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Abstract 

This thesis work concerns about the Performance evolution of peer to peer networks, where we 
used different distribution technique’s of peer distribution like Weibull, Lognormal and Pareto 
distribution process. Then we used a network simulator to evaluate the performance of these 
three distribution techniques. 
 
During the last decade the Internet has expanded into a world-wide network connecting millions 
of hosts and users and providing services for everyone. Many emerging applications are 
bandwidth-intensive in their nature; the size of downloaded files including music and videos can 
be huge, from ten megabits to many gigabits. The efficient use of network resources is thus 
crucial for the survivability of the Internet. Traffic engineering (TE) covers a range of 
mechanisms for optimizing operational networks from the traffic perspective. The time scale in 
traffic engineering varies from the short-term network control to network planning over a longer 
time period. 
 
Here in this thesis work we considered the peer distribution technique in-order to minimise the 
peer arrival and service process with three different techniques, where we calculated the 
congestion parameters like blocking time for each peer before entering into the service process, 
waiting time for a peers while the other peer has been served in the service block and the delay 
time for each peer. Then calculated the average of each process and graphs have been plotted 
using Matlab to analyse the results. 
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Chapter - I 

1. Introduction 

1.1 Thesis environment: 
This is a Master thesis work done in partial fulfillment of the requirements for the award of 

International degree Master of Science in Computer Engineering, Högskolan Dalarna (Dalarna 

University), Sweden. 

 

This thesis is part of a research project entitled Traffic Engineering in Future Internet domains 

(TEFID) carried out at the Department of Economics and Social Sciences at Dalarna University. 

1.2 Background: 

1.2.1 Traffic Engineering 

During the last decade the Internet has expanded into a world-wide network connecting millions 

of hosts and users and providing services for everyone. Many emerging applications are 

bandwidth-intensive in their nature; the size of downloaded files including music and videos can 

be huge, from ten megabits to many gigabits. Such applications range from the text-based 

utilities, Electronic mail, network news from the early days of the Internet to the advent of video 

conference, audio/video streaming, E-learning, E-Commerce, Voice over IP (VOIP) , and real 

time applications that are capable of transmitting data in real time with a high data rate. 

Moreover Internet provides the operating environments which are very dynamic. While end-users 

are demanding very high quality of service (QoS) from their service providers, and their demands 

are continue to grow at a rapid pace resulting in network’s ever-increasing size, network 

undergoes a complex traffic which leads transmission bottlenecks. Several efforts are tackling 

this problem, to keep pace with the ever-increasing volume of the Internet [13]. 

The efficient use of network resources is thus crucial for the survivability of the Internet. Traffic 

engineering (TE) covers a range of mechanisms for optimizing operational networks  

from the traffic perspective. The time scale in traffic engineering varies from the short-term 

network control to network planning over a longer time period. 
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Traffic engineering refers to the optimization of operational networks. The performance 

optimization of networks is actually a control problem. Traffic engineering should provide 

sufficient control in an adaptive feedback control system. The tasks of a controller consist of the  

modification of traffic management parameters, the modification of routing parameters, and 

modifications of resource attributes and constraints. 

The objective is to achieve fair and efficient sharing of resources among the network users. 

1.2.2 Peer-to-peer Networks 

 
Traditionally, the hosts of an IP network have been divided into clients and servers. The client 

programs of the end systems request and receive information from servers located in other end 

systems. Web browsing, e-mail, and file transfer and other well-known Internet applications are 

based on this kind of client/server architecture. However, this type of communication does not 

scale well, requires central administration and presents a single point of failure [5]. 

  

By peer-to-peer (P2P) networking one makes an attempt to solve the problems of the 

client/server model by constructing a system in which all users act as both clients and servers. 

Participants in a peer-to-peer network share their own resources, including information, 

bandwidth, processing power etc., in a distributed manner. The benefits of this approach are the 

efficient use of existing resources, scalability, and reliability [1].  

 

A Peer-to-Peer network is a network which makes use of the computational power of the peers 

(nodes) with in the network rather than the network it self. P2P network, a sharing resource with 

millions of hosts built out for a co-operative work. Millions of users all over the world using the 

internet also started connecting their home PC’s to each other directly. As a result, many groups 

all over the world collaboratively formed user created virtual super computers and file systems. 

In fact, the Internet was designed initially as a peer-to-peer system, which has transformed to 

Client/Server over time due to millions of users (clients) started communicating with privileged 

set of servers. The present structure again regained its original design for using it as a medium 

for communication between clients (peers) for sharing resources. [6]  
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(a) HTTP File Transfer    (b) BitTorrent Architecture 

 

Fig.1: Different File Transfer Architectures (Arrows show the direction of data flow.) 

 

It has been widely reported that P2P-related traffic forms a significant part of the total traffic in 

the Internet and that the share is even increasing. The reported shares vary from 50% to 80% 

depending on the direction of the link. 

 

Fig.2: Peers sharing different files self organised into a p2p network. 
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1.2.3 Peer-to-peer network protocol evaluation: 

The first well-known P2P protocol was Napster, in which the actual file transfers were made 

directly between peers but a centralized server was used in searching for the files. This type of 

the P2P network is referred to as a hybrid network.  

 

Gnutella is an example of a pure, fully decentralized P2P system; a peer asks a neighbor for the 

desired file. If the neighbor does not have the file, it sends the request forward until the file is 

found. Finally, the Kazaa network combines the features of Napster and Gnutella by having so-

called super-peers acting as local servers for file queries.  

 

In structured P2P architectures, on the other hand, the overlay topology is formed in such a way 

that queries are easier and more effective. The basic idea of P2P networks is that the peers do not 

only use resources but also provide them. 

BitTorrent is a popular P2P protocol for distributing large files. In BitTorrent relatively large 

files, such as movies, are shared quickly in a decentralized manner.  It is clear that BitTorrent 

Traffic is significantly increasing day by day, the BitTorrent Traffic is almost 37% of the actual 

Traffic [8]. 

2. Objectives: 
 

The objective of this thesis is performance evaluation and comparison of analytical models with 

simulation. We will consider several performance measures like blocking time for each peer 

before entering into the service process, waiting time for each peer to download a chunk, delay 

factor for service process and the reward factor for each peer. And also calculated the system 

power factor for different algorithms. Here we are focusing on the performance evolution of peer 

to peer download network by considering the chunk distribution process with three techniques 

Weibull, lognormal and Pareto. 
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3. Limitations: 
 

� Existing systems could provide unfair services to peers. In current BitTorrent systems, a 

peer with a higher downloading speed tends to download more and upload less. 

 

� Client performance in the BitTorrent-like system is unstable, and fluctuates significantly 

with the changes of the number of online peers. 

 

� Content availability and system performance in the future depend on the arrival and 

departure of downloaders and other seeds. 

 

� Seeds departure rate and the download peers abort rate will influence the peer distribution 

in different ways. 

 

� The probability of successfully finding a proper uploading/downloading partner also 

determines a peer’s downloading rate. 

 

� BitTorrent does not offer its users anonymity. It is possible to obtain the IP addresses of 

all current, and possibly previous, participants in a swarm from the tracker. This may 

expose users with insecure systems to attacks.  

 

� Another drawback is that BitTorrent file sharers, compared to users of client/server 

technology, often have little incentive to become seeders after they finish downloading. 

The result of this is that torrent swarms gradually die out, meaning a lower possibility of 

obtaining older torrents. 
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Chapter - II  
 

4. PROBLEM FORMULATION 
 

4.1 PROBLEM STATEMENT: 

As we already now that the BitTorrent Traffic is 37% of the actual Network Traffic. So it is 

necessary to reduce the network traffic caused by the peer-to- peer networks and increase the 

performance of the network by considering several constraints like file minimizing the waiting 

time and improving the system performance which minimise the download time. Here we are not 

considering any bandwidth constraint, the bandwidth of a given network is fixed. Moreover we 

are not developing any new model but we study the existing fluid model [11], and evaluate the 

performances of the model and give the conclusion. 

As we are evaluating the performance of download peer to peer network we are concentrating on 

the factors which affect the performance of the network. Let us consider a file of size F, which is 

divided into M number of chunks that has to be distributed among the peers who request the file 

F. Typically number of chunks M is in the order of several hundreds. Based upon the BitTorrent 

Definition, a seed has all M chunks of F, while a Leecher has a subset of F. 

 F = F1 U F2 U………FM, Fi ∩ Fj = ø for i ≠ j and Fi is the ith chunk of F 

The factors which affect the process of downloading are like average number of leechers, average 

number of seeds in the system. The average download time is depending on the number of seeds 

and leechers in the system. As the number of seeds increases the peers which are having the 

complete file F may increase and they can serve for the peers who need the remaining chunks of 

the file F and there may be chance of fastening the download speed of leechers. More over this 

may affect system throughput and increase system performance. 
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4.2 QUESTIONS FOR INVESTIGATION: 

1. Whether the fluid flow model by Ross is able to provide accurate performance 

predictions? 

2. Does the fluid models proposed can improve the performance of the network? 

3. How the download time of chunks can be reduced? 

 

4. How the number of seeds and leechers in the system effect the download time of the 

network? 

5. What will be the system’s throughput? 

6. How well can it scale as the number of receiving nodes becomes very large? 

7. Can we justify the Service availability, Service stability and fairness of the proposed Peer 

to Peer system? 
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Chapter – III 
 

5. Steps Involved in BitTorrent:  

5.1 Peer Discovery 
BitTorrent uses a centralized Peer Discovery scheme.  When a BitTorrent client starts, it reads in 

a special .torrent file.  This file must be acquired out of band (e.g. via HTTP) and are typically 

small.  The file contains the address of the special host known as the *tracker*.  The tracker acts 

as a central point for gathering and distributing the addresses of active peers.  Typically, the 

tracker is running on the same host as the source of the file.  

Each client contacts the tracker in the following circumstances: 

- On startup 

- On shutdown 

- When it knows of fewer than 20 working peers and it has not   contacted the server in at - 

    least 5 minutes    

- When it has not contacted the server in at least 30 minutes 

  

The client lets the server know its IP address and port, along with some information that is 

gathered purely for statistical purposes.  If the client is shutting down, it lets the tracker know, 

and the tracker deletes that client from its list of hosts. The server maintains a list of active hosts.  

Every 45 minutes, it combs this list and removes any peers that have not contacted it since the 

last sweep. When a client contacts the server, the server provides it with 50 (IP, port) pairs 

chosen randomly from the list of hosts.  There is some additional logic to ensure that the same 

address will not be given out repeatedly through bad luck; it checks to make sure that each 

address is given out once before it will give out an address again [9]. 

All of the numeric values described above and below are defaults. They may be adjusted. 

5.2 Peer Selection 
By default, BitTorrent attempts to keep 40 connections open at once. It doesn't do any type of 

intelligent Peer Selection.  It simply opens connections to the first 40 peers it hears about from 

the tracker.  A peer may have more than 40 connections when other peers connect back to it. 

This can be explained in detail in the following sections. 



Sirajuddin Mohammed   E3602D 

_________________________________________________________________________________ 

Högskolan Dalarna                                                                                                  Tel. : 023 778 000 

Roda vagen 3,                                                           9                                            Fax : 023 778 050 

78188-Borlange.                                                                                                URL: http://www.du.se 
 

 

5.3 Content Discovery 

When two peers become neighbors, they exchange bit fields that describe which blocks they 

possess.  When a peer fully receives a block, it immediately notifies all of its neighbors.  Thus, 

every peer always knows exactly which blocks its neighbors possess.  By default, each block is 

256 kilobytes.   

5.4 Content Selection 
BitTorrent divides each block into 16 kilobyte sub-blocks. It uses three distinct strategies to 

choose which sub-block to download, based on how much has been downloaded already. 

            5.4.1 Partial-First: Download a sub-block from the rarest block that is already  

   being downloaded.  

5.4.2 Rarest-First:  Download a sub-block from the rarest block. 

 

5.5 Endgame:  
Download any outstanding sub-block, even if it is simultaneously being downloaded from 

another neighbor. If a client is not downloading anything yet, it uses the Rarest-First strategy.  If 

it has less than 4 blocks, it uses the Partial-First strategy.  It also uses the Partial-First strategy if 

there are at least 3 sources for each block.  Otherwise, it uses the Rarest-First strategy. The 

Endgame strategy is used once there are outstanding requests for every remaining sub-block. A 

block is more rare if fewer neighbors have it.  In the case of a tie for rareness, the selection is 

made randomly. BitTorrent pipelines its requests, allowing up to 5 outstanding requests per 

connection [9]. 

5.6 Load Distribution 
BitTorrent runs its own congestion control algorithm above TCP.  Each peer will only send data 

to a subset of its neighbors.  The other neighbors are said to be "choked".  Every 10 seconds, a 

BitTorrent client reconsiders which neighbors to choke.  First, it generates a list of neighbors that 

want sub-blocks from it and have sent it data in the last 30 seconds.  Then, it sorts these by the 

rate they are sending data to the client.  It picks the best 7 and unchokes those. If the client has 

finished downloading the file, it sorts its neighbors by the rate they are receiving data rather than 

the rate they are sending.  Thus, while downloading, a client prefers to send to neighbors that are 



Sirajuddin Mohammed   E3602D 

_________________________________________________________________________________ 

Högskolan Dalarna                                                                                                  Tel. : 023 778 000 

Roda vagen 3,                                                           10                                            Fax : 023 778 050 

78188-Borlange.                                                                                                URL: http://www.du.se 
 

sending to it.  When completing, a client prefers to send to the neighbors who are downloading 

fastest. Additionally, the client unchokes 4 other neighbors that want sub-blocks from it.  These 

are shifted in a round-robin fashion every 30 seconds [11]. 

