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Abstract: Stable and predictable queue size 1s one of the main goals of the Active Queue Management (AQM)
in Internet routers. Since, WLAN has a very transit with rapidly changed behavior due to its flexibility and
mobility and varying capacity and delay due to the fading which considered the main reasons behind queue
mstability. Thus, this study is studying the stability performance of different AQM schemes in WLAN
environment by developing an experimental simulation model that reflects the rapidly changing behavior of
IEEE 802.11 based wireless networks. The result 1s showing that none of the tasted AQM schemes has achueved
a stable queue and new algorithms that can stabilize the queue in WLAN environment are needed.
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INTRODUCTION

The Active Queue Management (AQM) algorithms
internet routers, for example (Floyd and Jacobson, 1993;
Floyd et al., 2001, Feng et al, 2002, Athuraliya ef al.,
2001, Kunniyur and Srikant, 2004, 2003) are designed with
several objectives in mind. However, the stability of the
queue size (in terms of low queue size variance) plays a
significant role m this list as 1t 1s strictly connected with
other requirements. For instance, an AQM that can
maintain a very low variance of the queue size guarantees
also that the achieved throughput is close to maximal
possible one. This 1s due to the fact that the empty queue
probability 15 very low in a system with such AQM.
Therefore, a stable queue size automatically provides a
good throughput.

The other unportant objective of the active queue
management is a low queue size. Obtaining a stable but
long queue 1s not a very demanding task and even a
simple drop-tail algorithm can do that to some extent.
Therefore, these two requirements, stable and short queue
size have to be always presented together.

There are many factors can affect queue mstability. In
particular (Ren et al., 2005), a large propagation delay was
identified as the reason of mstability of several popular
AQM algorithms. Besides, there are two factors that have
been investigated by Mrozowski and Chydzinsk (2009)
which are low congestion level and low average queue
size. Moreover, Adams (2013) demonstrates that the
rapidly changed of number flows is one of the main factor
that can cause queue size instability.

WLAN has grown dramatically in last couple decades
and it is becoming a compulsory in all of the mobile
devices and laptops due to its widely usage to access the
internet anytime, anywhere. The main idea behind the
wireless network 1s using the flexibility of radio waves
based on IEEE 802.11 stander instead of wires to transfer
the data from pomnt to pomt that 1s giving WLAN the
flexibility and mobility. Due to these characteristics, the
wireless nods can comnect, disconnect or even moving
from one access point to another rapidly. This rapid
changing will cause instability in the network which
will cause the queue instability as well (Kunniyur and
Srikant, 2004; Pletka et al., 2003).

This study 1s studying the stability performance of
different AQM schemes in WLAN environment since
most of them dealt with the case of wired networks. Unlike
wired link which 1s assumed to have a fixed capacity and
delay, a wireless link has varying capacity and delay due
to the fading beside a rapidly changing environment due
to the flexibility of radio waves which is considered the
main factor that can affect queue stability (Tse and
Viswanath, 2005). However, there are very limited studies
that tackles AQM performance in WLAN enviromment
and even fewer that tackles the queue stability. Therefore,
this study tries to provide sigmficant msight mto AQM
domain by studying the stability performance in such
transient environment throw experimental analysis.
Moreover, most of the literature have study the stability
by using a mathematical method which 1s trying to find
the stability region using both linear and nonlinear
mathematical approaches. Thus, developing a sunulation
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model that can test the performance of stability is very
challenging. As tlis study proposed an experimental
model to tackle the stability in WLAN by following the
suggestions and recommendations by Adams (2013).

Literature review: There are several studies have been
published that focuses on studying the stability region on
the AQM which have to be studied by complete model
together with Transmission Protocol (TCP) such as the
work that proposed by Misra et al. (2000). Flowing will
briefly mention some study that have tackle the stability
1ssue.

Hoillot and Chait (2001) has published in 2001, the
authors have proposed the region attraction method by
linearizing the non-linear fluid-flow model of TCP/AQM
system. They address that proportional marking
probability function has established some stability
results.

