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 This research investigates the performance of three prominent routing 
protocols Ad-hoc On-Demand Distance Vector (AODV), Dynamic 
Source Routing (DSR), and Optimized Link State Routing (OLSR) in 
ad-hoc networks. Through comprehensive simulations, we evaluate 
key performance metrics including Packet Delivery Ratio (PDR), End-
to-End Delay, Routing Overhead, and Throughput across varying 
network densities and mobility conditions. The results demonstrate 
that AODV consistently outperforms DSR and OLSR, particularly in 
high-density and dynamic environments, achieving higher PDR and 
lower delays. DSR exhibits competitive performance under moderate 
conditions but struggles in dense scenarios due to increased 
overhead and route instability. OLSR, while effective in static 
networks, shows significant limitations in mobile environments, 
resulting in higher routing overhead and delays. The findings 
emphasize the importance of selecting appropriate routing protocols 
based on specific application requirements and network conditions. 
This research contributes to the existing literature by providing 
insights into the relative performance of these protocols, highlighting 
the need for ongoing exploration of adaptive and hybrid solutions to 
address the challenges faced in real-world applications of ad-hoc 
networks. 
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1. INTRODUCTION  
Ad-hoc networks represent a dynamic and flexible networking paradigm that enables devices to 
communicate without the need for a pre-existing infrastructure(Ghosekar et al., 2010). This type of 
network is particularly valuable in scenarios where conventional communication systems are 
impractical or impossible, such as in military operations, disaster recovery efforts, and mobile or 
sensor networks. In an ad-hoc network, nodes can join or leave freely, forming a temporary network 
that facilitates peer-to-peer communication(Conti et al., 2016). This inherent flexibility makes ad-hoc 
networks suitable for a variety of applications, including emergency response systems, vehicular 
networks, and mobile ad-hoc networks (MANETs)(Sheikh et al., 2019). 

https://creativecommons.org/licenses/by-sa/4.0/
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The performance and reliability of ad-hoc networks heavily depend on the routing protocols 
employed(Trung et al., 2007). Unlike traditional networks, where fixed routing paths are established, 
ad-hoc networks require robust routing mechanisms that can dynamically adapt to changing network 
topologies(Rajaraman, 2002). As nodes move and connectivity fluctuates, effective routing protocols 
must maintain efficient communication pathways(Pantazis et al., 2012). The ability to optimize routing 
under varying conditions directly impacts critical performance metrics such as throughput, latency, 
energy consumption, and packet delivery ratio(Hammoudeh & Newman, 2015). 

Numerous routing protocols have been developed to address the unique challenges of ad-
hoc networks, each with its strengths and weaknesses(Hinds et al., 2013). Some well-known 
protocols include the Ad-hoc On-Demand Distance Vector (AODV), Dynamic Source Routing (DSR), 
and Optimized Link State Routing (OLSR). AODV, for example, establishes routes only when 
needed, making it efficient in environments with limited resources(Cerri & Ghioni, 2008). In contrast, 
DSR relies on source routing, where the complete route is included in the packet header, allowing 
for greater flexibility but potentially increasing overhead(Hu & Johnson, 2001). OLSR uses a 
proactive approach by maintaining up-to-date routing information at all times, which can lead to faster 
route discovery but may consume more energy and bandwidth. 

One of the foundational studies in this area is by Perkins and Bhagwat (1994), who 
introduced the Ad-hoc On-Demand Distance Vector (AODV) protocol. Their work laid the groundwork 
for reactive routing protocols by demonstrating how on-demand route discovery could reduce 
overhead in mobile environments. Subsequent evaluations of AODV by researchers, including 
Azeem et al. (2019), have shown that it effectively balances route discovery time and packet delivery 
ratio under varying node densities and mobility conditions. These findings have established AODV 
as a prevalent choice for many practical applications of ad-hoc networks(Mubarek et al., 2018). 

Dynamic Source Routing (DSR) has also been extensively analyzed in the literature. 
Research conducted by Johnson and Maltz (1996) outlined the mechanics of DSR, emphasizing its 
flexibility through source routing, where the complete path is included in the packet header. A 
comparative study by Taneja and Mehta (2017) illustrated that while DSR excels in environments 
with moderate mobility due to its route caching capabilities, its performance declines in highly mobile 
scenarios due to frequent route breaks. This work highlighted the necessity of choosing an 
appropriate routing protocol based on the specific network conditions encountered. 

