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¤�¥0¦G§�¨�©«ª­¬�®¯¦G°_±²©«¥�¬Y©«³$´/µaµa°�¦�´Gª_¶0µa°�¦+·�±¸³s©«¹r´
¥a´/¬�ºs°_´G»
¼ ´«½&¬Y¦$¾�¦�³s©«»:´0°�©«´G»¿®¯¬�±À¾�©R¹Y½�¹Y¬Y©«¾ÁªÂ¶�´/°Â´Gª­¬Y©Ã°Â±²ÄÃ©«³
§#½�¬�±¸¾u±À¥sÅsÆE°�©«¹Y¦�ºs°Âª­©�´G¥a³0µ�°�©«ª­©«³s©«¥aª­©�ª­¦�¥a¹Y¬Y°_´G±¸¥�¬�¹«Ç
È ºa»²¬�±²µ�»¸©7¹�±¸¾Éºa»²¬�´G¥a©Ã¦�ºa¹lµ�°�¦#ª­©«¹Â¹Y©«¹Êª­¦�¾�µE©Ã¬�±¸¥sÅ&Ëj¦G°
°�©«¹Y¦�ºa°Âª­©«¹4´G¥a³
ª­¦�¥a¹Y¬Y°Â´G±¸¥a©«³l§#½l¹Y¬Y°Â±Àª­¬3¬�±¸¾l±¸¥sÅ ³s©«´G³s®
»¸±¸¥a©«¹�´G³a³Ì¬Y¦Í¬�¶s©&ª­¦�¾�µ�»²©­Îs±²¬Ï½Ð¦GË�¾�¦�³s©«»¸±¸¥aÅT¹�ºaª_¶
¹Y½�¹Y¬Y©«¾u¹ÃÇ
Ñ�¥a±¿Ò�©«³ È ¦#³a©«»¸±¸¥sÅRÓ-´G¥sÅ�ºa´/ÅG©ÕÔQÑ È Ó{Ö×±À¹
´Ø·G©Ã°�½ÐÅG©«¥s©Ã°_´G»É»À´G¥sÅ�ºa´/ÅG©M¬�¶a´/¬Ù¹�ºsµaµE¦G°�¬�¹�µK¦ ¼ ©Ã°�®
ËQºa»{©­Î#¬Y©«¥a¹Â±²¦�¥Ù¾�©«ªÂ¶�´G¥a±¸¹�¾u¹r¬�¶�´/¬b±¸¥aªÃ»¸ºa³a©«¹ÃÚÛ¹Y¬Y©Ã°�©Ã¦/®
¬Ï½#µE©«¹ÃÆ�¬�´/ÅGÅG©«³Ê·/´G»¸ºs©«¹Ü´G¥a³
ª­¦�¥a¹Y¬Y°Â´G±¸¥H¬�¹ÃÇBÝ�¥l¬�¶�±¸¹9µi´!®
µE©Ã°«Æ ¼ ©4ºa¹Y©Þ¬�¶a©«¹Y©3©­Î�¬Y©«¥a¹�±¸¦�¥g¾�©«ª_¶a´G¥a±¸¹Â¾u¹V¬Y¦r¾�¦�³s©«»
°�©«´G»¿®¯¬�±À¾�© ¹Y½�¹Y¬Y©«¾ßª­¦�¥a¹Y¬Y°Âºaª­¬�¹«Ç4àÛ¶s© ª­¦�¥a¹Y¬Y°_ºaª­¬�¹á´/°Â©
¬�¶s©«¥âË]¦G°_¾u´G»¸±²ÄÃ©«³âºa¹�±¸¥sÅÍã�§�¨Y©«ª­¬ÙäÜ¦�¥�¹Y¬Y°Â´G±¸¥H¬�Ó�´G¥s®
Å�ºa´/ÅG©�Ô¯ãbä:Ó{Ö ´G¥a³$¾u´G³a©l´«·/´G±¸»¸´/§�»¸©l±¸¥Ù¬�¶s©�Ë]¦G°_¾.¦GË
´ Ñ È Ó0µ�´Gª�å/´/ÅG©GÇ9à�¶s©á§E©«¶a´«·�±²¦G°3¾u¦#³s©«»À¹ ¼ ©Ã°�©á¹�±À¾)®
ºa»¸´/¬Y©«³�´G¥a³æËj¦G°Â¾u´G»¸»¸½Ð·/´G»¸±¸³a´/¬Y©«³�Ë]¦G°$ª­¦G°Â°�©«ª­¬�¥s©«¹�¹ÃÇ
ç ºaª_¶Ùª­¦�¥a¹Y¬Y°Âº�ª­¬�¹b´/°�©)¬�¶s©«¥�¹Y¬Y©Ã°Â©Ã¦G¬Ï½#µK©«³�Ë]¦G°bºa¹�©)´G¹
³s©«¹�±¸Å�¥)µ�´/¬Y¬Y©Ã°Â¥a¹ ¼ ¶s©«¥�³s©Ã·G©«»²¦Gµ�±À¥sÅr°�©«´G»¿®¯¬�±¸¾�©:´/µaµi»¸±¿®
ªÃ´/¬�±²¦�¥a¹«Ç

è�éHê?ë)ì�í!î-ïGðbñ ©«´G»¿®Ïà�±¸¾u© ç ½�¹Y¬Y©«¾u¹ÃÆ?òs¦G°_¾u´G» È ©Ã¬�¶s®
¦�³a¹ÃÆÛã�§s¨�©«ª­¬�®óã�°_±²©«¥�¬�´/¬�±¸¦�¥?Æ:Ñá¥a±²Ò�©«³ È ¦#³s©«»À±¸¥sÅ
Ó-´G¥sÅ�ºa´/ÅG©GÆKãr§�¨�©«ª­¬räÜ¦�¥a¹Y¬Y°Â´G±À¥�¬�Ó-´G¥sÅ�ºa´/ÅG©GÇ
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ñ ©«´G»¿®¯¬�±¸¾�©�¹Y½�¹Y¬Y©«¾u¹&¶s¦�¹Y¬M¾gºa»¸¬�±²µ�»²©û¹�±À¾gºa»¸¬�´G¥s©Ã¦�ºa¹
µ�°�¦#ª­©«¹Â¹Y©«¹M¬�¶a´/¬8´/°�©Í¬Y°Â±²ÅGÅG©Ã°�©«³�§#½�ºa¥sµa°Â©«³a±¸ª­¬�´/§�»²©
©Ã·G©«¥H¬�¹�´G¥a³
´/°�©bª­¦�¾uµK©Ã¬�±À¥sÅgËj¦G°:°�©«¹Y¦�ºa°Âª­©«¹ÃÇBÝ�¥Ê¾�¦�¹Y¬
ªÃ´G¹�©«¹R¬�±¸¾u±À¥sÅM±À¹Ê´8·G©Ã°�½Íª­°Â±²¬�±¸ªÃ´G»×ËQ´Gª­¬Y¦G°7´G¥�³ü±²¬R±¸¹
´/§i¹Y¦�»¸ºs¬Y©«»²½&¥s©«ª­©«¹�¹Â´/°�½8¬Y¦ýª­¦�¾�µi»²©Ã¬Y©7¹�º�ªÂ¶û¬�´G¹�å#¹q±¸¥
´Õ¬�±¸¾u©«»²½�ËQ´G¹�¶a±²¦�¥?ÇýþÜ´G¹�©«³&¦�¥&¬�¶s©R¹Y©Ã·G©Ã°Â±²¬ÿ½$¦GËr±¸¾)®
µi´Gª­¬u¬�¶s©�¹Y½�¹Y¬Y©«¾ Ëj´Gª­©«¹l¦�¥T¾u±¸¹Â¹�±¸¥sÅ0¬�±¸¾u±À¥sÅÙ³s©«´G³�®
»À±¸¥s©«¹ÃÆ�°�©«´G»¿®¯¬�±¸¾u©�¹Y½#¹�¬Y©«¾u¹�´/°�©ýªÃ»¸´G¹�¹�±¿Òi©«³ ±¸¥H¬Y¦û¬ ¼ ¦
ªÃ´/¬Y©ÃÅG¦G°_±²©«¹ÃÚ×¹Y¦GËj¬×°�©«´G»¿®¯¬�±¸¾�©�¹Y½�¹Y¬Y©«¾ ´G¥a³Ù¶�´/°Â³Õ°�©«´G»¿®
¬�±À¾�©b¹Y½�¹Y¬Y©«¾ÊÇ9Ý�¥Ê¹Y¦GËj¬�°�©«´G»¿®¯¬�±À¾�© ¹Y½�¹Y¬Y©«¾u¹:¬�´G¹�å#¹�´/°�©
©­Î�µE©«ª­¬Y©«³T¬Y¦M¾�©Ã©Ã¬q¬�¶s©7³s©«´G³�»¸±¸¥s©GÆÜ§�ºs¬l¹�å#±²µ�µ�±¸¥sÅÙ´
³a©«´G³a»¸±¸¥s© ¼ ¦�ºa»¸³T¥s¦G¬�°Â©«¹�ºa»²¬l±À¥û¹Y©Ã·G©Ã°�©0³a´G¾u´/ÅG©Õ¬Y¦
¬�¶a©Õ¹Y½�¹Y¬Y©«¾ÊÇ�ãr¥�¬�¶s©Õ¦G¬�¶s©Ã°Â¶�´G¥a³?ÆÛ¾u±À¹�¹�±¸¥sÅý³s©«´G³�®
»À±¸¥s©«¹)ª­¦�ºa»¸³&§E©RªÃ´/¬�´G¹Y¬Y°�¦Gµi¶a±¸ªÊ±¸¥&¬�¶s©RªÃ´G¹�©�¦GËr¶a´/°Â³
°Â©«´G»¿®¯¬�±¸¾�©×¹Y½�¹Y¬Y©«¾u¹ÃÇ9Ýó¥Ê©«±¸¬�¶s©Ã°�ªÃ´G¹Y© ¬�¶a©bª­¦�¾�µ�»²©­Îs±²¬Ï½
¦GËr§�º�±¸»¸³a±¸¥aÅÕ´G¥a³�´G¥a´G»²½#Ä«±¸¥sÅÙ¬�¶a©7¾�¦�³s©«»Û±À¹l¾u´G±¸¥�»²½
³�ºs©
¬Y¦�´Ù¬�±²Å�¶H¬u³s©ÃµE©«¥a³s©«¥aª­½�¬�¶�´/¬u©­Î�±À¹Y¬�¹)§E©Ã¬ ¼ ©Ã©«¥
¬�¶a©qËQºa¥aª­¬�±¸¦�¥a´G»3´G¥�³8¥s¦�¥�®¯ËQºa¥aª­¬�±²¦�¥a´G»3µa°�¦GµE©Ã°�¬�±¸©«¹g¦GË
¬�¶a©�°�©«´G»¿®¯¬�±À¾�©7¹Y½�¹Y¬Y©«¾u¹«Ç È ¦�¹�¬�¬Y°Â´G³�±²¬�±²¦�¥a´G»á¾�©Ã¬�¶�®
¦�³a¹3Ë]¦G°:³s©Ã·G©«»¸¦Gµ�±¸¥sÅg°�©«´G»¿®¯¬�±¸¾�©r¹Y½�¹Y¬Y©«¾u¹4´/°�©�·G©Ã°�½l©ÃË]®
ÒKªÃ±²©«¥�¬�±¸¥Õ¾�¦#³a©«»¸±¸¥sÅu¬�¶a©«¹Y©gµ�°�¦GµE©Ã°�¬�±²©«¹Û±À¥7±¸¹�¦�»¸´/¬�±²¦�¥?Æ
§iºs¬
Ëj´G±¸»�¬Y¦û©­Î�µ�»¸±ÀªÃ±²¬�»²½ûªÃ´/µa¬�ºs°Â©Ù¬�¶s©«±²°R±¸¥H¬Y©Ã°Â³s©ÃµE©«¥�®
³a©«¥aª­½GÇ�àÛ¶s©É¥a¦+·G©«»²¬ÿ½�¦GËÞ¦�ºs°r´/µaµa°Â¦�´GªÂ¶Ù±¸¹�±¸¥R§�°Â±¸³sÅ/®
±À¥sÅb¬�¶a±¸¹9Å�´/µ
§H½�µa°Â¦+·�±¸³a±¸¥sÅb´/µ�µa°�¦Gµa°Â±À´/¬Y©áª­¦�¥a¹Y¬Y°_ºaª­¬�¹
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ºa¹�±À¥sÅ�Ñ È Ó�� ¹ ©­Î�¬Y©«¥a¹�±²¦�¥M¾�©«ª_¶a´G¥a±¸¹�¾l¹ÃÇRÑ È Óü±¸¹g´
¹Y¬�´G¥a³�´/°Â³?Æz´GªÃª­©Ãµa¬Y©«³&§H½Ù¬�¶a©Êã�§s¨�©«ª­¬ È ´G¥a´/ÅG©«¾u©«¥�¬
� °�¦�ºaµ Ô¯ã È � Ö��«Æ×Ë]¦G°�¹YµE©«ªÃ±²Ëj½�±¸¥sÅT¦G§s¨�©«ª­¬�®¯¦G°Â±¸©«¥�¬Y©«³
¹Y½�¹Y¬Y©«¾u¹ÃÇ Ñ È Ó µa°Â¦+·�±¸³s©«¹Ù´ ¹Y©Ã¬$¦GËq´/°�¬�±¸Ëj´Gª­¬�¹$¬Y¦
¾�¦�³s©«» ¹�¬Y°Âºaª­¬�ºs°Â´G»¯Æ×§K©«¶�´«·�±²¦G°Â´G» ´G¥�³Ð´/°Âª_¶a±²¬Y©«ª­¬�ºs°Â´G»
´G¹YµE©«ª­¬�¹�¦GËÞ´l¹Y½�¹Y¬Y©«¾��
	��¯Ç�Ý�¥�´G³�³a±²¬�±²¦�¥?ÆK±²¬Û¹�ºaµaµE¦G°�¬�¹
´ýµK¦ ¼ ©Ã°ÂËjºa»Û©­Î#¬Y©«¥�¹�±²¦�¥Í¾�©«ªÂ¶�´G¥a±¸¹�¾ ¼ ¶a±¸ª_¶TªÃ´G¥�§E©
ºa¹Y©«³R¬Y¦u©­Î#¬Y©«¥�³RÑ È ÓM±¸¥Ê´uª­¦�¥H¬Y°�¦�»¸»²©«³ÊËQ´G¹�¶a±¸¦�¥?Ç
Ý�¥)¬�¶a±¸¹zµ�´/µE©Ã° ¼ ©:µa°�¦GµE¦�¹Y©:´×Ñ È Ó7µ�´Gª�å/´/ÅG©áª­¦�¾�®

