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ABSTRACT 

 

A NOVEL ALGORITHM FOR SELECTING OPTIMAL ROUTING     

PATHS TO IMPROVE NETWORK PERFORMANCE 

 

      AHMED, Mohammed Salah Aldeen Ahmed 

         M.Sc., Information Technologies, Altınbaş University, 

        Supervisor: Asst. Prof. Dr. Oğuz KARAN 

                                   Date: 04/2023 

                                   Pages: 64 

In this research, we explore various path methods utilizing Multiprotocol Label Switching 

(MPLS) to improve the term Traffic Engineering (TE) in networks. As internet services 

continue to grow in importance, efficient routing algorithms are crucial for TE. MPLS is a 

contemporary technique that improves router speed, identifies explicit routers, and facilitates 

better Traffic Engineering Management and real-time multimedia data communication. Among 

the protocols utilized to determine the shortest path for packet transmission in a network, 

MPLS is a significant one. However, ISPs must enhance the routing algorithm on MPLS 

routers to optimize their efficiency. Advanced routing algorithms have been developed to 

leverage MPLS networks, utilizing traffic-based routing to find label switching path (LSP) 

solutions and reduce blocking probability. To evaluate these algorithms, we utilized Matlab to 

simulate the MPLS network. The simulation results were analyzed and evaluated from various 

perspectives, and recommendations were made for specific routing algorithms based on the 

network specification protocol. 

The outcomes of this research indicate that integrating path methods for computer networks in 

terms of packet switching provides the best optimal route path.  

Keywords: Path, MPLS, Network, End to End Delay, Anti Colony Method. 
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1. INTRODUCTION 

1.1 BACKGROUND  

In the past two decades, various network protocols have been developed by scientists and 

companies worldwide to build internet networks and other types of networks. These protocols 

have made networks more comprehensive, especially in the industrial field, where new 

protocols are continuously being tested and implemented [1]. Previously, the main objective of 

networks was to connect source and destination nodes through IP assignments. However, this 

method was unreliable and had significant time delays, causing many problems [2]. Hence, 

finding an intelligent algorithm to determine the best path between source and destination nodes 

has become crucial. One solution to overcome issues caused by disasters or unexpected errors is 

to dynamically change the IP, which can help the system handle various problems, especially in 

large-scale systems. Today's network must meet the demands of modern applications, to cater to 

the demands of online shopping and banking services, it is essential to provide functionalities 

like real-time processing, fast speed, and strong security measures. [3]. Next-generation systems 

need to support real-time applications, voice and video applications, and services like IP 

Telephone, which require the shortest path between two nodes to be predicted and found. The 

use of Virtual Private Networks (VPNs) encourages IP technology providers to explore 

supplementary techniques for efficient traffic management within IP protocols. Therefore, 

internet service providers need to provide high-performance services and efficiently find the 

best path. In MPLS, packets are labeled with specific identifiers that enable routers to direct 

them along a predetermined path, rather than individually determining the best route for each 

packet. This allows for faster and more efficient data transfer across the network. Furthermore, 

MPLS enables the creation of Virtual Private Networks (VPNs), which provide secure 

communication channels between geographically dispersed sites [5]. By using MPLS, 

organizations can reduce costs associated with dedicated lines or leased circuits while 

maintaining a high level of security. MPLS also offers Quality of Service (QoS) features, 

allowing for prioritization of traffic based on its importance and ensuring that critical data is 

transmitted without delay or loss. Overall, the adoption of MPLS has significantly improved 

network performance, reduced costs, and provided organizations with a more reliable and secure 

means of communication [6]. The subsequent are the main challenges confronted by networks 

universally: 



 2 

a. Expandability: Networks must be competent of increasing in scope without any virtual 

restraints. Data must grow speedily, and the network must be capable of accommodating 

this growth each day. All of this should be attainable on the router at a minimum. 

b. Adaptability: The capability to transform and progress without interrupting network 

distribution is one of the most noteworthy challenges. 

c. Consolidation: The incorporation of numerous applications is a manifestation of system 

consolidation. The weight of consolidation at all strata cannot be overemphasized in 

generating an interactive network [7]. 

  

 

Figure 1.1: Concept Of MPLS [6]. 

1.2 RELATED WORK 

In the context of MPLS networks, many studies have investigated routing algorithms and 

models. These studies have focused on various aspects, such as scalability, fault tolerance, 

traffic engineering, and energy efficiency. 

the study by [8], proposed an optimized routing algorithm that considers network congestion 

and link failures. Their proposed algorithm achieved better performance than existing 

algorithms in terms of network throughput, packet loss rate, and energy consumption. 

Another study by [ 9] proposed a hierarchical routing model that reduces the control overhead 

and enhances the scalability of MPLS networks. They showed that their proposed model can 

achieve better performance than existing models in terms of routing convergence time and 

control message overhead. 
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In a different study, [10], proposed a path selection algorithm that considers both traffic 

engineering and fault tolerance. Their algorithm aims to minimize network congestion while 

maintaining high availability in the event of link failures. Their simulation results showed that 

their algorithm achieved better performance than existing algorithms in terms of network 

throughput, packet loss rate, and recovery time. 

Other studies have focused on different aspects of MPLS networks, such as energy efficiency 

[11] network security [12], and dynamic routing [13].  

Using sensors and network mapping, the authors in [14] proposed techniques to perform 

experiments in collecting and analyzing the data collection, and analyzing traffic behavior, and 

data analysis. Furthermore, to visualize network data, the techniques provided several ways. 

Moreover, the techniques dealt with identifying the application. The authors in [15] explained 

the need for network proxying internet system and presented the network monitor’s structure 

and operations. This article inspired us to conduct this research because it contained the network 

security monitoring aspects. 

The authors in [36] utilized the KDD dataset and used several filter algorithms to reduce forty-

one features to sixteen one to achieve the same detection outcomes. They utilized Stability 

Selection, Stepwise Regression, and Maximum Relevance (WMR). The author validated their 

work with the use of Bayes Classifier and Support Vector Machines (SVM). We were inspired 

to inquire about the necessity of extremely complex extracted characteristics by the study. 

Furthermore, a more basic feature set is key to performing the current research tests. 

Overall, these studies demonstrate the importance of routing algorithms and models in the 

performance of MPLS networks. They also highlight the need for continued research in this 

field to address emerging challenges and improve the resilience and reliability of MPLS 

networks. 
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Table 1.1: Review Of Related Area Research Of Network. 

Year Published Paper details Demerits 

 

 

 

 

 

2022 

 

 

 

 

 

    [14] 

SDN technology has various 

applications, including 

routing, monitoring, and 

security. It can also enhance 

cellular and satellite networks, 

optimize workload placement 

in data centers, and benefit 

from evaluation tools like 

Mininet and OpenNet. 

However, there are future 

challenges that need to be 

addressed in the 

implementation and adoption 

of SDN technology. 

The focus is solely on routing 

methods that utilize the 

principles of software-defined 

networking. 

     

 

 

 

    [15] 

The paper is being addressed 

the classification and 

applications of unmanned 

aerial vehicles (UAVs), as 

well as the different mobility 

models and routing protocol 

classifications that are relevant 

to these devices. Additionally, 

the challenges and open issues 

that still need to be resolved in 

this field are also being 

discussed. 