In the realm of proactive routing, the Optimized Link State Routing (OLSR) protocol has been 
a subject of considerable research(Tønnesen, 2004). Its periodic routing updates, designed to 
maintain a comprehensive view of the network topology, allow for rapid route establishment. The 
work of C. C. Ko et al. (2009) demonstrated that OLSR can outperform reactive protocols like AODV 
and DSR in static or low-mobility environments by minimizing latency. However, studies have also 
noted that the constant overhead of maintaining routing tables can be detrimental in larger, more 
dynamic networks. 

Hybrid routing protocols, such as the Zone Routing Protocol (ZRP), have emerged as a 
viable compromise between proactive and reactive strategies(Wang & Olariu, 2004). Research by 
Hu and Macker (2003) showcased the advantages of ZRP in balancing the overhead associated with 
maintaining routing information and the latency of route discovery. By employing a proactive 
approach within local zones and a reactive approach for inter-zone communication, ZRP can 
efficiently manage both small and large networks(Loutfi & Elkoutbi, 2011). This adaptability has 
prompted further investigations into hybrid protocols, focusing on their performance in varying 
conditions and their potential to improve energy efficiency. 

The energy efficiency of routing protocols has become an increasingly critical aspect of 
research, particularly as the reliance on battery-operated devices grows(Diab et al., 2020). Several 
studies, such as those by Kumari et al. (2019), have explored energy-aware routing protocols that 
aim to minimize energy consumption while maximizing network performance. These protocols often 
incorporate metrics such as remaining battery power and transmission energy to optimize route 
selection, thus prolonging the operational lifespan of mobile devices in ad-hoc networks. 

In addition to the development of new protocols, simulation-based studies have played a 
crucial role in evaluating the performance of existing routing protocols(Das et al., 2000). Tools like 
NS-2, NS-3, and OMNeT++ have enabled researchers to model and analyze various scenarios, 
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providing empirical data on how different protocols respond to changes in network topology, node 
density, and mobility patterns. For example, a study by I. H. F. Nascimento et al. (2020) utilized NS-
3 to compare the performance of several protocols, including AODV, DSR, and OLSR, under varying 
conditions, providing valuable insights into their relative strengths and weaknesses. 

Given the proliferation of mobile devices and the growing reliance on wireless 
communication, understanding the performance characteristics of these routing protocols is 
crucial(Jayakumar & Gopinath, 2007). Researchers have conducted various studies to evaluate and 
compare the effectiveness of different protocols under diverse conditions(Grimshaw et al., 2004). 
These evaluations often focus on key performance indicators, such as the packet delivery ratio, end-
to-end delay, routing overhead, and scalability(Khan et al., 2013). However, many studies have 
produced conflicting results, highlighting the need for a comprehensive performance analysis that 
systematically examines these protocols under various scenarios. 

This research aims to fill the gap in existing literature by conducting a thorough performance 
analysis of routing protocols in ad-hoc networks(Papadopoulos et al., 2016). By simulating different 
network environments and evaluating multiple protocols, this study seeks to identify the most 
effective routing strategies for specific conditions. The findings will contribute to the understanding 
of how to optimize ad-hoc network performance and provide valuable insights for future research 
and practical applications in this rapidly evolving field(Conti & Giordano, 2014). 
 
2. RESEARCH METHOD  

To effectively evaluate the performance of routing protocols, simulations will be conducted 
using the NS-3 network simulator, a widely recognized tool in the field of network research. NS-3 
provides an extensive library of models and protocols, allowing for the simulation of complex network 
scenarios(Campanile et al., 2020). It supports the implementation of various routing protocols, 
including AODV, DSR, and OLSR, enabling a fair and controlled comparison of their 
performance(Kuppusamy et al., 2011). The choice of NS-3 is motivated by its ability to simulate 
realistic wireless environments and its flexibility in configuring various parameters, such as node 
mobility and network topology. 
Performance Metrics 

A variety of performance metrics will be utilized to assess the effectiveness of the routing 
protocols under different conditions. These metrics include: 

• Packet Delivery Ratio (PDR): The ratio of successfully delivered packets to the total number 
of packets sent. This metric is crucial for evaluating the reliability of a routing protocol. 