 

Clients notify a neighbor when they become interested in download a sub-block from it, and 

when they are choking or unchoking that neighbor.  These take the form of small control 

messages. BitTorrent measures transfer rates using a simple average.  Each time bytes are 

received by the application, it stores the total bytes received divided by the time, plus two 

seconds, since the first bytes arrived [11]. 
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6. Download P2P networks 

 

6.1 Network elements: 

The main Network elements in peer to peer download network are peer’s and the BitTorrent 

protocol. There are different types of peers based upon the participation of the peer in network, 

we can name them in different ways as follows below. 

The peers together form a network and they are the network elements which consist of protocols 

to maintain the network connections with in a peer group.  

Peer:  

1) A peer is a node on a P2P network that forms the fundamental processing unit of any P2P 

solution. 

2) Each peer has a unique Peer ID. 

3) Each peer belongs to one or several Peer Group. 

4) Each peer can communicate with other peers in its group and also those in the other 

groups 

Simple peer: 

A simple peer is designed to serve a single end user, allowing that user to provide services from 

his device and consuming services provided by other peers on the network 

Rendezvous Peer: 

A rendezvous peer provides peers with a network location to use to discover other peers and peer 

resources 

Router Peer: 

A router peer provides a mechanism for peers to communicate with other peers separated from 

the network by firewall or Network Address Translation (NAT) equipment 

Peer Group: 

A set of peers formed to serve a common interest or goal dictated by the peers involved, Peer 

groups can provide services to their member peers that are not accessible by other peers in the 

P2P network. 
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Protocols: 

Protocol finds the peers on the network and the services provided by a peer. Obtains the status 

information from peer. It also invokes a service on a peer. It creates, joins a peer group with data 

connections. And also routing messages for other peers. 

6.2 Network topology: 
The network topology  of the system consist of the peers arranged themselves into leecher peers 

which are willing to accept a file F and seed peers which are willing to distribute the file F to the 

requested peers or leechers. Peer to peer networks possibly follow Tree topology. 

 

Figure.3: A Star-Tree Topology with peer to peer network 

 

A tree topology combines characteristics of linear bus and star topologies. It consists of groups of 

peers-configured workstations connected to a linear bus backbone cable (See fig.3). Tree 

topologies allow for the expansion of an existing network, and enable schools to configure a 

network to meet their needs. 

Advantage of a Tree Topology is Point-to-point connection exists for individual segments or 
peers. 
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6.3 File download procedure: 

File download process in peer to peer network is done with the help of protocols. The well 

known protocol is BitTorrent, which follows optimistic unchoking procedure to download files. 

BitTorrent is a P2P application whose goal is to facilitate fast downloads of popular  

files. First, the file to be distributed is divided into parts, the sizes of which are typically 256 KB. 

When a peer wants to download a certain file, it connects to a tracker, which is a centralized 

server that delivers information about the peers. The tracker returns a list of potential peers to the 

downloader. Then the downloader contacts other peers and asks which pieces of the file they 

have. If the peers have the desired pieces, the downloader then requests them. After the peer has 

downloaded the first piece of the file, it can serve other peers by uploading the piece as a leecher. 

When the peer has downloaded all the parts of the file, it may stay in the system as a seed. When 

more requests arrive, the peers for which the chunks are uploaded are selected from those peers 

that provide the highest download rate for the given peer. The procedure is called as unchoking. 

To ensure that the peers that do not have any chunk yet can also download the first one, an 

optimistic unchoking procedure is used, every 30 seconds the peer drops the worst downloader in 

terms of provided download rate and selects a new, random one [20]. 

6.4 File downloads procedure in BitTorrent: 

BitTorrent is a P2P application whose goal is to facilitate fast downloads of popular files. First, 

the file to be distributed is divided into parts, the sizes of which are typically 256 KB. When a 

peer wants to download a certain file, it connects to a tracker, which is a centralized server that 

delivers information about the peers. The tracker returns a list of potential peers to the 

downloader. Then the downloader contacts other peers and asks which pieces of the file they 

have. If the peers have the desired pieces, the downloader then requests them. After the peer has 

downloaded the first piece of the file, it can serve other peers by uploading the piece as a leecher. 

[5] 

Download peers in BitTorrent use a ‘local rarest first’ (LRF) technique to determine which piece 

to request. Simply speaking, it will try to download a piece that is least replicated among its 

neighbouring peers. Actually, the LRF strategy is combined with a random choice in the practical 

deployment. However, for a new peer who has just joined in without any pieces, it will simply 

download any pieces available to bootstrap itself [11]. 
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When the peer has downloaded all the parts of the file, it may stay in the system as a seed. When 

more requests arrive, the peers for which the chunks are uploaded are selected from those peers 

that provide the highest download rate for the given peer. The procedure is called as unchoking. 

To ensure that the peers that do not have any chunk yet can also download the first one, an 

optimistic unchoking procedure is used, every 30 seconds the peer drops the worst downloader in 

terms of provided download rate and selects a new, random one. This concurrent process consists 

of three distinct parts. Each of which has a significance in BitTorrent Network. In the following 

lines all the three distinct parts are explain in brief. 

 

Seed &Seeding: A peer with complete copy of the file is called “Seed”. If this peer uploads the 

file to other peers the process is called “Seeding”. 

 

Leechers: Likewise, a peer with incomplete copy of the file (only some pieces of the file) is 

called as “Leecher”. Upon downloading the complete file, a leecher is no more a leecher it 

becomes seed and it can also upload to other leechers. To Synopsize, a leecher can upload the 

pieces it possess to other leechers as well as can download the pieces it requires. 

 

Swarm: All the peers (seeds + leechers) concurrently downloading and uploading a file each 

other forms a Swarm. 

                         

Fig.4. General Structure of distributing schemes 

  

One key feature of the P2P protocols, such as BitTorrent, is that the file is divided into parts, 

called chunks. While downloading the other chunks, peers at the same time upload the chunks 
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they already have to other peers as leechers. With this approach the service capacity of the P2P 

file sharing network increases as the number of downloaders increases. However, the relation 

between the number of downloaders and the service capacity of the system leads to complicate 

system performance.  

 

6.5 File Distribution Process Diagram in BitTorrent 

 

The Complete File distribution phases in BitTorrent Network, drawn in the diagram (s) 
below, are described completely after all the diagram(s). 
 
 

 
Fig.4.1: Download Torrent & Contact Tracker 
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Fig.4.2: Hand Shaking With Peers 

 

 
Fig.4.3: Downloading Pieces from Peers 
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Fig.4.4: Concurrent Uploading & Downloading 

 
 
Complete File distribution process is described according to the following steps: 

 

1.  As seen in figure 4, peer A is downloading the torrent files from the web server and   extracts 

the embedded tracker URL from the Announce section of that Torrent file. 

2.   Then, sends a request for announce of Peers List to the tracker. 

 

3.  Tracker responds with peers list, which contains the IP addresses & port on which the peers 

are listening. 

 

4.  In the figure 5, file download will start with hand shaking with Peers. Peer A is hand shaking 

with both Peer B and Peer C. 

 

5.   After Hand shake, the file download will start by downloading the required pieces. Peer A in 

the figure 6 is a leecher who is downloading pieces from a seed (Peer B) and from another 

leecher (Peer c). 
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6.  In the figure 7, Peer A and C are downloading & uploading each other. Peer B is seeding Peer 

A. Peers A, B, C forms a “Swarm”. In this swarm, only Peer B has the complete copy of the 

file. Hence Peers A & C are Leechers and Peer B is Seed. 

 

7.  As mentioned in the process, once download has begun, Peer A can once again contact tracker 

to negotiate with new peers. 

 

8.  Tracker is sending the updated peers list to Peer A as show in figure 7. 

 

 

6.6 Optimistic Unchoking: 
 
Seeds have nothing to download, but they follow a similar policy they upload to up to 5 nodes 

that have the highest download rate. The mechanism used to limit the number of concurrent 

uploads is called choking, which is the temporary refusal of a node to upload to a neighbor. Only 

the connections to the chosen neighbors (up to 5) are unchoked at any point in time. A node re-

evaluates the download rate that it is receiving from its neighbors every 10 seconds to decide 

whether a currently unchoked neighbor should be choked and replaced with a different neighbor. 

In general the set of neighbors that a node is uploading to (i.e., it’s unchoke set) may not exactly 

coincide with the set of neighbors it is downloading from [15].  

 

BitTorrent also incorporates an optimistic unchoke policy, wherein a node, in addition to the 

normal unchokes described above, unchokes a randomly chosen neighbor regardless of the 

download rate achieved from that neighbor. Optimistic unchokes are typically performed every 

30 seconds, and serve two purposes. First, they allow a node to discover neighbors that might 

offer higher download rates than the peers it is currently downloading from. Second, they give 

new nodes, which have nothing to offer, the opportunity to download their first block. A strict 

TFT policy would make it impossible for new nodes to get bootstrapped [15]. 
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7. Management of download P2P networks 

7.1 Peer selection: 

Let us consider a file which is chocked into blocks which is requested by a number of peers, as 

here we are considering the BitTorrent protocol which works in the following way, BitTorrent 

nodes need to determine which requests to service and which is to ignore. In this process, 

BitTorrent employs a fairness policy to prevent free riders, i.e., nodes that only download file 

pieces from others but do not contribute back. More specially, at any point in time each 

BitTorrent client chooses to unchoke four of its peers that have contributed the most uploading 

bandwidth to it, and the unchoke decision is re-evaluated every 10 seconds. Because the seed 

does downloading any data, its unchoke decision is made purely based on the downloading 

capabilities of its peers [15]. 

 

In addition to the four peers that are chosen based on their past uploading performance, 

BitTorrent also incorporates an optimistic unchoking mechanism that allows a BitTorrent client 

to unchoke a peer regardless of its previous uploading performance with respect to the client. 

Peers are chosen for unchoking in a round-robin fashion, and each unchoking period is 30 

seconds, which BitTorrent believes is long enough for the optimistically unchoked peer to 

reciprocate. This optimistic unchoking mechanism allows a new BitTorrent node to receive some 

file pieces so that it has a chance to contribute back. It also allows a BitTorrent client to jump-

start itself by doing favour to others first in the hope that others will return the favours later on. 

Finally, this mechanism offers nodes that already establish stable peering relationships the 

opportunity to explore new peering connections that may provide better download bandwidth.  

Theoretically, it is possible that a BitTorrent client could be choked by all its neighbors, 

including those to which it is uploading data, because the client cannot provide competitive 

uploading bandwidth to get unchoked. In this case, the client should either change peers or 

reduce the number of concurrent upload flows. BitTorrent employs an anti-snubbing policy that 

prohibits a BitTorrent client from unchoking a peer which received file blocks from but had not 

send file blocks to the client. In addition, a BitTorrent client may optimistically unchoke more 

than one client when it is snubbed from all its neighbouring peers [20],[15]. 
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7.2 Port blocking 

Service providers are struggling to control peer-to-peer traffic, but the pace and ingenuity of P2P 

software development has rendered traditional router and switch technologies incapable of 

thwarting file-sharing traffic. Traditionally, applications transported over TCP connections have 

been assigned a specific TCP port, making the traffic easy to identify. But like so many things 

attached to the evolution of file sharing networks, that practice is now part of history. 

Technology strategies to combat or manage P2P traffic that continue to assume this anachronism 

are doomed to fail. 

Peer-to-peer clients using dynamic ports easily avoid simple blocking attempts, thus minimizing 

the effectiveness of port blocking. Only very advanced stateful classification mechanisms, which 

can identify and follow dynamic ports associated with P2P protocols, are effective in managing 

P2P traffic in the long run [20]. 

We can summarise Port Blocking as follows 

� Port blocking as a means to block P2P applications 

� Not effective for all P2P applications 

� Some P2P applications use other well-known ports, such as port 80 (web) 

� Some P2P applications negotiate ports, so actual ports used are not predictable 

 

7.3 Rate limiting 
As the network traffic is growing anonymously due to the peer to peer networks we need to 

control the number of users downloading are uploading from the network. As a result we can 

control them by limiting the users accessing a file.  

 

� Limit the abusing users 

– Set limit on individual or total throughput 

� Limit the abusing applications 

– Set limit on application throughput 
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7.4 Bandwidth quotas 
We can also set some limit on the downloading capacity of a peer by assigning some bandwidth 

quotas to the peers. 

� Implement bandwidth quotas for residence halls 

� Every user is authenticate before they can use the network 

� Bandwidth utilization is measure via flow data collected at border router 

� Fair share quota should be established for every user 

� Let us say the download limit be 300 MB per day 

� If limit exceeded, user is placed in a rate-limiting pool (aggregate limit of 

300 Kbps) 
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Chapter – IV 

 

8. Performance Evaluation: 

Performance measures are carried out in two ways by simulation and the other by analytical 

model. 

Here we consider the performance measure based upon the simulation parameters like average 

blocking time, average wait time, average delay time and overall Reward factor. We are going to 

evaluate the effect of parameters on the system performance. As we  know through the study that 

as the number of seeds or leechers increases in the system the system performance increases, we 

are going to evaluate this process by simulation  as well as with the analytical model also and we 

compare both models. The possible notations and equations are considered from [12]. 

 

8.1 Performance Evaluation by Analysis: 
The analytical model is validated by a discrete event simulation which is detailed enough to 

capture many of BT’s features. The analytical results and measurements provide us the insights 

for designing a BT-like protocol. And we will compare the results to the simulation model. 

Let us consider a file of size F, which is divided into M number of chunks that has to be 

distributed among the peers who request the file F. Typically number of chunks M is in the order 

of several hundreds. Based upon the BitTorrent Definition, a seed has all M chunks of F, while a 

Leecher has a subset of F. 

 F = F1 U F2 U………FM, Fi ∩ Fj = ø for i ≠ j and Fi is the ith chunk of F. 

As we know by BitTorrent definition a seed has all part of M while a leecher has a part of file M, 

let us divide these peers into three types. 

Type 1:  is a leecher that holds a few chunks (i.e., say less than half of the M chunks),  

Type 2:  is a leecher that holds most but not all chunks. 

