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1. INTRODUCTION

Mobile ad- hoc networks (MANET) is a self-configured and infrastructure-free network that is based
on ad-hoc communications. The routing in mobile ad-hoc networks is very defiance due to the persistent
updates in topologies, and active routes may be disconnected due to wireless device mobility from one place
to another [1]. These wireless nodes operate as a host and as a router to allow the internal communications
available. Therefore, each node interacts in the routing process to deliver a packet to the destination node.
Mobility, topology changes, power and resource shortage, non-centralized control are all MANET environment
properties. Such characteristics provoke the urge to design a routing protocol that agrees with some terms. The
route selection protocol must be qualified to adapt to these variations by continually monitoring the link state
and perform routes accordingly [2] different issues were addressed in the prior research area, yet such thriving
network business subjects to continuous improvements and enhancement in terms of QoS and QoE. The
process of transferring data packets from source point to destination point that subject to resource constraints,
such as energy, delay, bit rate, packet loss rate, and cost should include the use of optimization methods in the
routing process [3].

Thus, we introduce a method based on Lagrange optimization that selects the optimal route from the
device to other devices in a MANET. Specially designed to satisfy the desired objective function based on
supplementary routing requirements. Where data packets are sent using routes from the routing table that are
selected based on the requested characteristics. The aim is to maximize the bit rate from node to node and
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minimize the total delay and packet loss probability in wireless data transmission. Therefore, this paper
addresses a theoretical and practical scenario. Prior efforts in research field have been invested to address a
diverse issue in the optimal route policies and methods in terms of various objectives (minimizing the duration
or minimizing the energy consumption or even number of hops). A series of works have been investigated and
New technologies, as well as techniques, have been exploited in the prior work [3]. Authors of [4] addressed
direct end devices communication in case of restricted connectivity to the cellular network due to disasters or
emergencies. For the performance evaluation of QoS in ad-hoc networks and constraint satisfaction in ad-hoc
on-demand distance vector protocol (AODV) protocol, the authors of [5] enhanced the conventional cuckoo
search algorithm to chose the QoS path based on the routing load, residual energy, and hop count. Moreover,
researchers of [6] introduced a novel QoS routing in MANETS using emergent intelligence. For data loss
minimization, and energy-efficient clustering was introduced using PSO and fuzzy optimization. In terms of
disaster response, the authors of [7] focused on D2D communications to extend the base station's coverage.
They used controller-assisted routing to increase the total throughput to maximum using ant colony
optimization. Also, the authors of [8] formulated a quality of experience routing over wireless multi-hop
networks under time-constraints. They proposed a heuristic algorithm to speed up finding solutions. For writers
to enhance the capacity of traffic offloading for cellular- D2D relays, authors of [9] introduced a three D2D
communication model.

On the other hand, in [10] the authors utilized the OLSR routing algorithm to build a multi-hop D2D
communications platform based on smartphones to expand the single-hop D2D scenarios. They measure
performances of energy consumption, coverage, network latency, and link quality. In [11], the authors
introduced a reliability-aware AODV by conferring stability to paths. The selected routes are restricted with
bandwidth and end-to-end delay. The researcher in [12] proposed trust and prevent parameters against
malicious networks to identify a secure route. The delivery rate increases more significantly when malicious
nodes increase using the proposed method than that of the AODV and TVAODV. The authors of [13]
introduced a hybrid OLSRv2 that is multipath energy and QoS-aware to solve the limitation of energy
resources, nodes mobility, and traffic congestion. The researcher in [14] presented a MATLAB-based ad-hoc
on-demand distance vector simulation presented to provide a meaningful method of demonstrating basic
routing concepts and facilitating visual learning. The authors of [ 15], proposed a virtual Ad hoc routing protocol
to increase security and scalability. They also developed a source-routing protocol that achieved better
scalability and lowers consumed power. Also, the authors of [16] introduced mobility-energy improved ant
colony optimization routing method. The method speeded up the routing algorithm and reduced the route
discovery packets. A network coding-based routing protocol was proposed in [17] to reduce latency and traffic
load for transmission of online gaming. They proposed a medium access scheduling in device to device
infrastructure and also considered problems of packet loss.

