Øo�sèhü Ü�ß àIßZØ�Ù�èhÛ¨ØsÜÿè9ækè¦æ�÷/Û¡Ù#ÙHÚsèDÙ#Ü�ãFêHçZã�ÜåèZÜ#èDØËÛ Ý/ãFØ/Ù�Û~ûkàFèDÙ�Û¡ß|Ø�Ø/á·âý÷sãFê	�n×vëYÙ�Ú·ãñêHã�àIãIÛ¡ç|ãFê�æ|ãFÙ�Ü4èdâ�ã�ÜHÜ�èDæ|ãä4Û¡ÙHÚÑèwækèDæW÷/Û¡Ù4ã	¬Zásè�ükÙHßdÙHÚ·ã¾ækèDæd÷/Û¡Ù�ßDë>ÙHÚ·ãÿüKè|Ü�ÙåèZà7/Ø·ßDä4ü¡ã�Ý/æ|â�ãFØ/ÙnÛ¡Ù�Úsè|Ü`Ü�ãFØ/Ù	�|ÙHÚ·ãÿêHã�àIãIÛ¡ç|ãFê4ÙHÚ·ãFØÌÝ/ãFÙ�ã�àIÙ�ÜÙHÚsèDÙ`Û¡Ù4ÛKÜ4êHã�àIãIÛ¡çZÛ¡Ø·æÌè�Ý/á·ú/ü~ÛKàFèDÙHã�Ý,â�ã�Ü�ÜHèDæ|ã��¢×yØÑßZê�Ý/ãFê#ÙHß�è�ü~ü¡ßDä$ÙHÚ·ã²Ü�ãFØsÝ/ãFê è¦ØsÝMÙHÚ·ãñê�ã�àIãIÛ¨çZãFêñÙHß�Ü � Øsà�Ú·êHß|ïØ/Û��Fã��¢ÙHÚ·ã�êHã�àIãIÛ¡ç|ãFêýè�üKÜ�ß(êHãFÙ�á·êHØsÜ²è|à��Ø·ßDä4ü¡ã�Ý/æ|â�ãFØ/Ù²ë�ß|êWÝ/á·ú/ü~ÛKàFèDÙHã�Ý�â�ã�ÜHÜHè¦æ|ã�Ü���
4Ú/ÛKÜWèZà7/Ø·ßDä4ü¡ã�Ý/æ|â�ãFØ/Ù�Û Ü



K�  L¹n g·Ö�p¤qpÖ¦Õ·Ó	p�rfcGtwv>Õ-x n�y guÒ
êHã�àIãIÛ¡ç|ã�Ý�÷ � ÙHÚ·ã�Ü�ãFØsÝ/ãFê�Û~ë4Û¡Ù�ÜwækèDæM÷/Û¡Ù²ÛKÜ²ÝZÛ���ãFê�ãFØ�Ù�ë�êHß|â ÙHÚ·ã#ækèDæM÷/Û¡ÙWßDë�Ù�Ú·ã èZà7/Ø·ßDä4ü¡ã�Ý/æ|â�ãFØ/Ù²ÙHÚsèDÙ�ÙHÚ·ãêHã�àIãIÛ¡ç|ãFêÿÛ ÜÿêHã�è|Ý � ÙHß�è|àFàIãFú·Ù	�
�ÁÛ¡æ|á·êHãN_&� Y Ý/ãFú/ÛKàIÙ�Ü�Ù�ä4ß(ãFØ/Ù�Û¡Ù�Û¡ã�Ü��4è � ãFØsÝ/ãFê�ßDëñâ�ã�Ü�ÜHèDæ|ã�ÜýèDØsÝ�è��4ã�àIãIÛ¡ç|ãFê<ß¦ëñâ�ã�ÜHÜHè¦æ|ã�Ü��¢ä#Ú/ÛKàHÚè¦êHãàIß|Ø·Ø·ã�àIÙHã�Ý,è|àIêHß�ÜHÜ Ù¥ä4ßdá·Ø·êHãIü~Û è¦÷/ü¨ãMàHÚsèDØ·Ø·ãIüKÜ��

Unreliable channel for messages

Unreliable channel for ack

´ µ ¶A·¹¸,º»´ ¼H½H¾ ¸¹¿+À¹¸¹¿ ¿ º¤ÁH´ · ¾ Á ½�Â º»·¹´
½ À¹Ã ÄlÅAÆ%Å�Ç È)ÅªÉÊ Å�Ë'Ì�ÅªÉ ½ À¹Ã)Í ¸¹¿+Î,¸,¸ ¾ Á ½ À¹ÃF·¹´

�ÁÛ¡æ|á·êHã�_{� Y�� � ü¡ÙHãFê�ØsèDÙ�Û¡Ø·æ }pÛ¡Ù ðpêHß|ÙHß·àIßDü
íNïNð	ïPñ�ò óIô õ�Ï ��Ð¥ì���� õ»ö
�,ã�ÜHÜHèDæ|ã�Ü�àIß|Ø/Ù�è�Û¡Ø�Ø·ßÌÝ·è¦Ù�è<è¦ØsÝÑÛ¡Ù�ÛKÜ�ß|Ø/ü � Ù�Ú·ã Ü�ß|êHÙ

message
ä#Ú/ÛKàHÚ�àIß|âËúsß�Ü�ã�Ü�âËã�ÜHÜHèDæ|ã�Ü�è|Ü ÛKÜ²Ü�Ú·ßDä#ØÛ¡Ø°�ÁÛ¡æ|á·ê�ã�_&�¦k4�n×yØ�ÙHÚ·ãýÜHèDâ�ã�ûsæ|á·ê�ãWä4ã²ß|÷sÜ�ãFêHçZãWÙHÚ·ãdâ�ßuÝ/á/ü¡ã�Ü

Altbit
èDØsÝ

Frame
�bä#Ú/ÛKàHÚ�àIß|ê�êHã�Ü�úsßZØsÝ-�êHã�Ü�úSã�àIÙ�Û¡ç|ãIü � �#ÙHß�ÙHÚ·ãÑâ�ã�Ü�ÜHèDæ|ãÑØ/á·âý÷sãFêÑöyâËßuÝ/á/ü¡ß|ï5\/ùýèDØsÝ�ÙHÚ·ãÑÙHê�è¦ØsÜ�âýÛ¡ÙHÙHã�Ý�ë�ê�èDâ�ã�ö�è(âËã�ÜHÜHèDæ|ãÑàIß|á·ú/ü¡ã�Ýä4Û¡ÙHÚÑÛ¡Ù�Ü Ø�á·âý÷sãFê�ùØ�


4Ú·ã�ûsØsèhüpèD÷sÜ�ÙHê�è|àIÙñÝ·è¦Ù�èýÙ � úSã�Û¡ØÞÙ�Ú·ã � }åð2ã��9è¦â�ú/ü¡ãWÛKÜ�èdûsê�Ü�Ù�ïAÛ¨Ø·ïAûsêIÜ�ÙHï�ß|á·Ù�÷·á*�>ãFêñßDë¢ë�ê�èDâ�ã²ásÜ�ã�Ý ë�ß|êâ�ß·Ý/ãIü§Û¡Ø·æ(àIß|âËâ á·Ø/ÛKàFèDÙ�Û¨ßZØÑü~Û¡Ø&uÜ�è|Ü`ÛKÜ�Ü�Ú·ßDä#ØMÛ¡Ø �ÁÛ¡æ|á·êHã�_&� | �

4Ú·ã�ûsêIÜ�Ù4ãFØ�Ù�Û¡Ù�Û¡ã�Ü Û¡Ø(ß|á·ê4ã��sèDâ�ú/ü¡ãWä#Ú/ÛKà�Ú(Úsè�ç|ã²èDØMÛ¡Ø�Ù�ãFêHØsè�üYÜ�ÙIèDÙHã²èDêHã²÷sßZÙHÚÑÙHÚ·ã�ü~Û¡Ø&uÜ

EtherIn
èDØsÝ

EtherOut
ß|÷·ø�ã�àIÙ�Ü��V�ÁÛ¨æZá·êHã�Ü9_&� ~ èDØsÝ�_&�¤m<Ü�Ú·ßDä+ÙHÚ·ã�Ü�úsã�à�Û~ûkàFèDÙ�Û¡ß|ØsÜ ßDëåÙHÚ·ã�Ü�ã ßZ÷·ø¥ã�àIÙIÜ���
 Ú·ã � ê�ãFú·êHã�Ü�ãFØ/ÙÙHÚ·ãWà�ÚsèDØ·Ø·ãIüUë�ß|ê4â�ã�ÜHÜ�èDæ|ã�Ü#èDØsÝMÙ�Ú·ã à�ÚsèDØ·Ø·ãIü>ë�ß|êñè|à��Ø·ßDä4ü¡ã�Ý/æ|âËãFØ�Ù�Ü`êHã�Ü�úsã�àIÙ�Û¡ç|ãIü � �


4Ú·ã � ãFØsÝ/ãFê²ãFØ/Ù�Û¡Ù � ÛKÜ�êHãFú·êHã�Ü�ãFØ/ÙHã�Ý,÷ � ÙHÚ·ã
Transmitter

ß|÷9ø¥ã�àIÙ²Ü�Ú·ßDä#ØÑÛ¡Øþ�ÁÛ¡æ|á·ê�ãX_{� � �Sä#Ú/Û~ü¨ãËÙHÚ·ã
�4ã�àIãIÛ¡ç|ãFêMãFØ�Ù�Û¡Ù � Û ÜËæDÛ¡ç|ãFØí÷ � ÙHÚ·ã

Receiver
ß|÷·ø�ã�àIÙ Ü�Ú·ßhäÿØ�Û¨Ø �ÁÛ¡æ|á·êHãP_&�=�{� 
 Ú·ã � Ü � Øsà�Ú·êHß|Ø/Û��Fã(ÙHÚ·ãIÛ¡êãFâýÛKÜHÜ�Û¡ß|Øo�Sß|ê#êHã�àIãFú·Ù�Û¨ßZØo�·ßDënâ�ã�ÜHÜHèDæZã�Ü#è|àIêHß�Ü�Ü�Ù�Ú·ãWÙ�ä4ß à�ÚsèDØ·Ø·ãIüKÜ��

�±×H� ÑPálÒ�Û
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Adt Message;
Interface
Sort message;

Body
End Message;

.

/

0

1

Adt Frame;
Interface
Use Message, Altbit;
Sort frame;
Generator
comp _ _ : message altbit -> frame;

Body
End Frame;

.

/

0

1

Adt Altbit;
Interface

Use Booleans;
Sort altbit;
Generators
0 : -> altbit;
1 : -> altbit;

Operation
inc _ : altbit -> altbit;

Body
Axioms
inc 0 = 1;
inc 1 = 0;

End Altbit;
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Adt Fifo;
Interface
Use Frame, Booleans, Altbit;
Sort fifo;
Generators
empty : -> fifo;
put _ _ : fifo frame -> fifo;

Operations
empty? _ : fifo -> boolean;
rm _ : fifo -> fifo;
get _ : fifo -> frame;
numframe _ : fifo -> altbit;

Body
Axioms
empty? empty = true;
empty? (put ff fr) = false;

rm empty = empty;
rm (put empty fr) = empty;
empty? ff = false => rm (put ff fr) = put (rm ff) fr;

get (put empty fr) = fr;
empty? ff = false => get (put ff fr) = get ff;
empty? ff = false => numframe (put ff fr) = numframe ff;

numframe(put empty (comp msg num)) = num;
Where
ff : fifo;
fr : frame;
msg : message;
num : altbit;

End Fifo;

2�3f4�687'9F:8<hg8?
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Object EtherIn;
Interface
Use Message, Altbit;
Methods
PutFrame _ _ ,
GetFrame _ _ : message altbit;
LostFrame;

Body
Use Frame, Fifo;
Place
OnChannelFrame _ : fifo;

Initial
OnChannelFrame empty;

Axioms
PutFrame msg frnum :
OnChannelFrame ffch -> OnChannelFrame (put ffch (comp msg frnum));

GetFrame msg frnum :
OnChannelFrame (put ffch (comp msg frnum))
-> OnChannelFrame (rm (put ffch (comp msg frnum)));

LostFrame :
OnChannelFrame ffch -> OnChannelFrame (rm ffch);

Where
ffch : fifo;
frnum : altbit;
msg : message;

End EtherIn;

2�354�687'9�:b<h�8?[@�B89
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Object EtherOut;
Interface
Use Message, Altbit;
Methods
GetAck _ _ ,
PutAck _ _ : message altbit;
LostAck;

Body
Use Frame, Fifo;
Place
OnChannelAck _ : fifo;

Initial
OnChannelAck empty;

Axioms
GetAck msg frnum :

OnChannelAck (put (ffch (comp msg frnum)))
-> OnChannelAck (rm (put (ffch (comp msg frnum))));

LostAck:
OnChannelAck ffch -> OnChannelAck (rm ffch);

PutAck msg frnum :
OnChannelAck ffch -> OnChannelAck (put ffch (comp msg frnum));

Where
fr : frame;
ffch : fifo;
frnum : altbit;
msg : message;

End EtherOut;

2�354�687'9;:8<���?A@CB89
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Object Receiver;
Interface
Use Altbit;
Methods
TxAck _ ,
OkFrameRcv _ : altbit;

Body
Use Message, Frame, Fifo, EtherIn, EtherOut;
Place
FrameRcv _ : fifo;

Initial
FrameRcv empty;

Axioms
TxAck b With PutAck msg b :

FrameRcv (put ffrcv (comp msg b)) -> FrameRcv ffrcv;

OkFrameRcv b With GetFrame msg b :
FrameRcv ffrcv -> FrameRcv (put ffrcv (comp msg b));

Where
msg : message;
ffrcv : fifo;
b : altbit;

End Receiver;

2�354�687�9�:8<h�b?a@�B89
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Object Transmitter;
Interface
Use Altbit;
Methods
DupAckRcv _ ,
TxFrame _ ,
RetxFrame _ : altbit;
ProcAck;
OkAckRcv;

Body
Use Message, Frame, Fifo, EtherIn, EtherOut;
Places
Idle _ ,
TimeOut _ ,
AckRcv _ ,
Last _ : altbit;

Initial
Idle 0, Last 1;

Axioms
acknum = inc frnum => DupAckRcv frnum With GetAck msg frnum :

Last acknum -> Last frnum;

ProcAck :
AckRcv acknum, TimeOut frnum -> Idle acknum;

OkAckRcv With GetAck msg frnum :
Last frnum -> AckRcv frnum, Last (inc frnum);

TxFrame frnum With PutFrame msg (inc frnum) :
Idle frnum -> TimeOut (inc frnum);

RetxFrame frnum With PutFrame msg frnum :
TimeOut frnum -> TimeOut frnum;

Where
msg : message;
acknum : altbit;
frnum : altbit;

End Transmitter;

2�354�687'9�:b<h�8?A@CB89
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Adt Direction;
Interface
Use Booleans;
Sort direction;
Generators
UpDirection ,
DownDirection ,
UndefinedDirection : -> direction;

Operation
_ = _ : direction direction -> boolean;

Body
Axioms
UpDirection = UpDirection = true;
UpDirection = DownDirection = false;
UpDirection = UndefinedDirection = true;

DownDirection = UpDirection = false;
DownDirection = DownDirection = true;
DownDirection = UndefinedDirection = true;

UndefinedDirection = DownDirection = true;
UndefinedDirection = UpDirection = true;
UndefinedDirection = UndefinedDirection = true;

End Direction;

2�3f4�687'9F:8<5·�¸b?a@�B89
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Adt Goal As Pc2(Direction, Floors);
Morphism
_ = _ in ComparableItem2 -> _ = _ in Floors;

Rename
pc2 -> goal;
fst _ -> whichDirection _ ;
snd _ -> whichFloor _ ;
< _ _ > -> pair _ _ ;

Interface
Body
End Goal;

2�354�687'9F:b<5·�·�?A@CB89
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Adt Floors;
Interface
Use Booleans;
Sort floors;
Generators
F0, F1, F2, F3, F4, F5, F6, F7, F8, F9, F10,
notdefined : -> floors;

Operations
last, first : -> floors;
next _ , previous _ : floors -> floors;
_ notdefined? : floors -> boolean;
_ = _ ,
_ < _ : floors floors -> boolean;

Body
Axioms
first = F0; last = F10;

;; next, if x >= last then next x = notdefined
;; previous, if x <= first then previous x = notdefined
next F0 = F1; previous F1 = F0;
next F1 = F2; previous F2 = F1;
next F2 = F3; previous F3 = F2;
next F3 = F4; previous F4 = F3;
next F4 = F5; previous F5 = F4;
next F5 = F6; previous F6 = F5;
next F6 = F7; previous F7 = F6;
next F7 = F8; previous F8 = F7;
next F8 = F9; previous F9 = F8;
next F9 = F10; previous F10 = F9;
next F10 = notdefined; previous F0 = notdefined;

next notdefined = notdefined;
previous notdefined = notdefined;

F0 notdefined? = false; F1 notdefined? = false;
F2 notdefined? = false; F3 notdefined? = false;
F4 notdefined? = false; F5 notdefined? = false;
F6 notdefined? = false; F7 notdefined? = false;
F8 notdefined? = false; F9 notdefined? = false;
F10 notdefined? = false; notdefined notdefined? = true;

x notdefined? and y notdefined? = true => x = y = true;

(not x notdefined?) and y notdefined? = true => x = y = false;

x notdefined? and not y notdefined? = true => x = y = false;

(not x notdefined?) and not y notdefined? = true =>
(x = y) = (previous x = previous y);

x notdefined? and y notdefined? = true => x < y = false;

(not x notdefined?) and y notdefined? = true => x < y = false;

x notdefined? and not y notdefined? = true => x < y = true;

(not x notdefined?) and not y notdefined? = true =>
x < y = previous x < previous y;

Where
x, y : floors;

End Floors;

