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Introduction
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The WLANs for the past few years have become very popular. Their advantages come in various forms, but the most valuable advantage is the fact
that one doesn't need any more wires to connect to the Internet. More over, a
number of stations can connect to the access point, wilst in the past the only
way to achieve such numbers was through switches.
This evolution however doesn't come without a price to pay. In the case of
IEEE802.11g which is the standard used much more than any other, the station
can transmit at 54 Mbps. However, depending on the distance between the
station and the access point, the rate can vary. In this case, the station can only
download at the full capacity of the rate that it connects. This becomes even
more complex when we have many stations that connect to the same station,
which may cause a great deal of congestion and decline of the download rate of
each station.
This problem can be solved, even partially, by the introduction of a second
access point within the range of the rst, thus reducing the load of the rst
access point by having stations connecting to the second one. But now we have
another obstacle to overcome. And that's the distribution of load among the
access points in such a way that it comes to a balanced point.
So here comes the question that describes this problem. How can we distribute this load between the access points in such a way that it is balanced?
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Load Balancing
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An Introduction To Load
Balancing
The problem that we study is the load distribution among access points in
the most ecient way. The standard way to connect wireless hosts (laptops,
netbooks, smartphones, etc.) to access points is to connect to the access point
with the strongest signal. This is a very good way to acquire the best bitrate
possible, but it's not the optimal way to distribute the load among the available
access points.
For example, let's assume that there are 2 access points according to the
IEEE802.11g standard that transmit at the same rate of 54 Mbps and there
are 8 stations (laptops, SmartPhones, etc.) that can connect at both stations
at the rate of 54 Mbps. All stations download at a rate of 9 Mbps and we
have 6 stations that connect to one access point and 2 at the other. In this
scenario, let's assume that there is a 9th station that enters the network which
can connect at both stations at 54 Mbps. It is quite obvious that it is at its
best interest to connect at the access point that has 2 stations connected at it.
But there is no extra information that the station can acquire and use besides
the fact that both stations are within range and that both have a very strong
signal.
This is a very simple scenario, but it clearly shows the weaknesses of the
algorithm that we use today to connect to access points. This obviously means
that we must introduce an extra piece of information that can be used by all the
stations in such a way that the load among the access points will be distributed
evenly. This means that we need to study better algorithms than the distance
algorithm to achieve the goal of load distribution.
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Algorithms
Various researchers have addressed this problem in various ways. We preferred
to study the algorithms that are less invasive in both clients and access points.
The proposed algorithms are the following:
1. Distance algorithm
With this algorithm the clients connect to the closest to them access point
(i.e. to the one with the strongest signal).
2. Theta algorithm
Using this algorithm, we use a metric of θ (theta) which is the following:

ϑ=

X Nr
r

r

where r is the rate and Νr the number of stations connecting to this access
point at rate r. With this algorithm the clients connect to the access point
with the largest θ at which they have the smallest contribution of load
according to the equation above.
3. LBA
This algorithm introduces the LBA (Load Balancing Agent) to the access
points which is used to create three distinct states at each access point:
(a) Under-loaded
The access point can accept clients that either enter the network or
are roaming from neighboring access points.
(b) Balanced
The access point can only accept clients that enter the network.
(c) Over Loaded
The access point can't accept any clients that either enter the network
or are roaming from neighboring access points. At this point, the
access point forces the handover of current stations (clients) to reduce
its load level
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Each algorithm proposes an approach that is the less possibly invasive. The
theta algorithm uses a module implemented on a Linux workstation which uses
the SNMP (Simple Network Protocol) to communicate to each access point and
obtain the number of stations connected at each access point and the corresponding transmission rate from the access points to the stations. This information
is retrieved periodically. Finally, the LBA algorithm implements the LBA as a
user space process in Linux.

Distance
The distance algorithm proposes that the user will connect to the closest possible
access point, meaning that the station will connect to the access point with the
strongest signal. Although this seems reasonable enough, the scenario proposed
on the Load Balancing section clearly shows that there is a great deal of aws
in this algorithm. However, it is reasonable to use this algorithm as a point
of reference for the other algorithms since this is the algorithm that is used
nowadays to connect to an access point.

