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P2P Challenge Task 2007

Introduction
The Department of Informatics, IFI runs a lecture with exercises, termed "Peer-to-peer Systems
and Applications". This combination allows for the introduction of major concepts in the P2P
domain and at the same time its practical use in terms of design as well as coding steps, which are
flanked by a number of theoretical exercises. Thus, this report documents the practical task
description as well as the set of different solutions developed by those five groups of students in
the summer term of 2007.

Peer-to-peer (P2P) overlay networking concepts have been investigated for the last couple of
years and are now becoming mature enough to be used in a wide range of applications. Besides
the traditional file sharing systems, for which P2P overlay concepts have initially become popu-
lar, new applications like P2P streaming, distributed storage, and many other applications start to
adopt P2P networking principles in order to become more scalable and more robust against fail-
ures and changes in the network.

The EU-IST project EC-GIN currently investigates how P2P networking principles can be used to
improve the network performance for Grid applications running on top of the Internet. One of the
investigated scenarios in EC-GIN is the fast transfer of large files from one Grid node to another.
Under the assumption that between the two nodes there are multiple paths which do not share a
common bottleneck, a large file transfer application may benefit from a higher throughput if
transporting the file over multiple paths in parallel. In case that the network does not provide any
support for source routing or multi-path routing, the only way to achieve a multi-path file transfer
is by relaying the data transmission over different intermediate Grid nodes at the edge of the net-
work.

Content
The “P2P challenge task 2007” is the second edition of a practical student exercise carried out as
a competition among several groups of students in the scope of the lecture on “P2P Systems and
Applications”. The main goal of the challenge task is that the students get hands-on experience in
applying P2P overlay concepts presented in the lecture. In this year’s challenge task the students
were asked to investigate the problem of distributing a large file over multiple paths as introduced
above. The solution had to split the file to be transferred into several parts and transmit them over
different paths via multiple intermediate peers. After transmission the file had to be fully intact
again. Besides the use of P2P mechanisms to establish a fully decentralized structured P2P over-
lay network, the solution to be developed had to achieve a higher throughput than with a direct
connection and needed to be robust against node or link failures during the transfer. Moreover, the
solution had to enable the parallel transfer of multiple files at the same time.

The challenge task lasted nine weeks. The students worked on the task in a network laboratory
once a week for about two hours, during which they were supported by their supervisors. They
were given an application template with some helper classes and could use several libraries and
tools such as the FreePastry P2P overlay technology and the Iperf tool to measure the bandwidth.
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Other tools than the ones given, were not allowed and the application had to be implemented in
Java.

The students have chosen quite different approaches to solve the problem they were given. The
solutions they developed differ not only in the way routing decisions for the individual file chunks
are taken, but also in the information these decisions are based upon and how this information is
collected. While groups 1 and 4 applied a source routing concept, all the other groups followed
the approach to determine the routes in a hop-by-hop manner. Independent thereof, a majority of
groups decided to select the next hop in a deterministic manner. Only group 2 applied a purely
heuristic decision concept, while group 5 found a good trade-off by chosing the routes in a
weighted heuristic fashion, where weighting factors can, e.g., be the local link bandwidth.

With respect to the information required to determine the next hop, however, almost all groups
selected a different approach. It is obvious that the purely heuristic concept of group 2 requires no
information at all. At the same time, the solutions of groups 3 and 5 consider only local bandwidth
measurements, while group 4 decided to collect partial information about the routes between the
sender and the receiver. The solution of group 1 even establishes full knowledge about all the link
capacities. For collecting that information, group 4 applied a flooding-based approach, while
group 1 selected to use a link-state routing approach. Finally, some load balancing mechanisms
were developed. Here, group 1 based their solution on a global view of the topology, while group
2 selected a local view only. All other groups developed a feedback mechanisms to take that deci-
sion.

At the end of the challenge task, the solution had to be presented and demonstrated. A testbed
infrastructure was available which included 10 Linux PCs. IP connectivity between the nodes was
non-uniformely limited to simulate IP traffic limitations. Moreover, during the demonstration an
arbitrary node was disconnected from the network, in order to challenge the robustness of the
solutions. After the demo each group was evaluated by the other groups based on several criterias
as laid out in the requirements of the application. Based on these evaluation results the winner
group was determined. The “P2P Challenge Champion 2007” award was finally given to Group 2
with Martin Hochstrasser, Marc Haemmig, Philipp Kräutli, and Matthias Alder. Congratulations!