Type 3:  is to represent seeders in the system.   

 
Let us consider some mathematical notations for simplification of mathematical model. 
 
Note: The following notations and Equations are considered form [12]. 
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M 
 
S 
 
N(t) 
 
λ  

 
γ  

 
µ  

 

Denotes the Number of Chunks of the given file F. 
 
Denotes the size of the chunk in bits 
 
(Random variable) number of peers at time t 
 
The average arrival rate of new leechers. 
 
The departure rate of the seeders. 
 
the average downloading rate (in bps) between two peers 
 

 

B 
 
ρ  

 
Ci 

 
 
X1(t) 
 
 
X2(t) 
 
 
Y(t) 

The maximize transfer bandwidth (in bps) of a peer. 
 
Probability that two peers are connected. 
 
Random variable denoting the number of chunks peer i 

hold. 
 
Random variable denoting the number of type-1 peers at 
time t. 
 
Random variable denoting the number of type-2 peers at 
time t. 
 
Random variable denoting the number of seeders at  
time t. 

 Table1: Mathematical notations of the proposed system. 

 

Assume the chunks are uniformly distributed among peers, which actually could be ensured by 

the rarest-first policy. Let peer i and peer j have Ci and Cj chunks respectively, where  

Ci, Cj∈ { }M,......1,0 . Let us derive the probability that peer i can obtain at least one useful chunk 

from peer j, which we denote as Pi, j. When Ci < Cj, it is clear that Pi, j =1, when Ci ≥ Cj we have: 

 
Pi, j    = 1-P [peer j cannot provide any useful chunk to peer i] 

        = 1-P [chunks of peer j are subset of chunks of peer i] 
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We distinguish three types of peers: Type 1 peer is a leecher that holds a few chunks (i.e., say 

less than half of the M chunks), while type 2 peer is a leecher that holds most but not all chunks. 

Type 3 peer is to represent seeders in the system. The probability Pi, j in (1) can be simplified 

based on the following cases: 

 

Case 1:  If peer i is of type 1 or type 2, and peer j is of type 3, then clearly Pi, j = 1 since a seeder 

can always help a leecher. 

Case 2:  If peer i is of type 1 and peer j is of type 1 or type 2, then Ci=M is very small and we 

have Pi, j ( ) 1/1 ≈−≥
j

i
C

MC  

 

Case 3:  If peer i is of type 2 and peer j is of type 1, then Ci/M is close to 1 but since Cj is small, 

we have Pi, j 0≈ . 

Case 4:  If peer i and peer j are of type 2, then Cj is large and ( ) 0/ ≈
j

i
C

MC , So Pi, j 1≈ . 

 
 

To represent the heterogeneity of peers while keeping the model simple and analytically 

tractable, we assign Pi, j to have two possible values: 0 or 1 according to the types of peer i and j. 

Let X1(t), X2(t) and Y (t) be the random variables representing the number of type-1 peers, type-2 

peers and seeders in the system at time t. By case 1 and 2 of the analysis of (1), type-1, type-2 

peers and seeders could help type-1 peers in file download. Also, type-2 peers and seeders could 

help type-2 peers based on case 1, 2 and 4. 

 

Let Di (t), Ui (t) denote the random variables of the downloading and uploading rates for peer i at 

time t. When there is no bandwidth constraint (i.e., B is infinitely large), we have: 

 i is type-1 

 --------- �(2) 

i is type-2 

 

 

When the bandwidth constraint B is considered, that is for each peer i, Di (t) +Ui (t)≤  B needs 

to be satisfied. From the system’s perspective, we have the conservation rules: 

( )
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Substitute (4) to (3) and taking the expectation, by the Wald’s Equation we have: 

 

                          ( )[ ] 2/Β≤Ε t
i

D                  ----- �  (5) 

 

Combining (2) and (5) and let D
(1) (t) and D

(2)(t) be the random variables denoting the 

downloading rate at time t for type-1 and type-2 peer respective, we have: 

( )[ ] ( )[ ] ( )[ ] ( )[ ]( ){ }2/,
21

min
)1(

BtYtXtXtD Ε+Ε+Ε≈Ε µρ  

 

( )[ ] ( )[ ] ( )[ ]( ){ }2/,
2

min
)2(

BtYtXtD Ε+Ε≈Ε µρ  

      ---- � (6) 

We can now present the mathematical model that captures the dynamics of the P2P system. The 

model is based on the stochastic differential equation [3]. First, the arrival process of new peers 

is modeled as a Poisson counter process N (t) with an average arrival rateλ . The Poisson 

counter has the following properties: 

 

     At poison arrival   ---- �   (7) 

 

     Else where            ---- �   (8) 

 

Let X1(t) and X2(t) denote the number of type-1 and type-2 leechers at time t while Y (t) denote 

the number of seeders in the system at time t. The following describes the rate of change of these 

three important variables: 

 

( ) {
0

1
=tdN
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The rate of change of X1(t) is affected by the number of new arrival, which is denoted as dN(t), 

and the number of peers that transfer from type-1 to type-2 which is denoted by 

( ) ( )

2

1

)1(

sM

dttXtD , where sM/2 represents the size of a half of the file F, and D(1)X1(t)dt 

represents the amount of new information that all X1(t) type-1 peers collect in dt. Similarly, the 

transfer rate from type-2 peers to seeders is ( ) ( )

2

2

)2(

sM

dttXtD  lastly, the departure rate of a 

seeder isγ , so the total departure rate of all seeders is represented by γ Y (t). After taking the 

expectation of (9), we have: 
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Note that the above equations are 

approximations because we are assuming the independence of Di (t) and Xi (t). 

 

8.1.2 Steady-state performance 

To study the steady-state performance, we let dE[X1(t)] = dE[X2(t)] = dE[Y (t)] = 0. To simplify 

notation further, we use V to represent the expected value of the random variable V and we let  

sM

µρ
α

2
=  and  

µρ
β

2

Β=  . 

Equation (10) can now be re-written as: 
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{ } { }βαβα ,
2

min
2

,
21

min
1
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{ } YYXX γβα −+= ,
2

min
2

0  

                      ----- -����  (11) 

To solve these steady state equations, we classify the (11) into three cases: 

 

Case 1: β<++ YXX
21

              and  

Case 2: YXXYX ++<<+
212

β      and 

Case 3: YX +<
2

β  
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The first case implies that the uploading and downloading are not constrained by the bandwidth 

B. This occurs when the peers have broadband access to the Internet, or when the peer’s arrival 

rate is low so there are only few peers in the system. For the second case, type-1 peers are 

constrained by bandwidth B while type-2 peers are not constrained by this bandwidth limit. The 

reason is there are more peers who can help type-1 peers than type-2 peers. Hence it is possible 

for the former to be saturated by bandwidth, yet not the latter. For the last case, all peers are 

constrained by the bandwidth B in the file sharing process. This case occurs when peers have a 

low bandwidth connection to the Internet or the file is very popular so that the peer’s arrival rate 

is very high and there are many peers in the system. We can solve YXX ,
2

,
1

respectively in 

these three cases.  

 

The average number of type 1 leechers (X1), type 2 leechers (X2) and seeders (Y) can be 

expressed as: 
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Y          =   Case3. and Case2 Case1,/ γλ     

 

Let Td denote the average downloading time for a file, which is the average time it takes for a 

peer to obtain all M unique chunks of F. We have the following results. 

 

 

 

Td         =             
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Let Tp denote the average system throughput of the BT-like P2P system, N = X1 + X2 + Y. We 

have the following result: 

 

Tp           =    
( )
( )


Ο

3&2

1
2
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8.2 Performance evaluation by simulation 

To evaluate the performance and the behaviour of the algorithm, a simulation for the thesis work was 

developed using C programming language with Window Xp/Linux platform. The simulation was 

based on discrete event simulation. Discrete event simulation uses discrete sequence of events to 

formulate the system.  

Discrete Event Simulation (DES) concerns the modelling of a system as it evolves over time by 

representing the changes as separate events. This is the opposite of Continuous Simulation where 

the system evolves as a continuous function (differential). Discrete event simulation involves 

modelling a system as it progresses through time and is particularly useful to analyse the queuing 

systems. 

A major strength of discrete event simulation is its ability to model random events and to predict 

the effects of the complex interactions between these events. 

 

In here we used three different distribution methodologies to evaluate the performances of peer 

for the chunk’s distribution those are Lognormal, Weibull and Pareto distribution. 

Lognormal:   The log-normal distribution is the single-tailed probability distribution of any 

random variable whose logarithm is normally distributed. A variable might be modeled as log-

normal if it can be thought of as the multiplicative product of many independent random 

variables each of which is positive. 

A log normal distribution results if the variable is the product of a large number of independent, 

identically-distributed variables in the same way that a normal distribution results if the variable 

is the sum of a large number of independent, identically-distributed variables. 

Weibull: In probability theory and statistics, the Weibull distribution (named after Waloddi 

Weibull) is a continuous probability distribution. It is often called the Rosin–Rammler 

distribution when used to describe the size distribution of variables. The Weibull distribution 

gives the distribution of lifetimes of objects. It was originally proposed to quantify fatigue data, 

but it is also used in analysis of systems involving a "weakest link." 
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Pareto: The Pareto distribution is a highly left skewed distribution defined in terms of the mode 

and a shape factor.  It is a heavy tailed distribution meaning that a random variable following a 

Pareto distribution can have extreme values. 

The Pareto distribution is often referred to in the context of the "80/20 Rule" which is describes a 

range of situations, in customer support it means that 80% of problems come from 20% of 

customers or in economics where 80% of the wealth is in the hands of 20% of the population. 

For each chunk distribution process we considered two classes which are arrival class and service 

class we calculated the congestion parameters for these two classes below we specified class1 

and class2 which refers to arrival and service process respectively. And finally we calculated the 

average of these two classes to evaluate the performances of the proposed system. 

8.2.1 Discrete-Event Model 

 

Discrete-event simulation is a way to build a model, so that the dynamic (time based) behavior of 

the system can be observed. In the system each event occurs at an instant in time and marks a 

change in the state of the system. During the experimental phase the Discrete-event model is 

executed (run over time) in order to generate results. The results can then be used to provide 

insight into a system and forms a base to make decisions on. 

The general steps involved in the development of a DES model starts by 

1.  Determining the Goals of the system to be developed 

2.  Building of a conceptual model. 

3.  Converting it into a specification model. 

4.   Followed by converting the specification model into a computational model. 

5.  Verifying the system developed in the previous step and finally the validation  

     (Computational model being consistent with the system being analyzed) of the system.         

 

In this thesis the discrete-event simulation is used at the network call layer to access the 

performance and behavior of the peers. Discrete event simulations can be implemented in any of 

the four following methods; event based, process based, activity based and the three phase 

approach. In addition to the representation of system state variables and the logic of what 

happens when system events occur, discrete event simulations include the following main 

components.  
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� Clock: to keep track of the current simulation time, in whatever measurement units are 

suitable for the system being modeled. Because the events are instantaneous, the clock 

uses time ´hops` to keep track of the simulation events occurring. 

� Event List: The simulation maintains a list for the simulation events. An event must have 

a start time, some kind of code that constitutes the performance of the event itself, and 

possibly an end time. In some approaches, there are separate lists for current and future 

events. Events in their lists are sorted by event start time. 

� Random number Generator: The simulation needs to generate random variables of 

various kinds, depending on the system model. This is accomplished by one or more 

pseudorandom number generators.  

� Statistics: The simulation usually keeps track on the system's data, which calculates and 

analyzes the features of interest in the system. 

� Ending Condition: it is practical to end the simulations execution, as the simulation 

would run for ever until an ending condition be specified. Typical choices are “at time t” 

or “after processing n number of events 

 

The performance of the algorithms was measured and evaluated based on the congestion parameters 

i.e., percentage of Blocking, average waiting time for number of peers, average delay in service 

process and overall mean reward. These four congestion parameters are calculated for Lognormal, 

Weibull and Pareto distribution. The data transport performance was considered based upon these 

congestion parameters i.e. as the number of seeders increase in the system the faster the chunk 

download  and the increase in the system  performance and vice versa.  

 

The flow of the simulation program is stated as under 

 

Run� Initialize network � Start up Network � Generate the event list � Serve the Events�  

Calculate the Lognormal, Weibull and Pareto parameters. 

 

The parameters for the simulation were saved in a parameter file and stored in the folder with the 

executable file. They were then fetched from the file by the program when it was run, which were 

used to initialize the network. 

The network is started off with the event generation. The simulation was run for 20 iterations. The 

event list is the backbone of the program as it provides a means for process to serve. An event 
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structure was used to store all the properties of individual events and then it was linked by a linked 

list. The events born by the current event are also inserted to the event list with all their properties. 

The random number generator of the discrete event model (Markov) is used to decide the time of 

each event’s occurrence. 

                              Event Start           Event End 

 

P1 P2 - - - - - - - Pi  Process Block  Time    (t) 

               Event Quee                                                    Process                            
 

 
 
 
 
 
            Peer arrival                             Peer Departure 
                  Time                                Time 
   
 
 

 

 

 

 

 

                         Fig 5: Relation Between events and Process. 

 

The overall simulation program can be summed up into the following main Steps; 

� Make selections based on input arguments. 
          
� Initialize simulation parameters. 

 
� Initialize the event list. 

 
� Simulate events. 

 
� For all events Begin 

 
� Calculate parameters. 

End. 
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The simulation parameters which are calculated for Pareto, Lognormal and Weibull are waiting 

time, delay, reward and blocking for each peer in time (t). 

The initialization parameters are; 
 

� Arrival process: M,W,P,L 
 

� Service process: M,W,P,L   
 

� Bandwidth requirement  
 

� Normalized reward parameter  
 

� Mean arrival rate  
 

� SCV of arrival process   
 

� Mean service rate  
 

� SCV of service process  
 

� Link capacity   
 

� Waiting room capacity  
 

� Maximum number of calls   
 

� Traffic multiplier  
 

The overall simulation program can be summed up into the following main steps; 

� Make selections based on input arguments. 

