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Abstract. In this paper, we propose a novel active queue management
(AQM) algorithm called Neuron Control RED (NC-RED) that over-
comes the drawbacks of the original RED. NC-RED uses a neuron con-
troller to adaptively adjust the maximum drop probability to stabilize the
average queue length around the target queue length. We demonstrate
by simulations that NC-RED maintains stable operation independent of
traffic loading, round trip propagation delay, and bottleneck capacity.
We also demonstrate that NC-RED is robust to non-responsive UDP
traffic and HTTP traffic, and it is effective for networks with multiple
bottlenecks. Comparison with other well-known AQM algorithms like PI,
REM and ARED demonstrates the superiority of NC-RED in achieving
faster convergence to queue length target and smaller queue length jitter.

1 Introduction

Active Queue Management (AQM) algorithms enable end hosts to adapt their
transmission rates to network traffic conditions by providing them with con-
gestion information. Recognizing the advantages of such feedback, the Internet
Engineering Task Force (IETF) has recommended the use of AQM for network
congestion control to reduce loss rate, to support low-delay interactive services,
and to avoid TCP lock-out behavior [2]. Although the benefit of AQM feedback
seems obvious, its widespread use in the Internet has not materialized because
of the difficulty of configuring AQM algorithms in a dynamic networking en-
vironment to achieve a stable operation. As a result, the traditional DropTail
mechanism is still being widely used.

A well-known AQM algorithm is the Random Early Detection (RED) [6]. It
has been demonstrated in many studies that RED outperforms DropTail. RED
is able to prevent global synchronization which is a drawback of DropTail. It
achieves lower packet loss than DropTail and it also reduces another drawback
of DropTail which discriminates against bursty sources [6]. However it is often
difficult to parameterize RED to optimize its operation in a dynamic network
environment under various congestion scenarios.

In the past few years, many RED variants and enhancements [4,5,9,11,14] or
other AQM algorithms [1,7,10,12,13,15,16] have been proposed to overcome the
weaknesses of the basis RED algorithms. In [4], a self-configuring RED mech-
anism was proposed, which varies the maximum drop probability maxp using
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two different constant factors based on observed average queue length. Floyd et
al. [5] further improved upon this proposal by using an Additive Increase Mul-
tiplicative Decrease (AIMD) to adjust maxp. In [11], a PD controller was used
to adjust maxp to improve the performance of RED.

In this paper, we introduce a new adaptive RED algorithm which we call Neu-
ron Control RED (NC-RED), where we use a neuron controller to adaptively
adjust maxp. Neuron control has been widely applied to control non-linear, time-
varying systems, so it is suitable for TCP congestion control, which is in fact a
non-linear and time-varying system. We demonstrate by simulation results that
NC-RED performs well independently of traffic loading, round trip propagation
delay, and bottleneck capacity. We also demonstrate that NC-RED is robust to
non-responsive UDP traffic and HTTP traffic, and maintains good performance
in the presence of multiple bottlenecks. By comparing with other AQM algo-
rithms we demonstrated the superiority of NC-RED over well-known algorithms
like PI, REM and ARED in achieving faster convergence to queue length target,
and smaller queue length jitter.

The remainder of the paper is organized as follows. We describe the proposed
NC-RED algorithm in Section 2. Sections 3 and 4 present performance evaluation
of NC-RED for the cases of single and multiple bottlenecks, respectively, and in
Section 5 we compare NC-RED with other AQM algorithms. Finally, we present
our conclusions in Section 6.

2 Neuron Controller

The neuron controller can be described by the following equation,

maxp(k) = maxp(k − 1) + Δp(k) (1)

where maxp(k) is the maximum dropping probability of RED, Δp(k) is the
increment of maximum dropping probability given by a neuron

Δp(k) = K

3∑

i=1

wi(k)xi(k) (2)

where K > 0 is the neuron proportional coefficient; xi(k)(i = 1, 2, 3) denote the
neuron inputs, and wi(k) is the connection weight of xi(k) determined by the
learning rule.

Let
e(k) = avq(k) − QT (3)

denote the queue length error, where avq(k) is the average queue length of
RED, and QT is the target queue length. The inputs of the neuron are x1(k) =
e(k) − e(k − 1), x2(k) = e(k), x3(k) = e(k) − 2e(k − 1) + e(k − 2). According to
Hebb [3], the learning rule of a neuron is formulated by

wi(k + 1) = wi(k) + diyi(k) (4)



436 J. Sun and M. Zukerman

where di > 0 is the learning rate, and yi(k) is the learning strategy. The asso-
ciative learning strategy given in [3] is as follows:

yi(k) = e(k)Δp(k)xi(k) (5)

where e(k) is used as teacher’s signal. This implies that a neuron, which uses
integrated Hebbian Learning and Supervised Learning, makes actions and reflec-
tions to the unknown outsides with associative search. It means that the neuron
self-organizes the surrounding information under supervision of the teacher’s
signal e(k). It also implies a critic on the neuron actions.