In terms of optimal routes, the authors of [18] proposed a performance-on-demand routing protocol.
The route is selected by hop number and throughput. The throughput condition means to achieve the minimum
threshold with the highest throughput of the entire route among candidate. A new concept of route availability
was presented in [19] as a measurement of route no uniformity in a MANET as it represents the QoS or QoE
of video streaming. They confirmed two QoS metrics and founded that route availability is affected by changes
in video quality. More on videos over MANETSs, authors of [20] streamed high definition videos. They
designed a transmission system followed by a distortion system to evaluate the packet-loss rate and end-to-end
delay and improved QoS and QoE. An optimized routing method was proposed in [21] to enhance the
performance of the network that was subjected to the maximum bit rate, minimum packet loss rate, and
minimum delay. The path selection relies on the weighted Sum optimization method, the non-dominated
sorting -Geneticll, and weighted sum-genetic optimization. Network assisted-routing for device-to-device
architectures of 5G was introduced in [22] to extend the base stations coverage. NAR took in consideration
that communications of D2D are managed by base stations.

Eventually, the researchers in [23] modeled a D2D-QoS routing. They assigned the QoS in terms of
delay, bandwidth, and packet loss rate. The routing path was allocated according to dynamic environments.
Moreover, the authors in [24] developed a Bayesian framework to assign the amount of permeable water in a
porous structure using clustering and geometry values of the pore-throat network. Several clustering criteria
were used (edge betweenness, short random walks, and greedy and multi-level modularity optimization).
They’ve created a micro networks database for micro-scale porous structures to be the primary input for the
Bayesian method. In [25], the author concluded continuities and discontinuities, in both the realization of
technology and science as well as on the role of ethics in this revolutionary process. He also concluded that
human values must be incorporated with technology should and should be enriched from several cultural areas.
The authors of [26] used statistical tests to address the best method of estimation. Tests like the Lagrange
multiplier Breusch-Pagan test, the F test, and the Hausman test were used and resulted in a panel data prototype
with different effects for individuals. In [27], the writer’s analysis aims to develop a base for decision-making
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in terms of mergers and acquisitions for manufacturing companies. This can be done by performing a scorecard
model to allow the potential acquirer to apply an overall analysis of the existing data. It also runs an insight for
the future using a standardized and efficient approach to positively affect the achieve-rate of mergers and
acquisition transactions.

Finally, the authors of [28] composed cellular networks of D2D pairs where relays are arranged in
clusters. They investigate D2D communication optimal routing in the existence of interference. Optimal
routing was included to select the highest end-to-end SINR path.

2. RESEARCH METHOD

In this section, we present the system model and formulation of the problem. In another meaning, the
formulation of the presented problem is introduced. The Lagrange multiplier method is adopted in this
formulation as an objective funation and constraints.

2.1. System model

We consider a MANET that is composed of a set of nodes N = {1,2,3, ..., K5 } that are connected
by a set of available links £ = {1,2 3, ..., K} and represents a device-to-device communication over the
ad-hoc environment. Each source node Src emits one flow to the destination node Dest using one or more of
the available links in routing. Due to the frequent updates in topologies in the network, the routing method
needs to be improved and optimized accordingly. Assume that the source node performs data transmission with
p watt power over an w bandwidth, and subject to o watt transmission noise. We include a fading factor £ to
reflect the effect of channel fading, at which the transmitting node routes data packets to the receiving node.

Each of the nodes V' inject data packets into the network with specific power p and is exposed to an
amount of noise 0. We assigned a surveying procedure, for each of the V' hops, that explore all available £
links connected to the corresponding hop. This surveying procedure addresses parameters that measure the
significance of every connected link related to that hop. The process of surveying endures calculations for the
bit rate R to be transmitted by, the total delay & consumed, and the probability of packet loss s undertaken by
the specified link. Furthermore, we attain an objective function £ .F computation for each of these connected
links that reflect the satisfaction of a source with the resource allocation. Based on the above-mentioned
computation, each hop is responsible for selecting the optimum link that leads to the destination node Dest
required by the source node Src. The decision is made based on the maximum scored objective function and
its correlated link is elected. Our formulated optimization model in section 3.2 is based on hop-by-hop
optimization control, therefore, its suitable for scenarios of diverse routes. Table 1 summarizes the main
notations and their corresponding definition that are used throughout the paper.

