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Abstract
Mobile Ad hoc Networks (MANETS) are considered as a paradigm
of infrastructure-less mobile wireless communication systems.
MANETS are being widely studied and it is the technology that is
attracting a large variety of applications. Routing is a critical issue
in MANETS, due to the frequently changing network topology,
which requires efficient and dynamic routing protocols. In
MANETS, routing protocols are classified into three categories:
Proactive protocols, Reactive protocols and Hybrid protocol .
This paper compares the performance of proactive and reactive
routing protocols in MANETS by selecting the DSR, AODV and
OLSR protocols under multiple network scenarios and sizes using
different performance metrics, considering voice, video and file
transfer applications. The simulations were conducted using the
OPNET Modeller software.
The findings show that the OLSR achieves the lowest delay across
all scenarios. While the AODV provides better throughput and
network load readings in Small-Scale MANETSs and Large-Scale
MANETSs. Although DSR is considered the least efficient, its
performance remains acceptable in Small-Scale MANETS.
Keywords: MANETs; OLSR; DSR; AODV; Multi-Application
Traffic; OPNET.

1 Copyright © ISTJ b gine okl (3 gia
Al 5 o glall 4 sall dlsall


http://www.doi.org/10.62341/istj-vol38-2-eh02

International Scienceand ~ VOlume 38 ) Ly 0 2 pd ) (
_Technology Journal Part 2 aaall - m
Al g sl ) ALl IsSTA

Comparative Performance Analysis of MANET Routing Protocols
Under Multi-Application Traffic Using OPNET

http://www.doi.org/10.62341/istj-vol38-2-eh02

6 cad MANET cilSud daagi N sSgign oY O lia Jalas
OPNET ,ladiul clinlail) samia jga S
2 g pall Ao gl Jlay e usiad) iy P oald daw sl
Ll = Lghll = Cgulal) dusis 20!
Lad = a1 Qalla daals?
Email: chahine.ahmad@gmail.com

tuaddall

VL) Aaday 1)y ladsa (MANETS) daadd) dlanal cludll el
Araaly by QAN s20 aatg L AnB d5an Ay (g dend Al Alaial) 4SLLOU)
Ljasn Luad dngll Jiey  Slidall (e degiic de ganal Ll L Lg3sST Uil
CNSsg by Lea (Al Lo gish (b aiand) il s A o2
EDE N MANETS  @ilas b dangil) c¥sSsig 5 il L allady 4ualiny dunsi
CYsSgigplly dolelall cNsSgignll 5 AdlowYl CVsSgignl 1oa dwed) il
. duagl)

GlSed B Dlelilly A8aw) angll cNSsgn ol Gn Bl el o)l
cai OLSRy; AODV 5 DSR clNSgigy skial ye ellyy, MANETS
1Y) ae dibide ool Ganlie aladiad 2 S saie Gl alaals Claglie
Aazinly slSlad) cillee sl + gilly ccigaally cclildl Ji il ey
-OPNET Modeller z.li

mes b (Delay) b Jaee Ji 3isy OLSRUsSgisn of gl cujehil
Al Al Cus (e Jumil il AODV JSsign adi Laiy lagylid)
MANETSs @il e JS (Network Load) a<.all Jasg (Throughput)
selal () V) 5:€ U e DSR JsSsisn off (0 a)l) ey 8,0y 5pall
Bl MANETS i b Yshe (lay

2 Copyright © ISTJ b gine okl (3 gia
Al 5 o glall 4 sall dlsall


http://www.doi.org/10.62341/istj-vol38-2-eh02

International Scienceand ~ VOlume 38 ) Ly 0 2 pd ) &
_Technology Journal Part 2 aaall - m
Al g sl ) ALl IsSTA

Comparative Performance Analysis of MANET Routing Protocols
Under Multi-Application Traffic Using OPNET

http://www.doi.org/10.62341/istj-vol38-2-eh02

¢OLSR J<5i5 53 ¢(MANETS) damiall dlandl cldl) rdabisdl il
.OPNET c.al.}).} LT RRE RV QLE:L\.L:E J9A :\S); «AODV djS}Ej).ﬁ «DSR d}sjj})J

