UMEA UNIVERSITY
Department of Computing Science
Master Thesis

IMPROVING NETWORK
UTILIZATION FOR
PEER-TO-PEER SERVICES

Marcus Bergner

19th December 2002



Abstract

Peer-to-peer networking is not a new concept, but has been resurrected by
services such as Napster and file sharing applications using Gnutella. The
network infrastructure of todays networks are based on the assumption that
users are simple clients making small requests and receiving, possibly large,
replies. This assumption does not hold for many peer-to-peer services and
hence the network is often used inefficiently.

This report investigates the reasons behind this waste of resources and
looks at various ways to deal with these issues. Focusing mainly on file sharing
and the Gnutella protocol addressing and query optimization is investigated,
both in theory and practice.

Looking at other peer-to-peer services conclusions regarding peer-to-peer
in general can be made. The thesis ends by summarizing the solutions to some
of the flaws in peer-to-peer services and provides guidelines on how peer-to-
peer services can be constructed to use network resources more efficiently.
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Chapter 1

Requirements

This chapter specifies the details concerning this thesis. All requirements are
specified in sufficient detail.

1.1 Summary of requirements

The goal of this thesis is to present a thorough study of peer-to-peer services.
The study should present the flaws in todays services and suggest improve-
ments. File sharing, the most well known service, will be the service receiving
the most attention. The requirements of the thesis can be summarized as
follows.

o Investigate existing peer-to-peer services and analyze their performance
o Make a more in depth analysis of the Gnutella protocol

o Construct a more efficient system for distributed file sharing, which
should consider

— caching methods
— hierarchical addressing

— specialized directories

o Run simulations on the constructed system and relate the results to
existing research

o Look at other applications and frameworks for peer-to-peer services

1.2 Investigate existing services

There are several services that use the peer-to-peer architecture. The most
famous service is file sharing, but other services are also worth investigating.
The following services will be investigated.



o Collaborative environments

@]

Distributed computing

@]

File sharing

o Instant messaging

These services all play important roles in the evolution of peer-to-peer and
present interesting aspects of cooperation and computing. The services can
briefly be described as follows.

Collaborative environments simplifies the process of several people work-
ing together. A well known collaborative environment is the Wiki Wiki-
Web, where users can add, modify, restructure and modify content ar-
bitrarily.

Distributed computing deals with the fact that many computers spend
lots of their time being idle. The combined power of many workstations
and PCs together form a cluster of immense performance. Distributed
computing is the concept of using these wasted CpPU-cycles for useful
computations.

File sharing is, by far, the most commonly used peer-to-peer service. It lets
people share files residing on their computers. File sharing applications
allow people perform context based searches. Gnutella is a well known
file sharing protocol implemented by several vendors. Some services
are aimed at sharing disk space rather than files, but since the space
eventually is occupied by files a similar result can be achieved. Freenet
is an example of such a service.

Instant messaging is a service that allows users to send messages to others.
The most well known service that uses instant messaging is perhaps 1CQ.

1.3 Analyzing the Gnutella protocol

The Gnutella protocol has become the de-facto standard protocol for peer-to-
peer based file sharing. Since this protocol is widely used an in depth analysis
is in order. The flaws of Gnutella will be explored and possible solutions will
be discussed.

1.4 Constructing a file sharing system

Based on the studies of the Gnutella protocol and suggested solutions to its’
limitations a more efficient file sharing system should be constructed. The
most important part of the constructed system is that it is able to share files
in a similar fashion as Gnutella, but wastes less network resources.



If there is enough time the file sharing system can be converted into a com-
plete application for file sharing. If this is the case, a well designed interface
has to be created as well.

1.5 Simulations and related research

Other scientists have also studied the Gnutella protocol and an important
part of this part of the thesis is presenting results from several sources. This
makes it easier to draw conclusions concerning the behaviour of Gnutella and
provides a more stable ground on which to interpret the simulation results.