Moreover, Wu ef al. (2001) have been published as
well in this study the sensitivity of RED algorithm under
various network configurations. Tt proposed the study by
modeling the closed-loop congestion control systems in
a differential fluid flow model. It stated the limits of RED
against deploying it in high speed network switches.

Bauso et al. (2004) have discussed the stability of
AQM in multi bottlenecks models. They consider RED
configurations for control theoretic techniques. It
concluded that mstability may rise in two links congestion
scenario.

Also Tan et al. (2006) has conducted the TCP/RED
system to study the stability of tume-delay control theory
on network stability. The results showed that stability
can be achieved when RED parameters configured
accordingly to the network condition.

At 2009, Mrozowski and Chydzinski (2009) have been
published, 1t conducted several model to study the factors
that effects stability in router buffers. They clearly found
that networks with large delay, low congestion level and
low queue size 1s the man factors that effects the stability
and even the best known AQMs could not survive under
these conditions.

AQM algorithms: There are many schemes and
algorithms have been proposed to increase the buffer
stability, some of these algorithms have its own novel
mechanisms and some of them have just improvement
from the previous algorithms each one has its own
advantages and drawbacks. This study will survey some
of significant impact algorithms in terms of stability such
as Random Early Detection (RED), Random Early Marlking
(REM), Adaptive Virtual Queue (AVQ) and Controlled
Delay (CoDel).

RED is the first formal AQM that have been proposed
to be deployed instead of Droptail queue algorithm in
TCP/IP networks (Floyd and Jacobson, 1993). RED 1s a
queue-based AQM with no per-flow mformation that
provide the network with a congestion avoidance
mechanism. RED has been designed to minimize
queueing delay by controlling the queue lengths mn low
values, preventing the interconnection between global
synchronization and packet dropping, reduce the packet
loss and achieve higher link utilization than Droptail
(Ryu et al., 2004). If the average queue length 1s below the
minimum threshold (minth) the RED will work normally
without any changes but if it increased between minth
and maximum threshold (maxth) the RED starts to drop
incoming packets strained by proportional probability
function to reduce average queue length. When the
average queue length increase above the maxth RED will
drop all incoming packets without any exception.

REM has been proposed by Athuraliay et al. (2001).
REM 18 an AQM scheme that designed to attain high link
utilization with negligible loss and delay in stable and
simple manner. The main difference between REM and
RED 1s the congestion measure and the probability
function for dropping/marking. The key idea behind REM
is achieving its targeted cueue length for low delay and
targeted rate for high utilization independently of network
congestion by decupling the congestion measure from the
performance measure and reaching the global optimal
performance point (Kwon and Fahmy, 2002).

AVQ (Kunniyur and Srikant, 2004) is a rate-based
AQM that maintains varrival rate at a targeted utilization.
AVQ has been designed based on Kelly (2001)
optimization approach by Kunniyur and Srikant (2004).
The probability fimction of AVQ has derived from
M/M/L/B  loss probability (Kunniyur and  Srikant,
2003).

CoDel is the latest AQM proposed by Nichols and
Tacobson (2012). Tt has been built and designed to solve
a full buffer problem “bufferbloat” in network by limiting
the packet queue delay that happened in the network links
(routers). CoDel tries to enhance overall performance of
the network by reducing the delay and packet loss with
high link utilization and throughput.

MATERIALS AND METHODS

Experimental model and simulation setup: According to
Adams (2013), the performance of AQM scheme should
not dramatically changed due to the sudden change in the
network condition. Tt is important for AQM scheme to
avold oscillations between buffer underflows and
overflows which surely leads to under link utilization and
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Fig. 1: Single link Bottleneck

Table 1: Simulation parameters

Parameters Values

Sirmilation topology Dumbbell

Flow type Responsive (FTP over TCP-Reno)
unresponsive (CBR rate 180 Kbps)
short flows (FTP with high RTT)

Packet size 1000 bytes

MAC protocol Ethernet 10 Mbps
IEEE 802.11

Queue size 100 packets

RTT 60 msec responsive flows

Simulation time 100 sec

RED

Maxth 80

Min.th 20

Maximum probability 0.1

W, 0.002

AVQ

¥ 0.98

o 0.8

REM

¥ 0.001

o 0.1

) 1.001

CoDel

Target 0.005

Interval 0.1

oscillaton in queue delay. Moreover, the suggested
stability taste 1s to measure the queue length when the
mumber of connections flowing through the queue
suddenly increases.

