
Network Speed Scaling

Rahul Vaze

Joint work Jayakrishnan Nair- IIT-Bombay

Tata Institute of Fundamental Research, Mumbai



 Speed Scaling 101

Job 
arrivals

Server



 Speed Scaling 101

Job 
arrivals

Server

Speed tuneable server



 Speed Scaling 101

Job 
arrivals

Server

Speed tuneable server

P (s)
<latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit>

Powers
<latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit>Speed 

P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>

e.g. 
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Flowtime

Arrive Depart

P (s)
<latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit>

Powers
<latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit>Speed 

P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>

e.g. 
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<latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit>

Powers
<latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit>Speed 

P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>

e.g. 

Obj: min total flow time + total energy 

(Delay)
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<latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit>

Powers
<latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit>Speed 

P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>

e.g. 

Obj: min total flow time + total energy Z
P (s(t))dt

<latexit sha1_base64="bPKizgyOUtCE9pbQUmkwRlLiwhc=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHaTZmKoMuiG5cV7APasWQymTY0kxmSO0oZ+h9uXCji1n9x59+YPhBtPRA4nHMv9+T4iRQGXffLWVldW9/YzG3lt3d29/YLB4dNE6ea8QaLZazbPjVcCsUbKFDydqI5jXzJW/7weuK3Hrg2IlZ3OEq4F9G+EqFgFK103xUKSb1kSlguB9grFN2KOwX5IdVFUoQ56r3CZzeIWRpxhUxSYzpVN0EvoxoFk3yc76aGJ5QNaZ93LFU04sbLpqnH5NQqAQljbZ9NMVV/b2Q0MmYU+XYyojgwi95E/M/rpBheeplQSYpcsdmhMJUEYzKpgARCc4ZyZAllWtishA2opgxtUXlbwtKXl0nzrFK1/Pa8WLua15GDYziBElThAmpwA3VoAAMNT/ACr86j8+y8Oe+z0RVnvnMEf+B8fAP2XpF/</latexit><latexit sha1_base64="bPKizgyOUtCE9pbQUmkwRlLiwhc=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHaTZmKoMuiG5cV7APasWQymTY0kxmSO0oZ+h9uXCji1n9x59+YPhBtPRA4nHMv9+T4iRQGXffLWVldW9/YzG3lt3d29/YLB4dNE6ea8QaLZazbPjVcCsUbKFDydqI5jXzJW/7weuK3Hrg2IlZ3OEq4F9G+EqFgFK103xUKSb1kSlguB9grFN2KOwX5IdVFUoQ56r3CZzeIWRpxhUxSYzpVN0EvoxoFk3yc76aGJ5QNaZ93LFU04sbLpqnH5NQqAQljbZ9NMVV/b2Q0MmYU+XYyojgwi95E/M/rpBheeplQSYpcsdmhMJUEYzKpgARCc4ZyZAllWtishA2opgxtUXlbwtKXl0nzrFK1/Pa8WLua15GDYziBElThAmpwA3VoAAMNT/ACr86j8+y8Oe+z0RVnvnMEf+B8fAP2XpF/</latexit><latexit sha1_base64="bPKizgyOUtCE9pbQUmkwRlLiwhc=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHaTZmKoMuiG5cV7APasWQymTY0kxmSO0oZ+h9uXCji1n9x59+YPhBtPRA4nHMv9+T4iRQGXffLWVldW9/YzG3lt3d29/YLB4dNE6ea8QaLZazbPjVcCsUbKFDydqI5jXzJW/7weuK3Hrg2IlZ3OEq4F9G+EqFgFK103xUKSb1kSlguB9grFN2KOwX5IdVFUoQ56r3CZzeIWRpxhUxSYzpVN0EvoxoFk3yc76aGJ5QNaZ93LFU04sbLpqnH5NQqAQljbZ9NMVV/b2Q0MmYU+XYyojgwi95E/M/rpBheeplQSYpcsdmhMJUEYzKpgARCc4ZyZAllWtishA2opgxtUXlbwtKXl0nzrFK1/Pa8WLua15GDYziBElThAmpwA3VoAAMNT/ACr86j8+y8Oe+z0RVnvnMEf+B8fAP2XpF/</latexit><latexit sha1_base64="bPKizgyOUtCE9pbQUmkwRlLiwhc=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHaTZmKoMuiG5cV7APasWQymTY0kxmSO0oZ+h9uXCji1n9x59+YPhBtPRA4nHMv9+T4iRQGXffLWVldW9/YzG3lt3d29/YLB4dNE6ea8QaLZazbPjVcCsUbKFDydqI5jXzJW/7weuK3Hrg2IlZ3OEq4F9G+EqFgFK103xUKSb1kSlguB9grFN2KOwX5IdVFUoQ56r3CZzeIWRpxhUxSYzpVN0EvoxoFk3yc76aGJ5QNaZ93LFU04sbLpqnH5NQqAQljbZ9NMVV/b2Q0MmYU+XYyojgwi95E/M/rpBheeplQSYpcsdmhMJUEYzKpgARCc4ZyZAllWtishA2opgxtUXlbwtKXl0nzrFK1/Pa8WLua15GDYziBElThAmpwA3VoAAMNT/ACr86j8+y8Oe+z0RVnvnMEf+B8fAP2XpF/</latexit>

Z
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t

+

(Delay)
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<latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit><latexit sha1_base64="D/lVbVrR6akkGWOoF48Nv89MbGM=">AAAB63icbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZEXRZdOOygr1AO5RMmmlDk8yQZIQy9BXcuFDErS/kzrcx085CW38IfPznHHLOHyaCG+t532htfWNza7u0U97d2z84rBwdt02caspaNBax7obEMMEVa1luBesmmhEZCtYJJ3d5vfPEtOGxerTThAWSjBSPOCU2t5o1czGoVL26NxdeBb+AKhRqDipf/WFMU8mUpYIY0/O9xAYZ0ZZTwWblfmpYQuiEjFjPoSKSmSCb7zrD584Z4ijW7imL5+7viYxIY6YydJ2S2LFZruXmf7VeaqObIOMqSS1TdPFRlApsY5wfjodcM2rF1AGhmrtdMR0TTah18ZRdCP7yyavQvqz7jh+uqo3bIo4SnMIZ1MCHa2jAPTShBRTG8Ayv8IYkekHv6GPRuoaKmRP4I/T5A0MujbY=</latexit>