The constructed file sharing system is tested and its performance is mea-
sured and, if possible, compared against Gnutella. Other attempts to optimize
file sharing should also be investigated.

1.6 Other applications and frameworks

File sharing is the most commonly used application, but to make the thesis
complete a look at other applications is important. Identifying if other services
have similar problems as Gnutella and if they can be solved in a similar
manner provides most of the material for this part of the thesis.

Some attempts to generalize peer-to-peer services have been attempted,
for example the JXTA project by Sun Microsystems. These frameworks for
peer-to-peer services should be investigated to see how well they solve the
problems encountered. If flaws are detected in these frameworks suggestions
on how to improve them should also be presented.



Chapter 2

Introduction

This chapter introduces the necessary terminology and historical ideas that pro-
vide the foundation for peer-to-peer networking. Common problems encountered
by peer-to-peer services are identified. Some aspects on todays network architec-
ture that contributes to these problems are also presented.

2.1 History

The history of the Internet began in the United States in the late 1960’s.
Originally named ARPANET, the Internet was primarily used to share com-
puting resources between university campuses. These campuses were at the
time already independent computing sites and the purpose of the ARPANET
was to connect these sites using an architecture where all hosts were equals.
With the terminology used today this network arrangement, where all hosts
are considered to be equals, is called peer-to-peer. [Ora01]

In the early days the Internet was much more open than it is today. Se-
curity was not a big concern and connections could be made directly to any
host connected to the Internet. The increasing security concerns has, besides
better protection, led to difficulties for efficient use of certain services. For
more details see section 2.3 on page 6.

2.1.1 Early services

Although the initial network architecture was peer-to-peer based the earliest
applications used extensively, FTP (see [FTP85] for details) and Telnet (see
[Tel83] for details), were based on the concepts of client and server. A server
is a host providing a certain service and a client is a host using this service.

These applications were client/server applications, but the idea was to
allow all hosts to work both as clients and servers. Any host accepted FTP
and Telnet connections and were also able to connect to any other host. This
made the Internet as a whole work as a peer-to-peer network.



Client /server protocols are usually based on the client sending a request to
the server. The server manages the request and sends a response (sometimes
called a reply) back to the client. Telnet, FTP and web browser clients work in
this fashion. There are many more client/server based applications available
and an exhaustive list would occupy most of this report.

2.2 Peer-to-peer related services

Most people feel that peer-to-peer networking is something new, but it is not.
As mentioned earlier, the early Internet was a peer-to-peer network where all
hosts were equals. There has also been several applications that have worked
in a manner resembling todays peer-to-peer systems, although they have not
been treated as such by most people.

These services are not as strictly distributed peer-to-peer systems as for
example Gnutella, but instead they use a hierarchical architecture leading to
better performance.

2.2.1 Usenet

News has always been one of the most important network services although
other more popular services has arrived over the years. Since the late 1970’s
Usenet news has been an important part of the Internet and is referred to as
“the grandfather of today’s peer-to-peer applications”. [Ora01]

Originally Usenet used uucP (Unix-to-Unix copy protocol). This protocol
allowed one Unix machine to connect to another, exchange files and discon-
nect. In this fashion Usenet used UUCP to exchange messages within a set of
topics.

The growth of the networks, the number of topics and the extensive growth
of Tcp/1P has led to that the Usenet uses NNTP (Network News Transfer
Protocol, see [NNT86] for details) instead of uucp. This new protocol allows
Usenet machines to discover new newsgroups and exchange messages in each

group.

2.2.2 Domain Name System

In the early days of the Internet all hosts stored a file named hosts.txt
where all existing domain names were mapped to the corresponding 1P ad-
dresses. A domain name is a more human friendly representation of an 1P
address, such as www.ietf.org representing the web server of the Internet
Engineering Task Force (IETF) organization. In December 2002 this corre-
sponded to the 1P address 4.17.168.6, which most likely is harder to remem-
ber. Another benefit of using human friendly names is that the 1P address
corresponding to a certain name could be changed without affecting the users,
as long as the human friendly name remains the same.

