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Abstract:  

Network coding is a progressive enhancement in natural network routing that increases throughput and reliability for unicast, multicast, and even 

broadcast transmissions. P2P networks are ideal for implementing network coding algorithms for two reasons: I. A P2P network's topology isn't 

predetermined. As a result, designing a topology that is compatible with the network coding algorithm is much easier. II. Every peer is an end 

host in this network.  As a result, instead of saving and sending the message, complex network coding operations, such as encoding and 

decoding, are now easier to perform. The objective of this work is to use the best features of network coding algorithms and properly apply them 

to P2P networks to create an efficient and reliable data transmission service. The goal of the network coding algorithm is to make better use of 

network resources and thus increase P2P network capacity. An encoding algorithm that enables an intermediate peer to produce output messages 

by encoding (that is, computing a function of the data it receives. The decoder's role is to obtain enough encoded packets so that the original 

information can be recovered. This research work has measured an amount of hypothetical and applied consequences in which the network 

coding procedure or a variation of it is used to improve performance parameters such as throughput and reliability in P2P network data 

transmission based on network coding. The comparison of data transmission between network routing and network coding algorithms was the 

main focus of this paper.  According to our simulations, the new network coding systems can reach 15% to 20% upper throughput than 

supplementary P2P network routing systems. 

 

Keywords: Peer-to-Peer Network, Network Routing, Network Coding. 

 
1. Introduction 

A P2P framework is a decentralized network infrastructure in 

which network participants make a portion of their resources, 

such as processing capacity, disc storage, and transmission 

channel capacity, directly available to other network attendees 

without the need for centralized cooperation situations like 

servers or stable hosts. A P2P organization is based on the 

participants' equality, and it is organized through the free 

cooperation of equals to complete a common task. 

In today's network systems, information is typically 

transmitted via network routing, which usually includes 

intermediate peers storing and forwarding the information.  

No processing is done at the intermediated peer during the 

network routing process. Network coding is a new concept 

that has recently been introduced. Network coding is a 

framework in which a peer is permitted to create output 

message encoding (i.e., trying to calculate a certain function) 

for its received message. Unlike conventional routing, which 

requires each peer to simply forward the messages it receives, 

network coding permits data to be mixed or combined. In this 

paper, the authors analyze the use of P2P networks for data 

transmission services, where a file is held by both a web 

server and a file server and is requested by multiple clients as 

well as receivers or sink peers. Peers (peers) are usually end-

user computers with limited network resources in most P2P 

networks. The data transmission system must be both reliable 

and resilient while also delivering high throughput. 

Network coding is one of the most effective technologies for 

increasing system throughput and reliability. This article 

provides a quick overview of network coding. Messages are 

generally routed through middle peers between the source peer 

(initial peer) and the destination (endpoint peer) on today's 

network, with the intermediate peers storing and forwarding 

messages. Other than storing and forwarding messages, the 

intermediate peer in network routing performs no processing 

operations.  In fact, routing isn't a peer's only capability.  

Network coding has recently gained traction as a means of 

increasing network throughput while also ensuring high 

reliability. Network coding is used in many different 

situations, from wireless networks to network tomography. A 

multicast network's throughput can be significantly value-

added by using network coding. Using the well-known 
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dragonfly communications system, Figure 2 demonstrates the 

advantages of network coding for data transmission. 

 
Figure 1: The P2P Network's Fundamental Architecture 

Peer s is the source peer, and peers r1 and r2 are two sink or 

receiver peers in the diagram. Every edge has a capacity of 

one, meaning it can only send one bit of data per unit of time 

(second). The two bits b1 and b2 on source peer s can be used 

to multicast to equally peer r1 and r2.  First, as shown in 

Figure 2 (b), the authors use traditional multicast without 

network coding. The authors use a dashed line or a red dashed 

line to denote bit b1, a dotted line or a blue dotted line to 

denote bit b2, and a bold line or a green bold line to denote 

both bits b1 and b2 without sacrificing generality.  Bit b1 

takes two seconds to reach r1, and bit b2 takes two seconds to 

reach r2. Both bits are received by peer c, and they are 

forwarded in the order in which they were received. Assume 

that bit b1 is the first to be transmitted. Then, in four seconds, 

r1 accepts both bits, and in five seconds, r2 accepts both bits.  

