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Table 1. Transaction Model.
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4.1 PerformanceMetrics and QoSspecification
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Figure 3. Feedback Contr ol Scheduling Architecture
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4.3 SystemModeling and Model Tuning
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Figure 5. System profiling and model tuning (
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Figure 6. System profiling and model tuning (
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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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4.5 Algorithms for Data and TransactionErr or Management
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Figure 7. Algorithm outline of FCS-HEF, FCS-HEDF, and FCS-EDF

4.6 QoD Management
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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

ÒL  � ÔF¡H¢ � Í�ÏRè�Í�ê�Æ`ÝSã]ËL�ïÐ4z í � �ÊíDí |Vç\��ÈEÊ�Ý/ÌaÈEÆ"ÐyÍ�Ê]â�Í�Î3è�Æ"Ý�Æ"ÐVÌ�ÑOÍ�ÊHÝ�Ê�á»Ì�Ý¦Þ�È¬â�Ì�ÑyÆ�Ü ÒL  � Ô�¡H¢ � èHÍ	êHÆ`Ï�ÑOà�ÆMÞ�È¬â�Ì�ÑyÆ�Ì�ÝzÌHÎ0ÑOÞÃÌ�É
Æ�æ$Æ`Î"Þ$ÑOÍ�Ê�ÝmÑOÍ�Ç4Æ��C��
&� � %IèHÍ	êHÆ"Ýdã]ËÑOà�Æ/Ý�Ê�ÐyÇ_Ì�ÉRâ�Í�Ï�ÑOÐyÍ�ã�Þ$ÑyÍ	ÊHÝñðòÐJzC
�
#� � ��ó 
�
#� � |:Ì�Ý�â2Ì9ê�Ì�É�Þ�Æ���Õ � %aÌHÎ"Î�ÊHÐyâ�Í	Ý�è©ÑOÊ
ðôÐ_zC�-Õ � �U�-Õ � U Õ ¡ ��õ ¡�Õ� >Ñ � |0Ü ä à�Æ`ÐOÆQÕ ¡ ��õ ¡�Õ� >Ñ � Í�ÏBÞ�Ý�Í	áYÊ�ÐyÇ4É�Ë�â�Í�Ï�ÑOÐyÍ�ã�Þ$ÑyÆ`â4Í�ÝL��S$Ü�ÙÊ%0ç6û�à�Æ%â�Æ`Ì�â�É	Í�Ý�ÆRÍ�ÏBÏOÆ�ÑBÑOÊ���� � �rñ � ç
Í¬ì-,¬ì-, ÎIò�ú=ïaî»ï,ð�ñgò�ð�ó�ô�õ\öEñgò

o[Ì�ÎVà ÒHÑ�ö � ÕEÔ � èHÆ"Ý�Æ`ÐyÌ�ÑOÆ�ÏuÌ�ÑOÐVÌ�ÝÃÏOÌHÎ0ÑOÍ�ÊHÝ�� � Ü�Î�Ê�ÝÃÏ�Í�Ï�ÑOÍ�Ý�è�Ê�á$Ê�Ý�Æ[Ç_Ì�ÝÃâ�Ì�ÑyÊ�ÐyË@Ï�Þ�ã$ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�ÝuÜÊð � Ü�Ì�Ý�â �T÷ � � �#? �T÷ � ? �Êí %
Ê�È$ÑyÍ	ÊHÝ�Ì�É¬ÏOÞ�ã$ÑOÐVÌ�ÝÃÏOÌHÎ0ÑOÍ�ÊHÝ6�\Ïg%VÜ ÷ �^ø � � �#? � ? �=÷ � %Vç �T÷ � Í�Ï�Þ�Ý�Í	áYÊ�ÐyÇ4É	ËMâ$Í�Ï�ÑOÐyÍ	ã�Þ$ÑOÆ�â_ãEÆ�Ñ ä Æ"Æ"ÝwÙ?Ì�ÝÃâ¦ÙFS$ç