The adaptive neuron controller is based on the following six parameters.

1. Sampling time interval T ; an appropriate value is T = 0.1s.
2. Target queue length QT ; this parameter decides the steady-state queue

length value, which will affect the utilization and the average queueing de-
lay. A high target will improve link utilization, but will increase the queueing
delay. The target queue length QT should be selected according the Quality
of Service (QoS) requirements.

3. The neuron proportional coefficient K; a suggested value is K = 0.01.
4. The learning rate d1; a suggested value is d1 = 0.0000001.
5. The learning rate d2; a suggested value is d2 = 0.0000001.
6. The learning rate d3; a suggested value is d3 = 0.0000001.

The above values of K and di(i = 1, 2, 3) have been chosen based on trial
and error by a few simulations. Nevertheless, Zhang et al. [18] showed that a
neuron control system is very robust and adaptable, so the choice of values of
K, di(i = 1, 2, 3) is not that critical. The initial values of wi(i = 1, 2, 3) do not
affect the performance significantly; we use: wi = 0.001, (i = 1, 2, 3).

3 Single Bottleneck

We study the performance of NC-RED via simulations. In our simulation testing
we focus on stabilizing queue length at a target value QT as a key performance
measure. If we can control the queue to stay close to a desirable target, we can
achieve high throughput, predictable delay and low jitter. The low jitter enables
meeting Quality of Service (QoS) requirements for real time services especially
when the queue length target is achieved independently of traffic conditions [17].
Depending on QT , it also has the benefit of low buffer capacity requirement.

A number of simulations were performed to validate the performance of NC-
RED using the network simulation tool ns2 [8]. The single bottleneck network
topology used in the simulation is shown in Figure 1. The only bottleneck link is
the Common Link between the two routers. The other links are assumed to have
sufficient capacity to carry their traffic. Router B uses NC-RED and Router C
uses DropTail. The sources use TCP/Reno.
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Fig. 1. The single bottleneck network topology

3.1 Constant Number of TCP Connections

In this simulation, we test whether NC-RED can stabilize the queue length at a
chosen value for different loads and link capacities. In the following simulations,
unless mentioned otherwise, the following parameters are used: the packet size
is 1000 bytes, the common link capacity is 45 Mb/s, the round trip propagation
delay is 100 ms, the buffer size is 1125 packets. The TCP connections always
have data to send as long as their congestion windows permit. The receiver’s
advertised window size is set sufficiently large so that the TCP connections
are not constrained at the destination. The ack-every-packet strategy is used
at the TCP receivers. The parameters of RED are set as follows: minth = 15,
maxth = 785, wq = 0.002, and target queue length: QT = 400. The parameters
of the adaptive neuron controller are set as previous section given.

Figure 2 shows the instantaneous queue lengths of NC-RED for 100 and 2000
TCP connections. All sources start data transmission at time 0. We can see
that NC-RED is effective at stabilizing and keeping the queue length around the
target QT . In order to adequately show this ability of NC-RED, we also set QT

at 200 and 600 for 500 TCP connections. The results are depicted in Figure 3.
We can see from these figures that NC-RED is indeed successful in controlling
the queue length at any arbitrary chosen target. Thus, we demonstrate that
NC-RED is able to achieve stable queue length independent of loading, thus
overcoming the parameter setting drawback of RED.
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Fig. 2. Queue length variations for different numbers of greedy TCP connections: (a)
100 (b) 2000
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Fig. 3. Queue length variations for the following queue length targets: (a) QT = 200
(b) QT = 600
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Fig. 4. Queue length variations for the following link capacities: (a)15 Mb/s (b)115
Mb/s

In order to test the performance of NC-RED for different link capacities, we
vary the capacity from 45 Mb/s to 15 Mb/s and 115 Mb/s while the other
parameters remain the same. The simulation results for 500 TCP connections
are given in Figure 4. We can see that again stability is achieved.