Table 1. List of notations
Symbol Semantics
Power available for data transmission
Bandwidth allocated for the network
Noise power generated by the channel
Random variable represents the channel fading
Number of available links
Lagrangian objective function
Bit rate calculated for transmission
Total delay calculated
Probability of packets loss calculated
Lagrange multipliers
Length of the physical medium
Propagation speed of the medium
Packet average arrival rate
Number of Nodes in the ad-hoc network

h
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2.1.1. Transmission rate

We consign p denote the power used for transmission over a bandwidth @ of the link £, and let A4
reflect fading factor, whereas o is the noise power. The relationship between the transmission rate and allocated
power in fading channels typically a concave function. The transmission rate R expressed below [29]:

R:wlog2(1+ %) (1
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2.1.2. Total nodal delay

Now we involve the delay property to be reflected in the constraints of the objective function. As
packets start their journey from the source node Src through a multi-hop reaching the destination node Dest.
Whereas at each node, packets endure a nodal delay that consists of several types of delays along the path. The
most influential are the transmission delay, propagation delay, and queuing delay, and together accumulate to
give a total nodal delay [30]. Delay is an influential design consideration in some real-time applications. Thus,
the total nodal delay & over a link £ is expressed as [30]:

+ 6

7 nodal — &; transmission L propagation +8; queue (2)

where as the amount of time required to push all of the packet’s bits into the link £ represents the transmission
delay. It depends on the length of the packet of & bits at a transmission rate R of the link as shown below [30]:

L
Stransmission = Yy 3

and the time imposed to spread from the beginning of the link £ to the next-hop exhibits the propagation delay.
As bits are transmitted over a distance ¢ between two hops at a physical medium with a propagation speed
on a link £. The propagation delay is written as [30]:

%)
6propagation = T 4)

as packets suffer output buffer queuing delay which is the period of waiting to be transmitted onto the link L.
Such delay is variable and relies on the congestion level of the network. Unlike previously mentioned delays,
the queuing delay varies from one packet to another. As packets arrive at an empty queue at the same time, the
first packet suffers zero queuing delays, while the last packet suffers queuing delay as it waits for the earlier
packets to be transmitted. Therefore, an average queuing delay is considered. it expressed by the length of the
packet of r bits and the average rate at which packets arrive at the queue a at a R transmission rate as
follows [30]:

Squeue = D;a (5)

Therefore, the total delay represents the sum of all as shown [30]:

8nodal = % + (i + % (6)
(1+a)
8nodal = : Ra + T(p (7)

2.1.3. Probability of packet loss

Another feature to be involved in the constraints of the objective function. Where the probability of
packet loss P can be formed as a function of p transmission power utilized in sending packets over a link L.
As the packet loss is a ratio of received over sent values with exponent behavior; in this case, it’s the
transmission power p, subtracted from unity to measure the probability. We assumed that a packet is received
error-free with R transmission rate and bandwidth w over the link £. E[H] represents the expected channel state
that is fixed for each packet and is realized at the transmitter side [31], [32]:

PYp=1—e6/P (8)
G = %x Ve — 1) 9

2.2. Problem formulation

Now we formulate the optimum path multi-objective problem. We first define a variable that aims to
maximize the bit rate and minimize the total network delay as well as packet loss. The prime objective function
is bit rate maximization forV' number of available paths in a network and can be expressed mathematically by:

max Y, R (10)

That subject to the constraints of total delay minimization and packet loss minimization for each V'
paths and can be characterized by:
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min Y7L, & + min XY, g (11)
Utilizing the multi-objective approach to model this idea to get:
max Z{L R; — min Z{; 8; — min Z{L Ui (12)