The analysis of predictive 

techniques is not comprehensive, 

and it does not encompass 

routing protocols that are based 

on self-adaptive learning. These 

types of routing protocols are not 

included in the review. 
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Table 1.1: Review Of Related Area Research Of Network "Tables Continued". 

   

 

 

 

 

 

 

    [16] 

The discussion pertains to various 

aspects of communication networks 

for unmanned aerial vehicles 

(UAVs), such as the issues, 

characteristics, design 

considerations, and applications. It 

also covers the different routing 

protocols used in these networks, as 

well as the quality of service (QoS) 

aspects that need to be considered. 

Lastly, the future research areas that 

require further exploration in this 

field are also being examined 

 

Not included path routing protocols  

 

 

    [17] 

The topic being addressed includes 

the architecture and design of 

networks, as well as the different 

routing protocols that are utilized in 

these networks. Additionally, 

performance analysis and quality of 

service (QoS) metrics are also being 

discussed, along with the current 

opening issues that require further 

attention in this field. 

The routing classification being 

discussed is limited to only a few 

methods. 
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Table 1.1: Review Of Related Area Research Of Network "Tables Continued". 

   

 

 

    

 

    [18] 

The paper under consideration 

explores the various ways in which 

unmanned aerial vehicles (UAVs) can 

be utilized for data gathering and 

monitoring, cellular communications, 

disaster management, computing, and 

routing methods in conjunction with 

unmanned ground vehicles (UGVs). 

Does not include any routing 

protocols for communication 

between UAVs. 

 

 

 

   [19] 

The topic being discussed pertains to 

routing protocols that are specifically 

designed for network of  UAV-

assisted VAN. Additionally, the 

analysis covers the current challenges 

and open research issues that need to 

be addressed in this field.. 

The analysis or discussion is solely 

focused on routing protocols that are 

designed for UAV-aided vehicular 

networks 

    

   [20] 

The topic being discussed pertains to 

various aspects of unmanned aerial 

vehicle (UAV).  

There is a lack of discussion on 

routing protocols that incorporate 

artificial intelligence and how they 

can affect networks that are 

constantly changing or in motion. 

    

 

 

 

     [14] 

The analysis encompasses a range of 

subjects, including network design, 

mobility models, routing approaches, 

and protocols. Furthermore, it features 

a comparative analysis of these topics, 

as well as a discussion of future 

challenges that must be tackled in this 

domain. 

There is no consideration given to 

self-adaptive learning-based 

methods. 
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Table 1.1: Review Of Related Area Research Of Network "Tables Continued". 

     

 

 

   [15] 

The proposed approach for path 

restoration involves utilizing an 

Integer Programming method. The 

method is characterized by limited 

fixed routes and includes joint path 

computation.. 

The discussion provides only a brief 

mention of adaptive routing protocols, 

but there is a notable absence of AI-

enabled routing protocols.. 

 

   

   [16] 

 The analysis pertains to a 

comparison of different routing 

protocols, as well as the open 

research issues that need to be 

addressed in this field. 

There is a lack of discussion on routing 

protocols that incorporate artificial 

intelligence and how they can affect 

networks that are constantly changing 

or in motion. 

    

   [17] 

The paper being discussed is 

related to both single-layer and 

cross-layer routing techniques, as 

well as the challenges and future 

research directions that need to be 

explored in this area. 

The routing classification being 

discussed is limited to only a few 

methods., but not defined for UAV 

Networks. 

 

     

 

     [18] 

The discussion covers various 

aspects of UAVs, including their 

architectures, ongoing projects, 

distinguishing characteristics, 

potential applications, and routing 

protocols. Additionally, there is a 

particular emphasis on the security 

challenges that UAVs present. 

Not covered the routing path in terms of 

AI 
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Table 1.1: Review Of Related Area Research Of Network "Tables Continued". 

   

 

 

     [19] 

The examination centers on 

routing protocols based on position 

and presents an intricate 

explanation and comparative 

investigation of these methods. 

Moreover, the conversation also 

encompasses several mobility 

models and the use of UAVs in 

various applications within this 

domain. 

The discussion is 

limited to 

position-based 

routing 

protocols,  

only, 

Our 

Propose   

work 

Focused on MLSP in computer 

network networks, which involves 

a comparison of various methods 

to determine the optimal route. 

Find that integrating protocol method is 

the best method for the optimal route 

method.  

 

1.3 PROBLEM STATEMENT 

Packet switching networks rely on recovery mechanisms to maintain network connectivity in 

the event of failures. However, these mechanisms can lead to decreased throughput and 

increased loss rate. Recovery success depends on routing protocols that may not guarantee the 

same success rate for all failures. This research aims to optimize the throughput of packet 

switching networks by identifying ways to reduce loss rate and increase connection rates. It will 

investigate the impact of network size and routing protocols on the recovery process and 

propose strategies to enhance recovery performance. Ultimately, the goal is to develop a 

comprehensive approach to improve the resilience and reliability of packet switching networks. 

1.4 RESEARCH OBJECTIVE  

The objective of this study is to analyze the performance of three algorithms commonly used in 

software defined networking (SDN) networks in achieving resilient traffic flow conditions in 

case of network failures. Specifically, the study aims to explore and compare the effectiveness 

of different routing techniques in ensuring continuous traffic flow when a network fails. The 

three algorithms under analysis are expected to provide insights into how networks can be 

designed to improve their resiliency and minimize downtime in the event of network failures. 
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Overall, the study seeks to contribute to the advancement of SDN networks and inform network 

designers on the best practices for ensuring reliable and robust network performance. 

1.5 THESIS OUTLINES  

This thesis is focused on the analysis of different techniques that can be used for routing traffic 

in the event of network failure. The main objective is to investigate the performance of three 

algorithms commonly used in the design of networks, particularly in software-defined 

networking (SDN) networks, and their ability to achieve resilient traffic flow conditions in such 

an environment. Chapter 1, the first chapter of the thesis will provide an overview of the 

research topic, including a background on the importance of resilient traffic flow in networks. It 

will also introduce the concept of SDN and its role in traffic routing, as well as identifying the 

research gap in the current literature. The chapter will outline the research questions, objectives, 

and significance of the study. Chapter 2 will provide a comprehensive explanation of the 

theoretical background of the topic. This will include a detailed description of SDN and its 

advantages over traditional networking, an explanation of traffic routing in SDN networks, and 

an introduction to the three algorithms under analysis. The chapter will also discuss resiliency in 

network design and its importance in improving network performance. Chapter 3 will outline 

the methodology of the research, including research design and methodology, data collection 

methods, data analysis techniques, and proposed methods for evaluating the three algorithms. 

The chapter will also address the limitations of the study and how they will be addressed. 