û�à�Æ[Æ`Ï�ÑOÍ�Ç_Ì�ÑOÆ`âZ�<Ì,ê�Æ"ÐVÌ�èHÆÊ%ÃÆ�æ$Æ�Î�Þ$ÑyÍ	ÊHÝ%ÑOÍ�Ç4Æ6Ê�á$Ñyà�Æ[Ç_Ì�Ý�â�Ì�ÑOÊ�ÐyË@Ì�Ý�â%ÑOà�Æ[Ê�È�ÑOÍ�Ê�Ý�Ì�É��C
�
&� ��ù   �^ú %uÏOÞ�ã$ÑyÐyÌ�Ý�ÏOÌHÎ0ÑyÍ	ÊHÝ�Ï¬Í�ÏuèHÍ	êHÆ"Ý%ã]Ë
�ûÐ_z�Ò ¢ ¥D� � Ò ¢ ¥Ê|0çpû�à�Æ#Æ`Ï�ÑOÍ�Ç_Ì�ÑOÍ�Ê�Ý�Æ"ÐyÐOÊHÐá
z¥   
 �Y� Í�Ï^ÞÃÏ�Æ�â4ÑOÊ~Í�ÝHÑyÐOÊ$â$ÞÃÎ�Æ�Æ"æ]Æ�Î�Þ$ÑyÍ�Ê�ÝMÑOÍ�Ç4Æ�Æ�ÏZÑyÍ�Ç_Ì�ÑOÍ�ÊHÝ~Æ`ÐOÐyÊ�Ð^Í�Ý4Ñyà�Æ%Ì,ê�Æ"ÐVÌ�èHÆ
Æ�æ$Æ`Î"Þ$ÑOÍ�Ê�ÝaÑOÍ�Ç4Æ#è�Í�ê�Æ`Ýaã]Ë���
&� �)ù   ��ú  z � ��
q¥   
 �Ê� | U 
�
#� �où   ��ú ç»Ò�Þ�ÐOÑOà�Æ"Ð`Ü�Þ�ÈEÊ�Ýbè�Æ`Ý�Æ"ÐVÌ�ÑyÍ	ÊHÝ_Ê�á6Ì�ÑOÐVÌ�ÝÃÏOÌHÎ0ÑOÍ�ÊHÝ�Ü Ò�Ñ�ö � ÕEÔ �
Ì�ÏyÏ�Ê$Î�Í�Ì�ÑOÆ`Ï@Ì�Ý¦ÌHÎ0ÑOÞÃÌ�ÉpÆ�æ$Æ`Î"Þ$ÑOÍ�Ê�ÝbÑyÍ�Ç4Æ3ÑOÊIÆ`ÌHÎVà¦Ï�Þ�ã$ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�Ý   � Ü ä à�Í�ÎVà�Í�Ï@èHÍ	êHÆ"Ý�ã]ËüðýÐ2zC��
&� � ù   � ú �Fþ �
#� � ù   � ú |Vç�û�à�Æ
â$Æ`ÌHâ$É�Í	Ý�Æ@Í�Ï�Ï�Æ"Ñ8ÑOÊ��	� � ��
�
&� � U ÒNÿ�¡�Õ { õ ¡�Õ� >Ñ � ç[û�à�Æ%ÏOÉ�Ì�ÎVåMá\ÌHÎ0ÑOÊHÐ�Í�Ï�Þ�Ý�Í	áYÊ�ÐyÇ4É	ËMâ$Í�Ï�ÑOÐyÍ	ã�Þ$ÑOÆ�âaÌ�Î`Î�ÊHÐyâ$Í�Ý�è�ÑOÊk� Ð[z Ö í ��� í |0ç
�iÑ�Í�Ï�Ì�ÏyÏOÞ�Ç4Æ`â_ÑOà�Ì�Ñ8ÑOà�Æ?Ý]Þ�Ç�ãÃÆ`Ð�Ê�á6â�Ì�ÑVÌ�ÌHÎ"Î"Æ`ÏyÏ�Æ�Ï�� � ñk� � ù   � ú %^áYÊHÐ8Æ`ÌHÎVà:ÏOÞ�ã$ÑyÐyÌ�Ý�ÏOÌHÎ0ÑyÍ	ÊHÝ_Í�ÏBÈ�ÐOÊHÈÃÊHÐ�ÑyÍ�Ê�Ý�Ì�É�ÑyÊZ
�
&� � ù   � ú ç

