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[bookmark: _Toc228325198][bookmark: _Toc24954]CHAPTER1

[bookmark: _Toc228325199]1.1 INTRODUCTION

In modern internet architecture, the Transmission Control Protocol (TCP/IP) serves as the core engine driving the operation of global internet and enterprise networks. Its primary goal is to achieve seamless interconnection between heterogeneous networks, thereby providing universal and reliable communication capabilities for diverse network architectures. Undeniably, the value of network interconnection lies in transcending geographical boundaries, enabling hosts in different networks to establish communication connections [1]. Most networks employ a layered protocol architecture, where each layer serves the upper layers while abstracting the implementation details of underlying protocols. To ensure accurate and efficient data packet forwarding across the network, the routing function at the network layer is essential. This layer plays a central role in both datagram transmission and path selection.[1]

In the network architecture, the Internet consists of interconnected subnets (Autonomous Systems, AS) linked by backbone links. The IP protocol ensures data packet forwarding between these autonomous systems. Regardless of network location, devices rely on various routing protocols to guarantee reliable data transmission from source nodes to destination nodes [2]. The router acquires network topology data via routing protocols, evaluates multiple potential paths, and selects the optimal route based on optimization principles (routing protocols are customizable, with path priorities adjustable through configuration commands). Significant differences among routing protocols in path calculation mechanisms, convergence speed, and scalability may lead to varying impacts on overall network performance.

For large enterprise networks[4], selecting appropriate dynamic routing protocols (such as OSPF, EIGRP, or RIP) is critical for enhancing performance, improving reliability, and supporting future scalability. As organizations expand or network environments evolve (e.g., changes in link configurations, department consolidations, or growing service demands), network topologies often require continuous adjustments. In such scenarios, optimizing routing mechanisms, reducing network latency, increasing throughput, minimizing packet loss, and preventing bottlenecks and single points of failure have become core requirements in enterprise network design and maintenance. For instance, adopting more efficient routing protocols or implementing rational topologies (such as mesh architectures[5]) can maintain communication through backup paths during link failures, ensuring the continuity of critical business services. [3].

This experiment is a test and analysis experiment for network routing protocol.

[image: 图示
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*Figure1: What’s networking[4]                                                    *Figure2: Routing protocol[5]


[bookmark: _Toc228325200][bookmark: _Toc4888]1.2 AIM 
The aim of this project is to simulate a large-scale enterprise network environment to evaluate and compare the performance of different routing protocols, analysing their efficiency, time performance, and cost implications to support informed enterprise network design and routing strategy optimisation. 

[bookmark: _Toc228325201]1.3 OBJECTIVES 
The five objectives for this report are: 
1. Conduct a structured literature review of routing protocols and network simulation tools (including GNS3 and Huawei eNSP) to identify key performance metrics, comparison criteria, and existing research gaps relevant to enterprise network environments. 
2. Identify and justify an appropriate research methodology for the project, selecting suitable experimental and analytical approaches to ensure reliable comparison of routing protocols within a simulated enterprise network environment. 
3. Design and implement a representative enterprise network simulation using tools such as GNS3 and/or Huawei eNSP, configuring and testing at least two routing protocols based on defined performance criteria. 
4. Capturing and analyses network performance data using tools such as Wireshark, evaluating measurable metrics including latency, throughput, and convergence time to enable objective comparison of routing protocols. 
5. Evaluate and interpret the findings by comparing protocol performance alongside estimated deployment and operational costs and produce justified recommendations for enterprise network architecture and routing strategy optimisation.

[bookmark: _Toc228325202]1.4 CONCLUSION

This chapter introduces the background of the experiment, its purpose, and the research subjects. 

[bookmark: OLE_LINK6]In Chapter 2, "Research and Literature Review", I will study relevant literature on routing protocols, network simulation tools, and the indicators used. 

The 3rd chapter will be the "Methodology section", where the experiment will be designed using the "Research Onion" method to ensure the reproducibility and reliability of the experiment. 

In the Chapter 4,"design and implementation section", I will present the network topology and device configurations on the two simulation platforms, including correct network address allocation and routing protocols, etc. After the topology can operate normally, I will use network protocol analyser (Wireshark and Npcap) for caught, testing and data collection. 

Chapter 5 is the "Evaluation" section, where I will compare the experimental results of Chapter 4, compare the device data under different platforms, and draw conclusions. 

Chapter 6 will combine the results of the previous two chapters and the actual equipment costs to provide some reference suggestions for the company to choose brands and equipment. 

Chapter 7 will be personal "Reflection". I will review all the efforts related to the project throughout the year, summarize the new knowledge I have learned and the points that are helpful for personal improvement. 

Chapters 8 and 9 will present reference resources, Gantt charts, and some tools I used to help me learn in IEEE format.
[bookmark: _Toc228325203]CHAPTER 2
RESEARCH & REVIEW OF LITERATURE

[bookmark: _Toc228325204]2.1 INTRODUCTION
This chapter will validate the research rationale and theoretical framework of the study within computer network disciplines through systematic analysis of literature on network topology. The literature review begins with fundamental theories of network topology and routing, then examines the characteristics of RIP, OSPF, and EIGRP. It compares existing performance evaluations of these protocols and extends to emerging intelligent technologies in network performance optimization. Finally, the chapter critically assesses limitations in prior research to highlight the necessity and contributions of this study.

2.1.1 Overview of Interior Gateway Protocol 

Before analyzing the references, the author will briefly explain the concepts of RIP, OSPF, and EIGRP routing protocols to help readers better understand the research. Understanding the principles and characteristics of these protocols enables a fair evaluation of their performance.

RIP (Routing Information Protocol) 

The Routing Information Protocol (RIP) is designed to assist routers in determining the optimal path for transmitting data packets within a network. It uses the number of hops as its routing metric, and due to its limited scalability, it is mainly used in small to medium-sized networks. [8]

The “packet count” indicator refers to the number of routers that a data packet must pass through before reaching its destination. [8]

OSPF (Open Shortest Path First) 

Open Shortest Path First (OSPF) is a link-state Interior Gateway Protocol (IGP) developed by the Internet Engineering Task Force (IETF) to provide efficient routing within an Autonomous System (AS). OSPF uses the Shortest Path First (SPF) algorithm, developed by Dijkstra, to determine the best route to each destination.[9]

EIGRP (Enhanced Interior Gateway Routing Protocol)

Enhanced Interior Gateway Routing Protocol (EIGRP) is an advanced distance-vector routing protocol that uses characteristics of both distance-vector and link-state protocols, making it a hybrid routing protocol.[10]


2.1.2 Network Topology and Its Influence on Routing

Network topology serves as the foundational infrastructure for routing protocols. As demonstrated by Liu and Liu (2014) [6], it not only governs the physical and logical interconnections among network nodes but also directly impacts routing efficiency, reliability, and congestion behaviour.[6]

The paper divides the common network topology into eight categories: point-to-point, bus, star, ring, mesh, tree, hybrid, and daisy chain.[6]

For instance ：
· The star and bus topology are used in traditional LAN, which are simple and easy to deploy, but have weak fault tolerance.[6] [11]
· Mesh and hybrid topologies provide multi-path redundancy, making them more suitable for large enterprise networks as they maintain communication continuity through alternative paths when links fail. [6]

Liu's literature analysis reveals that the redundant path feature in mesh architectures enables dynamic routing protocols like OSPF and EIGRP to fully leverage multipath advantages, achieving faster convergence and higher path selection efficiency.[9][10] In contrast, RIP's reliance on hop count and periodic updates makes it unsuitable for complex topologies or large-scale networks.[10]



2.1.3 Performance Research and Comparison of RIP, OSPF and EIGRP
[bookmark: OLE_LINK7]

Ioan & Gavril [2], in their research paper “Network Performance Evaluation for RIP, OSPF and EIGRP Routing Protocols”. Using “Opnet” Simulator conducted a systematic evaluation of the performance of these three protocols under different network scales, traffic pressures, and topological conditions. 	Comment by Munyaradzi Nicholas Murira: You should maintain your referencing style through out , e,g According to Smith [2], OSPF performs better in large networks.

The literature indicates that in terms of convergence speed, due to the different principles of various routing protocols, it is manifested as follows: EIGRP > OSPF > RIP (speed from fast to slow)[2][11] 
EIGRP achieved peak throughput across all test scenarios due to its precise comprehensive metrics and superior path selection, while OSPF demonstrated stable performance and RIP recorded the lowest throughput. EIGRP's rapid fault detection capability also resulted in the lowest packet loss rate, whereas RIP's high packet loss rate stemmed from frequent routing inconsistencies during convergence[2][11]. In latency performance, OSPF outperformed all protocols by enabling rapid adaptation to network changes, achieving optimal load balancing and bandwidth utilization with minimal latency[2]; EIGRP follows closely behind, while RIP experiences the highest latency due to sub-optimal path selection and slow convergence.