2�354�687'9�:b<5·�»8?¼@CB89
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Adt ListGoals As List(Goal);
Rename
[] -> emptylist;
_ ’ _ -> cons _ _ ;
_ | _ -> _ cat _ ;
# _ -> length _ ;
list -> listGoals;

Interface
Use Booleans, Floors, Direction;
Operations
insertGoal _ _ : listGoals goal -> listGoals;
reachGoal _ _ _ : listGoals floors direction -> listGoals;
move _ _ _ : listGoals floors direction -> floors;
modifyDirection _ _ _ : listGoals floors direction -> direction;
existLT _ _ ,
existGT _ _ ,
existEqual _ _ : listGoals floors -> boolean;
existGoal _ _ : listGoals goal -> boolean;

Body
Axioms
insertGoal emptylist gl = cons gl emptylist;

whichFloor gl < whichFloor val = true =>
insertGoal (cons val lst) gl = cons gl (cons val lst);

whichFloor gl < whichFloor val = false =>
insertGoal (cons val lst) gl = cons val (insertGoal lst gl);

;; no goals for reachGoal
reachGoal emptylist fl d = emptylist;

;; the floor and the direction are a correct goal
(whichFloor gl = fl and whichDirection gl = d) = true =>

reachGoal (cons gl lst) fl d = lst;

;; the floor is reached but the direction is wrong,
;; the list of goals is explored
(whichFloor gl = fl and not whichDirection gl = d) = true =>

reachGoal (cons gl lst) fl d = cons gl (reachGoal lst fl d);

;; the floor is not reached , the list of goals is explored
whichFloor gl = fl = false =>

reachGoal (cons gl lst) fl d = cons gl (reachGoal lst fl d);

move emptylist fl d = fl;

d = UndefinedDirection => move (lst, fl d) = fl;

;; the current floor is a goal, there is not any other one
(existEqual lst fl and length lst = succ 0) = true =>

move (lst, fl d) = fl;

;; the current floor is a goal, verification of the direction
(existEqual lst fl and existGoal lst (pair d fl)) = true =>

move (lst, fl d) = fl;
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;; the current floor is a goal, incorrect direction (up direction)
(existEqual lst fl and not existGoal lst (pair d fl)) and

existGT lst fl = true =>
move (lst, fl UpDirection) = next fl;

(existEqual lst fl and not existGoal lst (pair d fl)) and
not existGT lst fl = true =>

move (lst, fl UpDirection) = fl;

;; the current floor is a goal, incorrect direction (down direction)
(existEqual lst fl and not existGoal lst (pair d fl)) and

existLT lst fl = true =>
move (lst, fl DownDirection) = previous fl;

(existEqual lst fl and not existGoal lst (pair d fl)) and
not existLT lst fl = true =>

move (lst, fl DownDirection) = fl;

;; the current floor is not a goal
existEqual lst fl = false => move (lst, fl UpDirection) = next fl;

existEqual lst fl = false => move (lst, fl DownDirection) = previous fl;

;; the current floor is not a goal
;; modifyDirection depends on the direction
existGT lst fl = true =>

modifyDirection (lst, fl UpDirection) = UpDirection;

(existLT lst fl) and not existGT lst fl = true =>
modifyDirection (lst, fl UpDirection) = DownDirection;

(not existLT lst fl) and not existGT lst fl = true =>
modifyDirection (lst, fl UpDirection) = UndefinedDirection;

existLT lst fl = true =>
modifyDirection (lst, fl DownDirection) = DownDirection;

(not existLT lst fl) and existGT lst fl = true =>
modifyDirection (lst, fl DownDirection) = UpDirection;

(not (existLT lst fl)) and not (existGT lst fl) = true =>
modifyDirection (lst, fl DownDirection) = UndefinedDirection;

existGT lst fl = true =>
modifyDirection (lst, fl UndefinedDirection) = UpDirection;

existLT lst fl and not existGT lst fl = true =>
modifyDirection (lst, fl UndefinedDirection) = DownDirection;

(not existLT lst fl) and not existGT lst fl = true =>
modifyDirection (lst, fl UndefinedDirection) = UndefinedDirection;

;; Does it exist a lower floor
existLT emptylist fl = false;

whichFloor gl < fl = true => existLT (cons gl lst) fl = true;

whichFloor gl < fl = false => existLT (cons gl lst) fl = existLT lst fl;
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;; Does it exist a floor
existEqual emptylist fl = false;

whichFloor gl = fl = false => existEqual (cons gl lst) fl = existEqual lst fl;

whichFloor gl = fl = true => existEqual (cons gl lst) fl = true;

;; Does it exist a greater floor
existGT emptylist fl = false;

whichFloor gl < next fl = false => existGT (cons gl lst) fl = true;

whichFloor gl < next fl = true => existGT (cons gl lst) fl = existGT lst fl;

;; Does it exist a goal
existGoal emptylist gl = false;

(head lst = gl) = true => existGoal lst gl = true;

(head lst = gl) = false => existGoal lst gl = existGoal (tail lst) gl;
Where
gl, val : goal;
lst : listGoals;
fl : floors;
d : direction;

End ListGoals;

2�3f4�687'9F:8<5·�:b?a@�B89
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Object Cabin;
Interface
Use Control; ;; Synchro from (performcall )
Methods
floor _ : floors ;

Body
Use
Direction, Floors, Booleans;
Goal; ;; list of users

Transition
performfloor; ;; !! synchro

Places
CabinButtons _ : floors;
MemCabin _ : goal;

Initial
;; Buttons inside the cabin
CabinButtons F0, CabinButtons F1, CabinButtons F2, CabinButtons F3, CabinButtons F4;

Axioms
;; Store a call occured inside the cabin into the memory of the
;; cabin. The direction is undefined as the cabin can currently
;; lie at any floor.
floor bfl:
CabinButtons bfl
-> CabinButtons bfl, MemCabin (pair UndefinedDirection bfl);

;; Forward a call occured inside to the cabin to the Control object
performfloor With call d bfl:

MemCabin (pair d bfl)
-> ;

Where
bfl : floors;
d : direction;

End Cabin;
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Object BuildingFloors;
Interface
Use Control; ;; Synchro from (performcall)
Methods
down _ : floors ;
up _ : floors ;

Body
Use
Direction, Floors, Booleans;
Goal; ;; list of users

Transition
performcall; ;; !! synchro

Places
FloorButtons _ : floors;
MemFloors _ : goal;

Initial
;; Buttons to call cabin from the floors
FloorButtons F0, FloorButtons F1, FloorButtons F2, FloorButtons F3, FloorButtons F4;

Axioms
;; Store in the memory of the Floors at which floor a
;; user has called the cabin b and for which direction up down
down b :

FloorButtons b
-> FloorButtons b, MemFloors (pair DownDirection b);

up b :
FloorButtons b
-> FloorButtons b, MemFloors (pair UpDirection b);

;; Forward the call to the Control object
performcall With call d b :

MemFloors (pair d b)
-> ;

Where
b : floors;
d : direction;

End BuildingFloors;
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Object Control;
Interface
Use Direction, Floors;
Methods
call _ _ : direction, floors ;

Body
Use
Booleans;
Goal, ListGoals; ;; list of users

Transitions
moving;

Places
GoalsToSolve _ : listGoals;
Moving _ : direction;
Position _ : floors;

Initial
GoalsToSolve emptylist, Moving UndefinedDirection, Position F0;

Axioms
;; Move the position of the cabin if the cabin is wanted to
;; go somewhere
(empty? l = false) = true => moving:

Position fl, Moving dir, GoalsToSolve l
-> Moving (modifyDirection l fl dir),

GoalsToSolve (reachGoal l fl dir),
Position (move l fl dir) ;

;; Store forwarded call from Cabin or BuildingFloors
call dir fl :

GoalsToSolve l
-> GoalsToSolve (insertGoal (l (pair dir fl))) ;

Where
fl : floors;
dir : direction;
l : listGoals;

End Control;

2�3f4�687'9F:8<5·��b?a@�B89
Control � Nb�I9�JRO¯X�Za¹§3�Z�O



��k mon g8p�qfrspdt8u�q5vfcxwYyzt|{ n[} gl~

�A���¼�Ä� �A�� �¡8¢)£¤¡8¥§¦�¢©¨zª ¨|«�¦�¬i ®ÅÆ¢© §Ç�¥|Ç�¡�¬i¢È¡8¥|¶�É�¨zÊA¦�¢©ªUË

.

/

0

1

Adt Address;
Interface
Use Booleans;
Sort address;
Generators
0, 1, 2, notdefined : -> address;
_ - _ : address address -> address;

Operation
_ = _ : address address -> boolean;
head _ ,
tail _ : address -> address;

Body
Axioms
0 = 0 = true; 1 = 1 = true; 2 = 2 = true;

notdefined = notdefined = true;

0 = 1 = false; 0 = 2 = false; 0 = notdefined = false;
1 = 0 = false; 1 = 2 = false; 1 = notdefined = false;
2 = 0 = false; 2 = 1 = false; 2 = notdefined = false;

notdefined = 0 = false;
notdefined = 1 = false;
notdefined = 2 = false;

x-y = 0=false; x-y = 1=false; x-y = 2=false;
0 = x-y=false; 1 = x-y=false; 2 = x-y=false;
((x-y)=(x1-y1)) = (x=x1) and (y=y1);

head 0=0;
head 1=1;
head 2=2;
head notdefined=notdefined;
head (0-x)=0;
head (1-x)=1;
head (2-x)=2;

tail 0=notdefined;
tail 1=notdefined;
tail 2=notdefined;
tail notdefined = notdefined;
tail (0-x)=x;
tail (1-x)=x;
tail (2-x)=x;

Where
x, y, x1, y1 : address;

End Address;
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Generic Object User;
Interface
Use Address;
Methods
SendToGW _ : address;
GetFromGW _ : address;

Body
Transitions
SendToUser1 ;
GetFromUser1;
SendToUser2 ;
GetFromUser2;
Consume ;

Places
User : address;

End User;
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Object User0 As User;
Interface
Body
Use User1, User2;
Initial
User 0; User 1-2; User 1-1; User 2-1;

Axioms
;; Forward messages to its User1 or User2
head adr = 1 = true => SendToUser1 With GetFromGW In User1 adr : User adr -> ;

head adr = 2 = true => SendToUser2 With GetFromGW In User2 adr : User adr -> ;

;; Message is for current User
adr=0 = true => Consume: User adr -> ;

;; Collect messages for current User or messages to forward
(not head adr = 1) = true =>

GetFromUser1 With SendToGW In User1 adr : -> User adr;

(not head adr = 2) = true =>
GetFromUser2 With SendToGW In User2 adr : -> User adr;

Where
x, adr : address;

End User0;
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Object User1 As User;
Interface
Body
Use User11, User12;
Initial
User 0; User 2-1; User 2-2; User 2; User 1-1;

Axioms
;; Forward messages to its User1 or User2
head x = 1 = true => SendToUser1 With GetFromGW In User11 1-x : User 1-x -> ;

head x = 2 = true => SendToUser2 With GetFromGW In User12 1-x: User 1-x -> ;

;; Message is for current User
adr =1 = true => Consume : User adr -> ;

;; Collect messages for current User or messages to forward
(not head adr = 1) or (not head tail adr = 1) = true =>

GetFromUser1 With SendToGW In User11 adr : -> User adr;

(not head adr = 1) or (not head tail adr = 2) = true =>
GetFromUser2 With SendToGW In User12 adr : -> User adr;

;; Forward (Receive) messages to (from) gateway
SendToGW adr : User adr -> ;

GetFromGW adr : -> User adr;
Where
x, adr : address;

End User1;
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Object User11 As User;
Interface
Body
Initial
User 0, User 2-2, User 2, User 1, User 1-1, User 1-(1-2);

Axioms
;; No Forward of messages to its User1 or User2
;; Message is for current User;
adr=1-1 = true => Consume: User adr -> ;

;; No collect of messages from its User1 or User2
;; Forward (Receive) messages to (from) gateway
SendToGW adr : User adr -> ;

GetFromGW adr : -> User adr;
Where
x, adr : address;

End User11;
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Object User12 As User;
Interface
Body
Initial
User 2, User 1, User 1-1, User 2-2;

Axioms
;; No Forward of messages to its User1 or User2
;; Message is for current User;
adr=1-2 = true => Consume : User adr -> ;

;; No collect of messages from its User1 or User2
;; Forward (Receive) messages to (from) gateway
SendToGW adr : User adr -> ;

GetFromGW adr : -> User adr;
Where
x, adr : address;

End User12;

2�354�687'9F:8<Ù»�»8?¼LÛÚ�9�JRX�Ï�ÖÔ¹|9�G�ZiÑ¯H�9D7



�8º mon g8p�qfrspdt8u�q5vfcxwYyzt|{ n[} gl~



Ü Ý Þ ß à á âAã%äæå

ç�èié¼êCëiìzí�î�ï�ëið;ì|ñ

ò;óQô õ|ö¯÷oø�ùFúüû�ýs÷¼þQù�ö
@CB89�4�7QG�V8BW3ÄJ;9�Ö�35O'X�7-X�ÿz9D7QH�G�Ï�9DÏ���357'X�Ï8c�9DÏWO�Z�X�7FH�68V8V§X�7'O�35Ï84�O'B89�ÖW9���9RefX�V8c�9DÏ�O-X�Z¤O�B89�� ����� ]i× � � � Z�X�7 �c�G�e�3ÄH�cÔ<C@CBW3ÄHYO'X�XdeaJDG�Ï±7'9�G�Ö O'9R`8O��8e59�HG�Ï�Ö 4�9DÏ89D7QG�O�9�HCO'B89R357�35ÏWO'9D7'Ï�G�e¼7'9DV87'9�H�9DÏWOQG�O�35X�Ï
	bX�7�O'B89-X�O'B89D7���G�T
G�7'X�68Ï�Ö|?ÔO'7RG�Ï�HÈZ�X�7'c O'B89Ô4�7QG�V8BW3ÄJ±X�Nb�I9�JROQH��c�X8ÖW6Wef9�H�35Ï�O�X G�O�9R`lO'6�G	e¤Z�X�7'cÓ<"^���9D7'T®JRX�c�V�X�Ï89DÏ�OQHÕX�Z�O'B89
Ú�L�×S-Ú �R� � ÖW9���9RefX�V8c�9DÏ�O�H�T8H�O'9Dc c�G�TüN�9�35Ï���X���9�ÖÕZ�7'X�c O'B89�4�7QG�V8BW3ÄJM9�Ö�3fO�X�7�<
@�B89�9�Ö�35O'X�7��C9;V87'9�H�9DÏWOFB89D7'9�9���X�e���9�ÖÓX�68O�X�Z¤O�B89�4�7QG�V8BW3ÄJ;O�X�X�eiÖW9�H'JR7�35N§9�Ö�3fÏ��hEC2AÎ���:�N��iG�Ï�Ö 3KH-H�O�3�e�e

N�9R35Ï84�ÖW9���9RefX�V�9�Ö|<C@CB89\JRX�c�VWe59DO'9FÖW9���ÏW35O�35X�Ï±X�Z[O'B89�3fÏW35O�3ÄG�e¼4�7QG�V8BW3ÄJYZ�X�7'c�G�e�3ÄH�c���� ����� ]U×���9D7QHI3fX�Ï ·��AJDG�Ï
N�9MZ½X�68Ï�Öü35Ï��h2�e56���g��©<CEUX�O'B±O'BW3ÄH¯4�7QGdV8BW3KJM9�Ö�35O'X�7�G�Ï�Öü35OQH¯G�Ï�JR9�H�O'X�7�B�G ��9�N�9D9DÏ�ÖW9���9Re5X�V§9�Ö�N�Tüc�9�G�Ï�HYX�ZiG
O'B89�c�9DORG � �iL-Ú�^%Ð7RG�V8B�@[G	e!�±»8<hg � <

ò;ó#" $;û�ö�ýA÷¼þQùMö&%('*),+�-|ýiø¼þ/.�÷[þQùMö
0A�)�[�21 3� �ªU �Ç�¥|¶È¢�¦�¢© 54

687�9�:�;=<�>@?�ACBD9�EF:HGI>�J�E@CB89±4�7QG�V8BW3ÄJ Z½X�7�c�G�e�3ÄH�c XdZ&� ����� ]U× �R� � 3KHÕ9���X�e���9�Ö X�68O�X�ZK� ����� ]U×L�2��9D7RHÈ35X�Ï ·��Q<®ÒÈO�35Ï�J�e56�ÖW9�H
ÖW9���ÏW3fOP3fX�Ï�H�X�Zi4�7RG�V8BW3ÄJFHÈ354�Ï�G�O�687'9�HYZ½X�7�X�N8��9�JROcÕXlÖW6We59�HFGdÏ�Ö±L�S�@ c�X8ÖW6We59�HD<¯Ò©OFJDG�Ï�G�eÄH�X±ÖW9�H'JR7�35N�9
H�T�Ï�J�B87'X�ÏW3�M�G�OP3fX�Ï�H¼N�9DO#�C9D9DÏ�X�N8�I9�JRORH[G�Ï�Ö;ÖW9DV§9DÏ�ÖW9DÏ�J�3f9�HN��BW3ÄJ'B�9R`W3ÄH�OAN�9DO#�C9D9DÏ;X�N8��9�JROQH¼G�Ï�Ö-c�XlÖW6We59�HD<
Ú�9���9D7QG�e
��3f9��¯H�7'9DV87�9�H�9DÏ�O¯GF� ����� ]i× � � � G�V8VWe�3ÄJDG�O�35X�Ï�G�Ï�ÖO	bO'B89�H�9P��3f9��¯HG�7�9FÖW9�H'JR7�35N�9�ÖÓN�9Re5X��F<