Reflect on employing the network coding framework shown in 

Figure 2 (c) on the link between peers c and d. When peer c 

accepts two very different bits, it uses an exclusive OR 

operation to combine them. The combined bit b is then sent to 

the d peer. When peers r1 and r2 receive the combined bit and 

the other received bit, they can xo-ring the combined bit and 

the other acknowledged bit to recover the original bits b1 and 

b2. In 4 seconds, the entire transmission can be completed. 

The following is the definition of the link's throughput (𝛾) 

from peer c to peer d: 

 

 
 

The key objective of this work is to plan a reliable and 

efficient information transmission provider P2P network by 

emphasizing the value of network coding algorithms and 

properly applying them to P2P networks. Network coding is a 

generalized network routing framework that can be applied to 

any type of network routing, to improve information 

transmission efficiency. In the field of network coding, there 

are two main research streams. One line of research is looking 

into efficient algorithms to increase data transmission rates 

while lowering computational costs. The application of 

network coding is the focus of the other. 

 

 
Figure 2: The benefit of network coding for multicasting is 

illustrated in this diagram. (a). A Directed Acyclic Graph 

(DAG) is used to represent the wireless network. (b). 

Network coding-free multicast communication. (c). 

Network coding facilitates multicast communication. 

 

1. Background and Related Works 

For multicast networks, representatives of the network coding 

arrangement have historically been suggested, and some of 

them are as follows: 

To increase network throughput and utilization in a specific 

topology, R.Ahlswede et al. recommended network coding 

[13]. The primary objective of network routing coding is to 

allow intermediate peers to encode packets for transmission 

between the initial peer and destination peers. Various 

network coding strategies have been hypothesized in recent 

years to improve the performance of P2P systems [18]. 

 

A. The concept was first introduced in the year 2000: In 

multicast networks, where all receivers acquire identifying 

information, the authors of this paper aim to illustrate the 

usefulness of network coding. They demonstrated the 

existence of good or informative codes, but they did not 

demonstrate how to create them [2]. 

 

B. Practical Implementation in 2003: Important steps have 

been taken in the direction of putting the plan into practice. 

The authors of this study attempt to show that network coding 

for wireless multicast networks can be done using only 

addition and multiplication mathematical functions, thereby 

reducing code complexity. 

 

C. Algorithms related to network coding were published in 

2005-2006: Design algorithms that are extremely useful have 

been published. The authors of this paper present low-

complexity algorithms for designing the functions that each 

peer in a multicast network uses. A systematic method for 

designing functions was presented by the researcher [6]. As 

shown here, selecting functions at random and independently 

for each peer should work just as well [5]. 

 

D. Minimum Cost in 2005: The complexity of computing the 

subgraphs required to provide the connections, as well as the 

network cost for a given set of connections, are two important 
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performance parameters discussed by the authors in this paper.  

While the discovery of a directed Steiner tree in routed 

networks is NP-hard, the same dilemma in coding networks 

can be solved in polynomial time and implemented 

decentralized using a linear programmed logic controller [15]. 

 

E. Network Coding in Wireless Networks: Applications 

from 2006: D.M. Chiu, R. W. Yeung, J. Huang, and B. Fan 

demonstrated the potential benefits of network coding for 

wireless applications and described scenarios where it would 

be particularly useful [13]. 

 

F. Applications for network coding in file-sharing systems 

in 2014: It introduces the PPFEED system, which is a high-

performance P2P file-sharing system, and to improve P2P file 

sharing, it employs linear network coding [14].  

 

2. Proposed Model 

In the past, recommended approaches had some issues. A 

network coding algorithm for multicast is recommended in 

this manuscript, which reduces the number of transmissions. 

The main impartial of this research is to use a network coding 

algorithm to decrease the total amount of transmissions in 

unicast, multicast, and broadcast communication, as well as to 

reduce bandwidth consumption in unicast, multicast, and 

broadcast communication using HTTP file-sharing protocol.  

An abstract diagram of a network coding algorithm for P2P 

networks is shown in Figure 3. 