Chapter 4 results and Analysis Chapter 4 will present the results of the study and compare the 

performance of the three algorithms under analysis. It will provide findings from data analysis, 

a comparison of the algorithms in terms of their ability to ensure resilient traffic flow, and 

discussion of the implications of the results for network design. The chapter will also provide 

recommendations for the best algorithm to use in different scenarios. Chapter 5 Conclusion and 

Future Work, the final chapter of the thesis will summarize the findings of the study and discuss 

their significance for future research and practice. It will provide a summary of the research 

questions and objectives, the findings, and how they address the research gap. The chapter will 

also discuss limitations of the study and recommendations for future research, conclusions, and 

implications for network design. The importance of resiliency in network design and its 

potential to improve network performance will also be emphasized. 
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2. THEORETICAL BACKGROUND 

2.1 NETWORK FUNCTIONAL REQUIREMENT 

To obtain the most comprehensive view of network activity, the feature collector should be able 

to parse a broad range of the protocols. The system should also report traffic that it cannot 

comprehend. 

2.1.1 Data Availability 

Prior to creating summary structures, network monitor must make collected data accessible at 

minimal level that is possible for the research purposes. This means that for each protocol that 

the monitor could interpret, protocol-specific information must be provided [20]. 

2.1.2 Abstraction Capabilities 

Summary structures, abstractions, aggregate values, and statistical data could be pro-duced from 

acquired data with the use of information which was acquired during the collecting stage. 

Bidirectional connections and unidirectional network flows are common examples of summary 

structures [21].  

2.2 OVERVIEW OF MPLS  

Multiprotocol Label Switching (MPLS) is a technique used in computer networks to direct data 

packets along predetermined paths, called Label Switched Paths (LSPs), based on labels that are 

attached to each packet. These labels are used to identify the next hop in the path and to enable 

fast forwarding of packets through network routers [22]. As shown in the figure 2.1 indicates 

the control panel of MPLS. 

The basic operation of MPLS can be described mathematically as follows: 

a. Label Distribution Protocol (LDP): The first step in setting up an LSP is to establish label 

mappings between the network routers along the path. This is done using a protocol called 

the Label Distribution Protocol (LDP), which assigns a unique label to each network prefix 

or route. Let's assume that there are n routers along the path, each with a unique IP address 

[23]. 

b. Label Stack: When a data packet arrives at a router, it is assigned a label by the router based 

on the LDP mappings. This label is added to the top of the packet as a label stack. Let's 

assume that the label assigned to the packet by the first router is L1 [24]. 
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c. Label Switching: The packet is then forwarded to the next hop in the path, based on the 

topmost label in the label stack. The next router examines the label and uses it to determine 

the next hop in the path. The label is then popped off the stack, and the packet is forwarded 

to the next hop based on the new topmost label. This process continues until the packet 

reaches its destination [24]. 

d. Label Swapping: In some cases, a router may need to swap the label on a packet, for 

example, if it needs to redirect the packet to a different path. In this case, the router 

replaces the topmost label with a new label, based on the LDP mappings for the new path 

[22]. 

e. Path Setup: When a new LSP is established, the routers along the path exchange information 

to set up the path and determine the labels to be used. This involves sending messages to 

each other to establish the LDP mappings, and to negotiate the path and label assignments 

[25]. 

Furthermore, MPLS is a technique that enables fast forwarding of packets through a network by 

assigning labels to packets and using these labels to direct packets along predetermined paths. 

The label mappings are established using the Label Distribution Protocol, and the labels are 

added to the packet as a label stack. The routers along the path use the labels to determine the 

next hop in the path and to forward the packet to the appropriate destination. 
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Figure 2.1: (a) Simple Packet Forwarding (b) Application Plane [26]. 

2.3 TRAFFIC ENGINEERING  

in terms of reliability, efficiency, and speed. By allocating bandwidth in a more efficient and 

optimized way, network engineers can ensure that critical services are given priority and that 

there is sufficient capacity to handle peak traffic loads. Traffic engineering involves analyzing 

the network's current traffic patterns and identifying potential bottlenecks or areas of 

congestion. Based on this analysis, network engineers can adjust the routing paths and allocate 

bandwidth in a way that optimizes network performance [27]. This can involve adjusting link 

weights, setting up Quality of Service (QoS) policies, and implementing traffic shaping or 

policing mechanisms to ensure that certain types of traffic are given priority [28]. 
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Overall, the goal of traffic engineering is to ensure that the network is able to handle current and 

future traffic loads while maintaining high levels of performance and reliability. By using tools 

and techniques to monitor and optimize traffic flow, network engineers can ensure that their 

network is operating at its best and delivering the best possible user experience.  

 

Figure 2.2: Traffic Engineering With IP Process [28]. 

All of the routers in a site are equipped with an IGP configuration, which allows them to 

advertise their networks between them. Figure 2.2, shows a network composed of four links 

with varying capacities. If one wants to communicate with another site, it can do so through site 

B or through site C. A router will dynamically select the link with the highest capacity to send 

data unless a policy is explicitly set in place. 

2.4 IP ROUTING FUNCTIONS  

The routing table depicted in Figure 2.3 guides the IP network router in determining the next 

destination for packets. This process is repeated by each router in the path until the packet 

reaches its intended destination [29]. 
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Figure 2.3: Routing Lookup In Network [30]. 

The sites contain networks that have an IGP configuration. Each site has four links as shown in 

Figure 2.3, for link capacity. To communicate with another site, one can use site B or site C, 

and by default, a router will dynamically route traffic between all sites. If a host with an IP 

address of 10.5.11.4 needs to access the web server, it will send a packet to the appropriate 

router on the path to the destination, and the router will keep the destination in its routing table. 

This information helps the router to determine the path that the packet will take to reach its 

destination. Local networks use the OSPF database to track all connections, which can also be 

used for larger networks. The Internet has autonomous systems consisting of routers that are 

under one administrator's control. 

2.5 AUTONOMOUS SYSTEM  

An Autonomous System (AS) is a collection of interconnected networks that are operated by a 

single administrative entity, such as an internet service provider (ISP), a large organization, or a 

government agency. Each AS is assigned a unique identifier known as an Autonomous System 

Number (ASN), which is used to exchange routing information with other ASs on the Internet. 

ASs are typically classified into two categories: transit ASs and stub ASs. Transit ASs provide 

connectivity between other ASs, while stub ASs only have a single connection to another AS 

and do not provide transit services [31]. 

The mathematical basis of AS routing is based on the Border Gateway Protocol (BGP), which is 

used by routers in different ASs to exchange routing information. BGP uses a path-vector 
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algorithm to determine the best path for routing packets between ASs. Each AS advertises the 

networks it can reach to its neighboring ASs, along with a list of ASs that packets should 

traverse to reach those networks. BGP also employs a number of policies that ASs can use to 

control the flow of traffic through their networks. For example, an AS may use a policy called 

"prepending" to make its network appear less desirable to other ASs. This is done by adding its 

own AS number to the list of ASs that packets must traverse to reach a destination network. By 

doing so, the AS makes it appear as if there are more hops required to reach the destination, 

which may cause other ASs to prefer a different path. Another common BGP policy is called 

"route filtering," which is used to control which networks are advertised to neighboring ASs. 

ASs may use route filtering to prevent traffic from flowing through their networks to certain 

destinations, or to prioritize traffic to certain networks over others [32]. 

Overall, AS routing is a complex and dynamic process that is essential for the functioning of the 

Internet. The math behind AS routing is based on the path-vector algorithm used by BGP, along 

with various policies and techniques that ASs can use to control the flow of traffic through their 

networks. 

 

Figure 2.4: Network Represents AB System [32]. 

