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Table 1. Transaction Model.
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4.1 PerformanceMetrics and QoSspecification
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4.3 SystemModeling and Model Tuning
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Figure 5. System profiling and model tuning (
½ Ý�×�Ù ã

)
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Figure 6. System profiling and model tuning (
½ Ý�×�Ù��

)
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4.4 Controller Designand Tuning
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Table 2. Contr oller parameter s and time domain performance for QoS specifications Ð�ÑdÒ�Ò_Ó[ÔYÕ � and

Ð�ÑdÒ�Ò_Ó[ÔYÕvÖ .
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Î�É�ÊHÏOÆ`â4É�Ê]Ê�È:Ê�ágÑOà�Æ3ÏOË$ÏZÑyÆ"Çbç·ÅwÆ?Þ�Ï�Æ � z\��|»ÑyÊMâ�Æ"Ý�Ê�ÑOÆ%ÑOà�Æ3Ì,ê�Æ"ÐVÌ�èHÆ8ÑOÐVÌ�ÝÃÏOÌHÎ0ÑOÍ�ÊHÝ_Æ"ÐyÐOÊHÐ8Î�Ê�Ý=ÑyÐOÊHÉ	É�Æ`Ð"ç
Ø Í�êHÆ"ÝIÑOà�Æ?Ç4Ê$â$Æ`ÉEÊ�ágÑyà�Æ3Î�ÊHÝ=ÑOÐyÊ�É�É�Æ`â4ÏOË]Ï�ÑOÆ`ÇbÜ$Í<ç Æ�ç�Ù�Ü�Ñyà�Æ%ÑOÐVÌ�ÝÃÏZáYÆ`Ð»áYÞ�Ý�Î0ÑyÍ	ÊHÝIÊ�ágÑyà�Æ%áYÆ"Æ�â$ã�ÌHÎVåaÎ�ÊHÝHÑyÐOÊHÉ¬É	Ê]ÊHÈ�Ü
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Î"Ì�Ý:ãEÆ3â$Æ"ÐyÍ�ê�Æ`â_ã=ËIÞ�ÏOÍ	Ý�è~Æ�ßHÞÃÌ�ÑOÍ�ÊHÝL�RÛD%Vç
ÅwÆBà�Ì,ê�ÆBÌ�È�È�É�Í�Æ`âRÑyà�Æ»ÐyÊ]Ê�ÑpÉ	Ê$Î"Þ�ÏuÇ4Æ"ÑOà�Ê$â?Í�Ý�ÕSÌ�ÑOÉ�Ì�ã4×	Ù�Û]ÑyÊ�ÑOÞ�Ý�Æ[Ñyà�Æ�Î�Ê�Ý=ÑyÐOÊHÉ	É�Æ`Ð�È�Ì�ÐVÌ�Ç4Æ"ÑOÆ"ÐVÏuÏOÞ�ÎVà?Ñyà�Ì�ÑpÑOà�ÆBÈEÆ"ÐOáYÊ�ÐyÇ_Ì�Ý�Î"Æ

Ï�ÈEÆ`Î"Í��EÎ"Ì�ÑyÍ�Ê�Ý�ÏpÌ�Ï6èHÍ�ê�Æ"Ý�ã]Ë~ûpÌ�ã�É�Æ�w?Ì�ÐOÆ8ÏyÌ�ÑOÍ�Ï���Æ`â�ç·þRÏOÏOÞ�Ç4Í�Ý�èRÑOà�Æ@ÏOË$ÏZÑyÆ"Ç ä ÊHÐOå]É�ÊHÌHâ?à�Ì,ê]Í�Ý�è?Ì ä ÊHÐyÏ�Ñ�ÔÖÎ"ÌHÏ�ÆBÞ$ÑOÍ�É�Í)(`Ì�ÑOÍ�Ê�Ý3ÐVÌ�ÑyÍ�Ê
Ê�áqÑ ä Êi�YÍ ç Æ�ç�Ü#�  Ö %0Ü ä Æ?ÏOÆ�Ñ ~ �+Ì�Ý�â ~ �3ÌHÎ"Î"Ê�ÐVâ$Í�Ý�è?ÑOÊ_ûpÌ�ã�É	Æ#b]ç6ÅwÆ?à�Ì,êHÆ#ÏOÆ�Ñ�ÑOà�Æ3ÏOÌ�Ç4È�É�Í	Ý�è3ÈÃÆ`ÐOÍ�Ê$âaÑOÊ_Ú�Ï�Æ�Î�Ê�ÝÃâ�Ï�ç

ýBÆ`É	Ê ä ä Æ:Æ"ê�Ì�É�Þ�Ì�ÑOÆIÑOà�ÆbÈEÆ"ÐOáYÊ�ÐyÇ_Ì�Ý�Î"Æ_Ê�áRÑOà�Æ�Î�ÊHÝ=ÑOÐyÊ�É�É�Æ"ÐVÏ ä Í	ÑOà9ÐyÆ"è=Ì�ÐVâwÑOÊwÊ�êHÆ"ÐVÏ�à�Ê]Ê�Ñ"Ü[ÏOÆ�Ñ�ÑyÉ�Í	Ý�è�ÑOÍ�Ç4Æ�ÜBÏZÑVÌ�ã�Í�É�Í	ÑZË�Ü^Ì�Ý�â
ÏZÑyÆ`Ì�â�ËHÔÖÏ�ÑyÌ�ÑyÆRÈEÆ"ÐOáYÊ�ÐyÇ_Ì�ÝÃÎ�Æ@Æ`ÐOÐyÊ�Ð`ç