By applying the Lagrange optimization method to the model idea to ensure that the gradient of bit rate
is proportional to the gradients of the total delay and packet loss. The proportionality variables are called
Lagrange multipliers and are denoted by A and p. The Lagrange optimization function is expressed as:

V bitrate = A V total delay + p V packet loss (13)
L.F = Vbitrate — A Vtotal delay — n V packet loss (14)

The challenge is to find an equation formula for all three, the objective and constraints, that consist of
common parameters. The reason behind that is because when taking partial derivative for equations with
parameter in common will not result in a nil value, due to fact that derivatives of constants are zero. Those
common ground parameters are the power (p) and bandwidth (w).

From a mathematical perspective, the desired Lagrangian function is characterized as:

LF (p-w)= XL [Ri(p> )] = T[N §i(p-w)] =X [ dilp> w)] (15)

where R(p > w) represent the gradients of a bit rate as a result of the first-order derivation concerning the power
(p) and bandwidth (w) respectively. Moreover, 8(p > w) denotes the gradients of total delay by taking of the
first-order derivative of total delay relative to the power (p) and bandwidth (w) respectively. Furthermore,
W(p: w) represent the gradients of packet loss probability as a result of the first-order derivation concerning
the power (p) and bandwidth (w) respectively.

Now, setting up the Lagrange multipliers objective function. The first step is to construct the objective
function by preparing the first derivatives for the main function (bit rate) and the constraints (total delay and
packet loss probability) concerning p, and concerning w as a second step.

aL.F ORj 065 oy
o i Top L1 A T L1 W ap (15)
aL.F ORj 065 oy
o= X5, — XL A o —Eh w5 (16)
2.2.1. Transmission rate
Assuming the equation in [29] finding the partial derivative of R concerning p, w:
IR 1
e E— 17
ap ( 1452 ))x oxLn2 (17
R TS »
R = (—ex0 y)4q] 1+ 18
o = (oo 2 + ot (14 55D (18)

2.2.2. Total nodal delay
Considering the equation in [30], Total delay is treated as the first constraint to the objective. The
constraint should be equal to zero by moving parameters to the left-hand side of the equation as shown below:

Y& < Ar (19)
Y& — A< 0 (20)
a0 » \\ 7t @

98 _ 90 -1 @ _

% % E(l+a)Xw x(log2(1+cxw)> + = AT] (21)
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@_ -t (1+a)

= 23
op w2 X o X Ln2x ( 1+(ﬁ)) (log21+(ax‘pm ))2 (3
a8 pXeX(1+a) X (1+a)

g _ - 22
80> oxw3xLn2 (1+ crfm )(10g2(1+ cfa) ))2 ] [ w?x 10g2(1+ Gico ) ( )

2.2.3. Probability of packet loss
Packet loss is handled as the second constraint to the bit rate maximization objective. The constraint
should be equal to zero by moving parameters to the left-hand side of the equation as shown below:

Livi < Ur 25)
iy —yr 0 (26)
Considering the equation in [7], [32], Packet loss is handled as the second constraint to the bit rate

maximization objective. The constraint should be equal to zero by moving parameters to the left-hand side of
the equation as shown below:

3_1!, _ %[ [1 — exp ( —C;i X 2 (1°g2(1+c£m)) + G;Q)) ] - lpT] (23)

— P
% = [— exp ( O'wa X 2 (10g2(1+c xm)) =+ G;w )] X

(UTxmxz(logz(H&))) - (e -

24
() “
- D
% = % [[1 —exp ( UTW X 2 (toga(1+5%5)) + ":‘*’)] - qJT] (25)
_ P
Z—I = [— exp ( O'TX(J) X 2 (10g2(1+0' xw)) + GTX(D):I X
- <o’ X WX 2 (log2(1+%))> + (0 Xw)+p
( rov ) =0
aLF TS p
0 Zi [( 1+(ﬁ))x Ln2 )) + (Ing ( 1+ oXW )l B
_ i
Z' A pXe X (1+a) _ [ X (1+a) +
' ' [ oxw3xLn2 (1+ Gfm )(log2(1+ UT‘pm))z w?x log2(1+ cfw )
| i
i | W [exp( _G;‘” x 2 (oe(1533)) 4 “:“’)] X
- (c XwX2 (logz(1+%))> + (o xw)+p
( (27)

