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��� �  ¢¡e£ k¥¤ ¦ hRj§k©¨�ª¬« £V­
® ª°¯¢±¢²�j�j,hR¯ £ ³ h ¡ ± £ k�gih ¨°´i¤ £ hRµ ¶ ¯ ¡�· ´i¤2k�¤

¸T¹�ºz» º	¼`½ ¾¿¼`À�ÁzÀ	Â Ã�Ä�Å�ÃÆÁ�ÇÈÁ�É ¹�Ä ¹ ÊÌËÍÁ�¹�º�Â�ÃÎÅ�Á�Ï ÄtÐÑÄ�ÂBÁz½ ÒrÃ�ÓcÁÔÓÕÒ
¹ ÄÖÐÑÄÖÂtÁz½ Â�»×¹�Â9º�¼`À	Â�ÃXÀÙØW¼�ØÑÄ�Ú�Ð Ã�À	ÂBÁzË�¹Wº�Â�Ä�Ç�ÃÛÂ§» ÃÛÂÜÄ
ÁzÀÑÅ¿ÃXËÝ¼`ÀÙ½ ÁÞÀ	Â	Ó
ß¢ËÍÁ�º×ÃÎÄ�ÁzÚ�Ð	ÒVÇÈÁ ¹�ÄtÄ�ØÔ½ Á7à

á â À¿ÃÛÂtÁ Ä�Á�Â�¼Þã�ä�åçæ�è�éëêtê�é�ê Á�ì×Á�ºÞØ	Â�ÃXÀ�í ¹�ËîÃXï¿Ã�Â�Ëð¹�ËÕÐ º�¼�ÉÙÁ
ñ Á7Ó�í:ÓòÒTówÒTó¢ô ô Òbõ�¹	Å×¹öÒ]÷�ºÞÚvÒUÓÕÓòÓDø�ù

á â À¿ÃÛÂtÁ Ä�Á�Â�¼Þãúè	æ7û û üÞýÔþ�è�ÿ�� þ�æÔý æ����§é�è��8ê
ñ Á7Ó�í:ÓòÒT½ Á�ÄBÄ�¹WíÙÁ ��Ø�ÁÞØ�Á�ÄWÒVÄ�Áz½ ¹�¾Ù»W¼�ËÍÁ�ÄWÒ�Ä�»×¹�Ë8Á�É
½ Áz½ ¼7ËÕÐ	Ò�÷ ó�ß º	¼�ÀÙÀ�Á�º Â�ÃÆ¼`ÀÑÄ�Ò	��
 ß ¾×¹�º
��Á ÂÜÄ�ÒÕÓòÓÕÓDø�Ó

������������� �

wÁ�Å�ÁÞÚÎ¼`¾�Ã�À�í º	¼�À�ºzØÙË;ËÍÁÞÀ	Â ËÍÁW¹Wº�ÂëÃÛÅ�Á ÄÖÐ�Ä�ÂtÁÞ½ Ä Ã�Ä »×¹�ËÍÉ��
ñ ½ ¹�ÀÑÐ ¾�¼¿ÄtÄ�ÃXïÙÚ Á Ã�À	ÂBÁzË�¹Wº�ÂëÃ ¼`À�Äëø
÷�Ëð¹WÉVÃ�ÂëÃ ¼`Àz¹�Ú7ÂBÁ�Ä�ÂëÃ�À�í Ã�Ä ¼Þã Ú�ÃX½ Ã�ÂBÁ�É »�ÁÞÚ�¾�� ñ ¾¿¼V¼7Ë~º�¼ÞÅ�ÁÞËð¹WíÔÁWø
�bºÑÁzÀ×¹�Ë Ã ¼�Ä Ú Á�¹WÉVÃ�À�í Ât¼ ÁÞËçËÍ¼7ËÕÄ ¹�Ë8Á »×¹�ËÍÉ Ât¼ ËÍÁz¾×ËÝ¼�É�Ø�º�Á��
� ��!"�#�%$#&�!('�)*�+� ,.-×ê/� é�û ÿ�� þcè ,0�;ÿ�� é(1�,]äöÿ×èÑé 243zä�5�æ×åçÿ�� þ�æÔý
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¨ £�¡e£ h ¨ 8 ¡ ±4h
9�: ´L¯ ¡ µ kò± ¨�hRµ ¡ ¯ £ kò±4¤�;