 

 
Figure 3: In a file-sharing system, a step-by-step 

procedure for the network coding algorithm in P2P 

Networks. 

The researchers recommend an information transmission 

system that is based on P2P networks and network coding 

algorithms that accounts for network coding overhead. When 

compared to other information transmission processes, such as 

network routing, our simulation experiments demonstrated 

that the suggested network coding algorithm-based 

information transmission process performs better. Despite the 

fact that network coding is done with limited network 

resources, non-network coding schemes are implemented in 

the same network environment as network coding. 

 

3.1 Links Heterogeneity 

In P2P networks, link heterogeneity is a common occurrence.  

Links heterogeneity in P2P networks refers to peers with 

varying access link capabilities. Here, heterogeneity is 

demonstrated in two ways. I. P2P networks are connected by 

two different peers. Three different types of network routing 

methods are supported by the network coding algorithm. 

 

3.2 Hypertext Transfer Protocol (HTTP) 

HTTP is a protocol for accessing data on the World Wide 

Web. FTP and SMTP are combined into the HTTP function. 

HTTP is a protocol that has no state. With the help of the 

hypertext transfer protocol, data from remote peers is stored in 

a database. Request and response are the two types of 

hypertext transfer protocol messages. 

 

3.3 Peer Joining Algorithm in P2P Network 

The following diagram depicts the number of steps taken by 

the peer joining algorithm. 

• Make the assumption that the server is well known, and 

that all peers are aware of its IP address thanks to an 

address translation service like domain names. 

• A peer starts a joining procedure by transferring a join 

request to the server when it needs to recover a data 

host from the server. 

• For each clustering group Gi, the server keeps a 

counter gci for the number of individuals in the group 

and a list gli for the list of clusters that include those 

peers. 

• When a peer requests to join a group, the server assigns 

that peer to that group. 
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Figure 4: Peer Joining Algorithm in P2P Networks 

 

• The servers then send a list of peers in that group to the 

joining peer, as well as an update on the number of 

peers in that group. 

• Based on the following factors, the server will allocate 

the new peer to a group. The co-ordinate of a peer is 

used to allocate it to a cluster. If there are considerably 

smaller than k groups that include peers from the 

cluster, the new peer will be allotted to one of the 

groups that do not include any peers from the cluster. 

• When there are several such groups, the one with the 

fewest clusters is chosen. 

• The group with the smallest number of peers is chosen 

to break the tie. 

• Researchers do this to reduce the logical link between 

clusters and ensure that peers within the cluster receive 

enough "innovative" messages from a different group, 

to decode them. 

• The new peer will contact them after receiving the list 

of peers and form an overlay link with them. Because 

they are in the same group, these peers are referred to 

as intra-neighbors of the new peer. Inter-neighbors, on 

the other hand, are neighbors from different social 

groups. 

 

3.4 Peer Leaving from P2P Network 

Peers can be divided into two categories when they emerge 

from a group. One is pleasant, while the other is abrupt. The 

departing peer will initiate friendly living by sending "leave" 

messages to both intra and inter-neighboring peers. So that the 

P2P network structure is aware of its absence and can make 

the necessary adjustments. In abruptly leaving, the leaving 

peer will begin a living process without sending any 

notification messages to its intra-neighbors and inter-

neighbors. This is usually caused by a computer and perhaps 

even network failure. 

 

3.5 Transmission Control Protocol  

The encoded packets are generated by the encoding algorithm. 

These encoded packets are sent to sink peers using TCP. TCP 

is a connection-oriented transport layer protocol that is both 

reliable and efficient. The TCP header format is used to send 

the encoded packets to the sink or destination peer. 

 

3.6 Network Coding Algorithm 

Network coding is a generic network routing configuration 

that can be applied to any type of network routing to increase 

the efficiency of information transmission. The broadcasting 

ratio is determined by dividing the number of data packets 

received by the total number of packets sent from the source. 