Begin 

- Establish the number of classes 

- Initialize simulation parameters. 

- Initialize the event list. 

- Simulate events. 

� For all events Begin 

Apply Lognormal, Pareto and Weibull process. 

Schedule the peers. 

Calculate the parameters (wait, delay, blocking and reward). 

� End  

� End 
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Chapter – V 

9. SIMULATION EXPERIMENTS: 

       For the evaluation and comparison of the three processes (Lognormal, Pareto and Weibull) for 

chunk distribution among peers, some scenarios were considered and accordingly the experiments 

were carried out. And in the following experiments two classes (arrival, service) of peer’s, each 

process have been distinguished first and then shown the overall differences between the three 

processes. 

Note: Class1 refers to arrival process and Class 2 refers to service process. 

9.1 Log Normal:  
Here, the complete scenario for lognormal process with two classes is shown while 

comparing their results with respect to each class. 

9.1.1: Blocking for lognormal 

 

Fig.5.1.1 Blocking for Lognormal 

Blocking in lognormal for two classes is 

shown in fig: 5.1.1. Here, as the number of 

peers increases in the network, the 

percentage of blocking for class2 is high and 

for class1 is low (almost zero) and doesn’t 

show any variation when the number of peers 

are increased.  
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9.1.2: Delay for lognormal process 

 

Fig: 5.1.2 Delay For Lognormal 

 

9.1.3 Waiting time for lognormal process 

 

Fig.5.1.3: Waiting For Lognormal 

 

Delay for lognormal process is shown in 

fig:5.1.2. Here, as the number of peer’s 

increases, the delay for class2 is more 

and gradually increased but delay for 

class1 is not so high as in class2 and 

there is only a small amount of increase 

in its delay but has not much variation as 

in class2. 

 

When considered the waiting time for 

lognormal classes in fig: 5.1.3, the 

class1 waiting time is very low than 

the class2 waiting time.  

Moreover the waiting time for class1 

is almost zero.  
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9.1.4: Reward for Lognormal Process: 

 

Fig 5.1.4: Reward for LogNormal 

9.2 Weibull: 
Here, the complete scenario for Weibull processes with two classes is shown and also compared 

their results. 

9.2.1: Blocking for Weibull 

 

Fig. 5.2.1: Blocking for Weibull 

Reward for Lognormal Process 

classes is gradually decreased, 

shown in fig: 5.1.4, because of the 

waiting time and delay factors 

being high the reward factor will 

always be less. So, the reward for 

class2 is gradually decreased 

while it is more in class1. 

Blocking in Weibull for two 

classes is shown in fig: 5.2.1. 

Here, as the number of peers 

increases in the network, the 

percentage of blocking for class2 

is high and gradually increasing. 

But the percentage of blocking 

for class1 is low (almost zero) 

and doesn’t show any variation 

when the number of peers are 

increased. 
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9.2.2: Delay for Weibull process 

 

Fig: 5.2.2: Delay for Weibull 

 

9.2.3 Waiting time for Weibull process 

 

Fig: 5.2.3: Waiting for Weibull 

 

When considered the Delay for 

Weibull process in fig: 5.2.2, as the 

number of peer’s increases the delay 

for class2 is high and is gradually 

increased. And the delay for class1 is 

low when compared to class2 and it 

also shows gradual increase in its 

delay but has not much variation as in 

class2. 

 

Weibull waiting time for the 

two classes is shown in fig: 

5.2.3, the class1 waiting time is 

very low than the class2 waiting 

time and is almost zero. But the 

waiting time for class2 is a bit 

high and is gradually increased 

as the number of peers is 

increased.  

 



Sirajuddin Mohammed   E3602D 

_________________________________________________________________________________ 

Högskolan Dalarna                                                                                                  Tel. : 023 778 000 

Roda vagen 3,                                                           39                                            Fax : 023 778 050 

78188-Borlange.                                                                                                URL: http://www.du.se 
 

 

9.2.4: Reward for Weibull Process: 

 

Fig: 5.2.4: Reward for Weibull 

9.3 Pareto: 
Here, the complete scenario for Pareto process with two different classes is shown and compared 

their results with each other. 

9.3.1: Blocking for Pareto 

 

Fig: 5.3.1 Blocking for Pareto 

In fig: 5.2.4 the Reward for 

Weibull process classes is 

gradually decreased. Because of 

the waiting time and delay 

factors are high the reward 

factor will always be less. And 

initially both of them are having 

high reward but class1 is having 

more reward than class2. And 

then both have gradual decrease 

in its reward respectively. 

  

Blocking in Pareto for the two 

different classes is shown in fig: 

5.3.1. Here, as the number of peers 

increases in the network, the 

percentage of blocking for class2 is 

high and gradually increasing. But 

the percentage of blocking for 

class1 is low (almost zero) and 

doesn’t show any variation when 

the number of peers are increased. 
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9.3.2: Delay for Pareto process 

 

Fig: 5.3.2: Delay for Pareto 

 

9.3.3 Waiting time for Pareto process 

 

Fig: 5.3.3: Waiting for Pareto 

 

Delay for Pareto process is 

considered in fig: 5.3.2 where 

as the number of peer’s 

increases the delay increases. 

Delay for class2 is high and is 

gradually increased. And delay 

for class1 is low when 

compared to class2 and it also 

shows increase in its delay but 

has not much variation as in 

class2. 

Waiting time of the two classes for 

Pareto process is shown in fig: 

5.3.3. Here, the class1 waiting time 

is very low when compared to the 

class2 waiting time. Since blocking 

is less in class1, the waiting time is 

also less and there is no change 

even when the number of peers 

increased. But, blocking is high for 

class2 and its waiting time 

increases as the number of peer’s 

increases.  
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9.3.4: Reward for Pareto Process: 

 

Fig: 5.3.4: Reward for Pareto 

 

 

Reward for Pareto Process classes 

is shown in fig: 5.3.4 and is 

gradually decreased because of the 

waiting time and delay factors, if 

they are high the reward factor will 

always be less. And initially both of 

them are having high reward but 

class1 is having more reward than 

class2. And then as number of peers 

increases, the class1 is moreover 

has rise-and-falls in its reward 

whereas class2 shows a gradual 

decrease in its reward respectively. 
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9.4 Overall Simulation results for Lognormal, Pareto and Weibull              

       Parameters:     

9.4.1 Blocking  

 

Fig: 6.1: Overall Blocking for Weibull, Pareto and lognormal 

9.4.2 Waiting 

 

Fig: 6.2: Overall Waiting for Weibull, Pareto and lognormal 

Here in this fig: 6.1 the average 

percentage of blocking for the two 

different classes of each Weibull, 

lognormal, Pareto process is shown. 

And from the figure it is clear that 

Weibull has high blocking sum and 

Pareto has low blocking sum. All 

three of these processes shows 

gradual increase in its blocking as 

the number of peers increases.  

Here in this fig: 6.2 the average 

waiting time for the two different 

classes of the three Weibull, 

lognormal, Pareto process is shown. 

And from the figure it is clear that 

Lognormal has high waiting time 

and Pareto has low waiting time. 

All three of these processes shows 

gradual increase in its waiting time 

as the number of peers increases, 

but there is not much variation in 

the Pareto process.  

 

Here in this fig: 6.2 the average 

waiting time for the two different 

classes of the three Weibull, 

lognormal, Pareto process is shown. 

And from the figure it is clear that 

Lognormal has high waiting time 

and Pareto has low waiting time. 

All three of these processes shows 

gradual increase in its waiting time 

as the number of peers increases, 

but there is not much variation in 

the Pareto process.  
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9.4.3 Delay 

 

Fig. 6.3: Overall Delay for Weibull, Pareto and lognormal 

 

9.4.4 Reward 

 

Fig. 6.4 Overall Reward for Weibull, Pareto and lognormal 

 

Overall reward is shown in fig: 6.4 

for the two different classes of all 

three Weibull, lognormal and 

Pareto processes. And from the 

figure it is clear that Weibull has 

low reward and Pareto has high 

reward. All three of these processes 

shows gradual decrease in its 

reward as the number of peer’s 

increases, but only Pareto had least 

variation in its reward.  

  

Overall average mean delay is 

shown for the two different classes 

of all three Weibull, lognormal and 

Pareto processes in fig: 6.3. And 

from the figure it is clear that 

Weibull has high delay time and 

Pareto has low delay time. All three 

of these processes shows gradual 

increase in its delay time as the 

number of peer’s increases, but only 

Pareto had least variation in its 

delay time.  
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9.5 Overall result Table for Simulation 

The below table depicts the overall simulation results for the three distribution process including 

the markov chain model (simulation1). 

 Simulation 1 Simulation 2 Simulation 3 Simulation 4 

Class1 Class2 Class1 Class2 Class1 Class2 Class1 Class2 

Offered 
arrival rate 

12.809 0.5383 7.9823 1.3409 8.0052 1.33448 7.972 1.293 

Carried 
Arrival 

Rate 
12.240 0.5383 6.8988 1.3409 7.4454 1.33448 7.054 1.293 

Class 1 
P<Blocking

> 
4.422% 13.304% 6.876% 11.694% 

Class 2 
P<Delay> 

28.931% 73.0005% 28.352% 62.051% 

Class 2 
Mean wait 

0.111 Sec 1.443 Sec 0.120 Sec 0.749 Sec 

System 
Power 
Factor 

0.898 0.409 0.893 0.572 

Overall 
mean 

Reward 
15.431 $ 14:831$ 15.448$ 14.931$ 

Class1 Class2 Class1 Class2 Class1 Class2 Class1 Class2 

Class Wise 
Reward 

12.230$ 3.201$ 6.931$ 7.900$ 7.451$ 7.997$ 7.056$ 7.875$ 

Table 2: Overall simulation result in percentage 
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Chapter - VI 

10. Result Analysis: 

 Finally, when the results from all the scenarios for different classes is considered using 

simulation parameters it is observed that the Pareto Distribution process has highest 

performances of all the sources. After Pareto, Lognormal has the better performance and Weibull 

distribution has shown the least performance. 

The congestion parameters like Blocking, Waiting time, Delay time and Reward are calculated 

and they are dependent for one another. As the blocking for each peer is more then the waiting 

time is increased, if the waiting time is more then service process is delayed, if the service 

process is delayed then the reward for each class is reduced gradually. 

The graphs were plotted for the two different classes for each distribution process and then 

graphs were plotted for the average of the two classes for all the three processes with respect to 

the number of peers in the system. 

 

Scenario 1: In this scenario, the average percentage of blocking is more for Lognormal and 

Weibull distribution processes, where 13.304% is for the Weibull distribution process and 

11.694% is for the Lognormal distribution process. And the Pareto distribution has low 

percentage of blocking and is of 6.876%. 

 

Scenario 2:  In this scenario, the average waiting time is considered for each peer before entering 

into the service process. And the waiting time for Lognormal and Weibull distribution processes 

is high, where the waiting time for Lognormal process is 0.749 Sec, and the waiting time for 

Weibull process is 1.443 Sec. And Pareto distribution has low waiting time and is recorded as 

0.120sec. 

 

Scenario 3: In this scenario, the average delay for each process is considered. The average 

percentage of delay time for Weibull and Lognormal distribution processes is recorded as 73%, 

62% respectively which is considered to be high. And for the Pareto process it is 28.3% which is 

recorded to be very low in comparision with the other two processes. 
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Scenario 4: In this scenario, the overall mean reward is taken. The Overall mean reward for 

Lognormal and Weibull distribution processes is recorded as 14.831$ and 14.931$ respectively 

which shows that they both have nearly same reward. And for the Pareto distribution process the  

reward is 15.448$, which shows that it has high reward factor that than the other two Lognormal 

and Weibull distribution processes.  

 

All the four scenarios experimented explains that the Pareto distribution process has Low 

Blocking Rate, Low percentage of Delay time, Low Waiting time and High percentage of 

Reward factor in comparision to the Weibull and Lognormal distribution processes. 

In this thesis work we evaluated the performances of the chunk distribution process for peer’s 

using three different approaches Weibull, Lognormal and Pareto, the chunk distribution for 

Pareto process has highest performance among the other as in [12] as the number of peer’s 

increases in the system the system the faster the download because as there are number of peer’s 

in the system which would be able to serve the desired file in no time, which increases the system 

performance as well as reduces the download time for each peer to acquire a complete file. While 

for the two other distribution technique as the number of peers increases in the system the 

waiting time and delay time increases which will reduce the system performances. 

As Pareto process is named as 20/80 rule that means initially in the system there will be 20% of 

peer’s joining with complete files and they tend to distribute the file to all the other 80%of peers, 

if one peer is able to download a complete chunk it will be able to upload and convert itself into 

a seed and keeps on downloading the other chunks which is the main concept of the peer to peer 

networks. 
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Chapter - VII 

11. Conclusion and Future Work: 

Finally, we conclude that from the result analysis that is from the experiments with different 

scenarios considering two different classes (arrival and service) for three different distribution 

processes that is for Lognormal, Weibull and Pareto distribution processes. The performance of 

the Pareto Distribution process is found to be very good than the performance of the other two 

processes, the Lognormal and the Weibull Distribution process. Since it is a known fact that the 

majority of internets files are possessed by some of the internet providers and rest by the users 

who used to access the files from these providers, and this is similar to the 20-80 rule of Pareto 

distribution process. In Weibull and Lognormal distribution as the number of peers grows the 

two distribution process performance is low while for Pareto distribution process its high.  So, all 

the peers (users) are interested in the big network rather than hanging around the small networks 

with low number of peers, and it is also a known fact that as the number of peers increases the 

number of downloads also increases, and the chances of getting the file downloaded completely 

increases. And in this Pareto distribution process even when the number of active peers (users) is 

increased, the desired file is downloaded in minimum amount of time. 

