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Abstract: Active queue management (AQM) is a hotspot in the current studies on network congestion control.
Moreover, the feedback control strategy is the most pivotal. This paper applies a optimization method for
proportional-integral-differential (PID) controller design with D-stable regions based on the integral of
time-weighted absolute error (ITAE) performance to AQM routers that permits the designer to control the desired
dynamic performance of a closed-loop system. A set of desired D-stable regions in the complex plane is first
specified and then a numerical optimization algorithm based on ITAE performance is run to find the controller
parameters such that all the roots of the closed-loop system are within the specified regions. This controller for
AQM routers can detect and control the congestion effectively and predictively. Compared with the random early
detection (RED) and proportional-integral (PI) algorithms via experimental simulations, the proposed method,
called DITAE-PID method, is indeed more efficient and robust in achieving the lower packet loss rate and higher
link utilization.
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Fig.1 Block diagram of a linearized AQM control system
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Fig.3 Step response for the Pl and DITAE-PID
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Fig.4 A simple network topology
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Table 2 Performance of AQM algorithms
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Average queue length (packets)  142.2  202.6 176.8
Queue length standard deviation  87.6  145.0 116.4
Average packet loss rate (%) 3.59 2.88 2.96
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Fig.5 The instantaneous queue length for the RED, Pl and DITAE-PID (n=60, d=30ms)
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Table 3 Performance of AQM algorithms

*F 3 AQM HiLtERE L

Queue length (packet)

Time (s)

Time (s)

DITAE-PID

RED PI DITAE-PID
Average queue length (packets)  137.4  200.1 169.9
Queue length standard deviation ~ 81.8  142.7 108.0
Average packet loss rate (%) 3.08 2.55 2.43
Average link utilization (%) 97.7 97.5 99.6
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Fig.6 The instantaneous queue length for the RED, Pl and DITAE-PID with bursty flows (n=60, d=30 ms)
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Table 4 Performance of AQM algorithms

x4 AQM HykMEfELL

RED Pl

DITAE-PID

Average queue length (packets)  110.7 1745
Queue length standard deviation ~ 87.4  122.4
Average packet loss rate (%) 2.54 2.07
Average link utilization (%) 97.0 96.8
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Fig.7 The instantaneous queue length for the RED, Pl and DITAE-PID (n=60, d=70ms)
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Table 5 Performance of AQM algorithms
5 AQM FkMERELE

RED Pl DITAE-PID

Average queue length (packets)  102.1 1735 96.8
Queue length standard deviation ~ 82.4  120.3 61.9
Average packet loss rate (%) 2.11 2.25 0.01
Average link utilization (%) 95.2 96.3 98.7
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Fig.8 The instantaneous queue length for the RED, Pl and DITAE-PID with bursty flows (n=60, d=70ms)
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Table 6 Performance of AQM algorithms
F 6 AQM HikMEfReLLAE
RED PI DITAE-PID

Average queue length (packets)  145.7  204.0 184.1
Queue length standard deviation ~ 88.9 1475 123.1
Average packet loss rate (%) 3.79 3.95 3.07
Average link utilization (%) 97.9 97.8 98.3
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Fig.9 The instantaneous queue length for the RED, Pl and DITAE-PID (n=60, d=30ms, t=(2xi)ms)
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Table 7 Performance of AQM algorithms
F7 AQM SLEVERELLEL
RED Pl DITAE-PID

Average queue length (packets)  162.7 233.0 144.1
Queue length standard deviation  105.6  173.4 83.8
Average packet loss rate (%) 5.21 5.76 4.20
Average link utilization (%) 98.0 97.8 99.4
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Fig.10 The instantaneous queue length for the RED, Pl and DITAE-PID (n=90, d=30ms)
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Table 8 Performance of AQM algorithms
%8 AQM HikMEfetbi

RED Pl DITAE-PID
Average queue length (packets)  114.3  162.0 94.5
Queue length standard deviation ~ 60.3  101.4 44.8
Average packet loss rate (%) 1.46 1.09 1.01
Average link utilization (%) 97.5 97.6 98.3
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Fig.11 The instantaneous queue length for the RED, Pl and DITAE-PID (n=30, d=30ms)
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