Having all computers on the internet store information about all other
hosts was not feasible in the long run, and in 1983 the Domain Name System



(DNS) was created (see [DNS87] for all details). The DNS uses a hierachical
system of names, which has allowed it to withstood the immense growth of
the Internet without seriously reduced performance.

The use of hierarchical distribution of knowledge turns out to be a clever
way to maintain good performance despite constanly increasing demand. For
this reason hierarchical structures are worth investigating for peer-to-peer
services used today. More details on how DNs works will be presented later
when hierarchical methods are discussed in chapter 5 on page 19.

2.2.3 Routing inside autonomous systems

...discard this one?

2.2.4 Multicast

...discard this one?

2.3 Common problems

With the original appearance of the Internet, where most hosts supported
the same services, peer-to-peer applications could be developed fairly easy.
At that time network performance was limited, basically eliminating the use
of such applications.

2.3.1 Fire walls

When the networks grew larger administrators became more concerned with
security and started to protect their networks. At this point fire walls started
to appear at many places protecting a local area network from the surrounding
Internet. This causes problems, since the hosts within a protected local area
network are not equal to hosts that are not protected by fire walls. It is
usually impossible to connect to a host behind a fire wall using some arbitrary
port number. This problem is henceforth simply referred to as the fire wall
problem.

2.3.2 Port abuse

Since many fire walls allow connections to hosts on the local area network
if that connection is made to a certain port (usually port 80, the port used
by HTTP) many peer-to-peer applications (and other network applications as
well) use port 80 for many other things than it was originally intended to be.
This is sometimes referred to as the abusing port 80 problem.

2.3.3 Dynamic host addresses

As the networks grew even further the address space of 1Pv4, (Internet Proto-
col version 4, see [IP81] for details) started to become exhausted. Since many



1SPs (Internet Service Providers) were assuming that their customers spent
their time on the Internet downloading content, and not uploading, perma-
nent 1P addresses were not necessary. This caused the DHCP (Dynamic Host
Configuration Protocol, see [DHC93] for details) to appear. This protocol au-
tomatically distributes 1P addresses to the connected hosts. This allowed 1SPs
to reuse addresses more easily, and only maintain a pool of addresses instead
of assigning a unique address to each host on the network. This problem is
from now on referred to as the dynamic 1P address problem.

2.3.4 Network Address Translation

Another invention to prevent the addresses in 1Pv4 to run out was NAT (Net-
work Address Translation, see [NATO0O0] for details). NAT allows a router to
act as a address translation proxy for an entire network. This means that
the hosts inside the network could use addresses used by some other network
internally, but when one of these hosts wants to access an external resource
the NAT router replaces the internal address with an external address. When
a response arrives at the NAT router it translates the external address back
to the internal address and sends the response to the appropriate host on the
network.

2.4 Examples on different services

To illustrate the differences between various services three different categories
are presented. The client/server example shows how a web page containing
embedded images is downloaded by a web browser. The centralized peer-to-
peer example illustrates how Napster was used to locate and download an
MpP3-music file. Finally a decentralized system is used to illustrate how a file
can be found and downloaded using the Gnutella protocol.

2.4.1 Client/server: browsing the web

Figure 7?7 on page 7?7 shows a typical session for downloading a web page
containing some (in this case two) embedded images. Some details concerning
the establishment of TCP connections are left out. Some details concerning
HTTP (Hypertext Transfer Protocol, see [HTT99] for details) are mentioned.
The following steps occur:

1. The client (in this case the web browser) tries to connect to the web
server, usually using port number 80.

2. The server accepts the connection.

3. The client requests a web page (in this case index.html ). This is
performed by using the GET command of HTTP.



4. The server responds by sending the requested web page. The server
also sends (as a part of the reply) an indication that the operation was
successful.