Theta Algorithm
The theta algorithm proposes a very simple but yet very clever approach to this
matter. This algorithm suggests that the load of an access point is proportional
to the number of stations connected to it at the same rate r.
This algorithm, introduces the metric of θ (theta) which can be calculated
for each access point according to the following equation:

ϑ=

X Nr
r

r

where r is the rate and Νr the number of stations connecting to this access
point at rate r.
This metric derives from the calculation of the throughput x of an access
point, which is expressed from the following equation:

x≈

1
a

P

Nr
r r

+b

When using this algorithm the clients connect to the access point with the
largest θ, at which they have the smallest contribution of load according to the
equation above. This metric assumes that the stations take advantage of the
full capacity of the rate at which they connect to the access point.
In order to use this algorithm, it is proposed to implement it in a software
module, running on a Linux workstation, and use the SNMP (Simple Network
Management Protocol) to obtain all the necessary information to calculate the
module's θ. The station that tries to connect to the network at that time, at
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a rate r, will connect at the station at which it creates the largest θ, meaning
that it creates the smaller load.

LBA
The LBA algorithm is having the Load Balancing Agent introduced to the
network. In order to decide whether the network needs to be balanced, it uses
the load balancing index β, which is calculated by the following equation:
P
2
( Bi )
P 2
β=
(n Bi )
where Βi is the throughput at the access point i, and n is the number of
neighboring APs over which the load is being distributed.
If this load balancing index β equals to 1 then the network doesn't need
any balance. The balance index is 1 when all the access points have the same
throughput and tends to 1/n when the throughput is the same throughput
severely unbalanced.
There are three states that an access point can be:
1. Under-loaded
The access point can accept clients that either enter the network or are
roaming from neighboring access points.
2. Balanced
The access point can only accept clients that enter the network.
3. Over Loaded
The access point can't accept any clients that either enter the network
or are roaming from neighboring access points. At this point, the access
point forces the handover of current stations (clients) to reduce its load
level.
The balance index quanties the balance among neighboring access points, but
it is not used to determine the access points state among overloaded, underloaded or balanced. For this matter, the load at each access point is compared
with the average load L calculated as follows:
P
Bi
L=
n
where Βi is the throughput at the access point i, and n is the number of
neighboring APs over which the load is being distributed.
The access points with load below L are declared under-loaded and thus can
accommodate more trac. The access points with load above L are divided into
two groups: overloaded and balanced. Overloaded access points are those which
load exceeds the average by δ, while balanced access points are those which load
exceeds the average by less than δ. The rational behind the parameter δ is to
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Figure 1: Access points' state with respect to the average load
force the transfer of load from the most overloaded access points to those with
load below the average L. The access points that are slightly over the average
should not receive more load.
Figure 1 (above) shows an example with four access points. The gray area
in the gure highlights the balanced area. AP2 is balanced, while AP3 is overloaded. AP3 should transfer some load to either AP1 or AP4. The parameter δ
reduces the number of load transfers, but it also permits some unbalance since
only APs exceeding the average load by δ will transfer some load.
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Simulation
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OMNeT++
Introducing OMNeT++
OMNeT++ is a component-based, modular and open-architecture discrete event
network simulator. The most common use of OMNeT++ is the simulation of
computer networks, but it is also used for queuing network simulations, and
other areas as well.
OMNeT++ is popular in academia for its extensibility (due to its open
source model) and plentiful on-line documentation.
OMNeT++ represents a framework approach. Instead of containing explicit
and hardwired support for computer networks or other areas, it provides an
infrastructure for writing such simulations. Specic application areas are catered
by various simulation models and frameworks, most of them open source. These
models are developed completely independently of OMNeT++, and follow their
own release cycles.

INET Framework
The INET Framework is an open-source communication networks simulation
package for the OMNeT++/OMNEST simulation environment. The INET
Framework contains models for several Internet protocols: UDP, TCP, SCTP,
IP, IPv6, Ethernet, PPP, IEEE 802.11, MPLS, OSPF, and several other protocols.
This framework was used as our baseline in order to create the algorithms
that will achieve the load balance. More specically, we used the Lan80211
example that can be found in the examples folder of INET framework.

Simulator
In order to measure the eectiveness of each algorithm, we have decided to
create a simulator using the OMNeT++ (version 4.0p1). The simulator has the
following characteristics:
1. 2 access points
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2. 8 stations (clients)
3. 2 servers that connect to the access points
The access points are created according to the IEEE802.11g standard. Each of
them transmits to the corresponding stations according to each algorithm.

Scenarios
There are two scenarios that we study. At the rst scenario all the stations
connect at the same rate. Basically, they are all at the middle of the distance
between the two access points having 6 of them closer to the one access point,
and the other 2 closer to the other access point. At the second scenario, the
stations are at various points within the common radius of the 2 access points
and they connect at dierent rate. The basic scenario is that the servers stream
a live video to the clients.