2.6 NETWORK ROUTE  

Network routing refers to the process of determining the path that data packets should take 

through a network to reach their destination. This process is critical for the efficient and reliable 

transfer of data between devices on a network, and it is typically implemented using a routing 

protocol [33]. A routing protocol is a set of rules and procedures that govern how routers 
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communicate with each other to determine the best path for routing packets. There are several 

routing protocols in use today, including the Routing Information Protocol (RIP), Open Shortest 

Path First (OSPF), and Border Gateway Protocol (BGP). The basic principle of network routing 

is to find the shortest path between the source and destination devices, which minimizes the 

number of routers that the data must pass through and reduces the latency or delay in 

transmitting the data. To achieve this, routing protocols use various algorithms to calculate the 

optimal path for routing packets. One such algorithm is the Dijkstra algorithm, which is used in 

OSPF and other link-state routing protocols. The Dijkstra algorithm works by constructing a 

network topology graph, which represents the network as a set of nodes and edges. Each node 

represents a router, while each edge represents a link between two routers. The algorithm then 

computes the shortest path from the source node to all other nodes in the network, taking into 

account the weights or costs associated with each edge [34]. 

Another algorithm used in routing is the Bellman-Ford algorithm, which is used in distance-

vector routing protocols like RIP. The Bellman-Ford algorithm works by having each router 

broadcast its entire routing table to its neighbors, which in turn broadcast their own routing 

tables. The routers then use this information to calculate the shortest path to each destination 

network, based on the number of hops or distance required to reach it. In addition to 

determining the optimal path for routing packets, routing protocols also implement various 

techniques to ensure reliability and fault tolerance in the network [35]. For example, routing 

protocols may use redundancy and load balancing to ensure that there are multiple paths 

available for routing data, in case one path fails or becomes congested. Overall, network routing 

is a complex process that involves various algorithms and techniques for determining the best 

path for routing packets through a network. The selection of a routing protocol depends on the 

specific requirements and characteristics of the network, such as its size, topology, and traffic 

patterns [36].  
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Figure 2.5: Network Route Process [35]. 

2.7 ROUTING INFORMATION PROTOCOL 

The RIP (Routing Information Protocol) is a distance-vector routing protocol used for managing 

and exchanging routing information between routers in a network. The RIP protocol was 

originally developed for use in small to medium-sized networks and is now widely used in both 

LAN and WAN environments [36]. In this response, I will provide a detailed explanation of the 

RIP protocol, including its features, advantages, and limitations. As shown in the figure 2.6 how 

the RIP works.  

 

                                               Figure 2.6: RIP Steps Of Working [36]. 
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2.7.1 Features Of The RIP Protocol 

The RIP protocol has several key features that make it useful for managing and exchanging 

routing information between routers [37]. These include: 

a. Distance-vector protocol: The RIP protocol is a distance-vector protocol, which means that 

it uses the number of hops or distance between routers as a metric for selecting the best path 

for data packets. Each router maintains a routing table that contains information about the 

available paths and their associated metrics. 

b. Hop count metric: The RIP protocol uses the hop count metric to determine the best path 

between routers. A hop count is the number of routers that a data packet must pass through 

before reaching its destination. The RIP protocol selects the path with the lowest hop count 

as the best path. 

c. Periodic updates: The RIP protocol uses periodic updates to exchange routing information 

between routers. Routers exchange routing information every 30 seconds by default. If a 

router does not receive updates from its neighbor within 180 seconds, it assumes that the 

neighbor is no longer reachable. 

d. Routing table: Each router maintains a routing table that contains information about the 

network topology, including the IP addresses of all routers in the network, the hop count to 

each router, and the outgoing interface for each path. 

e. Convergence time: The RIP protocol has a relatively fast convergence time, which means 

that the time taken for routers to adjust their routing tables in response to changes in the 

network topology is relatively low. 

2.7.2 Advantages Of The RIP Protocol 

The RIP protocol has several advantages that make it a popular choice for small to medium-

sized networks [38]. These include: 

a. Simplicity: The RIP protocol is relatively simple to configure and manage, making it a 

popular choice for small networks with limited resources. 

b. Low bandwidth requirements: The RIP protocol uses periodic updates to exchange routing 

information, which reduces the amount of bandwidth used compared to other protocols that 

use continuous updates. 
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c. Convergence time: The RIP protocol has a relatively fast convergence time, which means 

that routers can quickly adjust their routing tables in response to changes in the network 

topology. 

2.7.3 Limitations Of The RIP Protocol 

The RIP protocol also has several limitations that should be considered when choosing a routing 

protocol for a network [38]. These include: 

a. Scalability: The RIP protocol is not well-suited for large networks with many routers. As the 

network size increases, the amount of time required for routers to exchange routing 

information increases, which can lead to slow convergence times and network instability. 

b. Limited hop count: The RIP protocol has a maximum hop count of 15, which means that it 

cannot be used for networks with more than 15 hops between routers. 

c. Slow convergence time for large networks: As the network size increases, the time taken for 

routers to adjust their routing tables in response to changes in the network topology 

increases, which can lead to slow convergence times and network instability. 

d. Vulnerable to routing loops: The RIP protocol is vulnerable to routing loops, which can 

occur when two or more routers have incorrect routing information. This can cause data 

packets to be sent in circles between routers, leading to network congestion and instability. 

In summary, the RIP protocol is a distance-vector routing protocol used for managing and 

exchanging routing information between routers in a network. The RIP protocol is simple to 

configure and manage, has low bandwidth requirements, and has a relatively fast 

convergence time. However, it is not well-suited for large networks and is vulnerable. 

2.8 ROUTE STRUCTURE TABLE  

A route table is a key component of a computer network that is used to determine how packets 

of data are forwarded from one network location to another. The structure of a route table 

typically consists of several columns that contain information about the available network paths 

and their associated characteristics [39]. The exact structure can vary depending on the specific 

routing protocol being used and the requirements of the network. Figure 2.7 indicts the route 

table of the router in the computer network.  

Some of the common fields that may be found in a route table include: 
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a. Destination network - this field specifies the network or subnet that the route is intended for. 

b. Subnet mask - this field indicates the size of the network, and is used to determine which IP 

addresses are part of the network and which are not. 

c. Next hop - this field identifies the next device or network interface that should be used to 

forward packets towards the destination network. 

d. Interface - this field identifies the local network interface that packets should be sent out on. 

e. Metric - this field provides a measure of the distance or cost associated with a particular 

route, and is used to determine the optimal path for forwarding packets. 

f. Flags - this field contains various flags that are used to indicate special routing conditions, 

such as whether a route is active or inactive. 

In addition to these fields, a route table may also contain other information such as 

administrative distance, which is used to resolve conflicts between routes from different 

sources, and route summarization information, which is used to reduce the size of the 

routing table by consolidating multiple subnets into a single entry. 

