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Â|¹/º+Á<¼_ÐiºK¾_ÑTÅnÇ=Â|º�ÄiÍnºw¼<½@ÅnÇ/ÊKÐiº�Ë�¼_Ç@ÂiÅnÁ�Ð<Õ õ ÐiºlÂ�¾�Ñ�ËKº�Âi¹/¾@È×Áw¼_ÍnÍnÐ�Áw¼_ÇÙ¿Cº+Ál¾NÇ/Á�Ï3ÄiÄiºlÇ=Â|ÍnÔÙÉ1º�Ä�ÑZ¾NÄ|Ë+º�È×¾NÇ×Âi¹3º
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ºlÝ=É3ÍÆÅnÁ�ÅnÂ|ÍÆÔ+¼�ÐiÐ|¾=ÁlÅÎ¼�Âiº�È�ÛTÅnÂi¹Kºw¼_Áf¹ÓÁlÍÎ¼�ÐiÐ<ÕQ¸T¹=Ï3Ðwß@ºw¼�Á~¹�¾g¿NÀfº�Á�Â�ÅÆÈ3º�Ç@ÂiÅÌë1º�ÄT¿Cº�Ín¾NÇ/ÊgÐ�Â|¾+¼_Â�Ínºw¼_Ð|ÂT¾NÇ/º�ÂMÔ=ÉCºNÕ õ Ç
¾gÄiÈ/ºlÄMÃMÐi¾NÄ|Âiº�È�¼_ÍnÊNºl¿/Ä~¼K¾_Ñ�¾N¿NÀfº�ÁlÂ�ÅnÈ/º�Ç@ÂiÅÌë1º�Ä|Ð�ÅnÐ�Á�¾NÇ/Ð|ÂiÄ|Ï/Á�ÂiºlÈ ÅnÇÓ¾gÄiÈ/ºlÄ�Âi¾�Äiº�ä1º�Á�Â�Âi¹/º�Ð|Ï/¿/ÂMÔ@É/ÅnÇ/Ê�ÄiºlÍÎ¼�ÂiÅn¾NÇ
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Ë�¼<ÔÓ¼_ÐiôèÂi¾�¿1º�ÐiÔ@Ç/Áf¹/Ä|¾NÇ/Ånò�ºlÈ÷ÛTÅnÂi¹Ó¾gÂi¹/ºlÄ�É1¼_Ä|ÂiÇ/ºlÄiÐ�¿@ÔÓËKºw¼_Ç/Ð�¾�Ñ�¼KÐiÔ@Ç/Áf¹/Äi¾gÇ/Ånòw¼_Â|Ån¾NÇ×º�Ý@É/Äiº�Ð|ÐiÅn¾NÇ$Õ�¸T¹/º
Ð|Ô@Ç/Áf¹/Äi¾gÇ/Ånòw¼_Â|ÅÆ¾gÇ�º�Ý@É/ÄiºlÐiÐiÅn¾gÇ/Ð�¼�ÄiºTÈ/ºlÁ�ÍS¼_ÄiºlÈ+¼<ÑZÂ|º�Ä�Âi¹3º

with
ôNº�Ô@Û�¾NÄiÈ$ÕQ¸T¹/º�Ï3ÐiÏ1¼�Í1È/¾gÂQÇ/¾NÂf¼_ÂiÅn¾gÇ�¹1¼_Ð(¿1º�ºlÇ

¼�È/¾NÉ3Âiº�ÈÙ¼_Ç/È×Âi¹3Äiº�º�Ð|Ô=Ç3Á~¹3Äi¾NÇ3ÅÆò<¼_ÂiÅn¾gÇÚ¾gÉ1º�Äf¼_Â|¾NÄiÐ�¹1¼<½Nº�¿Cº�º�ÇÙÉ3Äi¾_½@ÅnÈ/º�È�â&%
//
��ÑZ¾NÄ�Ð|ÅÆË�Ï3ÍÆÂf¼_Ç/ºlÅÆÂMÔ'%

..
��ÑZ¾gÄ

Ð|ºPO@Ï/º�Ç/ÁlºNß�%
+
�gÑZ¾NÄT¼_ÍnÂ|º�ÄiÇ1¼�ÂiÅn½NºgÕ

õ ¿1º�¹C¼<½=Ån¾gÄ~¼_ÍE¼�Ý@ÅÆ¾gË�ÅÆÐTºlÐiÂ~¼�¿/ÍnÅnÐi¹/º�ÈÓ¼�Ð�ÑZ¾NÍnÍn¾_ÛTÐ
(*)$��Ô3���

with
Ê»Õ�Ôa���4ânâM�,+��DÔa�.- �0/´Ó¦�*12/´�F�P�

ÛT¹3º�Äiº'+��DÔa��ÅnÐ�¼�Ç�¾NÉ/Â|ÅÆ¾gÇ1¼_Í3Á�¾NÇ/È3ÅÆÂ|Ån¾NÇ�ÅnË+ÉC¾NÐ|º�È�¾gÇ�Âi¹/º�¼_ÍnÊNºl¿/Ä~¼�ÅÆÁT½N¼�ÍnÏ/º�Ð�ÅÆÇ@½g¾NÍn½Nº�È�ÅnÇ�Âi¹/º�¼_Ý@Ån¾NË×ß3(4)��$Ô3�
ÅnÐ�º�ÅnÂi¹3º�Ä�¼_ÇÓÅnÇ@Âiº�Ä|Ç1¼_ÍQÂ|Ä~¼_Ç3ÐiÅnÂiÅn¾NÇèÇ1¼_ËKº
¾gÄ�¼�Ë+ºlÂi¹/¾@È�ÛTÅnÂi¹ÓÉ1¼�Ä~¼�Ë+º�Â|º�ÄiÐ<ßE¼_Ç/È Ê»Õ�Ô3��ÅnÐ
¼�ÇÓ¾NÉ3ÂiÅn¾NÇ1¼�ÍEÐ|Ô=Ç�Ã
Áf¹/Ä|¾NÇ/Ånòw¼�ÂiÅn¾NÇ�º�Ý@É/Ä|º�ÐiÐ|Ån¾NÇEÕ*/´Ó���¼_Ç3È5/ ���P��ß@ÄiºlÐiÉCº�Á�ÂiÅn½gº�ÍnÔ=ßCÁ�¾gÄiÄiºlÐiÉC¾NÇ/È×Âi¾�ÛT¹1¼�ÂTÅnÐ�Á�¾gÇ/ÐiÏ3Ë+º�ÈÓ¼_Ç3ÈÜÛT¹C¼_ÂTÅnÐ
É3Äi¾@È/Ï/Á�ºlÈÜÅnÇKÂi¹/º�È/Å��Wº�Ä|º�Ç@ÂTÉ/ÍS¼_Á�ºlÐ�Á�¾gË+ÉC¾NÐ|ÅÆÇ3Ê
Â|¹/º�Ç/º�Â<Õ��EÅnÇ1¼�ÍnÍÆÔ@ß_¼_ÍnÍCÂi¹/º�½N¼_ÄiÅS¼�¿/Ínº�Ð�Ï/Ð|º�È�ÛTÅÆÂ|¹/ÅnÇ�Âi¹/º�¿1¾@È/Ô
Ð|º�Á�Â|ÅÆ¾gÇÚ¼_Ä|º�ÊNÄi¾gÏ/ÉCº�ÈÓÂi¾gÊNº�Â|¹/º�Ä�ÅÆÇKÂi¹/º

where
ë1º�ÍnÈEÕ

\
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¸T¹3º+Ñ-¾NÄiË�¼_Í�È3º�½Nº�Ín¾gÉ/Ë+º�Ç@Â�¾�Ñ8»=¼<½N¼�¿C¼_ÐiºlÈ Û�º�¿6É1¼_Äf¼_ÍnÍnº�Í�¼�É/É/ÍnÅnÁw¼_Â|Ån¾NÇ/Ð+àá»=ï õ ê�Ði¹/¾gÏ/ÍnÈÙÑZ¾gÍÆÍn¾_Û�¼ÓÐ|É1º�ÁlÅbëCÁ
ºlÇ/ÊNÅnÇ/º�ºlÄiÅnÇ/ÊÙÍnÅÌÑZº+Á�Ô@Á�Ínº�¿1¼�Ðiº�È�¾NÇ6ÑZ¾gÄiË�¼_Í�Ð|É1º�ÁlÅbëCÁw¼_Â|ÅÆ¾gÇ/ÐwÕ�ØÙºKÉ/Äi¾gÉ1¾gÐiº�Âi¾ÙÁf¹/¾@¾gÐiºÓìTíîÃ�í�ïQð�ãNñÙ¼_Ð�Âi¹3º
Ð|É1ºlÁ�ÅÌë1Áw¼_Â|Ån¾NÇ6ÑZ¾NÄ|ËÜ¼�ÍÆÅnÐ|ËÒÐiÅnÇ/Á�ºNß�¼_Ð�ÅnÂ�ÅnÐ�Ði¹/¾_ÛTÇ6ÅÆÇÙÂ|¹/ÅnÐ�ÉC¼_ÉCº�Äwß(ÅÆÂ|Ð�Ñ-ºw¼_Â|Ï/Äiº�Ð+¼�Äiº�Û�º�ÍnÍ�¼�È1¼_É/Â|º�È÷Â|¾ÚÂ|¹/ÅnÐ
ºlÇ/ÈEÕ�ð8ºl½Nº�Ä|Âi¹/º�Ínº�Ð|Ðwß8¼�Ç/¾NÂ|¹/º�Ä�Ð|É1º�ÁlÅbëCÁw¼_Â|ÅÆ¾gÇ�ÑZ¾gÄiËÜ¼�ÍnÅÆÐ|ËÒÁ�¾NÏ3ÍÆÈ6¹1¼<½Nº�¿Cº�º�Ç�Áf¹/¾NÐ|º�Ç ¼�Ç/È÷Â|¹/º�Äiºw¼�È/º�Ä+Á<¼_Ç
Ä|ºfÑZº�ÄTÂ|¾�Âi¹3º
Ál¾NË+ÉC¼_ÄiÅnÐ|¾NÇ�¾_ÑE¾N¿NÀ�º�Á�Â�¾NÄiÅnº�Ç@Â|º�È+Ð|É1º�ÁlÅbëCÁw¼_Â|ÅÆ¾gÇ�ÑZ¾gÄiË�¼_ÍnÅnÐiË�ÐEÉ3Äiº�Ð|º�Ç@Âiº�ÈÓÅnÇX� N$��àSÛT¹/ÅnÁf¹+ÅnÇ/Á�ÍnÏ/È3º�Ð
ìTíîÃií�ïQð
ãgñNê�Õ�í�Ï/Ä8¼_É/É3Äi¾=¼�Áf¹ÜÁl¾NÏ/ÍnÈ�É1¼_Ä|ÂiÍnÔ�¿Cº�ÂiÄf¼_Ç/Ð|ÍÎ¼�Âiº�È�ÅnÇ�Ði¾gË+º8¾gÂi¹/ºlÄTÐiÉCº�Á�ÅÌë1Áw¼�ÂiÅn¾NÇ�Ñ-¾NÄiË�¼_ÍnÅnÐiËÓÕ

8�õ$ö 9�ø&:<;=�?>A@ û*B_ù�ûC;Çû�ù#ýD�#üRüE>F�PûHG ýeø
÷I�J���I���K�#ô
¸T¹3º�ÄiºfëCÇ/º�Ë+ºlÇ=Â$¾_Ñ4ìTíîÃií
ï�ð
ãNñîÐiÉCº�Á�ÅÌë1Áw¼�ÂiÅn¾NÇ3Ð4Ál¾NÇ/Á�ºlÄiÇ/ÐQÂi¹3º�È1¼_Âf¼TÐ|ÂiÄiÏ3Á�ÂiÏ/Ä|º�ÉC¼_ÄiÂQ¼_Ð$Û�º�ÍnÍ@¼_Ð�Âi¹3º�¿1ºl¹1¼<½@ÅÆ¾gÄ
ÉC¼_ÄiÂ<Õù¸T¹/º×ËÜ¼�ÅnÇ É3Äi¾N¿3ÍÆºlË ÅÆÐ�Â|¾÷Á�¾gÇ=Â|Äi¾gÍ
Â|¹/ºÙÅnÇ@ä1Ï/ºlÇ/Á�º×¾NÇøÂi¹/º×ÐiÔ@ÐiÂ|º�Ë�É/Äi¾gÉ1ºlÄiÂiÅnº�ÐèËÜ¼_È3ºÜ¿@ÔöÂ|¹/º�Ð|º
Ä|ºfë1Ç/ºlË+º�Ç@ÂiÐ<Õ8ÞMÇè¾NÄiÈ3º�Ä8Â|¾+É/Ä|º�Ðiº�Ç@Â�Á�Ínºw¼�ÄiÍnÔ�Âi¹/º�È3Å���º�Ä|º�Ç@Â
ÂMÔ@ÉCº�Ð�¾_Ñ�Äiº�ë1Ç/º�ËKº�Ç@ÂiÐwßCÛ�º�É/Ä|¾NÉC¾NÐiº�Âi¾�ÑZ¾NÍnÍn¾_Ûö¼
Ð|Âiº�ÉK¾_ÑEÄ|ºfë1Ç/º�ËKº�Ç@Â�¿Cº�ÂMÛ�ºlº�Ç+ÂMÛ�¾�ìTíîÃ�í�ïQð�ãNñ�Ð|É1ºlÁ�ÅÌë1Áw¼_Â|Ån¾NÇ/Ð�¾_ÑE¼�ÐiÅnËKÉ/Ínº�¿/Ï"��º�Ä�Ë+¾@È/º�ÍnÅnÇ/Ê
¼ªÐiÅnÂiºTÐ|Âi¾NÄ|ÅnÇ/Ê
É3Äi¾@È/Ï/Á�Â|ÐwÕ�¸�¼_¿/Ínº#@/Õ87�ÍÆÅnÐ|ÂiÐ8Â|¹/º�ÅnÇ/ÅnÂiÅS¼�Í1Ð|É1º�ÁlÅbëCÁw¼_Â|ÅÆ¾gÇ ¼�Ç/È�ÂMÛ�¾�ÉC¾NÐ|ÐiÅn¿/Ínº�Ä|ºfë1Ç/º�ËKº�Ç@ÂiÐ<Õ�Ö(¼_Áf¹ÓÐiÉCº�Á�ÅÌë1Á<¼_ÂiÅn¾gÇ
ÅnÐ�È3º�ÐiÁ�Ä|Ån¿1º�È6¿@Ô÷à¦7<ê�Âi¹/º õ æ�¸ Ï/Ð|º�ÈÙÅnÇÚÂ|¹/º�ÐiÉCº�Á�ÅÌë1Áw¼�ÂiÅn¾NÇ$ßQ¿=Ô6àZñNê�Â|¹/º+Á�ÍS¼�ÐiÐ�Ç1¼_ËKº�Ðwß$¼_Ç/ÈÙÂMÔ@ÉCº�Ð�Ç1¼�Ë+º�Ð
¼�É/ÉCºw¼_Ä|ÅÆÇ3Ê�ÅnÇ�Âi¹3º
ºlÝ=Â|º�ÄiÇC¼_Í�¿Cº�¹1¼<½@Ån¾NÄ�É1¼_Ä|Â�¾�ÑEÂi¹/º�ÐiÉCº�Á�ÅÌë1Áw¼�ÂiÅn¾NÇEß/¼�Ç/È+¿@Ô�à�@gê�Â|¹/º�Á�ÍS¼_ÐiÐ�Ç1¼�Ë+º�Ð<ß=¼�Ç/È�ÂMÔ@É1º�Ð
ÇC¼_Ë+ºlÐ8¼_É/ÉCºw¼_Ä|ÅnÇ/Ê�ÅnÇ�Âi¹3º
ÅnÇ@ÂiºlÄiÇ1¼�ÍE¿Cº�¹1¼<½@Ån¾NÄ�É1¼_Ä|ÂT¾_Ñ�Âi¹/º�Ð|É1º�ÁlÅbëCÁw¼_Â|ÅÆ¾gÇEÕ
¸T¹/º�ÅnÇ/ÅnÂiÅS¼_Í_Ð|É1ºlÁ�ÅÌë1Áw¼_Â|Ån¾NÇ�È/º�ÐiÁlÄiÅn¿1ºlÐ�¼T¿/ÏL�Wº�ÄQÅnÇ�ÛT¹/ÅnÁf¹�ÅnÂEË�Ï/Ð|Â�¿1º�ÉC¾NÐ|ÐiÅn¿/Ínº�Âi¾8É3Ï/Â4¼�Ç/È�ÊNºlÂEÂi¹3Äiº�º�ô@ÅÆÇ3È/Ð

¾�ÑEÉ/Äi¾@È/Ï3Á�ÂiÐ�àNMPO'QPOSR�ÐiÉCº�Á�ÅÌë1º�ÈKÅnÇ�Âi¹/º8¼�ÍÆÊgº�¿/Äf¼_ÅnÁ�Ð|É1ºlÁ�ÅÌë1Áw¼_Â|Ån¾NÇ+ÊgÅn½Nº�Ç�ÅnÇ&�$ÅnÊNÏ/Ä|ºT@/Õ87wêlÕ�¸T¹/º�ÐiÔ@ÐiÂ|º�Ë�Ë�Ï/ÐiÂ
¿CºTÑ-Ï/ÍnÍÆÔ�É1¼_Äf¼_ÍnÍnº�ÍMÕ��/¾gÄ�º�Ý/¼_ËKÉ/ÍnºNß_È/ºlÉ1º�Ç3È/ÅnÇ/Ê�¾gÇ�Âi¹/º�Äiº�Ð|¾NÏ/Ä|Á�º�Ð8¼<½N¼�ÅÆÍS¼�¿/ÍnºNß<ÅÆÂ(Ë�Ï/ÐiÂQ¿Cº8ÉC¾NÐiÐ|Ån¿/ÍnºTÂi¾�º�Ý@º�ÁlÏ/Âiº
Ð|ÅnË�Ï/ÍnÂ~¼_Ç3º�¾NÏ/Ð|ÍnÔUT"V"WXYM[Z\O'T"V"WXYM[Z\O]T^V"W�XYQ[Z$O]_�`,W�XaR�Z\O'_�`,W�XbM[ZgÕ@¸T¹/ÅnÐ8ÉC¼_Ä~¼�ÍnÍÆºlÍÆÅnÐ|Ë ÅnÐ8ºlÝ=É3Äiº�Ð|Ðiº�ÈÙÏ/Ð|ÅnÇ/Ê
Â|¹/º�Ðiº�Ë�¼_Ç@ÂiÅnÁ�ÐT¾�ÑªìTíîÃ�í�ïQð�ãNñ�ÛT¹/ÅnÁ~¹KÑZ¾gÍnÍÆ¾_ÛTÐTÂ|¹/º�¿1¼�ÐiÅnÁ�ï$º�Â|ÄiÅQÇ/º�Â�Ðiº�Ë�¼_Ç@ÂiÅnÁ�Ð<ÕT¸T¹/º�ÅnÇ/ÅnÂiÅS¼�ÍEìTíTÃií�ïQð
ãgñ
Ð|É1ºlÁ�ÅÌë1Áw¼_Â|Ån¾NÇÓ¾�Ñ4ÐiÏ3Á~¹Ó¼�¿/ÏL�Wº�Ä�ÅnÐ�ÊgÅÆ½gº�Ç+¿@ÔKÂi¹/º�Á�ÍS¼_Ð|ÐHc\deW�`�ÅnÇ �$ÅnÊNÏ3Äiº#@/Õ�ñ/ßgÅnÇ+Â|¹/º�ÊNÄf¼_É/¹3ÅÆÁ<¼_ÍE¼_Ç3È+ÂiºlÝ=Â|Ï1¼_Í
Ñ-¾NÄiËKÐwÕ$ÞMÂTÈ/ºfë1Ç3º�Ð
¼�Ð|Â~¼_Â|ÅnÁ
¾g¿NÀfº�Á�ÂCc�¾�Ñ4ÂMÔ@É1º�f�dgW�`1Õ

Adt Value;
Interface
Sort value;
Generators
A , B , C : -> value;

End Value;

�$ÅnÊNÏ3Äiº#@/Õ87Nâ$¸T¹/º õ ÍnÊgº�¿/Ä~¼�ÅnÁªé�É1º�ÁlÅbëCÁw¼_Â|ÅÆ¾gÇ�¾_Ñ4Â|¹/º�¸�Ô@É1ºCh�i"j0V�`
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Class Site;
Interface
Use Value;
Type site;
Object S : site;
Methods
put _ , get _ : value;

Body
Place p : value;
Axioms
put v :: -> p v;
get v :: p v -> ;
where v : value;

End Site; kml�npo!orq"s�t�u
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�$ÅnÊNÏ/Ä|º#@/Õ�ñ/â$¸T¹/º�ÞMÇ/ÅnÂiÅS¼_ÍEìTíîÃií�ïQð
ãgñ�é@ÅnÂiº�é@ÉCº�Á�ÅÌë1Áw¼�ÂiÅn¾NÇ
¸T¹/º�Äiºfë1Ç3º�Ë+º�Ç@Â�¾�Ñ
Âi¹3ÅÆÐ�Ð|É1ºlÁ�ÅÌë1Áw¼_Â|Ån¾NÇ�ÅnÐ�È/¾gÇ/ºÓ¼_Á�Ál¾NÄiÈ3ÅÆÇ3ÊÙÂi¾ÙÂi¹3º+Ñ-¾NÍnÍn¾_ÛTÅÆÇ3ÊÜÅnËKÉ/Ínº�Ë+º�Ç@Âf¼_ÂiÅn¾_Ç×Á�¾NÇ�Ã