 

Here in this thesis we mainly focused on the chunk distribution technique, with peer’s arriving in 

a Quee, and with events generated by the simulator, what will be the performance of the system 

if we have a random peer’s arriving from a different sources and accessing the random chunks 

we have to evaluate the system performance with the random peer’s and  more over the peer’s 

having downloaded all the chunks tends to leave the system so we need to introduce some system 

that can hold all the peers in the system until each peer gets all the desired chunks.  
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Abstract 

This thesis work concerns about the Performance evolution of peer to peer networks, where we 
used different distribution technique’s of peer distribution like Weibull, Lognormal and Pareto 
distribution process. Then we used a network simulator to evaluate the performance of these 
three distribution techniques. 
 
During the last decade the Internet has expanded into a world-wide network connecting millions 
of hosts and users and providing services for everyone. Many emerging applications are 
bandwidth-intensive in their nature; the size of downloaded files including music and videos can 
be huge, from ten megabits to many gigabits. The efficient use of network resources is thus 
crucial for the survivability of the Internet. Traffic engineering (TE) covers a range of 
mechanisms for optimizing operational networks from the traffic perspective. The time scale in 
traffic engineering varies from the short-term network control to network planning over a longer 
time period. 
 
Here in this thesis work we considered the peer distribution technique in-order to minimise the 
peer arrival and service process with three different techniques, where we calculated the 
congestion parameters like blocking time for each peer before entering into the service process, 
waiting time for a peers while the other peer has been served in the service block and the delay 
time for each peer. Then calculated the average of each process and graphs have been plotted 
using Matlab to analyse the results. 
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Chapter - I 

1. Introduction 

1.1 Thesis environment: 
This is a Master thesis work done in partial fulfillment of the requirements for the award of 

International degree Master of Science in Computer Engineering, Högskolan Dalarna (Dalarna 

University), Sweden. 

 

This thesis is part of a research project entitled Traffic Engineering in Future Internet domains 

(TEFID) carried out at the Department of Economics and Social Sciences at Dalarna University. 

1.2 Background: 

1.2.1 Traffic Engineering 

During the last decade the Internet has expanded into a world-wide network connecting millions 

of hosts and users and providing services for everyone. Many emerging applications are 

bandwidth-intensive in their nature; the size of downloaded files including music and videos can 

be huge, from ten megabits to many gigabits. Such applications range from the text-based 

utilities, Electronic mail, network news from the early days of the Internet to the advent of video 

conference, audio/video streaming, E-learning, E-Commerce, Voice over IP (VOIP) , and real 

time applications that are capable of transmitting data in real time with a high data rate. 

Moreover Internet provides the operating environments which are very dynamic. While end-users 

are demanding very high quality of service (QoS) from their service providers, and their demands 

are continue to grow at a rapid pace resulting in network’s ever-increasing size, network 

undergoes a complex traffic which leads transmission bottlenecks. Several efforts are tackling 

this problem, to keep pace with the ever-increasing volume of the Internet [13]. 

The efficient use of network resources is thus crucial for the survivability of the Internet. Traffic 

engineering (TE) covers a range of mechanisms for optimizing operational networks  

from the traffic perspective. The time scale in traffic engineering varies from the short-term 

network control to network planning over a longer time period. 
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Traffic engineering refers to the optimization of operational networks. The performance 

optimization of networks is actually a control problem. Traffic engineering should provide 

sufficient control in an adaptive feedback control system. The tasks of a controller consist of the  

modification of traffic management parameters, the modification of routing parameters, and 

modifications of resource attributes and constraints. 

The objective is to achieve fair and efficient sharing of resources among the network users. 

1.2.2 Peer-to-peer Networks 

 
Traditionally, the hosts of an IP network have been divided into clients and servers. The client 

programs of the end systems request and receive information from servers located in other end 

systems. Web browsing, e-mail, and file transfer and other well-known Internet applications are 

based on this kind of client/server architecture. However, this type of communication does not 

scale well, requires central administration and presents a single point of failure [5]. 

  

By peer-to-peer (P2P) networking one makes an attempt to solve the problems of the 

client/server model by constructing a system in which all users act as both clients and servers. 

Participants in a peer-to-peer network share their own resources, including information, 

bandwidth, processing power etc., in a distributed manner. The benefits of this approach are the 

efficient use of existing resources, scalability, and reliability [1].  

 

A Peer-to-Peer network is a network which makes use of the computational power of the peers 

(nodes) with in the network rather than the network it self. P2P network, a sharing resource with 

millions of hosts built out for a co-operative work. Millions of users all over the world using the 

internet also started connecting their home PC’s to each other directly. As a result, many groups 

all over the world collaboratively formed user created virtual super computers and file systems. 

In fact, the Internet was designed initially as a peer-to-peer system, which has transformed to 

Client/Server over time due to millions of users (clients) started communicating with privileged 

set of servers. The present structure again regained its original design for using it as a medium 

for communication between clients (peers) for sharing resources. [6]  
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(a) HTTP File Transfer    (b) BitTorrent Architecture 

 

Fig.1: Different File Transfer Architectures (Arrows show the direction of data flow.) 

 

It has been widely reported that P2P-related traffic forms a significant part of the total traffic in 

the Internet and that the share is even increasing. The reported shares vary from 50% to 80% 

depending on the direction of the link. 

 

Fig.2: Peers sharing different files self organised into a p2p network. 
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1.2.3 Peer-to-peer network protocol evaluation: 

The first well-known P2P protocol was Napster, in which the actual file transfers were made 

directly between peers but a centralized server was used in searching for the files. This type of 

the P2P network is referred to as a hybrid network.  

 

Gnutella is an example of a pure, fully decentralized P2P system; a peer asks a neighbor for the 

desired file. If the neighbor does not have the file, it sends the request forward until the file is 

found. Finally, the Kazaa network combines the features of Napster and Gnutella by having so-

called super-peers acting as local servers for file queries.  

 

In structured P2P architectures, on the other hand, the overlay topology is formed in such a way 

that queries are easier and more effective. The basic idea of P2P networks is that the peers do not 

only use resources but also provide them. 

BitTorrent is a popular P2P protocol for distributing large files. In BitTorrent relatively large 

files, such as movies, are shared quickly in a decentralized manner.  It is clear that BitTorrent 

Traffic is significantly increasing day by day, the BitTorrent Traffic is almost 37% of the actual 

Traffic [8]. 

2. Objectives: 
 

The objective of this thesis is performance evaluation and comparison of analytical models with 

simulation. We will consider several performance measures like blocking time for each peer 

before entering into the service process, waiting time for each peer to download a chunk, delay 

factor for service process and the reward factor for each peer. And also calculated the system 

power factor for different algorithms. Here we are focusing on the performance evolution of peer 

to peer download network by considering the chunk distribution process with three techniques 

Weibull, lognormal and Pareto. 
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3. Limitations: 
 

� Existing systems could provide unfair services to peers. In current BitTorrent systems, a 

peer with a higher downloading speed tends to download more and upload less. 

 

� Client performance in the BitTorrent-like system is unstable, and fluctuates significantly 

with the changes of the number of online peers. 

 

� Content availability and system performance in the future depend on the arrival and 

departure of downloaders and other seeds. 

 

� Seeds departure rate and the download peers abort rate will influence the peer distribution 

in different ways. 

 

� The probability of successfully finding a proper uploading/downloading partner also 

determines a peer’s downloading rate. 

 

� BitTorrent does not offer its users anonymity. It is possible to obtain the IP addresses of 

all current, and possibly previous, participants in a swarm from the tracker. This may 

expose users with insecure systems to attacks.  

 

� Another drawback is that BitTorrent file sharers, compared to users of client/server 

technology, often have little incentive to become seeders after they finish downloading. 

The result of this is that torrent swarms gradually die out, meaning a lower possibility of 

obtaining older torrents. 
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Chapter - II  
 

4. PROBLEM FORMULATION 
 

4.1 PROBLEM STATEMENT: 

As we already now that the BitTorrent Traffic is 37% of the actual Network Traffic. So it is 

necessary to reduce the network traffic caused by the peer-to- peer networks and increase the 

performance of the network by considering several constraints like file minimizing the waiting 

time and improving the system performance which minimise the download time. Here we are not 

considering any bandwidth constraint, the bandwidth of a given network is fixed. Moreover we 

are not developing any new model but we study the existing fluid model [11], and evaluate the 

performances of the model and give the conclusion. 

As we are evaluating the performance of download peer to peer network we are concentrating on 

the factors which affect the performance of the network. Let us consider a file of size F, which is 

divided into M number of chunks that has to be distributed among the peers who request the file 

F. Typically number of chunks M is in the order of several hundreds. Based upon the BitTorrent 

Definition, a seed has all M chunks of F, while a Leecher has a subset of F. 

 F = F1 U F2 U………FM, Fi ∩ Fj = ø for i ≠ j and Fi is the ith chunk of F 

The factors which affect the process of downloading are like average number of leechers, average 

number of seeds in the system. The average download time is depending on the number of seeds 

and leechers in the system. As the number of seeds increases the peers which are having the 

complete file F may increase and they can serve for the peers who need the remaining chunks of 

the file F and there may be chance of fastening the download speed of leechers. More over this 

may affect system throughput and increase system performance. 
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4.2 QUESTIONS FOR INVESTIGATION: 

1. Whether the fluid flow model by Ross is able to provide accurate performance 

predictions? 

2. Does the fluid models proposed can improve the performance of the network? 

3. How the download time of chunks can be reduced? 

 

4. How the number of seeds and leechers in the system effect the download time of the 

network? 

5. What will be the system’s throughput? 

6. How well can it scale as the number of receiving nodes becomes very large? 

7. Can we justify the Service availability, Service stability and fairness of the proposed Peer 

to Peer system? 
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Chapter – III 
 

5. Steps Involved in BitTorrent:  

5.1 Peer Discovery 
BitTorrent uses a centralized Peer Discovery scheme.  When a BitTorrent client starts, it reads in 

a special .torrent file.  This file must be acquired out of band (e.g. via HTTP) and are typically 

small.  The file contains the address of the special host known as the *tracker*.  The tracker acts 

as a central point for gathering and distributing the addresses of active peers.  Typically, the 

tracker is running on the same host as the source of the file.  

Each client contacts the tracker in the following circumstances: 

- On startup 

- On shutdown 

- When it knows of fewer than 20 working peers and it has not   contacted the server in at - 

    least 5 minutes    

- When it has not contacted the server in at least 30 minutes 

  

The client lets the server know its IP address and port, along with some information that is 

gathered purely for statistical purposes.  If the client is shutting down, it lets the tracker know, 

and the tracker deletes that client from its list of hosts. The server maintains a list of active hosts.  

Every 45 minutes, it combs this list and removes any peers that have not contacted it since the 

last sweep. When a client contacts the server, the server provides it with 50 (IP, port) pairs 

chosen randomly from the list of hosts.  There is some additional logic to ensure that the same 

address will not be given out repeatedly through bad luck; it checks to make sure that each 

address is given out once before it will give out an address again [9]. 

All of the numeric values described above and below are defaults. They may be adjusted. 

5.2 Peer Selection 
By default, BitTorrent attempts to keep 40 connections open at once. It doesn't do any type of 

intelligent Peer Selection.  It simply opens connections to the first 40 peers it hears about from 

the tracker.  A peer may have more than 40 connections when other peers connect back to it. 

This can be explained in detail in the following sections. 
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5.3 Content Discovery 

When two peers become neighbors, they exchange bit fields that describe which blocks they 

possess.  When a peer fully receives a block, it immediately notifies all of its neighbors.  Thus, 

every peer always knows exactly which blocks its neighbors possess.  By default, each block is 

256 kilobytes.   

5.4 Content Selection 
BitTorrent divides each block into 16 kilobyte sub-blocks. It uses three distinct strategies to 

choose which sub-block to download, based on how much has been downloaded already. 

            5.4.1 Partial-First: Download a sub-block from the rarest block that is already  

   being downloaded.  

5.4.2 Rarest-First:  Download a sub-block from the rarest block. 

 

5.5 Endgame:  
Download any outstanding sub-block, even if it is simultaneously being downloaded from 

another neighbor. If a client is not downloading anything yet, it uses the Rarest-First strategy.  If 

it has less than 4 blocks, it uses the Partial-First strategy.  It also uses the Partial-First strategy if 

there are at least 3 sources for each block.  Otherwise, it uses the Rarest-First strategy. The 

Endgame strategy is used once there are outstanding requests for every remaining sub-block. A 

block is more rare if fewer neighbors have it.  In the case of a tie for rareness, the selection is 

made randomly. BitTorrent pipelines its requests, allowing up to 5 outstanding requests per 

connection [9]. 

5.6 Load Distribution 
BitTorrent runs its own congestion control algorithm above TCP.  Each peer will only send data 

to a subset of its neighbors.  The other neighbors are said to be "choked".  Every 10 seconds, a 

BitTorrent client reconsiders which neighbors to choke.  First, it generates a list of neighbors that 

want sub-blocks from it and have sent it data in the last 30 seconds.  Then, it sorts these by the 

rate they are sending data to the client.  It picks the best 7 and unchokes those. If the client has 

finished downloading the file, it sorts its neighbors by the rate they are receiving data rather than 

the rate they are sending.  Thus, while downloading, a client prefers to send to neighbors that are 
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sending to it.  When completing, a client prefers to send to the neighbors who are downloading 

fastest. Additionally, the client unchokes 4 other neighbors that want sub-blocks from it.  These 

are shifted in a round-robin fashion every 30 seconds [11]. 

 

Clients notify a neighbor when they become interested in download a sub-block from it, and 

when they are choking or unchoking that neighbor.  These take the form of small control 

messages. BitTorrent measures transfer rates using a simple average.  Each time bytes are 

received by the application, it stores the total bytes received divided by the time, plus two 

seconds, since the first bytes arrived [11]. 
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6. Download P2P networks 

 

6.1 Network elements: 

The main Network elements in peer to peer download network are peer’s and the BitTorrent 

protocol. There are different types of peers based upon the participation of the peer in network, 

we can name them in different ways as follows below. 