 

Figure 2.7: Structure Table Of The Router [39]. 
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2.9 ROUTES PROTOCOLS  

Routing protocols are used in computer networks to help routers communicate with each other 

and to determine the best path for forwarding data packets [40]. There are several types of 

routing protocols, each with their own advantages and disadvantages. 

a. Distance Vector Routing Protocol: Distance Vector protocols, such as Routing Information 

Protocol (RIP), determine the best path to a destination by measuring the distance (hop 

count) to that destination. They periodically send updates about their routing table to their 

neighbors. This type of protocol is easy to configure, but can suffer from slow convergence 

times and routing loops. 

b. Link State Routing Protocol: Link State protocols, such as Open Shortest Path First (OSPF), 

rely on each router having a complete map of the network topology. Each router calculates 

the shortest path to each destination based on this map. This type of protocol is highly 

scalable and has fast convergence times, but can be more complex to configure. 

c. Hybrid Routing Protocol: Hybrid protocols, such as Enhanced Interior Gateway Routing 

Protocol (EIGRP), combine the best features of Distance Vector and Link State protocols. 

They use Distance Vector techniques for intra-area routing and Link State techniques for 

inter-area routing. This type of protocol is highly scalable, has fast convergence times, and 

is easy to configure. 

d. Border Gateway Protocol: Border Gateway Protocol (BGP) is a complex protocol used for 

inter-domain routing on the Internet. It allows Internet Service Providers (ISPs) to exchange 

routing information about their networks and to make decisions about the best path for 

traffic to flow between them. BGP is a path-vector protocol that takes into account several 

factors when selecting the best path, including path length, policy, and path attributes. 

Each routing protocol has its own strengths and weaknesses, and the choice of which 

protocol to use will depend on factors such as the size and complexity of the network, the 

level of control required, and the types of devices being used. In many cases, a combination 

of different protocols may be used in different parts of the network to achieve the best 

balance of performance and efficiency. 
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3. METHODOLOGY 

3.1 INTRODUCTION  

This section explores novel cognitive routing techniques that exhibit significant performance 

improvements. Some of these include the Shortest Path, the Ant-Colony Route, and the Fastest 

Path. The study also compares these with existing methods within a multi-level protocol 

network to demonstrate how they can help improve the transmission of voice and video packets. 

The study analyzed the effects of different routing algorithms on packet throughput, such as the 

Ant Colony, Shortest Path, and the Fastest Path, using metrics such as delay count, loss rate, 

average hop count, and number of packets sent per second. The results of the simulation 

revealed that implementing recovery methods can improve network performance. 

3.2 RESEARCH PROCESS  

In today's world, network communication plays a crucial role in the successful operation of 

businesses and organizations. To facilitate effective and efficient communication, various 

network protocols have been developed, with MPLS (Multiprotocol Label Switching) being one 

of the most widely used. This article delves into the details and functions of the MPLS network 

and examines previous MPLS methods discussed in the literature review. The MPLS network is 

a high-performance, packet-forwarding technology that provides fast data transfer and traffic 

management. It operates at the network layer, where it can support different types of traffic, 

such as voice, video, and data. MPLS works by assigning labels to packets, which are then used 

to forward them through the network. The labels provide a faster and more efficient way to 

route packets, and they can be used to implement various network services, such as Quality of 

Service (QoS) and Virtual Private Networks (VPNs). To better understand the performance of 

the MPLS network, various parameters must be examined, such as packet loss and transmission 

rates. A simulation can be used to keep track of these parameters, providing insights into the 

network's efficiency and effectiveness. In this article, a simulation is used to analyze the 

performance of the MPLS network, with the lost or transmitted packets being clearly shown. 

After the creation of the MPLS network, three different routing algorithms are used to route the 

packets. These algorithms are analyzed, and the resulting network is designed in MATLAB, a 

widely used simulation tool for network analysis. The results of the simulation are then 

compared and analyzed to identify any areas of improvement. One key area of improvement is 

in network recovery. The proposed method for network recovery is introduced, and its 

effectiveness is compared with the obtained results. The performance improvement of the 
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proposed method is presented graphically, showcasing the significant difference it can make in 

improving the MPLS network's reliability and stability. 

 

Figure 3.1: Overall The Steps Of Proposed Method. 

3.3 PROPOSED ANT COLONY METHOD 

An optimization algorithm based on the behavior of ants is called the Ant Colony Algorithm. It 

is commonly used to solve optimization problems, including finding the optimal path in 

computer networks. We employed in the computer networks, the Ant Colony Algorithm can be 

used to optimize the routing of data packets [41]. The goal is to find the most efficient path for 

each packet through the network, taking into account factors such as bandwidth, latency, and 

cost. We have applied the Ant Colony Algorithm to optimal path finding in computer networks, 

a graph representation of the network is first created. Each node in the graph represents a 
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network device, and the edges represent the connections between the devices. The pheromone 

levels on each edge are then used to guide the ants as they search for the optimal path. The Ant 

Colony Algorithm works by simulating the behavior of real ants. The ants move through the 

graph by following a set of simple rules. Each ant deposits pheromone on the edges it traverses, 

and the amount of pheromone deposited is proportional to the quality of the solution. As the 

ants move through the graph, they communicate with each other using pheromone trails. Ants 

are more likely to follow paths with higher pheromone levels, so over time, the pheromone 

trails converge on the optimal solution, leading to more efficient routing. The pheromone trails 

evaporate over time, allowing the algorithm to explore new paths. This helps prevent the ants 

from getting stuck in local minima and encourages the algorithm to continue exploring new 

solutions. The Ant Colony Algorithm is particularly effective in situations where traditional 

optimization methods may not work well, such as when the problem space is very large or 

complex. By mimicking the behavior of real ants, the algorithm is able to efficiently explore 

large and complex solution spaces, leading to better performance and cost savings. Furthermore, 

the Ant Colony Algorithm is a powerful optimization technique that can be used to find the 

optimal path in computer networks. By following the behavior of real ants, the algorithm is able 

to efficiently explore the solution space and converge on the best solution. The Ant Colony 

Algorithm is a metaheuristic optimization algorithm that mimics the behavior of ants in nature 

to find the optimal solution to a given problem. In the case of MPLS routing, the problem is to 

find the most efficient path for data packets through the network. The relationship between 

MPLS and the Ant Colony Algorithm is shown in Figure 3.2, which illustrates how the 

algorithm is applied to find the optimal path. 
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3.4 OPTIMAL FASTEST PATH METHOD 

To determine the fastest path in a network, the first step in the optimization process is to create 

a mathematical model that can identify the ideal locations of relay nodes, and then use that 

model to perform the optimization. Next, a routing algorithm is designed to discover the optimal 

path. Through research, it has been shown that this new routing algorithm is capable of 

successfully transporting packets in a very short amount of time, particularly in situations where 

there is a high density of nodes. The Fastest Path Algorithm is a network routing algorithm that 

can be applied to optimize the routing of data packets through an MPLS network. This 

algorithm is designed to find the fastest path between two points in the network, taking into 

account factors such as available bandwidth and latency [42]. To apply the Fastest Path 

Algorithm to MPLS routing, a graph representation of the network is created, with nodes 

representing network devices and edges representing the connections between them. Each edge 

is assigned a weight that represents the time it takes to traverse the edge, taking into account the 

characteristics of the MPLS network. The specific math used in the Fastest Path Algorithm 

depends on the implementation of MPLS used in the network. For example, if the network uses 

CR-LDP, the weight of an MPLS label-switched path can be calculated using the formula: 