î3õCu�úyÝ:ö[u9ð�õ\ñ�Þ@ú=ïVßiö�ïVu�ð�ñpó�ú[à Ø Í�ê�Æ"ÝrÌSÞ�Ý�Í	Ñ4ÏZÑyÆ"ÈrÍ	Ý+ÕSÌ�ÑyÉ�Ì�ã�Ü6Ñyà�ÆaÑyÐyÌ�Ý�ÏOÍ	Æ`Ý=Ñ�ÈÃÆ`Ð�áYÊHÐOÇ_Ì�Ý�Î�ÆaÊ�á�Ñyà�Æ:ÑOÞ�Ý�Æ�â©áYÆ`Æ`â$ã�ÌHÎVå
Î�ÊHÝ=ÑOÐyÊ�É�É�Æ"ÐVÏBÌ�ÐOÆ�Æ`Ï�ÑyÌ�ã�É	Í�ÏOà�Æ`â�ç8þRÏ ä Æ~Î`Ì�ÝSÏOÆ"Æ3áYÐyÊ�Ç ûpÌ�ã�É�Æ�b$Ü�ÑOà�Æ~Ê�êHÆ"ÐVÏ�à�Ê]Ê�Ñ8Ì�Ý�âbÑyà�Æ~ÏOÆ�ÑOÑOÉ�Í�Ý�èMÑOÍ�Ç4Æ%áYÊ�Ð$�	��
 Ç4Æ`Æ�Ñ
ÑOà�Æ?ÐOÆ�ßHÞ�Í	ÐyÆ"Ç4Æ`Ý=ÑyÏ^èHÍ�ê�Æ"ÝIÍ�ÝaÑyà�Æ��RÊ��IÏ�ÈEÆ`Î"Í��ÃÎ"Ì�ÑOÍ�Ê�Ý�Ï$� Ð�ÑdÒ�Ò_Ó[ÔYÕ � Ì�ÝÃâ Ð#ÑdÒáÒ_Ó[ÔYÕvÖ %Vç

â ô�ð�ãpõ<ù\õ\ôUäAà û�à�Æ?Î�É�Ê=Ï�Æ�â_É�Ê]Ê�ÈIÏOË$ÏZÑyÆ"Ç_Ï�Ì�ÐyÆ?ÏZÑVÌ�ã�É�Æ%Ï�Í�Ý�Î"Æ#Ì�É�É¬ÑOà�Æ?ÈEÊ�É�Æ`ÏBÊ�á4Ú Ì�ÐyÆ ä Í	Ñyà�Í�ÝaÑyà�Æ?Þ�Ý�Í	Ñ�Î�Í�ÐVÎ�É�Æ�ç

â ô�ú=ð�16ä_åVò"ô�ð$ô`úS÷Rï,ï�ö�ï�à �]Í�Ý�Î�Æ#ÑOà�Æ3Î�É�ÊHÏOÆ`âaÉ	Ê]ÊHÈIÏOË]Ï�ÑOÆ`Ç_Ï�Ì�ÐyÆ%Ï�ÑyÌ�ã�É�Æ�Ü]ÑOà�Æ3ÏZÑyÆ`Ì�â�ËHÔÖÏ�ÑyÌ�ÑyÆRÆ`ÐOÐyÊ�Ð�Ê�á4�	�$
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4.5 Algorithms for Data and TransactionErr or Management