Same Rate
We study each algorithm in this scenario by assuming that all the stations
connect at the same bitrate at the corresponding access point. In this way we
have the results that are represented by 3 charts. The rst chart shows the
packets delivered throughout the simulation time, the second one shows the
rst few seconds until no more stations connect to the access points and the
third one shows the end of the live streaming. All these charts can be found in
the appendix section of this thesis.
Here we will comment on the results that we pulled from each simulation.
1. Distance
The results about the distance algorithm show that the access point 1 has
the most load according to the packets per time that there are throughout
the simulation time.
2. Theta Algorithm
The theta algorithm is much better than the distance algorithm in this
scenario. The load is distributed among the access points evenly.
3. LBA
The LBA algorithm has the same results as the theta algorithm.
From the charts that can be found in the appendix (gures ) we realize that
the distance is not the most ecient way to balance the load among two access
points. The other two algorithms balance the load in a more ecient way. For
example. if we decide to sum up the whole throughput and then distribute it to
the 2 access points, then we see that both theta and LBA algorithms distribute
the load in the most ecient way.
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Various Rates
In this scenario the clients connect to various rates to the access points
Client Rate (Mbps) - AP1 Rate (Mbps) - AP2
Client1
54
24
Client2
24
11
Client3
11
2
Client4
24
54
Client5
54
24
Client6
24
11
Client7
11
2
Client8
24
54
1. Distance
The results about the distance algorithm show that the access point 1 has
the most load according to the packets per time that there are throughout
the simulation time.
2. Theta Algorithm
The theta algorithm is much better than the distance algorithm in this
scenario. The load is distributed among the access points evenly.
3. LBA
The LBA algorithm shows the same contribution to the balance of load
as the theta algorithm.
The above results show us exactly what we expected. Both theta and LBA are
better than the distance algorithm, concerning the load distribution.

Improving the Theta Algorithm
We decided that we should improve the theta algorithm. In order to do so, we
used a dierent θ than the one used before. The new θ is as following:

ϑ=

X Br
r

r

where r is the rate and Br the throughput of the of stations connecting to
this access point at rate r. With this algorithm the clients connect to the access
point with the largest θ at which they have the smallest contribution of load
according to the equation above.
1. Same rate
In the case where all stations connect at the same rate at the access points,
the load is distributed evenly among the two access points.
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2. Various rates
In the case where all stations connect at the various rates at the access
points, the load is distributed evenly among the two access points.
The results show us that there is room for improvement of the theta algorithm.
This is something that one can study as a future work.
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Conclusions

14

Concluding
Interpreting the results of our simulations
We studied the algorithms described above and then created a simulator according to the scenarios we mentioned. The results show that the LBA an the
theta algorithm are much better than the distance algorithm. However, the
theta algorithm shows very promising signs for better improvements than the
LBA.
The theta algorithm takes under consideration the rate that the stations
connect, which is a very important aspect of the wireless network. More rate
means faster download (usually). The most important aspect is that the theta
algorithm lets the stations connect to the access points and then it doesn't
handover them to another access point.
The LBA algorithm, on the other hand, takes under consideration the load
of every access point and redistributes the stations connected to it, even the
ones connected only a few seconds ago. In our opinion, the handover creates
more disadvantages than the advantages that it tries to promote. Thus, the
theta algorithm is considered a much better approach.

Future Work
As future work, we would propose a way to improve the theta algorithm taking
under consideration both the access points' load and the throughput. It's our
rm belief that a metric that has these two characteristics, implemented in a
better way than ours will be the best solution to the load balancing problem.
Moreover, we would propose an actual implementation of the above algorithms, including the improved theta algorithm.
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Appendix
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Ned Files
package inet.examples.wireless.lan80211;
import inet.networklayer.autorouting.FlatNetworkConfigurator;
import inet.nodes.wireless.WirelessAPSimplified;
import inet.nodes.wireless.WirelessHostSimplified;
import inet.world.ChannelControl;
network Lan80211
{
parameters:
int playgroundSizeX;
int playgroundSizeY;
submodules:
host0: WirelessHostSimplified {
@display("p=238,174;r=#707070");
}
host9: WirelessHostSimplified {
@display("p=238,174;r=#707070");
}
host1: WirelessHostSimplified {
@display("p=186,205;r=#707070");
}
host2: WirelessHostSimplified {
@display("p=179,215;r=#707070");
}
host3: WirelessHostSimplified {
@display("p=177,144;r=#707070");
}
host4: WirelessHostSimplified {
@display("p=197,215;r=#707070");
}
host5: WirelessHostSimplified {
@display("p=221,193;r=#707070");
}
host6: WirelessHostSimplified {
@display("p=203,216;r=#707070");
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}