Weight = (1/BW) + Delay 

Where BW is the available bandwidth and Delay is the delay of the LSP. 
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Figure 3.2: The Combination Of The MPLS And Anti Colony Method. 
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Once the weights of the edges in the graph have been calculated, the algorithm uses Dijkstra's 

algorithm to find the shortest path between the source and destination nodes. This path takes 

into account the specific characteristics of the MPLS network, such as available bandwidth and 

latency, and is optimized to provide the fastest possible path for data packets. The Fastest Path 

Algorithm is an effective method for optimizing network routing, including in MPLS 

networks. By taking into account the specific characteristics of MPLS, the algorithm can find 

the most efficient path for data packets, leading to better network performance and cost 

savings. This makes it a valuable tool for researchers and network engineers looking to 

optimize the performance of their MPLS networks. Within this framework, we presume that 

each node possesses the ability to obtain and utilize the subsequent pieces of information: its 

personal location, the location of the packet's destination, the next step involves implementing 

the fastest algorithm for packet transmission on each relay node in the system. This algorithm 

will then determine the path to the next hop forwarding node. The transmission radius is 

determined by  

   (
 

 (    )
)

 
 
 

taking into account the following equation:                                                              

The packet is sent to ud if x is greater or equal to its value. The ui algorithm then takes into 

account the link's C capacity to calculate the transmit and receive rate [23]. Doing so will 

prevent reception issues while ensuring that the packet is received at the right time. In this case, 

one additional relay node might be required if x is less than one uiud. The algorithm starts by 

determining the ideal next-hop node's location, takes into account the linked capacity, and sends 

the packet to the appropriate destination 
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3.5 OPTIMAL SHORTEST PATH METHOD 

The most frequently used metrics in IP routing are destination address and delay or hop-count. 

A variety of algorithms are also good for determining the shortest paths to a destination. 

However, the Floyd-Warley algorithm, which is suitable for regular graphs, is not suitable for 

WLANs due to its lack of handshaking [24]. The performance of short-path routing algorithms 

is often evaluated to see how they can reduce energy consumption. A cost metric can also be 

calculated by taking into account the provided equation.  

                                                                  
  

 

   
 

The total capacity of the link, denoted by cij, is used to calculate the cost metric in shortest path 

routing algorithms. An alternative to shortest path routing is minimum hops routing, which 

selects the path with the minimum number of hops as the metric [43]. The lengths of the 

shortest route to each destination are maintained by the nodes, and updates are only sent to their 

neighbors. The algorithm known as the Dinkstra Algorithm is used to route connections 
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between the sources and the other nodes in a network. It is commonly used in networks like 

OSPF, which is designed to monitor the status of the network's various nodes. The diagram of 

the algorithm in Figure 3.4 shows the function's structure. 

 

 

 

 

 

 

 

 

 

 

3.6 RESEARCH MAPPING FOR OPTIMAL ROUTING ALGORITHM  

The different methods used in this study, three proposed methods have been analyzed and 

compared to their outputs. The method of determining the optimal routing algorithm for the 

supply of a network has also been performed simultaneously with and in the same 

circumstances. The impact of different routing methods on the system's outcomes results are 

analyzed as shown in the figure 3.5. The findings of this study can be shown in graphical 

representations, which highlight the routing methods used in the simulation. 

MPLS 

Optimal Shortest Path Rotating Method 

Source  

Initial    Step  

No of nodes  

Destination Next   Step  

 

Figure 3.4: The Diagram Illustrates The Combination Between MPLS And 

The Shortest Path Method. 
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Figure 3.5: The Process Of Three Routing Algorithms. 

3.7 DIJKSTRA’S ALGORITHM 

Dijkstra's algorithm is a graph search algorithm that solves the single-source shortest path 

problem for a weighted graph. It finds the shortest path from a source vertex to all other vertices 

in the graph. The algorithm works by assigning a tentative distance value to every vertex, which 

is the smallest known distance from the source vertex to that vertex. As the algorithm 

progresses, the tentative distance values are updated and improved until the shortest path to 

every vertex is found. 
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The algorithm uses a priority queue to select the vertex with the smallest tentative distance 

value as the current vertex. It then examines each of the neighbors of the current vertex and 

updates their tentative distance values if a shorter path to them is found. This process continues 

until the algorithm has found the shortest path to every vertex in the graph. 

In mathematical notation, the algorithm can be described as follows: 

a. Set the distance value of the starting vertex to 0, and all other vertices to infinity. 

b. Add all vertices to a priority queue, sorted by their distance value. 

c. While the priority queue is not empty: a. Extract the vertex with the smallest distance value 

from the priority queue. b. For each neighbor of the current vertex: i. Calculate the tentative 

distance to the neighbor through the current vertex. ii. If the tentative distance is less than 

the neighbor's current distance value, update the neighbor's distance value in the priority 

queue. 

d. When all vertices have been visited, the shortest path to each vertex has been found. 

In the context of route path in PMLS, Dijkstra's algorithm can be used to find the shortest path 

between two points on a map. The vertices in the graph represent locations on the map, and the 

edges between them represent the distances or travel times between those locations. By 

applying Dijkstra's algorithm to this graph, we can find the shortest path between two locations 

and provide directions for the route that follows that path. 

The mathematical notation for Dijkstra's algorithm is as follows: 

Let G = (V, E) be a weighted graph with vertex set V and edge set E, where each edge (u,v) has 

a weight w(u, v) representing the cost of traveling from vertex u to vertex v. 

Let s be the starting vertex for which we want to find the shortest path to all other vertices. 

Let dist[v] be the tentative distance from the starting vertex s to vertex v. 

Let S be a set of visited vertices, initially empty. 

Let Q be a priority queue of vertices, sorted by their tentative distances. 

Then the algorithm proceeds as follows: 

a. Initialize dist[s] = 0 and dist[v] = infinity for all other vertices v. 
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b. Add all vertices to Q. 

c. While Q is not empty: a. Remove the vertex u with the smallest dist[u] from Q. b. Add u to 

S. c. For each neighbor v of u: i. Calculate the tentative distance to v through u as alt = 

dist[u] + w(u, v). ii. If alt < dist[v], update dist[v] = alt. d. Reorder Q based on the updated 

dist values. 

d. When all vertices have been visited, the shortest path to each vertex has been found. Note 

that this algorithm can be adapted to handle directed and undirected graphs, as well as 

graphs with negative edge weights (although additional precautions must be taken in the 

latter case to avoid infinite loops). 

Table 3.1: Represent Of Dijkstra’s Algorithm Structure  

Path Short path BASE 

A —> E —> B 4 A —> B 

A —> E —> B —> C 6 A —> C 

A —> E —> D 5 A —> D 

A —> E 3 A —> E 

 

As illustrates in table 3.1, and figure 3.6, that in a weighted digraph, given a set of vertices with 

edge weights that are non-negative, the shortest path weights for each of the vertices are found 

from the source. 
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                          Figure 3.6: Represent Of  Dijkstra’s For Path Route [43]. 

The source of the digraph is vertex A, and we'll start relaxing its neighbours. Update the 

distance of the vertices B and E to 10 and 3 respectively as shown in the figure 3.7. 

 

 

Figure 3.7: The Source Of The Digraph Is Vertex A [46]. 

