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Abstract:
management (AQM) was proposed for congestion control at routers. The random early detection

Congestion control is a critical issue in TCP networks. Recently, active queue

(RED) algorithm is widely known in the AQM algorithms. We present an adaptive nonlinear
RED (NRED) algorithm, which has nonlinear drop probability profile. The proposed algorithm
enhances the performance of the RED algorithm by the self-parameterization based on the traffic
load. Furthermore, the proposed algorithm can effectively adapt itself between the RED and the
drop-tail queue management by adopting proper nonlinearity in the drop probability profile.
Through simulation, we show the effectiveness of the proposed algorithm comparing with the

drop-tail and the original RED algorithm.
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1. Introduction

A considerable amount of research has been car-
ried out on TCP congestion control of the Internet
to enhance the performance of the network. Con-
gestion control mechanisms can be divided into two
categories. One is the modification of the existing
TCP algorithm and the other is active queue man-
agement (AQM).

The former is based on the congestion window; the
sender keeps a congestion window whose size lim-
its its transmission rate. Many mechanisms called
as slow-start, fast-recovery and fast-retransmit have
been proposed to effectively regulate the transmis-
sion rate of each connection. These window-based
mechanisms, however, have a problem that TCP
sender reduces its transmission rate only after de-
tecting packet loss caused by queue overflow.

Another way for congestion control has been pro-
posed as a solution for preventing loss due to queue
overflow, which is active queue management (AQM).
The goal of AQM is to detect congestion early and
convey congestion notification to the senders allow-
ing them to reduce their transmission rates before
occurring actual packet loss. One of the most im-
portant AQM algorithms is RED [1]. RED detects
congestion using an exponentially weighted moving
average of the queue size, and intelligently drops or
marks packets to control the congestion at router
buffers. Many variants of the RED algorithm have
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been proposed by researchers [2][3][4][5][6][7]. In
many congestion scenarios, RED gateways can al-
leviate the problems found in the other AQM algo-
rithms in that they can prevent global synchroniza-
tion, reduce packet loss rates, and minimize biases
against bursty sources using a simple, low-overhead
algorithm. However it still remains an inexact sci-
ence to get appropriate values of RED parameters
that show good performance under different conges-
tion scenarios [8][9]. It is pointed out that the av-
erage queueing delay and throughput are sensitive
to the traffic load and to parameters. There also
exists some argument on the deployment of RED,
especially in the case of small buffer size [10].

To alleviate these problems, we introduce nonlin-
ear RED (NRED) algorithm, which has nonlinear
drop probability profile together with a self-tuning
parameter. By introducing a self-tuning parameter
based on the traffic load, the proposed algorithm can
adapt itself under different congestion scenarios. At
the same time, the proposed algorithm can shift effi-
ciently between the RED and the drop-tail algorithm
by adjusting the nonlinearity of the drop probabil-
ity profile. In the following section, we present the
proposed algorithm. In Section 3, we compare the
NRED algorithm with the drop-tail and the original
RED algorithm via simulation using the ns-2 network
simulator [11]. Finally we present the conclusion in
Section 4.
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Fig. 1. Drop probability profile of NRED compared
with the drop-tail and the RED.

2. Proposed algorithm
The NRED algorithm consists of two parts; the
nonlinear drop probability profile and the update
rule for the profile parameter n.
The drop probability p is calculated as follows:

if Qavg < ming,

0

frd . n

P { (Gemmire )™ if mingn < Qavy < Quaa
(1)

Here, Qmaz, Qavg and miny, denote the buffer size,
the average queue size and the minimum thresh-
old, respectively. And n is a self-configuring pa-
rameter that updates itself based on the traffic load.
The drop probability profile of proposed algorithm
is shown in Figure 1, compared with those of the
drop-tail and the RED with the gentle_ option [12].

The adaptation of proposed algorithm can be per-
formed by updating the profile parameter n. The
update rule for n is as follows:

For every (Qq.,, update:

if (ming, < Qavg < Mazyp)
leave n intact
status = Between;

else if (Quvg < ming, && status! = Below)
increase n
status = Below;
n = min(Nmae, N+ 1);

else if (Qqug > mawzy, && status! = Above)
decrease n
status = Above;

n = max(Nmin, 1 — 1);

Here, ming, and max., are the minimum and the
maximum threshold to determine the status of traffic
load, respectively; they are the same as in the RED
algorithm. If traffic load is normal, and the average
queue size is between two thresholds, the profile pa-
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Fig. 2. Network topology for simulations.

rameter does not change. If traffic load changes to
be light or heavy, the profile parameter increases or
decreases. In this way, the proposed algorithm can
adapt itself between the drop-tail and the RED al-
gorithms. We can see this by comparing the drop
probability profile of the NRED with those of the
drop-tail and the RED as shown in Figure 1. As
load traffic gets lighter, n increases, thus the drop
probability profile gets similar to that of the drop-
tail algorithm. On the contrary, as load traffic gets
heavier, n decreases and the drop probability profile
gets similar to that of the RED algorithm.