2
-
(,pxu)+ o )

The next step is to solve the system of Lagrange multipliers' objective function equations. That can
be achieved by setting those equations equal to zero, then solve to find A and p in terms of all other parameters,
and calculate those multipliers for each path i. Finally, evaluating p and A and then plugging those values back
into the objective function and in our program.
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2.3. LORDP algorithm

In this section, we provide an algorithm, named LORDP, to compute the optimal solution for the
objective function, which is the best possible solution as the problem can be proved. Devoting the numerical
evaluation of the performance of the Lagrangian optimization of rate, delay, and packet loss algorithm
(LORDP) designed schemes as compared to ad-hoc on-demand distance vector (AODYV). Figure 1 shows the
flowchart of the LORDP algorithm.

3. RESULTS AND ANALYSIS

To test the obtained optimization formula on the practical side, a simulation examination is performed
in terms of AODV as a conventional method and the proposed LORDP algorithm. For ease of reading, we
consider case studies in implementing the underlying algorithms. We assumed a random node distribution of
9 nodes, then adopt the source and destination nodes and their dedicated path as shown in Figure 2 for case
study 1 and Figure 3 for case study 2.

start

Read Node's Information
(Source, Destination, Spaces, Speed)

Calculate Node Connectivity
(Euclidean Distance)

h 4
[ Calculate All Available Path ]

Combination Between Source
and Destination

N

Calculate Lagrange Function
(A, p, objective function, R, D, PI)

for each of the Available paths

v

Choose Optimized Path based
on Lagrange Function

Figure 1. LORDP algorithm

Figure 2. LORDP vs AODV selected path from Figure 3. LORDP vs AODV selected path from
source node7 to destination node6 source node3 to destination node9

Optimal resource allocation for route selection in ad hoc networks (Marwa K. Farhan)
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3.1. Case study 1

Considering node7 as the source node while node6 as the destination node, with 5.5 meters each node
apart. Figure 2 represents the optimal path selected by LORDP versus AODV’s. This figure shows the
distribution of nodes in addition to the selected path.

3.1.1. Transmission rate

The values of bit rate are measured per-hop and as average, as one can observe that the LORDP
achieved a higher bit rate than those corresponding to AODV. This is proved in in Figures 4 and 5 that are
represented as bar shapes. Such enhancement delivered by multi-objective optimization that assumed the bit
rate as the main priority.

3.1.2. Total nodal delay

The values of total nodal delay are also measured per-hop and as average. One can see that the LORDP
achieved less total nodal delay than those corresponding to AODV, as shown in Figures 6 and 7 that are
represented as bar shape. Total nodal delay is assigned as the first constraint in this path optimization.

251

Rate {bps)

05

Lagrange Rate Maximization vs AODV

Hopl Hop2 Hegd
Expériment 1

Rate (bps)

Lagrange Rate Maximization vs ADDV

[—) Lagrange Oplimizalion meihod
[ Ly

Lagrange AOCDV
Experiment 1

Figure 4. LORDP vs AODV Rate values per hop
from source node7 to destination node6

Figure 5. LORDP vs AODV average rate from
source node7 to destination node6

5 .40?  Lagrange Total Delay Minimization vs AODV
2
Lagnnga- Optimization |

(11}

Hop2
Experiment 1

= Iy X

Total Delay (seconds)

=
w

10} Lagrange Total Delay Minimiztion vs AODV

25¢
I L ogrange Optimazation
[ BGEN

Total Delay (seconds)

Lagrange ADDV
Experiment 1

Figure 6. LORDP vs AODV total nodal delay from
source node7 to destination node6

Figure 7. LORDP vs AODV average nodal delay
from source node7 to destination node6

3.1.3. Probability of packet loss

Moreover, both algorithms; LORDP and AODV, have achieved the same value shown in Figure 8.
The probability of packet loss is assigned as the second constraint in this path optimization. This is due to
high importance of this parameter in selection of optimal path.
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3.2. Case study 2
Considering node3 as the source node while node9 as the destination node, with 5.5 meters each node

apart. Figure 3 represents the optimal path selected by LORDP versus AODV’s. In addition, the distribution
of nodes is also shown in this figure.