In conclusion, the study conclusively demonstrates that EIGRP is optimal for enterprise networks requiring high performance and rapid response, OSPF is better suited for large-scale and complex scenarios, while RIP is more appropriate for smaller networks.
[image: ]Figure3: Opnet Simulator[2]



2.1.4 Comparison of Routing Protocol Performance

In their paper “RIP vs. OSPF Routing Protocols: Which One Is the Best for a Real-Time Computer Network”, Majid & Fuada[7] conducted a systematic study of two common internal gateway routing protocols—RIP and OSPF. The research aimed to compare their performance across various network scales and real-time environments, while further exploring how protocol design mechanisms influence actual network performance.[7]

The author constructed a testing environment using the GNS3 and ENSP simulation platforms to evaluate protocol performance from multiple perspectives, including convergence time, end-to-end latency, throughput, packet loss rate, real-time application performance (such as VoIP and video transmission), and shortest path selection efficiency. The research findings clearly demonstrate significant differences between OSPF and RIP in path selection mechanisms and overall network performance. [7][13] OSPF calculates path costs based on link bandwidth, enabling it to more accurately identify optimal paths in complex topologies. In contrast, RIP, which relies solely on hop count as a routing metric, tends to select logically shortest but sub-optimal paths in practice, making it more prone to sub-optimal routing. Performance data further supports this: OSPF's average end-to-end latency is significantly lower than RIP's (83ms vs. 177ms)[7]，and it can update the routing table quickly when the link state changes, while RIP's periodic update mechanism causes the response lag in dynamic environment.[7][12] 
 
Furthermore, a key finding of this study is that implementation variations across different emulation platforms affect protocol performance. For instance, ENSP demonstrates significantly lower average latency than GNS3 (94ms versus 329ms)[5]，The results show that the internal mechanism of the simulation tool and the equipment model have a non-negligible effect on the experimental results. In the shortest path test, OSPF consistently chooses the better path in ‘traceroute’ experiment, while RIP often has the phenomenon of detouring due to the hop limit.[13] 

Overall, this study not only demonstrates OSPF's significant superiority over RIP in real-time scenarios, but also highlights how the simulation platform itself can influence experimental outcomes. This provides a theoretical basis for the project to adopt multi-platform or more precise simulation methods. Furthermore, it emphasizes that RIP's performance is unsuitable for large-scale or high-real-time-network environments due to better alternatives. Additionally, the implementation differences of experimental platforms (such as GNS3 and ENSP) can significantly affect test data, suggesting that researchers should carefully select tools and account for platform biases when conducting network simulation tests.



[bookmark: _Toc228325205]2.2 A Critical Analysis of Existing Research

Although the performance of RIP, OSPF and EIGRP are analysed in the existing literature, there are still some limitations and superficiality.

First, the study “RIP vs. OSPF: Which One Is the Best for a Real-Time Computer Network?” primarily compares the two protocols, RIP and OSPF, and draws conclusions about their performance differences across various simulation platforms. However, the research scope is limited, with test data mainly obtained through basic network tests and ‘traceroute’ commands like ‘Ping’ and ‘traceroute’, without in-depth analysis of metrics such as throughput and packet loss rate. Additionally, while the study highlights significant latency differences between ENSP and GNS3, [7]it fails to explain the underlying causes of platform variations, such as differences in device models, configuration methods, or internal implementation mechanisms. This, to some extent, affects the rigor of the conclusions.

Secondly，While the paper “Network Performance Evaluation for RIP, OSPF and EIGRP” provides a comprehensive comparison of the three protocols, its experimental topology is limited to small and medium-sized networks. It fails to address the complex hierarchical structures, multi-region OSPF designs, and traffic pattern variations in large enterprise networks. [9][10]Furthermore, although the study highlights EIGRP's advantages, it does not evaluate its applicability in cross-vendor environments, which compromises the generalization of the conclusions and makes it difficult to provide actionable recommendations for enterprises.[2]

Finally, “A Study on Topology in Computer Network” underscores the critical role of topology in network performance. However, its analysis primarily focuses on classifying and describing topological structures, without establishing connections between topological complexity and the performance of specific routing protocols. [6]Moreover, some of the examples analysed, such as the bus topology, are no longer relevant to current applications.



[bookmark: _Toc228325206][bookmark: OLE_LINK13]2.3 CONCLUSION

This chapter provides a comprehensive review of research in three mainstream routing protocols—RIP, OSPF, and EIGRP—while examining how network topology impacts protocol performance. Studies indicate that RIP, despite its simplicity and ease of configuration, is better suited for small or simple networks due to its basic metric mechanism, slow convergence, and limited path selection capabilities.[7] OSPF, on the other hand, excels in path selection accuracy, convergence speed, and network scalability, making it the preferred choice for large enterprise networks.[9] EIGRP, while offering the best performance in convergence time and throughput, faces practical deployment challenges due to its limitations in cross-vendor environments and significant dependence on device types.[10]

Furthermore, literature comparisons reveal that different simulation platforms (e.g., GNS3 and ENSP) exhibit protocol implementation differences, which significantly affect experimental outcomes. Therefore, when conducting network protocol performance research, the selection of simulation tools and consistency of experimental environments are critical to ensuring result reliability. Additionally, existing studies still fall short in experimental scale, metric scope, and depth of cross-protocol comparisons, particularly lacking experimental designs for real-world enterprise network architectures and multi-perspective analytical recommendations.































[bookmark: _Toc228325207]CHAPTER 3
RESARCH METHODOLOGY

[bookmark: _Toc228325208]3.1 INTRODUCTION

This chapter explains the research methodology adopted to investigate and compare the performance of RIP, OSPF, and EIGRP routing protocols within a simulated network environment. To ensure a structured and academically justified research design, the methodology is developed using the Research Onion (Figure 4) framework proposed by Saunders et al., which provides a clear step-by-step approach to selecting appropriate research methods.

Using this framework, the chapter examines each relevant layer of the research process, including research philosophy, research approach, strategy, methodological choice, time horizon, and data collection techniques. Since the project focuses on measurable network performance indicators such as latency, convergence time, packet loss, and route efficiency, a quantitative experimental methodology is considered the most appropriate.

The chapter also discusses how the selected methods contribute to the validity, reliability, and overall credibility of the study, providing a strong foundation for the implementation and testing stages presented in the following chapter.

[bookmark: _Toc228325209]3.2 Research Onion
[image: 图表, 图示, 旭日形
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Introduction
As this research is an experimental project, it focuses on constructing controlled topologies through network simulation environments to collect quantitative performance metrics under different routing protocols. The chapter concludes by introducing how data collection and analysis are conducted using the Research Onion model, ensuring the reproducibility of the research process, the verifiability and authenticity of experimental results, and the scientific and rational nature of the experimental methods. It also explains the tools (GNS3, HUAWEI eNSP) and hardware selected for this project.Figure 4: research onion[14]


[bookmark: _Toc228325210]3.3 Research Philosophy - Positivism

Concept and Reasons
This study will adopt positivism as the research philosophy, which means that the author will design hypotheses and test them and understand the behaviour of network protocol through measurable and verifiable data.

The philosophical approach was adopted because routing protocol performance metrics—such as latency, throughput, and convergence time—are objective and quantifiable, making them ideal for empirical analysis, even in a virtual network environment. Moreover, the positivist methodological framework permits leveraging established experimental findings.

The limitation is that experiment ignores real-world affecting network deployment. Project will happen with simulator. Not considering the actual physical elements. For example, deployment spaces and lab room’s temperature. 

It will be expected that the experiment acknowledges this limitation by restricting conclusions to controlled environments while recommending real-world validation in future work.

[bookmark: _Toc228325211]3.4 Research Approach - Deductive Approach

Concept and Reasons
This research will employ the deductive method, which involves deriving testable hypotheses from known theories and verifying them through experiments. In essence, it begins with the given experimental hypotheses and then tests their validity through specific experiments. This approach not only provides a reference for designing experiments to achieve the research goals, but also directly links theory with empirical verification. If the hypothesis is proven correct, it is regarded as a success; otherwise, the experimental results will be presented along with the actual findings.

Based on the literature review, the following hypotheses are formulated
· Hypothesis 1: The average delay of OSPF will be significantly lower than that of RIP.
· Hypothesis 2: EIGRP achieves convergence faster than OSPF and RIP.
· Hypothesis 3: OSPF and EIGRP are more likely to select optimal paths, whereas RIP tends to produce suboptimal paths.

All experiments were designed to test or refute these hypotheses.

[bookmark: _Toc228325212]3.5 Research Strategy - Experiment

Concept and Reasons
This study mainly adopts the experimental research method as the core quantitative analysis tool, and conducts quantitative exploration based on standardized experimental procedures. 
During the implementation of the experiment, this research will actively manipulate and regulate the core independent variables, systematically observing the actual effects and changing patterns of variable changes on the dependent variables; at the same time, through random allocation, the experimental group and the control group are reasonably divided to effectively eliminate the influence of irrelevant interfering factors, thereby accurately clarifying the internal logic between variables and establishing the causal relationship between different routing protocols and network performance indicators. This study takes three main dynamic routing protocols, namely RIP, OSPF, and EIGRP, as the core independent variables, and focuses on data monitoring and analysis of key performance indicators in network operation, including network transmission delay, data throughput, network convergence time, and data packet loss rate as the four core dependent variables. 
Compared with other research methods, the experimental research method has significant application advantages. On the one hand, it can achieve a high degree of control over various experimental variables, minimizing experimental errors caused by external environments; on the other hand, it can complete precise horizontal comparisons of the performance of different routing protocols under a unified experimental environment and configuration standards, clearly and intuitively presenting the differences in the operation of each protocol; in addition, standardized experimental steps and parameter settings can ensure the standardization and uniformity of the overall experimental operation, effectively improving the reproducibility of the research experiment, and further enhancing the scientific, objectivity, and reference value of the current research results.
[bookmark: _Toc228325213]3.6 Research Choice - Quantitative Method

Concept and Reasons
This research adopts a quantitative research method, as it focuses on collecting and analysing numerical data derived from network performance tests.
[bookmark: OLE_LINK3]Quantitative data is essential in this context because routing protocol performance must be evaluated using measurable indicators rather than subjective judgment. The use of numerical metrics enables precise comparison and statistical analysis. Because data sources are more abundant. The results which are more credible because they can be cross-platform validated.
[bookmark: _Toc228325214]3.7 Time Horizon - Cross-Sectional

Concept and Reasons
This study will adopt a cross-sectional design, as it aims to compare protocol differences without requiring long-term dynamic monitoring. Performance metrics such as latency, convergence, and packet loss can be obtained and replicated within a short timeframe.

[bookmark: _Toc228325215]3.8 Techniques and Procedures - Data Collection Methods

This research will rely on professional network command and simulation tools to complete the collection and recording of all experimental data. The research will use a test tool based on the ICMP protocol to accurately measure network transmission delay, thereby capturing the data round-trip transmission delay under different routing protocol environments. At the same time, professional traffic generation tools will be used to continuously monitor the network data transmission process, and real-time statistics and recording of throughput-related data will be conducted to objectively reflect the data carrying and transmission capacity of the link. 