µE¦�¹Y©«³ ¦GË0°�©«´G»¿®¯¬�±¸¾u© ª­¦�¥a¹Y¬Y°Â´G±¸¥H¬8©«»²©«¾�©«¥H¬�¹ÃÇ àÛ¶s©
µ�´GªÂå!´/ÅG©�©«»²©«¾�©«¥H¬�¹ ´/°�©u¾�¦�³s©«»²©«³Ùº�¹�±¸¥sÅÊÑ È Ó�� ¹b©­Î#®
¬Y©«¥a¹�±¸¦�¥ ¾�©«ªÂ¶a´G¥�±¸¹�¾u¹ÃÇ à�¶a©«¹Y© ª­¦�¥a¹Y¬Y°Â´G±À¥�¬�¹æ´/°Â©
Ëj¦G°Â¾u´G»¸±²ÄÃ©«³ ºa¹Â±¸¥sÅæã�§�¨Y©«ª­¬ûä4¦�¥a¹Y¬Y°Â´G±¸¥H¬&Ó�´G¥sÅ�ºa´/ÅG©
Ô¯ãbä4ÓzÖ_Æ ¼ ¶a±¸ª_¶8±¸¹�´G¥û´/°�¬�±¸Ëj´Gª­¬�¦GËrÑ È ÓÞÆ3´G¥a³&·!´G»À±¿®
³a´/¬Y©«³0ºa¹�±À¥sÅlà-©«»²©«»²¦GÅ�±¸ªgà-´Gº
� ��� ��� � �¯ÇáÝ�¥ ç ©«ª­¬�±²¦�¥�	#Æ
¼ © ³s©­Òi¥s©g´uÑ È Óýµ�´Gª�å/´/ÅG©gËj¦G°Û°Â©«´G»¿®¯¬�±¸¾�©b¹Y½�¹Y¬Y©«¾u¹«Ç
à�¶s©0µa°Â¦GµK¦�¹�©«³ØËj¦G°Â¾u´G»�°�©Ãµ�°�©«¹Y©«¥H¬�´/¬�±²¦�¥Í¦GËg¬�±À¾�©Õ±À¹
³a±¸¹ÂªÃºa¹�¹Y©«³Ê±¸¥ ç ©«ª­¬�±²¦�¥��#Ç ç ©«ª­¬�±²¦�¥��uµ�°�¦+·�±¸³s©«¹á´�Ë]¦G°�®
¾u´G»H°�©Ãµa°�©«¹�©«¥�¬�´/¬�±²¦�¥g¦GËaµE©Ã°Â±²¦�³a±¸ªB´G¥�³ ´/µE©Ã°Â±²¦�³a±¸ªBµ�°�¦/®
ª­©«¹�¹Y©«¹«ÇØ¤ Ë]¦G°Â¾l´G»:°�©Ãµa°�©«¹�©«¥�¬�´/¬�±²¦�¥TË]¦G°l°�©«¹Y¦�ºs°Âª­©R±À¹
¹YµE©«ªÃ±¿Ò�©«³M±¸¥ ç ©«ª­¬�±²¦�¥��#ÇýÝó¥ ç ©«ª­¬�±²¦�¥
�Õ¬�¶s©
Ë]¦G°Â¾l´G»
°�©Ãµa°Â©«¹Y©«¥�¬�´/¬�±¸¦�¥â¦GË�µa°�©«ª­©«³s©«¥�ª­©&ª­¦�¥�¹Y¬Y°Â´G±¸¥H¬Õ±À¹Õ³�±¸¹�®
ªÃºa¹�¹�©«³?Ç ç ©«ª­¬�±²¦�¥��r³�±¸¹�ªÃºa¹�¹�©«¹B¦�ºs°ÞËj°�¦�¾u´G»s·/´G»¸±¸³�´/¬�±²¦�¥
µa°�¦�ª­©«¹�¹R´G¥�³üµa°�©«¹Y©«¥H¬�¹Ê°�©«¹Âºa»²¬�¹ÃÇ ãrºa°Rª­¦�¥aªÃ»¸ºa¹�±¸¦�¥a¹
´G¥a³ÊËQºs¬�ºs°Â© ¼ ¦G°�åÊ±¸¹4µa°Â¦+·�±¸³s©«³Ê±¸¥ ç ©«ª­¬�±¸¦�¥��#Ç
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Ý�¥bÑ È ÓÞÆ+µ�´Gª�å/´/ÅG©Ü±À¹V´:ÅG©«¥s©Ã°Â´G»�µ�ºs°�µE¦�¹Y©B¾�©«ª_¶a´G¥a±¸¹Â¾
Ëj¦G°Û¦G°�Å�´G¥a±¸Ä«±¸¥sÅ�©«»²©«¾�©«¥H¬�¹:�
	��¯Ç<;z´GªÂå!´/ÅG©«¹×´/°�©g±¸³s©«¥H¬�±¿®
Ò�©«³q§#½l´g¹Â±¸¾�µ�»²©�¥a´G¾�©�¦G°:´gµi´/¬�¶q¥�´G¾�©GÇÞ¤ ¹�±¸¾uµ�»²©
¥a´G¾�©Üµa°�¦\·#±À³s©«¹s¨�ºa¹Y¬{´r¥a´G¾�©ÜË]¦G°z¬�¶s©Üµ�´Gª�å/´/ÅG©GÆ ¼ ¶�±¸»²©
´�µi´/¬�¶T¥a´G¾�©7¹YµE©«ªÃ±¿Ò�©«¹�¬�¶s©7µ�´Gª�å/´/ÅG©0¥a´G¾�©�´G»²¦�¥aÅ
¼ ±²¬�¶M¬�¶s©
©«¥aªÃ»¸¦�¹�±¸¥sÅÕµ�´Gª�å/´/ÅG©7¥�´G¾�©Ê±¸¥ ¼ ¶a±¸ª_¶ý¬�¶�±¸¹
µ�´GªÂå!´/ÅG©q»¸±²·G©«¹×ºa¹�±À¥sÅq´Ê¹Âª­¦GµK©�°Â©«¹Y¦�»¸ºs¬�±²¦�¥0¦GµE©Ã°Â´/¬Y¦G°+Ç
;z´Gª�å/´/ÅG©«¹á´/°Â©rª­¦�¾uµK¦�¹�©«³
¦GË�¦G¬�¶s©Ã°�©«»¸©«¾�©«¥�¬�¹ ¼ ±²¬�¶
´
»¸±²Ëj©­®¯¬�±¸¾�©r§�±À¥a³a±¸¥sÅg°�©«»¸´/¬�±²¦�¥�¹�¶a±²µVÆ ¼ ¶a±¸ª_¶Ê¾�©«´G¥a¹:¬�¶�´/¬
¼ ¶s©«¥Ê´uµ�´Gª�å/´/ÅG©É±À¹:³s©«¹Y¬Y°�¦\½G©«³R¬�¶s©b©«»¸©«¾�©«¥�¬�¹Û¦GË-¬�¶a©
µ�´GªÂå!´/ÅG©Í´/°�©T´G»¸¹�¦ ³s©«¹Y¬Y°�¦\½G©«³?Ç à�¶a©8·#±¸¹Â±²§�±¸»¸±¸¬Ï½ü¦GË
µ�´GªÂå!´/ÅG©Ê©«»²©«¾u©«¥�¬�¹)ªÃ´G¥&§E©�¹YµE©«ªÃ±¿Òi©«³$ºa¹�±À¥sÅ7´/µaµ�°�¦/®
µa°Â±À´/¬Y©�¹Y½#¾g§E¦�»¸¹qË]¦G°�µ�ºs§�»¸±ÀªýÔ>=bÖ_Æ×µa°_±²·!´/¬Y©ûÔ]®óÖ
´G¥�³
µa°�¦G¬Y©«ª­¬Y©«³&Ô>?uÖ4´GªÃª­©«¹Â¹ÃÇ<;z´GªÂå!´/ÅG©«¹×´/°�©g¹�ªÃ´G»¸´/§�»²©b´G¥�³
ªÃ´G¥�§E©l±À¾�µE¦G°�¬Y©«³0¦G° ©­Î�µE¦G°�¬Y©«³?Ç
à�¶s©Ã½0´G»¸¹Y¦RËj¦�»¸»²¦ ¼
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Ñ È Óq´G¹{´á¬�´/§s®¯Ë]¦�»À³s©Ã° ¼ ±²¬�¶×µ�´GªÂå!´/ÅG©�¥a´G¾u©3´G¥a³gª­¦�¥�®
¬�´G±À¥a±¸¥sÅ)©«»²©«¾�©«¥H¬�¹ÃÇ
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òz±²Å�ºa°�© � ÚBÑ È ÓÕµ�´Gª�å/´/ÅG©áËj¦G°9°Â©«´G»¿®¯¬�±¸¾�©Ûª­¦�¥�¹Y¬Y°Â´G±¸¥H¬�¹

òa¦G°Ø°�©«´G»²®¯¬�±¸¾�©Ð¹Y½�¹Y¬Y©«¾u¹ ¼ ©Ì³s©­Òi¥s© ´�µi´Gª�å/´/ÅG©
ªÃ´G»À»²©«³a`MbdcReDfhgjiWkmlXnhopgqkpi_Æ ¼ ¶a±¸ª_¶ ±¸¹Øª­¦�¾�µE¦�¹Y©«³ ¦GË
Ñ È ÓTª­¦�¥a¹Y¬Y°_ºaª­¬�¹×¬�¶a´/¬bËj¦G°Â¾u´G»À»²½�¹YµE©«ªÃ±²Ëj½�°�©«´G»²®¯¬�±¸¾�©
ª­¦�¥�¹Y¬Y°Â´G±¸¥H¬�¹ÃÇ à�¶s©r`MbdcReDfhgjiskml/nhopgqkpi µ�´GªÂå!´/ÅG©�±¸¹
¹Â¶s¦ ¼ ¥Ì±¸¥Ìòz±²ÅsÇ � ÇÁàÛ¶s©ý©«»¸©«¾�©«¥�¬�¹Õ¦GË�¬�¶a±¸¹7µ�´Gª�åH®
´/ÅG©�±À¥aªÃ»¸ºa³s©GÚ ñ àáärÆ/àÛ±¸¾�©Ã°«Æ�;Þ°Â¦#ª­©«¹�¹«Æ ñ ©«¹Y¦�ºa°Âª­©�´G¥a³
;9°�©«ª­©«³s©«¥aª­©GÇutÙ© ¼ ±À»¸»�³a±À¹�ªÃºa¹�¹ÃÆ/±¸¥)³s©Ã¬�´G±¸»¯Æ!¬�¶a©«¹Y©:ª­¦�¥�®
¹�¬Y°Â´G±¸¥H¬�¹�±¸¥
¬�¶s©×Ëj¦�»¸»²¦ ¼ ±¸¥sÅ�¹Y©«ª­¬�±²¦�¥�¹ÃÇ
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Ý�¥Õ¾�¦�¹Y¬�°�©«´G»¿®¯¬�±¸¾�©)¹Y½�¹Y¬Y©«¾u¹�¬�¶s©)°�©«´G»¿®¯¬�±À¾�©gªÃ»²¦�ª�åÕ±¸¹
±À¾�µ�»²©«¾�©«¥H¬Y©«³b±¸¥ ¶a´/°Â³ ¼ ´/°�©9´G¥a³g±¸¹V³s°_±²·G©«¥b§#½×´Ûª­°�½�¹�®
¬�´G»?ªÃ»¸¦#ªÂåiÇ9àÛ¶s©bªÃºs°�°�©«¥H¬:·/´G»¸ºs©r¦GË-¬�±À¾�©bªÃ´G¥Ê§E©r°�©«´G³
³�±²°�©«ª­¬�»²½MË]°Â¦�¾ ¬�¶s©7Ë]°Â©Ã©Õª­¦�ºa¥H¬Y©Ã°q°�©ÃÅ�±¸¹Y¬Y©Ã°«ÇÐÝó¥�´G³�®
³�±²¬�±²¦�¥ü¬Y¦�¬�¶s©MË]°�©Ã©Mª­¦�ºa¥H¬Y©Ã°Õ°Â©ÃÅ�±¸¹Y¬Y©Ã°0¾�¦�¹Y¬0¶a´/°Â³�®
¼ ´/°�©×¹�ºsµ�µK¦G°Â¬3ª­¦�¾�µ�´/°Â©×°�©ÃÅ�±¸¹Y¬Y©Ã°Â¹ÜËj°�¦�¾ ¼ ¶a±ÀªÂ¶�¦�¥s©­®
¹Â¶s¦G¬ÃÆ9Ò�Î#©«³�®Ï±À¥�¬Y©Ã°�·/´G»:´G¥a³8·/´/°Â±¸´/§i»²©­®Ï±¸¥H¬Y©Ã°�·!´G»4¬�±À¾�©Ã°Â¹
ªÃ´G¥T§E©R±¸¾�µ�»²©«¾u©«¥�¬Y©«³?ÇØã×¥s©�¹�¶s¦G¬l¬�±¸¾�©Ã°Â¹�´/°�©Õ±¸¾)®
µi»²©«¾�©«¥H¬Y©«³ý§#½$»²¦�´G³�±¸¥sÅÕ¬�¶s©
°�©ÃÅ�±¸¹Y¬Y©Ã° ¼ ±¸¬�¶ý´Õ·/´G»¸ºs©
´G¥�³qª­¦�º�¥�¬�±¸¥aÅu³s¦ ¼ ¥q¬Y¦uÄÃ©Ã°Â¦sÇ9¤á¥Ê±À¥�¬Y©Ã°�°_ºsµa¬4±¸¹Üµa°�¦/®
³�ºaª­©«³û§#½8¬�¶s©�¬�±À¾�©Ã°l¬Y¦&±¸¥a³a±ÀªÃ´/¬Y©R¬�¶a´/¬l¬�¶a©7ª­¦�ºa¥H¬
·/´G»¸ºs©M¶a´G¹7°�©«´GªÂ¶s©«³ ÄÃ©Ã°Â¦sÇ òz±¿Î�©«³�®Ï±¸¥H¬Y©Ã°�·/´G» ¬�±À¾�©Ã°Â¹
´/°Â©�±¸¾�µi»²©«¾�©«¥H¬Y©«³�§#½�»²¦�´G³a±¸¥sÅ�¬�¶s©�ª­¦�¾�µi´/°�©�°Â©ÃÅ�±¸¹�®
¬Y©Ã° ¼ ±²¬�¶8´$·!´G»¸ºa©Rª­¦G°�°�©«¹YµE¦�¥a³a±À¥sÅ0¬Y¦�¬�¶s©7±À¥�¬Y©Ã°�·/´G» Ç
tÍ¶s©«¥Õ¬�¶s©)Ëj°�©Ã©uª­¦�ºa¥H¬Y©Ã°×°�©ÃÅ�±¸¹Y¬Y©Ã°×·/´G»¸ºs©É©{zHº�´G»¸¹r¬�¶s©
ª­¦�¾uµ�´/°�©r°�©ÃÅ�±¸¹Y¬Y©Ã°4·/´G»¸ºs©r´G¥Ê±¸¥H¬Y©Ã°�°Âºsµa¬Ü±¸¹3µa°�¦�³aºaª­©«³?Ç

	



¤�·/´/°Â±¸´/§�»¸©­®Ï±¸¥�¬Y©Ã°Â·!´G»-¬�±¸¾�©Ã°r±¸¹r¹�±¸¾u±À»¸´/°�¬Y¦
¬�¶s©ÉÒaÎ�©«³�®
±¸¥H¬Y©Ã°�·/´G»z¬�±¸¾�©Ã°×©­Îsª­©Ãµa¬b¬�¶a´/¬ ±¸¬b¹�ºsµaµE¦G°�¬�¹�°�©«»²¦�´G³�±¸¥sÅ
¦GËz¬�¶s©bª­¦�¾�µ�´/°Â©b°�©ÃÅ�±¸¹Y¬Y©Ã°á³aºs°Â±¸¥aÅg©«´Gª_¶�µE©Ã°Â±²¦�³?Ç
ãrºa° ñ ©«´G»Üà�±¸¾u©
ä4»²¦�ª�å?Ô ñ àáä�Ö×¦G§�¨�©«ª­¬�±¸¹g´G¥ý´/§a®

¹Y¬Y°Â´Gª­¬�±¸¦�¥0¦GË9¬�¶s©�ºa¥a³a©Ã°Â»²½�±¸¥sÅl¶a´/°_³ ¼ ´/°Â©)ªÃ»¸¦#ªÂåiÇ7tÙ©
´G¹�¹�º�¾�©b¬�¶a´/¬�¬�¶a© ñ àáä�¦G§�¨Y©«ª­¬Û°�©Ãµ�°�©«¹Y©«¥H¬�¹Û´G¥�±À³s©«´G»
Å�»²¦G§�´G»H°�©«´G»¿®¯¬�±À¾�©3ªÃ»²¦�ª�åKÇBà�¶s© ñ à�ä$ªÃ»À´G¹�¹-´G»¸¦�¥sÅ ¼ ±²¬�¶
ãbä4Ó
Ëj¦G°Â¾u´G»À±¸¹�¾Ð±À¹{¹Â¶s¦ ¼ ¥)±¸¥Éòz±²ÅsÇ|	:� ��� �¯ÇBà�¶s© ñ à�ä
ªÃ»¸´G¹�¹7¶a´G¹7¬�¶s°�©Ã©$´/¬Y¬Y°Â±¸§�ºs¬Y©«¹ÃÚ}kmo�~��ÃÆ���fh~'��n�lX�0´G¥�³
fh�jkp�qo��GÇzà�¶s©�kmop~���´/¬Y¬Y°_±²§�ºs¬Y©B°�©Ãµ�°�©«¹Y©«¥H¬�¹V¬�¶s©ÜªÃºs°�°�©«¥H¬
Å�»²¦G§�´G»�·/´G»¸ºs©4¦GËK°�©«´G»¿®¯¬�±¸¾u©:¬�¶a´/¬Þ±¸¹B¹Y¬Y¦G°�©«³l±¸¥É¬�¶s©:Ë]°Â©Ã©
ª­¦�ºa¥H¬Y©Ã°�°�©ÃÅ�±¸¹�¬Y©Ã°«ÇÞà�¶s©��3fh~'��nhl��Û´/¬Y¬Y°_±²§�ºs¬Y©×¹Y¬Y¦G°�©«¹Û´
°�©«»¸´/¬�±¸·G©�¬�±À¾�©á·/´G»¸ºs©�¬�¶a´/¬:±¸¹Ü¹Y¬Y¦G°�©«³Ê±¸¥�¬�¶s©×ª­¦�¾�µ�´/°Â©
°�©ÃÅ�±¸¹�¬Y©Ã°«ÇBà�¶s©�fh�jkp�qo���´/¬Y¬Y°Â±²§�ºa¬Y©�°�©Ãµa°�©«¹�©«¥�¬�¹3¬�¶s©á¹Â±²Å/®
¥a´G»¸¹)¬�¶�´/¬uªÃ´G¥8§E©ÊÅG©«¥s©Ã°Â´/¬Y©«³8§#½M´G¥ ñ à�ä ¦G§�¨�©«ª­¬ÃÇ
à�¶s© ñ àáä ªÃ»À´G¹�¹á¶�´G¹Û¬ ¼ ¦
Å�»²¦G§�´G»{±¸¥H¬Y©Ã°�ËQ´Gª­©«¹ÃÚ�¥s¦ ¼ Ô¯Ö
´G¥a³R»¸¦�´G³�Ô¯Ö_Ç3à�¶a©b¾�©Ã¬�¶s¦�³R¥s¦ ¼ Ô¯Ö4±¸¹�ºa¹�©«³Ê¬Y¦l´GªÃª­©«¹�¹
¬�¶s©r·/´G»¸ºs©�¦GË�¬�±¸¾�©rËj°�¦�¾ ´G¥�½�¦G§�¨Y©«ª­¬�±¸¥l¬�¶a©r¹�½#¹Y¬Y©«¾RÇ
à�¶s©)¾�©Ã¬�¶s¦�³0»²¦�´G³�Ô¯Öá±¸¹rºa¹Y©«³Õ¬Y¦Ê»²¦�´G³Õ¬�¶s©�ª­¦�¾�µ�´/°Â©
°�©ÃÅ�±¸¹�¬Y©Ã° ¼ ±²¬�¶Ê´�°Â©«»¸´/¬�±²·G©b¬�±¸¾u©×·!´G»¸ºa©GÇ
Ý�¥8¦�ºs°l¹�½#¹Y¬Y©«¾RÆÜ¬�±À¾�©R±¸¹u´G¥û´/§i¹Y¦�»¸ºs¬Y©GÆ4³a±¸¹�ª­°Â©Ã¬Y©GÆ