The code and further documentation in terms of slides can be downloaded from
http://www.csg.uzh.ch/publications/software/p2p-lft

Zürich, July 2007
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P2P Challenge Task 2007

David Hausheer, Thomas Bocek, Cristian Morariu, Gregor Schaffrath, Burkhard Stiller

Summer Term 2007

Task Description
This semester's task is the design and implementation of a Peer-to-Peer application that is able to
transfer a given large file the fastest way possible from one host to another. Consider the scenario
depicted in Figure 1.

There will be ten nodes interconnected via a network. Only the source and the destination will be
free of artificial uplink bandwidth constraints, but the direct connection between them will be
very slow. The other eight nodes will cover various parts of the network in their respective leaf-
sets (up to a maximum of 4 nodes per leafset), but will have uplink bandwidth constraints.

The task, as mentioned will be to deliver a large file the fastest way possible from source to desti-
nation via the other nodes. In order to solve this problem, the underlying topology will have to be
considered and files have to be split up in parallel partial transfers.

Figure 1: Challenge Scenario
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Application Requirements
• File splitting: The solution shall split the file to be transferred and transmit parts on separate

application level streams via different sets of nodes.

• File integrity: The transmitted file shall be fully intact after transmission.

• P2P mechanisms: The solution shall be based on Peer-to-Peer mechanisms using a structured
overlay network.

• Compatibility: The solution shall be executable on the provided test setup machines (Debian
Linux, Java 1.5).

• High throughput: The solution to transfer a file shall be faster than with a direct connection.

• Robustness: The solution shall be robust against node or link failure during the transfer.

• Multiple file transfers: The solution shall enable the parallel transfer of multiple files at the
same time.

• Decentralization: The solution shall not contain any central elements.

• Application report: The application report shall document the application. The report shall
have 5-10 pages.

• Note: Depending on the development of the challenge task, further requirements and/or tools
may be added, if necessary.

Organization
• The groups shall be balanced. Every group shall have at least one Java expert. During the

challenge task, the group shall meet every week during exercise hours to work on the task and
discuss the next steps.

• Distribute the workload (P2P load balancing) so that each peer gets a fair load of work.

• You can bring your own laptop and/or use computers in room BIN 1.D.12.

Milestones
The challenge task includes three milestones on which specific deliverables have to be handed-in
to the supervisors:

• Milestone 1: Detailed workplan including task distribution among group members, ToC of the
report, Meeting with the supervisor

• Milestone 2: Draft code (Step 1 + 2, see below) and draft report

• Milestone 3: Final code (Step 3, see below) and final report (5-10 pages, including design,
structure of code, and installation requirements)
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Table 1 shows the timeplan for the challenge task with the different milestones.

Support
During the challenge task each group will be able to ask questions and get support for the task
from their supervisor:

• Groups 1 and 2: Thomas Bocek

• Groups 3 and 4: Cristian Morariu

• Groups 5: Gregor Schaffrath

Libraries and Tools
• Use the Java as programming language. You can use the latest version, as this has usually

more useful features than older versions. The J2SE Software Development Kit (SDK) can be
downloaded under http://java.sun.com/javase/downloads/.

• The assistants do know Eclipse well and the use of Eclipse is highly recommended. The most
recent release of Eclipse can be downloaded at http://www.eclipse.org/downloads/. Eclipse is
available for Windows XP, Mac OSX, Linux and further platforms. If you prefer other IDEs
you may use them but without support from our side.

• The use of FreePastry (Version 2.0) as P2P overlay technology is highly recommended. Free-
Pastry is an open source implementation of Pastry. The most recent Binary (JAR) version of
FreePastry can be downloaded under http://freepastry.org/FreePastry/FreePastry-2.0.jar.
Alternatively, you may choose Overlay Weaver (http://overlayweaver.sourceforge.net/),
which implements multiple routing algorithms such as Chord, Pastry, or Tapestry. However,
FreePastry is the only tool that will be supported for this task.