The update rule for n is the same as the one for
DPmaz of ARED [3]. The main difference between
NRED and ARED is the nonlinearity of the drop
probability profile. By introducing the nonlinear
drop profile, NRED can effectively adjust the drop
probability between the drop-tail and the RED algo-
rithms.

3. Simulations

To compare the performance of the NRED algo-
rithm with those of the drop-tail and the RED al-
gorithms, a simple bottleneck network configuration
has been implemented using the ns-2 simulator. Fig-
ure 2 shows the network topology used in our simula-
tions; the network is configured with two routers (R1
and R2) and a number of TCP connections and one
UDP connection. Two routers are connected through

Table 1. The parameters of RED

| parameter || description | value
threshold when Qqug
Mingp should exceed before any 5 packets
packets are dropped or marked.
threshold when Qaug
mazxgp should exceed before all 3 X mingp
packets are dropped or marked.
Pmaz maximum dropping or marking 0.1
probability on congestion
Wq weight for updating Qavg 0.002
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Fig. 3. Simulation results : delay vs. buffer size.
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Fig. 4. Simulation results : packet loss vs. buffer
size.

a 1.5Mb link when congestion occurs. All other links
have the same bandwidth of 10Mb which is suffi-
cient not to create any congestion. Using this net-
work, N — 1 FTP applications on TCP connections
start sending packets at time 0 simultaneously, and a
constant-bit-rate (CBR) application on UDP connec-
tion persistently sends packet at the rate of 0.15Mb
that is one tenth of the bottleneck link capacity. The
propagation delays between the sources/sinks and
the routers are uniformly distributed between 40ms
and 60ms. The propagation delay between the two
routers is 50ms. The average packet size is set to
1 Kbyte. The parameters of the RED are listed in
Table 1, which are set to the values recommended in
[12]. The parameters of the NRED are same those
of the RED except that p,.. is unnecessary.

We compared the performances of the drop-tail,
the RED, and the NRED algorithms by varying the
buffer size and the number of TCP connections.
First, we varied the buffer size while the number
or TCP connections was fixed at 50, and then com-
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Fig. 5. Simulation results : delay vs. number of

TCP connections.

20

drop-tail -
RED -e-
17| NRED  —o—
<
s u
@z
@z
2
S n
Q
<
(2%
8
5
0 25 50 75 100 125 150

Number of TCP connections

Fig. 6. Simulation results : packet loss vs. number
of TCP connections.

pared the performances of the router. The allocated
buffer size of the bottleneck router was changed from
20Kbytes 140Kbytes by 20Kbytes.

The performance of the RED degrades when the
buffer size is small [10]. Figure 3 shows the delay
of the drop-tail, the RED, and the NRED. When
the buffer size is small, all the three algorithms do
not show much difference. This can be explained
by the fact that, when the buffer size is small, the
three algorithms are virtually the same because of
the averaging effect of the queue size [1]. However,
as the buffer size gets larger, the NRED shows bet-
ter delay performance among the three algorithms.
We also compared the packet loss of each algorithm.
The simulation results are shown in Figure 4. These
results also show that the performance of the NRED
is the best among the three algorithms.

Next, we varied the number of TCP connections
while buffer size fixed at 100 Kbytes, and then com-
pared the performances of the router. The number
of TCP connections was changed from 20 to 100 by
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20. As shown in Figure 5, the delay time of the RED
and that of the drop-tail do not show large difference,
however, the delay time of the NRED is much smaller
than those of the drop-tail and the RED when the
number of TCP connections is small. On the other
hand, the simulation results of packet loss are shown
in Figure 6. The NRED suffers the least packet
loss compared with the drop-tail and the RED al-
gorithms. As the number of connections gets larger,
the NRED shows better performance in packet loss
than the other algorithms.

4. Conclusion

The RED algorithm is simple and effective as
an active queue management mechanism. How-
ever, there is no single set for the RED parameters
that works well under different congestion scenarios.
There are also some arguments on the deployment
of the RED gateways under some situations such as
gateways with small buffer sizes. To alleviate these
problems, we have proposed an adaptive RED algo-
rithm with nonlinear drop probability profile. The
proposed algorithm can adapt its drop probability
based on traffic load, and it can effectively reduce
packet loss in congested networks. Simulation results
show that the proposed algorithm performs better
than the drop-tail and the original RED algorithms
in terms of packet loss and delay time.
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