The peers together form a network and they are the network elements which consist of protocols 

to maintain the network connections with in a peer group.  

Peer:  

1) A peer is a node on a P2P network that forms the fundamental processing unit of any P2P 

solution. 

2) Each peer has a unique Peer ID. 

3) Each peer belongs to one or several Peer Group. 

4) Each peer can communicate with other peers in its group and also those in the other 

groups 

Simple peer: 

A simple peer is designed to serve a single end user, allowing that user to provide services from 

his device and consuming services provided by other peers on the network 

Rendezvous Peer: 

A rendezvous peer provides peers with a network location to use to discover other peers and peer 

resources 

Router Peer: 

A router peer provides a mechanism for peers to communicate with other peers separated from 

the network by firewall or Network Address Translation (NAT) equipment 

Peer Group: 

A set of peers formed to serve a common interest or goal dictated by the peers involved, Peer 

groups can provide services to their member peers that are not accessible by other peers in the 

P2P network. 
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Protocols: 

Protocol finds the peers on the network and the services provided by a peer. Obtains the status 

information from peer. It also invokes a service on a peer. It creates, joins a peer group with data 

connections. And also routing messages for other peers. 

6.2 Network topology: 
The network topology  of the system consist of the peers arranged themselves into leecher peers 

which are willing to accept a file F and seed peers which are willing to distribute the file F to the 

requested peers or leechers. Peer to peer networks possibly follow Tree topology. 

 

Figure.3: A Star-Tree Topology with peer to peer network 

 

A tree topology combines characteristics of linear bus and star topologies. It consists of groups of 

peers-configured workstations connected to a linear bus backbone cable (See fig.3). Tree 

topologies allow for the expansion of an existing network, and enable schools to configure a 

network to meet their needs. 

Advantage of a Tree Topology is Point-to-point connection exists for individual segments or 
peers. 
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6.3 File download procedure: 

File download process in peer to peer network is done with the help of protocols. The well 

known protocol is BitTorrent, which follows optimistic unchoking procedure to download files. 

BitTorrent is a P2P application whose goal is to facilitate fast downloads of popular  

files. First, the file to be distributed is divided into parts, the sizes of which are typically 256 KB. 

When a peer wants to download a certain file, it connects to a tracker, which is a centralized 

server that delivers information about the peers. The tracker returns a list of potential peers to the 

downloader. Then the downloader contacts other peers and asks which pieces of the file they 

have. If the peers have the desired pieces, the downloader then requests them. After the peer has 

downloaded the first piece of the file, it can serve other peers by uploading the piece as a leecher. 

When the peer has downloaded all the parts of the file, it may stay in the system as a seed. When 

more requests arrive, the peers for which the chunks are uploaded are selected from those peers 

that provide the highest download rate for the given peer. The procedure is called as unchoking. 

To ensure that the peers that do not have any chunk yet can also download the first one, an 

optimistic unchoking procedure is used, every 30 seconds the peer drops the worst downloader in 

terms of provided download rate and selects a new, random one [20]. 

6.4 File downloads procedure in BitTorrent: 

BitTorrent is a P2P application whose goal is to facilitate fast downloads of popular files. First, 

the file to be distributed is divided into parts, the sizes of which are typically 256 KB. When a 

peer wants to download a certain file, it connects to a tracker, which is a centralized server that 

delivers information about the peers. The tracker returns a list of potential peers to the 

downloader. Then the downloader contacts other peers and asks which pieces of the file they 

have. If the peers have the desired pieces, the downloader then requests them. After the peer has 

downloaded the first piece of the file, it can serve other peers by uploading the piece as a leecher. 

[5] 

Download peers in BitTorrent use a ‘local rarest first’ (LRF) technique to determine which piece 

to request. Simply speaking, it will try to download a piece that is least replicated among its 

neighbouring peers. Actually, the LRF strategy is combined with a random choice in the practical 

deployment. However, for a new peer who has just joined in without any pieces, it will simply 

download any pieces available to bootstrap itself [11]. 
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When the peer has downloaded all the parts of the file, it may stay in the system as a seed. When 

more requests arrive, the peers for which the chunks are uploaded are selected from those peers 

that provide the highest download rate for the given peer. The procedure is called as unchoking. 

To ensure that the peers that do not have any chunk yet can also download the first one, an 

optimistic unchoking procedure is used, every 30 seconds the peer drops the worst downloader in 

terms of provided download rate and selects a new, random one. This concurrent process consists 

of three distinct parts. Each of which has a significance in BitTorrent Network. In the following 

lines all the three distinct parts are explain in brief. 

 

Seed &Seeding: A peer with complete copy of the file is called “Seed”. If this peer uploads the 

file to other peers the process is called “Seeding”. 

 

Leechers: Likewise, a peer with incomplete copy of the file (only some pieces of the file) is 

called as “Leecher”. Upon downloading the complete file, a leecher is no more a leecher it 

becomes seed and it can also upload to other leechers. To Synopsize, a leecher can upload the 

pieces it possess to other leechers as well as can download the pieces it requires. 

 

Swarm: All the peers (seeds + leechers) concurrently downloading and uploading a file each 

other forms a Swarm. 

                         

Fig.4. General Structure of distributing schemes 

  

One key feature of the P2P protocols, such as BitTorrent, is that the file is divided into parts, 

called chunks. While downloading the other chunks, peers at the same time upload the chunks 
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they already have to other peers as leechers. With this approach the service capacity of the P2P 

file sharing network increases as the number of downloaders increases. However, the relation 

between the number of downloaders and the service capacity of the system leads to complicate 

system performance.  

 

6.5 File Distribution Process Diagram in BitTorrent 

 

The Complete File distribution phases in BitTorrent Network, drawn in the diagram (s) 
below, are described completely after all the diagram(s). 
 
 

 
Fig.4.1: Download Torrent & Contact Tracker 
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Fig.4.2: Hand Shaking With Peers 

 

 
Fig.4.3: Downloading Pieces from Peers 
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Fig.4.4: Concurrent Uploading & Downloading 

 
 
Complete File distribution process is described according to the following steps: 

 

1.  As seen in figure 4, peer A is downloading the torrent files from the web server and   extracts 

the embedded tracker URL from the Announce section of that Torrent file. 

2.   Then, sends a request for announce of Peers List to the tracker. 

 

3.  Tracker responds with peers list, which contains the IP addresses & port on which the peers 

are listening. 

 

4.  In the figure 5, file download will start with hand shaking with Peers. Peer A is hand shaking 

with both Peer B and Peer C. 

 

5.   After Hand shake, the file download will start by downloading the required pieces. Peer A in 

the figure 6 is a leecher who is downloading pieces from a seed (Peer B) and from another 

leecher (Peer c). 
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6.  In the figure 7, Peer A and C are downloading & uploading each other. Peer B is seeding Peer 

A. Peers A, B, C forms a “Swarm”. In this swarm, only Peer B has the complete copy of the 

file. Hence Peers A & C are Leechers and Peer B is Seed. 

 

7.  As mentioned in the process, once download has begun, Peer A can once again contact tracker 

to negotiate with new peers. 

 

8.  Tracker is sending the updated peers list to Peer A as show in figure 7. 

 

 

6.6 Optimistic Unchoking: 
 
Seeds have nothing to download, but they follow a similar policy they upload to up to 5 nodes 

that have the highest download rate. The mechanism used to limit the number of concurrent 

uploads is called choking, which is the temporary refusal of a node to upload to a neighbor. Only 

the connections to the chosen neighbors (up to 5) are unchoked at any point in time. A node re-

evaluates the download rate that it is receiving from its neighbors every 10 seconds to decide 

whether a currently unchoked neighbor should be choked and replaced with a different neighbor. 

In general the set of neighbors that a node is uploading to (i.e., it’s unchoke set) may not exactly 

coincide with the set of neighbors it is downloading from [15].  

 

BitTorrent also incorporates an optimistic unchoke policy, wherein a node, in addition to the 

normal unchokes described above, unchokes a randomly chosen neighbor regardless of the 

download rate achieved from that neighbor. Optimistic unchokes are typically performed every 

30 seconds, and serve two purposes. First, they allow a node to discover neighbors that might 

offer higher download rates than the peers it is currently downloading from. Second, they give 

new nodes, which have nothing to offer, the opportunity to download their first block. A strict 

TFT policy would make it impossible for new nodes to get bootstrapped [15]. 
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7. Management of download P2P networks 

7.1 Peer selection: 

Let us consider a file which is chocked into blocks which is requested by a number of peers, as 

here we are considering the BitTorrent protocol which works in the following way, BitTorrent 

nodes need to determine which requests to service and which is to ignore. In this process, 

BitTorrent employs a fairness policy to prevent free riders, i.e., nodes that only download file 

pieces from others but do not contribute back. More specially, at any point in time each 

BitTorrent client chooses to unchoke four of its peers that have contributed the most uploading 

bandwidth to it, and the unchoke decision is re-evaluated every 10 seconds. Because the seed 

does downloading any data, its unchoke decision is made purely based on the downloading 

capabilities of its peers [15]. 

 

In addition to the four peers that are chosen based on their past uploading performance, 

BitTorrent also incorporates an optimistic unchoking mechanism that allows a BitTorrent client 

to unchoke a peer regardless of its previous uploading performance with respect to the client. 

Peers are chosen for unchoking in a round-robin fashion, and each unchoking period is 30 

seconds, which BitTorrent believes is long enough for the optimistically unchoked peer to 

reciprocate. This optimistic unchoking mechanism allows a new BitTorrent node to receive some 

file pieces so that it has a chance to contribute back. It also allows a BitTorrent client to jump-

start itself by doing favour to others first in the hope that others will return the favours later on. 

Finally, this mechanism offers nodes that already establish stable peering relationships the 

opportunity to explore new peering connections that may provide better download bandwidth.  

Theoretically, it is possible that a BitTorrent client could be choked by all its neighbors, 

including those to which it is uploading data, because the client cannot provide competitive 

uploading bandwidth to get unchoked. In this case, the client should either change peers or 

reduce the number of concurrent upload flows. BitTorrent employs an anti-snubbing policy that 

prohibits a BitTorrent client from unchoking a peer which received file blocks from but had not 

send file blocks to the client. In addition, a BitTorrent client may optimistically unchoke more 

than one client when it is snubbed from all its neighbouring peers [20],[15]. 
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7.2 Port blocking 

Service providers are struggling to control peer-to-peer traffic, but the pace and ingenuity of P2P 

software development has rendered traditional router and switch technologies incapable of 

thwarting file-sharing traffic. Traditionally, applications transported over TCP connections have 

been assigned a specific TCP port, making the traffic easy to identify. But like so many things 

attached to the evolution of file sharing networks, that practice is now part of history. 

Technology strategies to combat or manage P2P traffic that continue to assume this anachronism 

are doomed to fail. 

Peer-to-peer clients using dynamic ports easily avoid simple blocking attempts, thus minimizing 

the effectiveness of port blocking. Only very advanced stateful classification mechanisms, which 

can identify and follow dynamic ports associated with P2P protocols, are effective in managing 

P2P traffic in the long run [20]. 

We can summarise Port Blocking as follows 

� Port blocking as a means to block P2P applications 

� Not effective for all P2P applications 

� Some P2P applications use other well-known ports, such as port 80 (web) 

� Some P2P applications negotiate ports, so actual ports used are not predictable 

 

7.3 Rate limiting 
As the network traffic is growing anonymously due to the peer to peer networks we need to 

control the number of users downloading are uploading from the network. As a result we can 

control them by limiting the users accessing a file.  

 

� Limit the abusing users 

– Set limit on individual or total throughput 

� Limit the abusing applications 

– Set limit on application throughput 
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7.4 Bandwidth quotas 
We can also set some limit on the downloading capacity of a peer by assigning some bandwidth 

quotas to the peers. 

� Implement bandwidth quotas for residence halls 

� Every user is authenticate before they can use the network 

� Bandwidth utilization is measure via flow data collected at border router 

� Fair share quota should be established for every user 

� Let us say the download limit be 300 MB per day 

� If limit exceeded, user is placed in a rate-limiting pool (aggregate limit of 

300 Kbps) 

 

 

 

 

 

 

 

 
 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
 



Sirajuddin Mohammed   E3602D 

_________________________________________________________________________________ 

Högskolan Dalarna                                                                                                  Tel. : 023 778 000 

Roda vagen 3,                                                           22                                            Fax : 023 778 050 

78188-Borlange.                                                                                                URL: http://www.du.se 
 

Chapter – IV 

 

8. Performance Evaluation: 

Performance measures are carried out in two ways by simulation and the other by analytical 

model. 

Here we consider the performance measure based upon the simulation parameters like average 

blocking time, average wait time, average delay time and overall Reward factor. We are going to 

evaluate the effect of parameters on the system performance. As we  know through the study that 

as the number of seeds or leechers increases in the system the system performance increases, we 

are going to evaluate this process by simulation  as well as with the analytical model also and we 

compare both models. The possible notations and equations are considered from [12]. 

 

8.1 Performance Evaluation by Analysis: 
The analytical model is validated by a discrete event simulation which is detailed enough to 

capture many of BT’s features. The analytical results and measurements provide us the insights 

for designing a BT-like protocol. And we will compare the results to the simulation model. 

Let us consider a file of size F, which is divided into M number of chunks that has to be 

distributed among the peers who request the file F. Typically number of chunks M is in the order 

of several hundreds. Based upon the BitTorrent Definition, a seed has all M chunks of F, while a 

Leecher has a subset of F. 

 F = F1 U F2 U………FM, Fi ∩ Fj = ø for i ≠ j and Fi is the ith chunk of F. 