687�9�:�;=<�>@?(Q�>SRUT5:�V�W�9�X�BDY�ZP[�\]XH?�V28X�7�G�Ï±X�Nb�I9�JROH	WO'BW3ÄHY7'9DV87'9�H�9DÏWOQG�OP3fX�ÏÔH�B8X��Hs3fORHCc�9DO'B8X8Ö8H�	8O'7RG�Ï�HÈ35O�35X�Ï�H�G�Ï�ÖüV87�X��8e59^�I2�354�687'9Ø=§<5·��Q<¼Ò�Z
3fORH¯c�9DO'B8X8Ö8H���O'7QGdÏ�HÈ35O�35X�Ï�HGd7'9�ÖW9���Ï89�ÖÓ35Ï O�B89�N§XlÖWT_�©7�9�H�V�9�JRO�3���9Re5T�O'B89-35Ï�O�9D7�Z)G�JR9��/	�O�B89DT G�7'9;ÖW7QG ��Ï
X�Ï±O'B89�N�X�O'O'X�c��©7'9�HPV�9�JRO�3���9Re5TÔO�B89�O'X�VO�iX�Z¼O'B89FX�Nb�I9�JRO�<

687�9�:�;=<�>@?(Q�>SRUT5:�V�W�9�X�BDYa`(bFcedfBUghW GiX28X�7;G�Ï�L�S�@Øc�X8ÖW6We59�	AO'BW3ÄH-7'9DV87'9�H�9DÏWOQG�O�35X�Ï®H�B8X��H\3fORH�c�9DO'B8X8Ö8H���4�9DÏ89D7QG�O'X�7RHFG�Ï�Ö�V87'X��8e59j�I2�354�687'9
=�<h»��Q<sÒ�ZA35OQHYc�9DO'B8X8Ö8H���4�9DÏ89D7QGdO'X�7QHCG�7'9;ÖW9���Ï89�Ö 3fÏÓO'B89FN§XlÖWT*�È7'9�H�V�9�JROP3!��9RefTÓO'B89�35ÏWO'9D7�Z©G�JR9��/	8O�B89DTÔG�7'9
ÖW7QG ��Ï�X�ÏÔO'B89�N§X�O'O'X�c��©7�9�H�V�9�JRO�3���9Re5TÓO'B89�O'X�VO�AX�ZAO'B89FX�N8�I9�JRO�<

6�`�GSRhXD[�9�: >k?(lNXHV29#>
mnXHV2J^iG�J�BK� ����� ]i× � � � X�N8��9�JRO|3ÄH[ÖW9���Ï89�Ö-NWT\G�Ï-L�e54�9DN87RG�3ÄJ¤]¼9DO�7�3�Ï89DOo�I2�354�687�9Ô=�<h:U�Q<z]¼eÄG�JR9�HN�IÖ�3ÄH�VWeÄG�T�9�Ö-G�HJ�3f7RJ�ef9�H��G�7�9O�TWV�9�ÖüNWT G�HPX�7'O�<¼@CBW3ÄHH�X�7'OU3KHYÖ�3KHPVWeKG�T�9�Ö 68Ï�ÖW9D7O�B89�VWeKG�JR9�<i@z7RG�Ï�HÈ35O�35X�Ï�H¯G�Ï�Öüc�9DO'B8X8Ö8H
G�7'9�Ö�3ÄH�VWeÄG�T�9�Ö8�C35O'Bµ7'9�JROQG�Ï84�e59�H�	(�C35O'Bp��BW35O'9�7'9DV87'9�HP9DÏ�O�35Ï84ÌO'7QG�Ï�HÈ35O�35X�Ï�HÓG�Ï�ÖÌNWeÄG�J��%7'9DV87�9�H�9DÏ�OP3fÏ84

q�r�s#t�u�v�w
t]xzy({I|ot~}��H������s�}�{!t]x�u�s2������}#���]���ot���yP�o��s������



��¾ �K� g w(�¼q5uDvO�

2�354�687�9�=�<5·�?¼L Ð7QG�V8BW3ÄJ�Ú�3f4�Ï�G�O'687'9�X�ZiG�Ï � N8��9�JRO

2�354�687'9-=�<h»8?¼L Ð7QG�V8BW3ÄJ-Ú�354�Ï�G�O�687'9FX�ZiG�Ï±L�S�@8�ÓXlÖW6We59

cÕ9DO'B8XlÖ8HÀ<a^UÖW4�9�HCG�7'9CeÄG�N§9Re59�ÖF�C35O'B G	ef4�9DN87QG�3ÄJ¯O'9D7'c�H���BW3ÄJ'Bü7'9DV87'9�HP9DÏ�OCO'X���9DÏ�H���BW3ÄJ�B G�7�9JRX�Ï�H�68c�9�Ö
X�7¤V87�XlÖW6�JR9�Ö 35ÏÔO'B89�VWeÄG�JR9�HÀ<

6�b�X#;aX/TOg�X/TO?#>iX/J^7�9�:�;=<�J@�BW3KHM7'9DV87'9�H�9DÏWOQG�OP3fX�Ï H�B8X��H�ÖW9DV§9DÏ�ÖW9DÏ�J�359	HÕN�9DO#�C9D9DÏ�X�N8��9�JROQHFGdÏ�Ö5��X�7FcÕXlÖW6We59�HD< � Nb�I9�JROQH-G�7'9�Ö�3ÄH �VWeÄG�T�9�ÖüG�HU9Re�eÁ35V�H�9�H]	h��B89D7�9�G�HUc�XlÖW6We59�H�Gd7'9Ö�3ÄH�VWeÄG�T�9�Ö±G�HCJRT�e�35Ï�ÖW9D7QHD<UL¯Ï�9R`�G�c�VWe59¯3ÄHC4�3���9DÏÕ35ÏÔ2�3f4�687'9
=§<>=�<

0A���¼��� �¯¨A¨z¶(� � ¨��iÊU¶© �� ¥´ªU¥|Ëz �³  §ªz¦
6�b�:�V#:��NBDT�J#>�J�V#X/TO?� @�B89±4�7QG�V8BW3ÄJ±9�Ö�35O'X�7�c�G	3fÏWOQG�35Ï�HÕO'B89ÔJRX�Ï�HÈ3ÄH�O�9DÏ�JRT_N�9DO#�C9D9DÏ®Ï�G�c�9�HÕX�Z�c�X8ÖW6Wef9�H]	CX�N8��9�JRO�G�Ï�Ö_HPX�7'O
ÖW9���ÏW35O�35X�Ï�HÀ<¤@CB89FÖW9DV§9DÏ�ÖW9DÏ�JRT±4�7QG�V8B�HYG�7'9�G�JRO'6�G�e�e5T ÖWX8JR68c�9DÏWOQG�O�35X�Ï±4�7QG�V8B�H�	���BW3ÄJ�BÔG�7'9�H�Ï�G�V�H�B8X�ORH
XdZaGF� ����� ]U× �R� � GdV8VWeÁ3ÄJDG�OP3fX�Ï ÖW9�H�JR7�35N�9�Ö 35ÏÔO'B89-4�7QG�V8BW3ÄJ¯9�Ö�35O'X�7�<

6¡c�9�:DT�J�G¢:�V@>iBDT�[�XHV#£NX�X/T�c5X�¤=V�W�:HGa:DTOg¥7¦9�:�;=<�>@?�AOBD9§E©¨�ª >k?�X�«2ª¬X/9�J�:H@�B894�7RG�V8BW3ÄJ�9�Ö�35O'X�7�JDG�Ïü4�9DÏ89D7QGdO'9G-V87'X�4�7RG�cØO'9R`8O¤JRX�7'7�9�H�V�X�Ï�Ö�35Ï84�O�X�G�ÏüX�N8��9�JRO�<¼Ò©OCJDG�Ï G	eKHPX�N86W3�eÄÖ
G�4�7QG�V8BW3ÄJ¯7'9DV87'9�HP9DÏ�OQGdO�35X�ÏüZ½7�X�c G;O'9R`8O'6�G�e|Z�X�7'c XdZaG�Ï±X�N8��9�JRO�X�7YL\S�@%cÕXlÖW6We59�<

6e®#ThV�X/9�:�?�V@>iBDT*£�>@V2<¯B�V2<5X/9(V#B�BHG�J@�B89ÔJRX�c�VW3�e59D7 G�Ï�ÖÆO�B89ÔHÈ35c�6WeÄG�O�X�7�JDG�Ï®N§9±35Ï���X���9�Ö®Ö�357'9�JRO�e5TÆZ�7'X�c O'B89±4�7QG�V8BW3ÄJü9�Ö�35O'X�7�<ÆÒ�ZF9D7�7'X�7
cÕ9�H'H'G�4�9�HCG�V8V§9�G�7H	8O�B89DTÔG�7'9�Ö�3KHPVWeKG�T�9�Ö 35ÏÔ7�9ReKGdO�35X�ÏÔO'X;O'B89-4�7QG�V8BW3ÄJ�JRX�cÕV�X�Ï89DÏWO\JRX�Ï�JR9D7'Ï89�Ö|<



º[��j*° eRcopdu�q5vfc´t }�± g8~�p��	q n u�q5vfc �o¿

2�354�687'9�=§<h:8?¼LÏ±LYe54�9DN87QG�3ÄJ;]¼9DO'7�3[×Y9DOP��� ����� ]U× � � � X�N8��9�JRO¤N§9DB�G ��35X�7�ÖW9�H'JR7�35V8O�35X�ÏO�

2�354�687'9�=�< =�?¼LÛÐ¯7QG�V8BÔS¯9DV�9DÏ�ÖW9DÏ�JRT�ÎC9ReÄG�O�35X�Ï�H�BW35V



��Â �K� g w(�¼q5uDvO�

ò�ó�² õ|ö÷zøzù-úüû�ýs÷[þQùMö´³ %¯ö-û&%('
0A�Ä�s�21 µÔÇ�Ëz¥|ªU¢2¶8¥§¦�¢©¨zªØ¥|ªo�·� ¥´¢Èª8¸ ¢©ªo�U¨�¹
@CB89FcüG�35Ï¥��3fÏ�ÖWX��ØÖ�3ÄH�VWeÄG�T8H�G�e�eAO'B89���35Ï�Ö8H¯X�Zº��359��H���e59RZ�O\HÈ3ÄÖW9;X�Zi2�354�687'9 =�<hg��CG�Ï�Ö±O'B89-6�H�9D7�JDG�Ï JR7'9�GdO'9
35Ï�H�OQG�Ï�JR9�HCXdZoO�B89�H�9~��359��HCO'B�GdOi4�9DÏ89D7QGdO'9Ï89����C35Ï�ÖWX��HN��BW3ÄJ�BÔG�7'9Ce�3ÄH�O'9�Ö X�Ï�O�B897�354�BWO¤HI3KÖW9�XdZ[O'B89�2�3f4�687'9
=�<hg8<

6,» syst ¼�½ >�TOg�B�£oJ@�BW3KH¦��3fÏ�ÖÓX�Z��C35Ï�ÖWX��H¯G�e�efX��HYO'B89-6�H�9D7�O'X�JR7�9�G�O'9FL�S�@%c�X8ÖW6We59�H�G�Ï�Ö±X�N8�I9�JRORHD<¤@�B89¿¾
ObjectsÀ��3fÏ�ÖWX���3ÄHiÖW9�Ö�3ÄJDG�O'9�Ö-O'X¯O'B89CX�N8��9�JROaJR7�9�G�O�35X�Ï�G�Ï�Ö-O'B89R357iG�H'H�X8J�3ÄG�O'9�ÖMc�9DO'B8X8Ö8HAG�H
�C9Re�e´G�H�O'B89Cc�9DO'B8X8Ö

V87�X��8e59�HD<�ÒÈÏ_GÁ¾
ModuleAlgÀ �C35Ï�ÖWX���	UO'B89ü6�H�9D7�JR7'9�G�O�9�HFL�S�@ c�X8ÖW6Wef9�HüG�Ï�ÖÆO'B89R357�G�H'H�X8J�3KGdO'9�Ö

4�9DÏ89D7QG�O'X�7RH���X�V§9D7QG�O�35X�Ï�H�	WG�Ï�ÖÔJDGdÏÔÖW9���Ï89FO'B89R357¯V87'X��8e59�HD<
6,» doc ¼^½ >�TOg�B�£oJLÂ¾

Dependences À �C35Ï�ÖWX��®3ÄHU6�H�9�Ö�Z½X�7iX�N8OQG	3fÏW35Ï84�ÖWX8JR68c�9DÏ�ORG�O�35X�Ï�X�Ï±H�X�cÕ9�c�X8ÖW6Wef9�HUX�7UX�N8��9�JROQH
Z�7'X�cØO�B89G�V8VWe�3ÄJDG�O�35X�Ïz<NÃ_35O'BüGFH�9DOUX�Zz4�7QG�V8BW3ÄJCX�V§9D7QG�O�35X�Ï�H]	�O�B89�6�H�9D7icüG�T;c�G�H#�FX�7CH�B8X��®V�G�7'O�3ÄJR6WeÄG�7
ÖW9DORG�3�eKHÀ<�LÄ¾

MarquageÀ �C35Ï�ÖWXD�ÛJDGdÏ N§9;6�H�9�Ö�G�Z½O�9D7\G±HÈ35c;6WeÄG�O�35X�Ï HP9�H'HÈ35X�Ïz<F@CB89-4�7QG�V8BW3ÄJ;9�Ö�35O'X�7
3ÄH;G�NWe59üO'XÔ7'9�G�Ö�GF�8e59ü4�9DÏ89D7QG�O'9�Ö�NWT O�B89 HÈ35c;6WeÄG�O'X�7;G�Ï�Ö�O'X H�B8X��ØO'B89ü7'9�H�6We5O-35Ï G 4�7QG�V8BW3ÄJ�Z½X�7'cÔ<
L�HUc�9DÏWO�35X�Ï89�ÖüZ�X�7CO'B89^¾

Dependences À ��3fÏ�ÖWX���	WO'B89�6�HP9D7�c�G�T�c�G�H���X�7�H�B8X�� H�X�c�9¯V�G�7'O�3ÄJR6WeÄG�7
ÖW9DORG�3�eKHYNWT�6�HÈ35Ï84±G�H�9DO�XdZa4�7RG�V8BW3ÄJ¯X�V�9D7QGdO�35X�Ï�HD<

0A�Ä�s��� ¸ ¨�Ç�ÅA¢©ªUË%�a 54�4	¢È¨zª
�Ó9DÏ�6�H�Gd7'9ÔG�O'OQG�J'B89�ÖÆO'X�X�N8��9�JROQH�	UL\S�@ cÕXlÖW6We59�HÕX�7^�C35Ï�ÖWX��H�3fÏ%G�JDJRX�7QÖ8GdÏ�JR9Æ�C35O'B®N§9DB�GH��35X�7±J'B�G�7RG�J �O'9D7�3ÄH�O�3ÄJDHD<Æ@CB89ü4�7QG�V8BW3ÄJü9�Ö�35O'X�7-3ÄH�ÖW9�HÈ354�Ï89�Ö�Z�X�7;N�9D4�35Ï8Ï89D7QHÇ��B8X�B�G ��9�Ï8X�V�Gd7'O�3ÄJR6WeÄG�7K��Ï8X��Ce59�ÖW4�9±X�Z¯O'B89
H�TWÏ�OQG	`�X�Z[O'B89�� ����� ]U× �R� � Z�X�7'c�G�e�3ÄH�cÔ<U28X�7�G�Ö���G�Ï�JR9�Öü6�H�9D7QH�	§G�HPT�ÏWOQG�JRO�3ÄJYO'9R`8O'6�G�ez9�Ö�35O'X�7�JDG�Ï±N�9�6�HP9�ÖÕ3fÏJRX�e�eÄG�N�X�7RG�O�35X�ÏÆ��3fO�BÔO'B89�4�7RG�V8BW3ÄJ�9�Ö�35O'X�7�<
0A�Ä�s�Ä� È�¡W¦�Êi¥|¶(É	³µ�i¶© §³% �ª�¦d¥§¦�¢©¨�ª
Ñ�VÓO'X�Ö8G�O�9�	�G�JRX�c�VWe59DO'9;4�7RG�V8BW3ÄJ�9�Ö�35O'X�7�G�HCN§9D9DÏ ÖW9���9RefX�V�9�Ö Z½X�7�O'B89�Ú�L�×¯S-ÚÆ�2��9D7RHÈ35X�Ï�·��i9DÏ���357'X�Ï8c�9DÏ�O�<
LØ68V´Ö8G�O�9�Ö*��9D7QHÈ35X�ÏÓ9R`�3ÄH�ORHYZ½X�7¯O'B89ÕÚ�L\×¯S-Ú �R� � 	§B8XD�C9���9D7�H�X�cÕ9�Z�68Ï�JRO�35X�Ï�G�e�35O�359�H�Gd7'9Fc;3ÄH'HI3fÏ84§<\@�B89�ÖW9���9Re �X�V8c�9DÏWO�X�ZiG�JRX�c�VWe59DO'9P��9D7QHÈ35X�Ï±3ÄH¯H�O�3�e�ez35ÏÔV87'X�4�7'9�H'HD<

2�354�687�9F=�<hgb?a@�B89�� G	3fÏ�ÃÌ35Ï�ÖWX�� XdZ[O'B89�Ð¯7QG�V8BW3ÄJDG�ea^UÖ�35O'X�7



Ê Ý Þ ß Ë Þ ß©Ì·Í ß å

Î^Ï2Ð�Ï©ìÒÑÂÓFëUé�ÔUí

ÕFóQô õ|ö¯÷oø�ùFúüû�ýs÷¼þQù�ö
@CB89(�iB89�J§��9D7�3KHAÖW9�HPO�35Ï89�Ö;O'X�J'B89�J§�FO'B�GdO[G¯O'9R`8O'6�G�e��8e59JRX�ÏWOQG�35Ï�H¼G�JRX�B89D7'9DÏWO[V�Gd7'O[XdZ´G�4�e5X�N�G	ebH�V§9�J�3I�´JDG�O�35X�Ï
	
