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Abstract

Two important paradigms which are contradicting by nature namely: the efficient routing
information diffusion and adaptability to dynamic network conditions using wireless routing
protocols have been researched in recent years. One way of solving this issue is by using the
past experiences of a node in network traffic condition through intelligent algorithm to predict
the network traffic condition in the future. In this methodology we propose an algorithm which
is used to to predict one hop delay per packet during routing process using neural networking.
The one hop delay that is predicted is then further used by the participating nodes for
information diffusion during routing. Experimental analysis indicate that using tapped delay
line radial basis function and tapped delay line multilayer perceptron, it is possible to predict
mean delays as a time series. The inputs used for prediction are mean delay time series with
traffic loads and mean delay time series itself. The pros and cons of the proposed work are also
present in this paper.

Keywords: Multiple Criteria Decision Making, Simple Additive Weighting, Quality of
Service, virtual machine, Cyber physical systems

1. Introduction

Wireless networks hold a number of special features like broadcasting style signal
dissemination, serious energy restriction, Ad-Hoc nature [1] of network organisation and

dynamic network topology. These special features provide a number of opportunities to design
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wireless routing protocol and also hold a number of challenges simultaneously [2]. Attaining
adaptability for the different network conditions along with traffic and dynamics of topology
is one of the most crucial aspects of wireless routing protocol. However in order to attain this
goal a crucial unavoidable issue needs to be addressed which is overhead of routing information
diffusion [3]. This includes responses to route requests and periodical message exchange. In
order to sustain adaptability, heavy routing control overhead [4] is essential according to the
network's dynamic nature. Similarly efficient routing information diffusion also affects the
performance of the system. Depending on the ability to attain this figure, the scalability of the
wireless routing protocol is determined [5]. To attain these important goals, hybrid, reactive
and proactive routing strategies are developed. Based on the frequency of discovered route
valid time and periodic routing information exchange [6], the reliability of the system is
determined. This is based on the assumption that there is not much change in the network
conditions during execution. However to predict the future values of routing metrics,
systematically generated prediction will also be able to provide better response. This will lead
to better adaptability. In traditional routing strategies [7], the experience of network condition
remains unutilized. In this paper we have incorporated prediction of future aspects based on
previous experience by the node. It is also possible for the predicted values over a longer period
of time when compared with valid time of discovered routes and routing information exchange
period. Thus, routing control communication is achieved [8]. It is crucial to understand that

predicting the routing metric of multi-hop based on the heavy control overhead is not advisable.

Hence, in this paper, prediction of the associated routing metrics is made by the
individual nodes [9] and the values predicted are used for routing responses as well as
exchanging information. To reduce routing control overhead [10] and to enhance packet
delivery ratio [11] it will be fruitful to incorporate the prediction strategy in the nodes. One of
the most important characteristics of neural networks is adaptive learning capability [12]. This
methodology e operates on parallel structure and is capable of providing quick data processing
in neural networks. In this paper, prediction of ‘'delay' is the primary objective approach that is
dealt with, with the help of a number of neural network approaches. Similarly residue in energy
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[13] can also be predicted with the help of neural networks. Thus prediction of the routing
metrics is typically a crucial decision making process, taking into consideration multiple
criteria to arrive at a concrete solution based on a reliable neural network algorithm. This paper
is further organised into related work in section 2 and to delay prediction using neural network
models in section 3. Section 4 laser experimental results and discussion why section 5 drugs
conclusion to the paper.

