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ABSTRACT

Recently, Mobile Ad-hoc Networks (MANETS) are penetrating the infrastructure of communications more
and more. This is attributed to its simplicity as no specific topology is needed. In this paper, a simulation-
based approach was adopted to compare the performance of the MANETSs using reactive and proactive
routing protocols. The reactive routing protocol chosen for the comparison was the Ad hoc On-Demand
Distance Vector (AODV); whereas the proactive routing protocols chosen for the comparison was the
Destination-Sequenced Distance Vector (DSDV). The comparison was conducted using Linux environment
(Linux 18.4). Network simulator (NS-3.32) and network scenario generator (NSG2.1) were engaged to
implement the comparison. The performance of the reactive-based MANETS and proactive-based MANETSs
was compared based on the following network metrics: total sent packets, total received packet, total lost
packet, Packet Delivery Ratio (PDR), and end-to-end delay. It is confirmed based on the results obtained that
using reactive routing protocols leads to a better MANETSs performance as they show a higher value of
received packets, a smaller value of lost packets, and a higher value of packet delivery ration; however, using
reactive routing protocols leads to increase the end-to-end delay.

\ Keywords: MANETs, AODV, DSDV, PDR.
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INTRODUCTION

~-MANETs are widely used in recent years due to its ease of installation and

configuration, and its success in a wide range of applications, such as military operations,
health monitoring, and detection of natural disasters. A MANET is a wireless network that
is characterized as a randomly reconfigurable network. It contains a group of mobile nodes
devices (nodes) that move without dependency on each other. This leads to a continuous
change in the paths a node needs to communicate with other nodes in a MANET. A node
can also act as a router, i.e., forwards traffic that is not intended to it (Asole & Jawandhiya,
2018) (Alamsyah et al., 2018). In a MANET, it is necessary for a node to select perfect
paths to other nodes during movement, to do so; an effective routing protocol must be
employed. Several routing protocols that can serve as MANET routing protocols are
proposed in the literature. They can be divided into three main categories. The firs category
is called source-initiated routing protocols, also known as reactive routing protocols, the
second category is called table-driven routing protocols, also referred to as proactive
routing protocols, whereas the third category is called hybrid routing protocols (Das, 2018)
(Asole & Jawandhiya, 2018). In reactive routing protocols, a route is allocated on demand
whereas in proactive routing protocols, a node updates its routing protocol frequently
according to the changes in the network topology. Routing protocols, such as Ad hoc On-
Demand Distance Vector AODV, Dynamic Source Routing DSR, and Dynamic MANET
On-Demand DYMG are reactive routing protocols. Routing protocols, such as Destination-
Sequenced Distance Vector DSDV, and Optimized Link State Routing OLSR are proactive
routing protocols. The hybrid protocols are proposed for large size and intensive node
density networks (Khatkar & Singh, 2012). It alternates the usage of both mechanisms of
reactive and proactive routing protocols. For example, the Zone Routing Protocol ZRP is a
hybrid protocol that defines a zone and applies different protocol strategies inside and
outside the perimeter of that zone. i.e., a proactive routing protocol might be used inside
the zone, whereas a reactive routing protocol might be used outside the zone and vice
versa. Routing protocols, such as Cluster-based routing protocol (CBRP) and Independent
Zone Routing Protocol (1ZRP) are also hybrid routing protocols (Ravilla et al, 2011).
Figure 1 shows the categories of the routing protocols.

SJST Vol.03 No 01 2023 53
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Routing Protocols

| | |

Figure 1. Categories of routing protocols

Proactive

REACTIVE AND PROACTIVE ROUTING MECHANISMS

As mentioned above, in reactive routing protocols, a route is allocated on demand.
In other word, if it is requested by the source node; however, the allocated route is
omitted when the destination goes beyond the reach. Figures 2 and 3 show the
mechanism of the reactive routing protocols where AODV is used. In AODV, a
mobile node has no information of other nodes locations. To establish a router in
AODV, the source node sends a Route_Request_Packet (RREQ) to its adjacent nodes
in the network. The adjacent nodes in turn redirect the packets to other nodes in the
network. This process is kept going until one node sends back a Route_Reply_ Packet
(RREP) that carries information of the most appropriate router (Khatkar & Singh,
2012).

In some cases, in which no valid route is possible, a Route_Error_Packet (RRER) is
sent back to the source node (Ravilla et al, 2011). Figure 2 clarifies this process where
node A represents the source node and node B represents the destination node. The
process begins when node A sends an RREQ to its adjacent nodes if no valid route to
H is found in its routing table. One of the neighboring nodes will send back an RREP
if it has information of a valid route to H. If no one of the neighboring nodes has valid
route information to H, they will redirect the RREQ to further neighboring nodes. The
process is continued until one node sends back an RREP carrying information of the
most appropriate router to H. Figure 3 shows the request reply process where an RREP

is sent back by node H.
F %
~@
@ Destination

Figure 2. AODV Route Request Process

Source

—
RREQ
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. . Destination

Figure 3. AODV Request Reply Process

according
to the changes in the network topology In other word, mformatlon of changes in the
network topology is periodically broadcasted throughout the network for routing tables
update. Figures 4 and 5 shows the show the mechanism of the proactive routing protocols
where DSDV is used. In DSDV, each node keeps a routing table which contains the
destination entries and the hops necessary to reach each one of them. A sequence number is
assigned to each entry to avoid duplicated assignment of destinations. During a specific
period of time, each node broadcasts updated information through the network. When a
node receives updates from a sending node, it will recognize that it is one hop away from it
(Mohapatra et al.,2018). As a result, it will insert it as a neighbor node, transfer its routing
table to it, and thus becomes able to exchange data with it. Figure 4 provides a schematic
representation of DSDV working mechanism. The accompanied table represents the
routing table of node D. In Figure 5 the node A moved from location Al to location A2.
The accompanied table represents the updated routing table of node D after this movement.