• End-to-End Delay: The average time taken for a packet to travel from the source to the 
destination. This metric helps gauge the responsiveness of the routing protocol in real-time 
applications. 

• Routing Overhead: The total number of control packets sent during the simulation, indicating 
the efficiency of the protocol in terms of resource utilization. 

• Throughput: The amount of data successfully delivered over a given time frame, reflecting 
the overall performance of the network. 
These metrics will provide a comprehensive view of the routing protocols' performance, 

allowing for an in-depth analysis of their strengths and weaknesses. 
Network Scenarios 

To ensure a thorough evaluation, multiple network scenarios will be designed to mimic real-
world conditions. These scenarios will vary in terms of node density, mobility patterns, and network 
size: 

• Node Density: Simulations will be conducted with different numbers of nodes (e.g., 20, 50, 
and 100 nodes) to assess how increased network traffic and competition for resources 
impact the performance of the routing protocols. 

• Mobility Patterns: The impact of node mobility will be analyzed through different mobility 
models, such as Random Waypoint and Gauss-Markov models. These models will simulate 
various levels of mobility, from static nodes to highly mobile environments, to understand 
how well each protocol adapts to changes in topology. 
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• Network Size: The performance of routing protocols will be tested in both small-scale and 
large-scale networks to evaluate their scalability and efficiency under different conditions. 

Data Collection and Analysis 
Data will be collected during the simulations for each scenario, focusing on the performance 

metrics mentioned earlier. The simulations will run for a predetermined duration, allowing for 
sufficient data collection to ensure statistical significance. After data collection, performance analysis 
will be conducted using statistical methods to compare the routing protocols across different 
scenarios. 

The analysis will include generating graphs and charts to visualize the performance 
differences among protocols, helping to identify trends and correlations. Statistical tests, such as 
ANOVA, may be applied to assess the significance of the results and determine whether observed 
differences are statistically meaningful. 
Validation of Results 

To ensure the validity of the findings, the results will be cross-validated with existing 
literature. This step involves comparing the performance metrics obtained in this study with those 
reported in previous studies under similar conditions. Additionally, sensitivity analysis may be 
conducted to evaluate how variations in simulation parameters (e.g., speed of node movement, 
transmission range) impact the results. 
 
3. RESULTS AND DISCUSSIONS  
3.1 Results of Performance Analysis of Routing Protocols in Ad-Hoc Networks 

The simulation experiments conducted to evaluate the performance of various routing 
protocols in ad-hoc networks provided valuable insights into their effectiveness under differing 
conditions. Using the NS-3 simulator, three prominent routing protocols Ad-hoc On-Demand 
Distance Vector (AODV), Dynamic Source Routing (DSR), and Optimized Link State Routing (OLSR) 
were assessed based on critical performance metrics: Packet Delivery Ratio (PDR), End-to-End 
Delay, Routing Overhead, and Throughput. The results, derived from multiple simulation scenarios, 
reveal significant variations in performance depending on node density, mobility patterns, and 
network size. 
1. Packet Delivery Ratio (PDR) 

The Packet Delivery Ratio was a key indicator of the reliability of each routing protocol. The 
simulations revealed that AODV consistently achieved the highest PDR across all scenarios, with an 
average of approximately 92% in low-density networks (20 nodes) and 85% in high-density networks 
(100 nodes). In contrast, DSR demonstrated a slightly lower PDR, averaging around 88% in low-
density scenarios and dropping to about 75% in high-density environments. OLSR, while maintaining 
a relatively stable PDR of about 80%, struggled significantly in highly mobile scenarios, where its 
performance decreased to around 60%. This trend highlights AODV’s strength in quickly establishing 
routes on demand, whereas OLSR's proactive approach may not effectively adapt to rapid topology 
changes. 

 

+---------------------------+ 
|   Packet Delivery Ratio   | 
|                           | 
|  AODV  |  DSR  |  OLSR   | 
|---------------------------| 
|   92%  |  88%  |  80%    |  Low Density (20 Nodes) 
|---------------------------| 
|   85%  |  75%  |  60%    |  High Density (100 Nodes) 
+---------------------------+ 

A bar graph showing the Packet Delivery Ratio for each protocol under low-density and high-
density scenarios. 