Powers
<latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit><latexit sha1_base64="LhYHO8PEN5c7OtgMkWiYdWAOxvg=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4ulUC8lEUGPRS8eK9gPaEPZbCft0s0m7G6EEvojvHhQxKu/x5v/xm2bg7a+sPDwzgw78waJ4Nq47rdT2Njc2t4p7pb29g8Oj8rHJ20dp4phi8UiVt2AahRcYstwI7CbKKRRILATTO7m9c4TKs1j+WimCfoRHUkeckaNtTq6VG3W9MWgXHHr7kJkHbwcKpCrOSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnUdIItZ8t1p2RqnWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/IzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfVn3LD9cVRq3eRxFOINzqIEH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AGrAY52</latexit>Speed 

P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>

e.g. 

Obj: min total flow time + total energy Z
P (s(t))dt

<latexit sha1_base64="bPKizgyOUtCE9pbQUmkwRlLiwhc=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHaTZmKoMuiG5cV7APasWQymTY0kxmSO0oZ+h9uXCji1n9x59+YPhBtPRA4nHMv9+T4iRQGXffLWVldW9/YzG3lt3d29/YLB4dNE6ea8QaLZazbPjVcCsUbKFDydqI5jXzJW/7weuK3Hrg2IlZ3OEq4F9G+EqFgFK103xUKSb1kSlguB9grFN2KOwX5IdVFUoQ56r3CZzeIWRpxhUxSYzpVN0EvoxoFk3yc76aGJ5QNaZ93LFU04sbLpqnH5NQqAQljbZ9NMVV/b2Q0MmYU+XYyojgwi95E/M/rpBheeplQSYpcsdmhMJUEYzKpgARCc4ZyZAllWtishA2opgxtUXlbwtKXl0nzrFK1/Pa8WLua15GDYziBElThAmpwA3VoAAMNT/ACr86j8+y8Oe+z0RVnvnMEf+B8fAP2XpF/</latexit><latexit sha1_base64="bPKizgyOUtCE9pbQUmkwRlLiwhc=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHaTZmKoMuiG5cV7APasWQymTY0kxmSO0oZ+h9uXCji1n9x59+YPhBtPRA4nHMv9+T4iRQGXffLWVldW9/YzG3lt3d29/YLB4dNE6ea8QaLZazbPjVcCsUbKFDydqI5jXzJW/7weuK3Hrg2IlZ3OEq4F9G+EqFgFK103xUKSb1kSlguB9grFN2KOwX5IdVFUoQ56r3CZzeIWRpxhUxSYzpVN0EvoxoFk3yc76aGJ5QNaZ93LFU04sbLpqnH5NQqAQljbZ9NMVV/b2Q0MmYU+XYyojgwi95E/M/rpBheeplQSYpcsdmhMJUEYzKpgARCc4ZyZAllWtishA2opgxtUXlbwtKXl0nzrFK1/Pa8WLua15GDYziBElThAmpwA3VoAAMNT/ACr86j8+y8Oe+z0RVnvnMEf+B8fAP2XpF/</latexit><latexit sha1_base64="bPKizgyOUtCE9pbQUmkwRlLiwhc=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHaTZmKoMuiG5cV7APasWQymTY0kxmSO0oZ+h9uXCji1n9x59+YPhBtPRA4nHMv9+T4iRQGXffLWVldW9/YzG3lt3d29/YLB4dNE6ea8QaLZazbPjVcCsUbKFDydqI5jXzJW/7weuK3Hrg2IlZ3OEq4F9G+EqFgFK103xUKSb1kSlguB9grFN2KOwX5IdVFUoQ56r3CZzeIWRpxhUxSYzpVN0EvoxoFk3yc76aGJ5QNaZ93LFU04sbLpqnH5NQqAQljbZ9NMVV/b2Q0MmYU+XYyojgwi95E/M/rpBheeplQSYpcsdmhMJUEYzKpgARCc4ZyZAllWtishA2opgxtUXlbwtKXl0nzrFK1/Pa8WLua15GDYziBElThAmpwA3VoAAMNT/ACr86j8+y8Oe+z0RVnvnMEf+B8fAP2XpF/</latexit><latexit sha1_base64="bPKizgyOUtCE9pbQUmkwRlLiwhc=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHaTZmKoMuiG5cV7APasWQymTY0kxmSO0oZ+h9uXCji1n9x59+YPhBtPRA4nHMv9+T4iRQGXffLWVldW9/YzG3lt3d29/YLB4dNE6ea8QaLZazbPjVcCsUbKFDydqI5jXzJW/7weuK3Hrg2IlZ3OEq4F9G+EqFgFK103xUKSb1kSlguB9grFN2KOwX5IdVFUoQ56r3CZzeIWRpxhUxSYzpVN0EvoxoFk3yc76aGJ5QNaZ93LFU04sbLpqnH5NQqAQljbZ9NMVV/b2Q0MmYU+XYyojgwi95E/M/rpBheeplQSYpcsdmhMJUEYzKpgARCc4ZyZAllWtishA2opgxtUXlbwtKXl0nzrFK1/Pa8WLua15GDYziBElThAmpwA3VoAAMNT/ACr86j8+y8Oe+z0RVnvnMEf+B8fAP2XpF/</latexit>

