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Summary

In wireless networks when there are multiple paths from the source to
destination, the network capacity should be enhanced in accordance
with the growing demand of network resources. The throughput is a
basic element in this situation. To achieve a maximum throughput, an
efficient algorithm that can give high-performance, scalability and
optimized routing using multi-channels is needed. To achieve these
objectives, an Artificial Intelligence (Al)-based algorithm named
Throughput Enhancement Algorithm for Multi-channels (TEAM) is
designed. TEAM will contribute to the existing knowledge on how
much network throughput can be enhanced using an Al routing
mechanism. The proposed TEAM algorithm code was implemented
in MATLAB to check the enhancement and learning in a network
traffic throughput. In each experiment, the values of metrics were
changed to determine the behavior of the network under different
situations. Results show that an increase of a single iteration, there is
2% increase in throughput, and an increase of 50 iterations, the
routing cost decreases by 100%, returning to its previous results. The
results show that by using the TEAM algorithm, a wireless network
can manage resources in a better way and increase the throughput of
the network by selecting the best available path. The TEAM
algorithm automatically manages routes in a network and optimizes
the incoming traffic of a network. To validate our results, we
compared our results with those of an existing ant colony
optimization algorithm. The simulation results of the TEAM
algorithm show that it is flexible and can equally fit in small and
large-scale networks.
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1. Introduction

In the present age, wireless networks have become essential
parts in communication. In the present wireless networks, the
basic concepts about technology are still the same because
they prove to be effectively used in previous decades [1, 2]. In
recent years, the use of wireless services has significantly
increased with the advent of devices, especially mobile and
portable devices [3]. The requirements are the capacity of
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using advanced services and availability of resources for the
increasing number of users. The network capacity should be
enhanced to meet the growing demand of network resources.

To achieve these goals in a wireless environment, efficient
protocols and algorithms are needed. Using these algorithms,
the throughput of wireless networks can be increased. A
wireless network includes a plurality of nodes that transmit
data to and receive from the network [4]. Protocols are
designed in such a way that data are sent to the network for
transmission to the receiving node in an efficient manner [5,
6]. These protocols are the key elements of a wireless
network. A constant research has been conducted to design
and develop new methods and techniques to improve the
efficiency of networks and support new generations of
networks [7].

The development of effective networking techniques
requires additional protocol stacks of network research, which
is the heart of the network model. A protocol stack shows the
modularization of network protocols [8]. Moreover, a
backbone network has several techniques to optimize cross
layers and increase the overall efficiency of the networks in
various layers. A necessary interplay occurs between different
networks, this effect has also detected new techniques.
Nowadays, these new techniques are based on the perception
of knowledge and geographical distribution. Perception is
taken based on user behaviors using network resources.

In the past years, networks have rapidly grown and may
contain millions of routers and computers being used by
millions of users. To make connections in a network, different
routing protocols are used for the routing of data among hosts.
In these protocols, routers have the same routing table in a
network [9, 10]. The data packets send using this routing table
address. The commonly protocols used in traditional networks
are RIP, RIPv2, OSPF, and EIGRP [11, 12]. In the OSI model,
the third layer is used for routing protocols. In routing
protocols, the collection of algorithms is used, where
processes and procedures run on remote networks, and learns
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from their external environment and the changing topology.
The routing tables are periodically updated [13].

2. Literature Review

The biological features of different living things can be
studied, and analyses can be used for designing of machines
[14]. The machine or robotics can be designed and generally
accepted by a broader spectrum of artificial intelligence (Al),
which ultimately understands the behavior of “intelligent
agent” at all levels [15]. After the concept was intuitively
created as swarm intelligence works, various technical
applications have been designed. Al has been used and is well
known for the optimized working of robotics. The same
formalism was reused to solve the routing problems of
wireless networks [16]. This is an interesting analogy in
biology and may shed light on the most appropriate solutions
to the network routing problem. Colonies of social insects
have many features that represent a perfect network. The
natural inspired ideas can be deployed in machines operations
which are resistant to errors and flexible in nature [17, 18].

