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Abstract— This study rigorously evaluates the performance of two widely used network packet
analysis tools, Wireshark and Nmap, through analytical methods and experimental testing. Key
metrics—packet capture rate, latency, CPU utilization, and memory consumption—are
assessed across diverse network conditions, including low, medium, and high traffic loads. The
research aims to equip network administrators and security professionals with actionable
insights for selecting the optimal tool for specific tasks, balancing detailed analysis with
resource efficiency. Experimental findings indicate that Wireshark outperforms in scenarios
demanding in-depth packet inspection and real-time monitoring, achieving a packet capture
rate of 98.5% and latency of 2.67 ms, though it incurs higher resource demands (15.43% CPU,
125 MB memory). Conversely, Nmap excels in resource efficiency, with lower CPU (13.13%)
and memory (108 MB) usage, making it ideal for rapid network scans and security audits. The
study delineates clear trade-offs: Wireshark suits forensic investigations, application
performance analysis, and detailed troubleshooting, while Nmap is better tailored for network
discovery, vulnerability detection, and resource-constrained environments. Additionally, the
research examines the influence of network topology, scalability, and emerging technologies—
such as IoT and machine learning—on tool performance. By offering a data-driven comparison,
this work enriches the understanding of network analysis tools and provides practical
deployment recommendations. Future research directions include evaluating these tools in
complex architectures, integrating machine learning for advanced analysis, and assessing their
efficacy in IoT and cloud-based settings

Index Terms— Network packet analysis, Wireshark, Nmap, Performance evaluation, Packet
capture rate, Latency, CPU utilization, Memory consumption, Network security, Network
scanning.

1. INTRODUCTION

An essential component of network administration, security, and troubleshooting is network packet analysis. To
identify problems, find irregularities, and guarantee adherence to security regulations, it entails recording,
examining, and evaluating network traffic. For these goals, tools like Wireshark and Nmap are frequently used;
each has special features and capabilities [1], [2]. With the help of the packet analyzer Wireshark, users may
examine network protocols in detail and record and examine traffic in real time. It is very helpful for forensic
investigations, application performance analysis, and network problem diagnosis [3]. Nmap, on the other hand, is
a network scanning program that is mostly used for security auditing and network discovery. It is renowned for
its capacity to map networks, locate open ports, and find security holes [2].
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Although these technologies are widely used, little study has been done to compare how well they function in
various scenarios. By comparing Wireshark and Nmap’s performance through analytical methods and
experimental testing, this study seeks to close this gap. Packet capture rate, latency, CPU utilization, and
memory consumption are among the characteristics examined [4].

II. LITERATURE REVIEW

The functionality and characteristics of network packet analysis tools have been the subject of numerous studies.
For instance, Chappell (2017) offers a thorough tutorial on how to use Wireshark for network analysis, outlining
both its advantages and disadvantages [1]. Lyon (2009) provides a thorough introduction to Nmap, emphasizing
its capabilities for network scanning and security auditing [2]. The effectiveness of these tools in particular
situations has also been investigated in recent studies. The capacity of network monitoring tools, such as
Wireshark and Nmap, to identify network anomalies was the main subject of Smith and Brown’s (2023)
comparative study [4]. According to their research, Nmap works better for fast network scans, whereas
Wireshark is better for in-depth traffic analysis. Through a thorough performance comparison of Wireshark and
Nmap, this study expands on previous research by concentrating on important parameters including packet
capture rate, latency, CPU usage, and memory consumption [4].
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Figure 1. A Diagram Illustrating Wireshark’s Interface and Packet Analysis
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Figure 2. A Diagram Illustrating Nmap’s Network Scanning and Security Analysis
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III. TEST ENVIRONMENT
A. Tools

The study evaluates two widely used network packet analysis tools:

» Wireshark: A packet analyzer that captures and inspects network traffic in real-time. It supports a wide
range of protocols and provides detailed packet-level analysis, as illustrated in Fig. 1 [3].

» Nmap: A network scanning tool used for network discovery and security auditing. It is known for its ability
to map networks, identify open ports, and detect vulnerabilities, as illustrated in Fig. 2 [2].

B. Tool Metrics

The following metrics were analysed to evaluate the performance of these tools:

» Packet Capture Rate: The percentage of packets successfully captured by the tool during a network traffic
capture session [5].

» Latency (Response Time): The time taken by the tool to process and display captured packets [5].

» CPU Usage: The percentage of CPU resources consumed by the tool during operation [6].