¾�¦�¥s¦G¬Y¦�¥�±¸ªÃ´G»¸»²½ ±¸¥aª­°Â©«´G¹�±¸¥sÅ�z#ºa´G¥H¬�±²¬Ï½ °�©Ãµa°Â©«¹Y©«¥�¬Y©«³
§#½R´G¥�±¸¥H¬Y©ÃÅG©Ã°«Ç�à�¶s©g·!´G»Àºs©b¦GËB¬�±¸¾�©g±¸¹Û±¸¥�ª­°�©«¾�©«¥H¬Y©«³
§#½q¬�¶a© ¶a´/°Â³ ¼ ´/°�© ªÃ»¸¦#ªÂåiÇ ñ àáäü±À¹�´u¹�±¸¥aÅ�»²©Ã¬Y¦�¥�ªÃ»¸´G¹Â¹
´G¥a³ ¼ ±¸»¸»�¶a´«·G©�¦�¥a»²½É¦�¥s©Û±À¥a¹Y¬�´G¥aª­©�±¸¥u¬�¶s©Û¹Y½�¹Y¬Y©«¾ÊÇzÝó¬
±¸¹Éºa¹Y©«³&´G¹)´Õ°�©ÃË]©Ã°Â©«¥aª­©�§#½$´G»¸»3¦G¬�¶s©Ã°�¬�±¸¾u©�°�©«»À´/¬Y©«³
¦G§�¨Y©«ª­¬�¹�±¸¥�¬�¶a©q¹Y½�¹Y¬Y©«¾ÊÇ ç ±À¥aª­©�ªÃ»²¦�ª�åýºsµ?³a´/¬Y©«¹g´/°Â©
¾u´G¥a´/ÅG©«³$´/¬b¬�¶s©u¶a´/°Â³ ¼ ´/°�©u»¸©Ã·G©«» Æ�´Ê¹Y¦GËj¬ ¼ ´/°�©lµ�°�¦/®
ª­©«¹�¹×¥s©Ã©«³Ù¥a¦G¬�§E©�³s©«³a±ÀªÃ´/¬Y©«³7¬Y¦RºaµE³�´/¬Y©ÉªÃ»²¦�ª�åÕ·/´G»¿®
ºs©«¹ÃÇÜÝ�¥RËQ´Gª­¬ÃÆK±²Ë{¬�¶s© ñ à�äÍ¦G§�¨Y©«ª­¬ ¼ ©Ã°�© ¬Y¦�§E© ¾�¦�³�®
©«»²©«³q´G¹4´bµa°�¦�ª­©«¹�¹3¬�¶s©«¥�¬�¶s©�¹ÂªÂ¶s©«³aº�»²©Ã° ¼ ¦�ºa»¸³q±¸¥H¬Y©Ã°Y®
»²©«´+·G©�±²¬ ¼ ±²¬�¶0¦G¬�¶s©Ã°Éµa°�¦�ª­©«¹�¹Y©«¹b±¸¥�¬�¶s©l¹Y½�¹Y¬Y©«¾6´G¥�³
¼ ¦�ºa»¸³ÊªÃ´Gºa¹Y©g³s©«»¸´«½�¹�±¸¥ÊºaµE³�´/¬�±¸¥sÅ)¬�¶s©×¬�±¸¾�©×·/´G»¸ºs©GÇ
¤�»¸»?¦G§�¨Y©«ª­¬�¹r±¸¥Ê¬�¶s©É¹Y½�¹Y¬Y©«¾ ªÃ´G¥Õ´GªÃª­©«¹�¹�¬�¶s© ñ à�ä

·�±¸´ ¬�¶s©üÅ�»²¦G§�´G»�¾�©Ã¬�¶s¦�³ ¥s¦ ¼ Ô¯Ö_Ç Ýó¥ ¬�¶s© ñ à�ä�Æ
¥s¦ ¼ Ô¯Ö ¼ ±¸»¸»B§E©
±¸¾�µ�»¸©«¾�©«¥�¬Y©«³ý´G¹�´7¹�¬�´/¬�±¸ª
¾�©Ã¬�¶s¦�³?Ç
Ý�¥7Ñ È Ó9Æ?¹Y¬�´/¬�±¸ª)¾�©Ã¬�¶s¦�³a¹�´/°�©�³a±��E©Ã°�©«¥aªÃ±¸´/¬Y©«³7Ë]°Â¦�¾
¦G¬�¶s©Ã°Õ¾�©Ã¬�¶s¦�³a¹Ê§#½�©­Î�µ�»¸±ÀªÃ±²¬�»²½Tºa¥�³s©Ã°Â»¸±¸¥�±¸¥sÅ�¬�¶s©«¾RÇ
à�¶s©Õ±¸¥H¬Y©Ã°�Ëj´Gª­© ¼ ±¸»À»:¬�¶s©Ã°�©ÃËj¦G°�©Õ§K©0´MªÃ»¸´G¹�¹q¾�©Ã¬�¶s¦�³
°Â´/¬�¶s©Ã°)¬�¶a´G¥&´G¥&±¸¥a¹�¬�´G¥aª­©�¾�©Ã¬�¶a¦#³?Ç��á©«¥aª­©
¦G§�¨Y©«ª­¬
±¸³s©«¥H¬�±¿Ò�©Ã°_¹{´/°Â©Û¥s¦G¬B°�©{z#ºa±²°�©«³)¬Y¦b´GªÃª­©«¹Â¹9¬�¶a±À¹B¾�©Ã¬�¶s¦�³
�
����� ���������¯Ç4àÛ¶s© ¥s¦ ¼ Ô¯Ö:¾�©Ã¬�¶a¦#³7ªÃ´G¥�§E© ´GªÃª­©«¹�¹�©«³Õº�¹�®
±¸¥sÅá¬�¶s©4ªÃ»¸´G¹�¹z¥a´G¾�©4´G¥a³É¬�¶s©4¹�ª­¦GµE©3°�©«¹�¦�»¸ºs¬�±²¦�¥g¦GµE©Ã°Y®
´/¬Y¦G°4´G¹ÞËj¦�»¸»²¦ ¼ ¹ÃÚ ñ àáärÚ²Ú ¥s¦ ¼ Ô¯Ö_ÇÞàÛ¶s©Û»²¦�´G³�Ô¯ÖB¾�©Ã¬�¶s¦�³
±¸¹)´G»¸¹Y¦Ù±¸¾uµ�»²©«¾�©«¥H¬Y©«³ý±À¥ý´Ù¹�±À¾u±¸»¸´/°gËj´G¹�¶�±²¦�¥ý´G¥�³M±À¹
Å�»²¦G§�´G»À»²½�´GªÃª­©«¹�¹Â±²§�»²©GÇ

RTC::load(c:Integer)

post: compare=c
pre: -- none

RTC::now():Integer
pre: -- none
post: result = time

RTC

time:Integer
compare:Integer

+load(Integer)

+now(): Real

outSig:{EV_
TIMER_EXP}

<<invariant>>

rTC.allInstances->size = 1

òz±²Å�ºa°�©7	#Ú ñ ©«´G»�à�±¸¾�© ä4»²¦�ª�å

tÙ©M¥s¦ ¼ ¹YµE©«ªÃ±²Ë]½Ø´ûà�±¸¾�©Ã°ÊªÃ»¸´G¹Â¹ÃÆ×´G¹R¹�¶s¦ ¼ ¥ü±¸¥
òz±²ÅsÇY�#ÆE¬�¶a´/¬rºa¹Y©«¹�¬�¶s©ÉÅ�»²¦G§�´G»-Ëjºa¥�ª­¬�±²¦�¥a¹�¹�ºsµaµE¦G°�¬Y©«³
§#½b¬�¶s© ñ àáä�ÇGà�¶a©Üà�±À¾�©Ã°-¦G§s¨�©«ª­¬Þ±¸¹-·G©Ã°�½Éª­¦�¾u¾�¦�¥a»²½
º�¹Y©«³?ÆH±À¥u¦�¥s©�Ë]¦G°_¾�¦G°Ü¬�¶s©�¦G¬�¶s©Ã°«Æ�±¸¥l¾�¦�¹�¬3°�©«´G»²®¯¬�±¸¾�©
¹�½#¹Y¬Y©«¾l¹ÃÇ{àÛ¶s©3¬�±À¾�©Ã°zåG©Ã©Ãµ�¹z¬Y°Â´Gª�åÉ¦GË�¬�¶a©4¹�¬�´/°�¬z¬�±¸¾�©GÆ
©«¥�³Ð¬�±¸¾u©M´G¥a³Ì¬�¶s©8¥#ºa¾g§K©Ã°Õ¦GËl¬�±À¾�©Ã°7¬�±Àª�å�¹0µa°�¦/®
³�ºaª­©«³ ¼ ¶a±¸»¸©
±¸¬u±¸¹u´Gª­¬�±²·G©GÇ�à�¶s©�±¸¥H¬Y©Ã°�·/´G»4§E©Ã¬ ¼ ©Ã©«¥
¬ ¼ ¦�¬�±¸¾�©Ã°b¬�±¸ªÂå#¹g±¸¹×¹YµE©«ªÃ±¿Ò�©«³0§#½Õ¬�¶s©l´/¬Y¬Y°Â±²§iºs¬Y©��j�sc
lWoOf{�/Ç9à�¶a©Û¬�±¸¾�©Ã°ÜªÃ´G¥q°�©«ª­©«±²·G©M��� à:Ý È � ñ ���M;8´G¹
´G¥l±¸¥aª­¦�¾u±¸¥aÅb¹�±²Å�¥a´G»�Ëj°�¦�¾æ¬�¶a©Û¶a´/°Â³ ¼ ´/°�©�±¸¥�³a±¸ªÃ´/¬�±¸¥sÅ
©­Î�µ�±²°_´/¬�±²¦�¥×¦GËa¬�¶s©3¬�±¸¾�©Ã°-·!´G»¸ºa©GÇ{¤�¥�½×µE©Ã°Â±¸¦#³a±Àªz¬�±¸¾�©Ã°
ªÃ´G¥)§E©Ü©«´G¹�±¸»²½g³s©Ã°Â±²·G©«³)§�´G¹�©«³g¦�¥)¬�¶�±¸¹zà�±¸¾�©Ã°z¦G§�¨Y©«ª­¬ÃÇ
òa¦G°g©«´Gª_¶M¾u©Ã¬�¶s¦#³ý¹�ºsµaµE¦G°�¬Y©«³�§H½0¬�¶s©qà�±¸¾�©Ã° ªÃ»À´G¹�¹
´7Ëj¦G°Â¾u´G»3µa°�©^�\µE¦�¹Y¬)ª­¦�¥a³a±²¬�±²¦�¥M¹Y©«¾u´G¥H¬�±¸ªÃ¹�±¸¹É¹YµE©«ªÃ±¿®
Òi©«³$ºa¹�±À¥sÅ7ãbä4Ó�¥s¦G¬�´/¬�±²¦�¥M±¸¥$òz±²ÅsÇu�#ÇRà�¶s©u¬�±À¾u±¸¥sÅ
ª_¶a´/°Â´Gª­¬Y©Ã°Â±À¹Y¬�±¸ªÃ¹:¦GËz¬�¶s© àÛ±¸¾�©Ã°�±¸¹:¹�¶a¦ ¼ ¥R±À¥Êò{±¸ÅsÇj�sÇ
àÛ¶s©$§E©«¶a´+·#±²¦G°�¦GË�¬�¶s©ýà�±À¾�©Ã°R¦G§�¨Y©«ª­¬Õ±À¹�¹�¶s¦ ¼ ¥

º�¹�±¸¥sÅ7¬�¶s© ç ¬�´/¬Y©«ªÂ¶a´/°Â¬u±¸¥ýòz±²ÅsÇ��#Ç$àÛ¶s©qàÛ±¸¾�©Ã°)¦G§s®
¨Y©«ª­¬�±¸¹)±¸¥a±²¬�±À´G»¸»²½0±¸¥$¬�¶a©
Ñ��áÝ��áÝóà ¹�¬�´/¬Y© ¼ ¶s©Ã°�©q¬�¶s©
¬�±À¾�©Ã°:·!´/°_±¸´/§�»²©«¹�´/°Â© ±¸¥a±²¬�±À´G»¸±²ÄÃ©«³?Ç�t�¶a©«¥R¬�¶s© ¹�¬�´/°�¬+Ô¯Ö
¾u©Ã¬�¶s¦#³ ±¸¹0±¸¥H·G¦GåG©«³?Æ�±²¬�¹0¹Y¬�´/¬Y©ûª_¶a´G¥sÅG©«¹Ù¬Y¦üÝ/�ÛÝ�à
¼ ¶s©Ã°�©R¬�¶s©�iWk>nhlsk�bdop~��Ê±¸¹l±¸¥�±²¬�±¸´G»¸±²ÄÃ©«³M¬Y¦M¬�¶s©7´/§i¹Y¦/®
»Àºs¬Y©uÅ�»²¦G§�´G»3·/´G»¸ºs©u¦GË�¬�±À¾�©�ºa¹Â±¸¥sÅR¬�¶s© ñ àáä�Ú²Ú ¥s¦ ¼ Ô¯Ö
¾u©Ã¬�¶s¦#³VÇTà�¶s©��Rg��qbdop~��l´G¥a³ kmoO�s¡jeDfh��gqk�´/°�©7´G»¸¹Y¦
±À¥a±²¬�±¸´G»¸±¸ÄÃ©«³ ±¸¥n¬�¶�±¸¹ ¹Y¬�´/¬Y©GÇ à�¶s© ñ àáä ±À¹Í¬�¶s©«¥
»¸¦�´G³s©«³ ¼ ±²¬�¶ ¬�¶s©Ð°�©«»À´/¬�±²·G© ¬�±¸¾�©Ð·!´G»¸ºa©Ð¹YµE©«ªÃ±¿Ò�©«³
§#½Ì¬�¶s©û´/¬Y¬Y°Â±²§�ºa¬Y©ûµE©Ã°Â±²¦�³?Ç ã×¥aª­©û¬�¶s©û±¸¥�±²¬�±¸´G»¸±²Ä«´!®
¬�±¸¦�¥a¹3´/°Â©�ª­¦�¾�µi»²©Ã¬Y©á¬�¶a©�à�±À¾�©Ã° ¼ ´G±²¬�¹ÜËj¦G°3¬�¶s©�©Ã·G©«¥H¬
��� à:Ý È � ñ ���M;ý¬Y¦)¦�ªÃªÃºs°«ÇDtÍ¶s©«¥q¬�¶a±¸¹3©Ã·G©«¥�¬4¦�ªP®

�



Timer::start()

post: state = #INIT
pre: state = #UNINIT

Timer::getTickCount():Integer
pre: -- none
post: result = tickCount

post: state = #UNINIT

Timer::stop()
pre: -- none

post: period = p and state = #INIT

Timer::setPeriod(p: Integer)
pre: -- none

Timer::isActive():Boolean
pre: -- none
post: if(state<>#UNINIT) result = true
        else result = false

period: Integer
startTime: Integer
endTime: Integer
tickCount:Integer

Timer

state: enum{UNINIT,INIT,
WAIT}

inSig: enum{
EV_TIMER_EXP}

<<invariant>>
timer.allInstance->forAll(
p:Timer|

  p.endTime >= p.startTime)

+start()
+stop()
setPeriod(Integer)
+getTickCount(): Integer
+isActive():Boolean
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0 1 2period

startTime endTime

time
3

EV_TIMER_EXP
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¬Y¦�tÕ¤áÝóàÍ¹Y¬�´/¬Y©GÇ9Ýó¥�¬�¶s©�tÕ¤áÝóàÍ¹Y¬�´/¬Y©r¬�¶s©��sgJ�qbdo�~��
´G¥a³£kmom�R¡�eDfh��gqk�´/°Â©7ºsµ?³a´/¬Y©«³?ÇÍà�¶s© ñ àáä ±¸¹u¬�¶a©«¥
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Ñ��ÛÝ/�ÛÝ�à ¹Y¬�´/¬Y©GÇ

WAIT

endTime=endTime+period
tickCount=tickCount+1
load(period)

UNINIT

start()

stop()
INIT

startTime=RTC::now()
endTime = startTime
tickCount=0
load(period)

EV_TIMER_EXP

EV_TIMER_EXP

stop()
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UNRUNNABLE

RUNNING

RUNNABLE

sendEv(#EV_PROC_START)