ÅwÆ�È�ÐyÊ�ÈEÊHÏOÆ[Ñ ä Ê#Ì�É�è�Ê�ÐyÍ	ÑOà�Ç_Ï"Ü`Ò·Ón�=Ô:×
o[ÒSÌ�Ý�â~Ò·Ón�=ÔX×�o[ü#Ò»Ü�ÑOà�Ì�Ñ6ÌHâ$Ê�È�ÑgÑyà�Æ�â�Ì�ÑVÌRÌ�Ý�â?ÑyÐyÌ�Ý�ÏyÌ�Î0ÑyÍ�Ê�Ý?Ç_Ì�ÝÃÌ�è�Æ`Ç4Æ"Ý=ÑqÈEÊ�É�Í�Î�Ë
Þ�Ï�Æ�â:Í	ÝbÒpÓn�]ÔR�OÓ[Ô>b_× ��Û Ü ä à�Æ`ÐOÆ%Ñyà�Æ%ÑOÐVÌ�ÝÃÏOÌHÎ0ÑOÍ�ÊHÝIß=Þ�Ì�É�Í	ÑZËMÍ�Ï8Ì�âÊï�Þ�Ï�ÑOÆ�â:ã�Ì�ÏOÆ`âIÊ�Ý:ÑOà�Æ3â$Æ`ÌHâ$É�Í	Ý�ÆRÇ4Í�ÏyÏ»ÈEÆ"ÐVÎ�Æ`Ý=ÑyÌ�èHÆ%Ê�ágÊHÈ$ÑOÍ�ÊHÝ�Ì�É
Ï�Þ�ã�ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�Ý�Ï"çA�ÖÝIÑyà�Í�Ï ä Ê�ÐyåÃÜ ä Æ?à�Ì,ê�Æ%Æ"æ=ÑyÆ"Ý�â�Æ`âbÒpÓn�=Ô:�OÓ[Ô>b~ÏOÞ�ÎVà:ÑOàÃÌ�Ñ�Í	Ñ8Ç_Ì�Ý�Ì�è�Æ`Ï»Ñyà�Æ%ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�Ý:ß=Þ�Ì�É�Í	ÑZËMã�Ì�ÏOÆ`â:Ê�Ý
ÑOà�ÆaÌ,êHÆ"ÐVÌ�èHÆ~ÑyÐyÌ�Ý�ÏyÌ�Î0ÑyÍ�Ê�Ý/Æ"ÐyÐOÊHÐ"Ü ä à�Í�ÎVàwÎ`Ì�È$ÑyÞ�ÐyÆ`Ï?Ñyà�Æ_ÑyÐyÌ�Ý�ÏyÌ�Î0ÑyÍ�Ê�ÝwßHÞÃÌ�É�Í	ÑZËbÑOÊzÌSè�ÐyÆ`Ì�ÑyÆ"Ð?Æ"æ=ÑyÆ"Ý=Ñ�Î"Ê�Ç4È�Ì�ÐOÆ�âSÑyÊ�ÑOà�ÆaÇ4Í�ÏOÏ
ÈÃÆ`ÐyÎ"Æ"Ý=ÑyÌ�è�Æ#Ê�á·Ê�È$ÑyÍ	ÊHÝ�Ì�É�ÏOÞ�ã$ÑyÐyÌ�Ý�ÏOÌHÎ0ÑyÍ	ÊHÝ�Ï"çpÕ�ÊHÐOÆ`Ê�ê�Æ"Ð`Ü$ÒpÓn�=ÔX×�o[ÒrÌ�Ý�âbÒ·Ón�=Ô:×
o[ü#ÒrÌ�ÐOÆRÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�ÝIÆ"ÐyÐOÊHÐ8Î�Ê�èHÝ�Í)(`Ì�ÝHÑ�Ì�Ý�â
Ì�ÐyÆ_â$Æ`ÏOÍ�è�Ý�Æ�â/ÑOÊSÆ`Ý�à�Ì�ÝÃÎ�Æy�RÊ��zá\Ì�Í�ÐyÝ�Æ`ÏyÏ3Ì�Ç4ÊHÝ�èbÑOÐVÌ�ÝÃÏOÌHÎ0ÑOÍ�ÊHÝ�Ï��YÍ ç Æ�çzâ$Æ�Î�ÐyÆ`ÌHÏ�ÆMÑyà�ÆIâ$Æ`ê]Í�Ì�ÑOÍ�Ê�Ý/Í�Ý��RÊHû Ì�Ç4ÊHÝ�èSÌ�â�Ç4Í(ÑOÑOÆ�â
ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�Ý�Ïg%VÜ ä à�Æ"ÐyÆ`Ì�Ï@ÒpÓn�=Ô:�OÓ[ÔXb�ÞÃÏ�Æ�Ï	o[ü#Ò+ÑOÊaÏyÎVà�Æ`â�Þ�É�ÆRÑyà�Æ3ÑyÐyÌ�Ý�ÏyÌ�Î0ÑyÍ�Ê�Ý�Ï�Ì�ÝÃâ�Ï�Í�Ý�Î"Æ#o[üRÒ­Í�Ï8ÊHÝ�É�Ë4ÑOÍ�Ç4Æ3Î"Ê�è�Ý�Í�(�Ì�Ý=Ñ"Ü�Í	Ñ
Ç_Ì,Ë~Ý�Ê�ÑBãEÆ?Ì�ã�É�Æ@ÑOÊ�Æ"Ý$áYÊHÐyÎ"Æ&�RÊ��4á\Ì�Í�ÐyÝ�Æ`ÏyÏ�çgÅ/Æ%Þ�ÏOÆRÑOà�Æ%ÏOÌ�Ç4Æ@ã�ÌHÏ�Í�Î�Ì�É�è�Ê�ÐyÍ	ÑOà�Ç áYÊ�Ð8ÒpÓn�]Ô:×
o[Ò�Ì�ÝÃâaÒpÓn�]Ô:×
o[üRÒ»Ü�ã�Þ�Ñ�ÞÃÏ�Æ
â$Í��EÆ`ÐOÆ`ÝHÑ6ã�ÌHÏ�Í�ÎBÏOÎVà�Æ`â$Þ�É�Æ`ÐyÏ"Ü�Æ�ç è�ç6ÒpÓn�=ÔX×�o»Ò¦ÏyÎVà�Æ`â$Þ�É	Æ�ÏgÑOà�Æ8ÑyÐyÌ�Ý�ÏyÌ�Î0ÑyÍ�Ê�Ý�Ï ä Í	ÑOàZ×�o[Ò»ç�ÅwÆ@Ì�É�ÏOÊ#Í	Ý=ÑyÐOÊ$â$Þ�Î"ÆBÒ·Ón�=Ô:o[üRÒ»Ü ä à�Í�ÎVà
Í�Ï%ÏOÍ�Ç4Í	É�Ì�Ð8ÑOÊ�ÒpÓn�]Ô:×
o[Ò Ì�Ý�âwÒpÓn�=ÔX×�o[ü#Ò»Üqã�Þ$Ñ ä à�Æ"ÐyÆ~Ñyà�ÆMÑOÐVÌ�ÝÃÏOÌHÎ0ÑOÍ�ÊHÝ�ÏRÌ�ÐOÆ4ÏyÎVà�Æ`â�Þ�É�Æ`âSÞ�Ý�â$Æ"Ð#o»üRÒ»çqÅwÆ_Î�ÊHÇ4È�Ì�ÐyÆ3Ñyà�Æ
ÈÃÆ`Ð�áYÊHÐOÇ_Ì�Ý�Î�ÆBÊ�á�ÒpÓn�=ÔX×�o»Ò¦Ì�ÝÃâ�Ò·Ón�=ÔX×�o[ü#Ò ä Í(Ñyà�Ò·Ón�=Ô:o[üRÒ»Ü]Ï�Í�Ý�Î"Æ»Ñyà�Æ�ãEÆ"à�Ì,ê]Í�Ê�ÐpÊ�á_o[ü#Ò/Í�Ï ä Æ"É�É	Ôiå=Ý�Ê ä Ý�çqû�à�Æ�áYÊ�É�É�Ê ä Í�Ý�è
ÏOÎVà�Æ`Ç4Æ@áYÊHÐ8Ç_Ì�Ý�Ì�è�Í�Ý�è?Ñyà�Æ3â�Ì�ÑyÌMÌ�Ý�âaÑOÐVÌ�ÝÃÏOÌHÎ0ÑOÍ�ÊHÝaß=Þ�Ì�É�Í	ÑZËMÍ�Ï8Î"Ê�Ç4Ç4ÊHÝ4áYÊ�Ð�Ì�É	ÉEÑyà�ÐOÆ`Æ?Ì�É�è�ÊHÐOÍ	ÑOà�Ç_Ï�ç
Ø Í�êHÆ"ÝdÌ�Î�Æ`Ð�ÑVÌ�Í�Ý����Zz\{}|0Ü ä ÆSÝ�Æ"Æ�â+ÑOÊ9ÏOÆ�ÑyðòñJ
JzR{�� � |4Ï�ÞÃÎVà­ÑOà�Ì�ÑaÑOà�ÆSÞ$ÑOÍ�É�Í)(`Ì�ÑOÍ�Ê�Ýó�YÊ�ÐaÐOÆ�Ï�ÊHÞ�ÐyÎ"Æ`Ïg%�èHÌ�Í	Ý�Æ`â ä à�Æ"Ý