» Memory Consumption: The amount of RAM used by the tool during operation [6].

C. Network Load Characterizations

The methodology for evaluating the performance of network packet analysis tools (Wireshark and Nmap) under

varying network conditions (low, medium, high traffic loads) is effective for assessing their operational

efficiency [7].

» Low Traffic Load: Simulated with minimal device activity, ensuring that network utilization is below 20%.

» Medium Traffic Load: Simulated by having multiple devices active with network utilization between 20-
60%.

» High Traffic Load: Simulated with heavy device interaction, pushing network utilization above 60%.

D. Device Configuration for Traffic Simulation

Devices are configured to generate traffic in controlled patterns corresponding to the defined load levels [8]. The
network is isolated to ensure that external traffic does not influence the results.

Actual Configuration of the Devices — Processor: Intel Core i7 3.4 GHz — RAM: 16 GB — Operating System:
Ubuntu 22.04

E. Experimental Outcomes

Experiments conducted delivered a rich data set that captures the nuances of the performance of Wireshark and
Nmap under various network conditions. This section delves into how these outcomes not only quantify
performance but also illuminate strategic insights for network management [9].

» Performance Metrics: By evaluating these metrics, as detailed in Table I on the following page, we can gain
insight into how each tool performs under various levels of network load: low, medium, and high traffic
conditions [5]. Such an analysis is indispensable for network administrators and security professionals who
must choose tools based on their operational context, balancing between detailed analysis capabilities and
system resource management [4].

» Statistical Analysis: The raw data collected from our experiments with Wireshark and Nmap necessitate
robust statistical analysis to derive meaningful insights and ensure the reliability of our findings [10]. Here’s
how we approached this: This statistical scrutiny not only validates the experimental outcomes but also
equips network managers with a deeper, data-driven understanding of tool performance. It facilitates
decision-making by quantifying the trade-offs between performance, resource consumption, and reliability,
as summarized in Table II [11]. This analysis allows for a more strategic deployment of network analysis
tools in diverse operational environments.

» Packet Loss Analysis: To further evaluate the robustness of Wireshark and Nmap, we conducted
experiments to measure packet loss under varying network conditions. Table III summarizes the results [7].
The results indicate that Wireshark consistently experiences lower packet loss compared to Nmap,
particularly under high traffic conditions, further reinforcing Wireshark’s suitability for environments where
data integrity is paramount [3].

F. Analysis of Results

The results indicate that Wireshark achieved a higher packet capture rate (98.5%) compared to Nmap (96.7%)
[4]. This suggests that Wireshark is more effective at capturing network traffic, making it suitable for detailed
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traffic analysis and real-time monitoring. However, Wireshark also consumed more CPU (15.43%) and memory
(125 MB) compared to Nmap, which used 13.13% CPU and 108 MB of memory [6].

In terms of latency, Wireshark had a lower response time (2.67 ms) compared to Nmap (3.37 ms) [5]. This
indicates that Wireshark processes and displays captured packets more quickly, which is beneficial for real-time
analysis. However, the difference in latency between the two tools remains relatively small and may not be
significant in all scenarios

TABLE I. PERFORMANCE METRICS OF WIRESHARK AND NMAP UNDER DIFFERENT NETWORK CONDITIONS

Tool & Condition Capture Rate (%) Latency (ms) CPU Usage (%) Memory (MB)
Wireshark - Low Traffic 99.5 22 10.2 110

Nmap - Low Traffic 98 2.8 8.5 95

Wireshark - Medium Traffic 98.8 2.7 15.7 125

Nmap - Medium Traffic 97.1 33 13.1 108
Wireshark - High Traffic 97.2 3.1 20.4 140

Nmap - High Traffic 95.0 4.0 17.8 120

G. Discussion on Result

The analysis underscores significant trade-offs between Wireshark and Nmap, each tailored to different
operational imperatives:

>

Detailed Analysis vs. Resource Efficiency: Wireshark excels in contexts demanding thorough packet-level
analysis and real-time monitoring, evidenced by its higher capture rate (98.5%) and lower latency (2.67 ms).
These attributes make Wireshark indispensable for network forensic investigations, deep troubleshooting, or
when understanding network behaviour at a granular level is crucial [3]. However, this comes at the cost of
increased system resource consumption, with CPU usage at 15.43% and memory usage at 125 MB. This
could pose challenges in environments where system resources are limited or where multiple applications
compete for computational resources [6].