Based on the swarm intelligence concept, collective
robotics was formulated. Useful tasks for human have been
created based on the biological behavior of bees and ants,
particularly performing efficient routing systems [19, 20].
This behavior is also called a biologically inspired system.
Many researchers have set directions for exploring and
searching robots. In the same context, the schooling behavior
of fishes is based on the insect metamorphosis and is similar
with the exploration of the flocking behavior of birds.
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Fig. 1 Structure of the study

In recent research, the big challenge in networking is
providing efficient intelligent routing services to users to
maintain good reputation. The abovementioned challenge can
be resolved in multi-dimensional ways. Another common
challenge is to design, develop, and implement an efficient
algorithm that can perform intelligent routing. The features of
an intelligent routing algorithm that can suit any network are
described below. A routing algorithm must bear characteristics,
such as optimal routing, flexibility, efficiency, multiple route
convergence, and scalability.

In addition, most of our previous work covers this domain
in multiple aspects such that, we successfully experiment the
network segmentation for large scale area in [4] and
watchman based flood detection and recovery model using
wireless sensors in [5]. Furthermore, to introduce the concept
of wireless battery charging and its life prediction is also
analyzed by Sana et. all. In this article the AA and AAA
alkaline battery are examined, and their life estimation
algorithm works according to support our words in a well-
disciplined manner, see [11]. For this, we also introduce first
time in literature, Energy aware distributed algorithm for
smart wireless actuator networks. Most of the wireless links
are down due to extra energy consumption in remote areas,
where the unmanned efforts are required, for this, the role link
stability and its threshold value have great impact overall the
health of the network. we, therefore, simulates the link failure
detection algorithm in [16, 17] to address this issue.

In modern era of technology where Wi-Fi need to convert
Li-Fi [22] and some novel algorithms become necessity of
wireless research and some artificial intelligence based
approached are come into being in this field. In a nutt shell,
same kind of approaches are introduced in [18, 19] to support
our words to make the smooth flow of novel algorithm of
throughput enhancement using multichannel.

3. Materials and Methodology

We developed a flexible algorithm for wireless routing, in
which the throughput of the network is enhanced using Al
ideas/basics. By developing the candidate algorithm, we have
achieved the goals of our study and answered the research
question.

3.1 Designing a Routing Framework Based on Al

A router working in a real engineering network with a
dynamic approach is quite important for the better utilization
of the network. This study critically analyzes the existing
work performed on the selected domain of Al in the routing of
complex networks and increasing the throughput. We also
followed the software engineering approach of reusability of
working parts and made a good technique. By adopting this
approach, designers can develop a framework/protocol by
keeping in view the top issues and implementation details of a
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network [21]. By using the nature-inspired approach, an

intelligence-based framework was designed.
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Fig. 2 Routing framework structural design [23]

3.2 Proposed TEAM Algorithm for
Enhancement

Throughput

The performance of the intelligence-based routing algorithm
TEAM was analyzed in this section. The productivity of the
routing algorithm was designed/modeled by the framework on
the basis of values attained from the performance. In a real-
world network, communication and processing are included

for the arrangement of routing-based algorithms’ resource cost.
This framework is generally enough to investigate an agent-
based system. Thus, the scalability of an agent-based routing
algorithm behaves in two ways, namely, Ant Net and Beehive
[24]. A valuable understanding was developed based on the
ascending capacity of the algorithms, which are based on
agent-based distributed systems.
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3.3 Flowchart of the TEAM Algorithm
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Fig. 3 Data flow diagram

3.4 TEAM Algorithm Features

The Al-based TEAM algorithm, which aims to enhance
throughput has following features:

The network can handle more nodes (bigger
networks).

The algorithm is flexible and can easily work in all
directions.

The routes of the network can be derived (The
topology is automatically generated based on Waxtop
algorithm).

Hello packets are sent to different routes.

Searching of good routes starts here.

Hello packets move back to the sender and shares
information about routes.

Informative communication is performed here.

The reliability of routes is checked examined here in
accordance with the bandwidth and load of a route.
Information about the reliability of routes is shared.
More data packets are sent to more reliable routes,
and less data packets are sent to less reliable routes
(for better communication).