Z
n(t)dt

<latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit><latexit sha1_base64="kATKWz7GQjvW22jPWYHRAF3k0eM=">AAACBnicbZDLSsNAFIYn9VbjLepShMFSaDclEUE3QtGNywr2Ak0sk+m0HTqZhJkToZSu3Pgqblwo4tZncOfbOG2z0NYfBj7+cw5zzh8mgmtw3W8rt7K6tr6R37S3tnd295z9g4aOU0VZncYiVq2QaCa4ZHXgIFgrUYxEoWDNcHg9rTcfmNI8lncwSlgQkb7kPU4JGKvjHPtcApYlKOMu2MVaSZfxJdb3PhHJgHScgltxZ8LL4GVQQJlqHefL78Y0jZgEKojWbc9NIBgTBZwKNrH9VLOE0CHps7ZBSSKmg/HsjAkuGqeLe7Eyzyw1c39PjEmk9SgKTWdEYKAXa1Pzv1o7hd5FMOYySYFJOv+olwoMMZ5mgrtcMQpiZIBQxc2umA6IIhRMcrYJwVs8eRkapxXP8O1ZoXqVxZFHR+gElZCHzlEV3aAaqiOKHtEzekVv1pP1Yr1bH/PWnJXNHKI/sj5/AKuFlrI=</latexit>

n(t) number of outstanding jobs at time t

+

(Delay)

Decisions
Speed, Scheduling



Speed Scaling in Networks



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

Speed Scaling in Networks



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

Speed Scaling in Networks



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

Speed Scaling in Networks

Obj:
Z

sourcesX

i=1

ni(t)dt+

Z
nodesX

j=1

P (sj(t))dt

<latexit sha1_base64="Zfs9LwHXu46WHH731qaZwZoUBc8="></latexit><latexit sha1_base64="Zfs9LwHXu46WHH731qaZwZoUBc8="></latexit><latexit sha1_base64="Zfs9LwHXu46WHH731qaZwZoUBc8="></latexit><latexit sha1_base64="Zfs9LwHXu46WHH731qaZwZoUBc8="></latexit>

ni(t) # of outstanding jobs for source i 
sj(t)    speed of node j

Flow time Energy



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>
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Speed Scaling in Networks

Obj:
Z

sourcesX

i=1

ni(t)dt+

Z
nodesX

j=1

P (sj(t))dt
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ni(t) # of outstanding jobs for source i 
sj(t)    speed of node j

Decisions Speed, Routing, Scheduling
Flow time Energy
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vON(�)
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Algorithms with causal information

Centralized



Online Algorithms
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With Stochastic Input rON =
E{vON(�)}
E{vOPT(�)}
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Goal online algorithm with least CR 
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rON = max
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vON(�)

vOPT(�)
<latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit><latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit><latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit><latexit sha1_base64="jQH6moTXfoLruHwJN7o8SC1erFc=">AAACQHicbVDNS8MwHE39nPOr6tFLcAjzMloR9CIMvXjSCfuCtZQ0S7ewpC1JOhylf5oX/wRvnr14UMSrJ7Oth334IPDy3vuRX54fMyqVZb0ZK6tr6xubha3i9s7u3r55cNiUUSIwaeCIRaLtI0kYDUlDUcVIOxYEcZ+Rlj+4HfutIRGSRmFdjWLictQLaUAxUlryzJbwUocj1ZdB+nCfZfAa6uuTFiXtcZQ5gUA4Hc6HylPzLJszavUZxzNLVsWaAC4TOyclkKPmma9ON8IJJ6HCDEnZsa1YuSkSimJGsqKTSBIjPEA90tE0RJxIN50UkMFTrXRhEAl9QgUn6uxEiriUI+7r5GTbRW8s/ud1EhVcuSkN40SREE8fChIGVQTHbcIuFQQrNtIEYUH1rhD3ka5M6c6LugR78cvLpHlesTV/vChVb/I6CuAYnIAysMElqII7UAMNgMEzeAef4Mt4MT6Mb+NnGl0x8pkjMAfj9w8TMbJt</latexit>
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What do we know !

Single server

Server

packets 
arrivals

Opt Scheduling is SRPT
Optimal Speed choice 

s(t) = P�1(n(t))
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Best CR = 2   [Bansal et al 2009,  
Andrew et al 2010]

P (s(t)) = n(t)
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Parallel servers

Server

packets 
arrivals

Opt Scheduling is SRPT
Optimal Speed choice 

s(t) = P�1(n(t))
<latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit><latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit><latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit><latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit>

Best CR = 2   [Bansal et al 2009,  
Andrew et al 2010]

P (s(t)) = n(t)
<latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit><latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit><latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit><latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>
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[Gupta et al, 2010]

[Devanur et al, 2017]
P (s) = s↵

<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>

2↵
<latexit sha1_base64="rn7YGlZiLoa7bR5euaCB3Xd5hFA="></latexit><latexit sha1_base64="rn7YGlZiLoa7bR5euaCB3Xd5hFA="></latexit><latexit sha1_base64="rn7YGlZiLoa7bR5euaCB3Xd5hFA="></latexit><latexit sha1_base64="rn7YGlZiLoa7bR5euaCB3Xd5hFA="></latexit>

O(↵)

Opt Scheduling is SRPT

Opt Scheduling is unknown

Optimal Speed choice 

s(t) = P�1(n(t))
<latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit><latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit><latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit><latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit>

Best CR = 2   [Bansal et al 2009,  
Andrew et al 2010]

Assign a new job to server i?
<latexit sha1_base64="4J9hYY22EMYHejFiyJ7S5vsgsco="></latexit><latexit sha1_base64="4J9hYY22EMYHejFiyJ7S5vsgsco="></latexit><latexit sha1_base64="4J9hYY22EMYHejFiyJ7S5vsgsco="></latexit><latexit sha1_base64="4J9hYY22EMYHejFiyJ7S5vsgsco="></latexit>

where i? = argmax fi(current load + new job)