Ð|ÂiÄf¼_ÅnÇ@Âwâ×ºw¼_Áf¹öÉ3Äi¾@È/Ï/Á�Â�ô@ÅnÇ/È�Ë�Ï/ÐiÂ�¿CºÚË�¼_Ç1¼�ÊNº�È6ÅÆÇ�È/Å���º�ÄiºlÇ=ÂKÈ/ÅnÐiÂ|ÄiÅn¿/Ï/Â|º�È Ð|ÅnÂiº�Ð<Õ9ð8¾_Û�ß�Ínº�Â+Ï3Ð+ÐiºlºÚ¼
ìTíîÃií�ïQð
ãgñ�Äiºfë1Ç3º�Ë+º�Ç@Â�¾_ÑEÂ|¹/º�ÐiÔ@ÐiÂ|º�ËÚÕQÖ�¼_Áf¹KÐiÅnÂiº�ËÜ¼�Ç1¼_ÊgÅnÇ/Ê
¼�É3Äi¾@È/Ï/Á�ÂTô@ÅnÇ/È�ÅnÐ�Ë+¾@È/º�Ínº�È�¿@Ô+¼_Ç�¾g¿NÀfº�Á�Â
ÅnÇ/Ð|Â~¼�Ç/Á�º�¾_Ñ�Âi¹/º�Á�ÍS¼_Ð|Ð*�$`,��c$dgW�`Cß@È/º�Ð|Á�ÄiÅn¿Cº�ÈÙÅnÇ��$ÅÆÊgÏ/Äiº!@/ÕS@/Õ õ ÐiÅnÂ|º�¾gÇ/ÍnÔ+ôNºlº�É/Ð�Âi¹/º�Ç=Ï3Ë�¿1º�Ä�¾_Ñ�É/Ä|¾=È3Ï/Á�ÂiÐ
¼<½N¼�ÅnÍÎ¼�¿/Ínº�ÅnÇ÷¼�Ð|ÅnÂiºNÕèØÙº�¹1¼<½Nº�Â|¹/º�Ç÷Â|¹/Äiºlº+¾N¿NÀ�º�Á�ÂiÐ<ß�c M�ß�c QWß�c RCßEÈ/ÅnÐ|ÂiÅnÇ/ÊNÏ3ÅÆÐ|¹/º�ÈÙ¿@Ô×Âi¹/º�ÅnÄ�Ç1¼_ËKº ¼�Ç/È
¼�ÐiÐ|¾=ÁlÅÎ¼�Âiº�ÈèÂi¾�ºw¼�Á~¹�É/Ä|¾@È/Ï/Á�Â�ô=ÅnÇ/È$Õ

Class RefSite;
Interface
Use Integer;
Type site;
Object S_A , S_B , S_C : site;
Methods
put , get;

Body
Place p : integer;
Initial p 0
Axioms
put :: p n -> p n+1;
get ::

n > 0 => p n -> p n-1;
where n : integer;

End RefSite;
kPl�npo�oH�<uF��q"s�t!u
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�EÅnÊgÏ/Äiº#@/ÕS@3âE¸T¹/º�Äiºfë1Ç3º�ÈÚìTíîÃ�í�ïQð�ãNñ�é@ÅnÂ|ºªé�É1º�ÁlÅbëCÁw¼_Â|ÅÆ¾gÇÙàjQ�º�Ä|ÐiÅn¾NÇK7<ê
ØÙºTË�Ï/ÐiÂ�ºlÝ=É3ÍÆÅnÁ�ÅnÂ|ÍÆÔ�Á�¾gË+É/Ínº�Â|ºTÂi¹/º4��`,��c\dgWL`�ÐiÉCº�Á�ÅÌë1Á<¼_ÂiÅn¾gÇ+ÛTÅnÂi¹KÂi¹/º�Ç/º�Á�º�Ð|Ð~¼�ÄiÔ�ÅnÇ@ÑZ¾NÄ|ËÜ¼�ÂiÅn¾NÇ�ÅnÇ�¾gÄiÈ/º�Ä

Â|¾÷Ínº�Â�ÅnÂ�¿1ºlÁ�¾NËKºÚ¼ÙÄ|ºfë1Ç/º�ËKº�Ç@Â�¾_Ñ�Âi¹/º×ÅnÇ/ÅnÂiÅS¼_ÍHc\dgW�`ÙÐ|É1º�ÁlÅbëCÁw¼_Â|ÅÆ¾gÇEÕ�¸T¹@Ï/Ðwß�¼_Á�Á�¾gÄiÈ/ÅnÇ/Ê6Âi¾6Âi¹/º×ÅnÇ/ÅnÂiÅS¼_Í
Ð|É1ºlÁ�ÅÌë1Áw¼_Â|Ån¾NÇEß�Û�º�Ë�Ï/Ð|Â8¼_Â�ÍÆº<¼_ÐiÂ�É/Äi¾_½@ÅnÈ/º�Â|¹/º�Ðiº�Ä|½=ÅnÁ�ºlÐ?T"V^W�XYh[Z\OU_�`,W�XYh�ZªÛTÅnÂi¹ hK¾_Ñ�ÂMÔ@ÉCº?h�i^j,V�`CÕT¸T¹/º�Ô
¼�Äiº�Ç/¾+ËK¾NÄ|ºª¼<½N¼�ÅnÍÎ¼�¿/ÍnºTÅnÇÓÂi¹/º�Äiºfë1Ç3º�ÈS�$`0��c\dgW�`�ÐiÉCº�Á�ÅÌë1Áw¼�ÂiÅn¾NÇEÕ�¸T¹@Ï/ÐwßCÛ�º�ÅnÇ@ÂiÄi¾@È/Ï3Á�º ¼�ÇÓ¾N¿NÀ�º�Á�Â8¾�Ñ�Á�ÍS¼_Ð|Ð
�$`,��c,WL`,T�ßgÊNÅn½Nº�ÇKÅnÇ �$ÅnÊNÏ/Ä|ºË@3Õ N1ßgÛT¹/ÅnÁ~¹K¹1¼_ÐT¾gÇ/ÍnÔ�ÂMÛ�¾�Ë+ºlÂi¹/¾@È/Ð<T"V^W�XYh[Z\OU_�`,W�XYh�ZgÕ$¸T¹/º�Ë+º�Â|¹/¾@È¡T"V^W�XYh[Z
¹C¼_Ð�¾NÇ3ÍÆÔ×¾NÇ3ºÜºlÝ=Â|º�ÄiÇC¼_ÍT¿Cº�¹1¼<½@Ån¾NÄ�¼_Ç/È6Âi¹/º�ÅnÇ@Âiº�Ä|Ç1¼_ÍTÄ|ºw¼_Á�Â|Ån¾NÇ÷È3º�É1ºlÇ/È/Ð+¾gÇ÷Â|¹/º�½N¼_ÍnÏ/º�¾_Ñ¡h�Õ õ Áw¼_ÍnÍT¾_Ñ
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Class RefStep;
Interface
Use Value , RefSite ;
Type refstep;
Objects step1 : refstep;
Methods put _ , get _ : value ;

Body
Transitions int;
Place p : value;

Axioms
put(v) :: -> p v ;

int with S_A.put :: p A -> ;
int with S_B.put :: p B -> ;
int with S_C.put :: p C -> ;
get(v) with S_A.get ::

v = A => -> ;
get(v) with S_B.get ::

v = B => -> ;
get(v) with S_C.get ::

v = C => -> ;
End RefStep; kml�npo!oH�<u¥��q"t!u3¦
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Class NewRefSite;
Interface
Use Integer;
Type site;
Object S_A, S_B, S_C : site;
Methods
put , get;

Body
Place p : integer;
Axioms
put v :: -> p 1;
get v :: p 1 -> ;

End NewRefSite; kml�npo!oHºHug»*�<u¥��q"s�t�u
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Class NewRefStep;
Interface
Use Value , NewRefSite ;
Type refstep;
Objects step1 : refstep;
Methods put _ , get _ : value ;

Body
Transitions int;
Place p : value;

Axioms
put(v) :: -> p v ;

int with S_A.put :: p A -> ;
int with S_B.put :: p B -> ;
int with S_C.put :: p C -> ;
get(v) with S_A.get ::

v = A => -> ;
get(v) with S_B.get ::

v = B => -> ;
get(v) with S_C.get ::

v = C => -> ;
End NewRefStep; kml�npo!oHºHug»*�<u¥��q"t!u3¦
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7wñ



3

2

1

2

2+3

1+2

3

3+5

Global Multiset

8

5

�$ÅnÊNÏ/Ä|ºsNCÕ87Nâ õ È/È/ÅnÂ|ÅÆ¾gÇÜ¼�Á�Á�¾NÄ|È/ÅnÇ/Ê�Âi¾�Âi¹3º�å�¼_ËKËÜ¼îÉ1¼_Äf¼_È/ÅnÊNË
á4â�ãPâ!ã ä,å<æeçPè�é�ê�ë?ì×í£î*ïHð�è�í[é�í�åmñ�ò
ØÙº�ÅnÇ@Âiº�Ç/È×Âi¾�È/ºl½Nº�Ín¾NÉÙ¼_ÇÙ¼_É3É/ÍnÅÆÁ<¼_ÂiÅn¾gÇÚ¼_ÍnÍn¾_ÛTÅnÇ/Ê�Ðiº�½gº�Ä~¼�Í�Ï/Ð|º�ÄiÐ�Âi¾�ÅnÇ/ÐiºlÄiÂ�ÅnÇ@Âiº�Êgº�ÄiÐ�ÅnÇ@Âi¾Ó¼KÉ1¾gÐiÐ|ÅÆ¿3ÍÆÔ�È/ÅnÐ�Ã
Â|ÄiÅn¿/Ï/Â|º�ÈøË�Ï/ÍnÂiÅnÐiº�Â<Õ õ Á�Á�¾gÄiÈ/ÅnÇ/Ê6Âi¾6Âi¹/ºÚå�¼_Ë+Ë�¼KÉ1¼_Äf¼_È/ÅnÊNË×ß�Áf¹/º�ËKÅnÁw¼_Í�Äiºw¼�Á�ÂiÅn¾NÇ3ÐÜ¼_Ä|ºÚ¼_É3É/ÍnÅÆºlÈö¾NÇ�Âi¹3º
Ë�Ï3ÍÆÂ|ÅnÐiº�Â<ß�Âi¹/ºlÔÚ¹1¼<½gº�Â|¾�É1º�Ä�ÑZ¾NÄ|Ë Âi¹/º�Ð|Ï/Ë ¾_Ñ8¼_ÍnÍQÂi¹/º�ÅnÇ@Âiº�Êgº�ÄiÐ�º�Ç@Âiº�Ä|º�È÷¿@ÔÙ¼_ÍnÍQÂi¹/º�Ï/Ð|º�ÄiÐ<Õ+¸T¹3º�ÐiÔ@ÐiÂ|º�Ë
Ë�¼_È/º�¾_Ñ8Â|¹/º+Ï3Ðiº�Ä|Ðwß�Â|¹/º+Ë�Ï3ÍÆÂ|ÅnÐiº�Â�¼_Ç/È6Âi¹/º�Áf¹/º�ËKÅnÁw¼_Í�Ä|ºw¼_ÁlÂiÅn¾NÇ6ÅÆÐ�Áw¼_ÍnÍnº�ÈÙÂi¹3º+æ
é3å�¼_ËKËÜ¼�àZæ�ÅnÐiÂ|ÄiÅn¿/Ï/Â|º�È
å�¼_Ë+Ë�¼Nê$ÐiÔ@Ð|Âiº�Ë×Õ
ØÙº�É/ÄiºlÐiº�Ç@Â�Â|¹/º�ÅnÇ@Ñ-¾NÄiË�¼_Í_Ä|ºPO@Ï/ÅnÄiº�ËKº�Ç@ÂiÐEÅnÇ�ÂMÛ�¾�É1¼_Ä|ÂiÐ<ÕE¸T¹/º(ë1Ä|ÐiÂQ¾NÇ/º�É/Ä|º�Ðiº�Ç@Â|Ð�Âi¹/ºTÐ|Ô@ÐiÂiºlË ¾NÉCº�Äf¼_ÂiÅn¾gÇ/Ð

ÛT¹3ÅÆÁf¹�Ë�Ï/Ð|Â�¿Cº�É/Ä|¾_½=ÅnÈ/ºlÈÜÂ|¾�Âi¹/º�Ï/Ð|º�ÄiÐ<ß�¼_Ç/È�Âi¹3º�Ðiº�Ál¾NÇ/ÈÓ¾gÇ/ºNß3Âi¹/º�È3º�Â~¼�ÅÆÍnÐT¼_¿C¾NÏ/ÂTÂ|¹/º�È1¼�Â~¼�¼�Ç/È+ÅnÇ@Âiº�Ä|Ç1¼_Í
Ál¾NË+É3Ï/Â~¼�ÂiÅn¾NÇ/Ð<Õ

* üE³l´wû>1  , û@µ_¶/´��-þ � ³
ó �0ô õ Ç/º�Û Ï3Ðiº�Ä�Áw¼�ÇÚ¿Cº ¼�È/È/º�È×Âi¾KÂi¹/º�ÐiÔ@Ð|Âiº�Ë ¼_Â�¼_Ç@Ô�Ë+¾gË+º�Ç@Â�� ó �"ô õ Ï/Ð|º�Ä�Ë�¼<Ô+¼_È/ÈÓÇ3º�Û ÅnÇ@Âiº�Êgº�ÄiÐ�ÅÆÇ
Â|¹/º�Ð|Ô=Ð|Âiº�Ë×ß1¼�Â8¼_Ç@Ô�Ë+¾gË+º�Ç@Âwß�¿1º�ÂMÛ�º�º�Ç×¹/ÅnÐTº�Ç@ÂiºlÄiÅnÇ/Ê+Â|ÅnË+º8¼_Ç3ÈÜ¹3ÅÆÐTºlÝ=ÅnÂ�ÂiÅnË+ºD� ó �Lô õ Â
¼_Ç@Ô�ËK¾NË+ºlÇ=Â<ß_Âi¹3º
¼�É/É/ÍnÅnÁw¼_Â|Ån¾NÇ×Áw¼_ÇÙÊgÅÆ½gº ¼ É1¼_Ä|ÂiÅS¼_Í�½@Ånº�Û�¾_ÑTÂi¹3º+ÐiÂf¼_Â|º�¾_Ñ8Âi¹3º�Ë�Ï/ÍnÂiÅnÐiº�Â$� ó E�ô õ Ï3Ðiº�Ä�ËÜ¼<Ô�º�Ý@ÅnÂ�Âi¹3º�ÐiÔ@ÐiÂ|º�Ë
É3Äi¾_½@ÅnÈ/º�È�¹/º�¹1¼�ÐTº�Ç@Âiº�Ä|º�ÈÓÂ|¹/º�ÐiÔ@Ð|Âiº�Ë×Õ

* ´<¶/´<ûÜ¶ � ÿ ��� ´wû@µ � ¶32<i�û � ¶ML��-þCµ
ó 6 ô ¸T¹/º�ÅnÇ@Âiº�Êgº�ÄiÐ�º�Ç@Â|º�Äiº�È ¿=ÔÙÂ|¹/º�Ï/ÐiºlÄiÐ+¼_Ä|º�ÐiÂi¾gÄiº�È�ÅnÇ ¼èË�Ï/ÍnÂiÅnÐ|º�Â�� ó hLô ¸T¹/ºÓ¼_É/É3ÍÆÅnÁw¼�ÂiÅn¾NÇ×Äiº<¼_ÍnÅnò�º�Ð�Âi¹3º
Ð|Ï/Ë ¾�Ñî¼�ÍnÍ4Â|¹/º�ÅÆÇ@Â|º�ÊNº�Ä|Ð�º�Ç@ÂiºlÄiº�È6¿=Ô×¼_ÍnÍQÂi¹/º�Ï/ÐiºlÄiÐ�� ó k0ô ¸T¹/º�ÐiÏ3Ë ÅnÐ�É1º�Ä�ÑZ¾NÄ|Ë+º�È×¿@ÔÓÁf¹/º�ËKÅÆÁ<¼_ÍEÄ|ºw¼_ÁlÂiÅn¾NÇ/Ð
¼�Á�Á�¾gÄiÈ/ÅnÇ/Ê�Âi¾�Âi¹/ºTå�¼�Ë+ËÜ¼�É1¼_Äf¼_È/ÅnÊNË_� ó ? ô õ Áf¹/º�ËKÅÆÁ<¼_ÍNÄ|ºw¼_ÁlÂiÅn¾NÇ�Äiº�ËK¾_½Nº�Ð$ÂMÛ�¾�ÅnÇ=Â|º�ÊNºlÄiÐ$ÑZÄi¾gË9Âi¹/º�Ë�Ï/ÍnÂiÅnÐ|º�Âwß
¼�È/È/Ð�Âi¹/ºlËÚß@¼_Ç/ÈKÅÆÇ3Ðiº�Ä|ÂiÐ�Âi¹/º�ÐiÏ3Ë ÅnÇ@Âi¾�Âi¹/º�Ë�Ï/ÍnÂiÅnÐ|º�Â�� ó m"ô ¸T¹/º�Äiº�ÅnÐ�¾gÇ/ÍnÔ�¾gÇ/º8ÂMÔ@ÉCº8¾_ÑEÁf¹/ºlË+ÅnÁw¼_ÍCÄiº<¼_Á�Â|ÅÆ¾gÇ/Ðwß
¿3Ï/Â�Ðiº�½gº�Ä~¼�Í�¾_Ñ�Â|¹/º�Ë Áw¼_Ç×¾@Á�Á�Ï/Ä�Ð|ÅnË�Ï/ÍnÂ~¼_Ç3º�¾NÏ/Ð|ÍnÔ+¼_Ç/È×Á�¾NÇ3Á�Ï/ÄiÄ|º�Ç@ÂiÍnÔ×¾NÇÓÂ|¹/º�Ë�Ï3ÍÆÂ|ÅnÐiº�Â$� ó �LõLô õ Áf¹/º�Ë+ÅnÁw¼�Í
Ä|ºw¼_ÁlÂiÅn¾NÇ�Ë�¼<Ô8¾@Á�Á�Ï/Ä�¼_ÐQÐi¾@¾NÇ�¼_ÐQÂ|¹/ºTÐiÂf¼_ÂiºT¾�Ñ1Âi¹3ºTË�Ï/ÍnÂiÅnÐiº�Â$ÅnÐ4Ð|Ï/Áf¹�Â|¹1¼_ÂQÂ|¹/ºTÁf¹/º�Ë+ÅnÁw¼�Í@Äiºw¼�Á�ÂiÅn¾NÇ�Áw¼�Ç�¾@Á�Á�Ï3Äwß
ÅMÕ ºNÕ�¼�ÐTÐi¾@¾NÇÓ¼_ÐTÂ|¹/º�Ä|º�¼_Ä|ºª¼�ÂTÍnºw¼_Ð|ÂTÂMÛ�¾�ÅnÇ@Âiº�Êgº�ÄiÐTÅnÇ�Âi¹3º
Ë�Ï3ÍÆÂ|ÅnÐiº�Â<Õ

á4â�ãPâ�ö ÷ è�çPø?í[èLñLð!í[ò
ÞMÇK¾NÄ|È/º�Ä�Â|¾�¾N¿/Ð|º�Äi½gº8Â|¹/º8É/Ä|¾NÉCº�ÄiÂMÔ�É3Äiº�Ð|º�Äi½N¼�ÂiÅn¾NÇKÈ/Ï/ÄiÅnÇ/Ê�Ä|ºfë1Ç/º�ËKº�Ç@Âwß@Û�ºTÛTÅnÍÆÍ3º�ÐiÂf¼_¿/ÍnÅnÐi¹�¾gÇ/º�ÑZÏ/Ç/ÈC¼_Ë+ºlÇ=Âf¼_Í
É3Äi¾NÉCº�Ä|ÂMÔ ¼�Ç/ÈKÑZ¾NÍnÍn¾_Û�ÅnÂ�È/Ï3ÄiÅnÇ/Ê�ºw¼�Á~¹�Ä|ºfë1Ç/º�ËKº�Ç@Â8Ð|Âiº�ÉEÕ%�µ_þ , û=µ_´lüV� Ñ Ò��8�3�$Ó¦�#Ñ8�#�=Ô>��ÕI�=Ô3�IÑjÔ3�4�¡ÖD�$Ó�ÑjÔX�8�3�!Î]×=���4Ñ8�P�$�jØ��8�3�$ÔXÑj��Î]×=�P��Ù��]�8�3�!Ó¦�5�P×=������Ò#Í�Ú3ÍDÓ�Í��j�8�P����=Î´Ú�×M�4ÍD�4Ñj�=Ô���Ò#���a�#�P×>Î �¦Ò#ÍF�j�����a�]Ñ.Ô3���¡Ö=��Ó¹�s�$Ô3���$Ó¦���gÙ�ÕIÍF�j�e�8�3�!×=�¹�$Ó����¹Ñ.Ô3���]�8�3�!Í�Ú=Ú»��Ñ.�ÜÍ=��Ñ.�DÔR�8ÍD×>Ô3���3Ý
ÊRõ¹ô Ë�ùU��ý�F�?>Ù	&ü_ûTú*�aBZú*�Ëý�Pørù¹ù ÷�û�ù#ý[:P�?>F�¥ú´ûHGüûý�Pû*þ
¸T¹3º�º�Ý@Â|º�ÄiÇ1¼�ÍQ¿1º�¹C¼<½=Ån¾gÄ8¾_Ñ�Â|¹/º ¼�É/É/ÍnÅnÁw¼_Â|Ån¾NÇ+ÅnÐ�Ë+¾@È/º�Ínº�È�ÛTÅnÂi¹ÚìTíîÃií�ïQð
ãgñ�Ë+ºlÂi¹/¾@È/Ð<ß/ÛT¹/ÅnÍnº�ÅnÂiÐTÅnÇ@Âiº�Ä|Ç1¼_Í
¿Cº�¹1¼<½@Ån¾NÄTÅnÐTËK¾=È3º�Ínº�È+ÛTÅnÂi¹�ìTíîÃ�í�ïQð�ãNñ�ÂiÄf¼_Ç/Ð|ÅnÂiÅn¾NÇ/Ð8¼�Ç/È�É/ÍS¼_Á�ºlÐwÕ