A formula like this is used to calculate this proportion: 

 

 
Finite Fields or Galois Fields are two branches of mathematics 

that define arithmetic operations. When performing the two 

core operations of network coding, encoding, and decoding, 

finite field arithmetic is used. As a result, for any network 

coding implementation, a well-organized application of finite 

fields is arithmetic a must. A Galois Field is a finite field, is a 

set of 2n n elements, where n is a positive integer and is 

usually denoted by the symbol GF (2n). Finite fields are used 

in a variety of fields, including coding theory, algebraic 

geometry, and cryptography.  Assume that in a 

communication system, each data packet contains N binary 

bits. A packet contains a state vector of N or n components if 

every n consecutive bit is interpreted as a component in the 

field GF (2n). The outgoing packets of a coding peer, or 

intermediate peer, in linear network coding, are direct 

groupings of the acknowledged packets. The packets must be 

combined using two basic operations: addition and 

multiplication, which must be performed over the field GF 

(2n). The bitwise Exclusive-OR operation is what adds two 

numbers together. Every n consecutive bit, b0, b1, bn-1, can be 

interpreted as the polynomial b0 + b1x +... + bn1 xn-1 for 

multiplication. Multiplication is thus accomplished by 

calculating the product of two polynomials. 
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Figure 5: Step by step procedure of an encoding 

algorithm. 

Network coding is an encoding algorithm that essentially 

allows a middle peer to develop output information by 

encoding (as well as computing certain functions) the data it 

receives. Unlike traditional routing, which requires each peer 

to simply forward data received; Information can be mixed 

using network coding. Network coding advocates intermediate 

peers performing simple linear operations on incoming 

packets in a multicast network. 

The decoder's main objective is to gather sufficient encoded 

packets to recreate the original information. The decoder 

usually receives K or more encoded packets. To successfully 

decode the original information, the sink peer should receive 

X linear independent coded packets and an encoded state 

vector. Solving a system of linear equations over a finite field 

can recover the original information from the linearly 

combined packets. To improve speed, the encoding and 

decoding algorithms authors recommend the use of optimal 

(or low complexity) normal bases. 

 

 
Figure 6: The decoding algorithm is followed by a 

sequential procedure. 

 

3.7 Distributed Bellman-Ford Algorithm  

The distance vector algorithm is another name for the 

distributed Bellman-Ford algorithm. It's easy and quick to do 

(i.e., Do not necessitate a significant amount of additional 

manufacturing period). The shortest paths between a given 

source peer and all other peers are determined using the 

distance-vector algorithm. 

 

3. The Benefits of Recommended Algorithm 

The following are some of the advantages of using network 

coding algorithms for P2P information sharing: 

 

4.1 Increases Throughput of P2P Network 

P2P network throughput refers to the speed at which a 

message is transmitted successfully over a communication 

channel. The provision provided in this network in a one-time 

unit is referred to as throughput. Assuming that the same file 

is being transmitted across various P2P networks, throughput 

can be expressed simply as the time it takes for the 

transmission to complete. The higher the throughput, the less 

time it takes. 

 

4.2 Increasing Network Reliability 

The network coding algorithm is a more advanced form of 

network routing optimization that increases throughput while 

maintaining high reliability. Using a performance metric, 

assess the network error-handling capability. A more reliable 

network will have fewer retransmissions, resulting in higher 

throughput. With little overhead, repeated links can greatly 

improve P2P network reliability. 

4.3 Link Stress 

The number of copies of the same packets sent over the same 

wireless link is known as link stress. It is a measurable statistic 
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that only applies to a P2P network due to the imbalance 

between the P2P network and the physical network. It can be 

used to see how effective it is to improve network topology 

awareness and a P2P network's efficiency. 

 

4.4 Scalability 

An overlay system is used to distribute the files. The total 

available bandwidth grows in lockstep with the size of the 

network. The scalability issue is eliminated by using data 

sharing between peers using network coding algorithms. 

 

4.5 Efficiency 

The deterministic and simple to implement network coding 

algorithm. Without the need for peers to combine, the linear 

coding framework can be built on demand. All the peers have 

to do is keep the group identifier and the encoding function 

mapped out at all times. Sinks or destination peers can always 

recover the original messages after receiving k different 

messages, which is more efficient than random network 

coding. The data dissemination is more efficient because data 

messages are only sent once through the same overlay link. 

 

4.6 Resilience 

In P2P network systems, churn is a frequent issue. By 

including duplicate links, the negative effect of churn is 

completely eliminated. 