1. Introduction

Ad Hoc wireless networks play the role of a connecting bridge
between a group of systems and networks to achieve specific
objectives or solve particular problems. These networks are
commonly used in restricted environments where access is limited
to authorized users. Once an ad hoc network is assigned a specific
task, it cannot perform functions beyond its intended purpose [1].
The term “ad hoc” derives from Latin and translates into English as
“for this purpose,” indicating that the network is designed to fulfill
a particular task. More precisely, it refers to a method for making
temporary modifications to communication paths in a way that
efficiently achieves its intended goals [1]. Based on this, ad hoc
networks consist of local wireless networks that allow devices to
send and receive data directly without relying on a central point or
fixed infrastructure [2].
Routing protocols play a crucial role in enhancing end-user
experience and have a significant impact on the overall performance
of mobile network applications that rely on MANET as their
underlying communication infrastructure.
This paper presents a performance evaluation study of three major
routing protocols used in Mobile Ad Hoc Networks MANETS. It
seeks to provide network operators and application developers with
a detailed analysis of the performance of the DSR, AODV, and
OLSR routing protocols based on key metrics, including delay,
throughput, and network load.

2. Literature Review

Various studies have focused on analyzing the performance of
proactive and reactive routing protocols in MANET environments.
In an extensive performance analysis, recent studies evaluated
multiple MANET routing protocols under dynamic network
conditions and revealed that proactive protocols such as OLSR
generally achieve lower end-to-end delay due to their periodic route
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maintenance, while reactive protocols like AODV and DSR tend to
minimize routing overhead in sparse or highly dynamic scenarios
[3].

Al-Hilali et al. (2024) conducted a detailed investigation of MANET
performance using OPNET simulation tools, comparing AODV,
OLSR, and DSR under different traffic loads. Their results indicated
that OLSR outperforms reactive protocols in terms of delay,
whereas AODV achieves better throughput and network load
performance in certain scenarios [4]. These findings highlight the
impact of routing strategy on overall network efficiency.

Other comparative studies have emphasized the influence of node
density and traffic patterns on routing performance. Surekha et al.
(2022) analyzed multiple routing protocols and reported that OLSR
performs efficiently in medium-sized networks, while AODV
exhibits better scalability in larger networks [5]. Similarly,
Dimantara et al. (2024) showed that DSR generally suffers from
higher routing overhead and reduced throughput compared to
AODV and OLSR, especially as network size increases [6].

Recent survey-based research has further explored the parameters
affecting MANET performance, including node mobility, traffic
type, network density, and routing overhead. Eltahlawy et al. (2023)
concluded that no single routing protocol can be considered optimal
for all MANET scenarios, and protocol selection should be driven
by application requirements and network conditions [7].

In addition, enhanced variants of proactive protocols such as MP-
OLSR have been evaluated alongside traditional protocols. Khan et
al. (2024) demonstrated that multipath routing techniques can
improve reliability and throughput, particularly in highly dynamic
environments, though at the cost of increased control overhead [8].
Despite extensive research in this domain, most existing studies
focus on limited traffic types or single network scales. Therefore,
this paper extends prior work by providing a comparative
performance evaluation of AODV, OLSR, and DSR under multi-
application traffic scenarios (voice, video and file transfer) and
varying network sizes using the OPNET simulation environment.
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3. Routing Protocols Overview

Routing protocols in MANETs are classified into three
categories: proactive, reactive and hybrid. Proactive protocols
maintain routing tables with up-to-date paths established in
advance. On the other hand, reactive protocols search the route
cache for previously used routes and establish paths on demand
when data transmission is needed. Hybrid protocols combine
features of both proactive and reactive approaches aiming to balance
their advantages [2].

3.1 Optimized Link State Routing (OLSR)

The Optimized Link State Routing OLSR protocol is a proactive
routing protocol based on the periodic exchange of control packets
to maintain up-to-date network topology information. It reduces the
amount of information transmitted in each message and minimizes
the overhead generated by control traffic by limiting the number of
network-wide broadcasts. This is achieved through the use of
Multipoint Relays (MPRs), which restrict the forwarding of control
messages to selected nodes only [9].

MPR nodes in most cases are neighbor nodes that are only two hops
away with bidirectional links. Multipoint relays can only re-transmit
the received broadcast messages, re-transmission. Nodes that are not
MPR normally process the received messages but do not re-transmit
the broadcast messages in MANETS [10].

OLSR’s proactive nature ensures low latency in route discovery
benefiting real-time applications, though it may incur higher
overhead in highly dynamic or sparse networks [9][10].

3.2 Dynamic Source Routing (DSR)

The Dynamic Source Routing DSR protocol is a reactive routing
protocol designed for MANETSs. It operates on-demand, using
source routing, where the sending node determines the complete
route to the destination before transmission.