á4â�ö�â!ã ÿ������ ÷����Pö	�*ø?í�
�ð��
�ê£ñ�ð�çPå
¸T¹3ºÓÅnÇ/ÅnÂiÅS¼_Í�ìTíîÃií�ïQð
ãgñ×ÐiÉCº�Á�ÅÌë1Áw¼�ÂiÅn¾NÇEß � ß(ÊNÅn½NºlÐ ¼èÁ�º�Ç@ÂiÄf¼_ÍnÅnò�º�Èö½@Ånº�Û�¾_Ñ�¾NÏ/Ä�¼_É/É3ÍÆÅnÁw¼�ÂiÅn¾NÇ$ÕÙÞMÂ�ÅnÐ�ÊNÅn½Nº�Ç
¿@Ô��$c���i����$i"c��$fpW�`��ÜÁ�ÍS¼�ÐiÐ�È/ºlÉ/ÅnÁ�Âiº�È6¿@Ô�ë1ÊNÏ3ÄiºIN1Õ�ñ3Õ�ÞMÂ�ÅnÐ�Âi¹/ºKË+¾NÐ|Â
¼�¿/ÐiÂ|Ä~¼_ÁlÂ�½@Ånº�Û ¾�Ñ8Âi¹/º+¼�É/É/ÍnÅnÁw¼_Â|Ån¾NÇEâ
Â|¹/º�Ä|º+ÅnÐ�¼+ÊgÍn¾N¿1¼�Í4Ë�Ï3ÍÆÂ|ÅnÐiº�Â�ÛTÅÆÂ|¹ÚÐ|º�½NºlÄ~¼_Í(Á~¹3º�Ë+ÅnÁw¼�Í4Ä|ºw¼_ÁlÂiÅn¾NÇ/Ð�¾=ÁlÁ�Ï/ÄiÄ|ÅnÇ/ÊÓÁ�¾gÇ/Á�Ï/Ä|Äiº�Ç@ÂiÍnÔÙ¾gÇÚÅnÂwÕ�ØÙº�¹C¼<½Nº
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��4{���54N� 6{�����{�����
7'8 6������ 6{�����{�����
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�$ÅnÊNÏ3Äiº�N1Õ�ñ/â$¸T¹/º�ÞMÇ3ÅÆÂ|ÅS¼_Í�ìTíTÃií�ïQð
ãgñ�ÐiÉCº�Á�ÅÌë1Áw¼�ÂiÅn¾NÇ$ß �
¼èÇ/¾gÇÙÈ/ÅnÐiÂiÄ|Ån¿/Ï/ÂiºlÈ÷È1¼�Â~¼ÙàáÂi¹/º�Ë�Ï/ÍnÂiÅnÐ|º�Â~êlß�Ðiº�½gº�Ä~¼�ÍTÉ/Äi¾@Á�ºlÐiÐiºlÐ àáÂi¹/ºKÁf¹/º�Ë+ÅnÁw¼�Í�Äiº<¼_Á�Â|ÅÆ¾gÇ/Ð~êlß�¼�Ç/ÈÙºw¼_Áf¹6É/Äi¾�Ã
Álº�ÐiÐ<ß�Á�¾NÇ3ÐiÅnÈ/º�Ä|º�ÈÙÐiº�ÉC¼_Ä~¼�Âiº�ÍnÔ@ß/ÅnÐ8Ç3¾NÂTÈ/ÅnÐiÂ|ÄiÅn¿/Ï/Â|º�ÈEÕT¸T¹3º ìTíîÃií
ï�ð
ãNñ�Âiº�Ý@Â|Ï1¼_Í$ÐiÉCº�Á�ÅÌë1Áw¼�ÂiÅn¾NÇ×¾_Ñ�Âi¹3º�ÅnÇ/ÅnÂiÅS¼_Í
Ð|É1ºlÁ�ÅÌë1Áw¼_Â|Ån¾NÇ � ÅnÐTÊNÅn½NºlÇ+¿@ÔÜ¼�É/É1ºlÇ/È/ÅnÝ õ Õ
* üE³l´wû>1  , û@µ_¶/´��-þ � ³F�
¸T¹3º�ÑZ¾NÏ3Ä�ìTíîÃií
ï�ð
ãNñ�Ë+º�Â|¹/¾@È/Ðwß,¢�`,· V\f�`,½�XYV\f3½[ZgßpV\f0`,½ i�;pW�d�<0¢�Xpd�O!V$fp½[Zgß
½�`�fpV�j0W�Xpd�O!V$fp½[Zgß=¼�Ç/È'V\f�`,½ `�=�dgW�XYV$fp½[Z�ÐiÉCº�Á�ÅÌÑZÔ�Â|¹/º�ÑZ¾NÏ/ÄTÐ|º�Äi½@ÅnÁ�º�Ð<ß�ÐiÔ@Ð|Âiº�ËÒ¾gÉ1º�Äf¼_Â|ÅÆ¾gÇ/Ð ó �,ô Âi¾ ó E�ô ß3Âi¹1¼�Â
Â|¹/º�Ð|Ô=Ð|Âiº�Ë�Ñ-Ï/ÄiÇ/ÅnÐ|¹/º�ÐTÂi¾�Â|¹/º�¾gÏ/ÂiÐ|ÅÆÈ3ºNÕ
¸T¹/º?¢�`,· V\f0`,½�XbV\fp½[Z�Ë+º�Â|¹/¾@È�ÅÆÇ3Ðiº�Ä|ÂiÐ�Â|¹/º�Ï/Ð|º�ÄiÐ$��ÅnÈ/º�Ç@ÂiÅnÂMÔ@ß�V\fp½Wß3ÅnÇ=Â|¾�Âi¹/º�V\f0`0½\f�É/ÍS¼_Á�ºNÕîÞMÂ8ÅnÐ8Û�¾NÄ|Âi¹

Ç3¾NÂiÅnÇ/ÊCß/Â|¹1¼_Â�¼�Ï/Ðiº�Ä�Ë�¼<Ô ¼�È/ÈÓÅnÂiÐ|º�ÍÌÑ�Ð|º�½NºlÄ~¼_ÍQÂ|ÅÆËKº�ÐTÅnÇ@Âi¾�Âi¹3º�ÐiÔ@ÐiÂ|º�Ë Ï3Ç/È/º�Ä�Âi¹/º�Ðf¼_ËKº
ÅnÈ/ºlÇ=Â|ÅnÂMÔ=ß@¿Cº�Áw¼�Ï/Ðiº
Ç3¾�Á~¹3º�ÁfôÜ¾�Ñ�¼�ÉC¾NÐ|ÐiÅn¿/ÍnÔ�É/Äiºl½=Ån¾gÏ/Ð8º�Ç@Â|ÄiÔ+¾�Ñ4Â|¹/º�Ð~¼�Ë+º�Ï/Ðiº�Ä�ÅnÐTÉ1º�Ä�ÑZ¾NÄ|Ë+º�È$Õ
¸T¹/º?V\f0`0½ i�;pW�d><,¢�Xpd�O�V\fp½[ZTËKº�Âi¹3¾=ÈèÁ~¹3º�Áfô=Ð�ÅÌÑPV\f3½�¹1¼�Ð
¼�ÍÆÄ|ºw¼_È3Ô+º�Ç@ÂiºlÄiº�ÈÙÂ|¹/º�Ð|Ô@ÐiÂiºlË"àSÅMÕ ºNÕTÅÌÑPV\fp½+ÅnÐ

ÅnÇ×Âi¹/º�É3ÍÎ¼�Á�º¡V\f0`0½\fNê�ß$¼_Ç/È×ÅnÇ/Ðiº�Ä|ÂiÐ�Â|¹/º d�½N¼�ÍÆÏ3ºNß�ÅnÇÚÂ|¹/º�Ë�Ï/ÍnÂiÅnÐ|º�Â@?�c�Ap¢^W�Õ�Þ-ÑTÂi¹/º�Ï/Ð|º�Ä?V\fp½Ó¹1¼�Ð
Ç3¾NÂ�Ôgº�Â
ºlÇ=Â|º�ÄiºlÈÚÂ|¹/º�ÐiÔ@Ð|Âiº�Ë×ß@Âi¹/º�Ë+ºlÂi¹/¾@È+Á<¼_Ç/Ç/¾gÂT¿1ºªë1Äiº�È$ß/Âi¹@Ï/ÐTÂ|¹/ºUd�½N¼�ÍÆÏ3º
ÅnÐ�Ç/¾NÂTÅnÇ/Ð|º�ÄiÂ|º�ÈÓÅnÇ�Âi¹/º�Ë�Ï/ÍnÂ|ÅÆÐ|º�ÂP�<Õ
¸T¹/º�½�`�fpV�j0W�Xpd�O!V$fp½[Z�Ë+º�Â|¹/¾@È�Áf¹/º�Áfô@Ð�ÅÌÑ$V\f3½�¹1¼�Ð4¼�ÍÆÄ|ºw¼_È3Ô
ºlÇ=Â|º�ÄiºlÈ+Âi¹3º�Ð|Ô=Ð|Âiº�Ë×ß_¼_Ç/È�Äiºw¼�È/ÐQ¾NÇ/º�ÅnÇ@Âiº�Êgº�Ä

d�ÅnÇÜÂ|¹/º�É/ÍS¼_Á�ºB?�c�Ap¢^W�Õ
¸T¹/º¤V\f0`,½ `�=�dgW�XYV$fp½[Z�Ë+ºlÂi¹/¾@ÈÓÄ|º�Ë+¾_½gº�ÐHV\fp½Úàá¾NÇ/º�ÂiÅnË+º<ê(ÑZÄi¾gËÒÂi¹/º�V\f�`,½\f�É/ÍS¼_Á�º�ÅbÑ�ÅÆÂ�ÅnÐ8ÅnÇEÕ�Þ-Ñ�V\fp½

ÛT¼_Ð�Âi¹3º
ÍS¼�ÐiÂ�Ä|ºfÑZº�Ä|º�Ç/Á�º�¾_ÑEÂ|¹/º8Ï/Ð|º�Äwß3Âi¹/ºlÇEß@ÅnÂ�¿Cº�Á�¾gË+º�Ð�ÅnË+ÉC¾NÐiÐ|Ån¿/Ínº�ÑZ¾gÄ�Â|¹/ÅnÐ�Ï3Ðiº�ÄTÂ|¾�¼_Ð|ô�ÑZ¾NÄ�¾NÂ|¹/º�Ä�ÐiÔ@ÐiÂ|º�Ë
¾gÉ1ºlÄ~¼_Â|Ån¾NÇ�Âi¹1¼�Ç�Âi¹/º?¢�`,· V\f�`,½�¾gÇ/ºNÕ
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GEHJILK M'NLOLP QSRUT P V GEHWKLX.Y[Z \^]_ Q'GER'O`IaK^b c'ILO^TWN^R'O`Xdb bMeb HWOLM^KJO GEHJILK M'NLO`P QSRUT P V f�N^R'O^V H8I^g hJi0Xjb bMeb I^REk G:H8ILK MSNaO`P Q'RlTJf0N^R'OmV H8I^g h8i�X)b b_ Q'GER'O`IaK^b n:GoO^TWN^R'O`X
REI^p GEHJILK^TWGEHqK`X.Y�Z \^]_ QSG:R'O`ILKmb c'ILO^TWN^R'O`Xdb bMob HWO`MmK8O REI^psr8t.uEvAM'w)w�M _ g P I^R'O`x�n:nlTWnyQmK8OmV zEQ'HWOmV f0NmR'O^V HJI^g hJi0X�b bMob I^REk REI^psr8t.uEvAM'w)w�M _ g P I^R'O`x�n:nlTJf0N^R'OmV H8I^g h8i�X.b b_ QSG:R'O`ILKmb nEGeO^TWN^R'O`X

G:H8ILK I^{oP O^TWGEHqK`X�Y�Z \^]_ Q'GER'OLILK^b c'ILOmT N^R'OLX�b bMeb HWOLM^KJO GEHJILK Im{oP O^TJf0N^R'OmV H8I^g h8i�X�b bMeb I^R:k GEH8IaK I^{oP OmT8f�N^R'O^V HJI^g hJi0X)b b_ Q'GER'OLILK^b n:GoOmT N^R'OLX
R:I^psr8tAu:vAM'w|w�M'uo}EHqO`I^wjT nlQ^KJO`XlY�Z \^]_ Q'GER'OLILK^b c'ILOmT N^R'OLX�b bKJK^b HqO`MmK8O R:I^psr8~�MSR:kEQ'w|~�Img ML}EuEIaK`�'ILK^TWnyQmK8OmV f0NmR'O^V HJI^g hJi0X.b bKJK^b I^R:k R:I^psr8~�MSR:kEQ'w|~�Img ML}EuEIaK`�'ILK^TJf0N^R'OmV H8I^g h8i�X.b b_ Q'GER'OLILK^b n:GoOmT N^R'OLX
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¹%©



��fm£3f~d�tj��ymo�keym�ed�dgfmk�irtjymymf~�g�gf~�w�¯O�frtj�g���e��fvignstji�ignefr��qhf~ym}]Åhfmdvnhtj��igol��qhfmy~}(�?�±o�Æ3µ$fmymi�����nhtjd�fm{�Æhf~iI��fmf~k
��fm£3f~d�tj�¥i�nedgfwtG{e�u��orignhtGi�ymo3kpym�edgd�fmk�i«tGymymfm���gfm��tGdgf�keo�iutj�	�	oj��fm{zo3d�qedgo�qhf~dg�	�lnhtjke{p�&f~{��

Ç�nefåÜ�t�£3t�Àf������§5©vtjkp{�ÀyÆ����y�¨§5©��zfmignpo�{p�«nst�£3fvkeo3i��3f~i«Æsfmfmk���qhf~ym}]Åhfm{��¥tj� ��fm�	��tj��ignpf�keo�ig}	o3k�oj�
qpdg}	o3d�}&i�}	fm�w�¥�Ike��fmdgi���igo%��fmke��}	kl�go���fuqp��tGymfm���eignstji�ignpf«��y$nefm{e�e�	fmd���}	�&�|y$nef~y7�|�

Ç�nedgfwtG{e��ymo�ke�gi�dg�eymi�o3d��ufmkhtGÆe�	f�igovqhtj���ut²¦ � (+(����uÆ�� i$tjd��3fmi����|��Ç�npf�Àf��������§5©©��fmi�neo�{�oG��ignef�ignpdgfwtG{
{po�f~�ukeo�i�ywtG�	�&��ignpf�À5��Æ�  � � � (¨§5©��zfmigneo�{rÆe�pi�ignef²� � (�§5©©��fmi�neo�{�oG�¦ignpf�¦ � (+(��5�uÆ��¤i�tjd��3fmi�|�¥Ç�nef Ë�Ì©¨ÌAiGÛ�Í3àz�gqsfmym}]Åhy�tjig}	o�k±�lt��rÆhf y$nhtGke�3f~{±}	klo3d�{efmd�igoz�&f~iuignpf�¼�����&���¨§°�ª©�ymo3ke��igd��eymigo�d }	ke�gf~dgi�ignefvi�tGdg��fmi
�z}	k�tvqe��tjy~f3���gori�nhtji���tji�fmd�ignpf¡tGqeqed�o3qed�}�tGigfA(���¬&�r��qhf~ym}]�:��}&kp�rignef�Æso�{p��oj�¥ignefAÜ�t�£3t�Àf�����&�¨§5©���f~igneo�{e�
qsfmd·�:o3d����ut¤ywtj�	��i�o�� � � � (�§ Ã·Ä�(��q¤ À5��Æ� DÅ®©�}	ke��igfwtG{loj�át�À5��Æ�  � � � (¨§ ÃuÄ�(���¤ À-��Æ� DÅ®©��
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Ü�t�£3t±tGqeqe�	fmi���tGdgflqe}	fmymfloj��ymo�{eflignhtGi�tGdgfz��oj£3f~{��:dgo�� o�kefl��tGy�np}&kpfrigo�tjkeo�ignefmdvo3kpf3��tGke{�i�nhtji�tGdgf
��tG�ekey$nefm{xÆ���tGk�tGqeqe�	fmi�£�}	fm��fmd�o�dut�O�fmÆ�Æed�oj���gfmd��

Ç�nefPÜ�t�£3tr¢�(�¢^�¨§5©��zfmignpo�{r}	���e�gf~{�i�o�qsfmd·�:o3d�� tjk��ro3kpf$¨5i�}	��f�}&kp}&i�}�tj�	}^]wtji�}&o�k�i�nhtji�}	��kpfmymfm����tjd��l��nefmk
i�nef�tGqeqe�	fmi�}	��Åhdg��i�ymdgf�tjigf~{��

Ç�nefPÜ�t�£3t´Àf�������¨§5©���fmi�neo�{�}	��ywtj�	�	fm{rÆ��vignef��g����igfm�����Ii�}	���	}���f�ignefv¢�(�¢^�¨§5©���f~igneo�{���Æe�ei�}	i���t���Æsf
y�tj�	�	fm{l�r�e�	ig}	qe�	f�ig}	��f~��i�nedgo��e�3neo��ei�ignef�tGqeqe�	fmi¬½ ���	}]�:f3�

Ç�nefAÜ�t�£3t À�����·¨§5©���fmi�neo�{��gi�o3qe��i�nef�tGqeqe�	fmi��:d�o3�Êfm��fmy~�eig}	ke�s�
Ç�nefAÜ�t�£3t�¸��·Àf�����y¶¨§5©©��fmi�neo�{r�:d�fmf �eqxtjk��rd�fm�go��edgymf~� ignhtGi�i�nef�tGqeqe�	fmi�}	��neo3�	{e}	ke�s�
Ç�nefU�&·�·uÆ�����§5©©ymo3kp�gigd��eymi�o3d�qedgoj£�}	{efm{lÆ��rignpfNÜ�t�£3t:��·&·uÆ�����y~��tG�g��}&��tv{ef$�Itj�e�	i�ymo�ke�gi�dg�eymi�o3d��
è fm£3f~d�tj��o3i�nefmd���f~igneo�{e���
§u�	��i�nefm�gfr�zfmignpo�{p�¡tGdgfvywtj�	�	fm{xÆ��xtjk�tjqeqe�	fmi�£�}	fm��fmd�o3d«tßO�fmÆ�Æedgoj����fmdw�|i�nefm��tjd�f�kef~£3fmd�ywtG�&�	fm{�Æ��

tGkeo3i�nefmd�o3Æ3µ$fmy~iw�
�Ik tG{e{e}	ig}	o�k���tGk tGqeqe�	fmiz�g�eÆsym��tj������t���{ef$Åskef±�zfmignpo�{p�rnhtjke{p�&}	ke���e��fmd�fm£�fmk�ig�ã!lfmi�neo�{e���p�gfm{Èi�o

}	k�igf~d�tjy~iu��}	ignltv�e�gfmd ã }	keqe�piw� o3�ei�qe�ei�� ��d�tGqene}	ywtj�s�e��fmdu}	k�igfmd·�5tjy~f å ��uÄf�|¢f�-(��
Ç�nefm�gf¤��fmi�neo�{e�ªtGdgf y�tj�	�	fm{�Æ���i�nef��g���gi�fm�¹��nefmkli�nef fm£�fmk�ig�uo�ymy~�edw�

�h�h�������`�r�¨�s�,�����T�U���L�$�0�k�
�Ikvo3�pdáË�Ì©¨gÌAiGÛ«Í�à��gqsfmym}]Åhy�tjig}	o�kroj�hi�nef`Ü�t�£3t4��·�·uÆ&����ym��tj�g��¹p� ä ºe����f�o3ke�	����o�{ef~�5�~ignef ¢�(|¢^�¨§-©���À��������¨§-©��
tGke{¢Àf����·¨§-©ª��fmi�neo�{e�w�½Ü�t�£3t�{po�f~��keo3i�qpdgoj£�}	{ef«tGk��vÆso�{p� �:o�d�i�nefm��f«�zfmignpo�{p�w��}5� f3��ignpfm}	d�Æso�{e�r}	��fm��qpiI���
æpo3d�ignp}&��dgf�tj�go�k���ignpfuymo�dgdgf~�gqso3ke{e}	ke�lË�Ì©¨·ÌAiGÛ�Í3à è qhf~ym}]Åhywtji�}	o3k���{ef~qe}	ymigfm{l}	kvÅh���edgf�¹e� ä ºe�jqed�oj£�}&{pfm��o�ke�	�
i�nef�qhtj}	dg�loG��Ë�Ì©¨·ÌAiGÛ�Í3àé��fmi�neo�{e�w¬ ã�äwå À�������� ¢�(|¢^�¨§j¢�¸ª©��x�-(&¸ ¢�(|¢^��§j¢^¸ª©-� ã à å Àf������� Àf���5���¨§j¢^¸±©��
�-(�¸ Àf�����&�¨§j¢^¸ª©c� ãn¥3å Àf������� Àf����·¨§ ¢^¸ª©��5�-(�¸ Àf����·¨§ ¢^¸ª©��O�fu{eovkeo3i�qed�oj£�}	{ef�t y~o3ke��igdg�pymigo�dw�sÆhf~ywtj�e��f ignpfPÜ�t�£3t¤ymo�ke�gi�dg�eymi�o3d�oj�¦i�nefU��·&·uÆ�����y~��tG�g��}	�ªt¤{ef$�5tG�e�	i
o�kef3�pign��e����f qedgoj£�}	{ef�tj�	�go�t¤{ef$�5tG�e�	i�ymo3kp�gigd��eymi�o3dw�O�fu�9��}	qxtj�	�|ignpf«o�ignef~dPÜ�t�£3t¤��f~igneo�{e��Æhf~}&kp�rqhtjd�i�oj�¦i�nefNÜ�t�£3t,��·�·uÆ&���rym��tG�g�w�

ºr®×Ë�¯0¯�¹¢º»ºA®×Ê�½
Í�ÎÓÏÚÑ×Î ´ Ô9´ ÎÚÕ ´ ê ç	Ü Í�ÎÐÏ?Ñ�Î Í�ÎÓÏÚÑ×ÎÚÕ ´ ê���Ü Í�ÎÓÏÚÑ×Î Í�Î å ì¸Õµ´ ê�¼³Ü Í�ÎÓÏÚÑ×Î ê§Ý?Í�Î�Ñ å ë¸Õµ´ ê�½³Ü

Ý?Ô4ê ´ Ô0´ Î?Õµ´ ê¸ç?Ü Ý?Ô4ê Í�ÎÓÏÚÑ×ÎÚÕ ´ ê���Ü Ý?Ô4ê Í�Î å ì¸Õµ´ ê�¼³Ü Ý?Ô4ê ê§Ý?Í�Î�Ñ å ë¸Õµ´ ê�½³Ü

õ?ö õ�· õ?Ô õh¾

´ ê¸ç ´ ê�� ´ ê�¼ ´ ê�½

´ ê¸ç ´ ê�� ´ ê�¼ ´ ê�½

æ�}&���edgfk¹e� ä ºp¬¦Ë�Ì©¨gÌAiGÛ«Í�à è qhf~ym}]Åhywtji�}	o3kxoG�át�Ü�t�£3t¤§uqpqe�	fmi
æeo�d«��nstji }	��ymo3kpymfmdgkp}&kp�±��d�tjqpne}	ywtj���p�gfmd }	k�igf~dI�5tGymfm�rtjke{�tG�&�¥i�nef��zfmigneo�{x}	k�igf~ke{efm{Éigolnhtjkp{e�	fr�e�gfmd

f~£3fmk�ig���|tv�gqsfmym}]Åhfmd�oj�átvqstjdgi�}	ym�e��tjdutGqeqe�	fmi�nhtj��igov{ef$Åhkef¤ignefm���
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Ç�npfNÜ�t�£3t>i¥d�o3��d�tj�z��}	ke����tjke���htj��f�{ef$Åhkef~�«��fm£3f~d�tj�¥ym��tG�g�gf~�uigoz��o�d9�z��}&i�nl�go�y.�3fmi��w��Ç���oriI��qhfm��oG�¦ymo��r¨
�r�pke}	ywtji�}&o�kligned�o3�e��n±tz�go�y.�3fmi tjd�f�t�£3tG}	��tGÆe�	f3¬ ã�äwå try~o3���r�pke}	ywtji�}&o�krÆhtj��fm{�o3k�tjkx�ekp{efmdg�	��}	ke�ldgfm�	}�tjÆp�&f
y~o3kekef~ymig}	o3k ¨5ÆhtG�gfm{É�gi�dgfwtG� qed�o3igo�ymo���� ã à å tzymo����r�ekp}&y�tjig}	ojkzÆhtj��fm{�o3k�tjkx�pke{efmd��&��}	ke�l�eked�fm�	}�tjÆe�	fv{htji$t�¨
��d�tG� qed�o3i�o�y~o3�I�¥§Ï��igd�fwtj�¹qed�o3i�o�y~o3��}	��ignef¤{ef$�5tG�e�	iw�

Ìu�pd�� è�Ã tj�z��t�tGqeqe�	}	ywtji�}	o3kx�e��fm� i�nefr�gi�dgfwtG� qpdgo3i�o�ymo3�I��ign��e��ignef�Ë�Ì©¨gÌAiGÛ«Í�àl�gqsfmym}]ÅhywtGig}	o3k�o�ke�	�
qpdgoj£�}	{efm��tl��qhf~ym}]Åhywtji�}	o3k��:o�d«i�nefrymo����r�eke}	ywtGig}	o3kzigned�o3�e��n�tz�go�y.�3fmivÆhtj��fm{�o3k�tzdgfm�	}�tjÆp�&fry~o3kekef~ymig}	o3k ¨
Æstj�gf~{Ï��igdgf�tj� qed�o3igo�ymo��I� è �ey$nÏt�qpdgo3i�o�ymo3��}	��qe�	}	fm� i�nefl�:o��	�&oj��}	ke�s¬ ã�äwå t�ymo3kekpfmymig}	o�kÈ}	�rfm�gi$tjÆe�	}	�gnef~{
ÆsfmiI��fmfmkÈi�neflqhtjd�igkef~dg�roj��igneflymo����r�ekp}&y�tjig}	ojk�ÆhfQ�:o3d�f�tGk��±fm��y$nhtGke�3floj����fm����tG�3fm�v}	��qsfmdI�?o3dg�zfm{*� ã à å
�zfm�g�$tj��fm� ÆsfmiI��f~fmk�qhtjd�igkef~dg��tGdgfrdgf~ymfm}	£3fm{�}	k�ignefv��tG��f o�dg{ef~d ignhtGk±i�nefro3d�{efmd�}	k±��nstji�ignef~�±tjd�fr�gfmk�i��
ã2¥3å keor�zfm�g�$tj��f«}	���	o3�gi�{p�edg}	ke�ri�nef�ymo3�z�r�eke}	ywtji�}	o3k��O�f��:o�ym�e����o�dgfuqpdgfmym}	��fm�	��o�k���o3��f�ym��tj���gfm��dgf~��tGigfm{li�orignef��go�y.�3f~ig�w�|tGke{lo3kl�go���fu�zfmignpo�{p��oG�ái�nefm��f
y~��tG�g��fm�w�IO�fu�	}	�gi�Æsfm�	oj�Èi�nefNÜ�t�£3t¤ym��tj���gfm��tjke{li�nefm}	d�dgfm��tGigfm{x�zfmignpo�{p����f tjdgf�}	k�igfmd�fm�gi�fm{�}&k�¬

�ÅÄ ��������� Ä �uÄ'§�����y~��tG�g��¬Ç�nef¡·�Æ��DÆs¢�Ä Ä �5�A����� Ä �·Ä'§�����§j¢�(��Å·������±©Äymo�ke�gi�dg�eymi�o3dzymdgfwtGigfm�ltjk�}	ke��i�tjkpymfloj�«i�neflym��tj������ne}	y$n��}	�	�|�ªtG}&i�o3k¤·��5���|�
Ç�nef~·�Æ��uÆs¢yÄ Ä �·Ä'§����Ç�·Ä�Ä5��·&�¨§5©���f~igneo�{«tGymymfmqpig�¥ignef�dgfmì��efm��igfm{vymo�kekefmymi�}	o3k�tGke{�dgfmi��edgke��t Ä �·Ä'§»����:o�d��:�eig�pdgf�ymo3�z�r�eke}	ywtGig}	o3kvÆhf~iI��fmf~kxym�	}	fmk�iutjke{l�gf~dg£3f~dw�
Ç�nef,���s¢^¸ ÄyÆ��uÀ5�È§5©��zfmignpo�{zym�	o3��fm�ui�nef Ä ���A����� Ä �·Ä'§��5�|�
¿u���htj�	�	���htr��fmdg£�fmd ymd�fwtji�fm��tGkxo3Æ3µ$f~ymi�oj��ym��tj��� Ä ���A���5� Ä �·Ä'§»���|��ignp}&��o3Æ3µ$f~ymi��ªtG}&i����:o�d�ym�	}	fmk�ig��ymo3k ¨kefmy~ig}	o3ke��o3klignpf«qso3d�i��gqsfmym}]Åhfm{�Æ��rignef¤ymo3ke��igd��eymigo�du�zfmigneo�{��

�ÅÄ �·ÄM§����rym��tj���w¬Ç�nef�·�Æ&�uÆs¢�Ä Ä �·ÄM§����¨§ Ä ���|¢�(�¯���·À��~É�¢�(��Ê·������±©¡ymo3kp�gigd��eymi�o3d ymd�fwtji�fm� i�nef���o�y7��fmi�tGke{xymo�kekefmymi
}	irigo�ignefl��qhfmy~}(Åsfm{Ïnpo3�gi�tGke{�qso3d�iw�³Ç�neflymd�fwtji�}	o3k³oj��ignefx��o�y7��fmir}	��qe�	}	fm� i�neflymdgf�tjig}	o�kêoG� iI��o
tj{p{e}	ig}	o3khtG�eo3Æ3µQfmymig��¬�tGkro3Æ3µ$fmy~i�oj��ym��tj���U¤�(&·�Æ�� Ä �&������µ�� tGke{�tjkzo3Æ3µ$f~ymi�oj��ym��tG�g�xË5Æ���·�Æ�� Ä ��������µ��:o�dignpf iI��ovymo����r�eke}	ywtGig}	o3kv�gi�dgfwtG�����
Ç�nef�·�Æ��uÆs¢yÄ À�¶+(¥Ä ����-(|¢�d���¸����s¢^¸ ÄyÆ��uÀ5�È§5©�ym�	o3��fm�ui�nef Ä �·Ä'§������
¿u���htj�	�	���etvym�	}&f~k�i�y~dgfwtGigfm� tjklo�Æ3µ$fmymi�oj��ym��tj��� Ä �·ÄM§����r��ne}	y$nl��}&�	�|ymo�kekefmy~i«i�o�tv�gfmd�£3fmd��ªtG}	ig}	ke�vo3ktv��fm�	����kpoj��k�qso3dgi�oj��tv��fm�	����keoj��kzneo3��iw�

� ¤�(�·&Æ�� Ä ��������µrym��tj�g��¬�Ii�}	�utjk����¥À������·Äf��ym��tG�g��ign��e��}	i�����fmi�neo�{e�utjd�f«}	k�igf~ke{efm{xi�o�Æsf oj£�fmdgd�}&{p{efmklÆ����g�pÆhym��tG�g�gf~�w�
Ç�nefz·�Æ��uÆh¢�Ä ¤�(�·�Æ�� Ä ��������µ~§5©��zfmignpo�{É�&�ÄÇ�nefz·�Æ&�uÆs¢�ÄÏ¢�(��Ì���&��¸¨§°��¶&���ÎÍ"ÏÅ�ª©v�zfmigneo�{³�	�rÇ�nef
·�Æ��DÆs¢�Ä����s¢^¸ ÄyÆ&�·À5�È§5©��zfmigneo�{��&�

� Ë�Æ��&·�Æ�� Ä �&������µ�y~��tG�g��¬�Ii�}	�utjk����¥À������·Äf��ym��tG�g��ign��e��}	i�����fmi�neo�{e�utjd�f«}	k�igf~ke{efm{xi�o�Æsf oj£�fmdgd�}&{p{efmklÆ����g�pÆhym��tG�g�gf~�w�
Ç�nef�·&Æ��uÆs¢�ÄÐË�Æ���·�Æ&� Ä �����&��µ~§5©���fmi�neo�{��	��Ç�nef�·�Æ��uÆh¢�ÄÈ¢�(��ÌÑ���¢^���È§°�~¶����ÎÍ"ÏÒ�ª©��zfmignpo�{x�	��Ç�nef
·�Æ��DÆs¢�Ä����s¢^¸ ÄyÆ&�·À5�È§5©��zfmigneo�{��&�

�¥Ó ¢�Æ5�����"¤�(&·�Æ�� Ä �&������µ�ym��tj����}	�utjk�tGymig�stj��}	�zqe�	fm��fmk�i$tjig}	ojkvoj�¥ignefN¤�(�·�Æ�� Ä ��������µvym��tj�g�
�¥Ó ¢�Æ5������Ë�Æ&��·�Æ�� Ä ��������µ¡y~��tG�g��}&��tjkxtGymig�htG��}	��qp�&f~�rfmk�i�tji�}	o3kvoj�¦i�nef�Ë�Æ���·&Æ�� Ä ��������µ�ym��tG�g�
�³Ô ������¤�(�·�Æ&� Ä �����&��µ�ym��tj�g��}	��t����eÆhy~��tG�g��oj��i�nef Ó ¢�Æ������"¤�(�·&Æ�� Ä ��������µ«ym��tj���w����ne}	y$nr}	��tjÆp�&futG��o�ke�3��io3i�nefmd�igovymo3�z�r�eke}	ywtji�f�}	k�i�fm�3f~dg�«tGke{�kpo3i�o3kp�&�rÆ���igf~�w�
�³Ô ������Ë�Æ���·&Æ�� Ä ��������µêy~��tG�g�x}	�±t �g�eÆsym��tj���±oG��i�nef Ó ¢�Æ�������Ë�Æ��&·�Æ�� Ä �&�����¬µ³ym��tj���w� ��np}&y$nç}	�±tGÆe�	f3�
tj�zo3ke���gi�o3i�nefmdw�pigovymo3�z�r�eke}	ywtGigf�}	k�igfm��fmdg��tjke{zkeo3i�o�ke�	�rÆ���i�fm�w�

�h�h�������`�r�¨�s�,�����T�U���L�$�0�k�
§ �go�y.�3fmi�}	���gqsfmym}]Åhfm{³tj��iI��ozì��efm�efm�voj��Æ���i�fm�w����o�dgf qed�fmym}	�gf~�&��tj��iI��o Ó ¤ Ó Ëª§.��¶����uÀ�©¡o3Æ3µ$fmy~ig�w¬�o�kefroj�i�nefm��f«ì��ef~�efm��}&���e�gfm{rÆ��vignef�ym�	}	fmk�i¦i�o ��dg}	i�f�}&k �:o3d���tji�}	o3k tjke{rÆ��vignef���fmdg£�fmd�igo�d�fwtj{z}&k �:o3d���tji�}	o3k��~��ne}	�&f
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³ } |��n±�Õ���~D�±X�?���5º��G��|C±X�=³G�{Gµ=�n�±X�?�=³��5º�»�|n�G���9°�½��7°=¸�µ=³G±X�=¾�Ñ�ÒFÓGÒAiGÛ¡Ô�à�(���¬���»�|��G�=�7°=³8¹
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;; DSGammaSystem class: Centralized View
;; ---------------------------------------
;; The global system made of one global MSInt6 Class DSGammaSystem;7 Interface8 Use Integer;9 Methods: new_user _ : Integer;; user_action _ _ : Integer Integer;< result _ _ : Integer Integer;= user_exit _ : Integer;> Body6@? Places6A6 MSInt : Integer;6@7 users : Integer;6@8 Transition6@9 ChemicalReaction;6@: Axioms6@; new_user(usr)6 < :: -> users usr;6@= user_action(i,usr)6@> :: users usr -> users usr, MSInt i;7A? result(i,usr)7B6 :: users usr, MSInt i -> users usr, MSInt i;7A7 user_exit(usr)7A8 :: users usr -> ;7A9 ;; All the possible Chemical Reactions7A: ChemicalReaction7A; :: MSInt i, MSInt j -> MSInt i+j;7 < Where7A= i, j : Integer;7A> usr : Integer;8A? End DSGammaSystem;
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6 ;; DSGammaSystem class: Data Distribution7 ;; ---------------------------------------8 ;; The global system made of the distributed MSInts(s)9 Class DSGammaSystem;: Interface; Use Integer;< Methods= new_user _ : Integer;> user_action _ _ : Integer Integer;6@? result _ _ : Integer Integer;6A6 user_exit _ : Integer;6@7 Body6@8 Use Bag, CP(Integer,Bag);6@9 Places6@: MSInt, MSIntToEmpty : CP(Integer, Bag);6@; Transition6 < CR1, CR2, CR3, CR4, CR5, CR6, CR7, CR8;6@= Axioms6@> new_user(usr)7A? :: -> MSInt <usr,empty-bag>;7B6 user_action(i,usr)7A7 :: MSInt <usr,bag> -> MSInt <usr,bag+i>;7A8 result(i,usr)7A9 :: MSInt <usr,empty-bag+i> -> MSInt <usr,empty-bag+i>;7A: user_exit(usr)7A; :: MSInt <usr,bag> -> MSIntToEmpty <usr,bag>;7 < ;; All possible Chemical Reactions7A= CR1 :: MSInt <usr, (bag + i) + j> -> MSInt <usr, bag + (i+j)>;7A> CR2 :: MSInt <usr1, bag1 + i>, MSInt <usr2, bag2 + j>8A? -> MSInt <usr1, bag1 + (i+j)>, MSInt <usr2, bag2>;8B6 CR3 :: MSInt <usr1, (bag1 + i) + j>, MSInt <usr2, bag2>8A7 -> MSInt <usr1, bag1>, MSInt <usr2, bag2 + (i+j)>;8A8 CR4 :: MSInt <usr1, bag1 + i>, MSInt <usr2, bag2 + j>,8A9 MSInt <usr3, bag3>8A: -> MSInt <usr1, bag1>, MSInt <usr2, bag2>,8A; MSInt <usr3, bag3 + (i+j)>;8 < ;; do not add integers in MSIntToEmpty8A= CR5 :: MSInt <usr1, bag1>, MSIntToEmpty <usr2, (bag2 + i) + j>8A> -> MSInt <usr1, bag1 + (i+j)>, MSIntToEmpty <usr2, bag2>;9A? CR6 :: MSInt <usr1, bag1 + i>, MSIntToEmpty <usr2, bag2 + j>9B6 -> MSInt <usr1, bag1 + (i+j)>, MSIntToEmpty <usr2, bag2>;9A7 CR7 :: MSInt <usr1, bag1 + i>, MSInt <usr2, bag2>,9A8 MSIntToEmpty <usr3, bag3 + j>9A9 -> MSInt <usr1, bag1>, MSInt <usr2, (bag2 + i) + j>,9A: MSIntToEmpty <usr3, bag3>9A; CR8 :: MSInt <usr1, bag1>, MSIntToEmpty <usr2, bag2 + i>,9 < MSIntToEmpty <usr3, bag3 + j>9A= -> MSInt <usr1, bag1 + (i+j)>, MSIntToEmpty <usr2, bag2>9A> MSIntToEmpty <usr3, bag3>;:A? Where:B6 bag, bag1, bag2, bag3 : Bag;:A7 usr, usr1, usr2, usr3 : Integer;:A8 i, j : Integer;:A9 End DSGammaSystem;:A: Generic ADT Bag(Item);:A; Interface: < Use Item;:A= Generators:A> empty-bag : -> Bag(Item);;A? Operations
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;B6 _ + _ : Bag(Item) Item -> Bag(Item);;A7 Body;A8 Axioms ?;A9 End Bag;
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6 ;; DSGammaSystem class: Behavior Distribution7 ;; ------------------------------------------8 ;; The global system made of the applets and the9 ;; GlobalRelay: Class DSGammaSystem;; Interface< Use Integer;= Methods> new_user _ : Integer;6@? user_action _ _ : Integer Integer;6A6 result _ _ : Integer Integer;6@7 user_exit _ : Integer;6@8 Creation6@9 new-DSGammaSystem;6@: Body6@; Use Applet, GlobalRelay, Integer, CP(Applet, Integer);6 < Places6@= store-applets : CP(Applet, Integer);6@> GR : GlobalRelay;7A? Axioms7B6 new-DSGammaSystem with gr.create7A7 :: -> GR gr;7A8 new_user(usr) with a.new-Applet(gr)7A9 :: GR gr7A: -> GR gr,7A; store-applets <a, usr>;7 < user_action(i,usr) with a.user_action(i)7A= :: store-applets <a, usr>7A> -> store-applets <a, usr>;8A? result(i,usr) with a.result(i)8B6 :: store-applets <a, usr>8A7 -> store-applets <a, usr>;8A88A9 user_exit(usr) with a.user_exit8A: :: store-applets <a, usr>8A; -> ;8 < Where8A= gr : GlobalRelay;8A> usr : Integer;9A? a : Applet;9B6 i : Integer;9A7 End DSGammaSystem;9A8 ;; Class GlobalRelay;9A9 ;; -----------------9A: Class GlobalRelay;9A; Interface9 < Use Integer;9A= Methods9A> put _ : Integer;:A? get _ : Integer;:B6 Body:A7 Use FIFO(Integer);:A8 Places:A9 buffer : FIFO(Integer);:A: Initial:A; buffer empty-fifo;: < Axioms:A= put(i) :: buffer b -> buffer b+i;:A> get(i) :: buffer b+i -> buffer b;;A? Where
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;B6 i : Integer;;A7 End GlobalRelay;;A8 ;; Class Applet;;A9 ;; -------------------------;A: Class Applet;;A; Interface; < Use Integer, GlobalRelay;;A= Methods;A> user_action _ : Integer;< ? result _ : Integer;< 6 user_exit;< 7 Creation< 8 new-Applet _ : GlobalRelay;< 9 Body< : Use Random, Clock;< ; Places<A< store-gr : GlobalRelay;< = MSInt, first : Integer;< > end : Boolean;=A? beginning : Boolean;=B6 timeout : Integer;=A7 Transitions=A8 getfirst, getsecond, tik, put;=A9 Initial=A: end false;=A; beginning true;= < Axioms=A= ;; store gr=A> new-Applet(gr)>A? :: -> store-gr gr;>B6 ;; add new integer to MSInt>A7 user_action(i)>A8 :: -> MSInt i;>A9 ;; change flag>A: user_exit>A; :: end false> < -> end true;>A= ;; receive a first integer from system>A> ;; provided the user has not exit6@?A? getfirst with (gr.get(i) // random.get(millis) // clock.get(hour))6@?B6 :: end false, beginning true, store-gr gr6@?A7 -> end false, store-gr gr,6@?A8 first i, timeout (hour + millis);6@?A9 getfirst6@?A: :: end true, beginning true6@?A; -> ;6@? <6@?A= ;; receive a second integer, adds it to first and inserts into6@?A> ;; MSInt6A6@? getsecond with gr.get(j)6A6A6 :: first i, timeout d, store-gr gr6A6@7 -> beginning true, MSInt i+j, store-gr gr;6A6@8 ;; to prevent deadlock when no sufficient integers in the6A6@9 ;; system, add only first integer to MSInt.6A6@: tik with clock.get(hour)6A6@; :: (hour > d)6A6 < => timeout d, first i6A6@= -> beginning true, MSInt i;6A6@> ;; removes integer from MSInt until no more integer6@7A? put with gr.put(i)6@7B6 :: store-gr gr, MSInt i6@7A7 -> store-gr gr;6@7A8 Where6@7A9 gr : GlobalRelay;6@7A: i, j : Integer;6@7A; hour, millis, d : Integer;6@7 < End Applet;