3.2.1. Transmission rate
The values of bit rate are measured per hop. As one can observe that the LORDP achieved a higher

bit rate than those corresponding to AODYV as shown in Figures 9 and 10. These figures are represented as bar
shape to show the performance in clear way.

3.2.2. Total nodal delay
The values of total nodal delay are also measured per-hop and as average. It can be seen that the

LORDP achieved less total nodal delay than those corresponding to AODV as shown in Figures 11 and 12.
The total nodal delay improvement due to the first constraint in this path optimization.

Lagrange Packet Loss vs AODV 252 107 Lagrange Rate Maximization vs AQDV

08l | agrange Optimization I s e Cpeeication
[— e I

o

04

BilRate (bps)

Packet Loss Probability
B
@

ok
i

o

o

Ls AODV
PRI Hopt Hog2 Hepd

Experiment 1

Figure 8. LORDP vs AODV probability of packet
loss from source node7 to destination node6

Expedimant 1

Figure 9. LORDP vs AODV Rate values per hop
from source node3 to destination node9

Lagrangs Packet Loss va ADDV 5 s0?  Lagrange Total Delay Minimization vs AODV
W5 I | o nnge Opamization [ T
! [ L= ] [ [l
08 2
= )
208 E
2 g 1.5
& g £
2 &
L ]
= o
03 - !
i ]
a 2
02
05
a1
o o
Lagrange ADDV Hopt Hop2 Hopd
Experimant 1 Experiment 1

Figure 11. LORDP vs AODV total nodal delay

Figure 10. LORDP vs AODYV average rate from
from source node3 to destination node9

source node3 to destination node9

3.2.3. Probability of packet loss

On the other hand, both algorithms; LORDP and AODV, have achieved the same values measured in
Figure 8 for case study 1. Where the probability of packet loss is assigned as the second constraint in this path
optimization. The similar values are given to evaluate the other parameters and their effects on the optimization

problem.
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4.

40 Lagrange Total Delay Minimiztion vs AODV
251
I sgrange Optimization
L Ll
=
&
REL
2
&
D
9 17
3
=
=
05
ot -
Lagrange AQDYV
Experiment 1

Figure 12. LORDP vs AODV average nodal delay from source node3 to destination node9

CONCLUSION
This paper addressed routing-efficient scheduling problems over ad hoc channels to maximize the bit

rate under the total nodal delay and probability of packet loss constraints. we proposed an optimal routing
algorithm that runs in between nodes to maximize the bit rate and minimize the nodal delay and packet loss
probability starting from the source node and reaching the destination node using the Lagrange multiplier
method. The optimal routing represented the best possible solution that verifies the objective function. We
consider the case where each packet is sent over an additive white Gaussian noise channel. Simulation results
manifest the efficiency of the proposed algorithms in maximization of the objective function.

REFERENCES

(1]
(2]

[15]

R. R. Roy, “Handbook of mobile ad hoc networks for mobility models,” Boston, MA: Springer US, 2011.

L. Mcnamara, B. Pasztor, N. Trigoni, S. Waharte, and S. Stojmenovic, “Mobile ad hoc networking: cutting edge
directions,” Wiley-IEEE Press, 2013.

M. K. Farhan and M. S. Croock, “Routing Techniques Study for D2D in Manet Based Environment : A Survey and
Open Issues,” Int. J. Innov. Eng. Sci. Res., vol. 3, no. 4, pp. 13-23, 2019.

P. Masek, A. Muthanna, and J. Hosek, “Suitability of MANET routing protocols for the next-generation national
security and public safety systems,” Springer Int. Publ. Switz, pp. 242-253, Aug 2015, doi: 10.1007/978-3-319-
10353-2.