��7�35O'O�9DÏ�35ÏÆO'B89Æ� ����� ]i× �R� � eÄG�Ï84�6�G�4�9�<Ô@CB89üV87�35Ï�J�3fVWe59�6�H�9�Ö 3ÄHFcüG�35ÏWefTÆN�G�H�9�Ö�X�Ï HP9DV�G�7QG�O'9�Ö�J'B89�J§��35Ï84h	��BW3ÄJ�B�c�9�G�Ï�HMO'B�G�OFGüc�X8ÖW6We59�3ÄHFJ�B89�J§��9�ÖÓ35Ï�3ÄH�XdeKGdO�35X�Ï
	[G�H�H�68c;35Ï84ÔO'B�GdO�O'B89�ÖW9DV�9DÏ�ÖW9DÏ�JRTÆc�X8ÖW6We59�H�B�G ��9
N�9D9DÏ®H�6�JDJR9�H'HIZ½6We�e5T J�B89�J§��9�Ö|<Ô@CB89�HPc�G�e�e59�H�OF� ����� ]i× �R� � O�3�e59±H�V�9�J�3I�´JDG�O�35X�Ï®O�B�G�OFJDG�ÏÆN�9±J'B89�J§��9�ÖÓ3ÄH-O'B89�8e59���BW3ÄJ�BÔc;6�H�OJRX�Ï�OQG	3fÏÔGdOCe59�G�H�O�X�Ï89K� ����� ]i× �R� � c�X8ÖW6Wef9�<
ÕFó#" $;û�ö�ýA÷¼þQùMö&%('*),+�-|ýiø¼þ/.�÷[þQùMö
@CB89��iB89�J§��9D7i9R`W3ÄH�OQHsZ½X�7¤J�B89�J���35Ï84�O'B�G�OCG�O'9R`8O'6�G�e5�8ef9FJRX�Ï�OQG	3fÏ�HUG;JRX�B89D7'9DÏWOiV�G�7'OUX�Z[G-4�e5X�N�G�eoHPV�9�J�3I�´JDG�O�35X�Ï
��7�35O'O�9DÏF35Ï�O�B89~� ����� ]i× �R� � eKGdÏ84�6�G�4�9�<A@CB89�H�TWÏ�ORG�`�G�Ï�Ö-O'B89H�ORG�O�3ÄJiH�9DcüG�Ï�OP3KJDHAHP68V8V�X�7'O�9�Ö;N�T-O'B89(�iB89�J§��9D7
G�7'9FÖW9�H�JR7�35N�9�Ö 35ÏÔO'B89FG�Ï8Ï89R`89�Hn�IH�TWÏ�OQG	` G�Ï�ÖÔHPOQG�O�3ÄJ�H�9Dc�GdÏ�O�3ÄJDH��R<
@�B89�V87�35Ï�J�3fVWe59�6�HP9�Öü3ÄH�cüG�35ÏWefT±N�G�H�9�ÖüX�ÏÔH�9DV�G�7RG�O'9�Ö±J�B89�J���35Ï84 G�Ï�Ö c�9�G�Ï�HCO�B�G�OG-c�X8ÖW6Wef9-3ÄH�J�B89�J���9�Ö

35Ï®3ÄH�X�eÄG�OP3fX�Ï
	o�C35O'BÌO'B89ÔG�H'HP68c�V8O�35X�Ï®O'B�G�O;O'B89ÔÖW9DV§9DÏ�ÖW9DÏ�JRT_c�X8ÖW6We59�H�B�G ��9±N§9D9DÏ"H�6�JDJR9�H�HÈZ½6We�e5T"J�B89�J§��9�Ö|<
@CB89HPc�G�e�e59�H�OiVW359�JR9¯X�Z�� ����� ]i× �R� � H�V�9�J�3I�´JDG�OP3fX�Ï±O'B�G�OiJDG�Ï�N§9J�B89�J���9�Ö�3KHsO'B89��8e59(��BW3ÄJ'Büc;6�H�OiJRX�ÏWOQG�35Ï�G�O
e59�G�H�O�X�Ï89^� ����� ]U× �R� � cÕXlÖW6We59�HD<¦� ����� ]i× �R� � H�V§9�J�3I�´JDG�O�35X�Ï�H�G�7'9FJRX�c�V�X�HP9�ÖüX�Z[Z�X�687���35Ï�Ö8H�XdZac�X8ÖW6We59�HD?
6 4�7�X�68Ï�ÖüX�7�Ï8X�7�c�G�ezc�X8ÖW6Wef9�H]	
6 V�G�7RG�c�9DO'9D7Cc�X8ÖW6We59�H�	
6 35Ï�H�OQGdÏ�O�3ÄG�O�9�Öüc�XlÖW6We59�H�	
6 4�9DÏ89D7P3KJMc�X8ÖW6Wef9�HÀ<
^UG�J�B±X�ZiO'B89�H�9���35Ï�Ö8H¯X�ZAc�X8ÖW6Wef9�H�JDGdÏÔN�9-9R35O'B89D7FG�e54�9DN87QG�3ÄJ-X�7HPOQG�O'9�N�G�HP9�ÖO	�O'B�GdOC3ÄH¯O'X�H'G�T±ÖW9�H'JR7�35N�9�Ö

NWT H�O�7'6�JRO'687'9�Ö±G�e54�9DN87RG�3ÄJ�Ï89DOQHD<
@�B89Æ�iB89�J§��9D7�O�X�X�eCV�9D7�Z�X�7'cüHFO#�CXÆ��35Ï�Ö8H�XdZ\G�JRO�3���3fOP3f9�HÀ?�O�B89ü3fÏ�HPOQG�ÏWO�3ÄG�O�35X�Ï®X�ZO�B89�c�X8ÖW6We59�H��ÈV�G�7'O�3ÄG�e

X�7�JRX�c�VWe59DO'9ü35Ï�H�OQG�ÏWO�3ÄG�O�35X�ÏO��GdÏ�Ö®O'B89ÔJ�B89�J���35Ï84 XdZO'B89±9DÏWO�35OIT®ÖW9���ÏW35O�35X�Ï�H�	¯G�HK�C9Re�e\G�H-O'B89ÔJ�B89�J���35Ï84 X�Z
9R`8V87'9�H'HÈ35X�Ï�HYX�ZAO'B89FH�V�9�J�3I�´JDG�OP3fX�Ï�H��AZ½68Ï�JROP3fX�Ï�G�eaG�`W35X�c�H�	8N§9DB�G ��35X�7QG	eaG�`W3fX�c�H�G�Ï�ÖüO'B89DX�7'9Dc�H��Q<
@�B89;35Ï�H�OQG�ÏWO�3ÄG�O�35X�Ï�V87�XlJR9�H'HMV�9D7�Z�X�7'cüHFG±O�7QG�Ï�HÈeÄG�O�35X�Ï�X�Z¤O'B89�3fÏ�HPOQG�ÏWO�3ÄG�O'9�Ö�c�XlÖW6We59Õ35Ï�O'X�G±Ï8X�7�c�G�eAX�7

35Ï�H�OQG�ÏWO�3ÄG�O'9�ÖücÕXlÖW6We59^�)Z½X�7CO'B89�V�Gd7'O�3ÄG�ez35Ï�H�OQGdÏ�O�3ÄG�OP3fX�ÏO�/	�3fÏj��BW3ÄJ'BÓ9�G�J�B±7'9RZ½9D7�9DÏ�JR9FO'X�G;V�G�7RG�c�9DO'9D7Cc�X8ÖW6We59
3ÄÖW9DÏ�OP3z��9D7(�C3�e�ezN�9�7'9DVWeÄG�JR9�ÖüNWT�G�ÏÕ3ÄÖW9DÏ�O�3I��9D7¯N�9Re5X�Ï84�35Ï84�O�X�O�B89\JRX�Ï�JR7�9DO'9V�Gd7QG�c�9DO'9D7Uc�X8ÖW6Wef9�O�B87'X�684�BüO'B89
6�H�9¯X�Z[c�X�7'V8BW3ÄH�cÔ<A@CB89¯6�H�9XdZ[7'9DÏ�G�c;35Ï84�G�e�e5X��HUO'B89\J�B�G�Ï84�35Ï84;X�ZzO'B89¯7'9�H�6We5O�35Ï84;3ÄÖW9DÏWO�3I��9D7X�ZzO'B89¯c�X8ÖW6We59
��BW3ÄJ�B±3ÄH�V87�XlÖW6�JR9�Ö|<
@�B89J'B89�J§��3fÏ84ÕV87'XlJR9�H�HA3ÄHCÖ�3���3ÄÖW9�ÖÕ35ÏWO'X;O��CXFH�O�9DV�HD<A@CB89���7RH�OA3ÄHCÖW9�H�O�35Ï89�ÖüO'X;J'B89�J§��O'B�G�OUO'B89ÖW9���ÏW35O�35X�Ï

X�ZFO'B89 35Ï���Xde!��9�Ö_9DÏWO�35O�359�H±H�6�J�B"G�HÕO'B89�H�X�7'OQH]	iX�V§9D7QG�O�35X�Ï�H]	�4�9DÏ89D7QGdO'X�7QH�	Uc�9DO'B8X8Ö8HüG�7'9Æ�C9Re�e � Z½X�7'c�9�Ö%G�Ï�Ö
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ÖWXÔÏ8X�OM35Ï�J�ef6�ÖW9�G�ÏWT Gdc�NW354�6W35O�359�HD<�@CB89±H�9�JRX�Ï�Ö�V87'X8ÖW6�JR9�H�GdÏ G�N�H�O'7RG�JRO�ÖW9�H'JR7P3fV8OP3fX�Ï®X�Z�O'B89�9R`8V87'9�H'HÈ35X�Ï�H
G�V8V�9�Gd7�35Ï84�35Ï�O'X�O'B89ÔÖ�3�ÿo9D7�9DÏ�OK��3fÏ�Ö X�Z\G�`W35X�c�H-Z�7'X�c O'B89ÔJRX�Ï�JR7'9DO�9ÔH�T�ÏWOQG�`z<�@CB89ÔG�N�HPO'7QG�JRO;ÖW9�H'JR7�35V8O�35X�Ï
c;6�H�O�N�9FÖW9DO�9D7'c;35ÏW3ÄH�O�3ÄJ�	zH�X�G�H�O'X;7'9�H�X�e���9-V�X�H'HI3fNWe59�JRX�Ï�Ø83ÄJROQH¯G�H��C9Re�eaG�HCX���9D7PefXWG�Ö�35Ï84�<
@CB89�G�N�HPO'7QG�JROFÖW9�H'JR7P3fV8OP3fX�Ï�3ÄH�6�HP9�Ö�N�T�O'B89ÕO'X�XdeKH(�CX�7§��35Ï84ÔÖWX���Ï�H�O'7�9�G�c Z½7�X�c O'B89��iB89�J§��9D7H	zHP6�J'B G�H

O'B89K�iX�cÕVW3Áe59D7H	§O'B89��ÓX�ÏW35O'X�7¯G�Ï�ÖüO'B89�Ú�35c;6WeÄG�O'X�7�<

ÕMó�² õ|ö÷zøzù-úüû�ýs÷[þQùMö´³ %¯ö-û&%('
@CB89;V8687'V�XWH�9;X�ZiO'BW3ÄH¯V�G�7'O�XdZiO'B89�ÖWXlJR68c�9DÏWO¯3ÄH¯O'X�9R`8VWeÄG�35Ï�B8X�� O'B89�J�B89�J���9D7\JDG�Ï�N§9�6�HP9�Ö GdÏ�Ö±O'B89K��G�T
35Ï¥�YBW3KJ�BÓ35O~�CX�7��8HD<C^¼`�G�c�VWe59FXdZ¤J'B89�J§��35Ï84ÔG�7�9�4�3���9DÏ
	´G�H��C9Re�esG�HC9R`bGdc�VWe59�H¯X�Z¤Ö�3�ÿo9D7�9DÏ�O(��35Ï�Ö8H¯X�ZA9D7'7'X�7QHD<
2�357QH�OCX�ZaG�e�e2	�35OC3ÄHi9DÏ�HP687'9�ÖüO'B�G�O�G�e�ez9DÏ���357'X�Ï8c�9DÏWO��	G�7P3KGdNWef9�H¯G�7'9�H�9DO�JRX�7'7�9�JRO�e5T�	lG�JDJRX�7QÖ�35Ï84�O'X-O'B897�9RZ½9D7'9DÏ�JR9
c�G�ÏW6�G�e��2�	Gd7�3ÄG�NWe59�Ú�L�×¯S-Ú��Q<
@CB89;J'B89�J§��9D7Y3ÄH¯9�G�H�T±O'X�X�V�9D7QG�O�9�	´HÈ35Ï�JR9;35OQHY6�H�9M3KH¯7�9�ÖW6�JR9�ÖÔO�X GüJRX�c�c�GdÏ�Öüe�35Ï89�	
��B89D7'9-O'B89FV§X�H'HÈ35NWe59

X�V8O�35X�Ï�H�Gd7'9ÔÖW9�H'JR7�35N�9�Ö 35Ï_O�B89Ô7'9RZ�9D7'9DÏ�JR9±V�G�7'OÕN�9Re5X��F<_@CB89�J'B89�J§��9D7�H�B8X��HÕH�6�JDJR9�H'HÈ3���9Re5T_O�B89±c�XlÖW6We59�H
O'B�G�O¯B�G ��9FN§9D9DÏÔe5X�G�ÖW9�ÖO	zG�Ï�ÖÓO'B89�H�ORG�4�9�HYO'B�G�O�B�G ��9-9ReKGdV�H�9�Ö|<�Ò©Ï�Ö�3ÄJDG�OP3fX�Ï�X�ZiV�XWH'HÈ35NWe59�9D7'7'X�7RHU3ÄH¯4�3���9DÏ�N�T
7'9RZ�9D7'7�35Ï84�O'X�O�B89FH�X�687QJR9n�8ef9Ç��e�35Ï89FÏW68c�N§9D7���G�Ï�Ö±G�`W3fX�c Ï�G�c�9�<

�[�Ä�s�21 ÙÆ¨zÇ�³ ¥|¶�Úf4	 ®¨o«�¦d¬U �3 Ç�¨zÊiªN�·� ¨��iÊU¶© 
Ã%B89DÏF�8ef9�H¯G�7'9�JRX�7'7�9�JRO�e5T J�B89�J���9�ÖüN�TüO'B89�O'XWX�eÄH�	8G��8e59�3ÄHCV87'X8ÖW6�JR9�ÖüZ�X�7C9�G�J�BÔJ'B89�J§��9�Öüc�X8ÖW6We59�H���3fO�B±O'B89
9R`lO�9DÏ�HÈ35X�Ï�¾

chckÀ 3fÏ�J�e56�Ö�35Ï84�G;O'7QGdÏ�HÈeÄG�O�35X�ÏÔXdZaO'B89;ÖW9���ÏW35O�35X�Ï�H�G�Ï�ÖÔG	`�35X�c�H¤3fÏWO'X±G�Ï GdN�H�O'7QG�JRO�H�TWÏWOQG�`ü3fÏ��BW3ÄJ'BÓV�X�H�HÈ35NWef9üG�c;NW3f4�6W3fOP3f9�H�Gd7'9�7'9Dc�X���9�Ö|<C@CB89�GdN�H�O'7QG�JRO�H�TWÏWOQG�`ü3KHY7'9DV87'9�HP9DÏ�O'9�ÖÛ�C35O'B GüHÈ35c�VWe59;O'9R`8O'6�G�e
H�TWÏ�OQG	`±3fÏ*��BW3ÄJ�B�9�G�J'Bj��9DT��¤X�7QÖ±7'9DV87�9�H�9DÏ�ORH�O'B89;V§X�7'O�35X�ÏÓX�ZiO'B89�H�TWÏ�OQG	`¿��BW3ÄJ�B�3ÄH�N§9R35Ï84 JRX�Ï�HÈ3ÄÖW9D7'9�Ö�G�Ï�Ö
O'B89P��3fÏ�Ö X�Z¼3KÖW9DÏWO�3I��9D7P��BW3ÄJ�B±3ÄH�N§9R35Ï84 ÖW9�J�eÄG�7'9�Ö|<C@CB89FG�N�HPO'7QG�JROU3ÄÖW9DÏ�OP3z��9D7¯3ÄHYX�N8OQG�35Ï89�Ö N�T±JRX�Ï�JDG�O'9DÏ�GdO�35X�Ï
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Adt a;
Interface
Sorts t,u;
Operations
f: t -> u;

Body
Axioms
...;

Where
x : t;

End a;

.
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Adt b;
Interface
Sorts v,w;
Operations
f: v -> w;

Body
Axioms
...;

Where
y : v;

End b;
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Adt specuse;
Interface
Use a,b;
Operations
g: v -> w;
_ inside? _ : u v -> t;

Body
Axioms
... = f z;

Where
z : v;

End specuse;
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module_alg(data,’specuse’).
interface_uses(’specuse’,[’a’,’b’]).
interface_operation(’specuse’,’specuse.g:b.v -> b.w’,[’b.v’],’b.w’).
interface_operation(’specuse’,’specuse. _ isin _ :a.u,b.v -> a.t’,

[’a.u’,’b.v’],’a.t’).
...
body_axiom(’specuse’,’specuse.ax0’,[],...,’b.f:b.v -> b.w’(’specuse.z’)).
...
body_variable(’specuse’,’specuse.z: -> b.v’,’b.v’).
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L 7'6We59��µ35Ï�ÖW6�JR9�H�G-Z©G�c;3�e5T±X�ZaO�7QG�Ï�HÈZ�X�7'c�GdO�35X�Ï�HH��������	8ÖW9���Ï89�ÖÓN�Tj��Z�X�76�X� ���B���7�X�¡�P��?�6�	��� � ¢/£Æ�)3fÏW35O�3ÄG�eiÖ8G�OQGU�¤H�6�J�B±O'B�G�On��¤�¥7�|�o�x���C£5�z3ÄHYO'7'689FG�Ï�Ö:�C3ÄHYO'B89�7'9�H�6We5O¯X�ZX��¦/¦�§4¨����x�B�i£h�
L 7'6We59F3ÄH�H�G�3ÄÖ±O'X�N§9�JRX�7�7'9�JROC3�ZX����������	8O'B�G�O�3KH¤3ÁZ¤G	eÁeAÖW9D7�3���9�ÖÓO'7QG�Ï�HÈZ�X�7'cüG�O�35X�Ï�HCG�7'9FJRX�7�7'9�JRO�<i@CB89�7�6Wef9�H
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(:----------------------------------------------------------------------*
| Specifications of standard basic ADT ’basictypes’. |
| |
| Several abstract data types are given in this standard package, |
| they define the most usefull types that we generally use. |
| Part of these types are basic values while others are type |
| constructors. |
| |
| Semantics: The semantics used is based on the implicit definition of |
| the validity domain of the functions by the axioms. The possible |
| values are determined by the generators (finitely generated with |
| respect to the generators). A function is not defined if it has no |
| axiom for particular value. |
| |
| Provided modules; |
| |
| Basic types: |
| Unary, Booleans, Naturals, Characters. |
| |
| Authors : D. Buchs previous versions from O.Biberstein and G.di Marzo |
| Date : 5 July 1995, |
| Revised : O. Biberstein |
| Date : 19 Oct 1995 |
*-----------------------------------------------------------------------:)