P�X



� C2C þ������ � Y

Z [ �F\U I 153 � 1KJ 1]�^" I _`N � ' ()' * + ,.-
/ 0 12���#3 ��%�"$�G�O�

a]bdc egfihkjmlon prqsl4tvu�jxwzy|{ih
6 ;; DSGammaSystem class: Communication Layer7 ;; ----------------------------------------8 ;; The global system made of the RandomRelayServer,9 ;; the Applets and the ommunication layer.: Class DSGammaSystem;; Inherit Thread;< ;; used only to send its reference as a Thread= Interface> Use Integer;6@? Type dsgammasystem;6A6 Methods6@7 new_user _ : Integer;6@8 user_action _ _ : Integer Integer;6@9 result _ _ : Integer Integer;6@: user_exit _ : Integer;6@; Creation6 < new-DSGammaSystem _ : Integer;6@= Body6@> Use DSGammaClientApp, RandomRelayServer,7A? CounterProvider, CP(Integer,Thread);7B6 Places7A7 applets : CP(Applet, Integer);7A8 port : Integer;7A9 host : String;7A: Initial7A; host host;7 < port port;7A= Axioms7A> new-DSGammaSystem(port) with8A? Counter.get(cnt) ..8B6 rr.start_new-RandomRelayServer(port,<cnt,self>) ..8A7 rr.end_new-RandomRelayServer(<cnt,self>) ..8A8 Counter.put(cnt)8A9 :: -> port port;8A: new_user(usr) with8A; (Counter.get(cnt) ..8 < a.start_new-DSGammaClientApp(port,host,<cnt,self>) ..8A= a.end_new-DSGammaClientApp(<cnt,self>) ..8A> Counter.put(cnt))9A? :: port port, host host9B6 -> port port, host host, applets <a, usr>;9A7 ;; a user enters a new integer9A8 ;; then propagate this to the user’s applet9A9 user_action(i,usr) with9A: (Counter.get(cnt) .. a.start_user_action(i,<cnt,self>) ..9A; a.end_user_action(<cnt,self>) .. Counter.put(cnt))9 < :: applets <a, usr>9A= -> applets <a, usr>;9A> ;; a user wants a result:A? ;; then propagate this to the user’s applet:B6 result(i,usr) with:A7 (Counter.get(cnt) .. a.start_result(<cnt, self>) ..:A8 a.end_result(i,<cnt, self>) .. Counter.put(cnt)):A9 :: applets <a, usr>,:A: -> applets <a, usr>;:A; ;; a user leaves: < ;; then propagate this to the user’s applet
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:A= user_exit(usr) with:A> (Counter.get(cnt) .. a.start_user_exit(<cnt, self>) ..;A? a.end_user_exit(<cnt, self>) .. Counter.put(cnt));B6 :: applets <a, usr>,;A7 -> ;;A8;A9 Where;A: port : Integer;;A; host : String;; < rr : RandomRelayServer;;A= a : DSGammaClientApp;;A> usr : Integer;< ? i : Integer;< 6 cnt : Integer;< 7 End DSGammaSystem;< 8 ;; Counter Provider Class< 9 ;; -----------------------< : Class CounterProvider;< ; Interface<A< Use Integer;< = Type counterprovider;< > Methods=A? put _ : Integer;=B6 get _ : Integer;=A7 Body=A8 Places=A9 counters : Integer;=A: ;; a multiset of integers;=A; Objects= < Counter;=A= Initial=A> counters 1 2 3 4 5 6 7 8 ... 1000;>A? Axioms>B6 put(cnt) :: -> counters cnt;>A7 get(cnt) :: counters cnt ->;>A8 Where>A9 cnt : Integer;>A: End CounterProvider;>A; ;; Defaults> < ;; ------------------>A= ADT DEFAULTS;>A> Interface6@?A? Generators6@?B6 PORT, REMOTE-HOST, STOP_TRANSMIT, STOP_CONNECTION6@?A7 -> DEFAULTS;6@?A8 Body6@?A9 End DEFAULTS;

a]b�� e|l4tx��l�t�e|wz��l
6 ;; RandomRelayServer class7 ;; -----------------------------8 Class RandomRelayServer;9 ;;public class RandomRelayServer extends Thread: Inherit Thread;; Interface< Use Integer, CP(Integer, Thread);= Methods> start_run _ : CP(Integer, Thread);6@? ;; public void run();6A6 Creation6@7 start_new-RandomRelayServer _ _ : Integer, CP(Integer, Thread);6@8 end_new-RandomRelayServer _ : CP(Integer, Thread);6@9 Body6@: Use ServerSocket, GlobalRelay, Socket,6@; InputRelay, OutputRelay,6 < CP(FIFO(Bytes), CP(Integer, Thread)),6@= CP(OutputRelay, CP(Integer, Thread)),6@> CP(InputRelay, CP(Integer, Thread));7A? Places7B6 ;; Global Variables7A7 port : Integer;7A8 listen_socket : ServerSocket;7A9 globalrelay : GlobalRelay;7A: ;; Local Variables7A; in,out : CP(FIFO(Bytes), CP(Integer, Thread));7 < outputrelay : CP(OutputRelay, CP(Integer, Thread));7A= inputrelay : CP(InputRelay, CP(Integer, Thread));7A> p11, .., p17,8A? p21, .., p25 : CP(Integer, Thread);8B6 Axioms8A7 start_new-RandomRelayServer(port, <cnt,t>)8A8 :: (port = zero) = true8A9 =>
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8A: -> p11 <cnt,t>, port PORT;8A; start_new-RandomRelayServer(port, <cnt,t>)8 < :: (port = zero) = false8A= =>8A> -> p11 <cnt,t>, port port;9A? next with (Counter.get(cnt1) ..9B6 ls.start_new-ServerSocket(port,<cnt1,t>))9A7 :: p11 <cnt,t>, port port9A8 -> p12 <cnt,t>, port port,9A9 listen_socket ls,9A: counter <cnt1, <cnt,t>>;9A; next with (ls.end_new-ServerSocket(<cnt1,t>) ..9 < Counter.put(cnt1))9A= :: p12 <cnt,t>,9A> listen_socket ls,:A? counter <cnt1, <cnt,t>>:B6 -> p13 <cnt,t>,:A7 listen_socket ls;:A8 next with (Counter.get(cnt1) ..:A9 gr.start_new-GlobalRelay(<cnt1, t>)):A: :: p13 <cnt,t>:A; -> p14 <cnt,t>,: < globalrelay gr,:A= counter <cnt1, <cnt,t>>;:A> next with (gr.end_new-GlobalRelay(<cnt1, t) ..;A? Counter.put(cnt1));B6 :: p14 <cnt,t>,;A7 globalrelay gr,;A8 counter <cnt1, <cnt,t>>;A9 -> p15 <cnt,t>,;A: globalrelay gr;;A; next with (Counter.get(cnt1) .. self.start_start(<cnt1, t>)); < :: p15 <cnt,t>;A= -> p16 <cnt,t>,;A> counter <cnt1, <cnt,t>>;< ? next with (self.end_start(<cnt1, t) .. Counter.put(cnt1))< 6 :: p16 <cnt,t>,< 7 counter <cnt1, <cnt,t>>< 8 -> p17 <cnt,t>;< 9 end_new-RandomRelayServer(<cnt,t>)< : :: p17 <cnt,t> -> ;< ; ;; a thread returns if<A< ;; 1. run ends, 2. exception interrupts, 3. there is a stop()< = start_run(<cnt,t>)< > :: alive ok -> alive ok, p21 <cnt,t>;=A? next with (Counter.get(cnt1) .. ls.start_accept(<cnt1,t>))=B6 :: p21 <cnt,t>, listen_socket ls,=A7 -> p22 <cnt,t>, listen_socket ls,=A8 counter <cnt1, <cnt,t>>;=A9 next with (ls.end_accept(in, out, <cnt1,t>) ..=A: Counter.put(cnt1))=A; :: p22 <cnt,t>, listen_socket ls,= < counter <cnt1, <cnt,t>>=A= -> p23 <cnt,t>, listen_socket ls,=A> in <in, <cnt,t>>, out <out, <cnt,t>>;>A? next with (Counter.get(cnt1) ..>B6 or.start_new-OutputRelay(out, gr,>A7 STOP_TRANSMIT, <cnt1, t))>A8 :: p23 <cnt,t>, out <out, <cnt,t>>,>A9 globalrelay gr>A: -> p24 <cnt,t>,>A; globalrelay gr,> < outputrelay <or, <cnt,t>>,>A= counter <cnt1, <cnt,t>>;>A> next with (or.end_new-OutputRelay(<cnt1,t>) ..6@?A? Counter.put(cnt1))6@?B6 :: p24 <cnt,t>, outputrelay <or, <cnt,t>>,6@?A7 counter <cnt1, <cnt,t>>6@?A8 -> p25 <cnt,t>, outputrelay <or, <cnt,t>>;6@?A96@?A: next with (Counter.get(cnt1) ..6@?A; ir.start_new-InputRelay(in, gr, or,6@? < STOP_TRANSMIT, STOP_CONNECTION, <cnt1,t>))6@?A= :: p25 <cnt,t>, in <in, <cnt,t>>,6@?A> globalrelay gr,6A6@? outputrelay <or, <cnt,t>>,6A6A6 -> p26 <cnt,t>,6A6@7 globalrelay gr,6A6@8 outputrelay <or, <cnt,t>>,6A6@9 inputrelay <ir, <cnt,t>>,6A6@: counter <cnt1, <cnt,t>>;6A6@; next with (ir.end_new-InputRelay(<cnt1, t) ..6A6 < Counter.put(cnt1))6A6@= :: p26 <cnt,t>, inputrelay <ir, <cnt,t>>,6A6@> counter <cnt1, <cnt,t>>6@7A? -> p21 <cnt,t>, inputrelay <ir, <cnt,t>>;6@7B6
P��



6@7A7 ;; this thread loops infinitely !6@7A8 next(<cnt,t>)6@7A9 :: stopped ok, p21 <cnt,t> -> ;6@7A: Where6@7A; port : Integer;6@7 < in,out : FIFO(Bytes);6@7A= ls : ServerSocket;6@7A> gr : GlobalRelay;6@8A? ir : InputRelay;6@8B6 or : OutputRelay;6@8A7 t : Thread;6@8A8 cnt, cnt1 : Integer;6@8A9 End RandomRelayServer;6 ;; InputRelay class7 ;; ------------------------------8 Class InputRelay; ;;class InputRelay extends Thread;9 Inherit Thread;: Interface; Use Integer, CP(Integer, Thread),< FIFO(Bytes), GlobalRelay, OutputRelay, ;= Methods> start_run _ : CP(Integer, Thread);6@? ;; public void run();6A66@7 Creation6@8 Creation6@9 start_new-InputRelay _ _ _ _ _ _ : FIFO(Bytes) GlobalRelay OutputRelay6@: Integer Integer CP(Integer, Thread);6@; end_new-InputRelay _ : CP(Integer, Thread);6 < ;; public InputRelay(Socket client_socket,6@= ;; GlobalRelay gr,6@> ;; OutputRelay or,7A? ;; int stop_transmit, int stop_connection);7B6 Body7A7 Use DataInputStream, Boolean, CP(Integer, CP(Integer, Thread));7A8 Places7A9 ;; Global Variables7A: globalrelay : GlobalRelay;7A; outputrelay : OutputRelay;7 < stop_transmit : Integer;7A= stop_connection : Integer;7A> datainputstream : DataInputStream;8A? inputstream : FIFO(Bytes);8B6 ;; Local Variables8A7 elem : CP(Integer, CP(Integer, Thread));8A8 p11, .., p15,8A9 p21, .., p27: CP(Integer, Thread);8A: Axioms8A; start_new-InputRelay(in, gr, or,8 < stop_transmit, stop_connection, <cnt, t>)8A= :: -> inputstream in,8A> globalrelay gr,9A? outputrelay or,9B6 stop_transmit stop_transmit,9A7 stop_connection stop_connection,9A8 p11 <cnt, t>;9A9 ;; create DataInputStream9A: next with (Counter.get(cnt1)] ..9A; datain.start_new-DataInputStream(in, <cnt1,t>))9 < :: p11 <cnt, t>, inputstream in9A= -> p12 <cnt, t>, inputstream in,9A> datainputstream datain,:A? counter <cnt1,<cnt,t>>;:B6 next with (datain.end_new-DataInputStream(<cnt1,t>) ..:A7 Counter.put(cnt1)):A8 :: p12 <cnt, t>,:A9 datainputstream datain,:A: counter <cnt1,<cnt,t>>:A; -> p13 <cnt, t>,: < datainputstream datain ;:A= ;; starts itself:A> next with (Counter.get(cnt1)] .. self.start_start(<cnt1,t));A? :: p13 <cnt, t>;B6 -> p14 <cnt, t>,;A7 counter <cnt1,<cnt,t>>;;A8 next with (self.end_start(<cnt1,t) .. Counter.put(cnt1));A9 :: p14 <cnt, t>,;A: counter <cnt1,<cnt,t>>;A; -> p15 <cnt, t>;; < end_new-InputRelay(<cnt,t>);A= :: p15 <cnt, t> -> ;;A>< ? ;; a thread returns if< 6 ;; 1. run ends, 2. exception interrupts, 3. there is a stop()< 7 start_run(<cnt,t>)
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< 8 :: alive ok -> alive ok, p21 <cnt,t>;< 9< : ;; wait for an integer from DataInputStream.< ; next with (Counter.get(cnt1)] .. datain.start_readInt(<cnt1,t>))<A< :: p21 <cnt,t>, datainputstream datain,< = -> p22 <cnt,t>, datainputstream datain,< > counter <cnt1,<cnt,t>>;=A? next with (datain.end_readInt(elem, <cnt1,t>) .. Counter.put(cnt1))=B6 :: p22 <cnt,t>, datainputstream datain,=A7 counter <cnt1,<cnt,t>>=A8 -> p23 <cnt,t>, datainputstream datain,=A9 elem <elem,<cnt,t>>;=A: ;; if the received integer is the stop_connection signal then stops=A; next with (Counter.get(cnt1) .. self.start_stop(<cnt1,t>))= < :: (elem = stop_connection) = true=A= => p23 <cnt,t>, elem <elem,<cnt,t>>,=A> stop_connection stop_connection>A? -> p24 <cnt,t>, elem <elem,<cnt,t>>,>B6 counter <cnt1,<cnt,t>>,>A7 stop_connection stop_connection;>A8 next with (self.end_stop(<cnt1,t>) .. Counter.put(cnt1))>A9 :: p24 <cnt,t>, counter <cnt1,<cnt,t>>>A: -> p25 <cnt,t>;>A; ;; it the received integer is the stop_transmit signal then forwards> < ;; the signal to outputrelay>A= next with (Counter.get(cnt1)] ..>A> or.start_setnotify_end_sending(true, <cnt1,t>))6@?A? :: (elem = stop_transmit) = true6@?B6 => p23 <cnt,t>, elem <elem,<cnt,t>>,6@?A7 stop_transmit stop_transmit, outputrelay or6@?A8 -> p26 <cnt,t>, elem <elem,<cnt,t>>,6@?A9 counter <cnt1,<cnt,t>>6@?A: stop_transmit stop_transmit, outputrelay or;6@?A; next with (or.end_setnotify_end_sending(<cnt1,t>) ..6@? < Counter.put(cnt1))6@?A= :: p26 <cnt,t>, counter <cnt1,<cnt,t>>,6@?A> outputrelay or6A6@? -> p21 <cnt,t>,6A6A6 outputrelay or;6A6@7 ;; the received integer is not a stop signal, then forward it to6A6@8 ;; globalrelay6A6@9 next with (Counter.get(cnt1)] ..6A6@: gr.start_put(elem, <cnt1,t>))6A6@; :: ((elem = stop_transmit) = false ) AND6A6 < ((elem = stop_connection) = false ) AND6A6@= => p23 <cnt,t>, elem <elem,<cnt,t>>,6A6@> stop_transmit stop_transmit,6@7A? stop_connection stop_connection,6@7B6 globalrelay gr6@7A7 -> p27 <cnt,t>, elem <elem,<cnt,t>>,6@7A8 stop_transmit stop_transmit,6@7A9 stop_connection stop_connection,6@7A: globalrelay gr,6@7A; counter <cnt1,<cnt,t>>;6@7 < next with (gr.end_put(<cnt1,t>) ..6@7A= Counter.put(cnt1))6@7A> :: p27 <cnt,t>, counter <cnt1,<cnt,t>>,6@8A? globalrelay gr6@8B6 -> p21 <cnt,t>,6@8A7 globalrelay gr;6@8A8 next6@8A9 :: stopped ok -> ;6@8A: Where6@8A; gr : GlobalRelay;6@8 < or : OutputRelay;6@8A= stop_transmit, stop_connection : Integer;6@8A> datain : DataInputStream;6@9A? in : FIFO(Bytes);6@9B6 elem : Integer;6@9A7 t : Thread;6@9A8 cnt1, cnt : Integer;6@9A9 End InputRelay;6 ;; OutputRelay class7 ;; -----------------------8 Class OutputRelay; ;; class OutputRelay extends Thread9 Inherit Thread;: Interface; Use Integer, CP(Integer, Thread),< Boolean, FIFO(Bytes), GlobalRelay;= Methods> start_run _ : CP(Integer, Thread);6@? ;; public void run();6A6 start_setnotify_end_sending _ _ : Boolean CP(Integer, Thread);6@7 end_setnotify_end_sending _ : CP(Integer, Thread);6@8 ;; public void setnotify_end_sending(boolean value);
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6@9 Creation6@: start_new-OutputRelay _ _ _ _ : FIFO(Bytes) GlobalRelay Integer6@; CP(Integer, Thread);6 < end_new-OutputRelay _ : CP(Integer, Thread);6@= ;; public OutputRelay(Socket cs,6@> ;; GlobalRelay gr, int stop_transmit)7A? Body7B6 Use DataOutputStream, OutputStream, CP(Integer, CP(Integer, Thread));7A7 Places7A8 ;; Global Variables7A9 globalrelay : GlobalRelay;7A: stop_transmit : Integer;7A; end_sending : Boolean;7 < dataoutputstream : DataOutputStream;7A= outputstream : FIFO(Bytes);7A> ;; Local Variables8A? elem : CP(Integer, CP(Integer, Thread));8B6 p11, .., p15,8A7 p21, .., p25,8A8 p31 : CP(Integer, Thread);8A9 Initial8A: end_sending false;8A; Axioms8 < start_new-OutputRelay(out, gr,8A= stop_transmit, <cnt, t>)8A> :: -> outputstream out,9A? globalrelay gr,9B6 stop_transmit stop_transmit,9A7 p11 <cnt, t>;9A8 ;; create DataOutputStream9A9 next with (Counter.get(cnt1) ..9A: dataout.start_new-DataOutputStream(out, <cnt1,t>))9A; :: p11 <cnt, t>, outputstream out9 < -> p12 <cnt, t>, outputstream out,9A= dataoutputstream dataout,9A> counter <cnt1,<cnt,t>>;:A? next with (dataout.end_new-DataOutputStream(<cnt1,t>) ..:B6 Counter.put(cnt1)):A7 :: p12 <cnt, t>, dataoutputstream dataout,:A8 counter <cnt1,<cnt,t>>:A9 -> p13 <cnt, t>, dataoutputstream dataout;:A: ;; starts itself:A; next with (Counter.get(cnt1) .. self.start_start(<cnt1,t)): < :: p13 <cnt, t>:A= -> p14 <cnt, t>,:A> counter <cnt1,<cnt,t>>;;A? next with (self.end_start(<cnt1,t) .. Counter.put(cnt1));B6 :: p14 <cnt, t>,;A7 counter <cnt1,<cnt,t>>;A8 -> p15 <cnt, t>;;A9 end_new-OutputRelay(<cnt,t>);A: :: p15 <cnt, t> -> ;;A; ;; a thread returns if; < ;; 1. run ends, 2. exception interrupts, 3. there is a stop();A= start_run(<cnt,t>);A> :: alive ok -> alive ok, p21 <cnt,t>;< ? ;; if stop_transmit then stop< 6 next with (Counter.get(cnt1) ..< 7 dataout.start_writeInt(stop_transmit, <cnt1,t>))< 8 :: p21 <cnt,t>, end_sending true, dataoutputstream out,< 9 stop_transmit stop_transmit< : -> p22 <cnt,t>, end_sending true, counter <cnt1, <cnt,t>>,< ; stop_transmit stop_transmit, dataoutputstream dataout;<A< next with (dataout.end_writeInt(<cnt1,t>) .. Counter.put(cnt1))< = :: p22 <cnt,t>, counter <cnt1, <cnt,t>>,< > dataoutputstream dataout=A? -> p23 <cnt,t>, dataoutputstream dataout;=B6 next with (Counter.get(cnt1) .. self.start_stop(<cnt1,t>))=A7 :: p23 <cnt,t> -> p24 <cnt,t>, counter <cnt1, <cnt,t>>;=A8 next with (self.end_stop(<cnt1,t>) .. Counter.put(cnt1))=A9 :: p24 <cnt,t>, counter <cnt1, <cnt,t>> -> ;=A:=A; ;; if not stop_transmit, then take from globalrelay and go to= < ;; p21=A= ;; !!! in the code it is not so safe=A> next with (Counter.get(cnt1) .. gr.start_get(<cnt1,t>))>A? :: p21 <cnt,t>, end_sending false,>B6 globalrelay gr>A7 -> p25 <cnt,t>, end_sending false,>A8 globalrelay gr, counter <cnt1, <cnt,t>>;>A9 next with (gr.end_get(elem, <cnt1,t>) .. Counter.put(cnt1))>A: :: p25 <cnt,t>, end_sending false,>A; globalrelay gr, counter <cnt1, <cnt,t>>> < -> p21 <cnt,t>, end_sending false,>A= globalrelay gr, elem <elem, <cnt,t>>;>A>
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6@?A? next6@?B6 :: stopped ok -> ;6@?A7 start_setnotify_end_sending(value, <cnt,t>)6@?A8 :: end_sending old_value6@?A9 -> end_sending value, p31 <cnt,t>;6@?A: end_setnotify_end_sending(<cnt,t>)6@?A; :: p31 <cnt,t> -> ;6@? < Where6@?A= gr : GlobalRelay;6@?A> stop_transmit : Integer;6A6@? out : FIFO(Bytes);6A6A6 dataout : DataOutputStream;6A6@7 value, old_value : Boolean;6A6@8 t : Thread;6A6@9 cnt1, cnt : Integer;6A6@:6A6@; End OutputRelay;6 ;; GlobalRelay class7 ;; ----------------------------8 ;; A GlobalRelay is a thread which realizes a FIFO buffer.9 Class GlobalRelay;: ;; class GlobalRelay extends Thread; Inherit JavaObject;< Interface= Use Integer, CP(Integer, Thread);> Type globalrelay;6@? Methods6A6 start_put _ : Integer CP(Integer, Thread);6@7 end_put _ : CP(Integer, Thread);6@8 ;; public synchronized void put(int input_elem);6@9 start_get _ : CP(Integer, Thread);6@: end_get _ : Integer CP(Integer, Thread);6@; ;; public synchronized int get();6 < Creation6@= start_new-GlobalRelay : CP(Integer, Thread);6@> end_new-GlobalRelay : CP(Integer, Thread);7A? ;; public GlobalRelay();7B6 Body7A7 Use Vector, CP(Integer,CP(Integer, Thread))7A8 Places7A9 ;; Global Variables7A: buffer : Vector;7A; ;; Local Variables7 < input_elem : CP(Integer,CP(Integer, Thread));7A= elem_to_relay : CP(Integer,CP(Integer, Thread));7A> p11, p12,8A? p21, .., p25,8B6 p31, .., p35 : CP(Integer, Thread);8A7 Axioms8A8 start_new-GlobalRelay(<cnt,t>) ::8A9 -> p11 <cnt,t>;8A: next with b.create8A; :: p11 <cnt,t>8 < -> p12 <cnt,t>, buffer b;8A= end_new-GlobalRelay(<cnt,t>)8A> :: p12 <cnt,t> -> ;9A? ;; put and get are synchronized !!!9B6 start_put(input_elem, <cnt,t>)9A7 :: -> p21 <cnt,t>, input_elem <input_elem, <cnt,t>>;9A8 next with self.lock(t)9A9 :: p21 <cnt,t>9A: -> p22 <cnt,t>;9A; next with (Counter.get(cnt1) ..9 < b.start_addElement(input_elem, <cnt1,t>))9A= :: p22 <cnt,t>, buffer b,9A> input_elem <input_elem, <cnt,t>>:A? -> p23 <cnt,t>, buffer b, counter <cnt1,<cnt,t>>;:B6 next with (b.end_addElement(<cnt1,t>) .. Counter.put(cnt1)):A7 :: p23 <cnt,t>, counter <cnt1,<cnt,t>> -> p24 <cnt,t>;:A8 next with self.unlock(t):A9 :: p24 <cnt,t> -> p25 <cnt,t>;:A: end_put(<cnt,t>):A; :: p25 <cnt,t> -> ;: < ;; put and get are synchronized !!!:A= start_get(<cnt,t>):A> :: -> p31 <cnt,t>;;A? next with self.lock(t);B6 :: p31 <cnt,t> -> p32 <cnt,t>;;A7 next with (Counter.get(cnt1) .. b.start_elementAt(zero, <cnt1,t>));A8 :: p32 <cnt,t>, buffer b, counter <cnt1,<cnt,t>>,;A9 -> p33 <cnt,t>, buffer b;;A: next with (b.end_elementAt(elem_to_relay, <cnt1,t>))..;A; Counter.put(cnt1)); < :: counter <cnt1,<cnt,t>>, p33 <cnt,t>;A= -> elem_to_relay <elem_to_relay, <cnt,t>>, p34 <cnt,t>;
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;A> next with self.unlock(t)< ? :: p34 <cnt,t> -> p35 <cnt,t>;< 6 end_get(elem_to_relay, <cnt,t>)< 7 :: p35 <cnt,t>,< 8 elem_to_relay <elem_to_relay, <cnt,t>> -> ;< 9 Where< : b : Vector;< ; input_elem : Integer;<A< elem_to_relay : Integer;< = t : Thread;< > cnt, cnt1 : Integer;=A? End GlobalRelay;=B6
a]b�� �$�zwzlo{	j5e|wz��l
6 ;; DSGammaClientApp Class7 ;; -------------------------8 ;; Client Applet maintains:9 ;; (1) a graphical interface with the user (TextField, TextArea, Button): ;; (the gui is not specified); ;; (2) a local multiset of integers and< ;; (3) a socket to communicate with a server.= Class DSGammaClientApp;> ;; public class DSGammaClientApp extends Applet;6@? Inherit Applet;6A6 Interface6@7 Use Integer,CP(Integer,Thread);6@8 Methods6@9 start_user_action _ _ : Integer CP(Integer,Thread);6@: end_user_action _ : CP(Integer,Thread);6@; start_result _ : CP(Integer,Thread);6 < end_result _ _ : Integer CP(Integer,Thread);6@= start_user_exit _ : CP(Integer,Thread);6@> end_user_exit _ : CP(Integer,Thread);7A? Creation7B6 start_new-DSGammaClientApp _ _ _ : Integer, String, CP(Integer,Thread);7A7 end_new-DSGammaClientApp _ : CP(Integer,Thread);7A87A97A: Body7A; Use TakeoffGlobal, TakeoffLocal,7 < Socket, FIFO(Bytes),DataInputStream, DataOutputStream,7A= Vector, CP(Integer,CP(Integer,Thread));7A> Places8A? ;; Global Variables8B6 socket : Socket;8A7 datainputstream : DataInputStream;8A8 dataoutputstream : DataOutputStream;8A9 inputstream : FIFO(Bytes);8A: outputstream : FIFO(Bytes);8A; MSInt : Vector;8 < takeofflocal : TakeoffLocal;8A= takeoffglobal : TakeoffGlobal;8A>9A? port : Integer;9B6 host : Integer;9A7 stop_transmit : Integer;9A8 stop_connection : Integer;9A9 ;; Local Variables9A: entering-int : CP(Integer,CP(Integer,Thread));9A; result : CP(Integer,CP(Integer,Thread));9 < p11,9A= p21, .., p216,9A> p31, .., p35,:A? p41, .., p43,:B6 p51, .., p54,:A7 p61, .., p63 : CP(Integer, Thread);:A8 Initial:A9 stop_transmit STOP_TRANSMIT;:A: stop_connection STOP_CONNECTION;:A; Axioms: < start_new-DSGammaClientApp(port,host,<cnt,t>):A= :: -> port port, host host, p11 <cnt,t>;:A> end_new-DSGammaClientApp(<cnt,t>);A? :: p11 <cnt,t> -> ;;B6 ;; respecify Applet.start_init;A7 start_init(<cnt,t>);A8 :: -> p21 <cnt,t>;;A9 ;; create a socket;A: next with (Counter.get(cnt1) ..;A; s.start_new-Socket(host, port, <cnt1,t>)); < :: p21 <cnt,t>,;A= host host, port port;A> -> p22 <cnt,t>,
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< ? host host, port port,< 6 socket s, counter <cnt1, <cnt, t>>;< 7 next with (s.end_new-Socket(<cnt1,t>) .. Counter.put(cnt1))< 8 :: p22 <cnt,t>, socket s, counter <cnt1, <cnt, t>>< 9 -> p22 <cnt,t>, socket s;< : ;; get InputStream associated to the socket< ; next with (Counter.get(cnt1) .. s.start_getInputStream(<cnt1,t>))<A< :: p23 <cnt,t>,< = socket s< > -> p24 <cnt,t>,=A? socket s, counter <cnt1, <cnt,t>>;=B6 next with (s.end_getInputStream(in, <cnt1,t>) .. Counter.put(cnt1))=A7 :: p24 <cnt,t>,=A8 socket s, counter <cnt1, <cnt,t>>=A9 -> p25 <cnt,t>,=A: socket s, inputstream in ;=A; ;; create DataInputStream= < next with (Counter.get(cnt1) ..=A= datain.start_new-DataInputStream(in, <cnt1,t>))=A> :: p25 <cnt,t>, inputstream in>A? -> p26 <cnt,t>, inputstream in,>B6 datainputstream datain,>A7 counter <cnt1, <cnt,t>>>A8 next with (datain.end_new-DataInputStream(<cnt1,t>) ..>A9 Counter.put(cnt1))>A: :: p26 <cnt,t>,>A; datainputstream datain,> < counter <cnt1, <cnt,t>>>A= -> p27 <cnt,t>,>A> datainputstream datain;6@?A? ;; get OutputStream associated to the socket6@?B6 next with (Counter.get(cnt1) .. s.start_getOutputStream(<cnt1,t>))6@?A7 :: p27 <cnt,t>,6@?A8 socket s6@?A9 -> p28 <cnt,t>,6@?A: socket s, counter <cnt1, <cnt,t>>;6@?A; next with (s.end_getOutputStream(out, <cnt1,t>) .. Counter.put(cnt1))6@? < :: p28 <cnt,t>,6@?A= socket s, counter <cnt1, <cnt,t>>6@?A> -> p29 <cnt,t>,6A6@? socket s, outputstream out ;6A6A6 ;; create DataOutputStream6A6@7 next with (Counter.get(cnt1) ..6A6@8 dataout.start_new-DataOutputStream(out, <cnt1,t>))6A6@9 :: p29 <cnt,t>, outputstream out6A6@: -> p210 <cnt,t>, outputstream out,6A6@; dataoutputstream dataout,6A6 < counter <cnt1, <cnt,t>>6A6@= next with (dataout.end_new-DataOutputStream(<cnt1,t>) ..6A6@> Counter.put(cnt1))6@7A? :: p210 <cnt,t>,6@7B6 dataoutputstream dataout,6@7A7 counter <cnt1, <cnt,t>>6@7A8 -> p211 <cnt,t>,6@7A9 dataoutputstream dataout;6@7A:6@7A; ;; Create MSInt6@7 < next with MSInt.create((cnt1,t>)6@7A= :: p211 <cnt,t>6@7A> -> p212 <cnt,t>, MSInt MSInt;6@8A? ;; Create TakeoffLocal6@8B6 next with (Counter.get(cnt1) ..6@8A7 takeofflocal.start_new-TakeoffLocal(dataout,6@8A8 MSInt, stop_connection, <cnt1,t>))6@8A9 :: p212 <cnt,t>, dataoutputstream dataout,6@8A: MSInt MSInt, stop_connection stop_connection6@8A; -> p213 <cnt,t>, dataoutputstream dataout,6@8 < MSInt MSInt, stop_connection stop_connection,6@8A= takeofflocal takeofflocal, counter <cnt1, <cnt,t>>;6@8A> next with (takeofflocal.end_new-TakeoffLocal(<cnt1,t>) ..6@9A? Counter.put(cnt1))6@9B6 :: p213 <cnt,t>,6@9A7 takeofflocal takeofflocal,6@9A8 counter <cnt1, <cnt,t>>6@9A9 -> p214 <cnt,t>,6@9A: takeofflocal takeofflocal;6@9A; ;; Create TakeoffGlobal6@9 < next with (Counter.get(cnt1) ..6@9A= takeoffglobal.start_new-TakeoffGlobal(datain,6@9A> MSInt, takeofflocal, stop_transmit, <cnt1,t>))6@:A? :: p214 <cnt,t>, datainputstream datain,6@:B6 MSInt MSInt, takeofflocal takeofflocal,6@:A7 stop_transmit stop_transmit6@:A8 -> p215 <cnt,t>, datainputstream datain,6@:A9 MSInt MSInt,takeofflocal takeofflocal,6@:A: stop_transmit stop_transmit,