The checking process of routes remains continuous.
If the route remains good enough for communication,
so more packets are sent to reliable routes to the
destination.

Most times, the sending route of data packets is more
reliable, thus reducing cost.

If the route is not so good enough and reliable to send
more data packets, the communication moves to
another route and the checking process continuous
until communication ends.
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procedure launchTEAMAlgorithm, nodes(t, m;, m)
if t (time)% At(mean time) = 0 or m; % packety;,;; = 0 then
if tis considered a representative node for destination address, then
k. « For upper_bond, {h}’ route with a long distance}
else
k., « For lower_bond,{h} route with a short distance}
end if loop ended Now, for node representation

if w=0,then
gs: < t{carrier node}
end if loop ended
forz < 1toNdo for finding all possible routes

for replica creation hf¥ of netwrok routes h}’
neighbor route address finding index z replica launching bf” to neighbour at index z

z++ for increments

end for for loop ended
end if if loop ended

end procedure

Switching Data Packet

acket switching (Ptp, index i)

dat
1: Procedure forp
if piwithen the FZ routing, then
shareinfo IFZ of node i to the final node p
weight calculation hy,, Yk € N(i) finding best rout

else

A T

shareinfo FRM of node i for new node searching

7: shareinfo IFR of node i for calcuating packet delays to node p
8: weight calculation hy,, Vk € N(i)

9: end if (if loop ended)

10: neighbour selection on the base of probability n(for selection of alternate best routes)

11: routing data packet P, routing for n nodes

12: end of procedure /*for data packet switching*/
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procedure manageNeighbours(i) /* for neighbour node i */
if t% At =0 then [* tistime here */
for initializing transmission send a hello packet to all neighbours
if low response time then for time out then /*time out*/
display message nighbour is down
routing table is updatred at index i

launch scouts (special agents nodes)to share info wiht other nodes

end if firstifloop ended
end if second if loop ended

end procedure

4. Results and Discussions Different experiments were setup to utilize in real wireless
networks. The results and findings of this study will help to
improve the performance of the TEAM algorithm in small and
large wireless networks.

The experiments were conducted in MATLAB, and the
simulation results were also discussed. The TEAM algorithm
was inspired from Beehive. Thus, the TEAM algorithm results
are of significance, and its behavior in virtual and real
networks is easily traceable due to similarity concepts.

Table 1: Performance Metrics of the TEAM Algorithm

Performance Metric Description of the Metric

The cost during the delivery of the packet from the source to the destination was calculated
in the TEAM algorithm using cost function. It also includes the time taken and bandwidth
Cost required for routing. In the proposed algorithm, if the overall cost for routing a packet in a
network is low, then the throughput increases, showing the overall performance of the
network. This metric also displays the mean value that represents the overall cost.

Fitness is a performance parameter of a network to find the best route between nodes in a
wireless network. The fitness level is dependent on the cost and mean value of the routing

Fitness cost. In the TEAM algorithm, the fitness level of a route is kept constant until its mean cost
is lower for a route between the source and destination nodes.
In the TEAM algorithm, the number of nodes can be flexible and automatically adjusted
with the possible routes among them. The large number of nodes in a network can increase
Nodes the overall routing cost and lower the throughput, but the mean value will remain low. If

the number of visits/iterations is large, then the mean cost value will decrease. However, a
large number of nodes can provide more number of routes, and the algorithm becomes
more efficient in finding the better routes for transmission.
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Visits/Iterations

In the TEAM algorithm, the number of visits/iterations is mainly dependent on the network
environment. As the TEAM algorithm is Al-based, it learns from its external environment
and this process increases the number of visits/iterations. The routing cost also reduces
with the increase of iterations and the overall throughput of the network.

4.1 Implementation of the TEAM Algorithm in MATLAB

The TEAM algorithm code was implemented in
MATLAB to check the enhancement and learning in the
network traffic throughput. In each experiment, the values of
different metrics were changed. We determined the behavior
of network under different situations. In the varying metrics,
the number of repetitions or iterations was also changed to
examine the behavior of the network traffic load.