#EV_SCHED_STOP/
sendEv(#EV_PROC_STOP)

#EV_SCHED_START/

#EV_SCHED_PAUSE/
sendEv(#EV_PROC_PAUSE)

#EV_BEGIN_MIN

#EV_END_MAX
#EV_TIME_VIOLATION/
handleViolation()
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±¸¹:ª­°�©«´/¬Y©«³�±²¬�±¸¹4±¸¥a±²¬�±À´G»¸»²½u±¸¥
Ñ�� ñ Ñ��'��¤áþ4Ód�Ø¹Y¬�´/¬Y©
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´G¥�©Ã·G©«¥H¬���� ç ä«����§ ç à-¤ ñ à×Æ?§�´G¹Y©«³$¦�¥
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§E©�µ�´Gºa¹Y©«³0§#½0¬�¶s©u¹�ª_¶s©«³aºa»²©Ã°×§#½Ù±¸¹�¹�º�±¸¥sÅ
´G¥Ù©Ã·G©«¥�¬
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¹Y¬Y¦Gµ
©­Î�©«ªÃºs¬�±²¦�¥M´G¥a³�¬Y°Â´G¥�¹�±²¬�±²¦�¥Ù¬Y¦ ñ Ñ'���á¤�þ4Ó#��¹Y¬�´/¬Y©GÇ
Ý�¥Ù©«±²¬�¶s©Ã°×¬�¶s© ñ Ñ����á¤�þ4Ó#�â¦G° ñ Ñ'���ÛÝ/� � ¹Y¬�´/¬Y©GÆ
±²Ëý¬�¶s© µa°�¦�ª­©«¹�¹ü°�©«ª­©«±²·G©«¹¬��� ç ä%�'�­§ ç àáãM; ¦G°
��� à:Ý È � �áÝ�ãrÓ-¤Bà:ÝYãF�ü±²¬ ¼ ±¸»¸»a¹Y¬Y¦Gµ
ËQºs°�¬�¶s©Ã°3©­Î#©­®
ªÃºs¬�±²¦�¥Ù´G¥�³Ù¬Y°Â´G¥a¹�±¸¬�±²¦�¥Õ¬Y¦�Ñ'� ñ Ñ'����¤áþ4Ó#� ¹Y¬�´/¬Y©GÇ
Ý�¥8´7°Â©«´G»¿®¯¬�±¸¾�©Ê©«¥H·#±¸°�¦�¥a¾�©«¥H¬ÃÆ9´0µa°�¦�ª­©«¹�¹�¥s©Ã©«³�¹)¬Y¦
¾�©Ã©Ã¬É¹Y¬Y°Â±¸ª­¬b¬�±À¾u±¸¥sÅR´G¥a³�°�©«¹Y¦�ºs°Âª­©qª­¦�¥a¹Y¬Y°Â´G±À¥�¬�¹ÃÇqÝ�¥
Ñ È Ó9Æg´âµa°�¦�ª­©«¹�¹$±¸¹ý´G¥ ´Gª­¬�±¸·G©�ªÃ»¸´G¹Â¹ý¹Y¬Y©Ã°Â©Ã¦G¬Ï½#µK©
¼ ¶s¦�¹�©l±¸¥a¹Y¬�´G¥�ª­©«¹b°�©Ãµa°Â©«¹Y©«¥�¬g¶s©«´«·#½ ¼ ©«±²Å�¶H¬¥®i¦ ¼ �
	h�¯Ç
Ý�¥û¬�¶s©Õ¥s©­Î#¬q¹Y©«ª­¬�±²¦�¥a¹ ¼ ©7¹�¶s¦ ¼ ¶a¦ ¼ ¬�±¸¾u±¸¥sÅ�ª­¦�¥s®
¹Y¬Y°Â´G±À¥�¬�¹BªÃ´G¥)§E©:´G¹�¹Y¦�ªÃ±¸´/¬Y©«³ ¼ ±²¬�¶ÉµE©Ã°Â±²¦�³a±¸ª3´G¥a³)´/µE©­®
°Â±²¦�³a±¸ªáµa°�¦�ª­©«¹�¹ÃÇ
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¤�µE©Ã°Â±²¦�³a±¸ª3µa°�¦�ª­©«¹�¹Þºa¹�º�´G»¸»²½g³a©«´G»¸¹ ¼ ±²¬�¶uµ�´G¹�¹�±²·G©�³a©­®
·�±¸ª­©«¹ÃÇ{Ýó¥sµiºs¬3�Gãrºs¬Yµ�ºa¬BÔjÝ�ãbÖV³s©Ã·#±Àª­©«¹�¹�ºaª_¶ ´G¹{¹Y©«¥a¹Y¦G°_¹
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���¯ÇzÝó¥�¾u´G¥H½)¹�±²¬�ºa´/¬�±²¦�¥�¹ÃÆ�´rµE©Ã°Â±²¦�³a±¸ªÞµ�°�¦#ª­©«¹Â¹
ªÃ´G¥&´G»¸¹Y¦7§K©qºa¹Y©«³ý¬Y¦7µE©Ã°�Ëj¦G°Â¾ ±¸¥�¬Y©Ã°_¥a´G»9ËQºa¥aª­¬�±¸¦�¥a¹ÃÇ
;{©Ã°Â±²¦�³a±¸ª�µa°�¦�ª­©«¹�¹Y©«¹:´/°Â©b°�©ÃÅ�ºa»¸´/°�´G¥�³Ê´/°�© ¹Yµ�´Gª­©«³�´/¬
©{z#ºa´G»s±¸¥H¬Y©Ã°�·!´G»À¹-¦GËK¬�±¸¾�©GÇzà�¶s©Ã½É´/°�©�´G¹�¹Y¦�ªÃ±¸´/¬Y©«³ ¼ ±²¬�¶
´¼;-©Ã°_±²¦#³�±¸ªÃà�±¸¾�©Ã° ¼ ¶a±¸ªÂ¶7¹YµE©«ªÃ±¿Ò�©«¹Û¬�¶s©g¬�±À¾u±¸¥sÅlª­¦�¥s®
¹Y¬Y°Â´G±À¥�¬ÃÆ�´G¹B¹�¶a¦ ¼ ¥�±¸¥Éòz±²ÅsÇ·���
½��¯ÇutÙ© ¼ ±¸»¸»H³a±¸¹�ªÃºa¹Â¹ÃÆG±¸¥
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¼ ±²¬�¶�´ýµK©Ã°_±²¦#³�±¸ªÊµa°�¦�ª­©«¹�¹ÃÇ�à�¶a©�µE©Ã°Â±²¦�³a±¸ªÊµ�°�¦#ª­©«¹Â¹

PeriodicProcess

PeriodicTimer
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periodStart: Integer

periodFinish: Integer

beginMin: Integer

endMax: Integer

actualBegin: Integer

actualEnd: Integer
inSig: enum{EV_TIMER_EXP,EV_PROC_PAUSE

EV_PROC_START, EV_PROC_STOP}

outSig: enum{EV_PERIOD_BEGIN,EV_BEGIN_MIN,

EV_END_MAX,EV_ACTUAL_BEGIN,

EV_ACTUAL_END, EV_PERIOD_END}

PeriodicTimer

period: Integer
relBeginMin: Integer
relEndMax: Integer

-sendEv(outSig)
+recvEv(inSig)
+stop()
+start()
+init(Integer,Integer,Integer)
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à�±¸¾u©Ã°V¹�¶s¦�ºa»¸³rËj¦�»¸»²¦ ¼ ¬�¶s°�¦�ºsÅ�¶a¦�ºs¬�±²¬�¹?»¸±¸Ë]©«ª­½�ªÃ»²©GÇ-àÛ¶s©
ªÃ»¸±²©«¥H¬Éµa°�¦�ª­©«¹�¹gª­¦�¾l¾gºa¥�±¸ªÃ´/¬Y©«¹ ¼ ±²¬�¶ý¬�¶s©Ã;-©Ã°_±²¦#³�±¸ªP®
à�±¸¾u©Ã°3´G¥a³q¹Y¬Y°Â±¸ª­¬�»¸½ÉËj¦�»¸»²¦ ¼ ¹3¬�¶s©Û¬�±¸¾l±¸¥sÅ ª­¦�¥a¹�¬Y°Â´G±¸¥H¬ÃÇ
à�¶s©)¬�±¸¾l±¸¥sÅ
ªÂ¶a´/°Â´Gª­¬Y©Ã°_±¸¹Y¬�±¸ªÃ¹×¦GËÜ´
µE©Ã°Â±²¦�³a±¸ªbµ�°�¦#ª­©«¹Â¹
±¸¹:¹�¶a¦ ¼ ¥
±¸¥qÒ�Å�ºa°�©�òz±²ÅsÇ �RÆ Ç3à�¶s©rµE©Ã°Â±²¦�³�¦GË-¬�¶s©bª­½H®
ªÃ»²©u±¸¹�Å�±²·G©«¥�§H½�� µx�V´G¥a³0¬�¶s© ¼ ¦G°Â¹Y¬bªÃ´G¹Y©�©­Î�©«ªÃºs¬�±²¦�¥
³aºs°_´/¬�±²¦�¥�±¸¹ÛÅ�±²·G©«¥Õ§H½�� ³x�²Çáòs¦G°×´q¹�ºaªÃª­©«¹�¹YËQºa»-¹�ªÂ¶s©«³s®
ºa»²©Ü¬�¶s©:µE©Ã°Â±²¦�³a±¸ª9µa°�¦�ª­©«¹�¹B¹�¶s¦�º�»¸³g´G» ¼ ´+½#¹Þ¹�¬�´/°�¬Þ´/Ë]¬Y©Ã°
� § � �K´G¥a³ÊÒi¥�±¸¹�¶
©­Î�©«ªÃºs¬�±²¦�¥R§E©ÃËj¦G°�©�� ËO	1�²Ç4ÝÿËz¬�¶s©gµE©Ã°Â±¿®
¦�³a±¸ªbµ�°�¦#ª­©«¹Â¹áËQ´G±¸»¸¹á¬Y¦
¾�©Ã©Ã¬r¬�¶s©�ª­¦�¥a¹Y¬Y°Â´G±¸¥H¬�¬�¶s©«¥0±²¬
¼ ±¸»À»K¥a¦G¬:§K©×µE¦�¹�¹Â±²§�»²©�¬Y¦l¾�©Ã©Ã¬�¬�¶a© ³s©«´G³a»¸±À¥s©GÇ
à�¶a©Þ§E©«¶a´«·�±²¦G°V¦GËa´�;{©Ã°Â±¸¦#³a±ÀªÃà�±¸¾�©Ã°V±¸¹�´G¹-¹�¶a¦ ¼ ¥g±¸¥

òz±²ÅsÇ ��� ÇDtÍ¶s©«¥�±¸¥a±²¬�±¸´G»À±²ÄÃ©«³)¬�¶s©Û¬�±À¾�©Ã°ÞÅG¦#©«¹3¬Y¦gÝ��áÝ�à
¹Y¬�´/¬Y©GÇýÝó¥M¬�¶a±¸¹É¹Y¬�´/¬Y©�´G»À»9¬�¶s©
°�©«»À´/¬�±²·G©
¬�±¸¾�©q·!´G»¸ºa©«¹
´/°�©�±À¥a±²¬�±¸´G»¸±¸ÄÃ©«³ ¼ ±²¬�¶8¬�¶s©Rµi´/°Â´G¾�©Ã¬Y©Ã°Â¹�¹�ºsµaµ�»À±²©«³M¬Y¦
¬�¶s©)±¸¥a±²¬+Ô¯Ö:Ëjº�¥aª­¬�±²¦�¥?Ç�tÍ¶s©«¥7¬�¶s©)¹Y¬�´/°�¬+Ô¯Öá¾�©Ã¬�¶s¦�³7±À¹
±¸¥H·G¦GåG©«³)¬�¶s©4¬�±¸¾�©Ã°B±¸¹z¹Y¬�´/°�¬Y©«³�´G¥�³É±¸¬�¹{±À¥�¬Y©Ã°Â¥�´G»H¹Y¬�´/¬Y©
¬Y°Â´G¥a¹Â±²¬�±²¦�¥a¹�Ë]°Â¦�¾ Ý��áÝóàß¬Y¦ûþ«� � Ý�� ;­� ñ ÝYãM§ÉÇ4Ý�¥
¬�¶a±¸¹�¹�¬�´/¬Y©�´G»¸»:´/§�¹Y¦�»Àºs¬Y©Ê¬�±¸¾�©Ê·/´G»¸ºs©«¹�´/°�©7ºsµ?³a´/¬Y©«³
´G¥a³Ð¬�¶s©$¬�±¸¾u©Ã°Õ¾�¦\·G©«¹Õ¬Y¦T¬�¶s©&þ«� � Ý/� ;�� ñ Ý�ãM§
¹Y¬�´/¬Y©GÇÊà�¶s© ñ à�ä�±¸¹b¥a¦ ¼ »¸¦�´G³s©«³ ¼ ±¸¬�¶Ù´�ª­¦�¾�µ�´/°Â©
°�©ÃÅ�±¸¹�¬Y©Ã°Þ·!´G»Àºs©:ª­¦G°�°�©«¹YµE¦�¥a³a±À¥sÅá¬Y¦ ¬�¶s©�¾u±¸¥a±À¾gºa¾â§E©­®

<<invariant>>
periodicTimer->forAll(p:PeriodicTimer|

p.periodStart<p.periodEnd and

p.periodStart<p.periodFinish and p.beginMin<p.endMax and

p.endMax<p.period and p.actualBegin>=p.beginMin and

p.actualBegin<p.endMax and p.actualBegin<=p.endMax)

post: period=p and
pre: -- none

relBeginMin=b1 and relMaxEnd = f2

PeriodicTimer::init(p:Integer, b1:Integer, f2:Integer)

PeriodicTimer::start()

post: state=#BEGIN_PERIOD
pre: state=#INIT

PeriodicTimer::stop()

pre: -- none
post: state=#INIT

òz±²Å�ºa°�©Ã½#Úqòs¦G°Â¾u´G»À±²Ä«´/¬�±²¦�¥&¦GË¢;{©Ã°Â±²¦�³a±¸ªÃàÛ±¸¾�©Ã°gªÃ»À´G¹�¹
±À¥�·/´/°Â±¸´G¥H¬:´G¥a³Ê¦GµE©Ã°Â´/¬�±²¦�¥a¹Ûºa¹�±¸¥sÅuãbä4Ó

Å�±À¥0¬�±¸¾�©GÇ�àÛ¶s©uªÃ»¸±²©«¥H¬×µa°�¦�ª­©«¹�¹b±¸¹ ¥s¦G¬b©­Î�µK©«ª­¬Y©«³$¬Y¦
¹�¬�´/°�¬R§E©ÃË]¦G°Â©�¬�¶s©���� à:Ý È � ñ ���M; ©Ã·G©«¥H¬7±¸¹�°�©­®
ª­©«±¸·G©«³?Ç-Ý�¥ ªÃ´G¹�©3¬�¶s©ÜªÃ»¸±²©«¥H¬Vµa°�¦�ª­©«¹�¹-¹Y¬�´/°�¬�¹{©­Î#©«ªÃºa¬�±²¦�¥
¬�¶a©Þ¬�¶s©�;{©Ã°Â±²¦�³a±¸ªÃàÛ±¸¾�©z°�©ÃµE¦G°�¬�¹�´�·#±²¦�»À´/¬�±²¦�¥×§#½r¹�©«¥a³�®
±À¥sÅÛ´G¥���� à:Ý È � ��Ý�ãrÓ�¤Bà:Ý�ãM�&©Ã·G©«¥H¬B´G¥a³ ¬Y°_´G¥a¹�±¿®
¬�±¸¦�¥a¹?³a±²°�©«ª­¬�»¸½Û¬Y¦�¬�¶s©­����§ È ¤¢�8¹Y¬�´/¬Y©GÆ/§#½�®¯µ�´G¹Â¹�±¸¥sÅ
¬�¶a©3±¸¥H¬Y©Ã°Â¾�©«³a±À´/¬Y©Ü¹Y¬�´/¬Y©«¹«ÇÞã×¥ ¬�¶s©Ü¦G¬�¶s©Ã°Â¶�´G¥a³?Æ/±²Ës¬�¶s©
¬�±À¾�©Ã°:©­Î#µi±²°�©«¹�±²¬ ¼ ¦�ºa»¸³Ê¾u©«´G¥Ê¬�¶a´/¬�¬�¶s©gªÃ»¸±²©«¥H¬:µa°�¦/®
ª­©«¹Â¹u¶a´G¹u¹�º�ªÃª­©«¹�¹YËQºa»¸»²½�°Â©«´GªÂ¶s©«³T¬�¶s©�¾u±¸¥�±¸¾gº�¾6§E©­®
Å�±À¥�¬�±¸¾�© ¼ ±²¬�¶a¦�ºs¬ ·�±²¦�»¸´/¬�±¸¥aÅR¬�¶s©
ª­¦�¥a¹Y¬Y°Â´G±¸¥H¬ÃÇ0à�¶s©
¬�±À¾�©Ã° ¼ ±¸»¸»Þ¬�¶a©«¥ý¬Y°_´G¥a¹�±²¬�±²¦�¥$¬Y¦�¤Ûä4à�Ñ�¤áÓ þ«� � Ý��

p  - period
d  - worst case execution time
b1 - minimum begin time
b2 - actual begin time
f1 - actual finish time
f2 - maximum finish time

time
b1

b2
f1

f2
p

d

òz±²Å�ºa°�© �RÆ Ú à�±¸¾l±¸¥sÅ ªÂ¶�´/°Â´Gª­¬Y©Ã°Â±¸¹Y¬�±ÀªÃ¹$¦GËRµE©Ã°Â±¸¦#³a±Àª
µ�°�¦#ª­©«¹Â¹