As we know by BitTorrent definition a seed has all part of M while a leecher has a part of file M, 

let us divide these peers into three types. 

Type 1:  is a leecher that holds a few chunks (i.e., say less than half of the M chunks),  

Type 2:  is a leecher that holds most but not all chunks. 

Type 3:  is to represent seeders in the system.   

 
Let us consider some mathematical notations for simplification of mathematical model. 
 
Note: The following notations and Equations are considered form [12]. 
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M 
 
S 
 
N(t) 
 
λ  

 
γ  

 
µ  

 

Denotes the Number of Chunks of the given file F. 
 
Denotes the size of the chunk in bits 
 
(Random variable) number of peers at time t 
 
The average arrival rate of new leechers. 
 
The departure rate of the seeders. 
 
the average downloading rate (in bps) between two peers 
 

 

B 
 
ρ  

 
Ci 

 
 
X1(t) 
 
 
X2(t) 
 
 
Y(t) 

The maximize transfer bandwidth (in bps) of a peer. 
 
Probability that two peers are connected. 
 
Random variable denoting the number of chunks peer i 

hold. 
 
Random variable denoting the number of type-1 peers at 
time t. 
 
Random variable denoting the number of type-2 peers at 
time t. 
 
Random variable denoting the number of seeders at  
time t. 

 Table1: Mathematical notations of the proposed system. 

 

Assume the chunks are uniformly distributed among peers, which actually could be ensured by 

the rarest-first policy. Let peer i and peer j have Ci and Cj chunks respectively, where  

Ci, Cj∈ { }M,......1,0 . Let us derive the probability that peer i can obtain at least one useful chunk 

from peer j, which we denote as Pi, j. When Ci < Cj, it is clear that Pi, j =1, when Ci ≥ Cj we have: 

 
Pi, j    = 1-P [peer j cannot provide any useful chunk to peer i] 

        = 1-P [chunks of peer j are subset of chunks of peer i] 
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We distinguish three types of peers: Type 1 peer is a leecher that holds a few chunks (i.e., say 

less than half of the M chunks), while type 2 peer is a leecher that holds most but not all chunks. 

Type 3 peer is to represent seeders in the system. The probability Pi, j in (1) can be simplified 

based on the following cases: 

 

Case 1:  If peer i is of type 1 or type 2, and peer j is of type 3, then clearly Pi, j = 1 since a seeder 

can always help a leecher. 

Case 2:  If peer i is of type 1 and peer j is of type 1 or type 2, then Ci=M is very small and we 

have Pi, j ( ) 1/1 ≈−≥
j

i
C

MC  

 

Case 3:  If peer i is of type 2 and peer j is of type 1, then Ci/M is close to 1 but since Cj is small, 

we have Pi, j 0≈ . 

Case 4:  If peer i and peer j are of type 2, then Cj is large and ( ) 0/ ≈
j

i
C

MC , So Pi, j 1≈ . 

 
 

To represent the heterogeneity of peers while keeping the model simple and analytically 

tractable, we assign Pi, j to have two possible values: 0 or 1 according to the types of peer i and j. 

Let X1(t), X2(t) and Y (t) be the random variables representing the number of type-1 peers, type-2 

peers and seeders in the system at time t. By case 1 and 2 of the analysis of (1), type-1, type-2 

peers and seeders could help type-1 peers in file download. Also, type-2 peers and seeders could 

help type-2 peers based on case 1, 2 and 4. 

 

Let Di (t), Ui (t) denote the random variables of the downloading and uploading rates for peer i at 

time t. When there is no bandwidth constraint (i.e., B is infinitely large), we have: 

 i is type-1 

 --------- �(2) 

i is type-2 
 

 

When the bandwidth constraint B is considered, that is for each peer i, Di (t) +Ui (t)≤  B needs 

to be satisfied. From the system’s perspective, we have the conservation rules: 

( )
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Substitute (4) to (3) and taking the expectation, by the Wald’s Equation we have: 
 

                          ( )[ ] 2/Β≤Ε t
i

D                  ----- �  (5) 

 
Combining (2) and (5) and let D

(1) (t) and D
(2)(t) be the random variables denoting the 

downloading rate at time t for type-1 and type-2 peer respective, we have: 

( )[ ] ( )[ ] ( )[ ] ( )[ ]( ){ }2/,
21

min
)1(

BtYtXtXtD Ε+Ε+Ε≈Ε µρ  

 

( )[ ] ( )[ ] ( )[ ]( ){ }2/,
2

min
)2(

BtYtXtD Ε+Ε≈Ε µρ  

      ---- � (6) 

We can now present the mathematical model that captures the dynamics of the P2P system. The 

model is based on the stochastic differential equation [3]. First, the arrival process of new peers 

is modeled as a Poisson counter process N (t) with an average arrival rateλ . The Poisson 

counter has the following properties: 

 

     At poison arrival   ---- �   (7) 

 
     Else where            ---- �   (8) 

 

Let X1(t) and X2(t) denote the number of type-1 and type-2 leechers at time t while Y (t) denote 

the number of seeders in the system at time t. The following describes the rate of change of these 

three important variables: 

 

( ) {
0

1
=tdN
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The rate of change of X1(t) is affected by the number of new arrival, which is denoted as dN(t), 

and the number of peers that transfer from type-1 to type-2 which is denoted by 

( ) ( )

2

1

)1(

sM

dttXtD , where sM/2 represents the size of a half of the file F, and D(1)X1(t)dt 

represents the amount of new information that all X1(t) type-1 peers collect in dt. Similarly, the 

transfer rate from type-2 peers to seeders is ( ) ( )

2

2

)2(

sM

dttXtD  lastly, the departure rate of a 

seeder isγ , so the total departure rate of all seeders is represented by γ Y (t). After taking the 

expectation of (9), we have: 
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Note that the above equations are 

approximations because we are assuming the independence of Di (t) and Xi (t). 

 

8.1.2 Steady-state performance 

To study the steady-state performance, we let dE[X1(t)] = dE[X2(t)] = dE[Y (t)] = 0. To simplify 

notation further, we use V to represent the expected value of the random variable V and we let  
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To solve these steady state equations, we classify the (11) into three cases: 
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The first case implies that the uploading and downloading are not constrained by the bandwidth 

B. This occurs when the peers have broadband access to the Internet, or when the peer’s arrival 

rate is low so there are only few peers in the system. For the second case, type-1 peers are 

constrained by bandwidth B while type-2 peers are not constrained by this bandwidth limit. The 

reason is there are more peers who can help type-1 peers than type-2 peers. Hence it is possible 

for the former to be saturated by bandwidth, yet not the latter. For the last case, all peers are 

constrained by the bandwidth B in the file sharing process. This case occurs when peers have a 

low bandwidth connection to the Internet or the file is very popular so that the peer’s arrival rate 

is very high and there are many peers in the system. We can solve YXX ,
2

,
1

respectively in 

these three cases.  

 

The average number of type 1 leechers (X1), type 2 leechers (X2) and seeders (Y) can be 

expressed as: 
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Y          =   Case3. and Case2 Case1,/ γλ     

 

Let Td denote the average downloading time for a file, which is the average time it takes for a 

peer to obtain all M unique chunks of F. We have the following results. 
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Let Tp denote the average system throughput of the BT-like P2P system, N = X1 + X2 + Y. We 

have the following result: 
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8.2 Performance evaluation by simulation 

To evaluate the performance and the behaviour of the algorithm, a simulation for the thesis work was 

developed using C programming language with Window Xp/Linux platform. The simulation was 

based on discrete event simulation. Discrete event simulation uses discrete sequence of events to 

formulate the system.  

Discrete Event Simulation (DES) concerns the modelling of a system as it evolves over time by 

representing the changes as separate events. This is the opposite of Continuous Simulation where 

the system evolves as a continuous function (differential). Discrete event simulation involves 

modelling a system as it progresses through time and is particularly useful to analyse the queuing 

systems. 

A major strength of discrete event simulation is its ability to model random events and to predict 

the effects of the complex interactions between these events. 

 

In here we used three different distribution methodologies to evaluate the performances of peer 

for the chunk’s distribution those are Lognormal, Weibull and Pareto distribution. 

Lognormal:   The log-normal distribution is the single-tailed probability distribution of any 

random variable whose logarithm is normally distributed. A variable might be modeled as log-

normal if it can be thought of as the multiplicative product of many independent random 

variables each of which is positive. 

A log normal distribution results if the variable is the product of a large number of independent, 

identically-distributed variables in the same way that a normal distribution results if the variable 

is the sum of a large number of independent, identically-distributed variables. 

Weibull: In probability theory and statistics, the Weibull distribution (named after Waloddi 

Weibull) is a continuous probability distribution. It is often called the Rosin–Rammler 

distribution when used to describe the size distribution of variables. The Weibull distribution 

gives the distribution of lifetimes of objects. It was originally proposed to quantify fatigue data, 

but it is also used in analysis of systems involving a "weakest link." 
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Pareto: The Pareto distribution is a highly left skewed distribution defined in terms of the mode 

and a shape factor.  It is a heavy tailed distribution meaning that a random variable following a 

Pareto distribution can have extreme values. 

The Pareto distribution is often referred to in the context of the "80/20 Rule" which is describes a 

range of situations, in customer support it means that 80% of problems come from 20% of 

customers or in economics where 80% of the wealth is in the hands of 20% of the population. 

For each chunk distribution process we considered two classes which are arrival class and service 

class we calculated the congestion parameters for these two classes below we specified class1 

and class2 which refers to arrival and service process respectively. And finally we calculated the 

average of these two classes to evaluate the performances of the proposed system. 

8.2.1 Discrete-Event Model 

 

Discrete-event simulation is a way to build a model, so that the dynamic (time based) behavior of 

the system can be observed. In the system each event occurs at an instant in time and marks a 

change in the state of the system. During the experimental phase the Discrete-event model is 

executed (run over time) in order to generate results. The results can then be used to provide 

insight into a system and forms a base to make decisions on. 

The general steps involved in the development of a DES model starts by 

1.  Determining the Goals of the system to be developed 

2.  Building of a conceptual model. 

3.  Converting it into a specification model. 

4.   Followed by converting the specification model into a computational model. 

5.  Verifying the system developed in the previous step and finally the validation  

     (Computational model being consistent with the system being analyzed) of the system.         

 

In this thesis the discrete-event simulation is used at the network call layer to access the 

performance and behavior of the peers. Discrete event simulations can be implemented in any of 

the four following methods; event based, process based, activity based and the three phase 

approach. In addition to the representation of system state variables and the logic of what 

happens when system events occur, discrete event simulations include the following main 

components.  
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� Clock: to keep track of the current simulation time, in whatever measurement units are 

suitable for the system being modeled. Because the events are instantaneous, the clock 

uses time ´hops` to keep track of the simulation events occurring. 

� Event List: The simulation maintains a list for the simulation events. An event must have 

a start time, some kind of code that constitutes the performance of the event itself, and 

possibly an end time. In some approaches, there are separate lists for current and future 

events. Events in their lists are sorted by event start time. 

� Random number Generator: The simulation needs to generate random variables of 

various kinds, depending on the system model. This is accomplished by one or more 

pseudorandom number generators.  

� Statistics: The simulation usually keeps track on the system's data, which calculates and 

analyzes the features of interest in the system. 

� Ending Condition: it is practical to end the simulations execution, as the simulation 

would run for ever until an ending condition be specified. Typical choices are “at time t” 

or “after processing n number of events 

 

The performance of the algorithms was measured and evaluated based on the congestion parameters 

i.e., percentage of Blocking, average waiting time for number of peers, average delay in service 

process and overall mean reward. These four congestion parameters are calculated for Lognormal, 

Weibull and Pareto distribution. The data transport performance was considered based upon these 

congestion parameters i.e. as the number of seeders increase in the system the faster the chunk 

download  and the increase in the system  performance and vice versa.  

 

The flow of the simulation program is stated as under 

 

Run� Initialize network � Start up Network � Generate the event list � Serve the Events�  

Calculate the Lognormal, Weibull and Pareto parameters. 

 

The parameters for the simulation were saved in a parameter file and stored in the folder with the 

executable file. They were then fetched from the file by the program when it was run, which were 

used to initialize the network. 

The network is started off with the event generation. The simulation was run for 20 iterations. The 

event list is the backbone of the program as it provides a means for process to serve. An event 
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structure was used to store all the properties of individual events and then it was linked by a linked 

list. The events born by the current event are also inserted to the event list with all their properties. 

The random number generator of the discrete event model (Markov) is used to decide the time of 

each event’s occurrence. 

                              Event Start           Event End 

 

P1 P2 - - - - - - - Pi  Process Block  Time    (t) 

               Event Quee                                                    Process                            
 

 
 
 
 
 
            Peer arrival                             Peer Departure 
                  Time                                Time 
   
 
 

 

 

 

 

 

                         Fig 5: Relation Between events and Process. 

 

The overall simulation program can be summed up into the following main Steps; 

� Make selections based on input arguments. 
          
� Initialize simulation parameters. 

 
� Initialize the event list. 

 
� Simulate events. 

 
� For all events Begin 

 
� Calculate parameters. 

End. 

 

Pi 

- 

- 

- 

- 

- 

- 

P3 

P2 

P1 

 
     

Process   
Block 

Time (t) 
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The simulation parameters which are calculated for Pareto, Lognormal and Weibull are waiting 

time, delay, reward and blocking for each peer in time (t). 

The initialization parameters are; 
 

� Arrival process: M,W,P,L 
 

� Service process: M,W,P,L   
 

� Bandwidth requirement  
 

� Normalized reward parameter  
 

� Mean arrival rate  
 

� SCV of arrival process   
 

� Mean service rate  
 

� SCV of service process  
 

� Link capacity   
 

� Waiting room capacity  
 

� Maximum number of calls   
 

� Traffic multiplier  
 

The overall simulation program can be summed up into the following main steps; 

� Make selections based on input arguments. 