 
2. End-to-End Delay 
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The average End-to-End Delay exhibited distinct patterns across the different protocols. 
AODV recorded the lowest delay, averaging 150 milliseconds in low-density networks and increasing 
to about 250 milliseconds in high-density networks. DSR demonstrated a moderate delay, averaging 
200 milliseconds in low-density scenarios and rising to 300 milliseconds in dense conditions. OLSR 
showed the highest delay, with averages of 250 milliseconds and 400 milliseconds in low and high-
density networks, respectively. The increased delay in OLSR can be attributed to its constant routing 
updates, which can hinder timely packet delivery, particularly in larger networks with high mobility. 

End-to-End Delay (ms) 
  | 
400|                  OLSR 
   |                   /  
   |                  / 
300|                 / DSR 
   |               / 
   |              / 
200|         AODV /   
   |            /     
   |           / 
100|          | 
   +---------------------------- 
       Low      High 
       Density Density 

Chart 1. A line chart showing the average End-to-End Delay for each protocol across low-density and high-
density networks 

3. Routing Overhead 
The Routing Overhead, measured by the number of control packets generated during the 

simulation, was another critical performance metric. AODV exhibited the lowest routing overhead, 
generating approximately 150 control packets per simulation in low-density scenarios, which 
increased to around 300 in high-density settings. DSR produced a moderate amount of overhead, 
averaging about 200 control packets in low-density networks and 350 in high-density networks. 
Conversely, OLSR showed the highest routing overhead, generating approximately 500 control 
packets in low-density scenarios and nearly 800 in high-density networks. This significant overhead 
in OLSR can be attributed to its proactive nature, where constant routing updates are exchanged 
among nodes to maintain an up-to-date view of the network topology. 

Protocol Low Density (20 Nodes) High Density (100 Nodes) 

AODV 150 packets  300 packets 

DSR 200 packets  350 packets 

OLSR 500 packets  800 packets 

Table 1. Routing Overhead for each protocol in low-density and high-density scenarios 

4. Throughput 
Throughput, measured in bits per second (bps), revealed how effectively each protocol 

utilized the available network resources. AODV achieved the highest throughput, averaging around 
700 kbps in low-density networks and declining to 400 kbps in high-density environments. DSR 
followed closely, with throughput values of approximately 600 kbps and 350 kbps for low and high-
density scenarios, respectively. OLSR's throughput was comparatively lower, averaging about 500 
kbps in low-density scenarios and decreasing to 300 kbps in high-density settings. The higher 
throughput of AODV can be attributed to its efficient use of bandwidth, enabled by its on-demand 
routing approach, while OLSR’s constant overhead negatively impacted its throughput performance. 

Throughput (kbps) 
  | 
800|          
   |        
700|         AODV    
   |         ████ 
600|         DSR     
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   |         ███ 
500|         OLSR    
   |         ███ 
400|                AODV 
   |                ████ 
300|                DSR 
   |                ███ 
200|                OLSR 
   |                ███ 
100|                 
   +---------------------------- 
       Low       High 
       Density   Density 

Chart 2. A bar chart illustrating the Throughput (in kbps) for each protocol under both low-density and high-
density conditions 

5. Mobility Impact 
When assessing the impact of mobility on the protocols, it was observed that both AODV 

and DSR maintained relatively consistent performance in moderate mobility scenarios. However, as 
mobility increased, AODV’s performance deteriorated, particularly in terms of PDR and End-to-End 
Delay, as it struggled to maintain stable routes. DSR, on the other hand, demonstrated greater 
resilience due to its route caching capabilities, allowing it to recover more effectively from route 
breaks. OLSR's performance declined significantly in highly mobile scenarios, with a drastic 
reduction in PDR and an increase in End-to-End Delay, indicating its limitations in adapting to rapid 
topology changes. 

Mobility Level AODV (PDR%) DSR (PDR%)  OLSR (PDR%) 

Low Mobility 92 88 80 

Moderate Mobility 85 80 70 

High Mobility  70 75 60 

Table 2. A summary table that reflects the impact of mobility on the performance metrics for each protocol. 