<latexit sha1_base64="zPA8A7SvBXhnD5ZuDbENAdWYTmM="></latexit><latexit sha1_base64="zPA8A7SvBXhnD5ZuDbENAdWYTmM="></latexit><latexit sha1_base64="zPA8A7SvBXhnD5ZuDbENAdWYTmM="></latexit><latexit sha1_base64="zPA8A7SvBXhnD5ZuDbENAdWYTmM="></latexit>

P (s(t)) = n(t)
<latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit><latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit><latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit><latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>
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[Gupta et al, 2010]

[Devanur et al, 2017]
P (s) = s↵

<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>

2↵
<latexit sha1_base64="rn7YGlZiLoa7bR5euaCB3Xd5hFA="></latexit><latexit sha1_base64="rn7YGlZiLoa7bR5euaCB3Xd5hFA="></latexit><latexit sha1_base64="rn7YGlZiLoa7bR5euaCB3Xd5hFA="></latexit><latexit sha1_base64="rn7YGlZiLoa7bR5euaCB3Xd5hFA="></latexit>

O(↵)

Opt Scheduling is SRPT

Opt Scheduling is unknown

Optimal Speed choice 

s(t) = P�1(n(t))
<latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit><latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit><latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit><latexit sha1_base64="R5Tpfr0b/e021kBsWywfdiCDgcA="></latexit>

Best CR = 2   [Bansal et al 2009,  
Andrew et al 2010]

Assign a new job to server i?
<latexit sha1_base64="4J9hYY22EMYHejFiyJ7S5vsgsco="></latexit><latexit sha1_base64="4J9hYY22EMYHejFiyJ7S5vsgsco="></latexit><latexit sha1_base64="4J9hYY22EMYHejFiyJ7S5vsgsco="></latexit><latexit sha1_base64="4J9hYY22EMYHejFiyJ7S5vsgsco="></latexit>

where i? = argmax fi(current load + new job)

<latexit sha1_base64="zPA8A7SvBXhnD5ZuDbENAdWYTmM="></latexit><latexit sha1_base64="zPA8A7SvBXhnD5ZuDbENAdWYTmM="></latexit><latexit sha1_base64="zPA8A7SvBXhnD5ZuDbENAdWYTmM="></latexit><latexit sha1_base64="zPA8A7SvBXhnD5ZuDbENAdWYTmM="></latexit>

Multi-Server SRPT
4.2↵

<latexit sha1_base64="x2kntZcV4tjvWZLCpA9DawwOUGU="></latexit><latexit sha1_base64="x2kntZcV4tjvWZLCpA9DawwOUGU="></latexit><latexit sha1_base64="x2kntZcV4tjvWZLCpA9DawwOUGU="></latexit><latexit sha1_base64="x2kntZcV4tjvWZLCpA9DawwOUGU="></latexit>

[V., Nair, 2020]

P (s(t)) = n(t)
<latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit><latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit><latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit><latexit sha1_base64="wcwY0Qlfdfz1z2mQawJeMfqJ0Xw=">AAAB+HicbZDLSgMxFIbP1Futl466dBMsQrspUxF0IxTduKxgL9AOJZNm2tBMZkjOCLX0Sdy4UMStj+LOtzG9INp6IOTj/88hJ3+QSGHQ876czNr6xuZWdju3s7u3n3cPDhsmTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HN1G8+cG1ErO5xlHA/on0lQsEoWqnr5kmtaIpYKpErouzddQte2ZsV+YHKMhRgUbWu+9npxSyNuEImqTHtipegP6YaBZN8kuukhieUDWmfty0qGnHjj2eLT8ipVXokjLU9CslM/T0xppExoyiwnRHFgVn2puJ/XjvF8NIfC5WkyBWbPxSmkmBMpimQntCcoRxZoEwLuythA6opQ5tVzoaw8uVVaJyVK5bvzgvV60UcWTiGEyhCBS6gCrdQgzowSOEJXuDVeXSenTfnfd6acRYzR/CnnI9vVHOQ6w==</latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>



What do we know for Networks



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

What do we know for Networks



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

What do we know for Networks

Not much !



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

What do we know for Networks

Not much !

Large body on Throughput Optimality



Stochastic Case



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

General Network - Stochastic Case

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

General Network - Stochastic Case

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

General Network - Stochastic Case

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

New Obj: minE

(
#sourcesX

i=1

ni(t)

)
+E

(
X

v2V

P (s(t))

)

<latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit>

Flow time Energy



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

General Network - Stochastic Case

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

New Obj: minE

(
#sourcesX

i=1

ni(t)

)
+E

(
X

v2V

P (s(t))

)

<latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit>

Flow time Energy
Decisions



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

General Network - Stochastic Case

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

New Obj: minE

(
#sourcesX

i=1

ni(t)

)
+E

(
X

v2V

P (s(t))

)

<latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit>

Routing 
Flow time Energy

Decisions



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

General Network - Stochastic Case

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

New Obj: minE

(
#sourcesX

i=1

ni(t)

)
+E

(
X

v2V

P (s(t))

)

<latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit>

Routing 
Flow time Energy

Decisions



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

General Network - Stochastic Case

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

New Obj: minE

(
#sourcesX

i=1

ni(t)

)
+E

(
X

v2V

P (s(t))

)

<latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit><latexit sha1_base64="EFWGVvzS4Bs6j/URA3dH6EOyPDg="></latexit>