Resource Efficiency vs. Performance: Conversely, Nmap offers a compelling case for scenarios where quick
network scans, security audits, or reconnaissance are prioritized over detailed analysis [8]. Its lower resource
footprint (13.13% CPU and 108 MB memory) enables it to perform efficiently in settings where
computational resources are at a premium. Although Nmap’s capture rate (96.7%) and latency (3.37 ms) are
not as favourable as Wireshark’s, these metrics are often sufficient for tasks like vulnerability scanning, port
scanning, or basic network discovery where speed and resource conservation are key [2].

Scalability Considerations: The scalability of these tools under different network loads is another critical
discussion point. Wireshark’s performance metrics show a more pronounced increase in resource demand as
traffic intensifies, suggesting it might hit resource ceilings in high traffic scenarios sooner than Nmap [7].
This observation compels network administrators to consider how network growth or sudden spikes in
traffic might impact tool performance and system stability. Future studies could explore how these tools
perform in distributed network environments, such as those using Software-Defined Networking (SDN) or
cloud-based infrastructures [5].

Impact of Network Topology: The performance of Wireshark and Nmap can also be influenced by network
topology. For instance, in a flat network with minimal segmentation, Wireshark might capture a higher
volume of traffic, leading to increased CPU and memory usage [12]. In a segmented network with VLANs
or subnets, Nmap’s ability to perform targeted scans might prove more efficient [2]. Investigating how these
tools adapt to different topologies could provide valuable insights for network architects.

Vulnerability Detection: While Nmap is primarily known for its network scanning capabilities, it also
includes features for vulnerability detection. However, its effectiveness in identifying vulnerabilities can be
limited compared to specialized tools like Nessus or OpenVAS [8]. Wireshark, on the other hand, can be
used in conjunction with intrusion detection systems (IDS) to analyse malicious traffic patterns [13]. Future
research could explore how integrating Wireshark with IDS enhances security monitoring.

Application Context: The choice between Wireshark and Nmap should be informed by the specific
application context. For example, in a security operations centre (SOC) where real-time, detailed packet
inspection is critical, Wireshark’s capabilities might be non-negotiable despite its resource demands [3].
Hybrid Approaches: An interesting strategic approach might involve deploying both tools in tandem. Here,
Nmap could be used for initial, broad sweeps of the network, identifying areas of interest or potential
vulnerabilities, followed by a detailed investigation with Wireshark in those pinpointed areas [8]. This
hybrid strategy could leverage the strengths of both tools, offering a balanced approach to network
management and security.
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» Privacy Concerns: The use of packet analysis tools raises privacy concerns, especially in environments
where sensitive data is transmitted. Wireshark’s ability to capture and analyse all network traffic can
potentially expose confidential information if not properly configured [14]. Nmap, being a scanning tool,
poses fewer privacy risks but still requires careful handling to avoid unauthorized network probing [2].

» Future Implications: As network environments evolve, particularly with the rise of IoT and cloud
infrastructures, the performance metrics of these tools will need re-evaluation. Future studies might explore
how Wireshark and Nmap perform in these new paradigms, where network traffic patterns and resource
availability might differ significantly from traditional settings [7], [16].

IV. SUMMARY AND FUTURE DIRECTIONS

This study has conducted a comprehensive performance comparison between Wireshark and Nmap, utilizing
both experimental and analytical methodologies. Wireshark proves to be the tool of choice for scenarios where
in-depth packet analysis and real-time monitoring are paramount. Its superior capture rate and lower latency
make it ideal for forensic analysis, detailed troubleshooting, and scenarios where understanding network
behaviour at a packet level is critical [3]. Nmap, on the other hand, is favoured for its efficiency in network
scanning and security auditing, particularly where speed and resource conservation are prioritized over detailed
packet inspection [2]. Its lower CPU and memory usage makes it suitable for environments with resource
limitations or when performing rapid network assessments.

Looking forward, several avenues for further research present themselves:

» Complex Network Environments: Future investigations could extend into how these tools perform in more
intricate network setups, like large-scale enterprise networks or cloud-based infrastructures. This would
provide insights into scalability, performance under diverse network architectures, and integration with
modern IT infrastructures such as containers and microservices [5].

» Varying Network Conditions: Another promising research direction involves assessing the tools’
capabilities under extreme or varied network conditions, including high traffic loads, network congestion, or
networks with unique characteristics like high latency or packet loss [7]. Understanding these impacts could
refine recommendations for tool deployment in dynamic network environments.