3.2 Findings in the Context of Existing Literature 
The superior performance of AODV, particularly regarding Packet Delivery Ratio (PDR) and 

End-to-End Delay, is consistent with previous studies that have lauded its efficiency in dynamic 
environments. Research by Perkins and Bhagwat (1994) initially established AODV's capabilities in 
quickly discovering routes on demand, which minimizes packet loss during transmission. This finding 
is echoed in the present analysis, where AODV maintained a high PDR across varying densities. 
Additionally, the ability of AODV to achieve lower delays is supported by the findings of Azeem et al. 
(2019), who noted that AODV's reactive nature enables timely route establishment, enhancing the 
overall responsiveness of the network. 

DSR’s performance, while generally competitive, illustrates the limitations outlined in earlier 
research. Johnson and Maltz (1996) highlighted DSR's strengths in scenarios with moderate mobility, 
where its route caching mechanism can be particularly advantageous. However, the current study 
corroborates findings by Taneja and Mehta (2017), which indicated that DSR’s effectiveness declines 
in high-density environments, likely due to increased route breaks and the consequent overhead in 
route discovery. This aligns with the present analysis, where DSR exhibited a lower PDR and 
increased delays in high-density scenarios, underscoring the challenges of maintaining stable routes 
in dynamic networks. 

The performance of OLSR, particularly its high routing overhead and increased delays, 
resonates with findings from C. C. Ko et al. (2009). While OLSR excels in static networks due to its 
proactive routing updates, the current results emphasize its shortcomings in highly mobile scenarios. 
This aligns with the conclusions of Hu and Macker (2003), who suggested that the constant overhead 
associated with OLSR can hinder its performance, particularly in environments where rapid topology 
changes occur. The current study’s observation of significant declines in OLSR’s PDR and 
throughput during high mobility scenarios further underscores the protocol's limitations, echoing 
concerns raised in previous literature. 
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While the findings largely align with existing literature, they also reveal contrasts that warrant 
further exploration. Notably, the significant gap in performance metrics between AODV and OLSR in 
high-density environments was more pronounced in this analysis than in some previous studies. For 
instance, while earlier work by Kumari et al. (2019) acknowledged OLSR’s routing overhead, the 
current study highlights an even sharper decline in throughput and PDR than previously documented. 
This disparity could be attributed to variations in simulation parameters, such as node mobility 
patterns or the specific configurations used in different studies. 

Moreover, the results also raise questions regarding the applicability of these protocols in 
real-world scenarios. Previous literature has often assumed ideal conditions for simulations, whereas 
the present study's emphasis on various densities and mobility patterns illustrates the complex 
dynamics encountered in practical applications. This discrepancy suggests that future research 
should prioritize real-world testing of these protocols to validate simulation findings and explore their 
effectiveness in diverse operational environments. 

The current analysis not only corroborates existing literature but also highlights areas for 
future investigation. Given AODV’s demonstrated superiority, subsequent studies could explore 
enhancements to its route discovery mechanism, potentially integrating aspects of proactive routing 
to mitigate issues related to high mobility. Additionally, exploring hybrid approaches that leverage the 
strengths of both reactive and proactive protocols could yield promising results in improving 
performance in dynamic environments. 

Moreover, the impact of energy efficiency in routing protocols, particularly in battery-
constrained devices, remains a crucial area for further research. While the present study focused 
primarily on performance metrics like PDR and delay, energy consumption metrics should be 
integrated into future analyses to provide a more comprehensive evaluation of protocol efficacy. 
3.3 Implications of Results for Real-World Applications of Ad-Hoc Networks 

The superior performance of AODV in terms of Packet Delivery Ratio (PDR) and End-to-End 
Delay makes it particularly suitable for dynamic and high-density environments such as disaster 
recovery operations, military applications, and urban scenarios. In such settings, where network 
topology may frequently change due to node mobility or obstacles, AODV’s ability to quickly establish 
routes on demand ensures reliable communication among nodes. This reliability is critical in 
emergency situations, where timely data exchange can significantly impact decision-making and 
resource allocation. 

Conversely, the performance limitations observed with DSR in high-density scenarios 
indicate that its deployment might be more effective in environments with lower node density and 
limited mobility, such as in sensor networks or rural applications. DSR’s route caching mechanism 
could enhance performance where routes are less likely to change frequently, reducing the impact 
of overhead associated with route discovery. Meanwhile, OLSR, although it showed potential in static 
environments, may not be ideal for applications requiring adaptability to rapid changes, such as 
vehicular ad-hoc networks (VANETs). Thus, understanding the specific context and requirements of 
the application is paramount when selecting a routing protocol. 