â$Í�ÏOÎ`Ì�ÐVâ$Í�Ý�èRÞ�ÈEâ�Ì�ÑOÆRÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�ÝÃÏ^Î�ÊHÐOÐyÆ`ÏOÈÃÊHÝ�â~ÑOÊZ�Z��z\{}|0çáô8Æ"Ç4Æ`Ç~ãEÆ"Ð6Ñyà�Ì�Ñ�Ï�Æ"Ñ�ÑyÍ	Ý�è�ðòñJ
JzR{�� � |·è�ÐyÆ`Ì�ÑOÆ`Ð6ÑOà�Ì�ÝkðòñJ
JzR{}|
ÐOÆ�Ï�Þ�É	ÑVÏ~Í�Ý+Ç4Ê�ÐyÆ:â�Í�ÏyÎ"Ì�Ðyâ�Æ`â�Þ�ÈEâ�Ì�ÑOÆbÑyÐyÌ�Ý�ÏOÌHÎ0ÑyÍ	ÊHÝ�Ï�Ì�Ý�â¬Ü�à�Æ`Ý�Î�Æ�Ü�Ì�Ý+Í�Ý�Î"ÐOÆ�Ì�ÏOÆaÍ�Ý+èHÌ�Í�Ý�Æ�â�Þ$ÑyÍ�É	Í)(�Ì�ÑOÍ�ÊHÝ�çõ�]Í�Ç4Í�É�Ì�ÐyÉ�Ë�Ü6Ï�Æ"Ñ�ÑOÍ�Ý�è
ðòñJ
Jz\{�� � |�É�Æ�ÏOÏ�Ñyà�Ì�Ý7ðòñJ
JzR{}|8ÐyÆ`ÏOÞ�É	ÑyÏ@Í	ÝbáYÆ ä Æ`Ð#â�Í�ÏyÎ"Ì�Ðyâ�Æ`â:Þ�È¬â�Ì�ÑyÆ�ÑyÐyÌ�Ý�ÏOÌHÎ0ÑyÍ	ÊHÝ�Ï�Ì�Ý�â¬Ü¬à�Æ"Ý�Î"Æ�ÜuÌaâ�Æ`Î�ÐyÆ`ÌHÏ�Æ�Í	Ý�è=Ì�Í�Ý�Æ�â
Þ$ÑOÍ�É�Í)(`Ì�ÑyÍ�Ê�Ý�ç��ÖÝzÊ�ÐVâ$Æ"Ð@ÑOÊbÎ�Ê�Ç4È�Þ$ÑOÆ�ðòñk
Jz\{@� � |@è�Í�ê�Æ`ÝbÌ:Î�Æ`Ð�ÑVÌ�Í�Ý����Zz\{�|VÜ ä Æ�Þ�ÏOÆ�Ì_áYÞ�Ý�Î�ÑOÍ�Ê�ÝLöAzR���Zz\{}|q|8Ñyà�Ì�Ñ%ÐyÆ�ÑOÞ�ÐOÝ�Ï"Ü
ã�Ì�ÏOÆ`âbÊHÝL���Zz\{}|0Ü¬ÑOà�Æ�Î�Ê�ÐyÐyÆ`ÏOÈÃÊHÝ�â$Í�Ý�è�ðòñJ
JzR{�� � |0ç#û�à�Æ�áYÞ�Ý�Î0ÑyÍ�Ê�ÝLözà�ÊHÉ�â�Ï8ÑOà�Æ3áYÊ�É�É�Ê ä Í�Ý�è�È�ÐOÊHÈÃÆ`Ð�ÑZË�ç
�iá����ZzR{}|8Í�Ï�É�Æ�ÏOÏ
ÑOà�Ì�Ý�("Æ`ÐOÊ�Ü^ÑOà�Æ"ÝõðòñJ
Jz\{J� � |3Í�ÏMÏ�Æ"ÑMÏOÞ�ÎVà9ÑOà�Ì�Ñ�ðòñk
Jz\{J� � |�Í�Ï�è�ÐyÆ`Ì�ÑyÆ"Ð�ÑOà�Ì�Ý�ðòñJ
kz\{}|��YÍ ç Æ�çõ�RÊ=ü Í�ÏMâ$Æ`è�ÐVÌ�â$Æ�â�%Vç
�]Í�Ç4Í	É�Ì�ÐOÉ�Ë�Ü,Í	á6�Z��z\{}|^Í�Ï[è�ÐyÆ`Ì�ÑOÆ"Ð^ÑOà�Ì�ÝJ("Æ`ÐOÊ�ÜHÑyà�Æ"Ýkðòñk
Jz\{	� � |·Í�Ï[ÏOÆ�Ñ�Ï�ÞÃÎVàMÑOà�Ì�ÑnðòñJ
kz\{	� � |·Í�Ï^É�Æ`ÏyÏ·Ñyà�Ì�Ýkðòñk
Jz\{}|
�YÍ ç Æ�ç
�RÊHü Í�ÏBÞ�È�è�ÐVÌ�â�Æ`â�%0çpÅwÆ ä Í�É�ÉEÐyÆ�ÑyÞ�ÐyÝaÑyÊMÑOà�Æ?Î�ÊHÝ�Î�Æ`È$ÑyÏ@Ì�ÐyÊ�Þ�Ý�â÷ö�Í�ÝbÏ�Æ�Î0ÑOÍ�ÊHÝk��çcw$ç
ø Ý�Æ3Ê�á6Ñyà�Æ�ÎVà�Ì�ÐyÌHÎ0ÑOÆ`ÐOÍ�Ï�ÑOÍ�Î"Ï»Ê�á6Ñyà�Æ~Ì,êHÆ"ÐVÌ�èHÆ@ÑyÐyÌ�Ý�ÏOÌHÎ0ÑyÍ	ÊHÝIÆ`ÐOÐyÊ�Ð�Î"Ê�Ý=ÑOÐyÊ�É�É�Æ"Ð�Í�Ï�Ñyà�Ì�Ñ%Ì�Ï�É�ÊHÝ�è4Ì�Ï8Ñyà�Æ~Ì,êHÆ"ÐVÌ�èHÆ@ÑyÐyÌ�Ý�ÏOÌHÎ0ÑyÍ	ÊHÝ