DSR embeds the full route information including all intermediate
node addresses within the packet header. Route discovery collects
addresses along the path, which intermediate nodes temporarily
store. Packets then follow these learned routes, and optional flow
identifiers facilitate hop-by-hop forwarding [1]
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The protocol avoids periodic routing messages by establishing
routes only when needed. Nodes broadcast route requests containing
the source address, sequence number, and destination ID, while
checking their route cache for previously discovered paths.
Intermediate nodes append their addresses when rebroadcasting
requests, and sequence numbers prevent duplication. This
mechanism enables efficient route discovery and packet forwarding
in multi-hop wireless networks [1][2].

Ad hoc On-Demand Distance Vector AODV protocol is a reactive
protocol that uses a hop-to-hop routing methodology. A route
discovery is initiated when a node in the network wants to send a
data packet to another node. If an active route is not available
AODV initiates the route discovery process with the source node
broadcasting a route request message (RREQ) to find a route to the
destination [2][9].

Once a valid route is found it is made available by a route reply
(RREP) message back to the originator of the RREQ. Once the route
Is established, the nodes monitor the state of the links continuously.
If a link breaks in an active route a route error message (RERR) is
sent to the other nodes of the link breakage. This triggers a new route
discovery process to maintain reliable communication [2][9].

4. Simulation Environment and Methodology

4.1 Simulation Tool

The OPNET network simulator is an advanced commercial software
for modeling and simulating computer networks and related
technologies. OPNET provides a wide range of simulation models
for various computing devices, communication environments, and
network protocols and technologies. The simulator combines the C
programming language with state diagrams to implement simulation
models.

OPNET provides a comprehensive environment that supports
modeling, simulation, and performance evaluation of various types
of networks [7].

4.2 Network Model and Mobility Configuration

A wireless Mobile Ad Hoc Network was designed to evaluate the
performance of the selected routing protocols under realistic
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operating conditions. The simulated network represents an office-
area environment with dimensions of 200 m x 100 m.

Node mobility was modeled using the Random Waypoint mobility
model which is widely adopted in MANET performance evaluation
studies due to its simplicity and effectiveness in representing
random movement patterns [11]. In this model, nodes move toward
randomly selected destinations with randomly chosen speeds and
pause times. This mobility model allows fair comparison with
existing literature and ensures realistic topology variations during
simulation.

4.3 Simulation Parameters and Scenarios

To investigate the impact of network size on routing performance,
three network scenarios were considered:

e Small-scale network: 20 nodes
e Medium-scale network: 40 nodes
e Large-scale network: 80 nodes

Each simulation scenario was executed for a duration of 3600
seconds to ensure steady-state behavior and statistically meaningful
results.

To enhance result reliability, each experiment was repeated multiple
times using different random seeds, a random seed is a starting point
for the sequence of random numbers used in the simulation [12]. By
varying the random seeds in each experiment, we ensure that the
results are not biased by any specific sequence of random numbers,
thereby increasing the robustness and accuracy of the performance
evaluation.

All scenarios employed identical network topology, mobility
parameters, and traffic configurations, differing only in the routing
protocol used.

4.4 Traffic and Application Models

Unlike many previous studies that consider a single traffic type, this
work models a heterogeneous multi-application MANET
environment.
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Three major application types were configured:

e Voice applications
e Video applications
e File Transfer services (FTP)

Application behavior and user activity profiles were configured
using OPNET’s Application Configuration and Profile
Configuration modules to represent realistic traffic patterns and user
behavior.

Multiple applications were simultaneously executed on individual
nodes, enabling evaluation of protocol performance under mixed
traffic conditions.

4.5 Routing Protocols and Performance Metrics

Each protocol was tested under identical simulation conditions to
ensure fair comparison. Performance evaluation was conducted
using the following metrics:

e End-to-End Delay: average time required for data
packets to reach the destination

e Throughput: average successful data delivery rate

e Network Load: total traffic offered to the network
including routing overhead

These metrics collectively provide insight into Quality of Service
(QoS) and network efficiency.

5. Results and Analysis

This section presents and analyzes the simulation results obtained
from evaluating the performance of AODV, OLSR, and DSR under
heterogeneous traffic conditions and varying network sizes. The
analysis focuses on three key performance metrics: end-to-end
delay, network load, and throughput.

The obtained results are discussed in relation to existing studies to
highlight consistencies and differences with prior research findings.
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5.1 End-to-End Delay Analysis

The simulation outcomes reveal that OLSR consistently achieves
the lowest average end-to-end delay across small, medium, and
large network scenarios. This behavior is primarily attributed to its
proactive routing mechanism, which maintains up-to-date routing
tables and eliminates route discovery latency.