�



ACTUAL_BEGIN

RTC::load(endMax-RTC::now())

PAUSE
RTC::load(endMax-RTC::now()

ACTUAL_END

RTC::load(endMax-RTC::now())

RTC::load(endMax-RTC::now())

END_MAX

END_PERIOD

RTC::load(periodEnd-RTC::now())

periodStart=periodEnd

ÇÇÈÈ init(p,b1,f2)
INIT

period = p

relBeginMin = b1

relEndMax = f2
start()/periodStart=RTC::now()

#EV_TIMER_EXP/

sendEv(#EV_BEGIN_MIN)

BEGIN_MIN

RTC::load(beginMin-RTC::now())

BEGIN_PERIOD

beginMin=periodStart+relBeginMin
periodEnd=periodStart+period

endMax=periodStart+relFinishMax

sendEv(#EV_PERIOD_BEGIN)

#EV_PROC_START/sendEv(#EV_ACTUAL_BEGIN)

#EV_PROC_START#EV_PROC_PAUSE

#EV_PROC_STOP/
sendEv(#EV_ACTUAL_END)

sendEv(#EV_TIME_VIOLATION)
#EV_PROC_START/

#EV_TIMER_EXP/
sendEv(#EV_PERIOD_BEGIN)

#EV_PROC_START/
sendEv(#EV_TIME_VIOLATION)

sendEv(#EV_END_MAX)

#EV_TIMER_EXP/
sendEv(#EV_TIME_VIOLATION)

#EV_TIMER_EXP/

òz±²Å�ºs°�© ��� Ú ç ¬�´/¬Y©«ª_¶a´/°�¬
¹�¶s¦ ¼ ±¸¥sÅÙ¬�¶s©�§K©«¶�´«·�±²¦G°u¦GË
¬�¶s©¥;{©Ã°Â±¸¦#³a±ÀªÃà�±¸¾�©Ã°

¹Y¬�´/¬Y©GÆ ¼ ¶a±ÀªÂ¶8±¸¹�´0·/´G»¸±¸³&¹Y¬�´/¬Y©RËj¦G°u¬�¶s©RªÃ»À±²©«¥�¬�µ�°�¦/®
ª­©«¹�¹4¬Y¦�¹Y¬�´/°�¬4©­Î�©«ªÃºs¬�±²¦�¥?ÇBÝóËV¬�¶s©×ªÃ»¸±¸©«¥�¬Üµa°�¦�ª­©«¹�¹ÜËj´G±À»¸¹
¬Y¦0¹Y¬�´/°�¬�´G¥a³ý¬�¶s©�¬�±À¾�©Ã°g©­Î�µ�±²°Â©«¹ÃÆz¬�¶s©�¬�±À¾u±¸¥sÅ�ª­¦�¥s®
¹Y¬Y°Â´G±À¥�¬Þ±¸¹z·�±²¦�»¸´/¬Y©«³VÇ-Ý�¥a¹Y¬Y©«´G³u±¸Ë�¬�¶s©�ªÃ»¸±¸©«¥�¬Bµa°Â¦#ª­©«¹�¹B±À¹
¹Y¬�´/°�¬Y©«³�³aºs°Â±À¥sÅr¬�¶a±¸¹BµE©Ã°Â±²¦�³)¬�¶s©�¬�±À¾�©Ã° ¼ ±¸»À»#¾u¦+·G©�¬Y¦
¤Ûä4à�Ñ�¤�Ó ����§Ø¹Y¬�´/¬Y©�´G¥�³ ¼ ´G±²¬zËj¦G°z¬�¶s©:ªÃ»¸±²©«¥H¬{µ�°�¦/®
ª­©«¹�¹q¬Y¦8±¸¹�¹�ºa©É��� ; ñ ãbä ç àáãM;�©Ã·G©«¥H¬
´G¥�³Ø¹Y¬Y¦Gµ
©­Î�©«ªÃºs¬�±²¦�¥?ÇÌã×¥û°�©«ª­©«±²·�±¸¥sÅ$¬�¶s©H��� ; ñ ãbä ç àáãF;
©Ã·G©«¥H¬É¬�¶a©�¬�±¸¾u©Ã° ¼ ±À»¸»Þ¾�¦\·G©Ê¬Y¦H�­�'§ È ¤'� ¹Y¬�´/¬Y©GÇ
þ4ºs¬&±²ËÊ¬�¶s©�¬�±¸¾�©Ã°&©­Î#µi±²°�©«¹�§E©ÃËj¦G°�©�°�©«ª­©«±²·�±¸¥sÅÐ¬�¶a©
��� ; ñ ãbä ç àáãM; ©Ã·G©«¥�¬ÃÆÉ¬�¶s©«¥â¬�¶s©$¬�±À¾u±¸¥sÅTª­¦�¥s®
¹Y¬Y°Â´G±À¥�¬l±À¹)·#±²¦�»À´/¬Y©«³T´G¥a³8¬�¶a©R¬�±¸¾�©Ã°u¬Y°_´G¥a¹�±²¬�±²¦�¥�¹)¬Y¦
����§ ;­� ñ ÝYãM§ ¹Y¬�´/¬Y©GÇ à�¶s©�;{©Ã°Â±²¦�³a±¸ªÃà�±¸¾u©Ã°q´G»¸¹�¦
¹�ºsµ�µK¦G°Â¬�¹7µi´Gºa¹�±¸¥sÅü³aºa°Â±¸¥sÅØ¬�¶s©û©­Î�©«ªÃºs¬�±²¦�¥�µE©Ã°Â±²¦�³
§#½8¬Y°Â´G¥a¹�±²¬�±¸¦�¥a±¸¥sÅ0§E©Ã¬ ¼ ©Ã©«¥�¬�¶s©É;E¤:Ñ ç � ´G¥a³T¤ÛäÜ®
à�Ñ�¤áÓ �­�'§ ¹Y¬�´/¬Y©GÇ�§�ºa°Â±¸¥sÅR¬�¶a©�µ�´Gº�¹Y©lµE©Ã°Â±²¦�³?Æ{´
³a±��E©Ã°�©«¥H¬Êµa°�¦�ª­©«¹�¹ÊªÃ´G¥Ð´Gª­¬�º�´G»¸»²½T§E©�¹�ª_¶s©«³aºa»¸©«³Í§H½

±À¥�¬Y©Ã°Â»¸©«´«·�±¸¥sÅsÇRÝ�¥$¬�¶a©¼�­�'§ È ¤'� ¹Y¬�´/¬Y©
¬�¶s© ñ àáä
±À¹�»²¦�´G³s©«³ ¼ ±²¬�¶8´Ù¬�±¸¾�©�·!´G»¸ºa©R¹Y¦$´G¹u¬Y¦$©­Î#µ�±¸°�©Ê§H½
¬�¶a©�¾u´!Îs±¸¾Éºa¾ Òi¥a±¸¹�¶�¬�±¸¾�©GÇ ãr¥ °�©«ª­©«±²·�±¸¥sÅÌ¬�¶s©
��� à:Ý È � ñ ���M;�©Ã·G©«¥H¬ÃÆ�¬�¶s©3¬�±¸¾�©Ã° ¼ ±¸»¸»/¬Y°Â´G¥a¹Â±²¬�±²¦�¥
¬Y¦7�­�'§ ;�� ñ Ý�ãM§�¹Y¬�´/¬Y©GÇ9à�¶s© ñ àáä&±À¹B¥s¦ ¼ »¸¦�´G³s©«³
¼ ±²¬�¶�´É·/´G»¸ºs©rª­¦G°�°�©«¹YµE¦�¥a³�±¸¥sÅb¬Y¦)¬�¶s©r©«¥a³q¦GË�¬�¶a©áµE©­®
°_±²¦#³�±¸ª×ª­½#ªÃ»¸©GÇáà�¶a±À¹�¬�±¸¾�©É´l¬�±À¾�©Ã°Û©­Î�µ�±²°Â´/¬�±¸¦�¥R©Ã·G©«¥H¬
¼ ±¸»¸»H¬�´/åG©Û¬�¶s©�¬�±À¾�©Ã°Þ§�´GªÂåÉ¬Y¦ ¬�¶s©Ûþ«� � Ý/� ;­� ñ Ý�ãM§
¹�¬�´/¬Y©GÇbà�¶a±¸¹áª­½#ªÃ»²©ÉåG©Ã©Ãµ�¹r°�©ÃµE©«´/¬�±¸¥aÅ�´G¹×»²¦�¥sÅq´G¹r¬�¶s©
;{©Ã°Â±¸¦#³a±ÀªÃà�±¸¾�©Ã°É±¸¹g´Gª­¬�±¸·G©GÇýà�¶s©
ªÃ»¸±²©«¥H¬Éµa°�¦�ª­©«¹�¹)°�©­®
ª­©«±¸·G©«¹�´G»¸»K¬�¶s©r©Ã·G©«¥�¬�¹Û¬�¶a´/¬�´/°�©b¹Y©«¥H¬:Ëj°�¦�¾ ¬�¶s©F;{©Ã°Â±¿®
¦�³a±¸ªÃàÛ±¸¾�©Ã°:´G¥a³
§E©«¶a´«·G©«¹á´GªÃª­¦G°Â³a±¸¥aÅ�»²½GÇ

¯�°�Ê Ë�Ì%³q´·¶>¸D¹�¶�º�²�´·¸uº�³�»�»

AperiodicProcess

AperiodicTimer

òz±²Å�ºa°�© � 	#ÚÛ¤áµE©Ã°Â±²¦�³a±¸ªR;9°�¦#ª­©«¹Â¹�´G¹�¹Y¦�ªÃ±¸´/¬Y©«³ ¼ ±²¬�¶7´G¥
¤áµE©Ã°Â±²¦�³a±¸ªÃà�±À¾�©Ã°

¤áµE©Ã°Â±²¦�³a±¸ª�µa°�¦�ª­©«¹�¹Y©«¹á´/°�©g´G¹Â¹Y¦#ªÃ±À´/¬Y©«³ ¼ ±²¬�¶�±¸¥sµ�ºs¬
³a©Ã·#±¸ª­©«¹
¬�¶�´/¬ÊÅG©«¥s©Ã°Â´/¬Y©$±¸¥H¬Y©Ã°�°Âºaµa¬�¹q¦G° ¼ ±²¬�¶Í´G¹Y½�¥�®
ª_¶s°�¦�¥s¦�º�¹�±À¥�¬Y©Ã°Â¥�´G»{´Gª­¬�±¸·#±²¬�±¸©«¹ÃÇgà�¶a©Ã½7³s¦Ê¥s¦G¬r¦�ªÃªÃºs°
´/¬lµK©Ã°_±²¦#³�±¸ª
±¸¥�¬Y©Ã°Â·!´G»¸¹«Æ3§�ºa¬u±¸¥û¾�¦�¹Y¬�ªÃ´G¹Y©«¹ÃÆ�´/µE©Ã°Â±¿®
¦�³a±¸ª4µ�°�¦#ª­©«¹Â¹Y©«¹Þ¶a´+·G©�´b¾l±¸¥a±¸¾Éºa¾Ì¬�±¸¾�©Û±À¥�¬Y©Ã°�·/´G»s§E©­®
¬ ¼ ©Ã©«¥�ª­¦�¥a¹Y©«ªÃºs¬�±¸·G©Û°�©{z#ºs©«¹Y¬�¹�� � 	��¯ÇBòs°�¦�¾�´b¹�ªÂ¶a©«³aºa»¿®
±À¥sÅ�µE©Ã°Â¹�µK©«ª­¬�±¸·G©É±²¬r±¸¹�µE¦�¹�¹�±²§i»²©b¬Y¦R´/µaµa°Â¦«Îs±¸¾u´/¬Y©�´G¥
´/µE©Ã°Â±¸¦#³a±Àª
µa°�¦�ª­©«¹�¹l¬Y¦M§E©«¶a´«·G©0´G¹
´$µE©Ã°Â±¸¦#³a±Àª
µa°�¦/®
ª­©«¹Â¹ÃÇ ã×¥aª­© ¼ ©�¾l´/åG©�¹�ºaªÂ¶ü´/µ�µa°�¦«Îs±¸¾u´/¬�±¸¦�¥a¹
¬�¶s©
´G¥�´G»²½#¹Â±¸¹Rµa°Â¦#ª­©«³aºa°�©$¬�¶a´/¬ ¼ ´G¹Ùºa¹Y©«³ÌËj¦G°ÕµE©Ã°Â±¸¦#³a±Àª
µ�°�¦#ª­©«¹Â¹ ¼ ±À»¸»�¶s¦�»¸³TÅG¦H¦�³�Ë]¦G°
´/µE©Ã°Â±²¦�³a±¸ªÊµ�°�¦#ª­©«¹Â¹Y©«¹ÃÇ
¤áµE©Ã°Â±²¦�³a±¸ª µa°�¦�ª­©«¹�¹×´/°�©u´G¹�¹Y¦�ªÃ±¸´/¬Y©«³ ¼ ±²¬�¶0´G¥�´/µE©Ã°Â±¿®
¦�³a±¸ªÛ¬�±¸¾�©Ã°�´G¹:¹�¶a¦ ¼ ¥
±¸¥
òz±²ÅsÇ � 	#ÇÞÝ�¥q´G³�³a±²¬�±²¦�¥?Æ#±²¬:±¸¹
µE¦�¹�¹Â±²§�»²©á¬Y¦�§�º��E©Ã°Ü¬�¶a©×©­Î#¬Y©Ã°Â¥�´G»?¦G°�±¸¥H¬Y©Ã°Â¥a´G»E©Ã·G©«¥H¬�¹
¬�¶�´/¬b¬Y°Â±²ÅGÅG©Ã°)´/µE©Ã°Â±²¦�³a±¸ªÉµa°�¦�ª­©«¹�¹ ´G¥�³�¶a´G¥a³a»¸©�¬�¶s©«¾

�



µE©Ã°Â±²¦�³a±¸ªÃ´G»¸»¸½¼�
���¯ÇÞà�¶a©Û¬�±¸¾u±À¥sÅ ªÂ¶�´/°Â´Gª­¬Y©Ã°Â±¸¹Y¬�±ÀªÃ¹3¦GË-´G¥
´/µE©Ã°Â±²¦�³a±¸ªÉµa°�¦�ª­©«¹�¹b±À¹b¹�±¸¾u±À»¸´/°r¬Y¦�¬�¶s©u¦�¥a©l¹�¶s¦ ¼ ¥�±²Ë
òz±²ÅsÇ �RÆ ÆK©­Î�ª­©Ãµ�¬Û¬�¶a´/¬�� µx��¥s¦ ¼ °�©Ãµa°Â©«¹Y©«¥�¬�¹Û¬�¶s©g¾l±¸¥�®
±¸¾Éºa¾.¬�±À¾�©l§E©Ã¬ ¼ ©Ã©«¥M©­Î#©«ªÃºa¬�±²¦�¥a¹ÃÇÕà�¶s©�¹�¬�´/¬Y©
¾l´!®
ªÂ¶�±¸¥s©0§E©«¶a´«·�±²¦G°
¦GËg´G¥ü´/µE©Ã°Â±²¦�³a±¸ª�µa°�¦�ª­©«¹�¹ ¼ ±¸»À»�§E©
·G©Ã°�½�¹�±¸¾u±¸»À´/°u¬Y¦&¬�¶s©7¦�¥a©0¹Â¶s¦ ¼ ¥�±¸¥�òz±²ÅsÇ«�#ÇæàÛ¶s©
§E©«¶a´«·�±²¦G°Ê¦GËg¬�¶s©Ù¬�±¸¾�©Ã°R´G¹�¹�¦#ªÃ±¸´/¬Y©«³ ¼ ±²¬�¶Í´G¥ü´/µE©­®
°Â±²¦�³a±¸ªRµa°�¦�ª­©«¹�¹ ¼ ±¸»¸»�¶s¦ ¼ ©Ã·G©Ã°R³�±��K©Ã°�Ë]°Â¦�¾ ¬�¶s©Õ§E©­®
¶a´+·#±²¦G°
¦GËg¬�¶s©0¬�±¸¾�©Ã°Ê´G¹�¹Y¦�ªÃ±¸´/¬Y©«³ ¼ ±²¬�¶Í´MµE©Ã°Â±²¦�³a±¸ª
µa°�¦�ª­©«¹�¹ÃÇBà�¶a©á¥s¦G¬�±¸ªÃ±¸§�»²©Û³a±��K©Ã°�©«¥�ª�§E©Ã¬ ¼ ©Ã©«¥q¬�¶s©á¬ ¼ ¦
¬�±¸¾�©Ã°_¹9±¸¹B¬�¶�´/¬9¬�¶s©�¤ÛµE©Ã°Â±²¦�³a±¸ªÃàÛ±¸¾�©Ã° ¼ ±¸»¸»s¥s¦G¬Üª­½#ªÃ»¸©GÆ
ºa¥a»À±²åG©9´�;-©Ã°_±²¦#³�±¸ªÃà�±¸¾�©Ã°+Ç�à�¶s©3§K©«¶�´«·�±²¦G°-¦GËi´G¥É¤áµE©­®
°Â±²¦�³a±¸ªÃàÛ±¸¾�©Ã° ¼ ±¸»¸»Ü»²¦H¦GåM¹�±¸¾u±À»¸´/°g¬Y¦Ù¬�¶a©q¦�¥a©R¹�¶s¦ ¼ ¥
±¸¥Íòz±²ÅsÇ ��� Ç Ýó¥�¬�¶s©ÙªÃ´G¹Y©�¦GËÉ´G¥ü¤ÛµE©Ã°Â±¸¦#³a±ÀªÃà�±¸¾�©Ã°
¬�¶s©�¦�ªÃªÃºs°Â´G¥aª­©�¦GË«��� à:Ý È � ñ ����;Ð©Ã·G©«¥�¬ ±À¥7¬�¶a©
����§ ;­� ñ ÝYãM§ ¼ ±À»¸»-¥a¦G¬b°�©«¹�ºa»¸¬r±À¥Õ´�¹Y¬�´/¬Y©u¬Y°Â´G¥a¹Â±¿®
¬�±²¦�¥�¬Y¦Éþ«� � Ý/� ;�� ñ Ý�ãM§ÉÇGÝó¥�¹Y¬Y©«´G³?Æ�¬�¶a©�¬�±¸¾�©Ã° ¼ ±¸»¸»
ª­¦�¾�©b¬Y¦�´u¶a´G»²¬ÃÇ