á ß¢ËÝ¼�ºÑÁ�ÄtÄ,Á�Ä º�¼`½ ½ ØÙÀ¿Ã º�¹�ÂBÁ ï�Ð Á ì�ÁÑºzØ	ÂëÃ�À�í æzäbéÑå ÿ�� þ æÔý�ê
¼`À º	¼�½ ½ ØÙÀ�ÃÆºW¹�Â�ÃÆ¼`À ¼`ï=<xÁ�º ÂÜÄ�Ó

á ¼`¾�ÁÞËð¹�ÂëÃ ¼�ÀÑÄ ¼`À º	¼`½ ½ ØÙÀ¿Ã º�¹�ÂëÃ ¼�À ¼�ï=< ÁÑº�Â�Ä ¹�Ë8Á >§þ�ê�þ?�@5�é Ò
¼zÂ�»�ÁzËL¼`¾ÙÁzËð¹	Â�ÃÆ¼`ÀÑÄ ¹�ËÍÁ þcý#>�þÎê�þ?�@5cé�ù

á ¼`ÀÙÚ�Ð Á�ì×Á�ºÞØ	Â�ÃÆ¼`ÀÑÄ9¼ÞãIÅ¿Ã�Ä�ÃXïÙÚ�Á ¼�¾�ÁzË�¹�Â�ÃÆ¼`ÀÑÄ ½ ¹ëÐ ï�Á
�@5�æ�èBA×þ�ý�Cbù

á Â§»�Á ÄtÐÑÄ�ÂBÁz½ Ã�Ä�Äë¹ÞÃÆÉ Ât¼ ï�Á ÃXÀ ¹ C#5�æ���ÿ
5öê/�;ÿ@� é Ç9»�ÁÞÀ Â§»�Á
À�Á ì�Â�¼`¾�ÁÞËð¹�ÂëÃ ¼`À Ât¼ ïÙÁ Á ì�ÁÑºzØ	ÂBÁ�É ï§Ð é
>§éÑåD- ¾×ËÝ¼�ºÑÁ�ÄtÄ Ã�Ä
>§þ�ê�þ?�@5cé�ù

á ¹ ½ ¼ÞÅ�Á ãxËÝ¼`½ ¼�À�Á í�ÚÎ¼�ï×¹�Ú�ÄÖÂÌ¹�ÂBÁ Ât¼ ¹�ÀW¼zÂ�»�ÁzË~í�Ú�¼`ï×¹ÙÚ
Ä�Â,¹�ÂtÁ Ã�Ä ¹ � å ÿ×ýWê þE� þ æÔý ù

á ê/� ÿ�� é ê,ä2ÿ×è�é F Ä,Á Â�¼ÞãÈí�Ú�¼`ï×¹�ÚöÄ�ÂÌ¹�ÂBÁ�Ä ô Â�Ëð¹�ÀÑÄ Ã�ÂëÃ ¼`À�Ä�Ó

s0

deadlock

G H.�@�4�I�#� � 
wÁW¹WÉ�Ú�¼�º
��Ä ¹�À�É ¹ÑÄtÄ,ÁzËòÂ�ÃÆ¼`À Å¿ÃÆ¼`Ú ¹�Â�ÃÆ¼`ÀÑÄ ¹�Ë8Á
¾�Ë8Á�Ä,ÁÞËòÅ�ÁÑÉ ÃXÀ Â§»�Á Ê ÄÖÂÌ¹�ÂBÁ Ä�¾×¹Wº�Á�Ï ¹ÑÄ ÉÔÁ â À�ÁÑÉ ¹Ùï¿¼ÞÅ�Á7Ó
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¨°´i¤ £ hRµ ¡p£ kò± ¨ £�¡p£ hLKz¨ 8 ¡ ±4h M NO8 · ªwj ¡p£ k�ª°¯

P�QSRUTEVXWZY\[ ]#^`_ a(bcad[eQdf ^	[gTh]#^`ijikb Qml�nZiDW+R"Q [go	Q ad[e^	[eQ
apnq^`]#Q WOY ^ ]#Wr_	]4s�RUR"Qd_t[ R"Q�^`]u[gTwv�Q a(b`a�[eQSf x