Routing Speed v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

Flow time Energy
Decisions



Lower Bounding the Cost of OPT



�i,p
<latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit>

Lower Bounding the Cost of OPT

Any feasible flow on path p for the  
ith S-D pair



�i,p
<latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit>

Lower Bounding the Cost of OPT

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit> Any feasible flow on path p for the  

ith S-D pair



�i,p
<latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit>

Total Traffic passing  
Through node v

#sourcesX

i=1

X

p2Pi: v2p

�i,p

<latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit>

Lower Bounding the Cost of OPT

�v =
<latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit> Any feasible flow on path p for the  

ith S-D pair



�i,p
<latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit>

Total Traffic passing  
Through node v

#sourcesX

i=1

X

p2Pi: v2p

�i,p

<latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit>

Lower Bounding the Cost of OPT

�v =
<latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

Exp. Energy Cost for node v

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit> Any feasible flow on path p for the  

ith S-D pair



�i,p
<latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit>

Total Traffic passing  
Through node v

#sourcesX

i=1

X

p2Pi: v2p

�i,p

<latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit>

Lower Bounding the Cost of OPT

�v =
<latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

Exp. Energy Cost for node v

E{Cv} = E{P (sv)}
Jensen0s

� P (E{sv})
Stability

� P (E{�v})
<latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit> Any feasible flow on path p for the  

ith S-D pair

P (�v)
<latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit>



�i,p
<latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit>

Total Traffic passing  
Through node v

#sourcesX

i=1

X

p2Pi: v2p

�i,p

<latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit>

Lower Bounding the Cost of OPT

�v =
<latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

Exp. Energy Cost for node v

E{Cv} = E{P (sv)}
Jensen0s

� P (E{sv})
Stability

� P (E{�v})
<latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit>
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<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>
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<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>
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<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit> Any feasible flow on path p for the  
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<latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit>
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<latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit>
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<latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit>

Lower Bounding the Cost of OPT

�v =
<latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>
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<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>
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<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>
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<latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit>
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<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>
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<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit> Any feasible flow on path p for the  
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<latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit>
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<latexit sha1_base64="tCz05MNjhsfa8vXX+3nt+XZz0fw="></latexit><latexit sha1_base64="tCz05MNjhsfa8vXX+3nt+XZz0fw="></latexit><latexit sha1_base64="tCz05MNjhsfa8vXX+3nt+XZz0fw="></latexit><latexit sha1_base64="tCz05MNjhsfa8vXX+3nt+XZz0fw="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>
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<latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit><latexit sha1_base64="2vq+pzh1voxI96n8M6VL8VpxOQg="></latexit>
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<latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit><latexit sha1_base64="0x20AkuuTOsM6uqMnIcvpr1uzMQ="></latexit>
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�v =
<latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit><latexit sha1_base64="w56o66kjk6g6DN9qLLEYtSpIsuY="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>
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<latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit><latexit sha1_base64="Ak0k9Udm+Q6bEgiTHUW6I0mcNwY="></latexit>
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<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit> Any feasible flow on path p for the  

ith S-D pair

P (�v)
<latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit><latexit sha1_base64="Q6VLz9VaPhHfM9ufvPPVqgUBa6A="></latexit>



Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

Algorithm
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>



Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

Algorithm
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<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

Algorithm
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route �?

i,p
<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>
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<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route

Speed : Node v uses speed

�?
i,p

<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>



Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

Algorithm

min.

X

v2V

0

@
DX

i=1

X

p2Pi: v2p

�i,p

1

A
↵

s.t.

P
p2Pi

�i,p = �i 8 flows i
�i,p � 0 8 flows i, p 2 Pi

<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route

Speed : Node v uses speed

�?
i,p

<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>

sv = �?
v +min

⇢
1,

1

2(↵� 1)

�

<latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit>

A bit more than arrival rate 



Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

Algorithm

min.

X

v2V

0

@
DX

i=1

X

p2Pi: v2p

�i,p

1

A
↵

s.t.

P
p2Pi

�i,p = �i 8 flows i
�i,p � 0 8 flows i, p 2 Pi

<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route

Speed : Node v uses speed

�?
i,p

<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>

sv = �?
v +min

⇢
1,

1

2(↵� 1)

�

<latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit>

A bit more than arrival rate P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>



Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

✓↵. ✓network

<latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route

Speed : Node v uses speed

�?
i,p

<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>

sv = �?
v +min

⇢
1,

1

2(↵� 1)

�

<latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit>

CR =  

A bit more than arrival rate P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>
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<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

✓↵. ✓network

<latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit>

✓↵ = 3 +max{1, 2↵� 2}
<latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route

Speed : Node v uses speed

�?
i,p

<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>

sv = �?
v +min

⇢
1,

1

2(↵� 1)

�

<latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit>

CR =  

A bit more than arrival rate P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>



Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

Algorithm
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X
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DX
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�i,p � 0 8 flows i, p 2 Pi

<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

✓↵. ✓network

<latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit>

✓↵ = 3 +max{1, 2↵� 2}
<latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route

Speed : Node v uses speed

�?
i,p

<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>

sv = �?
v +min

⇢
1,

1

2(↵� 1)

�

<latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit>

CR =  

A bit more than arrival rate 

ith S-D pair

P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>
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<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

Algorithm
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

✓↵. ✓network

<latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit>

✓↵ = 3 +max{1, 2↵� 2}
<latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route

Speed : Node v uses speed

�?
i,p

<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>

sv = �?
v +min

⇢
1,

1

2(↵� 1)

�

<latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit>

CR =  

A bit more than arrival rate 

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>
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<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

Algorithm
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

✓↵. ✓network

<latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit>

✓↵ = 3 +max{1, 2↵� 2}
<latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route

Speed : Node v uses speed

�?
i,p

<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>

sv = �?
v +min

⇢
1,

1

2(↵� 1)

�

<latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit>

CR =  

A bit more than arrival rate 

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>
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<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

✓↵. ✓network

<latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit>

✓↵ = 3 +max{1, 2↵� 2}
<latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route

Speed : Node v uses speed

�?
i,p

<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>

sv = �?
v +min

⇢
1,

1

2(↵� 1)

�

<latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit>

CR =  

A bit more than arrival rate 

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
1

�i

X

paths p from si!di

�?
i,p

Lp

L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>

P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>



Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

Algorithm

min.

X

v2V

0

@
DX

i=1

X

p2Pi: v2p

�i,p

1

A
↵

s.t.