Regarding the measurement of network convergence time, this research will simulate fault scenarios such as link interruption and link recovery artificially, observe the route updates and the stability speed of the entire network after the network topology changes of RIP, OSPF, and EIGRP, and thereby complete the quantitative evaluation of convergence performance. The overall data collection scheme has significant advantages. The test commands and analysis tools used throughout the experiment are all industry-standard tools in the network field, with standardized and unified operation procedures, which can effectively ensure the replicability and reproducibility of the experimental process and research results. 

Simultaneously, the experimental data output by various tools are presented in quantitative numerical form, the results are clear and intuitive, and are convenient for subsequent horizontal comparison, data analysis, and result discussion. It should be noted that this research still has certain limitations. Due to the constraints of the performance parameters and operation mechanism of the tools, there may be minor errors in the measurement process, which will have a certain impact on the measurement accuracy. 

To reduce the negative impact of this limitation, this research will take corresponding mitigation and optimization measures. By combining multiple test tools for cross-detection and conducting multiple repeated experiments and multiple parallel tests, the experimental data will be mutually verified to minimize the measurement deviation caused by a single tool and improve the accuracy, reliability, and rigor of the final experimental data.

[bookmark: _Toc228325216]3.9 Evaluation Criteria

The comprehensive performance of the routing protocol will be comprehensively and systematically evaluated based on four core quantitative indicators, to objectively compare the operational performance and adaptation differences of RIP, OSPF and EIGRP, three dynamic routing protocols, under the same network environment. 

Firstly, the latency[15] is measured in milliseconds and is mainly used to measure the total duration for a data packet to travel from the sending end to the receiving end. It can directly reflect the transmission time during the data forwarding process and the network response efficiency and is a key indicator for evaluating the smoothness of network communication. 

Secondly, the throughput[16] is measured in megabits per second (Mbps), which reflects the total amount of data transmitted over the network link within a given period. It effectively demonstrates the overall network operation efficiency and the actual utilization level of link bandwidth resources, and directly reflects the data forwarding capability of the routing protocol in high-load scenarios. 

Furthermore, the routing convergence[17] is uniformly measured in seconds. It specifically refers to the duration required for all network routing devices to complete the update of routing information, synchronization of routing tables, and restoration of stable operation after a network topology change, link failure, or device status alteration. This fully demonstrates the adaptive adjustment capability and fault-tolerant ability of the network architecture in the face of sudden changes. 

Finally, the packet loss rate[18] is presented in percentage form, representing the proportion of lost packets during the transmission process out of the total sent packets. It directly reflects the integrity and stability of the data transmission process and is an important reference for evaluating the data forwarding quality of the routing protocol and the reliability of network communication. 
By conducting a comprehensive analysis based on the above four multi-dimensional performance criteria, it is possible to conduct a comprehensive, objective, and three-dimensional assessment of the overall operational performance of different routing protocols, clearly compare the advantages and disadvantages of each protocol, and thereby provide solid and comprehensive quantitative support for the experimental analysis and research conclusions of this study.

[bookmark: _Toc228325217]3.10 Universality of Experiment

This experiment takes the large-scale enterprise-level network topology as the simulation modeling background, simulating the network architecture characteristics and traffic operating environment in the daily operations of large enterprises. Consequently, the various experimental results and performance patterns obtained in this research can be well adapted and applied to enterprise network scenarios of medium and large scales. 

The conclusions drawn from this research have strong practical reference value and feasibility and can provide practical theoretical basis and reference for the routing protocol planning, network architecture establishment, and actual project deployment of mainstream manufacturers such as Cisco, Huawei, and Juniper. It helps enterprises optimize network configuration and improve the overall network operation quality.

Meanwhile, the various performance change trends presented in the experiment are not limited by the network scale. They are universal and consistent in different topology scales and networking environments, further enhancing the universality and promotion significance of the research conclusions.

Experiment has retained complete and detailed process records from environment setup, parameter configuration, test execution to data collection and analysis. The content is standardized and complete and can be consulted and traced at any time. This not only ensures the transparency and rigor of the research process but also facilitates subsequent researchers to replicate the experiment, conduct further exploration and comparative analysis.



[bookmark: _Toc228325218]3.11 CONCLUSION

Based on the objectives of this experimental test, combined with the regulations of "Research Onion" on the experimental process, predictions and risk assessments were made.

The methodology provides a solid foundation for the design and implementation phase presented in the next chapter, where the experimental setup and procedures will be described in detail.



















[bookmark: _Toc228325219]CHAPTER 4
DESIGN & IMPLEMENTATION

[bookmark: _Toc228325220]4.1 INTRODUCTION

This chapter will elaborate on the implementation process and experimental setup used to evaluate the performance of the RIP, OSPF and EIGRP routing protocols. I will design and configure a network topology that meets the experimental requirements in GNS3 and eNSP and provide a controllable testing environment. 

At the same time, this chapter will describe the network architecture, device configuration, protocol deployment, and the testing process used to generate comparable performance data. Protocol traffic is captured using Wireshark and the routing behavior during normal operation as well as under simulated network failure conditions is analyzed. 

The purpose of this chapter is to demonstrate how the experimental framework was constructed, to prepare for the results and evaluations presented in the subsequent chapters.

[bookmark: _Toc228325221]4.2 Experimental Requirements

4.2.1 Hardware Equipment

To ensure stable virtual network simulation and the simultaneous execution of multiple routers, a laptop/PC with a minimum of 16GB RAM was used. Sufficient memory allocation was necessary because several virtual routers and network appliances needed to run concurrently within GNS3 VM and Huawei eNSP environments. In addition, the processor was required to support hardware virtualisation technologies such as Intel VT-x or AMD-V to enable efficient VM performance.

4.2.2 Software System 

For this experiment, multiple professional network simulation and analysis software were selected to jointly establish a complete experimental environment and complete the performance evaluation. GNS3 and its accompanying virtual machines were mainly used to build a highly realistic Cisco routing simulation environment, accurately simulating the protocol operation mechanism of Cisco devices; Huawei eNSP, combined with the virtual machine deployment method, can achieve comparative tests across multiple vendor platforms, facilitating horizontal comparison of the running characteristics and behavioural differences of routing protocols under different brand devices. 

Therefore, Wireshark, as a professional packet capture tool, is responsible for capturing network data packets throughout the process and deeply analysing the protocol interaction process and traffic characteristics; Npcap provides underlying packet capture driver support for the Windows system, which is a necessary component to ensure the normal implementation of data capture by Wireshark. 

All the quantitative data collected during the experiment will be uniformly sorted, statistically analysed, and archived using Microsoft Excel, and visual comparison charts will be drawn based on the software functions to intuitively present the differences in various performance indicators. The selection of overall experimental tools fully considers practicality and research needs. 

This software generally has the advantages of flexible deployment, and high degree of customization, enabling the free construction of diverse network topologies, adjustment of experimental parameters, support for multiple repeated tests and variable control, and effectively ensuring the operability, repeatability, and overall rigor of this network experiment.






















[bookmark: _Toc228325222]4.3 Network Topology Design 

A consistent and controlled experimental topology was designed and implemented in both GNS3 and Huawei eNSP to ensure a fair comparison between RIP, OSPF, and EIGRP routing protocols. The use of two simulation environments was beneficial in reducing platform-specific bias and improving the credibility of the results.

The topology consists of five routers (R1–R5) and four end devices (PC1–PC4). Each edge router provides connectivity to one or more end hosts, while the internal routers form the routing backbone of the network. This structure reflects a simplified enterprise network containing access nodes, distribution paths, and core routing functions.

Multiple redundant links were intentionally included between routers to support dynamic rerouting and convergence testing. In particular, alternative paths were established between R1, R4, and R5, allowing traffic to be redirected when the primary route failed. This was an important design decision, as routing protocols cannot be effectively evaluated without topology changes or failure scenarios.

A structured IPv4 addressing scheme was adopted to simplify management and analysis. Separate subnets were assigned to each point-to-point router link and each LAN segment, enabling routing updates and path selection to be clearly identified during testing.

Following screenshot was taken from GNS3:
[image: ]
The experimental topology employs Cisco 3640 (C3640) series routers, which are simulated and run in GNS3. These are used as 5 core routing devices, R1-R5, to support the deployment and testing of dynamic routing protocols such as EIGRP, OSPF, and RIP.

The topology uses serial links to connect the routers, and the PCs are directly connected to the routers via links.

To test the convergence performance of the routing protocol under network failure scenarios, this topology has designed multiple redundant links and backup paths. Among them, multi-path redundancy is configured between R1 and R5, including two main paths: R1→R4→R5 and R1→R3→R5. At the same time, a multi-hop backup path R1→R4→R3→R5 is reserved. Between R4 and R5, a direct connection main link and a backup link via R3 are set up. In case of failure of the direct connection link between R4 and R5, the routing switch can be triggered to measure the protocol convergence time. In addition, R1 simultaneously establishes connections with R3 and R4, forming a dual-exit structure. When one of the links fails, the traffic can continue to be forwarded through the other link, thereby verifying the path switching efficiency and fault recovery capability of different routing protocols.


Following screenshot was taken from eNSP:


A case in point of Subnetting

	Device
	Interface   
	IP Address
	Mask

	R1
	S0/0
	192.168.10.2
	/24



The complete addressing table is provided in Appendix.













[bookmark: OLE_LINK12]A case in point is that R1 routing’s eigrp neighbour.

[image: ]
From the "show ip eigrp neighbors" command, the three neighbors (R2, R4, R3) of R1 have normal session states, and parameters such as Hold Time and SRTT are within reasonable ranges. This indicates that the neighbor relationship is stable and EIGRP has completed full network convergence. 


[bookmark: _Toc228325223]4.4 Implementation and Experimental Procedure

Following completion of the design stage, the topology was implemented within GNS3 and replicated in Huawei eNSP. All virtual routers were instantiated and interconnected according to the planned structure. Interfaces were manually configured with IPv4 addresses, subnet masks, and activated using administrative commands.

Initial connectivity was verified through direct ping tests between adjacent devices to ensure correct Layer 3 communication before routing protocols were enabled.