2. Related Work

In the field of telecommunication networks, a number of neural network techniques
have been proposed over the years. In [14], the authors have introduced a feed forward neural
network that can be used for controlling call admissions. The neural network studies the
relationship between main per packet delays and the different classes of packets. It was
observed that when a large window of previous readings was used, the neural network could
be trained accordingly [15] and the output showed positive, accurate control values and a very
minimal amount of calls were observed through stray away from the actual values. In [16], the
authors have introduced a neural network controller which enables maximisation of
performance-index function based on the training methodology [17]. Coding rate and number
of cells in the buffer are combined in order to arrive at the solution. These values are measured
in the continuous space and then felt as the inputs with delay, to back propagation neural
networks [18]. Here the neural networks output adjusts the control signal for the subsequent
time interval. The current number of cells [19] as well as outputs in the buffer to be used for
computation of performance index value [20] and our intern used to command the update of
the nodes weight. An important reinforcement learning technique is used for this purpose. Thus
congestion level and Delay time dependencies and demonstrated using these two neural
networks applications [21]. This methodology also indicates flexible mapping of the various

parameters for node specific network conditions with networking metrics.
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Analysis and incorporation of novel algorithms on a number of routing based
neural network applications were also experimented. Smart packets [22] are used to find the
path to a particular destination by the nodes in the cognitive packet network. When the smart
packet is received the receiving node will trigger reinforcement learning [23] on a random
neural network which in turn will compute the optimal next hop using the information extracted
from the smart packet. However, the drawback with this methodology is that there is no clarity
on how information on the networking parameters is disseminated or collected [24]. Similarly
reinforcement learning is possible only when a smart packet is received which will lead to
difficulty in sustaining the continuous learning process of the individual nodes. This is crucial
to sustain the accuracy of the control decisions [25] and influence the behaviour of the
independent nodes. In this proposed work we aim to achieve effective and efficient independent
continuous learning with the help of supervised learning methodologies in a dynamic network

environment [26].

3. Delay Prediction Scheme
3.1 Analysis of Energy Consumption

In this methodology, we assume that the packet transmission takes place using a single
network interface while routing takes place with a simple FIFO queuing discipline. Moreover,
this methodology uses a fixed bandwidth [27] through which a channel is shared by the
outbound packets. Hence all the outbound packets will undergo a similar local condition as that
of a delay. A full duplex channel is assumed with the nodes, which shows that in reception and

transmission of the packet [28], interference [29] does not occur.

3.2 One-hop Mean Delay Time Series- Prediction Target

In this part of the paper, a general delay prediction algorithm is outlined. A prediction
process is carried out with an adaptive neural network training that takes place offline by every

node continuously and independently.
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Figure 1. Outbound Packet and its Delay

For the purpose of calculation, only the queueing delay is taken into account and the
total routing evaluation delay is formed along with the addition of fixed transmission delay.

This algorithm can be carried out in four main steps which are as follows:

e The mean queueing delay is measured on every node in every time interval
based on the average per-packet queuing delay during a particular time period.
The can be calculated using the formula:

Ty +XiepQi/B _ TQx

DQ, = X
Qk N, I

Here Tb denotes the time taken for node backed off, T« represents the channel
contention, L is the length of every interval of time, TQx is the duration when

the queue is occupied, P denotes the aggregation of the packets in queue and Qi
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Is the queuing size for total bytes. Similarly, N is the packets which are in the

queue and K is the index of the current time interval.

The term Tb is not essential if channel contention does not cause any issue.
Similarly, the node which is calculating will have access to all data and variables
that are available locally. For determining utilization level of the routing queue,
TQK/L is calculated. This will help to decrease the mean queuing delay as the

ratio of idle period time interval with the total time interval.

It should be noted that this will not be impacted by the size of the packet. Hence,
irrespective of the packet size, it will not result in much change in queuing

delay.

Once the traffic load and mean delays of a specific set of data are recorded, a
neural network is introduced in the system in order to train these values. For
time series prediction, a certain type of neural networks is used. In this work,
Radio Basis Function (RBF) and Multi-Layer Perceptron (MLP) are the two
types of algorithms that are used for feedforward neural network.

Taking into consideration the mean delays measured previously, every node
continuously and independently predicts the mean hop, for a specific window
of prediction

On determining the mean delay of the time interval based on the predicted
values, a comparison is drawn between the measured values in real time with

that of the predicted values from the algorithm.