}
host7: WirelessHostSimplified {
@display("p=240,86;r=#707070");
}
host8: WirelessHostSimplified {
@display("p=303,148;r=#707070");
}
ap1: WirelessAPSimplified {
@display("p=213,174;r=#707070");
}
ap2: WirelessAPSimplified {
@display("p=263,174;r=#707070");
}
channelcontrol: ChannelControl {
playgroundSizeX = playgroundSizeX;
playgroundSizeY = playgroundSizeY;
numChannels = 2;
@display("p=61,46");
}
configurator: FlatNetworkConfigurator {
networkAddress = "145.236.0.0";
netmask = "255.255.0.0";
@display("p=140,50");
}
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Initialization Files
[General]
#debug-on-errors = true
network = Lan80211
tkenv-plugin-path = ../../../etc/plugins
cmdenv-event-banner-details=true
cmdenv-module-messages=true
cmdenv-express-mode=false
cmdenv-output-file=out
output-vector-file = ${resultdir}_7/${configname}-${runnumber}.vec
output-scalar-file = ${resultdir}_7/${configname}-${runnumber}.sca
*.playgroundSizeX = 600
*.playgroundSizeY = 400
**.debug = true
**.coreDebug = false
**.channelNumber = 0
**.mobility.x = -1
**.mobility.y = -1
# channel physical parameters
*.channelcontrol.carrierFrequency = 2.4GHz
*.channelcontrol.pMax = 20.0mW
*.channelcontrol.sat = -110dBm
*.channelcontrol.alpha = 2
# access point
**.ap1.wlan.mac.address = "10:00:00:00:00:00"
**.ap2.wlan.mac.address = "20:00:00:00:00:00"
**.host*.**.mgmt.accessPointAddress = "10:00:00:00:00:00"
**.mgmt.frameCapacity = 100
# mobility
**.host*.mobility.x = -1
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**.host*.mobility.y = -1
**.host*.mobilityType = "NullMobility"
**.host*.mobility.changeInterval = truncnormal(2s, 0.5s)
**.host*.mobility.changeAngleBy = normal(0deg, 30deg)
**.host*.mobility.speed = truncnormal(20mps, 8mps)
**.host*.mobility.updateInterval = 100ms
# udp app
**.numUdpApps = 1
**.host0.udpAppType = "UDPVideoStreamSvr"
**.host0.udpApp[*].videoSize = 10MB
**.host0.udpApp[*].serverPort = 3088
**.host0.udpApp[*].waitInterval = 10ms
**.host0.udpApp[*].packetLen = 1000B
**.numUdpApps = 1
**.host9.udpAppType = "UDPVideoStreamSvr"
**.host9.udpApp[*].videoSize = 10MB
**.host9.udpApp[*].serverPort = 3088
**.host9.udpApp[*].waitInterval = 10ms
**.host9.udpApp[*].packetLen = 1000B
**.host*.udpAppType = "UDPVideoStreamCli"
**.host*.udpApp[*].serverAddress = "host9"
**.host*.udpApp[*].localPort = 9999
**.host*.udpApp[*].serverPort = 3088
**.host1.udpApp[*].startTime = 0
**.host2.udpApp[*].startTime = 2000ms
**.host3.udpApp[*].startTime = 4000ms
**.host4.udpApp[*].startTime = 6000ms
**.host5.udpApp[*].startTime = 8000ms
**.host6.udpApp[*].startTime = 10000ms
**.host7.udpApp[*].startTime = 12000ms
**.host8.udpApp[*].startTime = 14000ms
**.host*.udpApp[*].startTime = 0
# ping app (host[0] pinged by others)
*.host0.pingApp.destAddr = ""
*.host9.pingApp.destAddr = ""
*.host*.pingApp.destAddr = ""
**.pingApp.interval = 10ms
*.host0.pingApp.startTime = 0s
*.host9.pingApp.startTime = 0s
*.host1.pingApp.startTime = 0s
*.host2.pingApp.startTime = 2000ms
*.host3.pingApp.startTime = 4000ms
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*.host4.pingApp.startTime
*.host5.pingApp.startTime
*.host6.pingApp.startTime
*.host7.pingApp.startTime
*.host8.pingApp.startTime