3.2 TCP Connections Having Different Propagation Times

Here we test the performance of NC-RED with TCP connections having different
round trip propagation times (RTPT). Two simulations have been performed.
In the simulations there are 500 TCP connections with different RTPTs. In
the first, The RTPTs are uniformly distributed between 50 and 500 ms, and in
the second they are exponentially distributed with mean of 100 ms. Figure 5
presents the queue lengths for these two simulations. The results demonstrate
that NC-RED is still effective to stabilize queue length around the target with
TCP connections having different RTPTs.

3.3 TCP Connections with Random Starts and Stops

We first present results of two simulation runs where we dynamically vary the
number of active TCP connections. The number of TCP connections is varied
from 200 to 2000 in the first and from 2000 to 200 in the second. In each of the
runs, a group of 200 connections are started (or stopped) at the same time at each
10 seconds interval. The instantaneous queue lengths are plotted in Figure 6. We
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Fig. 5. Queue length variations in the following scenarios: (a) RTPTs are uniformly
distributed between 50 and 500 ms (b) RTPTs are exponential distributed with mean
of 100 ms
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Fig. 6. The simulation results for two cases: (a) Number of TCP connections varies
from 200 to 2000 (b) Number of TCP connections varies from 2000 to 200

can clearly see that NC-RED is able to stabilize the queue length around the
control target even when the number of connections is dynamically varied over
time.

We will now examine the performance of NC-RED when we have a traffic
scenario involving random start and stop times, thus simulating staggered con-
nection setup and termination. We performed two simulations. In the first, the
initial number of connections is set to 200 and, in addition, 1800 connections
have their start-time uniformly distributed over a period of 100 seconds. In the
second simulation, the initial number of connections is set to 2000 out of which
1800 connections have their stop-time uniformly distributed over a period 100
seconds. The instantaneous queue lengths are plotted in Figure 7. We can clearly
see that NC-RED is able to stabilize the queue length around the control target.

3.4 Long Delay Network

Recalling that simulations in [10] have shown that AQMs, such as PI, RED and
REM, are unstable when RTPT is 400 ms, we test here the NC-RED for a long
delay network. Two simulation tests have been performed. In both simulations,
there are 1000 TCP connections. In the first, the RTPTs are 400 ms, and in the
second they are uniformly distributed between 50 and 750 ms. Figure 8 presents
the queue lengths for these two simulations. The results demonstrate that NC-
RED is still effective in stabilizing the queue length around the target for TCP
connections with large RTPTs.
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Fig. 7. Queue length variations under varying number of TCP connections (a) Number
of TCP connections varies from 200 to 2000 (b) Number of TCP connections varies
from 2000 to 200
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Fig. 8. The simulation results for long delay networks (a) RTPTs = 400 ms (b) RTPTs
range between 50 and 750 ms

3.5 Mixing TCP, UDP and HTTP Connections

In this simulation experiment, we investigate the ability of NC-RED to cope
with the disturbances caused by HTTP as well as UDP connections. We have
performed two simulation runs. In the first, the 500 TCP connections are mixed
with 100 UDP flows and 400 HTTP sessions, in the second they are mixed with
800 UDP flows and 400 HTTP sessions. The RTPTs of TCP connections are 100
ms. The number of pages per HTTP session is 250. The round trip propagation
delay of the HTTP connections is uniformly distribute between 50 and 300 ms.
The propagation delay of all the UDP flows are uniformly distributed between
30 and 250 ms. Each of the UDP sources follows an exponential ON/OFF traffic
model, the idle and the burst times have mean of 0.5 second and 1 second,
respectively. The packet size is set at 500 bytes, and the sending rate during
on-time is 64 kb/s. Figure 9 provides the queue length, which demonstrate that
NC-RED is robust.

4 Multiple Bottlenecks

Here we extend the simple single bottleneck topology to a case of multiple bot-
tlenecks. We consider the network topology presented in Figure 10. There are
two bottlenecks in this topology. One is between Router B and Router C, and
the other is between Router D and Router E. The link capacity of the two bot-
tlenecks is 45 Mb/s and the capacity of other links is 100 Mb/s. There are three
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Fig. 9. Queue length variation in the following scenarios: (a)500 TCP connections
mixed with 100 UDP flows and HTTP (b)500 TCP connections mixed with 800 UDP
flows and HTTP

traffic group. The first group has N TCP connections traversing all links, the
second group has N1 TCP connections traversing the link between Router B
and Router C, and the third group has N2 TCP connections traversing the link
between Router D and Router E. The RTPTs of the first group are uniformly
distributed between 50 ms and 500 ms, and for the second and third groups, they
are uniformly distributed between 50 ms and 300 ms and 50 ms and 400 ms,
respectively. Two simulation tests have been performed. In the first, N = 500,
N1 = 200, and N2 = 200, and in the second, N = 500, N1 = 800, and N2 = 200.
Figures 11 and 12 present the queue lengths for these two simulations. The
results demonstrate that NC-RED is effective in stabilizing the queue length
around the target for TCP connections in multiple bottlenecks network.