5. The client parses the response and detects that there are some embedded
images on this web page.

6. The client issues requests for these images to the server.
7. The server responds by sending the images to the client.
8. The client closes the connection to the server.

The older version of HTTP, version 1.0 (see [HTT96]), stated that the client
closes the connection between each request and hence needed to reestablish
the connection with the server to request the embedded images. This made
the protocol very simple, but somewhat inefficient. The later version of HTTP,
version 1.1 (see [HTT99)]), allowed clients to maintain a session with the server,
making it possible to request the embedded images using the same connection.

2.4.2 Centralized peer-to-peer: Napster

Figure 77 on page 77 shows a Napster client locating and downloading a music
file from another host on the Internet. The following steps occur:

1. The client tries to connect to the Napster directory server.
2. The directory server accepts the connection.

3. The client sends a query to the directory server describing the music
file wanted. This could for example include the name of the song, the
artist performing it or the name of the album where it resides.

4. The directory server processes the query and sends a response, con-
taining the hosts that have music files matching the query, back to the
client.

5. The client disconnects from the directory server.

6. The client connects to one or more of the hosts that have the music file.

7. Hopefully at least one of the hosts accepts the connection.

8. The client requests the music file.

9. The other host (or possibly hosts) respond by sending the music file.
10. When the client has downloaded the file it disconnects.

The most important part of the Napster system is the directory server.
It contains a large database with available music files. A host connecting to
the Napster directory server adds descriptions for all its’ music files to the
database. Queries to the directory server can then be processed efficiently. To
make good use of bandwidth the actual download takes place directly between
the client and the host storing the file.



2.4.3 Decentralized peer-to-peer: Gnutella

The performance of Napster is superior to that of Gnutella because a central
directory server is available. Since legal matters have basically stopped the
use of Napster another approach was needed. Both Napster and Gnutella
have been used to distribute multimedia illegaly over the Internet, but since
there is no central point of connectivity in Gnutella it is much harder to shut
down.

A host in a Gnutella network is commonly referred to as a servent (note
the spelling). This name comes from combining the words server and client.
Figure 77 on page 77 shows when a servent wishes to locate a file and download
it. The following steps occur:

1.

The servent contacts its neighbours in the Gnutella network and sends
the query to these hosts.

The neighbours process the query to see if they have anything that
matches the query. If they have, they send a response.

The neighbours send the query to their other neighbours.

These neighbours-of-neighbours repeat the steps performed by the neigh-
bours.

After a certain number of steps the query stops propagating through
the network, due to the expiration of a TTL (time to live) counter.

If the initial servent receives responses it can connect to the host storing
the file and request the file.

The host storing the file accepts the connection and responds with the
requested file.



Chapter 3

Peer-to-peer services

This chapter presents an overview of some of todays peer-to-peer services. Dif-
ferent service categories are presented and discussed. The chapter ends by con-
cluding what properties these services have in common and if they are in need of
improvement.

Not yet written
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Chapter 4

Gnutella

Gnutella, the de-facto standard protocol for file sharing, is presented in this chap-
ter. All the necessary details of the protocol is presented.

4.1 Introduction

Gnutella is a file sharing protocol. Using a Gnutella client files shared by
a certain host can be located and downloaded by another Gnutella client.
The protocol has a simple structure and uses broadcasts to locate files. The
material in this chapter is based on the Gnutella Protocol Specification 0.4
([Gnu00]) and the 0.6 draft ([Gnu02]) unless specified otherwise.

There are many applications available that use Gnutella. Two of the most
widely used Gnutella clients are the following.

BearShare is a Gnutella client for Windows being updated frequently and
containing the latest features of Gnutella clients. For more information
see http://www.bearshare.com

Limewire is a Java based, open source Gnutella client. Contains the latest
features in the Gnutella field and runs on most platforms. For more
information see http://www.limewire.org

These and some other Gnutella clients can be found through the website
http://www.gnutelliums.com , where clients for several platforms are
listed.