In a Small-Scale MANET, the End-to-End Delay results indicate
that the average delay for the OLSR protocol stabilizes at 4.1 s. In
contrast, the average delay for AODV increases to 5 s while DSR
exhibits the highest delay reaching up to 5.9 s as shown in Figure 1.
The delay results in a Medium-Scale MANET showing that the
average end-to-end delay of the OLSR protocol stabilizes at
approximately 7.5 s, while the average delay of the AODV protocol
increases to about 10.8 s. The DSR protocol exhibits the highest
delay reaching an average of 11.9 s as shown in Figure 2.
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Figure 1. Average End-to-End Delay in a Small-Scale MANET
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In a Large-Scale MANET, the OLSR protocol again excels in terms
of End-to-End Delay. As shown in Figure 3 the average End-to-End
Delay for OLSR stabilizes at 15 s, while for AODV it increases to
25 s. However, DSR exhibits the highest latency reaching 27.9 s.
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Figure 3. Average End-to-End Delay in a Large-Scale MANET
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The availability of pre-established routes in OLSR enables
immediate packet forwarding, thereby minimizing transmission
delays especially for real-time applications such as voice and video.
These findings are consistent with the observations reported in [3]
and [4].

In contrast, AODV exhibits moderate delay performance due to its
on-demand route discovery process, which introduces initial latency
whenever new routes are required. Although this mechanism
reduces unnecessary control overhead, it increases packet delivery
time in highly dynamic environments.

DSR records the highest end-to-end delay in all scenarios. This is
mainly caused by its source routing mechanism and reliance on
route caches, which tend to become outdated in mobile
environments. Similar limitations of DSR have been reported in [6]
and [8].

5.2 Network Load Analysis

Figure 4 shows the comparison between the three protocols in terms
of network load in small-scale MANETS. The results show that
AODV achieves the lowest network load stabilizing at
approximately 18 Mbps, which gives it a clear advantage over
OLSR and DSR whose loads stabilize at about 40 Mbps and 70
Mbps, respectively.
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Figure 4. Average Network Load in a small-Scale MANET
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In medium-scale MANETS, the performance trend changes as
illustrated in Figure 5. The OLSR demonstrates superior
performance with the network load stabilizing at around 51 Mbps
compared to 120 Mbps for AODV and 130 Mbps for DSR. This
proves that OLSR is more efficient in medium-scale networks.
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Figure 5. Average Network Load in a Medium-Scale MANET

For large-scale MANETS, the results presented in Figure 6 reveal
that AODV again outperforms the other protocols, maintaining a
relatively low network load of approximately 41 Mbps. In contrast,
OLSR experiences a significant increase in load peaking at 150
Mbps before stabilizing at around 80 Mbps while DSR reaches the
highest load of approximately 242 Mbps.
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Figure 6. Average Network Load in a Large-Scale MANET

Overall, the analysis shows that AODV generates relatively lower
routing overhead in small and large network scenarios. Its on-
demand routing strategy limits control message exchanges to active
communication sessions, thereby reducing unnecessary traffic.
However, in medium-sized networks, OLSR demonstrates better
performance due to its optimized use of MultiPoint Relays (MPRs),
which effectively reduce broadcast redundancy. These findings are
consistent with the results reported by Surekha et al. (2022) [5], who
emphasized the efficiency of OLSR in medium-density MANET
environments.

DSR consistently produces the highest network load across all
scenarios. This behavior is mainly attributed to the inclusion of
complete routing paths within packet headers and frequent route
maintenance operations, which increase routing overhead and
negatively impact network efficiency, particularly in large-scale
networks, as also observed in [6].

5.3 Throughput Analysis

In Small-Scale MANETS, it is observed that the throughput of the
AODV protocol rises rapidly to approximately 2.3 Mbps and then
stabilizes at this value over time, while the throughput of OLSR
stabilizes at 1.79 Mbps, and that of DSR stabilizes at 1 Mbps. These
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results clarify that AODV and OLSR outperform DSR in terms of
throughput. Figure 7 illustrates these results.
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Figure 7. Average Throughput in a Small-Scale MANET

In Medium-Scale MANETS, the throughput of the OLSR protocol
rises rapidly to approximately 2.2 Mbps and then stabilizes at this
value over time. In contrast, the throughput of the AODV protocol
stabilizes at around 1.18 Mbps, while that of the DSR protocol
stabilizes at approximately 1.1 Mbps, as shown in Figure 8.