Í w ÷á¡x2.¢�-'*,&�y)¡Y&Þ�J& ö  K¢Ü ?ú�÷ ö ÷'(�*,&u.
�K÷áù)¡?£D&Î9�÷ ö �� K¡?¢�ú ö  

Ý�¥Ù´
°�©«´G»¿®¯¬�±¸¾�©�¹Y½�¹Y¬Y©«¾ ¾Éºa»²¬�±²µi»²©gª­¦�¥aªÃºa°�°�©«¥H¬×¬�´G¹Yå#¹
ª­¦�¾�µE©Ã¬Y©)Ë]¦G°r°�©«¹�¦�ºs°Âª­©«¹ÃÇbà{´G¹Yå�¹�´/°Â©)ª­°Â©«´/¬Y©«³Ù±¸¥�¬�¶a©
¹Y½�¹Y¬Y©«¾ß¬Y¦Ê´GªÂ¶a±²©Ã·G©�´q¹YµE©«ªÃ±¿Òiª:¨�¦G§0´G¥a³0ºa¹�ºa´G»À»²½�¬�¶a©
¥#ºa¾ §E©Ã°{¦GËa¬�´G¹Yå�¹{¬�¶a´/¬B¹�±¸¾Éºa»²¬�´G¥s©Ã¦�ºa¹Â»²½r©­Î�±¸¹�¬ ¼ ±À»¸»G§E©
¾ÉºaªÂ¶)»¸´/°�ÅG©Ã°B¬�¶�´G¥g¬�¶a©Ü´+·!´G±¸»À´/§�»²©Ü°�©«¹Y¦�ºs°Âª­©«¹«Çu§rºs°_±¸¥sÅ
±²¬�¹�»À±²Ë]©­®¯¬�±À¾�©GÆs´�¬�´G¹Yå ¼ ±¸»¸»Eª­¦�¥a¹Âºa¾�©b¹Y¦�¾�© °�©«¹Y¦�ºs°Âª­©«¹
´G¥a³ ¼ ±¸»¸»�°�©«»¸©«´G¹Y©�¬�¶s©á°�©«¹Y¦�ºs°Âª­©«¹9§�´Gª�ål¬Y¦ ¬�¶s©Û¹�½#¹Y¬Y©«¾
´G¹�¹Y¦H¦�¥7´G¹Û±²¬�¹Ûµa°�¦�ª­©«¹�¹�±¸¥aÅu±¸¹�ª­¦�¾�µ�»¸©Ã¬Y©GÇ ñ ©«¹Y¦�ºs°Âª­©«¹
¼ ±²¬�¶�±¸¥)´b¹Y½�¹Y¬Y©«¾æªÃ´G¥u§E©�ªÃ»¸´G¹Â¹�±¿Ò�©«³�´G¹3¹�¶a´/°Â´/§�»¸©4´G¥�³
¥s¦�¥�®Ï¹Â¶a´/°Â´/§�»²©GÇ ç ¶a´/°Â´/§�»¸© °�©«¹Y¦�ºa°Âª­©«¹r´/°�©g¬�¶a¦�¹Y©g¬�¶�´/¬
ªÃ´G¥g§K©Þº�¹Y©«³ ¹�±À¾gºa»¸¬�´G¥s©Ã¦�ºa¹�»²½á§H½b¹�©Ã·G©Ã°Â´G»�ª­¦�¥aªÃºa°�°�©«¥H¬
µa°�¦�ª­©«¹�¹Y©«¹«Ç��BÎs´G¾�µ�»²©«¹�¦GË{¹�¶�´/°�©«³Ê°�©«¹Y¦�ºa°Âª­© ±¸¥aªÃ»Àºa³s©«¹
ä«;3Ñ ÆK°�©«´G³�®¯¦�¥a»¸½�¾�©«¾�¦G°�½GÆ?°Â©«´G³�®¯¦�¥a»²½ÊÒK»²©«¹ÃÆE©Ã¬�ª/Ç ¤
¥s¦�¥�®Ï¹Â¶a´/°Â´/§�»²©)°�©«¹�¦�ºs°Âª­©u¦�¥Ù¬�¶a©�¦G¬�¶s©Ã°g¶a´G¥�³Ù´G»¸»²¦ ¼ ¹
¦�¥a»²½�¦�¥a©áµa°Â¦#ª­©«¹�¹3¬Y¦�´GªÃª­©«¹�¹:±²¬Ü´/¬4´g¬�±¸¾�©GÇD�ÞÎ�´G¾�µi»²©
¦GËV¥s¦�¥�®Ï¹Â¶a´/°Â´/§�»²©:°Â©«¹Y¦�ºs°Âª­©«¹3±¸¥aªÃ»¸ºa³a©Üµ�°Â±¸¥H¬Y©Ã°Â¹ÃÆ�¾�©«¾�®
¦G°�½GÆ�¹�½#¹Y¬Y©«¾ §�ºa¹4©Ã¬�ª/Ç
ç ±À¥aª­©û¹�¶a´/°Â´/§i»²©8°�©«¹Y¦�ºs°_ª­©«¹$´G»¸»²¦ ¼ ¹�±¸¾Éºa»²¬�´G¥a©Ã¦�ºa¹

´GªÃª­©«¹�¹)¬Y¦0ª­¦�¥aªÃºs°�°Â©«¥�¬Éµa°�¦�ª­©«¹�¹Y©«¹É¬�¶s©Ã°�©q±¸¹É¥s¦Õ¥a©Ã©«³
¬Y¦�»²¦�ª�åM¬�¶s©Ê°�©«¹Y¦�ºa°Âª­©GÇTãr¥&¬�¶s©Ê¦G¬�¶s©Ã°Y®Ï¶�´G¥a³?Æ3¥a¦�¥�®
¹�¶a´/°_´/§�»²©l°Â©«¹Y¦�ºs°Âª­©«¹ ¼ ±¸»¸»3ª­¦�¥�¬�´G±À¥M¹�©«ª­¬�±²¦�¥a¹g¦GËÛª­¦#³a©
¦G°l¦GµE©Ã°Â´/¬�±¸¦�¥a¹�¬�¶a´/¬q¥s©Ã©«³û¾Éºs¬�ºa´G»¸»²½M©­ÎsªÃ»¸ºa¹�±²·G©R´GªP®
ª­©«¹�¹ÃÇýà�¶s©«¹Y©
¹Y©«ª­¬�±²¦�¥a¹�´/°Â©
ªÃ´G»À»²©«³&ª­°Â±²¬�±¸ªÃ´G»Ü¹Y©«ª­¬�±²¦�¥a¹

Non-SharableRes

Resource SharableRes

«invariant»

Semaphore

signal()
wait()

value:Integer
numWait:Integer
numSignal:Integer
initValue:Integer

Semaphore::wait()
pre: -- none

else value=value@pre-1
and sq.enqueue(p)

post: if (value=0) p.state()=#UNRUNNABLE

Semaphore::signal()
pre: -- none
post: if(sq.isEmpty()) value=value@pre+1

else p=sq.dequeue() and 
p.state()=#RUNNABLE

numWait<=numSignal+initValue
and value>=0

SemaphoreQueue

+enqueue(p:Process)
+dequeue():Process

òz±²Å�ºa°�© � �#Ú òa¦G°Â¾u´G»�°�©Ãµa°�©«¹Y©«¥H¬�´/¬�±²¦�¥�¦GËR°�©«¹�¦�ºs°Âª­©
ª­¦�¥�¹Y¬Y°Â´G±¸¥H¬�¹�ºa¹�±À¥sÅlãbä4Ó

´G¥�³�ªÃ´G¥q§E©�±À¾�µ�»²©«¾�©«¥H¬Y©«³lº�¹�±¸¥sÅÉ¹Y©«¾u´/µ�¶s¦G°Â©«¹ÃÇBà�¶s©
¦G§s¨�©«ª­¬Ü¾�¦#³a©«»s¦GËV´ ¹Y©«¾l´/µ�¶s¦G°�©�´G¥a³l´ Ë]¦G°Â¾l´G»�¹YµE©«ªÃ±¿®
ÒKªÃ´/¬�±²¦�¥�¦GË?±²¬�¹B¦GµE©Ã°Â´/¬�±²¦�¥�¹ÃÆ ¼ ´G±²¬+Ô¯ÖB´G¥a³l¹�±²Å�¥a´G»ÏÔ¯Ö_ÆHºa¹�®
±À¥sÅÉãbä4Ó0´/°�©�¹�¶s¦ ¼ ¥�±À¥lòz±²ÅsÇ � �#ÇÞ¤ ¹Y©«¾u´/µ�¶a¦G°�©á±¸¹Ü´
¥a¦�¥�®Ï¥s©ÃÅ�´/¬�±²·G©4±¸¥H¬Y©ÃÅG©Ã°«Æ ¼ ¶a±¸ª_¶g¶a¦�»¸³a¹�´G¥É±¸¥a±¸¬�±¸´G»G·/´G»¸ºs©
Ô�opgµomk{ÏµnhªÐ�q�ÂÖÿ¬�¶a´/¬r¹�±²Å�¥a±²Ò�©«¹:¬�¶s©É¥Hºa¾g§E©Ã°Û¦GË9´+·!´G±À»¸´/§�»²©
°Â©«¹Y¦�ºs°Âª­©«¹ÃÇ à�¶s©&·/´G»¸ºs©&¦GËq´ü¹�©«¾u´/µ�¶s¦G°�©8ªÃ´G¥�§E©
ª_¶a´G¥sÅG©«³Ø¦�¥a»²½8·�±¸´�¬�¶a©7´/¬Y¦�¾u±¸ª7¦GµE©Ã°Â´/¬�±²¦�¥a¹ ¼ ´G±²¬+Ô¯Ö
´G¥�³�¹�±²Å�¥�´G»ÏÔ¯Ö_Ç�à�¶s© ª­°_±²¬�±¸ªÃ´G»�¹�©«ª­¬�±²¦�¥7º�¹�ºa´G»¸»²½�§E©ÃÅ�±¸¥a¹
¼ ±²¬�¶ ´ ¼ ´G±¸¬{´G¥a³g©«¥a³a¹ ¼ ±²¬�¶É´á¹Â±²Å�¥a´G»�¦GµE©Ã°Â´/¬�±¸¦�¥ ¦�¥)´
¹�©«¾u´/µ�¶s¦G°�©GÇutÍ¶s©«¥u¬�¶a© ¼ ´G±¸¬Þ¦GµE©Ã°Â´/¬�±²¦�¥l±À¹Þ±¸¥H·G¦GåG©«³?Æ
±¸¬�ª_¶s©«ª�å�¹×¬Y¦Ê¹Y©Ã©�±²ËÞ¬�¶s©)·/´G»¸ºs©É¦GË9¬�¶s©)¹Y©«¾u´/µi¶s¦G°�©�±¸¹
ÄÃ©Ã°Â¦sÇæÝÿËg±²¬q±À¹�ÄÃ©Ã°Â¦M¬�¶a©«¥Ø¬�¶a©0´G¹Â¹Y¦#ªÃ±À´/¬Y©«³Íµa°�¦�ª­©«¹�¹
±À¹�¾u´G³s©�Ñ�� ñ Ñ��'��¤�þÜÓd� ´G¥a³û´/µaµE©«¥a³s©«³&¬Y¦ý¬�¶s©
¹�©«¾u´/µ�¶s¦G°�©¤z#ºs©«ºs©GÇ�à�¶s©¤z#ºs©«ºa±¸¥aÅ
¾u©«ªÂ¶a´G¥a±À¹�¾ ªÃ´G¥
§E©�¹�±À¾�µ�»²©:ò{Ýóò{ãü¦G°3§�´G¹Y©«³u¦�¥�¹Y¦�¾�©áµa°Â±²¦G°Â±¸¬Ï½GÇu�Û¦ ¼ ®
©Ã·G©Ã°+Æa±²ËV¬�¶s©×¹Y©«¾u´/µi¶s¦G°�©r·!´G»Àºs©�±À¹Ü¥a¦G¬ÜÄÃ©Ã°Â¦�¬�¶s©«¥
¬�¶s©
µ�°�¦#ª­©«¹Â¹u±¸¹l´G»À»²¦ ¼ ©«³û¬Y¦ý©«¥�¬Y©Ã°
¬�¶s©�ª­°_±²¬�±¸ªÃ´G»Û¹�©«ª­¬�±²¦�¥?Ç
§rºs°_±¸¥sÅ�¬�¶a±¸¹zµE©Ã°Â±²¦�³É¬�¶s©�°�©«¹Y¦�ºa°Âª­© ¼ ±¸»¸»H§E©:¦ ¼ ¥a©«³�§H½
¬�¶a©áµa°Â¦#ª­©«¹�¹«Æ�¶a©«¥aª­©á¬�¶a©r¹�©«¾u´/µ�¶s¦G°�©�·/´G»¸ºs©r±¸¹3³a©«ª­°�©­®
¾u©«¥�¬Y©«³?Ç ãr¥aª­©�¬�¶a©�µa°�¦�ª­©«¹�¹�±¸¥aÅû±¸¹Êª­¦�¾�µ�»²©Ã¬Y©ý¬�¶s©
¹Â±²Å�¥a´G»ÏÔ¯Ö×¦GµK©Ã°_´/¬�±²¦�¥&±¸¹g±À¥�·G¦GåG©«³&¦�¥&¬�¶s©
¹Y©«¾u´/µi¶s¦G°�©
¬Y¦
°�©«»¸©«´G¹Y©�¬�¶s©)°�©«¹Y¦�ºs°_ª­©GÇÉà�¶a©É¹�±¸Å�¥a´G»ÏÔ¯ÖáªÂ¶s©«ªÂå#¹ ¬�¶s©
¹�©«¾u´/µ�¶s¦G°�©Mz#ºs©«ºs©�¬Y¦)¹�©Ã©r±¸ËV¬�¶s©Ã°�©×´/°�©r´G¥�½�µE©«¥a³a±¸¥sÅ
µ�°�¦#ª­©«¹Â¹Y©«¹ÃÇÞÝóË{±¸¬�±¸¹4Ë]¦�º�¥a³Ê©«¾�µa¬ÿ½
¬�¶s©«¥Ê¬�¶s©b·/´G»¸ºs©×¦GË
¬�¶a©�¹Y©«¾u´/µi¶s¦G°�©
±¸¹g±À¥aª­°�©«¾�©«¥H¬Y©«³?ÇÉ�á¦ ¼ ©Ã·G©Ã°«ÆÜ±²Ë:¬�¶s©

�



¹Y©«¾u´/µi¶s¦G°�©:zHºs©«ºa©g±¸¹�¥s¦G¬�©«¾�µa¬Ï½�¬�¶s©«¥Õ¬�¶s©gµ�°�¦#ª­©«¹Â¹
´/¬ ¬�¶a©lËj°�¦�¥�¬g¦GË:¬�¶s©�z#ºs©«ºs©�±¸¹b°�©«¾u¦+·G©«³M´G¥a³$¾u´G³a©
ñ Ñ'����¤áþ4Ó#�ÛÇ�à�¶s©:¥#ºa¾g§K©Ã°B¦GË ¼ ´G±¸¬+Ô¯Öz´G¥a³�¹�±²Å�¥�´G»ÏÔ¯Ö
¦GµE©Ã°Â´/¬�±²¦�¥a¹4©­Î�©«ªÃºs¬Y©«³�¦�¥R´�¹Y©«¾u´/µ�¶a¦G°�©b±¸¹:¹Y¬Y¦G°�©«³�±¸¥
¬�¶s©q´/¬Y¬Y°Â±²§�ºs¬Y©«¹�gµ��~�Ñ�nhomk9´G¥a³Ògµ��~��qo���g�nhª?°Â©«¹YµE©«ªP®
¬�±²·G©«»²½GÇ à�¶a±À¹u¬Ï½#µE©7¦GËg¹Y©«¾u´/µ�¶s¦G°Â© ¼ ±²¬�¶Øµa°Â±À¾u±²¬�±²·G©
¦GµE©Ã°Â´/¬�±²¦�¥a¹ ¼ ´G±²¬+Ô¯Ö3´G¥a³�¹Â±²Å�¥a´G»ÏÔ¯Ö ¼ ´G¹4±¸¥H¬Y°�¦�³aºaª­©«³q±¸¥
� ½�����§H½�§r± ¨Yå#¹Y¬Y°_´R´G¥a³�±¸¹ ¹�ºsµaµE¦G°�¬Y©«³Ù§#½Ù¾�¦�¹Y¬b¦Gµa®
©Ã°Â´/¬�±¸¥aÅu¹Y½#¹�¬Y©«¾Ó�
����� �RÆ �¯Ç