Table 1: Timeplan

Challenge Task Milestones Dates

Grouping, Task Presentation (CM, TB, GS, DH) 19.04.2007

Work (Room BIN 1.D.12 closed) 26.04.2007

Milestone 1 (CM, TB, GS) 03.05.2007

Work 10.05.2007

Ascension Day 17.05.2007

Milestone 2 (CM, TB, GS) 24.05.2007

Work 31.05.2007

Work 07.06.2007

Milestone 3 (CM, TB, GS) 14.06.2007

Presentations and Demos (CM, TB, GS, DH, BS) 21.06.2007
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• Use a large file (> 2GB) for the file transfer. This could be a Linux distribution (http://mir-
ror.switch.ch/ftp/mirror/debian-cd/3.1_r5/i386/iso-dvd/) or Wikipedia articles (http://down-
load.wikimedia.org/enwiki/20070206/)

• Use of the Template which serves as a basis for the implementation of the P2P application.
The source code of this template contains helper classes to split files and to measure band-
width.

• For measuring the bandwidth, the tool Iperf is required. This tool needs to be downloaded,
installed, and run on every peer. More details can be found in the template, in the constructor
of the class PastryTemplate.
Command line Iperf example:
Host1, e.g. (192.168.1.1): iperf -s
Host2, e.g. (192.168.1.2): iperf -c 192.168.1.1

• Additionally, the example application shown in the lecture is available as well.

Steps
Try to understand how FreePastry works, what P2P methodology is used, how nodes are
accessed, and how nodes can be found.

Implement a simple example. This example does not need to be part of the solution. The goal is to
get used to the API and see how the Framework behaves.

We recommend the following steps during the implementation task:

• Step 1: Design and implement a protocol for splitted file transfer

• Step 2: Design and implement a protocol that measures bandwidth

• Step 3: Find a scheme using relaying nodes to increase throughput, use the measured band-
width to find suitable nodes. Design and implement the protocol to find relaying nodes. Put all
parts together

Figure 2: Layered model
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The tools to be used are generally well documented. Find below a few links which provide a good
overview:

• Java Tutorial (http://java.sun.com/docs/books/tutorial/)

• Java ist auch eine Insel (http://www.galileocomputing.de/openbook/javainsel6/)

• Java API (http://java.sun.com/j2se/1.4.2/docs/api/)

• Eclipse Dokumentation (http://help.eclipse.org/help31/index.jsp)

• FreePastry Javadocs (http://freepastry.org/FreePastry/javadoc/index.html)

• FreePastry Readme (http://freepastry.org/FreePastry/README-1.4.4.html)

• Pastry Overview (http://freepastry.org/PAST/overview.pdf)

• Overlay Weaver (http://overlayweaver.sourceforge.net/doc/)

The following steps are necessary to setup the FreePastry application template in Eclipse:

• Install Java SDK.

• Extract Eclipse Installation-ZIP File and start the eclipse application.

• Create a new Java project. In the Java settings click on the Libraries tab.

• Select Add External JARs... and select the file FreePastry-2.0.jar.

• Copy the application template into the project folder. Double-click the template to edit the
Java file.

• To run the main method, select “Run...” in the main menu. Select Java Application and click
on New. Select the class ApplicationTemplate as the Main class and click on Run. Now the
application should be executed in the console frame. To run another instance of the applica-
tion click on Run once again.

The following issues shall serve as a hint for the design of the application:

• The direct path is not always the fastest

• A node can join and become a relay

• A node that leaves might break a path

• A bootstrap node has to be present

• To find the fastest path, measurements from other nodes have to be obtained

• Transferring multiple files shall be possible. A unique identifier for the file parts/chunks is
necessary

• Close nodes in the overlay address space are not necessarily close in the network
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Testbed Infrastructure
During the challenge task and for the final demo the following testbed infrastructure will be avail-
able during exercise hours in BIN 1.D.12. A simplified network topology is depicted in Figure 3.
During the final demonstration several nodes will be added to the testing network.

• The students shall have access to 10 Linux PCs (Pentium 4, 2.8 GHz, 500 MB RAM)

• IP connectivity between nodes shall be non-uniformly limited. (in the above figure red lines
represent IP traffic limitations while the green arrows represent the fastest way to send a file
from sender to receiver).

• The network configuration (IP address assignment) might be different in the final demonstra-
tion (compared to the one used during testing) so don't try to hard-code the data transfer paths
in your application.

• The Layer 3 and the underlying Layer 2 topology should not influence the design of your
application. The nodes may or may not share the same subnet of VLAN.