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6@:A; takeoffglobal takeoffglobal, counter <cnt1, <cnt,t>>;6@: < next with (takeoffglobal.end_new-TakeoffGlobal(<cnt1,t>) ..6@:A= Counter.put(cnt1))6@:A> :: p215 <cnt,t>,6@;A? takeoffglobal takeoffglobal,6@;B6 counter <cnt1, <cnt,t>>6@;A7 -> p216 <cnt,t>,6@;A8 takeoffglobal takeoffglobal;6@;A9 ;; respecify Applet.end_init6@;A: end_init(<cnt,t>)6@;A; :: p216 <cnt,t> -> ;6@; < ;; respecify Applet.start_stop6@;A= start_stop(<cnt,t>)6@;A> :: -> p31 <cnt,t>;6 < ? ;; close datainputstream6 < 6 next with (Counter.get(cnt1) .. datain.start_close(<cnt1, t>))6 < 7 :: p31 <cnt,t>,6 < 8 datainputstream datain6 < 9 -> p32 <cnt,t>, counter (<cnt1, <cnt,t>>)6 < : datainputstream datain;6 < ; next with (datain.end_close(<cnt1, t>) .. Counter.put(cnt1))6 <A< :: p32 <cnt,t>, counter (<cnt1, <cnt,t>>)6 < = datainputstream datain6 < > -> p33 <cnt,t>;6@=A? ;; close dataoutputstream6@=B6 next with (Counter.get(cnt1) .. dataout.start_close(<cnt1, t>))6@=A7 :: p33 <cnt,t>,6@=A8 dataoutputstream dataout6@=A9 -> p34 <cnt,t>, counter (<cnt1, <cnt,t>>)6@=A: dataoutputstream dataout;6@=A; next with (dataout.end_close(<cnt1, t>) .. Counter.put(cnt1))6@= < :: p34 <cnt,t>, counter (<cnt1, <cnt,t>>)6@=A= dataoutputstream dataout6@=A> -> p35 <cnt,t>;6@>A? ;; close socket6@>B6 next with (Counter.get(cnt1) .. s.start_close(<cnt1, t>))6@>A7 :: p33 <cnt,t>,6@>A8 socket s6@>A9 -> p34 <cnt,t>, counter <cnt1, <cnt,t>>6@>A: socket s;6@>A; next with (s.end_close(<cnt1, t>) .. Counter.put(cnt1))6@> < :: p34 <cnt,t>, counter <cnt1, <cnt,t>>6@>A= socket s6@>A> -> p35 <cnt,t>;7A?A?7A?B6 ;; respecify Applet.end_stop7A?A7 end_stop(<cnt,t>)7A?A8 :: p35 <cnt,t> -> ;7A?A9 start_user_action(i, <cnt,t>)7A?A: :: -> p41 <cnt,t>, entering-int <i,<cnt,t>>;7A?A; ;; add new integer to MSInt7A? < next with (Counter.get(cnt1) .. MSInt.start_addElement(i, <cnt1, t>))7A?A= :: p41 <cnt,t>, entering-int <i,<cnt,t>,7A?A> MSInt MSInt7B6@? -> p42 <cnt,t>, MSInt MSInt,7B6A6 counter <cnt1, <cnt,t>>;7B6@7 next with (MSInt.end_addElement(<cnt1, t>) .. Counter.put(cnt1))7B6@8 :: p42 <cnt,t>, MSInt MSInt,7B6@9 counter <cnt1, <cnt,t>>7B6@: -> p43 <cnt,t>, MSInt MSInt;7B6@; end_user_action(<cnt,t>)7B6 < :: p43 <cnt,t> -> ;7B6@= start_result(<cnt,t>)7B6@> :: -> p51 <cnt,t>;7A7A? next with (Counter.get(cnt1) .. MSInt.start_elementAt(zero, <cnt1, t>))7A7B6 :: p52 <cnt,t>, MSInt7A7A7 -> p53 <cnt,t>, MSInt;7A7A8 next with (MSInt.end_elementAt(i, <cnt1, t>) .. Counter.put(cnt1))7A7A9 :: p53 <cnt,t>, MSInt7A7A: -> p54 <cnt,t>, MSInt, result <i,<cnt,t>>;7A7A; end_result7A7 < :: p54 <cnt,t>,result <i,<cnt,t>> ->;7A7A= start_user_exit(<cnt,t>)7A7A> :: -> p61 <cnt,t>;7A8A? ;; send stop_transmit signal to server7A8B6 next with (Counter.get(cnt1) ..7A8A7 dataout.start_writeInt(stop_transmit,<cnt1,t>))7A8A8 :: p61 <cnt,t>, stop_transmit stop_transmit,7A8A9 dataoutputstream dataout7A8A: -> p62 <cnt,t>, stop_transmit stop_transmit,7A8A; dataoutputstream dataout, counter <cnt1,<cnt,t>>;7A8 < next with (dataout.end_writeInt(<cnt1,t>) .. Counter.put(cnt1))7A8A= :: p62 <cnt,t>, dataoutputstream dataout,7A8A> counter <cnt1,<cnt,t>>
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7A9A? -> p63 <cnt,t>, dataoutputstream dataout;7A9B6 end_user_exit(<cnt,t>)7A9A7 :: p63 <cnt,t> ->;7A9A8 Where7A9A9 t : Thread;7A9A: s : Socket;7A9A; in, out : FIFO(Bytes);7A9 < datain : DataInputstream;7A9A= dataout : DataOutputstream;7A9A> takeofflocal : TakeoffLocal;7A:A? takeoffglobal: TakeoffGlobal;7A:B6 MSInt : Vector;7A:A7 cnt, cnt1 : Integer;7A:A8 i : Integer;7A:A9 host : String;7A:A: port : Integer;7A:A; End DSGammaClientApp;7A: < 6 ;; TakeoffLocal class7 ;; -------------------------8 Class TakeoffLocal;9 ;; class TakeoffLocal extends Thread;: Inherit Thread;; Interface< Use Integer, CP(Integer, Thread),= Boolean, DataOutputStream, Vector;> Methods6@? start_run _ : CP(Integer, Thread);6A6 ;; public void run();6@7 start_set_end_reception _ _ : Boolean CP(Integer, Thread);6@8 end_set_end_reception _ : CP(Integer, Thread);6@9 ;; public void set_end_reception()6@: Creation6@; start_new-TakeoffLocal _ _ _ _ : DataOutputStream Vector Integer6 < CP(Integer, Thread);6@= end_new-TakeoffLocal _ : CP(Integer, Thread);6@> ;; public TakeoffLocal(DataOutputStream out,7A? ;; Vector MSInt, TextArea textarea, int stop_connection)7B6 Body7A7 Use Random, CP(Integer, CP(Integer, Thread));7A8 Places7A9 ;; Global Variables7A: end_reception : Boolean;7A; dataoutputstream : DataOutputSteam;7 < MSInt : Vector;7A= stop_connection : Integer;7A> ;; Local Variables8A? random : CP(Integer, CP(Integer, Thread));8B6 p11, .., p14,8A7 p21, .., p214,8A8 p31 : CP(Integer, Thread);8A9 Initial8A: end_reception false;8A; Axioms8 < start_new-TakeoffLocal(dataout, MSInt, stop_connection, <cnt,t>)8A= :: -> dataoutputstream dataout, MSInt MSInt,8A> stop_connection stop_connection,9A? p11 <cnt,t>;9B6 next with (Counter.get(cnt1) .. self.start_start(<cnt1,t))9A7 :: p11 <cnt, t>9A8 -> p12 <cnt, t>,9A9 counter <cnt1,<cnt,t>>;9A: next with (self.end_start(<cnt1,t) .. Counter.put(cnt1))9A; :: p13 <cnt, t>,9 < counter <cnt1,<cnt,t>>9A= -> p14 <cnt, t>;9A> end_new-TakeoffLocal(<cnt,t>):A? :: p14 <cnt, t> -> ;:B6 ;; a thread returns if:A7 ;; 1. run ends, 2. exception interrupts, 3. there is a stop():A8 start_run(<cnt,t>):A9 :: alive ok -> alive ok, p21 <cnt,t>, p29 <cnt,t>;:A: ;; the stop signal has been received,:A; ;; then check if MSInt is empty: < next with (Counter.get(cnt1) .. MSInt.start_isEmpty(<cnt1,t>)):A= :: p21 <cnt,t>, counter <cnt1,<cnt,t>>,:A> end_reception true, MSInt MSInt;A? -> p22 <cnt,t>, MSInt MSInt;;B6 next with (MSInt.end_isEmpty(true, <cnt1,t>) .. Counter.put(cnt1));A7 :: p22 <cnt,t>, MSInt MSInt, counter <cnt1,<cnt,t>>;A8 -> p23 <cnt,t>, MSInt MSInt;;A9 ;; loop until MSInt is empty;A: next with (MSInt.end_isEmpty(false, <cnt1,t>) .. Counter.put(cnt1));A; :: p22 <cnt,t>, MSInt MSInt, counter <cnt1,<cnt,t>>; < -> p21 <cnt,t>, MSInt MSInt;
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;A=;A> ;; stop signal has been received and MSInt is empty< ? ;; then send the stop signal to server ...< 6 next with (Counter.get(cnt1) ..< 7 dataout.start_writeInt(stop_connection,<cnt1,t>))< 8 :: p23 <cnt,t>, stop_connection stop_connection,< 9 dataoutputstream dataout< : -> p24 <cnt,t>, stop_connection stop_connection,< ; dataoutputstream dataout, counter <cnt1,<cnt,t>>;<A< next with (dataout.end_writeInt(<cnt1,t>) .. Counter.put(cnt1))< = :: p24 <cnt,t>, dataoutputstream dataout,< > counter <cnt1,<cnt,t>>=A? -> p25 <cnt,t>, dataoutputstream dataout;=B6 next with (Counter.get(cnt1) ..=A7 dataout.start_flush(<cnt1,t>))=A8 :: p25 <cnt,t>,=A9 dataoutputstream dataout=A: -> p26 <cnt,t>,=A; dataoutputstream dataout, counter <cnt1,<cnt,t>>;= < next with (dataout.end_flush(<cnt1,t>) .. Counter.put(cnt1))=A= :: p26 <cnt,t>, dataoutputstream dataout,=A> counter <cnt1,<cnt,t>>>A? -> p27 <cnt,t>, dataoutputstream dataout;>B6>A7 ;; ... and stop itself>A8 next with (Counter.get(cnt1) .. self.start_stop(<cnt1,t>))>A9 :: p27 <cnt,t> -> p28 <cnt,t>, counter <cnt1, <cnt,t>>;>A: next with (self.end_stop(<cnt1,t>) .. Counter.put(cnt1))>A; :: p28 <cnt,t>, counter <cnt1, <cnt,t>> -> ;> <>A= ;; MSInt has to be emptied.>A> next with (Random.get(random) .. Counter.get(cnt1) ..6@?A? MSInt.start_elementAt(random, <cnt1,t>))6@?B6 :: p29 <cnt,t>, MSInt MSInt6@?A7 -> p210 <cnt,t>, counter <cnt1,<cnt,t>>,6@?A8 MSInt MSInt, random <random,<cnt,t>>;6@?A9 next with (MSInt.end_elementAt(i, <cnt1,t>) .. Counter.put(cnt1))6@?A: :: p210 <cnt,t>, MSInt MSInt, counter <cnt1,<cnt,t>>6@?A; -> p211 <cnt,t>, MSInt MSInt,6@? < elem-to-send <i,<cnt,t>>;6@?A= next with (Counter.get(cnt1) ..6@?A> MSInt.start_removeElementAt(random, <cnt1,t>))6A6@? :: p211 <cnt,t>, MSInt MSInt, random <random,<cnt,t>>6A6A6 -> p212 <cnt,t>, MSInt MSInt, counter <cnt1,<cnt,t>>;6A6@7 next with (MSInt.end_removeElementAt(<cnt1,t>) .. Counter.put(cnt1))6A6@8 :: p212 <cnt,t>, MSInt MSInt, counter <cnt1,<cnt,t>>6A6@9 -> p213 <cnt,t>, MSInt MSInt;6A6@: ;; send integer to server and loop until MSInt is empty6A6@; next with (Counter.get(cnt1) .. dataout.start_writeInt(i, <cnt1,t>))6A6 < :: p213 <cnt,t>, elem-to-send <i,<cnt,t>>,6A6@= dataoutputstream dataout6A6@> -> p214 <cnt,t>, counter <cnt1,<cnt,t>>,6@7A? dataoutputstream dataout;6@7B6 next with (dataout.end_writeInt(<cnt1,t>) .. Counter.put(cnt1))6@7A7 :: p214 <cnt,t>, counter <cnt1,<cnt,t>>,6@7A8 dataoutputstream dataout6@7A9 -> p29 <cnt,t>, dataoutputstream dataout;6@7A: ;; return from run6@7A; next6@7 < :: stopped ok -> ;6@7A=6@7A> start_set_end_reception(value, <cnt,t>)6@8A? :: end_reception old_value6@8B6 -> end_reception value, p31 <cnt,t>;6@8A7 end_set_end_reception(<cnt,t>)6@8A8 :: p31 <cnt,t> -> ;6@8A9 Where6@8A: value, old_value : Boolean;6@8A; stop_connection : Integer;6@8 < dataout : DataOutputStream;6@8A= MSInt : Vector;6@8A> t : Thread;6@9A? cnt, cnt1 : Integer;6@9B6 random : Integer;6@9A7 End TakeoffLocal;6@9A86@9A9 6 ;; TakeoffGlobal class7 ;;-----------------------8 Class TakeoffGlobal9 ;; class TakeoffGlobal extends Thread;: Inherit Thread;; Interface< Use Integer, DataInputStream, Vector,= CP(Integer, Thread), TakeoffLocal;> Methods
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6@? start_run _ : CP(Integer, Thread);6A6 ;; public void run();6@7 Creation6@8 start_new-TakeoffGlobal _ _ _ _: DataInputStream Vector6@9 TakeoffLocal Integer CP(Integer, Thread);6@: end_new-TakeoffGlobal _ : CP(Integer, Thread);6@; ;; public TakeoffGlobal(DataInputStream in,6 < ;; Vector MSInt, TextArea textarea,6@= ;; TakeoffLocal tl, int stop_transmit)6@> Body7A? Use Boolean, Random, Clock, CP(Integer, CP(Integer, Thread));7B6 Transitions7A7 tik;7A8 Places7A9 ;; Global Variables7A: datainputstream : DataInputStream;7A; MSInt : Vector;7 < takeofflocal : TakeoffLocal;7A= stop_transmit : Integer;7A> timeout : Integer;8A? ;; Local Variables8B6 first, second,8A7 result : CP(Integer, CP(Integer, Thread));8A88A9 p11, .., p14,8A: p21, .., p215 : CP(Integer, Thread);8A; Axioms8 < start_new-TakeoffGlobal(datain, MSInt, tl,8A= stop_transmit, <cnt,t>)8A> :: -> datainputstream datain9A? MSInt MSInt9B6 takeofflocal tl9A7 stop_transmit stop_transmit,9A8 p11 <cnt,t>;9A9 next with (Counter.get(cnt1) .. self.start_start(<cnt1,t))9A: :: p11 <cnt, t>9A; -> p12 <cnt, t>,9 < counter <cnt1,<cnt,t>>;9A= next with (self.end_start(<cnt1,t) .. Counter.put(cnt1))9A> :: p13 <cnt, t>,:A? counter <cnt1,<cnt,t>>:B6 -> p14 <cnt, t>;:A7 end_new-TakeoffGlobal(<cnt,t>):A8 :: p14 <cnt, t> -> ;:A9 ;; a thread returns if:A: ;; 1. run ends, 2. exception interrupts, 3. there is a stop():A; start_run(<cnt,t>): < :: alive ok -> alive ok, p21 <cnt,t>;:A=:A> ;; get the first integer;A? next with (Counter.get(cnt1) .. datain.start_readInt(<cnt1,t>));B6 :: p21 <cnt,t>, datainputstream datain;A7 -> p22 <cnt,t>, datainputstream datain,;A8 counter <cnt1,<cnt,t>>;;A9 ;; first integer is not a stop signal;A: next with ((datain.end_readInt(first, <cnt1,t>)) ..;A; Counter.put(cnt1)) // random.get(millis) // clock.get(hour)); < :: (first = stop_transmit) = false;A= => p22 <cnt,t>, datainputstream datain,;A> stop_transmit stop_transmit,< ? counter <cnt1,<cnt,t>>< 6 -> p23 <cnt,t>, datainputstream datain,< 7 stop_transmit stop_transmit,< 8 first <first, <cnt,t>>, timeout (hour + millis);< 9 ;; first integer is a stop signal< : next with (datain.end_readInt(first, <cnt1,t>)) .. Counter.put(cnt1))< ; :: (first = stop_transmit) = true<A< => p22 <cnt,t>, datainputstream datain,< = stop_transmit stop_transmit,< > counter <cnt1,<cnt,t>>=A? -> p210 <cnt,t>, datainputstream datain,=B6 stop_transmit stop_transmit,=A7 first <first, <cnt,t>>;=A8 ;; get the second integer=A9 next with (Counter.get(cnt1) .. datain.start_readInt(<cnt1,t>))=A: :: p23 <cnt,t>, datainputstream datain, timeout d=A; -> p24 <cnt,t>, datainputstream datain,= < counter <cnt1,<cnt,t>>;=A= ;; second integer is not a stop signal=A> next with (datain.end_readInt(second, <cnt1,t>)) .. Counter.put(cnt1))>A? :: (second = stop_transmit) = false>B6 => p24 <cnt,t>, datainputstream datain,>A7 stop_transmit stop_transmit,>A8 MSInt MSInt, counter <cnt1,<cnt,t>>>A9 -> p25 <cnt,t>, datainputstream datain,>A: stop_transmit stop_transmit,
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>A; second <second, <cnt,t>>;> < ;; add first+second to MSInt>A= next with (Counter.get(cnt1) ..>A> MSInt.start_addElement(first + second, <cnt1,t>))6@?A? :: p25 <cnt,t>, MSInt MSInt,6@?B6 first <first, <cnt,t>>,6@?A7 second <second, <cnt,t>>6@?A8 -> p26 <cnt,t>, MSInt MSInt, counter <cnt1, <cnt,t>>;6@?A9 next with (MSInt.end_addElement(<cnt1,t) .. Counter.put(cnt1))6@?A: :: p26 <cnt,t>, counter <cnt1, <cnt,t>>,6@?A; MSInt MSInt6@? < -> p27 <cnt,t>, MSInt MSInt;6@?A= ;; second integer is a stop signal6@?A> next with (datain.end_readInt(second, <cnt1,t>)) .. Counter.put(cnt1))6A6@? :: (second = stop_transmit) = true6A6A6 => p24 <cnt,t>, datainputstream datain,6A6@7 stop_transmit stop_transmit,6A6@8 counter <cnt1,<cnt,t>>6A6@9 -> p28 <cnt,t>, datainputstream datain,6A6@: stop_transmit stop_transmit;6A6@; ;; add only first to MSInt6A6 < next with (Counter.get(cnt1) ..6A6@= MSInt.start_addElement(first, <cnt1,t>))6A6@> :: p28 <cnt,t>, MSInt MSInt,6@7A? first <first, <cnt,t>>6@7B6 -> p29 <cnt,t>, MSInt MSInt, counter <cnt1, <cnt,t>>;6@7A7 next with (MSInt.end_addElement(<cnt1,t) .. Counter.put(cnt1))6@7A8 :: p29 <cnt,t>, counter <cnt1, <cnt,t>>,6@7A9 MSInt MSInt6@7A: -> p210 <cnt,t>, MSInt MSInt;6@7A; ;; prevent deadlock when no sufficient integers.6@7 < ;; tik adds only first to MSInt and loop for new integers.6@7A= tik with clock.get(hour)6@7A> :: (d > hour)6@8A? => p23 <cnt,t>, timeout d -> p214 <cnt,t>;6@8B6 ;; add only first to MSInt6@8A7 next with (Counter.get(cnt1) ..6@8A8 MSInt.start_addElement(first, <cnt1,t>))6@8A9 :: p214 <cnt,t>, MSInt MSInt,6@8A: first <first, <cnt,t>>6@8A; -> p215 <cnt,t>, MSInt MSInt, counter <cnt1, <cnt,t>>;6@8 < next with (MSInt.end_addElement(<cnt1,t) .. Counter.put(cnt1))6@8A= :: p215 <cnt,t>, counter <cnt1, <cnt,t>>,6@8A> MSInt MSInt6@9A? -> p21 <cnt,t>, MSInt MSInt;6@9B66@9A76@9A8 ;; a stop signal has been received6@9A9 next with (Counter.get(cnt1) ..6@9A: tl.start_set_end_reception(true, <cnt1,t>))6@9A; :: p210 <cnt,t>, takeofflocal tl6@9 < -> p211 <cnt,t>, takeofflocal tl,6@9A= counter <cnt1, <cnt,t>>;6@9A> next with (tl.start_set_end_reception(<cnt1,t>) ..6@:A? Counter.put(cnt1))6@:B6 :: p211 <cnt,t>, takeofflocal tl,6@:A7 counter <cnt1, <cnt,t>>6@:A8 -> p212 <cnt,t>, takeofflocal tl, ;6@:A96@:A: next with (Counter.get(cnt1) .. self.start_stop(<cnt1,t>))6@:A; :: p212 <cnt,t> -> p213 <cnt,t>, counter <cnt1, <cnt,t>>;6@: < next with (self.end_stop(<cnt1,t>) .. Counter.put(cnt1))6@:A= :: p213 <cnt,t>, counter <cnt1, <cnt,t>> -> ;6@:A>6@;A? next6@;B6 :: stopped ok -> ;6@;A76@;A8 Where6@;A9 datain : DataInputStream;6@;A: MSInt : Vector;6@;A; tl : TakeoffLocal;6@; < t : Thread;6@;A= cnt1, cnt : Integer6@;A> stop_transmit : Integer;6 < ? first, second : Integer;6 < 6 hour, millis, d : Integer;6 < 7 End TakeoffGlobal;
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6 ;; Socket class7 ;; -----------------8 Class Socket; ;;public final class Socket extends Object9 Inherit JavaObject;: Interface
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; Use String, Integer, FIFO(Bytes),< CP(Integer, Thread);= Methods> start_close _ : CP(Integer, Thread);6@? end_close _ : CP(Integer, Thread);6A6 ;; public synchronized void close() throws IOException;6@7 start_getInputStream _ : CP(Integer, Thread);6@8 end_getInputStream _ _ : FIFO(Bytes) CP(Integer, Thread);6@9 ;; public InputStream getInputStream() throws IOException;6@: start_getOutputStream _ : CP(Integer, Thread);6@; end_getOutputStream _ _ : FIFO(Bytes) CP(Integer, Thread);6 < ;; public OutputStream getOutputStream() throws IOException;6@= Creation6@> start_new-Socket _ _ _ : String Integer CP(Integer, Thread);7A? end_new-Socket _ : CP(Integer, Thread);7B6 ;; public Socket(String host, int port) throws7A7 ;; UnknownHostException, IOException;7A8 Body7A9 Use System;7A: Places7A; ;; Global Variables7 < remotehost : String;7A= port : Integer;7A> inputstream : FIFO(Bytes);8A? outputstream : FIFO(Bytes);8B68A7 p11, .., p14,8A8 p21, p22,8A9 p31, p41, : CP(Integer, Thread);8A: Initial8A; opened ok;8 < Axioms8A= start_new-Socket(host, port, <cnt,t>)8A> :: -> remotehost host, port port,9A? p11 <cnt,t>;9B6 ;; Host.connect delays to serversocket.connect(s,host)9A7 next with in.create9A8 :: p11 <cnt,t>9A9 -> p12 <cnt,t>, inputstream in;9A: next with out.create9A; :: p12 <cnt,t>9 < -> p13 <cnt,t>, outputstream out;9A= next with System.connect(in,out,host,port)9A> :: p13 <cnt,t>, inputstream in, outputstream out,:A? remotehost host, port port:B6 -> p14 <cnt,t>, inputstream in, outputstream out,:A7 remotehost host, port port;:A8 end_new-Socket(<cnt,t>):A9 :: p14 <cnt,t> -> ;:A: ;; close is a sychronized method:A; start_close(<cnt,t>) :: -> p21 <cnt,t>;: < next with self.lock(t):A= :: p21 <cnt,t>, opened ok -> p22 <cnt,t>, closed ok ;:A> next :: p21 <cnt,t>, closed ok -> p23 <cnt,t>, closed ok ;;A? next with self.unlock(t);B6 :: p22 <cnt,t> -> p23 <cnt,t>;;A7 end_close(<cnt,t>) :: p23 <cnt,t> -> ;;A8 start_getInputStream(<cnt,t>);A9 :: -> p31 <cnt,t>;;A: end_getInputStream(in, <cnt,t>);A; :: p31 <cnt,t>, inputstream in; < -> inputstream in;;A=;A> start_getOutputStream(<cnt,t>)< ? :: -> p41 <cnt,t>;< 6 end_getOutputStream(out, <cnt,t>)< 7 :: p41 <cnt,t>, outputstream out< 8 -> outputstream out;< 9 Where< : host : String;< ; port : Integer;<A< in : FIFO(Bytes);< = out : FIFO(Bytes);< > t : Thread;=A? cnt : Integer;=B6 End Socket;=A7 Class System=A8 Interface=A9 Use Socket, String, Integer;=A: Methods=A; connect _ _ _ _ : FIFO(Bytes), FIFO(Bytes), String, Integer;= < getconnection _ _ _ _ : FIFO(Bytes), FIFO(Bytes), String, Integer;=A= Object System;=A> Body>A? Places>B6 connections : CP(FIFO(Bytes),FIFO(Bytes),String,Integer);
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>A7 Axioms>A8 ;; a Socket registers to the System>A9 connect(in,out,host,port)>A: :: -> connections <in,out,host,port>;>A; getconnection(in,out,host,port)> < :: connections <in,out,host,port>>A= -> ;>A> Where6@?A? in, out : FIFO(Bytes);6@?B6 host : String;6@?A7 port : Integer;6@?A8 end System;6 ;; ServerSocket class7 ;; ---------------------8 Class ServerSocket;9 ;; public final class ServerSocket extends Object;: Inherit JavaObject;; Interface< Use FIFO(Bytes), Integer, CP(Integer, Thread);= Methods> start_accept _ : CP(Integer, Thread);6@? end_accept _ _ _ : FIFO(Bytes), FIFO(Bytes), CP(Integer, Thread);6A6 ;; public Socket accept() throws IOException;6@7 start_close _ : CP(Integer, Thread);6@8 end_close _ : CP(Integer, Thread);6@9 ;; public void close() throws IOException;6@: Creation6@; start_new-ServerSocket _ : Integer CP(Integer, Thread);6 < end_new-ServerSocket _ : CP(Integer, Thread);;6@= ;; public ServerSocket(int port) throws IOException;6@> Body7A? Use System;7B6 Places7A7 ;; Global Variables7A8 port : Integer;7A9 host : String;7A: inputstream : FIFO(Bytes);7A; outputstream : FIFO(Bytes);7 <7A= p11, p21, p22,7A> p31, p32, : CP(Integer, Thread);8A? opened, closed : Black_Tocken;8B6 Initial8A7 opened ok;8A8 host host;8A9 Axioms8A: start_new-ServerSocket(port, <cnt,t>)8A; :: -> p11 <cnt,t>, port port;8 < end_new-ServerSocket(<cnt,t>)8A= :: p11 <cnt,t> -> ;8A> ;; accept blocks until a socket makes a connect9A? start_accept(<cnt,t>)9B6 :: -> p21 <cnt,t>;9A7 next with System.getConnection(out,in,host,port)9A8 :: p21 <cnt,t>, host host, port port9A9 -> p22 <cnt,t>, host host, port port,9A: inputstream in, outputstream out;9A; end_accept(in, out, <cnt,t>)9 < :: p22 <cnt,t>, opened ok,9A= inputstream in, outputstream out9A> -> inputstream in, outputstream out, opened ok;:A? start_close(<cnt,t>):B6 :: -> p31 <cnt,t>;:A7 next:A8 :: p31 <cnt,t>, opened ok:A9 -> p32 <cnt,t>, closed ok ;:A: next:A; :: p31 <cnt,t>, closed ok: < -> p32 <cnt,t>, closed ok ;:A= end_close(<cnt,t>):A> :: p32 <cnt,t> -> ;;A? Where;B6 port : Integer;;A7 in,out : FIFO(Bytes);;A8 t : Thread;;A9 cnt : Integer;;A: End ServerSocket;6 ;; DataInputStream class7 ;; -----------------------8 ;; A DataInputStream is a fifo buffer of bytes, with the ability9 ;; to retrieve different kinds of data inside the buffer: ;; (integers, chars, etc); Class DataInputStream;< ;; public class DataInputStream extends FilterInputStream= Inherit JavaObject; ;; (FilterInpuStream < InputStream)