(:----------------------------------------------------------------------*
| Specification of a unique value. |
| |
| The unique type |
| |
| Author : D. Buchs |
| Date : 3 July 1995 |
*-----------------------------------------------------------------------:)

Adt Unique;
Interface

Sort unique;
Generator

@ : -> unique;
Body
End Unique;
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(:----------------------------------------------------------------------*
| Specification of the booleans. |
| |
| The boolean type with true, false generators, usual logical |
| operations (not, and, or, xor) and equal operation is defined. |
| |
| Author : O. Biberstein |
| Date : 29 March 93 |
| Revised : G. Di Marzo |
| Date : 15 June 1995 |
| Revised : O. Biberstein |
| Date : 95/10/19 |
*-----------------------------------------------------------------------:)

Adt Booleans;
Interface

Sort boolean;
Generators
true : -> boolean;
false : -> boolean;

Operations
not _ : boolean -> boolean;
_ and _ : boolean boolean -> boolean;
_ or _ : boolean boolean -> boolean;
_ xor _ : boolean boolean -> boolean;
_ = _ : boolean boolean -> boolean;

Body
Axioms

not true = false;
not false = true;

true and b = b;
false and b = false;

true or b = true;
false or b = b;

false xor b = b;
true xor b = not b;

(true=true) = true;
(true=false) = false;
(false=true) = false;
(false=false) = true;

Where
b : boolean;

End Booleans;
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(:----------------------------------------------------------------------*
| Natural numbers. |
| |
| Naturals type is defined over generators 0 and succ. |
| Arithmetic, relational and constant (Nx) are provided. In case of |
| division by 0 or if y > x in (x-y) the n operations give 0. |
| |
| Author : O. Biberstein |
| Date : 29 March 93 |
| Revised : G. Di Marzo |
| O. Biberstein |
| Date : 15 June 1995 |
| 95/10/19 |
*-----------------------------------------------------------------------:)

Adt Naturals;
Interface

Use Booleans;
Sort natural;
Generators
0 : -> natural;
succ _ : natural -> natural;

Operations
_ + _ ,
_ - _ ,
_ * _ ,
_ / _ ,
_ % _ : natural natural -> natural;
_ = _ ,
_ <= _ ,
_ < _ ,
_ > _ ,
_ >= _ : natural natural -> boolean;
max _ _ : natural natural -> natural;
even _ : natural -> boolean;
2** _ ,
_ ** 2 : natural -> natural;

;; constants
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20 : -> natural;

Body
Axioms

0+x = x;
(succ x)+y = succ (x+y);

;; substraction, if y > x then x-y = 0
0-x = 0;
(succ y)-0 = succ y;
(succ y)-succ x = y-x;

0*x = 0;
(succ x)*y = (x*y)+y;

;; division, if y = 0 then div x y = 0
x/0 = 0;
x<y = true => x/y = 0;
x>=y = true => x/y = succ ((x-y)/y);

;; modulo, if y = 0 then mod x y = 0
x%y = x-(y*(x/y));

0=0 = true;
0=succ x = false;
succ x=0 = false;
(succ x)=succ y = x=y;

x<=y = not y<x;

0<0 = false;
0<succ x = true;
succ x < 0 = false;
succ x < succ y = x<y;

x>y = not x<=y;

x>=y = not x<y;

even 0 = true;
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even succ x = not even x;

2**0 = succ 0;
2**succ x = (succ succ 0)*(2**x) ;

(x>=y)=true => max x y = x ;
(x>=y)=false => max x y = y ;

x**2 = x*x;

1 = succ 0; 2 = succ 1; 3 = succ 2; 4 = succ 3;
5 = succ 4; 6 = succ 5; 7 = succ 6; 8 = succ 7;
9 = succ 8; 10 = succ 9; 11 = succ 10; 12 = succ 11;
13 = succ 12; 14 = succ 13; 15 = succ 14; 16 = succ 15;
17 = succ 16; 18 = succ 17; 19 = succ 18; 20 = succ 19;

Where
x, y : natural;

End Naturals;
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(:----------------------------------------------------------------------*
| Integer numbers. |
| |
| Integers type is defined over generators 0, pred, succ. |
| Arithmetic, relational and constant (Nx) are provided. In case of |
| division by 0 or if y > x in (x-y) the n operations give 0. |
| |
| Author : O. Biberstein |
| Date : 29 March 93 |
| Revised : G. Di Marzo |
| Date : 15 June 1995 |
| Revised : D. Buchs |
| Date : 20 July 1995 |
| Revised : O. Biberstein |
| Date : 19 Oct 1995 |
*-----------------------------------------------------------------------:)

Adt Integers;
Interface

Use Booleans;
Sort integer;
Generators

0 : -> integer;
succ _ ,
pred _ : integer -> integer;

Operations
- _ : integer -> integer;
_ + _ ,
_ - _ ,
_ * _ ,
_ / _ ,
_ % _ : integer integer -> integer;
_ = _ ,
_ <= _ ,
_ < _ ,
_ > _ ,
_ >= _ : integer integer -> boolean;
even _ : integer -> boolean;
2 ** _ : integer -> integer;
max _ _ : integer integer -> integer;
_ ** 2 : integer -> integer;

;; constants
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20 : -> integer;

Body
Axioms

pred succ x = x;

-0 = 0;
-succ x = pred -x;
-pred x = succ -x;

x+0 = x;
x+succ y = (succ x)+y;
x+pred y = (pred x)+y;

;; substraction
x-0 = x;
x-succ y = (pred x)-y;
x-pred y = (succ x)-y;

0*x = 0;
(succ x)*y = (x*y)+y;
(pred x)*y = (x*y)-y;

;; division, if y = 0 then div(x,y) = 0 ;;
(y*d <= x) and (x < y*succ d) = true => x/y = d;
(y*d <= x) and (x < y*succ d) = false => x/y = x/y;
x/0 = 0;

;; modulo, if y = 0 then mod(x,y) = 0
x%y = x-(y*(x/y));

0<0 = false;
0<succ 0 = true;
0<succ y = true => 0 < succ succ y = true;
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0<pred y = false => 0 < pred y = false;
succ x < y = x < pred y;
pred x < y = x < succ y;

x<=y = not y<x;
x=y = not (x<y or y<x);
x>y = not x<=y;
x>=y = not x<y;

even 0 = true;
even succ x = not even x;
even pred x = not even x;

2**0 = 1 ;
2**succ x = 2*(2**x);
2**pred x = (2**x)/2;

(x>=y)=true => max x y = x ;
(x>=y)=false => max x y = y;

x**2 = x*x;

1 = succ 0; 2 = succ 1; 3 = succ 2; 4 = succ 3;
5 = succ 4; 6 = succ 5; 7 = succ 6; 8 = succ 7;
9 = succ 8; 10 = succ 9; 11 = succ 10; 12 = succ 11;
13 = succ 12; 14 = succ 13; 15 = succ 14; 16 = succ 15;
17 = succ 16; 18 = succ 17; 19 = succ 18; 20 = succ 19;

Where
x, y, d : integer;

End Integers;



��� Ô������bª ¦ Ô �]Ð

(:----------------------------------------------------------------------*
| Characters |
| |
| Characters type is defined over generators all the ASCII character<128|
| code indicates the ASCII value of the character while char |
| is the opposite. |
| |
| Author : D. Buchs |
| Revised : O. Biberstein |
| Date : 5 July 1995 |
| Date : 95/10/20 |
*-----------------------------------------------------------------------:)

Adt Characters;
Interface

Use Booleans, Naturals;
Sorts character;
Generators

nul, soh, stx, etx, eot, enq, ack, bel,
bs , ht , lf , vt , ff , cr , so , si ,
dle, dc1, dc2, dc3, dc4, nak, syn, etb,
can, em , sub, esc, fs , gs , rs , us ,
sp, !, quote, #, $, %, &, ’,
lpar, rpar, *, +, comma, -, dot, /,
0, 1, 2, 3, 4, 5, 6, 7,
8, 9, colon, semicolon, <, =, >, ?,
@, A, B, C, D, E, F, G,
H, I, J, K, L, M, N, O,
P, Q, R, S, T, U, V, W,
X, Y, Z, [, \, ], ˆ, underline,
‘, a, b, c, d, e, f, g,
h, i, j, k, l, m, n, o,
p, q, r, s, t, u, v, w,
x, y, z, {, |, }, ˜, del,
topofcharacters : -> character;

Operations
code : character -> natural;
character : natural -> character;
succ _ ,
pred _ : character -> character;
_ < _ ,
_ = _ : character character -> boolean;

Body
Axioms

succ nul = soh; succ soh = stx; succ stx = etx;
succ etx = eot; succ eot = enq; succ enq = ack;
succ ack = bel; succ bel = bs; succ bs = ht;
succ ht = lf; succ lf = vt; succ vt = ff;
succ ff = cr; succ cr = so; succ so = si;
succ si = dle; succ dle = dc1; succ dc1 = dc2;
succ dc2 = dc3; succ dc3 = dc4; succ dc4 = nak;
succ nak = syn; succ syn = etb; succ etb = can;
succ can = em; succ em = sub; succ sub = esc;
succ esc = fs; succ fs = gs; succ gs = rs;
succ rs = us; succ us = sp; succ sp = !;
succ ! = quote; succ quote = #; succ # = $;
succ $ = %; succ % = &; succ & = ’;
succ ’ = lpar; succ lpar = rpar; succ rpar = *;
succ * = +; succ + = comma; succ comma = -;
succ - = dot; succ dot = /; succ / = 0;
succ 0 = 1 in Characters; succ 1 = 2 in Characters;
succ 2 = 3 in Characters; succ 3 = 4 in Characters;
succ 4 = 5 in Characters; succ 5 = 6 in Characters;
succ 6 = 7 in Characters; succ 7 = 8 in Characters;
succ 8 = 9 in Characters; succ 9 = colon;
succ colon = semicolon; succ semicolon = <;
succ < = =;
succ = = >; succ > = ?; succ ? = @;
succ @ = A; succ A = B; succ B = C;
succ C = D; succ D = E; succ E = F;
succ F = G; succ G = H; succ H = I;
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succ I = J; succ J = K; succ K = L;
succ L = M; succ M = N; succ N = O;
succ O = P; succ P = Q; succ Q = R;
succ R = S; succ S = T; succ T = U;
succ U = V; succ V = W; succ W = X;
succ X = Y; succ Y = Z; succ Z = [;
succ [ = \; succ \ = ]; succ ] = ˆ;
succ ˆ = underline; succ underline = ‘;
succ ‘ = a; succ a = b; succ b = c;
succ c = d; succ d = e; succ e = f;
succ f = g; succ g = h; succ h = i;
succ i = j; succ j = k; succ k = l;
succ l = m; succ m = n; succ n = o;
succ o = p; succ p = q; succ q = r;
succ r = s; succ s = t; succ t = u;
succ u = v; succ v = w; succ w = x;
succ x = y; succ y = z; succ z = {;
succ { = |; succ | = }; succ } = ˜;
succ ˜ = del;
succ del = topofcharacters;
succ topofcharacters = topofcharacters;

!(cc=topofcharacters) => code cc = (code succ cc)-1;
code topofcharacters = 2**7; ;; 128

character (code cc) = cc;

!(succ cc=nul) => pred succ cc = cc;
succ cc=nul => pred succ cc = topofcharacters;

(!(cx=topofcharacters)) & !(cy=topofcharacters) =>
cx<cy = succ cx < succ cy;

!(cx=topofcharacters) => cx<topofcharacters = true;
!(cy=topofcharacters) => topofcharacters<cy = false;
topofcharacters<topofcharacters = false;

(!(cx=topofcharacters)) & !(cy=topofcharacters) =>
cx=cy = (succ cx = succ cy);

!(cx=topofcharacters) => cx=topofcharacters = false;
!(cy=topofcharacters) => topofcharacters=cy = false;
topofcharacters=topofcharacters = true;

Where
cc, cx, cy : character;

End Characters;

;; Standard Library of ADT
;;
;; basictypes.sys

Specification basictypes;
Version 1.0;
Date 12 September 1995;

Authors D.Buchs : Unary, Booleans, Naturals, Integers, Characters;

Modules Unary, Booleans, Naturals, Integers, Characters: basictypes;

End basictypes;
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(:----------------------------------------------------------------------*
| Specifications of standard ADT. ’constructortypes’ |
| |
| Several abstract data types are given in this standard package, |
| they define the most usefull parameters and type constructors. |
| |
| Semantics: The semantics used is based on the implicit definition of |
| the validity domain of the functions by the axioms. The possible |
| values are determined by the generators (finitely generated with |
| respect to the generators). A function is not defined if it has no |
| axiom for particular values. |
| |
| Provided modules: |
| |
| Parameter types: |
| Elem, ComparableElem, ComparableElem1, ComparableElem2, OrderedElem. |
| |
| Constructor types: |
| List, OrderedList, Pc2, Fifo, Lifo, Set, Bag, Table. |
| |
| Authors : D. Buchs previous versions from O.Biberstein and G.di Marzo |
| Date : 5 July 1995 |
| Revised : O. Biberstein |
| Date : 19 October 1995 |
*-----------------------------------------------------------------------:)

(:----------------------------------------------------------------------*
| Parameter specification. |
| |
| The elem type is defined without operation |
| |
| Author : O. Biberstein |
| Date : 29 March 93 |
| Revised : G. Di Marzo |
| Date : 15 June 1995 |
*-----------------------------------------------------------------------:)

Parameter Adt Elem;
Interface

Sort elem;
Body
End Elem;

(:----------------------------------------------------------------------*
| Parameter specification. |
| |
| The elem type is defined with an equal operation and of course uses |
| the Booleans module. |
| |
| Author : O. Biberstein |
| Date : 29 March 93 |
| Revised : G. Di Marzo |
| Date : 15 June 1995 |
*-----------------------------------------------------------------------:)

Parameter Adt ComparableElem;
Interface

Use Booleans;
Sort elem;
Operation

_ = _ : elem elem -> boolean;
Body

Theorems
;; usual equivalence relation properties
;; reflexivity
(x = x) = true;

;; symmetry
(x = y) = true => (y = x) = true;
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;; transitivity
(x = y) = true & (y = z) = true => (x = z) = true;

Where
x, y, z : elem;

End ComparableElem;

(:----------------------------------------------------------------------*
| Parameter specification. |
| |
| The elem type is defined with an equal and an order relation |
| operation and of course uses |
| the Booleans module. |
| |
| Author : O. Biberstein |
| Date : 29 March 93 |
| Revised : G. Di Marzo |
| Date : 15 June 1995 |
*-----------------------------------------------------------------------:)

Parameter Adt OrderedElem;
Interface

Use Booleans;
Sort elem;
Operations

_ < _ ,
_ = _ : elem elem -> boolean;

Body
Theorems

;; usual order relation properties
;; anti-symmetry
(x < y) = true & (y < x) = true => (y = x) = true;

;; transitivity
(x < y) = true & (y < z) = true => (x < z) = true;

;; usual equivalence relation properties
;; reflexivity
(x = x) = true;

;; symmetry
(x = y) = true => (y = x) = true;

;; transitivity
(x = y) = true & (y = z) = true => (x = z) = true;

Where
x, y, z : elem;

End OrderedElem;

(:----------------------------------------------------------------------*
| Parameter specification. |
| |
| The elem1 type is defined with an equal operation and of course uses |
| the Booleans module. |
| |
| Revised : G. Di Marzo |
| Date : 15 June 1995 |
*-----------------------------------------------------------------------:)

Parameter Adt ComparableElem1;
Interface

Use Booleans;
Sorts elem1;
Operations
_ = _ : elem1 elem1 -> boolean;

Body
Theorems

;; usual equivalence relation properties
;; reflexivity
(x = x) = true;

;; symmetry
(x = y) = true => (y = x) = true;
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;; transitivity
(x = y) = true & (y = z) = true => (x = z) = true;

Where
x, y, z : elem1;

End ComparableElem1;

(:----------------------------------------------------------------------*
| Parameter specification. |
| |
| The elem2 type is defined with an equal operation and of course uses |
| the Booleans module. |
| |
| Revised : G. Di Marzo |
| Date : 15 June 1995 |
*-----------------------------------------------------------------------:)

Parameter Adt ComparableElem2;
Interface

Use Booleans;
Sort elem2;
Operation

_ = _ : elem2 elem2 -> boolean;
Body

Theorems
;; usual equivalence relation properties
;; reflexivity
(x = x) = true;

;; symmetry
(x = y) = true => (y = x) = true;

;; transitivity
(x = y) = true & (y = z) = true => (x = z) = true;
Where

x, y, z : elem2;
End ComparableElem2;
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(:----------------------------------------------------------------------*
| Generic list specification. |
| |
| List type is defined over emptylist and cons generators. Miscalenaous |
| operations are provided. Functions are total, if they are not then |
| emptylist is given. head is partial. |
| |
| Author : O. Biberstein G. Dimarzo |
| Date : 15 June 95 |
*-----------------------------------------------------------------------:)