 

4. Experimental Evaluation 

Net Beans IDE 8.0.1 software is used to implement the 

recommended approach. The parameters were used to 

compare the network coding algorithm to network routing. 

The network coding gain is the difference in throughput 

between using network coding and not using it. All of these 

variables are investigated and the results are presented using 

Net Beans IDE 8.0.1. 

Table 1: Experimentation Parameters 

Parameters Values 

Simulator Net Beans IDE  8.0.1 (Jfree Chart API) 

Packet Size  2048 bytes 

Area 1000m X 1000m 

Bandwidth  2Mb/Sec 

Transmission 

Range 

   250m 

 

5.1 Throughput 

The throughput of a communication channel is the rate at 

which messages are delivered successfully. Throughput is the 

amount of service provided by a system in a single time unit. 

Because the authors allowed different systems to send the 

same file, throughput is simply the time it takes for the 

transmission to finish. From time 0 onwards, the authors send 

the file. The consumed time is then equal to the time it takes 

for the peers to complete receiving the file, as indicated by the 

finish time. 

The network divides the peers into a square area of 1000m 

x1000m to calculate the throughput of the overlay network. 

For each J free chart, the authors use any routing method. The 

ratio of packets received by the destination peer to packets 

originated by the source peer is known as the source-

destination ratio. When they have less time for P2P network 

throughput, this ratio performs better, and it rises with 

network coding algorithms and falls with network routing. 

Table 2: Performance Evaluation of Transmission Time 

for Unicast  

Parameter File 

size in 

KB 

Time taken to receive the 

file in MS 

 

 

 

 

Transmission time 

for unicast 

 Network 

Coding 

Network 

Routing 

100 284.3457 241.6938 

200 266.3632 226.4087 

300 648.2722 551.0314 

400 942.964 801.5194 

500 1317.136 1119.566 

600 1239.334 1053.434 

700 1665.524 1415.695 

800 1132.374 962.4329 

900 1318.219 1120.486 

 

 

Figure 7: Unicast Transmission Time Performance Evaluation 

Table 3: Multicast Transmission Time Performance 

Evaluation. 

Parameter File 

size in 

KB 

Time taken to receive 

the file in MS 

 

 

 

Transmission time 

for the multicast 

 Network 

Coding 

Network 

Routing 

100 104.37 88.7145 

200 244.5373 207.8567 

300 481.0335 408.8785 
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400 684.2347 581.5995 

500 749.7712 637.3055 

600 823.4545 699.9363 

700 1377.468 1170.848 

800 1062.344 902.9924 

900 1428.284 1214.041 

 

 

Figure 8: Multicast Transmission Time Evaluation 

Performance. 

Table 4: Broadcast Transmission Time Performance 

Evaluation. 

Parameter File 

Size 

in 

KB 

Time Taken to 

Receive File in MS 

 

 

 

 

Transmission time 

for broadcast 

 Network 

coding 

Network 

routing 

100 119.0525 101.1946 

200 269.7399 229.2789 

300 415.9783 353.5816 

400 463.0865 393.6235 

500 618.8246 526.0009 

600 591.4801 502.7581 

700 902.3446 766.9929 

800 978.4413 831.6751 

900 868.5122 738.2354 

 

 

Figure 9: Transmission Time Performance Evaluation for 

Broadcast. 

5.2 Scalability 

The ability of a P2P network or process to handle increasing 

amounts of work or to be expanded to accommodate that 

growth is referred to as scalability. Show a set of 

transmissions with a range of 100 to 300 meters and a number 

of peers ranging from 50 to 150. If three peers appear at an 

identical period, the peer's communication variety will be 

chosen. The transmission range (T) is determined using the 

following formula: 

 

 
Where, U=Unicast, M=Multicast, and B=Broadcast the 

packets. In terms of network coding algorithm, the ratio rises, 

while in terms of network routing, it falls. 

 

Table 5: Performance Evaluation of Transmission Range. 