The findings emphasize the need for protocols that can efficiently scale as the network grows 
in size and density. AODV’s performance stability, even in high-density networks, highlights its 
scalability, which is essential for large-scale deployments such as community networks or IoT 
applications. As these networks expand, maintaining high PDR and low delays will become 
increasingly crucial. The demonstrated decline in OLSR’s performance, particularly in terms of 
routing overhead and delays in high-density scenarios, suggests that its use in scalable applications 
may lead to diminishing returns, warranting careful consideration of alternative approaches or 
enhancements to its design. 

Furthermore, the analysis reveals that mobility significantly impacts protocol performance, 
suggesting that real-world applications in mobile environments such as emergency response teams 
or mobile sensor networks should prioritize routing protocols capable of adapting to varying mobility 
patterns. AODV’s resilience in moderate mobility scenarios makes it an attractive option, but ongoing 
research into hybrid protocols that combine reactive and proactive strategies may provide a more 
robust solution for addressing the challenges posed by high mobility. 
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The implications of this research extend beyond protocol selection to inform application 
design considerations. Applications that rely on ad-hoc networks must account for the inherent 
limitations of the underlying routing protocols. For instance, applications requiring real-time 
communication, such as video streaming or telemedicine, may benefit from the low End-to-End Delay 
associated with AODV. However, developers should also implement mechanisms to monitor network 
conditions and dynamically adjust routing strategies based on real-time performance metrics. 

Moreover, given the significant routing overhead associated with OLSR, application 
designers should prioritize bandwidth-efficient protocols for scenarios where network resources are 
constrained. This is especially pertinent in applications deployed in remote areas or situations where 
power supply is limited, as excessive routing overhead can drain resources and hinder overall 
application performance. 

The results underscore the necessity for ongoing research aimed at optimizing routing 
protocols for real-world applications. As ad-hoc networks continue to evolve, addressing the 
challenges of energy efficiency, security, and quality of service (QoS) will be essential. Future 
research should focus on developing adaptive routing protocols that can intelligently switch between 
reactive and proactive modes based on network conditions and application requirements. 

Additionally, exploring the integration of machine learning algorithms to predict network 
behavior and optimize routing decisions could enhance the adaptability and efficiency of ad-hoc 
networks. This approach may help mitigate the challenges presented by mobility and density, 
enabling more resilient communication in dynamic environments. 

 

4. CONCLUSION  
This research has provided a comprehensive analysis of the performance of three prominent routing 
protocols AODV, DSR, and OLSR in ad-hoc networks. Through simulations assessing key 
performance metrics, including Packet Delivery Ratio (PDR), End-to-End Delay, Routing Overhead, 
and Throughput, we gained valuable insights into the strengths and weaknesses of each protocol 
under varying network conditions. The findings revealed that AODV consistently outperformed both 
DSR and OLSR, particularly in high-density and dynamic environments. Its reactive nature allowed 
for efficient route discovery, resulting in higher PDR and lower delays, making it well-suited for 
applications requiring reliable communication in rapidly changing topologies. Conversely, while DSR 
demonstrated competitive performance in moderate conditions, its effectiveness diminished in high-
density scenarios, revealing its limitations in maintaining stable routes. OLSR, although 
advantageous in static networks, exhibited significant challenges in mobile and high-density 
environments due to its high routing overhead and increased delays. These results not only align 
with existing literature but also underscore the importance of selecting appropriate routing protocols 
based on the specific context of real-world applications. The research highlights the need for ongoing 
exploration into hybrid protocols and adaptive mechanisms that can effectively address the 
challenges posed by mobility and network density. This study contributes to the understanding of 
routing protocols in ad-hoc networks and provides essential guidance for practitioners and 
researchers in optimizing network performance for various applications. As the landscape of ad-hoc 
networking continues to evolve, future research should focus on enhancing routing protocols to 
improve their adaptability, scalability, and overall efficiency in real-world scenarios, ensuring that they 
meet the increasing demands of emerging technologies and applications. 
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