Three routing protocols were then deployed separately under identical conditions.

For RIP testing, RIPv2 was configured to support classless routing, and automatic summarization was disabled where necessary. For OSPF, a single backbone area (Area 0) was adopted to reduce unnecessary complexity while maintaining realistic link-state operation. For EIGRP, a common autonomous system number was configured across all routers to establish neighbour adjacencies and exchange routing information. During the link failure test, the disconnection time for all links was 10 seconds.

After protocol deployment, verification commands were used to confirm successful operation. These included routing table inspection, neighbour relationship checks, and route advertisement confirmation.

Wireshark was integrated through the GNS3 packet capture function to allow real-time monitoring of protocol traffic. This enabled observation of hello packets, routing updates, neighbour establishment, and route recalculation during failure scenarios.

Several implementation challenges were encountered during setup, including packet capture integration issues and interface addressing inconsistencies. These were resolved through manual path configuration, software reinstallation, and repeated connectivity verification.


[bookmark: _Toc228325224][bookmark: OLE_LINK10]4.5 Testing Methods and Metrics

Latency was measured using ICMP echo requests, based on the round-trip response time between end devices. Packet loss rate was determined by conducting transmission tests and calculating the proportion of lost responses.

Convergence time was measured by intentionally disabling selected network links and recording the duration required for the network to restore stable end-to-end communication through an alternative route.

Path selection behaviour was analysed using traceroute outputs and routing table entries. Neighbour establishment and maintenance were verified through protocol-specific diagnostic commands.

In addition, Wireshark was used to capture and inspect routing protocol traffic, including hello packets, update messages, and route recalculation behaviour.

These metrics were selected because they provide a balanced and objective basis for comparing routing protocol responsiveness, stability, scalability, and forwarding performance.


[bookmark: _Toc228325225][bookmark: OLE_LINK1]4.6 CONCLUSION

This chapter presented the design and implementation of the experimental network environment used to evaluate RIP, OSPF, and EIGRP routing protocols. A consistent topology was developed and deployed in both GNS3 and Huawei eNSP to ensure fair and controlled comparison across all protocols.

The chapter also described the implementation process, including router configuration, protocol deployment, and packet capture integration. In addition, the selected testing metrics and experimental procedures were outlined, covering latency, packet loss, convergence time, path selection, and protocol behaviour analysis.

To improve the reliability of the study, standardised procedures, repeated testing, and controlled variables were applied throughout the experimentation process.

Overall, the completed environment provides a stable and repeatable platform for comparative routing analysis. The following chapter presents the experimental results, evaluates protocol performance, and discusses the findings in relation to the research objectives.
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[bookmark: _Toc228325228][bookmark: OLE_LINK2]5.1 INTRODUCTION

This chapter presents the experimental results obtained by comparing the RIP, OSPF and EIGRP routing protocols. These results were obtained through experiments and analyses based on the performance indicators defined in Chapter 4, including latency, packet loss rate, convergence time, path selection behavior, and internal routing operations. 
The purpose of this chapter is to determine the performance of each protocol under normal network conditions and in simulated scenarios of link failures. Subsequently, based on the research objectives and the literature reviewed in the preliminary stage of this study, the obtained results will be analyzed in depth.

[bookmark: _Toc228325229]5.2 Baseline Connectivity and Latency Results

GNS3:
EIGRP: PC1 and PC2 ping to PC4, respectively.
[image: ]
All interfaces are in an open state. ICMP scanning tests were conducted from PC1 and PC2 to PC4 (200.200.210.2) to measure the average delay and packet loss rate. The average round-trip delay recorded by PC1 was 51.87 milliseconds, with a packet loss rate of 0%, while the average delay of PC2 was 53.55 milliseconds, also without packet loss.
Both ends maintained a 100% data packet transmission success rate, which confirmed the stability of the end-to-end connection and consistent forwarding performance under normal operating conditions. The overall average delay of all test hosts was calculated as 52.71 milliseconds, with no packet loss, indicating that EIGRP can efficiently select paths and reliably transmit data.





OSPF: PC1 and PC2 ping to PC4, respectively.
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show ip ospf neighbor
show ip ospf database

RIP: PC1 and PC2 ping to PC4, respectively.
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debug ip rip
show ip route rip



	Protocol
	Avg Latency (ms)
	Packet Loss (%)

	RIP
	55.74
	0%

	OSPF
	53.03
	0%

	EIGRP
	54.32
	0%



	

	








eNSP:
EIGRP: PC1 and PC2 ping to PC4, respectively.

OSPF: PC1 and PC2 ping to PC4, respectively.

RIP: PC1 and PC2 ping to PC4, respectively.

	Protocol
	Avg Latency (ms)
	Packet Loss (%)

	RIP
	
	%

	OSPF
	
	%

	EIGRP
	
	0%







[bookmark: _Toc228325230]5.3 Path Selection Results

GNS3: 
[image: ]EIGRP

[image: ]
The traceroute test conducted when all interfaces were in an open state clearly demonstrated the network path selected by EIGRP under normal operating conditions.

The route from R2 to PC4 (200.200.210.2) passed through R1, R3 and R5, which confirmed that EIGRP chose the path through R3 as the preferred path based on its comprehensive indicators. 

All traceroute attempts successfully reached the destination, proving that the network is fully connected in a normal state. The round-trip time at the destination was approximately 104-156ms, reflecting the normal delay level of the path and can be used as a reference value for subsequent fault switching tests. Subsequently, it can be compared with the results obtained in the link failure scenario to evaluate the convergence and fault transfer capabilities of this protocol.
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When the S0/2 port with and without the command “shutdown”


OSPF
[image: ]
The traceroute test conducted when all interfaces were in an open state clearly demonstrated the network path selected by OSPF under normal operating conditions. 

The route from R2 to PC4 (200.200.210.2) passes through R1, R3 and R5. It is confirmed that EIGRP has selected the route of R3 as the preferred route based on its comprehensive indicators. 

All traceroute attempts were successfully completed to the destination, proving that the network is fully connected in a normal state. The round-trip time to the destination was approximately 20-64 milliseconds, reflecting the delay level of the path and can be used as a reference value for subsequent fault switching tests.
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When the S2/0 port with and without the command “shutdown”










RIP
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The traceroute test conducted when all interfaces were in the enabled state clearly demonstrated the network path selected by OSPF under normal operating conditions.

The path from R2 to PC4 (200.200.210.2) would pass through R1, R4, and R5. It has been confirmed that EIGRP chose the path of R4 as the preferred path based on its comprehensive indicators.

All routing traceroute attempts successfully reached the destination, indicating that the network was fully connected under normal conditions. The round-trip time to the destination was approximately 96 to 100 milliseconds, reflecting the delay level of the path and can be used as a reference value for subsequent fault switching tests.

[image: ]

Different with the OSPF protocol and the EIGRP which support equivalent multipath routing, the RIP only installs a single path in the routing table. Even if multiple paths have the same hop count metric value, RIP will only retain the first learned routing entry and ignore subsequent routing updates. This "first-come, first-served" operation mechanism results in RIP being unable to achieve load balancing through redundant paths, which is one of the core limitations of this protocol.
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When the S0/2 port with and without the command “shutdown”





eNSP:

EIGRP
OSPF
RIP
[bookmark: _Toc228325231]5.4 Link Failure and Convergence Results
GNS3:

[image: ]
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From the result of "show ip route 200.200.210.0/24", the current route next hop for this network segment (the network segment where PC4 is located) is 192.168.30.2 (R3), not the main path's 192.168.20.2 (R4), indicating that you have disabled the direct links between R1-R4, triggering a failover.
The metric value of the route has changed to 2686976, with a hop count of 3 (Hops 3), and the path is R1 → R3 → R5, which is exactly the backup path we designed previously.
At the same time, the topology table also shows that there is a feasible backup path (via R3) for 192.168.50.0/24 (the R4-R5 link), indicating that the feasible successor mechanism of EIGRP is working properly and can quickly switch in case of a main path failure.
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These two screenshots of EIG fully document the process of EIGRP failover and convergence testing. The primary link is R1 → R4 → R5 (R1's serial port 0/2 is directly connected to R4), and the backup link is R1 → R3 → R5. The testing method is to manually shut down the R1-R4 link and observe the route switching and connection recovery of EIGRP. This indicates that the convergence time of EIGRP is shorter than the delayed timeout interval (2 seconds), achieving fast and packet-free switching. Because the feasible successor mechanism of EIGRP is effective, the backup path is calculated and stored in advance, and there is no need to wait for the re-computation of the routes. Moreover, after the switch, the path length increases, and the round-trip delay rises from 72ms to 98ms, but remains stable, indicating that the backup path can effectively ensure the business connectivity.

The EIGRP protocol’s performance was evaluated under a controlled link failure scenario to assess its convergence speed and reliability. The test involved shutting down the serial link between R1 and R4, forcing the network to switch to the pre-configured backup path via R3. 


[image: ]
[bookmark: OLE_LINK9]Shutting down the primary link between R2 and R1 and then restoring it. A continuous ICMP ping test with 300 packets was initiated from R2 to the destination 200.200.210.2 to record packet loss and recovery time.

The results show that EIGRP achieved a success rate of 98%, corresponding to a packet loss rate of only 2%. The brief interruption lasted approximately 2–3 seconds, confirming a fast recovery time. The average round-trip latency remained stable at 46 ms, with a maximum latency of 104 ms during the failover window.


OSPF
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RIP
[image: ]
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When the R1–R4 link was disabled, connectivity was maintained with no packet loss, indicating that RIP successfully redirected traffic through an alternative route.

However, when the R1–R3 link was disabled, communication to the destination network temporarily failed. This suggests that the R1–R3 path played a critical role as a backup route or that RIP required additional time to reconverge after topology change.

This behaviour highlights RIP’s dependency on limited path knowledge and slower timer-based convergence mechanisms compared with more advanced routing protocols.


