• One of the nodes shall have the following IP address: 192.168.200.10. This node may be used
as bootstrap node. It's IP address will remain the same for the demonstration.

• In order to ease working in parallel on the same machine the groups are encouraged to use the
following port ranges for their applications:
- Group 1: 10000 - 10999
- Group 2: 11000 - 11999
- Group 3: 12000 - 12999
- Group 4: 13000 - 13999

During development phase the groups may choose to use only a limited number of nodes for their
tests. Students may access the testing testbed on Thursdays between 14:00 - 15:45. Remote access
is possible (contact your group supervisor for details).

Figure 3: Testbed network topology
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Remote Connectivity
For accessing the testbed remotely lo on to the testbed gateway (130.60.157.140) via ssh using the
username and password provided.

ssh -CXY username@130.60.157.140

From here you may log on to one of the testing machines: pc51, pc52, pc71, pc72, pc81, pc82
using ssh (you don't have to retype the username):

ssh -CXY pc81

For starting eclipse open a terminal and type:

eclipse <ENTER>

Presentation and Evaluation
The challenge task will end on the 21.06.2007. On this date the different groups will present and
demonstrate their results which will be evaluated by all participants.

• Each group will have 25 minutes for presentation, setup, and demonstration of their solution.
The P2P application shall be brought along as source code and binary (JAR) file on a USB
memory stick or CD. During the demo a large file shall be transfered from S to R over multi-
ple paths. After transfer an MD5 function shall be applied on the file for consistency check.

• At least a minimal visualization mechanism shall be provided for view-ing the participating
nodes. (messages of the following form are considered enough: "Node A: received chunk X;
origin B; dest C; next hop D;")

• After the demo each group will be evaluated by the other groups. The following criteria shall
be taken into consideration:
- Fulfillment of requirements
- Clarity of design
- Performance of the solution (number of multiple paths, time required until the paths were
discovered, total transfer time)

• Each group will have one vote per group. The lecturers and assistants together will also have
one vote per group. The results of the votes will be collected and disclosed after the last pre-
sentation. In case that two groups achieve the same result, the winner group will be deter-
mined by the vote of the lecturers and assistants or by a quiz about topics of the lecture.

• Finally, the winner group will receive a symbolic prize and the "P2P Challenge Champion
2007" award.
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1. Einleitung

In dieser Challenge Task muss eine P2P Applikation geschrieben werden, die in der Lage ist eine 
grosse (~2 GB) Datei über den schnellsten Weg vom Sender zum Empfänger zu übertragen. 
Es gibt 10 Knoten, die im Netzwerk miteinander verbunden sind und die einzelnen Verbindungen 
werden mit unterschiedlichen Bandbreiten künstlich angelegt. Nur der Quell- und Zielort sind frei von 
Uplink-Bandbreiten-Einschränkungen. Es ist deshalb notwendig, die grosse Datei in viele, kleinere 
Dateien aufzuspalten und parallel über verschiedene Hosts zu übertragen. 
Für die Bewältigung dieses Problems gibt es verschiedene Lösungsansätze, die zu 
unterschiedlichen Resultaten führen werden. Im Kapitel 4 wird eine mögliche Lösung von uns 
aufgestellt, welche die Anforderungen so gut wie möglich erfüllen.
Des Weiteren sind im Dokument die Meilensteine beschrieben und eine Aufgabenverteilung mit 
einem Zeitplan aufgeführt.

2. Meilensteine

Es wurden für diese Aufgabe drei Meilensteine bestimmt. 

• Meilenstein 1:  Ein detaillierter Arbeitsplan mit der Aufgabenverteilung und ein Inhaltsverzeichnis mit  
einem Treffen mit dem Betreuer. 

• Meilenstein 2:  Codeentwurf und Reportentwurf 

• Meilenstein 3:  Produktiver Code und finaler Report (5-10 Seiten mit Design, Codestruktur und  
Installationsanforderungen) 
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3. Aufgabenverteilung

     
Software Components   
     
 Component Name Description   
     

 File Handler 
Splits/Reassembles Files into Chunks / File 
Hash Check  Philipp 

 Transmission Handler 
Handles Hop-to-Hop Transmissions of 
Chunks  Mattias 

 Message System 
Allows sending of Status information / 
Handles incoming Messages  Martin 