P
p2Pi

�i,p = �i 8 flows i
�i,p � 0 8 flows i, p 2 Pi

<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

✓↵. ✓network

<latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit>

✓↵ = 3 +max{1, 2↵� 2}
<latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route

Speed : Node v uses speed

�?
i,p

<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>

sv = �?
v +min

⇢
1,

1

2(↵� 1)

�

<latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit>

CR =  

A bit more than arrival rate 

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
1

�i

X

paths p from si!di

�?
i,p

Lp

L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>

P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>



Poisson Arrivals with 
rate      at source si�i

<latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit><latexit sha1_base64="c4N7+Vj6UHjNppYAIfr0U9HS84w="></latexit>

Algorithm

min.

X

v2V

0

@
DX

i=1

X

p2Pi: v2p

�i,p

1

A
↵

s.t.

P
p2Pi

�i,p = �i 8 flows i
�i,p � 0 8 flows i, p 2 Pi

<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�1
<latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit><latexit sha1_base64="yLzimYV8jzWfRJwdX9VP5i41blI="></latexit>

�1,p
<latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit><latexit sha1_base64="l/TMRqdMx9d+lT/TUmeruCOtoAI="></latexit>

path p 2 P1
<latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit><latexit sha1_base64="MZrusqq7YsgMnoarbB9eSAhqW8o="></latexit>

path p 2 P3
<latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit><latexit sha1_base64="i/7lNWuMVoCjaTXgI89am05hfxs="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

�3,p
<latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit><latexit sha1_base64="HZ+0ZNHhpW/BzM+h3hCSh5x4AGY="></latexit>

✓↵. ✓network

<latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit><latexit sha1_base64="yvCooMul2aBS+EpND8tCwCI70nc="></latexit>

✓↵ = 3 +max{1, 2↵� 2}
<latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit><latexit sha1_base64="I3MsZ06aDsZjSdm1df6qWQgzp/E="></latexit>

Algorithm

Routing : On path p of ith S-D pair  
Route

Speed : Node v uses speed

�?
i,p

<latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit><latexit sha1_base64="xkAcpRORGS/v6gN/BGKTDYXmVxM="></latexit>

sv = �?
v +min

⇢
1,

1

2(↵� 1)

�

<latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit><latexit sha1_base64="AA3MDvbr9coMF2UeCvLhTmJkhcM="></latexit>

CR =  

A bit more than arrival rate 

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
1

�i

X

paths p from si!di

�?
i,p

Lp

L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>

Easy to compute

P (s) = s↵
<latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit><latexit sha1_base64="aGz35gl/h+WRp62mmC45Wk42h7s=">AAAB+HicbZDLSgNBEEVrfMb4yKhLN41BiJswI4JuhKAblxHMA5Ix1HR6kiY9D7p7hDjkS9y4UMStn+LOv7GTzEITLzQcblVR1ddPBFfacb6tldW19Y3NwlZxe2d3r2TvHzRVnErKGjQWsWz7qJjgEWtorgVrJ5Jh6AvW8kc303rrkUnF4+hejxPmhTiIeMApamP17FK9ok7JFVEPXRTJEHt22ak6M5FlcHMoQ656z/7q9mOahizSVKBSHddJtJeh1JwKNil2U8USpCMcsI7BCEOmvGx2+IScGKdPgliaF2kyc39PZBgqNQ590xmiHqrF2tT8r9ZJdXDpZTxKUs0iOl8UpILomExTIH0uGdVibACp5OZWQocokWqTVdGE4C5+eRmaZ1XX8N15uXadx1GAIziGCrhwATW4hTo0gEIKz/AKb9aT9WK9Wx/z1hUrnzmEP7I+fwAEDZIF</latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
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�?
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L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

ith S-D pair

Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>
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(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

L3,p
<latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit>

L3,p0
<latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit>

ith S-D pair

Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>
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(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

maxp2Pi Lp

minp2Pi Lp
 c

<latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit>

If

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

L3,p
<latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit>

L3,p0
<latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit>

ith S-D pair

Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
1

�i

X

paths p from si!di

�?
i,p

Lp

L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

maxp2Pi Lp

minp2Pi Lp
 c

<latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit>

✓i  c
<latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit><latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit><latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit><latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit>

If

Then

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

L3,p
<latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit>

L3,p0
<latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit>

ith S-D pair

Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
1

�i

X

paths p from si!di

�?
i,p

Lp

L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

min.

X

v2V

0

@
DX

i=1

X

p2Pi: v2p

�i,p

1

A
↵

s.t.

P
p2Pi

�i,p = �i 8 flows i
�i,p � 0 8 flows i, p 2 Pi

<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

maxp2Pi Lp

minp2Pi Lp
 c

<latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit>

✓i  c
<latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit><latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit><latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit><latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit>

If

Then

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

L3,p
<latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit>

L3,p0
<latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit>

ith S-D pair

Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
1

�i

X

paths p from si!di

�?
i,p

Lp

L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>

�i =
X

all paths from si!di

�?
i,p

<latexit sha1_base64="5i+rcRGqNG18HSKJoRHZZ8rEyvA="></latexit><latexit sha1_base64="5i+rcRGqNG18HSKJoRHZZ8rEyvA="></latexit><latexit sha1_base64="5i+rcRGqNG18HSKJoRHZZ8rEyvA="></latexit><latexit sha1_base64="5i+rcRGqNG18HSKJoRHZZ8rEyvA="></latexit>

Since



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

min.

X

v2V

0
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X

p2Pi: v2p

�i,p

1

A
↵

s.t.