Ô w ÷á¡x2.¢�- *,&­y)¡Y&Þ��& ö  K¢Ü ?ú�÷ ö ÷¢(
! ¡Y&Þ£D&Þø¤& ö £D&Î9�÷ ö �� K¡?¢�ú ö  

ProcA

ProcB ProcC

ProcD

ProcE

procA->forAll(a:ProcA | procB->forAll(b:ProcB | procC->forAll(

c:ProcC | precede(b,a) and precede(c,a) implies (

a.PT.actualBegin >= b.PT.actualEnd and

a.PT.actualBegin >= c.PT.actualEnd))))

procB->forAll(b:ProcB | procD->forAll(d:ProcD | precede(d,b)
implies (b.PT.actualBegin >= d.PT.actualEnd)))

procC->forAll(c:ProcC | ProcE->forAll(e:ProcE | precede(e,c)
implies (c.PT.actualBegin >= e.PT.actualEnd)))

procD->forAll(d:ProcD | ProcE->forAll(e:ProcE | precede(e,d)
implies (d.PT.actualBegin >= e.PT.actualEnd)))

<<invariant>>

òz±²Å�ºs°�© � �sÚbòa¦G°Â¾u´G»Þ°Â©Ãµa°�©«¹Y©«¥H¬�´/¬�±²¦�¥Ù¦GËÜµa°�©«ª­©«³s©«¥�ª­©
ª­¦�¥a¹Y¬Y°_´G±¸¥�¬�¹Ûºa¹�±¸¥sÅlãbä:Ó

;9°�©«ª­©«³s©«¥aª­©�ª­¦�¥�¹Y¬Y°Â´G±¸¥H¬�¹l¹YµE©«ªÃ±¿Òi©«¹)¬�¶s©R°�©«»¸´/¬�±¸¦�¥�®
¹�¶a±¸µ�¹É§K©Ã¬ ¼ ©Ã©«¥T´Ù¹Y©Ã¬u¦GË�µa°�¦�ª­©«¹�¹Y©«¹ÃÇ&à�¶a±¸¹É¬ÿ½HµE©Ê¦GË
°�©«»¸´/¬�±¸¦�¥a¹�¶a±²µRªÃ´G¥Õ§E©b°�©Ãµ�°�©«¹Y©«¥H¬Y©«³7ºa¹Â±¸¥sÅu´G¥Õ´Gª­½#ªÃ»¸±Àª

³�±²°�©«ª­¬Y©«³0ÅG°Â´/µ�¶VÇu¤ µ�°�¦#ª­©«¹Â¹¤� µx�V±¸¹b¹Â´G±¸³0¬Y¦Ã��l����W���·�
µ�°�¦#ª­©«¹Â¹F��zq�²ÆK±²Ë���z��iªÃ´G¥7¹Y¬�´/°�¬Û±¸¬�¹:©­Î#©«ªÃºa¬�±²¦�¥R¦�¥a»¸½q´/Ë]®
¬Y©Ã°%� µ#�!¶a´G¹Bª­¦�¾uµ�»²©Ã¬Y©«³)±²¬�¹zª­¦�¾�µ�ºs¬�´/¬�±¸¦�¥?ÇutÙ©�³s©­Òi¥s©
´&ËQºa¥aª­¬�±¸¦�¥Øµ�°�©«ª­©«³s©�ÔjµVÆ�zsÖ ¼ ¶a±¸ª_¶Í°�©Ã¬�ºs°Â¥�¹�§E¦#¦�»²©«´G¥
¬Y°_ºs©�±¸ËVµÊµa°�©«ª­©«³s©«¹%z�´G¥a³q§E¦H¦�»²©«´G¥
ËQ´G»¸¹Y©�¦G¬�¶s©Ã° ¼ ±¸¹Y©GÇ
Ý�¥
Ñ È ÓÞÆa´)µ�°�©«ª­©«³s©«¥aª­©×ÅG°Â´/µi¶ÊªÃ´G¥Ê§E©�°Â©Ãµa°�©«¹Y©«¥H¬Y©«³
º�¹�±¸¥sÅR³s©ÃµE©«¥a³a©«¥aª­½0°�©«»¸´/¬�±²¦�¥ý´G¹g¹�¶a¦ ¼ ¥M±¸¥$òz±²ÅsÇ � �sÆ
¼ ¶s©Ã°�©û¬�¶s©Ø°�©«ª­¬�´G¥sÅ�ºa»À´/°$§E¦«Î�©«¹$°Â©Ãµa°�©«¹Y©«¥H¬ý´Ðµa°�¦/®
ª­©«¹Â¹3´G¥a³�¬�¶s©�³a±²°�©«ª­¬Y©«³?Æ#³s¦G¬Y¬Y©«³
»¸±¸¥s©�ª­¦�¥�¥s©«ª­¬�±¸¥sÅÉ¬�¶s©
§E¦+Î#©«¹9°�©Ãµa°�©«¹Y©«¥H¬3³a©ÃµK©«¥�³s©«¥aª­½GÇ{Ýó¥l¬�¶a±¸¹ÞªÃ´G¹Y©GÆj;9°�¦#ªÃ¤
³a©ÃµK©«¥�³a¹E¦�¥�;9°�¦�ªÃþÙ´G¥a³¥;9°�¦#ª+ärÇ^;Þ°Â¦#ªÃþÙ³s©ÃµE©«¥a³�¹?¦�¥
;9°�¦�ªR§gÆ ¼ ¶a±¸ª_¶$±¸¥$¬�ºs°Â¥ý³s©ÃµE©«¥a³a¹b¦�¥Õ;Þ°Â¦#ªR�ÛÇ-¤�»¸¹Y¦sÆ
;9°�¦�ª+ä&³s©ÃµE©«¥a³a¹B¦�¥¼;Þ°Â¦#ªR�ÛÇ�òz±²ÅsÇ � �É´G»¸¹Y¦ ¹�¶a¦ ¼ ¹3¬�¶s©
ã ä4ÓüËj¦G°Â¾u´G»¸±²Ä«´/¬�±¸¦�¥8´G¹�¹Y¦�ªÃ±¸´/¬Y©«³ ¼ ±¸¬�¶&©«´GªÂ¶ûµ�°�©«ª­©­®
³a©«¥aª­©g°Â©«»¸´/¬�±²¦�¥?Ç�Ýó¥Õ¬�¶s©ÉËj¦G°Â¾u´G»¸±²Ä«´/¬�±¸¦�¥���;3àF�i°Â©Ãµa°�©­®
¹�©«¥�¬�¹Û¬�¶s© ¬�±¸¾u©Ã°Û´G¹�¹Y¦�ªÃ±¸´/¬Y©«³ ¼ ±²¬�¶Ê¬�¶s©gµa°�¦�ª­©«¹�¹ÃÇ<tÙ©
¹�¬Y©Ã°�©Ã¦G¬Ï½#µE© ¬�¶a±¸¹%®i´«·G¦G°�¦GËB³s©ÃµE©«¥a³s©«¥aª­½q´G¹�Ö&µ�°�©«ª­©­®
³a©«¥aª­©7×4ÇBÝó¥
´)¹�±¸¾l±¸»¸´/°ÜËj´G¹�¶�±²¦�¥l¦G¬�¶a©Ã°�°�©«»¸´/¬�±²¦�¥�¹�¶a±²µ�¹
§E©Ã¬ ¼ ©Ã©«¥Tµa°�¦�ª­©«¹�¹Y©«¹l¹ÂºaªÂ¶Ø´G¹ÃÆ:µØ��ÂU�RªÐ�µ�·�Wi�ziÆÜµ¬o�gµc
�{ªÙ�µ�·�siMziÆzµÚfhÛ��slWª�nW�qi¥zÕ©Ã¬�ª/Ç²ÆÞªÃ´G¥$§E©l¾�¦�³s©«»²©«³$ºa¹�®
±À¥sÅq´�³s©ÃµE©«¥a³s©«¥aª­½R°Â©«»¸´/¬�±²¦�¥Ù´G¥a³0Ëj¦G°Â¾u´G»¸±¸ÄÃ©«³Õº�¹�±¸¥sÅ
ã ä4ÓÞÇ

Ü w ÷á¡x2.¢�- ÝT¢�-_ú�ø�¢Ü ?ú�÷ ö ÷'(  YÞ:&
! ¢:£x"4¢%$'&àß©-�&�2)& ö  K�

�Þ´G»À±¸³a´/¬�±²¦�¥�±À¹b´Êµa°�¦�ª­©«¹�¹×¦GË�¾l´/å#±¸¥aÅR¹�ºs°�©�¬�¶a´/¬g¬�¶s©
¹�µK©«ªÃ±²ÒiªÃ´/¬�±²¦�¥a¹R´G¥�³Ð¾�¦�³s©«»¸¹RªÃ´/µ�¬�ºs°�©�¬�¶s©ý°�©{z#ºa±²°�©­®
¾u©«¥�¬�¹:ª­¦�¥a¹Â±¸¹Y¬Y©«¥H¬�»²½H�
���¯ÇÞòa¦G°Â¾u´G»E·/´G»¸±¸³a´/¬�±²¦�¥
ªÃ´G¥Ê§E©
ª­¦�¥�³aºaª­¬Y©«³û±¸¥8¹�©Ã·G©Ã°Â´G» ¼ ´«½&§�´G¹Y©«³T¦�¥8¬�¶s©�³a©«¹�±²Å�¥�®
©Ã°_¹l©­Î�µE©Ã°Â±²©«¥aª­©GÇ£tÙ©0¶�´«·G©ÙªÂ¶s¦�¹�©«¥�à-©«»²©«»²¦GÅ�±Àª7à{´Gº
� � ��´G¹l¦�ºs°l¬Y¦H¦�»ÛË]¦G°qòs¦G°Â¾u´G»Û·G©Ã°Â±¿ÒiªÃ´/¬�±²¦�¥Ø´G¥a³8·/´G»¿®
±À³a´/¬�±²¦�¥?Ç à-´Gºâ±¸¹Ê´ ç ¦GËj¬ ¼ ´/°�©�§�©Ã·G©«»²¦Gµi¾�©«¥�¬7à�¦#¦�»
Ô ç §�à�ÖB³s©Ã·G©«»²¦GµE©«³�§H½�à�©«»²©«»¸¦GÅ�±¸ªÛ¤�þ�Ç#à{´Gº
¹�ºsµaµE¦G°�¬�¹
¦G§s¨�©«ª­¬4¦G°Â±²©«¥H¬Y©«³q°�©{z#ºa±²°�©«¾�©«¥H¬�¹4ªÃ´/µa¬�ºs°�©r´G¥a³
´G¥a´G»²½H®
¹Â±¸¹ÃÇ9Ýó¬Ûµ�°�¦+·�±¸³s©«¹�´l°Â±¸ª_¶R©«¥H·#±²°Â¦�¥a¾�©«¥H¬�Ë]¦G°�¾�¦�³s©«»¸±¸¥sÅ
°Â©«´G»¿®¯¬�±¸¾�©u¹Y½�¹Y¬Y©«¾u¹gºa¹�±¸¥aÅ ç §�Ó Ô ç µE©«ªÃ±¿ÒiªÃ´/¬�±¸¦�¥�´G¥a³
§�©«¹�ª­°_±²µa¬�±²¦�¥ØÓ�´G¥sÅ�ºa´/ÅG©\Öl´G¥a³ È ç ä Ô È ©«¹�¹�´/ÅG© ç ©­®
z#ºs©«¥aª­©Ûä4¶�´/°�¬�¹_Ö_Ç ç §rÓR±¸¹{´G¥)Ýóà�ÑÛ®Ïà8¹Y¬�´G¥a³�´/°Â³ÊÔj°�©«ªP®
¦�¾l¾�©«¥a³a´/¬�±²¦�¥�ázÇ �RÆ�Æ ÖBËj¦G°9¹YµE©«ªÃ±²Ëj½#±À¥sÅ�ª­¦�¾l¾gºa¥�±¸ªÃ´/¬�®
±À¥sÅ×¹Y½#¹�¬Y©«¾u¹ÃÇ ç §rÓ�±À¹Þ´G¥u©­Î�¬Y©«¥a³s©«³uÒi¥a±²¬Y©:¹Y¬�´/¬Y©�¾u´!®
ª_¶a±¸¥s©Êºa¹�©«³&Ë]¦G°l³a©Ã·G©«»²¦Gµ�±¸¥sÅÙ°Â©«´G»¿®¯¬�±¸¾�©GÆÜ±¸¥�¬Y©Ã°_´Gª­¬�±²·G©
¹�½#¹Y¬Y©«¾l¹ÃÇbà-´GºÕµa°Â¦+·�±¸³s©«¹�¬Y¦H¦�»À¹áËj¦G°r©«³a±²¬�±¸¥aÅsÆE´G¥�´«½�»¸¹�®
±À¥sÅsÆ�¹�±¸¾Éºa»²¬�±¸¥aÅ�´G¥a³u·!´G»¸±À³a´/¬�±¸¥sÅ×´b¹Y½�¹Y¬Y©«¾ÊÇBà�¶a©:¬�±¸¾)®
±À¥sÅØ´G¥a³âµa°�¦�ª­©«¹�¹0¾�¦�³s©«»¸¹�¬�¶a´/¬ ¼ ©&³s©Ã·G©«»²¦GµE©«³ ´G¹

½



Symbol Coverage Tree
Information from:

C:\TEMP\stb00128

 0  0  0  0  0  0  0  0  0  0  0  0 

 PeriodicProcess 
 12818 (0 − 1111) 

 RealTimeSim 
 12818 (0 − 1111) 

 RealTimeSystem 
 12818 (0 − 1111) 

 0  0 

 PeriodicTimer 
 7916 (0 − 612) 

 RTconstraints 
 30643 (0 − 2721) 

 (total) 
 43461 (0 − 2721) 

òz±²Å�ºs°�© � �#Ú)äÜ¦\·G©Ã°Â´/ÅG©Ê¹�¶s¦ ¼ ±¸¥sÅR¹Y½�¾ §E¦�»¸¹b©­Î#©«ªÃºs¬Y©«³
»²©«´G¹Y¬á¥Hºa¾g§E©Ã°:¦GË-¬�±À¾�©«¹