3.8 ROUTE INDTIFGATION AND DISCOVERY  

To begin, the process of relaxing the neighbors of source node A should be initiated. This 

involves adjusting the distances of neighboring nodes to enable them to communicate with other 

networks. For example, by increasing the distance of source node B from 10 to 20, it can 

connect with its neighbor node E. Similarly, by increasing the distance of source node C from 2 
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to 3, it can reach its neighbor node F. When a node needs to communicate with other networks, 

it first checks the routing table to find an available path. This route may be newly created or 

updated if necessary. If the routing table does not contain a path to the source IP address, a 

reverse route is established. 

It is important to note that the Inverted Metrical Value (IMV) in the routing table is only 

updated when the sequence number of the source is higher than that of the destination. The IMV 

is a unique feature that differs from the previous Integrated Metric Value (IMV) and is 

calculated using the equation 3.3 in this study. 

   ((     )  (    )  (    )) 

The equation 3.3 is utilized to calculate the previous-integrated-metric-value. By plugging in the 

appropriate variables and solving for the equation, the previous-integrated-metric-value can be 

determined.  

             

To initiate the route discovery process, the first step is to check the routing table for information 

about the destination. If the reference number in the RREP (Route Reply) message is greater 

than the number of copied copies of the destination sequence, a forward route is established. 

However, if the sequence numbers are the same and the route has already been active, it is 

considered invalid and no longer exists. 

Figure 3.8 provides a clear illustration of the route discovery process in the form of a flow chart. 

By following the steps outlined in the flow chart, the process of discovering and establishing a 

valid route becomes more streamlined and efficient. 

 

 

 

 

 

 

 

(3.3) 

(3.4) 
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3.9 CHAPTER SUMMARY  

Chapter 3 of the methodology discusses new cognitive routing techniques that can enhance the 

performance of multi-level protocol networks in transmitting voice and video packets. The 

section compares these novel methods, such as the Shortest Path, Ant-Colony Route, and 

Fastest Path, with existing ones. The chapter evaluates the impact of different routing 

algorithms on packet throughput and examines metrics such as delay count, loss rate, average 

hop count, and the number of packets sent per second. The results of the simulation indicate that 

integrating recovery methods can enhance the network's performance.  

Path Process of Discovery Routing  

Is there route still 

in path route?  

Establish 

new a path  

NO 
Yes 

 

Update required   Needs an updates    

Figure 3.8: Flow Discovery Of Routing Path. 

𝑴𝑵  ((𝑪 𝑪𝑷𝑬)  (𝑻 𝑻𝑷)  (𝑯 𝑯𝑷)) 
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4. PERFORMANCE EVALUATION 

4.1 INTRODUCTION  

The three algorithms suggested in this study are Ant colony, the shortest path, and the fastest 

path. They are designed to provide a fast and simple way to route packets. The goal of this 

simulation is to analyze the various performance parameters of the algorithms that are utilized 

in the network. The continuous transmission of packets using each of the different routing 

algorithms has been performed for a total of 100000 unit of time for both long and short-term 

implementations. The program's results, as well as the analysis of the algorithms' performance, 

are then evaluated and compared. 

4.2 RESULTS  

The three algorithms suggested in this study are Ant colony, the shortest path, and the fastest 

path. They are designed to provide a fast and simple way to route packets. The goal of this 

simulation is to analyze the various performance parameters of the algorithms that are utilized 

in the network. The continuous transmission of packets using each of the different routing 

algorithms has been performed for a total of 100000 unit of time for both long and short-term 

implementations. The program's results, as well as the analysis of the algorithms' performance, 

are then evaluated and compared. 

4.2.1 Optimal Fastest Path Method 

Regarding Optimal Fastest Path Method, the Each node generates 6,00012 packets and has a 

buffer capacity of 10. Due to implementation errors, there are 895 errors in the link or node. 

Despite this, the algorithm was able to successfully transmit nearly 59,000 packets. Two 

implementations of the algorithm are shown in Figures 4.1, 4.2,4.3,4.4,4.5, and 4., long 

implementation and a short implementation. The throughput of the long implementation is 

3.77369e, while the short implementation's throughput is 3.66454e07. In other words, the long 

implementation has a slightly higher throughput than the short implementation, but both have 

achieved a significant amount of successful packet transmission despite the implementation 

errors.  
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Figure 4.1: Packets For Each Node. 

 

 

Figure 4.2: Node And Buffer Companion Relation. 

 

 

 

 

 

Figure 4.3: Missed Packets In Each Node. 
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Figure 4.4: Succeed Packet Ration In Each Not Transmitted. 

 

 

Figure 4.5: Outcomes Of Long Simulation. 

 

 

Figure 4.6: Outcomes Of Short Simulation. 
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Figure 4.7: Overall Results Of Optimal Fastest Algorithm. 

4.2.2 Optimal Shortest Path Algorithm  

Figures 4.8, 4.9, 4. 10, and 4.11 is likely a visualization or graph that displays various metrics 

related to a network communication scenario. The graph appears to show the packet count and 

buffer size for each node involved in the communication, as well as information about link and 

node errors. 

The "optimal shortest path" likely refers to the most efficient route for data to travel through the 

network to reach its destination. By analyzing this information, network administrators can 

identify potential bottlenecks or areas of the network that may need improvement. In addition to 

this, the graph also displays information about the long-term and short-term throughputs of the 

algorithm. Throughput refers to the amount of data that can be transmitted over a network 

within a certain amount of time. The long-term implementation of the algorithm shows a 

throughput of 3.6736e+07. This means that over an extended period of time, the network is 

capable of transmitting roughly 36.7 million data packets per second. The short-term 

implementation, on the other hand, has a slightly lower throughput of 3.61e+07. This suggests 

that while the network is still highly efficient, there may be some variability in the amount of 

data that can be transmitted in shorter periods of time. 

Optimal Fastest
path

Throughput long
Implemeentaion

Throughput short
Implemeentaion

Transmitted packets. 36736900,00 36645400,00 36645402,00

36736900,00 

36645400,00 36645402,00 

36580000,00

36600000,00

36620000,00

36640000,00

36660000,00

36680000,00

36700000,00

36720000,00

36740000,00

36760000,00

Overall results of Optimal fastest Algorthim. 
Optimal Fastest path Throughput long Implemeentaion Throughput short Implemeentaion
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Overall, Figures likely provides valuable insight into the performance and efficiency of a 

network, allowing administrators to identify areas for improvement and ensure that data can be 

transmitted quickly and reliably. 

 

 

 

Figure 4.8:  Node And Buffer Companion Relation 

 

Figure 4.9: Packets For Each Node. 

Figure 4.10: Missed Packets In Each Node. 
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Figure 4.11: Succeed Packet Ration In Each Not Transmitted. 

 

 

 

Figure 4.12: Outcomes Of  Long Simulation. 

Figure 4.13: Outcomes Of Short Simulation. 
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Figure 4.14: Overall Results Of Optimal Shortest Algorithm. 

4.2.3 Proposed Ant Colony Method 

The text is describing the performance of an ant colony algorithm for data transmission. The 

algorithm was run on a network of nodes and generated a total of 485,338 individual packets 

per node, with a total buffer size of 561. Out of these packets, 483,592 were successfully 

transmitted. This means that almost 48 billion packets were received and sent by the algorithm. 