Æ"ÐyÐOÊHÐ?Í�Ï3ãÃÆ`É	Ê ä Í	ÑyÏ?ÐyÆ�áYÆ`ÐOÆ`Ý�Î�ÆL�YÍ ç Æ�ç'�	��
 ? �	��
 � %VÜ·Ñyà�ÆIÎ"Ê�Ý=ÑOÐyÊ�É�É�Æ"Ð#Ê�Þ$ÑyÈ�Þ$Ñ��Z� ä Í�É�É6ãEÆaÈEÊHÏOÍ(ÑyÍ�ê�Æ�çcù üRÞ�Æ4ÑyÊSÑyà�ÆaÎVà�Ì�Ð�Ô
Ì�Î0ÑyÆ"ÐyÍ�ÏZÑyÍ�Î`Ï�Ê�ánöî�\Í<ç Æ�çJ���Zz\{�|�ú íiû ðòñk
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Figure 7. Algorithm outline of FCS-HEF, FCS-HEDF, and FCS-EDF

4.6 QoD Management

û�à�Æ�È�ÐOÆ�Î�Í�Ï�Æ`Ý�Æ`ÏyÏRÊ�á[Ñyà�Æ_â�Ì�ÑyÌIÍ�Ï%Î"Ê�Ý=ÑOÐyÊ�É�É�Æ`âbã]Ë�Ñyà�Æk�RÊHü Ç_Ì�ÝÃÌ�è�Æ`Ð ä à�Í�ÎVà/Ï�Æ"ÑyÏ#ðòñJ
JzR{}|#â$Æ"ÈEÆ"ÝÃâ$Í�Ý�èbÊ�ÝzÑOà�Æ4ÏOË]Ï�ÑOÆ`Ç
ãÃÆ`à�Ì,ê]Í	ÊHÐ"çqÅmà�Æ"Ý�ö:Í�Ï[Þ�Ï�Æ�â�ÑOÊ�Î�Ê�Ç4È�Þ$ÑOÆ
ðòñk
Jz\{	� � |·ã�ÌHÏ�Æ�âMÊ�Ý����ZzR{}|��<Ì�Ï[Í	Ý_Ò·Ón�=Ô:�OÓ[ÔyÙ@Ì�Ý�â_ÏOÊ�Ç4Æ�Î`Ì�ÏOÆ`Ï^Í�Ý_Ò·Ón�=ÔR�OÓ[Ô>bD%
ÑOà�Æ%áYÊHÉ	É�Ê ä Í�Ý�è3ÏyÎVà�Æ"Ç4Æ#Í�Ï�Þ�ÏOÆ`â¬ç
ô�ÆXï�Æ`Î�ÑOÍ�Ý�è�Ì�ÝdÞ�ÈEâ�Ì�ÑOÆ¦ÐOÆ�Ï�Þ�É	ÑVÏ4Í�Ý­Ì©â�Æ`Î�ÐyÆ`ÌHÏ�Æ�Í�Ý Ó��C� Þ$ÑOÍ�É�Í)(`Ì�ÑyÍ�Ê�Ý�ç­ÅwÆzâ$Æv��Ý�Æ�Q�TYKNM�PU^Ë`}O\K-hcK0�YTVO\K\WYM�Ü$Ü��Zz\{}|0Ü@Ì�ÏMÑyà�Æ

Þ$ÑOÍ�É�Í)(`Ì�ÑyÍ�Ê�ÝMèHÌ�Í	Ý�Æ`âaâ�Þ�Æ%ÑOÊ�ÑOà�Æ?ÐOÆ�Ï�Þ�É	Ñ�Ê�á·ÐOÆ>ï�Æ`Î�ÑOÍ�Ý�è�Ê�Ý�Æ%Ê�Ð8Ç4ÊHÐOÆ#Þ�È¬â�Ì�ÑyÆ`Ï8â$Þ�ÐOÍ�Ý�è�ÈÃÆ`ÐOÍ�Ê$ây{EçáÜ��Zz\{�|BÍ�Ï�â$Æv��Ý�Æ�â:ÌHÏ�Ü

Ü���z\{}|  � �
�I� � � z\{�|� �$� � z\{�| U 
@� �
ÙYÛ



ä à�Æ"ÐyÆ �=� � � zR{}|8Í�Ï�Ñyà�Æ�Ý]Þ�Ç�ãÃÆ`Ð�Ê�á6ÐyÆXï�Æ�Î0ÑOÆ�âbÞ�È¬â�Ì�ÑyÆ3ÑOÐVÌ�ÝÃÏOÌHÎ0ÑOÍ�ÊHÝ�Ï�� � è�Æ`Ý�Æ"ÐVÌ�ÑyÆ`â:ã]Ë ÒL  � Ô�¡H¢ � Ü � �&� � z\{}|BÑyà�Æ�Ý]Þ�Ç�ãEÆ"Ð�Ê�á
Ì�ÐyÐOÍ�ê�Æ�âMÞ�È¬â�Ì�ÑyÆ%ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�Ý�Ïá� � ÜÃÌ�Ý�â÷
�� � Í�Ï»ÑOà�Æ?Æ`Ï�ÑOÍ�Ç_Ì�ÑyÆ`â_Þ�ÑOÍ�É�Í�(�Ì�ÑyÍ	ÊHÝMÊ�ápÑOà�Æ?Þ�È¬â�Ì�ÑOÆ%ÑOÐVÌ�ÝÃÏOÌHÎ0ÑOÍ�ÊHÝ�ÏH� � ç

þ@ÝSÍ�Ç4ÈÃÊHÐ�ÑVÌ�Ý=Ñ�Í�ÏyÏOÞ�Æ?Í�Ï8à�Ê ä ÑOÊaÏOÆ�Ñ�ðòñk
Jz\{�� � |8è�Í�ê�Æ`Ý:Ì4Î"Æ"ÐOÑyÌ�Í�Ý'���Zz\{�|Vç�ý�Ì�ÏOÍ�Î`Ì�É�É�Ë�Ü ä Æ ä Ì�ÝHÑ8ÑyÊaÏOÆ�Ñ�ðòñJ
kz\{�� � |
Ï�Þ�ÎVàIÑOàÃÌ�Ñ"Ü

Ü���z\{#� � |  
£¤ ¥ Ü���z\{}| " ���Zz\{�|g� ���ZzR{}|nüpÜ���z\{}|¾�
í � ���ZzR{}|'¦pÜ���z\{}| �

û�à�Í�ÏRÐyÆ`ß=Þ�Í�ÐOÆ�Ï�ÑOàÃÌ�Ñ ä Æ~Î`Ì�ÝSÈ�ÐOÆ�â$Í�Î0Ñ$Ü���z\{�� � |�Í�Ý�â$ÞÃÎ�Æ`âbã]ËiðòñJ
JzR{�� � |VçQ§�Ê�ÑyÆ3Ñyà�Ì�Ñ%è�Í�ê�Æ`Ý'ðòñJ
JzR{�� � | ä Æ�Î"Ì�Ý
Ê�Ý�É�Ë3Æ�ÏZÑyÍ	Ç_Ì�ÑOÆBÑOà�Æ@Î�ÊHÐOÐyÆ`ÏOÈÃÊHÝ�â$Í�Ý�è$Ü��Zz\{á� � |6ÏOÍ�Ý�Î�Æ8ÊHÞ�Ð^È�ÐyÊ�ã�É�Æ`Ç Í�Ï6Ê�á�È�ÐyÊ�ã�Ì�ã�Í�É�Í�Ï�ÑOÍ�Î·Ý�Ì�ÑOÞ�ÐyÆ�ç6Ò�ÊHÐ^Ñyà�Í�Ï6Ç4Æ"Ý=ÑOÍ�ÊHÝ�Æ`â�ÐOÆ�Ì�ÏOÊ�Ý�Ü

ä Æ%Í�Ý=ÑOÐyÊ]â�Þ�Î�ÆRÑOà�Æ?Ý�Ê�ÑOÍ�ÊHÝaÊ�á2a[SgPU^VK\fEOXPg^�Q�TYKNM�PU^J`}O\K-hcK0�YTVO\K\WYM�Ü

Ù#Ü��  � zCðòñJ
�|

ä à�Æ"ÐyÆ%è�Í�ê�Æ`Ý:Ì�Ýyðòñk
MÜ�ÑOà�Æ�Î�ÊHÐOÐyÆ`ÏOÈÃÊHÝ�â$Í�Ý�è@Ü�� Î`Ì�ÝbãEÆ3È�ÐyÆ`â$Í�Î0ÑyÆ`â¬ç6ÅwÆ�â$Æ`ÐOÍ�êHÆ � ãÃÌ�ÏOÆ`â:Ê�Ý�ÏOË]Ï�ÑOÆ`ÇTÈ�ÐyÊd�ÃÉ	Í�Ý�è�Ü ä à�Æ"ÐyÆ ä Æ
Ç4Æ`Ì�ÏOÞ�ÐyÆ$Ü�� áYÊHÐ@â$Í��EÆ`ÐOÆ`Ý=Ñ	ðòñk
3Ï�ç�û�à�Æ?áYÞ�ÝÃÎ0ÑOÍ�ÊHÝ � Í�Ï�Ñyà�Æ"Ý�â$Æ`ÐOÍ�êHÆ`âIã=ËIÉ�Í	Ý�Æ`Ì�ÐyÍ)("Í�Ý�è%Ñyà�Æ3ÐyÆ"É�Ì�ÑyÍ	ÊHÝ�ÏOà�Í�È4ãÃÆ"Ñ ä Æ`Æ"ÝiÜ�� Ì�Ý�â
ðòñJ
Mç^ýBË_ÑyÌ�å]Í	Ý�è3ÑOà�Æ?Í	Ý]êHÆ"ÐVÏ�ÆRÊ�á � Ü

ðòñJ
  ��¨J© zCÙ#Ü���|  «ªAU Ù#Ü�� ��¬x%
ä Æ?Î"Ì�Ý:Î"Ê�Ç4È�Þ�ÑOÆ?ÌZðòñJ
Jz\{#� � |Bã�ÌHÏ�Æ�âaÊHÝ:ÌZÙ#Ü��ZzR{#� � | ä à�Æ"ÐyÆ�Ü

Ù#Ü��Zz\{�� � |  
£¤ ¥ Ü��ZzR{}| " ���ZzR{}|g� ���Zz\{}|�üõÜ��ZzR{}|g�
í � ���Zz\{}|,¦õÜ��ZzR{}| � �\ex%