Destination Next Number of
Lop Hops

A B 2

L/7 \ B B 1
C B 2

D D i

E F 2

\ I I 1

G F 2

H F 3

Location Al

Figure 4. Schematic representation of DSDV working mechanism
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N Next Number of
Destination Hap Haps
A F 1
B B |
3 ! \ C B z
D D I
: \1 E F 2
\ ¥ F |
G F 2
> 1l I 1

Location A2

Figure 5. Routing table update in DSDV (After node A moved to location A2)

MANETs PEFORMANCE EVALUTION
As mentioned above, total sent packets, total received packet, total lost packet,
packet delivery ratio (PDR), and end-to-end delay are the five crucial metrics that are
used for evaluating the performance of the MANETS. Below are the definitions of
these metrics (Sureshbhai et al., 2018) (Qian et al.,2018):

» Total sent packets is defined as the total amount of packets sent during transmission.
A higher value of sent packets leads to better performance.

» Total received packets is defined as the total amount of packets received during
transmission. A higher value of received packets leads to better performance.

> Total lost packets are defined as the total amount of packets lost during
transmission. A lower value of lost packets leads to better performance.

> Packet delivery ratio is defined as the ratio between the total amounts of packets
sent by a source node to the total amount of packets received by a destination node.
In other word, PDR gives a measure of how much loss is incurred during
transmission (l.e., measuring the rate of loss). A higher value of PDR leads to a
better performance.

» End-to-end delay is defined as the time taken for a packet to be transmitted across a
network from source to destination. A lower value of end-to-end delay leads to a
better performance.

SIMULATION SETUP

In the simulation setup, both the Network Simulator (NS-3.32) and Network
Scenario Generator (NSG2.1) were employed for implementing the comparison
process. Linux Ubuntu 18.4 operating system was chosen as a working environment
due to its explicit compatibility with NS-3.32 and NSG2.1. While NSG-2.1 was
employed to establish a virtual MANET environment and produce its corresponding
Tool Command Language TCL code, NS-2.35 was used to analyze the produced TCL
code at different simulation times and produces the values of the network metrics: total
sent packets, total received packet, total lost packet, packet delivery ratio (PDR), and
end-to-end delay. The simulation time was set for 100 - 300 sec. Table 1 provides a
description of the simulation.
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Table 1: Description of the simulation setup

Item Description
Transmitted power (dBm) 7.5
Communication area (m2) 300 x 1500

Number of nodes 20

RESULTS AND DISCUSSIONS

This part reviews and discusses the results obtained after running. Figure 6 (a, b,

and c) shows the total sent packets, total received packets, and total lost packets versus
time. It is clearly noticed from the graphs that the values of the total sent packet and
total received packets are higher with AODV protocol. Also, it is clearly noticed from
the graphs that the value of the lost packet is less with AODV protocol, which gives an
indication of a better performance when AODV is used.

3000

2500 |

Total Received Packets

500 +

2000 |

1500 |

1000 |

Total Received Packets vs. Time

"AODV —— 1

S

100 150 200

Time (s)

250 300
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Total Lost Packets vs. Time
7000 : .

6000 |
5000 Ay
4000 |

3000 | Wb

Total Lost Packets
N

2000 |

1000 | /

100 150 200 250 300
Time (5)

Figure 6. Total sent packets, total received packets, and total lost packets versus time

Figure 7 shows the packet delivery ration versus time. It is obviously seen from the
graph that the value of the packet delivery ration is higher with AODV protocol, which
gives an indication of a better performance when AODV is used. Figure 8 shows the
end-to-end delay versus time. Comparing all the graphs provided in the results section
with the graphs shown in Figure 8, one can say that the DSDV protocol has only one
advantage over the AODV protocol which is that it leads to a reduced end-to-end delay.

PDR vs. Time
50 = ' | |
\»\ AODV —_—
\»\\ o
45 e _
\\4»»1\
40 | \\“\—\_- -
S S
'\”"“"h\
g 35 | \\-\\
| “\\.
£ 30 | q
25 +
N ____ d
15 I I .
100 150 200 250 300
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Figure 7. Packet delivery ratio versus time
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End to End Delay vs. Time
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Figure 8. End-to-end delay versus time

CONCLUSIONS

In this paper, the performance of MANETS protocols was compared. The reactive
AODV and proactive DSDV MANET routing protocols were engaged in the
comparison process due to its wide usage. Overall, it is concluded that using AODV
leads to a better performance as it shows a higher value of received packets, smaller
value of lost packets, and higher value of packet delivery ration; however, using
AODV leads to increase the end-to-end delay.
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