Begin 

- Establish the number of classes 

- Initialize simulation parameters. 

- Initialize the event list. 

- Simulate events. 

� For all events Begin 

Apply Lognormal, Pareto and Weibull process. 

Schedule the peers. 

Calculate the parameters (wait, delay, blocking and reward). 

� End  

� End 
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Chapter – V 

9. SIMULATION EXPERIMENTS: 

       For the evaluation and comparison of the three processes (Lognormal, Pareto and Weibull) for 

chunk distribution among peers, some scenarios were considered and accordingly the experiments 

were carried out. And in the following experiments two classes (arrival, service) of peer’s, each 

process have been distinguished first and then shown the overall differences between the three 

processes. 

Note: Class1 refers to arrival process and Class 2 refers to service process. 

9.1 Log Normal:  
Here, the complete scenario for lognormal process with two classes is shown while 

comparing their results with respect to each class. 

9.1.1: Blocking for lognormal 

 

Fig.5.1.1 Blocking for Lognormal 

Blocking in lognormal for two classes is 

shown in fig: 5.1.1. Here, as the number of 

peers increases in the network, the 

percentage of blocking for class2 is high and 

for class1 is low (almost zero) and doesn’t 

show any variation when the number of peers 

are increased.  
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9.1.2: Delay for lognormal process 

 

Fig: 5.1.2 Delay For Lognormal 

 

9.1.3 Waiting time for lognormal process 

 

Fig.5.1.3: Waiting For Lognormal 

 

Delay for lognormal process is shown in 

fig:5.1.2. Here, as the number of peer’s 

increases, the delay for class2 is more 

and gradually increased but delay for 

class1 is not so high as in class2 and 

there is only a small amount of increase 

in its delay but has not much variation as 

in class2. 

 

When considered the waiting time for 

lognormal classes in fig: 5.1.3, the 

class1 waiting time is very low than 

the class2 waiting time.  

Moreover the waiting time for class1 

is almost zero.  
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9.1.4: Reward for Lognormal Process: 

 

Fig 5.1.4: Reward for LogNormal 

9.2 Weibull: 
Here, the complete scenario for Weibull processes with two classes is shown and also compared 

their results. 

9.2.1: Blocking for Weibull 

 

Fig. 5.2.1: Blocking for Weibull 

Reward for Lognormal Process 

classes is gradually decreased, 

shown in fig: 5.1.4, because of the 

waiting time and delay factors 

being high the reward factor will 

always be less. So, the reward for 

class2 is gradually decreased 

while it is more in class1. 

Blocking in Weibull for two 

classes is shown in fig: 5.2.1. 

Here, as the number of peers 

increases in the network, the 

percentage of blocking for class2 

is high and gradually increasing. 

But the percentage of blocking 

for class1 is low (almost zero) 

and doesn’t show any variation 

when the number of peers are 

increased. 
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9.2.2: Delay for Weibull process 

 

Fig: 5.2.2: Delay for Weibull 

 

9.2.3 Waiting time for Weibull process 

 

Fig: 5.2.3: Waiting for Weibull 

 

When considered the Delay for 

Weibull process in fig: 5.2.2, as the 

number of peer’s increases the delay 

for class2 is high and is gradually 

increased. And the delay for class1 is 

low when compared to class2 and it 

also shows gradual increase in its 

delay but has not much variation as in 

class2. 

 

Weibull waiting time for the 

two classes is shown in fig: 

5.2.3, the class1 waiting time is 

very low than the class2 waiting 

time and is almost zero. But the 

waiting time for class2 is a bit 

high and is gradually increased 

as the number of peers is 

increased.  
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9.2.4: Reward for Weibull Process: 

 

Fig: 5.2.4: Reward for Weibull 

9.3 Pareto: 
Here, the complete scenario for Pareto process with two different classes is shown and compared 

their results with each other. 

9.3.1: Blocking for Pareto 

 

Fig: 5.3.1 Blocking for Pareto 

In fig: 5.2.4 the Reward for 

Weibull process classes is 

gradually decreased. Because of 

the waiting time and delay 

factors are high the reward 

factor will always be less. And 

initially both of them are having 

high reward but class1 is having 

more reward than class2. And 

then both have gradual decrease 

in its reward respectively. 

  

Blocking in Pareto for the two 

different classes is shown in fig: 

5.3.1. Here, as the number of peers 

increases in the network, the 

percentage of blocking for class2 is 

high and gradually increasing. But 

the percentage of blocking for 

class1 is low (almost zero) and 

doesn’t show any variation when 

the number of peers are increased. 
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9.3.2: Delay for Pareto process 

 

Fig: 5.3.2: Delay for Pareto 

 

9.3.3 Waiting time for Pareto process 

 

Fig: 5.3.3: Waiting for Pareto 

 

Delay for Pareto process is 

considered in fig: 5.3.2 where 

as the number of peer’s 

increases the delay increases. 

Delay for class2 is high and is 

gradually increased. And delay 

for class1 is low when 

compared to class2 and it also 

shows increase in its delay but 

has not much variation as in 

class2. 

Waiting time of the two classes for 

Pareto process is shown in fig: 

5.3.3. Here, the class1 waiting time 

is very low when compared to the 

class2 waiting time. Since blocking 

is less in class1, the waiting time is 

also less and there is no change 

even when the number of peers 

increased. But, blocking is high for 

class2 and its waiting time 

increases as the number of peer’s 

increases.  
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9.3.4: Reward for Pareto Process: 

 

Fig: 5.3.4: Reward for Pareto 

 

 

Reward for Pareto Process classes 

is shown in fig: 5.3.4 and is 

gradually decreased because of the 

waiting time and delay factors, if 

they are high the reward factor will 

always be less. And initially both of 

them are having high reward but 

class1 is having more reward than 

class2. And then as number of peers 

increases, the class1 is moreover 

has rise-and-falls in its reward 

whereas class2 shows a gradual 

decrease in its reward respectively. 
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9.4 Overall Simulation results for Lognormal, Pareto and Weibull              

       Parameters:     

9.4.1 Blocking  

 

Fig: 6.1: Overall Blocking for Weibull, Pareto and lognormal 

9.4.2 Waiting 

 

Fig: 6.2: Overall Waiting for Weibull, Pareto and lognormal 

Here in this fig: 6.1 the average 

percentage of blocking for the two 

different classes of each Weibull, 

lognormal, Pareto process is shown. 

And from the figure it is clear that 

Weibull has high blocking sum and 

Pareto has low blocking sum. All 

three of these processes shows 

gradual increase in its blocking as 

the number of peers increases.  

Here in this fig: 6.2 the average 

waiting time for the two different 

classes of the three Weibull, 

lognormal, Pareto process is shown. 

And from the figure it is clear that 

Lognormal has high waiting time 

and Pareto has low waiting time. 

All three of these processes shows 

gradual increase in its waiting time 

as the number of peers increases, 

but there is not much variation in 

the Pareto process.  

 

Here in this fig: 6.2 the average 

waiting time for the two different 

classes of the three Weibull, 

lognormal, Pareto process is shown. 

And from the figure it is clear that 

Lognormal has high waiting time 

and Pareto has low waiting time. 

All three of these processes shows 

gradual increase in its waiting time 

as the number of peers increases, 

but there is not much variation in 

the Pareto process.  
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9.4.3 Delay 

 

Fig. 6.3: Overall Delay for Weibull, Pareto and lognormal 

 

9.4.4 Reward 

 

Fig. 6.4 Overall Reward for Weibull, Pareto and lognormal 

 

Overall reward is shown in fig: 6.4 

for the two different classes of all 

three Weibull, lognormal and 

Pareto processes. And from the 

figure it is clear that Weibull has 

low reward and Pareto has high 

reward. All three of these processes 

shows gradual decrease in its 

reward as the number of peer’s 

increases, but only Pareto had least 

variation in its reward.  

  

Overall average mean delay is 

shown for the two different classes 

of all three Weibull, lognormal and 

Pareto processes in fig: 6.3. And 

from the figure it is clear that 

Weibull has high delay time and 

Pareto has low delay time. All three 

of these processes shows gradual 

increase in its delay time as the 

number of peer’s increases, but only 

Pareto had least variation in its 

delay time.  
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9.5 Overall result Table for Simulation 

The below table depicts the overall simulation results for the three distribution process including 

the markov chain model (simulation1). 

 Simulation 1 Simulation 2 Simulation 3 Simulation 4 

Class1 Class2 Class1 Class2 Class1 Class2 Class1 Class2 

Offered 
arrival rate 

12.809 0.5383 7.9823 1.3409 8.0052 1.33448 7.972 1.293 

Carried 
Arrival 

Rate 
12.240 0.5383 6.8988 1.3409 7.4454 1.33448 7.054 1.293 

Class 1 
P<Blocking

> 
4.422% 13.304% 6.876% 11.694% 

Class 2 
P<Delay> 

28.931% 73.0005% 28.352% 62.051% 

Class 2 
Mean wait 

0.111 Sec 1.443 Sec 0.120 Sec 0.749 Sec 

System 
Power 
Factor 

0.898 0.409 0.893 0.572 

Overall 
mean 

Reward 
15.431 $ 14:831$ 15.448$ 14.931$ 

Class1 Class2 Class1 Class2 Class1 Class2 Class1 Class2 

Class Wise 
Reward 

12.230$ 3.201$ 6.931$ 7.900$ 7.451$ 7.997$ 7.056$ 7.875$ 

Table 2: Overall simulation result in percentage 
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Chapter - VI 

10. Result Analysis: 

 Finally, when the results from all the scenarios for different classes is considered using 

simulation parameters it is observed that the Pareto Distribution process has highest 

performances of all the sources. After Pareto, Lognormal has the better performance and Weibull 

distribution has shown the least performance. 

The congestion parameters like Blocking, Waiting time, Delay time and Reward are calculated 

and they are dependent for one another. As the blocking for each peer is more then the waiting 

time is increased, if the waiting time is more then service process is delayed, if the service 

process is delayed then the reward for each class is reduced gradually. 

The graphs were plotted for the two different classes for each distribution process and then 

graphs were plotted for the average of the two classes for all the three processes with respect to 

the number of peers in the system. 

 

Scenario 1: In this scenario, the average percentage of blocking is more for Lognormal and 

Weibull distribution processes, where 13.304% is for the Weibull distribution process and 

11.694% is for the Lognormal distribution process. And the Pareto distribution has low 

percentage of blocking and is of 6.876%. 

 

Scenario 2:  In this scenario, the average waiting time is considered for each peer before entering 

into the service process. And the waiting time for Lognormal and Weibull distribution processes 

is high, where the waiting time for Lognormal process is 0.749 Sec, and the waiting time for 

Weibull process is 1.443 Sec. And Pareto distribution has low waiting time and is recorded as 

0.120sec. 

 

Scenario 3: In this scenario, the average delay for each process is considered. The average 

percentage of delay time for Weibull and Lognormal distribution processes is recorded as 73%, 

62% respectively which is considered to be high. And for the Pareto process it is 28.3% which is 

recorded to be very low in comparision with the other two processes. 
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Scenario 4: In this scenario, the overall mean reward is taken. The Overall mean reward for 

Lognormal and Weibull distribution processes is recorded as 14.831$ and 14.931$ respectively 

which shows that they both have nearly same reward. And for the Pareto distribution process the  

reward is 15.448$, which shows that it has high reward factor that than the other two Lognormal 

and Weibull distribution processes.  

 

All the four scenarios experimented explains that the Pareto distribution process has Low 

Blocking Rate, Low percentage of Delay time, Low Waiting time and High percentage of 

Reward factor in comparision to the Weibull and Lognormal distribution processes. 

In this thesis work we evaluated the performances of the chunk distribution process for peer’s 

using three different approaches Weibull, Lognormal and Pareto, the chunk distribution for 

Pareto process has highest performance among the other as in [12] as the number of peer’s 

increases in the system the system the faster the download because as there are number of peer’s 

in the system which would be able to serve the desired file in no time, which increases the system 

performance as well as reduces the download time for each peer to acquire a complete file. While 

for the two other distribution technique as the number of peers increases in the system the 

waiting time and delay time increases which will reduce the system performances. 

As Pareto process is named as 20/80 rule that means initially in the system there will be 20% of 

peer’s joining with complete files and they tend to distribute the file to all the other 80%of peers, 

if one peer is able to download a complete chunk it will be able to upload and convert itself into 

a seed and keeps on downloading the other chunks which is the main concept of the peer to peer 

networks. 
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Chapter - VII 

11. Conclusion and Future Work: 

Finally, we conclude that from the result analysis that is from the experiments with different 

scenarios considering two different classes (arrival and service) for three different distribution 

processes that is for Lognormal, Weibull and Pareto distribution processes. The performance of 

the Pareto Distribution process is found to be very good than the performance of the other two 

processes, the Lognormal and the Weibull Distribution process. Since it is a known fact that the 

majority of internets files are possessed by some of the internet providers and rest by the users 

who used to access the files from these providers, and this is similar to the 20-80 rule of Pareto 

distribution process. In Weibull and Lognormal distribution as the number of peers grows the 

two distribution process performance is low while for Pareto distribution process its high.  So, all 

the peers (users) are interested in the big network rather than hanging around the small networks 

with low number of peers, and it is also a known fact that as the number of peers increases the 

number of downloads also increases, and the chances of getting the file downloaded completely 

increases. And in this Pareto distribution process even when the number of active peers (users) is 

increased, the desired file is downloaded in minimum amount of time. 

 

Here in this thesis we mainly focused on the chunk distribution technique, with peer’s arriving in 

a Quee, and with events generated by the simulator, what will be the performance of the system 

if we have a random peer’s arriving from a different sources and accessing the random chunks 

we have to evaluate the system performance with the random peer’s and  more over the peer’s 

having downloaded all the chunks tends to leave the system so we need to introduce some system 

that can hold all the peers in the system until each peer gets all the desired chunks.  
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