In large networks, the results show that the throughput of the AODV
protocol rises rapidly to approximately 11.7 Mbps and then
stabilizes at this value over time. Meanwhile, the throughput of the
OLSR protocol initially reaches 9.8 Mbps and then decreases to 2.95
Mbps, while the throughput of the DSR protocol stabilizes at 1.1
Mbps. This gives AODV an advantage over the OLSR and DSR as
shown in Figure 9. These results confirm the advantage of AODV
in large-scale scenarios.
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Figure 8. Average Throughput in a Medium-Scale MANET

Figure 9. Average Throughput in a Large-Scale MANET
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Overall, the throughput evaluation shows that AODV achieves the
highest throughput in small and large network scenarios, reflecting
its ability to efficiently utilize network resources under variable
traffic conditions.

In medium-sized networks, OLSR achieves superior throughput
performance. This is mainly due to the availability of reliable pre-
established routes and reduced packet loss resulting from timely
topology updates.

Similar trends were reported in [5], where proactive routing
protocols demonstrated improved throughput in moderately sized
networks.

DSR exhibits the lowest throughput across all evaluated
scenarios. The increased packet overhead and inefficiencies in route
cache management lead to frequent retransmissions and packet
drops, limiting effective data transmission. These findings are
consistent with the conclusions presented in [6] and [8].

6. Discussion

The OLSR protocol consistently demonstrates the lowest End-to-
End Delay across all comparison scenarios. This superior
performance is primarily attributed to its proactive nature; by
utilizing periodic routing updates, OLSR maintains stable and pre-
calculated paths, thereby eliminating the latency typically
associated with on-demand route discovery. As illustrated in the
simulation results, OLSR maintains the most efficient delay profile
across all network sizes (Figures 1, 2, and 3)

On the other hand, the AODV protocol excels in terms of
Throughput and Network Load performance, particularly within
Small-Scale and Large-Scale MANETSs (Figures 7 and 9). This
efficiency stems from AODV's dynamic routing mechanism, which
enables rapid adaptation to topological changes and effective path
establishment in expansive networks. In contrast, OLSR’s proactive
overhead consumes more network resources, leading to a
significantly higher network load, especially as the network scale
increases (Figure 6).
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While AODV is superior in throughput and network load
performance, particularly in Small-Scale and Large-Scale
MANETS, this does not grant it an absolute advantage over OLSR,
which maintains lower End-to-End Delay. As shown in the results,
OLSR’s lower delay makes it more suitable for applications
requiring real-time data transmission, such as voice and video, while
AODV is a better choice for file transfer applications, where
throughput is prioritized.

Both AODV and DSR are reactive protocols that establish routes
on-demand. However, AODV clearly outperforms DSR, as its route
discovery mechanism is more efficient in adapting to changing
network conditions. The DSR protocol, while less efficient, still
performs adequately in Small-Scale MANETS, as shown by its
throughput in Figure 7.

Finally, the results of this simulation may differ from those of other
studies with the same number of nodes, as most existing studies
focus on limited traffic types or single network scales. In contrast,
this study evaluates the performance of AODV, OLSR, and DSR
protocols under multi-application traffic conditions (voice, video,
and file transfer) across small, medium, and large network scales,
which allows for a broader and more comprehensive assessment of
protocol behaviour.

7. Conclusion and Future Work

7.1 Conclusion

Routing in MANETS remains a major challenge due to the dynamic
network topology. Proactive and reactive routing protocols each
offer distinct advantages. In this study, AODV demonstrated
relative superiority in small-scale and large-scale MANETSs with
multiple applications, while OLSR showed absolute superiority in
medium-scale MANETs across all performance metrics. DSR
exhibited the lowest performance in all scenarios. The choice
between AODV and OLSR depends on the type of network
application, such as voice, video, or file transfer. Although results
may vary across different networks due to factors like application
type and node mobility, this study provides a useful reference for
performance evaluation in multi-application MANETS.
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7.2 Future Work

Future work could expand the simulation scenarios to include
additional promising routing protocols, allowing a broader
comparison of network performance metrics such as throughput and
latency and other relevant measures. This study also provides
guidance for design teams in selecting equipment for future
deployments or experimental environments. Further analysis of
other protocols is recommended to explore potential performance
improvements. Additionally, the findings of this study could be
extended to Internet of Things (IoT) networks to evaluate their
compatibility and performance.
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