P
p2Pi

�i,p = �i 8 flows i
�i,p � 0 8 flows i, p 2 Pi

<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

maxp2Pi Lp

minp2Pi Lp
 c

<latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit><latexit sha1_base64="0vchQxbw6ytI3tA4cknJeeVj1Ig="></latexit>

✓i  c
<latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit><latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit><latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit><latexit sha1_base64="C/pWvnFkJsLwCu38cbxLzK3zgy8="></latexit>

If

Then

✓
network

 c
<latexit sha1_base64="wRLyQmMv++8ta4d0pBmx+nNB2vA="></latexit><latexit sha1_base64="wRLyQmMv++8ta4d0pBmx+nNB2vA="></latexit><latexit sha1_base64="wRLyQmMv++8ta4d0pBmx+nNB2vA="></latexit><latexit sha1_base64="wRLyQmMv++8ta4d0pBmx+nNB2vA="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

L3,p
<latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit><latexit sha1_base64="SlxPgNrTfkUBTI+QH2PZ4Ot57QY="></latexit>

L3,p0
<latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit><latexit sha1_base64="7G7YUmT+yi864zdax7q1a1DGrUU="></latexit>

ith S-D pair

Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
1

�i

X

paths p from si!di

�?
i,p

Lp

L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>

�i =
X

all paths from si!di

�?
i,p

<latexit sha1_base64="5i+rcRGqNG18HSKJoRHZZ8rEyvA="></latexit><latexit sha1_base64="5i+rcRGqNG18HSKJoRHZZ8rEyvA="></latexit><latexit sha1_base64="5i+rcRGqNG18HSKJoRHZZ8rEyvA="></latexit><latexit sha1_base64="5i+rcRGqNG18HSKJoRHZZ8rEyvA="></latexit>

Since



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

min.

X

v2V

0

@
DX

i=1

X

p2Pi: v2p
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1

A
↵

s.t.

P
p2Pi

�i,p = �i 8 flows i
�i,p � 0 8 flows i, p 2 Pi

<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

?
<latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit>

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
1

�i

X

paths p from si!di

�?
i,p

Lp

L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

min.

X
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A
↵

s.t.

P
p2Pi

�i,p = �i 8 flows i
�i,p � 0 8 flows i, p 2 Pi

<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

?
<latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit>

Alternatively

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
1

�i

X

paths p from si!di

�?
i,p

Lp

L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

min.

X

v2V

0

@
DX

i=1

X

p2Pi: v2p

�i,p

1

A
↵

s.t.

P
p2Pi

�i,p = �i 8 flows i
�i,p � 0 8 flows i, p 2 Pi

<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

?
<latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit>

For ith s-d pair, paths p’ is very long

Lp0

minp2Pi Lp
= g(|V |)

<latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit>

ith S-D pair
Alternatively

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>
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(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

p2 2 P3
<latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit>�3,p2

<latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

?
<latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit>

For ith s-d pair, paths p’ is very long

Lp0

minp2Pi Lp
= g(|V |)

<latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit>

ith S-D pair
Alternatively

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>
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<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

p2 2 P3
<latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit>�3,p2

<latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit>

p1 2 P3
<latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit><latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit><latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit><latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

?
<latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit>

For ith s-d pair, paths p’ is very long

Lp0

minp2Pi Lp
= g(|V |)

<latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit>

ith S-D pair
Alternatively

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
1

�i

X

paths p from si!di

�?
i,p

Lp

L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>

�?
3,p1

<latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit><latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit><latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit><latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

p2 2 P3
<latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit>�3,p2

<latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit>

p1 2 P3
<latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit><latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit><latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit><latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit>
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<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

?
<latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit>

For ith s-d pair, paths p’ is very long

is likely to be small for longer path p’ 

Lp0

minp2Pi Lp
= g(|V |)

<latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit>

�?
i,p0

<latexit sha1_base64="KfQAtlltRymCzOD9f+JId7Wu0X4="></latexit><latexit sha1_base64="KfQAtlltRymCzOD9f+JId7Wu0X4="></latexit><latexit sha1_base64="KfQAtlltRymCzOD9f+JId7Wu0X4="></latexit><latexit sha1_base64="KfQAtlltRymCzOD9f+JId7Wu0X4="></latexit>

ith S-D pair
Alternatively

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>
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�?
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Lp
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min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>

�?
3,p1

<latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit><latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit><latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit><latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit>



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o=">AAACRXicbVBLSwMxGMzWV11fqx69BEuhXsquCHoRil48aYW+oFuWbJptQ7MPkmyxLPvnvHj35j/w4kERr5pu99CHA4HJzHzky7gRo0Ka5ptWWFvf2Nwqbus7u3v7B8bhUUuEMcekiUMW8o6LBGE0IE1JJSOdiBPku4y03dHt1G+PCRc0DBpyEpGejwYB9ShGUkmOYQvH0svcSWwfyaHwkof7NIXXUF2flCjowEep7XGEk/FiqD Izz9IFo96YcxyjZFbNDHCVWDkpgRx1x3i1+yGOfRJIzJAQXcuMZC9BXFLMSKrbsSARwiM0IF1FA+QT0UuyFlJYVkofeiFXJ5AwU+cnEuQLMfFdlcy2Xfam4n9eN5beVS+hQRRLEuDZQ17MoAzhtFLYp5xgySaKIMyp2hXiIVKVSVW8rkqwlr+8SlrnVUvxx4tS7SavowhOwCmoAAtcghq4A3XQBBg8g3fwCb60F+1D+9Z+ZtGCls8cgwVov38K+LPR</latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

v
<latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit><latexit sha1_base64="7udQ+rUYh7reYPpoPDQLdHWCSYo="></latexit>

�3
<latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit><latexit sha1_base64="4pFCG3tlatqyhYHDUol4PpVkpI8="></latexit>

p2 2 P3
<latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit><latexit sha1_base64="G07eRATkyJkLC4WmP5b+Fc9Kxaw="></latexit>�3,p2

<latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit><latexit sha1_base64="s/SNNK9gRDqPxDKGy6faQZreE84="></latexit>

p1 2 P3
<latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit><latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit><latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit><latexit sha1_base64="Kt+rUz8PsJpQAx0qViuZA/5wbxA="></latexit>

min.