[bookmark: _Toc228325232]5.5 Internal Protocol Behaviour

EIGRP feasible successor 
[image: ]
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Prior to the failure, regular Hello packets were exchanged at 5-second intervals, maintaining a stable adjacency.
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Upon the link failure, a burst of EIGRP Update packets was immediately triggered between the two routers, propagating the topology change.

OSPF LSA flood 
[image: ]
[image: ]
When the R1-R3 link failed, the affected router immediately sent an LS Update packet to the OSPF multicast address 224.0.0.5 to advertise the topology change. The neighboring router responded with an LS Acknowledge packet to confirm receipt.
After the link was restored, another LS Update was sent to update the network with the new topology, followed by a corresponding acknowledgment. This process confirms that OSPF relies on full topology synchronization and SPF recalculation, rather than precomputed backup paths. The total time from LSA transmission to ping recovery was approximately 7–8 seconds, which aligns with the previously measured recovery time from router logs.








RIP periodic updates slower
[image: ]

[image: ]
Wireshark captures from R1 showed that RIP version 2 exchanged routing information using UDP port 520 and multicast address 224.0.0.9. Update packets were observed at intervals of approximately 30 seconds, matching the default RIP timer behaviour.

[image: ]
[image: ]
To evaluate fault tolerance, the primary link between R1 and R4 was manually disabled while traffic from R2 to the destination network (200.200.210.0/24) remained active.

Packet capture was simultaneously conducted on the failed interface and the alternative R1–R3 link. Wireshark results showed a noticeable increase in RIP update traffic on the backup path following the failure event. This indicates that RIP routers propagated topology changes and recalculated routes using triggered updates.



eNSP:




[bookmark: _Toc228325233]5.6 CONCLUSION

This chapter demonstrated that although all three routing protocols successfully supported end-to-end communication, significant differences were identified in efficiency and fault tolerance.

RIP was functional but slower to react to topology changes. OSPF achieved balanced enterprise-grade performance, while EIGRP produced the best overall results in convergence and route optimisation.
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Looking back on this nearly one-year experimental project, in this section, I will summarize the experiences and skills I have gained by combining the practical operation skills of my major with project management aspects.
From a professional perspective, the simulation software used in this experiment is not just the Cisco Packet Tracer used in the course learning. This means it is necessary to learn the usage methods of new test simulation software, such as setting up the experimental environment and configuring commands. Although the underlying topology logic is the same. But the first problem to be solved is to determine the legality of downloading the test software, that is, whether the official version can be obtained from the official software and whether the functions in the resource can meet the expectations of the tester. Secondly, the command languages of different software are different. I not only need to clearly understand the configuration commands of different routing devices, but also need to know how to select the correct physical device before starting the configuration, such as in GNS3, how to select the correct interface model for router devices and switch devices to achieve routing functions, and which port should be selected as the correct routing port when connecting the devices. At the same time, during the experiment, troubleshooting situations occurred frequently. The most memorable one was the scenario when installing WinPcap_4_1_3. The Windows system indicated that a higher version of this type of tool had already been installed on this machine and gave the complete name, but the system did not find the tool (the software name given by the system was WinPcap_5_2_7). Since installing WinPcap is a necessary step for eNSP testing, I had to solve this problem. Through consulting relevant professionals and referring to the answers on the official website of Huawei eNSP, I found that the Npcap installed in the system conflicted with the WinPcap to be installed. Therefore, only by uninstalling Npcap could WinPcap be installed. This step took nearly a week to complete, because due to different systems and devices, there were many problems encountered by the public, and I needed to extract, match, and analyze the solutions suitable for me step by step.
Through this experiment, objectively analyzing the extracurricular gains is a rehearsal for future employment. Because in actual work, engineers will face different system or software devices. Early contact with devices closer to reality can help me adapt to learning and operation in various working environments in advance and learn more solidly. Because I can get timely help from my supervisor.
The successful completion of the project greatly exercised my self-discipline ability. Since this is an independent project completed by myself, with a longer coverage, in addition to the specific experimental direction and content, in the initial design stage, it is also necessary to divide the overall time and assign weights, that is, to formulate a planning table. As an undergraduate, how to manage one's free learning and creative time requires in-depth thinking. To find a balance between life and study and complete the specified tasks according to the set plan steps. At the same time, during this period, regular communication with the supervisor or the guiding teacher can also help students better learn how to report work progress to department managers or supervisors, so as to better carry out work in the future.
At the same time, my supervisor also taught me a lot. This not only includes his guidance on my experimental operation and thesis writing. During the guidance process, his patience and responsibility also made me realize that when someone becomes a wise person in a certain field, they will also be patient and tolerant towards new students. In the future work, when I become a senior member in the department, I will also be like him and be patient and tolerant towards new colleagues joining the company.
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Subnetting of Devices

	R1
	S0/0
	
	192.168.10.2
	255.255.255.0

	
	S0/1
	
	192.168.30.1
	255.255.255.0

	
	S0/2
	
	192.168.20.1
	255.255.255.0

	R2
	S0/0
	
	192.168.10.1
	255.255.255.0

	
	F1/1
	
	200.200.200.1
	255.255.255.0

	
	F1/2
	
	200.200.220.1
	255.255.255.0

	R3
	S2/0
	
	192.168.30.2
	255.255.255.0

	
	S2/1
	
	192.168.40.2
	255.255.255.0

	
	S2/2
	
	192.168.60.1
	255.255.255.0

	
	F1/0
	
	200.200.100.2
	255.255.255.0

	
	F1/1
	
	200.200.230.1
	255.255.255.0

	R4
	S2/0
	
	192.168.20.2
	255.255.255.0

	
	S2/1
	
	192.168.40.1
	255.255.255.0

	
	S2/2
	
	192.168.50.1
	255.255.255.0

	
	F1/0
	
	200.200.100.1
	255.255.255.0

	R5
	S2/0
	
	192.168.50.2
	255.255.255.0

	
	S2/1
	
	192.168.60.2
	255.255.255.0

	
	F1/2
	
	200.200.210.1
	255.255.255.0

	PC1
	E0/0
	
	200.200.220.2
	255.255.255.0

	PC2
	E0/0
	
	200.200.200.2
	255.255.255.0

	PC3
	E0/0
	
	200.200.230.2
	255.255.255.0

	PC4
	E0/0
	
	200.200.210.2
	255.255.255.0
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Rl#show ip eigrp topology
IP-EIGRP Topology Table for AS(10@)/ID(192.168.30.1)

Codes

P 192

P 192

P 192

P 192

P 200.

P 192

P 192

P 200.

: P - Passive, A - Active, U - Update, Q - Query, R - Reply,

r - reply Status, s - sia Status

.168.40.0/24, 2 successors, FD is 2681856
via 192.168.20.2 (2681856/2169856), Seriale/2
via 192.168.30.2 (2681856/2169856), Seriale/1
.168.60.0/24, 1 successors, FD is 3193856
via 192.168.20.2 (3193856/2681856), Seriale/2
.168.50.0/24, 1 successors, FD is 2681856
via 192.168.20.2 (2681856/2169856), Seriale/2
via 192.168.30.2 (2684416/2172416), Seriale/1
.168.10.0/24, 1 successors, FD is 2169856
via Connected, Seriale/e
200.100.0/24, 2 successors, FD is 2172416
via 192.168.20.2 (2172416/28160), Serial@/2
via 192.168.30.2 (2172416/28160), Serial@/1
.168.30.0/24, 1 successors, FD is 2169856
via Connected, Seriale/1
.168.20.0/24, 1 successors, FD is 2169856
via Connected, Seriale/2
200.200.0/24, 1 successors, FD is 2172416
via 192.168.10.1 (2172416/28160), Seriale/e
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Rl#ping 200.200.210.1
*Mar 1 @2 56.627: %SYS-5-CONFIG_I: Configured from console by console
Rl#show ip route 200.200.210.0
Routing entry for 200.200.210.0/24
Known via “"eigrp 100", distance 90, metric 2684416, type internal
Redistributing via eigrp 100
Last update from 192.168.30.2 on Serial@/1, ©0:00:08 ago
Routing Descriptor Blocks
* 192.168.30.2, from 192.168.30.2, ©0:00:08 ago, via Serial@/1
Route metric is 2684416, traffic share count is 1
Total delay is 40100 microseconds, minimum bandwidth is 1544 Kbit
Reliability 255/255, minimum MTU 1508 bytes
Loading 1/255, Hops 2
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R1#
*Mar 1 ©2:35:56.691: %DUAL-5-NBRCHANGE: IP-EIGRP(@) 100: Neighbor 192.168.20.2
(Seriale/2) is up: new adjacency
Rl#show ip route 200.200.210.0
Routing entry for 200.200.210.0/24
Known via "eigrp 100", distance 90, metric 2684416, type internal
Redistributing via eigrp 100
Last update from 192.168.20.2 on Serial®/2, ©0:00:09 ago
Routing Descriptor Blocks
* 192.168.30.2, from 192.168.30.2, ©0:00:09 ago, via Serial@/1
Route metric is 2684416, traffic share count is 1
Total delay is 40100 microseconds, minimum bandwidth is 1544 Kbit
Reliability 255/255, minimum MTU 1508 bytes
Loading 1/255, Hops 2
192.168.20.2, from 192.168.20.2, 00:00:09 ago, via Seriale/2
Route metric is 2684416, traffic share count is 1
Total delay is 40100 microseconds, minimum bandwidth is 1544 Kbit
Reliability 255/255, minimum MTU 1508 bytes
Loading 1/255, Hops 2

"~

192. 168. 30.
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192. 168. 10.0/24
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Rl#show ip route 200.200.210.0
Routing entry for 200.200.210.0/24
Known via "ospf 10@", distance 110, metric 129, type intra area
Last update from 192.168.30.2 on Serial®/1, ©0:05:58 ago
Routing Descriptor Blocks
* 192.168.30.2, from 5.5.5.5, ©0:05:58 ago, via
Route metric is 129, traffic share count is
192.168.20.2, from 5.5.5.5, ©0:05:58 ago, via
Route metric is 129, traffic share count is