 Pastry Wrapper 
Wraps the Pastry API / Handles 
Bootstrapping  Martin 

 Transmission Planer 
Scheduling of Chunk Transfer, Chunk 
Overview, Chunk Routing  Mattias 

 Measurement System 
Bandwidth Measurement Tool (Iperf 
Wrapper)  Marc 

 Status System 
Status-Data persistency, recovery, output 
(probably WebInterface)  Philipp 

     
Testing    All 
     
Paper
     
 Coordination   Marc 
 Writing   All 
     
Administrative 
     
 SVN Setup   Mattias 
 Checking Remote Access Possibilities   Mattias 
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4. Routing Algorithmus 

Die wichtigste Architektur-Eigenschaft unseres Lösungsansatzes ist der Routing Algorithmus. 
Er beinhaltet zwei Grundfunktionen: 

 Forward-Flooding 
 Load-Balancing 

4.1 Forward-Flooding 

Der Routing-Algorithmus basiert auf einem Flut-Verfahren, d.h. die Datei-Teile (Chunks) werden an 
alle Knoten des Netzwerks gesendet, und somit über das gesamte Netzwerk geflutet. 
Der ursprüngliche Sender der Datei teilt diese zuerst in Chunks auf und sendet diese dann an alle 
Knoten, die er aus seinem Leafset kennt. Ein Knoten, der einen Chunk erhält, wählt dann wiederum 
einen Knoten aus seinem Leafset aus, an den er den Chunk weiterschicken wird. Der Weg welcher 
ein Chunk zurückgelegt hat, wird dabei mitgeführt. Dies verhindert ein Zurücksenden des Chunks an 
einen Knoten an dem er schon einmal gesendet wurde, indem die mitgeführten Weg-Knoten nicht 
als Ziel für die Weiterleitung berücksichtigt werden. Ein Chunk wird also im Peer-to-Peer-Netzwerk 
nur „vorwärts“ gesendet. 

Abbildung 1: Forwarding im Pastry Ring 

Sender

Empfänger

Weiterleitung gemäss 
Leafset

Erstes Senden 
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4.2 Load-Balanicng 

Eine zweite wichtige Funktion im Routing der Chunks besteht in einem Load-Balancing. Jeder 
Knoten im Netzwerk sendet die Größe seines Puffers für ausgehende (noch zu sendende) Chunks 
an alle Knoten im seinem Leafset. Dies ermöglicht jedem Knoten eine Übersicht der Auslastung der 
Knoten in seinem Leafset zu bilden. Aufgrund dieser Angaben erfolgt eine zufällige Auswahl eines 
möglichen Zielknotens für ein Chunk, welche umgekehrt proportional zur Auslastung der Zielknoten 
gewichtet ist. Das heißt, je geringer eine Auslastung eines möglichen Zielknotens im Vergleich der 
Auslastung der anderen möglichen Zielknoten ist, umso höher ist die Wahrscheinlichkeit, das dieser 
Knoten als Ziel für die Weiterleitung des Chunks ausgewählt wird. 

Abbildung 2: Load Balancing 

5. Software - Architektur 

Unser Lösungsansatz beinhaltet die folgenden Teile: 

- File Handler 
- Transmission Handler 
- Message System 
- Pastry Wrapper 
- Transmission Planer 
- Measurement System 
- Status System 

Die Funktionsweise dieser Komponenten werden im folgenden Kapitel genauer erklärt. 
In Abbildung 3 der werden die Komponenten in einem Schichten-Modell als übersicht dargestellt: 

0.5
0.3330.166
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TCP / IP 

Free Pastry 

Pastry Wrapper 

Message System 

Abbildung 3: Schichtenmodell 

5.1 File Handler 

Der Filehandler wurde bewusst einfach gehalten, um grösstmögliche Verlässlichkeit und 
Performance zu ermöglichen. Dank der fixen Chunkgrösse kann der Filehandler anhand der Chunk-
Nummer die Position des Chunks in der zu übertragenden Datei gemäss folgender Formel 
berechnen: 

chunkNumber: fortlaufende Zahl, beginnend bei 0. 
chunkSize: Grösse eines Chunks in Bytes, 
offset = chunkNumber * chunkSize

Ein Chunk wird dann per RandomAccessFile am berechneten Offset ausgelesen bzw. eingefügt. 

