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Abstract Inthispaper, we model DCCP congestion control mechanism and RED as independent discrete-time systems using
fluid-flow approximation. By interconnecting DCCP connections and RED routers, we model the entire network as afeedback
system called DCCP/RED. We then analyze the steady state performance and the transient state performance of DCCP/RED.
Specifically, we derive the packet transmission rate of DCCP connections, the packet loss probability and the average queue
length of the RED router in steady state. Moreover, we investigate the parameter region where DCCP/RED operates stably by
linearizing DCCP/RED around its equilibrium point. We also eval uate the transient state performance of DCCP/RED in terms
of ramp-up time, overshoot, and settling time. Consequently, we show that the stability and the transient state performance of
DCCP/RED degrade when the weight of the exponential weighted moving average, which is one of RED control parameters,

issmall.

Key words DCCP (Datagram Congestion Control Protocol), RED (Random Early Detection), Control Theory, Fluid-flow
Approximation, Steady State Performance, Transient State Performance
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Fig.1 Analytic model
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Fig.2 DCCP/RED steady state performance (DCCP packet transmission rate)
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Fig.3 DCCP/RED steady state performance (RED packet loss probability)

01 DCCPREDOUOOO
Tablel DCCP/RED transient state performance indices

wq profile  g* A ramp-up time [ms] overshoot [packet] settling time [ms]

0.0002 CCID2 51.443 0.9996 920 275 27340

0.002 CCID2 51.443 0.9967 350 23.2 7530

0.02 CCID2 51.443 0.9678 170 14.3 840

0.0002 CCID3 71.724 0.9995 1520 35.1 31970

0.002 CCID3 71.724 0.9954 530 21.6 4990

0.02 CCID3 71.724 0.9533 250 28 250
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