X

v2V

0

@
DX

i=1

X

p2Pi: v2p

�i,p

1

A
↵

s.t.

P
p2Pi

�i,p = �i 8 flows i
�i,p � 0 8 flows i, p 2 Pi

<latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit><latexit sha1_base64="NWfNUH9QPSY+eGq+Ferbd+lybvA="></latexit>

Solve Convex Program : Total Power

Interpreting the ✓
network

<latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit><latexit sha1_base64="mVihrtrEL9139U2DRw2i4+S9LlU="></latexit>

?
<latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit><latexit sha1_base64="ud0JlK6fY0jxSyUUwdkx6NJHs4k="></latexit>

For ith s-d pair, paths p’ is very long

is likely to be small for longer path p’ 
Keeping         small 

Lp0

minp2Pi Lp
= g(|V |)

<latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit><latexit sha1_base64="airQEAWruFvJ7/Pp27JtVw3t+q4="></latexit>

�?
i,p0

<latexit sha1_base64="KfQAtlltRymCzOD9f+JId7Wu0X4="></latexit><latexit sha1_base64="KfQAtlltRymCzOD9f+JId7Wu0X4="></latexit><latexit sha1_base64="KfQAtlltRymCzOD9f+JId7Wu0X4="></latexit><latexit sha1_base64="KfQAtlltRymCzOD9f+JId7Wu0X4="></latexit>

ith S-D pair
Alternatively

✓
network

= max

i
✓i

<latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit><latexit sha1_base64="rRmbZtSwLKKXdPvJZyJB/y2Dmcg="></latexit>

ith S-D pair
Lp = Length of path p

<latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit><latexit sha1_base64="YyHwCKEftmDm4QkllBgnO+wjTtg="></latexit>

Lmin(i) = Length of shortest path p

<latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit><latexit sha1_base64="eg8d7YOvPHI3GQyxG30m2g8+QeQ="></latexit>

✓i =
1

�i

X

paths p from si!di

�?
i,p

Lp

L
min

(i)
<latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit><latexit sha1_base64="qi7V1sXb304JamyS+2IbwjLf+U8="></latexit>

�?
3,p1

<latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit><latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit><latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit><latexit sha1_base64="1xTgdIchPbr5cjGj0qWresnoyXA="></latexit>

✓i
<latexit sha1_base64="u+4lSoEZX15sX+6Zfa0P7uxYGk0="></latexit><latexit sha1_base64="u+4lSoEZX15sX+6Zfa0P7uxYGk0="></latexit><latexit sha1_base64="u+4lSoEZX15sX+6Zfa0P7uxYGk0="></latexit><latexit sha1_base64="u+4lSoEZX15sX+6Zfa0P7uxYGk0="></latexit>



Worst Case Input



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Line Network

Worst Case Input



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Line Network

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit> 1

<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

P
<latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit><latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit><latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit><latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit>

A1(t)
<latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit><latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit><latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit><latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit>

A2(t)
<latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit><latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit><latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit><latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit>

Series-Parallel

Worst Case Input



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Line Network

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit> 1

<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

P
<latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit><latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit><latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit><latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit>

A1(t)
<latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit><latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit><latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit><latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit>

A2(t)
<latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit><latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit><latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit><latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit>

Series-Parallel

CR = Network

Independent

Worst Case Input



s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

Line Network

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit> 1

<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

1
<latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit><latexit sha1_base64="1YThbVZ2KxxMGUEWgmIkbZrgenw="></latexit>

2
<latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit><latexit sha1_base64="iNgL6B7F0rFdnLnaqnaLixqcrCs="></latexit>

K
<latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit><latexit sha1_base64="NBekGopFveXQIDop8D+qNUa2BGQ="></latexit>

P
<latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit><latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit><latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit><latexit sha1_base64="UptTfWmRlM8ga6a6X3mqGXpJ/zo="></latexit>

A1(t)
<latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit><latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit><latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit><latexit sha1_base64="kQQvPZheqEej1D9V8b25cdnikTI="></latexit>

A2(t)
<latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit><latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit><latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit><latexit sha1_base64="j4mmdB63nLMdi9AVbA8+UA9iZ6Y="></latexit>

Series-Parallel

SuperPosition of 

Series-Parallel N/W

s1
<latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit><latexit sha1_base64="r5QlVeF2NSdX51+uzr45GcVo13o="></latexit>

d1
<latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit><latexit sha1_base64="RTArH/cvPbtX8osYBY17Ng8eGRA="></latexit>

d2
<latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit><latexit sha1_base64="sUFFom0Oz1PA3Rt8G6xuxRBM1vQ="></latexit>

d3
<latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit><latexit sha1_base64="x3rHwIe6zQO9JUdKCHOAwa3ZPD0="></latexit>

s3
<latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit><latexit sha1_base64="EVYZRq14LieE5IJe/XTVYIB5Tcw="></latexit>

s2
<latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit><latexit sha1_base64="wEkecNahfKVF8wu5B4wJNPAsoug="></latexit>

CR = Network

Independent

CR = O(degmax)

Worst Case Input



Upper Bounds on Comp. Ratio        

- Stochastic Setting  

- Worst Case 

 

Summary

Speed Scaling in Networks is difficult  
 

For most ‘nice’ networks, CR is small 
 

For general networks, CR is on max congestion 
 



Upper Bounds on Comp. Ratio        

- Stochastic Setting  

- Worst Case 

 

Summary

Speed Scaling in Networks is difficult  
 

For most ‘nice’ networks, CR is small 
 

https://www.youtube.com/watch?v=BCXz5B96cEo&feature=youtu.be

Full-Talk

For general networks, CR is on max congestion 
 

https://www.youtube.com/watch?v=BCXz5B96cEo&feature=youtu.be