5.2 Message System 

Das Message System bietet Methoden für die Übertragung von Nachrichten an. In der Abbildung 4 
wird das Schichtenmodell dargestellt, wo sich das das Message System oberhalb des Pastry 
Wrappers befindet 

Das Message System bedient sich der Methoden für die Pastry Message-Übermittlung des Pastry 
Wrappers und bietet seinerseits Methoden für die Senden und Empfangen von Messages an die 

Abbildung 4: Schichtenmodell für MessageSystem
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anderen Applikationsteile an. Das Message System definiert dabei eine eigene Message-Klasse 
welche beliebig erweiterbar ist. 
Neben dem einfachen Senden einer Nachricht über Pastry bietet das Message System auch 
Methoden für das direkte Senden einer Nachricht an einen Pastry-Knoten an. Die Ausführung dieser 
Methode geschieht nur dann erfolgreich, wenn der Zielknoten im LeafSet des lokalen Pastry-
Knotens liegt, sonst ist kein direktes Senden möglich und es wird eine Exception geworfen. 
Es ist auch möglich eine spezielle SafeMessage zu senden. Beim Empfang einer SafeMessage wird 
dem Sender Message System eine Benachrichtigung zurückgesendet. Das ausgangs Message 
System kann dann einen Interessenten innerhalb der Applikation über die erfolgreiche Auslieferung 
der Message benachrichtigen. 
Das Message System verarbeitet auch alle Eingehenden Nachrichten. Eingehende Nachrichten 
werden dabei zuerst in eine Inbox-Queue gelegt und von einem separaten Thread abgearbeitet. 
Applikationsteile, welche sich für einen speziellen Typ von eingehenden Messages interessieren, 
können sich durch die Implementierung eines MessageEnpoint-Interfaces beim Message System als 
Endpunkt registrieren.  

5.3 Pastry Wrapper 

Der Pastry Wrapper ist die unterste Schicht unserer Applikation. Die Aufgabe des Wrappers ist es, 
die Pastry-spezifischen Aufgaben zu übernehmen und gegenüber den anderen Teilen der 
Applikation zu verbergen. Der Pastry-Wrapper wiederum bietet dann eine Schnittstelle für die 
anderen Applikationsteile an, welche vor allem durch das Message System verwendet wird. 

Bei der Instanzierung des Wrappers wird versucht eine Instanz einen Pastry Node zu erzeugen und 
dem Netzwerk beizutreten, wird kein geeigneter Bootstrap Node gefunden, wird ein neuer Pastry 
Ring erzeugt. 
Die Schnittstelle für die anderen Applikationsteile beinhaltet Methoden für das Senden einer Pastry 
Message und für die Abfrage eines Sets von Nachbar Node Handles welche im Leafset des Knotens 
bekannt sind. 

5.4 Transmission Planer 

Der Transmission Planer ist für das Routing der Chunks zuständig. Er benutzt dazu Daten die vom 
Transmission Handler und vom Measurement System zur Verfügung gestellt werden. Er ist auch für 
das Load-Balancing zuständig. 

5.5 Measurement System 

Die Komponente ist misst die Auslastung der Peers im Leafset. Das Measurement System liest die 
Größe der Liste der Ausgehenden Chunks aus dem Transmission Handler aus, und sendet diese 
Information periodisch an alle Knoten aus dem Leafset mithilfe des Message Systems.  

TCP / IP 

Free Pastry 

Pastry Wrapper 

Abbildung 5: Schichtenmodell für PastryWrapper 
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Gleichzeitig horcht es auf eingehende Messages von anderen Peers welche ihre 
Auslastungsinformation senden. Diese gesammelten Daten werden dem Transmission Planer für die 
Routing Entscheidung zur Verfügung gestellt. 

5.6 Status System 

Das Status System ist für die Ausgabe der Statusinformation des Knotens zuständig. Es erlaubt 
verschiedene Stufen für Statusmeldungen für die Ausgabe: 

6. Installation und Betrieb 

Um die Applikation zu starten, muss die ausführbare Datei p2p.jar mit folgenden Parametern 
ausgeführt werden: 