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> Interface6@? Use Integer, FIFO(Bytes), CP(Integer, Thread);6A6 Methods6@7 start_readInt _ : CP(Integer, Thread);6@8 end_readInt _ _ : Integer CP(Integer, Thread);6@9 ;; public final int readInt() throws IOException;6@: Creation6@; start_new-DataInputStream _ _ : FIFO(Bytes) CP(Integer, Thread);6 < end_new-DataInputStream _ : CP(Integer, Thread);6@= Body6@> Use CP(Integer,CP(Integer, Thread));7A? Places7B6 ;; Global Variables7A7 inputstream : FIFO(Bytes);7A8 ;; Local Variables7A9 incoming-int : CP(Integer,CP(Integer, Thread));7A: p11,7A; p21: CP(Integer, Thread);7 <7A= Axioms7A> start_new-DataInputStream(in, <cnt,t>)8A? :: -> inputstream in,8B6 p11 <cnt,t>;8A7 end_new-DataInputStream(<cnt,t>)8A8 :: p11 <cnt,t> -> ;8A9 start_readInt(<cnt,t>)8A: :: -> p21 <cnt,t> ;8A; next with (in.read(b,<cnt1,t>)8 < :: p21 <cnt,t>, inputstream in8A= -> p22 <cnt,t>, inputstream in,8A> incoming-int (BytesToInt(b), <cnt,t>) ;9A? end_readInt(i,<cnt,t>)9B6 :: p22 <cnt,t>, incoming-int(i,<cnt,t>)-> ;9A7 Where9A8 i, cnt, cnt1 : Integer;9A9 in : FIFO(Bytes);9A: t : Thread;9A; b : Bytes;9 < End DataInputStream;6 ;; DataOutputStream class7 ;; -----------------------8 ;; A DataOutputStream is a fifo buffer of bytes, with the ability9 ;; insert ih the buffer different kinds of data (integers, chars, etc): Class DataOutputStream;; ;; public class DataOutputStream extends FilterOutputStream< Inherit JavaObject; ;; (FilterOutputStream < OutputStream)= Interface> Use Integer, CP(Integer, Thread), FIFO(Bytes);6@? Methods6A6 start_writeInt _ _ : Integer CP(Integer, Thread);6@7 end_writeInt _ : CP(Integer, Thread);6@8 ;; public final void writeInt(int v) throws IOException;6@9 Creation6@: start_new-DataOutputStream _ _ : FIFO(Bytes) CP(Integer, Thread);6@; end_new-DataOutputStream _ : CP(Integer, Thread);6 < Body6@= Places6@> ;; Global Variables7A? outputstream : FIFO(Bytes);7B6 ;; Local Variables7A7 outgoing-int : CP(Integer,CP(Integer, Thread));7A8 p11, p21, p22: CP(Integer, Thread);7A97A: Axioms7A; start_new-DataOutputStream(out, <cnt,t>)7 < :: -> outputstream out,7A= p11 <cnt,t>;7A> end_new-DataOutputStream(<cnt,t>)8A? :: p11 <cnt,t> -> ;8B6 start_writeInt(i, <cnt,t>)8A7 :: -> p21 <cnt,t>, outgoing-int <i,<cnt,t>> ;8A8 next with (out.start_write(intToBytes(i), <cnt1,self>))8A9 :: p21 <cnt,t>, outgoing-int <i,<cnt,t>>,8A: outputstream out8A; -> p22 <cnt,t>, outputstream out;8 < end_writeInt(<cnt,t>)8A= :: p22 <cnt,t> -> ;8A> Where9A? i, cnt, cnt1 : Integer;9B6 out : FIFO(Bytes);9A7 t : Thread;9A8 End DataOutputStream;
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6 ;; The Object class (Java Object Class)7 ;; ------------------------------------8 Class JavaObject;9 Interface: Use Integer, Thread, CP(Integer, Thread);; Methods< start_notify _ : CP(Integer, Thread);= end_notify _ : CP(Integer, Thread);> ;; public final void notify();6@? start_wait _ : CP(Integer, Thread);6A6 end_wait _ : CP(Integer, Thread);6@7 ;; public final void wait();6@8 lock _ , unlock _ : Thread;6@9 next;6@: Body6@; Use Black_Tocken; ;; Used by most classes, even if not by JavaObject.6 < Use CounterProvider,6@= CP(CP(Thread,Integer),CP(Integer,Thread)),6@> CP(Integer, CP(Integer, Thread));7A? Initial7B6 locker <null,zero>; ;; no locker object (null) and no locks (zero)7A7 Places7A8 ;; Global Variables7A9 wait-set : CP(CP(Thread,Integer),CP(Integer,Thread));7A: ;; set of threads waiting on the current object7A; resumed-set : CP(CP(Thread,Integer),CP(Integer,Thread));7 < ;; set of threads resumed by a notify7A= locker : CP(Thread,Integer);7A> ;; the Thread who is currently possessing8A? ;; the object’s lock, together with8B6 ;; the number of current Integer locks it possesses on the object.8A7 counter : CP(Integer, CP(Integer, Thread));8A8 p11, p12, p13, p21, p22 : CP(Integer,Thread);8A9 Axioms8A: ;; it is necessary to have a lock on the object before calling its8A; ;; wait method.8 < start_wait(<cnt, t>)8A= :: locker <t,i>8A> -> p11 <cnt,t>, locker <t,i>;9A? ;; release all the locks on the object9B6 next9A7 :: p11 <cnt,t>, locker <t,i>9A8 -> p12 <cnt,t>, wait-set <<t,i>,<cnt,t>>, locker <null,0>;9A9 ;; reacquires all the locks on the object9A: next with self.lock(t) ::9A; :: p12 <cnt,t>, resumed-set <<t,i+1>,<cnt,t>>9 < -> p12 <cnt,t>, resumed-set <<t,i>,<cnt,t>>9A= end_wait(<cnt,t>)9A> :: p12 <cnt,t>, resumed-set <<t,0>,<cnt,t>>:A? -> ;:B6 start_notify(<cnt1, t1>):A7 :: locker <t,i>:A8 -> p21 <cnt1,t1>, locker <t,i>;:A9 next:A: :: p21 <cnt1,t1>, wait-set <<t,i>,<cnt,t>>:A; -> p22 <cnt1,t1>, resumed-set <<t,i>,<cnt,t>>;: < end_notify(<cnt1,t1>):A= :: p22 <cnt1,t1> -> ;:A> lock(t) :: locker <t, i> -> locker <t, i+1>;;A? ;; the current locker increments the lock;B6 lock(t) :: locker <null,zero> -> locker <t, 1>;
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;A7 ;; no current locker, acquisition of the lock;A8 unlock(t) :: locker <t,i+1> -> locker <t,i>;;A9 ;; the current locker decrements the lock;A: unlock(t) :: locker <t,1> -> locker <null, zero>;;A; ;; the current locker releases the lock; < Where;A= t, t1 : Thread;;A> cnt1, cnt : Integer;< ? i : Integer;< 6 End JavaObject;6 ;; Thread class7 ;; ------------------------8 Class Thread; ;; public class Threads extends Object implements Runnable9 Inherit JavaObject;: Interface; Use Boolean, Integer, CP(Integer, Thread);< Type= Methods> ;; Public Instance Methods6@? start_isAlive _ : CP(Integer, Thread);6A6 end_isAlive _ _ : Boolean CP(Integer, Thread);6@7 ;; public final boolean isAlive();6@8 start_run _ : CP(Integer, Thread);6@9 ;; public void run();6@: start_start _ : CP(Integer, Thread);6@; end_start _ : CP(Integer, Thread);6 < ;; public synchronized void start()6@= ;; throws IllegalThreadStateException;6@> start_stop _ : CP(Integer, Thread);7A? end_stop _ : CP(Integer, Thread);7B6 ;; public final void stop();7A7 Body7A8 Use Clock;7A9 Places7A: alive, stopped : Black_Tocken;7A;7 < p11,p21,p22,p31 : CP(Integer, Thread);7A= Initial7A> alive ok;8A? Axioms8B6 start_isAlive(<cnt,t>)8A7 :: -> p11 <cnt,t>;8A8 end_isAlive(true,<cnt,t>)8A9 :: alive ok, p11 <cnt,t> -> alive ok;8A: end_isAlive(false,<cnt,t>)8A; :: stopped ok, p11 <cnt,t> -> stopped ok;8 < ;; a thread returns if8A= ;; 1. run ends, 2. exception interrupts, 3. there is a stop()8A> start_run(<cnt,t>)9A? :: alive ok -> alive ok, p21 <cnt,t>;9B6 next with Counter.put(cnt)9A7 :: p22 <cnt,t> -> ;9A8 next with Counter.put(cnt)9A9 :: stopped ok, p22 <cnt,t> -> ;9A:9A; ;; start immediately causes run9 < start_start(<cnt,t>)9A= :: alive ok -> alive ok, p31 <cnt,t>;9A> start_start(<cnt,t>):A? :: stopped ok -> stopped ok, p34 <cnt,t>;:B6 ;; start is synchronized:A7 next with self.lock(t):A8 :: p31 <cnt,t> -> p32 <cnt,t>;:A9 ;; start causes run:A: next with (Counter.get(cnt1) .. self.run(<cnt1,self>)):A; :: p32 <cnt,t> -> p33 <cnt,t>;: < ;; it is a new execution flow, there is no need to wait for the:A= ;; return, unless it is not a new execution flow:A> next with self.unlock(t);A? :: p33 <cnt,t> -> p34 <cnt,t>;;B6 end_start(<cnt,t>);A7 :: p34 <cnt,t> -> ;;A8 start_stop(<cnt,t>);A9 :: alive ok -> stopped ok, p41 <cnt,t>;;A: stop_stop(<cnt,t>);A; :: stopped ok -> stopped ok, p41 <cnt,t>;; < end_stop(<cnt,t>);A= :: p41 <cnt,t> -> ;;A>< ? Where< 6 t : Thread;< 7 cnt, cnt1 : Integer;< 8 End Thread;6 ;; Applet class7 ;; ----------------
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8 Class Applet; ;; public class Applet extends Panel9 Inherit JavaObject; ;; (Panel < Container < Component < Object): Interface; Use String, Integer, CP(Integer,Thread);< Type Applet;= Methods> ;; the methods are called by a web browser or an appletviewer6@? start_init _ : CP(Integer,Thread);6A6 end_init _ : CP(Integer,Thread);6@7 ;; public void init(); //empty6@8 start_start _ : CP(Integer,Thread);6@9 end_start _ : CP(Integer,Thread);6@: ;; public void start(); //empty6@; start_stop _ : CP(Integer,Thread);6 < end_stop _ : CP(Integer,Thread);6@= ;; public void stop(); //empty6@> Creation7A? start_new-Applet _ _ : String CP(Integer,Thread);7B6 end_new-Applet _ : CP(Integer,Thread);7A7 ;; called by Web Browser or Appletviewer7A87A9 Body7A: Places7A; p11,p21,p31,p41 : CP(Integer,Thread);7 < active, stopped : Black_Tocken;7A= remotehost : String;7A> Initial8A? active ok;8B6 Axioms8A7 start_new-Applet(host, <cnt,t>)8A8 :: -> p11 <cnt,t>,8A9 remotehost host;8A: end_new-Applet(<cnt,t>)8A; :: p11 <cnt,t> -> ;8 < ;; an applet is inited only once8A= start_init(<cnt,t>) :: active ok -> active ok, p21 <cnt,t>;8A> start_init(<cnt,t>) :: stopped ok -> stopped ok, p21 <cnt,t>;9A? end_init(<cnt,t>) :: p21 <cnt,t> -> ;9B69A7 ;; an applet is started many times9A8 start_start(<cnt,t>) :: active ok -> active ok, p31 <cnt,t>;9A9 start_start(<cnt,t>) :: stopped ok -> stopped ok, p31 <cnt,t>;9A: end_start(<cnt,t>) :: p31 <cnt,t> -> ;9A;9 < start_stop(<cnt,t>) :: active ok -> stopped ok, p41 <cnt,t>;9A= stop_stop(<cnt,t>) :: stopped ok -> stopped ok, p41 <cnt,t>;9A> end_stop(<cnt,t>) :: p41 <cnt,t> -> ;:A?:B6 Where:A7 t : Thread;:A8 cnt : Integer;:A9 End Applet;6 ;; Socket class7 ;; -----------------8 Class Socket; ;;public final class Socket extends Object9 Inherit JavaObject;: Interface; Use String, Integer, FIFO(Bytes),< CP(Integer, Thread);= Methods> start_close _ : CP(Integer, Thread);6@? end_close _ : CP(Integer, Thread);6A6 ;; public synchronized void close() throws IOException;6@7 start_getInputStream _ : CP(Integer, Thread);6@8 end_getInputStream _ _ : FIFO(Bytes) CP(Integer, Thread);6@9 ;; public InputStream getInputStream() throws IOException;6@: start_getOutputStream _ : CP(Integer, Thread);6@; end_getOutputStream _ _ : FIFO(Bytes) CP(Integer, Thread);6 < ;; public OutputStream getOutputStream() throws IOException;6@= Creation6@> start_new-Socket _ _ _ : String Integer CP(Integer, Thread);7A? end_new-Socket _ : CP(Integer, Thread);7B6 ;; public Socket(String host, int port) throws7A7 ;; UnknownHostException, IOException;7A8 Body7A9 Use System;7A: Places7A; ;; Global Variables7 < remotehost : String;7A= port : Integer;7A> inputstream : FIFO(Bytes);8A? outputstream : FIFO(Bytes);8B68A7 p11, .., p14,8A8 p21, p22,8A9 p31, p41, : CP(Integer, Thread);8A: Initial
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8A; opened ok;8 < Axioms8A= start_new-Socket(host, port, <cnt,t>)8A> :: -> remotehost host, port port,9A? p11 <cnt,t>;9B6 ;; Host.connect delays to serversocket.connect(s,host)9A7 next with in.create9A8 :: p11 <cnt,t>9A9 -> p12 <cnt,t>, inputstream in;9A: next with out.create9A; :: p12 <cnt,t>9 < -> p13 <cnt,t>, outputstream out;9A= next with System.connect(in,out,host,port)9A> :: p13 <cnt,t>, inputstream in, outputstream out,:A? remotehost host, port port:B6 -> p14 <cnt,t>, inputstream in, outputstream out,:A7 remotehost host, port port;:A8 end_new-Socket(<cnt,t>):A9 :: p14 <cnt,t> -> ;:A: ;; close is a sychronized method:A; start_close(<cnt,t>) :: -> p21 <cnt,t>;: < next with self.lock(t):A= :: p21 <cnt,t>, opened ok -> p22 <cnt,t>, closed ok ;:A> next :: p21 <cnt,t>, closed ok -> p23 <cnt,t>, closed ok ;;A? next with self.unlock(t);B6 :: p22 <cnt,t> -> p23 <cnt,t>;;A7 end_close(<cnt,t>) :: p23 <cnt,t> -> ;;A8 start_getInputStream(<cnt,t>);A9 :: -> p31 <cnt,t>;;A: end_getInputStream(in, <cnt,t>);A; :: p31 <cnt,t>, inputstream in; < -> inputstream in;;A=;A> start_getOutputStream(<cnt,t>)< ? :: -> p41 <cnt,t>;< 6 end_getOutputStream(out, <cnt,t>)< 7 :: p41 <cnt,t>, outputstream out< 8 -> outputstream out;< 9 Where< : host : String;< ; port : Integer;<A< in : FIFO(Bytes);< = out : FIFO(Bytes);< > t : Thread;=A? cnt : Integer;=B6 End Socket;=A7 Class System=A8 Interface=A9 Use Socket, String, Integer;=A: Methods=A; connect _ _ _ _ : FIFO(Bytes), FIFO(Bytes), String, Integer;= < getconnection _ _ _ _ : FIFO(Bytes), FIFO(Bytes), String, Integer;=A= Object System;=A> Body>A? Places>B6 connections : CP(FIFO(Bytes),FIFO(Bytes),String,Integer);>A7 Axioms>A8 ;; a Socket registers to the System>A9 connect(in,out,host,port)>A: :: -> connections <in,out,host,port>;>A; getconnection(in,out,host,port)> < :: connections <in,out,host,port>>A= -> ;>A> Where6@?A? in, out : FIFO(Bytes);6@?B6 host : String;6@?A7 port : Integer;6@?A8 end System;6 ;; ServerSocket class7 ;; ---------------------8 Class ServerSocket;9 ;; public final class ServerSocket extends Object;: Inherit JavaObject;; Interface< Use FIFO(Bytes), Integer, CP(Integer, Thread);= Methods> start_accept _ : CP(Integer, Thread);6@? end_accept _ _ _ : FIFO(Bytes), FIFO(Bytes), CP(Integer, Thread);6A6 ;; public Socket accept() throws IOException;6@7 start_close _ : CP(Integer, Thread);6@8 end_close _ : CP(Integer, Thread);6@9 ;; public void close() throws IOException;6@: Creation6@; start_new-ServerSocket _ : Integer CP(Integer, Thread);6 < end_new-ServerSocket _ : CP(Integer, Thread);;
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6@= ;; public ServerSocket(int port) throws IOException;6@> Body7A? Use System;7B6 Places7A7 ;; Global Variables7A8 port : Integer;7A9 host : String;7A: inputstream : FIFO(Bytes);7A; outputstream : FIFO(Bytes);7 <7A= p11, p21, p22,7A> p31, p32, : CP(Integer, Thread);8A? opened, closed : Black_Tocken;8B6 Initial8A7 opened ok;8A8 host host;8A9 Axioms8A: start_new-ServerSocket(port, <cnt,t>)8A; :: -> p11 <cnt,t>, port port;8 < end_new-ServerSocket(<cnt,t>)8A= :: p11 <cnt,t> -> ;8A> ;; accept blocks until a socket makes a connect9A? start_accept(<cnt,t>)9B6 :: -> p21 <cnt,t>;9A7 next with System.getConnection(out,in,host,port)9A8 :: p21 <cnt,t>, host host, port port9A9 -> p22 <cnt,t>, host host, port port,9A: inputstream in, outputstream out;9A; end_accept(in, out, <cnt,t>)9 < :: p22 <cnt,t>, opened ok,9A= inputstream in, outputstream out9A> -> inputstream in, outputstream out, opened ok;:A? start_close(<cnt,t>):B6 :: -> p31 <cnt,t>;:A7 next:A8 :: p31 <cnt,t>, opened ok:A9 -> p32 <cnt,t>, closed ok ;:A: next:A; :: p31 <cnt,t>, closed ok: < -> p32 <cnt,t>, closed ok ;:A= end_close(<cnt,t>):A> :: p32 <cnt,t> -> ;;A? Where;B6 port : Integer;;A7 in,out : FIFO(Bytes);;A8 t : Thread;;A9 cnt : Integer;;A: End ServerSocket;6 ;; DataInputStream class7 ;; -----------------------8 ;; A DataInputStream is a fifo buffer of bytes, with the ability9 ;; to retrieve different kinds of data inside the buffer: ;; (integers, chars, etc); Class DataInputStream;< ;; public class DataInputStream extends FilterInputStream= Inherit JavaObject; ;; (FilterInpuStream < InputStream)> Interface6@? Use Integer, FIFO(Bytes), CP(Integer, Thread);6A6 Methods6@7 start_readInt _ : CP(Integer, Thread);6@8 end_readInt _ _ : Integer CP(Integer, Thread);6@9 ;; public final int readInt() throws IOException;6@: Creation6@; start_new-DataInputStream _ _ : FIFO(Bytes) CP(Integer, Thread);6 < end_new-DataInputStream _ : CP(Integer, Thread);6@= Body6@> Use CP(Integer,CP(Integer, Thread));7A? Places7B6 ;; Global Variables7A7 inputstream : FIFO(Bytes);7A8 ;; Local Variables7A9 incoming-int : CP(Integer,CP(Integer, Thread));7A: p11,7A; p21: CP(Integer, Thread);7 <7A= Axioms7A> start_new-DataInputStream(in, <cnt,t>)8A? :: -> inputstream in,8B6 p11 <cnt,t>;8A7 end_new-DataInputStream(<cnt,t>)8A8 :: p11 <cnt,t> -> ;8A9 start_readInt(<cnt,t>)8A: :: -> p21 <cnt,t> ;8A; next with (in.read(b,<cnt1,t>)8 < :: p21 <cnt,t>, inputstream in
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8A= -> p22 <cnt,t>, inputstream in,8A> incoming-int (BytesToInt(b), <cnt,t>) ;9A? end_readInt(i,<cnt,t>)9B6 :: p22 <cnt,t>, incoming-int(i,<cnt,t>)-> ;9A7 Where9A8 i, cnt, cnt1 : Integer;9A9 in : FIFO(Bytes);9A: t : Thread;9A; b : Bytes;9 < End DataInputStream;6 ;; DataOutputStream class7 ;; -----------------------8 ;; A DataOutputStream is a fifo buffer of bytes, with the ability9 ;; insert ih the buffer different kinds of data (integers, chars, etc): Class DataOutputStream;; ;; public class DataOutputStream extends FilterOutputStream< Inherit JavaObject; ;; (FilterOutputStream < OutputStream)= Interface> Use Integer, CP(Integer, Thread), FIFO(Bytes);6@? Methods6A6 start_writeInt _ _ : Integer CP(Integer, Thread);6@7 end_writeInt _ : CP(Integer, Thread);6@8 ;; public final void writeInt(int v) throws IOException;6@9 Creation6@: start_new-DataOutputStream _ _ : FIFO(Bytes) CP(Integer, Thread);6@; end_new-DataOutputStream _ : CP(Integer, Thread);6 < Body6@= Places6@> ;; Global Variables7A? outputstream : FIFO(Bytes);7B6 ;; Local Variables7A7 outgoing-int : CP(Integer,CP(Integer, Thread));7A8 p11, p21, p22: CP(Integer, Thread);7A97A: Axioms7A; start_new-DataOutputStream(out, <cnt,t>)7 < :: -> outputstream out,7A= p11 <cnt,t>;7A> end_new-DataOutputStream(<cnt,t>)8A? :: p11 <cnt,t> -> ;8B6 start_writeInt(i, <cnt,t>)8A7 :: -> p21 <cnt,t>, outgoing-int <i,<cnt,t>> ;8A8 next with (out.start_write(intToBytes(i), <cnt1,self>))8A9 :: p21 <cnt,t>, outgoing-int <i,<cnt,t>>,8A: outputstream out8A; -> p22 <cnt,t>, outputstream out;8 < end_writeInt(<cnt,t>)8A= :: p22 <cnt,t> -> ;8A> Where9A? i, cnt, cnt1 : Integer;9B6 out : FIFO(Bytes);9A7 t : Thread;9A8 End DataOutputStream;
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