4.2 Protocol details

The Gnutella protocol is based on maintaining TCP connections to a number
of other Gnutella hosts. These hosts are from now on simply referred to as
neighbours. In order to find new neighbours a Gnutella servent broadcasts
a Ping message. If a Gnutella servent receives a Ping message it responds
with a Pong message.

11



A servent issues a query by sending a Query message to all its neighbours.
The neighbours pass this message on to their other neighbours and so on, for
a certain number of steps defined by the TTL (Time To Live) field in the
message header.

A servent receiving a query checks if it has something that matches this
query. If it does, it responds with a QueryHit message, but still passes the
Query message on to its other neighbours.

If a servent reveives a QueryHit message from a host that does not
support incoming connections a Push message is sent to that host. This
message causes the host holding the file in question to open the connection.
This usually makes it possible to bypass fire walls.

The remainder of this chapter describes the components of the protocol
more in detail. The descriptions are based on both the Gnutella protocol
version 0.4 and the Gnutella protocol draft version 0.6. If no version number
is given a certain description applies to both versions.

4.2.1 Establishing connections

When a servent C has found another Gnutella servent S and wishes to open
a connection the following steps occur

Gnutella 0.4

1. C sends the string GNUTELLA CONNECVérsion \n\n where ver-
sion in this case is 0.4 and \n denotes the newline character (ASCII
character 10)

2. S responds, if it chooses to accept the connection, with GNUTELLA
OK\n\n

3. Connection is established and C' and S can exchange messages

Gnutella 0.6

1. C sends the string GNUTELLA CONNECVérsion \r\n  where ver-
sion in this case is 0.6 and \r dentoes the carrige return character

(Ascrr character 13)

2. C sends capability headers (not including vendor specific headers), each
terminated by \\n | with an extra \r\n  at the end

3. S responds with the string GNUTELLA/0.6 200 string \r\n . The
string  should be OK but clients are advised to only check the 200
code

4. S sends all its headers in the same format as in step 2

5. C responds with the string GNUTELLA/0.6 200 OK\r\n | as in step
3 if the client, after parsing all headers sent by .S, still wants to connect.

12



Otherwise a reply containing an error code is sent and the connection
is closed

6. C sends any vendor specific headers to S in the same format as in step
2

7. Connection is established and C and S can exchange messages

4.2.2 Message header

Each Gnutella message has a header. This header contains information de-
scribing what kind of message it is, how much further it should be sent and
a unique identifier for this message. All fields in the message header are in
network byte order (big endian). Table 4.1 shows the structure of the message
header.

Bytes | Description
0-15 | Message ID (globally unique)
16 | Payload type
17 | TTL (Time To Live)
18 | Hops
19-22 | Payload length

Table 4.1: Gnutella message header fields

The fields in the Gnutella message header have the following meaning and
semantics.

Message ID is a 16-byte string that is globally unique and identifies a mes-
sage on the network. Gnutella version 0.6 states that byte 8 (if bytes
are numbered 0-15) should be all 1’s to indicate that the id belongs to
a modern servent. Gnutella version 0.6 also states that byte 15 should
be zero, since it is reserved for future use.

Payload type denotes the type of message. It should have one of the values
shown in table 4.2.

Value | Message type
0x00 | Ping message
0x01 | Pong message
0x02 | Bye message (only Gnutella 0.6)
0x40 | Push message
0x80 | Query message
0x81 | QueryHit message

Table 4.2: Gnutella message header payload types
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Time to live holds the number of times the message will be forwarded by
Gnutella servents before is is removed from the network. Each ser-
vent decrements the TTL before sending the message to another servent.
When the TTL reaches 0, the message will not be forwarded further.