5 Comparison with Other AQMs

In this section, we perform two simulations to compare the performance of NC-
RED with ARED [5], PI controller [7], and REM [1]. The network topology used
in the simulation is the same as in Figure 1. The same parameters as in Section 3
are used: packet size is 1000 bytes, common link capacity is 45 Mb/s, the buffer
size is 1125 packets. The target queue length is set at 400 packets for all AQM
algorithms. For ARED, we set the parameters: minth = 15, maxth = 785 and
wq = 0.002, and other parameters are set the same as in [5]: α = 0.01, β = 0.9,
intervaltime = 0.5s. For PI controller, we use the default parameters in ns2 :
a = 0.00001822, b = 0.00001816 and the sampling frequency w = 170. For REM,
the default parameters of [1] are used: φ = 1.001, γ = 0.001. For NC-RED, the
parameters are the same as in Section 3.

In the first simulation, there are 1000 TCP connections with RTPT of 100
ms. Figure 13 presents the queue lengths for all four AQMs. We can see that
NC-RED reacts and converges to the target queue length of 400 faster than
all three other AQMs. In order to evaluate the performance in steady-state, we
calculate, the mean and the standard deviation of the queue length for the last
150 seconds. The results are presented in Table 1. We observe that NC-RED
queue length has the mean of 400.0, which is the closest to the target of 400,
and achieved the lowest standard deviation of all other AQMs.
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Fig. 10. The multiple bottleneck network topology
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Fig. 11. Queue length variations in multiple bottleneck network for N = 500, N1 =
200, and N2 = 200: (a) Router B (b) Router D

In the second simulation test, we compare the performance of the AQMs un-
der dynamic traffic loading and the disturbances caused by HTTP as well as
UDP connections. The initial number of TCP connections is set to 200, and
1800 additional connections have their start-time uniformly distributed over a
period of 100 seconds. The RTPTs of these TCP connections are uniformly dis-
tributed between 50 and 500 ms. The bursty HTTP traffic involves 400 sessions
(connections), and the number of pages per session is 250. The round trip prop-
agation delay of each of the HTTP connection is uniformly distributed between
50 and 300 ms. There are 800 UDP flows with propagation delay uniformly dis-
tributed between 30 to 300 ms. Each of the UDP sources follows an exponential
ON/OFF traffic model, the idle and the burst times have mean of 0.5 second
and 1 second, respectively. The packet size is set at 500 bytes, and the sending
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Fig. 12. Queue length variations in multiple bottleneck network for N = 500, N1 =
800, and N2 = 200: (a) Router B (b) Router D
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Fig. 13. Comparison of queue length variations for the following AQM algorithms:
(a) NC-RED, (b) ARED, (c) PI and (d) REM

Table 1. Mean and standard deviation of the queue length for various AQM algorithms

NC-RED ARED REM PI
Mean 400.0 426.4 399.0 386.2
Standard Deviation 15.5 15.6 46.3 51.5
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Fig. 14. Comparison of queue length variations for the following AQM algorithms:
(a) NC-RED, (b) ARED, (c) PI and (d) REM

rate during on-time is 64 kb/s. Figure 14 presents the queue lengths for all four
AQMs. We can see again that NC-RED reacts and converges to the target queue
length faster than all three other AQMs. We also can see that REM and PI are
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nearly unstable under this scenario. The means of the queue lengths for the last
150 seconds are 400.9, 523.0, 401.3 and 279.6 for NC-RED, ARED, REM and
PI, respectively, and the standard deviations are 23.1, 26.9, 148.7 and 166.3, re-
spectively. We observe that NC-RED queue length had the mean of 400.9, which
is the closest to the target of 400, and achieved the lowest standard deviation of
all other AQMs.

6 Conclusions

We have developed an improved adaptive RED algorithm called NC-RED based
on a neuron controller to improve the performance of RED. We have demon-
strated by simulations that NC-RED is able to maintain the queue length around
a given target under different traffic loading, different RTPTs, and different
bottleneck link capacities. Further simulation testing involving non-TCP traffic
types and a multiple bottleneck topology have further confirmed the robustness
of NC-RED. Comparison with other AQM algorithms has demonstrated the su-
periority of NC-RED in achieving faster convergence to target queue length, and
then maintaining the queue length closest to the target.
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