Generic Adt List(ComparableElem);
Interface

Use Naturals, Booleans;
Sort list;
Generators

[] : -> list;
_ ’ _ : elem list -> list;

Operations
_ | _ : list list -> list; ;; concatenation
# _ : list -> natural; ;; number of component
take _ from _ : natural list -> list; ;; first n component
drop _ from _ : natural list -> list; ;; l - take(n,l)
head _ : list -> elem; ;; first component
tail _ : list -> list; ;; l - first component
empty? _ : list -> boolean;
reverse _ : list -> list;
_ = _ : list list -> boolean;

Body
Axioms

([] | l1) = l1;
((e ’ l1) | l2) = (e ’ (l1 | l2));

#([]) = 0;
#(e ’ l1) = succ(#(l1));

take n from [] = [];
take 0 from e ’ l1 = [];
take succ(n) from e ’ l1 = e ’ take n from l1;

drop n from [] = [];
drop 0 from (e’l1) = (e’l1);
drop succ(n) from e ’ l1 = (drop n from l1);

head(e’l1) = e;

tail([]) = []; ;; if is-empty(l1) then tail(l1) = []
tail(e’l1) = l1;

empty?([]) = true;
empty?(e’l1) = false;

reverse([]) = [];
reverse(e’l1) = (reverse l1) | (e’[]);

([] = []) = true;
( e’l1 = []) = false;
([] = e’l1) = false;
(e1’l1 = e2’l2 ) = (e1 = e2) and (l1 = l2);

Theorem
(take n from l ) | (drop n from l) = l;

reverse(reverse(l)) = l;

;; usual equivalence relation properties
(l = l) = true; ;; reflexivity

(l1 = l2) = true => (l2 = l1) = true; ;; symmetry

;; transitivity
(l1 = l2) = true & (l2 = l3) = true => (l1 = l3) = true;

Where
l, l1, l2, l3 : list;
e, e1, e2 : elem;
n : natural;

End List;
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(:----------------------------------------------------------------------*
| Cartesian product specification. |
| |
| Generic cartesian product pc2 type is defined over pair generator. |
| Projection et equality operations are provided. |
| |
| Revised : G. Di Marzo |
| Date : 15 June 1995 |
*-----------------------------------------------------------------------:)

Generic Adt Pc2(ComparableElem1, ComparableElem2);
Interface

Use Booleans;
Sort pc2;
Generator

< _ _ > : elem1 elem2 -> pc2;
Operations
fst _ : pc2 -> elem1; ;; first projection
snd _ : pc2 -> elem2; ;; second projection
_ = _ : pc2 pc2 -> boolean;

Body
Axioms

fst(<x y>) = x;
snd(<x y>) = y;
( <x y> = <u v>) = (x = u) and (y = v);

Where
x, u : elem1;
y, v : elem2;

End Pc2;
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(:----------------------------------------------------------------------*
| Lifo queue (stack) |
| |
| Several operations are provided, for instance, pop, top etc.. |
| |
| Revised : D. Buchs |
| Date : 5 July 1995 |
*-----------------------------------------------------------------------:)

Generic Adt Lifo(Elem);
Interface

Use Naturals, Booleans;
Sort lifo;
Generators

[] : -> lifo;
_ ’ _ : lifo elem -> lifo;

Operations
push _ _ : lifo elem -> lifo;
empty? _ : lifo -> boolean;
pop _ : lifo -> lifo;
top _ : lifo -> elem;
# _ : lifo -> natural;

Body
Axioms

push lf e = lf’e;

empty? [] = true;
empty? lf’e = false;

pop [] = [];
pop (lf’e) = lf;

top lf’e = e;

# [] = 0;
# lf’e = succ #lf;

Where
lf : lifo;
e : elem;

End Lifo;
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(:----------------------------------------------------------------------*
| Fifo queue |
| |
| Several operations are provided for instance insert, remove, next ... |
| |
| Revised : D. Buchs |
| Date : 5 July 1995 |
*-----------------------------------------------------------------------:)

Generic Adt Fifo(ComparableElem);
Interface

Use Naturals, Booleans;
Sort fifo;
Generators

[] : -> fifo;
_ ’ _ : fifo elem -> fifo;

Operations
insert _ _ : fifo elem -> fifo;
_ | _ : fifo fifo -> fifo;
empty? _ : fifo -> boolean;
remove _ : fifo -> fifo;
next _ : fifo -> elem ;
_ = _ : fifo fifo -> boolean;
# _ : fifo -> natural;

_ inside? _ : elem fifo -> boolean;
Body

Axioms
insert ff e = ff ’ e;
empty? [] = true;
empty? ( ff ’ e) = false;

remove [] = [];
remove ([] ’ e) = [];
empty? ff = false => remove (ff ’ e) = (remove ff) ’ e;

next ([] ’ e) = e;
empty? ff = false => next (ff ’ e) = next ff;

e inside? [] = false;
e inside? ff ’ ee = (e = ee) or (e inside? ff);

# [] = 0;
# ff ’ e = succ(#ff);

Where
ff : fifo;
e, ee : elem;

End Fifo;
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(:----------------------------------------------------------------------*
| Set specification (with axioms between generators) |
| |
| Revised : D. Buchs |
| Date : 5 July 1995 |
*-----------------------------------------------------------------------:)

Generic Adt Set(ComparableElem);
Interface

Use Naturals, Booleans;
Sorts set;
Generators
[] : -> set;
_ ’ _ : set elem -> set;

Operations
_ + _ ,
_ - _ : set set -> set;
_ inside? _ : elem set -> boolean;
_ - _ : set elem -> set;
_ = _ ,
_ <= _ ,
_ < _ ,
_ > _ ,
_ >= _ : set set -> boolean;
# _ : set -> natural;

Body
Axioms
;; commutativity of the insertion
((s ’ e1) ’ e2) = ((s ’ e2) ’ e1);

;; no duplication in set
((s’ e1)’ e1) = (s ’ e1) ;

[] + s = s;
(s1 ’ e1) + s2 = (s1 + s2) ’ e1;

s - [] = s;
s - (s1 ’ e1) = (s - e1) - s1;

(e1 = e2) = true => ((s ’ e1) - e2) = s;
(e1 = e2) = false => ((s ’ e1) - e2) = (s - e2) ’ e1;

# [] = 0;
# (s ’ e1) = succ(# s);

(s1 = s2) = (s1 <= s2) and (s2 <= s1);

e1 inside? [] = false;
(e1 inside? (s ’ e2)) = (e1 = e2) or (e1 inside? s) ;

[] <= [] = false;
(s ’ e1) <= [] = false;
[] <= (s ’ e1) = true;

(e1 = e2) = true => (s1’e1) <= (s2’e2) = s1 <= s2;
(e1 = e2) = false => ((s1’e1) <= (s2’e2)) = (e1 inside? s2) and s1 <= (s2 ’ e2);

s1 < s2 = s1 <= s2 and not(s2 <= s1);
s1 >= s2 = s2 <= s1;
s1 > s2 = s2 < s1;
Where

e1, e2 : elem;
s, s1, s2 : set;

End Set;
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(:----------------------------------------------------------------------*
| Bags (sets with repetition) |
| |
| Revised : D. Buchs |
| Date : 5 July 1995 |
*-----------------------------------------------------------------------:)

Generic Adt Bag(ComparableElem);
Interface

Use Naturals, Booleans;
Sort bag ;
Generators
[] : -> bag ;
_ ’ _ : bag elem -> bag ;

Operations
_ + _ ,
_ - _ : bag bag -> bag;
_ inside? _ : elem bag -> boolean;
_ - _ : bag elem -> bag;
_ = _ ,
_ <= _ ,
_ < _ ,
_ > _ ,
_ >= _ : bag bag -> boolean;
# _ : bag -> natural;

Body
Axioms

;; commutativity of the insertion
((s’e1)’e2) = ((s’e2)’e1);

[] + s = s;
(s1’e1) + s2 = (s1 + s2)’e1;

s - [] = s;
s - (s1’e1) = (s - e1) - s1;

(e1 = e2) = true => ((s’e1) - e2) = s;
(e1 = e2) = false => ((s’e1) - e2) = (s - e2)’e1;

# [] = 0;
# (s’e1) = succ(# s);

(s1 = s2) = (s1 <= s2) and (s2 <= s1);

e1 inside? [] = false;
(e1 inside? (s’e2)) = (e1 = e2) or (e1 inside? s) ;

[] <= [] = false;
(s’e1) <= [] = false;
[] <= (s’e1) = true;
(e1 = e2) = true => (s1’e1) <= (s2’e2) = s1 <= s2;
(e1 = e2) = false => ((s1’e1) <= (s2’e2)) = (e1 inside? s2) and s1 <= (s2’e2);

s1 < s2 = s1 <= s2 and not(s2 <= s1);
s1 >= s2 = s2 <= s1;
s1 > s2 = s2 < s1;

Where
e1, e2 : elem;
s,s1, s2 : bag;

End Bag;
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(:----------------------------------------------------------------------*
| Table data structures |
| |
| ! the commutation and duplication properties (axioms #1 and #2) are |
| operationnaly critical (to be change in an observationnal spec) |
| |
| Revised : D. Buchs |
| Date : 5 July 1995 |
*-----------------------------------------------------------------------:)

Generic Adt Table(ComparableElem);
Interface

Use Naturals, Booleans;
Sorts table;
Generators
[] : -> table;
_ [ _ ] = _ : table natural elem -> table;

Operations
_ | _ : table table -> table;
_ [ _ ] : table natural -> elem;
shift _ : table -> table;
# _ : table -> natural;
_ = _ ,
_ <= _ : table table -> boolean;
_ at _ inside? _ : elem natural table -> boolean;

Body
Axioms

;; commutativity of the insertion
(pos1 = pos2) = false =>
((t [ pos1 ] = e1)[ pos2 ] = e2) = (((t [ pos2 ] = e2) [ pos1 ]) = e1);

;; no duplication in table
(pos1 = pos2) = true =>
((t [ pos1 ] = e1)[ pos2 ] = e2) = ((t [ pos2 ]) = e2);

[] | t = t;
(t1 [ pos1 ] = e1) | t2 = (t1 | t2) [ pos1 ] = e1;

shift(t [ pos1 ] = e1) = (shift t) [ pos1 ] = e1;
shift([]) = [];

(pos1 = pos2) = false => ((t [ pos1 ] = e1)[ pos2 ]) = (t [ pos2 ]);
(pos1 = pos2) = true => ((t [ pos1 ] = e1)[ pos2 ]) = e1 ;

# [] = 0;
# (t [ pos1 ] = e1) = succ(# t);

(t1 = t2) = (t1 <= t2) and (t2 <= t1);

e1 at pos1 inside? [] = false;

(pos1 = pos2) = true => (e1 at pos1 inside? (t [ pos2 ] = e2)) = (e1 = e2);

(pos1 = pos2) = false =>
(e1 at pos1 inside? (t [ pos2 ] = e2)) = (e1 at pos1 inside? t);

[] <= [] = false;

(t [ pos1 ] = e1) <= [] = false;

[] <= (t [ pos1 ] = e1) = true;

(pos1 = pos2) = true =>
((t1 [ pos1 ] = e1) <= (t2 [ pos2 ] = e2)) = (e1 = e2) and (t1 <= t2);

(pos1 = pos2) = false =>
((t1 [ pos1 ] = e1) <= (t2 [ pos2 ] = e2)) =
(e1 at pos1 inside? t2) and (t1 <= (t2 [ pos2 ] = e2));

Where
pos1, pos2 : natural;
t, t1, t2 : table;
e1, e2 : elem;

End Table;
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(:----------------------------------------------------------------------*
| Generic list specification (with lexical order). |
| |
| List type is defined over emptylist and cons generators. Miscalenaous |
| operations are provided. Functions are total, if they are not then |
| emptylist is given. head is partial. |
| Lexical order is provided in addition to the usual List module. |
| |
| Revised : D. Buchs |
| Date : 5 july 1995 |
*-----------------------------------------------------------------------:)

Generic Adt OrderedList(OrderedElem);
Interface

Use Booleans,Naturals;
Sort orderedlist;
Generators

[] : -> orderedlist;
_ ’ _ : elem orderedlist -> orderedlist;

Operations
_ | _ : orderedlist orderedlist -> orderedlist; ;; concatenation
# _ : orderedlist -> natural; ;; number of components
take _ from _ : natural orderedlist -> orderedlist; ;; first n component
drop _ from _ : natural orderedlist -> orderedlist; ;; l - take(n,l)
head _ : orderedlist -> elem; ;; first component
tail _ : orderedlist -> orderedlist; ;; l - first component
empty? _ : orderedlist -> boolean;
reverse _ : orderedlist -> orderedlist;
_ = _ ,
_ < _ ,
_ <= _ ,
_ > _ ,
_ >= _ : orderedlist orderedlist -> boolean;

Body
Axioms

([] | l1) = l1;
((e’l1) | l2) = (e’(l1 | l2));

#([]) = 0;
#(e’l1) = succ(#(l1));

take n from [] = [];
take 0 from e’l1 = [];
take succ(n) from e’l1 = e’take n from l1;

drop n from [] = [];
drop 0 from (e’l1) = (e’l1);
drop succ(n) from e’l1 = (drop n from l1);

head(e’l1) = e;

;; if is-empty(l1) then tail(l1) = []
tail([]) = [];
tail(e’l1) = l1;

empty?([]) = true;
empty?(e’l1) = false;

reverse([]) = [];
reverse(e’l1) = (reverse l1) | (e’[]);

([] = []) = true;
( e’l1 = []) = false;
([] = e’l1) = false;
(e1’l1 = e2’l2 ) = (e1 = e2) and (l1 = l2);

([] < []) = false;
([] < (e’x )) = true;
((e’x ) < []) = false;
(e1 < e2) = true => ((e1’x ) < (e2’y )) = true;
(e1 = e2) = true => ((e1’x ) < (e2’y )) = x < y;
(e2 < e1) = true => ((e1’x ) < (e2’y )) = false;

(x <= y) = ((x = y) or (x < y));

(x > y) = (y <= x);

(x >= y) = (y < x);
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Theorem
(take n from l ) | (drop n from l) = l;

reverse(reverse(l)) = l;

;; usual equivalence relation properties
;; reflexivity
(l = l) = true;

;; symmetry
(l1 = l2) = true => (l2 = l1) = true;

;; transitivity
(l1 = l2) = true & (l2 = l3) = true => (l1 = l3) = true;

Where
l, l1, l2, l3 : orderedlist;
e, e1, e2 : elem;
x, y : orderedlist;
n : natural;

End OrderedList;

;; Standard Library of ADTs and Objects
;;
;; constructortypes.sys

Specification constructortypes;
Version 1.0;
Date 12 September 1995;

Authors D.Buchs :
Item, ComparableItem, ComparableItem1,ComparableItem2, OrderedItem,
List, ListwithOrder, Pc2, Fifo, Lifo, Set,
Bag, Table;

Usebasictypes.sys;

Modules Item, ComparableItem, ComparableItem1, ComparableItem2, OrderedItem,
List, OrderedList, Pc2, Fifo, Lifo, Set,
Bag, Table : constructortypes;

End constructortypes;
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(:----------------------------------------------------------------------*
| Specifications of composed modules ’structuredtypes’. |
| |
| Semantics: The semantics used is based on the implicit definition of |
| the validity domain of the functions by the axioms. The possible |
| values are determined by the generators (finitely generated with |
| respect to the generators). A function is not defined if it has no |
| axiom for particular value. |
| |
| Modules provided: |
| |
| Structured types: |
| Coord, String. |
| |
| Author : D. Buchs previous versions from O.Biberstein and G.di Marzo |
| Date : 5 July 1995 |
| Revised : O. Biberstein |
| Date : 95/10/20 |
*-----------------------------------------------------------------------:)

(:----------------------------------------------------------------------*
| Coordinate (instantiation of Pc2) |
| |
| Several operations are: Projection on x and y. |
| |
| Revised: D. Buchs |
| Date : 5 July 1995 |
*-----------------------------------------------------------------------:)

Adt Coord As Pc2(Integers, Integers);
Morphism

elem1 -> integer;
elem2 -> integer;
_ = _ In ComparableElem1 -> _ = _ In Integers;
_ = _ In ComparableElem2 -> _ = _ In Integers;

Rename
pc2 -> coord;
fst _ -> x-coord _ ;
snd _ -> y-coord _ ;

Interface
Body
End Coord;

(: A CHANGER, Olivier:)

(:----------------------------------------------------------------------*
| Coordinate (instantiation of Pc2) |
| |
| Several operations are Projection on x and y. |
| |
| Revised: D. Buchs |
| Date : 5 July 1995 |
*-----------------------------------------------------------------------:)

Adt String As OrderedList(Characters);

Morphism
character -> elem;
_ = _ -> _ = _ ;
_ < _ -> _ < _ ;

Rename list -> string;
Interface
Body
End String;

;; Standard Library of ADT
;;
;; structuredtypes.sys

Specification structuredtypes;
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Version 1.0;
Date 5 July 1995;

Author D.Buchs : Coord, String;

Use basictypes.sys, constructortypes.sys;

Modules Coord, String : structuredtypes.coopn;

End structuredtypes;
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0
F
1
F
2
F
3
F
4
F
5
F
6
F
7
F
8
F
9
F

� ° �5m2q o��(')�$��'���*E�7�	����*E�Frfs&tauv=VF4w"tdx�����2zy{=�|~}����"=VF
�-gZ¯ � ± � Õ��±
o��(')�;�('��"*E�7�	�(��*E�5ê

.
ë&FÌê
,
ë&F^ê
:
ë&F^ê
;
ë&F]ê
_
ë&F^ê
(
ë&F]ê
)
ëYF�ê
"
ëYF

�L¯Rg&�f� � °�o$�V/�/8�7�(')��*	�%)*��&�O�	��#0/&�.��'���*E�7�	�(��*	�%��Q��(')��=(}�ij�L�����&� Â �('���*	�7�	�(��*�������C
o5/�/J�7�(')��*E����'���*E� �	�(��*E�:rT�&�g���*����1�	-0/Y�"*$�(')�;�)�7�)IT)*��&�0�E��#0/&�X�7�)���	s�47���)��*E�"�(�B�P/&�	9O�1���V/%��*(*(�7*�U5')���g�)�7�

�����	�7-)�0�(��*(��2f���@�	�7,6,6���0�E��C
V
WYXZW0� �
e"��e$_��	e"��g	�4���F�2�Y�
o5/�/a�(')�$*(������*(c7��2b��N0,;#���/1�R��*(�5/��1������2>#^�	/&�dU�n

ê
::

ë&FÌê
->

ëYF]ê
=>

ë&F]ê
..