Hops contains the number of hops the message has been forwarded before
reaching the current servent. As a message is passed from servent to
servent the TTL and Hops fields satisfy the following condition.

TTLg = TTL, + Hops,,

In this equation TTLg denotes the initial TTL (which usually is 7) and
TTL,, and Hops,, is the value of TTL and Hops after n hops.

Payload length contains the length of the message following the message
header. No padding is used. Messages should not be larger than 4 kB.

4.2.3 Ping message

Ping messages do not have any payload. The message header contains a
payload type of 0x00 and a payload length of 0x00000000. Gnutella version 0.6
allows Ping packets to have an extension block defined using GGEP (Gnutella
Generic Extension Protocol). Servents are recommended to implement GGEP.

Ping messages are broadcasted to all reachable hosts. The TTL field
limits the horizon of the broadcast. The horizon is the edge where messages
are discarded due to expiration of the TTL. No TTL should exceed 7 in order
to limit network overhead.

4.2.4 Pong message

Pong messages contain information about a Gnutella host and are sent as
response to an incoming Ping message. The message payload type is 0x01
and the message has fields shown in table 4.3. All fields are in network byte
order (big endian), except the 1P address in Gnutella version 0.4 which is in
little endian byte order.

Bytes | Description
0-1 | Port number
2-5 | 1P address
6-9 | Number of shared files
10-13 | Number of kilobytes shared
14— | Optional GGEP extension block

Table 4.3: Gnutella Pong message fields
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4.2.5 Query message

Query messages, with a payload type of 0x80, are broadcasted to all neigh-
bour nodes in the Gnutella network. Messages larger than 256 bytes may be
discarded to lower the load on the network. A Query message has the fields
shown in table 4.4.

Bytes | Description
0-1 | Minimum speed, kb/s
2— | Null terminated search criteria
Rest | Optional extensions

Table 4.4: Gnutella Query message fields

The fields in the Query message have the following meaning and seman-
tics.

Minimum speed is the lower bound of connection speed a servent accepts.
A servent receiving a Query message should only respond to the query-
ing servent with a QueryHit if it is able to communicate at least at
this speed.

Search criteria is a string of keywords. Servent should only respond with
files matching all keywords. Matching should be case insensitive. GGEP
extensions may be used to specify an alternate matching procedure, such
as interpreting the search criteria as a regular expression, but servents
can never be sure that other servents understand these GGEP directives.

A Query message with a TTL field of 1, a hops field of 0 and a search
criteria of exactly four spaces is used to index all files a host is sharing.
If necessary several QueryHit messages may be sent. Servents should
reply with all its shared files, unless it considers it harmfull for privacy
or bandwidth.

Optional extensions is only available in Gnutella version 0.6. Allowed
extension types are HUGE (Hash/URN Gnutella Extensions), XML or
GGEP. For more information on these extensions see [Gnu02].

4.2.6 QueryHit message

The QueryHit message, with a payload type of 0x81, is sent in response to
a Query message when its search criteria matches one or more files shared
by the servent. The fields of a QueryHit message are shown in table 4.5 on
the next page. All fields are in network byte order (big endian).

Each element in the result set of a QueryHit message has the fields
shown in table 4.6 on the following page. It has quite an odd structure with
fixed length fields at the beginning and end, with variable length fields in the
middle.

15



Bytes | Description
0 | Number of hits (elements in result set)
1-2 | Port number of responding host
3-6 | 1P address of responding host
7-10 | Speed of responding host, kb/s
11- | Result set

Table 4.5: Gnutella QueryHit message fields

Bytes | Description
0-3 | File index (unique)
4-7 | File size in bytes
8- | File name, null terminated
a2— | Extension blocks (HUGE, GGEP, plain)
y— | Recommended EQHD block
z— | Private vendor specific data
Last 16 | Responding servent identifier

Table 4.6: Gnutella QueryHit  result set fields

The extension blocks, EQHD block and private vendor specific fields are
part to the Gnutella 0.6 draft. The EQHD block contains some vendor in-
formation structured in the fields shown in table 4.7. For more details see
[Gnu02].