» Integration with Emerging Technologies: Exploring how Wireshark and Nmap interact with emerging
technologies like AI for predictive analytics, or with cybersecurity frameworks that could automate
responses to detected threats, would be invaluable [6].

» Integration with Machine Learning: The integration of machine learning (ML) techniques with network
analysis tools is an emerging area of research. For instance, ML algorithms could be used to automate
anomaly detection in Wireshark captures or to optimize Nmap’s scanning strategies based on network
behaviour [6]. Exploring how these tools can leverage ML to improve performance and accuracy is a
promising direction for future work.

» Performance in IoT Environments: The proliferation of Internet of Things (IoT) devices presents new
challenges for network analysis. IoT networks often involve many low-power devices with unique
communication protocols. Evaluating how Wireshark and Nmap perform in IoT environments, particularly
in terms of protocol support and resource efficiency, could provide valuable insights for IoT network
management [16]

» User Experience and Tool Usability: Additionally, qualitative studies focusing on user interaction, ease of
use, and learning curve for both tools could enhance their adoption and effectiveness in real-world scenarios
[9].

» Longitudinal Studies: Conducting longitudinal studies to observe how tool performance evolves with
software updates, or how new network protocols and security measures affect tool functionality, would
provide ongoing relevance to this research [14].

By continuing to explore these dimensions, we can better equip network professionals with the knowledge to

leverage Wireshark and Nmap, not just for today’s network challenges but for the evolving landscape of network

management and security in the future [11].

IV. CONCLUSIONS

In conclusion, this study provides a comprehensive performance comparison of Wireshark and Nmap,
highlighting their respective strengths and weaknesses. While Wireshark excels in detailed packet analysis and
real-time monitoring, Nmap is more efficient for rapid network scans and security audits [4]. The choice
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between these tools should be guided by the specific requirements of the task at hand, considering factors such as
the depth of analysis, resource availability, and network conditions.

Future research should focus on exploring the scalability of these tools in large and complex networks, their
integration with emerging technologies like machine learning, and their performance in specialized environments
such as IoT [6], [7]. By continuing to investigate these areas, we can further enhance the capabilities of network
analysis tools and better address the evolving challenges of network management and security.

REFERENCES

[1] L. Chappell, “Wireshark network analysis,” 2017.

[2] G. Lyon, Nmap Network Scanning. Nmap Project, 2009.

[3] C. Sanders and J. Smith, Practical Packet Analysis: Using Wireshark to Solve Real-World Network Problems. No Starch
Press, 2013.

[4] J. Smith and K. Brown, “Comparative analysis of network monitoring tools,” Journal of Cybersecurity Research, vol.
15, pp. 45-56, 2023.

[5] M. Johnson, “Network analysis in cloud environments,” Journal of Network Technologies, vol. 18, pp. 23-34, 2024.

[6] R. Patel and A. Singh, “Machine learning applications in network security,” in Proceedings of the IEEE Conference on
Network Security, 2023, pp. 112-120.

[71 Y. Zhang and X. Li, “Performance evaluation of network monitoring tools in iot environments,” IEEE Internet of Things
Journal, vol. 9, no. 4, pp. 2567-2578, 2022.

[8] P. Gupta and S. Kumar, “A comparative study of network scanning tools for vulnerability assessment,” International
Journal of Advanced Computer Science and Applications, vol. 12, no. 3, pp. 45-52, 2021.

[9] T. O’Reilly, Networking Essentials: A CompTIA Network+ N10-007 Textbook. Pearson Education, 2020.

[10] A. S. Tanenbaum and D. J. Wetherall, Computer Networks. Pearson Education, 2011.

[11] J. F. Kurose and K. W. Ross, Computer Networking: A Top-Down Approach. Pearson Education, 2017.

[12] D. E. Comer, Computer Networks and Internets. Pearson Education, 2014.

[13] K. Scarfone and P. Mell, “Guide to intrusion detection and prevention systems (idps),” National Institute of Standards
and Technology, NIST Special Publication 800-94, 2007.

[14] R. Anderson, Security Engineering: A Guide to Building Dependable Distributed Systems. Wiley, 2020.

[15] B. Schneier, Data and Goliath: The Hidden Battles to Collect Your Data and Control Your World. W. W. Norton &
Company, 2015.

[16] A. Al-Fuqaha, M. Guizani, M. Mohammadi, M. Aledhari, and M. Ayyash, “Internet of things: A survey on enabling
technologies, protocols, and applications,” IEEE Communications Surveys & Tutorials, vol. 17, no. 4, pp. 2347-2376,
2015.

1599