Start eines Receivers / Relay: 
java –jar p2p.jar <bootsratp-ip> <bootsrap-port> <local port> receive 
<output folder> (<verbosity-level>) 

bootstrap-ip: die IP-Adresse des Knotens über den das bootsrapping probiert werden 
soll, oder „local“ um ein bootsrapping mit der localhost Adresse zu versuchen. 
Bootstrap-port: Der Port des Bootstrapknotens 
local port: Der lokale Port auf welchem Pastry horchen soll. (Für die Socketübertragung 
wird automatisch ein Port der um 1 höher liegt verwendet) 
„receive“ gibt an das der Knoten kein Sender sein soll. 
output folder: Der Pfad an dem eingehende Dateien gespeichert werden sollen 
verbosity-level: Gibt an wie detailliert der output sein soll. Mögliche Werte: „fatal“, 
„error“, „warning“, „notice“, „debug“, „trace“ (Standarteinstellung ist „notice“) 

Um einen Sender zu starten wird folgendes Kommando verwendet: 
java –jar p2p.jar <bootsratp-ip> <bootsrap-port> <local port> send <datei> 
(<verbosity-level>)

bootstrap-ip: Die IP des Knotens mit dem das Bootsrapping erfolgen soll. Dies ist 
gleichzeitig die Adresse des Knotens an den die Datei gesendet wird. 
datei: Gibt die Datei an die gesendet werden soll (vollständiger oder relativer Pfad) 

Die restlichen Parameter sind gleich wie beim Receiver/Relay. 

Wenn der angegebene Boostrap-Knoten nicht gefunden wird oder kein Bootsrapping an dieser 
Adresse möglich ist, wird automatisch ein neuer Ring generiert. 

Beispiele:

java –jar p2p.jar 192.168.1.15 20000 20000 receive /home/user4

Dies startet einen Sender, der ein Bootsrap mit dem Knoten auf 192.168.1.15:20000 macht, und 
eingehende Dateiübertragungen in den Ordner „/home/user4“ speichert 
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java –jar p2p.jar 192.168.1.15 20000 20000 send /home/user2/big_file.big 
debug

Dies startet einen Sender, der ein Bootsrap mit dem Knoten auf 192.168.1.15:20000 macht, und 
dann an diesen Knoten die datei „/home/user2/big_file.big“ überträgt. Debug-Nachrichten werden 
ausgegeben. 

7. Bewertung

In diesem Kapitel werden die Anforderungspunkte aus der Aufgabenstellung mit unserer Lösung 
verglichen. Folgendes Resultat ist dabei herausgekommen: 

• Das Splitten einer Datei wurde mit Chunks realisiert, deren Grösse über eine statische 
Variable festgelegt werden kann. Chunksize ist defaultmässig auf 512Kb eingestellt. 

• Integrität der Datei wird gewährleistet. Die versendete Datei kommt beim Empfänger korrekt 
und integer an. 

• Die Applikation ist auf den zur Verfügung gestellten Maschinen (Debian Linux, Java 1.5) 
lauffähig.

• Anhand eines Tests konnte festgestellt werden, dass unsere Lösung eine höhere 
Durchsatzrate hatte, als der Dateitransfer über die direkte Verbindung. 

• Im Falle eines Knotenausfalls verfolgte die Applikation ohne Absturz ihr Ziel. Die verloren 
gegangenen Pakete werden ohne Probleme nochmals angefordert und erneut an den 
Empfänger verschickt

• Paralleler Datentransfer ist möglich. Alle vorhandenen Knoten sind am Transfer beteiligt und 
werden anhand eines Load-Balancing Algorithmus optimal ausgelastet. 

• Unsere Lösung basiert auf einem dezentralen System. Es gibt keine Komponente, die den 
Vorgang von einer zentralen Instanz aus steuert. 

Alle Anforderungen an das System werden von unserer P2P-Applikation erfüllt. 
Auch wenn sie eine simple Lösung darstellt, meistert sie die Aufgabe und der Datentransfer über 
verschiedene Knoten ist jedenfalls schneller als der Datentransfer mit der direkten Verbindung. 
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Challenge Task: FastP2P 

1. Task Description 

This semester's task is the design and implementation of a Peer-to-Peer application that is able 
to transfer a given large file the fastest way possible from one host to another. Consider the 
following scenario:

Challenge Scenario

There will be ten nodes interconnected via a network. Only the source and the destination will 
be free of artificial uplink bandwidth constraints, but the direct connection between them will 
be very slow. The other eight nodes will cover various parts of the network in their respective 
leafsets (up to a maximum of 4 nodes per leafset), but will have uplink bandwidth constraints.