µ�´/°�¬z¦GËa¬�¶a©4Ñ È ÓÊµ�´Gª�å/´/ÅG© ¼ ©Ã°�©4¬Y°Â´G¥a¹�»À´/¬Y©«³g¬Y¦ ç §�Ó
¾�¦�³s©«»¸¹7´G¥a³âªÃ´/µ�¬�ºs°�©«³ ºa¹�±¸¥aÅ ç §rà6©«³�±²¬Y¦G°«Ç àÛ¶s©
ç §ràû©«³�±²¬Y¦G°9µa°Â¦+·�±¸³s©«¹Þ´gºa¹Y©Ã°ÞËj°Â±²©«¥a³�»²½ ©«¥H·#±¸°�¦�¥a¾�©«¥H¬
¬Y¦ÊÅG°Â´/µ�¶�¬�¶s© ç §rÓT¾�¦�³s©«» ÇgÝÿ¬b´G»¸¹�¦R±¸³s©«¥H¬�±¿Ò�©«¹r¹Y½�¥�®
¬�´!Îü©Ã°�°�¦G°Â¹Ê³�ºs°Â±¸¥sÅM¬�¶s©Ùµa°Â¦#ª­©«¹�¹
¦GËÉ©«³a±²¬�±À¥sÅsÇ�àÛ¶s©
ç §ràÌ´G¥a´G»²½#ÄÃ©Ã° ¼ ´G¹á¬�¶a©«¥7ºa¹�©«³R¬Y¦�º�¥aª­¦+·G©Ã°×¹Y½�¥�¬�´GªP®
¬�±¸ª)´G¥a³Ù¹Y©«¾l´G¥�¬�±¸ªÉ©Ã°�°Â¦G°Â¹×±¸¥Õ¬�¶s©�¾�¦�³s©«» ÇÉãr¥�ª­©É¬�¶a©
¾�¦�³s©«» ¼ ´G¹r©Ã°�°�¦G°�Ëj°�©Ã©GÆi¬�¶a©É¹�±À¾gºa»À´/¬Y¦G° ¼ ´G¹rºa¹Y©«³7¬Y¦
ËQºs°�¬�¶s©Ã°l´G¥�´G»²½HÄÃ©�¬�¶s©�¾�¦�³s©«» ÇTàÛ¶s©R¹�±¸¾Éºa»¸´/¬Y¦G° ¼ ±¸»¸»
´G»¸»²¦ ¼ ¬Y¦$¹Y¬Y©ÃµT¬�¶s°�¦�ºsÅ�¶&¬�¶s©7¾�¦#³a©«»:´G¥a³8¹Y©«¥a³û¹Â±²Å/®
¥a´G»¸¹Þ·#±¸´ ªÂ¶a´G¥a¥a©«»¸¹ÃÇBà�¶s©Û¹Â±¸¾gº�»¸´/¬Y¦G° ¼ ±¸»À»s³a±¸¹Yµ�»À´«½ ¬�¶a©
ªÃºs°�°Â©«¥�¬�¹Y¬�´/¬Y©g¦GË-¬�¶a© ¹Y½�¹Y¬Y©«¾ ´G¥a³R´G»À¹Y¦�µa°�¦\·#±¸³a©�¬�¶a©
¹�±¸¾Éºa»¸´/¬�±¸¦�¥g¬Y°_´Gª­©�±¸¥)¬�¶s©4Ë]¦G°_¾ ¦GË È ç ä�ÇGòs¦G°Ü¹�±¸¾Éºa»¸´!®
¬�±²¦�¥)´G¥a³É·/´G»¸±¸³a´/¬�±²¦�¥gµ�ºs°ÂµK¦�¹�© ç §rÓ�� ¹{¬�±¸¾u©Ã°{Ëj©«´/¬�ºs°�©«¹
¼ ©Ã°�©�ºa¹Y©«³)¬Y¦b¾�¦�³s©«»#¬�¶s© ñ àáä�ÇGà�¶a© ç §�à&·/´G»¸±¸³�´/¬Y¦G°
¼ ´G¹4¬�¶s©«¥
ºa¹Y©«³q¬Y¦�ª­¦�¥a³aºaª­¬4´)¹Y¬�´/¬Y©­®Ï¹Yµ�´Gª­© ´G¥�´G»²½#¹Â±¸¹ÃÇ
à�¶s©)·/´G»¸±¸³a´/¬Y¦G°bªÃ´G¥�µK©Ã°ÂË]¦G°Â¾ß©­Îs¶a´Gºa¹Y¬�±¸·G©GÆ�§�±²¬�®Ï¹�¬�´/¬Y©
´G¥a³Õ°Â´G¥a³a¦�¾ ¹Y¬�´/¬Y©�©­Î�µ�»²¦G°_´/¬�±²¦�¥?Ç�Ýó¥Õ©«´GªÂ¶ÙªÃ´G¹�©É¬�¶a©
·/´G»¸±¸³a´/¬Y¦G° ¼ ±¸»¸»?©­Îs´G¾u±¸¥a© ©«´GªÂ¶0¹Y½�¹Y¬Y©«¾ß¹Y¬�´/¬Y©)¬�¶a´/¬á±À¹
©«¥aª­¦�ºa¥H¬Y©Ã°�©«³q´G¥a³ ¼ ±¸»¸»�µa°Â¦+·�±¸³s©Û¹Y¬�´/¬�±À¹Y¬�±¸ªÃ¹ÃÇÞà�¶a©Û·/´G»¿®
±¸³a´/¬Y¦G°B·�±²© ¼ ¹{¬�¶s©:¹Y¬�´/¬Y©�¾l´GªÂ¶a±¸¥a©4´G¹B´r§E©«¶a´+·#±¸¦G°{¬Y°Â©Ã©

Symbol Coverage Tree
Information from:

C:\TEMP\stc00128

 PeriodicProcess 
 12818 (0 − 1111) 

 RealTimeSim 
 12818 (0 − 1111) 

 RealTimeSystem 
 12818 (0 − 1111) 

 rtcNow 
 4328 (2164 − 2164) 

 rtcLoad 
 4218 (1406 − 1406) 

 2721  2721  2721  2721 

 RTC 
 22727 (7 − 2721) 

 PeriodicTimer 
 7916 (0 − 612) 

 RTconstraints 
 30643 (0 − 2721) 

 (total) 
 43461 (0 − 2721) 

òz±²Å�ºa°�© � �#Ú�ä4¦+·G©Ã°Â´/ÅG©
¹�¶s¦ ¼ ±¸¥sÅR¹Y½�¾g§K¦�»À¹×©­Î#©«ªÃºa¬Y©«³
¾u¦�¹Y¬�¥Hº�¾ §E©Ã°:¦GËz¬�±¸¾�©«¹

´G¥�³�¬Y°_´«·G©Ã°Â¹Y©«¹�©Ã·G©Ã°�½�µE¦�¹�¹Â±²§�»²©áµ�´/¬�¶?ÇÞà�¶s©�¬Y¦#¦�»Eµa°�¦/®
·�±¸³s©«¹?´G¥b¦Gµa¬�±²¦�¥×¬Y¦�·/´/°�½r¬�¶s©Þ³s©Ãµ�¬�¶×¦GË�¬�¶s©B¬Y°�©Ã©GÇzà�¶s©
°Â©«¹�ºa»²¬�¹É¬�¶a´/¬ ¼ ©Ã°�©Ê¦G§a¬�´G±¸¥a©«³û´/Ë]¬Y©Ã°�´0§�±²¬�®Ï¹Y¬�´/¬Y©Ê©­Î#®
µi»²¦G°Â´/¬�±²¦�¥0´G¥a³0©­Îs¶a´Gºa¹Y¬�±¸·G©É©­Î�µ�»²¦G°_´/¬�±²¦�¥Ù´/°�©u¹�¶s¦ ¼ ¥
§E©«»²¦ ¼ Ç

âUâÚã|äjå|æ1äqç^èµé�ê8çhä,ë^äjå|äjìíì·î|ï�ð·ñ·æ�å·ä�ç�ñ�èØâ1â
ã·ì1å·æqò^ó¬ô1ì�ï�ä·ó õ÷ö1ø1ø
ù åqë¿ó¬ä�å�êqðUì£ë·ç�ú�ìûõÅü^ø1øUø1ø1øUø�êjýUäjìµë

âUâ�þ�çhä,ë^äjå|äjìÿìUî�ï�ð·ñ·æjå|ä�ç�ñ�èØë�äjå|ä�ç1ë�ä�çUò�ë â1â
� ñÿñ��ÿæjìhïqñ·æUäJë�õÃø��
� ì�èqì|æjå|äjìUô£ë�äjå|äjìµëuõ��
	UöJü��
� æ

1èJò|å|äjìUô�ïqå·ä|óYë�õ�ü����
� è8ç���
qì£ë^ýJë^äjì�� ë�äjå|äjìµëuõ����������
ã�ç�ú�ìÿñ
�Òóqåµë¿ó¬äjåhê�ð·ì­õ��Uø1ø1øUø1øUø��^ü^ø1ø1øUø1øUø
êjýUäjìµë��
� ñÿñ��Úê8ç�äJëíëhì·ä}ç^èÿóµåqë{ó¬äjå�êqðUì�õÃö�	�	1ø
� ñ�ð1ð�ç�ë·ç|ñ�èÿæ�ç�ë �%õ÷ø"!
# åUîÿô�ìhïjä|ó�õÃö1ø1ø
� 
jæ1æ�ì�è�äÿô�ìhïjä·ó%õ�$�ü
# ç^è ë�ä�å·ä�ìØëUç�ú1ì­õ�ü����
# åUî}ë�ä�å·ä�ìØëUç�ú1ì­õ������
ã�ý��jêµñ�ð ò�ñ
%�ì·æjå·é�ìaõ ��	��'&�	

âUâÚã|äjå|æ1äqç^èµéíìUî|óµå�
8ë�ä�ç�%jìÒìUî|ïqðUñ|æjå·äqç|ñhè}â1â
ã·ì1å·æqò^ó¬ô1ì�ï�ä·óÓõ��1øUø

âUâ)(�î|óµå�
8ë�ä�ç�%jìÒìUî|ïqðUñ|æjå·äqç|ñhè,ë�ä�å·äqç�ë�äqç1ò1ëÒâ1â
� ñÿñ��ÿæjìhïqñ·æUäJë�õÃø

�RÆ



Symbol coverage chart for 
System (total)

Total number of executed symbols: 43461
87 of 101 symbols (87 %) have been covered

14 of 101 symbols (13 %) have not been covered

(no of times)

(no of symbols)

14

0 2721

ò{±¸Å�ºs°�© � �HÚÜäÜ¦\·G©Ã°Â´/ÅG©)³s©Ã¬�´G±¸»¸¹

� ì�èµì·æjå|äjì·ô£ë�ä�å·ä�ìqëuõ���ü*�
	
� æ

Uè8ò|å|äjì·ô�ïqå|ä·ó8ëuõ�ü����
� è�ã�ý��jêµñ�ðíò|ñ
%�ì·æ�åUé�ì õ ��	��'&�	

âUâÚã|ä�å·æ1äqç^èjéíìUî�óqå*
Yë�äqç*%�ìÚìUî�ï�ð·ñ·æjå|ä�ç�ñ�è}âUâ
ã·ì1å|æ�ò^ó ô�ì�ï�ä·ó)õ+�Uø1ø

âUâ)(�î�óqå�
8ë�äqç*%jìÒìUî�ï�ðUñ|æjå|ä�ç|ñhè,ë^äjå·äqç�ë^ä�ç1ò1ëÒâUâ
� ñÿñ��íæ�ì�ïqñ|æ1ä�ëuõ÷ø
� ì�èµì·æjå|äjì·ô£ë�ä�å·ä�ìqëuõ���ü*�
	
� æ

Uè8ò|å|äjì·ô�ïqå|ä·ó8ëuõ�ü����
� è8ç*�,
qì¬ë�ýJë^äjì-�rë�ä�å·äjìµëuõ�ü-����&��
ã�ç�ú1ìíñ��Úóqåµë¿ó ä�å�êqðUì­õ�ü�ø1øUø1øUø���ö1ø1ø1øUø1ø�ê�ý1ä�ìqë��
� 
jæUæjì�è�äÿô�ìhïjä|ó�õ�$qü
# åUîÿô1ì�ïjä|ó�õ��Uø1ø
# ç^è ë^äjå·ä�ì£ëUçhú�ì�õ�ü*���
# åUî}ë^äjå·ä�ì£ëUçhú�ì�õ����
�
ç*�,
µì£ë�ý�ë�äjì-�rë�ä�å·ä�ìqëuõ�ü�����&��
ã�ç�ú1ìíñ��Úóqåµë¿ó ä�å�êqðUì­õ�ü�ø1øUø1øUø���ö1ø1ø1øUø1ø�ê�ý1ä�ìqë��
� 
jæUæjì�è�äÿô�ìhïjä|ó�õ�$qü
# åUîÿô1ì�ïjä|ó�õ��Uø1ø
# ç^è ë^äjå·ä�ì£ëUçhú�ì�õ�ü*���
# åUî}ë^äjå·ä�ì£ëUçhú�ì�õ����
�
ã�ý���êqñ�ðÿò|ñ
%�ì·æ�åUé�ìàõ ��	��'&�	

à�¶a©räÜ¦\·G©Ã°Â´/ÅG©b·�±²© ¼ ©Ã°+Æ#´Éµ�´/°�¬Ü¦GË�à{´Gº
¹�ºa±²¬Y©GÆ ¼ ´G¹
¬�¶s©«¥�ºa¹Y©«³Ø¬Y¦M±À³s©«¥�¬�±¸Ë]½M¬�¶s©Õµ�´/°�¬�¹�¦GËb¹Y½#¹�¬Y©«¾ ª­¦\·�®
©Ã°�©«³Õ³aºs°Â±À¥sÅl¹�±¸¾Éºa»¸´/¬�±¸¦�¥R±¸¥7¬Y©Ã°Â¾u¹á¦GËÞ¬�¶s©É©­Î#©«ªÃºs¬Y©«³
¬Y°Â´G¥a¹Â±²¬�±²¦�¥8¦G°
¹Y½�¾ §E¦�»¸¹ÃÇÍà�¶s©7¹Y½#¾u¦G§�»¸¹�¬�¶a´/¬ ¼ ©Ã°Â©

º�¹Y©«³l¬�¶a©r»¸©«´G¹Y¬Ü¥#ºa¾g§E©Ã°3¦GË-¬�±¸¾�©«¹ ¼ ´G¹4ªÃ´/µa¬�ºa°�©«³
ºa¹�®
±À¥sÅ)¬�¶s©bª­¦+·G©Ã°Â´/ÅG©)·�±²© ¼ ©Ã°Û´G¥a³Ê±¸¹�¹Â¶s¦ ¼ ¥Ê±À¥Êò{±¸ÅsÇ � �#Ç
ç ±¸¾u±¸»¸´/°_»²½�¬�¶s©
¹Y½�¾ §E¦�»¸¹g¬�¶a´/¬ ¼ ©Ã°�©Êºa¹Y©«³ý¬�¶s©Ê¾�¦�¹Y¬
¥#ºa¾g§E©Ã°b¦GË�¬�±¸¾�©«¹ ¼ ´G¹)ªÃ´/µa¬�ºa°�©«³ýº�¹�±¸¥sÅR¬�¶a©�ª­¦+·G©Ã°�®
´/ÅG©7·#±¸© ¼ ©Ã°q´G¥a³T±¸¹l¹�¶s¦ ¼ ¥T±¸¥ûòz±²ÅsÇ � �#ÇâäÜ¦+·G©Ã°_´/ÅG©
³a©Ã¬�´G±¸»¸¹ÃÆ�±¸¥aªÃ»¸º�³a±¸¥sÅb¬�¶a©r¥#ºa¾g§E©Ã°Ü¦GË-¬Y°Â´G¥a¹�±¸¬�±²¦�¥a¹3¬�¶a´/¬
¼ ©Ã°�©Þ©­Î�©«ªÃºs¬Y©«³)´Ûª­©Ã°Â¬�´G±¸¥ ¥#ºa¾g§K©Ã°�¦GËs¬�±¸¾�©«¹�±À¹�¹�¶s¦ ¼ ¥
º�¹�±¸¥sÅ)´uª­¦+·G©Ã°_´/ÅG©)ª_¶a´/°�¬Û±À¥Êò{±¸ÅsÇ � �HÇ

. 9�÷ ö £�-_ù)�KúÂ÷ ö ¢ ö ø w ùg Eù)¡Y&0/ ÷Û¡Y"

ñ ©«´G»¿®¯¬�±¸¾�©Þ¹�½#¹Y¬Y©«¾l¹�´/°�©9ª­¦�¾uµ�»²©­Îb´G¥a³b´/°�©3¹�ºs§�¨Y©«ª­¬Y©«³
¬Y¦�´�¥#ºa¾g§K©Ã°&¦GËÕª­¦�¥a¹Y¬Y°Â´G±¸¥H¬�¹ÃÇ ã�§�¨Y©«ª­¬�®¯¦G°Â±²©«¥H¬Y©«³
¾u©Ã¬�¶s¦#³�¹Bµa°�¦\·#±¸³a©�´ ¥a´/¬�ºs°_´G» ¼ ´+½�¦GË?¾�¦#³a©«»¸±¸¥sÅ×¹�ºaª_¶
¹�½#¹Y¬Y©«¾l¹ÃÇ6¤�»²¬�¶s¦�ºsÅ�¶Ì¾�¦�¹Y¬Õ°�©«´G»¿®¯¬�±¸¾u©ý¹Y½�¹Y¬Y©«¾�°�©­®
»À´/¬Y©«³ ª­¦�¥a¹�¬Y°Âºaª­¬�¹�´/°�©Ì¥a¦G¬�³a±¸°�©«ª­¬�»²½ ¶a´G¥a³a»¸©«³ §H½
Ñ È ÓÞÆz±²¬g±¸¹gµE¦�¹�¹�±²§i»²©�¬Y¦Õº�¹Y©�¬�¶a©�©­Î�¬Y©«¥a¹�±²¦�¥M¾�©«ª_¶�®
´G¥�±¸¹�¾.¬Y¦Ù³s©Ã°_±²·G©�¥s© ¼ ª­¦�¥a¹Y¬Y°_ºaª­¬�¹ÃÇ0Ýó¥ý¬�¶a±¸¹gµ�´/µE©Ã°«Æ
¼ ©u¶a´+·G©uË]¦G°_¾u´G»¸±²ÄÃ©«³0´
Ëj© ¼ °�©«´G»¿®¯¬�±¸¾u©)¹�½#¹Y¬Y©«¾6ª­¦�¥�®
¹�¬Y°Â´G±¸¥H¬�¹Ùºa¹�±¸¥sÅ ãbä4Ó ´G¥�³ µ�´Gª�å/´/ÅG©«³æ¬�¶s©«¾ º�¹�±¸¥sÅ
Ñ È Ó�� ¹)µ�´GªÂå!´/ÅG©GÇû¤�»¸»4ª­¦�¥a¹Y¬Y°Âº�ª­¬�¹ÃÆ9¬�¶a´/¬ ¼ ©R±¸¥H¬Y°�¦/®
³�ºaª­©«³?Æa´/°�© ¹ÂºsµaµE¦G°�¬Y©«³ ¼ ±²¬�¶�´/µaµa°�¦Gµa°_±¸´/¬Y©×§E©«¶a´«·�±²¦G°
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