Seriale/1
1
Seriale/2
1

Rl#show ip route 200.200.210.0
Routing entry for 200.200.210.0/24
Known via "ospf 10@", distance 110, metric 129, type intra area
Last update from 192.168.30.2 on Seriale/1, ©0:00:02 ago
Routing Descriptor Blocks
* 192.168.30.2, from 5.5.5.5, 00:00:02 ago, via Seriale/1
Route metric is 129, traffic share count is 1

R1#

*Mar 1 ©0:15:01.607: %LINEPROTO-5-UPDOWN: Line protocol on Interface Serial@
changed state to down

*Mar 1 ©0:15:01.615: %OSPF-5-ADJCHG: Process 100, Nbr 3.3.3.3 on Seriale/2 f

FULL to DOWN, Neighbor Down: Interface down or detached
A=t

R4(config-if)#no sh

*Mar 1 ©0:06:24.695: %LINK-5-CHANGED: Interface Serial2/@, changed state to
inistratively down

*Mar 1 ©0:06:25.695: %LINEPROTO-5-UPDOWN: Line protocol on Interface Serial2
changed state to down

R4(config-if)#no shu

R4(config-if)#no shutdown

R4(config-if)#

*Mar 1 ©0:06:29.419: %LINK-3-UPDOWN: Interface Serial2/@, changed state to u
R4(config-if)#

*Mar 1 ©0:06:29.479: %OSPF-5-ADJCHG: Process 100, Nbr 1.1.1.1 on Serial2/@ fi
LOADING to FULL, Loading Done

*Mar 1 ©0:06:30.423: %LINEPROTO-5-UPDOWN: Line protocol on Interface Serial2
changed state to up

R4(config-if)#shutdown

R4(config-if)#

*Mar 1 ©0:14:31.431: %OSPF-5-ADJCHG: Process 100, Nbr 1.1.1.1 on Serial2/@ fi
FULL to DOWN, Neighbor Down: Interface down or detached

R4(config-if)#

*Mar 1 ©0:14:33.431: %LINK-5-CHANGED: Interface Serial2/@, changed state to
inistratively down

*Mar 1 ©0:14:34.431: %LINEPROTO-5-UPDOWN: Line protocol on Interface Serial2
changed state to down

R4(config-if)#l]
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*Mar 1 00:12:59.439: 200.200.210.0/24 via 0.0.6.0 in 2 hops
*Mar 1 ©0:12:59.439: 200.200.230.0/24 via 0.0.6.0 in 2 hops
Rl#undebug all

jAll possible debugging has been turned off

R1#

*Mar 1 ©0:13:01.755: RIP: sending v2 update to 224.0.0.9 via Serial@/2 (192.168|
.20.1)

*Mar 00:13:01.755: RIP: build update entries

*Mar 00:13 STEBE 192.168.10.8/24 via ©.0.0.0, metric 1, tag @
*Mar 00:13 STEBE 192.168.30.8/24 via ©.0.0.0, metric 1, tag @
*Mar 00:13 STEER 200.200.200.0/24 via @. 0, metric 2, tag @

e.e.
*Mar 00:13 STEER 200.200.220.0/24 via 0.0.0.0, metric 2, tag @
0.0.0, metric 2, tag ©

*Mar 00:13:01.759: 200.200.230.0/24 via @.

ip route 200.200.210.0
entry for 200.200.210.0/24
via "rip", distance 120, metric 2
Redistributing via rip
Last update from 192.168.20.2 on Serial@/2, ©0:00:51 ago
Routing Descriptor Blocks
* 192.168.20.2, from 192.168.20.2, ©0:00:51 ago, via Serial@/2
Route metric is 2, traffic share count is 1

10.0/24
192. 168.

192. 168. 30.0/24
200. 200. 200. 0/24 \200. 200. 220. 0/24
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Route metric is 2, traffic share count is 1

Rl#show ip route 200.200.210.0

Routing entry for 200.200.210.0/24

Known via "rip", distance 120, metric 2

Redistributing via rip

Last update from 192.168.20.2 on Serial®/2, ©0:00:27 ago

Routing Descriptor Blocks

* 192.168.20.2, from 192.168.20.2, ©0:00:27 ago, via Serial@/2
Route metric is 2, traffic share count is 1

R1#
*Mar 1 ©0:39:01.583: %LINEPROTO-5-UPDOWN: Line protocol on Interface Serial@/2
changed state to down

Rl#show ip route 200.200.210.0

Routing entry for 200.200.210.0/24

Known via "rip", distance 120, metric 3

Redistributing via rip

Last update from 192.168.30.2 on Serial®/1, ©0:00:07 ago

Routing Descriptor Blocks

* 192.168.30.2, from 192.168.30.2, ©0:00:07 ago, via Serial@/1

Route metric is 3, traffic share count is 1

R1# |

changed state to up

*Mar 1 ©0:00:03.667: %LINEPROTO-5-UPDOWN:
changed state to up

*Mar 1 ©0:00:03.675: %LINEPROTO-5-UPDOWN:
changed state to down

*Mar 1 ©0:00:04.263: %LINEPROTO-5-UPDOWN:

etl/@, changed state to up

*Mar 1 ©0:00:04.263: %LINEPROTO-5-UPDOWN:

et1/15, changed state to down

R4#

Ra#conf t

Enter configuration commands, one per line.

R4(config)#int s2/@

R4(config-if)#shut

R4(config-if)#shutdown

R4(config-if)#

*Mar 1 ©0:18:46.207: %LINK-5-CHANGED: Interface Serial2/@, changed state to adm|

inistratively down

*Mar 1 ©0:18:47.207: %LINEPROTO-5-UPDOWN: Line protocol on Interface Serial2/e,
changed state to down

R4(config-if)#l]

I

Line protocol on Interface Serial2/2,

Line protocol on Interface Serial2/3,

Line protocol on Interface FastEthern|

Line protocol on Interface FastEthern|

End with CNTL/Z.

200. 200. 210.0/24
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192. 168. 30. 0/24

200. 200. 100. 0/24

(Seriale/2) is down: holding time expired
R1l#show
*Mar 1 ©0:14:22.027: %LINEPROTO-5-UPDOWN: Line protocol on Interface Serial@/2,
changed state to down
Rl#show ip route 200.200.210.0
Routing entry for 200.200.210.0/24
Known via grp 100", distance 90, metric 2686976, type internal
Redistributing via eigrp 100
Last update from 192.168.30.2 on Serial@/1, ©0:00:41 ago
Routing Descriptor Blocks
* 192.168.30.2, from 192.168.30.2, ©0:00:41 ago, via Serial@/1
Route metric is 2686976, traffic share count is 1
Total delay is 40200 microseconds, minimum bandwidth is 1544 Kbit

192. 168. 40 Reliability 255/255, minimum MTU 1500 bytes

Loading 1/255, Hops 3

Rl#tshow ip eigrp nei

Rl#show ip eigrp neighbors

IP-EIGRP neighbors for process 100

H Address Interface Hold Uptime SRTT RTO Q Seq
(sec) (ms) Cnt Num

2 192.168.10.1 See/0 10 ©0:15:22 46 276 © 7

e 192.168.30.2 Se@/1 11 ©0:15:22 5 318 o 36

R1#

200. 200. 230. 2/24
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R4

s2/2
s2/0
192. 168. 50. 0/24

192. 168. 20. 200. 200. 210. 2/24

sZ/()R5 PC4

200. 200. 100. 0/24 192. 168. 40. 0/24 =T 3

5 5 24
via Connected, Seriale/1

P 192.168.20.0/24, 1 successors, FD is 2169856
via Connected, Seriale/2
P 200.200.200.0/24, 1 successors, FD is 2172416
via 192.168.10.1 (2172416/28160), Seriale/e
P 200.200.210.0/24, 1 successors, FD is 2684416
via 192.168.20.2 (2684416/2172416), Seriale/2
via 192.168.30.2 (2686976/2174976), Seriale/1
P 200.200.220.0/24, 1 successors, FD is 2172416
via 192.168.10.1 (2172416/28160), Seriale/e

ip rou
ip route 200.200.210.0
entry for 200.200.210.0/24

via "eigrp 100", distance 90, metric 2684416, type internal
Redistributing via eigrp 100
Last update from 192.168.20.2 on Serial@/2, ©0:02:47 ago
Routing Descriptor Blocks
* 192.168.20.2, from 192.168.20.2, ©0:02:47 ago, via Serial@/2
Route metric is 2684416, traffic share count is 1
Total delay is 40100 microseconds, minimum bandwidth is 1544 Kbit
Reliability 255/255, minimum MTU 1500 bytes
Loading 1/255, Hops 2 1
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s2/2

s2/0
192. 168. 50. 0/24

192. 168. 20. 200. 200. 210. 2/24

sZ/()R5 PC4

200. 200. 100. 0/24

192. 168. 40. 0/24 £1/2 el

s2/1

via 192.168.10.1 (2172416/28160), Seriale/e
ip rou
ip route 200.200.210.0
entry for 200.200.210.0/24
via "eigrp 100", distance 90, metric 2684416, type internal
Redistributing via eigrp 100
Last update from 192.168.20.2 on Serial@/2, ©0:02:47 ago
Routing Descriptor Blocks
* 192.168.20.2, from 192.168.20.2, ©0:02:47 ago, via Serial@/2
Route metric is 2684416, traffic share count is 1
Total delay is 40100 microseconds, minimum bandwidth is 1544 Kbit
Reliability 255/255, minimum MTU 1500 bytes
Loading 1/255, Hops 2

Rl#ping 200.200.200.210.1
% Unrecognized host or address, or protocol not running.

Rl#ping 200.200.210.1

Type escape sequence to abort.
Sending 5, 10@-byte ICMP Echos to 200.200.210.1, timeout is 2 seconds

Success rate is 100 percent (5/5), round-trip min/avg/max = 64/72/96 ms
R1#|
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R4

s2/2
s2/0
192. 168. 50. 0/24

192. 168. 20. 0424

‘J £1/0 200. 200. 210. 2/24
R s2/0, PC4
L -
200.200.100.0/24 | | 192 168. 40.0/24 A3 o
50/0
g R1 - [m] X

Rl#ping 200.200.210.1

Type escape sequence to abort.