Para

mete

r 

File 

Size in 

MB 

Number of 

Packets 

Transmission 

Length in 

Meters 

Networ

k 

Coding 

 

Tran

smis

sion 

rang

e 

1MB 512 100 5.12 

2MB 1024 150 6.8266

6 

3MB 1536 200 7.68 

4MB 2048 250 8.192 

5MB 2560 300 8.5333

3 
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Figure 10: Ratios of Throughput Peers vs. Transmission 

Range. 

5.3 Reliability 

This technique also known as encoding and decoding 

methodologies, is a smart network routing enhancement that 

boosts throughput while ensuring higher level reliability. This 

metric is used to evaluate a P2P network's capabilities to 

accept errors. The average delay is the time it takes for a data 

packet to arrive at its destination, as shown in the results. Any 

buffering that occurs during route discovery latency, as well as 

queuing at the interface queue, is included. This is the average 

total time it takes for a packet to travel from its origin to its 

destination peer. A formula like this is used to calculate the 

average delay: 

 
The total time spent delivering packets to each destination is 

S, and the total number of packets acknowledged by all 

endpoint peers is N. This ratio rises when it comes to network 

routing and falls when it comes to the network coding 

algorithm. The graph depicts the number of peers vs. one 

point-to-other point delay, with the number of peers on the X-

axis and the end-to-end delay on the Y-axis. 

Table 6: Performance Evaluations of Average Delay 

Parameter Number 

of Peers 

Delay 

 

 

 

 

 

 

Average Delay 

 Network 

Coding 

Network 

Routing 

50 0.12084 9.54097 

60 0.01730 0.01796 

70 0.08004 0.01978 

80 0.46110 11.65370 

90 0.05847 0.02298 

100 0.19515 9.30509 

110 0.49657 0.0395 

120 0.22825 6.66700 

130 1.02675 5.61989 

140 0.01950 0.02127 

150 1.73549 10.85090 

 

 
Figure 11: Average Delays vs. Total Number of Peers 

 

5.4 Consumption of Transmission Channel Capacity in 

P2P Networks 

 

The network coding algorithm could help network resources 

be used more efficiently. In the peer joining algorithm, 

clusters encompass groups, and every group contains different 

peers. We can automatically delete groups and clusters if they 

do not contain any peers. We can save bandwidth and CPU 

time by employing this technique to connect two clusters via 

an overlay link. For P2P networks, bandwidth consumption 

(λ) is calculated using a formula such as: 

 

 
 

Table 7: Performance Evaluation of Bandwidth 

Consummation 

Parameter Group 

Size 

Bandwidth 

Consummation 

With Peer 

Joining 

Algorithm 

 

 

 

 

 

Bandwidth 

consummation 

2 3200 1600 

4 3400 850 

6 3600 600 

8 3800 475 

10 4000 400 

12 4200 350 

14 4400 314.2887 

16 4600 287.5 

18 4800 266.6666 

20 5000 250.0000 

22 5200 236.363636 
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Figure 12: Ratios of Bandwidth Consummation in with Peer 

Joining Algorithm. 

 

In a P2P network, this ratio decreases when the peer joining 

algorithm is used and increases when the peer joining 

algorithm is not used. The bandwidth consumption with the 

peer joining algorithm is shown in the results. 

 

Table 8: Analyzing the Overall Performance of All 

Parameters 

 
 

5. Future Work 

Network coding algorithms have a challenge trying to 

construct code when two or more sources are multicasting on 

the network at the same time. When there are multiple 

sources, the issue becomes more complicated. Multiple users 

and multiple destinations will be a difficult problem for 

network coding algorithms to solve in the future. 

 

6. Conclusion 

Information is typically routed through intermediate peers 

from the source to the destination, with the intermediate peers 

storing and forwarding the data. Instead of performing any 

processing on the message, the intermediate peer in network 

routing simply stores and forwards it. In general, the 

traditional multicasting technique in a network environment is 

not optimal. The role of encoding received messages allows a 

peer to generate output messages. Unlike traditional routing, 

which requires each peer to simply forward receive messages; 

network coding allows information to mix. A multicast 

network's throughput, reliability, scalability, and efficiency 

can all be greatly improved by using a network coding 

algorithm. The new network coding algorithms can achieve 15 

percent to 20 percent higher throughput than other P2P 

multicast systems, according to our simulation results. 
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