=
=
=
=
=

6000ms
8000ms
10000ms
12000ms
14000ms

# nic settings
**.mac.address = "auto"
**.mac.maxQueueSize = 14
**.mac.rtsThresholdBytes = 3000B
**.mac.bitrate = 2Mbps
**.wlan.mac.retryLimit = 7
**.wlan.mac.cwMinData = 7
**.wlan.mac.cwMinBroadcast = 31
*.ap1.wlan.radio.bitrate = 54Mbps
*.ap2.wlan.radio.bitrate = 54Mbps
*.host0.wlan.radio.bitrate = 54Mbps
*.host9.wlan.radio.bitrate = 54Mbps
**.radio.bitrate = 2Mbps
**.radio.transmitterPower = 20.0mW
**.radio.carrierFrequency = 2.4GHz
**.radio.thermalNoise = -110dBm
**.radio.sensitivity = -85mW
**.radio.pathLossAlpha = 2
**.radio.snirThreshold = 4dB
# relay unit configuration
**.relayUnitType = "MACRelayUnitNP"
**.relayUnit.addressTableSize = 100
**.relayUnit.agingTime = 120s
**.relayUnit.bufferSize = 1MB
**.relayUnit.highWatermark = 512KB
**.relayUnit.pauseUnits = 300 # pause for 300*512 bit
# (19200 byte) time
**.relayUnit.addressTableFile = ""
**.relayUnit.numCPUs = 2
**.relayUnit.processingTime = 2us
[Config Streaming1]
description = "video stream"
#*.numHosts = 3
[Config Streaming2]
description = "n hosts"
# leave numHosts undefined here
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Charts - Algorithms
Here are all the charts that were created as part of the simulation experiments.
Each one has a description that helps us realize to which case it refers to.
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Figure 2: Same Rates - Distance algorithm (full time experiment)

Figure 3: Same Rates - Distance algorithm (rst 18 seconds till balance)
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Figure 4: Same Rates - Distance algorithm (last 8 seconds till nish)

Figure 5: Same Rates - Theta algorithm (full time experiment)

24

Figure 6: Same Rates - Theta algorithm (rst 18 seconds till balance)

Figure 7: Same Rates - Theta algorithm (last 8 seconds till nish)
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Figure 8: Same Rates - LBA algorithm (full time experiment)

Figure 9: Same Rates - LBA algorithm (rst 18 seconds till balance)

26

Figure 10: Same Rates - LBA algorithm (last 8 seconds till nish)

Figure 11: Various Rates - Distance algorithm (full time experiment)
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Figure 12: Various Rates - Distance algorithm (rst 18 seconds till balance)

Figure 13: Various Rates - Distance algorithm (last 8 seconds till nish)
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Figure 14: Various Rates - Theta algorithm (full time experiment)

Figure 15: Various Rates - Theta algorithm (rst 18 seconds till balance)
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Figure 16: Various Rates - Theta algorithm (last 8 seconds till nish)

Figure 17: Various Rates - LBA algorithm (full time experiment)
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Figure 18: Various Rates - LBA algorithm (rst 18 seconds till balance)

Figure 19: Various Rates - LBA algorithm (last 8 seconds till nish)
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Charts - Improved Theta
Algorithm
Here we present the charts of the improved theta algorithm.
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Figure 20: Same Rate - Improved Theta algorithm (full time experiment)

Figure 21: Same Rate - Improved Theta algorithm (rst 20 seconds experiment)
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Figure 22: Same Rate - Improved Theta algorithm (last 8 seconds experiment)

Figure 23: Various Rates - Improved Theta algorithm (full time experiment)
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Figure 24: Various Rates - Improved Theta algorithm (rst 20 seconds experiment)

Figure 25: Various Rates - Improved Theta algorithm (last 8 seconds experiment)
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Links
• OMNeT++ ocial site: http://www.omnetpp.org/
• OMNeT++ 4.1 Tic-Toc tutorial: http://www.omnetpp.org/doc/omnetpp41/
tictoc-tutorial/
• A screencast demo of using the OMNeT++ IDE: http://www.omnest.
com/webdemo/ide/demo.html
• INET Framework ocial site: http://inet.omnetpp.org/
• INET Framework documentation: http://inet.omnetpp.org/doc/INET/
neddoc/index.html
NOTE: The above links are valid until this time that these lines are written.

Bear in mind that depending on the release of new versions of OMNeT++ these
links may change.
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