The task, as mentioned will be to deliver a large file the fastest way possible from source to 
destination via the other nodes. In order to solve this problem, the underlying topology will 
have to be considered and files have to be split up in parallel partial transfers. (Source: P2P 
Challenge Task Homepage)
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Challenge Task: FastP2P 

2. Workplan (Milestones)  

2.1. Milestones

In order to enable a well-regulated work progress, we divided the project into different working steps 
and milestones. 

03.05.2007 Milestone 1 Detailed workplan including task distribution among group 
members, ToC of the report, Meeting with the supervisor 

Week 1  Everyone gets familiar with the Code and Systems 

Week 2  The different components are developed separately according 
to the task distribution in 3. 

Week 3  The components are put together and tested. 

24.05.2007 Milestone 2 Draft Code:  
- Design and implement a protocol for splitted file transfer 
- Design and implement a protocol that measures bandwidth 

Week 4  Optimization of the file transfer 

Week 5  Optimization of the routing algorithm 

Week 6  Test of the whole system in the lab 

14.06.2007 Milestone 3 Final Code: 
Find a scheme using relaying nodes to increase throughput, 
use the measured bandwidth to find suitable nodes. Design 
and implement the protocol to find relaying nodes.  
Put all parts together 

3. Task Distribution 

The task distribution amongst the team members looks as follows: 

Task Responsible team member 

Get an overview of Pastry Everyone 

File splitting / merging / checking / presentation Marcel 

Routing algorithm / testing Alex 

File transfer / general code Thierry 

File transfer / documentation Stefan 
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Challenge Task: FastP2P 

4. System Overview 

4.1. System Requirements 

Java 1.5 
Operating Systems: Windows, OSX, Linux 

4.2. System Architecture 

FastP2P architecture 

The Fast P2P system is divided into three sub modules, providing the needed functionality. 

Routing
The routing part is based on FreePastry and provides all functions to find and maintain a route as well 
as sending a file to the selected node. 

A new node gets 5 neighbours from the leafset generating its own pathtable and distributes its IP to the 
whole pathtable (IPREQUEST). 
Each node that receives an IPREQUEST adds the new path with the IP to its own pathtable and calls 
updateBW(String endnodeID) to check the bandwidth to the new node. 

To send a File over FastP2P the startSearch()-method is called. A path to the end node has to be fast 
and near to the sender. Therefore a search message is sent from node to node to discover the fastest 
path to the end node. GetFastestLink() checks whether the endpoint appears in the localookupset and if 
not, takes the fastest connection to the next node. If a loop is detected, the search message is sent back 
one hop and the second fastest connection will be used to discover a path. Once the end node is found, 
the searchmessage is sent back over the path discovered during the lookup phase and the file 
transmission can start.

Fast P2P

Routing

FreePastry

Find
Route

Maintain
Route Send File

iperf

Measure
Bandwith

File Management

Split
File

Merge
File

Verify
Chunk

MD5

GUI
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Challenge Task: FastP2P 

File Management 
The file management is responsible for all the tasks regarding the preparation and verification of the 
transmitted file. 
After pressing the “send file” button, the file gets split into several junks and is sent according the 
routing algorithm. If a node receives a chunk that’s not designated for it, no merging will be done and 
the chunk is forwarded to the next peer. At the endpoint the chunks are merged frequently after 
receiving a certain number of consecutive chunks. If a chunk gets lost on its way to the endpoint a 
NACK message initiates the retransmission of that particular chunk. 

GUI 
The GUI includes all elements used to control the program. 

FastP2P – Main Tab 

The leafset row shows the peers visible to the FastP2P client. By selecting a peer in the list, messages 
and files can be sent directly to the corresponding node. 
Incoming messages from other peers as well as log entries are displayed in the messages area. 
The file browser displays the content of the shared folder, set in the settings tab (see below). In order 
to send a file to another node, it can directly be selected in the file list. Incoming files are stored in the 
shared folder as well and will show up in the list. 

Leafset  Messages File- 
browser
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Challenge Task: FastP2P 

FastP2P – Settings Tab 

In the settings tab, entries like username, bootstrap node or operating system can be altered and saved 
in the properties-file. 

5. Tools used in the project 

- Eclipse 3.2 
- Subversion 1.4.4 
- Subclipse 1.2.2 
- FreePastry 2 
- Iperf 1.7.0 
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