In addition to the number of packets, the text provides two measures of the algorithm's 

throughput. Throughput refers to the rate at which data can be transmitted through a network. 

The long-term implementation of the algorithm has a throughput of 2.796536e+07, while the 

short-term implementation has a throughput of 2.93408e. These values are expressed in 

scientific notation, where "e+07" means "multiplied by 10 to the power of 7" and "e" means 

"multiplied by 10 to the power of 0. The figures 4.15, 4.16,4.17,4.18, 4.19, and 4.20, that is 

mentioned likely shows a graphical representation of the algorithm's throughput over time. The 

text suggests that the short-term implementation of the algorithm has a slightly higher 

throughput than the long-term implementation. 

Overall, the text provides a quantitative assessment of the performance of an ant colony 

algorithm for data transmission. It reports on the number of packets generated, transmitted, and 

successfully received by the algorithm, as well as measures of its throughput in both the short 

and long term. 

 

 

36450000,00

36500000,00
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Figure 4.15: Packets For Each Node. 

 

Figure 4.16: Node And Buffer Companion Relation. 

 

  

      Figure 4.17: Missed Packets In Each Node. 
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Figure 4.18: Succeed Packet Ration In Each Not Transmitted. 

 

 

     Figure 4.19: Outcomes Of  Long Simulation. 

 

 

    Figure 4.20: Outcomes Of Short Simulation. 
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Figure 4.21: Overall Results Of Anti-Colony Algorithm. 

4.3 EVALUATION AND COMPARISON OF THREE PROPOSED METHODS 

The performance of three algorithms is evaluated using two different run modes: long time and 

short time. These modes are utilized to analyze the throughput of the algorithms. The method 

that is ant colony exhibits a higher number of lost packets compared to the other two. 

Additionally, the shortest and fastest algorithm sends a greater number of packets than the other 

two algorithms. As a result, the ant colony algorithm has achieved best throughput when 

compared to the other two. Conversely, the shortest path algorithm performs similarly to the 

fastest algorithm, both of which outperform the ant colony algorithm. Figure 4.22, provides a 

graphical representation of the distinct differences between the three methods. And the Figure 

4.23 and 4.24 display performance metrics of different algorithms The "fastest algorithm" is 

likely an algorithm that can perform a given task in the shortest amount of time, while the 

"shortest path algorithm" is an algorithm that finds the shortest path between two points in a 

network or graph. . The Ant colony algorithm is a third algorithm being compared in this study. 

The statement "the fastest algorithm is more efficient than the shortest path one" suggests that 

the algorithm that can perform the task in the shortest amount of time is more efficient than the 

one that finds the shortest path. This may be because the fastest algorithm can complete more 

tasks in the same amount of time as the shortest path algorithm, thus increasing efficiency. 
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Figure 4.23: Graphical Representation Of The Distinct Differences Between 

 The Three Methods In Terms Of Throughput Of Short Simulation. 

Figure 4.22: Graphical Representation Of The Distinct Differences Between The Three 

Methods In Terms Of Throughput Of Long Simulation. 

Figure 4.24: Graphical Representation Of The Distinct Differences Between The Three Methods 

In Terms Of Throughput Of Short Simulation Concentrate in. 

https://www.interglot.com/dictionary/en/en/translate/concentrate
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The study also found that the Ant colony algorithm was the weakest of the three algorithms. 

This may mean that the Ant colony algorithm had a lower performance metric than the other 

two algorithms, such as slower completion time or higher error rate. The study also found that 

the throughput, or the amount of data transmitted over a network, of the fastest and shortest path 

algorithms was higher than that of the other two algorithms. One factor that may have 

influenced the performance of the fastest algorithm was the low value of lost packets, meaning 

that the algorithm was able to transmit data with high accuracy. Similarly, the high number of 

transmitted packets by the shortest path algorithm may have contributed to its higher throughput 

As shown in the figures below 4.25, 4.426, 

Furthermore, these findings suggest that the choice of algorithm can have a significant impact 

on performance metrics such as efficiency and throughput. It is important to consider the 

specific requirements and constraints of a task when selecting an algorithm, as different 

algorithms may perform differently depending on the context. 
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Figure 4.27: The Comparison Of The Throughout For Three Methods 

 When Used Time  6e+07. 
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4.4 CHAPTER SUMMARY  

The results chapter discusses the three algorithms proposed in the study, namely Ant colony, 

shortest path, and fastest path, and their effectiveness in routing packets. The aim of the study is 

to evaluate the performance of these algorithms in terms of different metrics such as delay 

count, loss rate, average hop count, and number of packets sent per second. The simulation was 

conducted for both short-term and long-term implementations, and the performance of the 

algorithms was compared and analyzed. The study also explored novel cognitive routing 

techniques that can improve the transmission of voice and video packets. 

The chapter further discusses the effects of different routing algorithms on packet throughput 

and how implementing recovery methods can improve network performance. The study 

compared the proposed algorithms with existing methods in a multi-level protocol network and 

demonstrated their ability to enhance network performance significantly. 

Finally, the results of the simulation indicated that the proposed algorithms can provide a fast 

and simple way to route packets, and implementing recovery methods can improve network 

performance. The chapter concludes by highlighting the significance of the study's findings and 

their potential implications for future research in the field of networking. 
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5. CONCLUSION AND FUTURE WORK  

5.1 CONCLUSION  

In conclusion, this research has analyzed and compared various algorithms for their throughput 

values. The study has demonstrated that cognitive methods can significantly enhance network 

throughput, and the proposed approaches, using either ant colony or the fastest path, can 

achieve desired throughput. Moreover, the findings have revealed that the fastest route provides 

a higher throughput value than the shorter path and ant colony. 

Based on the analysis, the study concludes that the fastest path algorithm is the most efficient in 

improving network performance, while the shortest path algorithm is less efficient than the 

other two. The study's results provide valuable insights into the effectiveness of different 

algorithms in improving network throughput, which can help network designers and operators 

select the most appropriate algorithm for their specific requirements. 

In summary, this research highlights the importance of cognitive methods and efficient 

algorithms in enhancing network performance. It provides practical guidance for selecting the 

most effective routing algorithm based on specific network requirements and highlights the 

potential for future research in this field. 

5.2 FUTURE WORK  

As a future work, the results of this study can be utilized to further enhance the performance of 

networks. One potential area of research is to compare and design other methods for the 

transmission of data within the multi-line transport network. This can help identify new 

algorithms or techniques that can further improve network performance. 

Another recommendation is to analyze and compare several algorithms to determine which ones 

are more efficient in improving the network's performance. This can help provide new insights 

into the strengths and limitations of different routing algorithms and guide the selection of the 

most appropriate algorithm based on specific network requirements. Furthermore, future 

research can explore the impact of different parameters on network performance, such as the 

size of the network, the number of nodes, and the type of multimedia traffic. This can help 

develop a more comprehensive understanding of the factors that affect network performance 

and provide insights into the design and optimization of mobile multimedia networks. Overall, 

the findings of these future studies can be used to develop new networking solutions and 

improve our understanding of how to enhance the performance of mobile multimedia networks. 
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This can help meet the increasing demand for high-quality multimedia services in mobile 

networks and enable new applications and services that require high bandwidth and low latency. 
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