ë&F]ê
//

ë&F^ê
(:

ë&F]ê
:)

ë&F]ê
;;

ë&C
[\')���jg)Ô�g)±�Ö-g�����-)#)ID�����$20���)�7�(���R�(')�;*(������*(c7��2@��N0,.#^��/1�RU�'0�1�('A��*(���&�0c7��/&c7��2W�&�@�(')�;�(�7i ������20�	/��&,;�&I

�E������� �LCJ[%'0�1����-)#)ID�����5�1���	� ,6��O����2X��Q���')�RQS��/�/&��U%�&�)4f��NO,;#��"/Y�:n ê
::

ë&F]ê
->

ë&F^ê
=>

ë&F]ê
..

ë&FÌê
//

ëYC
V
WYXZW�� �H�2�2e$�4�
[%'��`/��	9d���9�V/`���7if���"�2��*��4��� �('���*J2d�	/B�&,¡� �¢��26#0N{�('����	/���,7���£�v�a�"Q"�('��¤�jgZÔ�gZ±VÖ-g��]��-)#)IY�¥�9���7*L#0N{�('���('"��*��f���¢��*v�
U�'d����'¦��*¢���)�a�A�&���('����b°�¯ §5�5m2n ®§��-)#)IY�j�9��CJ[%'��¡�('"�"*v�f���¢��*v����Q��('�� � ° �5m q ��-)#)IY�j�9�l�"*¢����ia��¨�¨$��2]C
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V
WYX2W�ª �
e"��e"_«�	e"�P¬�2_f�4�
[%'��%*¢���j��*(ca��2$UA®7*	2��	��*��¤¯�°)4"/±����'PU¤® *E2���C8[\'���N²��*¢�A°���� �('���*4�9�f�¥��IY�j�9°"�³� �j�&cf�H°�®7*��´��°)4 -0/µ�"*�è�¨0/&-)*v�V/&IY�j�9°"�³� �j�&cf�7C
[%'����j�:U¤® *E2��A��*¢�6n

As
F
Axiom

F
Body

F
Adt

F
End

F
Generator

F
Generic

F
In

F
Initial

F
Interface

F
Method

F
Module

F
Morphism

F
Object

F
Operation

F
Parameter

F
Place

F
Rename

F
Sort

F
Theorem

F
Transition

F
Use

F
Where

F
With

F
V
WYX2W·¶ ¬¸�2_a�
o UA®f¹vº»���¼��� �¢½��9¹��¿¾�°d�1¡f¾��À��½"��¹v�a���¢�9¹�®�Q��¢½��¿�Ì¯Rg��f� � °��j¾�Á)IY�j�9�¼®f¹.�À�¥��¡f¾��9°"���h®"QÂ��½"��¹v�f�����9¹v��®"Q��¢½���b°1¯ §5�5m2n ®Ã�j¾�Á)IY�j�9�:Ä
¯JÅ"��Æ�¨dÇ ��� n

Â Ä���¹¢��c��:ÇB��º>UA®f¹�º���n
transmitÈ Send È 2BeOrNot2Be È 9 È 28 È $ È n’ È n’’ ÄÃ Ä���¹¢�{°�®a�ÉÊ�:ÇB��ºzËA®f¹vº��HÌ
more or less È n" È obj.get È is_emptyÈ spring->summer È Body Ä

V
WYX2W�Í []�2�Î�Ïe"�Zc«�
ÐAËA®¡�´Ñd¨"���Ò®�ÓÔ��®aÆ�Æ��9°d�v���¹¢���ÊÇ±Ç ®�ËA��º5Ä
¿ ÐA½��h>¡Õd@±;0�µÖ´@B���"=���®fÆ7Æ��9°£���²�¥�v��¹¢��ËA� �¢½×�¢½����jÑdÆ¡Á"®�Ç�ê

(:
ë4��°"º»�9°"º»ËA� �¢½×��½����jÑ£Æ¡Á$®�Ç�ê

:)
ëµÄØÐÒ½����j���®fÆ�Æ7�9°£�v�A�9��°zÁ"��°����j�¢��º5Ä

¿ ÐA½��¡69���dÙf@B=9Öj@B���$=¤��®fÆ7Æ��9°£����j�v��¹��¤ËÒ����½.�¢½����jÑdÆ²Á$®�ÇJê
;;

ë"��°"ºÚ�9°"º¼ËA� �¢½���½��{�9°"º.®�Ó��¢½��HÇB� °��fÄ
¯JÅ"��Æ�¨dÇ ��� Ì

Â Ä
(: This object is an unbounded buffer
: which contains natural numbers
:)

Object Buffer;
Interface
Use Nat;
Methods
put _ : nat, ;; add a natural number
get; ;; remove a natural number

Body ;; the implementation is not yet provided
End Buffer;Ã Ä
(: This is a nested (: multi-line

comment :) :)
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C,æ � C Oç�M)���E�R�éè´�h¼HEÃE�¼��q�lG·�JI.�LKjÍNM�ÍqÙPOêQ:SUT ºf¼R¶.½M¹.¼�½R�
ÐA½���ëAìR�Jí�Ç±� îf�¡ïf¹���Æ�Æ]��¹��4ï«��Éa�9°.Á"��Ç ®�Ëð½"�:Éf���fºd®a¨��¢��º¼�¢½��HÓ0®�ÇBÇ�®�ËA� °�ï.��®f°dÉf�9°£�¥��®a°"�{Ì
¿ Á$®�Ç�º¼ÓY�f���{°"��Æ����ºd�9°�®a�¢���¢�9¹�Æ¡� °"�:Ç	îf�9ÑdËA®f¹vº�� È
¿ ¨dÇ��:� °�°"�«Æ����ºd�9°�®f�¢��°�®f°.�¢�9¹¢Æ���°"�ÊÇ	îf�9ÑdË¤®a¹vº�� È
¿ ¡a¾�®f�¢��º.�jÑdÆ¡Á"®�Ç��ºd�9°�®a�¢���¢�9¹�Æ¡� °"�:Ç�� È
¿Pñ´òÔó´ô Æ�����°"�%Ä9�9¹�®�®f¹Æ]�«°£Ñ ò È
¿Pñ´òÔó´õ Æ�����°"�A®a°��{®f¹Æ�®f¹�� ò È
¿Îö÷òZø Æ�����°"�A®a¨��j� ®f°"�:Ç ò ÈË½��9¹¢� ò ���H��°dÑ]�j��¡a¾��9°"���²®«Ó��¢�9¹�Æ¡� °"�:Ç2®f¹°�®f°z�¢�9¹¢Æ¡� °"�:ÇYÄÐÒ½��Àù	Æh®f¹vº�úz°�®f°1�¢�9¹¢Æ¡� °"�:ÇË½d����½1�µ��°�®f��¨�¹¢���j�9°d�¡� °���½��.ïf¹v��Æ�Æ¼��¹���®f¹¢¹¢���j¨$®f°"º��¡�¢®¿�¢½��.��Ç �9Æ��9°£�ºd���¢��¹j� Á$��º.� °
�j�����j� ®f°¦ëHÄ Â ÄçÞ�Ä

û¦�Ê��°hü ý ñ ûz®&ºd¾dÇ � ó´õ
û�®�ºd¾dÇ �]ü5ý

ö$ñ Generic þ Parameter ó�ø Adt ö Module ø ûz®&ºd¾dÇ �9ÿjº�F���fºd�9¹
� Ç�ïaÿY°d�¢�9¹jÓY�f���
� Ç�ïdë4®�ºdÑ
End ñlö ûz®&ºd¾dÇ �9ÿ´º·ê

;
ë ø þ ö ê ; ë ø�ó þö$ñ Generic þ Parameter ó�ø Object ö Module ø ûz®&ºd¾dÇ �9ÿ´º�F���fºd�9¹iÁ)�jÿY°d�¢�9¹jÓY�f���iÁ)�¢ë�®&ºdÑ

End ñlö ûz®&ºd¾dÇ �9ÿ´º·ê
;
ë ø þ ö ê ; ë ø�ó

����fºd�9¹�ü5ý
ö ûz®&ºd¾dÇ ��k���¹v�«Æ ø ê ; ëö Morphism ûz®f¹¢¨�½d���jÆ]ëÔÇ ®&� øö Rename � �9°"��Æ���ëÔÇ ®�� øþö ûz®&ºd¾dÇ ��k���¹v�«Æ ø As ûz®&ºd¾dÇ �9ÿjº ö û�®�ºd¾dÇ ��k���¹v��Æ ø ê ; ëö Morphism ûz®f¹¢¨�½d���jÆ]ëÔÇ ®&� øö Rename � �9°"��Æ���ëÔÇ ®�� ø

û�®�ºd¾dÇ ��k���¹v��Æ ü"ý ê
(
ë"ûz®&ºd¾dÇ �9ÿjº ñ ê , ë&ûz®�ºd¾dÇ �9ÿ´º ó´ô ê

)
ë

û�®a¹¢¨�½d���jÆ]ëÔÇ ®&�7ü5ý ñ ûz®f¹¢¨�½d���jÆB�`�µ�¥�$ê
;
ë ójõ

û�®a¹¢¨�½d���jÆB�$���j�¡ü$ý ûz®f¹¢¨�½d���jÆ]ÐZ�9¹¢Æ þ û�®a¹¢¨�½d���jÆ]ÐZ�9¹¢Æ ñ ê , ë"ûz®f¹�¨�½d�µ�¥Æ]Ð2�9¹�Æ ó ô
û�®a¹¢¨�½d���jÆ]ÐZ�9¹¢Æ ü5ý ûÚ�BÅ&ÿjºd�9°£�¥���"�9¹ ö In û�®�ºd¾dÇ �9ÿ´º ø ê -> ë"ûÚ�BÅ&ÿjºd�9°£�¥���"�9¹ ö In ûz®�ºd¾dÇ��9ÿjº ø
� �9°"��Æ���ëÔÇ ®&�¼ü$ý ñ � �9°"��Æ����$���j�:ê

;
ë ó´õ



#�Ñ �5© m Õ � ��Õ������bÔV¯Rg&��Õ�Ô

� �9°"��Æ����$���j�¡ü5ý � �9°"��Æ���ÐZ�9¹¢Æ þ�� �9°"�«Æ���Ð2�9¹�Æ ñ ê , ë � �9°"��Æ���ÐZ�9¹¢Æ ó´ô
� �9°"��Æ���ÐZ�9¹¢Æ ü5ý û.�BÅ�ÿ´ºd�9°d�j���"�9¹ ö In ûz®&ºd¾dÇ �9ÿjº ø ê -> ë"ûÚ�BÅ&ÿjºd�9°£�¥���"�9¹
� Ç ïfÿY°d�¢�9¹jÓY�f����ü5ý

Interfaceö Use � �¥��ë�Ç ®�� øö Sort � ®f¹¢�vëÔÇ ®&� øö Generator 	 �9°5i¨"�9¹vëÔÇ ®�� øö Operation 	 �9°5i¨"�9¹vëÔÇ ®�� ø
� Ç ï£ë�®&ºdÑhü$ý

Bodyö Use � �¥��ë�Ç ®�� øö Sort � ®f¹¢�vëÔÇ ®&� øö Generator 	 �9°5i¨"�9¹vëÔÇ ®�� øö Operation 	 �9°5i¨"�9¹vëÔÇ ®�� øö Axiom � Ç ïO��®a¹¢Æ¡¾dÇµ�aë�Ç ®�� øö Theorem � Ç ïO��®a¹¢Æ¡¾dÇµ�aë�Ç ®�� øö Where þ4�«¹j����ÁdÇ ��ë�Ç ®�� ø
iÁ �´ÿ³°£�¢�9¹¥Ó·�f����ü ý

Interfaceö Use � �¥��ë�Ç ®�� øö Method û��9��½�®&º�ëÔÇ ®&� ø
iÁ �¥ë�®�ºdÑ¦ü5ý

Body ö Use � �¥��ë�Ç ®�� øö Method û��9��½�®&º�ëÔÇ ®&� øö Transition ÐZ¹v��°"�³� �j� ®f°"ëÔÇ ®�� øö Place k�Ç��f����ëÔÇ�®�� øö Initial ÿ³°d� �j���:Ç�ë�Ç ®�� øö Axiom iÁ ��� ®fÆ¡¾dÇµ�aë�Ç ®�� øö Theorem iÁ ��� ®f¹¢Æ¡¾dÇ��fëÔÇ�®�� øö Where þ4�«¹j����ÁdÇ ��ë�Ç ®�� ø
� �j��ëÔÇ ®&�7ü5ý ñ � �j���$���j�:ê

;
ë ó õ

� �j���$���j�¡ü$ý ûz®�ºd¾dÇ��9ÿjº ñ ê , ë"ûz®&ºd¾dÇ �9ÿjº ó ô
� ®a¹¢�vëÔÇ ®&�¡ü5ý ñ � ®f¹¢�	�$���j��ê ; ë ó´õ
� ®a¹¢�E�$���j��ü ý � ®f¹¢�¢ÿjº ñ ê , ë � ®f¹¢��ÿ´º ó ô
	 �9°5i¨"�9¹vëÔÇ ®��]ü ý ñ 	 �9°5i¨$�9¹E�$���j�;ê

:
ë ö2ö Ð�Ñd¨"� ø ê -> ë ø Ð�Ñd¨"�Pê

;
ë ó´õ

	 �9°5i¨"�9¹E�`�µ�¥�²ü5ý 	 �9°5i¨$�9¹¢ÿ´º ñ ê , ë 	 �9°5i¨$�9¹¢ÿ´º ó´ô



�XÒ�¥¦�¡Û�ÜAÝ °�� q g»Þf± � ®A® � ±P"ß5Õ § gA«�à Ý à Ó�Û�á�â ã¡ä��5m5å2n5��å g #hÐ

� Ç ïO� ®f¹¢Æ¡¾dÇ��fëÔÇ�®���ü ý ñ � Ç ïO� ®f¹¢Æ¡¾dÇ��fÐZ�9¹¢Æ ê
;
ë ó´õ

� Ç ïO� ®f¹¢Æ¡¾dÇ��fÐ2�9¹�Æ ü5ý ö � Å£� ®fÆ7ÿ´º@ê
::

ë ø�ö�
 ®f°"ºa� �j� ®f°·ê
=>

ë ø Ð2�9¹�Æ
û��9��½�®&º�ëÔÇ ®&�7ü5ý ñ ûz�9�¢½�®�º)�$���j� ö ê : ë"Ð�Ñ£¨$� ø ê ; ë ó´õ
û��9��½�®&º)�$���j��ü5ý ûz�9�¢½�®�ºdÿ´º ñ ê , ë�û��9��½�®&ºdÿjº ó ô
Ð2¹v�«°"�³� �j� ®f°"ëÔÇ�®���ü ý ñ ÐZ¹v��°"�³� �j� ®f°��`�µ�¥�$ê

;
ë ójõ

Ð2¹v�«°"�³� �j� ®f°��$���j�¡ü5ý ÐZ¹v��°"�³� �j� ®f°�ÿjº ñ ê , ë$Ð2¹v�«°"�³� �j� ®f°�ÿ´º ó ô
kJÇ��f����ëÔÇ ®&�7ü5ý ñ k�Ç��f�����$���j�:ê

:
ë"Ð�Ñ£¨$� ö ê ( ë�ÿ´ºd�9°d�j���"�9¹;ê

)
ë ø ê ; ë ó õ

kJÇ��f�����$���j�¡ü5ý k�Ç��f���9ÿ´º ñ ê , ë"kJÇ��f���9ÿjº ó ô
ÿY°d� �j���:Ç�ëÔÇ�®��.ü5ý ñ û¦�«¹¢îf� °�ïbê

;
ë ó´õ

iÁ)��� ®f¹¢Æ¡¾dÇ��fëÔÇ ®&�¡ü5ý ñ iÁ)�(��®f¹�Æ²¾dÇ��fÐZ�9¹¢Æ ê
;
ë ó õ

iÁ)��� ®f¹¢Æ¡¾dÇ��fÐZ�9¹¢Æéü5ý
ö � Åd� ®fÆ�ÿjº@ê

::
ë ø{ö�
 ®f°"ºa� �j� ®f°gê

=>
ë ø ¯ÔÉf�9°d� ö With � Ñd°"�¢½�¹¢®a°d��Ä��«�j� ®f° ø ê : ëû
��¹¢îa� °�ïBê

->
ë5û
��¹¢îa��°�ï


 ®f°"ºa� �j� ®f°Àü ý Ð2�9¹¢Æ
¯�Éf�9°d�{ü5ý ÐZ�9¹¢Æ
� Ñ£°"��½�¹¢®f°d�&Ä����j� ®f°»ü5ý ÐZ�9¹¢Æ
û¦�«¹¢îf� °�ï�ü$ý Ð2�9¹¢Æ
� Ñ£°"��½�¹¢®f°d�&Ä����j� ®f°»ü5ý ÐZ�9¹¢Æ
û¦�«¹¢îf� °�ï�ü$ý Ð2�9¹¢Æ
Ð4Ñd¨"��ü ý ÐZ�9¹¢Æ]ìF®£k���¹
þ4��¹j����ÁdÇ ��ëÔÇ�®��¼ü5ý ñ þ4��¹¥�µ�«ÁdÇ����`�µ�¥�;ê