×�Æ"ÝÃÎ�Æ�ÜBÉ�Ê�Ý�èHÆ"ÐMÏ�Þ�ã�ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�Ý�Ï�Ì�Î`Î�Æ�ÏOÏ�Ç4Ê�ÐyÆIâ�Ì�ÑyÌ�çñ��ÈEÊ�ÝÌ¦ÑyÐyÌ�Ý�ÏyÌ�Î0ÑyÍ�Ê�Ý�èHÆ"Ý�Æ`ÐyÌ�ÑOÍ�Ê�Ý�Ü Ò�Ñ�ö � ÕEÔ � Ì�ÏyÏOÊ]Î"Í�Ì�ÑOÆ�Ï�Ì�Ý+ÌHÎ0ÑOÞÃÌ�É
Ý=Þ�Ç~ãEÆ"Ð�Ê�á·â�Ì�ÑVÌMÌ�Î"Î"Æ`ÏyÏ�Æ�ÏBè�Í�ê�Æ`Ýaã]Ë ð Ð[z � ñJ� ��ù   �^ú ��þ � ñJ� �)ù   �^ú |»ÑOÊMÆ�Ì�ÎVàbÏ�Þ�ã�ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�Ý_Ê�á2� � ç[û�à�Æ?â�Ì�ÑVÌ�ÏOÆ�Ñ@ÌHÎ"Î"Æ`ÏyÏ�Æ�â
ã=ËMÌ%ÑyÐyÌ�Ý�ÏOÌHÎ0ÑyÍ	ÊHÝ~Í�Ï6ÈÃÌ�ÐOÑOÍ	ÑOÍ�Ê�Ý�Æ`â�Ì�Ç4Ê�Ý�è%ÑOà�Æ#Ï�Þ�ã�ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�Ý�Ï·ÏOÞ�ÎVà4Ñyà�Ì�Ñ^Ñyà�Æ@ÈÃÌ�ÐOÑOÍ	ÑOÍ�Ê�ÝÃÏ6Ì�ÐyÆ8Ç~Þ$ÑyÞ�Ì�É�É�Ë�â$Í�Ï-ï�Ê�Í�Ý=Ñ"çA×�Ê ä Æ"ê�Æ`Ð"Ü
ÑOà�Æ3â�Ì�ÑyÌMÏOÆ�ÑyÏ8ÌHÎ"Î"Æ`ÏyÏ�Æ�â_ã]Ë_ÑyÐyÌ�Ý�ÏOÌHÎ0ÑyÍ	ÊHÝ�Ï^Ç_Ì,Ë4Ê�êHÆ"ÐyÉ�Ì�È�ç

ÅwÆ?à�Ì,êHÆ%Î"Ê�Ý�ÏOÍ�â$Æ"ÐyÆ`â_Ñ ä Ê4â$Í��¬Æ"ÐyÆ"Ý=Ñ�ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�ÝIÏ�Æ"ÑyÏ8à�Ì,ê]Í�Ý�èMâ$Í��EÆ`ÐOÆ`Ý=ÑBÑyÐyÌ�Ý�ÏyÌ�Î0ÑyÍ�Ê�Ý_Æ`ÐOÐyÊ�Ð8ÎVà�Ì�ÐyÌHÎ0ÑOÆ`ÐOÍ�Ï�ÑOÍ�Î"Ï"ç2�ÖÝ:Ñyà�Æ&��ÐVÏZÑ
Ï�Æ"Ñ"Ü�ÐOÆ"áYÆ"ÐyÐOÆ�â:ÑOÊbÌ�Ï� ÒHÔF  � ÜÃÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�ÝÃÏ�Ì�ÐyÆ�Æ`ê�Æ"Ý�É	Ëbâ$Í�Ï�ÑOÐyÍ	ã�Þ$ÑOÆ�âbÍ	ÝSáYÊ�Þ�Ð%Î�É�Ì�ÏyÏOÆ`Ï8ÐyÆ"È�ÐyÆ`ÏOÆ"Ý=ÑyÍ	Ý�è4Æ"ÐyÐOÊHÐ�áYÞ�Ý�Î�ÑOÍ�Ê�Ý¦Ê�ÐVâ$Æ"ÐVÏ�Ê�á
S$ç Ú]Ü¬Ù�Ü�b]Ü�Ì�ÝÃâIÚJ�\Æ�ç è�ç Ö ÒHË Ê�áuÑyà�Æ#ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�Ý�Ï^à�Ì,ê�Æ#Ì�Ý_Æ`ÐOÐyÊ�Ð»Ê�ÐVâ$Æ"ÐBÊ�á[ÙY%VçH�ÖÝ_Ñyà�Í�Ï»ÏOÆ�Ñ`Ü]áYÊ�Ð4Ò í Ë Ê�áuÑOà�Æ@ÑyÐyÌ�Ý�ÏOÌHÎ0ÑyÍ	ÊHÝ�ÏA��

â$Æ`Î"ÐOÆ�Ì�ÏOÆ�Ï�Í�èHÝ�Í��ÃÎ"Ì�ÝHÑyÉ�Ë ä à�Æ"ÝzÎ�Ê�Ç4È�É	Æ"ÑOÍ�Ý�èMÑyà�Æ~Í�Ý�Í	ÑyÍ�Ì�ÉuÊ�È�ÑOÍ�Ê�Ý�Ì�ÉgÏOÞ�ã$ÑyÐyÌ�Ý�ÏOÌHÎ0ÑyÍ	ÊHÝ�Ï"Ü ä à�Í�É�Æ#��
éâ�Ê=Æ�Ï@Ý�Ê�Ñ?â$Æ`Î"ÐOÆ�Ì�ÏOÆ�Ì�ÏRÇ~ÞÃÎVà
Þ�ÈÃÊHÝaÑyà�Æ?Î�ÊHÇ4È�É�Æ�ÑOÍ�ÊHÝ4Ê�áqÑyà�Æ$��Ý�Ì�ÉuÏ�Þ�ã�ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�Ý�Ï"ç2�ÖÝIÑOà�Æ3Ï�Æ�Î�Ê�ÝÃâaÏOÆ�Ñ"Ü�ÐyÆ�áYÆ`ÐOÐyÆ`â_ÑOÊ4Ì�Ï�� Ò�ÔZ �Ö Ü:Ò í Ë'Ê�áqÑyà�Æ#ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�Ý�Ï
à�Ì,ê�Æ@Ì�Ý_Æ"ÐyÐyÊ�Ð^ÊHÐyâ$Æ`Ð[Ê�á
S$ç Ú]Ü ¦ í Ë àÃÌ,ê�Æ�Æ`ÐOÐyÊ�Ð^ÊHÐyâ�Æ"Ð[Ê�á[Ù�Ü � ÒHË à�Ì,ê�Æ�Æ`ÐOÐyÊ�Ð[Ê�ÐVâ$Æ"Ðnb]Ü�Ì�Ý�â°Ò.Ë à�Ì,ê�ÆRÆ"ÐyÐOÊHÐ^Ê�ÐVâ$Æ`ÐBÚ]ç�×@Æ"ÐyÆ�Ü=áYÊ�Ð
Ò í Ë Ê�ápÑOà�Æ�ÑOÐVÌ�Ý�ÏyÌ�Î�ÑOÍ�Ê�ÝÃÏá�$
 â�Æ`Î�ÐyÆ`ÌHÏ�Æ?ÏOÍ�è�Ý�Í��ÃÎ`Ì�Ý=ÑOÉ�Ë ä à�Æ"ÝSÎ"Ê�Ç4È�É�Æ"ÑOÍ�Ý�è3Ñyà�Æ��ÃÝ�Ì�ÉqÏOÞ�ã$ÑyÐyÌ�Ý�ÏyÌ�Î0ÑyÍ�Ê�Ý�Ï"ç»û�à�Æ�ÎVàÃÌ�ÐVÌ�Î0ÑyÆ"ÐyÍ�ÏZÑyÍ�Î`Ï

b"S



ÖC× � ×�Ø  d�g d� Ù × ��Ú� ÛMÞ ä ¿��AÛ-Þ ä �Ë¿gÌ��ã [�ÛMÞ ä rõ¿�_JrõÍ¾ÍUÍ�r ã [�ÛMÞ ä r�¿¾ÌF_
r���
	�n¦ ä�� Ý ä� d«å.[CÈ�ç á��U¿EÈ�ç á�_
¬ 	¦ ä � Ý ä  ¬ n¦ ä � Ý ä  r«[:¿
q�6áoÝX$í�í�_
�@�n¦ ä � Ý ä 
����������������� �"!#� ë åH[ ¬ n¦ ä$� Ý ä� � þ ¬ 	¦ ä$� Ý ä% _l ä l ä r ¬ ¦ ä q'n¦ ä ��¹'&DÜd½o].î'Üd½)ÝR¸Zí
¹'&DÜd½�]�î'Üd½)ÝR¸Zí d«å.[CÇ+Ì"��(YÌ�_
�����
�*),+-�%+��*���.��/�/���/ ë åH[�ÛMl ¬ ä � Ý ä  � þ Û-l ¬ ä � Ý ä  _

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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5.5 PerformanceMetrics
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Figure 8. Average Performance:

#W   
 �Y�� îí , Ð#ÑdÒ�Ò_Ó�ÔYÕ � , and

� Ò�ÔZ  � .
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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Figure 14. Average performance:
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