The discrepancy is recorded as the prediction error. A threshold for the same is
set and the system is designed such that if the error crosses the threshold value,
the prediction will be suspended. Then retraining of the neural network takes

place with the help of the latest set of mean delays that are measured. However,
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if this modification also results in a cross over the threshold range, it might
indicate the need for a new delay pattern along with mean delays gathered from
various other delay patterns. Accordingly, the neural network is trained if the

required sets of mean delays are measured after the occurrence of discrepancy.

e The primary goal of this paper is to identify the feasibility of the proposed neural

network model with delay prediction.

4. Neural Network Models for Prediction

In this paper, four neural network modes are used and are categorized based on the type
of inputs and neural network. Tapped delay line radial basis function (RBF) and Tapped Delay
line Multi-Layer Perceptron are the two types of neural networks used. eXtra input signal in
AutoRegressive algorithm and AutoRegressive (AR) are the algorithm used. An extra layer of
memory is used in this methodology which is used to save the previous output and input values
and the layer is referred to as “tapped-delay-line”. ARX and AR differs in terms of their use of
lagged traffic loads and mean delays as inputs. Similarly, the difference between the RBF
network and the MLP network is the target pattern surface- hyperspheres and hyperplanes

respectively.

5. Results and Discussion

Experimental analysis of the proposed work is carried out and the best prediction
performances are observed and recorded. Based on the observations, it is found that it is
possible to predict the mean delay for the neural network models in multiple future time
intervals with high accuracy predictions. Fig.2 shows the prediction accuracy of the AR RBF

algorithm. Here more number of iterations is required for training.
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Figure 2. Training Iteration for nh=10 and na=7 in AR RBF
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Figure 3. Training Iteration for nh=10 and na=7 in ARX RBF
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Figure 4. Training Iteration for nh=10 and na=7 in ARX MLP

On the other hand Fig.3 indicates the prediction accuracy of ARX model in RBF. In
this methodology it is found that the hidden iterations as well as inputs related to the ARX
model are less when compared with the MLP network mode. Fig.4 shows the MLP network
model which is able to perform its functions at a quicker pace in comparison to the other
methodologies. However, the drawback with the MLP network is that they require a larger

amount of memory space to save state variables as well as to construct the network.

6. Conclusion

A delay prediction scheme is proposed in this paper which incorporates Radial Basis
Function and Multi-layer Perceptron in the neural network for mobile wireless networking. It
is found that by reducing the overhead of routing information exchange and enhancing
adaptability of routing protocol the delay prediction will also improve accordingly. Similarly,

this experiment also indicated that when using either of the neural networks proposed it is
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possible to attain high prediction accuracy. ldentify that the RBF that networks perform better

than the MLP networks. This is primarily because MLP requires lesser number of neurons and

have higher iterations of training. It is found that the same amount of power is used MLP

performs at a rate lower than that of RBF network, free training accuracy of prediction and

achieving quicker learning. Using this methodology it is possible to predict future delays with

the help of the record of previous delays resulting in an efficient routing network.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Pandian, Dr A. Pasumpon. "REVIEW OF MACHINE LEARNING TECHNIQUES FOR
VOLUMINOUS INFORMATION MANAGEMENT." Journal of Soft Computing
Paradigm 1, no. 2: 103-112.

Tang, F., Mao, B., Fadlullah, Z. M., Kato, N., Akashi, O., Inoue, T., & Mizutani, K.
(2017). On removing routing protocol from future wireless networks: A real-time deep
learning approach for intelligent traffic control. IEEE Wireless Communications, 25(1),
154-160.

Sungheetha, Akey. "COVID-19 Risk Minimization Decision Making Strategy Using
Data-Driven Model." Journal of Information Technology 3, no. 01 (2021): 57-66.