�$Í	ÝÃÎ�Æ
ô·û8ü#ýBÏ»Ì�ÐyÆ@â$Ë]Ý�Ì�Ç4Í�Î�ÏOË$ÏZÑyÆ"Ç_Ï6Í�Ý�ÑOà�Ì�Ñ[Ñyà�Æ@ãEÆ"à�Ì,ê]Í�Ê�Ð·Ê�á�ÑOà�Æ#Ï�Ë$Ï�ÑOÆ"Ç Ì�ÝÃâMÆ"Ý]ê]Í	ÐyÊ�Ý�Ç4Æ"Ý=ÑpÍ�Ï^ÎVàÃÌ�Ý�èHÍ	Ý�è�Ü�Ñyà�Æ@ÐyÆ"É�Ì�ÑyÍ�Ê�Ý
ãÃÆ"Ñ ä Æ`Æ"Ý�Ü�� Ì�Ý�â'ðòñJ
éÍ�Ï#Ì�âYï�Þ�ÏZÑyÆ`â�ÊHÝ$ÔiÉ	Í�Ý�Æ�çRû�à�Í�Ï�Í�ÏRâ$Ê�Ý�Æ~ã]Ë:Ç4Æ�Ì�ÏOÞ�ÐyÍ	Ý�èZÜ���z\{}|�áYÊ�Ð%Ì_èHÍ	êHÆ"ÝiðòñJ
JzR{}|Râ$Þ�ÐyÍ	Ý�è_Æ`ÌHÎVà
ÏOÌ�Ç4È�É�Í	Ý�è:ÈEÆ"ÐyÍ�Ê$â�Ì�Ý�â9Þ�È¬â�Ì�ÑyÍ	Ý�è ª ç�§@Ê�ÑyÆaÑyà�Ì�Ñ4Ê�Ý�Ô É�Í�Ý�Æ_È�ÐyÊd�ÃÉ	Í�Ý�èSÌ�É�Ï�ÊSàÃÌ�Ï~ÑOà�ÆbÌ�â�ê,Ì�Ý=ÑyÌ�èHÆaÊ�á@ÐOÆ�ß=Þ�Í�ÐOÍ�Ý�è�É�Æ`ÏyÏ�Ì�Î"Î"Þ�ÐVÌ�ÑOÆ
È�Ì�ÐVÌ�Ç4Æ"ÑOÆ"ÐVÏ[Î"Ê�Ç4È�Þ�ÑOÆ`âaáYÐyÊ�ÇéÊD�ÃÔiÉ�Í	Ý�Æ#Ì�Ý�Ì�É�Ë$Ï�Í�Ï"ç

ýBËaÌ�È�È�É�Ë]Í�Ý�è�o[ß=Þ�Ì�ÑOÍ�Ê�ÝI��¬�%�Ì�Ý�â7�Ce�%VÜ ä Æ?Î�ÊHÇ4È�Þ$ÑOÆ#ðòñJ
kz\{#� � |BÌ�Î"Î"Ê�ÐVâ$Í�Ý�è3ÑyÊMÑOà�Æ%áYÊHÉ�É	Ê ä Í�Ý�è�Ü

ðòñJ
Jz\{#� � |  öAz\���ZzR{}|�|  
 ê�é�­ z ª®U Ù#Ü��ZzR{#� � |g�Uðòñk
�� U z\ð V � �+íxí |q| �

�]Í�Ý�Î�Æ
ðòñk
ÿÍ�Ï^Ý�Ê�ÑBÌ�É�É�Ê ä Æ`â�ÑOÊ�Ê�êHÆ"ÐVÏ�à�Ê=Ê�Ñ^Ç4Ê�ÐyÆ8ÑOàÃÌ�ÝkðòñJ
 �'U z\ðWV�� �ÊíDí |0Ü ä Æ@Þ�ÏOÆRÌ ¢°¯²± Ê�ÈEÆ"ÐVÌ�ÑyÊ�Ð[ÑOÊ�èHÞ�Ì�ÐVÌ�Ý=ÑyÆ"Æ�ÑOà�Í�Ï"ç

³ ´¶µ�·:¸�¹N·�º¼»L½-¾3µÀ¿ÂÁ8»LÃ*Ä-»8Å�Æ�¹B½
�ÖÝzÑOà�Í�Ï%ÏOÆ`Î�ÑOÍ�Ê�Ý¦Ìbâ$Æ"ÑyÌ�Í	É�Æ�âSâ$Æ`ÏyÎ�ÐyÍ�È$ÑOÍ�ÊHÝ�Ê�á^Ñyà�ÆMÈÃÆ`Ð�áYÊHÐOÇ4Æ�âSÆ�æ$ÈEÆ"ÐyÍ�Ç4Æ"Ý=ÑyÏ@Í�Ï#èHÍ	êHÆ"Ý�ç�û�à�Æ�èHÊHÌ�ÉpÌ�Ý�âSÑyà�ÆMã�Ì�ÎVå]èHÐOÊHÞ�Ý�â�Ê�á

ÑOà�Æ?Æ"æ]ÈEÆ"ÐyÍ�Ç4Æ"Ý=ÑyÏBÌ�ÐyÆ%â$Í�ÏOÎ"Þ�ÏOÏOÆ`â�Ü$Ì�Ý�â���Ý�Ì�É	É�Ë�ÑOà�Æ?ÐOÆ�Ï�Þ�É	ÑVÏBÌ�ÐOÆ%È�ÐyÆ`ÏOÆ"Ý=ÑyÆ`â¬ç

ÙZ¬



5.1 Experimental Goals
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5.2 Simulation Setup
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Table 3. Workload settings for data and update transactions
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Table 4. Workload settings for user transactions
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Table 5. User transaction sets.
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5.3 QoSSpecifications
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5.4 Baselines
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Table 6. QoS specifications used for perf ormance evaluation
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Figure 8. Average Performance:
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5.6 Experiment 1: Resultsof Varying Load
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5.7 Experiment 2: Resultsof Varying EstErr
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Figure 9. Average Performance:
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5.8 Experiment 3: Transient Performance
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Figure 10. Transient Performance for FCS-EDF.
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Figure 11. Transient Performance for FCS-HEF.
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Figure 12. Transient Performance for FCS-HEDF.
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Figure 13. Average performance:
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5.9 Experiment 4: Effectsof Varying Order of TransactionErr or Functions
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5.10 Experiment 5: Varying QoSSpecification
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5.11 Summary of Resultsand Discussions
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Figure 14. Average performance:
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