Bytes | Description
0-3 | Vendor code (four case insensitive characters)
4 | Open data size
5— | Open data. Flags describing servent capabilities

Table 4.7: Gnutella QueryHit EQHD block

4.2.7 Push message

The Push message is used to make it possible to download data stored on a
host residing behind a fire wall. Instead a servent receiving a QueryHit | from
a servent that does not accept connections, issues a Push message. When
a Push message is received a servent should act if and only if the servent
identifier field contains the receiving servants identifier.

The fields in a Push message are shown in table 4.8 on the following page.
For more detailed descriptions see either [Gnu00] or [Gnu02].

16



Bytes | Description
0-15 | Servent identifier of host having file
16-19 | Index of file to push
20-23 | 1P address of host wanting file
24-25 | Port number to push to
26— | Optional GGEP extension block

Table 4.8: Gnutella Push message fields

4.2.8 Bye message, version 0.6

The Bye message was introduced in the Gnutella 0.6 draft and is used to
inform the servent, or servents, a node is connected to that the node is closing
the connection. Since implementing this message is optional a special header
must be sent during the connection handshake.

Bye-Packet: 0.1

Servents must not send Bye messages to hosts that has not indicated that
they support this message. The TTL field in a Bye message must be set to 1
to avoid accidental propagation.

Upon receiving a Bye message a servent closes the connection in question
immediately. The servent sending the message must wait a few seconds for
the remote servent to close the connection before closing it. No data may
be sent after the Bye message. The Bye message has the fields shown in
table 4.9.

Bytes | Description
0-1 | Code (as classified by sMTP)
2— | Description string, null terminated

Table 4.9: Gnutella Bye message fields

The code stored in the first two bytes correspond to return codes specified
by sMTP (Simple Mail Transfer Protocol, [SMTO01]). For example 200 means
that everything is ok and 502 means that the send queue became full. For
details on the semantics of individual codes see [Gnu02].
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4.3

Ping and Pong optimizations

4.3.1 Pong caching

4.3.2 Ping multiplexing

4.4
4.5
4.6
4.7
4.8

Managing Query and QueryHit
Flow control

Ultrapeers and routing
Transfering files

Metadata

18
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Chapter 5
Analysis

This chapter analyzes the Gnutella protocol and provides the foundation for a
design of a more efficient peer-to-peer protocol. Existing research on this topic
is summarized and the chapter is concluded by establishing the necessary com-
ponents and their interaction in an efficient protocol.

Not yet written, but some analysis has been per-
formed
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Chapter 6
Design

This chapter presents the design of an efficient peer-to-peer file sharing system.
This design is based on the analysis of Gnutella and contains protocol discussions
and considerations such as partial centralization.

Not yet written, but some design ideas have
been sketched
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Chapter 7

Implementation

This chapter presents the internal details of an efficient peer-to-peer file sharing
system. Focusing on components and their interaction this chapter gives an
understanding of how a system for distributed file sharing could be implemented.

Not yet written
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Chapter 8

Simulations

This chapter presents several simulation scenarios where the implemented system
is tested. Several aspects of performance is measured and, if possible, the result
is compared against the Gnutella protocol.

Not yet written
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Chapter 9

Conclusions

This chapter analyzes the results obtained from simulating the peer-to-peer imple-
mentation. Conclusions regarding various aspects of performance and efficiency
is presented.

Not yet written
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Chapter 10

Other applications

There is more to peer-to-peer than sharing files. This chapter discusses other
applications of peer-to-peer and how they would benefit from the earlier work
performed in this thesis.

Not yet written
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Chapter 11

Summary

This chapter summarizes the entire thesis. It also presents the most important
results and conclusions. The chapter ends with a discussion on what could be
done in the future to follow up this work.

Not yet written
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