Mao, B., Fadlullah, Z. M., Tang, F., Kato, N., Akashi, O., Inoue, T., & Mizutani, K.
(2017, December). A tensor based deep learning technique for intelligent packet routing.
In GLOBECOM 2017-2017 IEEE Global Communications Conference (pp. 1-6). IEEE.
Sivaganesan, D. "Novel Influence Maximization Algorithm for Social Network Behavior
Management." Journal of ISMAC 3, no. 01 (2021): 60-68.

Mao, B., Fadlullah, Z. M., Tang, F., Kato, N., Akashi, O., Inoue, T., & Mizutani, K.
(2017, December). A tensor based deep learning technique for intelligent packet routing.
In GLOBECOM 2017-2017 IEEE Global Communications Conference (pp. 1-6). IEEE.
Koresh, Mr H. James Deva. "Analysis of Soil Nutrients based on Potential Productivity
Tests with Balanced Minerals for Maize-Chickpea Crop." Journal of Electronics 3, no.
01 (2021): 23-35.

247

ISSN: 2582-4104

Submitted: 13.07.2021 s
Revised: 05.09.2021 TCSST
Accepted: 19.09.2021

Published: 02.10.2021



Journal of Trends in Computer Science and Smart technology (TCSST) (2021)
Vol.03/ No. 03

Pages: 238-250

https://www.irojournals.com/tcsst/

DOI: https://doi.org/10.36548/jtcsst.2021.3.006

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Jiang, F., Dashtipour, K., & Hussain, A. (2019, August). A survey on deep learning for
the routing layer of computer network. In 2019 UK/China Emerging Technologies
(UCET) (pp. 1-4). IEEE.

Jacaob, 1. Jeena, and P. Ebby Darney. "Acrtificial Bee Colony Optimization Algorithm for
Enhancing Routing in Wireless Networks." Journal of Artificial Intelligence 3, no. 01
(2021): 62-71.

Mukhutdinov, D., Filchenkov, A., Shalyto, A., & Vyatkin, V. (2019). Multi-agent deep
learning for simultaneous optimization for time and energy in distributed routing
system. Future Generation Computer Systems, 94, 587-600.

Tripathi, Milan. "Analysis of Convolutional Neural Network based Image Classification
Techniques." Journal of Innovative Image Processing (JIIP) 3, no. 02 (2021): 100-117.
Rao, Z., Xu, Y., & Pan, S. (2020). An intelligent routing method based on network
partition. Computer Communications, 160, 25-33.

Adam, Edriss Eisa Babikir, and A. Sathesh. "Construction of Accurate Crack
Identification on Concrete Structure using Hybrid Deep Learning Approach."” Journal of
Innovative Image Processing (JIIP) 3, no. 02 (2021): 85-99.

Premkumar, M., & Sundararajan, T. V. P. (2020). DLDM: Deep learning-based defense
mechanism for denial of service attacks in wireless sensor networks. Microprocessors
and Microsystems, 79, 103278.

Sungheetha, Akey, and Rajesh Sharma. "3D Image Processing using Machine Learning
based Input Processing for Man-Machine Interaction." Journal of Innovative Image
Processing (JIIP) 3, no. 01 (2021): 1-6.

Fu, P., Wang, J., Zhang, X., Zhang, L., & Gao, R. X. (2020). Dynamic routing-based
multimodal neural network for multi-sensory fault diagnosis of induction motor. Journal
of Manufacturing Systems, 55, 264-272.

Palani, U., Mrs D. Vasanthi, and Ms S. Rabiya Begam. "Enhancement of Medical Image
Fusion Using Image Processing.” Journal of Innovative Image Processing (JIIP) 2, no.
04 (2020): 165-174.

248

ISSN: 2582-4104

Submitted: 13.07.2021 s
Revised: 05.09.2021 TCSST
Accepted: 19.09.2021

Published: 02.10.2021



Journal of Trends in Computer Science and Smart technology (TCSST) (2021)
Vol.03/ No. 03

Pages: 238-250

https://www.irojournals.com/tcsst/

DOI: https://doi.org/10.36548/jtcsst.2021.3.006

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Tian, Z., Su, S., Shi, W., Du, X., Guizani, M., & Yu, X. (2019). A data-driven method
for future Internet route decision modeling. Future Generation Computer Systems, 95,
212-220.