Sending 5, 10@-byte ICMP Echos to 200.200.210.1, timeout is 2 seconds

Success rate is 100 percent (5/5), round-trip min/avg/max = 96/98/10@ ms

R1#

*Mar 1 ©0:08:47.659: %DUAL-5-NBRCHANGE: IP-EIGRP(@) 100: Neighbor 192.168.20.2
(Seriale/2) is down: holding time expired

R1#

*Mar 1 ©0:09:01.591 LINEPROTO-5-UPDOWN: Line protocol on Interface Seriale/2,
changed state to down

R1#
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R2#ping 200.200.210.2 repeat 300

Type escape sequence to abort.

Sending 300, 100-byte ICMP Echos to 200.200.210.2, timeout is 2 seconds:
RN R R A R A A R SR A N N 1

rR2#
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R2#ping 200.200.210.2 repeat 300

Type escape sequence to abort.
Sending 300, 100-byte ICMP Echos to 200.200.210.2, timeout is 2 seconds
RS R R RN R RN R RN NN !

*Mar 3:39.291: %OSPF-5-ADJCH Process 100, Nbr 1.1.1.1 on Seriale/e from|

LOADING to FULL, Loading Done.. e
SRR R R R AR RN R AR RN A RN

R2# |

Rl#conf t

Enter configuration commands, one per line.
R1(config)#int se/e

R1(config-if)#shut

R1(config-if)#shutdown

R1(config-if)#

*Mar 1 ©0:33:30.731: %OSPF-5-ADJCHG: Process 100, Nbr 2.2.2.2 on Seriale/@ from|
FULL to DOWN, Neighbor Down: Interface down or detached

R1(config-if)#no

*Mar 1 ©0:33:32.715: %LINK-5-CHANGED: Interface Serial@/@, changed state to adm|
inistratively down

*Mar 1 ©0:33:33.715: %LINEPROTO-5-UPDOWN: Line protocol on Interface Serial@/e,
changed state to down

R1(config-if)#no shu

R1(config-if)#no shutdown

End with CNTL/Z.
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R1l#ping 200.200.210.2

Type escape sequence to abort.
Sending 5, 10@-byte ICMP Echos to 200.200.210.2, timeout is 2 seconds:

Success rate is 100 percent (5/5), round-trip min/avg/max = 96/114/16@ ms
Rl#conf t

Enter configuration commands, one per line. End with CNTL/Z.

R1(config)#int se/2

R1(config-if)#no shu

R1(config-if)#no shutdown

R1(config-if)#end

R1#

*Mar 1 ©1:02:19.063: %LINK-3-UPDOWN: Interface Serial®/2, changed state to up
R1#

*Mar 1 ©1:02:19.859: %SYS-5-CONFIG_I: Configured from console by console

*Mar 1 ©1:02:20.067: %LINEPROTO-5-UPDOWN: Line protocol on Interface Seriale/2,
changed state to up

Rl#conf t

Enter configuration commands, one per line. End with CNTL/Z.

R1(config)#int se@/1

R1(config-if)#shu

R1(config-if)#shutdown

R1(config-if)#end

R1#

*Mar 1 ©1:02:32.007: %SYS-5-CONFIG_I: Configured from console by console

*Mar 1 ©1:02:32.979: %LINK-5-CHANGED: Interface Serial®/1, changed state to adm
inistratively down

Rl#ping 200.200.210.2

*Mar 1 ©1:02:33.979: %LINEPROTO-5-UPDOWN: Line protocol on Interface Seriale/1,
changed state to down

Rl#ping 200.200.210.2

Type escape sequence to abort.

Sending 5, 10@-byte ICMP Echos to 200.200.210.2, timeout is 2 seconds:

*Mar 1 ©1:02:41.695: %LINEPROTO-5-UPDOWN: Line protocol on Interface Seriale/2,
changed state to down..

Success rate is @ percent (0/5)

Rl#ping 200.200.216.2

Type escape sequence to abort.
Sending 5, 10@-byte ICMP Echos to 200.200.210.2, timeout is 2 seconds:

Success rate is @ percent (0/5)

r1#ll
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Ra#conf t

Enter configuration commands, one per line. End with CNTL/Z.
R4(config)#int s2/@

R4(config-if)#no
R4(config-if)#no
R4(config-if)#ex
R4(config)#

*Mar 1 00:47:37
R4(config)#

*Mar 1 ©0:47:38

shu
shutdown

.623: %LINK-3-UPDOWN: Interface Serial2/@, changed state to up

.627: %LINEPROTO-5-UPDOWN: Line protocol on Interface Serial2/e,

changed state to up

R4(config)#ll

R1l#ping 200.200.210.2

ype escape sequence to abort.
ending 5, 100-byte ICMP Echos to 200.200.210.2, timeout is 2 seconds

[“Mar 1 ©1:08:01.679: %LINEPROTO-5-UPDOWN: Line protocol on Interface Serial@/2,
changed state to up

R1# |
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R4

2/2

s2/0

192.168. 20. 0/24 192. 168. 50. 0/24

200. 200. 210. 2/24
PC4

|

200. 200. 100. 0/24 192. 168. 40. 0/24 0

210.0/24

Enter configuration commands, one per li End with CNTL/Z.

R1(config-if)#no shutdown

R1(config-if)#

*Mar 1 ©0:17:34.671: %LINK-3-UPDOWN: Interface Serial®/2, changed state to up
R1(config-if)#

*Mar 1 ©0:17:35.675: INEPROTO-5-UPDOWN: Line protocol on Interface Seriale/2,
changed state to up
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R4

2/2

s2/0
192. 168. 50. 0/24

192.168. 20. 0/24
200. 200. 210. 2/24

P RS
s0/2 PCe

200. 200. 100. 0/24 192. 168. 40. 0/24 0

s2/1

= 210.0/24
R1(config)#int se/2
R1(config-if)#shutdown

3.167: %DUAL-5-NBRCHANGE: IP-EIGRP(@) 1@@: Neighbor 192.168.20.2

(Seriale/2) is down: interface down

R1(config-if)#

*Mar 1 o 5.019: %LINK-5-CHANGED: Interface Serial@/2, changed state to adm|
inistratively down

*Mar 1 ©0:05:36.019: INEPROTO-5-UPDOWN: Line protocol on Interface Seriale/2,
changed state to down
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Protocol Length

1 0.000000 .2 .0.0.

3 4.674372 192.168.20.2 224.0.90.10 EIGRP 64 Hello
4 9.042733 192.168.20.2 224.0.90.10 EIGRP 64 Hello
5 9.229373 192.168.20.1 224.0.90.10 EIGRP 64 Hello
7 13.264805 192.168.20.2 224.0.90.10 EIGRP 64 Hello
9 17.753513 192.168.20.2 224.0.90.10 EIGRP 64 Hello
11 19.121569 192.168.20.1 224.0.90.10 EIGRP 64 Hello
12 22.351981 192.168.20.2 224.0.0.10 EIGRP 64 Hello
13 23.795531 192.168.20.1 224.0.90.10 EIGRP 64 Hello
21 26.498114 192.168.20.2 224.0.90.10 EIGRP 64 Hello
22 28.199109 192.168.20.1 224.0.90.10 EIGRP 64 Hello
23 31.052574 192.168.20.2 224.0.90.10 EIGRP 64 Hello
24 32.797378 192.168.20.1 224.0.90.10 EIGRP 64 Hello

Frame 12: 64 bytes on wire (512 bits), 64 bytes captured (512 bits)

Cisco HDLC

Cisco EIGRP
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Rl#tshow ip ospf timers lsa-group
OSPF Router with ID (1.1.1.1) (Process ID 100)

Group size 5, Head 2, Search Index 4, Interval 240 sec
Next update due in ©0:02:50

Current time 591

Index © Timestamp 762

Index 1 Timestamp 1010

Index 2 Timestamp 1259

Index 3 Timestamp 1519

Index 4 Timestamp 1767

PUNRO

Failure Head @, Last © LSA group failure logged

<3 |
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| osptl

Time Source Destination Protocol Length Info

| 1 0.000000 192.168.20.2 224.0.0.5 OSPF 84 Hello Packet
4 3.090605 192.168.20.1 224.0. OSPF 84 Hello Packet

5 10.015547 192.168.20.2 224.0. OSPF 84 Hello Packet

8 13.091234 192.168.20.1 224.0. OSPF 84 Hello Packet
10 19.992739 192.168.20.2 224.0. OSPF 84 Hello Packet
13 23.101353 192.168.20.1 224.0. OSPF 84 Hello Packet
14 29.987105 192.168.20.2 224.0. OSPF 84 Hello Packet
17 33.091019 192.168.20.1 224.0. OSPF 84 Hello Packet
19 39.999370 2 224.90 OSPF 84 Hello Packet

LS Update
23 43.086321 192.168.20.1 224.0. OSPF 84 Hello Packet
4.168158 92. .1 .0. Acknowledge
111 49.987565 192.168.20.2 224.0. OSPF 84 Hello Packet
226 53.094070 192.168.20.1 224.0. OSPF 84 Hello Packet
227 59.986291 192.168.20.2 224.0. OSPF 84 Hello Packet
230 63.096113 192.168.20.1 224.0. OSPF 84 Hello Packet
.1 .0. LS Update
.127 . .2 .0. LS Acknowledge

233 70.001419 .168.20.2 224.0. OSPF 84 Hello Packet
22/ 72 nQ0a2r 1AR 200 1 274 o N]PF R4 Halln Parlkat

Frame 1: 84 bytes on wire (672 bits), 84 bytes captured (672 bits)

Cisco HDLC

Internet Protocol Version 4, Src: 192.168.20.2, Dst: 224.0.0.5

Open Shortest Path First
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.20.1)