:
ë"Ð�Ñ£¨$�6ê

;
ë ó´õ

þ4��¹j����ÁdÇ ���$���j��ü$ý þ4��¹¥�µ�«ÁdÇ��9ÿjº ñ ê , ë�þ4��¹j����ÁdÇ �9ÿjº ó ô
û�®�ºd¾dÇ �9ÿ´º¿ü5ý Æh®a¹vº
� Åd� ®fÆ�ÿ´º¿ü5ý Æh®f¹�º
Ð2¹v�«°"�³� �j� ®f°�ÿ´º¿ü5ý ÿjºd�9°£�j���"�9¹
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� ®a¹¢�¢ÿ´º
ü ý ÿ´ºd�9°d�j���"�9¹
þ4�«¹j����ÁdÇ �9ÿ´º»ü$ý ÿ´ºd�9°d�j���"�9¹
ÐZ¹v��°"�´���¥��®a°�ÿ´ºhü ý ÿ´ºd�9°d�j���"�9¹
ûz�9�¢½�®�ºdÿ´º
ü ý ûÚ�BÅ&ÿjºd�9°£�j���"�9¹
k�Ç��f���9ÿ´º¿ü5ý ûÚ�BÅ&ÿjºd�9°£�¥���"�9¹
	 �9°5i¨"�9¹¢ÿjºhü5ý ûÚ�±Å�ÿ´ºd�9°d�j���"�9¹
ÐZ�9¹¢Æ ü$ý Ð2�9¹¢Æ¼k���¹ ñ ê , ë"ÐZ�9¹¢Æ]k���¹ ó ô
ÐZ�9¹¢Æ]k��«¹ ü ý Ð2�9¹¢Æ¼ì®£k��«¹ þ ñ ê ( ë"ÐZ�9¹¢Æ ê

)
ë ö ÐZ�9¹¢Æ]ìF®£k���¹ øJó õ

ÐZ�9¹¢Æ]ìF®£k���¹{ü5ý ÐZ�9¹¢Æ]ìF®£k���¹	�"�f���¢®a¹ ñ ê , ë"ÐZ�9¹¢Æ]ìF®£k���¹	�"�f���¢®a¹ ó ô
ÐZ�9¹¢Æ]ìF®£k���¹	�"�f���¢®a¹lü5ý ñ Æ¿®f¹vº ö In ûz®�ºd¾dÇ��9ÿjº ø	ó õ
ûÚ�BÅ�ÿ´ºd�9°d�j���"�9¹�ü$ý ê

_
ë þ ÿjºd�9°£�j���"�9¹ þ ê _ ë2ÿjºd�9°£�j���"�9¹ þ ûÚ�±Å�ÿ´ºd�9°d�j���"�9¹bê

_
ë þ ûÚ�BÅ&ÿjºd�9°£�j���"�9¹bê

_
ëÿjºd�9°£�¥���"�9¹

ÿjºd�9°£�¥���"�9¹¡ü5ý ñ Æh®f¹vº ó õ
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C,æ ² Mâ6¶��L¼%á �HG·�	I;���â.�^�L�FE çg���E�%�
� �jÑ��j�¢�9Æ���Ç ��ºd���¢��¹j� Á$����Ë½d����½×Æ�®�ºd¾dÇ����7��®fÆ�¨"®d�j� �
�j¨$�������`�9���j� ®f° �«°"ºhË½��9¹�����¹¢�7Ç�®��9���¢��º ñ � °×Ë½d����½
��Ç � ó �¢½����j�{Æ7®&ºd¾dÇ ���9ÄAÐA½��HÇ ��Å£���9�:Ç��f�j¨"�������A®�Ó	�¢½����¥Ñ&�j���9Æ]����Ç����H��¹¢�H�¢½����¢�«Æ�� �a�A�¢½��H®f°����A®�Ó��¥�����j� ®f°�ëHÄ Â��Å"���9¨��l�¢½"�«�¤��½����´= 6<=����:=��¼|�������6��¹¢�{�¢½��HÓ0®�ÇBÇ ®�ËA� °�ï£��Ì

Author È Date È End È Module È Use È Version È Specification Ä
ÐÒ½���ë¤ìR�Jí�ÇB� îf��ïf¹���Æ�Æ]��¹A®�Ó��¢½����jÑ��j�¢�9Æ���Ç����Ò���l�a��Ó ®«Ç±Ç ®�Ël�{Ì

û¦�Ê��°hü ý
Specification

ÿjºd�9°£�¥���"�9¹:ê
;
ë

ö Version ¯JÅ��¢ÿ´ºd�9°d�j���"�9¹$ê
;
ë øö Date ¯JÅ��¢ÿ´ºd�9°d�j���"�9¹:ê

;
ë øö Author � ¾���½�®f¹vëÔÇ ®&� øö Use � �j��ëÔÇ�®�� øö Module ûz®&ºd¾dÇ ��ëÔÇ ®&� ø

End ñlö ÿ´ºd�9°d�j���"�9¹;ê
;
ë ø þ ö ê ; ë øÔó

� ¾��¢½�®a¹vëÔÇ�®���ü$ý ñ � ¾���½�®f¹E�$���j� ö ê : ë"¯JÅ��¢ÿ´ºd�9°d�j���"�9¹ ø ê ; ë ó õ
� ¾��¢½�®a¹E�$���j��ü5ý � ¾���½�®f¹¢ÿ´º ñ ê , ë � ¾���½�®f¹¢ÿ´º ó´ô
� �j��ëÔÇ ®���ü5ý ñ � �j���$���j�:ê

;
ë ó õ

� �j���`�µ�¥�²ü$ý �Z�BÇ �9ÿ´º ñ ê , ë^�Z�±Ç �9ÿjº ó ô
û�®�ºd¾dÇ ��ëÔÇ�®��¼ü5ý ñ ûz®�ºd¾dÇ����`�µ�¥�;ê

:
ë��Z�BÇ���ìH��Æ��Pê

;
ë ó´õ

û�®�ºd¾dÇ ���$���j�¡ü5ý ûz®�ºd¾dÇ��9ÿjº ñ ê , ë�û�®�ºd¾dÇ �9ÿ´º ó
û�®�ºd¾dÇ �9ÿ´º¿ü5ý Æh®a¹vº
� ¾��¢½�®a¹¢ÿ´º
ü5ý ÿ´ºd�9°d�j���"�9¹
�Z�±Ç �9ÿjºÀü$ý ÿ´ºd�9°d�j���"�9¹
¯JÅ��¢ÿ´ºd�9°d�j���"�9¹²ü ý ñ Æh®f¹vº þ ê . ë þ ê , ë ó õ
ÿ´ºd�9°d�j���"�9¹²ü5ý ñ Æh®f¹�º þ ê . ë ó´õ



#)í �5© m Õ � ��Õ������bÔV¯Rg&��Õ�Ô

¯JÅ"��Æ�¨dÇ ��� Ì
ÐA½��H�jÑ&�¥�¢�9Æ���Ç �{ï�� Éf�9°7� °f�Z� ïf¾�¹¢�{ëHÄ Â �«°"º�ëHÄ Ã �j½�®�Ë È ¹¢���j¨$�����j� Éf��Ç Ñ È �¢½��{�jÑ&�¥�¢�9Æ���Ç ����®�Ó2�¢½�� � Ç �¢�9¹¢°"�«�¢�ëÔ���kÔ¹¢®f�¢®���®�Ç"��Å"��Æ�¨dÇ � �«°"º��¢½��ÒÇ±�BÓ0�A��Å ��Æ7¨dÇ��F� °£��¹¢®&ºd¾"����º7� °.�j�����j� ®f°"����Ä Ã �«°"º���Ä � ñ �j�9�H¨"��ïf��� Â Þ���°"º Â�! ó Ä

"

#

$

%

;; Alternate Bit Protocol
;;
;; abp.sys

Specification abp;
Version 1.0;
Date 23 oct 1995;

Authors O.Biberstein, G. Di Marzo :
Message, AltBit, Fifo, Frame,
Receiver, Transmitter, EtherIn, EtherOut;

Use basictypes.sys;

Modules Message, Altbit, Fifo, Frame : abpadt.coopn;
Receiver, Transmitter, EtherIn, EtherOut : abpobj.coopn;

End abp;

&Z� ïf¾�¹¢��ëHÄ Â Ì�ÐA½�� � Ñ&�¥�¢�9Æ'&Z�BÇ �²®«Ó	�¢½�� � Ç �¢�9¹¢°"������ë�� �{k�¹¢®a�¢®&��®«Ç ¯JÅ"��Æ�¨dÇ �
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;; The Lift
;;
;; lift.sys

Specification lift;
Version 1.0;
Date 23 oct 1995;

Authors O.Biberstein, G. Di Marzo :
Direction, Goal, Floors, ListGoals,
Cabin, BuildingFloors, Control;

Use basictypes.sys, constructortypes.sys;

Modules Direction, Goal, Floors, ListGoals,
Cabin, BuildingFloors, Control : lift.coopn;

End lift;

&Z� ïf¾�¹¢�¡ëHÄ Ã Ì�ÐA½�� � Ñ��j�¢�9Æ(&Z�±Ç ��®�Ó���½��*)$�BÓ �{¯JÅ"��Æ�¨dÇ �
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68797;:=<?> @BA�CDFE�GIH=J�D 7 H=KMLIDFN�H=JIO*PRQSOTQ�DFK 7VUXW G�Y[Z]\�DFY A Q�J�^`_�O�Ha_/LbY A K�H W�A P�H A Hc\�NdEIDFY U YMQ�J�^fe�g�KMhiH=j @ EID W Q k W H[lA Q�gmJnZo\�D W GnZXp�DFEXg�K A/:?<Xq�r]W g�j�Dtsog�j�N A D W G�J�QSu U Dve CD[O CDFKwH?j�D`OTDvxnH U YwH?J�J�D q Q :m:?< Z
68797;: T > y j�Q�zTQ�D{K 7 Q�LXD{KMY A DFQ�J|H?JXO}PRQ~OBQ�D{K 7]UIW GbY�Z @TA K UXW�A�U KMD[O�_Rj�^mDFL�K�H=Q Wf� D A Ya��Q A G y Lm��D W�A l y KMQ�DFJ A H A Q�g�JnZi��J�;�w�[�w�����=���T���`���������}�������X�����w�������=���?�X� �o�B���=�F¡*�����¢�£���{�n¤v�����v¥d¦�¦=§X¨a©9�?��ª[�w�����}�=�«�M¬/S®[�w�£��¯F¬¢�{���F�B������;�w�£�����=°a°`�S�B�±�=�X�±²������F�³�c���f´9�=�I�FµT�F���F�X�{¡�¨ q \�gmKMQ�J�g q � A H=j�N qT¶mU J�D Q :m: T Z
687 e�p :m· H > PRQSOTQ�DFK 7]UXW G�Y q�¶ H W u U DFY`eoj U h¸D A�q H=JIO�s�H=Y W H=j9pRH W j�gm¹�Z @ _ � P @�º�@TA K UXW�A�U KMD[O�H=j�^�DFL�KwH?Q W J�D A OTDFz�DFj�gmETlh¸DFJ A Y�NTY A D{h�Zo��J 7VU N�»�^�g q D�OBQ A gmK q ¥�¼T���*½F�T�M�{�F�X�[�����?�X�=�V´9�=�F���{�w�{�X���a�=�*���m�X� �����[�����=� �=�X�¾�o�B���=�F¡*����������F�o¤t�£����¿/�����?�T�X�������{�T���������=����������w�m�£��� q EIH=^mD{Y/À T[Á À : Z�Â;G�Q W H=^�g q » @ _ q�¶mU J�D Q :�:m· Z
687 e�p :m· L > PRQSOTQ�DFK 7VUXW G�Y q�¶ H W u U DFY�enj U h¸D A�q H=JXOas�H=Y W H=jXpRH W j�gm¹�Z @ H?JXOTY º�@TA K UXW�A�U KMD[OÃH?j�^mDFL�K�H=Q W J�D A OTD{zmDFj�gmEbh*DFJ A

Y�NTY A D{h�Z�Â�H=G�Q�DFK�Y,O U Â�»��;Ä Q q »�J�Q�zmDFK�YMQ A N*g?ÅÇÆ�D{J�DFzmH q Q :�:m· Z
687 Æ : Q > PRQSOTQ�DFK 7VUXW G�YvH=JXO � Q W gmjSH?Y/Æ U DFj kÈZ�_ W gmJ W�U KMK�DFJ A gmLm��D W£A g�KMQ�DFJ A D[O�s�D A KMQ]J�D A YvH=E�EbKMgdH W GiÅ�gmK�Y�NTY A D{hY�EXD W Q k W H A Q�gmJnZR��J�É}Z @ Q�j�zmH q D�OBQ A gmK q ¥�Ê=���Ã½F�B���{�F�X�������?�X�=�;´9�?�F���{�w�{�X���f�=�������X� �����[�����=���?�X�}�o���w�?�F¡Ã����������F�o¤t�£��� q EXH?^mDFY <T· À Á < T <Xq _,H?G�K U Y q PRDFJ�hiH=K�Ë q�¶mU J�D Q :�: Q Z
687 »Rp 7;:=<?> É¾H A GbQ�D U`7]UBÌ g qmr KMQ�Ë`»�KMjSH=JIO q[¶ gmY CD/p�g�j�Q�h q H?JXO`PRQSOTQ�DFK 7]UXW G�Y[ZXxÍD]E�KMg[��D A \ @ sVs�Z�Â�H=G�Q�DFK�Y]O U Â�»�� : Q q

Â;D{J A KMD�»�J�Q�zmD{KMYMQ A H=Q�KMDR��JTÅ�gmK�hÃH A QSu U D q Â�»�� q »�J�Q�z�DFKMY�Q A�CD,OTD�Æ�DFJnÎD{zmD q À <Xq K U D,O U Æ CDFJ CD{KwH=j�P U Å�g U K q Q À Q�QÆtDFJnÎDFz�D <Iq�@TU Q�YMY�D q PRD W DFhfLXD{K Q :�:=< Z
6 Â�Ï :mÐ[> Â;GbKMQ�Y A Q�JbDtÂ;GbgmE�ETN*H=JIO @BA�CDFE�GIH=J�D`Ï�H?E�jSH=JnZ]ÉiQ Ñ�Q�J�^`H?L�Y A KwH W£A H=JIO W gmJ W K�D A Dah*g�O U j�D{Y º�@ EXD W Q k W H A Q�gmJ q

OBDFzmDFj�g�E�h*DFJ A H=JIOvE�K�g A g A NTE�Q�J�^XZb��J ¥mÊ?���`½{�T���{�F�X�������=�X�?�n´9�?�F���{�w�{�X���,�?�¸ÒÓ������©9�?�w�;Ô;�T�����X���F�F���T� q EIH=^mD{YQ Ä · Á&Q�Õ <Xqm� Q W D q É¾H=K W G Q :�:mÐ Z
6 eoj UI: T > ¶ H W u U D{Yteoj U h¸D A Z}Ö �×�{��Ø[�S�w�?���X�{°±�{�T�`�m�f�;Ù�FØ=�F�������B�{°±�{�T�`�m�±���vÙ���F� Ú9���[�����=�T�����=µT�v�F¡[���dÛ�F°f���*���=�X�{µT��¯���F�B��� Z�s�GXP A G�DFY�Q�Y q »�J�Q�zmDFK�YMQ A�CD`OBDtÆtDFJnÎDFz�D q Q :m: T Z A g*H=E�EID�H?K�Z
6 Æ 7 P,Ü :�·[> _Rj9Æ�DFQ�Y A�q _�O�H=h 7 DF^ U DFj�Q�J qo¶ H W Ë�PRg�J�^dH?KMKwH q�Ý DFQ W G�DFJ�^ ¶ Q~H?J�^ q p�gmLIDFK A É�H=J W GbDFË q H?JXO�Þ;H=QSOTN @TU JTlOBDFKwH?h�ZXsÇÞ,É ·�U YMDFK[ß Y�^ U QSOTD/H=JIOaKMD�Å�D{KMDFJ W DvhÃH?J U H=j�ZT\�D W G�J�Q W H=jIÉ�H=J U H?j Q À Q�Õ Ä qmy H?Ë±p�Q~OB^mD � H A Q�gmJXH?jxoH=LIgmK�H A g�KMN q Q :m:�· Z
6 p 7;:m·�> s�H?Y W H?jXp/H W j�gm¹/H=JIOfP/QSOTQ�DFK 7VUXW G�Y�Z @ NThfLXg�j�Q W EbKMgTg=Ång?ÅÍÂ;\/x¸Å�gmKMh U j~H?D]g=zmD{K9s�D A KMQ�J�D A Y�Z���J*ÆàZmx�DFz�DFJ A�qy Z]pRH=Q Å q H=JIO|ÆàZ r KMg�j q D�OTQ A g�KMY qvá ����½F�T�M�{�F�X�[�����?���X�=��ÒX¡=°R�B���£��µd°â�?�ã´9�=°R�Xµ��M�F���?�X��½{�F���=�{°±�������?�Ò��F���{�X���£� q EXH=^�DFY Q�Õ : Á�Q :mä Z=��Y A H=hfL U j q \ U KMË�DFN q�� g=zmD{hfLXDFK Q :�:m· Z
6 p�DFQ : Q > Ý g�j Å�^dH?J�^�p�D{Q�Y�Q�^XZåsÇD A K�Q,JbD A Y�H=JIOæH=j�^mD{L�KwH?Q W Y�EXD W Q�k W H A Q�g�J�Y�Zç��J �o�B���=�����������=��´9�?°/�Iµ����{�iÒÓ�{���{�X��� q

z�gmj U h¸D Õ Ð�q EXH?^mDFY Q�Á ·?< Z r j�YMDFzTQ�DFK q Q :�: Q Z
6 \]H=J Õ :[> _RJXOTK�DF� @ Z�\]H=J�D{JdLIH U h Z ´9�=°R�Xµ��M�F�R¤t�£��©9�=��ª[� Z]s�KMD{J A Q W D�lMè/H=j�j q YMD W gmJXOéD�OTQ A Q�gmJ q Q : Õ : Z