The experiment scenario will be executed on
bottleneck topology (dumbbell) which had been studied
and approved as suitable topology for testing and
evaluating the performance of different types of AQM
(Adams, 2013). The AQM schemes has been tested under
a single wired link that contains one router nod in the
middle of two Access Points (AP) which is connected
wirelessly to 100 sources and 100 destinations in each
side as shown in Fig. 1. Three different types of flows will
be applied on the sources. First, 15 FTP flows transferred
over TCP-Reno links with 1000 bytes packet size. Second,
5 UDP (transmission rate 180 Kbps) flows will be
imnplemented on CBR packets. Third, 25 short flows

represented by sources that used TCP with fixed number
of packets. This scenario has run for 100 sec time long;
the rest of parameters can be found m Table 1. The
simulation started with 25 responsive sources and the
rest is divided to three groups. Each group consisted of
5 sources from each type (responsive, nonresponsive and
short flows). These 3 groups started sending the data at
second 25th, 50th and 75th, respectively as shown in the
Fig. 1.

RESULTS AND DISCUSSION

Simulation results: Monitoring the queue length is very
important to analyze the behavior of AQM schemes in
terms of stability. However, queue length 1s not enough
to evaluate the AQM schemes stability performance.
Thus, the result has conducted by comparing the queue
length with the queue lost to get a better picture on AQM
behavior in terms of stability.

Firstly, RED started with average queue length and
low queue lost and the lowest value is when the
simulation reaches 25 sec. But, after the 25 sec the first
group start send their data and the queue length takes the
first jump from 13-25 packets and start increasing after
then.

When the simulation reaches 50 sec queue length
took the second jump from 38-71 packets with the
dramatic increasing in the queue drop. Furthermore, when
the last group start send their data the queue length took
the last jump from 50-80 packets with the jumping mn the
queue drops as shown in Fig. 2.

REM has unstable behavior as well. It started
with low queue length and queue drop but it kept
jumping from 30-50 packets from 70-80 packets and
from 74-98 packets at 25, 50 and 75 sec, respectively
alongside with increasing in the queue lost as shown in
Fig. 3.

On the other hands, AVQ has unstable behavior
when the network condition changed as shown in Fig. 4.
Tt is easy to find the point that queue length is changing
together with the increasing of the queue lost. So, when
the number of sources mcrease the queue length
increases as well as queue lost.

CoDel has unexpectedly low queue length. It ranges
between 0-9 packets but thus low queue length comes with
price of trading a very high queue lost which mcreases
dramatically as shown in Fig. 4 and 5.

From all above, it becomes obvious that none of the
AQM schemes were able to keep a stable queue size
during the experiment. However, CoDel has achieved the
lost queue size comparing with the rest due to its ability
to penalize all flows based on the time the its packets took
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Fig. 2: Queue length vs. queue loss for RED
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Fig. 3: Queue length vs. queue loss for REM
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Fig. 4: Queue length vs. queue loss for AVQ
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Fig. 5: Queue length vs. queue loss for CoDel

in the buffer strained by the time interval to drop the
packets which 1s the maim reason behind CoDel queue lost
is very high. On other hand, REM and AVQ managed to
have higher queue length where REM has gradually
increasing size, better than AVQ that have the highest
queue size among the rest. However, RED has the most
instable behavior among the rest, the queue size is keep
Jumping every time that number of flows increase.

CONCLUSION

This study has studied the performance of AQM
schemes in IEEE 802.11 based wireless network

environment in terms of queue stability by developing an
experimental simulation model. The results demonstrated
that none of the tasted AQM schemes has achieved a
stable queue. However, CoDel (newest AQM) has
managed to keep the queue size very low but this comes
with the price of high queue lost. Whereas, REM and
AVQ has a higher queue length comparing with the rest.
Moreover, RED has the worst performance m terms of
stability. Therefore, new algorithms that can stabilize the
queue n WLAN environment are needed.
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