*Mar 1 ©0:09:47.175: RIP: build update entries

*Mar 1 00:09:47.175: 192.168.10.0/24 via 0.0.0.8, metric 1, tag @
*Mar 1 00:09:47.175: 192.168.30.0/24 via 0.0.0.8, metric 1, tag @
*Mar 1 00:09:47.179: 200.200.200.0/24 via 0.0.0.0, metric 2, tag @
*Mar 1 00:09:47.179: 200.200.220.0/24 via 0.0.0.0, metric 2, tag @
*Mar 1 00:09:47.179: 200.200.230.0/24 via 0.0.0.0, metric 2, tag @
*Mar 1 ©0:09:47.535: RIP: received v2 update from 192.168.30.2 on Serial@/1
*Mar 1 00:09:47.535: 192.168.406.0/24 via 0.0.0.8 in 1 hops

R1#

*Mar 1 00:09:47.535: 192.168.50.0/24 via ©.0.0.8 in 2 hops

*Mar 1 00:09:47.535: 200.200.100.0/24 via 0.0.6.0 in 1 hops
*Mar 1 00:09:47.539: 200.200.210.0/24 via 0.0.6.0 in 3 hops
*Mar 1 00:09:47.539: 200.200.230.0/24 via 0.0.6.0 in 1 hops

R1#

*Mar 1 ©0:09:51.607: RIP: sending v2 update to 224.0.0.9 via Seriale/@ (192.168
.10.2)

*Mar 1 ©0:09:51.607: RIP: build update entries

*Mar 1 00:09:51.607: 192.168.20.0/24 via 0.0.0.8, metric 1, tag @
*Mar 1 00:09:51.607: 192.168.30.0/24 via 0.0.0.8, metric 1, tag @
*Mar 1 00:09:51.611: 192.168.40.0/24 via 0.0.0.8, metric 2, tag @
*Mar 1 00:09:51.611: 192.168.50.0/24 via 0.0.0.8, metric 2, tag @
*Mar 1 00:09:51.611: 200.200.100.0/24 via 0.0.8.0, metric 2, tag @
*Mar 1 00:09:51.615: 200.200.210.0/24 via 0.0.0.0, metric 3, tag @
*Mar 1 00:09:51.615: 200.200.230.0/24 via 0.0.0.0, metric 2, tag @
R1#

*Mar 1 00:10:05.639: RIP: sending v2 update to 224.0.0.9 via Seriale/1 (192.168
.30.1)

*Mar 1 ©0:10:05.639: RIP: build update entries

*Mar 1 00:10:85.639: 192.168.10.0/24 via 0.0.0.8, metric 1, tag @
*Mar 1 00:10:85.639: 192.168.20.0/24 via 0.0.0.8, metric 1, tag @
*Mar 1 00:10:85.643: 192.168.50.0/24 via 0.0.0.8, metric 2, tag @
*Mar 1 00:10:85.643: 200.200.200.0/24 via 0.0.0.0, metric 2, tag @
*Mar 1 00:10:85.643: 200.200.210.0/24 via 0.0.0.0, metric 3, tag @
*Mar 1 00:10:85.647: 200.200.220.0/24 via 0.0.0.0, metric 2, tag @

R1#




image36.png
Time Source Protocol Length Info

3 5.294589 192.168.20.1 224.0.0. RIPv2 136 Response
348 17.553831 192.168.20.2 224.0.0. RIPv2 136 Response
613 34.093117 192.168.20.1 224.0.0. RIPv2 136 Response
616 47.563854 192.168.20.2 224.0.0. RIPv2 136 Response
621 61.191857 192.168.20.1 224.0.0. RIPv2 136 Response
626 78.304720 192.168.20.2 224.0.0. RIPv2 136 Response
629 91.324312 192.168.20.1 224.0.0. RIPv2 136 Response
788 106.136429 192.168.20.2 224.0.0 RIPv2 136 Response





image37.png
No. Time Source Destination Protocol Length Info No. Time Source Destination Protocol Length Info

- 3 5.294589 192.168.20.1 224.0.0.9 RIPv2 136 Response - 6 20.295590 192.168.30.2 224.0.0.9 RIPv2 136 Response
I 348 17.553831 192.168.20.2 224.0.0.9 RIPv2 136 Response I 9 26.842929 192.168.30.1 224.0.0.9 RIPv2 156 Response
613 34.093117 192.168.20.1 224.0.0.9 RIPv2 136 Response 15 50.793043 192.168.30.2 224.0.0.9 RIPv2 136 Response

I 616 47.563854 192.168.20.2 224.0.0.9 RIPv2 136 Response I 16 56.282009 192.168.30.1 224.0.0.9 RIPv2 156 Response
621 61.191857 192.168.20.1 224.0.0.9 RIPv2 136 Response 24 78.970767 192.168.30.2 224.0.0.9 RIPv2 136 Response

I 626 78.304720 192.168.20.2 224.0.0.9 RIPv2 136 Response I 25 83.275788 192.168.30.1 224.0.0.9 RIPv2 156 Response
629 91.324312 192.168.20.1 224.0.0.9 RIPv2 136 Response 32 105.489216 192.168.30.2 224.0.0.9 RIPv2 136 Response

I 788 106.136429 192.168.20.2 224.0.0.9 RIPv2 136 Response I 33 107.996772 192.168.30.1 224.0.0.9 RIPv2 156 Response
1164 114.981534 192.168.20.1 224.0.0.9 RIPv2 136 Response 40 134.851497 192.168.30.2 224.0.0.9 RIPv2 136 Response

I 1244 135.289703 192.168.20.2 224.0.0.9 RIPv2 136 Response I 42 136.477754 192.168.30.1 224.0.0.9 RIPv2 156 Response
1247 144.094612 192.168.20.1 224.0.0.9 RIPv2 136 Response 49 164.291909 192.168.30.2 224.0.0.9 RIPv2 136 Response

I 1252 165.605396 192.168.20.2 224.0.0.9 RIPv2 136 Response I 50 165.571097 192.168.30.1 224.0.0.9 RIPv2 156 Response
1253 171.510364 192.168.20.1 224.0.0.9 RIPv2 136 Response 58 194.190722 192.168.30.2 224.0.0.9 RIPv2 136 Response

I 1261 195.805067 192.168.20.2 224.0.0.9 RIPv2 136 Response I 59 195.315376 192.168.30.1 224.0.0.9 RIPv2 156 Response
1263 200.953796 192.168.20.1 224.0.0.9 RIPv2 136 Response ! 65 221.914517 192.168.30.1 224.0.0.9 RIPv2 156 Response

I 1269 224.364425 192.168.20.2 224.0.0.9 RIPv2 136 Response 66 222.594394 192.168.30.2 224.0.0.9 RIPv2 136 Response
1271 228.039156 192.168.20.1 224.0.0.9 RIPv2 136 Response I 75 252.230502 192.168.30.1 224.0.0.9 RIPv2 156 Response

I 1277 254.013834 192.168.20.2 224.0.0.9 RIPv2 136 Response 76 252.513980 192.168.30.2 224.0.0.9 RIPv2 136 Response
1280 258.392918 192.168.20.1 224.0.0.9 RIPv2 136 Response 83 281.463328 192.168.30.2 224.0.0.9 RIPv2 136 Response

I 1286 284.175394 192.168.20.2 224.0.0.9 RIPv2 136 Response I 84 281.890870 192.168.30.1 224.0.0.9 RIPv2 156 Response
1289 289.417051 192.168.20.1 224.0.0.9 RIPv2 136 Response ! 91 309.079972 192.168.30.1 224.0.0.9 RIPv2 156 Response
1299 320.285130 192.168.20.1 224.0.0.9 RIPv2 136 Response 92 310.193909 192.168.30.2 224.0.0.9 RIPv2 136 Response

I 99 334.690463 192.168.30.1 224.0.0.9 RIPv2 96 Response

! 101 335.325827 192.168.30.1 224.0.0.9 RIPv2 156 Response

102 336.246783 192.168.30.2 224.0.0.9 RIPv2 156 Response

103 336.646626 192.168.30.2 224.0.0.9 RIPv2 56 Response

158 340.047211 192.168.30.2 224.0.0.9 RIPv2 56 Response

I 631 355.536679 192.168.30.1 224.0.0.9 RIPv2 116 Response

L 639 363.288248 192.168.30.2 224.0.0.9 RIPv2 176 Response

> Frame 3: 136 bytes on wire (1088 bits), 136 bytes captured (1088 bits) 382.949426 192.168.30.1 224.0.0.9 RIPV2 116 Response

> Cisco HDLC

> Internet Protocol Version 4, Src: 192.168.20.1, Dst: 224.0.0.9

> User Datagram Protocol, Src Port: 520, Dst Port: 520

>
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Rl#show 1p route
Codes: C - connected, S - static, R - RIP, M - mobile, B - BGP

D - EIGRP, EX - EIGRP external, O - OSPF, IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2

E1l - OSPF external type 1, E2 - OSPF external type 2

i - IS-IS, su - IS-IS summary,

o - ODR, P - periodic downloaded static route

Gateway of last resort is not set

THHOHOOODDOD

200.
192.
192.
200.
192.
200.
192.
200.
200.
192.

200.

168
168

168

168

168

200.0/24 [120/1] via 192.168.106.1, ©00:00:05, Seriale/e

.30.0/24 is directly connected, Seriale/1
.60.8/24 [120/1] via 192.168.30.2, ©0:00:03, Seriale/1
200.

220.0/24 [120/1] via 192.168.16.1, ©00:00:05, Serial@/e

.10.0/24 is directly connected, Seriale/e
200.

100.0/24 [120/1] via 192.168.30.2, ©0:00:03, Seriale/1

.40.0/24 [120/1] via 192.168.30.2, ©0:00:03, Seriale/1
200.
200.

210.0/24 [120/2] via 192.168.30.2, ©
230.0/24 [120/1] via 192.168.30.2, €0:

@3, Seriale/1
105, Seriale/1

.50.0/24 [120/2] via 192.168.30.2, ©0:00:05, Serial@/1

L1 - IS-IS level-1, L2 - IS-IS level-2
ia - IS-IS inter area, * - candidate default, U - per-user static route
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1 ERREE me [§l Ended
2 |Project Initiation and Planning 24/11/2025 10/12/2025 17
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