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Limit range and operation boundary of multi-source and multi-sink
network

XIAO Jun', QU Yu-ging', SONG Chen-hui', CHEN Fei-long", SUN Zhe"', LV Liang-fu?

(1. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China; 2. School of
Mathematics, Tianjin University, Tianjin 300072, China)

Abstract: The limit range and operation boundary of the multi-source and multi-sink network are obtained. Firstly, the
critical flow is defined. The maximum flow and blocking flow in existing researches are parts of the critical flow. Then,
all critical flows of the multi-source and multi-sink network are obtained for the first time and plotted as a CF curve.
The CF curve completely describeds the limit range of the network transmission flow capacity, where the maximum
flow is located at its highest point and the minimum flow is located at its lowest point. The critical flow is also used to
determine the network operational boundary, inside which are feasible flows, and outside which are unfeasible flows. The
mathematical definitions and solutions method of critical flow, CF curve and operational boundary of the multi-source
and multi-sink network are proposed. Finally, the possible applications of the critical flow curve and the operational
boundary in planning and operation fields are demonstrated. Since most real networks are the multi-source multi-sink
networks, so the proposal of critical flow curve and operation boundary can help us know the full limit range of network
operation.

Keywords: multi-source and multi-sink network; maximum flow; blocking flow; critical flow; critical flow curve;
operation boundary
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