� ^2?WET@�C�EO�V?�AXG�^`Y G4K =JN NzyiAcYÔAÕSeN�E GR�TET@Ü=V?�AXG�^`Yd{

| CVG�^V?7@�G�N¢GOK =eN�Ni?7a�E ��@�G~C�E2YWY�E2Y�}

| CVG�� �eN�E�?WE C�GR^V?7@�GRN¢G�ybET@ ^bG�^bHJE7?WET@,� AÕ^TAcYö�
~ A o E o Z&CVG�^]C4[e@,@�ET^bC�� � s u ?WGiY�Y ~U���m� }

| G�S`Y�EO@�y4=2?�AXG�^ GOK yiAcYÔAÕSeN�E G��OET@�=2?�AXG�^�Y =e^bH
dRN�GRSr=eN�Y�?z=2?WEVY o

System Processes

VS_scheduler

(semaphores, signals, shared memory)

���B���Z�
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¦ hRj§k©¨�ª¬« £

s ET@BADuwG4Kx? Y�Eb=:@ COa�EVY Y�?z=2?WE Yö�r=bC�E2Y KtG�@�{

| HJEb=]HIN�GICO�7Y Z

| =�Y�Y�ET@ ?�ADGR^ yTAXG�ND=V?�AXGR^�Y Z

| N�A�y]EON�GICO�7Y ~ ^�G EO^r=JSeN�E�H ?7@�=J^�YÔA�?�AXG�^ KBGU@ =
�:@�GICVEVYWY HR[e@tA©^bd � Yö[]C�CVEVYWYÙA�ybE ?7@�=e^`YÔA�?�AXG�^�Y � Z

| HLA�ybET@�dJEO^]CVEVY ~ = �:@�GICVEVY�Y HJGLEVY ^bG4?
CVG�� � [J^TADCb=2?WE } A ?7a ?7a�E @�EVY�? GOK ?7abE YÑ��Y�?WEO�
HR[J@BAÕ^]d � GU@�E ?7ar=J^ � Y�E`C�GR^]HOY � o

q abEO^ =J^ ET@�@�G�@ A�Y HJE7?WE�CÔ?WE`HÈZRs ET@BADuwG4Kx? @�EO�TGU@ç?ÑY =
a�]#QS_z^SR"TjW N�E]=bHLAÕ^]d ?WG ?7ar=2? EO@�@�GU@ o

� ^ AÕ^V?WEO@�=]CÔ?�A�y]E dR@�=J�eaTADC�=eNpYÙA©� [eND=2?WG�@��OHJEOSe[bdedJEO@
AcY =JN Y�G =#y4=OA©ND=JSeN�E o

���B���7�
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��� � ª¢l �Iªúhp¤ ¦ hRj§k©¨�ª¬« £ l ª\j/� ­

s ET@BADuwG4Kx? N�G~GR��Y YÔAÕ� �JNcE�� q a�� H AvH } E a�=�ybE ?WG
} =TA�? KtG�@ Y�G N�G�^bd ~ n`� �öEb=�@ Y � ?WG ar=�ybE A�?zy

���iAcY�?�AÕ^]d Y�?z=V?WE@� Yö��=]CVE E��U�JNcGU@�=2?�ADGR^ ?WGLG�N�Y =:@�E
@�E2Y�?7@BADCÔ?WE�H ?WG ?7abE =e^�=eN ��YÔAcY G4K f W��	Qdi�a ~ A o E o Z
=eS`Y�?7@�=bC7? HJE2Y×C4@BAÕ�V?�AXG�^`Y � GOK Y�GOK ?�} =�@�E YÑ��Y�?WEO� Y o

��=bCOa Y�?z=2?WE A�Y @�EO��@�E2Y�EO^V?WE`H SÙ� = sL_0Tj��s�Q
Tj�	Qd_t[gTw�0QdR o

� [e@BAÕ^]d Y�?z=2?WE�� Y��r=]CVE E��U�JN�G�@�=2?�AXG�^�Z�yTAcYÔA�?WE�H Y�?z=V?WE2Y
=:@�E Y¿=�ybE`H AÕ^ � EO� GU@;� ~ ar=�Y�a.�ë?z=JSeN�EeZ M � � Z oço;o � o

q A�?7a nzR"Wu�7R"^cf f Tj_u� iD^`_4��s�^#��Qpa2ZÈY�?z=V?WE2Y =�@�E
� []C4a � GU@�E C�GR� �JN�E��O�

� G�� �e[V?�AÕ^bd =J^]H Y�?WGU@BAÕ^]d = ��[e^TAE�I[bE AvHiET^2?�A� ¬ET@I¡
KBGU@ Eb=]C4a Y�?z=V?WE AcY [e^e@�E]=JN�AcYÔA�?�Cr�
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¨ £Ù¡e£ h�K�£&hp¤7¤ ¨�h ¡ j�±  
¤ÕÉÙÁ�¹2à ¾ÙÁzËòã ¼7Ë;½ ¹ ê/�;ÿ�� é(1¥5�éëêtê9ê�é	ÿ�å;èB¦.�
ñ ÄÖÂ�ÃXÚ�ÚÙÂBÁzË;½ ÃXÀ×¹�ÂBÁ Ç9»�ÁzÀ Ä�Â,¹�ÂtÁ Ä�¾z¹Wº�Á Ã�Ä ¹Wº�Ð�ºÞÚ�Ã ºWø
¸`�`Ø¿ÃÛÅz¹�Ú ÁzÀ	ÂúÂt¼ §òê/�;ÿ�� é(1îê,äöÿ×èÑé è�ÿ×èB¦Ôþ�ý�C+¨ Ç�ÃÛÂ§» ¹�À Áz½ ¾	Â Ð
º�¹�ºz»�Á7àLÂ�»¿ÃÎÄ9Ä,ÁW¹�ËÍºÞ» ÂtÁ�ºÞ»ÙÀ¿Ã©��Ø�Á Ã�Ä°ÂBÁzËçË Ã�ïÔÚ Ð ÃXÀ�Á«ª º×ÃÆÁÞÀ	Â/�
¬j­r®@¯ Ò�õWõm°�±(²
³t´@&d� µ����c� ÉVÃ�À¿ÃXÀ�í ¾Ù»¿ÃXÚ�¼¿ÄÌ¼`¾Ù»�ÁzËÕÄ ñ ÂÖ¼�Ð Á ìz¹�½ ¾ÙÚ ÁWø

Philosophers

Transitions

Classical

State-less

¶
� ¶(¶�¶(¶
� ¶(¶�¶�¶(¶
�·� ¶�¶�¶(¶
6 ¶(¶�¶�¶(¶
6�� ¶�¶�¶(¶
J ¶(¶�¶�¶(¶
J�� ¶�¶�¶(¶
� ¶(¶�¶�¶(¶
�¸� ¶�¶�¶(¶
� ¶(¶�¶�¶(¶

� 6 J � � ¢ ¹ º » � ¶

¼�¼�Ët½ ¾Ô»¿Ã�Ú�¼¿ÄÌ¼�¾Ù»�ÁzË©Ä�Ò�¹ Ä�Â,¹�ÂtÁ(¾ÌÚ Á�ÄtÄ9Ä,ÁW¹�ËÍºÞ» Á ìÔ¾ÙÚ�¼7ËÍÁ�Ä
¿ ®�À Ò ® ± À Â�Ëð¹�À�Ä�Ã�ÂëÃ ¼�ÀÑÄ�ÒTÃXÀÑÄ�ÂBÁ�¹WÉ ¼Þã�Á�Â ® Ó
¸]Å�ÁzËÕÐ Â�Ëð¹�À�Ä�Ã�ÂëÃ ¼�À ÃÎÄ Á�ì×Á�ºzØ�ÂtÁ�É ¼`À ¹	Å�ÁÞËð¹WíÙÁ ¯ ½ À ÂëÃ�½ Á�ÄÃ�

���B���7¹
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¶ ¯ M Ä ±Jk�hI¯ £ ¨ £�¡p£ hLK.£ hp¤Ô¤ ¨�h ¡ j�±  
¬ÆÅÇ­ ßz°�ÈÉ²ÜàËÊpÁ�É`ØÙÀ�É7¹�À�Â Á�ì7¾ÙÚÎ¼�Ëð¹�ÂëÃ ¼`À�Ä É`Ø�Á ÂÖ¼ Ä�ÂÌ¹	ÂtÁ�¾�Ä�¾×¹WºÑÁ
º�¹�ºz»¿ÃXÀ�í º�¹�À ï�Á Ä�Â§ËÍ¼`À�í�Ú�Ð ËÍÁÑÉ�Ø�ºÑÁ�É ï§Ð ØÑÄ�ÃXÀ�í ,�5�éÑé�ä ,Oém�ðê
¬ÆÅ °@Â�²ÜÒ]¹�À�É §©äöÿÑåÌ� þ�ÿÉ5©1�æ×å�ÍÙé�å&û ém�Î¦�æ�ÍWêÃ¨ ÃXÀ íÔÁzÀ�ÁÞËð¹�Ú ¬ÆÅ ° À ²ÜÓ
Ï~ÁÞËîÃÐ��¼ÞãðÂ	àÈ¼7ËîÃ í2ÃXÀ×¹�Ú�¹�Ú í�¼7ËîÃÛÂ§»Ô½ º�¼`½ ï¿Ã�À�Ã�À�í

á Ä�Â,¹�ÂtÁ(¾ÌÚ Á�ÄtÄ9Ä,ÁW¹�ËÍºÞ»2Ò
á Ä�Ú Á�ÁÞ¾ Ä,Á ÂÜÄ ¬ÆÅ °@ÂbÒ ÅÒÑ ° ¿ ²ÜÒ
á º	¼�À�É2ÃÛÂ�ÃÆ¼`À×¹�ÚöÄ�Â§ØÙïÔï¿¼7ËçÀ Ä�Á�ÂÜÄ ¬ Ï�°@ÂbÒ Å ßz° ¿ Ò Å ° À ²ÜÓ

G H.�@�4�I�#� � ¼�¼7Ë â À¿ÃÛÂtÁ ¹Wº Ð�ºzÚ ÃÆº Ä�Â,¹�ÂtÁ Ä�¾z¹Wº�Á�Ä�ÒVÂ§»�Á ¹�ï�¼ÞÅ�Á
¹�Ú í�¼7Ë Ã�Â�»Ù½ ºW¹�À ï�Á ØÑÄ,Á�É ã ¼7ËUÂ§»�Á ÉÙÁ ÂtÁÑº�Â�ÃÆ¼`À ¼ÞãÈÉÙÁW¹WÉ�Ú�¼�º
��Ä
¹�À�É ¹�ÄBÄ,ÁzËòÂ�ÃÆ¼`À Å¿ÃÆ¼`ÚÆ¹	Â�ÃÆ¼`ÀÑÄ9Ç�ÃÛÂ§»W¼`Ø�Â Ã�À�ºÞØÙËçË Ã�À�í Â�»�Á ËîÃ�Ä¸� ¼Þã
¹�À�Ð ÃXÀ�º	¼�½ ¾ÔÚ�Á ÂtÁzÀ�Á�ÄtÄ Ã�À Â�»�Á Å�ÁzË Ã â º�¹�ÂëÃ ¼`À ËÍÁ�Ä�ØÙÚ ÂÜÄ�Ó
Ó �.Ô«�#�Õ)@&�!('���$��
Ç9»�ÁÞÀ ØÑÄ Ã�À�í Â�»¿ÃÎÄ ¹�Ú í�¼7Ë Ã�Â�»Ù½ ÒJ½ ¼¿Ä�Â�¼ÞãRÂ§»�Á Ä�Â,¹�ÂtÁ�Ä ¹�Ë8Á
Å¿Ã�Ä�ÃÛÂtÁÑÉ æÔý�5Ö- æÔýÔè�é É�ØÙËîÃXÀ�í Â�»�Á Ä,Á�¹�Ë8ºz»2Ó
× Ø ¼zÂ À�ÁÑº�Á�ÄtÄ�¹�ËÕÐ Ât¼ Ä�ÂÖ¼7Ë8Á Â§»�ÁÞ½ �

Philosophers

Transitions

New

Classical

State-less

¶
� ¶(¶�¶�¶
� ¶�¶(¶�¶�¶
�Ù� ¶(¶�¶�¶
6 ¶�¶(¶�¶�¶
6(� ¶(¶�¶�¶
J ¶�¶(¶�¶�¶
J(� ¶(¶�¶�¶
� ¶�¶(¶�¶�¶
�Ú� ¶(¶�¶�¶
� ¶�¶(¶�¶�¶

� 6 J � � ¢ ¹ º » � ¶

��ÛB�(Ü7º



Ý�ÜUÞßÞmà/Û(áUâ¸ãÆÛ�äåâÚãjæçÜ=è é�ÜUãjæçêÃâeëÆä

¦ hRj§k©¨�ª¬« £ ì ¨ ²¬µ µ ¡ jB´

s ET@BADuwG4Kx? AcY ?7a�E  °@ Y�? ?WG~G�NJKtG�@ YÑ��Y	?WET� =V?�ADC�=eN�N �
E��p�eN�GU@BAÕ^]d ?7abE Y�?z=2?WE Yö�r=bC�E2Y G4K Y���Y�?WEO� Y

CVG�� �TGiY�E`H GOK Y�E�y]EO@�=eN�C�GR^]C4[e@�@�EO^V? ��@�G~C�E2YWY�E2Y
E��:E`CO[2?�AÕ^]d =�@�SOA�?7@�=�@ç� ~ E o d o Z � GU@ � � � � C�G~HJE o

í @BADdLAÕ^r=JN�A�?��q{ K�@�=e� E7} GU@��TZRY�E]=:@ C4a�ZR?WG~GRN
î <ïí < Pñðóò	ô+õ o

_ a�E �¿E�� ?WG � =J�¿E ?7aTAcY =J�e�:@�G¢=bCOa ?7@�=bC7?z=JSeN�E AcY ?WG
[`Y�E a�f ^SR«[ Y�?z=2?WE�� Y��r=]CVE E��U�JN�G�@�=2?�AXG�^ =eNcdJGU@BA�?7ae� Y��

� ^ �:@�=]CÔ?�ADC�EJZI?7abE Y�Eb=:@ COa AcY ?��e�TADC�=eN�N � AÕ^]CVG�� �eN�E�?WE o

� @�G�� = d A�ybEO^ AÕ^TA�?�A�=eNTY�?z=V?WEJZ~s EO@BADuwGOKx? C�=e^ =eNÆ} =���Y
dI[r=:@�=e^2?WE`E = CVG�� �eN�E�?WE C�G`y]EO@�=bdJE GOK ?7abE Y�?z=2?WE

Yö��=]CVE [e� ?WG Y�GR� E HJEO�V?7a o

��ÛB�(Ü�»



Ý�ÜUÞßÞmà/Û(áUâ¸ãÆÛ�äåâÚãjæçÜ=è é�ÜUãjæçêÃâeëÆä

ö9� ÷ ¯t�Q²U¤ £ j§k ¡�· ¶ 8�8 · kò± ¡e£ k¥ª°¯�¤

M N ¡ µ 8 · hp¤ ª¬« ¶ 8�8 · kò± ¡e£ k�ªú¯�¤4m
~ } ø�ù7a�øûú ü�ýuþ#ÿLú�ù � ÿSþ��0ú������	�tøEÿ�
 �

ö
��� � ����� � ÿ����Õù«��� ÿ��#ù � ��ú�ø�ù���� �	ú����! "
�ø#

$&% ÿ('0ý��)�tøûú��+* �Ìÿ-,4ÿ.�/
�ÿ10¸ÿLú��Zø ú4ÿ�ÿ.�Ùøûú��3254

ö
�76 8 �9,uÿ�
Bù:��� �3;=< ø ú#ù ÿ>�?�@��ù�øA�7ú ù ÿ9
Bù�ø ú��
$ ù ÿ�
Bù�ø úB�3254

ö
� ö C ý#ù��?D ��ù�ø þ E �F�`ù ÿdþ�ù�øG�7ú �IH ø�ùmþ(��øûú�� �0ú����J �
�ø#

$ ø ú#ù ÿ(�F��K�ÿ.�@��'LøL� ø�ùM KN���`ù���þ9���	ù ÿ�
Bù�ø úB��254
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stage 1, count=0

stage 1, count=1

stage 1,count=2

stage 1, count=1

stage 1,count=2

due to processing order!

index 2

index 1

index 0

Processor A Processor B

index 0

index 1

index 2stage 1, count=1

index 1, on time

index 0, slightly late

index 1, on time

index 0, on time

index 2, late
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Solaris

OLS simulator

Q3 Agent

Agent Tester

Tcl script

Tcl script

P3

P2

P1

Q3-Agent Solaris Testing Environment
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