V. V. Mandhare, V. R. Thool, and R. R. Manthalkar, “QoS Routing enhancement using metaheuristic approach in
mobile ad-hoc network,” vol. 110, pp. 180-191, Dec. 2016, doi: 10.1016/j.comnet.2016.09.023.

S. Chavhan and P. Venkataram, “Emergent intelligence based QoS routing in MANET,” Procedia Comput. Sci.,
vol. 52, no. 1, pp. 659-664, 2015, doi: 10.1016/j.procs.2015.05.068.

M. Tanha, D. Sajjadi, F. Tong, and J. Pan, “Disaster management and response for modern cellular networks using
flow-based multi-hop device-to-device communications,” 2016 IEEE 84th Vehicular Technology Conference
(VTC-Fall), 2017, doi: 10.1109/VTCFall.2016.7880960.

P. T. A. Quang, K. Piamrat, K. D. Singh, and C. Viho, “Q-RoSA: QoE-aware routing for SVC video streaming over
ad-hoc networks,” 2016 13th IEEE Annu. Consum. Commun. Netw. Conf.,, CCNC, 2016, pp. 687-692,
doi: 10.1109/CCNC.2016.7444863.

R. Ma, N. Xia, H. H. Chen, C. Y. Chiu, and C. S. Yang, “Mode selection, radio resource allocation, and power
coordination in D2D communications,” [EEE Wirel. Commun., vol. 24, no. 3, pp. 112-121, June 2017,
doi: 10.1109/MWC.2017.1500385WC.

H. Qin, Z. Mi, C. Dong, F. Peng, and P. Sheng, “An experimental study on multihop D2D communications based on
smartphones,” IEEE Veh. Technol. Conf., Jul. 2016, doi: 10.1109/VTCSpring.2016.7504128.

S. Tyagi, S. Som, and Q. P. Rana, “A Reliability based Variant of AODV in MANETSs: Proposal, Analysis and
Comparison,” Elsevier, Procedia Comput. Sci., vol. 79, pp. 903-911, 2016, doi: 10.1016/j.procs.2016.03.112.

N. Movahedian Attar, “Dynamic detection of secure routes in ad hoc networks,” Emerg. Sci. J., vol. 1, no. 4, January
2018, doi: 10.28991/ijse-01127.

W. A. Jabbar, W. K. Saad, and M. Ismail, “MEQSA-OLSRv2: A multicriteria-based hybrid multipath protocol for
energy-efficient and QoS-aware data routing in MANET-WSN convergence scenarios of [oT,” I[EEE Access, vol. 6,
pp. 76546-76572, Nov. 2018, doi: 10.1109/ACCESS.2018.2882853.

S. Miller, “An Accessible, Open-Source, Realtime AODV Simulation in MATLAB,” Missouri Univ. Sci. Technol,
2017.

M. Abolhasan, M. Abdollahi, W. Ni, A. Jamalipour, N. Shariati, and J. Lipman, “A routing framework for offloading
traffic from cellular networks to SDN-based multi-hop device-to-device networks,” IEEE Trans. Netw. Serv. Manag.,
vol. 15, no. 4, pp. 15161531, 2018, doi: 10.1109/TNSM.2018.2875696.

TELKOMNIKA Telecommun Comput El Control, Vol. 19, No. 4, August 2021: 1197 - 1207



TELKOMNIKA Telecommun Comput El Control a 1207

[16]

[17]

(18]

[19]
[20]
(21]
[22]

(23]

[32]

D. Yang, H. Xia, E. Xu, D. Jing, and H. Zhang, “Energy-balanced routing algorithm based on ant colony optimization
for mobile ad hoc networks,” MDPI, Sensors (Basel, Switzerland), vol. 18, no. 11, pp. 1-19, 2018,
doi: 10.3390/s18113657.

M. Dammak, Y. Boujelben, and N. Sellami, “Cycle-based routing protocol for device-to-device group
communications,” IEEE 2018 14th Int. Wirel. Commun. Mob. Comput. Conf. IWCMC, 2018, pp. 1053-1058,
doi: 10.1109/TWCMC.2018.8450500.