The experiments were conducted in the MATLAB, and in
the

corresponding virtual values. The results or outputs that we
received from the experiments were beneficial because when
the number of visits/iteration was increased, the performance
also increased. The routing cost automatically decreased as the
TEAM algorithm learns from the environment. The best
feature of an Al-based routing algorithm is learning from the
external working structure and increasing its performance
accordingly. The simulation results are shown in Figure4.

experiments, the metrics were given the same
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Fig. 4 Results with 200 iterations

Figure 4 shows the results after 200 iterations. The data show
that when the routing cost decreases, the TEAM algorithm
automatically learns from all its routes, which means that the

performance of the network also increases. Thus, the
algorithm becomes more efficient as the iterations increase.
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Figure 5 shows the results after 250 iterations. The data show
that when the number of iterations increases, the routing cost
decreases. As a result, the performance improves and the

throughput of the network increases accordingly. Moreover,
the routing cost was the same after 190 to 250 iterations. In
this way, the throughput increased up to 100%.
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Fig. 6 Results with 300 iterations

Figure 6 shows the simulation results with300 iterations. The
data show that cost is the same after180 to 300 iterations, and
when the number of iterations was increased, the cost
decreased. As a result, the performance and throughput of the

network improve. In this way, the throughput increased up to
200% by only increasing 100 iterations, which allowed the
TEAM algorithm to learn the network with a double rate.
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Fig. 7 Results

Figure 7 shows the simulation results using 350 iterations. The
data show that the routing cost is the same after190 to 350
iterations, and when the number of iterations was increased,
the cost decreased. In this way, the throughput increased up to

with 350 iterations.

300% by only increasing 160 iterations, which allowed the
TEAM algorithm to learn the network with a triple rate.
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Fig. 8 Results with 500 iterations

Figure 8 shows the simulation results with500 iterations. The
data illustrate that cost is the same after200 to 370 iterations,
and when the number of iterations was increased, the cost

further decreased. In this way, the throughput increased up to
560% by only increasing 300 iterations, which allowed the



212 IJCSNS International Journal of Computer Science and Network Security, VOL.20 No.8, August 2020

TEAM algorithm to learn the network intelligently that shows
a better performance and throughput of the network.

The simulation results of our proposed algorithm clearly show
that when we increase the number of iterations or visits, the
packets are delivered to the destination in the given network
with a low routing cost, which will increase the overall
throughput of a network by 100% in every increase of 50
iterations. Thus, the TEAM algorithm will learn more
intelligently as time passes by in the wireless network. To
validate our results, we compared our results with those of an
existing ant colony optimization algorithm. The simulation
results of the TEAM algorithm show that the algorithm is
flexible and equally fit in small- and large-scale networks. The
use of multi-channels also resulted in a better throughput of
the network and increased the performance of the network.

5. Conclusion

An Al-based algorithm named “TEAM” was designed in
this study. It is expected to contribute to the existing
knowledge on how to enhance the throughput of a network
using an Al routing mechanism. In this work, the special focus
is on the intelligence-based routing that aims to overcome the
congestion problem in any given network. This work will have
a positive contribution in the area of nature-inspired
engineering. The proposed TEAM algorithm code was
implemented in MATLAB to check the enhancement and
learning in a network traffic throughput.

In each experiment, the values of the metrics were
changed to determine the behavior of the network under
different situations. The findings show that an increase of a
single iteration increases the throughput by 2% and that
with50 iterations, the routing cost decreases to 100%. Thus, by
using the TEAM algorithm, a wireless network can manage
resources in a better way and the throughput of the network
can be increased by selecting best available path. The TEAM
algorithm automatically manages routes in a network and
optimizes incoming traffic. The simulation results of the
TEAM algorithm prove that it is flexible and can equally fit in
small- and large-scale networks. The use of multi-channels
also resulted in a better throughput of the network and
increased the performance of the network.

5.1 Future Work

In the future, the big challenge is knowledge-based
routing, which is the ability of learning and reasoning. The
future goals include adapting the same algorithm with minor
parameter variations for the routing scheme. Hence, it can, by
itself, constitute to the backbone of a complete wireless sensor
network and other protocol suites. The analysis can also be
performed in NS2 simulators or even in MATLAB.
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