Ranganathan, G. "A Study to Find Facts Behind Preprocessing on Deep Learning
Algorithms.” Journal of Innovative Image Processing (JIIP) 3, no. 01 (2021): 66-74.
Senthilkumar, M., Kavitha, V. R., Kumar, M. S., Raj, P. A. C., & Shirley, D. R. A. (2021,
March). Routing in a Wireless Sensor Network using a Hybrid Algorithm to Improve the
Lifetime of the Nodes.

Ratmele, Ankur, and Ramesh Thakur. "Feature Extraction of Unstructured Product
Reviews." In Innovative Data Communication Technologies and Application, pp. 405-
413. Springer, Singapore, 2021.

Shirley, D. R. A. (2014, July). Systematic diagnosis of power switches. In 2014
International Conference on Embedded Systems (ICES) (pp. 32-34). IEEE.

Kumar, Rakesh, and Rinkaj Goyal. "When Security Meets Velocity: Modeling
Continuous Security for Cloud Applications using DevSecOps." In Innovative Data
Communication Technologies and Application, pp. 415-432. Springer, Singapore, 2021.
Shirley, D., Sundari, V. K., Sheeba, T. B., & Rani, S. S. (2021). Analysis of loT-Enabled
Intelligent Detection and Prevention System for Drunken and Juvenile Drive
Classification. In Automotive Embedded Systems (pp. 183-200). Springer, Cham.
Vaneeta, M., V. Sangeetha, and S. Swapna Kumar. "Efficient Two-Layer Image
Protection with Wavelet Transform Compression.” In Innovative Data Communication
Technologies and Application, pp. 433-448. Springer, Singapore, 2021.

Shajilin, J. B., & Shirley, D. R. A. (2021). Mitigation Measures for Power Quality Issues
in Renewable Energy Integration and Impact of 10T in Grid Control. Integration of
Renewable Energy Sources with Smart Grid, 305.

Krishnan, Reman, Ryan Thomas, D. S. Akshay, Varsha Sunil Krishna, and R. S. Divya.
"An Intelligent Text Encryption System Using Musical Notes." In Innovative Data

Communication Technologies and Application, pp. 449-459. Springer, Singapore, 2021.

249

ISSN: 2582-4104

Submitted: 13.07.2021 s
Revised: 05.09.2021 TCSST
Accepted: 19.09.2021

Published: 02.10.2021



Journal of Trends in Computer Science and Smart technology (TCSST) (2021)
Vol.03/ No. 03

Pages: 238-250

https://www.irojournals.com/tcsst/

DOI: https://doi.org/10.36548/jtcsst.2021.3.006

[28] Sun, P., Hu, Y., Lan, J.,, Tian, L., & Chen, M. (2019). TIDE: Time-relevant deep
reinforcement learning for routing optimization. Future Generation Computer
Systems, 99, 401-409.

[29] Dharod, Grusha, Harshal Dedhia, Jaineel Shah, Smita Sankhe, and Sneh Chitalia.
"Trumer: Rumor Detection on Twitter Using Machine Learning and NLP Techniques.”
In Innovative Data Communication Technologies and Application, pp. 461-473.

Springer, Singapore, 2021.

Author's biography

C. Anand has completed B.E. in EEE and M.E. in CSE. He has more than 12 years of teaching
experience and has published more than five international journals on the field of wireless
sensor networks. He has guided about 10 PG students and currently he is working as an
Assistant Professor in the department of computer science and Engineering at K.S.R. College

of Engineering, Triuchengode, Tamil Nadu, India. He is a lifetime member of ISTE.

250
ISSN: 2582-4104

Submitted: 13.07.2021 s
Revised: 05.09.2021 TCSST
Accepted: 19.09.2021

Published: 02.10.2021