V. K. Quy, N. Dinh Han, and N. T. Ban, “PRP: A high-performance routing protocol for mobile ad-hoc networks,”
2018 International Conference on Advanced Technologies for Communications (ATC), Oct. 2018, pp. 226-231,
doi: 10.1109/ATC.2018.8587435.

T. Yashima and K. Takami, “Route Availability as a communication quality metric of a mobile ad hoc network,”
Futur. Internet., vol. 10, no. 5, pp. 41, May 2020, doi: 10.3390/fi10050041.

M. Usman, M. A. Jan, X. He, and M. Alam, “Performance evaluation of high definition video streaming over mobile
ad hoc networks,” Elsevier B.V. Signal Process., vol. 148, pp. 303-313, 2018, doi: 10.1016/].sigpro.2018.02.030.

R. J. Kadhim and M. S. Croock, “QOS based path selection for modified smart optimization methods,” J. Theor.
Appl. Inf. Technol., vol. 96, no. 23, pp. 8021-8033, 2018.

A. V. Bastos, C. M. Silva, and D. C. Da Silva, “Assisted routing algorithm for D2D communication in 5G wireless
networks,” IEEE Wirel. Days (WD), vol. 2018, pp. 28-30, Apr. 2018, doi: 10.1109/WD.2018.8361688.

D. Liu, Z. Li, Z. Hu, and Y. Li, “Distributed reinforcement learning for quality-of-service routing in wireless
device-to-device networks,” 2018 IEEE/CIC Int. Conf. Commun. China, ICCC Work, pp. 282-286, 2019.
doi: 10.1109/ICCChinaW.2018.8674510.

B. Fazelabdolabadi and M. H. Golestan, “Towards bayesian quantification of permeability in micro-scale porous
structures—the database of micro networks,” HighTech Innov. J., vol. 1, no. 4, pp. 148-160, Dec. 2020,
doi: 10.28991/HI1J-2020-01-04-02.

C. Vargas-Elizondo, “On the role of ethics in shaping technology development,” HighTech Innov. J., vol. 1, no. 2,
pp- 86-100, Jun. 2020, doi: 10.28991/H1J-2020-01-02-05.

M. Silva, L. P. Gomes, and 1. C. Lopes, “Explanatory factors of the capital structure,” Emerg. Sci. J., vol. 4, no. 6,
pp. 519-529, Dec. 2020, doi: 10.28991/esj-2020-01249.

C. Miiller, “Challenges and risks in the due diligence process answered with an innovative approach,” HighTech
Innov. J.,, vol. 2, no. 1, pp. 51-66, Mar. 2021, doi: 10.28991/H1J-2021-02-01-06.

N. Ben Halima and H. Boujemaa, “Optimal routing and one hop routing for D2D communications in the presence of
mutual interference,” Springer Telecommun. Syst., vol. 71, no. 1, pp. 55-64, 2019, doi: 10.1007/s11235-018-0512-7.
D. Tse and V. Pramod, “Fundamentals of wireless communication,” Fundam. Wirel. Commun., vol. 9780521845,
pp. 1-564, 2005, doi: 10.1017/CB0O9780511807213.

J. F. Kurose and K. W. Ross, “Computer networking-a top-down approach,” United States of America:
Addison-Wesley, 2013.

F. Zhai, Y. Eisenberg, and A. K. Katsaggelos, “Joint source-channel coding for video communications,” Handb.
Image Video Process., pp. 1065-1082, 2005, doi: 10.1016/B978-012119792-6/50124-8.

Y. Eisenberg, C. E. Luna, T. N. Pappas, R. Berry, and A. K. Katsaggelos, “Joint source coding and transmission
power management for energy efficient wireless video communications,” IEEE Trans. Circuits Syst. Video Technol.,
vol. 12, no. 6, pp. 411-424, 2002, doi: 10.1109/TCSVT.2002.800309.

Optimal resource allocation for route selection in ad hoc networks (Marwa K. Farhan)



